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Society  for  Neuroscience  Policies  on  the  Use  of  
Animals  and  Humans  in  Neuroscience  Research

Introduction
The Society for Neuroscience, as a professional society for 
basic and clinical researchers in neuroscience, endorses and 
supports the appropriate and responsible use of animals as 
experimental subjects. Knowledge generated by neuroscience 
research on animals has led to important advances in the 
understanding of diseases and disorders that affect the nervous 
system and in the development of better treatments that reduce 
suffering in humans and animals. This knowledge also makes a 
critical contribution to our understanding of ourselves, the 
complexities of our brains and what makes us human.
Continued progress in understanding how the brain works and 
further advances in treating and curing disorders of the nervous 
system require investigation of complex functions at all levels in 
the living nervous system. Because no adequate alternatives 
exist, much of this research must be done on animal subjects. 
The Society takes the position that neuroscientists have an 
obligation to contribute to this progress through responsible and 
humane research on animals.

Several functions of the Society are related to the use of 
animals in research. A number of these involve decisions about 
research conducted by members of the Society, including the 
scheduling of scientific presentations at the Annual Meeting, the 
review and publication of original research papers in The 
Journal of Neuroscience and the defense of members whose 
ethical use of animals in research is questioned by animal rights 
activists. The Society’s support for the research of individual 
members defines a relationship between the Society and its 
members. The purpose of this document is to outline the policy 
that guides that relationship. Compliance with the following 
policy will be an important factor in determining the suitability 
of research for presentation at the Annual Meeting or for 
publication in The Journal of Neuroscience and in situations 
where the Society is asked to provide public and active support 
for a member whose use of animals in research has been 
questioned.

The responsibility for implementing the policy in each of 
these areas rests with the relevant administrative body (Program 
Committee, Publications Committee, Editorial Board and 
Committee on Animals in Research, respectively) in 
consultation with Council.

Policy  on  the  Use  of  Animals  in  
Neuroscience  Research
Neuroscience research uses complicated, often invasive methods, 
each of which is associated with different problems, risks and 
specific technical considerations. An experimental method that 
would be deemed inappropriate for one kind of research may be 
the method of choice for another kind of research. It is, therefore, 
impossible for the Society to define specific policies and 
procedures for the care and use of all research animals and for the 
design and conduct of every neuroscience experiment.

The U.S. Public Health Service's Policy on Humane Care 
and Use of Laboratory Animals (PHS policy) and the Guide for

the Care and Use of Laboratory Animals (the Guide) describe 
general policies and procedures designed to ensure the humane 
and appropriate use of live vertebrate animals in all forms of 
biomedical research. The Society finds the policies and 
procedures set forth in the PHS policy and the Guide to be both 
necessary and sufficient to ensure a high standard of animal 
care and use and adopts them as its official Policy on the Use 
of Animals in Neuroscience Research (Society policy). All 
Society members are expected to conduct their animal research 
in compliance with this policy. Members are required to verify 
that they have done so when submitting abstracts for 
presentation at the Annual Meeting or manuscripts for 
publication in The Journal of Neuroscience. Adherence to the 
Society policy is also an important step toward receiving help 
from the Society in responding to questions about a member’s 
use of animals in research. A complete description of SFN’s 
policy and procedures for defending members whose research 
comes under attack can be obtained by contacting the Society’s 
Central Office.

Local  Committee  Review
An important element of the Society’s policy is the
establishment of a local committee that is charged with 
reviewing and approving all proposed animal care and use 
procedures. In addition to scientists experienced in research 
involving animals and a veterinarian, the membership of this 
local committee should include a person who is not affiliated 
with the member’s institution in any other way. In reviewing a 
proposed use of animals, the committee should evaluate the 
adequacy of institutional policies, animal husbandry, veterinary 
care and the physical plant. The committee should pay specific 
attention to proposed procedures for animal procurement, 
quarantine and stabilization, separation by species, disease 
diagnosis and treatment, anesthesia and analgesia, surgery and 
postsurgical care, and euthanasia. The review committee also 
should ensure that procedures involving live vertebrate animals 
are designed and performed with due consideration of their 
relevance to human or animal health, the advancement of 
knowledge or the good of society. This review and approval of a 
member’s use of live vertebrate animals in research by a local 
committee is an essential component of the Society policy. For 
assistance in developing appropriate animal care and use 
procedures and establishing a local review committee, call the 
Society and consult the documents recommended at the end of 
this section.

Other  Laws , Regulations  and  Policies  
In addition to complying with the policy described above, 
regular members of the Society, i.e., North American 
residents, must also adhere to all relevant national, state or 
local laws and/or regulations that govern the use of animals in 
neuroscience research. Thus, U.S. members must observe the 
U.S. Animal Welfare Act (as amended in 1985) and its 
implementing regulations from the U.S. Department of 
Agriculture. Canadian members must abide by the Jan. 1987
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Policy  on  the  use  of  Animals  and  Humans  in  Neuroscience  Research

Guide to the Care and Use of Experimental Animals. Members 
in Mexico must comply with the Seventh Title of the 
Regulations of the General Law of Health Regarding Health 
Research. In addition to complying with the laws and 
regulations of their home countries, foreign members of the 
Society should adhere to the official Society policy outlined 
here.

Recommended  References
Canadian Council on Animal Care. Guide to the Care and Use 

of Experimental Animals Vol. 1. 2d ed. Ontario, Canada: 
CCAC, 1993.

Foundation for Biomedical Research. The Biomedical 
Investigator's Handbook for Researchers Using Animal 
Models. Washington, D.C.: FBR, 1987.

Laws and Codes of Mexico. “Seventh Title of the Regulations of 
the General Law of Health Regarding Health Research.”
12th updated ed. Porrua Collection, 430-31. Mexico: Porrua 
Publishers, 1995.

National Academy of Sciences. Guide for the Care and Use of 
Laboratory Animals, 7th ed. Washington, D.C.: National 
Research Council, Institute of Laboratory Animal Resources, 
NAS, 1996.

National Institutes of Health. OPRR Public Health Service 
Policy on Humane Care and Use of Laboratory Animals. 
Rockville, MD: NIH/Office for Protection from Research 
Risks, 1986.

National Institutes of Health. Preparation and Maintenance of 
Higher Mammals During Neuroscience Experiments. Report 
of a National Institutes of Health Workshop. NIH 
Publication No. 91-3207. Bethesda, MD: NIH/National Eye 
Institute, 1991.

Society for Neuroscience. Handbook for the Use of Animals in 
Neuroscience Research. Washington, D.C.: SFN, 1991.

Visual Neuroscience. 1 (4): 421-6. “Anesthesia and Paralysis in 
Experimental Animals.” Report of a Workshop held in 
Bethesda, Md., Oct. 27, 1984. Organized by the Division of 
Research Grants, National Institutes of Health. England: VN, 
1984.

General  Principles
The following principles, based largely on the PHS Policy on 
Humane Care and Use of Laboratory Animals, are a useful 
guide to designing and implementing experimental procedures 
involving laboratory animals.

• Animals selected for a procedure should be of an appropriate 
species and quality and the minimum number required to 
obtain valid results.

• Proper use of animals, including the avoidance or 
minimization of discomfort, distress and pain, is imperative.

• Procedures with animals that may cause more than 
momentary or slight pain or distress should be performed 
with appropriate sedation, analgesia or anesthesia. Surgical or 
other painful procedures should not be performed on 
unanesthetized animals paralyzed by chemical agents.

• Postoperative care of animals should minimize discomfort 
and pain and, in any case, should be equivalent to accepted 
practices in schools of veterinary medicine.

• Animals that would otherwise suffer severe or chronic pain 
or distress that cannot be relieved should be painlessly killed 
at the end of the procedure or, if appropriate, during the 
procedure. If the study requires the death of the animal, the 
animal must be killed in a humane manner.

• Living conditions should be appropriate for the species and 
contribute to the animals’ well-being. Normally, the housing, 
feeding and care of all animals used for biomedical purposes 
must be directed by a veterinarian or other scientist trained 
and experienced in the proper care, handling and use of the 
species being maintained or studied. In any case, appropriate 
veterinary care should be provided.

• Exceptions to these principles require careful consideration 
and should only be made by an appropriate review group 
such as an institutional animal care and use committee.

Policy  on  the  Use  of  Human  Subjects  
in  Neuroscience  Research

Experimental procedures involving human subjects must have 
been conducted in conformance with the policies and principles 
contained in the Federal Policy for the Protection of Human 
Subjects (U.S. Office of Science and Technology Policy) and in 
the Declaration of Helsinki. When publishing a paper in The 
Journal of Neuroscience or submitting an abstract for 
presentation at the Annual Meeting, authors must sign a 
statement of compliance with this policy.

Recommended  References
Federal Register. “Federal Policy for the Protection of Human 

Subjects: Notes and Rules.” 56(117): 2800-07. Washington. 
D.C.: FR, June 18, 1991.

Varga, Andrew C., Ed. “Declaration of Helsinki.” Adopted by 18th 
World Medical Assembly, Helsinki, 1964; revised by 29th 
World Medical Assembly, Tokyo, 1975. The Main Issue in 
Bioethics Revised Edition. New York: Paulist Press, 1984.
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Policy  on  Ethics
It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following statement 
on ethics approved by the Society for Neuroscience in November 1989 and amended in November 1993.

The Society for Neuroscience believes that progress in under-
standing the nervous system materially benefits human welfare. 
It recognizes that such progress depends on the honest pursuit 
of scientific research and the truthful representation of findings. 
While recognizing that both scientific error and differences of 
interpretation are a natural part of the creative process, the 
Society affirms that misconduct, in the form of fabrication, fal-
sification, or plagiarism, jeopardizes the success of the entire 
scientific endeavor. Members of the Society assume an obliga-
tion to maintain the highest level of integrity in all scientific 
activities.

The primary responsibility for considering and resolving 
allegations of scientific misconduct lies within the individual 
academic communities and institutions where scientific work is 
carried out. The Society for Neuroscience therefore supports the 
principle that academic institutions should develop and have in 
place procedures to deal with allegations of scientific miscon-
duct. However, the Society has a special responsibility and 
interest surrounding those scientific activities for which it is 
directly responsible, e.g., publication of The Journal of 
Neuroscience and the presentations at the Annual Meeting.

Every author of articles or abstracts submitted for publica-
tion in The Journal of Neuroscience or the neuroscience 
Abstracts agrees to assume full responsibility, within the limits 
of his or her professional competence, for the accuracy of the 
report. In the case of multiple-authored papers, each author 
should have made a significant intellectual or practical contribu-
tion to the scientific work; “honorary authorship,” i.e., the grant-
ing of authorship to persons who have made no substantive con-
tribution to a scientific report, is not appropriate.

Scientists must have access to their original research results. 
The retention of accurately recorded and retrievable results is 
essential for the progress of scientific inquiry. Moreover, errors 
may be mistaken for misconduct when primary results are 
unavailable. Primary data should remain in the laboratory and 
should be preserved as long as there may be a reasonable need to 
refer to them.

Authors submitting articles or abstracts do so with the under-
standing that reports have not been submitted elsewhere. An 
abstract is a proper forum for rapid communication of work that 
will subsequently appear as a full-length article. However, submis-
sion of abstracts reporting already published work or publication 
of multiple similar manuscripts or abstracts, i.e., duplicate publica-
tion, is improper. When previously published data are presented as 
part of a new manuscript or abstract, as in a gradually developing 
longitudinal data set, or if a subject group or condition is included

again for comparison purposes, citations to the previously pub-
lished work should appear explicitly in the new report.

Scientific publication is an important part of the process by 
which priority is established for experimental work and ideas. 
Duplicating without citation of text previously published by oth-
ers or expropriating the experimental findings of others without 
attribution, i.e., plagiarism, is unethical. When authors of arti-
cles or abstracts have prepublication access to related work of 
others, as in a review process, care must be taken to avoid the 
appearance that priority is being claimed for work already done 
by others.

It is the responsibility of the authors, therefore, and not of 
the Society or the Editorial Board of The Journal of 
Neuroscience, to ensure that relevant prior discoveries are 
appropriately acknowledged in manuscripts that are submitted 
to the Journal for publication.

Questions raised about the conduct of experiments or their 
presentation will be evaluated preliminarily by the Editor of The 
Journal of Neuroscience (in the case of an article in the Journal) 
or by the Chair of the Program Committee (in the case of an 
abstract), in consultation with the Chair of the Publications 
Committee and the Secretary of the Society. If possible, the matter 
may be resolved informally at this level. However, if deemed 
appropriate, the matter will be referred to the institution where the 
scientific work in question was done. There, it would be expected 
that the matter would be reviewed in accordance with institutional 
procedures for handling allegations of misconduct. At all stages, 
every effort should be made to ensure that the process is fair and 
just, both for those who are accused of misconduct and for those 
who have raised the issue of scientific misconduct.

Based on their own findings or those of the institution, the 
Journal Editor or the Chair of the Program Committee, in consul-
tation with the Chair of the Publications Committee and the 
Secretary of the Society, may recommend action to the 
Publications Committee. The Publications Committee will then 
decide on appropriate action, including, for example, retracting a 
published report. The Council of the Society and the relevant insti-
tution will be informed of any action that is taken. Council retains 
the right to consider additional action. In accordance with the 
Bylaws, this action could include, for example, expulsion from the 
Society. If it is found that allegations were not made in good faith, 
or were maliciously motivated, action may be recommended for 
those responsible.

In the event that a published article or abstract is to be retract-
ed, a statement of retraction will be published in The Journal of 
Neuroscience or in the Abstracts for the next Annual Meeting.
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Chronological  List  of  Sessions
(See page xx for Thematic List of Sessions.)

Session
Page Number & Title

Saturday , October  25 25

Panel on Responsible Conduct in Science—3:00 p.m. 26.
Workshop on Teaching Responsible Scientific
Conduct...................................................................No Abstract 27.

Decade of the Brain Lecture—8:00 p.m. 28.
Stress, Glucocorticoids and Neurodegeneration: Therapies
at the Molecular Level; Therapies at the Societal 29.
Level ................................................................. .. . .No Abstract 30.

Sunday , October  26 31.

Symposia—8:00 a.m. 32.
NF-k B Signaling in Neuroprotection and Apoptosis 33.
Chaired by: M. P. MATTSON.................................................. 1 34.
Mapping Cognition in Space and Time: Integration of 35.
Electromagnetic Recording and Functional Neuroimaging 36.
in Human Neuroscience 37.
Chaired by: G. R. MANGUN.................................................. 1 38.

Special Lecture—10:00 a.m. 39.
Physiology and Pathophysiology of Nitric Oxide 40.
L. J. IGNARRO ...................................................... No Abstract 41.

Warner-Lambert Lecture—11:15 a.m. 42.
Neural Plasticity and the Surprising Functions of 43.
Recognition Molecules
M. SCHACHNER .................................................. No Abstract 44.

45.
Slide Sessions—8:00 a.m. 46.
GABAa  receptors: cellular and molecular studies.....................1 47.
Degenerative disease: Alzheimer’s—beta-amyloid: secretases . . .3 48.
Pattern formation, compartments and boundaries I ................. 5 49.
Oculomotor system: brainstem, models and smooth pursuit. . .7 50.
Presynaptic mechanisms I..........................................................9 51.
Learning and memory: systems and functions—primates I . .11 52.
Visual cortex: striate I.............................................................. 13 53.
Visual cortex: extrastriate I .....................................................15 54.
Cerebellum I.............................................................................18 55.
Circadian rhythms and sleep I ................................................. 20 56.
Cell differentiation and migration I..............  22 57.
Second messengers and phosphorylation I...............................24 58.
GnRH and luteinizing hormone.......................................  .25 59.
Alzheimer’s: neuropharmacology and neurotransmitters ... 21 60.

61.
Poster Sessions—8:00 a.m. 62.
Axon guidance mechanisms and pathways: molecular and 63.
positional cues ....................................................................... 29
Formation and specificity of synapses: agrin........................ 32 64.
Formation and specificity of synapses I . .  .......................... 36 65.
Neurotransmitter systems and channels: catecholamines ... .39

Page

Neurotransmitter systems and channels: peptides, proteins
and physiology ...................................................................... 41
Neurotransmitter systems and channels: GABA, glycine,
glutamate and acetylcholine ................................................. 43
Expression and regulation of trophic factors:
neurotrophins I....................................................  46
Expression and regulation of trophic factors: cytokines and
others I....................................................................................50
Biologic effects of neurotrophins: gene therapy.................... 52
Biologic effects of cytokines and other factors: cellular
effects...................................................................................... 54
Neurotrophin receptors and cellular mechanisms:
BDNF/trkB ............................................................................58
Hormones and development I .................................................60
Glia and other non-neuronal cells: oligodendrocytes.............63
Glia and other non-neuronal cells: Schwann cells ..............   .65
Glia and other non-neuronal cells: astrocytes and injury ... .66 
Glia and other non-neuronal cells: astrocyte physiology ... .69
Glia and other non-neuronal cells: astrocytes......................... 70
Development and regeneration of sensory systems: cellular
and molecular mechanisms.....................................................74
Cerebral cortex and limbic system I .....................................75
Cerebral cortex and limbic system II.....................................78
Visual system development and regeneration: cortical
development............................................................................81
Transplantation: Huntington’s disease.................................... 84
Neuroglia and myelin: Schwann cells and
oligodendrocytes............................................................  .85
Gene structure and function I .................................................89
Gene structure and function II................................................ 91
Mechanisms of neurotransmitter release I............................. 93
Long-term potentiation: physiology I .................................... 96
GABAa  receptors: native studies I ...................................... 100
GABAa  receptors: native studies II...................................... 103
GABAa  receptors: native studies III .................................... 106
GABAa  receptors: recombinant studies I ........................... 109
GABAa  receptors: recombinant studies II........................... 112
GABA: cellular studies...............................................  114
GABA: release and turnover studies .................................... 115
GABA: GAD studies............................................................. 117
Peptides: anatomy and physiology I .................................... 118
Opiate and nociceptin/orphanin receptors distribution......... 122
Opioids.................................................................................. 124
Serotonin receptors I............................................................. 127
Serotonin receptors II ........................................................... 130
Transporters: other ............................................................... 134
Thermal regulation ............................................................... 138
Neuroendocrine regulation: gene and peptide expression
and localization......................................................................140
Neuroendocrine regulation: leptin and weight......................143
Central cardiovascular regulation: baroreflex and related 
topics .................................................................................... 146



Chronological  List  of  Sessions

Session
Number & Title

Session
Page Number & Title Page

66. Cardiovascular regulation: brainstem....................................150
67. Spinal and subcortical somatosensory pathways:

neuroanatomy.......................................................................154
68. Pain modulation: anatomy and physiology—higher centers I . .155
69. Pain modulation: anatomy and physiology—higher centers II . .159
70. Pain modulation: pharmacology—opiates I............................. 161
71. Pain modulation: pharmacology—anti-inflammatory agents .. .164
72. Retina and photoreceptors: pathology—response to lesions:

genetic mutations ..................................................................168
73. Subcortical visual pathways I ...............................................170
74. Visual psychophysics and behavior: motion and color

processing.............................................................................. 173
75. Visual psychophysics and behavior: object and spatial

processing............................................................................. 175
76. Visual psychophysics and behavior: eye and hand

movements and locomotion..................................................178
77. Inner ear and lateral line: anatomy and physiology .............179
78. Auditory systems: central anatomy ......................................182
79. Basal ganglia: glutamate........................................................186
80. Basal ganglia: behavior..........................................................190
81. Basal ganglia: dopamine........................................................191
82. Basal ganglia: connectivity ....................................................194
83. Basal ganglia: subthalamic nucleus....................................... 197
84. Reflex function I...................................................................199
85. Control of posture and movement: learning and adaptation . . .201
86. Circuitry and pattern generation: nonmammalian

vertebrates.............................................................................204
87. Cognition: learning and memory—humans: non-declarative

memory I .............................................................................207
88. Cognition: others................................................................... 210
89. Cognition: others—correlational studies ..............................212
90. Learning and memory: pharmacology I................................213
91. Learning and memory: pharmacology II ..............................217
92. Neural plasticity I..................................................................220
93. Neural plasticity II ................................................................222
94. Neural plasticity III................................................................225
95. Neural plasticity IV................................................................228
96. Neural plasticity V ................................................................232
97. Neural plasticity VI................................................................234
98. Neural plasticity VII ..............................................................236
99. Suprachiasmatic nucleus I.....................................................240
100. Neuroethology: song control system ....................................243
101. Neuroethology: electric fish, audition, vision—

chemosensory........................................................................246
102. Ingestive behavior: feeding behavior....................................250
103. Drugs of abuse: nicotine and caffeine ..................................257
104. Cocaine: glutamatergic .........................................................260
105. Cocaine: prenatal effects.......................................................261
106. Opioids: glutamatergic mechanisms...................................... 264
107. Degenerative disease: Alzheimer’s—other: molecular

biology.................................................................................. 266
108. Trauma I................................................................................268
109. Neurotoxicity: dopaminergic and antidepressant agents ... .271

(History and Teaching Posters will be posted the entire week.)
110. History of neuroscience...........................................................276
111. Teaching of neuroscience.........................................................279

Symposia—1:00 p.m.
112. Optical Imaging of Presynaptic Function

Chaired by: B. BETZ ...........................................................289
113. Functional Role of Cannabinoid Receptors

Chaired by: S. A. DEADWYLER........................................289

Special Lecture—1:00 p.m.
114. Neuroethology of Binocular Vision: Extravaganzas From

Down Under
J. D. PETTIGREW.................................................. No Abstract

Presidential Special Lecture—4:15 p.m.
115. Menopause: A Window Into the Aging Brain

P. M. WISE .............................................................No Abstract

Slide Sessions—1:00 p.m.
116. Serotonin receptors: molecular biology ................................ 289
117. Alzheimer’s: presenilin I .......................................................291
118. Degenerative disease: Alzheimer’s—beta-amyloid:

APP processing.........................................  293
119. Degenerative disease: Parkinson’s I...................................... 295
120. Genesis of neurons and glia...................................................297
121. Cognition: attention—selective attention..............................299
122. Visual cortex: extrastriate II...................................................301
123. Neurotoxicity ........................................................................303
124. Visual system development and regeneration: cellular

mechanisms ..........................................................................305
125. Blood-brain barrier I............................................................. 307
126. Potassium channel: structure, function and expression I . . . .308
127. Long-term potentiation: pharmacology I ..............................310
128. Circadian rhythms and sleep II ............................................ 312
129. Stress I .................................................................................. 314

Poster Sessions—1:00 p.m.
130. Genesis of neurons and glia: postnatal neurogenesis .......... 315
131. Cell lineage and determination I ..........................................318
132. Cell differentiation and migration: regulation of migration .321
133. Axon guidance mechanisms and pathways: ephrins, netrins

and their receptors................................................................ 323
134. Expression and regulation of trophic factors:

neurotrophins II.................................................................... 326
135. Expression and regulation of trophic factors:

neurotrophins III.................................................................. 329
136. Biologic effects of neurotrophins: neurite and axonal

growth-sprouting........ .......................................................... 331
137. Trophic factor receptors and cellular mechanisms: NGFI . . . .334
138. Trophic factor receptors and cellular mechanisms: NGF II . . .338
139. Hormones and development II.............................................. 341
140. Transplantation: cell and tissue grafts ..................................344
141. Aging: trophic and oxidative mechanisms ............................348
142. Gene structure and function: techniques ..............................350
143. Gene structure and function III ............................................ 352
144. Gene structure and function IV............................................ 354
145. Presynaptic mechanisms II ...................................................356
146. Presynaptic mechanisms III...................................................360
147. Presynaptic mechanisms IV...................................................363

ix
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Session
Number & Title__________________________________________ Page

148. Mechanisms of neurotransmitter release II............................366
149. Long-term potentiation: physiology II..................................369
150. Ligand-gated ion channels.....................................................372
151. Ligand-gated ion channels: ATP .......................................... 375
152. Ligand-gated ion channels: glycine...................................... 378
153. Ligand-gated ion channels: intracellular ligands ................. 379
154. Acetylcholine receptors: nicotinic—anatomy and

localization..............................................................................380
155. Acetylcholine receptors: nicotinic—recombinant receptors . . . .384
156. Acetylcholine receptors: nicotinic—structure/function............. 387
157. Acetylcholine receptors: nicotinic—expression and assembly . .390
158. Peptide receptors: structure and function I............................392
159. Opiate receptors: delta kappa.................................................396
160. Opioids: kappa ......................................................................398
161. Catecholamines: dopamine I ................................................ 400
162. Transporters: serotonin .........................................................403
163. Dopamine transporter and gene: structure and function . . . .407
164. Regulation of gene expression I............................................ 409
165. Behavioral pharmacology I ...................................................412
166. Hypothalamo-pituitary-gonadal I.......................................... 415
167. Neuroendocrine regulation: neurophysiology.......................418
168. Cardiovascular regulation: central control forebrain.............423
169. Cardiovascular regulation: other .......................................... 426
170. Gastrointestinal control.........................................................428
171. Respiratory regulation: O2 and CO2......................................432
172. Spinal and subcortical somatosensory pathways: response

to lesions................................................................................436
173. Pain: pathways—cortical.......................................................438
174. Pain modulation: anatomy and physiology—spinal cord I ... .441
175. Pain modulation: anatomy and physiology—spinal cord II . . .444
176. Retina and photoreceptors: synaptic physiology—

nitric oxide............................................................................447
177. Subcortical visual pathways II.............................................. 450
178. Visual cortex: striate II........................................................... 453
179. Visual cortex: extrastriate III................................................ 457
180. Inner ear: hair cells and nerve .............................................. 461
181. Basal ganglia: task-dependent activity..................................463
182. Basal ganglia: lesion models................................................ 466
183. Basal ganglia: human studies................................................ 470
184. Oculomotor system: vestibulo-ocular reflex......................... 471
185. Oculomotor system: cortex ...................................................473
186. Circuitry and pattern generation: crustaceans, crayfish,

drosophila..............................................................................476
187. Invertebrate motor and sensory systems I..............................479
188. Limbic system and hypothalamus I......................................483
189. Limbic system and hypothalamus II ....................................486
190. Cognition: learning and memory—humans: memory and

children..................................................................................489
191. Cognition: learning and memory—humans: neuroimaging

of declarative memory...........................................................491
192. Cognition: others—higher functions ....................................494
193. Cognition: others—disorders................................................ 496
194. Learning and memory: systems and functions—primates II . . .498
195. Learning and memory: physiology—hippocampus I ................ 501
196. Learning and memory: physiology—hippocampus II................ 504
197. Learning and memory: physiology—hippocampus III.............. 507

Session
Number & Title Page

198. Suprachiasmatic nucleus II ...................................................510
199. Ingestive behavior: serotonin.................................................513
200. Ingestive behavior: central control of metabolism ............... 515
201. Ingestive behavior: opioids ...................................................516
202. Serotonin and behavior I.......................................................518
203. Neuropeptides and behavior: CRF........................................ 521
204. Amphetamine: regulation of gene expression....................... 522
205. Cocaine: neurophysiology.....................................................525
206. Opioids: neuropharmacology.................................................527
207. Psychopharmacological agents: antipsychotic drugs I .........530
208. Aging .................................................................................... 531
209. Degenerative disease: Alzheimer’s—beta-amyloid:

deposition I............................................................................533
210. Degenerative disease: Alzheimer’s—beta-amyloid:

deposition II ..........................................................................537
211. Degenerative disease: Parkinson’s II ....................................540
212. Ischemia: ionic mechanisms—other...................................... 543
213. Ischemia: ionic mechanisms—calcium ................................546
214. Neuromuscular diseases I .....................................................549
215. Neuromuscular diseases II.....................................................552
216. Neuropsychiatric disorders: schizophrenia I......................... 555
217. Neuropsychiatric disorders: imaging I..................................558
110. History of neuroscience...........................................................276
111. Teaching of neuroscience.........................................................279

Animals in Research Panel—5:30 p.m.
218. K-12 Educational Initiatives: Setting Our Sights on

Science Excellence ............................................ No Abstract

Presidential Symposium—8:00 p.m.
219. The Stress of Life

Stress and Brain Control of Energy Balance
M. F. DALLMAN.................................................... No Abstract
How Early Life Events Program Behavioral and
Neuroendocrine Responses to Stress in Adulthood
M. J. MEANEY...................................................... No Abstract
Probing the Roles of the CRF Family of Ligands and 
Their Receptors
W.VALE ................................................................. No Abstract

Monday , October  27

Symposia—8:00 a.m.
220. The Myth of the Lonesome Ion Channel

Chaired by: I. B. LEVITAN ....................... .........................562
221. Climbing the Medial Wall: A New Look at the Medial 

Motor Areas of the Cerebral Cortex
Chaired by: R. CAMINITI .................................................. 562

Special Lecture—10:00 a.m.
222. The Physiology of Nicotine in the Developing CNS

L.W. ROLE.............................................................No Abstract

Special Lecture—11:15 a.m.
223. Plasticity and Pain

C. J. WOOLF...........................................................No Abstract

x



Chronological  List  of  Sessions

Session
Number & Title Page

Session
Number & Title Page

Slide Sessions—8:00 a.m.
224. Degenerative disease: Alzheimer’s—other: clinical and

immunologic features ........................................................... 562
225. Learning and memory: pharmacology III..............................564
226. Cognition: learning and memory—humans: declarative

memory.................................................................................. 565
227. Visual cortex: striate III.........................................................567
228. Motivation and emotion I .....................................................569
229. Ischemia: protein expression.................................................571
230. Somatosensory cortex and thalamocortical relationships I ... .573
231. Ingestive behavior: CNS mechanisms ..................................575
232. Mechanisms of neurotransmitter release III..........................577
233. Cell lineage and determination II.......................................... 579
234. Hypothalamic-pituitary-adrenal regulation I..........................581
235. Opiate transgenics................................................................. 583
236. Neuroglia and myelin ........................................................... 585
237. Hypothalamo-pituitary-gonadal regulation............................587

Poster Sessions—8:00 a.m.
238. Genesis of neurons and glia: cell differentiation and death ... .589
239. Cell differentiation and migration II ....................................592
240. Process outgrowth I................................................................594
241. Process outgrowth II..............................................................597
242. Process outgrowth III ............................................................601
243. Process outgrowth IV ............................................................604
244. Process outgrowth V..............................................................607
245. Process outgrowth: GAP-43 ................................................ 610
246. Axon guidance mechanisms and pathways: semaphorins . . .613
247. Biologic effects of neurotrophins: neurotrophins as

survival factors ..................................................................... 615
248. Biologic effects of cytokines and other factors: effects

following lesions................................................................... 619
249. Trophic factor receptors and cellular mechanisms:

GDNF and RET ................................................................... 622
250. TGF-beta family receptors and cellular mechanisms............624
251. Hormones and development III............................................ 626
252. Neuronal death I................................................................... 629
253. Neuronal death II ................................................................. 631
254. Motor systems I..................................................................... 633
255. Motor systems II................................................................... 636
256. Visual system development and regeneration: retinal

development..........................................................................638
257. Transplantation: gene transfer .............................................. 642
258. Staining, tracing and imaging techniques I............................643
259. Staining, tracing and imaging techniques II ....................... 645
260. Postsynaptic mechanisms I ...................................................649
261. Postsynaptic mechanisms II...................................................652
262. Postsynaptic mechanisms III.................................................655
263. Long-term potentiation: physiology III ................................658
264. Long-term potentiation: pharmacology II..............................662
265. Acetylcholine receptors: nicotine—physiology and

pharmacology I......................................................................665
266. Acetylcholine receptors: nicotine—physiology and

pharmacology II ................................................................... 668
267. Peptide receptors: structure and function II ..........................672
268. Opiate receptor mu I............................................................. 675

269. Opioids: mu, beta-endorphin, delta .......................................678
270. Catecholamine receptors: D3.................................................681
271. Catecholamine receptors: D4.................................................683
272. Catecholamines: biosynthetic enzymes ................................ 686
273. Dopamine and UMAT2 transporters: ligands and expression . .690
274. Dopamine transporter: function and regulation ....................... 691
275. Transporters: norepinephrine and vesicular acetylcholine . . .694
276. Second messengers and phosphorylation II ......................... 696
277. Second messengers and phosphorylation III......................... 699
278. Second messengers and phosphorylation IV ....................... 702
279. Second messengers and phosphorylation V ......................... 705
280. Second messengers and phosphorylation VI ....................... 708
281. Neuroendocrine regulation: steroids..................................... 711
282. Neural-immune: stress...........................................................713
283. Neural-immune: receptors.....................................................716
284. Cardiovascular regulation: brainstem—spinal interactions . . .720
285. Respiratory regulation: physiology and anatomy.................724
286. Retina and photoreceptors: anatomy ....................................727
287. Inner ear: molecular biology .................................................730
288. Auditory systems: midbrain physiology ................................ 732
289. Olfactory receptors: cell physiology ....................................736
290. Olfactory receptors: development and specificity ..................739
291. Basal ganglia: neurotransmitters and pharmacology.............742
292. Basal ganglia: neurotransmitter/receptor interactions...........745
293. Cerebellum II ........................................................................748
294. Motor systems: vestibular system I ...................751
295. Motor systems: vestibular system II...................................... 753
296. Oculomotor system: behavioral studies ................................755
297. Oculomotor system: optokinetic and eye blink systems . . . .758
298. Control of posture and movement: animal and human

locomotion..............................................................................759
299. Control of posture and movement: spinal cord and brainstem . .762
300. Invertebrate motor and sensory systems II........................... 766
301. Control of posture and locomotion: locomotion and

vestibular ..............................................................................769
302. Limbic system and hypothalamus III....................................772
303. Cognition: learning and memory—humans: working

memory—others.......... ........................................................ 775
304. Learning and memory: systems and functions—motor.........777
305. Learning and memory: systems and functions—classical

conditioning I........................................................................779
306. Learning and memory: systems and functions—classical

conditioning II ..................................................................... 782
307. Learning and memory: physiology—amygdala................... 785
308. Learning and memory: physiology—synaptic plasticity ... .787
309. Suprachiasmatic nucleus III...................................................789
310. Sleep I.................................................................................... 793
311. Neuroethology: vocal learning.............................................. 795
312. Reproductive behavior I.........................................................797
313. Serotonin and behavior II .....................................................800
314. Cocaine: imaging and EEG studies ...................................... 803
315. Aging: neurotransmitters.......................................................804
316. Epilepsy: animal studies on cellular mechanisms I............... 807
317. Epilepsy: animal studies on cellular mechanisms II............. 810
318. Epilepsy: animal studies with genetic models ..................... 812
319. Epilepsy: animal studies on kainate and PTZ........................814

xi



Chronological  List  of  Sessions

Session
Number & Title

Session
Page Number & Title Page

320.
321.

322.
323.
324.
325.
326. 
110. 
111.

327.

328.

Epilepsy: human studies .......................................................816
Degenerative disease: Alzheimer’s—beta-amyloid:
processing.........................  819
Alzheimer’s: presenilin II .....................................................822
Degenerative disease: Alzheimer’s—other: apolipoprotein E .. .826 
Degenerative disease: other—metabolic and inflammatory . . . .829
Ischemia: behavioral, clinical and imaging ......................... 832
Infectious diseases: HIV and related viruses ........................ 835
History of neuroscience...........................................................276
Teaching of neuroscience.........................................................279

Symposia—1:00 p.m.
The Physiological and Molecular Basis of Long-Term Memory
Chaired by: R. G. M. MORRIS............................................ 838
Non-Transcriptional Actions of the Steroid Hormone Estrogen: 
Sites and Mechanisms of Action
Chaired by: R. L. MOSS.......................................................838

329.
Special Lecture—1:00 p.m.
To Cross or Not to Cross: Retinal Axon Guidance in the Optic 
Chiasm
C. A. MASON .........................................................No Abstract

330.
Social Issues Roundtable—3:30 p.m.
Bench to Bedside: Drug Discovery, Development and Approval, 
and Clinical Trials .................................................. No Abstract

331.
332.
333.
334.
335.
336.
337.
338.
339.

340.
341.
342.
343.

344.
345.
346.
347.
348.
349.
350.
351.

352.

353.

Slide Sessions—1:00 p.m.
Cardiovascular regulation: central control ............................838
Degenerative disease: Alzheimer’s—beta-amyloid............... 840
Oculomotor system: superior colliculus and cortex ............. 842
Visual cortex: extrastriate IV.................................................844
Neuropsychiatric disorders: imaging II ................................846
Ischemia: oxidative and apoptotic proteins............................848
Ingestive behaviors: leptin.....................................................850
Neuropsychiatric disorders: depression I..............................852
Potassium channel: physiology, pharmacology and
modulation I..........................................................................854
Calcium channel physiology: cellular and molecular studies . . .856
Developmental disorders I.....................................................858
Degenerative disease: other—central.................................... 860
Receptor modulation: up- and down-regulation I................. 862

Poster Sessions—1:00 p.m.
Developmental genetics I....................................................   .863
Genesis of neurons and glia: cell cycle ............................... 867
Cell differentiation and migration: forebrain development . . . .869
Pattern formation, compartments and boundaries II............. 872
Pattern formation, compartments and boundaries III ...........874
Pattern formation, compartments and boundaries IV...........876
Axon guidance mechanisms and pathways I ....................... 878
Expression and regulation of trophic factors:
neurotrophins IV...................................................................879
Expression and regulation of trophic factors: cytokines
and others II .........................................................................883
Biologic effects of neurotrophins: effects following lesions . . . .886

354. Biologic effects of cytokines and other factors: survival
factors.................................................................................... 889

355. Trophic factor receptors and cellular mechanisms I..............891
356. Development and regeneration: motor neuron cell death . . . .894
357. Neuronal death III................................................................. 895
358. Neuronal death and spinal cord injury..................................899
359. Cerebral cortex and limbic system III ..................................900
360. Visual system development and regeneration:

neurophysiology and models................................................ 904
361. Transplantation: spinal cord...................................................905
362. Sodium channels I................................................................. 908
363. Sodium channels II............................................................... 911
364. Acetylcholine receptors: nicotinic—modulation................... 914
365. Acetylcholine receptors: nicotinic—effects of nicotine.........916
366. Acetylcholine receptors: nicotinic—up- and down-

Regulation..............................................................................917
367. Excitatory amino acids: pharmacology—NMDA................. 918
368. Kainate receptors: structure, function and expression...........922
369. AMPA receptors: structure, function and expression I.........923
370. AMPA receptors: structure, function and expression II.........925
371. NMDA receptors: structure, function and expression I.........928
372. NMDA receptors: structure, function and expression II ... .931
373. Glutamate receptors: structure, function and expression . . . .935
374. Metabotropic glutamate receptors: structure, function and

expression..............................................................................937
375. Excitatory amino acids: physiology, pharmacology and

dulation—NMDA I.............................................................. 940
376. Excitatory amino acids: physiology, pharmacology and

odulation—NMDA II .......................................................... 944
377. GABAa  receptors: benzodiazepine pharmacology...............948
378. GABAC receptors: cellular and molecular studies ...............952
379. GABAb  receptors: cellular and molecular studies ...............954
380. GABAa  receptors: model and nonmammalian systems . . . .957
381. G AB A A receptors: alcohol ...................................................958
382. GABAa  receptors: steroid pharmacology ..............  959
383. Peptide receptors: structure and function III......................... 962
384. Peptides: anatomy and physiology II.................................... 965
385. Serotonin receptors III...........................................................968
386. Serotonin receptors IV...........................................................973
387. Serotonin receptors V ...........................................................976
388. Transmitters in invertebrates I.............................................. 978
389. Transporters: transgenics.......................................................980
390. Regulation of gene expression II.......................................... 982
391. Behavioral pharmacology II .................................................985
392. Hypothalamic-pituitary-adrenal regulation II....................... 988
393. Neural-immune: disease—related mechanisms ................... 992
394. Respiratory regulation: systems............................................ 997
395. Somatic and visceral afferents: CNS studies ......................1000
396. Somatic and visceral afferents: peripheral processing......... 1002
397. Somatosensory cortex and thalamocortical relationships II .. .1005
398. Somatosensory cortex and thalamocortical relationships III ..1007
399. Somatosensory cortex and thalamocortical relationships IV . .1009
400. Pain: pathways—subcortical ...............................................1011
401. Pain modulation: pharmacology—amino acids ................ 1013
402. Pain modulation: pharmacology—opiates II ......................1016
403. Pain modulation: pharmacology—opiates III......................1019

xii



Chronologica l  List  of  Sessions

Session
Number & Title Page

Session
Number & Title Page

404. Retina and photoreceptors: neuronal activity and models I .. .1023
405. Visual cortex: striate IV....................................................... 1025
406. Visual cortex: extrastriate V.................................................1029
407. Auditory systems: imaging and evoked potentials ............. 1032
408. Gustatory senses: central pathways .................................... 1036
409. Reflex function II ................................................................1039
410. Spinal cord and brainstem I.................................................1041
411. Circuitry and pattern generation: gastropods and leech . . .1044
412. Muscle I .............................................................................. 1048
413. Cognition: learning and memory—humans: skill learning.......... 1051
414. Cognition: language—higher level processes............................ 1054
415. Cognition: language—reading and speech recognition I.............1056
416. Cognition: language—normal development and patient studies .1059
417. Cognition: others—methods and models.................................. 1060
418. Motivation and emotion II................................................... 1061
419. Sleep II................................................................................ 1064
420. Melatonin ............................................................................ 1067
421. Neuroethology: invertebrates...............................................1070
422. Neuropeptides and behavior: oxytocin and vasopressin . . .1072
423. Ingestive behavior: CCK, galanin, GRP and GLPI............. 1074
424. Stress II................................................................................ 1076
425. Stress III.............................................................................. 1079
426. Stress IV.............................................................................. 1082
427. Reproductive behavior II................  1086
428. Amphetamine: dopaminergic mechanisms..........................1088
429. Amphetamine: glutamatergic mechanisms..........................1091
430. Cocaine: behavioral studies.................................................1093
431. Cocaine: regulation of gene expression ..............................1097
432. Cocaine: transporter studies.................................................1100
433. Cocaine: dopaminergic mechanisms .................................. 1103
434. Opioids: cellular and molecular substrate............................1106
435. Psychopharmacological agents: antidepressant and

antimanic treatments........................................................... 1109
110. History of neuroscience...........................................................276
111. Teaching of neuroscience.........................................................279

The Grass Foundation Lecture—8:00 p.m.
436. Cellular Mechanisms of Working Memory

P. S. GOLDMAN-RAKIC ......................................No Abstract

Tuesday , October  28

Symposia—8:00 a.m.
437. New Insights Into Brain Tumor Biology Provide Novel Targets 

for Diagnosis and Therapy
Chaired by: H. W. SONTHEIMER................................... 1112

438. Cortical Plasticity: Molecules, Synapses and Circuits
Chaired by: M. SUR.......................................................... 1112

Special Lecture—10:00 a.m.
439. Mechanisms of Learning in the Auditory System of the Bam Owl

E. I. KNUDSEN.......................................................No Abstract

Special Lecture—11:15 a.m.
440. Neurogenesis and the Earliest Steps in Neocortical Histogenesis

V. S. CAVINESS, JR.................................................No Abstract

Slide Sessions—8:00 a.m.
441. Neuronal death IV.............................................................. 1112
442. Degenerative disease: Alzheimer’s—beta-amyloid: animal

models I ............................................................................. 1114
443. Alzheimer’s: presenilin III...................................................1116
444. Cognition: attention—executive, control, interference and

inhibition.............................................................................. 1119
445. Pain modulation: pharmacology.......................................... 1121
446. Trauma II ............................................................................ 1122
447. Visual cortex: extrastriate VI ...............................................1125
448. Postsynaptic mechanisms IV...............................................1127
449. Regeneration I....................................................  1129
450. Neurotransmitter transporters...............................................1131
451. Disorders of the nervous system: genetic models.................. 1133
452. Axon guidance mechanisms and pathways: chemoattractant

and chemorepellant molecules.............................................1136
453. Regional localization of receptors and transporters I .......... 1137
454. Control of posture and movement: neural and postural

activity ................................................................................ 1139

Poster Sessions—8:00 a.m.
455. Developmental genetics II...................................................1140
456. Genesis of neurons and glia: gene expression .....................1143
457. Biologic effects of neurotrophins: synaptic function and

system neurophysiology ..................................................... 1146
458. Biologic effects of cytokines and other factors: modulation

of function, signalling and synaptic effects ....................... 1149
459. Hormones and development IV.......................................... 1151
460. Nutritional and prenatal factors I........................................ 1154
461. Motor neuron cell death.......................................................1156
462. Visual system development and regeneration: subcortical

development ....................................................................... 1159
463. Aging: calcium and iron .................................................... 1161
464. Staining, tracing and imaging techniques III .....................1163
465. Blood-brain barrier II .........................................................1164
466. Mechanisms of neurotransmitter release IV.........................1167
467. Mechanisms of neurotransmitter release V...........................1171
468. Long-term potentiation: physiology IV .............................1174
469. Long-term potentiation: physiology V................................ 1177
470. Calcium channel physiology: transmitter release studies . .1180
471. Calcium channel physiology: first and second

messengers ..........................................................................1183
472. Calcium channel physiology: cellular studies I ................. 1186
473. Calcium channel physiology: cellular studies II................. 1189
474. Calcium channel physiology: ligand-gated studies............. 1191
475. Calcium channel physiology: recombinant and cell-line

studies..................................................................................1192
476. Potassium channel: physiology, pharmacology and

modulation II ......................................................................1194
477. Acetylcholine receptors: nicotinic—novel ligands .............. 1198
478. Excitatory amino acids: physiology, pharmacology and

modulation—AMPA receptors.............................................1201
479. Opiate receptor mu II ......................................................... 1205
480. Opioids and related peptides: orphin/nociceptin................. 1208
481. Catecholamines: dopamine II..............................................1210
482. Serotonin receptors VI......................................................... 1213

xiii



CHRONOLOGICAL LIST OF SESSIONS 

Session 
Number & Title Page 

483. Serotonin I ..................................... 1217 
484. Serotonin II .................................... 1222 
485. Serotonin III ................................... 1225 
486. Neurotransmitters: other I ......................... 1229 
487. Transmitters in invertebrates II ..................... 1233 
488. Transmitters in invertebrates III ..................... 1235 
489. Transporters: regulation ........................... 1238 
490. Hypothalamic-pituitary-adrenal regulation III .......... 1240 
491. Hypothalamo-pituitary-gonadal II ................... 1243 
492. Osmotic regulation .............................. 1246 
493. Cardiovascular regulation: circumventricular organs .... .1248 
494. Neuroendocrine regulation: pituitary and periphery ...... 1249 
495. Respiratory regulation: preBotzinger complex .......... 1252 
496. Somatic and visceral afferents: vagal, trigeminal and 

related afferents ................................. 1255 
497. Somatic and visceral afferents: dorsal root afferents ...... 1257 
498. Retina and photoreceptors: transmitters, receptors, 

modulators and second messengers ................. .1262 
499. Visual cortex: striate V ............................ 1265 
500. Olfactory bulb: physiology ....................... .1268 
501. Olfactory bulb: pharmacology ...................... 1271 
502. Cortex: anatomy ................................ 1272 
503. Cortex: human studies I ........................... 1275 
504. Basal ganglia: cellular electrophysiology .............. 1278 
505. Basal ganglia: ventral striatum and pallidum ........... 1281 
506. Basal ganglia: striatum ........................... 1283 
507. Cerebellum III ................................. .1286 
508. Motor systems: vestibular system III ................. 1289 
509. Motor systems: vestibular system IV ................. 1291 
510. Oculomotor system: superior colliculus ............... 1295 
511. Oculomotor system: cerebellum ..................... 1298 
512. Spinal cord and brainstem II ....................... 1299 
513. Association cortex and thalamocortical relations: 

prefrontal .................................... .1303 
514. Association cortex and thalamocortical relations ........ 1304 
515. Comparative neuroanatomy I ....................... 1307 
516. Brain metabolism and blood flow: metabolism ......... 1309 
51 7. Cognition: others-sensory processing and integration ... 1312 
518. Learning and memory: pharmacology IV .............. 1313 
519. Motivation and emotion III ....................... .1316 
520. Motivation and emotion IV ........................ 1319 
521. Circadian rhythms I ............................. .1322 
522. Circadian rhythms II ............................. 1325 
523. Neuroethology: sex differences and vocal motor systems .... 1328 
524. Invertebrate learning and behavior III ................ 1332 
525. Invertebrate learning and behavior IV ............... .1335 
526. Invertebrate learning and behavior V ................. 1338 
527. Invertebrate learning and behavior VI ................ 1340 
528. Ingestive behavior: neuropeptide .................... 1343 
529. Ingestive behavior: taste aversion and licking .......... 1347 
530. Ingestive behavior: salt and water-appetite ........... 1348 
531. Stress V ....................................... 1351 
532. Reproductive behavior III ......................... 1354 
533. Dopamine and behavior I .......................... 1358 
534. Psychopharmacological agents: antipsychotic drugs II .... 1361 
535. Developmental disorders II ........................ 1363 

xiv 

Session 
Number & Title 

536. Alzheimer's disease: neuropharmacology and 

Page 

neurotransmitters I .............................. 1366 
537. Degenerative disease: Parkinson's III ................. 1370 
538. Degenerative disease: Parkinson's IV ................. 1373 
539. Ischemia: enzymes and metabolism .................. 1376 
540. Ischemia: vessels, glia and edema ................... 1379 
541. Trauma III ..................................... 1382 
542. Neurotoxicity: glutamatergic agents .................. 1385 
110. History of neuroscience .......................... . 276 
111. Teaching of neuroscience ......................... . 279 

Symposia-1 :00 p.m. 
543. The Molecular Basis of Alzheimer's Disease 

Chaired by: D. J. SELKOE ........................ 1389 
544. Genetically Altered Monoamine Neurotransmission: 

Neurobiology and Behavior 
Chaired by: J. C. SHIH and T. JOH .................. 1389 

History of Neuroscience Lecture-1 :00 p.m. 
545. From Retina to Cortex: Exploring the Neural Architecture 

of Vision 
T. N. WIESEL ............................ No Abstract 

Presidential Special Lecture-4:15 p.m. 
546. The Prodigal Process: Promises and Pitfalls of Emotions' 

Return to Neuroscience 
J. E. LEDOUX ............................ No Abstract 

Slide Sessions-1 :00 p.m. 
547. Ischemia: transgenics and gene transfer ............... 1389 
548. Excitatory amino acid receptors ..................... 1391 
549. Long-term potentiation: physiology VI ............... 1393 
550. Visual cortex: extrastriate VII ...................... 1395 
551. Drugs of abuse: alcohol I ......................... .1397 
552. Cortex: activity and development .................... 1399 
553. Cognition: learning and memory-humans: 

non-declarative memory II ......................... 1401 
554. Trauma IV ..................................... 1403 
555. Neuropsychiatric disorders: imaging III ............... 1405 
556. Gene structure and function V ..................... .1407 
557. Formation and specificity of synapses II .............. 1409 
558. Ischemia: physiology and imaging ................... 1411 
559. Process outgrowth VI ............................. 1413 
560. Invertebrate learning and behavior I .................. 1415 

Poster Sessions-1 :00 p.m. 
561. Genesis of neurons and glia: precursor cells ........... 1417 
562. Cell lineage and determination III ................... 1420 
563. Cell differentiation and migration III ................ .1423 
564. Biologic effects of neurotrophins: cellular proliferation 

and differentiation ............................... 1427 
565. Biologic effects of cytokines and other factors: cellular 

proliferation and differentiation, neurite and axonal growth ... 1430 
566. Trophic factor receptors and cellular mechanisms II ..... 1433 
567. Neuronal death: caspases .......................... 1436 
568. Neuronal death: cerebellum ........................ 1439 



Chronological  List  of  Sessions

Session
Number & Title Page

Session
Number & Title Page

569. Glia and other non-neuronal cells: microglia I....................1441
570. Glia and other non-neuronal cells: microglia II ................. 1444
571. Glia and other non-neuronal cells: comparative studies . . .1446
572. Regeneration II ....................................................................1447
573. Regeneration: modulators of regeneration ..........................1450
574. Transplantation: non-neuronal cell grafts............................1453
575. Aging: neurochemistry and behavior.................................. 1456
576. Aging: anatomy....................................................................1459
577. Neuroglia and myelin: properties of astrocytes ..................1461
578. Membrane structure and cytoskeleton I..............................1464
579. Long-term potentiation: physiology VII..............................1468
580. Sodium channels III............................................................. 1471
581. Sodium channels IV ........................................................... 1474
582. Potassium channel: structure, function and expression II . . .1477
583. Potassium channel: physiology, pharmacology and

modulation HI......................................................................1480
584. Neurotransmitters: other II...................................................1483
585. Transporters: excitatory amino acid I.................................. 1484
586. Regional localization of receptors and transporters II........ 1487
587. Regional localization of receptors and transporters III ... .1490
588. Regional localization of receptors and transporters IV . . . .1493
589. Behavioral pharmacology III...............................................1497
590. Receptor modulation: up- and down-regulation II ............. 1500
591. Hypothalamo-pituitary-gonadal III...................................... 1503
592. Neural-immune: other......................................................... 1507
593. Neural-immune: CNS studies .............................................1508
594. Neural-immune interactions: vagus nerve ..........................1514
595. Cardiovascular regulation: peripheral mechanisms............. 1516
596. Urogenital regulation........................................................... 1520
597. Pain: pathways—primary afferents .................................... 1525
598. Pain modulation: anatomy and physiology—primary

afferents .............................................................................. 1527
599. Pain modulation: anatomy and physiology—neuropathic

pain.......................................................................................1531
600. Pain modulation: pharmacology—neuropeptides............... 1534
601. Pain modulation: pharmacology—amines and

antidepressants ..................  1537
602. Subcortical visual pathways III ...........................................1540
603. Visual cortex: striate VI....................................................... 1543
604. Visual cortex: extrastriate VIII.............................................1545
605. Auditory systems: physiology of medulla ..........................1548
606. Cortex: premotor and prefrontal...........................................1551
607. Cortex: motor ......................................................................1554
608. Oculomotor system: accommodation, vergence and pursuit. . .1557
609. Oculomotor system: models................................................... 1559
610. Control of posture and movement: postural control........... 1561
611. Control of posture and movement: development ............... 1564
612. Control of posture and movement: somatosensory............. 1566
613. Invertebrate motor and sensory systems III ........................1569
614. Brain metabolism and blood flow: blood vessels............... 1572
615. Brain metabolism and blood flow: functional imaging . . . .1575
616. Cognition: learning and memory—humans: clinical cases ... .1579
617. Cognition: learning and memory—humans: declarative

memory—others...................................................................1582
618. Cognition: attention—sensory and cross model

mechanisms.........................................................................1583

619. Cognition: attention—visual mechanisms ......................... 1585
620. Cognition: attention—spatial attention............................... 1588
621. Learning and memory: systems and functions—spatial . . .1591
622. Learning and memory: systems and functions—

hippocampus....................................................................... 1594
623. Learning and memory: systems and functions—rhinal and

cholinergic .......................................................................... 1598
624. Learning and memory: systems and functions—models,

consolidation........................................................................1601
625. Learning and memory: systems and functions—cortex . . .1604
626. Learning and memory: systems and functions—

conditioned fear I ...............................................................1607
627. Learning and memory: systems and functions—

conditioned fear II............................................................... 1611
628. Learning and memory: physiology—cortex and other . . . .1614
629. Learning and memory: physiology—conditioning............. 1617
630. Neuropeptides and behavior: CCK...................................... 1620
631. Gene targeting/gene therapy ..............................................1622
632. Developmental disorders III.................................................1624
633. Degenerative disease: Alzheimer’s—beta-amyloid:

neurotoxicity I......................................................................1626
634. Degenerative disease: Alzheimer’s—beta-amyloid:

neurotoxicity II....................................................................1630
635. Degenerative disease: Alzheimer’s—beta-amyloid:

inflammation........................................................................1633
636. Degenerative disease: Alzheimer’s—beta-amyloid:

animal models II..................................................................1636
637. Degenerative disease: Alzheimer’s—other: oxidative

injury and cell death ........................................................... 1639
638. Degenerative disease: Alzheimer’s—other: tau ...................... 1642
639. Degenerative disease: Alzheimer’s—other: animal models .. .1646
640. Degenerative disease: Alzheimer’s—other: pathology ............1647
641. Degenerative disease: Alzheimer’s—other: cell biology..........1650
642. Degenerative disease: Parkinson’s V...................................... 1654
643. Neuropsychiatric disorders: depression II ..........................1657
110. History of neuroscience...........................................................276
111. Teaching of neuroscience.........................................................279

Wednesday , October  29

Symposia—8:00 a.m.
644. Sensorimotor Integration: A Population-Coding Perspective

Chaired by: W. B. KRISTAN and D. L. SPARKS.............1661
645. Neural-Immune Interactions in Health and Disease

Chaired by: E. M. STERNBERG ......................................1661
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570. Glia and other non-neuronal cells: microglia II .........................
33. Glia and other non-neuronal cells: oligodendrocytes .................
34. Glia and other non-neuronal cells: Schwann cells .....................
32. Hormones and development I ....................................................

139. Hormones and development II....................................................
251. Hormones and development III ..................................................
459. Hormones and development IV..................................................
461. Motor neuron cell death..............................................................
254. Motor systems I...........................................................................
255. Motor systems II.........................................................................
860. Neural Induction and Determination in Vertebrates.............
252. Neuronal death I .........................................................................
253. Neuronal death II.........................................................................
357. Neuronal death III.......................................................................
441. Neuronal death IV . . ,.................................................................
774. Neuronal death V.........................................................................
880. Neuronal death VI.......................................................................
358. Neuronal death and spinal cord injury........................................
772. Neuronal death: Bcl/Bax.............................................................
567. Neuronal death: caspases.............................................................
568. Neuronal death: cerebellum........................................................
672. Neuronal death: cortex.................................................................
773. Neuronal death: inducers.............................................................
881. Neuronal death: induction ...........................................................
671. Neuronal death: limbic system....................................................
673. Neuronal death: neuroprotection ................................................

24. Neurotransmitter systems and channels: catecholamines ..........
26. Neurotransmitter systems and channels: GABA, glycine,

glutamate and acetylcholine.........................................................
25. Neurotransmitter systems and channels: peptides, proteins

and physiology ...........................................................................
31. Neurotrophin receptors and cellular mechanisms:

BDNF/trk B..................................................................................
460. Nutritional and prenatal factors I................................................
879. Nutritional and prenatal factors II ..............................................

9. Pattern formation, compartments and boundaries I.....................
347. Pattern formation, compartments and boundaries II...................
348. Pattern formation, compartments and boundaries III ........ .. . . .
349. Pattern formation, compartments and boundaries IV .................
665. Pattern formation, compartments and boundaries V...................
664. Pattern formation, compartments and boundaries:

somatosensory.............................................................................
240. Process outgrowth I.....................................................................
241. Process outgrowth II ...................................................................
242. Process outgrowth III...................................................................
243. Process outgrowth IV .................................................................
244. Process outgrowth V ...................................................................
559. Process outgrowth VI...................................................................
245. Process outgrowth: GAP-43.........................................................
449. Regeneration I.............................................................................
572. Regeneration II ...........................................................................
674. Regeneration III...........................................................................
675. Regeneration IV .........................................................................
677. Regeneration V ............................. ..............................................
777. Regeneration VI...........................................................................
573. Regeneration: modulators of regeneration .................................
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676. Regeneration: spinal cord ..........................................................
250. TGF-beta family receptors and cellular mechanisms .................
658. Transplantation ...................... ....................................................
140. Transplantation: cell and tissue grafts ........................................
257. Transplantation: gene transfer ....................................................

42. Transplantation: Huntington’s disease ........................................
574. Transplantation: non-neuronal cell grafts...................................
778. Transplantation: Parkinson’s disease .........................................
361. Transplantation: spinal cord.........................................................
355. Trophic factor receptors and cellular mechanisms I..................
566. Trophic factor receptors and cellular mechanisms II ................
669. Trophic factor receptors and cellular mechanisms III.................
670. Trophic factor receptors and cellular mechanisms IV.................
249. Trophic factor receptors and cellular mechanisms:

GDNF and RET...........................................................................
137. Trophic factor receptors and cellular mechanisms: NGF I ........
138. Trophic factor receptors and cellular mechanisms: NGF II........
124. Visual system development and regeneration:

cellular mechanisms ...................................................................
41. Visual system development and regeneration:

cortical development...................................................................
360. Visual system development and regeneration:

neurophysiology and models......................................................
776. Visual system development and regeneration:

response to lesions.......................................................................
256. Visual system development and regeneration:

retinal development.....................................................................
649. Visual system development and regeneration:

role of activity.............................................................................
882. Visual system development and regeneration:

role of neuronal activity and visual experience...........................
462. Visual system development and regeneration:

subcortical development .............................................................

Theme  B: Cell  Biology

125. Blood-brain barrier I ...................................................................
465. Blood-brain barrier II .................................................................
886. Blood-brain barrier III.................................................................

44. Gene structure and function I.......................................................
45. Gene structure and function II....................................................

143. Gene structure and function III ..................................................
144. Gene structure and function IV ..................................................
556. Gene structure and function V....................................................
142. Gene structure and function: techniques.....................................
578. Membrane structure and cytoskeleton I ......................................
654. Membrane structure and cytoskeleton II ...................................
885. Membrane structure and cytoskeleton III....................................
236. Neuroglia and myelin .................................................................
884. Neuroglia and myelin: astrocytes and microglia.........................
678. Neuroglia and myelin: myelination and demyelination..............
577. Neuroglia and myelin: properties of astrocytes ........................

43. Neuroglia and myelin: Schwann cells and oligodendrocytes . . .
3. NF-k B Signaling in Neuroprotection and Apoptosis ..............

258. Staining, tracing and imaging techniques I.................................
259. Staining, tracing and imaging techniques II................................
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464. Staining, tracing and imaging techniques III ........ .. . . . .
865. Staining, tracing and imaging techniques IV ...................
883. Staining, tracing and imaging techniques V.....................

Theme  C: Excitable  Membranes  and  Synaptic  
Transmission

783. Calcium channel expression I ..........................................
784. Calcium channel expression II..........................................
340. Calcium channel physiology: cellular and molecular

studies................................................................................
472. Calcium channel physiology: cellular studies I ...............
473. Calcium channel physiology: cellular studies II...............
471. Calcium channel physiology: first and second messengers
474. Calcium channel physiology: ligand-gated studies..........
475. Calcium channel physiology: recombinant and cell-line

studies................................................................................
470. Calcium channel physiology: transmitter release studies . 
893. Ion channels .....................................................................
150. Ligand-gated ion channels................................................
151. Ligand-gated ion channels: ATP ......................................
152. Ligand-gated ion channels: glycine ..................................
153. Ligand-gated ion channels: intracellular ligands...............
127. Long-term potentiation: pharmacology I .........................
264. Long-term potentiation: pharmacology II.........................
679. Long-term potentiation: pharmacology III.......................

47. Long-term potentiation: physiology I...............................
149. Long-term potentiation: physiology II.............................
263. Long-term potentiation: physiology III ...........................
468. Long-term potentiation: physiology IV ............................
469. Long-term potentiation: physiology V.............................
549. Long-term potentiation: physiology VI ...........................
579. Long-term potentiation: physiology VII...........................
753. Long-term potentiation: physiology VIII.........................

46. Mechanisms of neurotransmitter release I .......................
148. Mechanisms of neurotransmitter release II.......................
232. Mechanisms of neurotransmitter release III................... .
466. Mechanisms of neurotransmitter release IV.....................
467. Mechanisms of neurotransmitter release V.......................
890. Mechanisms of neurotransmitter release VI.....................
220. The Myth of the Lonesome Ion Channel .......................
112. Optical Imaging of Presynaptic Function.......................
260. Postsynaptic mechanisms I ..............................................
261. Postsynaptic mechanisms II........................................ . . .
262. Postsynaptic mechanisms III............................................
448. Postsynaptic mechanisms IV............................................
781. Postsynaptic mechanisms V..............................................
782. Postsynaptic mechanisms VI..................... .......................
891. Postsynaptic mechanisms VII .......... ...............................
892. Postsynaptic mechanisms VIII..........................................
339. Potassium channel: physiology, pharmacology and

modulation I .....................................................................
476. Potassium channel: physiology, pharmacology and

modulation II.....................................................................
583. Potassium channel: physiology, pharmacology and

modulation III...................................................................
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682. Potassium channel: physiology, pharmacology and
modulation IV........................................................................... . Poster Wed AM

683. Potassium channel: physiology, pharmacology and
modulation V.............................................................................. . Poster Wed AM

126. Potassium channel: structure, function and expression I.......... Slide Sun PM
582. Potassium channel: structure, function and expression II........ . Poster Tue PM
680. Potassium channel: structure, function and expression III . . . . . Poster Wed AM
681. Potassium channel: structure, function and expression IV . . . . . Poster Wed AM

11. Presynaptic mechanisms I......................................................... Slide Sun AM
145. Presynaptic mechanisms II ...................................................... . Poster Sun PM
146. Presynaptic mechanisms III...................................................... . Poster Sun PM
147. Presynaptic mechanisms IV...................................................... . Poster Sun PM
887. Presynaptic mechanisms V ...................................................... . Poster Thu AM
888. Presynaptic mechanisms VI...................................................... . Poster Thu AM
889. Presynaptic mechanisms VII .................................................... . Poster Thu AM
362. Sodium channels I..................................................................... . Poster Mon PM
363. Sodium channels II ................................................................... . Poster Mon PM
580. Sodium channels III................................................................... . Poster Tue PM
581. Sodium channels IV ................................................................. . Poster Tue PM

Theme  D: Neurotransmitters , Modulators ,
Transporters  and  Receptors

787. Acetylcholine receptors: muscarinic—native studies ............... . Poster Wed PM
684. Acetylcholine receptors: muscarinic—recombinant and

cell-line studies......................................................................... . Poster Wed AM
265. Acetylcholine receptors: nicotine—physiology and

pharmacology I......................................................................... . Poster Mon AM
266. Acetylcholine receptors: nicotine—physiology and

pharmacology II ....................................................................... . Poster Mon AM
154. Acetylcholine receptors: nicotinic—anatomy and localization . . Poster Sun PM
365. Acetylcholine receptors: nicotinic—effects of nicotine .......... . Poster Mon PM
157. Acetylcholine receptors: nicotinic—expression and assembly . . Poster Sun PM
364. Acetylcholine receptors: nicotinic—modulation....................... . Poster Mon PM
477. Acetylcholine receptors: nicotinic—novel ligands ................... . Poster Tue AM
155. Acetylcholine receptors: nicotinic—recombinant receptors . . . . Poster Sun PM
156. Acetylcholine receptors: nicotinic—structure/function............. . Poster Sun PM
366. Acetylcholine receptors: nicotinic—up- and down-regulation . . Poster Mon PM
786. Acetylcholine: cellular studies.................................................. . Poster Wed PM
785. Acetylcholine: release studies .................................................. . Poster Wed PM
369. AMPA receptors: structure, function and expression I............. . Poster Mon PM
370. AMPA receptors: structure, function and expression II .......... . Poster Mon PM
165. Behavioral pharmacology I ....................................................... . Poster Sun PM
391. Behavioral pharmacology II....................................................... . Poster Mon PM
589. Behavioral pharmacology III.................................................... . Poster Tue PM
906. Catecholamine receptors: adrenergic ........................................ . Poster Thu AM
692. Catecholamine receptors: D1/D5.............................................. . Poster Wed AxM
693. Catecholamine receptors: D2 I.................................................. . Poster Wed AM
694. Catecholamine receptors: D2 II................................................ . Poster Wed AM
270. Catecholamine receptors: D3.................................................... . Poster Mon AM
271. Catecholamine receptors: D4.................................................... . Poster Mon AM
272. Catecholamines: biosynthetic enzymes .................................... . Poster Mon AM
161. Catecholamines: dopamine I .................................................... . Poster Sun PM
481. Catecholamines: dopamine II.................................................... . Poster Tue AM
793. Catecholamines: dopamine III.................................................. . Poster Wed PM
794. Catecholamines: norepinephrine .............................................. . Poster Wed PM

XXV



Thematic  List  of  Sessions

Session
Number Session Title

273. Dopamine and UMAT2 transporters: ligands and expression . . .
163. Dopamine transporter and gene: structure and function .............
274. Dopamine transporter: function and regulation .........................
548. Excitatory amino acid receptors..................................................
685. Excitatory amino acids: anatomy and physiology.......................
650. Excitatory amino acids: excitotoxicity I......................................
894. Excitatory amino acids: excitotoxicity II ....................................
895. Excitatory amino acids: excitotoxicity III....................................
896. Excitatory amino acids: excitotoxicity IV ..................................
897. Excitatory amino acids: excitotoxicity V ....................................
898. Excitatory amino acids: excitotoxicity VI ..................................
899. Excitatory amino acids: excitotoxicity VII.................................
900. Excitatory amino acids: excitotoxicity VIII ................................
901. Excitatory amino acids: excitotoxicity IX .................................
367. Excitatory amino acids: pharmacology—NMDA.......................
902. Excitatory amino acids: pharmacology—other...........................
688. Excitatory amino acids: physiology, pharmacology and

modulation ..................................................................................
478. Excitatory amino acids: physiology, pharmacology and

modulation—AMPA receptors....................................................
788. Excitatory amino acids: physiology, pharmacology and

modulation—metabotropic receptors I ......................................
789. Excitatory amino acids: physiology, pharmacology and

modulation—metabotropic receptors II ......................................
790. Excitatory amino acids: physiology, pharmacology and

modulation—metabotropic receptors III ....................................
375. Excitatory amino acids: physiology, pharmacology and

modulation—NMDA I.................................................................
376. Excitatory amino acids: physiology, pharmacology and

modulation—NMDA II...............................................................
686. Excitatory amino acids: physiology, pharmacology and

modulation—other I ...................................................................
687. Excitatory amino acids: physiology, pharmacology and

modulation—other II...................................................................
903. Excitatory amino acids: physiology, pharmacology and

modulation—other III .................................................................
113. Functional Role of Cannabinoid Receptors ..............................

53. GABA: cellular studies ...............................................................
55. GABA: GAD studies...................................................................
54. GABA: release and turnover studies ..........................................

381. GABAa  receptors: alcohol...........................................................
377. GABAa  receptors: benzodiazepine pharmacology.....................

7. GABAa  receptors: cellular and molecular studies .........................
380. GABAa  receptors: model and nonmammalian systems .............

48. GABAa  receptors: native studies I..............................................
49. GABAa  receptors: native studies II............................................
50. GABAa  receptors: native studies III ..........................................
51. GABAa  receptors: recombinant studies I....................................
52. GABAa  receptors: recombinant studies II..................................

382. GABAa  receptors: steroid pharmacology....................................
379. GABAb  receptors: cellular and molecular studies .....................
378. GABAC receptors: cellular and molecular studies .....................
544. Genetically Altered Monoamine Neurotransmission:

Neurobiology and Behavior...........................................................
373. Glutamate receptors: structure, function and expression.............
874. Interaction between neurotransmitters ........................................
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907. Interaction between neurotransmitters: dopamine, serotonin I . . Poster Thu AM
908. Interaction between neurotransmitters: dopamine, serotonin II . . Poster Thu AM
909. Interaction between neurotransmitters: other........................... , Poster Thu AM
368. Kainate receptors: structure, function and expression............... . Poster Mon PM
374. Metabotropic glutamate receptors: structure, function and

expression................................. ................................................ . Poster Mon PM
450. Neurotransmitter transporters.................................................... Slide Tue AM
486. Neurotransmitters: other I ........................................................ . Poster Tue AM
584. Neurotransmitters: other II......................................................... . Poster Tue PM
695. Neurotransmitters: other III...................................................... . Poster Wed AM
371. NMDA receptors: structure, function and expression I............ . Poster Mon PM
372. NMDA receptors: structure, function and expression II.......... . Poster Mon PM
328. Non-Transcriptional Actions of the Steroid Hormone

Estrogen: Sites and Mechanisms of Action............................. Symp Mon PM
57. Opiate and nociceptin/orphanin receptors distribution ............ . Poster Sun AM

268. Opiate receptor mu I ................................................................. . Poster Mon AM
479. Opiate receptor mu II................................................................. . Poster Tue AM
159. Opiate receptors: delta kappa............................... .................... . Poster Sun PM
691. Opiate receptors: regulation, targeting and internalization . . . . . Poster Wed AM
235. Opiate transgenics..................................................................... Slide Mon AM
905. Opiate-related receptors: sigma, nociceptin/orphanin

and others .................................................................................. . Poster Thu AM
58. Opioids ...................................................................................... . Poster Sun AM

480. Opioids and related peptides: orphin/nociceptin....................... . Poster Tue AM
160. Opioids: kappa ......................................................................... . Poster Sun PM
269. Opioids: mu. beta-endorphin, delta .......................................... . Poster Mon AM
158. Peptide receptors: structure and function I............................... . Poster Sun PM
267. Peptide receptors: structure and function II ............................. . Poster Mon AM
383. Peptide receptors: structure and function III............................. . Poster Mon PM
689. Peptide receptors: structure and function IV ........................... . Poster Wed AM

56. Peptides: anatomy and physiology I.......................................... . Poster Sun AM
384. Peptides: anatomy and physiology II........................................ . Poster Mon PM
690. Peptides: anatomy and physiology III ...................................... . Poster Wed AM
792. Peptides: anatomy and physiology IV ...................................... . Poster Wed PM
653. Peptides: biosynthesis, metabolism and biochemical

characterization......................................................................... Slide Wed AM
791. Peptides: biosynthesis, metabolism and characterization I . . . . . Poster Wed PM
904. Peptides: biosynthesis, metabolism and characterization II ... . . Poster Thu AM
343. Receptor modulation: up- and down-regulation I..................... Slide Mon PM
590. Receptor modulation: up- and down-regulation II ................... . Poster Tue PM
911. Receptor modulation: up- and down-regulation III................... . Poster Thu AM
453. Regional localization of receptors and transporters I ............... Slide Tue AM
586. Regional localization of receptors and transporters II............... . Poster Tue PM
587. Regional localization of receptors and transporters III............. . Poster Tue PM
588. Regional localization of receptors and transporters IV............. . Poster Tue PM
652. Regulation of gene expression III ............................................ Slide Wed AM
796. Regulation of gene expression IV ............................................ . Poster Wed PM
910. Regulation of gene expression V .............................................. . Poster Thu AM

18. Second messengers and phosphorylation I........ ....................... Slide Sun AM
276. Second messengers and phosphorylation II ............................. . Poster Mon AM
277. Second messengers and phosphorylation III............................. . Poster Mon AM
278. Second messengers and phosphorylation IV ........................... . Poster Mon AM
279. Second messengers and phosphorylation V ............................. . Poster Mon AM
280. Second messengers and phosphorylation VI............................. . Poster Mon AM
483. Serotonin I.................................................................................. . Poster Tue AM
484. Serotonin II................................................................................ . Poster Tue AM
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485. Serotonin III .............................................................................. . Poster Tue AM
660. Serotonin IV .............................................................................. Slide Wed AM

59. Serotonin receptors I................................................................. . Poster Sun AM
60. Serotonin receptors II ............................................................... . Poster Sun AM

385. Serotonin receptors III............................................................... . Poster Mon PM
386. Serotonin receptors IV............................................................... . Poster Mon PM
387. Serotonin receptors V ............................................................... . Poster Mon PM
482. Serotonin receptors VI............................................................... . Poster Tue AM
116. Serotonin receptors: molecular biology .................................... Slide Sun PM
388. Transmitters in invertebrates I.................................................. . Poster Mon PM
487. Transmitters in invertebrates II ................................................ . Poster Tue AM
488. Transmitters in invertebrates III................................................ . Poster Tue AM
696. Transmitters in invertebrates IV................................................ . Poster Wed AM
585. Transporters: excitatory amino acid I........................................ . Poster Tue PM
697. Transporters: excitatory amino acid II ...................................... . Poster Wed AM
795. Transporters: GABA ................................................................. . Poster Wed PM
275. Transporters: norepinephrine and vesicular acetylcholine........ . Poster Mon AM

61. Transporters: other..................................................................... . Poster Sun AM
489. Transporters: regulation............................................................. . Poster Tue AM
162. Transporters: serotonin ............................................................. . Poster Sun PM
389. Transporters: transgenics........................................................... . Poster Mon PM

Theme  E: Endocrine  and  Autonomic  Regulation

66. Cardiovascular regulation: brainstem........................................ . Poster Sun AM
284. Cardiovascular regulation: brainstem—spinal interactions . . . . . Poster Mon AM
331. Cardiovascular regulation: central control ............................... Slide Mon PM
168. Cardiovascular regulation: central control forebrain................. . Poster Sun PM
493. Cardiovascular regulation: circum ventricular organs ........ . Poster Tue AM
169. Cardiovascular regulation: other .............................................. . Poster Sun PM
595. Cardiovascular regulation: peripheral mechanisms................... . Poster Tue PM

65. Central cardiovascular regulation: baroreflex and related
topics.......................................................................................... . Poster Sun AM

871. Degenerative disease: Alzheimer’s—beta-amyloid:
production and deposition ......................................................... Slide

170. Gastrointestinal control ............................................................. . Poster Sun PM
19. GnRH and luteinizing hormone................................................ Slide Sun AM

234. Hypothalamic-pituitary-adrenal regulation I............................. Slide Mon AM
392. Hypothalamic-pituitary-adrenal regulation II........................... . Poster Mon PM
490. Hypothalamic-pituitary-adrenal regulation III ......................... . Poster Tue AM
698. Hypothalamic-pituitary-adrenal regulation IV ......................... . Poster Wed AM
797. Hypothalamic-pituitary-adrenal regulation V........................... . Poster Wed PM
166. Hypothalamo-pituitary-gonadal I.............................................. . Poster Sun PM
491. Hypothalamo-pituitary-gonadal II ............................................ . Poster Tue AM
591. Hypothalamo-pituitary-gonadal III............................................ . Poster Tue PM
699. Hypothalamo-pituitary-gonadal IV .......................................... . Poster Wed AM
798. Hypothalamo-pituitary-gonadal V ............................................. . Poster Wed PM
237. Hypothalamo-pituitary-gonadal regulation............................... Slide Mon AM
593. Neural-immune: CNS studies .................................................. . Poster Tue PM
393. Neural-immune: disease—related mechanisms ....................... . Poster Mon PM
592. Neural-immune: other............................................................... . Poster Tue PM
283. Neural-immune: receptors......................................................... . Poster Mon AM
282. Neural-immune: stress............................................................... . Poster Mon AM
645. Neural-Immune Interactions in Health and Disease ............ Symp Wed AM
594. Neural-immune interactions: vagus nerve ................................ . Poster Tue PM
800. Neuroendocrine regulation: biorhythms.................................... . Poster Wed PM

Thu.

Thu AM
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63. Neuroendocrine regulation: gene and peptide expression
and localization...........................................................................

64. Neuroendocrine regulation: leptin and weight ...........................
167. Neuroendocrine regulation: neurophysiology.............................
659. Neuroendocrine regulation: peptides, steroids and feeding.........
494. Neuroendocrine regulation: pituitary and periphery...................
281. Neuroendocrine regulation: steroids............................................
799. Neuroendocrine regulation: stress ...............................................
492. Osmotic regulation .....................................................................
171. Respiratory regulation: O2 and CO2............................................
285. Respiratory regulation: physiology and anatomy .......................
495. Respiratory regulation: preBotzinger complex...........................
394. Respiratory regulation: systems..................................................

62. Thermal regulation .....................................................................
596. Urogenital regulation...................................................................

Theme  F: Sensory  Systems

751. Auditory Cortex: Common Cortical Themes and
Specialization for Hearing.............................................................

804. Auditory systems: aging and clinical conditions.........................
78. Auditory systems: central anatomy ............................................

407. Auditory systems: imaging and evoked potentials .....................
288. Auditory systems: midbrain physiology......................................
805. Auditory systems: physiology of cortex......................................
605. Auditory systems: physiology of medulla .................................
859. Cellular Mechanisms for Binaural Processing in the

Auditory System .............................................................................
408. Gustatory senses: central pathways ............................................

77. Inner ear and lateral line: anatomy and physiology ...................
180. Inner ear: hair cells and nerve ....................................................
287. Inner ear: molecular biology ......................................................
709. Inner ear: ototoxicity and regeneration........................................
501. Olfactory bulb: pharmacology....................................................
500. Olfactory bulb: physiology ........................................................
289. Olfactory receptors: cell physiology............................................
290. Olfactory receptors: development and specificity.......................
807. Olfactory systems: anatomy .........................................................
710. Olfactory systems: invertebrates I ..............................................
711. Olfactory systems: invertebrates II..............................................
806. Olfactory systems: olfactory responses ......................................
760. Pain modulation: anatomy and physiology.................................
916. Pain modulation: anatomy and physiology—behavior...............

68. Pain modulation: anatomy and physiology—higher centers I . . .
69. Pain modulation: anatomy and physiology—higher centers II . .

703. Pain modulation: anatomy and physiology—hyperalgesia
and allodynia............................................ ...................................

704. Pain modulation: anatomy and physiology—inflammation . . . . 
599. Pain modulation: anatomy and physiology—neuropathic

pain..............................................................................................
598. Pain modulation: anatomy and physiology—primary

afferents ......................................................................................
174. Pain modulation: anatomy and physiology—spinal cord I ........
175. Pain modulation: anatomy and physiology—spinal cord II........
917. Pain modulation: anatomy and physiology—visceral and

sympathetic..................................................................................
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Poster
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Sun AM
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Poster Wed AM
Poster Wed AM

Poster Tue PM

Poster Tue PM
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445. Pain modulation: pharmacology................................................ Slide Tue AM
706. Pain modulation: pharmacology—Ach, cannabinoids,

vanilloids and other................................................................... . Poster Wed AM
601. Pain modulation: pharmacology—amines and

antidepressants ......................................................................... . Poster Tue PM
401. Pain modulation: pharmacology—amino acids ....................... . Poster Mon PM

71. Pain modulation: pharmacology—anti-inflammatory agents . . . Poster Sun AM
918. Pain modulation: pharmacology—cellular mechanisms

and other.................................................................................... . Poster Thu AM
705. Pain modulation: pharmacology—GABA and anesthetics .... . Poster Wed AM
600. Pain modulation: pharmacology—neuropeptides..................... . Poster Tue PM

70. Pain modulation: pharmacology—opiates I............................. . Poster Sun AM
402. Pain modulation: pharmacology—opiates II ........................... . Poster Mon PM
403. Pain modulation: pharmacology—opiates III........................... . Poster Mon PM
173. Pain: pathways—cortical........................................................... . Poster Sun PM
597. Pain: pathways—primary afferents .......................................... . Poster Tue PM
702. Pain: pathways—spinal cord .................................................... . Poster Wed AM
400. Pain: pathways—subcortical .................................................... . Poster Mon PM
915. Pain: pathways—visceral, intraoral and deep tissue................. . Poster Thu AM
286. Retina and photoreceptors: anatomy ........................................ . Poster Mon AM
404. Retina and photoreceptors: neuronal activity and models I . . . . . Poster Mon PM
763. Retina and photoreceptors: neuronal activity and models II . . . Slide Wed PM

72. Retina and photoreceptors: pathology—response to lesions:
genetic mutations....................................................................... . Poster Sun AM

707. Retina and photoreceptors: photoreceptors and pigment
epithelium.................................................................................. . Poster Wed AM

176. Retina and photoreceptors: synaptic physiology—nitric oxide . . Poster Sun PM
919. Retina and photoreceptors: synaptic physiology, receptors,

transporters, second messengers................................................ . Poster Thu AM
498. Retina and photoreceptors: transmitters, receptors, modulators

and second messengers ............................................................. . Poster Tue AM
395. Somatic and visceral afferents: CNS studies ........................... . Poster Mon PM
497. Somatic and visceral afferents: dorsal root afferents................. . Poster Tue AM
396. Somatic and visceral afferents: peripheral processing............... . Poster Mon PM
496. Somatic and visceral afferents: vagal, trigeminal and

related afferents......................................................................... . Poster Tue AM
230. Somatosensory cortex and thalamocortical relationships I . . . . Slide Mon AM
397. Somatosensory cortex and thalamocortical relationships II... . . Poster Mon PM
398. Somatosensory cortex and thalamocortical relationships III ... . Poster Mon PM
399. Somatosensory cortex and thalamocortical relationships IV . . . • Poster Mon PM
700. Somatosensory cortex and thalamocortical relationships V ... . Poster Wed AM
701. Somatosensory cortex and thalamocortical relationships VI . . . . Poster Wed AM
913. Somatosensory cortex and thalamocortical relationships VII . . • Poster Thu AM
914. Somatosensory cortex and thalamocortical relationships VIII . . . Thu AM
912. Spinal and subcortical somatosensory pathways: function .... . Poster Thu AM

67. Spinal and subcortical somatosensory pathways:
neuroanatomy ........................................................................... . Poster Sun AM

172. Spinal and subcortical somatosensory pathways:
response to lesions..................................................................... . Poster Sun PM

73. Subcortical visual pathways I .................................................. . Poster Sun AM
177. Subcortical visual pathways II.................................................. . Poster Sun PM
602. Subcortical visual pathways III ................................................ . Poster Tue PM
708. Subcortical visual pathways IV................................................ . Poster Wed AM

14. Visual cortex: extrastriate I ....................................................... Slide Sun AM
122. Visual cortex: extrastriate II....................................................... Slide Sun PM
179. Visual cortex: extrastriate III.................................................... . Poster Sun PM

xxx
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334. Visual cortex: extrastriate IV.................................................. Slide Mon PM
406. Visual cortex: extrastriate V.................................................... .. Foster Mon PM
447. Visual cortex: extrastriate VI.................................................. Slide Tue AM
550. Visual cortex: extrastriate VII ................................................ Slide Tue PM
604. Visual cortex: extrastriate VIII................................................ .. Poster Tue PM
802. Visual cortex: extrastriate IX.................................................. .. Poster Wed PM
803. Visual cortex: extrastriate X.................................................... .. Poster Wed PM
868. Visual cortex: extrastriate XI.......................................... Slide Thu AM

13. Visual cortex: striate I............................................................. Slide Sun AM
178. Visual cortex: striate II ........................................................... .. Poster Sun PM
227. Visual cortex: striate III........................................................... Slide Mon AM
405. Visual cortex: striate IV........................................................... . . Poster Mon PM
499. Visual cortex: striate V ........................................................... . . Poster Tue AM
603. Visual cortex: striate VI........................................................... . . Poster Tue PM
651. Visual cortex: striate VII ......................................................... Slide Wed AM
755. Visual cortex: striate VIII......................................................... Slide Wed PM
801. Visual cortex: striate IX........................................................... . . Poster Wed PM
920. Visual cortex: striate X ........................................................... . . Poster Thu AM
758. Visual psychophysics and behavior ........................................ Slide Wed PM

76. Visual psychophysics and behavior: eye and hand
movements and locomotion.................................................... . Poster Sun AM

74. Visual psychophysics and behavior: motion and
color processing....................................................................... . . Poster Sun AM

75. Visual psychophysics and behavior: object and
spatial processing ................................................................... . Poster Sun AM

Theme  G: Motor  Systems  and  Sensorimotor
Integration

764. Basal ganglia........................................................................... Slide Wed PM
80. Basal ganglia: behavior........................................................... . . Poster Sun AM

504. Basal ganglia: cellular electrophysiology............................... . . Poster Tue AM
82. Basal ganglia: connectivity .................................................... .. Poster Sun AM
81. Basal ganglia: dopamine ......................................................... . . Poster Sun AM
79. Basal ganglia: glutamate ......................................................... . . Poster Sun AM

183. Basal ganglia: human studies.................................................. . . Poster Sun PM
182. Basal ganglia: lesion models .................................................. . . Poster Sun PM
292. Basal ganglia: neurotransmitter/receptor interactions............. . . Poster Mon AM
291. Basal ganglia: neurotransmitters and pharmacology............... . . Poster Mon AM
506. Basal ganglia: striatum ........................................................... . . Poster Tue AM

83. Basal ganglia: subthalamic nucleus ........................................ . . Poster Sun AM
181. Basal ganglia: task-dependent activity.................................... . . Poster Sun PM
505. Basal ganglia: ventral striatum and pallidum......................... . . Poster Tue AM
750. Binocular Coordination of Eye Movements......................... .. Symp Wed PM

15. Cerebellum I........................................................................... Slide Sun AM
293. Cerebellum II ......................................................................... . . Poster Mon AM
507. Cerebellum III......................................................................... . . Poster Tue AM
712. Cerebellum IV......................................................................... . . Poster Wed AM
921. Cerebellum V ......................................................................... . . Poster Thu AM
186. Circuitry and pattern generation: crustaceans, crayfish,

drosophila................................................................................ . . Poster Sun PM
411. Circuitry and pattern generation: gastropods and leech ........ . . Poster Mon PM
816. Circuitry and pattern generation: mammals........................... . . Poster Wed PM

86. Circuitry and pattern generation: nonmammalian vertebrates . . . Poster Sun AM
221. Climbing the Medial Wall: A New Look at the Medial

Motor Areas of the Cerebral Cortex...................................... . Symp Mon AM
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301. Control of posture and locomotion: locomotion and
vestibular.................................................................................... . Poster Mon AM

298. Control of posture and movement: animal and human
locomotion ................................................................................ . Poster Mon AM

811. Control of posture and movement: complex arm movements . . . Poster Wed PM
611. Control of posture and movement: development ..................... . Poster Tue PM
813. Control of posture and movement: hand movement................. . Poster Wed PM

85. Control of posture and movement: learning and adaptation . . . . Poster Sun AM
814. Control of posture and movement: motor units ........ .............. . Poster Wed PM
815. Control of posture and movement: muscle patterns ................. . Poster Wed PM
454. Control of posture and movement: neural and postural activity . Slide Tue AM
872. Control of posture and movement: normal and abnormal

control........................................................................... ............ Slide Thu AM
610. Control of posture and movement: postural control ......... . Poster Tue PM
812. Control of posture and movement: reaching............................. . Poster Wed PM
612. Control of posture and movement: somatosensory................... . Poster Tue PM
299. Control of posture and movement: spinal cord and brainstem . . . Poster Mon AM
552. Cortex: activity and development.............................................. Slide Tue PM
502. Cortex: anatomy ....................................................................... . Poster Tue AM
503. Cortex: human studies I..................... ............ ........................... . Poster Tue AM
757. Cortex: human studies II........................................................... Slide Wed PM
607. Cortex: motor ........................................................................... . Poster Tue PM
606. Cortex: premotor and prefrontal................................................ . Poster Tue PM
924. Effects of injury and disease I.................................................. . Poster Thu AM
925. Effects of injury and disease II ................................................ . Poster Thu AM
187. Invertebrate motor and sensory systems I................................. . Poster Sun PM
300. Invertebrate motor and sensory systems II................................ . Poster Mon AM
613. Invertebrate motor and sensory systems III ............................. . Poster Tue PM
809. Lesions and plasticity ............................................................... . Poster Wed PM
294. Motor systems: vestibular system I .......................................... . Poster Mon AM
295. Motor systems: vestibular system II.......................................... . Poster Mon AM
508. Motor systems: vestibular system III........................................ . Poster Tue AM
509. Motor systems: vestibular system IV........................................ . Poster Tue AM
412. Muscle I .................................................................................... . Poster Mon PM
713. Muscle II.................................................................................... . Poster Wed AM
608. Oculomotor system: accommodation, vergence and pursuit . . . . Poster Tue PM
296. Oculomotor system: behavioral studies .................................... . Poster Mon AM
922. Oculomotor system: brainstem.................................................. . Poster Thu AM

10. Oculomotor system: brainstem, models and smooth pursuit . . . Slide Sun AM
511. Oculomotor system: cerebellum................................................ . Poster Tue AM
185. Oculomotor system: cortex ....................................................... . Poster Sun PM
864. Oculomotor system: human studies and imaging..................... Slide Thu AM
609. Oculomotor system: models...................................................... . Poster Tue PM
297. Oculomotor system: optokinetic and eye blink systems........... . Poster Mon AM
510. Oculomotor system: superior colliculus.................................... . Poster Tue AM
333. Oculomotor system: superior colliculus and cortex ................. Slide Mon PM
184. Oculomotor system: vestibulo-ocular reflex............................. . Poster Sun PM

84. Reflex function I....................................................................... . Poster Sun AM
409. Reflex function II ..................................................................... . Poster Mon PM
644. Sensorimotor Integration: A Population-Coding

Perspective...................................................................................... Symp Wed AM
410. Spinal cord and brainstem I...................................................... . Poster Mon PM
512. Spinal cord and brainstem II .................................................... . Poster Tue AM
810. Spinal cord and brainstem III.................................................... . Poster Wed PM
923. Spinal cord and brainstem IV .................................................. . Poster Thu AM
808. Thalamus.................................................................................... . Poster Wed PM
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Theme  H: Other  Systems  of  the  CNS

514. Association cortex and thalamocortical relations.......................
513. Association cortex and thalamocortical relations: prefrontal . . . .
614. Brain metabolism and blood flow: blood vessels.......................
714. Brain metabolism and blood flow: disorders .............................
615. Brain metabolism and blood flow: functional imaging...............
516. Brain metabolism and blood flow: metabolism ................... . . .
515. Comparative neuroanatomy I.................................................... ..
927. Comparative neuroanatomy II....................................................
188. Limbic system and hypothalamus I ............................................
189. Limbic system and hypothalamus II ..........................................
302. Limbic system and hypothalamus III..........................................
817. Limbic system and hypothalamus IV..........................................
818. Limbic system and hypothalamus V ..........................................
926. Limbic system and hypothalamus VI..........................................

Theme  I: Neural  Basis  of  Behavior

208. Aging ...........................................................................................
780. Aging and behavior......................................................................
575. Aging: neurochemistry and behavior...........................................
536. Alzheimer’s disease: neuropharmacology and

neurotransmitters I.......................................................................
735. Alzheimer’s disease: neuropharmacology and

neurotransmitters II.....................................................................
736. Alzheimer’s disease: neuropharmacology and

neurotransmitters III ...................................................................
20. Alzheimer’s: neuropharmacology and neurotransmitters ..........

935. Amphetamine: behavioral studies ..............................................
428. Amphetamine: dopaminergic mechanisms..................................
429. Amphetamine: glutamatergic mechanisms..................................
832. Amphetamine: neuropharmacology.......................................  . .
204. Amphetamine: regulation of gene expression.............................
831. Amphetamine: toxicity and regulation of transporters ...............
521. Circadian rhythms I.....................................................................
522. Circadian rhythms II ...................................................................

16. Circadian rhythms and sleep I....................................................
128. Circadian rhythms and sleep II ..................................................
430. Cocaine: behavioral studies.........................................................
433. Cocaine: dopaminergic mechanisms ..........................................
754. Cocaine: general .........................................................................
104. Cocaine: glutamatergic ...............................................................
314. Cocaine: imaging and EEG studies ............................................
937. Cocaine: neuropharmacology......................................................
205. Cocaine: neurophysiology...........................................................
936. Cocaine: peptide and opioid mechanisms....................................
105. Cocaine: prenatal effects .............................................................
431. Cocaine: regulation of gene expression ......................................
833. Cocaine: reinstatement and stress axis........................................
725. Cocaine: serotonergic mechanisms ............................................
432. Cocaine: transporter studies.........................................................
716. Cognition: attention—animal studies..........................................
444. Cognition: attention—executive, control, interference

and inhibition .............................................................................
715. Cognition: attention—frontal cortex and control mechanisms . . .

Day and Time
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Poster Tue AM
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121. Cognition: attention—selective attention.................................. Slide Sun PM
618. Cognition: attention—sensory and cross model mechanisms . . Tue PM
620. Cognition: attention—spatial attention...................................... . Poster Tue PM
619. Cognition: attention—visual mechanisms ............................... . Poster Tue PM
414. Cognition: language—higher level processes........................... . Poster Mon PM
416. Cognition: language—normal development and patient

studies........................................................................................ . Poster Mon PM
415. Cognition: language—reading and speech recognition I.......... . Poster Mon PM
867. Cognition: language—reading and speech recognition II........ Slide Thu AM
616. Cognition: learning and memory—humans: clinical cases . . . . . Poster Tue PM
226. Cognition: learning and memory—humans: declarative

memory...................................................................................... Slide Mon AM
617. Cognition: learning and memory—humans:

declarative memory—others ....................... ............................. . Poster Tue PM
190. Cognition: learning and memory—humans:

memory and children................................................................. . Poster Sun PM
191. Cognition: learning and memory—humans:

neuroimaging of declarative memory........................................ . Poster Sun PM
87. Cognition: learning and memory—humans:

non-declarative memory I ......................................................... . Poster Sun AM
553. Cognition: learning and memory—humans:

non-declarative memory II......................................................... 5 Tue PM
413. Cognition: learning and memory—humans: skill learning . . . . . Poster Mon PM
819. Cognition: learning and memory—humans: spatial memory . . . Poster Wed PM
657. Cognition: learning and memory—humans: working memory . Slide Wed AM
820. Cognition: learning and memory—humans:

working memory—imaging....................................................... . Poster Wed PM
303. Cognition: learning and memory—humans:

working memory—others ......................................................... . Poster Mon AM
88. Cognition: others....................................................................... . Poster Sun AM
89. Cognition: others—correlational studies .................................. . Poster Sun AM

193. Cognition: others—disorders.................................................... . Poster Sun PM
192. Cognition: others—higher functions ........................................ . Poster Sun PM
417. Cognition: others—methods and models.................................. . Poster Mon PM
517. Cognition: others—sensory processing and integration .......... . Poster Tue AM
821. Cognition: others—visual cognition.......................................... . Poster Wed PM
533. Dopamine and behavior I........................................................... . Poster Tue AM
722. Dopamine and behavior II......................................................... . Poster Wed AM
551. Drugs of abuse: alcohol I........................................................... Slide Tue PM
724. Drugs of abuse: alcohol II......................................................... . Poster Wed AM
933. Drugs of abuse: alcohol III ...................................................... . Poster Thu AM
931. Drugs of abuse: alcohol and benzodiazepines ......................... . Poster Thu AM
932. Drugs of abuse: alcohol, benzodiazepines and barbiturates I . . . Poster Thu AM
934. Drugs of abuse: alcohol, benzodiazepines and barbiturates II . . . Poster Thu AM
726. Drugs of abuse: cannabinoids and others.................................. . Poster Wed AM
103. Drugs of abuse: nicotine and caffeine ...................................... . Poster Sun AM
318. Epilepsy: animal studies with genetic models ......................... . Poster Mon AM
423. Ingestive behavior: CCK, galanin, GRP and GLPI................... . Poster Mon PM
200. Ingestive behavior: central control of metabolism ................... . Poster Sun PM
231. Ingestive behavior: CNS mechanisms ...................................... Slide Mon AM
102. Ingestive behavior: feeding behavior........................................ . Poster Sun AM
528. Ingestive behavior: neuropeptide.............................................. . Poster Tue AM
201. Ingestive behavior: opioids ....................................................... . Poster Sun PM
530. Ingestive behavior: salt and water—appetite ........................... . Poster Tue AM
199. Ingestive behavior: serotonin.................................................... . Poster Sun PM
529. Ingestive behavior: taste aversion and licking ......................... . Poster Tue AM
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337. Ingestive behaviors: leptin......................................................... Slide Mon PM
560. Invertebrate learning and behavior I.......................................... Slide Tue PM
762. Invertebrate learning and behavior II........................................ Slide Wed PM
524. Invertebrate learning and behavior III ...................................... . Poster Tue AM
525. Invertebrate learning and behavior IV ...................................... . Poster Tue AM
526. Invertebrate learning and behavior iV........................................ . Poster Tue AM
527. Invertebrate learning and behavior VI ...................................... . Poster Tue AM

90. Learning and memory: pharmacology I.................................... . Poster Sun AM
91. Learning and memory: pharmacology II .................................. . Poster Sun AM

225. Learning and memory: pharmacology III.................................. Slide Mon AM
518. Learning and memory: pharmacology IV.................................. . Poster Tue AM
717. Learning and memory: pharmacology V .................................. . Poster Wed AM
827. Learning and memory: pharmacology VI.................................. . Poster Wed PM
928. Learning and memory: pharmacology VII............................... . Poster Thu AM
765. Learning and memory: physiology............................................ Slide Wed PM
307. Learning and memory: physiology—amygdala ....................... . Poster Mon AM
629. Learning and memory: physiology—conditioning................... . Poster Tue PM
628. Learning and memory: physiology—cortex and other............. . Poster Tue PM
195. Learning and memory: physiology—hippocampus I ............... . Poster Sun PM
196. Learning and memory: physiology—hippocampus II............... . Poster Sun PM
197. Learning and memory: physiology—hippocampus III............. . Poster Sun PM
308. Learning and memory: physiology—synaptic plasticity.......... . Poster Mon AM
826. Learning and memory: systems and functions—avian............. . Poster Wed PM
305. Learning and memory: systems and functions—

classical conditioning I ............................................................. . Poster Mon AM
306. Learning and memory: systems and functions—

classical conditioning II............................................................. . Poster Mon AM
626. Learning and memory: systems and functions—

conditioned fear I ..................................................................... . Poster Tue PM
627. Learning and memory: systems and functions—

conditioned fear II..................................................................... . Poster Tue PM
625. Learning and memory: systems and functions—cortex ........... . Poster Tue PM
822. Learning and memory: systems and functions—genetics........ . Poster Wed PM
622. Learning and memory: systems and functions—hippocampus . . Poster Tue PM
824. Learning and memory: systems and functions—hormones

and aging.................................................................................... . Poster Wed PM
624. Learning and memory: systems and functions—models,

consolidation.............................................................................. . Poster Tue PM
304. Learning and memory: systems and functions—motor............. . Poster Mon AM
823. Learning and memory: systems and functions—

physiology and pharmacology.................................................. . Poster Wed PM
12. Learning and memory: systems and functions—primates I . . . Slide Sun AM

194. Learning and memory: systems and functions—primates II .. . . Poster Sun PM
623. Learning and memory: systems and functions—rhinal and

cholinergic.................................................................................. . Poster Tue PM
825. Learning and memory: systems and functions—sex................. . Poster Wed PM
621. Learning and memory: systems and functions—spatial .......... . Poster Tue PM

4. Mapping Cognition in Space and Time: Integration of
Electromagnetic Recording and Functional Neuroimaging
in Human Neuroscience............................................................... Symp Sun AM

420. Melatonin .................................................................................. . Poster Mon PM
228. Motivation and emotion I ......................................................... Slide Mon AM
418. Motivation and emotion II......................................................... . Poster Mon PM
519. Motivation and emotion III....................................................... . Poster Tue AM
520. Motivation and emotion IV....................................................... . Poster Tue AM
718. Motivation and emotion V......................................................... . Poster Wed AM
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929. Motivation and emotion VI......................................................... Poster Thu AM
92. Neural plasticity I ....................................................................... i Poster Sun AM
93. Neural plasticity II....................................................................... Poster Sun AM
94. Neural plasticity III..................................................................... Poster Sun AM
95. Neural plasticity IV..................................................................... Poster Sun AM
96. Neural plasticity V....................................................................... Poster Sun AM
97. Neural plasticity VI..................................................................... Poster Sun AM
98. Neural plasticity VII ................................................................... Poster Sun AM

101. Neuroethology: electric fish, audition, vision—chemosensory . . Poster Sun AM
421. Neuroethology: invertebrates....................................................... Poster Mon PM
829. Neuroethology: locomotion and courtship.................................. Poster Wed PM
523. Neuroethology: sex differences and vocal motor systems.......... Poster Tue AM
100. Neuroethology: song control system .......................................... Poster Sun AM
311. Neuroethology: vocal learning.................................................... Poster Mon AM
723. Neuropeptides and behavior......................................................... Poster Wed AM
630. Neuropeptides and behavior: CCK.............................................. Poster Tue PM
203. Neuropeptides and behavior: CRF.............................................. Poster Sun PM
422. Neuropeptides and behavior: oxytocin and vasopressin............. Poster Mon PM
930. Norepinephrine and behavior....................................................... Poster Thu AM
938. Opioids: behavioral studies ......................................................... Poster Thu AM
434. Opioids: cellular and molecular substrate.................................... Poster Mon PM
106. Opioids: glutamatergic mechanisms............................................ Poster Sun AM
206. Opioids: neuropharmacology....................................................... Poster Sun PM
834. Opioids: prenatal effects ............................................................. Poster Wed PM
435. Psychopharmacological agents: antidepressant and

antimanic treatments ................................................................... Poster Mon PM
207. Psychopharmacological agents: antipsychotic drugs I ............... Poster Sun PM
534. Psychopharmacological agents: antipsychotic drugs II............... Poster Tue AM
939. Psychopharmacological agents: antipsychotic drugs III............. Poster Thu AM
835. Psychopharmacological agents: anxiety and aggression............. Poster Wed PM
869. Psychopharmacological agents: general...................................... Slide Thu AM
327. The Physiological and Molecular Basis of Long-Term

Memory .......................................................................................... Symp Mon PM
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420.11
MELATONIN DECREASES FORSKOLIN-ACTIVATED MEMBRANE 
CONDUCTANCE IN CHO CELLS EXPRESSING THE HUMAN MEL1A 
MELATONIN RECEPTOR. R.L, Hudson, M.I. Masana and M.L. Dubocovich*. 
Dept. Physiology & Biophysics, University of Illinois at Chicago, College of 
Medicine, Chicago, IL 60612, and Dept. Molecular Pharmacology & Biological 
Chemistry, Northwestern University Medical School, Chicago, IL 60611.

Activation of mammalian melatonin receptors (MEL]A, MEL]B) regulates 
circadian rhythms, vascular contractility and visual function. Accumulating 
evidence suggest that melatonin receptor-mediated signaling occurs, at least in part, 
by modulation of specific ion channels. Here we report the characterization of 
specific membrane conductances modulated by activation of MEL] A receptors stably 
expressed in CHO cells as measured by the whole-cell patch clamp technique. 
Elevation of intracellular cAMP with either the permeable analogue cpt-cAMP (10 
pM) or by activation of adenylate cyclase with forskolin (1 pM) increased the 
whole-cell conductance. The current-voltage (I-V) relationship showed a rightward 
shift when external potassium was increased from 5 to 75 mM, consistent with the 
presence of a potassium selective pathway. The magnitude of the shift was 
significantly greater in the presence of cAMP than under basal conditions. This 
current was blocked by chaiybdotoxin (30 hM), a selective BKca channel blocker. 
Melatonin (1 pM - 10 nM) did not affect the basal production of cAMP or the 
membrane conductance. However, melatonin (1 nM) decreased forskolin- 
activated (1 pM) conductances, which are reversed by the BKo channel activator, 
NS 1619 (10 pM). Melatonin increased intracellular calcium in CHO cells 
endowed with the MELJA receptor as measured by indo-1 fluorescence, only at 
concentrations greater than 100 nM. We conclude that MEL]A receptors expressed 
in CHO cells may signal through a decrease in BKo channel conductance. 
Supported in part by MH 42922.

420.12
AMPLIFICATION OF MEL1A AND MEL1B MELATONIN 
RECEPTOR mRNA FROM RAT SUPERIOR CERVICAL GANGLIA 
(SCG) AND CEREBRAL ARTERIES. A. Easton*, M.I, Masana and 
M.L. Dubocovich. Dept. Molecular Pharmacology and Biological Chemistry, 
Northwestern University Medical School, Chicago, IL 60611.

Evidence suggest that melatonin may mediate physiological responses 
through activation of presynaptic receptors on axon terminals of optic nerve 
projections, on sympathetic neurons innervating the vas deferens, and on 
dopamine-containing amacrine cells. Here we report the amplification of 
mRNA by RT-PCR from SCG and cerebral vessels, innervated by axon 
terminals originating in this sympathetic ganglion. Poly (A)+ mRNA was 
isolated from cerebral arteries and SCG excised from Sprague-Dawley rats 
during the light cycle (12/12 L/D). First round amplification was carried out 
using oligonucleotides primers designed from regions of sequence homology 
between MELia  and MELiB rat melatonin receptors (downstream to the 
transmembrane domain III to the transmembrane domain VI). Each product 
was subsequently reamplified using nested primers, specific for either the 
MELia  or MEL]B subtype. PCR products were subjected to Southern 
hybridization using 32P-labeled cDNA probes selective for rat melatonin 
receptor subtypes. Products of the expected size were amplified from the 
SCG and cerebral arteries (melia: 288 bp; mein,: 319 bp) and hybridized with 
the corresponding subtype selective probe. These results suggest the presence 
of melatonin receptor subtypes on sympathetic axon terminals innervating the 
pineal gland and cerebral arteries, and on corresponding postsynaptic targets 
of the cerebral vasculature possible involved in the regulation of arterial tone. 
Supported by MH 42922.

420.13
MEL1A AND MEL,b MELATONIN RECEPTOR SUBTYPES ARE 
DIFFERENTIALLY REGULATED BY MELATONIN. M.I. Masana*. A. 
Abraha, A. Roseberry, A. DelPedro and M.L. Dubocovich, Dept. Molecular 
Pharmacol. Biol. Chem., Northwestern Univ. Med. School, Chicago, EL 60611.

The human MELJA and MELjb melatonin receptors show 60% aminoacid 
sequence homology and marked pharmacological differences for antagonists 
(Naunyn-Schmiedeberg’s Arch. Pharmacol. 355: 365-375, 1997). Here we report 
differences in melatonin-mediated regulation between the human MEL)A (KD = 74 
pM; B^ = 679 fmol/mg protein, MEL]A-CHO) and MEL1B (KD = 186 pM; B^ = 
810 fmol/mg protein, MEL]B-CHO) melatonin receptors stably expressed in CHO 
cells. The affinity of 4-P-CADOT, 4-P-ADOT and 4-P-PDOT for competition with 
2-[,2SI] -iodomelatonin binding was significantly higher for the MELjB than for the 
MELJA receptor (K;MELiA/KiMELiB: 311, 596, 590, respectively). In GTP affinity 
shifts assays, these analogues showed no efficacy on the MEL,A-CHO (i.e., 
antagonists), however, they showed low efficacy (i.e., partial agonists) in the 
MELiB-CHO. Melatonin (0.01 pM - 1 pM) inhibited forskolin-stimulated cAMP 
formation following a biphasic curve in MEL)A-CHO (IC50 sh  = 0.04 pM; IC50 h  =
2.6 nM) but a monophasic curve in the MELjB-CHO (IC50 = 0.9 nM). A maximal 
inhibition (45%) was obtained at 10 nM in both cell lines. Upon withdrawal (16 h) 
from a physiological exposure to melatonin (400 pM, 8 h) the super high (SH) 
affinity state of the receptor was desensitized in the MEL]A-CHO cells, as revealed 
by a monophasic curve of melatonin inhibition of cAMP formation. This treatment 
significantly potentiated forskolin-induced cAMP formation (225 % of control) and 
increased the number of MEL]A receptors (~130% of control), however, it did not 
affect these parameters in MELiB-CHO cells. The differences in pharmacological 
profile and in melatonin-mediated regulation between the MEL]A and the MELiB 
subtypes reflect structural and functional differences in coupling to effector systems. 
Supported by MH 42922 andMH 52685.

420.14
SITE-DIRECTED MUTAGENESIS OF THE MELla MELATONIN RECEPTOR 
REVEALS IMPORTANCE OF VALINE208 (V5.43) AND HISTIDINE211 (H5.46) 
TO LIGAND BINDING AND RECEPTOR FUNCTION. S. Conway1, S. J. 
Canning1, P. Barrett1, B. Guardiola-Lemaitre2, P. Delagrange2*, and P. J.
Morgan1. ’Molecular Neuroendocrinology Unit, Rowett Research Institute, 
Aberdeen, Scotland, UK, AB21 9SB, 2Institut de recherches Internationales 
Servier, F-92415 Courbevoie Cedex, France.

The importance of valine208 (V5.43) and histidine211 (H5.46) to the sheep 
Meliap melatonin receptor were studied by site-directed mutagenesis. The ability 
of the wild-type and mutated receptors to bind the radioligand 2-[125I]- 
iodomelatonin and related analogues were assessed after transient expression into 
COS-7 cells. Functional assays were assessed after transient expression in 
HEK293 cells. Relative to the wild-type receptor, a mutation of valine to alanine 
at position 5.43 (V5.43A) produced a small ~2 fold reduction in IC50 values for 2- 
iodomelatonin and melatonin. Correspondingly, there was a 4.4 fold rightward 
shift in the dose-response for melatonin inhibited cyclic AMP production 
(Melia:IC50, 173 pM; V5.43A:IC50, 760 pM). Mutation of the histidine to 
phenylalanine at position 5.46 (H5.46F) reduced the IC50 for iodomelatonin and 
melatonin binding affinities by 42.8 fold and 6.2 fold respectively, yet marginally 
increased the binding affinity for N-acetylserotonin by 2.2 fold. These data 
suggest that the valine at position 5.43 and histidine at position 5.46 in particular 
are important to ligand binding of the Melia receptor. They are also consistent 
with an interaction between the 5-methoxy group of melatonin and histidine 5.46. 
Functionally the H5.46F mutant was unable to mediate the inhibition of cyclic 
AMP, suggesting that the histidine 5.46 may also be required for agonist 
activation of the Mel]a receptor.

This study was supported by SOAEFD and a grant from Servier, France.

420.15
MELATONIN INHIBITS PROTEIN KINASE C STIMULATED C-FOS 
EXPRESSION IN OVINE PARS TUBERALIS CELLS, YET 
POTENTIATES THIS RESPONSE IN MELla MELATONIN RECEPTOR 
TRANSFECTED L-CELLS. AW Ross, CA Webster, P Barrett* and PJ 
Morgan. Rowett Research Institute, Aberdeen, AB21 9SB, Scotland, UK.

In pituitary pars tuberalis cells the phorbol ester, PMA, stimulated c-fos 
mRNA expression dose-dependently (10'7-10'sM), and melatonin (10'8M) 
inhibited this response by 30% (p<0.05). The increase in c-fos mRNA levels 
induced by PMA was blocked by the PKC inhibitor, Ro 318820 (p<0.05), and 
the analogue 4aPMA had no stimulatory effect. These data suggest that PKC 
activation may be involved in the stimulation of c-fos levels in response to 
PMA. Melatonin (10'8M) had no direct effect on PKC activity nor did it 
attenuate PMA (10'7 M) stimulated PKC activity. In some cell types PKC 
positively regulates phospholipase D activity via small G-proteins. In PT cells 
PMA (10'7-10'5M) increased PLD activity, but this response was unaffected 
by melatonin. PMA (10'7M) also activated the p42 and p44 isoforms of 
MAPK (p<0.05), but again this response was unaffected by melatonin, 
indicating that none of these pathways participate in the melatonin sensitive 
regulation of c-fos expression. In contrast, in L-cells stably transfected with 
the sheep Mel la receptor, melatonin (10'8M) had no effect on c-fos mRNA 
levels directly, yet potentiated those induced by PMA (10‘7M). These results 
demonstrate 1) that the responses to melatonin are cell-type specific and 2) in 
PT cells, melatonin can inhibit PKC induced c-fos expression via an undefined 
and potentially novel pathway.
This study was funded by SOAEFD

420.16
THE DEVELOPMENT OF A MELATONIN RECEPTOR AFFINITY 
LIGAND. M.L Gillen, P.K. Li*. G.H. Chu#, T.N. Parekh*, D.A. 
Johnson*, and P.A. Witt-Ehderby. Department of Pharmacology and 
Toxicology and The Department of Medicinal Chemistry and 
Pharmaceutics4, Mylan School of Pharmacy, Duquesne University, 
Pittsburgh, PA 15282.

Melatonin regulates a variety of functions such as circadian rhythms, 
seasonal reproduction, visual function and cardiovascular physiology. 
Since the effects of melatonin within the body may be mediated 
through receptors (mella and mellb), it is imperative that tools are 
developed to study these receptors. In this study, we set out to 
develop an affinity ligand that binds the melatonin receptor in an 
irreversible manner. Development of such a tool would aid in the 
visualization, characterization and perhaps may be useful in the 
purification of the melatonin receptors themselves. Recently, it was 
reported that N-[2-(2-methoxynaphthyl)ethyl]propionamide displays 
similar affinity for the melatonin receptor as does melatonin. It was 
postulated that the methoxy group binds to the hydrophobic pocket at 
the receptor site. Therefore, this study attempts to design analogues to 
alkylate the receptor at the pocket resulting in the characterization of 
this pocket. To date, we have developed a ligand that binds both the 
mella and mellb melatonin receptor with high affinity (1.3 ± 0.2 nM 
for mel,a and 1.0 ± 0.1 nM for mel,b). In addition, this ligand 
inactivates only the mellb melatonin receptor in both a concentration- 
and time-dependent manner. Therefore, this ligand demonstrates 
selectivity for the mellb compared to the mella melatonin receptor 
which may have important implications for future research. This 
research was supported by Departmental Faculty start-up funds.
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420.17
Elevated Melatonin Levels Throughout The Day Do Not Predict Cognitive Abilities. 
A.W. Kirby*. S. Arroyo. K, Bleser, M. Brock. P, Rivera. N. Smvthe and C.A.
Comneratore. UES, and Army Aeromedical Res. Lab., Fort Rucker, AL 36362-0577.

Melatonin (MEL), a natural hormone which has been shown to resynchronize circa-
dian rhythms and induce sleep in humans, is readily available as a dietary supplement. 
Use of MEL has been associated with vigilance deficits, especially when levels remain 
above baseline after a large dose. Results are presented here from two separate studies 
in which MEL (10 mg) was given to human volunteers.

Healthy female volunteers were randomly assigned to the MEL (n=10 study A; n=8 
study B) or placebo (n=10 study A; n=9 study B) group in double blind studies. 
Volunteers received MEL (10 mg) or placebo for at least 5 days. Doses were 
administered at 1300 (bedtime 1630) in study A, and at bedtime (2300) in study B. 
Testing on a vigilance test battery began after awakening in both studies, and continued 
between dose and bedtime in study A. Saliva (study A) and urine (study B) samples 
were collected during waking hours and assayed for melatonin or metabolite (aMT6s) 
content using radioimmunoassay (ALPCO, Windham, NH).

During dose days, MEL usually remained elevated above baseline levels between 
doses. Twenty-four hours after the first dose, salivary MEL concentration was 0.63± 
0.05 pg/ml (placebo) and 1.76±1.16 pg/ml (MEL) in study A, and urinary aMT6s was 
5.2±3.6 ng/ml (placebo) and 61.9±22.9 ng/ml (MEL) in study B. Participants in study 
A maintained performance after awakening without significant change in errors until 
the next dose, while participants in study B exhibited a significant increase in errors 
throughout the day beginning 4 hours after awakening. While MEL concentration was 
elevated in both studies, only one study revealed cognitive deficits.

Elevated MEL levels do not necessarily predict reduced cognitive abilities. Time of 
administration, relationship to endogenous increases in MEL, and availability of 
receptors all may be contributing factors.
Supported by funding from Army Medical Research and Materiel Command.

NEUROETHOLOGY: INVERTEBRATES

421.1
THE PRECEDENCE EFFECT IN CRICKET PHONOTAXIS: 

DISCRIMINATION OF SINGLE PULSES FROM PULSE PAIRS.
R.A. Wvttenbach* and R.R. Hoy.

Neurobiology & Behavior, Cornell University, Ithaca, NY 14853
Previous work in this lab has shown that flying field crickets (Teleogryllus 

oceanicus) are subject to a precedence effect in their ultrasound-induced escape 
response. In response to a single pulse of ultrasound, a cricket steers away from the 
sound source. When a pair of pulses from opposite sides is presented, a cricket makes 
a single turn away from the first pulse if it leads by 4 to 32 ms. At longer delays, two 
turns are made, one away from each pulse; at shorter delays, the direction of steering 
is random. This raises the question of whether crickets discriminate single pulses 
from pulse pairs with delays of 4-32 ms.

After determining the range of the precedence effect for each cricket, we tested 
discrimination using a dishabituation test. In a dishabituation trial, five 10-ms pulses 
of ultrasound (40 kHz) were presented from one side (designated Ipsi) to habituate 
the escape response, followed by a test stimulus, followed by a final pulse from the 
original (Ipsi) location. If the response to the final pulse was greater than that to the 
last habituating pulse, dishabituation occurred, indicating that the test stimulus was 
discriminated from the habituating stimulus.

When single-pulse test stimuli were used, Contra pulses caused dishabituation but 
Ipsi pulses did not. If the test stimulus was omitted, no dishabituation occurred. These 
results were expected from previous work. When paired Contra-Ipsi test pulses 
(Contra preceding Ipsi) were used, dishabituation occurred regardless of the delay 
between pulses. When paired Ipsi-Contra test pulses (Ipsi preceding Contra) were 
used, dishabituation depended on the delay between the first (Ipsi) pulse and the 
second (Contra) pulse. With a delay < 2 ms, dishabituation sometimes occurred; with 
a delay > 64 ms, dishabituation always occurred. When the delay was 4-32 ms, 
dishabituation did not occur. This suggests that pulse pairs in which the first pulse 
leads by 4-32 ms are not discriminated from single pulses.

Supported by NIDCD R01-DC00103 and NIMH K05-MH1148

421.2
ACOUSTIC STARTLE AND TWO-TONE SUPPRESSION IN A NEMOBIINE 
CRICKET, EUNEMOBIUS CAROLINUS. H.E. Farris*, R.R. Hoy. Sec. 
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853 .
We investigated the auditory sensitivity of the cricket, Eunemobius carolinus 
(Gryllidae: Nemobiinae). Extracellular recordings from the cervical connectives in 
macropterous E. carolinus show recognizable ascending auditory units that are 
sensitive to frequencies above 15 kHz, with best sensitivity at 35 kHz (65 dB SPL 
threshold). For crickets flying on a tether, this range of frequencies also elicits a 
startle response, which consists of an abrupt cessation in flight and extension of both 
metathoracic legs. Startle threshold decreases as a power function of ultrasound 
duration with an exponent of-1 (-10 dB/decade). This time-intensity trade is 
modeled best as an exponential integrator with a temporal summation time constant 
of 28.59 ms. The ultrasound-induced startle can be suppressed by the simultaneous 
presentation of a low frequency stimulus, where thresholds for two-tone suppression 
are lowest at frequencies near 6 kHz, the carrier frequency of the male calling song. 
The level of 6 kHz necessary to suppress the startle response increases as the 
intensity of ultrasound increases. The two-tone suppression curves are sexually 
dimorphic, however, in that the intensity of the 6 kHz stimulus required to suppress 
the response in females is 5-10 dB greater than that for males. We used 5 ms pulses 
of 6 and 40 kHz (suppressor and startle stimuli respectively) to test the temporal 
requirements for low frequency suppression of the startle. Suppression occurred 
only when the 6 kHz pulse preceded the 40 kHz by < 5 ms and followed it by < 2 
ms; maximum suppression occurred when the two stimuli had simultaneous onsets. 
Using two-tone suppression to probe the temporal filtering of low frequency stimuli 
by E. carolinus, we tested the effects of suppressor duration on two-tone 
suppression. Maximum two-tone suppression of the startle response did not occur at 
durations similar to those produced in the pulses of male callings songs. Rather, 
two-tone suppression occurred when the suppressor tone was equal to or longer in 
duration than the ultrasound stimulus. Supported by NIMH training grant and NIH 
grant #R01 DC00103.

421.3
ULTRASOUND HEARING IN MOLECRICKETS.
A.C. Mason, T.G. Forrest and R.R. Hoy*.
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853-2702.

We have studied auditory responses in two species of mole cricket (Scapteriscus 
borellii and S. abbreviates), and acoustic orientation behaviour in one of these (S. 
borellii) to determine 1) whether they show sensitivity to ultrasound, 2) whether 
their hearing (at both low and high frequencies) is based on the same neural 
circuitry as field crickets, and 3) whether ultrasound sensitivity in different 
molecricket species varies with their ability to fly. S. borellii make nightly dispersal 
flights during two periods of mating activity - one in the spring and one in the fall, 
while S. abbreviates do not fly at all.

S. borellii are sensitive to ultrasonic frequencies. There is evidence of a 
segregation of frequency bands in prothoracic auditory neurons. There are two 
pairs of omega neurons (ON), with similar morphology to those of field crickets. 
The two ON pairs differ in tuning. One pair has two sensitivity peaks: at the 
species calling song frequency (3 kHz); and in the ultrasound range (25 kHz). The 
other pair lacks high frequency sensitivity and responds exclusively to frequencies 
in the range of the species song. These two types are not morphologically 
distinguishable. In S. abbreviates, only one class of omega neurons was found, 
which are tuned to the frequency of the species’ calls. A T-neuron had the best 
high frequency sensitivity in S. borellii. This cell showed a broad tuning to 
ultrasonic frequencies and was inhibited by low frequency stimuli. A 
morphologically similar neuron was also recorded in S. abbreviates, but lacked the 
high frequency sensitivity peak demonstrated in S. borellii.

We also assessed the responses of flying S. borellii to ultrasound, using field 
playbacks to free-flying animals. The attractiveness of broadcast calling song was 
diminished by the addition of an ultrasound signal, indicating that S. borellii avoid 
high frequency sound.
Supported by NIH# R01 DC00103

421.4
Using genetic algorithms as tools for computational neuroethology. JimH 
Belanger* and Mark A Willis. ARL Div Neurobio, U Arizona, Tucson, AZ 85721.

Our goal is to understand the neural mechanisms underlying odor-guided flight in 
insects. Based on behavioral and neurophysiological data, we have constructed models 
which attempt to reproduce the behavior of real animals, and tested them against a 
realistic ‘virtual environment’. A major difficulty is that each of the models has many 
(10-40) parameters, with values that must be obtained from the real animals (e.g., latency 
to respond to odor, flight speed, rate of accommodation of receptors, etc.). While we can 
constrain these values easily, and can obtain population averages for any of them, we 
cannot obtain all of the values from any single individual (indeed, not from any single 
species). If the success of a particular model is dependent on specific combinations of 
parameters, it can be difficult to discover the successful combinations.

Introduced by Holland (1975), genetic algorithms (GAs) are a class of optimization 
methods which are very successful at finding solutions to problems that have many 
degrees of freedom. Inspired by biological evolution, the essence of a GA is to randomly 
generate a large number of individual solutions, and test each of those individuals against 
some objective (a “fitness function”). Based on those fitnesses, individuals are then 
recombined to produce a new population. This process is repeated until the problem is 
solved, or some predetermined level of success is achieved.

We use GAs in two different ways. In the standard use, they are a means to search, 
thoroughly, the large (but biologically-constrained) parameter spaces occupied by our 
models, to ensure that models which fail do not do so solely because of poor parameter 
combinations. We also use GAs for sensitivity analyses. By examining the distributions 
of parameters throughout successful populations, we gain insights into which parameter 
combinations are important in the performance of particular strategies. For example, 
longer behavioral latencies are associated with slower flight speeds, a fact which may be 
reflected in the behavioral strategies of large vs. small moths.
[Supported by NSF Grant IBN-9511742]
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421.5
Antennal control of flight speed: Sensory-motor control of a sensory appendage.
M.A. Willis*, J. Chow and E. Gee. ARL Div. of Neurobiology, Univ. of Arizona, 
Tucson, AZ 85721.

One of the central themes of motor control is that sensory input from the periphery 
interacts with ongoing centrally-generated activity to result in the successful adaptation 
of behavior to current environmental and physiological conditions. Although behavior 
is often described as being elicited in response to sensory input, it is clear that 
centrally-patterned behavior is often activated to acquire sensory information, and/or 
to alter the ‘state’ of sensory structures.

Male moths, Manduca sexta, maintain their flight speed within a narrow range while 
orienting to a plume of female sex pheromone. Although vision is important in flight 
control, one of the primary inputs controlling flight speed results from the activation 
of mechanosensory structures at the base of the antennae. These mechanosensory 
structures signal the displacement of the antennae by aerodynamic forces. Orientation 
of the antennae (and hence some of their aerodynamic properties) is under active 
control by the CNS, and they are maintained in a characteristic posture during flight. 

We video recorded male moths orienting to pheromone in our laboratory wind tunnel, 
and compared the flight of moths with experimentally shortened antennae to that of 
normal moths. Moths can adapt their flight speed control, compensate for decreased 
mechanosensory input caused by decreased drag from the antennae, and maintain their 
characteristic odor-guided flight speed, but only up to a point. When the length of the 
antennae are decreased (and thus their aerodynamic drag) by_>50% moths are no 
longer able to fly slowly enough to orient to odor. This lack of successful odor 
orientation is not the result of decreased olfactory input, as moths with only 10% of 
their olfactory capacity, but with the normal mechanosensory input are able to 
successfully orient to odor plumes. Thus, not only is central control of antennal 
posture critical to normal flight speed control, but attractive olfactory input ‘restricts’ 
acceptable mechanosensory input from the antennae to a narrow range.
[Supported by NSF Grant IBN-9511742 to MAW]

421.6
NEURAL AND BEHAVIORAL MECHANISMS OF ODOR-SOURCE 
SEARCHING STRATEGY OF A SILKMOTH WERE EVALUATED 
BY A MOBILE ROBOT. R, Kanzaki*!). Y. Kuwana2) and I. Shimovama3). 
1) Inst, of Biological Sciences, Univ. of Tsukuba, Tsukuba, Ibaraki 305, Japan, 2) 
Nat. Inst, of Sericultural and Entomological Science, Tsukuba, Ibaraki 305, Japan, 
3) Dep. of Mechano-Informatics, Faculty of Engineering, Univ. of Tokyo, Tokyo 
113, Japan.

In walking moth species, Bombyx mori, the walking toward the pheromone 
source was controlled by a self-generated zigzag program which was triggered by 
intermittent pheromonal stimulation applied to the antennae. This program 
consisted of a forward surge, zigzag turns and following looping behavior (turns of 
more than 360 degrees). Males began to turn to the same direction of the antenna 
where the stimulation was applied. Inter-turn interval time of the zigzag turns 
increased turn by turn. The programmed sequence of the movements was 'reset' and 
'restarted' from the beginning in response to pulsed stimulation. Pheromone- 
triggered flipflopping neural activity pattern produced in the brain played an 
important role for controlling such a programmed behavior. In order to evaluate the 
strategy under circumstances which change every moment, we built a simple 
mobile robot which had male moth antennae for detecting the pheromone. Using 
such a self-generated zigzag program and reset mechanisms of the program, Bombyx 
males could orient toward the odor source without using a complex memory and 
learning. Such a statistical searching method might be a useful algorithm for 
insects which have a small number of neurons in the brain.

Supported by a grant from the Program for Promotion of Basic Research 
Activities for Innovative Biosciences (PROBRAIN)

421.7
OLFACTORY PROCESSING BY THE SILKMOTH BRAIN 
ANALYZED BY OPTICAL AND INTRACELLULAR RECORDING.
H. Ai*. K. Okada and R, Kanzaki. Inst, of Biol. Sci., Univ. of Tsukuba, Ibaraki 
305,Japan.

Male silkmoths, Bombyx mori have extremely specialized olfactory apparatus, 
adapted for the detection of very low concentrations of female-produced sex 
pheromone molecules, Bombykol, in the ambient air. In the brain of the male 
moths, olfactory information passes through several stages of synaptic processing 
involving the first-order olfactory centers, the antennal lobes and higher centers in 
the protocerebrum, where it is integrated with sensory information of other 
modalities: e.g., visual and mechanosensory. However, the processing mechanisms 
of odor information in the central nervous system, especially in the brain, are not 
clearly understood. Nevertheless, there have been a few reports on the responses of 
the neurons in the brain to odors and the neural pathway derived from intracellular 
recording and staining methods (Kanzaki and Shibuya, 1986,1992). In this study, 
both this intracellular recording and a newly developed optical recording using the 
voltage sensitive dye were applied. In the optical recording, the response pattern 
evoked by electrical stimulation of the antennal nerve was initially a depolarization 
on the antennal nerve and and subsequently a depolarization followed by a 
hyperpolarization on the whole area of the macroglomerular complex. Voltage 
images in response to odor stimulation were also observed. We will discuss the 
olfactory processing of the insect brain by comparing the optical and intracellularly 
recorded data.

Supported by a grant from the Program for Promotion of Basic Research 
Activities for Innovative Biosciences (PROBRAIN)

421.8
LOCALIZATION OF RECEPTORS CRUCIAL FOR ESCAPE BEHAVIOR 
ELICITED BY ANTENNAL CONTACT IN COCKROACHES. L.Y. Parks, 
M B. Halvorsen and C M. Comer*. Neuroscience Group, Dept. of BioL 
Sciences, Univ. of Illinois at Chicago, Chicago, IL 60607.

The escape response of cockroaches, Periplaneta americana, can be 
triggered by touch stimuli delivered to the antennae. However, the 
location of antennal receptors capable of triggering escape is unknown. 
The long antennal flagellum contains numerous mechanoreceptors, and 
the two basal segments (scape & pedicel) contain proprioceptors that 
respond to displacements of the flagellum. To determine whether crucial 
receptors for escape are located on basal or flagellar segments, we used 
high-speed videography to analyze the escape behavior of two groups of 
animals. In one, basal proprioceptors were inactivated unilaterally by 
covering the antennal base with wax to prevent touch stimuli from causing 
any movement. In a second group, a flagellum was removed unilaterally 
and replaced with a fiber of equivalent mass, so that only basal receptors 
were present. Conclusions are based on comparisons of responses elicited 
from intact antennae, with responses elicited from experimental antennae 
on the same animal. Touching “prosthetic” antennae elicited escape at 
levels similar to that elicited by touching control (intact) antennae. When 
touch stimuli were delivered to an antenna with a constrained base, escape 
responses were either eliminated or only rarely elicited.

These behavioral results indicate that flagellar receptors are not essential 
for initiation of escape, and that basal receptors are crucial. This was 
confirmed with electrophysiological recordings (some from animals used 
in the behavioral study) which showed that touch of a “prosthetic” 
antenna effectively activated the descending mechanosensory interneurons 
(DMIs) that are believed to mediate escape, but stimulation of an antenna 
with a constrained base was ineffective at driving these cells.

Supported by NSF grant IBN-9604629

421.9

Direct evidence for a behavioral function of lamina processing 
using comparsions of ERGs and phototactic behavior in mutant 
and wild-type Drosophila melanogaster.
D. H, Baldwin* and J. Palka, Dept. of Zoology, Univ. of Washington, Seattle, 
WA 98195.

We are studying the visual system of the fly, Drosophila melanogaster, 
using both physiological and behavioral experiments. A forced-choice Y- 
maze measures the phototaxis of individual flies over a range of light 
conditions. Electroreti nog rams (ERGs) are performed under the same light 
conditions. Data were obtained from three strains: wild-type, ora (lacking 
photoreceptors R1-6), and demo (a newly isolated mutation in a gene that 
codes for a protein in the immunoglobulin super-family).

ora shows the previously demonstrated effects of losing the R1-6 input. 
Phototaxis is present, but with a threshold 2 log units greater than wild-type. 
The ERGs lack the normal transients (produced by the lamina in response 
to R1-6 input) and are much smaller in sustained amplitude. The data from 
demo indicate that lamina function is dramatically altered, but not entirely 
absent. The absolute threshold of phototaxis is increased, but by only 1 log 
unit relative to wild-type. The ERGs lack the normal transients, but the 
sustained component reaches the normal amplitude, although with a slower 
time course than wild-type.

Comparisons of each strain’s phototactic data to its ERG data provides 
direct evidence that the R1-6 pathway increases the behavioral sensitivity 
due to enhancements provided by the lamina. In demo this pathway is 
present, but lacks the enhancement provided by the transients. In ora this 
pathway is absent and R7&8 drive phototaxis without any enhancement.

Supported by NIH and NSF

421.10

PHYSIOLOGICAL MODELING OF TEMPORAL PROPERTIES 
OF THE NEURAL COLOR CODING SYSTEM IN THE HONEY-
BEE. K. Becker and W. Backhaus*. Theoretical and Experimental 
Biology, Freie Universitat Berlin, Thielallee 63, 14195 Berlin, Ger-
many.

The steady-state model of color opponent coding in the visual sys-
tem of the honeybee has been extended by temporal models of photo-
receptors, monopolar cells and color opponent coding neurons. 
Theese physiological models describe ion fluxes, transmitter fluxes 
and the activity of ion pumps, i. e. all parameters have a physiological 
meaning. For static stimulation of the photoreceptors (steady state), 
the model shows almost linear transfer properties in a range of depo-
larizations and hyperpolarisations of up to ±50 mV, relative to the 
resting potential (physiological range). In the static case, the calcu-
lated excitations of the color opponent coding neurons are identical 
with the color opponent coding (COC) model. For the non-static case, 
the neuronal excitations strongly depend on the stimulus frequency. 
By fitting the model parameters to electrophysiological data, the 
model will allow predictions on the color choice behavior of honey-
bees in color training experiments with respect to temporally modu-
lated color stimuli.
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421.11
LOCALIZATION OF MAGNETIC FIELD RECEPTORS IN TRITONIA.
I. R. Popescu, A. 0. D. Willows. Friday Harbor Labs., 
Univ. of Washington, Friday Harbor, WA 98250.

In 1987 Lohmann and Willows showed that the mollusc 
Tritonia diomedea can orient to earth-strength magnetic 
fields in the lab, and in 1991 they found a neuron (Left 
Pedal 5 (L Pd 5)) in which the spiking rate increases 
when the ambient field is rotated. This response was re-
liably observed in semi-intact preparations. However, 
it could not be elicited in the isolated brain, sug-
gesting that the site of magnetosensory transduction is 
peripheral.

In this experiment, in an effort to localize the 
magnetoreceptor, we cut all peripheral nerves, except 
Pedal Nerves 2, 3 (N Pd 2, 3), near their point of 
emergence from the brain. These nerves contain the main 
processes of the Pd 5 neurons. In this configuration we 
recorded a statistically significant increase in action 
potential activity for neuron L Pd 5 in response to the 
same stimulus used by Lohmann and Willows. This suggests 
that the magnetoreceptor(s) used N Pd 2 and / or 3 to 
transmit magnetic field information to the brain.Alter-
natively, it is possible that the Pd 5 neurons are 
intrinsically sensitive to magnetic fields when their 
axons (contained in N Pd 2,3) are intact. I.R.P. and A.O.
D.W. supported by NIH grant R01 NS 22974.

421.12
DEFENSIVE INK OF APLYSIA ACTIVATES DACTYL CHEMORECEPTORS 
OF THE PREDATORY CRAB CANCER. B.A. Carlson and T.G, Nolen* Dept. of 
Biology, University of Miami, P.O. Box 249118, Coral Gables, FL 33124.

Aplysia obtain a variety of defensive compounds from their red 
seaweed diet. For example, their purplish ink secretion provides an 
effective chemical defense against predators such as sea anemones and 
crustaceans [Nolen et al (1995) JCP 176:239]. When attacked, Aplysia secrete 
ink which deters consumption by acting as an anti-feedant.

The response of dactyl chemoreceptors of Cancer antennarius, a crab 
predator of Aplysia californica, was recorded extracellularly. Whole ink 
significantly excited chemoreceptors compared to artificial seawater 
(ASW) (ink response = 157.2±12.3% of the ASW response, t=4.90, p<0.0008). A 
dilution series showed a log-linear response function (F=10.8, p=0.0005) 
with thresholds below 0.1% of the concentration of whole ink. Single unit 
analysis of ink and amino acid responses suggested that unique ink 
sensitive chemoreceptors were activated by ink. Furthermore, there was no 
significant cross adaptation of amino acid and ink responses (no adaptation 
of ink following amino acid response adaptation, F=1.9, p>0.23; no adaptation of 
amino acid response following ink response adaptation, F=0.67, p>0.50), 
suggesting that ink does not activate amino acid receptors.

Ink was separated by dialysis into three fractions (<lkD, l-22kD and 
>25kD). The low MW fraction (containing the major component of ink, 
phycoerythrobilin) was highly active, as was the medium MW fraction 
(containing the minor ink pigment, protein-bound phycoerythrobilin in 
the form of phycoerythrin). Dactyl responses to purified phycoerythrin 
(Sigma) confirmed that the active component in ink is the plant-derived 
phycoerythrobilin pigment in either the free or protein-bound form. 
Thus, the compounds derived from Aplysia's selective diet activate specific 
chemoreceptors in the crab that presumably mediate food avoidance 
behavior. [Supported by the NCCR Aplysia Resource Facility]

421.13
SOCIAL AND ESCAPE BEHAVIORS OF MALE CRICKETS: 
EFFECTS OF SEROTONERGIC AND OPIOIDERGIC DRUGS.
V.Dyakonova 1>2, D.A.Sakharov*2, F.-W.Schurmann ’. ’1st Inst. Zool., 
Gottingen University, Germany;2 Inst. Develop. Biol., RAS, Moscow, Russia

Little is known on transmitter systems modulating aggressive and related 
behaviors in insects. In a previous study (Hofmann et ah, Soc. Neurosci.
Abstr. 1996, 22: 2067), a specific role for biogenic amines in controlling 
aggressiveness of male crickets was not shown. The present study, using a 
different pharmacological approach, indicates serotonin (5-HT) to be involved 
in the regulation of social status acquisition and related escape behavior in 
male crickets (Gryllus bimaculatus). Specimens were injected into the 
abdomen with a solution of alpha-methyltryptophane (AMTP, 1 mg per 
animal) to produce selective 5-HT depletion, according to Sloley and Orikasa 
(J. Neurochem. 1988, 51: 535). A significant increase of defensive responses 
to cereal stimulation, similar to that observed in fight losers, was observed in 
AMTP-injected specimens. In addition, such specimens showed decreased 
percentage of wins in arbitrary male pairs. With initial 51.6±3.6% of wins in 
the AMTP group, the percentage decreased to 26± 1.6% on the day 5 after 
injection. Naloxone, an opiate receptor antagonist (10 ug per animal), acted 
upon fight and escape similarly to AMTP. Furthermore, naloxone injection to 
winners resulted in inversion of dominant-subordinate relationships in 76% 
pairs. Contrary to naloxone, DAGO, an opiate agonist (12.5 pg per animal), 
decreased escape responsiveness to cereal stimulation. The results thus may 
implicate 5-HT and endogenous opioids in the dominance-related suppression 
of the escape behavior.

Supported by DFG (Graduiertenkolleg Univ. Gottingen).

NEUROPEPTIDES AND BEHAVIOR: OXYTOCIN AND VASOPRESSIN

422.1
PHENOTYPIC EXPRESSION OF AN OXYTOCIN PEPTIDE NULL 
MUTATION IN MICE. James T. Winslow*, Larry J. Young, Elizabeth Hearn, 
Brenden Gingrich, Zouxin Wang, Qiuxia Guo1, Martin M. MatzukL2,3, Thomas
R. Insel. Department of Psychiatry and Behavioral Sciences and Yerkes Regional 
Primate Center, Emory University School of Medicine, Atlanta Georgia, 30322; 
Departments of Pathology, 2Molecular and Human Genetics, and 3Cell Biology, 
Baylor College of Medicine, Houston, TX 77030.
Homologous recombination techniques were used to produce mice with an 
oxytocin gene deletion (OT-KO). Radioimmunoassay, immunohistochemical 
staining, and in situ hybridization confirmed that oxytocin is not expressed in 
these mice and that intermediate levels of oxytocin are expressed in mice 
heterozygous for the oxytocin deletion. OT-KO mice mate, give birth, and express 
normal maternal behavior, however milk ejection is disrupted. AVP gene 
expression was not increased in OT-KO mice, nor were there changes in OT 
receptors. Chronic treatment with an OT antagonist given ICV also did not alter 
maternal behavior in. OT-KO mice. Measures which suggest differences in 
emotionality have recently been detected between the three genotypes. In 
particular, a decreased rate of pup ultrasonic calling and an increase in aggression 
has been found in the OT-KO mice compared to wild-type and heterozygote 
controls. Enhanced aggression in the OT-KO mice does not appear to be 
attributable to differences in the background strains since C57BL/6J and 129/J 
mice had comparable, low levels of aggression under the same conditions. Some 
aspects of the behavioral phenotype of OT-KO may be sensitive to maternal 
“rescue” since the phenotypic differences were not evident in pups born to 
heterozygote mothers. These studies demonstrate the complex interaction of 
genetic background, parental influence and developmental compensation in the 
ultimate behavioral expression of a mutational phenotype. (This work was 
supported in part by PHS Grant MH-56538).

422.2
VASOPRESSIN IN MONOGAMOUS AND NON- 
MONOGAMOUS VOLES: BEHAVIOR, RECEPTOR mRNA 
EXPRESSION, AND GENE STRUCTURE. L.J, Young*, R, 
Nilsen, Z. Wang, J.T. Winslow and T. R. Insel. Dept. Psychiatry and 
Yerkes Primate Center, Emory University, Atlanta Georgia, 30322

Arginine vasopressin (AVP) has been implicated in the control of pair 
bonding, selective aggression and paternal behavior in the monogamous 
prairie vole (Microtus ochrogaster). The distribution of vasopressin 
receptor (Via) binding and mRNA in the monogamous prairie vole 
brain differs significantly from that of the related promiscuous montane 
vole (Microtus montanus). These species differences in receptor 
distribution are accompanied by differential behavioral responses to 
i.e.v. administered AVP. We are analyzing the Vja receptor gene 
structure in both species to identify differences which may contribute to 
the differences in expression. Two different prairie vole and a single 
montane vole Via receptor gene have been isolated and partially 
sequenced. Southern blot analysis confirms the presence of two distinct 
Via genes in the prairie vole genome and only one in the montane vole 
genome. Significant species differences in the 5' flanking region of the 
gene are also present. The V i a gene duplication and divergence in 
promoter sequences may be significant for the evolution of monogamy 
in voles. We are currently creating transgenic mice carrying the prairie 
vole Via receptor gene in order to better understand the molecular 
mechanisms controlling region-specific and species-specific gene 
expression. Supported by NIMH 56539

Society  for  Neuroscience , Volume  23,1997



MONDAY PM NEUROPEPTIDES AND BEHAVIOR: OXYTOCIN AND VASOPRESSIN 1073

422.3
VASOPRESSIN GENE EXPRESSION INCREASES ASSOCIATED 
WITH PATERNAL BEHAVIOR IN PRAIRIE VOLES. Z.X, Wang*1, 
L.J. Young1, G.Z. Yu1, M.T. Smith1, G.J, De Vries2, and T.R. Insel1.
'Dept. of Psychiatry & Behav. Sci., Emory Univ., Atlanta, GA 30322,
and 2Dept. of Psychology, Univ. of Mass., Amherst, MA 01003*

The monogamous prairie vole (Microtus ochrogaster) exhibits male
parental care. Earlier studies have demonstrated that vasopressin (AVP) 
increases and the AVP antagonist decreases paternal behavior in sexually 
naive male prairie voles. In the present study, hypothalamic AVP 
mRNA was increased in male prairie voles following parturition of their 
mates. In the closely related montane vole (M. montanus) that does not 
display paternal behavior, no increase in AVP mRNA was observed 
postpartum. We hypothesized that the increased AVP mRNA labeling in 
male prairie voles was due to paternal experience with offspring, 
possibly by ingestion of hypertonic urine from the pups. In support of 
this hypothesis, pup’s urine was found to be hypertonic and ingestion of 
hypertonic solution (2% NaCl) for 6 days increased hypothalamic AVP 
mRNA. In a subsequent experiment, males that were castrated 10 days 
after mating displayed normal paternal behavior after they became fathers 
but did not show increased AVP mRNA. This apparent paradox may be 
resolved by the finding that castrated males did not respond to hypertonic 
saline ingestion with an increase in AVP mRNA labeling. Our data 
demonstrated an increase in hypothalamic AVP gene expression was 
associated with paternal behavior. Together with previous studies, AVP 
is involved not only in the formation of paternal behavior but also in the 
response to the physiological stimuli resulting from paternal behavior, 
(supported by NIMH 54554 and 56539)

422.4
A VASOPRESSIN(AVP) ANTAGONIST INHIBITS OXYTOCIN(OXT)- 
INDUCED FLANK MARKING IN DOMINANT FEMALE SYRIAN 
HAMSTERS. A.C. Harmon*, T.O.Moore, K.L. Huhman and H.E. Albers. Lab. 
Neuroendocrin. & Behav., Depts. Biol, and Psych., Georgia State Univ., 
Atlanta, GA 30303; Dept. Psych. Morehouse College, Atlanta, GA 30314.

Flank marking is a form of scent marking hamsters use to communicate social 
information. Microinjection of AVP into the MPOA-AH stimulates flank marking 
in hamsters tested alone. These effects are mediated by a V,a-like AVP receptor. 
Unlike AVP, OXT microinjected into the MPOA-AH can only induce flank marking 
in hamsters tested in certain social situations. Microinjection of OXT into the 
MPOA-AH, in dominant females tested with their subordinate partner, stimulates 
flank marking. However, dominant females microinjected with OXT into the 
MPOA-AH and tested in isolation do not flank mark. In addition, microinjection of 
OXT into the MPOA-AH of naive female hamsters tested alone or with a novel 
opponent does not stimulate flank marking. These data suggest that the ability of 
OXT to induce flank marking depends on social status, and social context. The 
purpose of this study, was to determine whether OXT-induced flank marking in 
dominant female Syrian hamsters, tested with their subordinate partner, requires 
activation of a VIa -like AVP receptor. Female hamsters were allowed to establish a 
stable dominant/ subordinate relationship. Dominant hamsters were implanted with 
a guide cannula aimed at the MPOA-AH and injected with OXT or OXT combined 
with a V|a AVP- antagonist (3OOng/3OOnl) in a counterbalanced order. After 
injection, the dominant hamster was immediately placed in a neutral arena with its 
subordinate partner and tested for seven minutes. Dominant hamsters injected with 
OXT and tested with their subordinate flank marked at high levels! OXT: 
(23.25±5.74)]. However, when these hamsters were injected with OXT combined 
with an AVP antagonist, and tested with their subordinate partner, flank marking 
was significantly reduced [ OXT & AVP antagonist: (1.38± 0.66): p<0.05 ]. These 
data suggest that OXT induced flank marking in dominant female Syrian hamsters, 
tested with their subordinate partner, requires activation of VIa-like AVP receptors.

(Supported by NSFIBN-9514802 and NIH NS34586)

422.5
VASOPRESSIN, HIPPOCAMPUS, AND, MEMORY. A Dietrich*. J.D. Allen 
Dept of Psychology, University of Georgia. Athens, GA 30605.
In the present study, two experiments were performed to examine the effects of 
vasopressin on memory and whether these effects are mediated by the hippocampus. 
In experiment 1, the arginine vasopressin fragment AVP 4.9 and the AVP antagonist

[p-mercapto-p,p-cyclopentamethylenepropionyl1,0-Et-Pyr2.Val4,Arg8] were 
injected into healthy animals. In experiment 2, animals received either NMDA lesions 
to the hippocampus or sham operations and were then treated with AVP 4.9 or saline. 
In both experiments, the testing was performed in an 8-arm radial maze for 60 
sessions, and all injections were given s.c. 30 min prior to testing. In experiment 1. 
AVP 4.9 enhanced radial maze performance. AVP treated animals showed 
enhancement in performance as well as increases in the rate of learning, indicating 
that they learned the task faster. However, the AVP antagonist did not impair 
performance in the radial maze. In experiment 2, the hippocampal lesioned animals 
showed a marked deficit in working memory that was not ameliorated by AVP 4.9; 
however, the improvement in reference memory produced by the compound was as 
large as in healthy animals. AVP treatment did not differentiate between the two 
hippocampal groups, thus the memory enhancing effects of AVP 4.9 were blocked by 
hippocampal lesions. It is concluded that vasopressin has a more general effect on 
memory and that its site of action includes but is not limited to the hippocampus.

422.6
BEHAVIORAL EFFECTS OF GASTRICALLY DELIVERED OXYTOCIN 
IN 10 DAY- OLD RATS. E, E. Nelson*. & J, R. Alberts. Department of 
Psychology, Indiana University, Bloomington, IN, 47405.

One of the functions attributed to central oxytocin (OT) 
projections is the inhibition of ingestive behavior. OT cells are 
activated under conditions of 'satiety', toxicity, and hyper-
osmolality, and play an important role in both behavioral and 
physiological responses to these conditions. However, while 
behavioral responses to exogenously administered OT appear to 
be quite similar in adults and suckling infants, the endogenous 
substrate thought to be largely responsible for the inhibition of 
ingestion does not become fully mature until close to weaning, 
suggesting that OT may not participate in the regulation of 
ingestive behavior under natural conditions until infants have 
weaned. However, the induction of milk ejections is a well known 
function of OT, and OT has been detected in mammalian milk, 
indicating a possible naturally occuring exogenous source of OT 
for suckling infants. Although gastrically delivered OT is not 
thought to have behavioral effects in adults, because of gastric 
enzymes and an impermeable blood-brain-barrier, infants have 
both a very different gastric environment and a more permeable 
blood-brain-barrier than adults. We report here that OT delivered 
gastrically to suckling infants has behavioral effects, and suggest 
that milk-borne OT may be an important means of regulating 
ingestive behavior in suckling rat pups.

Supported by NIH MH-28355

422.7
THE EFFECTS OF OXYTOCIN ON GROOMING AND FLANK MARKING IN 
ISOLATED MALE HAMSTERS. T.O. Moore*1, A, Sisitsky2, A.C., Harmon2 and 
H.E. Albers2. ‘Neuroscience Institute, Morehouse School of Medicine, Atlanta, GA 
30310 and 2Georgia State University, Departments of Biology and Psychology, 
Atlanta, GA 30303.

In mammals, oxytocin (OXT) has a significant role in controlling social behavior. 
For example, OXT influences sexual receptivity, social recognition and scent 
marking in several species of rodents. We have previously demonstrated (Soc. 
Neuro. Abstr., 812.13, 1996) that OXT can stimulate a form of scent marking called 
flank marking when dominant hamsters are paired with a subordinate partner, but not 
when tested in isolation. The purpose of this study was to investigate the behavioral 
effects of OXT in isolated male hamsters. Male hamsters were individually-housed, 
implanted with a guide cannula aimed at the medial preoptic area-anterior 
hypothalamus (MPOA-AH), and given a one week recovery period prior to 
behavioral testing. A within-subjects design was used to administer 0.3 microliters 
of saline and 0.09, 0.9, 9, 90 and 900 pM OXT; two days elapsed between 
injections. All behavior was videotaped for five minutes immediately following 
injection. A significant difference was found between treatment groups on time 
spent grooming [F(5,20)=3.0, p<05]. The highest levels of grooming (x =126;
S.E.M.= 28.0) were observed in response to 900 pM OXT and the lowest levels 
occurred following saline injection (x=28.8; S.E.M.=9.2). The amount of grooming 
behavior was similar for concentrations of OXT ranging from 0.09 to 90 pM OXT. 
The amount of flank marking stimulated by OXT also differed significantly 
[F(5,20)=4.4, p<005]. High levels of flank marking were observed following 
injection of 900 pM OXT, however, little or no flank marking occurred in response 
to lower concentrations. These data indicate that low to moderate doses of OXT can 
stimulate grooming behavior whereas higher doses are needed to stimulate flank 
marking in isolated male hamsters.

This work was supported by NINDS grant 1U54NS34194-01.

422.8
PEPTIDE CONTROL OF SOCIAL OLFACTORY MEMORIES AND ANXIETY- 
RELATED BEHAVIOR. John F. Axelson*, Darlene Kamel, and Nicole Cambria. 
Department of Psychology, College of the Holy Cross, Worcester, MA 01610.

Rats recognize conspecifics by olfactory investigation, particularly of the anal- 
genital area. While having no effect in either females or castrated males, AVP- 
antagonist treatments eliminate the ability of intact adult males to form these types 
of social-olfactory memories. The purpose of the current experiment was to test 
social discrimination memories following intracranial injections of AVP-antagonists 
as well as to test the potential effects of oxytocin and oxytocin antagonists. Females 
were injected once a day during the last ten days of pregnancy with either 10 mg 
flutamide or vehicle control. Guide cannulas were placed directly above the right 
lateral ventricle and social discrimination tests were conducted following the 
procedures of Engelmann (1995). On the day of testing, a juvenile male intruder was 
introduced into the home cage of each adult subject for five minutes in order to 
record the amount of time the adult spent sniffing the juvenile’s anal-genital area. At 
completion of this initial test period the juvenile was removed, and the adult was 
given a 2 ul intracranial injection of one of the following treatments: 100 ng AVP- 
antagonist [Deamino-Pen1,O-Me-Tyr2,Arg8], 1 ng Oxytocin, 100 ng Oxytocin 
antagonist [Des-Glycinamide9, d(CH2)5l,O-Me-Tyr2,Thr4,Om8]-Vasotocin or vehicle 
control. Sixty minutes later the adult was re-tested with the same juvenile as well as 
with a second unfamiliar juvenile. Data support the hypothesis that males use both 
oxytocin and AVP when forming social olfactory memories, whereas females and 
demasculinized males rely upon oxytocin and not AVP. In addition to social 
discrimination tests, animals were tested in the elevated plus maze, which provides 
an indication of possible anxiolytic effects of drug treatments. Data from the plus 
maze suggest that oxytocin and AVP-antagonist treatments produced an anxiolytic 
effect in females whereas only oxytocin-antagonist resulted in a similar anxiolytic 
effect in control and flutamide males. Supported by NSF-RUI grant # IBN-9511359.
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423.1
ATTENUATED CHOLECYSTOKININ SATIETY AND 
HINDBRAIN FOS EXPRESSION FOLLOWING ADAPTATION 
TO HIGH FAT DIET IN RATS. M. Covasa, J. Grahn and R. C. 
Ritter*. Dept. of VCAPP, Washington State University, Pullman, WA 
99164-6520, USA.
Adult male rats adapted to high fat diets (HF-1= 34% fat, 3.86 kcal/g 
and HF-2 = 54% fat, 5.66 kcal/g) reduced food intake less in response 
to low doses of exogenous cholecystokinin (CCK) than did rats 
adapted to a low fat diet (LF = 5% fat, 3.86 kcal/g). Reduction of 
intake by intestinal fatty acid infusions was also attenuated in HF-1 and 
HF-2 adapted rats. When the diet was calorically concentrated (HF-2), 
rats gained weight more rapidly than those adapted to LF but, at lower 
caloric density (HF-1) rate of weight gain for high fat adapted rats did 
not differ from those adapted to LF. To determine whether high fat 
adaptation results in reduced activation of brain areas associated with 
satiation, we examined c-fos induction following injection of exogenous 
CCK in high fat and low fat adapted rats. Fos-like immunoreactivity 
(Fos-li) was examined in brain sections from overnight-fasted HF-1- 
and LF-adapted rats 90 min after injection of vehicle or CCK (250 
ng/kg). Following CCK, there were numerous Fos-li nuclei in several 
subnuclei of the nucleus of the solitary tract of LF rats. However, Fos- 
li was absent or rare in the brains of HF-1-adapted rats. These results 
indicate that adaptation to high fat diets reduces neuronal and 
behavioral sensitivity to CCK. This reduction may contribute to 
increased food intake and obesity when foods of high caloric density 
are consumed. Supported by PHS grant NS-20561.

423.2
EFFECTS OF PROGESTERONE ON ESTROGEN-CCK 
INTERACTIONS IN FEMALE RATS. P. Butera*.
F. Roberto and A. Parkhill. Department of Psychology,
Niagara University, Niagara, NY 14109.

Apart from their effects on reproductive physiology and 
behavior, ovarian hormones also influence food intake, body 
weight, and metabolic processes in female mammals. Recent 
findings suggest that the anorectic effects of estradiol involve 
interactions with the peptide hormone CCK-8. This experiment 
evaluated the ability of progesterone (P) to modulate estradiol-CCK 
interactions on feeding. Three weeks after ovariectomy, one group 
of animals was injected with 2.5 pg of estradiol benzoate (EB) 
alone or in combination with 2.0 mg of P. Another group was 
treated with the oil vehicle alone or in combination with P. After 2 
days of treatment, subjects were food deprived for 24 h. and were 
given ip injections of CCK-8 (1.0 pg/kg) or .9% saline the 
following day. Food intake was measured 45 minutes after CCK 
treatment. Statistical analyses indicated that EB enhanced the 
suppressive effects of CCK on food intake. However, combined 
treatment with EB and P blocked the ability of EB to augment 
CCK-induced satiety. Progesterone alone had no effect on the 
satiety action of CCK. These findings indicate that estrogen-CCK 
interactions are modulated by P, and that the effects of P on feeding 
may be mediated by the ability of P to antagonize the effects of 
estradiol on CCK systems involved in satiety.

423.3
ENDOGENOUS CHOLECYSTOKININ CONTRIBUTES TO THE 
CONTROL OF SPONTANEOUS MEAL SIZE IN ADULT FEMALE 
RATS. L, A, Eckel* and N. Geary. NY Hosp.-Comell Med. Ctr., White 
Plains, NY 10605.

Food intake (FI) in adult female rats is greatest during the diestrus (D) 
and lowest during the estrus (E) phase of the ovarian cycle. The reduction 
in FI at E is due to a decrease in meal size. Because endogenous 
cholecystokinin (CCK) is an important physiological control of meal size 
in male rats, we investigated the effects of the potent, selective CCK 
type-A receptor antagonist, devazepide (DEV), on FI across the ovarian 
cycle. Adult, female, Long-Evans rats (n = 6) were maintained on a 
12L:12D schedule with access to ground chow and tap water. Phase of 
ovarian cycle was monitored daily by vaginal mucosal smears and 
spontaneous FI was measured continuously by a computerized system. In 
crossover designs during 2 consecutive ovarian cycles, rats received a 
single, IP injection of DEV (1 mg/kg) or vehicle 1 h prior to dark onset at 
D and E. DEV increased nocturnal FI on D and E, F(l,5) = 29.79, p < 
0.01. This increase in FI by DEV was due to a 20 % increase in mean 
nocturnal meal size (2.4 g vs. 3.0 g, p < 0.05), without a change in meal 
frequency. DEV did not affect the typical decrease in FI associated with 
ovarian cycling: rats ate less on E than D (19.7 g vs. 26.6 g, p < 0.01). 
These data suggest that endogenous CCK contributes to the normal 
control of spontaneous meal size in female rats. Supported by NIH 
MH51135.

423.4
EFFECTS OF CHOLECYSTOKININ ON SUCROSE 
PALATABILITY IN OVARIECTOMIZED RATS. S.N.D.A. 
Clarke* and K.-P. Ossenkopp. Neuroscience Program, University of 
Western Ontario, London, Ontario, N6A 5C2, CANADA.

Recent evidence of interactive effects of cholecystokinin (CCK) 
and estradiol on satiety, in both male and female rats, suggests that 
the anorectic properties of CCK may be modulated by factors such 
as the sex, and reproductive state of subjects. Thus, the present 
experiment examined the effect of CCK-8 on the palatability of a 
0.3 M sucrose solution in ovariectomized rats receiving hormonal 
replacement consisting of estradiol and progesterone (OVX-EP), 
and vehicle controls (OVX-VEH). Using the taste reactivity 
paradigm, subjects received peripheral injections of CCK-8 (8 pg/kg) 
or 0.15 M NaCl (1 ml/kg) followed by brief (30 s) intraoral infusions 
of the sucrose tastant at 2, 4, 6, 8, and 10 min postinjection. The 
OVX-HRT rats exhibited a robust decrease in ingestive responses, 
and an enhancement of aversive responses and passive drips 
following treatment with CCK-8, relative to vehicle controls. In 
contrast, the OVX-VEH rats showed a smaller decrease in ingestive 
responses, an increase in passive drips, and no effect on the 
frequency of aversive responses following treatment with CCK-8. 
These observations demonstrate a differential effect of CCK-8 on 
sucrose palatability, that is modulated by gonadal hormone levels. 
(Supported by NSERC)

INCREASES PLASMA CCK LEVELS AND REPORTS OF 
HUMANS. L.J. Nolan, J.L. Guss, F. X. Pi-
Kissileff*, and A. Liddle. St.

423.5
TOMATO SOUP 
FULLNESS IN 
Sunyer, H.R.
Luke's/Roosevelt Hospital, New York, NY 10025 and Duke 
University Medical Center, Durham, NC 22710.

Tomato soup consumption potentiates the satiating effects 
of CCK-8 infusions. The possibility that this potentiat-
ing effect of tomato soup could be attributed to its 
ability to stimulate CCK release was tested by measuring 
serum CCK with a bioassay after four men and four women 
consumed, on two separate occasions, 500 g tomato soup, 
supplemented with soy milk, and 800 g of soup, without the 
supplement, to make the two meals equienergetic. CCK 
levels were significantly elevated above baseline by a mean 
of 3.8 pmol/L + 1.16 SE (t = 3.3, p = 0.01) during 30 min
following consumption of 800 g soup, and by 2.81 pmol/L 
+ .28 t= 9.9, p « .0001) for 500 g, but the difference 
between levels of soup was not significant. Fullness 
ratings (150 mm visual analog scales) increased 49 mm + 13 
SE more with 800 g soup than 500 (t = 3.77, p = .009). 
There was a positive rank order correlation between the 
change in CCK levels and change in fullness ratings under 
the 500 g soy condition, 'but not the 800 g condition. A 
search for other foods which release CCK and induce satiety 
could be useful in appetite control. CCK increases may not 
have been detectable in previous studies because the assay 
measured only CCK-8; the current assay measures many bio-
logically active forms of CCK. (NIH DK-36507 & DK-26687).

423.6
UNIQUE FEATURES OF FEEDING INDUCED BY INTRAVENTRICULAR 
GALANIN 1-29 (GAL) IN THE RAT. G. N. Ervin*, A. P, Dunn, C. A. Talbot, S.
A. Bramer, A. Schofield, T. A. Branchek1, S. A. Noble1, and W. E. Heydorn1. Dept.
of Psychology, 1084 SWKT, Brigham Young Univ., Provo, UT 84602-5543 and 
'Synaptic Pharmaceutical Corp., 215 College Rd., Paramus, NJ 07652-0623.

Doses of GAL were injected in 5 pL of 0.9% NaCl into the third ventricle of CD 
male rats (Charles River Co.) 10 min before food intake was measured. Compared 
with NaCl alone, GAL was threshold for a significant orexigenic effect at 250 
pmol/brain; higher doses of GAL increased feeding up to the 10 nmol dose, but 20 
nmol did not increase feeding further. We also measured the effects of doses of GAL 
on individual rats housed in an eatometer/drinkometer, and this approach revealed 
several important points. First, regardless of the dose, GAL-induced feeding chiefly 
appeared as one single meal, beginning in about 1 to 10 min and lasting for about 5 
to 15 min. In contrast, neuropeptide Y (NPY)-induced feeding was more long- 
lasting, typically consisting of multiple meals. Second, GAL-induced feeding, unlike 
NPY-induced or spontaneous feeding, was not accompanied by water intake. Third, 
although initially orexigenic, GAL, unlike NPY, often decreased total 24 hour 
intakes. Consistent with a dual orexigenic/anorectic nature of GAL were the results 
of the following experiment. Groups of rats receiving 2.5 nmol GAL were offered 
food for 30 min following a delay of 0, 30, 60, 120, 240, or 360 min. Compared with 
NaCI-treated rats, GAL-treated rats ate significantly more when food was made 
available 0 or 30 min after injection, but ate significantly less when food was made 
available 360 min after injection. Rats treated with 2.5 nmol of NPY did not show 
such anorexia after 360 min delays. Thus, for a number of reasons, the orexigenic 
profile of GAL appears different from both spontaneous feeding as well as the 
orexigenic profile of NPY. ^Supported by Synaptic Pharmaceutical Corp, and 
College of Family, Home, and Social Sciences, BYU.
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423.7
GALANIN GENE EXPRESSION IN MEDIAL PREOPTIC NUCLEUS OF 
FEMALE RATS: RELATION TO HIGH-FAT DIET AND GONADAL 
STEROIDS. S. F, Leibowitz*, J Wang, J. Dourmashkin, H-J Yu. The 
Rockefeller University, N.Y. 10021

Previous studies in male rats have indicated that GAL production, 
specifically in the paraventricular nucleus (PVN) and median eminence (ME), 
shifts in relation to the amount of fat ingested in self-selecting subjects. This 
study was performed to determine whether gender differences exist in 
hypothalamic GAL activity in animals maintained on a single diet with 
differential fat content. Adult Sprague-Dawley rats, both females (N = 15) and 
males (N = 15), were given either a high-fat diet (HFD, 60% fat), control diet 
(CON, 30% fat) or high-carbohydrate diet (HCD, 65% carbohydrate). After 4 
weeks on these diets, the rats were intracardially perfused and brains examined 
using in situ hybridization with digoxigenin-labeled cRNA probe for mRNA 
levels and immunocytochemistry for peptide analyses. The HFD in both male 
and female rats, compared to HCD subjects and in some cases of CON, 
significantly increased (p<0.05) the number of neurons expressing GAL mRNA 
(+45% in male, +56% in female) and peptide levels (+26% in male, +23% in 
female) in the anterior PVN (aPVN), as well as peptide-ir in the external zone of 
the ME (+22% in male, +20% in female). This is in contrast to the medial 
preoptic area (MPO) and anterior pituitary (AP), where GAL mRNA and peptide- 
ir were significantly increased by a HFD (+20-35% and 200-400%, respectively, 
p<0.01) only in female rats. No other brain areas were affected. To test the 
possibility that this gender difference may be related to the gonadal steroids, we 
further examined the effect of these steroids, in ovariectomized rats, on GAL 
gene expression and peptide-ir in these same hypothalamic areas. Systemic 
administration of 17-8 estradiol (5pg/0.1ml sesame oil) enhanced GAL gene 
expression in the MPO (+22%), aPVN (+24%) and AP (+800%) and peptide-ir in 
the ME (+20%) (p<0.05). Progesterone (500pg/0.1ml sesame oil) in estrogen- 
primed rats further enhanced GAL mRNA and peptide-ir in the MPO (+30%) and 
AP (+1500%) (p<0.05). These results show a specific responsiveness of MPO 
and AP GAL cell groups in female rats to a HFD as well as to gonadal steroids, 
which may themselves be affected by a high-fat diet.

423.8
GASTRIN-RELEASING PEPTIDE ACTS ON THE STOMACH TO INHIBIT 
SUCROSE INTAKE. J.E. Cox*, R. J. Davis, P. A. Rushing, 
and J. Gibbs♦ Dept. Psychology, Univ. Alabama at 
Birmingham, Birmingham, AL 35294 and Bourne Lab, NY 
Hosp. - Cornell Med. Ctr., White Plains, NY 10605.

It has been proposed that inhibition of food 
intake by bombesin and related peptides involves action 
on receptors within the stomach wall (Kirkham et al., 
Am. J. Physiol. 261: R614-R618, 1991). To address this 
hypothesis, we investigated the potency of gastrin-
releasing peptide (GRP) for reducing ingestion of 
sucrose when infused into the left gastric (LG) artery 
or intravenously (IV; jugular vein or inferior vena 
cava). Adult, male Sprague-Dawley rats received bolus 
infusions of GRP^f 0.625 and 1.25 nmol/kg) or normal 
saline immediately prior to presentation of 30% sucrose. 
Mean 15 min intakes (ml) from 7 rats with LG catheters 
and 11 with IV catheters are shown in the table below:

0.625 nmol/kg 1.25 nmol/kg

LG
IV

GRP Sal SEn
6.5 9.1 0.5

11.0 11.3 0.7

GRP Sal SEn
5.6 8.6 0.8

10.7 11.6 0.6

Arterial infusions of both doses of GRP reliably 
(P’s < .02) reduced sucrose consumption whereas neither 
dose was effective following IV administration (P’s > 
.05). Greater effectiveness of GRP following infusions 
targetting the stomach supports the hypothesis of a 
gastric action of this peptide in suppressing food 
intake. (Supported by NIH grant DK33248)

423.9
FAILURE OF BOMBESIN TO SUPPRESS FOOD INTAKE IN GASTRIN-
RELEASING PEPTIDE RECEPTOR KNOCKOUT MICE.
E.E. Ladenheim*, J.F. Battev and T.H. Moran. Dept. of Psychiatry & Behavioral 
Sciences, Johns Hopkins University School of Medicine, Baltimore, MD 21205 and 
Laboratory of Molecular Biology, National Institute on Deafness and Other 
Communication Disorders, NIH, Rockville, MD 20850.
Exogenous administration of the amphibian peptide, bombesin (BN), suppresses 

food intake in a number of mammalian species. Studies have shown that BN can 
interact with two receptor subtypes to produce its behavioral actions; a gastrin-
releasing peptide receptor (GRP-R) and a neuromedin B receptor (NMB-R). We have 
previously reported that feeding suppression by ip BN injection in rats could be 
blocked by a specific GRP-R antagonist suggesting that the GRP-R subtype plays a 
significant role in the feeding inhibitory effects of peripherally administered BN in 
this species. In order to evaluate the importance of GRP-R subtype in feeding 
suppression by BN in mice we assessed the effects of ip administration of BN on 
food intake in male wild-type mice (n=6) and in male mice lacking the GRP receptor 
(n=7). Both groups of mice were injected ip with either 0.9% saline or 1.0, 3.2, 10 
and 32 nmol/kg of BN and given immediate access to a 0.5 kcal/ml glucose solution. 
Cumulative glucose intake was measured at 15 min intervals for 60 min post-
injection. We found that wild-type mice significantly reduced glucose intake in 
response to 3.2, 10 and 32 nmol/kg BN compared to intake after the saline injection. 
In contrast, none of the BN doses that suppressed feeding in wild-type mice were 
effective in suppressing intake in GRP-R knockout mice. This finding demonstrates 
that 1) ip BN is acting through the GRP-R subtype to produce its effects on feeding 
in mice and 2) GRP-R knockout mice will provide a means to examine the 
participation of GRP receptors in many behavioral and physiological responses to 
BN-like peptides. (Supported by NIH grant RO1DK46448-01 Al)

423.10
CENTRAL INFUSION OF GLUCAGON-LIKE-PEPTIDE-1 PRODUCES 
PICA BEHAVIOR IN RATS. L.J. Madden, M.D, Brot* S.C. Woods and 
R.J. Seeley. Depts. of Neurobiology and Behavior, and Psychology, 
University of Washington, Seattle, WA 98195.

Central infusion of glucagon-like peptide-1 (7-36) amide (GLP-1), causes 
a reduction in food intake. This anorexic effect can be produced by GLP-1 
acting as an endogenous satiety agent, or by producing aversive effects 
similar to lithium chloride (LiCl). In rats, one indication that a drug has 
aversive effects is the consumption of non-nutritive substances, such as clay 
(pica behavior). Pica behavior or clay consumption, has been used 
extensively in rats as a behavioral assay for toxicosis and in the study of 
motion sickness. Therefore, we investigated whether an anorexic dose of 
GLP-1 increased clay consumption in rats. With ad lib access to water, 
chow, and kaolin (pharmaceutical grade clay) pellets, Long-Evans rats were 
infused with lOpg of GLP-1 or CSF into the third ventricle in a counter-
balanced, within-subjects design. All animals were given 3 days to recover 
between injections. Chow and kaolin consumption were measured 1- and 24- 
h after infusion. GLP-1 decreased food intake and significantly increased 
kaolin consumption when compared to CSF 1-h after infusion. Kaolin 
consumption was still significantly elevated 24-h after GLP-1 infusion when 
compared to CSF. These data are comparable to the increase in kaolin 
consumption seen following a 2% body weight LiCl injection. These data 
suggest that GLP-1 has aversive or illness producing properties when 
administered into the central nervous system.
This research was supported by DK 17844.

423.11
CONDITIONED TASTE AVERSION AND ACUTE INHIBITION OF FEEDING 
AND DRINKING BY CENTRAL AND PERIPHERAL INJECTION OF 
GLUCAGON LIKE PEPTIDE (GLP-1) IN THE MOUSE. M.E.Judge1 and 
L.Thim2 Novo Nordisk A/S, Depts. of Behavioral Pharmacology1, DK-2760, 
M£l0v, and Biochemistry2, DK-2880 Bagsvaerd , Denmark.

Glucagon Like Peptide-1 (GLP-1) is a peptide hormone which has recently 
been hypothesized to play a role in appetite regulation. GLP-1 is produced by 
cleavage of proglucagon, which in turn originates from preproglucagon, 
synthesized in cells in the pancreas, ileum, and brain. Certain glucagonoma 
cell lines also secrete large amounts of GLP-1, and produce severe anorexia 
in rats. Clear inhibitory effects of GLP-1 on feeding have been demonstrated 
after intracerebroventricular (ICV), but not systemic injection. The present 
study examined the effects of peripheral and central administration of GLP-1 
(7-36) amide on consumption of formula milk (Complan®) by fasted mice, and 
water consumption in thirsty mice. The consummatory response was 
measured over a 10 min. period either 30 min after injection, or in conditioned 
taste aversion (CTA) studies, 1 day after a training session with GLP-1 
administered after the first exposure to the milk. Thirty min after injection, both 
feeding and water consumption were inhibited by as little as 3pg of ICV GLP-1 
while 30pg (1.2mg/kg) was the minimum effective dose for feeding inhibition 
after IV treatment. GLP-1 also produced CTA when injected ICV or 
systemically 30 min after consumption of formula milk for the first time. This 
effect occurred at lower doses than those required for appetite suppression 
with pre-test treatment, suggesting that the appetite suppressing effects of 
GLP-1 extend beyond the acute situation. These results support the 
hypotheses that 1.) GLP-1 plays a role on appetite regulation, and 2.) GLP-1 
contributes to the anorexia associated with the glucagonoma tumor.
This research was supported by Novo Nordisk A/S

423.12
CENTRAL INFUSION OF A POTENT GLP-1 RECEPTOR ANTAGONIST 
ATTENUATES C-FOS EXPRESSION PRODUCED BY THE EMETIC 
AGENT, LITHIUM CHLORIDE. T.E. Thiele*, G. van Dijk, D. D’Alessio, J. 
Eng, LL. Bernstein, S.C. Woods, & R.J. Seeley. Dept of Psychology, U. of 
Washington, Seattle, WA 98195.

Central administration of glucagon-like-peptide-1 (7-36) amide (GLP-1) and 
peripheral injection of the emetic agent lithium chloride (LiCl) have been 
found to produce similar effects. In addition to producing patterns of cFos 
expression in several brainstem nuclei that are similar to those produced by 
LiCl, GLP-1 infusion into the third ventricle (i3vt) also produces conditioned 
taste aversions at all doses that reduce food intake. More recent data indicates 
that GLP-1 reduces NaCl appetite in sodium depleted rats, increases plasma 
oxytocin levels, and produces Pica, all effects characteristic of LiCl 
administration. The striking parallel between the effects caused by i3vt 
infusion of GLP-1 and peripheral LiCl administration led us to test the 
hypothesis that the effects produced by LiCl are mediated by central GLP-1 
pathways. Long-Evans rats were pretreated with i3vt infusion of the potent 
and specific GLP-1 receptor antagonist, des His1 Glu9 exendin-4 (10.0 pg 
dissolved in CSF; this dose blocked cFos and anorexia produced by 10.0 pg of 
GLP-1) or CSF. Ten minutes later they were injected with LiCl (76 mg/kg; IP) 
or isotonic saline. Relative to rats pretreated with CSF, those given the GLP-1 
receptor antagonist showed attenuated LiCl-induced cFos expression in the 
nucleus of the solitary tract, the area postrema, the lateral parabrachial 
nucleus, and the central nucleus of the amygdala. These data suggest that 
neuronal activation in the brain produced by peripheral administration of the 
emetic agent LiCl is in part mediated by central GLP-1 pathways.
This research was supported by AA074S5, DC-00248, DK-3S816, DK-17844 and 
a grant from the Dutch Diabetes Association.
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423.13
PVN INFUSION OF GLP-1 (7-36) AMIDE SUPPRESSES FEEDING 
AND DRINKING BUT DOES NOT INDUCE CONDITIONED TASTE 
AVERSION OR ALTER LOCOMOTION IN RATS. L.R. McMahon 
and PJ. Wellman*. Texas A&M University, College Station, TX, 
77843-4235.
ICV infusion of glucagon-like peptide-1 (7—36) amide (GLP-1) 
reduces feeding in rats, an effect that may be localized to the 
hypothalamic paraventricular nucleus (PVN). ICV GLP-1, however, 
may also induce conditioned taste aversion (CTA) thereby 
questioning the specificity of the action of GLP-1 on feeding. The 
present experiments evaluated the action of intra-PVN GLP-1 (0, 100, 
and 200 ng) on induction of CTA, on locomotion, and finally, on 
feeding and drinking in rats. Intra-PVN infusion of GLP-1 (100 and 
200 ng) did not support the induction of CTA, did not reliably alter 
locomotion but did significantly suppress feeding and drinking. The 
present study suggests that GLP-1 in the PVN reduces food and 
water intake without producing illness or disrupting locomotor 
behavior. These data, in conjunction with findings in which GLP-1 
receptor antagonism increases feeding, suggest that PVN GLP-1 may 
function to suppress feeding in the rat.

This study received support from Thompson Medical Company and 
Pfizer.

423.14
ANTAGONISM OF THE HYPOPHAGIC LPTECTS OF GLP-l(7-36) 
AMIDE AND EXENDIN-4 BY THE GLP-1 ANTAGONIST EXENDIN 
(9-39)AMIDE IN FASTED RATS. M. Finn* and S. Rosenzweig- 
Lipson. Wyeth-Ayerst Research, CNS Disorders, Princeton, NJ 08543.

The GLP-1 receptor agonists, GLP-1 (7-36)amide and exendin-4, have 
been reported to reduce food intake when administered ICV in rodents 
(Turton et al., 1996; Navarro et al., 1996). The aim of the present study 
was to determine if the hypophagic effects of GLP-1 (7-36)amide and 
exendin-4 could be antagonized by the GLP-1 receptor antagonist 
exendin(9-39)amide, Male Sprague-Dawley rats were housed 
individually and maintained on a powdered chow diet. Stainless steel 
guide cannula aimed at the lateral ventricle (AP :-0.6 mm, ML :-1.5 mm, 
DV :-3.6mm) were implanted using standard stereotaxic procedures. 
Animals were fasted twenty-four hours prior to testing. On the day of 
testing, 2 hr food intake was measured after icv administration of either 
100 jig exendin (9-39) amide or saline and either GLP-1 (10 or 30 jig) 
or exendin-4 (0.3 or 1 jig). All infusions were 5 jil and administered 
over a one minute period with a 30 second diffusion time. GLP-1 (7- 
36)amide dose dependently reduced food intake in fasted rats 
(pc.OOOl). Pretreatment with 100 jig exendin (9-39) amide reversed the 
hypophagic effects of GLP-1 (7-36)amide at both the 10 fig (p<.005) 
and 30 jig (p<.05) doses. The decrease in food intake produced by the 
10 jig, but the 30 jig, dose of GLP-1 (7-36)amide was completely 
reversed by exendin (9-39). Exendin-4 also produced a dose 
dependent decrease in food intake in fasted rats (pc.OOl). Pretreatment 
with 100 jig exendin (9-39) amide reversed the hypophagic effects of 
exendin-4 at both the 0.3 jig (p<.005) and 1 jig (p<.05) doses. Pretreat-
ment with exendin(9-39)amide did not restore food intake to control 
levels. The present results provide further support for the role of GLP-1 
in the regulation of appetite.

STRESS II

424.1
BEHAVIORAL AND PHARMACOLOGICAL EVIDENCE FOR A 
MEMBRANE GLUCOCORTICOID RECEPTOR IN AVIAN BRAIN
C.W. Breuner, M. Orchirtik*, and J.C. Wingfield Department of 
Zoology, University of Washington, and *Departm*\it of Zoology, 
Arizona State University

We have two independent lines of evidence that are consistent 
with the existence of a membrane glucocorticoid receptor in the brain 
of the white-crowned sparrow (Zonotrichia leucophrys gambelii).

Corticosterone (the avian glucocorticoid) rapidly elevates 
locomotor activity. Using a non-invasive method for rapid 
corticosterone (CORT) delivery, we are able to significantly elevate 
circulating levels of CORT within seven minutes of administration. 
This rapid elevation in CORT causes an increase in locomotor 
activity within 15 minutes. At 60 minutes, circulating CORT has 
returned to basal levels, and the locomotor activity is 
indistinguishable from controls. The rapid and transient nature of 
the change in activity suggests a membrane mediated action for 
CORT.

Preliminary radioligand binding studies on synaptic (P2) 
membranes from the brain of the white-crowned sparrow suggest a 
membrane binding site for CORT that is specific, reversible, and of 
high affinity (KD = 24.2 nM). The binding paramete--' are consistent 
with the temporal activation of the behavior. These preliminary 
data support our hypothesis that a membrane corticosteroid 
receptor exists in the brain of the white-crowned sparrow.
Funded by NSF (OPP9300771) to J.C. Wingfield, and NSF (IBN- 

9604200) to M. Orchinik.

424.2
ONTOGENY OF CORTICOTROPIN-RELEASING FACTOR-
BINDING PROTEIN EXPRESSION IN RAT BRAIN. G. Dent*, 
C. Hindman, and M, A, Smith. CNS Diseases Research, DuPont Merck 
Research Laboratories, Wilmington, DE 19880-0400.

While corticotropin-releasing factor-binding protein (CRF-BP) is 
thought to inhibit peripheral CRF, its roles in the adult CNS and during 
development have not been established. Therefore we examined the 
ontogeny of CRF-BP in the neonatal rat brain. Brains from naive male 
pups, post-natal days (P) 2, 4, 6, 12, 18, 21 and adult, were processed 
for in situ hybridization to determine CRF-BP mRNA expression. In the 
adult, CRF-BP was mainly distributed in the telencephalon. In neonates, 
CRF-BP mRNA levels increased steadily from P2 to Pl8 in the 
somatosensory, auditory and occipital cortices with highest levels seen at 
Pl 2. At Pl 2 a laminar distribution of CRF-BP became apparent in layers 
II, HI, V, and most notably VI. CRF-BP in limbic cortical regions 
(cingulate, retrosplenial) displayed a similar increase from P2 to Pl2, and 
Pl 2 was significantly elevated compared to adult levels. In contrast, 
CRF-BP mRNA levels in the piriform cortex and hippocampus did not 
change greatly during development. CRF-BP did not appear in 
subcortical limbic regions (amygdala, bed nucleus stria terminalis) before 
age Pl 2. There was limited expression of CRF-BP in the hypothalamus, 
and its ontogeny in the pituitary is under investigation. The distribution 
of CRF-BP during development shares some features with the CRF 
receptor. We speculate that the ontogeny of CRF-BP expression may 
play a role in the modulation of the stress-hyporesponsive period during 
development. (Supported by DuPont Merck)

424.3
EARLY STRESSORS AND MATERNAL DEPRIVATION AFFECT 
BEHAVIOR AND DEVELOPMENT OF THE HP A AXIS IN RATS. 
C, Maciag. G. Dent, K.A. Weidemann, S. Levine1 and M, A. Smith*. 
CNS Diseases Research, DuPont Merck Research Labs, Wilmington, 
DE 19880-0400 and ‘Dept. Psychology, Univ. Delaware, Newark, DE

Maternal deprivation (DEP) can disinhibit the hypothalamic-pituitary- 
adrenal (HPA) axis and magnify the endocrine response to various 
stressors during the “stress-hyporesponsive period” (SHRP) from day 
4-14 in rats. Exposure to these early events may permanently alter HP A 
axis responsiveness. In an effort to understand how early stressors 
affect the development of the HP A axis, we measured changes in 
corticotropin-releasing hormone (CRH) mRNA expression in brains of 
neonates subjected to stress and 24 hr of DEP. During the SHRP (Pl 2), 
basal levels of CRH mRNA were decreased in the PVN by DEP at Pl 2. 
Furthermore, injection of saline or lipopolysaccharide tended to decrease 
CRH mRNA levels in the PVN during the SHRP. These decreases in 
PVN CRH levels in the neonates were surprising given the well known 
ability of maternal separation to increase stress responsiveness of the 
rats as adults. Indeed, we have found that maternal separation for 3 
hr/day from day 2-14 causes increased anxiety-like behavior (defensive 
withdrawal) in the adult rats. To resolve this paradox, we are presently 
examining whether basal and stress-induced CRH mRNA levels 
subsequently increase in the adult rats which were separated as 
neonates. Alternatively, if CRH expression continues to remain below 
control levels, we will determine if there are other compensatory 
changes in CRH receptor levels etc. which could account for the 
behavioral and endocrine hypersensitivity to stress following maternal 
separation. (Supported by DuPont Merck)

424.4
ACUTE RESTRAINT STRESS INCREASES CORTICOTROPIN-RELEASING 
HORMONE mRNA LEVELS IN THE HYPOTHALAMIC PARAVENTRICULAR 
NUCLEUS AND CENTRAL NUCLEUS OF THE AMYGDALA. D.T. Hsu*, F.L. 
Chen and N.H. Kalin. Dept. of Psychiatry, Univ. of Wisconsin, Madison, WI 
53719.

Corticotropin-releasing hormone (CRH) plays an important role in mediating the 
endocrine, autonomic and behavioral responses to stress. The paraventricular 
nucleus of the hypothalamus (PVN) and central nucleus of the amygdala (CeA) 
have high concentrations of CRH containing cell bodies which project to areas 
known to mediate these responses. Using a sensitive ribonuclease protection assay, 
we previously demonstrated that acute restraint stress significantly increased CRH 
mRNA levels in micropunched areas of the PVN and amygdala. The current study 
used in situ hybridization techniques to more specifically identify the regions 
affected by stress. Brains were collected from six restrained, 1 hr after 1 hr of 
restraint, and six control Sprague-dawley male rats. Numerous 15jim sections were 
taken throughout the entire length of the PVN and amygdala to completely 
characterize the distribution of CRH mRNA within these regions and to define areas 
of maximal CRH mRNA expression. Sections were hybridized with a radiolabeled 
antisense probe for CRH mRNA and analyzed. In addition, curve fitting techniques 
were used to define peak areas of CRH mRNA expression. Results demonstrated a 
differential distribution of CRH mRNA throughout the length of both structures. 
Within the peak region of expression, stressed animals compared to controls 
demonstrated significantly increased PVN CRH mRNA. In the amygdala, maximal 
CRH mRNA expression was found in the CeA which significantly increased in 
response to stress. These findings extend earlier work from our laboratory by 
demonstrating that the CeA is the specific region in the amygdala affected by acute 
stress.
Supported by HealthEmotions Research Institute and NIMH grant to N.H.K.
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424.5
ATTENUATION BY VENLAFAXINE OF STRESS EFFECTS ON CRF SYSTEMS 
AND THE HP A AXIS OF RATS
S.C. Stout*. M.J. Owens. C. Heim. C.B. Nem.roff Laboratory of
Neuropsychopharmacology, Dept. of Psycluatrv and Behavioral Sciences, Emnv 
University School of Medicine, Atlanta, GA ,u)322

A variety' of acute or chronic stressors have bt. -n shown to alter CRF mRNA. peptide 
content, or CRF receptor expression in severa rat brain regions and the anterior 
pituitary. CRF and HP A axis changes have a o been demonstrated in patterns with 
depression. Antidepressant treatment norma iz.. s the elevated serum cortisoi and 
CSF CRF concentrations in these patients. V T ... -girt to determine whethei 5iress- 
induced CRF changes in the brain are attenuc • y antidepressants.
Minipumps containing venlafaxine (VEN, 30 t\6/kg/day) or saline were implanted 
into adult, male Sprague-Dawley rats for 26 days. The rats received either handling, 
chronic unpredictable stress for the last 2 weess, or 1 hour of immobilization ending 
2 hours prior to sacrifice (11= 12 per group). I hronic stress produced adrenal 
hypertrophy in the saline- but not the VEN-tre.ited animals CRF content wa:- 
decreased in the median eminence and locus coeruleus regions of the saline/ch 'omc 
stress group only. In situ hybridization histochemistry1 revealed decreased CRP 
mRNA levels in the paraventricular nucleus (PVN) of VEN-treated rats, but no 
detectable stress effect (n=4). Preliminary' data indicate that chronic stress inc /eased 
CRF mRNA levels in the central nucleus of th; amygdala. CRF receptor binding 111 
the prefrontal cortex w'as unaltered by either s; fess or VEN. These experimen; s 
suggest that venlafaxine protects against certa 1 stress-induced alterations in > RF 
systems and the HP A axis. Additional data or TRF receptor expression in these 
animals will be presented. Supported by NIH ;TH-42088 and a grant from W' eth- 
Ay erst Pharmaceuticals.

424.6
EFFECTS OF PSYCHOLOGICAL (FERRET EXPOSURE) & RESTRAINT 
STRESSORS ON AMYGDALAR CRF RELEASE & ENDOCRINE RESPONSES 
IN TWO DIFFERENTIALLY STRESS-SENSITIVE RAT STRAINS. Z, Merali*', 
D. Michaud1. P, Kent1. D. McIntyre2. J. McIntosh & H. Anisman2 'Sch. of Psychol. & 
*Dept. of Pharmacol., Univ. of Ottawa; institute of Neuroscience, Carleton Univ. Ont.

In the present investigation, the effects of psychological (predator (ferret) exposure) 
or restraint stressors on endocrine and CRF variations of the hypothalamo-pituitary 
adrenal (HPA) axis were assessed in the ‘slow’ and ‘fast’ seizing rats. Although these 
lines of Long Evens rats were originally bred for proneness to seizing (kindling), we 
have previously reported that these strains display differential responsivity to stress. 
Current results demonstrate that these strains differ in their corticosterone (CORT) and 
ACTH responses to stressors; both strains showed a marked ACTH and CORT increase 
following restraint, however, ‘slow’ rats appeared to be much more reactive to ferret 
exposure as reflected by a considerably larger ACTH and CORT responses. Micro-
punch analyses revealed that in terms of basal levels, the ‘slow’ rats had higher CRF 
levels at the hippocampus, lateral hypothalamus and the median eminence (ME). Both 
stressors decreased CRF levels at the paraventricular nucleus (PVN) and the ME of the 
‘fast’ rats, whereas stress-exposure tended to increase CRF levels at both those nuclei 
of the ‘slow’ rats. Since the amygdala is believed to play an important role in the 
mediation of the fear response, we also assessed in vivo release of CRF during ferret 
exposure. Exposure to ferret was accompanied by increased release of CRF from the 
central nucleus of the amygdala (Ce). However, there were no strain differences in the 
dynamics of CRF release. Thus the strain differences in response to stressors do not 
appear to be related to CRF responses at the Ce. Characterization of CRF release at the 
hippocampus, PVN and/or ME may shed more light on this matter. It appears that 
exposure to a ferret represents a powerful psychological stressor, and that the 
magnitude of the response is strain dependent. This differential responsivity to 
stressors may make these rats useful in determining the molecular mechanisms of 
stress-related pathologies. Supported by NSERC of Canada.

424.7
ASSOCIATED BEHAVIORAL AND ENDOCRINE CHANGES FOLLOWING 
CORTICOTROPIN-RELEASING FACTOR AND FLUOXETINE 
ADMINISTRATION IN ADULT MALE WISTAR RATS. C.A.Lowrv*, A.Plant, 
RJ.Windle, N.Shanks, C.D. Ingram, and S.L. Lightman. Department of 
Medicine, University of Bristol, Bristol BS2 8HW, U.K.

Previous behavioral, neurochemical, and in vitro enzyme activity assays suggest 
that the neuropeptide corticotropin-releasing factor can regulate serotonergic 
neuronal systems in vertebrate brain. To further investigate this possibility , we 
studied potential behavioral and endocrine interactions between corticotropin-
releasing factor and the selective serotonin re-uptake inhibitor fluoxetine. Five 
days after surgery to implant chronic intracerebroventricular and intravenous 
cannulae, adult male Wistar rats received intracerebroventricular infusions of 
ovine corticotropin-releasing factor (1 pg) or vehicle in combination with 
intravenous infusions of fluoxetine hydrochloride (0, 0.1, or 1 mg/kg; 10.00 h). 
Behavioral changes were quantified using video analyses (09.00-12.00 h) and an 
instantaneous sampling method; endocrine changes were quantified using 
radioimmunoassay of corticosterone from samples obtained using an automated 
repeated sampling method (every 10 min from 2 h prior to treatment to 2 h after 
treatment). Based on analyses of the 2 h period following drug treatment, there 
were significant effects of corticotropin-releasing factor—increased grooming, 
exploration, and locomotion—significant time-dependent effects of fluoxetine on 
the expression of grooming behavior, and a significant interaction between 
corticotropin-releasing factor and fluoxetine on the expression of feeding-
drinking behaviors. Both corticotropin-releasing factor and fluoxetine elevated 
plasma corticosterone concentrations compared to saline-treated controls, but the 
temporal dynamics of these effects differed. Supported by The Wellcome Trust 
and The Neuroendocrinology Charitable Trust.

424.8
ALTERED HIPPOCAMPAL SEROTONIN, BEHAVIORAL, AND FREE 
CORTICOSTERONE RESPONSES TO PSYCHOLOGICAL STRESS IN 
TRANSGENIC MICE WITH IMPAIRED CENTRAL GLUCOCORTICOID 
RECEPTOR AND CORTICOTROPIN-RELEASING HORMONE EXPRESSION. 
A.C.E. Linthorst*, C. Flachskamm. N. Barden1. F. Holsboer and J.M.H.M. Reul. Max
Planck Institute of Psychiatry, Clinical Institute, Dept. of Neuroendocrinology, Section 
Neuroimmunoendocrinology, Munich, Germany; 'Neuroscience Research Section, CHUL 
Research Centre and Dept. of Physiology, Laval University, Quebec, Canada.

Well-balanced neuroendocrine and behavioral responses are of utmost importance to 
cope adequately with stressful challenges. Recently, we have found that transgenic mice 
expressing antisense RNA directed against the glucocorticoid receptor show disturbances 
in hypothalamic-pituitary-adrenocortical (HPA) axis regulation, reduced central CRH 
expression, and marked cognitive disturbances when tested in a Morris water maze 
paradigm. Here, we studied in these transgenic and control mice hippocampal serotonin 
and HPA axis responses to a psychological stress situation. Using in vivo microdialysis, 
hippocampal extracellular concentrations of serotonin (5-HT) and its metabolite 5- 
hydroxyindoleacetic acid (5-HIAA), and free corticosterone were monitored. Moreover, 
behavioral activity was scored. Transgenic and control mice showed a strikingly different 
diurnal rhythm of free corticosterone. Whereas free corticosterone levels were similar 
during the morning hours, transgenic mice displayed lower levels toward the evening than 
control mice. Moreover, extracellular levels of 5-HIAA were significantly higher in 
transgenic mice as compared to their controls. Confronting control mice with a Brown 
Norway rat, separated by a plexiglass wall with small holes, led to large increases in free 
corticosterone, behavioral signs of stress (e.g. freezing behavior), and no increase in 
hippocampal 5-HT. In transgenic mice, however, this procedure caused no changes in free 
corticosterone and hardly any behavioral signs of stress, but rather arousal, and a large 
increase in hippocampal 5-HT. Thus, our transgenic mice show aberrant neurochemical, 
neuroendocrine and behavioral responses to a cognitive stressor. These data contribute to 
the concept on the involvement of CRH in the cognitive aspects of stress. Supported by vw- 
Foundation (1/70 543)

424.9
CORTICOSTERONE (CORT) AND PHENYTOIN REDUCE 
NITRIC OXIDE SYNTHASE (NOS) mRNA EXPRESSION IN RAT 
HIPPOCAMPUS. L.P. Reagan*, C.R. McKittrick, and B.S. 
McEwen. Laboratory of Neuroendocrinology, The Rockefeller 
University, New York, NY 10021.

Previous studies from this laboratory have shown that chronic 
exposure to stress or stress levels of CORT produces atrophy of CA3 
pyramidal neurons in the hippocampus. This stress-induced atrophy 
is blocked by phenytoin, and also by NMDA receptor antagonists. 
Since NMDA receptor activation is required for this stress-induced 
atrophy, we examined the combined effects of CORT and phenytoin 
on NOS mRNA expression in rat hippocampus. NOS mRNA 
expression in hippocampal pyramidal neurons was unaffected by 21 
day treatment of CORT (40 mg/kg), phenytoin (40 mg/kg) or the 
combination of CORT and phenytoin. However, in hippocampal 
interneurons, CORT/phenytoin administration led to a significant 
reduction in NOS mRNA levels when compared to either treatment 
alone. These results show that following exposure to high levels of 
CORT, such as during periods of chronic stress, phenytoin reduces 
NOS expression in hippocampal interneurons. In view of the 
predicted role of NOS in neurotoxic events, these results suggest that 
phenytoin may protect CA3 pyramidal neurons from CORT-induced 
neuronal atrophy. [Supported by NIH grant numbers DK09443-01 (LPR), 
GM07524-19 (CRM), MH42156 (BSM)]

424.10
EFFECTS OF THE ANXIOLYTIC NEURO ACTIVE STEROID, 5a- 
PREGNANE-3a,21-DIOL-20-ONE (THDOC), ON PREDATOR 
ODOR INDUCED CHANGES IN LOCOMOTOR ACTIVITY IN 
MALE AND FEMALE MEADOW VOLES.
T. S. Perrot-Sinal*, K.-P. Ossenkopp and M. Kavaliers. Neuroscience 
Prgm., University of Western Ontario, London, Ontario,
Canada N6A 5C2.

Previous work has demonstrated that exposure to predator odor 
decreases levels of locomotor activity in adult, breeding male, but not 
female, meadow voles (Perrot-Sinal et at, 1996). The present study 
investigated a known anxiolytic steroid metabolite on this response. 
Male and female meadow voles were intraperitoneally injected with 
either 5a-pregnane-3a,21 -diol-20-one (tetrahydrodeoxycorticosterone 
(THDOC), 5mg/kg in 20% hydroxypropyl-P-cyclodextrin (HbD)); 5a- 
pregnane-3p,2l-diol-20-one (5mg/kg in 20% HbD) or vehicle (5mg/kg 
20% HbD). Other animals (n-6 for each sex) were given the sub-
stances in the same manner using a lOmg/kg dose. On each test day, 
five minutes following injections, animals were exposed for 3 minutes 
to the principal scent gland odor (trimethyl thiazoline) of the red fox. 
Other control males and females were injected but were not exposed to 
the odor. Immediately following the odor exposure (or an equivalent 
amount of time for control groups), levels of locomotor activity were 
monitored using an automated activity monitoring system (Digiscan 
system; Accuscan Instruments). It is hypothesized that administration 
of THDOC will normalize the decreased levels of activity observed in 
males following exposure to predator odor. However, since females 
generally display an anxiolytic response following exposure to preda-
tor odor, administration of THDOC may not affect the response in 
exposed females. Supported by NSERC.
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424.11
PRESENCE OF HEAT SHOCK PROTEIN IN THE POSTSYNAPTIC 
DENSITY PREPARED FROM THE RAT BRAIN. T. Suzuki*1. JU 
Usuda2, and H. Takaqi1 ^-Department of Neuroplasticity, 
Research Center on Aging and Adaptation, department of 
Anatomy, Shinshu University School of Medicine, 3-1-1 
Asahi, Matsumoto 390, Japan

The synaptic localization of 70 kDa heat shock protein 
(hsp70) was investigated immunohistochemically in the rat 
brain. The antibody used in this study specifically 
reacts with two members of hsp70, heat shock cognate 
(hsc70, p73) and hsp70 (p72) [Yamane et al., (1995) Cell 
Structure and Function; 20:157-66] and a single 70 kDa 
protein, probably p73, in the postsynaptic density (PSD) 
fraction prepared from the various parts of the rat 
brain. The hsp70 immunoreactivity was distributed in 
neurons, especially in the somatas and dendrites, 
throughout the cerebrum and cerebellum. Immunoelectron 
microscopic examination showed the immunoreactivity in 
the PSD. Hsp70 content in the PSD fraction was
relatively high even before the period of synaptogenesis 
and the content in the fraction was unchanged between 
young and adult rats (2 to 6 weeks old). These results 
suggest a role of hsp70 for the developing and matured 
synapse. [This research was supported by a Grant-in-Aid 
for Scientific Research from the Japanese Ministry of 
Education, Science and Culture, The Ichiro Kanehara 
Foundation, and Toyota Physical & Chemical Research 
Institute.]

424.12
NEUROPEPTIDE Y AND p-ACTIN EXPRESSION IN RAT BRAIN MEASURED 
WITH A QUANTITATIVE SOLUTION HYBRIDIZATION-RNASE 
PROTECTION ASSAY: EFFECTS OF RESTRAINT STRESS. A. Thorsell*, P 
Svensson, L. Wiklund and M. Heilig Magnus Huss Clinic, Karolinska Hospital, S- 
171 76 Stockholm, Sweden

Neuropeptide Y (NPY) is abundantly expressed throughout the mammalian nervous 
system and is involved in mechanisms of anxiety through actions within the amygdala 
complex. NPY reduces experimental anxiety through actions in this region, while 
restraint stress produces effects to the opposite. Little is known about the effects of 
stressors influencing anxiety on NPY expression in the amygdala.

We examined the effect of a lh-restraint stress on NPY expression in the amygdala, 
neocortex, hypothalamus and striatum. A sensitive solution hybridization-RNase 
protection assay (RPA) was developed which enabled quantitation of NPY mRNA 
in < 10 mg tissue samples. The commonly utilized p-actin transcript was used as an 
internal standard. The possibility that P-actin expression is affected by experimental 
manipulations was taken into account, and absolute expression levels were obtained 
by relating the P-actin signal to an external p-actin sense strand standard.

NPY expression levels were examined at 1, 2,4 and 10 hours following the restraint 
period. A significant, reversible decrease in NPY mRNA was seen in the amygdala. 
Change in expression level in cortical tissue was more complex, with an increase at 
1 hour followed by decreased levels at 2 and 4 hours. Hypothalamic and striatal NPY 
expression was not significantly affected. The importance of combining the internal 
and external approach was shown by the finding that P-actin mRNA was markedly 
decreased by restraint stress in the amygdala, giving rise to significantly increased 
NPY to P-actin ratio in this region in spite of the decreased absolute level of NPY 
expression.

NPY peptide levels were examined at 1,4 and 10 hours following restraint stress 
and were not significantly affected in any region. The unchanged peptide-levels may 
reflect decreased peptide turn-over.

424.13
BEHAVIOURAL EFFECTS OF CHRONIC CORTICOSTERONE AND 
DEHYDROEPIANDROSTERONE (DHEA) ADMINISTRATION IN LISTER- 
HOODED RATS. KJ.Ferguson*, T.Humbv. MV.Sofroniew. S.BDunnett and 
J.Herbert. MRC Cambridge Centre for Brain Repair. University of Cambridge, 
Forvie Site, Robinson Way, Cambridge,CB2 2PY.

Chronic stress results in hippocampal pyramidal cell loss. Corticosterone 
(CORT) also exacerbates damage resulting from excitotoxic lesions in the 
hippocampus. The first objective of these experiments was to determine whether 
CORT exacerbated behavioural deficits following hippocampal lesions. 
Dehydroepiandrosterone (DHEA) is an endogenous neuroactive steroid that 
counteracts glucocorticoid effects in peripheral tissues and may protect the 
hippocampus against excitotoxic insults. The second objective was to determine 
whether DHEA prevented the behavioural effects of CORT. Male Lister-hooded 
rats received either bilateral excitotoxic hippocampal lesions or sham lesions then 
were implanted subcutaneously with placebo (wax), CORT, or DHEA pellets or 
CORT+DHEA combined. Behavioural testing commenced after three weeks. 
CORT supressed the responses of both sham and lesioned rats in acoustic startle 
reflex response and locomotor activity; CORT alone did not interfere with spatial 
learning (watermaze) but exacerbated the deficit produced as a result of the 
excitotoxic lesion DHEA had a small enhancing effect initially on the CORT and 
sham groups in locomotor activity' but had no effect in acquisition of spatial 
memory. DHEA exacerbated the effect of the lesion in spatial memory but reversed 
that observed in response to novelty.

In conclusion, chronic CORT did not mimic the effects of a hippocampal lesion 
in any of the tests but in some had an exacerbating effect where the hippocampus 
is already endangered. Functionally, DHEA does not appear to counteract 
specifically the effects of CORT or excitotoxic hippocampal lesions in these 
behavioural paradigms. Supported by the Medical Research Council.

424.14
MATERNAL DEPRIVATION STRESS PRODUCES ALTERATIONS IN 
COCAINE-INDUCED ACTIVITY AND CONDITIONED FEAR: INTERACTION 
WITH REPEATED FORMALDEHYDE EXPOSURE. B.A. Sorg*andT.A. 
Hochstatter. Dept. VCAPP, Washington State University, Pullman, Washington, 
99164-6520.

We tested the effects of maternal deprivation (DEP) on cocaine-induced activity, 
anxiety levels and a conditioned fear response during adulthood in male and female 
Sprague-Dawley rats. In addition, the interactive effects of repeated daily 
formaldehyde (FORM) inhalation during adulthood were assessed to determine if early 
life stress may alter the later effects of chemical exposure. Rat pups were removed 
from the mothers for 6 hr/day from postnatal days 2-21, while non-depnved (ND) 
pups were left unhandled. Five to six months later, all male and female rats were 
given a cocaine (15 mg/kg, ip) injection. In both males and females, the locomotor 
response was significantly elevated for vertical but not horizontal activity. Rats were 
then randomly divided into two additional groups, those given repeated exposure to 
air (control) or to Form (« Ippm x lhr/day x 5 days/wk x 2 wks). After Form 
exposure, the same dose of cocaine was administered as challenge, and expressed as 
percent of the initial cocaine response. For vertical activity, this ratio was 
significantly reduced in both DEP groups compared to ND controls in both males and 
females. Also in both sexes, comparison between air- and Form-exposed rats 
revealed an enhancement in the DEP/Form group compared to the DEP/air group, 
while no differences were noted between ND/air and ND/Form animals. No 
differences were found for anxiety levels as measured by the elevated plus-maze. Fear 
conditioning was assessed by pairing a footshock with an odor and measuring the 
freezing response to context or odor on three test days. In general, in both males and 
females, the freezing response was reduced in DEP rats compared to ND controls for 
context and odor conditions. The results demonstrate that DEP produces cross-
sensitization to cocaine-induced activity. The data also suggest that DEP produces a 
decreased plasticity in which rats appear more resistant to subsequent stressors. For 
cocaine-induced activity, repeated Form exposure partially reversed this decreased 
responsiveness to the environment. Supported by the Wallace Research Foundation.

424.15
INESCAPABLE STRESS, A BENZODIAZEPINE RECEPTOR INVERSE 
AGONIST, OR SEROTONIN IN DORSAL RAPHE INCREASES ANXIETY & 
DECREASES SEROTONIN1A RECEPTOR BINDING IN RAT DORSAL 
RAPHE; EFFECTS BLOCKED BY BENZODIAZEPINE RECEPTOR 
ANTAGONIST AND/OR 5HT1A ANTAGONIST.
K. R. Short* Dept. of Psychology, Creighton Univ., Omaha, NE 68178.

Several studies (Short & Maier, 1991, 1993; Maier, Kalman, & Grahn, 
1994; Maier, Grahn, & Watkins, 1995) have suggested some involvement of 
benzodiazepine receptors and/or 5-HT1A receptors in the dorsal raphe in the 
development of anxiety or fear behaviors following inescapable stress.

This study reports anxiety increases and corresponding 5-HT1A receptor 
decreases resulting from shock, and demonstrates that those changes are 
dependent upon escapability of the shock, and are further dependent on 
activity of benzodiazepine receptors and 5-HT1A receptors in the dorsal raphe. 
Rats treated with 100 inescapable tailshocks, tested 24 hrs later using two 
animal models of anxiety (the elevated zero-maze and the social interaction 
arena), show increased anxiety-like behaviors (reduced active interaction, 
reduced time in open quadrants & head dips, increased stretched-attend 
postures) compared to escapably shocked or unshocked restrained controls.

Crude synaptic membranes prepared from dorsal raphe tissue from 
inescapably stressed rats exhibit significantly reduced [3H]8-OH-DPAT 
binding (lower Bmax) compared with escapably shocked or unshocked controls, 
with no significant change in Kj for any group.

Similar behavioral and receptor binding changes are observed following p- 
injection of serotonin or of FG-7142 into the dorsal raphe in place of shock. 
Benzodiazepine receptor inverse agonist effects, like inescapable shock effects, 
can be prevented by blocking dorsal raphe benzodiazepine receptors (with 
flumazenil), or 5-HT1A receptors (with p-MPPI), while serotonin effects are 
only prevented by blocking 5-HT1A receptors. [Support: Nebraska Behavioral 
Biology Group, Creighton Graduate School Faculty Fellowship!

424.16
CHRONIC STRESS. EFFECTS ON BEHAVIOR AND TYROSINE 
HYDROXYLASE mRNA IN THE LOCUS COERULEUS. S.D. Seiple, H.P. 
Jedema, A.F. Sved*, M.J. Zigmond, M.C. Austin, and J.M. Finlay. Departments 
of Neuroscience and Psychiatry, University of Pittsburgh. Pittsburgh, PA, 
15260.

Central noradrenergic neurons are thought to play a role in an organism’s 
behavioral response to stress. Previously, it has been shown that rats exposed to 
chronic cold stress (3 wks at 4°C) exhibit an enhanced increase in 
norepinephrine (NE) synthesis and release in response to presentation of an 
acute novel stressor. In the present studies, we examined whether this increase 
in the capacity for NE synthesis and release is associated with (1) a change in 
rat's behavior and (2) an increase in mRNA for the rate limiting enzyme in NE 
synthesis, tyrosine hydoxylase (TH). During a 5 min trial, rats previously 
exposed to chronic cold for 3 wks at 4°C spent less time in the open arms of an 
elevated plus maze than did naive control rats (cold 7±3 sec; n=!6, control 19±4 
sec; n=14, p<0.02). Given that anxiogenic drugs decrease the amount of time 
rats spend in the open arms, these data suggest that chronic cold stress increases 
anxiety. TH mRNA in locus coeruleus was measured by in situ hybridization 
histochemistry in a subset of rats tested in the plus maze; TH mRNA was 
increased by 18±6% in rats exposed to chronic cold compared to controls. 
Together with previous findings, these data suggest that 3 wks of chronic cold 
exposure results in an increase in tyrosine hydroxylase mRNA, an increase in 
NE synthesis, an increase in NE release, and also, an increase in anxiety. 
Supported by NARSAD, UPSHS grants MH29670 and MH51159, and the 
University of Pittsburgh Chancellor’s Undergraduate Research Fellowship.
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424.17
REPEATED INTERMITTENT STRESS DOES NOT ELICIT SENSITIZATION 
OF NOREPINEPHRINE RELEASE IN MEDIAL PREFRONTAL CORTEX.
H.P. Jedema*, A.F. Sved, M.J. Zigmond, and J.M. Finlay. Dept. of Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260.

Continuous exposure to cold (4°C) for 2 wks results in an enhanced increase in 
extracellular norepinephrine (NE) levels in the medial prefrontal cortex (mPFC) in 
response to subsequent acute tail shock. We have now examined whether 
intermittent cold exposure will also result in the development of sensitization of 
acute stress-evoked NE release.

Rats were exposed to cold (4°C), either continuously or for 4 hours per day for 
14 days. Basal extracellular NE levels in the mPFC as measured by microdialysis 
were similar in rats previously exposed to cold, either continuously or intermittently, 
and naive control rats (3.4 ± 0.2 Pg/2O|J (n=7), 3.2 ± 0.3 Pg/2()SI| (n=7) and 3.2 ± 0.4 
pg/20fl, (n=12) respectively). Acute exposure to tail shock (1 mA for 1 sec every 10 
sec for 1 min every 6 min for 30 min) increased extracellular NE levels in rats 
exposed to intermittent cold (6.4 ± 0.6 pg/20^) to the same extent as observed in naive 
rats (6.4 ± 0.7 P8/w,). In contrast, in rats that were continuously exposed to cold, tail 
shock elicited a significantly larger increase in extracellular NE levels (9.2 pg ± 0.5 
pg/w„ p<0.05) compared to either intermittent cold exposed or naive control rats. 
Prior intermittent exposure to foot shock (0.6 mA, 2 sec every 5 sec for 1 min every 
5 min for 30 min) daily for 14 days, also did not affect basal or tail shock-evoked 
NE levels (3.6 ± 0.5 pg/2oui and 6.4 ± 0.7 pg/20t,i respectively: n=6).

Together, these data suggest that intermittent exposure to stress for 14 days does 
not elicit sensitization of stress-evoked NE release in the mPFC.
Supported by MH29670 and NARSAD

424.18
EXPOSURE TO CHRONIC SOCIAL STRESS IMPAIRS COGNITIVE 
PERFORMANCE IN C57 MICE. Yudko, E, , Holmes, J„ Ring, R„ Pagano, I., 
Fratzke, M. and Shepherd, J. Dept. of Psychology, Univ. of Hawaii, 96822.

Animal models of psychiatric disorders are essential for screening novel 
pharmacological agents. Whilst the utility of many such models lies in their 
predictive validity, it is often difficult to draw' close parallels with the target 
disorder in terms of etiology and symptomatology (i.e. face validity). Recently, 
researchers are attempting to address this issue. For example, chronic social stress 
is frequently associated with the neurochemical, physiological and behavioral 
changes observed at the onset of major depressive disorder in humans. Ethological 
studies in rats, mice and baboons suggest that chronic social stress produces 
comparable changes in non-human animals (Blanchard et al., 1995; Sapolsky, 
1992; Kudryavtseva et al., 1991).

A common observation in patients with major depressive disorder is a 
related decrease in cognitive abilities. The aim of the present study was to assess 
any potential cognitive deficits following exposure to chronic social stress in mice. 
Data indicate that following long-term exposure to intermittent social defeat and 
continuous habitation in close proximity' to a paired dominant, subordinate male 
C57 mice exhibit severe deficits in cognitive performance, assessed using the 
Morris water maze. Thus, following repeated daily trials, both dominant and 
control (non-exposed) mice successfully learned to locate a submerged platform 
with progressively shorter latencies. Chronically-stressed subordinates showed no 
improvement in the task over trials.

While a more detailed analysis of the behavioral, physiological and 
neurochemical profile is currently underway, this preliminary' finding suggests that 
the current model may provide a useful homology with major depressive disorder.

424.19
ADENOSINE RECEPTOR ANTAGONISTS REVERSE THE ESCAPE 
DEFICITS PRODUCED BY INESCAPABLE ELECTRIC SHOCK AND 
METABOLIC STRESS IN RATS. T, R, Minor*, R, F, S. Job, E. Ferguson, & S. 
Saade, Departments of Psychology , University of California. Los Angeles, 90095 
and Sydney University, Australia.

Exposure to a series of unsignaled, inescapable tailsliocks produces a profound 
deficit in escape performance 24 hr later in male albino rats. Here we report that 
this effect of inescapable shock is mimicked by systemic administration of the 
metabolic inhibitor 2-deoxy-D-glucose (2-DG) shortly before escape testing in a 
dose-dependent manner (0-600 mg/kg). The performance deficits produced by 
inescapable shock and 2-DG do not appear to be the result of metabolic inhibition 
per se, but rather by compensatory regulation by the purine nucleoside adenosine 
in response to neuronal metabolic failure: Both 2-DG and stress-induced escape 
deficits were reversed by pretest intraperitonial (10 mg/kg) or 
intracerebroventricular (3 pg) treatment with the adenosine receptor antagonists 
caffeine or theophylline. The peripheral adenosine receptor antagonist 8-(/?- 
Sulfophenyl)-theophylline. however, failed to reverse either type of deficit, thus 
supporting a central locus of adenosine’s action. These data are discussed in 
terms of the metabolic consequences of intense, chronic fear and the contribution 
of adenosine neuromodulation to behavioral depression

Research support by grants from the University of California Academic 
Senate and the research Council of Australia

424.20
PSYCHOSOCIAL STRESS: POSTNATAL AND GENETIC SOURCES OF 
VULNERABILITY AND RESILIENCE. D.M, Lyons*, F.L, Martel, S. Levine, 
N.J. Risch, and A.F. Schatzberq. Department of Psychiatry and Behavioral 
Science, Stanford University School of Medicine, Stanford, CA 94305-5485.

Stress is a well-known risk factor for major depressions, and 40-60 percent 
of major depressed patients hypersecrete cortisol. Sustained changes in 
hypothalamic-pituitary-adrenocortical (HPA) physiology likewise occurduring 
social separations in squirrel monkeys. In this study we examine whether 
individual differences in squirrel monkey HPA physiology are produced by 
early postnatal stressors and paternal genetics. Multiple measures of plasma 
cortisol and adrenocorticotropic hormone collected from 46 monkeys 
previously raised in one of four conditions were examined with multivariate 
analysis of variance. Prior postnatal rearing effects explained 3-34 percent 
of the variance in (/.) baseline measures from undisturbed groups, (//.) acute 
measures of responsiveness 1 day after each monkey’s mother was 
temporarily removed from groups, and (Hi.) longitudinal measures collected 
1, 3, and 7 days after all mothers were simultaneously removed at 37 weeks 
postpartum and returned to the breeding colony. By this stage of 
development monkeys were well past weaning and spent most of their time 
with peers. After controlling for postnatal rearing effects, 31-59 percent of 
the variance in residual measures were explained by paternal genetics. 
Paternal genetic effects were most clearly expressed in longitudinal 
measures of stress responsiveness. One father, for example, sired six 
offspring all of which differed from maternal half-sibs in demonstrating a 
much longer lasting HPA-axis response. These results suggest that 
individual differences in vulnerability and resilience may reflect potential 
genetic mechanisms linking HPA-axis physiology, early postnatal stressors, 
and subsequent psychopathology in adulthood. Supported by NIMH 47573 
and the Nancy Pritzker Foundation.

STRESS III

425.1

SELF-REGULATORY MOTHERING (SR) VS. NURSERY ROUTINE (NR) 
CARE POSTBIRTH: EFFECT ON SALIVARY CORTISOL IN INFANTS OF 
SMOKING AND NON-SMOKING MOTHERS. G. C, Anderson*,1 H.-P, 
Chang? and C. E. Wood.2 'Case Western Reserve University, Cleveland, OH 
44106; "University of Florida, Gainesville, FL 32610.

Infants cry more and appear stressed when separated from their mothers 
postbirth. Based on stress theory, we hypothesized that separated infants would 
have higher salivary cortisol. Eighty-four consecutive mothers and their healthy 
fullterm infants were randomly assigned by computerized minimization at 1 hour 
postbirth. Groups were comparable for salivary cortisol at baseline (Hour 1). The 
SR intervention was given from Hours 1-6. SR infants lay almost continuously on 
their mothers’ chests or alongside them, sometimes skin-to-skin, and had feedings 
on cue. NR infants went to the nursery' at Hour 1 and back to their mothers at 4.5 
hours (M). No infants in either group were circumcised. Cortisol was similar at 
Hours 1, 2, 3. See table for Hour 6 results. Interestingly, our hypothesis was not

n NR (M ± SD) n SR (M ± SD) t P

No Smoke 30 10. 8 ± 9.4 31 4.2 ± 4.7 3.41 .001

Smoke 13 5.3 ± 5.0 10 3.8 ± 3.1 .83 .414
Note. Two-tailed t tests were used; effects remained with all transformations.

supported for separated infants of smoking mothers. This suggests that the 
smoking-induced elevated cortisol in the maternal environment during pregnancy 
dampened the capacity of the infant HPA axis to respond to stress. In contrast, 
when the infants of non-smoking mothers were stressed by separation, their salivary 
(free) cortisol rose high enough to be physiologically relevant in terms of the 
number of glucocorticoid receptors likely to be activated. (Supported by the 
National Institute of Nursing Research, NIH)

425.2
THE RELATIONSHIP OF STRESS TYPE AND LEVEL TO 
MECHANISMS OF STRESS-INDUCED ANALGESIA IN MICE. ,
J.O. Pieper1, D.F. Forester2, L.P. Mangurian*2. and G.I. Elmer1. 
iDiv. Intramural Research, N.I.D.A., N.I.H., Baltimore, MD 21224, 
2Towson State University, Towson, MD 21252.
The mechanism (opiate or non-opiate) of stress induced analgesia (SIA) 

is dependent upon the intensity and type of stressor. A comparison of 
three stress types was done to explore the relationship of stress level to 
resultant type of SIA. Inbred strains of mice with differential sensitivities 
to jj, and 8 opiate agonists were used to distinguish opiate from non-
opiate responses, and to examine the role of opiate receptor subtypes in 
mediating opiate SIA. Experiments using swim stress demonstrated that 
low levels of stress resulted in opiate SIA, and the mouse strain most 
sensitive to 5 agonists showed the largest response. High levels of swim 
stress resulted in non-opiate SIA; mice with differential opiate agonist 
sensitivity showed equal levels of analgesia following high level swim 
stress parameters. Mouse strain differences were evident in response to 
low level predator stress. Contact with a rat caused an opiate SIA which 
was characterized by an early, low magnitude 8 mediation and a later, 
higher magnitude g mediation. Footshock stress caused either opiate or 
non-opiate SIA, depending on the genotype of the subject. These 
experiments demonstrated the relationship of stress level to mechanism 
of SIA across stressor types, and used a behavior genetics approach to 
discern the relative contribution of opiate receptor subtypes to production 
of opiate-mediated SIA. Funding was provided by the Towson State 
University Graduate Fund and NIDA/IRP.
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425.3
EXERCISE ATTENUATES THE EFFECTS OF CHRONIC STRESS IN MICE. 
Leah Solberg, Teresa H..Horton, Aisha.Satar,..Frank,W, Farkas, Janice H. Urban*,
and Fred W. Turek. Dept. of Neurobiology and Physiology, Northwestern 
University, Evanston, IL, 60208.

To test the hypothesis that exercise attenuates the ability of chronic stress (CS) 
to induce depressive-like symptoms, mice given access to running wheels (W) 
were compared to mice without wheels (NW). Activity rhythms were monitored 
using running wheels or infrared sensors. Three week old mice housed in 
12L: 12D were exposed to CS for six weeks, the mice were then placed into 
constant darkness (DD). Control animals were housed under similar conditions. 
During CS, stressed animals exhibited decreased overall activity compared to 
controls, with increased activity during the light period. No changes were seen in 
DD. Sucrose consumption and forced swim test (FST) were given to evaluate the 
induction of depressive-like symptoms. During CS, stressed mice consumed 
significantly less of a 2% sucrose solution than control mice. To test for 
persistent effects of CS, the FST was administered to control and stressed mice 
after three weeks in DD, followed by a sucrose measurement the same day. There 
was a significant increase in immobility in the FST in the previously stressed 
animals compared to controls, with the most pronounced effect seen in NW mice. 
There was also a trend toward decreased sucrose consumption in the previously 
stressed NW mice following the acute stress induced by the FST. These results 
suggest that CS beginning at 3 weeks of age has acute, but not persistent effects 
on activity rhythms. In contrast, there are persistent changes in depressive-like 
behaviors. The changes in behavior are less pronounced when animals have access 
to running wheels, suggesting that exercise may have protective properties against 
the effects of stress. Supported by NIH and NSF STC-CBT.

425.4
GENDER AND STRAIN DIFFERENCES IN FOOD-RESTRICTION- 
INDUCED HYPERACTIVITY AND A POSSIBLE ROLE OF 
CORTICOSTERONE. David Stafford and John R. Glowa*
Department of Pharmacology, Louisiana State University Medical 
Center, Shreveport, LA 71130

Rats with restricted access to food (1 hour/day) and free access (23 hours/day) 
to a running wheel typically exhibit increasing hyperactivity (wheel turns) as 
time passes, lose weight, and can experience profound health deterioration 
within a few weeks. Experiments were conducted to compare the performances 
of Sprague-Dawley male, Zucker obese male, and Zucker lean male and female 
rats under these conditions. At the conclusion of the experiment, blood samples 
were collected from experimental and control Sprague-Dawley rats to determine 
blood plasma concentrations of corticosterone. Zucker obese and lean males 
exhibited little or no hyperactivity (even with extended [4 weeks] exposure to the 
experimental procedures) and their weight loss was relatively slow, whereas the 
Sprague-Dawley males and Zucker lean females displayed robust patterns of 
hyperactivity and rapid weight loss. Levels of corticosterone were significantly 
elevated in the Sprague-Dawley experimental group (relative to levels in the 
control group). These data suggest that corticosterone may play an important 
role in the development and/or maintenance of food-restriction-induced 
hyperactivity, but the precise nature of this role remains to be determined. The 
factors responsible for the gender and strain differences we observed are also 
unspecified at this point. Current research in our lab has been designed to 
explore these issues further.

This research was funded by an LSUMC Developmental Grant to Dr. Glowa.

425.5
THE VULNERABILITY TO REPEATED STRESS IN WISTAR 
KYOTO RATS. Y. Watanabe*, A. Ilda, Y. Minatoqawa and T. 
Yamauchi. Dept. of Psychiatry, Saitama Med School,
Moroyama, Iruma-gun, Saitama, 350-04, Japan.

Although Wistar Kyoto(WKY) rats have been reported to be emotional to 
an acute stress, it is still unclear whether WKY rats can habituate to repeated 
stress. In order to investigate the vulnerability to repeated stress in WKY 
rats, we compared WKY male rats with Wistar male rats in the stress 
response of c-fos mRNA expression in brain by in situ hybridization besides 
the stress response of HPA axis and of freezing behavior as an index of 
stress-induced anxiety. With repeated th restraint stress, both WKY rats and 
Wistar rats showed substantial decrease in c-fos mRNA response to stress 
in paraventricle nucleus(PVN) and locus coeruleus(LC) from third stress day, 
and thereafter stress-induced c-fos mRNA expression decreased gradually 
by thirteenth stress day. In contrast, WKY rats did not habituate to repeated 
stress in the stress response of HPA axis and of freezing behavior. With 
repeated 2h restraint stress, Wistar rats showed decrease in corticosterone 
(CORT) plasma levels during 2h restraint stress from third stress day, and 
the decrements of CORT levels were getting greater by thirteenth stress day, 
whereas WKY rats showed decrease in CORT level at only 120min after the 
beginning of the stress. With repeated 15min footshock stress, Wistar rats 
showed reduction of freezing time after footshock stress from fifth stress day, 
while WKY rats did not show reduction of freezing time throughout the 
repeated stress.

These results suggest the vulnerability to repeated stress in WKY rats with 
the stress response of HPA axis and behavioral stress response, but not with 
the stress response of c-fos mRNA expression. Reasons of this discrepancy 
are being explored. (Supported by Grant-in-Aid for Scientific Research (C))

425.6
VULNERABILITY TO BEHAVIORAL DISTURBANCE 
CAUSED BY STRESS IN IMMATURE AND MATURE MALE 
MICE. D. Quartermain*, Y, Zhang and E.A. Stone, Departments of 
Psychiatry and Neurology, New York Univ. Medical Center, New 
York, NY 10016

Early abuse is a major factor in psychiatric illness. While there is 
much anecdotal and clinical evidence to suggest a greater sensitivity to 
stress in younger animals there is little research in this area utilizing 
behaviorally competent immature animals. In the present sutides the 
effects of stress in immature behaviorally competent male mice was 
compared to its effects in mature male mice. Four or 8.5 week old male 
mice were subjected either to social stress (placement into cage of 
isolated mature male mouse) or restraint stress in a tube once daily for 
five days. The effect on food intake, body weight and plus maze 
behavior measured after the last stress were recorded. It was found that 
social stress significantly reduced food intake and body weight in the 
immature but not mature males. Stressed immature animals also 
showed a reduction in the number of open arms entered in the plus maze 
whereas stressed mature males did not. Restraint stress similarly 
decreased body weight in the immautre but not mature animals. The 
differential effects of the stressors could not be explained on the basis of 
differences in body size or aggressiveness. It is concluded that 
immature male mice show a greater degree of behavioral disturbance to 
stress than mature males and that this phenomenon may be useful in 
experimental studies of early abuse. Supported by MH45265 from 
NIMH and a Stanley Foundation grant.

425.7
LONG TERM REGULATION OF SEROTONIN 1A AND TRANSPORTER BY 
EARLY POSTNATAL MATERNAL SEPARATION. B.W, Hawks*, P.M. 
Plotskv, S, J. Garlow Dept. of Psychiatry and Behav. Sci., Emory Univ. Sch. of 
Med., Atlanta, GA 30322

Maternal separation of rat pups in the first weeks of life has been shown to 
exert long lasting changes in the hypothalamic-pituitary-adrenal (HPA) axis, as 
well as the behavior of the animal. Some of these changes appear to be mediated 
by changes in the serotonergic system. Fluoxetine is capable of normalizing 
some of the behavioral effects of maternal separation observed in adult animals. 
We have focused on the 5- HTja and 5-HT2a receptors as well as the serotonin 
transporter. In the present study, male Long Evans rats were separated from their 
dams for 180 minutes each day from days P2 to Pl4, and then returned to their 
home cage. At age 65-70 days, rats were sacrificed, brain areas were 
microdissected, and tissues were subjected to single point radioligand binding. 
Preliminary results indicate that the Bmax for 5-HTia receptor in hippocampus is 
increased in adult rats subjected to 180 minutes of maternal separation. The B^ 
for the serotonin transporter in frontal cortex also appears to be altered in animals 
subjected to maternal separation. Interestingly, the distribution of individual Bmax 
values for both measures is much greater in separated animals than controls. We 
hypothesize that because the insult of maternal separation stress is delivered 
through the disruption of the natural interactions between the dam and pups, there 
will be individual differences in the severity of that stress within each litter. We 
hope to show that the range of behavioral and HPA changes in these rats is the 
result of differences in insult severity, and that the intensity of such changes is 
correlated with the degree of serotonergic regulation. Supported by MH 50113

425.8
PRENATAL STRESS ENHANCES STRESS- AND CORTICOTROPIN 
RELEASING FACTOR-INDUCED STIMULATION OF HIPPOCAMPAL 
ACETYLCHOLINE RELEASE IN ADULT RATS. M. Koehl, J.C. Day*, V. 
Deroche, M. Le Moal and S. Maccari. Laboratoire de Psychobiologie des 
Comportements Adaptatifs, INSERM U. 259, 33077 Bordeaux, France

There is growing evidence that stressors occurring during pregnancy can impair 
biological and behavioral responses to stress in the adult offspring. For instance, 
prenatal stress (PS) induces a prolonged stress-induced corticosterone secretion 
associated with a reduction of hippocampal corticosteroid receptors. Among the 
neurotransmitters important for the optimal functioning of these hormonal and 
behavioral responses, acetylcholine (ACh) plays a critical role. In order to test 
whether prenatal stressful events may also influence the development of the ACh 
system, we studied the effects of PS on hippocampal ACh release in adult male and 
female rats. Brain microdialysis in freely moving rats has been used to compare basal, 
mild stress-induced (vehicle injection), and i.c.v. ovine corticotropin releasing 
hormone (oCRH)-induced hippocampal ACh release between control and PS male 
and female offspring. The results demonstrate that PS enhances the mild stress- 
induced hippocampal ACh release both in males and females. PS also affects the 
CRH-induced hippocampal ACh release: in PS males, ACh release was enhanced over 
the first hour after injection, whereas in PS females the increase of the oCRH-induced 
ACh release was observed over the third hour after injection. In conclusion, PS has 
long-term effects on the development of ACh system. The increased release of 
hippocampal ACh after stress and oCRH injection observed in PS rats could be 
associated with some of the hormonal and behavioral abnormalities found in PS rats. 

J.C. Day is a recipient of the Human Frontiers Science Program.
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425.9
C-FOS EXPRESSION IN THE DORSAL RAPHE NUCLEUS IN 
RATS AFTER ESCAPABLE OR INESCAPABLE TAILSHOCK.
R.E. Grahn*, S.E. Hammack, M.J. Will, F. Karimzad, M.B. McQueen,
R.P.A. Gaykema, L.E. Goehler, L.R. Watkins, and S.F. Maier. Behavioral 
Neuroscience Division, Department of Psychology, University of 
Colorado, Boulder, Colorado, 80309-0345.

Exposure to uncontrollable aversive events results in a constellation of 
behaviors that do not occur if the events can be controlled by the subject. 
Poor escape responding, enhanced conditioned fear, enhanced morphine 
reactivity, and increased anxiety have been demonstrated following 
inescapable, but not escapable, tailshock in rats. Investigations of the 
neural basis of inescapable tailshock (IS) effects have revealed that the 
dorsal raphe nucleus (DRN) is involved in their expression. We have 
proposed that sensitization of serotonergic (5-HT) cells in the DRN 
resulting from intense activation during IS accounts for later behavioral 
changes. The present studies were conducted using the immediate-early 
gene product c-Fos as an indicator of DRN activation. Rats were exposed 
to either 100 escapable tailshocks (ES) (1.0mA, intertrial interval of 60 
sec), to the same number and duration of ISs, to restraint, or to no 
treatment. Induction of c-Fos was assessed 1,2, 3, and 4 hours after the 
end of the tailshock session. C-Fos expression was enhanced in the DRN 
in both shock conditions at all time points, suggesting that this indicator 
of neural activation does not correspond with behavioral differences 
which are typically demonstrated between ES and IS. Double-labeling 
for 5-HT and c-Fos is ongoing to assess whether the observed increase in 
c-Fos expression is in 5-HT cells. Support provided by NIMH MH50479, 
RSA MH00314 and Undergraduate Research Oportunities Program.

425.10
C-FOS EXPRESSION IN THE DORSAL RAPHE NUCLEUS 
AND PROJECTION REGIONS 24 HOURS AFTER 
INESCAPABLE SHOCK. SE Hammack*, RE Grahn, MJ Will, 
MB McQueen. LE Goehler, RPA Gaykema, LR Watkins, and SF Maier.
Dept. of Psychology, University of Colorado, Boulder CO 80309-0345.

Inescapable tailshock (IS), but not identical escapable tailshock, induces
behavioral changes such as poor escape learning, enhanced fear, and 
enhanced morphine reactivity. While these behavioral changes are not 
apparent immediately after IS treatment, they are pronounced 24 hours 
later, and dissipate 72 hours following IS. The dorsal raphe nucleus (DRN) 
and its projections to the dorsal periaqueductal gray (dPAG) are thought to 
mediate the effects of IS on escape behavior. The aim of these studies was 
to utilized the immediate-early gene product c-Fos as an indicator of dPAG 
and DRN activation. Rats were either exposed to 100 inescapable 
tailshocks (1.0 mA, intertrial interval of 60 sec) or no shock (homecage 
control). C-Fos expression was assessed 24 hours later in each group 
following exposure to either 10 or 0 trials in a shuttlebox escape task. 
DRN c-Fos expression was increased following 10 escape trials regardless 
of prior stressor condition. Non-shock controls exhibited increased dPAG 
c-Fos expression after 10 escape trials. Prior IS exposure prevented the 
effect of 10 escape trials, suggesting that IS rendered the dPAG less active 
during escape testing. C-Fos expression in IS rats was uncorrelated with 
escape latencies during the 10 escape trials. Suppressed c-Fos expression 
in the dPAG of the IS group may be related to poor escape learning in 
more difficult tasks. Future studies will investigate other IS-induced 
behavioral changes by measuring DRN and nucleus raphe magnus c-Fos 
expression induced by morphine injection 24 hours after IS or restraint. 
Support provided by NIMH Grant MH50479, RSA MH00314 and the 
Undergraduate Research Opportunities Program.

425.11
EFFECTS OF NOXIOUS STIMULATION DURING THE STRESS- 
HYPORESPONSIVE PERIOD ON BEHAVIORS OF PRE-PUBERTAL AND 
ADULT MALE AND FEMALE RATS. A.B. Lucion* L.P. Cadore, H. Charchat, 
H.M.T. Barros and M.J. Padoin. Dept. of Physiology, Federal University of 
Rio Grande do Sul, Porto Alegre, RS 90050-170, Brazil.

The experiments here reported aimed to evaluate the effects of neonatal 
stimulation on the following behaviors of male and female rats: maternal 
aggression, male sexual activity, fear/anxiety in elevated plus maze, activity 
in a modified open field procedure, forced swimming. From the 1st to the 
10th day post-partum, the whole offspring of a mother was submitted to one 
the following procedures: pups were left undisturbed (intact animals); handled 
(gentle manipulation for 1 min) or stimulated (animals were separated from 
the mother and submitted to either low temperature (0° C), or light 
stimulation, or continuous sound stimulation (90 dB) for 10 min per day 
randomly distributed along the 10 days). Behavioral tests were performed at 
35 or 80 days of age using 10 to 12 animals in each experimental group. 
Results showed that adult females submitted to either handling or noxious 
stimulation during infancy increased maternal aggressive behavior. On the 
other hand, male sexual behavior decreased in both sexually virgin and 
experienced males. In the forced swimming test, there was no difference 
among the groups. Handling or noxious stimulation decreased fear/anxiety in 
both adult males and females tested in the open field with cat and in the 
elevated plus maze. However, in male and female pre-pubertal animals (35 
days of age), neonatal stimulation produced no behavioral change in the 
open field with a cat and in the elevated plus maze. Neonatal stimulation 
appears to affect the interpretation of environmental stimuli by adult rats, 
rendering animals less defensive. Since pre-pubertal animals showed no 
behavioral effect due to early stimulation, we may also conclude that gonadal 
hormones are implicated in the development of the behavioral changes. 
Grants from the Brazilian government FAPERGS, FINEP, CAPES, CNPq

425.12
THE INTENSITY OF FIGHTING CORRELATES WITH PLASMA 
GLUCOCORTICOIDS AND c-fos mRNA IN THE PVN OF DEFEATED MALE 
HAMSTERS. S. Kollack-Walker*, H. Akil and S.J. Watson. Mental Health 
Research Institute, University of Michigan, Ann Arbor, MI 48109-0720.

Social defeat in the male Syrian hamster is characterized by an 
increase in the levels of plasma cortisol and corticosterone and by the activation 
of specific subpopulations of neurons within the central nervous system [Kollack- 
Walker et al., Soc. Neurosci. Abstr., 21: 501], To determine if the pattern of 
neuronal activation observed following defeat is associated with differences in the 
intensity of fighting, male hamsters were habituated to handling and to the 
novelty of exposure to another male’s cage for one week. Males were then paired 
and allowed to interact for 30 min., and each test was videotaped for subsequent 
behavioral analysis. Following 30 min of testing, all animals were killed by 
decaptitation. their brains removed for c-fos in situ hybridization, and trunk 
Wood collected for analysis of plasma cortisol and corticosterone levels. Results 
revealed a significant relationship between the level of defense shown, the 
amount c-fos expression within the paraventricular nucleus of the hypothalamus 
(PVN) and the level of plasma glucocorticoids in subordinate male hamsters. In 
addition, activation within some brain regions previously implicated in stress 
covaried with changes in the PVN (i.e., locus coeruleus), while other brain 
regions did not (i.e., lateral septum). As expected, expression of c-fos mRNA 
within areas not associated with stress responsitivity did not covary with PVN 
activation (i.e., accessory olfactory nucleus). These data demonstrate that the 
neuroendocrine and neuronal activation patterns that result from social defeat are 
regulated by the intensity of aggressive encounter. (Supported by NIMH 
MH42251, SJW)

425.13
EFFECT OF WORRY ON rCBF. R Hoehn-Saric. T. Zeffiro, D.R, McLeod. 
F, Yokoi, S. Szymanski, G.D. Pearlson*, and D.F. Wong. Depts. of 
Psychiatry and Radiology, Johns Hopkins Sch. of Med., Baltimore, MD 
21287 and Censor Systems, Hemdon, VA 20164.

Worrying occurs in normals under stress. It also constitutes an important 
ingredient of pathological anxiety where it occurs in absence of stressors. We 
examined the effect of worrying on rCBF in 6 right handed normal subjects, 
physically and mentally healthy and free of drugs (mean age 23 years, range 
20-37,4 female). They underwent 4 sequential PET scans (2 during neutral 
thoughts, 2 while worrying) using O15-H2O as tracer. Scans of neutral 
thoughts followed the listening to a 2-minute tape of flower arrangement, 
worries followed the listening to a 2 minute tape of self-recorded worries (ex. 
finance, illness in family, work). During scans, subjects continued to think 
about the topic previously heard on the tape until termination of the scan. 
rCBF during neutral thinking was compared with rCBF during worrying 
using MEDx and SPM96. Criteria for significance were: z-score >3.11 
(p<.001) and at least 25 contiguous 2x2x2mm voxels in the cluster. A 
relative increase in rCBF during worrying was found in the R caudate, R 
putamen, R inferior frontal gyrus, R inferior parietal lobule, R cerebellar 
vermis, L posterior cerebellar lobe and R pons. The results indicate right 
hemisphere and cerebellar activation while worrying. They are congruent with 
increased R hemisphere EEG activity in anxious individuals and increased 
rCBF seen in obsessive compulsive patients.

Supported by NIH - NCRR, OPD - GCRC Grant RR00052

425.14
STRESS AND ANXIETY ALTER PERIPHERAL BENZODIAZEPINE 
RECEPTOR GENE EXPRESSION IN HUMAN LYMPHOCYTES 
S. Nudmamud, P. Harnvuttanakorn, C. Chindaduangratana, N.
Kotchabhakdi, S.O. Casalotti* Neuro-behavioural Biology Center, 
Institute of Science and Technology for Research and Development, 
Mahidol University, Salaya, Nakorn Pathorn 7317O.Thailand.

The peripheral benzodiazepine receptor (PBR) has been 
implicated in the response to a variety of stress stimuli. In this work we 
utilized a semi-quantitative RT-PCR technique to measure PBR mRNA 
levels in the lymphocytes of university students after taking examination 
and in anxious patients. PBR mRNA was amplified from 40 volunteer 
students within 3 hours of completing the first semester university 
examination (exam group) and in 20 follow-up subjects 2 months later 
(control group) and expressed as a ratio of actin mRNA amplified from 
the same samples. The exam group' showed a wider range of values 
than the control group. When the subjects of the exam group with 
follow-up data were divided into three groups (higher, equal and lower 
than the standard deviation range of the control group) the higher and 
lower groups showed significantly higher and lower levels of PBR 
mRNA levels compared to control respectively. The higher group 
showed also a significantly higher level of cortisol while the other two 
groups did not. The PBR mRNA levels of 15 anxious patients (DSM IV) 
were more widely distributed and on average significantly lower than that 
of a control group. Dexamethasone treatment of lymphoma cells Y1 in 
vitro did not alter PBR gene expression. These data indicate that PBR 
gene expression is differentially affected by chronic and acute anxiety 
however the mechanism of by which these changes occur and their 
physiological significance remain to be elucidated. This work was 
supported by Mahidol University, Thailand.
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425.15
cck 4 effects  on  plasma  catecholamines , psychological  
AND CARDIOVASCULAR INDICES IN PANIC DISORDER PATIENTS 
IS DIFFERENT FROM HEALTHY CONTROLS. I. Jerabek*. J, P, 
Bflttlspger. L .fliaflwgjn, M, E, YUJUax^> F JBLJpfewm:- Dept.
of Psychiatry, Universite de Sherbrooke, Sherbrooke, PQ, J1H 5N4, Canada.

Cholecystokmin tetrapeptide (CCIQ induces symptoms very similar to those 
of panic attack. In the present study, 16 healthy volunteers (HV) and 12 panic 
disorder (PD) patients participated in a double-blind, cross-over experiment 
in which psychological, cardiovascular signs and plasma catecholamine 
concentrations (determined using HPLC-ECD) indices were assessed prior to 
and following IV injections of both CCK4 (25 pg) and placebo on two 
different occasions. The results of the present study clearly show that CCK4 
has a more pronounced effect in PD patients in terms of psychological and 
cardiovascular indices. Plasma concentrations of norepinephrine (NE), 
epinephrine (EPI) and dopamine (DA) were significantly increased after CCK4 
administration in HV but not in PD patients. Comparison of HV and PD 
patients in terms of the percentage of maximum increase (relative to baseline) 
revealed a significant interaction between the experimental condition (CCK4 
vs. Placebo) and health status (PD vs. HV) for plasma NE concentrations:
CCK4 injection in HV induced significantly larger increase than placebo 
injection in HV and both injections in PD patients. However, basal plasma 
levels of catecholamines were markedly elvated in PD patients, compared to 
HV. The results indicate that PD patients are more reactive to CCK4 than HV 
controls regarding psychological and cardiovascular effects. The lack of 
significant neurochemical changes in PD patients may be related to their high 
basal plasma catecholamine concentrations. Funded by FRSQ and FCAR

425.16
THE PSYCHIATRIC SEQUELAE OF CIVILIAN TRAUMA:A META- 
ANALYSIS E. S. Brown, M.K. Fulton, F, Petty, A. Wilkerson,
G. L. Kramer* Dept. of Psychiatry UT Southwestern and 
Dallas VA Medical Cneter, Dallas, TX 75235

Stress is defined as a change in homeostasis. The 
harmful physical and psychiatric effects of severe stress 
have long been recognized. Much of the literature on the 
psychiatric consequences of stress has focused on wartime 
combat trauma. However, by sone estimates 50% of the 
population experiences at least one traumatic event and 
over 7% suffer from post traumatic stress disorder (PTSD). 
This investigation reviews the available literature on the 
psychiatric sequelae of civilian trauma and presents the 
results of a meta-analysis. A meta-analysis of fibe 
controlled studies found that generalized anxiety disorder, 
PTSD, major depressive disorder, substance abuse and phobia 
were significantly increased conpared to the pooled 
control group. In contrast, the rates of panic disorder and 
dysthymic disorder were not significantly elevated. These 
data support that the psychiatric effects of civilian 
trauma include both anxiety and depressive disorders. The 
increase in GAD is especially interesting, and suggests 
further investigation on the role of stressors in anxiety 
disorders is needed. Additionally, prospective studies 
which include victims of a variety of common traumatic 
events are needed to determine the longitudinal course of 
anxiety and depression following trauma.

425.17
LONG TERM EFFECTS OF STRESS: A POSSIBLE ANIMAL 
MODEL OF POST TRAUMATIC STRESS DISORDER (PTSD)
E. Grauer*. S. Dachir and T. Kadar. Dept. of Pharmacology, Israel 
Institute for Biological Research, 74100 Ness-Ziona, Israel.

A history of stress exposure determines the ability to cope with stress 
and may result in an increase in the susceptibility to develop PTSD. This 
disorder is associated with stress exposure that may be short and 
“traumatic” or culminate over a long period of life. An animal model of 
some aspects of this disorder may help in the development of treatments. 
Thus, rats were exposed to six weeks of intermittent, variable, 
unpredictable and uncontrollable stress. Stressors include footshocks, 
shaking, cold, isolation, restraint and tail cut (for blood sampling) at all 
hours of the day. At various time intervals following the termination of 
stress the rats were tested in the Morris water maze, the open field, the 
plus maze and the forced swim test. Contrary to the decreased motility 
(freezing) commonly seen following stress exposure, these stressed rats 
showed increased activity when tested even 11 months following stress 
termination. One year following stress termination, the animals were 
sacrificed and their brain removed for histochemical evaluation. 
Extensive experience with stress, uncontrollable and inescapable, 
resulted in long term behavioral hyper-arousal, a symptom often 
described in PTSD victims. This animal model may parallel a possible 
course of events where by previous exposure to stress contributes to the 
‘breakdown’ described as PTSD.

STRESS IV

426.1
THE EFFECTS OF CHRONIC STRESS ON YOUNG FEMALE RATS.
J, EIMJa, Wren, F. Lancaster*. Department of Biology, Texas 
Woman’s University. Denton, TX 76204.

The effects of early stress on vasopressin-expressing neurons in the 
hypothalamus were studied. Newborn Long Evans female rats were 
handled (separated from the the mother and siblings for 15 min per 

day on days 1-7 of life), or left unhandled. On day of parturition 
(DO) twenty female pups (H) were removed from home cage and 
mother and isolated for 15 min/day for seven days. Twenty female 

pups (NH) were unhandled until D23. On D23 all pups were weighed, 
weaned and housed in individual cages. Food (g/kg) and H20 (mis) 
were measured daily and body weights measured weekly. Ten H 
females and ten NH females were immobilized (IM) beginning D23 
and ending D41 with every 7th day off. On D42 animals were 

anesthetized and perfuse-fixed. Forty pm sections of the 
paraventricular nucleus (PVN) of the hypothalamus were labeled 

with polyclonal AVP antibody antisera using immuncytochemistry 
then counterstained. Magnocellular AVP-expressing neurons in the 
dorsomedial parvocellular division of the PVN were counted.
RESULTS: Significant increases in cell counts of HIM females over 
all other groups were observed. CONCLUSION: Animals exposed to 2 
chronic stressors displayed a long-term increase of AVP-expressing 
neurons of the dorsomedial PVN.

426.2
TIME COURSE PROFILE OF BEHAVIORAL AND HORMONAL CHANGES 
FOLLOWING ACUTE SOCIAL DEFEAT IN MALE DBA/2 MICE. G.A. 
Saviolakis, L.A. Lumley+, R.C. Charles, R.F. Charles, M.L. Sipos*, M.A. Hebert,
B.E. Pena,and J.L. Meyerhoff. Division of Neuroscience, Walter Reed Army 
Institute of Research. Washington, DC 20307.

We developed a behavioral test battery in DBA/2 mice in order to 1) profile 
behavioral and hormonal changes that occur after acute social defeat (SD) by 
trained C57BL/6 aggressors, and 2) differentiate aspects of fear and/or anxiety that 
might be preferentially affected by drug treatments. SD consisted of three or four 2 
min pairings with trained aggressive C57BL/6 mice with 2 min rest periods 
between pairings. In Exp 1, a time course for changes in corticosterone (CORT) 
levels after acute SD was evaluated. CORT levels increased after SD, and returned 
to baseline by 6 hr post-SD. Of interest, CORT levels were lower than non- 
defeated control mice (C), 5 days after SD. In Exp 2, using a modified resident- 
intruder paradigm (barrier test), a time course was evaluated for altered behaviors 
observed after acute SD. A barrier placed in the subject’s home cage prevented 
direct physical contact between the nonaggressive intruder C57BL/6 (NAI) mouse 
and the subject. SD mice displayed exaggerated defensive behaviors and avoidance 
relative to C; although these behaviors declined with time, they remained elevated 
relative to C two weeks after acute SD. In Exp. 3, the response of SD mice to either 
DBA/2 or C57BL/6 NAI’s was evaluated. SD mice showed greater avoidance of 
both NAI types than did C; however, the response of SD was greater to the 
C57BL/6 NAI. No differences in CORT levels were observed between groups 1 hr 
after barrier test. In Exp. 4, the effects of DHEA given before or after SD were 
examined in the barrier test, and in a test of territorial urine marking. DHEA given 
only before SD partially blocked development of behavioral changes.
+ Dr. Lumley was supported by a National Research Council Fellowship.
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426.3
EFFECT OF SOCIAL POSITION ON THE RESPONSE TO 
ULTRASOUND STIMULATION. C.S.Shilliam, S.R.G.Beckett,
C.A.Marsden (SPON: Brain Research Association). Department of 
Physiology and Pharmacology, Medical School, Queen’s Medical Centre, 
Nottingham, NG7 2UE, UK

Subordinates from competitive orders have been shown to be more 
sensitive to the actions of anxiolytic agents than dominants from such 
orders. The aim of this study was to investigate whether these 
subordinates displayed behavioural effects suggestive of an increase in 
anxiety or fear. Male Lister hooded rats were housed in groups of 3 at 
weaning and maintained on a food restricted diet for 6 weeks before 
experimentation began. Rats were then habituated to the sweet milk 
solution, used as the palatable substance in competition trials, before 
testing began. After 10 trials, rats were allocated to a positional group, 
dominant, subordinate, and mid-rank according to performance.

When placed into a circular arena and allowed free exploration, no 
differences were observed between dominants and subordinates in 
ambulatory activity. Upon presentation of the 20kHz ultrasound, rats 
responded with a short burst of rapid running followed by a period by 
hypolocomotion that was shown to be intensity dependent.

The response of subordinates to stimulation at 72 and 75 decibels (dB) 
was found to be significantly different to that of dominants and control 
groups. Dominants did not respond in a manner that was significantly 
different to any control group at 72dB or 75dB.

This data suggests that subordinate rats are hypersensitive to fear- 
inducing stimuli, and may represent a sub-population useful for the 
investigation into the effects of chronic social stress on behavioural 
responses and associative neurochemical changes.

426.4
STRESS-INDUCED ACTIVATION OF ENKEPHALINERGIC 
NEURONS IN THE RAT BRAIN: COMPARISON BETWEEN ACUTE 
AND CHRONIC NEUROGENIC STRESS EXPOSURE.
James A. Mansi* and Guy Drolet. Unite de Neuroscience, Centre de Recherche 
du CHUL, University Laval, Quebec, Canada, G1V 4G2.

The present study sought to examine the effects of stress on two distinct 
populations of enkephalin (ENK) expressing neurons of the ventral medulla, 
the paragigantocellular reticular (PGi) and lateral reticular (LRN) nuclei. We have 
previously reported these nuclei as providing the major ENKergic projections to 
hypothalamic paraventricular nucleus (PVH) and hence, represent interesting 
and potential modulators for the endocrine and autonomic stress responses.

Adult male Wistar rats were allocated to either an acute or chronic stress (10 
days) paradigm of immobilization (90 min). To evaluate adaptation to stress, the 
chronic group was subjected to a further 90 min homotypic (immobilization) or 
heterotypic (airjet puff) stress session. The rats were then deeply anesthetized 
either before (0 min) or immediately after (90 min) the stress and perfused . The 
determination of ENKergic neurons activated during stress were done using a 
combination of in situ hybridization histochemistry for ENK mRNA with 
immunocytochemical labeling of the transcription factor Fos as an indirect 
indicator of postsynaptic stimulation.

Acute stress caused a marked increase in both the number of Fos-ir and Fos- 
ENK double labeled cells in both the PGi and LRN. Conversely, chronic stress 
induced an attenuation in both Fos positive and double labeled cells in the PGi 
and LRN with homotypic stress. However,, these ENK containing neurons were 
still responsive with heterotypic stress despite being significantly diminished 
compared to acutely stressed rats, displaying an increase in the number of Fos 
and double labeled neurons with respect to homotypic stress.

These results provide evidence for the involvement of the PGi and LRN in the 
regulation of stress responses through its ENKergic input to the PVH, and 
hence represent possible sites of dysregulation in stress related pathologies 
such as hypertension and depression. Supported by MRC Canada and HSFQ.

426.5
Effects of Prenatal Stress on Development of 
Hippocampal Serotonergic Neurons in the Rat. A.
Hayashi , S. Hamada* and N. Okado Dept. An at., Inst. 
Basic Med. Sci., Univ. Tsukuba, Tsukuba, Ibaraki 305, 
Japan

This study was undertaken to assess possible long- 
lasting effects of mild, indirect prenatal stress upon 
serotonergic system in the hippocampus of offspring. 
Pregnant rats were daily exposed to mild stress 
treatments (consisting crowding and saline injection) 
between embryonic day 15 and 21. On 35 days after birth 
5-hydroxytryptamine (5-HT) level decreased by 15% 
(p<0.05), whereas 5-hydroxyindoleacetic acid (5-HIAA) 
level increased by 20% (p<0.01) in offspring of
prenatally stressed rats. The metabolic rate (5-HIAA/5- 
HT) increased by 50% (p<0.01). No change occurred in 
the level of noradorenaline (NA). 5-HT and NA levels 
were not changed at 14 and 21 days of age. In Morris 
Water Maze performance, prenatally stressed rats at 35 
days of age spent more time searching for the platform of 
the pool than control animals. Together with data in our 
previous studies (J. Neurobiol. 24 : 687-698 ; Neurosci 
Res. 19 : 111-115 ) that have shown 5-HT to facilitate 
synapse formation and maintenance in the central nervous 
system, synaptic loss is suggested to occur in the 
hippocampus by prenatal stress. This may be associated 
with the reported changes in behavior and learning ability 
in offspring of the rats stressed during pregnancy.

426.6
LONG TERM NEUROADAPTATIVE EFFECTS OF POSTNATAL HANDLING IN 
RAT CEREBRAL CORTEX, CEREBELLUM AND HIPPOCAMPUS. M. Dierssen*. 
C. Baamondc. C. Martinez-Cue, I.F. Vallina. J. Florez.
Dept. of Physiology & Pharmacology, Univ. of Cantabria, Santander, Spain.

The effects of postnatal handling (PH) on B-adrenoceptor binding and isoprenaline
(ISO) and forskoline (FK)-stimulated cAMP accumulation were analyzed in cerebral 
cortex (CX), cerebellum (CB) and hipocampus (HC) of 1, 3, 7,12, 18, 24 months-old 
male Wistar rats. The pups were handled daily over the course of the 21 days 
postpartum, removing them from the mother for 10 min. Binding assay was performed 
with 3H-CGP-12177 and unespecific binding was defined with propranolol (lpM). 
cAMP was determined by an isotopic displacement method, and alfa-adrenoceptor 
blockade was ensured by incubation with phenoxybenzamine (ImM). PH increased 
activity in familiar (p<.001) and new environments and reduced reaction to handling 
(p< 001). In CX (pc.OOOl) and HC (p< 05) there was a significant increase in receptor 
affinity without changes in Bmax at 1 month of age. In CB, significant changes were 
found in B-adrenoceptor densities (p< 05) in 1, 3 and 7 months olds and in receptor 
affinity (p<.001) at 1 month. PH modified basal levels of cAMP compared to C at 12 
(p< 05), 18 (p<.001) and 24 (p< 01) months in CX; at 12 months in CB (p<.01) and 
at 1 (p< 05) and 12 (p< 01) months in HC. After incubation with IBMX, the increase 
in cAMP accumulation was lower in H than in C group at 7,12 and 24 months old in CX 
(p<.05); 1,3,12 and 24 months of age in CB (p< 05) and at 1 and 12 months old in HC 
(p<.01). PH produced a reduction in ISO and FK-stimulated cAMP in CX and CB in 
all ages, the concentration-response curve being displaced to the right, and in HC at 1, 
3 and 12 months of age. The long-term modulatory effects of PH on central NA system 
might be relevant for the handling-induced-attenuation of some of the aged-related 
deficits.

(Supported by Ramdn Areces and Marcelino Botin Foundations).

426.7
POSTNATAL HANDLING/MATERNAL SEPARATION ALTERS 
RESPONSES TO STARTLE AND CENTRAL BENZODIAZEPINE 
RECEPTOR LEVEL SUBTYPES IN ADULT RATS. C. Caldii1*. D. Francis1. 
S. Sharma1. P.M. Plotskv2. and M.J. Meanev1.1 Developmental 

Neuroendocrinology lab, Douglas Hospital Research Center, Depts of Psychiatry 
and Neurology, McGill University,Montreal, Canada, H4H 1R3. 2Stress 
Neurobiology Lab., Dept. of Psychiatry, Emory Univ., Atlanta, GA 30322.

Postnatal handling (H) results in reduced latency to eat and greater exploration 
in a novel environment compared to either non-handled (NH) rats or animals 
exposed to repeated postnatal maternal separation (MS) for 180 minutes per day for 
the first 2 weeks of life. In addition, H rats were found to have increased central 
benzodiazepine receptor (CBZ) levels in the amygdala, the locus coeruleus (LC) and 
nuc. tractus sohtaris. We report here on differences observed in the startle response 
test. H animals showed reduced startle responses compared to both NH and MS 
rats. There was also evidence for an increased startle response in the MS rats 
compared with the NH animals at higher decibel tones. In vivo autoradiography 
with 3H zolpidem, which binds for the BZjWj subtype, revealed that H rats had 

significantly greater levels of this subtype in the frontal cortex (area 1), the 
central/lateral/basolateral nucleus of the amygdala, the LC and the nuc. tractus 
solitaris compared to NH and MS rats. These findings lend further support to our 
hypothesis that early life events regulate the development of GABAa /CBZ receptor 
expression in brain regions which mediate responses to novelty stress. (Supported 
by NIMH grant to PMP and MJM)

426.8
MATERNAL BEHAVIOR IN INFANCY REGULATES THE DEVELOPMENT 
OF CENTRAL BENZODIAZEPINE AND CORTICOTROPIN-RELEASING 
FACTOR RECEPTOR LEVELS IN THE AMYGDALA AND LOCUS 
COERULEUS. S. Sharma1 , C. Caldii1. P.M. Plotskv2 and M.J. Meanev.1 
1 Developmental Neuroendocrinology lab, Douglas Hospital Research Center, Depts 
of Psychiatry and Neurology, McGill University .Montreal, Canada, H4H 
lR3.^Stress Neurobiology Lab., Dept. of Psychiatry, Emory Univ., Atlanta, GA 
30322.

Early postnatal handling (H) has been shown to increase the licking and 
grooming of rat pups by the mother ( Liu et al., submitted ). It has been proposed 
(e.g., Levine, 1975) that these alterations in maternal behavior towards the offspring 
mediate the effects of handling. Previously, we found that adult offspring from high 
licking/grooming (HLG) litters results in reduced latency to eat and greater 
exploration (ie. reduced fearfulness) in a novel environment compared to low 
licking/grooming (LLG) animals. These behavioral differences map on exactly to the 
difference observed between H and non-handled (NH) rats (Caldji et al., submitted). 
Since differences in central benzodiazepine (CBZ) and corticotropin-releasing factor 
(CRF) receptor levels were found between H and NH rats ( Caldji et al., Liu et al., 
submitted), we hypothesized that the same differences might occur between HLG.and 
LLG animals. 3H flunitrazepam binding autoradiography revealed, that like H rats, 
HLG rats had significantly greater levels of CBZ in the amygdala, the locus 
coeruleus (LC) and the C2/nucleus tractus solitaris region (C2/NTS) compared to 
LLG animals. In addition, like NH rats, LLG animals were found to have greater 
CRF receptors levels in the LC and C2/NTS region compared to HLG rats using 
125I CRF autoradiography. These findings show that maternal behaviors during the 
first 10 days of life have long-term effects on the development of central 
neurotransmitter systems which mediate the expression of fearfulness to novelty. 
(Supported by a grant from the MRCC to MJM, and from the NIMH to PMP and 
MJM)
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426.9
SENSITIZATION TO THE LOCOMOTOR ACTIVATING EFFECTS OF SNC- 
80, A SELECTIVE DELTA OPIOID AGONIST, IN SOCIALLY DOMINANT 
RATS. A, Skiandos, L.A. Pohoreckv, E.I, Saiff*, K. Rice, X. Zhang and D. 
Beniamin. Division of Neuropharmacology, Center of Alcohol Studies, Rutgers 
University, Piscataway, N.J., 08855 and Laboratory LMC, NIDDK, Bethesda, 
MD.

Singly and triad-housed male Long Evans rats were studied to assess the 
regulation of the delta opioid system in social stress. Delta opioid receptor function 
was assessed by measuring behavioral (open field test) and physiological 
(analgesia) responses in rats injected with saline or the selective nonpeptide delta 
opioid receptor agonist SNC-80 (35 mg/kg IP) after 3 and 50 days of differential 
housing. Dominance status was ascertained by monitoring behavior during the 
initial 30 minutes of triad formation and body weight changes during the first 24-h, 
and by subsequent behavioral assessments. Alpha rats displayed the highest 
frequency of offensive aggression and showed minimal body weight loss. Gamma 
rats showed no offensive aggression, spontaneously emitted defensive ultrasonic 
vocalizations when approached by the alpha rat, and lost the most body weight. 
SNC-80 decreased locomotor activity in all rats at the 3-day test. The alpha rats 
showed increased locomotor activity in response to SNC-80 at the 50-day test 
relative to the 3-day test, while the locomotor activity of subdominant and singly- 
housed rats was still depressed by SNC-80 treatment. The latency to withdraw in 
the tail-flick test was increased in response to SNC-80 in all rats, particularly the 
gamma and singly-housed rats. In contrast, beta rats were more sensitive to SNC- 
80 induced analgesia as measured with the hot plate test. Development of 
sensitization to the excitatory effects of SNC-80, but not to the analgesic effects 
appears to be the result of social dominance. (Supported by grants NIAAA- 
AA05306 and Sigma Xi).

426.10
BRAIN MAP OF LEARNED HELPLESSNESS. Frederick Petty* and Gerald L, 
Kramer. VAMC and Dept. Psychiatry, UT Southwestern Med. Cent., Dallas, TX 
75216

Learned helplessness, a maladaptive response resulting from exposure to 
inescapable stress, is an established animal model for clinical depression and may 
model aspects of post-traumatic stress disorder. Although neurochemical stress 
effects are many, relatively few are associated with subsequent development of 
learned helplessness. We have developed a chemical brain map of learned 
helplessness, based on data from experiments with intracranial microinjections, in 
vivo microdialysis, receptor binding, quantitative in vivo autoradiography and 
mRNA expression.. In this map, the initial stress response activates dopamine in 
medial prefrontal cortex. In rats becoming helpless, serotonin depletion follows 
dopamine activation in cortex. GABA and glutamate modulate with reciprocal 
inhibition. From medial prefrontal cortex, the helplessness message is transmitted 
to hippocampus via entorhinal cortex, using glutamate/GABA. In hippocampus, 
another complex interaction transpires, this time between GABA and 
norepinephrine, which essentially preserve normothymia by tonic inhibition. From 
hippocampus, via septal serotonergic loci, the helplessness state communicates to 
hypothalamus, where norepinephrine modulates. Features of this theoretical model 
include regional involvement of all biogenic amines, a role for glutamate and 
GABA, different neuronal paths for helplessness prevention versus reversal, 
common mechanisms of neurochemical action for pharmacological and behavioral 
treatments, and a rational explanation for the delayed onset of therapeutic action of 
antidepressant drugs. Research in progress will determine the precise 
neurochemical lesions responsible for learned helplessness. Supported by the 
Department of Veterans Affairs.

426.11
NIMODIPINE REVERSES THE BEHAVIORAL DEPRESSION 
PRODUCED BY INESCAPABLE SHOCK IN RATS. S, Saade, 
B. Balleine, T, R. Minor and C. R. Gallistel*. Dept. of 
Psychology, University of California, Los Angeles, CA 90095- 
1563.

We examined the effects of nimodipine, an L-type calcium 
channel blocker, on deficits in shuttle-escape responding produced 
by earlier exposure to inescapable electric shock in male albino rats 
in 4 experiments. Nimodipine (5.0 mg/kg) reduced escape deficit 
in inescapably shocked rats when injected before exposure to 
inescapable shock, after exposure to inescapable shock, and before 
shuttle-escape testing. This reduction in escape deficit also 
occurred when nimodipine was administered to rats one day prior 
to exposure to inescapable shock, immediately before inescapable 
shock, and before shuttle-escape testing. This effect did not occur 
when rats received one injection of nimodipine or when given 
multiple injections not in the above mentioned order. These data 
are discussed in terms of the anxiolytic and anti-ischemic L-type 
calcium channel blocker and their relation to helplessness.

Research supported by grants from the University of California 
Academic Senate and NIMH MH56446.

426.12
IMMOBILIZATION STRESS INCREASES NITRIC OXIDE
PRODUCTION IN THE PARAVENTRICULAR NUCLEUS IN RATS.
M. Mitome1, T. Shirakawa1, T.Kikuiri1, KIchikawa2* and ILDgnchi1. 
iDepartment of Pediatric Dentistry, School of Dentistry, department of 
Anatomy, School of Medicine, Hokkaido University, Sapporo 060, Japan.

The effects of immobilization stress on the production of nitric oxide (NO) 
within the hypothalamic paraventricular nucleus (PVN) were examined by 
means of in vivo microdialysis. Male Sprague-Dawley rats were used in this 
study. After the implantation of a guide cannula in the vicinity of the PVN, 
the rats were adapted to the experimental conditions for four days. On the 
day of sampling, the dialysis probe was inserted into the PVN and Earle’s 
solution was continuously perfused through the probe. Samples were 
collected at 30 min intervals from the freely moving rats. Nitrite (NO2) and 
nitrate (NO3) in the dialysates that are formed from NO were determined with 
Greiss reaction. When the NOX levels became stable, the rats were restrained 
for 30 min and released again. NO2 and NO3 in the PVN showed a 2-3 fold 
increase within 60 min after the start of the immobilization. The stress- 
induced increase of NO2 and NO3 was markedly suppressed by NG- 
Monomethyl-L-Arginine (L-NMMA: lOmg/kg, i.p., an inhibitor of NO 
production) which was injected prior to the immobilization. We also 
examined the relationship between stress-induced norepinephrine release and 
NO production in the PVN. The increase of NO production was not affected 
in animals treated with 6-OHDA into the lateral ventricle, which depletes 
catecholamines innervating the PVN. It is concluded that immobilization 
stress stimulates the production of NO in the PVN and the activation of NO 
production is independent of the release of catecholamines in the PVN.

426.13
EFFECTS OF CHRONIC RESTRAINT STRESS AND FOOD 
DEPRIVATION ON EXPLORATORY BEHAVIOR AND OBJECT 
RECOGNITION IN THE RAT. Beck, K.D.* and Luine, V.N. Departments of 
Psychology, Graduate School and University Center and Hunter College of the 
City University of New York, New York, NY 10021

Our previous research has shown that 21 days of chronic restraint (a 
psychological stressor), for six hours per day, can lead to deficits in spatial 
memory on the radial arm maze task. Our previous neurochemical analysis of 
the prefrontal cortex, following the chronic stress, suggests that dopamine 
utilization is up-regulated in these stressed animals several days following the 
termination of the stress. Others have also shown that food deprivation also 
increases dopamine levels in the prefrontal cortex and both food deprivation 
and footshock (physical stressors) may influence radial arm maze exploration. 
Therefore, we examined if other, non-reward contingent, behavioral measures 
are also compromised following 21 days of psychological stress (restraint) with 
or without an additional period of mild chronic physical stress (food 
deprivation). Differences in the overall number and type of open field 
crossings were found between control and stressed subjects, with stressed 
subjects making more center crossings. Subjects also differed in the object 
recognition task, in terms of habituation and discrimination ratio following a 
four hour delay. Psychologically stressed subjects (restrained only) exhibited 
the least amount of discrimination between an experienced and novel object. 
Neurochemical analysis of tissue monoamine and amino acid levels in several 
brain regions will also be presented. These results suggest that the 21 day 
chronic restraint stress paradigm also effects memory tasks that are not 
dependent on associative learning. Support: PSC-CUNY grant 667252

426.14
ACUTE RESTRAINT PLUS WATER IMMERSION STRESS AND L- 

TYROSINE EFFECT ON OPERANT AND FREE-FEEDING BEHAVIOR IN 
RATS. B.D. Youngblood,* D.H. Ryan, and R.B.S. Harris. Department of 
Neuroscience, Pennington Biomedical Research Center, Baton Rouge, LA 70808.

We previously suggested that 3 hours of restraint plus water immersion (RWI) stress 
may have induced a skilled motor impairment that abolished lever responding 
independent of appetite. The objective of this study were to characterize an RWI 
duration that would disrupt lever responding but not affect free-feeding (FF) and if a 
dose of the catecholamine precursor L-tyrosine would attenuate RWI stress. Male 
Sprague Dawley rats were tested on a 3 cycle 10 min time-out-10 min time-in fixed 
ratio-5 (FR-5) schedule of food reinforcement and FF procedure. Thirty min of RWI 
significantly decreased reinforcers earned, response rate and FF intake. Fifteen min of 
RWI significantly decreased reinforcers earned and response rate but not FF. Rats 
were administered 100.0 mg/kg L-tyrosine or saline IP, 30 min before 15 min of 
RWI. The control-L-tyrosine group had no effect on FR-5 behavior but FF food 
intake was significantly reduced during cycle 2. The RWI-L-tyrosine group 
significantly decreased reinforcers earned and response rate during cycle 3 and 30 
min cumulative total. FF during cycle 1, 2 and 20 min and 30 min cumulative totals 
were significantly decreased. The RWI-saline group significantly decreased 
reinforcers earned during cycle 1 but response rate was not affected. FF during cycle 
2 and the 20 min cumulative total were significantly decreased. The results indicate 
that 15 min of RWI stress by itself affected only FR-5 performance and not FF 
behavior. Intraperitoneal (IP) injection of a 100.0 mg/kg dose of L-tyrosine or saline 
plus RWI did not prevent the stress induced reduction of response rate or reinforcers 
earned and FF behavior was significantly decreased. A possible additive effect of the 
acute stress of the IP injection and RWI may account for the decrease in FF in the 
RWI-saline group, because rats were not injected daily prior to testing.

Supported by the U.S. Army Medical Research grant DAMD 17-92-V-2009
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426.15
LATERALIZATION OF MEDIAL PREFRONTAL CORTICAL 
MODULATION OF AUTONOMIC AND NEUROENDOCRINE STRESS 
RESPONSES IN RATS. R.M.Sullivan* and A.Gratton. Douglas Hosp. 
Research Ctr., McGill University, Montreal, CANADA H4H 1R3.

The medial prefrontal cortex (mPFC) is activated by a variety of 
stressful inputs, and modulates activity within the autonomic nervous system. 
This brain region is also known to exert a negative feedback influence over the 
hypothalamic-pituitary-adrenal axis following exposure to stress. Recent 
evidence also suggests that stress-activated inputs to the mPFC, namely 
mesocortical dopamine inputs, are functionally asymmetric in nature. In the 
present experiment, we sought to determine the effects of lesioning the output 
neurons of the mPFC on autonomic (stress ulcer formation) and neuroendocrine 
(adrenal) stress responses. Fifty-nine male Sprague-Dawley rats received either 
sham (n=17) or ibotenic acid lesions in the left, right or bilateral mPFC (n=14 
per group). Fifteen days later, animals received a 3 hr cold restraint stress 
treatment in Plexiglas restrainers. Rats were then deeply anesthetized, with 
stomachs dissected out, washed and examined microscopically for mucosal 
hemorrhages (ulceration), while adrenal glands were dissected and weighed. It 
was found that while left mPFC lesions had no effect on stress ulcer formation, 
both right and bilateral lesion groups showed highly significant reductions in 
stress ulcers compared to shams or left lesions (p < 0.005 in each case). A 
significant left-biased asymmetry in adrenal weights was also found across 
groups. As well, stress ulcer pathology showed a significant positive correlation 
with mean adrenal weights in controls, however this relationship was disrupted 
in all groups with mPFC lesions. The results suggest the importance of the 
mPFC in the integration of autonomic and neuroendocrine stress responses, with 
the right mPFC playing a particularly crucial role in stress-related pathological 
states. Results of plasma corticosterone profiles in these animals will also be 
discussed. (Supported by FRSQ and MRC).

426.16
A SINGLE RESTRAINT STRESS SENSITIZES ACUTE CHEWING 
MOVEMENTS INDUCED BY HALOPERIDOL, BUT NOT IF THE 5-HTia  
(SEROTONIN-1 A) AGONIST 8-OH-DPAT IS GIVEN PRIOR TO STRESS. 
Emilio Fdcz. ESPEJO*, Eladio GIL Dept. de Fisiologia Medica y Biotisica. 
Universidad de Sevilla. SPAIN.

A single stress is known to induce a long-lasting sensitization of catalepsy 
after haloperidol. However, a fully behavioral study of sensitization to 
haloperidol after single stress in rats has not been performed. On the other hand, 
the ability of 8-OH-DPAT, a 5-HTia  agonist, to reverse haloperidol-induced 
catalepsy in rats is well documented, but the role of 8-OH-DPAT on stress- 
induced sensitization to haloperidol still has not been clarified. The objective of 
this study was twofold: i) to analyze behavioral sensitization to haloperidol two 
weeks after single restraint stress, and ii) to establish the effects of 8-OH-DPAT 
treatment prior to stress on sensitized behavioral responses. Overall behasior 
was analyzed and, not only catalepsy, but also sedation (immobility), grooming, 
exploration, and vacuous chewing movements (VCM) were evaluated. Results 
indicated that single restraint stress induced a long-lasting sensitization of acute 
VCM frequency (p<0.05 vs. non-stressed rats) induced by haloperidol (0.25, 
0,5 mg/kg IP). Interestingly, this behavioral sensitization was pres ented by 
8-OH-DPAT (0.35 mg/kg SC) prior to stress, suggesting that this 5-HTi a  agonist 
is able to block those neural changes which led to VCM sensitization after stress. 
8-OH-DPAT treatment without stress was devoid of effects on VCM frequency 
after haloperidol, Finally, haloperidol-induced sedation was disrupted by neither 
restraint stress nor 8-OH-DPAT treatment. These findings might have clinical 
importance, because acute VCMs are related to acute motor side-effects of 
neuroleptics. Supported by a grant to EFE from Junta de Andalucia, Spain (group 
CVI0127, PAI).

426.17
RAT BRAIN THYROID HORMONE CONCENTRATIONS AND METABOLISM 
ARE EXTREMELY SENSITIVE TO STRESS. G. Pinna* L. Hiedra. M. Eravci. 
H. Meinhold, H. Prengel and A. Baumgartner. Department of Radiological 
Diagnostics and Nuclear Medicine, Klinikum Benjamin Franklin, Free University of 
Berlin. Hindenburgdamm 30, 12200 Berlin, Germany.

Different forms of acute stress have been reported to have very little if any effect 
on serum thyroid hormone concentrations in both man and experimental animals. 
Thyroid hormone metabolism in rat brain is different from that described in 
peripheral tissue such as liver, where the 5T-deiodinase (5‘-DI) catalyses the 
deiodination of all iodothyronines. In the CNS two other deiodinases isoenzymes 
have been identified: type II deiodinase (5‘-DII) is a selective outer ring deiodmase 
which catalyses the deiodination of the prohormone T4 to the active metabolite T3, 
and type III deiodinase (5-DIII) that catalyses the inactivation of T? to 3,3‘T2. In this 
study we investigated the effects of stress on thyroid hormone tissue concentrations 
and metabolism in the rat CNS. The effects of the following forms of acute stress 
were investigated: 1) an intraperitoneal injection of saline; 2) an intubation by 
gavage; 3) gentle handling for 1 min.; 4) “rough" handling for 1 min.; 5) motoric 
stress (staying in drums which were rotated at speed of one rotation/45 sec. for 1 hr). 
All animals were decapitated 2 hr after exposure to stress. The measurement of 
deiodinase activities was based on the release of radioiodide from l25I-labelled 
substrates. After all forms of stress, we measured significant increases in the activity' 
of the 5‘-DII in different brain areas such as frontal cortex, amygdala and 
cerebellum. 5-DIII activity remained unchanged throughout. The increases in 5‘-DII 
activity were accompanied by sometimes dramatic rises in tissue T3 and falls in 
tissue T4 concentrations. In some cases T4 concentrations were more than halved and 
T3 levels doubled. These effects were seen after all forms of stress. However, the 
quantity of the effects and the brain regions which were affected varied somewhat 
between the different forms of stress. No stress effects were noted on liver 5‘-DI 
activity and on serum T4, T3 and TSH concentrations. We conclude that even mild 
forms of stress induce increases in the production of the metabolically active thyroid 
hormone T3 in the CNS. These results raise the question whether thyroid hormones 
may have as yet unknown importance in modulating CNS reactivity to 
environmental stimuli.
Supported by Grant Ba 932/5-2 of the Deutsche Forschungsgemeinschaft.

426.18
IMMOBILIZATION STRESS ACTIVATES c-JUN N-TERMINAL PROTEIN 
KINASE (JNK) IN SEVERAL RAT TISSUES. B. Nankova*1, S.Y. Fuchs2 
Z. Ronai2 and E.L. Sabban New York Med. Coll., Valhalla, NY 10595, 
2Ruttenberg Cancer Cntr. Mt. Sinai Sch. Med., New York, NY 10029.

Immobilization stress activates transcription of the genes encoding 
catecholamine biosynthetic enzymes, tyrosine hydroxylase (TH) and 
dopamine B-hydroxylase (DBH). The precise mechanisms by which 
stress induces the biochemical signals leading to changes in their gene 
expression are largely unknown. We have shown that the stress elicited 
elevation of TH and DBH transcription in rat adrenal medulla is 
correlated with enhanced DNA binding activity of transcription factors 
interacting at TH-AP1 and DBH-CRE/AP1 promoter elements. Stress 
activated protein kinase (SARK/JNK) phosphorylates AP1/CRE motif 
binding proteins c-Jun and ATF2 in response to a variety of cellular 
stress stimuli and increase their transcriptional activities. While this 
pathway is intensively studied in cultured cells, little is known about 
their regulation and physiological role in vivo, or relevance to 
pathological conditions. Therefore we examined the effect of various 
times of immobilization on c-Jun N-terminal protein kinase (JNK) 
activity in extracts of adrenal, aorta, sympathetic ganglia, and several 
brain areas. The basal levels, time course and relative magnitude of 
stress induced JNK activity differed among tissues of the same animal. 
Significant activation was observed in adrenal medulla, adrenal cortex, 
aorta and hippocampus but not in superior cervical ganglia, pituitary, 
cortex and locus coeruleus. These data suggest possible role of JNK 
signal transduction pathway in stress elicited activation of gene 
transcription in vivo (Supported by NS32166).

426.19
PREDATOR EXPOSURE INDUCES INCREASE IN DOPAMINE 
METABOLITES IN THE RAT PREFRONTAL CORTEX. J.N, Nikulina*. M.T, 
Bardo. D.C. Blanchard, RR Sakai, C. McKittrick. C. Markham. T, Laskey and R.J.
Blanchard. Bekesy Laboratory of Neurobiology', University' of Hawaii, Honolulu, 
HI 96822.

In a painless model of psychological stress female rats were exposed to an innate 
threat stimulus, a predator (cat), for a single, 1-hr period, or, for 5 daily 1-hr 
sessions. Controls were exposed to a toy cat. Extremely high (80-90%) levels of 
freezing were observed during exposure to the cat, but not to the control stimulus. 
No evidence of behavioral habituation was seen over 5 sessions. Rats were 
sacrificed immediately after the last exposure and trunk blood and brains were 
collected. Corticosterone (CORT) levels were significantly elevated following cat 
exposure in the multiple exposure group but not in the single-exposure group, as 
CORT levels were also elevated after a single exposure to the novel toy cat control. 
Levels of the dopamine metabolite, DOPAC, in the prefrontal cortex (PFC) were 
elevated in both single and 5-day cat exposure groups. Dopamine (DA) and 
DOPAC levels were not affected in nucleus accumbens (NA), ventral 
mesencephalon (VM), striatum (STR) or olfactory tubercules (OT), but 
DOPAC/DA ratios were significantly lower for the multiple exposure group in 
PFC, NA, and VM. These data suggest that the multiple cat exposure model 
induces a pattern of behavioral, endocrine, and neurotransmitter changes.

Supported by NSFIBN95-11349

426.20
DEFENSIVE RESPONSES AND THE PERIAQUEDUCTAL, GRAY: THE ROLE 
OF MU-OPIOID RECEPTORS IN EARLY DEVELOPMENT OF THE RAT 
K. §, Smith, Q. A. Goodwin^and^A-Bam Hunter College and NY 
State Psychiatric Institute 722 W. 168th St. New York, NY 10032.

Near the end of the second postnatal week, infant rats exhibit a 
pronounced immobility response and a suppression of ultrasonic 
vocalizations (USV) in the presence of an unfamiliar adult male rat - a 
potential predator. In the adult, the periaqueductal gray (PAG) is 
necessary for the production these responses: furthermore, opioid 
receptor stimulation in this brain area inhibits the production of 
defensive responses. In the present study, we tested the hypothesis that 
mu opioid receptor stimulation of the PAG of infant rats would 
suppress the responses evoked by the presence of an unfamiliar adult 
male. We measured immobility, USV production, and heart rate. 
Subjects were observed during a 5 min pre-injection period and 5 min 
post-injection period. During post-injection period, either an adult male 
or nothing (control) was placed on the other side of a wire mesh 
partition. Subjects were injected with 0.0, 4.0, 20.0, or 100.0 pmol 
DAMGO through a cannula directed at the caudal, dorsal PAG. 
Following presentation of the male, subjects exhibited bradycardia 
during the first two minutes of the test, an effect not previously 
documented. These subjects also exhibited increased immobility and 
decreased USV production. Neither the behavioral or heart rate effects 
were altered by DAMGO. In the control condition, where subjects 
were isolated, they produced higher levels of USV’s, a response that 
was suppressed, though non-significantly, by DAMGO. In other work 
we have found this procedure to potently suppress USV’s in slightly 
younger, isolated rat pups. Thus PAG mu receptors mediate isolation 
induced USV production but not the behavioral and heart rate 
responses evoked by an unfamiliar adult male. Supported by grants: 
DA-07341 andDA-05712.
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427.1
EFFECTS OF CHRONIC INFUSION OF NPY INTO THE 
MEDIAL PREOPTIC AREA OF LACTATING RATS. IL
Woodside* and C. Lauav. Center for Studies in Behavioral 
Neurobiology, Department of Psychology, Concordia University, 
Montreal, Canada.

In previous studies we found that chronic infusion of NPY into the 
lateral ventricle of lactating rats from days 12-19 postpartum reduced 
the length of lactational anovulation as well as decreasing pup growth. 
Maternal behavior was not affected by NPY treatment. As part of a 
series of studies investigating the site of action of NPY in producing 
these effects we determined the effects of chronic infusion of NPY 
into the medial preoptic area (MPOA) of lactating rats. NPY or 
vehicle was infused unilaterally into the MPOA via an indwelling 
cannula attached to an osmotic minipump from Day 12 to Day 19 
postpartum at a daily dose of NPY of lyig/rat. Food intake, female 
and litter weight and vaginal cytology were recorded daily. NPY 
treated animals showed a shorter period of lactational anovulation than 
females in the vehicle-treated group. Litter weight gain, food intake 
and female weight gain did not differ between the groups. These 
results suggest that NPY can stimulate the reproductive axis of 
lactating females, at least at this stage of lactation. Further, the 
suppressive effect of NPY infusion on milk production and or let 
down can be dissociated from its effects on length of lactational 
diestrus. (Supported by MRC Grant #MA-10158 to B.W.)

427.2
CORTICAL AND HIPPOCAMPAL PARVALBUMIN STAINING 
IS INCREASED IN LACTATING RATS
D.A. Cruz. W.W. Le* and G.E. Hoffman Dept. Neurobiology, Univ. 
Pittsburgh, Pittsburgh, PA 15261, Dept. Anatomy and Neurobiology, 
Univ. Maryland, Baltimore, MD 21210.

During neuronal excitation, increases in internal Ca+2 
concentrations participate in important events, such as the release of 
neurotransmitters. When excessive, the internal Ca+2 buffering 
systems (Ca+2 storage compartments and Ca+2 binding proteins) can no 
longer accomodate the excessive Ca+2 present, and the excitation can 
lead to excitotoxic cell death. Lactating rats, unlike cycling rats, have 
decreased neuronal responses to excitatory stimuli and are protected 
from excitotoxic cell death. One mechanism that may be responsible 
for blunted excitation in lactating rats is an increased ability of neurons 
to buffer changes in internal Ca+2 concentrations. We examined levels 
of the Ca+2 binding protein parvalbumin in lactating and cycling rats in 
the cortex and hippocampus. Immunocytochemical (ICC) analysis of 
the parvalbumin protein was performed on 25 Jim-thick coronal 
sections from lactating rats at day 6 post-partum and cycling rats at 
diestrus I (DI) in die estrous cycle. Lactating rats had greater 
parvalbumin staining in the cortex and hippocampus compared to DI 
rats suggesting that lactation causes increased production of 
parvalbumin protein and allows neurons to have greater Ca+2 buffering 
ability. Further studies will investigate whether these results are due to 
differences in the ability to stain lactating and DI rat tissue or to 
differences in parvalbumin protein expression.
Sponsored by NS 28730 and APA Minority Fellowship in Neuroscience.

427.3
SITE AND BEHAVIORAL SPECIFICITY OF PERIAQUEDUCTAL GRAY LESIONS 
ON MATERNAL BEHAVIOR IN LACTATING RATS. J.S. Lonsteirf and J.M. 
Stern . Dept. of Psychology, Rutgers University, New Brunswick, NJ 08903.

We previously demonstrated, and herein replicate, that prepartum 
electrolytic lesions within the caudal one-third of the PAG lateral and 
ventrolateral to the cerebral aqueduct (cPAG-x) enhance maternal aggression 
and selectively impair the display of the upright crouched (kyphotic) nursing 
posture but not nursing in other postures, active maternal behaviors such as 
retrieval and licking of the pups, or lactation. In contrast, lesions within the 
rostral one-third of the PAG (rPAG-x) selectively impaired the duration, but not 
latency or number, of pup retrievals while producing no effects on other 
maternal processes including kyphosis, aggression, and lactation. Damage 
to the cPAG, but not rPAG, also disrupted lordosis in response to male 
mounts during the postpartum estrus. To determine if the increased 
aggression of cPAG-x dams was specific to maternal aggression, dams were 
tested for aggression against a 21-day-old male juvenile rat pup on day 7 
postpartum immediately after removal of the litter, as well as against an adult 
male intruder 24-hr later, a procedure which typically eliminates maternal 
aggression. cPAG-x dams did not show increased aggression toward the 
juvenile male or toward the adult male after being separated from their pups 
for one day. These results demonstrate that specific areas of the PAG are 
necessary for particular components of maternal behavior, and that the cPAG 
modulates aggression associated with the maternal state in female rats.

Supported by NIMH grant MH 404-59 to J.M.S.

427.4
EXPRESSION OF C-FOS, FOS B, AND EGR-1 IN MEDIAL 
PREOPTIC AREA AND BED NUCLEUS OF STRIA TERMINALS 
DURING MATERNAL BEHAVIOR IN RATS. M, Numan*. M, J, 
Numan, S. R. Marcella and A, Palumbo. Dept. Psychology, Boston 
College, Chestnut Hill, MA 02167.

Previous research has shown that maternal behavior is associated with a 
dramatic increase in the number of medial preoptic area (MPOA) and bed 
nucleus of stria terminal!s (BST) neurons that express c-Fos immuno- 
reactivity. The present study compared the temporal expression of c-Fos 
with that of Fos B and Egr-1 within the MPOA/BST during maternal 
behavior. Fully maternal primiparous rats were separated from their pups 
on day 4 postpartum (pp). On day 7 pp, one group of females was 
perfused (0 hr group), while the remaining groups were reunited with 
pups for either 2,4, or 6 hrs of maternal experience prior to perfusion. 
Standard immunoperoxidase procedures were performed on alternate 
sections of each brain with specific primary antibodies (Santa Cruz 
Biotech.) to detect c-Fos, Fos B, and Egr-1. Preliminary results indicate 
that Egr-1 is not expressed in MPOA/BST during maternal behavior. The 
number of MPOA/BST cells that express c-Fos immunoreactivity peaks at 
2 hrs and remains high for the entire 6 hrs of maternal experience. Fos B 
expression in MPOA/BST tended to peak after 4-6 hrs of maternal 
experience. These results indicate that both c-Fos and Fos B may be 
involved in regulating MPOA/BST neurons involved in maternal 
behavior. The Fos B results gain in significance because of the work of 
Brown et al (1996: Cell, 86. 297-309) which showed that a knockout 
mutation of the Fos B gene disrupted maternal behavior in mice. 
Supported by NSF Grant IBN 9319315.

427.5
MEDIAL PREOPTIC AREA (MPOA) NEURONS DIFFERENTIALLY AFFECT 
NON-HORMONALLY MEDIATED DISPLAY OF MATERNAL BEHAVIOR IN 
27- AND 60-DAY OLD RATS. M. Katinichev*1. J.S. Rosenblatt2 and 
J.I, Morrell T Center for Molecular and Behavioral Neuroscience & Institute of 

Animal Behavior-, Rutgers University, Newark, NJ 07102.
Male and female juvenile rats (18-30 day old) exhibit maternal behavior (MB) when 

exposed to newborn pups continuously for 2-7 days. In adult rats lesions of the 
medial preoptic area (MPOA) block the onset and maintenance of MB in parturient or 
sensitized (induced by pup-cohabitation) animals. We examined the role of the 
MPOA neurons in pup-induced (non-hormonal) MB in male and female juveniles 
(27-day old) compared to the role of the MPOA in MB of young adult (60-day old) 
female rats. Experimental animals received bilateral injections of NMA cytotoxin 
into the MPOA 5 to 6 days before pup-exposure. Untreated, intact animals of the 
same age served as controls. Adult females were ovariectomized. Starting at 27 or 60 
day of age, juvenile and young adult animals w ere tested for MB, locomotion, and 
carrying ability for 10 days. Histological analysis of lesions was performed using a 
fluorescent retrograde tracer (Fluoro-Gold), along with the cresyl violet stained 
sections. Based on histological analysis, experimental animals with lesions of the 
MPOA were categorized as having either smaller (less than 25% of the total volume 
of the MPOA) or larger (between 25% and 95% of the total volume) lesions. The 
larger, but not the smaller, volume lesions of the MPOA blocked the onset of 
retrieval and impaired nest-building, while crouching behavior was unaffected in 27- 
day old juvenile rats. In contrast, in 60-day old animals smaller lesions of the 
MPOA were as effectiv e in blocking all aspects of MB as larger lesions. Regardless 
of size, lesions of the MPOA had no effect on carrying ability or locomotion in 
either age-groups. These data suggest that by 27 days of age the unique role of the 
MPOA neurons in expression of MB is only partially established. By 60 days of age 
the unsubstitutabie role of the MPOA neurons in expression of MB of an adult 
animal is fully established.

Supported by the Sigma Xi Grant-in-Aid of Research to MK.

427.6
N-METHYL-DL-ASPARTIC ACID LESIONS OF THE DORSAL/ANTERIOR 
HYPOTHALAMIC AREAS AND VENTROMEDIAL HYPOTHALAMUS 
STIMULATE MATERNAL BEHAVIOR IN ESTROGEN-PRIMED, 
NULLIPAROUS RATS. R.S. Bridges*. J.S. Coppeta, P.N. Ngo, and P.E. Mann. 
Dept. Biomedical Sci., Tufts Univ. Sch. of Vet. Med., North Grafton, MA 01536.

Examinations of the neural substrate underlying the regulation of maternal behavior 
have focused to a large extent upon the involvement of the medial preoptic area and 
its connections. More recent work has indicated that other hypothalamic areas may 
also have a role in the induction of maternal care. Specifically, infusions of saline as 
well as cannula placements into the ventromedial hypothalamus (VMH) of estrogen- 
primed, nulliparous rats have been found to stimulate a more rapid onset of maternal 
care toward foster young. The present study investigated the role of the VMH 
together with more dorsal hypothalamic structures, i.e. dorsal hypothalamus (DH) and 
anterior hypothalamic area (AHA), in the induction of maternal behavior in 
nulliparous female rats. In the first study, adult, ovariectomized rats were exposed 
to estradiol (E) or blank implants s.c. and then given bilateral N-Methyl-DL-Aspartic 
Acid (NMA) neurotoxic lesions of the DH/AHA. Upon exposure to foster young, 
lesioned, E-treated females responded maternally significantly faster than did sham- 
lesioned or non-E-treated controls (latencies to respond: 1 day for NMA-E group, 3-4 
days for all other groups). In the second experiment the effects of NMA lesions of 
the VMH were compared with those of the DH/AHA. All animals were E-treated 
prior to lesions or sham-lesions. As in the first experiment, NMA lesions of the 
DH/AHA resulted in significantly shorter behavioral latencies (1 day) than did sham- 
lesions (5 days). NMA lesions of the VMH likewise facilitated a rapid onset of 
maternal care in nulliparous rats (2 day latency). These findings indicate that both the 
DH/AHA and VMH exert an inhibitory influence on the neural circuitry regulating 
maternal behavior, an influence which may be overridden by exposure to elevated 
levels of hormones during pregnancy. Supported by NIH Grant #HD 19789 [RSB].
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427.7
PROLACTIN INDUCES MATERNAL BEHAVIOR IN A FEMALE RAT MODEL 
KNOWN TO HAVE HIGH LEVELS OF PROLACTIN RECEPTORS 
IN THE BRAIN. J.C. BakowskaL J.S, Rosenblatt? and J.I, Morrell* . *CMBN, 
^Institute of Animal Behavior, Rutgers University, Newark, NJ 07102.

Studies by Bridges et al.(1990) showed that central prolactin 
infusions, most likely acting on its cognate receptors in the brain, 
stimulate maternal behavior (MB) in ovariectomized female rats, but only 
in the presence of 5mm estradiol (E2) s.c. implant. Others suggested that 
E2 up-regulates prolactin receptors. We hypothesized that establishing 
high levels of E2 might not be necessary for prolactin to stimulate MB if 
the population of prolactin receptors in the brain is already high. 
Sugiyama et al.(1994) showed that prolactin receptor transcript in the rat 
brain is elevated in the second half of pregnancy. We examined whether 
prolactin stitnulates MB in a rat model when it has high levels of prolactin 
receptors in the brain. Pregnant rats were implanted with cannula into the 
lateral ventricle on day 11 of pregnancy. On day 16 of pregnancy, rats 
were ovariectomized, hysterectomized, injected with 1.25pg/kg of E2, and 
infused with vehicle (VEH; n=9) or ovine prolactin (oPRL; 50pg/5pl; n=8) in 
5 infusions, twice a day starting on the day of surgery. Behavioral testing 
with pups started 48 hours after surgery and lasted 5 days. oPRL treated 
dams showed a statistically-significant shorter latency to the retrieval of 
pups (l.l+0.4days) than VEH treated females (3,l+0.7days). Forty-eight 
hours after the first exposure to pups 88% of oPRL-treated females, but 
only 33% of VEH-treated females, retrieved pups. Once dams became 
maternal they showed all aspects of maternal behavior: nestbuilding, 
licking, pup retrieval, crouching over pups, and maternal aggression. 
These results demonstrate that in this rat model central prolactin infusions 
stimulate rapid onset of all components of MB .(Supported by HD22983 to JIM)

427.8
MICRODIALYSIS INFUSION OF C-FOS/C-JUN ANTISENSE OLIGONUCLEOTIDES 
IN THE PARAVENTRICULAR NUCLEUS ALTER NEUROTRANSMITTER 
RELEASE, GENE EXPRESSION AND MATERNAL BEHAVIOUR. A.Pa Costa* 
R.Guevara-GuzmanLS.Qhkyra^-GLDeLa Riva and K.M.Kendrifik Dept Neurobiology, 
TheBabraham Institute, Cambridge CB2 4AT, UK; +Dept. Physiology,UN AM, Mexico 
04510
In sheep, birth leads to the induction of maternal behaviour through brain oxytocin release. 
Associated with this, there is an upregulation of oxytocin, opioid and corticotrophin- 
releasing hormone (CRH) gene expression, as well of the immediate early gene c-fos in 
the paraventricular nucleus (PVN). The present experiments investigated the role of c-fos 
dimerizing with c-jun in controlling the induction of maternal behaviour and peptide gene 
expression occurring at birth. To achieve this, fluorescence labelled antisense 
oligodeoxyribonucleotides (ODNs) against c-fos!c-jun were administered bilaterally in the 
PVN, using microdialysis probes with 100KD cut-off membranes.

Six hours of antisense administration elicited a significant reduction in glutamate 
concentrations (by 69.3%) in comparison with the scrambled ODNs (by 16.4%) (P<0.05) 
and prevented the normal increase in the release of glutamate at birth. Similarly, the 
antisense treatment resulted in a lower birth-induced increase in the concentration of 
oxytocin in the PVN whilst reducing the peak of low pitched bleats and sniffing, shown 
by post-partum maternal ewes 10 to 15 minutes following birth.

Subsequent in situ hybridization histochemistry showed that the birth-induced levels 
of c-fos mRNA expression in the PVN were reduced by the antisense ODNs and not by 
the scrambled. In addition, the antisense treatment significantly reduced birth-induced 
upregulation of OT, CRH and pre-proenkephalin (PENK) mRNA whilst not affecting that 
of arginine vasopressin mRNA levels.

These results suggest that c-fos/c-jun transcription factor play a role in the birth- 
induced upregulation of oxytocin, CRH and PENK gene expression in the sheep PVN, 
although the consequences of this for the induction of maternal behaviour are relatively 
minor. The use of microdialysis to continuously administer low concentrations ODNs in 
specific brain areas, appears to avoid neurotoxic effects seen with some direct injection 
methods.
This work was partially financed by JNICT, Portugal.

427.9
ADRENAL INVOLVEMENT IN PROLACTIN-INDUCED HYPERPHAGIA IN DOVES: K.A. 
Koch1 J.C, Wingfield2, and J.D. Buntin*1. 1Dept. Biol. Sci., U. Wisconsin-Milwaukee, 
Milwaukee, Wl 53201; 2Dept. Zoology, University of Washington, Seattle, WA 98195.

During the post-hatching phase of the breeding cycle, breeding pairs of ring doves 
(Streptopelia risoria} increase their food consumption to meet the food demands of their 
growing young. Prolactin is implicated in this response based on studies in non-breeding 
doves, which show that intracerebroventricular (ICV) injections of prolactin (PRL) markedly 
elevate food intake. Since both corticosterone (CORT) and PRL levels in blood are 
reportedly elevated during the post-hatching period, we investigated the role of adrenal 
steroids in prolactin-induced hyperphagia. In the first study, non-breeding male doves 
maintained on 14L: 10D (lights on at 0700h) were bled for plasma CORT measurements at 
0400h and 1600h. Birds were sampled again after 5-7 days of twice-daily ICV injections of 
ovine PRL (1pg/2pg) or vehicle. In contrast to control birds, males given ICV PRL (n=12) 
showed a 54±7% increase in food intake during the first 5 days of treatment. ICV PRL- 
treated males also exhibited a 120±27% elevation in plasma CORT at 0400h (p<,001) and a 
193±50% increase at 1600h (p<001). In contrast, plasma CORT levels obtained after ICV 
injections of vehicle (n=15) did not differ from pretreatment levels. A second study examined 
the orexigenic effects of glucocorticoids in non-breeding males. Food intake was monitored 
before and during a 5 day period of ICV dexamethasone (DEX; 0.5pg/2yl; n=6) or 
cyclodextrin vehicle (n=5) given twice daily at 0900h and 2000h. During the treatment 
period, average food intake increased by 19.5±7.0% in DEX-treated birds (p<025). In 
contrast, cyclodextrin-treated controls exhibited a 16.2±6.4% decrease in food consumption 
during the treatment period (p=.1O). While baseline food intake did not differ significantly 
between the two groups, average food intake during the treatment period was 48.4% higher 
in DEX-treated males than in controls (p<001). These results suggest that PRL-induced 
hyperphagia could be mediated in part by activation of the hypothalamic-pituitary-adrenal 
axis (supported by NIMH 41447 to J.B.)

427.10
THE EFFECT OF FOOD DEPRIVATION ON THE 
LENGTH OF LACTATIONAL DIESTRUS OF RATS IS 
REVERSED BY LEPTIN TREATMENT. A. Abizaid*, S. 
Jafferali, and B.C, Woodside. Center for Studies in 
Behavioural Neurobiology, Concordia University, Montreal, Canada.

Periods of food deprivation are known to delay puberty , 
disrupt the estrous cycle, and suppress circulating levels of LH in 
female rodents. The present study examined whether an acute period 
of food deprivation during lactation would prolong the length of 
lactational infertility. Further, because evidence points to leptin, the 
protein product of the Ob gene, as a metabolic signal that modulates 
reproductive function, we determined whether leptin would reverse 
this effect. In Experiment 1 dams food deprived during days 13-14 
of lactation (FD) showed a longer period of lactational diestrus than 
those fed ad libitum (AL). In Experiment 2. animals in a FD group 
received two daily intraperitoneal injections of leptin (2.5 mg/kg/day; 
Preprotech Inc, N.J.) during the fasting period and their length of 
lactational diestrus was compared with AL and FD animals receiving 
vehicle. FD animals that received the leptin treatment showed a 
shorter period of lactational diestrus than FD animals that were given 
the vehicle, and similar to that of vehicle treated AL dams. These 
results suggest that acute food deprivation prolongs the length of 
lactational diestrus, and that leptin blocks the effect of these increased 
energetic demands on the length of lactational infertility in rats. 
Current experiments focus on the efficacy of central administration of 
leptin to produce similar effects. (Supported by grant #MA 10158 
from the Medical Research Council of Canada to B.W.)

427.11
EFFECTS OF INTRACEREBROVENTRICULAR ADMINISTRATION 
OF PROLACTIN TO VIRGIN FEMALE RATS ON EXPRESSION OF FOS 
PROTEIN IN SELECTED HYPOTHALAMIC SITES. D, Sauve* and
B.C, Woodside, Centre for Studies in Behavioral Neurobiology, 
Concordia University, Montreal, Canada.

Central Prolactin (PRL) administration produces a wide diver-sity 
of behavioral and physiological effects. In the present study, we 
determined the pattern of cellular activation in the hypothalamus 
of virgin female rats following intracerebroventricular (icv) ad-
ministration of PRL using Fos-like immunoreactivity as a marker. 
Rats receiving one icv injection of PRL (2 gg/0.5 pi) had a higher 
mean number of cells exhibiting Fos-lir in the PVN and in the 
MPOA compared to that of saline-treated rats, whereas the mean 
number of cells showing Fos-lir in the VMH and the medial preoptic 
nucleus was not significantly different between the two groups. 
Given that certain PRL-mediated behaviors such as maternal 
behavior and feeding behavior are known to require multiple 
central injections of PRL before they are induced, a second study was 
undertaken to investigate the effects of various number of icv in-
jections of PRL on Fos-lir. Preliminary results reveal that the 
highest level of cells showing Fos-lir was observed in the PVN of rats 
exposed to 15 icv injections of PRL (2 injections/day; 2 ug/0.5 
pl/injection). The pattern of cellular activation as revealed by Fos- 
lir correlates well with our behavioral data documenting the hyper- 
phagic effects of icv and intra-hypothalamic PRL administration 
and might reflect an upregulation of PRL receptors resulting from 
chronic infusions of PRL.
(Supported by grants from NSERC (#7938) & FCAR to B.C.W.)

427.12
EFFECTS OF THE SEROTONIN REUPTAKE INHIBITOR FLUOXETINE ON 
SOCIAL BEHAVIORS IN MALE AND FEMALE PRAIRIE VOLES. C. Villalba.* 
P.A- Boyle, G. J- DeVries.
Neuroscience and Behavior Program, Department of Psychology, University of 
Massachusetts, Amherst, MA 01003-7710.

The serotonin reuptake inhibitor, fluoxetine, modifies the behavioral effects of 
vasopressin and the production and/or release of vasopressin in the central nervous 
system. Because parental behavior and nest defense in prairie voles depends more 
heavily on vasopressin in males than in females, we tested whether the effects of 
fluoxetine on these behaviors differ by sex. Experienced breeders were chronically 
treated with fluoxetine or saline and subsequently tested for parental responsiveness. 
Fluoxetine-treated animals displayed a longer latency to exhibit parental responsiveness 
than did saline-treated controls (ANOVA, p<0.02), but did not differ in other aspects 
of parental care. There were no sex differences in the effects of fluoxetine on parental 
behavior. After the parental behavior tests, subjects were tested for aggressive behavior 
with the resident-intruder paradigm. Fluoxetine-treated males displayed less aggressive 
behavior than saline-treated controls when serving as intruders or as residents 
(ANOVA, p<0.02). Although we did not find any effects of fluoxetine on aggressive 
behavior in females, no significant interaction was found between sex and treatment.

In a second experiment, we studied the effects of fluoxetine on the development of 
parental behavior. We treated males and females three days after cohabitation with 
fluoxetine for one week after which the animals were tested for parental behavior. All 
males were parentally responsive, irrespective the treatment, whereas none of the 
females were. As in the previous experiment, males treated with fluoxetine showed a 
longer latency to exhibit paternal behavior than did saline-treated controls.
The data suggest that males and females use different strategies in becoming parental. 
This research was supported by NIMH grant MH47538 to GJD.
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427.13
CONSPECIFIC SOCIAL SIGNALS INFLUENCE TESTES SIZE AND 
ANDROGEN LEVELS IN THE SOUTHERN LEOPARD FROG. J. Chu* and W, 
Wilczvnski. Department of Psychology, University of Texas, Austin TX 78712.

Although much attention has focused on the effects of neuroendocrine changes on 
behavioral response, less emphasis has been placed on how behavioral or social 
interactions may in turn influence endocrine states. We investigated the effects of 
male conspecific calls on gonads and plasma testosterone levels in male Southern 
leopard frogs, Rana sphenocephala. This species breeds explosively in the 
Southern U.S. following seasonal rains. During breeding, males gather densely 
around ponds and actively chorus. Males were collected during the breeding 
season, and brought back into the laboratory and held for several weekes before 
testing. Animals were exposed nightly to one of three auditory conditions for 10 
days: a male conspecific chorus, a spectrally shifted chorus, or no chorus. 
Following exposure, animals were killed, and brains, gonads, and blood were 
collected. Analysis of variance of testis size indicated significant differences 
among auditory condidions (p = 0.02). Post-hoc analyses revealed that animals 
exposed to the conspecific calls had significantly larger testes than animals in either 
of the other two conditions (Fisher's protected LSD, p< 0.01 and p=0.02). The 
average weight per testis also differed among the three auditory conditions. Testis 
weights averaged 15.5mg, lOmg, and 8.3mg for normal, spectrally altered, and no 
call groups, respectively. Plasma androgen levels were determined by 
radioimmunoassay. Average androgen levels were 98ng, 14ng, and llng/ml 
plasma for normal, spectrally altered, and no call groups, respectively. However, 
these differences are not statistically significant due to small sample sizes and high 
variance. We have shown previously that plasma androgen levels influence the 
numbers of tyrosine hydroxlase immunoreactive (THir) cells in various regions of 
the frog brain. Currently we are determining the numbers of THir labeled cells in 
the brains of these males. Supported by NIMH grant RO1 MH45696 to W.W.

427.14
BEHAVIORAL PLASTICITY IN RESPONSE TO CHANGES IN THE 
POSTNATAL SOCIAL ENVIRONMENT AND CORRELATING 
CHANGES IN VASOPRESSIN IN PEROMYSCUS. J.K. Bester and C.A, 
Marler*, Dept. of Psychology, Univ. of Wisconsin, Madison, WI 53706

A sexually dimorphic arginine vasopressin (AVP) pathway originating in the 
bed nucleus of the stria terminalis (BNST) and medial amygdala (MA) has been 
associated with both paternal and aggressive behavior. In a previous study, we 
correlated differences in AVP-immunoreactive (AVP-ir) staining in this pathway 
with differences in paternal and aggressive behavior shown by two species of 
mice, Peromyscus califomicus and P. leucopus. Males of the more aggressive 
species, P. califomicus, also showed higher levels of paternal care and AVP-ir 
staining in the BNST and MA. Within the BNST, the species difference in AVP- 
ir staining appears to be a result of cell number and cell density. Because of 
these species differences in AVP-ir staining and behavior, we used cross- 
fostering to examine whether altering the postnatal social environment would 
affect aggression and paternal behavior shown by males of each species. In 
comparison to control mice, cross-fostered P. califomicus and P. leucopus tend 
to show intermediate levels of aggression. For example, in a neutral arena 
aggression test, both control P. califomicus males and cross-fostered P. leucopus 
males attack their opponents significantly more rapidly than control P. leucopus 
males. Similarly, both control P. leucopus males and cross-fostered P. 
califomicus males take significantly longer to attack their opponents than control 
P. califomicus males in a resident-intruder test. The relationship between AVP- 
ir staining and these changes in behavior in cross-fostered mice will also be 
presented. (Supported by a University of Wisconsin Graduate School Award).

427.15
IDENTIFICATION OF NEUROSECRETORY CELL POPULATIONS 
BY INJECTIONS OF HRP INTO THE BLOOD OF THE FROG 
RANA PIPIENS. S. Burmeister* and W. Wilczvnski. Department of 
Psychology and Institute for Neuroscience, Univ. of Texas, Austin, TX 
78712.

Previous studies in our lab used injections of HRP to map connections of 
the hypothalamus of the frog. The present study utilized injections of 
HRP into the blood stream in order to identify cell populations that cross 
the blood brain barrier, and to compare these results to those obtained 
with HRP injections into the caudal hypothalamus at the median 
eminence. Under MS-222 anesthesia, a solution of HRP in 0.9% saline 
was injected directly into the ventricle of the heart. Individual subjects 
received 20-40 mg of HRP in 1-2 injections. HRP-filled cells were 
visualized in the anterior preoptic area, magnocellular POA, and 
suprachiasmatic nucleus. This distribution of labeled cells was similar to 
labeling following injections into the median eminence, and dissimilar to 
labeling following injections into other parts of the hypothalamus. Motor 
neurons of cranial nerve nuclei were also filled. No cells were filled in the 
septal area where GnRH cells are seen in the frog. The absence of HRP- 
filled cells in the septal areas replicates our findings with injections at the 
median eminence. The reason for this finding remains unresolved. In 
mammals, the uptake of blood-borne HRP by neurosecretory cells is 
activity dependent (Theodosis, Dreifuss, Harris, and Orci, 1976, J. Cell 
Biol. 70:294), and the proportion of HRP-filled GnRH cells changes with 
the activity of the GnRH cell population (e.g., Jennes and Stumpf, 1986, 
Neurosci. 18:403). The activity dependence of HRP uptake may contribute 
to the failure of the septal GnRH cells to stain for HRP in our studies. 
Supported by NIMH grant R01 MH 45696.

427.16
EFFECTS OF EXCITOTOXIC MEDIAL AMYGDALA (MePD) LESIONS ON 
THE ABILITY OF MATING TO INDUCE PSEUDOPREGNANCY (PSP).
E.K. Polston and M.S. Erskine*. Dept. of Biology, Boston University, Boston, 
MA, 02215.

Previous studies using FOS expression as a marker for neural activation 
suggest that the MePD is responsive to vaginocervical stimulation (VCS) in a 
dose-dependent manner (Polston and Erskine, 1995). Cycling female rats 
received bilateral excitotoxic (NMDA, 8.0pg/0.4pl/side; LES) or sham (0.05M 
PBS, 0.4pl/side; SHAM) lesions of the MePD. LES but not SHAM treatment 
induced a single PSP in 59% of females (34/58), followed by a return to 
cyclicity (p<X).001). Females were subsequently fitted with indwelling atrial 
catheters and mated on the second proestrus day after surgery, receiving 5, 10, 
15 or 20 intromissions (51, 101, 151, 201) or 15 mounts-without-intromissions 
(MO) from a sexually experienced male. Vaginal cytology was monitored and 
blood samples for subsequent prolactin (PRL) and progesterone RIAs were taken 
5 minutes before and 20 minutes after mating, and hourly 6-7 days later at times 
spanning the nocturnal and diurnal PRL surges (0600-0900h, 1800-2 lOOh) and 
an intersurge period (2400-2700h). LES females were more sexually receptive 
than SHAM animals, exhibiting higher lordosis ratings (2.09±0.08 vs. 1.84±0.09; 
p<0.02) and fewer rejection behaviors (2.03±0.78 vs. 5.70±1.64; p£0.03), 
particularly in groups receiving higher numbers of intromissions (p<0.05). 
Lordosis quotient and frequency of preceptive behaviors were not affected. 
Mating induced PSP in proportion to the numbers of intromissions received, 
such that there was 0%, 26%, 58%, 82% and 100% PSP induction following 
MO, 51, 101, 151 and 201 respectively. Surgical treatment did not influence this 
response. The data suggest that activity in the MePD is sufficient but not 
required for PSP induction. Furthermore, the MePD may be involved in the 
processing of aversive aspects of VCS and the inhibition of receptivity. 
Supported by HD 21802 to MSE.

AMPHETAMINE: DOPAMINERGIC MECHANISMS

428.1
REPEATED TREATMENTS WITH THE SELECTIVE D2-LIKE ANTAGONIST, 
ETICLOPRIDE, SENSITIZE TO AMPHETAMINE. M.D. Fatigati*, R.M, Anderson 
and P.-P. Rompre. Departement de psychiatrie, Universite de Montreal, 
Montreal(Quebec), Canada, H4J 1C5.

Repeated treatments with amphetamine lead to a progressive increase in its 
locomotor stimulant effect, a phenomenon kwown as behavioral sensitization.
Although the exact mechanism(s) involved in amphetamine sensitization is/are still 
unclear, recent studies suggest that its induction is initiated by release of dopamine by 
midbrain dopamine cell bodies and dendrites. In this study, we indirectly tested this 
hypothesis by determining whether amphetamine sensitization can be induced by 
repeated intermittent treatments with the selective D2-like antagonist, eticlopride, a 
compound known to stimulate midbrain dopamine cell firing and release.
Experiments were performed on different groups of rats which were injected on five 
occasions (every second day: Days 1, 3, 5, 7 and 9) with 10, 100 or 500 pg/kg of 
eticlopride, saline or amphetamine (1.5 mg/kg). Locomotor activity was measured in 
photocell cages for two hours after injection on each day. One week after the last 
injection (Day 16), sensitization to amphetamine (0.75 mg/kg) was tested in all 
groups. Rats pretreated with amphetamine and those pretreated with the high dose of 
eticlopride showed a significantly larger locomotor response on the day of sensitization 
test than saline pretreated rats, a sensitization effect that was also present 3 weeks after 
the last injection (Day 30). These results show that amphetamine sensitization can be 
induced by repeated intermittent treatments with a D2-like antagonist, a finding 
consistent with the ability of such a compound to increase midbrain dopamine cell 
firing and release. They also suggest that activation of dopamine cell body 
autoreceptors is not necessary for the induction of amphetamine sensitization. 
Supported by a grant from FCAR.

428.2
BEHAVIORAL AND NEUROCHEMICAL SENSITIZATION TO 
METHYLENEDIOXYMETHAMPHETAMINE (MDMA). S. R. White* P 
Duffy and P. W. Kalivas. Department of Veterinary and Comparative Anatomy, 
Pharmacology and Physiology, Washington State Univ., Pullman, WA 99164 
Acute exposure to the euphoria-inducing psychostimulant drug MDMA (ecstasy) 

increases extracellular dopamine and serotonin in the nucleus accumbens 
similarly to other abused drugs such as cocaine. This study examined whether 
repeated exposure to MDMA would produce the behavioral and neurochemical 
sensitization that has been well-characterized for cocaine. Locomotor activity was 
measured in rats for two hours following sc. injections of saline (Day 1). On Day 
2 rats were tested with a second injection of saline or with 5 mg/kg MDMA (sc.) 
The rats then received one of three treatments on Days 3-6: saline injected twice 
per day (control group), MDMA, 5 mg/kg, sc., injected once per day (low dose 
group), or MDMA, 20 mg/kg, sc., injected twice per day (high dose group). On 
Days 8 and Day 19, the rats were tested with challenge doses of MDMA, 5 
mg/kg, sc. Locomotor activity induced by MDMA was significantly increased on 
both Days 8 and 19 for the low dose MDMA group and on Day 19 for the high 
dose MDMA group compared to MDMA-induced locomotion on Day 2 (prior to 
repeated injections). Thus behavioral sensitization was present in both MDMA 
groups, although residual tolerance may have counteracted sensitization on the 
early test day (Day 8) for the high dose group. A dialysis study in separate groups 
of rats indicated that dopamine release in the nucleus accumbens produced by 
MDMA, 5 mg/kg, sc. was also significantly increased in rats that had received 
repeated MDMA injections (20 mg/kg, sc, twice per day for 4 days) compared to 
control rats. These results demonstrate that both behavioral and chemical 
sensitization develop following repeated exposure to MDMA and suggest that 
these changes may contribute to the psychopathologies that have been reported 
following frequent MDMA use in humans. Support: NIDA DA08116
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428.3
REPEATED EXPOSURE TO METHYLENEDIOXYMETHAMPHETAMINE 
(MDMA) REDUCES THE INHIBITORY EFFECT OF DOPAMINE IN THE 
NUCLEUS ACCUMBENS BUT DOES NOT ALTER DOPAMINE D, 
RECEPTOR DENSITY. T. Obradovie*. L, Churchill and S.R. White. Dept of 
Veterinary and Comparative Anatomy, Pharmacology and Physiology. 
Washington State Univ., Pullman, WA 99164.

Repeated systemic exposure to MDMA causes long-term attenuation of the D, 
receptor-mediated inhibitory effects of dopamine (DA) on glutamate-evoked cell 
firing in the nucleus accumbens (NAC) core (White et al., Soc. Neurosci. Abst. 
457.8, 1996). The purpose of the present study was to investigate whether ihis 
attenuated DA effect may result from a MDMA-induced change in D) receptor 
density in the NAC. Male Sprague-Dawley rats received twice daily injections of 
MDMA (20 mg/kg, sc., N=7) or saline (N=6) for 4 successive days. Fourteen 
days following the final injection, the rats were decapitated and brains were 
prepared for receptor autoradiography according to standard techniques. Di 
receptor density was measured in rostral and caudal parts of the NAC core using 
pH]SCH 23390 as the ligand. Alternate sections from the same animals were 
labeled with pH]paroxetine to quantify serotonin uptake sites. As has been 
reported previously (Battaglia et al., 1991), serotonin uptake sites were 
significantly depleted in MDMA-pretreated rats compared to the saline pretreated 
controls. However, MDMA-pretreatment did not result in a statistically 
significant change in D] receptor density in the NAC core. Rostral core values 
for Di binding (fmol/mg tissue) were 60.6+3.8 for control animals and 53.8+5.0 
for the MDMA group. D, receptor densities in the caudal core of the NAC were 
50.8+4.3 and 58.9+4.8 for saline and MDMA groups respectively. These 
findings indicate that the previously observed attenuation of the inhibitory effects 
of D, receptor agonists on glutamate-evoked firing in the NAC core after 
repeated exposure to MDMA cannot be attributed to MDMA-induced changes in 
D, receptor density in the NAC. (Supported by NIH DA08116/

428.4
METHYLENEDIOXYMETHAMPHETAMINE (MDMA) INHIBITION 
OF DOPAMINERGIC NEURONAL ACTIVITY IN THE VENTRAL 
TEGMENTAL AREA (VTA). S. J. Fung*. M. J, Wheaton, K. M, Intel 
and S. R, White. Department of Veterinary and Comparative Anatomy, 
Pharmacology and Physiology. Washington State Univ., Pullman, WA 
99164.

MDMA (ecstasy) is a euphoria-inducing drug that increases extracellular 
levels of dopamine and serotonin in the brain. Systemic injections of 
MDMA (ecstasy) inhibit spontaneous firing of dopaminergic cells in the 
VTA in vivo (Matthews et al., Pharmacol. Biochem. Behav., 1989; Gifford 
et al., Synapse, 1996), but it is not known whether MDMA acts directly in 
the VTA to produce this effect or acts indirectly by altering activity of cells 
in other brain regions that project to the VTA. This study used in vivo 
microiontophoresis and in vitro brain slices to examine this question. 
Dopaminergic neurons in the VTA were identified according, to standard 
electrophysiological criteria in both chloral hydrate anesthetized rats and in 
brain slices. Microiontophoretically-applied MDMA produced a dose- 
dependent inhibition of extracellularly-recorded spontaneous firing of 
dopaminergic cells in the VTA of anesthetized rats, and this inhibition was 
significantly attenuated by microiontophoretic application of the D2 
dopamine antagonist sulpiride. Furthermore, intracellular recordings in 
brain slices revealed that bath application of MDMA (50-100 pM) 
hyperpolarized dopaminergic cells in the VTA and significantly reduced 
spontaneous firing of the cells. These findings indicate that MDMA can act 
directly in the VTA to alter the excitability of mesoaccumbens and/or 
mesocortical dopamine cells. Supported by NIDA grant DA08116 (SRW).

428.5
MULTIPLE MECHANISMS OF AMPHETAMINE-INDUCED STRIATAL 
DOPAMINE DEPLETION IN RATS. F.J. Wan1*, N.K. Huang2, C.J. Tseng3. C.S. 
Tung2, 'institute of Undersea and Hyperbaric Medicine, 2Graduate Institute of Life 
Sciences, National Defense Medical Center, Taipei, and ^Department of Medical 
Education and Research, Kaoshiung Veterans General Hospital, Kaoshiung, Taiwan, 
ROC.

Although evidences suggest that oxidative stress, excitotoxicity and energy 
impairment may be involved in amphetamine (AMPH) analog neurotoxicity, the 
sequential and underlying events of AMPH analog-induced striatal injury are still 
unknown. The administration of AMPH (10 mg/kg ip) results in rapid (3 hr) loss of 
striatal ATP content and long-term (7 d) decrease of striatal dopamine (DA) content 
in desipramine (10 mg/kg ip)-treated rats. Pretreatment with MK-801 (1 mg/kg ip), 
an antagonist of the NMDA receptor, antagonized the long-term depletion of striatal 
DA. Furthermore, during AMPH treatment in desipramine-treated rats, the 
challenge of salicylate (300 mg/kg ip) produces rapid increases of striatal 2,3- and 
2,5-dihydroxybenzoic acid (DHBA) contents, indexes of hydroxyl radical ( OH) 
formation. Pretreatment with MK-801 also antagonized the rapid increases of 
striatal 2,3- and 2,5-DHBA contents. These results suggest that AMPH-induced 
striatal DA depletion may be involved, at least in part, in the activation of NMDA 
receptor and subsequently the -OH formation. This mechanism is thought to be due 
to membrane depolarization due to ATP depletion, followed by relief of the voltage- 
dependent Mg2+ block of the NMDA receptor, leading to the inward movement of 
Na+ and Ca2+. The elevation of intracellular Ca2+ leads to an elevation of Ca2+- 
dependent enzymes, such as nitric oxide sythase and xanthine oxidase. These 
enzymes may further result in OH formation. In conclusion, the sequential events of 
energy impairment, excitotoxicity and oxidative stress may contribute to AMPH- 
induced striatal DA depletion in rats. [Supported by NSC-85-233l-B-016-115, 
Taiwan, ROC],

428.6
A SINGLE EXPOSURE TO AMPHETAMINE IS SUFFICIENT TO INDUCE 
LONG-TERM NEUROADAPTATIONS ASSOCIATED WITH BEHAVIORAL 
SENSITIZATION IN RATS. L.J.M.J. Vanderschuren, T.J. De Vries, C.A.P. Van 
Moorsel, B. Drukarch*. A.H. Mulder and A.N.M. Schoffelmeer. Research Institute 
Neurosciences Vrije Universiteit Amsterdam, Medical Faculty, Dept. of 
Pharmacology, Van der Boechorststraat 7, 1081 BT Amsterdam, The Netherlands

Behavioral sensitization, the process whereby repeated exposure to drugs results in a 
long-lasting enhancement of their locomotor stimulant and reinforcing properties, is 
held responsible for certain aspects of drug-seeking behavior and drug-induced 
psychosis. The expression of this phenomenon is thought to be mediated through 
hyperreactive forebrain dopamine neurons. The development of behavioral 
sensitization is dependent upon the temporal pattern of drug pretreatment. However, it 
has been suggested that even a single drug exposure might be sufficient to induce it. In 
the present study, male Wistar rats received a single injection of amphetamine (5 
mg/kg, IP), or saline in their home cages. Three weeks post-treatment, amphetamine- 
pretreated rats were sensitized to the locomotor stimulant effects of amphetamine (1 
mg/kg, IP), cocaine (15 mg/kg, IP), but not morphine (2 or 5 mg/kg, SC). Electrical 
field stimulation-evoked dopamine release from slices of nucleus accumbens, caudate 
putamen and medial prefrontal cortex was enhanced, three weeks after amphetamine 
pretreatment. Sensitization to the locomotor effects of amphetamine was not apparent 
until 7 days post-treatment. The present study shows that even a single exposure to 
amphetamine can induce long-term neuroadaptations and context-independent 
behavioral sensitization. In addition, sensitization to the locomotor effects of opiates 
seems to employ different neurochemical substrates than sensitization to 
psychostimulants.
Supported by NWO, grant no. 903-42-007

428.7

PROTEIN KINASE C INHIBITORS BLOCK AMPHETAMINE- 
MEDIATED DOPAMINE RELEASE. L. Kantor and M.E. Gnegy*. 
Department of Pharmacology, The University of Michigan, Ann Arbor, MI 
48109-0632

We examined the effect of protein kinase C (PKC) inhibitors on 
amphetamine (AMPH)-mediated dopamine (DA) release in rat striatal 
slices, since it has been shown that PKC has an effect on the dopamine 
transporter activity. Selective PKC inhibitors chelerythrine, Ro31-8220 
and calphostin C all at lpM concentrations, nearly totally inhibited 
endogenous dopamine release elicited by 1 ji M AMPH in perfused striatal 
slices, while inactive analog, bisindoylmaleimide V, had no effect. Our 
data showed that extracellular calcium was not required for the effect of 
the PKC inhibitors. The activation of PKC with 250 nM 12-0- 
tetradecanoylphorbol 13-acetate (TPA), increased dopamine release, when 
given as a bolus, and was not additive with l(iM AMPH. The necessity for 
DA release from synaptic vesicles was examined by treating reserpine- 
treated rats with 1 pM AMPH. The results indicate that DA release was 
not significantly altered in reserpine-treated rats, while 1 fiM Ro31-8220 
completely blocked AMPH-induced DA release as compared to control. 
The [3H] DA uptake study showed that 1 pM chelerythrine and Ro31- 
8220 increased uptake by 24±3 and 3O±3 % respectively, while 250 nM 
TPA decreased UH] DA uptake by 22±4 %. Our results suggest that 
AMPH-mediated DA release through the plasmalemmal transporter is 
highly dependent on PKC activity.
This work was supported by NIDA grant DA05066 and NIDA 
interdisciplinary training grant DA 07267 at UMSARC (L.K.)

428.8
DIFFERENTIAL REARING ALTERS AMPHETAMINE-INDUCED LOCOMOTOR 
ACTIVITY AND IN VIVO DOPAMINE RELEASE IN RATS. P.M. Robinet*, J.M. 
Valone & M.T. Bardo. Dept. of Psychology, University of Kentucky, Lexington, KY 
40506. Research in our laboratory has found that rats raised in an enriched 
condition (EC), compared to rats raised in an isolated condition (1C), display an 
enhanced response to the locomotor stimulant effect of amphetamine (AMP). In 
addition, EC rats are more sensitive than 1C rats to the rewarding properties of 
AMP when tested using the conditioned place preference paradigm. This 
difference between the EC and 1C rats does not appear to be due to the 
bioavailability of AMP in the brain. In the present experiments, all rats were 
obtained at 21 days of age and randomly assigned to either an EC or IC condition 
until 55 days of age. Experiment 1 examined the effect of differential rearing on the 
acute locomotor stimulant effect of intravenous AMP. Jugular catheters were 
surgically implanted 48 hours prior to testing. Animals were injected with saline or 
AMP (1.0 mg/kg, IV) and placed immediately into a locomotor activity chamber 
for 30 min. Both groups displayed increased activity in response to AMP compared 
to saline treated rats. EC rats showed increased locomotor activity compared to 
IC rats in response to AMP. This difference in activity between EC and IC rats was 
only evident during the first 10 min following the injection of AMP. In Experiment 
2, amphetamine-induced striatal dopamine release was measured using in vivo 
microdialysis in anesthetized EC and IC rats. Two hours after probe insertion, 3 
baseline samples (20 pl/20 min) were collected. AMP (5.0 mg/kg, IV) was then 
injected and 10 samples (20 pl/min) were collected. Both groups showed an 
increase in dopamine levels following AMP. The increase in dopamine levels was 
higher in EC rats than IC rats during the first AMP sample. These results suggest 
that the increased behavioral sensitivity to AMP in EC rats may be due to higher 
levels of AMP-releasable dopamine. (Supported by USPHS grant DA 05312).
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428.9
NEUROPHARMACOLOGICAL EFFECTS OF AMPHETAMINE AND COCAINE 
LOCALLY ON THE MESOCORTICAL DOPAMINERGIC PATHWAY: A 
DUAL-PROBE MICRODIALYSIS STUDY. N. N, H, Chen, Y. C. Wu, I. P. Huang 
and W. H. T. Pan*. Institute of Pharmacology, School of Life Sciences, National 
Yang-Ming University, Taipei, Taiwan, R. O. C.

The effects of locally applied d-amphetamine (AMPH) or cocaine (COC) into the 
ventral tegmental area (VTA) on extracellular dopamine (DA) and norepinephrine 
(NE) concentrations in the VTA and its terminal field (medial prefrontal cortex; 
mPFC) were both investigated in chloral hydrate-anesthetized rats. Two 
microdialysis probes were used in these experiments. The VTA probe was used not 
only to introduce AMPH or COC into the VTA but also to monitor extracellular DA 
and NE simultaneously. The mPFC probe was used to monitor the changes of 
extracellular concentrations of DA and NE in the mPFC during drug introduction. 
In the VTA, extracellular concentrations of DA and NE differentially increased after 
intrategmental infusion of either 1000 pM AMPH (270% and 900% ) or 200 pM 
COC (200% and 150%), respectively. Meanwhile, in the mPFC, the extracellular 
concentration of DA increased after infusion of AMPH, (200%), but decreased after 
COC infusion (80%). It is known that DA exhibits an inhibitory role and NE 
exhibits an excitational role to dopaminergic neurons in the VTA. We therefore 
suggest that intrategmental AMPH or COC infusions can cause opposite changes of 
DA in the mPFC and it is possibly due to the higher degree of NE increase in the 
VTA for AMPH infusion. Finally, we have found that the extracellular NE 
concentration in the mPFC increased after intrategmental infusion of COC (200%). 
However, the changes of NE after intrategmental infusion of AMPH is now under 
our study and has not yet been completed. The total results will be reported during 
this meeting.

428.10
THIORPHAN POTENTIATES THE AMPHETAMINE-INDUCED, BUT NOT THE 
COCAINE-INDUCED, INCREASE IN EXTRACELLULAR DOPAMINE IN THE 
STRIATUM OF RATS. C.A.Schad*. J.B.Justice, Jr.1, and S.G.Holtzman. Departments of 
Pharmacology and Chemistry1, Emory University, Atlanta, Georgia, 30322.

The opioid receptor antagonist naloxone has been shown to attenuate both the behavioral 
and neurochemical effects of amphetamine in rats. Furthermore, antagonists selective for 
the delta- and mu-opioid receptors have been shown to attenuate the amphetamine-induced 
increase in extracellular dopamine in the striatum and nucleus accumbens of rats, 
respectively. Since opioid receptor antagonists attenuate the effects of amphetamine, it was 
therefore hypothesized that the enkephalinase inhibitor thiorphan would potentiate the 
neurochemical effects of amphetamine. In addition, since naloxone had been shown to have 
no effect on the behavioral and neurochemical effects of cocaine in a similar study, the 
effects of thiorphan on the cocaine-induced increase in extracellular dopamine were also 
observed.

Microdialysis was performed on adult male rats (380-420 g) with guide cannulae aimed 
at the substantia nigra (SN) and the ipsilateral striatum (STR). Thiorphan (10 pM) or 
vehicle was administered as a 1 hr pretreatment by including it in the perfusate of the SN 
microdialysis probe. Cumulative injections of SC amphetamine (0.0, 0.1, 0.4, 1.6,6.4 
mg/kg) or IP cocaine (0,3,10,30,56 mg/kg) followed the pretreatment at 30 min intervals. 
Dialysate samples were collected every 15 min from the STR.

Amphetamine and cocaine dose-dependently increased extracellular dopamine in the STR, 
as reported previously. In the amphetamine experiment, animals pretreated with thiorphan 
(n=6) reached extracellular dopamine levels 48% higher than animals not receiving 
thiorphan (n=6). In contrast, in the cocaine experiment, preliminary data indicate that the 
extracellular dopamine concentrations did not differ between thiorphan-pretreated animals 
(n=3) and vehicle-pretreated animals (n=4). These findings suggest that endogenous 
opioids play a role in mediating the amphetamine-induced, but not the cocaine-induced, 
increase in extracellular dopamine in the STR. (Supported by NIDA Grants DA00541, 
K02 DA00179, K05 DA00008, DA05649 and NSF Grant IBN-9412703).

428.11
IN VIVO CHANGES IN DOPAMINE OXIDATION CURRENTS 
ASSOCIATED WITH RESPONDING FOR A CONDITIONED STIMULUS 
PAIRED PREVIOUSLY WITH d-AMPHETAMINE SELF-
ADMINISTRATION. P. Di Ciano*. C. D. Blaha. A. G. Phillips. Department of 
Psychology, University of British Columbia, Vancouver, BC, Canada, V6T 1Z4.

Drug craving is modeled in rats by the ability of conditioned stimuli (CS) 
paired previously with psychostimulant self-administration to maintain operant 
responding. The reinforcing properties of psychostimulants are believed to be 
mediated by nucleus accumbens dopamine (NAc DA). Likewise, the reinforcing 
properties of CS are thought to be related to the ability of these stimuli to release 
NAc DA (Stewart et al., 1984, Psych Rev). In vivo chronoamperometry was used 
to monitor changes in DA oxidation currents (efflux) in rats during responding 
for a drug-paired stimulus. Rats were trained to self-administer i.v. d- 
amphetamine (0.25mg/kg/inf) 3 hr/day, for 6 days (FR-1). Each infusion was 
paired with 5 sec of flashing house lights, after which these lights were turned off 
for 30 sec during which bar presses had no programmed consequences. On day 7 
of (/-amphetamine self-administration, rats were permitted to self-administer this 
drug for 1 hr, after which the infusion pump was turned off and all subsequent 
bar presses resulted in the presentation of the CS alone. (/-Amphetamine self-
administration resulted in rapid increases in the DA signal, which reached 
maximum levels in ~2 hrs, declined to or below baseline levels after 4 hrs, and 
then returned gradually to baseline. In the absence of drug availability, rats 
responded for the CS during a time in which the DA signal was elevated; there 
were no responses during the time when DA currents were below baseline. After 
DA currents returned to baseline, subsequent bar presses for the CS were 
associated with transient increases in DA above baseline, with recovery to 
baseline after ~30 min. Results indicate that CS paired previously with 
psychostimulants may gain motivational salience, and as conditioned reinforcers 
serve to activate NAc DA and control drug-seeking behaviour. Funded by MRC 
of Canada

428.12
THE EFFECT OF ENVIRONMENT ON THE PSYCHOMOTOR 
RESPONSE TO AMPHETAMINE IS NOT MEDIATED BY DOPAMINE 
OVERFLOW IN THE SHELL OF THE NUCLEUS ACCUMBENS. 
M, M, Ostrander *. S. Fraioli, K. E, Browman. A. Badiani and
T, E, Robinson. Neuroscience Program and Biopsychology, The 
University of Michigan, Ann Arbor, MI 48109.

We have previously reported that the acute psychomotor response to 
amphetamine is greater for rats treated in novel test cages (NOVEL) than 
for rats treated in physically identical cages in which they live (HOME). 
We have also reported that this modulatory effect of environment is not 
associated with differences in amphetamine-induced dopamine (DA) 
overflow in either striatum or nucleus accumbens. In these earlier 
studies, however, we used an intraperitoneal route of administration and 
the psychomotor response to amphetamine in the HOME group, 
although smaller than in the NOVEL group, was still robust. More 
recently, we have shown that the acute behavioral response to 
amphetamine could be further minimized by administering the drug 
intravenously in absence of salient environmental cues. The aim of the 
present study was to assess the magnitude of amphetamine-induced DA 
overflow in the shell of the nucleus accumbens (a region that is 
considered as a common site of action for both psychostimulant drugs 
and environmental stressors) under these environmental condition. Two 
groups of rats, implanted with chronic intravenous catheters and with 
dialysis probes aimed at the shell of the nucleus accumbens, were given 
an i.v. infusion of 0.5 mg/kg amphetamine under either HOME or 
NOVEL conditions. As expected, there were large group differences in 
psychomotor response (14.6±6.0 rotations/40 min in the HOME group 
versus 57.6±6.0 in the NOVEL group), but no significant differences in 
DA overflow. (NEDA Grant # DA04294)

428.13
LOCOMOTOR STIMULANT EFFECTS OF ANORECTICS DO NOT 
CORRELATE WITH EXTRACELLULAR DOPAMINE IN NUCLEUS 
ACCUMBENS. M.H.Baumann*, M.A. Ayestas, C.M. Dersch, and R.B. 
Rothman. CPS, IRP NIDA, NIH, Baltimore, MD 21224.

A number of amphetamine-type anorectics exhibit locomotor activating and 
positive reinforcing properties. While such psychostimulant effects may 
involve activation of mesolimbic dopamine (DA) neurons, this hypothesis has 
not been rigorously tested for most anorectics. In the present work, we used 
in vivo microdialysis to examine the effects of phentermine, phendimetrazine, 
and diethylpropion, on extracellular DA in the nucleus accumbens of awake 
rats. Microdialysis probes were inserted into previously implanted guide 
cannulae, and DA levels were quantified by microbore HPLC-EC. Rats 
received drugs locally (1-100 |iM) through the probe or intravenously (1-10 
mg/kg) via indwelling catheters. Phentermine was the only drug to elevate 
DA at 10 |iM. At 100 p,M, phentermine increased DA 15-fold above baseline 
whereas the other drugs caused <3-fold increases. A dose of iv phentermine 
(3 mg/kg) which caused marked locomotion and sniffing elevated DA >5-fold. 
Equivalent motor stimulant doses of phendimetrazine and diethylpropion (10 
mg/kg) produced minimal changes in extracellular DA. Our findings show that 
locomotor effects of amphetamine-type anorectics can not be explained 
simply on the basis of activation of mesolimbic DA neurons. Thus, non-DA 
transmitter systems and/or other neural substrates are implicated in the 
mechanism of these compounds. (Supported by IRP, NIDA, NIH)

428.14
BEHAVIORAL AND NEUROCHEMICAL EFFECTS OF SYDNOCARB: A 
NOVEL PSYCHOMOTOR STIMULANT. V. Chefer*1, T.S. Shippenberg1, M. He1, 
N. Savtchenko2, R. Gloushkov2, and J. Witkin3. ’Brain Imaging Section, NIDA, 
institute of Pharmacology, Russian Academy of Medical Sciences, Moscow, 
125315, Russia, 3Behavioral Pharmacology & Genetics Section, NIDA, Baltimore, 
MD 21224, USA.

Sydnocarb (SYDNO), the N-phenylcarbamoyl congener of 3-(Beta- 
phenylisopropyl)-sydnonimine, is a novel central nervous system stimulant that has 
undergone clinical trials in Russia. SYDNO has shown efficacy in patients with 
reduced energy and general weakness, narcolepsy, and to counteract the debilitating 
effects of neuroleptic and anxiolytic drug treatments. Reports of only mild stimulant 
effect and the lack of euphoria and dependence upon the drug suggested to us the 
possible use of SYDNO in the treatment of psychomotor stimulants abuse. In the 
present report, we compare the behavioral and neurochemical profile of SYDNO 
with the abused drug, methamphetamine (MA). In male, Swiss-Webster mice, MA 
produced 2-fold greater increases in locomotor activity than SYDNO. MA but not 
SYDNO increased rearing. In vivo microdialysis and HPLC were used to evaluate 
dopamine (DA) levels in the dorsal striatum following acute administration of MA 
(1, 3 and 10 mg/kg cumulatively every 75 min, i.p.) or SYDNO (10, 30 and 100 
mg/kg cumulatively every 75 min, i.p.) in urethane anesthetized mice. MA 
produced dose-dependent increases in DA levels up to about 500% at the maximum 
dose. ANOVA revealed that these changes were significant at all three doses of the 
drug. In contrast, the lowest SYDNO dose tested (10 mg/kg) failed to modify basal 
DA levels. Higher doses resulted in a moderate, but significant increases in DA 
concentration relative to baseline values, with a maximum increase of only 150%. 
These data indicate a milder stimulant profile for SYDNO than for MA. SYDNO 
may be a candidate for consideration for the clinical treatment of psychomotor 
stimulant abuse.
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429.1
THE HYPERLOCOMOTION AND DOPAMINE RELEASE IN THE NUCLEUS

ACCUMBENS INDUCED BY SYSTEMIC MK-801 IS MEDIATED BY 
AMPA/KAINATE EXCITATORY AMINO ACID RECEPTORS IN THE VENTRAL 
TEGMENTAL AREA. Jan M. Mathe*, George G. Nomikos, Bjorn Schilstrom and 
Torgny H, Svensson. Department of Physiology and Pharmacology, Karolinska 
Institutet, S-171 77 Stockholm, SWEDEN.
Low doses of psychotomimetic NMDA receptor antagonists such as phencyclidine or 

MK-801 elicit hyperlocomotion in rodents associated with, and dependent upon, 
increased dopamine (DA) release within the nucleus accumbens (NAC). In view of our 
electrophysiological observation of the marked similarity between MK-801- and kainate- 
or quisqualate-induced firing patterns in DA neurons, we hypothesized that increased 
activation of AMPA/kainate excitatory amino acid (EAA) receptors in the ventral 
tegmental area (VTA) might explain the MK-801 induced increase in DA release in the 
NAC and hyperlocomotion. Microdialysis was used in freely moving male Bkl:WR rats 
implanted 48h previously with one probe in the VTA and another in the NAC. Dialysates 
were injected on-line into a HPLC system for analysis of DA. Once stable DA levels 
were obtained, the VTA was perfused with either the AMPA/kainate EAA receptor 
antagonist CNQX (0.3 and 1 mM) or perfusion solution. Forty min later, MK-801 (0.1 
mg/kg) was injected subcutaneously. In control animals MK-801 produced stereotyped 
hyperlocomotion and head weaving associated with a twofold increase of DA levels in 
dialysates from the NAC. In contrast, no hyperlocomotion was observed in rats perfused 
with CNQX in the VTA, and DA levels in the NAC remained unchanged after MK-801 
administration. CNQX perfusion in the VTA did not affect either behavior or DA efflux 
in the NAC, when given alone. Our results indicate that MK-801 induced 
hyperlocomotion and DA release in the NAC are largely elicited within the VTA via 
activation of AMPA/kainate EAA receptors, tentatively caused by increased EAA 
release. Thus, behavioral effects of psychotomimetic NMDA receptor antagonists may 
not only reflect impaired NMDA receptor function, but also an enhanced AMPA/kainate 
EAA receptor function, e.g. in the VTA. Supported by the Medical Research Council of 
Sweden and the Karolinska Institutet.

429.2
MK-801 FAILS TO BLOCK BEHAVIORAL SENSITIZATION TO 
AMPHETAMINE. R. Ranaldi*, T. Neklesa and R.A. Wise. Department of 
Psychology, Concordia University, Montreal Canada H3G 1M8
It has been inferred from indirect tests that MK-801, an NMDA antagonist, 
blocks stimulant and opiate sensitization; we reinvestigated this matter taking 
daily locomotor and stereotypy scores in animals repeatedly treated with MK- 
801 and amphetamine. Thirty-two male Long Evans rats were divided evenly 
into 4 groups. Locomotion and stereotypy were measured simultaneously by 
photobeam breaks and direct observation, respectively. Each rat was 
habituated to the photocell chamber in 3 daily 2-hr sessions. On each 
subsequent test day each rat was administered intraperitoneal (ip) injections 
of MK-801 (0.1 mg/kg) or saline followed thirty minutes later by amphetamine 
(0.75 mg/kg) or saline and placed immediately in a photocell chamber. This 
procedure was repeated on days 1, 2, 3, 4, 5, 8, 11 and 27 (with no testing or 
treatment on intervening days). Rats treated with MK-801 plus amphetamine 
showed progressively greater locomotion and stereotypy over the first five test 
days. Thus MK-801 failed to block the development of sensitization seen with 
amphetamine. Rats pretreated with MK-801 showed greater amphetamine- 
induced locomotion than did those pretreated with saline, demonstrating that 
MK-801 at this dose potentiates the behavioral effects of amphetamine. 
There was no evidence of sensitization in rats given the saline-saline or 
saline-MK-801 treatments. On Day 8 the MK-801-amphetamine group 
received the saline-amphetamine treatment and its locomotor and stereotypy 
scores fell dramatically, suggesting that the expression of amphetamine 
sensitization is state-dependent, expressed most fully in the same conditions 
under which it was established. On Days 11 and 27 each group received its 
normal drug treatments and showed locomotor and stereotypy scores similar 
to those of Day 5, confirming the relative permanence that is typical of 
psychomotor sensitization. Supported by NIDA and FCAR.

429.3
EFFECTS OF ACUTE ADMINISTRATION OF
PHENCYCLIDINE, MK-801, AND NOMIFENSINE ON 
LOCOMOTION AND FOS INDUCTION IN THE RAT BRAIN 
C. Marcangione* and R.A. Wise. Ctr. Stud. Behav. Neurobiol. and 
Dept. Psychol., Concordia Univ., Montreal, PQ., Canada, H3G 1M8.

Phencyclidine (PCP), a hallucinogen and drug of abuse, has 
multiple sites and mechanisms of action; it is a dopamine uptake 
inhibitor, an NMDA channel blocker, and a ligand for the sigma 
receptor. To identify the sites at which PCP has these actions, we 
examined the localization of Fos-immunoreactivity (IR) in brain 
regions of the rat following acute administration of PCP, 
nomifensine (dopamine uptake inhibitor), MK-801 (NMDA channel 
blocker), and a mixture of nomifenisine plus MK-801. Twenty rats 
were habituated to ip injections (with saline) and to locomotor 
activity chambers for 60 min on each of 3 consecutive days. On Day 
4, four rats each received an ip injection of either PCP (5.0 mg/kg), 
nomifensine (5.0 mg/kg), MK-801 (0.1 mg/Kg), nomifensine plus 
MK-801 (5.0 and 0.1 mg/kg) or saline prior to being placed in the 
activity chambers for 60 min. The rats were sacrificed for 
histological analysis of Fos-IR 75 min after the injections. Serial 
coronal sections were taken from the area of the medial prefrontal 
cortex through the lateral dorsal tegmental nucleus of the midbrain. 
Each drug increased the locomotor activity and induced Fos-IR in 
several brain regions. Quantitative comparisons of the regions 
activated by the different treatments will be shown.

Support: NIDA (DAO 1720) and FCAR (CE103; Quebec) to R.A.W.

429.4
LATERAL PREFRONTAL LESIONS IN RHESUS MONKEYS SUPPRESS 
SENSITIZATION OF AMPHETAMINE-INDUCED STEREOTYPED 
BEHAVIORS. S. A. Castner* and P, S. Goldman-Rakic, Yale University School of 
Medicine, 333 Cedar Street, New Haven, CT 06510.

Acute injections of amphetamine (AMPH) produce a pattern of enhanced 
stereotypy followed by enhanced locomotion in rats with medial prefrontal cortex 
(mPFC) lesions. Sensitizing regimens of AMPH in rats with mPFC lesions, on the 
other hand, have been reported to block the enhancement of the locomotor response 
to AMPH challenge, but not the sensitization of the stereotypy component (Wolf et 
al., 1995). The present experiment was designed to investigate the role of the PFC 
on behavioral sensitization to AMPH in the nonhuman primate This report describes 
the effects of lesions of dorsolateral PFC on behavioral sensitization. Future studies 
will examine the effects medial and ventral PFC lesions on behavioral sensitization.

Adult rhesus monkeys with bilateral cortical ablations of areas 46/8A, areas 9/8B, 
and areas 45/12 and nonlesioned controls received a presensitization injection of 0.4 
mg/kg AMPH. Animals were then sensitized (0.1 -1.0 mg/kg AMPH, i.m., b.i.d. 
with weekends off over 6 weeks). Animals received AMPH (0.4 mg/kg) at 5, 11 and 
21 days postwithdrawal. Challenges at 3 and 6 months are planned.

At 21 days postwithdrawal, for the first three hours following AMPH, nonlesioned 
controls spent less than 7% of their time engaged in pacing or other such motor 
stereotypies; and instead spent most of their time engaged in "catatonic" posturing, 
novel motor stereotypies and/or responding to stimuli not apparent to the observer.
In contrast, 4 of 5 lesioned monkeys spent more than 50% and up to 90% of their 
time pacing and exhibited low levels of stereotypy. These preliminary findings are 
consistent with the notion that lesions of lateral prefrontal cortical regions permit the 
development of sensitization to the locomotor effects of AMPH, and, at the same 
time may block or suppress sensitization of AMPH-induced stereotyped behaviors. 
One interpretation of these findings is that, in the primate, the stereotypy and 
locomotor components of behavioral sensitization may rely upon regulation of lateral 
vs medial corticostriatal pathways, respectively. [Supported by MH38546]

429.5
AMPHETAMINE DECREASES GLUTAMATE RELEASE IN THE 
NUCLEUS ACCUMBENS WHILE IT INCREASES IT IN THE 
PREFRONTAL CORTEX.
Rada, P.*, Tucei, S., Teneud, L., Contreras, F. and Hernandez, L.
Universidad de Los Andes, Laboratory of Behavioral Physiology, Merida, 
Venezuela, 5101-A.

The nucleus accumbens (NAc) and the prefrontal cortex (PFC) have 
been shown to play an important role in appetitive behaviors. Most of this 
research has focused on the impact of dopamine projections in the NAc on 
natural behaviors as well as drugs of abuse. However, few studies have 
looked at the effects of different behaviors on glutamate levels in these 
brain regions. Previous research has shown that systemic morphine and 
feeding behavior both decrease glutamate extracellular levels in the 
nudeus accumbens. To further study accumbens glutamate response to drugs 
of abuse, amphetamine was systemically injected and glutamate release 
was monitored in the NAc and PFC using microdialysis coupled to 
capillary zone electrophoresis with laser-induced fluorescence. Dialysate 
samples were collected every 30 seconds 2 min before and 2.5 min 
immediately after an i.p. injection of amphetamine (2 mg/kg) or saline to 
check the effect of handling. Five more samples were taken 20 minutes 
after the i.p. injection. AU rats injected with amphetamine showed 
hyperlocomotion as well as stereotyped behavior and extracellular levels 
of glutamate immediately decreased to 37 ± 10% in the NAc while an 
opposite response occurred in the PFC(+260±6 %). These results added to 
previous results suggest that a decrease in accumbens glutamate might be 
important in the reinforcing properties of natural behaviors and drugs of 
abuse. This research was supported by grant CDCHT # M- 551-95-03-A and 
CONICIT #BID-BTS-37.

429.6
ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTORS IN 
THE RAT VENTRAL TEGMENTAL AREA IS NECESSARY FOR 
INDUCTION OF BEHAVIORAL SENSITIZATION TO AMPHETAMINE. 
D, Jolly*. J.-H. Kim and P. Vezina. Department of Psychiatry, The 
University of Chicago, Chicago, IL 60637.

The contribution of metabotropic glutamate receptors (mGluRs) in the 
ventral tegmental area (VTA) to the induction of behavioral sensitization to 
amphetamine (AMPH) was investigated in the rat. Different groups of rats 
received four microinjections (one every third day) into the VTA via 
chronically implanted bilateral guide cannula of one of the following: saline, 
AMPH (2.5 ug/0.5pl/side), the selective metabotropic glutamate receptor 
antagonist, (RS)-a-methyl-4-carboxyphenylglycine [(RS)-MCPG] (25 
nmole/0.5pl/side), or a combination of (RS)-MCPG and AMPH at the doses 
indicated above. Two weeks after the last injection, rats were challenged 
with AMPH (1 mg/kg, ip) and locomotor activity was measured for 2 hours. 
While AMPH preexposed rats showed significantly higher locomotor activity 
than saline preexposed rats upon AMPH challenge, those rats preexposed to 
(RS)-MCPG or to the combination of (RS)-MCPG and AMPH showed a 
locomotor response that did not differ significantly from that exhibited by 
saline preexposed rats. These findings indicate that activation of mGluRs in 
the VTA is necessary for the induction of behavioral sensitization to AMPH 
and provide further support for the important role played by excitatory amino 
acids in this site in the development of sensitization to AMPH. Supported by 
a grant to P.V. from The Brain Research Foundation.
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429.7
THE METABOTROPIC GLUTAMATE RECEPTOR ANTAGONIST (RS)- 
MCPG PRODUCES HYPERLOCOMOTION IN AMPHETAMINE 
SENSITIZED RATS. J.-H, Kim* and P, Vezina. Department of Psychiatry, 
The University of Chicago, Chicago, IL 60637.

The role of metabotropic glutamate receptors (mGluRs) in the nucleus 
accumbens (NAcc) in the expression of behavioral sensitization induced by 
repeated injections of amphetamine (AMPH) was investigated in the rat. 
Different groups of rats were administered four injections of saline or AMPH 
(1 mg/kg, ip), one injection every third day. Two weeks after the last drug 
injection, rats were challenged with either saline, the selective mGluR 
agonist, (lS,3R)-l-aminocyclopentane-l,3-dicarboxylate (1S,3R-ACPD) (0.5 
nmole/0.5pl/side) or the selective mGluR antagonist, (RS)-a-methyl-4- 
carboxyphenylglycine [(RS)-MCPG] (2.5 nmole/0.5pl/side) into the NAcc 
via chronically implanted bilateral guide cannulae. Locomotor activity was 
measured for 2 hours. While (1S,3R)-ACPD increased locomotor activity 
when injected into the NAcc, no significant difference between saline 
preexposed and AMPH preexposed rats was observed. However, and 
interestingly, (RS)-MCPG which had no effect on locomotor activity when 
given to saline preexposed rats induced significantly higher locomotor activity 
in AMPH compared to saline preexposed rats. Time course analyses showed 
that this effect persisted up to 75 min after drug injection. These findings 
suggest that glutamatergic neurotransmission mediated by mGluRs in the 
NAcc is altered by repeated systemic injections of AMPH. Such changes 
may contribute to the expression of behavioral sensitization to AMPH. 
Supported by a grant to P.V. from The Brain Research Foundation.

429.8
THE COMPETITIVE NMDA RECEPTOR ANTAGONIST CGS19755 
BLOCKS THE DEVELOPMENT OF SENSITIZATION OF THE 
LOCOMOTOR AND DOPAMINE ACTIVATING EFFECTS OF 
AMPHETAMINE. C. Jake-Matthews*. D.C, Jolly. A.L. Queen. J. Brose and 
P, Vezina. Dept. of Psychiatry, University of Chicago, Chicago, IL 60637.

Prior exposure to amphetamine (AMPH) produces an enhanced 
locomotor and nucleus accumbens (NAC) dopamine (DA) response to a 
subsequent challenge injection of AMPH when testing is done sufficiently long 
after drug preexposure. This study assessed the ability of these effects to 
develop in the presence of NMDA receptor blockade by the competitive 
antagonist CGS19755. Different groups of rats received two injections on each 
of five preexposure sessions given once every third day. The first injection 
(saline or CGS19755, 10 mg/kg, i.p.) preceded the second (saline or AMPH, 
1.0 mg/kg, i.p.) by 30 minutes. Two weeks following the last injection, all rats 
were given AMPH (1.0 mg/kg, i.p.) and their locomotor and NAC DA 
response measured. Rats preexposed to AMPH alone showed higher levels of 
locomotion and extracellular NAC DA than all other rats on this test. The 
remaining groups did not differ from one another. These results indicate that 
NMDA receptor activation is required for the induction of locomotor and NAC 
DA sensitization by AMPH. MK-801, a non-competitive NMDA receptor 
antagonist (0.3 mg/kg, s.c.), blocked the full induction of sensitization by 
AMPH but, unlike CGS 19755, also produced enhanced locomotor and NAC 
DA responding relative to saline preexposed animals on this test. Such effects 
may reflect the known differences between competitive and non-competitive 
NMDA receptor antagonists in their ability to acutely activate mesoaccumbens 
DA neurons. Supported by a Brain Research Foundation grant to P.V.

429.9
EXPRESSION OF GLUTAMATE RECEPTOR SUBUNITS IN RAT VENTRAL 
TEGMENTAL AREA FOLLOWING REPEATED AMPHETAMINE 
ADMINISTRATION. L.M. Monteggia*, W.X. Lu and M.E. Wolf. Department of 
Neuroscience, Finch University of Health Sciences/The Chicago Medical School, North 
Chicago, IL 60064.

Repeated administration of amphetamine (AMPH) results in augmentation of its 
locomotor stimulant effects. This phenomenon, behavioral sensitization, may model 
intensification of drug craving in humans. Several findings indicate that the induction 
of amphetamine sensitization is associated with altered glutamate transmission in the 
ventral tegmental area (VTA). This study examined, at mRNA and protein levels, 
expression of AMPA and NMDA receptor subunits in VTA of rats pretreated for 5 days 
with vehicle or d-AMPH sulfate and perfused at various withdrawal times. Protein 
levels were examined by quantitative immunohistochemistry with 35S-labeled secondary 
antibodies (Amersham). Primary antibodies recognized GluRl, GluR2/3, GluR4 
(Chemicon), GluR2/4 and GluR4 (Pharmingen). NIH Image software was used for 
quantitative analysis of autoradiographs. Rat midbrain was divided into VTA, substantia 
nigra and a transitional zone, with each area further subdivided into rostral, intermediate 
and caudal subregions (9 subregions total). No change in GluRl immunoreactivity was 
found after 3 or 14 days of withdrawal. While modest alterations (14-16.5%) in 
GluR2/4 and NMDAR1 immunoreactivity were found in a few subregions at the 14 day 
withdrawal time, levels in most subregions were not significantly changed at either 
withdrawal time compared to vehicle pretreated rats. A quantitative reverse 
transcriptase-polymerase chain reaction (RT-PCR) method was used to quantify GluRl 
and NMDAR1 mRNAs in VTA after 16 hrs of withdrawal. GluRl mRNA levels did 
not differ between vehicle and amphetamine treated rats; however, comparison of 
untreated rats to various vehicle injected groups indicated that significant increases in 
GluRl mRNA levels occur in response to the mild stress of repeated injections. Future 
studies will examine longer withdrawals and NMDAR1 mRNA. Support: DA09621.

429.10
THE EFFECT OF REPEATED AMPHETAMINE ADMINISTRATION ON 
GLUTAMATE RECEPTOR SUBUNIT IMMUNOREACTIVITY IN RAT NUCLEUS 
ACCUMBENS AND MEDIAL PREFRONTAL CORTEX. W.X, Lu* and M.E, Wolf. 
Department of Neuroscience, Finch University of Health Sciences/The Chicago Medical 
School, North Chicago, IL 60064

Behavioral sensitization after repeated amphetamine (AMPH) injection is related to 
glutamatergic regulation of mesoaccumbens and mesoprefrontal cortical dopamine 
systems. We have reported that the expression of mRNA for AMPA receptor subunits 
in nucleus accumbens (NAc) and medial prefrontal cortex (mPFC) is altered by repeated 
AMPH administration (Synapse 26:269, 1997). The present studies examined protein 
levels of AMPA and NMDA receptor subunits in NAc and mPFC of AMPH-sensitized 
rats. Rats were injected with 5 mg/kg AMPH sulphate or vehicle for 5 days, and 
perfused 3 or 14 days after the last injection. Using autoradiographic 
immunocytochemistry, primary antibodies for GluRl, GluR2/3, GluR4 (Chemicon), 
GluR2/4 or NMDAR1 (Pharmingen) were recognized with 35S-labeled secondary 
antibody (Amersham). NIH Image computer software was used to quantitatively 
analyze autoradiographs. In NAc, immunoreactivity for GluRl and NMDAR1 was 
unchanged after 3 days of withdrawal, but reduced for both GluRl (85.5+2.6%, P<0.01) 
and NMDAR1 (76.7+4.4%, P<0.05) after 14 days withdrawal. In core and shell 
subregions of the NAc, no changes were observed after 3 days of withdrawal from 
AMPH. After 14 days of withdrawal, decreased levels of GluRl in shell (81.2+2.9%, 
P<0.05) and of NMDAR1 in both core (74.7±4.4%, P<0.05) and shell (73.0±4.2%, 
P<0.05) were found. In mPFC, GluRl levels were increased after 3 days (115.3+7.0, 
P<0.01) but not 14 days of withdrawal. NMDAR1 levels in the mPFC were not altered 
at either withdrawal. Studies of GluR2/3, GluR2/4 and GluR4 immunoreactivity are in 
progress. These data demonstrate that some, but not all, of the changes in glutamate 
receptor subunit expression that we have observed previously at the mRNA level also 
occur at the protein level. Supported by NIDA grant DA09621 (M.E.W.).

429.11
DOES A MILD GLUTAMATE-MEDIATED INSULT CONTRIBUTE TO THE 
INDUCTION OF AMPHETAMINE SENSITIZATION? J.D, Peterson, D. Wavak, 
L.M. Monteggia. C.-J. Xue, W.X, Lu and M.E, Wolf’. Dept. of Neuroscience, Finch 
University of Health Sciences/The Chicago Medical School, North Chicago, IL 60064.

The induction of amphetamine (AMPH) sensitization appears to involve glutamate 
transmission in ventral tegmental area (VTA). We have shown that systemic AMPH 
administration causes a delayed, sustained increase in glutamate efflux in VTA of both 
chronic vehicle and AMPH pretreated rats (J Neurochem 67:352, 1996). We now report 
that the delayed increase is prevented by acute pretreatment with the DI receptor 
antagonist SCH 23390 (0.1 mg/kg). Since this dose prevents induction of locomotor 
sensitization to AMPH (Koeltzow et al., Soc. Neurosci. Abstr., subm.), these data argue 
that the delayed increase in VTA glutamate efflux contributes to induction. Because 
sustained increases in extracellular glutamate accompany many types of neurotoxic 
insults, we hypothesized that a mild neurotoxic insult to VTA dopamine (DA) cells 
contributes to induction of sensitization. Mild damage may trigger adaptive changes 
in VTA DA cells that maintain the sensitized state. The NMDA receptor antagonist 
MK-801 typically prevents increases in glutamate efflux that accompany other types of 
insults. We found that 0.1 mg/kg MK-801 (injected 30 min prior to 5 mg/kg AMPH) 
prevented the delayed increase in VTA glutamate efflux normally produced by this dose 
of AMPH. Since 0.1 mg/kg MK-801 prevents induction of sensitization when 
coadministered repeatedly with AMPH, these data support both the involvement of the 
delayed increase in induction and the “mild insult” theory of induction. The insult 
could involve oxidative stress generated by synergistic effects of high DA and 
glutamate concentrations. However, immunocytochemical studies have failed to reveal 
increased expression of cellular markers for oxidative and other stress (Hsp32 and Hsp 
70) in VTA of AMPH-sensitized rats. Studies are in progress to determine if sensitizing 
doses of AMPH increase free radical production in vivo in VTA using a microdialysis 
method based on the use of phenylalanine as a trapping agent. Support: DA09621.

429.12
AMPHETAMINE DECREASES EXCITATORY SYNAPTIC TRANSMISSION 
IN RAT VENTRAL TEGMENTAL NEURONS IN VITRO. J.A. Kauer*. Dept. 
of Neurobiology, Duke University Med. School, Durham, NC 27710.

Intracellular recordings using whole-cell patch clamp techniques 
were made from VTA neurons in 300 pm horizontal slices from 3-4 week 
old rats. Bipolar stimulating electrodes were placed rostral to the VTA to 
activate descending afferent inputs during voltage-clamp recordings. 
EPSC/IPSC sequences were elicited by stimulation (100 psec, 0.1 Hz). 
All neurons exhibited EPSCs composed of both NMDA and AMPA 
components, as reported previously for these cells using conventional 
microelectrode recordings. Stimulation also elicited a picrotoxin-sensitive 
IPSC in 10/14 VTA neurons that reversed polarity at about -50 mV. 
Spontaneous PSCs bombarded the cells at high frequency. These events 
represent either impulse-mediated synaptic transmission in the slice, or 
miniature PSCs resulting from spontaneous transmitter release.

Bath application of 30 pM d-amphetamine for 10 minutes during 
voltage-clamp recording reduced the EPSC by 73 _+ 21% (n = 7). Based 
on electrophysiological criteria, these 7 cells include 4 dopamine 
neurons. The facilitation seen in voltage responses to pairs of stimuli 
gives an estimate of presynaptic function: increases in paired pulse 
facilitation (PPF) generally result during periods of decreased transmitter 
release. In the presence of amphetamine, PPF was increased by 126 _+ 
12% (n = 7). These data suggest that one effect of amphetamine at this 
concentration is to decrease excitatory synaptic transmission onto VTA 
neurons, perhaps via receptors for biogenic amines present on 
presynaptic glutamate terminals. Supported by N1NDS NS30500.
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429.13
ROLE OF A GLUTAMATERGIC PREFRONTAL I VTA INNERVATION ON 
AMPHETAMINE-INDUCED BEHAVIORAL SENSITIZATION TO 
AMPHETAMINE . CADOR M.*, BJIJOU Y. CAILHOL S. STINUS L.

The substrates for induction and expression of behavioral sensitization to 
amphetamine (AMPH) have been dissociated. Behavioral sensitization is 
induced by repeated intra-VTA administration of AMPH and can be 
expressed later on by nucleus accumbens injection of AMPH. The crucial 
role of the DA-D1 receptors of the VTA has been evidenced. Some of these 
D1 receptors are located on glutamatergic (GLU) inputs to the VTA, 
originating both in the prefrontal cortex (PFC) and amygdala (AMY). We 
have investigated the role of the GLU transmission of the VTA as well as the 
respective implication of the PFC and AMY in the induction of behavioral 
sensitization. In a first experiment, a competitive antagonist of the NMDA 
receptor (CPP) was repeatedly injected in the VTA before intra-VTA 
administration of AMPH. Peripheral AMPH challenges were later performed 
to reveal sensitization. Rats which have received repeated AMPH 
administration in the VTA showed a sensitized response to later peripheral 
AMPH challenges whereas rats pretreated with CPP together with AMPH did 
not show such sensitized response indicating a crucial role for the GLU 
transmission of the VTA in the induction of behavioral sensitization to 
AMPH. In a second experiment, we have tested the effects of ibotenic 
lesions of the PFC and AMY on the induction of behavioral sensitization to 
AMPH. Whereas AMY lesioned rats which have been pretreated with intra- 
VTA AMPH demonstrated a sensitized response to later administration of 
AMPH, PFC lesioned animals did not show any behavioral sensitization. The 
same results were obtained when sensitization was produced with repeated 
peripheral administration of AMPH. Altogether, these results suggest that a 
GLU projection from the PFC to the VTA plays an important role in the 
induction of behavioral sensitization produced by repeated administration of 
AMPH.

429.14
AGE-AND SEX-DEPENDENCY OF PHENCYCLIDINE-INDUCED
BEHAVIORAL SENSITIZATION
Cheng Wang* and Kenneth M. Johnson. Dept. of Pharmacology and Toxicology, 
Univ. of Texas Med Branch, Galveston, TX 77555-1031.

Behavioral sensitization to psychomotor stimulants such as amphetamine and 
cocaine is well known to be more prominent in female rats than in male. Previous 
unpublished studies from tliis lab using a 7-14 day regimen of 10 mg/kg PCP failed 
to reveal any significant sensitization of male rats to a 10 mg/kg challenge. 
Recently, we developed a dosage regimen (20 mg/kg x 5 days) that resulted in a 
robust sensitization of females to the locomotor activating effects of a challenge dose 
of 3.2 mg/kg PCP (see M. Phillips et at, this meeting). This behavioral sensitization 
was associated with a substantial apoptotic death of neurons in the olfactory tubercle 
and piriform cortex three days following the chronic regimen. In order to determine 
the relevance of apoptosis in behavioral sensitization to PCP, we sought to determine 
whether apoptosis was correlated with the gender differences in behavioral 
sensitization anticipated on the basis of our preliminary experiments with PCP. Age 
was also considered as a potential variable. Therefore, in this study, male and female 
rats (35 and 90 days old) were administered saline (1 cc/kg) or 20 mg/kg PCP once 
daily for five days. 72 hours later they were placed in locomotor activity chambers 
and after a one hr habituation period, injected (i.p.) with 3.2 mg/kg PCP. Locomotor 
activity was measured for an additional 90 min. In rats chronically treated with 
saline, PCP challenge increased locomotor activity the most in young female rats, 
followed by adult males, adult females, and finally, young males. In rats chronically 
treated with PCP, behavioral sensitization was very robust in the adult females, but 
non-existent in the young males. The young females and adult males were 
intermediate, with the females being somewhat more sensitive. Thus, these 
differences will help us to determine whether PCP-induced cell death is related to 
PCP-induced behavioral sensitization. Supported by DA-02073.

429.15
CAN THE BEHAVIORAL SENSITIZATION TO REPEATED PHENCYCLIDINE BE 
ACCOUNTED FOR BY TOLERANCE TO THE DRUG’S ATAXIC EFFECTS? S. M. 
Melnick*, J. S. Walsh, J. P. Clark and A. Ettenberg. Behavioral Pharmacology 
Laboratory, Department of Psychology, University of California at Santa Barbara, 
Santa Barbara, CA 90316.

The sensitization of locomotor activity induced by phencyclidine (PCP) has been 
reliably observed by several laboratories including our own. Several compounds 
(cis-flupenthixol and R-(+) -HA-966) block the expression but not the development 
of this sensitization. Thus the mechanism underlying PCP sensitization remains 
unclear. The administration of PCP also produces ataxia in rats. We therefore 
hypothesized that tolerance to PCP-induced ataxia may result in the increased 
locomotor activity observed with repeated drug exposure. Male Sprague-Dawley 
rats were injected IP with 5 mg/kg PCP every 48 hrs. Locomotor activity, open 
field activity, or rota-rod performance were recorded daily. The behavioral 
measurements on the first and last PCP day were compared for either sensitization 
or tolerance. Results showed that the mean total locomotor activity counts (90 
min) increased from the first to last drug trial by 167% and the mean total number 
of open field squares entered (15 min post-injection for 5 min) increased by 337%. 
In contrast, mean total number of falls off the rota-rod (15 min post-injection for 5 
min) decreased by 88%. Therefore, sensitization to PCP-induced behavior was 
observed in the locomotor chambers and in the open field while tolerance was 
observed (i.e., improved performance) in rota-rod behavior. Comparison of non-
drug to drug trial rota-rod performance suggested that this improvement was not 
due to learning or practice. Together, these data suggest that a tolerance to the 
drug’s ataxic effects might account for at least some of the observed increase in 
locomotor activity with repeated PCP administration. Other tests of ataxia, and 
simultaneous assessment of ataxia and locomotion, are currently being investigated 
to further identify the possible role of drug tolerance to the ataxic effects of PCP in 
the development of sensitization.

This research was supported by NIDA grant DA05041 awarded to A. E. and by 
funds from the Department of Psychology at UCSB.

429.16
PREPUBESCENT RATS ARE MORE SENSITIVE THAN ADULTS 
TO THE LOCOMOTOR-STIMULATING EFFECTS OF PCP. RJ=L 
Jacobs. B, M, Tayiou.T, J, Cicero^ ,&Mx.E^Baid,gatt Department of 
Psychiatry, Box 8134, Washington Univ. Sch. Med., St. Louis, MO 
63110.

Phencyclidine (PCP) is a potent psychostimulant and 
psychotomimetic drug which blocks NMDA-type glutamate receptors. 
Many aspects of NMDA receptor function, such as its role in 
neurotoxicity or neuroendocrine status, are differentially expressed 
across development. We tested the effects of PCP on male S-D rats 
at postnatal days (PND) 21-25, 35-39, 60-64, and 90-94 to determine 
if behavioral responses to PCP vary as a function of age. Over the 
course of five days, each rat was injected with 0.0 (saline), 1.5, and 
3.0 mg/kg of PCP (SC) every other day in a counterbalanced order. 
Rats at PND 90-94 demonstrated a significantly greater level (2-fold) 
of locomotor activity during the 20 min prior to drug injection and in 
response to saline injection. However, the PND 21-25 rats exhibited a 
significantly greater level of locomotion (2-fold) than the older animals 
after injection with 1.5 and 3.0 mg/kg of PCP. These results suggest 
that the locomotor-stimulating effects of PCP are more marked prior to 
puberty, and that maturational events extending from puberty to early 
adulthood reduce sensitivity to PCP. Future research will examine 
potential age-dependent behavioral effects of PCP analogs, as well 
as ascertain patterns of brain activity associated with PCP treatment 
across development. Supported by a Howard Hughes undergraduate 
research fellowship awarded to PSJ through the W.U. Department of 
Biology and by MH01109 to MB.

COCAINE: BEHAVIORAL STUDIES

430.1

COCAINE SELF-ADMINISTRATION AND ENTRAINMENT OF 
AUTONOMIC RHYTHMICITY. W, Tomatzky*, D.G, Harper and K.A, 
Miczek. Department of Psychology, Tufts University, Medford, MA 02155

Drug administration in drug dependent individuals is a salient event that 
may act as a "Zeitgeber" in animals and humans. The objective of the present 
study is to investigate entrainment of autonomic rhythms in rats that self 
administer cocaine in a session repeated daily at the same time of day for a 
duration of two weeks. Male Long Evans rats were implanted with a jugular 
catheter for IV self-administration of cocaine and a telemetry sender. Two 
weeks thereafter their heart-rate (HR) and core temperature (Tc) rhythms 
were well entrained to the 12:12 hour light:dark cycle (lights off: 09:00 AM). 
Self-administration of cocaine (0.25 mg/inf.) was gradually acquired within 4 
to 6 daily sessions scheduled at 01:00 PM. After an additional 8 to 10 days 
the rats self-administered the 15 reinforcements (FR5) within 40 to 70 
minutes. The HR and Tc were elevated during these sessions. Self- 
administered infu-sions were preceded by increased locomotor activity and 
followed by locomotor arrest that could last for up to 2 min. Following the 
last session of the two week series, the rats manifested entrainment at the time 
of day when cocaine self-administration had previously been scheduled. 
Acrophases of the circadian and ultradian components of their HR and Tc 
rhythms, quantified by multi oscillator cosinor analysis, shifted during the 
two weeks of intermittent cocaine self administration to align their peaks at 
01:00PM. This synchronization stands in sharp contrast to the decrease in 
rhythm amplitude and the loss of entrainment following a 26 hr ‘binge’, 
where the same rats were allowed free access to cocaine (0.25mg/inf). 
Supporting grants: USPHS AA5122; DA02632.

430.2
DIET CONTENT DOES NOT INFLUENCE COCAINE ACUTE AND
WITHDRAWAL BEHAVIORAL EFFECTS. H.M.T. Barros* . M Loebens. G. F, 
Pheula. Div. Pharmacology, Federal Faculty Med. Sci. of Porto Alegre, Porto Alegre, 
Brazil 90050-170.
Prolonged cocaine may produce a withdrawal state similar to anxiety in many individuals. 
Social factors such as isolation in a narrow space, but not in an enriched space, increase 
anxiety-type behaviors of rats during cocaine withdrawal. While in this narrow 
environment the animals tend to increase their water and food consumption. Diverse 
behavioral states presented by an individual and between individuals may occur because 
of different diets due to social or cultural factors. Also, the effects of drugs are altered 
when laboratory animals are submitted to food or water deprivation and self-
administration of drugs with reinforcing properties, such as cocaine, may be increased. 
High-carbohydrate diets are described to increase locomotion in humans and rodents. 
High-protein diets tend to increase carbohydrate intake. The latter two diets produce 
changes in cerebral tryptophan and serotonin concentrations. High-fat content diets are 
described to increase the number of opioid receptors. It was our objective to examine if 
diets containing very different amounts of nutrients upon the acute effects of cocaine or 
in its withdrawal manifestations. Male rats were fed from the 23rd postnatal day until at 
least 90 days old with diets containing protein 39 g%, sucrose 67 g% or vegetal fat 
27g%. Cocaine 15 mg/kg was administered i.p. 30 min before the acute behavioral 
studies or daily for 15 days for the withdrawal studies. Different animals were in the 
elevated plus-maze (EPM) or in the forced swimming test (FST). All experiments were 
videotape-recorded. As expected, acute cocaine produced hyperactivity, increasing 
locomotion in the EPM and decreasing immobility in the FST in all animals, irrespective 
to the diet fed. Increase of behaviors interpreted as anxiety (fewer entries and less time 
spent in open arms) was seen during the 5 days of withdrawal. A significant drug 
treatment X diet interaction was detected, the group of animals fed with high-protein diet 
was more prone to enter the open arms during the withdrawal period. In conclusion, the 
diet may alter the behavioral outcome during cocaine withdrawal.
CNPq, AAPEFATO.
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430.3
OSCILLATORY-SENSITIZATION EFFECTS ARE PRODUCED BY 
REPEATED MORPHINE PRE-EXPOSURES AND ARE BLOCKED BY 
CHRONIC LITHIUM TREATMENTS. B.J, Kucinski*, S.M. Antelman.
A.R. Caggiula, H, Fowler, S, Gershon, D.J. Edwards, M.C. Austin, S.
Kiss, and D. Kocan. University of Pittsburgh and Pittsburgh Cancer 
Institute, Pittsburgh, PA 15260.

In previous studies, we observed an oscillatory pattern of increases and 
decreases in the neurochemical and endocrine effects of repeated drug 
and stress exposures. The present studies investigated (1) whether 
repeated morphine pretreatments would produce similar oscillatory 
effects in a behavioral endpoint (electric footshock-induced hypoalgesia) 
and (2) whether the oscillation could be attenuated by lithium chloride. 
Sprague-Dawley rats were given 1-5 morphine pretreatments (15 mg/kg 
IP), separated by 1-wk intervals, with the last injection occurring 1-h prior 
to the hypoalgesic test on a hot-plate. Blood plasma was collected for 
corticosterone and (3-endorphin assays, and the hypothalamus was 
sectioned for CRF assay. One morphine injection sensitized the shock- 
induced hypoalgesic, CRF, and corticosterone effects. (3-endorphin 
sensitization occurred after 3-5 morphine injections. Oscillation of the 
hypoalgesic, CRF, and corticosterone effects was observed with 3-5 
morphine injections, in a second experiment, prophylactic lithium 
treatment in the drinking water (15mEq/L), beginning 5d prior to the start 
of the experiment and continuing until test, suppressed oscillation of the 
behavioral response, but not the initial sensitization. These data support 
the potential usefulness of the oscillatory phenomenon in developing of 
a cyclical model of bipolar disorder. Supported by NIDA 09163 and The 
Theodore and Vada Stanley Foundation.

430.4
OSCILLATORY-SENSITIZATION MODEL OF REPEATED DRUG 
EXPOSURE: INDUCTION BY COCAINE AND BLOCKADE BY 
LITHIUM. A.R. Caggiula, S.M. Antelman, B.J. Kucinski, H. Fowler, S. 
Gershon, D.J. Edwards*, M.C. Austin, R. Stiller, S. Kiss, and D. Kocan 
University of Pittsburgh and Pittsburgh Cancer Institute, Pittsburgh, PA 
15260.

In previous work, we reported an alternating pattern of increases and 
decreases (oscillation) in the neurochemical and endocrine effects of 
repeated drug or stress exposure. We suggested that under some 
circumstances, oscillation follows, and is a homeostatic response to extreme 
sensitization. In the first two studies, rats were given 0-5 pretreatments 
with cocaine (COC; 12 mg/kg IP) separated by 1-wk intervals and then 
tested for footshock-induced hypoalgesia (hot plate). COC-induced 
sensitization of shock-hypoalgesia, which reached its maximum after 2 
COC treatments, was replaced by an alternating pattern of attenuation and 
reinstatement over the last 3 COC treatments. In order to test whether such 
oscillation might be of potential relevance to bipolar disorder, studies 3 and 
4 examined whether COC-induced cyclicity of amphetamine-evoked efflux 
of DA from slices of rat n. accumbens and striatum (Study #3) and COC 
induced oscillation of shock-hypoalgesia (Study #4), could be prevented by 
lithium. We found that prophylactic treatment with lithium (15mEq/L) in 
the drinking water completely prevented oscillation in each instance. This 
may represent an important initial step toward the development of a 
cycling model of bipolar disorder. Supported by NIDA grant 09163 and 
The Theodore and Vada Stanley Foundation.

430.5
COCAINE SENSITIZATION IN DOMESTIC FOWL AS A FUNCTION OF 
AGE AND SEX. R. A, Hughes*, H. M. Pierce, and M. R. Baker. Neuroscience 
Program and Department of Psychology, Iowa State Univ., Ames, IA 50011-3180 
The species generality and ontogeny of cocaine sensitization is documented in an 
avian model. Daily cocaine hydrochloride (0.0 or 10 mg/kg; 1 ml/kg i.p.) was 
administered to male (cockerels) and female (pullets) domestic fowl chicks 
immediately before a 30 minute test in a photocell activity chamber. Photocell 
interruptions and vocalizations were recorded each day for 4 days starting at 
posthatch day 5, 11, or 19 (PHD 5-8, 11-14, or 19-23). Activity increased over 
sessions in the cocaine groups and decreased in the control groups. No significant 
sex or age differences were observed for the activity measure. Vocalizations 
decreased in the saline group over sessions on PHD 5-8 but remained stable at 
other ages and increased in all cocaine treated age groups. In general males 
tended to vocalize more than females but not at all ages and not on all sessions. 
Vocalization data revealed a variety of significant differences not evident in the 
activity measure. Inferences about cocaine sensitization effects depend critically 
on the dependent variable measured, the age at which measures are taken, sex, 
and number of exposures. The effects of cocaine sensitization on vocalizations 
and activity in domestic fowl may provide a behavioral assay to index subtle 
alterations in dopaminergic or serotonergic mechanisms produced by prenatal 
exposure to drugs of abuse that are thought to disrupt these biochemical substrates 
of reward. Research supported by the department of psychology and HY-LINE, 
Inc.

430.6
WITHDRAWAL FROM PASSIVELY AND SELF-ADMINISTERED COCAINE 
“BINGES”. Nicole H. Mutschler* and Klaus A. Miczek. Dept. of Psychology, 
Psychiatry, and Pharmacology Tufts Univ., Medford MA 02155.

After termination of a self-administered cocaine “binge”, rats emit an increased 
rate of ultrasonic vocalizations (USVs) and increase their startle reflex for up to 24 
hours, when exposed to tactile stimuli. Animals that are exposed to high doses of 
passively-administered intravenous cocaine have a lower release of DA in the 
amygdala and are more likely to die after or during administration of the drug than 
animals that self-administer the same amount of drug. The objective of the present 
study was to investigate the differences in withdrawal, as measured by the rate of 
USVs and startle reflex, after termination of a binge in animals that either self- 
administered or passively received the same dose of cocaine. Five days after 
implantation of a jugular catheter, triads of littermates that were matched for 
housing, food-training and surgery were placed into self-administration chambers. 
The “lead” rats were allowed to acquire self-administration of cocaine (0.5 mg/inf.) 
while the two yoked animals passively received either cocaine (0.5 mg/inf.) or 
saline according to the “lead” animal’s pattern of administration. Once the “lead” 
animal had a stable response rate over 3 days, on FR3, it was allowed free access to 
cocaine (0.5mg/inf) for 16 hours. Subsequently, all animals were exposed to 18 air 
puffs (lOpsi) at 0, 24, 72 hours, 5, 7 and 14 days after the “binge”. Immediately 
following the binge there was no significant difference among groups. For up to 72 
hours the “lead” and passive-cocaine groups showed an increase in USVs and 
startle response when compared to the yoked saline group. These data suggest that 
the increase in USVs and startle reflex that is observed after termination of a 
cocaine “binge” does reflect an abstinence phenomenon and not simply a carryover 
from the high dose of drug that is administered during the “binge”.
Supported by USPHS research grants AA5122 and DA02632.

430.7
COCAINE DISCRIMINATION IN RATS REARED IN ENRICHED AND 
ISOLATE CONDITIONS. D.C. Duke, L.E, Baker and A.H. Tang*. 
Department of Psychology, Western Michigan University, Kalamazoo, MI 
49008.

Results of several studies using various behavioral paradigms have reported 
that isolation reared animals are more sensitive to the effects of 
psychostimulants than socially reared animals. Using drug discrimination 
procedures, some investigators reported that isolation-reared rats generalize to 
lower doses of cocaine and amphetamine than rats reared in enriched 
conditions. The present study attempted to replicate and extend those findings 
using a higher training dose of cocaine. Twelve male Sprague-Dawley rats were 
reared in standard isolate conditions (IC) and 12 rats were reared in enriched 
conditions (EC) beginning at 21 days of age. Beginning at approximately 90 
days of age, both groups of animals were trained to discriminate cocaine (10 
mg/kg, i.p.) from saline in a two-choice, water-reinforced operant task under a 
FR 20 schedule of reinforcement. Results of stimulus generalization tests with 
cocaine (1.25-10 mg/kg) revealed no differences between the two groups. 
Lower doses of amphetamine (0.125-0.25 mg/kg) produced greater drug- 
appropriate responding in IC rats, but higher doses (0.5-1.0 mg/kg) produced 
less drug-appropriate responding in IC rats compared to EC rats. These results 
suggest a need for further examination of the effects of rearing history on 
psychostimulant discrimination. We are currently assessing the effects of D2 
and D3 dopamine receptor antagonists on cocaine discrimination in IC and EC 
rats.

This work was supported by the Undergraduate Research and Creative 
Activities Award from Western Michigan University.

430.8
CHRONIC COCAINE TREATMENT DURING ADOLESCENCE 
STIMULATES OFFENSIVE AGGRESSION IN GOLDEN 
HAMSTERS. R.J. Harrison*, D.F. Connor, C., Nowak, and R.H. 
Melloni Jr., Psychiatry' Department and Program in Neuroscience, 
UMASS Medical Center, Worcester, MA 01655

Cocaine abuse represents a significant health care risk due to 
the potential for long term negative physical and psychological 
sequelae. Anecdotal and limited clinical evidence suggest that 
cocaine abusers exhibit increased aggressive behavior. However, 
animal studies report conflicting data on cocaine and aggression.
This study examines the effects of chronic cocaine treatment on 
aggression and the anterior hypothalamic-neural system 
implicated in the regulation of offensive aggression. It was 
hypothesized that chronic cocaine exposure during particular 
phases of postnatal development predisposes animals to 
heightened levels of aggression, correlated with changes in AH 
neuropeptide expression. To test this adolescent male Syrian 
golden hamsters (Mesocricetiis auratus) were administered 
cocaine hydrochloride during their adolescent development (P27- 
P56), and then tested for offensive aggression using the resident- 
intruder model. Hamsters treated with cocaine during adolescence 
show elevated measures of offensive aggression (i.e., increased 
number of bites, attacks, flank marks, and decreased latencies to 
bite), while total locomotor activity and sexual motivation were 
not significantly altered. Studies are currently underway 
examining the role of specific AH-neuropeptides in cocaine- 
stimulated aggression. Supported by NIDA DA 10547 to R.H.M.
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430.9
MULTIPLE DAILY INJECTIONS OF COCAINE FAIL TO INDUCE 
TOLERANCE TO THE BEHAVIORAL EFFECTS OF COCAINE.
V.L.Tsibulskv*. A.Dalia, M.K.Norman, M.R.Tabet and A.B.Norman. 
Division of Neuroscience, Department of Psychiatry, University of 
Cincinnati College of Medicine, Cincinnati, Ohio 45267.

The development of tolerance or sensitization to the behavioral effects 
of cocaine depends on the interval between injections of cocaine. We 
have shown (Dalia A., et al., abstract published in this volume) that 
previously sensitized rats demonstrate profound but temporary tolerance 
to the locomotor effects of cocaine after continuous infusion of 80 
mg/kg/day of cocaine for 6 days. Following withdrawal from cocaine or 
saline and upon reversal of tolerance, we investigated the ability of 
multiple daily cocaine injections to induce tolerance in sensitized rats 
with and without a prior history of tolerance to cocaine and in non- 
sensitized rats. For 6 days rats received five daily i.p. injections of 15 
mg/kg cocaine and the behavioral response to a challenge dose of 7.5 
mg/kg i.p. was measured each day. Thus, the total daily dose injected 
intermittently was similar to the total daily dose delivered via osmotic 
pump. In contrast to the profound tolerance to the effects of cocaine 
produced by continuous infusion via osmotic pump, multiple daily i.p. 
injections of cocaine failed to induce tolerance in rats regardless of their 
previous history of cocaine treatment. The differential response to the 
pattern of drug delivery may have implications for dosing regimens of 
compounds used to treat cocaine dependence. (Supported in part by DA 
500038 from NIDA).

430.10
DEMONSTRATION OF THE REINFORCING EFFECTS OF 
COCAINE USING THE INSTRUMENTAL PLACE 
CONDITIONING PROCEDURE. L. A. Volpicelli. W D. Essman* 
and I. Lucki. Departments of Psychiatry ana Pharmacology, 
University of Pennsylvania, Philadelphia, PA 19104.

The purpose of this study was to examine both the acute 
reinforcing effects of the psychomotor stimulant, cocaine (COC), and its 
ability to produce a conditioned approach response using the 
Instrumental Place Conditioning Procedure (IPC). The IPC procedure 
trained rats to ambulate from a start box to a goal box to receive an i.p. 
injection of either saline or cocaine (COC; 1.25, 2.5, 5.0, 10.0 or 20 
mg/kg). Animals were trainined for 16 days and the latencies to enter 
the goal box were recorded each day. The combination of the changes 
in entry latencies and side preference during a chamber exploration test 
performed the day following the last training day measured the 
reinforcing effects of the various doses of COC.

Training with a low dose of cocaine (2.5 mg/kg) reduced goal box 
entry latencies. In contrast, training with high doses of cocaine (10 and 
20 mg/kg) increased goal box entry latencies. The 2.5, 10.0 and 20.0 
mg/kg groups also showed a significant shift towards greater preference 
for the goal box side, compared to a pretest performed before the 
initiation of the training with drug. These results are similar to the 
findings of a previous study with d-amphetamine, that demonstrated 
bidirectional effects of entry latencies with low and high doses, 
respectively, that commonly produce goal box side preferences (Essman 
et al., 1996). Therefore, the results of this study indicate that 
psychomotor stimulants such as COC and d-amphetamine produce a 
dose-dependent combination of aversive and rewarding effects.

Supported by NIDA DA 05186.

430.11
REPEATED COCAINE PRE-EXPOSURE INCREASES FEAR- 
POTENTIATED STARTLE AND DIMINISHES EXTINCTION OF 
CONTEXTUAL FEAR. M.K. Gordon and J.B. Rosen*. Department of 
Psychology, University of Delaware, Newark, DE 19716.

The repeated use of cocaine is thought the be a precipitating factor for 
anxiety and panic attacks suggesting that repeated cocaine exposure 
produces sensitization to aversive stimuli even when cocaine is not present. 
The fear-potentiated startle paradigm was used to test this. Male Sprague 
Dawley rats received a pre-drug startle session in which 95, 105 and 115 
dB noise bursts (10 each) were given. Rats were separated into two groups 
of equal mean startle amplitude scores. For the next 7 days, rats received 
either cocaine (20 mg/kg, ip.) or saline and were placed in the startle 
chambers for 30 min. Following a one week drug-free period, rats were 
trained to be fearful of a light by presnting 5 pairings of a 3.5 sec 25W 
light and a 500 msec footshock which co-terminated. The next day rats 
were tested for fear-potentiated startle by first presenting 10 post-drug-pre- 
test 95 dB startle stimuli immediately followed by 60 trials of 95, 105 and 
115 dB noise bursts, half with the light on and half with it off.

Pre-drug and post-drug-pre-test startle did not differ between cocaine and 
saline groups, although the post-drug amplitudes were greater than the pre-
drug amplitudes. This suggests that there was contextual fear conditioning 
in both groups. However, as the testing session proceeded, the noise alone 
startle amplitudes of the saline group decreased, whereas startle in the 
cocaine group did not. This indicates that the contextual fear conditioned 
responses normally extinguished, but cocaine prevented this from 
occurring. Cocaine rats also differed from saline rats in that the startle 
responses in the presence of the explicit fear CS were greater in the 
cocaine-treated group at the high noise intensity (115 dB). The data 
suggest that repeated cocaine pre-exposure increases explicit fear 
responses and prevents extinction to conditioned contextual fear.
Supported by the University of Delaware Research Foundation.

430.12
AN EXAMINATION OF SENSITIZATION TO COCAINE’S 
REINFORCING EFFECTS; PLACE PREFERENCE AND SELF-
ADMINISTRATION EXPERIMENTS. S. Schenk* and B.
Partridge. Texas A&M University, Dept. Psychology, College 
Station, TX, 77843.

The present experiment established the ability of preexposure 
to cocaine to sensitize rats to the primary and conditioned reinforc-
ing properties of cocaine. In one experiment, rats were preex-
posed to cocaine either through experimenter delivered injections 
(2 injections of 20.0 mg/kg per day for 5 days) or through several 
weeks of cocaine self-administration. Control rats received daily 
saline injections. Both groups of cocaine-exposed rats developed 
a cocaine-induced conditioned place preference to lower doses of 
cocaine than control animals, suggesting sensitization to the 
conditioned reinforcing properties of cocaine. Other groups that 
were tested for the acquisition of cocaine self-administration fol-
lowing exposure to cocaine through experimenter-delivered injec-
tions (2 injections of 20.0 mg/kg per day for 5 days) demonstrated 
shorter latencies to acquisition of self-administration than control 
rats. Similar shorter latencies were obtained when rats were 
exposed to cocaine by being yoked to rats during a 10 day acqui-
sition period for self-administration. Further, when yoked rats 
received cocaine in combination with a cue that was subsequently 
paired with earned cocaine infusions, latency to acquisition was 
further reduced. These data demonstrate that sensitization to 
cocaine’s primary and conditioned reinforcing effects is obtained 
following preexposure.
Supported by DA 10084.

430.13
EFFECTS OF INITIAL EXPOSURE TO SALINE EXTINCTION IN RATS TRAINED 
UNDER A MULTIPLE SCHEDULE OF FOOD REINFORCEMENT AND COCAINE 
SELF-ADMINISTRATION. N.E. Goeders*. S. Ikemoto. N.R, Dorairai. S.T. Simpson, and 
G.F, Guerin, Departments of Pharmacology & Therapeutics and Psychiatry, LSU Medical 
Center, Shreveport, LA 71130-3932.

Removal of a reinforcer typically results in the extinction of the behavior that resulted in 
its presentation. In general, there is an initial increase in responding, often referred to as an 
extinction burst, followed by little or no subsequent responding. In the drug reinforcement 
literature, treatments which increase drug-maintained responding are thought to block rein-
forcement, resulting in a burst of responding during extinction. However, this may not be 
true in every case, hi these experiments, 29 adult male Wistar rats were trained to respond 
under a multiple, alternating schedule of food reinforcement (discrete trial, fixed-ratio 10 
schedule of reinforcement) and cocaine (0.25 mg/kg/infusion) self-administration (fixed-ratio 
4 schedule). Each session could begin with either the food or cocaine component, and the 
schedule alternated between food and cocaine every 15 minutes for 2 hours. When stable 
baselines of responding under both components were obtained, the cocaine syringe was 
replaced with a syringe containing only saline. Rather than increasing responding on the 
cocaine lever, initial exposure to saline extinction resulted in a significant decrease in the 
total number of infusions delivered during the session. There were no differences in the 
number of infusions delivered during the first 15-minute exposure to cocaine or saline. 
However, during the subsequent three 15-minute exposures, the number of infusions 
delivered during saline extinction was significantly less than that observed during cocaine 
self-administration. There was no effects of saline extinction on food-reinforced responding. 
The results of these experiments underscore the importance of determining the effects of 
extinction before investigating the effects of treatments on cocaine self-administration since 
responding may either increase or decrease depending on the circumstances.
This work was supported in part by USPHS grants DA06013 and DA04293 from the 
National Institute on Drug Abuse.

430.14
EFFECTS OF SELF-ADMINISTERED AND NONCONTINGENT COCAINE ON 
FEXED-CONSECUTIVE-NUMBER FOOD REINFORCED RESPONDING IN 
RATS. L Bettineer*. G.F, Guerin and N E. Goeders Departments of Pharmacology’ 
&Therapeutics and Psychiatry, LSU Medical Center, Shreveport, LA 71130-3932.

Previous work from this laboratory demonstrated that chronic, daily injections of 
cocaine delivered immediately prior to the start of the behavioral sessions resulted in the 
development of tolerance to the disruptive effects of the drug in rats responding under 
a fixed-consecutive-number 8 (FCN8) schedule of food reinforcement. Under this 
schedule, food pellets are delivered when rats respond 8 or more times on one lever 
followed by a single response on a second lever. Pressing the second lever before 8 
responses are made on the first lever resets the ratio Tolerance was facilitated by 
providing an external discriminative stimulus which signaled when the rats could 
respond on the second lever. Self-administered and noncontingently delivered cocaine 
have been reported to result in very different behavioral and neurochemical effects. This 
study was designed to compare performance under both the signaled and unsignalled 
components of the FCN8 schedule in rats self-administering cocaine with rats receiving 
identical, yoked infusions of the drug for a period of 18 weeks Measured variables 
included the food lever response rates, the number of responses, the number of food 
presentations and the number of premature responses. While the rats receiving 
noncontingent, yoked infusions of cocaine developed tolerance to the disruptive effects 
of cocaine during the unsignalled portion of the schedule, the rats self-administering 
cocaine did not according to all of the variables measured. These data suggest that 
tolerance develops differently when cocaine is a reinforcer (i.e., self-administered) than 
when the drug is delivered noncontingently.
This wok was supported in part by USPHS grant DA04293 from the National Institute 
on Drug Abuse.
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430.15
CONDITIONED CARDIOVASCULAR EFFECTS OF COCAINE IN SQUIRREL 
MONKEYS: PRELIMINARY DATA. C. W, Schindler*, E. B, Thorndike and S. R, 
Goldberg. NIH/NIDA Intramural Research Program, Preclinical Pharmacology 
Laboratory, Baltimore, MD 21224

Cocaine produces stimulant effects on the cardiovascular system in squirrel 
monkeys up to a dose of 1.0 mg/kg. When paired with external stimuli the 
conditioned effects of a drug may be either drug-like or drug-opposite and lead to either 
a potentiated response (sensitization) or tolerance respectively. The purpose of the 
current study was to determine whether the cardiovascular effects of cocaine in squirrel 
monkeys could be conditioned and, if so, whether the conditioned response was drug-
like or drug-opposite. Squirrel monkeys were adapted to standard restraint chairs prior 
to surgical implant of arterial and venous catheters. They were then habituated to a 2- 
min tone-light compound stimulus (with saline given 1 min after stimulus onset) by 
presenting that stimulus once during a 1-hour daily session. Up to two stimulus 
presentations were given per week. After 4 stimulus presentations, a 1 mg/kg dose of 
cocaine was given in place of saline. Ten stimulus-cocaine pairings were given over 6 
weeks along with a test presentation each of stimulus-saline or cocaine alone. In 
preliminary data, clear increases in both blood pressure and heart rate were observed 
during the first min of the stimulus, which reached a peak after 4-5 pairings. These 
results clearly show that the cardiovascular effects of cocaine can be conditioned to 
external stimuli and that the conditioned blood pressure response is drug-like. Because 
the 1 mg/kg dose of cocaine often produces a brief bradycardia prior to tachycardia, it 
is unclear whether the heart rate response was drug-like or drug-opposite. These 
conditioned effects may well potentiate the cardiovascular effects of cocaine. After the 
10th stimulus-cocaine pairing, an extinction regimen was instituted. The previously 
conditioned effects of cocaine were still evident after 5 extinction sessions, suggesting 
that the conditioned effects are long lasting. (Supported by NIDA IRP)

430.16
BEHAVIORAL SENSITIZATION OF FEMALE RATS FOLLOWING 
REPEATED DAILY INTRAVENOUS COCAINE ADMINISTRATION. J.A. 
Davis*, C.F. Mactutus, M.A. Welch and R.M. Booze. Univ. of Kentucky, Dept. 
of Anatomy and Neurobiology, College of Medicine and Div. Pharmacol, 
College of Pharmacy & THRI, Lexington, KY 40536-0084.

Repeated intermittent administration of cocaine is well-known- to produce 
behavioral sensitization in male animals. The present studies explored 
whether behavioral sensitization occurred in female rats in response to 
repeated IV cocaine administration. Adult female Sprague-Dawley rats (N=24) 
were surgically implanted with a intravenous access port (Mactutus et al., 
1994). Animals received 3.0 mg/kg IV cocaine once/day for 14 days. Daily 
injections began once the animals came into estrus following recovery from 
surgery. Immediately after cocaine injection, animals were placed in IR 
photocell activity chambers for 60 min. Estrus cyclicity was monitored 
throughout the experiment by daily vaginal lavage following assessment of 
locomotor activity. Female rats displayed significant behavioral sensitization 
over the 14 day time course of cocaine injections (linear day x drug, F(1,22) 
=7.3, p<0.01). Daily vaginal lavages indicated that female rats continued to 
cycle normally throughout the experiment. Estimates of statistical power for 
detecting the development of a cocaine-induced change ranged from 0.72- 
0.95 for small (0.11) to large (0.4) effect sizes. It was also noteworthy that no 
cocaine-treated animals displayed persistent vaginal estrus or were acyclic. 
These data indicate that behavioral sensitization occurs in female rats 
following repeated IV cocaine dosing and that 3.0 mg/kg of IV cocaine does 
not interfere with normal estrus cyclicity. Collectively, these data suggest that 
the IV cocaine dosing model may be particularly useful in exploring the 
gender-dependent effects of cocaine.

(Supported by DA09160 & ES06259).

430.17
STRAIN DIFFERENCES IN ACUTE VS. REPEATED COCAINE-INDUCED 
LOCOMOTOR BEHAVIOR IN FEMALE RATS, R. Sircar*, D. Kim, J.L Haracz, 
S. Pal, Lab. for Developmental Neuroscience, Dept. Psychiatry, Albert 
Einstein College of Medicine, Bronx, NY 10461.

Genetic differences in the susceptibility to drug use have been suggested 
based on studies showing strain differences in the behavioral effects of 
psychoactive drugs. Male Lewis (LEW) rats show enhanced response to 
cocaine compared to Fischer 344 (F344) rats of the same sex, and drug-naive 
male LEW rats behaviorally resemble drug-exposed male Sprague Dawley 
(SD) rats. The present study was designed to determine the acute and 
repeated cocaine-induced locomotor behaviors in female F344, LEW, SD rats 
and to characterize the role of gonadal hormones in these behavioral effects. 
Female LEW, F344 and SD rats were gonadectomized and given oil (vehicle) 
or hormonal supplementation (estrogen - E2 and/or progesterone - PROG). 
After the first cocaine adminsitration, ovariectomized rats with no hormonal 
supplementation showed relatively low motoric activity (especially F344 and 
SD rats) and after repeated cocaine injections almost no behavioral 
sensitization. Ovariectomized LEW and SD rats that were given E2 alone, 
exhibited comparatively low locomotor activity after acute cocaine exposure 
but following repeated cocaine administrations showed significant behavioral 
sensitization. Ovariectomized rats that received PROG alone, showed 
enhanced locomotor effects to acute cocaine exposure but did not show 
significant cocaine sensitization. Ovariectomized F344 rats that received both 
E2 and PROG, showed significantly higher locomotor activity after acute 
cocaine exposure compared to LEW and SD rats. Following repeated cocaine 
administrations, E2 + PROG treated LEW and SD rats showed very robust 
locomotor sensitization to a challenge dose of cocaine compared to male rats 
of similar strain. Together, these behavioral differences provide further 
support for gender- and strain-specific effects of cocaine. (Supported by the 
Aaron Diamond Foundation)

430.18
INTRAVENOUS SELF-ADMINISTATION OF COCAINE+HEROIN
(SPEEDBALLS) IN AN OPERANT RUNWAY
M, A, Raven*. J. A, Moore, and A. Ettenberg. Behavioral Pharmacology Laboratory, 
University of California, Santa Barbara, CA 93106

Both heroin and cocaine users have been reported to combine these two drugs in a 
mixture referred to as a “speedball.” In the present study varying doses of heroin 
(0.0-0.05mg/kg/inj) were mixed with a standard dose of intravenous cocaine (0.75 
mg/kg/inj) delivered in a volume of 0.1ml infused over 4 sec. The reinforcing and 
anxiogenic properties of the different cocaine-heroin mixtures were compared in an 
operant runway model of self-administration. Male albino rats were trained to 
traverse a straight alley once each day for a single injection of one of the “speedball” 
mixtures. On each trial, the latency to initiate running (Start Latency) and the time 
required to traverse the alley (Rim Time) were recorded for each subject. 
Additionally, infrared sensors lining the interior of the runway automatically 
recorded the animals’ intramaze behavior. The number of times the rats approached 
the goal box, stopped and retreated back toward the start box (i.e., retreats) were 
analyzed as an index of approach avoidance conflict which is thought to reflect the 
relative rewarding verse anxiogenic properties of the goalbox drug reinforcer.
Results demonstrated that all groups produced an increase in Run Times and retreats 
over the course or three weeks of daily trials. Start Latencies, however, decreased in 
all groups after the first week of testing. These data suggest that both positive 
(rewarding) and negative (conflict) properties were present in the cocaine+heroin 
treatments. However, animals ran faster and retreated less for “speedball” mixtures 
containing greater amounts of heroin thereby suggesting that the heroin may be 
masking of reducing the anxiogenic properties of cocaine.
This work was supported by NIDA grant DA05044 awarded to A. E. M. A.R. is an 
NSF predoctoral fellow.

430.19
INCREASE IN COCAINE INTRAVENOUS SELF-ADMINISTRATION WITH CHRONIC 
USE: ROLE OF SENSITIZATION AND TOLERANCE. V. Deroche* F. Piat M. Le Moal and 
P.V. Piazza., INSERM U. 259, Univ. ofBordeaux D. 33077 Bondeaux, France.
Two processes have been put forward to explain the increase in drug intake that characterizes the shift 
from drug use to abuse. First, the development of tolerance to the rewarding effects of the drug which 
would lead the individual, in a compensatoiy attempt, to increase its drug intake producing in fact an 
even greater tolerance. Second, the sensitization of the incentive properties of the drug which would 
induce a higher craving and consequently a higher consumption of the substance. In this report, we 
tested these two hypotheses by studying two groups of rats trained for intravenous cocaine self- 
administration (SA) either for 29 or 6 days. The descending limb of the dose-response (02,0.4,0.8 
mg/kg/inj.) curve for SA was tested daily using a within-session procedure. The '29 SA sessions" and 
the "6 SA sessions" groups were then tested for: i) cocaine-induced reinstatement of self-
administration (0,02,0.4,0.8,1.6 mg/kg i.v.) and it) cocaine-induced place-preference (02,0.4,0.8 
mgkg i.v.). These two tests should respectively measure the incentive and rewarding properties of 
cocaine. Rats exhibited a stable dose-response function for SA within the first 6 days of testing As 
testing was pursued, a progressive significant shift to the right of the dose-response function for SA 
was observed. Both “6 SA sessions” and ‘29 SA sessions” groups showed cocaine-induced 
reinstatement but the dose-response function for this behavior was shifted to the left in the ‘29 SA 
sessions” group, suggesting that these animals were more sensitive to the incentive properties of 
cocaine. In both groups of rats, cocaine-induced place-preference occurred for the 0.4 mg/kg dose of 
cocaine. In contrast, at the 0.8 mg/kg dose of cocaine the "29 SA sessions" rats showed place- 
preference, while the "6 SA sessions" animals did not; 2 rats out of 5 clearly showing place aversion at 
this dose. These results suggest that the sensitivity to the rewarding effect of cocaine is similar in the 
two experimental groups but that the "29 SA sessions" animals may be less sensitive to the aversive 
effects of cocaine. In conclusion, the increase in cocaine intake that occurs over repeated use would 
depend on a sensitization of the incentive properties of the drug rather than from a tolerance to its 
rewarding effects. In contrast, a tolerance to the aversive properties of cocaine may play a role.

430.20
DISCRIMINATIVE STIMULUS PROPERTIES OF ACUTE 
COCAINE WITHDRAWAL ("COCAINE CRASH") IN RATS.
S A Vanecck, P.V. Gauvin. TJ. Baird, M. Vallett. K.L. Carl, and
FA, Holloway.* Dept. of Psychiatiy & Behav. Science, Univ. of 
Oklahoma Health Science Center., Oklahaoma City, OK 73190 
Twelve sprague-Dawley rats were trained in a drug discrimination 
task using the state-dependent interoceptive stimulus attributes of 
cocaine’s delayed or rebound effects (CDE) versus "normal" basal 
homeostasis. Rats were injected with either 32 mg/kg cocaine or 
equivalent volumes of saline, subcutaneously, 13 hr before the 
sessions. Rats demonstrated >90% discriminative accuracy. Test 
sessions showed a time-dependent acute cocaine withdrawal 
syndrome. The cocaine crash started approx. 7 hrs after the high 
training dose injection and diminished approx. 10 hrs later. The 
cocaine withdrawal syndrome was dose-dependent (ED50:10.5 ± 23 
mg/kg). Cross-generalization tests conducted with acute cocaine 
pretreatments, administered just 15 min prior to test sessions, 
produced only a biphasic partial generalization with the cocaine 
withdrawal training cue. Additional cross-generalization tests 
conducted with chlordiazepoxide, pentylenetetrazole, and NMDA 
engendered predominantly saline-appropriate responding. This 
behavioral assay may provide a preclinical screening tool for 
blocking drugs which could be used as pharmacological adjuncts in 
cocaine abuse therapy.
This work was supported ly NIAAA grant RO1AA08333.
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431.1
THE ROLE OF CALCIUM/CALMODULIN-DEPENDENT PROTEIN 
KINASE II IN BEHAVIORAL SENSITIZATION TO COCAINE.
R.C. Pierce*, B, Ghasemzadeh, E.A, Quick, Z.R. Morgan. D, Reeder
and P.W. Kalivas, Alcohol and Drug Abuse Program, Washington State 
University, Pullman, WA 99164-6520.

The following experiments assessed: 1) the potential role of 
calcium/calmodulin-dependent protein kinase II (CaM-KII) in the 
enhanced increase in extracellular dopamine induced by amphetamine in 
the medial nucleus accumbens of rats sensitized to cocaine, 2) the 
behavioral relevance of these changes in the mechanism of action of 
amphetamine, and 3) potential alterations in the mRNA for N- and L-type 
calcium channels in the ventral midbrain, which might influence CaM- 
KII activity in mesoaccumbens dopamine cells. The results indicate that 
the CaM-KII inhibitor, KN-93, eliminated the amphetamine-induced 
enhanced increase in accumbal dopamine in cocaine-pretreated rats, while 
having no influence on the ability of this drug to increase dopamine in 
saline-pretreated animals. Consistent with these data, the intra-accumbal 
microinjection of KN-93 produced a dose-dependent reduction in the 
sensitized behavioral response to a cocaine challenge in rats previously 
administered repeated daily cocaine, while having no effect on the 
behavioral response to cocaine in control animals. Finally, there was an 
increase in the mRNA for the alpha 1 subunit of the L-type calcium 
channel in the midbrain of cocaine-sensitized rats. Taken together, these 
results indicate that CaM-KII plays a critical role in the expression of 
behavioral sensitization to cocaine and that the activity of CaM-KII may 
be enhanced in cocaine sensitized rats following the upregulation of L- 
type calcium channels in the ventral midbrain. Supported by USPHS 
grants MH-40817, DA-03906, DA-00158 and DA-05589.

431.2
ALTERED SENSITIVITY TO COCAINE AFTER NUCLEUS 
ACCUMBENS MICROINJECTIONS OF A HSV VECTOR 
EXPRESSING CREB. S. B. Lane, W. A. Carlezon Jr., V. A. Boiindv. C. 
N, Haile, R, L, NeveA, and E. J. Nestler*. Laboratory of Molecular 
Psychiatry, Yale University School of Medicine, New Haven CT, and 
AMolecular Genetics Laboratory, Harvard Medical School, Belmont MA.

Repeated administration of drugs with psychomotor stimulant properties 
(morphine, cocaine) is known to alter levels and function of the tran-
scription factor CREB (cyclic AMP response element binding protein) in 
the nucleus accumbens (NAcc). However, the behavioral significance of 
this CREB regulation is unknown. By use of herpes simplex virus (HSV) 
vector-mediated gene transfer, we show that selective alterations in CREB 
expression in the NAcc is accompanied by alterations in the stimulant and 
rewarding properties of cocaine. Rats given microinjections of HSV-CREB 
(2.0 pi at 107 iu/ml) into the NAcc showed diminished locomotor responses 
to cocaine (2.5 mg/kg, IP), whereas rats given similar microinjections of a 
vector expressing a mutated form of CREB (CREB-M, which contains a 
single point mutation that prevents phosphorylation and thus may interfere 
with endogenous CREB function) showed potentiated locomotor 
responses. Moreover, the ability of a threshold dose of cocaine (1.25 
mg/kg) to establish conditioned place preference was blunted in rats given 
HSV-CREB, but enhanced in rats given HSV-CREB-M. Immunohisto-
chemical analyses revealed that there were no detectable differences in 
CREB immunoreactivity between rats given HSV-CREB and those given 
HSV-CREB-M, nor were there detectable differences in toxicity among rats 
given HSV-CREB, HSV-CREB-M, or vehicle (10% sucrose). These results 
confirm the importance of transcription factors such as CREB in mediating 
adaptations to the stimulant and rewarding actions of drugs of abuse, and 
demonstrate that localized changes in gene expression can lead to 
specific behavioral and motivational adaptations. (Supported by DA08227)

431.3
COCAINE AND PAROXETINE BOTH AFFECT ACTIVITY OF 
THE Na+/K+-ATPase PUMP IN PHEOCHROMOCYTOMA CELLS. 
SA Mackler* ,TRKleyman, &X-Y Cha. Department of Medicine, 
Univ. of PA & Phila VAMC, Phila PA 19104.

Acute and chronic cocaine exposure in rats each decrease activity of 
the Na+/K+-ATPase pump in specific CNS regions. These functional 
changes are accompanied by altered mRNA and protein amounts for 
some subunits of the Na+/K+-ATPase pump. Experiments were 
performed using PC6-3 cells (a subclone of PC 12 cells) to better 
understand how cocaine affects neuronal Na+/K+-ATPase pump 
function. PC6-3 cells were exposed to varying amounts of cocaine 
(0.1-10 uM) for 4 days, a time at which there is a selective decrease in 
expression of the pi isoform of the pump in response to cocaine. 
Ouabain-sensitive rubidium (Rtn) uptake (a direct measure of pump 
function) was significantly decreased at all tested cocaine doses (62%- 
74% of control values). Acute (1 hr) exposure to similar doses of 
cocaine did not significantly alter ouabain-sensitive Rb-t- uptake. 
Treatment with selective DI and D2 agonists during the same period 
did not affect expression of the a and p subunits of the pump. PC6-3 
cells were next exposed to desipramine or paroxetine (1 or 10 nM) for 
4 days . Desipramine had no effect on ouabain-sensitive Rb-i- uptake, 
while there was a significant (~50%) decrease in pump activity after 
both doses of paroxetine. The effects of chronic cocaine treatment on 
activity of the Na+/K+-ATPase pump in PC cells are mediated in part 
by blockade of serotonin re-uptake. Similar regulation of the Na+/K+- 
ATPase pump in the CNS may result in altered neuronal physiology. 
(Supported by DA-00199)

431.4
NAC-1 IS AN mRNA INCREASED IN THE NUCLEUS
ACCUMBENS 3 WEEKS AFTER CHRONIC COCAINE SELF-
ADMINISTRATION. X-Y Cha1*. RC Pierce2, PW Kalivas2& SA 
Mackler1. department of Medicine, Univ. of PA & Phila VAMC, 
Phila PA 19104 &2Wash. State Univ., Pullman WA 99164-6530.

Long-term changes in gene expression may contribute to cocaine 
self-administration and behavioral sensitization. Rats were allowed to 
administer i.v. cocaine for 18 of 21 days (x=27 mg/kg/3 hr 
session/day) and then sacrificed after being kept drug-free for 21 days. 
cDNAs were made from the nucleus accumbens by in situ 
transcription. PCR amplification using primers for a somatostatin 
receptor led to the isolation of a novel cDNA, named NAC-1. Relative 
levels of this mRNA were increased ~50% in the nucleus accumbens 
compared to samples from rats that received i.v. saline, but not 
changed in other CNS regions. In situ hybridization demonstrated an 
increase in the number of NAC-1-expressing cells in the nucleus 
accumbens. NAC-1 is ~3 to 4-fold more abundant in the CNS than in 
peripheral tissues. A full-length clone was isolated from a rat brain 
library. The predicted protein is 514 amino acids. The amino terminus 
contains an intact POZ sequence, a domain that mediates protein- 
protein interactions in some regulators of gene transcription.
PCR amplification demonstrated the presence of a similar gene in 
human genomic DNA.

NAC-1 may underly long-term changes in neuronal function that 
accompany behavioral sensitization and cocaine self-administration. 
(Supported by DA-00199, DA-03906, MH-40817 and DA-05589)

431.5

WITHDRAWN

431.6
OPIOID PEPTIDE AND DOPAMINE Dt AND D2 RECEPTOR mRNA 
EXPRESSION DURING COCAINE ABSTINENCE. P. Svensson and 
Y.L. Hurd*. Karolinska Institute, Depts. of Neuroscience and Clinical 
Neuroscience, Stockholm, Sweden.

It has been well documented that the opioid and dopamine systems 
are altered during the use of cocaine. However very little information is 
available about their role during cocaine abstinence. In the present study, 
the mRNA expression of the dopamine receptor genes, Dj and D2, and the 
opioid peptides, prodynorphin and proenkephalin, were analyzed in the 
rat striatum using in situ hybridization histochemistry. Rats were 
administered saline or cocaine (30mg/kg, i.p.) once daily for 1 or 10 days. To 
examine the effect of cocaine abstinence, animals were treated for 10 days 
as described above followed by a 10 day withdrawal period. The 
experiments confirmed previous findings on the acute and intermittent 
treatment of cocaine; proenkephalin and Dj receptor mRNA were 
significantly elevated in the dorsal striatum after a single injection, the 
levels were normalized after repeated injections; prodynorphin mRNA 
levels were elevated particularly in the dorsal striatum after both acute 
and intermittent treatment; the D2 receptor mRNA was unchanged. During 
cocaine withdrawal, the Dj receptor mRNA was increased and significance 
was found predominantly in the dorsal striatum. The prodynorphin mRNA 
levels were normalized throughout the striatum compared to the drug-on-
board state. Proenkephalin and the D2 receptor mRNA were not 
significantly altered. These results suggest an upregulation of Dj receptor 
function in the dorsal striatum during cocaine abstinence.

The work was supported by the Swedish Medical Research Council
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431.7

Place preference conditioning by cocaine and morphine in mice lacking the high 
affinity neuronal nicotinic receptor. V.Zachariou*1. J.-P. Changeux2 and 
M.R.Picciotto1. lDept. of Psychiatry, Yale Univ. Sch. of Med., New Haven, CT, 
06508; 2Lab of Mol. Neurobiology, Institut Pasteur, Paris France, 75724.

In wild type rodents, nicotine is able to evoke the release of dopamine (DA) in the 
mesolimbic system, a site of action of many addictive drugs. It is also known that 
nicotine interacts with other drugs of abuse such as cocaine and morphine, perhaps 
through modulation of the DA system. Mutant mice lacking the p2 subunit of the 
neuronal nicotinic acetylcholine receptor (nAChR) have no detectable high affinity 
binding sites for nicotine in the brain, and modulation of the dopaminergic system 
by acetylcholine may therefore be altered in these mutant mice. The ability of 
cocaine, morphine and nicotine to condition place preference was therefore examined 
in wild type C57B1/6 mice so that these responses could be compared to those of 
mice lacking the P2-subunit of the nicotinic receptor. A two compartment 
apparatus was used for preference testing, and drug was paired with the less-preferred 
compartment. In wild type C57B1/6 mice cocaine conditioned a robust and 
reproducible place preference at 5 mg/kg i.p. Morphine was able to condition place 
preference at 5 and 7 mg/kg s.c. In our paradigm, nicotine conditoned a place 
aversion in wild type C57B1/6 mice when 12.5 nmoles were administered i.c.v. but 
failed to condition place preference at 2.5,4.5, and 8.5 nmoles i.c.v.. Nor was 
preference conditioned with nicotine at 0.5, 1, and 3 mg/kg i.p. or with 0.5 mg/kg 
nicotine following 10 days of pre-treatment with 0.5 mg/kg nicotine i.p. Nicotine 
was paired 4 times with the non-preferred compartment for all these doses and 
treatments, and increasing the number of pairings was also ineffective in 
conditioning place preference. In initial experiments using mice lacking the 32 
subunit of the nAChR, the place preference conditioned by 5 mg/kg of cocaine was 
attenuated when compared to the preference conditioned in their wild type siblings. 
Preliminary experiments using 5 mg/kg of morphine showed that preference was not 
significantly different between wild type and mutant mice. These data suggest that 
ACh, acting through high affinity nAChRs, contributes to the effects of cocaine in 
the place preference paradigm. Supported by DA10455.

431.8
FUNCTIONAL ACTIVATION OF STRIATAL NITRIC OXIDE 
SYNTHASE-IMMUNOREACTIVE (IR) NEURONS IN COCAINE 
SENSITIZATION M.M, Pantke, J.J. Bvmes*. J. Onton and R. P, Hammer. 
Jr, Depts. of Psychiatry and Pharmacology, Tufts University School of 
Medicine, Boston, MA 02111.

The behavioral effects of psychostimulant drugs have long been 
associated with alterations in limbic/motor regions. Several recent reports 
have implicated nitric oxide (NO) in the mechanism underlying 
psychostimulant sensitization. The current studies were undertaken to 
more fully elucidate the role of NO in the lasting behavioral changes 
following chronic cocaine exposure. Adult male rats were treated daily 
with either cocaine (30 mg/kg, i.p.) or vehicle for 7 days. After an 
additional 7 day withdrawal period, animals were challenged with the same 
dose of cocaine or vehicle. Behavioral activity was monitored for 50 min., 
after which time brains from all animals were prepared for 
immunohistochemistry using antisera to neuronal NO synthase- (nNOS) 
and FOS. Chronic cocaine treatment led to the development of behavioral 
sensitization as indicated by marked increase in stereotypic activity 
following cocaine challenge. Furthermore, sensitization was associated with 
a reduction in the number of nNOS-IR neurons in the striatum. However, 
functional activity of striatal nNOS-IR neurons in cocaine-treated animals 
increased compared to control animals, as revealed by FOS co-expression. 
No changes in the number of nNOS- or nNOS/FOS-IR neurons were 
observed in the ventral tegmental area (VTA) or nucleus accumbens. The 
results suggest that chronic cocaine may induce functional activation in a 
reduced number of nNOS-IR striatal interneurons associated with cocaine 
sensitization. Ongoing studies examine the hypothesis that the striatum 
rather than the VTA might represent the locus of nNOS activity during the 
development of cocaine sensitization. Supported by USPHS Award R01 
DA09822 and T32 MH 19924.

431.9
COCAINE-INDUCED CHANGES IN CONNEXIN 32 EXPRESSION 
ARE CONTINGENT ON EXPOSURE TO COCAINE.
Jennifer M, Arnold1*, Steffany, A,L, Bemett1, David L, Paul2 and David
C.S. Roberts1 . ‘Life Sciences Research Center, Carleton University, 
Ottawa, On. K1S 5B6.2Dept of Neurobiology, Harvard Medical School, 
Boston, Mass. 02115-6092.

We have previously observed changes in Cx 32 expression in brain from 
rats that had self-administered cocaine for two weeks. The present 
experiment was designed to determine whether such changes were 
proportional to the duration of cocaine exposure. Rats self-administered 
IV cocaine on an FR 1 schedule of reinforcement during daily 3 hour 
sessions over two, five, seven or fourteen day periods. They were 
decapitated 24 hrs after final drug exposure. Brain tissue was immediately 
placed on ice and the hippocampus, striatum, posterior cortex and 
neocortex were dissected out and flash frozen in iso-pentane. The time 
course of the changes in Cx 32 was examined through Western analysis. 
Equal amounts of protein were separated in 12.5% polyacrylamide gels and 
transferred to membrane, which were developed using chemiluminescence 
reagent. Densitometry and standardization with tubulin were performed to 
establish the quantity of Cx 32. Significant changes in Cx 32 expression 
were observed in the fourteen day group. The effect was diminished with 
short term exposure to cocaine. Therefore, it appears that the changes 
associated with Cx 32 develop with continued use of cocaine.
Supported by the MRC. JMA supported by FCAR.

431.10
EFFECTS OF DRUGS OF ABUSE ON GLIAL INDUCIBLE NITRIC OXIDE 
SYNTHASE (NOS-2) EXPRESSION AND ACTIVITY. P.J. Syapin*. 
Department of Pharmacology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430.

Alcohol (ethanol) at pharmacologically-relevant 
concentrations has been shown to dose-dependently inhibit 
glial NOS-2 expression in rat primary astrocyte cultures 
and C6 glioma cells induced by treatment with a number of 
pro-inflammatory agents. In this study we asked whether 
NOS-2 activity was sensitive other drugs of abuse. Both 
stimulants (cocaine, amphetamines) and other depressants 
(barbiturates and benzodiazepines) have been studied. 
Cocaine had no effect at low concentrations (10~ to IO”5 
M), _lj>ut enhance^ NOS-2 activity at very high concentrations 
(10 ’ to 10 i M) . In contrast, amphetamine and 
methamphetamine caused dose-dependent inhibition of NOS-2 
activity from 10 b to 10~J M. The stimulation of NOS-2 
activity by cocaine was mimicked by the local anesthetic 
tetracaine, suggesting that NOS-2 stimulation by cocaine 
was mediated through inhibition of glial sodium channels. 
The barbiturates pentobarbital and phenobarbital were 
ineffective at altering NOS-2 activity at 10 b to 10~4 M. 
Preliminary studies indicate a similar lack of effect by 
mixed-type benzodiazepines, although additional studies are 
underway. Western blot analysis is planned to determine 
whether the actions of cocaine and the amphetamines are due 
to alterations in NOS-2 protein expression. Based on these 
results, the suppression of glial NOS-2 gene expression by 
alcohol at clinically-relevant concentrations appears 
unique among common drugs of abuse. Supported by a TTUHSC 
School of Medicine Seed Grant and the Southwest Institute 
for Addictive Diseases.

431.11
DECREASED STRIATAL PHOSPHOLIPASE A2 ACTIVITY FOLLOWING 
CHRONIC, BUT NOT ACUTE, COCAINE ADMINISTRATION TO RATS.
B.M. Ross*. S.J. Kish, and S. Turenne. Human Neurochemical Pathology 
Laboratory', Clarke Institute of Psychiatry, Toronto, Ontario, Canada. M5T1R8.

Recent evidence has suggested that altered activity of phospholipase A2 (PLA2)- 
dependent signal transduction processes may play a role in the action of the 
dopamine re-uptake blocker cocaine, and that PLA2 activity is coupled to dopamine 
receptor occupancy. We recently reported that calcium-stimulated, but not 
calcium-independent, phospholipase A2 (PLA2) activity is modestly reduced in the 
striatum of chronic human cocaine users (Ross et al., J. Neurochem., 67, 2620- 
2623). In order to further investigate the changes observed in human brain we 
established an animal model of this phenomenon. Cocaine (30mg/kg i.p.) was 
administered to adult, male Wistar rats every 12 hours for 14 days (n=8). Rats 
were sacrificed by decapitation one hour after the final injection. Compared to 
saline treated control animals (n=8), the activity of calcium-stimulated PLA2 
activity (assayed using 1 mM CaCl at pH 8.5) was significantly (p<0.05) decreased 
by 26% in the striatum, but was normal in the cerebral cortex and cerebellum. 
Calcium-independent PLA2 activity (measured using 5mM EDTA at pH 7.0) was 
unaltered in all three regions. In addition, both calcium-stimulated and calcium- 
independent PLA2 activities were unaltered in each brain region of animals (n=8) 
sacrificed one hour after a single 30 mg/kg (i.p.) injection of cocaine compared 
with saline treated controls (n=8). Our data suggest that, in the human, reduced 
striatal PLA2 activity following cocaine administration may be a chronic, rather 
than acute, effect of the drug, and provides further evidence for a link between the 
dopaminergic and phospholipid catabolic systems of the brain. Supported by the 
Canadian Psychiatric Research Foundation.

431.12
DIFFERENTIAL FOS IMMUNOREaCTIVITY AFTER COCAINE SELF-
ADMINISTRATION IN DEPENDENT AND NON-DEPENDENT RATS: m.r.a. 
carrera*, A. E. Ryabinin, M. C. Wilson and G.F. Koob. Dept. Neuropharmacology, 
The Scripps Research Insitute. La Jolla, CA 92037.
Chronic drug-use produces adaptations in molecular and/or cellular processes which 

may oppose the pharamacological effects of the drug resulting in drug dependence. 
The current study sought to investigate the neural sites for the reinforcing actions of 
cocaine and the motivational effects associated with cocaine abstinence, and how 
these substrates change during the induction of dependence. Male Wistar rats were 
trained on cocaine self-administration (CSA) on daily 3 hr sessions. Dependence was 
induced by allowing a continuous bout of CSA for up to 18 hr. Withdrawal was 
assessed 0, 3, 6, and 24 hrs post-cocaine. In this behavioral mode, of withdrawal, 
dependent (D) but not non-dependent (ND) rats present elevated brain stimulation 
reward thresholds at the 3 and 6 hr post-cocaine time-points. An analysis of Fos 
immunoreactivity (FI) in both groups (ND and D) following CSA showed an overall 
activation of substrates associated with psychostimulant actions, inlcuding the ventral 
tegmental area (VTA) various hypothalamic and thalamic nuclei, medial and 
basolateral amygdala, ventral pallidum and nucleus accumbens (Acb). FI in these 
areas was significantly higher in the D group, and this effect persisted for 3 and 6 hr 
post-cocaine; whereas, in the ND group, a gradual FI decrement was observed. 
Pronounced activation of the Edinger-Westphal nucleus, hippocampus, parastrial 
nucleus, islands of Calleja and Acb shell was detected in the D group only. Stress- 
related structures such as the nucleus tractus solitarius, area postrema, central 
amygdala, paraventricular and supraoptic nuclei, exhibited FI in the ND group at the 
0 hr condition. In contrast, this FI distribution was found in the D group generally 3 
and 6 hrs post cocaine. At the 24 hr time-point, significant FI persevered in the VTA 
and the core aspect of the Acb in the D group, while ND cells-counts were 
comparable to control values. These findings suggest that while the onset of cocaine 
dependence results in higher neural activation of reward pathways, additional brain 
regions are also recruited by dependence-induction.
Supported by: DA 04398, NIH-NIDA
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431.13
GESTATIONAL COCAINE ALTERS TH mRNA IN NORADRENERGIC AND 
DOPAMINERGIC NEURONS IN AN AGE AND SEX DEPENDENT MANNER.
P. Szot*, S.S. White, E. Bernstein and R.C. Veith. GRECC, Puget Sound Health 
Care System, 1660 S. Colombian Way, Seattle, WA 98108 and Dept. Psychiatry 
and Behavioral Sci., Univ. Washington, Seattle, WA 98195.

The use of cocaine during pregnancy has increased dramatically over the last 
decade. Pharmacologically, cocaine binds to monoaminergic transporter proteins for 
dopamine, norepinephrine and serotonin. To determine the effect of gestational 
cocaine on the postnatal development of dopaminergic and noradrenergic neurons, 
cocaine (40 mg/kg/day) or saline was administered subcutaneously as a bolus 
injection to timed pregnant Sprague Dawley rats during gestational day 13-20. On 
the day of birth (day 0) the pups were sexed, culled and the cocaine offspring were 
placed with foster dams. On postnatal day 7, 13, 21, and 35 a "n=7-9" were sacrificed 
for each sex for saline and cocaine exposed animals. Gestational cocaine affected TH 
mRNA expression in the noradrenergic locus coeruleus (LC) only in females. TH 
mRNA expression was significantly increased at postnatal day (PN) 13 and 21 due to 
gestational cocaine. At PN 35, TH mRNA expression in females was biphasic in 
response, 3 out of 8 (3/8) animals were still significantly elevated; however, 5/8 
animals had significantly reduced TH mRNA expression compared to animals 
exposed to saline. In the dopaminergic neurons of the substantia nigra pars compacta 
(SNpc) and ventral tegmentum area (VTA), TH mRNA expression in females was 
significantly decreased at PN 13, 21 and at PN 35 5/8 animals still had significantly 
reduced TH mRNA; however 3/8 animals had TH mRNA level comparable to saline 
exposed animals. In males, TH mRNA level in the dopaminergic neurons was 
significantly elevated at PN 13, with a significant reduction at PN 21. As with 
females, TH mRNA level in males at PN 35 was biphasic, 5/8 had significantly 
elevated TH mRNA level; while 3/8 TH mRNA level was not different from saline. 
These data indicate that gestational cocaine can have variable effects on TH mRNA 
expression in noradrenergic and dopaminergic depending on the sex of the offspring 
and at what age the animals are studied. (This work was supported by Alcohol and 
Drug Abuse Institute at Univ. Washington and VAMC).

431.14
NAC-1 ANTISENSE MICROINJECTION INTO THE 
NUCLEUS ACCUMBENS INCREASES BEHAVIORAL 
RESPONSES TO COCAINE. P, W. Kalivas*, X-Y. Cha and S. A. 
Mackler. Alcohol and Drug Abuse Program, Washington State 
University, Pullman, WA 99164-6520 and Department of Medicine, 
Univ. of Penn, and the Philadelphia VAMC, Philadelphia PA 19104.

NAC-1 is a novel c-DNA isolated from the nucleus accumbens of 
rats trained to self-administer cocaine. NAC-1 expression is 
selectively induced in the nucleus accumbens three weeks after 
discontinuing cocaine self-administration. To evaluate a functional 
role for NAC-1 expression in the behavioral effects of cocaine, rats 
were microinjected into the nucleus accumbens with a 20 mer 
phosphorothioate modified antisense or sense oligonucleotide 
positioned at the initiation codon of NAC-1. Bilateral 
microinjections (100 pmol/side) of each oligonucleotide were made 
daily for eight days. Northern blots revealed that 3 days of intra- 
accumbens antisense (100 pmol/day/side) produced a 75% reduction 
in NAC-1 mRNA. Beginning on day 3 of oligonucleotide injection, 
rats were given a daily injection of cocaine (15 mg/kg, ip) or saline for 
5 days. Motor activity was monitored in a photocell apparatus on the 
first and fifth day of cocaine administration. It was found that the 
acute response to cocaine was elevated in rats pretreated with 
antisense (45,425±6.656 photocell counts) compared to sense 
(19,200±4,528). In contrast, on the fifth day of cocaine administration 
the two groups showed equal behavioral activity. These data indicate 
that a reduction in NAC-1 mRNA in the nucleus accumbens promotes 
the behavioral response to acute systemic injections of cocaine. (NIH 
- DA03906 (PWK), DAOO153 (PWK), DA0199 (SAM)).

431.15
SELECTIVE BREEDING FOR DIFFERENTIAL COCAINE SENSITIVITY 
GENERALIZES TO AMPHETAMINE. K. K. Henricks*, D. M. Arros, M. E. 
Marley, L. L. Miner, J. P. Suriano, and R. J. Marley. Department of 
Psychology, University at Albany, SUNY, Albany, NY 12222.

Starting from a heterogeneous stock of mice, we have selectively bred 
lines of mice for extreme differences in their locomotor response to 10 
mg/kg cocaine HCI. Selection pressure has been maintained for 10 
generations and has resulted in two cocaine sensitive (Hi) and two 
cocaine insensitive (Lo) lines. Across the generations of selection, the Hi 
lines showed progressively greater amounts of cocaine-induced 
locomotion with mice from the S10 generation traveling around 20000 
cm/30 min. following 10 mg/kg cocaine. The Lo lines, in contrast, did 
not substantially diverge from control values until the S8 generation. By 
generation 10, however, the Lo lines traveled no further following 10 
mg/kg cocaine (7000 cm/30 min.), than they did following an initial 
saline injection. Mice from generation 10 were each administered one of 
increasing doses of cocaine or amphetamine. Distance traveled in 30 
minutes was assessed immediately following drug administration. The Hi 
lines were more sensitive to the locomotor activating effects of all doses 
of cocaine, displaying from 2 to 3 fold greater amounts of cocaine- 
induced locomotion at each dose. The Hi lines were also more sensitive 
to the locomotor activating effects of amphetamine. Both lines showed 
dose-dependent amphetamine-induced locomotion that peaked at 3 
mg/kg. However, at all doses Hi lines showed a 2 to 4 fold greater 
amount of locomotion than Lo lines. Thus, the sensitivity to cocaine 
developed through selection using a single dose has generalized to a 
range of cocaine doses and to at least one other psychostimulant.

431.16
GENETIC DIFFERENCES IN COCAINE SELF-
ADMINISTRATION BETWEEN C57BL/6J AND BALB/C 
MICE. Y-L. Yu. J.J. Spencer and P.W. Self* Div. of Mol. 
Psychiatry, Yale Univ. Sch. of Med., New Haven, CT, 06513.

The use of transgenic and gene knockout technology in mice 
provides an important investigational tool for studying the role of 
specific proteins in drug addiction. In the present study, two strains of 
mice, C57BL/6J and BALB/c, that are commonly used genetic 
backgrounds for transgenic and knockout mice, were tested for 
acquisition of lever-press responding under- a FR: 1 schedule for food 
pellets and intravenous cocaine injections. Both strains of mice readily 
acquired lever-press responding for food pellets over a 5 day period 
when maintained at 85-90% of their original body weight. However, 
BALB/c mice acquired responding for food significantly (P < 0.05) 
earlier than C57BL/6J mice. In contrast, when food-trained mice were 
allowed to self-administer cocaine (20 pg/injection, iv), only the 
C57BL/6J mice acquired and maintained cocaine self-administration 
over 10 days, while the BALB/c mice showed extinction of responding 
by the second test session. Naive C57BL/6J mice also acquired 
cocaine self-administration at this dose, although 14 days were required 
to reach rates of self-administration similar to food-trained animals. 
When the cocaine dose was lowered to 10 pg/injection, food-trained 
C57BL/6J mice failed to consistently acquire and maintain self-
administration, indicating a subthreshold dose for reinforcement in this 
strain. These studies support the idea that genetic differences can 
influence the propensity to acquire cocaine self-administration. 
Supported by NIDA grants DA08227 and DA10460.

431.17
CHROMOSOMAL LOCALIZATION OF GENES (QTLS) 
INFLUENCING COCAINE-INDUCED SEIZURES IN MICE. H.S.Hain,
J.C. Crabbe, C.M. Merrill, S.P. Richards, M.L. Helms, L.A.
O'Toole, and J.K. Belknap*. Dept. of Behavioral Neuroscience, 
Oregon Health Sciences University, Portland, OR 97201.

Seizures are a well-known consequence of human cocaine 
abuse. Responsiveness to cocaine is influenced by genotype. In 
several studies the C57/BL6 (B6) inbred strain of mice has been 
shown to significantly differ from the DBA/2 (D2) inbred strain in 
their sensitivity to cocaine-induced seizures. Given the large 
difference between these two strains, the BXD recombinant inbred 
(Rl) strain set derived from these two progenitor strains is ideal for 
further genetic analyses and for initial gene mapping efforts. 
Using the seizure threshold method, cocaine was infused into the 
lateral tail vein and latency to a running-bouncing clonic seizure 
and to a tonic extensor seizure was recorded. Large strain 
differences were seen. The strain means for each type of seizure 
were subjected to quantitative trait loci (QTL) analysis by 
correlating allelic variation at each of 1522 marker loci with each 
seizure trait (tonic and clonic). Several provisional QTLs emerged, 
which are presently being tested in an F2 population. Thus far, 
two QTLs have been strongly confirmed in our F2 studies on 
chromosome 9 (LOD 6.4) and 15 (LOD 4.3). Supported by 
DA10913 (J.K.B.) and two VA Merit Review Programs (J.C.C. and
J.K.B.)

43118
GENETICALLY SLOW (GSAK) AND FAST (GFAK) AMYGDALA KINDLING 
RATS EXHIBIT DIFFERENTIAL LETHALITY AT INTRAVENOUS COCAINE 
SEIZURE THRESHOLD. C.E. Reigel*, A.T. Lovering and D.C. McIntyre. 
Dept. of Pharmacol.,Texas Tech Univ. Hlth. Sci. Cntr., Lubbock, TX 79430 
and Dept. of Psychol., Carleton Univ., Ottawa, Ontario, Canada K1S 5B6.

GSAK and GFAK rats were derived from an F1 cross of Long Evans and 
Wistar rats by selective breeding for resistance and sensitivity to 
amygdala kindling, respectively. As cocaine-induced seizures are 
believed to originate in the amygdala, we sought to determine whether 
these two strains differed in their intravenous cocaine seizure thresholds. 
Cocaine seizure threshold was lower in the GSAK (7.1± 0.4 mg/kg) than 
in the GFAK (8.6± 0.5 mg/kg) rats. Unexpectedly, 100 percent of the 
GSAK and 16.7 percent of the GFAK rats died at cocaine seizure 
threshold. In the 7 inbred strains examined to date, no lethality has 
occurred at cocaine seizure threshold. Intravenous seizure thresholds for 
the cardiotoxic local anesthetic bupivacaine were next determined in the 
two strains. Bupivacaine seizure threshold was lower in the GSAK 
(2.7± 0.1ma/kg) than in the GFAK (3.4± 0.3mg/kg) rats. However, there 
were no differences in lethality. The GSAK rats appear to be uniquely 
sensitive to the lethal effects of cocaine, a local anesthetic with 
sympathomimetic properties. Finally, Sprague-Dawley, Long Evans and 
Wistar rats did not differ in intravenous cocaine seizure thresholds. 
However, 27.3 percent of the Wistar rats died at cocaine seizure threshold 
as opposed to none of the Sprague-Dawley or Long-Evans rats. The 
unique sensitivity of the GSAK rats to the lethal effects of cocaine may 
have been inherited from their Wistar progenitors. (Supported in part by 
NS 28118.)
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431.19
MAINTENANCE OF INTRAVENOUS COCAINE SELF-
ADMINISTRATION IN LEWIS AND FISCHER INBRED RATS:EFFECTS 
OF DOPAMINERGIC AGENTS C.N. Haile* and T.A, Kosten. Dept. of 
Psychiatry, Yale Univ. School of Medicine, New Haven, CT 06508.

Lewis (LEW) and Fischer (F344) inbred rat strains show basal 
differences in their mesolimbic dopamine (DA) system neurochemistry. 
Levels of the G-protein subunit Gia are lower in the nucleus 
accumbens of LEW rats compared to F344. Both rat strains also 
exhibit differences in oral self-administration of various drugs of abuse 
with the LEW showing greater drug intake compared to F344. Given that 
Gia is coupled to D2 receptors and these receptors play a prominant role 
in the reinforcing properties of cocaine, it was of interest to examine if 
administration of DAergic agents would have differential effects on 
maintenance of IV cocaine self administration behavior in these strains. 
Rats (N=5ea)were allowed to self-administer cocaine (0.5mg/kg/infusion) 
under an FR1 schedule of reinforcement (10sec IT, 5sec TO, 2hr 
session). Within and between-session dose response functions were 
determined to evaluate the validity of our method. In the within-session 
test, each cocaine dose was presented for 30min and was varied by 
altering IT (5,10,20 sec for 0.25, 0.5, 1.0 mg/kg/infusion). In the 
between-session tests, each dose was presented for 2hr using a 10sec 
IT. There was no significant difference between test types confirming the 
validation of the within session test. Dose related responding was seen in 
both strains (number of responses inversely related to dose). However, 
there was a trend (P<0.08) for F344 rats to exhibit greater responses, 
especially at the highest dose tested. Studies evaluating D1 and D2 
dopaminergic agonists and antagonists on IV cocaine self administration 
in these strains are under way. (Support: NIDA DA 04060).

431.20
POTENTIATION OF LATERAL HYPOTHALAMIC BRAIN 
STIMULATION REWARD BY COCAINE: COMPARISON 
BETWEEN FISCHER 344 AND LEWIS RATS. P, Bauco* and
R.A. Wise. Ctr. Stud. Behav. Neurobiol. and Dept. of Psychol., 
Concordia Univ., Montreal, Que., Canada, H3G 1M8.

Fischer 344 and Lewis rats have been reported to differ on reward-
relevant structural, functional, and behavioral measures. In the 
present experiment the curve-shift (rate-frequency) paradigm was 
used to assess whether their is a differential ability of cocaine to 
potentiate the rewarding impact of lateral hypothalamic brain 
stimulation in these two rat strains. Nine animals of each strain were 
tested at 24h intervals prior to and following injection with escalating 
doses of cocaine (2,4, 8, and 16 mg/kg i.p.); saline (vehicle) tests 
were made prior to the first and following the last cocaine test day. 
Cocaine produced dose-orderly leftward shifts of the functions 
relating response rate to stimulation frequency, reducing, for each 
animal, the “dose” of stimulation required to initiate and sustain 
responding. The two strains did not differ, however, in the ability of 
cocaine to potentiate the rewarding impact of the stimulation. The 
equipotency with which cocaine augmented the rewarding impact of 
the brain stimulation suggests that factors other than the direct- 
rewarding drug effects account for the previously reported 
differences in these two strains.

Support: MRC (fellowship to P.B.), NIDA (DA01720 to R.A.W).

COCAINE: TRANSPORTER STUDIES

432.1
COMPARISON OF THE EFFECTS OF VENLAFAXINE, A DUAL ACTION 
ANTIDEPRESSANT, WITH SELECTIVE MONOAMINE UPTAKE 
INHIBITORS IN RATS DISCRIMINATING COCAINE. K.M. Kantak* D. 
Weiss. T. Czvzvk, E. Lioman and E. Valencia. Dept. Psychol., Boston Univ., 
Boston, MA 02215.

Previous cocaine discrimination studies in rats demonstrated a reduction 
in cocaine's ED50 after pretreatment with either desipramine or fluoxetine 
(Cunningham and Callahan, 1991). For the present study, we compared the 
effects of venlafaxine, a novel dual action antidepressant, with desipramine 
and fluoxetine in seven rats discriminating 10 mg/kg cocaine from saline 
Venlafaxine (1.0-56 mg/kg) engendered dose-related increases in the 
percentage of cocaine-lever responses (ED50=12.9 mg/kg), reaching a 
maximum average of 78% after 30 mg/kg in substitution tests. The highest 
dose (56 mg/kg) eliminated responding in most rats. Pretreatment with 10 
mg/kg venlafaxine significantly increased the relative potency of cocaine by 
2.5-fold. In contrast, desipramine (1.0-10 mg/kg) or fluoxetine (1.25-10 
mg/kg) engendered mainly saline-lever responses in substitution tests 
Pretreatment with either 3.0 or 5.6 mg/kg desipramine or 1.25 mg/kg 
fluoxetine non-significantly displaced the cocaine dose-response curve to the 
left. However, pretreatment with a combination of 3.0 mg/kg desipramine 
and 1.25 mg/kg fluoxetine significantly increased the relative potency of 
cocaine by almost 2-fold. These findings suggest that venlafaxine has a 
unique profile in modifying the discriminative stimulus effects of cocaine 
compared to selective monoamine uptake inhibitors. Venlafaxine may have 
some utility in preventing cocaine relapse in addicts requiring antidepressant 
medication.
The authors thank Wyeth-Ayerst for providing Venlafaxine.

432.2
EFFECTS OF A SLOW-ONSET, LONG-ACTING DOPAMINE REUPTAKE 
BLOCKER ON COCAINE SELF-ADMINISTRATION AND ON NUCLEUS 
ACCUMBENS DOPAMINE. M. Froimowitz*. K.-M, Wu. W, Paredes. A. 
Giordano. J, Spector. X, Liu. M, Lepore and E.L. Gardner. Pharm-Eco 
Laboratories, Lexington, MA 02173 and Departments of Psychiatry and 
Neuroscience, Albert Einstein College of Medicine, New York, NY 10461.

Enhancement of synaptic activity in the nucleus accumbens (Acb) terminal 
projections of the mesolimbic dopamine (DA) system is one of the few neuro- 
pharmacological commonalities among drugs of abuse, and drug action on this 
system is hypothesized to be an essential neurobiological substrate for 
addiction. Cocaine’s abuse potential has been linked to its rapid action on this 
system. Thus, development of slow-onset long-acting DA reuptake blockers for 
cocaine substitution therapy seems logical. Using rational drug design and a 
pharmacophore model, a series of such compounds were synthesized. The lead 
compound, CDTP-30,640, was tested in lab rats in an intravenous cocaine self-
administration paradigm and its effect on Acb DA was measured by in vivo 
brain microdialysis. When co-administered to rats self-administering cocaine, 
it dose-dependently reduced cocaine self-administration. When substituted for 
cocaine in experienced self-administering rats, it maintained self-administration 
behavior at slightly above saline levels. When tested in the brain microdialysis 
paradigm, CDTP-30,640 produced greatly enhanced Acb DA and modestly 
reduced Acb DOPAC and HVA, all with a slow-onset long-acting profile. 
Thus, CDTP-30,640’s action appears cocaine-like, but with a slow-onset long- 
acting profile. Its inhibition of cocaine self-administration suggests potential 
therapeutic utility. (Supported by NIDA contract N01 DA-4-8313 and the 
Aaron Diamond Foundation).

432.3

EFFECTS OF A SLOW-ONSET, LONG-ACTING DOPAMINE REUPTAKE 
BLOCKER ON ELECTRICAL BRAIN STIMULATION REWARD (BSR). 
E.L. Gardner*. X. Liu. W. Paredes. M. Lepore. C.R. Ashby Jr. K.-M. Wu
and M. Froimowitz. Departments of Psychiatry and Neuroscience, Albert 
Einstein College of Medicine, New York, NY 10461, School of Pharmacy, St. 
John’s University, Jamaica, NY 11439, and Pharm-Eco Laboratories, 
Lexington, MA 02173.

Cocaine’s abuse potential has been linked to its rapid blockade of pre-
synaptic dopamine (DA) reuptake in brain reward loci. Also, persons with 
vulnerability to cocaine abuse may have hypofunction in these brain reward 
systems. Electrical brain-stimulation reward (BSR) is a well-recognized 
functional probe of these brain systems. By analogy to methadone and LA AM 
treatment for heroin addiction, use of slow-onset long-acting DA reuptake 
blockers for cocaine substitution therapy seems logical. Using rational drug 
design and a pharmacophore model, a series of such compounds were synthe-
sized. The lead compound, CDTP-30,640, was tested in vivo in lab rats in a 
quantitative electrophysiological (rate-frequency curve-shift) BSR paradigm 
with electrodes implanted in the medial forebrain bundle. CDTP-30,640 dose- 
dependently augmented electrical brain-stimulation reward (i.e., lowered BSR 
thresholds, as measured by both 0O and M#) as potently as cocaine, but with 
a slow-onset long-acting profile. Its effect on BSR was additive with cocaine, 
but only when cocaine was given many hours after it, to coincide with CDTP- 
30,640’s slow-onset peak effect. Thus, CDTP-30,640’s action on brain-reward 
mechanisms appears cocaine-like, but with a slow-onset long-acting profile. 
This suggests potential therapeutic utility in cocaine addiction. (Supported by 
NIDA contract N01 DA-4-8313 and the Aaron Diamond Foundation).

432.4
ALTERATIONS IN DOPAMINE TRANSPORTER mRNA IN ADULT RATS 
FOLLOWING DEVELOPMENTAL EXPOSURE TO COCAINE. D. Dow-Edwards*. 
R. Yin and Y, Hurd. Lab. of Cerebral Metabolism, Department of Pharmacology, 
State University of New York, Brooklyn, NY 11203 and Department of Clinical 
Neuroscience, Psychiatry Section, Karolinska Hospital, Stockholm, Sweden.

Postnatal cocaine exposure produces behavioral abnormalities in adult male rats 
including reduced locomotor responses to a DI agonist, SKF 82958, (CPDD abstr, 
1995). Since locomotor responses to dopaminergic agonists are mediated by striatal 
neurons which have reciprocal connections with the ventral mesencephalon and since 
we found that a subset of these striatal neurons, those with cell bodies in the shell of 
the nucleus accumbens, exhibit a reduced concentration of the mRNA for 
preprodynorphin (CPDD abstr, 1997), we hypothesized that alterations in other 
functional markers for the mesoaccumbal neurons would also be identified. Male rats 
which received cocaine at 50 mg/kg/day during postnatal days 11-20 were sacrificed 
at 60 days of age. Brains were removed, frozen and processed for mRNA coding for 
the dopamine transporter (DAT) using in situ hybridization. Films were analyzed 
using quantitative image processing (MCID) and groups compared for densities of 
message at several levels within the mesencephalon. Postnatal exposure to cocaine 
produced a reduction in the expression of DAT mRNA at all levels analyzed. 
Therefore, these data indicate that cocaine administration during a period of 
development equivalent to late third trimester in humans produces long-term 
reductions in functional markers within the ventral tegmental-accumbal neurons. 
These results further suggest that postnatal cocaine may alter the efficacy of drugs 
acting through the DAT and that the reinforcing efficacy of cocaine may be altered in 
similarly treated rats as well.
Supported by NIDA grant DA04118
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432.5
WITHDRAWAL FROM LONG-TERM COCAINE SELF-ADMINISTRATION INCREASES BINDING 
TO DOPAMINE BUT NOT TO NORADRENALINE TRANSPORTER IN STRIATUM IN RATS.
E. Ambrosio *. J. A. Crespo. R.Ferrado.S. Marti n,C.Garc(a-Lecumberri(&) and A.M. 
Gonzalez(#).Dept.Psicobiologra. UNED. 28040 Madrid.Spain (&)Dept. Psicol. Biologica y 
Salud.UAM.28049 Madrid.Spain.(#)Dept.Fisiologi'a y Farmacologia Fac.Medicina. Univ. 
Cantabria.39011 Santander.Spain.

Most investigation of post-cocaine consecuences on brain monoaminergic systems have 
employed treatment regimens involving passive daily injections over different time periods. In 
previous studies, we have found that withdrawal from contingent cocaine administration results 
in significant reduction in D2 receptor densities in caudate and accumbens nuclei compared 
to the non-contingent delivery of the drug. The aim of the present work has been to study the 
effect of the cocaine withdrawal on brain dopamine and noradrenaline transporter binding sites 
using the yoked-box procedure and cocaine self-administration behavior. Fifteen littermate 
male Lewis rats were randomly assigned in triads to one of three conditions:a) contingent 
intravenous self-administration of 1 mg/kg/injection of cocaine(CONT) and b) non-contingent 
injections of either 1 mg/kg/injection of cocaine(NONCONT) or c) saline yoked (SALINE) to the 
intake of the self-administering subject.The self-administering rats were trained to self- 
administer cocaine under a FR5 schedule of reinforcement during daily 2 hr sessions for a long 
period (between 4 and 6 weeks). After stable baseline levels of drug intake had reached, saline 
was substituted for drug during 5 days at least. Following this first extinction period, cocaine 
self-administration was reinstated for an additional minimum period of 2 weeks and until stable 
baseline of cocaine self-administration behavior was again obtained. On the 20th day after 
cesation of cocaine self-administration, animal brains in each triad were removed to be 
procesed for quantitative autoradiography using [3HJWIN 35428 for labeling dopaminergic and 
[3H]Nisoxetine for noradrenergic transporters and cocaine or mazindol to define non-specific 
binding. Binding to noradrenaline transporter did not show up any change between the three 
conditions in any cerebral area studied. On the contrary, binding to dopamine transporter 
showed up a statiscally significant increase in the CONT(p<0.05) and NONCONT(p<0.01) 
groups versus SALINE in the caudate and accumbens nuclei, but not neither in the olfactory 
tubercle nor in the substantia nigra. These results suggest that changes in dopamine 
transporter binding in the striatum could mediate some of the effects of cocaine withdrawal 
from long-term cocaine exposure and exclude a role of noradrenaline transporter in cocaine 
withdrawal process.(Supported by DGICYT PB93-0290).

432.6
RTI-55 ATTENUATES COCAINE SELF-ADMINISTRATION 
AND PRODUCES BEHAVIORAL SENSITIZATION. W.M. 
Meil*, M.D, Schechter and J.W. Boia, Department of 
Pharmacology, Northeastern Ohio Universities College of Medicine, 
Rootstown, OH 44272.

RTI-55 is a potent cocaine analog with high affinity for the 
dopamine and serotonin transporters. The effects of RTI-55 on 
cocaine self-administration and its ability to produce behavioral 
sensitization were investigated. Male, Sprague-Dawley rats self- 
administered cocaine (0.33 mg/kg/inf) in daily 3 h sessions. After 
stable responding was achieved, rats were pretreated with RTI-55 
(0.05-0.50 mg/kg IP) or vehicle 1 h prior to cocaine self-
administration. Pretreatment with RTI-55 produced a dose- 
dependent decrease in cocaine self-administration and cocaine self-
administration remained depressed 24 h. Another group of rats 
received 10 injections of RTI-55 (0.8 mg/kg IP) or vehicle over 14 
days followed by locomotor activity measurement for 1 h. Repeated 
administration of RTI-55 produced a decrease in locomotor activity 
as well as an increase in time spent in stereotypy. These results 
suggest RTI-55 possesses several cocaine-like behavioral effects, 
including the ability to attenuate cocaine self-administration and to 
produce behavioral sensitization. Supported by The Ohio Board of 
Regents Academic Challenge #3594.

432.7
SYNTHESYS AND BIOLOGICAL EVALUATION OF THE 8-OXA ANALOGUES 
OF NORCOCAINE; MOLECULAR MODELING STUDIES OF THE 
INTERACTION OF COCAINE AND OXA-NORCOCAINE TO A 
PSEUDORECEPTOR SUPPORT BINDING OF COCAINE IN ITS NEUTRAL
FORM. D.SimoniA S. Wangft M. Robertic, M. Manferdinid, P. Due, K. M. 
Johnsone and A.P KozikowskiP aIstituto Farmaeochimico, University di Palermo? 
Italy. ’’Georgetown University Medical Center, Drug Discovery Laboratory, Institute
for Cognitive and Computational Sciences, 3970 Reservoir Road N. W. cDipartimento 
di Scienze Farmaceutiche, University di Bologna, Italy. dDipartimento di Scienze
Farmaceutiche, Universita di Ferrara, Italy. eDepartment of Pharmacology and 
Toxicology, University of Texas Medical Branch, Galveston.
In order to further explore the importance of cocaine's bridge nitrogen 
atom (protonated or unprotonated) to its binding to its recognition site 
associated with the dopamine transporter (DAT), we have synthesized, 
firstly in racemic form, the analogues in which this nitrogen atom has 
been replaced by oxygen. Additionally, to avoid incorrect interpretations 
of biological data that may stem from die use of racemic materials, several 
of these analogues were prepared in non-racemic form (> 80% ee) by use 
of homochiral lithium amides.The potencies of these oxygen analogues 
were examined in both binding and uptake inhibition experiments. 
Interestingly, we have found that racemic oxa-cocaine binds to the cocaine 
recognition site and inhibits the dopamine transporter with potencies only 
about 5-fold less than those of cocaine. Moreover, (-)-8-oxa-norcocaine 
and (+)-8-oxa-pseudonorcocaine show only a 6 to 7-fold spread in 
activities.These results together with molecular modeling studies are 
further supportive of the idea that cocaine may not bind to its recognition 
site in its protonated form, and that the bridge nitrogen is not an absolute 
requirement for interaction with the dopamine transporter.

432.8
THE GENERALIZATION OF HIGHLY POTENT AND LONG-ACTING PHENYL 
TROPANES TO COCAINE IN RATS. J, W, Boia*. F. I. Carroll andM. D. Schechter, 
Dept. Of Pharmacology, Northeastern Ohio Universities College of Medicine, Rootstown, 
OH 44272 and Research Triangle Institute, Research Triangle Park, NC 27709

At the present time there is no effective pharmacotherapeutic treatment for cocaine 
addiction. One proposed treatment would be the development of a compound which 
would substitute for cocaine and thus reduce drug craving for cocaine. In addition this 
compound should have few or no euphoriant properties of its own. Finally, the proposed 
compound should be long-acting to allow for a simple schedule of administration. Several 
analogs of cocaine that lack the ester linkage between the phenyl and tropane rings have 
been synthesized. In theory these compounds should be longer acting than cocaine itself. 
In order to determine the feasibility of these compounds as potential medications for the 
treatment of cocaine addiction, several cocaine analogs, 3P-(4-chlorophenyl)tropan-2P- 
carboxylic acid methyl ester (RTI-31), 3P-(4-iodophenyl)tropan-2P-carboxylic acid 
methyl ester (RTI-55), 3p-(3,4-dichlorophenyl)tropan-2P-carboxylic acid isopropyl ester 
(RTI-111), 3p-(4-iodophenyl)tropan-2P-carboxylic acid isopropyl ester (RTI-121) and 
3P-(4-chlorophenyl)tropan-2P-(3phenylisoxazol-5-yl) (RTI-177) were tested in rats 
trained to discriminate 10 mg/kg (-)cocaine from saline using a two-lever food-motivated 
discrimination paradigm. All compounds dose-dependently substituted for the cocaine 
cue. The ED50 values were 2.64, 0.039, 0.075, 0.070, 0.653 and 0.576 mg/kg for 
cocaine, RTI-31, RTI-55, RTI-111, RTI-121 and RTI-177, respectively. In addition both 
RTI-121 and RTI-1 'll were tested for onset as well as the length of the discriminative cue. 
Both compounds produced the maximal substitution 30 min following IP administration 
and these effects lasted for 4 hours post-drug administration, with a decline after that time. 
However, partial generalization was still observed 8 hrs post-administration. The results 
suggest that these cocaine analogs may be useful as a substitution therapy in the treatment 
of cocaine addition. Funded by NEOUCOM Presidents Pioneer Award, 1995-1997.

432.9
IMMUNOAUTORADIOGRAPHY OF THE DOPAMINE TRANSPORTER IN 
COCAINE FATALITIES. B.J. Ciliax*1. A.L Levey1. J.K. Staley2, and D.C. 
Mash2. ^Dept. Neurology, Emory University School of Medicine, Atlanta, GA. and 
2Dept. Neurology, University of Miami School of Medicine, Miami, FL.
The reinforcing and addictive properties of cocaine arise from its ability to block 
dopamine (DA) transport. The regulatory effects of cocaine on the DA transporter 
(DAT) have been studied previously in human brain postmortem using radioligand 
binding and autoradiography techniques. These studies demonstrated an elevation in 
the apparent density of the high affinity cocaine recognition site on the DA 
transporter throughout the striatum in cocaine fatalities. At present, it is not known 
if this elevation represents a true increase in the DAT protein or an increase in 
radioligand binding due to a conformational or 'state' change of the DAT. In the 
present study, highly specific monoclonal antibodies to the N-terminus of the DAT 
were used in immunoautoradiographic assays to assess the effects of cocaine on 
DAT protein levels in cocaine fatalities. Tissue sections at the level of the anterior 
striatum were incubated with DAT-Nt antibody and imaged autoradiographically after 
incubation with sheep antirat [I12^] IgG. Regional densitometric measurements 
demonstrated that in die cocaine overdose victims IR-DAT-Nt levels in the ventral 
sectors of the caudate,putamen, and nucleus accumbens were not significantly 
different from those observed in drug-free and age-matched control subjects. 
However, there was a trend for decreased DAT protein levels in the limbic sectors of 
the anterior striatum, although none reached statistical significance. Furthermore, in 
the comparison group of cocaine-related deaths IR-DAT levels were unchanged as 
compared to drug-free control subjects. These results suggest that the increase in the 
apparent density of the high affinity cocaine recognition site on the DA transporter, 
reflects a regulatory change in the conformational state but not the levels of DAT 
protein. Supported by DA 09484.

432.10
STRIATAL DOPAMINE TRANSPORTER IMMUNOREACTIVITY IN 
COCAINE FATALITIES; CORRELATION WITH WIN 35,428 BINDING 
DENSITY. J.K. Staley*1. H, Price1. A.I, Levev2. and D.C. Mash1. ’Dept. 
Neurology, University of Miami School of Medicine, Miami, FL. and 2Dept. 
Neurology, Emory University School of Medicine, Atlanta, GA.
A primary site of action for cocaine is the dopamine transporter (DAT). Radioligand 
binding to striatal membranes and to COS cells transfected with the cloned DAT 
demonstrates two sites for binding of [3H]WIN 35,428 to the DAT protein. At 
present it is not known if these multiple recognition sites represent altered 
functional states of the transporter or discrete recognition sites on the DAT protein. 
In the present study, immunoreactive (IR)-DAT was quantitated by Western blot 
using a highly specific monoclonal antibody to the N-terminus of the DAT in the 
caudate, putamen and nucleus accumbens of drug-free control subjects and victims of 
cocaine intoxication with and without excited delirium. Saturation analysis of 
[3H]WIN 35,428 binding to the DAT was carried out in the putamen of the same 
subjects. When compared to drug-free, age-matched control subjects, a trend towards 
a decrease in IR-DAT was observed in the cocaine overdose victims in the caudate 
and nucleus accumbens, but not the putamen. IR-DAT was significantly decreased 
across all striatal regions in the excited delirium subgroup (n = 8; p < 0.05). 
Analysis of [3H]WIN 35,428 binding site densities revealed a significant decrease in 
the density of the low affinity site in the excited delirium but not the cocaine 
overdose victims as compared to drug-free control subjects (n = 6; p < 0.02). 
Preliminary analysis of the correlation between the quantity of IR-DAT protein and 
the density of high and low affinity WIN 35,428 binding sites demonstrates that IR- 
DAT best correlates with the density of low affinity WIN 35,428 binding sites in 
the putamen (r =.94). These studies suggest that the cocaine-induced alterations in 
the low affinity cocaine recognition site on the DA transporter may reflect changes 
in DAT protein. Supported by DA 09484 and DA 06227.
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432.11
TRANSCRIPTIONAL REGULATION OF DOPAMINE 
TRANSPORTER GENE EXPRESSION IN THE SUBSTANTIA 
NIGRA OF HUMAN COCAINE FATALITIES. L. Chen, P.M. 
Segal*, C.T. Moraes and D.C. Mash, Dept. of Neurology, Univ. of 
Miami, Sch of Med, Miami, FL 33101
High affinity cocaine recognition sites on the human DAT are upregulated 
by chronic cocaine exposure, providing evidence for either a change in 
the conformational state of the transporter or in the levels of protein 
expression. The regulatory adaptations of DAT mRNA were studied by 
reverse transcription-polymerase chain reaction (RT-PCR) in post 
mortem brain tissues taken from age-matched and drug-free control 
subjects (CTRL), cocaine overdose (CO) deaths, and cocaine overdose 
cases which had evidence of preterminal excited delirium (ED). Semi- 
quantitative duplex of RT-PCR was carried out to quantify the DAT 
mRNA levels in CTRL, CO and ED groups. Two constitutively 
expressed “housekeeping” genes, actin and cyclophilin, were used as 
internal controls for determining the amount and integrity of mRNA. The 
mRNA levels of actin and cyclophilin were not altered by chronic cocaine 
abuse in either the CO or the ED cases of cocaine fatalities. The relative 
abundance of DAT mRNA in the CO group was not significantly 
different from control values. In contrast, both the DAT/actin and 
DAT/cyclophilin ratios were reduced significantly in the ED group (n=5) 
when compared with the ratios obtained in the CTRL (n=8) and CO 
(n=6) groups (p<.05). These results suggest that the expression of DAT 
may be regulated at the transcriptional level by chronic cocaine exposure. 
Further studies are needed to determine whether the lower mRNA levels 
shown for the cocaine delirium victims are a state or a trait marker for this 
subgroup of cocaine overdose deaths. Funded by DA06227.

432.12
FUNCTIONAL STUDIES OF THE DOPAMINE TRANSPORTER 
IN POST MORTEM HUMAN BRAIN. D.C, Mash1* O. Ouvangf 
J. Pablo1, A, J. Eshelman2 and A. Janowskv2. 'Dept. Neurology, 
Univ. Miami Med Sch. Miami, FL. 33101 & 2Dept. Pharmacology, 
Oregon Health Sciences Univ., Portland, OR 97201.

The dopamine (DA) transporter (DAT) functions to carry released DA 
back into the presynaptic terminal in a sodium and chloride-dependent 
manner. At present, a thorough characterization of [3H]DA uptake by 
the native DAT in human brain synaptosomes is lacking. We report 
here the characterization of [3H]DA uptake into synaptosomes prepared 
from human caudate or putamen that have been slowly frozen over 24 
hours in cryoprotectant. Baboon brains that were cryoprotected in a 
manner similar to the human neuropathological tissues were studied in 
parallel to demonstrate the effect of post mortem interval on the 
parameters of DA uptake. Kinetic analyses demonstrated that the Km 
value in the primate brain (46 ± 8 nM) was not altered significantly by 
increasing post mortem interval. While the maximum velocity (Vmax) 
of uptake was shown to decrease over time, the Vmax values (2.20 
pmol/min/mg protein) reached a stable plateau between 8 to 12 hours 
(< 7% across time points). The potencies for inhibition of [3H]DA 
uptake into human caudate synaptosomes correlated very highly with 
potency values determined for recombinant hDAT expressed in HEK 
cell lines (r = .98). These results demonstrate that DA uptake function 
assayed in human brain synaptosomes is a suitable approach for testing 
hypotheses of the mechanisms underlying human brain disorders and 
for studying the actions of addictive drugs in man. Supported by 
NIDA (DA06227 and DA38303) and the NPF, Inc., Miami, FL.

432.13
COCAINE PHARMACOTHERAPY WITH RTI-113. K McGirr, T 
Kopajtic*, S Dworkin, L Howell, F I Carroll, R Hunter and M J
Kuhar. Yerkes Primate Center, Emory Univ., Atlanta GA, Addiction 
Res. Center, Baltimore MD, Bowman Gray Sch Of Med, Winston 
Salem NC, Research Triangle Institute, Research Triangle Park NC.

While treatment is a very cost effective way of reducing cocaine 
use, there are no accepted medications for cocaine abusers. In an 
effort to identify candidates for substitution therapy, we have 
identified several phenyltropane compounds that are potent and 
selective for the dopamine transporter, and long lasting with a 
relatively slow entry into the brain. RTI-113 is one of these 
compounds. In drug discrimination studies in squirrel monkeys, 
RTI-113 substituted completely for cocaine. Microdialysis studies in 
awake squirrel monkeys showed an increase in extracellular dopamine 
in the caudate nucleus in response to administration of the drug. The 
time course of the increase corresponded with its behavioral effects.
In self-administration studies in rats, injection of RTI-113 caused a 
dose -dependent decrease in cocaine self-administration. Taken 
together, these data suggest that RTI-113, and probably other 
phenyltropanes, have properties predictive of candidate medications 
for treating cocaine abuse. Supported by DAO 1162, RR00165, NIDA 
IRP, OND6069, DA05477and DA06634.

432.14
COCAINE ANALOG CHARACTERIZATION AT
NEUROTRANSMITTER TRANSPORTERS. B E Garrett*, K 
McGirr, R Hunter, F I Carroll and M J Kuhar. Neuroscience 
Division, Yerkes Regional Primate Res Center, Emory University, 
Atlanta GA 30329, Research Triangle Institute, Research Triangle 
Park, NC.

Many phenyltropane analogs of cocaine have been synthesized and 
tested with the goal of developing substitute medications for cocaine 
abusers. Of the several hundred analogs available, we have selected 
about 15 analogs for further characterization. In order to supplement 
the available binding data in rat brain, we have obtained additional 
data from binding and uptake studies in rat, monkey and human brain 
tissue. IC50s in uptake studies were significantly correlated with 
IC50s in binding studies in rats. Similarly, there was a significant 
correlation between rat, human and monkey binding data at the 
dopamine transporter. These data suggest that the compounds are 
competitive inhibitors at the transporters, that they do not have 
antagonist properties, and that the rat, monkey and human dopamine 
transporters are similar with regard to their binding of these 
phenyltropanes. In locomotor activity studies, the duration of action 
of the compounds were determined. Many of these compounds have 
properties compatible with useful medications for cocaine abusers. 
Supported by OND6069 and DA05477.

432.15
ACUTE AND CHRONIC ADMINISTRATION OF JHW 007, A 
NOVEL DOPAMINE UPTAKE INHIBITOR WITH BEHAVIORAL 
EFFECTS UNLIKE COCAINE. S. Izenwasser, P.M. Kunko*, D, 
French, R.J. Mitkus, J.L. Katz, and A.H. Newman. Psychobiology 
Section, NIDA Division of Intramural Research, Baltimore, MD.

JHW 007 [N-(n-butyl)-3a-(4’,4”-difluorodiphenylmethoxy)tropane] 
binds with high affinity and selectivity to the dopamine transporter. 
Most compounds that bind to the dopamine transporter and inhibit 
dopamine uptake in vitro also produce behavioral effects similar to those 
of cocaine. In general, dopamine uptake inhibitors stimulate locomotor 
activity, and produce additive effects when co-administered with 
cocaine. JHW 007 does not stimulate locomotor activity of mice at 
doses ranging from 1 to 56 mg/kg i.p., and in fact produces a decrease 
in activity at the higher doses. Daily injections for seven days produced 
no significant changes in locomotor activity, as compared to vehicle 
control rats. This is in contrast to daily cocaine administration, to which 
animals become sensitized and exhibit increasing levels of activity with 
each subsequent injection. When JHW 007 is continuously infused 
from subcutaneously implanted osmotic minipumps for seven days, 
activity levels are slightly higher than control each day, with the greatest 
alterations observed on the last two days of treatment. This is again in 
contrast to cocaine, which produces its greatest effects on the initial days 
of treatment. After pump removal, there are no observable withdrawal 
effects associated with JHW 007. Elucidation of a mechanistic 
explanation for these behavioral differences may prove useful in the 
identification of a cocaine-abuse pharmacotherapeutic.
(Supported by NIDA).

432.16
CHRONIC ADMINISTRATION OF GBR 12909 PRODUCES 
MARKED REDUCTIONS IN DOPAMINE TRANSPORTERS AND 
RECEPTORS: LACK OF EFFECT BY COCAINE.
P.M. Kunko1, B. Ladenheim2*. R.J. Loeloff1. J.L. Cadet2. F.I. Carroll3 
and S. Izenwasser1. ’Psychobiology and 2Molecular Neuropsychiatry 
Sections, NIDA, Intramural Research Program, Baltimore, MD 21224, 
and 3Research Triangle Institute, Research Triangle Park, NC 27709.

The effects of chronic continuous infusion of cocaine or the selective 
dopamine uptake inhibitors GBR 12909 or RTI-117 (a cocaine analog), 
were examined on dopamine transporter and receptors. Drug or vehicle 
was continuously infused for 14 days into male rats via osmotic 
minipump. One day after pumps were removed, [I25I]RTI-121 
(dopamine transporter) and [,2iI]sulpiride (D2) binding were assessed 
using autoradiography. GBR 12909 produces marked alterations in the 
brains of these animals. The biggest effects are seen in the ventral 
tegmental area, where dopamine D2 receptors are decreased by greater 
than 50%, and substantia nigra (SN), where they are virtually eliminated. 
Much smaller, but significant decreases are also observed in nucleus 
accumbens (NA) and caudate putamen (CPu). GBR 12909 also 
produces large decreases in dopamine transporter binding in CPu and 
NA. In contrast, cocaine and RTI-117 produce small decreases in the 
dopamine transporter only in NA core. In addition, RTI-117 produces a 
moderate reduction in D2 receptors in SN. Thus, GBR 12909 appears to 
have much greater effects on the dopamine transporter and receptors than 
either cocaine or RTI-117. Thus, the greatest effects are seen in the 
dopamine cell body regions, suggesting that GBR 12909 might have a 
direct effect on the molecular machinery that controls the synthesis of 
these receptors. (Supported by NIDA)
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432.17

NOVEL ANALOGS OF RIMCAZOLE AS PROBES FOR THE 
DOPAMINE TRANSPORTER. S.M. Husbands, S. Izenwasser,
W.D. Bowen, B.J. Vilner, J.L. Katz and A.H. Newman*
Psychobiology Section, NIDA-IRP, Baltimore, MD 21224 and
Laboratory of Medicinal Chemistry, NIDDK, Bethesda, MD 20892.

In the continuing search for a pharmacological intervention for
cocaine abuse, there has been considerable interest in compounds 
that attenuate, rather than potentiate, cocaine's effects. Among these 
are a variety of a-ligands, including rimcazole. Rimcazole binds to the 
dopamine transporter (DAT) with higher affinity than for a-sites and 
yet attenuates the locomotor stimulation produced by cocaine in mice, 
rather than producing cocaine-like behavioral activation. Thus a series 
of rimcazole analogs have been synthesized in order to further 
explore this class of drugs. Binding studies have revealed that 
aromatic substitutions on rimcazole are not tolerated at the DAT, with 
significant reductions in affinity for the 4-NO2, 4-NH2, 4,4'-dibromo 
and 2,4,4'-tribromo-analogs. N-Alkylations are better tolerated, with 
the longer alkyl groups displaying higher affinity. Analogs in which the 
phenyl rings of rimcazole are free to rotate have also been prepared. 
One such analog, with a propylphenyl group on the terminal nitrogen, 
was found to have higher affinity for the DAT than rimcazole itself. 
Affinities for a-sites have also been determined. A comparison of the 
Structure-Activity Relationships at DAT and a-sites with the 
behavioral profile in animal models of cocaine abuse may prove useful 
in the search for a cocaine pharmacotherapeutic. (Supported by 
NIDA).

432.18
Potent and selective analogs of 4-[2-[bis(4-fluorophenyl)- 
methoxy]ethyl]l-(3-phenylpropyl)piperidine for the dopamine 
transporter (DAT): Aloke K. Dutta, Lori L. Coffey, Edmund A. 
Debler and Maarten E. A. Reith. Organix, Inc, Woburn, MA 01801. 
University of Illinois, Peoria, IL 61656.

In our ongoing SAR studies of the piperidine analogs of GBR 
molecules, the effects of certain structural modifications in these 
molecules on their activity for the DAT were studied.
Specifically, we wanted to see the effects of fluorine
substitutions on the aromatic rings, introduction of a double 
bond in the propyl side chain and also the replacement of the 
aromatic phenyl ring with a bioisosteric thienyl and pyridyl 
moiety in these molecules. These changes resulted in the 
development of some very potent and selective compounds for 
the DAT. Some of the most active compounds were as potent as 
GBR 12909 (Figure 1) and at the same time were more selective 
than GBR 12909 in their binding to the DAT as compared with 
the serotonin transporter. Synthesis and biological activities will 
be discussed. Supported by DA08647.

i) R=H, R"= Ph, R"'= F, X= CH, Y= CH2-CH2, IC50=6.6 nM.
ii) R=F, R“= PhF, R'"= F, X=CH, Y=CH=CH, IC50=15.1 nM.
iii) R= H, R"= Thienyl, R'"= H, X= Ch, Y= CH2-CH2, IC50=6.0 nM
iv) R=F, R"= PhF, R"'= H. X= CH, Y= CH2-CH2, IC50= 6.0 nM 
(GBR 12909) etc.

/"Yr ." 1

COCAINE: DOPAMINERGIC MECHANISMS

433.1
GDNF BLOCKS BIOCHEMICAL ALTERATIONS INDUCED IN 
THE MESOLIMBIC DOPAMINE SYSTEM BY CHRONIC 
EXPOSURE TO DRUGS OF ABUSE AND ALTERS DRUG- 
INDUCED LOCOMOTOR RESPONSES. C. J. Messer*!. P.A. Lapchak2 
and E. J. NestierS. MDivision of Molecular Psychiatry , Yale Univ. Sch. of Med., 
New Haven, CT. 06508. 2Amgen Inc., Thousand Oaks, CA 91320.

Glial derived neurotrophic factor (GDNF) is a potent trophic factor with activity at 
several neuronal cell types, including dopaminergic neurons. Based on previous 
work that showed effects of neurotrophins on the actions of drugs of abuse (Berhow 
et al., J. Neurosci. 16:4707-15, 1996.), we studied the influence of GDNF on 
biochemical alterations in the ventral tegmental area-nucleus accumbens (VTA-NAc) 
pathway induced by chronic exposure to morphine or cocaine. GDNF administered 
directly into the VTA of male Sprague-Dawley rats (250-300g) by osmotic mini-
pump (2 pg/day for 7 days) completely blocked the characteristic increase in tyrosine 
hydroxylase (TH) immunoreactivity induced in the VTA by coadministration of 
either chronic morphine or of chronic cocaine. Similar effects were seen with single 
injections of GDNF (10 pg). Moreover, GDNF chronically infused after drug 
treatment completely reversed the morphine induced increase in TH 
immunoreactivity in the VTA. By either route of administration, GDNF alone had 
no effect on levels of TH. GDNF similarly blocked the ability of chronic morphine 
or chronic cocaine to increase levels of other proteins, including the NMDA 
glutamate receptor R1 subunit in the VTA and protein kinase A catalytic subunit in 
the NAc. Chronically infused GDNF also had potent behavioral effects, causing a 
dramatic increase in locomotor activity to a cocaine challenge. These results indicate 
that the GDNF signalling pathway may interact with the signalling cascades that 
mediate neuronal plasticity induced by chronic exposure to drugs of abuse. 
(Supported by DA10160).

433.2
CHRONIC INTRA-ACCUMBENS BDNF INFUSIONS ENHANCE RESPONDING 
FOR CONDITIONED REWARD AFTER I.P. COCAINE AND INDUCE 
LOCOMOTOR SENSITIZATION. B.A, Horger*. C.A. Ivasere. E.J. Nestler and 
J.R. Taylor, Dept. Psychiat., Yale Univ. Sch. of Med., New Haven, CT 06520.

The mesolimbic dopamine system has been implicated in drug reward, sensitization 
and stimulant-enhanced conditioned reward. Here, we investigated the ability of Brain 
Derived Neurotrophic Factor (BDNF), which enhances dopamine turnover and promotes 
the differentiation of dopaminergic neurons, to augment conditioned reward (CR) and 
psychomotor stimulant sensitization. BDNF (or PBS vehicle) was infused bilaterally 
into the nucleus accumbens (NAc) over two weeks via chronically implanted Alzet 
minipumps (lug/0.5ul/side/day). In Experiment 1, we studied the effects of BDNF 
infusions into the NAc on sensitization to the psychomotor stimulant effects of 
cocaine (i.p. 5-15mg/kg). We found BDNF to significantly 'pre-sensitize' animals to 
the stimulant effects of cocaine, when compared to control animals, and to enhance the 
development of sensitization at low doses of cocaine. In Experiment 2, we studied the 
effects of BDNF infusions into the NAc on responding for CR using the ‘acquisition 
of a new response’ paradigm. BDNF enhanced responding on the CR, but not control 
(NCR), lever more than four times that seen in control subjects after a moderate dose 
(lOmg/kg, i.p.) of cocaine. BDNF-treated animals also showed twice as many CR 
responses compared with controls when saline was first administered. The enhanced 
response to cocaine in BDNF-treated animals persisted and was present 4 weeks after 
the infusions had stopped, indicating long-term changes in the mesolimbic dopamine 
system due to BDNF administration. These results demonstrate the profound effects of 
BDNF on both sensitization and CR. These data indicate that BDNF-induced neuronal 
changes may modulate the ability of cocaine to augment behavior dependent on 
dopamine in the NAc and suggest a possible role for BDNF as a mediator of drug 
reward. Support by DA08227

433.3

DOPAMINERGIC GENE VARIANTS IN POLYSUBSTANCE ABUSERS 
AND CONTROLS. L.A. Rodriguez, D.J. Vandenbergh*. E. Pugh*.
E. Bendahhou. G. Villareal, H. Lachman® & G.R. Uhl, Mol. Neurobiol. 
Br, IRP-NIDA, NIH&Depts Neurol & Nsci, JHUSM, Baltimore, MD 
21205, #Lab. Gen. Disease Res., NHGRI, NI®, Dep. Psych, Albert 
Einstein Col. of Med., Bronx, NY 10461.

Genetic contributions to interindividual differences in 
vulnerability to substance abuse could arise from allelic variants in 
dopaminergic genes. Genes encoding the dopamine metabolizing 
enzyme COMT and the DRD4 dopamine receptor display allelic 
variants that can alter their functions; the DRD3 dopamine receptor 
gene also displays a polymorphism. Allelic COMT variants encode 
enzymes whose activities vary 3-4-fold. DRD4 alleles encode 
receptors that may differ in G-protein coupling. Current results in 
over 300 individuals indicate higher frequencies of the high activity 
COMT and the long-repeat DRD4 alleles but no differences in 
DRD3 markers in individuals reporting substantial polysubstance 
use, compared to data from matched nonusers. Each positive result 
predicts a locus-specific relative risk of ca. 2. No evidence for 
epistatic interactions between these loci was found. Drugs that alter 
COMT activities and target DRD4 may provide therapeutic 
opportunities to address the excess drug abuse vulnerability that 
might be mediated by these interesting candidate genes.

'Support: NIDA and NCHGR-IRPs, NIH; C. Hill Fund and NYState O.A.S.A.S.

433.4
DIFFERENT EFFECTS OF DI VERSUS D2 DOPAMINE AGONISTS ON 
COCAINE DISCRIMINATION AND SELF-ADMINISTRATION IN RATS. 
S. B, Caine*. N. K. Mello. J. Bergman and S. S. Negus. Alcohol & Drug Abuse 
Research Center, McLean Hospital - Harvard Medical School, Belmont, MA 02178.

The objective of this work was to compare the abilities of DI-like and D2-like 
dopamine receptor agonists to reproduce or modify the discriminative stimulus and 
reinforcing properties of cocaine. Male rats were trained to discriminate cocaine (5.6 
mg/kg IP) from saline in a two-lever drug discrimination procedure, or to self- 
administer cocaine (0.32 mg IV; approx. 1.0 mg/kg/inj.) under a fixed-ratio schedule.

In the drug discrimination procedure, the D2-like agonist quinelorane (0.1-18.0 
pg/kg IP) dose-dependently substituted for cocaine in all six rats tested, though full 
generalization occurred only at doses that significantly suppressed response rates 
(10.0-18.0 pg/kg). Pretreatments with lower doses of quinelorane (1.0-3.2 pg/kg) 
produced leftward shifts in the cocaine dose-effect function. In contrast, the Dl-like 
agonist SKF 82958 (0.01-0.32 mg/kg IP) substituted for cocaine in only three of six 
rats, also at doses that significantly reduced response rates. Pretreatments with SKF 
82958 (0.032-0.32 mg/kg) had little effect on the cocaine dose-effect function.

In rats self-administering cocaine, pretreatments with quinelorane (3.2-32.0 pg/kg 
IP) dose-dependently increased the intervals between cocaine injections. This effect 
is similar to the effect of increasing the unit dose of cocaine and is suggestive of the 
leftward shift in the cocaine dose-effect function produced by pretreatment with 
other D2-like agonists. In contrast, pretreatment with the Dl-like agonists SKF 
82958, SKF 81297, R-Br-APB, SKF 77434 or SKF 83959 (0.032-3.2 mg/kg IP) 
eliminated or dose-dependently increased the latency to initiate self-administration; 
when inititiated however, rates and patterns of self-administration were similar to 
baseline conditions. Observational studies revealed that Dl-like agonists produced 
visual checking, rapid circling and rearing, behaviors not observed after cocaine 
alone or quinelorane treatment. These results suggest that D2 agonists alter cocaine 
self-administration by enhancing the discriminative stimulus and reinforcing effects 
of cocaine, whereas the behavioral effects of DI agonists and cocaine may overlap to 
a lesser extent Supported by NIDA DA07252, DA00101, DA04059, DA03774.
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433.5
SHORT-TERM COCAINE SELF-ADMINISTRATION IN RHESUS MONKEYS: 
EFFECTS ON THE STRIATAL DOPAMINE SYSTEM. R.J. Moore*. S. Vinsant 
H. Smith. M.A. Nader. D.P. Friedman. Dept. of Physiology and Pharmacology, 
Bowman Gray School of Medicine, Wake Forest University, Winston-Salem, NC 
27157.

Elements of Ihe dopamine system, including the D,/ families of dopamine 
receptors, have been implicated in the reinforcing effects of cocaine. Indeed, we have 
shown the densities of D, and D2 binding sites (Moore et al., In Press; Moore et al., 
Submitted) are decreased and dopamine transporter (DAT) binding sites increased 
(Letchworth et al., submitted) in the striatum, including the nucleus accumbens, of 
monkeys that have self-administered cocaine for 18-22 months. The purpose of the 
present study was to determine if these long-term changes occur following short term 
exposure to cocaine. Two groups of rhesus monkeys self-administered cocaine 
intravenously daily for 5 days (0.03 or 0.3 mg/kg/inj; n=3-4/group; fixed-interval 3- 
min; 30 reinforced responses per session resulting in total intakes of 4.5 and 45 
mg/kg). Control animals (n=3) responded under an FI-3 min schedule of food 
presentation. Immediately after the last self-administration/food session, all monkeys 
were euthanized by lethal overdose of pentobarbital, their brains quickly removed and 
frozen. Coronal sections through the striatum at the level of the nucleus accumbens 
were processed for D, (pHJSCH 23390, 1 nM) and DAT ft H]WIN,428, 5 nM) 
autoradiography. Preliminary analysis indicates that the changes in the binding 
density of D, receptors and the DAT are opposite those seen in the long term studies. 
These findings suggest that there may be different regulatory processes acting on these 
elements of the dopamine system at short cocaine exposure periods than after long 
term periods of self-administration. Supported by DA09085 (LJP), DA07955 (DPF)

433.6
POSTNATAL EXPOSURE TO COCAINE OR METHAMPHETAMINE 
ALTERS DI DOPAMINE RECEPTOR FUNCTION IN THE RAT.
S.L. Rock and B.S. Neal-Beliveau*. Department of Psychology, Indiana 
University - Purdue University Indianapolis, Indianapolis, IN 46202.

The psychomotor stimulants (PMS), cocaine and methamphetamine, act 
at dopamine (DA) synapses by blocking uptake and/or promoting release. 
Third trimester exposure to these drugs in humans may be particularly 
damaging because this period is characterized by synaptogenesis, and DA 
has been shown to act as a growth regulator in the CNS. In the rat, DI 
receptors undergo a rapid rate of development during the first few days of 
life (equivalent to the human third trimester), and appropriate levels of DA 
appear to be necessary for proper development of these receptors (See 
Joyce, Frohna & Neal-Beliveau, Neurosci. Biobeh. Rev. 20. 453, 1996). 
We have hypothesized that the development of DI receptors will be 
affected by drugs that alter DA activity. To determine if the first few days 
of life are a critical period of vulnerability, rat pups were injected (sc) with 
saline, methamphetamine (3.2 mg/kg), or cocaine (32 mg/kg) on day of 
birth (P0) - P2. Long-term effects on DI receptor sensitivity and number 
were then examined in adulthood. Early PMS exposure did not alter 
locomotor activity following treatment with the DI-like receptor agonist 
SKF38393 (0-10 mg/kg). PMS-exposed rats did exhibit fewer Dl- 
mediated behaviors (non-directed oral behaviors and grooming) with the 
higher doses (3.2 and 10 mg/kg) of SKF38393. Quantitative receptor 
autoradiography with [3H]SCH23390 (InM) revealed fewer DI receptors 
in both the rostral and mid- striatum of PMS-exposed rats vs. controls in 
adulthood. Thus, altering synaptic DA levels during a critical period of 
development appears to disrupt the expression of DI receptors, resulting 
in decreased functional sensitivity. (Supported in part by DA09362)

433.7
DOPAMINE D2 AGONIST SELF-ADMINISTRATION: BLOCKADE BY 
DI OR D2 RECEPTOR ANTAGONISTS. J.A. Del Rio*. M. Helmv. K. 
Golshani. P. Than. C. Yam. S. Knoski. J. Ma. L. Stein and J.D. Belluzzi. Dept. of 
Pharmacology, College of Medicine, Univ. of California, Irvine, CA 92697.

Rats will self-administer solutions containing dopamine D,- or D2-selective 
agonists, but response rates and patterns differ for the two receptor subtypes. 
Here we test whether D2-agonist self-administration is pharmacologically 
antagonized by administration of Dr or D2-selective antagonists. During daily
3-hr training sessions, a lever press delivered cocaine (750 pg/kg/inj, i.v.) and 
training continued until response rates stabilized (±10% for 2 days). On test days, 
(+)-PHNO (0.3, 1 or 3 pg/kg/inj) was substituted alone or in combination with 
either D2-antagonist eticlopride (0.1,0.3, 1 or 3 pg/kg/inj) or Drantagonist SCH 
23390 (0.03,0.1,0.3 or 1 pg/kg/inj). Rats self-administered PHNO at all 3 doses, 
but rates were not dose related. PHNO self-administration was antagonized by 
eticlopride in a dose-related fashion (Fig; *p<0.05 vs PHNO alone) and the 
suppressant effects of eticlopride could be overcome by increasing the PHNO 
dose. SCH 23390 also
antagonized PHNO self-
administration in a dose- 
related fashion, but these 
effects could not be reversed 
by increasing the PHNO 
dose. These results suggest 
that D2-agonist self-admin-
istration requires a threshold 
level of endog-enous D, 
activation. (Supported by 
NIDA grant DA07747) EticloDride Dose fua/ka/ini)
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433.8
CHANGES IN DOPAMINE DI AND D3 RECEPTOR SUBTYPES 
DURING WITHDRAWAL FROM COCAINE SELF-
ADMINISTRATION. L.T.L. Tran-Nguven*. G.P. Coffey. R.A. 
Fuchs, S.E. Specio. J.N. Joyce. J.L. Neisewander. Dept. of Psychology, 
Arizona State University, Box 871104, Tempe, AZ 85287-1104 and Sun 
Health Res. Inst., 10515 W. Santa Fe Dr., Sun City, AZ 85372.

Dopamine DI and D3 receptor subtypes were examined during cocaine 
withdrawal. Experimental rats received 14 daily 3-hr sessions of 
cocaine self-administration (SA) and control rats received yoked 
saline administration. Following a 1-day, 1-week, or 1-month 
withdrawal period, rats were tested for extinction and cocaine (15 
mg/kg, IP) reinstatement of SA behavior, and were sacrificed 24 hr 
later. Sections containing the caudate-putamen (CPu), nucleus 
accumbens (NAc), and islands of Calleja were collected. DI receptors 
were labeled with 4 nM 3H-SCH-23390 in the presence or absence of 2 (iM 
butaclamol. D3 receptors were labeled with 0.4 nM 1251-PIPAT in the 
presence or absence of 10 (iM 7-OH-DPAT in buffer containing 100 gM 
Gpp and 0.5 gM DTG to protect sigma sites. Reinstatement of SA 
behavior was observed in all cocaine groups, but was more robust in rats 
that underwent a 1-month withdrawal period. Quantitative 
autoradiographic analysis revealed an increase in 125I-PIPAT binding 
in the ventral CPu and NAc core in the 1-month withdrawal group 
relative to saline-yoked controls. In contrast, there were no differences 
in 3H-SCH-23390 binding in any of the regions examined. The results 
suggest that cocaine withdrawal produces a persistent and region- 
specific enhancement in D3 receptor binding, and this may have 
implications for understanding cocaine addiction. Supported by 
DA07730 (JLN), MH56824 (JNJ) and HHMI (GPC).

433.9
MODIFICATIONS IN DOPAMINE Di RECEPTOR COMPLEX IN RATS
SELF ADMINISTERING COCAINE
M.G. De Montis*, C. CoJ-S.I. Dworkin land J.E. Smith &
Institute of Pharmacology, University of Siena, Italy and § Bowman Gray 
School of Medicine, Winston Salem, N.C 27157

In this study the effects of self administered cocaine versus a non contingent 
administration of the drug were investigated on the activity of dopamine ( DA ) 
Di receptor complex (Dj receptor binding and activity of DA stimulated adenylyl 
cyclase) in five areas of the rat biain since with the exception of few reports, the 
previous studies carried out in cocaine treated rats, involved response-independent 
drug delivery. Yoked animals passively receiving either the same dose of cocaine 
or the same volume of saline were used as controls. We focused our attention on 
Di dopamine receptors because, although their role in the reinforcement process 
is not completely understood, several findings suggest their involvement in 
cocaine self-administration. Both cocaine self- administration and its non 
contingent administration resulted in a decrease in Di receptor density that was 
significant only in the nucleus accumbens. The decrease was higher ( 40 % ) in 
yoked cocaine than in S.A animals ( 25 % ).DA stimulated adenylyl cyclase 
showed a significant decrease of the Vmax in the nucleus accumbens, of the same 
magnitude ( 35 % ) for both self administering and yoked cocaine rats in 
comparison to yoked saline animals. In the prefrontal cortex and olfactory 
tubercle of the animals that received a non contingent administration there was a 
decrease of Vmax which did not reach significance.

433.10
DOPAMINE DI AGONIST IS PREFERRED OVER A D2 AGONIST 
IN A TWO-LEVER CHOICE SELF-ADMINISTRATION TEST.
A.M, Manzardo*. L. Stein and J.D, Belluzzi, Department of Pharmacology, 
College of Medicine, University of California, Irvine, CA 92697

We have previously reported the development of a self-administration 
paradigm which allows rats to choose between two concurrently available 
drug solutions. In tests comparing cocaine doses, a general preference for 
high compared to low cocaine doses was indicated. Above 750 pg/kg/inj 
cocaine, however, rats were unable to differentiate between cocaine doses. 
Here we test whether rats prefer a D, -agonist, SKF 82958 (10 or 30 
pg/kg/inj), or a D2-agonist, (+)-PHNO (1 or 3 pg/kg/inj), in a choice test. 
Daily 3-hr tests were made in a 2-lever box. During training, cocaine (750 
pg/kg/inj, i.v.) was available at either the right or left lever and the active 
side was alternated daily until rates stabilized (±10% for 2 days). Testing 
consisted of 2 baseline sessions offering agonists alone followed by 1 
choice session offering both. Choice responses are reported as a percentage 
of no-choice baseline responses. At the doses tested, rats chose the Dj 
agonist over the D2 agonist
with a significant preference 
for SKF 30 over PHNO 1 
and 3 (Fig; *p<0.025). This 
preference for a D, agonist 
over a D2 agonist suggests 
that activation of dopamine 
D,-receptors is more 
reinforcing than activation 
of D2 receptors. (Supported 
by NIDA grant DA07747) Choice Offered
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433.11
COCAINE IS SELF-ADMINISTERED INTO THE ANTERIOR NUCLEUS 
ACCUMBENS SHELL REGION OF ALCOHOL-PREFERRING P RATS.
D.L. McKinzie*, B.S. Glazier, J.M. Murphy, T.-K. Li, L. Lumeng & W.J. McBride
Depts. Psych. & Med., Indiana Sch. Med. and VAMC, and Dept. Psychology,
Purdue Sch. Science, IUPUI, Indianapolis, IN 46202

The Nucleus Accumbens (NAC) has been postulated to mediate the rewarding 
properties of various drugs of abuse, including the psychomotor stimulants. 
However, self-administration of cocaine directly into the NAC has not been 
consistently observed. The objective of this study was to determine whether cocaine 
would be self-administered into the NAC of alcohol-preferring P rats. A unilateral 
22-ga guide cannula was stereotaxically implanted and aimed at the shell region of 
the anterior NAC of female P rats. Following a one week recovery period, rats 
received the opportunity to respond for either 80 mM cocaine (N = 6) or artificial 
cerebral-spinal fluid (aCSF) vehicle (N = 3) in a two-lever operant paradigm, with 
responses on the active lever resulting in a 100 nl infusion of 800 pmol cocaine over 
a 5 sec period; responses on the inactive (control) lever were recorded but had no 
consequence. To facilitate lever discrimination, a cue light was illuminated over the 
active lever and flashed on and off over the 5 sec infusion. Operant sessions were 4- 
hr in duration with 2-3 days separating each session. Rats receiving cocaine 
infusions responded significantly more than the control group (47 + 6 vs. 19 + 3; p < 
0.05). Over 70 % of the total responses occurred on the active lever in the cocaine 
group (p < 0.05) whereas the vehicle group did not exhibit lever discrimination. To 
ensure that rats receiving cocaine reinforcement were responding contingently on the 
active lever, subjects were then given extinction sessions (aCSF alone) or lever 
reversal training. Following substitution of vehicle alone, active bar responding 
decreased by over 50 % and returned to baseline levels upon reinstatement of 
cocaine. Finally, rats successfully learned the lever reversal. Taken together, these 
results suggest that cocaine infused into the anterior shell of the NAC is rewarding in 
P rats. (Supported by AA07611, AA10717, AA10721 and RSDA AA 00207)

433.12
IDENTIFICATION OF NUCLEUS ACCUMBENS AFFERENTS ACTIVATED 
BY COCAINE-RELATED CONDITIONED STIMULI. T.R. Franklin*. W.B, 
Wilent. Y. Zhu and J.P, Druhan. Dept Psychiatry, Allegheny University of the 
Health Sciences, Broad & Vine, Philadelphia, PA 19102.

In a previous study, we reported that the expression of cocaine-induced conditioned 
hyperactivity was associated with genomic activation in the caudal shell of the 
nucleus accumbens (NAc) and in limbic forebrain regions that project to the NAc. 
These results were consistent with hypotheses that the NAc may be important for 
integrating limbic information and generating responses to conditioned appetitive 
stimuli. The present study attempted to identify limbic projections to the NAc 
activated by cocaine-related stimuli by using dual immunohistochemistry to locate 
limbic cells retrogradely labeled after injections of Fluoro-gold (Fg) into the NAc 
that also expressed Fos in response to a cocaine-paired environment. Male Wistar 
rats received small, iontopheretic injections of Fg into the caudal shell of the NAc. 
One week later, the rats were divided into three groups that received five daily 
pairings of either 10.0 mg/kg cocaine in a test environment and saline in the colony 
room (group Paired), saline in the test room and cocaine in the colony room (group 
Unpaired), or saline in both environments (Controls). All rats were given all) 
conditioning test on the sixth day, and then sacrificed immediately for Fos and Fg 
immunohistochemistry. Examination of the brains from Paired rats revealed 
numerous Fos+ and Fg+ cells within the paraventricular nucleus of the thalamus 
(PVT), with double-labeled cells observed frequently within the antero-ventral 
portion of this nucleus. Although conditioned Fos expression was observed in 
regions of the frontal cortex (i.e. cingulate, orbital and FI areas), these regions did 
not overlap with frontal areas containing Fg+ cells (i.e. the infralimbic cortex). The 
subiculum of the hippocampus had high densities of both Fos+ and Fg+ cells, yet 
very few cells were double-labeled. These findings suggest that NAc-projecting cells 
within the antero-ventral PVT are activated during exposure to a cocaine-paired 
environment. These cells could be involved in the initiation of conditioned appetitive 
responses to cocaine-related stimuli. Supported by PHS grant # DA08381.

433.13
ROLE OF DOPAMINE RECEPTOR SUBTYPES IN THE BEHAVIORAL 
EFFECTS OF COCAINE IN RHESUS MONKEYS. RV Subrahmanyam*, 
RH Mach, MA Nader. Dept. Physiology/Pharmacology, Bowman Gray 
School of Medicine, Winston-Salem, NC 27157.

Cocaine self-administration has long-lasting effects on the central 
dopamine system of rhesus monkeys. Alterations in D2/D3 receptor 
density are evidenced by downregulation of D2 receptors in positron 
emission tomography (PET) studies of cocaine-experienced monkeys 
(Nader et al., in prep), and modification of D2/D3 agonist (±)-7-OH- 
DPAT self-administration by prior cocaine exposure (Nader and Mach, 
Psychopharmacology 1996, 124: 306). The current studies extended this 
previous work by further examining the behavioral interactions of cocaine 
with D2/D3 receptors in rhesus monkeys. When substituted for cocaine in 
monkeys responding under a fixed-interval (FI) 5-min schedule, the 
D2/D3 agonist quinpirole maintains high rates of responding. However, 
when substituted for food in cocaine-naive monkeys (n=2; FI 3-min), 
quinpirole (0.003-0.03 mg/kg/inj) did not maintain responding above 
saline rates, suggesting that cocaine exposure resulted in changes in D2 
and/or D3 receptors and modified the reinforcing effects of quinpirole. 
In another study, the selective D3 agonist R-(+)-7-OH-DPAT was 
evaluated in monkeys (n=3) trained to discriminate i.m. injections of 
cocaine (0.1-0.2 mg/kg) from saline. R-(+)-7-OH-DPAT (0.01-0.17 
mg/kg) did not fully substitute for cocaine (maximum 77% cocaine- 
appropriate responding), suggesting that stimulation of D3 receptors may 
not be sufficient to produce cocaine-like discriminative stimulus effects. 
These data provide evidence that both D2 and D3 receptors may be 
necessary to mediate the behavioral effects of cocaine. Supported by 
DA05782, DA 09142, DA 08632.

433.14
BEHAVIORAL SENSITIZATION TO COCAINE: EFFECTS OF 
WITHDRAWAL INTERVAL, EXTINCTION, AND DOPAMINE 
ANTAGONISTS B .A. Mattincrlv*, T. Bonta, C. Himmler, J. 
Miller & J. Woods Department of Psychology, Morehead 
State University, Morehead, KY 40351 USA.

Unlike amphetamine-induced behavioral sensitization, 
neither DI-type nor D2-type selective dopamine 
antagonists are effective in preventing the development 
of sensitization to cocaine after short withdrawal 
intervals (1-day) . The present study examined the effect 
of selective dopamine antagonist treatments on 
behavioral sensitization to cocaine after a longer 
withdrawal interval (7 days). In 3 experiments, male 
Wistar rats (250-300g) were injected daily for 4 days 
with either SCH 23390 (0.1 mg/kg), eticlopride (0.1 
mg/kg), SCH23390/eticlopride (0.1 mg/kg each) or vehicle 
in combination with either cocaine (15 mg/kg) or 
vehicle, and tested for activity in photocell boxes (Med 
Assoc.) for 60 min. After this pretreatment, all rats 
received daily vehicle injections and were tested for 
activity for an additional 7 days. On Day 12, all rats 
were tested for activity following a challenge injection 
of cocaine (10 mg/kg). Major findings were: a) cocaine 
treatments produced behavioral sensitization; b) all 
antagonist treatments suppressed activity and blocked 
the acute activating effects of cocaine; c) cocaine- and 
antagonist-treated rats were hyperactive on the vehicle 
tests; and d) antagonist treatments alone increased 
subsequent sensitivity to cocaine. Although antagonist 
treatments reduced subsequent sensitivity to cocaine, 
interpretation of this finding is ambiguous because of 
the antagonist-induced increase in cocaine sensitivity.

(Supported by USPHS grant DA 09687).

433.15
IMPORTANCE OF CONTEXT IN BEHAVIORAL AND NEUROCHEMICAL 
SENSITIZATION TO COCAINE. C.L. Duvauchelle*, A. Ikegami, J. Robens, 
S. Asami, E. Castaneda. College of Pharmacy, University of Texas at Austin, 
78712-1074 and Arizona State University, Tempe, AZ 85287.

Chronic cocaine administration can result in a progressive enhancement of 
drug-induced motor and dopamine (DA) levels in the nucleus accumbens (NA). 
It has been suggested that environmental cues present at the time of cocaine use 
may play a major role in the development of this behavioral and neurochemical 
sensitization. We administered IV cocaine (4.2 mg/kg) or saline on alternate 
days in distinctive environments and assessed activity and NA DA levels. 
Activity was measured after each animal's 1st and 6th cocaine injections under 
the following conditions: 1) all 6 cocaine injections administered in the same 
environment, and 2) first 5 injections administered in the same environment, but 
6th injection given in a novel environment. Also, NA DA levels were measured 
using in vivo microdialysis in 1) naive animals receiving their 1st cocaine 
injection, (2) cocaine-experienced animals on their 6th injection in the same 
environment, and (3) cocaine-experienced animals on their 6th cocaine injection 
in a novel environment. Results revealed that animals receiving all 6 cocaine 
injections in the same environment had NA DA levels that were higher than both 
die naive animals receiving their 1st cocaine injection, and the animals that had 
the same amount of cocaine, but were tested on their 6th injection in a novel 
environment. Also, animals receiving all cocaine in the same environment also 
demonstrated enhanced activity after their last cocaine injection while those 
animals receiving their last cocaine injection in a novel environment did not. 
These results suggest that sensitization to cocaine may be dependent upon the 
conditioning of contextual cues within the cocaine-paired environment. 
(Supported by DA05606 and HHMI).

433.16
INTERACTIONS OF STRESS WITH COCAINE ON DOPAMINE D2 
RECEPTOR DENSITY AS DETERMINED BY POSITRON EMISSION 
TOMOGRAPHY STUDIES IN MONKEYS. M.A. Nader. K.A. Grant.
R, H, Mach* HtD, Gage, R,L, Ehrenkaa.feL.LR*.. Kaplan, Q, PriQleav,
S. H. Nader. Deptartments of Pharmacology, Radiology and Comparative 
Medicine, Bowman Gray School of Medicine, Wake Forest University, 
Winston-Salem, NC 27157.

Previous research has shown that reactivity to stress can increase 
midbrain dopamine (DA) activity and augment acquisition of drug 
reinforcement in rodents (e.g., Piazza et al. PNAS 88: 2088, 1991). The 
goal of this study is to achieve a better understanding of the individual 
differences in the effects of cocaine in a nonhuman primate model of drug 
abuse. Initially, adult male cynomolgus monkeys (n=22) were placed in 
an open field on two separate occasions and activity levels were monitored 
for 35 minutes after saline (0.5 ml, i.v.) and cocaine (0.01 mg/kg, i.v.) 
administration. At the end of each open field session, blood samples were 
taken and cortisol levels were determined. Cocaine resulted in increases 
(~ 150%) in locomotor activity compared to saline-induced effects. 
Cortisol levels were not significantly correlated with activity levels and 
were not different after saline (38.2±2 pg/dl) or cocaine (35.4+1.7 pig/dl) 
sessions. Next, DA D2 receptor density was determined by using the 
noninvasive imaging procedure Positron Emission Tomography (PET) 
with the D2 ligand P8F]fluoroclebopride (Mach et al., J Med Chem, 36: 
3707, 1993). Preliminary PET data (n=6) showed that the mean D2 
binding potential was 2.55 ±0.11. In these six subjects, there is a 
positive correlation (r2 = 0.40) between D2 binding potential and cortisol 
levels and a negative correlation (r2 = 0.33) between funding potential and 
locomotor activity. These differences in cocaine-induced reactivity and 
D2 levels may influence acquisition, maintenance and relapse to cocaine 
addiction. Supported by DA 10584.
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433.17
SKF 77434, A PARTIAL DOPAMINE Dj RECEPTOR AGONIST, SUPPRESSES 
COCAINE SELF-ADMINISTRATION. C. M. Knapp. M, M, Foye, D, A, Ciraulo.
C. Koractsky*. Depts. Psychiatiy and Pharmacology, Boston University School of 
Medicine, Boston VA/NIDA Medication Development Unit, Boston, MA 02118

Administration of the dopamine Dj family receptor agonist, SKF 82958, 
suppressed responding for cocaine infusions during the first hour of self-
administration sessions [Selfetal., Science, 271,1586, 1996]. This agent can be 
characterized as having high intrinsic efficacy as a stimulant of D) receptor 
mediated activation of adenylate systems. The purpose of this investigation was to 
determine if SKF 77434, which is a partial Dj receptor agonist that has medium 
efficacy, produces similar suppressant effects on cocaine self-administration as 
does SKF 82958, and if these effects are dose dependent. Cocaine (0.6 mg/kg/ 
infusion, i.v.) was made available to animals under a Fixed Ratio 5 schedule. On 
test days, either SKF 77434 (1.25-5.0 mg/kg i.p.) or vehicle was administered 
prior to the start of test sessions. Mean latencies for the delivery of the first cocaine 
infusion was significantly increased above control levels at every dose of 
SKF 77434 tested. Peak latencies were observed with administration of the 2.5 
mg/kg dose and were approximately 2 hours in duration. Treatment with 
SKF 77434 also markedly reduced to below control values the mean number of 
cocaine infusions delivered during test sessions. These findings indicate that a 
partial Dj receptor agonist can reduce the intake of self-administered cocaine and 
block initiation of responding for cocaine for an extended period of time.
(This work was supported by NIDA Grants 1Y01DA50038-02 to D.A.C. and 
DA02326 and K05-DA00099 to C.K.)

433.18
EFFECTS OF OLFACTORY CONDITIONING ESTABLISHED BY 
COCAINE ON NEUROCHEMICAL RESPONSES OF THE 
OLFACTORY BULB TO CONDITIONED STIMULI. R.M. Philpot*
and C.L Kirstein Cognitive and Neurosciences Department, University of South 
Florida, Tampa FL, 33620.

Olfaction is a critical sensory modality in rat pups. Pairing a novel odor with an 
appetitive stimulus has been shown to result in a conditioned behavioral odor 
preference. The dopaminergic system appears to be an important neurochemical 
substrate for this type of learning. The role of dopamine in reinforcement has been 
shown to be functional and responsive to stimulation as early as postnatal day 3 
(PND 3). Using in vivo microdialysis to study changes associated with early 
olfactory learning we have examined the neurochemical response of the olfactory 
bulb to the administration of cocaine HC1. Previous research in our laboratory 
established an olfactory preference in PND 7 animals by pairing an odor with acute 
exposure to the dopaminergic agonist cocaine at doses 5.0, 10.0 and 20.0 mg/kg. 
The present study used in vivo microdialysis and demonstrated a significant increase 
in olfactory bulb dopamine levels in response to cocaine (20mg/kg). In 

addition an odor was paired with 
cocaine at (2.0 or 20.0 mg/kg) to 
establish learning. Once learning 
was established neurochemical 
activity within the bulb was 
examined in response to either the 
cocaine- or saline-paired odor. 
Conditioned or expectancy-induced 
neurochemical responses to the 
trained odor are discussed.Time After Stimulation (Min.)

OPIOIDS: CELLULAR AND MOLECULAR SUBSTRATE

434.1
MORPHINE STIMULATES TRIPHOSPHOINOS1TOL FORMATION IN 
CHINESE HAMSTER OVARY CELLS EXPRESSING HUMAN MU OPIOID 
RECEPTORS. X.Guo, J. E. Moreton*, J.B. Wang and E. Edwards. Dept. 
Pharmaceutical Sciences, Univ. Maryland. Sch. Pharmacy, Baltimore, MD 21201.

Recent studies in SH-SY5Y human neuroblastoma cells have shown that selective 
mu opioid receptor agonists stimulate phospholipase C activity, and increase D-myo- 
inositol 1,4,5-triphosphate (IP3) formation (Smart et al 1994, 1995). Thus, 
phosphoinpsitol turnover may be another second messenger system involved in opioid 
action. In this study, both the acute and chronic effects of morphine and DAMGO 
on IP3 production were investigated in a Chinese Hamster Ovary (CHO) cell line 
which stably expresses human mu opioid receptors. IP3 concentrations were 
determined by using a radioreceptor assay system from DuPont NEN. In the acute 
study, the time course (0, 15, 30, 60, 120, 240, 300 and 420 seconds) of morphine 
and DAMGO on IP3 production was determined. At 300 sec, both DAMGO 
(lOOnM) and morphine (lOOnM) increased IP3 concentration with maximal 
stimulation of 54±5.24% and 57± 15.22%, respectively, relative to control. A dose- 
dependent effect of morphine (InM to 100 uM) on IP3 stimulation was also observed 
with EC50 around lOnM. Morphine-stimulated IP3 production is receptor specific 
since naloxone (1 uM) blocked this effect. In the chronic studies, cells were exposed 
to 100 nM morphine for 24 hrs, then a dose-response curve of morphine on 1P3 
production was determined. Compared to the control, the morphine effect in 
morphine pretreated cells was attenuated in conjunction with a 90% receptor down 
regulation in the receptor binding assay. Our results showed that the phosphoinositol 
pathway is involved in opioid action in CHO cells expressing mu receptors. Chronic 
treatment of the cells with morphine produced tolerance to the IP3 formation. Since 
receptor phosphorylation by protein kinases has been reported to be involved in 
receptor regulation, the increased protein kinase C activity may be attributed to the 
IP3 tolerance and related receptor down regulation. Supported by UMAB DRIF.

434.2
RAT GENES WHOSE EXPRESSION ARE INDUCED BY ACUTE 
MORPHINE TREATMENT INCLUDE SEQUENCE HOMOLOGOUS TO 
HUMAN NrCAM. O-R. Liu*#. N-S. CaP. H. UjikeY X-B. Wang*.
D, Walther#, and G. Uhl#+. #Mol. Neurobiol. Branch, IRP, NIDA, NIH;
+Depts. Neurol. & Neurosci., JHUSM, Baltimore, MD 21224.

Addiction to opiates is a long-term adaptation which may involve mRNA 
and protein synthesis. RNA fingerprinting differential display was used to 
identify genes upregulated by acute morphine treatment. RNAs from striatum, 
frontal cortex, hippocampus and midbrain were isolated from rats sacrificed 4 
hour after 20 mg/kg morphine or saline injections (i.p.). More than 30 
differentially expressed cDNA sequences were identified by RNA 
fingerprinting. Those cDNAs were used as hybridization probes to verify the 
mRNA changes in different brain tissues and to screen cDNA libraries to 
identify corresponding coding sequences. One of the sequences whose 
differential expression in striatum and midbrain is confirmed by RNA slot- 
blots, revealed 80-90% nucleotide sequence homology in coding region and 
3'-untranslated sequence to a human neural cell adhesion molecule, NrCAM. 
NrCAM belongs to an immunoglobulin superfamily. Its function involves cell 
proliferation, axonal outgrowth, neurite fasciculation and cell-cell interactions. 
Morphine-induced NrCAM expression could conceivably alter neural 
connections and long-term opiate effects that might contribute to tolerance, 
physical dependence and/or addiction.

434.3
REGULATION OF ADENOSINE A1 RECEPTORS, DOPAMINE D1 
RECEPTORS AND THEIR INTERACTION IN OPIATE DEPENDENCE. 
G.B. Kaplan*, K.A. Leite-Morris, S.P. Weisberg. Department of Psychiatry 
& Human Behavior, Veterans Affairs Medical Center & Brown University 
School of Medicine, Providence, Rl 02908.

Alterations in central dopamine D1 and adenosine A1 receptor- 
mediated signalling have been demonstrated after chronic morphine 
treatment. Interactions between these two receptors have also been 
demonstrated and may be relevant to opiate dependence. To examine the 
roles of adenosine and dopamine receptors and their interactions in opiate 
dependence, we measured receptor concentrations (radioligand binding) 
and receptor function (receptor-mediated adenylyl cyclase or AC) in 
morphine treated mice. Implantation of morphine (vs. placebo pellets) in 
mice for 72 hours produced both opiate tolerance and dependence. 
Saturation binding studies were performed in brain regions of treated mice 
using adenosine A1 ligand [3H]dipropylcyclopentylxanthine. In 
striatum and cortex, chronic morphine treatment significantly increased 
maximal adenosine A1 receptor binding by 100% and 60%, respectively. 
In dose-response curves from AC assays, dopamine D1 agonist SKF 
38393 stimulated AC activity. Chronic morphine treatment produced a 
47% increase in maximal D1 agonist-stimulated AC (Emax) without affecting 
EC50 values. In frontal cortex of opiate treated mice, D1 agonist-stimulated 
AC activity was inhibited by coincubation with adenosine A1 agonist N6- 
cyclopentyladenosine. Chronic morphine treatment produced increases in 
dopamine D1 receptor function and adenosine A1 receptor number. 
Regulation of the adenosine A1 receptor could be an adaptive response in 
opiate dependence that opposes upregulated dopamine D1-AC systems.

434.4
EFFECT OF MORPHINE ON PROTRH EXPRESSION IN CULTURED 
HYPOTHALAMIC NEURONS. LU-GUANG LUO AND I.M.D, JACKSON* 
Division of Endocrinology, Rhode Island Hospital, Brown University school of 
Medicine, Providence, RI02903

Opioids inhibit thyroid function in man, but the precise mechanism has not been 
established. We have previously reported that TRH is expressed in cultured anterior 
pituitary cells (AP) and that morphine inhibits its production. However, it is not 
known whether morphine has a similar effect on hypothalamic TRH neurons. To 
determine whether opioids might affect the thyroid axis by altering TRH secretion, 
we investigated the effect of morphine (Mor) in 17 day old fetal rat hypothalamic 
cultures. Cultures were exposed to Mor for 5 days and then 10"^ M naloxone (Nal), 
an opioid antagonist, for 48 hours. The proTRH derived peptides, pCClO and 
pYE27 (preproTRH 25-50) as well as mature TRH peptide were measured in the cell 
extract by RIA. The results showed that Mor 10'^ M inhibited TRH (63.71±2.77 
vs. 78.01±0.92), pCC 10 (7.7110.11 vs. 10.1510.74) and pYE27 (14.6010.75 vs. 
16.7310.33) in comparison to their respective controls (p<0.05). When Nal was 
added to the morphine-treated cells the TRH was dramatically increased not only in 
comparison to morphine alone, but also in comparison with the untreated control. 
Nal+Mor vs. Mor vs. Control respectively were significantly different from one 
another. At 10-4M the TRH content was 95.4912.71 (Nal+Mor) vs. 63.7110.4 
(Mot ) vs . 78.0110.98 (untreated control) (p<0.05). At Mor concentrations of 10-6M 
and 10-8M similiar findings were observed. pCClO and pYE27 showed significant 
changes like TRH. All data are expressed in fmoi. Nal alone did not influence TRH, 
pCClO or pYE27. These findings indicate that Mor inhibits endogenous TRH 
peptide expression in hypothalamic neurons and that this inhibition is not only fully 
reversed on opioid withdrawal utilizing Nal but demonstrates a rebound increase in 
production. This suggests that proTRH in neuroendocrine cells is regulated 
differentially by opioids since in the AP, Mor inhibition of TRH was fully reversed 
by Nal but no increase in TRH expression was seen.

Society  for  Neuroscience , Volume  23,1997



MONDAY PM OPIOIDS: CELLULAR AND MOLECULAR SUBSTRATE 1107

434.5

ALTERATIONS IN CONNEXIN 32 EXPRESSION FOLLOWING 
HEROIN SELF-ADMINISTRATION
Tara L, Crowder-Christensen1. Jennifer M. Arnold1. Steffanv A. L.
Bennett1. David L Paul2, and David C. S, Roberts1*. ’Life Sciences 
Research Center, Carleton University, Ottawa, On., K1S 5B6. 2Dept. 
of Neurobiology, Harvard Medical School, Boston, Mass., 02115-6092.

Previously, this lab has demonstrated alterations in connexin 32 
expression following withdrawal from chronic cocaine use. We sought to 
examine whether another drug of abuse, i.e. heroin, would produce a 
similar affect. Wistar rats self-administered heroin on a FR1 schedule for 
a period of ~14 days. Animals were sacrifice 10, 24, or 48 hours after their 
final exposure to heroin. Tissue was prepared either for 
immunohistochemistry using 4% paraformaldehyde or for Western blot 
analysis by flash freezing in iso-pentane. Results suggest that alterations 
in Cx32 expression in the hippocampus and striatum were similar but not 
identical to those seen following cocaine administration. Further changes 
were found in regions implicated in opioid withdrawal including the locus 
coeruleus and medial thalamus. These results may suggest a role for gap 
junctions in the opioid withdrawal response and indicate that changes in 
connexin expression may be a general phenomenon associated with 
exposure to drugs of abuse
Supported by the MRC.

434.6
INCREASED NALOXONE-PRECIPITATED WITHDRAWAL IN MORPHINE 
ANALGESIA-INSENSITIVE MICE. B, Kesf, G, McLemore, J.S,Modi, 
and C.E, Inturrisi, Dept. of Pharmacology, Cornel, Univ. Medical 
College, NY, NY 10021

In contrast to morphine analgesia, there is very little known 
regarding the extent to which variability in morphine dependence is 
attributable to genetic factors. The following study thus examined the 
responses of BALB/c vs CXBK, HA vs LA, and HAR vs LAR mice, models 
of divergent morphine sensitivity, on naloxone-precipitated 
withdrawal. Mu receptor-deficient CXBK mice are one strain of the 
recombinant inbred CXB pane, derived from BALB/c and C57 mice. 
HA/LA and HAR/LAR mice have been selectively bred in separate 
projects for high (HA and HAR) and low (LA and LAR) analgesic 
responses following swim stress and the morphine congener 
levorphanol, respectively. Mice received injections of morphine (50 
mg/kg, sc) followed 3 h later by naloxone (50 mg/kg, sc) and were 
placed individually into Plexiglas cylinders. The number of vertical 
jumps, the most common measure of morphine dependence in mice, 
was recorded over the next 15 min. Mean jump values were CXBK > 
BALB/c, LA > HA, and LAR > HAR. Naloxone injections in saline-treated 
mice were unremarkable, discounting the potentially confounding 
contribution of strain differences in baseline endogenous opioid 
activity. The data indicate that morphine analgesia and dependence are 
genetically dissociable, and may imply the existence of genes affecting 
both traits, but in opposite directions. Further work should assess 
possible strain differences in sensitivity to naloxone. Supported by 
DA07274, DA01457, DA00198, and the Aaron Diamond Foundation.

434.7
MORPHINE-INDUCED CONDITIONED MOTOR ACTIVITY IS ASSOCIATED 
WITH INCREASED C-FOS EXPRESSION IN PREFRONTAL CORTEX. M. R. 
Hoiahan, A.E, Kelley andN. Kalin*. Dept, Psychiatry, Univ. Wisconsin-Madison 
Medical School, Madison, WI 53719.

Opiate drugs can induce strong conditioned behavioral effects through associative 
pairing. However, little is known about the neural or molecular basis of these long-
term behavioral alterations. In the present studies, morphine (5 mg/kg i.p.) was given 
once daily to rats for ten days, and their locomotor was tested for two hours. A 
control group received similar injections of saline. Morphine induced a robust 
behavioral activation that progressively increased with repeated treatment. Three to 
five days following the end of treatment, all rats were given a saline injection and 
placed in the activity cages. Rats previously treated with morphine showed 
significantly greater increases in motor activity compared with the saline group, 
reflecting a conditioned motor response. Two hours later, rats were anesthetized and 
perfused, and the brains were subsequently processed for immunocytochemical 
staining for the protein product of the immediate early gene c-fos in selected forebrain 
regions. Analysis indicated clear differences in the expression and distribution of c- 
fos immunoreactivity. Brains from the morphine group showed strongly enhanced c- 
fos staining in the prelimbic, infralimbic, ventrolateral orbital (insular) prefrontal 
cortex, compared with control brains. Less marked but significant enhancement of 
staining was also observed in the nucleus accumbens and cingulate cortex, in the 
morphine treatment group. No other obvious differences were noted in other brain 
regions (although amygdala and hippocampus were not. examined in the present 
studies). These results suggest that prefrontal circuits are activated by drug-associated 
conditioned stimuli. Further, they provide evidence for enduring neuromolecular 
alterations, at the level of gene expression, that may reflect the well-known 
conditioned effects of drugs of abuse.

Grant # DA09311, National Institute on Drug Abuse

434.8
CHARACTERIZATION OF c-FOS TARGET GENES INDUCED BY MORPHINE 
M,W, Soanga, J, Honkaniemi, B, Bontempi, and F.R. Sham*
Department of Neurology, VA Medical Center and University of California,
San Francisco 94121

Morphine induces the immediate early gene c-fos in the striatum and 
other brain regions known to be active in processes underlying addiction. 
The target genes regulated by morphine- induced c-Fos are unknown, but 
are likely to include factors involved in the transition from acute to chronic 
neuronal responses to addictive drugs. We have begun to identify these Fos 
targets by characterizing the changes elicited by exposing morphine- treated 
cells to antisense oligonucleotides directed against c-fos. Primary rat 
neuronal cultures were pretreated with the phosphorothioated antisense 
oligonucleotide AS4 for 10 h, then exposed to 100 uM morphine for 4-48h. 
Proteins harvested from these cells were analyzed by two-dimensional 
electrophoresis, and exhibited a large number of inductions and 
posttranslational events dependent on Fos activation. RNA from the same 
cells was analyzed by mRNA differential display, which revealed a number of 
transcriptional targets dependent on c-Fos. Antisense c-fos was also infused 
into the striatum of awake rats to determine the biochemical and behavioral 
effects of Fos after morphine treatment. The identification of Fos target 
genes associated with addiction should provide important information about 
the molecular pathways by which morphine induces new patterns of gene 
expression. Fos target genes will also be candidates for testing the 
involvement of specific pathways in production of the addicted state. 
Supported by grants from the NIH and the VA.

434.9
NEUROCHEMICAL CHARACTERIZATION OF CORTICAL AND STRIATAL 
NEURONS EXPRESSING C-FOS PROTEIN AFTER ACUTE MORPHINE 
ADMINISTRATION. M.M. Garcia*, M. Guillot and R.E. Harlan. Depts. of 
Otolaryngology and Anatomy, and Neuroscience Training Program, Tulane 
University Medical School, New Orleans, LA 70112

Previous studies from this laboratory have shown that acute administration of 
morphine induces c-Fos expression in neurons of the cerebral cortex, dorsal and 
ventral striatum and specific midline/intralaminar thalamic nuclei. To characterize 
these neurons further, we performed double-label immunocytochemistry for c-Fos and 
a variety of markers, including the mu opiate receptor (MOR), kappa opiate receptor 
(KOR), AMPA glutamate receptor subunits GluRl, GluR2/3 and GluR4, NMDAR1, 
protein kinase C (PKC) pi and pil, neuronal nitric oxide synthase (nNOS) and 
somatostatin (SST). Male Sprague-Dawley rats were injected with morphine (10 
mg/kg, sc); 2 hr later, they were euthanized with an overdose of pentobarbital and 
perfusion-fixed. Double-label immunocytochemistry was performed on 40 um brain 
sections, using the method of Hoffman et al. (1990). In the caudate-putamen (CPu), 
the great majority of c-Fos-positive neurons were in the matrix compartment, 
although some labeled neurons were found in the patch compartment, as determined 
by co-localization with MOR immunoreactivity. c-Fos-positive neurons were 
sometimes found on the borders of MOR patches. No colocalization of c-Fos and 
KOR was noted in the cortex. Among AMPA receptor subunits, a substantial 
portion of the c-Fos-positive neurons of the CPu and cortex contained GluR2/3 and 
some contained GluR4 in the CPu, but none contained GluRl in either brain region. 
Many c-FOs-positive neurons contained NMDAR1. Some of the c-Fos-positive 
neurons in the CPu contained PKC pil, and almost none contained PKC pi. None of 
the nNOS or SST neurons contained c-Fos, in either CPu or cortex. These findings 
are consistent with pharmacological studies demonstrating an inhibition of morphine- 
mediated c-Fos expression by both AMPA and NMDA receptor antagonists, and by 
inhibitors of protein kinase C.
Supported by LEQSF RD-A-29 to MMG.

434.10
ALTERATIONS IN C-FOS RESPONSE IN THE CAUDATE 
PUTAMEN AND THALAMUS FOLLOWING MORPHINE 
ADMINISTRATION IN POST-DEPENDENT RATS. P.S. Frankel*,
R.E. Harlan and M.M. Garcia. Depts. of Anatomy and 
Otolaryngology, Tulane Med. School., New Orleans, LA. 70112.

Previous studies from this laboratory have demonstrated that acute 
administration of morphine results in an induction of the immediate 
early gene c-Fos in the rat caudate putamen (CPu) and in midline 
thalamic nuclei. To determine whether this response is altered in post-
dependent rats, we gave twice daily injections for five days of an 
increasing dose of morphine to induce dependence (10 mg/kg, days 1 
and 2; 20 mg/kg, days 3 and 4; 30 mg/kg, day 5). A withdrawal period 
consisting of either 7 or 14 days followed, during which no drug was 
administered. A challenge injection of morphine (10 mg/kg) was 
administered on the last day of withdrawal and the rats were perfused 
two hours later. Immunocytochemical localization of c-Fos was 
performed on 60 ^m brain sections using a polyclonal antibody to c- 
Fos (Santa Cruz Biotech., #sc-52). Following 7 days of withdrawal, 
the c-Fos response was significantly increased in the dorsolateral CPu. 
Following 14 days of withdrawal, the c-Fos response was significantly 
reduced in the dorsolateral and dorsomedial CPu. In addition, the c- 
Fos response in the midline thalamic nuclei (paraventricular, 
intermediodorsal, central medial and interanterior nuclei) following 14 
days of withdrawal was also significantly reduced. Taken together, 
these findings support the hypothesis that the c-Fos response to acute 
morphine in post-dependent rat brains is differentially regulated over 
time and across brain regions.
Supported by LEQSF RD-A-29 to MMG.
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434.11
INTRA-LC INFUSIONS OF THE PROTEIN KINASE A INHIBITOR, Rp-cAMPS, 
ATTENUATES NALOXONE-PRECIPITATED MORPHINE WITHDRAWAL 
WHEREAS THE ACTIVATOR, Sp-cAMPS, INDUCES WITHDRAWAL-LIKE 
BEHAVIORS IN UNTREATED RATS. L.J. Punch. P.W. Self. E.J. Nestler and 
J.R, Taylor* Dept. Psychiat., Yale Univ. Sch. of Med., New Haven, CT 06520.

Chronic opiate treatment produces an up-regulation of the cAMP pathway within 
the locus coeruleus (LC) that increases the firing of LC neurons after the induction of 
withdrawal by opioid antagonists such as naloxone, The role of the cAMP pathway 
on opiate withdrawal was determined by directly stimulating or inhibiting cAMP- 
dependent protein kinase activity (PKA) in the LC, amygdala, and superior colliculus 
(SC) in vivo. In Experiment 1, the effects of intra-LC or intra-amygdala infusions of 
the highly selective PKA inhibitor, Rp-cAMPS, on naloxone-precipitated withdrawal 
were examined in morphine-dependent rats. Intra-LC infusions of Rp-cAMPS 
(40nmol/0.5ul/side) significantly attenuated several behavioral signs of withdrawal 
including wet-dog shakes. In contrast, intra-amygdala infusions of Rp-cAMPS were 
without significant effects. In Experiment 2, the effects of intra-LC or intra-SC 
infusions of the cAMP PKA activator, Sp-cAMPS, in non-morphine treated rats were 
determined. Both intra-LC and -SC infusions of Sp-cAMPS induced a quasi-
withdrawal syndrome; however, the activated behaviors observed differed between the 
two groups. LC-infusions of Sp-cAMPS produced hopping, jumping and dramatic 
increases in activity, whereas intra-SC infusions produced grooming, digging, head 
shakes, teeth chattering and grinding. In Experiment 3, the effects of either Rp- or 
Sp-cAMPS (20-40nmol/0.5ul/side) into the SC on naloxone-precipitated withdrawal 
were studied. Intra-SC infusions of these sterioisomers modified several naloxone- 
precipitated withdrawal signs. These data provide behavioral evidence for modulation 
of the cAMP cascade in opiate withdrawal. Support byDA08227

434.12
IN MORPHINE DEPENDENT RATS, THE TOTAL LESION OF LOCUS 
COERULEUS NOREPINEPHRINE NEURONS DOES NOT IMPAIR 
NALOXONE-INDUCED WITHDRAWAL SYNDROME AND 
CONDITIONED-PLACE AVERSION, OR THE PROTECTIVE EFFETS OF 
CLONIDINE UPON OPIATE WITHDRAWAL. STINUS L*, PERON A, 
RENERIC JP, CADOR M AND KOQJB GF. Univ. Bordeaux II, CNRS UMR-5541, 
Bordeaux France, and The Scripps Research Institute, La Jolla CA, USA.

Several data suggest that opiate withdrawal syndrome (WS) in rats involves 
changes in locus coeruleus norepinephrinergic (LC-NE) activity. In morphine 
dependent rats, clonidine (CLO), an a2-receptor agonist, suppresses both the 
behavioral and somatic components of naloxone-induced WS, as well as the 
increase of the LC-NE neurons firing rate. It was then suggested that acute opiate 
WS was due to an intense LC-NE neurons hyperactivity and that the protective 
effect of CLO resulted from the stimulation of NE a2- autoreceptors. However, 
clonidine also stimulate a2-postsynaptic NE receptors which may also be involved 
in opiate WS. The aim of the present study was to analyse the effects of a total 
lesion of LC-NE neurons on opiate dependence and WS, and on the protective 
effects of CLO. Multiple intracerebral injections of 6-OHDA induced a 92% 
destruction of LC-NE neurons. Naloxone-induced conditioned place aversion 
(CAP) and naloxone-precipitated WS were identical for controls and LC-NE 
lesioned rats. Moreover, clonidine also attenuated CAP in LC-NE lesioned rats and 
the dose response curve for CLO was shifted to the left indicating a mild 
sensitization. Since lesioned dependent rats are still able to develop a WS, the 
initial hypothesis of a direct involvement of NE hyperactivity in opiate withdrawal 
should be discarded. Moreover, CLO-induced attenuation of acute opiate 
withdrawal may be the consequence of its direct NE agonist activity on a2 
postsynaptic receptors. Therefore, the increased activity of NE neurons during WS 
should be better understood as an adaptative mechanism to overcome the sudden 
imbalance in the "opiate dependent homeostatic state" produced by acute abstinence

434.13
INVOLVEMENT OF NON-LOCUS COERULEUS (LC) PROJECTIONS TO 
FOREBRAIN IN THE EXPRESSION OF OPIATE WITHDRAWAL- 
INDUCED CONDITIONED PLACE AVERSION (CPA). J.M, Pelfs*. J.P, 
Druhan and G. Aston-Jones. Dept. of Psychiatry, Allegheny University of the Health 
Sciences, Philadelphia, PA 19102.

Previous studies have shown that the LC, a major component of the central 
noradrenergic (NE) system, becomes overactive during opiate withdrawal (OW) and 
it is thought that hyperactivity of this system contributes to the expression of somatic 
signs of OW. It also has been demonstrated that rats will avoid an environment 
previously paired with naltrexone (NAL)-precipitated OW, however the precise 
anatomical sites mediating OW-induced CPA are unclear. To determine whether 
projections of the LC are involved in the expression of OW-induced CPA, the 
neurotoxin DSP-4 was used to selectively lesion LC terminal fields. Rats received 
DSP-4 (50 mg/kg, i.p.) or vehicle injections followed by morphine pellet 
implantation (2 x 75 mg, s.c.) 10 days later. NAL (1 mg/kg, i.p.) or saline was given
4-5 days later in one of two pairing chambers and CPA was assessed 1 day after 
pairings. Both control and DSP-4 lesioned animals exhibited a marked aversion for 
the chamber paired with NAL. Consistent with previous reports, DSP-4 treatment 
had no effect on somatic signs of OW compared to non-lesioned controls. These 
results suggest that LC projections are not significantly involved in the expression of 
OW-induced CPA or somatic signs. To explore the role of other NE projections, rats 
received bilateral injections of 6-OHDA (6 jig/pl, 2 pi per side) or vehicle into the 
region of the bed nucleus of the stria terminalis (BNST) to lesion NE projections to 
the forebrain. Morphine pellets were implanted 5 days post-lesion and withdrawal 
and CPA were carried out as described above. Rats with 6-OHDA lesions exhibited 
significantly less aversion to the NAL-paired chamber compared to non-lesioned 
control rats. Somatic signs of OW were not significantly different between lesioned 
and non-lesioned rats. Taken together, these findings suggest that non-LC NE 
projections to the forebrain may be important in the expression of opiate withdrawal- 
induced CPA. This work was supported by PHS grants DA06214 and DA1OO88.

434.14
THE BED NUCLEUS OF THE STRIA TERMINALIS (BST): A POTENTIAL 
TARGET SITE FOR NORADRENERGIC ACTIONS IN OPIATE 
WITHDRAWAL (OW). Y, Zhu*, C. Walters, B. Wilent. J. Druhan and G. Aston- 
Jones. Dept. Psychiatry, Allegheny University-Hahnemann Campus, 
Philadelphia, PA 19102.

Hyperactivity of brain norepinephrine (NE) systems has long been 
implicated in mechanisms of OW. While previous studies have implicated 
different NE cell groups in OW responses, little is known about where elevated 
NE may act to promote OW. Here we report evidence that the BST, the 
densest NE target in the brain, may be important for NE actions in OW.

In one study, we found that many BST neurons became Fos+ after 
OW. Moreover, pretreatment with the B antagonist propranolol markedly 
reduced OW symptoms and the number of Fos+ cells in the BST. In a second 
study, focal injections of the retrograde tracers CTb, or WGA-apoGold, were 
made into subregions of the BST of opiate dependent or naive rats. Animals 
were injected with 1 mg/kg naloxone (ip) 2 h before perfusion to elicit OW in 
dependent rats. Sections throughout all NE cell groups were processed to 
reveal neurons positive for TH (to mark catecholamine cells), CTb or WGA- 
apoGoid, and Fos protein. Results revealed that numerous neurons in the 
nucleus tractus solitarius and the A1 cell group were positive for TH, a 
retrograde tracer, and Fos, denoting NE neurons that project to the BST and 
that were stimulated by OW. Fewer such triple labeled neurons were found in 
the locus coeruleus. In a third study, anterograde tracing with PHA-L 
confirmed that these NE cell groups innervate select subregions of the BST. In 
addition, PHA-L-labeled fibers from the LC were uniformly thin and varicose, 
whereas fibers from the NTS were either similar to these, or thick and 
varicose. Together with other studies on forebrain NE and OW (see Delfs et 
al., this meeting), these results indicate that the BST may be an important NE 
target area for elicitation of OW symptoms. Supported by PHS grant DA06214 
and the Allegheny Health and Education Res. Fdn.

434.15
QUANTITATIVE ALTERATION OF ADENYLYL CYCLASE IN 
POSTMORTEM BRAINS OF HEROIN ADDICTS.
S. Shichinohe1*, E. Hashimoto2, H. Ozawa1, T. Saito1, 
L. Frolich3 P. Riederer2, N. Takahata1 1 Dept. of 
Neuropsychiatry, Sch. of Med., Sapporo Med. Univ., 
Chuo-ku, Sapporo 060, Japan. 2 Dept. of Psychiatry, 
Univ. of Wurzburg, Wurzburg D-97080, Germany. 2 Dept. of 
Psychiatry, Univ. of Frankfurt am Main, Frankfurt D- 
60528, Germany.

The up-regulation of cyclic AMP (cAMP)-related signal 
transduction after chronic opioid administration has 
been hypothesized to be an adaptive change of the 
molecular mechanism to maintain homeostasis in 
intracellular signals downstream from opioid receptors 
in animal and culture cell experiments. Here, we have 
examined the quantitative changes of three adenylyl 
cyclase (AC) subtypes (I, II and V/VI) in temporal 
cortex membranes from brains of heroin addicts and age- 
matched controls by immunoblotting. The immunoreactivity 
of AC-I decreased significantly (p<0.05) in heroin 
addicts compared with controls, while those of AC-II and 
AC-V/VI were not changed.

The present findings indicate that differential 
regulation of AC subtypes occurs and that AC-I may play 
an important role in the signal transduction for opiate- 
induced tolerance and dependence mechanisms in human 
brain cortex.

434.16
EFFECT OF FIMBRIA-FORNIX, LATERAL NUCLEUS OF AMYGDALA 
AND DORSAL STRIATUM LESIONS ON MORPHINE CONDITIONED 
CUE PREFERENCE IN RADIAL MAZE. Sin-Chee Chai and Norman M. 
White*, Department of Psychology, McGill University, Montreal, Quebec, 
Canada.
This study investigated the effects of lesions to the fimbria-fornix (FF), lateral 
nucleus of the amygdala (LNA) and dorsal striatum (DS) on the morphine 
conditioned cue preference (CCP) (also known as the conditioned place 
preference) in the 8-arm radial maze. Rats were injected with 5 mg/Kg 
morphine hydrochloride and confined to the end of one arm of the maze for 30 
min; on alternate days they were injected with saline and placed on another arm, 
separated from the first by at least 2 other arms. After 4 such pairings, they 
were given a choice between the two arms, with no injections. Normal rats 
demonstrated a CCP by spending significantly more time in the drug- than in the 
saline-paired arm. Rats with LNA lesions did not exhibit a CCP. Rats with FF 
or DS lesions exhibited normal CCPs; however, rats with combined lesions of 
DS and FF failed to exhibit a CCP, as did rats with combined LNA-FF or LNA- 
DS lesions. These findings suggest that LNA is critical for acquisition or 
expression of the morphine CCP in the radial maze. This contrasts with the lack 
of effect of LNA lesions and impairment of the morphine CCP by FF lesions in 
an enclosed box apparatus (Olmstead & Franklin, 1994 and unpublished data). 
The findings also suggest that either FF or DS is critical for either acquisition 
or expression of the morphine CCP in the radial maze. This contrasts with 
evidence (White and McDonald, 1993) that LNA alone is required for 
acquisition and expression of the food CCP in the radial maze. The findings 
suggest that the neural basis of CCP learning is affected by both the reinforcer 
and the apparatus used. Supported by grants from Natural Sciences and 
Engineering Research Council of Canada and Fonds FCAR, Quebec.
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434.17
CHRONIC MORPHINE UP-REGULATES CYCLIC-AMP SYSTEM IN NUCLEUS 
ACCUMBENS. B.Chieng and J. T.Williams*. Vollum Inst,OHSU,Portland,OR97201. 

The nucleus accumbens is an integral part of the mesocorticolimbic reward/craving
pathway for addiction. It has also been implicated to mediate behavioral signs during 
opioid withdrawal. Biochemically, chronic opioid treatment increases levels of cyclic- 
AMP and intracellular second messengers in the accumbens. The aim of this study was 
to link the chronic morphine augmented cyclic-AMP system to a physiological 
measure. Morphine dependence was achieved with subcutaneous pellet implants under 
halothane anesthesia. Standard whole-cell patch-clamp recordings of adult rat brain 
slices (250pm) at 34°C applied for all experiments. Evoked GABAa IPSCs were 
generated with stimulating electrodes near the recording cell. All experiments were 
done in 2mM kynurenic acid to block glutamate transmission. By using visualized 
recording system, only large neurons (presumably intemeurons) in the shell of 
accumbens were selected for recording. In naive animals, forskolin moderately increased 
amplitude of IPSCs (50%). In chronic morphine pelleted animals, forskolin caused a 
250% increase. An 150% increase was found in slices taken from animals given a 
single daily morphine injection (20mg/kg ip daily for 7 days) and tested ond or two 
days after the final injection. A 60% increase was observed in a group which were used 
for in vitro experiment one week after the final morphine injection. These suggest a 
probable short term (2-5 day) mechanism was involved. The opioid receptor agonists 
(met-enkephalin lOpM and DAMGO 3pM) inhibited amplitude of IPSC by about 50% 
for both naive and chronic morphine groups. However, in the presence of forskolin 
(and an adenosine-A1 antagonist), the maximum of the IPSC inhibition by opioid 
agoinsts was about 75% in chronic morphine group, despite the control group remained 
at 50% inhibition. This effect of DAMGO was abolished by naloxone (lp.M). This 
study suggests the increased adenylyl cyclase system augments GABA release following 
chronic morphine treatment and the underlying mechanism may be important in the 
early signs and symptoms of opioid withdrawal. (Supported by NIH DA08163).

434.18
REGULATION OF SYNAPTIC ACTIVITY IN THE VTA 
NEURONS DURING ACUTE WITHDRAWAL FROM CHRONIC 
MORPHINE Y Shoii, J. Pelfs, S. Yano* and J. T. Williams. 
\bllum Inst. OHSU Portland, OR 97201.

The Ventral Tegmental Area(VTA) is part of the endogenous reward 
circuit that is thought to be activated by many drugs of abuse, 
including opioids. Three sites of opioid action have been identified in 
the VTA: GABA intemeurons that are responsible for GABAa - 
mediated IPSPs, the terminals of GABA projections from nucleus 
accumbens and ventral pallidum that are responsible for the GABAb - 
mediated IPSPs and tertiary cells that like the intemeurons are directly 
hyperpolarized by opioids. The purpose of this study was to examine 
the presynaptic regulation of the GABAb IPSP in slices during acute 
withdrawal from chronic morphine treatment. Intracellular recording 
were made from dopamine neurons of VTA in horizontal slices of 
guinea pig. Presynaptic modulation of the GABAb IPSP by opioids, 
adenosine, 5-HT, forskolin and DI were compared between slices 
from control and treated animals. Forskolin decreased the amplitude 
of GABAb IPSP in slices from morphine treated animals just the 
opposite to the augmentation observed in control. The forskolin 
induced inhibition was blocked by the adenosine Al receptor 
antagonist, DPCPX. Furthermore in treated animals, in the presence 
of the Al receptor antagonist the response of normorphine was bigger 
than that of control. These data suggest that cAMP and/or adenosine 
might play a important role to modulate the GABA release during acute 
withdrawal from morphine. (Supported by NIH DA 08163)

434.19
HYPOXIA ALTERS RAT A10 VTA ACTIVITY (EXCITATION OF NON-DA 
AND INHIBITION OF DA): IMPLICATIONS FOR INHALANT ABUSE. A.C. 
Riegel and E.D, French.* Dept. Pharmacology, Univ. of Arizona, Tucson AZ 85724.

Inhalant abuse is a prevalent, potentially lethal form of substance abuse best 
described as the intentional inhalation of acute, high doses (10-30,000 ppm) of 
solvent (i.e., toluene) containing products consumed for their psychotropic effects. 
Previous work by our laboratory indicates that toluene inhalation (11,500 ppm) 
exerts mixed effects - both stimulation (n=32) and depression (n=33) of ventral 
tegmental area (VTA) dopamine (DA) neurons. In data presented here, we propose 
the hypothesis that the depressions in DA firing observed during toluene inhalation 
are mediated by a competing variable, hypoxia. To test this hypothesis, studies were 
undertaken to (1) determine if rats breathing acute (1-12 min) concentrations of 
toluene (11,500 ppm) were significantly hypoxic and (2) examine to what degree 
hypoxia alone (without interference from toluene vapor) could alter VTA DA 
activity. Arterial gas analysis (n=20) of blood taken from rats breathing toluene 
(11,500 ppm) for 1-12 min indicated significantly decreased PO2 levels (-42% 
maximum). The effects of hypoxia on A10 neuronal firing was assessed with 
extracellular recordings in VTA DA neurons performed in ketamine anesthetized 
rats breathing a non-oxygen gas mixture. Inhalation of N2/CO2 (95%/5%) for 1-8 
min depressed DA cell firing (n=10 cells) by -55%. In contrast, VTA non-DA 
neurons (n=6 cells) were stimulated up to +82% in 1-5 min by the same gas mixture. 
Taken together, it appears that the opposing effects of toluene inhalation on VTA 
DA firing is mediated by the actions of two players, toluene vapor exciting some DA 
neurons and hypoxia depressing other DA neurons. The reason why some neurons 
are preferentially affected by solvent vapor vs. hypoxia remains unknown. This 
composite effect of solvent and hypoxia may help explain the long term cognitive 
deficits associated with chronic inhalant abusers.

Supported in part by grant # DA09025 from NIDA.
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435.1
ENHANCED ACTIVATION OF LOCUS COERULEUS NEURONES BY 
IDAZOXAN IN RATS CHRONICALLY TREATED WITH IMIPRAMINE. L 
Arborelius*. L. Linner and T. H. Svensson. Dept. of Physiology and Pharmacology, Div 
of Pharmacology, Karolinska Institutet, S-17177 Stockholm, Sweden.

Clinical data strongly indicate that facilitation of brain noradrenaline (NA) or 5- 
hydroxytryptamine (5-HT) mediated neurotransmission by means of reuptake inhibition 
represent two largely independent ways to achieve a clinical antidepressant action. 
Previously we have shown that the addition of a 5-HT1A autoreceptor antagonist 
effectively antagonizes the feedback inhibition of brain 5-HT neurons following acute 
treatment with a selective 5-HT reuptake inhibitor, citalopram (CIT), an effect that was 
augmented in chronically CIT treated rats. Here we have investigated whether the 
antagonistic action of a low dose of the a2-adrenoceptor antagonist idazoxan on the 
feedback inhibition of brain NA neurons in the locus coeruleus (LC) caused by tricyclic 
antidepressants, such as imipramine (IMI) and its major metabolite, desipramine (DMI), 
is also augmented during chronic IMI treatment.

Adminstration of idazoxan (0.125 mg/kg i.v.) 12-16 h. after the last dose of chronic IMI 
(2x10 mg/kg/day i.p.for 14 days) or saline increased the firing rate of LC-NA neurons by 
0.96+0.27 Hz or 0.33+0.46 Hz respectively. However, since the basal firing rate of LC- 
NA neurons in rats treated chronically with IMI (0.47+0.17 Hz) was significantly lower 
than that in saline-treated rats (1.45+0.45 Hz), we also studied the effect of idazoxan in 
rats treated acutely with DMI. Idazoxan administered 5-60 min. after DMI (0.25 mg/kg 
i.v.) increased the firing rate by 0.48+0.28 Hz from a basal rate of 0.48+0.16 Hz, an 
effect that was significantly reduced when compared with that in rats treated chronically 
with IMI.

The enhanced activation of brain NA neurons by a low dose of idazoxan in rats 
undergoing chronic IMI treatment may be related to downregulation of cc2-autoreceptors 
in the LC and/or altered imidazoline receptor function in brain and support the principal 
notion, that combination of monoamine reuptake inhibitors with autoreceptor antagonists 
may help to further augment central 5-HT or NA neurotransmission and, subsequently, 
the efficacy of the antidepressant drugs. (Supported by the Medical Research Council of 
Sweden, grant no 4747, Karolinska Institutet and Astra Arcus AB).

435.2
AFFINITIES OF REUPTAKE INHIBITORS FOR THE 5-HT AND NE 
CARRIERS: CORRELATION WITH THEIR POTENCY FOR SUPPRESSING 
THE FIRING ACTIVITY OF 5-HT AND NE NEURONS.
N. Lavoie*, G. Debonnel, C. de Montigny and J.C. Bei'que. Neurobiological Psychiatry 
Unit, McGill University, Montreal, Quebec, Canada H3A 1A1.

In vitro radioligand binding studies were carried out in rat brain membranes to assess 
the affinity of various reuptake inhibitors for both the 5-HT and NE carriers using [3H]cy anoimipramine 
and [3H]nisoxetine. Paroxetine (PRX), duloxetine, indalpine and fluvoxamine displayed 
a high affinity for the 5-HT carrier with Kj values of 0.04,1.8,4.9 and 6.7 nM, respectively, 
while desipramine (DMI) and duloxetine had a high affinity for the NE carrier (K; =0.6 
and 3.0 nM, respectively). Interestingly, the dual 5-HT and NE reuptake inhibitor venlafaxine 
(VLX) displayed only moderate affinity for the 5-HT carrier (K, =74 nM) and low affinity 
for the NE carrier (K, =1.26 pM). The 5-HT reuptake blocking activities of VLX and PRX 
and those of VLX and DMI for NE reuptake, have been assessed using an in vivo electrophysiological 
paradigm. Most interestingly, when administered intravenously, VLX and PRX displayed 
a similar potency for suppressing the firing activity of dorsal raphe 5-HT neurons (ED50's 
of 233 and 211 pg/kg, respectively). Moreover, DMI was only three times more potent 
than VLX (ED50's of 241 and 737 pg/kg, respectively) to suppress the firing activity of 
locus coeruleus NE neurons. From data generated in our and other laboratories, it was 
calculated that the potencies of reuptake inhibitors for suppressing the firing activity of 
both 5-HT and NE neurons are highly correlated with their affinities for the 5-HT and 
NE carriers (r =0.89 and 0.91, respectively). However, the affinities of VLX for the 5-HT 
and NE reuptake carriers are out of keeping with its potencies for suppressing the firing 
activity of dorsal raphe 5-HT and locus coeruleus NE neurons. VLX thus represents a 
noticeable exception in regards to these correlations. These results suggest that the effects 
of VLX on 5-HT and NE neurons observed in vivo may not be mediated solely by its 
action on the [3H]cyanoimipramine and [3H]nisoxetine binding sites.
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435.3

CO-ADMINISTRATION OF A PHOSPHODIESTERASE (PDE) 
INHIBITOR WITH AN ANTIDEPRESSANT RESULTS IN RAPID 
INDUCTION OF BDNF mRNA. K.Fuiimaki1, M. Takahashi’,
S.Morinobu*1 and R.S.Duman2 ’Dept. of Neuro-Psychiatry, Yamagata 
Univ. Sch. Med., Yamagata, Japan and 2Dept. of Psychiatry, Yale 
Univ. Sch. Med., New Haven, CT. 06508

We have reported that co-administration of a PDE inhibitor 
(rolipram, Ro 20-1724) for 3 weeks enhances the induction of BDNF 
mRNA in rat brain in response to a selective norepinephrine reuptake 
inhibitor (SNRI, desipramine, Qrg 4428). Here we examine whether 
co-administration of rolipram induces a more rapid induction of BDNF 
mRNA in response to SNRI treatment. Co-administration of rolipram 
with desipramine or Qrg 4428 for 1 week significantly increased levels 
of BDNF mRNA in rat hippocampus. In contrast, administration of 
these agents alone did not significantly influence levels of BDNF 
mRNA. In situ hybridization analysis demonstrated that levels of 
BDNF mRNA are increased in CA3 pyramidal and dentate gyrus 
granule cell layers of hippocampus. In frontal cortex, co-administration 
for 2, but not 1, week also increased the expression of BDNF mRNA. 
We are currently studying the influence of rolipram co-administration 
with a selective serotonin reuptake inhibitor (SSRI), to determine if the 
PDE inhibitor also enhances the response to other types of 
antidepressants. The results indicate that administration of a PDE 
inhibitor causes a more rapid, as well as greater maximal, induction of 
BDNF in response to antidepressant drug treatments. Moreover, these 
findings support the possibility that administration of a PDE inhibitor 
may enhance the time course and therapeutic efficacy of antidepressant 
drugs.

435.4
EVALUATION OF MONOAMINE OXIDASE B INHIBITION BY PROZAC.
J. Mukherjee* andZ-Y. Yang, Department of Radiology, The University of Chicago, 
Chicago, Il 60637.

Prozac (fluoxetine) belongs to the selective serotonin reuptake inhibitor (SSRI) 
class of antidepressants, and has been shown to be highly efficacious with little of 
the side effects that are known to occur with the other classes of antidepressants. 
Fluoxetine thus exerts its therapeutic effect as a result of the inhibition of serotonin 
uptake sites. It has also recently been shown that fluoxetine has an inhibitory effect 
on monoamine oxidase (MAO) A and B and it has been suggested that this action of 
fluoxetine may also contribute to its antidepressant properties. We report here our 
findings on the in vitro and in vivo inhibition of MAO B in rat brains by fluoxetine 
and norfluoxetine using a fluorine-18 labeled radioligand, /V-(6-[F-18]fluorohexyl)-V- 
methylpropargylamine ([F-18JFHMP) that binds to MAO B. Binding affinities of 

five compounds, deprenyl, clorgyline, 
fluoxetine, norfluoxetine and citalopram were 
studied. Fluoxetine and norfluoxetine showed 
affinities of 17 and 13 (iM for MAO B, 
respectively. Fluoxetine and norfluoxetine also 
significantly inhibited (10 to 15%) the binding 
of the radioligand in vivo while citalopram 
showed very low affinity for MAO B and little 
effect in vivo. The in vivo effects of the 
various drugs were directly comparable to their

MAO B Binding Affinity in vifro affinities for binding to MAO B in the 
(-Log IC50, M) correlation plot of percent control in vivo

binding of [F-18JFHMP and binding affinity, -log IC5() (R2 = 0.989). These results 
provide evidence for a potential role of monoamine oxidase B inhibition in the 
therapeutic effects of Prozac.

Supported by U.S. Department of Energy DE-FG02-94ER61840

435.5
STRAIN DIFFERENCES IN THE BEHAVIORAL EFFECTS OF 
SEROTONERGIC ANTIDEPRESSANTS IN THE RAT FORCED 
SWIMMING TEST (FST). C. Lopez-Rubalcava and I. Lucki*. 
Depts. of Psychiatry and Pharmacology, Univ. of Pennsylvania, 
Philadelphia, PA 19104, Dept. de Farmacologia y Toxicologfa 
CINVESTAV-IPN and Secc. Neurociencias, Institute Mexicano de 
Psiquiatrfa, Mexico D.F., Mexico

Wistar-Kyoto (WKY) rats appear to be more vulnerable to the 
effects of stress than most other strains. The present study examined 
whether there are significant strain differences.in the behavioral effects 
of different types of antidepressant drugs in two different strains of 
rats, WKY and Sprague-Dawley (S-D), in the FST. The drugs used in 
this study were the selective 5-HT reuptake inhibitor fluoxetine (5-40 
mg/kg, s.c), the selective norepinephrine reuptake inhibitor 
desipramine (5-40 mg/kg, s.c) and the 5-HT1A receptor agonist 8-OH- 
DPAT (0.13-1.0 mg/kg, s.c.).

The serotonergic antidepressants, fluoxetine and 8-OH-DPAT, 
produced dose-dependent reductions of immobility and increases of 
swimming behavior in the FST. WKY rats showed a significantly 
reduced response to the serotonergic compounds in comparison with 
the S-D rats. In contrast, the noradrenergic antidepressant desipramine 
produced a dose-dependent reduction of immobility and increase of 
climbing behavior. WKY rats showed showed similar sensitivity to 
the antidepressant effects of desipramine as the S-D rats. The present 
results indicate that there are important genetic differences which 
might affect the behavioral effects of antidepressant compounds with 
selective pharmacological effects. CL-R was a Pan-American fellow 
supported by the NIH (USA), MH 48125, and CONACyT (Mexico).

435.6
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF THE NOVEL 5-HT1A 
AGONIST BIMT 17: DIFFERENTIAL EFFICACY AT PRE-vs POSTSYNAPTIC 
AREAS IN THE RAT BRAIN. L.E. Rueter*, C. de Montiqny, P. Blier. 
Department Psychiatry, McGill University, Montreal, Canada, H3A 1A1.

BIMT 17 is a 5-HT1A agonist with preferential activity at postsynaptic 5-HT1A 
receptors and a 5-HT2A antagonist. The development of this compound was 
based on the theory of antidepressant action that the therapeutic lag present 
in some antidepressants is due to the need for the presynaptic 5-HT1A 
autoreceptors to desensitize. Thus, an antidepressant medication that would 
bypass activation and subsequent desensitization of the 5-HT1A autoreceptors 
would have the potential for more rapidly alleviating depressive symptoms. To 
assess the 5-HT1A agonistic properties of BIMT 17, we performed in vivo 
electrophysiological and microiontophoretic experiments in the dorsal raphe 
nucleus (DRN), the CA3 region of the hippocampus, and the medial prefrontal 
cortex (mPFC) of the rat. Local and systemic administration of BIMT 17 
induced a current- and dose-dependent inhibition of firing activity that was 
mediated by 5-HT1A receptors in both pre- and postsynaptic structures. When 
applied locally, the l»T50 values (the charge required to decrease firing rate by 
50%) indicate that BIMT 17 is most potent in the hippocampus followed by the 
mPFC and DRN. In contrast, when BIMT 17 was injected systemically, the 
ED50 values of BIMT 17 suggest that it is most potent in the DRN followed by 
the CA3 region of the hippocampus and mPFC. Finally, it was found that BIMT 
17 behaved as a full agonist in the DRN and mPFC, but as a partial agonist in 
the hippocampus. Thus, BIMT 17 has a marked selectivity for postsynaptic 
receptors when it is applied locally but not when it is administered systemically. 
Further experiments are underway to determine if the sustained administration 
of BIMT 17 can activate postsynaptic 5-HT1A receptors without modifying the 
function of 5-HT neurons. (Supported by Boehringer Ingelheim)

435.7
THE EFFECTS OF LONG-TERM DULOXETINE ADMINISTRATION ON 
SEROTONERGIC AND NORADRENERGIC SYSTEMS: AN IN VIVO 
ELECTROPHYSIOLOGICAL STUDY. P. Blier*, L.E. Rueter, C. de Montiqny. Dept 
Psychiatry, McGill Univ., Montreal, Canada, H3A 1A1.
Duloxetine is a dual serotonin (5-HT)/norepinephrine(NE) reuptake blocker with 
antidepressant potential. Based on the present theory of action of antidepressant 
medication, a compound that affects both the 5-HT and NE systems has the 
potential to more rapidly and more effectively attenuate depressive symptoms by 
simultaneously activating both systems. In order to assess the effect of duloxetine 
on the 5-HT and NE systems, we performed in vivo electrophysiolgical experiments 
in the CA3 region of the hippocampus and dorsal raphe nucleus (DRN) in rats 
treated for 2 or 21 days with either 20 mg/kg/day duloxetine or vehicle. Results 
indicate that duloxetine potently blocked both the 5-HT and NE transporters after 
a 21-day treatment. In addition, there was a desensitization of the a2-adrenergic 
heteroreceptor that inhibits 5-HT release, but no change in the sensitivity of the a2- 
adrenergic or 5-HT1B autoreceptors or the postsynaptic 5-HT1A receptor. 
Furthermore, a 2-day treatment with duloxetine markedly reduced the firing activity 
of 5-HT neurons in the DRN, but it was restored to near control values in 21-day 
treated rats. Finally, the tonic activation of the postsynaptic 5-HT1A receptors in 
hippocampus was assessed by determining the degree to which the selective 5- 
HT1A antagonist WAY 100635 could disinhibit firing by antagonizing the inhibitory 
effects of endogenous 5-HT. WAY 100635 increased basal firing in treated but not 
control rats thereby demonstrating that the long-term administration of duloxetine 
increased serotonergic tone in a limbic forebrain structure. This is presumably 
accomplished by decreasing the inhibitory input from the NE system by 
desensitizing the a2-adrenergic heteroreceptors while simultaneously restoring the 
activity of 5-HT neurons. These results suggest that duloxetine may be effective 
in the treatment of depression if used at a proper regimen that affects both the 5- 
HT and NE reuptake transporters. (Supported by MRC 11014)

435.8
ASSESSMENT THE 5-HT REUPTAKE BLOCKING PROPERTY OF YM992: 
ELECTROPHYSIOLOGICAL STUDIES IN THE RAT HIPPOCAMPUS AND 
DORSAL RAPHE. J. Dong*, C. de Montiqny and P. Blier. Neurobiological 
Psychiatry Unit, McGill University, Montreal, Quebec, Canada H3A 1A1.

YM992 is a selective 5-HT reuptake inhibitor and a 5-HT2A antagonist with 
potential antidepressant activity. The present study was first aimed to assess the
5-HT re-uptake blocking potency of YM992 in the dorsal raphe and 
hippocampus. YM992 inhibited firing activity of the dorsal raphe 5-HT neuron 
by i.v. administration (EDso: 2.0 ± 0.2 mg/kg,), and this suppressant effect was 
completely reversed by the 5-HTia  antagonist WAY 100635 (0.25 mg/kg, i.v.). 
YM992 also dose-dependently prolonged the time for CAs neurons to recover 
50 % of their firing rate following microiontophoretic applications of 5-HT, a 
reliable index of the function of the 5-HT reuptake carrier (RTso in controls: 6 
± 2 s; 3 mg/kg, i.v.: 25 ± 7 s; 12 mg/kg, i.v.: 38 ± 4 s). The suppressant effect 
of 5-HT and its prolongation by YM992 were attenuated by the selective 5-HTia  
antagonist WAY 100635. In a second series of experiments, the adaptative 
properties of 5-HT neurons were examined during sustained administration of 
YM992. YM992 (20 mg/kg/day, s.c., delivered by osmotic minipumps for 2 days) 
decreased by more than 60 % the firing activity of the 5-HT neurons (control:
1.1 ± 0.1 Hz; 2-day treatment: 0.41 ± 0.04 Hz). There was a partial recovery of 
firing after 7 days of treatment and a complete one after 14 days of treatment 
in the presence of the minipump still delivering the drug. These effects of 
YM992 on the 5-HT system suggest that this drug may indeed be endowed with 
antidepressant property, as they are the same as those produced by 5-HT 
reuptake blockers and monoamine oxidase inhibitors. Further studies are 
presently underway to assess the sensitivity of 5-HTia  autoreceptors in the 
dorsal raphe, of postsynaptic 5-HTia  receptors in the dorsal hippocampus and 
of 5-HT2 receptors in the cerebral cortex.
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435.9
NEONATAL EFFECTS OF LACTATIONAL EXPOSURE TO ANTIDEPRESSANT 
DRUGS IN RATS. M. R. Simar*. V. A. Johnson. Department of Pediatrics, Section on 
Clinical Pharmacology, La. State Univ. Sch. of Med., Shreveport, LA 71130.

Previous studies have demonstrated that gestational exposure to some antidepressants 
induces behavioral changes in the offspring. Lactational imipramine (IMP) exposure 
has also been found to induce alterations in reflexes and exploratory behavior in 
nurslings (Simar, preliminary findings). These findings have been further investigated 
in our laboratory by examining the developmental effects of an additional 
antidepressant agent (fluoxetine, FLU) following indirect exposure via maternal milk.

Sprague-Dawley dams received a 10 mg/kg/day i.p. injection of IMP, FLU or vehicle 
during lactation on postnatal days (pd) 1-21. Each litter was adjusted to 5 males and 5 
females on pd 1. Each pup was allowed to nurse ad libitum. Morphological 
development (i.e., eye opening, incisor eruption and pinnae unfolding) was similar 
across treatment groups. Gender-related differences were not found for reflex and 
activity measurements, therefore data within each treatment group were pooled for 
statistical analysis. Each pup was observed for the development of the surface righting 
reflex on pd 3-12 and negative geotaxis and cliff avoidance on pd 3-7. IMP and FLU 
produced delays in the surface righting and negative geotaxis reflexes compared to 
vehicle-exposed pups. No effects of treatment were found on cliff avoidance. Activity 
in an open field was assessed on pd 7,14 and 21. IMP increased the latency to leave the 
central square and reach the wall and decreased the number of crossovers on pd 14 
only. No treatment effects were found for thigmotaxis. Rearing was decreased on pd 14 
in the IMP and FLU groups. Grooming was increased in the IMP group on pd 14 and 
21. These results suggest that lactational exposure to IMP and FLU may transiently 
alter reflex ontogeny and behavior during a period of rapid neurogenesis in rats. 
Whether or not such exposure can produce long-term alterations in behavior is currently 
under investigation in our laboratory. Supported by the Dept. of Pediatrics, Section on 
Clinical Pharmacology at Louisiana State University Medical Center-S.

435.10
ALTERATIONS IN SERUM AND BRAIN ZINC LEVELS AFTER 
ANTIDEPRESSANT TREATMENT
G. Nowak*, M. Schlegel-Zawadzka1, R. Jopek, M. Kata, P. Popik
Institute of Pharmacology, Polish Academy of Sciences, Krakow, Poland; 
1Department of Food Chemistry and Nutrition, Collegium Medicum, Jagiellonian 
University, Krakow, Poland

Clinical observations demonstrated a reduced blood zinc level in 
depressed patients. Moreover, this reduced zinc level was normalized 
after successful antidepressant therapy. Such evidence indicate the 
possible involvement of zinc homeostasis in depression. In order to 
investigate the peripheral and central role of zinc in the mechanism of 
antidepressant therapy we have studied the effect of chronic treatment 
with imipramine and citalopram on serum and brain zinc levels in rats.

Chronic treatment with citalopram (but not with imipramine) 
significantly (ca. 20%) increased the serum zinc level. Chronic 
treatment with both drugs did not significantly (by -10%) increase the 
zinc level in the hippocampus and slightly decreased it in the cortex, 
cerebellum and basal forebrain. Calculation of the ratio 
hippocampus/brain region within each group demonstrated a 
significantly (-20%) higher value after treatment with both either 
imipramine and citalopram.

The present results indicate a significant role of zinc (mainly in 
hippocampus) in the mechanism of antidepressant drugs.

435.11
LITHIUM INHIBITS GLYCOGEN SYNTHASE KINASE-3 IN 
ADULT RAT BRAIN. B.T. Hope* and E.E. Perry. Molecular 
Plasticity Section, NINDS, NIH, Bethesda, MD 20892

Lithium has been used clinically to treat bipolar disorder. 
Several biochemical mechanisms have been suggested to underlie its 
efficacy. Klein and Melton (PNAS 93:8455) have suggested that 
lithium may be involved by inhibiting glycogen synthase kinase-3 
(GSK-3). There are two isoforms (alpha and beta) of GSK-3 in the 
brain, the majority of which is the beta isoform. It is involved both in 
cell-cell contact via cadherins and in phosphorylation of transcription 
factors in the nucleus, such as CREB and Jun. GSK-3 appears to 
play an important role in neural development.

We have examined whether lithium inhibits GSK-3 in rat 
brain. Rat brain was rapidly frozen and homogenized. The 
supernatant was immunoprecipitated with antibodies for both 
isoforms of GSK-3. The supernatant was then assayed for kinase 
activity with and without 20 mM lithium. The addition of both 
antibodies specifically removed 91% of the lithium inhibitable kinase 
activity. We had also shown using Western blotting that the beta 
isoform appears uniformly distributed in all regions of the brain. 
Thus, lithium may have its clinical effects by affecting transcription 
regulation in the nucleus or by altering cell-cell interactions. We are 
presently investigating regulation of downstream proteins in the 
GSK-3 pathway following lithium treatment.

435.12
ACUTE AND CHRONIC LITHIUM TREATMENT MODULATES THE 
cAMP-DEPENDENT PROTEIN KINASE IN RAT BRAIN. S.Moria. S, 
Garbinia. D.Tarditoac. J. Perezab. G. Racagni*a. a: Center of 
Neuropharmacology, Inst, of Pharmacological Sciences, Univ. of 
Milan, Italy b: Scientific Inst. H.S.R., Dep. of Neuropsychiatric 
Sciences, Sch. of Med., Univ. of Milan c: IRCCS, San Giovanni di Dio, 
Brescia.

Lithium is the most widely used treatment for Affective Disorders. 
Although the biochemical basis underlying its therapeutic effects 
remain to be elucidated, experimental investigations suggest that 
most components of the cAMP signaling pathway are implicated in 
lithium's action. In this study we have investigated the effects of 
chronic lithium treatment (5 weeks; 0.24% wt/wt) on the cAMP- 
dependent protein kinase (PKA) in discrete areas of rat brain, using 
photoaffinity labeling and western blot analysis. In both 
hippocampus (HY) and frontal cortex (CX) chronic lithium 
administration resulted in a significant increase (HY:60%±4 
CX:40%±2.8) of the cAMP binding to the 52 KDa type II regulatory 
subunit in the soluble but not in the particulate fraction. Moreover, 
immunoblotting experiments revealed increased soluble levels of the 
catalytic and the type II regulatory subunits of PKA in both brain 
areas (HY:18%±2.5 and 40%±3; CX:10%±2.7 and 31%±1.9 
respectively). Interestingly, after short-term treatment (5 days) the 
immunolebeling of the catalytic subunit was significantly increased 
either in the hippocampal or in the cortical soluble fraction 
(HY:23%±2 CX:22%±1.8), whereas the regulatory subunit was 
unchanged. These findings raise the possibility of a time-related 
effect of lithium on PKA and support the role of the cAMP-dependent 
pathway in the biochemical action of this mood stabilizing agent.

435.13

CHRONIC LITHIUM EXPOSURE LEADS TO THE DOWN-
REGULATION OF BOTH MARCKS mRNA AND PROTEIN IN 
IMMORTALIZED HIPPOCAMPAL CELLS. D.G Watson1* and R.H 
Lenox1,2,3. Departments of Psychiatry1, Pharmacology2, and Neuroscience3, 
University of Florida College of Medicine and Brain Institute, Gainesville, FL 32610.

Lithium treatment is effective in stabilizing the course of bipolar disorder but the 
mechanism for its long-term therapeutic action remains to be elucidated. 
Accumulating evidence suggests a role for PKC, and studies in our laboratory have 
discovered that a prominent phosphoprotein, MARCKS (Myristoylated Alanine-Rich 
C Kinase Substrate), is a molecular target for the action of chronic lithium in brain. 
In both rat hippocampus and immortalized hippocampal cells (HN33) we have 
demonstrated a significant reduction in the expression of MARCKS that is dependent 
upon both the relative concentration of inositol as well as the state of receptor-coupled 
Pl signaling. These data suggest that the action of chronic lithium stems from its 
known acute effects in inhibiting the recycling of inositol through receptor-mediated 
hydrolysis of PIP2 and the subsequent DAG-mediated activation of PKC. In the HN33 
cell model we have proceeded to demonstrate the critical interaction between lithium 
concentration, receptor activation, inositol concentration, accumulation of DAG/ 
CMP-PA, PKC isozyme activation, and MARCKS down-regulation. We report that 
HN33 cells grown in DMEM containing lpM myo-inositol and labeled with 
[3H]cytidine rapidly accumulate CMP-PA when exposed to therapeutic levels of 
lithium (ImM) ana the muscarinic agonist carbachol (ImM). This accumulation of 
CMP-PA is prevented through the addition of either supplemental myo-inositol 
(>10|iM) or a muscarinic antagonist (atropine; lpM). It is only under conditions 
wherein there is a significant muscarinic receptor-mediated accumulation of CMP-PA 
that we observe the reduction in the expression of MARCKS in HN33 cells exposed 
to chronic lithium (3-7d) at therapeutic levels. Under these same conditions we now 
report that chronic exposure to litnium/carbachol results in a concomitant reduction in 
MARCKS mRNA. These results are consistent with our hypothesis that the 
specificity of lithium’s therapeutic action may lie within selective brain regions and 
neuronal populations wherein there is: 1) an increase in receptor activation; 2) 
therapeutic concentrations of lithium; 3) relative depletion of inositol; and 4) 
expression of MARCKS protein. The long-term action of lithium appears to be 
mediated via PKC and alterations in regulation of MARCKS mRNA, which may 
underlie neuroplastic changes in signaling in regions of the brain critical to the 
pathophysiology of bipolar disorder. (Supported by NIMH ROI 50105)

435.14
AUGMENTATION OF ANTIMANIC EFFECTS OF VERAPAMIL WITH 
MAGNESIUM OXIDE. A.J. GIANNINI*, A.M. Nakoneczie ,
G.L. Colapietro . Chemical  Abuse  Centers  Inc ., 
Austintown , OH 44515.

Twenty  male  subjects  (Ss ) presented  with  acute  
MANIC SYMPTOMS. TEN WERE TREATED WITH VERAPAMIL 80 
M6. Q.I.D. AND Mg O 250 MG. B.I.D. (V~M GROUP), THE 
OTHER TEN WITH VERAPAMIL 80 MG. Q.I.D. AND PLACEBO 
b.i.d . (V-P group ). Responses  to  these  treatment  
INTERVENTIONS WERE MONITORED BY THE BRIEF 
Psychiatric  Rating  Scale  on  days  0, 30, 90 and  120. 
Ss IN BOTH GROUPS DID EQUALLY WELL UNTIL DAY 90.
At that  times , Ss in  the  V-M group  did
SIGNIFICANTLY BETTER (P<.05) ON "IRRITABILITY", 
"hostile ", "tension " and  "excitation " subscales . 
Similar  results  were  seen  after  120 days .

Wellesley  Corporation , Youngstown , Ohio
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437
SYMPOSIUM: NEW INSIGHTS INTO BRAIN TUMOR BIOLOGY 
PROVIDE NOVEL TARGETS FOR DIAGNOSIS AND THERAPY
H. Sontheimer, Univ. of Alabama Birmingham (Chairperson); S. Hockfield, 
Yale, K.H. Plate, Neurocenter Freiburg; M. Noble, Univ. of Utah.

Glial cells, unlike neurons, can divide and migrate in the adult brain and are the 
source of primary brain tumors, gliomas. While glioma cells share properties with other 
cancer cells, their derivation from glial cells gives them properties unique to neural 
tissue. To the neuroscientist, glioma cells are a fascinating system in which to study 
neural cell proliferation, migration and cell-cell interactions. 1. Susan Hockfield will 
discuss the CNS-specific extracellular matrix protein BEHAB/brevican, which is 
expressed at high levels during initial gliogenesis, and also in all types and grades of 
glioma. BEHAB/brevican is a selective and specific marker for glioma, and is likely to 
play a central role in the unusual invasive ability of glioma cells. 2. Harald Sontheimer 
will provide evidence for the expression of a novel, chlorotoxin-sensitive, glioma 
specific, Cl- channel (GCC). GCC is an early and persistent feature that characterizes 
gliomas of all malignancy grades. A recombinant chlorotoxin-like fusion protein allows 
targeting and selective killing of glioma cells. 3. Karl Plate will discuss molecular 
mechanisms of angiogenesis, and its role in glioma progression. Vascular endothelial 
growth factor (VEGF) has been identified as the major tumor angiogenesis factor in 
human gliomas. Inhibition of angiogenesis by blocking either VEGF function in the 
tumor or VEGF receptor function in invading endothelial cells are promising targets for 
glioma therapies. 4. Mark Noble will present new findings on glial precursor cell 
biology and glioblastoma multiforme cells unequivocally derived from the human 
oligodendrocyte-type-2 astrocyte (O-2A) lineage. Topics discussed will include the 
existence of multiple glial precursor cell populations, and the role of cell-intrinsic vs. 
cell-extrinsic regulators of precursor and tumor cell division and differentiation. In 
summary these presentations will address the relationships between glial cells and 
gliomas, and discuss how these findings may lead to new diagnostic and/or therapeutic 
approaches, and to new insights into the developmental biology of glial cells.

438

SYMPOSIUM. CORTICAL PLASTICITY: MOLECULES, 
SYNAPSES, CIRCUITS. M, Sur. MIT (Chairperson); P.F,
Worley. Johns Hopkins Univ. Sch. Med., M.P. Stryker. UCSF;
M.F. Bear. Brown Univ.; M. Sur. MIT.

The development of the mammalian cerebral cortex is 
influenced a great deal by electrical activity. This symposium will 
examine mechanisms of cortical plasticity at several different levels 
of analysis. Paul Worley will describe the identification and 
characterization of molecules that are rapidly regulated in cortical 
neurons in response to activity. Several of these molecules possess a 
regulatory function to change the signaling properties and structure 
of neurons. Michael Stryker will describe the role of intracellular 
signals and signaling pathways in mediating synaptic plasticity in the 
visual cortex in vitro and ocular dominance plasticity in vivo. Mark 
Bear will describe the role of varying patterns of stimulation on the 
generation of LTP or LTD in visual cortex, and the role of 
glutamate receptors in generating and maintaining plasticity. 
Mriganka Sur will describe the generation of orientation specificity 
and orientation maps in auditory cortex rewired to receive visual 
inputs early in development, and the role of activity patterns in 
mediating circuit level plasticity in the developing cortex.

NEURONAL DEATH IV

441.1
ECTOPIC EXPRESSION OF REAPER AND HID, OR GRIM 
ALONE, INDUCES PROGRAMMED CELL DEATH IN 
DROSOPHILA MIDLINE CELLS. J.P. Wing and J.R. Nambu*. 
Biology Dept., Univ. of Mass., Amherst, MA 01003.

Programmed cell death (PCD) is an important aspect of normal 
embryonic development, during which deleterious or unwanted cells 
undergo a specific pattern of molecular suicide. In Drosophila, three 
genes, reaper (rpr), head involution defect (hid) and grim, are 
important for proper activation of PCD. These genes are all localized in 
the same chromosomal region, 75C1-2, and mutants with deletions in 
this region lack PCD. To better understand the functions of these 
genes, we have utilized a well defined set of embryonic CNS midline 
cells. Using a P[UAS]/P[GAL4] system we drove ectopic expression 
of rpr, hid, and grim in these midline cells. Targeted expression of rpr 
or hid alone was not enough to kill midline cells; however, when 
expressed together ectopic midline cell death was observed. This 
resulted in axon scaffold defects characteristic of improper midline 
development. P35, a known caspase inhibitor, blocked cell death 
induced by rpr and hid. Interestingly, expression of grim alone was 
sufficient to induce ectopic midline cell death. These results suggest 
that rpr and hid work in a cooperative fashion to induce midline cell 
death, whereas grim has the capacity to function in a singular fashion. 
Ongoing experiments include targeted expression of grim with rpr 
and/or hid in the midline cells, as well as analyzing the potential 
modularity of these proteins. Together these experiments will give us a 
better understanding of the mechanism by which cell death functions in 
nervous system development.

441.2
ROLE OF CELL CYCLE IN SURAMIN INDUCED PERIPHERAL 
NEUROPATHY. A. J. Windebank*, D. A. Wittrock, J. S. Gill. 
Program in Molecular Neuroscience, Mayo Clinic and Foundation, 
Rochester, MN 55905 USA.

Antineoplastic chemotherapy may be complicated by dose-limiting 
neurotoxicity, usually in the form of peripheral neuropathy. The 
experimental agent suramin initiates a ceramide-mediated programmed 
cell death cascade in both dorsal root ganglion (DRG) neurons and in 
cancer cell lines. The focus of the present study was to investigate 
why post-mitotic neurons are rendered susceptible to the effects of 
agents such as suramin which are designed to kill rapidly dividing cells. 
Neuron-enriched DRG cultures exposed to suramin (300 pM) revealed 
increased expression of cyclin Dj and cyclin dependent kinase 4 
protein by 12 hour suramin treatment. Increased cyclin expression 
correlated with a reduced expression of the specific endogenous cyclin 
Dj inhibitor pl6INK4A, suggestive of a drug-induced re-entry into the 
cell cycle. Changes in expression of these proteins preceded apoptotic 
cell death observed by electron microscopy and internucleosomal DNA 
fragmentation. Nerve growth factor-dependent PC 12 cells exposed to 
suramin revealed a G2/M blockade in the cell cycle as determined by 
flow cytometry. A significant increase in cells in the G2/M stage was 
detected with suramin treatment (19.42% ± 2.82) as compared to 
untreated cells (7.42% ± 1.36). Studies are underway to investigate 
other cyclins affected by suramin treatment as well as co-treatment 
with differentiating factors/neurotrophins as rescue agents. 
(NIH NS 29679)

441.3

NUCLEOSIDE TOXICITY IN RAT CEREBELLAR GRANULE CELLS.
D. A. Przywara*, J. S. Kulkami and A. R. Wakade. Department of 
Pharmacology, Wayne State University, Detroit, MI 48201.

The intracellular accumulation of excess adenosine (Ado) is toxic to 
sympathetic neurons in culture during their initial growth phase, but not after 
neurites are extended. 2’-deoxyadenosine (dAdo) is toxic at all times in 
culture. In developed CNS neurons, Ado acting via cell surface receptors is 
protective or trophic. We questioned whether toxic actions of Ado are 
manifested in CNS neurons during their initial growth phase. Cultures of 
cerebellar granule cells (CGC) from 8 day-old rats were used and survival 
quantified by amino acid uptake using [3H]arginine. Ado (1-300 pM) in the 
presence of the Ado deaminase inhibitor deoxycoformycin (dCF) produced 
dose-dependent death when added to freshly plated CGC, but not in cultures 
grown for 3 days. dAdo (300 pM plus dCF) killed CGC regardless of time in 
culture. Several lines of evidence support an intracellular site of action for the 
toxicity. First, block of Ado receptors by aminophylline failed to reduce the 
toxicity. Second, phosphorylation of accumulated nucleosides was involved, 
because the nucleoside kinase inhibitors 5’-iodotubercidin (Itu) or 5’-amino,5’- 
deoxyAdo completely prevented Ado-induced toxicity. Uptake of [3H]Ado in 
freshly plated CGC confirmed intracellular accumulation, however, transport 
of the nucleoside was not sensitive to inhibition by nitrobenzylthioinosine. 
Finally, toxic concentrations of Ado or dAdo were accompanied by a 
significant increase or decrease, respectively, in intracellular ATP 
concentration, and these effects were inhibited by Itu. These data suggest that 
in addition to trophic or protective actions on mature neurons, Ado may also 
initiate cell death in the CNS during early development.

441.4

NEURONAL DEATH INDUCED BY LITHIUM-PILOCARPINE-INDUCED 
SEIZURES IS NECROTIC, NOT APOPTOTIC. D.G. Fujikawa? B. Cat S.S, 
Shinmei and S.G. Allen. Exp. Neurol. Lab., VA Med. Ctr., Sepulveda, CA and 
Dept. of Neurology and Brain Res. Inst., UCLA Sch. of Med., Los Angeles, CA.

Pilocarpine (PC)-induced and lithium-pilocarpine (LPC)-induced status epilepticus 
(SE) produces acidophilic neurons by hematoxylin-and-eosin (HE) stain in at least 
19 of 23 brain regions, and the neuronal death is NMDA-receptor mediated. We 
tested the hypothesis that neuronal necrosis and not apoptosis is induced 24-72 h 
after 3-h SE. Frontal skull screws were implanted for EEG recording in male Wistar 
rats, and 3-5 d later rats received 3 mEq/kg lithium chloride (LiCl) i.p. and 30-60 
mg PC i.p. the next day to induce generalized clonic SE (n=10). Controls received 
LiCl and normal saline i.p. (n=6). After 3 h of SE diazepam and phenobarbital were 
given i.p. to stop SE, and 24 and 72 h later rats’ brains were perfusion-fixed in situ 
with 2% paraformaldehyde, 0.1% glutaraldehyde for light-microscopic (LM) 
examination with HE and TUNEL stain, and semithin sections for LM and ultrathin 
sections for electron-microscopic (EM) examination. As previously described, 
acidophilic neurons were found 24 and 72 h after SE by HE stain. Only a small 
fraction of acidophilic neurons had TUNEL-positive nuclei, which were 
predominantly lightly-to-moderately stained in adjacent sections. TUNEL-positive 
neurons were <10% of the total number of neurons compared to acidophilic neurons, 
which comprised 26-45% of the total (p<0.001). TUNEL-positive neurons were seen 
in fewer brain regions as well (10 ± 3 and 10 ± 2 [mean ± SE] vs. 19 ± 0 and 21 ± 0 
for acidophilic neurons at 24 and 72 h). At 24 and 72 h, the EM counterpart of 
acidophilic neurons were electron-dense, shrunken, angulated necrotic neurons with 
nonspecific chromatin clumping and cytoplasmic vacuoles. Few apoptotic neurons 
with large, well-demarcated chromatin clumps and condensed cytoplasm were found. 
Thus, the TUNEL-positive neurons seen by LM were necrotic. Unlike kainic-acid- 
induced SE, LPCSE produces neuronal necrosis, not apoptosis. (VA-supported.)
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441.5
BLOCKADE OF NMDA RECEPTORS POTENTIATES APOPTOSIS 
INDUCED BY SERUM DEPRIVATION IN CORTICAL CELL 
CULTURES. F, Terro*, M. Lesort, C, Yardin, T. Hugon. Neurobiol and 
Cell Path Unit, ERS CNRS 6101, Lab Histol and Cell Biol, Fac. Medicine 
Limoges - FRANCE

Glutamate (Glu) can induce both apoptosis and necrosis while trophic 
factor removal leads exclusively to apoptosis. In mature cerebellar 
granule cell cultures, serum deprivation-induced apoptosis can be 
prevented by Glu receptor antagonists. In this study, using rat primary 
neuronal cortical cultures at 9 days in vitro, apoptosis was induced by 
serum deprivation and quantified by DNA staining with DAPI and by 
detection of DNA fragmentation with the TUNEL procedure. The 
percentages of apoptosis were 14.6± 0.7% (mean ± SD) and 14.4± 1.4%, 
respectively in cultures incubated for 24h and 48h in serum containing 
medium. In 24h serum-deprived cultures the percentages of apoptosis 
were respectively 26±4.7%, 41.9± 5.2% with MK801 [10 pM] and 40.9± 
2.8% with AP-7 [25 pM]. In 48h serum-deprived cultures, apoptosis was 
36.8± 2.9%, 53.8±3.6% when MK801 [10 pM] was added and 41.1± 3.7% 
in presence of CNQX [10 pM]. Some 48h serum-deprived cultures were 
exposed to Glu or NMDA both used at low concentrations. The 
percentages of apoptotic neurons were respectively 19.2±3.7% and 
24.1±2.6% in serum-deprived cultures treated with Glu 5 pM and 
NMDA 5 pM. These findings suggest that the blockade of NMDA 
receptors potentiates apoptosis induced by serum deprivation, while 
their activation by low concentration of agonists is protective. In this 
model of apoptosis, the effects of trophic support removal is effeciently 
reversed by NMDA receptor activation.

441.6
SYNERGISTIC BREAKDOWN OF SYNAPTIC PHOSPHATIDYLCHOLINE 
AND PHOSPHATIDYLETHANOLAMINE BY SPLA2 AND GLUTAMATE 
DURING CORTICAL NEURONAL CELL DEATH. E.B. Rodriguez de 
Turco1. F. Richardson1. M. Kolko1, H.E.P. Bazan1*, G. Lambeau2, M.
Lazdunski2 andN.G. Bazan1, LSUMC Neuroscience Center, 'New Orleans, USA 
and 2Inst. Pharm. Molec. Et. Cell. CNRS, Valbonne, France.

Cytosolic phospholipase A2 (cPLA,) is activated by glutamate (Glu). 
Secretory PLA2 (sPLA2), present-in synaptic vesicles (Biochem. J.318:701, 
1996), may contribute to Glu neurotoxicity, and we have shown that the sPLA2 
type II, OS2 and type III from bee venom (BV), elicit synergy in inducing 
neuronal cell death (J. Biol. Chem. 271:32722, 1996). We addressed the 
question of which synaptic membrane phospholipids are hydrolyzed under these 
conditions. [3H] arachidonic acid labeled cortical neurons in primary culture 
were treated for 45 min with Glu (80 pM), OS2 (25 ng/ml) and BV (25 ng/ml). 
Twenty four hours after treatment, [3H] arachidonate lipids labeling was 
analyzed 24 hours later. Glu preferentially hydrolyzed [3H] PE. After OS2 
treatment, degradation of [3H] PC was greater than that of [3H] PE. while both 
lipids were similarly hydrolyzed by BV. Simultaneous treatment of the cells 
with OS2 and Glu resulted in a synergistic degradation of PE and to a lesser 
extent PC, concomitantly with a two-fold higher accumulation of free [’HJ 
arachidonic acid than when the agonists were individually added. Pretreatment 
of the cells with the NMDA antagonist MK801 blocked the changes induced by 
Glu, as well as the synergistic or additive responses of sPLA2s and Glu. These 
results indicate that neurotoxicity induced by Glu-NMDA and sPLA2 involves 
a sustained activation of degradative pathways that affect different neuronal 
membrane phospholipids and, when both antagonists are present together, result 
in a synergistic response leading to neuronal cell death. (NS23002).

441.7
BAX FACILITATES “ISCHEMIC” APOPTOSIS BUT NOT EXCITOTOXIC 
NECROSIS IN CORTICAL NEURONAL CULTURE. F. J. Gottroif*, M. M. 
Behrens*, C. M. Knudson*, S. J. Korsmeyef, and D.W. Choifi + Center for the 
Study of Nervous System Injury and Dept. of Neurology. J Dept. of Medicine and 
Pathology and Howard Hughes Medical Institute Washington Univ. School of 
Medicine, St. Louis, MO 63110.

As a death promoting member of the BCL2-related family of proteins. BAX may 
play an important role in neuronal apoptosis associated with neurodegenerative 
disease or acute insults such as ischemia. Cultured mouse cortical neurons undergo 
apoptosis when exposed for 24 hr to 100 nM staurosporine. This death was greatlv 
attenuated in cultures prepared from Bax deficient mice. Similarly, neuronal 
apoptosis induced in near-pure neuronal cultures by removal of serum for 24 hr was 
much lower in cultures from Bax deficient mice as compared to those prepared 
from their wildtype littermates.

However, neurons in mixed neuronal-glial cultures prepared from Bax null mice 
were equivalently vulnerable to excitotoxic necrosis as cultures prepared from 
wildtype littermates. Excitotoxicity was induced by a 5 min exposure to 100 pM 
NMDA, 24 hr exposure to 100 pM kainate, or 90 min exposure to combined 
oxygen-glucose deprivation. If however, the prominent excitotoxic component of 
oxygen-glucose deprivation-induced death was blocked by the addition of MK-801 
and 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), and the duration of insult was 
extended to compensate for the protective effect of adding glutamate antagonists, 
then wildtype but not Bax gene-deficient neurons underwent apoptosis. These data 
suggest that BAX facilitates apoptosis of cortical neurons, in response to several 
insults including oxygen-glucose deprivation. Supported by NIH NINDS grants NS 
30337 and NS 32636 (DWC).

441.8
SUPPRESSION OF BUTYRYLCHOLINESTERASE GENE 
EXPRESSION BY ANTISENSE 5'BChE mRNA INCREASES 
APOPTOSIS IN EMBRYONIC CHICK RETINOSPHEROIDS.
A. Robitzki, A. Mack and P. G. Layer*. Institute for Zoology, Division 
of Developmental and Neurobiology. Darmstadt University of 
Technology, D-64287 Darmstadt. FRG.

The enzymes butyryl- and acetylcholinesterase (BChE, AChE) have 
been suggested to represent key proteins in retinal proliferation and 
differentiation. We here have transfected reaggregated embryonic chick 
retinal cells, so-called retinospheroids with an antisense 5'BChE- 
expression vector including 577 bp of the 5' upstream region and the 
first 106 bp of exon 1 of rabbit BChE. Thus, these cells will produce 
their own antisense mRNA to suppress the expression of BChE. As 
verified both on the transcriptional and the translational level, BChE 
expression and proliferation were suppressed, while AChE expression 
and morphological differentiation were advanced. As determined by 
vital propidium iodide uptake, TdT-mediated dUTP nick end labeling 
(TUNEL) and DNA fragmentation assays, BChE inhibition doubles the 
rate of programmed cell death. Furthermore, AChE-positive cells 
increased, whereas rod- and cone-specific opsin immunoreactivity 
decreased. Interestingly, the red and green cone precursors seem to be 
almost completely degenerated. These observations suggest that the 
proliferation marker BChE plays a role in the intracellular balance 
between proliferation, differentiation and apoptosis. The suppression of 
BChE is followed by a higher differentiation of AChE-positive cells, and 
by a higher rate of apoptosis of photoreceptor precursors.

441.9

JNK3 IS REQUIRED FOR STRESS-INDUCED APOPTOSIS 
OF HIPPOCAMPAL NEURONS IN VIVO. *C. Kuan. D, Yang.
A.J. Whitmarsh. R.J, Davis. P, Rakic and R.A, Flavell, Section of 
Neurobiol. and Immunobiol.,Yale Univ. Sch. of Med., New 
Haven, CT 06510. Program in Mol. Med.,Univ. of Mass. Medical 
Sch. Worcester, MA 01605.

JNK3 is the neural isoform of the c-Jun NH2-terminal kinases 
(JNK) that are activated by exposure of cells to environmental 
stress. Its restricted expression to the nervous system as well as 
its activation by noxious stimuli suggests that JNK3 may mediate 
stress-induced neuronal apoptosis. To test this hypothesis, we 
have generated JNK3-deficient mice which develop normally 
and exhibit remarkable resistance to kainic acid (KA)-induced 
seizures and apoptosis of hippocampal neurons compared to 
wild-type littermates (30 mg/kg). The observed neurotoxicity is 
likely caused by a JNK3-mediated signal transduction pathway 
since the administration of KA induces phosphorylation of the 
NH2-terminal domain of c-Jun within the hippocampus and an 
increased AP-1 transcriptional activity in the wild-type but not 
in JNK3-deficient mice. This explanation is further supported 
by a comparable induction of c-Fos by KA and the equivalent 
sensitivity to other epileptogenic agents such as pentetrazole 
between wild-type and mutant mice. Our results suggest that 
the JNK signaling pathway may be involved in the mechanism 
of excitotoxicity underlying a variety of neurological diseases.

441.10

MATERNAL DEPRIVATION INDUCES NEURONAL DEATH. 
L.X, Zhang*1. G, O, Xing1. S, Levine2. R. M, Post1 & M. A, Smith3, 
biological Psychiatry Branch, NIMH, Bethesda, MD 20892,2Dept. of 
Psychology, U. of Delaware, Newark, DE, and 3CNS Diseases 
Research, DuPont Merck Research Labs, Wilmington, DE 19880

Prolonged separation from the mother interferes with normal 
growth and development and is a significant risk factor for adult 
psychopathology. Altered hippocampal function is thought to underlie 
some of the long-term changes in behavioral sensitivity to stress that 
occur after early maternal deprivation (DEP). We hypothesized that 
DEP might increase apoptosis of neurons in die hippocampal formation 
which continues to develop during the first two postnatal weeks. To 
identify cells undergoing apoptosis, we labeled the 3’ end of DNA 
fragments with digoxigenin nucleotides using terminal transferase 
(ApopTag, Oncor). We found that the number of ApopTag-positive 
cells in the area extending from the hippocampus to die surrounding 
alveus was doubled following 24 hr of DEP at postnatal day 12. We 
also observed a dramatic induction of c-fos mRNA in cells located in 
this same area and extending into the dentate gyrus. ApopTag-positive 
cells were also increased in the cerebral cortex and some white matter 
regions. The mechanisms underlying the increase in neuronal death 
following DEP are not known. However, the distribution of the 
ApopTag-labeled cells paralleled an observed increase in die expression 
of Bax (a cell suicide gene) and a decrease in brain-derived neurotrophic 
factor mRNA levels. Thus maternal separation during critical stages of 
brain development may affect the structure and function of areas such as 
the hippocampus which could lead to abnormal behavior as an adult.

(Supported by NIH intramural and extramural funds)
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441.11
THE ADRENALECTOMIZED RATS AS A MODEL FOR 
NEURODEGENERATION. A, Adem , A. Islam, M. Mustafa, A. Mustafa, R, 
Kalaria+, B. Winblad. Dept. of Clinical Neuroscience and Family Medicine, 
Division of Geriatric Medicine, Huddinge Hospital, Karolinska Institute, 
Huddinge, Sweden and +Dept. of Neurology, Case Western Reserve University, 
Cleveland, OH 44106-4398, USA. (Spon: SONA)

Currently available animal models fail to provide adequate assessment of the 
cognitive deficits seen in Alzheimer’s disease (AD). The hippocampus is 
involved in learning and memory processes but difficulty in producing selective 
hippocampal lesions so far provided no model for understanding the role of 
hippocampus in learning and memory. Long-term adrenalectomy produces 
selective neuronal loss in the hippocampus. Our results show neuronal loss in 
the dentate gyrus and in the different hippocampal fields of adrenalectomized 
(ADX) rats. Consequently, spatial learning and exploratory behaviour are 
impaired in the ADX rats. Electron microscopic studies show that the neuron 
loss are mediated by apoptosis and other forms of developmental death. 
Hippocampal neuron loss is accompanied by the upregulation of MHC class II 
and EDI expressing microglial cells. Preliminary results show that 
adrenalectomy modulates the expression of amyloid 3 precursor protein (APP) in 
the brain. Selective lesioning of the hippocampus by long-term adrenalectomy 
may thus provide a good model to assess the cognitive deficits seen in AD as 
well as shed light on the mechanisms which might be involved in 
neurodegeneration.
Supported by grants from Swedish MRC and NIH.

441.12
GRANULE CELL APOPTOSIS IN THREE DIFFERENT BRAIN REGIONS 
AFTER ADRENALECTOMY. T. A. Hansen, E. M, Loberg, A, Nja, Q. Naess, K. 
Skullerud, K. Gundersen* and J. Maehlen. Departments of Pathology, Ulleval 
Hospital and National Hospital, & Departments of Neurophysiology & 
Biology, University of Oslo, Oslo, Norway.

Sloviter et al (Science 243. 535, 1989) discovered that apoptosis of granule cells 
occurs in the dentate gyms of the rat hippocampal region after adrenalectomy. This 
cell death is prevented by treatment with glucocorticoids, suggesting that granule 
cells depend on a continuous supply of glucocorticoid hormones for survival in 
adult life (see also Maehlen & Torvik, Acta Neuropathol 80: 85, 1990).

In two patients dying from untreated Addison s disease we have observed similar 
signs of apoptosis (karyorhexis) in granule cells not only in the hippocampus, but 
also in cerebellum.

Recent evidence suggests that granule cells in different brain areas such as the 
hippocampus, cerebellum and olfactory bulb have a similar developmental history 
even though they may differ in physiological and morphological features. Thus the 
transcription factor RU49 is selectively expressed in granule cells and their 
precursors in these brain areas (Yang et al , Development 122: 555. 1996).

We have examined the hippocampus, cerebellum and olfactory bulb in adult male 
rats six days after adrenalectomy, and observed apoptotic granule cells in all three 
brain areas. The numbers of degenerating cells in the latter two areas were lower 
than in the hippocampal region. No apoptotic cells were present in any of these 
brain areas in adrenalectomized rats that had been treated with corticosterone after 
surgery.

Based on these findings and the genetic evidence cited above, we suggest that all 
neurons belonging to the granule cell linage are dependent on corticosteroids for 
their maintenance irrespective of their localization in the brain.

441.13
THE ROLE OF THE IMMUNE RESPONSE AND INHIBITORY CIRCUITS IN 
LATENT VIRUS-INDUCED HIPPOCAMPAL DEGENERATION BD. Pearce*, C 
Po, S. Jones, T.L. Pisell, A.H. Miller. Emory Univ. Sch. Med., Atlanta, GA 30322 
An understanding of the mechanisms by which perinatal viral infections can disrupt 
brain development and result in the selective loss of subsets of neurons could have 
important implications for diseases such as pediatric HIV encephalitis, epilepsy, and 
schizophrenia. Neuropathological studies have found abnormalities of inhibitory 
intemeurons in these diseases yet the causal relationships between these neuronal 
changes, and the cellular and immunological events engendered by perinatal viral 
infections remain unknown. To investigate possible mechanisms, we have used an 
animal model in which neonatal rats are infected intracranially with lymphocytic 
choriomeningitis virus (LCMV). Our previous studies suggested that this infection 
caused a decrement of inhibitory neurotransmission in the hippocampal dentate gyrus, 
and resulted in the gradual death of dentate granule cells in mature rats. To determine 
if GABAergic intemeurons are infected prior to the loss of dentate granule cells, we 
combined immunostaining for LCMV with in situ hybridization for the GABA cell 
marker (GAD). GABAergic intemeurons in the dentate gyms became infected within 
12 days of neonatal infection, prior to the loss of dentate granule cells. This infection 
was accompanied by a marked induction of interleukin-1 in glia cells which could 
contribute to the early damage. These data support our hypothesis that LCMV- 
induced disruption of inhibitory (GABAergic) circuits occurs during brain 
development resulting in the unbalanced excitatory neurotransmission, which in turn 
causes the gradual loss of dentate granule cells due to excitotoxicity. We also 
investigated the contribution of T-cells to the loss of dentate granule cells by 
immunosuppressing rats with anti-thymocyte serum during the LCMV infection. Rats 
(90 days p.i.) were protected from cerebellar but not hippocampal cell loss suggesting 
that a T-cell-mediated attack on infected neurons cannot explain the hippocampal 
pathology. However, glia were strongly immunoreactive for LCMV antigens only in 
immunosuppressed rats indicating that T-cells are necessary to prevent or control 
infection of these cells. Supported by the Theodore and Vada Stanley Foundation.

DEGENERATIVE DISEASE: ALZHEIMER’S-—BET A-AMYLOID: ANIMAL MODELS I

442.1
PROGRESSION OF ALZHEIMER-TYPE NEUROPATHY IN PDAPP 
TRANSGENIC MICE. D. Games*. K. Chen. T, Guido. K, Hu. J. Huang. K. 
Khan, _D, Kholodenko, M. Mallory, L, McConlogue. R. Motter, A. Sisk. F.
Soriano, K, Johnson-Wood, D. Schenk, and E. Masliah#. Athena Neurosciences, 
Inc., South San Francisco CA 94080. #University of California, San Diego, 
Department of Neurosciences, La Jolla, CA 92093.

Transgenic mice overexpressing mutant beta amyloid precursor protein (hAPP) 
717^^- develop several pathological characteristics of Alzheimer's Disease (AD), 
that include the accumulation of beta amyloid (A3) into plaques and a number of 
neurodegenerative and gliotic lesions. Ongoing studies are comparing the age- 
related progression of A3 deposition with the development of synaptic, dendritic, 
cytoskeletal and metabolic alterations in homozygotic and heterozygotic mice 
from PDAPP line 109. A3 plaque formation is initiated at least two months 
earlier and the amyloid burden is increased by approximately 10 fold in 
homozygotic compared to heterozygotic animals, with a concomitant rise in 
neuritic pathology. In both cases, neuritic and glial pathology is accelerated 
following A3 deposition. Furthermore, the loss of immunoreactivity with 
synaptic and dendritic markers is also accelerated following the initiation of A3 
deposition. Preliminary studies indicate that degeneration of dystrophic neurites 
occurs earlier in brain regions that first develop amyloid and neuritic plaques. In 
addition, immunoelectron microscopy studies show that phosphorylation of tau is 
associated with the accumulation of cytoskeletal elements in neuronal cell bodies 
and neurites of transgenic mice. These observations suggest that the deposition of 
A3 accelerates several pathological features associated with AD, since APP 
metabolite levels remain constant as the animals age.

442.2

AGE-DEPENDENT PROGRESSION OF INFLAMMA-
TORY MARKERS IN PDAPP TRANSGENIC MICE.
K. S. Chen *. T. Guido. K. Khan, F, Soriano and D. Games.
Athena Neurosciences, 800 Gateway Blvd., South San Francisco, CA 
94080.
Transgenic mice overexpressing mutant beta-amyloid precursor 

protein 717 V->F have been previously shown to develop a number of 
neuropathological characteristics that are observed in Alzheimer’s 
disease including deposits of beta-amyloid protein into plaques. In the 
present study, a number of markers of inflammation and gliosis were 
examined in transgenic mice and their non-transgenic littermates at 
several timepoints between 6 to 18 months of age. Additionally, mice 
heterozygous for the mutation were compared to mice which were 
homozygous for the mutation. Glial fibrillary acidic protein (GFAP)- 
immunoreactive astrocytes were found surrounding amyloid- 
containing plaques in the hippocampus and cortex in the transgenic 
mice. The percentage of total area occupied by GFAP-immunoreactive 
astroctyes was also found to increase in an age-dependent manner 
paralleling the increase in amyloid plaques. Reactive microglia within 
the hippocampi, which were MAC-1-immunoreactive, were found to 
increase in an age-dependent manner in the transgenic mice. Ongoing 
studies are investigating the occurrence of various inflammatory 
markers in the transgenic mice compared to their normal littermates at 
various ages.
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442.3
A8 DEPOSITION IS ASSOCIATED WITH NEURITIC CHANGES AND 
GLIOSIS, BUT NOT WITH OVERT NEURONAL LOSS IN THE 
PDAPP TRANSGENIC MOUSE. B.T. Hyman1*, M.C. Irizarry1, F. 
Soriano2, M. McNamara1, K.J. Page1, D. Schenk2, and D. Games2.
’Department of Neurology, Massachusetts General Hospital, Boston, MA 
02114; 2Athena Neurosciences, South San Francisco, CA 94080

The PDAPP transgenic mouse expresses human amyloid precursor 
protein (hAPP) V717F and develops cerebral amyloid-8 protein (A8) 
deposits similar to senile plaques in Alzheimer’s disease (AD), with loss of 
synaptophysin and microtubule associated protein-2 (MAP-2) 
immunoreactivity in the perforant pathway terminal zone (Games, et al. 
Nature, 1995). We now show that cortical and limbic A8 deposition is 
observed at 8 months of age in heterozygotic animals, and progresses to 
cover 20-50% of the cortex by 18 months. A8 deposits appear to occur at 
the terminals of over-expressing neurons, and are associated with 
dystrophic neurites and extensive gliosis by immunohistochemical analysis. 
However, stereologic analysis shows no overt neuronal loss in entorhinal 
cortex, CA1 hippocampal subfield, or cingulate cortex through 18 months 
of age; nor is there loss of mRNA encoding synaptophysin, microtubule 
associated protein-2 (MAP-2), and cytochrome oxidase subunits 2 and 4. 
mRNA for apolipoprotein E, and low-density-lipoprotein receptor related 
protein (LRP) increased in 18 month old transgenic mice. Glial fibrillary 
acidic protein (GFAP) mRNA was also increased in 18 month old 
transgenic mice, reflecting the prominent glial reaction. Thus, widespread 
A8 deposition in 18 month old heterozygote transgenic animals produces 
neuritic alterations and inflammatory reactions without widespread neuronal 
death. Supported by NIH AG05134-13.

442.4
BETA-AMYLOID DISTURBS TEMPERATURE, ACTIVITY AND SLEEP IN AN 
ANIMAL MODEL OF ALZHEIMER’S DISEASE. B.A, Tate* and G.S. Richardson 
Neurobiology Laboratory, Division of Geriatric Medicine, Department of Medicine, 
Miriam Hospital and Brown University, Providence, RI 02906.
Alzheimer's disease (AD) is associated with attenuation of the diurnal rhythms of 
sleep and wakefulness, manifesting clinically as disturbed sleep and increased napping 
during the day. We hypothesize that the pathophysiology of these sleep-wake 
disturbances is increased cytokine expression, reflecting a generalized CNS 
inflammatory response. An analogous inflammatory response can be produced in the 
rat by prolonged ICV of human amyloid protein. Treatment results in large numbers 
of reactive astrocytes and activated microglia surrounding fibrillary (Thioflavin S 
positive) amyloid deposits, as well as high levels of inducible nitric oxide synthase 
(iNOS). The immune response is specific; control peptide infusion does not elicit a 
cellular immune response.To examine the effects of amyloid infusion on sleep/wake 
behavior, male rats housed continuously in LD12:12 were implanted with a lateral 
ventricle cannula, EEG/EMG electrodes and an intraperitoneal transmitter for 
continuous measurement of activity and temperature. After a one week recovery 
period, polysomnographic (PSG) recordings of EEG/EMG were carried out for 48 
hours. The animals were then re-anesthetized and implanted with osmotic pumps 
containing amyloid B (1-40) or nonsense peptide. After one week of ICV infusion, 48 
hour PSG recordings were repeated. Animals were then euthanized and brains prepared 
for immunohistochemistry. Relative to baseline, treatment PSG data showed reduced 
amplitude of diurnal rhythms of wakefulness, NREM sleep and REM sleep in 
amyloid animals. Temperature and activity rhythms were similarly disrupted. In the 
24 hours immediately following infusion, an acute rise in body temperature was seen 
in amyloid animals but not in the peptide controls. Temperature returned to baseline 
and was not elevated during the second sleep recording. Histopathology showed 
evidence of cellular immune response in amyloid animals but not in controls. Thus, 
amyloid infusion produces a disruption of the diurnal rhythms in sleep/wake state, 
motor activity and temperature, coincident with signs of ongoing cellular 
immunologic activation, but well after an acute febrile response. These results 
suggest a pathophysiologic mechanism for the sleep abnormalities of Alzheimer’s 
disease. Supported by the Miriam Foundation.

442.5
ABNORMAL SYNAPTIC TRANSMISSION IN AGED APP TRANSGENIC 
MICE. P.F. Chapman1*, M.C. Irizarri2, S. Nilsen3. B.T. Hyman2 and K.K. Hsiao3. 
'Physiology Unit, MOMED, Univ. of Wales, Cardiff, CF1 3US, UK, Dept. of 
Neurology, 2Mass General Hospital, Boston, MA 02114 and 3Dept. of Neurology, 
Univ. of Minnesota, Minneapolis, MN 55455.

We examined neuronal communication in the hippocampus of mice over-
expressing mutated human amyloid precursor protein (APP). Consistent with 
behavioural and neuropathological investigations (Hsiao et al., 1996, Science), 
synaptic responses appeared to be completely normal in slices taken from 2-8 month 
old transgenic animals, but were reduced across all afferent stimulus intensities from 
30-100 pA in 9-15 month-old transgenic animals relative to age-matched non- 
transgenic controls. Analysis of variance revealed significant differences between old 
transgenic (0.3+0.2 [SEM]) and control animals (1.9±0.1) in the ratio of the slope 
of the field EPSP to the fibre volley amplitude (p<0.000001). Synaptic plasticity 
was also compromised in older transgenic animals. While control slices (n=12 
slices from 6 animals) showed LTP 40 minutes after a single train of ten theta burst 
stimuli (t-test, p<0.0001), synaptic responses in transgenic slices (n=13/7) were not 
significantly different from baseline at the same time point (t-test, p>0.05). In 
contrast, the mean percent of paired-pulse facilitation with a 50 msec interpulse 
interval did not differ significantly (t-test, p>0.05) between old transgenics (n=15/7) 
and old controls (n= 19/10). Finally, old transgenic slices showed a significant 
reduction in sensitivity to kynurenate, CNQX, AMPA, and MK-801 indicating that 
synaptic transmission is fundamentally altered in TgAPP mice. These results could 
not be accounted for by changes in binding of [3H]CNQX, f3H]AMPA, or 
[3H]glutamate, and were not associated with significant loss of neurones in CA1.
The results give the first clear example of an effect of transgenic APP on synaptic 
physiology, and suggest that abnormal function of glutamate neurotransmission 
may play a role in AD onset. Supported by MRC (PFC) and NIH (BTH and KKH).

442.6
CEREBRAL AMYLOIDOSIS AND HYPERPHOSPHORYLATED TAU IN APP 
TRANSGENIC MICE
B, Sommer, C. Sturchler-Pierrat, D. Abramowski, M. Duke. K.-H. Wiederhold.
C Misti®, S, Rothacher, B. Ledermann, K. Burki, P. Frey. P. A. Paganetti, C.
Waridel, M. Jucker^, A. Probst^ & M Staufenbiel*. Nervous System
Research, Novartis Pharma Inc., CH-4002 Basel Switzerland and institute 
for Pathology, University of Basel, Switzerland.

Alzheimer's disease (AD) pathology is characterised by Ap peptide-containing 
plaques and neurofibrillary tangles consisting of hyperphosphorylated tau. In 
addition, extensive neuritic degeneration has been described including a 
dramatic loss of cholinergic fibers. The Ap peptide is thought to play a central 
role in the pathogenesis, as suggested by AD-linked mutations in the amyloid 
precursor protein (APP) gene. We have generated two transgenic mouse 
lines expressing human APP751 containing the “Swedish” double mutation at 
position 670/671 alone and combined with the V717I mutation. These mice 
develop typical plaques which in the better expressing line can be detected at 
6 months, increase dramatically with age and are mostly Congo Red positive. 
The lesions show the major features of AD senile plaques including the 
degeneration of cholinergic fibers. Most notably, all congophilic plaques are 
immunoreactive for hyperphosphorylated tau, reminiscent of early tau 
pathology. Elevated tau phosphorylation can be demonstrated biochemically 
before the first appearance of plaques and increases with age. These results 
suggest a central role of Ap for the development of characteristic AD 
pathology. (Supported by Novartis Pharma Inc.)

442.7
AMYLOIDOGENIC ROLE OF TRANSFORMING GROWTH FACTOR-p1 IN 
TRANSGENIC MICE AND ALZHEIMER’S DISEASE. T. Wyss-Coray#v*, E. 
Masliah*, M. Mallory*, L, McConlogue8, C, Lin*, I, Samuels*, & L, Mucke*v,
"Gladstone Mol. Neurobiol. Progr. and vDept. Neurol., UCSF, San Francisco, CA 
94141, *Depts Neurosci. Pathol., UCSD, La Jolla, CA 92093, 5 Athena 
Neurosciences, South San Francisco, CA 94080.
Genetic and neuropathological evidence suggests that the amyloid peptide AP is a key 
factor in the pathogenesis of Alzheimer’s disease (AD). However, it is still unknown 
what factors cause the initiation or progression of AP deposition and 
neurodegeneration in the central nervous system (CNS) of affected individuals. Here 
we report that transforming growth factor-Pl (TGF-Pl) induces the accumulation of 
thioflavin S positive and AP immunoreactive amyloid deposits in cerebral blood 
vessels and meninges of aged transgenic mice overexpressing this injury response 
cytokine from astrocytes. Moreover, in human amyloid precursor protein (hAPP) 
transgenic mice, which normally develop AD-type pathology at 6-8 months of age, 
co-expression of TGF-Pl resulted in cerebrovascular deposition of human AP at 2-3 
months of age. No such deposits were detected at this age in singly transgenic 
littermate controls of either parental type. In postmortem brain tissues from AD 
patients we detected a significant threefold increase in cortical TGF-Pl mRNA levels 
over controls, and in AD cases with cerebral amyloid angiopathy cortical TGF-Pl 
mRNA levels correlated strongly with the extent of Ap deposition in cerebral blood 
vessels. Furthermore, we observed that TGF-Pl induces apolipoprotein E (apo-E) 
immunoreactivity in transgenic mice along cerebral blood vessels making apo-E a 
possible cofactor for depositon of amyloid in our model. Taken together, these 
findings indicate that TGF-Pl may initiate or promote amyloidogenesis in AD and 
related experimental models.

Supported by grants from the NIH and the Alzheimer’s Association

442.8
TURNOVER OF MOUSE BRAIN AB IN VIVO AND EFFECT OF APP 
PROCESSING-MODULATORS ON STEADY-STATE [AB]. M.J. Savage*, S.P. 
Trusko, L.R. Pinsker, S. Mistretta, D. Howland, A.R. Reaume, R. Siman, B.D.
Greenberg, R.W. Scott. Cephalon,Inc, 145 Brandywine Pkwy.,West Chester,PA, 
19380.

Massive amounts of brain AB associated with Alzheimer's disease (AD) are thought 
to lead to synaptic dysfunction, neuronal death and subsequent cognitive loss. 
Inhibition of the release of the amyloid-6 protein (AB) from the full-length amyloid 
precursor protein (APP) is a potential disease-modifying approach. We have 
generated APP gene-targetted mice that have a humanized AB domain and harbor the 
Swedish familial AD mutations. These mice express elevated and readily detectable 
levels of human AB and, unlike conventional transgenic approaches, express 
endogenous levels of APP under normal developmental and tissue-specific control. 
Accordingly, these animals represent an excellent system for identifying cellular 
mechanisms and potential therapeutics that reduce the concentrations of brain AB. As 
a first step, we have studied the rate of AB turnover in the brains of these mice. 
p-\S]-Met was infused into the femoral vein of gene-targeted mice. 3, 6, 24 or 72 his 
later, brains were homogenized in guanidine buffer, and dialyzed into PBS. AB was 
immunoprecipitated, resolved using Tris tricine gels, transferred to PVDF and 
visualized using a phosphorimager. The radiolabeled AB present in mouse brain was 
readily detectable at 3 and 6 hrs after the [3-',S]-met pulse. Turnover of [35S]-met- 
labeled AB was essentially complete by 24 lus. The 11,2 of the mouse brain AB 
cannot be precisely defined in these in vivo experiments since reutilization of [35S]- 
met cannot be controlled. Nevertheless, the results indicate that turnover of brain AB 
occurs within 24 hrs. Using gene-targeted mice, we have evaluated the effect of a 
number of compounds which have been reported to lower secreted AB levels in vitro. 
Phorbol 12-myristate 13-acetate was introduced into the brains of gene-targeted mice 
where it caused a 50% reduction in levels of AB. By reducing the steady state 
concentration of soluble AB in brain, compounds which increase the activity of PKC 
could impact the progression of AD.

Society  for  Neuroscience , Volume  23,1997



1116 DEGENERATIVE DISEASE: ALZHEIMER’S—BET A-AMYLOID: ANIMAL MODELS I TUESDAY AM

442.9
ABNORMAL SYNAPTIC TRANSMISSION IN AGED APP TRANSGENIC MICE
15 NOT ACCOUNTED FOR BY NEURONAL LOSS, SYNAPTIC LOSS, OR LOSS 
OF GLUTAMATE RECEPTORS. M.C. Irizarry1*, J.-H. Cha1. A.B. Young1. K.K. 
Hsiao2, P.F. Chapman3, and B.T. Hyman1. 'Dept. of Neurology, Massachusetts General 
Hospital, Boston, MA 02114; 2Dept. of Neurology, Univ. of Minnesota, Minneapolis, 
MN 55455; 3Physiology Unit, MOMED, Univ. of Wales, Cardiff, UK.

Tg2576 mice, containing human APP K670N-M671L driven by the hamster prion 
protein promoter, develop age related amyloid deposition, behavioral abnormalities, and 
electrophysiologic deficits (Hsiao, et al., 1996, Science). The electrophysiologic 
deficits in 9-12 month old mice have been characterized as a reduction in CA1 fast 
synaptic responses, long-term potentiation, and responses to excitatory amino acid 
antagonists. To assess the molecular, anatomical, and biochemical correlates of this 
electrophysiologic abnormality, we analyzed 4 transgenic and 4 non-transgenic mice at
16 months of age. The simplest explanation for the near-elimination of synaptic 
transmission is that there are fewer neurons and thus fewer synapses in the transgenic 
mice. However, stereologic analysis of CA1 in 16 month old mice did not reveal a 
significant difference between neurons in the transgenic mice (93,076 +/- 17,438 
neurons) and non-transgenic littermates (101,653 +/- 16,936); there was also no loss of 
synaptophysin mRNA or synaptophysin immunoreactivity in the hippocampus. In the 
absence of significant neuronal loss, the synaptic abnormalities may be mediated by 
changes in the number of functional excitatory amino acid receptors in hippocampal 
neurons. As a screen for such deficits, NMDA-sensitive [3H]glutamate, [3H]AMPA, and 
[3H]CNQX binding were not significantly reduced in the hippocampus or cortex of 3 
heterozygote transgenic mice compared to 3 non-transgenic littermates; there was also 
no loss of NMDA-R1 and Glu-Rl message. This suggests that the electrophysiologic 
deficits are most likely due to functional changes in hippocampal synapses after 
neurotransmitter binding.

Support: AG05134-13, NS01916, AG11337, Hereditary Disease Foundation.

442.10
AGE-RELATED COGNITIVE DEFICITS, IMPAIRED LONG TERM 
POTENTIATION AND REDUCTION IN SYNAPTIC MARKER 
DENSITY IN MICE LACKING THE p-AMYLOID PRECURSOR 
PROTEIN. G.R. Dawson*, G.R. Seabrook, H. Zheng*, D.W. Smith,
S.Graham, G.O’Dowd, B.J. Bowery, S. Boyce, M.E. Trumbauer*, H.Y.
Chen*, Lex H.T. Van der Ploeg*, R.G. Hill and Dalip J. S. Sirinathsinghii
Merck Sharp and Dohme Research Laboratories, Neuroscience Research 
Centre, Terlings Park, Harlow, Essex, CM20 2QR, U.K; *Merck Research 
Laboratories, Rahway, New Jersey, 07065, USA.

Mutations in the p-amyloid precursor protein (p-APP) are strongly 
associated with some cases of familial Alzheimer’s Disease. The normal 
physiological role of APP in the brain was evaluated in a longitudinal 
analysis of mice deficient in APP. A neurological screen showed that APP- 
null mice and wild-type mice did not significantly differ on a number of 
physical tests. However, compared to wild-type mice the APP-null mice 
developed age-dependent deficits in cognitive function and also had 
impairments in long-term potentiation. In addition, the brains of the APP- 
null mice have marked reactive gliosis in many areas especially in the 
cortex and hippocampus. A sub-population of mice (n=15 of 132) died 
prematurely (between 3 and 9 months of age). Another 10 mice which 
appeared lethargic showed a profound loss of immunoreactivities for the 
presynaptic vesicle protein, synaptophysin and the dendritic marker, 
microtubule-associated protein 2 (MAP-2), in both the cortex and 
hippocampus. These results suggest that normal APP may serve an 
essential role in the maintenance of synaptic function.

442.11
CEREBRAL CHOLESTEROL DEPOSITION IN AGED APOE KNOCKOUT 
MICE. L.C. Walker*1. C.A. Parker1, W.J. Lipinski1. M.J. Callahan1. R.T, Carroll1.
S.E. Gandv2. J.D. Smith3. M. Jucker4, C.L. Bisgaier1. 'Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Ann Arbor, MI 48105; 2NYH-Comell 
Medical Center; 3Rockefeller University; "University of Basel

ApoE polymorphisms differentially influence the risk of both atherosclerosis and 
Alzheimer's disease. ApoE-deficient mice have high levels of circulating cholesterol 
and develop severe atherosclerosis (Zhang et al., Science 258, 468, 1992; Plump et al., 
Cell 71,343, 1992) and disseminated xanthomatosis (van Ree et al., Atherosclerosis 
112, 237, 1994) when fed a high-fat/high cholesterol (HFHC) diet. To assess the 
interactive influence of diet and age on neurodegenerative processes in these mice, 
four apoE knockouts and five wild-type littermate controls were placed on a HFHC 
diet for 7 weeks beginning at 17 months of age. Forty-two additional mice were fed 
conventional chow throughout their lives: Nine aged apoE knockouts and 13 aged 
wild-type controls originally from Rockefeller University, 6 aged and 5 young apoE 
knockout mice from Jackson Laboratories, and 3 young, 3 middle-aged and 3 aged 
wild-type C57BL/6 mice from the National Institute on Aging. All four aged 
knockouts on the HFHC diet developed cerebral xanthomas of varying size, consisting 
mostly of crystalline cholesterol and lipid-laden foam cells. Also, three aged knockout 
mice fed conventional chow had small cerebral xanthomas. All wild-type mice were 
unaffected. The smallest lesions were confined mainly to the choroid plexus and 
ventral fornix in the roof of the third ventricle, occasionally extending subpially along 
the choroidal fissure. More advanced xanthomas caused destruction of adjacent neural 
tissue in the hippocampus and dorsal diencephalon, and in one case, over 60% of one 
hemisphere was obliterated by the lesion. Cerebral xanthoma is a potentially 
significant pathological feature in aged, apoE knockout mice. It will be important to 
determine the influence, if any, of diet-induced disturbances in lipid metabolism on the 
pathobiology of Alzheimer's disease. Supported by the USPHS and Warner-Lambert.

442.12
ENVIRONMENTAL INFLUENCE ON P-AMYLOID
DEPOSITION IN THE CANINE BRAIN. Yongjin Hou*1, Michael 
Russell, Marketta. Bobik1, and Luis. Roth2. 'Dept. Anesth., Univ. 
Calif., Davis Davis, CA 95616,2Dept. Pathol., Angell Memorial 
Hospital, Boston, MA 02130

Aging canines have been established as an animal model of 
Alzheimer’s disease due to the prevalence of spontaneous p-amyloid 
(AP) protein deposition in aged canine brain. In this study archived 
brain tissues from clinically euthanized canines were examined. 
Tissues from 103 beagles raised in a controlled laboratory 
environment and 195 canines raised in the community were 
examined for AP plaque deposition. When the ages of the animals 
were compared the results indicated an average 4 year earlier onset 
of diffuse Ap plaques in the community-raised animals.
Additionally, compact plaques were observed in the community 
raised animals, but not the laboratory-raised canines. The observed 
compact plaques were Congo-red positive, but did not show 
blue/green birefringence typical of human neuritic plaques. Some of 
the compact plaques had apparent neurite processes growing into 
them. These data suggest that one or more environmental factors are 
important in determining the age of onset and type of plaque 
development that occurs in canines. A similar environmental factor 
may influence the onset of Alzheimer’s disease.

ALZHEIMER’S: PRESENILIN III

443.1
REGULATION OF PRESENILIN-1 IN RAT HIPPOCAMPUS IN RESPONSE 
TO EXPERIMENTAL DEAFFERENTATION THAT MODELS 
ALZHEIMER’S DISEASE. N.Tezapsidis, W.Byne*, J.Shioi, NK.Robakis & 
G.M.Pasinetti. Dep. of Psychiatry., Fishberg Res. Center for Neurobiol. & 
Brookdale Center for Mol. Biology, Mt. Sinai Sch. Med., New York, NY 10029

This study surveyed the immunodistribution of Presenilin 1 (PS-1) in adult rat 
brain and assesed the changes in the levels of its expression in responses to brain 
lesions that model features of Alzheimer's disease (AD). To explore the cell type 
expression and regulation of PS-1 in rat brain, PS-1 affinity-purified antibodies 
were raised against synthetic peptides corresponding to the predicted AA 
sequence of human PS-1. In Western blots the antibodies recognize full-length 
PS-1, migrating as a 48 kDa protein. Using immunocytochemistry (ICC), it was 
shown that in control unlesioned rat brain, PS-1-like staining had a neuronal 
distribution, as found in both human and mouse brain. PS-l-like 
immunoreactive neurons that were found with definitive staining include, 
cerebellar Purkinje cells, cells of the pyramidal and granule layer of the 
hippocampal formation and pyramidal neurons of the cerebral cortex. Intense 
PS-1 like immunostaining was observed in the perikarya but also in the dendritic 
arborization as well as axonal projections. Transection of the cortico- 
hippocampal perforant pathway (PP) was used to model the degeneration of the 
PP in AD. By 3 days after PP lesions, PS-l-like immunoreactivity indicated an 
apparent transient decline of PS-1 expression in processes of hippocampal 
pyramidal neurons. PS-1 like immunoreactivity eventually recovered toward 
control levels by 14-28 days post-lesioning. This study suggests that PS-1 can be 
dynamically regulated and its expression may be linked to synaptic integrity 
and/or function. (Supported by NIH grants AG08200 to NKR, AG 13799, 
AG 14239, AG05138-pilot to GMP and the Alzheimer’s Association grant 
RG196098 to NT)

443.2
ANTISENSE REDUCTION OF PRESENILIN-1 SIGNIFICANTLY INCREASES 
Ap 42(43) SECRETED BY HUMAN EMBRYONIC KIDNEY CELLS.

L.M. Refolo, C.B. Eckman, C.M. Prada, D. Yager, and S.G. Younkin*. Mayo
Clinic Jacksonville, Jacksonville, FL. 32224.

Approximately 10% of Alzheimer’s disease cases are characterized by an age of 
onset of 50 years or less. These early onset cases are caused by autosomal 
dominant mutations in one of three genes. A small portion of early onset cases 
(3%) can be linked to mutations in the gene encoding the amyloid precursor 
protein (APP), while the majority of these cases (80%) are linked to mutations in 
the presenilin-1 (PS-1) and presenilin-2 (PS-2) genes. The common feature 
arising from mutations in these genes is that they lead to an increased concentration 
of the AP42(43) peptide. Expression of pathogenic PS-1 mutations in transfected 
cells and transgenic animals alters APP processing in a manner that leads to 
increased production of Ap42(43). To address the mechanism by which mutant 
PS-1 influences APP processing we constructed HEK cell lines expressing ah 
inducible , antisense PS-1 RNA and measured the effects of this RNA on AP, 
APP and PS-1. Approximately 14 days after induction we observed a 2 to 3 fold 
increase in the levels of Ap42(43) and a >90% reduction of the 46kD, full length 
PS-1 and the 28kD N-terminal PS-1 fragment. Whereas, in the same cells, at this 
time point there is no reduction in the steady state levels of APP, actin or 
tubulin. In addition, at 14 days we observe a small but significant decrease in the 
level of Ap40. These results suggest that loss of PS-1 function in cells results in 
increased levels of Ap42(43).

Supported by an ADCC pilot grant (CE) and the NIH (SGY).
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443.3
EFFECTS OF ALZHEIMER-ASSOCIATED PRESENILIN 1
MUTATIONS ON PROTEIN FOLDING AND ON APP PROCESSING IN 
STABLY TRANSFECTED CELLS. D. M. Kovacs*. J. Henderson. S. D. 
Schmidt, R. Mancini. R, E. Tanzi. Genetics and Aging Unit, Department 
of Neurology, Massachusetts General Hospital, Charlestown, MA 02129.

Mutations in the presenilin 1 (PSI) gene account for roughly half of all 
cases of early-onset familial Alzheimer's disease (FAD) and have been 
associated with increased levels of A642. How FAD mutations in PSI 
affect the processing of the amyloid 6 protein precursor (APP) is not 
known. By using limited proteolysis in an in vitro translation and 
translocation system in dog microsomal membranes, we showed that PSI 
underwent abnormal protein folding as a result of the A246E mutation.
To assess the effects of FAD mutations on PSI and APP processing, we 
established low-expressor, stably transfected H4 human glioma, SY5Y 
neuroblastoma, and COS7 cell lines for wild-type and A246E and L286V 
mutant PSI. Under normal culture conditions, no quantitative differences 
were observed in the processing of APP or PS 1 for the wild-type versus 
mutant cells. However, following treatment of the cells with glycerol 
(known to alter "quality control" for misfolded proteins in the ER), 
endoproteolytic cleavage of PSI and levels of immature APP were 
increased. In the H4 and SY5Y cells expression of wild-type but not 
mutant PSI attenuated the increase in steady state levels of immature APP 
as assessed by Western blot analysis. Metabolic labeling showed this 
attenuation to be a result of increased degradation of immature APP in the 
ER/intermediate compartment in the presence of increased amounts of 
wild-type, but not mutant PSI. Therefore, PSI may normally facilitate the 
degradation of immature APP in the ER and PSI FAD mutations may 
adversely affect this process.

(Supported by the NIH/NINDS grant NS30428, by the French 
Foundation, and by the Metropolitan Life Foundation)

443.4
Mutant PSI stimulates the JNK signal transduction cascade. J. J. Palacino*. P. 
Alexander. P, St, George-Hyslop. A. Takashima. R. Schultz and B. Wolozin, Dept. of 
Pharmacology, Loyola University Chicago Medical Center, Maywood, IL 60153. 
Based on previously reported data on the role of presenilin 2 (PS2) in apoptosis and the 
sequence homology between PSI and PS2, we investigated the role of PSI in apoptosis. 
PSI function was assessed using Jurkat and 293 cell lines stably transfected with wild 

type or mutant (HI 15Y) cDNA constructs in front of an ecdysone promoter. Both 
wildtype and mutant PSI increased Fas-mediated DNA fragmentation in Jurkat cells 
by 70%, however, no difference was seen between mutant and wild-type cells. 
Interestingly, analysis of Fas-mediated changes in cellular redox function, using the 
MTT assay, showed that cells expressing the Hl 15Y mutant PSI had a 2.3 fold larger 
decrease in MTT conversion in response to Fas. Further experiments suggested that 
this difference was due to activation of the Jun Kinase (JNK) signal transduction 
cascade. Mutant Jurkat or 293 cells were also differentially sensitive to C2-Ceramide, 
which activates the JNK cascade, but not to H,O2 or etoposide. Also, analysis of 
phospho-Jun by Western blotting showed that 293 cells expressing H115Y mutant PS 1 
exhibited a 2.3-fold stronger response of Jun kinase activity after stimulation of the 
JNK cascade with tumor necrosis factor-a. In order to confirm involvement of the JNK 
cascade we explored the ability of dominant negative constructs to block the effects of 
PSI. Transfection of 293 cells with dominant negative Sekl construct and the 
dominant negative truncated c-Jun construct, Tam67, blocked changes in MTT 
reduction related to mutant PSI. These results indicate that mutations in PSI activate 
the JNK signal transduction cascade. We are currently examining whether other 
mutations in PSI also stimulate the JNK cascade. Thus, PSI appears to induce gain of 
function in the stress activated pathway in a manner similar to PS2. Activation of the 
JNK pathway could contribute to the pathophysiology of AD by stimulating free radical 
production and increasing apoptosis or increasing production of AP,^,2.

443.5

IDENTIFICATION OF PEPTIDES AND PROTEINS WHICH 
INTERACT WITH PRESENILINS BY SCREENING OF RANDOM 
PEPTIDE DISPLAY LIBRARIES. A Schwarzman1, M Tsiper1, A. 
Dranovsky1, L Gregori1, R. Bhasin1*, M. Vitek2, P H. St.George-
Hyslop3, D. Goldgaber1 ^ept. of Psychiatry SUNY, Stony Brook, 
NY 11794, 2Dept. of Neurology, Duke Univ., NC 27710, 3Dept. of 
Medicine, Univ. of Toronto Canada.

The genes encoding presenilins (PS-1 and PS-2) have been identified 
as major causal genes for early onset familial Alzheimer’s disease 
(FAD). The biological function of PS-land PS-2 remains unknown. 
Identification of proteins which interact with presenilins will lead to an 
understanding their biological role. In order to identify PS-1, and PS-2 
binding proteins, we screened random peptide display libraries using 
recombinant PS-1 and PS-2 as a binding targets. Several peptides 
which interact with PS-1 and PS-2 have been identified. These 
peptides were characterized by homology to known cellular proteins. 
Immunoprecipitation and affinity chromatography were used to 
confirm that matched proteins interact with PS-1 and PS-2. We suggest 
that identification of binding molecules which have different affinity 
for wild type and mutant FAD presenilins will delineate metabolic 
pathways which are involved in FAD pathogenesis.
Supported by NIH, Alzheimer’s Association and American Health 
Assistance Foundation.

443.6
PreseniIin-2 couples with the signal transduction system of the RAGE receptor. 
B. Wolozin* . P. Alexander. D. Stem, A.M. Schmidt and S, D. Yan. Dept. of 
Pharmacology, Loyola University Chicago Medical Center, Maywood, IL 60153. 
Both Presenilin-2 (PS2) and the RAGE receptor have been implicated in Ap-mediated 
cell death. Cells expressing the RAGE receptor are more sensitive to the toxic effects 
of AP, while cells expressing PS2 have an increased tendency to undergo apoptosis in 
when treated with Ap. However, the relationship between the signal transduction 
pathway utilized by RAGE and that utilized by PS2 is unknown. We now show that 
PS2 can couple with the signal transduction pathway mediated by RAGE during AP 
stimulation. To analyze this issue we transfected RAGE cDNA into PC 12 cells to 
generate a line of PC 12 cells stably expressing the RAGE receptor and compared the 
AP-mediated response to that of a vector transfected control PC 12 cell lin. The MTT 
and TUNEL assays were used to analyze the responses to Ap. After treatment AP, 
both cell lines show toxicity, as shown by the MTT assay. The control cell line also did 
not undergo apoptosis, as shown by the TUNEL assay at any concentration, while the 
RAGE transfected cells showed an apoptotic response only at the highest concentration 
of Ap. Transfection of wildtype PS2 into the control cell line increased the amount of 
apoptosis in control PC 12 cells at 10 pM AP, although no changes in apoptosis were 
evident at doses of Ap below 10 pM. In contrast, PS2 transfected RAGE-PCI 2 cells 
showed up to 3- fold increases in the amounts of apoptosis at all concentrations of Ap 
examined (0.3-10 pM). The ability of PS2 to stimulate RAGE expressing cells to 
undergo apoptosis in response to 0.3 and 1 pM AP, which are doses at which control 
cells do not show an apoptotic response, indicates that RAGE can couple with the PS2' 
signal transduction mechanism. This suggests that the two proteins may work together 
in mediating cell death in response to Ap.

443.7

ASSOCIATION OF PRESENILIN 1 WITH NEUROFIBRILLARY 
TANGLES. A, Takashima1*, T. Yamada2. O, Muravama1. T. Honda1, 
M. Muravama1. K. Yasutake1, H. Takahashi1, S. Song1, G. Michel1, M
Mercken1 S. Sugihara3, H, Yamaguchi4 Mitsubishi Kasei Institute of
Life Sciences1, 11 Minamiooya, Machida-shi, Tokyo 194, Department of 
Internal Medicine, Fukuoka University2, Department of pathology, 
Gunma Cancer Center3, College of Medical Care and Technology, 
Gunma University4.

Alzheimer's disease is a progressive neurological disorder, 
characterized by the accumulation of amyloid B (AB) protein in senile 
plaques and paired helical filaments (PHF) composed of hyper 
phosphorylated tau in neurofibrillary tangles (NFT). From genetic 
linkage studies of familial Alzheimer's disease (FAD), presenilin 1(PS1) 
on chromosome 14 was cloned, and the majority of cases of early-onset 
familial Alzheimer's disease are explained by mutations in PS 1. The 
recent studies using transgenic mouse and stable transfectants of mutants 
PSI have been shown to increase the extracellular concentration of AB42, 
which may explain the formation of senile plaque. To exam the other 
possible functions of PSI on AD pathogenesis, we inspected 
immunohistochemically the localization of PS 1 in AD brain, using well 
characterized mouse monoclonal antibodies for human PSI. The 
antibodies MKAD3.4 and MKAD3.7 reacts 2 nonoverlapping epitopes 
on N-terminal hydrophilic tail of PSI. Both antibodies showed almost 
identical staining patterns. In AD brain, the antibodies revealed 
immunopositive structures (NFTs and neuropil thread). These NFTs 
were intraneuronal, and a ghost tangle was detected rarely. Dystrophic 
neurites in plaques were not clearly labeled by these antibodies. These 
results suggest that PSI may be involved in not only the formation of 
senile plaque but also that of NFTs.

443.8
NUCLEAR LOCALIZATION AND FUNCTION OF THE PS-1 and 
PS-2 FAMILIAL ALZHEIMER'S DISEASE GENES. J. Li*, J. 
Ma , M. Xu. H. Zhou, and H. Potter. Department of 
Neurobiology, Harvard Medical School, 220 Longwood 
Avenue, Boston, MA 02115, U.S.A.

We and others have identified an FAD gene on chromosome 1 
(termed AD4, STM-2 or PS-2) encoding a seven-transmembrane 
domain protein very similar to that encoded by AD3 (on chromosome 
14, termed S182 or PS-1) in structure and sequence. Both of these genes 
harbor mutations that cause inherited Alzheimer's disease at an early age. 
They are expressed in a variety of tissues, including brain, with different 
distribution and in differently spliced forms. The presence of the seven 
transmembrane domains and several cdc2 kinase target motifs of the 
form S/TPXX in the PS-1 and PS-2 proteins suggested to us that they 
may reside in the nuclear membrane and be involved in gene expression 
and/or in linking chromatin to the nuclear membrane. Indeed, 
immunocytochemistry places the PSI and PS2 proteins in the nuclear 
envelope as well as at their sites of synthesis and processing, the 
endoplasmic reticulum and Golgi. By immunoflourecence using 
antibodies against the N-terminal and the loop of both PS-1 and PS-2 
proteins, they are colocalized with proteins involved in chromosome 
segregation. Furthermore, the cdc2 kinase phosphorylates the N- 
terminus of PS2. The effect of the presenilins on chromosome 
segregation is being investigated as is their potential to cause 
chromosome nondisjunction.

Society  for  Neuroscience , Volume  23,1997



1118 ALZHEIMER’S: PRESENILIN III TUESDAY AM

443.9
SYNAPTIC LOCALIZATION OF PRESENILINS (PS 1 & 2) AND (3-APP 
ISOFORMS ((3-APP 695 & 751/770) IN THE RAT CEREBELLUM AND 
HIPPOCAMPUS. C. Ribaut1, S. Moussaoui2, B, Brugg3, A.M Haeberle1, G. 
Huber4, A. lmperato2, N, Delhaye-Bouchaud3,1. Marian? & Y. Bailly1 *.
1 Laboratoire de Neurobiologie Cellulaire, UPR 9009 CNRS, 67084 Strasbourg, 
France, 2 Rhone-Poulenc Rorer, F-94403 Vitry sur Seine, France , 3 URA 1488 
CNRS, Univ. P. & M. Curie, Paris, France, 4 Hoffmann-La Roche F°, Basel, 
Switzerland.

An interaction between neuronal (3-amyloid precursor protein isoforms (|3APP) 
and presenilins (PS) is thought to be a physiological event crucially sensitive to 
genetic as well as to non-genetic factors that lead to neurodegeneration and 
amyloid deposition in Alzheimer’s disease (AD). Ultrastructural 
immunocytochemistry locates these molecules at the asymmetrical synapses of 
cerebellar and hippocampal neurons in the brain of healthy rats. From postnatal 
day 15 to adulthood in the cerebellum, the four molecules locate in equal amounts 
of either presynaptic or postsynaptic compartments of the parallel fiber-Purkinje 
cell synapses. According to their hemisynaptic distribution, (3-APP and PS 
proteins could drive reciprocal relationships between Purkinje cells and granule 
cells. Differently, the two proteins are mostly postsynaptic in the dendrites of 
hippocampal neurons which display also higher vulnerability than cerebellar 
neurons to AD neurodegeneration. The excitatory synapses are thus subcellular 
sites where PS and (3-APP could interact in central circuits. A defect in such a 
synaptic interaction could impair the trophic functions of (3-APP at excitatory 
synapses resulting in the synaptic loss that accounts specifically for cognitive 
deficits in AD.

443.10
Modulation  of  APP metabolism  by  Presenilin -2 Derivatives
A. Weidemann. K. Paliea. U. Difrrwane. F. B. M. Reinhard. C. Czech1. G. Evin*2,
C. L, Masters2 and K, Bevreuther. Zentrum flir Molekulare Biologie Heidelberg, 
ZMBH, INF 282, 69120 Heidelberg, Germany; 'Rhone-Poulenc Rorer, Vitry-sur- 
Seine, France; 2Dept. of Pathology, University of Melbourne, Parkville, Victoria 
3052, Australia.

Mutations in the presenilin-1 (PSI) and presenilin-2 (PS2) genes are associated 
with early onset familial Alzheimer's disease leading to increased accumulation cf 
BA4 peptide, the amyloid component proteolytically derived from the amyloid 
precursor protein (APP). To test whether presenilins interfere with APP metabolism, 
PS2 was coexpressed with APP in mammalian cell lines. Analysis of presenilin-2 
immunoprecipitates revealed that a fraction of APP was associated with PS2 
immunocomplexes. This non-covalent association was selective for APP and 
homologues and was predominant for the immature forms of APP occuring probably 
during transit through the endoplasmic reticulum (ER). In order to characterize the 
interacting domain(s), a set of PS2 deletion mutants was created and analyzed for 
complex formation with APP. The N-terminal part of PS2 was found to be sufficient 
to mediate interaction with APP. In contrast to full-length PS2, some PS2 deletion 
mutants preferentially coprecipitated APP which was posttranslational highly 
modified suggesting that these PS2 derivatives were able to leave the ER and to 
interact with APP in later compartments of the secretory pathway. Analysis of the 
conditioned media from APP/PS2 transfected cells revealed that coexpression of PS2 
results in a decreased secretion of APP. Furthermore, proteolytic conversion of APP 
can be modulated in different ways depending on the coexpressed PS2 derivative. 
These data confirm the direct participation of presenilins in the intracellular sorting, 
trafficking and processing of APP molecules. Supported by SmithKline Beecham, 
UK.

443.11
EXPRESSION OF PRESENILIN 1 AND AMYLOID PRECURSOR 
PROTEIN IN HIPPOCAMPUS OF IBOTENIC ACID LESIONED RAT
T.Kudo’*, H.Tanimukai1, K.Sato2, M.Tohvama2,I.Grundke-Iqbal3, K.Iqbal3,
M.Takeda1. ’Dept. of Neuropsychiatry, 2Dept. of Neuroanatomy, Osaka 
Univ. Med. Sch.,Osaka, JAPAN, 3NYS State Inst, for Basic Research in 
Developmental Disabilities, Staten Island, NY 10314.

The majority of early onset familial Alzheimer disease (AD) cases appears 
to be due to mutations of presenilin 1 (PSI). Neither the normal role of the 
PSI gene product nor its pathophysiology in AD are understood. In order to 
understand the role of PSI and amyloid precursor protein (APP) in 
neuronal degeneration, ibotenic acid was injected into the right 
hippocampus of adult male Sprague-Dawley rats and brains were processed 
at either 3, 18, 24, 72 hours post-injection. In situ hybridization with 
oligoprobes for PSI and APP showed that these signals of pyramidal layer 
of lesioned hippocampus remained until 18 hours. However it showed that 
the PSI and APP signals of pyramidal cells were lost in the lesion at 24 
hours but that they were recovered somewhat at 72 hours. H&E staining 
and immunostaining with anti-MAP2 antibody of the hippocampus at 24 
and 72 hours revealed that MAP2 positive pyramidal cells vanished in the 
lesion. Immunostaining with anti-GFAP antibody showed that pyramidal 
cells were replaced with GFAP positive astroglia at 24 and 72 hours. These 
observations show that reactive astroglia may show some expression of PSI 
and APP mRNA during neuronal degeneration. It suggests the role of PSI 
and APP to neuronal degeneration.

443.12
CHARACTERISATION OF THE INTERACTION OF THE ALZHEIMER-ASSOCIATED 
PROTEINS PRESENILIN 2 AND AMYLOID B-PROTEIN PRECURSOR. R.D. Moir, G.W, 
Rebeck P-M„ Romano, D.E. Merriam, A-G, Crowley, B.A, Sorqghan*, A.|.,Bu.§huR. Qappai, C.L
Masters, T-W, Kim, W, Wasco and R.E. Tanzi Genetics and Aging Unit, Department of 
Neurology, Massachusetts General Hospital, Building 149,13th St, Boston, MA 02129.

Familial Alzheimer's disease mutations in both the amyloid 13-protein precursor 
(APP) and presenilin 2 (PS2) genes are associated with increased production of 
AB1-42 peptide, the principle component of (3-amyloid deposits in Alzheimer's disease. 
While altered proteolytic sensitivity may cause the pathology associated with 
mutations in APP, the mechanism for increased A(3 depositions in patients with PS2 
mutations is unknown. It is possible that APP and PS2 bind in vitro and that this 
interaction is critical for directing APP towards non-amyloidogenic catabolic 
pathways.

Our studies suggest that APP binds PS2 under physiological conditions. Several 
different experimental systems were used to investigate this binding. The source of 
PS2 in all experiments was transfected cell lines that allowed suppression or 
induction of PS2 expression by addition or removal of tetracycline from culture 
media. APP and PS2 were observed to co-immunoprecipitate from detergent 
extracts of transfected cells over-expressing PS2. Extracts from cells incubated 
with cross-linking agents contained immunoprecipitatible, high molecular weight 
complexes immunoreactive with both anti-APP and anti-PS2 antibodies (see 
abstract by Merriam et al.). Two solid phase ELISA assays systems were also 
developed and used to study the interaction of APP and PS2 in vitro. For the first 
assay APP was bound to the solid phase and incubated with solublised PS2. For the 
second assay solubilised APP was incubated with immobilised PS2. Both assays 
suggested that PS2/APP complexes can form at physiologically relevant 
concentrations.

[Supported by grants from NIA and NINDS]

443.13
Regulation of Amyloid Precursor Protein by Presenilin-1. W. 
Song, H. Hartmann, C, Wong, Z. Zhang and B.A. Yankner*. Dept. 
of Neurology, Harvard Medical School and Division of
Neuroscience, The Children’s Hospital, Boston, MA 02115.

Mutations in presenilin-1 (PSI), a major genetic cause of early-onset familial
Alzheimer’s disease (FAD), increase production of the 42 amino acid form of 
amyloid (3 protein (A/3). However, the mechanism by which PSI alters the 
processing of amyloid precursor protein (APP) is unknown. To determine whether 
PSI mutations affect the level of APP, we performed Western blot analysis for 
APP on temporal lobe samples from seven individuals from three different FAD 
families with PSI mutations (G209V, H163R and C410Y) and six age- and 
postmortem interval-matched controls. Absolute levels of APP were significantly 
reduced in all FAD cases (P<0.01). Western blot analysis for PSI using 
antibodies to the N-terminus and C-terminal loop showed that levels of the 
predominant N- and C-terminal PSI fragments were not significantly different in 
FAD and control cases. To determine whether APP interacts with PSI, 
immunoprecipitation-Westem blot analysis was performed. Immunoprecipitation 
with the N-terminal PSI antibody followed by Western blotting with APP mAb 
22C11 showed a single APP band at about 100 kD in COS cells co-transfected 
with APP and PSI expression vectors. Immunoprecipitation with MAb 22C11 
followed by Western blotting with the PSI Ab showed high molecular weight 
bands corresponding to the aggregated PSI N-terminal products. Association of 
APP with PSI was observed in cells co-transfected with PSI and APP, but not in 
cells transfected with either alone, or in untransfected cells. These results suggest 
that the level of APP is decreased in cases of PSI-associated FAD. This decrease 
may reflect increased APP degradation, which may predispose to increased 
production of A/3. Supported by NIH, Alzheimer’s Association and Novartis Ltd.
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444.1
ILLUSIONS OF TIME. P.Brown and J.C.Rothwell*. MRC Human Movement and 
Balance Unit, London WC1N 3BG, U.K.

A kitchen clock or a watch has a second hand that ticks silently every second. On 
shifting one’s gaze to the clock, it sometimes appears as if the second hand takes a 
good deal longer than normal to move on to the next second. The illusion is that the 
clock has stopped transiently and then re-starts after a short interval. The experiments 
described here are designed to investigate the mechanisms of this illusion. A 
numerical LED display, mimicking a digital watch was placed out of the field of view 
of the subject 60 degrees to the right of the fixation point. Five subjects were asked to 
make self-paced saccades every few seconds from the fixation point to the display 
and report whether the time taken for the display to change to the next number was 
longer or shorter than the time between subsequent changes. The electro-oculogram 
and the time of change were recorded. Whenever saccades began just after the change 
in the display then the interval to the next change was reported as normal. In contrast, 
the time to the next change was reported as long when saccades started 100 to 300ms 
before the display changed. Under these circumstances it appeared as if subjects 
extended the duration of their percept of the display (which began only when the eyes 
alighted on target) back to the onset of the saccade. The effect was lost if an audible 
tick was heard when the LED display changed but, if the change in the LED was 
accompanied instead by a very weak electric shock to the forefinger, then this too was 
perceived as occurring at the beginning of the saccade. Thus both visual and 
somatosensory perceptions could be extended back in time. The effect was lost if the 
strength of the finger shock was increased. We conclude that voluntary movement can 
influence perception of time. Such an effect would be important in ensuring that 
cross-modality stimuli are perceived simultaneously, as in delivery of a tennis stroke.

444.2
SUBJECTIVE TIME FLOW: EFFECTS OF PRE-OPERATIVE 
MEDICATION AND GENERAL ANESTHESIA. S.R. Hameroff*12,
S.L. Novak1 , S. Yang1, and J. Lachter 2 Departments of 
Anesthesiology1 and Psychology2, The University of Arizona 
Health Sciences Center, Tucson, AZ 85724.

Subjectively, time appears to flow. We investigated drug effects 
on the rate of time flow in 25 surgical patient volunteers. A laptop 
computer was programmed for two tests: Test 1. Press space bar 
"once per second" for ten seconds. Test 2. Observe precise one per 
second flashes for ten seconds—then repeat Test 1 (assesses 
learning and memory). Tests were done before and after 50 
micrograms fentanyl and one milligram midazolam ("buzzed") and 
following general anesthesia ("groggy"). Test 3. After general 
anesthesia patients were asked "how long did it seem like you 
were under anesthesia?" Results (mean +/- S.E.M), statistical

“Normal” “Buzzed” “Groggy”
Test 1 1.34+/-.03 sec 1.03+/-.03 sec 1.49+/-.06 sec
Test 2 1.08+/-.05 sec 1.15+/-.05 sec 1.49+/-.06 sec

Actual Time Subjective Time
Test 3 108+/-19 min 13.6+/-5 min
Discussion: Test 1: When "buzzed" internal world speeds 

up/external world slows (a "rush"). When "groggy" external world 
speeds (internal world slows). Test 2: Learning occurred only when 
patients were normal. Test 3: Internal world slowed or stopped in 
the absence of consciousness.

Conclusion: Subjective time flow correlates with mental state.

444.3
VARYING ATTENTIONAL LOAD PRODUCES DIFFERENT 
FMRI TASK RESPONSE FUNCTIONS IN OCCIPITOPARIETAL 
CORTEX AND FRONTAL EYE FIELDS J, Culham. P, Cavanagh.
N. Kanwishcr, J. Intriligator, & K. Nakavama*. Dept. of Psychology, 
Harvard, Cambridge MA, 02138 (culham@wjh.harvard.edu).

Several neuroimaging studies have examined stimulus response 
functions, that is, the increase in activation with increasing stimulus 
intensity (e.g., rate, contrast). We extended this approach to examine 
task response functions, the increase in activation with increasing task 
intensity. This method offers advantages over subtraction methods 
which are highly dependent on the control task taken as the baseline.

Seven subjects viewed 9 "bouncing balls" moving smoothly in 
random directions while functional MRI images were collected. At the 
start of each epoch, a variable number of target balls (0-5) turned red for 
2 sec., then reverted to green. For the next 13 sec., subjects used 
attention (while fixating) to track the previously-indicated targets which 
were otherwise indistinguishable from the non-targets. Regions of 
interest were predefined either by activation in a separate motion 
localizing run or by activation in the most extreme subtraction, 5 balls - 
0 balls. In motion areas (e.g., MT/MST) and the superior parietal lobule 
(intraparietal and postcentral sulci), activation increased linearly with the 
number of attended balls. In the frontal eye fields, activation increased 
sharply between 0 and 1 ball but showed gain for additional balls. These 
results suggest the frontal eye fields play a different role, perhaps related 
to the suppression of eye movements during covert attention tasks. 
Further, they provide an example of how increasing task intensity may 
be used to evaluate the functional role of different regions involved in a 
task. Supported by: NIH EY09258 to PC and NIH MH56037 to NGK

444.4
FMRI STUDY OF VENTRAL AND DORSAL PREFRONTAL ACTIVATION 
AS A FUNCTION OF TARGET PROBABILITY B, J. Casey. S. D. Forman. C. 
Kye*, R. D. Badgaiyaik.P,.L..Franzsnx,,.S. W. King , A. B, Schubert, T, S,
Braver, and D. C. Noll. Univ. of Pittsburgh Med. Center, Pittsburgh, PA 15213. 

Traditionally, dorsal and ventral prefrontal cortex have been associated with two
distinct processes: memory and inhibition, respectively. However, an alternative 
view is that prefrontal cortex is organized by representations and not by function. An 
interpretation that may bring these two theories together is one in which stimulus 
information (e g., verbal and spatial) is supported by dorsolateral prefrontal cortex, 
while response information (e g., to inhibit a response or not) is supported by more 
ventral regions. This study examined prefrontal activity as a function of the 
probability of a nontarget during a version of a go-nogo paradigm. It was assumed 
that high probabilities of the nontarget stimulus would weight the importance cf 
representing the stimulus set, while low probabilities of the nontarget would weight 
the importance of the response. The task consisted of the subject responding to any 
sequentially presented letter except X. The probability of a nontarget (i.e., X) 
oscillated between 10 and 60% in 120 second cycles consisting of 120 - 1 second 
trials. Eight subjects were scanned using a gradient-echo, echo planar imaging 
sequence (TR = 5000, TE = 40, 128 X 64 acquisition matrix, 4 mm contiguous 
coronal slices). The data were analyzed by collapsing trials into three different 
nontarget probabilities: high, mid, and low probability. A 5 (runs) X 3 
(probabilities) ANOVA with a contiguity threshold of 3 contiguous pixels and p < 
.05 revealed reliable bilateral activation in both dorsolateral (middle and superior 
frontal gyri) and ventral prefrontal (orbital and inferior frontal gyri) cortices across all 
subjects. Posthoc analyses revealed that for high, mid, and low nontarget 
probabilities the mean percent differences in MR signal intensity were 1 03%, 0%, 
and -1.02% for dorsal prefrontal regions and -2.2%, 0%, and 2.3% for ventral 
prefrontal regions. The results are consistent with the view of the organization cf 
prefrontal cortex by representations, whereby stimulus information is supported by 
dorsolateral regions and response information is supported by more ventral regions. 
Supported by NIMH grant # KOI MHO 1297.

444.5
HIGH-DENSITY EVOKED-POTENTIAL RECORDINGS REVEAL ACTIVE, 
INTERMODAL ATTENTION-SWITCHING PROCESSES.
Foxe, J.J. L2, Simpson, G.V.1 , Ahlfors, S.P. f Saron, C.D.1 and Hrabe, J.1
1 Depts. Neurol and Neurosci., Albert Einstein Coll of Med, New York
2Dept. of Psychology, Iona College, New Rochelle, New York 

This study involved cueing subjects on a trial by trial basis (stimulus 1-(S1)) to
attend a specific sensory modality. One second after SI, subjects received a 
compound auditory/visual stimulus (stimulus 2-(S2)), and performed an oddball task 
in the SI-cued modality. Since subjects simultaneously received both stimulus types 
on all S2 trials, the information content in the Si’s must necessarily have been used in 
order to perform the correct oddball task. Evoked-potential recordings from 9 subjects 
were obtained from 128 scalp sites, respectively. The cue-stimuli were the visually 
presented words “BEEP”, “FLASH” and “PAUSE”. Preliminary analyses of evoked- 
potential waveforms and current-source-density (CSD) maps in the S1-S2 period 
reveal a series of activity modulations that reflect the active process of switching 
attention to the cued modality. Exogenous components N70, Pl and N1 show no 
differences but three distinct modulations appear from 240-270 ms, 340-430 ms and 
from 730 ms to the onset of S2 at 1000ms. This pattern of effects is consistent across 
subjects but added modulations are seen for individual subjects, perhaps reflecting 
different strategies for achieving the appropriate attention switch. The first 
modulation (240-270) is characterized by an added positivity to the “BEEP” cue, 
which may reflect the process of disengaging attention from the visual cue in 
preparation for engaging auditory attention. An added positivity in left occipito-
temporal channels to the “FLASH” stimulus from 340 to 430 ms, may reflect priming 
of relevant cortical areas for the upcoming visual oddball task. Lastly, a sustained 
negativity, prominent in central sites is significantly more negative for “FLASH” than 
“BEEP”. Source-analyses will better characterize the cortical areas involved in this 
attention-switching process. (NS27900-GVS, MH11431-JJF)

444.6
THE ROLE OF RIGHT PREFRONTAL CORTEX IN SELECTIVE 
ATTENTION STUDIED WITH H215O PET G.REES*. C.D.FRITH 
Wellcome Dept. of Clinical Neurology, Institute of Neurology, London, U.K.

We have previously demonstrated right prefrontal activation during selective 
attention to stimulus attributes in a stream of visual information [Rees, Science 1997, 
275,835-8]. Prefrontal activation was also demonstrated when subjects were presented 
with concurrent streams of auditory and visual information, and attended to the 
auditory information [Frith & Friston, Neuroimage 1996, 4;210-5]. We therefore 
combined within-stream and between-stream attentional manipulations to investigate 
the role of prefrontal cortex in selective attention.

Six subjects were presented with a stream of visual and auditory information 
in the form of single letters at fixation or binaural spoken letters, whilst undergoing 
H215O PET imaging. In separate scans, subjects were asked to attend to either 
auditory or visual streams (between-stream factor), and classify the letters within that 
stream on the basis of either identity (specific target letter) or intensity (gray scale or 
volume). Rate of presentation of the letters (0.2,0.6 or 1.1 items/sec) was varied as a 
third factor. This is a 2x2x3 factorial design, with subjects undergoing one scan for 
each combination of tasks and rate. Data analysis used SPM96.

Activity in right prefrontal cortex correlated strongly with decreasing stimulus 
presentation rate. There was a significant interaction (p<0.05 corrected for multiple 
comparisons) between presentation rate and whether attention was directed to the 
auditory or visual streams [Tailarach 18,26,62; Z=4.91], located within right BA8. In 
addition, activity in right dorsal BA8 showed an interaction between the within- 
stream (identity/intensity) and between-stream (auditory/visual) attentional factors 
[Tailarach coordinates 4,42,58; Z=3.77] These areas are distinct from the frontal eye 
fields, which are located more dorsally in humans within area 6 [Paus, 1996].

The presence of an interaction between the two attentional factors indicates 
that there is a process common to both factors that is expressed in prefrontal cortex. 
We suggest that right BA8 in humans may be functionally specialised for certain 
aspects of the control of selective attention. [Supported by the Wellcome Trust]

Society  for  Neuroscience , Volume  23,1997



1120 COGNITION: ATTENTION—EXECUTIVE, CONTROL, INTERFERENCE AND INHIBITION TUESDAY AM

444.7
CONVERGING EVIDENCE FROM EEG AND PET THAT PREFRONTAL AND 
SUPERIOR PARIETAL REGIONS ARE INVOLVED IN THE EXECUTIVE 
CONTROL OF TASK SWITCHING
E. J, Lauber*. D. E. Meyer. J, E. Evans, and R. A. Koeppe.
Department of Psychology, University of Georgia, and Departments of Psychology 
and Nuclear Medicine, University of Michigan.

Our previous PET work has localized the brain regions involved in shifting 
one’s mental set between two simple cognitive tasks to prefrontal and superior parietal 
regions. However, limitations in experimental design, and the poor temporal resolution 
of PET, have limited our interpretations of the PET data. Our new studies, employing a 
32-channel scalp EEG system, have allowed us to infer when the cortical regions 
identified by the PET data are active in the course of a trial, as well as permitted us to 
conduct several small variations of the original experiment without the tremendous cost 
associated with PET. For example, we are now confident that the left-dominant 
activation asymmetry observed in the original PET experiment is not due to the fact that 
we required our PET subjects to respond with only their right hand. EEG current 
source density and spline-interpolated voltage plots show nearly identical scalp 
activation patterns when subjects use either their right or left hands (excluding the 
period when an actual motor response is required). The EEG data have also allowed us 
to infer that the prefrontal regions are active during the inter-trial interval when subjects 
are shifting their mental set, and the superior parietal regions are active when subjects 
are engaged in response-rule activation and response selection for the current task 
(made more difficult because of the task switching paradigm). This research program 
demonstrates the utility of multi-method, converging sources of data in cognitive 
neuroscience. Our presentation will be supplemented by several behavioral (cognitive 
psychology) experiments that support our functional interpretations of the executive 
processes involved in task switching..
Support provided by a Univ. of Georgia Research Foundation and the General 
Clinical Research Center, Univ. of Michigan Medical Center

444.8
PARAMETRIC ANALYSIS OF A STROOP ACTIVATION STUDY 
IMPROVES SENSITIVITY FOR DETECTING ACTIVITY IN THE 
ANTERIOR CINGULATE. S. F. Taylor, S. Komblum. I. Liberzon*, R, A. 
Koeppe. S. Minoshima. Dept. of Psychiatry & Int. Med/Nuc Med., Univ. of 
Michigan Med. Ctr., Ann Arbor, MI, 48109-0118.

Activation studies have localized interference processing to the anterior 
cingulate cortex (ACC) for the Stroop task, in which subjects must name the 
letter color for words which spell colors different from the color-to-be-named. 
Stroop activation experiments have generally employed the technique of 
cognitive subtraction, i. e. using a comparison task, such as naming color 
patches, to obtain a difference image to localize Stroop-specific CBF changes. 
However, with the PET technique, we found, along with other laboratories, 
inconsistent activation in the ACC, depending upon the comparison condition 
employed. We report here a novel parametric analysis, in which we derive a 
correlation map between reaction time (RT) and blood flow. Twelve subjects 
performed 3 tasks, twice: naming the color of letter-like figures ("false font"), 
naming the letter color of non-color words, and naming the letter color of Stroop 
words. Qualitative CBF images were acquired, and image arrays were 
normalized and anatomically-standardized with non-linear, automated warping 
routines. For each subject, we derived a voxel-by-voxel map of correlation 
coefficients between RT and relative CBF for each condition. We performed a 
Z-transformation on this map, and then pooled the Z-maps across subjects to 
normalize the distribution of Z-scores. Maximum positive correlation occurred 
in the rostral ACC, where a subtraction analysis revealed only a weak activation 
focus for the Stroop - non-color words comparison, and not the Stroop - false 
font difference image. Increasing tracer activity with increasing RT in the 
ACC implicates this region in the Stroop task, with greater sensitivity than a 
standard subtraction analysis.

Supported by a grant from the Scottish Rite Schizophrenia Research 
Program.

444.9
FINDING THE TIME COURSES OF SPATIALLY INDEPENDENT ACTIVATIONS 
IN fMRI DATA DURING STROOP AND CONTROL TASKS 
M.J. McKeown*, S. Makeig, T-P. Jung, G.G. Brown, S.S.Kindermann, T.J. 
Sejnowski, Computational Neurobiology Lab., Salk Institute for Biological Studies, 
La Jolla, CA 92037 and VA Medical Center, La Jolla, CA 92161.

Most techniques for analyzing fMRI data make detailed a priori assumptions 
about the expected time courses of fMRI signal changes during the performance of 
sequential psychomotor tasks. However, the effects on the recorded fMRI signals 
of habituation of task performance, changes in processing strategies or artifacts are 
not typically known in advance.

We used the new statistical method of Independent Component Analysis (ICA) to 
analyze fMRI data recorded from four normal subjects performing a Stroop color-
naming task, a short-term memory distracter task, and control tasks. Without a 
priori assumptions about the time courses of fMRI signal changes, ICA completely 
decomposed the fMRI data into 142 components for each trial. Each component 
consisted of spatially independent activation patterns and an associated time course. 
When applied to the Stroop data, ICA found only one component with a square- 
wave time course of activation closely matching the experimental/control task block 
design and with associated spatial regions highly overlapped with those found by 
standard correlational analysis. Details of the time course of this task-related 
component were reproduced across task blocks within subjects but differed between 
subjects. Other components had time courses that transiently followed the 
experimental block design, were slowly varying, or were related to movement and 
machine artifacts.

ICA provides a powerful tool to explore the factors composing the fMRI data 
without making a priori assumptions about their time courses. ICA appears to be 
more sensitive than correlational analysis for observing task-related changes, and 
allows for more flexible task designs.

Research supported by the Heart and Stroke Foundation of Ontario and the 
Howard Hughes Medical Institute.

444.10
THE ROLE OF NUCLEUS ACCUMBENS SUBTERRITORIES 
IN LATENT INHIBITION. I, Weiner, J, Feldon and G. Gal. Dept. 
of Psychology, Tel-Aviv University, Tel-Aviv, Israel 69978. <ENA)

Latent inhibition (LI), namely, retarded conditioning to a 
previously nonreinforced stimulus, is disrupted in amphet-
amine-treated rats and acute schizophrenic patients. To 
investigate the role of the nucleus accumbens (NAC) in this 
phenomenon, electrolytic lesions were made to the shell or 
core subterritories of the NAC in one experiment, and to the 
shell or to both shell and core subterritories in another. Using a 
conditioned emotional response procedure in rats licking for 
water, it was shown that lesions to the shell abolished LI, 
whereas lesion to the core as well as the combined shell-core 
lesion, left LI intact. These results demonstrate a functional 
dissociation within NAC with respect to LI, and suggest that in 
the intact brain shell is necessary for LI expression whereas 
core is necessary for LI disruption.

This research was supported by a grant from the Ministry of 
Science and The Arts - Israel, and the Commission of the 
European Community.

444.11
THE EFFECTS OF APOMORPHINE INFUSION INTO THE 
mP.FC ON LATENT INHIBITION, PREPULSE INHIBITION 
AND SPONTANEOUS AND AMPHETAMINE-INDUCED 
ACTIVITY. J. Feldon*, I. Weiner and L.M. Broersen. 
Behavioural Biology Lab, Swiss Federal Institute of 
Technology, CH-8603 Schwerzenbach, Switzerland.

Latent inhibition (LI), i.e., retarded conditioning to a previously 
nonreinforced stimulus, and prepulse inhibition (PPI), i.e. 
reduced startle amplitude to an intense stimulus by a preceding 
non-startling stimulus, share numerous characteristics, 
including the operation of presumed "gating" mechanisms, 
dependence on the mesolimbic dopaminergic system, and 
impairment in individuals with schizophrenia and "high 
psychosis" scores. We investigated in rats the effects of the 
infusion of the direct dopaminergic agonist apomorphine into 
the medial prefrontal cortex (mPFC) on the phenomena, as well 
as on spontaneous and amphetamine-induced activity. 
Apomorphine infusion reduced spontaneous locomotor activity 
and blocked amphetamine induced hyperlocomotion, 
consistent with reduced subcortical DA activity. LI and PPI 
were differentially affected by the infusion: PPI was disrupted 
while LI was left intact. These results dissociate between the 
two phenomena, and suggest that PPI disruption following 
systemic apomorphine administration may be mediated by the 
mPFC rather than subcortical DA mechanisms.

Supported by the Swiss NF and the ETH Zurich.
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445.1

IDENTIFICATION OF SEX-SPECIFIC QUANTITATIVE TRAIT LOCI 
ASSOCIATED WITH NOCICEPTIVE SENSITIVITY AND ANALGESIA. 
J.S. Mogil*, S.P. Richards, L.A. O’Toole, M.L. Helms, S.R. Mitchell, B. Kest, 
and J.K. Belknap. Dept. of Behavioral Neuroscience, Oregon Health Sciences 
University, Portland, OR 97201.

Growing evidence supports the notion that sensitivity to pain, and to the 
modulation of pain, is strongly affected by genetic background and sex. For 
instance, mice of the inbred DBA/2 (D2) strain exhibit latencies on the 54°C 
hot plate (HP) that exceed those of C57BL/6 (B6) mice by >40%. In addition 
to well-documented quantitative differences, male and female mice exhibit 
neurochemically-distinct analgesic responses to swim stress. We have 
hypothesized previously that female mice possess a sex-specific stress-induced 
analgesia (SIA) mechanism. This finding has been replicated and extended by 
ourselves and others, but the neurochemical basis of the female-specific SIA 
mechanism remains unknown. To investigate the genetic bases of such 
phenomena, we performed quantitative trait locus (QTL) mapping studies for 
basal 54°C HP latency and SIA induced by 3-min forced swims in 15°C water, 
using BXD recombinant inbred strains and F2 hybrids both derived from B6 
and D2 progenitors. For both traits, a sex-specific QTL was identified. A 
putative QTL on chromosome 4 (50-80 cM) was found that is statistically 
associated with basal HP latency in male, but not female mice. A large QTL 
on chromosome 8 (52-73 cM) was found that accounts for >20% of the trait 
variance in SIA in female, but not male mice. The HP latency QTL maps to 
the same region as Oprd, the gene encoding the mouse 5-opioid receptor, and 
we provide pharmacological evidence supporting this gene as the QTL. No 
obvious candidate gene exists as yet for the female-specific QTL, but its 
existence can be taken as further evidence for sex-specific modulation of 
nociception. Supported by NINDS (JSM) and the VA (JKB).

445.2
ARE THERE PURINOCEPTORS ON INTACT SENSORY NEURONS? 
M.J, Stebbing%_P..,Sah.and.KMxMcLa,ch.lan* Prince of Wales Medical 
Research Institute, High St. Randwick, NSW 2031, Australia.

P2X purinoceptors have been suggested to participate in transduction of 
painful stimuli in nociceptive neurons. Dissociated dorsal root ganglion 
(DRG) neurons respond to both adenosine triphosphate (ATP) and a-p- 
methylene-ATP with EC-50 values of around lgM. Activation of any 
subtype of purinoceptor has yet to be demonstrated on intact sensory 
neurons. In the current experiments, ATP (ImM), a-P-methylene-ATP 
(10-30gM) and capsaicin (lOnM-lgM) were each applied to neurons 
impaled with high resistance microelectrodes in rat dorsal root ganglia (L4 
and L5) isolated in vitro together with the sciatic nerve and dorsal roots. 
Only 2 of 17 neurons with slowly conducting axons (C cells) showed 
evidence of P2X purinoceptor mediated responses. Only 1 of 12 cells 
which were tested and responded to capsaicin (putative nociceptors), and 
none of 17 cells with rapidly conducting axons (A cells), responded to the 
purinergic agonists. Acutely dissociated DRG neurons were patch clamped 
using a potassium based internal solution. Of 22 cells studied, all except 3 
responded to either ATP or a-p-methylene-ATP (both lOOgM), most with 
an inward current. The sample included both large and small diameter 
cells. Our data suggest that in sensory neurons, purinoceptors may be 
unmasked by dissociation.
Supported by the NH&MRC of Australia.

445.3
INHIBITORY EFFECTS OF LAMOTRIGINE ON ACTION POTENTIAL 
FIRING IN RAT SENSORY NEURONS IN VITRO
X.M, Xie*. V.H. John and D.J. Trezise Neurosciences Unit, GlaxoWellcome 
Medicines Research Centre, Stevenage, Hertfordshire SGI 2NY, U.K.

Lamotrigine (LTG, Lamictal) is a novel anticonvulsant drug with Na+ channel 
blocking properties. It has recently been shown that LTG exhibits analgesic effects 
both in a variety of animal models and in man {Pain 63:33, 1995; Br. J. Clin 
Pharmacol. 39:549P, 1995). However, the cellular and molecular mechanisms 
underlying these effects are poorly understood. In the present study, we have used 
whole cell patch clamp techniques to examine the actions of LTG on membrane 
excitability in rat dorsal root ganglion (DRG) neurons.

Current-clamp recordings were made from acutely dissociated rat (3-4 week old) 
DRG neurons of small diameter (15-25pm). Cell resting membrane potentials ranged 
from -47 to -62mV and input resistance values from 8O-3OOmQ. Trains of action 
potentials were evoked by supramaximal current injection (0.15-0.60nA) for 800ms. 
In control conditions, the mean number of spikes per train was 11.6+1.6 and 
accommodation was observed in 3 out of 9 cells. LTG (lOOgM) had little effect on the 
latency to the first spike in a train (control 8±lms compared to LTG 10±2ms; n=6) 
and produced a modest reduction in the amplitude of this initial action potential 
(104±2mV compared to 89±4mV). There was a marked inhibition of the later spikes 
and the number of spikes per train was reduced to 9.0±2.4 and 4.3±1.3, in the 
presence of 30 and lOOgM LTG, respectively (n=5-6). However, LTG did not 
enhance the amplitude or duration of the after hyperpolarisation.

The preferential effect of LTG to inhibit the later spikes in a train of action 
potentials is consistent with our voltage-clamp data which shows voltage-and use- 
dependent inhibition of Na+ channels by LTG in these neurons {Neuroscience Soc. 
Abs 22: 33.3). It is possible that the attenuation of high frequency firing of nociceptive 
neurons by LTG contributes to the analgesic effects observed in vivo.

445.4
MECHANISMS MEDIATING PRODUCTION AND 
MAINTENANCE OF PERIPHERAL OPIOID TOLERANCE AND 
DEPENDENCE. K.O.AIev* and J.D.Levine. OMFS, University of 
California, San Francisco, SF, CA 94143-0440

We evaluated the mechanisms mediating the production and 
maintenance of tolerance and dependence to peripheral g-opioid 
antinociception for DAMGO inhibition of prostaglandin E2-induced 
mechanical hyperalgesia in the hindpaw of the rat.

DAMGO-induced tolerance was prevented by N°-Methyl-L-Arginine, 
(nitric oxide synthase inhibitor), but not by chelerythrine (PKC 
inhibitor), 2’5’ dideoxy adenosine (ddA, adenylyl cyclase inhibitor), or 
TMB-8 and Quin-2 (calcium chelators). DAMGO tolerance was 
reversed by ddA, TMB-8 and Quin-2, but not by chelerythrine, or 
NMLA. Naloxone-precipitated hyperalgesia in DAMGO-tolerant paws 
was prevented by chelerythrine, but not by NMLA, ddA, TMB-8, or 
Quin-2. Naloxone-precipitated hyperalgesia in DAMGO-tolerant paws 
was reversed by chelerythrine, ddA, TMB-8 and Quin-2 but not by 
NMLA. These results suggest that different mechanisms mediate the 
development and maintenance of tolerance and dependence in the 
peripheral antinociceptive effect of DAMGO. Nitric oxide is involved in 
the initiation of DAMGO-induced peripheral tolerance, whereas adenylyl 
cyclase and calcium-dependent mechanisms play a role in its 
maintenance; protein kinase C plays a role in the initiation of naloxone- 
precipitated withdrawal hyperalgesia, PKC, adenylyl cyclase and 
calcium-dependent mechanisms contribute to the maintenance of this 
state. Calcium-dependence appears to be a common mechanism for the 
maintenance of both tolerance and naloxone-precipitated withdrawal 
hyperalgesia. Funded by NIH Grant NS21647

445.5
EFFECTS OF THE SELECTIVE, N-TYPE CALCIUM CHANNEL 
BLOCKER, SNX-111, ON THE DEVELOPMENT OF TOLERANCE 
TO SPINAL MORPHINE ANALGESIA IN RATS. Y.-X, Wang*. M. 
Pettus. R. Luther. S.S. Bowersox Department of Pharmacology, Neurex Corporation, 
Menlo Park, CA 94025.

To explore whether blockade of spinal N-type voltage-sensitive calcium channels 
(VSCCs) alters the development of tolerance to morphine analgesia, the interactions of 
SNX-111, a selective blocker of N-type VSCCs, and morphine were studied in rat 
models of thermal nociception (hot-plate and tail immersion tests).
Four groups of rats (n=7 each group) were administered saline (1 gl/hr), SNX-111 (30 

ng/hr), morphine (15 gg/hr), or the combination of SNX-111 (30 ng/hr) and morphine 
(15 gg/hr) by continuous, constant-rate intrathecal infusion for seven days. Behavioral 
response latencies to acute, noxious thermal (heat) stimuli were measured once or twice 
daily before, during, and after the infusion period. The acute (0-3 hrs after infusion) 
antinociceptive effects of a single intrathecal bolus injection of morphine (20 gg) were 
deteimined two days after terminating spinal infusions.

Intrathecal infusion of 30 ng/kg SNX-111 produced modest (hot-plate) or negligible
(tail immersion) increases in thermal response latencies; morphine produced moderate 
antinociceptive effects that declined in magnitude during the seven day infusion period. 
Co-administration of SNX-111 and morphine produced antinociceptive effects that 
greatly exceeded those produced by either compound alone. SNX-111 did not, however, 
prevent the development of morphine tolerance nor did it alter subsequent 
responsiveness to acute, intrathecal bolus injection of 20 gg morphine.

These results show that spinal co-administration of SNX-111 and morphine act 
synergistically to produce analgesia in rat models of acute, thermal nociception. SNX- 
111 treatment does not, however, prevent the development of morphine tolerance.

445.6
THE ANTI-PROINFLAMMATORY CYTOKINES IL-10 AND IL-IRA 
INCREASE THE POTENCY OF MU OPIOIDS MORPHINE AND DAMGO IN 
MORPHINE TOLERANT AND NON-TOLERANT MICE. C.A. Fairbanks*1 
L.S, Stone2. Kelley F, Kitto1, and George L, Wilcox L A Apartment of 
Pharmacology, Akaduate Program in Neuroscience, •’Dept. of Cell Biology and 
Neuroanatomy. University of Minnesota, Minneapolis, MN, U.S.A. 55455

The present experiments sought to test whether the anti-proinflammatory 
cytokines, IL-10 and IL-1 receptor antagonist (IL-lra) exerted an effect on the 
development and/or expression of morphine tolerance.

Antinociception was detected via the warm water (52.5° C) tail flick test. Subjects 
were intrathecally pretreated with IL10 or IL-lra or vehicle 12-18 hours before 
injection of the morphine toleragen. Acute tolerance to morphine was induced in 
male ICR mice (15-20g) either by intrathecal (i.t.) injection of morphine (40 nmol) 
or by systemic (100 mg/kg, s.c) injection of morphine. When the animals tail flick 
latencies had returned to baseline levels subjects were challenged either with 
morphine (0.2, 0.6, 2, 8, 15, 20 nmol, i.t.) or DAMGO (0.1, 0.3, 1, 3 nmol, i.t.).

I Pretreatment with IL-ra or IL 10 (followed by morphine toleragen) appeared to 
shift the morphine dose-response curve rightward relative to that of animals made 
acutely tolerant to intrathecally administered or systemically administered morphine. 
H Pretreatment with IL-ra or IL10 (followed by morphine toleragen) appeared to 
shift the DAMGO dose-response curves rightward compared to that of animals made 
acutely tolerant to intrathecally administered or systemically administered morphine 
HI Pretreatment with IL-ra or IL 10 (followed by saline) appeared to shift both the 
morphine and DAMGO dose-response curve rightward compared to that of animals 
treated with saline as controls for the morphine-treated subjects in I and II.

The evidence presented here supports a role for these cytokines in the 
enhancement of morphine antinociception and/or prevention of the expression of 
morphine tolerance. (Supported by NIH/RO1-DA-01933 & NIH/RO1-DA-04274 
to GLW and ADAMHA training grant T32A07234 awarded by NIDA supports 
CAF)
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445.7

CSF LEVELS OF MORPHINE METABOLITES AFTER CONTINUOUS INTRATHECAL 
MORPHINE INFUSION: A CASE STUDY. D. Som, G.C. Dennis, H. James, and O. 
Dehkordi*. Dept. of Neurosurg., Howard Univ. Col. of Med., Washington, DC 20059.

The following case presentations review a preliminary investigation of the 
concentrations of intrathecal morphine metabolites in seven cancer patients receiving 
intrathecal morphine sulfate through an implanted Infusaid pump for the control of 
intractable pain. Morphine-3-glucuronide (M3G) and morphine-6-glucuronide 
(M6G), the two primary metabolites of morphine, were measured and associated with 
the quality of analgesic relief. Through a retrospective review of patient charts, the 
clinical conditions, percentage of pain relief, medications, and the progression of 
disease for each patient were assessed. In addition, samples of CSF were collected 
through pump reservoirs in series with the morphine intrathecal catheter, at the 
beginning of treatment and at the time of each morphine pump refill. The specimens 
were then stored at minus 70° and later analyzed for morphine metabolites by a 
Hewlett-Packard gas chromatograph with a 5970, p-mass selective detector. The 
clinical courses of all 7 patients were associated with the presence of both M6G and 
M3G in the CSF, with a higher concentration of M3G being associated with poor 
analgesia and a higher morphine dose. In one patient with high levels of M3G, an 
associated hyperalgesia occurred. Furthermore, higher ratios of M6G to M3G were 
also associated with better analgesia. These data support that M3G may act as an 
inhibitor of analgesia in patients who undergo intrathecal morphine therapy. High 
concentrations of M3G in patients in relation to the M6G levels may also be related to 
polymorphism in individual glucuronosyl transferase enzymes, in addition to the more 
favorable blood brain barrier transport of M6G compared to M3G, resulting in the 
accumulation of M3G in the CSF in four of these patients. The M3G and M6G levels 
in the CSF of patients undergoing intrathecal morphine therapy should be followed in 
those patients who require escalating doses of morphine, or when hyperalgesia occurs. 
When the M3G is greater than the M6G level these patient should have a drug holiday 
and other analgesics used. (Supported by Intramedics Infusaid Inc. Grant No. 9414).

445.8
NMDA AND GABA„ RECEPTORS CONTROL SUBSTANCE P RELEASE 
ASSESSED BY NEUROKININ, RECEPTOR INTERNALIZATION IN 
SPINAL CORD SLICES. J. C. Marvizon*, E. F, Grady, V. Martinez, E. 
Stefani, N. W. Bunnett and E. A. Mayer. CURE: Dig. Dis. Res. Ctr., Dept. of 
Medicine, UCLA, Los Angeles, CA 90073.

Spinal neurons that transmit pain are modulated by glutamate and substance P 
(SP). We assessed activation of neurokinin, receptors (NK,Rs) by studying their 
internalization in spinal cord slices using immunohistochemistry and confocal 
microscopy. Incubation with SP induced internalization in most NK,R-positive 
dorsal horn neurons, which was abolished by the NK,R antagonist L-703,606 (1 
pM). NK,R immunoreactivity returned to the membrane 30 min after the 
elimination of SP. High frequency (100 Hz) stimulation of the dorsal root with long 
duration (0.4 ms) pulses, which stimulated Ad- and C-fibres, induced NK,R 
internalization in neurons in lamina I of the stimulated side of the slice, but not in 
the contralateral side or in other laminae. This internalization was abolished by L- 
703,606 (5 pM), indicating that it was due to the release of endogenous SP. 
Stimulation at lower frequencies (1 and 10 Hz) or with short duration pulses (0.1 ms 
at 100 Hz) did not elicit internalization. Internalization produced by the 100 Hz 
tetanus was mimicked by NMDA (100 pM) and blocked by the NMDA antagonist 
AP-5 (50 pM), indicating that SP release is controlled by NMDA receptors. The 
AMPA receptor antagonist CNQX (5 pM) failed to inhibit the internalization 
produced by 100 Hz stimulation. Since excitatory neurotransmission in the dorsal 
horn is mediated by AMPA receptors, this observation indicates that SP was 
released from primary afferents and that the NMDA receptors controlling its 
release are presynaptic. GABA (100 pM) and baclofen (10 pM) inhibited the 
internalization produced by 100 Hz stimulation. Hence, NMDA and GABAb  
receptors have opposing roles controlling SP release from primary afferents. 
Supported by NIH grants DK40919, DK48351, DK43207 and DK41301.

445.9
INHIBITION OF SEROTONIN SYNAPTOSOMAL UPTAKE IN TRAMADOL 
TREATED RATS. P. Giusti, A, Buriani*, A. Contarino and M. Lipartiti. 
Dipartimento di Farmacologia, Universita di Padova, Largo Meneghetti 2, 35131 
Padova, Italy.

Tramadol-induced analgesia is believed to be mediated by central opioid as well as 
non-opioid mechanisms. Tramadol (Tm) is known to inhibit in vitro 5-HT and 
norepinephrine uptake in synaptosomal preparations. This effect might contribute to 
the antinociceptive action of Tm, by potentiating monoaminergic transmission of 
descending pain controlling fibers. The aim of the present study was to correlate Tm 
effects on 5HT synaptosomal uptake with its antinociceptive potency, also in 
comparison with other classical opioids. Rats were treated with Tm, morphine (Mo) 
or methadone (Me) and the ED50 values of the drugs were evaluated using the hot 
plate test, in order to identify the effective doses for antinociception of each drug. 
[3H]-5-HT uptake was first examined in rat cortical synaptosomes prepared from 
animals acutely treated with the antinociceptive ED50 and ED90 doses of Tm, Mo or 
Me. In other experiments 5-HT uptake was measured following a challenge dose 
administered after chronic (15 days) treatment with the drugs. Hot plate 
antinociceptive ED50 values were found to be: 31mg/Kg for Tm, 4.3mg/Kg for Mo 
and 3.5mg/kg for Me. Cortical synaptosomal uptake of 5-HT after 31mg/Kg Tm 
acute administration was inhibited by 38%, while neither Mo nor Me acute treatment 
significantly affected 5-HT-uptake, when used at their ED50 values. Me was effective 
only when used at a higher dose (ED90 value, i.e. 35mg/Kg). The inhibitory activity 
of Tm was maintained also after chronic administration of the drug, while the weaker 
effect of Me was lost with the same treatment schedule. The results allow a 
correlation between Tm-induced antinociception and its inhibition of 5-HT uptake, 
an effect not seen after equipotent doses of the other opiates tested. The Tm effect is 
maintained even after prolonged drug treatment, suggesting that Tm might hold 
potential for chronic treatment of pain disorders.

445.10

CANNABINOID RECEPTORS IN THE PERIAQUEDUCTAL 
GRAY CONTRIBUTE TO THE EXPRESSION OF A9-THC- 
INDUCED ANTINOCICEPTION. A.H. Lichtman* P.O. Box 
980613, Dept. Pharmacology & Toxicology, Medical College of 
Virginia-Virginia Commonwealth University, Richmond, VA 23298.

It has been previously demonstrated that the antinociceptive effects 
of systemically administered A9-THC and other cannabinoids are 
mediated by spinal and supraspinal components of action. Although 
intracerebral administration of cannabinoids into the periaqueductal 
gray (PAG) produces antinociception, it is unknown whether 
cannabinoid receptors in this brain area play an important role in the 
expression of cannabinoid-induced antinociception. In the present 
study, the selective cannabinoid antagonist, SR141716A, was 
employed to assess whether cannabinoid receptors in the PAG 
contribute to the antinociceptive effects of intravenously administered 
A9-THC. Male Sprague Dawley rats, implanted with cannulae aimed 
at the PAG, were given intracerebral injections of SR 141716A (20 
(tg) or DMSO vehicle, followed by an intravenous injection of A9- 
THC (1 mg/kg). Each subject was assessed for nociception in the 
tail-flick test to radiant heat and catalepsy in the ring immobility test. 
Whereas intracerebral administration of SR141716A partially 
attenuated the antinociceptive effects of A9-THC (from 100 ± 0 to 72 
± 5.6 %MPE, it failed to block significantly the cataleptic effects of 
A9-THC. These results suggest that cannabinoid receptors in the PAG 
partially contribute to the antinociceptive effects of systemically 
administered A9-THC. Supported by NIDA grants DA-08387 and 
DA-03672.

TRAUMA II

446.1

PATTERNS OF IMMEDIATE EARLY GENE PROTEIN EXPRESSION 
FOLLOWING NONPENETRATING vs PENETRATING HUMAN 
TRAUMATIC BRAIN INJURY. J.M. Sail, S.A. Dutcher, F.G. Diaz, P.D. 
Walker and D.B. Michael*. Departments of Neurological Surgery and 
Anatomy & Cell Biology, Wayne State University School of Medicine. 
Detroit, Ml 48201.

Immediate early gene (IEG) expression represents important signal 
transduction, linking alterations in genomic transcription to various environmental 
signals. In the nervous system, lEGs (e.g. c-Fos, Zif/268 and c-Jun) operate as 
transient “molecular switches” affecting the expression of late response genes 
for neuronal survival, synaptic organization and intercellular communication. If 
cell stimulation is severe enough to produce prolonged IEG expression, neuronai 
demise may occur. The purpose of this study was to characterize various IEG 
protein levels after nonpenetrating (e.g. subdural hematoma, contusion) and 
penetrating (e.g. gun shot wound, depressed skull fracture) traumatic brain injury 
(TBI). Specimens were collected during craniotomy for TBI. Consent was 
obtained in accordance with hospital policy and DHSS regulations (45CFR46) 
Control tissue was brain biopsy tissue obtained to rule out vasculitis, later 
determined to be histologically normal. Total protein was isolated and subjected 
to Western analysis. Additional specimens were processed for 
immunohistochemistry. Both types of TBI demonstrated elevated levels of c-Fos 
and Zif/268. Elevated levels of IEG protein were detected as early as 2.5hrs 
post-injury with certain cases demonstrating elevated levels days to weeks 
following the initial insult. These results suggest the degree of IEG expression 
is due to multiple factors. Type of TBI; severity; time interval between injury and 
biopsy; and location of biopsy relative to point of maximal injury may all 
contribute to the IEG response measured after TBI. Supported by the Detroit 
Medical Center Fund for Medical Research and Education, the L. Murray Thomas, M.D 
Fund and NIH NS30550 (P.D.W.).

446.2
EFFECTS OF CORTICAL IMPACT INJURY PLUS HYPOTENSION ON GENE 
EXRESSION. S. Zeiller, D. Awasthi*, M.E, Carey. R.W, Beuerman, D.Nguven, 
J.S.Sobloskv. L. Colgin Depts. of Neurosurgery & Ophthalmology, LSUMC New 
Orleans, LA 70112.

Hypotension associated with traumatic brain injury (TBI) complicates and prolongs 
functional recovery which is dependent on a cascade of molecular events. We have 
used the results from a behavioral model, developed by Soblosky et al, as a basis to 
examine gene expression after TBI with and without hypotension.

Sprague-Dawley rats were anesthetized and a craniectomy was performed. An air 
piston traveling at 5 m/s induced the injury over the right sensory-motor cortex. 
Hypotension was achieved by cannulating the jugular vein and removing 5ml of 
blood for 20 min. Cortical tissue from the site and contralateral (Ctla) to the site of 
injury was harvested at 0,15,30, and 120 min. Total RNA was extracted and a gene- 
screen assay was used to analyze for the expression of c-fos, c-jun, egr-1, trk-B, FGF- 
1, and PBGF|3-R. p-actin was used as an internal control.

Rats that underwent TBI plus hypotension showed markedly increased gene 
expression with different temporal patterns, egr-1 and trk-B showed a transient 
increase reaching maximum levels at 30 minutes which was 5-fold higher than the 
site of injury. At the site of injury, egr-1 and trk-B steadily increased and by 120 min 
had attained levels higher than the maximal values achieved by the (Ctla) site. FGF- 
1, PDGF3-R, and TNF-a were measured at 30 and 120 min with the (Ctla) site 
showing higher expression at 30 min whereas, the site of injury showed higher 
expression at 120 min. TBI alone showed only moderate increases at both sites with 
a similar temporal expression pattern.

TBI plus hypotension resulted in a pronounced genetic response that involves both 
cerebral hemispheres. The delay in gene expression at the site of injury may in part 
contribute to the prolonged or less functional recovery.

Supported by DAMD17-93-V-3013 and DAMD 17-93-3008
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446.3
ANALYSIS OF GENE EXPRESSION IN SINGLE CELLS FOLLOWING 
TRAUMATIC BRAIN INJURY. D.M. O’Dell1*, R. Raghupathi1 P.B. 
Crino2, J.H. Eberwine2., and T.K. McIntosh1 Dept. of Neurosurgery1 and 
Pharmacology2, Univ. of Pennsylvania , Philadelphia, PA 19104.

Cell death is a prominent sequelae following injury to the central nervous 
system (CNS). A reliable method of identifying dying or degenerating 
cells is the TUNEL (terminal deoxynucleotidyl-transferase-mediated 
biotin-dUTP nick end labeling) technique which labels single and double 
stranded DNA breaks. Cells labeled by TUNEL have been documented 
following a variety of CNS insults including traumatic brain injury (TBI). 
To investigate the molecular events that may contribute to cell death 
following TBI, we used TUNEL to label dying cells and aRNA 
amplification to examine gene expression changes in injured, cortical 
neurons. Rats were subjected to lateral fluid percussion brain injury and 
sacrificed at 12 hours post-injury. Sections were labeled with TUNEL and 
individual neurons were aspirated from the injured cortex ipsilateral to the 
impact site. Using reverse transcriptase, the mRNA from cells was 
transcribed into cDNA after annealing an oligo-dT primer containing a T7 
RNA polymerase promoter site to poly (A) mRNA. The mRNA was then 
amplified and radiolabeled with 32PCTP and used to probe reverse 
Northern (slot) blots which contained candidate cDNAs. Expression of the 
mRNA for various genes including GABAa  receptor subunits (B,, B2) and 
enzymes (GAD 65), were detected in TUNEL-positive cells. We are 
currently comparing changes in mRNA levels from dying and healthy 
cells. These experiments may provide insight into the events that 
contribute to the pathophysiology of cell death and/or cell survival in the 
injured brain. Furthermore, the successful amplification of mRNA in 
TUNEL-positive cells has widespread application to the study of cell death 
in other neurological insults and disease. Supported by NIH RO1- 
NS26818, NIH P01-NS08803, and a Merit Review Grant from the 
Veterans Administration.

446.4
GLIAL GENOMIC RESPONSE AND PROTEIN SYNTHESIS AFTER 
INJURY OF RAT BRAIN CORTEX. D.M, Hermann, G. Mies* and K.- 
A. Hossmann. Max-Planck-Institute for Neurological Research, Dept. of 
Expt. Neurology, Gleueler StraBe 50, D-50931 Cologne, Germany.

The effects of a transcranial cold injury of the cerebral cortex on glial 
responses were studied at Id (n=5), 3d (n=5) and 7d (n=7) post-injury 
employing in situ hybridization, immunocytochemistry, 3H-leucine auto-
radiography, TUNEL staining and behavioral examination. All lesions 
were sharply limited and confined to the somatosensory cortex. Behav-
ioral deficits in sensory and motor control as well as a reduction in motor 
activity were observed after injury, but gradually recovered with time. 
Tissue edema was most prominent at Id and resolved within 7d post-
injury. At Id post-injury, a large number of TUNEL positive profiles, but 
only a few apoptotic bodies, were detected in the cortical tissue. TUNEL 
profiles were mainly located in necrotic cortical areas as confirmed by 
cresyl violet staining. In contrast, no TUNEL staining was seen in corti-
cal tissue at 3 and 7d post-injury. At Id, pronounced expression of gfap 
mRNA and GFAP was found in the injury-remote ipsilateral cortex and 
subcortical white matter. A discrete increase of overall protein synthesis, 
which was observed in the ipsilateral cortical tissue, might be attributed to 
astroglial activation. At 3 and 7d, GFAP expression was elevated mainly 
in the cortical tissue neighboring the lesion, paralleled by a transient 
reduction of protein synthesis to 60% of control at 3d. At 7d, protein 
synthesis rate returned to basal levels due to a compensatory increase of 
proliferating glial cells. Our data show that glial activation but not apop-
tosis is a prominent feature of peri-lesion pathology and that alterations of 
overall protein synthesis are intimately associated with this process.

Supported by the "BMBF" of the German government (Grant 01K09508/0).

446.5
Delayed posttraumatic degeneration is potentiated by NMDA receptor 
antagonists in the infant rat brain.
D, Pohf P. Bittigau. P. Lang. M. Pohl, J. Vockler, W A. Turski*1, C. Hubner and
C. Ikonomidou Dept. Ped. Neurology, Humboldt University, Berlin, Germany, and 
1 Institute of Agricultural Medicine. Dept. Clinical Toxicology, Lublin, Poland.

NMDA receptor antagonists were among the first drugs shown to ameliorate 
traumatic brain damage. We tested the effect of two NMDA antagonists, MK-801 
and CPP, on delayed posttraumatic degeneration in the infant rat brain. Seven day 
old Wistar rats were subjected to mechanical injury to the right parietal neocortex 
under general anesthesia. The trauma device consisted of a 40 cm long cylinder 
which guided a 10 g weight to fall onto a footplate (diameter 2 mm) which rested 
on the infant skull. A force of 160g/cm was chosen to produce the brain contusion. 
After a 24 hr survival period animals were subjected to transcardial perfusion. The 
brains were processed according to the DeOlmos cupric silver staining protocol. 
Widespread lesions were visualized in various brain regions, the frontal, parietal, 
cingulate and retrosplenial neocortices, the mediodorsal caudate, various thalamic 
nuclei and the subiculum, mainly ipsilaterally to the site of impact. Densities of 
degenerating cells were calculated using the stereological method of optical 
dissector. MK-801 (0.5 mg/kg given i.p. every four or every eight hours for 24 hrs, 
1st dose 1 hr after trauma) potentiated damage in all affected brain regions in a 
dose-dependent fashion. A similar effect was seen following application of CPP (15 
mg/kg i.p. in 3 separate doses at 50 min intervals followed by 15 mg/kg i.p. every 8 
hrs; 1st dose 1 hr after trauma). TUNEL staining revealed that MK-801 or CPP 
significantly potentiated densities of TUNEL positiv profiles in all affected areas. 
These results demonstrate that in the infant rat brain NMDA receptor antagonists 
have a unique ability to potentiate delayed posttraumatic injury'. The mechanism is 
not clarified yet but may reflect the ablity of NMDA receptor antagonists to 
potentiate trauma-triggered apoptosis. Supported by BMBF grant TPA3, 01K09515

446.6
POTENTIAL INTERACTION BETWEEN GROUP I METABOTROPIC 
GLUTAMATE RECEPTORS AND NMDA RECEPTORS IN 
MECHANISMS OF POSTTRAUMATIC NEURONAL DEATH. 
A.G.Mukhin*, S.A. Ivanova, and A.I.Faden. Georgetown Institute 
for Cognitive and Computational Sciences, and Dept. of Neurology, 
Georgetown University Medical Center, Washington DC 20007.

Traumatic injury to central nervous system leads to the activation of 
NMDA receptors (NMDAR) and group I metabotropic glutamate 
receptors (mGluR), resulting in neuronal death. Data from recent 
publications suggest that positive modulation of NMDAR by group I 
mGluR may be a mechanism by which these mGluR contribute to post-
traumatic neuronal death. To address this issue, we compared the 
effects of activation or inhibition of group I mGluR on post-traumatic 
neuronal death in the presence or absence of an NMDAR antagonist 
MK-801, using an in vitro trauma model. Trauma was delivered to 
18 DIV rat brain neuronal-glial cultures by a punch producing 
28 parallel cuts; neuronal death was assessed as LDH release 
(see Mukhin et al., J. Neurosci., 1996, 16, 6012-20). Significant 
neuroprotection by group I mGluR antagonists (UPF 523 lOOfiM and 
4CPG 30pM) was observed either in the presence or absence of 10 pM 
MK-801, which nearly completely blocked NMDAR. In addition, 
group I mGluR agonist-induced exacerbation of injury (DHPG 20pM) 
was significantly, but incompletely, reduced in presence of 
10 pM MK 801. These results are consistent with hypothesis that 
activation of group I mGluR contributes to neuronal injury through two 
distinct mechanisms, one mediated via NMDAR modulation, and the 
other independent of such modulation. In addition, these results suggest 
that group I mGluR antagonists may have therapeutic potential.

446.7
PROINFLAMMATORY CYTOKINE LEVELS IN SERUM AND 
CEREBROSPINAL FLUID AFTER TRAUMATIC BRAIN INJURY. R.L. Sutton*, 
J. Wang, C. Erickson and G.L. Rockswold, Departments of Surgery and Medicine, 
Hennepin County Medical Center, Minneapolis, MN 55415

Several prior studies indicate that individual cytokine levels increase in either serum 
or CSF after traumatic brain injury (TBI), but measures of multiple cytokines within 
both serum and CSF of TBI patients have been seldom reported. Since 
proinflammatory cytokines can act in an additive and/or synergistic fashion, we 
utilized enzyme-linked immunoassays to determine levels of interleukin-1 beta (IL-1), 
IL-6 and tumor necrosis factor-alpha (TNF) in cerebrospinal fluid (CSF) and serum 
of 11 patients over the first 5 days after TBI (Mean GCS = 6.2, range = 3-9). 
These proinflammatory cytokines were also determined in serum of 45 healthy 
volunteers and in CSF obtained from 5 patients without TBI (diverse etiology, with 
negative CSF cultures).

With exception of IL-1 levels in CSF, cytokine levels (pg/ml) in serum and CSF 
compartments from Days 1 to 5 after TBI were significantly (p’s <0.05) increased 
relative to control values. For TBI patients, the peak levels of IL-1 and percentage 
of patients with IL-1 levels in excess of control values (bold print) were observed on 
Day 3 in serum (246+216 vs 20+4; 54.5% of patients exceeding control values) and 
on Day 4 in CSF (84447 vs 83447; 22%). IL-6 levels in serum also peaked on Day 
3 (192+.76 vs 26+2; 81.8%) but were maximal on Day 1 postTBI in the CSF 
(475+.173 vs 10+0; 100%). Peak TNF levels after TBI occurred on Day 2 in serum 
(391 + 151 vs 50+3; 81.8%) and on Day 4 in CSF (131+70 vs 10±0; 44.4%).

The overlapping and/or simultaneous increase of these 3 proi nfl ammatory cytokines 
in both CSF and serum may aggravate some pathological processes after TBI. 

Support: Minneapolis Medical Research Foundation

446.8
QUINOLINIC ACID IS INCREASED IN CSF AND ASSOCIATED WITH 
MORTALITY AFTER TRAUMATIC BRAIN INJURY IN HUMANS E.H.Sinz*. 
P.M.Kochanek. M.P.Heves. M.Bell. S.Wisniewski. R.S.B.Clark, S.T.DeKoskv.
A.R.Blight. D.W.Marion Safar Center for Resuscitation Research, University of 
Pittsburgh, Pittsburgh, PA, 15260; National Institute of Mental Health, Bethesda, MD, 
20892; University of North Carolina, Chapel Hill, NC, 27599.

Quinolinic acid (QUIN) is a tryptophan-derived NMDA agonist produced by 
macrophages and microglia. Concentrations greater than lOOnM may be associated 
with neurologic injury seen in several inflammatory diseases of the CNS. We tested 
the hypothesis that QUIN concentration would be increased in human CSF following 
traumatic brain injury (TBI), and that this increase would be associated with mortality. 
We also sought to determine if therapeutic hypothermia reduced CSF QUIN in human 
TBI. Over 200 CSF samples were collected from ventricular catheters in 39 patients 
(16-73 years old) during the first week after severe TBI (GCS<8). As part of an 
ongoing study, patients were randomized to hypothermia (32°C) or normothermia 
(37°C) treatment groups for 24h. Patients received standard neuro-intensive care. 
QUIN was measured by mass spectrometry. Univariate and multivariate analyses were 
used to compare CSF QUIN concentrations with age, gender, GCS, time after injury, 
mortality, and treatment (hypothermia vs. normothermia).

CSF QUIN peaked at 463±128nM (meaniSEM) 72-83h after TBI. QUIN 
concentration was increased 10-50 fold in many patients (normal range 15-30nM). 
There was a powerful association between time after injury and increased QUIN 
(p<0.00001). QUIN was higher in patients who died than in survivors (p=0.003). Age, 
gender, GCS, and treatment (32°C vs 37°C) did not correlate with QUIN. These data 
reveal a large increase in QUIN following TBI in humans and raise the possibility that 
QUIN may contribute to secondary damage. Surprisingly, CSF levels of this delayed 
inflammatory metabolite were not affected by 24h of therapeutic hypothermia. 
Supported in part by: NIH 5P50 NS30318-05 and the Charles Schertz Fellowship for Research
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446.9
THE METABOLIC MAP OF LEARNING IN THE MORRIS WATER MAZE: 
INTERACTIONS OF DEVELOPMENT AND TRAUMATIC BRAIN INJURY 
M L. Prins* and D, A. Hovda
UCLA School of Medicine,Div of Neurosurgery, Los Angeles, CA 90095 

To assess the metabolic map of spatial learning following traumatic brain injury
(TBI), qualitative [14C]2-deoxy-D-glucose (2DG) studies were conducted while 
animals were performing in a Morris water maze (MWM). Adult, postnatal day 28 
(P28) and P17 rats were given a moderate lateral fluid percussion injury or sham 
surgery7 and were trained on the MWM for 14 days. On days 2,5, and 14, animals 
were given 2DG (16.5/<Ci/100g, i.p.) during training, sacrificed at 45 min, the brains 
processed for autoradiography and the cortical/hippocampal optical density ratios 
were calculated. Adult, P28 and P17 sham animals all exhibited decreasing ratios as 
they learned the MWM task (% decrease: adult: 7.8; P28: 7.7; P17: 9.6), suggesting 
a shift from cortex to hippocampusduring learning. Injured adults showed longer 
escape latencies compared to shams and during this period the injured hemisphere 
showed optical density ratios 9.2% below shams. P28 injured rats also showed 
longer latencies during the first 5 days of training, but were eventually able to reach 
sham level performance. The optical density ratios for injured P28s were depressed 
compared to shams at day 2 by 10 %, but were not different at day 5 or 14. Both the 
adult and P28 injured animals showed deficits in MWM performance and neither 
displayed the shift from cortexto hippocampus. Injured P17s showed no escape 
latency deficits in the MWM compared to age-matched controls and the cortical to 
hippocampal shift was similar (7.5%) compared to shams (9.6%) as they learned the 
task. These results suggests that the TBI induced metabolic depression may interfere 
with the cortical to hippocampal shift associated with the normal spatial learning and 
that the younger brain may be more resistent to this disruption.
Supported by: NS27544

446.10
INTERSTITIAL ACCUMULATION OF PURINE METABOLITES AFTER 
TRAUMATIC BRAIN INJURY (TBI) IN HUMANS: EVIDENCE FOR 
ENERGY FAILURE DURING JUGULAR VENOUS DESATURATION. M.J. 
Belk* C.S. Robertson. P.M. Kochanek. J.C. Goodman. S.P, Gopinpath. J.A. Carcillo.
R.S.B. Clark, D.W. Marion. Z. Mi. E.K. Jackson. Safar Center for Resuscitation 
Research, University of Pittsburgh Brain Trauma Research Center, Pittsburgh, PA 
15260 and Dept. of Neurosurgery, Baylor College of Medicine, Houston, TX 77030

Jugular venous oxygen saturation (SjvO2) is monitored after TBI. A threshold of 
<50% is suggested as a marker of inadequate oxygen delivery since desaturations 
below this level are associated with increased mortality rate1 and increases in brain 
interstitial lactate and glutamate concentrations2. We hypothesized that energy failure 
occurs during SjvO2 desaturations (<50%) resulting in accumulation of purine 
degradation products of ATP (adenosine, inosine, hypoxanthine, xanthine) in brain 
interstitial fluid. We studied six patients after severe TBI who suffered a SjvO2 
desaturation while undergoing cerebral microdialysis. Microdialysis samples were 
collected (30 min epochs) during the desaturation period and during periods with 
normal SjvO2. Purine levels were measured by HPLC. Mean concentrations of 
metabolites during each time period were calculated for each patient. Adenosine and 
xanthine were increased 2-5 fold during desaturation periods vs periods of normal 
saturations (median, [25- 75 percentile]; 382 nM, [204- 982] vs 142 nM, [131- 175] 
and 26,081 nM, [9568- 44257] vs 5903 nM [3643- 12094], respectively, both p <
0.03, Signed Rank). Hypoxanthine and inosine were not significantly different.

The marked increase in adenosine and xanthine levels, end-products of ATP 
breakdown, in the brain interstitial fluid during SjvO2 desaturations is strong evidence 
for energy failure during these episodes. Accumulation of xanthine also suggests a 
possible role for free-radical mechanisms after these episodes. These data support 
aggressive treatment of jugular venous desaturation (<50%) episodes, 'j Neurol 
Neurosurg Psych 57:717, 1994; 2J Neurotrauma 12:891, 1995. Support NS30318 & NS27616

446.11
Traumatic Brain Injury Disrupts Intrinsic Vasomotion 
Oscillations. G. K. Wong*, D. A. Hovda, and A. W. Toga. Laboratory of 
Neuroimaging, Department of Neurology, Brain Research Institute, Division of 
Neurosurgery, UCLA School of Medicine, Los Angeles, CA 90095.
Introduction: Previous work using Optical Intrinsic Imaging (OIS) has begun to 
address blood flow and metabolism questions in the area of traumatic head injury 
Wong et al. (Society for Neruoscience, Abs. 743.15, 1996). Through OIS, real time 
characterization of vascular and metabolic responses to traumatic head injury has 
been monitored twenty-four hours following varying degrees (mild, moderate and 
severe) of lateral fluid percussion (LFP) injury. Research published by Mayhew et 
al. (Neuroimage vol.4 #3 1996) determined that a 0.1 Hz intrinsic vasomotion 
background signal can be detected using OIS, and laser doppler. The experiments 
described here illustrate that traumatic brain injury (TBI) results in dramatic 
disruption of this 0.1 Hz intrinsic vasomotion, by altering the amplitude and 
frequency or suppressing the signal entirely.
Results: Pre-Injury OIS maps illustrated normal physiological coupling between 
whisker induced neuronal activation and a corresponding increase in blood volume 
changes within neuronally activated regions. Pre-injury maps also detected a weak 
0.1 Hz background vasomotion. A decrease of upto eighty-five % was seen in the 
peak OIS signal intensities for pre vs post injured rats with severly injured rats 
illiciting the largest decreases in OIS signal magnitude. These experiments also 
showed alterations of the intrinsic vasomotion amplitude and frequency twenty-four 
hours following mildly (n=2), and moderately (n=3) injured rats with complete 
suppression of the signal in severely injured (n=2) rats.
Grant Support: NS32308, Lind Lawrence Foundation, MH/NS520831.

446.12
DETECTION OF DEATH-REGULATORY PROTEINS AFTER TRAUMATIC 
BRAIN INJURY IN HUMANS. RSB Clark*, PM Kochanek, DW Marion, M Chen, J 
Chen, and SH Graham. Dept. of Anesth./CCM, Ped., Neurol., and Neurol. Surg., the 
Safar Center for Resusc. Res. and Brain Trauma Res. Center, U. Pittsburgh, PA 15213.

Recent evidence suggests that a degree of neuronal death after brain injury may in 
part be regulated by specific genes. Several candidate death-regulatory genes and their 
translated proteins have been identified in brain in experimental models and in humans 
with neurodegenerative diseases, and include the death-suppressor proteins bcl-2 and 
bcl-x, and the death-effector proteins bax, and interleukin-ip converting enzyme (ICE). 
The purpose of this study was to determine if these death regulatory proteins are 
detectable in surgical specimens from humans after severe traumatic brain injury (TBI).

Brain tissue samples from patients undergoing emergent surgical decompression as 
part of the management of intracranial hypertension after TBI were analyzed. Samples 
from the affected temporal (n=6) or frontal (n=2) lobe cortex were collected only if 
there was an excess of tissue
required for pathology. Total 
protein was extracted and 
examined by Western analysis 
using antibodies against human 
bcl-2, bcl-x, bax, and the
activated form of ICE (p20). ___________________________ ____________________

Death-suppressor and/or tl=dead- 2=vegetative, 3=sev. dis., 4=mod. dis., 5=normal

death-effector proteins were expressed in all 8 pateints. Although bcl-x is thought to be 
constituitively expressed in mature brain, bcl-2 and activated ICE are not. Interestingly, 
bax was not detected in patients with a good outcome (GOS>4). These data suggest that 
a portion of the neuronal death seen after TBI in humans may be influenced by recently 
identified death-regulatory genes and their translated proteins. Further study is needed 
to confirm a role for these death-regulatory proteins after TBI in humans.

Support: 1KQ8 NS01946-01 and 2P50 NS30318-04A1

Protein Immunoreactivity Detected-Each Patient*
bcl-2 + + + + + + +
bcl-x + + + + + + + +
bax + + + - -
ICE (p20) + + + + + + + -
GOS(>3m)' 3 3 3 5 1 5 4 3

446.13
ACQUIRED SOCIOPATHY FOLLOWING CLOSED HEAD INJURY: 
BRAIN GLUCOSE UPTAKE AND AGGRESSION D Hommer*. F 
Andreason, W Williams JLLJmhaux_ A..^alazarx,.U.Rpl[imann, D
Warden , D Rio, A Chervinsky, M Linnoila National Institute on 
Alcohol Abuse and Alcoholism, DICBR, LCS, Bethesda, MD 
20892-1256

Several studies have found reductions in regional cerebral 
metabolic rate for glucose (rCMRglc) among individuals with 
histories of violent behavior. Many of the subjects in these studies 
have had psychotic disorders. We compared rCMRglc using 18F-2- 
fluoro-2-deoxyglucose positron emission tomography of 10 men 
who developed sociopathic behavior (including impulsive 
aggression) following closed head injury with 12 age matched 
controls. Head injured subjects were screened to insure that they had 
not been sociopathic before their injury. Data were co-registered 
with MRI scans and tested for pixelwise group differences by a 
Gaussian random fields method. Analysis was performed using both 
absolute pixel CMRglc values as well as using means-adjusted pixel 
values obtained by subtracting the overall mean brain CMRglc from 
each pixel CMRglc. Both mean-adjusted and absolute CMRglc 
produced similar results. Head injured subjects had significantly 
lower CMRglc in the posterior orbital cortex bilaterally, in the right 
caudate, in the right dorsal thalamus, and in the mesial superior 
frontal gyrus. CMRglc in the caudate, thalamus, and superior frontal 
gyrus were significantly correlated with ratings of aggressive 
behavior developed after the injury.
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447.1
PRIMATE AREA MT ACTIVITIES REFLECT THE PERCEPTION OF 
DEPTH-FROM-MOTION. D.C, Bradley*. G.C. Chang and R.A. Andersen, 
Division of Biology, Caltech 216-76, Pasadena, CA 91125.

Primates derive a sense of depth from visual motion cues. For example, the 2D 
projection (shadow) of a revolving, transparent cylinder with opaque dots on its 
surface appears 3D, even though the image is flat. Using such displays, we showed 
(Chang et al, 5. Neuro. Abstr., 22:1618) that depth perception was correlated with MT 
activities in a rhesus monkey. We have since tested a second animal using dual 
scleral search coils (to measure depth of fixation) and studied the influence of 
speed gradients. Monkeys fixated while viewing 2D projections of revolving, 
random-dot cylinders, then reported the direction of the front surface with a 
saccade. Without disparity cues, 2D projections do not specify which surface is in 
front, so the monkeys’ answers only reflect the “surface order” they perceive (e.g., 
front-right, back-left). We also showed cylinders whose surface order was 
specified with varying amounts of disparity (front-to-back differential, 
0.075°-0.6°). Monkeys consistently performed the task as required, reporting 
above chance at all non-zero disparities. Depth of fixation was unaffected by 
cylinder viewing. In concurrent MT recordings, cylinders were oriented to align dot 
motions with each neuron’s preferred-antipreferred direction axis. Each neuron’s 
preferred surface order was judged from (correct) responses to the highest-disparity 
cylinders, whose surface order was perceptually unambiguous. In contrast, surface 
order in low- and zero-disparity cylinders was often perceived differently on 
different trials. In 36/97 (37%) of the neurons, responses differed with perceived 
surface order in one or more of the stimuli (p<05, ttest). Of these, 27 responded 
better when the perceived surface order matched the neuron’s preferred surface 
order (correlated effects) while only 9 behaved oppositely (anticorrelated effects). 
When dot speeds for each surface were made equal (i.e. two flat surfaces sliding 
over each other), 7/23 neurons (30%) still showed significant perceptual correlates 
(correlated/anticorrelated effects = 6/1), indicating that differential MT responses 
do not strictly depend on speed gradients. In summary, MT activities are correlated 
with bistable depth-order percepts evoked by transparent stimuli. This suggests that 
MT has a central role in depth-from-motion perception in primates. Supported by 
NEI and HFSP.

447.2
THE INFLUENCE OF STEREO-BASED FEATURE CLASSIFICATION ON 
MOTION PROCESSING IN AREA MT. R. O. Duncan* and G. R. Stoner. The 
Salk Institute, La Jolla, CA 92037.

We employed a variation of the 
classic barber-pole illusion (Wallach, 
1935) to study the effect of stereo- 
based feature classification on the 
responses of directionally selective 
MT neurons. Fig. A: Our “barber- 
diamond" stimuli are composed of a

grating surrounded by four randomly textured regions (texture removed here for 
clarity). The grating is placed at zero disparity and moved within a diamond-
shaped aperture (rightward in this example). Surrounding regions are placed 
either stereoscopically nearer to the observer than the grating (A) or farther (F). 
The boundary between the near surface and the grating is classified as an 
“extrinsic” feature resulting from occlusion (Shimojo et al., 1989). 
Consequently, amodal completion of the grating occurs behind the near surfaces 
(in gray). This surface interpretation biases the perceived direction of motion 
(arrow). Fig. B: Reversing the disparity alters the surface interpretation which, 
in turn, affects the perceived direction of motion.

We predicted that a barber-diamond configured to bias perceived motion 
toward an MT cell’s preferred direction would elicit greater responses than one 
configured to bias perceived motion 90 degrees away. As a population, the 67 
cells surveyed thus far confirm this prediction. Thus, stereo-based feature 
classification influences the responses of directionally selective MT neurons. 
Supported by NIH grant MH50706.

447.3
TEMPORAL FREQUENCY DETERMINES TEMPORAL INTE-
GRATION PROPERTIES IN MT AND VI W. Bair*, J.R. Cavanaugh. 
J .A. Movshon. HHMI & Ctr. for Neural Sci., New York Univ.. NY, NY 10003.

We studied the dynamics of visual motion processing in cortical areas MT 
and VI using a white-noise velocity stimulus. Reverse correlations (RCs) com-
puted from extracellular single unit recordings from 4 anesthetized macaques 
provided first-order estimates of the time course of neuronal integration.

A sinusoidal grating of spatial period A oriented orthogonal to the neuron’s 
preferred direction and masked by an optimal square aperture was translated 
randomly between video frames (100Hz) by AT or -AA along the axis parallel 
to the neuron’s preferred direction. During a 30s trial, AY and A were constant, 
with AY < A/4. As AY decreased from A/4 to A/32, thereby decreasing 
stimulus velocity and temporal frequency, the RC peak became wider as shown 
in panel A for an MT cell. For 26 cases in 11 MT neurons (up to 4 values 
of A per cell), a 4 octave decrease in AY caused the width at half-height to 
increased on average by 14 ms (p < 0.001, t-test). However, changing A over 
4 octaves with AY/A constant caused no significant change in the RC width 
(panel B, same neuron) suggesting that the change in temporal integration was 
due to changes in stimulus temporal structure and not to changes in velocity 
per se. We found similar results in directionally selective VI neurons.

These observations indicate that the dynamics of visual cortical neurons can 
change as a function of their temporal environment. Whether this change arises 
with direction specific mechanisms or whether it develops at earlier stages, such 
as the LGN, is unknown.
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Supported by the 
Howard Hughes 
Medical Institute.
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447.4
RESPONSE VARIABILITY OF MT NEURONS IN MACAQUE MONKEYS
L. P, O'Keefe*, W. Bair and J. A. Movshon. Center for Neural Science and Howard 
Hughes Medical Institute, New York University, New York 10003.

The performance of sensory systems is limited by the variability' of neuronal 
activity. Studies of neurons in visual cortex of anesthetized cat and monkey and alert 
monkey show that response variance is related to mean response by a power function 
with an exponent >1. Anecdotal claims exist that variability is lower in alert animals 
than in anesthetized ones, and it has recently been reported that the variability of VI 
neurons in the alert macaque is lowest in periods during which gaze is most stable, 
suggesting that fixational eye movements are an important component of response 
variability' in alert animals (Gur et al., J. Neurosci, 17: 2914-2920, 1997).

We have now compared response variability in macaque MT neurons recorded 
from paralyzed opiate-anesthetized animals and from alert animals trained to 
perform a fixation task, using the same moving visual stimuli in both preparations. 
We also examined the effect of fixational eye movements by analyzing response 
variability during periods of stable gaze. In both preparations, response variance was 
approximately proportional to mean response. The power-law exponent was 
modestly greater for data from anesthetized macaques. Variability of response 
measured over entire trials in the alert monkey was indistinguishable from that 
measured during periods of stable gaze.

We conclude that the factors determining the variability of MT responses are 
largely intrinsic to the visual system, and are not substantially different under 
anesthesia. More specific analyses will reveal the nature of these small differences 
and allow us to use measurements made in different preparations to assess the role of 
neuronal variability' in limiting sensory performance.
Supported by HHMI.

447.5
MICROSTIMULATION EFFECTS IN VISUAL AREA MT DEPEND ON 
SELECTIVITY FOR BINOCULAR DISPARITY. G. C, DeAngelis* and W. T. 
Newsome. Dept. of Neurobiology, Stanford University, Stanford CA 94305.

Last year, we reported that macaque area MT contains an orderly 
arrangement of disparity-selective neurons. Across the surface of MT, regions of 
poor disparity selectivity are interspersed with regions of strong tuning. Within 
the latter regions, there appears to be a map of preferred disparity, with neurons of 
like disparity preference arranged In vertical columns.

As a first step toward characterizing the functional role of disparity-tuned 
neurons in MT, we have examined how binocular disparity modulates the 
contribution of MT neurons to performance of a direction discrimination task. The 
monkey viewed a variable-coherence random dot display and indicated whether 
the dots moved in the preferred or anti-preferred direction of neurons at the 
electrode tip. By adding binocular disparity to the display, the dots could be 
presented at the preferred or non-preferred disparity of the recorded neurons. We 
hypothesized that electrical microstimulation (lOpA, 200Hz on half the trials) 
should bias the monkey’s directional judgements when binocular disparity was 
optimized for the stimulated neurons.

Results from one monkey reveal that the efficacy of microstimulation 
depends strongly on the disparity selectivity of neurons at the recording site, even 
though all sites had strong direction selectivity. Stimulation generally produced 
a large directional bias at sites with weak disparity tuning. Surprisingly, however, 
stimulation had little effect at sites with strong disparity selectivity, even when the 
disparity of the dots was optimal for the neurons. At some sites with moderate 
disparity tuning, stimulation produced a significant directional bias at the preferred 
disparity and no effect at the non-preferred disparity.

These findings suggest that the disparity-selective and non-selective 
compartments within area MT may be functionally specialized. Columns of MT 
neurons that lack disparity selectivity appear to be more directly involved in our 
direction discrimination task than neurons that are highly selective for binocular 
disparity. Supported by NEI (EY05603 and EY06653).

447.6
FIRING OF V5(MT) NEURONS RELIABLY COVARIES WITH 
REPORTED 3-D CONFIGURATION IN A PERCEPTUALLY- 
AMBIGUOUS STRUCTURE-FROM-MOTION TASK
J.V. Dodd, B.G. Cumming*, W.T. Newsome4, and A.J. Parker. University
Laboratiory of Physiology, Oxford, OXI 3PT, UK and ^Department of
Neurobiology, Stanford University, California (Spon: ENA)

The direction of rotation of a transparent cylinder, defined by the motion of dots
under orthographic projection, is perceptually ambiguous. The addition of 
binocular disparity cues separates the leftward and rightward moving surfaces in 
depth, thus fixing the direction of rotation and eliminating the ambiguity. The 
trained subject (Rhesus monkey) made an eye movement to indicate the perceived 
direction of rotation. Binocular disparities spanning threshold and including zero 
(ambiguous condition) were used such that reliable performance on the task could 
be assessed by the shape of the resultant psychometric function. Single unit 
activity was recorded with electrodes directed into visual area V5(MT). Cylinders 
were matched to the unit's receptive field size and response preferences. The 
neuronal response to the range of added disparities was then recorded 
simultaneously with the collection of perceptual responses. Neuronal firing and 
behavioural response typically varied monotonically with the disparity content of 
the stimulus. For the ambiguous cases (zero disparity) comparison of the firing 
rates for the two different behavioural choices yielded decision-related 
probabilities in the range 0.47-0.93 (mean 0.68). Approximately 50% of these 
were significant (p<0.05) indicating that, for a subset of cells in V5(MT), 
neuronal firing reliably covaries with response of the subject. We conclude that 
either the pool of neurons contributing to the decision is small or that the 
responses of neurons within V5(MT) are highly correlated.

Supported by the MRC and the Wellcome Trust
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447.7
HOW DOES THE VISUAL CORTEX USE OPTIC FLOW TO NAVIGATE? C
Pack*. S. Grossberg. and E. Mingolla. Department of Cognitive and Neural Systems, 
Boston University, Boston, MA 02215
A model is proposed of how the visual cortex processes optic flow information for navi-
gation. During navigation the visual system must continuously extract information 
about relative motion between the observer and stationary or moving objects. While 
this information is characterized mathematically by the projection of environmental 
motion vectors onto the retina, the mapping from retina to striate cortex undergoes a fur-
ther log polar transformation. We constructed a model which illustrates how this corti-
cal representation helps to explain human data regarding the computation of observer 
motion relative to a distal object. Model cells, which resemble cell types found in mon-
key MSTd, exhibit Gaussian tuning for a direction of cortical motion. In polar coordi-
nates, this results in a continuum of preferences for spiral motion, ranging from pure 
expansion to pure rotation. Model cells are also selective for speed, and receive an extr- 
aretinal signal, which eliminates the portion of the optic flow field due to eye rotation. 
A subset of the spiral-tuned cells is selective for rate of expansion. For a given stimulus, 
model output is the result of a winner-take-all competition among spiral-tuned cells. 
These cells calculate the ratio of observer rotation to translation, making them well- 
suited to computation of heading with respect to a fixated object. Simulations match 
human heading judgments for different environmental structures, including variations in 
visible depth range. The model also predicts human inaccuracies in heading perception 
at high rotation rates, when eye movements are simulated. The addition of an extrareti- 
nal signal improves accuracy, allowing the model to match human performance during 
real eye movements. Expansion cells, which signal specific values of time-to-contact 
(TTC), predict human psychophysical performance, underestimating TTC at high val-
ues and overestimating TTC at low values, with no change in accuracy across retinal 
locations. Model TTC computation is invariant with respect to object size and rate of 
expansion near the fovea, but varies with rale of expansion in the periphery.
(Supported by ONR N00014-95-1-0409. ONR N00014-95-1-0657, ONR N00014-94-1-597)

447.8
NEURONAL RESPONSES TO OPTIC FLOW IN EXTRASTRIATE CORTEX: 
INFLUENCE OF RECEPTIVE FIELD SURROUNDS. H, Sherk* & J-N. Kim. 
Dept. Bio. Structure, U. Washington, Seattle, WA 98195

A subset of neurons in the cat’s lateral suprasylvian visual area (LS) responds 
strongly to visual stimuli that simulate optic flow fields generated by locomotion. 
We speculated that the large receptive field surrounds of LS cells might be 
important for distinguishing optic flow from other whole-field motion because at 
least one "optic flow" cue is globally distributed. Images tend to move radially 
outward from a locomoting observer’s heading point, so that locally directions of 
motion are similar, but globally they differ greatly. To test this idea we used both 
optic flow and non-flow stimuli, with and without stimulation of the surround.

We recorded from single neurons in LS in anesthetized cats. Optic flow stimuli 
consisted of large displays (62x62 deg) simulating the view of a cat trotting through 
a landscape composed either of natural objects (bushes, grass, rocks) or of spheres 
on the ground and hovering in the air. "Texture" stimuli were composed of the 
same elements but lacked optic flow motion cues. Both optic flow and texture 
stimuli were shown in 2 modes: they either filled the entire display area, or were 
masked so that they were visible only in a window centered on, and somewhat 
larger than, the receptive field.

About half of the sample (177/345 cells) responded strongly to optic flow 
movies. We found that receptive field surrounds contributed to this responsiveness: 
a large majority of cells responded better to whole-field optic flow than to the 
masked version. This effect was specific to optic flow stimuli, as there was no 
consistent effect of masking the display when a texture stimulus was used. 
Responses to individual elements in optic flow movies, displayed by a minority of 
cells, also showed no systematic change when the surround was masked.
Supported by NEI RO 1-4847

447.9
MST NEURONAL RESPONSES TO OPTIC FLOW DURING SMOOTH 
PURSUIT. W.K. Page* and C.J. Duffy, Neuroscience Program and Dept. of 
Neurology1, Univ. of Rochester, Medical Center, Rochester, NY 14642

Smooth pursuit eye movements alter the retinal image of optic flow and 
complicate the visual determination of heading direction. We recorded the 
responses of 134 MST neurons, using fixation and 8 directions of smooth 
pursuit, to determine whether their optic flow selectivity was maintained during 
pursuit eye movements.

We first determined the responses of each neuron to radial optic flow with 
centers of motion (COM) at the fixation point or at locations shifted by 30° in 
one of 8 directions distributed around fixation. Each neuron was then tested 
with these 9 COM stimuli during smooth pursuit in up to 8 directions.

All neurons tested showed a preference for either the centered COM or one 
of the 8 shifted COMs. The response to the COM preferred in fixation was 
stable across pursuit directions in only 5% (6/125) of the neurons. In addition, 
the COM preferred in fixation remained the preferred stimulus across all 
pursuit directions in only 6% (8/125) of the neurons. Only one neuron 
maintained pursuit invariant COM selectivity by both criteria.

We have found a wide range of response selectivity to optic flow, and an 
even greater range of response dependence to smooth pursuit. The varied 
responses and small amount of pursuit invariance in MST indicate that simple 
models may not be adequate to explain heading perception during smooth 
pursuit eye movements.

Supported by NEI R01-EY10287, the Human Frontier Science Program 
(RG71/96), the Sloan Foundation, and Research to Prevent Blindness.

447.10
PERI- AND POSTSACCADIC REVERSAL OF PREFERRED 

DIRECTION IN MONKEY AREA MST A. Thiele*, P. Henning &
K.-P. Hoffmann, Dept. Zoology & Neurobiology, Ruhr University, D-44780 
Bochum, Germany

During saccadic eye movements we are normally neither conscious of the smear 
caused by movement of the image over the retina, nor of retinal image displacement 
after the saccade. This phenomenon, known as saccadic suppression, is central for 
space constancy. Psychophysical studies have led to the proposal that the M- 
pathway and not the P-pathway is selectively suppressed during saccades. Recent 
physiological studies in the cat LGN showed, that modulation of cell activity due to 
saccades is mostly restricted to X-cells (corresponding to macaque P-cells).

We investigated possible correlates of saccadic supression in monkey area MST. 
Monkeys were supposed to make saccadic eye movements (10 deg amplitude) along 
the cardinal axes over a structured background (static white noise stimuli, gaussian 
filtered contrast distribution). Eye position was monitored with scleral search coils, 
and sampled at 1kHz. After each saccade the monkey had to fixate centrally. The 
stored eye velocity signal was inverted and superimposed on the previously 
stationary background. This procedure resulted in identical retinal image motion. 
Significant differences during active and passive conditions were found in 85/115 
MST neurons. A population analysis of directionally tuned neurons revealed, that 
stimuli moving in preferred direction exhibit a profound response only when retinal 
motion was caused by external image motion. Significantly less activity was elicited 
by the same retinal motion due to a saccade. A number of directionally tuned single 
units even reversed their preferred direction during and after the saccade, resulting 
in vigorous activity if retinal image motion was in null direction. This directional 
activity could be used to shift the frame of reference along with the eyes.

Supported by DFG SFB-509

447.11
MST NEURONS INTEGRATE VISUAL CUES FROM SELF- AND 
OBJECT-MOTION. P.J. Logan* and C.J. Duffy. Neuroscience Prog, and Dept. 
of Neurology, Univ. of Rochester Sch. of Med. and Dent., Rochester, NY 14642.

To maintain heading and avoid obstacles, a moving observer must integrate 
visual information regarding self-motion and object-motion. Neurons in macaque 
medial superior temporal cortex (MST) respond to optic flow (Duffy and Wurtz 
1991) and moving figures (Tanaka et al. 1993), potentially contributing to the 
analysis of relative motion.

We recorded the responses of 105 MST neurons in 3 rhesus monkeys to 
characterize their selectivity for components of the self-movement scene: 
superimposed visual simulations of self-motion (optic flow) and object-motion (a 
moving figure). We quantified the responses and interactions to the three types of 
stimuli (optic flow alone, object-motion alone, and superimposed optic flow and 
object-motion), each simulating up to 16 different directions of motion, by 
employing a multivariate time-series regression analysis.

66% (69/105) of the neurons had tight clustering of their regression beta 
weights, indicating that all directions of motion had similar optic flow/object 
interaction effects. Of these, 26% (18/69) were dominated by the optic flow 
stimulus and 12% (8/69) were dominated by the object stimulus. The remaining 
tightly clustered responses (62%, 43/69) reflected an average of the optic flow and 
object-motion alone responses. 34% (36/105) of the neurons showed widely 
varying stimulus interaction effects depending upon the direction of motion. 28% 
of these neurons (10/36) showed evidence that one or two directions of motion 
demonstrated response interactions which were distinctly different from the rest.

These results suggest a potential contribution of MST neurons to a neural 
representation of extrapersonal space, specifically in the integration of information 
from self-motion and moving objects.

Supported by NEI (R01-EY10287) to CJD, the Human Frontier Science 
Program (RG 71/96), the Sloan Foundation, and Research to Prevent Blindness.

447.12
QUANTITATIVE SIMULATIONS OF MST VISUAL 
RECEPTIVE FIELD PROPERTIES USING A TEMPLATE 
MODEL OF HEADING ESTIMATION.
L. S. Stone* and J. A. Perrone. NASA Ames Research Center, Moffett 
Field, CA 94035-1000 and University of Waikato, New Zealand.
We previously developed a template model of primate visual self- 

motion processing that proposes a specific set of projections from MT- 
like local motion sensors onto output units to estimate heading and 
relative depth from optic flow (Perrone, JOS A, 1992; Perrone & Stone, 
Vis Res, 1994). At the time, we showed that that the model output units 
have emergent properties similar to those of MSTd neurons (Stone & 
Perrone, Neurosci Abstr, 1994), although there was little physiological 
evidence to test the model more directly. We have now systematically 
examined the properties of the model using stimulus paradigms used by 
others in recent single-unit studies of MST: 1) 2-D bell-shaped 
heading tuning. Most MSTd neurons and model output units show 
bell-shaped heading tuning (Duffy & Wurtz, J Neurosci, 1995). 
Furthermore, we found that many model output units and the finely- 
sampled example neuron in the Duffy-Wurtz study (their Fig. 12) are 
well fit by a 2D gaussian (o ~ 35°, r ~ 0.9). The bandwidth of model 
and real units can explain why Lappe et al. (J Neurosci, 1996) found 
apparent sigmoidal tuning using a restricted range of stimuli (±40°). 2) 
Spiral Tuning and Invariance. Graziano et al. (J Neurosci, 1994) 
found that many MST neurons appear tuned to a specific combination of 
rotation and expansion (spiral flow) and that this tuning changes little 
for -10° shifts in stimulus placement. Simulations of model output units 
under the same conditions quantitatively replicate this result. We 
conclude that a template architecture may underlie MT inputs to MST. 
NASA RTOP 199-16-12-37 to LS and NAGW-4127 to JP.
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448.1
TRANS-GOLGI NETWORK-DERIVED COMPARTMENTS UNDERGO 
CALCIUM-EVOKED DENDRITIC EXOCYTOSIS. M. Malefic-Savatic*,
T.Koothan and R. Malinow, Cold Spring Harbor Laboratories, Cold Spring 
Harbor, NY 11724.

We have recently demonstrated that regulated dendritic exocytosis is 
Ca++- and CaMKII-dependent process which might be involved in synaptic 
plasticity. We have shown that exposure of cultured hippocampal neurons to 
fluorescent membrane probe FM1-43 for more than 8 hr leads to labeling of 
dendritic organelles that are capable to undergo regulated exocytosis. Here, 
we wish to identify these dendritic organelles. Toward this goal, we have 
performed immunocytochemical and electron microscopic experiments to 
colocalize FMl-43-labeled compartments and specific intracellular 
organelles. Quantitative analysis of the colocalization of FMl-43-labeled 
compartments and transferrin receptor (early endosome marker), cathepsin 
D (late endosome/lysosome marker), BiP (endoplasmic reticulum marker) 
and fluorescent ceramid (trans-Golgi marker) have indicated that prolonged 
exposure of cultured neurons to FM1-43 labels trans-Golgi network and 
partially endoplasmic reticulum. Our data indicate that increase in 
intracellular Ca++ might lead to regulated exocytosis of trans-Golgi-derived 
compartments in dendrites.

448.2
RAPID CALCIUM ACCUMULATION BY ENDOPLASMIC RETICULUM AND 
MITOCHONDRIA FOLLOWING SYNAPTIC ACTIVATION OF CA3 PYRAMI-
DAL DENDRITES IN HIPPOCAMPAL SLICES. N, B, Pivovarova. L, D. Pozzo- 
Miller, R. D, Leapman1, M. O’Connell, T. S. Reese*, and S. B. Andrews. Lab. Neuro-
biology, NINDS, and ‘Bio. Eng. & Instrum. Prog., NCRR, NIH, Bethesda, MD 20892

We have previously shown that 3 min after afferent synaptic stimulation of CA3 py-
ramidal dendrites in hippocampal slice cultures, 35-45% of the endoplasmic reticulum 
(ER) accumulate high levels of total Ca, sometimes >100 mmol/kg dry weight, without 
an increase in the Ca content of mitochondria (MIT) or other dendritic organelles. 
Thus, a specific subpopulation of ER is the dominant Ca-accumulating organelle in the 
minutes following synaptic activity. Since other evidence indicates a major role for 
MIT in buffering intracellular Ca2+ transients, we have measured the total Ca content of 
subcellular dendritic compartments in CA3 pyramidal neurons at a time when free Ca2+ 
transients had just decayed to baseline. CA3 regions of 7-day-old hippocampal slice 
cultures were given a high-frequency tetanus (50Hz, Is) on the stage of a rapid freezing 
machine and frozen 30s later. Total elemental concentrations in ER, MIT , and cyto-
plasm were measured by x-ray microanalysis. Compared with unstimulated control 
slices, both dendritic MIT and ER showed increases in Ca content; >75% of MIT in-
creased from 0.3+1.0 mmol/kg dry weight (SEM) to >5 mmol/kg, while 35% of ER 
cisterns increased from 5.1±1.2 mmol/kg to >15 mmol/kg (the range of Ca concentra-
tions was 5-75 mmol/kg for MIT and 15-40 mmol/kg for ER). Small rises in cytoplas-
mic Ca2+ and Na+ accompanied organelle Ca accumulation. No Ca increases were ob-
served in CA3 pyramidal cell somata and non-dendritic neuropil, nor in CA1 dendrites. 
The distribution of dendritic Ca at 30s after a tetanus is in marked contrast to that after 
3 min, at which time MIT Ca has returned to resting levels while ER Ca content re-
mains high, 41±7 mmoi/kg, in responsive cisterns. These findings indicate that: 1) MIT 
and ER both participate in dendritic Ca2+ clearance at early times after synaptic stimu-
lation; 2) MIT Ca2+ uptake is reversed within minutes, even while the ER Ca load con-
tinues to rise; and 3) the fraction of Ca-sequestering ER remains constant at 35-45%, 
regardless of imposed Ca load, suggesting that the ER is composed of at least two 
functionally distinct components. Supported by NIH Intramural Research Program

448.3
SPONTANEOUS SYNAPTIC ACTIVITY MODULATE ACTION POTENTIAL 
GENERATION IN NEOCORTICAL PYRAMIDAL CELLS IN VIVO.
Alain Destexhe* and Denis Pare, Department of Physiology, Laval University. 
Quebec G1K 7P4, Canada.
Computational models based on intracellular recordings in vivo were built to 
characterize the impact of spontaneous synaptic activity on the properties of 
neocortical pyramidal cells. Several detailed morphologies were used to simulate 
pyramidal cells. Passive properties were adjusted to match passive responses 
in the absence of synaptic activity. GABAergic (GABA 4) and glutamatergic 
(AMPA) synapses were distributed in soma and dendrites according to previous 
ultrastructural findings. Quantal conductances of AMPA- and GABA.4- me-
diated synaptic events were estimated from amplitude histograms of miniature 
postsynaptic potentials (mPSPs). With low rates of spontaneous release at each 
terminal, the model reproduced the amplitude fluctuations and small change 
of input resistance (Rin) produced by mPSPs in neocortical pyramidal cells in 
vivo. To reproduce the larger Rin change associated with synaptic activity of 
the intact network, we had to assume much higher average frequency of release 
at each terminal. Uncorrelated release gave rise to the correct Rin change, but 
incorrect amplitude fluctuations. Correlated release had to be assumed (cor-
relation of 0.4-0.7) to reproduce all features of spontaneous synaptic activity 
recorded intracellularly in vivo. In these conditions, we found major effects on 
the firing properties of pyramidal cells. Dendritic Na spikes occurred frequently, 
but tended to stay local, rarely reaching the soma and rarely backpropagating 
into distal ends (~ 30% of the cases). The intense network activity in vivo tends 
to subdivide the dendritic tree into localized regions that process synaptic in-
puts independently, by contrast to the electrical compactness of dendrites seen 
in vitro. These results therefore suggest that localized dendritic regions may 
constitute the basic computational unit of pyramidal cells in vivo. Supported by 
NSERC, FRSQ and MRC of Canada.

448.4
IMPACT OF SPONTANEOUS SYNAPTIC ACTIVITY ON THE RESTING 
PROPERTIES OF NEOCORTICAL PYRAMIDAL NEURONS IN VIVO
D. Pare*, E. Shink, H. Gaudreau, A. Destexhe and E. I. Lang Dept. of 
Physiol., Sch. of Med., Laval Univ., Quebec, Canada G1K 7P4.

The integrative properties of pyramidal neurons might be quite 
different in vitro versus in vivo considering that much of the connectivity is 
lost in brain slices. Indeed, each cortical pyramidal cell receives =10 000 
inputs, =70% of which originate in other cortical neurons. Considering that 
pyramidal neurons were reported to fire at =10 Hz in waking animals and 
since individual synaptic events produce transient increases in membrane 
conductance, it logically follows that background network activity should 
have a major impact on the physiological properties of pyramidal neurons.

Here, the impact of spontaneous network activity on the passive 
properties of pyramidal neurons was estimated in vivo and in brain slices 
using identical recording methods. The amount of synaptic activity was 
much lower in brain slices as the standard deviation of the intracellular 
signal was 10-17 times lower in vitro than in vivo. Input resistances 
measured in vivo during relatively quiescent epochs ('control Rins') could be 
reduced by up to 70% during periods of intense spontaneous activity. 
Further, 'control Rjns' were increased by =30-70% following tetrodotoxin 
(TTX) application in vivo, approaching in vitro values. In contrast, TTX 
produced negligible Rjn changes in vitro provided that it was estimated 
outside the region of inward rectification characterizing these cells in the 
depolarizing direction. Thus, network activity dramatically reduces the 
electrical compactness of cortical neurons. This should be taken into account 
when extrapolating in vitro findings to intact brains.
Supported by: MRC, NSERC and NINDS.

448.5
LOCALIZED ACTIVATION OF PURKINJE CELL GLUTAMATE 
RECEPTORS BY CHEMICAL TWO-PHOTON UNCAGING. S.S.-H. 
Wang* and G.J. Augustine. Department of Neurobiology, Duke University 
Medical Center, Durham, NC 27710.

Although focal photolysis of caged neurotransmitters can activate receptors 
on a small area of neuronal membrane, even a well-focused light beam will 
also cause diffuse production of neurotransmitter above and below the focal 
spot. “Chemical two-photon excitation”—photolysis of a transmitter with two 
caging groups—should eliminate out-of-focus uncaging because transmitter is 
produced only where the light is most intense. To test the efficacy of this 
approach, we quantitatively compared responses produced by double-caged 
glutamate (a,y-bis-CNB-glutamate; 200 pM) or conventional, single-caged 
glutamate (y-CNB-glutamate; 50 pM). Whole-cell patch recordings were made 
from Purkinje cells in sagittal rat cerebellar slices (14-21 day old). Photolysis 
of either caged glutamate compound, with a laser light spot focused on the 
Purkinje cell body or dendrites, evoked inward currents due to activation of 
ionotropic AMPA receptors. For single-caged glutamate the amplitude of 
these currents was proportional to the flash energy, while responses to double- 
caged glutamate were proportional to the square of flash energy. This 
difference is predicted for a process that requires two photons and 
demonstrates that chemical two-photon excitation was occurring. This 
approach should provide an effective means of producing well-localized 
pulses of glutamate and testing receptor sensitivity in brain slices and other 
thick specimens. Supported by NIH NS-34045 and NS-09457.

448.6
MICROMAPPING DENDRITIC HOTSPOTS OF GLUTAMATE 
RECEPTORS ON HIPPOCAMPAL NEURONS. D.L. Pettit* and G.J. Augustine. 
Dept. Neurobiology, Duke University, Durham NC 27710.

We have used local photolysis of “caged” glutamate to map the glutamate sensitivity 
of single hippocampal pyramidal (CA1) neurons and intemeurons. Hippocampal slices 
were prepared from 2-3 week old rats and whole-cell patch clamp recordings were 
obtained from cells filled with the fluorescent dye, calcium-green-1. A spot of UV 
light was moved to different positions on the cell while measuring electrical currents 
evoked at each position by photolysis of double-caged glutamate. Although responses 
could be elicited when the light spot was positioned anywhere on a pyramidal cell, 
response amplitudes varied with the location of the spot. No currents were evoked 
when the spot was 5-10 pm away from the cell, indicating lateral resolution better than 
5 pm. In CA1 neurons, current amplitude decreased monotonically as the light spot 
was moved along the basal dendrites away from the cell body. Such decrement could 
result from a decrease in membrane area exposed to glutamate or from electrotonic 
attenuation of glutamate-induced currents. However, currents evoked at distant 
secondary and tertiary apical dendrites were consistently larger than those evoked at 
more proximal locations. These larger currents did not appear to be caused by 
regenerative activation of voltage-dependent channels, because they persisted in the 
presence of blockers of calcium and sodium channels. Further, they were not due to 
NMDA receptor activation because APV did not eliminate the effect. In interneurons, 
the amplitude of glutamate-evoked currents decayed monotonically along the length of 
the cell processes. Thus, secondary and tertiary apical dendrites of pyramidal neurons 
apparently possess a relatively high density of AMPA receptors. These receptors 
could exaggerate excitatory synaptic inputs onto this dendritic domain and 
compensate for dendritic electrotonic attenuation. Supported by NIH NS-17771 and 
MH-15177.
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448.7
EFFECTS OF CHOLINERGIC, NORADRENERGIC, SEROTONERGIC AND 
HISTAMINERGIC MODULATION ON SPIKE TIMING IN NEOCORTICAL 
NEURONS Akaysha C. Tang*, Andreas Bartels and Terrence J. Sejnowski. 
The Salk Institute, Computational Neurobiology Laboratory, La Jolla, 
CA 92037.

Acetylcholine, norepinephrine, serotonin and histamine are neuromodula-
tors that affect several potassium currents, including the calcium-dependent 
potassium current, Is ahp - Whenapplied to neocortical neurons in slice prepa-
rations they increase the firing rates of pyramidal neurons as well as alter the 
interspike intervals in response to square pulse current injection by decreas-
ing spike rate adaptation. We examined the effects of these neuromodulators 
on the responses of neocortical neurons in the rat visual cortex to fluctuating 
inputs that resembled synaptic inputs in vivo. Bath application of carbachol 
(5-7.5/iM), norepinephrine (500^M), serotonin (500/zM) and histamine (500/iM) 
produced additional spikes to an identical fluctuating stimulus but the dis-
placement of existing spikes was only a few milliseconds. Thus, the effects of 
neuromodulation are compatible with the preservation of information in spike 
timing which could augment information contained in the firing rate. Using 
a compartmental model of neocortical neurons and a two-pulse stimulation 
paradigm, we isolated two factors underlying changes in spike timing due to 
neuromodulation, a direct effect of changing Is ahp  and an indirect effect of 
spike insertion due to an increased firing rate. This model provides a frame-
work for studying the relationship between the effects of neuromodulation on 
spike timing and the firing rate.

Sponsored by Howard Hughes Medical Institute.

448.8
SYNAPTIC PLASTICITY AT MINIATURIZED SPINES ON PURKINJE CELLS 
EXPRESSING CONSTITUTIVELY ACTIVE Rac GTPase. T.K, Hensch*1’3, L, Luo2’3 
L.Y, Jan3, and Y.N, Jan3. ’Frontier Research Program, RIKEN, Saitama, JAPAN; 
Stanford University, Stanford, CA; 3HHMI, Univ. of California, San Francisco, CA.

The Rac/Rho/Cdc42 subfamily of small GTPases mediates two distinct functions: 
regulation of the actin cytoskeleton and transduction of signals from the membrane to 
the nucleus. We previously demonstrated a role for Rac in the elaboration of neurites 
during mouse development by selective expression of a constitutively active form of 
human Racl in Purkinje cells (PCs) using the L7 promoter (Luo et al, Nature, 1996). 
Axons of transgenic PCs largely failed to reach their target in deep cerebellar nuclei, 
while their dendritic arbors bore numerous ‘mini’ spines that were greatly reduced in 
size with no obvious spine necks. Here we report the intrinsic membrane properties 
and plasticity at parallel fiber (PF) synapses onto these morphologically-altered PCs.

As expected from their complex dendrites which grew to normal height within the 
molecular layer, PCs in mutant cerebellar slices exhibited normal resting membrane 
potential and input resistance. Strong hyperpolarization activated inwardly-rectifying 
potassium currents (In) with a typical current-voltage relationship. However, unlike 
the trains of sodium spikes usually evoked in wild type PCs, depolarizing pulses often 
elicited none or only one in transgenic neurons, consistent with a perturbed axonal 
compartment where action potential initiation occurs.

PF inputs onto mutant ‘mini’ spines produced graded EPSPs that could be blocked 
completely by AMPA receptor antagonists. Presynaptic facilitation of paired PF pulses 
was pronounced and decayed similarly to wild type. PF inputs paired with postsynaptic 
depolarization persistently depressed EPSPs by about 25%, reflecting the appropriate 
activation of calcium channels on mutant PCs. Thus, long-term depression (LTD) of 
PF synapses was not impeded by constitutive activation of Rac signaling. Moreover, 
our results provide direct in vivo evidence that morphological compartmentalization of 
synaptic machinery at spines is not essential for LTD induction. Supported by HHMI.

448.9
A SECRETORY PHOSPHOLIPASE A2 (sPLA2) RECEPTOR AGONIST 
INDUCES EXPRESSION OF PROSTAGLANDIN ENDOPEROXIDE 
SYNTHASE-2 (COX-2) IN PRIMARY CORTICAL NEURONS BUT NOT 
GLIAL CULTURES. M. Serou, V.L. Marcheselli, M.A. DeCoster, P. 
Homayoun* and N.G. Bazan. LSUMC Neuroscience Center, New Orleans, 
USA.

The sPLA2 receptor agonist sPLA2 from bee venom, as well as the excitatory 
amino acid agonists, glutamate and kainate, cause significant cell death to 
primary cortical neuronal cultures. Coadministration of glutamate and sPLA2 
synergistically activates cell death and arachidonic acid turnover (J Biol Chem 
271:32722-8,1996). Kainate causes a platelet activating factor (PAF)-dependent 
induction of prostaglandin endoperoxide synthase 2 (COX-2) in hippocampus 
(J Biol Chem 271:24794-9, 1996). Here we studied the effects of sPLA2 (10 or 
25 ng/ml) added to primary cortical neurons, either alone or in combination with 
100 pM glutamate. We followed the induction of COX-2 and inducible nitric 
oxide synthase (iNOS) mRNA and protein levels. Chemiluminescence showed 
that iNOS, neuronal specific NOS (nNOS), and COX-1 were expressed at 
comparable levels in neurons and astrocytes, while COX-2 was detectable in 
neurons only. iNOS and COX-2 protein and COX-2 mRNA were induced in 
neurons after treatment with either glutamate or sPLA2, while no changes were 
seen in nNOS and COX-1. Combination of glutamate and sPLA2 produced 
additive induction of iNOS and COX-2 protein and COX-2 mRNA levels. Pre-
incubation of cultures with lpM BN50730, an intracellular PAF antagonist, 
attenuated COX-2 mRNA induction by glutamate and by sPLA2, but this 
inhibition is overcome by combining lOOgM glutamate and 25ng/ml sPLA2. We 
suggest that glutamate and sPLA2 induce COX-2 gene expression by PAF- 
dependent mechanisms. (NS 23002).

448.10
Developmental  Changes  of  postsynaptic  Calcineurin  and  IP3 
RECEPTORS IN REGULATING SYNAPTIC TRANSMISSION. JlN-HUI WANG* & 
Paul  T. Kelly . Dept. of Neurobiology & Anatomy, Univ. of Texas Houston, TX 77030.

We have shown that postsynaptic calcineurin (CaN) activity limits synaptic 
transmission by decreasing Ca2+ release via inositol-1,4,5-triphosphate (IP3) 
and ryanodine receptor-channels in hippocampal slices of adult rats [Wang & 
Kelly(1997) J Neurosci in press]. Although CaN activity increases dramatically 
during brain maturation [Tallant and Cheung (1983) Biochem 22, 3630-3635], 
its role in regulating synaptic activity during development is unknown. Whole-
cell patch pipettes were used to record excitatory postsynaptic currents 
(EPSCs; holding potential, -80 mV), and to perfuse agents that inhibit CaN 
activity or activate IP3 receptors into CA1 pyramidal neurons in hippocampal 
slices from rats between postnatal days (PND) 8-28. Postsynaptic perfusions 
of a CaN autoinhibitory peptide (50 pM) produced a progressive, age-related 
potentiation of synaptic transmission (>250% at PND 25-28 vs. 25% at PND 
10-11; n=16). Postsynaptic perfusions of adenophostin-A (an IP3 receptor 
agonist; 1 pM) induced synaptic potentiation starting from PND 8 (20%) and 
reaching near maximum (>250%) about PND 21 (n=13). EPSCs recorded with 
control pipette solution appeared stable during PND 8-24 (n=8). These results 
show that postsynaptic basal CaN activity that limits synaptic responses and 
IP3 receptor-mediated Ca2+ release that increases synaptic strength undergo a 
progressive change during postnatal brain maturation. Western blot results 
indicate that CaN and a CaN binding protein (FKBP-12) in hippocampal 
extracts display parallel developmental increase, with maximal levels at PND 
22 (n=3). Together with previous results that postsynaptic injections of FK-506, 
which disrupts FKBP-12 function in anchoring CaN and inhibits CaN activity, 
did not affect basal synaptic transmission between PND 14-21 [Wang and 
Kelly (1997) J Neurosci in press], we propose that functional convergence of 
postsynaptic CaN and FKBP-12 does not occur in immature brain.

448.11
RECEPTOR SUBUNIT COMPOSITION AND SINGLE- CHANNEL KINETICS 
GOVERN THE TIME COURSE OF GLYCINERGIC SYNAPTIC TRANSMISSION 
IN THE DEVELOPING BRAINSTEM. JH Singer1*. JS Isaacson1. EM Talley2. DA 
Bayliss2. and AJ Berger1. ’Dept. of Physiology and Biophysics, Univ. of WA, Seattle, 
WA 98195 and 2Dept. of Pharmacology, Univ. of VA, Charlottesville, VA 22908.

We examined the contribution of channel kinetics to the time course of glycinergic 
inhibitory postsynaptic currents (IPSCs) in developing rat hypoglossal motoneurons 
(HMs). Whole-cell and outside-out patch recordings (Vm= -70mV, room temp.) were 
made from HMs in brainstem slices. Spontaneous miniature IPSCs (mEPSCs) were 
recorded in the presence of TTX, DNQX, APV, bicuculline, and cadmium. Glycine 
(1 mM) was rapidly applied (<1 ms) to outside-out, somatic patches, and single-
channel currents were studied during steady-state application of 5-10 pM glycine.

In situ hybridization of brainstem slices revealed that glycine receptor (GlyR) a2 
mRNA was replaced by GlyR al mRNA during early postnatal development (PO-18). 
In contrast, GlyR p mRNA expression was high and remained unchanged during this 
time. Single-channel currents recorded in patches from neonate (P0-3) HMs showed a 
developmental decrease in burst duration relative to those from juveniles (P10-18) 
(18.3 ms vs. 11.1 ms, n= 9 patches total). Consistent with this change in single-
channel properties, the time course of unitary-evoked and spontaneous miniature 
IPSCs became faster with postnatal development. Synaptic currents were fit with a 
biexponential function: mIPSC Tmean= 14.2±2.4 ms in neonates and 6.3±0.8 ms in 
juveniles, a change of 56% (n=21). The time course of currents activated by brief 
pulses of glycine to outside-out patches was similar to that of mIPSCs, and showed an 
equivalent developmental decrease (68%, n=38 patches). Patch currents did not 
desensitize in response to applications of 70-150 ms. These changes in GlyR subunit 
composition and the resultant channel kinetics indicate that channel deactivation is an 
important determinant of IPSC decay at all stages of postnatal development.

Supported by NS-33583 to DAB and a NS-14857 and HL-33583 to AJB.

448.12
SIGNAL ENCODING IN SPIKING AND GRADED POTENTIAL NEURONS.
J, Haag* and A. Borst. Friedrich-Miescher-Laboratory of the Max-Planck-Society, 
Spemannstrasse 37-39, D-72076 Tuebingen, Germany

The large motion-sensitive interneurons located in the posterior part of the third 
visual neuropile (lobula plate) of the blowfly spatially integrate with their extended 
dendrites the signals of numerous local motion-sensitive elements. While some of 
these neurons (e.g. HS-cells) respond to visual motion mainly with a graded shift of 
their membrane potential, others respond with an increase in spike-frequency (e.g. 
Hl-cells). Since both cell types receive the same synaptic input it is possible to 
compare the accuracy and reliability by which these different neurons encode visual 
motion information. We measured the responses of HS- and Hl-cells to a pseudo-
random velocity waveform where a visual grating is moving along the horizontal axis 
of the eye. To determine the encoding accuracy of both cell types, we used the 
reverse reconstruction method (Bialek et al., Science 252:1854-1857, 1991; 
Theumssen et al., J Neurophysiol 75:1345-1364) and calculated the coherence 
between the stimulus and the neural signals as a function of stimulus frequency. We 
found that information about visual motion is well preserved in the neural signal of 
HS- and Hl-cells at frequencies up to about 10 Hz. With a coherence value of about 
70% HS-cells performed slightly better than Hl-cells (coherence value: 60%). The 
lower coherence value of the spiking neuron is due to its low spontaneous firing 
frequency which allows to encode inhibitory, null-direction motion stimuli in only a 
small dynamic range. To disentangle how much coherence is deteriorated by noise 
and by nonlinear encoding, we measured the signal-to-noise spectra of both cell 
types. We found that the deviation of the coherence value from 100% for both cell 
types is partly due to noise and partly due to nonlinear encoding. The amount of 
nonlinear encoding increases with increasing maximal stimulus velocity in both 
neurons in about the same way.
This work was supported by the Max-Planck-Society.
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448.13
SPATIAL INTEGRATION OF SUBTHRESHOLD EXCITATORY INPUTS BY 
CULTURED HIPPOCAMPAL NEURONS. S. Cash*, and R. Yuste. Dept. of 
Biol. Sci., Columbia Univ., New York, NY 10027.

Understanding how a neuron integrates thousands of inputs distributed over its 
complex dendritic tree is critical for obtaining a detailed picture of single neuron 
computation. To test the impact of input position on synaptic integration we 
simultaneously iontophoresed glutamate at two positions on the dendritic tree of 
cultured hippocampal neurons. Responses to single glutamate pulses, measured 
using whole-cell current clamp, closely resembled spontaneous synaptic events. 
Summation was largely linear (100 ± 10% of expected) at all positions tested, 
including combinations of apical, basal, and higher order branches of the apical 
dendrite. This linearity is unexpected considering the large number of voltage 
dependent non-linear conductances (NMDA, Na+, Ca2+, K+) which are present 
throughout dendrites. We explored the mechanisms whereby these non-linearities 
interact to produce linear summation. In the presence of NMDA blockers, large- 
amplitude inputs added somewhat sublinearly when on the apical dendrite (91 ± 1 % 
of expected, mean ± SEM, n=19) or on two different fine branches of the apical 
dendrite (91 ± 3%, n=6), while other input configurations still summed linearly. 
This sublinearity was primarily due to K+ conductances since it could be removed by 
blockade with TEA, 4-AP, or by hyperpolarization of the neuron. While individual 
antagonists of Na+ and Ca2+ channels did not have profound effects, simultaneous 
application of Na+, Ca2+ and K+ channel blockers revealed a greater sublinearity (83 ± 
3%, n=9), which was most likely due to conductance shunts or decreases in driving 
force not present under normal conditions. In dendrites of cultured hippocampal 
neurons, therefore, the balance between NMDA-related boosting and K+ channel or 
passive cable property related subtraction yields essentially linear synaptic 
integration. Supported by the March of Dimes, Sloan, EJLB, and Klingenstein 
Foundations.

448.14
SYNAPTIC GLUTAMATE TRANSPORTER CURRENTS FROM 
ASTROCYTES IN HIPPOCAMPAL SLICES. D.E.Bergles* and C.E.Jahr. 
Vollum Institute, Oregon Health Sciences University, Portland, OR 97201.

Hippocampal astrocytes have recently been shown to express both EAAT1 
(GLAST) and EAAT2 (GLT1) transporters at high levels, suggesting that they take 
up synaptically released glutamate. To examine the glial contribution to reuptake in 
the hippocampus, whole-cell recordings were made from visually identified CAI 
astrocytes in acute slices prepared from 11-15 day old rats. Astrocytes had small 
cell bodies (~5 pm), a high resting conductance to potassium (Vm > -80 mV), and 
displayed linear I-Vs (input resistance = 11 ± 2 M£2). Schaffer collateral stimulation 
elicited an inward current in these cells which was not blocked by glutamate 
receptor antagonists (NBQX, CPP, GYKI, MCPG) or by antagonists to other 
neurotransmitter receptors. This current was inhibited by THA, PDC, and DHK (@ 
300 pM) suggesting that it is mediated by the electrogenic transport of glutamate. 
This current was larger when the pipette solution contained SCN’ or NO3‘ rather 
than gluconate, consistent with the high anion permeability of cloned transporters 
(EAAT1 - 4). Glial transport currents rose to a peak in 2.5 ms (20-80%) and had a 
half decay of 15 ms.

Outside-out patches were removed from astrocyte somata in slices and transporter 
currents were measured in response to rapid applications of L-glutamate. These 
currents did not reverse at potentials up to +50 mV, and were inhibited by THA and 
DHK. Arachidonic acid (100 pM) also reduced the amplitude of these currents, 
which along with the sensitivity to DHK suggests that both EAAT1 and EAAT2 
transporters are present. The risetime of these patch currents was < 1 ms with 0.5 - 
10 mM L-glutamate. The slower rise of the synaptic transport currents may reflect 
release asynchrony and diffusion of transmitter to sites on glial membranes outside 
the synaptic cleft. Supported by NIH NS21419.

REGENERATION I

449.1
THE CONTRIBUTION OF L2 TO PATHWAY SELECTION BY
REGENERATING MOTOR AXONS . T.M. Brushart*, Y.-G. Chen, 
R, Martini and M, Schachner. Department of 
Orthopaedics, Johns Hopkins, Baltimore, Maryland 21287 
and The Swiss Federal Institute, Zurich, Switzerland.

The L2 carbohydrate is a selective marker of muscle 
nerve. During regeneration, L2 is re-expressed only when 
muscle nerve is reinnervated by motor axons. These 
experiments ask if this selective re-expression promotes 
the preferential reinnervation of muscle nerve by motor 
axons (PMR). Access to pathway L2 was blocked during 
regeneration of the mouse femoral nerve by daily 
injection of monoclonal antibodies to L2 (N=14 nerves). 
Control repairs (N=10) received antibodies to MAG. After 
one month, reinnervation of the terminal sensory and 
motor branches was evaluated with HRP and fluoro-gold. A 
mean of 101 motoneurons projected to the femoral muscle 
branch and a mean of only 66 to the cutaneous branch 
after MAG injection, confirming PMR. However, after 
injection of antibodies to L2, a mean of 92 motoneurons 
projected incorrectly to the sensory branch while a mean 
of only 80 projected correctly. The percentage of 
motoneurons projecting correctly to muscle was 
significantly higher in MAG controls than in L2 antibody 
treated animals (P=.0005). Administration of antibodies 
to L2 thus abolished PMR, demonstrating the involvement 
of the L2 carbohydrate in specificity generation. 
Support: JHU Ortho, Swiss Federal Institute

449.2
EXPRESSION OF LI AND PSA-NCAM DURING SPROUTING OF 
SYMPATHETIC AXONS AND REGENERATION OF SEPTOHIPPOCAMPAL 
CHOLINERGIC PATHWAY. I. Aubert*. J.-L. Ridet. M.Schachner, G. Rougon and
F.H, Gage. Laboratory of Genetics, The Salk Institute, La Jolla, CA 92037-1099.

Axonal elongation in the mature mammalian CNS requires the presence of adequate 
trophic factors and molecular substrates. Following fimbria-fornix lesions in the rat, 
endogenous release of nerve growth factor (NGF) in the hippocampal formation (HF) 
is known to trigger the sprouting of noradrenergic sympathetic fibers. In the same 
lesion model, NGF provided exogenously promotes the regeneration of the 
cholinergic septohippocampal pathway. The cell adhesion molecules involved during 
sympathetic sprouting and cholinergic regeneration into the deinnervated HF are not 
yet known. The objective of the present study is to evaluate the expression of LI and 
polysialic acid (PSA)-neural cell adhesion molecule in these two models of neuronal 
plasticity, which were induced by lesioning of the fimbria-fornix and grafting of 
primary fibroblasts genetically modified to produce [3-galactosidase (Pgal) or NGF. 
From 2 to 8 weeks post-surgery, PSA immunoreactivity is upregulated at the 
host/graft interface and appears to be associated with astrocytic processes. This is not 
observed for LI. In NGF-producing grafts, choline acetyltransferase (ChAT)-positive 
regenerating fibers express PSA and LI, while tyrosine hydroxylase (TH)-positive 
sprouting axons predominantly express LI. Interestingly, in NGF-grafted animals, the 
expression of PSA and LI by ChAT-positive fibers is down-regulated once the 
cholinergic axons reached the HF. In contrast, in Pgal- and NGF-grafted rats, LI is 
strongly expressed on TH-positive fibers which sprout along the granule cell layer of 
the HF, an area normally devoid of LI immunoreactivity. In conclusion, the 
homotypic reinnervation of the HF by cholinergic axons re-establish the normal 
expression of PSA and LI, while the heterotypic innervation of the HF by sympathetic 
fibers produces an over-expression of LI in the deinnervated HF.

MRC (I.A.)andNIHNS28121 (F.H.G.)

449.3

TACROLIMUS (FK-506) INCREASES NEURONAL EXPRES-
SION OF GAP-43 mRNA IN PARALLEL TO ENHANCED RE-
COVERY AFTER SPINAL CORD INJURY IN RATS. J.R. 
Madsen,* P. MacDonald, N. Irwin. G.L. Yao, K. Meiri and "EX
benowitz. Dept. Neurosurgery, Children’s Hospital. Harvard Medical
School, Boston, MA 02115.

The immunosuppressant drug tacrolimus (FK-506) has profound 
effects on neurons. It enhances axonal outgrowth from cultured pri-
mary neurons and PC-12 cells, and in vivo it accelerates the rate of 
axonal regeneration after sciatic nerve damage. We have previously 
shown that this agent improves functional outcome when administered 
shortly after a photothrombotic spinal cord injury in the rat (0.25 
mg/kg/dose: Madsen et al, Neurosci Abstr 22,1996). Since tacrolimus 
inhibits calcineurin, and GAP-43 is a calcineurin substrate implicated in 
axonal outgrowth, alterations in phosphorylation of GAP-43 may be 
an important step in the improved recovery of function. However, re-
cent results with analogues of tacrolimus indicate that some neuronal 
effects of the drug are not dependent on calcineurin inhibition (Steiner 
et al, Nat Med 3:421,1997). We therefore examined the effects of the 
drug on the time course of expression and phosphorylation of GAP- 
43. Significant increases of GAP-43 expression occurred within 4 days 
after injury and peaked at 7-14 days, even without the drug. 
Tacrolimus more than doubled the number of neurons expressing 
GAP-43 mRNA and protein (p< 0.02). The fraction of cells immunore-
active for the phosphorylated form of GAP-43 did not significantly dif-
fer in the treatment groups, arguing that the major effect of the drug on 
GAP-43 in this model involves increased expression, rather than in-
creased phosphorylation. The mechanism of this GAP-43 upregulation 
is unknown, but may have significant implications for clinical therapeu-
tics. Support: NIH NS01471(JRM) and EY05690 (LIB).

449.4
THE NOVEL ASTROGLIAL DIFFERENTIATION FACTOR RF60 LIMITS 
GLIOSIS WHEN INFUSED INTO ADULT CORTICAL STAB WOUNDS. K.E. 
Hunter* and M.E. Hatten, Laboratory of Developmental Neurobiology, The 
Rockefeller University, 1230 York Avenue, New York, New York 10021.

We have previously described RF60, a soluble 60kD protein which maintains the 
differentiated state of radial glia in the embryonic mammalian forebrain. RF60 
disappears from forebrain at the time of radial glial transformation, and will induce 
astrocytes to re-express the form of embryonic radial glia, indicating that it is a 
regulator of the radial glia-astrocyte transformation pathway (Proc. Natl. Acad. Sci. 
USA, 92:2061-2065). We have examined the potential role of RF60 in regulating 
the differentiated state of astrocytes following adult cortical stab wounds. Adult 
mouse cortices were stabbed with a needle; in some cases a catheter was inserted 
into the wound site, and via this RF60 was infused directly into the wound for 24- 
36 hours following injury. Surgeries were sacrificed after 2, 5,7 and 10 days, the 
cortices sectioned and astroglial appearance and distribution examined. In cortices 
stabbed but not infused, a substantial glial scar, composed of many stellate, 
strongly GFAP-positive astrocytes, was seen to have formed as early as 2 days after 
surgery; by 10 days the scar was well established. In stabbed/infused cortices, in 
contrast, at both 2 days and 5 post surgery the astrocytes around the wound site 
appeared as long, radial cells mainly oriented perpendicular to the wound surface; 
these appeared very much like astrocytes previously described as 'radialised' by RF60 
in vitro. By 7 days, however, the number of radial cells had declined, these being 
replaced by stellate astrocytes; by 10 days almost all of the astroglia present were 
stellate, though these were much less densely packed than in non-inftised wounds.
In conclusion, it seems as though infusion of RF60 into adult cortical wounds 
limits the extent of, and delays the onset of, gliosis. RF60 may therefore present a 
useful therapeutic agent for facilitating wound healing and perhaps contributing to 
functional restoration in the injured mammalian CNS. (Supported by NIH Grant NS 
15429 (awarded to MEH) and funding from the University of Dundee, Scotland 
(KEH)).
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449.5

JUN KINASE ACTS LIKE A POSITIVE INJURY SIGNAL

Dept of Anatomy & Cell Biology,Columbia University,NY,NY 10032 
.Axon regeneration after nerve injury requires alterations in

transcription. We want to know how the protein synthesizing centers in 
the cell body are informed that the axon has been damaged. One 
potential source of such information is positive injury signals i.e. 
proteins that are retrogradely transported from the injury site to the cell 
body. When axotomized Aplysia neurons are placed in culture, the cells 
extend neurites and become hyperexcitable. Coincident with these 
cellular changes is a 3 fold increase in binding to the AP-1 enhancer site, 
indicating an activation of the transcription factor c-Jun. AP-1 binding 
decreases by day 9 in vitro, but can be induced again if the neurites are 
severed, eliciting new growth. c-Jun activation requires 
phosphorylation at its N-terminal domain by Jun Kinase. If JNK is a 
positive injury signal, then it will be activated in axons after injury. We 
crushed peripheral nerves of Aplysia and then placed a ligation proximal 
to the crush site. Contra-lateral nerves were ligated only. 20h later, 
axoplasm was extruded from the region just distal to the ligation on the 
crush nerve. This axoplasm (cr/l'ig) will contain any positive injury 
signals. Axoplasm was also extruded distal to the control ligation (iig). 
Assays showed that JNK is present in axoplasm, that it is 
phosphorylated after nerve injury and, because it was enriched at the 
cr/lig site, is retrogradely transported. These studies suggest that the 
activation of c-Jun after nerve injury is due to retrogradely transported 
JNK. (supported by the NIH)

449.6
AXONAL MAP KINASE IS A POSITIVE INJURY SIGNAL 
THAT PHOSPHORYLATES C/EBP AFTER NERVE INJURY.
YJ Sung* and RT Ambron Department of Anatomy and Cell Biology, 
Columbia University, New York, NY 10032.

Positive injury signals are activated at the site of a nerve lesion and are 
retrogradely transported to the cell body to regulate events associated 
with regeneration. In this study, we present evidence that Aplysia MAP 
kinase (MAPK) is actively involved in this nerve injury signaling 
pathway. Kinase activity assays showed that MAPK, but not Protein 
Kinase A, is activated in the axon at the site of injury. Western blots 
using an antibody to doubly-phosphorylated MAPK indicated that the 
activated MAPK is then retrogradely transported. Interestingly, the 
substrate for the activated axonal MAPK was the acute-phase 
transcription factor c/EBP; in other systems Elk-1 is phosphorylated by 
MAPK. We found that the expression of c/EBP mRNA and protein 
was induced specifically by nerve injury. South-Western analysis 
showed that c/EBP in nuclei from injured neurons formed a specific 
complex with an oligonucleotide containing the CCAAT enhancer site. 
Axoplasm also contains a pp90rsk, which was phosphorylated in situ 
by MAPK. Our data imply that nerve injury triggers MAPK activation 
at the injury site; the active kinase is then transported back to the cell 
body where it can regulate transcription either through the rsk/CREB 
pathway or, alternatively, directly through c/EBP. (supported by the 
NIH)

449.7
DIFFERENTIAL EXPRESSION OF TWO MODES OF MAP IB 
PHOSPHORYLATION DURING THE PROCESS OF AXONAL 
REGENERATION. A. Ramon-Cueto* and J.Avila. Centro de Biologfa Molecular 
(CSIC-UAM), Facultad de Ciencias, Universidad Autdnoma de Madrid, Cantoblanco, 
28049 Madrid, Spain.

Two major modes of MAP IB phosphorylation (I and II), respectively recognized 
by 150 and 125 monoclonal antibodies, are differentially expressed in the adult rat 
nervous system. Whereas MAP IB phosphorylated at both modes is expressed by 
neurons with regenerative potential, MAP1B exclusively phosphorylated at mode II 
epitopes is present in central nervous system dendrites, where synaptic plasticity with 
morphological changes occurs in the adult. We have studied the pattern of expression 
of these two MAP IB phosphorylated epitopes during the regeneration of peripheral 
axons.

One sciatic nerve from adult rat Wistar rats was crushed and animals allowed to 
survive for 5, 7, 10 or 14 days. After those periods, damaged and undamaged sciatic 
nerves, ipsilateral and normal dorsal root ganglia (DRG), and spinal cords were 
subjected to immunohistochemical and Western blot analysis, using antibodies 150 
and 125.

Although we observed an increase in the expression of mode I epitopes in the 
distal regions of regenerating axons, DRG and spinal cords did not seem to increase 
their content of this epitope at any analysed period. By comparison, we observed an 
overall decrease of mode II epitopes in regenerating axons. Mode II epitopes were 
almost undetectable at more distal nerve regions, although remained at proximal 
segments. Interestingly very high levels of mode II epitopes were detected at DRG 
neurons and dendrites of spinal cord motor neurons. Our results strongly suggest that 
mode I phosphorylated epitopes might be involved in the ability of axons to elongate, 
whereas mode II in the stabilization of axons upon regeneration. Moreover, expression 
of mode II epitopes by dendrites might be related to dendritic remodeling as previously 
proposed for dendrites of other undamaged neurons.

This work was supported by the Spanish CICYT.

449.8
RECOMBINANT ADENO-ASSOCIATED VIRUS (rAAV) VECTOR-MEDIATED 
EXPRESSION OF GREEN FLUORESCENT PROTEIN (GFP) AND BRAIN- 
DERIVED NEUROTROPHIC FACTOR (BDNF) IN RAT SEPTO-
HIPPOCAMPAL PATHWAY. R,L,.KleintJU, Peel, S, Zolotukhin, M, King,
C. Meyers, J.M, Hussey, N, Muzyczka, and E.M.Meyer. Dept. of 
Pharmacol, and Gene Therapy Center, Univ. of Florida, Gainesville, FL, 
32610.

The efficiency of two promoters was compared in rat brain after 
injections of rAAV vectors in order to choose an appropriate construct for 
gene transfer to the CNS. DNA containing cytomegalovirus (CMV) or 
neuron-specific enolase (NSE) promoter control of green fluorescent 
protein (GFP) expression was packaged into replication defective rAAV 
particles. Bilateral injections (1 p.1, 6 x 105 infectious particles) of each 
virus were made into CA1. One to 2 weeks after, maximal expression 
was observed in stratum oriens, stratum lacunosum moleculare, and 
dentate gyrus. The GFP-positive cell bodies were observed over a 2-3 mm 
rotsro-caudal area in CA1 and GFP positive fibers were observed 4-5 mm 
from the injection site in hippocampus and septum. The total number of 
transduced cells per injection was estimated, demonstrating an 
approximately 10-fold greater efficiency of the NSE promoter (2000-3000 
cells per injection) compared to the CMV promoter. The NSE promoter 
was therefore used to drive BDNF expression in rat hippocampus and 
septum. Injections (1-2 pi, 4-8 x 104 infectious particles) into septum of 
the packaged BDNF plasmid resulted in transduction of 4000-15000 
neurons in medial septum. The prophylactic efficacy of the BDNF 
expressed by rAAV in septum after fimbria/fornix lesions is being tested. 
Supported by NIH 2910378-11.

449.9
TRANSGENE EXPRESSION IN THE ADULT RAT SPINAL CORD 
FOLLOWING RECOMBINANT ADENO-ASSOCIATED VIRUS (rAAV) 
INJECTION OF VECTORS CONTAINING THE GFAP PROMOTER. A.L. 
Peel1*, G. Schrimsher1,, S. Zolotukhin2, B. O’Steen1, K. Chesnut2, N. Muzyczka2, and
P.J. Reier.uDepts. of 'Neurosci., 2.Mol. Gen. and Microbiol., and 1,3Neurosurg.

We have previously shown that rAAV vectors containing neuron-specific promoters 
efficiently transduce neurons in the CNS. The purpose of the present study was to 
investigate promoters which might be differentially active depending on the injury 
state of the tissue. GFAP rAAV, driving the expression of green fluorescent protein 
(GFP), was injected into C4 spinal gray matter (n=8). Half the animals received a stab 
wound 7 days later, restricted to gray matter at the injection site. At 4 weeks, gray 
matter GFP expression was strongly neuronal with some glial expression usually at the 
injection site. In the injured animals, limited astrocytic transgene expression was 
found in the area of the stab wound, consistent with reactive gliosis. A far more robust 
neuronal expression was seen, both near and distal to the wound, particularly 
associated with large motoneurons. To assess the transducibility of the white matter 
glia more directly, GFAP rAAV was injected into the dorsal columns (n=8). Half the 
animals received dorsal columns transections at C3 two segments rostral to the 
injection. Essentially no GFP-positive astrocytes were found in the white matter 
tracts. In contrast, transduced cells could be found in gray matter on either side of the 
dorsal columns, with GFP expression largely restricted to neurons. The minimal cell 
type-specificity of this vector was unanticipated and warrants more extensive 
examination. Nonetheless, the marginal glial expression we saw in the injured gray 
matter, relative to normal, may still suggest a potential for astroglial transduction. The 
widespread and robust transduction of neurons, however, cannot be dismissed as it 
shows the impressive potency of the rAAV GFAP construct and its potential for 
optimizing gene delivery.
Supported by NIMH Training Grant MH 15737 and NIH Grants GM 3572302 and 
HL/DK 50257

449.10
DISTRIBUTION OF TGF-8 RECEPTORS RI AND RII AND TGF-62 AFTER 
SPINAL CORD INJURY. M, Risling*, B, Stark. T. Lindholm, K. Fried. M. Meier and 
S. Cullheim. Dept. Neurosci., Karolinska inst., S-171 77 Stockholm, Sweden

Spinal motoneurons regenerate central nervous system (CNS)-type axons after traumatic 
injury in the spinal cord of adult cats and rats. Regenerating axons penetrate a loose 
trabecular web of processes from reactive astrocytes and invading leptomeningeal cells and 
enter adjacent ventral root fascicles. There is a persistent defect in the blood-brain barrier 
and the lesion area is invaded by macrophages and CD4+ T-helper cells, which express 
various cytokines. The transforming growth factor beta (TGF-8) family is a group of 
structurally related multifunctional regulatory proteins. Receptors for these factors nave 
been found on almost all examined mammalian cell types but the effect of TGF-8 varies 
depending on the cell type and growth conditions. In this study we have examined the 
distribution of TGF-8 receptors in the CNS scar tissue as well as in Schwann cells.

Adult rats were subjected to an incision in the ventral funiculus of the lumbosacral spinal 
cord. After a survival time of 3-30 days the animals were fixed with paraformaldehyde. 
I4(lm thick transverse sections were incubated with peptide antibodies raised against the 
TGF-6 1-3 isoforms and the TGF-8 RI and RII receptors. The results show that normal 
astrocytes have a comparatively low expression of the RI receptor but a higher level of 
expression for the RII receptor. The RI receptor was upregulated in reactive astrocytes 
after spinal cord injury. Endothelial cells in the lesion area showed comparatively low 
levels of RI- and RH-immunoreactivity. Surrounding leptomeningeal cells had a high 
expression of RII but not RI receptors. In contrast, myelinating Schwann cells in ventral 
and dorsal roots had a high expression of the RI but not the RII receptor whereas non-
myelinating Schwann cells had a low expression of the RI receptor. TGF-8 2 had a high 
expression in spinal motoneurons and was upregulated after injury. TGF-6 2 was also 
shown to be accumulated at a nerve ligature, indicating axonal transport of the factor.

It has been demonstrated that TGF-61 downregulates NGF and p75 synthesis in 
Schwann cells whereas it upregulates NGF in astrocyte cultures. TGF-81 has also been 
shown to regulate the expression of adhesion molecules and matrix proteins. Other data 
show that TGF-61 can play an important role in the reduction of lymphocyte infiltration 
into the CNS. It is therefore conceivable that the neuronal upregulation of TGF-6 2 may 
be of importance for the development of the scar tissue after spinal cord injury.
Supported by: The Swedish MRC and the International Spinal Research Trust
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449.11
REGENERATION OF MOTOR NEURONS IS ACCOMPANIED BY 
EXPRES SION OF A NOVEL SCI I WANN CELL MITOGEN

Hunt1 (SPON: Brain Research Association)
1 MRC Laboratory of Molecular Biology, Hills Road, Cambridge, CB2 2QH; 
2Centre for Genome Research, University of Edinburgh, Edinburgh, EH9 3JQ; 
^Departments of Internal Medicine and Physiology, University of Manitoba, 
Winnipeg, Canada R3E 3J7.

Motor neurons are the only adult mammalian central neurons to regenerate 
following injury. This ability is thought to depend on the environment of the 
peripheral nerve and on an intrinsic capacity of motor neurons for regrowth. We 
report here tlie identification by difference cloning methods of a neuronal 
extracellular signalling molecule, previously described as pituitary peptide-23 and 
the pancreatic secreted protein Reg-2, which is expressed solely in regenerating and 
developing rat motor and sensory neurons and in no other neuronal cell type. A key 
event in regeneration is the stimulation of Schwann cell proliferation by 
regenerating axons. We demonstrate that Reg-2 protein is transported along 
growing motor axons in vivo and is a potent Schwann cell mitogen in vitro, 
Schwann cells produce trophic factors for motor neurons during development and 
regeneration, including cytokines of the leukemia inhibitory factor/ciliary 
neurotrophic factor (LIF/CNTF) family. Analysis of motor neuron expression of 
Reg-2 in mice carrying a targeted disruption of die LIF receptor gene, a component 
of the receptor complexes for all of the LIF/CNTF family, indicates that Reg-2 
production is regulated by cytokines signalling through the LIF receptor during 
development. We propose that Reg-2 and cytokines of the LIF/CNTF family are 
components of a neuron-Schwann cell signalling pathway which regulates motor 
neuron development and regeneration.
Supported by the Medical Research Council.

449.12
FKBP LIGANDS SPEED FUNCTIONAL RECOVERY AND NERVE 
REGENERATION IN THE RAT SCIATIC NERVE FOLLOWING ORAL 
ADMINISTRATION. B.G. Gold*tA. M, Zeleny-Pooleyf. M.-S, Wangt. P. 
Chaturvedi#, D,M, Armi$tea<^nJ P.G, McCaffrey#- fCenter for Res. on Occup. & 
Environ. Toxicol, and ADept. Cell & Develop. Biology, Oregon Health Sci. Univ., 
Portland, OR 97201, and #Vertex Pharmaceuticals Inc., Cambridge, MA, 02139.

We first reported (Gold et al., Restor Neurol & Neurosci, 6:287-296, 1994; J 
Neurosci 15:7509-7516, 1995; Wang et al., JPET, in press, 1997) that the 
immunosuppressant drug FK506 (Tacrolimus) dose-dependently speeds nerve 
regeneration in rats following a sciatic nerve lesion. Two lines of evidence indicate 
that the mechanism is distinct from that producing immunosuppression. First, while 
the immunosuppressant drugs FK506 and cyclosporin A inhibit T-cell proliferation 
via a common mechanism (calcineurin inhibition following binding to their 
respective binding proteins, the peptidyl prolyl isomerases FKBP-12 and cyclophilin 
A), cyclosporin A does not increase nerve regeneration. Second, the potent FKBP-12 
inhibitor V-10,367, which lacks the structural components of FK506 required for 
calcineurin inhibition also speeds nerve regeneration. Thus, the immunosuppressant 
and nerve regenerative properties of FKBP-12 ligands are separable, the latter not 
involving calcineurin inhibition. We now report that a variety of small molecule 
FKBP ligands lacking calcineurin inhibition increase neurite outgrowth in SH-SY5Y 
cells. Two compounds exhibiting the greatest effects on neurite outgrowth speed 
nerve regeneration in the sciatic nerve crush model. Both compounds display high 
oral bioavailability (50-80%) and effectively accelerate nerve regeneration after oral 
administration at dosages as low as 5 mg/kg. Oral (gavage) administration of these 
compounds elicited earlier functional recovery and more advanced regeneration (larger 
axonal calibers, more myelinated fibers distal to the crush site) compared to 
subcutaneous injections and was also found to be superior to subcutaneous injections 
of FK506. Following gavage, functional recovery (defined as the ability to walk on 
the hind feet and toes) was reduced from ca. 17 days in axotomized controls to ca. 13 
days (compared to 15 days for the optimal dose of FK506). These compounds 
represent exciting potential new agents for the treatment of human nerve injuries.

NEUROTRANSMITTER TRANSPORTERS

450.1
PROTEIN KINASE C STIMULATES DOPAMINE TRANSPORTER SERINE 
PHOSPHORYLATION. R.A. Vaughan* and G.R. Uhl, Molecular Neurobiology 
Branch, NIDA IRP, Baltimore, MD 21224.

Dopamine transporters (DATs) undergo in vivo phosphorylation in stably 
expressing cells and striatal synaptosomes. Activation of protein kinase C or 
inhibition of phosphatases increases of DAT phosphory lation and reduces 
dopamine transport. Possible sites for this phosphorylation-mediated functional 
regulation include the 14 serine, 10 threonine, and 4 ty rosine residues present in 
presumed cytoplasmic domains, especially those present in canonical PKC 
phosphory lation sites. Two-dimensional thin layer chromatography (TLC) was 
used to investigate which sites are utilized. Rat striatal slices were incubated 
with [32]P-orthophosphate, and treated with okadaic acid (OA) or l-oleoyl-2- 
acetyl-s«-glycerol (OAG), which increase phosphorylation of DAT, or with 
vehicle. Resulting samples were immunoprecipitated, subjected to 
electrophoresis and autoradiography, and phosphory lated DAT was eluted from 
excised gel pieces and processed for TLC. For phosphoamino acid analy sis, 
samples were hydrolyzed in 5.7 M HC1 at 110°C, spotted onto thin layer 
cellulose plates, and electrophoresed in the first dimension at pH 1.9 and in the 
second dimension at pH 3.5. Unlabeled phosphoamino acid standards added to 
the samples were visualized with ninhydrin, and the plates were exposed to film 
for one to five weeks. Autoradiographs showed that basal as well as OA- and 
OAG-stimuIated phosphorylation of DAT occurred primarily on serine, while 
little to no detectable radiolabel co-migrated with p-threonine or p-tyrosine. 
TLC is also being used to analyze proteolytically-derived protein fragments of 
wild-type and serine deletion mutant transporters to determine the primary 
sequence position of phosphate acceptor sites. Supported by NIDA-IRP, NIH.

450.2
DISCOVERY OF NOVEL PEPTIDIC DOPAMINE 
TRANSPORTER LIGANDS BY SCREENING A POSITIONAL 
SCANNING COMBINATORIAL HEXAPEPTIDE LIBRARY. C.M. 
Dersch1, M.H. Baumann1, J. Appel2, R.A. Houghten2 and R.B. 
Rothman*1. 'CPS, DIR, NIDA, NIH, Baltimore, MD 21224 and 
^Torrey Pines Institute for Molecular Studies, San Diego, CA 92121.

The reinforcing effects of cocaine are thought to result from 
cocaine binding to the dopamine (DA) transporter, which inhibits 
DA uptake and increases synaptic DA levels in the mesolimbic system. 
One strategy for developing medications for treating cocaine addiction 
is identifying drugs which bind to the DA transporter (DAT ligands) 
but which do not inhibit DA uptake as effectively as cocaine. Of the 
numerous known structural classes of DAT ligands, none convincingly 
inhibit DAT binding without inhibitng DA uptake. The purpose of 
the present study was to identify members of a novel structural class 
of DAT ligands and to characterize their interactions at the DA 
transporter. A positional scanning hexapeptide D-aminoacid library 
was screened for inhibition of [125I]RTI-55 binding to rat caudate DA 
transporters. Based on the results, twelve peptides were synthesized. 
All twelve peptides inhibited [12SI]RTI-55 binding to DA transporters 
with IC50 values,which ranged from 1.8 pM to 12 pM. The two 
most potent peptides were prepared in larger quantities and will be 
characterized further in various in vitro assays and in vivo using the 
technique of in vivo microdialysis.
(Supported by NIH.)

450.3
AMINO TERMINAL TRUNCATIONS OF THE RAT SEROTONIN 
TRANSPORTER ALTER 5HT REUPTAKE IN TRANSFECTED CELLS.
T. M, Cabrera-Vera*. M, Pontius-Brewer, J. Yin and B.J. Hoffman. Laboratory of 
Cellular and Molecular Regulation, NIMH, Bethesda, MD 20892.

Serotonin (5HT) is removed from the synaptic cleft via the serotonin transporter 
(5HTT) protein thereby effectively terminating serotonergic neurotransmission. The 
transporter itself is a key target for various clinically prescribed medications, drugs 
of abuse, and neurotoxins. Despite the integral role of this protein in regulating 
serotonergic neurotransmission, little is understood about the structural determinants 
of 5HTT function. The objective of the current study was to determine whether 
portions of the amino terminus of the rat 5HTT play an important role in the 
functional status of the transporter. Gene-specific PCR primers were used to generate 
a series of nested deletions of the amino terminus of the rat 5HTT resulting in 5 
different truncated forms of the transporter. Plasmids containing cDNA for the 
truncated constructs were transiently transfected into COS-7 cells. Kinetics of 
[3HJ5HT uptake were assessed for each construct (Vmax, Km), and truncated forms 
of the transporter were labelled in whole cells using the cocaine analogue [125IJRTI- 
55 (0.04 - 4nM). Nonspecific signals were determined in the presence of either 
lOpM fluoxetine or 500 nM paroxetine. The time course for [3H]5HT uptake was 
similar across constructs, reaching a plateau by 60 min. Likewise, similar kinetic 
parameters were obtained for both truncated and wildtype transporters. In addition, 
truncated transporters exhibited similar affinities (Kd) for [125IJRTI-55 in 
comparison to the wildtype construct (0.8nM). In contrast, truncated forms of the 
5HTT exhibited varying levels of expression (Bmax). Hence, the removal of certain 
sequences altered the catalytic activity of the transporter as indicated by the ratio 
Vmax / Bmax. Further studies will be necessary to ascertain the potential underlying 
mechanisms by which the amino terminus may be involved in the targeting, stability, 
or catalytic activity of the 5HTT.

450.4
A CONSERVED ASPARTATE IN TMD 1 INTERACTS WITH SUBSTRATES 
OF THE MONOAMINE NEUROTRANSMITTER TRANSPORTERS.
E.L. Barker*, K.R. Moore, and R.D, Blakely . Dept. of Pharmacology and Ctr. for 
Mol. Neuroscience, Vanderbilt Univ. School of Medicine, Nashville, TN 37232

The permeation pathway for substrates and ions through neurotransmitter 
transporter proteins is presently undefined. A conserved aspartate (D) residue in 
TMD1 of the monoamine transporters has been hypothesized to coordinate 
interactions with the amine group of substrates and thus lie within the permeation 
pathway. We have confirmed the importance of this residue as mutation of the 
conserved TMD1 aspartate in NET or SERT caused a disruption of transport 
activity. Interestingly, whereas we have found a NET D75E substitution non-
functional, the SERT D98E mutant retains significant transport activity, suggesting 
that requirements for NET recognition of substrates are less tolerant to perturbation 
than those for SERT recognition of indoleamines. Using cell-surface biotinylation 
techniques, we have verified that non-functional SERT D98 and NET D75 mutants 
exhibit comparable surface expression to the wild-type transporters ruling out 
mutation-induced disruptions of trafficking mechanisms as an explanation for the 
loss of transport activity. Recent characterization of the activity retained by the 
SERT D98E mutant expressed in mammalian cells and Xenopus oocytes has 
generated data consistent with an interaction between D98 and the amine side chain 
of serotonin. If the D residue directly interacts with the substrate’s alkylamine, the 
tryptamine derivative gramine (3-[dimethylaminomethyl]indole), which lacks one 
methyl group in the alkylamine chain and exhibits low potency for wild-type rat 
SERT, should be more potent at the D98E mutant which has the carboxylic acid 
chain at position 98 lengthened by one methyl group. Indeed, we found the SERT 
D98E mutant exhibited increased potency for the shorter chain ligand gramine. Other 
substrate analogs failed to demonstrate this gain of potency. (Supported by NIH 
grants DA07390 and DA05679.)
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450.5
ROLE OF PHOSPHOINOSITOL-3-KINASE IN THE ACUTE 
REGULATION OF HUMAN NOREPINEPHRINE TRANSPORTERS
S, Apparsundaram*, and R.D, Blakely. Dept. of Pharmacology and Ctr. for 
Molecular Neuroscience, Vanderbilt Uni. Sch. of Med., Nashville, TN 37232.

Despite the well-known actions of antagonists of the norepinephrine 
transporter (NET), such as cocaine and desipramine, to modulate NE 
clearance at noradrenergic synapses, little is known of the endogenous 
pathways by which neurotransmitters and growth factors regulate NETs. 
Phosphoinositol-3-kinase (PI-3-K) is involved in signal transduction following 
activation of growth factor and neurotransmitter receptors. In SK-N-SH cells, 
the inhibitor of PI-3-K, wortmannin, produced a rapid and concentration- 
dependent inhibition of NE transport. Kinetic analysis indicates that 
wortmannin (0.1 pM) produces a 30% decrease in transport capacity (Vmax) 
with little or no change in Km for NE. Insulin (10nM) increases, whereas, 
activation of muscarinic receptors by methacholine (MCh) (0.1 pM) decreases 
NE transport, also by altering transport capacity. Pretreatment with wortmannin 
(10pM) abolished insulin-induced upregulation and produced a 50% 
attenuation of MCh-induced downregulation of NET activity. Pretreatment 
with the PKC inhibitor, staurosporine [1 pM], failed to alter insulin-induced 
upregulation but produced a 50% attenuation of MCh effects on NE transport. 
These results suggest that PI-3-K may be a convergent site of action for 
insulin and muscarinic receptor signaling pathways involved in the regulation 
of NET activity. Notably, the membrane-permeable Ca2+ chelator BAPTA-AM, 
unlike wortmannin, completely abolished both insulin and MCh-induced 
regulation of NET activity. We propose that Ca2+ is required downstream of 
both PI-3-kinase and muscarinic receptor activation to achieve regulation of 
hNET transport capacity. (Supported by NIH NS33373 and DRTC DK20593)

450.6
NEUROTRANSMITTER TRANSPORTER GENES IN C. 
ELEC ANS L.D, Javanthi*. D. Miller* and R. P. Blakely. Depts. of 
Pharmacology and '-Cell Biology and Ctr. for Mol. Neuroscience?, 
Vanderbilt University Medical Center, Nashville, TN 37232-6600.

Biogenic amine neurotransmitters are inactivated following release 
by clearance from extracellular spaces mediated by presynaptic, 
cocaine-sensitive transporter proteins in the GATI /NET gene family. 
Transporters specialized for transport of dopamine, norepinephrine, 
epinephrine and serotonin have been identified and cloned from both 
vertebrate and invertebrates. Characterization of the functional 
properties of evolutionary variants of neurotransmitter transporters 
provides a powerful opportunity to identify molecular constraints on 
transporter structure that determine substrate specificity and 
antagonist selectivity. Organisms such as C. elegans provide 
additional genetic tools to identify genes that determine cell-specific 
transporter expression, that regulate transporter activity and 
localization^ or whose expression is modulated by altered 
transporter expression or antagonist blockade. Recently, 
uncharacterized homologs of neurotransmitter transporters have been 
revealed through the C. elegans genome project (Wilson et al., Nature 
368: 32-38, 1994). One of these genes, located on chromosome 3 and 
spanning cosmids T23G5 and T02C1, is observed to have highest 
sequence similarity to DA, NE, Epi and 5HT transporters. Our 
current studies seek to establish the substrate and antagonist 
specificity of the cognate cDNA as a route to structure/function 
studies and genetic identification and manipulation of transporter 
regulators.

450.7
5HT-MODULATED PHOSPHORYLATION OF THE 
HUMAN SEROTONIN TRANSPORTER. S. Ramamoorthy*. 
E. Giovanetti and R.D. Blakely. Dept. Pharmacol, and Ctr. for Mol. 
Neurosci., Vanderbilt Univ. Med. Ctr., Nashville, TN 37232-6600.

Serotonin transporter (SERT) activity is known to be downregulated by activation 
of protein kinase C (PKC). Recently, using hSERT stably transfected HEK-293 
cells, we documented the redistribution of transporter proteins from the cell surface 
as a mechanism of PKC-mediated hSERT downregulation (J. Neurosci. 17: 45-57, 
1997). Fusion proteins derived from the cytoplasmic NH2 and COOH-termini of 
SERT are readily phosphorylated in vitro by purified PKC and PKA, but not PKG 
(Soc. Neurosci. Abstr 21:344.7, 1995). We now demonstrate that hSERT proteins 
are phosphorylated in vivo and that hSERT phosphorylation is altered by 5HT 
exposure. HEK-293hSERT cells were labeled with [32P] orthophosphate and 
phosphorylation of hSERT examined by immunoprecipitation with SERT specific 
antibodies. Two different SERT antibodies (CT2B and S365), but not preimmune 
sera, immunoprecipiate labeled protein from hSERT transfected cells and not from 
the parental HEK-293 line. Basal phosphorylation of hSERT was insensitive to 
PKC and PKA inhibitors. hSERT phosphorylation is significantly and rapidly 
elevated by treatment of cells with PKC activators, PKA activators, and inhibitors 
of protein phosphatases. Exposure of 293-hSERT cells to 5HT (lpM), but not 
dopamine and norepinephrine, decreased basal as well as PKC-mediated hSERT 
phosphorylation. The SERT-antagonist paroxetine (lpM) alone had no effect on 
basal or PKC-mediated hSERT phosphorylation, but completely blocked the 5HT- 
induced decrease in basal and PKC-mediated hSERT phosphorylation. These data 
reveal hSERT proteins to be targets of protein kinases and phosphatases in vivo and 
suggest that transport activity may modulate phosphorylation state. Supported by 
NIH Award DA07390 (RDB) and NARSAD Young Investigator Award (SR).

450.8
BRAIN SEROTONERGIC DEFICITS MEASURED IN VIVO IN P- 
CHLOROAMPHETAMINE RATS USING NOVEL CARBON-11 LABELED 
NAPHTHYL- AND ISOPROPENYLPHENYL-TROPANE TRANSPORTER 
LIGANDS. G.K. Mulholland*, O-H. Zheng, W.L. Winkle, K.A. Carlson, S. 
Bledsoe, F.C. Zhou, Indiana Univ. Med. Cntr., Indianapolis, IN 46202

With the objective to develop carbon-11 labeled radiotracers for measuring 
presynaptic serotonin transporter (5-HTT) function with positron emission tomography, 
we examined the brain distributions of new !1C analogs 2-P-carboxymethyl-3-f3-(2- 
naphthyl)tropane (CNT) 2-P-carboxymethyl-3-p-(4’-isopropenylphenyl)tropane 
(CiPPT) and the N-desmethyl derivatives norCNT and norCiPPT, in normal rats and 
animals lesioned with the serotonergic neurotoxin p-chloroamphetamine (PCA, 2 x 
lOmg/kg s.c., 2 wk prior to study). PCA Rat brain immunostaining with 5-HTT antibody 
verified 5-HT terminal degeneration. "C analogs (spec. act. ~0.1 Ci/pmol) were injected 
i.v. into male Sprague Dawley rats (n =3 per group). At 90 min rats were sacrificed, and 
samples including striatum (str), frontal cortex (fc), temporal/parietal cortex (tpc), 
hippocampus (hip), hypothalamus/upper brain stem (hubs), lower brain stem (lbs) and 
cerebellum (cer) were assayed for radioactivity. Results were expressed as % dose/g 
(%id/g) of tissue, tissue/cer ratio, and % change in specific tissue binding following

str%id/g str/cer fc/cer hubs/cer Astrpca AfCpCa Ahubspca
CNT 4.34 10.7 3.3 4.1 -18% -51% -60%
norCNT 2.5 7.3 3.1 3.8 +27% -61% -59%
CiPPT 0.72 3.2 2.3 2.6 -12% -61% -53%
nor-CiPPT 0.50 2.2 2.3 2.4 -62% -70% -65%
Large negative A pca changes (50-70%) were also seen in hip, tpc and lbs, but not cer, for 
all agents. These results indicate all analogs measure 5-HT deficits in brain areas lacking 
DA terminals. CiPPT and norCiPPT are more 5-HTT specific than CNT or norCNT.

450.9
GaO2 MODULATES CATECHOLAMINE UPTAKE BY SECRETORY 
VESICLES. G. Ahnert-Hilger1* B. Niirnberg2.
11nstitut fur Anatomie der Charite, Humboldt-UniversitSt zu Berlin, Philippstr. 
12, D-10115 Berlin;2 Institut fur Pharmakologie, Universitatsklinikum 
Benjamin Franklin, Freie Universitat Berlin, Thielalle 67-73, D-14195 Berlin, 
Germany .

Two distinct transport activities are responsible for the uptake of 
neurotransmitters such as acetylcholine, aminoacid transmitters and 
catecholamines. Specific transporters of the plasma membrane terminate the 
action of neurotransmitters by reuptake into the presynaptic terminal. 
Vesicular transporters mediate the filling of secretory vesicles with 
neurotransmitter before secretion. Their membrane contains transporters 
responsible for transmitter loading that are driven by a proton electrochemical 
gradient across the vesicle membrane. Recently, heterotrimeric G-proteins 
have been found to be associated with chromaffin granules from the adrenal 
medulla. They may be candidates for a direct or indirect regulation of 
catecholamine uptake into secretory vesicles. In streptolysin O~permeabilized 
PC 12 cells, GTP-analogues and AIF/ inhibited noradrenaline uptake, an 
effect that was sensitive to treatment with pertussis toxin. Inhibition of uptake 
was prevented by Gao-specific antibodies and mimicked by purified activated 
Gao2. No effect was seen when purified Gao^ Gai,, and Gai2 were tested. 
Vesicular acidification was not inhibited whereas binding of 3H reserpine was 
reduced by GTPyS and Gao2. These data suggest that the monoamine 
transporter rather than the vacuolar ATPase is affected. We conclude that 
catecholamine uptake is controlled by Gao2 suggesting a novel function for 
heterotrimeric G proteins in the control of neurotransmitter storage.

Work was supported by the Deutsche Forschungsgemeinschaft

450.10
NEW BETA-HYDROXYASPARTATE DERIVATIVES ARE COMPETITIVE 
BLOCKERS FOR EXCITATORY AMINO ACID TRANSPORTERS. B. Lebrun.
M. Sakaitani, K. Shimamoto, Y. Yasuda-Kamatani, Y. Kuroda*, T. Nakaiima.
Suntory Institute for Bioorganic Research. 1-1-1 Wakayamadai, Shimamoto- 
cho, Mishima-gun, Osaka 618, JAPAN, and Department of Molecuiar&Cellular 
Neurobiology, Tokyo Metropolitan Institute for Neuroscience, 2-6 Musashidai, 
Fuchu-shi, Tokyo 183, JAPAN.
Four subtypes of excitatory amino acid transporters (EAAT1-4) have been 
identified in the mammalian brain. A number of pharmacological agents have 
been developed to study their intrinsic properties and their functional roles. 
Up to now, blockers were available only for EAAT2, whereas all other inhibitors 
of glutamate uptake were proved to be substrates of the transporters.
We synthesized 6 new derivatives of D.L-fhreo-p-hydroxyaspartic acid, a well 
known general substrate of EAATs, and investigated their activity on the 
cloned bovine EAAT1, expressed in the Xenopus oocyte system, by using 
radiotracer and voltage-clamp techniques. As substrate transport is 
electrogenic, voltage-clamp recordings allowed to distinguish between 
substrates and blockers. Two of our derivatives proved to be substrates of 
bovine EAAT1, with reduced electrogenicity as compared to their parent 
compound, and affinity around 50 pM. The last four derivatives proved to be 
blockers of bovine EAAT1, with affinity around 10 pM for D,L-threo-$- 
benzoyloxyaspartate and D,L-tf?reo-p-benzyloxyaspartate, as determined by 
Shild analysis. These blockers should help to better understand key intrinsic 
properties of EAAT1. Moreover, preliminary data show that these compounds 
also block EAAT2, and appear therefore to be good candidates for a general 
blocking activity on EAATs.
Funds for this work were provided by Suntory.
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450.11
EFFECTS OF SUSTAINED DEPOLARIZATION ON GLUTAMATE 
UPTAKE IN RAT HIPPOCAMPAL SLICES. O.I. Claudio1,
J.G. Ortiz1* ,L. Dominguez1/ and P.A. Ferchmin2, 
Dept. of Pharmacology1, Univ. of Puerto Rico 
School of Medicine, PO Box 365067; San Juan, 
00936-5067; Dept.of Biochem.2 Univ. Central del 
Caribe, Bayamdn, 00960-6032, Puerto Rico.

Hippocampal slices have been extensively used 
in long-term potentiation and epileptiform 
activity studies. Rat hippocampal slices were 
pre-incubated for 1 hour with veratridine, or 50 
mM K+ to mimic sustained synaptic activity and 
establish its effects on glutamate uptake 
activity. After the pre-incubation, the external 
medium was replaced by normal medium and Glu 
uptake assessed. High K+ had no effect, while 
veratridine showed a time- and dose-dependent 
decrease in Glu uptake. Co-incubation of 
veratridine with arachidonic acid (ARA), MCPG, 
or L-AP-4 prevented to varying degrees, the 
decrease in 50 Glu uptake caused by veratri-
dine alone. These results indicate that Glu 
uptake decreases under certain conditions of 
sustained depolarization (ie.veratridine) and 
that ARA and mGluR agents may be useful in 
reversing such decrease. These observations 
suggest pharmacological strategies that may be 
useful in reversing some of the effects of 
prolonged depolarization. (Supported by S06GM08224, 
S06GM50695, RR03035, and RR03051)

450.12
NEURONAL AND GLIAL EXPRESSION OF GAT-2, A HIGH-AFFINITY GABA 
PLASMA MEMBRANE TRANSPORTER, IN THE CEREBRAL CORTEX. S. De 
Biasi°*, A, Minelli, L. Vitellaro-Zuccarello0, M. Melone, N.C. BrechaK and F. 
Conti, Inst Hum Physiol, Univ of Ancona, Ancona, Italy; °Dept Physiol and 
Biochem, Univ. of Milano, Milano, Italy; §Dept. of Neurobiol, UCLA, Los Angeles, 
CA, USA.

Neuronal and glial plasma membrane transporters (GAT-1-GAT-3, BGT-1) play an 
important role in regulating GABA's action in physiological and pathological 
conditions. In the rat neocortex, GAT-1 and GAT-3 are highly expressed in the layers 
where GABA-containing axon terminals are dense; GAT-1 is mostly localized to axon 
terminals and, to a lesser extent, to astrocytic processes, whereas GAT-3 is localized 
exclusively to astrocytic processes. Here we report the results of an 
immunocytochemical study with specific antibodies on the distribution and cellular 
localization of GAT-2.

Immunoblot analysis showed that the purified antibody against GAT-2 revealed a 
band of approximately 82 KDa; labeling was prevented by preadsorption with GAT- 
2594-602 peptide, but not with GAT-1588-599 or GAT-3607-627 peptides. GAT-2 ir 
was very strong in the leptomeninges, moderate in ependymal cells and choroid 
plexuses, and faint in the brain parenchyma, with the highest levels in the cerebellar 
cortex. A careful light microscopic inspection of the cerebral cortex revealed some 
lightly stained cells and processes. Confocal microscopy showed that some astrocytic 
processes, identified by GFAP labeling, also contained GAT-2 ir. Labeling disappeared 
following preadsorption with 10"^ M GAT-2594.602- Electron microscopic analysis 
showed that GAT-2 ir was localized to astrocytic processes, dendritic profiles and some 
axon terminals, leptomeningeal cells, and to ependymal and choroidal cells. Staining 
was prevented by preadsorption with 10'^ M GAT-2594.602.

The present results demonstrate that GAT-2 is expressed in heterogeneous cell types 
in the brain and cerebral cortex, and suggest that it can play a role, mostly outside 
synaptic sites, in the regulation of GABA levels both in the brain parenchyma and 
cerebrospinal fluid. (Funded by MURST, EY, and NATO)

450.13
NON-INVASIVE MEASUREMENT OF CALCIUM FLUX AND OXYGEN 
CONSUMPTION FROM SINGLE CULTURED NEURONS. P.J.S. Smith*. K. 
Hammar, S.C. Land and R.H. Sanger. BioCurrents Research Center. Marine Bio-
logical Laboratory, Woods Hole, MA 02543.

Conventional techniques for examining the physiology of neural tissues or cells 
tend to place the emphasis on processes involving the rapid transduction of informa-
tion. However, much of neural function depends on less dramatic but equally impor-
tant events. The work reported in this study presents novel adaptations of existing 
technologies to the study of relatively steady-state ion flux and oxygen consumption 
at the single cell level.

Measurements of transmembrane calcium signals using self-referencing ion- 
selective electrodes produce unexpected results. Cultured neurons exhibit a ‘steady- 
state’ Ca2* efflux signal from the soma (1 -2 pmoLcm'2.s'‘). This can be modulated by 
second messengers and compounds targeting reticular sequestration of Ca2* - such 
as thapsigargin. A paradox exists in that the flux levels would result in rapid deple-
tion of the internal store. The solution to this conundrum may lie in channel activity 
separated either temporally or spatially. This will be discussed.
Using polarographic techniques, based on the redox reaction of dissolved oxygen 

and self-referencing electrodes, oxygen consumption can be measured from single 
cells with a spatial resolution of pm2. The flux value is 16-32 nmol Oj.cmLs’1. Ini-
tial results correlate signal magnitude with mitochondrial density - observations 
confirmed by studies of other cell cultures. Flux can be manipulated using metabolic 
substrates (pyruvate & ADP) and uncouplers (2,4 DNP). KCN reverses these effects.

Using these new techniques we intend to examine oxygen sensing mechanisms in 
cellular homeostasis. Processes already demonstrated in facultative anaerobes may 
well apply to the CNS generally. Funded by P41 RR01395 (PJSS), the Lakian Fel-
lowship and CTR (SCL).

450.14
PHYSIOLOGICAL EXAMINATION OF DROSOPHILA ROSA
MUTANTS INDICATES POSSIBLE FUNCTION FOR A NOVEL 
NEUROTRANSMITTER TRANSPORTER. M. G. Burg*, J. W. Wang1,
H.-T. Leung, W. L. Pak, and C.-F. Wuf. Dept. of Biol. Sci., Purdue 
University, West Lafayette, IN, 47907 and TDept. of Biol. Sci., Univ. of 
Iowa, Iowa City, IA, 52242

Mutants of the rosA (receptor oscillation A) gene exhibit oscillations 
during the electroretinogram (ERG), an extracellular recording of a light- 
evoked response from the retina. These abnormal oscillations are derived 
from photoreceptor-specific mechanisms in the retina, since intracellular 
recordings from rosA mutant photoreceptors demonstrate oscillations.
The rosA gene has been shown to encode a novel neurotransmitter 
transporter (Geng et al, 1996; Soehnge et al., 1996). We have examined 
the rosA mutant phenotype in a physiologically more accessible 
preparation, the larval neuromuscular junction, in which the rosA mutation 
causes alterations in synaptic transmission. Results from P element- 
mediated germ line transformation experiments indicate that the mutant 
phenotypes in both photoreceptors and larval neuromuscular junction can 
be rescued by induced expression of a wild-type rosA cDNA in rosA 
mutants. In both physiological preparations, we are using pharmacological 
reagents (neurotransmitter transporter blockers) in wild-type preparations 
to probe the potential mechanism underlying the mutant phenotype.
These experiments identify the mutant as disrupting a Na+- and Cf- 
dependent process which is critical to normal cellular function. The results 
obtained thus far suggest that the ROSA protein has widespread effects on 
neural function. In addition, a cell culture expression system is being used 
to determine the molecule(s) being transported by ROSA. Supported by 
NIH grants to WLP and CFW.
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451.1
AGE- AND SEX-DEPENDENT SPATLAL MEMORY DEFICITS IN MICE 
OVEREXPRESSING THE C100 FRAGMENT OF THE AMYLOID 
PRECURSOR PEPTIDE (Flag-APP-ClOO). K.M. Frick*, L.A. Burlingame, RL. 
Neve, J. Berger-Sweeney. Department of Biological Sciences, Wellesley College, 
Wellesley, MA; Department of Genetics, Harvard Medical School and McLean 
Hospital, Belmont, MA. USA.

Neuronal degeneration and amyloid plaque deposition are molecular hallmarks of 
Alzheimer's disease (AD). The C-terminal 100-amino acid fragment of the amyloid 
precursor protein (APP-C100), which contains the 42-amino acid AB peptide, may 
play a key role in AD neuropathology. Aged (18-20 months) mice overexpressmg 
this fragment display severe cortical and hippocampal atrophy (Neve et al., 1992, 
PNAS, 89:3448-3452; Oster-Granite et al., 1996, J. Neurosci., 16:6732-6741).
Mice in which a "Flag" epitope was fused to the N-terminus of APP-C100 displayed 
severe hippocampal degeneration as early as 12 months of age (Oster-Granite et al., 
1996). Furthermore, these Flag-APP-ClOO mice have significant spatial memory 
deficits, with female transgene-positive mice showing a more severe deficit at 12 
months of age than male transgenic mice (Alters et al., 1995, Soc. Neurosci. Abstr., 
21:1483). The present study was designed to examine the age of onset of AD-like 
cognitive deficits in Flag-APP-ClOO mice and to correlate these deficits to alterations 
in cholinergic neurotransmission. Male and female Flag-APP-ClOO mice, both 
transgene-positive and -negative, were tested at three ages (3-5 months, 8-10 months, 
and 15+ months of age). Mice were tested in a battery of cognitive and non- 
cognitive tasks. Spatial, spatial reversal, and cued versions of the Morris water maze 
tested spatial and non-spatial memory. Locomotor activity and basic reflexes were 
also measured. Choline acetyltransferase (ChAT) activity was measured in the 
cortex, hippocampus, and caudate at the conclusion of behavioral testing. Transgenic 
mice of both sexes perform more poorly in the spatial reversal task, suggesting 
impaired flexibility in learning a new spatial location. In addition, aging does appear 
to affect spatial memory. ChAT assays are currently being performed. Supported by 
the Whitehall Foundation and NSF IBN9458101.

451.2
LINKAGE ANALYSIS OF NEOCORTICAL ECTOPIAS IN NXSM-D MICE.
G.F, Sherman*, L.V. Stone. A.M. Galaburda, and D.R. Beier. Department of 
Neurology, Beth Israel Deaconess Medical Center; Genetics Division, Brigham 
and Women’s Hospital; and Harvard Medical School, Boston, MA.

Approximately 80% of NXSM-D mice develop prenatal collections of neurons 
in neocortical layer I (Sherman et al., NeuroReport 5:721-724, 1994). These 
ectopias are similar to those in dyslexic individuals and in 50% of NZB/B1NJ 
mice. Ectopias in NZB (a progenitor of the NXSM-D RI strain) are a recessively 
inherited trait with incomplete penetrance (see NeuroReport above). Genome-
wide analysis provided suggestive, but not conclusive, evidence for linkage to a 
locus on chromosome 11. The present study comprehensively screened for 
linkage in NXSM-D.

NXSM-D were bred with control DBA/2 mice and their offspring backcrossed 
to either DBA or NXSM-D. On day 30 the mice were anesthetized, their kidneys 
removed and transcardially perfused. The brains were processed for histology. No 
DBA/2 progenitor, Fj offspring, or Fi x DBA/2 backcross progeny had ectopias, 
again demonstrating that inheritance of the ectopia trait is recessive. The preva-
lence in the Fi x NXSM-D backcross progeny was 24% (72 ectopics and 223 
non-ectopics). This differed from the expected prevalence if the predisposition to 
ectopias is inherited as a monogenic trait and implicated multiple genes.

Linkage analysis was carried out on genomic DNA using PCR-amplification 
of 96 MIT microsatellite markers distributed across the genome. Loci that 
segregate non-randomly jn affected mice were found on chromosomes 4 and 8. 
The genotype distribution on chromosome 4 of marker D4MIT224 included 53 
homozygous and 17 heterozygous mice (p<0.003) and on chromosome 8 of 
D8M1T100 included 52 homozygous and 18 heterozygous mice (p<0.005). 
Genotype distributions for both markers differed significantly from that found in 
unaffected mice, indicating that the observed non-random segregation correlates 
with the ectopia phenotype and is not occurring as a result of non-specific 
transmission distortion. The two loci together may account for the phenotype:
38 affected mice were homozygous at both loci, 29 were homozygous at one of 
the two loci, and only 3 were heterozygous at both (p<0,001). Supported by the 
March of Dimes Foundation and NIH HD 20806.
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451.3
OVER-EXPRESSION OF THE G-PROTEIN-COUPLED THROMBIN 
RECEPTOR (PAR-1) IN MOTOR NEURONS OF HOMOZYGOUS 
WOBBLER MICE. B.W. Festoff*, M. Andrea, M.N. Zoubine, I.V. 
Smirnova, B.A. Citron, and P. Andrade-Gordonl. Neurobiology Research 
Laboratory, Department of Veterans Affairs Medical Center, Kansas City, 
Missouri 64128, and Department of Neurology, University of Kansas 
Medical Center, Kansas City, Kansas 66103 and Thrombin Discovery Team, 
RW Johnson Pharmaceutical Research Institute, Spring House, PA 194771.

We used 28 day old wobblers (wr+/wr+) bred from heterozygous 
NFR/wr+ mice to obtain tissue sections of cervical spinal cord after 
ketamine/acepromazine anesthesia. Using rabbit anti-rat PAR-1 polyclonal 
antibody visualized with peroxidase by immunohistochemistry, we found 
membrane staining of large alpha motor neurons in ventral cord in normal 
littermates. In wr+/wr+ homozygotes we found cervical cord gliosis and 
loss of motor neurons. In addition, we observed dramatic PAR-1 antigen 
increase in the remaining motor neurons. PAR-1 antibody completely filled 
these cells and although staining was present in other cells,,these large 
motor neurons were evident even at low power. To confirm this, we found 
that PAR-1 message was elevated in wr+/wr+ compared to normals using 
RT-PCR. PAR-1 relocalization/concentration to motor neurons suggests a 
possible role for this receptor, and its effector, thrombin, in the wobbler 
model of motor neuron disease. (Supported by Medical Research 
Service of the Department of Veterans Affairs, ALS/Spinal Cord Research 
Fund, Kansas University Endowment Association and Defense and 
Veterans Head Injury Program, Uniformed Services University of the 
Health Sciences, Bethesda, MD and RW Johnson Pharmaceutical Research 
Institute).

451.4
SLOW-CHANNEL TRANSGENIC MICE: A MODEL OF TRANSSYNAPTIC 
CALCIUM OVERLOAD L_WJ3aVx J. McWilliams. P, Chamet. C, M, Gomez. 
Department of Neurology, University of Minnesota, CNRS, Montpelier, FR

The slow channel syndrome (SCCMS) is a progressive congenital myasthenic 
syndrome caused by mutations in the acetylcholine receptor (AChR) subunit genes. 
To investigate the pathological mechanisms in SCCMS we have used transgenic 
mice that over-express mutant AChR subunit mRNAs in skeletal muscle. We 
previously reported that one of these mutations, eL269F, causes weakness and 
impaired neuromuscular transmission, including reduced miniature endplate current 
(MEPC) amplitudes. We have now found that the diminished MEPC amplitudes 
are due in part to a reduction in the number of AChRs on endplates, as judged by a 
bungarotoxin binding. We have found that weakness progresses dramatically by one 
year, as judged by two measures of grip strength, while muscle shows increasing 
signs of myopathy and neuromuscular junction degeneration. Similar 
electrophysiological features are present in two lines expressing a second SCCMS 
mutation, J3L262M. In mice from transgenic lines expressing four different AChR 
mutations having a range of effects on channel open time, the number of endplates 
with histological evidence of Ca+2 overload, the presence and severity of endplate 
degeneration, and the presence of clinical disease all correlate with the increase in 
channel open time, not with Ca+2 permeability. Because these changes appear to 
be due to excessive entry of Ca+2 through the slowed, mutant AChR channels we 
have used quinidine, known to shorten AChR channel open time, to attempt to 
modulate the effects of the mutant AChRs. Treatment of mice expressing three 
different slow-channel mutations with quinidine at doses of 20 mg/kg reduces or 
abolishes the electromyographic features of prolonged endplate potentials within 30 
min, without further impairment of neuromuscular transmission. If follow-up 
studies demonstrate that this drug diminishes the myopathy and endplate 
degeneration in these mice quinidine may be a useful agent for treatment of the 
SCCMS. Supported by CIDA K08NS01540, NIH R01 NS33202, MDA.

451.5
EFFECTS OF TARGETED POINT MUTATION AT THE N-SITE 
OF THE NMDA RECEPTOR CHANNEL M2 DOMAIN IN MICE.
F.N. Single, A. Rozov, N. Burnashev, F. Zimmermann, D.F. Hanley*,
B. Sakmann, P.H. Seeburg and R. Sprengel.
Max-Planck-Institute for Medical Research, 69120 Heidelberg, Germany

In the mammalian central nervous system, some forms of long term
changes in synaptic strength - mechanisms which might underlie 
memory formation, learning and neuronal development - are induced by 
the activity dependent postsynaptic Ca2+ flux through the NMDA 
receptor. The Ca2+ influx as the key physiological determinant of the 
NMDA receptor is controlled by a single amino acid residue (N598) in 
the channel pore forming M2 domain of the NMDA receptor subunit 
NR1. To investigate the physiological relevance of the NMDA receptor 
mediated Ca2+ influx in vivo we altered by point mutation the codon for 
the asparagine (N598) at this position to a glutamine codon in the 
murine NR1 gene. Using the gene targeting approach and the CRE-/ox 
system we generated germline transmitting chimeras that express both 
the wild type and the mutated allele to the same extent. Heterozygous 
NR1n /Q mice develop and reproduce normally but females show 
impairment of nurturing behavior. Homozygous NR1Q/Q mice die 
shortly after birth with severe deficits in autonomous functions such as 
breathing, temperature regulation and feeding. Electrophysiological 
recordings from nucleated patches of hippocampal CA1 pyramidal cells 
in acute brain slices of homozygous P0 animals revealed a reduction of 
Ca2+ permeability and voltage dependent Mg2+ blockade. These 
results indicate that modulation of NMDA receptor-mediated ion 
conductance affects behavioral aspects and early postnatal functions. 
Supported by grants of the Volkswagen-Stiftung to P.H.S., R S. and B.S. and an Alexander von 
Humboldt research award to D.F.H.

451.6
CONDITIONAL EXPRESSION OF NMDA RECEPTOR SUBUNIT 
NR1 IN TRANSGENIC MICE. J. Jerecic, A. Smith*, M. Mavford, R. 
Sprengel and P.H. Seeburg. Max-Planck-Institute for Medica! Research, 69120 
Heidelberg, Germany.

The NMDA receptor subunit NR1 was overexpressed in the 
forebrain of transgenic mice using the tetracycline controlled 
expression system driven by the CaMKII promoter. Three 
transgenic mouse lines were generated. All three lines showed 
strong expression of the transgene in the striatum, amygdala, 
cortex and CAI region of the hippocampus and lower expression 
levels in CA3 and dentate gyrus. There was no expression of the 
transgene in thalamus, cerebellum and brainstem areas. Two lines 
(M2 and M4) showed a 20% overexpression of the transgene 
compared to wildtype, whereas expression in the third (M3) line 
was twofold. Commensurate with the different expression levels, 
the mutant mice exhibited distinct phenotypes. Animals of the 
highly expressing M3 line died at the age of 3-4 weeks, M2 and 
M4 animals died at 8-11 weeks. The mutant mice were generally 
smaller and more active than their wildtype littermates. Analysis 
of mutant brains from M3 animals showed enlarged ventricles, 
reduced corpus callosum and disorganization of cortical and 
striatal areas. Administration of doxycycline during 
embryogenesis abolished overexpression of the NR1 transgene 
and led to phenotypically normal mice. Thus, aberrant expression 
of the NR1 subunit might disturb neuronal differentiation and 
normal synaptic formation during development.
Supported by VW-Stiftung to P.H.S. and R.S. and Fond d. Chem. Indust, to P.H.S.

451.7
A SINGLE-STEP APPROACH TOWARDS INDUCIBLE GENE 
EXPRESSION. R. Kolhekar, T. Storck, R. Sprengel and P.H. Seeburg*. 
Max-Planck-Institute for Medical Research, Heidelberg, Germany 69120.

Sequence elements of the E.coli tetracycline-resistance operon tet 
have been successfully used to produce regulated expression of 
transgenes in mice. However, transgenic models suffer from 
drawbacks such as integration site-dependent effects, a need for 
multiple transgenic lines and sometimes unpredicted, ectopic 
transgene expression. In an effort to achieve accurate spatial and 
temporal regulation of mammalian gene expression, we sought to 
express the tetracycline transactivator tTA under the influence of the 
endogenous promoters of NR1 or GluR-B genes and to concurrently 
direct the expression of NR1 or GluR-B under the influence of a tTA- 
dependent cytomegalovirus minimal promoter (CMVmin) in a single 
step. This was done by inserting a regulatory cassette consisting of tTA 
followed by CMVmin 20-30 base pairs upstream of the translational 
start codons of GluR-B and NR1 genes in mouse embryonic stem cells. 
Following differentiation to a neuronal phenotype, targeted ES cell 
clones expressed the targeted GluR-B and NR1 alleles with a 
concurrent expression of tTA, as revealed by allele-specific RT-PCR 
analysis. In contrast, undifferentiated ES cell clones showed no 
evidence of CMVmin-directed baseline expression of the targeted 
GluR-B and NR1 genes. Taken together, the system demonstrates 
inducibility of tet-regulated gene expression as well as absence of 
baseline expression. The above findings were further substantiated by 
preliminary results from chimaeric mice generated by blastocyst 
injection of the targeted ES cell clones. Thus, we present a single-step 
approach for producing targeted mice which display inducible gene 
expression with the spatial and temporal expression profiles of the 
endogenous promoters.

Supported by VW-Stiftung to P.H.S. and R.S. and Fond d. Chem. Indust, to P.H.S.

451.8
MACROPHAGE DEPLETION PROLONGS ADENOVIRAL-MEDIATED GENE 
EXPRESSION IN BRAIN. A, Bosch', N. van Rooiien2, R. E. Fellows3* & B. L. 
Davidson1. ’Department of Internal Medicine and ’Department of Physiology, 
University of Iowa, Iowa City, IA 52242, ’Department of Cell Biology and 
Immunology, Vrije Universiteit, Amsterdam, The Netherlands.

Recombinant adenoviruses are efficient for gene transfer although transgene 
expression is short lived, mainly due to the high immunogenicity of these viral 
vectors. Transient inhibition of B and T cell immune responses has been able to 
prolong expression of adenoviral-mediated gene transfer in several tissues. Depletion 
of macrophages also enhances transgene expression in liver. To test if depletion of 
macrophages can prolong and/or enhance the expression following adenoviral- 
mediated gene transfer into CNS, we injected clodronate conjugated with liposomes 
into the right striatum of gusmps/gus+ mice. Three days later, 3xlO7 infection units of 
replication deficient adenovirus, carrying the Bgalactosidase gene, were injected in 
both hemispheres. Mice were sacrificed at 5. 14, 28 and 60 days. No significant 
differences were seen at 5 or 14 days between the different groups. However, at day 28 
expression of LacZ/clodronate peaks (53,192 ± 11,144 LU/pg/min.) and is 
significantly higher than in animals injected only with AdLacZ (13,717 ± 5,091 
LU/pg/min.). By day 60, 6gal expression was reduced to background levels in mice 
given only AdLacZ while it was still present in the clodronate treated group (21,523 
± 11,107 LU/pg/min.). This level is twice the expression of AdLacZ alone one 
month earlier. Cytokine release assay from spleens of treated mice sacrificed at day 
14, revealed a decrease in the Thl response in the clodronate-treated group compared 
to a control group that received PBS/liposomes. No significant changes were seen in 
Th2 related cytokines. These results suggest that CNS macrophage depletion induces 
a decrease in the systemic CTL response which prolongs adenoviral-mediated gene 
expression in brain. This work was supported by the NIH, HD33531.
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451.9
INFECTION OF PRIMARY CNS CELLS BY DIFFERENT 
ADENOVIRAL SEROTYPES: SEARCHING FOR A MORE EFFICIENT 
VECTOR. M. Chillon1, A. Bosch2, D. Armentano3, R. J. Gregory3, K. P. 
Campbell1*, M. J. Welsh1 & B. L. Davidson2. ‘Howard Hughes Medical 
Institute ana department of Internal Medicine, University of Iowa, Iowa 
City, IA 52242, ’Genzyme Corporation, Framingham, MA 01701.

Adenoviral-mediated gene transfer can transduce many tissues including 
CNS. So far, only two adenoviral serotypes have been tested in brain, 
serotype 2 and 5. Both are from subgenera C, are involved in respiratory 
infections and inefficiently infect cells in the CNS. This requires the use 
of high M.O.I. which induces an immune response. To know if other 
adenoviral subtypes may be more efficient, we tested the ability of wild- 
type viral lysates to infect primary brain cell cultures. Cortical cells were 
obtained from D16 fetal rats and duplicate cultures treated with cytosine 
B-D-arabino-furanoside to decrease glial proliferation. Two days after 
seeding (by the time axons and dendrites were formed), cells were 
infected for two days at M.O.I. of 5 and 50 with wild-type adenoviral 
lysates from every serotype. Efficiency of adenoviral transfection was 
assessed by detection of the hexon protein produced using FITC-labelled 
anti-hexon. Cell type specificity was determined by co-stainning with 
GFAP (glia) or MAPS (neurons) antibodies. Preliminary results show that 
adenovirus from subgenera A (Ad31) and B (Ad3, Ad7, Ad 14) were very 
inefficient, while adenovirus from subgenera C (Ad2), D (Ad9, Ad 17, 
Adl9, Ad26, Ad30), E (Ad4) and F (Ad41) showed qualitatively higher 
efficiency. These results suggest that other adenoviral serotypes may be 
more efficacious for gene transfer to CNS than current vectors. This work 
was supported by the NIH, HD33531.

451.10
LONG TERM PHYSIOLOGICAL REVERSAL OF DIABETES INSIPIDUS 
FOLLOWING ADENOVIRAL GENE THERAPY IN THE BRATTLEBORO 
RAT J.B.Unev*, T.C, Harding, S.L Lightman and B.J. Geddes. Dept. of 
Medicine Laboratories, University of Bristol, Bristol UK, BS2 8HW.

We report the long term reversal of hypothalamic diabetes insipidus (DI) 
using an adenoviral gene replacement strategy. We believe this is the first 
example of a long term gene therapy strategy that successfully ameliorates the 
symptoms of a genetic disorder of the central nervous system.

The Brattleboro rat is deficient in the hypothalamic neuropeptide, 
vasopressin (AVP), and is therefore unable to regulate renal water excretion. 
As a result the mutant rat shows a high water intake accompanied by excretion 
of an excessive amount of dilute urine. The characteristics of this animal 
model of DI allows us to monitor chronically the success of an adenoviral (Ad) 
gene replacement strategy in the central nervous system using non-invasive 
techniques. We have constructed a replication-defective adenoviral vector (Ad- 
AVP) expressing the rat AVP cDNA [signal/AVP/neurophysin/GP, kindly 
supplied by D Murphy]. Water intake, urine volume and urine osmolarity were 
measured before and after the stereotaxic injection of the Ad-AVP construct 
into the supraoptic nuclei of the hypothalamus. This treatment resulted in 
significant reversal of the DI phenotype in the Brattleboro rats along each of 
these physiological parameters. Furthermore, AVP-neurophysin expression 
was detected in the supraoptic nuclei immunohistochemically. At present, 
amelioration of DI has extended in excess of 2 months. Brattleboro rats treated 
similarly, but with an Ad expressing lacZ, showed no such reversal.

The results of this study strongly support the further development of 
adenoviral vectors for use as gene therapy tools for the treatment of 
neurological disorders.

451.11
METALLOTHIONEINI/II EXPRESSION AND OXIDATIVE 
STRESS RESPONSE IN EMBRYONIC (E16) HIPPOCAMPAL 
TISSUE CULTURES OF TRISOMY 16 MOUSE. M, Scortegagna 
and I. Hanbauer*. Lab. of Molec. Immunology, NHLBI, NIH, 
Bethesda, MD 20892

The presence of triplicate GluR5 and superoxide dismutase genes 
on chromosome 16 suggests an increase of oxidative stress in 
trisomy 16 mice, an animal model for Down’s Syndrome. 
Metallothionein I/II (MT I/LE), an astrocyte-enriched, metal-binding 
protein, is capable of scavenging free oxygen radicals and, hence, 
may participate in the cellular oxidative defense. In hippocampal 
tissue cultures of trisomy 16 mouse (El6), MT I/n expression is 
higher than in euploid littermates. Since the MT I/H gene is located 
on chromosome 8, this increase may have been elicited by increased 
oxidative stress rather than gene dosage. Furthermore, our data 
bring evidence that in trisomy 16 hippocampal cultures, a 1 h 
exposure to 10 pM kainic acid, 10 pM trans-(±)-ACPD, 10 |iM Il- 
amyloid, or 25 pM H2O2 failed to induce MT I/II beyond its elevated 
base line. In contrast, MT I/H expression in hippocampal cell 
cultures of euploid littermates was increased in a dose-dependent 
manner. Oxyblot analysis indicated that oxidative protein 
modification was higher in trisomic than euploid hippocampal cell 
cultures. The present data suggest that altered regulation of MT I/H 
gene transcription may be involved in the pathological chain of 
events in Down’s Syndrome.

451.12
INCREASED EXPRESSION OF VOLTAGE-ACTIVATED CALCIUM 
CHANNELS IN CULTURED MOUSE TRISOMY 16 HIPPOCAMPAL NEURONS. 
Z. Galdzicki*. S. I. Rapoport and J. Stoll f. Laboratory of Neurosciences, National 
Institute on Aging, NIH, Bethesda, MD 20892, fTexas Tech University, Amarillo, 
TX 79106, USA.

Mouse trisomy 16 is a model of human trisomy 21 (Down syndrome). We 
previously showed that electrical activity is abnormal in cultured hippocampal and 
dorsal root ganglion neurons from trisomy 16 mouse. Calcium (Ca2+) is an important 
second messenger that affects the metabolic and physiological activity of developing 
and mature neurons. Whole-cell voltage clamp, radiolabeled binding techniques and 
steady-state mRNA measurements were used to study the effect of trisomy 16 on 
voltage-dependent Ca2+-currents in cultured hippocampal neurons.

Low-voltage-activated Ca2+-current was not detected in either trisomic 16 or 
control neurons. However, a high- voltage-activated (HVA) Ca2+-current was present 
and was dihydropyridine-sensitive. The HVA Ca2+-current was 80% larger in 
trisomic 16 neurons. This augmentation in density of Ca2+-current was correlated 
with a 70% increase in binding of radiolabeled dihydropyridine, PN200-110. The 
mRNA’s encoding the alpha 1C and ID subunits of the Ca2+ channel were increased
1.5 fold in trisomy 16 neurons. This result identifies the potential importance of 
transcriptional dysregulation of dihydropyridine-sensitive voltage-dependent Ca2+ 
channels in trisomy 16. As dihydropyridine-sensitive HVA Ca2+ channels were found 
to be involved in heterosynaptic long-term depression and potentiation, the 
differences reported here may be relevant to developing and mature networks in 
trisomic conditions. Abnormal Ca2+-currents may possibly contribute to mental 
retardation in Down syndrome.

451.13
MASSED TRAINING REVEALS PROFOUND LEARNING 
DEFICIENCY IN FRAGILE X SYNDROME MICE. 
W.T. Brown*, A. Rabe, R. Dumas, G. Houck, H. Haubenstock, C.
Dobkin. Institute for Basic Research, Staten Island, NY 10314.

Mice with a knocked out (KO) Fmrl gene, a model for the human 
Fragile X syndrome of mental retardation, reportedly have only a mild 
learning deficiency (Bakker et al., Cell 78:23-33, 1994). These Fmrl 
KO mice were examined for spacial learning ability with variations in 
training procedures. KO mice were given “massed” training with short 
20 sec intertrial intervals in either a cross-shaped water maze or a 
Morris water maze. In comparison to controls, two separate groups of 
KO mice (aged 3 mo or 1 yr) showed profound deficiency in their 
ability to learn the position of a hidden escape platform. In contrast, 
when KO mice were given training trails “spaced” by 20 minute 
intertrial intervals, their learning performance was equivalent to 
controls. Thus, the knock out of the Fmrl gene profoundly interferes 
with learning when testing employs massed training trials. The spaced 
procedure appeared to reduce anxiety levels of the mice. Also, we 
note a striking similarity of these results to those of CREB KO mice 
tested with short and long intertrial intervals (Kogan, Curr Biol 7:1-11, 
1996). The profound learning deficiency of Fmrl KO mice may be due 
to increased anxiety or increased time needed for long term memory. 
(Supported by a grant from the FRAXA Research Foundation)
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452.1
A NOVEL TGF-p REQUIRED FOR PIONEER AXON 
GUIDANCE IN C. ELEGANS. J. Culotti* and A. Colavita S. 
Lunenfeld Res. Inst, of Mt Sinai Hosptl, Toronto, Canada M5G 1X5.

UNC-6 is a ventrally-expressed netrin-related protein in C. 
elegans, that guides migrating cells and neuron growth cones on the 
dorsoventral axis. UNC-6 can be a chemoattractant or a 
chemorepellant for migrating cells and growth cones, depending on 
cell type or phase of migration. UNC-5 and UNC-40 are putative 
UNC-6/netrin receptors that together mediate chemorepulsive 
responses to UNC-6. UNC-40 acting alone or in combination with 
an unknown accessory receptor mediates chemoattractive responses 
to UNC-6. By expressing UNC-5 in the touch neurons in transgenic 
animals, we can confer on their axons the ability to be repelled by 
UNC-6. We have identified mutations in 8 genes that reduce or 
eliminate the ability of the touch neurons to be repelled by UNC-6 
in these animals. One of these genes encodes a novel TGF-P that is 
expressed in motorneurons and dorsal muscles. The dorsal muscle 
expression is necessary and sufficient for normal motoraxon 
guidance. Ectopic expression in all body muscles causes axon 
guidance and cell migration defects. This TGF-/J might itself be a 
dorso-ventrally graded guidance cue or induce the formation of a 
graded cue. Supported by the Medical Research Council and 
National Cancer Institute of Canada.

452.2
NETRIN SIGNALING VIA THE FRAZZLED RECEPTOR. L 
Zhang2, H, Jo2. B. ’Kuang 1,z, and P. Kolodziei1,2*. Howard 
Hughes Medical Institute1, Dept. of Cell Biology and Molecular 
Neuroscience2, Vanderbilt Univ. Sch. of Med., Nashville, TN 
37232.

We have identified a fly homolog, frazzled, of the deleted in colon 
cancer (DCC) gene. DCC, a member of the immunoglobulin gene 
superfamily, encodes a vertebrate receptor for netrins, secreted 
proteins made by midline cells that serve as chemoattractants for 
commissural axons. Netrin and frazzled deletion mutants in fly are 
defective in commissural axon guidance at the midline and motor 
axon targeting to netrin expressing muscles.

The C-terminal domain of frazzled and DCC is approximately 300 
amino acids in length, and does not resemble proteins outside the 
DCC family (DCC, neogenenin, frazzled, and unc-40). However, 
the proteins share three short stretches of high sequence identity, 
suggesting that the mechanism of netrin signaling may be conserved 
in evolution. We have identified three genes that encode proteins 
which interact with the C-terminal domain of frazzled in the two 
hybrid screen. They also interact weakly with the DCC C-terminal 
domain, and at least one conserved motif is required for these 
interactions. All three genes are expressed in the CNS and gut of 
the developing fly embryo. We are currently analyzing these 
interactions biochemically and investigating whether these proteins 
may be required for axon guidance.

Howard Hughes Medical Institute

452.3
ENHANCERS AND SUPPRESSORS OF NETRIN MUTANT 
PHENOTYPES IN DROSOPHILA.
K.J, Mitchell*. T.A, Serafini#*. and C.S. Goodman*. +HHMI, 
Neuro. Div., and #Cell and Devel. Biol. Div., Dept. of Mol. Cell. 
Biol., U.C. Berkeley, CA 94720.

We previously showed that a small deficiency that removes 
both Netrin genes in Drosophila (and other neighboring genes) leads 
to a specific thinning of the commissures in the CNS and to a 
misrouting of specific motor axons in the periphery. The CNS 
phenotypes can be rescued by midline expression of either Netrin. 
We have generated a series of synthetic deficiencies which further 
genetically subdivide this region and have found that a smaller 
deficiency, which still removes both Netrin genes, has a less 
penetrant phenotype in the CNS. Given that the CNS midline 
phenotype of the larger deficiency, NP5, can be completely rescued 
by restoration of either Netrin gene at the midline, these data suggest 
that another gene is deleted in NP5 which enhances the Netrin 
phenotype but which has no phenotype when removed by itself. We 
have mapped and are cloning this enhancer of Netrin gene, and are 
cloning another gene that maps nearby that also affects commissure 
formation. We are also taking advantage of the milder phenotypes of 
the synthetic deficiencies to analyze the roles of Netrins in 
motoneuron target selection. Netrin-B is specifically expressed by 
muscles 7 and 6 where genetic analysis suggests that it plays a major 
role in target recognition by the RP3 motor axon. The Netrin motor 
axon phenotype is only partially penetrant and we are screening for 
other genes that enhance or suppress it.
Funded by HHMI and NIH grant NS 18366.

452.4
CHEMOREPULSION OF CRANIAL MOTOR AXONS DURING 
DEVELOPMENT AVarela-Echavarria. A. Tucker. A.W. Puschel1, 
and S. Guthrie.* Dept of Developmental Neurobiology, LMDS, 
Guy’s Hospital, London SE1 9RT. 1 Abteilung Neurochemie, Max 
Planck Institut fur Himforschung, Deutschordenstrasse 46, D-60528 
Frankfurt am Main, Federal Republic of Germany.

In the developing neural tube, motor axons are excluded from the 
floor plate by chemorepellent molecules emanating from this region. 
We have tested the effects of cell clusters secreting various 
chemorepellent molecules on identified subsets of cranial motor 
axons using in vitro co-cultures in collagen gels. We find that motor 
axons that project dorsally in vivo, such as those of the trigeminal, 
facial and glossopharyngeal nuclei are repelled by both netrin-1 and 
semaphorin D. Axon which project ventrally in vivo, such as those 
of the abducens nucleus and spinal motor neurons were repelled only 
by semaphorin D. Axons of oculomotor neurons, which lie in the the 
midbrain, are not responsive to netrin-1 or to semaphorin D, 
indicating the existence of a distinct activity at this axial level. 
Semaphorin E, which is closely related to semaphorin D, has so far 
proved to be ineffective in chemorepulsion of dorsally-projecting 
motor neurons. Chemosensitivity to these chemorepellent molecules 
could thus help underlie the generation of different cranial axon 
pathways.

452.5
Developmental changes in neuronal responsiveness to the CNS myelin- 
associated neurite growth inhibitor NI-35/250. Christine E. Bandtlow * and 
Jurgen Loschinger *. Brain Research Institute, University of Zurich, 8029 
Zurich, Switzerland and # Max Planck Institute for Dev. Biol., Tubingen, FRG

The extent of fiber regeneration in the adult injured vertebrate nervous 
system appears to be primarily determined by the local environment. Thus, 
the failure of axon re-growth in the central nervous system (CNS) is crucially 
influenced by the presence of the myelin-associated neurite growth inhibitor 
NI-35/250 and possibly also by molecules such as the myelin-associate j 
glycoprotein (MAG) and proteoglycans (PGs). Developmental time course 
studies have shown that the capacity for regeneration declines with the 
appearance of mature oligodendrocytes and myelin, indicating a role c, NI- 
35/250 in restricting CNS regeneration and plasticity. However, recent in 
vitro and in vivo studies showed that embryonic neurons are capable of 
extending fibers on and in adult CNS tissue apparently unaffected by 
myelinated areas. A possible explanation is that very immature neurons have 
yet to express the appropriate receptors and response mechanisms for 
factors that normally induce growth inhibition at a later stage of development. 
Here we report that embryonic rat dorsal root ganglion or chick retinal 
ganglion cells display a different sensitivity to bovine NI-35/250 than mature 
neurons. In older neurons NI-35/250 could evoke long-lasting collapse 
responses accompanied with a large increase in the intracellular calcium 
levels, persisting for several minutes. In contrast, their embryonic 
counterparts collapsed only transiently when exposed to NI-35/250, and 
[Ca2+]i were small and transient. Experimentally induced calcium influx by 
the calcium ionophore A23187 revealed that not the maximal size of the 
calcium increase but rather the duration of elevated calcium concentrations 
was the most important determinant for subsequent morphological alterations 
of the growth cone. Our data further suggest that developing neurons acquire 
their complete sensitivity for NI-35/250 around the time of myelination.

452.6
REPELLENT GUIDANCE CUES IN RETINOTARGET 
COCULTURES: A CELLULAR AND MOLECULAR ANALYSIS 
Roger W, Davenport*. Edda Thies. Renping ZhouL Phillip G. Nelson 
Laboratory of Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892 
^Laboratory for Cancer Research, Rutgers University, Piscataway, NJ 08855

Development of retinotopic projections depends on axonal guidance cues spread 
across target nuclei. Two repellent guidance cues are now known to exist in both 
chick and mouse targets, however, differences in axon guidance by repulsion exist 
between avian and rodents. Our project involves a cellular and molecular analysis of 
the repellent cues in both systems to elucidate the key, functional guidance 
components. Repellent cues are present on posterior neurons in retinotarget 
cocultures from both chick and mouse - contact with posterior neurons cause growth 
cones from temporal retinae to collapse and retract. The response to non-neuronal 
cells differed, however. Temporal growth cones retracted after contact with =50% of 
non-neuronal cells from posterior regions of mouse superior colliculus, compared 
with <10% from posterior chick tecta. To address whether the 2 repellent 
molecules, ephrin-A2 and ephrin-A5, might account for repulsion in coculture, we 
examined ganglion axon extension after contact with stably transfected 3T3 cells. 
Temporal axons do not extend across 3T3 cells transfected with either molecule, and 
indeed collapse and retract from such cells when contacted individually. Nasal axons 
and their growth cones also were repelled from ephrin-A5 expressing cells These 
results suggest that single, living cells can express sufficiently high concentrations 
of ephrins to account for previously described repellent behavior. Immunostaining 
demonstrates that ephrin-A2 is expressed in a gradient in mouse cultures, with most 
staining on posterior neurons. Northern analyses reveal that both molecules 
demonstrate a lower expression in cells cultured from anterior than from posterior 
target regions. Interestingly, their expression differs between mouse cell types: 
ephrin-A2 is predominantly expressed on neurons, ephrin -A5 on non-neuronal cells. 
This analysis of the cellular and molecular distribution of guidance molecules 
provides novel insight into the distinct function each may serve and generally help 
elucidate retinotopic development in birds and rodents. Rrding source: NICHD
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452.7
DEVELOPMENTAL REGULATION OF CEREBELLAR
COLLAPSIN-l/SEMAPHORIN-III/D SUGGESTS MULTIPLE 
FUNCTIONS DURING GUIDANCE OF PONTINE MOSSY FIBERS.
D.H. Baird*. J.M. Solowska. S.A. Rabacchi, B. Kruk. Dept. of
Neurobiology and Anatomy, MCP* Hahnemann School of Medicine, 
Allegheny University of the Health Sciences, Philadelphia PA 19129.

The basilar pontine nuclei are the major source of mossy fibers in 
mammals, and are the last to develop, entering the cerebellum about 
birth. All mossy fibers synapse with granule neurons, and are never found 
to contact Purkinje cells in normal, mature animals. Our previous studies 
indicate that about 70% of neurites from cultured basilar pontine 
explants are collapsed by collapsin-1, and often retract. To determine 
what role collapsin-l/semaphorin-III/D (sema-D) might play in guiding 
mossy fibers, we characterized the expression of sema-D during postnatal 
cerebellar development in the mouse using in situ hybridization. At birth, 
sema-D is expressed by Purkinje cells in two regions on either side of the 
midline, but is absent laterally in most lobules. Expression can also be 
detected in a subset of cells of the deep cerebellar nuclei. Later, by P15- 
P20, Purkinje cell expression is detected medially and laterally in nearly 
all, if not all lobules. Since mossy fibers from basilar pons project to 
almost all regions of the cerebellar cortex in an orderly fashion, the early, 
restricted distribution of sema-D may serve to repel subclasses of mossy 
fibers from inappropriate target regions in the cortex. Later, when 
expression is found in nearly all Purkinje cells, sema-D may prevent 
mossy fibers from forming stable contacts with an inappropriate target 
cell. This interpretation is consistent with the regression between 2 and 4 
weeks of mossy fiber collaterals that transiently contact Purkinje cells 
("combination fibers"). Supported by NIH Grants NS33214, HD07467 and 
the Whitehall Foundation.

452.8
ARE SEMAPHORINS INVOLVED IN GUIDANCE OF IPSILATERALLY AND 
CONTRALATERALLY PROJECTING TECTOFUGAL FIBERS? S. Henke- 
Fahle*1, K.-W. Beck-!, H. Betz2 and A.W. Puschel2. 1 Department of 
Ophthalmology, University of Tubingen, 72076 Tubingen; 2Max-Planck- 
Institute for Brain Research, 60528 Frankfurt, Germany.

The efferent tectal pathway in the chick embryo consists of ipsilaterally and 
contralaterally projecting axons. Growth cones of the ipsilateral tectobulbar 
tract first grow ventrally before turning gradually into the longitudinal axis. The 
contralaterally projecting tectospinal axons, after having crossed the ventral 
midline, turn caudally in close vicinity to the floor plate. To find out whether 
these axonal subpopulations respond differentially to Semaphorins 
(Collapsins), molecules described to be involved in axonal guidance, we co-
cultured tectal explants from E5 and E6 chick embryos with aggregates of 
Sem D, Sem E and Sem A secreting HEK 293 cells in three-dimensional 
matrices. Explants were derived from various regions of the tecta in order to 
detect differences in responsiveness according to tectal position. Sem D 
expressing cells exerted a pronounced repulsive action on axons from dorsal 
tectal explants, however, axons originating from the ventral tectum and the 
tegmentum responded equally to non-transfected control cells and Sem D 
secreting cells. In contrast, we found no differences when axons from 
anterior and posterior tectum were compared. These data support the 
hypothesis that uncrossed tectal fibers, predominantly originating from dorsal 
tectum (Tamada et al., 1995), are guided by Sem D expressed in the ventral 
midbrain. In addition, Sem E, which exerted a small but significant positive 
effect on tectal axons, might contribute to axonal growth.

Supported by DFG He1514/2-2.

452.9
THE CHEMOREPULSIVE ACTIVITY OF SECRETED 
SEMAPHORINS IS REGULATED BY PROTEOLYTIC 
PROCESSING. A. W. PuschelU M. Lohrum+, R, H. Adams*. 
A. Klostermann+ . and H. Betz*. + M o 1 e k u 1 a r e 
Neurogenetik, Abteilung Neurochemie, Max -Plan ck- 
Institut fur Hirnforschung, Deutschordenstr. 46. D- 
60528 Frankfurt, FRG.

The precise navigation of axons is essential for the 
establishment of the complex pattern of neuronal 
connections in the vertebrate nervous system. Proteins 
encoded by the semaphorin gene family have been 
proposed to act as growth cone guidance signals in 
vertebrates and invertebrates. Five different classes of 
semaphorins can be distinguished based on sequence 
comparison of their semaphorin domains and the 
presence of class-specific carboxyterminal domains. In 
explant cultures, semA, D and E act as chemorepellents 
on specific sets of axons. These secreted semaphorins 
are synthesized as proproteins which can be 
proteolytically cleaved at several highly conserved 
dibasic sequences by a furin-like convertase. The 
combination of processing sites used determines the 
repulsive activity of the resulting SemD isoforms over a 
range of three orders of magnitude. Our data suggest 
that proteases may have an improtant function for 
axonal guidance by regulating the activity of 
chemorepulsive factors.

452.10
CAMP-REGULATION OF NEUROTROPHIN-INDUCED 
COLLAPSE OF NERVE GROWTH CONES. O, Wang and J.O, 
Zheng*. Dept. of Neurosci. & Cell Biol., UMDNJ-RWJMS, 
Piscataway, NJ 08854.

Neurotrophins are a family of neurotrophic factors which exert 
profound influence on the survival, differentiation, and neurite 
outgrowth of developing nerve system. Here we report that brain 
-derived neurotrophic factor (BDNF) exerts collapsing effects on 
the growth cones of cultured Xenopus embryonic spinal neurons. 
Bath application of BDNF at 50 ng/ml caused the growth cone to 
collapse rapidly. The collapsing effects of BDNF depend on the 
activation of TrkB receptor tyrosine kinases and require the 
presence of extracellular Ca2+, suggesting Ca2+-signaling pathway 
plays a major role in BDNF-induced growth cone collapse. 
BDNF-induced collapse of nerve growth cones is also regulated 
by cAMP. Elevation of intracellular cAMP levels by forskolin or 
Sp-cAMP blocked the collapsing effects while Rp-cAMP, a 
specific PKA inhibitor, potentiated the collapsing effects induced 
by BDNF at lower concentrations. Thus our results suggest that 
cAMP-dependent activity may directly regulate the signaling 
cascade mediating the collapsing effects of neurotrophins. 
Activation of cAMP-dependent protein kinases could lead to the 
phosphorylation and inactivation of certain protein(s) involved in 
mediating the collapsing effects of neurotrophins. (Dept. startup).

REGIONAL LOCALIZATION OF RECEPTORS AND TRANSPORTERS I

453.1

SUBCELLULAR DISTRIBUTION OF DOPAMINE
RECEPTORS ON STRIATAL AND N. ACCUMBENS 
NEURONS IN VITRO. Stephen Rayport, Andrew C. Wongz 
Maya E. Shetreatz John O. Clarke, Ling Lin*. Depts. Psychiatry, 
Anatomy & Cell Biology, and Ctr. Neurobiology & Behavior, Columbia 
Univ.; Dept. Neuroscience, N.Y.S. Psychiatric Institute, NY 10032.

The distribution of dopamine (DA) receptors in the striatum (STR) 
and nucleus accumbens (nAcc) has been the focus of intense interest 
(Surmeier, 1993). DI and D2 receptors can be visualized on living 
nAcc neurons in culture using fluoroprobe derivatives of DA receptor 
antagonists (Rayport & Sulzer, 1995; Shetreat et al., 1996). We have 
found that DA receptors are fairly uniformly distributed on the cell 
bodies of a subset of medium-spiny GABAergic neurons. Labeling 
could be discerned on proximal dendrites but not axons. DI and D2 
receptors were colocalized on 38 ± 6% (mean ± s.e.m.) of nAcc and 
22 ± 3% of STR cell bodies. In both the nAcc and STR, a significant 
number of synaptic varicosities, identified by activity-dependent 
uptake of FM1-43, showed both DI and D2 labeling. D1-D2 receptor 
colocalization was 27 ± 3% on nAcc and 21 ± 4% on STR varicosities. 
For the most part, punctate fluoroprobe labeling corresponded to a 
subset of PMi-4o sites. In contrast, GABAa  receptors (identified by 
zolpidem-sensitive Bodipy-flurazepam labeling), which are known to 
be postsynaptic (Somogyi, 1989), were distributed in longer patches on 
postsynaptic membranes. While DA receptor levels may be 
upregulated in the absence of DA afferentation, the degree of 
colocalization we find argues for significant D1-D2 presynaptic 
modulatory interactions at GABAergic synapses in the STR and nAcc.

Supported by NIDA DA08675 and the Burroughs Wellcome Fund.

453.2
AUTORADIOGRAPHIC LOCALIZATION OF DOPAMINE D4 RECEPTORS IN 
NON-HUMAN PRIMATE BRAIN. R. De La Garza II* and B.K. Madras. Harvard 
Medical School, Division of Neurochemistry, New England Regional Primate 
Research Center, Southborough, MA 01772-9102.

Cocaine blocks the dopamine (DA) transporter and elevates synaptic DA levels, an 
effect which may underlie the rewarding and reinforcing effects of the drug. As such, 
cocaine is an indirect agonist at DA receptors. At least five subtypes of DA receptors 
have been identified, but the functional relevance for each receptor subtype in 
producing the characteristic effects of cocaine is not fully understood. While the 
receptor distribution and some functional sequela of D„ D2, and D3 receptors are 
known, information regarding the function or localization of D4 receptors is scant. 
In the design of cocaine medications, it is of interest to determine whether potential 
replacement therapies modify D,-D4 receptor populations. In a preliminary study to 
establish D4 receptor distribution in primate brain, the novel D4-selective radioligand 
[3H]-LU-85-295 was utilized. Post-mortem brains were obtained from adult rhesus 
(Macaca mulatto) monkeys. Initially, parametric studies were conducted to establish 
appropriate incubation and buffer wash times. Subsequently, coronal tissue sections 
were incubated with [3H]-LU-85-295 (3nM) to measure total binding and haloperidol 
(lOpM) to measure nonspecific binding. A preliminary analysis of the distribution 
of D4 receptors was subsequently performed in 8 distinct brain regions, of 6 anterior 
to posterior planes. [3H]-LU-85-295 binding revealed dense levels of D4 receptors 
in several cortical regions, especially in the frontal and insular cortices. D4 receptors 
were also prominent in the hippocampus, amygdala, several distinct nuclei of the 
thalamus, and hypothalamus. The observed distribution pattern correlates well with 
previously published reports on mRNA distribution for the D4 receptor, and provides 
evidence that [3H]-LU-85-295 may be a suitable ligand for establishing D4 receptor 
distribution in the brain.

Supported by DA 09462, MH 14275, RR 00168
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453.3
COORDINATED EXPRESSION OF CLOZAPINE-SENSITIVE 
RECEPTORS IN RAT PREFRONTAL CORTEX NEURONS 
p.J-Surmeier*, A,.VysQ.kanaY_and.I,Fl9tog-Hgm^Pdez,
Dept. Anatomy and Neurobiology, Univ. Tennessee, Memphis, TN.

Disordered dopaminergic signaling in prefrontal cortex is believed to be 
involved in the pathophysiology of schizophrenia. The atypical 
neuroleptic clozapine is particular effective in relieving both the positive 
and negative symptoms of schizophrenia. One prominent pharmacological 
property of clozapine is its high affinity not only for D4 dopamine 
receptors but a variety of other receptors, including D2, muscarinic ml, and 
serotoninergic 5HT2,6, 7 receptors. This is usually viewed as a 
shortcoming, but it may be a key to clozapine's effectiveness if these 
receptors are co-expressed by dysfunctional neurons.

To determine whether such a cell type could be identified in prefrontal 
cortex, single cell RT-PCR of acutely isolated neurons was performed. We 
initially focused on GABAergic intemeurons, identified by the 
coexpression of GAD65/67 and calcium binding proteins (calretinin, 
calbindin, and parvalbumin). Calretinin mRNA positive intemeurons 
commonly expressed ml and less frequently 5HT7 receptor mRNA. 
Calbindin positive cells commonly expressed D4,5HT7 and ml mRNAs. 
Parvalbumin positive neurons expressed D4,5HT2A, 5HT2C, 5HT7 and ml 
receptor mRNAs.

Preliminary voltage clamp experiments are largely in agreement with 
the molecular profiling. These data support the hypothesis that the 
coordinated expression of clozapine-sensitive receptors occurs in prefrontal 
cortex intemeurons and they may play an important role in the 
pathophysiology of schizophrenia. This work was supported by a grant 
from NARSAD to DJS.

453.4
ESTROGEN RECEPTOR IMMUNOREACTIVITY (ER-ir) COLOCALIZES WITH 
CALBINDIN IN INTERNEURONS IN SEVERAL BRAIN REGIONS INCLUDING 
DORSAL HIPPOCAMPUS. N. G. Weiland*, S, E, Alves, and B, S, McEwen, 
Neuroendocrinology, Rockefeller University, New York, NY 10021

Several aspects of hippocampal function are altered by estrogen (E) administration 
including increased NMDA receptor binding and NR1 subunit protein, increased 
pyramidal cell sensitivity to NMDA activation, modulation of GAD mRNA levels, and 
increased spine and synapse density of CAI pyramidal neurons. We have previously 
established that, in male and female rats, ER-ir is present in intemeurons in the 
hippocampus with the highest concentration of ER-ir cells in the hilus of the dentate 
gyrus and stratum radiatum of CAI, indicating that the action of E on pyramidal cell 
plasticity may be mediated through intemeurons. We have attempted to characterize the 
phenotype of ER-ir cells using double-label immunocytochemistry (ICC). Young adult 
rats were gonadectomized for one week prior to perfusion with acrolein and 
paraformaldehyde. ICC was performed using an ER antibody from S. Hayashi (blue- 
black) and antibodies for vimentin, GFAP, cholecystokmin, or the calcium binding 
proteins calretinin (CR), calbindin (CB), or parvalbumin (yellow-brown). CB-ir was 
observed in a subpopulation of ER-ir intemeurons in stratum radiatum of CAI as well 
as in the arcuate nucleus and dorsal raphe. CR was observed in a few ER-ir cells in the 
hilus. No colocalization was observed with the other antibodies. These data indicate that 
the ER-ir cells are intemeurons and not glia, that some of the actions of E may be 
mediated through calcium binding proteins, and that this effect of E is not confined to 
the hippocampus. Since CB-ir interneurons have been shown to innervate pyramidal 
cell dendrites (Gulyas and Freund, 1996, Hippocampus 6:525), we can conclude that 
some ER-ir intemeurons also innervate pyramidal cells, rather than other GABA 
neurons, and that E-induced changes in pyramidal cell plasticity may be mediated by 
CB-ir GABA neurons. (Supported by NIH grants NS30105 to NGW, NS10047 to SEA 
and NS07080 to BSM.)

453.5
RELATIONSHIPS BETWEEN SOMATOSTATIN AND THE SOMATOSTATIN 
SST2A RECEPTOR IN RAT BRAIN: A LIGHT, CONFOCAL AND ELECTRON 
MICROSCOPIC DOUBLE LABELING STUDY. P.Doumaud1’3. H. Boudin1, A, 
Schonbrunn*2, G. S. Tannenbaum1 and A. Beaudet1. ‘McGill University. Montreal, 
Quebec H3A 2B4; 2University of Texas, Houston, Texas 77225 and ffNSERM U 
159,75014 Paris, France.

Using an antipeptide antibody, we have recently reported on the distribution of 
somatostatin (SRIF) sst2A receptor subtype in rat brain (J. Neurosci., 16:4468-78, 
1996). Depending on the region, immunolabeled receptors were either confined to 
neuronal perikarya and dendrites or diffusely distributed throughout the neuropil. In 
the present study, we sought to determine the regional and cellular relationships 
between SRIF axons and sst2A receptors, using double labeling 
immunohistochemistry. Light and confocal microscopy revealed an excellent 
correlation between the distribution of somatodendritic sst2A receptor 
immunoreactivity and that of SRIF terminal fields, both quantitatively and 
qualitatively (e.g. in regions including the olfactory tubercle, nucleus accumbens 
and central amydaloid nucleus). Furthermore, in some of these regions, namely in 
the central amygdaloid, premammillary, and lateral reticular nuclei, as well as in the 
bed nucleus of the stria terminalis, a subpopulation of sst2A-immunoreactive cells 
was also immunopositive for SRIF, suggesting that a subset of sst2A receptors are 
autoreceptors. By contrast, in regions displaying diffuse sst2A neuropil labeling 
(e.g. endopiriform nucleus, cortical layers V-VI, basolateral amygdala) only 
moderate to low densities of SRIF terminals were observed. At the electron 
microscopic level, areas expressing somatodendritic sst2A receptors were found by 
immunogold cytochemistry to display low proportions of membrane-associated, as 
compared to intracellular, receptors. Conversely, in regions displaying neuropil 
sst2A receptor labeling, receptors were predominantly associated with plasma 
membranes, of both dendrites and axon terminals. The finding that regions 
containing a dense SRIF innervation contain a proportionally smaller contingent of 
membrane-associated sst2 A receptors than regions containing a sparse one suggests 
that the sst2A receptor subtype is tonically downregulated at the cell surface by 
endogenous SRIF. Supported by MRC of Canada.

453.6
CORTICOTROPIN-RELEASING FACTOR RECEPTORS CRFj AND CRF^ 
IN RAT BRAIN: mRNA EXPRESSION AND RECEPTOR 
AUTORADIOGRAPHY. D Hoyer, D. Fehlmann and M. D Tncklebank ♦. 
Nervous System Research. S-386/745. Novartis Pharma AG, CH 4002 Basel, 
Switzerland.

Two types of Corticotropin-Releasing Factor (CRF) receptors encoded 
by distinct genes have recently been identified and termed CRFt and CRF2. CRF2 
exists in two alternatively spliced forms: CRF^ and CRF2p. The distribution of 
[125I]-Tyr12 Astressin, [!25I]-Tyr°-o-Corticotrc>pin-releasing factor (ovine) and [125IJ- 
Tyr°-Sauvagine labelled recognition sites was studied in the adult Wistar rat brain 
by autoradiography and compared to in situ hybridisation histochemistry of CRFi 
and CRF2a receptor mRNA using specific oligoprobes. CRFj receptor mRNA 
expression was high in the granular layer of the cerebellum, pontine nuclei, red 
nucleus, layers III and IV of the cerebral cortex and sensory relay structures. 
CRF^ receptor mRNA was detected in the granular cell layer of the accessory 
olfactory bulb, lateral septum, posteromedial cortical amygdaloid nucleus, 
ventromedial hypothalamic nucleus, bed nucleus of the stria terminalis, anterior 
hypothalamic area in addition to cerebral arterioles and choroid plexus. The 
localisation of [125I]-Tyr12 Astressin and [125I]-Tyr0-oCRF binding was overlapping 
and clearly different from that of [125I]-Tyr°-Sauvagine. [125I]-Tyr°-oCRF and 
[12?I]-Tyr12 Astressin appear to label mainly CRFi sites, whereas [,25I]-Tyr°- 
Sauvagine labels mostly CRF2 sites since CRF^ receptor mRNA was very 
similarly distributed. The heterogeneous localisation of CRFi and CRF2 receptors 
and their mRNAs suggests distinct functional roles for each receptor in rat brain.

453.7
NPY Yl RECEPTOR-LIKE IMMUNOREACTIVITY IN THE 
RAT BRAIN. J. Kopp. X. Zhang. Z.-O, Xu, R. J. M, Middelveld. 
J, Walsh, H. Wong, and T, Hokfelt*, Dept. of Neuroscience, 
Division of Chemical Neurotransmission, Karolinska Institute, 171 
77 Stockholm, Sweden and Department of Medicine, Division of 
Digestive Diseases, University of California, Los Angeles, 
(UCLA) School of Medicine, Ca 90095-1684, USA.

The distribution of NPY Y1 receptor-like immunoreactivity 
(Y1R-LI) in the rat brain has been studied in tissue slices using the 
indirect immunofluorescence technique. Y1R-LI was found in 
neurons and in processes in different brain regions. Briefly, high 
numbers of Y1R immunoreactive (IR) cell bodies and dendrites 
were seen in the islands of Calleja, the anterior olfactory nucleus, 
the arcuate nucleus, the claustrum, in some hypothalamic 
periventricular regions and in the dorsal horn of the spinal cord. 
Moderate densities of Y1R-IR neurons could be detected in the 
deep layers of some cortical areas, in the hippocampus and the 
subicular complex, the bed nucleus of the stria terminalis, the 
endopiriform nucleus, some subnuclei of the amygdalar complex 
and the suprachiasmatic nucleus. High densities of processes 
without apparent cell bodies could be detected in many thalamic 
nuclei and the molecular layer of the dentate gyrus. These findings 
will be discussed and compared to results obtained in 
complementary studies on the distribution of Y1R mRNA in the rat 
brain using in situ hybridization.

453.8
DISTRIBUTION OF A NOVEL NEUROPEPTIDE Y RECEPTOR GENE.
J.A. Salon, A.M. Burkhoff and D.L. Linemeyer*. Synaptic Pharmaceutical 
Corporation, Paramus, NJ 07652.

The neuropeptide Y family of peptides, consisting of neuropeptide Y (NPY), 
peptide YY (PYY) and pancreatic polypeptide (PP), is one of the most widely 
expressed and physiologically important group of neuropeptide transmitters in 
the animal kingdom. Each peptide hormone in this family regulates specific 
physiological activities by binding to and activating distinct members of the G 
protein-coupled super family of receptors. Distinct Y receptor subtypes have 
been pharmacologically defined and cloned including Yl, Y2, Y4, Y5 and 
most recently a novel hypothalamic subtype which has confusingly been 
called both Y5 and Y2b and which we will refer to as Y6. A comparative 
analysis of expression patterns for these receptors will help us better 
understand the molecular basis of the NPY family’s rich biological diversity. 
In this study we examined the mRNA expression pattern and gene distribution 
of the Y6 receptor in a variety of species. We detail the relative abundance of 
Y6 message in mouse and human tissues and report the apparent absence of 
message for this receptor in any rat tissues tested. We also document the 
presence of the Y6 gene in chicken, rabbit, cow, dog, mouse, monkey and 
human, but the complete absence of the Y6 gene in rat.

This work was supported by Novartis Pharma AG and Synaptic 
Pharmaceutical Corporation.
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454.1
INHIBITORY OUTPUT MAPS WITHIN PRIMARY MOTOR CORTEX (Ml) OF 
ANTAGONIST AND AGONIST FORELIMB MUSCLE REPRESENTATIONS 
IN AWAKE PERFORMING RHESUS MACAQUES. J Hill Karrer*- 
Universitv of Kansas, Life Span Institute; B McKiernan, R Lininger, J 
Marcario, R Belhai-Saif, M Parks, L Raymond & P Cheney - Univ of Kansas
Medical Center, Smith Mental Retardation Research Center
Employing stimulus-triggered averaging (STTA) techniques, we previously 
reported (Hill Karrer, Cheney, et al., 1995) that 22 muscles in the forelimb of 
rhesus macaques are consistently represented in Ml output maps. These 
maps depicted proximal muscles of the shoulder and elbow surrounding the 
distal muscles of the wrist, fingers and intrinsics which were primarily 
represented deep in the central sulcus of Ml. Macaques were operantly 
trained to perform two tasks which activated both proximal and distal muscles 
during (1) reaching and prehension and (2) push and pull movements. The 
tasks involved reciprocal activation of both agonists and antagonists 
implanted with EMG across five joints of the forelimb. Systematic 
penetrations were made at .5 mm intervals over contralateral forelimb Ml, 
and every .5 mm in depth. Single-pulse microstimulation at 10-15 uA was 
delivered until a minimum of 2000 triggers were applied at each site.
Inhibitory maps follow the same pattern as representations for facilitation. 
Many sites within the forelimb representation yielded inhibitory effects at 
multiple joints. The STTAs further revealed that the inhibitory
representations of functional muscle groups at each joint were primarily 
located medially to representations for facilitation of the same muscle groups. 
This was true even for compact, dense representations of the intrinsic hand 
muscles. Structural aspects of our Ml model generated from STTA maps are 
supported by MRI. The results of this study suggest that functional anatomy 
of Ml is organized for the coordination of complex movements.

Supported by NS25646, HD02528 & HD31772.

454.2
DYNAMIC CORRELATION OF SINGLE CELLS OF MOTOR 
CORTEX WITH MUSCLE ACTIVITY DURING 3D 
VOLITIONAL ARM MOVEMENT. A. Kakavand*, D. W. Moran, 
and A.B. Schwartz. The Neurosciences Institute, 10640 John J. 
Hopkins Drive, San Diego, California 92121.

We recorded neuronal activity and the 3D position of a 
monkey’s hand and joints as it drew figures in 3D space. The 
dynamics of single cell activity and its correlation to upper arm muscle 
activity were studied during the drawing movements.

Motor cortical correlation to muscles is a dynamic process 
{i.e., the pattern of correlation varies as a function of time during the 
drawing tasks). We used a complex 3D model of the monkey’s upper 
extremity to examine each muscle’s contribution in accelerating the 
hand at each instance of time during the drawing task (muscle induced 
hand acceleration, HA). Three-dimensional vectors representing 
normalized hand acceleration were compared to the motor cortical 
neurons preferred direction {PD). A correlation was performed 
between the cosine of the angle of these two vectors {HA ■ PD) and 
the pattern of spike-EMG cross-correlation as a function of time.

Our preliminary results show that the pattern of correlation of 
single cell and muscle activity can be explained by the contribution of 
that muscle in accelerating the hand in the preferred direction of the 
cortical cell. Supported by Neurosciences Research Foundation.

454.3
NEW TECHNIQUES FOR TESTING HYPOTHETICAL COOR-
DINATE SYSTEMS IN THE MOTOR CORTEX. R. Ajemian, D. 
Bullock*, S. Grossberg. Department of Cognitive and Neural Sys-
tems. Boston University, Boston, MA 02215.

Within the context of the sensorimotor transformation that per-
tains to primate reaching tasks, a fundamental question concerns the 
coordinate system in which the primary motor cortex (Ml) encodes 
movement-related information. In previous work (Ajemian et ah. 
1997), it was shown that curved motion experiments could be used 
to choose between possible coordinate systems (e.g. cartesian spa-
tial, shoulder-centered, joint angle, etc.). Here we develop both a 
new model for the accumulation of motocortical cell activity during 
the traversal of an arbitrary trajectory and a new technique for eval-
uating the adequacy of alternative coordinate systems. The results 
of this analysis are that joint angle coordinates best fit the Ml data 
of the curved motion experiments of Ilocherman and Wise (1991). 
We also show that joint angle coordinates are consistent with both 
changes in the preferred directions of individual cells and changes in 
the distributions of preferred directions that are known to occur as a 
function of posture (Caminiti et al.. 1990: Scott and Kalaska. 1995). 
From these modeling studies, we suggest that many cells in the motor 
cortex encode joint angle variables as opposed to spatial variables. 
Supported by ONR N00014-92-J-1309 and ONR N00014-95-1-0409.

454.4
COMPARISON OF SINGLE UNIT ACTIVITIES IN THE PRIMARY AND 
SUPPLEMENTARY MOTOR AREAS RELATED TO BIMANUAL MOTOR 
CONTROL. I. Kermadi*- Y. Liu, and E.M. Rouiller Institute of Physiology, 
Universty of Fribourg, 1700 Fribourg, Switzerland.
To compare the respective contributions of the primary motor cortex (Ml) and the 
supplementary motor area (SMA) to the control of bimanual coordination, two 
monkeys (macaca fascicularis) were trained to perform a natural bimanual task. The 
animal pulled a drawer with the left hand and picked in it a food morsel with the right 
hand. The animals were also trained to perform the same task unimanually, with the left 
or the right hand. Trials were initiated on a self-paced basis by the monkey by putting 
each hand on a sensitive pad for at least 500 ms, followed by presentation of a cue 
signal instructing the animal to perform the task unimanually (with the left or the right 
hand) or bimanually. After a delay of about 1 second, the animal received the go-signal 
to start execution of the movement sequence. The activity of single neurons in Ml and 
SMA was recorded electrophysiologically, exhibiting clear relations with the 
instruction signal, and/or preparation of movements (set activity), and/or execution of 
movements. On the basis of die activities elicited during unimanual trials with one or 
the other hand, it appeared that in both areas there was a majority of bilateral units 
(discharge rate influenced in both unimanual conditions), however in a slightly higher 
proportion in SMA than in Ml. Units were then classified as non-bimanual or 
bimanual. The formers exhibited an activity in the bimanual trials fully predictable on 
the basis of the activities observed in the two types of unimanual trials. In contrast, 
bimanual units were characterized by the presence of activity components which may 
reflect bimanual synergy, i.e. not consistent with the patterns of discharge observed in 
unimanual trials. In both Ml and SMA, the proportion of bimanual units was close to 
50%. In conclusion, Ml and SMA exhibit fairly comparable neuronal activities related 
to the performance of such a bimanual motor task, indicating that the control of both 
hands for spatial and temporal coordination is distributed in, at least, these two motor 
areas.
Supported by Swiss National Science Foundation, giants No 31-4342295

454.5
THE PRECISION OF PROPRIOCEPTIVE LOCALIZATION OF THE HAND. R.J. 
van Beers, A.C. Sittig. J.J. Denier van der Gon (SPON: European Neuroscience
Association). Delft University of Technology, Department of Industrial Design 
Engineering, Jaffalaan 9, 2628 BX Delft, The Netherlands.

The objective of this study was to determine the precision of proprioceptive 
localization of a hand in space. A method to study this precision is to have subjects 
match the position of a target with an indicator, where either die target or the 
indicator is an unseen hand. We assumed that the spatial probability distribution of 
indicated positions in a matching task is the convolution of the two spatial probability 
distributions which describe the precision of the localization of the target and the 
precision of the localization of the indicator. This assumption enabled us to derive 
spatial probability distributions for proprioceptive localization. We considered three 
different types of information: proprioception about the position of the left hand, 
proprioception about the position of the right hand, and visual information. We 
employed three conditions in each of which subjects used two'of these types of 
information in a matching task. Deriving the probability distributions for the three 
types of information is comparable to solving a system of three equations with three 
unknowns. For both hands, the proprioceptive localization proved to be more precise 
in radial direction with respect to the shoulder than in azimuthal direction. In 
addition, locations closer to the shoulder were localized more precisely than locations 
at a larger distance. This pattern can be understood from die geometry of the arm. 
Moreover, our results indicate that shoulder and elbow angles are encoded within the 
central nervous system with a precision of 0.6-1.0 deg, which is considerably more 
precise than the values reported in studies in which subjects had to match joint angles. 
This suggests that joint angles, or quantities equivalent to them, are encoded in the 
central nervous system more precisely than they are perceived. The precision that we 
found for visual localization was in agreement with previously reported values.

454.6
NEURAL FIELD THEORY CONNECTING CORTICAL AND BEHAVIORAL 
DYNAMICS: BIMANUAL COORDINATION. V.K.Jirsa, A.Fuchs, J.A.S.Kelso, 
A.J.Nash*. Program in Complex Systems and Brain Sciences, Center for Complex 
Systems, Florida Atlantic University, Boca Raton, FL 33431.

Recently a field theoretical description of the spatio-temporal brain dynam-
ics has been developed in terms of neural activity [1]. This field theory describes 
the interaction of functional input and output units embedded into the neural 
sheet which is composed of short-range as well as long-range connecting fibers. 
Following this paradigm, we developed a model for the spatio-temporal brain dy-
namics in the case of a behavioral coordination task where a subject performs 
bimanually rhythmic hand movements. Our model predicts spatial symmetries, 
frequency spectra and phase relationships of the brain dynamics. The law gov-
erning the behavioral dynamics is established in the literature as the HKB model 
and can be mathematically derived from our brain model. Our predictions of the 
brain dynamics are tested against experimental MEG data [2]. A key feature of 
our approach is that phenomenological laws at the behavioral level can be derived 
from our biologically-based theory of cortical dynamics.

This research was supported by NIMH Grant MH42900 and KO5 MH01386 
to J ASK and fellowship by the Deutsche Forschungsgemeinschaft to VKJ.

[1] Jirsa V.K., Haken H., Phys. Rev. Let. 77, 960 (1996)
[2] Kelso J.A.S., Fuchs A., Holroyd T., Cheyne D., Weinberg H., Society for 
Neuroscience, 20, 444, (1994)
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454.7
A NEURAL NETWORK MODEL FOR STUDYING VOLUNTARY GAIT 
MODIFICATIONS IN THE CAT. S.D.Prentice* and T.Drew. Dept. Physiology,
U. Montreal, Montreal, Canada

A neural network model has been developed to examine the supraspinal control 
of locomotion in the cat. The basic model was a feed-forward network consisting 
of a single layer of 16 hidden units that received a fundamental "locomotor 
rhythm" comprised of four periodic waveforms and that produced muscle 
activation time histories of 11 forelimb muscles. The complex muscle patterns 
arose from a distributed set of relatively simple activation patterns in the hidden 
units representing the neuronal activity in the spinal cord that included flexor, 
extensor and transition patterns. This pattern of activity was very stable over 
repeated trials. The model was then developed further to account for steps when 
the cat stepped over obstacles attached to a treadmill belt by introducing input 
signals representing a population of 92 motor cortical cells that were divided into 
9 groups according to their pattern of discharge activity (Drew,T. 
J.Neurophysiol.lfr. 179-199,1993). The resulting models produced muscle activity 
patterns that closely matched those obtained experimentally for both control 
cycles and those over obstacles. An extension of this model was used to account 
for the different activation patterns observed when contralateral limb was either 
the lead or the second leg to step over the obstacle. Cortical inputs exhibited both 
divergence and convergence onto the spinal cord hidden units, although they did 
maintain a high degree of specificity as was illustrated by the differential deficits 
in the muscle activity patterns produced when specific cortical signals were 
inactivated. It is believed that this approach will provide insights into the 
integration of descending pathways and spinal mechanisms underlying skilled 
locomotion. (Supported by the MRC and FRSQ and FCAR)

454.8
AGE-RELATED CHANGES IN PERCEPTION OF POSTURAL STABILITY. S.N. 
Robinovitch*. T. Cronin. Biomechanics Lab, Dept. Orthopedic Surgery, San Francisco 
General Hospital/ University of California San Francisco, San Francisco CA 94110.

In this work, we explored the hypothesis that, when compared to young individuals, 
elderly are less accurate in the perception of their postural stability. Both young (n=43, 
age range 21-50 yrs) and elderly (n=46, age range 71-94 yrs) subjects participated in an 
experiment which required them to first estimate their performance and then execute 
maximum reaches along a tape measure mounted at shoulder height. Measures were 
obtained for reaching while maintaining the trunk upright (standing reach), and reaching 
while bending forward as far as possible while keeping the heels on the ground (bending 
reach). Significant differences were observed between young and elderly in the accuracy 
of perceived bending reach (p<0.01), with young subjects tending to underestimate this 
parameter (mean error ± SD = -5.3 ± 14 cm) and elderly subjects tending to 
overestimate it (mean error = 2.5 ± 12 cm). In young subjects, error in perceived 
bending reach positively correlated with error in perceived standing reach (r=0.55, 
p<0.01), but was not influenced by reaching ability, age, gender, height, or weight 
(p>0.01). Among elderly subjects, error in perceived bending reach again correlated with 
error in perceived standing reach (partial r=0.51, p<0.01), but was also influenced by 
reaching ability (partial r=0.58, p<0.01), with poorer reachers tending to more greatly 
overestimate their abilities. Age, gender, height, and weight again had no effect. These 
results suggest that: (1) to estimate bending reach, individuals employ a serial strategy 
of summing perceived arm's length and perceived reach capacity; (2) young subjects 
incorporate a “safety factor” in movement planning by underestimating postural limits;
(3) elderly subjects tend to overestimate ability and consequently negate this safety 
factor; and (4) the greatest overestimation of ability is observed in the most motor- 
impaired elderly (due to, perhaps, disuse or reluctance to acknowledge disability). This 
last observation leads us to hypothesize that the commonly-observed association 
between motor deficits and falls in the elderly is due not only to impairment in 
movement execution, but also an exaggerated perception of ability and resulting 
tendency to plan movements which exceed motor capacities.

454.9
MUSCLE ACTIVATION DURING STANCE BALANCE IN CHILDREN WITH 
CEREBRAL PALSY AND NORMAL CHILDREN IN CROUCH STANCE.
P. A, Bunner*, C, Qualls. M H. Woollacott, Occupational Therapy Program, 
School of Medicine, University of New Mexico, Albuquerque, NM 87131 and 
Exercise & Movement Science, U.iiversitv of Oregon, Eugene OR 97403.

Disturbances of stance balance control in children with spastic cerebral palsy (CP) 
have been thought to be due to spasticity in leg and trunk muscles leading to a 
crouch stance posture We conducted two studies to investigate muscle activation 
differences between children with spastic diplegia exhibiting crouch stance and 
typically developing children in upright stance and in crouch stance to determine the 
contributions of dysfunction of neural mechanisms (spasticity) vs. mechanical 
postural changes (crouch stance configuration). Following unexpected backward 
platform perturbations, experimental and control children (aged 10 mos.- 15 yrs.) 
were compared for muscle onset latency differences in the legs and trunk. 
Electromyographic (EMG) recordings were compared using an ANOVA with 4 
factors: control vs. CP, prewalkers vs. walkers, anterior vs. posterior muscles, and 
leg vs. trunk muscles. Significant differences were found due to all factors, as well 
as some interaction effects between factors. Children with CP exhibited increased 
activation of both anterior and posterior muscles and decreased activation of trunk 
muscles than control children in upright stance. With increased walking experience, 
both groups of children activated leg muscles more often than trunk muscles When 
control children perturbed in upright arid crouch stance were compared to children 
with CP, differences were noted only between controls in upright stance and 
children with CP. Muscle responses of normal children in crouch stance were 
similar to responses in upright stance and to children with CP in crouch stance. Our 
findings suggest that both neural mechanism differences (spasticity) and mechanical 
differences (crouch stance) contribute to balance differences in children with spastic 
cerebral palsy.
(Supported by grants from Oregon Health Sciences University and University of 
Oregon)

454.10
POSTURAL MUSCLE RESPONSES ASSOCIATED WITH AGING AND 
INSTABILITY. S.L Lin and M.H. Woollacott*. Motor Control Lab., Department of 
Exercise and Movement Science, University of Oregon, Eugene, OR 97403.

Aging is often associated with deterioration in neuromuscular function and postural 
instability. It is not clear whether instability in the elderly is associated with changes in 
neuromuscular function and whether the extent of neuromuscular dysfunction is the 
same between stable and unstable older adults. This study compared the amplitude 
characteristics of postural muscle responses following support surface translations in 
young adults (YA), stable older adults (SOA) and unstable older adults (UOA).

Subjects were exposed to a series of platform perturbations and the integrated EMG 
(IEMG), normalized to the baseline IEMG, of the gastrocnemius (GA), hamstrings 
(HS) and erector spinae (ES) during 70-150 ms (early) and 150-350 ms (late) 
following backward platform translations of 10cm at lOcm/sec were examined. 
Preliminary results from ten subjects in each group are reported here.

Compared to the YA and SOA, the UOA had a much smaller GA IEMG during the 
early time interval (YA: 3.99±2.46, SOA: 4.35±2.34, UOA: 2.56+1.40). Interestingly, 
the late HS IEMG of the UOA was higher than that of the YA and SOA (YA:
2.16± 1.08, SOA: 2.68±1.12, UOA: 4.20±2.07). This higher level of HS contraction in 
the UOA during the late time interval may be a compensation for the lower GA 
contraction during the early time interval. The early and late GA IEMG were also 
examined in relation to the maximal GA IEMG obtained during a maximal voluntary 
effort to stand on toes. The UOA used a greater percentage of the GA contraction 
capacity during both time intervals, especially during the late time interval 
(YA:16%+12, SOA: 19%+11,UOA: 33%+14). This indicates that although a lower 
level of the GA contraction was generated during balance recovery, the UOA had 
already utilized a greater portion of their maximal contraction capacity.

These results show that instability in the elderly is associated with specific changes 
in the amplitude characteristics of the postural muscle responses, including a lower GA 
contraction soon after postural perturbation, a higher HS contraction later, and the use 
of a greater percentage of voluntary contraction capacity. (NIH2R01AGO5317)

DEVELOPMENTAL GENETICS II

455.1

ANALYSIS OF MULTIPLE PAX-6 TRANSCRIPTS IN XENOPUS LAEVIS. 
M. P. Pape, B. M, Sander, and G, D. Burd*. Dept. of Molecular and Cellular 
Biology, University of Arizona, Tucson, AZ 85721.

Pax-6 is a transcription factor with a paired domain and a paired-type 
homeodomain (DNA binding regions) and a PST-rich transcriptional activation 
domain at the carboxy terminus. Pax-6 has been shown to play a major role in 
the formation of eye and nasal structures. Previous results from our laboratory 
demonstrated that in Xenopus Pax-6 exists as two different transcripts with 
different 3' ends (Swiergiel et al., 1994). The goal of the current study is to 
determine whether both Pax-6 transcripts are expressed in every animal and in 
the same tissues. To examine this issue, we used reverse-transcriptase 
polymerase chain reaction (RT-PCR) of mRNA from individual animals. 
mRNA was obtained from whole embryos at stage 25 or 33 and from the brain 
and eyes of individual tadpoles at stages 60 to 65. RT-PCR was performed 
using primers which differentiate between the two Pax-6 transcripts. RT-PCR 
products were analyzed by gel electrophoresis, and in some experiments, this 
was followed by Southern blots with Pax-6 probes. All embryos examined 
expressed both Pax-6 transcripts, as did mRNA preparations from single brains 
and eyes. RT-PCR bands were excised, cloned and sequenced, confirming that 
the PCR products amplified were from both transcripts previously isolated as 
full-length cDNA clones. The results suggest that both transcripts are expressed 
throughout development, but does not reject the hypothesis that cells within a 
tissue exhibit differential expression. To address this, we are using 
immunocytochemistry with antibodies specific for each of the translation 
products of these transcripts. Supported by NIDCD (DC00446).

455.2
EARLY PAX 6 EXPRESSION WITHIN THE FOREBRAIN OF THE MEXICAN AXOLOTL, 
AMBYSTOMA MEXICANUM. L.M, Gerlach, M. Wentworth, and G.W. Eagleson*
Depart, of Biology, Loras College, Dubuque, Iowa 52004-0178

Using an axolotl-specific probe for pax 6 and in situ hybridization, we 
followed pax 6 expression within developing axolotl embryos. Initially pax 6 
expression within the prospective diencephalon was observed within a restricted 
anterior neural plate region of stage 13/14 and 15 embryos. During stage 16, pax 6 
expression was observed to be localized within both the anterior neural plate and 
neural ridge tissue. Also during this stage (16), the prospective eye fields of the neural 
plate were also observed to become split by underlying prechordal plate tissue. By 
using results from previous mapping studies and superimposing these presumptive 
areas with the present pax 6 expression work, it was concluded that the pax 6 
labeled neural ridge tissue contained both part of the eye and prospective olfactory 
tissue. A major conclusion of this work is that pax 6 expression is “primarily" 
localized within the sensory areas of the brain.

Using whole brain immunocytochemistry for acetylated tubulin, we also 
followed axonogenesis within normal eyed and mutant eyeless axolotls.
Axonogenesis within the axolotl brain begins during stage 32. Axonogenesis within 
the spinal cord initially occurred during stage 26. During stages 33-35, there was a 
rapid sequence of new axon tract formation within specific forebrain regions. During 
stage 35 within the the eyeless forebrain, the tract of the postoptic commissure (tpoc) 
degenerates This doesn’t occur in eyed embryos where this tract persists along with 
the developing optic tract: Since the development and maintenance of the tpoc seems 
is dependent upon pax 6 expression (MacDonald et al, 1994), we would predict that 
the pattern and timing of pax 6 expression will be altered in eyeless axolotl 
forebrains compared to the eyed siblings.

Supported by funds from NSF 9511042.
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455.3
TWO NOVEL bHLH PROTEINS OF THE ADULT MAMMALIAN 
CNS (SHARP-1 AND SHARP-2): RAPID INDUCTION AND 
POSSIBLE ROLE IN NEURONAL PLASTICITY M.J. Rossner, 
J, Dorr. P. Gass. M.H. Schwab. W.B. Huttner* and K.-A, Nave
ZMBH, University of Heidelberg, D-69120 Heidelberg, Germany.

Transcription factors of the basic helix-loop-helix (bHLH) family
regulate critical stages of early neural development, but the role of 
bHLH proteins that are expressed in mature CNS neurons is unknown. 
SHARP-1 and -2 (for enhancer-of-split and hairy related proteins) 
define a new subfamily of bHLH proteins distantly related to the 
proneural Drosophila proteins and their mammalian homologues 
(HES). The expression of both genes is restricted to subpopulations of 
neurons in the rodent CNS with increasing abundance during postnatal 
development, with highest levels in the adult hippocampus, neocortex, 
striatum and cerebellum. Thus, SHARP-1 and -2 are candidates to 
mediate adaptive changes in late neuronal development and in the adult 
CNS. To investigate a possible coupling of these genes to neuronal 
stimulation, we treated adult rats with kainic acid. Within one hour after 
in vivo administration, SHARP-2 gene expression was strongly 
upregulated in the cerebral cortex, with an apparent de novo induction 
in more superficial layers. Similarly, with the kinetics of an immediately 
early gene, both SHARP-1 and -2 transcripts were inducable in PC 12 
cells when treated with NGF. To address the physiological function of 
this bHLH subfamily, we have targeted the SHARP-1 gene in mouse 
embryonic stem cells, replacing the bHLH region with a neoR-cassette. 
Highly chimeric mice are currently being bred to obtain homozygous 
SHARP-1 mutant mice (supported by grants from the DFG and EC 
Biomed-2 to K.A.N. and a DFG graduate training grant to M.J.R.).

455.4
SPATIO-TEMPORAL EXPRESSION OF THREE NEURONAL 
bHLH PROTEINS (NEX, $EUROD/BETA2, NDRF) SUGGESTS A 
COMPENSATORY MECHANISM FOR INDUCED MUTATIONS 
M.H. Schwab. F.J. Nava, S, Druffel-Augustin, P, Gass. A.
Bartholomae, M. Rossner, M.-J. Tsai and K.-A. Nave*
ZMBH, University of Heidelberg, D-69120 Heidelberg, Germany 
and Baylor College of Medicine, Houston , Texas 77030, U.S.A.

Basic helix-loop-helix (bHLH) proteins, related to the Drosophila 
atonal gene product, regulate neuronal development in higher 
vertebrates. In rodents, three bHLH genes are likely to encode neuronal 
differentiation factors: NEX (MATH2), neuroD (BETA2), and NDRF. 
To study the function of NEX, we have generated NEX mutant mice. 
In the absence of NEX, mice are viable without obvious developmental 
defects. Cortical and hippocampal neurons are normally differentiated. 
To investigate whether the lack of NEX could be compensated for by 
neuroD (BETA2) and/or NDRF, we have compared side-by-side the 
spatio-temporal expression of all three genes. By in situ hybridization, 
the three transcription patterns are highly overlapping between 
embryonic day 12 in the rat and adult stages, and most prominent in the 
dorsal neuroepithelium of the developing telencephalon. Each gene is 
sustained in the adult neocortex, hippocampus and cerebellum and, in 
general, neuroD provides an earlier marker of neuronal differentiation 
than NEX or NDRF. No region has been found in which exclusively 
NEX is expressed. Taken together with the lack of a neuronal 
phenotype in the CNS of neuroD/BETA2 mutant mice (Naya et al., 
submitted), neuronal bHLH proteins may be at least in part equivalent 
in function. This is supported by preliminary observations of impaired 
cortical development in NEX*neuroD/BETA2 double mutant mice.

455.5
SPATIOTEMPORALLY REGULATED EXPRESSION OF GENES 
ASSOCIATED WITH NEURONAL DIFFERENTIATION. P L. 
Jeffrey*, R. C. Henke and A. J. Hannan. Developmental Neurobiology 
Unit, Children’s Medical Research Institute, Westmead, NSW 2145 
Australia.

Neuronal differentiation involves the spatially and temporally 
regulated expression of many genes which contribute specifically to 
the unique structure and function of neurons. We have screened 
1600 clones from an embryonic chick cerebellum cDNA library, to 
identify novel genes which are expressed in both neural-specific and 
growth-associated patterns. Five neural-specific clones were isolated, 
three of which were found to exhibit growth-associated gene 
expression during cerebellum development. One of the neural- 
specific cDNAs was found to encode the chick homologue of SCG10, 
a growth-associated protein involved in neurite extension through 
regulation of microtubule dynamics.

Two novel neuronal growth-associated genes were identified. 
Quantitative Northern analysis demonstrated peak gene expression 
early in brain development. In situ hybridization demonstrated a 
correlation between expression of these genes and differentiation of 
neurons in the chick embryo. Clone 18C15 (mRNA size, 3.2, 10.2kb) 
was expressed specifically in neural tissues during embryonic 
development, including dorsal root ganglion, spinal cord and tectum. 
Clone 18C30 (mRNA size, 4.1 kb) also showed spatially regulated 
expression patterns including specific expression in Purkinje neurons 
of the developing cerebellum. Sequence and expression analysis 
support growth-associated roles for these genes during neuronal 
differentiation.

455.6
ANALYSIS OF A NOVEL DEVELOPMENTALLY REGULATED GENE 
EXPRESSED IN THE NERVOUS SYSTEM.
M, ,A, Haendel g, A, Robertson*, and G, E, Lyons, Neuroscience Training 
Program, University of Wisconsin, Madison, WI, 53706.

We have characterized a novel gene, designated 17BC4, which is expressed 
in the developing and adult nervous system of the mouse. An in vitro 
preselection gene trap technique was utilized to identify genes expressed in 
neurons derived from murine embryonic stem (ES) cells infected with the 
retroviral "gene trap" vector ROSAP-geo. The 3.9 kb ROSAp-geo vector 
contains a splice acceptor sequence upstream of lacZ, which is fused in frame 
with the neomycin resistance gene. Hybrid mRNAs are transcribed under the 
direction of the endogenous promoter and contain 5' exon(s) of the trapped 
gene spliced to p-geo. The 17BC4 hybrid mRNA is 4.2 kb, suggesting that 
the insertion represents a functional knockout. In situ hybridization of 
17BC4-specific cRNA probes to mouse tissue sections indicate that 17BC4 is 
expressed ubiquitously early in development, but becomes more restricted to 
the nervous system at embryonic day 15.5. Levels of expression appear to 
increase in the nervous system until birth. Postnatally, expression becomes 
increasingly localized to specific regions of the CNS, most notably the granule 
cells of the hippocampus and cerebellum. The 17BC4 ES cell line was used 
to generate a chimeric mouse by blastocyst injection. Heterozygous offspring 
of the chimera have been analyzed for expression of the hybrid protein by 
assaying for p-galactosidase. Histological analysis of neonatal brain suggests 
that the protein is expressed in specific layers of the cortex. Analysis of 11 
day spinal cord showed specific expression in motor neurons and 
intemeurons. Dorsal root ganglia also exhibited staining for p-galactosidase. 
We are presently analyzing the phenotype of mice homozygous for the 17BC4 
gene trap insertion. In addition, we are generating antibodies to determine the 
cellular localization of the wild-type protein. (This work supported by NIH 
grants HD 29471 to G.E.L. and GMO 7507-18 to M.A.H.)

455.7

ANALYSIS OF A GENE DISRUPTED BY GENE TRAP 
MUTAGENESIS. A. Miyashita*, N. Shimizu and R. Kuwano, Res. 
Lab. for Molecular Genetics, Niigata University, 1-Asahimachi, 
Niigata 951, Japan

The gene-trapped mouse line, GT3-11, was established to identify a gene 
expressed in the mouse developing nervous system by a combination 
method of gene trapping and in vitro differentiation of embryonic stem (ES) 
ceils. The gene trap vector was constructed with promoterless neo, internal 
ribosome entry site and NLS-/acZ as a reporter gene. The trapped gene 
expression was observed as a fusion gene of a endogenous and /acZgene. 
/acZexpression was detected in the developing nervous system and heart in 
embryos of GT3-11 heterozygotes from E10.5to E15.5 by whole mount X- 
gal staining. We isolated a part of exons of endogenous gene fused with 
gene trap vector by 5'RACE and toe promoter region by gene walking 
method. Searching of the cloned gene on GenBank and EMBL data base 
revealed that fusion gene showed almost 100% homology to eukaryotic 
protein synthesis initiation factor 4A1(e/F-4A7) cDNA. The fact that mice 
carrying elF-4A1 mutation in a heterozygous state are healthy and fertile 
incficates that elF-4A1 gene is recessive. No homozygotes was produced by 
matings between heterozygous GT3-11, which indicates that such mice die 
during development.

[ Supported in part by grants from the Ministry of Education, Science, 
Sports and Culture of Japan. ]

455.8
NOTCH SIGNAL TRANSDUCTION: EXTRACELLULAR REGULATION OF 
AN INTRACELLULAR PROTEOLYTIC PROCESSING EVENT.
J.S. Mumm*1, E.H. Schroeter2, J. A. Kisslinger2, andR. Kopan12.
‘Neuroscience Program, departments of Medicine and Molecular Biology & 
Pharmacology, Washington University, St. Louis, MO 63110

The Notch signalling pathway mediates cell fate decisions throughout 
development of vertebrates. We have developed a tissue culture method to 
investigate the biochemical steps and molecules involved in Notch signal 
transduction. Previous data generated by our lab and others has suggested that 
Notch signalling maintains cells in an uncommitted state by interfering with 
transcriptional activation of target bHLH transcription factors required for 
differentiation. Proteolytic processing of a truncated “active” form of Notch has 
been shown to release an intracellular fragment which then translocates to the 
nucleus. Once in the nucleus Notch is believed to associate with RBPK and activate 
Hes family transcriptional repressor genes. However, details of how activation of 
the Notch receptor is transducedto the nucleus is not yet known. To address what 
role the extracellular domain plays in regulating this processing event, we have 
generated chimeric receptors which allow us to manipulate the oligomerization 
state of these molecules. Our data suggests a model whereby changes in the 
extracellular domain result in inhibition or promotion of processing. In addition, 
changes in the oligomerization state of chimeric receptors are correlated to the 
degree of transcriptional activation of a Hes-1 reporter construct. The significance 
of our findings in regards to ligand mediated signalling will be discussed.

Supported by NIH Grant GM 55479
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455.9
EXPRESSION OF CELL CYCLE INHIBITORS, INK4, DURING MOUSE 
BRAIN DEVELOPMENT. F. Zindy1, H. Soares2, K-H. Herzog2, J.Morgan*2. 
C.J. Sherr1,3, and M.F. Roussel1. Departments of Tumor Cell Biology1 and 
Developmental Neurobiology2, and Howard Hughes Medical Institute3, St. Jude 
Children's Research Hospital, Memphis TN 38105

Progression through the G1 phase of the cell cycle and commitment to DNA 
synthesis are regulated by D-type cyclins and their catalytic partners, CDK4 
and CDK6. The activities of cyclin D-CDK4 and D-CDK6 complexes are 
negatively regulated by the INK4 proteins, a family of CDK inhibitors 
composed of at least four members, pl6 , p 15 , p 18 and pl9
Each member inhibits cyclin D-dependent kinases in vitro and in vivo, and its 
enforced synthesis in fibroblasts coexpressing functional pRb leads to G1 
arrest.

Despite their apparent biochemical redundancy, the 1NK4 genes are 
differentially expressed during mouse embryogenesis. Only INK4c and INK4d 
were expressed in the embryo. INK4d was observed early in development 
primarily within the nervous system while later INK4c and INK4d were 
expressed ubiquitously. Within die developing brain, INK4c was observed in 
proliferating cells, whereas INK4d was mainly confined to post-mitotic 
neurons. INK4d but not INK4c was expressed in adult brain. These data 
suggest that INK4d, in addition to its role in regulating the cell cycle, may also 
be involved in neuronal differentiation.

This work was supported in part by the American Lebanese Syrian 
Associated Charities (ALSAC) of St Jude Children's Research Hospital and by 
NIH grant PO1 CA-76907 (M.F.R). C.J.S. is an investigator of the Howard 
Hughes Medical Institute.

455.10
DROSOPHILA SHAKING-B FORMS GAP JUNCTIONS IN XENOPUS OOCYTES. 
P, Phelan. L.A, Stebbings. R.A. Baines. J.P. Bacon*. J.A, Davies and C. Fordt. 
Sussex Centre for Neuroscience and fDepartment of Genetics and Development, 
University of Sussex, Brighton BN1 9QG.

The Drosophila shaking-B locus produces two homologous transcripts, shak- 
B(neural) (Passover) and shak-B(lethal)’, these belong to a family of four 
transmembrane proteins which includes the Drosophila l(ogre) gene and the C. 
elegans genes, unc-7 and eat-5. Although the proteins have no sequence similarity to 
the connexins, the intercellular channels of vertebrate gap junctions, there is evidence 
to suggest that they may be functionally analogous. First, their predicted membrane 
topology is similar to that of the connexins. Secondly, mutations that disrupt the 
function of shak-B and eat-5 eliminate gap junctional communication between some 
neurons and/or muscle cells (Phelan et al., 1996 J. Neurosci. 16:1101-1113; Bacon et 
al., 1996 Neurosci. Abstr. 25.4; Stanch et al., 1996 J. Cell Biol. 134:537-548). To test 
directly whether shak-B is sufficient to form gap junctions, we expressed it in Xenopus 
oocytes.

In vitro transcribed shak-B RNAs were microinjected into single oocytes. The cells 
were stripped of their vitelline envelopes and manipulated into contact to form pairs 
with the vegetal membranes apposed. Using PAGE of metabolically labelled cells and 
Western blotting we found that the oocytes efficiently translate shak-B RNA. 
Immunocytochemistry shows that the proteins are targeted to the plasma membrane 
and concentrated in the region of cell-cell contact. To determine if Shak-B proteins 
assemble intercellular channels, oocyte pairs were tested for the presence of electrical 
coupling. Current pulses were passed between the cells and the resulting change in 
resting membrane potential recorded in the injected cell (VI) and its paired neighbour 
(V2). Shak-B(neural) failed to form channels so its function at gap junctions remains 
ambiguous. Shak-B(lethal), by contrast, reliably formed intercellular channels. The 
average coupling coefficient (V2/V1) was 0.55 which is similar to the coupling 
coefficient (0.53) we found for pairs expressing connexin43.

This study is, to our knowledge, the first to identify unequivocally a channel 
component of an invertebrate gap junction.
Funded by the BBSRC, UK.

455.11
MOLECULAR CLONING AND EXPRESSION PATTERN OF A NOVEL 
PROTEIN KINASE, EMK3, IN THE NERVOUS SYSTEM. M.-I. Fann*, 
Y.-C. ChouT S.-D. Lin. Institutes of Neuroscience and + Physiology, 
National Yang-Ming Univ., Taipei, Taiwan, R. O. C. 11221

To search for protein kinases that may influence neural 
development, we had studied expression patterns of protein kinases 
in cultured rat cerebral cortical, hippocampal, and sympathetic 
neurons by RT-PCR, taking advantage of the fact that all known 
kinases contain a conserved catalytic domain. Our data showed that 
expression of kinases in various cultured neurons is distinct between 
each other. For example, TyrolO and FGF receptor 1 are 
predominantly expressed in hippocampal neurons. These results were 
also verified by RNase protection assay. Several PCR fragments 
whose sequences are not found in the genome databases were also 
identified in the screening. One of these fragments was further 
characterized. DNA sequences that cover complete open reading 
frame were obtained by rapid amplification of cDNA end method. 
Analysis of DNA sequences showed that this gene encodes a putative 
non-receptor type serine/threonine kinase. We named this gene as 
EMK3, since this gene is homologous to EMK and p78 kinase in the 
Genbank. EMK3 is preferentially expressed in the adult rat nervous 
system, but not in heart, skeletal and smooth muscles, lung, and testis 
by Northern blotting analysis. Very low amount of EMK3 is also 
detected in the adult spleen and kidney. Results from in situ 
hybridization of early rat embryos indicated that expression of EMK3 
begins at E12.5 and is specifically located in both central and 
peripheral nervous systems. Thus, EMK3 may be used as a general 
neural marker. Supported by NSC 86-2314-B-010-077.

455.12
INDICATION OF COMPENSATORY MECHANISMS IN MICE LACKING THE 
SERINE PROTEASE INHIBITOR PN-1.
V. Murer, N, Schaeren-Wiemers. S. R. Kruger+.P. Sonderegger+ and D. Monard*
Friedrich Miescher-Institut, P.O.Box 2543, CH-4002, Switzerland, +Inst. Biochem. Univ. 
Zurich CH-8057 Zurich, Switzerland.

Protease nexin-1 (PN-1) is a potent secreted serine protease inhibitor belonging to the 
serpin superfamily. In the nervous system, PN-1 shows a particular expression pattern 
during development and in the adult. Although mice lacking PN-1 develop normally and 
do not show gross abnormalities, they are more sensitive to convulsive agents and have 
a reduced long term potentiation (LTP) in the CA1 field (A. Luethi et al., J.Neurosci, in 
press). In an attempt to determine the existence of differentially regulated genes which 
might compensate the lack of PN-1 in the hippocampus of knockout mice, the differential 
display of mRNA by PCR technique was used. Four candidate clones have been identified 
to exhibit differences in their expression levels between PN-1 knockout and wild type 
mice. One cDNA clone showed a downregulation whereas the three others show an 
upregulation in the knockout mice. Northern analysis confirmed the differential expression 
in the hippocampus of PN-1 knockout mice for so far two of these clones. Sequence 
analysis and further characterization of these cDNA clones are under investigation. 
Recently, neuroserpin a new brain specific protease inhibitor has been shown to share 
homology with PN-1 (T. Osterwalder et al., EMBO J. 15, 1996). By Northern analysis we 
demonstrated that neuroserpin is upregulated in the olfactory bulb, the hippocampus, the 
cerebral cortex and in the thalamus of adult mice lacking PN-1. In situ hybridization has 
been performed to identify the type of cells reacting with an increased neuroserpin 
expression in the PN-1 knockout mice.

455.13
THE EXPRESSION OF A SERINE PROTEINASE INHIBITOR SPI- 
3 mRNA IN POSTNATAL AND IN ISCHEMIC MURINE BRAIN.
N. Nakaya*, M. Nishibori, Z. Wang. J. Sakivama and K. Saeki.
Department of Pharmacology, Okayama University Medical School, 
Okayama 700, Japan.

Human PI-6, bovine B-43 and murine SPI-3 are intracellular serine 
proteinase inhibitors homologous one another, belonging to the serpin 
superfamily. These serpins expressed in several tissues including 
placenta and liver, target various proteinases, e.g. thrombin, trypsin and 
plasmin. Because SPI-3 and B-43 are also expressed in the brain, it is 
interesting to clarify functional roles of these serpins in the brain. Recent 
studies have demonstrated that thrombin, plasmin and plasminogen 
activator are expressed in the brain and play a role in neuronal rearrange-
ment, suggesting the involvement of these serpins in the regulation of 
such proteinases. In the present study, the expression of SPI-3 in the 
murine brain was studied by in situ hybridization analysis during 
prenatal and postnatal development and after the transient ischemia. SPI- 
3 was expressed in hippocampus CA3 to CA4 region, cerebral cortex 
and motor nerve nuclei in brain stem such as facial nucleus and motor 
nucleus of trigeminal nerve. The expression was obvious from postnatal 
day 1 or day 2 and increased up to day 11. There was no distinguishable 
localization in the adult brain. However, the transient ischemia increased 
the expression of SPI-3 mRNA in the adult brain. Maximum expression 
was observed three hours after ischemia. The results suggest that these 
intracellular serpins play certain roles in brain development or in 
neuronal degeneration.

455.14
THE EFFECTS OF CLASS 'a' AND CLASS b' METALS ON AN SP1 
DNA-BINDING REACTION. T. Crumpton and NH Zawia*. Dept. of 
Pharmacology, Meharry Medical College, Nashville, TN 37208.

Studies in our laboratory have revealed that in vivo and i n 
vitro exposure to lead (Pb) alters SP1 DNA- binding. SP1 is a 
zinc finger protein transcription factor which plays a role 
during growth and differentiation. Using the Electrophoretic 
Mobility Shift Assay (EMSA), nuclear extracts from HeLa 
cells, and the consensus oligonucleotide for SP1, were reacted 
in an EDTA-free medium in the presence of various metals. 
Similar metal concentration of class a’ (Ba, Ca, and Mg) and 
class 'b' (Cd, Pb, Zn) were tested. While class 'a' metals had 
no effect on SP1 DNA-binding, class 'b' mecals altered SP1 
DNA-binding in a dose-dependent manner. These studies 
suggest that metals with similar electron configurations to Zn 
have the ability to interfere with DNA-binding and may thus 
modulate the regulation of gene expression by zinc finger 
proteins.

• This work was supportted by grants from the NIH and 
EPA.
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455.15

DEVELOPMENTAL AND ECS-INDUCED EXPRESSION OF 
NURR1 AND N0R1 ORPHAN NUCLEAR HORMONE 
RECEPTORS IN RAT CNS. G. Xing . L, Zhang. L.X. Zhang. N. 
Ohkura, W. Ma, S.Y. Kim and R. M. Post. Biological Psychiatry 
Branch, NIMH, Bethesda, MD 20892-1272, USA

Nurr-1 and NOR1 are recently cloned orphan nuclear hormone 
receptors with high structural homology. To understand the roles of 
Nurrl and NOR1 in neural development and neuroplasticity, we 
examined the expressions of Nurrl and NOR1 mRNA in rat CNS 
during development and after a single electroconvulsive seizure 
(ECS) using in situ hybridization. The results showed that NOR1 
mRNA was highly expressed in the superior colliculus 
neuroepithelium at embryonic day 13 (El3), and the expression in the 
hippocampal formation increased steadily from El6 to postnatal day 
14 (P14), then declined slightly. NOR1 was also highly expressed in 
the cortical plate from E16 but declined rapidly after P7. Nurrl 
mRNA was highly expressed in the pons and cerebellum at El3, and 
prominent in the cortical plate throughout embryonic development. 
However, Nurrl did not appear in the hippocampal formation until 
E17, then declined sharply at E20 and increased again after birth, 
reaching peak at P14. In adult rat, Nurrl was predominantly 
expressed in the deeper layers of cerebral cortex. A single ECS 
induced a rapid and transient increase of both Nurrl and NOR1 
mRNA expression in the granule cells of the dentate gyrus. Nurrl 
mRNA increased at 15 min, and reached a peak 1 hr after the ECS, 
while an increase in NOR1 mRNA was observed only 1 hr after the 
ECS. Both Nurrl and NOR1 mRNA returned to the baseline level at 
4 h after the ECS. Taken together, these results suggest that Nurrl 
and NOR1 may play significant roles in neural development and 
neuroplasticit.

455.16
ROLE OF ORTHOPEDIA (OTP) IN THE REGULATION OF 
OXYTOCIN AND VASOPRESSIN EXPRESSION. M. Ding. X, Lin. 
F. M. Vaccarino and J. F. Leckman*. Child Study Center, Yale 
University School of Medicine, New Haven 06520.

Otp has been identified in the developing embryonic hypothalamus, 
especially in the presumptive paraventricular (PVN) and supraoptic 
(SON) nuclei in which the neuropeptides oxytocin (OT) and vasopressin 
(VP) are synthesized. OT and VP play roles in a range of affiliative 
behaviors and responses to certain stresses. To understand the time 
course of expression of Otp during the development of SON and PVN 
and whether Otp is involved in the regulation of neuropeptide synthesis, 
a polyclonal antiserum was generated against a C-terminal portion of the 
Otp gene product. This antiserum specifically recognizes the Otp protein 
expressed in a transfected cell line. The pattern of immunoreactivity with 
the Otp antiserum is similar to the pattern of expression of Otp mRNA. 
We report on levels of the Otp protein and mRNA under conditions in 
which levels of OT and VP are dramatically altered such as parturition, 
lactation and stress.
To determine if some human neurodevelopmental disorders may be due 
to a molecular defect of Otp, human homologues of Otp were isolated 
from both cDNA and genomic libraries. Molecular characterization and 
mapping of the Otp locus will be reported.
Supported by the Korczak Foundation.

455.17
A NOVEL FUCOSYLTRANSFERASE IS INVOLVED IN THE SYNTHESIS OF 
THE FORSE- l/LEX CARBOHYDRATE RECOGNITION MOLECULE IN 
EMBRYONIC CEREBRAL CORTEX. K.L. Allenrioerfer,*B.Petryniak4' R.J 

Kelly.4' P.H. Fatterson, J.B. Lowe*. Division of Biology, Caltech, Pasadena, CA 
91125, and +HHMI, University of Michigan Medical Center, Ann Arbor, MI 48109

The LeX carbohydrate recognition molecule is present on the surface of 
proliferating neuroepitheial ceUs in the embryonic cerebral cortex and is specifically 
recognized by the FORSE-1 monoclonal antibody. In the embryonic brain, this 
carbohydrate epitope appears to be carried primarily by neutral glycolipids. In order 
to determine the function of LeX in developing bram, we sought to study the brains 
of embryos in which the synthesis of the LeX carbohydrate has been disrupted The 
final step in LeX biosynthesis is the addition of an alpha (1,3) fueose residue by an 
alpha (1,3) fucosyltranferase (FucT). There are five known human alpha (1,3) FucT 
genes (FucT 3-7), and biochemical analysis of FucT activity in developing brain 
indicates that it is of the FucT4 type. Mouse homologs of FucT4 and FucT7 have 
been cloned, and knockout mice have been generated. These animals exhibit loss of 
LeX-containing selectin ligands in the immune system, as well as defects in 
lymphocyte rolling and homing. Northern blots of wild-type E13 mouse brain 
indicate low levels of FucT4 mRNA and undetectable levels of FucT7 niRNA. We 
immunostained the brains of embryos lacking FucT4, FucT7 or both enzymes at 
Eil.5 and E12.5, and find that the brains of all of these embryos exhibit normal 
FORSE-1 staining in the proliferative neuroepithelium of the telencephalon. 
Moreover, these embryos appear to have normal brain morphology and lack 
reurological symptoms during development and in adulthood. Thus, it appears that 
FucT4 and FucT7 are not required for LeX biosynthesis in the embryonic brain 
(Supported by the Helen Hay Whitney Foundation, NINDS, and HHMI).

455.18
EXPRESSION OF SONIC HEDGEHOG AND ITS PUTATIVE 
RECEPTOR COMPONENTS IN ADULT CNS. D.A.
Bumcrot, T.S. D'Alessandro, P. Tin, S. Schiffer, M. Sanicola,
and N.K. Mahanthappa*. Ontogeny, Inc., 45 Moulton St., 
Cambridge, MA 02138; and Biogen, Inc., 14 Cambridge 
Center, Cambridge, MA 02142.

Sonic hedgehog (Shh) is a protein involved in a wide 
variety of inductive events during vertebrate 
embryogenesis. Hh signal transduction is not fully 
elucidated, but recent evidence implicates the membrane 
protein Patched (Ptc) as a Hh receptor. Binding of Hh to Ptc 
appears to disinhibit Smoothened (Smo), a seven 
transmembrane domain protein, and leads to intracellular 
signalling. We have detected expression of Ptc, Smo, and 
Shh genes in a variety of adult tissues. Patterns of 
expression of the above genes in the adult brain are complex. 
Ptc is expressed in a number of discrete sites, some of which 
parallel embryonic patterns of expression. Interestingly,
Smo expression is more restricted and occurs in only a 
subset of the Ptc-expressing areas. Thus in many areas Ptc is 
expressed in regions with no detectable Smo. Shh is detected 
in regions largely similar to that of Ptc.
(This work sponsored by Ontogeny, Inc. and Biogen, Inc..)
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456.1

GENERATION OF A MONOCLONAL ANTIBODY DIRECTED 
AGAINST RAT FETAL BRAIN-SPECIFIC O-LINKED 
SIALOGLYCOPROTEIN (FOG100). T. Imamura. N. Hatton. T. 
Ogawa. K, Shiota*. Lab. of Cellular Biochemistry, Vet. Med. Sci, 
Univ. of Tokyo, Tokyo 113, Japan.

With the aim of identifying of the molecules that are expressed 
specifically in the brain during neurogenesis, a monoclonal 
antibody (Mab3C8) recognizing a 100-kDa molecule in the fetal rat 
brain was generated using fetal brain homogenate as an 
immunogen. Immunoblot analysis revealed that the 100-kDa 
antigen was expressed in the insoluble fraction of the cerebrum 
between embryonic day 12 (E12) and E20, and that it was 
undetectable after postnatal day 2.5 and in adult brain, indicating 
that the antigen was specific to fetal brain. The isoelectric point of 
the antigen ranged from 6 to 7, and the antigen could not be 
detected by Mab3C8 after treatment with sialidase, suggesting that 
it was a glycoprotein. Glycosidic treatment confirmed that the 
antigen was ah O-linked glycoprotein with a sialyl linkage. A lectin 
blotting study after complete purification using an immunoaffmity 
column showed that the 100-kDa fetal brain specific O-linked 
sialoglycoprotein (FOGIOO) contained an a2,6 sialyl linkage. 
FOG 100 is a unique molecule that will be a useful marker for 
studies of neurogenesis. (Grant-in-Aid for Scientific Research (A): 
07306024; from the Ministry of Education, Science, Sports and 
Culture, Japan)

456.2
POLARIZED, ACTIN “MICROSPIKE CAP” FORMATION IS 
INDUCED BY LYSOPHOSPHATIDIC ACID (LPA) IN PRIMARY 
CULTURES OF EMBRYONIC CORTICAL NEUROBLASTS. N. 
Fukushima1,2* and J. Chun1, IDept. of Pharmacol. UCSD, San Diego, 
CA92093, 2 Dept. Pharmacol. Yokohama City Univ. Sch. Med. 
Yokohama 236, Japan.

Lysophosphalidic acid (LPA) is a bioactive lipid that can serve as an 
extracellular signal that promotes G-protein mediated changes including 
cell shape. Our identification of vz.g-1 as a receptor gene for LPA that is 
markedly expressed in the neuroproliferative portion (ventricular 
zone/VZ) of the embryonic cortex (Hecht et al., J. Cell. Biol. 135, 1071, 
1996), predicted that LPA signaling should be a prominent feature of VZ 
neuroblasts. Here we demonstrate that extracellular LPA induces actin- 
based shape changes in these neuroblasts. Nestin-immunoreactive 
neuroblasts from embryonic day 12 murine cortices were examined after 
0.5 - 1 day in vitro using rhodantine-phalloidin to identify f-actin. Within 
15 min of addition, LPA induced polarized, “microspike caps” 
characterized by fine, actin filaments emanating from a central, dense 
core on only one side of the neuroblast. In dividing daughter cells, the 
caps invariably flanked the cleavage plane, oriented away from one 
another. The percentage of cells with microspike caps increased in an 
LPA dose-dependent manner, with an EC50 of 0.13 nM and was reversible, 
reaching a peak around 15 min, then gradually returning to baseline. 
Structurally related lipids (e.g. LPG) did not induced any actin-based 
changes. Approximately 70% of viable cells responded to LPA exposure, 
consistent with the percentage of cells expressing vzg-1 in in situ 
hybridization. These findings suggest that LPA signaling exerts a major, 
extracellular influence on VZ neuroblast shape and may participate in 
both “interkinetic nuclear migration” and cleavage plane orientation 
during cortical neurogenesis. [Supported by the NIMH and YCU],
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456.3
GENOMIC STRUCTURE OF THE LPA RECEPTOR GENE, VZG- 
1, IS INDICATIVE OF A NOVEL SUBFAMILY OF G-PROTEIN 
COUPLED RECEPTORS. J.J.A, Contos* and J. Chun. Department of 
Pharmacology, School of Medicine, University of California at San Diego, La 
Jolla, CA 92093-0636.

Ventricular zone gene-I (vzg-1) is a novel G-protein coupled receptor (GPCR) 
whose embryonic CNS expression is enriched in the ventricular zone of the 
cerebral cortex. Using a simple morphological assay and overexpression of die 
receptor in cell lines, the ligand was determined to be lysophosphatidic acid [LPA; 
Hecht et. id (1996)./ Cell Biol 135: 1071-1083]. LPA, a constituent of serum, is 
a bioactive phospholipid that can stimulate mitogenesis, acute neurite retraction, 
stress fiber formation, ttnd serum response element activation. Vzg-1 was the first 
gene identified as ;ui LPA receptor and shares homology with members of a group 
of orphan receptors termed er/g. Mouse vzg-1 genomic clones were isolated to: 1) 
characterize the gene structure, 2) determine promoter elements controlling 
transcription, and 3) construct a replacement vector. The published 2.3 kb cDNA 
clone is encoded by at least four exons that sptin over 25 kb of genome. Introns 
are located before transmembrane domain 1 and in the middle of transmembrane 
domain 6. T’iiis genomic structure is different from that of any other characterized 
GPCR gene, and suggests that vzg-1 represents tire first cloned member of a novel 
GPCR subfamily. A putative exon 1 was isolated and 3.5 kb of 5' flanking 
sequence determined. Remaining untranslated regions of the cDNA will be 
determined using rapid amplification of cDNA ends (RACE). Several RFLPs in 
the gene have been delected in Mus tnusculus and Mux xpretux alleles. By 
screening a backcross panel with one of these RFLPs, vzg-1 has been localized to 
the centromeric region of mouse chromosome 4. Vz.g-1 is being deleted from the 
mouse genome to help elucidate its in vivo functional role in brain development, 
[supported by NIMH and the Lucille P. Markey Chmilable Trust],

456.4
EXPRESSION OF THE PROTOCADHERIN TUMOUR SUPPRESSOR 
GENE FAT IN NEUROEPITHELIAL CELLS WITHIN THE 
DEVELOPING RAT BRAIN. M Ponassi, T Jacques and C ffrench- 
Constant*. Wellcome/CRC Institute of Developmental Biology, 
University of Cambridge, Cambridge, UK, CB2 1QR.

While soluble growth factors have been shown to regulate neuro-
epithelial cell proliferation, the role of cell-surface adhesion molecules 
is unknown. Cadherins have been shown to regulate proliferation in 
other cell types; for example work in Drosophila has shown that the 
protocadherin fat is a tumour suppressor gene with loss of function 
mutations resulting in excessive proliferation of the imaginal disc cells. 
We have identified and partially cloned the rat homologue of fat as 
part of a study using degenerate PCR to examine cadherin expression 
m rat CNS . In situ hybridization studies of the developing rat brain 
at postnatal day 4 (P4) show high levels of fat expression in the 
ventricular ana subventricular zones, with lower levels in the 
developing cortex. By P28, however, expression is confined to the 
periventricular region that is the site of neuroepithelial cells. Northern 
blot analysis shows a high level of fat expression in neuroepithelial 
cells grown in culture as neurospheres, in keeping with the in situ 
hybridization results. These analyses also show a lower level in 
proliferating oligodendrocyte precursors grown in culture but no 
expression in postmitotic oligodendrocytes. These results suggest that 
fat expression in the rat brain is linked to proliferation ana, taken 
together with the Drosophila work, point to a significant role for this 
protocadherin in the control of cell proliferation during mammalian 
CNS development.

Funded by the Human Capital and Mobility Program of the EU and 
the Wellcome Trust.

456.5
AVAILABILITY AND ACTIVATION OF SH2/PTB CONTAINING SHCA 
ADAPTOR PROTEINS ARE TIGHTLY REGULATED AT THE TRANSITION 
FROM PROLIFERATION TO DIFFERENTIATION OF BRAIN NEUROBLASTS
L. Conti, C, De-Fraia, M. Gulisano1, E, Migliaccio2, S, Govoni3 and E. Cattaneo*,
Institute of Pharmacol. Sciences, Univ. of Milano,Via Balzaretti 9-MI;1DiBiT,H.S. 
Raffaele, Milano;2Istituto Europeo di Oncol., Milano;3Inst. Pharmacol.,Pavia, Italy.

During mammalian neurogenesis, a temporally controlled and spatially 
localized availability of mitogenic and differentiative polypeptides have been implicated 
in the series of events that ultimately lead proliferating neuroblasts to assume a 
terminally differentiated phenotype. Many of these polypeptide growth factors exert their 
effects by interacting with cell surface receptors that contain tyrosine kinase (TK) 
domains, whose stimulation results in activation of the Ras-MAP Kinase transduction 
pathway. She is another adaptor molecule known to function as initiator of the Ras 
signalling cascade. We investigated ShcA role in the proliferative and differentiative 
phases of the developing brain. We found that levels of ShcA are tightly regulated 
during embryonic development, both spatially and temporally. Western Blot analyses 
performed on lysates obtained from striatum, hippocampus, basal forebrain and cortex 
revealed that the three ShcA isoforms (p46, p52 and p66) were all present at early 
developmental stages (embryonic days 14 and 18). At later stages a sharp reduction in 
ShcA protein levels was observed. Importantly, in situ hybridization analyses showed 
that the mRNAs encoded by the ShcA gene are expressed exclusively within the 
ventricular zone. At all stages examined (from E12 to P2) postmitotic areas showed no 
detectable hybridization signal. In the adult brain, ShcA mRNAs and proteins were not 
detected with the important exception of the olfactory epithelium where active 
neurogenesis is known to continue throughout life. Following intraventricular injection 
of EGF in the embryonic brain, ShcA became phosphorylated on tyrosine and associated 
with Grb2. Our data indicate that important variations in the levels of ShcA proteins 
occur at the transition from proliferation to differentiation of brain neuroblasts 
(Supported by Associazione Italiana Ricerca Cancro #442/96, Telethon-Italy A.71 and 
by the Huntington Disease Society of America to E.C.).

456.6
MOLECULAR CHARACTERIZATION OF A NOVEL BASIC HELIX-LOOP- 
HELIX (BHLH) GENE ISOLATED FROM THE DEVELOPING RAT CEREBRAL 
CORTEX. D, I, Lugo*, Y. Olmeda, J, M. Rodriguez, S. Padilla, J. A. Madrazo 
and J. A. Lopez, Department of Biology, University of Puerto Rico, San Juan, PR 
00931.

A major goal of developmental biology is to investigate the molecular 
mechanisms that direct the process of cell differentiation. Little is known about these 
mechanisms in the mammalian cerebral cortex. A strategy for this study, is to search 
for new members of the bHLH family of transcription factors during cortex 
differentiation since members of this family have been shown to have a role in 
nervous system specification and differentiation in vertebrates and invertebrates. 
Thus, we designed degenerate oligonucleotides from the bHLH domain of the mouse 
El gene (Neuman et. al. (1993) Eur. J. Neurosci. 5:311-318) and performed reverse 
transcriptase reactions coupled to polymerase chain reactions (RT/PCR) using RNA 
from E10 rat brain. Sequence analysis of one of the clones showed high homology 
with Drosophila da and the mouse El and E12/47 genes. Northern blot analysis 
using brain RNAs from different ages showed two developmentally regulated mRNA 
species. Southern blot analysis demonstrated that the two mRNA species are the 
products of a single gene. RT/PCR analysis showed that the expression of this gene 
is up-regulated during the process of neuronal/glial differentiation in the embryonal 
carcinoma cell line Pl9. Characterization by in-situ hybridization histochemistry 
demonstrated expression in the rat embryo as early as E10. This expression becomes 
progressively restricted to the CNS and by PI is highest in the cerebral cortex. 
Taken together, these results suggest a role for this gene in the differentiation and 
maintenance of neuronal/glial phenotypes. We have obtained the full cDNA and are 
in the process of investigating its role in neuronal/glial differentation in-vitro by 
using antisense oligonucleotide strategies in Pl9 embryonal carcinomal cells. 
(Research supported by FIPI Grant 8-80-734).

456.7
NEURONAL DIFFERENTIATION OF EMBRYONIC STEM (ES) CELLS 
CONSTJTUITIVELY EXPRESSING neuroQ2 OR neuroD3. K.S. 
O'Shea 1, T.E. Gratsch1, S.J. Tapscott2, and M.B. McCormick , 
Dept. of Anat & Cell Biol, Univ of Mich, Ann ArbcK, Ml1, and F 
Hutchinson Cancer Research Center, Seattle, W/r .

Members of the neuroD family of bHLH transcription factors 
(neuroD, neuroD2, and neuroD3) appear to play an important role 
in the differentiation of neurons from neural precursor cells. In the 
current investigation, neuroD2 and neuroD3 were constituitively 
expressed in pluripotent D3-C12 embryonic stem (ES) cells. 
Controls were transfected with plasmid (pCS2) alone. When ES 
cells are removed from LIF containing medium and cultured on 
laminin coated substrates in N2 medium also containing a cocktail 
of growth factors, ES differentiate into a high proportion of 
neurons. Undifferentiated stem cells express vimentin intermediate 
filaments and REX1; as early as 24h in vitro, early neurons express 
neurofilament protein and NCAM, determined using immuno-
histochemistry and rt-per. After 48h, neuroD2 transfectants were 
more highly branched than neurons frong neuroD3, or plasmid 
control lines. After 72h, 76.1 +. 1.4 plasmid control, 88.8 jb
0.9 neuroD2 and 94.5 0.4 (X±sem, = p <_ 0.05) of the
cells had a neuronal phenotype. When Dil labeled control, neuroD3 
or neuroD2 neurons were microinjected into the neural tube of day 
10 embryos growing in whole embryo culture, they incorporated 
into the neuroepithelial wall after 24h in vitro. Current 
investigations are in progress to determine the phenotype of these 
neurons and if they preferentially incorporate into a particular 
region of the neuroepithelium. Supported by NIH grant NS-01671.

456.8
ECTOPIC EXPRESSION OF DLX GENES USING 
VIRAL VECTORS
M.C. Mione*. K. Yun. I.Ghattas, J.L.R. Rubenstein Nina Ireland 
Laboratory, Dept. of Psychiatry, UCSF

The homeobox genes encoding for Dlx proteins constitute a family 
of transcription factors which are expressed in a highly restricted 
pattern in the basal telencephalon. Mice with null mutations of both 
Dlxl and Dlx2 have abnormal differentiation of the basal ganglia 
(Anderson et al., 1995). In order to study the functions of the DLX 
proteins, we have produced recombinant retroviral vectors to 
constitutively express Dlx genes. These viruses were used to infect 
primary cultures derived from embryonic ganglionic eminences of 
Dlx 1/2 deficient mice and E2 chick embryos. In primary cultures, 
cells constituitively expressing Dlx-2 appear not to exit the cell cycle 
and have a delay in the expression of neuronal markers (premature 
differentiation appears to be a main defect in Dlx 1/2 deficient mice). 
In vivo injections of a replication competent retrovirus in chick 
embryos produce patches of Dlx expressing cells in various 
locations within the CNS. We are currently analyzing the phenotype 
of infected cells and testing whether the ectopic expression of Dlx 
genes is associated with the expression of other striatal markers. 
Anderson et al. (1995) Soc. Neurosci. Abstr., 21:793

M.C. Mione is supported by the Wellcome Trust
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456.9
MOUSE-MUSASHI-1, A NEURAL RNA-BINDING PROTEIN HIGHLY 
ENRICHED IN THE NEURAL PRECURSOR CELLS AND ASTROCYTES IN 
MAMMALIAN CNS. S. Sakakibara* and H. Okano^*. 1 Dept. of 
Neuroanatomy, Biomedical Res. Cent., Osaka Univ. Osaka 565, Japan. ^CREST, 
Japan Sci. and Tech. Corp. (JST), Tokyo 140, Japan.

mouse-Musashi-1 (m-Msi-1) is a mouse neural RNA-binding protein with the 
sequence similarity to Drosophila musashi which is essential for neural 
development and required for asymmetric cell divisions involved in the Drosophila 
adult sensory organ development. Immunohistochemical analysis and single cell 
culture experiments indicated that m-Msi-1 expression is associated with neural 
precursor cells that are capable of generating neurons and glia during embryonic 
CNS development. Postnatally, m-Msi-1 was expressed in the proliferative 
neuronal precursors in the external granule cell layer of cerebellum, and in the 
anterior comer of the subventricular zone (SVZ) of lateral ventricles which 
corresponds to the well-described migratory pathway of the neuronal precursor cells 
to the olfactory bulb. During gliogenesis, the persistent expression of m-Msi-1 
was observed in cells of the astrocyte lineage ranging from the proliferative glial 
precursors in SVZ to the differentiated astrocytes in the parenchyma. In addition, 
m-Msi-1 expression remains in the proliferating cells in adult SVZ which is 
recently suggested to contain neural precursors (neural stem cells). This expression 
pattern of m-Msi-1 is complementary to that of another mammalian neural RNA- 
binding proteins Hu (mammalian homologue of a Drosophila neuronal RNA- 
binding protein Elav), that is expressed in post-mitotic neurons within the CNS. 
Based on their differential expression patterns and distinct preferential target RNA 
sequences, we believe that the m-Msi-1 and Hu proteins may play distinct roles in 
the development of neurons and glia by regulating gene expression at the post- 
transcriptional level.

456.10
IDENTIFICATION OF ZEBRAFISH GENES THAT DETERMINE THE PATTERN

Cardiovascular Research Center, Massachusetts General Hospital/Harvard Medical 
School, Charlestown, MA

Neurons are distributed at the early neural plate stage in three distinct longitudinal 
domains; a medial, a lateral domain, and an intermediate domain in zebrafish and 
Xenopus embryos. We have identified three classes of mutants with alterations in the 
pattern of early neurons in a genetic screen to isolate genes involved in determining the 
pattern of early neurons. Egg clutches obtained from FI female progeny of ENU 
mutagenized males were fertilized with UV inactivated sperm and either subject to early 
pressure (EP) to obtain gynogenetic diploid embryos or allowed to develop as haploids. 
The embryos were examined by in situ hybridization with neuron specific probes 
(either Delta-B or ElavC) at the 3-5 somite stage. A midbrain-hindbrain boundary 
(MHB) marker, HER-5, and rhombomere 3 and 5 marker, Krox-20, was added to create 
a cocktail that allows the identification of mutants with abnormalities in the pattern of 
neurons as well as anterior-posterior (AP) patterning in the neural plate. We screened 
926 genomes and identified 60 mutant lines based on morphological phenotypes or 
alterations in the pattern of expression of neuron specific and AP markers. The later 
can be put into three categories based on whether (l)neurogenesis, (2) AP patterning or 
(3) both are affected. The first category includes a line where mutant embryos have 
ectopic neurons at the caudal boundary of the neural plate. Another line is characterized 
by a specific loss of lateral neurons. The second category includes a line with a 
specific defect at the MHB while another line has a loss of Krox-20 expression in 
rhombomere five. Finally, in a third class of mutations effecting both neurogenesis 
and anterior posterior patterning, one line has mutant embryos with a severe reduction 
in the number of neurons, with just a few scattered neurons in the lateral domain.
These mutants also lack expression of HER-5 and Krox-20. Another line is 
characterized by a complete loss of HER-5 at the MHB and a ventral reduction of Krox- 
20 accompanied by a variable loss of neurons. We are analyzing the mutations to 
determine the role of these genes in early neurogenesis.
Funded by NIH

456.11
NEUROGENIC GENE EXPRESSION DEMONSTRATES RESTRICTED 
DEVELOPMENTAL TERRITORIES IN CHICK THALAMUS. N.C. Adams1*, T.A. 
Sanders2, C.W. Ragsdale2 and A.G.S. Lumsden1. ’Dept. Dev. Neurobiology, UMDS, 
Guy's, London, SE1 9RT, UK. 'Comm. Neurobiol., Univ. Chicago, Chicago IL60637.

We used a traditional marker for differentiated neurons and markers known to be 
involved in neurogenesis to investigate patterning of the chick diencephalon. The 
formation of chick thalamic nuclei was examined using whole-mount in situ 
hybridisation with a probe for middle-weight neurofilament (NF-M) between embryonic 
day (E)3 and E8. NF-M expression was compared to that of neurogenic genes (Deltal, 
Notchl and Serratel) and the chick achaete-scute homolog CASH1. Sections were cut 
to compare expression patterns with Nissl histology.

Between E5 and E6 Nissl stained sections demonstrate the emergence of thalamic 
neuronal aggregates. By E10 the nuclear patterning of the mature avian thalamus is 
clear. We employed NF-M to assess neuronal differentiation in the diencephalon. 
Surprisingly, NF-M staining patterns were very dynamic throughout thalamic 
development, and even by E8 there were territories dense in NF-M positive cells and 
districts almost without labelling. NF-M first appears as a single transverse stripe in the 
region directly anterior to the midbrain/forebrain junction at E3. By E4 a second stripe 
is seen more anteriorly, separated by a region of reduced NF-M expression. NF-M is 
also expressed along the presumptive zona limitans intrathalamica (zli). At these 
stages NF-M expression is low at the dorsal midline and increases towards basal 
diencephalon. By E6, NF-M expression is much more complex, with several discrete 
regions of expression in the mantle layer. These patterns continue to develop until E8, 
and are similar to developing thalamic nuclei seen in Nissl sections.

Neurogenic genes may participate in the patterning of the developing thalamus. We 
have found them to be expressed in increasingly complex patterns as the diencephalon 
develops. At E3, Serratel appears in pretectum, with heaviest expression laterally and 
also in a thin stripe along the zli. By E4, Deltal and Serratel have broadly similar 
expression patterns, and Notchl is present either side of the zli and in the pretectum. In 
contrast, the proneural homolog CASH1 is expressed more widely than the neurogenic 
genes. By E5 CASH1 is found at high levels in several stripes that spread away from 
the zli- Later this expression is consolidated, with low expression in the regions around 
the sulci of the diencephalon.

Supported by the Wellcome Trust and Univ. Chicago Brain Research Foundation.

456.12
INCREASED NUMBERS OF MYENTERIC NEURONS AND MEGACOLON IN 
ENX- (HOX11L1) DEFICIENT MICE A.M.Yunker*f, S.Shirasawai. K.A.Rotht. 
G.A. Browni, S. Horningt. and S.J.Korsmeyerf fDept. of Pathology and ^Howard 
Hughes Medical Institute Division of Molecular Oncology, Washington University 
School of Medicine, St. Louis, MO 63110.

Clustered homeobox-containing (Hox) genes are expressed in specific spatial and 
temporal developmental patterns and may function in embryonic body patterning. 
Genes such as Enx (HoxllLl) share homology within and outside of the 
homeodomain but are not located in clusters. Previous studies suggest Enx may be 
important in neuronal development as embryonic autonomic ganglia express Enx 
and targeted disruption of Enx causes massive proximal colon distension in 43% of 
mice. We have begun to test this hypothesis by examining symptomatic and 
asymptomatic gut from £nx-deficient (Enx1) mice. Enx1' segments of proximal and 
distal colon stained with cuprolinic blue or neuron specific enolase contained 60% 
and 66% more myenteric neurons/ganglion and 47% and 86% more ganglia/field as 
compared to segments from wild-type mice. These changes were found in all Enx1 
mice and were not accompanied by hypertrophy or hyperplasia of underlying smooth 
muscle cells. Changes In interstitial cells of Cajal were not observed. Both putative 
excitatory and inhibitory myenteric neurons increased as Enx'' proximal and distal 
colonic segments contained 41% and 130% more nitric oxide-synthase- 
immunoreactive (ir) myenteric neurons and 37% and 102% more tachykinin-ir 
myenteric neurons compared to wild-type tissues. In contrast, Enx'1' distal ileum 
contained fewer neurons/ganglion and ganglia/field as compared to wild-type tissues. 
These results suggest that Enx is necessary for proper positional specification of 
myenteric neurorts. Furthermore, Enx'1' mice may provide a model for human 
megacolon resulting from congenital neuronal intestinal dysplasia. Supported by 
NIH grant NS35107 and the Bakewell Cancer Research Fund.

456.13
LATERAL LINE PLACODES ARE LOST IN DIRECTLY DEVELOPING 
FROGS G. Schlosser1, C. Kintner2 and R. G. Northcutt1' 1 Dept. Neuroscience 
0201, Univ. of California San Diego, La Jolla, CA 92093;2 Salk Inst., San Diego, 
CA 92186.

Differentiated neural structures are frequently lost during evolution, but little is 
known about the alterations of ontogenies that result in these losses. Here, we 
paradigmatically investigate the loss of the lateral line system in the directly deve-
loping frog Eleutherodactylus coqui to address this issue. Neuromasts and gan-
glion cells of the anuran lateral line system are transitory larval structures which 
arise embryonically from a dorsolateral series of neurogenic placodes and degener-
ate during metamorphosis of most frog species. Immunohistochemistry against ace- 
tylated tubulin, biocytin-tracing and scanning electron microscopy revealed that 
neither neuromasts nor lateral line ganglia and nen es are ever present in embryos 
of E. coqui. The loss of the lateral line system in this species could result from the 
degeneration of dorsolateral placodes or from the respecification of cell fates of 
placodal precursors. To decide between these alternatives, we cloned a homologue 
of the gene NeuroD in E. coqui and studied its expression using in situ-hybridiza- 
tion on paraffin sections. While NeuroD is expressed in several regions of the de-
veloping E. coqui nenous system including epibranchial placodes, there are no ex-
pression domains that could correspond to dorsolateral placodes. In Xenopus lae- 
vis, however, NeuroD is expressed in neurogenic placodes of both the dorsolateral 
and epibranchial series. These results suggest that dorsolateral placodes never form 
in E. coqui. We conclude that the reduction of the lateral line system in E. coqui is 
due to an early embryonic respecification of cell fate in the cranial ectoderm. 
(Supported by NIH grant NS 24669.)

456.14
CHARACTERIZATION OF LAMININS IN HUMAN EMBRYO 
BRAIN, SPINAL CORD AND RETINA IN VIVO AND IN VITRO 
Gabriel Fried* and Paivi Liesi. Department of Woman and Child 
Health, Karolinska Institute S-171 76 Stockholm, Sweden, and 
NIAAA, NIH, 12501 Washington Ave, Rockville,MD 20852

Laminin has been recognized as a major promoter of neurite outgrowth 
and migration during development of the CNS, and it also has a role in 
neuronal regeneration. To understand and influence brain development and 
neuronal regeneration it is required that the molecular identities of the brain 
forms of laminin are characterized and their respective functions 
experimentally tested. To initiate this task we have collected brains, spinal 
cords and retinas from 8-12 week human embryos and either processed 
them for primary cultures of glial and neuronal cells or frozen them for 
biochemical and RNA analysis. Cultures were immuno stained for neuronal 
and glial marker proteins and for different chains and isoforms of laminins. 
Immunoblotting and immunoprecipitations were also carried out on this 
material, and RT-pCR was used to verify expression of the cloned laminin 
isoforms against which no antibodies were available. We found that 
different regions of the central nervous system of human embryos 
expressed different isoforms of laminin. Neuronal and glial forms were 
separately characterized in all three regions of the human central nervous 
system. We provide novel information on the molecular complexity of the 
laminin gene family present in the CNS and discuss the functional 
significance and identity of the various isoforms.
This work was supported by NIAAA and Swedish MRC 14X-7164.
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456.15
DEVELOPMENTAL CHANGES IN NEUROTRANSMITTER AND RELATED METABOLITE 
LEVELS IN MURINE BRAIN. F.S, Yao3*. M.T. Caserta1'3, A.M. Wvrwicz2'3. 1Dept. Psych., 
Northwestern Univ. Med. Sch., Chicago, IL 60611 and 2Ctr. for M.R. Rsrch., Evanston Hosp., 
and Northwestern Univ. Inst, for Neuroscience, Evanston, IL 60201

Alzheimer‘s Disease (AD) is a neurodegenerative disease that can only be diagnosed 
definitively post-mortem. Neurotransmitters such as glutamate have been implicated in the 
pathogenesis of AD as have metabolites such as myo-inositol. Additionally, phospholipid 
membrane integrity has been shown to be compromised in the disease state. The purpose of 
this study is to assess the developmental changes of neurotransmitters, related metabolites, 
and membrane phospholipids from fetal to adult stages in murine brain, thereby establishing a 
reference point to which we can compare the developmental changes that occur in a genetic 
model of AD. Murine brains at fetal, neonatal, juvenile, and adult stages were extracted using 
a modified Folch technique. The aqueous portion was prepared for proton NMR analysis and 
the ’H NMR spectra acquired on a GE 500 MHz spectrometer using presaturation water 
suppression. The organic portion was prepared for phosphorus-31 NMR analysis and the 31P 
NMR spectra acquired on a Bruker 400 MHz spectrometer with 1H-decoupling. Spectra were 
integrated and quantitated using Omega software. In murine brain development, NAA levels 
rise from the fetal to the juvenile stage, paralleling neuronal maturation and increasing 
neuronal density expected at this time. Both glutamate and GABA demonstrate similar 
bimodal patterns, suggesting the use of glutamate as a precursor for GABA. Decreasing 
levels of choline with age may signify its incorporation into membrane components such as 
phosphatidylcholine. Phospholipids start relatively high in fetal development when neuronal 
development and synaptic connections are forming, decrease after birth, and reach maximum 
levels by adolescence when myelination is complete. We have shown, using 1H and 31P NMR 
spectroscopy, developmental changes in neurotransmitters, related metabolites, and 
membrane phospholipids from murine brain which can serve as a reference to which disease 
states can be compared. (Supported by NIMH K07-01056 and the Buehler Center on Aging, 
Northwestern Univ.)

BIOLOGIC EFFECTS OF NEUROTROPHINS: 
SYNAPTIC FUNCTION AND SYSTEM NEUROPHYSIOLOGY

457.1
NEUROTROPHIN-INDUCED MODULATION OF GLUTAMATERGIC 
SYNAPSES IN SERUM-FREE MICROCULTURES OF RAT HIPPOCAMPAL 
NEURONS. Volkmar Lessmann* and Rolf Heumann. Dept. of 
Neurobiochemistry, Ruhr-University Bochum, 44780 Bochum, Germany.

In recent years the neurotrophins have been found to be potential intersynaptic 
messengers that modulate the efficacy of synaptic transmission in an autocrine 
and/or paracrine manner in the hippocampus and the neocortex. All of these 
studies employed either mass cultures or acute slice preparations which do not 
allow to exactly locate the primary targets of neurotrophin action. Using the whole 
cell patch clamp technique, we now investigated the neurotrophin-induced 
modulation of AMPA receptor mediated synaptic transmission in hippocampal 
microcultures consisting of either single autaptic or of pairs of synaptically 
connected neurons grown under serum-free culture conditions.

Acute application of either BDNF or NT-4 (100 ng/ml, each) on pyramidal cell 
shaped neurons in microcultures resulted in a (partially) transient enhancement of 
the amplitude of evoked glutamatergic synaptic currents to 166 +/- 55% of control 
values within 2-5 min of drug application (17 of 29 cells investigated). The other 
microcultures either showed a reversible attenuation of glutamatergic transmission 
(to 63 +/- 12 % of control; n=5) or did not reveal any changes in synaptic strength 
(n=7). The enhancing effect of BDNF and NT-4 was accompanied by the 
impairment of paired pulse facilitation, strongly suggesting a presynaptic mode of 
action of these two neurotrophins which both mediate their effects via the TrkB 
receptor. Similarly, the TrkC receptor specific NT-3 (100 ng/ml) either enhanced 
or depressed synaptic strength in different cells. Application of NGF (100 ng/ml) 
did not show any modulatory effects on the efficacy of glutamatergic synapses in 
our cultures. Thus, the neurotrophins differentially modulate glutamatergic 
synapses in hippocampal microcultures and the enhancing effect is at least in part 
mediated by changes in the efficacy of transmitter release.

(Supported by the Deutsche Forschungsgemeinschaft)

457.2

EFFECT OF BDNF ON SYNCHRONOUS AND ASYNCHRONOUS 
ACTIVITY IN CULTURED NETWORKS OF CORTICAL NEU-
RONS. E.Maeda*1’2, H.P.C.Robinson2, and A.Kawana1.
1NTT Basic Research Labratories, 3-1, Morinosato-Wakamiya, 
Atsugi-shi, 243-01, Japan, and 2Physiological Laboratory, University 
of Cambridge, Downing St., Cambridge, CB2 3EB, U.K.

In cultured networks of cortical neurons, synchronized spon-
taneous bursts of action potentials are observed at regular inter-
vals, which are accompanied by intracellular Ca2+transients, and 
which propagate via synaptic transmission. Using multi-site record-
ing of electrical activity through planar electrode arrays and of 
Ca2+concentration by Oregon-Green-488 fluorescence, the effect of 
BDNF on this activity of cortical networks was investigated. Within 
2 minutes after applying BDNF (lOng/ml), synchronized bursts de-
creased in frequency or ceased altogether, and the rate of asyn-
chronous firing increased. This effect of BDNF was not associated 
with a marked decrease in the overall rate of firing, unlike the asyn-
chronized firing observed under conditions of reduced synaptic trans-
mission (e.g. high Mg2+). If BDNF acts to potentiate excitatory 
synapses, as has been reported, this effect could result from increas-
ing the strength of local, recurrent connections in the culture, relative 
to the strength of longer-range connections involved in propagating 
synchronized activity, which may already be maximally potentiated.

457.3

BDNF INDUCES RAPID AND TRANSIENT RELEASE OF 
GLUTAMATE THROUGH THE NON-EXOCYTOTIC PATHWAY 
FROM CORTICAL NEURONS. H. Hatanaka2’ *, N. Takei\ T. 
Numakawa2, S. Kozaki3 and, M. Takahashi4 1Dept. Applied Biol.. 
Kyoto Inst. Tech., Sakyo, Kyoto 606, 2lnst. Protein Res., Osaka Univ., 
Suita, Osaka 565,3Dept. Veterinary Sci., College of Agriculture, Univ. 
Osaka Prefecture, Sakai, Osaka 593, and 4Dept. Neurosci., Mitsubishi 
Kasei Inst. Life Sci., Machida, Tokyo 194, Japan.

There is increasing interest in the involvement of neurotrophins in 
neural transmission and plasticity. Thus, we tested the effects of 
BDNF on glutamate release from cultured cortical neurons. Treatment 
of primary cultured cortical neurons with BDNF for 1 min induced a 
rapid and transient increase in extracellular glutamate release. K252a 
completely blocked the BDNF-induced release of glutamate and BDNF 
phosphorylated TrkB within 30 sec. These results indicate that BDNF 
induces the release of glutamate through activation of TrkB. As Ca2+ 
dependency, BDNF-induced release was independent on extracellular 
Ca2+ but depend on intracellular Ca2+. Next we examined whether an 
exocytotic pathway was involved in the BDNF-induced glutamate 
release using botulinum toxin B (BoTXZB). BoTX/B caused complete 
inhibition of the ionomycin-induced but not BDNF-induced release of 
glutamate. These results strongly suggest that BDNF-induced 
glutamate release is independent of the usual exocytotic pathway 
which is mediated by SNARE complexes. Furthermore, BDNF-induced 
glutamate release was inhibited by TTX and furosemide. These results 
suggest that the involvement of glutamate transporter on the 
BDNF-induced release of glutamate.

457.4
NERVE GROWTH FACTOR AND BRAIN-DERIVED 
NEUROTROPHIC FACTOR INCREASE NEUROTRANSMITTER 
RELEASE IN THE RAT VISUAL CORTEX. R. Saia, A. Viegi, F.M, Rossi, 
T. Pizzorusso, M. L. Carrozza, G. Bonanno, M. Raiteri and L. Maffei. (SPON: 
European Brain and Behaviour Society). Scuola Normale Superiore, Piazza dei 
Cavalieri, 56126 Pisa, Italy; Istituto di Farmacologia, Universita' di Genova, viale 
Cembrano 4, 16148 Genova, Italy

A number of experiments have shown that neurotrophins are involved in the 
development and plasticity of the visual cortex (Bonhoeffer, 1996 for a review). A 
possible mechanism underlying these effects is the neurotrophin modulation of 
synaptic transmission. We investigated whether NGF and BDNF can modulate the 
release of neurotransmitter in the rat visual cortex at the peak of the critical 
period for plasticity (P23). The release of glutamate, acetylcholine and GABA 
from visual cortical synaptosomes was analysed in continuous perfusion 
conditions. We found that NGF enhances the release of glutamate 90%) and 
acetylcholine (« 35%) but not that of GABA. By contrast, BDNF enhances the 
release of all the three neurotransmitters investigated (« 30%). The effects of NGF 
and BDNF were blocked by K252a, a tyrosine kinase inhibitor. In addition, RTA, 
an antibody that specifically activates TrkA, mimiked the effects of NGF. These 
results demonstrate that the action of NGF and BDNF were mediated by the high 
affinity receptors for neurotrophins (Trk receptors). Antigen blot analysis of 
protein extracted from synaptosomes, showed the presence of TrkA and TrkB 
receptors. In particular, TrkA presence resulted enriched in the synaptosomal 
fraction.
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457.5
PRESYNAPTIC MODULATION OF NEUROTRANSMITTER RELEASE 
BY BDNF IN CULTURED HIPPOCAMPAL NEURONS. Y.-X. Li\ S. 
McKinney, Y, Zhang, H.A. Lester, E. Schuman and N. Davidson. Division of 
Biology. 156-29, Caltech., Pasadena, CA 91125.

Brain-derived neurotrophic factor (BDNF) enhances neurotransmitter release at 
central synapses. We investigated the effects of BDNF on E18 hippocampal 
neurons after 10 days in culture. BDNF (100 ng/ml) increased the frequency of 
excitatory postsynaptic current bursts (EPSCs) to 205 ± 20.8% of control level and 
enhanced the amplitudes of evoked synaptic currents in 4 of 7 pairs of neurons by 
45 ± 10%. However, there were no detectable effects of BDNF on the resting 
membrane potential (Vm), input resistance (Rin), action potential threshold (AD) 
or amplitude (AP), or amplitude of current induced by application of glutamate (I) 
(Table). BDNF also increased the frequency of miniature EPSCs (mEPSCs) (268.0 
± 46.8 % of control level) in the presence of 50 nM TTX without affecting the 
mEPSC amplitude. The effect of BDNF on mEPSC frequency was blocked by the 
tyrosine kinase inhibitor K252a and also by removal of [Ca2+]OuT In addition, Fura- 
2 recordings showed that BDNF elicited an increase in |Ca2+][N; this effect was 
also blocked by K252a and dependent on [Ca2+]Our The results demonstrate a 
presynaptic locus of BDNF effects to enhance synaptic transmission and also 
suggest a role for rises in [Ca2+]iN in the signal transduction pathway leading to 
this enhancement. Supported by Amgen and N.I.M.H..

Vm(mV) Rin(M) AP (mV) AD (mV) I (pA/Pf)

control -64.0 ±1.3 0.55 ±0.08 103 ±4 -41.1 ±0.9 29.9 ±5.6
BDNF -64.3 ± 1.5 0.54 ±0.58 106 ±4 -40.8 ± 1.0 28.7 ±4.8

457.6
Regulation of TTX-resistant Na+ current and SNS RNA in cultured embryonic 
rat DRG neurons by exogenous NGF. M.A, Rizzo*, A.W, Hinson. J.A, Black and 
S.G, Waxman. Dept. of Neurology,Yale School of Medicine, New Haven, CT and 
Neuroscience Research Center, VAMC, West Haven, CT 06516.

It has been suggested that the molecular correlate of the TTX-resistant Na+ channel 
of DRG neurons is SNS (Akopian et al. 1996). It has recently been demonstrated that 
down regulation of a TTX-resistant Na+ current in cutaneous DRG neurons, which 
normally occurs post-axotomy, can be reversed in vivo by perfusion of the axotomized 
nerve stump with NGF (Oyelese et al. 1997). Thus, it has been hypothesized that the 
role of NGF on the upkeep of SNS in adult cutaneous DRG neurons is a specific 
effect related to neuronal phenotypic maintenance. It has not been determined if NGF 
plays a role in phenotypic differentiation of embryonic DRG neurons to cutaneous 
afferents, as it pertains to the expression of SNS. A series of experiments designed to 
characterize the effect of NGF on SNS expression and Na+ current characteristics in 
embryonic DRG neurons was performed. E17 DRG neurons were excised and 
placed in short term (~4 days) culture either in the absence or presence of 30 ng/pL of 
NGF. Whole-cell patch clamp studies of neurons cultured in the absence of NGF 
revealed that 8/19 (42%) had measurable Na+ selective current. In contrast, 31/32 
(97%) neurons cultured in the presence of NGF had measurable Na+ current. 
Conductance per unit capacitance for the TTX-sensitive and -resistant currents 
increased 1.5 and 2-fold rexpectively in the NGF treated neurons as compared to 
controls. In situ hybridization was used to search for the presence of transcripts for 
SNS. In the absence of NGF, less than 5% of the neurons showed hybridization 
signal for the a-SNS transcript. In the presence of NGF, 92% of the neurons showed 
hybridization signal. This was compared to other a-subunit transcripts including 
types I, II, III, Na6, and hNE. Following NGF treatment, from 10 to 30% of the 
neurons had hybridization signal for these transcripts. Thus, across the population of 
neurons, NGF caused an upregulation of a-SNS RNA which was at least 3-fold 
higher when compared to other a-subunits, and which corresponded to a prominent 
up-regulation of TTX-resistant Na+ current, in embryonic DRG neurons. [Suppport: 
NIH, tlie MS Society, Eastern Paralyzed and Paralyzed Veteran's Associations]

457.7
POTENTIATION AND HYPEREXCITABILITY IN ENTORHINAL/HIPPOCAMPAL 
SLICES OF ADULT RAT AFTER EXPOSURE TO BRAIN-DERIVED NEUROTROPHIC 
FACTOR (BDNF). H.E. Scharfman* NRC, Helen Hayes Hosp., W. Haverstraw, NY 
10993 and Depts. Pharmacol. & Neurol., Columbia Univ., NY, NY 10032.

Acute effects of neurotrophins have been demonstrated in area CAI of 
hippocampus. To examine the acute effects of the neurotrophin BDNF on synaptic 
transmission in area CA3, the dentate gyrus, and entorhinal cortex, effects of BDNF 
were examined electrophysiologically in combined hippocampal-entorhinal slices. 
Exposure to buffer containing 25-100ng/ml BDNF for over 30 minutes increased 
responses to single stimuli in area CA3 in response to mossy fiber stimulation (73 % 
of slices), and in entorhinal cortex in response to white matter stimulation (64% of 
slices). After BDNF treatment, hyperexcitability was evident, because repetitive 
stimulation produced multiple field potentials and spreading depression.

In area CA3, both the potentiation of responses to single stimuli and 
hyperexcitability showed afferent specificity, because responses to mossy fiber 
stimulation were affected, but responses to fimbria or Schaffer collateral stimulation 
were not (n=8). In addition, regional specificity was demonstrated in that the dentate 
gyrus was much less affected than CA3 (n=22). The physiological specificity is 
consistent with the anatomical specificity of staining for BDNF, which is prominent 
in mossy fibers relative to other afferents to CA3 and the dentate gyrus.

Enhancement of responses to single stimuli and hyperexcitability did not folio 
bath-application of 10 ng/ml BDNF (n=19), boiled lOOng/ml BDNF (n=3) o 
lOOng/ml cytochrome C (n=8), which has a molecular weight similar to BDNF. The 
tyrosine kinase antagonist K252a (2 /iM) blocked the effects of BDNF (n=8).

These results suggest that BDNF has acute effects on excitability in different areas 
of the hippocampal-entorhinal circuit that vary in relation to immunoreactivity for 
BDNF. Supported by NS 30831 and 16102 from NIH. BDNF was a generous gift 
of Amgen-Regeneron Partners.

457.8
BDNF, GABA CELLS AND SYNAPTIC ACTIVITY IN HIPPOCAMPAL CELL 
CULTURES. Julian Bartrup and Nigel Newberry (Spon: Brain Research 
Association) Oxford University - SmithKline Beecham Centre, University 
Department of Clinical Pharmacology, Radcliffe Infirmary, Oxford, UK

BDNF has been shown to promote neuronal growth in embryonic cultures 
after 7 days. It also enhances synaptic function acutely in CNS neurones in 
cultures and slices. Our aim was to determine how rapidly it affected the 
growth of GABAergic neurones in cultures of postnatal rat hippocampus and 
to see whether it changed synaptic activity after several days in culture.

Hippocampi of 2-4 day old rat pups were dissociated with papain and plated 
out at a low density. BDNF (20ng/ml) was applied 24h later and 
immunocytochemical (ICC) or electrophysiological experiments were 
performed at daily intervals for up to 9 days thereafter (10 DIC). Conventional 
ICC was done with GABA antibodies. Spontaneous synaptically-mediated 
currents were recorded with a chloride-based intracellular solution using 
whole-cell patch-clamp at -60 mV. We also attempted to evoke synaptic 
activity by superfusing +9mM KCI (basal = 3 mM).

BDNF significantly promoted the growth of GABA antibody-positive cells 
after only 24 h it was more pronounced after 7 days. The somatic area was 
ca. 35% larger £nd the cells had pronounced neuritic outgrowth. The 
percentage of cells with TTX-sensitive synaptic currents increased with time in 
culture. In control cultures, 90% of cells received synaptic input after 10 DIC, 
whereas after BDNF treatment 100% of cells had spontaneous synaptic 
activity after only 6 DIC. In contrast to this, synaptic activity could be evoked 
by KCI in all cells in both control and BDNF-treated cultures after 6 DIC .

Here we show that BDNF enhanced the growth of GABAergic cells after 
only 24 h in neonatal hippocampal cultures. It also appeared to promote 
spontaneous synaptic activity in these cells. [Support : SmithKline Beecham]

457.9
cAMP GATES BDNF-INDUCED SYNAPTIC POTENTIATION.
L.M.Boulanger* and M-m. Poo. Dept. of Biology, UCSD, La Jolla, C.A. 92093.

BDNF induces rapid potentiation of the frequency of spontaneous activity at the 
Xenopus neuromuscular junction in culture. We examined the role of the cAMP 
pathway in regulating signal flow through the BDNF pathway. Blockade of 
endogenous cAMP with RpcAMPS minutes prior to bath application of BDNF 
prevented BDNF-induced potentiation, while RpcAMPS alone had no effect on the 
frequency of spontaneous events. cAMP is required for maintenance as well as 
induction of BDNF-induced potentiation, since application of RpcAMPS subsequent 
to potentiation still caused a return to baseline frequencies. Furthermore, BDNF- 
induced potentiation of spontaneous events was synergystically enhanced by prior 
application of forskolin, an activator of adenylate cyclase, while forskolin alone had 
no effect on the spontaneous frequency. This forsolin synergy was mimicked by 
okadaic acid, an inhibitor of protein phosphatase 1, which is downstream of PKA in 
the cAMP signaling cascade. Since direct activation of candidate downstream 
components (cAMP, PP1) do not produce the same response as extracellular BDNF, 
cAMP does not appear to act as a signal transduction cascade for BDNF, but rather 
acts in a purely regulatory fashion, as a gate. The blockade of BDNF action by 
downstream components (RpcAMPS) may reflect the fact that resting levels of 
endogenous cAMP are necessary to “open the gate” for BDNF signaling. Thus 
cAMP gating of neurotrophin-induced synaptic potentiation may regulate 
intracellular information flow, storage, and processing by allowing integration of 
cAMP-mediated signals as well as conditional responsiveness to neurotrophin 
signals. This work was supported by NIH grant NS 22764.

457.10
NERVE GROWTH FACTOR (NGF) AND BRAIN- 
DERIVED NEUROTROPHIC FACTOR (BDNF) 
INCREASE CATECHOLAMINE RELEASE FROM 
PC 12 CELLS. H. Jiang*, G. Dickens, A. Chabuk, and G, 
Guroff. Section on Growth Factors, NICHD, NIH, Bethesda, 
MD 20892, USA.

PC 12 cells are a NGF-responsive clone derived from rat 
pheochromocytoma containing both high- and low-affinity NGF 
receptors. The cells contain catecholamines and can secrete them in 
response to depolarizing stimuli and cholinergic agonists. In 
previous studies, we observed that NGF can induce increased 
calcium influx and increased catecholamine release from PC 12 
cells. This process is independent of any action of NGF on 
catecholamine biosynthesis. We also observed that BDNF can 
induce calcium influx from both 3T3-p75 transfectant and PC 12 
cells suggesting that the low-affinity NGF receptors may play a 
role in this process. In the present studies, we tried to distinguish 
trkA-mediated or p75-mediated signalling pathways by examining 
the role of both NGF and BDNF in the release of catecholamine 
from PC 12 cells, the effects of K-252a, a specific kinase inhibitor 
of NGF actions on PC 12 cells, and the effects of various calcium 
channel blockers. Our data show that both NGF and BDNF can 
increase the catecholamine release from PC 12 cells and' that K- 
252a treatment blocks the NGF-induced release but not the 
BDNF-induced release.
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457.11
INCREASED MOTONEURON EXCITABILITY INDUCED BY 
PERIPHERAL APPLICATION OF NT-4 PERSISTS FOLLOWING 
IPSILATERAL DORSAL RHIZOTOMY. M. Gonzalez* and W.F, Collins.
III. Dept. of Neurobiology and Behavior. SUNY, Stony Brook, NY 11794.

We previously reported that local application of the trkB ligand, NT-4, to the 
medial gastrocnemius (MG) muscle produces a significant decrease in MG 
motoneuron (MN) rheobase (increased excitability). The present study was undertaken 
to determine the route by which muscle application of NT-4 affects MN rheobase.

Male Sprague-Dawley rats (300-450g) were separated into four groups: 1) NT-4 
application to the right (contralateral) MG muscle, 2) bovine serum albumin (BSA) 
application to the left (ipsilateral) MG muscle, 3) NT-4 application to the left MG 
muscle following ipsilateral L4-5 dorsal rhizotomy (DR) and 4) BSA application to 
the left MG muscle following ipsilateral L4-5 DR. Each rat was anesthetized and a 
miniosmotic pump was used to deliver NT-4 (6.24mg/day) or BSA (0.108mg/day) to 
the MG muscle. After 14 days of treatment, each rat was prepared for in vivo 
intracellular recording and electrical properties of MG MNs on the left side were 
measured. A total of 20 animals were used and recordings were obtained from 3-5 
MNs/animal. Data were analyzed using ANOVAs and mean values are reported below.

Ipsilateral DR produced a decrease in MN rheobase (6.9nA, group 4; 8.5nA, 
group 2) which was not significant. Ipsilateral application of NT-4 following DR 
resulted in a further, significant decrease in MN rheobase (4.9nA, group 3). 
Application of NT-4 to the contralateral MG muscle had no effect on MN rheobase 
(7.8nA, group 1). No significant treatment effect was noted in the present study for 
after-hyperpolarization amplitude and duration, membrane potential sag, action 
potential height, conduction velocity, equalizing and membrane time constants and 
electrotonic length.

The present results effectively eliminate the possibilities that muscle application 
of NT-4 acts via sensory afferents or the systemic circulation to increase motoneuron 
excitability and support the hypothesis that muscle-derived NT-4 retrogradely 
modulates MN excitability via motor axons. Supported by grants from the NIH and 
NSF. NT-4 was generously provided by Regeneron Pharmaceuticals, Inc.

457.12
EFFECTS OF TrkA ACTIVATION IN VISUAL CORTICAL PLASTICITY 
REQUIRE AFFERENT -SPONTANEOUS ELECTRICAL ACTIVITY. M. 
Caleok C. Lodovichi2. T. Pizzorusso^, L.F. Reichardt4 and L. Maffei*^3. (U 

Scuola Normale Superiore, Scuola Superiore S. Anna Istituto
Neurofisiologia CNR, 56127 Pisa (Italy), 00 Howard Hughes Medical Institute & 
Dept. Physiology UCSF, CA.

It has been shown that administration of NGF during the critical period prevents 
the effects of monocular deprivation (MD) in the rat. More recently, the same 
result has been obtained with local infusion into the visual cortex of purified anti- 
trkA IgG that dimerizes and thereby activates the NGF receptor trkA.

Here we have tested whether NGF action in visual cortical plasticity requires 
electrical activity in the afferent pathway. Fourteen rats were used. Spontaneous 
retinal discharge was monocularly blocked by repeated intravitreal TTX injections 
at the peak of cortical plasticity (P24-P32) and anti-trkA IgG (1.4 pg/pl solution) 
was continuously infused into the contralateral visual cortex by means of a 
cannula-minipump system. Control animals consisted of TTX-injected rats with 
no minipump implant. At the end of the treatment, 48-72 hours were allowed for 
complete recovery of retinal activity and the ocular dominance distribution 
assessed by extracellular recordings from the binocular primary visual cortex. We 
found a strong shift towards the nondeprived eye both in control and anti-trkA 
IgG-infused animals (ipsilateral index 0.96±0.06 vs. 0.8+0.2). Infusion of the 
anti-trkA IgG was also ineffective in preventing the atrophy (soma size shrinkage) 
of geniculate neurons receiving input from the TTX-injected eye. Thus, while MD 
effects are completely prevented by administration of anti-trkA IgG, no rescue 
could be found in TTX-injected animals. We conclude that spontaneous electrical 
activity in the afferent pathway is required for the effects of trkA activation in the 
visual cortex.

Supported by EEC grant BMH4CT96 1604.

457.13
DEVELOPMENTAL PLASTICITY IN THE VISUAL CORTEX OF TRANSGENIC MICE 
OVEREXPRESSING BDNF OR NT-3 . Z.J.Huanq*1, T.Pizzorusso2, L.Nelson1. V.Porciatti2 
L.Maffei2and S.Toneqawa^ 1Dept. of Biology and Center for learning and Memory, MIT, 
Cambridge, MA, USA. 2Scuola Normale Superiore and Istituto Neurofisiologia CNR, Pisa, Italy

An attractive hypothesis for the function of the neurotrophins is that they are the target- 
derived substrates for activity-dependent synaptic competition underlying visual cortical 
development and plasticity. BDNF and NT-3 mRNAs are expressed in spatially (laminar 
localization) and temporally (during critical period) reciprocal patterns in the visual cortex. In 
addition, BDNF is highly regulated by visual experience such as dark rearing (DR) and 
monocular deprivation (MD). Significantly, infusion of exogenous BDNF but not NT-3 was 
shown to prevent the formation of the ocular dominance columns; and application of BDNF and 
NT-3 in visual cortical slice induced laminar specific and activity-dependent effects on dendritic 
growth. However, a caveat of the pharmacological infusion experiments is that they bypass a 
presumably critical step of signaling—the activity-dependent release of neurotrophins. 
Therefore, the results can not distinguish between the role of neurotrophins as specific in 
synaptic competition or non-specific such as the induction of promiscuous sprouting. To titrate 
the intracellular and/or intra-svnaptic concentration of the neurotrophins, we have generated 
transgenic mice over-expressing either BDNF or NT-3 in the visual cortex (and other forebrain 
regions, including hippocampus) using the CamKII promoter. Six BDNF lines express the 
transgenes at levels ranging from 3 to 15 fold higher than the endogenous BDNF. Nine NT-3 
lines express the transgenes ranging from 5 to 35 fold higher than the endogenous NT-3. The 
expressions of these transgenes start at around postnatal day 4 (P4), reach significant levels by 
P15 and remain steady throughout adulthood.

In mammals, the development of visual acuity, which can be reliably measured by visually- 
evoked potential (VEP), is profoundly influenced by DR or MD. Using the above BDNF and 
NT-3 transgenic mice, we are testing: 1) whether the effects of DR and MD on visual acuity can 
be “rescued" in the transgenic mice; 2) whether the onset and/or offset of the critical period for 
the maturation of visual acuity is altered in these transgenic mice. As a first step, we have 
tested the visual acuity of the adult (2 to 4 month old) BDNF and NT-3 transgenic mice without 
sensory deprivation and found that they fall in the normal range, as compared to the wild-type 
litter mates, (supported by Damon Ruynon Walter-Winchell foundation, HHMI and International 
Institute for Paraplegia and EEC grant.)

457.14
BRAIN DERIVED NEUROTROPHIC FACTOR DECREASES NMDA 
RECEPTOR FUNCTION IN RAT CEREBELLAR GRANULE CELLS. C 
Brandoli, A. M. Sanna, M. A. De Bemardi*, G. Brooker, P. Follesa and I.
Mocchetti. Dept. of Cell Biology, Div. of Neurobiology, Georgetown Univ., Sch. 
of Med.. Washington, DC 20007, and Univ. of Cagliari, Cagliari, Italy.

Evidence has accumulated to suggest that the N-methyl-D-aspartate (NMDA) 
glutamate receptor subtype plays an important role in neuronal degeneration evoked 
by hypoxia, ischemia or trauma. Cerebellar granule cells in culture are vulnerable 
to glutamate and NMDA-induced neuronal excitotoxicity. In these cells, brain 
derived neurotrophic factor (BDNF) prevents the excitotoxic effect of glutamate or 
NMDA. However, little is known about the molecular mechanisms underlying the 
protective properties of BDNF. In this study we investigated whether BDNF 
prevents NMDA toxicity by down-regulating NMDA receptor function. Primary 
cultures of cerebellar granule cells (DIV8) were exposed to BDNF (50 ng/ml) for 6, 
24 and 48 hr and then lysed. RNase protection assay revealed that by 6 hr the levels 
of mRNA encoding for the NMDA receptor subunits R2A, R2B and R2C were 
decreased by 50% or more. The decrease in mRNA was followed at 24 hr by a 
decrease in protein subunit levels measured by Western blot analysis. BDNF failed 
to change NMDAR1 subunit levels at any time. Because NMDA receptor activation 
increases intracellular Ca2+ concentration ([Ca2+ ],), single cell Fura-2 fluorescence 
ratio imaging was then used to study the effect of BDNF-mediated down-regulation 
of NMDA receptor on the Ca2’ response. In cerebellar granule cells exposed for 24 
hr to BDNF, the NMDA-evoked increase in [Ca2+ ]; was about 50% than that 
observed in control cells, suggesting that BDNF down-regulates NMDA receptor 
function as well. This mechanism may account for the ability of BDNF to prevent 
excitotoxicity, thus suggesting that BDNF may be useful in supporting neuronal 
survival after ischemia or trauma. Supported by Research Career Development 
Award NS 01675 and HHS grant NS 32671 to I.M. and HL 28940 to GB.

457.15
bFGF AND BDNF PROMOTE SURVIVAL AND NEURONAL 
CIRCUIT FORMATION IN ORGANOTYPIC HIPPOCAMPAL 
CULTURE. Y. Nakagami*. H. Saito and N. Matsuki. Department of 
Chemical Pharmacology, Faculty of Pharmaceutical Sciences, The 
University' of Tokyo, Tokyo 113, JAPAN.

In this study, we investigated the spatial-temporal propagation in 
organotypic cultures of the hippocampus attaching to the entorhinal 
cortex using a real-time optical recording system with a voltage-sensitive 
dye and suitability as an in vitro model. Real-time imaging 
demonstrated that the stimulation of the perforant pathway induced 
excitatory propagation in trisynaptic pathway of the hippocampus and 
sequentially in the layer V from the medial to the lateral entorhinal 
cortex. Next, we analyzed effects of basic fibroblast growth factor 
(bFGF) and brain-derived neurotrophic factor (BDNF) on the formation 
of neuronal circuits. Continuous application of bFGF or BDNF 
significantly protected the slices from the neuronal death, especially in 
CA1 and the entorhinal cortex and enhanced optical signals in all 
hippocampal areas significantly. These data suggest that bFGF and 
BDNF promote the formation of neuronal circuits as well as survival and 
that optical recording of organotypic hippocampal slices would be a 
useful technique which enables us to analyze neuronal circuit formation 
easily (Supported by Grant-in-Aid from the Ministry of Education, 
Culture and Science of Japan).
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458.1
EFFECT OF AIT-082 ON NEUROTROPHIN LEVELS FOLLOWING SPINAL 
CORD HEMISECTION. C.E, Crocked, S.D, Clarkl, B.A. Urschel-GvsbersU. A.J. 
GlaskvZ and M.P. Rathbonel. ’McMaster University, Hamilton, Ontario, Canada 
L8N 3Z5. 2NcoTherapeutics Inc., Irvine, California USA 92618.

Motoneuron loss in neurodegenerative disorders may partly be due to a loss of 
trophic support for these neurons. In spinal cord injury, application of certain 
combinations of neurotrophins may induce regeneration of lost connections. Use of 
these factors in vivo is complicated by the route of administration required 
(intracranial or subcutaneous) and their short half life. We examined the effects of an 
orally active purine derivative, AIT-082, on production of trophic factors in vivo 
after spinal cord hcmiscction at T8 in male Wistar rats. Animals were treated for 3 or 
7 days with 20mg/kg/day AIT-082 in their drinking water. The cord was harvested 
in 2 cm intervals at, above and below the lesion. The section at T8 is called the 
lesion section, the rostral section was 2 cm above T8 and the section 2 cm below the 
lesion was called the caudal. Relative mRNA levels of NT-3, BDNF, and CNTF 
were examined using RT-PCR. In the lesioned rats treated for 7 days with AIT-082, 
CNTF levels were increased in the lesion sample when compared to sham operated 
controls. CNTF levels were decreased in the caudal section of lesioned animals 
relative to sham operated controls with no significant effect of the drug treatment in 
either the lesioned or sham operated control. This result is similar to the observed 
decrease in CNTF mRNA levels in sciatic nerve crush injuries distally to the injury. 
AIT-082 treated animals had higher CNTF levels in the rostral samples, whether 
lesioned or sham operated. NT-3 levels did not vary significantly across the three 
samples regardless of drug treatment or surgical group, although mean NT-3 levels 
were higher in the rostral samples of sham operated groups, regardless of drug 
treatment. These increased levels may be important for regeneration.
Support: Amyotrophic Lateral Sclerosis Society of Canada and NeoTherapeutics Inc.

458.2
UPREGULATION OF ID GENE FAMILY EXPRESSION FOLLOWING TUMOR 
NECROSIS FACTOR-a INDUCTION OF CNS-DERIVED CELLS IN VITRO AND 
IN VIVO S. Liva, S.-F. Tzeng, M. Kahn, and J. de Vellis*. Mental Retardation 
Research Center, Department of Psychiatry and Neurobiology, UCLA School of 
Medicine, Los Angeles, CA 90024

Idl, Id2, and Id3 belong to a family of helix-loop-helix (HLH) transcription factors 
lacking a basic DNA-binding domain. Ids block the binding of basic-HLH 
transcription factors to the target genes via protein-protein interaction. The Ids are 
thought to be involved in the regulation of cell proliferation and differentiation. We 
previously showed that Id3 may be an important factor for controlling the proliferation 
of serum-stimulated astrocytes. Tumor necrosis factor-a (TNF-a), a pro-inflammatory 
cytokine, is known to exacerbate injuries of the central nervous system (CNS) and 
possibly contribute to the activation of specific CNS-derived cells such as microglia 
and astrocytes. Here we report that TNF-a maximally increases Id3 mRNA expression 
in cultured microglia at 30 min while TNF-a causes a maximal level of astroglial Id3 
mRNA at 6 h. To determine if the Id family is involved in TNF-a activation of 
astrocytes and microglia in the CNS in vivo, we injected TNF-a into the cerebral 
cortex of P6 rat pups, a CNS injury- model. Subsequently, Id mRNA expression was 
examined using in situ hybridization analysis. Similar to our in vitro studies, Id3 
mRNA was significantly upregulated at 6 h following TNF-a injection compared to 
that observed for PBS/BSA-treated controls. In addition, Idl and Id2 mRNA were also 
significantly elevated in our in vivo model 6 h post-injection. These three Id members 
were substantially increased in several regions, including the cingulum, caudate 
putamen and the choroid plexus near the injection site. Based on these results, we 
suggest that the Id family may play an important role in the TNF-a induced signal 
transduction pathway following CNS injury. The phenotype of the TNF-a induced Id 
mRNA expressing cells is currently under investigation (supported by APA DB2-9502 
and NICHD06576).

458.3
Functional activation of EGFR in the olfactory epithelium by TGF-a 
in vivo PI, Ezeh* and A. I, Farbman. Department of Neurobiology 
and Physiology, Northwestern University, Evanston, IL 60208-3520

Transforming growth factor alpha (TGF-a) is a member of the 
EGF family of growth factors with epidermal growth factor receptor 
(EGFR) as its receptor. EGFR is a member of the tyrosine kinase group 
of receptors. Binding of the ligand to the receptor elicits an increase 
in tyrosine kinase activity resulting in the autophosphorylation of the 
receptor and subsequent phosphorylation of other tyrosine kinase 
substrates. This cascade is frequently associated with cell division. 
TGF-a has been shown to stimulate cell division in the olfactory' 
epithelium in vitro (Farbman and Buchholz, 1996) and may regulate 
cell division in vivo. To investigate whether exogenous TGF-a has any 
functional effect on the olfactory epithelium (OE) in vivo 25-50 //g of 
the growth factor were administered to rats via the carotid artery. After 
2 minutes, olfactory and liver samples were homogenized and 
immunoprecipitated with antibody vs EGFR and the immunoprecipitate 
subjected to SDS-PAGE and Western Immunoblotting. Using 
phosphotyrosine antibody we determined that the EGFR on the injected 
side had undergone autophosphorylation, an effect absent in the control 
animals which received the same solution without the growth factor. 
This is consistent with the notion that binding of TGF-a to EGFR may 
play a role in olfactory cell division.

Supported by NIH grant P01 DC00347

458.4
THE TYROSINE PHOSPHATASE SHP-2 SUPPRESSES CNTF- 
MEDIATED CHOLINERFIC DIFFERENTIATION IN SYMPATHETIC 
NEURONS. S. A. Reeves . L. Jacoby*S. E. Lewis and T, Servidei. We 
have investigated the function of the sre homology 2 (SH2) domain- 
containing protein tyrosine phosphatase SHP-2 in ciliary neurotrophic 
factor (CNTF) induction of neurotransmitter gene expression in 
neuroblastoma-derived NBFL cells and in primary cultures of rat 
sympathetic neurons. We found that docking of SHP-2 with the 
neurocytokine-activated gp130 component of the CNTF receptor 
complex occurs through the N-terminal SH2 domain of SHP-2. To 
examine the importance of the association SHP-2 displays with gp130 
in the CNTF signaling pathway we introduced a N-terminal SH2 
domain SHP-2 interfering mutant into NBFL cells and noradrenergic 
neuronal cultures and then examined the levels of neuropeptide gene 
expression induced by CNTF. We found that SHP-2 acts in a negative 
manner to suppress the neurocytokine-induced and JAK-STAT- 
mediated activation of a vasoactive intestinal peptide (VIP) gene 
reporter plasmid in NBFL cells and endogenous VIP, substance P (SP) 
and choline acetyltransferase (ChAT) gene expression in sympathetic 
neurons. Because induction of ChAT, VIP and SP gene expression is 
associated with the cholinergic phenotype in sympathetic neurons, 
these findings raise the strong possibility that SHP-2 monitors the 
neurocytokine-induced cholinergic differentiation of these neurons. 
Lastly, the broad tissue distribution of both SHP-2 and gp130 and the 
fact that gp130 is a common signal transducing component of a large 
family of receptor complexes for cytokines that include LIF, OSM, 
cardiotrophin-1, IL-6 and IL-11, suggest SHP-2 negatively regulates 
cell signaling through these complexes as well. Supported by NIH RO1 
#NS27514-08

458.5

TGF-B ENHANCES RESPONSIVENESS OF CHICK SENSORY 
NEURONS TO NEUROTROPHINS. H. Specht*, K. Unsicker and
K. Krieglstein. Dept of Anatomy and Cell Biology III, Ruprecht- 
Karls University of Heidelberg, INF 3307, D-69120 Heidelberg

Sensory neurons located in the dorsal root ganglion (DRG) are 
known to be dependent on neurotrophins. Distinct populations of 
neurons innervating different targets carry either the trk, trkB or trkC 
receptor and respond to the corresponding ligands. We have previously 
shown that TGF-Bs are expressed in the developing and adult DRG and 
that DRG neurons are immunoreactive for the TBR-II, which is essential 
for mediating responses of TGF-81, -B2 and -B3. However, TGF-Bs by 
themselves do not promote survival of cultured DRG neurons. In order 
to address the functional relevance of TGF-Bs within the DRG, we asked 
whether TGF-Bs have the capacity to modulate the neurotrophic actions 
of NGF, BDNF, NT-3 and NT-4. We show that TGF-Bs can enhance the 
responsiveness of DRG neurons to neurotrophins. Furthermore, NGF 
treatment induced the message of TGF-B3 in cultured neurons. TGF-Bs 
seem to act in an auto-/paracrine loop as indicated by the release of 
TGF-B from cultured DRG neurons, and by blocking the endogenously 
acting TGF-B by neutralizing antibodies. Work in progress tests whether 
TGF-B may exert similar functions on rat hippocampal neurons. Our 
observations are consistent with the notion that TGF-Bs are important 
modulators of neuron survival.
Supported by DFG Un34/16-2 and the Heidelberg Graduate Program 
„Neurobiology“.

458.6
EXPRESSION AND FUNCTION OF BONE MORPHOGENETIC PROTEIN 
RECEPTOR TYPE II (BMPR-II) IN THE DEVELOPING CHICKEN 
GANGLIONIC NEURONS. H. Bengtsson, S. Soderstrom, A. Kylberg, M. F. 
Charettet and T, Ebendal* Dept. Developmental Neuroscience, Uppsala University, 
Box 587, BMC, S-751 23 Uppsala, Sweden, and {Creative Biomolecules Inc., 
Hopkinton, Mass., USA.

Using a degenerate PCR strategy we have isolated a partial cDNA sequence for 
the chicken homologue of BMPR-II, a serine/threonine kinase receptor. By in situ 
hybridization we have mapped its mRNA to several different neurons in ganglia as 
well as in the spinal cord. We have also tested the biological activity of one of its 
known ligands, osteogenic protein-1 (OP-1), in explanted chicken ganglia 
(sympathetic, parasympathetic and sensory) on collagen gels as well as dissociated 
neurons from sympathetic and ciliary ganglia. OP-1 was tested at different 
concentrations, alone or in combination with other neurotrophic factors. We find 
that OP-1 alone has very limited effect to stimulate neuron survival, but that OP-1 
combined with either neurotrophin-3 (NT-3) or glial cell line-derived neurotrophic 
factor (GDNF) enhances survival effects compared to these factors alone. We also 
find strong potentiating effects by OP-1 on neurons responding to NT-3 or GDNF 
in terms of nerve fiber outgrowth. The survival effects are particularly noteworthy 
after longer time periods (6 days) arguing that OP-1 strongly strengthens the 
neurotrophic effects elicited by NT-3 or GDNF.

It is well known that NT-3 and GDNF are signaling via tyrosine kinase receptors. 
Signaling via BMPR-II which is a serine/threonine kinase receptor may potentiate 
the tyrosine kinase pathway. The data suggests practical use of OP-1 in situations 
where nerve cells are severed and where additional neurotrophic factors can either 
be expected to be produced locally or administrated together with OP-1.

Supported by the Swedish National Science Research Council (Grant B-AA/BU 
04024-319)
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458.7
INTERLEUKIN-3 INDUCED SIGNAL TRANSDUCERS AND 
ACTIVATIOS OF TRANSCRIPTION 6 IN THE NEURONAL CELL LINE.
K. Shimoda*, T, Oshima, K. Inoue, D. Kaneto, T. Kitagawa, H.
Takahashi# and T.W. Commissiong##, Division of Neurology, National 
Nishitottori Hospital, Tottori 68902, JAPAN. #Lab. Histochem., 
Mitsubishi-kasei, Inst, of Life Sci. Machida 163, JAPAN. ##Neurotrophic 
Research Corporation, Bethesda, MD 20814, USA.

In recent studies of cytokines and their receptors in the central nervous 
system, almost all the cytokines and their receptors that are expressed in 
immunological cells were identified in the central nervous system. Its 
precise functions in the central nervous system ate not well known. We 
previously established an SI cell line prepared by immortalization of 
cells from the fetal rat diencephalon, using the viral SV40 large T 
antigen. This SI cell line expressed several protein tyrosine kinases that 
were shown to be coupled to various receptors for neurotrophic factors and 
cytokines. We identified the involvement of Janus kinases (Jak) in this 
cell line and a few signal transducers and activators of transcriptions 
(STAT) (Soc. for Neurosci. Abst. 155.18, 1996). This cell line responded to 
interleukin-3 (5ng/ml), bFGF (50ng/ml) and retinoic acid (10’7M) to 
processes outgrowth. And in the process of this activation, this cell line 
mainly expressed interleukin 4 STAT (STAT 6). Understanding and 
clarifying the mechanisms of signal transduction and activation of 
transcription pathways by the activation of cytokines would be an 
important step in our studies of neuronal cell differentiation and may 
provide clues to help to understand the mechanisms of neuronal 
degeneration.

458.8
CERAMIDE ACTIVATES JNK/SAPK IN CEREBELLAR 
NEURONS S. FURUYA*, and Y. HIRABAYASHI, Laboratory for 
Cellular Glycobiology, FRP., The Institute of Physical and Chemical 
Research (RIKEN), Wako, Saitama 351-01, Japan.

Ceramide that is released from sphingomyelin by sphingomyelinases in 
response to various stimuli, has been implicated in cell growth, 
differentiation, and apoptotic cell death in many types of cells. We previously 
showed that sphingomyelin is present abundantly in dendrites and cell 
bodies of cerebellar Purkinje cells, and that ceramide biosynthesis is 
prerequisite for the normal development of Purkinje cells grown in vitro (7. 
Neurochem. 65, 1551-1561, 1995). To ascertain the potential role of 
ceramide in signal transduction pathways of cerebellar neurons, we directly 
tested effects of ceramide treatment on activities of the mitogen-activated 
protein kinase (MAP kinase) families. Cerebellar neuronal cultures grown for 
10-14 days were exposed to cell-permeable ceramide (20 pM, C6 synthetic 
analogue). This treatment did not cause the cell death of Purkinje cells as 
judged by immunocytostaining for calbindin D-28K. When examined by in 
vitro kinase assays, the activation of p42/p44 MAP kinase was not detected at 
any times examined. In contrast, a significant increase in c-Jun amino-
terminal kinase/stress-activated protein kinase (JNK/SAPK) activity was 
measured at 10-60 min after the treatment. Immunocytostaining of cerebellar 
cultures with anti-phosphorylated JNK/SAPK antibody demonstrated that 
exposure to C6-ceramide induces the phosphorylation of JNK/SAPK present 
in somata of Purkinje cells, suggesting that ceramide supports the growth of 
immature Purkinje cells through the activation of JNK/SAPK.

(Supported by Frontier Research Grant (Y. H.) and the Grants-in-Aid for Scientific 
Research (no. 08780757 to S. F.) from the Ministry of Education, Science and 
Cultuie of Japan.)

458.9
MULTIPLE EFFECTS OF LEUKEMIA INHIBITORY FACTOR (LIF) IN 
POSTNATAL RAT SUPERIOR CERVICAL GANGLION NEURONS. 
D. Kristufek, E. Stocker, S. Boehm and S. Huck*. Department of Neuropharmacol-
ogy, University of Vienna, A-1090 Vienna, Austria.

The cytokines ciliary neurotrophic factor (CNTF) and LIF have dramatic effects 
on the neurotransmitter phenotype and on neuropeptide expression in cultures from 
postnatal rat superior cervical ganglion (SCG). We now report that several additional 
properties crucial for neuronal function appear to be regulated by LIF.

SCG were dissected from early postnatal (P3-5) rats, dissociated and plated on 
either collagen-coated tissue culture disks or on poly-D-lysine-coated dishes for su-
pervision or patch clamp experiments, respectively. Cytokines were added 1-2 days 
after plating. For supervision experiments, cultures were loaded with 
[3H]norepinephrine ([3HJNE) after 5-7 days in vitro and transferred to supervision 
chambers. The spontaneous release of radioactivity, the release induced by electrical 
field stimulation, and the release elicited by nicotine in the absence or presence of 
tetrodotoxin (TTX) or cadmium were determined by liquid scintillation counting.

Both components of nicotine-induced release, id est conventional release in the 
absence of TTX or cadmium, and a novel component due to the activation of a 
secretagogue nicotinic receptor (see accompanying abstract by Stocker et al.) were 
inhibited by CNTF and LIF. Effects were maximal at 10 and 1.25ng/ml, respectively. 
However, [3HJNE release was also reduced in LIF-treated cultures challenged with 
either electrical Veld stimulation or a-latrotoxin. The latter protocol induces trans-
mitter release by calcium entry which bypasses voltage-gated calcium channels. We 
therefore measured nicotine-induced and voltage-gated membrane currents with 
patch clamp. LIF-treated cultures had signiftcantly smaller nicotine-induced and 
voltage-dependent K+ (delayed rectifier) currents, whereas voltage-dependent Na+ 
currents and membrane capacitance appeared unaffected. Our observations indicate 
effects of LIF on the release machinery proper, on nicotinic receptors and on voltage-
gated K channels.
SUPPORTED BY THE AUSTRIAN SCIENCE FOUNDATION, P11607-MED

458.10
HIPPOCAMPAL SYNAPTIC PLASTICITY IN ADULT MICE IS 
DEPRESSED BY REK7-lgG, AND PARTIALLY MIMICKED BY AL1- 
IgG. N. Shinskv*, P. Moran, J.W. Winslow,. I. Caras and W.-Q. Gao.
Department of Neuroscience, Genentech, Inc., South San Francisco,
CA 94080.

The EPH-family receptor, REK7, has been implicated in axon 
guidance during embryonic development. However, since this receptor 
continues to be highly expressed in the adult hippocampus, we 
investigated whether REK7 and its ligand, AL1, would influence 
hippocampal synaptic plasticity.

We found that acute perfusion of REK7-lgG caused a significant 
deficit in long-term potentiation (LTP) recorded from the CA1 area 
following stimulation of Schaffer collaterals of hippocampal slices 
prepared from adult (3-4 months old) mice. There were no effects on 
baseline or on paired-pulse facilitation (PPF) obtained by giving 2 
pulses with an interval of 50-250 msec. These results suggest that 
REK7 activation plays a role during high frequency tetanic stimulation (4 
trains of 100 Hz for 1 sec with 20 msec interval) for LTP development, 
but is not important for the baseline response following low frequency 
stimulation. If this is the case, then activation of REK7 by applying 
exogenous AL1-lgG, a soluble form of normally membrane-bounded 
ligand for REK7, might facilitate synaptic plasticity. We tested this 
possibility, and found that similar to post-tetanic LTP, perfusion of AL1- 
IgG without tetanization resulted in an elevation in baseline response 
and a decrease in the magnitude of PPF. This effect was sustained for 
at least 3 hours after washout of the AL-1. Tetanic stimulation caused 
an additional increase of the response. These results suggest that 
both REK7 activation and tetanus contribute to the induction of LTP and 
that AL1-REK7 interaction could play a role in synaptic remodeling 
required for plasticity of adult CNS.

458.11
PLATELET-DERIVED GROWTH FACTOR (PDGF) MODIFIES THE 
GLUTAMATE-EVOKED CALCIUM RESPONSE OF CULTURED MOUSE 
NEURONS. J.B. Hutchins^Depts. of Anatomy, Neurology (Research), and 
Ophthalmology, Univ. Mississippi Med. Ctr., Jackson, MS 39216-4505

Neurons are destroyed by lack of oxygen and glucose when their blood 
supply is interrupted (ischemia). Large increases in calcium, elicited by 
glutamate released from damaged neurons, are known to kill neurons, while 
small increases in [Ca++]j may be neuroprotective. We examined the 
modification in [Ca++J in cultured mouse neurons treated with PDGF in which 
glutamate or glutamate analogs were used to stimulate calcium entry 
through the receptor channel.

Platelet-derived growth factor (PDGF) is found in the developing and 
adult nervous system. In fibroblasts, PDGF causes a large release of 
calcium from intracellular stores (to about three times resting levels). Yet, in 
cultured hippocampal neurons, PDGF has also been shown to decrease the 
current through the NMDA receptor channel. To resolve this apparent 
paradox, and determine the effects of PDGF on calcium levels in neurons, 
we quantified calcium levels using fluo-3 AM in neuronal cultures from 
embryonic mouse cerebral cortex. PDGF causes a small, barely 
measurable increase in calcium in most neurons, but in a subpopulation of 
cultured cells, a large calcium spike is seen in response to PDGF,

PDGF also modifies glutamate-mediated calcium influx. After PDGF 
treatment, there is a 50% reduction in the glutamate- or NMDA-stirnulated 
rise in [Ca++J. PDGF likely phosphorylates both NMDA and non-NMDA 
ionotropic glutamate receptors and modifies the calcium flux of each 
receptor type. Supported by Fight for Sight research fund of Prevent 
Blindness America.

458.12
N-TERMINAL REGULATION OF NEUREGULIN (NRG) ISOFORM FUNCTION. 
Y. Kuo*, L. M. Wang1, J. Pierce1, and L. Role2. Integrated Prog, and 2Dept. of Anat. 
and Cell Biol, in the Ctr. for Neuro, and Behavior, Columbia University P&S., NY, NY 
10032 and ‘Lab. of Cell, and Mol. Biol., National Cancer Institute, Bethesda, MD 
20892.

Alternative splicing of the neuregulin gene produces greater than twenty different 
isoforms. A constant feature of the neuregulin isoforms is the presence of an EGF-like 
motif that is both necessary and sufficient for activation of neuregulin receptors 
including EIER2, 3 or 4. Activation of the receptor linked tyrosine kinase results in 
alterations in target cell phenotype. The functions associated with the protein domains 
surrounding the EGF-like domain have not been identified. We have focused on 
assessing possible functions associated with the isoform-specific, extracellular N- 
terminae. Specifically we have identified functions specific to the mutually exclusive Ig 
domain and the cysteine rich domain (CRD).

The patterns of expression of these isoforms are different both spatially and 
temporally. Unlike the Ig-NRG isoforms, CRD-NRG expression is restricted to 
nervous system. Expression is developmentally regulated with particularly prominent 
expression detected in motor and sensory neurons and their projections within the brain 
stem and spinal cord. The distinct affinities of Ig vs. CRD-NRG isoforms for 
glycosaminoglycans - likely due to the inclusion of a heparin binding to the Ig-(but not 
CRD) NRG - may differentially restrict the availability of these proteins. Treatment of 
cell lines expressing the HER family members singly and in combination further test 
the functional importance of the N-terminal CRD or Ig-domain containing sequences. 
Quantitation of the mitogenic responses to specific NRG isoforms reveals significant 
differences between the NRG EGF-like domain peptide and CRD-NRG in signaling via 
HER3 and HER 4 receptors. These results show that the primary structure of the 
domain N-terminal to the receptor binding EGF-like domain can potently modulate the 
functional activity of the isofcrm. (Supported by NS29071 to LR).
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459.1
DICHOTOMOUS CONTROL OF APOPTOSIS AND NEUROGENESIS IN THE 
DENTATE GYRUS BY MINERALOCORTICOID AND GLUCOCORTICOID 
RECEPTOR LIGANDS. O.F.X, Almeida*. A. Michaelidis. D. Fischer, P, von 
Rosenstiel and A.H.S. Hassan. Max Planck Institute of Psychiatry, D-80804 
Munich, Germany.

In an extension of an earlier study (Hassan et al., Exp. Neurol., 1996, 140:43-52), 
the present investigation compared the effects of glucocorticoid (GR) and mineralo- 
corticoid (MR) receptor ligands on the incidence of apoptosis and neurogenesis in 
the dentate gyrus. The steroids tested were dexamethasone (DEX, a pure GR 
agonist) and prednisolone (PRED, a mixed MR/GR agonist); in addition cortico-
sterone (CORT) was administered at a dose sufficient to activate only MR. The 
drugs were administered daily over 7 days to male Wistar rats aged 24 months. 
Apoptotic cells were detected using the TUNEL technique, whereas mitotic cells 
were labeled with bromodeoxyuridine (BrdU). The latter was combined with 
immunocytochemistry for TuJl, a specific marker of newly-formed post-mitotic 
neurons. Consistent with our earlier findings, DEX markedly stimulated apoptosis, 
whereas this form of cell death was not affected by CORT. The effects of PRED 
were similar to those produced by CORT. The latter two compounds were also 
similar in that they resulted in a significant increase in the total number of healthy 
dentate cells which was accompanied by a concomitant increase in the number of 
BrdU-labeled cells. Further, the increase observed in the total number of double- 
stained BrdU/TuJ 1 cells indicated that CORT and PRED stimulated neurogenesis. 
In contrast, DEX treatment decreased the total number of healthy cells and reduced 
the BrdU/TuJl labeling index. These results therefore demonstrate that neuro-
genesis can be induced in the dentate gyrus of rats of rather advanced age; 
corticoids which have an MR-active component allow neuronal proliferation and 
simultaneously prevent apoptosis. The mechanisms underlying the opposing actions 
of MR and GR ligands are currently being studied.

459.2
HANDLING INCREASES HIPPOCAMPAL AP-2 BINDING TO A
GLUCOCORTICOID RECEPTOR PROMOTER OLIGONUCLEOTIDE 
SEQUENCE. J. Diorio* . S.A. Weaver, S. Sharma, K. Chapman, J.R. Seckl, M.J. 
Meaney.Douglas Hosp. Res.Ctr.Depts. of Neurol., Neurosurg., and Psychiatry, 
McGill Univ. Montreal,PQ, Canada H4H1R3.

Postnatal handling results in a permanent increase in hippocampal glucocorticoid 
receptor (GR) expression. The mechanism is proposed to be via 5-HT7 receptor 
mediated cAMP increases during the handling procedure. The increased cAMP then 
stimulates an increased expression of cAMP responsive transcription factors. It is 
proposed that increases in specific transcription factors accounts for increased GR 
expression via interactions with regulatory sequences of the GR promoter region. 
Previously we have shown that the expression of the transcription factor activator 
protein-2 (AP-2) is increased in handled animals and that this increase is blocked by 
concurrent treatment with propylthiouracil or ketanserin, both of which block the 
effects of handling on GR expression (Francis et al. 1997). In studies with human 
cell lines the level of AP-2 expression was found to be correlated with human GR 
promoter activity (Nobukuni et al. 1995). The current experiment examined whether 
AP-2 levels in handled and nonhandled animals differed functionally in their ability to 
bind an AP-2 consensus oligonucleotide sequence. Pups were handled for the first 7 
days of life and sacrificed after the last handling bout. Hippocampi were collected and 
whole cell extracts were prepared. Electrophoretic mobility shift assays were 
performed using the FP7 site of the human GR promoter region which contains a 
consensus sequence for AP-2 and is involved in transactivation of GR. Handled pups 
exhibited significantly greater levels of FP7 bound compared to nonhandled pups thus 
indicating a functional effect of the differences in AP-2 levels. The difference was 
detected using a sequence from a GR promoter therefore implying a possible role in 
controlling GR promoter activity.(Supported by MRCC)

459.3
DEVELOPMENTAL REGULATION OF BASAL FOREBRAIN CHOLINERGIC 
NEURONS BY GLUCOCORTICOIDS: ROLE OF NERVE GROWTH FACTOR. 
B. Shi*, S.J. Rabin and I. Mocchetti. Dept. of Cell Biology, Division of 
Neurobiology, Georgetown Univ. School of Med., Washington, D.C. 20007.

The ability of glucocorticoids to modulate cell growth and differentiation during 
development has prompted a great deal of research effort on the hypothesis that 
glucocorticoids might be important regulators of trophic processes operative in 
synaptic plasticity. However, little is known about the mechanisms of these effects 
and the basis for a “neurotrophic44 activity of glucocorticoids. Given the well 
established role of neurotrophic factors and the complexity of molecular events 
influencing synaptic plasticity, it has been suggested that glucocorticoids may exert 
trophic activity by inducing the synthesis and availability of nerve growth factor 
(NGF) and other trophic factors in the CNS. Because NGF plays a crucial role in the 
development, maintenance and survival of basal forebrain cholinergic neurons, we 
deemed it of importance to study whether glucocorticoids, by increasing NGF 
expression, affect the functional state of these neurons. The synthetic glucocorticoid 
dexamethasone (DEX) was administrated to 8 days old rats, once a day, for 7 days. 
Brain sections were analyzed for NGF mRNA levels by in situ hybridization, and 
choline acetyltransferase (ChAT), trkA and p75NGFR immunoreactivity (IR) by 
immunohistochemistry. NGF mRNA signal was increased in the cerebral cortex and 
in the hippocampal dentate gyrus of DEX-treated rats. In these animals, ChAT and 
p75 but not trkA levels were increased in the basal forebrain and striatum. Imaging 
analysis revealed that DEX increases the number of ChAT-IR neurons in the medial 
septum. In contrast, this glucocorticoid failed to change ChAT-IR in spinal cord 
NGF-insensitive motor neurons. These findings suggest that glucocorticoids play a 
crucial role in the development of basal forebrain cholinergic neurons via their ability 
to regulate NGF expression. Supported by Research Career Development Award NS 
01675 and HHS grant NS 29664 to I.M.

459.4
lift HYDROXYSTEROID DEHYDROGENASE TYPE 2 (11BHSD2) mRNA 
DISTRIBUTION AND ACTIVITY LN NEONATAL AND ADULT RAT BRAIN. 
A.C.Robson. C.M.Leckie. J.R.Seckl and M.C.Holmes*. Molecular Endocrinology, 
Molecular Medicine Centre, University of Edinburgh, Edinburgh, EH4 2XU.

11BHSD2 is an intracellular enzyme which converts physiological glucocorticoids 
(corticosterone in rats) to inert 11-keto forms. In aldosterone target tissues, 11BHSD2 
protects non-selective mineralocorticoid receptors (MR) from occupation by 
glucocorticoids. This includes the brain where aldosterone selectively regulates blood 
pressure and salt appetite. 11BHSD2 may also modulate glucocorticoid occupancy of 
glucocorticoid receptors (GR), especially during development where high- levels of 
glucocorticoids compromise fetal and neonatal growth. We have used in situ 
hybridisation histochemistry’ to localise 11BHSD2 mRNA in the neonatal and adult rat 
brain, combined with an enzyme kinetic study to assess 11BHSD2 activity in brain 
homogenates. Rats of age Pl (day after birth) to P29 and adult (3 month old) were 
killed, the brains removed and frozen on dry ice. Sense and antisense 35S-labelled 
cRNA probes of rat 11BHSD2 were hybridised to coronal brain sections. For 
11BHSD2 assays, brain region homogenates (75pg protein/ml) were incubated with 
200pM NAD and 3H-corticosterone (0.5-10 OOOnM), the steroids extracted and 
resolved by TLC. Kinetic analysis confirmed that 11BHSD activity was due to a high 
affinity enzyme (apparent Km for corticosterone of 10.7+2.3nM for Pl to P29). High 
levels of 11BHSD2 mRNA expression were found in the subcommissural organ at all 
ages studied, and also in scattered cells throughout the amygdala in the adult. Since 
brain lesion studies have implicated both these areas in the regulation of salt appetite 
and blood pressure, we postulate that 11BHSD2 found there protects local MR from 
glucocorticoids. Furthermore, wide-spread high expression of 11BHSD2 mRNA was 
apparent throughout the thalamus and in the external granular layer of the cerebellum 
in neonates; this peaked at P8, was much reduced by P22 and was undetectable by 
adulthood. Given the high level of glucocorticoid-sensitive cell division and 
differentiation which occurs in these structures postnatally, we postulate that 11BHSD2 
may be important in protecting postnatally developing neurones from premature 
glucocorticoid action.
ACR is supported by a Wellcome Prize Studentship.

459.5
DEXAMETHASONE (DEX) ON POSTNATAL DAY (PD) 7 RESULTS IN 
DELAYED DEVELOPMENT, INCREASED SOCIAL BEHAVIOR, AND 
ENVIRONMENT-SPECIFIC HYPOACTIVITY. S, A, Ferguson and R, J. 
Houston. Div. of Reprod. & Developmental Toxicology, National Center 
for Toxicol. Research/FDA, Jefferson, AR 72079.

Neonatal glucocorticoid treatment impairs cerebellar development in 
rats. To assess the behavioral effects resulting from such treatment,
DEX (1.5 mg/kg) was injected s.c. twice on PD 7. Male rats were 
assessed for negative geotaxis (PD 8-9), play behavior (PD 34), rotorod 
performance (PD 27-29), open field activity (PD 48-51), and activity in a 
complex maze (PD 54-57). DEX treatment caused mild body weight 
decreases (~ 10% at PD 71). DEX-induced alterations included a delay in 
development of negative geotaxis; DEX rats took longer to turn on PD 8 
than controls (p<.03; 52 vs. 28 sec, respectively), but latencies were 
unaltered on PD 9. Number of pins exhibited during play behavior tests 
did not differ; however, DEX rats performed more crawlovers relative to 
controls (p< .04; 11.2 vs. 7.9, respectively). There was no effect of 
DEX on rotorod performance, indicating few cerebellar alterations. In the 
open field, DEX rats were hypoactive across and within sessions relative 
to controls (p<.0007; 105 vs. 171, respectively). However, when 
allowed to explore a more complex environment (24 arms arranged in a 
maze pattern), DEX rats exhibited similar activity as controls. These 
results indicate that glucocorticoid-induced activity alterations vary with 
the testing environment and that social behavior may be a sensitive index 
of DEX developmental toxicity. Supported by NCTR/FDA/DHHS.

459.6
CHANGES IN ADRENAL PREPROENKEPHALIN (PPENK) mRNA 
LEVELS ARE DEPENDENT ON GLUCOCORTICOIDS IN NEONATAL 
BUT NOT IN ADULT HAMSTERS. Rosa Jimenez and S.O. Franklin*. 
Dept. of Pharmacology, Cornell U. Med. College, N.Y., N.Y. 10021.

Glucocorticoids play a major role in regulating proenkephalin (Penk) 
gene expression in a variety of tissues from bovine and rat. However, in 
the adult hamster basal Penk gene expression in the adrenal is 
independent of glucocorticoids and Penk gene expression increases in 
the striatum when steroid receptors are antagonized. In the present 
study, we examined how glucocorticoids influence the large increases in 
Penk gene expression in the developing hamster adrenal and striatum. 
Hamster pups were treated with increasing doses of the 11 p hydroxylase 
inhibitor, metyrapone (40-150 mg/kg/day, sc, bid) +/-the glucocorticoid 
receptor antagonist, RU486 (30 mg/kg/day, sc), beginning on postnatal 
day 2. Pups were subjected to euthanasia on postnatal day 4. These 
treatments are known to reduced adrenal cortical glucocorticoid 
biosynthesis and/or phenylethanolamine-N-methyltransferase (PNMT) 
levels. The results show dose dependent decreases in plasma 
glucocorticoids, adrenal PPenk mRNA and adrenal PNMT mRNA levels 
with metyrapone +/- RU486 and decreases in both adrenal PPenk and 
PNMT mRNA levels with RU486. The combination of metyrapone + 
RU486 did not further reduce levels. In addition, these treatments did not 
reduce striatal PPenk mRNA levels just as in the adult hamster adrenal 
and striatum. The results show that basal Penk gene expression in the 
adult hamster adrenal is independent of glucocorticoids and that only 
developmental changes in adrenal PPenk mRNA levels are dependent 
on glucocorticoids. (Supported by NIDA GRANT DA09901)
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459.7
DEVELOPMENTAL EXPRESSION OF CORTICOTROPIN-
RELEASING FACTOR RECEPTOR 1 (CRF-R1) mRNA IN THE RAT 
FETUS.
J Imaki*1, H Onodera1, K Yoshida2, K Yamashita1. 1Dept. of Anatomy, 
Nippon Medical School, 1-1-5, Sendagi, Bunkyo-ku, Tokyo, 113, 
Japan; 2Dept. of Ophthalmology, Hokkaido University School of 
Medicine, N17 W5, Kita-ku, Sapporo, 060, Japan

Corticotropin-releasing factor plays an important role in coordination 
with the endocrine, autonomic and behavioral responses to stress. 
Recently, receptors for CRF were cloned, however the developmental 
expression of CRF receptor was not determined well. In this study, in 
situ hybridization histochemistry was used to clarify the site of 
expression of CRF receptor 1 (CRF-R1) mRNA in the rat fetus. 
Timed pregnant Wistar rats were anesthetized and dissected, the 
fetus were removed and fixed in Zamboni solution overnight. The 
frozen sections were cut on a cryostat and mounted onto the silane- 
coated slides and the sections were hybridized with 35S-labeled rat 
CRF- R1 cRNA probe.

CRF-R1 mRNA signal was first detected on E12 in throughout the 
CNS. On E13, the signal became stronger and CRF-R1 mRNA was 
expressed in telencephalon, diencephalon, rhombencephalon and 
spinal cord. On E13, CRF-R1 mRNA signal was also observed in 
cochlear duct. In the late stage of the fetus, mRNA expression was 
strongly observed in the cortex, the thalamus, the amygdala, the 
hippocampus and other many CNS nuclei, also observed in cochlear 
duct. The results demonstrate the several novel site of CRF-R1 gene 
expression in the CNS as well as peripheral tissues, suggesting the 
possibility of some new, unknown roles of this gene for the 
ontogenesis.

459.8
CHANGE OF SUBCELLULAR LOCALIZATION OF GLUCO-
CORTICOID RECEPTOR IN NEURON UNDER DIFFERENT 
CONDITIONS OF CIRCULATING CORTICOSTEROIDS .
Hitoshi Ozawa*, Yi-Mu Yang, Ikuo Ochiai & Mitsuhiro Kawata
Dept. of Anat. & Neurobiol., Kyoto Pref. Univ. of Med., 
Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602 JAPAN

Subcellular localization of glucocorticoid receptor (GR) in rat 
brain was immunocytochemically observed under different 
conditions of circulating corticosteroids level in conjunction 
with the specific antibody to GR. In the case of hippocampal 
pyramidal and granular cells, the GR-immunoreactivity was 
mainly distributed in the nucleus associated with chromatin in 
the control (normal) condition. However, the immuno-
reactivity almost vanished in all area of the cells 2 days after 
adrenalectomy (ADX). After 10 or 15 min of intraperitoneal 
(i.p.) injection of dexamethasone (DEX ; 200pg /kg) to these 

ADX rats , the GR-immunoreactivity reappeared in the cyto-
plasm associated with cell organelles. After 30 min of DEX i.p. 
injection, the same GR-immunoreactivity was distributed in 
nucleus as showing the control condition. These results 
indicate that the serum levels of glucocorticoids may influence 
the subcellular distribution of GR in the neuron.

This study is supported by a grant from the Ministry of 
Education, Science and Culture of Japan (08680867).
Ref. Morimoto et al. Neuroscience Res. 26 : 235-269 (1996)

459.9

STATE-DEPENDENT SUBCELLULAR LOCALIZATION OF 
GLUCOCORTICOID RECEPTOR IN RAT HIPPOCAMPAL 
CULTURE. M. Nishi* and M. Kawata. Dept. of Anatomy and 
Neurobiology, Kyoto Prefect. Univ. of Med. Kyoto, Japan.

Glucocorticoid plays an important role in neuronal development, differentiation 
and plasticity. These effects are mediated via two receptor systems in the brain, 
mineralocorticoid receptor (MR) and glucocorticoid receptor (GR). These receptors 
are hormone-dependent transcription factors and become hyperphosphorylated on 
binding of their ligands. It is generally accepted that the unliganded GR resides 
predominantly in the cytoplasm and that hormone activation leads to translocation of 
receptors into the nucleus. However, the mechanisms involved in nuclear 
translocation and shuttling of receptors between cytoplasm and nucleus in central 
nervous system are poorly understood. In the present study, we investigated the 
state dependent subcellular localization of GR by using anti-GR antibody in rat 
hippocampal cultured cells grown in the absence of steroids. In the absence of 
steroids, GR-immunoreactivity (IR) was primarily localized in the cytoplasmic 
region. Within 30 min after addition of Ru28362 (10'8 M), a specific agonist of GR, 
majority of GR-IR translocated to the nucleus. Hormone-dependent nuclear 
translocation of GRs in cultured hippocampal cells was reversed upon hormone 
withdrawal for 12h. Since cycloheximide (lOug/ml) was added to the cultures during 
hormone withdrawal period to inhibit de novo synthesis of GRs, these observations 
indicate that receptors appeared in the cytoplasm after hormone withdrawal derive 
from preexistent nuclear GRs. Studies are currently exploring whether the subcelluar 
localization of GR in hippocampal cells is influenced by its phosphorylation state. 
(Supported by Grant-in-Aid for Scientific Research from the Ministry of Education, 
Science and Culture, Japan)

459.10
NEURONAL ACTIVITY-INDUCED GROWTH HORMONE 
SECRETAGOGUE RECEPTOR CLONED FROM RAT 
HIPPOCAMPUS
D.J. Kane, R. Kramer, G.S, Naeve, G, Elliot, J. Treanor, J.
Shutter, E. Nedivi1, D. Hevroni1, R. Leuthv, and L.E. Theill*
Amgen, Thousand Oaks, CA 91320 and 'The Weizmann 
Institute of Science, Rehovot 76100, Israel

A rat cDNA encoding a G-protein coupled receptor was 
identified by screening for hippocampal genes that are induced 
by neural activity. This molecule, which we named candidate- 
plasticity-gene-30 (cpg30), is expressed at low levels in the 
cortex and hippocampus, but not outside the nervous system. In 
the brain, increased amounts of cpg30 mRNA are found after 
systemic administration of the glutamate analog kainic acid, with 
the highest levels found in the dentate gyrus. This receptor was 
recently identified in human and swine hypothalamic and 
pituitary tissue as a receptor that binds growth hormone 
secretagogues and functions in pulsatile growth hormone release 
(Howard et al). HEK293 cells stably transfected to express 
cpg30, when exposed to as low as InM growth hormone 
releasing peptide (GHRP-6; a hexapeptide growth hormone 
secretagogue), respond with a transient rise in intracellular 
calcium. These findings suggest an activity-dependent function 
of cpg30 in the hippocampus in addition to it’s known 
neuroendocrine role.

459.11

POSTNATAL REGRESSION OF HYPOTHALAMIC DOPAMINERGIC 
A12 NEURONS IN PROLACTIN-DEFICIENT SNELL DWARF MICE.
C.J. Phelps*, M.A. Romero, C.A. Malcamp, and S.R. Joseph. Dept.
Anatomy, Tulane University School of Medicine, New Orleans, LA 70112 

Both Snell (dw/dw) and Ames (df/df) dwarf mice fail to produce prolactin
(PRL) as well as growth hormone due to absent transcription factor Pit-1 
(Li et al., 1990; Somsen et al., 1996), and exhibit deficits in hypothalamic 
PRL-inhibiting dopamine (DA) and numbers of area A12 DA neurons. In 
df/df mice, the A12 deficit has been shown to develop postnatally (Phelps et 
al., 1993; 1994); this study was designed to characterize A12 development 
in Snell dwarfs, which have been largely unavailable since a fire at Jackson 
Labs destroyed existing stock in 1989. Brains of normal (DW/?) and 
dwi/dwJ mice bred in this lab were examined at 7, 14, 21, 30, and >60 
postnatal days (d), by catecholamine fluorescence and quantification of 
neuron number after immunostaining for tyrosine hydroxylase (TH). 
Fluorescence was less in dw/dw than in DW/? A12 and median eminence, 
but not other DA areas, such as substantia nigra, at all ages; A12 
fluorescence was virtually absent in dw/dw adults. Numbers of A12 
neurons were comparable in DW/? and dw/dw at 7d. In DW/?, A12 neurons 
increased to adult levels at 14d. In dw/dw, numbers of A12 neurons did not 
differ at 7, 14 and 2Id, decreased at 30d, and reached, at 60d, 23% of the 
population in adult DW/? mice. Neuron numbers in nonhypophysiotropic 
DA area A13 (medial zona incerta) did not vary with age or phenotype; 
A14 cells increased at 14d, then declined by 30d, in both types. Thus, the 
dw/dw A12 deficit is isolated, more severe than in df/df (48% of DF/?), and 
develops as a decline from the population present at 7d, rather than first 
increasing, as occurs in Ames dwarfs. The reason for differences between 
Snell and Ames in A12 developmental pattern is not apparent, because the 
deficiency in dw/dw likely results from absent PRL stimulation, as in df/df 
(Romero and Phelps, 1993). Supported by NIH grant NS25987 (CJP)

459.12

GROWTH HORMONE RELEASING HORMONE mRNA INCREASES 
EARLY IN POSTNATAL DEVELOPMENT OF GH-DEFICIENT AMES 
DWARF MICE. D.L, Hurley*. B.E.F. Wee, and C.J. Phelps. 
Departments of Cell & Molecular Biology and Anatomy, Tulane 
University, New Orleans, LA 70118.

Genetic mutations in mice and rats that result in lifelong growth hormone 
(GH) deficiency result in overexpression of GH-releasing hormone (GHRH) 
mRNA in hypothalamic arcuate nucleus neurons (Frohman et al., 1989; 
Minami et al., 1991; Hurley and Phelps, 1993; Phelps et al., 1993). In order 
to examine the development of this condition, GHRH mRNA expression was 
quantified in Ames dwarf (df/df) and normal (DF/?) mice at 1 (day of birth), 
3, 7, 14, 21 and 60 postnatal days (d) following in situ hybridization. Total 
mRNA was assessed using computer assisted densitometry after x-ray film 
autoradiography, and mRNA expression per neuron was quantified by 
counts of grains per cell after emulsion autoradiography. Total GHRH 
mRNA was the same in df/df and DF/? mice at 1, 3 and 7 d. GHRH mRNA 
in df/df increased at 14d to 240% of that in DF/? (p<0.005); the percentage 
overexpression in df/df mice remained >200% through 60 d, although total 
GHRH mRNA increased in both df/df and DF/? during this period. GHRH 
mRNA per neuron was the same in normal and dwarf mice at Id, then 
increased in dwarfs to 190% of that in normals at 3d (p<0.05), and rose to 
300% of normal levels by 7d and beyond (p<0.005). There was no sexual 
dimorphism in expression by either measure in DF/? or df/df mice. These 
results indicate that an increase in GHRH mRNA in df/df mice is first 
detectable at 3d. Thus, a period of approximately 7 days occurs between 
the failure to initiate GH production in df/df mice, which normally occurs at 
embryonic day 17.5 (Slabaugh et al., 1983) and the onset of hypothalamic 
GHRH overexpression. (Supported by PHS grant NS25987 to CJP and NSF 
IBN-960806 to DLH)
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459.13
EXPRESSION AND REGULATION OF TWO NEUROPEPTIDES: 
pituitary  adenylate  cyclase  activating  polypeptide  
AND GROWTH HORMONE-RELEASING HORMONE IN FISH. S.L. 
Krucckl and N.M. Sherwood*. Biology Department, University of 
Victoria, Victoria, B.C., Canada, V8W 3P2.

Growth hormone-releasing hormone (GRF) and pituitary 
adenylate cyclase activating polypeptide (PACAP) are regulated on 
different genes in mammals. However, in salmon, the two neuropeptide 
hormones are encoded within a single gene. GRF and PACAP mRNA are 
differentially expressed in salmon; a long transcript encoding both 
neuropeptides and a short transcript coding only for PACAP are both 
present in the brain. In the gonad only the long mRNA transcript is 
expressed, but in the pyloric cecum/pancreas and large and small intestine 
both the large and small transcripts are present The salmon GRF/PACAP 
gene is 4.5 kilo bases in length and is arranged into 5 exons. GRF is 
encoded on the fourth exon and PACAP on the fifth. Both GRF and 
PACAP induce the release of growth hormone (GH) from dispersed 
salmon pituitary cells.

We hypothesize that GRF and PACAP play a role in embiyonic 
development based on evidence from RT-PCR. Both the long and short 
mRNA transcripts were expressed early in embryonic development. Once 
expressed, both transcripts were present throughout development of the 
fish embryo. In addition to developmental expression of the GRF/PACAP 
gene, we are studying transcriptional regulation. For promoter analysis 
we have constructed a vector containing 590bp of the GRF/PACAP 
promoter in front of a luciferase reporter gene. Deletion analysis of the 
promoter was carried out in fish and mammalian cell lines.
This research was supported by MRC and NSERC of Canada.

459.14
INVOLVEMENT OF RORa IN THYROID HORMONE ACTION IN THE 
DEVELOPING CEREBELLUM. N. Koibuchi* and W. W. Chin Division of Genetics, 
Department of Medicine, Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA 02115.

Thyroid hormone (TH) is essential for normal brain development. TH deficiency 
during the perinatal period causes abnormal neurogenesis in the rodent cerebellum. 
However, the molecular mechanisms of TH action in the developing cerebellum have not 
yet been clarified. Recently, a mutant mouse, staggerer, which exhibits neurological 
abnormalities similar to those seen in the hvpothvroid cerebellum m the face of normal 
thyroid lunction, has been described. In this mouse, the orphan nuclear hormone receptor 
RORa, which is highly expressed in the Purkinje cell, is disrupted. We therefore 
hypothesize that TH regulates expression of RORa, which may regulate gene expression 
essential for normal neurogenesis, and/or that RORa may be involved in regulation of 
gene expression bv thyroid hormone receptor (TR). To examine whether RORa gene 
expression is regulated bv TH, we measured RORa mRNA levels in developing rat 
cerebellum using Northern blot analysis. During cerebellar development, an increase m 
cerebellar content of RORa mRNA is seen m both propylthiouracil (PTU) - treated and 
PTU -+- Tj replaced animals. However, the increase was accelerated when 'IF was injected, 
although the RORa mRNA content was identical, with or without Ti. by 30 davs after 
birth. To studv a possible interaction between TR and RORa, we have utilized a DNA 
binding' electrophoretic mobility shift assav (EMSA). In vitro translated RORa bound to 
32P-labeled double-stranded oligonucleotide containing a thyroid hormone response 
element (TRE), to which TR binds as a monomer, homodimer or TR-retinoid X receptor 
(RXR) heterodimer. In this assav, RORa binds as a monomer in competition with TR. 
These results indicate the potential involvement of RORa in the regulation of gene 
expression bv TR during cerebellar development

459.15
LOCALIZATION AND LEVELS OF mRNA FOR NGF & p75- 
NEUROTROPHIN RECEPTOR IN THE HIPPOCAMPUS & BASAL 
FOREBRAIN OF DEVELOPING RATS IN HYPOTHYROIDISM AND 
FOLLOWING RECOVERY. A. Farahvar* and E. Meisami (Molecular 
& Integrative Physiology Dept. , Univ. of Illinois, Urbana, IL 61801).

Thyroid hormonal (TH) deficiency in postnatal rats retards 
hippocampal growth while recovery from this condition restores its 
growth (Farahvar & Meisami, Soc. Neurosci. Abst. 18: 228, ‘92 & 
19:1312, ‘93). Early TH deficiency markedly up-regulates p75 
neurotrophin receptor (p75-NTR) protein in hippocampus and basal 
forebrain regions of hypothyroid rats, followed by reversal of the levels 
in recovering rats (Farahvar & Meisami, Soc. Neurosci. Abst. 20:34,’94 
& 21:2014, ‘95). Furthermore, ELISA studies showed markedly 
reduced NGF levels in hippocampus of hypothyroid rats (Farahvar & 
Meisami, Soc. Neurosci. Abst. 22:297, ‘96). To investigate whether 
these changes in NGF & p75-NTR protein levels are induced by 
transcriptional regulation, we utilized, in the present study, the methods 
of in situ- and filter-hybridization, using digoxigenin-labeled 
riboprobes, to show localization and levels of mRNA for NGF and p75- 
NTR in hippocampus and basal forebrain of hypothyroid and recovery 
rats. TH deficiency in postnatal rats was produced by addition of the 
reversible goitrogen propylthiouracil (PTU) in the litter’s drinking 
water (0.1% w/v) from birth; recovery from hypothyroidism was 
initiated by PTU withdrawal at P25 (weaning). The results in the 
hypothyroid rats showed a decrease in mRNA levels for NGF on 
pyramidal cells of the hippocampus and an increase in p75-NTR mRNA 
in basal forebrain neurons. Preliminary results in the recovery rats 
indicate a trend for reversal of the hypothyroid effects on mRNA levels. 
Supported by NIH grant (GM07143) & U1UC Research Funds.

459.16
THE BASIC TRANSCRIPTION ELEMENT BINDING PROTEIN (BTEB) IS 
A THYROID nORMONE-RESPONSE GENE EXPRESSED IN THE 
DEVELOPING RODENT BRAIN. Robert J. Denver* and Jack Puymirat. 
Department of Biology, University of Michigan, Ann Arbor, MI 48109 and 
Department of Human Genetics, Centre Hospitalier de l’Universite Laval, Quebec, 
GIV 4G2, Canada.

Thyroid hormone (TH) is critical for normal development of the vertebrate brain, 
but few TH target genes have been identified. Earlier we identified BTEB, a small 
GC box-binding protein, as a TH-regulated gene in Xenopus tadpole brain. We 
tested whether the BTEB gene is a target for TH in developing rodent brain. 
Northern blot analysis of rat brain showed that BTEB mRNA levels increased 
during development and reached a maximum at P20. Induction of hypothyroidism 
in neonatal rats completely abolished BTEB mRNA levels in 8 day-old rat cerebral 
cortex, which were restored to normal by treatment with triiodothyronine (T3; daily 
subcutaneous injection of 0.25 pg/gm body weight T3 for 5 days). BTEB mRNA 
expression was rapidly (by 15 minutes) upregulated by T3 (30 nM) in primary 
cultures of neurons prepared from brains of E16 rats. Upregulation of the BTEB 
gene by T3 was also observed in primary astrocyte and oligodendrocyte cultures 
prepared from P2 rat cerebral cortex. We also examined BTEB expression in a 
neuroblastoma cell line (Neuro-2a) engineered to overexpress thyroid hormone 
receptors (TR) al or pi. T3 upregulated BTEB mRNA by 2 hours in cells 
overexpressing TRpi but not TRal, suggesting that the regulation of this gene is 
specific to the TRp 1 isoform. BTEB protein (as measured by Western blot) was also 
increased in the TRp 1-expressing cells at 2 and 6 hours following exposure to T3. 
These findings suggest a key role for BTEB in the T3-induced transcriptional 
regulatory network underlying the effects of the hormone on the developing brain. 
(Supported by NSF grant IBN 9496321 to RJD and MRC grant MT-11082 to JP. 
Dr. Fujii-Kuriyama supplied the rat BTEB cDNA and the anti-rat BTEB serum.)

459.17

EFFECTS OF MELATONIN ADMINISTRATION DURING THE 
NEONATAL PERIOD ON THE CENTRAL SERONOTORGIC (5-HT) 
SYSTEM IN JUVENILE OR ADULT RATS. K. Muneoka*, K. Kamei, S, 
Muraoka and M. Takigawa. Dept. of Neuropsychi. Kagoshima Univ. Fac. 
of Med. Kagoshima 890, Japan.

Melatonin is supplied from the maternal pineal to neonates via milk 
in the rat and human during the early postnatal period when the 
function of the pineal grand is immature. Recently the supply of 
melatonin from a mother to neonates is thought to be involved in the 
mother-infant interaction and help to entrain the neonate to 
environment. The present study was undertaken to examine the effects 
of exogenous melatonin during the early postnatal period on the 
development of the central 5-HT system in the rat. Male and female rat 
pups were given a single dose of melatonin (0.1 mg) 3 hour prior to the 
onset of darkness at postnatal day 5 (PD 5). We measured contents of 
monoamines and their metabolites in the hypothalamus or hippocampus 
at 3 andlOweeks of age using HPLC-ECD. Data indicated that neonatal 
melatonin administration elevated 5-HIAA contents in the hippocampus 
and reduced 5-HT contents in the hypothalamus significantly at 3 weeks 
of age but these changes were not found at 10 weeks of age. These effects 
were not different between male and female rats. There were no 
significant differences in 3H-Paroxetine binding capacity in the 
hippocampus between the control and melatonin group at 3 andlOweeks 
of age. These results suggests a possibility that the exogenous melatonin 
administration to immature animals result in transient but significant 
changes in the development of the central 5-HT functions.

459.18
EFFECT OF PROGESTAGENS ON Po GENE EXPRESSION IN CULTURES 
OF SCHWANN CELLS. R.C, Melcanqi, I, Cavarreta, V. Magnaghi, M. Ballabio.
L. Martini *. Dep. Endocrinology, U. of Milan, Milan, Italy.

Schwann cells, the glial element of the peripheral nervous system, possess 
androgen and progesterone receptors and are able to convert, by the action 
of the enzymatic system 5a-reductase-3a-hydroxysteroid dehydrogenase, 
testosterone and progesterone into their 5a-reduced metabolites 
(respectively, dihydrotestosterone, DHT and 3a-diol, dihydroprogesterone, 
DHP and tetrahydroprogesterone, THP). Since Schwann cells are involved in 
the production of myelin, we have analyzed if the exposure of cultures of 
these cells (obtained from the rat sciatic nerve) to androgens or progestagens 
(in their native and 5a-reduced molecular forms) might alter the gene 
expression of one characteristic marker of the peripheral myelin (glycoprotein 
Po, Po). Using Northern blot analysis, the mRNA levels of Po have been 
evaluated 2, 6 and 24 hours after exposure to the various steroids. The 
results obtained indicate that testosterone and its 5a-reduced metabolites 
are ineffective in modifying Po gene expression. On the contrary, the 
exposure of Schwann cells to progesterone and to its 5a-reduced metabolite 
DHP for 2 hours was able to significantly increase mRNA Po levels, while THP, 
the 3a-hydroxy physiological derivative of DHP, was ineffective. After 6 hours 
of exposure there was a dramatic positive effect over control levels of THP, 
while P and DHP became ineffective. In conclusion, androgens do not appear 
to be able to affect Po gene expression in rat Schwann cells; on the contrary, 
P, DHP and particularly THP stimulate Po gene expression even if with 
different magnitudes and at different time intervals. The extreme efficacy of 
THP suggests that the activity of P and DHP might be linked to their 
metabolism into this compound. THP does not bind to the P receptor but is a 
ligand of a GABAa receptor subunit. It is then possible that its effect on Po 
gene expression are linked to this rather than to a classical steroid receptor. 
(Grants CNR: ACRO 95.00395.PF39, FATMA 95.00868.PF41).
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459.19
DEHYDROEPIANDROSTERONE AND PREGNENOLONE 
BIOSYNTHESIS IN THE DEVELOPING RAT BRAIN. C.Cascio* and 
V.Papadopoulos. Department of Cell Biology, Georgetown University 
Medical Center, Washington, D.C. 20007.

Steroids are one of the main factors controlling brain development and 
function. It has been shown that the glial cells have the ability to 
synthesize steroids using an “enzymatic” pathway similar to that described 
in peripheral tissues. This process makes locally available a number of 
steroid modulators of neuronal function, such as pregnenolone (P) and 
dehydroepiandrosterone (DHEA). In steroidogenic peripheral tissues, P is 
formed from cholesterol by the mitochondrial P450scc and DHEA from P 
by the microsomal cytochrome P450cl7 enzyme. Although P450scc has 
been found in brain tissue and glial cells, no enzyme has been shown to 
possess the P450cl7 activity. We recently demonstrated the presence of a 
“chemical” pathway in rat glioma cells responsible for P and DHEA 
formation from alternative precursors. Using primary cultures of 
differentiating rat brain oligodendrocytes, we investigated (i) the 
expression of mRNA and protein, and enzymatic activity of P450scc and 
P450cl7, and (ii) P and DHEA synthesis by an alternative pathway. The 
changes occurring over differentiation in P450scc and P450cl7 expression 
and activity were inversely correlated with the synthesis of P or DHEA 
from alternative precursors through the chemical pathway. These results 
suggest that neurosteroidogenesis is a developmental process and that a 
molecular “switch” is responsible for the type and rate of neurosteroids 
formed. (Supported by NSF IBN-9409551)

459.20
MATERNAL DIFFERENCES BETWEEN LEWIS AND FISCHER RAT 
STRAINS. M.A. Gomez . A.L. Riley and E.M. Sternberg*. 
Psychopharmacology Laboratory, Department of Psychology, 
American University, Washington, DC 20016 and NIMH, 
Bethesda, MD, 20892.

A variety of reports have demonstrated that in several inbred 
strains specific maternal behaviors influence later behavioral 
and physiological displays, suggesting that these interactions 
may impact strain differences. Before assessing the role of such 
factors in neuroendocrine, inflammatory and behavioral 
differences between Lewis and Fischer rats, we examined 
maternal behavior in these strains. Timed pregnant Fischer and 
Lewis rats (five of each strain) were monitored for specific 
maternal behaviors on Days 1 - 8 post delivery. Pups were 
separated from their mother and spaced throughout a 47 X 26 X 
20 cm Plexiglas bin filled with 3 cm of wood chips. Within one 
minute, the mother was placed in the center of the bin and 
maternal behavior was recorded for 15 min by a video camera 
placed 50 cm above the bin. Lewis mothers were faster to 
initiate retrieval and retrieve the whole litter and retrieved 
more pups within the 15-min sampling period than their 
Fischer counterparts. The manner by which retrieval occurred 
also differed (i.e., Lewis rats were more likely to carry pups to 
the nest as opposed to pushing by Fischers). Furthermore, Lewis 
mothers maintained crouching over the litter, whereas Fischer 
mothers were variable in this behavior. These data provide a 
basis for investigating whether maternal behaviors impact 
reported differences between these strains.

NUTRITIONAL AND PRENATAL FACTORS I

460.1
OVER-NOURISHING NEONATAL RATS CAUSES 
WEIGHT CHANGES IN SUBSEQUENT GENERATIONS.
E. Taylor* and J. Diaz Dept. of Psychology, University of 
Washington, Seattle WA 98195

Effects of one week of over nutrition during a developmental 
sensitive period were examined in Long-Evans rats and two 
generations of their descendants. On postnatal day 4, female rat pups 
were randomly assigned to one of two groups: 1) mother reared in 
litters of 9 (MR), 2) gastrostomy-fed with excess formula to accelerate 
growth (OF). On day 14 the gastrostomy-fed animals were returned to 
lactating dams in litters of 8 pups. Animals were weaned on day 22 
and maintained on laboratory chow.

These FI rats were bred to normal males on day 124. The F2 
females from MR mothers were reared in litters of 12 (MR2). F2 
females from OF mothers were randomly assigned to two groups: 1) 
mother reared in litters of 3 (OF2-S), and 2) mother reared in litters of 
12 (OF2-L). All F2 rats were weaned on day 22 and maintained on 
laboratory chow. Animals from each group were bred to normal males 
on day 115. F3 pups remained with their mothers.

Adult MR2 and OF2-S groups did not differ in size but the OF2-L 
group was smaller. F3 generation pups from OF1 grandmothers and 
OF2-L mothers were the same weight as MR3 pups on day 1 but larger 
on day 21 (Pc.OQl). F3 pups from OF1 grandmothers and OF2-S 
mothers were smaller on day 1 and day 21 (Pc.QOl).

These data support the hypothesis that a fuel-mediated teratogenesis 
can cause intergenerational changes.

University of Washington Royalty Research Fund

460.2
EFFECTS OF PRENATAL MALNUTRITION ON ADULT RESPONSES TO 
STRESS. M.M, Trzcinska*. J.Tonkiss and J.R. Galler. Center Behav. Dev. Boston 
Univ. Sch. of Med., Boston, MA 02118.

A number of studies on the effects of stress on postnatally malnourished rats 
report contradictory findings, either demonstrating greater reactivity to stress and 
aversive stimulation (Brioni & Orsingher, 1988; Souza et al., 1992), or no increase 
in behavioral reactivity in the open field (Wiener et al., 1983). The effects of 
prenatal malnutrition have not been well characterized. Our group has previously 
shown that 70 day old, prenatally malnourished rats (especially females), show 
greater impulsiveness or lower anxiety (Almeida et al., 1996), in comparison to 
well-nourished controls on the elevated plus maze. The goal of the present study 
was to assess whether stress could distinguish the behaviors of prenatally protein 
malnourished (6% casein) from well-nourished (25% casein) male and female rats 
of 130 days of age. An 18-day regimen of uncontrollable, inescapable, intermittent 
stress was applied. The stressors consisted of social isolation, forced swim, 
ammonia odor, saline injection, food deprivation and loud noise. Performance in the 
forced swim was measured prior to and following the stress regimen. There were 
significant effects of stress and nutrition in the latency to immobility. Rats in all 
groups, except the well-nourished males, showed a more rapid onset of immobility 
after exposure to stress. A different group of rats, not subjected to the above 
regimen, was exposed to the open field only. Ambulation, defecation, grooming 
and rearing demonstrated the effects of stress and gender only. Entries into the 
center of the field, yielded a significant group by gender by nutrition interaction. 
This complex interaction appears to be due to stressed, malnourished females 
showing greater entries than well-nourished ones, while non-stressed, malnourished 
females showing fewer entries than well-nourished ones. These results suggest that 
the relationship between prenatal malnutrition and stress is not a simple one and 
depends on the type of behavioral measure, stress, gender and nutritional history. 
Research supported by NIH grant # HD22539 to J.R.G.

460.3
Neonatal undernutrition produces delayed onset of pup retrieval in 
maternal induced adult Wistar females. ME Hernandez*, P. Carrillo, L. 
Garcia, SV. Gonzalez, P. Pacheco and M. Salas. Lab. de Neurobiologia 
del desarrolloJNE, Univ. Veracruzana, Xalapa, Ver. and Instituto de 
Investigaciones Biomedicas, UNAM. Mexico.

The alterations in the Maternal Behavior (MB) of underfed (Un) female 
rats has been described in postpartum. Notwithstanding that MB can 
be induced in virgin females (Sensitization, Ss), there is not information 
regarding the relationship between Un and MB by Ss. Litters of Wistar 
rats were assigned, during the lactation period, to two undernutrition 
procedures: a) (US), daily isolation of the iitters (n=10) for 12 hr. from the 
mother, and b) (UL), litters (n=10 ) daily nursed 12 hr. with mothers 
having subcutaneous nipple-ligation. Control litters (CS, CL, n=10, in 
each case) were also obtained. After weaning ( 21 days postpartum) 
the litters were housed for nutritional rehabilitation (3 months), with ad 
lib access to water and Food (Purina Chow). At 90 days postpartum the 
females were housed with 3-4 days old pups (n=3) , that were changed 
daily with fresh pups during the whole Ss period (7 days). During Ss the 
behavior of the female was recorded at 0900 am. We found that the 
latency (days) for the occurrence of the first pup retrieval (p< 0.001) 
and the latency (days) for retrieve the 3 pups were delayed in US and 
UL groups (p<0.001). Females spent more time eating, in rearing posture 
and in self-grooming than theirs controls (p<0.001 in each analysis). Also 
females spent less time in crouching (p<0.001). From this results it is clear 
that the alterations produced on the MB performance by Ss in virgin 
females, are related to long term effects in some physiological 
processes of MB produced by early life undernutrition, conacyt  pcc -92264

460.4
PRENATAL PROTEIN MALNUTRITION AND
VIGILANCE STATE MODULATION OF PAIRED-PULSE 
RESPONSE IN THE DENTATE GYRUS. J.H. Blaise*!. J.D. 
Bronzinot and P.J. Morganei. fDept. of Engineering, Trinity College, 
Hartford CT 06106 and fDept. of Psychiatry, Boston University 
School of Medicine, Boston MA 02118.

Vigilance state-dependent changes in the dentate granule cell population response 
to paired-pulse stimulation of the perforant pathway were examined in prenatally 
protein malnourished and normally nourished adult rats. Measures of population 
spike amplitude (PSA) were used to quantify vigilance state-dependent modulation of 
the paired-pulse response. Paired-pulse stimulations at IPIs ranging from 30 - 1,000 
msecs were applied during the states of quiet waking, slow-wave sleep and REM 
sleep. A paired-pulse index (PPI) was constructed across all IPIs for each vigilance 
state by comparing the PSA of the second response with that of the first response of 
each pulse pair. Preliminary results indicate no between-diet group differences for the 
PPI obtained during quiet waking. However, significant differences were obtained for 
PPIs in both slow-wave and REM sleep, with malnourished rats showing 
significantly greater inhibition of the second response at IPIs 70 - 150 msec. These 
IPIs are normally associated with facilitation of the second response and such 
facilitation was absent in malnourished animals during both of these vigilance 
states. Additionally, vigilance state appeared to have no effect on the PSA of the 
first pulse response in malnourished animals, though this measure was consistently 
lower during REM sleep than during quiet-waking or slow-wave sleep in controls. 
These results indicate that prenatal protein malnutrition has an enduring impact on 
vigilance state plasticity and thus may alter information processing within the 
hippocampal formation. Supported by NIH-NICHHD Grant # 1 PO1 
HD225 359 and NSF Grant # BES-9509117.
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460.5
COMPARISON OF EFFECTS PRODUCED BY UNDERNUTRITION 
AND PROTEIN MALNUTRITION ON THE COMPOUND ACTION 
POTENTIAL OF SURAL NERVES IN THE DEVELOPING RAT. B 
Segura , A. L. Gutierrez , J, C. Guadarrama , L. Cintra, and 1. Jimenez*
Dept. of Physiology, CINVESTAV, IPN, Centro de Neurobiologia and ENEP 
Iztacala, UNAM, MEXICO. A P 14-740.

In a previous study we have shown that a drastic reduction of food (50% of 
normal diet) given to mother rats during pregnancy and lactancv (perinatal 
undernutrition), produces a notable decrease in the area and conduction 
velocity of Compound Action Potentials (CAPs) recorded in sensory nerves of 
offspring rats In this report, we analyze the effect produced by a protein- 
deficient diet (6% casein food pellets) on the physiological properties of the 
CAP (A-component) evoked in sural nerves of developing rats. At postnatal 
ages of 8. 12 and 16 days, the CAPs recorded in sural nerves of control, 
undernourished and malnourished animals practically had not significant 
differences in area, conduction velocity and refractory period (ANOVA, 
p<0.01). However at postnatal ages of 25 and 30 days there are significant 
reductions in the CAP area of undernourished and malnourished animals with 
respect to control animals and only in undernourished rats occur a decrease in 
the conduction velocity of the CAP (ANOVA. p<0.01). Our observations may 
suggest that perinatal protein deficience could alter the survival and/or 
excitability processes occurring in afferent fibers and a reduction of other 
elements in the animal diet (fat, vitamins, carbohydrates, etc.) could produce a 
considerable deterioration in the myelination process of developing axons in 
the sural nerve

460.6
A MORPHOMETRIC STUDY OF FACIAL NEURONS IN PERINATALLY 
UNDERNOURISHED AND REHABILITATED RATS. E. Perez-Tofrero*. C. Torrero, M. 
Regalado and M. Salas. Centro de Neurobiologia, Juriquilla Queretaro, UNAM 1-1141.
The facial nucleus (FN) contains neurons of multipolar shape functionally segregated into 

those brain areas closely related with the orofacial and auricular functions. Perinatal 
undemutrition in the rat results in morphofunctional impairment at different brain levels. Under 
these circumstances both the effectiveness as well as, the frequency of suckling reflex of pups 
is significantly affected and the characterization of the neuronal FN damage, my be a relevant 
subject to be experimentally analyzed. In Golgi-Cox stained material we characterize the FN 
neuronal alterations of 30 day-old rats nursed by three groups of prenatal, postnatal and 
rehabilitated Wistar strain dams. FN fusiform, triangular and stellate neurons were measured 
with a computerized imaging processing (Perception Analysis System). In all cases the area, 
perimeter, width, major and minor axis, shape factor, spherical diameter and volume were 
measured. Additionally the dendritic orders and extension of branches were also measured. In 
the fusiform neurons of undernourished rats the dendritic processes of 3rd order were 
significantly diminished and the number of dendritic crossings were increased in 1, 2 and 3 
rings. In triangular neurons the dendritic extension was significantly increased in the ring 4 and 
diminished in the ring 6. The stellate neurons showed increased crossings in the rings 3 to 7 
In the rehabilitated group the fusiform neurons showed a significant increase in the dendritic 
processes of 2nd, 3rd y 4th and in the stellate neurons in the 1st, 2nd and 3rd orders. The 
soma size of neurons in undernourished rats showed a significant reduction in major and 
minor axis and in the shape factor. The rehabilitated group showed significant reduction in the 
perimeter and width of the fusiform neurons. Triangular neurons showed only an increase in 
the perimeter. The shape factor increased in fusiform and stellate neurons. The area and 
spherical volumes diminished in fusiform neurons and also in stellate cells. Data suggest that 
FN different types of neurons have a different plastic mechanism in response to food 
deprivation and these structural changes may be related with the FN neuronal discharges 
underlying the pup’s suckling reflex.
Supported by DGAPA/UNAM. IN208594 and the National Council of Science and Technology.

460.7
PRENATAL AND POSTNATAL UNDERNUTRITION AND 
POSTNATAL TOLUENE INHALATION ON SPINE DENSITY 
OF VISUAL CORTEX PYRAMIDAL CELLS IN THE RAT. L 
Granados*, M. A. Martinez. A. Valenzuela and M, L. Romero. Lab.
Neuromorfometria, Unidad de Investigation en Salud Infantil, 
Institute Nacional de Pediatria, S.S. Mexico, D.F. 04530.

The effects of undemutrition during gestation, lactation and 
afterweaning and toluene inhalation between 40 to 60 postnatal days 
on the number of dendritic spines of pyiramidal cells were studied in 
rats. Undemutrition was induced with the half of normal consume of 
food. The toluene dose was 0.4 ml of solvent in a chamber of 3.7 1, 
15 minutes per day. A total of 615 cells impregnated with rapid- 
Golgi were selected for morphometric analysis. Results showed that 
undemutrition and toluene inhalation produced significant decrease 
(p<0.05) in the number of spines in the 100-150 pm dendritic 
segment studied when was compared with nurished and toluene; 
undernurished without toluene and nurished without toluene 
animals. These morphological deficits suggest a change in the 
functional integrity of the intracortical activity in these piramidal 
cells.

460.8
MALNUTRITION AND IMMUNOREACTIVE Vao OPRESSIN AND 
VASOACTIVE INTESTINAL POLIPEPTIDE CELLS OF THE RAT 
SUPRACHIASMATIC NUCLEUS. J.C. Rojas1, R.M. Vigueras1, P. 
Duran2, S. Diaz-Cintra2, and L~ Cintra*2. Uaboratorio de 
Histomorfologia, UISI-INP, Mexico, D.F. CP 04530 and 2Cento de 
Neurobiologia, Campus UNAM-UAQ Juriquilla, AP 1-1141 Que.dtaro 
CP 76001 Qro., MEXICO.

Several studies have shown that protein malnutrition affects the 
developing central nervous system and adversely alters the interactions of 
the organism with their environment, disruption circadian rhythms s. ch as 
the sleep-wake cycle and drinking behavior in rats. It is knm ’ that 
suprachiasmatic nucleus (SCN) participates in the gsneiatior. and 
rcgulstlc." of these circadian rhythms. The aim of this study was to ev; mate 
the effects of chronic proteh malnutrition in order to - • ilyze the density of 
immunoreactive cells to vasopresin (VP+) and vrsoactive iru stinal 
polipeptide (VIP+), in middle sections of the SCN of thn rat. Male Sp ague- 
Dawley rats of 30 days of age were used. Malnourished group was f-.d with 
6% casein diet (pre- and postnatally). The animals were maintained under a 
light-dark cycle of 12:12 h. Water and food were provided ad libitum. SCN 
of rats were histologicallly processed, embedded in paraffin, cut at 3 tm in 
frontal plane, immunostained for VIP or VP and evaluated with a polar 
planimeter. In malnourished animals the density of both VIP and V^ cells 
were significantly lower than in control animals. Probably, the alterations in 
these cells were able to produce a disorder on the circadian expression of 
drinking behavior and sleep-wake cycle reported in these animals. 
(Supported by DGAPA IN-208494, PD is fellow frem DGAPA).

460.9
EFFECT OF MATERNAL NUTRITION AND FOOD DEPRIVATION ON 
HYPOTHALAMIC NPY AND PRO-NPY LEVELS IN THE NEONATE AND 
PREWEANLING RAT. C. Bjenning*1, E. Grouzmann2. E. Oksenshteyn1 and S.F, 
Leibowitz1. ‘The Rockefeller University, New York, NY 10021 and 2Centre 
Hospitalier Universitaire Vaudois Division of Hypertension, CH-1011 Lausanne, 
Switzerland.

The maternal diet is a prevailing ambient factor for the fetus in the prenatal period 
during which the brain differentiates. In the adult rat, dietary carbohydrate as well as 
food deprivation increase the level of neuropeptide Y (NPY) in the hypothalamus. We 
investigated here whether similar effects occur in prenatal and preweanling rat pups.

In Experiment 1, pregnant Sprague-Dawley rats were exposed from gestational clay 
8 until delivery to either a control diet (45% carbohydrate) or a high carbohydrate diet 
(HCD; 64%). The pups were sacrificed at postnatal day 1 (Pl), their brains were rapidly 
dissected out ana sectioned on a cryostat. Tissue from the arcuate (ARC) and 
paraventricular (PVN) nuclei was collected by the micropunch technique and analyzed 
via ELISA for levels of amidated biologically active NPY (fmoles/mg tissue) and of 
pro-NPY (pNPY; fmoles/mg tissue) which reflects an increase in NPY syntnesis. In 
Experiment 2, rat pups 14 aays of age (P14) were exposed to a 12h-period of food 
deprivation with aa lib access to water.

In the first experiment, HCD significantly increased NPY in the ARC( 0.5 vs. 1.5, 
p<0.05) in the PVN (0.9 vs. 1.9, p<0.01) and also pNPY in the ARC (0.9 vs. 1.5, 
p<0.05) and the PVN (1.2 vs. 1.9, p<0.05). In Experiment 2, food deprivation 
profoundly increased pNPY levels in the preweanling rat (ARC: 0.1 vs. 0.4, p < 0.05; 
PVN: 0.1 vs. 0.7, p < 0.05). Interestingly, NPY itself, rather than increasing, tended to 
decline, possibly reflecting a depletion of NPY resulting in a corresponding increase 
in the synthesis of pNPY.

It is concluded that maternal carbohydrate intake has clear effects on offspring hypo-
thalamic NPY levels. Further, food deprivation in the preweanling rat enhances the 
synthesis of the NPY precursor more than NPY itself.

Funded by the Aaron Diamond Foundation, SNF 31343153.95 and NIH MH43422.

460.10
PRENATAL PROTEIN MALNUTRITION ALTERS THE RELEASE OF 5- 
HT FROM THE HIPPOCAMPAL FORMATION DURING MIDBRAIN 
RAPHE STIMULATION IN THE CONSCIOUS ADULT RAT. D. J, Mokler1,
N.P. Clavton1, C.G. Landry1, S. Sinclair1, M. Graves1, J.D. Bronzino3 and P.J.
Morgane*2. ‘Department of Pharmacology, University of New England, Biddeford, 
Maine 04005; department of Psychiatry, Boston University School of Medicine, 
Boston MA 02118; and ’Depart. Engineering, Trinity College, Hartford, CT.

Prenatal protein malnutrition alters brain chemistry, physiology and behavior of 
the adult animal. The present experiments were designed to determine the effects 
of prenatal malnutrition on the release of 5-HT from the hippocampal formation of 
conscious adult rats. We electrically stimulated the median raphe nucleus (MRN) 
and measured the release of 5-HT from the dorsal hippocampus (DH). Rats bom 
to dams fed either 6% (malnourished) or 25% (control) casein diet during gestation 
were cross-fostered at birth to lactating dams fed 25% casein diet. Microdialysis 
samples were collected from the DH of adult rats every 20 minutes using artificial 
CSF containing the 5-HT reuptake blocker sertraline. When basal 5-HT levels 
stabilized, MRN stimulation was conducted for a period of 20 minutes using tonic 
stimulation at frequencies of 5 or 20Hz, while continuing microdialysis. 
Stimulation at 5Hz resulted in minor changes in 5-HT release in both normal diet 
and malnourished rats. In animals raised on the control diet, 20 Hz stimulation of 
the MRN produced an initial rise in 5-HT for one hr, followed by a significant 
decrease over the next two hours. In contrast, stimulation of the MRN in 
malnourished animals produced only a significant decrease in 5-HT release in the 
DH. Differences between control and protein-malnourished animals may be the 
result of an enhanced inhibitory neurofeedback system in malnourished animals 
compared to controls which decreases 5-HT release following stimulation of the 
midbrain raphe, possibly via somatodendritic 5-HT1A autoreceptors. (Supported, in 
part, by NIH Grant HD-22439)
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461.1
ACTIVITY BLOCKADE, INTRAMUSCULAR NERVE BRANCHING AND 
EMBRYONIC CHICK MOTONEURON SURVIVAL. M. Usiak and L. 
Landmesser*. Dept. of Neurosciences, Case Western Reserve Univ., Sch. of Med., 
Cleveland, OH 44106

Chronic blockade of the neuromuscular junction by J- tubocuranne(dTC) rescues 
motoneurons from naturally occurring cell death, and it has been postulated that the 
resulting increase in intramuscular nerve branching and synapse formation is 
causally linked to motoneuron survival. However, since dTC may also act directly 
on motoneurons via alpha 7 acetylcholine receptors, we chose to block 
neuromuscular activity with muscimol, a GABAa  agonist. Electrophysiological 
recordings showed that muscimol did not act on the neuromuscular junction, but 
prevented neuromuscular activity by central inhibition of motoneurons. This 
treatment, while also blocking neuromuscular activity, did not rescue motoneurons 
and produced intramuscular nerve branching patterns more closely resembling 
control, supporting the link between intramuscular nerve branching and motoneuron 
survival. To further test this relationship, dTC treated embryos were 
simultaneously treated with endosialidase (endo-N) which does not affect 
neuromuscular activity but which does decrease intramuscular nerve branching by 
removing polysialic acid(PSA) from NCAM. This dual treatment resulted in a 
pattern of intramuscular nerve branching and degree of motoneuron survival that 
were both intermediate between the control and the dTC values. Finally, motor 
nerve recordings from isolated spinal cord preparations revealed that while dTC 
blocked spontaneous motoneuron activity at St. 36 as previously reported, it 
actually enhanced motoneuron activity at earlier stages. Overall, the data is 
consistent with motoneuron survival being regulated by some parameter closely 
linked to intramuscular nerve branching. It suggests that dTC may at least in part 
increase motoneuron survival and intramuscular nerve branching by central 
activation of motoneurons, despite blockade of the neuromuscular junction. 
Supported by NIH grants NS 19640 & NS23678 from NINDS.

461.2
a-BUNGAROTOXIN-BINDING NICOTINIC ACETYLCHOLINE RECEPTORS 
ON CHICK SPINAL MOTONEURONS. P, C. Pugh* and E. Frank. Dept. of 
Neurobiology, Univ. of Pittsburgh School of Medicine, Pittsburgh, PA 15261

While physiological evidence for a-Bungarotoxin (aBgt)-sensitive nicotinic 
acetylcholine receptors (nAChRs) within chick spinal cord has existed for a 
number of years (Landmesser and Szente, 1986), only recently has aBgt- 
binding directly to motoneurons been demonstrated (Renshaw et al., 1993). 
The significance of these receptors has remained a mystery.

In the present study, we demonstrate that at least some of the aBgt binding 
can be attributed to the presence of the a7 nAChR gene product. 
Immunohistochemistry with an anti-a7 antibody (mAb 306) detects a7 
protein in peripheral nerve bundles at least as early as stage 28, while the 
protein becomes evident in motoneuronal somata by stage 34. That a7 
should appear at these times is intriguing because cell death of motoneurons 
is occurring in the spinal cord during the same period.

Classic work has shown that nicotinic antagonists such as d-tubocurare 
(dTC) and aBgt can "rescue" a significant portion of those motoneurons 
expected to die; this effect has been attributed to the blockade of 
neuromuscular transmission at muscle nAChRs. The presence of aBgt- 
sensitive receptors on motoneurons, paired with recent data that aBgt 
administration can lower the overall metabolic activity of motoneurons 
(Renshaw and Dyson, 1995), has led us to test whether blockade at both 
muscle and neuronal nAChRs is necessary for the saving of motoneurons. 
Currently we are testing a battery of drugs specific for either the a7 (primarily 
neuronal)- or the a1 (primarily muscle)-containing nAChRs. In agreement 
with previous observations, compounds such as methyllycaconitine (MLA, 
a7-selective) or decamethonium (C10, a1-selective) do not rescue 
motoneurons when administered singly from E5-E10. However, animals to 
which the same concentrations of these agents are co-administered appear 
to have approximately 25 percent more LS4 motoneurons at E11 than 
Ringer-treated controls. (Supported by NS-24373 to EF).

461.3
EXPRESSION OF NITRIC OXIDE SYNTHASE IN AXONAL INJURED 
SPINAL MOTONEURONS: A COMPARATIVE STUDY IN VARIOUS 
MAMMALIAN SPECIES FROM MOUSE TO MONKEY. W.Wu^G.Ju2, 
L.W. Yick1, H.L. Liu2, Y.H. Lin2, H.J. Wang2, and J. Wang2. 1 Department of 
Anatomy, The University of Hong Kong, Hong Kong, institute of 
Neurosciences, The Fourth Military Medical University, Xi’an, P.R.China.

This study investigated expression of NOS in adult spinal motoneurons 
of different mammalian species in response to root avulsion injury. Animal 
species used in the study included mouse, rat, guinea pig, cat, and monkey. The 
seventh cervical spinal root was avulsed in each animal. Following the lesions, 
animals were allowed to survive for 1 week to 8 weeks. Expression of NOS 
was detected by immunochemistry or NADPH-diaphorase. Results of the 
present study have shown 1). NOS was induced in spinal motoneurons 
following root avulsion in all examined species except mouse; 2). Ventral root 
avulsion caused motoneuron death in all examined species. The onset of the 
death occurred 1 to 2 weeks and reached the maximal 3 to 6 weeks after the 
lesion. The smaller animals (mouse, guinea pig, and rat) have the higher 
percentage of motoneuron death than the larger ones (cat and monkey); 3). 
NOS was strongly expressed in avulsed motoneurons of rat and guinea pig but 
moderately expressed in cat and monkey, which was coincident with the higher 
percentage motoneuron loss in guinea pig and rat, and lower percentage 
motoneuron loss in cat and monkey. Mouse motoneurons did not express NOS 
following the same lesion although the highest motoneuron loss was observed. 
In conclusion, expression of NOS in spinal motoneurons in response to axonal 
injury varies from specie to specie. Further studies are needed to elucidate the 
role of NOS in neuronal trauma among different animal species.

461.4
CALCIUM MOBILIZATION AND RECEPTOR CLEAVAGE AFTER 
THROMBIN STIMULATION IN MOTOR NEURONS. I.V. Smirnova, S. 
Vamostt, T. Wiegmanntt, B.A. Citron, P.M. Arnold#*, and B.W. Festoff.
Neurobiology Research and Fluorescence Imagingf Labs, VA Med. Ctr., 
Kansas City, MO 64128, and Depts. of Neurology, Internal Medicine}: and 
Surgery (Neurosurgery)#, Univ. Kansas Med. Ctr., Kansas City, KS 66103

Thrombin, the ultimate enzyme in the blood coagulation cascade, affects 
various cells including neurons. As in platelets, it retracts neurites and 
increases intracellular [Ca2+]j mobilization in neurons, all mediated through a 
G-protein-coupled, proteolytically activated receptor for thrombin (PAR-1). 
Prolonged exposure to thrombin kills neurons via apoptosis, that may also 
involve PAR-1 activation. Increased intracellular [Ca2+] has been a unifying 
mechanism proposed for cell death in neurodegenerative diseases, 
including amyotrophic lateral sclerosis (ALS). Thrombin-elevated calcium 
levels may activate intracellular caspase cascades in neurons leading to cell 
death. Therefore, we studied calcium mobilization by thrombin in a model 
motor neuronal cell line, NSC19, using fluorescence image analysis. 
Thrombin caused dramatic increases in [Ca2+]i levels in either acute or 
prolonged situations, that involves activation and cleavage of the PAR-1 
G-protein coupled receptor. Using ELISA, dot and Western blot analysis, 
we found that the N-terminal fragment of PAR-1 was released into the 
medium after exposure to thrombin. Separately, we detected PAR-1 
protein and mRNA expression in motor neurons. These data indicate that 
thrombin increased [Ca2+]j, sufficient to trigger cell death in motor neurons, 
may be approached in motor neuron disorders by modulating thrombin 
signaling through PAR-1. (Supported by Med. Res. Service, Dept. of 
Veterans Affairs, ALS/Spinal Cord Res. Fund, Kansas Univ. Endowment 
Association and Defense and Veterans Head Injury Program, Uniformed 
Services Univ. of the Health Sciences, Bethesda, MD).

461.5
THE ROLE OF INTEGRINS AT THE NEUROMUSCULAR JUNCTION IN 
MOTONEURONE SURVIVAL. D.LHarding, K.C.K.Wong, G.Vrbova and 
L.Greensmith*. Dept. Anatomy, University College London, Gower Street, London 
WC1E 6BT, UK

It is well known that motoneurones are dependent upon interaction with their 
target muscle during early postnatal development. We have proposed that the role of 
the target during this period is to increase transmitter release from motor nerve 
terminals. Recent results have indicated that mechanical activity can enhance 
transmitter release via an integrin-dependent mechanism (Chen and Grinnell, 
Science 269:1578). Integrins are cell adhesion molecules that connect the 
cytoskeleton to the ECM. In this study we examined the role of integrins at the 
neuromuscular junction in motoneurone survival.

The soleus muscle in neonatal rats was treated with a cyclic peptide (FR-1: 
Novabiochem) which blocks RGD-mediated integrin binding. FR-1 (40ng) was 
incorporated into silicon rubber strips which were implanted alongside the soleus 
muscle in one hindlimb of rats at birth (PO) and again at P3. Control animals were 
treated with NaCl implants. In some of these animals the sciatic nerve was crushed 
on the same side at P5, a time when motoneurones are normally resistant to nerve 
injury. Eight weeks later, motoneurones supplying the soleus muscles were 
retrogradely labelled with HRP. The rats were then perfused, their spinal cords 
removed and processed for HRP histochemistry. The number of labelled 
motoneurones in both the operated and control ventral horns was counted. Following 
treatment with FR-1, 59.3% (±6.6 S.E.M., n=4) of motoneurones to soleus survived. 
In those rats which also received a sciatic nerve injury at P5, only 30.1% (±6.6 
S.E.M., n=5) of motoneurones survived. In control animals that were treated with 
either NaCl implants alone or in which the sciatic nerve was also injured no 
motoneurone loss was observed (99.5 ±3.6, n=4 and 97.6 ±7.4, n=4 respectively).

Thus, blocking integrins at the NMJ during a critical period of development 
results in the death of a large proportion of motoneurones. It has been proposed that 
integrins, acting as mechano-transducers can enhance transmitter release at the 
NMJ. Our results suggest that blocking this role of integrins may prevent the 
maturation of motoneurones.

Supported by The Wellcome Trust

461.6
SPHINGOLIPIDS REGULATE SURVIVAL AND DEATH OF 
CULTURED SPINAL CORD MOTONEURONS. F. Irie* and 
Y. Hirabayashi. Lab. for Cellular Glycobiology, Frontier Research 
Program, The Institute of Physical and Chemical Research (RIKEN),
2-1 Hirosawa, Wako, Saitama 351-01, Japan.

Sphingolipids (SLs), including ceramide (Cer), have been thought to be a 
regulator of cellular homeostasis in mitotic and post-mitotic cells. In 
hippocampal neurons, Cer induces apoptosis at high dose, but at low dose 
activates dendritic growth (Schwartz and Futerman. J. Neurosci. 1997). 
Studies using an inhibitor of SLs synthesis demonstrated that SLs are 
necessary for cell viability and dendritic formation of cultured cerebellum 
Purkinje cells (Furuya, et al. J. Neurochem. 1995). Here, we have examined 
effects of SLs on survival and differentiation in purified motoneurons culture 
prepared from E14 rat spinal cord by using metrizamide density 
centrifugation and immunopanning. Cultured motoneurons underwent 
apoptosis-like death after 2 days in vitro (DIV) in the absence of trophic 
factors, and about 60 to 70% of neurons were lost in 5DIV. Treatment of 
synthetic analogue, C6-Cer, prevented from cell death and promoted axonal 
elongation in dose dependent manner (~2.5pM). Viable cells were increased 
to approximately 1.7-fold by the application of 2.5(J,M of C6-Cer as 
compared with the control cells in 5DIV. C6-Cer was also shown to inhibit 
DNA fragmentation by cell death ELISA assay. Conversely, most of 
motoneurons died from 1 to 2DJV by the addition of over 5uM. These 
observations suggested that Cer has two opposite faces as an inhibitor and an 
inducer of neuronal death in motoneurons.
(Supported by Special Postdoctoral Researchers Program and Frontier 
Research Grant (Y.H.))
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461.7
STEROID HORMONES AND THE REGULATION OF AVIAN MOTONEURON 
SURVIVAL DURING DEVELOPMENT AND FOLLOWING INJURY. A. Lo*. D. 
Prevette, R. Ishihara, M. J. Burek, and R. W. Qppenheim. Dept. Of 
Neurobiology and Anatomy, Wake Forest Univ. Med. Sch., Winston-Salem, NC 
27157,

Androgen receptors that bind both testosterone (T) and its major metabolite 
dihydrotestosterone (DHT) are expressed on chick spinal motoneurons (MNs) 
beginning on about embryonic day (E) 6, the time of onset of MN programmed 
cell death (PCD), and reach peak levels on E12. Both T and DHT are known 
to promote the survival of specific populations of sexually dimorphic MNs, and 
one familiar form of MN disease (Kennedy’s disease) involves a mutation in the 
androgen receptor gene. In the present study, we have examined whether T 
or DHT are involved in normal or injury-induced PCD of non-sexually dimorphic 
avian MNs. Treatment of embryos in ovo with several different doses of T or 
DHT during the normal period of MN-PCD (E6-E10) was without effect on MN 
numbers in both male and female embryos. Masculinization of female embryos 
with an aromatase inhibitor prior to the onset of MN-PCD. was without effect on 
later MN survival and treatment of both male and female embryos with the anti-
androgen agent flutamide also failed to alter MN numbers on E10. From these 
results, we conclude that neither T nor DHT play a role in the normal death or 
survival of avian MNs. By contrast, the significant MN death (50%) that occurs 
by 3-4 days following axotomy on E12, is almost entirely prevented by 
treatment with DHT, whereas sensory neuron loss in the same embryos is 
unaffected by DHT. These results suggest that androgens may be reasonable 
candidates for treatment of injured or diseased MNs. Supported by 
NIH grants NS20402 and NS31380.

461.8
HEPATOCYTE GROWTH FACTOR/SCATTER FACTOR PROMOTES 
THE SURVIVAL OF SUB-POPULATIONS OF DEVELOPING AVIAN 
MOTONEURONS IN VIVO AND IN VITRO. D, Prevette*, S. Wang, T, 
Gould, K. Novak, and R. W. Qppenheim. Dept. of Neurobiology and 
Anatomy, Wake Forest Univ. Med. Sch., Winston-Salem, NC 27157.

Hepatocyte growth factor/scatter factor (HGF/SF) is a 90kDa heparin-
binding protein that is structurally related to plasminogen. HGF/SF is 
expressed in developing mammalian skeletal muscle, its receptor c-met is 
expressed on motoneurons (MNs) and HGF/SF promotes the survival of rat 
MNs in vitro (Ebens et al., 1996 Neuron; Wong et al.. 1997 J. Biol. Chem.; 
Yamanoto et al., 1997 Development). Because avian homologs of HGF/SF and 
c-met have been identified (Thery et al.. 1995 Dev, Genetics), we have 
examined the effects of HGF/SF (gift from Genentech) on MN survival in the 
chick embryo. HGF/SF promoted the survival of enriched populations of 
cultured lumbar spinal MNs in a dose-dependent manner. Because HGF/SF 
is reported to be preferentially expressed in limb vs trunk skeletal muscle 
(Yamamoto et al.. 1997 Development), studies are in progress to examine 
cultured MNs from non-limb segments. Daily in vivo treatment of chick 
embryos with HGF/SF during the normal programmed cell death (PCD) period 
for spinal sensory and motor neurons rescued 40% of the lumbar MNs that 
normally undergo PCD, but was without any effect on the PCD of MNs from 
either thoracic or brachial segments. The PCD of sensory neurons in lumbar 
dorsal root ganglia was also unaffected by HGF/SF. These results suggest that 
in the chick HGF/SF may be a target muscle-derived trophic factor for specific 
sub-populations of spinal MNs (lumbar vs thoracic or brachial). Supported 
by NIH grants NS20402 and NS31380.

461.9
THE SURVIVAL OF MOUSE EMBRYO SPINAL MOTONEURONS AND 
INTERNEURONS FOLLOWING GENETIC DELETION OF SKELETAL 
MUSCLE. R. W. Qppenheim*, D, Prevette, U. Grieshammer, M. Lewandoski 
and G. R. Martin. Dept. Of Neurobiology and Anatomy, Wake Forest Univ. 
Med. Sch., Winston-Salem, NC 27157, and Dept. Of Anatomy, Univ. California 
Sch. Med., San Francisco, CA 94143.

We have used a binary transgenic mouse system in which ablation of 
skeletal muscle cells by a cytotoxic gene (diphtheria toxin fragment A) 
controlled by a muscle-specific promoter (myogenin) is conditional upon Cre- 
mediated DNA recombination to examine neuronal survival in the absence of 
synaptic targets. Muscle cell ablation occurred gradually and by embryonic day 
(E) 18 experimental embryos lack most skeletal muscle cells. Although 
developing motoneurons (MNs) are thought to depend upon muscle-derived 
trophic signals for survival, this has never been directly tested in mammalian 
embryos in vivo. On E13, prior to the major period of MN programmed cell 
death (PCD) on E14-E18, MN numbers were normal in experimental embryos. 
However, between E14 and E18 there was a gradual increased loss of MNs to 
less than 10% of controls by E18. Because MNs represent a major target of 
intemeurons (INS), we also examined IN survival in the experimental embryos 
on E18. The number of dying and surviving INS were comparable to control 
embryos. We conclude that virtually all mammalian embryo MNs require 
muscle-derived trophic signals to survive. Putative non-muscle derived trophic 
signals may be necessary, but are not sufficient for MN survival. By contrast, 
INS appear to be able to survive in the absence of a major synaptic target, 
MNs. Supported by NIH grants NS20402 and NS31380 
(RWO) and HD22731 (GRM).

461.10
Studies of motoneuronal cell death in vitro following exogenous gene 
expression using the Cre-ZoxP system mediated by recombinant 
adenovirus vectors. N, Sato*, S. Wang, L, Li, C, E, Milligan, and R. W., 
Qppenheim. Department of Neurobiology & Anatomy, Bowman Gray 
School of Medicine, Winston-Salem, NC 27157.

To study the molecular and cellular mechanisims of neuronal cell death we 
have developed a gene activation system in chick primary motoneuron (MN) 
cultures that is mediated by dual infection with recombinant adenovirus (re- 
Ad) producing Cre recombinase (AxCANCre) and re-Ad bearing an on/off- 
switching cassette for genes of interest. This on/off-switching cassette was 
designed to turn on the expression of a foreign gene by site-specific 
recombinase Cre-mediated excisional deletion of the stuffer DNA flanked by 
a pair of loxP sites, the Cre-specific recognition sequence of 34 nucleotides. 
After dual infection with AxCANCre and re-Ad bearing an on/off-switching 
cassette of the lacZ gene, many fi-gal positive stained cells were detected in 
MNs cultured in the presence or absence of muscle extract (CMX). The 
proportion of fi-gal positive cells increased in a viral titer-dependent 
manner. Expression of the lacZ gene was detected as early as 12 hrs, the time 
prior to when MNs become committed to die when cultured in the absence of 
CMX. We have also constructed re-Ad carrying an on/off-switching cassette 
of bcl-2 (AxCALNLhcZ-2). The protein product of the exogenous bcl-2 gene was 
detected in MNs cultured either with or without CMX by two days after dual 
infection with AxCANCre and AxCALNLfrcZ-2. As expected, expression of 
bcl-2 in this situation prevented the death of MNs cultured in medium 
lacking CMX. Thus, this Cre-ZoxP system mediated by re-Ad is a valuable 
tool for studying the molecular and cellular mechanisims of developing chick 
motoneuronal cell death. Supported by grants from the NCBT and SCRF to
C.E.M. and NIH grant NS20402 to R.W.O.

461.11
EXPRESSION OF CELL DEATH AND SURVIVAL GENES IN AXOTOMIZED 
FACIAL MOTONEURONS IN THE ADULT VERSUS NEWBORN RAT.
J.L. Vanderluit?L.T. McPhail. K.C. Harrington, S. Barclay, L.L, Anderson'. J.R,
Rossiter1, and W. Tetzlaff Dept. of Zoology and Surgery, U.B.C., Vancouver,
B.C., Canada V6T 1Z4, 'Queen's University, Kingston, Ontario, Canada, K7L 3N6.

Facial motoneurons (FMN) survive axonal injury in the adult rat, however, the 
majority die when axotomized in the neonate. Maximal numbers of ISEL positive 
neonatal FMN are seen by 24 hrs after injury indicative of extensive apoptotic 
death within 1-2 days. We are currently examining whether the age dependent 
susceptibility of FMN to apoptosis is related to differences in the expression of cell 
death (ie. ICE, CPP-32, bax and bcl-xs} and survival promoting genes (ie. bcl-2, 
bcl-xl and bag). The left facial nerve was transected at the stylomastoid foramen in 
neonatal rats (PO) and in adult rats (9-10 wks). RT-PCR was performed on total 
RNA extracted from micro-dissected facial nuclei from adults sacrificed at 24 hrs, 
2d, 3d, 7d and 14d and neonates were sacrificed at 24 hrs following axotomy. We 
found a 2-4 fold increase in ICE mRNA in the adult rat at 2d which remained 
elevated up to 14d post axotomy. A similar increase was observed in the neonate 
rat, 24 hrs post axotomy. CPP-32 mRNA increased in both neonate and adult rats at 
24 hrs and remained elevated in the adult up to 14d post axotomy. We are currently 
investigating whether differential cleavage/activation of these caspases occurs in 
adult versus neonatal rats. No change in the expression of bax, bcl-2 or bag was 
observed in either adult or neonatal rats. Expression of bcl-xs was barely detectable 
in the adult and did not change following axotomy, in contrast, preliminary 
evidence suggest higher expression and an increase in bcl-xs following axotomy in 
the neonate. Bcl-xl was increased following axotomy in both adult and neonatal 
rats. It remains to be shown whether differential expression of bcl-xs/bcl-xi in the 
neonate contribute to an increased susceptibility of FMN to apoptosis.
Supported by NSERC of Canada and the ALS Society.

461.12
Motoneuron cell death following target deletion is not prevented by the 
inhibition of ICE family cycteine proteases.L.Li*, D.Prevette. C.E.Milligan 
and R.W.Oppenheim. Department of Neurobiology & Anatomy, Bowman 
Gray School of Medicine, Winston-Salem, NC 27157.

Interleukin lB-converting enzyme (ICE) cysteine protease family 
members(Caspases) have been shown to be involved in the programmed cell 
death(PCD) of many cell types, including neurons. In a previous paper, we 
suggested that different members of the ICE family, such as ICE(Caspase 1) and 
CPP-32(Caspase 3), may be required for PCD of developing chicken spinal cord 
motoneurons (MN) in vivo and in vitro. However, although one ICE inhibitor, 
the peptide YVAD, rescued MNs from normal PCD in vivo, it was ineffective in 
preventing MN PCD induced by target deletion (limb bud removal, LBR). To 
further investigate the role of ICE family proteases in MN PCD, we have 
examined the effects of BAF, a more general inhibitor of ICE family, and of 
DEVD, a specific inhibitor of Caspase 3 on the PCD of MNs. When applied to 
MN cultures deprived of trophic support, both DEVD and BAF rescued 50% of 
MNs that are committed to die.In vitro effects of DEVD and BAF were similar 
to that following treatment with YVAD (an inhibitor of ICE). Normal PCD of 
MNs in vivo was also’ significantly reduced by treatment with DEVD, BAF, and 
YVAD. By contrast, as previously reported for YVAD, neither DEVD nor BAF 
prevented the loss of MNs following LBR. Our results indicate that while 
several ICE family members may be involved in naturally occurring MN PCD, 
the PCD that occurs following target deletion may be mediated by a different 
molecular mechanism or alternatively by ICE family members insensitive to the 
specific inhibitors used to block protease activity. Supported by grants from 
NCBT and SCRF to C.E.M. and NIH grant NS20402 to R.W.O.
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461.13

INCREASED EXPRESSION OF THE NEURONAL APOPTOTIC INHIBITORY 
PROTEIN (NAIP) IN AXOTOMIZED ADULT RAT FACIAL MOTONEURONS 
L.T, McPhail', J.L.Vanderluif, S. Barclay', D. Dizdarevic', K.C. Harrington1.
D.Xu3, S.J. Crocker2. C.S .Thompson3, A. MacKenzie23, R.G. Korneluk23. G.S.
Robertson23, and W. Tctzlatf* 'CORD (Collaboration on Repair Discoveries) 
Depts. of Zoology, Anat. and Surgery, U.B.C., Vancouver, B.C., V6T 1Z4 2Dept. 
of Cellular and Molecular Medicine, University of Ottawa and 3ApoptoGen, Inc., 
Molec. Genetics Research Laboratory, CHEO, Ottawa, Ont., Canada, K1H 8L1

Facial motoneurons (FMN) survive axonal injury in the adult rat, however the 
majority die when axotomized in the neonate. In the latter, maximal numbers of 
FMN displaying DNA fragmentation are seen by 24 hours after axotomy indicative 
of extensive apoptotic death within 1-2 days. Here we have tested the hypothesis 
that this differential vulnerability between adult and neonatal rats is attributable to 
differences in the expression of the family of Inhibitor of Apoptosis Proteins (IAP 
family): NAIP, XIAP, HIAP-1 and HIAP-2. We analyzed the expression of IAPs 
mRNA by serial dilution RT-PCR of RNA extracted from microdissected facial 
nuclei of the adult and newborn rat. Axotomy induced a 6-8 fold increase in NAIP 
mRNA expression starting on day 1 and reaching maximal levels around days 7 to 
14. In situ hybridization histochemistry revealed that this increase occurred within 
the FMN. Preliminary data on the other family members showed only minor 
changes in the axotomized facial nucleus of the adult rat. In contrast, RT-PCR 
analysis of axotomized facial nuclei from the newborn rats did not reveal any up-
regulation of NAIP mRNA at 24 hours after axotomy, the time point of maximal 
DNA fragmentation. Western blotting and immunocytochemistry are currently 
under way to confirm these changes at the protein level. These results suggest a 
role for NAIP in the survival of axotomized adult motoneurons and that the failure 
of neonatal FMN to increase NAIP expression may contribute to their vulnerability 
to axonal injury. Supported by NSERC to W.T. and MRC of Canada to G.S.R.

461.14
THE MESSAGE FOR p-AMYLOID APPEARS TO BE UP-REGULATED IN 
MOTONEURONS UNDERGOING CELL DEATH AS A RESULT OF 
TROPHIC FACTOR DEPRIVATION.
C.E. Milligan* and N.Y. Barnes, Department of Neurobiology and 
Anatomy, Bowman Cray School of Medicine, Winston-Salem, NC 
27157.

Our laboratory is investigating the biochemical and molecular 
mechanisms of neuronal cell death. It is well documented that lumbar 
spinal motoneurons of the chick embryo undergo a period of naturally 
occurring programmed cell death. For our studies, we use a cell culture 
system that provides a relatively pure population of motoneurons that, 
like their in vivo counterparts, require trophic support for survival, and 
when deprived of trophic support undergo cell death that is dependent 
on new gene expression. In order to examine this change in gene 
expression, we performed a PCR-based subtractive hybridization 
technique to isolate messages that are up-regulated during neuronai 
death. One clone that was originally isolated recognized a message of 
approximately 2.5 kB on Northern blots of RNA isolated from the 
developing chick lumbar spinal cord. Results of RT-PCR reactions 
using primers specifically designed to this clone and RNA isolated form 
healthy and dying cells indicate that this message is increased in dying 
cells. The original clone represented a very small fragment and showed 
no strong homology to sequences in the database. In order to begin to 
characterize the message, we have used the original clone to screen a 
chick spinal cord cDNA library and isolated a cDNA clone of 
approximately 2.5 kB. Sequence analysis indicates that this clone is 
very similar to the human p-amyloid precursor protein. Experiments are 
currently underway to further characterize this message's expression in 
dying cells. These data suggest an intercellular mechanism by which p- 
amyloid may regulate neuronal death. Supported by a grant from the 
NCBC to CEM.

461.15
SPINAL MOTOR NEURONS SURVIVE IN THE ABSENCE OF 
NEUROTROPHIC FACTORS WHEN THEIR CYCLIC AMP 
LEVELS ARE ELEVATED M. G. Hanson Jr, and B. A. Barres* Dept. of 
Neurobiology, Stanford University, School of Medicine, Stanford, CA 94305- 
5401, USA

Spinal motor neurons, like other neurons, depend on continuous signaling by 
neurotrophic factors to survive. Previous studies have described a variety of 
peptide trophic factors that promote the survival of highly purified embryonic 
spinal motor neurons including BDNF, CNTF, FGF and GDNF. We have asked 
whether these peptides are sufficient to promote the long term survival of purified 
E15 spinal motor neurons (SMNs). When SMNs are cultured in serum ftee 
medium containing any single peptide trophic factor only about 20% of the cells 
survive for 3 days in culture. When multiple factors are combined together, 
additive effects on the survival are observed, but by 7 days of culture the majority 
of SMNs have died. The survival of other types of neurons, particularly PNS 
neurons, can be promoted by elevating their cAMP levels. When SMNs are 
cultured in forskolin, a specific activator of adenylyl cyclase, or IBMX, a specific 
inhibitor of phosphodiesterases, only about 20% of the cells survive for 3 days. 
However, when the SMNs are cultured in forskolin and IBMX together, about 85% 
of the cells survive for 3 days and the majority of cells are still alive after 1 week 
in culture. Consistent with this observation, cAMP immunoreactivity is observed 
only when SMNs are treated with forskolin and IBMX together (antibody kindly 
provided by T. Wiemelt and A. McMorris). Interestingly, in contrast to trophic- 
factor-promoted survival, cAMP-promoted survival does not depend on cell 
density. Thus SMNs, which share the ability of PNS neurons to regenerate after 
injury, also share the property of becoming growth factor independent when their 
cAMP levels are raised. These findings raise the question of whether cAMP 
signaling helps to promote SMN survival either normally or after injury and 
suggest that cAMP elevation could help to promote SMN survival in degenerative 
motor neuron diseases.

This work was funded by The March of Dimes Birth Defects Foundation.

461.16
SCIATIC NERVE TRANSECTION IN NEONATAL RATS INDUCES APOPTOSIS IN 
MOTONEURONS AND INTERNEURONS IN THE SPINAL CORD. A.L.R, Oliveira12. M, 
Risling*, M. Deckner1. H, Hammarbere1. T, Lindholm1*^. F, PiehlL F, Langone2'. S,
Cullheim1. 'Department of Neuroscience, Karolinska Institute, Sweden, S-17177; 
department of Anatomy, State University of Campinas/SP - Brazil.

Apoptosis or programmed cell death (PCD) is a normal or pathological process by which 
cells undergo self-destruction. PCD is characterized by early chromatin condensation 
followed by fragmentation, cell shrinkage, reorganization of the cytoskeleton, organelle 
relocation and production of apoptotic bodies. In vertebrates, PCD has been observed in 
almost all tissues and has been most extensively studied in the developing nervous system 
and in the immune system. In this work, we studied the effects of sciatic nerve transection 
on the survival of motoneurons and interneurons in the spinal cord. Twenty-four two days 
old Sprague-Dawley rats were used for this study. Under deep hypothermia, the left sciatic 
nerve was exposed and cut at the sciatic foramen level. After survival times of 8 (n=3), 12 
(n=3), 24 (n=3), 36 (n=3), 48 (n=3), 72 hours (n=3) and 1 week (n=3), the rats were killed 
by an overdose of chloral hydrate and transcardially perfused with 4% paraformaldehyde. 
Three unoperated rats were used as control. The spinal cords were dissected out and frozen 
transverse sections were obtained. Apoptotic cells were identified with the Tunel method 
according to Gavrieli et al. (1992). Motoneurons and interneurons in the deep dorsal horn 
were labeled from 8 to 48 hours after nerve transection. After 48h the number decreased and 
almost no cells were stained after 3 days. These results show that apoptosis in the spinal 
cord is an early response to sciatic nerve injury in neonatal rats. The motoneuron death 
could be explained as a result of the axonal damage per se and/or by the deprivation of 
trophic factors synthesized in the target organ, such as cytokines (e.g. CNTF) and 
neurotrophins (e.g. BDNF). The death of intemeurons could be a result of trophic 
deprivation from the lesioned afferent fibers and/or a lack of connections with dying 
motoneurons. Other in vivo and in vitro studies are underway in order to detect expression of 
early apoptotic related proteins, such as BAX, BCL-2, ICE and NEDD-2. Preliminary results 
show that NEDD-2 could play a role in the induction of apoptosis in rat spinal motoneurons 
in culture.
Supported by grants from SMRC - Sweden and CAPES - Brazil.

461.17
CHARACTERISTICS OF CLARKE’S NUCLEUS NEURONS PROJECTING 
TO SPINAL CORD OR CEREBELLUM.
K.Takahashiu, M.Shibayama*2, B.T.Himesu, N.Matsui2, M.Murray1, and 
A.Tessleru ‘Dept. of Anatomy & Neurobiology, Allegheny University of the Health 
Sciences, 3200 Henry Ave. Philadelphia, PA. 19129. 2Dept. of Orthopedic Surgery, 
Nagoya City University School of Medicine, Nagoya, Aichi, Japan. ’Philadelphia 
VA Hospital
Retrograde transport of fluorogold (FG) injected into the cerebellum has been used 
to identify those Clarke’s nucleus (CN) neurons that normally project to cerebellum 
and those projection neurons that survive in the presence of a fetal spinal cord 
transplant placed at the site of a thoracic hemisection. However, the numbers and 
characteristics of CN neurons that project to the cerebellum are likely to differ from 
those that terminate within the spinal cord. The aim of our study was to count and 
characterize the CN neurons of the LI spinal cord segment whose axons project to 
T8, C5 or cerebellum. Adult female Sprague-Dawley rats (200-250g) received single 
pressure injection of 2% aqueous solution of FG (3pl) into the right anterior lobe of 
the cerebellum or the right side of the spinal cord at C5 or T8. One week later, the 
rats were perfused and FG labeled CN neurons were studied at LI. Our data showed 
that 36% of CN neurons at LI project to the cerebellum, 60% to C5, and 78% to T8. 
Thus most CN neurons at LI will be axotomized by a midthoracic hemisection. All 
of the large neurons (>400pm2) and about 20% of small neurons (<200gm2) project 
to the cerebellum. The mean soma size of the labeled neurons that project to the 
cerebellum is ~280gm2, which is -30% larger than LI neurons as a whole 
(~216p.m2). The mean soma size of LI neurons projecting to C5 is 250pm2 and to 
T8,230pm2. These results show that CN neurons of all sizes send axons to terminate 
in the cerebellum and that the greatest proportion of cerebellar projection neurons 
are among the larger cells. Supported by ISRT, Allegheny University, NIH grant 
NS24707 and the Research Service of the VA.

461.18
DEVELOPMENTAL DEATH IN CRANIAL MOTOR NEURONS PERSISTS INTO 
THE SECOND POSTNATAL WEEK. M. Moghaddam, V.E, Koliatsos and B.J. 
Wilcox*, Division of Cytokine Biology, CBER, Food and Drug Administration, 
Bethesda, MD 20892 and Neuropathology Laboratory, The Johns Hopkins University 
School of Medicine, Baltimore, MD 21205.

Axotomy of the facial nerve in the neonatal rat is a widely used paradigm for study 
of motor neuron degeneration. This model is commonly used in pre-clinical studies to 
support clinical trials for testing of potential therapeutic agents in treatment of human 
motor neuron disease. Transection of the facial nerve on the day of birth results in 
apoptosis of neurons in the facial motor nucleus (FMN) within 7 days. However, 
axotomy of the facial nerve in the adult rat or mouse results in very little neuronal 
death. The reason for this difference in motor neuron vulnerability is not clear.
Further characterization of the neonatal facial nerve axotomy model is necessary before 
motor neuron degeneration can be accurately evaluated.

Our preliminary investigations of the mechanism of cell death in the facial nerve 
axotomy model reveal numerous profiles exhibiting morphological characteristics of 
apoptosis after axotomy. However, when DNA from the FMN was analyzed by gel 
electrophoresis, the “ladder” effect characteristic of apoptosis was observed in both 
lesioned and unlesioned sides. To test the hypothesis that developmental cell death in 
brainstem motor nuclei continues into the first week after birth, we analyzed brain 
tissue for evidence of apoptosis in CNS motor nuclei from embryonic day 14 to 
postnatal day 15. Our results show that apoptotic profiles can be identified in the 
FMN and hypoglossal nucleus much later than expected (as late as postnatal day 9). 
Our data suggest that the neonatal facial nerve axotomy may not be appropriate for 

predicting efficacy of novel therapies for adult motor neuron disease.
Supported by: U.S. Food and Drug Administration and NIH NS1O58O.
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462.1
RESTRUCTURING OF RETINOGENICULATE AXONS PLAYS A 
MINOR ROLE IN THE FORMATION OF EYE-SPECIFIC LAYERS IN 
THE dLGN OF THE FETAL MONKEY. C. J, Snider. J. G. Ouinto. C.
Dehav, M. Berland, H. Kennedy*, & L.M.__ Chalupa,, Ctr. for
Neuroscience, UC Davis, CA 95616 and INSERM Lyon, France.

Retinal projections in the mature primate are segregated into eye- 
specific layers in the dorsal lateral geniculate, but during fetal 
development there is complete overlap within this nucleus of the inputs 
from the two eyes (Rakic, 1976). We have quantified the morphological 
characteristics of retinogeniculate axons during the period of ocular 
intermingling and subsequent segregation (E77 to El 12) to assess 
whether elimination of inappropriate side branches could account for the 
formation of eye-specific inputs. For this purpose, Dil was implanted into 
the optic tract of fixed specimens of fetal cynomologous monkeys of 
known gestational ages, and labeled fibers were subsequently examined 
using confocal microscopy and analyzed with a computerized 
morphometric program. At the earliest age (E77), most retinogeniculate 
axons were characterized by growth cones at their distal tip, although a 
few terminal arbors were observed. At older ages (E85, 95 and 112), the 
number of terminal arbors increased, and these became progressively 
larger in size and more complex in structure. Remarkably, side branches 
on retinogeniculate axons were few in number (ranging from 2.6 to 
4.3/mm) and typically these extended only a short distance from the 
parent axon (11 to 22 pm). Moreover, the morphometric properties of 
such axonal twiglets appeared largely unchanged during the time that 
eye-specific laminae are being formed. These observations suggest that in 
the fetal primate, selective elimination of axonal side branches plays only 
a minor role in the formation of eye-specific retinogeniculate projections. 
Most likely this process reflects the loss of ganglion cells initially 
terminating within inappropriate regions of the dlgn. (Supported by NIH, 
NSF, HFSP, & INSERM).

462.2
BLOCKADE OF NITRIC OXIDE SYNTHASE ALTERS DENDRITIC 
MORPHOLOGY IN THE FERRET LATERAL GENICULATE NUCLEUS.
K.S. Cramer* and M. Sur. Dept. of Brain and Cognitive Science, MIT, Cambridge, 
MA, 02139.

During ferret development, blockade of nitric oxide synthase (NOS) and 
blockade of NMDA receptors similarly alter pattern formation in the retinogeniculate 
projection. Both perturbations disrupt the formation of on/off sublayers during the 
third and fourth postnatal weeks. Blockade of NMDA receptors also increases the 
number of dendritic spines in slices from 2-3 week ferret LGN (Rocha and Sur, 
1995). Because NO is a diffusible messenger produced in response to Ca2+ influx 
through NMDA receptors, it is ideally positioned to effect activity-dependent 
developmental changes in both postsynaptic cells and presynaptic axons. In this 
study we examined the role of NO in regulating the number and length of dendritic 
spines in living slices of LGN from ferrets of different ages.

Horizontal slices of LGN (300 or 400 pm) from ferrets aged Pl 1-22 (early age 
group) or P23-29 (late age group) were labeled with small crystals of dil, and after 1- 
2 hours, dendritic segments were imaged using scanning laser confocal microscopy. 
Slices were maintained in oxygenated artificial cerebrospinal fluid. After the initial 
images were acquired, slices were perfused with the NOS inhibitor N“-nitro-L- 
arginine (L-NoArg, ImM) or the inactive isomer D-NAME (ImM) for 2-3 hours, and 
dendritic segments were imaged again. L-NoArg treatment increased the length of 
spines and small branches by 12% in the late age group (p<0.05; paired t-test); D- 
NAME had no effect at either age. At the early age, treatment with L-NoArg resulted 
in a 36% increase (p<0.02) in the number of dendritic spines/mm, while L-NoArg at 
the late age and D-NAME at either age did not produce significant changes in spine 
number. This effect of L-NoArg precedes the peak of NADPH-diaphorase 
expression in the LGN at P28 and coincides with the peak of neuronal NOS 
expression. These results suggest that NO is part of a pathway that links neuronal 
activity to developmental changes in synaptic structures.

Supported by EY11512 and IBN 9602143.

462.3
INHIBITION OF NITRIC OXIDE SYNTHASE IS FOLLOWED BY 
CORT1COTECTAL SPROUTING AFTER VISUAL DEAFFERENTIATION 
IN ADULT RATS. L. Martinez Millan*, P. Mendez Hovo, G. Garcia del
Cano, F, Donate Oliver.. and L. ..Gemkagaitia.-, Marina- Dept. of
Neusociences, Faculty of Medicine, Univ of the Basque Country. 48940- 
Lejona, Vizcaya. Spain.

The two main afferents to the superficial layers of the superior 
colliculus are coming from retina and visual cortex. If retinal afferents ar 
suppresed in newborn animals, corticotectal fibres sproute notably as 
observed by anterograde tracers. This reaction diminishes along the 
postnatal development and, in the adult, no amplification in corticotectal 
terminal fibres are observed after visual deafferentiation. Because neurons 
in collicular superficial layers of newborn animals do not express nitric 
oxide synthase (NOS) and NOS expressing neurons increase in these layers 
after contralateral enucleation in the adult, we hypothetize that NOS 
activity could prevent the corticotectal pathway from sprouting. Adult 
Sprague-Dawley rats were treated with No-nitro-L-arginine methyl 
ester (20 mg/kg i.p.) or Nw-nitro-L-arginine (25 mg/kg i.p.) for 12 days 
after unilateral enucleation. Corticotectal fibres sprout considerably when 
observed 45 days after enucleation. These results show that inhibition of 
the NOS activity after central nervous lesions could facilitate vicarious 
reinnervation by axonal sprouting.
Supported by grants FISS 95/1397 and UPV 212.327-EA085/95

462.4
CHOLINERGIC FIBER PATCHES IN THE MOUSE SUPERIOR COLLICULUS DEVELOP 
NORMALLY IN NITRIC OXIDE SYNTHASE GENE DEFICIENT MICE. C A Scheiner* 
andRR. Mize Dept of Anat and the Neurosci. Center, LSUMC, New Orleans, LA 70112

There is evidence that nitric oxide (NO) serves as a retrograde messenger in pathway refinement 
that occurs during brain development For example, the segregation of glutamatergic retinal 
afferents in the rodent superior colliculus (SC) is disrupted by inhibition of nitric oxide synthase 
(NOS). Neurons receiving this ir^jut contain NO - suggesting NO contributes to the development 
of these afferents. The patch-cluster system in the superior colliculus (SC) provides a model for 
studying whether NO is also involved in pathway refinement in a non-glutamatergic pathway. The 
patch-clusters consist of patches of cholinergic fibers which overlap clustered neurons which 
express NOS transiently during development in both the rat and cat In the present study, we used 
a neuronal NOS gene knockout mouse to determine if the absence ofriNOS disrupts the formation 
of these ACh patches. C57-BL-6 mice, the line that generated the knockout mice, were used as 
normal controls. Both normal and knockouts were perfused at P5J>8J>10JP14T>18, and P21. ACh 
containing fibers were localized using choline acetyftran^erase (ChAT) immunocytochemistry. 
NOS was identified using nicotinamide adenine dinucleotide phosphate diaphorase (NADPH-d) 
histochemistry. As previously found in the rat (Mize et al, Devel Neurosci, 1997), NADPH-d was 
expressed in cells within the intermediate gray layer (IGL) of the normal mouse SC by P10-P14. 
NADPH-d was also found in fiber patches in toe IGL at theses ages and was even mote prominent 
byP18-P21. The cells ofcrigin of ChAT labeled fibers were labeled by ChAT at P5, toe earliest 
age examined, but ChAT labeled fibers only gradually developed between P10 andP21. This same 
progression of ChAT fiber labeling was seen in toe nNOS gene knockout mouse. We found no 
obvious qualitative differences in either toe time cf appearanoe nor toe density cf ChAT fibers at 
any cfthe ages examined. We therefore conclude that NO does not contribute to toe refinement of 
cholinergic fiber patches in the mouse SC, probably because the fiber system is not glutamatergic. 
Supported ly NIH-NINDS-36000, NIH NEI-02973, DOD cooperative agreement DAMD 17- 
93-V-3O13, and a Louisiana State Board cf Regents Graduate Student scholarship.

462.5
PGE2 REGULATES EXPRESSION OF THE NEURONAL NITRIC OXIDE 
SYNTHASE (n-NOS) IN RAT BRAIN DURING THE PERINATAL PERIOD.
I. Dumont, KJ>eri,.D, Abraiu P, Hardy. S, Fortin. S. Itaya*. S. Molotchnikoff. and
S. Chemtob. Dept. Sci. Biol., Univ. Montreal, Montreal, Qc Canada H3C 3J7, and 
Dept. Biomed. Sci., Univ. S. Ala., Mobile, AL 36688.

Increased NOS activity in brain during the perinatal period may be important for 
preservation of significant cellular and circulatory functions, but the mechanisms 
that regulate NOS activity are not known. Prostaglandins (PGs) may affect 
(inducible) NOS expression in cells. We postulated that high PG levels in the 
perinatal period exert a positive control of constitutive NOS expression in neural 
tissue. In rat brain (Long Evans) n-NOS and cyclooxygenase (COX)-2 mRNA were 
highest on postnatal day 10 and thereafter declined by ~4-fold to adult levels. 
Corresponding nitrite (stable oxidation product of NO) and PG synthesis were also 
5-8 fold higher in newborn (NB) than adult tissues. To assess if high PG levels 
control NOS expression in the perinatal period, NB rats were treated 24 h i.p. with 
COX-2 selective (nimesulide 1 mg/kg/day) or non-selective COX inhibitors 
(ibuprofen 40 mg/kg/ day) to reduce brain PG levels to those of adult. Consistent 
with a predominant role for COX-2 in PG formation in NB brain, both COX 
inhibitors reduced comparably n-NOS mRNA. In addition, the PGE2 analogue, 
16,16-dimethyl PGE2, but not the PGI2 analogue, carbaprostacyclin, nor PGD2 
prevented this downregulation of NOS by COX inhibition. Data indicate that high 
perinatal PGE2 levels control constitutive NOS expression in brain. Because PGE2 
and nitric oxide exert important cellular functions including cytoprotection, we 
speculate that the positive interaction we described between these agents could 
facilitate their concerted actions in perinatal neuroprotection.
Supp: CRSNG (Canada) and FCAR (Quebec)

462.6
CHRONIC NMDA TREATMENT OF DEVELOPING RAT SUPERIOR 
COLLICULUS DOES NOT AFFECT INHIBITORY NEURON NUMBER, 
ALTHOUGH IT INCREASES GAD PROTEIN . S.M. Aamodt*. M.T, Colonnese 
and M. Constantine-Paton. Biology Dept., Yale Univ., New Haven, CT 06520.

Development of the topographic visual map in rat superior colliculus (SC) requires 
N-methyl-D-aspartate (NMDA) receptor activation, as chronic local blockade of 
NMDA receptors from birth prevents the elimination of incorrectly positioned retinal 
ganglion cell arbors. We have previously shown that developmental NMDA receptor 
subunit expression and physiological function depend on NMDA receptor activity. 
Recent findings have suggested that inhibitory circuitry in the SC may also respond 

to chronic NMDA receptor activation beginning at postnatal day 8 (P8). In untreated 
rats, spontaneous excitatory post-synaptic current (sEPSC) frequency remains high 
until about PI8, when functional gamma-aminobutyric acid (GABA)ergic inhibition 
develops. In contrast, sEPSC frequencies in NMDA-treated SC are significantly lower 
than in sham-treated SC as early as P10. In addition, quantitative western blotting has 
demonstrated that the 65 kD isoform of glutamate decarboxylase (GAD-65), the 
synaptically localized form of the synthetic enzyme for GABA, is approximately 30% 
higher at P19 in NMDA-treated than in sham-treated siblings.

However, increased GAD-65 relative to total protein could occur in several ways:
(1) increased expression of GAD in a stable population of GABAergic cells, (2) 
increased number of GABAergic cells, or (3) decreased number of non-GABAergic 
cells. To distinguish among these possibilities, NMDA- and sham-treated siblings at 
P13 were perfused and labelled for DAB immunohistochemistry with antibodies to 
GAD-67 to label GABAergic cell bodies or to microtuhule-associated protein-2 (MAP- 
2) to label all neurons. Counts of labelled cells showed that both inhibitory and total 
neuron number were similar in the two groups, suggesting that cell loss is 
insignificant following chronic NMDA treatment and that the proportion of 
GABAergic cells is unchanged. Thus, the GAD protein increase reflects change in the 
enzyme within a stable population of neurons, perhaps through increases in synapse 
number and/or the GAD content of existing synapses in GABAergic neurons. 
Supported by NIH fellowship MH11535 to SMA and NIH grant NS32290 to MCP.
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462.7
CHRONIC NMD A RECEPTOR BLOCKADE DOES NOT EXTEND THE 
CRITICAL PERIOD FOR PLASTICITY IN THE SUPERIOR COLLICULUS.
M. T. Colonnese* and M, Constantine-Paton. Interdeparmental Neuroscience 
Program, Yale University, New Haven, CT 06520

Proper topography of the retinocollicular projection results from elimination of 
improperly positioned retinal ganglion cell arbors. Chronic local application of 
antagonists of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptors 
from birth disrupts this process. This effect might result from a failure of terminals 
to withdraw, or an extension of the retinal arbors’ ability to sprout. To directly test if 
blockade of NMDA receptors from birth results in an extension of this plastic period, 
we have examined the capacity of the ipsilateral retinal projection to sprout into the 
superfical colliculus in response to a lesion made to the contralateral retina.

Lund & Lund (JCN, 169: 133-154) have shown that small retinal lesions made in 
the first postnatal week result in aberrant sprouting of the ipsilateral retinal projection 
to fill the scotoma, but that little such plasticity can be demonstrated if the lesions are 
made after postnatal day 10. We have used similar procedures, making small lesions 
in the temporal retina with a microcaudery, then tracing the retinal projections with 
two colors of fluorescently labeled cholera toxin 6-subunit (2.5% in 2% DMSO). 
Examination by epifluoresence revealed noticeable but sparse sprouting after plO or 
pl2 lesions, but near none at pi5. Confocal microscopy line scan densitomitry was 
used to quantify the contralateral projection, with particulate counting for the 
ipsilateral projection. Preliminary data suggests that NMDA antagonist treatment 
does not alter the quantity of sprouting in response to lesions made at plO. 
Experimental and sham-treated animals have superficial ipsilateral retinal projections 
approximately twice as dense within the scotoma as in a normally innervated region. 
This suggests that chronic NMDA receptor blockade, which disrupts retinotopic map 
formation, does not extend the period of ganglion cell arbor structural plasticity. 
Supported by NEI fellowship EY07115 to MTC and NIH grant NS32290 to MCP.

462.8
OPTIC NERVE-DEPENDENT SUBSTANCE P (SP) EXPRESSION 
IN TADPOLE TECTUM. S Tu and E.A. Debski*. School of 
Biological Sciences, Univ. of Kentucky, Lexington, KY 40506

Most of the visual processing in amphibians is performed by the 
optic tectum, the major target of retinal ganglion cells. Several cell 
populations within the tectum are immunoreactive to neuropeptides 
thought to be important in neuronal modulation. We are interested in 
determining the factors that regulate the expression of these 
neuropeptides. Our previous work has shown that SP expression in 
mature tectum is optic nerve-dependent (Liu and Debski, J. 
Neurobiol. 29: 517-534, 1996). Here we investigated whether the 
optic nerve plays a role in regulating SP expression in the developing 
tectum of Rana pipiens tadpoles.

The left optic nerves of animals in mid-tadpole stages were 
transected and prevented from regeneration. After 5-6 weeks, SP 
expression in the deafferented and afferented tectal lobes was 
examined using immunocytochemical techniques. This SP expression 
was compared to that of normal animals at similar stages since 
previous work indicated that both tectal lobes might be affected by 
unilateral optic nerve transection. The percent of SP-like 
immunoreactive cells was significantly decreased in the deafferented 
tectal lobe as compared to that in the afferented lobe or the tectum of 
control animals. This is opposite to the pattern seen in optic nerve- 
transected adults where SP expression in the afferented lobe was 
decreased. Our results indicate that SP expression is regulated by the 
optic nerve in the developing tectum in a manner different from that 
in the adult. Supported by NSF grant IBN-9514614.

462.9
MUSCARINIC RECEPTOR SUBTYPES IN THE FROG OPTIC TECTUM.
C.M. Butt.* J.R. Pauly, and E.A, Debski. Department of Biological Sciences, 
University of Kentucky, Lexington, KY 40506.

The neurotransmitter acetylcholine has been shown to modulate plasticity in 
the mammalian visual cortex (Gruel et al., Science 242: 74-77, 1988). In an 
effort to understand the mechanisms by which it does so, we are investigating the 
distribution of cholinergic receptor subtypes in the more experimentally 
accessible visual system of the leopard frog (Rana pipiens). The optic tectum is 
the primary brain area for visual processing in amphibians and serves as the 
major target of retinal ganglion cells. Muscarinic acetylcholine receptors 
(mAChR) are thought to reside on postsynaptic tectal neurons (Titmus et al., Soc. 
Neurosci. Abstr. 22: 761, 1996), while nicotinic receptors are present on the 
terminals of retinal afferents (Sargent etal., J. Neurosci. 9: 565-573, 1989). We 
have used quantitative receptor autoradiography to demonstrate the existence of 
Ml and M2 mAChR subtypes in the adult frog brain. Binding studies conducted 
with 3H-pirenzepine (Ml selective) produced light, diffuse signals in the tectum 
and telencephalon. Stronger signals were found in areas of the tegmentum and 
thalamus. Use of 3H-AFDX-384 (M2 selective) showed a binding pattern similar 
to that of Ml receptors, but its significantly stronger signal suggests that the M2 
subtype accounts for the majority of mAChR binding in the brain. M2 binding is 
seen in most regions of the optic tectum, and a more robust signal appeared in 
some discrete tectal layers. As with Ml binding, the strongest M2 signal was 
found in the tegmental and thalamic areas. Future studies will determine when 
these mAChR subtypes arise during development and how their expression 
correlates with the maturation of the optic tectum.
This research was supported by NIMH grant #5T32MH19917.

462.10
EXPRESSION OF CALCIUM BINDING PROTEINS IN THE SUPERIOR 

COLLICULUS OF OCULAR RETARDATION MUTANT MICE. A.A.Vugler1, 
P.Coffev1 and R.D.Lund*2. ‘Dept of Psychology, University of Sheffield, U.K; 
institute of Ophthalmology, University College, UK.

It has been shown that in superficial layers of the Superior colliculus (SC) the 
majority of Calretinin positive (CR +ve) fibres originate from retinal ganglion 
cells. If this input is removed via axotomy there is an elimination of fibres in the 
contralateral SC. At the same time there appears to be a disinhibition of CR 
expression in cells of the retinorecipient laminae (SGS and SO) which become 
CR +ve. Previous studies centre on damage to a pre existing visual pathway. 
Here CR expression in the SC of ocular retardation mutant mice has been 
examined to see if similar changes occur when visual input fails to ever reach the 
brain.

Mice homozygous for the ocular retardation gene (or'/or1) and normal 
heterozygotes (or'/+) were perfused at different ages and their brains sectioned. 
Immunohistochemistry for CR was performed on the tissue and results viewed 
under a light microscope.

In the or'/or' mice there was a distinct lack of fibres positive for CR in the 
superficial layers of the SC at all ages. In contrast, the number of CR +ve cells in 
these layers was increased dramatically compared to those in the control 
animals. The increased expression seen in the mutant mice was still pronounced 
at 8 months of age.

Retinal input into the SC normally serves to inhibit the expression of CR in 
cells of the superficial layers. The increase in expression seen in the orj mouse 
indicates that this phenomenon results not from damage to a pre existing visual 
pathway but solely from a lack of visual input. Further more such an increase 
appears to be permanent. Funded by the MRC, UK and Foundation for Fighting 
Blindness USA.

462.11
INCREASED SEROTONIN IN THE SUPERIOR COLLICULUS OF 
NEONATAL HAMSTERS ALTERS AFFERENT DISTRIBUTION BUT NOT 
VISUAL TOPOGRAPHY. M. Ke*, R.W. Rhoades and R.D. Mooney. Dept. 
of Anatomy and Neurobiology. Medical College of Ohio, Toledo, OH 43699

Previous data from this laboratory showed that a subcutaneous administration 
at birth of 5,7 dihydroxytryptamine (5,7-DHT) increased the serotonin (5-HT) 
content in the superior colliculus (SC) and produced abnormalities in the 
crossed and uncrossed retinotectal projections. The present experiment 
investigated the effect of neonatal 5,7-DHT administration on visual 
topography and multiunit receptive field sizes obtained in recordings after the 
hamsters had reached > 6 months of age. Prior to recording, 5-HT was acutely 
reduced in both normal and 5,7-DHT-treated animals by subcutaneous 
injections of parachloroamphetamine. The cortex overlying the SC was 
aspirated to allow visualization of recording sites and for topical application of 
CNQX and APV to block glutamate-mediated postsynaptic activity in the SC.

Receptive field sizes of SC afferents, recorded after blockade of glutamate 
receptors, were 32% larger in the 5,7-DHT-treated animals than in controls 
(p<0.005), but receptive field sizes of cellular multiunit recording sites were 
smaller (-12%, p<0.05). There were no significant differences in visual 
topography between control and 5,7-DHT-treated hamsters, as evaluated by 
visual magnification factors along mediolateral and rostrocaudal axes of the SC 
and by the relationship of receptive field elevation and azimuth with SC 
recording location. These results suggest that the distribution of SC afferent 
activity is more widely spread after 5-HT augmentation during development, 
but that compensation occurs in postsynaptic receptive fields.

Supported by EY11481 and IBN9309597

462.12
DIFFERENTIAL IMMUNOHISTOCHEMICAL LOCALIZATION OF MYELIN- 
ASSOCIATED GLYCOPROTEIN AND GROWTH-ASSOCIATED PROTEIN 43 
IN THE DEVELOPING CHICKEN OPTIC TECTUM. M, Z. Khan & R, 
Wegerhoff*. Biochemisches Institut. Olshausenstr. 40. 24098 Kiel. Germany.

In an effort to investigate the early myelination in the chicken brain, a comparative 
immunohistochemical analysis of myelin-associated glycoprotein (MAG) and growth- 
associated protein (GAP 43) was conducted in the developing tectum. MAG has been 
shown to affect neurite growth in mice and GAP 43 is a known indicator of neurite 
growth and plasticity. Tecta from 12 to 18 days old (E 12 - E 18) chicken embryos 
were used. Individual, MAG-immunoreactive oligodendrocytes were found in E 12 
tecta in the stratum album centrale (SAC) and in stratum opticum (SO). By E 14, the 
number of MAG immunopositive oligodendrocytes was increased and many fibres 
were observable in SAC and SO. At E 16, there was considerable MAG 
immunoreativity in SAC fasciculated fibers, extending upto stratum griseum centrale 
(SGC) with some scattered, stained somata as well as fibers in the deeper layers of 
stratum griseum et fibrosum superficiale (SGFC). An inverse pattern of MAG and 
GAP 43 immunostaining was observed in tectum around El4. Prior to the onset of 
myelination, the GAP 43 immunopositive staining in layers like SAC and SO was 
found in a large number of fibres and latter, after myelination, the number of stained 
fibers decreased. A relatively consistant and strong GAP 43 immunoreactivity was 
observed in the upper layers of SGFC, including the retino-receptive layers at all ages 
under investigation. This study essentially shows that a similar contrasting staining 
pattern of myelin-related proteins and GAP 43 exists in embryonic chicken due to the 
early myelination as has been observed in adult rat brain (J.P. Kapfhammer and M.E. 
Schwab. 1994. J. Comp. Neurol. 340; 194-206). The early appearance of myelin- 
related proteins like MAG may have a role in the cytoarchitectural development of 
chicken tectum. This work was supported by the institutional funds and Ministry of 
Science and Technology, Pakistan.
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462.13
REGULATION OF MAP2 PHOSPHORYLATION RELATED TO 
PLASTICITY IN XENOPUS. S. Udin* and Y, Guo, Department of 
Physiology, SUNY, Buffalo, NY 14214

MAP2 phosphorylation state has been reported to be associated with 
visual plasticity in cats. Also, it has been shown that in hippocampus 
slices, MAP2 phosphorylation state can be modified by depolarization 
and NMDA treatment. We have now studied the effects of NMDA and 
glutamate on MAP2 phosphorylation in Xenopus tectum. In order to 
assess whether phosphorylation is correlated with binocular plasticity, 
we compared tecta from normally-reared adult frogs (low plasticity) 
with tecta from frogs of 1-2 months post-metamorphosis and dark- 
reared adults (high plasticity). The tecta were bathed in oxygenated 
saline; 10 pM glutamate and 50 pm NMDA were added to the bath 
solution for either 30 seconds or 10 minutes. MAP2 phosphorylation 
was assessed by binding of antibodies to phosphoserine or 
phosphothreonine on western blots of immunoprecipitated MAP2. In 
critical period frogs, 30 seconds treatment induced a moderate 
dephosphorylation of MAP2; 10 minutes treatment brought the 
phosphorylation back to baseline level. Preliminary data from adult 
frogs indicates that the baseline level of phosphorylation is lower than 
in critical period frogs and that NMDA/glutamate treatment for 30 sec 
further reduces the phosphorylation. In contrast, preliminary data 
suggest that baseline phosphorylation in dark-reared frogs is similar to 
that in normally-reared adults, whereas the response to 
NMDA/glutamate is an increase in phosphorylation in the dark-reared 
animals rather than the decrease seen in normally-reared animals. 
Supported by USPHS Grant EY-03470 to S.B.U.

AGING: CALCIUM AND IRON

463.1
IMPACT OF AGE ON SMOOTH ENDOPLASMIC RETICULUM CALCIUM 
BUFFERING MECHANISMS IN RAT ADRENERGIC NERVES. W.J. Pottorf,
H. Tsai, S.P. Duckies, and J. Buchholz*. Depts. Pharmacology, Loma Linda Univ. 
Sch. Med., Loma Linda, CA 92350 and Coll. Med. Univ. Ca., Irvine, CA 92697.

Stimulation-evoked norepinephrine (NE) release from vascular adrenergic 
nerves in the Fischer-344 rat tail artery (RTA) increases with advancing age, an 
increase which cannot be explained by changes in the function of neuronal or 
extraneuronal uptake mechanisms and subsequent metabolism, or negative feedback 
inhibition by prejunctional a2-adrenergic receptors. We have previously shown 
that exposure to the smooth endoplasmic reticulum calcium ATPase (SERCA) 
uptake blocker thapsigargin (TG), results in an increase of stimulation-evoked NE 
release from RTA and an increase of depolarization-evoked Ca2* transients in SCG 
cells from 6 month-old rats with no change in tissues from 20 month-old rats. To 
verify these findings, the effects of a second, structurally different SERCA uptake 
blocker, cyclopiazonic acid (CPA), was investigated by measuring [Ca2*]! transients 
in acutely dissociated rat SCG cells using microfluorometry with fura-2/AM and by 
determining fractional NE release from RTA using HPLC with electrochemical 
detection. In 6 month-old SCG cells, CPA (10 pM) resulted in significant changes 
in [Ca^Ji transients evoked by 68 mM KC1: 25% increase in rate of rise and a 35% 
decrease in rate of decline. CPA (5 pM) resulted in a 20% increase in stimulation- 
evoked (1 Hz, 100 pulses) NE release in 6 month-old RTA with no change in 20 
month-old arteries. These findings support the hypothesis that an age-related decline 
in SERCA buffering mechanisms results in an increase in stimulation-evoked NE 
release in older adrenergic nerves. Further investigations of the effect of age on 
expression and function of SERCA proteins will be necessary to substantiate this 
hypothesis.

Supported by American Heart Association, Grant in Aid #95015640.

463.2
STEROID HORMONES REGULATE EXPRESSION OF L-TYPE CA2+ 
CHANNEL SUBUNIT mRNA IN HIPPOCAMPUS OF YOUNG AND 
AGED FISCHER 344 RATS. KC Chen*and PW Landfield. Dept. of 
Pharmacol, Coll, of Med., University of Kentucky, Lexington, KY 40536.

The hippocampus is among the brain areas most affected by 
neurodegeneration in aging and age-related diseases. It also is rich in 
adrenal steroid receptors. Previously, our electrophysiological studies of 
hippocampal neurons have demonstrated that corticosteroids increased 
Ctr conductance through voltage-gated Ca2+ channels and that this effect 
increased with aging. There also is evidence that the Ca2+-regulating 
steroid, calcitriol (VitD) can be neuroprotective. Thus, modulation of 
intracellular Ca2+ homeostasis by steroids may play a significant role in 
neuronal vulnerability to brain aging and degeneration. We investigated 
the effects of adrenalectomy (ADX) and ADX plus corticosterone (Cort) 
supplementation on steady-state mRNA levels of the L-type Ca2+ channal 
subunits alc,a1D and P, b, in the hippocampus of F344 rats. Total RNA was 
prepared from whole hippocampal homogenate and ribonuclease protection 
assays (RPAs) were performed using ^P-labeled antisense RNA probes 
specific for alc,a1D and Plb mRNA. Results showed that Cort given to 
ADX rats induced a trend to an increase in both alc and a1D mRNA levels 
compared to those of ADX alone or intact animals, and a significant 
increase in a1D/J3lb mRNA ratio (p< 0.05).

In a separate experiment, we investigated the effects of VitD 
administration on the mRNA expression of the alc and a1D subunits in 
young and aged groups of rats. VitD significantly down-regulated 
hippocampal alf mRNA levels (p<0.05) in both young and aged groups. 
These results indicate that steroids that affect brain aging and/or neuronal 
survival modulate expression of L-type Ca2+ channel subunits, and therefore 
are consistant with electrophysiological studies showing an increase of 
L-type channels in hippocampal neurons of aged animals. (AG10836)

463.3

AGE- AND GLUCOCORTICOID-MEDIATED ALTERATIONS IN 
HIPPOCAMPAL GENE EXPRESSION FOR CALMODULIN AND 
CYCLOPHILIN P.G. Kaminker*. K.C. Chen. P.W. Landfield Dept. 
Pharmacology, Univ. of Kentucky Coll, of Med., Lexington, KY. 40536.

Alterations in the ability to regulate intracellular Ca2+ have been linked to normal 
brain aging and Alzheimer's disease (AD). Glucocorticoids (GC) also appear to 
play a significant role in brain aging and AD partly through interactions with Ca2+ 
regulation. Here, we tested the possibility that aging and/or GCs modulate 
genomic expression for Ca2+ regulatory proteins. Ribonuclease protection 
assays (RPAs) were used to quantify the steady-state mRNA levels for Calmodulin 
(CaM) and Cyclophilin (Cyp) in hippocampal homogenates of F344 rats. CaM is 
a major Ca2+ regulatory protein that mediates numerous Ca2+-dependent biochemical 
pathways. Cyp has several known functions, one of which is to bind with heat 
shock protein 90 and GC receptor and maintain receptor sensitivity to hormone. It 
also appears to mediate apoptosis in some cells. RPAs were run on tissues from rats 
of three age groups (3, 12, and 24 month old), and on adult rats that were 
adrenalectomized (ADX), or ADX with corticosterone (Cort) replacement.

The CaM cRNA probe was synthesized from a 241 b.p. cDNA clone obtained by 
RT-PCR from rat hippocampal RNA using primers spanning the 5'-region of the 
CaM II mRNA. The Cyp probe was developed from a 111 b.p. cDNA clone 
(Danielson et.al. 1988) and kindly provided by Dr. Phyllis Wise. Other probes were 
used as internal controls. Results showed a significant increase in Cyp mRNA in 
aged rats and in ADX rats given Cort, relative to ADX alone. CaM mRNA was 
elevated in ADX + Cort vs. ADX alone and exhibited a nonsignificant increase in 
aged hippocampus. Preliminary experiments with quantitative RT-PCR also 
indicated a tendency for CaM mRNA levels to be increased in the hippocampus of 
aged rats. The data indicate that GCs modulate gene expression of at least some 
Ca2+regulatory proteins in the same direction as occurs in aging. (Supported by NIH 
AG10836)

463.4

Ca2+ CURRENT WITH AGE IN HIPPOCAMPAL CULTURE: SHIFT IN 
THE BALANCE AMONG CURRENT TYPES AND ALTERED G- 
PROTEIN-MEDIATED INHIBITION. E.M. Blalock* and P.W. Landfield. 
Dept. Pharmacol., Coll, of Med., Univ. Kentucky, Lexington, KY 40536

Recently we and others have shown that voltage-sensitive Ca2+ current 
(VSCC) increases as a function of age in primary cultures of rat 
hippocampus. These changes are remarkably similar to those seen in 
aged rat hippocampal neurons. However, little is known about the relative 
contributions of different VSCC types to this in vitro age-dependent 
increase. We measured nimodipine (10pM) -sensitive current (L-type), 
co-CTx GVIA (1pM) -sensitive current (N-type), and residual current 
sensitive to neither drug (P/Q,R-type) at 3, 7, 14, and 21 days in vitro 
(DIV). P/Q,R-type current was prominent in peak current measures, and 
increased compared with other current types between 3 and 7 DIV. L- 
type current was more prominent late in the command step and continued 
to increase compared with other current types up to 21 DIV.

Activation of Go-coupled neurotransmitter receptors (e.g., GABAB) 
inhibits VSCC, particularly N-type current. In our preparation the GABAB 
agonist baclofen (100pM) consistently inhibited -30% of VSCC but had 
no effect in pertussis toxin (PTX; 1mg/ml) treated cells. Nimodipine failed 
to prevent this G-protein-mediated inhibition. In studies to determine 
whether age-dependent shifts in VSCC densities might affect this 
functional regulation, we found that baclofen-mediated inhibition declined 
significantly up to 21 DIV. These findings suggest that neurons aged in 
culture may be subject to increased Ca2+ influx because of both increased 
density of VSCC (L-type), and reduced neurotransmitter-mediated 
inhibition of VSCC. (Supported by NIH AG04542, AG10836)
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463.5
AGE-RELATED DECREASES IN SYNAPTIC MEMBRANE Ca2+-ATPase 
ACTIVITY AND EXPRESSION. M.L. Michaelis*, L. Chung and A. Zaidi. Dept 
of Phamacology / Toxicology, Univ. of Kansas, Lawrence, KS 66045.

Several studies suggest that the kinetics of Ca2+ clearance following a 
stimulus are slower in neurons from aged animals. We previously reported 
that the Vmax for the synaptic plasma membrane Ca2+-ATPase (PMCA) in 
brains from aged Fisher 344 rats was significantly lower than that in young 
rats, and this decrease appeared to be due in part to oxidation of brain cal-
modulin (CaM) in the aged rat brains. In order to see whether the decrease in 
PMCA was strain-specific, we carried out similar studies with the longer-lived 
F344/BNF1 rats. CaM isolated from the brains of these animals showed no 
age-related increase in oxidation. However, the PMCA activity in synaptic 
membranes from brains of Fisher344/BNF1 rats at 5, 14, and 22 mos declined 
progressively with age. When activity was measured across Ca2+ concen-
trations (0.01 to 1.0 gM), there was no difference in Kact, but the Vmax at 14 
mos was 14% lower and that at 22 mos was 30% lower than the Vmax in the 5 
mos animals. On the other hand, activity at 30 mos showed an upward trend, 
with the Vmax almost equal to that of the 14 mos animals. Since Western blot 
analysis revealed a decreased level of PMCA in synaptic membranes from the 
30 mos animals, this observation suggests a possible uncoupling of the ATP 
hydrolysis from Ca2+ transport in the 30 mos animals. Studies are underway 
to determine the ATP dependent Ca2+ transport at all 4 ages. The results 
obtained with the Fisher344/BNF1 strain are generally consistent with those 
observed in the Fisher 344 animals and support the assertion that some 
plasma membrane proteins involved in regulating free intracellular Ca2+ 
concentrations undergo an age-related decrease that is likely to result in 
altered Ca2+ handling by brain neurons. (Supported by AG 12993 and the Ctr. 
Neurobiol. Immunol. Res., U. of Ks.)

463.6
CALCIUM CURRENTS IN EMBRYONIC HIPPOCAMPAL 
NEURONS ARE INCREASED COMPARED TO JUVENILE ADULT 
HIPPOCAMPAL NEURONS IN CULTURE, M.A, Pollings, M.S. Evans*, 
and G.J. Brewer. Southern Illinois Univ. Sch. Med., Springfield, IL 62794

Studies in culture can uniquely compare age-related function in a uniform 
environment. We have used newly developed techniques allowing culture of 
adult neurons to examine and compare calcium currents of embryonic and 
juvenile adult neurons. Hippocampal neurons were isolated from embryonic 
day 18 and 2 month old male Sprague Dawley rats and cultured in 
Neurobasal/B27 medium with or without basic fibroblast growth factor 
(FGF2). Whole-cell voltage-clamp recordings were performed. Tetrodotoxin 
was used to block sodium channels and 4-aminopyridine, tetraethylammonium- 
Cl, and cesium methanesulfonate were used to block potassium channels. 
Calcium currents were elicited with a series of depolarizing voltage pulses from 
-80 mV. A P/4 procedure was used to subtract the capacitative and resistive 
currents. For neurons in culture 1 to 3 weeks, peak calcium currents of adult 
neurons were significantly less than embryonic: adult -115.96 ±11.30 pA 
(S.E.M., N=135); embryonic -193.47 ±14.47 pA (N=135); p<0.01 two tailed t 
test. Calcium current density was also less in adults: adult 4.30 ±0.94 pA/pF 
(N=85); embryonic 7.12 ±0.52 pA/pF (N=106); p<0.01. Calcium currents are 
seen in both embryonic and juvenile adult cultured neurons. Total calcium 
currents and calcium current densities are increased by 40% in embryonic 
cultured neurons compared to juvenile adult neurons in Neurobasal/B27 
culture medium. This could be an effect either of age or of slightly different 
culture conditions. (Supported by NINDS R29 NS34564)

463.7
IRON CONCENTRATIONS IN MOUSE BRAIN AS A FUNCTION OF 
AGE AND DIETARY RESTRICTION. R.S. Sohal, E. Kirch-Weinberg, K. 
Jaiswal, L. Kwong, and M.J. Forster*
Department of Biological Sciences, Southern Methodist University, Dallas TX 
75275 and Department of Pharmacology, University of North Texas Health 
Science Center at Fort Worth, Fort Worth, TX 76107.

To clarify the role of iron in the modulation of age-associated oxidative 
stress, the concentrations of bleomycin-chelatable (to represent redox active 
iron) and nonheme iron were determined in the brain and other tissues of aging 
mice maintained under conditions of ad libitum feeding (AL) or 40% dietary 
restriction (DR). In mature AL mice, the concentrations of both bleomycin- 
chelatable and nonheme iron were markedly higher in liver, kidney, and heart 
when compared with brain tissue. Regions of the brain showed variation in 
nonheme iron, with the highest concentrations in midbrain, striatum, hip-
pocampus and hindbrain, and lower amounts in cerebellum and cortex. Hip-
pocampus was the only region in which bleomycin-chelatable iron was de-
tected. Nonheme iron increased with age in liver, kidney, striatum, hippocam-
pus, midbrain, and cerebellum, whereas bleomycin-chelatable iron showed 
age-associated increase only for the kidney. Dietary restriction had no effect 
on iron in the brain or heart, but increased iron in liver and kidney. The results 
do not support the hypothesis that relatively high levels of iron contribute to 
vulnerability of the brain to oxidative stress. Furthermore, changes in avail-
ability of redox active iron do not appear to be a unilateral mechanism for age- 
associated increases in the steady state level of oxidative stress/damage, or for 
the ability of dietary restriction to lower the steady-state level of oxidative 
stress/damage. [Supported by NIH-NIA grants AG07695 and AG13563].

463.8
FUNCTIONAL DEVELOPMENTAL CHANGES OF IKCa IN THE 
RAT MEYNERT NEURON. J. S. Rhee* and N. Akaike Department 
of Physiology, Faculty of Medicine, Kyushu University , Fukuoka 
812-82,Japan

The functional change of Ca2+-activated K+ currents (IKCa) with 
aging was studied in the freshly dissociated rat Meynert neurons of 0-2 
day (D)-, 2 week (W)- and 6 month (M)-old rats by using nystatin 
perforated patch recording configuration under voltage-clamp 
condition. Ionotropic glutamate receptor (iGluR) agonists such as 
NMDA, kainic acid (KA) and AMPA significantly increased the 
intracellular Ca2+ concentration ([Ca2+]i) in Meynert neurons in both 
immature and mature rats. However, IKCa was greater in 2W rat 
neurons than in 0-2D ones. The age-related increase of peak Ca2+ 
influx induced by iGluR reached to the maximum at 2 W rat neurons. 
Thereafter, no further increase of peak [Ca2+]j rise with aging was 
observed, even in 6 month rat neurons. Although, the time course of 
recovery of once raised [Ca2+]j was more prolonged in adult rat 
neurons, suggesting the age-dependent change in intracellular Ca2+ 
homeostasis; i. e. Ca2+ extrusion to the extracellular space, Ca2+ re-
uptake into the intracellular Ca2+ stores, and active Ca2+ extrusion from 
Ca2+ stores. Consequently, iGluR-induced I^a might function as one 
of the negative feedback systems, preventing the excess cell excitation 
and neuronal damages of CNS, especially in the mature rats. Further 
studies should be performed to identify the critical factors involved in 
the age-dependent change of Ca2+ homeostasis and its detailed 
mechanisms.

463.9
PHARMACOLOGICAL ACCELERATION OF ASTROCYTE SENESCENCE 
AND MEMORY IMPAIRMENT IN RATS. Rend St-Jacques. Gerard Mohr. C, 
Andrew Chapman. Jean-Claude Lacaille* and Hyman M. Schipper. Dept. of 
Neurology and Neurosurgery and Dept. of Medecine (Div. Geriatrics), SMBD- 
Jewish General Hospital, McGill University; and Dept of Physiology, University de 
Montreal, Montreal, Quebec, H3T 1E2.

In primary rat astroglial cultures, the sulfhydryl agent, cysteamine (CSH), 
promotes intramitochondrial iron sequestration and the formation of peroxidase- 
positive cytoplasmic inclusions akin to that observed in the normal aging brain. In 
the present study, we determined whether intracerebroventricular (ICV) infusion of 
CSH (lmg/day; for 3 weeks plus 1 month washout) in 20-22 weeks old rats elicits 
senescence-like astroglial granulation and memory impairment. After training the 
animals in the three-panel runway apparatus, the drug was infused into the lateral 
ventricle for a 3 week period using a mini-osmotic pump. The animals were tested 
immediately thereafter for memory deficits, and the pumps were removed. After an 
additional one month drug washout period, the behavioural tests were repeated. The 
animals' brains were evaluated for endogenous peroxidase activity (ferrous iron) and 
GFAP immunoreactivity (astrocyte marker). In a subgroup of animals, CA1, synaptic 
transmission was assessed using evoked field potentials in hippocampal slices. The 
results indicate that ICV infusion of CSH increases the number of peroxidase- 
positive astroglial granules in CA1 hippocampus, impairs memory processes, and 
reduces paired-pulse depression without significant effects on basal excitatory 
synaptic transmission or induction of long-term potentiation. The behavioural and 
electrophysiological abnormalities persist long after termination of CSH treatment 
suggesting that they are related to the accelerated hippocampal gliopathy and not to 
the neuroactive properties of the drug itself. Our model may shed light on the 
cellular mechanisms of brain aging and associated memory impairment and 
facilitate testing of cognition enhancing and anti-dementia drugs. (Supported by the 
Sandra Kolber Research Fund)
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464.1
c-fos antisense oligonucleotides inhibit brain signals induced by 
haloperidol: A molecular neuroimaging study. T.V. Nguyen*, C. 
Konradi, Y.I. Chen, P. Ledden, J.T. Coyle, B. R. Rosen and B. G.
Jenkins, Department of Psychiatry and Department of Radiology,
Massachusetts General Hospital and Harvard Medical School.

C-fos is one of the earliest genes induced in neurons following 
a variety of extracellular stimuli including neuroleptic drugs. Fos 
expression has been used to map activated neurons. Using combined 
molecular and neuroimaging techniques, we will present evidence for 
the first time that brain BOLD (blood oxygen level dependent) signals 
induced by haloperidol are c-fos dependent.

Haloperidol induced negative BOLD signals in the dorsal 
striatum and cortex immediately after the injection. In rats receiving 
intrastriatal injections of c-fos sense oligonucleotides (control) into one 
side and c-fos antisense oligonucleotides into the other, a clear 
difference was observed in the BOLD signals between each side 10 
hours after oligonucleotide infusion. Haloperidol injection caused a 
negative BOLD signal on the control side, but there was no change in 
signal in the striatum surrounding the c-fos antisense needle tract. Fos 
histochemistry results correlated with BOLD signals: Fos positive 
neurons were found on the control side (including around the needle 
tract) but not around the needle tract of the c-fos, antisense 
oligonucleotide injected side. Interestingly, changes in the BOLD 
signals occur immediately after haloperidol injection, at a timepoint 
when haloperidol induced Fos protein is not yet synthesized. Thus, the 
data obtained with c-fos antisense oligonucleotides also point to a role 
of basal Fos levels in BOLD signaling.

Supported by APA fellowship MH19126 (TVN).

464.2
A RAPID AND EASY NONRADIOMETRIC SYSTEM USED FOR IN SITU 
HYBRIDIZATION DETECTION OF OLIGONUCLEOTIDE PROBES. M. C. 
Tyler* and P. C. Mayer. NEN Life Science Products, Boston, MA 02118

We describe the easy and rapid detection of oligonucleotide probes in in situ 
hybridization using a biotinyl tyramide amplification system (TSA).

There are several instances where related proteins have sequence homology so 
great that only oligonucleotide probes will allow one to distinguish between their 
mRNAs. Vasopressin and oxytocin are such a pair. Traditional in situ 
hybridization using radioactive probes allows the specific detection of oxytocin 
mRNA, but nonradiometric detection of oligonucleotide probes has been very 
difficult since the amount of labeling possible is limited by the small size of the 
probe.

A novel tyramide amplification system (TSA) can be used to increase the 
detection of the oxytocin probe signal. Most of the protocol is unchanged from 
standard nonradioactive methodology. The biotin labeled probe is hybridized 
overnight, and stringency washes done the next morning. After a 30 minute 
blocking step, the tissue is incubated with streptavidin-HRP. The amplification step 
is a 10 minute incubation with biotin tryamide. In the presence of HRP, the 
tyramide compound results in the immediate deposition of multiple biotin 
molecules which are then used as the basis of further amplification.

The importance of titrating levels of streptavidin-HRP was investigated. At 
higher than optimal concentrations of HRP, the signal actually decreases with only 
a moderate increase in background. High levels of streptavidin-HRP may allow 
solution dimerization of the tyramide so less is available for specific deposition.

Once optimum biotin has been deposited, the amplification system can be used 
with either HRP- or Alkaline phosphatase-based final detection, or with 
fluorescence. The level of detection is comparable to a radiometric emulsion in a 
matter of minutes rather than days. Supported by NEN Life Science Products.

464.3
TECHNIQUES FOR VISUALIZING CELLS LABELED BY 
IMMUNOHISTOCHEMISTRY AND IN SITU HYBRIDIZATI-
ON IN WHOLEMOUNTS OF NEWBORN OPOSSUM AND 
EMBRYONIC MOUSE CNS. I.M. Luque, W.B. Adams* and T.G. 
Nicholls. Biozentrum, University of Basel, 4056 Switzerland.

Wholemount labeling techniques offer obvious advantages over conventional 
methods based on sections. An immediate and three-dimensional view of the 
stained components in a transparent CNS is provided; it becomes possible to survey 
and count cells and fibers in their natural relationships. Techniques for staining cells 
in invertebrates or lower vertebrates cannot be simply applied to the mammalian 
CNS because of its large size. A major aim of our experiments is to follow expressi-
on of proteins and mRNAs in the CNS of late mouse embryos and newborn 
opossums (Monodelphis domestica), We have now devised the following whole- 
mount techniques: (1) A peroxidase-antiperoxidase (PAP) immunohistochemical 
method based on protocols initially developed for Xenopus embryos and oocytes 
[Dent et al., Development, 105 (1989) 61-74], (2) A novel gold-silver immunohisto-
chemical method. (3) A PAP in situ hybridization method based on procedures 
originally described for Xenopus embryos [Harland, Meth. Cell Biol., 36 (1991) 685- 
695], The time for labeling by all techniques was 3 days. Reliable wholemount 
staining was obtained using isolated CNS (brain and spinal cord) from animals of 
age up to El7 (mouse) and P15 (opossum). Examples are shown of developing and 
regenerating preparations in which one can directly observe localization of nerve 
cells containing: neurotransmitters (TH, 5-HT, ChAT), intermediate filament (NFs, 
GFAP, vim), microtubule (MAPs, TAU, tub) and growth-associated (GAP-43) pro-
teins, nucleotide analogues (BrdU) and growth factor messages (bFGF mRNA). 
[Supported by grants from the Swiss Nationalfonds (3100-42.028.94) and from the 
International Research Institute for Paraplegia].

464.4
The SPREAD AND UPTAKE PATTERN OF INTRACEREBRALLY 
ADMINISTERED OLIGONUCLEOTIDES IN NERVE AND GLIAL CELL 
POPULATIONS OF THE RAT BRAIN. W. Sommer*12 , C. Xia1, B. Erdmann3, and
K. Fuxe1. Dept. of Neuroscience1, Karolinska Institute, 17177 Stockholm, Magnus 
Huss Clinic2, Karolinska Hospital, 17176 Stockholm, Sweden, and Max-Delbriick 
Centrum for Molecular Medicine3, 13125 Berlin-Buch, Germany.
The fate of 15-mer phosphorothioate modified antisense oligonucleotides to c-fos 
was followed after their microinjection into rat brain. Using radiolabeled 
oligonucleotides it was demonstrated that the bulk of the material stays in the 
injected region but that a minor part is transported with the projection pathways to 
regions far away from the site of injection. Using tetramethylrhodamine- 
isothiocyanate (TRITC)- as well as fluoresceine isothiocyanate (FITC)-labelling, it 
was found that the oligonucleotides were taken up by a great number of cells within 
30 minutes after the injection. A diffuse cytoplasmic and also nuclear staining was 
observed in these cells which could be exclusively identified as neurons by double 
labeling for the neuron specific protein NeuN. At later time points (6, 24 and 48 
hours) the appearence of the oligonucleotides changed gradually to a punctate 
cytoplasmatic staining which by electron microscopical analysis was shown to be 
due to the presence of the oligonucleotides in intracellular vesicles. The pattern of 
intracellular fluorescence was changed when the oligonucleotides were injected 
together with the cationic lipid l,2-bis(oleoyloxy)-3-(trimethylammonio)propane 
(DOTAP). Also a small number of astrocytes and microglial cells were found to be 
labeled by the oligonucleotides, however only at later time points after the injection 
and exclusively in a punctate cytoplasmatic manner. Thus, the uptake of 
oligonucleotides in the nerve and glial cell populations of the brain might involve 
different mechanisms, the one in the neurons appearing to be very rapid and potent.

464.5
AUTOMATED MAPPING OF IMMEDIATE EARLY GENE 
INDUCTION PATTERNS AT CELLULAR RESOLUTION. G. Cecchi*, 
S. Ribeiro, C. V. Mello, and M. Magnasco. Center for Physics and Biology and 
Laboratory of Animal Behavior, The Rockefeller University, New York, NY, 10021

An important problem faced by neurobiologists is that of the representation of 
complex objects by the brain. To address this issue one needs to use a methodology 
that can discriminate such a representation from ongoing cerebral activity, with high 
spatial and temporal resolution. For behaviorally relevant objects, such studies must 
be conducted in awake animals under natural behavioral conditions. Immediate early 
genes (IEG) can be used as induced neuronal markers to reveal populations of cells 
involved in particular aspects of behavior. We are interested in how conspecific songs 
are represented in the auditory forebrain of songbirds. Our strategy for identifying 
neuronal cells involved in such representations is based on the induction of the IEG 
ZENK in response to song presentation. We take advantage of the fact that ZENK 
induction is rapid, transient, and occurs only in response to novel songs. To 
accomplish our goal, we have developed a computerized imaging procedure that 
accurately maps ZENK-labeled nuclei as revealed by immunocytochemistry (ICC), 
over large portions of the forebrain. Brain sections from song-stimulated canaries were 
reacted for ZENK ICC, visualized with standard bright field microscopy and captured 
by a CCD camera. For accurate computer recognition, labeled nuclei had to be 
represented by an average of about thirty pixels. At this resolution (3 pixels/ mm), the 
brain region we study (caudomedial neostriatum, NCM) spanned tens of thousands of 
pixels; hence, hundreds of frames had to be stitched together by software in order to 
generate a complete image of NCM. Foreground features were automatically separated, 
and subjected to criteria for size, shape, contrast and intensity, in order to discriminate 
ZENK labeled nuclei from histological debris or other artifacts. By using two 
computer workstations to separately capture and process images, we were able to 
generate complete maps of areas three square millimeters in size within a few minutes 
each. This speed now enables us to approach 3-D reconstructions of large brain areas 
at cellular resolution. (Mathers Foundation. NIDCD, Kluge Fellowship, and CNPq).

464.6
NUCLEAR LOCALIZATION OF CNTF 

Adriana Bajetto, Njiovanna Chimini and Gennaro Schettini*. Inst. Pharmacology, 
School of Medicine, Univ. of Genoa, Pharmacology National Institute for Cancer 
Research (1ST), Unit of Neuroscience CBA, Genova, Italy and A C.I.M.L., Marseille, 
France.

Ciliary neurotrophic factor (CNTF) initially identified on its ability to support the 
survival of parasympathetic neurons from the chick ciliary ganglion is a trophic factor 
for a variety of other embryonic neurons, cranial and spinal motor neurons. The major 
sources of synthesis of CNTF are Schwann cells and astrocytes but it remains unclear 
how much CNTF is released from these glial cells and by what mechanism since CNTF 
lacks a secretory signal sequence. Proteins with a defined extracellular function but 
lacking a signal sequence have been identified either in the eukariotic and prokaryotic 
system. Indeed, several proteins such as FGF, interleukin 1 and tat of HIV show the 
ability to translocate to the nucleus where they can exert their biological activity. The 
belonging of CNTF to a leaderless proteins family led us to investigate whether CNTF 
shares the ability to reach the nucleus. To study the subcellular localization of CNTF 
cortical rat astrocytes were cultured and analysed for CNTF immunoreactivity that 
showed a positive staining with a preferential nuclear localization. We studied the 
localization of CNTF also in the C6 glioma cells: a positive stain was detected in the 
nucleus which was abolished by the coincubation with the recombinant CNTF. In order 
to investigate the mechanism of nuclear translocation of CNTF we utilized the Xenopus 
oocytes system: after injection of CNTF cRNA, we demonstrated that CNTF is able to 
achieve the nucleus of Xenopus oocytes and the rate of protein recovered was reduced 
by chilling treatment suggesting a facilitate transport mechanism instead of simple 
diffusion (chilling insensitive). Taken together our results demonstrate that CNTF 
shows a preferential nuclear localization for CNTF in different cellular systems. 
(Supported by CNR 95.02434 and MURST 40% 1996 to GS)
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464.7
METABOLIC POLARIZATION IN NEURONS IN THE RAT HIPPOCAMPUS & 
PREDICTIONS OF FUNCTIONAL INTRANEURONAL & NEURON-NEURON 
METABOLIC PROCESSING OF GLUCOSE. Glenn H, Kagevama*. Dept. Biol. 
Sci., Calif. State Polytechnic Univ., Pomona, CA 91768; Dept. Anat. & Neurobiol., 
College of Medicine, University of California, Irvine, CA 92717.

Major sites of energy utilization, as determined by the histochemical localization of 
Na+,K+-ATPase (p-nitrophenyl phosphatase, p-NPP), was compared to major sites of 
energy production by glycolytic vs. oxidative metabolic pathways, as determined by 
lactate dehydrogenase (LDH) isozyme immunohistochemistry and cytochrome oxidase 
(CO) histochemistry, respectively, in the rat hippocampus. Animals were perfused 
with aldehydes and 60 //m vibratome sections were processed for either p-NPP or CO 
histochemistry, or M4- or H4- LDH immunohistochemistry, and compared. Cellular 
analysis of the rat hippocampus revealed that the highest levels of p-NPP, CO and 
H4-LDH were found within the dendrites of granule and pyramidal cells, while M4- 
LDH was highest in axons and axon terminals, indicating an inverse intracellular 
distribution and partial segregation of oxidative and glycolytic enzymes in these cells. 
The differential immunolocalization of the heart (H4) and muscle (M4) isozymes of 
LDH provide evidence, not only for the glycolytic-oxidative metabolic polarization of 
principal hippocampal neurons, but also for a possible glycolytic-oxidative metabolic 
relationship between axon terminals and their target dendrites. Since presumptive 
glycolytically active axon terminals are in close association with oxidatively rich 
dendrites, it is proposed that lactate generated by M4-LDH and released from 
glycolytically active axon terminals can be reconverted to pyruvate by H4-LDH 
located in dendrites where it can enter the TCA cycle and be metabolized by the 
oxidative mitochondrial pathways. These observations support the hypothesis, that 
glucose utilization as determined by the 2-deoxyglucose method can exhibit a very 
different subcellular localization from oxidative metabolic methods such as 
cytochrome oxidase (CO) or succinic dehydrogenase (SDH) histochemistry. Support: 
Cal Poly Pomona RSCA Grant #1-11496 & NIH MBRS 009850 and NIH Grants to 
UCI: DC 00450 & NS 30109 (RT Robertson & GH Kageyama).

464.8
THE EFFECTS OF LONG-TERM COLD STORAGE (- 80 °C) ON
IMMUNOCYTOCHEMISTRY FOR FOS, C-JUN, JUN-D AND CALBINDIN.
D.W. Saxon* and A.J. Beitz. University of Minnesota, St. Paul, MN 55108.

As a matter of practical application immunocytochemistry is cumbersome and 
prone to quality variations due many factors. One such factor relates to differences 
in the reagents used each time immunocytochemistry is carried out. This problem 
can lead to variations in the staining and problems in analysis of staining density 
(cells and fibers). Ideally all specimens would be run up at the same time but rarely 
can this be done due to differences in experimental design and times between groups 
of animals. Here we outline a method for the long-term cold storage of whole 
brains that has little effect on subsequent immunocytochemistry when compared to 
control animals (no freezing storage). Male Sprague-Dawley rats (250-300g) were 
given IP injections (30 mg/kg) of the tremogenic drug harmaline which produces a 
distinct spatial-temporal pattern of IEG staining in the brain. Animals were 
perfused with 4% paraformaldehyde in PBS and the excised brains cryoprotected in 
30% sucrose solution for 12 hours. Whole brains were then placed on aluminum 
foil in a small pool of O.C.T. compound (Tissue-tek) and rapidly frozen using 
Histo Freeze-2000 (Fisherband). The foil was then folded around the specimen 
which was then placed in a small ziplock bag to prevent desiccation while in cold 
storage. Storage ranged from 2 weeks to 5 months. Frozen sections (40 pm) were 
cut and run up for Fos (1:7000), C-Jun (1:5000), Jun-D (1:5000) and calbindin (1: 
5000) immunocytochemistry with DAB as the chromagen. The results indicate that 
although variation in staining occurred between different groups (each group 
includes experimental and control animals) there was little variation between the 
experimental and control animals in a single group. This methodology may prove 
useful in settings where large numbers of animals from different time points need to 
be compared or as a method of saving excess tissue until antibodies and reagents 
become available. Other types of tissue may also be able to undergo longterm cold 
storage with little or no detriment to their immunocytochemical properties. 
(Supported by NIH grant# NS31318)

464.9
POSTEMBEDDING IMMUNOGOLD IDENTIFICATION OF 
GLUTAMATE RECEPTORS POSTSYNAPTIC TO TRACER- 
IDENTIFIED TERMINALS. K.D. Phend*. V.N. Kharazia, and
R.J. Weinberg. Dept. of Cell Biology & Anatomy, UNC, Chapel 
Hill, NC 27599.

We have previously reported an osmium-free technique for 
embedding fixed tissue in Epon plastic, of particular interest 
because it retains antigenicity for glutamate receptors. We wish to 
apply this technique to study receptors used by identified cortical 
connections. However, in the absence of osmium, standard 
peroxidase protocols for the EM visualization of tracers yield an 
unstable reaction product, largely washed out during the 
postembedding immunocytochemistry. This loss can be 
minimized by treatment of DAB-stabilized reaction product with 
platinum chloride prior to embedding. Treating grids with 
sodium metaperiodate and sodium borohydride prior to 
immunoreaction is reported to enhance the density of the 
immunogold labeling. However, these reagents also attack the 
peroxidase reaction product. We find that treatment of grids 
instead with para-phenylenediamine prior to immunoreaction 
enhances gold labeling without damaging the peroxidase reaction 
product. Using these modifications, we are now getting good 
results with both WGA-HRP and biotinylated dextran. This work 
was supported by PHS award # NS29879 (to RJW).

464.10
MONOCLONAL ANTIBODIES TO THE NATIVE DISEASE SPECIFIC 
PRION PROTEIN C, Korth*, B. Stierli*, M. Moser*, P. Streit*, B. 
Oesch**. +Prionics and #Brain Research Institute, University of Zurich, 
Zurich, Switzerland
Infection with transmissible spongiform encephalopathies is caused 
by prions, which contain a disease-specific conformational isoform, 
PrPSc, of a normal membrane-anchored host protein PrPc Structural 
studies suggest that conversion of PrPc to PrPSc, thought to be 
essential for replicating prions, is paralleled by a shift from a-helical to 
p-sheet secondary structure. So far, it has not been possible to raise 
monoclonal antibodies recognizing disease-specific native PrPSc, first, 
because the primary structure of PrP is highly conserved in mammals 
and, second, because the immunological response to PrPSc is almost 
absent during disease.
We have immunized PrP knockout mice with highly purified 
recombinant bovine PrP. Fusion of splenocytes of these mice 
resulted in stable hybridoma cell lines producing monoclonal 
antibodies that recognize native PrPSc. The epitopes recognized by 
the monoclonal antibodies cover a large part of the linear PrP 
sequence or are conformation-sensitive as determined by epitope 
mapping with an immobilized peptide library.
The described monoclonal antibodies are unique since for the first 
time detection tools for the recognition of the native disease-specific 
prion protein are available. Novel avenues for prion disease detection 
as well as structural studies of prion protein isoforms are opened. 
Supported by the Swiss National Foundation.

BLOOD-BRAIN BARRIER II

465.1
COMPARATIVE INVESTIGATION OF GLUCOSE TRANSPORTER-1 
DISTRIBUTION IN BRAIN MICROVESSELS OF DIABETIC RATS AND 
NORMAL RATS. AN IMMUNOCYTOCHEMICAL STUDY
Sylvia Bolz1*, Uwe Kniesel1, Carl Erb2 and Hartwig Wolburg1
institut fur Pathol ogie der Universitat Tubingen, Germany.
2Augen-Kantonspital Basel, Switzerland.

The blood-brain barrier (BBB) specific glucose transporter isoform 1 (Glut-1) is 
responsible for trafficking glucose from blood to brain. In diabetic mellitus (DM) 
changes in brain vessel morphology, dysfuncion and an increased permeability for 
proteins are common features (Oztas and Kiiguk 1995, Neurosci. Letters 188: 53). 
Studies of experimental DM documented a decrease in the maximum glucose 
transport capacity of the BBB and in the glucose transport rate (Gjedde and Crone, 
1981, Science 214: 456).

The aim of our study was to characterize the differences in expression level and 
subcellular distribution of Glut-1 between diabetic BB/OK rats and Sprague-Dawley 
rats by immunogold electron microscopy. In normal rat brain, endothelial cells show 
an asymmetric distribution of Glut-1-immunoreactivity (IR) with a four fold higher 
density of gold-particles at the ablumenal compared to the lumenal membrane (Bolz 
et al, 1996, Cell Tiss Res, 284: 355). In contrast, in diabetic brain microvessels we 
find a dramatic down-regulation to 25% of the absolute amount of Glut-l-IR. The 
immunogold-labeling was found to be reduced exceedingly at the ablumenal and 
proportionally at the lumenal membrane. In the cytoplasm, there is only a slight 
reduction of Glut-l-IR These results confirm that an elevated concentration of 
plasma glucose entails a repression of glucose transport in brain capillaries and 
indicate a high plasticity of facilitated diffusion mechanisms for glucose in the BBB.

This work was supported by the DFG (Wo 215/11-1).

465.2
Development  of  the  blood -retina  barrier  in  the  chicken  
S. Liebner*, H, Gerhardt, H. Wolburg. Institute of Pathology, University of Tubingen, 
Liebermeisterstrasse 8, D-72076 Tubingen, Germany

The blood-retina barrier of the avian eye is composed of the retinal pigment 
epithelium (RPE) and the endothelial cells (ECs) of the pecten oculi. Recently, we 
have introduced the pecten oculi of the chicken as a new in vivo model for blood- 
brain barrier (BBB) investigations (1) and have described its development in terms of 
barrier maturation (2). Whereas the RPE cells forming the primordial pecten loose 
their barrier properties and the ECs acquire them during invasion from the choroidal 
vasculature into the pecten. In analogy to astrocytes which are suggested to induce 
BBB properties in brain microvessels, the pectinate cells are favourable candidates to 
do so in the pecten oculi. During pecten development we investigated barrier 
maturation by freeze-fracture morphology of tight junctions (TJs), the permeability of 
pecten vessels for lanthanum and the immunoreactivities (IRs) for the TJ-protein 
occludin and for N-cadherin, a component of adherens junction (AJS).

Asking for the crosstalk between AJs and TJs, we found an early downregulation of 
N-cadherin prior to TJ formation in the RPE. In contrast, the invading blood vessels 
of the pecten primordium revealed concommitantly increasing IRs for N-cadherin and 
occludin up to El6 In later stages, we observed a further increase in occludin-IR and 
a decrease of N-cadherin-IR to a punctuate appearance. The different expression 
patterns of N-cadherin and occludin in the RPE and in the pecten oculi speak in favor 
of a different developmental mode of epithelial (glial) and endothelial TJs in the 
chicken.

Acknowledgements: With support of the Graduiertenkolleg Neurobiologie and the 
DFG. We thank Dr. Redies for collaboration. We acknowledge the gift of the anti- 
occludin-antibody by Dr. Tsukita.

References: (1) Gerhardt et al. (1996) Cell Tissue Res. 285:91-100; (2) Liebner et 
al. (1997) Dev Brain Res. in press
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465.3
Regulation  of  Tight  Junction -Genesis  in  Blood -Brain  Barrier  Endothelial  
CELLS. Uwe Kniesel12*, Werner Risau2 and Hartwig Wolburg1 
institut fur Pathologie der Universitat Tubingen, Germany.
2MPI fur physiologische und klinische Forschung, Kerckhoff-Institut, Germany.

During development of the blood-brain barrier (BBB) in the rat cortex, tight 
junctions (TJs), the cellular basis of the physiologically defined paracellular barrier 
function, are strongly modulated until postnatal day 1 (Pl) [Kmesel et al., 1996, Dev 
Brain Res. 96: 229], Unexpectedly, BBB-specific precursor-structures of TJs could be 
identified by freeze-fracture electron microscopy at embryonic day 13 (El3). These 
precursors show TJ-specific membrane specializations, but the corresponding TJ- 
particles are almost completely lacking. A comparable intermediate stage of TJ- 
genesis could not be found in any other epithelial or endothelial TJ-system to date 
We suggest that the TJ-associated membrane specialization indicate a cytoskeletal 
preformation of a basic TJ-network. This hypothesis is supported by the immunocyto-
chemical detection of ZO-1, a submembranous localized TJ-component. in TJ-regions 
at the intercellular clefts between BBB-endothelial cells at E13.

The described TJ-precursor structures are inducible in BBB endothelial cells in 
vitro under conditions of calcium-depletion. The sensitivity of TJs to variations in 
extracellular levels of calcium suggests that the calcium-dependent cadherin-catenm- 
system may play a crucial role in regulating BBB-charactenstics, since the only 
transmembranous constituent of the TJs, occludin, lacks calcium-binding sites

We investigated the interaction and interdependence of components of the TJ- and 
cadherin/catenin-system (ZO-1, occludin VE- and N-Cadherin, 13- and y-catemn, 
pi 20““) by immunocytochemical and biochemical methods in calcium-switch assays 
in vitro and in capillary fragments freshly isolated from rat cortices.

This work is supported by the Graduiertenkolleg Neurobiologie and the MPG

465.4
LEAD EXPOSURE INHIBITS SECRETION OF TRANSTHYRETIN 
(TTR) BY THE CHOROID PLEXUS (CP). W. Zheng*. Div. of Env. 
Health Sci., School of Public Health, and Dept. of Pharmacol., College 
of Physicians and Surgeons, Columbia Univ., New York, NY 10032.

Previous studies in this laboratory indicate that long-term, low-dose Pb 
exposure in rats causes a significant accumulation of Pb in the CP, which 
is inversely associated with the decrease of TTR concentrations in the 
cerebrospinal fluid (CSF) (Zheng, et al., Toxicol. Appl. Pharmacol., 139: 
445, 1996). Since the CP is the primary source of CSF TTR, we 
hypothesized that Pb may interfere TTR production and/or secretion at the 
CP. Thus, an in vitro pulse-chase experiment was performed in order to 
test this hypothesis. Newly-synthesized and secreted TTR’s in a primary 
culture of choroidal epithelial cells were pulse-labeled by T35S]- 
methionine, separated by immunoprecipitation and SDS-PAGE, and 
quantitated by counting radioactivity derived from cell lysate and culture 
medium. Two-way ANOVA of the chase phase revealed that Pb 
treatment (30 pM) significantly reduced [35S]-TTR secretion as compared 
to the control (p<0.001, n=5). At 3 hr following the chase, [35S]-TTR in 
the media was 3.7 fold lower in the Pb group than in the control, while 
[35S]-TTR retained in the cells was 1.7 fold higher in the Pb group than 
in the control. Pb treatment did not seem to affect the overall synthesis of 
TTR during the entire chase period (p=0.074 by ANOVA). However, it 
did suppress the production of total [35S]-TTR by 1.5 fold at a 3-hr time 
point. It appears that Pb disposition in the CP hinders the secretion (and 
possibly synthesis) of TTR by the CP, which, in turn, leads to the 
inhibition of thyroxine transepithelial transport at this blood-CSF barrier. 
(Supported in part by Grants ES06831 and ES07042)

465.5
CALCIUM SIGNALING IN ASTROCYTE-ENDOTHELIAL CELL CO-
CULTURES. E. J. Yoder* and A. C. Charles. Dept. of Neurology, UCLA 
School of Medicine, Los Angeles, CA 90095-1769.

Primary cultures of neonatal mouse cortical astrocytes were grown in 
mixed culture with immortalized mouse brain capillary' endothelial (bEnd3) 
cells. In areas of contact between the two cell types, morphologically 
distinct multicellular columns were observed. These multicellular columns 
did not occur when either endothelial cells or astrocytes were co-cultured 
with a neuronal cell line (GT1), suggesting that a cell-specific interaction 
produces the columns. The multicellular columns were not observed when 
glial-conditioned medium was added to endothelial cell cultures, nor when 
endothelial-conditioned medium was added to astrocytes, suggesting that 
the formation of columns is contact-mediated and not induced by a 
diffusible messenger. Cells in the columns at the sites of contact between 
endothelial cells and astrocytes exhibited frequent spontaneous oscillations 
in [Ca2+]j, as well as intercellular Ca2" waves involving 3-5 cells. The 
incidence of Ca2+ oscillations and waves was significantly greater in regions 
of glial-endothelial cell contact than in cells outside of these regions or in 
purified astrocyte or endothelial cell cultures. Bradykinin and glutamate 
elicited greater Ca2+ increases in the multicellular columns than in the 
surrounding cells, while ATP and serotonin evoked similar Ca2" responses 
in both columns and surrounding cells. These studies suggest that contact 
between endothelial cells and astrocytes results in changes in morphology, 
spontaneous Ca2+ signaling, and pharmacology.
Supported by N.I.H grants NS32283 and NS07356.

465.6
ENHANCED DELIVERY OF CYCLOSPORINE-A TO BRAIN WITH HYPER-
OSMOLAR BLOOD-BRAIN BARRIER DISRUPTION P, Tompkins. F.A. Stevens 
and M.K, Gumerlock*. Dept. of Neurosurgery, University of Oklahoma. HSC.
Oklahoma City. OK 73104

Cyclosporine-A (CSA) has been used in the treatment of multiple sclerosis (MS).
Poor penetration of CSA at the blood-brain barrier requires long-term oral admin-
istration to achieve effectiveness, resulting in serious side effects. These side effects 
might be avoided if CSA could be delivered in sufficient concentration directly to brain 
parenchyma. We have investigated the use of mannitol hyperosmolar blood-brain 
barrier disruption (HBBBD) to increase delivery of CSA to the brain.

Following intracarotid (IC) infusion of either saline (control) or mannitol (HBBBD), 
CSA was infused IC in increasing concentrations (0.0013,0.15,0.6 and 1.5 mg total 
dose in 300ul buffer solution). CSA in brain at 60min post saline infusion were 4.1,
323, 676 and 1204 ng/gm brain respectively. Following HBBBD, residual CSA was 
increased to 15.2, 603, 1851, and 3484 ng/gm respectively at one hour.

In addition, residual brain CSA concentrations were measured in relation to route of 
CSA delivery (intracarotid vs. intravenous). A total dose of 1,5mg was used to mimic 
the clinical treatment dose of 3mg/kg. IV infusion of CSA resulted in a CSA concen-
tration of 277+/-33 ng/gm brain at one hour post saline infusion. HBBBD increased 
this to 752 +/- 47ng/gm. IC infusion of the CSA bolus following saline resulted in a 
brain concentration of 1204 +/-103ng/gm at one hour post saline. HBBBD increased 
this to 3484 +/-252 ng/gm brain.

IC delivery of CSA after HBBBD increases brain CSA (3484 ng/gm) by more than 
10-fold over IV administration of CSA (277 ng/gm). This means that much higher 
concentrations of CSA can be delivered to the brain while significantly decreasing 
systemic exposure to this agent. Continuing studies are aimed at delivering CSA to rats 
with experimental allergic encephalitis (EAE), an animal model of multiple sclerosis.

This study was funded by the Medical Alumni Association, Univ. of Oklahoma, HSC.

465.7
THE TRANSPORT OF NUCLEOSIDES ACROSS THE PERFUSED CHOROID 
PLEXUS OF THE SHEEP. M. B, Segal*, Z, B, Redffi.,1. D, Markovic, I, M, 
GaSic. V. Vidovic and Lj. M. Rakic. Sherrington School of Physiology, UMDS, St. 
Thomas’ Hospital, London, SE1 7EH, UK and Institute of Biochemistry, School of 
Medicine, Pasterova 2, 1100 Belgrade, FR Yugoslavia.

The transport of nucleosides across the choroid plexus (CP) into the cerebrospinal 
fluid (CSF) may constitute an alternative pathway for the entry of these molecules 
into the brain. We have used the isolated vascularly perfused CP of the sheep to 
study the uptake of labelled adenosine, guanosine and thymidine across the basolateral 
side of the CP using the single circulation paired dilution technique. The uptake of 
adenosine and guanosine was about 35 % and that of thymidine was less (-15 %). The 
addition of 0.5mM unlabelled adenosine completely inhibited guanosine uptake, 
caused a 66% inhibition of adenosine and a 50% reduction in that of thymidine. 
However 0.5 mM unlabelled thymidine caused complete self-inhibition. This would 
indicate that these molecules are transported by at least two carriers into the CP. The 
backflux of adenosine into the perfusate was small and less than that of guanosine and 
thymidine which might indicate that the adenosine had been metabolised rapidly by 
the cells of the CP and/or transported across the apical side of the CP cell into the 
CSF. However HPLC examination of newly formed CSF collected from the surface 
of the CP revealed that the adenosine had been metabolised to hypoxanthine and the 
parent molecule was absent. From these findings it would appear that while the 
uptake of guanosine and thymidine by the CP are limited by the characteristics of the 
membrane transport, the uptake of adenosine is largely governed by the rate of 
cellular metabolism and not the rate of transport across the cell wall.

465.8
FIBROBLAST GROWTH FACTOR-2 INDUCED HYDROCEPHALUS: 
DISRUPTION OF CEREBROSPINAL FLUID FORMATION AND BULK 
ABSORPTION IN THE RAT. C. Johanson*, A, Chodobski, E, Stopa.
L.Andrews, J, Shin and J, Szmydynger-Chodobska. Program in
Nsmasurgery, Brown...University and Rhode Island Hospital,
Providence, R.I, Q2903,

Intraventricularly-administered fibroblast growth factor 
(FGF)-2 can induce ventriculomegaly in rats. The hydrocephalus 
is accompanied by a disruption in the ultrastructure of both the 
CSF-forming choroid plexus epithelium and the CSF-draining 
arachnoid villi. To assess the CSF hydrodynamics in hydro-
cephalus induced by FGF-2, we quantitated the rates of CSF 
formation and bulk absorption.

Alzet pumps were used to infuse FGF-2, at a rate of 1 ug/day,into 
the lateral ventricles of young adult Sprague-Dawley rats.
Control animals were infused with isotonic NaCl. After two weeks 
of infusion, each rat, under pentobarbital anesthesia, was 
subjected to ventriculo-cisternal perfusion in order to quantify 
CSF formation and absorption rates. Blue Dextran was used as 
indicator for dilution of the perfusion fluid with nascent CSF.

CSF formation rate was 2.53 ± 0.07 (sem ) ul/min in controls, and 
it was decreased by 28% to 1.83 ± 0.01 ul/min in the FGF-2 treated 
rats. Resistance to CSF outflow (bulk absorption) was almost 
doubled in hydrocephalic animals (2.05 ± 0.19 mmHg.min/ul) 
compared to controls (1.03 ± 0.17). Thus, elevated [FGF-2] in CSF 
alters CSF flow. Supported by NIH NINDS 27601 (C.J.) and Lifespan 
research funds at Rhode Island Hospital.
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465.9
THE EFFECT OF AMMONIUM IONS ON BLOOD-BRAIN BARRIER 
TRANSPORT OF 22Na, K.A. Smart, M.B. Segal and F.R Pomer*. 
Physiology Dept, UMDS, St. Thomas' Hospital, London, UK.

Increases in plasma NH4+ concentration following acute liver failure 
have been correlated with the development of the symptoms of Hepatic 
Encephalopathy (HE) (Schenker et al., 1974). Evidence suggests that 
NH4+ may be able to substitute for K+ at Na+-K+-ATPases (Skou, 1960), 
and Moser, (1986) has shown the ability of NH4+ to stimulate Na+-K+- 
ATPases. We have previously shown that NH4+ reduces the brain 
parenchyma uptake of 86Rb, whilst increasing endothelial cell uptake 
(Smart and Segal, 1995). We have also shown that NH4+ increases the 
brain- endothelial cell efflux of the ion. These data suggest a mode of 
action at the abluminal face of the BBB, known to be the location of Na+- 
K+-ATPase (Keep et al., 1993). The purpose of this study was to ascertain 
whether NH4+ can induce similar changes to the BBB transport of 22Na. 
Using the bilateral in situ brain perfusion technique (Preston et al., 1995), 
we have studied the brain uptake and efflux of 22Na in the presence of 
NH4+, and using dextran density capillary depletion analysis (Triguero 
et al., 1990), we have been able to separate capillary endothelial cell 
uptake from that of the brain parenchyma. NH4+ was found to increase 
whole brain, parenchymal and capillary endothelial cell uptake, with 
Kin rising from 2.5 to S.lSpl.min^.g'1. NH4+ was also found to increase 
the efflux half life of 22Na from 7.68±0.35 to 8.99±0.53 mins. These data 
show NH4+ has opposite effects for 22Na than for 86Rb, with increased 
22Na uptake to both the parenchyma and the capillary endothelial 
cells, whilst 22Na efflux is reduced. These opposite effects suggest that 
NH4+ may indeed stimulate Na+-K+-ATPases.

465.10
Ceramide In TNFa/Cycloheximide-Induced Apoptosis In Bovine 
Cerebral Endothelial Cells (BCECs). J. Xu, C.H. Yeh, S.W. Chen,
E.R. Shuter*, P.W. Choi, C.Y. Hsu. Dept. Neurology Washington Univ. 
Sch. Med., St. Louis, MO 63110.

Cytokines, including TNFa, may signal inflammatory response through 
the activation of sphingomyelinase and the release of ceramides, the 
downstream inflammatory mediators. Sequential treatment of BCECs with 
TNFa (16 hr) and cycloheximide (CHX) (6 hr) stimulated ceramide 
formation and led to DNA fragmentation and cell death. C2-ceramide, a 
cell permeable ceramide analog, also induced DNA fragmentation and death 
in BCECs in a dose dependent manner. C2.-dihydroceramide did not induce 
BCEC death. Like TNFa/CHX, C2-ceramide-induced BCEC death showed 
characteristics of apoptosis including DNA laddering, positive TUNEL 
stain, and increase in DNA fragments. Fumonisin BI, a ceramide synthase 
inhibitor was partially effective in inhibiting TNFa/CHX-induced BCEC 
death. Acidic sphingomyelinase inhibitors, including desipramine and 
chlorpromazine were without effect. These findings are consistent with the 
contention that TNFa/CHX-induced BCEC death is at least partially 
mediated by ceramides. NF-kB, a pro-inflammatory transcription factor 
activated by TNFa and other cytokines, may confer a cytoprotective role 
against TNFa-induced apoptosis. TNFa/CHX increased, while C2- 
ceramide decreased, NF-kB binding activity in BCECs. Further studies are 
needed to delineate the exact role of NF-kB in BCEC death. (Supported by 
Office of Naval Research, Paralyzed Veterans of America and NIH grants 
NS28995 andNS32636.)

465.11
Melatonin Protects Cerebral Endothelial Cells From Hyperoxia- 
Induced DNA Damage and Death. A.Y. Shaikh, J. Xu*, Y. Wu, L. He, 
C.Y. Hsu. Dept. Neurology, Washington Univ. Sch. Med., St. Louis, MO 
63110.

Melatonin is a pineal hormone that was only recently discovered to be an 
efficient antioxidant. The protective ability of melatonin was assessed 
under conditions of hyperoxia, which leads to the excessive formation of 
reactive oxygen species (ROS). Bovine cerebral endothelial cells were 
exposed to 95 or 100% oxygen for 8 h with or without melatonin (0.04 - 5 
mM) treatment immediately prior to hyperoxia. Gel electrophoresis was 
used to demonstrate the presence of DNA ladders. A cell death ELISA was 
used to quantify the amount of DNA fragmentation. Cell death was 
visualized by the nick labeling method. Lactate dehydrogenase (LDH) 
release was also assayed to determine the extent of cell death. Hyperoxia 
resulted in a 7-fold increase in DNA fragmentation and a 5-fold increase in 
LDH release. These results, together with morphological features from nick 
labeling and the appearance of DNA ladders, are suggestive of cell death by 
apoptosis. Melatonin reduced DNA fragmentation and LDH release in a 
dose-dependent manner. Results from the present study show that oxidative 
stress induces death of bovine cerebral endothelial cells with morphological 
and biochemical features suggestive of apoptosis. Melatonin appears to be 
a potent antioxidant in reducing ROS-mediated DNA fragmentation and 
apoptosis in bovine cerebral endothelial cells. (Supported by Office of 
Naval Research and NIH grant NS 28995.)

465.12
DOCOSAHEXAENOATE ENHANCES THE TNFa INDUCTION 
OF CYCLOOXYGENASE-2 IN CEREBRAL ENDOTHELIUM.
M.A. Hilfers* and S.A. Moore, Department of Pathology, The 
University of Iowa, Iowa City, IA 52242-1181

Omega-3 fatty acids such as docosahexaenoate (DHA or 22:6co-3) 
have a therapeutic effect in many tissues by reducing prostaglandin 
(PG) production and the synthesis of inflammatory cytokines, yet their 
mechanism of action is unclear. PG production in inflammatory 
conditions is enhanced through the induction of cyclooxygenase-2 
(COX-2), an effect mediated by pro-inflammatory cytokines like tumor 
necrosis factor a (TNFa). To investigate whether DHA might act as an 
anti-inflammatory agent through an effect on COX expression, murine 
cerebral endothelial cells were incubated 96 hrs in routine culture 
medium containing 60 pM DHA before adding 10 ng/ml TNFa for an 
additional 3 to 6 hrs. Cell cultures incubated with DHA alone showed 
a small increase in COX-2 mRNA and protein compared to controls. 
TNFa alone caused a slightly larger increase, and surprisingly, cells 
that were treated with both DHA and TNFa had the largest increase in 
COX-2 message and protein. There was no change in the expression 
of the constitutive enzyme COX-1 with either DHA or TNFa. A 
control fatty acid (oleic acid or 18:1 co-9) had no effect on COX-2 
expression or the induction of COX-2 by TNFa. These results indicate 
that DHA enhances the TNFa-induced increase in COX-2 mRNA and 
protein. Therefore, DHA, an abundant polyunsaturated fatty acid in 
brain, may amplify the inflammatory response during central nervous 
system pathology instead of exerting an anti-inflammatory effect as 
has been observed in other tissues.Supported by NS-24621 and T32MH15172.

465.13
CEREBROVASCULAR CYCLOOXYGENASE-2 EXPRESSION IS 
REGULATED BY PRO- AND ANTI-INFLAMMATORY 
CYTOKINES. S.A. Moore*. E.J. Yoder, and G. Rich. Department of 
Pathology, The University of Iowa, Iowa City, IA 52242-1181

Arachidonic acid metabolism is important in regulating the cerebral 
circulation and its response to CNS injury, a response that often 
involves vascular cell proliferation, inflammatory cell infiltrates, and 
glial cell reactions. Induction and regulation of cyclooxygenase-2 
(COX-2) may be important in these processes. To study COX-2 
expression in cerebrovascular cells, mouse-derived cerebral endothelial 
and smooth muscle cultures are incubated up to 24h with a variety of 
pro- and anti-inflammatory cytokines. Incubation with 0.5 ng/ml 
interleukin-lp (IL-1(3) or 10 ng/ml tumor necrosis factor a (TNFa) 
cause 3 to 10 fold increases in basal and stimulated prostaglandin (PG) 
production in both cell types. Levels of COX-2, but not COX-1, 
mRNA and protein are rapidly and greatly induced by these same 
proinflammatory cytokines. Peak mRNA levels are seen by 3h and 
peak protein levels by 6h. An anti-inflammatory cytokine, 
transforming growth factor p, (TGFp1 at 1 ng/ml), and the chemokine, 
macrophage chemotactic protein 1 (MCP-1 at 100 ng/ml), are able to 
block IL-ip or TNFa induction of COX-2 by up to 60%. These data 
indicate that COX-2 expression and COX activity in cerebrovascular 
cells are regulated by pro- and anti-inflammatory cytokines. The data 
suggest that cerebrovascular PG production may be modified by 
regulation of endothelial or smooth muscle cell COX-2 in disease 
states such as trauma, stroke, infection, or neoplasia where cytokines 
such as IL-1(3, TNFa, TGF(3! and MCP-1 are produced.Supported by NS- 
24621 and NS-09858.

465.14
FLUID PRODUCTION BY THE BLOOD-BRAIN BARRIER . 
IMPLICATIONS FOR BRAIN HOMEOSTASIS AND DRUG 
DISTRIBUTION. N. J. Abbott. SPON : Brain Research Association. 
Physiology Group, King’s College London, London WC2R 2LS, UK.

The Na-K ATPase of the brain endothelium provides the driving force 
necessary for the production of brain interstitial fluid (ISF). This study 
aimed to produce a quantitative model of the production and flow of ISF 
in human and rat. New calculations from existing experimental data show 
that the rate of human brain ISF production is similar to the rate of CSF 
production (~0.3pLg-lbrain.min-l), and where ISF flow follows 
preferential routes through the brain such as perivascular spaces, then 
turnover time can approach that of CSF (~0.5-1 % per min). The anatomy 
of the brain extracellular space is compatible with a combination of bulk 
flow of ISF through preferential channels, combined with diffusion 
operating within blocks of neural tissue (e.g. cortical columns, neuropil), 
giving advantages for homeostasis of the brain microenvironment.

From earlier studies on the rate of appearance of tracers in lymphatics 
and CSF following microinjection into brain, it is possible to compute the 
percentage of fluid draining via the different routes in the rat, with 
equivalent calculations for humans. The modelling has implications for 
the distribution of substances including drugs into different brain fluid 
compartments following oral, systemic, and CSF dosing.

Supported by the Medical Research Council UK, Merck, Sharp & 
Dohme, Yamanouchi Co and SmithKline Beecham (LINK SDDT).
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465.15
FUNCTIONAL EXPRESSION OF P-GLYCOPROTEIN (MULTIDRUG 
RESISTANCE PUMP) IN AGING MODEL OF RAT BRAIN ENDOTHELIA.
L.A. Hudspeth and J.E. Preston*. Age Concern Institute of Gerontology, King’s 
College London, London SE1 8WA, UK.

Over-expression of P-glycoprotein (Pgp), an active efflux pump in cell 
membranes, is frequently associated with multidrug resistance in cancer, and the 
reduction of effective chemotherapy. Pgp is also a normal constituent of many 
tissues including the blood-brain barrier (BBB). Since cancer and diseases involving 
the brain account for a significant number of deaths among those over the age of 45, 
Pgp may have serious implications in terms of effective drug delivery in elderly 
people.

This study utilized cell culture of a rat brain endothelial cell line (RBE4) as an in 
vitro model of the BBB. Pgp activity was estimated by assessing uptake of a lipid 
soluble Pgp substrate, 3H-colchicine, in control cells where Pgp is active, and in 
ATP depleted cells where Pgp is inactive and colchicine can accumulate. A Pgp 
functional index (PFI) was calculated from die % reduction in 3H-colchicine uptake 
due to Pgp activity. The PFI was compared in a range of cell passages, which 
approximate the number of population doublings.

The results demonstrate the average PFI was significantiy higher in old passage 
(P) cells (P52,61±4% and P54, 60±4%) compared to younger passages (P34, 
49+3%; P37,42±3%; P38,44±4%; P48,43±4%) as well as to senescent cells at P56 
(47±4%) (ANOVA, significance level p<0.05, n=24).

These findings indicate that Pgp (and therefore multidrug resistance) increases 
with age in RBE4 cells and suggests that effective drug delivery to the central 
nervous system may be compromised with age. (Supported by ACIOG, King’s 
College London).

465.16
THE DISTRIBUTION AND RAPID CLEARANCE OF BOVINE SERUM 
ALBUMIN INFUSED INTRAVENTRICULARLY IN THE RAT. T.N. Nagaraia, 
L. Wei, M. Gorski, H. Haspel, K. Stephenson and T.D. Fenstermacher*. Dept. of 
Anesthesiology, Henry Ford Hospital, Detroit, MI 48202.

Normally albumin does not cross the blood-brain-barrier and is found in very low 
amounts in cerebrospinal fluid (CSF). Elevated CSF albumin indicates extravasation 
of blood-borne proteins into brain and/or reduced clearance from CSF. In the 
present study we hypothesize and test that bovine serum albumin (BSA) is rapidly 
cleared from CSF in normal rats. 125I-labeled BSA was infused into one lateral 
ventricle in male Sprague-Dawley rats under barbiturate anesthesia. At times ranging 
from 2 to 90 min, the rats were killed by decapitation and the heads were instantly 
frozen in isopentane at -45° C. The total radioactivity remaining in the whole brain 
plus CSF was measured and the distribution of radioactivity in brain and CSF was 
assayed by autoradiography. The results showed that about 35% of infused BSA was 
cleared at 2 min, 60% at 30 min and 70% at 45 min. The clearance of BSA is, thus, 
much faster than that of sucrose and PEG-4000. At 90 min about 12% of the infused 
activity was still present in the brain. The autoradiographic data showed that at 2 
min a large part of the radioactivity was restricted to the lateral and third ventricles 
and the aqueduct. Very little was seen in the 4th ventricle, subarachnoid cisterns and 
the tissue. At 30 min more radioactivity was seen in the quadrigeminal and ambient 
cisterns of the midbrain; the aqueduct itself showed less radioactivity. At 45 min the 
lateral recesses of the 4th ventricle along with the quadrigeminal and ambient cisterns 
were strongly labeled with radioactivity. At 90 min most of the remaining 
radioactivity was in the quadrigeminal and ambient cisterns with some diffusion into 
the brain parenchyma. These results partly support the hypothesized rapid clearance 
of albumin from CSF and brain but also suggest that significant amounts of BSA are 
retained within the subarachnoidal cisterns.

Supported by NIH grant NS 34839.

465.17
COMPARISON OF THE EFFECTS OF NITRIC OXIDE ON 
TRANSENDOTHELIAL PERMEABILITY IN INTRACEREBRAL 
ARTERIOLES EX SITU AND IN A DYNAMIC IN VITRO MODEL OF 
THE BLOOD-BRAIN BARRIER. G.A. Grant*, J.R. Meno, K.A. Stanness. 
H.R. Winn, and D, Janiero. Dept of Neurosurgery, University of Washington, 
Seattle, WA 98104.

Several in vitro models of the blood-brain barrier (BBB) have been employed; 
however, these models neglect the potential effects of cerebral blood flow and 
vasodilatation on endothelial permeability. We studied the effects of nitric oxide 
(NO, a vasodilator and a putative enhancer of BBB permeability) and adenosine 
(ADO, a potent vasodilator) in a tri-dimensional hollow fiber BBB model (DIV- 
BBB, Neurotoxicology 17(2) 481-496; 1996) and on cannulated rat arterioles 
(CRA; Am J Physiol 270(39) H1423-H1434;1996). BBB permeability was 
assessed by perfusing an intraluminal solution containing 14C-Sucrose and L- 
3H-Aspartate, and by measuring extravasation in the extraluminal space. In both 
CRA and DIV-BBB, the application of sodium nitroprusside (SNP) increased 
Psucrose, by 300% and 76% respectively. Psucroe was unchanged following 
application of ADO (1 pM). In contrast, P^ was unchanged after SNP, but 
markedly attenuated by ADO (by 91%). CRA dilated (>10%) in response to 
SNP or adenosine (both 1 pM). These results suggest that 1) NO selectively 
increases Psacnwe but not permeability of the transported aminoacid L-aspartate; 
2) ADO reduces the transport of L-aspartate without affecting Psucrose; 3) 
vasodilatation alone does not account for NO-induced permeability changes. 
Supported by NIH 51614,21076, NEEHS ES 07033.

465.18
Oxygen-Glucose Deprivation Induces iNOS Expression And Formation 
Of Nitrotyrosine In Bovine Cerebral Endothelial Cells. S.W. Chenl, J. 
Xul, L.M He!, A. Tseng!, q  pe Erausquin*!, J.S. Beckman^, M.P.
Goldberg^, C.Y. Hsu*. *Dept. Neurology, Washington Univ. Sch. of Med.,
St. Louis, MO 63110. +Depts. Anesthesiology & Biochemistry, Univ. 
Alabama at Birmingham, Birmingham, AL 35233.

The cerebral endothelial cell is a primary target of hypoxic-ischemic 
insult, fiovine cerebral endothelial cells (BCECs) in culture develop DNA 
fragmentation and release LDH after oxygen-glucose deprivation (OGD). 
OGD increases transcription factor NF-kB binding activity and expression 
of induciblfe nitric oxide synthase (iNOS) mRNA as determined by RT-PCR 
and iNOS protein expression by Western blot. Excessive generation of NO 
occurs after INOS expression. NO has been implicated in.the pathogenesis 
of ischemic brain injury. A major cascade of NO toxicity is the formation 
of peroxynitrite which is a highly reactive and toxic species that may 
interact with proteins to form nitrated derivatives including nitrotyrosine. 
Using an anti-nitrotyrosine polyclonal antibody, we noted the expression of 
nitrotyrosine by immunocytochemistry and Western blot. The nitrotyrosine 
expression in BCECs peaks at 6 hrs after OGD. Results suggest that an 
increase in the expression of iNOS may contribute to BCEC injury via 
peroxynitrite cascade. (Supported by Office of Naval Research and NIH 
grant NS 28995.)

MECHANISMS OF NEUROTRANSMITTER RELEASE IV

466.1
SYNTAXIN, SNAP 25, AND VAMP ARE ALREADY 
ASSOCIATED IN AN SDS RESISTANT COMPLEX DURING 
RAPID ANTEROGRADE AXONAL TRANSPORT. G. Shiff and
N. Morel *. Lab. NBCM, Bat.32-33, CNRS, Gif/Yvette 91198, 
FRANCE.

Both vesicular proteins such as VAMP/synaptobrevin and 
synaptotagmin, and presynaptic membrane proteins such as 
syntaxin and SNAP 25 accumulated proximally to a ligature of 
Torpedo electric nerves. Using immunoprecipitation and velocity 
sedimentation experiments, we observed that syntaxin, SNAP 25 
and VAMP are transported as a complex similar to the SNARE 
complex of the nerve endings. The formation of this complex 
during solubilization was eliminated on the 3 following arguments : 
dilution of these proteins to nanomolar concentrations before 
solubilization did not decrease the amounts of the complex. Added 
VAMP was not able to bind to axonal syntaxin during 
solubilization. Moreover this complex was recovered even after 
SDS solubilzation. This association was also observed in unligated 
nerve, but in lower amounts, demonstrating that its formation is not 
due to the ligature. The role of this complex in die targeting and 
the sorting of presynaptic and vesicular proteins will be discussed. 
References : Shiff and Morel. J. Neurosci. Res. In press.

Shiff and Morel. J. Neurochem. 68,1663-1667 (1997). 
This work was supported by a grant and a fellowship to G.S. from 
AFM.

466.2
BINDING OF SYNAPHIN/COMPLEXIN TO SNARES
TERUO ABE*, HIDEO SAISU and TORU ISHIZUKA. Department of 
Cellular Neurobiology, Brain Research Institute, Niigata 
University, Niigata 951, Japan.

We first identified a 19 kDa protein associated with 
the docking/fusion complex in presynaptic terminals (FEBS 
Lett. 330. 236 (1993)). Two isoforms of the protein which 
we named synaphins 1 and 2 exist in the brain. Synaphins 
(also called complexins) are constituents of the 7S 
complex containing synaptotagmin, syntaxin, SNAP-25 and 
VAMP (synaptobrevin). In this study, binding of synaphin 
to the 7S SNARE complex was investigated by incubating 
immobilized glutathione S-transfe^ase (GST)-synaphin 1 
with a Triton X-100 extract of brain membranes. GST- 
synaphin 1 bound a complex containing synaptotagmin, 
syntaxin, SNAP-25 and VAMP but not synaphins, indicating 
that one mol of synaphin binds one mol of the SNARE 
complex. The binding was independent of Ca2+ and blocked 
by recombinant a-SNAP, B-SNAP and syhaphin. To determine 
the domain required for the binding, immobilized GST- 
synaphin 1 fragments were used. The central but not the 
N-terminal or the C-terminal portion of synaphin 1 showed 
significant binding to the SNARE complex. Thus the 
central portion of synaphin is important for its SNARE 
binding. Supported by grants from the MESSC, Japan.
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466.3

IDENTIFICATION OF CORE COMPONENTS OF RAT 
EXOCYTOSIS COMPLEX. Y. Kee and R. H. Schellef* 
Department of Molecular and Cellular Physiology, 
Stanford University Medical Center, Stanford, CA 
94305.

The mammalian sec6/8 complex is homologous to the yeast 
exocyst, a multisubunit protein complex, required for exocytosis. 
We purified this complex from rat brain by hydroxyapatite column 
chromatography, anion exchange column chromatography, and gel 
filtration. Amino acid sequences of each of the eight proteins were 
obtained, and clones encoding the subunits were isolated from rat 
brain cDNA libraries. The identity of the cloned proteins as 
subunits of the rat protein complex was confirmed by 
coimmunoprecipitation using antibodies against each protein. The 
complex is expressed in all tissues and is enriched in the nervous 
system and secretory cells. The rat exocyst complex may have an 
important functional role as a component of the basic machinery in 
the synaptic vesicle membrane trafficking pathway at the nerve 
terminal. (This work is supported by NIH grant MH48108-6)

466.4
FUNCTIONAL STUDY OF PROTEINS REQUIRED FOR EXOCYTOSIS 
USING PERMEABILIZED PC12 CELL RECONSTITUTION ASSAY. Y. A. 
Chen, B. Stewart*, and R. H. Scheller. Department of Molecular and 
Cellular Physiology, Stanford University Medical School, Stanford, 
CA 94305

To study the molecular mechanism of exocytosis in a physiological 
context, we utilized a previously described cracked cell assay (Cell 
70, 765-775 (1992)), in which PC12 cells are mechanically
permeabilized and reconstituted for Ca2+ and MgATP dependent 
release of 3H-norepinepherine (NE). We examined the effect of 
adding a series of recombinant proteins or peptides on NE release. 
The cytoplasmic domain of syntaxin or the H3 domain of syntaxin 
alone, tetradecapeptide mastoparan, and recombinant GST-Hrs-2 
(See poster by Andrew J. Bean) inhibited NE release, suggesting 
that syntaxin H3 domain, the ATPase Hrs-2, and an as-yet unknown 
mastoparan target are involved in exocytosis in PC12 cells.

Cytosolic factors have been shown to be required for the 
reconstitution, however, we found that an EGTA extract of brain 
membranes could reconstitute the NE release equally well. Perhaps 
cytosol and the EGTA extract share similar essential factors. 
Biochemical purification was carried out to identify the active 
components in the extract. One of the active factors was identified to 
be calmodulin. (This work is supported by NIMH: Grant MH38710- 
11. YAC is a predoctoral Howard Hughes fellow, and RHS is a Howard 
Hughes investigator. BS supported us in submitting the abstract, 
but is not involved in this work.)

466.5
MUNC18-1 IS ESSENTIAL FOR STABLE DOCKING OF SYNAPTIC 
VESICLES AT THE ACTIVE ZONE. Matthiis Verhage*, Stannv 
BerghsA Klaas Jan de Vries and Thomas C, Sudhof#: R. Magnus 
Institute, University of Utrecht; ANIN, University of Nijmegen, The 
Netherlands; #H. Hughes Medical Institute, UTSW, Dallas, USA

Prior to fusion, synaptic vesicles dock at the active zone of 
the synapse. Although many proteins essential for fusion are 
known, no protein required for docking has been described. We 
now show that mice deficient in munc18-1 have no vesicle 
docking despite the fact that vesicles are generated and 
transported to synaptic sites. Consequently, these mice are 
paralysed and die perinatally. In these mice, at least some 
active zones are assembled, but their number is 5 fold less than 
in control mice. Surprisingly, their initial brain development is 
normal and all brain areas are formed indistinguishable from 
control litter mates, but approaching term, increased cell death 
of mature neurons occurs, probably because synaptic 
transmission is blocked. This phenomenon is secondary to the 
lack of vesicle docking and the decreased numbers of active 
zones. Our data indicate that munc18-1 is essential for stable 
docking of synaptic vesicles and maintenance of active zones. 
Furthermore, they suggest that neurotransmitter release is not 
required for axonal pathfinding or synaptogenesis, but for 
maintenance of synaptic specializations and neuronal viability.

supported by NWO (Talent S95-269 and PN 903-42-012)

466.6
REGULATION OF nSEClp/SYNTAXIN INTERACTION BY CYCLIN 
DEPENDENT KINASE 5 AT NERVE ENDINGS. E.L. Stuenkel*, R-O. 
Shuang, L. Zhang, A. Fletcher, I. Pevsner1, D. Giovannucci and D. Turner.
Dept. Physiology, Univ. of Michigan, Ann Arbor, MI 48109-0622 and ‘Dept. 
Neuroscience, Kennedy Krieger Inst., Johns Hopkins, Baltimore, MD 21205.

Mammalian homologues of the yeast SEC1 protein (nSecl also termed 
rbsecl, muncl8) are high affinity ligands for syntaxinla and regulate the 
formation of the SNARE protein complex in vitro. nSecl has also been 
reported to activate cyclin-dependent kinase 5 (cdk5; Shetty et al., 1995). 
The goals of the present investigation were to: 1) define the interactions 
between cdk5, nSecl and syntaxin, 2) determine if cdk5 kinase activity 
affects these interactions, 3) determine if nSecl is phosphorylated in intact 
nerve endings and 4) evaluate nSecl action on secretion from nerve endings. 
We have found that bacterially expressed cdk5, nSecl and syntaxinla GST- 
fusion proteins demonstrate specific and saturable binding for one another 
and may form a stable protein complex. Activated cdk5 (immuno- 
precipitated from rat neurohypophysial nerve endings or bacterially 
expressed and activated by p25) was found to phosphorylate nSecl and 
dramatically reduce nSecl binding affinity for syntaxin. Incubation of intact 
neurohypophysial nerve endings with 32PO4, followed by immunoppt. and 
SDS-PAGE demonstrated that nSecl is subject to phosphorylation in situ. 
Utilizing high time-resolved measurements of membrane capacitance under 
whole cell recording conditions on single isolated nerve endings we have 
found that dialysis of non-phosphorylated nSecl fusion protein, but not a 
short deletion mutant, results in an increase of depolarization-induced 
secretory responses. Supported by NIH grant NS31888.

466.7
DISTRIBUTION OF HRS-2, A SNAP-25 INTERACTING PROTEIN, IN RAT 

NERVOUS SYSTEM. A.J. Bean*, J. Eidet, B. Meister, M. Pelto-Huikko, S. 

Davanger, and R.H.Scheller Department of Neurobiology and Anatomy, University 

of Texas-Houston, Houston, Texas 77030

Proteins present on neurotransmitter-containing synaptic vesicles and on the 

presynaptic plasma membrane associate in a series of protein-protein interactions 

that underlie events in the life cycle of the synaptic vesicle. SNAP-25 is associated 

with the plasma membrane and is thought to be involved in vesicle trafficking. We 

have previously identified a protein, hr&-2, an ATPase, that interacts with SNAP-25. 

The binding of hrs-2 to SNAP-25 is inhibited by calcium and zinc. Additionally, 

recombinant hrs-2 inhibits secretion from permeabilized PC12 cells. Hrs-2 is 

expressed broadly throughout the rat. Subcellular fractionation experiments reveal 

that hrs-2 protein is both cytosolic and membrane associated. 

Immunohistochemical labeling in brain suggests that hus-2 is present in most 

neurons with strong labeling in cerebral cortex, hippocampus, cerebellum, and 

olfactory bulb. The highest expression of hrs-2 mRNA in brain is in the hippocampus 

and cerebellum. Thus, the distribution of hrs-2 is consistent with the expression 

pattern of SNAP-25 and further suggests a role for hrs-2 in secretion.

Supported by HHMI, Swedish MRF, Norwegian MRF, Finnish Acad. Sci.

466.8
EXPRESSION OF THE SYNAPTIC DOCKING/FUSION PROTEINS DOC2 AND 
MUNC-18 IN NEUROENDOCRINE CELLS AND PEPTIDERGIC NEURONS
N. Kortewegf, C.A.F.M. BerghsS, M. Verhagef, O. Schootst*, G.J.M. Martens§,
E.W. RoubosS and J.P. H. Burbachf
t) Rudolf Magnus Institute for Neurosciences, Department of Medical Pharmacology, 
Utrecht University, Universiteitsweg 100, 3584 CG Utrecht, the Netherlands.
§) Nijmegen Institute for Neurosciences, Department of Animal Physiology, 
University of Nijmegen, Toemooiveld 1, 6525 ED Nijmegen, The Netherlands

Small synaptic vesicles in neurons differ from dense-cored secretory granules of 
peptidergic neurons and neuroendocrine cells in docking, localization and stimulus- 
requirement. This suggests a difference in the factors that participate in these 
processes. We examined two peptidergic cell types for the expression of DOC2 and 
muncl8, proteins implicated in docking/fusion steps in the synaptic vesicle cycle.

1 - In the melanotrope cells of the intermediate lobe (IL) of the pituitary of the 
African clawed toad Xenopus laevis, a DOC2-isoform, cloned from Xenopus brain by 
PCR, was characterized by in situ hybridization. Black-background adaptation of 
Xenopus, resulting in increased synthesis of a-MSH in the IL, displayed elevated 
expression levels of DOC2 mRNA in the melanotropes, as compared to white-adapted 
animals.

2 - In the purely peptidergic neurons of the hypothalamo-neurohypophyseal system 
(HNS) of the rat, the brain-specific proteins DOC2A and muncl8/l, but not the 
ubiquitously expressed DOC2B were detected at the mRNA level in the somata in the 
hypothalamus by in situ hybridisation, and at the protein level in the nerve terminals 
in the pituitary by immunoblotting.

We conclude that DOC2 and muncl8 are used in the release machinery of both 
synaptic vesicles and secretory granules.

Supported by Stichting Glaxo Researchfonds Nederland
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466.9
KNOCK-OUT OF SYNAPTOPHYSIN IN PC-12 CELLS. Y. Yin#. R, Harrison.
D. MuUikm-Kilpatrick* J.R, Lemos# & R, Melloni, ^Worcester Found. Biomed. 
Res., Shrewsbury, MA 01545 & Univ. Mass. Med. Ct., Worcester, MA 01655.

Several lines of experimental evidence support a role for synaptophysin (SYT), 
the most abundant integral vesicle membrane protein, in depolarization-secretion 
coupling at nerve terminals. We have previously reported that the monoclonal 
antibody SY38, which is specific to the C-terminus of SYT, blocks vasopressin 
release from permeabilized neurohypophysial terminals. Furthermore, in lipid 
bilayers SYT can form large-conductance cation channels whose activity can be 
modified by the same SY38 antibody (Yin et al., 1995, Biophys. J. 68:A395). 
However, recent studies using SYT-deficient mice found no detectable changes in 
synaptic structures (Eshkind & Leube, 1995,Cell Tissue Res. 282:423) or in 
synaptic transmission (McMahon etal., 1996, Proc. Natl. Acad. Sci. 93: 4760). 
It is possible that, during development, other proteins compensate for the SYT 
deficiency in these animals and thus mask any changes in phenotype.

To avoid these difficulties and examine directly the role of SYT in depolarization- 
secretion coupling, we generated a SYT-deficient pheochromocytoma (PC 12) cell 
line. The murine brain SYT gene from starting codon to intron IV, with exon III and 
intron III replaced by a neomycin gene, served as the "knock-out" construct. PC 12 
cells were transfected and placed under positive (neomycin) and negative 
(gancylovir) selection. Putative clones were analyzed using PCR, Northern blot, and 
Southern blot. By PCR and Southern analysis several SYT-disrupted, neomycin 
gene-positive cell lines were identified. Preliminary Northern analysis suggest that 
SYT mRNA expression is dramatically reduced. Additional molecular and 
functional analyses of these cell lines is ongoing. (Supported by MDA grant 794)

466.10
DECREASED DOCKING OF SYNAPTIC VESICLES IN 
SYNAPTOTAGMIN MUTANTS IS INDEPENDENT OF THE 
RATE OF SPONTANEOUS FUSION EVENTS. N.E, Reist*. J. 
Li, and T.L. Schwarz, Dept of Molecular & Cellular Physiology,
Stanford University, Stanford, CA 94305

Synaptotagmin is an integral membrane protein of synaptic vesicles that 
is required for efficient synaptic transmission. We have investigated the 
involvement of synaptotagmin in the docking of synaptic vesicles in vivo 
by an electron microscopic analysis of Drosophila synaptotagmin (syt) 
mutants, syt null mutants, which exhibit a 10 fold decrease in evoked 
transmitter release and a 3-5 fold increase in spontaneous release 
frequency, had fewer small, clear vesicles within central nervous system 
terminals. The remaining synaptic vesicles were, however, clustered 
appropriately near active zones; vesicle clustering appears to be 
independent of syt. Yet, the pool of synaptic vesicles immediately adjacent 
to the active zone, the pool which is likely to include the docked vesicles, 
was reduced to 24% of control in syt null mutants. To separate the effect 
of increased spontaneous release from the direct effects of syt on docking, 
we examined syt mutants that exhibit the decreased evoked release but 
maintain a normal spontaneous release frequency due to a change in the 
genetic background. Motor nerve terminals in this genotype contained a 
small increase in the number of synaptic vesicles compared to control. Yet 
the number of synaptic vesicles immediately adjacent to the presynaptic 
membrane near active zones was still reduced (33% of control). Our 
findings demonstrate that both the decrease in evoked transmitter release 
and the decrease in the number of docked vesicles seen in syt mutants are 
independent of the increase in spontaneous release. These results support 
the hypothesis that synaptotagmin stabilizes the docked state.

466.11
DIFFERENTIAL DISTRIBUTION OF SYNTAXIN ISO-
FORMS IN RAT BRAIN REGIONS AND NON-NEURONAL 
TISSUES. P, Zhong1*. J. Wu1. R.H. Scheller2. G. Milianich1. ’Neurex 
Corporation, Menlo Park, CA 94025 and 2Department of Molecular & 
Cellular Physiology, HHMI, Stanford University, Stanford, CA 94305.

Syntaxin-1 plays a key role in regulated neuronal exocytosis, including 
neurotransmitter release. Vesicles loaded with neurotransmitters, neuro-
peptides, and/or secretory proteins dock on the inner surface of the nerve 
terminal plasma membrane before fusion of vesicle and plasma 
membranes is triggered by calcium influx. Docking relies on specific 
interaction between v-SNARE (e.g. VAMP) and t-SNARE (e.g. syntaxin- 
1, SNAP-25) proteins. Syntaxin-1 is one member of a diverse gene 
family. Isoform diversity within this family, as well as other t-SNARE 
and v-SNARE families, likely serves the different functional demands of 
the numerous secretory and membrane trafficking processes in neuronal 
and non-neuronal cell types. In this study, we explored the distributions 
of mRNAs and proteins for 5 syntaxin isoforms (IA, IB, 2, 3, 4) in 12 
rat brain regions and 15 peripheral tissues. Subcellular localization was 
determined in neuronal primary culture using immunofluorescence micro-
scopy. Affinities of syntaxin isoforms for binding to SNAP-25 were 
examined in a microtiter plate binding assay previously developed to study 
the interactions of exocytotic proteins quantitatively (Zhong, et al., 
Biochemistry 14, 4317, 1997). We have found that syntaxin isoforms 
exhibit: 1) differential expression patterns in different brain regions and 
non-neuronal tissues, 2) differential subcellular localization, and 3) 
differential SNAP-25 binding affinities. These results suggest that 
different syntaxin isoforms participate in tissue-specific and subcellular 
compartment-specific SNARE complexes. Funded by the Neurex Corp.

466.12
RT-PCR, IN SITU HYBRIDIZATION, IMMUNOPRECIPITATION, 
IMMUNOBLOTTING AND IMMUNOCYTOCHEMISTRY SUGGEST THE 
PRESENCE OF A SNARE COMPLEX IN RIBBON-SYNAPSES OF 
COCHLEAR HAIR CELLS. S, Safieddine* and R, J. Wenthold. Lab. of 
Neurochemistry, NIDCD, NIH, Bethesda, MD 20892

Neurotransmitters are released from neurons via exocytosis of synaptic vesicles. 
According to the current concept, the core of the exocytotic fusion complex consists 
of a set of highly conserved proteins which form a multiprotein complex resulting 
in the docking of synaptic vesicles at the site of release. These proteins are 
synaptobrevin, syntaxin and synaptosomal-associated protein of 25 kDa (SNAP25).

There are two major differences between cochlear hair cell synapses and central 
nervous system synapses: i) the presence of a specialized structure, the synaptic 
ribbon, to which synaptic vesicles are attached; and ii) the ability of hair cells to 
maintain a high and sustained release of neurotransmitter. These differences and the 
recent report showing the presence of syntaxin3, but not syntaxin 1, in the synaptic 
ribbon-containing synapses of the retina (Morgans et al., J. Neurosci. 21: 6713, 
‘96) suggest that an unconventional release mechanism may be involved in ribbon 
synapses. In this study we used different and complementary approaches to 
determine whether ribbon-containing hair cells of the cochlea express any 
component of the core fusion complex found in conventional synapses. RT-PCR 
detected SNAP25 and syntaxin 1A in the organ of Corti cDNA. 
Immunocytochemistry showed that SNAP25 is present in the inner hair cell, and 
that syntaxin 1 is expressed in a turn dependent manner in both types of hair cells. 
We also analyzed these proteins by western blotting. As in the brain, an SDS- 
resistant complex was detected in the organ of Corti extract, and 
immunoprecipitation results showed that SNAP25 and synaptobrevin were bound to 
syntaxin.

Our data suggest that syntaxin, SNAP25 and synaptobrevin are present in hair 
cells and are associated in a stable complex that may be involved in the tonic release 
of neurotransmitter from hair cells.
(supported by NIDCD intramural program)

466.13
SYNAPHIN/COMPLEXIN IS A CRITICAL PROTEIN IN NEURO-
TRANSMITTER RELEASE. H. TOKUMARU*, L. L. PELLIGRINI, T. 
ISHIZUKA, K. UMAYAHARA, H. BETZ, G. J. AUGUSTINE, T. ABE. Duke
University, Durham, NC 27710, Max-Planck Inst, for Brain Res., Frankfurt 71, Brain 
Res. Inst., Niigata Univ. Niigata 951 Japan and Marine Biological Laboratory, Woods 
Hole, MA 02543

Synaphin (also known as complexin) is a cytosolic protein that binds to syntaxin, a 
SNARE protein implicated in neurotransmitter release. We have studied the role of 
synaphin in neurotransmitter release using the giant synapse of squid, Loligo peaiei. 
We first injected recombinant mammalian synaphin into the giant presynaptic terminal 
of the squid synapse. This protein strongly inhibited transmitter release, indicating a 
role for synaphin in transmitter release. To further probe the function of squid 
synaphin, we used a monoclonal antibody against the mammalian protein to identify a 
squid homologue of 20-22 kDa molecular weight. Peptide fragments from squid 
synaphin were sequenced and used to design oligonucleotide probes for screening a 
squid optic lobe cDNA library. A full-length cDNA encoding squid synaphin was 
cloned and found to be about 40% identical to mammalian synaphin. Sequence 
identity is particularly high in the central, syntaxin-binding domain of these 
homologues. We designed two synthetic peptides, one of which prevented the binding 
of synaphin to syntaxin in vitro. Microinjection of these peptides into squid giant 
presynaptic terminals caused a rapid and reversible inhibition of evoked transmitter 
release without affecting presynaptic calcium signaling. In contrast, control peptides 
containing the same amino acids in a scrambled order had no effect on release. From 
these data, we conclude that synaphin has a critical role in transmitter release. Our 
data suggest the model that interactions between this protein and syntaxin are an early 
step in the molecular cascade that leads to fusion of synaptic vesicles. Supported by 
NIH grant NS 21624.

466.14
SYNAPSIN DOMAIN E REGULATES TRANSMITTER RELEASE AT THE 
SQUID GIANT SYNAPSE S. Hilfiker*, F. E.Schweizer, H.-T. Kao, A. J. Czernik, 
P. Greengard and G. T. Augustine The Rockefeller University, New York, Duke 
University Medical Center, Durham, & Marine Biological Laboratory, Woods Hole.

We have used the squid giant synapse to examine the proposal that synapsins regu-
late a pool of vesicles needed to sustain transmitter release during intense synaptic 
activity. Synapsins share several common domains, one of which, designated domain 
E, is present in two synapsin isoforms. Squid synapsins apparently contain domain E, 
because they bind to an antibody raised against domain E of rat. Furthermore, initial 
cloning data suggest the existence of at least one squid synapsin gene showing high 
homology to vertebrate and Drosophila synapsins. A synthetic 25-mer peptide from 
domain E completely and reversibly inhibited release when injected into the squid 
giant presynaptic terminal. Moreover, this peptide had dramatic effects upon synap-
tic depression elicited by high-frequency stimulus trains (50 Hz, 5 s). Domain E 
injection increased the rate of synaptic depression and slowed the rate of recovery 
from depression. Based on the assumption that depression is due to depletion of a 
vesicle pool, these results indicate that synapsin is involved in regulating the size of 
the depleted pool and the rate at which vesicles enter this pool. Paired-pulse facilita-
tion was studied using low extracellular calcium conditions. Injection of domain E 
had no effect on paired-pulse facilitation, suggesting that synapsins are not involved 
in regulating this form of short-term synaptic plasticity. Preliminary EM analysis 
indicates that presynaptic terminals injected with domain E peptide have a reduced 
number of undocked synaptic vesicles at their active zones. In summary, our results 
provide additional support for the notion that synapsins are involved in the regulation 
of vesicle pools and that domain E provides a binding site important for this activity. 
[Supported by Grass Fellowship, Rockefeller Fellowship and NIH NS-21624.]
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466.15
MECHANISM OF ACTION OF NSF IN NEUROTRANSMITTER 
RELEASE. F. E. Schweizer*, V. O'Connor, H. Betz and G. J. Augustine. 
Department of Neurobiology, Duke University Medical Center, Box 3209 
Durham, NC 27710, Max-Planck Institute for Brain Research, Frankfurt, D- 
60258 Germany and Marine Biological Laboratory, Woods Hole, MA 02543. 
NSF is a soluble ATPase NSF thought to play a crucial role in 
neurotransmitter release. We have previously shown (Soc. Neurosci. Abstr. 
22:310.15) that peptides from the DI domain of NSF reduce the magnitude 
and slow the kinetics of transmitter release when injected into the squid giant 
presynaptic terminal. Here we characterize the mechanism of action of these 
peptides. Peptides that inhibit synaptic transmission also inhibited the a- 
SNAP-dependent ATPase activity of NSF in vitro, indicating that both 
ATPase activity and the interaction between NSF and a-SNAP are crucial for 
transmitter release. A peptide with a single-residue substitution that mimics 
the comatose mutation in a Drosophila NSF gene had no inhibitory activity on 
either ATPase activity or transmitter release. This demonstrates the specificity 
of the peptide effect and also argues that comatose is paralyzed because of a 
disrupted protein-protein interaction necessary for transmitter release. The 
action of these peptides is use-dependent; no inhibition occurs unless 
transmitter is being released. EM examination of terminals injected with active 
peptides show a normal number of docked synaptic vesicles, suggesting that 
these peptides prevent the fusion of docked vesicles. We propose that NSF 
participates in the priming of docked vesicles and regulates transmitter release 
by catalyzing a ATP-dependent conformational change in SNARE complex 
proteins.
Supported by NIH grant NS21624.

466.16
EXPRESSION OF SYNAPTOTAGMIN I ENHANCES TRANSFERRIN 
UPTAKE IN PRIMARY CULTURED ASTROCYTES. R. P Sanzqiri*, L.-E. 
Trudeau and P.G. Havdon. Laboratory of Cellular Signaling, Iowa State 
University, Ames, IA 50011.

Given that astrocytes release the neurotransmitter glutamate 
(Parpura et al. (1994) Nature, 369, 744-747), yet only express a subset 
of neuronal synaptic proteins (Parpura et al. (1995), FEBS Lett. 377, 
489-492), they serve as a convenient cellular expression system for 
studying synaptic protein interactions and their functional roles. 
Synaptotagmin I, a synaptic vesicle protein, is implicated in various 
steps of the synaptic vesicle cycle including clathrin-mediated 
endocytosis. We are using astrocytes as an expression system to 
investigate the role of synaptotagmin I in endocytosis.

We expressed synaptotagmin I ectopically in primary astrocyte 
cultures by direct nuclear microinjections and studied its effect on the 
constitutive vesicle recycling by measuring uptake of the fluorescent 
dye, FM1-43. Synaptotagmin I, but not synapsin I nor (3-galactosidase, 
specifically enhanced FM1-43 uptake, consistent with a role for 
synaptotagmin I in endocytosis. FM1-43 uptake occurs during bulk 
phase endocytosis and is not specific to receptor-mediated 
endocytosis. To investigate the specific role of synaptotagmin I in the 
clathrin-mediated endocytosis, we asked if synaptotagmin I affected 
transferrin uptake, a well characterized example of clathrin-mediated 
endocytosis. Expression of synaptotagmin I results in increased 
transferrin uptake suggesting that synaptotagmin I does regulate the 
clathrin-mediated endocytotic pathway. (Funded by N.I.H.)

466.17
DIFFERENTIAL DISTRIBUTION OF NERVE TERMINAL PROTEINS 
SNAP-25, SYNTAXIN AND SYNAPTOBREVIN IN RAT SPINAL CORD.
J. A. Coffield*, S. Kalandakanond, K. Poole. Dept. of Physiology and 
Pharmacology, The University of Georgia, Athens, GA 30602.

Evidence suggests that the proteins synaptosomal-associated protein MW 
25 kDa (SNAP-25), syntaxin and synaptobrevin are essential components of a 
neurotransmitter release mechanism common to all nerve terminals. We have 
begun a systematic study to compare the distribution of SNAP-25, syntaxin, and 
synaptobrevin within a functionally-defined region of the CNS, the rat spinal 
cord. The distribution of SNAP-25, syntaxin IA and synaptobrevin I and II was 
compared in rat spinal cord using immunocytochemistry (ICC). Sprague 
Dawley rats (n=l 8) were anesthetized and perfused with 4% paraformaldehyde. 
Fifty micron sections (vibratome) were cut, processed for ICC using peroxidase- 
antiperoxidase and diaminobenzidine, and analyzed by light microscopy. 
SNAP-25 demonstrated the greatest immunoreactivity (IR), extending 
throughout the dorsoventral extent of both grey and white matter. SNAP-25-IR 
was highest in the superficial laminae of the dorsal horn (DH). Immunoreactive 
fibers formed a dense meshwork surrounding pale unstained cell bodies. Some 
SNAP-25-IR was noted in motoneurons of lamina IX. Syntaxin IA 
demonstrated the least staining, and was concentrated in cell bodies and 
proximal processes of lamina IX. Little syntaxin-IR was visualized in the DH. 
Synaptobrevin-IR was greatest in motorneurons of lamina IX, while some 
staining was noted in the superficial DH. This differential but somewhat 
overlapping distribution suggests that these proteins may have a greater degree 
of functional specialization in transmitter release than initially proposed. 
Supported in part by the UGA Veterinary Medical Experimental Station.

466.18
CELLUGYRIN AND SYNAPTOGYRIN ARE POSPHORYLATED BY 
PP60C-SRC
R. Janz* and T.C. Siidhof. Howard Hughes Medical Institute,
UT Southwestern Medical Center, Dallas, TX, 75235-9050.

Synaptogyrin (p29) is an integral synaptic vesicle protein (Stenius, K., Janz, R., 
Siidhof, T.C. and Jahn, R., (1995), J. Cell Biol., 131, 1801-1809). We cloned a 
cDNA encoding a protein which has 49% identity on amino acid level with 
synaptogyrin. The predicted protein has four transmembrane regions like 
synaptogyrin and several conserved tyrosine residues. Analysis of the expression of 
the gene revealed an ubiquitous expression pattern with the lowest level in brain. 
Therefore we named the new protein cellugyrin. We generated an antibody which 
recognizes a protein of about 28kD in extracts of different tissues and in COS cells 
transfected with an expression-vector containing the cellugyrin cDNA. The synaptic 
vesicle protein synaptophysin is distantly related to synaptogyrin and is a substrate 
for the tyrosine kinase pp60c-src (Barnekow, A., Jahn, R., SchartL. M., (1990), 
Oncogene, 5, 1019-1024). Therefore we tested whether synaptogyrin and cellugyrin 
can be phosphorylated when coexpressed with pp60c-src in COS cells. By using a 
phosphotyrosine specific antibody we showed that both proteins are phosphorylated 
under this conditions. These data indicate that pp60c-src is the kinase which is 
responsible for the phosphorylation of synaptogyrin on vesicles. Tyrosine 
phosphorylation of synaptogyrin and cellugyrin could represent an intracellular 
trafficking signal.

Supported by the Howard Hughes Medical Institute, the W. Keck Foundation and a 
fellowship of the Deutsche Forschungsgemeinschaft.

466.19
MEASUREMENT OF ENDOPEPTIDASE ACTIVITY OF BOTULINUM 
TOXIN B LIGHT CHAIN CLEAVAGE ON A 51 AMINO ACID FRAGMENT 
OF VESICLE ASSOCIATED MEMBRANE PROTEIN II (VAMP) BY 
CAPILLARY ZONE ELECTROPHORESIS. K. E. Asermelv. Ph.D.t. B. E, 
Hacklev Jr.. Ph.D.*. H, Shafer. M. Adler. Ph.D. Neurotoxicology Branch, 
Pharmacology Division, U.S.Army Medical Research Institute of Chemical 
Defense, Aberdeen Proving Ground, MD 21010-5425.

Botulinum Toxin B (BoNT/B) light chain has endopeptidase activity and 
cleaves vesicle associated membrane protein II (VAMPII). A 51 amino acid 
fragment (Asp 43-Lys 94) of VAMPII was used as a substrate to study cleavage 
at the (Gin 76 - Phe 77) site. VAMP51 (214 pM) contained in 100 mM HEPES 
buffer, pH 7.4, was incubated in the presence of zinc sulfate (10 pM) in the 
absence and presence of BoNT/B light chain (26 nM-520 nM) at 23°C. A dose 
dependent cleavage of VAMP51 was found over time. Capillary zone 
electrophoresis (CZE) was used to monitor cleavage of VAMP51 at 214 nm. 
Optimal conditions for CZE separation of VAMP51 were determined: open 
uncoated silica capillary (57 cm x 75 pm I.D. x 375 pm O.D.), run buffer (40 
mM sodium phosphate), pH 2.5, applied voltage 20 kV, capillary temperature 
35°C, and forward polarity. This novel assay will be used to identify 
antagonists of BoNT/ B light chain activity.

f Funding Source: National Reseach Council Fellow of the National Academy of 
Sciences.

466.20
GENETIC ANALYSIS OF SNAP-25 AND NEUROTRANSMITTER 
RELEASE IN DROSOPHILA. D.L. Peitcher*1, B.A. Stewart2, R.W. 
Burgess2, and T.L, Schwarz2.1 Section of Neurobiology and Behavior, 
Cornell Univ., Ithaca, NY 14853 and 2Dept of Molecular & Cellular 
Physiology, Stanford Univ., Stanford, CA 94305.

Neurotransmitter can be released spontaneously or by an action 
potential induced Ca++ signal. SNAP-25 is believed to be an important 
protein in both types of neurotransmitter release as it has been shown to 
be a target of Clostridial neurotoxins and a member of a core 7S complex 
that is thought to underlie vesicle targeting and/or fusion. To examine 
these processes further, we analyzed synaptic transmission at the NMJ 
in Drosophila embryos that have chromosomal deficiencies that 
remove the SNAP-25 gene. When the appropriate motor neuron is 
stimulated in embryos that are homozygous for the deficiency, no 
excitatory junctional currents (EJCs) were observed in the muscle fibers 
while robust EJCs were observed in control embryos. Both control and 
homozygous deficiency embryos had a low frequency of spontaneous 
release in normal physiological solutions indicating that vesicle fusion 
does not require SNAP-25. When high potassium solutions were 
applied to control embryos, a 10- to 20-fold increase in the frequency of 
quantal events was observed while no increase was observed in the 
deficiency animals. An F2 lethal screen was performed over these 
deficiencies and one EMS complementation group has the same 
phenotype as the homozygous deficiency animals. Our results suggest 
that a gene removed by the deficiency is essential for the evoked 
release of neurotransmitter but not for spontaneous release and this gene 
may be SNAP-25.
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467.1
IDENTIFICATION OF SYNAPTIC FUNCTION MUTANTS IN
CAENORHABDITIS ELEGANS USING A SENSITIZED BACKGROUND.
K. Yook and E. M. Jorgensen*. Dept.of Biology, Univ.of Utah, Salt Lake 
City, UT 84112, USA

We are identifying genes required for the release of neurotransmitter at 
the neuromuscular junction. Mutations that lower the efficiency of 
neurotransmission, for example unc-13, confer resistance to inhibitors of 
cholinesterase (i.e. aldicarb), therefore, synaptic function mutants can 
be readily identified using drug selection. Although animals 
heterozygous for unc-13 mutations are not resistant to cholinesterase 
inhibitors, animals doubly heterozygous for two synaptic function 
mutations are resistant. Therefore our approach has been to screen for 
synaptic function mutations in a sensitized background. Specifically, we 
performed a non-allelic non-complementation screen using an unc-13 
mutation. With this strategy, we were able to sensitize the process of 
neurotransmission to a level where a normally recessive mutation could 
be detected as a haplo-insufficient mutation for aldicarb resistance. In 
addition, this strategy was used to uncover genes which were mutated to 
lethality. Of 2336 genomes screened, 46 potential lethal mutations and 
57 homozygous viable aldicarb-resistant mutations were identified. Ten 
mutations of the homozygous viable aldicarb-resistant class have been 
mapped to five known genes (unc-13, unc-29, unc-38, unc-2, unc-26 
and aex-3) and an eleventh mutation defines a new locus. Current efforts 
are directed at mapping the remaining mutations in the viable class. 
Supported by a grant from the National Institute of Health, and an NIH 
Genetics Training Grant.

467.2
The  calcium -binding  protein  frequenin  is  selectively  localized  to  
THE HIGH OUTPUT SYNAPTIC TERMINALS IN CRAYFISH.
A.J. Shayan1. A. Jeromin1. M, Msghina3, J. Lindemeier2, O. Pongs2, C.K. 
Govind4*. and H.L. Atwood1. 'Dept. of Physiology and 4Scarborough College, 
University of Toronto, Toronto, ON, MSS 1A8 Canada, 2Zentrum fur Molekulare 
Neurobiologie, D-20246 Hamburg, FRG, and 3Karolinska Institutet, S-171 77 
Stockholm, Sweden.

In crayfish, terminals of two types of motor neuron, ‘phasic’ and ‘tonic’, 
can be distinguished. ‘Phasic’ terminals are characterized by high initial quantal 
output, but exhibit less facilitation and more pronounced depression than ‘tonic’ 
terminals. Individual muscles in crayfish can be innervated by ‘phasic’ or ‘tonic’ 
motor neurons, or by both. In Drosophila and Xenopus the calcium-binding 
protein frequenin, which is localized to axons and terminals, has been shown to 
modulate the efficacy of transmitter release. In this study, we further analyzed the 
localization of frequenin in crayfish motor neurons using an affinity-purified 
antibody against Drosophila frequenin which cross-reacts in crayfish. This 
antibody labels synaptic terminals, which were co-labeled with a monoclonal 
antibody against Drosophila synapsin that recognizes the synapsin homologue in 
crayfish. The primary antibodies were visualized using cy3- and cy5-labeled 
secondary' antibodies in preparations imaged by a BioRad MRC600 confocal 
microscope. While the anti-synapsin antibody stained both ‘phasic’ and ‘tonic’ 
terminals, frequenin immunoreactivity was strongest in ‘phasic’ terminals and 
absent or barely detectable in ‘tonic’ terminals. In the dually-innervated leg 
extensor muscle, the small filiform ‘phasic’ terminals but not the larger ‘tonic’ 
terminals exhibited frequenin immunoreactivity, whereas a widespread punctate 
expression pattern occurred in the purely ‘phasic’ fast abdominal extensor muscle. 
In the slow abdominal flexor muscle, there was selective immunoreactivity in only 
one of the six motor axons. In summary, crayfish frequenin is selectively localized 
to terminals with high transmitter output. We thank. Erich Buchner for the anti- 
Drosophila synapsin antibody. Supported by Medical Research Council, Canada.

467.3
LOCALIZATION OF THE B/K PROTEIN IN i HE RAT BRAIN
O.-T. Kwon1*, M.-Y. Lee . S.-H. Choi1, H.-S. Lee2, H.S.
Kim1, and H. Chin3 ’Dept. Biochem., and 2Dept. Anatomy, Medical 
College, The Catholic University of Korea, Seoul 137-701, Korea: 
3Lab. of Neurochem., NINDS, NIH, MD20892

B/K is a newly identifided protein cloned from the rat brain. It 
has two C2 domain in the carboxyl terminus, and its mRNA is 
highly expressed in the brain and kidney (FEBS Letters 378:135, 
1996). The physiologic function of this protein was not fully 
understood. We developed a specific rabbit polyclonal antibody 
which reacts with 56 KDa B/K protein in the brain and kidney, 
and used to analyse its expression pattern in the rat brain by 
immunohistochemistry7. B/K immunoreactivity in adult rat brain was 
restricted to neuronal cells. Furthermore, the distribution pattern 
was highly selective and similar to that of the B/K transcript as 
previously described (FEBS Letters 378:135, 1996). Regions which 
showed strong B/K immunoreactivity were the hypothalamus (such 
as supraoptic, paraventricular, lateral hypothalamic, and arcuate 
nuclei), median eminence, subcommisurai organ, choroid plexus, 
locus coerulus, substantia nigra pars compacta, adenohypophysis, 
and A5 noradrenergic cells. Moderate degree of immunoreactivity 
was detected in the anterior olfactory’ nucleus, piriform cortex, 
subfornical organ, supramammillary nucleus, tuberal nucleus, 
hippocampus (CAI through CA3), amygdala, entorhinal cortex, 
posterodorsal tegmental nucleus, and motor neurons of the spinal 
cord. No signal was detected in the striatum, cerebellum, and 
thalamus. Selective expression of the B/K protein in those areas 
involved in secretion suggests role of the B/K in exocytosis of 
neurotransmitters or neurohormones in the brain.
This work was supported by KOSEF grant 961-0713-081-2 and 
Catholic Medical Center (O.-J. Kwon & M.-Y. Lee) and by the 
Intramural Research Fund, NINDS, NIH (H. Chin).

467.4
EFFECT OF CLOSTRIDIAL TOXINS ON HYPERTONIC 
SOLUTION EVOKED NEUROTRANSMITTER RELEASE IN 
CULTURED HIPPOCAMPAL NEURONS. J.H. Williams1'2 and CE. 
S-evens.1’3* ’The Salk Institute La Jolla, CA, 2UC San Diego, La Jolla, CA, 
3HHMI.

The SNARE hypothesis describes a general mechanism for vesicle exocytosis 
that includes docking between complementary vesicular (v-) and target (t-) 
SNARE proteins, and subsequent formation of a docking and fusion particle. At 
synapses, synaptobrevin is a v-SNARE, and SNAP-25 & syntaxin are t-SNAREs. 
These three synaptic proteins are specifically cleaved by clostridial neurotoxins 
which include tetanus toxin and several botulinum toxins. The role of v- and t 
SNAREs in neurotransmission is supported by inhibition of action potential 
evoked neurotransmitter release following toxin treatment. Previous studies by 
Posenmund and Stevens (Neuron, 16:1197-1207) have shown that calcium- 
dependent stimulation with action potentials, and calcium-independent stimulation 
with hypertonic solution draws from the same pool of vesicles at central synapses. 
The present study was undertaken to test whether transmitter release evoked by 
hypertonic solution requires the v-SNARE. Tetanus toxin treatment inhbits 
hypertonic solution evoked release at central synapses of cultured hippocampal 
neurons. Tetanus toxin cleaves synaptobrevin so this result implicates the v- 
SNARE m the hypertonic solution evoked release mechanism Supported by 
NS12961 to C F.S and HHMI

467.5
CLOSTRIDIAL NEUROTOXINS AND SYNAPTIC BLOCKADE: 
DIFFERENTIAL EFFECTS AT CENTRAL AND PERIPHERAL SYNAPSES IN 
CELL CULTURE. A. Parfitfi, J.E. Brown2. E.A. Neale*t, and L.C. Williamson!. 
1LDN, NICHD, NIH, Bethesda, MD 20892 and 2USAMRIID, Ft. Detrick, MD.

Clostridial neurotoxins are believed to block neurotransmitter release by 
cleaving specific proteins required for synaptic vesicle docking and/or fusion. 
We have compared the efficacy of botulinum neurotoxins (BoNTs) A, E, and F 
with tetanus toxin (TeNT) in blocking neurotransmitter release at spinal cord 
synapses (primary site of TeNT action) and at nerve-muscle synapses (primary 
site of BoNT action). We examined the toxins’ effect on KCI-evoked release of 
glycine and glutamate in spinal cord cell cultures and on muscle twitch evoked 
by axon stimulation in spinal cord ventral horn/muscle compartmentalized 
cocultures. In spinal cord cultures, the toxins were added at 10 ng/ml for 
16 hrs. TeNT is two-fold more potent than BoNT A in blocking transmitter 
release; BoNTs E and F have little effect in this system. In nerve/muscle 
cocultures, innervated muscle fibers were located, toxins were added to the 
muscle compartment at 20 ng/ml, and the same fibers were examined at 
repeated intervals. BoNT A is more potent than TeNT in blocking synaptic 
transmission at the nerve-muscle synapse. Whereas 80% of muscle fibers are 
refractory to axon stimulation after exposure to BoNT A for 3 hrs, TeNT 
blocked only 50% of the fibers at this time. BoNT F is most potent, blocking 
80% of muscle responses in 1.5 hrs. BoNT E is less potent than BoNT A; 
approx. 65% of fibers are blocked in 3 hrs. Since toxin actions in vivo are 
mimicked in these cell cultures, they provide a reliable system for further 
studies of the cell biology of these toxins, including mechanisms for 
internalization and trafficking to their site of action.

467.6
THE NEGATIVE REGULATORY ACTION OF Rab3 ON 
NEUROTRANSMITTER RELEASE IS Ca2+ DEPENDENT F. Doussau, 
A. Clabecq#. J. P. Henry*. G. Gombos*. F. Darchen* and B. Poulain. Lab. de 
Neurobiologie Cellulaire, CNRS UPR 9009, F-67084 Strasbourg, France and 
# Inst. Biologie Physico-chimique, CNRS URA 1112, F-75005 Paris, France.

The Rab3 proteins are monomeric GTP-binding proteins associated with 
secretory vesicles. Under its GTP bound state, Rab3 negatively controls 
neurotransmitter release in Aplysia. GTP hydrolysis by Rab3 appears to 
occurre at a step downstream the SNARE complex formation i.e. probably 
after the docking of synaptic vesicles onto the plasma membrane. In the view 
of the interaction of Rab3 with Rabphilin, a potential Ca2+ detector, and of the 
essential role of Ca2+ in several steps of exocytosis, we investigated the 
possible Ca2 -dependency of Rab3 action at identified Aplysia synapses. In 
normal condition, a GTPase defective Rab3 mutant protein exerted a moderate 
inhibition of neurotransmition (~ 40 %). However after chelation of intra-
cellular free Ca2+ ions was made using EGTA, the action of this Rab3 mutant 
was greatly enhanced leading to a complete blockade of evoked neurotrans-
mitter release. The Ca2+ dependency was also observed with a Rab3 mutant 
defective in its effector domain. In order to determine whether the observed 
Ca2+ dependency was physiologically relevant, Ca2+-dependent short-term 
synaptic plasticity was examined in presence or absence of Rab3 mutants. 
Notably, the pair-pulse facilitation was found to be increased after injection of 
a GTPase defective Rab3 mutant. This suggests that during a very transient in-
crease of Ca2 intracellular concentration, the negative clamp exerted by Rah3 
on neuroexocytosis is transiently relieved thus leading to potentiation of the 
release process. Hence, Rab3 might participate to very7 short term plasticity.
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467.7
TETANUS NEUROTOXIN SELECTIVELY BLOCKS RECYCLING OF 
SYNAPTIC VESICLES CLUSTERED AT SYNAPTIC SITES. & 
Verderio, S. Coco, °P. De Camifli, &C. Montecucco and M. Matteoli/CNR 
Cell and Molec Pharm Ctr, Univ. of Milano,20129 Milano SCNR Ctr for 
Biomembr., Univ of Padova, Italy; °Dept of Cell Biol, Yale Univ, New 
Haven, CT, USA.
Using primary cultures of hippocampal neurons, we have shown that 
synaptic vesicles undergo cycles of exo-endocytosis already before 
synaptogenesis and that formation of synaptic contacts coincides with 
the activation of specific mechanisms controlling neurotransmitter 
release (reviewed in Matteoli et al. 1995. J. Physiol. (Paris) 89: 51). We 
have found recently that the main components of the fusion machinery 
are already expressed by hippocampal neurons since stages preceding 
synapse formation, opening the possibility that synaptic vesicle 
recycling before synaptogenesis is mediated by the same fusion 
machinery which controls exocytosis at mature synapses. To clarify this 
point, we have investigated whether synaptic vesicle recycling before 
synaptogenesis is already sensitive to tetanus neurotoxin, which blocks 
neurotransmitter release by cleaving the synaptic vesicle protein 
VAMP2. Although tetanus toxin is efficiently internalized in immature 
hippocampal neurons before synapse formation (Matteoli et al. 1996.
P.N.A.S. 93: 13310), it does not impair significantly the exocytotic 
process before synaptogenesis. Mature cultures, rich of synaptic 
contacts, are characterized by the sporadic presence of isolated axons, 
containing diffusely distributed synaptic vesicles. We have found that 
the exo-endocytotic recycling taking place in these isolated axons is not 
sensitive to tetanus neurotoxin as well. These data suggest that the 
dependence of the exocytotic process on the fusion machinery 
components may be related to the clustering of synaptic vesicles at 
synaptic sites.

467.8
IS LATE/ASYNCHRONOUS TRANSMITTER RELEASE MEDIATED THROUGH A DISTINCT 
pathway ? Investigation  on  Ca 2+- and  Sr 2+-mediated  synaptic  responses .
E. Rumpel and J. C. Behrends*, Dept. of Physiology, University of Munich, Germany

Late transmitter release (LR), giving rise to a „tail“ of asynchronous miniatures 
following the early synchronous response, is preferentially activated by Sr2+- as 
opposed to Ca-influx. This fact has prompted the hypothesis that LR is mediated by 
divalent cation binding to a high affinity site distinct from that responsible for early 
synchronous release, but possible roles of prolonged terminal depolarization (e.g. 
failure of Sr2+ to activate Ca2+-dep. K+-channels), slow sequestration or extrusion of 
Sr2+, or altered buffering have not been excluded. In any case, this distinct property of 
Sr2+-evoked transmitter release may provide clues as to the mechanisms which 
physiologically ensure the synchrony of release. We have, therefore, recorded evoked 
postsynaptic currents (IPSCs) at GABAergic striatal synapses in cell culture, where 
Sr2+-substitution leads to the appearance of pronounced late release lasting >ls. Rapid 
replacement of extracellular Sr2+ by equimolar amounts of either Mg2+ or Ca2+ 100 ms 
after the presynaptic stimulus did not influence LR, thus confirming that it is not due 
to prolonged Sr2+-influx. Replacement of extracellular Na+ with Li+ had no effect on 
the kinetics of either Ca2+ or Sr2+ mediated responses, suggesting that Na/Ca-exchange 
is not required for the control of release kinetics at this synapse. Application of the 
cell-permeant chelator BAPTA-AM (50 pM), while reducing peak amplitudes of all 
responses, strongly speeded the decay of Sr2+-mediated LR but not of Ca2+-mediated 
IPSCs. Thus, saturation of intracellular buffering capacity for Sr2+ is a possible reason 
for the pronounced LR mediated by this cation. Simultaneous presence of Ca2+ with 
Sr2+ during a stimulus produced a decrease in LR amplitude but no change in its time 
course, consistent with competitive interactions at the Ca2+-channel. Influx of Ca2+ 
evoked by a second stimulus during Sr2+-mediated LR did not produce the alterations 
in LR-time course to be expected if Ca2+ and Sr2+ interacted as partial agonist and full 
agonist at a putative high affinity site. Supported by the DFG (Bel739/l-2 and 2-1).

467.9
ROLE OF ATP IN THE MAINTENANCE OF THE PRIMED POOL 
OF SECRETORY GRANULES. S, Sankaranarayanan*, G Ellis- 
Davies# and W. Aimers. Dept. of Molecular Cell Research, Max- 
Planck Inst, for Medical Research, 69120, Heidelberg, Germany, 
#Bockus Research Inst., Dept. of Physiology, Allegheny University, 
Philadelphia.

Capacitance (Cm) measurements and transient changes in intracellular 
calcium [Ca] with brief light pulses from a mercury arc lamp to trigger 
calcium release from anew Ca-cage (DMNPE-4, Biophys. J. 1997, 72:246a), 
were used to investigate the role of ATP in maintaining exocytosis in bovine 
chromaffin cells. Whole-cell (WC) patch-clamp experiments were performed 
with Cesium-based internal solutions containing in (mM) 0.3 GTP, 0.2 Fura2, 
10 DMNPE-4, 9 CaCl2, 3 MgCl2 and 2 ATP or AMP-PNP. Sustained rises 
in [Ca] > 5 pM, 2 min. after WC, produced large and equal Cm changes in 
both ATP (2.0 ± 0.4 pF) and AMP-PNP (1.9 ± 0.2 pF). Evidently a 
chromaffin cell has 2.0 pF of primed granules. In other cells, only transient 
rises in [Ca] of 1-3 pM were elicited once every 2-3 min., which caused Cm 
changes with amplitudes (20 to 200 fF) that declined with a t  ~ 1400 sec for 
ATP and t  ~ 600 sec for AMP-PNP. After 30-60 min. WC, a maintained rise 
in [Ca] > 5 pM caused exocytosis of 1.0 ± 0.5 pF in ATP and 0.3 ±0.1 pF in 
AMP-PNP. The summed rise in Cm was 2.7 ± 0.4 pF in ATP and only 0.7 ±
0.2 pF in AMP-PNP. Therefore, ATP is necessary to maintain exocytic 
competence. Further, granules must deprime in AMP-PNP, since, of the 2.0 
pF of granules primed at the beginning of an experiment, only 0.7 pF in total 
can be released when cells are stimulated repeatedly.

Supported by the Max-Planck Gesellschaft and the NIH to GED.

467.10
CONTROL OF SECRETORY GRANULE MEMBRANE RETRIEVAL 
FOLLOWING EXOCYTOTIC ACTIVITY. D.R. Giovannucci* and E. L. 
Stuenkel. Dept. of Physiology, Univ. of Michigan, Ann Arbor, Ml 48109-0622.

A reduction in the pool of releasable vesicles may result in a decrease in the 
probability of neurotransmitter release. As such, the endocytotic retrieval and 
recycling of membrane following prolonged Ca2+-evoked exocytotic activity 
may impact the maintenance of release at nerve endings containing small pools 
of rapidly releasable vesicles. The purpose of this study was to investigate the 
Ca2+- and GTP-dependent modulation of post-fusion secretory granule 
membrane retrieval in isolated peptidergic nerve endings of the rat 
neurohypophysis using high time-resolved membrane capacitance (Cm) 
measurements in combination with fura-2 or FM1-43 microfluorometry. In most 
nerve endings tested, the depolarization-evoked increase in Cm was followed 
by a decline in Cm back to, or below, pre-stimulus steady state Cm levels over a 
period of seconds. Under whole cell patch clamp, three kinetically distinct 
phases of endocytosis could be observed; an exponential rapid recovery of 
Cm in response to moderate increases in Cm (t =2.8 s) evoked by single 
depolarizations; a slower, often delayed, continuous recovery from larger Cm 
increases (t1/2 = 14 s) evoked by repetitive depolarizations; and discrete step-
like decreases in Cm (18.8 fF on average) following the largest observed 
increases in surface area. The rate of endocytosis was shown to be related to 
the amount of membrane retrieved and altered by manipulation of the 
intracellular Ca2+ buffering capacity. Inclusion of 100-200 pM GTPyS in the 
patch pipette, however, had no obvious effect on the endocytotic response, 
despite slowing Ca2+ current activation. The endocytotic retrieval of membrane 
was confirmed by the use-dependent uptake of the fluorescent membrane 
probe FM1-43. Supported by NSF grant IBN 9410834.

467.11
DIFFERENTIAL CALCIUM DEPENDENCE OF 
FACILITATION AND ASYNCHRONOUS RELEASE AT 
A CEREBELLAR SYNAPSE. P. P. Atluri* and W. G. Regehr. 
Department of Neurobiology, Harvard Medical School, Boston, MA 
02115.

Calcium entry into the nerve terminal triggers the large, brief 
increase in transmitter release probability that underlies the classical 
synchronous post-synaptic current. Asynchronous release (AR) is a 
smaller elevation in transmitter release probability that persists for tens 
to hundreds of milliseconds following action potential invasion. One 
leading theory has held that AR is closely related to paired-pulse 
facilitation (PPF), a form of short-term synaptic enhancement. We 
tested this hypothesis at the synapse between cerebellar granule cells 
and stellate cells. Presynaptic calcium (Caj) was measured with 
fluorometric indicators and the time courses and amplitudes of PPF 
and AR were determined using voltage-clamp recording. Following 
single stimuli, AR decayed more rapidly than did Cap PPF, however, 
decayed more slowly than Ca;. The introduction of high 
concentrations of EGTA to the presynaptic terminals greatly reduced 
the amplitude of both PPF and AR, indicating that they are both 
driven by Caj. Calcium transients were then manipulated by altering 
external calcium concentrations or introducing exogenous calcium 
chelators. These manipulations differentially affected PPF and AR, 
suggesting that both are controlled by Caj, but via distinct 
mechanisms.

This research was supported by NIH grant R01-NS32405-01.

467.12
QUANTAL DOPAMINE RELEASE IS DIFFERENTIALLY 
REGULATED BY HIGH POTASSIUM AND ALPHA-LATROTOXIN 
STIMULATION IN PHEOCHROMOCYTOMA-12 CELLS. D Sulzer’1, 
E. N. Pothos1, V. Krasnoperov2, and A. G. Petrenko2. ‘Dept. of 
Neurology and Psychiatry, Columbia Univ. and Dept. of Neurosci., 
NYSPI, New York, NY 10032; and 2Dept. of Environmental Medicine, 
New York Univ. Medical Center, New York, NY 10016

We compared evoked quantal secretion from a pheochromocytoma 
cell line (PC12) by a-latrotoxin (aLTX; 20 nM) with secretion by 
depolarization (80 mM KC1). aLTX elicited a >2-fold greater mean 
quantal size (~111,000 vs 47,000 molecules). Spikes evoked by aLTX 
were 140% longer in duration but of similar amplitude. In Ca2+- 
containing low (I mM) Mg2" conditions, we observed rare (~ 0.5%) 
rapid events (-200 (isec) that resemble those due to fusion of small clear 
vesicles in invertebrate neurons and are previously unreported in 
neuroendrocrine cells. Under Ca2+-free/high Mg2+ conditions (10 mM 
MgClj, aLTX exclusively evoked rapid events. We suggest that quantal 
size is not a fixed parameter and depends on the secretagogue used. The 
potentiated duration of quantal events induced by aLTX suggests 
prolonged expression of the fusion pore. The occurrence of rapid 
events in Ca -free/high Mg2+ conditions suggests that aLTX may 
differentially promote exocytosis of large dense core and clear synaptic 
vesicles or an altered fusion pore, perhaps through the Ca2+-independent 
aLTX receptor (CIRL), identified by Western blot analysis in our PC 12 
cell line.
Funded by The Aaron Diamond Foundation, NARSAD, the Parkinson’s 
Disease Foundation, and NIDA 07418 & 10154.
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467.13
GLIAL-DERIVED NEUROTROPHIC FACTOR INCREASES 
QUANTAL SIZE IN MIDBRAIN DOPAMINE NEURONS. E. N. 
Pothos*, V. Davila and D. Sulzer. Dept. of Neurology and Psychiatry, 
Columbia Univ. and Dept. of Neurosci., NYSPI, New York, NY 10032

Glial-derived neurotrophic factor (GDNF) elevates the expression of 
tyrosine hydroxylase (TH\ the rate-limiting step in dopamine (DA) 
synthesis (Beck et al., 1996, JPET, 279: 1181-1190). We have 
previously reported that upregulation of DA synthesis by levodopa (L- 
DOPA) increases quantal size in pheochromocytoma-12 (PC 12) and 
postnatal midbrain DA neurons in culture, as measured by amperometry 
(Pothos et al, 1996, J. Neurochem. 66, 629-636; Pothos et al., 1996, 
Neurosci. Abstr. 780.1). In the present study, midbrain DA neurons 
treated chronically with GDNF (lOng/ml) showed a significant increase 
in mean quantal size (14700±1200 molecules, n=119 events) when 
compared to untreated cells of the same age (3OOO+3OO molecules, 
n=68). When GDNF-treated cultures were incubated with 20 pM L- 
DOPA for 30 min, the mean quantal size increased to 173OO±8OO 
molecules (n=840). The observed amperometric spikes considered as 
monoquantal events had a typical width of 150 psec to 1.2 msec, 
resembled a Gaussian distribution of the cubed root of quantal size, 
were calcium- and stimulation-dependent, and were abolished by 
reserpine. Our findings suggest that mechanisms that elevate 
neurotransmitter synthesis alter quantal size in catecholamine neurons 
and that neurotransmitter can accumulate in vesicles at levels greater 
than 500 mM. This previously unappreciated phenomenon may 
underlie neuroprotective properties of GDNF.
Funded by The Aaron Diamond Foundation, NARSAD, the Parkinson’s 
Disease Foundation, and NIDA 07418 & 10154

467.14
MODULATION OP^QUANTAL SIZE BY EXPRESSION OF THE VESICULAR 
MONOAMINE TRANSPORTER. B.-C. Sun*1, Y. Liu2, R. Edwards2 and D. Sulzer1. 
'Department of Neurology and Psychiatry, Columbia University; Department of 
Neuroscience; New York State Psychiatric Institute, New York, NY 10032; 
department of Neurology, University of California, San Francisco, CA 94143.

Vesicular transmitter uptake is commonly assumed to rapidly reach equilibrium. 
However, it is possible that activity of vesicular transmitter transporters could regulate 
quantal size. Amphetamine can reduce quantal size by 50% (Sulzer et al., 1995). 
presumably by collapsing the intravesicular proton gradient and/or blockade of the 
vesicular monoamine transporter (VMAT) (Floor and Meng, 1996). The DA precursor 
L-DGPA can elevate quantal size to > 300% of control levels by stimulating cytosolic 
DA synthesis (Pothos et al. 1996). Therefore, quantal size is regulated by the 
components of free energy gradient, i.e. the substrate concentration and electro-
chemical gradients. To address if expression of transporters is a rate-limiting step in 
vesicular transmitter accumulation, we took advantage of differences in two subtypes 
of the vesicular monoamine transporter (VMAT). PC 12 cells express the 
neuroendrocrine form VMAT1. We induced expression of VMAT2, the brain subtype, 
in these cells using adenovirus-mediated infection. From amperometric recordings of 
quantal release, we found that VMAT2 expression increased the mean quantal size 
(molecules released per secretory event) to 400% of the control levels, suggesting a 
reason for colocalization of the subtypes in chromaffin cells.

To explore the function of the transporter in a system without endogenous 
transporter, we cotransfected VMAT2 into a tyrosine hydroxylase (TH)-expressing 
AtT20 cell line (Drs. Haycock and Goldstein). TH-only cells showed very rare ampero-
metric events that of two categories, with widths of approximately 6 msec and 200 
|isec. VMAT transfection increased the incidence of amperometric events by 12-18 fold 
and quantal size by 200-800%. Presumably, the different widths are due to fusion of 
two different types of vesicles although rare hybrid events suggest the possibility that 
a given vesicle may express multiple states of the fusion pore. At the conference, we 
plan to report findings on modulation of neurotransmission by mutations of the 
transporter, (supported by NIMH, NIDA, Parkinson’s Disease Foundation)

467.15
EFFECTS OF CYCLIC AMP CASCADE DEFECTS ON 
ACETYLCHOLINE SECRETION IN CULTURED DROSOPHILA 
NEURONS AS DETECTED BY XENOPUS LAEV1S MYOBALLS. W.-D, 
Yao**.J. Rusch^. M.-m. Poo^ and C.-F, Wuk 1) Dept. of Biological 
Sciences, University of Iowa, Iowa City, IA 52242, 2) Dept. of Biology, 
University of California, San Diego, La Jolla, CA 92093.

To study the functional development of Drosophila CNS neurons, we 
have developed an assay system consisting of cultured Drosophila "giant" 
neurons and Xenopus embryonic myoballs for detection of ACh release. 
When a myoball was manipulated into contact with a neuron, spontaneous 
synaptic currents (SSCs) were readily detected, with amplitudes up to 
several hundred pA. Evoked ACh release in these immature synapses was 
also obtained by stimulation of the neuronal soma. ACh release did not 
seem to be restricted to a specific category of neuronal morphology, 
consistent with the fact that ACh is the major transmitter in the fly CNS.

Neurons from the cAMP cascade learning and memory mutants dunce 
(dnc) and rutabaga (rut) showed altered spontaneous release frequencies 
and kinetics. For dnc, the release frequency was strongly increased after 
stimulation of the neuron, rut neurons displayed bi- or multiphasic release 
events, slower kinetics, and also spontaneous bursts which might be 
correlated with abnormal spike activity previously observed in rut neurons.

This co-culture preparation may offer a model system for genetic analysis 
of the developmental progression and molecular determinants of the 
presynaptic mechanisms for neurotransmitter secretion, and provides a basis 
for further studies of synaptic mechanisms in cultures of Drosophila CNS 
neurons which are otherwise technically difficult to assess.

This work was supported by grants NS26528 and HD18577 to C.-F.W. 
and NS22764 to M.-m.P..

467.16
REAL-TIME DETECTION OF EXOCYTOSIS IN EPITHELIAL CELLS.
D-.S. Koh, M.W. Moody, T.D. Nguyen, B.L. Tempel* and B. Hille. Dept. of 
Physiology and Biophysics, Univ. of Washington, Seattle, WA 98195-7290

We asked if exocytosis, fusion of vesicles to plasma membrane, and its 
modulation share common features in different cell types. We looked in 
epithelia since immunohistochemical studies identified proteins homologous to 
those found in the fusion machinery of neuronal cells.

Cultured dog pancreatic duct cells were loaded with oxidizable neurotrans-
mitters, dopamine or 5-HT. Release of the false transmitters during exocytosis 
was detected by carbon-fiber amperometry. In the absence of stimuli, loaded 
cells displayed spontaneous dxocytosis which may represent constitutive 
membrane transport. The quantal events induced by fusion of single vesicles 
resemble those in adrenal chromaffin cells: They had 1) frequently a “foot” 
which was assumed to be leak of transmitters though transient fusion pore, 
and 2) kinetics with rapid onset and exponential decay. The frequency of this 
exocytosis decreased only gradually in Ca-free external solution over several 
minutes. Depolarization induced by K-rich solution had no effect, suggesting 

that voltage-gated Ca influx mechanism to modulate 
exocytosis is absent (relative frequency of quantal events 
compared to control = 97±7%, n=9). Hyperosmotic 
solution (250 mM added sucrose), known to increase the 
frequency of miniature postsynaptic currents in neuronal 
synapses, had an opposite effect (28±8%, n=12). 
Exocytosis in the cells was dependent on [Ca]j and cAMP 
as the frequency of quantal events was increased by 
ionomycin (446±236%, n=3), thapsigargin (367±103%, 
n=8), and forskolin (282±66%, n=20).

20 pA

50 ms

Supported by NIH Grants (NS08174&AR17803) and CF Foundation (R565).

467.17
COMPARISON OF SECRETORY RESPONSES AS MEASURED BY 
MEMBRANE CAPACITANCE AND BY AMPEROMETRY M. Haller. C. 
Heinemann, R, Chow1, R. Heidelberger2* and E. Neher. MPI for biophys. Chem., 
37077 Gottingen, Germany, ’Univ. of Edinburgh Med. School, Edinburgh EH8 
9AG, Great Britain, 2Univ. of Texas Medical School, Houston, Texas 77030, U.S.A.

The exocytotic response following flash photolysis of caged calcium or step 
depolarizations was observed simultaneously by capacitance and amperometric 
measurements in bovine chromaffin cells. In both types of experminents the total 
amperometric charge was found to depend linearly on the amount of capacitance 
increase. Furthermore, the properties of resolvable amperometric spikes following 
flashes were comparable to those observed following depolarizations, and their timing 
was compatible with the rate of capacitance increase. Due to the inherent differences 
between the two types of signals a direct quantitative comparison between capacitance 
and amperometric records is difficult. We therefore generated reference amperometric 
signals for a given measured capacitance increase using Monte Carlo simulations. 
While there was a reasonable correlation in the time courses of the integrated Monte 
Carlo records and integrated experimental records for small increases in calcium (i.e.< 
10 |lM), for larger increases in calcium there was a 20-30 ms delay in the integrated 
experimental traces compared to the simulated traces. Part of this delay can be 
explained by the 'pre-foot delay and the foot duration. We also applied a novel type 
of fluctuation analysis to estimate the quantum size of an amperometric event. In 
both flash and depolarization experiments the estimates from experimental 
amperometric traces were about 2-5 times smaller than estimates from simulated ones 
assuming a contribution of 2.5 fF to membrane capacitance per vesicle. Possible 
reasons for this discrepancy include contributions to the amperometric current from 
smaller vesicles, preferred release from cellular regions oriented towards the chamber 
bottom, or abundance of ‘foot-only’ events. (Supported in part by EC-grant 
ERBCHRXCT940500)

467.18
RELEASE PROBABILITY RELATED TO SIZE OF READILY 
RELEASABLE VESICLE POOL IN CENTRAL SYNAPSES.

L.E. Dobrunz* and C.F. Stevens. Salk Institute, La Jolla CA, 92037.
Whole cell recordings were made from neurons in the CA1 region 

of rat hippocampal slices. Using the technique of minimal stimulation 
of the CA3 Schaeffer collateral axons to measure the responses of 
putative single synaptic release sites, we show that significant 
heterogeneity exists in facilitation and depletion among single 
synapses. In particular, the amount of paired-pulse facilitation is 
inversely related to the initial release probability of the synapse. We 
also examined depletion at individual synapses using high frequency 
stimulation, and showed that release probability decreased as the 
vesicle pool depleted, with no change in the quantal amplitude. By 
counting the number of quanta released as the release probability 
decreased to zero, we estimated the size of the readily-releasable 
vesicle pool, which averaged 5.0 ± 3.0 quanta (n = 13 synapses). In 
addition, these experiments show that the release probability at a 
synapse is directly correlated with the size of its readily-releasable 
vesicle pool.

Supported by the Howard Hughes Medical Institute.
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467.19
MEPP CLASSES ARE DYNAMICALLY FORMED AT MOMENT OF 
RELEASE AT THE TORPEDO ELECTROCYTE JUNCTION.
M.E. Kriebel*. G, Fox, and B, Keller. Dept. Physiology, SUNY Health 
Sci. Ctr., Syracuse, NY 13210 and M.P.I. Goettingen, F.R.G.

There are two classes of miniature endplate potentials (MEPPs) in 
the frog, mouse, skate and Torpedo junctions based on amplitude 
distributions. The larger class forms a bell-shaped distribution (bell- 
MEPPs) and this class was first described by Fatt and Katz (J.
Physiol., 1952). The second class has a mode l/7th - l/10th that of bell - 
MEPPs and it is skewed and includes giant slow MEPPs. In the 
Torpedo electrocyte terminal, we have shown that synaptic vesicle 
membrane is not incorporated into the nerve terminal with evoked 
release, that changes in vesicle classes occur long after both evoked 
and elevated rates of spontaneous release have occurred and that 
MEPP size can vary 10 fold with the generation of only 100 MEPPs, 
such that quantal class size and ratio are labile. MEPP interval 
patterns also depend on MEPP frequency. At low frequencies, log 
number vs. log interval plots have a slope of -0.8 whereas at high 
frequencies the spectrum shows a plateau region of short intervals and 
a slope of -2 for longer intervals. Torpedo electrocytes have 3 to 5 
classes of vesicles based on diameter whereas eye muscle fibers have 
only one class. We have found that vesicle classes are evenly 
distributed and there is no correlation between vesicles and transmit-
ter release. We propose that there is a dynamic release process in the 
membrane that meters the release of transmitter in subunit amounts 
from a presynaptic store and it has two functional states to generate the 
two quantal classes. Supported by NIH NS25683.

467.20
FRACTAL DIMENSIONS IN THE OCCURRENCE OF 
MINIATURE ENDPLATE POTENTIAL T. Takeda* A. Sakata 
and T. Matsuoka Lab. Physiol.Sci., Jichi Med. School, School of 
Nursing, Mmamikawachi-machi, Tochigi-ken, 329-04 Japan

Occurrence of miniature endplate potentials (MEPP) in the sartorius 
muscle of Rana catesbeiana in high Mg2+ Ringer solution were 
observed in standard intracellular recording. Intervals and amplitudes 
of sequentially occurring MEPP were registered and quantitatively 
analysed. 1) Fractality in occurrence Interval histograms of a time 
series of MEPP showed exponential-like pattern as reported in the 
classical report by Fatt and Katz (1952). The cumulative distribution 
of the intervals plotted in logarithmic axes showed two distinct phases. 
In shorter intervals (<ls), curve along exponential decay was observed 
as reported in former study, and in longer intervals (>ls) linear 
decay can be seen. The latter power-law relation gave dimensions 
of 4.066 +0.900 (mean and S.D.). Self-similarity in longer range 
implies a time-scale invariant nature and may suggest fractal process 
in restoration of synaptic vesicles. 2)Fractality in fluctuation of the 
amplitude Fluctuation of amplitudes in sequentially occurred MEPP 
were analyzed according to Higuchi's cumulative route-length 
analysis. The estimates for sequential amplitude curve showed the 
power-law relation in a logarithmic plot whose inclination (D=) 
estimated with linear reggression analysis was 1.993+0.006 (mean 
and S.D.). This results indicate that fluctuation in the amplitude of 
MEPP shows possible maximum complexity because graphic curve 
in 2-D plane can bear maximum D of 2.

LONG-TERM POTENTIATION: PHYSIOLOGY IV

468.1
EPSP/COMPLEX-SPIKE BURST COINCIDENCE REGULATES 5 
HZ STIMULATION-INDUCED CAl LTP. Watabe, AM *, Thomas, 
M.J., Moody T.D., Makhinson, M.. and O’Dell, T.J Dept. Physiology, 
UCLA School of Med., CA, 90095

We have observed that while 75 or 150 pulses of 5 Hz synaptic stimulation 
induces LTP in the CAl region of mouse hippocampal slices, little LTP is 
induced by shorter (10 pulses) or longer (900 pulses) duration trains During
5 Hz trains, EPSPs evoked complex-spike (CS) like bursts of action potentials 
in CAl pyramidal cells in a highly activity-dependent manner such that CS 
bursts occurred only between approximately the 40th and 300th stimulation 
pulse. The correlation between LTP induction and the relative amount of 
EPSP-evoked CS bursting suggests that the amount of EPSP/CS burst 
coincidence regulates 5 Hz stimulation-induced LTP. To examine this 
relationship further, patterned stimulation was used to manipulate EPSP/CS 
burst coincidence while keeping stimulation frequency (5Hz) and pulse 
number constant. A continuous 900 pulse train evoked coincident EPSP/CS 
bursts on 21.4% of the pulses and induced no LTP (EPSPs were 96.3 ± 7.1 % 
of baseline 45 min after 5Hz stim., n = 5). In contrast, 900 pulses delivered as
6 trains of 150 pulses (20s ITI) elicited EPSP/CS bursts on 75.3% of the 
pulses and induced LTP (149.8 ± 10.2% n = 9) During a continuous 75 pulse 
train 58.7% of EPSPs evoked CS bursts and LTP was induced (142.7 ± 
11.9%, n = 8). However, only 21.8% of the EPSPs elicited CS bursts when 
75 stimulation pulses were delivered as 5 trains of 15 pulses (7s ITI) and little 
LTP (110.7 ± 5.2%, n = 8) was induced. These results suggest that activity- 
dependent processes influencing complex-spike bursting in CAl pyramidal 
cells regulate the induction of 5 Hz stimulation-induced LTP in manner 
strongly dependent on both the duration and pattern of synaptic activation 
(Supported by NIMH, Pew Charitable Trusts, and the Klingenstein Fund)

468.2
DECREASE OF HIGH-INTENSITY THETA BURST (TB) STIMULATION- 
INDUCED DEPOTENTIATION BY PROTEIN PHOSPHATASE INHIBITORS IN 
THE AREA CAl OF RAT HIPPOCAMPAL SLICES. M.H. Kang*1, S. Shenohkar1, 
S.D. Moore23, and W.A. Wilson13. Dept. of’ Pharmacology and2Psychiatry, Duke 
University Medical Center, and ’Neurology Research Laboratory, Veterans 
Administration Medical Center, Durham, North Carolina 27705.

We have shown that TB stimulation at high intensity reversed the previously 
potentiated response by the same TB stimulation at low intensity in the CAl 
hippocampal area, and this depotentiation was mediated by NMDA receptor activation 
(Barret al., J. Neurosci., 15,5402-5410,1995). In the present study, we examined the 
possible involvement of protein phosphatase 1 in this type of depotentiation, whose 
activation was suggested to play a critical role in the depotentiation as well as long-
term depression (LTD) by low frequency stimulation (Murkey et al.. Science, 261, 
1051-1053. 1993, O’Dell & Kandel, Learning & Memory, 129-139, 1994). 
Depotentiation was studied in the hippocampal slices from 20-22 day old rats using 
field recording in the stratum radiatum of the CAl pyramidal area LTP was induced 
by TB stimulation (10 trains consisting of 4 pulses at 100 Hz. 200 msec apart) at the 
test pulse-intensity (50-90 pA) which evoked 30 % of the maximal response, while 
depotentiation was induced by TB stimulation at the 10 times the test-pulse intensity. 
Preincubation with Okadaic acid or Calyculin A (0.5-1 pM) for 1-3 hr decreased the 
level of depotentiation by high-intensity TB stimulation. However, these drugs did not 
block the depotentiation completely, suggesting that activation of protein phosphatase 
1 only partly contributes to the mechanism underlying high-intensity TB stimulation- 
induced depotentiation.

Supported by grants from VAMC and NS32125.

468.3
CHANGES IN PP2A PHOSPHORYLATION IN ASSOCIATION 
WITH LONG-TERM DEPRESSION IN THE ADULT 
HIPPOCAMPUS IN VIVO. E.D. Norman*, E. Thiels. G. Barrionuevo, and E. 
Klann. Department of Neuroscience and the Center for the Neural Basis of 
Cognition University of Pittsburgh, Pittsburgh, PA 15260

We have shown previously that long-term depression (LTD) induced in area CAl 
by paired-pulse stimulation (PPS) of the commissural afferents is associated with 
increases in protein phosphatase 2A (PP2A) activity 5 and 35 min after the final 
PPS (Soc. Neurosci. Abstr. 22; 331). We now report a significant LTD-associated 
increase in PP2A activity 65 min after the final PPS. To determine the mechanism 
responsible for the LTD-associated increase in PP2A activity, we conducted Western 
blot analyses and compared PP2A levels in dorsal (LTD) vs. ventral (control) area 
CAl 5, 35, and 65 min after the final PPS. We found no significant differences at 
any of these time points (LTD relative to control: 105+6%, n=3; 107±8%, n=3; 
118+16%, n=6, respectively). We interpret these findings to suggest that the 
prolonged increase in PP2A activity associated with LTD is mediated by a signaling 
cascade that involves changes in PP2A phosphorylation.

PP2A activity has been shown to be decreased by serine/threonine as well as 
tyrosine phosphorylation. Therefore, we hypothesized that the LTD-associated 
increase in the activity of PP2A is maintained by a decrease in PP2A 
phosphorylation. To test this hypothesis, we immunoprecipitated PP2A and 
subsequently performed Western blot analyses for PP2A tyrosine phosphorylation. 
Contrary to our expectations, we detected an increase in PP2A tyrosine 
phosphorylation at each time point following the final PPS (5 min: 140±21% of 
control, n=3; 35 min: 131±10% of control, n=3; 65 min: 210±62% of control, n=4). 
We currently are conducting experiments to determine the site(s) of the LTD- 
associated increase in tyrosine phosphorylation of PP2A and whether LTD is 
associated with a decrease in serine/threonine phosphorylation of PP2A. Supported 
by NIMH grant MH53586 (ET) and NINDS grant NS34007 (EK).

468.4
CHANGES IN PKC AND MAPK IN ASSOCIATION WITH LTD IN THE ADULT 
HIPPOCAMPUS IN VIVO. E.Thiels*, E.D. Norman, G. Barrionuevo, and E. Klann. 
Department of Neuroscience and Center for the Neural Basis of Cognition, University 
of Pittsburgh, Pittsburgh, PA 15260.

Increased and decreased protein phosphorylation have been implicated in long-term 
potentiation and long-term depression (LTD) of synaptic strength, respectively. Reduced 
protein phosphorylation could result from either reduction of protein kinase activity, 
enhancement of protein phosphatase activity, or both. We previously have demonstrated 
that NMDA receptor-dependent LTD in area CAl of the hippocampus of anesthetized 
adult rats is accompanied by an increase in the activity of protein phosphatases 1 (PP1) 
and 2A (PP2A) {Soc. Neurosci. Abstr. 22; 331; Norman et al., this issue). Because both 
PP1 and PP2A can inhibit the activity of various serine/threonine protein kinases, we 
hypothesized that LTD in the adult hippocampus in vivo is accompanied also by a 
decrease in kinase activity. To test this hypothesis, we first focused on protein kinase C 
(PKC) and mitogen-activated protein kinase (MAPK), both of which have been 
implicated in activity-dependent regulation of synaptic strength.

LTD was induced at the commissural input to CAl pyramidal cells in anesthetized adult 
rats using our standard protocol (3 trains of paired-pulse stimulation with a 25-ms 
interstimulus, a 2-sec interpair, and a 15-min intertrain interval). Tissue from dorsal 
(LTD) and ventral (control) area CAl was collected for biochemical analysis either 5 
(n=3), 35 (n=3), or 65 min (MAPK only; n=4) after the third train of pairs. Autonomous 
PKC activity was decreased significantly both 5 and 35 min after induction of LTD 
(76±2% and 59±3% of control, respectively). Cofactor-dependent PKC activity was 
reduced significantly at these times after LTD induction as well (78±9% and 62±9% of 
control, respectively), which suggests a downregulation of PKC in association with LTD. 
PKC has been implicated as an activator of MAPK. To begin investigating LTD- 
associated changes in MAPK, we measured MAPK levels 5, 35, and 65 min after LTD 
induction and found a significant reduction at each of these time points (p44: 63±4%, 
88±13%, and 65±20% of control, respectively; p42: 31 ±17%, 47±14%, and 50± 16% of 
control, respectively). Collectively, our findings suggest that reduced protein 
phosphorylation by PKC and MAPK may participate in the maintenance and/or early 
expression of LTD in the adult hippocampus in vivo. These changes in kinase function 
mav serve to amplify the LTD-associated. changes in phosphatase function we reported 
previously. Supported by NIMH MH53586 (ET) and NINDS NS340CU (EK).
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468.5

THE ROLE OF PROTEIN PHOSPHATASES IN LONG-TERM 
DEPRESSION OF RAT HIPPOCAMPAL SLICES., Sheng-Tian 
Li.W(2>*.Kunio Kato <3> and Katsuhiko Mikoshiba wrow.WDepartment of 
Molecular Neurobiology, The Institute of Medical Science, The University 
of Tokyo Tokyo 108, JAPAN (^Department of Molecular Neurobiology, 
The Institute of Physical and Chemical Research (RIKEN), Ibaraki 305, 
JAPAN ^Mikoshiba Calciosignal Net Project, ERATO, JST, Tokyo 153, 
JAPAN

Long-term depression (LTD) in the CA1 area of hippocampal slices 
from 19-25 day old rats was studied by field recording. We employed a 
special perfusion solution composed of variable concentrations of Ca2+, 
Mg2+, and K+ to substitute for low-frequency stimulation in order to 
induce LTD without electrical stimulation. LTD was successfully induced 
by application of the conditioning solution (Ca2+: 4 mM; Mg2+: 0.1 mM; K+: 
5 mM) for 20 min (-28.5 ± 8.8 %; N= 12 out of 16). This LTD was not 
suppressed by 50 pM D-2-amino-5-phosphanovalerate (D-AP5), a N- 
methyl-D-aspartate (NMDA) receptor antagonist. The advantage of this 
protocol is that the whole slice is exposed to conditioning solution, and 
therefore LTD should be induced in all of the synapses, possibly yielding 
clearer results in biochemical studies than when LTD is induced at only 
certain synapses by electrical stimulation. We tested the effect of protein 
phosphatase 2B inhibitors, FK-506 and cyclosporine A, on the LTD 
induced with the conditioning solution and found that lpM FK506 
inhibited the induction of LTD (N=6 out of 7). We also measured protein 
phosphatase activity by biochemical methods using slices in which LTD 
was induced, and compared the results before and after LTD induction.

468.6
TYROSINE PHOSPHATASE INHIBITORS BLOCK LTP AND LTD IN 
AREA CA1 OF THE HIPPOCAMPUS. C.M. Coussens* and W.C. 
Abraham. Department of Psychology and Neuroscience Research Centre, 
University of Otago, Dunedin, New Zealand.

The tyrosine phosphorylation signalling pathway is thought to play an 
important role in synaptic plasticity. While research has focused primarily 
on the tyrosine kinases, the role of tyrosine phosphatases has yet to be 
elucidated. We examined the effects of the broad spectrum tyrosine 
phosphatase inhibitor sodium orthovanadate (NaO, 1 mM) and phenylarsine 
oxide (PAO, 15 gM) on long-term potentiation (LTP) and long-term 
depression (LTD) in area CA1 of rat hippocampal slices. Unexpectedly, 
the addition of NaO 30 min prior to a 100 Hz (1 sec) tetanus blocked the 
induction of LTP at 1 hour post-tetanus (0 ± 6%, n=5) vs. control LTP 
(30 + 4%, n=5). This was confirmed using the second inhibitor PAO (4 
± 4%, n=6). Similarly, LTD induction was reduced by both inhibitors.
In control slices, low-frequency stimulation (LFS) delivered in two 
episodes (1 Hz, 600 pulses) resulted in LTD of -24 ± 7% (n=5), 30 min 
after the second LFS. In the presence of NaO, LTD was reduced (-8 + 
6%, n=7) while in the presence of PAO, LFS produced instead a small 
LTP (20 ± 7%, n=5). Sodium orthovanadate transiently enhanced 
isolated NMDA receptor-mediated potentials (5/6 slices) before depressing 
them (-50 ±4%). This depression was long-lasting as the response did 
not return to baseline in 4/6 slices over a 1 hour period. These results 
suggest that inhibition of tyrosine phosphatases may block.conventional 
synaptic plasticity by promoting LTD of NMDA receptor-mediated 
responses. (Supported by the New Zealand Health Research Council.)

468.7
RAPID & PERSISTENT ELEVATION IN THE N-METHYL-D-ASPARTATE 
RECEPTOR SUBUNIT NR2B FOLLOWING LONG-TERM POTENTIATION. 
J.M. Williams.* S.E. Mason-Parker. W.C. Abraham & W.P. Tate, Departments of 
Biochemistry and Psychology, University of Otago, Dunedin, New Zealand. 
Alteration in A-methyl-D-aspartate receptor (NMDAR) subunit composition has 
been reported in the developing rat cortex (Sheng etal. (1994) Nature 368: 144- 
147). In the adult hippocampus, the NMDAR complex consists of the core NR1 
subunit and enhancer NR2A and NR2B subunits in an unknown stoichiometry. 
While activation of the heteromeric NMDAR is essential for the induction of long-
term potentiation (LTP), it is unknown whether LTP is associated with a persistent 
alteration in NMDAR subunit composition. To investigate whether such changes 
occur following perforant path LTP in awake animals, protein extracts were 
prepared from control and tetanized dentate gyri of adult male Sprague-Dawley rats 
20 min, 48 h and 2 weeks after LTP induction. These extracts were used in 
immunoblot analyses with antibodies specific to NMDAR subunits NR2A and 
NR2B (Sheng etal. 1994). These analyses have demonstrated a rapid and significant 
elevation in expression of NR2B at 20 min (ratio tetanized to control hemisphere 
3.40 ± 0.68, mean + SEM, n=3) and at 48 h (2.11 ± 0.49, n=6) following LTP and 
that NR2B levels had returned to baseline levels by 2 weeks post-LTP (0.87 ±
0.08, n=6). No elevation in NR2B levels were detected in animals that were 
anaesthetized with sodium pentobarbital during LTP induction, a condition 
previously shown to abolish LTP-related increases in gene expression (20 min:
0.91 ± 0.09, n=3), or when the stimulus was given in the presence of the 
competitive NMDAR antagonist, CPP (48 h: 1.01 ± 0.09, n=3). Elevations in 
NR2A levels were also seen at the 20 min and 48 h time points, however, the 
increases were not statistically significant. These results indicate that there is a rapid 
increase in the amount of enhancer NMDAR subunits following LTP. These 
changes in NMDAR subunit composition might enhance NMDAR currents and 
contribute to the persistence of LTP. (Supported by the Health Research Council of 
NZ.)

468.8
PKA INHIBITION AND ELEVATION OF [cGMP] ENHANCE 
LONG-TERM DEPRESSION (LTD) OF SYNAPTIC STRENGTH 
IN RAT HIPPOCAMPUS. Linda A. Santschi and Patrie K. Stanton* 
Dept. of Neuroscience, Albert Einstein College of Medicine, Bronx,NY 10461

The maintenance of long-term potentiation (LTP) at many 
hippocampal synapses, including Schaffer collateral-CAl synapses, requires 
the production of cAMP and activation of cAMP-dependent protein kinase 
(PKA). There have also been seemingly inconsistent reports that PKA 
activation is necessary for expression of the reciprocal modification of 
synaptic efficacy, homosynaptic long-term depression (LTD), at these same 
synapses. We evaluated the possible involvement of PKA in the induction of 
LTD in hippocampal slices, using selective PKA inhibitors H-89 and KT5720.

We hypothesized that inhibition of PKA should lead to unopposed 
protein phosphatase activation (PPI, PP2A), dephosphorylation of AMPA 
receptors, and hence an increase in LTD. Neither H-89 (10|lM) nor KT5720 
(lfiM), when bath applied 30 min prior to low-frequency stimulation 
(lHz/900s), could block LTD at Schaffer collateral synapses in field CAL 
Furthermore, inhibition of PKA with bath-applied H-89 (10|iM) enhanced the 
magnitude of LTD elicited by sub-maximal low-frequency stimulation 
(lHz/400s). This suggests that both activation and inhibition of PKA may be 
involved in complementary forms of synaptic plasticity, supporting neural 
models that utilize co-regulated bi-directional long-term synaptic plasticity.

Further studies focused on the role of a presynaptic cGMP cascade 
that contributes to the induction of homosynaptic LTD. Bath application of 
the type V phosphodiesterase inhibitor Zaprinast (20}iM), which prevents the 
normal breakdown of cGMP, elicited a depression of synaptic transmission 
which reversed with drug washout. However, when Zaprinast (20pM) and H- 
89 (lOfiM) were co-applied, the synaptic depression elicited was long-lasting, 
remaining stably depressed throughout a 90 min drug washout. This suggests 
that there may be cross-talk between signal transduction cascades that mediate 
LTP (cAMP) and LTD (cGMP) of synaptic transmission.

468.9
INDUCTION OF LTD VIA A PRESYNAPTIC NITRIC OXIDE- 
MEDIATED CASCADE REQUIRES RELEASE OF CALCIUM 
FROM RYANODINE-SENSITIVE STORES. Magali Reyes* and 
Patrie K, Stanton Dept. of Neurosci., Albert Einstein Coll. Med., Bronx, NY.

Induction of long-term depression (LTD) of the strength of synaptic 
transmission is dependent on release of calcium (Ca2+) from intracellular 
pools. One of these pools is a presynaptically located Ca2+-activated store 
sensitive to the plant alkaloid ryanodine. We have recently shown that 
blockade of this presynaptic Ca2+ store blocks the induction of LTD.

We investigated the presynaptic messenger cascades which may be 
involved in release of Ca2+ from ryanodine-sensitive stores leading to LTD in 
an in vitro hippocampal slice preparation. One putative retrograde messenger 
which has been suggested to be involved in inducing LTD is nitric oxide 
(NO). Chelating NO in the extracellular space with hemoglobin has been 
reported to block the induction of LTD. In addition, the stable NO donor 
SNAP [IOOji M] enhances the magnitude of LTD elicited by submaximal low- 
frequency stimulation (LFS; lHz/400s). NO can activate several enzymes, 
including soluble guanylyl cyclases (NOGCs). NOGCs, which produce cyclic 
GMP, are involved in the induction of homosynaptic LTD in the 
hippocampus, and perhaps in cerebellum. Presynaptic cGMP has the 
potential to activate several cascades. One of these is the cGMP-dependent 
serine/threonine protein kinase (PKG). We report here that the PKG inhibitor 
IOjiM Rp-8pCPT-cGMP [ 10|iM] blocks the induction of LTD at Schaffer 
collateral-CAl synapses in vitro. In addition, blockade of the type V cGMP- 
activated phosphodiesterase with the specific inhibitor Zaprinast [5-5O|±M] 
depressed synaptic transmission reversibly, consistent with a necessary, but 
not sufficient, role for cGMP in LTD. The actions of Zaprinast, SNAP and 
cGMP analogs were all blocked by the Ca2+ store antagonist Ryanodine [10- 
25pM], We conclude a presynaptic cascade initiated by NOGC leads to LTD 
and requires Ca2+ release from presynaptic ryanodine receptor-gated stores.

468.10
CHANGES IN THE PHOSPHORYLATION STATE OF PRE- AND POSTSYNAPTIC 
PKC SUBSTRATES DURING LTP AND LTD. Geert M.J, Ramakers1, Robert K. 
McNamara2, Robert H. Lenox2, and Pierre N.E. De Graan1*. ’Rudolf Magnus Institute 
for Neurosciences, Universiteitsweg 100, 3584 CG Utrecht, The Netherlands, 
department of Psychiatry, University of Florida, Gainesville, USA.

LTP and LTD are two opposite forms of activity-dependent long-lasting changes in 
synaptic efficacy. Activation of PKC is thought to be essential in LTP, whereas protein 
phosphatases have been implicated in LTD. The exact synaptic localisation of increased 
PKC and phosphatase activity has not been resolved yet. Therefore we monitored after 
LTP and LTD induction the degree of phosphorylation of three identified 
PKC/phosphatase substrates with distinct locations: i) B-50 (GAP-43), a presynaptic 
PKC substrate, ii) RC3 (neurogranin,), a postsynaptic substrate for PKC and Hi) the 
myristoylated alanine-rich C kinase substrate (MARCKS) which is located both pre- and 
postsynaptically.

Hippocampal slices from rats (60-80 g: LTD studies or 100-120 g: LTP studies) were 
labelled with 32Pj. After stable baseline recordings of dendritic field EPSPs (fEPSP) in 
the CA1 field of the hippocampus, NMDA receptor-dependent LTD (1 Hz, 15 min) or 
LTP (100 Hz, 1 sec) was induced. Control slices in the same chamber only received test 
stimulation. The in situ B-50, RC3 and MARCKS phosphorylation state was determined 
in individual slices using quantitative immunoprecipitation and phosphorimaging at 
different time points after LTP or LTD induction.

Ten min after LTP induction B-50 and MARCKS phosphorylation was increased. One 
hour after LTP induction an increase in B-50 and RC3 phosphorylation was found, 
whereas MARCKS phosphorylation had returned to control levels. The increase in B-50 
and RC3 phosphorylation, but not that of MARCKS, was inhibited by AP5. After LTD 
induction we found a transient decrease in PKC substrate phosphorylation.

We conclude that LTP and LTD are accompanied by a transient increase in both pre- 
and postsynaptic PKC and phosphatase activity, respectively.
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468.11
Kv4.2: A NOVEL SUBSTRATE FOR MAP KINASE PHOSPHORYLATION.
J. P. Adams1, A. E. Anderson2, D. Johnston1*, P. J. Pfaffinger1, and J. D, Sweatt1.
1 Div. Neuroscience and2 Dept. Pediatrics, Baylor Coll, of Med., Houston, TX 77030.

Although most research has focused on the effects of mitogen-activated protein 
kinase (MAPK) in differentiation, development and proliferation, it has recently been 
implicated in the induction of LTP. However, the relevant substrates are unknown.
The Kv4.2 channel is a voltage-activated potassium channel localized to dendrites 
in the hippocampus. The channel passes an A-type current which is rapidly 
inactivating and likely functions in regulating excitability and EPSP magnitude. 
A variety of potassium channels have been shown to be regulated by phosphorylation. 
As the Kv4.2 sequence shows several MAPK consensus sites, we hypothesized that 
Kv4.2 is a substrate for MAPK. Fragments of the Kv4.2 channel corresponding to the 
N-terminus and the C-terminus were expressed in bacteria as GST-fusion proteins. 
The purified GST-fusion proteins were reacted with purified MAPK and [y-32P]ATP. 
Gel electrophoresis and autoradiography indicated that the C-terminus, but not 
the N-terminus, was phosphorylated by MAPK. To determine the sites on the Kv4.2 
C-terminus that were phosphorylated by MAPK, the phosphorylated, 32P-labeled 
fusion protein was digested with Lys-C and the resulting peptides were isolated 
using HPLC. Fractions containing high amounts of radioactivity were sequenced 
by Edman degradation. Three sites on the Kv4.2 C-terminus were determined to be 
phosphorylated by MAPK: Thr602, Thr607, and Ser616. These results demonstrate that 
Kv4.2 is a novel substrate for MAPK, and suggest a possible means by which MAPK 
might regulate synaptic efficacy and excitability. Future experiments will by directed 
toward determining the physiological role of Kv4.2 phosphorylation by MAPK.

Supported by NIMH and NINDS

468.12
STREPTOZOTOCIN-INDUCED DIABETES MELLITUS DEPRESSES 
SYNAPTIC PLASTICITY AND NEURAL CONDUCTION 
VELOCITY IN THE RAT HIPPOCAMPUS.
A. Kamal*,G. BiesselsJ.J.A. Urban,W.H. Gispen. Rudolf Magnus 
Institute for Neurosciences, PO Box 80040, 3508 TA Utrecht,The 
Netherlands.

Diabetes mellitus(DM) is general metabolic disease which affect the 
peripheral as well as the central nervous system. Elsewhere we showed 
that DM rats exhibit a defect in the performance in Morris-maze task 
and in the expression of LTP in the CA1 field of the hippocampus. Here 
we studied the effect of streptozotocin(STZ)-DM on nerve conduction 
velocity (NCV) in the CA1 field of the hippocampus and on the 
expression of LTP in the CA3 field and in the dentate gyrus of the 
hippocampus slices three months after the induction of DM. DM was 
induced by a single i.v. injection of 40 mg/kg of b.w. NCV in slices 
from DM rats was 0.265 ± 0.01 m/sec which was significantly different 
(p<0.05) from 0.350 ± 0.003 m/sec in slices from age-matched controls. 
NMDA receptor-dependent LTP in the CA1 filed in slices from DM rats 
was 104.9 ± 4.3% of the baseline which was significantly different 
(pc.OOl) from 136.8 ± 3.8% in controls. LTP in the dentate gyrus and 
CA3 filed in slices from MR rats was 107.1 ± 8.1% and 98.8 ± 10.9% 
and of the baseline, respectively whereas that in slices from age- 
matched controls was 136.3 ± 21.7% 169.9 ± 29.3% of the baseline in 
the dentate gyrus and CA3 field, respectively. In addition, we examined 
the expression of long-term depression in the CA1 field. The LTD 
expression in slices from control rats was DM rats was 84.8±4.2% 
whereas that in slices from DM rats was 70.2±3.9% of the baseline. The 
results demonstrate that a three months lasting status of DM significantly 
lowers NCV and the expression of both, NMDA receptor-dependent and 
NMDA receptor- independent LTP, but it significantly facilitates the 
expression of LTD in the CA1 field of the hippocampus.

468.13
DEFICITS IN HIPPOCAMPAL SYNAPTIC PLASTICITY IN MICE 
LACKING AMYLOID PRECURSOR PROTEIN G.R Seabrook*, D. 
Smith, B.J. Bowery, T. Reynolds, A. Easter, H. Zheng2, L.H.T. Van der
Ploeg^, G.R. Dawson, P.J.S. Sirinathsinqhi, & R.G. Hill. Merck Sharp &
Dohme, Terlings Park, Eastwick Rd, Harlow, Essex, CM20 2QR, U.K. 
& 2Merck Research Laboratories, Rahway, NJ, USA.

Abnormal processing of amyloid precursor protein (APP), in 
particular the generation of (3-amyloid peptides, has been implicated in 
the pathogenesis of Alzheimer’s disease. Deletion of the gene 
encoding APP in mice has been shown to result in reactive gliosis 
within brain especially within the hippocampus (Zheng et al., 1995 Cell 
81, 525). In this study the ability of high frequency stimuli to induce 
LTP was also found to be impaired in APP'7' compared to APP+/+ 
wildtype mice (p = 0.02, F = 5.59 with 1,36 DF). This was associated 
with a reduction in short-term potentiation implying that these effects 
may be in part due to a decrease in efficiency of LTP induction rather 
than its maintainance. Consistent with this, paired-pulse depression of 
GABA IPSCs was attenuated in APP'7' mice. The deficit in LTP was 
also correlated with the extent of gliosis in the stratum radiatum of 
animals used for electrophysiological experiments (r2 = 0.79; p < 0.02), 
and with a significant reduction in size of biocytin filled CA1 pyramidal 
neurones. These data demonstrate that deletion of the APP gene in 
mice results in abnormal neuronal morphology and function within the 
hippocampus suggesting that the APP gene product is either required 
for normal synaptic integrity or may directly regulate neuronal function.

468.14
ALTERATION OF LONG-TERM SYNAPTIC PLASTICITY IN CA1 
HIPPOCAMPUS OF TRANSGENIC MICE EXPRESSING FAD-LINKED 
PRESENILIN 1. D.R. Borchelt*, A.R. Parent, N.A. Jenkins, N.G. Copeland,
D.L. Price, D.J. Linden and S.S. Sisodia. Depts. of Pathology, Neuroscience, 
and Neurology, The Johns Hopkins University School of Medicine, Baltimore, 
MD 21205. The Mammalian Genetics Lab, ABL-Basic Research Program, 
NCI-Frederick Cancer Center for Research and Development, Frederick, MD

Mutations in the presenilins 1 and 2 (PS1 and PS2) cause a subset of 
early-onset familial Alzheimer's disease (FAD). To examine whether 
presenilins directly influence the physiology of learning and memory, we 
examined basal synaptic transmission and long-term potentiation (LTP) by 
field potential recording in the Schaffer collateral-CA1 synapse in transgenic 
mice expressing wild-type human PS1 (Wt; n=4), FAD-linked A246E PS1 
variant (Mut; n=6), and in non-transgenic littermates (Ntg; n=6). The 
maximum fEPSP slope (Ntg, -1.8 ± 0.4; Wt, -2.6 ± 0.7; Mut -2.3 + 0.5 
mV/ms), maximum fEPSP amplitude (Ntg, -3.2 ± 0.5; Wt, -4.7 ± 0.7; Mut,
-4.6 ± 0.7 mV), and maximum fiber volley amplitude (Ntg, -1.0 ± 0.1; Wt, -1.0 
± 0.1; Mut, -1.3 ± 0.2 mV) were unchanged. Basal paired-pulse facilitation 
was also unaltered (Ntg, 190 ± 16; Wt, 186 ± 17; Mut, 198 ± 13 %).
However, upon theta burst (TBS) or high frequency stimulation (HFS, 100 
Hz), LTP in Mut animals was initially larger (1 min, 184 + 15 and 386 ± 84%, 
TBS and HFS respectively) and more persistent (60 min, 156 + 30 and 154 ± 
13%; TBS and HFS respectively) as compared with Wt (1 min, 174 ± 10 and 
316 + 45%; 60 min, 122 ± 11 and 113 ± 6%; TBS and HFS respectively) or 
Ntg animals (1 min, 144 + 12 and 219 ± 23%; 60 min, 115 ± 11 and 122 ± 
17%; TBS and HFS respectively). These data suggest that Mut PS1 
influences neuronal physiology. Supported by NIH, NCI, Alzheimer's 
Association, Adler Foundation and the Develbiss Fund.

468.15
ABNORMAL LONG-TERM POTENTIATION IN THE TS65DN MOUSE, A 
MODEL FOR DOWN SYNDROME
R.J. Siareyf J. Stoll1*, S.l. Rapoporf and Z. Galdzickif +LNS/NIA, NIH, Bethesda, 
MD 20892, tTexas Tech University, Amarillo, TX 79106, USA.

A segmental trisomy mouse (Ts65Dn), a model of Down Syndrome (DS) has been 
developed (Reeves et al.. Nature Genetics 11, 177-184, 1995). Gross brain structure 
appears unaffected in this mouse, but there is an age-related loss of cholinergic 
neurons, similar to that in human brain also the mouse exhibits learning and 
behavioral deficits throughout the life-span (Holtzman et at, PNAS USA 93, 
13333-8, 1996). Long-term potentiation (LTP) is a plastic mechanism thought to be 
linked to learning and memory.

A Diploid and Ts65Dn mouse colony was established from animals obtained from 
Jackson Laboratory (ME, USA). LTP was measured on hippocampal slices from 9 
mo old mice using standard extracellular recording and stimulating techniques. Slices 
400 pm thick were placed at the interface between warm humidified gas (95% 
02/5% CO2) and artificial cerebrospinal fluid containing (in mM): NaCl 124, KC1 
3.25, CaCl2 2, NaH2PO, 1.25, MgSO< 2, NaHCO, 20, D-glucose 10 and were 
allowed to equilibrate for at least 1 h. Field excitatory postsynaptic potentials (fEPSP), 
adjusted to approximately 35% of the maximal response, were evoked from the 
Schaffer collateral-commissural pathway at 60 s intervals by a Pt stimulating 
electrode. A glass pipette (3-9 MQ) filled with 2M NaCl placed in the striatum 
radiatum of the CA1 area recorded fEPSP’s. Results were digitized on-line and 
analyzed by LTP-acquisition software (W. Anderson). LTP was induced by a 100 Hz 
train pulse. The fEPSPs were quantified by averaging five consecutive waveforms and 
measuring the initial slope. Slopes and amplitudes for diploid (n=6) and Ts65Dn 
(n=6) mice were -0.41 ± 0.10 V/s, -1.01 ± 0.16 mV and -0.42 ± 0.04 V/s, -1.34 ± 
0.10 mV, respectively. Over the 60 min after the train, fEPSP's were potentiated to 
113 ± 7% (n=6) and 101 ± 5% (n=6) of control values, for diploid and Ts65Dn 
respectively (p<0.05). Thus LTP for the Ts65Dn mice was significantly reduced 
compared to diploid mice, suggesting that this model can be used to study the role of 
altered synaptic plasticity in mental retardation of DS.

468.16
CALCIUM DYNAMICS OF A HIPPOCAMPAL NEURON IN MICE 
LACKING THE IP3 TYPE 1 RECEPTOR. K.-I, Ito. M, Yoshioka,
K. Kaneko, H. Kato, K, Kato, T. Inoue, and K. Mikoshiba. Dept.
Physiol., Yamagata Univ., Dept. Physiol., ERATO, JST, Tokyo,
Dept. Mol. Neurobiol., Inst. Med. Sci., Univ. Tokyo, Mol. Neurobiol., 
Tsukuba Life Sci. Cntr, RIKEN, Ibaraki, JAPAN

To investigate the role of inositol-1,4,5-trisphosphate (IP3) receptors in 
hippocampal CA1 neurons, we used IP3 type 1 receptor knockout mice. It is 
well known that the increase of intracellular calcium ions ([Ca2"],) is one of the 
crucial factors for the induction of long-term potentiation (LTP). However, 
the role of IP3 receptors in releasing calcium ions from endoplasmic reticulum 
in the formation of LTP has not yet been described. In the present study we 
examined the contribution of IP3 receptors to the transient increase of [Ca2], 
induced by a train of trans-synaptic stimuli (20 pulses at 30 Hz) in 
hippocampal slices obtained from both homozygous and wild type InsP3Rl- 
lacking mice. Although the stimuli delivered to the Schaffer collateral 
pathway elicited a transient increase of [Ca2+], accompanied by Na+ spikes in 
both slices, the decay time of the calcium transient response in the InsP3Rl- 
lacking mouse was significantly slower than that in wild type mice. 
Furthermore, there is a significant difference between the decay time in the 
soma and that in the dendrites, suggesting that the machinery taking up the 
increased [Ca2+], might be disturbed in the InsP3Rl-lacking mice.
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468.17
TRANSGENIC MICE EXPRESSING A CONSTITUTIVELY ACTIVE FORM 
OF Gcq EXHIBIT LEARNING DEFICITS AND ENHANCED SYNAPTIC 
TRANSMISSION. T. Abel*, R. Bourtchouladze, S. Patterson, M. Barad, 
V. Winder, T. Deuel, and E.R. Kandel. HHMI, Ctr. Neurobiol. & Behav., Columbia 
Univ., NY, NY 10032.

The cAMP/protein kinase A (PKA) signaling pathway plays a crucial role in 
synaptic plasticity at several synapses in the mammalian hippocampus. In area CAl, 
the late phase of long-term potentiation (L-LTP) differs from shorter lasting forms of 
LTP in requiring PKA activity, protein synthesis and transcription. Transgenic mice 
expressing an inhibitory form of the regulatory subunit of PKA have reduced 
hippocampal PKA activity, deficits in L-LTP and are impaired in hippocampus- 
dependent long-term memory (Abel et al., Cell 88:615).

Olfactory learning in Drosophila requires regulated signaling through the 
cAMP/PKA pathway because mutations in either adenylyl cyclase (rutabaga) or 
cAMP phosphodiesterase (dunce) result in learning deficits. To test whether this 
idea applies to mice, we genetically enhanced the cAMP/PKA signaling pathway by 
generating transgenic mice in which expression of a constitutively active form of Gas 
(Gocs*Q227L) is driven in neurons within the forebrain by the promoter from the 
CaMKIIa gene. Gas* has reduced GTPase activity, enhancing its ability to activate 
adenylyl cyclase. In behavioral studies, these Go* transgenic mice exhibit learning 
deficits in the spatial version of the water maze and the Barnes maze as well as 
contextual fear conditioning. In our preliminary electrophysiological analysis in area 
CAl, hippocampal slices transgenic animals exhibit significantly enhanced basal 
synaptic transmission throughout the input-output curve and enhanced L-LTP. These 
Gas* transgenic mice provide evidence that spatial learning in mice requires 
regulated signaling throughout the cAMP/PKA pathway much as does olfactory 
learning in Drosophila. They provide a model system in which to explore the 
paradoxical behavioral effects of persistently enhanced cAMP/PKA signaling. 
[Supported by NIH, HHMI, NARSAD]

468.18
ATTENUATION OF HIPPOCAMPAL LTP IN OLFACTORY CYCLIC 
NUCLEOTIDE-GATED CHANNEL TYPE 1 KNOCK-OUT MICE. A.R. Parent*+, 
K. Schraderf, S. D. Mungerf, R. Reed+f, D.J. Linden+, and G.V. Ronnett+#. Depts. 
of Neuroscience+ and Neurology#, The Johns Hopkins Univ. School of Medicine and 
Howard Hughes Medical Institute!, Baltimore, MD 21205.

In addition to their well-known role in sensory transduction, cyclic nucleotide gated 
(CNG) channels have recently been found in other brain regions. The olfactory CNG 
channel OCNC1 is present in the principal neurons of the hippocampus, in which 
cyclic nucleotide activated nonspecific cation channel activity and Ca flux have also 
been demonstrated (Bradley et al., J. Neurosci. 17:1993,1997). To study the potential 
role of CNG channels in hippocampal synaptic function, we examined basal synaptic 
transmission and LTP using field potential recording of the SC-CA1 synapse in 
OCNC1 knock-out (KO) mice and their wild-type (wt) littermates. A disruption of 
the OCNC1 channel gene was generated by homologous recombination in 129SV/J 
ES cells and injection of cloned cells into C57B1/6 blastocysts. Chimeric founders 
were bred to C57B1/6 females and germline transmission to female offspring detected 
by PCR. Progeny of subsequent crosses with the FI females were used for recording. 
Measures of basal synaptic transmission were unaltered, including max fEPSP slope 
(wt, -3.4±0.5; KO, -3.1±0.5 mV/ms), max fEPSP amplitude (wt, -5.1±0.4; KO, 
-5.2±0.4 mV), max fiber volley amplitude (wt, -1.6+0.2; KO, -1.3 ±0.1 mV) and 
basal paired-pulse facilitation (wt, 196±15; KO, 179±11%). However, upon theta 
burst stimulation, the initial amplitude of LTP was smaller (1 min after induction, 
147+16% of baseline) and the response decayed faster (60 min, 126±18%) than in wt 
(1 min, 200±14%; 60 min, 169±19%). When high frequency stimulation (100Hz) 
was used to induce LTP, similar responses were seen in both groups (KO: 1 min, 299 
± 50%, 60 min, 123 ± 10%; wt: 1 min, 287 ± 63%; 60 min, 132 ± 19%). These 
results suggest that activation of CNG channels may contribute to the induction of 
LTP by weaker, more physiological stimuli., possibly via CNG-gated Ca influx. 
Supported by the Develbiss Fund, NIDCD RO1-1774, and HHMI.
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469.1
CALCIUM-INDUCED LTD IN THE RAT DENTATE GYRUS IN VITRO.JN 
Camodeca*, M.R. Rowan1 and R. Anwyl. Department of Physiology, and 
1 Pharmacology and Therapeutics, Trinity College, Dublin, 2, Ireland.

The standard protocol for inducing LTD in the hippocampus is 
prolonged low frequency stimulation (LFS). In the present studies, we show 
that LTD can also be induced by an increase in the Ca concentration of the 
external media in the dentate gyrus in vitro.

Field epsps were recorded from the rat dentate gyrus in response to 
stimulation of the medial perforant path. Test stimulation was 0.033Hz. Low 
frequency stimulation (LFS) of 900 stimuli at 1Hz induced LTD measuring 
32±1%, n=8 at 30 min post-LFS. Perfusion of low external Ca (1.2mM) 
decreased the epsp by 37±1%, n=9. Upon return to the control Ca media 
(2.0mM), the epsps did not return to their original amplitude, but rather, an 
LTD of 26±1% was induced. Like LFS-induced LTD, the Ca-induced LTD 
was not associated with a change in paired pulse depression. The Ca- 
induced LTD was not induced directly by the lowering of the external Ca, as 
LFS-induced LTD of 28±3% could be induced in the low external Ca media. 
We postulate that the Ca-induced LTD is produced by the Ca influx which 
occurs upon transition from the low Ca media to the higher Ca concentration 
of the control media. This theory is supported by the large inhibition of Ca- 
induced LTD induction if the test stimulation was ceased during the transition 
from low Ca to control Ca (non-significant depression of 3±4%, n=10).

The Ca-induced LTD was strongly reduced by depleting the 
intracellular Ca stores with the blocker of the ATP-dependent Ca uptake, 
thapsigargin. Thus in the presence of thapsigargin (5pM), Ca-induced LTD 
measured 12±2%, n=7, a significant inhibition. These results suggest the 
necessity of Ca release from intracellular stores in the Ca-induced LTD.

469.2
INVOLVEMENT OF GROUP ll-LIKE mGluR IN THE INDUCTION OF LTD IN 
THE RAT DENTATE GYRUS IN VITRO. L.Huanq*, M.R. Rowanl and R. 
Anwyl. Department of Physiology, and 1 Pharmacology and Therapeutics, 
Trinity College, Dublin, 2, Ireland.

Previous studies from this laboratory have shown the involvement of mGluR 
in the induction of homosynaptic LTD in the dentate gyrus (O'Mara, Rowan 
and Anwyl, Neuropharmacology 34, 983-989, 1995). We show here 
evidence for the necessity to activate group II mGluR in order to induce LTD. 
Field epsps were recorded from the rat dentate gyrus in response to 
stimulation of the medial perforant path. Test stimulation was 0.033Hz. Low 
frequency stimulation (LFS) of 900 stimuli at 1Hz induced LTD measuring 
39±4% at 30 min post-LFS. LTD could be induced by the mGluR group II 
ligands DCG-IV and EGlu. Thus perfusion of the mGluR group II agonist DCG- 
IV (2pM) for 30 min resulted in a reversable depression of the epsp 
measuring 70±5%, n=6, followed, upon washout, by LTD of 39±6%, n-6. 
The reversible depression was likely to be mediated presynaptically as it was 
associated with a decrease in the epsp paired pulse depression. However, 
the DCG-IV induced LTD, like LFS-induced LTD, was not associated with a 
change in paired pulse depression. The DCG-IV and LFS-induced LTD 
appeared to be mediated by common mechanisms. Thus LFS did not induce 
significant LTD in the presence of DCG-IV (4%). Moreover, the DCG-IV 
induced LTD was occluded by prior induction of LTD by LFS. Following 
saturation of LFS-induced LTD (45±3%), DCG-IV did not induce significant 
LTD (1%). An LTD measuring 27±11 %, n=5 could also be induced by the 
mGluR ligand EGlu, although unlike DCG-IV, no reversible presynpatic 
depression was induced by EGlu. Moreover, LFS-induced LTD was 
occluded in the presence of EGlu. The mGluR ligand MCCG was found to 
inhibit LFS-induced LTD, which measuring 14±5%, n=5 in MCCG (500pM).

469.3
INVOLVEMENT OF INTRACELLULAR MESSENGERS IN THE INDUCTION 
OF LTD IN THE DENTATE GYRUS IN VITRO. Y, Wang, J. Wu, L. Huang, R. 
Rowan1 and R. Anwyl*. Department of Physiology, and 1 Pharmacology and 
Therapeutics, Trinity College, Dublin, 2, Ireland.

The role of the intracellular messenger systems involving cAMP-PKA, 
NO-cGMP and PKC have been investigated on the induction of LTD in the 
dentate gyrus in vitro. Whole cell patch clamp recordings of epscs and field 
potential recordings of epsps were made from the dentate gyrus in response 
to stimulation of the medial perforant path. LTD was induced either in patch 
clamp studies by a pairing protocol of 1Hz synaptic stimulation and 
depolarization to -40mV (LTD measured 37±1%, n=5) or in field potential 
recordings, by low frequency stimulation of 1Hz for 900 pulses (LTD 
measured 39±4%, n=15). Evidence for the necessity of activation of the 
cAMP-PKA system in the induction of LTD was as follows: The PKA peptide 
inhibitor PKA-a applied through the patch clamp electrode inhibited LTD 
induction (4±1%, n=5); the externally applied PKA inhibitor H89 (10gM) 
inhibited LTD induction (12±4%, n=6), and the externally applied adenylyl 
cyclase activator forskolin (50pM) induced LTD (43±5%). Evidence for the 
involvement of PKC included an induction of LTD by the intracellular 
application of the PKC activator indolactam V (LTD, 42±5%, n=5) and block 
of LTD by intracellular application of the PKC peptide inhibitor PKC19-36 
(3±1%, n=5). Evidence for the involvement of NO-cGMP included a block of 
LTD by the external application of the soluble guanylyl cyclase inhibitor ODQ 
(7±1%, n=7) and induction of LTD by the cGMP phosphodiesterase inhibitor 
Zaprinast (36±2%, n=6). The induction of LTD by Zaprinast was inhibited if 
test stimulation was ceased during the perfusion of Zaprinast (12±2%).

These experiments support the involvement of the cAMP-PKA, NO- 
cGMP and PKC intracellular messenger systems in the induction of LTD in 
the dentate gyrus.

469.4

CHARACTERIZATION OF PRIMED LTD IN THE HIPPOCAMPAL 
CAl REGION. J.J, Wagner* and L. Holland. Dept. of Pharmaceutical 
Sciences, North Dakota State University, Fargo, ND 58105
We have previously demonstrated that high-frequency stimulation 

(100 Hz/1 sec x3) of the Schaffer collaterals can prime the CAl 
extracellular field EPSP response, such that the subsequent induction of 
long-term depression of this pathway is facilitated (Wagner & Alger, J. 
Neurosci. 15:1577-1586, 1995). This form of priming lasts at least 30 
min, and can be accomplished in the absence of change in the baseline 
response of the primed pathway, thus it represents an example of 
“metaplasticity” (see Abraham & Bear, TINS, 19:126-130, 1996). We 
are studying the properties of primed LTD in slices obtained from 6-12 
wk old Sprague-Dawley rats. Consistent with many reports, 1Hz 
stimulation (2 episodes/600 pulses each) did not result in significant 
LTD (99 + 2%, n=4). In contrast, 30 min following a priming event, 
the post 1 Hz response was 77 + 2% (n=6) of control. This primed 
LTD was completely APV (100 pM) sensitive (100 + 3%, n=5). The 
LTD of the primed pathway was homosynaptic, as it was significantly 
depressed compared to an independent, unprimed pathway being 
monitored in the same experiments. Thus primed LTD in mature rats 
appears to share many of the previously described characteristics of 
unprimed, homosynaptic, LTD found in slices obtained from 2-3 wk 
old animals using 1 Hz induction paradigms. Supported by DA09603.
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469.5
STRAIN DEPENDENCE OF INDUCTION OF LONG-TERM DEPRESSION 
IN THE HIPPOCAMPUS OF FREELY MOVING RATS.
D. Manahan- Vaughan* and K.G. Reymann. Federal Institute for 
Neurobiology, Brenneckestr. 6, D-39118 Magdeburg, Germany.

This study investigated the response of different rat strains to various 
induction parameters for stable hippocampal long-term depression (LTD) in 
freely moving animals. Male rats underwent implantation of stimulating 
and recording electrodes into the hippocampal Schaffer collaterals and CA1 
region respectively. Following 7-10 days recovery, the field excitatory post-
synaptic potential slope function was measured in freely moving animals.

Low frequency stimulation (LFT) at 1 Hz for 15 min induced stable (>24h) 
LTD in Wistar rats. An identical stimulation protocol evoked LTD in 
Sprague Dawley (SpD) rats which was significantly smaller in magnitude 
than that evoked in Wistar rats and which persisted for <4h. Only short-term 
depression (STD) was evoked in Hooded Lister (HL) rats (~60 min).

LFT at 2 Hz (900 pulses) produced STD in Wistar (~135 min), SpD (~45 
min) and HL (-150 min) rats. 5 Hz (900 pulses) produced STD in Wistars 
(~15min) but not in SpD or HL rats. Theta burst stimulation (3 trains 2 
min apart of 10 bursts at 5 Hz, within bursts were 4 pulses at 100Hz) evoked 
LTD in Wistar (>24 h) and STD (~45 min) in HL animals. Thus although it 
was possible to evoke LTD in Wistar and SpD rats using specific induction 
parameters, it was not possible to induce LTD in HL rats. These results 
suggest that the reliability of electrophysiological parameters for induction 
of LTD in vivo, may be strongly influenced by the strain of rat studied. The 
natural predisposition of the rat strain to respond to novel or stressful 
environmental stimuli may contribute to this phenomenon. Furthermore, 
the variability in successful induction of LTD in vivo which has been 
reported in the literature may be explained in part by strain differences.

469.6
LONG-TERM POTENTIATION OF GLIAL SYNAPTIC CURRENT 
IN CEREBELLAR CULTURE. D.J, Linden*Dept. of Neuroscience, 
Johns Hopkins University School of Medicine, Baltimore, MD 21205.

It has been appreciated for some time that glial cells in the brain 
express neurotransmitter receptors and can respond appropriately to 
application of exogenous neurotransmitter such as glutamate. 
However, robust activation of receptors by endogenous, synaptically 
released transmitter has been difficult to demonstrate directly. Using 
cell-pair recording in cerebellar cultures from embryonic mouse, it is 
shown that activation of a cerebellar granule neuron can give rise to a 
rapid inward current in an adjacent glial cell. This current is mediated 
by activation of AMPA/kainate receptors and is largely independent of 
glutamate reuptake or gap junctional coupling, as assessed with specific 
inhibitors. It is associated with a local influx of Ca into the glial cell as 
measured with fura-2 ratio imaging. Furthermore, prolonged 
stimulation of the granule neuron at 4 Hz can give rise to long-term 
potentiation (LTP) of the glial synaptic current that has similar 
properties to LTP of granule neuron-Purkinje neuron synaptic 
transmission- it's induction is independent of postsynaptic 
depolarization, postsynaptic Ca influx, or glutamate receptor activation, 
but requires presynaptic Ca influx and activation of PKA. The 
expression of both granule neuron-Purkinje neuron and granule cell- 
glial cell LTP is associated with a decrease in the rate of synaptic 
failures. These findings suggest a model in which cerebellar LTP is 
both induced and expressed presynaptically and therefore may be 
detected by either neuronal or glial postsynaptic cells. Supported by 
PHS MH51106, NARSAD, and the McKnight and Develbiss Funds.

469.7
A TEST OF THE CALCIUM THRESHOLD HYPOTHESIS FOR CEREBELLAR 
LTD INDUCTION K. Narasimhan* and D.J. Linden. Department of Neuroscience, 
Johns Hopkins University School of Medicine, Baltimore, MD 21205.

Stimulation of parallel fiber and climbing fiber inputs to a Purkinje neuron (PN), 
results in a selective and persistent attenuation of the parallel fiber-PN synapse, a 
phenomenon called cerebellar LTD. A similar phenomenon may be seen when 
glutamate pulses and PN depolarization, which replace parallel and climbing fiber 
stimulation respectively, are co-applied to either cultured or acutely dissociated 
PNs. As LTD induction requires both Ca influx through voltage-gated channels and 
activation of mGluRl, it has been suggested that a summation of voltage gated Ca 
influx and IP3-mediated Ca mobilization are necessary to achieve a threshold level 
of Ca to trigger this process. Acutely-dissociated PNs consist of the soma together 
with a stump of primary dendrite, but lack dendritic spine compartments 
(Narasimhan and Linden, Neuron 17:333, 1996). Since LTD in this preparation 
retains the associative property of LTD induction (neither glutamate pulses alone 
nor depolarization alone induces LTD), it provides a way to study Ca dynamics 
during LTD induction, in a manner that is independent of spine 
compartmentalization, Fura-2 ratiometric imaging revealed that the application of 
glutamate test pulses to PNs voltage clamped at -80 mV produced no detectable 
alteration in free [Ca]i. Depolarizing steps of the type used in LTD induction 
protocols (3 sec, to 0 mV) produced large (>300 nM) Ca transients, but neither the 
peak nor the decay rate of these transients were altered when depolarizing pulses 
were co-applied with glutamate pulses. These findings, together with a previous 
report that LTD could be induced by co-application of depolarizing steps and 
diacylglycerol (Learning & Memory; 1:121 1994) suggest that the associative 
property of LTD induction does not depend on mGLURl/IP3 triggered Ca release 
from internal stores to achieve a threshold level of Ca and that the contribution of 
mGLURl activation to LTD induction is likely to be mediated by diacylglycerol 
liberation. Supported by PHS MH51106, NARSAD, and the Klingenstein, 
McKnight and Develbiss Funds.

469.8
LONG-TERM POTENTIATION AND DEPRESSION OF THE INHIBITORY 
SYNAPSE BETWEEN PURKINJE CELLS AND THE DEEP CEREBELLAR 
NUCLEI OF THE RAT. Carlos D. Aizenman* and David J. Linden. Dept. of 
Neuroscience, Johns Hopkins Univ. School of Medicine, Baltimore, MD 21205.

The deep cerebellar nuclei (DCN) receive the sole output of the cerebellar cortex 
and are a site of convergence of excitatory and inhibitory synapses representing 
different streams of sensorimotor information. There is mounting evidence from 
lesion, recording and modeling studies that some aspects of motor learning tasks 
such as eyeblink condioning and VOR adaptation can be stored as alterations in the 
strength of synaptic inputs to the DCN. Here we describe homosynaptic LTP and 
LTD at the inhibitory synapse between Purkinje cells and the neurons of the DCN. 
Microelectrode recordings were made from DCN neurons in 400 pm thick, coronal 
slices from 11-15 day-old rat cerebellum. Excitatory synaptic activity was blocked 
with 2 mM kynurenate. IPSPs, which were evoked by stimulating the white matter 
immediately adjacent to the DCN, could be completely blocked with a GABAA 
receptor antagonist. IPSPs were often followed by a substantial depolarization with 
the characteristics of a low-threshold (T-type) Ca current. These depolarizing 
afterpotentials could also be evoked reliably following hyperpolarizing current 
injection or brief, high-frequency bursts (100Hz,10 pulses) of IPSPs. In addition the 
size and onset of these currents was directly dependent upon the amplitude of the 
hyperpolarizing pulse and the postsynaptic membrane potential. LTP of the IPSPs, 
which persisted for at least 20 minutes, could be induced when a series of bursts of 
IPSPs were applied (10 bursts of 10 pulses at 100 Hz, 500 ms interburst interval) 
which reliably activated depolarizing afterpotentials. In contrast, when bursts were 
applied while the cells were hyperpolarized (with up to -1 nA of current applied 
through the recording electrode), LTD of the IPSPs had a tendency to be induced. 
Taken together, these data suggest that activation of intrinsic low-threshold Ca 
current by bursts of IPSPs could be a mechanism by which GABAergic inhibitory 
drive can elicit Ca influx and thereby induce use-dependent synaptic plasticity. 
Supported by HHMI (CDA) and the Develbiss Fund (DJL).

469.9
DEFICIENT CEREBELLAR LONG-TERM DEPRESSION IN THE 
MUTANT RAT LACKING SMOOTH ENDOPLASMIC RETICULUM 
IN DENDRITIC SPINES. M. Miyata’*, K. Hashimoto’2, D. Ohno3, M. 
Inoue3, S. Oda4, Y. Takagishi3 and M, Kano1. ’Lab. Neuronal Signal 
Transduction, Frontier Res. Prog., RIKEN, Saitama 351-01, 2Dept. 
Physiol., Jichi Med. Sch., Tochigi 329-04, 3Res. Inst. Environmental. 
Med., 4Fac. Agriculture, Nagoya Univ. Nagoya 464-01, Japan.

Cerebellar Purkinje cells (PCs) abundantly express 1,4,5 inositol 
trisphosphate (IP3) receptors on smooth endoplasmic reticulum (ER) 
located in the soma, dendritic shafts and spines. Ca2+ release from the IP3 
sensitive stores is reported to be required for the induction of cerebellar 
long-term depression (LTD), a form of synaptic plasticity considered to 
be a cellular basis for motor learning. A spontaneous ataxic mutant rat, 
dilute-opisthotonus (dop), has been shown to lack smooth ER and IP3 
receptors specifically in dendritic spines of PCs, whereas gross anatomy 
of the cerebellum and the morphology of PCs appeared normal. We 
found that conjunctive parallel fiber (PF) and climbing fiber (CF) 
stimulation (1Hz, 300 pulses) failed to induce LTD in cerebellar slices 
obtained from the dop rat, whereas the same stimuli readily induced LTD 
in the wild type slices. Basic synaptic transmission at both PF-PC and 
CF-PC synapses and voltage-gated Ca2+ channels appeared normal. 
Immunohistochemical staining demonstrated that PCs of the dop rat had 
normal distribution of mGluRl and PKCy, two key molecules required 
for LTD induction. These results strongly suggest that IP3 sensitive Ca2+ 
stores in PC dendritic spines are required for LTD induction.

Supported by Special Postdoctoral Researchers Program of RIKEN, 
The Japanese Ministry of Education, Science and Culture and Sports, and 
CREST (Core Research for Evolutional Science and Technology).

469.10
CHRONIC INHIBITION OF PROTEIN KINASE C IN PURKINJE CELLS OF 
TRANSGENIC MICE: BLOCKADE OF BOTH CEREBELLAR LTD 
INDUCTION AND ADAPTATION OF COMPENSATORY EYE 
MOVEMENTS. J, OberdickJ*. F, BianJ. S.K.E. Koekkoek2, C.I. DeZeeuw2, and 
DJ. Linden.?. Department of Cell biology, Neurobiology and Anatomy and 
Neurobiotechnology Center, The Ohio State University, Columbus, OH/, Department 
of Anatomy, Erasmus University Rotterdam, The Netherlands2, and Department of 
Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MDJ.

Cerebellar long term depression (LTD) has been implicated in several forms of 
motor learning. The purpose of this study was to provide a whole-animal model with a 
precisely defined biochemical defect affecting LTD expression in order to test the 
relationship of LTD to behavior. It has previously been shown that induction of LTD 
in cerebellar cultures can be blocked by inhibitors of protein kinase C (PKC) applied 
postsynaptically. One such inhibitor is a small synthetic peptide (Kemptide) 
corresponding to a pseudosubstrate domain contained within the primary sequence of 
PKC. A minigene encoding this peptide (PKC-I) was cloned into the highly Purkinje 
cell (PC)-specific expression vector L7AAUG, and this construct (L7-PKC-I) was 
used to generate transgenic mice. L7-PKC-I mice develop normally and show no 
obvious gait abnormalities. The cerebella of these animals show no obvious defects 
despite the high-level expression of the transgene in all PCs. When cultured PCs 
prepared from L7-PKC-I cerebella were tested, no differences relative to wt were 
observed in resting potential, input resistance, mEPSC frequency, mEPSC amplitude 
or voltage-gated Ca currents. In contrast, LID induction was completely blocked in 
cultures prepared either from heterozygous or homozygous embryos, in two different 
strain backgrounds (homozygotes 105±5% of baseline 45 min after LTD induction vs 
55±7% in wt). In order to relate this to behavior, compensatory eye movements were 
investigated with the use of the search coil method for mice. In contrast to wt the L7- 
PKC-I mice did not show the ability to adapt the gain of their vestibulo-ocular reflex 
during visuo-vestibular training. These data strongly support the hypothesis that LID 
induction is necessary for some forms of cerebellar behavioral plasticity. nih ,nwo (slw )
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469.11
LTP OF NMDA RECEPTOR-MEDIATED TRANSMISSION AT 
THE MOSSY FIBER - GRANULE CELL SYNAPSE OF RAT 
CEREBELLUM E. D'Angelo*, P. Rossi, S. Armano, V. Taglielti. Istituto 
di Fisiologia Generate, Universita di Pavia, 1-27100, Pavia, Italy.
The cerebellar granule cell receives excitatory synapses from mossy fibers 
activating glutamate receptors of the NMDA and non-NMDA type. Theta- 
burst stimulation (4 bursts of 10 impulses at 100 Hz every 250 ms) of 
mossy fibers, could induce a potentiation of granule cell EPSCs. Granule 
cell recordings were performed at 30 °C in the whole-cell patch-clamp 
configuration in acute cerebellar slices obtained from 19-23 day-old rats. 
The pipette solution contained Cs+ as the main cation, and included 100 nM 
GTP, 2 mM ATP, and a 100 nM BAPTA Ca2 buffer. Following 5 min 
stimulation at 0.1 Hz, a theta-burst was paired with a step depolarization to 
-40 mV. At 5 min following induction, the NMDA EPSC component was 
increased by 57.2±23% (n=9, p<0.01), while the non-NMDA component 
was increase by just 10.3±5.5% (n=9, p>0.1), revealing a rather selective 
NMDA EPSC potentiation. Thereafter, the NMDA-EPSC remained 
potentiated for as long as 30 min. Potentiation in the NMDA EPSC 
component was prevented by 100 pM APV application during induction, 
the relative change being -13.1±19.5% (n=4) and -17.7+23.9% (n=4), 
respectively. The present results suggest that the mossy fiber - granule cell 
synapse can develop NMDA receptor-dependent NMDA current 
potentiation during high-frequency transmission, which may have 
implications for signal processing and learning in the cerebellum

Supported by MURST, CNR and INFM of Italy.

469.12
PREDOMINANT PRESYNAPTIC EXPRESSION OF LONG-TERM DEPRESSION 
AT CORTICOSTRIATAL SYNAPSES S. Choi* and D, M. Lovinger Dept. Mol. 
Physiol. Biophys., Vanderbilt Univ. Sch. Med., Nashville, TN, 37232.

We investigated expression mechanisms of striatal long-term depression (LTD) using 
analysis of Sr2+-induced asynchronous quantal release from stimulated synapses in 
striatal slices from 10-19-day-old rats. The amplitude distribution of Sr2+-induced 
asynchronous responses was not different from that of mEPSCs in 3 of 4 neurons 
(P>0.05), suggesting that asynchronous responses are quantal. To test the utility of this 
measure, we examined effects of several pre- and postsynaptic manipulations. 
Asynchronous quantal frequency was altered by paired stimuli (218±3.7% of 
control,P<0.05{n=4}) and decreasing stimulation intensity (42.7±2.1% of 
control,P<0.001 {n=5}), whereas the amplitude distribution of asynchronous responses 
was not changed by these manipulations. In contrast, the amplitude distribution of 
asynchronous responses was shifted to the left by changing the holding potential from 
-60 to -40mV in 4 of 5 neurons (P<0.001), whereas asynchronous quantal frequency 
was not altered (P>0.1,n=5). Thus, analysis of asynchronous quanta appears to be 
sensitive to changes induced by pre- and postsynaptic manipulations. To determine if 
LTD is associated with changes in pre- or postsynaptic function, slices were superfused 
with Sr2+ (3mM)-aCSF to acquire asynchronous responses before and after the period 
when LTD was induced and maintained in Ca2+ (3mM)-aCSF. LTD was induced by 
pairing high frequency stimulation (4,1 s duration, 100Hz trains delivered at a 
frequency of 1 train every 10 sec) with 1 s postsynaptic depolarization. After LTD 
induction, no significant changes in the amplitude distribution of asynchronous 
responses were detected in 4 of 5 cells (P>0.05), whereas asynchronous quantal 
frequency was decreased to 64.6±4.3% of control. The average amplitude, rise time 
and half decay time of asynchronous responses were not altered after LTD induction 
(n=5). LTD expression and the associated decrease in asynchronous quantal frequency 
were blocked in neurons dialyzed with lOmM EGTA. These findings suggest that LTD 
expression is predominantly presynaptic, most likely due to a decrease in release 
probability (Choi & Lovinger,1997J’NAS,94,2665), although LTD induction involves 
postsynaptic mechanisms, (supported by NS30470)

469.13
BIDIRECTIONAL MODIFICATION OF PKA ON SYNAPTIC 
PLASTICITY IN THE LATERAL AMYGDALA. Y.-Y. Huang* and
E.R. Kandel. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 
10032.

Amygdala plays a critical role in emotion and in emotionally charged 
implicit memory storage. To characterize the molecular mechanisms 
contributing to synaptic plasticity in the lateral amygdala, we delivered 
different frequency of stimulation (between 1-100 Hz) to the afferent 
fibers and recorded synaptic response extracellularly and intracellularly in 
brain slices of rat. We found the synapses in the lateral amygdala undergo 
two forms of homosynaptic plasticity: LTP and LTD. Both of these are 
dependent on the activation of NMDA receptors. LTP induced by 100 Hz 
stimulation was blocked by an inhibitor of PKA but not by an inhibitor of 
CaMKII; LTD induced by 1 Hz stimulation was blocked by an agonist of 
PKA and by an inhibitor of CaMKII. At the crossover point between LTP 
and LTD (5-20 Hz), the PKA agonist shifted LTD to LTP and the PKA 
inhibitor shifted LTP to LTD. These results indicated that in addition to its 
effect on the protein synthesis-dependent late phase of LTP in the lateral 
amygdala (Huang and Kandel, 1996, Soc. Neurosci. Abstr. 22, 135.16), 
PKA also contributes to a bidirectional modification of the synaptic 
frequency response function.

(Supported by Grant MG 32099 from the National Institute of Health and 
the Columbia component of the Dana Consortium on Age-Related Memory 
Loss.

469.14
CORTICO-THALAMIC PATHWAYS EXHIBIT A GREATER DEGREE OF 
ACTIVITY INDUCED PLASTICITY THAN THE RECIPROCAL THALAMO-
CORTICAL PATHWAYS. T.L. Ivanco* and R.J. Racine, Department of 
Psychology, McMaster University, Hamilton, Ontario, Canada, L8S-4K1.

Much is known about the information transmitted to the cortex from the 
thalamus, but little is known about the information transmitted back to the thalamus 
over reciprocal pathways that are as large, or larger, than those coming from the 
thalamus to the cortex. A series of studies were designed to investigate long term 
potentiation (LTP) in the reciprocal projections between the medial geniculate and 
auditory cortex, lateral geniculate and visual cortex, and the medial dorsal nucleus 
and frontal cortex in the chronically implanted rat. A multisession stimulation 
procedure known to induce a potentiation in the neocortex following cortico- 
cortico stimulation was used. None of the thalamo-cortical pathways examined 
exhibited a potentiation effect. The back projections, or cortico-thalamic pathways, 
however, showed a strong potentiation effect in several components of the evoked 
response. These results indicate that the thalamo-cortical pathways are more 
resistant to the induction of LTP than are the cortico-thalamic pathways, at least 
with the parameters used here. The results are discussed in relation to the 
distinction between ‘plastic’ and ‘non-plastic’ pathways and alternate ‘rules’ 
governing plasticity.
This research supported by an NSERC awarded to RJR and an OGS to TLI.

469.15
LONG-TERM POTENTIATION IN THE INSULAR CORTEX: NMDA 
RECEPTOR DEPENDENCE. M.L.Escobar*, A.M. Lopez-Colome and F. 
Bermudez-Rattoni. Depto. de Neurociencias, Instituto de Fisiologia Celular. UNAM, 
Mexico, D.F. 04510. Mexico.

It has been postulated that long lasting modifications of synaptic transmission 
underline the information storage process in the nervous system. Those modifications 
subserving certain forms of learning and memory are likely to reside in the cerebral 
neocortex. In previous studies we demonstrated that tetanic stimulation (1 sec trains of 
100 Hz) to the basolateral (Bla) amygdaloid nucleus induced in vivo long-term 
potentiation (LTP) in the insular cortex (IC). This region of the temporal cortex has 
been implicated in the acquisition and storage of different aversive motivated learning 
tasks like the conditioned taste aversion, spatial maze and inhibitory avoidance. The 
aim of the present study was to examine the participation of N-methyl-D-aspartate 
(NMDA) receptors in the generation of the Bla-IC LTP. Male Wistar rats weighing 
380-400g were used. IC responses were recorded by using a monopolar stainless steel 
electrode placed in the IC stereotaxic coordinates (AP +1.2, ML -5.5, DV -7). 
Responses were evoked via direct stimulation of Bla, using a stainless steel monopolar 
electrode at coordinates (AP -2.8, ML -5.0, DV -8.5). The competitive NMDA 
receptor antagonist (-3(-2 carboxipiperazin-4-yl)-propyl-l-phosphonic acid) (10 
mg/Kg, i.p., CPP, Tocris Cookson, Bristol, UK) was applied 1 hr prior to high 
frequency stimulation. The results showed that tetanus-induced IC-LTP was blocked 
by application of CPP. In addition, the participation of excitatory aminoacid receptors 
in the IC-LTP maintenance, was analyzed by looking at the effects of different 
agonists and antagonists on (3H) L-Glu receptor specific binding, 1 hr after the 
induction of LTP. Our results showed that the specific binding to L-Glu receptors was 
increased after LTP induction, emphasizing the participation of the excitatory 
aminoacids receptors in the IC-LTP. These results suggest that in vivo tetanus induced 
LTP of the Bla-IC projection is regulated by NMDA receptors DGAPA IN 206095.

469.16
INTRACELLULAR INTERACTIONS BETWEEN TETANUS INDUCED LTP AND 
DOPAMINE EVOKED POTENTIATION OF FIRST ORDER SENSORY SYNAPSES. 
Saniav Kumar* and Donald S. Faber. Dept. of Neurobiology & Anatomy, Allegheny University of the 
Health Sciences, Philadelphia, PA 19129.

Previous work has demonstrated that patterned tetanization of eighth nerve (VUIn) 
afferents and the application of dopamine to the synaptic bed of the Mauthner (M-) 
cell lateral dendrite both cause persistent enhancements of the mixed synaptic re-
sponse. Induction of LTP is not due to the release of endogenous dopamine since tet-
anization in the presence of specific and broad spectrum dopamine receptor antago-
nists still produces robust potentiation of the synaptic responses while blocking the 
dopamine evoked potentiation (DEP). Furthermore, application of the potentiating 
paradigms sequentially results in additional potentiation when dopamine is followed 
by tetanization but not when the sequence of manipulations are reversed. This sug-
gests that the two paradigms activate separate intracellular pathways but share a com-
mon potentiating mechanism or target. To test for intracellular convergence of the 
potentiating pathways and determine the final targets we a) examined the effects of 
dopamine and tetanization in the presence of a postsynaptically injected calcium che-
lator BAPTA, b) applied the amine after superfusing the brain with the NMDA re-
ceptor antagonist APV/CPP c) tetanized after blocking DEP with postsynaptically 
injected inhibitor of cAMP-dependent protein kinase (PKI) and d) monitored post- 
tetanic changes in EPSC amplitudes of the chemical component at hyper- and depo-
larizing potentials in voltage clamp. Our results indicate that LTP induction does not 
require the activation of protein kinase A since the tetanus-induced enhancements are 
not blocked by intracellular injection of PKI. Unlike tetanus-induced LTP which re-
quires the activation of NMDA receptors and subsequent increase in intracellular 
calcium, DEP does not involve calcium and is not blocked by APV/CPP. This sug-
gests DEP involves enhancement of the AMPA receptor-mediated EPSP. Voltage 
clamp data also indicates changes in the same response for tetanus-induced LTP.
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469.17
TETANUS INDUCED LONG-TERM POTENTIATION OF INHIBITION IN RAT 
GUSTATORY NUCLEUS OF THE SOLITARY TRACT. G, Grabauskas, fL M 
Bradley*. Dept. Biologic and Materials Sci., Sch. of Dentistry, Univ. Michigan, Ann 

Arbor, MI 48109-1078.
To explore the role of inhibitory mechanisms in gustatory information processing 

we recorded from neurons in the rostral nucleus of the solitary tract (rNST) in a 
horizontal brain slice preparation. We used tetanic stimulation of the solitary nucleus 
at frequencies that mimic the in vivo firing rate of afferent taste fibers. Inhibitory 
postsynaptic potentials (IPSP) were isolated by blocking the excitatory component of 
the postsynaptic potentials using the glutamte receptors antagonists CNQX (20 pM) 
and APV (50 pM). Single shock IPSPs were evoked every 30s for 10 min followed 
by a single tetanic stimulus (50 Hz for 2s) at the same stimulus strength. Single 
shock IPSPs were then elicited again at the same stimulus strength every 30s. In 47 
of 57 neurons tested using this paradigm the tetanic stimulation resulted in a marked 
potentiation of the evoked IPSP amplitude (mean amplitude is 275% of control 
immediately after the tetanic stimulation). In the majority (n = 23) of neurons the 
potentiation lasted ~ 5 min before returning to control levels, but in 13 neurons the 
potentiation lasted >10 min, and in 11 neurons the potentiation was sustained for 
over 30 min. After the potentiation had declined to control levels it could be induced 
again after a second tetanic stimulation. Tlius, tetanic stimulation can induce long 
lasting changes in rNST inhibitory synapses. In the hippocampus changes in the 
effectiveness of synapses is related to learning mechanisms and it is thus possible 
that the long term potentiation of inhibition in rNST may be the cellular mechanism 
of learned taste behaviors. Supported by NIDCD, NIH Grant DC 00288.

469.13
NICOTINIC SYNAPTIC TRANSMISSION IN RAT SUPERIOR CERVICAL 
GANGLIA IS ENHANCED IN OUABAIN-INDUCED HYPERTENSION. A. A. 
Aileru, G. Tavior, J, Hamlyn. M. Hamilton and D. Weinreich*. Departments of 
Pharmacology and Physiology, School of Medicine, University of Maryland, 
Baltimore, MD 21201.

We studied synaptic plasticity in isolated superior cervical ganglia (SCG) 
obtained from F6 through F8 inbred normotensive, ouabain-resistant (OR) and 
hypertensive, ouabain-sensitive (OS) rats. We compared the synaptic efficacy 
of inbred rats with the outbred, ouabain-infused hypertensive (Ol) rats. Peak- 
to-peak amplitudes of the postganglionic compound action potentials (CAPs) 
evoked by preganglionic supramaximal stimuli, in the presence of 
hexamethonium, were recorded before and following a tetanus (20Hz/20s). In 
OS and Ol, the average decay time constant (x) of the fast component of 
ganglionic potentiation (PTP) did not correlate with blood pressure (BP) but the 
slow component (xt, LTP) correlated with BP (r=0.906). The xt of LTP in OS 
(492+40 min., n=7) and Ol (539+41 min., n=5) were different (p<0.05) from 
that in OR (257+48 min., n=4). The xt in SCG isolated from normal outbred 
(SD) (240+18 min., n=4) and captopril-treated Ol (370+52 min., n=5) rats were 
not different from OR ganglia but were significantly different from OS and Ol 
(p<0.05). The potentiated CAP magnitude of OS and Ol ganglia 90 min 
following tetanus decreased by only 29% and 28% respectively, and differed 
(p<0.05) from those in OR ganglia. The decline in CAP magnitudes in SD 
(45%), captopril-treated Ol (44%) and OR (57%) rats was similar and differed 
from those in OS and Ol ganglia. These observations show that synaptic 
plasticity in the SCG of OS and Ol rats is enhanced similarly by ouabain and its 
endogenous analogue. Synaptic plasticity in sympathetic ganglia may play a 
critical role in sustained hypertension. (NS-22059 to DW & NSTG NS-07375 to 
AA).

469.19
Somatostatin enhances excitatory synaptic transmission at 
mixed synapses on the Mauthner (M-) cell.
A. Pereda1,3*. T. Reisine2, D.S. Faber1, and H. Korn3.
1 Allegheny University, Philadelphia, PA, 2 University) of Pennsylvania, 
Philadelphia, PA, and 3lnstitul Pasteur, Paris, France.

Interactions between co-localized classical neurotransmitters and peptides may be 
synergistic or antagonistic. In the goldfish, somatostatin is co-locaiized with glutamate (Sur, 
Korn and Triller, J. Neurosc., 1994) in about 75% of Large Myelinated Club Endings (LMCE), 
an identifiable class of posterior 8th-nerve afferent terminals that have mixed electrical and 
chemical synapses with the lateral dendrite of the M-cell. The 8th-nerve evoked EPSPs 
exhibit NMDA receptor-mediated potentiations induced by presynaptic impulse activity. We 
therefore asked whether somatostatin also regulates the synaptic efficacy at these 
connections. For this purpose somatostatin-14 (SRIF-14) was applied extracellularly in the 
proximity of the terminals and the M-cell’s lateral dendrite through one electrode (40 pM, in 
an vehicle solution of 130 mM NaCI, 10mM Hepes, pH 7.2) while monitoring both the electrical 
and chemical glutamatergic components of the 8th-nerve evoked EPSP in the lateral dendrite 
with a second intracellular electrode. Both components were enhanced within 3-8 minutes of 
the application of SRIF-14 and remained potentiated for the rest of the recording session 
(up to more than 60’). The potentiated responses averaged 129.7% (range 95.3 to 176.1) 
and 165.4% (range 108 to 284.6) of their control values, for the electrical and chemical 
EPSPs, respectively (n=8). The resting potential remained unchanged, and antidromic spike 
height (a measure of M-cell input resistance) did not change significantly, averaging 105.6% 
(range 92.7 to 121.4) of control. Remarkably, even though somatostatin is also co-localized 
with GABA in a subset of inhibitory interneurons, SRIF-14 did not affect the recurrent 
inhibition, which was quantified as the “fractional inhibitory conductance", an index 
proportional to the ratio of the amplitude of the M-cell antidromic spike in the absence and 
presence of the recurrent Inhibition (n=6). Finally, vehicle applications were ineffective. Thus, 
these results suggest that somatostatin plays afunctional role in the regulation of synaptic 
strength at LMCEs, by acting in synergism with glutamate.
(supported by a HFSP fellowship to A.P.)

469.20
CALCIUM CHANNEL SUBTYPES INVOLVED IN TRANSMITTER RELEASE 
AND PLASTICITY AT SYNAPSES BETWEEN THE VIH NERVE AND THE 
GOLDFISH MAUTHNER CELL IN VIVO. P.D. Grimwood and D.S. Faber*. Dept. 
of Neurobiology and Anatomy, Allegheny University of the Health Sciences, 
Philadelphia, PA 19129.

The calcium channel subtypes present at the connection of the VIII nerve and the 
Mauthner cell, (M-cell), and their involvement in long term potentiation (LTP) have 
been investigated. Specific calcium channel blockers were applied either by 
superfusion, or more locally by pressure ejection into the region of synaptic input 
onto the M-cell. Their action on transmitter release was assayed by recording the 
intracellular excitatory postsynaptic potential (EPSP) elicited by electrical 
stimulation of the VIII nerve. The L type calcium channel blocker nifedipine (100 
pM) did not decrease the amplitude of the chemical component of the EPSP. Both 
the N type calcium channel blocker co-conotoxin GVIA, (10 pM, n = 11, 1 pM, n =
2) , and the P/Q calcium channel blocker tn-agatoxin IVA (10 pM, n = 5, 1 pM, n =
3) produced consistent reductions or blockade of the chemical component of the 
EPSP. The attenuation was associated with an increase in the electrotonic component 
of the synaptic response and the antidromic potential, indicating an increase in input 
resistance of the M-cell, possibly due to loss of a tonic inhibitory mechanism. 
Neither co-agatoxin IVA (1 pM, n = 1, and 10 pM, n = 3), nor co-conotoxin GVIA 
(10 pM, n = 2) blocked induction of LTP by tetanic stimulation of the VIH nerve. 
After induction of LTP in the absence of blockers, co-conotoxin GVIA (10 pM, n = 
5) eliminated the chemical component of the potentiated EPSP. These data suggest 
the presence of N and P and/or Q type calcium channels on VIII nerve terminals. 
Whereas calcium entry via both subtypes may be required for synaptic transmission 
at low stimulation rates (0.5 Hz), entry through either subtype alone during tetanus 
may result in residual calcium sufficient for transmitter release necessary for LTP 
induction. Supported by The Wellcome Trust grant 045748/Z/95/Z/JMW/LEC/CG.

CALCIUM CHANNEL PHYSIOLOGY: TRANSMITTER RELEASE STUDIES

470.1
PRESYNAPTIC CALCIUM CURRENT INACTIVATION AT THE CALYX 
OF HELD. TatsiihircLTsujinmlQL*,J^argareLBarn(^J2aviesT_Wtffj£WLC.uill£!A 
IaiLlXjibrsylheLaiidJ^î  ’Department of Neurophysiology,
Faculty of Medicine, University of Tokyo, Japan, department of Cell 
Physiology and Pharmacology, University of Leicester, U. K.

It is now possible to make direct patch clamp recordings from a giant 
presynaptic terminal in the rat binaural auditory pathway. Transmitter release 
at this glutamatergic synapse is triggered by calcium influx through P-type 
calcium channels, since the IC50 for ©-agatoxin IVA block of the presynaptic 
calcium current (IpCa) is less than 5 nM. IpCa showed a robust inactivation 
during depolarising voltage steps, with the greatest inactivation at the peak of 
the current-voltage relationship. Inactivation remained after extracellular Ca2+ 
was replaced by Ba2+ or Sr2+, or with intracellular loading of 16 mM BAPTA. 
Inactivation was greatly reduced when Na+ was used as the charge carrier. In 
simultaneous recordings from the presynaptic terminal and postsynaptic neuron, 
excitatory postsynaptic currents (EPSCs) evoked by IpCa tail currents, 
underwent a marked depression on stimulation at 100 Hz for 1-10 seconds. 
Following this tetanus, EPSCs recovered in parallel with IpCa. The 
input/output relationship (IpCa/EPSC amplitude) was the same as that 
measured on reduction of [Ca2i]o. Hence we conclude that a current- 
dependent inactivation of IpCa contributes to post-tetanic synaptic depression 
at this central synapse.

Supported by the Wellcome Tmst and the RFTF program of JSPS.

470.2
L AND P TYPE CALCIUM CHANNELS MEDIATE TRANSMITTER 
RELEASE IN BOTULINUM TOXIN TREATED NEUROMUSCULAR 
JUNCTION. Manel M,Santa Fe and Osvaldo D. Uchitel *. Unitat d Histologia i 
Neurobiologia (UHN), Fac. de Medicina i Ciencies de la Salut, Univ. Rovira I 
Virgili, Tarragona, Espana, y *Inst. de Biologia Celular, Fac. de Medicina, Univ. 
de Buenos Aires, Paraguay 2155, Bs.As(1121) Argentina.

Normal mouse neuromuscular transmission (NMT) is strongly inhibited by the 
P/Q type blocker ©-Agatoxin IVA but not affected by ©-Conotoxin GVIA or 
Nitrendipine, bockers of N and L type channles respectively. In contrast, 
regenerating neuromuscular junction induced by nerve crush is very' sensitive to 
both P and L type channel blockers (Katz et al, J.Physiol. 497: 687, 1996).

We investigated the effect of different types of VDCC blockers on the quantal 
content of synaptic potentials elicited by nerve stimulation in the levator auris 
muscles of mice intoxicated several weeks before with Botulinum toxin A (Botox, 
Allergan). Under this condition NMT gradually recovers. We found that the L 
type channel blocker Nitrendipine inhibits up to 80% of transmitter release in 
muscles 15 days after intoxication. This inhibition decreases at later stages and at 
90 days after been initially paralysed transmitter release becomes insensitive to 
Nitrendipine. In all cases m-Agatoxin-IVA was also effective in blocking NMT. 
We conclude that during the recovery process after paralysis induced by' 
botulinum toxins both L and P type VDCC mediate transmitter release. L type 
calcium channels may be important for the maturation of neuromuscular 
junction
Supported by a grant of the Muscular Dy strophy Association. USA
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470.3
BOTULINUM TOXIN C INTERFERES WITH PUTATIVE SYNTAXIN 
REGULATION OF Ca2+ CHANNEL ACTIVITY IN OOCYTES AND 
SYNAPTOSOMES. V. E, Degtiar, J. B, Bergsman, R. H. Scheller and 
R. W. Tsien*, Dept. of Mol. and Cell. Physiol., Beckman Center, Stanford Univ., 
Stanford, CA 94305.

The presynaptic membrane protein syntaxin IA (SI A) is known to interact 
with N- and P/Q-type Ca2+ channels, and has been found to decrease the availabil-
ity of these Ca2+ channels when co-expressed in Xenopus oocytes. We have ex-
amined Ca2+ channel activity in oocytes and synaptosomes, testing effects of botu-
linum toxin C (BoTxC), which is known to cleave syntaxin. N-type Ca2+ channels 
((x!BP30t2s) were expressed in Xenopus oocytes with or without syntaxin IA. Fol-
lowing a prolonged depolarization to allow channels to equilibrate with SI A, 
channel availability was assessed with pulses to a fixed test potential, applied from 
an increasingly negative series of holding potentials, as in Bezprozvanny et al.
The Igo/Ii2o availability ratio was reduced from 0.46+0.04 in control to 0.10±0.02 
by co-expression of SI A, or to 0.15±O.O3 by S1A+SNAP-25; the ratio was restored 
to 0.42±0.10 by external application of BoTxC (200 nM), and to a similar degree 
by intracellular injection of toxin light chain (10 nM). Heat inactivated BoTxC left 
the ratio unchanged. BoTxC treatment had no effect on N-type channel availabil-
ity in the absence of authentic SI A.

To look for syntaxin effects on Ca2+ channels in nerve terminals, we have re-
cently begun examination of the effect of BoTxC on K+-evoked Ca2+ entry through 
non-L-type Ca2+ channels in rat neocortical synaptosomes. Toxin treatment com-
pletely abolished Ca2+-dependent glutamate release. Upon application of 60 mM 
K+ and 2 mM Ca2+, the fura-2 intracellular [Ca2+] signal rose to a peak before fal-
ling over the next several seconds to a lower maintained level. While BoTxC gave 
little or no change in the peak, it produced a small but significant increase in the 
maintained level (107±2%) vs control (100±3%, p<0.02). An increase was also 
observed for synaptosomes predepolarized for 5 min with 60 K+ before adding 
Ca2+(79±2 % of control before toxin, 87+2% after toxin, p<0.0004). Thus, BoTxC 
can prevent an inhibitory effect, evidently involving syntaxin, that only becomes 
apparent with a delay, perhaps after synaptic vesicles have had opportunity to un-
dergo exocytosis. Supported by NIH MH48108.

470.4
GTPyS-DEPENDENT MODULATION OF CALCIUM CHANNELS IN 
CHICK PRESYNAPTIC NERVE TERMINALS AND DORSAL ROOT 
GANGLION NEURONS DIFFER IN SENSITIVITY TO BOTULINUM 
TOXIN Cl. P.J, Church and E.F. Stanley*. Synaptic Mechanisms Section, 
NINDS, Bldg. 36, Rm. 5A25, NIH, Bethesda, MD 20892.

We have recently reported that botulinum toxin Cl (BtCl)treatment 
eliminates G protein-dependent modulation of presynaptic N type calcium 
channels (Nature 1997:385 340). In this study we have tested if this is also 
the case for calcium channels on the cell soma by comparing the action of 
intracellular BtCl on GTPyS-dependent down-regulation of calcium 
channels in chick DRG neurons and ciliary ganglia calyx nerve terminals.

Ciliary' ganglia and DRGs were removed and enzymatically dissociated 
from 15 day chick embryos. Calyx terminals or DRG neurons were patch 
clamped with pipettes that contained GTPyS w/wo 1 pgm/ml BtCl. A two 
pulse protocol w/wo a strong depolarizing prepulse was given to test for 
GTPyS-down-regulated (reluctant) calcium current. In control nerve 
terminals (N=4) and in both control and BtCl-treated DRG neurons 
infusion of GTPyS resulted in a sustained reluctant current. In the BtCl- 
treated nerve terminals, however, this current was observed only shortly 
after seal rupture, disappearing thereafter.

Thus, not all N-type calcium current is sensitive to elimination of the 
GTPyS effect by BtCl. These results suggest a fundamentally different 
organization of G protein-dependent modulation for calcium channels at 
nerve terminals and cell somata.

Supported by the Intramural program of NINDS.

470.5
ACTIVATION KINETICS OF NON-L-TYPE CALCIUM CHANNELS REVEALS 
LOCALIZED ATP AND OPIOID SECRETION IN CHROMAFFIN CELLS. V 
Carabelli. I. Carra. A. Polio* and E. Carbone. Dept. of Neuroscience. Univ. of Turin. 
Italy.

The vesicle content released by' bovine chromaffin cells (opiates, ATP and 
catecholamines) inhibits non-L channels in a voltage- and time-dependent manner. 
This autocrine loop is mediated by’ PTX-sensitive G proteins and involves opioid and 
purinergic autoreceptors. Here we studied whether this inhibition occurs locally or is 
due to the material released from neighbouring cells. With control solution in cell- 
attached patch-pipettes (lOOmM Ba, 5uM nifedipine), we found that non-L Ca 
channels activation w as markedly delayed at moderate depolarizations of the patch: 
xacC10ms at +20mV and accelerated by strong pre-depolarizations in > 60% of 
cases. The same slow activation kinetics was observed with saturating concentrations 
of p-, 8-opioid and purinergic receptor agonists in the pipette (90% of patches). In 
contrast, only 35% of patches with receptor antagonists exhibited Ca channel 
activities with well resolved slow' activation kinetics. This percentage decreased to 
10% in PTX-treated cells. From these data we can conclude that: 1) Ca channel 
modulation is induced locally by’ the material secreted in the patch-pipette, 2) In a 
minority’ of cases Ca channel inhibition can be due to tonic G-protein activation by 
internal GTP, 3) Chromaffin vesicles are clustered in specialized regions of the cell.

Localized secretion in membrane patches containing non-L channels was further 
proved by measuring Ca channel activation in cell-attached patches, after stimulating 
the extracellularly available cell membrane with sequential depolarizations with 
135mM KAsp + 2mM BaCl2. In nearly 50% of patches in which Ca channel 
activation was fast, Ba entry’ during cell stimulation caused a marked prolongation of 
channel activation. Thus, Ca channel kinetics modulation provides a reliable tool to 
detect exocytosis in localized membrane areas of secretory cells.

Supported by Italian MURST

470.6
ACTIVITY-DEPENDENT FACILITATION OF PRESYNAPTIC 
CALCIUM CURRENT IN THE RAT AUDITORY PATHWAY. MF. 
Cuttle*, T. Tsuiimoto, T. Takahashi and I D. Forsythe* SPON: Brain
Research Association. The Ion Channel Group, Dept. Cell Physiology and 
Pharmacology, University of Leicester, U.K.* and Dept. Neurophysiology, 
Faculty of Medicine, University of Tokyo, Japan.

The calyx of Held is a high frequency, high fidelity synapse that follows 
action potentials at up to 600Hz. We have made whole-cell recordings of 
presynaptic calcium currents (IpCa) at this synapse. When a pair of IpCa 
tail currents was evoked by 1ms depolarizing pulses at intervals < 100ms, 
the second tail current was facilitated by up to 20% without a shift in the 
current-voltage relationship. When the second pulse duration was increased 
to 10ms, IpCa rise-time was clearly faster, but there was no change in peak 
current. Intracellular loading of GTPyS (0.5mM) or GDPpS (3mM) or 
extracellular H-7 (0.2mM) had no clear effect on the facilitation, but 
intracellular loading of BAPTA (16mM) or replacement of external Ca2+ by 
Ba2+ significantly reduced the facilitation. These results suggest that the 
IpCa facilitation is dependent upon intracellular Ca2+. In simultaneous 
recordings from the presynaptic terminal and its postsynaptic target cell, an 
IpCa facilitation was accompanied by a facilitation of EPSCs in reduced 
external Ca2+ solution. We conclude that presynaptic Ca2+ current 
facilitation contributes, at least in part, to activity-dependent facilitation of 
EPSCs at this synapse.

Supported by the RFTF Program of the Japan Society of the Promotion of 
Science and the Wellcome Trust.

470.7
PASSIVE TRANSFER OF LAMBERT-EATON MYASTHENIC SYNDROME 
(LEMS) INDUCES DIHYDROPYRIDINE (DHP) SENSITIVITY OF Ca2+ 
CURRENTS IN MOUSE MOTOR NERVE TERMINALS. W.P. Atchison*, Y.-F. 
Xu, and S.J. Hewett. Dept. Pharmacology and Toxicology and Neuroscience Program, 
Michigan State University, East Lansing, MI 48824-1317.

Mice were injected for 30 days with plasma from three patients with LEMS. 
Perineurial recording techniques and triangularis sterni muscle preparations were used 
to examine the pharmacological sensitivity of kinetically distinct, defined components 
of motor nerve terminal Ca2+ currents (ICa) to LEMS autoantibodies. ICa elicited at 
0.01 Hz were significantly reduced in amplitude by 40% of control in LEMS-treated 
nerve terminals. The two components of ICa observed when the preparation was 
exposed to 50 pM 3,4-diaminopyridine and 1 mM tetraethyl-ammonium were both 
reduced by LEMS treatment. The fast component (ICaf) was reduced by 35% while 
the slow component (ICa^s) was reduced by 37%. ©-Agatoxin-IVA (©-Aga-IVA, 100 
nM) and ©-conotoxin-MVIIC (©-CTx-MVIIC, 5 pM) completely blocked ICa in 
control motor nerve terminals, but were 20-30% less effective in blocking ICa in 
LEMS-treated terminals. The ICa remaining after treatment with ©-Aga-IVA or ©- 
CTx-MVIIC was blocked by 10 pM nifedipine and 10 pM Cd2+. Acute exposure (90 
min) of rat forebrain synaptosomes to LEMS immunoglobulin G (IgG, 4 mg/ml) did 
not alter the binding of [3H]-nitrendipine or [125I]-©-conotoxin GVIA when compared 
with synaptosomes incubated with control IgG. Conversely, LEMS IgG significantly 
decreased the Bmax for [3H]-verapamil by approximately 45%. The apparent affinity 
of verapamil (KD) for the remaining receptors was not significantly altered. Thus acute 
exposure of isolated nerve terminals to LEMS IgG reduces the number of binding 
sites for verapamil but not for nitrendipine or ©-conotoxin-GVIA. This suggests that 
chronic, but not acute exposure to LEMS IgG up-regulates or unmasks DHP-sensitive 
Ca2+ channels in motor nerve endings. Supported by NIH grant ES05822.

470.8
IS DEPOLARIZATION-INDUCED CALCIUM INFLUX IN NERVE 
TERMINALS OF RAT OR HUMAN CEREBRAL CORTEX MEDIATED BY 
DIFFERENT Ca2+- CHANNELS? K. Fink*\ W. Meder, J. Zentner and M. Gothert, 
Inst. Pharmacol. Univ. Bonn, Reuterstr. 2b, 53113 Bonn, Germany. +Mass. Gen. 
Hosp.-Harvard Med. School, 149 13th street 6403, Charlestown, MA 02129, USA

Increase in cytoplasmic calcium concentration triggered by depolarization and 
subsequent opening of calcium channels is crucial for the exocytotic release of 
neurotransmitters from axonal nerve terminals. This study was targeted to 
investigate which types of voltage-gated Ca2+ channels are involved in 
depolarization-induced Ca2+ influx in presynaptic nerve terminals in the rat and the 
human cerebral cortex.

To compare both species, synaptosomes were prepared either from rat brain cortex 
or from cortical specimens removed from patients undergoing neurosurgery for 
otherwise intractable epilepsy. Synaptosomes were ioaded with FURA 2/AM and 
the K+ (30mM)- or veratridine (lpM)-induced increase in intrasynaptosomal Ca2+ 
concentration [Ca2+]; measured fluorometrically with 340/380nm excitation ratios. 
The K+ (TTX resistent)- as well as veratridine (TTX sensitive) -evoked increase in 
[Ca2+]j was totally dependent on extracellular Ca2+ in either species, ©-conotoxin 
GVIA 0.1 pM inhibited the K+-evoked [Ca2+]; increase by 40 or 20%, ©-Agatoxin 
IVA 0.2pM by 60%, ©-Conotoxin MVIIC 0.2pM by 50 or 75% in rat or human 
synaptosomes, respectively; Nifedipin was ineffective. However, after veratridine- 
induced depolarization Nifedipin IpM was ineffective in rat but inhibited [Ca2+]j 
increase in human cortical synaptosomes by 30%. Mibefradil lOpM and ifenprodil 
320pM abolished the [Ca2+]; increase in synaptosomes of either species and 
depolarization method. It is concluded, that Ca2+ influx in presynaptic nerve 
terminals in rat and human brain cortex is mediated predominantly by differing 
percentages of N- or P/Q-type channels whereas L-type channels may be involved 
only in the human brain cortex. (Supported by the DFG)
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470.9
PRESYNAPTIC Ca2+ CHANNEL SUBTYPES AND Ca2+ COOPERATIVITY 
FOR TRANSMITTER RELEASE IN HIPPOCAMPAL CULTURES 
C, A. Reid. J. M. Bekkers and J. D. Clements*. Division of Neuroscience, 
JCSMR, Australian National University, Canberra, Australia.
The amplitude of the synaptic current at central synapses has a highly non-
linear dependence on external Ca2+, due to the cooperative action of Ca2+ 
in triggering transmitter release. N-type (ea-Conotoxin GVIa-sensitive) and 
P/Q-type (w-Agatoxin GIVa-sensitive) presynaptic calcium channels 
support transmitter release at central excitatory synapses. Recent 
evidence suggests that release is more steeply dependent on external 
Ca2+ for P/Q- than for N-type channels in the cerebellum. We tested this 
hypothesis for glutamatergic synapses in cultured hippocampal neurons. 
EPSC amplitude was plotted against external [Ca2+] in the presence of or 
Ctx (1 gM),orAga (0.5 nM)orCd2+(2 p.M). Both orCtx and Cd2+reduced 
the EPSC amplitude by ~45%. Cd2+ shifted the dose response curve to 
the right compared with control (AEC50cd = 1.2 ± 0.3 mM) with no 
change in its steepness (power function fit, ncd = 3.1 ± 0.1 cf. nCon =
3.1 ± 0.2), consistent with a uniform block of Ca2+channels. orCtx shifted 
the curve significantly less than Cd2+(AEC50ctx - 0.5 ± 0.2 mM), and 
also reduced its steepness (nctx = 2.4 ± 0.2), consistent with a 
nonuniform distribution of Ca2+channel subtypes. There was no 
significant difference between the steepness of the curves for co-Aga or or 
Ctx (nctx = 2.4 ± 0.2 cf. n^a= 2.2 ± 0.4). We conclude that N- and P/Q- 
type channels support glutamate release with similar Ca2+ cooperativity, 
and that these Ca2+ channel subtypes are nonuniformly distributed across 
excitatory presynaptic terminals in hippocampal cultures. (Supported by 
Australian Department of Health)

470.10
AN IN VITRO AND IN VIVO ASSESSMENT OF Ca2+-CHANNEL 
SUBTYPES CONTRIBUTING TO THE K+-STIMULATED RELEASE 
OF NORADRENALINE AND 5-HT IN RAT FRONTAL CORTEX 
S. Djali, Y. Zhang, E. Muth*, L.A. Dawson and J. Dunlop, CNS
Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543, USA.

The availability of a number of selective voltage dependent Ca2+- 
channel (VDCC) blockers has greatly facilitated studies aimed at 
determining the identity of Ca2+-channel subtypes which participate in the 
Ca2+-dependent release of a variety of neurotransmitters. In particular, the 
identification of the co-conotoxin peptides from cone snail venom has 
provided powerful tools for these studies. In this study we have employed 
the P/Q-type selective VDCC blocker co-conotoxin MVIIC, the N-type 
selective VDCC blocker co-conotoxin MVIIA and the L-type selective 
VDCC blocker nifedipine in an evaluation of the Ca2+-channel subtypes 
contributing to the K+-stimulated release of noradrenaline and 5-HT in 
rat frontal cortex. In vitro studies were performed with slices prepared 
from rat frontal cortex and the K+-stimulated release of previously 
accumulated [3H]-transmitter, measured in a continuous superfusion 
system, was determined in the absence and presence of VDCC blockers. 
In vivo microdialysis studies in freely moving rats were also undertaken 
to determine the effects of these VDCC blockers on the K+-stimulated 
release of noradrenaline and 5-HT in frontal cortex. Dialysate levels of 
noradrenaline and 5-HT were quantified by HPLC with electrochemical 
detection, and VDCC blockers were injected directly into the frontal 
cortex immediately adjacent to the dialysis probe. The results indicate 
that the m-conotoxin MVIIC sensitive P/Q-type Ca2+-channels account for 
the bulk of the Ca2+ influx associated with the K+-stimulated Ca2+- 
dependent release of noradrenaline and 5-HT in rat frontal cortex.

470.11
GABAb RECEPTOR ACTIVATION IN LAMPREY SENSORY NEURONS 
MODULATES N- AND P/Q-TYPE CALCIUM CHANNELS. N. Bussieres* and A. 
El Manira, Nobel Institute for Neurophysiology, Department of Neuroscience, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

In the lamprey spinal cord, glutamatergic transmission from cutaneous 
mechanosensory neurons is presynaptically modulated by OABAb receptor activation. 
To determine the underlying mechanisms, we studied the effects of baclofen, a 
GABAb receptor agonist, on voltage-dependent calcium channels in isolated lamprey 
mechanosensory neurons in culture. Whole cell voltage-clamp revealed the existence 
of both high- (HVA) and low-(LVA) voltage activated calcium currents in these cells, 
with HVA always being the larger current. Bath application of baclofen (50 pM) 
caused a rapid slowing of the activation phase of the HVA current and a reversible 
20% decrease in its peak amplitude. When LVA current was present, these effects 
were abolished at low voltage steps (below 0 mV, VH 90mV). The effects of baclofen 
were blocked by the GABAb antagonists saelofen (200 pM) and phaclofen (500 pM), 
but were insensitive to CGP-35348 (200 pM). This latter antagonist, on the other 
hand, blocked GABAb receptor activation induced by CGP-27492 (4 pM), suggesting 
the presence of two subtypes of GABAb receptors on these cells. GABAb receptor 
activation involves G-protein dependent mechanisms, as most of the effects of 
baclofen were blocked when GTP-y-S or GDP-J3-S were present in the intracellular 
recording solution, or in neurons pre-incubated in pertussis toxin. Finally, the types of 
HVA calcium channels modulated by baclofen were investigated. The amplitude of 
the current affected by baclofen was greatly reduced when N-type channels were 
blocked by w-conotoxin-GVIA (1 pM), and further addition of (o-agatoxin (0.2 pM), a 
P/Q-type antagonist, had no significant effect. On the other hand, the response to 
baclofen was abolished in the presence of (o-conotoxin-MVIIC (5 pM), which blocks 
P/Q and N-type. The effects of baclofen were unaffected by the L-type antagonist, 
nimodipine (5 pM), or agonist, BayK (2 pM). Thus, in these neurons, GABAb  
receptor activation modulates both N- and P/Q-type calcium channels through a G- 
protein dependent mechanism.
(Supported by the Swedish Medical Research Council, project 11562)

470.12
N- AND P/Q-TYPE CALCIUM CHANNELS MEDIATE 
GLUTAMATERGIC SYNAPTIC TRANSMISSION IN THE 
LAMPREY SPINAL CORD. A. El Manira*, N. Bussieres and P. 
Krieger. Nobel Institute for Neurophysiology, Department of 
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden.

The types of calcium channels present in the somata of 
reticulospinal neurons was characterized using whole cell patch- 
clamp recordings from identified reticulospinal neurons in culture. 
Pharmacological dissection of the calcium current showed that 
reticulospinal neurons possess N-, L-, P/Q- and R-type calcium 
channels. Lamprey reticulospinal neurons thus display calcium 
currents which are pharmacologically similar to those of mammals. 
The calcium current mediated through N-type channels amounted 
to about 80% of the total current. The types of calcium channels 
present in the axons of reticulospinal neurons were then 
characterized. We analyzed the effects of the different calcium 
channel blockers on glutamatergic EPSPs in spinal grey matter 
neurons, evoked by stimulation of reticulospinal axons. The 
amplitude of the EPSPs was affected neither by the L-type agonist 
BayK nor by the antagonist nimodipine. The N-type blocker ©- 
conotoxin-GVIA reduced the amplitude of the EPSPs by more than 
66%. The P/Q-type calcium channel blocker co-agatoxin-IVA 
decreased the EPSP amplitude by 31%. The combined application 
of co-conotoxin-GVIA and co-agatoxin-IVA reduced the amplitude 
of the EPSPs by 90%, while the rest was abolished by cadmium. 
Thus, synaptic transmission from reticulospinal axons is mediated 
by both N- and P/Q-type calcium channels.
(Supported by the Swedish Medical Research Council, project 
11562).

470.13
P/Q-TYPE CALCIUM CHANNEL MUTATION REDUCES POTASSIUM 
EVOKED NEOCORTICAL NEUROTRANSMITTER RELEASE IN VIVO.
M. Shimizu-Sasamata*1, E. H. Lo2, C. Ayata1, J. L. Noebels3 and M. A. Moskowitz8,
1 Stroke and Neurovascular Regulation, Department of Neurosurgery and Neurology,
2 Center for Imaging and Pharmaceutical Research, Massachusetts General Hospital, 
Harvard Medical School, Charlestown, MA 02129, 3 Department of Neurology, 
Baylor College of Medicine, Houston, TX 77030.

Voltage-dependent calcium channels play a critical role in the control of 
neurotransmitter release in the central nervous system. A combination of 
electrophysiological and pharmacological criteria have defined five main types of 
high threshold calcium channels (L, N, P, Q and R) in the brain. Recently, the 
tottering mouse (Zg) has been shown to express a mutation in the gene encoding the 
a1A subunit of the calcium channel protein. This mutation may correspond to 
alterations in function of P- and/or Q-type calcium channels. In this study, we 
examined the effects of the tg mutation on central synaptic transmission in vivo.

Microdialysis probes were inserted into the fronto-parietal cortex of tg/tg mice and 
wild type (+/+) C57BL/6J mice (n=6 per each group). Baseline concentrations and 
potassium (K+; 100 mM) evoked release of glutamate and GABA were measured. 
Although baseline concentrations of these transmitters were similar in tg/tg and +/+ 
mice, the K+ evoked release of both glutamate and GABA were significantly reduced 
in the mutants (glutamate: 2.1 ± 0.5 fold in tg/tg versus 5.6 ± 1.1 fold in +/+; GABA: 
3.0 ± 0.5 fold in tg/tg versus 9.8 ± 1.8 fold in +/+).

These results suggest that (1) the tg point mutation in the a1A P/Q-type calcium 
channel alters K+ depolarization-coupled neurotransmitter release in neocortical 
neurons, and (2) the excitability phenotype in tg neocortex may be related to 
abnormal calcium entry through P/Q-type channels. Supported by NS21558 
(MAM), NS32806 (EHL) and NS29709 (JLN).

470.14
L- TYPE CALCIUM CHANNELS ANTAGONISTS MODULATE 
THE SLOW EXCITATORY SYNAPTIC TRANSMISSION ON 
RAT DOPAMINERGIC NEURONS. A. Bonci*, A. Siniscalchi, 
G. Bernard! and N.B. Mercuri. IRCCS S.Lucia, via Ardeatina, 306, 
00179 and Clinica Neurologica Universita “Tor Vergata”, via 
O.Raimondo 8, 00173, Rome, Italy.

The aim of our study was to characterize the effect of 
dihydropyridines on the excitatory and inhibitory synaptic currents 
evoked in vitro on rat mesencephalic slices containing dopaminergic 
neurons, by using the whole-cell patch clamp technique. The 
application of the L-type calcium channel antagonists nimodipine (1- 
100 ftM), nifedipine (1-100 pM) and isradipine (30 nM- 30 pM) 
dose-dependently reduced the slow excitatory synaptic current 
(EPSCslow) evoked on rat dopaminergic neurons. In the presence of 
omega-conotoxin GVIA (1 pM), omega-agatoxin IVA, and omega 
conotoxin MVIIC (5 pM), to block non-L-type calcium channels, the 
application of nifedipine (1-10 pM) still reduced the residual EPSC 
slow. Furthemore, the application of the L-type calcium agonist Bay 
K 8644 (1-10 pM) increased the amplitude of the EPSCslow. 
However, when L-type calcium channel antagonists were applied 
on the fast excitatory synaptic currents, no effect was observed. 
Dihydropyridines did not produce any significant effect on the 
GABAa  and GABAb  inhibitory post synaptic currents. We conclude 
that L-type calcium channels contribute to modulate the slow 
excitatory synaptic transmission on rat dopaminergic neurons.
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471.1
CALCIUM CHANNEL CHARACTERIZATION OF AtT20 CELLS 
TRANSFECTED WITH DOPAMINE D2S RECEPTOR SHOWS INHIBITION OF 
A Q-TYPE CHANNEL. SE Hudson4, DP Brown*, DM Beatty4, BM 
Chronwall*, AF Strautman**, and SJ Morris*. * Molecular Biology and 
Biochemistry & *Cell Biology and Biophysics, University of Missouri- 
Kansas City, Kansas City, MO 64110-2499. * Department of Biology, 
William Jewell College, Liberty, MO 64068.

Dopamine D2 receptors inhibit high voltage activated calcium channels 
(HVA-CC) via G-proteins. Previous studies in our lab of AtT20 cells 
transfected with the short isoform (D2S) of the dopamine D2 receptor show 
HVA-CC activity is inhibited 50-60% by the addition of 50pM quinpirole 
(QP), a dopamine agonist. We have characterized the HVA-CC present in 
these cells with pharmacological blockers of channel a- subunits. Results 
from these studies show no evidence of P- or N-type channels, consistent 
with other recent findings. R-type channel blocker NiSO4 (4//M), did not 
significantly inhibit HVA-CC activity. Addition of high concentrations of 
nifedipine (10pM) nearly abolished channel activity, indicating the 
presence of L-type channels. Similar to QP experiments, addition of the 
Q-type channel blockers, 200nM agatoxin IVA or 5//M w-conotoxin MVIIC, 
inhibited 50-60% of channel activity. When both 50pM QP and 200nM 
agatoxin IVA were added 1 minute prior to depolarization, there is no 
additional inhibition of channel activity. Furthermore, when 200nM 
agatoxin IVA, 50/yM QP, and 10/;M nifedipine were added 1 minute before 
depolarization, all HVA-CC activity was eliminated. These findings 
suggest that the dopamine D2S isoform inhibits a Q-type channel in our 
transfected AtT20 cells.

Supported by NSF grant IBN95-15226 and the Loeb Charitable 
Foundation.

471.2
DOPAMINE D2 RECEPTORS EXPRESSED IN AtT20 CELLS SHOW 
MEMBRANE DELIMITED INHIBITION OF HIGH VOLTAGE ACTIVATED 
CALCIUM CHANNELS. SJ Morris*, DM Beatty, and SE Hudson. Molecular 
Biology and Biochemistry, UMKC, Kansas City, MO 64110-2499.

Neurons and other endocrine cells show acute, rapid inhibition of high 
voltage activated calcium channels (HVA-CC) through a variety of 
receptors linked to Goo. Although not absolutely proven, it is quite likely 
that these activities result from membrane delimited modulation (direct 
blockade of the channels by a G-protein subunit.) Support for this 
hypothesis is found in the observations that excised patches, washed free 
of second messenger links, still show extremely rapid (<200 msec) 
receptor-driven inhibition of HVA-CC. Previous antisense knockdown 
studies in our laboratory have shown that when either the long (D2L) or the 
short (D2S) isoform of the dopamine D2 receptor is transfected into AtT20 
cells, both receptors functionally couple to acute inhibition of HVA-CC 
through G00. We have devised a non-invasive method for resolving the 
kinetics of this receptor mediated inhibition of HVA-CC using simultaneous 
video imaging of multiple fluorescent probes. By comparing the time of 
arrival of K+ depolarization solution to the onset of increased [Ca2+lj, we 
can estimate the activation time of the HVA-CC. For control experiments, 
this activation time is approximately 300 msec. However, when the 
dopamine receptor agonist, quinpirole (QP), is present in the K+ solution, 
this activation time increases to 750-1500 msec. Non-transfected AtT20 
cells show no difference in activation time in the presence of QP. This 
suggests that the inhibition of HVA-CC by the D2 receptor occurs too 
quickly for classic second messenger inhibition and is most likely the result 
of membrane delimited modulation of the channels.

Supported by NSF grant IBN95-15226 and the Loeb Charitable 
Foundation.

471.3
INHIBITION OF CALCIUM CURRENTS IN CULTURED CORTICAL NEURONS 
BY DOPAMINERGIC AGONISTS. J. G. Dilmore* and J. W. Johnson. Department 
of Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

To elucidate mechanisms by which dopamine may modulate neuronal transmission, 
we studied the action of dopaminergic agonists on voltage-activated calcium currents 
in cultured rat cortical neurons using whole-cell patch clamp recording. We isolated 
calcium currents by using external 0.5 pM TTX and 10 mM TEA and internal 100 mM 
Cs+. Calcium current was quantified by measuring mean current amplitude during a 0.6 
ms window centered 5 ms after the depolarizing voltage step in leak subtracted currents. 
The isolation of calcium currents was confirmed through the application of 20 pM Cd': 
which blocked 85 ± 15% (n = 3; mean ± SEM) of the inward current.

Experiments were performed on cells that had been grown in culture for 11-14 days. 
Application of 30 pM apomorphine caused a 19 ± 7.5% reversible decrease in current 
evoked by voltage steps from -80 to 0 or to +10 mV (n = 7; P < 0.05; 2 tailed t test). 
Application of 10 pM SKF-38393 caused a 7.8 ± 2.3% reversible inhibition of the 
calcium current (n = 8; P < 0.05). In contrast, 10 pM quinpirole had no consistent 
effect (n = 7; 2.3 ± 4.6% decrease; P > 0.5). Inhibition of calcium currents by 
apomorhpine and SKF-38393 was observed following depolarizing steps to voltages 
ranging from -30 to +40 mV.

To determine if the modulation of calcium currents changed during neuronal 
development, experiments were also performed on cells that had been grown in culture 
for 31-35 days. Apomorphine (30 pM) inhibited 27 ± 8.6% of the current induced by 
depolarizing steps from -60 to 0 mV (n = 5; P < 0.05).

Inhibition of presynaptic calcium currents by dopamine provides one potential 
mechanism for the regulation of neurotransmission. In addition, modulation of post-
synaptic calcium channels might influence synaptic integration. Supported by NIMH 
and a training grant from the Center for the Neural Basis of Cognition to JGD.

471.4
CHRONIC D2 RECEPTOR ACTIVATION SUPRESSES L-TYPE Ca2+ 
CHANNEL CURRENT DENSITY7 AND GATING IN RAT 
MELANOTROPHS. D. M. Fass* & E. S. Levitan. Depts. of Neuroscience 
and Pharmacology, Univ. of Pittsburgh, Pgh., PA 15260.

Hormone secretion from rat melanotrophs is regulated by a tonic 
dopaminergic inhibitory input from the hypothalamus. A long-term 
component of the mechanism of this dopaminergic inhibition has been shown 
to include down-regulation of the L-type Ca2' channel a,D mRNA (Fass & 
Levitan, 1996 Soc. for Neurosci. abstract) and suppression of total Ca2* channel current 
density in melanotrophs (G. Cota & M. Hiriart, 1989. in Secretion and Its Control, Rock. 
Univ. Press, ny ). To determine whether L-type Ca2* channel current density is 
suppressed, we performed patch-clamp recordings from primary-cultured 
melanotrophs exposed to the D2 agonist quinpirole (1 pM) for 5-10 days. 
Agonist-containing media was removed at least one hour prior to the 
recordings to avoid acute modulatory' effects. L-current was isolated by 
measuring the slow tail current at -50 mV (t  = -7 ms) induced by the L- 
channel agonist Bay K 8644 at a time point (2.4 ms) by which non-L-channel 
tail currents had completely decayed (with a t  = -0.3 ms). In melanotrophs 
chronically exposed to the D2 agonist, maximal L-channel tail current density 
(recorded following a 100 ms depolarization to +75 mV) was decreased by 
-40%, and the voltage-dependence of activation of L-channels was shifted to 
the right by -10 mV. The long-term suppression of both L-type Ca2+ channel 
current density' and gating is likely to be part of the mechanism of tonic 
dopaminergic inhibition of secretion from melanotrophs.
Supported by the American Heart Association

471.5
IDENTIFICATION OF G PROTEIN p SUBUNITS INVOLVED IN THE 
MEMBRANE-DELIMITED INHIBITION OF CALCIUM CHANNELS BY 
NOREPINEPHRINE. D.E. Garcia*, K, Mackie, and B. Hille. Dept. of 
Physiology and Biophysics, University of Washington, Seattle, WA 98195- 
7290, and *Depto. de Fisiologia, Fac. de Medicina, UNAM, 04510 Mexico.

Inhibition of voltage-dependent calcium channels (VDCCs) by G-protein- 
coupled receptors is a widespread regulatory' mechanism. Using cultures of 
adult rat superior cervical ganglion (SCG) neurons, we have investigated the 
role of G protein p subunits in this process. Intranuclear injection of cDNA 
encoding pi or p2, alone or in combination with y3 cDNA, increased tonic 
inhibition of N-type VDCCs as indicated by a marked increase in prepulse 
facilitation and a strongly occluded inhibition of VDCCs by norepinephrine. In 
contrast, intranuclear injection of cDNA encoding for p3, p4, or p5, in 
combination with cDNA for y3, did not increase prepulse facilitation or 
occlude inhibition of VDCCs by norepinephrine. Although we have no direct 
measure of expression, it is unlikely that this lack of effect of p3, p4, or 35 was 
due to limiting quantities of cDNA, since increasing by five-fold the amount of 
p3 cDNA injected did not increase facilitation or occlude norepinephrine 
inhibition of VDCCs. These results suggest that the G-protein subunits pi and 
p2 couple most efficiently to N-type VDCCs in SCG neurons and may mediate 
the membrane-delimited, voltage-dependent inhibition of calcium channels 
produced by many neurotransmitters. Supported by DGAPA-UNAM (DEG), 
and NIH grants DA00286-(KM) andNS08174 (BH).

471.6

OVEREXPRESSION OF VARIOUS G PROTEIN a-SUBUNITS 
ATTENUATES NOREPINEPHRINE-MEDIATED MODULATION 
OF N-TYPE Ca2+ CHANNELS IN RAT SYMPATHETIC 
NEURONS. S. W. Jeong* and S. R. Ikeda. Laboratory of Molecular 
Physiology, Guthrie Research Institute, Sayre, PA 18840.

Overexpression of GoAa has been shown (Ikeda, Nature 380: 
255, 1996) to attenuate the modulation of N-type Ca2+ channels 
produced by norepinephrine (NE). Here, we tested whether this 
observation extends to members in the same (Gi, i.e., Gob , Gil, Gi2, 
and Gi3) or different (Gs, Gq, and G12) Ga families. Ga subunits 
were transiently overexpressed in dissociated rat sympathetic neurons 
by direct intranuclear injection of CMV-driven plasmids encoding the 
desired Ga subunit and a variant of the GFP (EGFP, Clontech). N- 
type Ca2+ currents were measured in the absence or presence of NE 
(10 (iM) using the whole-cell patch clamp technique. In control 
neurons (i.e., injected with only a plasmid encoding the EGFP), NE 
inhibited Ca2+ currents by 61 ±12.5% (mean ± SD, n=14) and 
produced profound kinetic slowing of the current activation phase. A 
conditioning prepulse to +80 mV facilitated Ca2+ currents in either the 
absence (1.4 ± 0.1 fold) or presence (2.8 ± 0.6 fold) of NE. 
Conversely, in neurons injected with plasmids encoding the different 
Ga subunits, NE-mediated current inhibition was dramatically 
attenuated (< 10%; 2 < n < 7). Moreover, basal (i.e., in the absence of 
agonist) prepulse facilitation was also reduced. These data suggest 
that a wide variety of Ga subunits can interact with the G^y involved 
in NE-mediated current inhibition. Consequently, coupling specificity 
is unlikely to arise as a result of restricted Ga/Gpy interaction.

Supported by NIH grants GM 56180 and DA 10350.
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471.7
CALCIUM CHANNELS IN RAT SPINAL MOTONEURONS AND THEIR 
MODULATION BY NORADRENERGIC AND MUSCARINIC AGONISTS. R 
Baldelli, V. Magnelli and E. Carbone*. Dept. of Neuroscience, University of Turin, 
Corso Raffaello 30,1-10125 Turin.

Ca2 + currents were recorded from cultured spinal cord motoneurons of E-15 rat 
embryos. Cells were isolated and cultured according to Schnaar & Schaffher (J. of 
Neuroscience 1: 204-217, 1981). To improve cell survival (7-8 days) and the 
stability of whole-cell recordings, rat motoneurons were cultured with DMEM 
medium enriched with hormones and 25 & of muscle conditioning medium obtained 
from myotubes cultures. Whole-cell recordings exhibited both low-(LVA) and high- 
(HVA)-voltage-activated Ba~+ currents. The transient LVA current was evident 
since the first day of culture, while the slow inactivating HVA component was small 
and increased with time in culture. Recordings after 4 days showed the presence of 
15-20% L-type currents, 40-45% N-type, and 30-35% non-L, non-N-type. The L- 
type component was partially and reversibly blocked by co-CTx-GVIA. The non-L, 
non-N current component was assayed for its sensitivity to co-Aga-IVA. In 40% of 
the motoneurons tested 20 or 200nM co-Aga-IVA irreversibly blocked 20% of the 
total current, while the remaining 60% of the cells were insensitive even to 
saturating doses of the toxin (300-500nM in 5 mM Ba2+). This suggests weak 
expression and heterogeneous distribution of P/Q-type channels counteracted by a 
significant density of slowly inactivating resistant channels in cultured embryonic rat 
motoneurons. The selective o^-adrenergic agonist UK 14,304 (lOpM) and the 
muscarinic agonist oxotremorine (lOpM) induced a slow-down and a marked 
inhibition of HVA currents. The down-modulation developed quickly, reversibly and 
was mediated by G proteins. It was selective for non-L-type channels (N-, P- and R- 
types) and could be largely reverted (facilitated) by strong positive pre-pulses. L- 
type channels were either weakly or not affected by this receptor agonist activation, 
(supported by Telethon, Italy. Grant 881).

471.8
CHOLINERGIC MODULATION OF CALCIUM CHANNELS IN FROG 
SACCULAR HAIR CELLS
P.Perin+, S.Masetto*, G.Zucca and P.Valli +Tulane Medical School, Dept. of 
Pharmacology, 1430 Tulane Ave., 70112 New Orleans, LA, USA; Pavia 
University, Institute of General Physiology, v.le Forlanini 6, 27100 Pavia, ITALY.

Acetylcholine (Ach) is believed to be the main transmitter of the vestibular 
efferent system, but the mechanisms underlying its actions are not completely clear 
[Fuchs 1995, Ohmori 1996]. In frog sacculus, the main cholinergic effect is a 
hyperpolarization of hair cells [Sugai et al. 1991] leading to inhibition of afferent 
discharge [Guth et al. 1994]. However, after the blockade of this effect, Ach is still 
capable of exerting a slow action, which can be either inhibitory or facilitatory 
[Guth et all994]. In order to observe this residual effect, we performed perforated 
patch-clamp experiments on hair cells dissociated from the frog sacculus, blocking 
K currents with intracellular Cs and extracellular Ba (5 mM) plus TEA (20 mM). 
The main current left in these conditions was a voltage dependent Ba current. In 
our conditions, which also blocked nicotinic receptors [Sugai et al. 1991, Yoshida 
et al. 1994] not all the cells tested responded to acetylcholine, suggesting the 
presence of distinct “responding” and “nonresponding” hair cell populations. 
Among responding cells (n-20), Ach perfusion evoked a reversible increase of the 
Ba currents in 25% and a decrease in 45% of cases; in the remaining 30% we could 
observe both responses. In the presence of cadmium 100 pM, which completely 
blocked voltage-operated calcium channels (VOCCs), Ach effects were abolished 
(n=3). Activation kinetics of Ba currents for voltage steps to -20 mV (tau=T. 1+0.3 
msec) were not affected by Ach (tau-1.0±0.3 msec; n=5), and therefore the 
changes in amplitude were very unlikely to be due to the activation of a late, Ba- 
dependent current. These results therefore indicate VOCCs as the target of Ach 
effects in our conditions. Supported by MURST and CNR grants and NICD-DC 
00303-09.

471.9
TRANSIENT DISINHIBITION OF RAPHE NEURON CALCIUM 
CURRENT ON REMOVING 5-HT IN THE PRESENCE OF AIF4
Y.ChenandN.J.Penington,*Pharmacology, SUNY (HSC)BrooklynNYl 1203 

Aluminofluoride (A1F4) stimulates GTP-binding proteins, as can activation 
of the 5-HT receptor of raphe neurons. We measured Ca2+ current inhibition 
by 5-HT using the whole cell technique in order to monitor G-protein 
activation. To bypass the receptor, we used A1F4‘ in the pipette solution.
Cells containing A1F4‘ had smaller Ca2 currents, and inhibitory responses to 
5-HT. With time the Ca2+ current and response to 5-HT grew larger. When 
serotonin was applied repeatedly, a large transient disinhibition (TD) of Ca2+ 
current developed as the serotonin was washed off. The return to baseline 
represents the on-rate of A1F4'. The size of the TD was similar to that of the 
current facilitated by positive voltage steps. The TD required ATP and Mg2+ 
as cofactors. Addition of deferoxamine, a chelator of Al3+, and nominally 
zero Al3+ in the pipette, permitted a large TD on the wash following 5-HT. 
At concentrations of MgATP that permit no TD, addition of deferoxamine 
induced a large TD after 5-HT. Lowering intracellular fluoride decreased the 
TD and replacing 130mM CsFl with CsCl ± (lOOpM) Al3+ prevented all 
effects of A1F4'. Neither phosphorylation nor dephosphorylation plays a 
major role in this effect as AMPPNP and ATP-y-S did not block the TD 
after 5-HT. GTP-y-S (n=4) in the pipette inhibited the TD, suggesting that 
A1F4‘ acts at the same site on the G-protein. 5-HT receptor activation 
competes with intracellular A1F4" to activate the G-protein but is more 
effective than A1F4‘. When the G-protein stimulation is weak, the TD is more 
evident; more Al3+ may increase G-protein stimulation by A1F4' thus delaying 
and diminishing the TD. Supported by PHS grant #MH5504101 to N.J.P.

471.10
DIFFERENTIAL MODULATION OF VOLTAGE-GATED CALCIUM CHANNELS 
BY ADENOSINE, GABAb , AND GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS IN ACUTELY ISOLATED AMYGDALA NEURONS. B.A. McCool*. 
Dept. Molecular Physiology & Biophysics, Vanderbilt University School of Medicine, 
Nashville, TN 37232

The amygdala plays a central role in the generation of species-specific physiological 
reactions in response to various sensory stimuli. To begin to better understand the 
physiology of the amygdala and the potential role G protein-coupled receptors (GPCR) 
may play in such processes, amygdala neurons were acutely isolated from brain slices 
containing the rostral aspects of the lateral, basolateral, and central nuclei using an 
enzymatic dissociation procedure. Standard whole-cell patch clamp recordings were 
made from moderately sized (15-30pF) pyramidal neurons using intracellular and 
extracellular solutions that allow isolation of voltage-gated calcium channel currents.

Application of the GPCR agonists adenosine, (+/-)-baclofen (GABAb ), and quisqualate 
(Group I mGluR) resulted in a rapid and reversible inhibition of current amplitude 
characterized by a slowing of current activation kinetics. The magnitude of the inhibition 
and apparent slowing was dependent upon the applied agonist with the rank order being 
baclofen>adenosine>quisqualate. Modulation by each GPCR type was partially relieved 
by a depolarizing prepulse indicating that inhibition was proportionally voltage- 
dependent. Interestingly, the modulation of calcium channels in pyramidal amygdala 
neurons by adenosine, baclofen, and quisqualate was differentially affected by co-
application with the L-type calcium channel antagonist, nifedipine (2pM). Specifically, 
GABAb  receptor-mediated modulation appeared to be entirely insensitive to the presence 
of nifedipine while ca. 50% of the inhibition mediated by adenosine and Group I mGlu 
receptors was removed by co-application of the dihyropyridine. These results suggest that 
these different GPCR types can couple to unique forms of calcium channels. Current 
research is focusing upon identifying the GPCR-activated signal transduction pathways 
that modulate both L-type and non-L-type calcium channels in acutely isolated amygdala 
neurons. Supported by NS3O47O (D.M. Lovinger) and NRSA-NS09719 (B.A.M.).

471.11
HETEROLOGOUS EXPRESSION & FUNCTIONAL COUPLING 
OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS TO 
N-TYPE Ca2+ CHANNELS OF ADULT RAT SYMPATHETIC 
NEURONS. S. R. Ikeda* Laboratory of Molecular Physiology, 
Guthrie Research Institute, Sayre, PA 18840.

Group I metabotropic glutamate receptors (mGluRla, lb, lc, and 
5a) were expressed in dissociated adult rat superior cervical ganglion 
neurons by nuclear microinjection of plasmids containing a CMV 
promoter. Ca2+ currents, arising primarily from N-type Ca2+ channels, 
were recorded 14-24 hours following injection with the whole-cell 
variant of the patch-clamp technique from neurons expressing a co-
injected reporter gene (EGFP, Clontech). In contrast to our previous 
findings using cRNA injection (Ikeda et al., Neuron 14: 1029, 1995), 
application of 100 pM L-glutamate to mGluR la-expressing neurons 
resulted in a rapid, reversible, and voltage-dependent inhibition of 
Ca2+ current. The modulation was characterized by a slowing of the 
Ca2+ current activation phase and partial relief of inhibition by 
depolarizing prepulses. Similar results were seen in neurons 
expressing mGluR5a. Conversely expression of mGluR lb or 
mGluRlc, resulted in sporadic and minimal Ca2+ current inhibition, 
respectively. In mGluRlc injected neurons, M-type K+ currents were 
inhibited by 100 pM L-glutamate thus establishing functional 
expression of the receptor. These results suggest that both the level of 
expression and C-terminal domain of mGluRs influence coupling to 
heterotrimeric G proteins and, consequently, N-type Ca2+ channels.

Supported by NIH grants GM 56180 and DA 10350.

471.12
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF METABOTROPIC 
GLUTAMATE RECEPTORS ON CATFISH HORIZONTAL CELLS. C.L. Pfeiffer- 
Linn* and A.C. Gafka. Dept. Anatomy, Neuroscience Center of Excellence, LSU 
Medical Center, New Orleans, LA 70112.

Recently, we have demonstrated that L-glutamate application to voltage- 
clamped catfish cone horizontal cells modulated a voltage-gated sustained calcium 
current through activation of metabotropic glutamate receptors (mGluRs) by 
increasing the calcium current amplitude and by shifting the calcium current’s 
activation range in the hyperpolarized direction. To characterize the types of mGluRs 
in catfish horizontal cells which produced these effects, specific metabotropic 
glutamate agonists and antagonists were perfused over voltage-clamped cells. Calcium 
current activity was elicited by changing the membrane potential of the cell in a 
rampwise fashion between -70 mV and +50 mV. We found that glutamate’s effects 
were mimicked by application of agonists specific for group I and group II mGluRs. 
For instance, a specific group I agonist, DHPG (100 pM), increased the mean peak 
calcium current amplitude by 45% (S.D. +/- 8) from control values (N=7) and shifted 
the mean calcium current activation range by -10 mV (S.D. +/- 3). The same results 
were obtained when voltage-clamped cells were exposed to the potent group III 
agonist, L-AP4 (100 pM). However, perfusion of a selective group II agonist, 3 C4H- 
PG (100 pM), had no effect on calcium current activity. To determine if mGluR 
antagonists blocked the action of metabotropic agonists, specific inhibitors of group I 
and group III mGluRs were introduced to voltage-clamped horizontal cells before 
agonist application. Results demonstrated that the group I antagonist, aminoindan-1,5- 
DCA (200 pM) completely eliminated the large calcium current increase due to 
DHPG. Similar results were obtained when the selective group III antagonist, MAP4, 
was introduced to cells before L-AP4 application. Taken together, these results 
provide evidence that catfish cone horizontal cells contain group I and group III 
mGluRs which are linked to modulation of the voltage-gated calcium current. 
Supported by NIH-EY11133-02.
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471.13
VOLTAGE-GATED CALCIUM CHANNELS ACTIVATED BY EXCITATORY 
SYNAPTIC TRANSMISSION IN BASOLATERAL AMYGDALA. J. L. Calton. S, D. 
Moore*, and W. A. Wilson. Duke University Medical Center and VAMC, Durham, NC 
27705.

We have been using the whole-cell recording technique to study synaptic physiology 
of pyramidal cells of the amygdala, a brain region implicated in learning and emotion and 
shown to exhibit activity-dependent synaptic plasticity.

Coronal brain sections were prepared from rats (14-21 days old) and current clamp 
recordings were made of pyramidal neurons of the basolateral amygdala in the presence 
of bicuculline (20 uM) and with QX314 in the recording electrode. Stimulation near the 
cell at low stimulus intensities (1-15 ;zA) evoked EPSPs mediated by both NMDA and 
non-NMDA glutamatergic receptors that increased in amplitude with stimulus intensity. 
With higher stimulus intensities (> 15 //A) large (60-80 mV) events 80-140 msec in 
duration were recruited by the glutamatergic EPSPs. These events possessed a distinct 
stimulation threshold and once evoked, varied little with stimulus intensity. Application 
of the non-NMDA receptor antagonist DNQX (20 ;zM) did not eliminate the events. 
Events similar in appearance could be evoked by applying glutamate to the cell via a 
glass pipette in the presence of TTX, or by injection of brief (30-100 msec) steps of 
depolarizing current. We conclude that these events are calcium spikes, as adding 
cadmium (200 az M) to the bath blocked the generation of the spikes when evoked by 
exogenous glutamate or by depolarizing current steps, and adding barium (2 mM) more 
than doubled the duration of the spikes.

The amygdala has been shown to exhibit NMDA and non-NMDA receptor-dependent 
synaptic plasticity. The ability of excitatory neurotransmission to readily activate voltage-
gated calcium channels would provide an enhanced postsynaptic signal to activate 
calcium sensitive substrates of neural plasticity.

Supported by grants from the NIH and VA.

471.14
FUNCTIONAL LOCALIZATION OF INSULIN-LIKE GROWTH FACTOR-1 
RECEPTORS AND IGF-1-SENSITIVE CALCIUM CHANNELS IN RAT 
CEREBELLAR GRANULE NEURONS. K.K. Bence. M.G. Rioult,
Q.S. Andersen*, M.F. Bear, L.A.C. Blair and J, Marshall. Physiology 
and Biophysics, Cornell University Medical College, NY, NY; 
Pharmacology, Yale University School of Medicine, New Haven, CT; 
Department of Neuroscience and Department of Molecular Pharmacology, 
Physiology and Biotechnology, Brown University, Providence, RI.

IGF-1 induces a rapid, tyrosine kinase dependent increase in N- 
and L-type calcium channel currents in rat cerebellar neurons. This finding 
provides evidence that neuronal calcium channels can serve as downstream 
targets of receptor tyrosine kinases, suggesting a functional role for RTKs 
in calcium-dependent processes such as neurotransmitter release, neuronal 
differentiation, and survival. In cerebellar granule cells, N- and L-type 
calcium channels respond to IGF-1 at distinctly different membrane 
potentials; specifically, L-channel current is potentiated more strongly by 
IGF-1 at hyperpolarized membrane potentials, whereas N-channel current 
is potentiated at more depolarized potentials. The differential modulation of 
N- and L-type channels by IGF-1 may be a function of differential 
localization of these channels within the neuron. In this study we attempt 
to localize IGF-1 receptors and IGF-1-sensitive neuronal calcium channels 
in rat cerebellar granule neurons in culture. Through immunocytochemical 
techniques, IGF-1 receptors have been localized to the neurites of granule 
cells. Studies are currently underway to examine the subcellular 
localization of IGF-1-sensitive neuronal calcium channels through the use 
of time-lapse calcium imaging. Supported by R29 NS 33914-02 to J.M.

471.15
ORG 34116 ANTAGONIZES CORTICOSTERONE MEDIATED 
EFFECTS ON CALCIUM CURRENTS IN RAT HIPPOCAMPAL CA1 
NEURONS. H. Karst* and M. Joels. Institute of Neurobiology, 
University of Amsterdam, Kruislaan 320, 1098 SM Amsterdam, The 
Netherlands

Recently ORG 34116, a 11,12-bisarylsteroid compound, was 
shown to bind with high affinity to human and rat glucocorticoid 
receptors (GR). Compared to the GR antagonist RU 38486, ORG 
34116 has considerebly lower affinity to progesterone receptors. 
Oral administration of ORG 34116 (2 mg/100g body weight rat) 3.5 
hours before a mild stress period of 45 minutes, resulted in 
significantly higher plasma corticosterone levels, similarly to RU 
38486. These data indicate that ORG 34116 potently antagonizes 
corticosterone mediated effects on the hypothalamo-pituitary- 
adrenal system.

In this study we investigated the effect of ORG 34116 on 
voltage gated calcium currents (Ca2+ currents) in rat hippocampal 
CA1 neurons. Previously it was found that Ca2+currents in these 
neurons, where both mineralocorticoid- (MR) and glucocorticoid 
receptors (GR) are present, are sensitive to corticosterone. We 
observed that in vitro application of ORG 34116 antagonized 
corticosterone induced effects on Ca2+ currents. Data observed 
after in vivo application of ORG 34116 corroborate these findings. 
Furthermore the data suggest that ORG 34116 prevents the 
development of MR mediated effects on Ca2+ currents. If ORG 
34116 should prove to be a corticosterone rather than GR selective 
antgonist, this drug may turn out to be an important tool in the 
treatment of stress-related disorders.
(H.K. was supported by Grant 900-95-312 of the Dutch Organization 
for Scietific Research, NWO)

471.16
MORPHOLOGICAL AND ELECTROPHYSIOLOGICAL STUDIES OF THE 
EFFECTS OF FMRFAMIDE ON THE BRANCHIAL HEART OF SQUID, 
LOL1GO FORBESII. R. Williamson1’2, A. Chrachri12*, M, Odblom1’2, and M. 
Jones2. Marine Biological Association of the UK1, Citadel Hill, Plymouth, 
England and Dept. Biology2, University of Plymouth, Plymouth, England.

We used standard histological staining techniques to demonstrate that the 
paired branchial hearts in the squid are innervated from a branch emanating from 
the cardiac ganglion. Immunocytochemical staining methods were used to 
localize FMRFamidelike immunoreactivity in these nerve branches, indicating 
that FMRFa may be involved in the modulation of cardiac activity.

We therefore investigated the effects of FMRFa on dissociated heart muscle 
cells of the squid using whole-cell voltage-clamp recording techniques. The work 
presented here concentrates on the effects of FMRFa on calcium channel activity. 
The experiments use external Ba2+ as the charge carrier. We showed that in most 
cells FMRFa caused a partial inhibition of ICa,L that was rapid, reversible and 
dose-dependent.

Treatment of the dissociated heart muscle cells overnight with pertussis toxin 
(PTX), which selectively ADP ribosylates the GTP binding proteins G, and Go 
and suppresses the ability of G, to couple inhibitoiy receptors to adenylate cyclase, 
abolished the action of FMRFa on the ICa,L, suggesting that this inhibition may 
result from a direct coupling between the FMRFa receptor and the Ca2+ channels 
via a PTX-sensitive G protein.

Simultaneous recordings of ICaj, and changes in intracellular free calcium 
concentration ([Ca2],), using a fluorescent indicator dye, calcium green (100 
pM), showed that both ICa,L and the observed increase in [Ca2+], during voltage 
steps from -40mV to 10 mV were abolished in the presence of 2 pM FMRFa. 
Supported by the Wellcome Trust.

471.17
EFFECTS OF ARACHIDONIC ACID ON UNITARY CALCIUM CURRENTS IN 
SYMPATHETIC NEURONS. Liwang Liu and Ann R. Rittenhouse*, Department of 
Physiology, University of Massachusetts Medical Center, Worcester, MA 01655.

Direct application of arachidonic acid (AA) to nerve cells affects a host of ion 
channels, activating some and blocking others. In rat superior cervical ganglion 
(SCG) neurons, oxotremorine-M (Oxo-M) stimulates M! muscarinic receptor 
coupling to a diffusible second messenger pathway to inhibit N- and L-type Ca 
channel activity (see Hille, 1994, TINS, 17:531). AA appears to be the signaling 
molecule that mediates this inhibition (Liu & Rittenhouse, 1996, Soc Neurosci Abstr 
22:1751). In this study we have continued our characterization of this pathway. The 
effects of AA on the unitary N- and L-type Ca channel kinetics in neonatal SCG 
neurons were examined using standard cell-attached patch clamp techniques and 110 
mM Ba as the charge carrier. Patches were held at -90 mV and stepped to different 
test potentials for 700 ms. L-type Ca channels were identified by their long open 
times in the presence of (+)-202-791. N-type Ca channels were identified by their 
characteristic mode shifting from noninactivating to inactivating patterns of activity 
and the absence of long openings. In multichannel patches, 5pM AA, puffed onto 
the cell, dramatically decreased the number of N- and L-type Ca channel openings at 
test potentials of 0, +20 and +30 mV. AA had no obvious effects on current 
amplitude. To test whether this effect of AA was reversible, 0.5 mg/ml BSA was 
introduced into the bath following AA application and was found to rescue N-type 
calcium channel activity. In a pure N-type Ca channel patch pretreated with 
0.5mg/ml BSA, 5pM AA failed to decrease channel activity. These results 
demonstrate that, like the effects of Oxo-M on cell-attached patches, application of 
AA inhibits both N- and L-type unitary currents by decreasing NP0. We are 
currently analyzing further the effects of AA on N- and L-type Ca channel gating. 
Supported by grants from the NIH (R29-NS34195) and the AHA (95015500).

471.18
MODULATION OF Ca2+ CURRENTS BY NITRIC OXIDE (NO) DONORS IN 
RAT DORSAL ROOT GANGLION NEURONS. N. Yoshimura* and W.C. de 
Groat. Dept. of Pharmacology, Univ. of Pittsburgh Sch. Med., Pittsburgh, PA 15261.

The effect of NO donors on Ca2+ channel currents (ICa) was examined in dorsal 
root ganglion (DRG) neurons using whole-cell patch-clamp techniques. Single 
neurons were obtained from L6 and Si DRGs of adult rats. Neurons innervating the 
urinary bladder were labeled by axonal transport of a fluorescent dye, Fast Blue, 
injected into the bladder wall. In unidentified and bladder afferent DRG neurons 
with a diameter of 20-35 pm, slowly inactivating ICa were elicited by depolarizing 
pulses (0 mV) from a holding potential (HP) of -40 mV while similar depolarizations 
from -80 mV HP induced an additional rapidly inactivating ICa. The peak amplitudes 
of ICa elicited from HP of-80 and -40 mV were reduced by w-conotoxin-GVIA (3 
pM) to 51.8 ± 5.0% (mean ± SE) and 72.1 ± 4.0% of control, respectively. After o- 
conotoxin, the amplitudes of the remaining ICa elicited from HP of -40 and -80 mV 
were not different, indicating that the larger currents activated from -80 mV HP 
mainly consist of N-type ICa. The NO donors, sodium nitroprusside and S-nitroso-N- 
acetyl-penicillamine (SNAP) (500 pM) decreased the amplitude of ICa. NO donors 
produced a larger depression (38.4 ± 5.1%) of rapidly inactivating ICa elicited at -80 
mV HP than the slowly inactivating ICa (22.0 ± 8.0%) elicited at -40 mV HP. 
Extracellular application of 8-bromo-cGMP (1 mM) mimicked the effects of NO 
donors by reducing the peak amplitude of ICa elicited at HP of -80 mV (31.3 ± 6.0%) 
and -40m V (18.3 ±5.7%). In contrast, incubation of neurons for 30 min with 1H- 
[l,2,4]oxadiazolo[4,3-a]quinoxalin-l-one (ODQ, 1 pM), an inhibitor of NO- 
sensitive guanylyl cyclase, prevented the reduction of ICa by SNAP. These results 
suggest that an NO-cGMP pathway is involved in reduction of ICa, mainly due to 
modulation of N-type Ca2+ channels, in DRG neurons including bladder afferent 
cells. Supported by NIH grant DK 49430.
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471.19
DOMINANT NEGATIVE RAS ATTENUATES Ca2+ AND M-TYPE 
K+ CHANNEL INHIBITION BY THE HUMAN GONADOTROPIN-
RELEASING HORMONE RECEPTOR. D. L. Lewis*. Department of 
Pharmacology and Toxicology, Medical College of Georgia, Augusta, 
GA 30912

The human gonadotropin-releasing hormone receptor (hGnRH-R) 
heterologously expressed in rat superior cervical ganglion neurons 
inhibited M-type K+ and N-type Ca2+ channels (Lewis & Ikeda, 
Neurosci. Abst. 22:1745, 1996). Ca2+ channel inhibition was blocked 
by 11 mM EGTA which suggests the involvement of a Ca2+-dependent 
step. The hypothesis that this step involved the known Ca2+-dependent 
activation of ras (Rosen et al., Neuron 12:1207-1221, 1994; 
Farnsworth et al., Nature 376:524-527, 1995) was tested by using a 
dominant negative mutant of ras. Microinjection of dominant negative 
N17ras cDNA (from L. Feig) in the expression vector pCI together 
with the hGnRH-R cDNA in pcDNAI/Amp (from S. Sealfon) resulted 
in attenuation of M-type K+ and Ca2+ channel inhibition. Inhibition of 
the M-type K+ current by 10 nM GnRH in neurons injected with the 
GnRH-R alone was 88.7±5.2% (n=13). Co-injection of N17ras with 
the GnRH-R decreased the inhibition of the M-type K+ current to 
46.5±9.2% (n=8). The voltage-dependent Ca2+ current was inhibited 
39.4±8% (n=6) in neurons injected with the GnRH-R and 14.8±9.6% 
(n=7) when N17ras was co-injected. These results suggest that ras is 
the unknown second messenger mediating inhibition of M-type K+ 
channels and the second messenger-dependent form of Ca2+ channel 
inhibition.

Supported by NSF.

CALCIUM CHANNEL PHYSIOLOGY: CELLULAR STUDIES I

472.1
NOVEL ANTAGONISTS OF NEURONAL (NON-L-TYPE) VOLTAGE- 
DEPENDENT CALCIUM CHANNELS. D.E. Tupper*, S.J. Ambler, D. Bleakman, 
J.R. Boot, D. Bowman, J. Gilmore, J.R. Harris, J. Harvey, T.M. Hotten, A.J.
O’Brien, G.H. Timms and S. Wedley. CNS Research, Lilly Research Centre Ltd., 
Erl Wood Manor, Windlesham, Surrey, GU20 6PH, UK.

Blockers of L-type peripheral voltage dependent calcium channels (VDCCs) are 
well established drugs for the treatment of cardiovascular diseases such as angina 
pectoris and hypertension. More recently the existence of additional neuronal 
VDCCs, and their division into various subtypes such as N, P, Q and R, has been 
recognised. These subtypes have been characterised by the actions of various 
invertebrate peptide toxins such as ©-conotoxin GVIA (©-CgTxVIA) from the cone 
snail Conus geographus and agatoxin IVA (AgalVA) from the American funnel 
web spider Agelenopsis aperta. These toxins, through their interaction with 
VDCCs, also modulate the release of neurotransmitters. This suggests a possible 
therapeutic role for such agents in a diverse range of neurological and psychiatric 
diseases involving an imbalance of neurotransmitter levels.

There are relatively few examples of low molecular weight non-peptidergic 
neuronal non-L-type VDCC blockers in the literature. Those that are known suffer 
from low (micromolar) potency and poor selectivity for calcium channels over other 
ion channels, particularly sodium channels. We report here the synthesis and in 
vitro pharmacology of a series of novel compounds derived from the known L-type- 
selective agent verapamil. The introduction of various amino acid derived units 
between the terminal regions of the arylalkylamine structure leads to high potency 
and channel selectivity for neuronal (non-L-type) VDCCs as measured by calcium 
flux into rat synaptosomes and HEK293 cells transfected with appropriate human 
calcium channel subunits. Compounds were further characterised by whole cell 
voltage clamp electrophysiology and by their ability to inhibit potassium stimulated 
release of neurotransmitters from rat brain slices.

472.2
SYNTHESIS AND CHARACTERIZATION OF SNX-482, A 
SELECTIVE BLOCKER OF R-TYPE CALCIUM CHANNELS. L. 
Urge, B. Szoke. R. Newcomb, G. Miljanich*, D. Chung, D. Hom, D.
Silva, P. Tran-Tau, L. Nadasdi. Neurex Corporation, 3760 Haven Ave, 
Menlo Park, CA 94025.

The R-type calcium channel is the least well understood of the 
neuronal voltage-dependent Ca channel subtypes — in part due to the 
lack of a potent, selective and readily available inhibitor for it. A 41 
amino acid peptide possessing R-channel blocking activity has been 
isolated from the venom of the spider, Hysterocrates gigas (Newcomb, et 
al., Soc. Neurosci. Abs. 23, 1997). This peptide, SNX-482, contains 6 
half cystines with the disulfide linkages between Cys7-Cys21, Cys14- 
Cys26, Cys20-Cys33; a pattern like that of the co-conopeptides. The 
linear peptide was synthesized using FMOC chemistry and was 
folded/oxidized by random oxidation. The synthetic peptide is 
structurally identical to the native isolated one. It is a potent and 
selective inhibitor of K evoked Ca flux through R-type calcium channels 
(IC50 of about 20nM) and exhibited little or no detectable inhibition of L- 
, N-, T-, or P/Q-type Ca channels, up to micromolar concentrations. 
The availability of milligram quantities of a potent, selective R-channel 
blocker should aid in the elucidation of the roles of R-type channels in 
neuronal function. Studies of the effects of SNX-482 in vivo are in 
progress. Supported by the Neurex Corporation.

472.3
CARACTERISTICS OF DIHYDROPYRIDINE RECEPTORS IN PURKINJE 
NEURONS. K. Melliti1, B. Bastide1, P. Chameau1, J. Hidalgo2, R, Boumaud1 & T. 
Shimahara1*. Tab. of Cell. & Molec. Neurobiol., CNRS, 91198 Gif sur Yvette, 
France: 2Centro de Estudio Cientificos de Santiago, Santiago, Chile.

In Purkinje neurons, L-type dihydropyridines- (DHP) sensitive calcium 
current is nearly absent whereas molecular biology techniques have revealed the 
presence of different types of DHP receptors. In skeletal muscle, DHP receptors play 
a dual role as L-type calcium channel and as voltage-sensor in the coupling 
mechanism between membrane depolarization and opening of sarcoplasmic 
reticulum calcium channels (ryanodine receptors). We have studied, using patch- 
clamp techniques, biophysical and pharmacological properties of intramembrane 
charge movement and calcium currents in isolated Purkinje neurons from new-born 
mice and tested the possible implication of DHP receptors as voltage-sensor for 
ryanodine receptors, the skeletal type being strongly expressed in these neurons. We 
have observed that 39 % of charge movement is blocked by nifedipine (IC5o=7O nM), 
nimodipine and PN200-110 and 52% by SR338O5 (IC5o=O 5 nM). An important part 
of intramembrane charge movement is sensitive to different componds known to 
block L-type calcium channels whereas no effect of these componds has been 
observed on calcium current. Physiological implication of DHP receptors related to 
anomalous gating behaviour or facilitating mechanisms have been discarded. These 
results show that DHP receptors are activated by membrane depolarization but that 
they don’t act as calcium channels. Depolarization-induced calcium transients, 
recorded with Fura2 as calcium indicator, are not affected by DHP receptor 
antagonists whereas they are completely blocked by ©-conotoxin MVIIC and Cd2+, 
showing that they are related to calcium entry’ via P/Q- and N-type calcium channels. 
DHP receptors in Purkinje neurons could not act as voltage-sensor for depolarization- 
induced calcium release, at least in our experimental conditions. It’s possible that in 
Purkinje neurons, the activation of DHP receptors physiological function needs the 
presence of a second messenger in addition to membrane depolarization.
Supported by A.F.M., E.C Cll CT 94-0129 and E.C.O.S B9304,

472.4
CHAOTROPIC ANIONS REDUCE THE AMPLITUDE AND THRESHOLD OF 
L-TYPE CALCIUM CURRENTS IN VERTEBRATE RODS. Wallace B, Thomson* 
and Salvatore L. Stella. Jr. University of Nebraska Medical Center, Departments of 
Ophthalmology and Pharmacology, Omaha, NE 68198-5540.

Replacing extracellular CL with various anions suppresses L-type Concurrents (ICa) 
in photoreceptors and the glutamate release mediated by these currents (Thoreson et 
al, 1997). Cl' replacement also reduces ICa threshold. We have previously ruled out a 
number of explanations for these effects, including changes in pH. In the present 
study, we obtained nystatin-perforated patch whole cell recordings from rod 
photoreceptors of the larval tiger salamander (Ambystoma tigrinum) to examine the 
effects of anions in the Hofmeister series: HPO42', SO42' > Cf > Br' > NO-, > I' > C1O4.

Regarding the effects of chaotropic anions (Br, NO3,1, C1O4), suppression of ICa 
followed chaotropic strength: Cl' = Br' > NO3' > I' > C1O4' (where C1O4" caused the 
greatest suppression). The hyperpolarizing shift in ICa activation also followed the 
chaotropic order: Cl' > Br' > NO3' > T > C1O4' (where C1O4' caused the largest shift). 
Effects of C1O4 on activation and amplitude did not differ greatly in dose-dependence. 
However, these effects were not correlated in time suggesting that anion effects on 
activation and amplitude may involve different sites. The shift in activation is likely 
due to effects of chaotropic anions on membrane surface charge. Consistent with this 
hypothesis, anion effects on two other voltage-dependent currents, an inward rectifier 
cation current and delayed rectifier K+ current, showed a similar activation shift.

Kosmotropic anions should have effects opposite to chaotropes. However, the 
kosmotropes, SO42' and HPO42', induced negative activation shifts and suppression of 
ICa similar to chaotropic anions. These effects suggest that, despite their kosmotropic 
nature, SO42' and HPO42' are strongly adsorbed to the membrane.

The results suggest that anions can influence photoreceptor ICa, and thus 
neurotransmission, by altering membrane surface charge and by actions at another 
site, perhaps on the channel itself. Supported by NIH grant EY10542.
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472.5
EXTRACELLULAR ANION SUBSTITUTION ALTERS BEHAV-
IOR OF VOLTAGE-DEPENDENT CALCIUM CURRENTS. S.M. 
Simasko*. Dept. of VCAPP, College of Veterinary Medicine, 
Washington State Univ., Pullman, WA99164.

In order to determine the role of chloride currents in the electrophysio-
logical behavior of pituitary cells we have performed experiments using 
organic anions to replace bath chloride. Patch clamp experiments were 
performed on GH3 cells. To reduce junctional potential artifacts, we 
made CL substitutions with a constant flow system (solutions changed 
by repositioning inflow line streaming onto cell). In current clamp ex-
periments we found that dropping bath chloride from 151 mM to 20 
mM (CL replaced with gluconate) resulted in widely different effects 
from cessation of action potentials in an active cell to activation of action 
potentials in a silent cell. In voltage clamp experiments we found that 
reducing bath CL to 20 mM caused both sustained (L-type) and transi-
ent (T-type) calcium currents to shift their activation voltage -20-30 mV 
in a hyperpolarized direction and caused a decrease in maximal conduc-
tance. Effects on L-type current were more pronounced than on T-type 
current. Effects were observed with either Ca2+ or Ba2+ as the current 
carrier. Effects were observed with either gluconate or aspartate as the 
CL replacement, although effects were always greater with gluconate. 
Alterations of intracellular CL had no effect on activation voltage or 
peak conductance. These results indicate that bath CL modulates the 
behavior of voltage-dependent calcium channels. The observations that 
intracellular CL alterations have no effect, and the magnitude of the ef-
fect is dependent on the CL substitute, suggests that the effect is media-
ted directly on the calcium channels and not by changes in CL currents. 
This work supported by NSF grant No. IBN-9319536.

472.6
CALCIUM CHANNEL FUNCTION IN RAT NEUROPATHIC SENSORY 
NEURONS. J.B. McCallum, Q. Hogan, M. Aasen, M. Mynlieff, W-M. Kwok and Z. J. 
Bosnjak*. Dept of Anesthesia, Medical College of Wisconsin, Milwaukee, WI 53226.

The purpose of this study is to compare calcium 
(Ca2+) channel function in the sensory neurons of 
the dorsal root ganglia (DRG) of rats with 
neuropathy to normal rats. Neuropathic rats were 
prepared according to the sciatic nerve constriction 
method of Bennett and Xie (Pain, 33[1988]:87- 
107), which produces a testable model of persistent 
pain. The DRG from L4-L5 were removed from 
normal and neuropathic rats, enzymatically 
dissociated and acutely studied using the whole-
cell configuration of the patch-clamp technique. 
DRG cells were divided by cell size into large (>40 
pm), medium (30-40 pm) and small (<30 pm) 
groups (n=4-5 each group), which roughly 
correspond to the Ap, C and A5 fibers, 
respectively. Whole-cell Ca2+ currents, 
normalized to membrane capacitance (pA/pF), 
were screened with 200 msec test pulses from a 
holding potential (VH) of -90 mV to +30 mV in 10 
mV increments. Neuropathy (■) reduced the low- 
voltage activated component of large and medium 
cells versus control (A), while neuropathy 
decreased the high-voltage activated component of 
small and large cells.

472.7
DEVELOPMENT AND LOCATION OF CALCIUM CURRENTS IN RAT 
HIPPOCAMPAL CA1 NEURONS. P, Kortekaas, T. Werkman* and W.J, 
Wadman, Institute for Neurobiology, University of Amsterdam, The 
Netherlands.

Intracellular calcium homeostasis is a crucial modulatory factor in neuronal 
function. Low and high voltage-dependent calcium channels are the major route 
for calcium influx. Their appearance over time during development must be in 
concert with intracellular calcium buffering mechanisms to keep the calcium 
levels in the cell within the non-toxic range. This pattern is complicated by the 
outgrowth of the dendritic tree during early postnatal development.

We used the in situ patch clamp technique in voltage clamp whole-cell mode 
to investigate the development of LVA and HVA calcium currents in pyramidal 
CA1 neurons. The amplitude, kinetics and voltage-dependence of the currents 
were determined in neurons from immature (P4-P21) and adult rats (>P35). In 
the same neurons we determined the morphology and the electrotonic length of 
the dendritic tree using Lucifer Yellow labeling and the equivalent cylinder 
model. In acutely dissociated neurons we found a significant increase in LVA 
current amplitude during the first 12 postnatal days whereafter the adult level 
was reached. The HVA current amplitude gradually increased to its adult value 
over the first three postnatal weeks.

In adult rats LVA calcium channels are predominantly located in the dendrites 
of the CA1 neurons. The electrotonic length of the tree in the adult neurons 
attained values around 1.0-1.5. During development we observed an apparent 
shift in the voltage dependence of the steady state inactivation function of the 
LVA current, whereas the HVA current showed no significant changes. These 
findings suggest that the LVA calcium channels are redistributed during 
development thereby moving further away from the clamping site at the soma 
onto the elongating dendritic tree.

472.8
DIFFERENT DISTRIBUTION OF L- AND N-TYPE 
CA2+ CHANNELS IN RAT HIPPOCAMPAL 
NEURONS. T.Hashiguchi, G.Wang*, Y.Sakamoto, 
M.Kameyama and M.Takigawa. Dept. of 
Neuropsychiatry, Dept. of Physiology II, Fac. of 
Med., Kagoshima Univ., Kagoshima, Japan.

Hie distribution patterns of L- and N-type Ca2+ channels in rat 

primary cultured hippocampal neurons were investigated with a 
confocal laser scanning microscope. Cells were loaded with the 
calcium indicator dye fluo-3/AM, and the responses to high 
potassium (90 mM) solution with and without the existence of L- 
and N-type channel blockers were imaged. In general, 
extracellular application of high [K+]o solution induced [Ca2+]0 
dependent increase of [Ca2+]; both in somata and dendritic 

processes. The increase was reduced by a N-type channel 
blocker, a> -conotoxin GVIA, and the reduction was observed 
higher in dendritic processes than in somata and proximal 
dendrites. In contrast, L-type calcium channel blocker showed 
different response patterns. These results imply that the 
difference in the distribution of L- and N-type calcium voltage 
sensitive channels in hippocampal neurons.

472.9
PHARMACOLOGICAL CHARACTERIZATION OF VOLTAGE-SENSITIVE 
CALCIUM CURRENTS IN INFERIOR COLLICULUS NEURONS. Prosper 
N’Gouemo* and Ann R. Rittenhouse. Department of Physiology & Program in 
Neuroscience, University of Massachusetts Medical Center, Worcester, MA 01655.

The inferior colliculus (IC) is an important nucleus in the auditory pathway and 
plays a critical role in the initiation of seizure activity in several models of 
generalized epilepsy. Calcium (Ca)-dependent electrical activity has been reported 
in normal IC neurons suggesting that these cells express Ca channels. However, the 
Ca currents in IC neurons have not been yet characterized. The aim of this study was 
to examine which types of Ca currents are present in acutely dissociated IC neurons 
from 3-5 day postnatal Sprague-Dawley rats. Ca currents were recorded with 
standard whole cell voltage clamp methods using 20 mM barium (Ba) as the charge 
carrier from cells with a diameter of 10-15 pm. IC neurons were held at -90 mV and 
every 4 sec stepped to +20 mV for 40 ms and then stepped back to an intermediate 
potential of -40 mV. The peak inward current ranged from 100-2,100 pA (n=30). 
IpM Nimodipine (NIM), the selective dihydropyridine (DHP) L-type Ca channel 
antagonist reversibly blocked 18-47% and 25-90% of the control, high-voltage 
activated (HVA) peak and tail Ba currents, respectively (n=9). In contrast, 1 pM 
FPL 64176, a non-DHP L-type Ca channel agonist did not significantly affect peak 
currents, but increased by 12-fold the amplitude of control tail currents (n=10). FPL 
enhancement of tail currents was reversed by concomitant application of lpM NIM 
(n=4), suggesting the presence of L-type Ca channels despite the lack of effect on 
peak currents. Another 20-40% of control HVA peak currents was irreversibly 
blocked by lpM co-conotoxin GVIA (n=9), demonstrating that IC neurons express 
N-type Ca channels. Application of the polyamine FTX (1:10,000 dilution) caused a 
10-50% (n=2) reduction of the control HVA peak Ca currents suggesting the 
presence of P-type Ca channels. We are currently addressing whether T-, Q- and/or 
R-type Ca channel activity also contribute to whole cell IC currents. Supported by 
grant from NIH (R29-NS 34195).

472.10
LOW THRESHOLD CALCIUM SPIKE IN RAT MEDIAN 
PREOPTIC NUCLEUS (MnPO) NEURONS.
D. Bai* and L.P Renaud. Neuroscience, Loeb Research Institute, 
Ottawa Civic Hospital and University of Ottawa, Ottawa, Ontario, 
CANADA K1Y4E9
The MnPO is an important area for body fluid and cardiovascular 
homeostasis. A study of the intrinsic properties of MnPO neurons 
using whole cell patch clamp technique in adult rat brain slices reveals 
a prominent low threshold spike (LTS) that is resistant to tetrodotoxin 
and abolished in calcium free medium. LTS participates in EPSP- 
induced bursting activities. In voltage clamp the underlying current is 
inward, and activated by stepping from -105mV to voltages positive to 
-75mV. This current is transient with an inactivation time constant of 
39±5 ms at -50mV (n=l 1) and a de-inactivation time constant of 
336±94 ms at -105mV (n=5). Ni2+, but not Cd2+, blocks the current 
potently. The LTS current is unaffected by noradrenaline (n=l 1). The 
characteristics of this current resemble that of T-type calcium current. 
Supported by MRC and the Heart & Stroke Foundation of Canada.
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472.11
Intermediate -voltage  activated  calcium  currents  in  superficial  neurons  
OF GUINEA-PIG PIRIFORM CORTEX. J. Magistretti* and M. de Curtis - Dept. of Exp. 
Neurophysiology, Istituto Nazionale Neurologico “C. Besta”, Milan, Italy.

Voltage-gated Ca2+ currents are classified as low- or high-voltage activated (LVA 
and HVA, respectively) according to their voltage range of activation. The former 
family corresponds to the fast-kinetics, T-type currents, whereas the latter includes 
the slowly-inactivating L-N-P/Q-type currents. Several studies suggest that distinct 
Ca2+ currents also exist which are activated at intermediate voltages in mammalian 
CNS neurons. Here we attempted to dissect the biophysical properties of Ca2+ 
conductances neither typically LVA nor HVA in olfactory-cortex neurons. Ca2+ 
currents isolated with appropriate ionic substitutions were recorded with the whole-
cell patch-clamp technique in neurons acutely dissociated from the layer II of anterior 
piriform cortex of young-adult guinea pigs (20-40 days old). The study was restricted 
to those layer-II neurons which are devoid of detectable T-type currents (ca. 82% of 
the total). In these cells, Ca2+ currents could be evoked from a threshold of -50 mV. In 
a subset of cells the total current activated from a holding potential of -60 mV 
substantially decayed within 300 ms at -40 to -30 mV (by 77.4 ± 12.0% at -30 mV; 
n = 9), but became less decaying from -20 mV upwards, suggesting the existence of 
more than one gating component. In four cells the run down of HVA currents 
uncovered an inactivating current with threshold at -50 mV, Vt/2 at -33.4 ± 3.3 mV, 
amplitude of 10.7 ±3.4 pA/pF and decay time constant of 95.3 ± 11.7 ms at -30 mV. 
This current was steady-state inactivated by «40% at the holding potential of-60 mV. 
Additionally, a non-inactivating, intermediate-threshold conductance was observed in 
other 10 layer-II cells. The existence of this conductance was deduced from the need 
of two Boltzmann components for properly fitting the activation curves constructed 
either from the current amplitude at 300 ms, or from the currents evoked by 500-ms 
voltage ramps (0.27 V/s). The V/2 of the first component was -35.7 ± 2.1 mV and 
its amplitude was about 3r5% of the total Ca2+ conductance.

472.12
THE POSSIBLE FUNCTION OF DENDRITIC HVA CALCIUM CHANNELS IN 
PREFRONTAL CORTICAL PYRAMIDAL CELLS: A COMBINED IN VITRO 
ELECTROPHYSIOLOGICAL AND COMPARTMENTAL MODELLING STUDY. 
D. Durstewitz1* and J.K, Seamans2, ^iopsychology, Ruhr-University of Bochum, 
D-44780 Bochum, Germany, and 2Dept. of Psychology, University of British 
Columbia, 2136 West Mall, Vancouver, B.C. V6T 1Z4, Canada.

It has been shown that the apical dendrites of pyramidal cells are capable of firing 
high voltage activated (HVA) Ca2+ spikes, however, the precise functions of 
dendritic HVA Ca2+ channels remain unclear. We approached this question using in 
vitro patch-clamp recordings and compartmental modelling techniques. Patch-clamp 
recordings from the soma of rat layer V-VI prefrontal cortical (PFC) neurons 
revealed that synaptic or glutamate-evoked stimulation of the distal dendrites evoked 
a large ‘hump’ potential in the subthreshold voltage range which significantly 
boosted EPSP amplitude and duration. This ‘hump’ potential was blocked by focal 
pressure ejection of Cd2+ to the proximal but not distal dendrites. Ni2+ (lOOgM) was 
without effect on the ‘hump’ potential suggesting that it was not mediated by LVA 
Ca2+ channels. Nifedipine applied to the proximal dendrites was also found to reduce 
the ‘hump’ potential suggesting involvement of L-type Ca2+ channels. A 
compartment model reproducing recordings from the soma, or apical dendrites of 
intrinsic bursting (IB) PFC pyramidal cells in vitro, was then constructed. In the 
model, a ‘hump’ potential which was mediated mainly by L-type Ca2+ channels in 
the proximal dendrites could be evoked by distal stimulation and subthreshold 
amplification of distal EPSPs by proximal HVA Ca2+ channels could be reproduced. 
Direct patch-clamp recordings made from the distal apical dendritic tufts of layer V 
PFC neurons in vitro showed that Na+ spikes could be recorded locally. Simulation 
results indicated that back-propagating Na+ spikes did not consistently reach the 
distal apical tufts in the absence of HVA Ca2+ channels clustered in the proximal 
apical dendrite. Collectively, these data suggest that HVA Ca2+ channels may play a 
significant role in signal integration by PFC neurons. Supported by the DFG.

472.13
AGING AND CALCIUM HOMEOSTASIS IN BASAL FOREBRAIN 
NEURONS. D. Murchison* and W. H. Griffith. Dept. Medical 
Pharmacology and Toxicology, Texas A&M University Health Science 
Center, College Station, TX 77843-1114.

Neuronal calcium homeostasis may change during aging. We have 
investigated this possibility using whole-cell and perforated patch voltage 
clamp techniques combined with Fura-2 fluorimetry in acutely dissociated 
medial septum/nucleus of the diagonal band neurons from young (1-4 mo) 
and aged (24-27 mo) male Fisher 344 rats. Ca2+ loads were imposed by 
activation of high voltage-activated Ca2+ currents with depolarizing 
voltage steps. Currents were integrated and normalized to cell size. 
Internal Ca2+ concentration ([Ca2’],) changes and durations of [Ca2+]j 
transients were measured. Our previous results revealed no age-related 
differences in resting [Ca2’], but an increase in rapid Ca2’ buffering with 
age. New findings confirm these results in the minimally disruptive 
perforated patch method. However, an age-related decrease in rate of 
recovery to baseline (Ca2+]i in cells recorded by conventional whole-cell 
methods was not observed with perforated patch. Blocking Ca2+ uptake 
and release from smooth endoplasmic reticulum (SER) with 400 nM 
thapsigargin did not affect rapid buffering, although it significantly 
delayed recovery. An age-related reduction in the response to caffeine 
also was found. These results show that there are major age-related 
differences in neuronal Ca2+ homeostasis and suggest that diffusable 
cytoplasmic factors are involved in Ca2' buffering and that SER Ca2' 
stores are not critical for rapid Ca2’ buffering but are involved in the 
restoration of baseline [Ca2’],. Supported by NIH grant AG07805.

472.14
SEROTONERGIC MODULATION OF CALCIUM CURRENTS IN 
AMYGDALOID PYRAMIDAL NEURONS Shelly D. Timmons, Reese 
S, ScrQQQS,. and Robert,-Q,..foehring.*., Department of Anatomy and 
Neurobioiogy, University of Tennessee, Memphis, TN 38163

The amygdala, which has significant projections to cortical and brainstem 
structures, is involved in regulation of important functions such as emotional 
memory, fear responses, and homeostasis. The biophysical properties and 
neurotransmitter modulation of amygdaloid pyramidal neurons have yet to be 
characterized. Several types of high-voltage-activated (HVA) calcium 
currents (L-, N-, and P-type) have previously been demonstrated in these 
cells (Foehring & Scroggs, 1996, J. Neurophys. 71:433-6). Also identified 
were Q-type currents [differentially sensitive to 1 (±M and 25 nM agatoxin 
(AgTx)] and currents resistant to all calcium channel blockers (R-type). We 
have tested whether the neuromodulator serotonin (5-HT) selectively acts on 
a subset of these HVA types. Whole cell recordings were performed on 
acutely dissociated large pyramidal cells from the rat amygdala. 5-HT 
decreased calcium currents. In many cells, this effect was mimicked by the 5- 
HT agonist 8-OH-DPAT, suggesting effects at 5-HT-ja  or 5-HT7 receptors. 
(We will test this further using the specific antagonists pindolol and ritanserin.) 
8-OH-DPAT decreased the amount of current by 14-41%. Both the 
percentage and the absolute amount of modulation decreased after pre-
treatment with co-conotoxin-GVIA or 25 nM AgTx, suggesting that N- and P- 
type currents were modulated. Modulation was greater from a holding 
potential of -90 mV compared to -40 mV, likely due to inactivation of N-type 
currents at -40 mV. Modulation was rapid in onset. Mock action potential 
waveforms resulted in similar degrees of modulation (14-37%). T-type 
current was also seen in several cells with modulation by 8-OH-DPAT. This 
work was supported by NIH Grants RS33579 (RCF) and R073009-12 (RSS).

472.15
Ca2+ CURRENTS EVOKED BY ACTION POTENTIAL WAVEFORMS IN 

RAT CORTICOSTRIATAL CELLS Stewart A.E.* and Foehring R.C.. Dept. of 

Anatomy and Neurobiology, Univ. of Tenn., Memphis, TN 38163

We compared calcium channel currents evoked by traditional voltage steps to 

those elicited by mock action potentials in acutely isolated, retrogradely labeled 

corticostriatal cells using the whole cell patch clamp method. We found that the 

peak amplitude of the whole cell current was significantly larger when evoked by 

an action potential (AP) waveform. The current turned on during the rising phase 

of the mock AP and peaked during the repolarizing phase. Changing the shape of 

the mock AP altered the peak amplitude, area and latency to peak of the current. 

Charge entry increased linearly with the width of the mock AP, but the peak 

amplitude of the current was dependent upon the rise and repolarization rate of the 

AP. Using an AP waveform did not alter the percent contribution of specific 

calcium channel types to the whole cell current (Voltage steps vs. mock APs; L- 

type= 37+5% vs. 29+4%; P-type= 15+3% vs. 19+4%; N-type= 25+4% vs. 

25+4%; Q-type= 15+3% vs. 22+3%; R-type= 13+3% vs. 7±2%). Reduction of the 

whole cell current by serotonergic and muscarinic receptor agonists was similar 

between currents elicited by voltage steps or mock APs, and was not altered by the 

shape of the AP (8-OH-DPAT: 16+3% vs 18+5%; Muscarine: 9.5+2% vs 

17+5%). Supported by NS33579 to R.C.F. & an APA MFN to A.E.S.

472.16
DIFFERENT SOURCE OF Ca2+ FOR THE SLOW
AFTERHYPERPOLARIZATION (sAHP) IN REPETITIVE FIRING AND 
COMPLETELY ADAPTING RAT NEOCORTICAL PYRAMIDAL NEURONS. 
J. C. Pineda*. R. Waters and R. C. Foehring. Dept. of Anatomy and Neurobiology, 
Univ. of Tenn., Memphis, TN. 38163
Introduction: During the first 3 postnatal weeks, pyramidal neurons can be classified 
into two groups based on firing characteristics: Completely-adapting neurons (CA) 
which are not able to fire repetitively for more than 200 ms, regardless of the 
stimulus intensity; and repetitive firing neurons (RF) that will fire throughout long 
current injections. CA cells have larger sAHPs with a different time course 
compared to RF neurons. We hypothesize that the sAHP uses different sources of 
Ca2+ in these two groups of neurons.
Methods: We made intracellular recordings from CA and RF pyramidal neurons in 
layers 2-3 of sensorimotor cortex from 1-3 weeks postnatal rat pups. We applied 
organic Ca2+ antagonists (co-CgTx GVIA (GVIA), m-Agatoxin IVA (AgTx) and 
co-CgTx MVIIC (MVIIC) + AgTx + GVIA) in the bath solution, to test for the 
contribution of N-, P- and Q-type Ca2+ currents to sAHP generation.
Results: We found that in the RF group, the sAHP amplitude was reduced by 
58% on average by 1 |±M GVIA (n=10) while in the CA group, this toxin reduced 
the sAHP by only 19% (n=8). AgTx (25 nM) reduced the sAHP by 56% in RF 
neurons (n= 13) but only by 9% in 5 CA neurons. 1 (lM of MVIIC + AgTx +
CgTx reduced the sAHP by 94% (n=7) in RF neurons but less than 30% in 5 CA 
neurons.
Conclusion: These results suggest that in CA cells, the sAHP is much less 
sensitive to blockade by organic Ca2+ antagonists than in RF neurons. We are 
testing alternative sources of Ca2+ for the sAHP generation in the CA group of 
neurons such as internal stores of Ca2+ or L, R or T-type Ca2+ currents. Supported 
by grant NS 33579 (RFC) and NSFIBN-9400318 (RSW).
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472.17
CALCIUM SIGNALING IN AXONS OF NEONATAL RAT OPTIC NERVES. 
Biao Sun, and S.Y.Chiu*. Graduate Program in Biophysics and Dept. of 
Neurophysiology, Univ. of Wisconsin, Madison, WI53706.

Confocal calcium imaging at fast time resolution was used to examine calcium 
signaling in pre-myelinated rat optic nerves from P2 to P7. Experiments were done 
at room temperatures. Injection of the AM form of the calcium dye Calcium- 
Green-1 into the nerve trunk stained glial cells and axons. In response to a single 
action potential, a strong calcium transient can be resolved. The calcium transient 
exhibited a decay time constant of about 1-2 sec, which is prolonged by repetitive 
stimulation (4 Hz, 20 sec). In separate experiments involving selective staining of 
glial cells and axons with the dye, we concluded that the calcium transient 
originated from axons. The calcium transient was abolished in calcium-free 
solutions, showing that it was due to calcium influx into axons. T-type calcium 
channel blockers (Ni, 100 uM), N-type calcium channel blockers (w-conotoxin), 
and L-type blocker (nifipedine, verapamil, 50 uM) were essentially without effects. 
At high concentrations Ni (5 mM) completely inhibited the calcium transient. 
Other non-specific calcium channel blockers, Cd (10 um), Co (1 mM) and Mn (1 
mM) completely blocked the calcium transient. A similar calcium transient was 
also detected when the nerve was electrically depolarized, locally, with a blunt tip 
electrode in a Na-free, TTX solution (Na replaced by choline). This suggests that 
the calcium transient during an action potential was not due to reverse operation of 
the Na/Ca exchanger. In conclusion, neonatal rat optic nerve axons exhibit robust 
activity-dependent calcium influx that is mediated by a yet-to-be identified calcium 
channel. We speculate that since neonatal retinal ganglion neurons are 
spontaneously active before eye-opening, this translates into a spontaneous axonal 
calcium signaling that may be important in axon-glial interaction during 
myelinogenesis. Supported by NIH grant 33151.

472.18
ACTIVITY-DEPENDENT INTRACELLULAR CA2+ TRANSIENTS IN NON-
MYELINATED NERVE FIBERS OF ISOLATED RAT VAGUS NERVE. C 
Mayer, J. Wachtler, M. Kamleiter and P. Grafe*. Dept. Physiology, University of 
Munich, D-80336 Munich, Germany.

There are two kinds of observation which indicate that voltage-dependent Ca2+ 
channels are activated by action potentials in peripheral nonmyelinated axons. First, 
Ca2+ spikes were seen after blockade of K+ conductances (Elliott et al., 
Br.J.Pharmac. 96:65; 1989) and, second, activity-dependent intracellular Ca2+ 
transients were seen in desheathed rabbit vagus nerves (Pralong & Straub, J.Physiol. 
371:266P; 1985) and in axons of fetal dorsal root ganglion cultures (Luscher et al., 
J.Physiol. 490:319; 1996).

We have now used confocal laser scanning microscopy to follow changes in 
[Ca2+]j of nonmyelinated nerve fibers and adjacent Schwann cells in isolated vagus 
nerve from adult rats. The preparation was stained with the Ca2+-sensitive 
fluorescent dyes Calcium Green-1 and Fura Red. Short trains of action potentials (2- 
30 Hz for 2-5 s) induced intracellular Ca24 transients in some of the C fibers but not 
in A fibers. These Ca24 transients were blocked or strongly reduced in the presence 
of TTX (1 pM), Ca2+ free bathing solution, high extracellular K+ concentration (20 
mM), capsaicin (5 pM) and Cd2+ (50pM). In contrast, Ca2+ transients produced by 
electrical stimulation were not affected by depletion of intracellular calcium stores 
with cyclopiazonic acid (5 pM), after desensitization of purinergic metabotropic 
Ca2+ release in Schwann cells or by replacement of extracellular Na+ with Lf.

The data suggest that voltage-dependent Ca2+ channels in the axonal membrane 
are activated by Na+ action potentials and produce a rise of [Ca24} in peripheral 
nonmyelinated axons of adult rats.

Supported by the Deutsche Forschungsgemeinschaft (SFB 391/A1).

472.19
ARE VOLTAGE-DEPENDENT CALCIUM CHANNELS EXPRESSED BY 
ASTROCYTES 7V SITU ?.
G, Carmignotd* L, Pasti, Merighi A , and T. Pozzan. University' of Padova and 
University of Turin, Italy
Astrocytes in culture have been reported to express a variety of ion channels 
including voltage-dependent calcium channels. Recently, astrocytes from acute 
brain slices were observed to increase their [Ca2+], after depolarization with high 
K4. These results have been interpreted as evidence for the opening of voltage- 
dependent calcium channels in astrocytes in situ. By means of confocal microscopy, 
we investigated the response of astrocytes to high K+ stimulation in acute rat brain 
slices loaded with Indo-l/AM. Stimulation with 60 mM K4 induced in CAl neurons 
a prompt [Ca24]; increase followed by a second, delayed [Ca24]; peak. Small cells 
with an astrocyte-like morpology displayed a delayed [Ca24]; increase temporally 
correlated with the second peak in neurons. By patch clamp recordings, cells were 
identified as neurons and astrocytes according to their response to intracellular 
depolarizing current pulses. Indo-1 included in the patch pipette freely diffused into 
recorded cells thus allowing to measure their [Ca24]; changes upon high K' 
stimulation. Electrophysiologically classified astrocytes displayed the same delayed 
response observed in astrocytes from slices incubated with Indo-1. Following 
incubation with tetanus toxin (100 pg/ml), the synaptic transmission in CAl 
hippocampal region was blocked. In these conditions, the [Ca24]; rise induced by 
high K+ in astrocytes was abolished while neurons displayed a single [Ca24]; 
transient peak. These results demonstrate that the [Ca24], increase in astrocytes in 
situ following high K4 stimulation is due to a secondary release of glutamate by 
depolarized terminals and suggest that voltage-dependent calcium channels are not 
be expressed by astrocytes in situ.

CALCIUM CHANNEL PHYSIOLOGY: CELLULAR STUDIES II

473.1
A CALCIUM CHANNEL GATING DEFECT CAUSED BY A MUTATION 
ASSOCIATED WITH HYPOKALEMIC PERIODIC PARALYSIS.
J. A. Morrill and S. C. Cannon*. Department of Neurobiology, Harvard 
Medical School, Boston, MA 02114

Hypokalemic periodic paralysis (HypoPP) is an autosomal dominant muscle 
disorder in which episodic weakness occurs in association with low serum 
[K]. Linkage analysis and positional cloning revealed mutations in the a] 
subunit of the skeletal muscle L-type Ca channel in patients with HypoPP.
The missense mutations are at arginines in proposed voltage-sensor domains 
(S4), but the functional defect and the pathophysiologic basis of the weakness 
remain unknown.

We have searched for the functional consequence of the R528H mutation 
by recording Ca currents in human myotubes. Myoblasts were cultured from 
biopsies of control and HypoPP fibers. The presence of mRNA coding for 
both wildtype and R528H channels in diseased myotubes was confirmed by 
RT-PCR, followed by restriction digest.

L-type Ca currents (~ 1 pA/pF, 10 mM Ca2+ ) were observed in both normal 
and HypoPP myotubes. In agreement with reports by others, we were unable 
to detect an alteration in the voltage dependence or kinetics of activation. In 
contrast to Sipos et al (J. Physiol. 483:299, 1995), we did not detect a 
hyperpolarized shift in the voltage-dependence of inactivation in HypoPP 
myotubes. However, we did find that the rate of macroscopic inactivation of 
the L-type current was 1.5-2 times slower in HypoPP than normal myotubes 
(T = 1.66 +/- .07 s and 1.11 +/- .06 s at +20 mV). Recovery from 
inactivation was comparable in normal and HypoPP myotubes.
[Supported by the NIH (AR-42703) and a Quan Fellowship.]

473.2
ACID-SENSING BY CAROTID BODY IS INHIBITED BY BLOCKERS OF 
VOLTAGE-SENSITIVE Ca2+ CHANNELS, SUPPORT FOR MEMBRANE 
POTENTIAL HYPOTHESIS. S. Lahiri*, A. Roy, C. Rozanov, R. Iturriaaa and
A. Mokashi University of Pennsylvania School of Medicine Philadelphia, PA 
19104-6085, U.S.A.

According to consensus model, glomus cells which synaptically connect 
with the afferent fibers provide the architecture of chemoreceptor unit so 
that cascade of events which take place in the glomus cells are reflected 
in the sensory discharge. Two distinct chemotransduction mechanisms for 
carotid body stimulation by hypercapnia/acid have been proposed. One 
hypothesis states that acidic stimuli by decreasing the pHj of the glomus 
cells inhibit the K+ currents leading to membrane depolarization, Ca2+ 
entry, neurotransmitter release, and neural discharge (membrane potential 
hypothesis). In contrast, another hypothesis proposes that acid stimuli 
induce a fall in pHs which activates Na+-dependent acid extrusion 
mechanisms which raises [Na+]j, promoting Na+/Ca2+ exchange with a 
rise in [Ca2+]j, enhancing neurosecretion and neural discharge. The 
former measured membrane potential and [Ca2+]j, and the latter measured 
the dopamine secretion, which is assumed to be dependent on [Ca2+]E 
rise. To resolve the controversy, we measured the effect of 
dihydropyridine sensitive Ca2+ channels antagonists and of Cd2+ on the 
chemosensory responses to hypercapnia and as well' as hypoxia. We 
found that hypercapnic response was inhibited by the antagonists, just as 
the antagonists blocked hypoxic response. We conclude that the 
depolarization of the cell membrane was mostly the initial cause for 
excitation of chemosensory afferents due to hypercapnia.
(Supported in part by HL-43413-07 and T32-HL-07027-22).
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473.3
INTRACELLULAR pH BUFFERING INFLUENCES INTRACELLULAR Ca2+ 
DYNAMICS IN HIPPOCAMPAL INTERNEURONS. G.C. Tombaugh* and G.G. 
Somien, Dept. of Cell Biology, Duke Univ. Med. Ctr., Durham, NC 27710.

Spiking in mammalian neurons often triggers a rapid extracellular alkalosis, 
followed by a slower acidosis which is largely of metabolic origin. Given the 
high metabolic demands imposed by cell firing, internal acid shifts are likely to 
be more robust in cells that undergo rapid firing rates and may modulate signaling 
cascades. To examine this possibility, we assesssed the effects of intracellular 
pH buffering on activity-dependent Ca2+ transients in st. radiatum intemeurons in 
rat hippocampal slices (30°C). Whole-cell current-clamp recordings were made 
using K-gluconate-based internal solutions buffered with either 45mM or 5mM 
HEPES/MOPS. Trains of action potentials (APs) and subsequent slow 
afterhyperpolarization (sAHP) were evoked by 400ms current injections. Input 
resistance, AP height, firing frequency, and accommodation were nearly identical 
in both groups, though low pH buffering tended to prolong spike repolarization 
times at high firing rates. Confocal imaging was performed after filling the cells 
with lOOpM Oregon Green-1; Ca2+ transients triggered by current pulses were 
monitored in proximal dendrites and occasionally in the cell soma. Dendritic 
Ca2+ transients were much more pronounced and decayed more rapidly than those 
measured in the soma. The size of dendritic Ca2+ transients were generally well- 
correlated to the number of APs in both groups, but were 20-50% smaller for a 
given AP# in cells dialyzed with reduced pH buffer. In contrast, the level of 
internal pH buffering did not influence the rate of Ca2+ decay. Dendritic Ca2+ 
transients typically decayed over several seconds and mirrored the time course of 
the sAHP, which was depressed in the presence of 200pM Cd2+. These results 
suggest that activity-dependent acidification blunts Ca2+ influx through voltage-
gated calcium channels, thereby serving as a negative feedback signal that limits 
Ca2+ accumulation during periods of intense neuronal activity.
Supported by NS 18670, American Heart Assn., and the Carl J. Herzog Foundation.

473.4
CELL SIZE AND CA2+ CHANGES IN FRESHLY DISPERSED RAT 
HIPPOCAMPAL NEURONS DURING HYPO-OSMOTIC AND LOW 
[NaCl]o EXPOSURE. G.G. Somjen*. Dept. Cell Biol., Duke Univ. Med. 
Center, Durham, NC 27710, USA.

Exposing hippocampal slices to low osmolarity (tt 0) or to isosmotic low 
[NaCl] solution causes interstitial calcium to decrease (Chebabo et al.,
J.Physiol, 487:685, ’95), indicating Ca2+ uptake into cells. In pyramidal 
neurons in hippocampal slices hypotonia causes "resting" free calcium 
([Ca2+]j) as well as stimulus-induced [Ca2+]r-responses to initially decrease 
and then increase (Somjen et al., 33rd IUPS Congress Abstr, 1997). To 
determine whether the change of [Ca2+]i is related to hypotonic swelling, I 
used confocal microscopy to measure size and fluorescence ratio in isolated 
CA1 neurons filled with the indicator dyes Fluo-3 (2 pM AM-ester) and 
Fura-red (10 pM AM-ester). Lowering iro from 287 to 216 mOsm/kg (by 
deleting 40 mM NaCl) for 5 min caused the mean cell volume (calculated 
from image area) to swell to 125 (SD +14)% of control, while 
fluorescence ratio increased to 124 (+21)% (N~ 12). The effects were 
highly variable (range, volume: 99-145%, ratio: 101-173%). In the 
majority of cells the changes in ratio and volume were not correlated. 
Moreover, low [NaCl] (60 mM deleted), mannitol-substituted solution also 
caused [Ca2+]i to rise without causing cell swelling. In conclusion, the rise 
of neuronal [Ca2+]; during hypo-osmotic treatment is, in part at least, due 
to the lowering of [Na+]o or of [Cl']o (or both), and is not directly related 
to hypotonic swelling.
(Supported by NIH grant NS 18670 of the NINDS)

473.5
THE MACROSCOPIC VOLTAGE-ACTIVATED CALCIUM 
CURRENT IS DIMINISHED IN SYMPATHETIC NEURONS 
FROM STZ-DIABETIC RATS. G.O. Carrier*, Dept. of 
Pharmacology, Medical College of GA. Augusta, GA. 30912.

Disturbances in sympathetic neuroeffector mechanism(s) occur in 
diabetes mellitus. Limited studies have examined directly diabetes- 
induced alterations in postganglionic sympathetic neurons. The purpose 
of this study was to characterize the influence of STZ-diabetes on the 
biophysical properties of voltage-activated Ca2+ channels in 
sympathetic neurons and to determine whether the these channels can 
be modulated by activation of G-protein mediated neurotransmitter 
receptors (a2-adrenergic & muscarinic). Ca2+ currents in acutely 
dispersed coeliac-superior mesenteric ganglion (C-SMG) neurons were 
examined using the whole-cell variant of the patch-clamp technique. 
The dispersed C-SMG neurons from STZ-diabetic rats were 35-50 pm 
in diameter. The peak inward current of neurons from STZ- diabetic 
rats (12-16 wks) activated at potentials more positive than -40 mV, 
reached a maximum amplitude close to +5 mV, and declined with 
further depolarization. However, the maximum amplitude wr.s greatly 
diminished (50.4+3.9%) in neurons from STZ-diabetic rats compared 
to age-matched control rats. Modulation of the Ca2+ current by 
activation of <X2 adrenergic or muscarinic receptors was unaltered. 
These results suggest that impaired transmitter release may occur in 
sympathetic neurons in STZ-diabetes which may be attributed to a 
decrease in the macroscopic Ca2+ current. (Supported by American 
Diabetes Association).

473.6
TRACHYNILYSIN-INDUCED Ca2+ TRANSIENTS IN UNDIFFERENTIATED 
AND DIFFERENTIATED NG 108-15 CELLS. P Chameau1. F A. Meumer1. L. 
Prado de Carvalho1*, M. Malo1, B, Rouzaire-Dubois1 A.S. Kreger2, J Molgo1.
’Lab. de Neurobiologie Cellulaire et Molecuiaire. C.N.R.S., 91198 Gif/Yvette, 
France; 2Dept of Medicine, University of Maryland School of Medicine, Baltimore, 
MD 21201, U.S.A.
Trachynilysin (TLY), a protein toxin extracted from stonefish (Synanceia 
trachynis) venom, potently stimulates neurotransmitter release from motor 
terminals (Colasante et al., 1996. Eur. J. Neurosci. 8, 2149-2156). Here we describe 
its effects on ionic currents and intracellular Ca2+ levels in NG 108-15 cells, using 
patch-clamp and calcium imaging techniques. Undifferentiated and differentiated 
cells differ in the calcium channel subtypes expressed: the former express only low- 
voltage activated calcium channels (transient or T-type) while the latter are 
endowed with T-type and at least two subtypes of high-voltage activated calcium 
channels (L and N) TLY in nanomolar concentrations induced an abrupt increase 
of cytosolic Ca2+ in both undifferentiated and differentiated NG108-15 cells, 
provided Ca2+ was present in the external medium. Removal of external Na+ and K+ 
and their isotonic replacement by tetraethylammonium had no effect on the Ca2+ 
transient induced by TLY. The duration of the Ca2+ transient induced by TLY in 
undifferentiated cells was shorter than in differentiated cells. These differences in 
duration could be related to the type(s) of voltage-dependent calcium channels 
present. Pharmacological blockade of high-voltage activated Ca2 channels 
subtypes in differentiated NG 108-15 cells by simultaneous application of nifedipine 
(5pM). ©-conotoxin GVIA (lpM) and o-conotoxin MVIIC (3pM), did not prevent 
but shortened the Ca2 transient induced by TLY so that it was similar to that 
observed with undifferentiated cells. Lav (0.5 mM) completely prevented the 
increase of intracellular Ca2’ induced by TLY. Cell swelling (quantitated by 
confocal laser scanning microscopy) occurred after the increase of intracellular 
Ca2+ and depended on extracellular Na'.

473.7
PATHWAYS OF Cd2+ INFLUX IN CEREBELLAR GRANULE NEURONS 
Cesare Usai*, Andrea Barberis, Luca Moccagatta and Carla Marchetti. Istituto di 
Cibemetica e Biofisica, C.N.R., via De Marini, 6, 16149, Genova, Italy.

Cadmium is an extremely harmful transition metal ion, whose toxicity is 
amplified by a very long biological half-life (« 30 years). Severe pathologies of the 
CNS are elicited by the blood brain barrier permeability to Cd2+. We have studied the 
uptake of Cd2+ in cultured cerebellar granule neurons (CGN) from 8-day-old 
Sprague-Dawley rats. The fluorescent Ca2+-chelator Fura2 was used as a probe, due 
to its very high affinity for Cd2+ ions (Kd « 10"12 M). Neurons were superfused with 
Ca2+-ffee, depolarizing solutions (25 and 75 mM external KC1), and, in the presence 
of 100 pM Cd2+, the fluorescence ratio R increased in an approximately linear 
fashion, without recovery after prolonged wash. The increase of R was antagonized 
by the membrane-permeant, Cd2+-ion chelator TPEN (100 pM). At resting potential 
(5 mM external KC1) a Cd2+ entry was still detectable, but the R rate of rise (dR/dt) 
was « 20 times as slow as in depolarization. The depolarization driven Cd2+ influx 
was partially inhibited by nimodipine (1 pM) and enhanced by BayK 8644 (1 pM). 
showing that Cd2+ may gain entry into CGN by L-type calcium channels. These 
channels represent only the 25% of the total calcium channel population in CGN, 
therefore the partial block by nimodipine shows that Cd2+ may permeate through 
other pathways, including non-L-type calcium channels. As CGN express various 
types of glutamate receptors, the “glutamate pathway’ may be a good candidate as an 
alternative Cd2+ permeation route. In a Ca- and Mg-free solution, stimulation of 
CGN with glutamate (100 pM) or NMDA (100 pM) and glycine (10 pM) caused a 
significant rise of R in the presence of 100 pM Cd2+. In both cases, this increase was 
antagonized by 1 mM Mg2+, a specific blocker of the NMDA iGluR, suggesting that 
Cd2+ may permeate only through these complexes. In conclusion, as non-NMDA 
iGluR are characterized by a high Na'/K' - and low Ca2+-penneability, these results 
suggest that Cd2+ enters CGN mainly through the same pathways of Ca2+ influx.

473.8
BLOCK OF CALCIUM CHANNELS IN PC 12 CELLS BY Cd2+, Pb2+ AND CH3HgC 
DEPENDENCE ON EXTRACELLULAR [Ca2+], REVERSIBILITY, AND 
MECHANISMS. T.J. Shafer*. Neurotoxicology Div., NHEERL., U.S. Environmental 
Protection Agency, Research Triangle Park, NC 27711.

These studies were undertaken to characterize the effects of the heavy metal Cd2+ on 
high voltage-activated Ca2+ channels in mammalian neurons, and compare them to 
effects of Pb2+ and CH3Hg+. Voltage-activated Ca2+ currents (ICa) were recorded in nerve 
growth factor-differentiated PC 12 cells using the whole cell patch clamp technique. 
When the holding potential was -70 mV, test potentials to +20 mV elicited ICa which 
were rapidly blocked by micromolar concentrations of all three metals. Block of ICa by 
CH3Hg+ did not reach steady state levels, whereas block by Cd2+ and Pb2+ reached steady 
state levels within 2 min of application. Concentration-response curves for block of ICa 
by Cd2+ and Pb2+ were determined in extracellular solutions containing 20,10, and 5 mM 
extracellular Ca2+ to examine the dependence of block on this ion. The estimated IC50 
values for block of ICa were 15, 10, and 6.5 pM for Cd2' and 7.5,2.0 and 1.1 pM for Pb2+ 
in 20, 10, and 5 mM Ca2+ solutions, respectively. Block of ICa by Cd2+ was readily 
reversed by washing with metal-free extracellular solution, whereas block by Pb2+ was 
only partially reversed, and block by CH3Hg+ was not reversed. When Pb2+ or CH3Hg+ 
treated cells were washed with extracellular solution containing the heavy metal chelator 
D-penicillamine, block by Pb2+ was rapidly and completely reversed, whereas block by 
CH3Hg+ was not affected. When applied in the absence of stimulation, IC50 
concentrations of all three metals blocked ICa by approximately 50% immediately after 
resumption of depolarizing test pulses. When CH3Hg+ (5 pM) was included in the 
intracellular solution, ICa was reduced by approximately 50% compared to control cells. 
These results demonstrate that: 1) block of ICa by these metals is dependent on 
extracellular [Ca2+], 2) reversibility of block of ICa by these metals differs, with block by 
CH3Hg+ being irreversible, 3) all three metals block ICa in the closed state, and 4) CH3Hg+ 
can block Ca2+ channels when applied to the cytoplasmic side of the membrane.

Society  for  Neuroscience , Volume  23,1997



TUESDAY AM CALCIUM CHANNEL PHYSIOLOGY: CELLULAR STUDIES II 1191

473.9
CALCIUM-DEPENDENT INACTIVATION OF HVA CALCIUM CURRENTS 
IN HUMAN DENTATE GYRUS GRANULE CELLS. V.U.Naegerl, E.M. 
Carpenter* and I. Mody, IDP Neurosci., UCLA Sch. of Medicine, Los Angeles, CA

The characteristic loss of the Ca2+-binding protein calbindin (CB) during human 
temporal lobe epilepsy (TLE) is likely to affect the inactivation of voltage-dependent 
Ca2+ currents by a decrease in intracellular Ca2+ buffering. We have examined this 
possibility in adult human granule cells (GCs) acutely dissociated from TLE patients 
following surgical resection of the hippocampal formation. Transverse hippocampal 
slices (450 pm thick) were prepared from human hippocampi by standard procedures. 
Slices were incubated at 32°C for 15-20 min in artificial CSF containing 1.75 mg/ml 
pronase, and a wedge of approximately 1x3 mm containing the GC layer was 
triturated. Whole-cell voltage clamp recordings from visually identified GCs were 
obtained in a 5mM CaCl2 containing medium designed to isolate Ca2+ currents. 
Cadmium-sensitive (50pM) HVA Ca2+ currents were elicited by 160ms pulses from a 
Vh of -60mV. A single Boltzmann equation fit yielded a half-maximal activation 
voltage of -lOmV. The peak currents showed a bell-shaped voltage dependence with a 
threshold of -30mV and a maximum at +10mV. The inactivation could be closely 
fitted with a single-exponential time constant (t ) which was a steep function of current 
amplitude. The minimum value of T (20ms) coincided with the maximal peak Ca2+ 
current (~300pA). Adding exogenous Ca2+ buffers to the pipette solution removed the 
current-sensitivity of inactivation as effectively as replacing extracellular Ca2+ with 
Ba2+. Thus, most of the inactivation of HVA Ca2+ currents in human GCs is Ca2+_ 
dependent. Because of the lack of control tissue it is difficult to assess changes in 
intracellular buffering and Ca2+ channel activity in human TLE. However, the 
timecourse of HVA Ca2' currents in GCs from animal models of TLE with a 
comparable loss of CB is similar to the one recorded in human TLE GCs. The 
inactivation in human TLE GCs can be reset to resemble that observed in control 
animals by adding intracellular Ca2+ chelators, indicating that CB is an important 
endogenous Ca2+ buffer.

Supported by grant NS-36142.

473.10
A FUNCTIONAL ROLE FOR CALCINEURIN IN THE MODULATION OF 
CALCIUM CHANNELS IN NG 108-15 CELLS.
J. R, Burley. T. P, Piper and T. S. Sihra*. Department of Pharmacology, Royal 
Free Hospital School of Medicine, University College London.

Calcineurin (CN, protein phosphatase 2B) is a major protein phosphatase 
present in the mammalian brain. CN is activated by Ca27calmodulin and has been 
implicated in the regulation of neurotransmitter release. To further examine the 
role of CN in the regulation of Ca2+ entry, we altered the expression of CN and 
measured whole-cell Ca2+currents in NG 108-15 cells.

A full length cDNA of human CNp3 was subcloned into pOPRSVI and sense 
(CN15) and antisense (CN21) plasmid constructs were isolated and amplified in E. 
coli. NG 108-15 cells were transfected with 10 pg of plasmid DNA using a calcium 
phosphate precipitation protocol. Stably transfected cell lines were isolated by ring 
cloning following selection with 1 mg/ml geneticin (G418), and were maintained 
thereafter with 400 pg/ml G418.

Ca2+-channel currents were recorded in sense (CN15A6), antisense (CN21B1), 
and mock (CATB3) transfectants after differentiation with 1 mM dibutyrl cAMP 
and 50 pM IBMX. Using a stimulus protocol consisting of a train of depolarising 
pulses of short duration to +10 mV designed to produce a large Ca2' influx, a rapid 
inhibition of the high voltage activated Ca2+ current with slow recovery was 
observed. Relative to currents recorded before delivery of the stimulus train, the 
peak current decreased 24±1% (n=14), and 26+2% (n=10) in the mock and 
antisense transfectants respectively. However, in the sense transfectants currents 
were inhibited 32±2% (n=10). Recovery following this inhibition occurred over a 
slower time-course and was not as complete as in the mock and antisense 
transfectants. In all cell lines where 10 mM EGTA was included in the patch 
pipette, the inhibition was less pronounced and currents recovered more rapidly.

Overexpression of CN thus appears to augment the Ca2+-dependent inhibition of 
Ca2+ channel activity. Our data support a role for CN in a negative feedback 
modulation of Ca2+ entry.

This work was supported by the Wellcome Trust.

473.11
MEASUREMENT OF INTRACELLULAR FREE ZINC IN CULTURED 
CORTICAL NEURONS: INFERRED ENTRY THROUGH CALCIUM 
CHANNELS. L.M.T. Canzoniero*,,S.L Sensi, S.P.Yu, H.S. Ying, J.Y. Koh, and 
D.W. Choi. Center for the Study of Nervous System Injury and Dept. of Neurology, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

The toxic influx of extracellular Zn2+ into neurons may contribute to pathological 
neuronal loss, but the tools available for measuring dynamic changes in intracellular 
free Zn2+, [Zn2+], are limited in comparison to those available for measuring [Ca2'],. 
We set out to measure [Zn2+]j in cultured cortical neurons. We used the ratioable 
fluorescent dye, mag-fura-5, which has much lower affinity for Ca2' or Mg2' than 
for Zn2+, under conditions where confounding changes in intracellular Ca2+ and 
Mg2+ were minimized. Bath addition of Zn2+ in the presence of the ionophore 4-br- 
A23187 produced an increase in mag-fura-5 fluorescence which was completely 
quenched by addition of the specific cell-permeable Zn2+ chelator, N, N',N'-tetrakis 
(2-pyridylmethyl) ethylenediamine (TPEN) (50 mM). Neurons exposed to 
extracellular Zn2+ plus high K+ (90 mM) responded with a peak cell body mag-fura- 
5 fluorescence signal corresponding to a [Zn2+], level of about 35 nM. This increase 
in [Zn2+]; was attenuated by concurrent addition of 10 pM Gd3', 100 pM verapamil,
1 pM nimodipine, consistent with Zn2+ entry largely through voltage-gated Ca2' 
channels. Both NMDA and kainate also induced agonist concentration-dependent 
increases in neuronal [Zn2+],. These glutamate agonist-induced [Zn2+], elevation 
were only partly sensitive to Gd3+ addition or removal of extracellular Na", 
consistent with some entry directly through agonist-gated calcium channels. In the 
case of kainate, [Zn2+], elevations were highly sensitive to Gd3+ in most cells, but 
were insensitive to Gd3+ in a small subpopulation of neurons (about 11% of the 
total) that subsequently exhibited staining for kainate-activated cobalt uptake 
(“cobalt-positive cells”). Supported by NIH NINDS grant NS 32636 (DWC).

473.12
Na'/Ca2’ EXCHANGER AS A Zn2+ INFLUX PATHWAY INTO CORTICAL 
NEURONS. S.L. Sensi*, L.M.T. Canzoniero, S.P. Yu, H.S. Ying, J.Y. Koh, and 
D.W. Choi. Center for the Study of Nervous System Injury and Dept. of Neurology, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

In view of evidence suggesting that the influx of extracellular Zn2+ into neurons 
may participate in physiological and pathological processes, we investigated the 
possibility that the Na+/Ca2+ exchanger might serve as a pathway for Zn2+ entry into 
murine cultured cortical neurons. To measure intracellular free Zn2+ ([Zn2+],) we 
used the ratioable fluorescent dye, mag-fura-5, which exhibits low affinity for Ca2+ 
or Mg2+ but high affinity for Zn2+ (Canzoniero et al., elsewhere this meeting).
Under conditions favoring reverse operation of the Na+/Ca2+ exchanger 
(replacement of extracellular Na+ with N-methyl-D-glucamine, together with 
application of ouabain), application of 100 pM Zn2+produced a progressive increase 
in neuronal somatic [Zn2+], that was sensitive to the exchanger-blockers, benzamil- 
amiloride (BNZ, 100 pM) and D-methyl benzamil -amiloride (100 pM).

Further evidence supporting the idea that the Na+/Ca2+ exchanger could carry Zn2+ 
into cortical neurons was elicited using whole-cell recordings. Under conditions 
favoring reverse operation of the exchanger (0 Na+, 0 Ca2+ in the bath, and 60 mM 
Na+, 0 Ca2+ in the pipette, holding potential -40 mV; Yu and Choi, Eur. J. 
Neuroscience, in press), local extracellular application of 1 mM Zn2+ triggered a 
reversible outward current shift (25.0 +/- 4.4 pA). This Zn2+-induced membrane 
current was markedly attenuated by 100 pM BNZ, or 300 pM BNZ. Furthermore, 
it was not seen if Na+was removed from the pipette solution.
These results suggest that Zn2+ may substitute for Ca2+ in permitting reverse 

operation of the Na+/Ca2+ exchanger and entering neurons. Such exchanger- 
mediated Zn2+ entry might occur when the normal membrane Na+ gradient is 
diminished and membrane potential is depolarized, for example during brain 
ischemia. Supported by NIH NINDS grant NS 32636 (DWC).
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474.1
A NOVEL TOXIN ISOLATED FROM A CHINESE SCORPION 
STIMULATES SKELETAL MUSCLE CALCIUM RELEASE 
CHANNEL. A. Kunivasu1. S. Kawano2. Y, Hiravama2. Y.-H. Ji3. 
K. Xu3, M. Hiraoka2 and H, Nakayama1*. faculty of Pharm. Sci., 
Kumamoto Univ., Kumamoto, 862 Japan. 2Med. Res. Inst., Tokyo 
Medical & Dental Univ., Tokyo, 113 Japan. 3Shanghai Inst, of 
Physiology, Academia Sinica, Shanghai, People Republic of China.

We have isolated a new toxin from a Chinese scorpion, Buthus 
martensi Karsch, which is a single polypeptide of 8 kDa. Its sequence of 
N-terminal 23 amino acids showed a high homology with one of the 
North African scorpion toxins which modulate the function of insect and 
mammalian sodium channels. However, under the conditions containing 
150 mM KC1 and 10 gM Ca2+, the toxin stimulated [3H]ryanodine 
binding to skeletal heavy SR membranes preferentially, up to 310%. In 
the skeletal preparations, the toxin had an EDso = 8 pM and increased 
affinity of the [3H]ryanodine binding but no change in Bmax. In contrast, 
the toxin-induced enhancement of [3H]ryanodine binding was not 
observed in the purified ryanodine receptors (RyRs). Similar results 
were obtained from single channel recordings of the RyRs which were 
reconstituted in planar lipid bilayers. These data suggest that the toxin 
activates the calcium channel of skeletal RyR indirectly, through a 
modulator protein. A candidate protein for the RyR modulator will be 
discussed on the basis of immunoreaction. The toxin must provide a 
useful tool for understanding the activation mechanism of RyR.

474.2
HIPPOCAMPAL CALSEQUESTRIN LEVELS ARE DOWNREGULATED IN 
PIGS HETEROZYGOUS FOR MUTATED SKELETAL RYANODINE 
RECEPTORS. M.J. Meanev* I M. Michalak2. W.T. Dixon3. S.A. Weaver3.
‘Depts. of Neurology & Neurosurgery, and Psychiatry, Douglas Hosp. Res. Ctre., 
McGill Univ., Montreal, PQ, Canada H4H1R3.2Depts.of Biochemistry and Pediatrics 
and3Dept. of Animal Sd Univ of Alberta, Edmonton, AB, Canada T6G 2P5.

Malignant hyperthermia (MH) in humans is characterized by skeletal muscle rigidity 
and hypermetabolism which can lead to tissue damage or death in response to specific 
anesthetic agents. In pigs MH results from a single nucleotide substitution in the 
DNA sequence for the skeletal ryanodine receptor(sRyR) (Fujii et al. 1991). A subset 
of MH in humans is also accounted for by this same mutation. (Fletcher et al. 1995). 
The present study examined the effect of mutated sRyR on the levels of the calcium 
binding proteins, skeletal calsequestrin (sCS) and calreticulin (CR), in specific brain 
regions. The pituitary, hypothalamus, frontal cortex, and hippocampus were collected 
from boars dther heterozygous or negative for the mutated sRyR. Levels of sCS and 
CR were determined by western blotting with soluble fractions prepared with 1% 
Triton X-100 using polyclonal antibodies specific for the two protdns in question. 
Calreticulin expression was highest in the pituitary and was expressed in all regions 
examined. Levels of sCS were highest in the hippocampus with weak signals in the 
hypothalamus and frontal cortex and no signal in the pituitary gland. No genotype 
effects were found for CR levels in any brain region examined. Heterozygous boars 
had significantly lower sCS levels in the hippocampus. We propose that the presence 
of "leaky" sRyR calcium channels in the hippocampus may decrease endoplasmic 
reticulum stores of calcium as evidenced by a reduction in a calcium binding protein 
proposed to be involved in sequestration in this organelle. This data may also indicate 
that non-sequestered calcium levels may be higher in heterozygous animals and thus 
have effects on neuronal function. (Supported by University of Alberta CRF)

Society  for  Neuroscience , Volume  23,1997



1192 CALCIUM CHANNEL PHYSIOLOGY: LIGAND-GATED STUDIES TUESDAY AM

474.3
THE MECHANISM OF REFILLING RYANODINE-SENSITIVE CA2+ 
STORES IN RAT SENSORY NEURONS . YM.Usachev* and S.A.Thaver 
Dept. of Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455.

Ryanodine-sensitive stores participate in the generation of Ca2+ signals 
by Ca2+-induced Ca2+ release. We studied how these stores in rat DRG 
neurons refill with Ca2+ by using indo-1 photometry and whole-cell patch- 
clamp. A paired-stimuli protocol was used. The first (control) application of 
5 mM caffeine depleted the stores, and the second (test) application was used 
to determine the Ca2+ content of the stores. The stores in resting cells 
replenished in a time-dependent manner and reached saturation after 10 min. 
The refilling process was blocked by cyclopiazonic acid (1 |iM), an inhibitor 
of endoplasmic reticulum Ca2+ATPases, by removal of extracellular Ca2+ or 
by 2 mM Ni2+. The Ca2+ channel antagonists, nimodipine (10 pM; L-type) 
and co-grammatoxin SIA (1 pM; N- and P/Q-types) in combination were 
without effect on the refilling (n=8), whereas they blocked high-threshold 
voltage-activated Ca2+ currents by 94±3 % (n=6). 100 pM Ni2+ inhibited T- 
type Ca2+ currents by 88±3 % (n=5) but impaired the refilling process by 
only 19±4 % (n=3). Hyperpolarization from -55 to -80 mV facilitated 
refilling the stores by 51 ±13 % (n=7). Changing from Ca2+ free to normal 
external solution resulted in a [Ca2+]i increase that was potentiated 3.4±0.6 
fold (n=4) by prior depletion of the stores. Thus, the refilling of ryanodine- 
sensitive Ca2+ stores in resting DRG neurons requires Ca2+ influx that is not 
mediated by voltage-gated Ca2+ channels. This refilling pathway resembles 
Ca2+ release-activated currents (CRAC) described for nonexcitable cells.

Supported by the NIH and the NSF.

474.4
IP3-SENSITIVE CHANNELS RECORDED FROM INTRACELLULAR 
MEMBRANES OF INTACT APLYSIA NEURONS. E.A. lonas*, R.L Knox 
and L.K. Kaczmarek. Dept. of Pharmacology, Yale Univ. Sch. of Med., 
New Haven, CT 06520.

Inositol trisphosphate (IP3) is a second messenger that binds to a 
receptor on intracellular membranes and releases calcium from 
intracellular stores. In Aplysia bag cell neurons, brief electrical 
stimulation triggers a prolonged discharge of action potentials that is 
associated with the formation of IP3 and the release of neuropeptides. 
Injection of IP3 into isolated bag cell neurons results in a transient 
hyperpolarization and transient release of intracellular calcium at the 
somata. We have now used a variant of the patch clamp technique to 
study ion channels regulated by IP3 on intracellular membranes in intact 
bag cell neurons. Channel activity of several types can be recorded with 
standard intracellular solution and ATP in the patch pipette. When 10
U.M IP3 is added to the patch pipette, a channel with characteristic 
bursts of openings can be seen. The channel activity can be observed most 
prominently at positive potentials, but can also be detected at negative 
potentials. The conductance of the channel is ~20 pS, and the reversal 
potential is approximately -30 mV. Channel activity was seen in 48% 
patches (n=15) where IP3 was present in the patch solution. The 
characteristic channel activity was absent from 5 control patches. 
Activity was also absent in patches in which heparin, a competitive 
antagonist for the IP3 receptor, was included with IP3 in the patch 
pipette (n=5). Activation of this channel on intracellular membranes 
may contribute to the increase in intracellular calcium that occurs at the 
soma of bag cell neurons on stimulation of an afterdischarge. Supported 
by the NIH.

474.5
GIANT PATCH RECORDING OF A STORE-OPERATED 
CALCIUM CURRENT IN XENOPUS OOCYTES. Y. Yao1* and R. 
Y, Tsien1,2. ’ Dept. Pharmacology and2HHMl, University of California, San 
Diego, La Jolla, CA 92093-0647

A store-operated calcium current (Isoc) in Xenopus oocytes can be 
activated by depletion of Ca stores with InsP3, ionomycin, thapsigargin. 
EGTA, or BAPTA. IS(K. was characterized in oocytes pre-injected with Ca 
chelators to prevent activation of native Ca-activated Cl currents (Yao and 
Tsien, J. Gen. Physiol, in press). Oocyte Isoc showed considerable 
similarities with ICRAC found in mammalian mast cells and lymphocytes. To 
explore the possible role of diffusible messengers in IS()C activation, ISO(- 
was further studied in cell-attached and excised patches. Because the IS()C 
in a whole oocyte was small, around 100 nA, pipettes with tip openings 
about 30 um in diameter were required to faithfully record the patch 
current, whose amplitude was 10-40 pA. Unexpectedly, IS()C did not 
disappear immediately upon excision of the giant patches but gradually 
decayed over a few minutes back to baseline. The mock intracellular 
Ringer had good access to the cytosolic side of these excised patches, 
because elevation of [Ca2+] elicited Ca-activated Cl' currents. The 
mechanisms underlying this run-down of Isoc are currently under 
investigation. This is the first cell-free membrane preparation directly 
displaying a Ca2+ current representing capacitative influx. Supported by 
Human Frontiers Science Program grant RG0520/95-M.

474.6
DOPAMINE MODULATION OF NMDA-INDUCED CALCIUM TRANSIENTS IN 
FETAL NEOCORTICAL CULTURES AND DISSOCIATED NEOSTRIATAL 
NEURONS. M.S. Levine*, T DeFazio, A. Espinosa de los Monteros and I. DeVellis. 
Mental Retardation Research Center, UCLA, Los Angeles, CA 90024.

Dopamine (DA) and DA receptor agonists have been shown to modulate N- 
methyl-d-aspartate (NMDA) receptor function. In both neostriatal neurons and 
neocortical neurons in brain slices, DA increases voltage responses to application 
of NMDA. In neostriatal slices DA also increases NMDA currents. Fetal (F14) 
neocortical cells were cultured using standard techniques and maintained for at 
least one week (corresponding to > postnatal dayO) in minimal essential medium. 
Cells were loaded with the fluorescent calcium indicator dye Fluo3-AM. 
Fluorescence was monitored using a BioRad MRC 600 confocal attachment to an 
inverted microscope. In the presence of tetrodotoxin, bath application of 10 jj M 
NMDA (2 sec duration) resulted in a rapid (<0.5 sec) rise in fluorescence to a 
plateau then a slower return to baseline (~2 sec). This manipulation could be 
repeated every 2 min for 15 min with little change in the response. 20 jj M and 50 
pM NMDA induced larger increases in fluorescence, although the response to 50 
jj M was often slow in its return to baseline. Up to 15 cells could be monitored 
simultaneously during these experiments. 2 min pretreatment with 50 pM DA or 
SKF 38393 primarily increased fluorescence induced by 10//M NMDA. 48% of the 
cells displayed increases (>10% change) in fluorescence relative to control 
treatment, 21 % of the cells displayed decreases (>10% change) and 31 % of the 
cells did not change (<10%). 50 pM dopamine consistently enhanced NMDA- 
induced calcium transients in acutely dissociated neostriatal neurons (>P21). 
These findings indicate that DA can reversibly increase the change in intracellular 
calcium induced by NMDA, either by altering intracellular calcium sequestration 
or by modifying the NMDA receptor/channel complex. Supported by USPHS NS 
33533.
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475.1 475.2

MODULATION OF THE VOLTAGE-DEPENDENT CALCIUM CHANNEL 
l-ll LOOP CHIMERA a1 EBE BY G(3y IS NOT IDENTICAL TO THAT OF 
a1B N.S Berrow, G.J. Stephens. K.M. Page and A.C. Dolphin* Dept. 
Pharmacology, University College and RFHSM, London WC1, UK

G protein modulation of neuronal voltage-dependent calcium channels 
(VDCCs) is characterised by marked slowing of current activation and a 
reduction of current amplitude. Both are voltage-dependent in that they 
can be reversed by a depolarising prepulse. This is typified by effects on 
a1 B, and to a lesser extent a1 A. In our previous work we have shown, 
using expression in COS-7 cells, that modulation by GTPyS to activate 
endogenous G proteins involves the intracellular loop between domains I 
and II. However, this linker from a1B transferred into a1E does not 
entirely transfer the ability to be modulated to the chimera a1EBE (1). 
These studies were performed using co-transfection of the «1 and a2-8 
subunits with J31 b, and the differences in inactivation between a1E and 
a1B may have some influence on the expression of G protein modulation. 
We therefore repeated the experiments using co-expression with p2a, 
which markedly reduced inactivation. We observed robust modulation of 
a1B when the G protein subunits GJ31 y2 were co-expressed. Both the 
slowed activation time constant (xact) and the reduction in current 
amplitude were reversed by a depolarising prepulse. In contrast with 
a1E, Gpiy2 produced only a small increase in Tact, and no reduction in 
current amplitude. Whereas the l-ll loop chimera a1EBE showed a 
marked slowing of Tact it showed no amplitude modulation, confirming our 
previous results with pib (1). Thus the l-ll loop of a1B confers one 
aspect of G protein modulation to a1E, slowed current activation
1. Page, K. M., Stephens, G. J., Berrow, N. S. & Dolphin, A. C. J. 
Neurosci. 17, 1330-1338 (1997).

COMPARISON OF THE PHARMACOLOGICAL PROPERTIES OF HUMAN 
alc- OR cc1D-CONTAINING CALCIUM CHANNELS STABLY EXPRESSED IN 
HEK293 CELLS. P. Brust, S. Simerson, M. Hans, A, Urrutia, J. Lu, A. Nesterova. P. 
Prodanovich, A. McCue, M. Williams, M, Harpold, K. Stauderman*. SIB IA 
Neurosciences, Inc., La Jolla, CA 92037.

Neuronal voltage-gated calcium channels (VGCCs) are heteromeric protein 
complexes composed of a,, a28, and P subunits. Human genes encoding two L-type 
a, subunits (a,c and a1D) have been identified in brain, but whether these subtypes 
are pharmacologically distinguishable is unknown. To assess the pharmacological 
properties of aic- and a1D-containing VGCCs, we used HEK293 cells to establish 
cell lines stably expressing either human aica2b5p2e (modeling the brain/cardiac 
form) or human a,Da2b8p3a (modeling the neuronal form) L-type VGCCs. Northern 
blots confirmed the presence of RNA for aic or a1D, a2b6, and P subunits. Whole-
cell patch clamp recordings from cells expressing aic- or a1D-containing VGCCs 
demonstrated voltage-gated Ba2+ currents sensitive to the compounds nimodipine, 
(-)Bay K 8644, or FPL 64176. Changes in intracellular free calcium concentration 
([Ca2+]i) measured in fluo-3-loaded intact cells revealed that addition of (-)Bay K 
8644 elicited an increase in [Ca2+]; in the a1D-expressing cells but not in the aic- 
expressing cells. Conversely, addition of FPL 64176 elicited an increase of [Ca2+]j in 
the a,( -expressing cells but not in the a1D-expressing cells. A more detailed 
comparison of the pharmacological properties of aic- or a1D-containing VGCCs is 
in progress.
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475.3
ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL CHARACTERIZATION 
OF RECOMBINANT PUTATIVE P/Q TYPE CALCIUM CHANNELS IN HEK 293 
CELLS. H. Moreno*. B. Rudy & R. Llinas. Dept. Physiology/Neuroscience 1; NYU 
Medical Center, 550 First Avenue, New York, NY 10016.

Expression studies have suggested that alA with or without different p subunits are 
responsible for the native P/Q type(s) channels. We co-expressed alA subunit and GFP 
with and without different (3 subunits and a2 subunit on HEK 293 cells and used sFTX 
and Aga IVA as pharmacological blockers to differentiate P and Q type(s) channels. 
Whole cell current recordings of HEK oclA transfected cells showed small currents 
(detected) in 80 mM Ba++ (50 +/- 15 pA)a peak of transient current with a (T inact ~ 
300 msec) and relatively insensitive to sFTX (30% block at 2.0 mM). Co-expression 
of, otl A, pib, a2 produced, a more robust current detected in 10 mM Ba++ (400 +/- 220 
pA) with fast activating kinetics and a peak value between -10 to 0 mV, T inact peak ~ 
233 msec (500 msec pulses). These currents were blocked with 100 nM Aga IVA (70% 
inhibition) and with submillimolar concentrations of sFTX (producing 75 +/- 10% 
maximal inhibition). sFTX at saturating concentrations produced a decrease of T inact, 
resembling an open channel block, which was reversible. Tail current demonstrated a T 
deactivation (-90 mV) ~ 1.79 msec., alA, (32, a2 produced a fast activating slow 
inactivating current (T inact ~ 990 msec) with a peak value at 0 to +10 mV, relatively 
insensitive to submillimolar concentrations of sFTX as well as to < 100 nM 
concentrations of Aga IVA. Tail current to -90 mV were best fitted with two 
exponentials (in contrast to plb) T deact (1) ~ 0.65 T deact (2) ~ 0.85. Co-expression of 
P3 with the same combination as above produced inactivating currents, T inact (peak) ~ 
269 msec, also insensitive to low concentration of Aga IVA. Tail current were best fit 
with a single exponential T deact -1.15 msec. These data indicate that the combination 
alA, a2,pib best resembles P/Q type channel(s). Perhaps a different combination of 
alA and P subunits, probably P4, may characterize more specifically either one of 
them. Alternatively P and Q channel(s) may contain different alternative splice isoforms 
than the ones used here. More importantly, the specificity of the P/Q channel blocker is 
determined by the P subunit associated with the alA subunit. NS 13742 (RL) & 
NS30989 (BR).

15 mV

475.4
INACTIVATION OF RECOMBINANT N-TYPE CALCIUM CHANNELS 
PROBED BY GATING CURRENT ANALYSIS L.P. Jones, P.G. Patil, J.G. 
Mulle, M.B. Sachs* and D.T. Yue Johns Hopkins University, Department of 
Biomedical Engineering, Baltimore, MD 21205.

Voltage-gated, N-type and P/Q-type Ca2+ channels trigger neurotransmitter 
release at presynaptic terminals. Therefore, channel inactivation in response 
to the recent history of presynaptic activity may contribute to short-term 
changes in synaptic efficacy that are likely to underlie neuro-computational 
capabilities of neurons. Relatively little is known about the inactivation of 
neuronal Ca2+ channels. In particular, the interrelation of gating currents to 
inactivation has been unexplored. This type of information has proven crucial 
to understanding inactivation of other voltage-gated channels. Here, we 

measured N-type channel gating 
currents, and explored time- and 
depolarization-dependent changes 
in their properties that may 
correspond to the onset of ionic 
current inactivation. Recombinant 
N-type channels were expressed in 
HEK 293 cells to provide a 
homogeneous population of 
voltage sensors. Our preliminary 
studies suggest that prolonged 
depolarizations reduce the gating 

charge returned upon repolarization (figure). Such charge immobilization is
linked to certain forms of inactivation in voltage-gated K channels, suggesting
that N-type channels may share analogous inactivation mechanisms. We 
thank SIBIA for the a1 B clone. Supported by NIH (HL 52818 to DTY', MSTP to LPJ).

"1-100-ioof

X.
10 ms 0.5

nA

475.5
INACTIVATION AND G-PROTEIN MODULATION OF NEURONAL VOLTAGE-
GATED CALCIUM CHANNELS AND SHORT-TERM SYNAPTIC PLASTICITY.
P, G. Patil*, D.L. Brody, and D.T. Yue.
Dept. of Biomedical Engineering, Johns Hopkins University, Baltimore, MD 21205

Neuronal voltage-gated calcium channels transduce action potentials into presynaptic
calcium entry, triggering neurotransmitter release. Because release is a supralinear 
function of intracellular calcium, presynaptic calcium channels are well-positioned to make 
significant contributions to synaptic plasticity. Voltage-dependent G-protein attenuation of A- 
and B-class calcium channels plays an important role in presynaptic inhibition. Such 
inhibition is mediated by GPy and is transiently relieved during high-frequency trains of 
action potentials. Much less is known about the role of channel inactivation on calcium 
entry during action potential trains. Here we report that inactivation of recombinant calcium 
channels in transfected HEK 293 cells is surprisingly greater during an action potential 
train (10x1 ms half-amplitude) than a much
longer (20 ms) square-pulse depolarization.
The extra inactivation lies hidden between 
action potentials and appears to occur during 
the process of channel activation and 
deactivation. Such hidden inactivation is 
highly significant in neuronal A-, B-, and E- 
class channels, but not in cardiac C-class 
channels. Like voltage inactivation during 
square-pulse depolarizations, its extent is 
modulated by the channel p subunit (P3 >
P1b = P4 > p2). Together, G-protein 
modulation and channel inactivation may 
play important roles in determining the short-
term, phasic response of synapses to action 
potential trains. (NIH HL 52818 to DTY, NIH 
MSTP to PGP and DLB).
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475.6
OPIOID RECEPTOR COUPLING TO Ca2+ CHANNEL SUBTYPES IN GH3 
CELLS. P. Safa, E.T, Piros, T.G. Hales, and.J^Boulter*!- Depts. of Anesthesiology 
and fPsychiatry and Biobehavioral Sciences. UCLA, LA, CA 90095.

Activation of opioid receptors inhibits N and P/Q-type Ca2+ channels. L-type 
Ca'" channels have also been implicated in opioid induced analgesia and tolerance. 
We have previously shown that when cloned opioid receptors are expressed in GH3 
cells, they couple to dihydropyridine-sensitive Ca2+ channels.

In this study we used RT-PCR and the whole-cell patch-clamp technique to 
examine the repertoire of expressed Ca2’ channel subunit transcripts and further 
characterize the functional Ca2’ channels in GH3 cells and GH3MORDOR cells 
stably expressing the p and S opioid receptors. Total RNA was isolated from GH3 
cells and reverse transcribed using random hexamers. Specific oligonucleotides were 
designed for each of the a1A, a1B, aic, a1D, a1E, ais, (3,, p2, P3, and p4 Ca2+ channel 
subunits. Primers for prolactin were used as a positive control. Appropriate length 
PCR fragments were subcloned and sequenced.

We detected mRNAs for a1A, aic, a1D and all four p subunits tested. By contrast, 
a]B, a1E, and a,s mRNAs were not detectable. Ba2+ currents recorded from GH3 cells 
did not respond to ©-agatoxin (10 nM) suggesting that functional P/Q-type Ca2+ 
channels are absent. Previous studies demonstrated that the p opioid receptors do not 
couple to channels formed by the aic subunit. Therefore, we hypothesize that opioid 
receptors couple to Ca'* channels containing a]D subunits. We are using specific 
oligonucleotides to identify the a1D subunit splice variants expressed by GH3 cells. 
(Supported by NIDA Center Grant DA-05010).

475.7
VOLTAGE-RESISTANT INHIBITION OF N- AND Q-TYPE Ca2+ 

CHANNELS EXPRESSED IN XENOPUS OOCYTES BY GTP-BINDING
PROTEIN ALPHA SUBUNITS. S, Kaneko*’’ M, Kikuwaka2. M, Satoh3 and 

2 1 2 3
A. Akaike . Depts. of Neuropharmacol., Pharmacol, and Mol. Pharmacol., 
Facul. of Pharm. Sci., Kyoto Univ. Sakyo-ku, Kyoto 606-01, Japan.

Tonic inhibition of Ca channels by G-proteins can be investigated by 
applying strong depolarizing prepulses before recording of channel current. 
When expressed in Xenopus oocytes, N-type (<X1B) C& channels were 
tonically inhibited by intrinsic G-protein activity, while Q-type (ot[A) channels 
are not. Stimulation of coexpressed opioid receptors elicited a G-protein- 
mediated inhibition of N- and Q-type channel current, which was largely 
releaved by the depolarizing prepulse. However, remaining depolarization- 
resistant component was much larger in Q-type channels than in N-type 
channels. Such a voltage-resistant inhibition of Ca" channels was mimicked
by an injection of GTPyS into oocytes. Moreover, coexpression of Ga with N-

2+ 0
type channels greatly reduced the amplitude of Ca channel current as well as 
the voltage-sensitive, tonic inhibition. These results suggest that the voltage- 
dependent inhibition of Ca channels is mediated by G^y, as previously 
shown, while that the voltage-resistant inhibition of Ca channels is mediated 
by other mechanisms, probably via Go,.

475.8
MIBEFRADIL BLOCK OF RECOMBINANT CALCIUM CHANNELS: 
MODULATION BY THE NATURE OF THEIR p SUBUNIT.
E. Bourinet*1, V. Leuranguer1, S. Richard1. T.P. Snutch2, and J. Nargeot1 
(l) CRBM, CNRS ERS 155, 1919 route de Mende, BP 5051, F34033 Montpellier 
France ; (2) Biotechnology Laboratory, University of British Columbia, Vancouver,
B.C., V6T 1Z3 Canada.

Mibefradil, a newly developed calcium channel antagonist, has been shown to 
block low voltage activated Ca channels more potently than high voltage activated 
Ca channels. When expressed in Xenopus oocytes, cloned calcium channels have 
been shown to be preferentially blocked by Mibefradil in their inactivated state 
[1], In order to further investigate these effects in more physiological conditions, 
we conducted similar sets of experiments on three major classes of Ca channels 
transiently expressed in mammalian cells (HEK 296) using physiological 
concentration of calcium for current recordings. We found that Mibefradil was 
more efficient to block otiA and otiE than otic Ca currents (apparent KD of ~0.2 pM 
versus 8 pM). Promoting the inactivated state of these channels subtypes by 
depolarizing the holding potential strengthened Mibefradil block in agreement 
with previous studies. Compared to co-expression with the Ca channel Pib 
subunit, block at the Mibefrabil receptor site was significantly weakened with the 
J32a subunit suggesting that the nature of the p subunit contribute to the drug 
binding. Taken together, the data suggest that differential control of Ca channel 
inactivation by the nature of the p subunit modulates the inhibitory effect of 
Mibefradil in agreement with the modulated receptor hypothesis.
[1] Bezprozvanny and Tsien (1995) Mol. Pharmacol. 48: 540-549.

Supported by PRODU1TS ROCHE.
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475.9
REGULATION OF L-TYPE CALCIUM CHANNEL SUBUNITS BY CHRONIC 
ETHANOL. E- H, Gerstjn Jr*, J. Liu, T. McMahon, and R. O. Messing.

The ability of ethanol to alter the function of neuronal voltage-dependent calcium 
channels may contribute to alcohol dependence. Previously, we found that exposing 
PC 12 cells to ethanol for 2-6 days increases calcium uptake via dihydropyridine (DHP) 
sensitive, L-type channels and increases the number of DHP binding sites. Increases in 
L-type channels could contribute to seizures and hyperexcitability that occur during 
alcohol withdrawal, and may also be involved in alcohol-seeking behavior. Neuronal 
L-type channels are comprised of at least three subunits: a pore-forming cq subunit 
(aic or a1D), a cytoplasmic (3 subunit ((3,-p4), and the a2/5 subunit. Coexpression of 
either a P subunit or a2/S along with oq increases calcium current amplitude, DHP 
binding, and the membrane localization of oq. PCR and Northern analysis showed that 
our PC 12 cell line expresses the aic, pl5 and p3. To determine whether ethanol directly 
regulates the subunit composition of the L-type calcium channel, we measured mRNA 
levels of these subunits. Preliminary Northern analysis showed that exposure to PC 12 
100-150 mM ethanol for 6 days increased the amount of cqc mRNA. Initial PCR 
experiments revealed that (33 mRNA levels increased after 24 hours, and continued to 
increase over 5 days of exposure to 150 mM ethanol. These results suggest that 

chronic ethanol exposure up-regulates L-type channels in PC 12 cells by increasing 

abundance of aIC and p3.
Supported by NIH Grant AA08117 (ROM) and NRSA AA05468-01 (EHG).

475.10

PHARMACOLOGICAL CHARACTERIZATION OF N-TYPE 
CALCIUM CHANNEL ALPHA! B SPLICE-VARIANTS IN OOCYTES 
AND SCG NEURONS. E. W. Harrisfand D.Y. Sanchez, Astra Arcus 

USA, Rochester, NY 14602 USA
The main strutural subunit (a1B) of N-type voltage-gated Ca++-channels 

exists as multiple splice-variants in the rat nervous system (Lin et al., 
Neuron, 18:153, 1997). Two splice-variants, aiB.b and aiB-d predominate 
in peripheral and central nervous system tissues, respectively, and have 
distinct electrophysiological properties. In this study, pharmacological 
differences have been explored and compared with native channels.

Voltage-gated Ba++ currents were expressed in Xenopus oocytes using 
standard techniques. In agreement with earlier work, aiB.b expressed with 
or without a28/[i3/1_b had slower kinetics and less negative activation 
voltages. The N-channel blocker coCTX-MVIIa produced a non-use- 
dependent block of all voltage-gated Ba++-currents, but was more potent 
vs. Ba++-currents in oocytes injected with aiB_d/a28/P3, than oocytes 
injected with aiB_b/a28/p3. Cd++ showed only a slight difference in 
potency. In rat SCG cells, voltage-gated Ba++ currents had sensitivity to 
MVIIa similar to aiB-d/a28/P3.

Sensitivity to MVIIa is influenced by inserts in otiB, and confirm that 
SCG cells may have predominantly aiB.b-type N-channels.

475.11
HUMAN G-BETA1 PROTEIN BINDS TO HUMAN ALPHA1-B SUBUNIT 
AND COMPETES FOR BINDING WITH HUMAN BETA3 SUBUNIT, k 
Franco*, P.G, Jones , H, Chen and K.H, Young* Wyeth-Ay erst 
Research, CNS Disorders, CN 8000, Princeton, NJ 08543; 
•Cyanamid Agricultural Research Division, Molecular Genetic Screen 
Design, P.O. Box 400, Princeton, NJ 08543 [Supported by W-AR]

The yeast two hybrid [YTH] system was used to measure the 
interaction of the full length human calcium channel beta3 subunit 
[as an activation domain fusion] with the second intracellular loop of 
human alpha 1b [as a DNA binding domain fusion - alpha 1b amino 
acids 357-512]. A specific interaction was found and shown to 
have the same properties as shown previously for in vitro binding 
based on mutagenesis of the core alpha interaction domain [AID]. 
This halpha1b/hbeta3 interaction was used to demonstrate the 
ability of full length human G-beta1 protein to disrupt this 
interaction when expressed on a third plasmid. Further YTH analysis 
detected direct interaction between the human G-beta1 and the 
human alpha 1b fragment. Biacore analysis of the interaction of full 
length Gbetal and the halphalb alpha interaction domain [an 1 8 
amino acid peptide containing the core of the calcium channel beta 
binding site] gave an apparent Kd of 44 nanomolar.

These data support a model in which G-protein beta subunits 
inhibit N-type calcium channel activity by disrupting the interaction 
between alphal and beta3 channel subunits.

POTASSIUM CHANNEL: PHYSIOLOGY, PHARMACOLOGY AND MODULATION II

476.1
GATING KINETICS AND SIMULATION OF POTASSIUM M-CHANNELS IN 
RAT SYMPATHETIC NEURONS. A.A.Selvanko and D.A.Brown*. Department of 
Pharmacology, University College, London, WC1E 6BT, U.K.

Single potassium M-channels in rat sympathetic neurones have multiple 
voltage-dependent kinetic components in their activity: short, medium and long 
closed times (xCs, tcm  and tcl ) and short and long open times (xOs and t Ol )- All five 
components can be detected in cell-attached patches but only four of them (t Cs , x Cm . 
xos and t Ol ) - in excised patches (Selyanko & Brown, 1993: J.Physiol. 472, 711; 
Selyanko & Brown 1996, Neuron 16, 152; Selyanko & Brown 1996: 
Neuropharmacology 35, 933).

We have now analyzed the burst structure of the activity recorded from cell- 
attached and excised inside-out patches and found that it is consistent with the 
following sequential kinetic scheme:

kl-2 l<2-3 k3-4 ki.5

1 k2-i 2 k3,2 3 IC4.3 4 ks-4 5

inside-out
I_______________________________________________ I

cell-attached
Using this scheme, with experimentally determined kinetic parameters and the 

CSIM program (Axon Instruments), we successfully simulated the activity of M- 
channels both under steady-state conditions and during depolarizing voltage steps. 
Consistent with the characteristic behaviour of macroscopic M-current, ensemble 
currents constructed from simulated M-channels had exponential activation and 
deactivation, with no delays, when tested in the range between -50 and -20 mV.

This work was supported by the Medical Research Council, U.K.

476.2
ELECTROPHYSIOLOGICAL ANALYSIS OF TWO ERG-RELATED 
CHANNELS, ERG2AND ERG3. H.-S. Wang. W. Shi. R. Wymore. Z, Pan. I.S, 
Cohen. J.E. Dixon and D, McKinnon*. Dept. Neurobiol. & Behav., SUNY at 
Stony Brook, NY 11794.

We have identified two new genes in rat that are homologous to the 
potassium channel HERG (erg)), which encodes the lKrcurrent in cardiac 
myocytes. Two-electrode voltage clamp analysis of Xenopus oocytes 
injected with cRNA for erg2 reveal a relatively slowly activating delayed 
rectifier with similar properties to that of erg 1.

Injection of erg3 mRNA results in the expression of a distinct current that 
has a predominant transient component at positive potentials. The transient 
component of the erg3 channel was due to the fact that the inactivation rate 
is similar to the activation rate. In contrast to the Kv channels, where the 
delayed rectifiers have slow rates of inactivation, in the erg family ‘delayed 
rectifier' currents result from inactivation rates that are typically at least 10-fold 
faster than activation rates.

The steady-state kinetic properties of the three channels result in erg3 
having a much larger window current, especially within the voltage range that 
controls spike initiation.
NS-29755, NS-01718 and HL-20558.
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476.3
ALTERATIONS IN FIRING PROPERTIES AND K+ CURRENT
MODULATION IN DROSOPHILA NEURONS: ROLE OF THE eag 
SUBUNIT. M.-L. Zhao* and C.-F. Wu, Dept. of Biol. Sci., Univ. of Iowa, Iowa 
City, IA 52242

Mutations of the ether a go-go (eag) gene have been shown to cause ether- 
induced leg-shaking behavior, disrupt synaptic transmission at the neuromuscular 
junction, and alter four identified K+ currents in muscle, but less is known about 
how central neurons are affected. We performed whole-cell recordings on cultured 
“giant” neurons to study the role of the eag subunit in modulation of K+ current 
properties and membrane excitability. Altered firing patterns and aberrant 
spontaneous spikes were seen in subsets of eag mutant neurons. Voltage-clamp 
measurements revealed that eag mutations significantly reduced the density of 
sustained components of native voltage-activated K’ currents, while the transient 
K+ currents were less affected. Acute effects of membrane-permeable cAMP 
analogues on native K+ currents were also altered by eag mutations. Moreover, 
the heat shock (HS)-induced, transgenic «S7iD K+ currents expressed in eag hosts 
demonstrated a strong shift in the voltage-dependence of activation and steady- 
state inactivation, indicating a potential interaction between the host eag and 
transgenic STtD subunits in neurons. Interestingly, alterations in firing properties 
and characteristics of both the transgenic ShD and native K currents in eag 
mutant neurons in many respects resembled those seen in mutant neurons of rut, 
which are defective in an adenylyl cyclase for cAMP synthesis. These 
observations lend strong support to the idea that the eag subunit plays integrated 
roles in the modulation of K+ currents in Drosophila neurons as a potential target 
of cAMP cascade and a subunit that coassembles with other K+ channel subunits 
such as the Sh splicing products. [Supported by NIH grants NS26528, HD18577]

476.4
MODULATION OF DROSOPHILA PHOTORECEPTOR POTASSIUM 
CHANNELS: ROLE OF THE EAG GENE.
A. Peretzl,2, B. Attali2, Z. Vogel2*and C.-F. Wul. lDpt. of Biological 
Sciences, University oflowa, Iowa city, IA 52442 U.S.A. 
2Neurobiology Department, Weizmann Inst, of Science, Rehovot 
76100, Israel.
Potassium channels appear to play crucial roles in many cellular 
functions such as membrane excitability, neurotransmitter release, 
volume regulation, synaptic integration and cell proliferation. The K+ 
channel properties are under tight control of channel modulatory 
subunits and chemical messengers. In Drosophila photoreceptors, there 
are two main voltage-gated K+ channels, the fastly inactivating IA and 
the slowly inactivating IK currents. These K currents were found to be 
modulated by Calmodulin dependent enzymes. The Calmodulin- 
antagonists, W7 and TFP (Trifluoperazine), reduced the amplitude of IA 
and IK, although the effect on IK was stronger. Further experiments 
showed that the modulation mainly involves Ca++/Calmodulin 
dependent kinase (CaM Kinase). In the presence of the CaM Kinase 
inhibitor, KN-62, both IA and IK were inhibited in a voltage-dependent 
manner. Cyclic GMP was also shown to modulate the K+ conductances. 
Contrasting with its action on Drosophila larval muscle, cGMP was 
found to be inhibit IA and IK in Drosophila photoreceptors. 
Interestingly, additional results showed that ether a go-go (eag) 
mutations attenuate the cGMP dependent inhibition of IA and IK. These 
results are in line with the hypothesis of the eag gene product as being a 
modulatory subunit of different heteromeric K+ channel. Supported by a 
grant from Israel Academy of Science to B.A.

476.5
Characterization  of  rat  eag 2, a  new  member  of  the  ether  a go -go
FAMILY OF POTASSIUM CHANNELS. J. Ludwig*, R. Weseloh, Q. Liu, R. Netzer§.
C. Stansfeld, C. Karschiff and Q. Pongs. Inst. f. Neurale Signalverarbeitung. 
ZMNH, Martinistr. 52, D-20246 Hamburg: +MPI f. Exp. Med., Hermann-Rein-Str. 
3, D-37075 Gottingen, §GENION, Abteistr. 57, D-20149 Hamburg, Germany.

The potassium channel encoded by the Drosophila eag gene is the prototype of a 
new family of voltage-gated K-channels with distinct properties. Although no 
physiological role for vertebrate eag channels has been confirmed yet, there is 
evidence that members of this family take part in the formation of the molecularly 
unidentified M-channel.

We have cloned and functionally characterised a new member of the eag family 
from rat brain. The primary structure shares about 85% amino acid homology with 
the r-eugl protein (Ludwig et al., EMBO J. 13: 4451, 1994). Electrophysiologically, 
the essential properties of r-eagl channel behaviour are preserved in r-eag2: it 
mediates a voltage-activated non-inactivating K-current that is insensitive to 4-AP 
and blocked by low concentrations of cytosolic Ca~+. Comparable to r-tagl. the 
current activates with complex kinetics which are dependent on both voltage and 
external Mg2+, such that the activation rate is markedly slowed when activated from 
hyperpolarised potentials. However, r-eug2 current activation is even slower than 
that of r-eugl and the effect of Mg2+ shows a lower voltage sensitivity. Also in 
contrast to r-eugl, the r-eag2 current is insensitive to external Ba2+ (14% reduction 
at 10 mM).

The mRNA distribution of r-e<ag2 within the brain is distinct to that of r-eagl. 
Northern blot and in-situ hybridisation indicate that both channels are expressed in 
amygdala and olfactory bulb, however, in contrast to r-eugl. r-eug2 hybridization 
signals are strong in thalamus and hypothalamus.

Supported by a grant of the Deutsche Forschungsgemeinschaft to O.P.

476.6
A NOVEL DOMAIN IN THE KVl.6 AMINO TERMINUS NEUTRALIZES THE 
ACTIVITY OF KVa AND KVp INACTIVATION PARTICLES OF VOLTAGE-GATED 
K+-CHANNELS. S. Sewing, J.Roper, Y. Zhang, R. Netzer*s, T. Sommer and Q. 
Pongs. ZMNH, Inst. f. Neurale Signalverarbeitung, Martinistr. 52, 20246 Hamburg, 
Germany,s GENION, Abteistr. 57, 20149 Hamburg, Gemany.

Voltage-gated potassium (Kv) channels play a major role in signalling in the 
nervous system. They are involved in action potential repolarisation and influence 
the form and frequency of action potentials. Kv channels are heterooligomers 
consisting of two types of subunits: pore forming a subunits and cytoplasmic, tightly 
associated B subunits. Electrophysiologically, two main classes of Kv channels can 
be distinguished: fast inactivating channels (A-type channels) and slow or non- 
mactivating channel (delayed rectifiers). Fast inactivation of A-type channels is 
mediated by an inactivation domain / particle that can reside at the amino terminus of 
either a or B subunits. This domain can rapidly block the internal mouth of the 
channel upon depolarization of the membrane. Therefore, the assembly of different 
combinations of Kvot/B subunits may considerably increase the complexity and 
diversity of A-type channels.

We have identified a novel domain present on the Kv 1.6 a subunit that neutralizes 
the activity of the inactivation particle residing on Kva or B subunits. Hetero- 
oligomeric Kv channels containing Kvl.6 and either a or B subunits with amino 
terminal inactivation domains do not express the expected A-type currents but show 
delayed rectifier characteristics. In vitro mutagenesis studies have localized this 
inactivation neutralizing domain (IND) to the amino terminus of Kvl.6. IND when 
transplanted to other Kv channels retains its properties, therefore IND defines a 
novel important module of Kv channels which is likely to contribute to the 
phenotype of native Kv channels.

Supported by a grant of the Deutsche Forschungsgemeinschaft to O.P.

476.7
A POSSIBLE FUNCTION FOR ATP DEPENDENT INWARDLY RECTIFYING 
K+ CHANNELS IN GLIAL CELLS. G. Paasche, A. Reichenbach and W, Reichelt* 
Paul-Flechsig-Inst. Brain Research, Dept Neurophysiology, Univ. of Leipzig,
04109 Leipzig, Germany.
Recently a new type of ATP dependent inwardly rectifying K+ channels was 
discovered that needs intracellular ATP to maintain its conductance (Takumi et al.,
J. Biol. Chem. 270, 1995) and is mainly located in glial cell membranes. Glial cells 
do normally possess membrane potentials clearly more negative than neuronal 
ones. This is caused by their very high K+ conductance which is at rest determined 
by inwardly rectifying K+ channels. The steady state K+ currents flowing via these 
channels have to be balanced by the Na+/K+ pump to maintain the normal ionic 
gradients and the membrane potential. However, high glial membrane potentials are 
a prerequisite of a normal brain function, since uptake mechanisms, e.g. high 
affinity glutamate uptake, are voltage dependent.
Our hypothesis is, that a decrease of the glial K+ conductance during ischemia 
induced ATP decrease may support the maintenance of the glial membrane 
potential, by enhancing the effect of Na+/K+ pump activity. For this reason the Km 
of the ATP dependent K+ inward channels for ATP should be higher than that of 
the Na+/K+ pump. Unfortunatly, the Km of the K+ channels is not yet known, 
whereas that of the pump is in the range of 0.1 - 0.3 mM ATP.
Measuring the membrane potential diminution of acutely isolated retinal Muller 
glial cells due to exposure to antimycin A (10 pM) and iodoacetate (1 mM) by 
means of a slow potentiometric dye, we found a clear biphasic decrease in many 
cells. The initial potential drop is slower compared to the effect of Na+/K+ pump 
block by ouabain (0.1 mM). We conclude that during ischemia the membrane 
potential decrease is initially slowed down by the decrease of the ATP dependent 
K+ conductance Of the cells. Supported by grant of Bundesministerium fur Forschung und 

Bildung to WR (0316916A)

476.8
An Inward-Rectifying K+ Current Active at the Resting Potential in Embryonic 
Rat Cortical Neurons Q, Hu, D. Marie, 1. Marie and J.L. Barker*, Lab. of 
Neurophysiology, NINDS, NIH, Bethesda, MD 20892

There is increasing evidence that resting potential (RP) not only determines the 
excitability of neurons but is also critical to the survival and maturation of neurons. 
We have used whole-cell recordings to detect an inward-rectifying K+ channel in 
cultured embryonic rat cortical neurons that might contribute to RP. (1) Whole-cell 
K+ currents were recorded by holding cells at a negative potential and then imposing 
commands over a wide range of potentials (-147 mV to 23 mV). In 5 mM [K+]o 
saline, the holding current at -57 mV was around 0 pA, and there were only slight 
inward currents elicited by hyperpolarizing steps. However, in 100 mM [K+]o saline, 
the holding current shifted inwardly, and large inward currents were elicited by 
hyperpolarizing commands, indicating a K+ dependence of both the steady-state and 
step currents. (2) The steady-state and step currents were sensitive to Cs+0 and Ba2+0 
over the -40 to -147 mV range. (3) The inward K+ current persisted at 
hyperpolarized potentials following modest inactivation. Similar results were 
obtained in most neurons, indicating widespread distribution. Since the current is 
active at RP, it may contribute to RP and be critical in neuronal differentiation.
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476.9
ALTERATIONS OF INWARD RECTIFYER K+ CHANNEL 
GENE EXPRESSION IN THE HIPPOCAMPUS FOLLOWING 
SEIZURES AND FOREBRAIN ISCHEMIA.
H. Plamondon*. C. Heurteaux and M, Lazdunski,
Institut de Pharmacologie Molecuiaire et Cellulaire, CNRS, Sophia 
Antipolis, France.

G-protein-gated inwardly rectifying channels (GIRK) are 
effectors of G-proteins coupled receptors for neurotransmitters and 
hormones and may play a role in the regulation of neuronal 
excitability. In the present study, we used in situ hybridization to 
characterize temporal fluctuations in GIRK 1 and 2 mRNA 
expression following global ischemia and treatment with the 
convulsant drug kainic acid in rats. Our results indicate a down-
regulation of GIRK 1 and 2 mRNA levels at the rat hippocampal 
CA1 and CA1, CA3 and dentate hilar regions 24h following 6 min. 
four-vessel occlusion or kainic acid (7.5 mg/kg; i.p.) 
administration, respectively, as compared to sham-operated or 
saline-injected animals. Downregulation of these genes appeared 
transient as no fluctuation of mRNA expression was observed 3h, 3 
days or 7 days post ischemia or kainic acid injection. Reduced 
expression in areas shown most susceptible to subsequent neuronal 
damage in these animal models may suggest the participation of 
inward-rectifyer K+ channels in processes associated with neuronal 
degeneration. At present, the exact mechanism underlying these 
changes remains unknown but might in part be linked to mGIRK 
regulation by ATP and Na which levels are both greatly influenced 
by ischemic or epileptic situations. Supported by the CNRS.

476.10
ACTIVATION OF G PROTEIN-ACTIVATED, INWARDLY-RECTIFYING 
POTASSIUM CHANNELS (GIRK'S) BY THE CB1 NEURONAL 
CANNABINOID RECEPTOR.
W,. TwitchdI*, J, RedglL.B,L- T<?mp<?l,.S,G- Rane, K, Mackie,
Depts. of Anesthesiology and Pharmacology, Box 356-540, University of 
Washington School of Medicine, Seattle WA 98195-6540, Dept. Biological 
Sciences, Purdue University, Lafayette, IN 47907-1392.

INTRODUCTION: Cannabinoids decrease neuronal excitability and 
neurotransmitter release. Via the CB1 cannabinoid receptor they activate 
an inwardly rectifying potassium conductance (Kir) in AtT20 cells. In this 
study we have sought to identify the GIRK channels activated.

METHODS: AtT20 cells stably expressing CB1 were screened for 
expression of GIRK1, 2, 3, and CIR (Kir3.1-3.4) mRNA by RT-PCR using 
degenerate oligonucleotide primers. The primers amplified a 728bp-sized 
fragment spanning the core M1-H5-M2 region common to each channel. 
The 728bp PCR product was subsequently digested with restriction en-
zymes unique to each channel to give characteristic-sized fragments when 
separated by gel electrophoresis. To examine CB1 coupling to GIRK's, 
plasmids encoding GIRK1, GIRK2, and/or CIR, together with CD4, were 
transiently expressed in CHO cells stably transfected with rat CB1 
receptor. Activation of Kir currents were measured in CD4-positive cells 
using the whole-cell configuration of the patch clamp technique.

RESULTS: In RT-PCR studies, only GIRK1 and GIRK2 mRNA’s were 
detected in AtT20 cells. In the electophysiology studies, cannabinoids 
increased Kir-like currents in CB1-CHO cells transiently expressing 
GIRK1/CIR or GIRK1/GIRK2, although coupling appeared stronger in the 
latter case.

DISCUSSION: These results show that the neuronal cannabinoid 
receptor, CB1, activates GIRK1/GIRK2 multimers in AtT20 cells and 
suggest it may do so in neurons.

SUPPORT: NIH (DA08934, DA00286, DA07278, HL44948)

476.11
ACUTE AND LONG-TERM SUPPRESSION OF INWARDLY 
RECTIFYING KIR CHANNELS BY RECEPTOR TYROSINE 
KINASES. E. Wischmeyer, F. Poring and A. Karschin*. Max-Planck- 
Inst. for biophysical Chemistry, 37070 Gottingen, Germany.

Usually signaling via growth factor receptors with tyrosine kinase- 
(TK) activity is transduced into cell proliferation and differentiation, but 
TK-phosphorylation has also been demonstrated for transmitter receptors 
and ion channels. We investigated the molecular interactions between 
growth factor receptors and inwardly rectifying Kir2.1 channels that 
control membrane excitability in many central neurons. After 
coexpression of epidermal- (EGFR), or nerve growth factor receptor 
(NGFR=TrkA) with Kir2.1 channels in both Xenopus oocytes and 
mammalian COS-7 cells, the activity of Kir2.1 was rapidly suppressed 
by application of either receptor ligand. In 31 from 48 oocytes measured 
50 ng/ml NGF and EGF within <10 s decreased /Kir by 21% and 10%, 
respectively, and sometimes evoked current oscillations at the reduced 
level. Similar effects were evoked by neurotrophin-3, brain-derived 
neurotrophic factor, and insulin (0.05 jlg/ml). The latter suppressed /Kir 
by 74% most likely via endogenous I/IGF-typeTK receptors. In contrast 
to the TK inhibitor genistein (200 flM) which induced 27% (n=8) 
inhibition of /Kir (most likely through a mechanism other than NGF), 
the tyrosine phosphatase inhibitors pyrophosphate and vanadate (1 gg/ml 
each) increased /Kir by 7%(n=9).

Compared to control cells that were solely injected with Kir2.1 cRNA 
coinjection of NGFR cRNA generated /Kir currents with normal 
properties, but prominently (>80%) reduced amplitudes. Coinjection of a 
ANGFR deletion mutant lacking TK activity, as well as absence of ligand 
or continued exposure to genistein also suppressed /Kir, suggesting that 
this long-term suppression is mediated by a mechanism other than acute 
TK activity of the NGF receptors.

476.12
DISTRIBUTION OF GIRK/KIR3.X PROTEINS IN THE MOUSE

1Dept. of Pharmacol. II, Fac. of Med. Osaka Univ., and 2Dept. of Cell Biology 
and Signaling, Yamaga Univ. Sch. of Med., Japan.
Weaver (wv) is a natural mutation in mouse which exhibits with ataxia, 

hyperactivity, hind limb weakness, abnormal grasping reflex, tremor as well as 
male sterility. This has been identified as a point mutation on a pore region of 
GIRK2 subunit of Kir. Histological analyses revealed that the failure of the 
formation of elongated spermatid seems to cause wv sterility. To clarify the 
function of GIRK2/Kir3.2 in the spermatogenesis, distribution of GIRK2 
protein was examined in normal testis.
All GIRK mRNA, GIRK1-4, were expressed in adult testis RT-PCR method. 

The longest splicing variant of GIRK2 was dominantly detected with. 
Immunolocalization of GIRK2 protein with affinity-purified antibody revealed 
that its immunoreactivity was localized to spermatid, but neither to other germ 
cells nor to Sertoli cells. Consistently, little immunoreacitivity in prepuberal 
testis where no meiotic cells were observed. Because neural G protein- 
regulated K+ channels is thought to be composed of GIRK1 and 2 proteins, 
GIRK1 immunostaining was also examined. GIRK1 protein appeared to be 
localized to spermatogonia and to a part of spermatocyte, but not to 
spermatid. These results suggest that testicular GIRK2 protein expressed in 
spermatid may play some roles specifically in spermiogenesis and that GIRK1 
and 2 proteins seem not to form a complex in mouse germ cells.

476.13
SUPPRESSION OF HIPPOCAMPAL NEURON EXCITABILITY BY 
G PROTEIN-COUPLED RECEPTOR ACTIVATION OF GIRK CHANNELS 
OVEREXPRESSED BY RECOMBINANT ADENOVIRUS.
M. U. Ehrengruber*, C. A. Doupnik, Y. Xu, J. Garvey. M. C. Jasek, H. A. Lester
and N. Davidson. Div. Biol. 156-29, Caltech, Pasadena, CA 91125.

G protein-gated inward rectifier K+ channel subunits (GIRK 1-4) have been
cloned from neuronal and atrial tissue and function as heterotetramers. To 
examine the inhibition of neuronal excitation by GIRKs, we overexpressed 
GIRKs in cultured hippocampal neurons from 18 d rat embryos which normally 
lack or show low amounts of GIRK protein and currents. Adenoviral 
recombinants containing the cDNAs for GIRK1, GIRK2, GIRK4, and the 
serotonin 5-HT)A receptor were constructed. Typical GIRK currents could be 
activated by endogenous GABAb , serotonin 5-HT1A, and adenosine Al receptors 
in neurons coinfected with GIRK1+2 or GIRK1+4. Under current clamp, GIRK 
activation increased the cell membrane conductance by 1 -2-fold, hyperpolarized 
the cell by 11-14 mV, and inhibited action potential firing by increasing the 
threshold current for firing by 2-3-fold. These effects were not found in non- and 
mock-infected neurons, and were similar to the effects of muscarinic stimulation 
of native GIRK currents in atrial myocytes. Two inhibitory effects of GIRK 
activation, hyperpolarization and diminution of depolarizing pulses, were 
simulated from the experimental data. These inhibitory effects are physiologically 
important in the voltage range between the resting membrane potential and the 
potential where voltage-gated Na+ and K+ currents are activated, that is where 
GIRK currents are outward. Adenoviral GIRK overexpression can now be tested 
for its effect on (hippocampal) synaptic transmission and in model systems of 
certain biological malfunctions, including epilepsy.

Supported by NIMH, NIGMS, HFSP, the Swiss National Science Foundation, 
and the American Heart Association.

476.14
CHANGES IN POTASSIUM CHANNEL GATING PROPERTIES DURING 

IN VITRO DIFFERENTIATION OF THE HUMAN NEUROBLASTOMA CELL 
LINE SH-SY5Y. P. Tosetti, V. Taglietti, S. Schinelli* and M. Toselli. University 
of Pavia, Istitute of General Physiology, Via Forlanini 6,1-27100 Pavia, Italy.

The electrophysiological properties of voltage-dependent outward currents 
were investigated under voltage clamp conditions in the human neuroblastoma 
cell line SH-SY5Y before and after in vitro differentiation with retinoic acid, 
using the whole-cell variant of the patch-clamp technique.

Voltage steps from a holding level of -90 mV to depolarized potentials 
elicited, in both undifferentiated and differentiated cells, fast outward potassium 
currents, slowly inactivating, sensitive to tetraethylammonium but almost 
insensitive to 4-aminopyridine, to cadmium and to shifts of the holding potential 
to -40 mV.

In undifferentiated cells, the threshold for current activation was about -30 
mV, with a steady-state activation half potential of 19.5 mV. Maximum 
conductance was 4.3 nS. Steady-state inactivation half potential was -13.8 mV 
and about 10 % of the current was resistant to inactivation. Both activation and 
inactivation kinetics were voltage-dependent.

In differentiated cells, the threshold for current activation was about -20 mV, 
with a half potential for steady-state activation of 37.0 mV. Maximum 
conductance was 15.2 nS. Steady-state inactivation half potential was -9.7 mV 
and about 37 % of the current was resistant to inactivation.

Although the potassium channels recorded in undifferentiated and 
differentiated cells differed in several features, both conductances could be 
classified as "delayed rectifiers". The variation of the channel properties observed 
during differentiation was related to changes in cell excitability.

This work was partially supported by a grant from the Italian Research 
Council (CNR).

Society  for  Neuroscience , Volume  23,1997



TUESDAY AM POTASSIUM CHANNEL: PHYSIOLOGY, PHARMACOLOGY AND MODULATION II 1197

476.15
REACTIVATED K+ CONDUCTANCE CONTROLS THE MAJOR 
PART OF THE INPUT RESISTANCE OF THE HIPPOCAMPAL AND 
CORTICAL NEURONS
V. Filippov . N. Lozovaya*, T. Volkova, O. Krishtal. Dept. of Cellular 
Membranology, Bogomoletz Institute of Physiology Bogomoletz Str.4, 
252024 Kiev, Ukraine.

We have studied the reaction of acutely isolated pyramidal neurons to the 
step-like elevation of [K+]o. Slowly activating inward current appeared in 
response to the quick elevation of external K+ concentration in the vast 
majority of tested hippocampal and cortical neurons voltage-damped at 
negative holding voltages, while the expected “instantaneous” inward 
current was observed under the same conditions in the neurons from 
cerebellum or DRG . When external Na+ is replaced with choline chloride 
or Li+ the slow kinetics disappears. This current, designated below as Za k  is 
voltage-dependent and increases at negative holding voltages. Potentials at 
which the slow component of the current disappeared shifted in accordance 
with the changes in Ek with variations in the extracellular potassium. Its 
amplitude, but not kinetics, is determined by external K+ concentration. Za k  
was completely Mocked by external tetraethyiammonium (TEA, 10 mM) or 
Ba2+ ( 5 mM ) and only slightly affected by 2 mM of Cs+ . This current was 
not affected by 1 mM of 4-aminopyridine ( 4-AP ) and was insensitive to 
muscarinic agonist carbachol ( 50 p.M ). The described mechanism regulates 
more than 50% of the resting conductance of cortical and hippocampal 
pyramidal neurons. It is capable of delaying the drop in the input resistance 
of these neurons which occurs in response to the K+ concentration 
transients. This property may play an important role in the regulation of 
synchronised activity of densely packed neuronal matrixes responsible for 
the most complex forms of brain function.
This work was supported in part by the HHMI 75195-548001 and by 
INTAS (grants 94-849 and 94-4072).

476.16
CHARACTERIZATION OF STABLY-EXPRESSED mKv 1.1 POTASSIUM 
CHANNELS IN CHO CELLS. R. Sharma, A, Fekekte, S, S, Maqar, J. B. 
Fischer, and S. Katraaadda*. Dept. Pharmacology, Cambridge 
NeuroScience, Inc., One Kendall Sq., Building 700, Cambridge, MA 02139.

Voltage-activated delayed rectifier potassium channels are normally 
rich in the paranoda! region of myelinated axons. Upon demyelination in 
certain peripheral neuropathies, these channels are exposed resulting in the 
failure of nerve conduction. We are interested in identifying compounds that 
could block the exposed potassium channels and potentially restore the 
nerve conduction. We have established a 96-well plate-based high- 
throughput assay using CHO cells stably expressing the mouse Kv 1.1 
potassium channelt. Cells were depolarized by increasing the external 
potassium concentration from 3 mM to 60 mM. Flux was measured by 
counting the cells for 86Rubidium (86Rb) that entered the cells as a result of 
the increased external potassium concentration. 86Rb flux has been 
characterized using known potassium channel antagonists: 4-aminopyridine 
(IC50=1-25 mM), tetraethyl ammonium (IC50=0.73 mM), and the African 
mamba snake venoms dentrotoxin (IC50=3.1 nM) and dendrotoxin-K 
(IC5o =5.3 nM). The IC50 values that we report are comparable to those from 
electrophysiological studies reported on cloned mKv 1.1 channels as well as 
to the values reported from potassium channel studies conducted in 
demyelinated mammalian axons. The data suggest that 86Rb influx 
measured in these cells is through the Kv 1.1 channels which are opened as 
a result of increased external potassium and that this assay can be used to 
rapidly screen compounds to identify potassium channel blockers, 
t The cells were obtained from Dr. Tempel's laboratory at Univ. Washington 
School of Medicine, Seattle, WA

476.17
K+ CHANNEL DISTRIBUTION DURING AXONAL DEVELOPMENT. 
I Vabnick’*. TL Schwarz2. JS Trimmer5. SR Levinson4 and P Shrager1.
Dept. Biophysics. U. Rochester1. NY 14642. Stanford U.2. SUNY Stony
Brook3, U. Colorado4.

Kvl.l and Kvl.2 were detected in teased rat sciatic axons by indirect 
immunofluorescence (IF). Initially (postnatal days P0-P7), there was no 
evidence of either Shaker channel in most developing nodes of Ranvier. By- 
day P14 Kvl. 1 and Kvl .2 immunolabeling became apparent at paranodes. In 
general these two K+channel types were colocalized. However, staining was 
asymmetric, with only the distal paranode containing K" channels. In some 
zones, the EF occurred in regularly spaced bands, reminiscent of Schwann cell 
terminal junctions. These bands disappeared as K+ channels became 
increasingly redistributed to the juxtaparanode (after day P21). By day P40 
they remained juxtaparanodal, but were more symmetrically distributed. We 
also tested for sensitivity of conduction to K+ channel blockers. 
Measurements on single fibers up to day P21 showed that 4-AP led to a 
significant change in action potential firing patterns and an increased 
refractory period. This sensitivity was present at days P0-P1, the earliest 
period of Schwann cell association with axons and a time prior to IF detection 
of Kvl.l or Kvl.2. K" channels are thus initially either uniformly distributed 
or clustered at low densities. Our observed movement of these channels to the 
juxtaparanode after 3 weeks is likely to be responsible for the decreased 
sensitivity to 4-AP that has been reported at this time (J. Neurophys. 50: 449- 
463,1983). Our work suggests that Schwann cells regulate axonal K+ channel 
organization during myelination. Supported by NIH & NMSS.

476.18
TRANSIENT AND SUSTAINED TYPES OF K+ CURRENTS OBSERVED 
IN FIBROBLAST CELLS TRANSFORMED WITH Kv 1.2 K+ CHANNEL 
cDNA. MIYAKE M.L YOSHIMATSU A.1 & MOCHIDA S.*2 faculty of 
Pharmaceu. Sci., Hokkaido Univ., Sapporo 060 and 2Dep. of Physiol., Tokyo 
Med. Coll., Tokyo 160, Japan

Whole-cell patch clamp recordings were used to study the biophysical 
and pharmacological properties of K+ currents in fibroblast cells (CL1023 
clone) transfected with rKv 1.2 (NGK 1) K+ channels. Depolarizing 
stimulation generated a rapidly rising and sustained K+ current in the 
majority of the cells; however some cells displayed a rapidly rising and 
transient current or a slowly rising and sustained current. Tail-current 
analysis revealed that the rapidly rising and sustained K+ current was sum 
of a rapidly rising and transient current with a faster deactivating process 
and a slowly rising and sustained current with a slower deactivating 
process. The activation and steady-state inactivation profiles were 
somewhat different between these two current components. In addition, 
PM56D9 (Pola), a novel K+ channel blocker, inhibited the transient 
component without affecting the sustained component. Thus, two different 
types of K+ currents were activated in CL1023 cells that carry K+ channels 
composed of homologous a-subunit molecules. This may be one of the 
factors which explain the diversity of voltage-dependent K+ channels.

This work was supported by the Ministry of Education, Japan.

476.19
AUTORADIOGRAPHIC LOCALISATION OF ot-DENDROTOXIN-SENSITIVE K+ 
CHANNEL SUB-TYPES USING CHARYBDOTOXIN AND TOXIN K. 
S.M.Cochran* and J.A.Pratt. Dept. of Physiology and Pharmacology, University of 
Strathclyde, Glasgow, Gl 1XW, U.K.

ct-Dendrotoxin (a-DTX) and Charybdotoxin (ChTX) are potent blockers of Kvl.l, 
1.2 and 1.6 K+ channels in the rat brain. Toxin K, a close homologue of a-DTX, has 
been shown to be selective for Kvl.l K+ channels when expressed in Xenopus oocytes 
(Robertson et al., FEBS Letts 383: 26-30,1996). However, it is known that, in vivo, 
K+ channels do not exist solely as homomeric complexes, but that a and {3 subunits of 
different channels co-express to form heteromeric K+ channels.

The aim of the present study was to reveal a-DTX acceptor subpopulations in the 
rat brain using quantitative autoradiography. This was achieved by conducting 
competition studies with ChTX and Toxin K. The results demonstrate ChTX and 
Toxin K, at concentrations which cause maximal displacement (IpM), cannot 
completely abolish 125I-u-DTX binding. ChTX produced a homogeneous pattern of 
displacement, with most brain areas measured showing approximately 80% 
displacement. Toxin K produced a more heterogeneous pattern of displacement. 
Within the hippocampus, a layer specific pattern of displacement was observed, with 
the pyramidal cell layers and the stratum radiatum exhibiting higher levels of 
displacement (77%) compared to the molecular layer (63 and 61%) and the stratum 
oriens (55% and 48%) of the CA1 and CA2 regions. Differential displacement was 
also observed within the substantia nigra with the pars reticulata showing 73% 
displacement compared to the pars compacta which displayed only 49% 
displacement. This study has demonstrated that different acceptor complexes with 
varying sensitivity towards K+channel blocking toxins exist throughout the rat brain. 
One possible explanation for these findings is that binding of Toxin K may be more 
dependent on the a-sub-unit composition of the acceptor complex than for ChTX.

This work was supported by The Smith’s Trust and SHERT.

476.20
VOLTAGE-DEPENDENT POTASSIUM CHANNEL REDISTRIBUTION, 
CLUSTERING, AND FUNCTION IN REMYELINATING RAT AXONS. 
M. N. Rasband*1. T. L. Schwarz2. J. S. Trimmer3. S. R. r evinson4, and
P. Shrager1. ’Dept. of Biophysics, U. of Rochester, Re Tester NY, Stanford U., 
Stanford CA, 3SUNY, Stony Brook NY, 4U. of Colorado, Denver CO.

The K+ channel subunits Kvl.l and Kvl.2, as 'veil as the peripheral 
cytoplasmic Kv£2 subunit, were detected by immunofluorescence microscopy 
and found colocalized at juxtaparanodes in normal adult rat sciatic nerves. 
Subsequent to demyelination by intraneural injection of lysolecithin, the 
distributions of Kvl. 1, Kvl .2, and Kv(32 were determined. Further, conduction 
studies assessed the functional consequences of these K+ channel distributions. 
At 6 days post injection of lysolecithin (dpi), axons were devoid of myelin, and 
K+ channels, previously sequestered at juxtaparanodes, were either undetectable 
or dispersed over wider zones at low density. By 10 dpi remyelination had 
begun, but Kvl.l immunoreactivity was absent from all putative nodal regions. 
However, by 14 dpi K+ channels were detected and, surprisingly, these channels 
were seen in the nodal gap between apposing Schwann cells. By 18 dpi the 
majority of new nodes had Kvl.l, Kvl.2, and Kv£2 immunoreactivity which 
precisely colocalized. By 24 dpi nodal Kvl.l, Kvl.2, and Kv[32 shifted to 
paranodes, leaving a gap in immunofluorescence which exactly overlapped with 
Na+ channel labeling. By 32 dpi 70% of K+ channel clusters were paranodal. 
Our conduction studies indicate that neither 4-AP nor TEA affect action 
potential properties in the normal nerve. However, upon demyelination and 
during remyelination 4-AP had a significant effect on action potential shape and 
duration. The degree of improvement in conduction appeared to be proportional 
to the percentage of nodes with K+ channels. Supported by NIH and NMSS.
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477.1
N-DECYLNICOTINIUM IODIDE (NDNI) INHIBITS NICOTINE-EVOKED 
86RUBIDIUM+(86RB+) EFFLUX FROM RAT STRIATAL SYNAPTOSOMES.
L. H, Wilkins*, J. R. Pauly, P. A. Crooks and L. P. Dwoskin. College of 
Pharmacy, University of Kentucky, Lexington, KY 40536.

NDNI, a novel nicotine analogue, potently (Ki = 60 nM) and completely 
displaces [’Hjnicotine binding to rat striatal membranes in a competitive 
manner. To assess whether the displacement of [’HJnicotine binding reflects an 
agonist or an antagonist action at the high affinity nicotinic receptor (suggested 
to be the a4P2 nicotinic subtype), NDNI’s ability to evoke S6Rb" efflux or to 
inhibit nicotine-evoked ^Rb4 efflux was determined. Striatal synaptosomes (45 
mg tissue wet weight in 1.5 ml buffer; 200 /xg protein/25 /A) were incubated with 
86Rb+ and subsequently superfused with buffer for 8 min, followed by 
superfusion with buffer for 3 min containing a range of nicotine concentrations 
(1 nM - 1 /xM). An EC50 of 5 nM nicotine and a maximum efflux of 0.48 % 
tissue content were found. NDNI did not evoke 86Rb+ efflux up to a 
concentration of 10 /xM. Moreover, NDNI potently and completely inhibited 
nicotine-evoked “Kb* efflux with an IC50 of ~ 30 pM. An IC50 of 10 nM was 
determined for dihydro-P-erythroidine. Taken together with our observation that 
NDNI does not inhibit nicotine-evoked [3H]dopamine release from rat striatal 
slices, these results suggest that NDNI acts as a potent nicotinic receptor 
antagonist and may be selective for the a4P2 nicotinic receptor subtype. This 
research was supported by grants from the Tobacco and Health Research 
Institute, Lexington, KY and the Multidisciplinary Research Center on Drug and 
Alcohol Abuse, Lexington, KY.

477.2
E’HJMETHYLLYCACONITINE: A NOVEL RADIOLIGAND FOR a7-TYPE 
NICOTINIC ACETYLCHOLINE RECEPTORS. A. R. L. Davies3*, D. J. 
Hardickb, I. S. Blagbrouqhb, B. V. L. Potter13, A. J. Wolstenholme3 and S.
Wonnacotf3. Department of Biology and Biochemistry3 and School of 
Pharmacy and Pharmacology15, University of Bath, Bath, BA2 7 AY, UK.

a7-Type nicotinic acetylcholine receptors (nAChRs) can be identified by 
their a-bungarotoxin (aBgt) sensitivity. However, the proteinaceous nature 
and slow binding kinetics of aBgt are disadvantages for pharmacological 
studies. Methyllycaconitine (MLA), a hexacyclic norditerpenoid isolated from 
Delphinium, is a potent and selective antagonist at a7 nAChRs. The 
reversible nature of MLA binding makes this an attractive alternative to aBgt 
in some a7 receptor studies.

[3H]MI_A was prepared by reduction tritiation of itaconic acid and 
succinimide formation using inuline prepared from isolated, purified MLA. 
Binding of [3H]MLA to rat brain membranes was determined by filtration 
through GF-C filters. Non-specific binding was reduced by ~40% by addition 
of 200 mM Tris to the incubation buffer. Addition of BSA (0.1 mg/ml) 
eliminated displaceable binding to GF-C filters. Nanomolar concentrations 
of [3H]MLA bound to a single, saturable site with an affinity of 3 nM IC50 
values for competition by MLA, the related norditerpenoid nudicauline, aBgt, 
DMAC and acetylcholine were 1.8 nM, 4 nM, 2.3 nM, 1 pM and 2.5 pM 
respectively, indicating that binding is to the a7-type receptor. Kinetic 
binding analysis shows [3H]MLA binds with rapid association (T; = 5.7 min at 
4 °C) and dissociation (Ti = 53 min at 4 °C) rates. Binding of [3H]MLA was 
reproducible over 6 months, showing good stability of the radioligand.

[3H]MLA is a potentially useful alternative to [125l]aBgt for labelling a7 
nAChRs. The small molecular size and rapid binding kinetics of [3H]MLA will 
make this the radiolabelled probe of choice for many applications.
Supported by The Wellcome Trust (Project Grants 036214 and 045023).

477.3
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF SIB-1553A ACTIVITY 
ON RECOMBINANT HUMAN NEURONAL NICOTINIC RECEPTORS 
EXPRESSED IN XENOPUS OOCYTES AND HEK-293 CELLS: M.S. Washburn, 
L.E. Chavez-Noriega, J.H. Crona, J.-M. Vernier and E.C. Johnson*. SIBIA 
Neurosciences, Inc., La Jolla, CA 92037.

The activity of SIB-1553A was tested on human a2P2, a2P4, a3P2, a3P4, a432, 
a4P4, and a7 nAChRs expressed in Xenopus oocytes and on human a2P4, a3P4 
and a4p4 nAChRs stably expressed in HEK-293 cells. In recordings from oocytes 
voltage-clamped at -60 mV, SIB-1553A displayed subtype-selective, dose-dependent 
agonist activity at nAChRs, with the rank order of potency being: a4p4 > a4p2 > 
a2p2 ~ a2p4 ~ a3P4 ~ a3|32 ~ a7. This compound showed the highest efficacy at 
a4P4 receptors, followed by a4P2 and a2p4 nAChRs, and very little efficacy (< 5% 
of a reference agonist) at the remaining subunit combinations. Currents elicited by 
SIB-1553A typically displayed a faster decay rate than currents elicited by other 
reference agonists (NIC, ACh or DMPP) and they often showed a “rebound” inward 
current upon washout of SIB-1553A in both oocytes and HEK-293 cells. Inhibition 
curves indicated that SIB-1553A also possessed subtype-selective antagonist activity 
at recombinant nAChRs, with a4p4 nAChRs being the least sensitive. Three 
observations were consistent with SIB-1553A possessing mainly agonist activity at 
low concentrations and, at higher concentrations, also possessing open channel- 
blocker activity: 1) the shape of the current-voltage relation of SIB-1553A responses, 
2) the higher efficacy of SIB-1553A relative to that of a standard agonist when 
recording at depolarized holding potentials and 3) an increase in relative efficacy of 
SIB-1553A in cells recorded under current- versus voltage-clamp conditions. These 
subtype-selective agonist and antagonist properties of SIB-1553A may contribute to 
its cognition-enhancing properties in models of learning and memory in rodents and 
primates (see Menzaghi et al., this meeting).

477.4
THE NOVEL NICOTINIC AGONIST SIB-1508Y AND ITS RACEMATE DISPLAY 
SUBTYPE-SELECTIVE ACTIVITY ON RECOMBINANT HUMAN NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTORS (hNAChRs) EXPRESSED IN 
XENOPUS OOCYTES. L.E. Chavez-Noriega*, M.S. Washburn, J.H. Crona and E.C. 
Johnson. SIBIA Neurosciences, Inc., La Jolla, CA 92037.

The activity of SIB-15O8Y ((S)-(-)-5-ethynyl-3-(l-methyl-2-pyrrolidinyl) pyridine 
maleate) and its racemate was studied in voltage-clamped oocytes expressing human 
a2(32, a2p4, a3|32, a3p4, a4p2, a4P4 or a7 NAChRs. The racemate, tested at 10 
and 100 pM, displayed substantial agonist activity on most of these hNAChRs, 
except on a3P4 and a7. Responses elicited by the racemate of SIB-15O8Y were 
blocked by coapplication with the nicotinic antagonists dihydro-P-erythroidine 
(DHPE) or d-tubocurarine (10 pM). The racemate did not suppress inward currents 
elicited by other nicotinic agonists on the hNAChRs tested, except a3p2 (38% 
reduction at 100 pM). Full dose-response curves obtained for SIB-1508Y yielded 
the following EC50 values (mean ± SD; in pM): 0.3 ±0.1 (a4p2); 1.2 ± 0.3 (a2p2);
4.4 ± 1.0 (a.3p2); 16.3 ± 2.2 («2p4); 24.8 ± 4.6 (a4p4); 80.5 ± 29.3 (a3p4); 163.1 
±71.3 (a7). The agonist profile of SIB-1508Y differed from that of nicotine (NIC) 
and acetylcholine (ACh) for nearly all subtypes tested: SIB-1508Y and NIC were 
equiefficacious on a4P2 and a2P2 hNAChRs, whereas on al and a3P4, NIC was 
more efficacious. SIB-I5O8Y was 62% as efficacious as ACh on a4[34 hNAChRs; 
in contrast, SIB-15O8Y was only 6% as efficacious as ACh on al hNAChRs.

These results show that SIB-1508Y and its racemate exhibit subtype-selective 
activity at various recombinant human NAChRs. This may underlie the differential 
activity of these compounds to release the neurotransmitters DA, ACh and NE, as 
shown in in vitro and in vivo assays (Cosford et al., J. Med. Chem., 1996, 39:3235; 
Sacaan et al., JPET, 1997, 280:373; Menzaghi et al., JPET, 1997, 280:393). SIB- 
1508Y is presently under development as a novel therapy for Parkinson’s disease.

477.5
SYNTHESIS AND EVALUATION OF ISOXAZOLE AND FUROPYRIDINE 
ANALOGS OF EPIBATIDINE AS ANALGESIC AGENTS ACTING THROUGH 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS: BIOISOSTERIC 
REPLACEMENTS OF THE CHLOROPYRIDINE SUBSTITUENT OF 
EPIBATIDINE. M, J. Dart. E, L. Lee. J. P. Sullivan.* I. X, Jacobs. D. J, 
Anderson. J, E. Campbell, T, A. Kuntzweiler. D, L, Donnelly-Roberts, M, J,
Buckley. D, J, B. Kim. A. W, Bannon. M, W. Decker, S, P, Arnerie, M, W.
Holladay. Neurological and Urological Diseases Research, D-47W, Abbott 
Laboratories, Abbott Park, IL 60064.

Epibatidine is the most potent naturally occurring neuronal nicotinic 
acetylcholine receptor (nAChR) ligand reported to date and continues to attract 
considerable interest due to its non-opioid analgesic activity. Based on the precedent 
of ABT-418 as a bioisostere for (S)-nicotine, substituted isoxazoles have been 
utilized as bioisosteric replacements for the pyridyl ring of racemic epibatidine. In 
addition, the furopyridine moiety has been incorporated onto the azabicyclic 
skeleton of epibatidine as an isosteric surrogate for the chloropyridyl substituent. 
All of these racemic analogs of epibatidine exhibit potent binding affinity for 
central a4p2 nAChRs. Several of the isoxazole derivatives display antinociceptive 
activity in the mouse hot plate assay and comparable efficacy to epibatidine at 
activating ganglionic-like nAChRs expressed in IMR-32 cells. [Support provided 
by Abbott Laboratories]

epibatidine (±) R = Me, Et, n-Pr, Bn (±) R = H, Cl

477.6
IDENTIFICATION, INITIAL PHARMACOLOGICAL EVALUATION, AND 
STRUCTURE-ACTIVITY RELATIONSHIPS OF ABT-594 AS A POTENT. 
ORALLY ACTIVE ANALGESIC AGENT ACTING VIA NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTORS. M. W. Holladay,* J, T. Wasicak.
N.-H. Lin, Y. He. K. B. Rvther, A. W. Bannon, M. J. Buckley, D. J. B. Kim, M.
W. Decker, D, J. Anderson, J. E. Campbell, D. L. Donnelly-Roberts, C. A. Briggs,
D. G. McKenna, W. E. Niforatos, M. Piattoni-Kaplan, M. Williams. S. P. Arnerie.
Neurological and Urological Diseases Research D-47W, Abbott Laboratories, Abbott 
Park, IL 60064.

The discovery of epibatidine as a potent antinociceptive substance acting through 
neuronal nicotinic acetylcholine receptors (nAChRs) has stimulated interest in the 
discovery of novel nAChR modulators that exhibit analgesic properties with 
improved safety profiles. New compounds, including ABT-594, are reported which 
possess potent activity following either i.p. or oral administration in the mouse hot 
plate assay, a model of nociceptive pain, as well as activity in the mouse abdominal 
constriction (writhing) assay, a model of persistent pain. Activity in the hot plate is 
blocked by the non-competitive nAChR antagonist mecamylamine. Compared to 
(±)-epibatidine, ABT-594 shows substantially diminished activity in in vitro models 
of peripheral side effects. Structure-activity studies suggest that specific structural 
motifs are important contributors to potent analgesic activity in this series. The 
activity of ABT-594 and its enantiomer in assays representing several nAChR 
subtypes will be presented. [Supported by Abbott Laboratories]
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477.7
IN VITRO PHARMACOLOGY OF ABT-594: A NOVEL, NON-
OPIOID ANALGESIC, NEURONAL NICOTINIC ACETYL-
CHOLINE RECEPTOR (nAChR) LIGAND. S.P, Americ*. D. J, 
Andean, jtE,_Campbgii, T,..K.untzwa.HarxI,W8§icak, M,w, Matey, J, Pauly,
M.Williams. and D. Donnelly-Roberts, Neurological and Urological Diseases 
Research (D47W) Abbott Laboratories, Abbott Park, IL, 60064-3500

Discovery of the nAChR ligand epibatidine (EPI) with antinocieptive properties 
200-fold more potent than morphine has brought new focus to the role of nAChRs 
in pain processing. However, (±)-EPI has severe liabilities associated with activity 
of nAChRs mediating responses in the ganglion and neuromuscular junction. The 
present study characterizes the in vitro pharmacological properties of ABT-594, a 
novel cholinergic channel modulator (Poster by Holladay et al.) with a broad 
spectrum of antinociceptive properties (Posters by Decker et al. and Bannon et al.). 
In radioligand binding studies, ABT-594 displays >300,000 fold selectivity towards 
neuronal nAChRs versus the neuromuscular subtype [Ki = 55 nM for the high 
affinity (-)- cytisine binding site present on the human a4p2 nAChR subtype 
(K177 cells) relative to the [125I] a-BgT binding site on alfUSy, Kj> 10,000 nM 
(torpedo) ]. ABT-594 was also shown to have low affinity (Ki > 1000 nM) for >70 
other receptor systems. In cation flux among cell lines expressing different 
nAChR subtypes, ABT-594 exhibits potent and full agonist activity. At the 
ganglionic subtype expressed in IMR-32 cells, ABT-594 has reduced potency and 
efficacy relative to (±)-EPI with an EC50 of 0.46 pM and 124% efficacy versus
0.017 pM and 156% efficacy, which is consistent with the diminished pressor 
liabilities seen with ABT-594. Autoradiographic analysis indicates that ABT-594 
potently interacts at the level of the dorsal horn of the spinal cord, where at the 
behaviorally effective plasma concentrations of 1 ng/ml, it completely displaces 
[3H]-EPI binding. Understanding the actions of ABT-594, together with mapping 
the nAChR subtypes involved in the pain pathways may reveal novel potential 
therapies for pain management [Supported by Abbott Laboratories]

477.8
ANTINOCICEPTIVE EFFECTS OF THE NOVEL CHOLINERGIC 
CHANNEL MODULATOR, ABT-594, IN MICE. M.W. Decker*. A.W, 
Bannon. MJ, Bucklev. D.J.B. Kim. M.W, Holladay, K.B, Rvther. N.-H, Lin, J.T. 
Wasicak. M. Williams, and S.P, Americ, Neurological & Urological Disease Res., 
D-47W, AP-9A, Pharmaceut. Products Div., Abbott Labs, Abbott Park, IL 60064

Current analgesics are largely from two mechanistic classes-nonsteroidal 
antiinflammatory drugs (NSAIDs) and opioids. Opioids are fully efficacious, but 
their use is limited by side effects and abuse/dependence issues. NSAIDs have 
limited efficacy and gastrointestinal liabilities. A class of compounds with broad 
spectrum activity and reduced side effects relative to opioids would represent a 
major advance in pain management. (±)-Epibatidine, a neuronal nicotinic 
acetylcholine receptor (nAChR) ligand, is antinociceptive in rodents, but is also 
toxic. ABT-594 is a potent neuronal nAChR ligand (Americ et al., Holladay et al., 
this meeting) that is antinociceptive in mice and less toxic than (±)-epibatidine.

At 0.62 pmol/kg, i.p., ABT-594 significantly increased jump latencies in the 
hot-plate test (HPT; 60-90% of max. possible effect); and at 0.19 pmol/kg, i.p., it 
reduced the number of mice displaying nociceptive responses to an i.p. injection of 
the irritant phenyl-p-quinone. Comparable efficacy and potency were observed with 
the enantiomer of ABT-594. In the HPT, peak effects were noted at 30 min. with 
significant antinociception observed out to 1 h after injection. The effects in the 
HPT were prevented by pretreatment with the nAChR antagonist, mecamylamine. 
but not by the peripherally acting nAChR antagonist, hexamethonium, or the 
opioid antagonist, naltrexone. When co-administered, ABT-594 and the opioid, 
morphine, produced additive effects on the hot plate, but ABT-594 did not affect the 
respiratory depression seen with morphine. Decreased spontaneous exploratory 
activity was noted at antinociceptive doses of ABT-594, but motor coordination 
was not reliably affected in a rotarod test. The lethal dose for ABT-594 was 100 
times the lowest antinociceptive dose (an 8-fold higher safety index than (±)- 
epibatidine). These findings suggest that compounds acting at neruonal nAChRs 
may represent a new class of analgesic agents. [Supported by Abbott Laboratories]

477.9
CHARACTERIZATION OF ABT-594 IN RATS: A NOVEL, 
ORALLY EFFECTIVE ANTINOCICEPTIVE AGENT ACTING 
VIA NICOTINIC ACETYLCHOLINE RECEPTORS. A.W. Bannon*.
M.W. Decker, P, Curcoa. M.J. Buckley. DJ.S, Kim. J.K. Lynch, J.T. Wasicak,
W. H. Arnold. M.W. Holladay. S.P. Arneric. NUDR, D-47W, AP-9A, 
Pharmaceutical Products Div., Abbott Labs, Abbott Park, IL 60064-3500

ABT-594 is a nicotinic acetylcholine receptor (nAChR) ligand with potent 
antinociceptive activity (Decker et al. this meeting). In the rat hot-box ABT-594 
produced dose-dependent antinociceptive effects following either p.o. (0.3 
pmol/kg) or i.p. (0.03 - 0.3 pmol/kg) administration with a duration of 2 hr 
observed following p.o. treatment The antinociceptive effect of ABT-594 was not 
attenuated by pretreatment with naltrexone, but was prevented by pretreatment 
with mecamylamine (i.p.) or chlorisondamine (i.c.v.) indicating an involvement of 
central nAChRs in the antinociceptive effects of ABT-594.

In the formalin test, ABT-594 (0.1 and 0.3 pmol/kg; i.p.) significantly 
attenuated phase 1 and phase 2. Administration of ABT-594 (0.3 pmol/kg; i.p.) 
after the formalin injection was also effective in phase 2. The antinociceptive 
effect of ABT-594 in phase 2 was not attenuated by pretreatment with naltrexone 
or hexamethonium, but was prevented by pretreatment with mecamylamine (i.p.) 
and in rats treated with chlorisondamine (i.c.v.).

The effects of a challenge dose of ABT-594 were examined in the hot-box, on 
motor coordination and temperature in rats treated b.i.d. for 5 days with ABT-594. 
In the rat hot-box, ABT-594, unlike morphine, maintained efficacy following 
repeated dosing. In contrast, effects of ABT-594 tm motor coordination and body 
temperature observed following acute treatment, were not observed in animals 
treated repeatedly with ABT-594.

These data demonstrate that ABT-594 is an orally effective compound with 
potent, broad-spectrum antinociceptive properties, [supported by Abbott Labs]

477.10
EFFICACY OF ABT-594, A NOVEL ANTI NOCICEPTIVE 
AGENT ACTING VIA NICOTINIC ACETYLCHOLINE 
RECEPTORS, IN A MODEL OF NEUROPATHIC PAIN. D.J.B, 
Kim*. A.W. Bannon. J.E, Campbell. J.K, Lynch, H, Bai, M.W, Holladay.
S.P, Arneric and M.W. Decker, NUDR, D-47W, AP-9A, Pharmaceutical 
Products Div., Abbott Labs, Abbott Park, IL 60064-3500

ABT-594 has been shown to be an effective antinociceptive agent in 
models of acute and persistent pain (Bannon et al., this meeting). In the 
current experiments, the effects of ABT-594 on tactile allodynia were 
examined in the Chung model (i.e., nerve ligation) of neuropathic pain. 
Tactile allodynia was assessed using calibrated von Frey filaments and 
determining the 50% response threshold.

In the Chung model, ABT-594 (0.1 and 0.3 pmol/kg; i.p.) 
produced a significant anti-allodynic effect. The anti-allodynic effect 
of ABT-594 was attenuated by pretreatment with the nicotinic 
acetylcholine antagonist mecamylamine. With morphine (10.5 and 21 
pmol/kg; i.p.) treatment, significant anti-allodynic effects were also 
observed. The effects of ABT-594 and morphine in the Chung model 
were also examined following a repeated dosing paradigm (b.i.d.; 5 
days). In animals that received repeated treatment with morphine (21 
pmol/kg; i.p.), a diminished anti-allodynic effect was observed on day 5 
following a challenge dose of morphine. In animals that were treated 
repeatedly with ABT-594, no loss in efficacy was observed following a 
challenge dose of ABT-594.

Together, these data support ABT-594 as a novel potential 
therapeutic agent for the treatment of neuropathic pain, [supported by 
Abbott Labs]

477.11
ABT-594 AND (±)-EPIBATIDINE INHIBIT CAPSAICIN- 
EVOKED SUBSTANCE P (SP) AND CALCITONIN GENE 
RELATED PEPTIDE (CGRP) RELEASE FROM RAT SPINAL 
CORD SLICES VIA NEURONAL NICOTINIC ACETYL-
CHOLINE RECEPTORS (nAChRs) P.S. Puttfarcken*. A.M. Manelli, 
D. Donnelly-Roberts, and S.P. Arneric. Neurological and Urological Diseases 
Research, D-47W, Abbott Laboratories, Abbott Park, IL 60064-3500.

(±)-Epibatidine and ABT-594 are potent nAChR agonists (see Roberts et al.), 
with analgesic properties 30- to 100-fold more potent than morphine (see Decker 
et al., Bannon et al.). Electrophysiological findings suggest that nAChR 
agonists and capsaicin activate a subset of sensory afferents (Liu and Simon, 
Am. J. Physiol. 270: C1807-C1814, 1996). This study investigated the ability 
of (±)-epibatidine and ABT-594 to affect capsaicin-evoked release of SP and 
CGRP from slices of the dorsal half of the lumbar enlargement of the rat spinal 
cord. Pretreatment of spinal cord slices with ABT-594 or (±)-epibatidine resulted 
in a significant inhibition of peptide release evoked by 1 pM capsaicin, with 30 
pM ABT-594 inhibiting SP and CGRP by approximately 70% and 50%, 
respectively. Similarly, pretreatment with 1 pM (±)-epibatidine resulted in a 
significant reduction in SP and CGRP release. Inhibition depended upon the 
concentration of each nAChR agonist and was blocked following treatment with 
the non-competitive nAChR antagonist, mecamylamine. Recent experiments 
have characterized mRNA expression of nAChR subunits in the dorsal half of 
the lumbar region of the spinal cord. The presence of all known nAChR subunit 
mRNAs, with the exception of ag, may be involved in modulating the release 
of nociceptive neurotransmitters from the dorsal horn. [Supported by Abbott 
Laboratories]

477.12
ABT-594: NEUROPROTECTIVE EFFECTS IN SPINAL CORD 
(SC) CULTURES BY A BROAD SPECTRUM ANALGESIC 
ACTING VIA NICOTINIC ACETYLCHOLINE RECEPTORS 
(nAChRs) D. Donnelly-Roberts*. P. Puttfarcken. I.X. Jacobs. T, 
Kuntzweiller and S. P. Americ Neurological and Urological Diseases Research, 
D-47W, Abbott Laboratories, Abbott Park, IL 60064-3500

ABT-594 is a novel cholinergic channel modulator (ChCM) that selectively 
interacts with neuronal nAChRs subtypes and exhibits analgesic activities across 
a variety of pain models (see accompanying posters). The present study sought 
to determine whether ABT-594 can protect SC cultures against either substance 
P (SP) or glutamate (GLU)-induced toxicides. Using SC cultures which contain 
>90% neuronal population of large and small diameter motoneurons, SP- and 
GLU-elicited neurotoxicity as assessed by increases in lactate dehydrogenase 
(LDH) release. A 15 min exposure to either 30 pM SP or 300 pM GLU 
resulted in a 2-3 fold increase in LDH release over basal levels. These toxic 
effects are receptor-mediated, since the effect of SP is blocked by the SP receptor 
antagonist, spantide II (100 pM), and the GLU-induced toxicity is blocked by the 
NMDA receptor antagonist, MK-801 (1 pM). However, these toxic effects are 
distinct since MK-801 cannot prevent the SP-induced toxicity. In contrast, 
ABT-594 prevented both SP- and GLU-induced LDH release in a concentration- 
dependent manner (EC50 values of ~ 10 pM). The protective effects of this 
compound are mediated via an interaction with the nAChRs, since 
mecamylamine, a-bungaratoxin and methyllycaconitine (a selective a 7 
antagonist) prevented these effects. In addition, the protective effect of ABT-594 
is linked to a 3-fold increase in expression of Bc 1-xl > a protein known to prevent 
apoptosis. Further experiments will determine whether Ca2+ modulation plays a 
role in the cascade of intracellular events resulting in neuroprotection, as it did 
in previous studies with ABT-418 (Donnelly-Roberts et al Brain Res. 
1996,719:36). [Supported by Abbott Laboratories.]
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477.13
CENTRAL MECHANISM INVOLVED IN ABT-594 
ANTINOCICEPTION. P. Curzon*. R.S. Bitner. A.L. Nikkei. A.W. Bannon. 
S.P, Americ. & M.W. Decker, Neurological and Urological Diseases Res., D- 
47W, AP-9A, Pharmaceutical Products Div., Abbott Labs, Abbott Park, IL 60064

Systemically administered ABT-594 is antinociceptive in rodent models of 
acute and persistent pain (Decker et al., Bannon et al., this meeting), an effect that 
is mediated nicotinic acetylcholine receptors (nAChRs). The nucleus raphe magnus 
(NRM) is a brain region important in antinociception, and microinjections of 
GABA, opioid and cholinergic agents into the NRM are antinociceptive (Brodie & 
Proudfit, Brain Res. 371:70:1986: Iwamoto, JPET 257:120; 1990). To investigate 
whether ABT-594 is antinociceptive following central administration, rats were 
implanted with guide cannulas for injections into the NRM (AP -2.5 from IA line, 
lat. 0.0 and HV -0.5). The rats were tested in the hot box where the latency to lift 
the hind paw heated with a focused heat source is measured. ABT-594 (0.013, 
0.04 and 0.13 nmol) into the NRM produced a 50% increase (p<.05) over control 
(PBS) latencies at 5-30 min. This effect was blocked by mecamylamine (MEC) 
administered ip (5.0 pmol/kg) or into the NRM (0.8 nmol). The effect of ABT- 
594 (0.1 pmol/kg) ip was not affected by MEC 0.8 nmol into the NRM. To 
investigate the involvement of the NRM serotonergic system, rats were prepared 
with 5,7-dihydroxtryptamine (5,7-DHT) lesions of the NRM. This lesion 
attenuated the antinociceptive effect of systemic ABT-594 such that the lesioned 
group was different from both the non-lesioned controls (pc.Ol) and the non- 
lesioned ABT-594 treated rats (pc.Ol). Blocking neural activity in the NRM with 
microinjection of lidocaine (20 gg) had no effect on systemically-injected ABT- 
594 (0.1 pmol/kg i.p.) antinociception but reduced by 50% the antinociceptive 
effect of (-)-nicotine (1.9 pmol/kg i.p.).

In summary, ABT-594 has antinociceptive effects when administered into the 
NRM, which are nAChR mediated. But unlike nicotine, systemically- 
administered ABT-594 does not appear to require activation of this region to 
produce its antinociceptive actions. [Supported by Abbott Laboratories]

477.14
SUPRASPINAL C-FOS INDUCTION PRODUCED BY A NOVEL 
CHOLINERGIC CHANNEL MODULATOR ANALGESIC, 
ABT-594. R.S. Bitner*, A. L. Nikkei , A. W, Bannon, S. P. Arneric and 
M. W. Decker Neurological and Urological Disease Research, D-47W, 
AP9A, Pharmaceutical Products Div., Abbott Labs, 100 Abbott Park Rd., 
Abbott Park, IL 60064-3500

Analgesic drugs can act at the level of the spinal cord, as well as 
at supraspinal sites. It has been suggested that morphine acts on 
presynaptic opioid receptors of primary afferent neurons in the dorsal 
spinal cord to inhibit nociceptive transmitter release, but in addition may 
have a supraspinal site of action by activating descending antinociceptive 
neurons in the brain stem. Recently, a novel cholinergic channel 
modulator, ABT-594, was shown to produce analgesia in a variety of 
rodent pain models when administered either systemically (Bannon et al., 
this meeting) or centrally (Curzon et al., this meeting). The purpose of 
the present study was to investigate the possible supraspinal contribution 
of ABT-594 by assessing its ability to induce expression of the 
immediate early gene c-fos in brain stem nuclei known to be involved in 
descending antinociceptive pathways. Neurons in the raphe magnus and 
the locus coeruleus were identified immunohistochemically in rats using 
antibodies against serotonin and tyrosine hydroxylase, respectively. 
Increased Fos protein expression, a biochemical marker of neuronal 
activation, was seen in both of these antinociceptive brainstem regions 
two hours following an analgesic dose of ABT-594 (0.3 pmol/kg i.p.). 
Fos-like immunoreactivity produced by ABT-594 in the raphe magnus 
and the locus coeruleus was 284% and 632% of saline-treated controls, 
respectively. These results suggest that the analgesic mechanism of ABT- 
594 may in part involve the activation of supraspinal antinociceptive 
pathways. [Supported by Abbott Labs]

477.15
SIB-1553A, A NOVEL NAChR AGONIST WITH COGNITIVE ENHANCING 
PROPERTIES IN AGED RODENTS AND NON-HUMAN PRIMATES: EFFECTS 
ON VARIOUS MEMORY FORMS. B, Bontempi*, K.T. Whelan, V.B. Risbrough, 
M.A. Joppa, N. Killed J.J. Buccafusco#, F. Menzaghi and G.K. Lloyd. SIBIA
Neurosciences, Inc., La Jolla, CA 92037; *Medical College of Georgia, Augusta, 
GA 30912.

SIB-1553A, a novel nicotinic acetylcholine receptor (NAChR) agonist, induces 
the release of ACh as measured by in vivo microdialysis in rodents (Reid et al., this 
meeting) and improves cognitive performance of rats with cholinergic dysfunction 
(Menzaghi et al., this meeting). The purpose of the present study was to extend the 
characterization of SIB-1553A to cognitive deficits associated with aging in which 
cholinergic dysfunction has been implicated. The effect of SIB-1553A was 
investigated in different behavioral paradigms (exploratory, escape or reinforced 
behavior) tailored to target specific memory forms (spatial/non-spatial, 
working/reference memory) in aged rodent and non-human primate models. Acute 
s.c. administration of SIB-1553A improved spontaneous alternation and delayed 
non-matching-to-position performances in aged mice as evaluated in a T-maze and 
a radial maze, respectively. In aged Rhesus monkeys, acute i.m. administration of 
SIB-1553 A improved performance in a delayed matching-to-sample task in a dose 
dependent manner. The effect was observed 10 min after administration and lasted 
for at least 24 h. SIB-1553A appeared to be equally effective when administered 
orally. SIB-1553A selectively improved spatial and non-spatial working memory, 
as it appeared to be less effective in attenuating reference memory deficits 
associated with age as evaluated in a T-maze, radial maze and water maze. This 
selective effect on working memory suggests a preferential action on attentional 
function and temporary storage of information. These data suggest that NAChR 
agonists such as SIB-1553 A may be useful in the treatment of cognitive disorders 
(e.g. Alzheimer’s disease) in which cholinergic dysfunction has been hypothesized.

477.16
MEMORY DEFICITS ASSOCIATED WITH CHOLINERGIC DYSFUNCTIONS: 
REVERSAL BY SIB-1553A, A NOVEL NAChR AGONIST F, Menzaghi*, M.A. 
Joppa, R.T. Reid, A.I. Sacaan, B. Bontempi, K.T. Whelan, E.M. Santori, V.B,
Risbrough and G.K. Lloyd. SIBIA Neurosciences, Inc., La Jolla, CA 92037.

Cognitive functions seem to be mediated, at least in part, by the activity of
cholinergic pathways of the basal forebrain. SIB-1553A, a novel nicotinic 
acetylcholine receptor (NAChR) agonist, releases ACh as measured by in vivo 
microdialysis in young adult rats (Reid et al., this meeting). The present study was 
conducted to determine whether SIB-1553A improves memory performance in 
rodents with cholinergic deficits. SIB-1553A was evaluated in pharmacological and 
lesion models of cholinergic impairment using spatial working and reference 
memory tests. Acute i.p. administration of SIB-1553A at a dose of 20 mg/kg 
reversed scopolamine-induced spontaneous alternation deficits in young adult mice 
as evaluated in a T-maze. Repeated daily administration of SIB-1553A at doses of 2 
mg/kg s.c. reversed deficits in spatial reference and working memory in rats 
lesioned by the i.e.v, administration of the cholinergic immunotoxin 192 
IgG/saporin (4.67 pg/rat) as assessed in a Morris water maze and a Y-maze. In 
these rats, ChAT activity was depleted by = 84 % and = 70 % in the hippocampus 
and frontal cortex, respectively, without altering this parameter in the striatum. In 
immunolesioned rats, SIB-1553A (2 mg/kg, s.c.) also induced a 2-fold increase in 
ACh release in the hippoccampus as measured by microdialysis, suggesting that the 
behavioral effects of SIB-1553A could be attributed at least in part to activation of 
cholinergic pathways. Recent reports demonstrate that the neurobiological 
alterations induced by 192 IgG/saporin involve both cholinergic and non- 
cholinergic systems; the present data support the hypothesis that central cholinergic 
systems play an important role in cognitive processes involved in memory and 
indicate the potential usefulness of NAChR agonists for the treatment of cognitive 
disorders, even in the presence of a severe loss of cholinergic neurons.

477.17
PHARMACOLOGICAL CHARACTERIZATION OF SIB-1553A, A NOVEL, 
SUBTYPE-SELECTIVE NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTOR (NAChR) AGONIST. R.T, Reid*, A.I, Saccan, P.B. Adams, L.P. 
Correa, E.M, Santori, I.A. McDonald, G.K, Lloyd and T.S. Rao SIBIA 
Neurosciences, Inc., La Jolla, CA 92037.

The lack of subtype-selective ligands for NAChRs has hampered the 
understanding of the physiological roles of these receptors. SIB-1553A increased 
intracellular [Ca+2 ] in cell lines stably expressing human P4 containing subtypes 
with little or no agonist activity on human p2 containing subtypes. SIB-1553A 
displaced bound [’H]-nicotine with an IC50 value of 0.11 pM and had varying 
affinities for sigma sites, muscarinic, adrenergic (a2), serotoninergic (5-HT1/5- 
HT2) and histaminergic (H3) receptors. In vitro, SIB-1553A released [3H]- 
dopamine (DA) from rat striatal minces and [3H]-norepinephrine (NE) from 
prefrontal cortex (PFC) and hippocampal (HC) minces. In vivo, SIB-1553A, 
increased striatal DA, HC and PFC ACh release. SIB-1553A increased ACh 
release in vivo in a dose-dependent manner, and most strikingly, at the highest 
dose of 40 mg/kg (sc), the increases in HC and PFC dialysates were 2000% and. 
1000% of baseline, respectively. Increases in ACh levels in HC even at the lowest 
dose of 4 mg/kg (sc) were considerably greater than those seen with a maximally 
efficacious dose of nicotine (0.4 mg/kg, sc). SIB-1553A-induced ACh release in 
HC was sensitive to mecamylamine and dihydro-p-erythrodine, and also to the DA 
(DI) receptor antagonist, SCH-23390, suggesting the ACh release to be indirect, 
mediated via the SIB-1553A-induced DA release and activation of DA (DI) 
receptors. The unique profile of SIB-1553A translated into improved cogntive 
performance in rodent and primate models (see accompanying posters). Due to the 
putative role of ACh in cognition, SIB-1553A may have potential in the 
management of cognitive deficits seen in Alzheimer’s disease and other disorders.

477.18
DOPAMINE (DA) AND NOREPINEPHRINE (NE) RELEASE IN THE 
PREFRONTAL CORTEX (PFC) ARE REGULATED BY DIFFERENT NACHR 
SUBTYPES. A.I. Sacaan*, E.M. Santori, M. Keegan, G.K, Lloyd and T.S. Rao. 
SIBIA Neurosciences, Inc., La Jolla, CA 92037.

The prefrontal cortex (PFC) receives noradrenergic innervation from the locus 
ceruleus and dopaminergic innervation from the ventral tegmental area via the 
mesocortical pathway. The release of these two neurotransmitters in the PFC is 
regulated by different receptors including the nicotinic acetylcholine receptors 
(NAChRs). We have previously demonstrated that different NAChR subtypes 
regulate the release of NE in the hippocampus and DA in the striatum (JPET 
274:224-230,1995). In this study, we characterized the NAChR modulation of NE 
and DA release in the PFC. PFC minces were loaded with either 50 nM [3H]-NE or 
60 nM [3H]-DA in the presence of 1 pM desipramine. The pretreatment with 
desipramine ensured that [3H]-DA was only taken up by DA-ergic terminals. This 
was also verified using HPLC-EC quantitation. NAChR agonists stimulated the 
release of [3H]-NE with a rank order of potency of epibatidine » cytisine = DMPP 
> nicotine. The maximal effect of cytisine was significantly lower than that 
obtained by the other agonists suggesting that cytisine may act as a partial agonist. 
This was verified by demonstrating that cytisine significantly reduced the effect of 
nicotine upon coapplication. Nicotine-induced [3H]-NE release was inhibited by the 
NAChR antagonists mecamylamine (mec) and dihydro B-erythroidine (DHBE) but 
not d-tubocurarine (d-TC). In contrast, the rank order of potency for NAChR 
agonist-induced [3H]-DA release was epibatidine » DMPP = nicotine > cytisine 
and all were full agonists and were equiefficacious. Moreover, nicotine-induced 
[3H]-DA release was significantly reduced by mec and DHBE but not d-TC. Taken 
together, these results suggest that different NAChR subtypes may be involved in 
the regulation of DA and NE release in the PFC.
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478.1
THE SELECTIVE MGLUR2/3 AGONIST, LY354740, ATTENUATES MORPHINE- 
WITHDRAWAL-INDUCED ACTIVATION OF LOCUS COERULEUS NEURONS 
AND BEHAVIORAL SIGNS OF MORPHINE WITHDRAWAL. J.L. Vandergrift* and 
K. Rasmussen. Neuroscience Research, Lilly Research Laboratories, Eli Lilly and 
Co., Indianapolis, IN 46285.

Naltrexone-precipitated morphine withdrawal induces hyperactivity of locus 
coeruleus (LC) neurons, as well as a plethora of behavioral withdrawal signs. 
Previous research has demonstrated that an increased release of glutamate and 
activation of AMPA receptors play an important role in the opiate withdrawal. For 
example, experimental manipulations that decrease glutamatergic input to the LC 
(i.e., lesions of the nucleus paragigantocellularis and glutamate antagonists) 
attenuate opiate-withdrawal induced activation of the LC and behavioral withdrawal 
signs. LY354740 is a novel group II metabotropic glutamate receptor (mGluR2/3) 
agonist that decreases the release of glutamate. Therefore, we investigated the 
effect of LY354740 on naltrexone-precipitated morphine-withdrawal-induced 
activation of LC neurons and behavioral signs of morphine withdrawal. In in vivo 
recordings from choral hydrate anesthetized rats, pretreatment with LY354740 (3-30 
mg/kg, s.c.) dose-dependently inhibited the morphine-withdrawal-induced activation 
of LC neurons. In unanesthetized, morphine-dependent animals, pretreatment of 
LY354740 (3-30 mg/kg, s.c.) dose-dependently suppressed the severity and 
occurrence of many naltrexone-precipitated morphine-withdrawal signs. These 
results indicate: 1) mGiur2/3 agonists can attenuate the morphine-withdrawal- 
induced activation of LC neurons and many signs of morphine withdrawal in awake 
animals; and, 2) mGlur2/3 agonists may have therapeutic effects in man for the 
treatment of opiate withdrawal.

478.2
THE SELECTIVE AMPA ANTAGONIST, LY300168, SUPPRESSES MORPHINE- 
WITHDRAWAL-INDUCED ACTIVATION OF LOCUS COERULEUS NEURONS 
AND BEHAVIORAL SIGNS OF MORPHINE WITHDRAWAL. K. Rasmussen* and 
J.L. Vandergrift. Neuroscience Research, Lilly Research Laboratories, Eli Lilly and 
Co., Indianapolis, IN 46285.

The glutamate system is critically involved in naltrexone-precipitated morphine 
withdrawal. The AMPA antagonist LY293558 has recently been demonstrated to 
suppress the morphine withdrawal-induced activation of locus coeruleus (LC) 
neurons and many behavioral signs of withdrawal. However, LY293558 also has 
affinity for one kainate receptor subtype (GluR 5) in addition to affinity for AMPA 
receptors (GluR1-4). The 2,3 benzodiazapine LY300168 is non-competitive 
antagonist selective for AMPA receptors (GluR1 -4). Therefore, in an effort to more 
fully evaluate the role of AMPA receptors in opiate withdrawal, we examined the 
effects of LY300168 on the morphine-withdrawal-induced activation of LC neurons 
and the behavioral signs of withdrawal. In in vivo recordings from chloral hydrate 
anesthetized rats, pretreatment with LY300168 (0.3-3.0 mg/kg, s.c.) dose- 
dependently suppressed the morphine-withdrawal-induced activation of LC neurons. 
In unanesthetized, morphine-dependent animals, pretreatment with LY300168 (0.3- 
3.0 mg/kg, s.c.) dose-dependently suppressed naltrexone-precipitated morphine- 
withdrawal signs. These results indicate: 1) antagonist activity at GluR5 is unlikely to 
play a role in the suppression of morphine withdrawal signs by LY293558; 2) AMPA 
antagonists can attenuate the morphine-withdrawal-induced activation of LC neurons 
and many signs of morphine withdrawal in awake animals; and, 3) AMPA antagonists 
may have therapeutic effects in man for the treatment of opiate withdrawal.

478.3
EFFECTS OF AMPA RECEPTOR ANTAGONISTS ON DOPAMINE- 
MEDIATED BEHAVIORS. K. E. Vanover*. Dept. of Pharmacology', CoCensys. 
Irvine, CA 92618.

Current data indicate that dopaminergic and glutamatergic neurotransmitter 
systems interact. The role of the a-amino-3-hydroxy-5-methylisoxazole-4-propionic 
acid (AMPA) subtype of glutamate receptor in modulating dopamine 
neurotransmission, however, remains unclear. The noncompetitive AMPA 
antagonists, GYKI 52466 (5 - 40 mg/kg) and LY300164 (1 - 6 mg/kg), and the 
competitive AMPA antagonist, LY326325 (5 - 80 mg/kg), were compared to the 
dopamine antagonist, haloperidol (0.03 - 1.0 mg/kg), for their ability to inhibit 
dopamine-mediated behaviors in mice. The behavioral paradigms included 
amphetamine- or dizocilpine-induced hyperactivity, amphetamine-induced 
stereotyped sniffing, and apomorphine-induced climbing and stereotyped sniffing. 
All three AMPA antagonists and haloperidol attenuated amphetamine- and 
dizocilpine-induced hyperactivity and decreased spontaneous locomotion. 
Haloperidol, GYKI 52466, and LY300164 were more potent against amphetamine 
than against dizocilpine. In contrast, LY326325 was more potent against dizocilpine 
than against amphetamine. All three AMPA antagonists and haloperidol also 
attenuated amphetamine-induced stereotypy. However, haloperidol and LY326325, 
but not the non-competitive AMPA antagonists, attenuated apomorphine-induced 
behaviors. These results indicate that AMPA receptor antagonists attenuate some of 
the behavioral effects of drugs, such as amphetamine and dizocilpine, that increase 
dopamine synaptic concentration. Unlike haloperidol, however, non-competitive 
AMPA antagonists cannot attenuate the behavioral effects of the direct dopamine 
agonist apomorphine. These results suggest that the non-competitive AMPA 
antagonists do not block dopamine receptors directly , but rather act to decrease 
dopamine neurotransmission presynaptically . In contrast, the competitive AMPA 
antagonist LY326325 attenuates dopamine-mediated behavior with a profile distinct 
from both those of haloperidol and non-competitive AMPA antagonists.

478.4
PHARMACOLOGICAL CHARACTERIZATION OF NATIVE AND CLONED 
AMPA RECEPTORS: DIFFERENTIAL SENSITIVITY OF SUBUNIT 
COMPLEXES TO ANTAGONISTS AND POTENTIATORS. C. S. Konkov*,
E. R. Whittemore, J. A. Drewe and R. M. Woodward. CoCensys, Inc., 213 
Technology Dr., Irvine, CA 92618.

AMPA receptors mediate fast, excitatory synaptic transmission in 
mammalian brain and may play a role in neuropathologic processes 
including schizophrenia, epilepsy and neurodegenerative disorders. Native 
AMPA receptors are thought to consist of combinations of four subunits 
(GluR A-D), each with two splice variants [flip(i) or flop(o)]. To examine 
possible pharmacological differences between cloned AMPA receptor 
subunits we studied the effects of prototypical AMPA antagonists and 
potentiators on glutamate- or AMPA-evoked currents elicited from homo- or 
heterooligomeric AMPA receptor subunit combinations (GluR-Ai, Ao, Ci, Di, 
Ai/Bi, Ao/Bo, Ci/Bi and Di/Bi), or from rat cortical poly(A)+ RNA expressed in 
Xenopus oocytes. The noncompetitive, 2,3 benzodiazepine AMPA 
antagonist GYKI 52466 was a more potent inhibitor of rat cortical receptors 
as compared to all cloned AMPA receptors. The competitive AMPA 
antagonist 6-nitro-7-sulphamoylbenzo[f]quinoxaline-2,3-dione (NBQX) was 
more potent against GluR-Di compared to the other homooligomeric 
receptors (~20-fold vs. GluR-Ai or Ao). In contrast, LY293558 was more 
potent at GluR-A receptors than at GluR-Ci or Di. These differences were 
less pronounced at heterooligomeric receptors. The benzothiadiazide 
cyclothiazide and the benzoyl-piperidine CX-516 strongly potentiated 
glutamate-evoked responses (up to ~20-fold) in all subunit combinations 
tested. In general, cyclothiazide was ~1000-fold more potent than CX-516. 
Our results indicate that the antagonists and modulators tested in these 
experiments have only modest selectivity for different putative AMPA 
receptor subtypes. (Supported by CoCensys, Inc.)

478.5
HETEROGENEOUS AMPA-INDUCED Ca2+ RESPONSES IN CA1 
INTERNEURONS OF RAT HIPPOCAMPAL SLICES L. Carmant*, R 
Robitaille and J.-C. Lacaille. Center for Research in Neurological Sciences 
and Depts of Physiology and Pediatrics. University of Montreal, Montreal (Qc), 
Canada, H3C 3J7.

Glutamate evokes intemeuron-specific Ca2+ responses which differentially 
involve ionotropic and metabotropic glutamate receptors in CA1 hippocampus. 
The aim of this study was to characterize AMPA-induced Ca2+ responses in 
different subtypes of CA1 interneurons. Interneurons were loaded with 
fluorescent Ca2+ indicator by incubating rat hippocampal slices in 50 pM fluo 3- 
AM and 0.02 % pluronic acid. Fluorescence changes were observed using a 
BioRad 600 confocal microscope and expressed as percentage change from 
resting level. Local application of AMPA (100 pM), in the presence of 
tetrodotoxin (500 nM) produced different effects on interneurons located in 
basal (stratum oriens/alveus, OA) and apical (stratum radiatum/lacunosum- 
moleculare, Rad/L-M) dendritic layers. AMPA evoked responses in only 25% 
of OA cells (4/16), but in 61% of Rad/L-M interneurons (11/18). In all 4 OA 
cells, AMPA evoked a transient Ca2+ increase, with mean peak response of 
39±11 %, peak latency of 7.2±1.4 seconds, and half-amplitude decay time of 
64±16.2 seconds. AMPA elicited two types of responses in Rad/L-M 
interneurons. In 3 Rad/L-M cells, AMPA evoked oscillatory responses with 
mean peak amplitude of 33±11%, latency to first peak of 17.5±9.5 seconds 
and total duration of 215±39.3 seconds. In 8 cells, transient Ca2+ responses 
were evoked with a mean peak amplitude of 23±5%, peak latency of 4.6±0.3 
seconds, and half-amplitude decay time of 26±5.2 seconds. In conclusion, 
AMPA-mediated Ca2+ responses may be heterogeneous in CA1 interneurons. 
Activation of AMPA receptors may therefore lead to intemeuron-specific Ca2+- 
mediated processes in CA1 hippocampus.

(Supported by MRC, FRSQ and FCAR)

478.6
DISCRIMINATION IN VIVO BETWEEN AMPA AND KAINATE-INDUCED 
RESPONSES IN ABDUCENS MOTONEURONS WITH PENTOBARBITONE 
AND 2,3-BENZODIAZEPINES. J. Durand*. A. Ruiz and A. Camino. Unite de 
Neurocybemetique Cellulaire, CNRS UPR 9041, 13009 Marseille, France.

Excitatory amino acid (EAA) receptors (with the exception of kainate receptors) 
mediate most of the excitatory synaptic transmission in vertebrate CNS. In 
pentobarbitone anesthesized rats, the 2,3 benzodiazepine derivatives (GYKI 
52466, GYKI 53655 and GYKI 53784) inhibit AMPA- but not kainate-induced 
responses in abducens motoneurons. Pentobarbitone could be involved in this 
selective inhibition of EAA responses by GYKI compounds. In the present work, 
we analyzed the effects of GYKI derivatives on EAA-induced responses in the 
presence or absence of pentobarbitone. Combined intracellular recordings from 
identified abducens motoneurons and extracellular ionophoresis were performed 
in anesthesized rats. Under ketamine anesthesia, GYKI applications depressed 
both AMPA and kainate-induced depolarizations. The addition of pentobarbitone 
revealed GYKI-insensitive kainate responses. As kainate is known to activate both 
AMPA and kainate receptors, our hypothesis is that, under pentobarbitone, 
kainate responses were mainly due to kainate receptor activation. However, 
kainate may also activate GYKI-insensitive AMPA receptor subunits. It seems 
obvious from our experiments that not all the AMPA/kainate receptor subunits are 
equally modulated by pentobarbitone.

We suggest that pentobarbitone acts preferentially on AMPA receptors, but has 
little effects, if any, on kainate receptors. Using immunohistochemistry, we also 
show the presence of GluR6/GluR7 subunits in the rat abducens nucleus. The role 
of kainate receptors still remains to be elucidated.
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478.7
IDENTIFICATION OF AMPA RECEPTOR-ASSOCIATED 
PROTEINS IN THE YEAST TWO-HYBRID SYSTEM.
C. A. Rogers*, W. R. Allen, G. T. Swanson, C. Maron, A, Geva and S. F.
Heinemann Molecular Neurobiology Lab. The Salk Institute. La Jolla, CA 
92037

Glutamate receptor subunits have been shown to interact with 
intracellular proteins that mediate signalling and/or clustering events 
(Gamer and Kindler, 1996). Several of the synapse-associated 
proteins identified thus far contain a PDZ (GLGF/ DHR) motif 
which binds to specific consensus sequences in the carboxy-terminal 
"tail" domain of many GluR's. The goal of this study was to 
identify interacting proteins for the GluR4 subunit and a splice 
variant GluR4C, (Buonanno et al., 1992).

Using the LexA-based version of the two-hybrid system, we 
screened for interacting proteins by co-transformation of the GluR4 
c-terminus region ("bait") with a mouse embryonic day 10 library. A 
total of 17.4 X 106 transformants were screened with GluR4, 
resulting in 73 clones that activated both reporter genes (His3, 
LacZ). Further elimination of false positives resulted in 4 clones 
which were selective for GluR4 and not other glutamate receptor 
subunits. A similar screen using GluR4C as a bait produced 10.1 X 
106 transformants, wherein 55 clones were positive in the dual 
reporter system. Of these, twelve clones interacted selectively with 
the GluR4c bait. We are currently confirming these results in 
biochemical assays as well as investigating possible functions for the 
interacting clones. Supported by grants from the NIH and 
McKnight Foundation, and MRC of Canada and NRSA fellowships.

478.8
AMPA RECEPTOR STIMULATION CAUSES G-PROTEIN ACTIVATION 
IN CORTICAL NEURONS BY A MECHANISM INDEPENDENT OF ION 
FLOW. Y, Wang, D. L. Small, P. Morley and J. P. Durkin*. Cellular 
Neurobiology Group, Institute for Biological Sciences, National Research 
Council of Canada, Ottawa, Canada KI A 0R6.

Excitatory synaptic transmission in the CNS is mediated primarily by the 
binding of glutamate to postsynaptic NMDA and AMPA receptor-gated 
channels. To date, all of the myriad responses arising from NMDA and AMPA 
receptor activation have been attributed to the flow of Ca+2 and/or Na+ through 
these ion channels. Here we report that the binding of AMPA to its receptor 
generates intracellular signals in rat cortical neurons that are independent of 
Ca+2 and/or Na+ flow. In the absence of extracellular Ca+2 and Na+, AMPA 
(10-20p.M), but not NMDA (10-lOOpM), effected changes in a membrane Giaj 
that led to the inhibition of pertussis toxin (PTX)-mediated ADP-ribosylation of 
Giaj in an in vitro assay. This effect, blocked by CNQX, (100 pM) was 
observed both in AMPA-treated intact neurons as well as in isolated 
membranes exposed to AMPA. Moreover, co-precipitation experiments using 
anti-GIuRl and anti-Giai antibodies showed that modulation of the Gi-protein 
arose from the AMPA-induced association of Giaj with the GluRl subunit of 
the AMPA receptor. This effect was not due to AMPA-mediated activation of 
metabotropic receptors (mGluRs) since it was not seen with the potent mGluR 
agonist, trans (1S,3R)-ACPD, but was reproduced in MIN6 cells which express 
functional AMPA receptors but are devoid of mGluRl-7s. This novel finding 
indicates that in addition to its role as an ion channel, the AMPA receptor 
exhibits metabotropic activity.

478.9
EFFECTS OF THE AMPA RECEPTOR MODULATOR CX614 ON SYNAPTIC 
RESPONSES AND AMPA RECEPTOR KINETICS. A. Arai*. J. Lv. M. Kessler. M, 
Hennegriff. G. Rogers* and G. Lynch. CNLM, University of California, Irvine, 
CA 92697, and Cortex Pharmaceuticals Inc., Irvine, CA 92618.

The present study characterized the effects of CX614, a new member of the 
ampakine family of drugs, on i) synaptic transmission, ii) AMPA receptor currents in 
hippocampal patches, and iii) currents through recombinant receptors. CX614 
enhanced synaptic responses in field CA1 of hippocampal slices with an EC50 of 18- 
30 pM. In patches from CA1 pyramidal neurons, CX614 completely blocked AMPA 
receptor desensitization with an EC50 of 40 pM and it greatly slowed deactivation of 
currents produced by one-millisecond glutamate pulses. The drug increased currents 
through recombinant homomeric AMPA receptors (GluRl-flop, 2-flop, 2-flip, and 
3-flop) with comparable EC50 values of 20-45 pM. CX614 thus differs markedly from 
the benzothiadiazine drug cyclothiazide which has only small effects on EPSPs and on 
deactivation kinetics and which exhibits a pronounced selectivity for ‘flip’ type 
subunits. These findings conform with other evidence that there are substantial 
differences among AMPA receptor up-modulating drugs with regard to their influence 
on receptor kinetics and also with the idea that the effect on deactivation is a good 
predictor for a drug’s efficacy in enhancing synaptic responses. Since ampakines share 
structural elements with the negative modulator GYKI 52466, we also examined if these 
two drugs act through a common site. Excised patch studies indicate that this is not the 
case as the inhibition by GYKI was not reversed by CX614. Binding studies using 
[3H]fluorowillardiine and homomeric receptors similarly suggest non-competitive 
interaction of CX614 with GYKI and only partial competition of CX614 with 
cyclothiazide. AMPA receptors may thus possess several sites for modulatory drugs 
(supported by grants from AFOSR and Cortex Pharmaceuticals).

478.10
AMPA RECEPTORS/CURRENTS AND BEHAVIOR: 
INVESTIGATIONS WITH A CHIRAL AMPAKINE

G. Rogers§, A. Arai\ M. Kessler1*, J. Scafidi1, U. Staublu & G.
Lvncif ^Cortex Pharmaceuticals Inc., Irvine, CA 92618. *Ctr. for the 
Neurobiology of Learning & Memory, Univ. Calif., Irvine, CA 92717 fCtr. 
for Neural Science, New York Univ., New York, NY 10003.

In contrast to earlier Ampakines, current AMPA ligands express 
considerable structural complexity, including chirality. It became of 
significant theoretical and practical importance to ask if the effect on 
behavior observed with a chiral Ampakine resides in one or both 
enantiomers. Therefore, a sample of the racemic benzoxazine CX614 
was resolved on a chiral support using HPLC, which yielded fractions 
that were at least 98% enantiomerically pure. The individual isomers 
were assayed for their effects on 1) AMPA receptor mediated currents 
in patches excised from pyramidal neurons from subregion CA1 of rat 
hippocampus, 2) binding of tritiated AMPA and 5-fluorowillardine to 
membrane fractions from rat brain, and 3) behavior of rats in an 8-arm 
radial maze. In all three paradigms, only one isomer showed significant 
activity. Investigations with two other chiral Ampakines support this 
result. Together, these experiments offer compelling evidence that the 
cellular substrates underlying the facilitation of memory encoding, as 
measured in radial mazes, are subserved by mechanisms that require 
AMPA receptor function. (Work supported by Cortex Pharmaceuticals)

478.11
IMPAIRED MODULATION OF AMPA RECEPTORS BY CALCIUM- 

DEPENDENT PROCESSES IN STREPTOZOTOCIN-INDUCED DIABETIC 
RATS. J, Gaen6*. C. Chabot. M, Milot. F, Trudeau and G, Massicotte. Lab. of 

Neurobiology, University du Quebec H Trois-Rivikres, Quebec, Canada G9A 5H7.

The mechanisms by which diabetes impairs cognitive function are not well- 

established. In the present study, we determined the nature of disturbances in the 

mechanism of long-term potentiation (LTP) in diabetic rats. Streptozotocin (STZ) 

administration was fond to reduce the magnitude of LTP in CA1 region of 

hippocampus, while the same treatment did not interfere with long-term depression. 

In addition, STZ treatment did not modify NMDA-mediated responses, suggesting 

that NMDA receptor function remained intact in STZ-treated slices. At the 

biochemical level, the capacity of calcium to increase 3H-AMPA binding in rat brain 

tissue sections was markedly affected in various regions of the hippocampus of STZ- 

treated rats. Moreover, changes in 3H-AMPA binding properties elicited by both 

exogenous phospholipase A2 (PLA2) and melittin, a potent activator of endogenous 

PLA2, were also altered in synaptoneurosomes from diabetic rats. Taken together, 

the present data suggest that the loss of LTP maintenance in STZ-treated rats is more 

likely the result of calcium-dependent processes that are suspected to modulate 

postsynaptic receptors during synaptic potentiation.

478.12
EFFECTS OF ANESTHETICS ON MICE DEFICIENT IN THE AMPA 
RECEPTOR GLUR2 SUBUNIT D.T. Ip1, Z. Xiong2, J.F. MacDonald2, Z. Jia3, J. 
Roder3 and B.A. Orser'2*. 'Dept. Anaesthesia, Sunnybrook Health Sciences Centre, 
Toronto, ON, Canada, M4N 3M5, 2Dept. Physiology, Univ. Toronto, ON, Canada, 
M5S 1A8; 3Dept. Immunology, Mt. Sinai Hosp., Toronto, ON, Canada, M5G 1X5.

The GluR2 subunit of the AMPA receptor plays an important role in regulating 
calcium permeability of the associated ion channel. Studies of recombinant receptors 
suggest that the inclusion of the GluR2 subunit in the AMPA receptor complex 
increases the sensitivity of the receptor to barbiturates. We used a recently- 
developed strain of mice, lacking the GluR2 subunit (GluR2 knock-out [KO] mice), 
to study the effects of barbiturates on neuronal AMPA receptors. Whole-cell currents 
were recorded from acutely-dissociated hippocampal pyramidal neurons voltage- 
clamped at -60 mV. Kainate (lOOpM) was applied in the presence or absence of 
pentobarbital, thiopental, and phenobarbital.. Barbiturate inhibition of AMPA 
receptors was decreased in neurons from homozygous GluR2 KO compared to that 
of wildtype mice. The IC50’s for inhibition of kainate-evoked currents were 
305+56pM vs. 71 + 17pM, p<0.05 (pentobarbital); 225+50pM vs. 36+5.IpM, p<0.05 
(thiopental); and 3200+1 lOOpM vs. 630+260pM, p<0.05 (phenobarbital), for GluR2 
KO vs. wildtype mice, respectively. Behavioral studies revealed an increased 
sensitivity to the anesthetic effects of pentobarbital (30 mg/kg i.p.) in GluR2 KO as 
compared to heterozygous and wildtype mice. This was indicated by a decrease in 
the time to loss of righting reflex: median times were 4.35 min (n=22), 8.25 min 
(n=22), and 16.57 min (n=43) p<0.05, respectively. The duration of the loss of 
righting reflex was prolonged in GluR2 KO compared to heterozygous and wildtype 
mice: median times were 19.59 min (n=22), 5.39 min (n=22), and 2.00 min (n=43) 
p<0.05, respectively. These findings suggest that AMPA receptor inhibition does not 
contribute to behavioral effects of barbiturates. (Supported by the IARS Frontiers in 
Anesthesia Award to BAO and MRC grants to JFM and JR).
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478.13
ALLOSTERIC POTENTIATION OF RECOMBINANT AMPA RECEPTOR 
CURRENTS BY A NOVEL SULFONYLAMINO COMPOUND. M. Sekiguchi1. 
M.W. Fleck2*, M.L. Mayer2, J. Takeo3, Y. Chiba3. S. Yamashita3, and K. Wada1. 
‘National Institute of Neuroscience, Kodaira, Tokyo 187 Japan; 2Lab Cellular & 
Molecular Neurophysiology, NICHD, NIH, Bethesda, MD 20892; 3Nippon Suisan 
Kaisha Ltd, Hachioji, Tokyo 192 Japan.

We have examined the actions of a novel sulfonylamino compound, 4-[2- 
(phenylsulfonylamino) ethylthio]-2,6-difluoro-phenoxyacetamide (PEPA), which 
dose-dependently (1 - 200 (J.M) potentiates glutamate-evoked currents in Xenopus 
oocytes expressing AMPA (GluRA - GluRD) but not kainate (GluR6, GluR6 + KA2) 
or NMDA (^1 + el - e4) receptor subunits. In contrast to the flip-selective action of 
cyclothiazide, PEPA preferentially modulated AMPA receptor flop isoforms. At 200 
pM, PEPA potentiated glutamate responses by >30-fold in oocytes expressing 
GluRCflop(EC5o ~ 28 pM) versus only 3-fold for GluRCfljp. Greater potentiation of 
flop splice-variants also was observed for other subunits. Dose-response analysis for 
GluRCfjop revealed a 7-fold increase in AMPA receptor affinity for glutamate in the 
presence of 100 pM PEPA. In human embryonic kidney 293 cells transfected with 
AMPA receptor subunits, PEPA markedly slowed the rate of onset of desensitization 
and potentiated both the peak and steady-state currents evoked by glutamate with 
subunit (GluRC > GluRD > GluRA) and splice-variant (flop > flip) selectivity 
similar to that observed in oocytes. However, analysis of the decay time constants of 
glutamate responses in the presence of PEPA, and the kinetics of recovery from 
potentiation following removal of PEPA, suggest that, in addition to differences in 
PEPA affinity, differences in the amount of control desensitization contribute to this 
selectivity. Our results demonstrate that PEPA is a novel, flop-preferring allosteric 
modulator of AMPA receptor desensitization, at least 100 times more potent than 
aniracetam. and provide new insights into the structure-activity relationship of 
allosteric modulators affecting AMPA receptor function.

478.14
ACTIONS OF A NOVEL AMPA RECEPTOR ALLOSTERIC POTENTIATOR 
UPON CULTURED RAT NEURONS. J. Takeo1, S. Yamashita1, M.W. Fleck2, 
M.L. Mayer2 T. Morimoto3, T. Harada3, K. Wadi3 and M. Sekiguchi3. ’Nippon 
Suisan Kaisha Ltd, Hachioji, Tokyo 192 Japan; ^ab Cellular & Molecular 
Neurophysiology, NICHD, NIH, Bethesda, MD 20892; 3National Institute of 
Neuroscience, Kodaira, Tokyo 187 Japan.

The actions of 4-[2-(phenyl sulfonylamino) ethylthioJ-2,6-difluoio-phenoxy- 
acetamide (PEPA), a novel allosteric potentiator of AMPA receptors, and 
cyclothiazide on glutamate-evoked currents and intracellular free calcium ion 
concentration (Fura2-AM) were compared for native receptors of cultured 
neurons from embryonic day 18 or 19 rat cerebral cortex or hippocampus. In the 
whole-cell patch-clamp recording configuration combined with fast application 
of agonist, PEPA (100 pM) and cyclothiazide (100 pM) enhanced the peak 
amplitude of glutamate-evoked currents mediated by native AMPA receptors in 
cortical neurons (by 5.4- and 7.8-fold respectively), reduced the amount of 
desensitization to glutamate (to 20.9 and 9.8% respectively at 2 sec), and 
markedly slowed the rate of onset of desensitization in all 16 cells tested. In 
cultured hippocampal neurons, PEPA enhanced the AMPA-induced increase in 
intracellular free calcium ion concentration in 25 out of 34 cells in which 
cyclothiazide also potentiated the AMPA-induced calcium response. The mean 
enhancement was 6.5-fold by PEPA and 16.8-fold by cyclothiazide. In the other 
9 cells, PEPA did not measurably potentiate the calcium response. Quantitative 
RT-PCR analysis revealed that flip splice isoforms were dominant in all four 
AMPA receptor subunits in our hippocampal cultures, These results suggest that 
PEPA potentiates AMPA receptor-mediated responses by suppressing 
desensitization of native AMPA receptors in embryonic rat neurons maintained 
in culture. The action of PEPA is weaker than that of cyclothiazide in the culture 
systems used, at least in part, due to dominant expression of flip splice isoforms.

478.15
THE CEREBRAL METABOLIC EFFECTS OF NON-COMPETITIVE AMPA 
RECEPTOR BLOCKADE: LOCAL CEREBRAL GLUCOSE USE IN 
CONSCIOUS RATS FOLLOWING 2,3-BENZODIAZEPINE ADMINISTRATION. 
S.C. Berger. M.B. Bogdanov*, M.F. Beal and S.E, Browne. Neurology Research, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114.

LY300164 is one of a group of 2.3-benzodiazepine compounds with 
anticonvulsant and muscle relaxant properties, which are neuroprotective in a variety 
of animal models of ischemic cell death. These agents are potent and selective non-
competitive .AMPA receptor antagonists, exerting their effects via an allosteric 
modulation of the AMPA receptor complex. Consequently, it has been proposed 
that they may have therapeutic advantages over competitive AMPA receptor 
antagonists such as the quinoxalinedione NBQX. To gain further insight into the 
mechanism of action of 2,3-benzodiazepines in the CNS, we investigated the effects 
of LY300164. the active (-) isomer of GYKI-53405. on cerebral glucose metabolism 
in conscious rats. Local rates of cerebral glucose utilization were measured in 
discrete brain regions by the [I4C]-2-deoxyglucose in vivo autoradiography 
technique, acutely following intravenous administration of LY300164 (1, 3, 10 
mg/kg) or vehicle (33% DMSO in 0.9% saline, lml/kg) in male, adult Sprague 
Dawley rats (350-400g). Doses employed reflect the dose-dependent anticonvulsant 
profile of the drug. Initial findings show that LY300164 produces widespread dose- 
dependent reductions in cerebral glucose use in a heterogeneous pattern throughout 
the brain, with cingulate cortices and areas of the hippocampal complex showing the 
greatest reductions in glucose use (up to 40%). However, the anatomical pattern of 
regions susceptible to glucose use depression following LY300164 differs from that 
seen following intravenous administration of NBQX (Brow ne and McCulloch (1994) 
Brain Res. 641, 10-20). Most notably, primary auditor}' regions were most severely 
affected by NBQX (glucose use reduced 65-70%), but show only intermediate levels 
of glucose use reductions following LY300164. These observations may shed light 
on the different mechanisms of action of competitive and non-competitive AMPA 
receptor antagonists. Supported by the MDA and the ALSA.

478.16
ANALGESIC ACTIVITY OF THE AMPA ANTAGONIST LY293558 IN 
CYNOMOLGUS PRIMATES. D.T. Britt. D.R. Helton, P. Omstein, I.R. 
Cohen and M.J. Kallman. Lilly Research Laboratories, Greenfield 
Laboratories, Eli Lilly and Company, Greenfield, IN 46140.

LY293558 is a selective, competitive AMPA receptor antagonist which has 
been shown to protect against convulsions and neuronal injury following 
systemic administration in animal models. In addition, LY293558 has been 
shown to have significant analgesic activity (ED50 = 18 mg/kg) in acute pain 
models following subcutaneous administration in the mouse. However, 
LY293558 does not have oral activity in these pain models in mice at doses up 
to 100 mg/kg. This study profiled the analgesic activity of LY293558 in a tail 
flick method adapted for testing of cynomolgus primates and the results were 
compared to the clinically potent analgesic morphine. Both LY293558 and 
morphine produced significant analgesic activity following subcutaneous 
administration in primates with ED50 values of .0.6 and 14,0 mg/kg, 
respectively. Although LY293558 does not have oral analgesic activity in the 
mouse, this compound produced analgesic activity following oral 
administration in the primate with an ED50 of 5.0 mg/kg. Unlike morphine, 
oral and subcutaneous doses of LY293558 which produced analgesia did not 
produce sedation, cause deficits in neuromuscular coordination or alter 
sensorimotor responsiveness in primates. Thus, LY293558 has potent 
analgesic activity in primates, comparable to the analgesic activity produced 
by morphine, without producing CNS side effects at the same doses. These 
data suggest that LY293558 may have analgesic potential in man following 
oral administration at doses that do not produce significant side effects.

478.17
RAT BRAIN AMPA RECEPTORS EXHIBIT CORRESPONDING CHANGES IN 
BINDING AND CHANNEL PROPERTIES INDUCED BY NANOMOLAR LEVELS 
OF SULFATED POLYSACCHARIDES. V. Suppiramamam1. B.T, Kawasaki2 Z. Causey1, 
S, Yilma1, S, Smnarqja3. V. Vodyanoy3, and BA Bahr** 1Dept of Biology- Tuskegee TIniv 

Tuskegee, AL 36088; Tenter fcr the Neurobiology of Learning & Memory, Univ. of California, 
Irvine, CA 92697; 3Dq>t of Physiology & Pharmacology, Auburn Univ., Auburn, AL 36849.

in a marked reduction b^flAMPA binding (EC^SOQ-l^OO nM), and a corresponding 

increase in the open channel lifetime (Hall et al., Neurosci Lett. 217:179,1996). The present 
study tested other sulfated gfycosaminogtycans for effects on 1) the ligand binding of solubilized 
AMPA receptors, and 2) the channel kinetics of receptors immunoprecipitated with antibodies 
to GluR subunit carboxytermini followed by reconstitution into planar lipid bilayers. Dextran 
sulfate of500 kDa (DS-500) reduced the high affinity binding of 20 nM [TLJAMPA by as much 
as 87%, in a potent and highly cooperativemanner, the ECy, of DS-500 was 11 ±0.4 nM (r=0.99; 
Kj~4.7 nM), and the Hill coefficient was 2.72±0.22 (pO.OOOl; two-tailed, one-sample t-test). 
The smaller polysaccharide DS-8 was much less potent than DS-500 (ECS0=660±70 nM), 
however, it dri exhibit cooperativity (HC.=1.70±026; p<0.04). Fucoidan (FN-180), on the other 
hand, exhibited moderate potency, but did not act in a cooperative manner (ECjo=12O± 15 nM; 
HC.=125±0.26). Preliminary Scatchard analyses with and without 200 nM DS-500 resembled 
those in toe Hall et al. study, where sulfated polysaccharide caused a striking affinity decline in a 
major potion cfthe AMPA binding sites. Following toe rank order of potency as above, toe open 
time of single channel currents elicited by 280 nM AMPA (voltage clamped at -44 mV) was 
prolonged several fold by 2 nM DS-500,15 nM FN-180, and 500-1,500 nM heparin. These 
polysaccharides had no apparent effects on the singular conductance state of50-90 pS, or on the 
ability of CNQX to inhibit the currents. However, they frequently promoted aggregate channel 
activity oomposed cf multiple conductance levels. Non-sulfated dextran-500 at 2-20 pM did not 
change toe binding cr channel properties. Also, little or no reduction in binding was produced by 
2-20 pM de-N-sulfated heparin, keratan sulfate, chondroitin sulfates, or by 50 mM NajSO*. 
Thus, toe modulatory action described is determined by toe polysaccharide's charge density and 
size. These findings also raise the possibility that certain proteoglycans endogenous to brain 
synapses play a role in toe regulation of AMPA receptors (nigms  3S06GM08091-23; FAA93-G-058).

478.18
DIFFERENTIAL EFFECTS OF SULPHYDRYL GROUP 
MODIFICATION ON AGONIST AND ANTAGONIST BINDING TO 
THE AMPA RECEPTOR R.Chittaiallu, K.K.Dev, M.G.Lacev* and 
J.M.Henley. Department of Anatomy, School of Medical Sciences, 
University Walk, University of Bristol, Bristol, BS8 1TD, UK. 
* Department of Pharmacology, Medical School, Edgbaston, 
Birmingham, B15 2TT, UK.

a - Amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA)
receptors comprise subunit combinations of GluR 1-4 which assemble to 
form an intrinsic membrane spanning ion channel. We investigated the 
effects of chemical modification with p-chloromercuriobenzoic acid 
(PCMB) and dithiothreitol (DTT) on agonist (pH] AMPA and 
pHJFluorowillardiine) and antagonist (pHjNBQX) binding to rat 
cortical membranes. PCMB dose-dependently increased the binding of 
both agonists but had little or no effect on antagonist binding. The 
increases in agonist binding were fully reversed by DTT whereas DTT 
alone had no effect on the binding of any of the ligands. Displacement 
curves suggest that the PCMB effect is manifested via an increase in 
apparent Bmax which may be due to a conversion of low affinity agonist 
binding sites to a higher affinity state. We are currently investigating the 
effects of sulphydryl reagents on homomeric AMPA receptors expressed 
in BHK cells which have been reported not to have a low affinity agonist 
binding conformation.

We are grateful to the MRC and the Wellcome Trust for financial 
support.
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478.19
BIDIRECTIONAL MODULATION OF AMPA RECEPTOR PROPERTIES BY 
PHOSPHOLIPASE A2 IN THE HIPPOCAMPUS. C, Chabot*. J.Gagn6. C.Gigufere. 

B, Charbonneau. J, Bernard. M, Baudry and G, Massicotte, Lab. of Neurobiology, 

University du Quebec & Trois-Rivieres, Quebec, Canada G9A 5H7.

Long-term potentiation (LTP) and long-term depression (LTD) in brain may result 

from changes in the properties of a-amino-3-hydroxy-5-methyl-4-isoxazole propionate 

(AMPA) receptors. Here, we report that treatment of rat synaptoneurosomes with 

phospholipase A2 (PLA2) produces a biphasic effect on AMPA receptor binding. 

These changes were not associated with alterations in binding properties of ^H-CNQX 

suggesting that the effects are resulting from modifications in receptor affinity. 

Moreover, the biphasic modulation appeared to be specific for PLA2 as the same 

treatment with phospholipase C produced only an increase in ^H-AMPA binding. 

Bovine serum albumin (BSA), a metabolite chelator, and baicalein, a 12-lipoxygenase 

inhibitor, reduced PLA2-induced reduction in AMPA binding, without affecting the 

increased AMPA binding. Electrophysiological experiments indicated that baicalein 

blocked LTD formation hippocampal slices without altering LTP. Our results strongly 

support the idea that NMDA receptor activation and endogenous PLA2 stimulation, 

may represent a common mechanism involved in AMPA receptor alterations necessary 

for both LTP and LTD.

478.20
IDENTIFICATION OF A SITE IN GLUR1 WHICH IS 
PHOSPHORYLATED BY CAMKII AND RESULTS IN 
FUNCTIONAL MODULATION OF CHANNEL 
ACTIVITY. A, L. Mammen. K, Kamevama. S. Kamboi. K. W. 
Roche & R. L. Huganir* HHMI, Department of Neuroscience, The 
Johns Hopkins Medical School, Baltimore, MD 21205

We have identified a site on the GluRl AMPA receptor subunit, 
which is phosphorylated by CamKII. In QT6 cells transiently 
expressing GluRl, phosphorylation was enhanced by cotranfection 
of constitutively activated CamKII. Tryptic digestion of GluRl 
allowed us to generate phosphopeptide maps which showed several 
distinct phosphopeptide spots. We found that mutation of serine 831 
in GluRl resulted in the disappearance of a number of spots on 
these maps, suggesting that this site was phosphorylated by 
CamKII. Furthermore, western blot analysis using a 
phosphospecific antibody generated against the C-terminal tail of 
GluRl with phosphorylated serine 831, showed that this site 
underwent robust phosphorylation in response to treatment with the 
Ca 2+ ionophore A23187 or by activation with constitutively active 
CamKII. In addition, the stimulation of phosphorylation at serine 
831 by A23187 was inhibited by the CamKII inhibitor, KN62.

Electrophysiological experiments using QT6 cells transfected with 
GluRl showed that kainate-activated responses were significantly 
enhanced by intracellular perfusion of constitutively active CamKII. 
We are currently attempting to establish if this effect is due to 
phosphorylation of GluRl at serine 831.
Supported by HHMI, HFSPO, and The Wellcome Tmst.

478.21
AFFERENT SPECIFIC INNERVATION OF BOTH Ca2+-PERMEABLE AND Ca2+- 
IMPERMEABLE AMPA RECEPTORS ON SINGLE CA3 INTERNEURONS
K.Toth* and C.J. McBain Lab of Cellular & Molecular Neurophysiology, NICHD, 
NIH, Bethesda MD 20892
Both Ca2+-permeable and Ca2+-impermeable AMPA receptors have been previously 
demonstrated to be present on CA3 intemeurons. The origin of the afferent inputs to 
these receptors however is completely unknown. In addition, no information exists 
regarding the presence of both receptors subtypes on a single cell. Here we studied 
the Ca2+-permeability of AMPA receptors, innervated by mossy fibers and CA3 
inputs, on str. lucidum intemeurons. Mossy fiber inputs were evoked with low 
intensity stimulation of granule cells or the hilar region. The origin of the evoked 
synaptic inputs was pharmacologically determined at the end of every experiment; 
only EPSCs depressed by more than 60% during application of the mGlu-R agonist 
DCG-IV or low concentrations of ACPD, which selectively blocks mossy fiber 
synaptic transmission, were considered as mossy fiber in origin. Two distinct 
populations of mossy fiber evoked EPCSs were identified based on their sensitivity 
to philanthotoxin (phtx); 21% of inputs were almost completely (95.7±3.1%) 
blocked by phtx. In die remaining 79%, the range of blockade by phtx was 0-10%. In 
contrast, synaptic inputs evoked by the stimulation of CA3 pyramidal cell fibers 
showed only a low sensitivity to phtx. The average blockade was 10.1 ±5.1%. In 
56% of these cases phtx was without any effect. In several experiments single 
intemeurons were shown to receive inputs from both, mossy fibers and 
commissural/associational axons onto Ca2+-permeable and Ca2+-impermeable 
AMPA receptors respectively. Biocytin staining of the recorded cells showed that 
vast majority of somas were placed in stratum lucidum, with dendritic arbors which 
spread through str. lucidum and radiatum and rarely arborizing in strata pyramidale 
and oriens. In most cases their axons arborized in str. radiatum. These data 
demonstrate that both Ca2"-permeable and Ca2+-impermeable AMPA receptors are 
expressed on single CA3 intemeurons and are innervated by distinct anatomical 
pathways. Supported by NIH.

478.22
REGULATORY PHOSPHORYLATION OF AMPA RECEPTORS BY 
CaM-Kn DURING LTP. A, Barria. D. Mullert V. Derkach, L. 
Griffith* and T, Soderling* Vollum Institute, Oregon Health Science 
Univ. Portland , OR. 97201; ^Centre Medical Universitaire, Geneva, 
Switzerland; *Brandeis University, Waltham, MA. 02254

Long-term potentiation (LTP), a cellular model of learning and 
memory, requires Ca^+-dependent protein kinases. Our lab has 
previously reported that Ca2+/Calmodulin dependent kinase II (CaMKH) 
phosphorylates AMPA-type glutamate receptors (AMPA-Rs) in 
hippocampal cultured neurons and in post-synaptic densities. Moreover, 
activated CaMKH enhances AMPA-R responsiveness in cultured 
hippocampal neurons, Xenopus oocytes and HEK-293 cells expressing 
GluRl, dorsal root ganglion cells, and hippocampal slice CAl neurons. 
However, direct phosphorylation of AMPA-Rs in response to induction 
of LTP has not been previously demonstrated.

Here we show that induction of LTP in hippocampal slice CAl 
neurons increases the 32p_labelmg of AMPA-Rs. This AMPA-R 
phosphorylation correlated with activation and autophosphorylation of 
CaMKII at Thr286, and it was blocked by the CaMKII inhibitor KN-62. 
These data implicate a critical role for AMPA-R phosphorylation by 
CaMKII in LTP.

Supported by NIH (NS27037), Swiss Natl. Res. Found. (3100- 
040815.94) and Int. Human Front. Sci. Program.

478.23
SINGLE-CHANNEL PROPERTIES OF NATIVE AMPA RECEPTORS DEPEND 
ON THE PUTATIVE SUBUNIT COMPOSITION. K, Haverkampf. J. Liibke* and P. 
Jonas, Physiologisches Institut, Univ. Freiburg, D-79104 Freiburg, Germany.

AMPA-type glutamate receptor channels (AMPARs) expressed in hippocampal 
principal neurons (CAl and CA3 pyramidal neurons), intemeurons (basket cells of the 
dentate gyms) and cerebellar Bergmann glial cells show marked differences in gating 
kinetics, Ca2+ permeability, and in their putative subunit composition (Geiger et al., 
1995, Neuron 15, 193-204). In principal neurons, the relative abundance of GluR-B 
subunit mRNA is high, whereas in basket cells the level of GluR-B expression is much 
lower, and in Bergmann glial cells GluR-B subunit mRNA is not expressed. We 
studied the single-channel properties (open times and conductances) of AMPARs in 
these cell types. Glutamate (450-800 ms pulses of 0.05 - 1 mM) was applied to outside- 
out-patches (-80 mV) isolated from visually identified cells in brain slices of the rat (12 
- 17 days old). AMPAR desensitization was reduced by cyclothiazide (4 pM) and 
NMDA receptor channels were blocked by D-AP5 (50 pM). Joro spider toxin (JSTX- 
3) was used as a pharmacological tool that is thought to distinguish between GluR-B 
containing and GluR-B-free receptors. Single-channel events were analyzed by time 
course fitting (SCAN program by D. Colquhoun; see D.C. & Sigworth, 1995, in 
Single-channel recording, Sakmann and Neher, Plenum). In CAl pyramidal neurons 
openings of single AMPAR channels showed low conductance (range 3-19 pS, 2286 
events, fits for all histograms with 3 or 4 gaussian functions without constraints). By 
contrast, in Bergmann glial cells high-conductance events were found (range 17-51 pS, 
4489 events). In dentate gyms basket cells, a mosaic of low-conductance (~11 pS) and 
high-conductance channels (~23 pS and ~38 pS, 7359 events from 4 patches) was 
present. JSTX-3 (1 pM) selectively blocked the high-conductance events. The 
differential effect of JSTX-3 indicates that AMPARs containing the GluR-B subunit 
correspond to the low-conductance events, and that AMPARs lacking the GluR-B 
subunit are characterized by a higher single-channel conductance. The results suggest 
that changes in the relative abundance of GluR-B subunit mRNA in neurons may 
control the gain of the excitatory postsynaptic signals, in addition to the gating and 
Ca2+ permeability of the postsynaptic receptors.
Supported by the Deutsche Forschungsgemeinschaft.

478.24
THE Q/R EDITED SITE OF GLUR2 INFLUENCES MORE THAN JUST 
CALCIUM PERMEABILITY. B.A. Ballvk. A. Pellizzari. K, Hoo. M, Deverill. P, 
Miu*. R. Kamboj. and A. Mandelzvs. Allelix Biopharmaceuticals, Inc. 6850 Goreway 
Drive, Mississauga, Ontario, Canada, L4V 1V7.

The pharmacology of recombinant human AMPA receptors was studied in HEK293 
cells transfected with either GluR2Q or GluR2R glutamate receptors. The receptor 
sequences are identical except for a single amino acid change in the pore-forming 
region; GluR2Q contains a neutral glutamine (Q), while GluR2R contains a positively- 
charged arginine (R) in this position. This single amino acid switch controls both the 
Ca2+ permeability and rectification properties of the channel.

In spite of this subtle difference in amino acid sequence, it was found that agonist 
potencies are not the same at these two receptors. Dose response curves conducted in 
the presence of 30pM cyclothiazide (CTZ) demonstrated a 3-4-fold greater potency 
for AMPA at GluR2Q than at GluR2R. A similar shift in agonist potency was not 
observed for either glutamate or kainate. A possible explanation for this finding is that 
AMPA binding may be altered by the Q to R change. However, preliminary binding 
data suggests that there is no difference in ligand affinity. Alternatively, the potency 
shift may be the result of a differential effect of CTZ at the two receptors. In fact, the 
EC50 of kainate is shifted leftward more than two-fold in the presence of 30pM CTZ 
than in its absence. Thus, the higher AMPA potency at GluR2Q may be the result of 
the receptor’s greater affinity for CTZ, causing a larger leftward shift in agonist 
potency for a given concentration of the modulator. CTZ dose response curves 
conducted with lOOpM glutamate demonstrated that GluR2Q has a greater sensitivity 
to CTZ relative to that of GluR2R. As AMPA-induced currents undergo greater 
desensitization than those induced by glutamate or kainate, the effects of CTZ on 
AMPA dose response curves may be more discernible. Our results suggest that the 
Q/R switch results in a change in agonist and/or allosteric modulator sensitivity, in 
addition to its known effects on Ca2+ permeability and rectification.
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478.25
EXPRESSION OF GLUTAMATE RECEPTOR EDITING ENZYMES IN 
SINGLE NEURONS OF RAT HIPPOCAMPUS AND CEREBELLUM. 
G. Kohr*, Th. Melcher and P.H. Seeburg Max-Planck-lnstitute for Medical 
Research, Molecular Neurobiology, D-69120 Heidelberg.

DRADA and RED1 (dsRNA-specific editases) are candidate 
enzymes for editing of AMPAR subunit pre-mRNAs in central neurons. 
Amino acids critical for functional properties of AMPAR are specified by 
nuclear RNA editing via adenosine deamination: the Q/R site of GluR-B 
and R/G site of GluR-B,C and D controling Ca2+ permeability and 
desensitization kinetics of glutamate-gated AMPAR channels, 
respectively. The function of the recently identified RED2 is unknown. 
In situ hybridization studies in brain sections show a homogeneous 
expression of DRADA, but a restricted expression of RED1 and RED2. 
Hippocampal pyramidal cells, Purkinje cells and Bergmann glial cells 
were identified morphologically and electrophysiologically from two 
week old rats. Cytoplasm was harvested into the patch pipette (1.5-2.0 
mQ), expelled in a tube and cDNA synthesis was performed. After two 
rounds of PCR amplification using nested, degenerative primers for the 
three deaminases, PCR fragments of the expected size were obtained. 
Southern-blots with specific oligonucleotide probes for DRADA, RED1 
and RED2 showed no expression difference between pyramidal cells of 
the CA1 and CA3 area. Of twelve cells analyzed, all expressed RED1, 
four cells expressed DRADA and one cell RED2. The cells of the 
cerebellum showed a very similar expression pattern of the editing 
enzymes, all six Purkinje cells and nine Bergmann glial cells expressed 
RED1 coexpressing DRADA or RED2 occasionally. Future multiplex- 
PCRs analyzing expression patterns of AMPAR and deaminases in 
single cells simultaneously aim at determining the editing efficacies of 
the AMPAR R/G sites to elaborate the role of RNA editing in controlling 
AMPAR ion channel properties and synaptic efficacy.

478.26
Q/R SITE UNEDITED GLUR-B MRNA IS EXPRESSED IN THE 
RAT CNS AT EARLY EMBRYONIC STAGES. T, Melcher*, N. 
Konig, T. Berger, M. Bardoul, P. Jonas. P.H. Seeburg and H. Monver.
ZMBH, INF 282, Univ. of Heidelberg, D-69120 Heidelberg, Germany; 
EPHE/INSERM U336, Univ. of Montpellier, France; Institute of 
Physiology, Univ. of Freiburg, Germany.

The permeability of AMPA-type glutamate receptor channels to 
divalent cations depends on the subunit composition and is strongly 
decreased in receptors containing the GluR-B subunit in its Q/R site 
edited form. Unedited GluR-B mRNA seems to be almost absent in 
adult and embryonic day (E) 14 rat brain (<0.01% and <1%, 
respectively).

At earlier developmental stages (E11-E13) cobalt loading after 
AMPA receptor stimulation identified distinct cell populations, including 
floor plate cells, expressing AMPA receptors with high divalent cation 
permeability in spite of the presence of GluR-B protein. Possible 
explanations include presence of substantial amounts of GluR-B 
unedited at its Q/R site. We determined the relative abundances of 
the four AMPA receptor subunit mRNAs and the fraction of unedited 
GluR-B mRNA in microdissected brain segments of rat embryos. We 
found a high relative abundance of GluR-C mRNA (53±4%, n=10) 
and a significant peicentage of Q/R site unedited GluR-B mRNA at 
E11 (19±6%, n=10) but not later (-3% at E12, <1% at E13). Our 
results suggest that calcium-permeable AMPA receptors, formed in 
part with unedited GluR-B, are expressed in a subset of neurons at 
early developmental stages. These receptors may subserve 
important functions in neuronal development.
Supported by DFG grants Mo 432/3-1 SFB 317/B9 and Be 1859/1- 
1,AFN, INSERM, IRME.

478.27
KINETIC ANALYSIS OF PROTON MODULATION OF AMPA- 
PREFERRING GLUTAMATE RECEPTORS. D. K. Patneau* and E. C. 
Ihle. Committee on Neurobiology and Department of Pharmacological and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

Although it is well-accepted that extracellular pH can affect neuronal 
excitability by modulating receptor and channel activity, the mechanism 
by which protons modulate AMPA receptors, the major class of excitatory 
receptors in the brain, is undetermined. We have previously shown that 
proton modulation is agonist-dependent and further that it is antagonized 
in the presence of drugs that block receptor desensitization. This data 
suggested that protons may modulate receptor desensitization. We have 
therefore examined the effects of protons on the activation, deactivation, 
and desensitization kinetics of native AMPA receptors.

Nucleated macropatches were pulled from hippocampal neurons 
dissociated from newborn rats and maintained in primary culture. 
Glutamate, kainate or homocysteate in extracellular solution at pH 7.3 or
6.5 was applied for 1, 10, or 100 ms with a piezo-based perfusion system 
(exchange time < 300 |is) during voltage-clamp recording. Responses to 
glutamate and homocysteate, but not kainate, had 10-90% rise-times (a 
measure of activation kinetics) that were significantly slowed at pH 6.5. 
The kinetics of deactivation and of onset of desensitization were not 
altered at pH 6.5 for any agonist. Similarly, the rate of recovery from 
desensitization by glutamate, assessed using a twin-pulse protocol, was 
not affected by protons (x 68 ± 7 ms at pH 7.3 and 64 ± 11 ms at pH 6.5, 
n=7). Thus, protons appear to affect the gating kinetics of AMPA 
receptor/channels rather than the microscopic kinetics of desensitization.

Funded by the Brain Research Foundation and University of Chicago.

OPIATE RECEPTOR MU II

479.1
Mu Opioid  Agonist  Efficacy  for  G-Protein  Activation : 
Effects  of  Sodium  and  Spontaneous  Receptor  Activity . Eh 
E, Sellev*C.-C. Cao, O. Liu and S, R. Childers. Department of 

Physiology and Pharmacology, Bowman Gray School of Medicine, 
Wake Forest University, Winston-Salem, NC 27157.

Activation of G-proteins by opioid agonists was measured by 
stimulation of [35S]GTPyS binding in mu receptor-transfected CHO cell 
(mMOR-CHO) and rat thalamic membranes. In both systems, sodium 
inhibited basal [35S]GTPyS binding and agonists reversed this inhibition 
in a manner corresponding to their efficacy, such that relative efficacy 
differences were magnified by increasing sodium concentrations. In 
mMOR-CHO cell membranes, several lines of evidence indicated that 
sodium inhibited spontaneous mu receptor activity. First, pretreatment 
of the cells with pertussis toxin abolished the stimulation of [35S]GTPyS 
binding by both agonist and omission of sodium. Second, the omission 
of sodium increased the IC50 of GDP for inhibition of [35S] GTPyS 
binding by about 10-fold, which was identical to the effect of the full 
agonist DAMGO. Third, the omission of sodium induced the formation 
of high affinity [35S]GTPyS binding sites with Kd  and Bmax values that 
did not differ from those induced by DAMGO. Finally, desensitization 
of DAMGO-stimulated [35S]GTPyS binding by pretreatment of cells 
with DAMGO partially desensitized stimulation by the omission of 
sodium. These results suggest that sodium inhibits spontaneous and 
agonist-stimulated mu receptor activity and that full agonists are better 
able to overcome this inhibitory effect than partial agonists.

Supported by USPHS grant DA-02904 from NIDA.

479.2
HUMAN m OPIATE RECEPTOR GENE STRUCTURE. Z. J. Wang.
P. S. Johnson, I. Sora, J-B Wang1, D. J, Vandenbergh & G.R. Uhl*, Mol
Neurobiol, IRP-NIDA/NIH, & Depts Neurol & Nsci, JHUSM Balt, MD 21224 & 
1 Dept Pharm Sci Sch Pharm UMAB, Balt, MD.

The p opiate receptor provides the principal site for morphine analgesia and 
reward. Studies in transgenic mice document substantial differences in opiate 
drug responses induced by modest changes in p receptor expression levels. 
Similar variations in receptor levels and responses have also been suggested in 
humans. To study the p receptor gene and its expression regulation, we have 
cloned more than 40 kb of human p receptor genomic sequences. Analyses 
revealed genomic location and sequences that contribute to a splice variant at 
the C-terminus that produces MORI A or MORI. Failure to recognize an RNA 
splice donor site at the end of coding exon 3 results in the lower-ahundance 
MOR1A and represents a possible locus for p receptor regulation by differential 
RNA splicing. A separate clone contains 7 kb of sequence 5' to the first coding 
exon and displays cis acting elements that might recognize several transcription 
factors. A pair of TATA and CAAT boxes are identified, although the > 15 kb 
size of the human p receptor mRNA suggests that they may not mark true 
transcriptional initiation sites. A number of oligo-nucleotide repeats are located 
along the p receptor gene, providing potential polymorphic gene markers. 
Further studies will identify which sequence elements are responsible for 
regulating expression of this important brain protein, and which sequence 
variants might conceivably lead to human inter-individual variations in p 
receptor densities and responses to opiate drugs.

Supported by NIDA-IKP/NIH, aPhRMA Faculty Development Award (JBW)
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479.3
A SPLICE VARIANT OF THE MU OPIOID RECEPTOR IS PRESENT 
IN HUMAN SHSY-5Y CELLS. Y.-L. Du, K. Elliott, Y.-X. Pan, G.W. 
Pasternak and C.E, Inturrisi.* Depts. of Pharmacology, Neurology and 
Neuroscience, Cornell U. Med. College, N.Y., N.Y. 10021.

We have reported the identification of a novel splice variant of the 
mouse mu opioid receptor (MOR) which contains only the sequences of 
exons 1 and 4 (Mul,4) of the MOR (Neurosci. Abst. 22:1776,1996). This 
mRNA is found in nearly equal proportions to the MOR in mouse brain 
RNA. Total RNA was extracted from undifferentiated human 
neuroblastoma SHSH-5Y cells and subjected to RT-PCR with primers 
derived from sequences in exons 1 and 4 of human MOR. Several bands 
were detected by agarose gel electrophoresis. One prominent band (1360 
bp) corresponds to the size of MOR and one faint band was observed at 
490 bp which corresponds to the expected size of a product derived from 
a Mul ,4 mRNA. The 490 bp band was reamplified by PCR, cloned into 
TA vector, and sequenced. One of clones has the sequence of exons 
1 and 4 of MOR and was missing the sequence of exon 2 and 3. Using 
the cloned Mul,4 splice variant to prepare a riboprobe, RNase protection 
assays indicate that the abundance of human Mu 1,4 mRNA represents 
approximately 50% of total MOR message. These results suggest that the 
human Mu 1,4 variant represents a quantitatively important mRNA in this 
cell line. Supported by NIDA Grants DAO 1457, DA00198, DA07242, 
DA00220, DA07274, DA00296, DA00255, andNS07384.

479.4
CLONING AND MOLECULAR CHARACTERIZATION OF A 
HOMOLOGOUS fx-OPIOID RECEPTOR FROM ZEBRAFISH 
(Dattio rerid).
A. Barrailo*, R Gonzalez-Sarmiento*, F. Garcia-Malvar, RERodriguez. 
Department of Biochemistry and Molecular Biology and *Departament of 
Medicine. Faculty of Medicine. University of Salamanca.

Opioid drugs mediate their effects through opioid receptors, that have 
been shown to belong to the seven transmembrane domains - G-protein 
coupled receptors family. Four different (&, p, k  and ORL) opioid receptors 
have been cloned from different mammals. A high degree of homology have 
been shown among them. Also, these receptors share conserved exon-intron 
boundaries. Opioid peptides have been found not to be exclusive for 
mammals; they have been also described in amphibious, fish and even 
invertebrates. Opioid receptor-like partial sequences have been identified by 
PCR using degenerate oligonucleotides.

Here we describe the first gene homologous to opioid receptors from a 
non mammal species. We used a RT-PCR generated probe for the mouse p- 
opioid receptor comprising part of exon 1 and almost all exon 2 using the 
following oligonucleotides: 5 p TACTCTATCGTGTGTGTAGTGG and3 p 
ACATTACAGGCAGACCGATGGC which yielded a fragment of 387bp 
length. An adult genomic and a 24 hour embryo cDNA libraries from 
zebrafish (Datiio rerio) were screened with this probe using low astringency 
conditions. Several clones have been isolated from both libraries and the 
resulting sequence show 80% homology with mouse p-opioid receptor at the 
nucleotide level and conserv ed exon-intron boundaries.

Supported by Junta de Castilla y Ledn (grant 10/95) and FIS (grant 96/2090)

479.5
REGULATION OF HUMAN MU-OPIOID RECEPTOR GENE EXPRESSION BY 
TRANSCRIPTION FACTORS AND DNA METHYLATION. Matthew L.Andria* 
and Eric J. Simon. Deptartment of Psychiatry, New York University Medical 
Center, New York, NY, 10016.

Molecular approaches were used to characterize the regulation of 
transcription of the human mu-opioid receptor gene. Two adjacent 
domains of the 5’-flanking region were found to have orientation specific 
promoter activity in a reporter gene assay. A physiological role for their 
promoter activity is supported by 5’-RACE cloning of cDNA from human 
brain revealing transcription initiation within 100 bp of these two domains. 
The TATA box sequence classically associated with promoter activity 
was not found in either of these domains suggesting some alternative 
mechanism is involved. These domains also lack SP1 sites associated 
with one model of TATA-less transcription initiation. Electrophoretic 
Mobility Shift Assays were performed to refine the analysis of DNA 
sequences bound by transcription factor(s) involved in the promoter 
activity. Results from efforts to identify and clone the transcription 
factor(s) are discussed.

Other portions of the 5’-flanking region of the receptor gene were also 
examined for promoter activity. When the 3.7 kb of sequence upstream 
of the two promoter domains were tested it gave no significant reporter 
gene expression. In contrast, the 350 bp of 5’-flanking region 
downstream of the two promoter domains gave significant reporter gene 
expression. This activity was abolished when the CpG sites were 
methylated. Examination of genomic DNA in several cell lines indicates 
that such methylation may play a physiological regulatory function. The 
two promoter domains described above lack CpG sites and are 
unaffected by methylation. (Supported by NIDA K21 DA00270-01)

479.6
A RECIPROCAL RELATIONSHIP BETWEEN MU1,4, A MU OPIOID 
RECEPTOR SPLICE VARIANT, AND MOR IN NALTREXONE 
TREATED MICE. A.M. Davis*,Y.-L. Du, K. J. Elliott, and C. E. 
Inturrisi, Depts. of Neuroscience and Pharmacology, Cornell U. Med. 
College, N.Y., N.Y. 10021.

Recently, a novel splice variant for the cloned mu opioid receptor, 
MOR, was identified in mouse brain. The coding region of mu 1,4 is 
270bp long and has 100% homology to exons 1 and 4 of the MOR 
transcript. If translated, this sequence would encode a truncated form of 
MOR. To identify a role for this splice variant, mice were exposed to 
chronic morphine or chronic naltrexone treatments. RNase protection 
was performed on mRNA extracted from selected brain areas using a 
riboprobe for mul ,4 as well as a probe for the mRNA of glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH). No significant difference was 
observed in the levels of mu 1,4 or MOR mRNA, as compared to placebo 
controls, in mice treated with chronic morphine in each of the brain areas 
sampled. In contrast, with the chronic naltrexone treated mice there was 
a significant increase in the levels of mu 1,4 mRNA and a decrease in 
MOR mRNA in the nucleus raphe magnus and the periaqueductal grey 
as compared to placebo controls. These results suggest a reciprocal 
relationship for these two mu receptor transcripts during opioid 
antagonist-induced upregulation of the mu opioid receptor. Supported by 
NIDA Grants DA01457, DA00198, DA07242 and DA00255

479.7
PALMITOYLATION OF THE RAT p OPIOID RECEPTOR.
C. Chen, V. Shahabi and L.Y. Liu-Chen*. Dept. of Pharmacology, 
Temple Univ. Sch. of Medicine, Philadelphia, PA 19140.

Many G protein-coupled receptors have been shown to be 
covalently modified by palmitic acid at one or two cysteine residues in 
the C-terminal domain. Palmitoylation appears to play diverse 
functional roles among GPCRs. In this study, we examined whether 
the rat p opioid receptor was palmitoylated. CHO cells stably 
transfected with the p receptor (CHO-pR) and control CHO cells 
were incubated with [3H]palmitic acid. Membranes were prepared, 
solubilized and purified by immunoaffinity chromatography with 
purified antiserum against a C-terminal domain peptide. The eluate 
was subjected to SDS-PAGE and fluorography. There was a 
[3H]palmitic acid-labeled protein band present in the CHO-pR 
preparation, but not in the control CHO preparation, despite that total 
homogenates of CHO-pR and CHO cells had similar levels of 
[3H]palmitic acid incorporation. This labeled protein band was broad 
and diffuse with an Mr of 80 kDa, identical to that of [3H]B-FNA- 
labeled rat p opioid receptor. Following treatment of the 
immunoaffinity purified [3H]palmitate-labeled material with N- 
Glycanase, which removes N-linked carbohydrate, the pHjpalmitate- 
labeled protein became a sharper band with Mr of ~40 kDa, the same 
as N-Glycanase-treated [3H]6-FNA-labeled p receptors. This result 
indicates that the p opioid receptor is palmitoylated. Amino acid 
residue(s) that is (are) palmitoylated are being investigated, (supported 
by NIH Grants DA04745, DA10702 and Adolor Corp.)

479.8
OPIOID LIGAND/RECEPTOR INTERACTIONS AS REVEALED FROM 
ANALYSIS OF THE pH DEPENDENCE OF BINDING. G. Wut, G. DondioX
L.F. RavegliaYand R.D. Howells§*. Depts. of tNeurosci. and §Biochem. & Mol. 
Biol., UMD-New Jersey Med. Sch., Newark, NJ, 07103 and YSmithKline Beecham 
S.p.A., 20021 Baranzate, Milan, Italy.

Evidence indicates that biogenic amines in the cationic state interact directly with 
an anionic Asp residue in transmembrane domain (TM) 3 of their respective G 
protein-coupled receptors. Since opioid ligands are amines and opioid receptors 
contain an Asp in TM3, it has been generally accepted that a ligand/receptor ionic 
interaction is critical for high affinity opioid receptor binding. This hypothesis has 
been tested by analysis of p and 6 opioid receptor binding using Tris buffer at 
alkaline pH. Human embryonic kidney 293 cell lines were established that stably 
express epitope-tagged p and 6 opioid receptors. The effect of conducting j,t receptor 
binding assays at alkaline pH was ligand-dependent: bremazocine binding increased, 
DAMGO and fentanyl binding decreased, and naloxone binding remained constant 
when binding was compared at pH 10 and pH 7.5. Binding to the 6 receptor at pH 10 
vs. pH 7.5 was also ligand-dependent: bremazocine, naloxone, and SB 219825 (a 6- 
selective non-peptide agonist) binding was unchanged, and DSLET binding decreased. 
Since the pKas of the amine moieties of these ligands are in the range of 9.0-9.85, 
these data indicate that some ligands bind to opioid receptors with the amine in the 
unprotonated state. Binding to y. and 6 opioid receptors was then assayed in Pipes 
buffer at acidic pH values. Bremazocine binding to the p receptor at pH 5.2 was 
decreased 90% relative to the binding at pH 7.5. Non-linear regression analysis of the 
inhibition curve suggested that a His residue on the receptor was involved (the 
apparent pKa was 6.2). In contrast, bremazocine binding to the 6 receptor was 
relatively insensitive to acidic pHs. Analysis of bremazocine binding to M2D and 
D5M receptor chimeras at acidic pHs suggested that the relevant His on the p 
receptor was in the second extracellular loop (His223). Supported by a Biomedical 
Research Support Grant from NIH and a grant from SmithKline Beecham.
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479.9
LONG-TERM AGONIST EFFECTS OF AMPHIPHILE CONGENERS OF 
ETORPHINE SUGGEST INTERFACIAL LOCATION OF p-OPIOID RECEPTOR 
RECOGNITION SITE. J.A. Bell1* and J.C. Schaeffer. ’Intramural Research 
Program, NIDA, Baltimore MD 21224 and 2Dept. of Chemistry, Cal State U., 
Northridge, CA 91330.

Previous opioid receptor binding and isolated spinal cord reflex 
electrophysiological studies have shown that when large hydrophobic substituents 
were added to 7a-aminomethyI-8J4-endo-ethenotetrahvdrooripavine (I) the 
resulting amphiphiles were potent and persistent opioid receptor agonists. These 
long-term effects may be due to accumulation and orientation of these compounds in 
the outer monolayer of neuronal membranes in a manner similar to the native 
phospholipid components: alkaloid portion at the surface and hydrophobic N-acyl 
group to the interior. To further test this hypothesis, the locus coeruleus (LC) slice 
preparation was used because it allows recording from isolated neurons containing 
only p-opioid receptors. Direct bath application of pL volumes (50-500pM) of 
various opioids depressed spontaneous firing of single LC neurons. The conversion 
of I to amphiphiles by the addition of a N-phenylacetyl, a N-phenylpropionyl or a N- 
phenylbutyryl substituent increased potency -10-fold. Following treatment with 
congeners that had less amphiphilic character, firing rates recovered to control 
values in <30 min. whereas firing rates recovered only at much longer times after 
treatment with the amphiphilic compounds. Bath application of naloxone reversed 
the depressant effects of the amphiphilic congeners, but following washout of 
naloxone the depressant effects returned. These results highlight the important 
relationship between amphiphilic structure and persistent potency, and coupled with 
the recent finding that P-FNA covalently binds to a lysine residue near the putative 
extracellular surface of transmembrane segment V of the rat p-opioid receptor [C. 
Chen et al (1996) J. Biol. Chem. 271, 21422] strongly indicate an interfacial location 
for p-ligand recognition. Supported by NIDA Intramural Research Program.

479.10
OPIOID AND ALPHA2(a2) ADRENERGIC RECEPTOR AGONIST:ENHANCED 
INCORPORATION OF [y-32P] GTP AZIDOANILIDE ([32P]GTPAA), INTO GTP- 
BINDING PROTEINS (G PROTEINS) OF MOUSE SPINAL NEURONAL 
MEMBRANES. F, Karim and S.C. Roerig* Department of Pharmacology, 
Louisiana State University Medical Center, Shreveport, LA 71130.

G proteins may play a role in the analgesic synergism between spinal opioid and a2 
adrenergic agonists. The method of agonist-enhanced incorporation of photoreactive 
[32P]GTPAA into G protein a subunits can identify which G proteins are coupled to 
receptors. The present studies employed this technique to investigate opioid and a2 
adrenergic receptor coupling to G proteins in spinal cord membranes. The opioid 
agonist etorphine and the a2 adrenergic agonist clonidine were incubated with spinal 
neuronal membranes from male ICR mice in the presence of [32P]GTPAA and 
exposed to UV irradiation. G protein a subunits were separated by 6M urea SDS 
PAGE and autoradiographs of the gels showed that the agonists increased [32P] 
incorporation into at least two G protein a subunits. Etorphine (IOji M) increased the 
incorporation of [32P] by 30.3 ± 3.6% (n=4). Clonidine (lOpM) increased the 
incorporation of [32P] to a lesser extent (19.8 ± 5.1%, n=5). Interestingly, when 
membranes were incubated with the photoaffinity label in the presence of both 
clonidine and etorphine, the amount of [32P] incorporated was greater (49.3 ± 3.5%, 
n=3) than when each agonist was incubated alone. Incorporation of [32P] was also 
enhanced by agonists selective for the p, 8 and k  opioid receptors, when incubated 
alone or together with clonidine. These results suggest that (1) spinal opioid and a2- 
adrenergic receptors simultaneously couple to multiple G proteins and (2) there is an 
additive interaction between the opioids and clonidine at the level of the G protein, 
when the two drugs are incubated together. (Supported by DA07972).

479.11
REGULATION OF INWARDLY RECTIFYING POTASSIUM 
CHANNELS (GIRKS) BY THE ENDOTHELIN-A RECEPTOR. C.R. Cyr, 
D. J. Henry*, and C. Chavkin Department of Pharmacology’ University 
of Washington, School of Medicine, Box 357280 Seattle, WA. 98195

Xenopus laevis oocytes expressing the human endothelin A receptor 
(hETAR), rat mu opioid receptor (rMor), and rat G protein-activated 
inwardly rectifying potassium (GIRK) channels produced a calcium- 
dependent chloride channel response and no detectable increase in 
potassium conductance when stimulated with endothelin-1 (ETi). Mu- 
opioid receptor (MOR) activation increased GIRK conductance and this 
response was substantially inhibited by prior activation of hETAR with 
ET i. The extent of the ET i -induced inhibtion of GIRK activation was 
dependent on the expression levels of hETAR, MOR and GIRKs. 
Furthermore, MOR activation of GIRK1.GIRK2 or GIRK1 GIRK4, but not 
GIRK 1 XIR was inhibited by prior stimulation of hET\R with ET j. This 
ETi-induced inhibition was not blocked by the non-specific anion 
channel blocker DIDS or by a calcium chelator (EGTA). The inhibition 
was reproduced by pretreatment with the activate phorbol ester PMA but 
not by the inactive isomer PDD. PMA-induced, but not the ETi -induced 
inhibition was blocked by the kinase inhibitor staurosporine. The results 
suggest that ET i activation of hETAR inhibits the MOR-activated GIRK 
response by a staurosporine-insensitive, calcium-independent kinase 
action on the GIRK2 or GIRK4 channel subunits. Supported by UHPHS 
DA04123.

479.12
THE LOCAL ANESTHETIC SAMERIDINE IS A SELECTIVE LIGAND 
AND PARTIAL AGONIST AT CLONED HUMAN MU RECEPTORS.
M. LaBarre, S. St-Onge, A. L. Ask, , and K. Payza*. Department of 
Pharmacology, Astra Research Centre Montreal, 7171 Frederick-Banting, 
St-Laurent, Quebec H4S 1Z9, Canada, and Astra Pain Control, Sweden.

Sameridine, N-ethyl-1 -hexyl-N-methy 1-4-phenyl-piperidine carboxamide 
hydrochloride, is a new class of compound with both local anesthetic and 
analgesic properties. The clinical use of sameridine is intended for 
intrathecal administration to provide surgical anesthesia and prolonged 
post-operative analgesia. In this study we used competitive binding 
experiments to assess the selectivity of sameridine at cloned human opioid 
receptors. Sameridine exhibited potent binding affinity (6.37 nM Ks) for 
the cloned human mu opioid receptor subtype in vitro. Sameridine was 
268-fold and 131-fold selective for the mu receptor compared to the delta 
and kappa receptor subtypes respectively. We also assessed the mu- 
agonist activity of sameridine by measuring stimulation of GTP[y]35S 

binding to G-proteins in vitro. At the cloned human mu opioid receptor, 
sameridine had an EC50 of 1.85 pM and a maximal effect of 15.60% 
compared to DAMGO (Em, = 100%). The efficacy of sameridine ranked 
between dezocine and meperidine, indicating that sameridine is a partial 
mu-agonist.

479.13
STRUCTURAL AND FUNCTIONAL ANALYSIS OF 
HAEMORPHINS. 1A„ Borsodi*. *J. Szikra, *K. Monorv. 3Y. Pouille. 
2Gv . Orosz, 2K. Medzihradszkv, 4G. Toth. 3J. Hanoune 'Inst. of 
Biochem. and 4Isotope Lab., Biol. Res. Ctr., Hung. Acad. Sci., 
Szeged, H-6701, 2Res. Group for Peptide Chem., Hung. Acad. Sci., 
Budapest, H-1518, Hungary, 3INSERM U-99, Creteil, F-9440, 
France.

The haemoglobin derived haemorphins with opioid activity (1) show 
structural homology with the recently discovered mu endogenous 
tetrapeptides (2). Synthetic haemorphins and their analogues have 
been tested in vitro binding assays in rat brain membranes using type 
selective radioligands (DAMGO, He5,6 deltorphin II and EKC). In the 
competition experiments the following rank order of potency was 
obtained: mu > delta > kappa. (Kj value for DAMGO was 6 x 10'7 M). 
The degree of inhibition of adenylyl cyclase measured in striatum was 
in good agreement with the binding data. Haemorphins were 
radiolabelled with tritium using their iodinated precursors. The direct 
binding assays confirmed the mu specificity of the ligands.
1. Q. Zhao et al. J. of Liquid Chromatography 18: 93-103, 1995.
2. J.E. Zadina et al. Nature 386:499-502,1997.
Supported by OTKA T022104 (Hungary), Copernicus (CIPA CT 
940226) European Commission, French-Hungarian East-West 
Program No 5REW 02.

479.14
MU OPIOID RECEPTOR BINDING CORRELATES WITH SYMPTOMS AND 
TREATMENT RESPONSE IN UNIPOLAR DEPRESSION. B. Bencherif, G.J, 
Treisman, J.K. Zubieta. N. Ilgin, M.J. Stumpf, O. Radcliffe, H.T. Ravert, WIT
Mathews. J.L, Musachio, R.F. Dannals and J.J. Frost*. The Johns Hopkins Medical 
Institutions, Baltimore, Maryland.
There are many lines of evidence that point to the role of the endogenous opioid 

system in depression and to a different prevalence of depression between the sexes. 
Animal studies have shown upregulation of brain mu opioid receptors (mOR) 
following chronic antidepressant treatment (AT), however, brain mOR changes in 
humans following AT and their correlation with behavioral changes are still unknown. 
We measured brain mOR using C-11 carfentanil and PET (GE 4096 scan, FWHM 
resolution 7mm) in 12 males and 13 females (age 39 + 8 years) pre-AT and 8 males 
and 9 females (40 + 7 years) post-AT as well as 19 male and 20 female healthy controls 
(44 + 20 years). The Beck score served to correlate changes in mood with mOR in 8 
males and 8 females with both pre- and post-AT studies. The amygdala-occipital plane 
was localized using MRI and transferred on a thermoplastic mask used for PET 
imaging. A region of interest analysis of the ligand specific binding (36-82 min.) was 
obtained after correction for non specific binding ([region-occipital]/occipital). 
Compared to normal controls the mean MOR was lower pre-AT and higher post-AT in 
most brain regions and a significant increase was seen in the anterior cingulate post-AT 
(Ancova, p < 0.02). When patients were compared pre- and post-AT using a paired t- 
test, a significant drug-induced increase was found in the cortical (temporal and frontal 
(p < 0.006), anterior cingulate and parietal (p < 0.02) and sub-cortical (thalami, caudate 
and amygdala p < 0.006) regions. Beck scores before AT were positively correlated 
with mOR in the caudate nuclei, putamen (p < 0.005), amygdala (p < 0.02) and anterior 
cingulate cortex (p < 0.02) in females, but not in males and their improvement post-AT 
was accompanied by increased mOR in the frontal region (p < 0.005). These results 
indicate that the neurochemical mechanisms underlying depression and the response to 
AT are linked to opioid function in females, but not males.

MH51141 and NARSAD Established Investigator Award
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480.1
ORPHANIN FQ AND (3-ENDORPHIN PEPTIDE LEVELS ARE 
DECREASED IN THE HYPOTHALAMUS OF TRANSGENIC MICE 
OVERPRODUCING CORTICOTROPIN-RELEASING-HORMONE. 
D.I. Quigley, D.K. Grandv. M.P. Stenzel-Poore and R.G. Allen*
Oregon Health Sciences University, Portland, OR 97201

Transgenic mice overproducing corticotropin-releasing- hormone 
(CRH) exhibit endocrine abnormalities involving the hypothalamic- 
pituitary-adrenal axis. For example, these animals exhibit elevated 
plasma levels of adrenocorticotropin (ACTH) and glucocorticoids. 
Increased plasma glucocorticoids have been shown to negatively 
regulate expression of proopiomelanocortin (POMC) mRNA in the 
hypothalamus. Orphanin FQ, a peptide with anti-opiate properties, is 
abundant in hypothalamic tissues. We measured peptide levels of 
OFQ and (3-endorphin in hypothalamic extracts by radioimmunoassay 
in CRH overproducing mice. We found that the peptide levels of both 
OFQ and (3-endorphin were decreased in the hypothalamus of CRH 
overproducing mice compared to matched controls. Hypothalamic (3- 
endorphin levels in CRH transgenics were 0.153 pmol/hypothalamus 
+/- 0.032 S.E.M. (n=3) compared to age and sex matched controls 
were 0.259 pmol/hypothalamus +/- 0.027 S.E.M.(n=5).
Hypothalamic OFQ levels in CRH overproducing mice were 0.035 
pmol/hypothalamus +/- 0.008 S.E.M. (n=3) compared to age and sex 
matched controls 0.071 pmol/hypothalamus +/- 0.006 S.E.M. (n=5). 
These results suggest that either glucocorticoids negatively regulate 
OFQ and (3-endorphin production or that CRH directly or indirectly 
inhibits OFQ and (3-endorphin peptide production in the 
hypothalamus. We hypothesize that OFQ is involved in the stress 
response. This work was supported by DA085062 to (DKG).

480.2
OVEREXPRESSION OF ORPHANIN FQ PRECURSOR GENE, N23K/N27K, 
INITIATES NEURITE OUTGROWTH IN MOUSE NS20Y NEUROBLASTOMA 
CELLS. Y. Saito1*, K. Maruyama2, T.C. Saido1 and S. Kawashima1. 1 Dept.Mol. 
Biol., Tokyo Metropol. Inst. Med.' Sci., Tokyo 113, Japan. 2 Lab. of Neurochem., 
National Inst. Physiol. Sci., Okazaki 310, Japan.

Using a subtractive hybridization approach, we discovered N23K and its splicing 
form N27K as transcripts upregulated in mouse NS20Y cells after differentiation 
treated by dibutylyl cyclic AMP. By chance, both genes encode precursor proteins 
for a novel opioid, orphanin FQ. However, the temporal and spatial patterns of 
N23K/N27K proteins during development suggest that they play a dual role, as a 
source of orphanin FQ in the mature brain and as a regulatory molecule in neuronal 
differentiation. Here we report that NS20Y cells transfected with N23K and/or 
N27K induce neurites with the expressed protein distributed in the perinuclear 
region and distal parts of the neurites. The granular staining of the N23K and/or 
N27K proteins was also colocalized with secretogranin I, indicating incorporation 
into large dense core vesicles. The coexpression of N23K and N27K significantly 
alter the length of neurites, in comparison with that in the case of N23K or N27K 
expression alone. This is the first report that the expression of a neuropeptide 
precursor gene alone causes a drastic morphorogical change. These results show 
that N23K and N27K are involved directly in the regulation of neurite outgrowth, 
and they play functionally unique role during neural development among the opioid 
family member genes. (Grant sponsors: Ministry of Education, Science, and Culture 
of Japan. Uehara Memorial Foundation)
Reference [1J Saito et al. (1995) BBRC 217: 539. [2J Saito et al. (1996) JBC 271: 
15615. [3] Saito et al. (1997) J. Neurosci. Res., in press

480.3
ORPHANIN FQ MODULATION OF MESOLIMBIC DOPAMINE 
RELEASE. N, P. Murphy, L. Ackerson and N, T. Maidment* Dept. 
Psychiatry and Biobehav. Sciences, UCLA School of Medicine, 760 
Westwood Plaza, Los Angeles, California 90024-1759.

Orphanin FQ (OR.FQ, known also as nociceptin) suppresses 
locomotion in rats and mice when administered intracerebroventricularly 
(i.e.v) at high doses (Devine et al., 1996). We have previously shown that 
OR.FQ suppresses dopamine (DA) release in the nucleus accumbens after 
i.e.v. administration (Murphy et al., 1996): a potential site at which 
OR.FQ mediates its locomotory suppresive action. The present study 
employed dual probe microdialysis in halothane anesthetized rats. 
Sustained retrodialysis of OR.FQ (ImM, lpl/min) into the ventral 
tegmental area (VTA) significantly reduced extracellular DA levels in the 
ipsilateral nucleus accumbens (maximum 40% decrease). This 
suppression was accompanied by increased levels of extracellular GABA, 
glutamate and aspartate within the VTA (3511189%, 204144%, 
99.4157.8% respectively). Conversely, the putatively inactive OR.FQ 
analogue, des-Phe’-OR.FQ (ImM) had no significant effect on nucleus 
accumbens extracellular DA levels. We are currently examining if the 
OR.FQ effect is the result of a direct action on DA neurons in the VTA 
or is secondary to an effect on inputs to these cells.

Devine et al., 1996, Neurochem. Res. 21: 1387-1396
Murphy et al., 1996, Neurosci. 75:1-4

This work was supported by NIDA #DA05010.

480.4
PHARMACOLOGICAL CHARACTERIZATION OF PRE-PRO 
ORPHANIN 141157 (OFSQ): A POTENT SPINAL AND SUPRASPINAL 
ANALGESIC. G.C.Rossi*, J.P.Mathis, L.Leventhal, and G.W.Pasternak. 
The Cotzias Laboratory of Neuro-Oncology, Department of Neurology. 
Memorial Sloan Kettering Cancer Center, NY, NY U.S.A. 10021.

In 1995, a new family of peptides was identified by two groups as the 
endogenous ligand for the ORL-l/KOR-3 receptor and called orphanin FQ 
(Reinscheid et al.,1995) or nociceptin (Meunier et al.,1995). Orphanin- 
FQ/nociceptin (OFQ/N) binds to the expressed KOR-3/ORL-1 receptor with 
high affinity, but is virtually inactive against traditional opioid receptors 
(Meunier et al.,1995). Like OFQ/N , pre-pro orphan in 141.157 (OFSQ) is a 
heptadecapeptide, which exists 2 amino acids following OFQ/N in the 
precursor molecule. In analgesic assays, OFSQ (lpg) elicits a robust analgesic 
response in CD-I mice when tested intracerebroventricularly (icv), as well as 
intrathecally (it). Both icv and it OFSQ peak effects are completely blocked by 
systemic administration of the traditional opioid antagonist, naloxone (5mg/kg). 
Additionally, blockade of the anti-opioid sigma system by haloperidol 
(0.5mg/kg) enhances the spinal and supraspinal potency of OFSQ. Preliminary 
binding studies on OFSQ show no affinity to mu, delta or kappa3 ligands. 
Therfore, these studies of OFSQ provide evidence for a role in spinal and 
suprapinal opioid analgesia, despite poor affinity of OFSQ to the traditionally 
known opioid receptors. Supported by a Research Scientist Development Award 
(DA00310)

480.5
ANTISENSE MAPPING OF THE “ANTI-OPIOID” PROPERTY OF ORPHANIN 
FQ/ NOCICEPTIN IN MICE. M.A. King*, G. Rossi, A, Chang and G.W. Pasternak 
The Cotzias Laboratory of Neuro-Oncology, Department of Neurology, Memorial 
Sloan-Kettering Cancer Center, New York, NY 10021

A recently discovered endogenous peptide, orphanin FQ/ nociceptin (OFQ/N), binds 
to a newly cloned opioid receptor with high affinity in the brain. In previous studies, 
researchers examined OFQ/N’s supraspinal actions by observing shorter tail flick 
latencies in the animals. Subsequent antisense studies revealed a blockade of OFQ/N 
hyperalgesia by the antisense oligodeoxynucleotide for exon 1 of the KOR-3/ORL, 
receptor. Additional studies examined the interaction of OFQ/N and the p, 6 or k  opioid 
receptor system. Low doses of OFQ/N inhibit p, 6 or k  receptor mediated analgesia, 
thereby producing an “anti-opioid” effect. In order to further characterize OFQ/N’s 
“anti-opioid” effect, antisense mapping with the KOR-3/ORL, antisense 
oligodeoxynucleotide was utilized. Dose response studies revealed that OFQ/N dose 
dependently reversed morphine (0.7 pg, i.e.v.) analgesia. The 0.2 pg (IC85) dose of 
OFQ/N required to attenuate morphine’s action is far less than the 10 pg (ED50) dose 
required to produce analgesia, suggesting that OFQ/N’s “anti-opioid” property is more 
potent than its antinociceptive component. In addition to morphine, OFQ/N’s “anti-
opioid” response also blocks M6G, DPDPE, U-50, 488H or NalBzoH analgesia, which 
shows OFQ/N’s ability to attenuate p, 6, K, or k 3-induced antinociception. Antisense 
probes which target all three coding exons were tested. Only the antisense targeting the 
first coding exon significantly blocked OFQ/N suppression of morphine analgesia. 
Neither the mismatch nor the other two probes altered morphine’s response. These 
findings are consistent with results reported by Rossi et al., (1997) examining OFQ/N’s 
hyperalgesia. Therefore, the first coding exon of the KOR-3/ORL, receptor is present in 
the receptor responsible for OFQ/N’s potent “anti-opioid” effect. The inactivity of the 
other antisense raise interesting questions about the possibilities of receptor subtypes. 
Supported by DA 07242

480.6
NOCICEPTIN AUGMENTS THE M-CURRENT IN CA1 HIPPOCAMPAL 
NEURONS BY AN OPIOID RECEPTOR MECHANISM. S.G. Madamba, P. 
Schweitzer, and G.R. Siggins*. Dept. of Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA 92037.

We previously reported (Soc. Neurosci. Abst. 22: 1312, 1996) that dyn- 
orphin A enhanced the non-inactivating voltage-dependent potassium M- 
current (Im) in CA1 hippcampal pyramidal neurons (HPNs), an effect 
blocked by the K-selective antagonist norbinaltorphimine (nBNI). Because 
the recently cloned orphanin FQ receptor (ORL1) shares a high sequence 
homology with the k  opioid receptor and is expressed in rat hippocampus, we 
tested nociceptin, the endogenous ligand for ORL1, in CA1 HPNs. We used 
the rat hippocampal slice preparation and intracellular voltage-clamp 
recording in the presence of 1 pM tetrodotoxin. As with dynorphin A, 
nociceptin enhanced (m relaxation amplitudes dose-dependently. On average, 
0.1 pM nociceptin did not alter Im (n = 5). Higher concentrations of the 
peptide (0.5 pM; n = 16 and 1 pM; n = 6) significantly (p < 0.0005 and p < 
0.001) increased Im amplitudes, with recovery on washout. Curent-voltage 
relationships (range -47 to -135 mV) revealed that nociceptin (0.5 - 1 pM) 
elicited an outward current reversing near the equilibrium potential for 
potassium ions (around -100 mV). Ba++ 2 mM blocked these effects. The 
nociceptin-induced current was significantly enhanced at depolarized 
membrane potentials where Im is largely activated. As with dynorphin A, the 
nociceptin-induced Im increase was blocked by prior application of the 
opioid receptor antagonist naloxone (4 pM; n = 5) or nBNI (200 nM; n = 5). 
Interestingly, the opioid antagonists blocked the nociceptin-induced outward 
current at depolarized but not the inward current at hyperpolarized potentials. 
Our results suggest that nociceptin can postsynaptically modulate the 
excitability of CA1 HPNs through opioid and non-opioid receptors linked to 
K+ channels.

Supported by NIH grants DA 03665, MH 44346 and KOI DA00291.
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480.7
THE EFFECT OF ORPHANIN FQ ON BODY TEMPERATURE IN 
RATS. X.H. Chen, D. McClatchy, E. B, Geller* and M, W. Adler. 
Department of Pharmacology, Temple University School of Medicine, 
Philadelphia, PA 19140

Studies have reported that orphanin FQ (OFQ) functionally 
antagonized mu-, delta- and kappa-opioid antinociception. It is well 
known that the mu opioid receptor is involved in hyperthermia and the 
kappa opioid receptor in hypothermia. In the present study, we 
examined the effect of OFQ on body temperature (Tb). Adult male SD 
rats were surgically implanted with icv cannula under anesthesia. Rats 
received sc injections of a dose of morphine (4 mg/kg) which 
produced hyperthermia via mu opioid receptors, and a sc injection of 
the kappa opioid receptor agonist spiradoline (100 mg/kg), which 
produced hypothermia. Thirty min after sc injection, OFQ (1, 5 or 10 
nmol) was given icv. Tb measurements were made at 15, 30, 45, 60, 
90, 120 and 180 min after the sc injection. The results showed that 
OFQ reduced the hyperthermia induced by sc injection of morphine 
(p<0.01, ANOVA followed by Duncan’s test) and potentiated the 
hypothermia induced by sc spiradoline (p<0.01). These findings 
suggest that OFQ blocks mu opioid receptors and allows endogenous 
kappa opioid receptor activity to be seen, pointing to a tonic balance 
between mu and kappa opioid activity. In addition, OFQ has a 
synergistic effect with kappa opioid agonists on Tb. (Supported in 
part by NIDA Grant DA 00376).

480.8
ORPHANIN FQ mRNA LEVELS ARE DECREASED BY STRESS AND 
INCREASED BY MORPHINE AND ETHANOL.
D.Benjamin*, H.S. Southard, P.C. Mack, and L.A. Pohorecky.
Division of Neuropharmacology, Center of Alcohol Studies, Rutgers
University, Piscataway NJ 08855-0969.

In our continuing studies on the role of opioids in brain function, we
have investigated regulation of the orphanin FQ message (mOFQ) using a 
specific and sensitive semi-quantitative RT-PCR methodology. It was 
observed that maximally differentiated Pl9 neurons express mOFQ, 
providing a convenient neuronal model system for the study of the 
intracellular effector pathways involved in mOFQ regulation. Phorbol ester- 
12-myristate-13-acetate, (2 mM for 6 h) and the phosphodiesterase inhibitor 
IBMX (10 mM for 6 h) both increased mOFQ levels by fourfold, suggesting 
the involvement of PKC and cAMP in its transactivation. Ethanol (100 mM 
for 1 h) resulted in a two-fold increase in mOFQ, whereas norepinephrine (1 
pM for 1 h) did not affect mOFQ levels. In the anterior hypothalamus of 
male Long Evans hooded rats, mOFQ levels decreased by 10 % after 
exposure to a novel environment for 1 h, and decreased by 40% after 1 h of 
restraint stress. These findings demonstrate that mOFQ levels are decreased 
by stress and the decrement is consistent with the intensity of the stress. 
Compared to saline-injected controls, the prototypical opioid, morphine (20 
mg/kg IP 2 h prior to sacrifice) resulted in a 2-fold increase in mOFQ. 
Similarly, ethanol (2 g/kg IP) resulted in increases in mOFQ in the anterior 
hypothalamus when injected 1 h before sacrifice. Compared with controls, 
morphine and ethanol exposure resulted in an increase in OFQ transcript, 
whereas one hour of restraint produced a significant decrease in OFQ. Thus, 
although morphine and ethanol treatment activate the hypothalamic pituitary 
adrenal axis, their effect on mOFQ levels cannot be attributed to stress 
(Supported by the Smithers Endowment; partial support from NIAAA grant 
AA10124 and NIMH grant MH52293).

480.9
INTRACEREBROVENTRICULAR ADMINISTRATION 
OF THE NEUROPEPTIDE ORPHANIN FQ ALTERS 
RESPONSES OF THE HPA AXIS TO STRESS. D. P. 
Devine*. S.J. Watson. O. Civelli and H. Akil University of 
Michigan, Mental Health Research Institute, Ann Arbor, 
Michigan, 48109-0720 USA.
We examined the effects of orphanin FQ (OFQ) on 

hypothalamic-pituitary adrenal (HPA) axis activity in rats. The 
rats were treated with intracerebroventricular (i.c.v.) injections of 
OFQ in the presence or absence of acute stressors. Plasma 
corticosterone concentrations were assayed 15 or 30 min. after 
injections. In the rats that were not exposed to stress, OFQ 
produced dose-orderly increases in plasma corticosterone 
concentrations. In rats that were exposed for 15 or 30 min. to the 
mild stressor of a novel environment, OFQ produced dose-orderly 
increases in stress-induced elevations of plasma corticosterone. In 
rats that were exposed for 15 min. to the severe stress of restraint, 
OFQ administration increased the stress-induced elevations of 
plasma corticosterone. However, the higher doses of OFQ 
(10-100 nmoles) produced a decrease in plasma corticosterone 
concentrations measured after 30 min. restraint. This latter effect 
appears to result from feedback inhibition of the HPA axis. We 
are currently assaying plasma adrenocorticotropin and other 
markers of HPA axis activity in these groups of stressed and 
unstressed rats. This work was supported by grants DA02265 
and DA08920. D.P.D. was supported by a fellowship from 
Fonds de la Recherche en Sante du Quebec, Canada

480.10
NEUROENDOCRINE EFFECTS OF ORPHANIN FQ ADMINISTRATION IN 
RATS. W, Bryant. J, Janik, M, Baumann and P, Callahan.* Miami 
Univ, Center for Neuroscience, Dept of Zoology, Oxford, OH 45056 
and Clinical Psychopharmacology Laboratory, NIDA, Baltimore, MD 
21224.

The endocrine effects of Orphanin FQ (OFQ), a recently identified 
neuropeptide which resembles the endogenous opioid, dynorphin, 
were determined. A dose response study was performed on male 
Sprague-Dawley rats which were implanted with chronic intra-
cerebroventricular (icv) and intravenous cannula. On the day of the 
experiment, an initial blood sample was withdrawn followed 
immediately by an injection of saline or OFQ (0.01, 0.1, 1.0 or 10 
pg; 5 pi, icv). Additional blood samples were withdrawn 10, 20,
30 and 60 minutes later.

At the lowest dose, OFQ administration produced a small increase 
in prolactin (PRL) levels at10 minutes only. The magnitude of the 
response to the other 3 doses was similar at 10 minutes (~15 fold 
higher than basal values) and was significantly greater than the 
increase after 0.01 pg. The duration of the response was dose- 
related. At 30 minutes, PRL levels remained elevated following the 
10 pg dose, but had returned to resting values following 0.1 pg. The 
stimulatory effects of OFQ on PRL release are different from its 
reported role as an anti-opioid peptide in analgesia. However, 
stimulation of PRL release may be due to an inhibitory action on 
monoaminergic activity. The PRL secretory response to OFQ in 
females and its effects on the tuberoinfundibular dopaminergic 
neurons is currently being investigated.

480.11
IDENTIFICATION OF A NEW OPIOID-LIKE PROHORMONE (Xen-dorphin), 
DISTINCT FROM ENKEPHALINS AND DYNORPHINS: CLONING AND 
CHARACTERIZATION OF AN AMPHIBIAN XEN-DORPHIN PROHORMONE 
FROM XENOPUS LAEVIS. S.R. Nagalla*. J.S. Mogil. J.E. Grisel, G. Zhang. 
D.K. Grandv. J.K. Belknap and P.Pattee. Dept. Pediatrics, Oregon Health 
Sciences University, Portland, OR 97201

Opioid-like peptides are known to mediate analgesia and tolerance. 
Pharmacological studies indicate the presence of multiple opioid ligands 
and receptors yet to be charectrized. To discover these potential new 
ligands, using the enkephalin motif as an anchor sequence (KRYGGFL), in a 
RT-PCR approach, we have isolated a opioid-like prohormone from Xenopus 
laevis brain that is distinct from enkephalins and dynorphins. Full length 
cDNAs were isolated from a Xenopus brain library. mRNA distribution shows 
that it is expressed only in brain.Sequence analysis revealed a polypeptide 
precursor structure, and potential di or monobasic cleavages can generate a 
leu-enkephalin, dynorphin, and three new opioid-like peptides ( Xen- 
dorphins 1,2,3). We have synthesized Xen-dorphin 1 & 2 and tested their 
affinity to known opioid receptors and their antinociceptive effects in mice.

Receptor binding assays using mammalian p, k , and 8 receptors 
indicates that Xen-dorphins 1 and 2 bind with significant affinity to the k  
receptor ( Ki 10nM, 4nM respectively). Xen-dorphin 2 also binds to a new 
amphibian opioid-like peptide receptor with high affinity. Tail withdrawal 
latency tests following ICV injections in mice showed that Xen-dorphin2 
produces a dose dependent and naloxone reversible analgesia. Thus, the 
new opioid ligands generated from Xen-dorphin prohormone mediate 
opioid effects (analgesia), depending on their tolerance effects, they can 
potentially provide valuable tools in pain and drug abuse management. 
(Supported by Dept. Of Pediatrics program Development funds to SRN)
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481.1
IN VIVO NEUROPHYSIOLOGICAL ASSESSMENT OF 
MESOACCUMBENS DOPAMINE FUNCTION IN DOPAMINE 
TRANSPORTER KNOCKOUT MICE. D. C. Cooper1*, X-T. Hu \ S. Jones2, 
Giros, B.2, M.G Caron.2, F.J. White1, ’Dept.of Neurosci. FUHS/ The Chicago 
Medical School North Chicago, IL. 60031.2 HHMI Labs, Dept. Cell Biol & 
Med, Duke Univ, Durham, NC 27710.
In vivo extracellular single-unit recording was performed in the ventral tegmental area 
(VTA) and nucleus accumbens (NAc) in dopamine transporter (DAT) knockout mice 
(KO) and wild type (WT) littermates. VTA dopamine (DA) cell spontaneous firing 
rates were elevated in KO compared to WT (6 Hz vs. 4Hz) and their inhibitory 
response to the D2 receptor (D2R) agonist quinpirole was decreased. This corresponds 
to the reported (50% of WT) decrease in D2R mRNA in the KO VTA. NAc neurons 
were driven to 3-5 Hz using microiontophoretically applied glutamate. KO NAc cells 
required higher glutamate currents (45nA vs. 28nA) to evoke comparable firing rates 
to WT mice. Co-iontophoresis of quinpirole, SKF 81297, (DjR agonist) or DA was 
used to determine postsynaptic DA receptor sensitivity. The inhibitory effects of DA 
observed in WT NAc neurons were greatly reduced in KO mice. Instead, excitatory 
effects of DA were observed at low iontophoretic currents in KO mice. Similarly the 
inhibitory effects of quinpirole in WT mice were completely replaced by excitatory 
effects in KO mice. The inhibitory effects of SKF 81297 were similar in WT and KO 
mice, a surprising finding given the 55% reduction of DiR mRNA in the K'Os. 
Several of these findings are strikingly similar to those obtained in rats treated 
repeatedly with cocaine, including elevated DA cell spontaneous firing rate, a blunted 
inhibitory response to a D2R agonist, and higher glutamate currents necessary to drive 
firing in KO NAc neurons. Thus, DAT KO mice may be an excellent genetic model 
for neuroadaptations resulting from chronic cocaine abuse. (Supported by DA 04093, 
DA 00207, NS19576 & Bristol Myres Squib unrestricted Neuroscience Award).

481.2
MUSCARINIC AGONISTS DEPRESS EXCITATORY SYNAPTIC TRANSMISSION 
TO THE DOPAMINE NEURONS IN THE VENTRAL MESENCEPHALON._R 
Grillner* 12, A, Bonci\, Tltgvensson^G JBemardi1, N,B, Mercuri1. TRCCS - St Lucia, 
Via Ardeatina 306, 00179 Rome, Italy, 2T)ept of Physiol, and Pharmacol., Div. 
Pharmacol, Karolinska institutet, 171 77 Stockholm, Sweden.

The dopamine (DA) systems of the mesencephalon receive cholinergic inputs from 
the peduculopontine and the laterodorsal nuclei. These systems seem to be involved in 
mediating reward related behaviour and motor function. Nicotine and muscarine are 
known to excite DA neurons in vitro in the presence of tetrodotoxin (TTX). Muscarine 
has also been shown to depress glutamatergic excitatory synaptic transmission in several 
regions of the rat brain. The objective of the present study was to investigate if 
muscarinic modulation of the excitatory transmission to DA neurons occurs in the ventral 
tegmental area (VTA) and substantia nigra pars compacta (SNPC).

Intracellular electrophysiological recordings were performed from DA neurons 
(identified using established criteria) in VTA and SNPC using the in vitro rat brain slice 
preparation. Excitatory postsynaptic potentials (EPSPs) were evoked by a bipolar 
stimulating electrode and recorded in the presence of picrotoxin or bicuculline to abolish 
the GABAa  component. The cholinergic agonist, carbachol, reduced the EPSP amplitude 
in a dose dependent manner (0.03-30 uM) by 40%. Muscarine (30pM) also depressed the 
EPSP by the same magnitude. This suppression was completely blocked by the 
muscarinic antagonist atropine (1 pM) and the M3-receptor antagonist 4-diphenylacetoxy- 
N-methylpiperidine methiodide (4-DAMP; lpM). Antagonists acting at Ml, M2 and M4- 
receptors were not able to block the suppressant effect of carbachol. The depolarizing 
response to bath applied glutamate (ImM) in the presence of TTX was not affected by 
muscarine, indicating that the EPSP suppression by carbachol or muscarine is not 
mediated through postsynaptic receptors, but through presynaptically located receptors. 
Physostigmine (50 pM) also decreased the EPSP amplitude indicating that endogenous 
release of acetylcholine may exert the same effect. This effect was blocked by atropine 
and 4-DAMP.

In conclusion, this study demonstrates the existence of a cholinergic modulation of the 
excitatory synaptic transmission to DA neurons in VTA and SNPC, mediated through 
presynaptically located receptors probably of the M3 subtype.
(This study was supported by CNR, Italy, Knut och Alice Wallenbergs foundation, The 
Swedish Medical Research Council, grant no 4747).

481.3
ACTIVATION OF MIDBRAIN DOPAMINERGIC NEURONS BY 
MUSCARINIC CHOLINERGIC RECEPTORS. B. Gronier* and K, Rasmussen, 
Neuroscience Research, Lilly Research Laboratories, Lilly Corporate Center, 
Indianapolis, IN 46285,

Extracellular single-unit recording and iontophoresis were used to examine the 
effect of cholinergic agents on the firing rate and firing pattern of A9 and A10 
dopaminergic (DA) neurons in the rat. Application of low currents (1-5 nA) of the 
selective muscarinic agonists oxotremorine M (OXO M) and muscarine and of the 
muscarinic/nicotinic agonist carbamylcholine to A9 and A10 DA cells produced an 
strong excitatory effect which could be abolished by the muscarinic antagonists 
butyl-scopolamine (iontophoretically applied) and scopolamine (300 pg/kg, i.v.). 
The low currents administered induced an apparent depolarization inactivation in 
some neurons. On the other hand, the selective muscarinic agonists McN-A-343 
and bethanechol had little or no effect. Iontophoretic application of the nicotinic 
agonist methylcarbamylcholine, but not nicotine, induced a consistent increase in 
firing activity which was reduced by scopolamine (300 pg/kg, i.v.), but not by the 
selective nicotinic antagonist mecamylamine (2.2 mg/kg, i.v.). Iontophoretic 
application of acetylcholine (ACH) had little or no effect on the activity of A10 
cells. However, concomitant application of neostigmine, a cholinesterase inhibitor, 
with ACH accelerated their firing activity, and caused a depolarization of some 
neurons. In addition, OXO M and concomitant neostigmine/ACH caused a 
consistent increase in burst firing. These data suggest that both A9 and A10 DA 
cells possess functional muscarinic receptors involved in the control of their firing 
activity and their firing pattern. On the other hand, our results question the 
possibility of a direct effect of nicotinic receptors on the activity of DA neurons.

481.4
THE EFFECT OF SEROTONERGIC AGENTS ON THE ACTIVITY OF 
MIDBRAIN DOPAMINERGIC NEURONS IS A FUNCTION OF THE DENSITY- 
POWER-SPECTRUM OF THEIR INTERSPIKE INTERVALS. E. EspositoG. Di 
Giovanni and M, Di Mascio. Istituto di Ricerche Farmacologiche “Mario Negri” 
Consorzio Mario Negri Sud, S. Maria Imbaro (Chieti), Italy.

In this study, electrophysiological techniques and computational methods were 
used to investigate the effects of various serotonergic agents on the basal activity of 
DA neurons in the ventral tegmental area (VTA), and the substantia nigra, pars 
compacta (SNc). Extracellular single unit recordings were performed in vivo on male 
Sprague Dawley rats, anesthetized with chloral hydrate. DA neurons in the VTA and 
the SNc were identified by their location, waveform, firing rate and pattern. Acute 
injection of three selective serotonin reuptake inhibitors (SSRIs): fluvoxamine, 
paroxetine and sertraline (20-1280 pg/kg, i.v.) caused a dose-dependent inhibition of 
some VTA DA neurons but it did not affect the basal firing rate of other DA cells. A 
Fast-Fourier-Transformation based analysis of the basal activity of 32 VTA DA 
neurons showed a positive correlation between the value of a functional operator (y) 
equivalent to the density-power-spectrum of the signals and the degree of SSRI- 
induced inhibition of VTA DA cells. All DA neurons sampled were subdivided into 
two subclasses: (A) neurons with no changes in their basal firing rate and (B) neurons 
showing an approximately linear inhibitory effect in response to SSRIs. The neurons 
belonging to the subclass A showed a more regular behavior of the interspike interval 
(ISI) functions corresponding to lower values detected by the functional operator \jx, 
whereas the neurons belonging to the subclass B showed a less regular behavior of 
ISI functions corresponding to higher y values detected by the same functional 
operator. Moreover, administration of the 5-HTi a  receptor agonist 8-hydroxy-2-(di-n- 
propylamino)tetralin (8-OH-DPAT) (1.25-80 pg/kg, i.v.) increased the firing rate of 
midbrain DA neurons with higher y values. It is suggested that the differential effects 
of SSRIs and other serotonergic agents on these neurons might depend on the 
characteristics of their basal firing mode.

481.5
ION CHANNELS IN CAD CELLS: A CATECHOLAMINERGIC NEURONAL 
LINE WHICH UNDERGOES REVERSIBLE DIFFERENTIATION. F.D. Smith. 
A, Kohn, D. Chikaraishi, and G.S, Oxford*. UNC Neuroscience Center, Univ. 
of North Carolina, Chapel Hill, NC 27599 and Dept. of Neurobiology, Duke 
University Medical Center, Durham, NC 27710.

CAD cells are a subclone of a CNS catecholaminergic cell line (Cath.a) 
produced by targeted oncogenesis via SV40 T antigen under control of the 
tyrosine hydroxylase promotor. The CAD cells, as distinguished from the 
parental Cath.a line, undergo reversible morphological differentiation to a 
neuronal phenotype upon serum deprivation (Qi et al., J. Neuroscience 
17:1217, 1997). CAD cells also express a number of neuronal synaptic 
marker proteins (synaptotagmin, SNAP-25), and contain synaptic vesicles in 
varicosities which develop along differentiating neurites. Voltage-gated ionic 
currents in the Cath.a parent cells have been recently characterized (Lazaroff 
et al., J. Memb. Biol. 151:279-291, 1996). Using standard single cell patch 
clamp techniques, we explored the possibility that differentiation of CAD cells 
might alter the nature and distribution of ion channels expressed in these 
cells. We also used RT-PCR methods to assess the expression of dopamine 
receptors and related ion channels (GIRKs) expected to be present in 
midbrain dopaminergic neurons. Proliferating CAD cells expressed TTX- 
sensitive sodium currents, delayed rectifier K currents, and voltage-gated 
calcium currents. In contrast no inwardly rectifying or inactivating (A-type) K 
currents were observed in these cells. Differentiation of CAD cells (3-6 days) 
resulted in an increase in density (pA/pF) of all current components recorded 
from cell soma, but no dramatic changes in the relative proportions of current 
components were observed. Measurement of current components in 
varicosities may reveal differentiation-specific changes. (Supported by NIH 
grant NS18788to G.S.O.)

481.6
Bicuculline methiodide potentiates NMDA-dependent burst firing by 
blocking apamin-sensitive Ca2+-activated K+ currents in rat dopamine 
neurons. S.W. Johnson and V, Seutin*, Departments of Pharmacology, 
Oregon Health Sci. Univ., 97201 USA, and University of Liege’, Belgium.

We have reported recently that bicuculline methiodide (BMI), but not 
other GABAa receptor antagonists, blocks the apamin-sensitive 
afterhyperpolarization in dopamine neurons recorded intracellularly in 
midbrain slices (Pfliigers Arch 433 :R7, 1997). Here, we examined the ability 
of BMI to potentiate NMDA-induced burst firing. As reported previously, a 
low concentration of NMDA (10 pM) rarely evokes burst firing (1/13 cells). 
However, in 30 pM BMI, NMDA (10 pM) evoked burst firing in a 
significantly greater percentage of cells (6 of 11; p < 0.05, Chi-Square). 
Neither picrotoxin (100 pM) nor bicuculline free base (BFB; 30 pM) 
potentiated burst firing in 10 pM NMDA; this was despite the findings that 
picrotoxin and BFB completely prevented the inhibition of spontaneous 
action potentials produced by the GABAa  agonist isoguvacine (100 pM). 
When recording under single-electrode voltage-clamp in TTX (300 nM) and 
TEA (10 mM), a prepulse to -100 mV followed by depolarization to -30 mV 
evoked an outward tail current (222 ± 39 pA) which decayed with a time 
constant of 100 ± 15 ms («=6). BMI (30 pM) reduced this tail current by 50 
± 2% («=4); perfusate containing no-added Ca2+ reduced it by 73 ±7% («=3), 
and apamin (100 nM) completely blocked the current («=3); BFB (30 pM) 
and picrotoxin (100 pM) had no effect. We conclude that BMI potentiates 
NMDA-dependent burst firing in dopamine neurons by blocking an apamin- 
sensitive Ca2+-activated K+ current. Funded by PHS grant MH040416.
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481.7
NITRIC OXIDE MODULATION OF DOPAMINE NEURONS IN RAT 
MIDBRAIN SLICE. B.A. Cox*, and S.W. Johnson, Department of 
Physiology and Pharmacology, OHSU, Portland, OR, 97201.
L-arginine, which is used as substrate for nitric oxide (NO) production, can 
potentiate GABA synaptic currents in dopamine (DA) neurons by an NO 
independent mechanism (Shen, K.-Z., Cox, B.A., and S.W. Johnson, 
Neuroscience, 1997, In Press). However, L-arginine (0.3-10 mM) and NO 
donor diethylamine nitric oxide (DEA-NO, 0 05-2mM), in the presence of 
GABA receptor blockers, can inhibit NMDA-induced burst firing in 
dopamine neurons recorded intracellularly in rat midbrain slice (Cox et al., 
Soc Neurosc. Abstr. 145.4, 1996). Moreover, NO scavenging agent 5,5- 
dimethyl-l-pyrolline-N-oxide (DMPO, 12.5 mM)can attenuate L-arginine's 
(3 mM) inhibition of burst firing.
When recording from midbrain DA neurons in whole cell configuration, 
clamped at -60 mV, application of DEA-NO and L-arginine (52 % of the 
time) evoked an outward shift in holding current that was accompanied by 
an increase in chord conductance that reversed potential around -105 mV 
GABA receptor antagonists blocked this DEA-NO evoked outward current 
by 44%. Application of either KATP channel blocker glibenclamide (1 pM) 
or NO synthase inhibitor L-NAME (1 mM) attenuated the L-arginine- 
induced increase in membrane conductance with no effect by either on 
reversal potential. These results suggest that NO modulates DA neuronal 
firing by increasing potassium conductance.
Funded by Scottish Rite Schizophrenia Research Program and PHS grant 
MH40416.

481.8
COULD ACUTE LOW-DOSE GAMMA-HYDROXYBUTYRATE INDUCE 
DEPOLARIZATION INACTIVATION IN THE VTA OF ANESTHETIZED 
RATS? Tremblay, H.*, Godbout, R., Girodias, V., Dallaire A.-C. Centre de 
recherche, Hdpital Sacr6-Coeur and Ddpartement de psychiatrie, Universitd 
de Montrdal, Montrdal (Qu6bec) Canada H4J 1C5.

The effect of gamma-hydroxybutyrate (GHB) administration on 
spontaneously active dopaminergic cells of the ventral tegmental area (VTA) 
was determined using extracellular single unit recordings in urethane- 
anesthetized rats. High doses (250 mg/kg i.p.) of GHB reversibly decreased 
firing rate in all cells tested (n =6). Of the 24 cells tested at low doses (10 
mg/kg i.p ), four were excited, four were inhibited and five entered an 
excitation/inhibition pattern (E/l); Six cells showed no modification of firing 
rate, and the remaining five cells were lost immediately upon injection. None 
of these 24 cells showed a burst discharge pattern prior to nor after GHB 
injection.Out of the three E/l cells tested, two showed a return of firing 
activity after apomorphine (50pg/kg s.c.).

The effects of high-dose GHB could involve the activation of GABA-B 
receptors (Engberg & Nissbrandt, Nauyn Schmiedebergs Arch Pharmacol, 
1993;348:491-7). The responses of VTA cells to low-dose GHB could vary 
according to the terminal field innervated by the recorded cell. The response 
of E/l cells to apomorphine suggests that these cells were in a state of 
depolarization inactivation. This issue is presently investigated.
Supported by NSERCC and FRSQ.

481.9
8-BROMO-cAMP EFFECTS ON THE ACTIVITY OF DOPAMINE NEURONS. 
Mark W. Lewis*, Amv J, Barron and David K. Pitta. Dept of Pharmaceutical 
Sciences, CoIL of Pharmacy & A.H.P., Wayne State Univ., Detroit, MI 48202.

Midbrain slice studies by Lewis et al. (Soc Neurosci. Abstr. 22:358,1996) demonstrated 
that 8-Br-cAMP elicits a mixture of excitatory, inhibitory and biphasic (excitauon- 
inhibition) responses in nigra! dopamine (DA) neurons, with some neurons showing no 
response A wider concentration range was examined (0.25-2mM) and the proportion of 
nigral DA neurons exhibiting inhibitory or biphasic responses for l-2mM 8-Br-cAMP 
was found to be approximately 30% (11^=61). Two possible mechanisms for the inhibitory 
component of the response were explored: (1) activation of GABAergic afferents, and (2) 
stimulation of adenosine receptors on DA neurons 8-Br-cAMP (0.25-2mM) was found 
to produce strong excitatory responses in 86% (ntot=7) of the non-DA pars reticulata 
neurons studied These neurons are presumably GABAergic and have been reported to 
provide inhibitory input to the nigral DA neurons. The GABAa  agonist, muscimol (4-16 
nM), was found to elicit a small, but significant excitatory response in approximately 36% 
(n.ot=14) of the nigral DA neurons studied, consistent with the hypothesis that this is a 
disinhibitory response mediated by inhibition of GABAergic afferents (Grace and 
Bunney, Eur. J. Pharmacol. 59:211,1979). Consistent with tonic GABAergic activity in 
the slice the GABAa  antagonist, bicuculline, elicited small excitatory responses in 
approximately 50% (11^=6) of nigral DA neurons. Although the non-selective adenosine 
receptor antagonist, theophylline (200-300 pM), was able to at least partially antagonize 
the inhibitory effects of adenosine (150-600 pM) on nigral DA neurons, preliminary 
evidence suggests that theophylline did not alter the inhibitory component of the responses 
to 8-Br-cAMP Although these results do not discriminate between mechanisms intrinsic 
and extrinsic to DA neurons, they suggest that GABAergic afferents may be more likely 
to participate in the inhibitory component of the response to 8-Br-cAMP than would 
adenosine receptor stimulation. (MH47857)

481.10
METHYLPHENIDATE AND D-AMPHETAMINE INHIBIT THE 
SPONTANEOUS ACTIVITY OF TWO- TO THREE-WEEK-OLD 
NIGRAL DOPAMINE NEURONS IN THE MIDBRAIN SLICE. Amy J. 
Barron*, Mark W. Lewis and David K. Pitts. Department of Pharmaceutical 
Sciences, College of Pharmacy & Allied Health Professions, Wayne State 
University, Detroit. MI 48202.

The in vitro response to amphetamine (AMP) and methylphemdate (MPH) has 
not oeen well characterized in the midbrain slices from young animals In the 
present snidv the response of nigral dopamine (DA) neurons from 2- or 3-wcek- 
old midbram slices to AMP (1 25-5uM) or MPH (2 5uM) was examined. AMP 
elicited predominantly inhibitory responses in a concentration-dependent, age- 
independent manner MPH elicited inhibitory responses similar to AMP Previous 
m vivo studies during the early postnatal period have suggested that AMP exerts 
either anomalous effects on nigral DA neuron activity' (Trent et al. Eur J 
Pharmacol 204 265, 1991) or inhibits their spontaneous activity (Pitts and 
Zhang. Soc Neurosci Abstr i9 o28, 1993) Coulter et al. (Dev. Brain Res 92 
172, 1996) recently reported that there is an increased density of DA transporter 
binding sites m the substantia nigra zona compacta of 2-3 week-olds relative to 
adult rats Because the long-loop striatonigral feedback pathway is not present m 
the brain slice, the major effects of AMP and MPH are likely to be exerted 
through dendritic DA release and the subsequent stimulation of somatodendritic. 
DA autoreceptors (1 e , short-loop feedback) Our study results strongly suggest 
that the short-loop feedback loop is operational during this early postnatal period 
(MH47857)

481.11
INTRACELLULAR Ca2* CHELATION EVOKES BURSTING PLATEAU 
POTENTIALS IN NIGRAL DOPAMINE NEURONS IN VITRO. H.X. Ping 
and P.D. Shepard. MD Psychiatric Res. Ctr., Univ. of MD. Sch. of Med., 
Baltimore, MD 21228

SK-type Ca2+-activated K* channels (gKCa2*) are responsible for the slow 
component of post-spike afterhyperpolarization (AHP) exhibited by mesen-
cephalic dopamine neurons In vitro. Recent studies (Ping and Shepard, 
NeuroReport 7:809,1996) have shown that selective blockade of this 
conductance results in a voltage-sensitive plateau potential capable of 
driving a rhythmic bursting discharge similar to that observed spontaneously 
in vivo. In the present study, intracellular recording techniques were used to 
investigate the role of Ca2* in mediating the plateau potential using 
electrodes filled with the Ca2* chelator BAPTA-K4 (5 - 300 mM) in slices of 
the rat substantia nigra. The slow component of AHP was selectively and 
dose-dependently blocked by intracellular injection of BAPTA. In addition to 
an increased spontaneous firing rate, cells impaled with BAPTA-containing* 
electrodes exhibited evidence of spike frequency adaptation similar to that 
observed following blockade of gKCa2*. Depolarizing current pulses applied 
from holding potentials immediately below rest (-60 to -70 mV) were 
followed by a prominent depolarizing afterpotential (50 - 400 ms duration). 
Addition of TTX (2 /zM) to the bathing solution resulted in the emergence of 
a prolonged plateau potential (2 - 8 sec) that increased in duration as a 
function of stimulus intensity. These results indicate that intracellular Ca2* 
chelation can dramatically affect the function of apamin-sensitive Ca2*- 
activated K* channels. The ability of BAPTA to prolong the duration of 
bursting plateau potentials suggests that the dihydropyridine-sensitive Ca2* 
conductance responsible for mediating this phenomena may possess self-
limiting properties. This research was supported by USPHS grant MH-48543.

481.12
Dopamine depresses excitatory synaptic transmission in the rat parabrachial 
nucleus in vitro. X. Chen*, S.B. Kombian and Q.J. Pittman Neuroscience 
Research Group, University of Calgary, Calgary, Alberta, Canada

The parabrachial nucleus is involved in the regulation of visceral functions. 
Besides the well characterised glutamatergic and peptidergic inputs, it also 
recieves dopaminergic innervation predominantly from the ventral tegmental 
area. The role of dopamine (DA) in its function has not been defined. We 
therefore examined the effects of dopamine on excitatory synaptic transmission 
using coronal pontine slices and the nystatin perforated-patch recording 
technique.

Bath application of DA dose-dependently depressed evoked, pharmacologi-
cally isolated (50 pM picrotoxin present throughout) EPSCs in cells voltage- 
clamped at -65 mV with an estimated ED50 of 50 pM. This synaptic depression 
occurred with no change in holding current in most cells and was accompanied 
by an increase in paired-pulse facilitation. It was mimicked by the DA D,-like 
receptor agonist SKF38393 (50 pM) but not by the D2-like receptor agonist 
quinpirole (50 pM) or adenosine (10 pM). The DA-induced synaptic 
depression was blocked by the D,-like receptor antagonist SCH23390 (10 pM) 
but not by the D2-like receptor antagonist sulpiride (10 pM). Furthermore, DA’s 
effect was not altered by the presence of the GABAB receptor antagonist 
CGP36742 (50 pM), the a-adrenergic receptor antagonist phentolamine (50 
pM) or the adenosine A, receptor antagonist DPCPX (10 pM).

DA therefore depresses excitatory synaptic transmission in this nucleus by 
activating presynaptically located D,-like receptors. This effect of DA was not 
via GABA or adenosine receptor mechanisms.

Supported by MRC (Canada) and AHFMR.
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481.13
ELECTROPHYSIOLOGICAL CHARACTERIZATION AND EFFECT OF 
DOPAMINE ON VISUALLY IDENTIFIED NON-PYRAMIDAL NEURONS IN THE 
PREFRONTAL CORTEX. P. Zheng, B.S. Bunnev and W.-X. Shi*. Department of 
Psychiatry, Yale University School of Medicine, New Haven, CT 06510

To characterize putative GABA intemeurons in the prefrontal cortex (PFC), 
whole cell recordings were made from visually identified PFC non-pyramidal cells 
in thin rat brain slices. Of 54 non-pyramidal cells recorded, the average resting 
membrane potential was -58.2 mV and the input resistance was 874.9 MQ. The 
mean action potential duration, size and threshold were 3.18 ms (measured at 1/2 
amplitude), 79.1 mV and -42.7 mV, respectively. Upon sustained depolarization, 
all cells fired repetitively. However, all showed adaptation. The degree of 
adaptation varied between cells and for a given Cell the degree also varied 
depending on the level of depolarization applied. Cells with broader action 
potentials (>3 ms) normally showed a low degree of adaptation at less 
depolarized levels. Their firing frequency at the end of a 2.3 sec current step 
(Fend) was generally higher than 50% of the initial frequency (Finitia,) observed at 
the beginning of the step (Fend/Finitiai=66±8%, n=28 ). However, the same cells 
were highly adaptive at more depolarized levels (Fend/Finitiai:=35±2%). Compared 
to others, these cells exhibited higher input resistance (1163±102 MQ) and 
stronger inward rectification during hyperpolarization. Most cells tested in this 
group (n=15/16) did not respond to DA (10-30 piM). One, however, was 
depolarized (2 mV). Cells with narrower action potentials (<3 ms) can be further 
grouped into two categories. One showed low degrees of adaptation at all levels 
of depolarization tested (Fend/Finitiai>70%, average: 81 ±3%, n=8), whereas the 
others were highly adaptive at more depolarized levels (Fend/Finitiai=41±5%, n=16). 
Cells of the first group had a lower input resistance (351 ±57 MQ) than that of the 
second group (596±58 MQ) and showed a depolarization in response to DA 
application (2-3 mV, n=4/5). In contrast, most cells of the second group were not 
affected by DA (n=6/7). These results suggest that DA may selectively 
depolarize a subset of PFC intemeurons. Research is in progress to further 
characterize this subset of neurons.

Supported by the Scottish Rite Benevolent Foundation’s Schizophrenia 
Research Program, the NASARD Young Investigator Award, USPHS grants 
MH52686 and MH28849. and the state of CT.

481.14
DOPAMINE D2 RECEPTOR DEPENDENT HYPERPOLARIZATION 
IN HYPOTHALAMIC ARCUATE NUCLEUS NEURONS. A.B. 
Belousov* and A.N. van den Pol. Dept. of Biological Sciences, Stanford 
University, Stanford, CA 94305 and Section of Neurosurgery, Yale 
University School of Medicine, New Haven, CT 06520.

Dopamine (DA) plays an important role in the regulation of the 
hypothalamic neuroendocrine system. In our previous work in vitro, DA 
decreased activity in many hypothalamic neurons. To explore the 
mechanisms responsible for DA-mediated hyperpolarization we used 
whole-cell recording of neurons cultured from rat hypothalamus or 
arcuate nucleus. In the presence of glutamate receptor antagonists AP5 
(100 jiM) and CNQX (10 |±M), DA (10 pM) hyperpolarized the 
membrane potential in 66 of 125 neurons while decreasing the input 
resistance. The reversal potential for the hyperpolarization shifted to 
less negative values as the concentration of K+ in the external medium 
increased, suggesting DA activation of K+ channels. As DA did not have 
a significant effect on the amplitude of voltage-dependent K+ currents, 
activation of voltage-independent K+ currents may account for the 
hyperpolarizing actions of DA. The DA-mediated hyperpolarization was 
not affected by the Na+ channel blocker TTX, but it was blocked either 
by the DA D2 receptor antagonist eticlopride (1-20 pM) or by pertussis 
toxin pretreatment (200 ng/ml; n=15). Recorded cells were filled with 
neurobiotin and stained with GABA antiserum; in general neurons 
(n=15) that were not GABA immunoreactive were identified as the ones 
showing hyperpolarization with DA. Our findings suggest that DA 
inhibition in hypothalamus and arcuate nucleus neurons is achieved in 
part through the direct hyperpolarization of neurons, probably via DA 
D2 receptors coupled to K+ channels.

Supported by NARSAD and NIH.

481.15
NIGROSTRIATAL SUBSENSITIVITY TO DOPAMINERGIC DRUGS IN PERIADOLESCENT RATS: A NEUROCHEMICAL AND 
BEHAVIORAL ANALYSIS. C.A. Solanos', S.J. Glatt and D. Jackson. Psychology Dept., Northeastern Univ., Boston, MA 
02115.

Psychomotor stimulants produce increases in motor behavior in young (P018) and adult rats. Increases 
in behavior exhibited by young rats is comparable to that observed in stimulant-exposed adults. However, 
there is evidence suggesting that effects of stimulants change during development. Periadolescent rats 
(PD30-40) appear insensitive to stimulants; and thus, their behavioral responses to these drugs are of a 
lower magnitude when compared to younger or older rats. The neurobiological mechanisms for these 
periadolescent effects are not known, but some reports suggest that this phenomenon can be accounted 
for at least in part by a differential maturational rate of dopamine (DA) autoreceptors in striatum and 
mesolimbic brain regions. In the present study, the subsensitivity shown in PD35 rats was further 
assessed by measuring DA inhibition of acetylcholine (ACh) release in striatal slices and by measuring the 
effects of amphetamine (AMPH) on motor behavior. It was hypothesized that superfusion with cocaine 
would not alter evoked ACh release from PD35 rats, while it would inhibit, in a dose-dependent fashion, 
electrically-evoked ACh release in striatal slices prepared from adult rats. For the behavioral studies, the 
effects of AMPH (0.5,1.5 and 5 mg/kg) on open-field activity was assessed in PD35 and adult rats. 
Tritium efflux was used as a measure of ACh release. Cocaine superfusion produced a dose-dependent 
% inhibition of ACh release in slices from adult rats (1/zM, -22 ± 9; 5//M, -61 +8; 10/zM, -80 ±7). Cocaine 
also inhibited the evoked release of ACh (1/zM, -25 ± 7%; 5pM;-71 + 7%; 10pM, -80+7%) showing a 
saturating effect at 5 /zM. Our results suggest that increased responsiveness to cocaine at PD35 may 
reflect an increase in the number or affinity of striatal DA reuptake sites. Increased responsiveness to 
cocaine could indicate an increase in DA receptors or an increase in DA release at PD35. We examined 
the effects of apomorphine (APO) on ACh release. APO inhibited ACh release in slices prepared from adult 
rats in a dose-dependent fashion while slices prepared from PD35 rats showed a decrease in 
responsiveness at 0,1/zM due to potentially higher levels of extracellular DA. AMPH induced a dose- 
dependent increase in locomotion and stereotypy at both ages, the responses were lower in PD35 rats. 
These results extend previous findings of behavioral subsensitivity in PD35 rats and demonstrates that 
postsynaptic neurons can be used as an index by which to gauge dopamine sensitivity.

481.16
DOPAMINE MODULATION OF STRIATAL ACETYLCHOLINE RELEASE VARIES DURING THE 
RAT ESTRUS CYCLE. D. Jackson*, S.J. Glatt, and C.A. Bolanos. Psychology Department, 
Northeastern University, Boston, MA 02115.

Dopamine (DA) neurons of the substantia nigra exert an inhibitory influence over striatal cholinergic 
neurons. This regulation is of critical importance to normal extrapyramidal motor function as 
evidenced by the consequences of disruptions in this balance with motor dysfunctions (Parkinson's 
Disease, Huntington's Chorea and tardive dyskinesia). Previous research indicates that DA neurons 
are modulated by the hormones, estradiol and progesterone. Such changes include decreases in DA 
autoreceptors, increases in high-affinity DA uptake sites, and increases in DA release. These 
hormones have been proposed to cause both dopaminergic and striatal cholinergic hyperactivity. This 
can result in a state of compromised extrapyramidal motor function. In the present study, we have 
examined the effects of the DA reuptake blocker, nomifensine, on acetylcholine (ACh) release from rat 
striatal slices during various phases of the estrus cycle. We hypothesize that nomifensine will 
produce greater inhibition of ACh release at phases of the cycle (proestrus) in which estradiol levels 
are elevated and there are increases in DA transport sites. Striatal slices from cycling female rats 
(350 /^M) were prepared and labelled with tritiated choline. Basal and electrically-evoked tritium 
efflux was used as measures of ACh release.

Inhibition ofACh release by 10 <uM nomifensine 
Estrus Diestrus Proestrus Metestrus
46+11% 47+6% 58+12%* 58+6%*

* - P < .05 from estrus and diestrus

In conclusion, the results of this study suggest that elevated levels of female hormones during the 
estrus cycle enhance inhibitory effects of DA on cholinergic neurons. An increased number of DA 
uptake sites could mediate this effect. These hormones do not appear to be modulating cholinergic 
neurons directly.

481.17
INCREASED EXTRACELLULAR ACETYLCHOLINE IN DOPAMINE- 
DENERVATED STRIATUM: ROLES OF GLUTAMATE AND DOPAMINE. 
D.W, Miller* and E.D. Abercrombie. Center for Molecular & Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102

A hyperglutamatergic state has been hypothesized to occur secondary to the loss of 
dopamine (DA) neurons in Parkinson’s disease (PD). The goal of this study is to 
test this hypothesis in an animal model of PD. Extracellular acetylcholine (ACh) in 
striatum provides an index of glutamatergic drive to this nucleus. However, striatal 
ACh is also regulated by DA tone via D2-receptor-mediated inhibition. In vivo 
microdialysis was used to measure extracellular ACh in intact and DA-denervated 
striatum. Extensive unilateral lesions (>95% tissue DA loss) of nigrostriatal DA 
neurons were accomplished by injecting 6-OHDA (6 |±g) into the medial forebrain 
bundle. A microdialysis probe was implanted into the ipsilateral striatum 2 weeks 
following the lesion. Inclusion of 10 nM neostigmine, an acetylcholinesterase 
inhibitor, in the perfusate allowed for the reliable measurement of extracellular ACh. 
Extracellular ACh was approximately 50% greater in DA-denervated striatum (133 
fmol/20|±l, n=5) than in intact striatum (87 fmol/20pl, n=5). The potential roles of 
glutamatergic and dopaminergic tone in this phenomenon were then examined in DA- 
lesioned rats. Systemic administration of L-DOPA (50 mg/kg) induced a significant 
increase in striatal DA that was accompanied by a 30% decrease in striatal ACh. 
Local perfusion of the NMDA receptor antagonist AP-5 (100 pM) via the 
microdialysis probe had essentially no effect on extracellular ACh in striatum. 
Moreover, the combination of AP-5 perfusion and systemic L-DOPA did not alter the 
inhibitory effect of L-DOPA. This work suggests that increased extracellular ACh in 
DA-denervated striatum is due to decreased dopaminergic inhibition rather than 
increased glutamatergic drive to striatum. The inhibitory effect of L-DOPA on 
striatal ACh is likely to be mediated by increased D2-receptor-mediated inhibition. 
Supported by USPHS Grant NS 19608 (EDA).

481.18
DOPAMINE TERMINALS IN THE RAT PREFRONTAL CORTEX 
SYNAPSE ON PYRAMIDAL CELLS THAT PROJECT TO THE 
NUCLEUS ACCUMBENS. P.B, Carr*. P, O’Donnell. J.P. Card and S.R. 
Sesack. Depts. of Neuroscience and Psychiatry, Univ. of Pittsburgh, PA 15260.

Afferents to the prefrontal cortex (PFC) from dopamine neurons in the 
ventral tegmental area have been implicated in working memory processes and 
in the pathogenesis of schizophrenia. Previous anatomical investigations have 
demonstrated that dopamine terminals synapse on dendritic spines and shafts of 
pyramidal cells in the PFC. However, the projection targets of these neurons are 
not known. To begin to address this question, retrograde transport of an 
attenuated strain of pseudorabies virus (PRV) from the nucleus accumbens was 
combined with immunoperoxidase labeling of tyrosine hydroxylase (TH) to 
identify dopamine terminals in the PFC. At short survival times, extensive 
dendritic distribution of immunogold labeling for PRV was observed in cortico- 
accumbens neurons. However, evidence consistent with trans-synaptic passage 
of PRV was not observed. When examined at the electron microscopic level, 
immunogold labeling for PRV was localized to neuronal somata, proximal and 
distal dendrites and dendritic spines. Some of these dendritic processes received 
symmetric synaptic input from TH-immunoreactive terminals. This data 
represents the first direct demonstration of dopamine synaptic contacts onto an 
identified population of pyramidal cells in the PFC. The results further 
demonstrate that retrograde transport of PRV is an effective new method for the 
ultrastructural examination of synaptic contacts onto the distal dendrites of 
identified output neurons. This work is supported by USPHS grants MH11368, 
MH53574, andMH50314.
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481.19
IN THE RAT PREFRONTAL CORTEX, DOPAMINE TERMINALS 
CONVERGE WITH LOCAL AXON COLLATERALS ONTO COMMON 
DENDRITIC PROCESSES. SR Sesack* and LAH Miner. Departments of 
Neuroscience and Psychiatry, University of Pittsburgh, PA 15260.

The prefrontal cortex (PFC) receives a dopamine (DA) innervation from the 
ventral tegmental area that critically modulates cortical function. Within the 
PFC, DA terminals form symmetric synapses both onto the dendritic spines and 
shafts of pyramidal neurons and onto the dendrites of local circuit neurons. The 
postsynaptic targets of DA terminals also receive convergent asymmetric 
synaptic input, although the sources of these excitatory synapses are not known. 
To investigate whether the local collaterals of pyramidal neurons within the 
PFC converge with dopamine terminals onto common postsynaptic targets, 
discrete injections of either Phaseolus vulgaris leucoagglutinin (PHAL) or 
biotinylated dextran amine (BDA) were made into the prelimbic PFC of rats. 
The anterogradely labeled PHAL/BDA-containing terminals were visualized by 
immunogold-silver, while terminals expressing tyrosine hydroxylase (TH), the 
synthetic enzyme for DA, were stained using an immunoperoxidase method. By 
electron microscopy, PHAL/BDA- and TH-immunoreactive terminals were 
frequently colocalized within the neuropil and, furthermore, were often in direct 
apposition to each other. In addition, PHAL/BDA-immunoreactive terminals 
occasionally formed asymmetric synapses onto dendrites that also received 
symmetric synaptic input from TH-immunoreactive terminals. This 
convergence of presumed pyramidal cell local collaterals and DA terminals 
onto common dendritic processes represents a potential anatomical substrate for 
DA modulation of the neuronal circuits that mediate the cognitive functions of 
the PFC. Supported by USPHS grant MH50314.

481.20
CALBINDIN-IMMUNOREACTIVE NEURONS IN THE MONKEY 
PREFRONTAL CORTEX: ULTRASTRUCTURAL ASSOCIATIONS 
WITH DOPAMINE TERMINALS. DA Lewis*, VA Hawrvlak. SR Sesack 
Departments of Neuroscience & Psychiatry, University of Pittsburgh, PA 15260.

Dopamine’s role in the functional organization of the prefrontal cortex (PFC) 
involves synaptic inputs to both pyramidal and local circuit neurons. However, 
relatively little is known about which subclasses of these neurons receive direct 
dopamine input. In the PFC, the calcium binding protein, calbindin-D28k (CalB), 
is contained in both a subpopulation of supragranular pyramidal neurons and in 
approximately 25% of the local circuit neurons. Therefore, we sought to determine 
whether dopamine terminals in area 9 innervate either of these CalB-positive cell 
populations by using dual label immunocytochemistry. Terminals that contained 
peroxidase immunoreactivity for tyrosine hydroxylase were frequently in close 
apposition to dendrites that were immunoreactive for CalB (CalB-ir) by gold-silver 
labeling. Furthermore, some of these contacts appeared to exhibit the parallel 
membrane spacing and dense intercleft filaments associated with symmetric 
synapses. Many of the contacted CalB-ir dendrites exhibited features characteristic 
of pyramidal neurons: smooth, non-varicose shape in longitudinal section and 
formation of dendritic spines. Only a few of the contacted CalB-ir dendrites 
appeared to be local circuit neurons by virtue of their varicose longitudinal shape 
and abundant synaptic input. However, many of the contacted CalB-ir dendrites 
were cut in cross-section and could not be readily classified as to the cell type of 
origin. These findings suggest that dopamine terminals in the PFC directly regulate 
the activity of CalB-containing pyramidal neurons that reside in superficial layers 
and that are likely to provide corticocortical projections. Dopamine also appears 
to provide input to CalB-containing local circuit neurons in the PFC. Supported 
by USPHS grants MH50314, MH45156, and MH43784.

481.21
EFFERENTS FROM THE RAT MEDIAL PREFRONTAL CORTEX CAN 
INFLUENCE DOPAMINERGIC CELLS IN THE VENTRAL TEGMENTAL 
AREA, WHICH PROJECT TO THE NUCLEUS ACCUMBENS. C.G. van Eden 
and M.G.P. Feenstra* Netherlands Institute for Brain Research, Meibergdreef 33, 
1105AZ Amsterdam, The Netherlands.

The medial prefrontal cortex (mPFC) and nucleus accumbens (NAc) are two 
stations in a network which is involved in mediating behavioral adaptations. 
Dysfunctioning of this network is implicated in several psychiatric disorders 
including schizophrenia.The information processing in both areas is modulated by 
dopamine. The dopaminergic innervation of the mPFC and NAc derives from the 
A10 cell group in the ventral tegmental area (VTA). It is known that VTA DA 
neurons projecting to the mPFC differ from those projecting to the NAc in several 
respects, e.g. in their reactivity to pharmacological and physiological stimuli. It is 
also known that manipulations in the mPFC can influence DA-release in the NAc. 
Using the fluorescent tracers DY and FB, or anterograde tracing in combination 
with retrograde tracing and immunocytochemistry, the anatomical relations between 
mPFC, NAc and VTA were investigated.
1. Injections of FB (mPFC) and DY (NAc) showed that the DAergic innervation of 
the mPFC and the NAc is derived from two, mostly separate populations of VTA 
cells. From the cells that project to the NAc only 4% also have a collateral 
projection to the mPFC.
2. Fibers and boutons labeled from the mPFC with biotynilated dextrosamine are 
found in the VTA in close approximation to tyrosinehydroxylase-IR cells that are 
labeled by an injection of beta-choleratoxine in the NAc. These findings show that 
the mPFC can influence DA-release in the NAc by direct, putative synaptic contacts 
with DA cells in the VTA.

SEROTONIN RECEPTORS VI

482.1
DIFFERENTIAL SORTING OF 5-HT1A AND 5-HT1B RECEPTORS IN 
POLARIZED EPITHELIAL AND NEURONAL CELLS IN CULTURE.
A. Ghavami*. M.Jareb1. K.Stark, L, Segu and R.Hen. Center for Neurobiology and 
Behavior, Columbia University, New York, NY 10032. 'Dpt of Neuroscience, 
University of Virginia, Charlottesville, VA 22908.

In situ hybridization, autoradiography, and immunohistochemical 
studies suggest that the 5-HT1A receptor is expressed at the 
somatodendritic level of neurons, while the 5-HT1B receptor is localized 
on the axon terminals. We therefore decided to investigate the sorting of 
these receptors in both stably transfected polarized epithelial Madin- 
Darby canine kidney (MDCK) cell line and isolated hippocampal neurons 
in culture. In order to efficiently express the 5-HT1A and 5-HT1B 
receptors in hippocampal neurons, we constructed recombinant deficient 
adenoviruses which express the 5-HT1A or 5-HT1B receptors with a 
hemagglutinin epitope tag (HA) at their amino terminal ends. Using an 
antibody against HA we were able to localize the expression of these 
receptors. In stably transfected MDCK cells, the 5-HT1A receptor was 
expressed in both apical and basolateral membranes, whereas the 5-HT1B 
receptor was found predominately in intracellular vesicles close to the 
apical surface. In hippocampal neurons, the 5-HT1A receptor was 
restricted to the somatodendritic plasma membranes, and 5-HT1B was 
evident in both dendrites and axons. Furthermore, axonal staining of the 
5-HT1B receptor was most intense in growth cones and distal tips, thus 
allowing the entire axonal arbor to be identified. In all cases, axonal 
staining extended for more than 1mm from the origin of the axon. These 
observations suggest that the recombinant 5-HT1A and 5-HT1B receptors 
are expressed in the same compartments in both isolated neuronal culture 
and in vivo. The expression in epithelial cells, however, did not maintain 
the correspondence between apical/axonal and basolateral/somatodendritic 
domains.

(Supported by NIDA grant: RO1DA09862 and NATO).

482.2
IMMUNOCYTOCHEMICAL LOCALIZATION OF 5-HT1B RECEPTORS IN 
THE RAT BRAIN. M.C. Miguel*1, Y. Sari1 M.J. Brisorgueil1, M. Quignon1, X. 
Langlois2, M. Hamon2 and D. Verge1. 'CNRS URA 1488, Univ. Paris VI, 
Paris. 2 INSERM U288, CHU Piti6-SalpStriere, Paris, France.

Specific antibodies directed against a synthetic peptide corresponding to a 
selective portion (v263-K287) of the third cytoplasmic loop of the rat 5-HT-jg 
receptor (5-HT-jg-R) have been used for the immunocytochemical visualization 
of 5-HT-| g-R in the rat brain.

Rats were perfused intracardially with a mixture of 2% paraformaldehyde 
and 0.05% glutaraldehyde. Brains were cryoprotected with 20% sucrose 
overnight. Cryostat sections were incubated with rabbit anti-peptide polyclonal 
antibodies against 5-HT-|g-R and processed for the ABC staining method, 
using DAB to reveal peroxidase activity. Sections were then processed for light 
or electron microscopy. Some sections were processed for immunogold 
electron microscopy.

5-HT-jg-R immunoreactivity (5-HT-j g-R-ir) was dense in the globus pallidus, 
the subiculum and the substantia nigra. The immunoreactivity was completely 
abolished when the antibodies had been preincubated in the presence of an 
excess of the synthetic peptide used as antigen. Immunostaining was diffuse 
within the neuropile, and absent from ceil bodies, consistently with the 
previously suggested location of 5-HT-jg-R on axon terminals. Accordingly, 
unilateral iesions of the striato-nigral pathway by injection of kainic acid in the 
striatum resulted in a dramatic loss of immunoreactivity in the ipsilateral 
substantia nigra.

In agreement with this hypothesis, immunoreactivity at the electron 
microscope level in the globus pallidus, the subiculum, the substantia nigra and 
the superior colliculus was confined to small unmyelinated axons and nerve 
terminals. (Work supported by CNRS and INSERM).
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1 Dep. pathologie - 
Canada; 2 INSERM

482.3
ENDOTHELIAL LOCALIZATION OF 5-HTlB SEROTONIN 
RECEPTORS IN RAT BRAIN MICROVESSELS. M. Riad *1, 
S> Garda L s, El Mestikawy 2, M, Hamon 2 and L. Descarries L 

nd CRSN, University de Montreal, Montreal, QC, 
U288, NeuroPsychoPharraacologie, Paris, France.

It is currently assumed that drugs like sumatriptan, a potent 5-HTlB 
(5-HTlDp) receptor agonist, abort migraine headache by inducing 
vasoconstriction of cerebral arteries and inhibiting trigemino-vascular 
inflammation. Recent RT-PCR studies (review in Cohen et al., Progr. 
Neurobiol. 5Q: 335-362, 1996) have provided supportive evidence by 
demonstrating mRNA for this receptor in cortical microvessels and 
capillaries isolated from post-mortem human brain, and in cultures of 
smooth muscle cells derived from human brain microvessels (biopsies). 
In the course of an immunoelectron microscopic investigation using 
specific polyclonal antibodies directed against rat 5-HTlB receptor 
(Langlois et al., J. Neurochem. 2671-2681, 1995), we detected 
strong 5-HTlB immunoreactivity (DAB and gold labeling) in the 
endotnelium of rat brain microvessels. In substantia nigra and globus 
pallidus, rich in labeled preterminal axons, capillaries (< 20 pm in 
diameter) as well as micro-arterioles displayed such labeling. In cerebral 
cortex, microarterioles only appeared to be labeled. The muscle cells of 
microarterioles, pericytes, ana perivascular or other astrocytes were not 
labeled. After gold labeling, it was clear that the endothelial labeling 
predominated in the cytoplasm as opposed to the plasma membrane of 
these cells. It remains to be determined whether endothelial 5-HTlB 
(5-HT1DJ3) receptors are present in human brain microvessels and 
capillaries, and if so, how they could be involved in the pathogenesis 
and/or pharmacological treatment of migraine headache.

[Supported by MRC grant MT-3544J.

482.4
5HTib  RECEPTOR mRNA EXPRESSION BY CHEMICALLY IDENTIFIED 
NEURONES IN ADULT RAT TRIGEMINAL GANGLIA. G. Wotherspoon and 
J.V. Priestley*. Department of Anatomy, Queen Mary and Westfield College, 
London El 4NS.

Serotonin (5-HT) has long been thought to play an important role in the 
pathophysiology of migraine. The rat 5-HTIB receptor (5-HTIBR) is the homologue 
for the human 5-HTID receptor, the main site of action of sumatriptan, a 5-HT, 
receptor agonist used to alleviate the symptoms of migraine. Although there is 
evidence for the presence of 5-HT,„R mRNA in neurones of the rat trigeminal 
ganglia, the identity of these cells has not been established. To address which 
subgroups of trigeminal ganglion neurones express this receptor we combined in 
situ hybridization for the 5-HT1BR with immunofluorescence markers for various 
subgroups of trigeminal ganglion neurones.

Cryostat sections of adult rat trigeminal ganglia were stained for the 
neuropeptide substance P (SP), for the growth associated protein GAP-43, for the 
high affinity NGF receptor trkA and for the 200kDa intermediate neurofilament 
subunit (NF200). NF200 is a widely used marker for the large diameter cells which 
possess myelinated axons. Immunofluorescence was followed by in situ 
hybridization with JSS labelled oligonucleotides directed against the 5-HT1BR.

Abundant hybridization signal was observed in all sections. In double labelled 
sections, many trkA and GAP-43 positive neurones were also positive for 5-HT,BR 
mRNA but with the heaviest labelling in medium sized cells. A moderate degree 
of double labelling was also seen with SP, although double labelled cells showed 
only low level 5-HT,BR expression. Large NF200 immunoreactive cells were 
generally not labelled for 5-HT,„R mRNA, although many medium sized NF200 
immunoreactive cells were labelled.

The results support a role for the 5-HT1B receptor in the modulation of 
transmitter release from NGF sensitive peptide-producing trigeminal ganglion 
neurones, but indicate that neurones other than the substance P containing 
subpopulation may be the most important target for sumatriptan.

We gratefully acknowledge provision of 5-HT,„ receptor probes by Synaptic 
Pharmaceutical Corporation and financial support by the Migraine Trust (UK).

482.5
KINETIC CHARACTERIZATION OF THE RESPONSES TO BMS-181885, A 
NOVEL MIGRAINE ABORTIVE AGENT, IN CEREBRAL BLOOD VESSELS.
H.L Wiener*. G.P, Thalodv and F.D. Yocca. CNS Drug Discovery, Bristol- 
Myers Squibb Co. (BMS), Wallingford, CT 06492.

BMS-181885 (3-[3-[4-(5-methoxy-4-pyrimidyl)-1 -piperazinyl]propyl]-5-(1,2- 
dioxo-4-methyl-3-cyclobuten-3-yl)amino-1 H-indole) is a potent migraine 
abortive agent. This study compared the kinetic profile'of BMS-181885 to that 
of sumatriptan, avitriptan, and dihydroergotamine (DHE) in the isolated bovine 
middle cerebral artery. Serotonin (5-HT), DHE, sumatriptan, avitriptan, and 
BMS-181885 evoked concentration-dependent and saturable contractile 
responses; DHE, sumatriptan, avitriptan, and BMS-181885 were partial 
agonists whose intrinsic activities were approximately 25-45% that of 5-HT. 
Although traditional pharmacological evaluations apply steady-state methods 
to study the responses to selective agents, and provide a wealth of 
information, they fail to consider the time-dependent aspects of response 
generation. It is for this reason that kinetic models supersede studies 
performed under steady-state conditions, for they extend our knowledge of 
the manner by which the steady-state is achieved and allow for a quantitative 
analysis of the time-dependent changes which should assist in elucidating the 
biochemical basis of the observed physiological response. The kinetic model 
of Clancy et al. (JPET 242: 108,1987) was used to characterize the kinetics 
of competitive drug action between 5-HT and the aforementioned antimigraine 
agents and to estimate the association and dissociation rate constants for 
these agents. The rank order of association rate constants was BMS-181885 
> avitriptan = DHE > sumatriptan > 5-HT; the rank order of dissociation rate 
constants was BMS-181885 < avitriptan = sumatriptan < DHE < 5-HT. The 
rank order for affinity at 5-HTva, receptors was BMS-181885 > avitriptan > 
sumatriptan > DHE > 5-HT. These kinetic differences contribute to the unique 
pharmacological profile exhibited by BMS-181885. Supported by BMS.

482.6
AUTORADIOGRAPHIC DISTRIBUTION OF A NEW 5-HT SITE (5-HT1G) 
WITH HIGH AFFINITY FOR 5-CT IN THE MAMMALIAN BRAIN OF 
SEVERAL SPECIES. M.E. Castro, A. Pazos, E. del Olmo, T. Romdn, and C. 
del Arco*. Dpto. Physiol. & Pharmacol., Univ. Cantabria, Santander, Spain.

We have previously described the presence of a 5-HT receptor subtype 
recognized with high affinity by 5-HT and 5-CT in the mammalian brain (5- 
HT1G) which shows low affinity for other serotonergic drugs (del Arco et al. 
Proc. Soc. Neurosci. 1996. 701-11). In the present work we have analysed 
the anatomical distribution of [3H]5-CT (6,5 nM) binding sites in the presence 
of 8-OH-DPAT, mesulergine and ergotamine (to mask the binding to all 
other receptors known to be labelled by 5-CT) in tissues from human, 
guinea-pig, rat and monkey brain. High densities of this site were present in 
the CA, pyramidal field and the dentate gyrus of hippocampus, this binding 
site representing between 50% and 63% of total binding of ^HJS-CT, 
depending on the species studied. A relevant density of this receptor was 
also found in raphe nuclei, with important differences in density depending 
on the species and specific nuclei analysed. Binding densities of [3H]5-CT 
under the mentioned masking conditions in the cortical layers of the four 
species represented 42%-56% of [3H]5-CT binding in absence of inhibiting 
agents. This ratio was about 30% in globus pallidus, except in the rat where 
this percentage was clearly higher. Other brains areas, such as substantia 
nigra, contained intermediate to low densities of this binding site. In order to 
confirm, by an indirect way, the presence of this new serotonergic site, we 
also studied the anatomical distribution of [3H]5-HT binding in the presence 
of adequate masking drugs in the same species: a similar pattern of labelling 
was found throughout the brain.

This work was supported by Salud 2000 Foundation, Botin Foundation and 
DGICYT SAF 95-0362

482.7
CO-LOCALIZATION OF 5HT1D RECEPTOR mRNA WITH SUBSTANCE P 
AND CALCITONIN-GENE-RELATED-PEPTIDE mRNA IN GUINEA PIG 
TRIGEMINAL GANGLIA. P. Bonaventure1,2, P. Voorn2, W.H.L.M. Luvten1 
and J.E. Levsen1,2. 1 Department of Biochemical Pharmacology, Janssen 
Research Foundation, Belgium. Graduate School Neurosciences, 
Amsterdam, The Netherlands.

Pain in migraine may involve neurogenic inflammation mediated by 
trigeminal structures (Moskowitz, TIPS 13: 307, 1992). Overactivity of 
trigeminal fibers, which innervate the cranial trigerninovascular system, causes 
release of calcitonin-gene-related peptide (CGRP), a potent vasodilator, and 
substance P (SP). The therapeutic action of new anti-migraine agents 
(sumatriptan, alniditan) may, in part be due to inhibition of the neurogenic 
inflammatory response, via stimulation of serotonin 5HT1D receptors (5HT1D-R) 
in the trigeminal ganglia and nerves. We have previously shown with in situ 
hybridization histochemistry that 5HT1D-Rs are abundantly expressed in the 
guinea pig trigeminal ganglia, where they probably exert an inhibitory control of 
neuropeptide (SP, CGRP) release. We investigated this hypothesis by 
performing double-labeling in situ hybridization for 5HT1D-R and SP or CGRP 
mRNA in the same sections through the guinea pig trigeminal ganglia. The 
5HT,o-R mRNA was visualized with a 35S-labeled riboprobe and a digoxigeriin- 
labeled riboprobe visualized with immunohistochemistry was used for SP and 
CGRP mRNA. Our results demonstrate that a vast majority of 5HT1D-R 
mRNA is localized in both SP and CGRP cells, demonstrating indeed that 
5HT1D-R may regulate the release of SP and CGRP in the trigeminal ganglia.

482.8
COMPARATIVE ANALYSIS OF SEROTONIN 5-HT2 RECEPTORS 
IN THE RAT BRAIN. C. Wu, L. Shi, X, Ji. J, Wei. P, Dias, L. 
Dong, and S. Singh*. PharMingen, 10975 Torreyana Road, San 
Diego, CA 92121.

Serotonin (5-Hydroxytryptamine; 5-HT) mediates many central and 
peripheral nervous system functions by its interaction with specific 
neuronal receptors. Physiological, pharmacological, and molecular 
cloning studies have identified many serotonin receptors belonging to 
seven subtypes. Monoclonal antibodies (mAbs) to 5-HT2A, 2B, and 
2C receptors were generated using insect cell expressed GST fusion 
proteins and their specificity were tested using recombinant proteins and 
rat brain lysate by western blot analysis. In the present study, we have 
analyzed the distribution of 5-HT2A, 2B, and 2C receptor subtypes in 
the rat brain using these subtype specific anti-receptor antibodies. 
Tissue distribution of the three 5-HT2 receptors were further studied 
using a multiprobe RNase protection assay (RPA). Each probe in the 
multiprobe RPA set is specific to 5-HT2A, 2B, or 2C receptor and is of 
a distinct length thus allowing the simultaneous detection and 
quantification of the receptor subtypes in a single lane of polyacrylamide 
gel. We will present data on the differential expression of the 5-HT2 
receptors from various parts of the rat brain including cortex, 
diencephalon, hypothalamus, hippocampus, cerebellum, brain stem, 
and spinal cord. The mAbs and the multiprobe RPA set will be useful 
tools for the study of the expression and distribution of the 5-HT2 
receptors in embryonic, normal, pathological tissues.
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482.9
DISTRIBUTION OF 5-HT2C AND 5-HTsa  RECEPTOR mRNA IN HUMAN 
BRAIN. M. Ori. M. Pasqualetti. D. Marazziti , M, Castagna, I. Nardi. (SPON: 
European Neuroscience Association). Lab. of Cellular Biology and Development, 
University of Pisa, 56010, Italy.

The aim of this work is to map the gene expression of serotonin receptors in 
human brain in order to get light on their functions and their possible roles in the 
pathophysiology of some mental disorders. In the present study we have analyzed the 
regional and cellular distribution of the 5-HT2C and 5-HTsa  receptor mRNA using in 
situ hybridization on histological sections of autoptic samples. The 5-HT2C receptor 
has been implicated in the serotonergic regulation of anxiety, while the role of 5- 
HTsa  receptor within the human CNS, as well as its possible involvement in 
pathological states are still unknown.

A high level of 5-HT2C mRNA expression was detected in choroid plexus. In the 
cerebral cortex the 5-HT2C mRNA is localized in a subset of neuronal cells of layer 
V. The expression in the hippocampus is restricted to the CA3 field of Hammon's 
horn. 5-HT2C receptor mRNA is present in caudate, putamen and globus pallidus. 
Scattered cells that express 5-HT2C mRNA were found in the pars compacta of 
substantia nigra. The comparison of in situ hybridization data with those derived from 
autoradiographic binding (Pazos et al„ 1987), suggest that the 5-HT2C receptor is 
mainly located at presinaptic terminals.

The main sites of 5-HTsa  mRNA expression are the cerebral cortex, hippocampus 
and cerebellum. In the neocortical regions the 5-HTsa  receptor mRNA is mainly 
distributed in layers II-III and V-VI. In hippocampus the dentate gyrus and the CA1, 
CA2 and CA3 fields of the pyramidal cell layer express the 5-HTsa  mRNA at high 
level; a high level of expression was also found in subiculum and entorhinal cortex. 
The 5-HTSA mRNA is widely distributed in the cerebellum where it is highly 
expressed in the Purkinje cells and at a lower level in the granule cells and in the 
dentate nucleus. Since the cerebellum receives diffuse serotonergic innervation by 
afferents originating from raphe nuclei, this result suggests that the 5-HTsa  receptor 
may have an important role in mediating the action of serotonin on cerebellar 
function. Supported by MURST and CNR grants.

482.10
IMMUNOCYTOCHEMICAL ANALYSIS OF 5-HT3 RECEPTOR 
DISTRIBUTION IN THE RAT CNS. J.V. Priestley1. G. Wotherspoon1. S.C.R. 
Lummis2H.T, McMahon2* and A.D. Spier2. ’Department of Anatomy, Queen 
Mary & Westfield College, London, 2MRC Laboratory of Molecular Biology, 
Cambridge, ’Department of Zoology, Cambridge, UK.

There is considerable interest in the therapeutic potential of 5-HT3 receptor 
antagonists in the treatment of various cognitive and psychiatric disorders, however, 
relatively little is known about the CNS distribution of 5-IIT3 receptors. We have 
addressed this question using a polyclonal antiserum raised against the peptide 
CE’SRRRATQARDTTQ36 from (lie N-terminal extracellular domain of the receptor. 
The antiserum was shown by ELISA to bind to the antigenic peptide at a high titre 
and recognise the 5-IIT3 receptor by Western blot. Furthermore, preadsorption of the 
antiserum with antigenic peptide blocked recognition of the receptor.

In many CNS regions, robust axonal labelling was observed. Axons were varicose 
and were particularly abundant in layer I (plexiform layer) of the neocortex and in the 
periaqueductal grey. More sparsely distributed axons were present in many regions, 
including all cortical layers, the polymorphic and molecular layers of the 
hippocampus, the amygdala, the striatum, and the pontine and medullary reticular 
formation. In addition to axons, immunoreactivity was present in neuronal cell 
bodies and dendrites. A prominent group of strongly immunoreactive cells was 
present lateral to the hypothalamus and lying between the zona incerta and the fornix. 
In addition, layer II of the cortex contained strongly immunoreactive non-pyramidal 
cells with processes extending into layer I. Scattered immunoreactive cells were also 
present in other cortical layers, in the molecular layer of the hippocampus, in the 
hilus of the dentate gyrus, and in the amygdala.

Our results showing strong axonal labelling complement in vivo and in vitro data 
indicating that the 5-1IT3 receptor may play a role in modulating neurotransmitter 
release. In addition, they identify layer I of the cortex and the diffuse neuronal system 
of the zona incerta as key possible sites of action for 5-HT3 receptor agonists and 
antagonists.
Supported by the MRC (UK), Wellcome Trust and by the Migraine Trust.

482.11
CHARACTERIZATION OF ANTIBODIES SPECIFIC OF THE LONG 
FORM OF THE 5-HT3 RECEPTOR (5-HT3R-AL) E, Doucet. KL 
Hamon and M.B. Emerit*. INSERM U288, CHU Pitie-Salpetriere, 91 Bd de 
I'Hopital, 75634 Paris Cedex 13, France.

Rodent 5-HT3 receptors exist in two forms, generated by alternative splicing, 
that differ by a stretch of six aminoacids in the second intracellular loop 
domain. In order to demonstrate the involvement of this region in the 
phosphorylation status of the 5-HT3 receptor, we developed polyclonal 
antibodies against a 20 aminoacid peptide centered on that deletion. 
Although not designed for this purpose, the crude rabbit antiserum appeared 
to exhibit a strong selectivity for the long form of the 5-HT3 receptor 
(5-HT3R-Al ).

Antibody production and selectivity were evaluated by solid-phase ELISA. 
Immunocytochemistry revealed that COS-7 cells expressing cloned 5-HT3R- 
A|_ receptors exhibited a strong labeling of plasma membranes, reticulum and 
golgi, whereas COS-7 cells expressing 5-HT3R-AS exhibited only a very weak 
labeling, for similar levels of expression. Immunoblots of fusion proteins 
assembling GST and the second cytoplasmic loop of the 5-HT3 receptor (in 
either S or L forms) revealed a c.a. 20-fold selectivity of the antiserum for the L 
form, as evaluated by densitometric analysis of ECL detection. 
Immunoprecipitation studies showed that only 15 % of solubilized native 
5-HT3 receptors from NG 108-15 cells (expressing 30 % L and 70 % S forms) 
could be immunoprecipitated by the antiserum. Moreover, at optimized 
dilution, the antiserum immunoprecipitated only 10 % of solubilized 
5-HT3R-AS, but 60 % of 5-HT3R-AL expressed in COS-7 cells. The selectivity 
of this antiserum was further increased by purification on immobilized 20-aa 
peptide followed by saturation through an affinity column prepared with an 
analogous 16-aa peptide lacking the six centra! aminoacid residues. In the rat, 
the highest level of immunohistochemical labeling with these purified 
antibodies was found in the intestinal mucosa, especially in the fetus (E17).

482.12
PRODUCTION, CHARACTERIZATION, AND IMMUNOCYTOCHEMICAL 
(ICC) APPLICATION OF ANTI-PEPTIDE ANTIBODIES AGAINST THREE 
SEROTONERGIC SYSTEM PROTEINS IN THE RAT: SEROTONIN

TRANSPORTER (SERT) AND 5HT5a AND 5HT7a RECEPTORS. M.S. 
Brownfield* A. Diaz, A. Oliver, J, Hassler, and J. Yracheta. Department of 
Comparative Biosciences, School of Veterinary Medicine, University of Wisconsin, 
Madison, Wl 53706.

Full amino acid sequences for SERT, 5HT5aR, and 5HT7aR were subjected to 
computer analysis using the Peptide Structure subroutine of the Computer Genetics 
Group package (Madison, Wl). Peptides of 15-30mer length were chosen for further 
study based on characteristics of high antigenic index, surface probability, and 
secondary structure. Unique sequences were then identified by comparative database 
searching against all known protein sequences. SERT[ 579-599], 5HT5a[17-34], 
and 5HT7a[8-23] were sy nthesized, conjugated to carrier proteins, and injected into 
rabbits. Usable antisera were harvested as early as the fourth or as late as the 10th 
month. Antibodies were affinity purified using peptide-gel columns and 
characterized by Western blot analysis of rat brain homogenates or transfected cell 
lysates or by ICC using an avidin-biotin-peroxidase system (ABC).

Anti-SERT stained cell bodies only in the serotonergic cell groups. Staining was 
limited to cell membranes. Axonal profile staining was dense and its general 
distribution appeared to be similar to that described for the serotonergic system.
ICC results w ith the two receptor antibodies showed areas of similar or different 
distribution. Both receptor antibodies showed dense cortical and hippocampal 
staining, and lesser intensity in the hypothalamus, with many areas of overlap. 
However, in other areas, such as the lateral septum, there were clear differences in 
the distribution of these receptors. These studies provide for the capability of high 
resolution mapping of serotonergic system proteins in brain.

482.13
RU-24969 INDUCED BEHAVIOURS IN RATS: ROLE OF 5-HT1A AND 5-HT1B 
RECEPTORS. CE Wallsten*, DM Jackson, L-M Lindgren, SB Ross and S Berg 
Astra Arcus AB, Depts. Chemistry and Pharmacol., Preclinical R & D, S151 85 
Sddertalje, Sweden.

5-HTiA receptor agonists induce the 5-HT syndrome and increased locomotor 
activity in rats. However, stimulation of post-synaptically located 5-HT1B receptors 
also increases locomotion. Because of the availability now of more selective 
ligands, we have re-examined some aspects of these behaviours. These studies have 
utilised the mixed 5-HTia /5-HT1b agonist RU-24969, the selective 5-HT1A agonist 
8-OH-DPAT, the putatively selective 5-HT1B agonists anpirtoline, the selective 
5-HTiB antagonist NAS-181 (Berg et al, in preparation) and the 5-HTiA antagonists 
WAY-100635 and NDL-249 (see Waszczak et al. 1996).

The 5-HT syndrome induced by 8-OH-DPAT was completely blocked by 
pretreatment with either WAY-100635 or NDL-249, but not by NAS-181. The 
5-HT syndrome induced by RU-24969 was only partially antagonised by 
WAY-100635 or NAS-181. However, a combination of NAS-181 and NDL-249 
blocked the RU-24969 induced effects. RU-24969 and anpirtoline induced a 
dose-dependent stimulation of the locomotor activity. The locomotor activation 
induced by both compounds was blocked by NAS-181 but not by NDL-249.

The present results indicate that the 5-HT syndrome induced by RU-24969 is 
dependent on the stimulation of both 5-HTiA and 5-HTiB receptors. This is in 
contrast to the locomotor stimulation induced by RU-24969 which seems primarily 
dependent upon 5-HTiB receptor stimulation. These results suggest that 5-HTiA and 
5-HTiB receptors may interact in the regulation of certain behaviours. It seems, 
however, that stimulation of 5-HTiB receptors alone is adequate for the expression 
of locomotor activation.

Supported by Astra Arcus

482.14
S 15535, AN AGONIST AND ANTAGONIST AT PRE AND POSTSYNAPTIC 
SEROTONIN (5-HT)ia RECEPTORS, RESPECTIVELY, DISPLAYS 
ANXIOLYTIC PROPERTIES IN THE SOCIAL INTERACTION AND VOGEL 
TESTS IN RATS. M Brocco*, C. Jacob, K. Bervoets. B. de Ladonchamps, H. 
Gressier and MJ, Millan. IdR Servier. 125. Chemin de Ronde. 78290 Croissv 
(Paris), France.

Although 5-HT] a  receptors mediate anxiolytic actions, the relative role of pre and 
postsynaptic populations is unclear. We examined this question employing 
S 15535, an agonist and antagonist at pre and postsynaptic sites, respectively. For 
the social interaction test, pairs of naive rats were placed in an illuminated 
chamber (300 Lux). The duration of active social interaction (grooming, 
following, sniffing, citing, jumping or crawling over or under) was analvsed by 
video over 10 min. For the Vogel test, rats were deprived of water daily for 23 h 
over 4 days. O11 the 5th day, every7 20th lick on a bottle gave a mild shock (0.3 
mA, 0.5 sec) through the spout. Licks were monitored over 3 min. Ataxia was 
measured using the latency to fall in the mouse rotarod test. Drugs were given at 
30 min. Doses are in mg/kg, base s.c..

<- Social interaction -> <-------- Vogel---------- >• Rotarod
MEDMED % MAX (dose) MED % MAX (dose)

S 15535 0.63 142 (2.5) 2.5 315 (40.0) 40.0
Buspirone 2.5 212 (2.5) 0.63 220 (0.63) 2.5
Chlorazepate 5.0 142 (10.0) 20.0 247 (20.0) 2.5
MED = minimal effective dose and % MAX = % maximal increase relative to 
vehicle (100 %). In the social interaction test, vehicle values were = 243 ± 8 sec. 
In the Vogel test, for vehicle (non-shock), licks = 626 ± 42 and for vehicle 
(shock), licks = 109 ± 16.

The 5-HTia  antagonist, WAY 100,635 (0.16), blocked the action of S 15535 in 
the social interaction test. Vehicle/Vehicle = 175 ± 5 sec; vehicle/S 15535 (2.5) = 
235 ± 10; WAY 100,635/vehicle = 185 ± 5 and WAY 100,635/S 15535 = 170 ± 
8, P < 0.01. These data reveal anxiolytic properties of S 15535 and suggest that 
5-HTia  autoreceptors mediate anxiolytic actions in these procedures.
This work was supported by Servier Pharmaceuticals.
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482.15
THE 5-HT1A-RECEPTOR AND ACTIVE COPING: A STUDY WITH 
ALNESPIRONE AND S-15535. C. Munoz1, E, Mocaer1, S.F. de Boer*2, and J.M, 
Koolhaas2, ’institut de Recherches Internationales Sender, 6 place des Pleiades, 
92400 Couibevoie, France; department of Animal Physiology, University of 
Groningen, P.O. Box 14, 9750 AA Haren, The Netherlands.

In previous studies we found clear evidence that the selective 5-HT1A receptor 
agonist alnespirone and S-15535, which is a presynaptic 5-HTja  agonist but a 
postsynaptic 5-HT]A antagonist, very effectively reduce intermale offensive 
aggression in male rats. These studies led to the conclusion that this form of 
aggressive behavior is regulated by the somatodendritic 5-HT]A autoreceptor. These 
changes in offensive aggressive behavior seem to be rather selective in that it does 
not impair other social behaviors or induce sedation or muscle relaxation. However 
these results are conceptually hard to combine with the well documented behavioral 
effects of 5-HT]A agonists in a wide variety of other behavioral tests such as anxiety 
and depression paradigms. A possible framework of interpretation explaining the 
behavioral effects of 5-HT1A agonist in several different testsituations, might be the 
concept of active coping with environmental challenges. A number of studies show 
that there appears to be a strong positive correlation between the level of aggression 
an animal performs in their home territory and the amount of burying behavior in 
the shock-prod defensive burying paradigm. In order to test the hypothesis that the 5- 
HT)a  receptor, specifically the somatodendritic type, is more generally involved in 
the expression of active coping behavior, the effects of alnespirone and S-15535 were 
tested in the shock-prod defensive burying paradigm. Both alnespirone and S-15535 
(0.25-4 mg/kg; s.c.) dose-dependently suppressed burying, the behavioral expression 
of active coping in this test, but which is often being interpreted as an anxiolytic-like 
effect. Concurrently, both drugs increased flight/freezing responses, the behavioral 
expressions of passive coping. These data provide evidence for our hypothesis that 5- 
HTiA agonists more generally reduce different expressions of active coping behavior.

482.16
EVALUATION OF THE EFFECTS OF THE 5-HT1B/1D RECEPTOR LIGAND, 
5-(NONOXY)TRYPTAMINE, ON BODY TEMPERATURE IN GUINEA PIGS 
H.C. Jackson, A.M. Needham, S.C. Cheetham* and D.J. Heal 
Knoll Pharmaceuticals Research & Development, Nottingham, NG1 1GF, U.K.

The novel 5-HT receptor ligand, 5-(nonoxy)tryptamine (5-NOT) is one of the 
most selective 5-HT1B/id  versus 5-HTiA receptor ligands reported to date (200- 
300-fold; Glennon et al., 1996, J. Med. Chem. 39, 314-322). It behaves as a full 
5-HTib  agonist in vitro while lacking both 5-HT1A agonist and 5-HT1A antagonist 
activity (Glennon et al., 1994, J. Med. Chem. 37, 2828-2830). Stimulation of 
central 5-HTibzid  receptors produces hypothermia in guinea pigs (Skingle et al., 
1994, J. Psychopharm. 8, 14-21). This study uses the guinea pig assay to 
evaluate the effects of 5-NOT in vivo. Male Dunkin-Hartley guinea pigs (n=6; 
200-400g) were injected with vehicle (hydroxy p-cyclodextrin) or 5-NOT (0.3,1, 3, 
10 and 30 mg/kg sc. Rectal temperatures were measured 30 min before, 
immediately before, and 30, 60, 90, 120 and 240 min after, drug administration. 
5-NOT produced a significant dose-related decrease in body temperature (up to 
3°C) over 240 min. The hypothermia induced by 5-NOT (3 mg/kg sc) was 
completely reversed by 60 min pretreatment with the 5-HT1B/1D antagonist, 
GR127935 (0.3, 1, 3 mg/kg po; ED50 at 240 min 0.18 mg/kg), and was 
significantly potentiated (up to 1°C) by concurrent administration of the 5-HT1A 
antagonist WAY100635 (0.03-1 mg/kg sc). GR127935 (0.03-3 mg/kg po) and 
WAY100635 (0.01-0.3 mg/kg sc) had no effect on body temperature. However, 
WAY100635 (1 mg/kg sc) produced a small (1°C) hypothermic response which 
was antagonised by GR127935 (0.3-3 mg/kg po) These results implicate 
5-HT1B/id  receptors in the hypothermic response to 5-NOT and suggest that it 
may be used to investigate 5-HT1B receptor function in vivo. In addition, the data 
suggests that WAY100635 enhances 5-HT neurotransmission in guinea pigs - an 
effect probably mediated by antagonism of inhibitory 5-HT1A autoreceptors. 
Financial support provided by Knoll Pharmaceuticals.

482.17
SUGGESTIVE EVIDENCE FOR STIMULATION OF p2- 
ADRENOCEPTORS AS THE MECHANISM WHEREBY 
(-)-PINDOLOL ENHANCES DOI-INDUCED HYPERLO-
COMOTION IN RATS. P. Kaur and S, Ahlenius*. Department of 
Pharmacology, Astra Arcus AB, S-151 85 Sodertalje, Sweden.

The 5-HT2 receptor agonist DOI and the 5-HT1A receptor antagonist 
(-)-pindolol influence behavioral functions synergistically. (-)-Pindolol, 
however,, behaves as a partial 5-HT1A receptor, as well as a partial 
adrenoceptor, agonist. Here, we examined the importance of these 
mechanisms for the enhancement by (-)-pindolol of DOI-induced hy-
perlocomotion. The locomotor activity of adult male Wistar rats was ob-
served in an open-field arena. It was found [1] that the hyperlocomotion 
produced in (-)-pindolol/DOI treated animals could be fully antago-
nized by pretreatment with the S-HT^/c receptor blocking agent ritan- 
serin (2 mg kg'1). Furthermore, [2] neither a full (8-OH-DPAT) or a 
partial [(-)-UH-301] 5-HT1A receptor agonist, nor a 5-HT1A receptor an-
tagonist (WAY-100635) enhanced the DOI-induced locomotor stimula-
tion (0.25 mg kg1). In contrast to these observations, [3] the (32- 
adrenoceptor agonist albuterol (0.25-4.0 mg kg’1) enhanced DOI- 
induced hyperlocomotion. The present results, together with previous 
observations that p2-adrenoceptor agonists can enhance serotonergic 
neurotransmission, suggest that (-)-pindolol, at least partially, interacts 
with DOI due to its J32-adrenoceptor agonist properties.

Supported by Astra Arcus AB

482.18
5-HT-MEDIATED MYOCLONUS IN GUINEA PIGS IS INFLUENCED BY 
5-HT1A, 5-HT1b /d  AND 5-HT2A ANTAGONISTS. C.K. Nielsen and T. Skarsfeldt* 
Pharmacological Research, H. Lundbeck A/S, Ottiliavej 9, DK-2500 Valby, 
Copenhagen, Denmark.

L-5-hydroxytryptophan (1-5-HTP) and the non-selective 5-HT1A/B/5-HT2 receptor 
agonist 5-methoxy-A,yV-dimethyltryptamine (5-MeODMT) induce dose-dependent 
myoclonus in guinea pigs. L-5-HTP induces head jerking followed by continuous 
rhythmic whole-body jerking, whereas 5-MeODMT gradually induces whole-body 
jerking. The whole-body jerking induced by L-5-HTP is antagonised by the selective 
5-HTib /d  antagonist GR127935 (A-[4-methoxy-3-(4-methyl-l-piperazinyl)-phenyl]- 
2’-methyl-4’-(5-methyl-l ,2,4-oxadiazol-3-yl)[l ,1 ’-biphenyl]4-carboxamideoxalate) 
(GR) and the selective 5-HT1A antagonist WAY100635 (A-[2-[4-(2-methoxyphenyl)- 
l-piperazinyl]ethyl]-A-(2-pyridinyl)cyclohexanecarboxamidetrihydrochloride) 
(WAY) but not by the 5-HT2A antagonist MDL100.151 ((±)a-(2,3-dimethoxy- 
phenyl)-l-[2-(4-fluorphenyl)ethyl]-4-piperidinmethanol) (MDL). GR127935 does 
not inhibit head jerking when given alone but coadministration with MDL 100.151 
results in a full inhibition of the 1-5-HTP response. 5-MeODMT is antagonised by 
WAY100635 and GR127935 but not MDL100.151.

Jerking WAY GR MDL GR+MDL
Whole-body + + - +
Head + - - +
+ inhibit - no effect
The results indicate that myoclonus in guinea pigs consists of two distinct 
behavioural responses. The head jerking being sensitive to combined 5-HTjA 15- 
HT2A antagonists but unaffected by a 5-HT,B/d  and 5-HT2A antagonists, whereas the 
whole-body jerking involves 5-HT)A and 5-HT1B/d but not 5-HT2A receptors. 
Importantly, the behavioural responses to either 1-5-HTP or 5-MeODMT appears to 
differ not only in head and whole-body jerking but also in frequency and intensity. 
The reason why 5-MeODMT does not evoke head jerking remains to be elucidated.

482.19
THE 5-HT5A RECEPTORS: LOCALIZATION IN THE CNS AND INCREASED 
EXPLORATORY ACTIVITY IN 5-HT5A KNOCKOUT MICE. R. Grailhe. C. 
WaeberU D. Brunner, X. Zhuang, Y. Huang*, M.A Moskowitz* and R, Hen. 
Center for Neurobiology and Behavior, Columbia University, New York, NY 10032, 
USA. +M.G.H, Harvard Medical School, Charlestown, MA, 02129.

To study the function of the 5-HT5A receptor, we generated by homologous re-
combination, knockout mice (5A-KO) lacking this receptor on the 129/Sv genetic 
background. 5A-KO mice developed normally, were fertile and did not display any 
obvious abnormalities.

To confirm gene deletion, 5-HT5A receptor binding sites were visualized by in 
vitro autoradiography. Brain sections from wild-type and 5A-KO mice were incubated 
with [125I]LSD (in the presence of 600 nM clozapine and spiperone) or [3H]5-CT (in 
the presence 300 nM 8-OH-DPAT/GR127935 and 3 mM spiperone). Under these 
conditions, no [3H]5-CT labeling in the brain of 5A-KO mice was detected, whereas 
intermediate densities of binding sites were seen in the olfactory bulb and neocortex 
in wild-type mice. [125IJLSD labeled the same areas as [3H]5-CT in wild-type mice. 
Interestingly, high densities of [125I]LSD binding sites were also observed in the 
medial habenula of both wild type and 5A-KO mice. 5-CT competed for [125I]LSD 
binding sites with an affinity of 2 nM in the olfactory bulb and neocortex of wild- 
type mice and an affinity of 30 nM in the habenula of knockout mice, suggesting 
that habenular labeling might be accounted for by 5-HT5B receptors.

In an open field 5A-KO mice were more active, displayed more rearing and nose- 
pokes than wild-type during a first exposure, but not during a second exposure 
occuring one week later. These results suggest that 5A-KO mice have enhanced 
exploratory activity in a novel environment while baseline activity is similar. To 
determine whether the hyperactivity of the 5-HT5A receptor mutant mice could be 
the consequence of reduced anxiety, we tested the 5A-KO mice in an anxiety test, the 
elevated plus maze. No significant differences between wild-type and 5A-KO mice 
were found in anxiety measures, but the increase in rearing was confirmed. Our data 
suggest that the 5-HT5A receptors might modulate exploratory behavior.

482.20
CHARACTERIZATION OF EXPLORATORY BEHAVIOR AND SENSORIMOTOR 
GATING IN WILD TYPE AND SEROTONIN 5A KNOCKOUT MICE. S.C. Dulawa* », R. 
Graihle3, R. Hen3, and M.A. Geyer1* Depts of Neuroscience1 and Psychiatry2 , 
University of California San Diego, La Jolla, CA 92093. Center for Neurobioiogy and 
Behavior3, Columbia University, New York, NY 10032.

The generation of 5-HT5A knockout mice permits the dissection of the role of this 
receptor, for which there are no selective ligands, in behaviors of interest. The 
emergence test was used to assess exploratory behavior, and acoustic prepulse 
inhibition (PPI) and tactile startle habituation were used to assess sensorimotor gating 
in wild-type and 5-HT5A knockout 129sV mice. The emergence test is used to assess 
the latency for an animal to emerge from a chamber into an open field, the number of 
entries into the chamber, time spent in the chamber, and time spent per entry. PPI is a 
form of startle plasticity that occurs when an abrupt startling stimulus is preceded 30- 
500 msec by a barely detectable prepulse. Habituation refers to the exponential 
decrement in responding to repeated presentations of an initially novel and intense 
stimulus. We compared wild-type and 5-HT5A knockout mice for 15 min in the 
emergence test. Results suggest that 5-HT5A knockout mice are more exploratory 
than wild-type mice, with knockouts exhibiting a shorter latency to emerge from 
chambers (p<.05). In several experiments, we compared PPI in wild-type and 5-HT5A 
knockout mice in a startle response paradigm in which some 120 dB acoustic pulses 
were preceded by 3, 6 or 12 dB above background prepulses. Results of experiments 
in different cohorts were inconsistent, with knockout mice showing either small 
increases in PPI (p<.05), or no difference compared to wild-type mice. We also 
compared startle habituation to 40 psi air puffs in which 300 puffs were administered 5 
sec apart in wild-type and homozygous 5-HT5A 129sV mice. Results of experiments in 
different cohorts were inconsistent, with knockout mice showing either decreases in 
habituation (p<05), or no difference compared to wild-type mice. Thus, knockout of 
the 5-HT5A receptor gene results in an increase in exploratory behavior, and subtle 
changes in sensorimotor gating. Supported by NIDA (R02DA02925), NARSAD, and 
NIMH (K05MH01223).
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482.21
AMPHETAMINE-INDUCED CIRCLING IN RATS ADMINISTERED 
UNILATERAL INTRASTRIATAL 5-HT6 ANTISENSE OLIGO-
NUCLEOTIDE. J.A. Brennan, K.L. Marquis, S. Nawoschik and L.E. 
Schechter*. Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543.

The 5 HT6 receptor (Ruat et al., Biochem. Biophys. Res. Commun. 
193:268, 1993) has been shown to have an affinity for a number of 
typical and atypical antipsychotic drugs (Roth et al., J. Pharmacol. Exp. 
Therap. 268:1403, 1994) and a localization within the CNS in limbic and 
extrapyramidal areas (Gerard et al., Brain Res. 746:207, 1997) including 
the striatum. Previously, intraventricular antisense oligonucleotide (AO) 
treatment (Bourson et al., J. Pharmacol. Exp. Therap. 274:173, 1995) 
produced a behavioral syndrome of yawning, stretching and chewing 
associated with a reduction in putative 5-HT6 binding sites. The purpose 
of this study was to explore the role of the 5-HT6 receptor in the control 
of motor behavior. Male Sprague-Dawley rats were implanted with 
cannulae in the right dorsal striatum. Preliminary studies indicated that 
once daily AO (12pg/2jil) treatment for 4 days produced no spontaneous 
circling, but d-amphetamine elicited contralateral circling in AO-treated 
rats while producing ipsilateral circling in scrambled oligonucleotide 
(SO)-treated rats. In further studies, rats were administered two 
treatments of either 12(ig (in 2pl) of AO (N=9) or SO (N=8). The initial 
treatment came 21 hours prior and the second treatment 4 hours prior to 
a challenge with 2 mg/kg d-amphetamine i.p. Animals were placed in 
rotometers (Med Associates) to quantitate circling behavior for a 2 hour 
period. Amphetamine elicited a significantly greater amount of 
contralateral rotation in AO-treated rats (mean contralateral minus 
ipsilateral rotations = 191 ±71.6) compared with SO-treated rats (mean 
contralateral minus ipsilateral rotations = 8 ± 15.6). These data implicate 
the 5-HT6 receptor in the regulation of motor behavior and 
dopaminergic function in the basal ganglia.

482.22
5-HT7-RECEPTOR ACTIVATION INDUCES FOS IMMUNOREACTIVITY IN THE 
VENTROLATERAL SUPRACHIASMATIC NUCLEUS AND THE HIPPOCAMPUS OF THE 
RAT. U. Lena Mullins. * 1,2 G. Gianutsos1 and A.S. Eison2 ’Univ. of Conn., Dept of Pharm. 
Sci., Storrs, Ct.; 2Bristol-Myers Squibb Co., Central Nervous System Drug Discovery, 
Wallingford, Ct. 06492.

Recent cloning efforts have identified a novel and pharmacologically distinct serotonin 
receptor, 5-HT7. The 5-HT7 receptor is positively coupled to adenylate cyclase and has a 
high affinity for the ligand 5-carboxamidotryptamine (5-CT). Although 5-CT also has 
affinity for the 5-HT1A receptor, in the presence of the 5-HT,A antagonist pindolol and the 
5-HT,D antagonist sumatriptan , it is possible to define action at this receptor.

Previous in-vitro studies have implicated this receptor in the regulation of circadian 
rhythms and its’ predominant limbic distribution (hypothalamus, hippocampus, amygdala) 
has suggested a role in the etiology of depression. Binding studies have shown that in the 
hypothalamus, the 5-HT7 receptor down-regulates in response to chronic treatment with the 
antidepressant fluoxetine.

c-fos is an immediate early gene which is transiently expressed in neurons in response to 
specific receptor stimulation. Due to this specificity of induction, c-fos expression and the 
nuclear deposition of the protein-product Fos is considered to be a marker of neuronal 
activation.

Utilizing immunohistochemistry techniques at circadian time 22, we have demonstrated 5- 
HT7-mediated Fos immunoreactivity (Fos-LI) in the ventrolateral suprachiasmatic nucleus 
(vSCN); the putative site of circadian rhythm control and in the hippocampus; a limbic area 
principally implicated in mood and emotionality. Agents with known activity at the 5-HT7 
receptor acutely induce significant Fos-LI in both the vSCN and hippocampus. Further, this 
acute response was sensitive to treatment with 5-HT7 antagonists and insensitive to 
treatment with the 5-HT1A antagonist pindolol. In addition, chronic treatment (14 day) with 
mechanistically distinct antidepressants demonstrated that Fos-LI in both the vSCN and 
hippocampus is desensitized, suggesting an adaptive response to chronic drug exposure.

These data add further support for the role of the 5-HT7 receptor in the regulation of 
circadian rhythmicity, as well as provide additional evidence to suggest a role for the 5-HT7 
receptor in the mechanism of action of antidepressants.

482.23
MOLECULAR CLONING OF A PUTATIVE SEROTONIN RECEPTOR OF 
APLYSIA. T. Williams1, O. Saito2. H. Nakata2 and C. Bessho3* ’Stanford Japan 
Center, Kyoto /Tokyo Metropol. Inst. Neurosci.,Tokyo and 3Kyoto Sangyo Univ. 
Kyoto 603, Japan.

Serotonin is a neurotransmitter that interacts with differrent 5HT receptor sub- 
types to activate second messenger systems. In Aplysia, it plays an important role 
in learning and memory by evoking short- and long-term facilitation of the mono-
synaptic connections between the sensory and motor neurons. Using degenerated 
oligonucleotide primers corresponding to the highly conserved sequences of trans- 
mbrane domains three and six of G protein coupled receptors, we amplified a 
600 bp fragment in Aplysia ovotestis genomic DNA. Sequence analysis of this PCR 
product shows high homology to the Xenopus 5HT7 and SHT^ receptor subtypes. 
RT-PCR analysis was performed with 2 ug of RNA isolated from abdominal (Ab) 
and pedal-plural (PP) ganglion, buccal muscle (BM), gill and ovotestis (Ov). The 
PCR products using primers corresponding to the membrane domains four and five 
of the 600 fragment were analyzed by agarose gel elecrophoresis. A 250 bp band 
was strongly detected in the gill but was weakly observed in the Ab and PP ganglion. 
No bands were detected in the BM and Ov. We are trying to isolate full length 5HT 
receptor gene. Our gene represents the fourth isolated subtype of serotonin receptor 
in Aplysia and may be useful to understand the molecular mechanism of long term 
memory in this animal.

482.24
CHARACTERIZATION OF SEROTONIN RECEPTORS IN THE PHARYNX OF 
PARASITIC NEMATODE ASCARIS SUUM. X. HUANG. F. DIAZ, E, 
DURAN. C. HINMAN* and R. W. KOMUNIECKI. Dept of Biology, University 
of Toledo, Toledo, OH 43606.

Pharyngeal pumping is essential for nematode feeding and survival and previous 
workers have demonstrated that pharyngeal pumping is dramatically stimulated by 
serotonin. In the present study, we have prepared a cDNA pool using a Marathon 
kit from poly(A) RNA isolated from A. suum pharynxes and, using RT-PCR and 
degenerate oligonucleotides designed from conserved regions in membrane spanning 
domains HI and VI, have identified a cDNA coding for a putative serotonin receptor. 
Full length sequence then was generated using 5’ and 3’ RACE. The full length 
sequence (AS1) contains 1924 nucleotides, does not appear to be trans-spliced and 
has a polyadenylation signal and a short poly(A) tail. The coding region predicts a 
polypeptide of 409 amino acids with a molecular weight of 45916 daltons. A 
second full length cDNA (AS2) identical to AS1 but missing a predicted 42 amino 
acids from the carboxy terminus of the third cytoplasmic loop has also been 
identified using the same approach. Amino acid sequence analysis indicates that the 
A. suum sequences are most identical to a putative serotonin receptor recently 
identified in the C. elegans Genome Data Base (77%) and mammalian 5-HT2 
receptors (60-65%). RT-PCR using gene specific primers followed by direct 
sequencing of the PCR products suggests that mRNA for AS1 is also present in 
ovary and body wall muscle, in addition to pharynx. These studies are continuing to 
characterize the kinetic properties, coupling and pharmacology of these putative 
ascarid serotonin receptors after expression in mammalian cell lines. (Supported by 
NIH Grant AU8427 to RWK)

SEROTONIN I

483.1
STRUCTURAL AND FUNCTIONAL SIGNIFICANCE OF CYSTEINE 
RESIDUES OF BRAIN TRYPTOPHAN HYDROXYLASE. A. Dunning. R, 
Arthur. Jr„ and D.M. Kuhn*. Cellular and Clinical Neurobiology Program, Dept. 
Psychiatry and Behavioral Neurosciences, Wayne State Univ. Sch. Med., Detroit, 
MI 48201.

Tryptophan hydroxylase (TPH) is the initial and rate limiting enzyme in the 
biosynthesis of the neurotransmitter serotonin (5HT). Alterations in the activity of 
TPH cause corresponding changes in the synthesis and release of 5HT, indicating 
that this enzyme plays a direct role in the synaptic function of 5HT. The biological 
significance of TPH derives from the physiological roles (sleep, aggression, 
thermoregulation) and pathological conditions (depression, OCD, suicide, 
impulsivity) mediated by 5HT. As part of a larger program aimed at increasing the 
understanding of the mechanism of action of this important brain enzyme, we have 
investigated the structural and functional roles of cysteine residues in TPH. 
Exposure of a recombinant form of TPH to the sulfhydryl reacting reagents DTNB 
(thiol-disulfide exchange), IBZ (an SH-group alkylating agent), or NEM (addition 
to activated double bond) caused concentration- and time-dependent reductions in 
TPH activity. The effects of DTNB and IBZ on TPH were reversed by reducing 
reagents whereas the effect of NEM was not. The substrate tryptophan and free 
cysteine provided protection against the inhibitory effects of each SH-reagent. TPH 
contains 10 cysteine residues in its sequence, four of which are conserved within the 
monooxygenase family of enzymes. Selected cysteines were changed to serines by 
site-directed mutagenesis. These mutations were found to have significant impact 
on TPH activity. The results from chemical modification and site-directed 
mutagenesis of cysteines in TPH indicate that these residues play essential roles in 
the structure (folding) and catalytic function of the enzyme.

483.2
THE IRON CHELATOR DESFERRIOXAMINE PECREASES TRYPTOPHAN 
HYDROXYLATION IN SITU IN STRIATAL SEROTONERGIC TERMINALS 
Carrol M. D’Sa * and Matthew P. Galloway Cellular and Clinical Neuroscience 
Program, Psychiatry and Behavioral Neurosciences, Wayne State Univ Sch. 
Med., Detroit, Ml 48201.

Tryptophan hydroxylase (TPH) is the first and rate-limiting enzyme in the 
biosynthesis of the neurotransmitter, serotonin (5-HT). In-vitro studies have 
shown that the catalytic activity of both the native brain enzyme and the 
recombinant enzyme is dependent on iron. Using microdialysis, we 
investigated the effect of acute iron depletion on tryptophan hydroxylation in 
situ. The accumulation of extracellular 5-hydroxytryptophan (5-HTP) in striatal 
dialysate following the administration of an irreversible L-aromatic amino acid 
decarboxylase inhibitor was used as an index of TPH activity. After a 1-h 
perfusion of 100 uM p -[difluoromethyl] DOPA, extracellular 5-HTP increased 
in a linear manner and achieved steady-state levels 3-h later. Administration 
of the selective 5-HT-1A agonist, 8-hydroxydipropylaminotetraline (8-OH-DPAT; 
0.1 mg/kg, s.c.) during the steady-state period decreased 5-HTP levels by 
approximately 44% below baseline, suggesting that dialysate 5-HTP was 
sensitive to 5-HT autoreceptor regulation. To examine the effect of iron 
chelation on 5-HTP accumulation, desferrioxamine (100 uM) was continuously 
infused through the dialysis probe. Desferrioxamine gradually attenuated 5- 
HTP output, reaching a maximum inhibition of 41%, 3-h after start of drug 
administration. These results suggest that in situ 5-HT synthesis is acutely 
dependent on the status of extracellular iron. Supported by NIDA-04120 and 
the Joe Young Sr. Research Fund.
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483.3
ROLE OF THE AMINO TERMINUS IN MACROMOLECULAR ASSEMBLY OF 
TRYPTOPHAN HYDROXYLASE AND TYROSINE HYDROXYLASE. G.J.Yohrling

Pharmacology and Program in Neuroscience, Bowman Gray School of Medicine, 
Medical Center Blvd., Winston-Salem, NC 27157-1083.

Tyrosine hydroxylase (TH) and tryptophan hydroxylase (TPH) catalyze the rate-
limiting reactions in catecholamine and serotonin biosynthesis, respectively. Both 
enzymes are composed of an amino terminal regulatory domain and a carboxyl terminal 
catalytic domain. In the present experiments, deletion mutagenesis, size exclusion 
chromatography and non-denaturing polyacrylamide gel electrophoresis were utilized 
to assess the macromolecular structures of TH and TPH. Earlier studies demonstrated 
that TH and TPH exist in vivo as tetramers Moreover, within the carboxyl termini of TH 
and TPH, there resides an intersubunit binding domain (a leucine zipper) that is essential 
for tetramer formation. It is hypothesized that another intersubunit binding region exists 
within the regulatory domain of TH and TPH. To investigate this, a series of amino 
terminal deletions (ranging from 5 to 33% of the total protein) were created and assessed 
for macromolecular structure. Full length TH and TPH behaved in a manner consistent 
with tetramer formation, although they retained full activity. All amino terminal deletion 
mutant proteins were incapable of forming tetramers. Thus, we conclude that there is 
information within the amino terminus that is necessary for tetramer formation of both 
TH and TPH. In support of this interpretation, a chimeric recombinant enzyme 
composed of the regulator domain of TPH coupled to the catalytic domain of TH 
migrated as a tetramer. There may exist an additional intersubunit binding domain in the 
amino terminus, similar to that found in the carboxyl terminus. However, these results 
may also indicate that information required for the proper folding/assembly of tetramers 
is present within the amino termini. This work was supported by GM 38931 (to K.E. V) 
T32DA07246 (to S.C.K.) and T32AA0756 (to S.M.M.).

483.4
IN VIVO QUANTIFICATION OF 5-HT TRANSPORTERS. S, Aniilvel. L. 
Kegeles, M. Suehiro, Y. Zea-Ponce, S, Popilskis, P. Esser, R. Van Heertum,
J.J. Mann and M. Laruelle*. Columbia University and New York State 
Psychiatric Institute, New York, NY 10032.

Methods were developed for in vivo quantitation of 5-HT transporter 
binding potential (BP) using [1 lC]McN5652. PET data were acquired 
following injection of (+)[1 1C]Mc N5652 (active enantiomer) and 
(-)[llC]McN5652 (inactive enantiomer) in a 7 kg baboon (n = 2), and 
following injection of (+)[HC]McN5652 after citalopram pretreatment (6 
mg/kg, blocked experiment, n= 1). PET images were coregistered with 
MRI images for identification of regions of interest. Arterial plasma 
activity was sampled and corrected for metabolites assayed by HPLC. A 
two compartment model was used for kinetic analysis of the inactive and 
blocked experiments. Regional distribution volumes (DV) measured for 
the blocked experiment were similar to DV measured with 
(-)[1 1C]Mc N-5652, demonstrating that (-)[1 1C]Mc N5652 provides a 
measure of nonspecific DV of (+)[1 1C]Mc N5652. However, nonspecific 
DV varied from region to region. In the cerebellum, a region with 
negligible level of 5-HT transporters, no differences were noted in DV 
among the 3 conditions. (+)[1 1C]Mc N5652 uptake in 5-HT transporter 
rich regions was analyzed with a three compartment model, with the Kl/k2 
ratio constrained either on the regional (-)[1 1C]Mc N5652 DV (method 1), 
or on the cerebellar (+)[1 1C]Mc N5652 DV (method 2). The two methods 
gave similar results in the midbrain (BP of 10.4 and 10.0 mL g-1 for 
methods 1 and 2), but method 2 overestimated BP in the other regions (for 
example, striatal BP was 6.3 and 9.3 mL g-1 with methods 1 and 2, 
respectively). Since results obtained with method 1 compared better with 
the known distribution of 5-HT transporters than method 2, these data 
suggest that two paired scans, using (+) and (-) [1 1C]Mc N5652, are a 
method of choice for quantitation of 5-HT transporters with PET. This 
research was funded by the National Institute of Mental Health.

483.5
MOLECULAR CLONING AND EXPRESSION OF THE 
SEROTONIN (5-HT) TRANSPORTER FROM THE GUINEA PIG 
SMALL INTESTINal MUCOSA. J.-X. Chen* P, Wade. T. Rothman, 
and M.D. Gershon, Columbia University, P & S, New York, NY 10032.

Mucosal pressure initiates peristaltic and secretory reflexes. Recent 
evidence suggests that 5-HT, released from enterochromaffin cells, 
activates these reflexes by stimulating intrinsic sensory nerves. 
Transport by crypt epithelial cells has been postulated to inactivate 5- 
HT. Oligonucleotides designed from consensus sequences found in the 
human and rat neuronal 5-HT transporter were used to identify a guinea 
pig mucosal cDNA highly related to the human and rat 5-HT 
transporters. When transfected with the full-length guinea pig cDNA, 
HeLa cells exhibit a high affinity (Xm = 618 nM), Na+-dependent 5-HT 
transport activity that can be blocked by drugs in an order of potency 
that (clomipramine > imipramine > fluoxetine » desipramine) suggests 
5-HT-selectivity. The 630-amino acid sequence of the guinea pig 
mucosal cDNA is 90% identical to the cloned human and rat 5-HT 
transporters. At the nucleotide level, the sequence of the guinea pig 
cDNA is 86% identical to the human and rat 5-HT transporters within 
the coding region, but in the 3’-non-coding region the identity drops to 
76% and 73%, respectively. Northern analysis in the guinea pig 
revealed a single hybridizing species (~3.7 kb) of mucosal and 
brainstem RNA. In situ hybridization confirmed that the guinea pig 5- 
HT transporter is expressed by raphe neurons and crypt epithelial cells. 
Mucosal expression of the 5-HT transporter makes it possible for 5-HT 
to serve as a paracrine activator of intrinsic enteric neural reflexes in the 
guinea pig gut. (Supported by NIH grant NS 12969 and HD21032).

483.6
THE ANOREXIA MUTATION DECREASES MONOAMINE OXIDASE 
A AND TRANSPORTER mRNA IN THE LOCUS COERULEUS BUT 
NOT IN THE RAPHE. J.W. Jahng*, T.A.Houpt, T.H. Joh, and J.H. Son. 
Lab. Molecular Neurobiology, Burke Med. Res. Inst., Dept. Neurol. 
Neurosci., and Bourne Behav. Res. Lab, Dept. Psychiatry, Cornell Univ. 
Med.Coll., White Plains, NY 10605.

The Anorexia (anx) mutation causes reduced food intake in 
preweanling mice, resulting in death from starvation within 3-4 weeks. 
We have found serotonin (5HT) hyperinnervation in the anx brain; 
altered noradrenergic (NE) innervation may also mediate eating 
disorders. We examined the expression of synthetic or catabolic 
monoamine enzyme genes: serotonin transporter (5HTT) and 
monoamine oxidase A (MAOA) in the raphe nuclei (RN), and MAOA, 
norepinephrine transporter (NET), and tyrosine hydroxylase (TH) in 
the locus coeruleus (LC). We compared 3-week old anx with control 
and 24-h food-deprived wildtype littermates (n=5-7) using in situ 
hybridization to measure mRNA levels by quantitative auto-
radiography. MAOA mRNA was decreased in the anx and food- 
deprived LC compared to control wildtype. NET mRNA was also 
decreased in anx LC but not in food-deprived LC. TH mRNA in the LC 
was expressed at the same level in all groups. Despite 5HT 
hyperinnervation in anx mice, 5HTT and MAOA mRNA levels in the 
RN were not different between groups. Thus, the anx mutation altered 
monoamine gene expression in the LC but not in RN. NE innervation 
may be altered in anx mice by decreased expression of NET and 
MAOA. Specifically, decreased NE catabolic activity may lead to 
increased NE transmission correlated with postnatal anorexia.

Supported by the Burke Foundation, NIH MH24285 and DC 03198.

483.7
NEUROPEPTIDE Y mRNA IS NOT INCREASED IN THE ARCUATE 
OF ANOREXIA MUTANT MICE DESPITE STARVATION: 
CORRELATION WITH SEROTONIN HYPERINNERVATION.
S.J. Kim*. J.W. Jahng, T.A.Houpt, T.H, Joh, and J.H, Son.
Dept. Genetic Eng., Chosun Univ., Kwang-Ju, Korea, and Lab. Molecular 
Neurobiology, Burke Med. Res. Inst., Dept. Neurol. Neurosci., and 
Bourne Behav. Res. Lab, Dept. Psychiatry, Cornell Univ. Med.Coll., 
White Plains, NY 10605.

In wildtype rodents, starvation induces increased neuropeptide Y 
(NPY) mRNA levels in the arcuate nucleus that promotes compensatory 
hyperphagia. The Anorexia (anx) mutation causes reduced food intake 
in preweanling mice, resulting in starvation without compensatory intake. 
We measured NPY mRNA levels (by in situ hybridization) and serotonin 
innervation (by immunohistochemistry) in the arcuate nucleus of 3-week 
old anx/anx vs. control and 24-h food-deprived wildtype mice (n=7- 
12/group). Despite decreased body weight, anx/anx mice did not show 
elevated NPY mRNA levels compared to wild type heterozygous litter 
mates. NPY mRNA levels can be upregulated in normal mice at this 
chronological age, because 24-h food deprivation increased arcuate NPY 
mRNA in wildtype litter mates. The unresponsiveness of NPY expression 
in the arcuate of anx/anx mice was correlated with serotonergic 
hyperinnervation of the arcuate nucleus. This result is consistent with the 
hypothesis that wasting disorders are accompanied by disregulation of 
NPY mRNA expression in the arcuate nucleus, and suggests that reduced 
food intake, the primary behavioral phenotype of Anorexia, may be the 
result of altered monoaminergic mechanisms in the hypothalamus that 
regulate feeding.
Supported by the Burke Foundation, NIH MH24285/THJ) and NIH DC 

03198 (TAH).

483.8
BEKAVORIAL AND BIOCHEMCIAL EFFECTS OF DISCRETE LESIONS 
WITHIN THE MEDIAN RAPHE, DORSAL RAPHE OR PARAMEDIAN 
MIDBRAIN TEGMENTUM OF THE RAT. D.F.Cook* & D.Wirtshafter. 
Dept. of Psychology, Univ. of Illinois at Chicago, 60607.

To further characterize the neuronal elements that 
subserve median raphe (MnR) lesion induced alterations in 
behavior and forebrain biochemistry, the current study 
examined locomotor activity on several temporally and 
environmentally distinct measures following the placement 
of discrete lesions within the MnR, dorsal raphe (DR) or 
adjacent paramedian midbrain tegmentum (PMT). Lesions 
made with a 21 gauge needle that passed directly through 
the MnR proper produced marked increases in locomotor 
activity on short duration measures while lesions of the 
DR produced hyperactivity only on tests of longer 
duration; lesions of the PMT 0.6mm bilateral to the 
midline produced elevations in locomotor activity that 
were task specific. These results suggest that the 
current lesions disrupted separate neuronal elements that 
may collectively contribute to the increases in activity 
observed following much larger electrolytic MnR lesions.

Additionally, only the MnR lesions produced significant 
impairments on an appetitively motivated T-maze delayed 
spatial alternation task; thus, the current findings 
demonstrate that T-maze performance can be clearly 
disassociated from elevations in locomotor activity.

Dramatic reductions in hippocampal 5-HT and 5-HIAA were 
observed following damage to the MnR proper while DR 
lesions also produced a significant, albeit smaller, 
decrease; the results demonstrate that it is possible to 
dissociate locomotor activity and T-maze performance from 
5-HT and 5-HIAA levels within the hippocampus. (NS33992)
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483.9
DISTRIBUTION OF FOS-IMMUNOREACTIVITY IN RESPONSE TO RAPHE 
STIMULATION. L. P. Morin*, E G. Marchant and E, L, Meyer-Bemstein Depts. of 
Psychiatry and Neurobiology, SUNY, Stony Brook, NY, 11794.

Serotonin (5HT) cells in the dorsal (DR) and median raphe (MR) send ascending 
projections to much of the brain. The expression of immunohistochemically identified 
immediate early proteins such as FOS can provide insight into both the structure and 
function of these nuclei. For example, in vivo electrical stimulation of the raphe nucleus can 
significantly reduce light-induced Fos expression in the hamster SCN (Meyer-Bemstein & 
Morin, 1997, Soc. Neurosci. Abstr.). The present investigation quantifies FOS-like 
immunoreactivity (FOS-IR) throughout the brain in response to electrically stimulated neural 
activation of the MR and DR.

Twelve hamsters were stereotaxically implanted with bipolar stimulating 
electrodes in either the MR (n=6) or DR (n=6). Five days after surgery, four hamsters from 
each group received electrical stimulation (410pA at 20Hz) for 30 minutes beginning 110 
minutes into the dark phase; the remaining hamsters were unstimulated controls. Ninety 
minutes later the hamsters were anesthetized and perfused. Standard immunohistochemical 
techniques were used to localize FOS-IR within cell nuclei. Templates for various FOS 
positive areas were created throughout the brain using a microcomputer imaging system 
and an evolving hamster brain atlas. In MR and DR stimulated hamsters, significant 
increases in FOS-IR are seen in a number of distinct nuclei when compared to non- 
stimulated controls. The most pronounced changes are seen in the cortex, hippocampus 
and septal nuclei. Areas with changes in basal FOS expression are compared to known 
projection sites as determined by the distribution of 5HT-IR fibers and terminals and by 
anterograde tracing using PHAL infusion into the DR and MR of the hamster (Morin & 
Meyer-Bemstein, 1996, Soc. Neurosci. Abstr.). Supported by NINDS grant NS22168 to LPM.

483.10
DAMAGE OF CENTRAL SEROTINERG'IC SYSTEM LEADS TO 

MORPHOLOGICAL CHANGES IN THE MOTOR CORTEX NEURONS.
Dmitry Korzhevsky^RR Sukhov*, VA Otellini Departments’ of

Morphology, Institute for Experimental Medicine,
St. Petersburg^ Russia Diy of Physical Med & Reh

Long Island Jewish Med. Center ,Hew Ryde Iferk, HZ H OJO*

Dysfunction of brain monoaminoergic systems is known to lead to 
numerous qualitative and quantitative alterations in neurons of 
different CNS regions. In the present study structural and 
ultrastructural changes of the motor cortex pyramidal neurons after 
intracistemal administration of 5,7-dihydroxytryptamine were 
studied in rat. Neurotoxin was injected under nembutal anestesia. 
Method of light and electron microscopy including AG-NOR 
staining as well as immunocytochemistry were used. Neurotoxin 
damage of serotinergic system induces various reactions in the 
neurons of different layers of the motor cortex. Neurons of V-VI 
layers demonstrate morphological signs of activation. Peculiarities 
of their nucleolar, nuclear and cytoplasmic structures indicate high 
level of transcriptional activity and high rates of nucleolo-nuclear 
and nucleo-cytoplasmic exchange. In contrast, neurons of II-III 
cortical layers exhibit morphological signs of injury and apoptosis. 
Observed variations in different layers of cortex suggest their 
selective vulnerability to serotonin depletion. These findings may 
help to elucidate the role of serotoniergic system in pathogenesis of 
neurologic and neuropsychiatric disorders.

483.11
CORTICOTROPIN-RELEASING FACTOR (CRF) - 
SEROTONIN (5-HT) INTERACTIONS: NEUROCHEMICAL 
STUDIES. Mt L. Price*, L, o, Kirby, and I, Ltfgki, Departments 
of Psychiatry and Pharmacology, Institute of Neurological 
Sciences, University of Pennsylvania, Philadelphia, PA 19104.

CRF and 5-HT have been implicated in stress and psychiatric 
disorders. Anatomical findings suggest that CRF and 5-HT systems 
may be linked because the dorsal raphe nucleus (DRN) contains 
CRF-immunoreactive fibers and a high density of CRF2receptors. 
The hypothesis that CRF alters the transmission of 5-HT was tested 
in the present study by measuring changes in extracellular 
concentrations of 5-HT in the striatum of awake, unrestrained rats 
following the administration of a range of doses of CRF (.01 - 3.0 
pg, i.c.v.) using in vivo microdialysis.

CRF produced dose-related biphasic effects on extracellular 5- 
HT. The administration of low doses of CRF (0.1 and 0.3 pg) 
significantly decreased striatal 5-HT concentrations by 58% ± 9.6 
(N=8) and 60% ± 13.2 (N=7) at peak, respectively. In contrast, a 
high dose of CRF (3 pg) increased extracellular concentrations of 
5-HT by 78% ± 42.7. (N=7) at peak. 5-HIAA concentrations were 
increased only by 3 pg CRF. Taken with the demonstration that 
CRF administered i.c.v. or directly into the DRN predominantly 
decreased the discharge rates of DRN 5-HT neurons (Curtis et al., 
1997), the present findings suggest that CRF has a potent inhibitory 
impact on the 5-HT system and may have excitatory effects at 
higher doses.

Supported by USPHS Grant MH 36262.

483.12
CORTICOTROPIN-RELEASING FACTOR (CRF)-SEROTONIN (5- 
HT) INTERACTIONS: ELECTROPHYSIOLOGICAL STUDIES. A.L. 
Curtis*, L.G. Kirby, and R.J. Valentino. Dept. Psychiatry, Allegheny 
Univ., Broad and Vine St., Philadelphia, PA 19102.

CRF and 5-HT have independently been implicated in affective 
disorders, and stress impacts on both systems. Anatomical findings 
suggest that CRF and 5-HT systems may be linked. Thus, CRF- 
immunoreactive fibers are present within the dorsal raphe nucleus (DRN) 
and the density of CRF2 receptors is high there. The present study tested 
the hypothesis that CRF alters activity of DRN 5-HT neurons. 
Extracellular single unit activity was recorded from DRN neurons of 
halothane-anesthetized rats. CRF (0.3 pg) administered 
intracerebroventricularly (i.c.v.) decreased discharge rates of 12 of 15 
neurons and increased discharge rates of 3 remaining neurons. The mean 
spontaneous discharge rate for the 15 neurons was 1.3 + 0.1 Hz and the 
mean decrease determined in the 12 neurons was 33 ± 9 %. Microinfusion 
of CRF (0.3 or 1.0 ng in 30 nl) directly into the DRN had predominantly 
inhibitory effects on neuronal activity. The lowest dose (0.3 ng) decreased 
discharge rate in each of 4 rats with a mean decrease of 27 + 3 %. The 
highest dose decreased discharge rate in 4 of 6 rats and increased 
discharge rates in 2 rats. The effects produced by intraraphe 
administration were of shorter onset and duration than those elicited by 
i.c.v. administration. Taken with the demonstration that CRF (0.3 pg, 
i.c.v.) decreases extracellular striatal 5-HT (Price et al., 1997), the present 
findings suggest that CRF has a potent inhibitory impact on the 5-HT 
system and may have excitatory effects at higher doses. Supported by 
MH00840 and MH42796.

483.13
MORPHOLOGICAL ANALYSIS OF CORTICALLY-PROJECTING DORSAL 
RAPHE NEURONS USING RETROGRADE AND LUCIFER YELLOW LABELING 
TECHNIQUES. R.F. Jacob. R.C.S. Lin and B.D. Waterhouse.* Dept. Neurobiology and 
Anatomy, Allegheny University of the Health Sciences, Philadelphia, PA, 19102-1192.

Previous studies conducted in this laboratory and elsewhere have demonstrated a 
topographic organization of the dorsal raphe (DR) nucleus with respect to its efferent 
targets in the cerebral cortex, thalamus, and brainstem. In particular, DR neurons have 
been shown to innervate sites along the trigeminal somatosensory pathway with a 
specificity determined by the location of projection neurons within well-defined 
subregions of the DR nucleus. In other studies, Golgi staining techniques have been 
used to characterize the general somal and dendritic morphology of DR neurons in the 
rat brainstem resulting in the identification of three basic cell types: ovoid, fusiform, and 
multipolar. However, the cytoarchitecturalprofile of DR neurons that project to specific 
efferent targets has not been determined. Tne goal of this study was to characterize the 
morphology of DR neurons that project to the barrel field region of the primary 
somatosensory cortex in adult rat. Rhodamine coated microspheres (RCM) were injected 
unilaterally into the barrel field cortex. 4-14 days post-surgery, animals were perfused 
with high sucrose artificial cerebrospinal fluid, the brains removed and sectioned (400 
pm) in either die horizontal or coronal plane. Using epifluorescent microscopy, selected 
cells that were retrogradely labeled with RCM (n=14) were microiontophoretically filled 
with lucifer yellow (LY). Tissue slices were then resectioned (80 pm), mounted, and 
examined again with fluorescent microscopy in order to characterize the morphology of 
individual DR cortical projection neurons. Two cell types were identified among the 
retrogradely filled neurons: ovoid (n = 5) and fusiform (n=9). Ovoid barrel field cortical 
projection neurons were found exclusively in the dorsomedial subregion of the DR 
nucleus while fusiform cells were generally located throughout both the dorsomedial and 
ventromedial subregions of DR. Measurements of dendritic arbors support previous 
observations that DR neurons, in general, have dendritic fields that are contained within 
the borders of the nucleus. Furthermore, we found evidence of dye-coupling between 
DR barrel field cortex projection neurons. In summary, these findings indicate that 
cortically-projecting DR neurons: (1) exhibit either fusiform or ovoid, but not multipolar 
morphology, (2) have restricted dendritic fields, and (3) may be electrotonically coupled 
to neighboring DR cells that project to the same efferent target. As such, these data 
provide evidence that specific cell types within the DR nucleus are “functionotopically” 
organized with respect to efferent targets. Supported by NS 34808 to BDW.

483.14
IPSILATERAL SEROTONERGIC PROJECTIONS FROM THE DORSAL RAPHE NUCLEUS (DR) 
INNERVATE THE LATERAL VENTRICLES IN RAT. K.L Simpson*, R.C.S. Un. and B.D.Waterhouse. 
Dept. of Neurobiology and Anatomy, Allegheny Univ. of the Health Sciences, Phila., PA 19129

Previous investigations employing electron microscopy, histofluorescence and lesion techniques 
have demonstrated the presence of serotonergic fibers situated within the ependymal lining of the 
rat ventricular system. Recent studies on the serotonergic innervation of the ependyma overlying 
the third ventricle have implicated a distinct bilateral population of neurons within the dorsolateral 
and ventromedial domains of the DR as the source of the raphe - ventriclular projection. In order 
to further characterize the anatomical relationship between the DR and the ventricular system, 
we undertook a systematic examination of the DR projection to the lateral ventricles. Specifically, 
we evaluated the ipsi- vs. contralateral distribution of DR efferents to the wall of the lateral 
ventricle, the degree of collateralization of individual DR neurons to different sites along the 
ventricular path, and the topography of DR cells which project to the ependymal lining of the 
lateral ventricle. Bilateral pressure injection (.4-.6 ul) of different fluorescent retrograde tracers 
were placed such that one tracer was delivered directly into the lateral ventricle of one cerebral 
hemisphere while the other was deposited along the wall of the opposite lateral ventricle with a 
syringe positioned at a 26° angle so as to avoid leakage of fluorescent material into the ventricle. 
Following tracer injection into the lateral ventricle, labeled cells were observed within the 
intermediate portion of the DR as described in earlier reports. Labeled neurons were evenly 
distributed on both sides of the midline in the dorsolateral region of the DR. Further rostrally 
within this zone, labeled neurons were clustered bilaterally above the medial longitudinal fasciculi, 
and extended into the median raphe nucleus. Injections which involved the wall of the lateral 
ventricle (n=6) typically led to minimal tracer contamination of the ependyma within the third 
ventricle, and resulted in prominent ipsilateral labeling in the DR ventral to the cerebral aqueduct. 
The majority of these neurons were found to be confined to the subependymal stratum of the DR, 
and to have collateral projections to other sites along the ventricular path. Many were found to 
contain serotonin and to reside in close proximity to neuronal structures which express NADPH- 
diaphorase. Our present findings suggest that a specific sub-population of serotonergic DR 
neurons may unilaterally respond to and influence the chemical composition of the CSF within 
each lateral ventricle. Supported by NS34808 to BDW.
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483.15
DEGENERATIVE CHANGES IN THE 5-HT ANDSP FIBERS IN 

THE SPINAL CORD OF ZITTER RAT. Y. Saitoh, T.Takanishi, 
K, Suzuki, S.Hamazaki, MAikawa*, T.Kitajima, S.Yamaoka and
S.Ueda. Dept. of Anesthesiology, Physiology, and Histology and 
Neurobiology, Dokkyo Univ. Sch. of Med., Tochigi 321-02, Japan.

The morphological features and distribution of serotonergic and 
substance-P (SP) fibers in the spinal cord of 7- and 12-month-old zitter 
mutant rats which are characterized by abnormal metabolism of 
superoxides were examined immunohistochemically. In the zitter rat 
spinal cord, several aberrant serotonergic and SP fibers characterized by 
swollen varicosities were intermingled with normal serotonergic and SP 
fibers. These aberrant fibers increased in number by aging. These 
fibers, distributed throughout the spinal cord segments were usually 
observed in the ventral horn and intermediate part of gray matter. 
However, no aberrant fibers were seen in the superficial part of the 
dorsal horn. Serotonergic neuron system seem to be vulnerable to 
superoxide radicals. Thus, these aberrant serotonergic fibers may 
reflect the degeneration by superoxide radicals.

483.16
TRYPTOPHAN DEPLETION DURING CONTINUOUS CSF SAMPLING VIA 
INDWELLING LUMBAR CATHETER IN HEALTHY HUMAN SUBJECTS 
L.L. Carpenter, G, Anderson, G, Pelton. J. Gudin. P.D.S. Kirwin, L.H,.P.do.e,
G.R. Heninger. C.J McDougle* Clinical Neuroscience Research Unit, Yale Univ. 
Sch. of Med., New Haven CT 06519.

The tryptophan depletion paradigm has been employed to investigate mood and 
behavioral effects of acutely lowering plasma tryptophan (and presumably brain 
serotonin) levels through administration of a special diet and/or amino acid drink. 
Our goal was to test the assumption that a corresponding fall in central levels of 
tryptophan and serotonin (measured by its major metabolite, 5-HIAA) occurs during 
the standard execution of this method in healthy adult subjects. Three females and 2 
males completed the protocol, which included a one-day low-tryptophan diet and a 
tryptophan-free amino acid drink. Lumbar puncture was performed, with placement 
of an indwelling catheter connected to a pump and fraction collector. CSF was 
aspirated continuously for a 14-hour period (before, during, and after the drink), with 
fractions removed every 15 minutes, plasma samples were simultaneously obtained. 
CSF tryptophan levels were highly correlated with plasma levels, falling a mean of 
92% and 85% from baseline, respectively. CSF nadirs were reached several hours 
after plasma nadirs. CSF 5-HIAA fell modestly (24% to 40%, mean 31% change 
from baseline), with lowest levels observed 8-12 hours after the amino acid drink. 
Efforts to measure CSF serotonin (5-HT) directly are underway. These data lend 
further validation for the tryptophan depletion paradigm in the study of serotonergic 
function.
Funding Source: NIMH

483.17
REDUCED MIDBRAIN SEROTONIN TRANSPORTER BINDING 
IN DEPRESSED VS. HEALTHY SUBJECTS AS MEASURED BY 
[123I]6-CIT SPECT. R.T. Malison*, G. Pelton, L. Carpenter, G. 
Sanacora, E. Haroon, M. Potenza, Rf.BennanA,R.M. Baldwin, J.S,
Seibvl. L.H. Price. R.B. Innis. D.S. Chamey. Dept. of Psychiatry, 
Yale University School of Medicine, New Haven, CT 06519.

Clinical studies of patients with major depression have previously 
suggested reductions in serotonin transporter (5HTT) binding in both 
blood platelets and post-mortem brains of depressed as compared to 
healthy control subjects. We examined whether unmedicated major 
depressives had alterations in midbrain 5HTT levels using single 
photon emission computed tomography (SPECT) and the 
pharmacologically non-selective, regionally selective, dopamine 
transporter (striatum) and 5HTT (midbrain) radioligand, [123I]8-CIT. 
Major depressed and healthy control subjects (n = 15 per group; ages 
44 ± 10 vs. 45 ± 11 yr, p = NS) were injected with 222 MBq (6 mCi) 
[123IJ6-CIT and imaged 24 hr later under sustained equilibrium 
conditions. The ratio of specific to nonspecific brain uptake (i.e., V3" 
= (region - occipital)/occipital), a measure proportional to the binding 
potential (Bmax/KD), was used for all comparisons. Results showed a 
statistically significant reduction in midbrain V3" values in depressed 
subjects as compared to controls (3.1±0.9 vs. 3.8±0.8, p=0.03; two- 
tailed, unpaired t-test). No differences in striatal V3" values were 
noted between depressives and controls (8.5±2.9 vs. 9.5±1.5, p=0.27). 
These results support previous platelet and post-mortem research 
suggesting a reduced number of 5HTT transporter binding sites in 
major depression. Funding Source: NIMH, NARSAD

483.18
INTRAPLATELET CALCIUM MOBILIZATION INDUCED BY SEROTONIN IN 
UNMEDICATED MENTAL DISORDERS. K. Suzuki*, I. Kusumi, Y. Sasaki, T. 
Koyama. Dept. of Psychiatry, Hokkaido Univ. Sch. of Med..Sapporo 060, 
Japan.

We have indicated that serotonin(5HT)-induced intraplateiet calcium(Ca) 
response is mediated by 5HT2A receptors and that this response is enhanced 
in some type of mood disorders such as bipolar disorder and melancholic 
major depressive disorder. In this study, we extended the sample size and 
also examined the 5HT2A receptor function in other mental disorders such 
as schizophrenia, eating disorders, obsessive-compulsive disorder(OCD) and 
panic disorder, and healthy controls. The 5HT(10>uM)-induced Ca response 
was significantly increaced in patients with bipolar disorder(n=18) and 
melancholic major depressive disorder (n=30) as compared to those of 
controls(n=64), non-melancholic major depressive disorder(n=24), 
schizophrenia(n=8), eating disorders(n=7), panic disorder (n=K)) and 
OCD(n=6)(224 ±3.7% of basal Ca concentration for controls; 290±12.8% 
for bipolar disorders; 266±8.4% for major depressive disorder with 
melancholia; 221 ±5.9% for major depressive disorder without melancholia; 
195 ±13.4% for schizophrenia, 191 ±11.9% for eating disorders, 222±23.2- 
% for panic disorder and 236±12.3% for OCD). There were no significant 
differences in basal intracellular Ca concentration among patient groups and 
healthy controls. The magnitude of Ca response to 5HT was not related to 
the severity of depressive symptoms evaluated by Hamilton Rating Scale for 
Depression. These results suggest the specificity of enhanced 5HT2A receptor 
function for some type of mood disorders.

483.19
MODEL ANIMALS FOR EACH LEVEL OF METHYLATION 
IN PSYCHIATRIC DISORDERS. N. Takeda*. Dept. of Bio-
technology, Res. & Develop. Center, COSMO Research Insti-
tute, Satte, Saitama, 340-01, Japan.

Bufotenine (5-hydroxy-N,N-dimethylserotonin:BUTN) is a dimethylat- 
ed derivative of serotonin via N-methylserotonin(N-MET) by indoleamine 
N-methyltransferase. As BUTN and N-MET were detected in urines of 
some psychiatric disorders specifically (TakedarAZeuro-^epor^, 6, 238/95), 
BUTN has been suggested to be a diagnostic marker. As the abnormal 
BUTN pathway was found in the brain of a toad (Takeda: Comp. Biochem. 
Physiol., 107C, 275, ’94), here, the presence of the pathway was widely 
examined in the brain of some frogs by using 3D-HPLC with ECD.

As shown in Table 1, frogs were classified into three types according to 
the degree of methylation of serotonin in the brain. For N-MET and 
BUTN, type I is all positive, type II is positive for the former and type 
III is all negative. Negative detection became positive by treating with a
monoamine oxidase inhibitor including nialamide. Therefore, each
animal is a useful tool for the analysis of disorders as model animals.
Table 1: Species / Pathways Serotonin -* N-MET - BUTN
(I) Bufo bufo japonicus + + +

Rhacophorus buegeri + + +
Xenopus laevis + + +
Rana nigromaculata + + +

(II) Hyla arborea japonica + + -
Rana japonica + + -

(III) Rana brevipoda porosa + - —
Rana catesbeiana + — —

483.20
RELATIONSHIP BETWEEN PLASMA TRYPTOPHAN AND BRAIN 
SEROTONIN SYNTHESIS RATES. W.A, Williams. S.E. Shoaf. D. 
Hommer. R. Carson, and M. Linnoila*. Lab. of Clin. Studies, Nat’l. 
Inst, on Alcohol Abuse & Alcoholism, Bethesda, MD, 20892.

In anesthetized male rhesus monkeys given intravenous [nC]a-methyl- 
tryptophan (aMTRP), calculated serotonin (5-HT) synthesis rates were 
highly correlated with free plasma TRP. a-MTRP uptake rates (K) were 
determined for 25 regions of interest (ROI) and whole brain using the 
method of Diksic et al. (J Neurochem., 56:153-62, 1991) and the kinetic 
constants determined by Shoaf and Schmall (JPET, 277:219-24, 1996); 
PET scan data between 10-30 min post-infusion was used to calculate K. 
Whole brain 5-HT synthesis rate was weakly correlated with 
cerebrospinal fluid (CSF) 5-hydroxyindoleacetic acid (5-HIAA), r = 0.6, 
p<.09 but individual ROI’s were not. In healthy men given a plasma 
TRP depleting drink (50.25 gm large neutral amino acids), total and free 
plasma TRP and CSF TRP concentrations were highly correlated. These 
concentrations decreased 87-92% with the nadir occurring at 6.5-7.5 
hours after the drink. Concentrations rose to 32-53% of baseline 15 
hours after the drink. However, CSF 5-HIAA was still decreasing 15 
hours after the drink and was 40% lower than concentrations just prior to 
giving the drink. In neither monkeys nor humans, does fasting free or 
total plasma TRP concentration correlate with CSF 5-HIAA 
concentration. Brain 5-HT turnover, as indicated by CSF 5-HIAA 
concentrations, was not correlated with any TRP concentrations, either 
before or after the drink. Rate of 5-HT synthesis is not correlated with 5- 
HT turnover as indexed by 5-HIAA.
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483.21
INFANT WHOLE BLOOD SEROTONIN LEVELS BEFORE AND AFTER 
EXPOSURE TO SERTRALINE THROUGH BREAST MILK. C.N. Epperson*, 
G.M, Anderson and C.J, McDougle. Clinical Neuroscience Research Unit, CMHC, 
Yale Univ. Sch. of Med., New Haven, CT 06519
The treatment of postpartum depression, which occurs in 10% of childbearing women, 
is often complicated by a woman's desire to breast-feed. There is a dearth of 
information regarding the safety of various antidepressants, including the selective 
serotonin reuptake inhibitors (SSRIs), in breast-feeding. During gestation serotonin 
(5-hydroxytryptamine, 5-HT) influences neurogenesis and morphogenesis, while in the 
neonatal period it modulates synaptogenesis. Although plasma SSRI levels in infants 
exposed through breastmilk are reported to be generally quite low, it is not known 
whether 5-HT transport in the infant is affected. The human platelet and neuronal 5- 
HT transporters are identical, and animal studies indicate that reuptake inhibitors cause 
similar central and peripheral blockade. In this ongoing study, we have measured 
whole blood 5-HT in four mothers and their nursing infants prior to and during 
sertraline treatment of postpartum depression. Maternal and infant whole blood 5-HT 
levels were determined before and after maternal treatment with sertraline for 9 weeks at 
a maximum dosage of 100 mg/d or 12 weeks at a maximum dosage of 50 mg/d. Two 
infants were solely breast-fed, while the other two were breast-fed 3-4 times daily. 
Infant plasma sertraline and desmethylsertraline levels which were measured at the time 
of post-exposure sampling were <2.5 ng/ml and <5.0 ng/ml, respectively. As 
expected, marked declines in platelet 5-HT (to 10.2+2.9% of baseline) were observed in 
the mothers, while little or no change was seen in the infants. The data indicate that 
platelet 5-HT levels and, hence, transport were not reduced. Although knowledge of 
the relation between platelet and neuronal blockade is incomplete, the results suggest 
that little central reuptake inhibition occurred. While these initial data are reassuring, 
larger controlled studies are needed to establish more conclusively that mothers 
receiving sertraline and other SSRIs can breast-feed without exposing their infants to 
physiologically meaningful doses of reuptake inhibitors.
Funding Sources: NARSAD, NIMH, Pfizer Inc.

483.22
DEXFENFLURAMINE-EVOKED RAT CORTICAL GLUTAMATE RELEASE IS 
DECREASED BY Ca2+ REDUCTION, TTX, p-CA, FLUOXETINE, BUT NOT BY 
GLUTAMATE UPTAKE BLOCKADE: REVERSE IN VIVO MICRODIALYSIS. 
STUDIES C, Rocher. I, Malagi6*. C, Jacquot and A.M, Gardier. Lab. Pharmacol. JE 
MESR 92-372, Fac. Pharmacie, Univ. Paris-Sud, 92296 Chatenay-Malabry, France.

Simultaneous changes in extracellular serotonin (5-HText) and glutamate (Glu^J 
levels were examined in the frontal cortex (FC) of conscious rats following the local 
perfusion by reverse microdialysis of dexfenfluramine (d-fen; 0.66, 3.3 and 6.7 pg/pl 
for 20 min at a 1 5 su/min flow rate). D-fen increased Gluext except for the lowest d-fen 
dose that, nevertheless, increased 5-HText by 1927% of baseline. Thus, the 2 highest 
d-fen doses produced rapid increases in Gluext by 533 and 1594% of basal, respectively. 
The 3.3 y.g/p.1 d-fen dose induced increases in Gluext that was strongly reduced by ca.- 
60% by a Ca2+ -free perfusion medium or the presence of 1 pM tetrodotoxin (TTX), 
thus suggesting a partial neuronal origin of Gluext. Furthermore, d-fen’s effects on 
Gluext depend on the integrity of frontocortical 5-HT nerve endings, since 
/7-chloroamphetamine (pCA) pretreatment, which selectively destroys serotonergic 
axon terminals, almost totally suppressed d-fen responses on 5-HText and Gluext. 
Pretreatment with the selective 5-HT reuptake inhibitor, fluoxetine (10 mg/kg, i.p.) 
also suppressed d-fen responses on 5-HText and Gluext suggesting that d-fen entrance 
into 5-HT nerve terminals in the FC by using the selective 5-HT transporter is a 
prerequisite to observe rises, first, in 5-HText, then in Gluext. Finally, we studied the 
effects of local perfusion of a glutamate reuptake inhibitor, L-nww-pyrrolidine- 
2,4-dicarboxylic acid (PDC, 10 (iM) on d-fen-induced increases in 5-HTcxt and Gluext. 
These data underline the effectiveness of d-fen in increasing preferentially 5-HText. The 
d-fen-induced increases in Glucxt in the FC is Ca2+-dependent, TTX-sensitive, dependent 
of 5-HT itself, and of 5-HT transporter, but PDC-insensitive, thereby is primarily due 
to the d-fen's ability to release frontocortical 5-HT. These d-fen’s effects on Gluext 
(with a dramatic release of 5-HT at serotoninergic nerve terminals) occur at d-fen brain 
concentrations unlikely to be obtained following its systemic administration.

483.23
FLUOXETINE PROTECTS SEROTONERGIC FIBERS FROM
DEGENERATION BY METHAMPHETAMINE S. Bledsoe* and, F. C. Zhou,
Dept. of Anatomy, Indiana Univ. Sch. of Med., Indianapolis, IN 46202

We have previously made a new marker, antibodies to the 5-HT transporter, to 
detect the degeneration of serotonin (5-HT) fibers( Zhou et al., 1997). This marker 
not only reveals a detailed 5-HT fiber profile but also, distinct from antibodies to 5- 
HT, is independent of the 5-HT content. This feature allows us to detect 5-HT 
degeneration versus 5-HT depletion. We have recently report that
methamphetamine (METH, from 12.5mg-50mg/kg) causes characteristic 
degeneration of 5-HT fibers which include varicose formation (enlargement of fibers), 
perforation (opening of varicose), fragmentation (fiber breakage) and degradation 
(fiber turning into debris) (Zhou and Bledsoe, 1997). The density of the 5-H IT- 
positive fibers were reduced proportional to the dosage used. These phenomena are 
uniquely identified by the new marker. In this study, we report that acute METH 
(50mg/k, i.p.) which causes the characteristic degeneration of 5-HT fibers in 
Sprague-Dawley rats can be greatly reduced by the 5-HT uptake blocker, fluoxetine 
(20mg/kg, i.p.). The number and the size of the varicose formation is greatly 
reduced in many regions of the brain, such as frontal cortex, cingulate cortex, 
striatum, and septal nucleus. Similarly, reduction in perforation, and fragmentation 
were also observed in the above regions. Fluoxetine pretreatment resulted in 
retaining a higher density of 5-HT fibers in the brain after acute METH attack to the
5-HT neurons. This result indicates that either the entry of MET H or its 
metabolites is essential for the toxicity, or the accumulation of 5-HT outside the 5- 
HT membrane can prevent the insult of METH or its metabolites, or 5-HT uptake 
blocker can prevent the reverse uptake and large scale of release induced by MET H. 
(RO3 MH 50602 to FCZ)

483.24
Effect of fluoxetine on the suppression of milk consumption and long-term 
hypothalamic serotonin depletion by d-fenfluramine and d-norfenfluramine 
in non-fasted rats. David C. Evans, Susan K, Hemrick-Luecke* and Ray 
W, Fuller, Lilly Research Laboratories, Eli Lilly and Company, Lilly 
Corporate Center, Indianapolis,IN 46285.

Serotonin (5-HT) neurons are postulated to be involved in the 
regulation of food intake. Drugs that enhance serotonergic 
neurotransmission have been shown to reduce feeding in rats. D- 
Fenfluramine (FEN) and d-norfenfluramine (NORFEN) are 5-HT releasing 
drugs that enhance serotonergic neurotransmission at doses that also 
suppress food intake in a number of feeding paradigms. We report that 
FEN suppresses sweetened, condensed milk consumption 1 hour after 1,3 
and 10 mg/kg, ip (25%, 82% and 97% respectively). NORFEN decreases 
milk consumption 1 hour after 1, 3 and 10 mg/kg, ip administration (55%, 
96% and 97% respectively). Rat hypothalamic 5-HT and 5-hydroxy- 
indoleacetic acid (5-HIAA) concentrations are significantly depleted 1 
week after FEN and NORFEN at 10 mg/kg but not at lower doses. While 
fluoxetine pretreatment (5 mg/kg, ip) has no effect on milk consumption 
alone or in combination with the 10 mg/kg doses of FEN, fluoxetine 
pretreatment prevents the long-term depletion of rat hypothalamic 
5-hydroxyindoles. The suppression of milk drinking by FEN at 1 mg/kg is 
potentiated and at 3 mg/kg is attenuated by fluoxetine pretreatment. 
Fluoxetine, however, has no effect on the decrease in milk consumption 
induced by 1 or 3 mg/kg NORFEN. These data suggest that 5-HT release 
is not responsible for the hypophagic action of FEN or NORFEN.
(Funded by: Lilly Research Laboratories, Eli Lilly and Company)

483.25
NEUROTOXIC REGIMEN OF MDMA INCREASES THE RESPONSE OF 
RATS TO COCAINE BUT DECREASES THE RESPONSE TO HALO-
PERIDOL BEHAVIORAL STUDIES. C.R. Ashbv, Jr.~ Y. Minabe* B. 
Horan1 E.L, Gardner3 and M. Lepore3. 1St. John’s University, 8000 Utopia 
Parkway, Jamaica, NY 11439; National Institute of Neuroscience, NCNP, 
Tokyo Japan, 3Depts. Of Psychiatry and Neuroscience, Albert Einstein 
College of Medicine, Bronx, NY.

In this study, we measured locomotor activity and conditioned place 
preference (CPP) to cocaine (COC) following repeated administration of the 
serotonergic neurotoxin 3,4-methylenedioxymethamphetamine (MDMA), a 
recreationally abused drug. Catalepsy produced by haloperidol was also 
assessed. Male Sprague-Dawley rats (175-200 grams) received either 0.9% 
saline (1 ml/kg, s.c.) or MDMA (20 mg/kg, s.c.) twice a day for four 
consecutive days and two weeks later the studies were conducted. The 
CPP studies were conducted using a two chambered CPP apparatus as 
previously described (Horan et al., Synapse, 26: 93-94, 1997) and locomotor 
activity was determined every ten minutes for two hours using automated 
activity cages (San Diego Instruments). Catalepsy was measured using the 
bar test. COC (5 and 10 mg/kg, i.p.) produced a significantly greater CPP 
response and increase in locomotor activity in MDMA-, compared to saline- 
pretreated rats. However, the cataleptic response produced by 0.5 mg/kg, 
i.p., of haloperidol was significantly lower in the rats pretreated with MDMA, 
compared to saline pretreated rats. Since CPP is believed to be a measure 
of reward, it is possible that the repeated self-administration of MDMA may 
increase vulnerability to COC abuse. In contrast, one may hypothesize that 
haloperidol’s therapeutic efficacy may be diminished. Further studies are 
being conducted to examine the above hypotheses. Supported by MH52155 
to C.R.A., CO4670696 to Y.M. and DA03622 to E.L.G.

483.26
DEXFENFLURAMINE ADMINISTRATION HAS MINIMAL 
EFFECTS ON BODY WEIGHT BUT PRODUCES LONG LASTING 
EFFECTS ON HIPPOCAMPAL SEROTONIN. M.S, Cousins*. R. Lew. 
A Ainsworth. B, Carlson. G. Vosmer. L.S. Seiden, Dept of Pharmacol & Physiol 
Sciences, Univ of Chicago, 947 E 58th St, Chicago IL 60637.

Repeated administration of dexfenfluramine (DEX) produced reductions 
in food intake, serotonin (5HT) tissue levels, and the density of 5HT transporters. 
Male Holtzman Sprague-Dawley rats (initially 275-350 gms) were injected with a 
total dose of 40 mg/kg i.p. DEX for either 4 or 8 days. Rats were injected twice a 
day with either 2.5 mg/kg DEX for 8 days (LO DEX) or 5.0 mg/kg DEX for 4 
days (HI DEX), during which time body weight and food consumption were 
measured. Rats were sacrificed either 7 or 56 days after the last DEX treatment 
for determination of hippocampal 5HT tissue and 5HT transporter levels. Food 
consumption in DEX treated rats was reduced compared to vehicle-treated rats 
during the injection period for both the LO (-13%) and HI DEX (-33%) groups; 
small decreases in body weight were observed during the injection period for both 
the LO (-4%) and HI DEX (-9%) groups, but body weights for both groups were 
comparable to vehicle-injected rats by 7 days post-injection. Significant 
reductions of hippocampal 5HT levels were found 7 days after LO (-60%) and HI 
DEX (-70%) and 56 days following the HI DEX (-40%) regimen; the density of 
5HT transporters was similarly reduced for both LO and HI DEX rats 56 days 
post-injection. Pre-treatment with the 5HT uptake inhibitor paroxetine blocked 
the neurotoxic effects of Hl DEX on 5HT. These data indicate that doses of DEX 
that produce only small and transient reductions in body weight reduce 
hippocampal 5HT tissue levels and transporters for at least 56 days post-injection. 
(Supported by grants DA 00085, RSA MH-10562, and PHS T32-DA-O7255)
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484.1
ESTRADIOL REGULATION OF 5-HT NEURONS IN THE DORSAL RAPHE OF 
THE RAT DIFFERS FROM THE MONKEY: AN ANALYSIS OF TRYPTOPHAN 
HYDROXYLASE mRNA LEVELS. S.E. Alves*, N.G. Weiland, N.B. Hastings, P. 
Tanaoat and B.S. McEwen. The Rockefeller University, New York, NY.

Estradiol (E) regulates serotonergic (5-HT) activity in the brains of primates and 
rodents; however, the mechanism(s) of action remain unclear. Recent evidence in the 
macaque suggests that such action may involve the 5-HT synthesizing enzyme 
tryptophan hydroxylase (TPH), as E treatment to ovariectomized (ovx) macaques 
greatly increases TPH mRNA levels within the dorsal raphe (DR) (Pecins-Thompson et 
al., 1996, J Neurosci 16:7021). While 5-HT neurons of die macaque DR contain E- 
induced progestin receptors (PR, Bethea 1993, Neuroendo 57:1) we have shown that 
PR and ER are found in neurons adjacent to, but not in, 5-HT cells in the rat (Alves et 
al., 1996, Neuro Sci Abst # 246.17). In this study, we investigated whether E alters 
TPH mRNA levels in the DR of the rat. Young adult female Sprague-Dawley rats 
were ovx, and 1 wk later were treated with either vehicle or estradiol benzoate (10 pg 
in oil, sc, for 2 days). Animals were sacrificed the next day by anesthesia overdose and 
decapitation, and brains were immediately removed, frozen on powdered dry ice and 
stored at -70 C. Brains were sectioned on a cryostat at 16pm and in situ hybridization 
was performed using a [35S]-labeled antisense riboprobe, synthesized from a 0.8kb 
fragment of the rat TPH gene (Kim et al., 1991, Mol Br Res 9:277). Slides were dipped 
in photographic emulsion and single-cell grain counts were measured in the medial 
(rostral or caudal) and lateral DR, using a computer-assisted image analyzer. A two- 
way ANOVA with repeated measures revealed that, while there were regional 
differences in TPH mRNA levels within the DR, E treatment had no effect on these 
levels. These findings are in contrast to those from the macaque but consistent with the 
species difference in ovarian steroid receptor localization in 5-HT neurons. This study 
was supported by NS10047 to SEA, NS07080 to BSM, and NS3O1O5 to NGW.

484.2
EFFECTS OF ESTRADIOL BENZOATE ON 5-HTi a  RECEPTOR 
mRNA IN THE MEDIOBASAL HYPOTHALAMUS OF FEMALE 
RATS. L, Sinclair-Worlev*. S. Maswood. H. Conrad-Webb.
M. Rudick. and L. Uphouse. Department of Biology, Texas 
Woman's University, Denton TX 76204.

Activation of 5-HTia  receptors in the mediobasal hypothalamus 
following infusion with 5-HTia  receptor agonists, such as 8-OH- 
DPAT, inhibit female rat lordosis behavior. However, 8-OH-DPAT's 
ability to inhibit lordosis behavior is modulated by estrogen. When 
ovariectomized rats were given two treatments with 25 jig estradiol 
benzoate (separated by 7 days) and primed with 500 pg progesterone 
after the second injection with estrogen, there was a 4-5 fold reduction 
in the potency of the drug. The mechanisms responsible for this 
change in drug potency are unknown. In the following experiment, 
we evaluated the possibility that estrogen might reduce the synthesis of 
5-HTia  receptor mRNA. Fischer female rats were ovariectomized and 
injected s.c. 1 week later with oil or estradiol benzoate (25 pg). Two 
days, three days, or seven days later, rats were sacrificed; the 
mediobasal hypothalamus was dissected and rapidly sonicated for 
measurement of 5-HTia  receptor mRNA by direct protect procedures. 
5-HTia  receptor mRNA was readily detectable in all groups. On the 
basis of preliminary evidence, estrogen appears to induce changes in 
5-HTia  receptor mRNA.
Research supported by TARP 003646-011 and NIH ROI MH51568.

484.3
DIURNAL CHANGES IN HYPOTHALAMIC SEROTONIN 
DURING THE ESTROUS CYCLE: EXAMINATION BY 
MICRODIALYSIS. S. Maswood*. B. Truitt, M. Caldarola- 
Pastuszka and L. Uphouse. Department of Biology, Texas Woman's 
University, Denton TX 76204.

The inhibitory effect of several classes of serotonergic compounds 
on female rat lordosis behavior have reinforced indirect evidence that a 
reduction in serotonergic function occurs as the female moves from a 
behavioral nonreceptive to a receptive state. In the following study, 
we have taken advantage of the observation that, in the regularly 
cycling proestrous female rat, sexual receptivity gradually emerges 
after lights out. Proestrous and diestrous rats were perfused 
continuously from 8:00 a.m. to 2:00 p.m. with lights off at 12 noon. 
Microdialysate samples, collected at 30 min intervals, were evaluated 
for 5-HT content. Although diestrous rats showed a slight increase in 
serotonin content after lights out, microdialysate concentrations of 
5-HT in proestrous rats were higher during the light and declined 
during the dark portion of the cycle. As a result, there was a 
significant interaction between time of the day and stage of the cycle. 
These findings are consistent with suggestions that 5-HT function 
declines as the females moves toward the behaviorally receptive, 
proestrous state.
Research supported NIH ROI MH51568 and by TARP 003646-011.

484.4
5-HT1B AUTORECEPTORS MODULATE SEROTONIN CLEARANCE IN 
THE RAT HIPPOCAMPUS. L.C. Daws1, S. Teicher,1 G.A. Gerhardt2 and 
A. Frazer*1. ’Dept. of Pharmacology, the University of Texas HSC, San 
Antonio, TX 78284. 2Dept. of Psychiatry, University of Colorado HSC, 
Denver, CO 80262.

In vivo high speed chronoamperometry was used to determine the effects 
of locally applied methiothepin (a relatively nonselective 5-HT1B receptor 
antagonist) and serotonin-moduline (a more selective antagonist) on the 
clearance of locally applied serotonin (5-HT) in the CA3 region of the 
dorsal hippocampus. Chronoamperometric recordings were made at 5 Hz 
using Nafion-coated, single carbon fiber electrodes. When 5-15 pmol 
serotonin was pressure ejected from a multibarrel micropipette 250- 
300 gm from the electrode, reproducible 5-HT signals were detected. 
Local application of selective serotonin reuptake inhibitors (SSRIs), 
fluvoxamine or citalopram, but not norepinephrine reuptake inhibitors, 
desipramine or protriptyline, 60-90 sec prior to pressure ejection of 5-HT, 
significantly reduced the rate of clearance of 5-HT. These data indicate 
that in the CA3 region of the hippocampus, active removal of exogenous 
5-HT is exclusively by the SERT and not also by the noradrenergic 
transporter, as had been previously observed by us in the dentate gyrus. 
Methiothepin and serotonin-moduline produced similar reductions in the 
rate of clearance of 5-HT as that caused by the SSRIs. Vehicle did not 
alter the rate of clearance of 5-HT. One interpretation of these data is that 
5-HTiB receptors can modulate the activity of the SERT and thus 
potentially act as a mechanism by which serotonergic neurotransmission 
can be precisely controlled.
(Supported by USPHS (MH29094); NSF (BIR913392); and the VA).

484.5
Cti-ADRENOCEPTOR/5-HT-|a  AUTORECEPTOR MEDIATION OF THE 
5-HT RELEASE-REDUCING ACTION OF CLOZAPINE AND S16924 
IN RAT VENTRAL HIPPOCAMPUS. S, Hiorth*, A, Kullbera, M.J, 
Millan#. H.J. Benatsson. Dept. of Pharmacology, Univ. of GOteborg, 
GOteborg, SWEDEN, and #ldR Servier, Croissy (Paris), FRANCE

In vivo microdialysis was used to compare the effect of clozapine (CLZ) 
and S16924, a new putative neuroleptic, on 5-HT output in rat ventral 
hippocampus, and the relative role of the ai-adrenoceptor antagonist 
and 5-HT-ia  autoreceptor agonist properties of the drugs in this regard. 
S16924 (0.1-3 mg/kg SC) dose-dependently reduced dialysate 5-HT, 
by maximally -70% from baseline in 40-60’ after injection. CLZ 
(0.1-10 mg/kg SC) similarly reduced 5-HT overflow, by about 60% 
in 60-80’. Given separately, neither the 5-HT-ia  receptor blocker 
WAY100635 (WAY; 0.3 mg/kg SC) nor the ai-adrenoceptor agonist 
cirazolin (ClR; 0.02 mg/kg IP) antagonized the CLZ (0.3 mg/kg)- 
induced decrease of 5-HT. However, in the presence of both WAY and 
ClR, the CLZ response was significantly attenuated. For comparison, the 
5-HT decrease elicited by S16924 (0.3 or 1.0 mg/kg) was partially 
antagonized by WAY (0.3 mg/kg) pretreatment. ClR alone did not lessen, 
but combined treatment with WAY and ClR totally reversed, the S16924 
(1.0 mg/kg SC)-induced 5-HT decrease. Both the a-i-adrenoceptor 
blocking and 5-HT-ia  receptor agonist properties of CLZ and S16924 
add to the 5-HT release-reducing action of these drugs. Whereas this 
appears to explain the effect of S16924 fully, additional mechanism(s) 
may be involved in the case of CLZ. With regard to factors modulating 
forebrain 5-HT release, an ai-adrenergic excitatory influence may be 
outweighed by 5-HT-ia  (auto)receptor-mediated inhibition.

Supported by Sw. MRC, Servier, Astra, EC Biotech and Wiberg’s Fund.

484.6
ACTIVATION OF POSTSYNAPTIC 5-HT1A RECEPTORS BY 
FLUOXETINE DESPITE DIMINISHED SEROTONERGIC INPUT 
,L..SprQH§eL. J- Braselton, L. Reynolds, X Clarks,,and „H,,Ro,llema
Pfizer Central Research, Groton CT 06340 

Systemic doses of fluoxetine inhibit dorsal raphe unit activity indirectly by
blocking the re-uptake carrier located in the cell body region. The resulting 
surplus in extracellular 5-HT then activates 5-HTia  autoreceptors and slows firing 
rate, a mechanism sensitive to 5-HT synthesis inhibitors and 5-HTia  antagonists. 
Little is known about the actions of fluoxetine on 5-HT1A receptors in raphe 
projection areas although it is presumed that inhibition of serotonergic input 
should curtail these postsynaptic effects. In the present studies, fluoxetine 
inhibited dorsal raphe and CA3 hippocampal cell firing in anesthetized guinea pigs 
with EDso values of 1.0 mg/kg iv and 4.4 mg/kg iv respectively. That the 
inhibition of hippocampal cell firing was due to excess extracellular 5-HT was 
indicated by the parallel increases in hippocampal microdialysate 5-HT, exceeding 
250% at the highest dose tested (10 mg/kg iv). 8-OH-DPAT, the prototypical full 
5-HTia  agonist, inhibited dorsal raphe and hippocampal neuronal activity but with 
greater potency (0.002 and 0.008 mg/kg iv). Taken together, these data indicate 
that the accumulation of synaptic 5-HT and the subsequent activation cf 
postsynaptic 5-HTiA receptors is achievable despite loss of firing-dependent 5-HT 
release. In future studies, chronic treatment with fluoxetine may reveal important 
potency shifts in this paradigm since 5-HT]A autoreceptors are known to 
desensitize, a process thought to underlie the delay in clinical benefit observed 
with antidepressants. Even if potency shifts are observed with chronic treatment, 
the present study suggests that simply increasing the dose of fluoxetine should 
provide more rapid onset, that is, to the extent that postsynaptic 5-HTia  activation 
is sufficient for clinical effects. A directly-acting full 5-HT]A agonist comparable to 
8-OH-DPAT represents an interesting mechanistic alternative.
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484.7
SYNERGISM BETWEEN 5-HT1A AND 5-HT1B RECEPTOR ANTAGONISTS 
ON TURNOVER AND RELEASE OF 5-HT IN GUINEA-PIG BRAIN IN 
VIVO C. Stenfors*, T. Magnusson, L.-G. Larsson, M. Hallbus, S. B. Ross 
Biochemistry, Preclinical R&D, Astra Arcus AB, S-151 85 Sodertalje, Sweden.

The rate of transmission in central 5-hydroxytryptaminergic neurons is inhibitory 
regulated by somatodendritic 5-HT1A receptors and terminal 5-HT1B autoreceptors. 
The somatodendritic 5-HT1A receptors control the impulse flow in the neuron by 
responding to dendritically released 5-HT, while the terminal autoreceptors regulate 
the amount of 5-HT released at a given stimulus. The possibility that 5-HT1B 
receptors might modulate also dendritical release of 5-HT in mesencephalic raphe 
has been discussed. In order to examine the hypothesis that 5-HT1B/1D receptors 
influence the release of 5-HT both at the axon terminals and dendrites we have in the 
present study compared the effects on 5-HT turnover and 5-HT release by treating 
guinea-pigs with GR 127935 (5-HTIB/]Dantagonist) alone or in combination with 
WAY-100635 (5-HT1A antagonist). We found a dose-dependent increase of 5-HT 
turnover, measured as the 5-HIAA/5-HT ratio, following s.c. administration of 
GR 127935, while WAY-100635 administered alone was without significant effect. 
When WAY-100635 (0.9 mmol/kg) was given 60 minutes after s.c. administration of 
GR127934 the 5-HT turnover measured 60 minutes later was significantly enhanced 
compared to when GR 127934 was given alone. GR 127934 (1 and 8 mmol/kg s.c.) 
did not significant affect extra cellular 5-HT in striatum. However, the 5-HIAA 
levels increased significantly between 20-30%. When GR127934 and WAY-100635 
where administered together both 5-HT (50%) and 5-HIAA (70%) levels were 
increased. These results give support for a synergistic effect of 5-HTIB/1D and 5-HT1A 
receptor antagonists on the 5-HT release and/or turnover in the guinea-pig striatum.

484.8
DISCRIMINATIVE STIMULUS PROPERTIES OF INDORENATE, A 5-HT<|A> 
5-HTib  AND 5-HT2C RECEPTOR AGONIST. D.N. Velazquez Martinez*, 
M. Lopez Cabrera, G. Orozco, A. Velez, A. Valencia, L. Guadarrama and 
J.I. Ramirez. Depto. Procesos Basicos, Fac. Psicologia, Depto. 
Farmacologia, Fac. Medicina. Universidad Nacional Autonoma de Mexico.
It has been described that indorenate (INDO) has antihypertensive, 
anxiolytic and anorectic activity and binds to 5-HT-ja , 5-HT-ib  and 5-HT2C 
receptors; using a drug discrimination procedure its stimulus properties 
were compared to those of other 5-HTia  agonists. To determine its 
mechanism of action some 5-HT antagonists were examined for their ability 
to prevent its cueing properties. Male Wistar rats were food deprived and 
trained to press a lever for sucrose reinforcement. They were trained to 
discriminate INDO (10.0 mg/kg ip 90 min before the session) versus vehicle 
for lever selection under a Fixed Ratio 10 (FR10). St was found that INDO 
was able to exert discriminative control; on generalization tests its stimulus 
control was a function of the dose with an ED50 of about 5.6 mg/kg. 
Partial generalization to the stimulus properties of INDO was observed for 
the full 5-HT-jA agonist 8-OH-DPAT; but also the partial agonists 
buspirone and yohimbine. It was observed that the 5-HTib /2C agonist 
TFMPP and relatively high doses of quipazine (1.0 and 3.0 mg/kg), but not 
the 5-HT3 agonist 1-(m-Chorlophenyl)-biguanide were able to produce 
partial generalization. Of the serotonin antagonists tested only 
methiothepin and ritanserin but not metergoline, cinaserin and NAN-190, 
partially reverted the discriminative stimulus properties of INDO. It is 
suggested that the stimulus properties of INDO are correlated 
preferentially with the 5-HT-ib  and 5-HT2C and minimally to the 5-HTjA 
receptor sites.
Work was supported by DGAPA-IN210395 and CONACYT 4683H9406.

484.9
S 15535-3, A NOVEL LIGAND OF 5-HTlA RECEPTORS, INCREASES 
RATES OF PUNISHED RESPONDING IN RATS WHEN INJECTED IN 
THE DORSAL RAPHE NUCLEUS BUT NOT IN THE CA1 REGION OF 
THE DORSAL HIPPOCAMPUS
L, Cervo1, E. Mocaer22, A, Bertaglia1 and R, Samanin1. 'istituto di Ricerche 
Farmacologiche "Mario Negri", Via Eritrea, 62, 20157 Milano - Italy. 2Institut de 
Recherches Internationales Servier, 6, place des Pldiades, 92415 Courbevoie - 
France

Previous studies have shown that systemically S 15535-3, a novel 
benzodioxopiperazine behaving as an agonist at pre- and antagonist at postsynaptic 
5-HT1a  receptors recpectively, selectively increased rates of punished responding 
in a modified Geller-Seifter conflict test in rats (Millan et al., 1994; Samanin et al., 
1996). Most of the studies showed that presynaptic 5-HT1A receptors are involved 
in the anxiolytic-like activity of 5-HT1A agonists in various animal models but 
some conclude that 5-HT1A postsynaptic receptors are also involved. The present 
study was performed to examine whether pre- and/or postsynaptic 5-HT1A receptors 
were involved in the anti-punishment activity of S 15535-3. When injected in the 
dorsal raphe nucleus at 2.5 pg/0.5 pi, but not at 0.5 and 0.1 pg/0.5 pi, S 15535-3 
selectively increased the rate of punished responding without modifying the 
unpunished and the time out rates of responding. No effects were observed 
administering S 15535-3 at doses ranging from 0.2 to 5.0 pg/1 pi in the CA1 region 
of the dorsal hippocampus. The ability of WAY 100635, a selective 5-HT1A 
receptor antagonist, to antagonize the anti-punished activity of S 15535-3 injected 
in the dorsal raphe nucleus will be evaluated. The results suggest that S 15535-3 
may have favourable effects in the treatment of anxiety disorders by activating 
5-HTia  presynaptic receptors. The study was supported by Servier, Courbevoie, 
France.

484.10
5-HT,A AND 5-HT2A/2c AGONISTS TRANSFORM THE TYPICAL PATTERN 
OF C-FOS EXPRESSION INDUCED BY HALOPERIDOL INTO A PATTERN 
SIMILAR TO THE PATTERN INDUCED BY CLOZAPINE. P.-O. Tremblay1, J. 
Gervais1* and C. Rouillard1,2, Lab. of Neurobiology1, Dept. of Pharmacology; 
Laval University, Quebec, Canada G1K 7P4.

Acute challenge with clozapine (CLOZ) and haloperidol (HAL) produce 
different induction patterns of c-fos expression in the foiebrain. The 
pharmacological profile of atypical antipsychotics suggests that 5-HT might 
contribute to the unique therapeutic benefits of these drugs. In order to test this 
possibility, we examined the abilities of 5-HT,A and 5-HT2A/2C agonists to modify 
the pattern of c-fos expression induced by HAL and CLOZ. Various groups of rats 
were pre-treated with either saline (SAL), DOI (2.5mg/kg, i.p.), 8-OH-DPAT 
(2.5mg/kg, i.p.), or 8-OH-DPAT+DOI (2.5mg (each)/kg, i.p.) 30 min prior to 
HAL or CLOZ administration. Rats were killed 120 min later. In SAL-pretreated 
rats, HAL produced intense FOS-LI in all four striatal quadrants while the effect of 
CLOZ was restricted to the medial part of the STR. Prior administration of 8-OH- 
DPAT significantly reduced HAL-induced FOS-LI in the ventrolateral quadrant 
while DOI and 8-OHDPAT+DOI significantly reduced FOS-LI in both dorso- and 
ventrolateral quadrants. DOI alone and 8-OH-DPAT+ DOI before HAL 
significantly reduced FOS-LI in the dorso and ventrolateral quadrants. In CLOZ- 
treated rats, 8-OHDPAT and DOI reduced the number of FOS-positive neurons in 
the ventromedial quadrant. In the prefrontal cortex of SAL-pretreated rats, HAL 
produced a moderate c-fos expression compared to the intense expression produced 
by CLOZ. Pretreatment with 5-HT agonists before HAL brought the number of 
FOS-positive neurons to the same level as in CLOZ treated rats. These results 
show the ability of 5-HT agonists to transform the typical pattern of c-fos 
expression induced by HAL into a pattern matching that of CLOZ. (Supported by 
NRSEC and FRSQ).

484.11
INTERACTIONS BETWEEN SEROTONIN AND DOPAMINE: ROLE OF 
5-HTib RECEPTORS. C, R.-Deslauriers1, J. Gervais1, S. Gagnon* and C. 
Rouillard1,2, Lab. of Neurobiology1, Dept. of Pharmacolog/, Laval University, 
Quebec, Canada G1K 7P4.

Anatomical, biochemical and molecular biological studies indicate that the 
striatum is a fertile territory for 5-HT/DA interactions. Previous results from our 
laboratory have shown that stimulation of 5-HTib receptors alone induce c-fos 
expression in the striatum. The aim of the present study was a) to investigate the 
interactions between 5-HTib  with different 5-HT and DA receptors, b) to establish 
the role of endogenous 5-HT in the 5-HTib receptors induction of striatal Fos 
expression, and c) to investigate the implication of DA system in this expression. 
Nine groups of animals were injected with different combinations of selective 5- 
HT and DA agonists. Ten groups were lesioned with the 5-HT neurotoxins, 5,7- 
DHT and PCPA, or the 6-OHDA DA neurotoxin, and injected with the 5-HTib  
agonist RU 24969 (5 mg/kg i.p.) and different DA agonists. One group was given 
5-HT and DA neurotoxins and received only the 5-HTib agonist. Drugs were 
administrated i.p. and animals were sacrificed 2 hrs later. Brain were removed, 
sliced and processed for Fos-like immunoreactivity (FOS-LI). Our main results 
show that: 1) co-administration of a Eb agonist inhibit striatal c-fos expression 
induced by a 5-HTib  agonist; 2) lesioning of 5-HT presynaptic neurons reduced 5- 
HTib  induction of striatal Fos expression ; 3) lesioning of DA system reduced 5- 
HTjb  induction of striatal c-fos expression. In conclusion, our results demonstrate 
that: a) there is no interaction between DA Dj and 5-HTib receptors, b) the 
stimulation of D^ receptor almost completely blocked 5-HT!B induced striatal c-fos 
expression, c) there is no interaction between 5-HT1B and 5-HT,A or 5-HT2A/2c 
receptors, and d) that c-fos induction by 5-HTjb  agonist depends on the presence of 
endogenous 5-HT and DA. (Supported by NSERC and FRSQ)

484.12
CHARACTERIZATION OF 5-HT1A RECEPTOR-MEDIATED EFFECTS OF 
NEMONAPRIDE, BROMERGURIDE AND CLOZAPINE. M-B. Assie, C. Cosi and 
W, Koek*. Neurobiology II, C.R.P.F., 17 av. Jean Moulin, 81100‘Castres, France.

5-HT|A agonists reportedly enhance the antipsychotic-like effects of dopamine D2 
antagonists while reducing their potential to produce extrapyramidal side effects. 
Thus, 5-HT 1A agonist properties of mixed 5-HT|A agonists/Dj antagonists might 
be of clinical importance. The antipsychotics, clozapine and nemonapride, and the 
putative antipsychotic, bromerguride, have affinity for 5-HTjA receptors. The 
present study examined the 5-HTjA receptor agonist activity of nemonapride and 
bromerguride in comparison with clozapine, which reportedly has partial 5-I-IT|A 
agonist properties in vitro. Here, 5-HT| A receptor activation was examined in vitro, 
by measuring forskolin-stimulated cAMP accumulation in HeLa cells expressing 
human 5-HTjA receptors, and in vivo, by using microdialysis to measure the 
extracellular concentration of hippocampal 5-HT in rats. Nemonapride markedly 
decreased forskolin-stimulated cAMP accumulation (IC5Q: 127 +. 25 nM) and the 
extracellular concentration of 5-HT (EDjq : 0.62 mg/kg); both effects were 
antagonized by the 5-HTjA antagonist, WAY1OO635. In contrast, clozapine only 
partially decreased forskolin-stimulated cAMP accumulation and extracellular 5-HT, 
and only its effects on cAMP accumulation were attenuated by WAY100635. 
Bromerguride decreased neither forskolin-stimulated cAMP accumulation nor 
extracellular 5-HT; instead, it antagonized the decrease of cAMP accumulation 
produced by 5-HT and the decrease in extracellular 5-HT produced by the 5-HT|A 
agonist 8-OH-DPAT. Thus, of the compounds examined here, only the novel 
antipsychotic, nemonapride, exhibited marked 5-HTjA agonist properties both in 
vitro and in vivo. The extent to which these properties are involved in its 
antipsychotic-like effects, in its potential to produce extrapyramidal side effects, and 
in its clinical effects remains to be determined.
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484.13
LY333068: PHARMACOLOGICAL CHARACTERIZATION OF A 
POTENT AND SELECTIVE SEROTONIN1A RECEPTOR
ANTAGONIST.̂ , Rogco*, N.Adham1, XA^raochsk!.. P.Q, Caiiiguro, J,
Czachura-R.W. Fuller. D.R. Helton. M.K Kallman. J.D. Leander, S.H. Luecke.
DX. Nelspik.CJX. Over shiner. K. Rasmussen. L M. Scfaaus. P.D. Wainscott,
D.T. Wong. J. M. Zeombick*. Lilly Research Laboratories, Eli Lilly and 
Company, Lilly Corporate Center, Indianapolis, IN 46285 and ‘Synaptic 
Pharmaceutical Corporation, 215 College Road, Paramus, NJ 07652.

LY333068 is a potent (Kj = 0.062 nM, rat hippocampal membranes) and 
selective aryloxypropanolamine piperidine antagonist of the serotonin,A (5-HT,a ) 
receptor. LY333068 displays >200-fold selectivity in binding affinity Qn vitro) 
versus ^-adrenergicreceptors (rat cortical membranes), and >400- fold selectivity 
over other cloned human 5-HT receptor subtypes, and CNS-relevant G-protein- 
coupled receptors. LY333068 is a potent 5-HT,A receptor antagonist in vivo, 
reversing the 8-OH-DPAT (0.1 mg/kg, s.c.)-induced flat body posture (ED50 = 0.12 
mg/kg, s.c.) and lower lip retraction (ED^ = 0.43 mg/kg, s.c) in male rats. In 
addition, LY333068 reverses the 8-OH-DPAT ( 0.3 mg/kg, s.c.)-induced increase 
of serum corticosterone levels (EDJ0 = 0.075 mg/kg, s.c.) in male rats. LY333O68 
inhibited the activity of serotonergic neurons in the dorsal raphe nucleus of 
anesthetized rats (EDS0 = 80 fig/kg, i.v.) indicating a degree of partial agonist 
activity. LY333068 has also demonstrated efficacy in animal models of anxiety 
and nicotine withdrawal (see Kallman, et al. and Helton, et al., this meeting). 
(Funded by Eli Lilly and Company)

484.14
SEROTONERGIC ACTIVITY IN RAT MAJOR CEREBRAL ARTERIES IS 
AFFECTED BY SEVERAL TREATMENTS ON DORSAL RAPHE 
NUCLEUS. E.J. Marco, M.J. Moreno. P. Gomez-Ramos *. and A.L. Ldpez de 
Pablo. Dpto. de Fisiologia, Facultad de Medicina, Universidad Autonoma de 
Madrid. 28029 Madrid. SPAIN

Since biochemical and pharmacological evidence support the existence of a 
serotonergic innervation impinging on rat major cererbral arteries and originating 
in dorsal raphe nucleus (DRN), the aim of the present work was to find some 
functional relationship between DNR and these brain vessels.

Serotonergic activity in rat major cerebral arteries, striatum, and hippocampus 
was appraised from 5-hydroxytryptophan (5-HTP) accumalation after inhibiting 
the aromatic L-amino acid decarboxylase. 5-HTP levels were estimated by high 
pressure liquid chromatography with electrochemical detection.

Electrical stimulation of DRN brought about a significant increase in 5-HTP 
accumulation in cerebral arteries and striatum but did not affect it in hippocampus. 
Local administration of serotonin in DRN reduced 5-HTP formation in rat base 
brain arteries and striatum without affecting it in hippocampus. When (±)8-OH- 
DPAT or chlorimipramine were injected locally in DRN similar results were 
obtained, i.e., a decrease in serotonergic activity in the brain vessels and striatum 
and no change of this in hipocampus.

These results indicate that rat major cerebral arteries receive a serotonergic 
innervation from DRN that is functionally active, since DRN pharmacological 
manipulation induces changes in serotonergic activity of the nerve endings present 
in the vessels.

Work supported by grant "Fondo de Investigaciones Sanitarias" (F.I.S.) No. 
95/0508.

484.15
IMPAIRED ADAPTATION TO REPEATED SOCIAL STRESS 
FOLLOWING SEROTONIN DEPLETION IN THE MALE RAT.
K.K. Chung, M. Martinez and J, Herbert*. Department of 
Anatomy and MRC Cambridge Centre for Brain Repair, 
University of Cambridge, UK

There is still little evidence on the role of serotonin in response 
to repeated, as opposed to acute, stress. This study investigated the 
effect of 5-HTdepletion on the adaptation to repeated social stress 
in male rats. 5-HT was depleted by bilateral, icv infusion of 
150ug of 5,7-dihydroxytryptamine (following blockade of 
noradrenaline and dopamine reuptake). Lesioned male rats 
(and corresponding sham-lesioned controls) were exposed to 
defeat by a larger male once daily for 10 consecutive days in the 
latter’s home cage. Lesioned animals had higher activity levels 
and lower freezing behaviour compared to the sham group after 10 
consecutive days of repeated social stress. Corticosterone 
adaptation during repeated stress was still observed in the 
lesioned group but basal levels were higher than in the sham 
group. Increased hyperthermia during social encounters was 
observed after repeated social stress in lesioned group. The 
levels of dopamine and noradrenaline were not affected by 5-HT 
depletion, which averaged 70-90% in different regions of the 
brain. Patterns of c-fos expression in the brain are currently 
being analysed. These results suggest that adaptation to repeated 
social stress is closely connected with the serotoninergic system.

484.16
EFFECTS OF THE SEROTONIN SYNTHESIS INHIBITOR PCPA ON RECOVERY 
OF PHRENIC NERVE ACTIVITY FOLLOWING AN IPSILATERAL C2 SPINAL 
CORD HEMISECTION. S.D. Hadley and H.G. Goshganan* Department of Anatomy 
and Cell Biology, Wayne State University, Detroit, MI 48201

A left C2 spinal cord hemisection eliminates respiratory-related activity in the 
phrenic nerve which leads to paralysis of the ipsilateral hemidiaphragm in rats. However, 
hypoxia or the systemic administration of theophyline results in the activation of uninjured, 
ftinctionally latent central respiratory axons which mediate recovery of the phrenic nerve 
and hemidiaphragm ipsilateral to the hemisection. The recovery is called the “crossed 
phrenic phenomenon” (CPP). Several neurotransmitters (glutamate, GABA, serotonin) 
are present in axodendritic synaptic terminals of the phrenic motor nucleus and have been 
characterized at the ultrastructural level. It has been suggested that these neurotransmitters 
may play a role in the synaptic plasticity responsible for the unmasking of the latent 
respiratory axons resulting in the expression of the CPP. The present study investigates 
the physiological role of serotonin (5-HT) in the expression of the CPP 2h following C2 
spinal cord hemisection. Female Sprague-Dawley rats weighing from 3OO-375g were 
divided into two groups and given an i.p. injection of either the 5-HT synthesis inhibitor, 
para-Chlorophenylalanine (pCPA; 300mg/kg in 1 mL 0.9% saline), or saline (1 mL 
0.9%). Three days following injection, rats were subjected to a left C2 spinal cord 
hemisection 2h after which, under standardized conditions, the electrophysiological 
recordings were taken from the left phrenic nerve while the rat was subjected to hypoxia. 
Preliminary results suggest that 5-HT depletion by pCPA completely obliterates the 
expression of the CPP (3 of 4 rats) or greatly attenuates the CPP (1 of 4 rats) 2h after 
injury, whereas the CPP is expressed 2h following injury, with normal variation, in rats 
injected with saline. HPLC analysis confirmed the depletion of 5-HT in pCPA treated rats, 
with 5-HT levels in the ventral horn of C3-5 being decreased bv 90-95% from control 
values. These data suggest that 5-HT is important for the expression of the CPP 2h 
following spinal cord hemisection.

Supported by NIH grant HD-31550

484.17
SEROTONERGIC ANTAGONISTS ATTENUATE THE HEAD AND 
BODY SHAKES INDUCED BY KAINIC ACID ADMINISTRATION 
IN RATS._ Osorio-Rico Laura, Mancera-Flores Mayra and Rios 
Camilo*. National Institute of Neurology and Neurosurgery. Mexico, 
D.F. 14269.

Kainic acid (KA) is a analogue of L-glutamate with convulsant 
properties, its systemic administration (10 mg/kg) produces 
increasing in 5-hydroxyindoIacetic acid (5-HIAA) levels and 
behavior changes in the rats displaying head and body shakes ("wet 
dog shakes"). On the other hand, serotonin (5-HT) receptor 
antagonists decrease head an body shakes when the rats are 
administrated with 5-hydroxytryptophan. We used Wistar rats (230- 
270g) and they were treated with 5-HT receptor antagonists as 
methiothepin (20 mg/kg, i.p. n=9), Ketanserin (3 mg/kg, i.p, 
n=13) or saline solution ( i.p.,n = 8); other rats group were injected 
with pargyline (75 mg/kg, i.p. n=12), an inhibitor of degradation 
enzyme of 5-HT. One hour latter, all animals were injected with KA 
(10 mg/kg, i.p.). The "wet dog shakes" frequency in the rats were 
observed during two hours. We found that methiothepin 
administration abolished (p<0.05, Kruskal Wallis' test) head and 
body shakes frequency at 100% as compared with control group, 
whereas that ketanserin administration decreased at 50%; however, 
the shakes increased by 48% with pargyline. These results suggest that 
5-HT produces an increase in shakes; whereas methiothepin and 
ketanserin administrations decrease them, indicating that 5-HT, and 
5-HT2 receptors may be involved in this particular behavior.
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485.1
Effects of 5-HTa and 5-HT1b/d agents on SSRI-induced changes in serotonin 
and acetylcholine release in rat ventral hippocampus. T.I.F.H. Cremers, H. 
Wikstrom, W. Timmerman*, P de Boer. Department of Med. Chem., Univ. 
Center for Pharmacy, A. Deusinglaan 1, NL-9713 AV, Groningen, The 
Netherlands.

Drugs that act at 5-HT la or 5-HT lb receptors may aid in hastening the clinical 
response to antidepressant drugs such as selective serotonin re-uptake inhibitors 
(SSRI’s). To understand the function of 5-HTla and 5-HTlb receptors in presynaptic 
and postsynaptic systems, we used in vivo microdialysis to study the effect of 5-HT la 
and 5-HTlb-selective drugs and combinations thereof with the SSRI citalopram on 5- 
HT and ACh levels in ventral hippocampus.
Administration of 5-HTI a agonists suppressed basal 5-HT release, whereas 5-HTa 
antagonists were without effect. 5-HT lb antagonists also did not markedly affect 5-HT 
release.
Systemic administration of citalopram enhanced the output of 5-HT. The citalopram- 
induced increases in extracellular levels of 5-HT could be potentiated by combined 
administration of SSRI with both 5-HTla or 5-HTlb antagonists; this effect, however, 
depended on both the concentration of citalopram and antagonist that was 
administered.
Effects of citalopram on extracellular levels of ACh from hippocampus were 
dependent on assay conditions: At high levels of acetylcholinesterase inhibition, 
increases in ACh output were observed, whereas at low levels, no effect of citalopram 
could be demonstrated. 5-HTla agonists stimulated the output of ACh independent of 
Acetylcholinesterase inhibition. We hypothesize that elevated levels of 5-HT have 
mixed stimulatory / inhibitory effects on ACh output from ventral hippocampus. The 
inhibitory -probably 5-HT IB- mediated effect is attenuated at high levels of 
acetylcholinesterase inhibition.

485.2
DEPENDENCY OP UPTAKE INHIBITOR-INDUCED INCREASES 
IN EXTRACELLULAR 5-HT ON 5-HT NEURONAL ACTIVITY.
K.__ jr.ac>*.,__ Z,..... Ka,__ S.,..BJ.—&U.arha.g.h. Nelson Biol. Lab.,
Rutgers Univ., Piscataway, NJ 08855.

Infusion of 5-HT reuptake inhibitors (SSRIs) into the 
dorsal raphe nucleus (DRN) enhances extracellular 5-HT, 
and thus, activates autoreceptors. In the present study 
we examined the interaction between SSRI-induced 
activation of autoreceptors, 5-HT neuronal activity and 
extracellular 5-HT. Infusion of the SSRI citalopram 
(0.3-1000 gM) into the DRN produced a maximal 22 fold 
increase in extracellular 5-HT. TTX (1 gM) was infused 
into the DRN to determine if SSRI-induced increases in 
extracellular 5-HT were dependent on neuronal depol-
arization. TTX produced about a 50% decrease in extra-
cellular 5-HT even when 5-HT was elevated 22 fold by 
local infusion of 1000 gM citalopram. Similarly we 
tested the ability of local infusion of the autoreceptor 
agonist 8-OH-DPAT to reverse SSRI-induced increases in 
5-HT. Compared to TTX, 8-OH-DPAT (100 gM) produced a 
smaller decrease (-20%) in 5-HT during infusion of 1000 
gM citalopram. During infusion of 1 gM citalopram, which 
produced a 6 fold increase in DRN 5-HT, there was a 50% 
decrease in response to 8-OH-DPAT. In conclusion, there 
are several possible interpretations of these results, 
but it appears that even with strong reuptake in-
hibition, and presumably near maximal stimulation of 
autoreceptors, 5-HT release in the DRN is maintained in 
a depolarization-dependent manner. Supported by NIMH 
grant #51080

485.3
EFFECTS OF THE MIRTAZAPINE-PAROXETINE COMBINATION ON 5-HT 
NEUROTRANSMISSION IN THE RAT FOREBRAIN.
A. Besson, N. Haddieri, G. Debonnel, P. Blier and C. de Montigny*.
Neurobiological Psychiatry Unit, McGill University, Montreal, Quebec, Canada.

The two antidepressants mirtazapine (MIR) and paroxetine (PRX) are 
characterized by a2-adrenoreceptor blockade and selective 5-HT reuptake 
inhibition, respectively. Both drugs enhance 5-HT neurotransmission but via 
different mechanisms. Thus, it was deemed interesting to determine whether 
their combination could induce an earlier and/or a greater effect on the 5-HT 
system than either drug alone, using in vivo electrophysiological paradigms in 
male Sprague-Dawley rats. In the dorsal hippocampus, neither MIR (5mg/kg/day, 
s.c.) nor PRX (10 mg/kg/day, s.c.) altered the responsiveness of postsynaptic 5-
HT1A receptors to microiontophoretically applied 5-HT, and MIR did not alter the 
PRX-induced reduction of 5-HT reuptake after 2 and 21 days. In rats treated with 
MIR or PRX for 2 days, as in control rats, the 5-HT1A antagonist WAY 100635 (25 
to 100 pg/kg, i.v.) did not change the firing rate of hippocampus pyramidal 
neurons, whereas it increased it in rats treated with MIR+PRX. After a 21 day- 
treatment with MIR, PRX or both, WAY 100635 significantly increased the firing 
rate of hippocampus pyramidal neurons. In the dorsal raphe (DR), the firing 
activity of 5-HT neurons was decreased by 70% in rats treated with PRX for 2 
days and was back to normal after 21 days. In contrast, the 2 day-treatment with 
MIR did not alter the firing of DR neurons whereas it was increased by 60% after 
21 days. However, MIR failed to offset the decremental effect of PRX on day 2, 
and no increase of 5-HT neuron firing activity was observed with the combination 
compared to PRX alone on day 21 . Interestingly, increasing the dose of MIR (10 
mg/kg/day) partly offset the decremental effect of PRX on day 2. In conclusion, 
the MIR+PRX combination shortens the delay to enhance the tonic activation of 
postsynaptic 5-HT1A receptors but it does not seem to produce a greater 
postsynaptic 5-HT1A activation than either drug alone after a long-term treatment.

485.4
ELECTROPHYSIOLOGICAL EFFECTS OF ACUTE AND CHRONIC ADMINISTRATION 
OF FLUOXETINE ON SEROTONERGIC NEURONS IN THE DORSAL RAPHE NUCLEUS.
Janet F. Czachura* and Kurt Rasmussen. Eli Lilly and Company, Lilly Research 
Laboratories, Indianapolis, IN 46285.

The electrophysiological effects of acute and chronic administration of fluoxetine, a 
selective serotonin reuptake inhibitor, were studied in vivo in the rat brain. The effect of 
acute fluoxetine on the single-unit activity of serotonergic neurons in the dorsal raphe nucleus 
was examined. In addition, population surveys of the number of spontaneously firing 
serotonergic neurons were obtained following chronic administration of fluoxetine via two 
different routes of administration. In the first experiment, fluoxetine dose-dependently 
decreased the firing rate of serotonergic neurons in the dorsal raphe nucleus of anesthetized 
rats (IDm = 1.28 mg/kg, i.v.). In another study, animals received fluoxetine either 
intraperitoneally (10 mg/kg/day) or subcutaneously via osmotic minipump (5,10, or 20 
mg/kg/day) for a period of 3, 7,14, or 21 days. After three days of treatment, the number 
and firing rates of spontaneously firing neurons in all groups were significantly reduced. 
Following 7 and 14 days of treatment, there was variable recovery in the number of 
spontaneously firing neurons and the firing rates among the doses, with the 10 mg/kg/day 
groups (both i.p. and s.c.) showing a full recovery in both measures by day 14. The 5 
mg/kg/day, s.c. and 20 mg/kg/day, s.c. groups showed a full recovery of both measures after 
21 days of chronic fluoxetine. This adaptation in the activity of dorsal raphe serotonergic 
neurons following chronic administration of fluoxetine may underlie the delayed onset of 
clinical antidepressant efficacy.

In another set of experiments, the levels of fluoxetine and norfluoxetine were measured in 
rat plasma and CSF. Samples were collected 2,6,12, or 24 hours or 2,3,7,14, or 21 days 
following administration of fluoxetine (10 mg/kg) either intraperitoneally or subcutaneously via 
osmotic minipumps. Fluoxetine levels in the plasma and CSF reached high levels initially 
and then decreased greatly within 12 hours of administration. The levels of norfluoxetine, an 
active metabolite of fluoxetine, remain high throughout the chronic administration period.

485.5
EFFECTS OF VENLAFAXINE ON EXTRACELLULAR LEVELS OF 5-HT AND 
NORADRENALINE IN GUINEA PIG HYPOTHALAMUS. C. Moret* and M. 
Marien. Pierre Fabre Research Center, 17 Av. J. Moulin, 81100 Castres, France.

The antidepressant venlafaxine inhibits both the uptake of 5-HT and noradrenaline 
(NA) in rat brain synaptosomes. The reduction of the neuronal activity of 5-HT and 
NA in the dorsal raphe nucleus and the locus coeruleus, respectively, by venlafaxine 
is a logical consequence of its inhibition of monoamine uptake. The aim of the 
present work was to study the effects of venlafaxine on the extracellular levels of 
5-HT and NA and their metabolites as a resulting increase in their synaptic amounts 
in the guinea pig brain, in comparison with the selective 5-HT and NA uptake 
inhibitors, citalopram and desipramine, respectively. The extracellular levels of 
5-HT and NA, and their respective metabolites, 5-hydroxyindole acetic acid 
(5-HIAA) and 4-hydroxy-3-methoxyphenyl-glycol (MHPG), were determined by 
microdialysis in the hypothalamus of freely moving guinea pigs. The acute ip 
administration (10 mg/kg) of venlafaxine, citalopram and desipramine increased the 
output of 5-HT by 492, 327 and 168 % of basal values, respectively. This dose 
decreased the extracellular levels of 5-HIAA by 67, 80 and 0 % of baseline for these 
drugs, respectively. The output of NA was not modified at this dose by any 
compound. At 40 mg/kg, venlafaxine, citalopram and desipramine enhanced the 
extracellular levels of NA by 111, 364 and 239 % of basal values, respectively and 
decreased those of MHPG by 79, 75 and 0 % of baseline. These results indicate that 
in vivo venlafaxine is more potent on 5-HT than on NA systems. It has been shown 
previously that a major metabolite of venlafaxine is less active on NA than on 
5-HT uptake which could explain this point. At 10 mg/kg the selectivity of 
citalopram for 5-HT system exists but that of desipramine for NA is not found here. 
At high doses even highly selective 5-HT uptake inhibitors increase NA levels in this 
experimental model.

485.6
EXTRACELLULAR LEVELS OF SEROTONIN IN DORSAL RAPHE NUCLEUS 
AND FRONTAL CORTEX OVER THE SLEEP/WAKE CYCLE IN THE FREELY 
MOVING RAT. C,M, Portas*. B. Bjorvatn. S, Fagerland. J. Gronli, V. 
Mundal, E. Sorensen and R. Ursin, Department of Physiology, University 
of Bergen, Arstadveien 19, N-5009 Bergen, Norway.

We used in vivo microdialysis coupled with polygraphic recording to 
monitor the extracellular level of 5-HT in the dorsal raphe nucleus (DRN) and 
frontal cortex (FC) across waking (W), slow wave sleep (SWS) and rapid eye 
movement (REM) sleep. Male Sprague-Dawley rats were prepared with EEG 
and EMG electrodes. Microdialysis probes were placed in DRN and/or FC. 
Dialysate samples were manually collected during polygraphically defined 
behavioral states and the level of serotonin was assayed by means of microbore 
HPLC separation and electrochemical detection.

Samples from microdialysis probes histologically localized to the DRN 
and FC showed different levels of extracellular 5-HT in W, SWS and REM 
sleep. In DRN the extracellular level of serotonin was highest in W, decreased 
in SWS to 69% and in REM sleep to 39% of W mean level (W 3.2 ± 0.9; SWS
2.2 ± 0.8; REM sleep 1.3 ± 0.4 fmoles/sample). Mean extracellular levels of 
serotonin in FC displayed a similar pattern (W 1.7 ± 0.4; SWS 1.0 ± 0.3; REM 
0.5 ± 0.05 fmoles/sample).

Our findings are consistent with previous results in cats, and suggest 
that in rats also, extracellular 5-HT levels in DRN and FC across the sleep/wake 
cycle might reflect serotonergic neuronal activity. The findings stress the 
importance of controlling for behavioral state when investigating neurochemical 
correlates of serotonergic function.
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485.7
RESPONSIVENESS OF LOCUS COERULEUS (LC) NEURONS TO REPETITIVE 
COLORECTAL DISTENTION (CRD) AND INTRAVENOUS (IV) 5-HT 
ANTAGONISTS IN ANAESTHETIZED RATS. H. Kosovan* & Y, TacM.UCLA: 
CURE/DDRC, VAMC & Dept. of Med. & Brain Res. Inst., Los Angeles, CA 90073.

Background: Repetitive CRD (3 ml) decreases responsiveness of LC neurons 
(Gastroenterology, 110:A-461, 1996). The 5-HT3 receptor antagonists (ondansetron, 
granisetron and ICS 205-930) exert different effects on reflex responses to duodenal 
distention and 5-HT2, unlike 5-HT3 receptor subtype, is involved in the 5-HT-induced 
activation of sensory nerve terminals and the subsequent hyperalgesia observed in the 
rat (Soc. Neurosci., 22:868,1996). Aim: To assess the influence of iv 5-HT1/2 and 5-HT3 
antagonists on LC neuronal response to CRD. Method: Male SD rats (280-320 g) 
were anesthetized with chloral hydrate (400 mg/kg, ini) and implanted with an intrajugular 
catheter for iv injection (0.2 ml) of saline and 5-HT3 antagonist: ondansetron 
hydrochloride dihydrate (GR 38032F, 100 ^g/kg and 1 mg/kg) and 5-HT1/2 antagonist: 
spiperone base (GR 61261X, 1 mg/kg). A catheter ending in a compliant balloon (4 cm) 
was inserted through the rectum. The distal colon and rectum was distended for 30 sec 
by delivering into the balloon 3 ml of air over 1-3 sec at 20 min time intervals. 
Extracellular single cell activity was recorded from the LC using a glass micropipette 
with 1.0 um diameter tip (10 MQ), filled with 1 M NaCI in saturated Fast Green Dye. 
Nerve signals were sent to a wiixlow discriminator and counted on a computer. Recording 
from LC neurons was assessed by established criteria of pattern of firing rate, steady 
rhythm and shape of the spike. Recording sites were verified histologically. Maximum 3 
min peak changes for CRD and max 5 min peak changes for saline and 5-HT antagonists 
were calculated and expressed as mean + SEM peak changes from pre-stimulus activity. 
Results: hi control experiments two consecutive CRD increased (P<0.05) LC discharge 
relative to pre-stimulus levels to 201.9 ± 13.6% and 192.6 ± 13.8% while iv saline had 
no effect (99.2 + 0.8%, n=7). In other groups of rats, CRD before ondansetron (100 
/xg/kg and 1 mg/kg) treatment increased LC spontaneous discharge rate to 263.3 + 7.6% 
(n=4) and 197.7 ±49.1% (n=3) respectively, while CRD after ondansetron (100 /ig/kg 
and 1 mg/kg) treatment increased LC activity to 258.5 ± 5.4 (n=4) and 154.1 + 11.4% 
(n=3, P<0.05) respectively. Ondansetron at the 2 doses (n=4 and n=3) and spiperone 
(n=7) had no effect on basal LC neuronal activity (100.6 ± 7.7%, 105.7 ± 5.7% and
90.7 ± 5.4% respectively). CRD before and after spiperone (1 mg/kg, n = 7) increased 
LC neuronal activity to 210.3 ± 19.9% and 190.3 ± 10.8% respectively. Conclusion: 
These results indicate that the magnitude of LC activation induced by CRD is not 
modulated by iv ondansetron or spiperone.

485.8
DIFFERENTIAL EFFECTS OF ZD7288 AND Cs+ ON 5-HT-INDUCED 
MODULATION OF MOTONEURONAL EXCITABILITY. P.M.Larkman & 
J.S.Kellv* Dept Pharmacology, Univ.of Edinburgh, Edinburgh.EHS 9JZ. UK.

5-HT depolarizes facial motoneurones (FM’s) through an enhancement of the 
hyperpolarization-activated current, IH, and a reduction in a resting potassium (K+) 
conductance (Larkman,P.M.&Kelly,J.S.(1992)J.P/iy5zo/.456,473-490). Identifying the 
K+ channel involved in the latter action requires isolation of this component from the 
IH-mediated action. External caesium (Cs+) blocks IH, but also acts on inwardly- 
rectifying K+ channels. Recently a novel bradycardic agent, ZD7288, has been shown 
to block if ,the cardiac equivalent of IH. Using brainstem slices prepared from 5 to 14 
day old rats we compared the effects of ZD7288 and Cs+ on the 5-HT-induced current 
(I5.ht ). FM’s were voltage-clamped near -70mV using whole-cell methods in artificial 
cerebrospinal fluid containing 12mM K+. Bath-applied 5-HT predominantly induced 
an inward current mediated by an enhancement of IH. In the presence of ZD7288(1- 
30pM), IH was selectively inhibited and the 5-HT-induced inward current was 
replaced by an outward current. This outward I5.HT was associated with a decrease in 
conductance, had an approximately linear I/V relationship over the range -20 to - 
lOOmV and reversed polarity close to the predicted K+ equilibrium potential (EK+). 
Cs+ (5mM) also abolished the IH-mediated, 5-HT-induced, inward current. In addition 
Cs+ also blocked part of the K+ channel-mediated action of 5-HT. At potentials 
hyperpolarized to EK+, no outward I5.HT was observed while inward I5.HT, at potentials 
depolarized to EK+, was unaffected. Barium ions (Ba2+) block IKir but not IH. In the 
presence of ZD7288, Ba2+ abolished outward I5.HT without significantly affecting the 
inward current. Thus the combined actions of ZD7288 and Ba2+ were identical to that 
of Cs+. In the presence of ZD7288, the Ba2+- and Cs+-sensitive component of I5.HT 
showed pronounced inward rectification suggesting the involvement of one of the 
family of inwardly rectifying K+ channels.
Supported by the MRC.

485.9
NEUROCHEMICAL RESPONSE TO SEROTONERGIC LESIONS IN 
TRANSGENIC MICE OVEREXPRESSING SlOOp. C.Bendotti*, S.E.Cole1. 
M.Gobbi. E.Prosperini R. Samanin and R.H.Reevesk Istituto di Ricerche 
Farmacologiche "M. Negri", Milano, Italy and 1 Dept. Physiology, Johns Hopkins 
Univ. School of Medicine, Baltimore,USA.

S100P, a calcium binding protein produced by astrocytes, has been proposed to act 
as a neurotrophic factor for serotonergic neurons in cultured mesencephalic cells and 
to play a role in supporting serotonergic sprouting following partial deafferentiation 
in rat. Using transgenic mice expressing SlOOp 7-fold more than controls we have 
examined the response to intracerebroventricular injection of 5,7-dihydroxytryptamine 
(5,7-DHT 10p.g/2pl) in comparison to wildtype mice. At 5 days ,1 and 2 months 
after the lesion brain levels of serotonin (5-HT) were reduced in control mice by 56, 
43 and 35% and in transgenic mice by 51, 35 and 35%, respectively. We measured the 
density of 5-HT transporter sites using ^H-citalopram binding and found a marked 
decrease in different brain regions 5 days after the lesion. No difference was seen 
between transgenic and control mice except for the binding in the dorsal region of the 
dorsal raphe which was significantly decreased by 5,7-DHT in controls but not in 
transgenic mice. An increase in the tryptophan hydroxylase (TPH) mRNA was found 
in the dorsal raphe neurons of wild-type but not transgenic mice 5 days after the 
lesions. Analysis of 3H-citalopram binding and TPH mRNA during long post lesion 
intervals are in progress. Brain noradrenaline levels were significantly reduced by 
20-30% at all intervals after the lesion in both control and transgenic mice but no 
changes were found in brain dopamine levels. Although no significant differences in 
5-HT depletion were found between transgenic and control mice, these data suggest 
that 5-HT neurons of the dorsal raphe of mice overexpressing SlOOp react differently 
to neurotoxic lesions. Supported by Consiglio Nazionale Ricerche,Rome,Italy.

485.10
TRANSGENIC MICE OVEREXPRESSING THE SEROTONERGIC 
GROWTH FACTOR, S-100BETA, SHOW ALTERED DEVELOPMENT 
OF SEROTONIN TERMINALS IN THE HIPPOCAMPUS. N.Kheckl A, 
Borella, F. Zhou, E,Azmitia and P.M. Whitaker-Azmitia Dept. of 
Psychiatry, SUNY at Stony Brook, Stony Brook, New York, 11794.

During development, serotonin releases the astroglial protein S- 
100beta, which in turn causes development of the serotonin neuron and 
of the target regions which serotonin innervates. S-100beta has been 
localized to chromosome 21 in humans, and has been found to be 
overexpressed in both Down’s Syndrome and Alzheimer’s Disease. In 
the current study, we have used an antibody raised against the serotonin 
transporter to identify serotonin terminals in transgenic and control mice.

At 120 days of age, transgenic animals expressing a fivefold increase 
in S-100beta and their CD-1 controls were perfused with 4% 
paraformaldehyde and stained immunocytochemically with an antibody 
raised against a fusion protein of amino acids 1-71 of the serotonin 
transporter. Visualization was with the ABC Elite kit, using DAB as 
substrate.

Our results show regional differences in the serotonin terminals of 
transgenic animals, compared to controls. Within the hippocampus, 
serotonin terminals in the CA3 region are greatly increased in the 
transgenic animals, while terminals within the dentate gyrus are stunted 
and bulbous, possibly representing degenerating terminals. Terminals 
within the caudate show decreased branching in the transgenics.

In conclusion, these studies show that S-100beta is a serotonergic 
growth factor in vivo. As well, the results suggest that overstimulation of 
development can lead to early loss and degeneration of serotonergic 
terminals.

Funded by a grant from the National Institute on Aging.

485.11
SEROTONIN DEPLETION DURING SYNAPTOGENESIS ALTERS 
BOTH DEVELOPMENT AND AGING OF SYNAPTIC MARKERS IN 
THE HIPPOCAMPUS OF RAT. J. Bell? A. Borella, M. Tahenv, P, 
Whitaker-Azmitia. Dept. Psychiatry, SUNY at Stony Brook. Stony Brook, 
New York 11794.

In earlier studies, we have shown that depletion of serotonin (with the 
tryptophan hydroxylase inhibitor PCPA) during postnatal days 10-20 in 
the rat causes a loss of dendrites in hippocampus, as evidenced by 
MAP-2 immunocytochemistry, at PND 30 and 60. However, the 
presynaptic marker, synaptophysin is decreased only at PND 30 and is 
comparable to control at PND 60. In the current study, we have 
examined animals at PND 190 and 400.

Neonatal rat pups were injected IP with 100 mg/kg PCPA or an 
equivalent volume of saline on PND's 10 to 20. At PND 190 and 400, 
rats were perfused with 4% paraformaldehyde and stained 
immunocytochemically with antibodies raised against synaptophysin 
(1/500), MAP-2 (1/500) and SNAP-25 (1/300).

Our results show that at PND 190, the dendritic marker MAP-2 is still 
reduced in hippocampus while synaptophysin remains at control levels. 
However, at PND 400, the MAP-2 is still decreased and synaptophysin is 
significantly increased. In order to verify our findings, we have also used 
immunocytochemistry of the vesicle protein SNAP-25. This marker also 
showed an increase in presynaptic terminals in the neonatally serotonin 
depleted animals, which was not present at earlier ages (ie. PND 60 and 
190), As well, the experimental animals performed better in a passive 
avoidance test at PND 380.

In conclusion, our results show that events altering levels of serotonin 
during development not only influence how the brain develops, but also 
how it ages.

Supported by a grant from the National Institute on Aging.

485.12
EFFECT OF ENVIRONMENTAL COOLING ON THE ACTIVITY OF 
PONTINE AND MEDULLARY SEROTONERGIC NEURONS IN AWAKE 
CATS. F.J, Martin *, R.A. Gallegos, C.A, Fornal, C.W. Metzler and B.L.
Jacobs. Prog, in Neuroscience, Princeton University, Princeton, NJ 08544.

Exposure to a cold environment triggers a complex set of physiological 
responses involving the activation of autonomic and neuroendocrine 
systems as well as behavioral thermoregulatory mechanisms. Brain 
serotonin has been implicated in the regulation of body temperature.
Serotonergic neurons in the rostral raphe nuclei project to thermosensitive 
forebrain areas, while those in the caudal raphe nuclei innervate 
sympathetic and motor areas of the spinal cord. The present study 
examined the effects of environmental cooling on the activity of 
serotonergic neurons in the dorsal raphe nucleus (DRN) and in nuclei 
raphe pallidus and obscuras (NRP/NRO) in freely-moving cats. 
Serotonergic neurons were recorded using methods previously described 
(Fornal et al., JPET 278:752-762, 1996). Cats were exposed to a cold 
environment (4-8 °C) for 2 or 4 h, while neuronal activity and behavior 
were continuously monitored. Cells were considered responsive if they 
showed a change in activity greater than ± 15% of baseline firing rate. 
Cats typically displayed shivering, piloerection and a curled posture during 
cold exposure, but no appreciable changes in core temperature. Of the 13 
NRP/NRO serotonergic cells studied, six were activated during cold 
exposure, while the remaining seven cells were unresponsive. For the six 
responsive cells, the maximum increase in neuronal activity was 74% ± 
28% (mean ± S.E.M.). The activity of these cells returned to baseline levels 
within 15 min. after the animals were transferred from the cooling 
chamber to a recording booth maintained at room temperature (23 °C). 
None of the DRN cells studied (n = 11) displayed a significant change in 
neuronal activity during cold exposure. Overall, these results support a 
role for NRP/NRO serotonergic neurons in cold defense mechanisms (e.g., 
increased autonomic and/or motor output), but not DRN serotonergic 
neurons. F.J.M. is recipient of an F.P.I. fellowship. Supported by grants 
from AFOSR (F 49620-94-1-0128) and NIMH (MH 23433).
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485.13
SYSTEMIC ADMINISTRATION OF INSULIN DECREASES THE ACTIVITY 
OF MEDULLARY SEROTONERGIC NEURONS IN AWAKE CATS. 
B. L. Tacobs * F. T. Martin, C. A. Fomal, and C. W. Metzler. Program in 
Neuroscience, Princeton University, Princeton, NJ 08544.

Serotonergic neurons in nuclei raphe pallidus and obscurus (NRP/NRO) 
densely innervate somatic and autonomic areas of the spinal cord. A large 
percentage of NRP/NRO serotonergic neurons are activated during increased 
motor output (Veasey et al., I. Neurosci. 15: 5346-5359,1995). However, the 
relationship between the activity of these neurons and autonomic function 
remains to be determined. In the present study we examined the effect of 
insulin-induced hypoglycemia, a potent activator of the sympathetic nervous 
system, on the activity of serotonergic NRP/NRO neurons. Single-unit 
activity was recorded using a microwire technique (Veasey et al., 1995). 
Blood glucose, plasma catecholamines and unit activity were monitored 
throughout the experiments. Insulin (2-4 IU/kg, i.v.) produced a 50% 
decrease in blood glucose within 15 min, which was maintained over the next 
45 min. Plasma norepinephrine and epinephrine levels were elevated (~100%) 
within 15 and 45 min, respectively. Serotonergic unit activity was decreased 
by 25% at 15 min and reached a nadir of 50% of baseline at 30 min. The 
subsequent administration of glucose (0.5 g/kg, i.v.) 60 min after insulin, 
temporarily reversed (~30 min) the decreases in blood glucose and unit activity 
produced by insulin. Both blood glucose and unit activity recovered to 
baseline levels 120 min after glucose administration. Plasma catecholamines 
returned to pre-insulin baseline levels within 15 min and remained at baseline 
levels for the duration of the experiment. Overall, these data demonstrate that 
the activity of serotonergic NRP/NRO neurons is suppressed in response to 
insulin administration. Furthermore, the decrease in neuronal activity 
appears to be more closely related to changes in blood glucose than to 
sympathetic activity. F. J. M. is recipient of an F. P. I. fellowship. Supported 
by grants from AFOSR (F 49620-94-1-0128) and NIMH (MH 23433).

485.14
DECREASED RELEASE OF 5-HT IN THE FOREBRAIN OF THE 
CONSCIOUS RAT FOLLOWING HALLUCINOGENIC DRUGS: A 
MICRODIALYSIS STUDY George D. Johnston. Gudbiorn K. Asmundsson. 
Nicholas P. Clavton. Mark Graves. Charles G. Landry. Sarah Sinclair and
David J. Mokler*. Department of Pharmacology, University of New England 
College of Osteopathic Medicine, Biddeford, ME 04005.

Studies of the hallucinogens d-lysergic acid diethylamide (LSD), an 
indolealkylamine, and 2,5-dimethoxy-4-iodoamphetamine(DOI), a 
phenylalkylamine, suggest that these drugs act as 5-HT agonists or partial 
agonists. LSD has mixed effects on 5-HT receptor subtypes, whereas DOI is the 
prototypic agonist at 5-HT^ receptors. The effects of systemic DOI in 
conscious male Sprague-Dawley rats were studied on dorsal hippocampal (median 
and dorsal raphe system) and prefrontal cortical (median raphe) release of 5-HT 
using microdialysis. 5-HT release decreased in both brain sites following 
administration of DOI. The prefrontal cortex exhibited a significant 60% 
reduction in the release of 5-HT, while dorsal hippocampal 5-HT decreased by 
a significant 50% over a one hour period. These findings suggest that the release-
controlling feedback mechanisms in the frontal cortex may be more sensitive than 
the systems in the dorsal hippocampus. This may be due to variabilty in patterns 
of innervation from the midbrain raphe and 5-HT receptor subtypes. These 
results verify previous work with DOI, and extend this work into the 
hippocampus and into behaving animals. Continuing experiments using LSD are 
hypothesized to produce a greater decrease in 5-HT release due to LSD’s actions 
on multiple feedback mechanisms. (Sponsored, in part, by a UNECOM Dean’s 
Summer Research Fellowship to GKA and NIH grant DA-07316 .)

485.15
SYSTEMIC ADMINISTRATION OF THE DOPAMINE AGONIST 
APOMORPHINE INCREASES SEROTONIN RELEASE IN RAT FOREBRAIN. 
A. Mendlin*, F. 1. Martin, A. J. Reeves and B. L. Jacobs. Program in 
Neuroscience, Princeton University, Princeton, NJ 08544.

The stimulation of dopamine receptors with apomorphine can alter the 
release of serotonin (5-HT), depending on the brain region examined. Thus, 
systemic administration of apomorphine increased 5-HT output in die dorsal 
raphe nucleus, whereas it decreased 5-HT output in the striatum, presumably 
due to activation of presynaptic 5-HT1A autoreceptors (Ferre et al., 1994). 
Furthermore, local application of apomorphine by reverse microdialysis 
facilitated 5-HT release in the hippocampus (Matsumoto et al., 1996). The 
present study examined the effect of apomorphine on 5-HT efflux in the 
hippocampus and the striatum of freely moving rats using in vivo 
microdialysis. In addition, apomorphine-induced dopamine stereotypy and 
general behavioral activity of animals were monitored throughout the 
experiment. Apomorphine (0.5 mg/kg, s.c.) produced a transient increase in 
5-HT release in both the striatum and the hippocampus (85 ± 28% and 132 ± 
31%, respectively). This effect coincided with the appearance of dopamine 
stereotypies and an increase in general activity, although these behavioral 
responses persisted after 5-HT levels returned to baseline. A second injection 
of apomorphine two hours later had similar effects on 5-HT release and 
behavior. These effects were completely blocked by prior treatment with the 
D2 antagonist raclopride (0.5 mg/kg, s.c.), but not by the 5-HT1A antagonist 
WAY 100635 (1 mg/kg, s.c.). These results indicate that increases in 5-HT 
output produced by apomorphine are mediated through stimulation of D2 
receptors and do not involve 5-HT1A receptors. The dissociation between 
apomorphine-induced changes in 5-HT levels and behavior suggests that the 
effect of this drug on 5-HT release is not directly mediated by increases in 
general behavioral arousal. Supported by the NIMH (MH 23433).

485.16
CHANGES IN BRAIN ACTIVITY FOLLOWING IBOGAINE EXPOSURE 
COMPARISON WITH MK-801 AND PHENCYCLIDINE (PCP).
Z. Biruenda*, J. .. Johnson, , B., Thorn, qnd. S!F, .,Ali. Division of 
Neurotoxicology, NCTR/FDA, Jefferson, AR 72079.

The psychoactive indole alkaloid ibogaine (IBO) can affect cholinergic 
dopaminergic, serotonergic and opiatergic receptor sites. Recently, an 
NMDA receptor antagonist property of IBO was demonstrated. In our 
study, acute electroencephalographic (EEG) and neurochemical effects of 
IBO challenge were studied in rats and compared with electrophysiological 
correlates of two other NMDA receptor antagonists (MK-801 and PCP) 
Rats received one dose of 50 mg/kg IBO, 20 mg/kg PCP, or 1 mg/kg MK- 
801 (i.p.). Cortical EEG signals were recorded for 2 hrs under isoflurane 
anesthesia. The levels of dopamine (DA) and serotonin (5-HT), and their 
metabolites were then measured in the frontal cortex (FC), caudate nucleus 
(CN) and hippocampus (HIP). While IBO challenge was associated with a 
decrease in 6,Q,a, and B power spectra during first 30 min, and subsequent 
recovery of all except 6 bands in the next 15 min, MK-801 treatment was 
followed by a decrease in power of all four frequency bands for the entire 
time of recording. The power of a and B bands decreased during the first 
15 minutes after PCP treatment, and after 30 min a decline, primarily in 
the 6 band, was observed. The concentration of DA in FC and CN 
decreased after IBO. The injection of MK-801 and PCP produced an 
increase in DA turnover in CN and FC. 5-HT levels increased in CN, FC 
and HIP after all three treatments. In conclusion, while neurochemica 
responses to all three drugs were similar, a selective EEG response to each 
treatment was observed. Supported by FDA/NCTR

485.17
DIFFERENCES IN HYPOTHALAMIC SEROTONIN BETWEEN 
ESTROUS PHASES OR GENDER: AN IN VIVO MICRODIALYSIS 
STUDY. C, Gundlah*, L. Simon, S.B. Auerbach. Nelson Biol. Lab., 
Rutgers Univ., Piscataway, NJ 08855

Serotonin (5-HT) may be differentially regulated by sex steroids 
between gender and across phases of the estrous cycle. Extracellular 
5-HT was measured in the hypothalamus using in vivo 
microdialysis. Baseline levels of 5-HT were 20% lower in estrous 
females than male rats (0.83 ± 0.05, n=33 vs. 1.04 ± 0.06, n=38; 
t-test P^. 0.0064). Diestrous females (0.98 ±. 0.09, n=38) were 
not significantly different from males. In estrous females, both doses 
of the serotonin selective reuptake inhibitor (SSRI) paroxetine (1 
and 10 mg/kg i.p.) produced increases in 5-HT to a maximum of 
~2.5 pg. However, 1 mg/kg paroxetine produced an increase in 5-HT 
to a maximum of 2 pg in diestrous females and ~2.5 pg in male rats, 
while 10 mg/kg paroxetine increased 5-HT to ~3 pg in diestrous 
females and ~3.5 pg in male rats. In estrous and diestrous females, 
both doses of the 5-HT releasing agent fenfluramine (10 and 20 
mg/kg i.p.) produced similar increases in 5-HT to a maximum of 
~15 pg. However, fenfluramine produced a significant between-dose 
difference in 5-HT release in male rats, elevating 5-HT to a 
maximum of ~15 pg at the low dose and ~25 pg at the high dose. 
Overall, our results suggest that female sex steroids may be involved 
in regulating extracellular 5-HT in the hypothalamus. Our data are 
consistent with previous results suggesting that decreased 
hypothalamic 5-HT is involved in the induction of female sexual 
receptivity in rats. Supported by NIMH grant #51080

485.18
ROLB OP GABA IN OPIOID-INDUCED 5-HT RELEASE S.B. 
Auerbach*, Z. Ma, R. Tao. Nelson Biol. Lab., Rutgers 
Univ., Piscataway, NJ 08855.

These experiments were designed to evaluate the role 
of GABA in mediating opioid effects on 5-HT. 
Extracellular serotonin (5-HT) was analyzed by 
microdialysis in the CNS of acute and chronic morphine- 
treated rats. Acute morphine (20 mg/kg, s.c.) elicited 
an 80% increase in 5-HT in the dorsal raphe nucleus 
(DRN). This effect was blocked by directly infusing the 
opioid receptor antagonist naltrexone (300 pM) or the 
GABAa  receptor agonist muscimol (1 pM-1000 pM) into the 
DRN. Infusion of the GABAa receptor antagonist 
bicuculline, but not the GABAb receptor antagonist 
phaclofen, into the DRN significantly elevated 5-HT, 
suggesting that, under our experimental conditions, 5-HT 
neurons are tonically inhibited via GABAa receptors. 
During the first 12 h after subcutaneous implantation of 
morphine pellets, 5-HT was elevated 75% in the DRN. 
However, 5-HT returned to baseline levels during a 14 d 
period with the morphine pellets implanted. Furthermore, 
extracellular 5-HT was reduced about 30% by naltrexone 
(20 mg/kg, s.c,)-precipitated withdrawal on day 14 after 
implantation. One day after pellet removal, acute 
morphine challenge (20 mg/kg sc.) had no effect on 5-HT. 
In conclusion, this study suggests that morphine does 
not directly stimulate but instead disinhibits DRN 5-HT 
neurons. Tolerance to the effect of opioids on 5-HT 
after chronic treatment may involve enhancement of 
GABAergic tone. Supported by NIMH grant #51080
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485.19
THE PROPERTIES OF SEROTONIN- INDUCED BURSTING DISCHARGES 
IN GUINEA PIG TRIGEMINAL MOTONEURONS IN VITRO. C, -F. Hsiao*, 
P. R. Trueblood and S, H. Chandler. Dept. of Physiological Science, UCLA, 
Los Angeles, CA 90095-1568.

The ionic mechanisms responsible for the generation of serotonin (5-HT)- 
induced rhythmic bursting in trigeminal motoneurons (TMNs) were studied 
using intracellular recording methods from ginuea pig brain stem slices. Bath 
application of 5-HT elicited depolarization, an increase in input resistance and 
rhythmic burst discharges at depolarized levels of membrane potential (> -65 
mV). Burst discharge was characterized by: 15-1000 action potentials per burst, 
burst durations of 4-70 s, and burst cycle durations of 15-150 s. The bursting 
was abolished by artificial membrane hyperpolarization. These effects were 
associated with a negative slope conductance region (NSC) in the steady-state 
I-V relationship. Addition of TTX to the bath blocked Na-dependent action 
potentials but did not abolish the 5-HT-induced oscillations, suggesting a 
postsynaptic conditional burst generating mechanism independent of synaptic 
activation. 200nM Apamin (n=4), which blocks certain Ca2+-dependent K+ 
currents, or Ba2+ (n=7) increased the frequency of intraburst spiking, burst 
duration, and decreased interburst frequency. In contrast, 20 mM TEA, which 
blocks the delayed rectifier current, reduced the duration of individual bursts 
and decreased the frequency of intraburst spiking, but increased interburst 
frequency (n=5). 5-HT-induced bursts were abolished by low Ca2+ solutions or 
by 10 pM nifedipine which blocks L-type Ca2+ channels. This was associated 
with a suppression of the NSC in the steady-state I-V. These data demonstrate 
that 5-HT bursting is dependent upon extracellular Ca2+ and is regulated by 
voltage-dependent K+ and Ca2+-dependent K+ conductances. Funded by NEH- 
NIDRDE 06193.

485.20
IN VIVO CHARACTERIZATION OF SEROTONIN RELEASE IN THE MEDIAN 
RAPHE NUCLEUS. A.Adell* and F. Artiqas. Department of Neurochemistry, 
CSIC, 08034 Barcelona, Spain.

Although several studies have described the existence of a 
somatodendritic release in the midbrain raphe nuclei, the precise origin of 
extracellular 5-HT (5-HText) in these nuclei is not well known. In the present 
work we have used in vivo microdialysis in unanesthetized rats to study the 
effects of drugs known to affect neural function on the 5-HT release in the 
median raphe nucleus (MRN). Baseline 5-HText in the MRN (in presence of 1 
/zM citalopram) is approximately 45 fmol/20 min, markedly greater than that 
found in the dorsal raphe nucleus (DRN; typically 25 fmol/20 min), despite 
the lower number of 5-HT neurons in the former. The inclusion of 1 pM 
tetrodotoxin in the perfusion fluid decreased dialysate 5-HT to 8% of basal 
values. Also, reserpine (5 mg/kg, i.p.) reduced dialysate 5-HT by 80% at 3 
h after the administration and this effect persisted 24 h later. 8-OH-DPAT 
(0.1 mg/kg s.c.) reduced 5-HText to 15 % of predrug values, an effect 
prevented by the prior (24 h) administration of 10 mg/kg of N- 
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ). However, EEDQfailed 
to alter baseline 5-HText in the MRN. Since EEDQ is known to irreversibly 
inactivate 5-HT1A receptors, the unchanged basal 5-HText may indicate the 
absence of a tonic self-inhibition of 5-HT release in the MRN through 5-HT1A 
receptors in our experimental conditions. The local perfusion of GABA (1-100 
/zM) in the MRN decreased 5-HText in a concentration-dependent manner. 
However, that of the agonist phenylephrine and the dopamine D2 agonist 
quinpirole (up to 100 /zM each) failed to alter 5-HText. These data support the 
existence of an impulse-sensitive vesicular release of 5-HT in the MRN which 
appears to be regulated by afferent pathways in a manner different to that 
in the DRN. Supported by a FIS grant (95/266).

485.21
SEROTONIN MODULATES THE HYPERPOLARIZATION ACTIVATED 
INWARD RECTIFIER, Ih, IN MESENCEPHALIC TRIGEMINAL NEURONS 
K.A, Pelkev and K.C. Marshall*. Department of Cellular and Molecular Medicine, 
University of Ottawa, Ottawa, Canada K1H 8M5.

The primary sensory neurons of Ihe mesencephalic trigeminal (Me5) nucleus are unique 
in having their somata located within the central nervous system. Somata of Me5 
neurons receive synaptic contacts, and are surrounded by neural plexuses containing 
various neurotransmitters, including 5-hydroxytryptamine (5-HT). We have investigated 
the effects of exogenously applied 5-HT on intracellularly recorded Me5 neurons in a rat 
brain-stem slice preparation. Me5 neurons within the slice were identified by then- 
unique electrophysiological characteristics, including a prominent time-dependent 
hyperpolarization-activated inward rectification (Ih). Pressure application of 5-HT onto 
the surface of the slice resulted in small (1-4 mV) depolarizations accompanied by 
decreases (20-40%) in the chord input resistance of Me5 neurons. The response was 
mimicked by 5-carboxamidotryptamine (5-CT) but not by 8-hydroxy-2-(di-N- 
propylamino)-tetralin (8-OH-DPAT), and partial antagonism of the response was 
observed with superfused ketanserin. Bath application of forskolin, 8-bromo-cAMP, or 
IBMX to recorded neurons resulted in similar responses to those observed with 5-HT, 
suggesting involvement of cAMP. Based on findings in other systems that 5-HT and 
cAMP can modulate Ih, we examined the effects of superfused Cs+ and N-Ethyl-1,6- 
dihydro-l,2-dimethyl-6-(methylimino)-N-phenyl-4-pyrimidinamine hydrochloride (ZD- 
7288), two Ih channel blockers. CsCl (5-10mM) and ZD-7288 (50pM) were observed 
to block both inward rectification and responses to 5-HT, with little or no effect on 
resting parameters of recorded neurons. Thus, consistent with observations in other 
systems, 5-HT appears to modulate Ih in Me5 neurons, presumably through a pathway 
involving cAMP generation.
Supported by the Medical Research Council of Canada.

485.22
ROLE OF Ca2+ IN THE 5-HT-INDUCED RELEASE OF 
GLUTAMATE FROM C6 GLIOMA CELLS. *R. Meller. 2P.J. 
Harrison and !T, Sharp, (SPON: Brain Research Association) Oxford 
University Depts. of Clinical Pharmacology and 2Neuropathology, 
Radcliffe Infirmary, Oxford, U.K., OX2 6HE.

We have recently reported that 5-HT2A receptor activation induces a 
release of glutamate from the C6 glioma cell line (Meller et. al., 
(1997) B. J. Pharmacol. 120, 34P). Here we examine the role of 
Ca2+ in this response. Differentiated C6 glioma cells were washed 
and incubated with 0.5 ml Krebs ringer ± drugs for 10 min in the 
presence of a glutamate uptake inhibitor (PDC, 50 JiM). Glutamate 
levels in supernatant samples were determined by HPLC-EC. 5-HT 
caused a dose-dependent (1-100 pM) release of glutamate (max. 
effect +200% of control levels). The effect of 100 |lM 5-HT was 
absent in Ca2+ free Krebs (5 mM MgCl2 & 1 mM EGTA). 
Ionomycin (5 JiM) and thapsigargin (10 pM) both released glutamate 
from C6 cells (+2550 and +223 % of control). Pretreatment of the 
C6 cells with thapsigargin (0.1 and 1 pM) blocked the effect of 10 
pM 5-HT. The L-type Ca2+ channel blockers, nifedipine and 
verapamil (50 pM), did not reduce the effect of 10 pM 5-HT nor did 
the protein kinase C inhibitors, staurosporine and calphostin C (10 
ItM).

These data suggest that the 5-HT-induced release of glutamate from 
C6 glioma cells is Ca2+-dependent and involves, at least in part, the 
mobilisation of Ca2+ from intracellular stores. Furthermore, neither 
protein kinase C activation or Ca2+ entry via L-type Ca2+ channels 
appear to be important. (R.M. is supported by the Wellcome Trust).

485.23
INFLUENCE OF THE VENTRAL MEDIAL PREFRONTAL CORTEX ON THE 
ACTIVITY OF DORSAL RAPHE 5-HT NEURONES M, Haios*. C.D. Richards. 
A.D, Szekelvt and T. Sharp Oxford University Department of Clinical 
Pharmacology, Radcliffe Infirmary, Oxford, U.K. and fDepartment of Anatomy, 
Semmelweis University of Medicine, Budapest, Hungary.

Dysfunction of the medial prefrontal cortex (mPFC) has been delected in various 
psychiatric disorders including depression. In the present study we have 
investigated the connection between the ventral mPFC and 5-HT neurones of the 
dorsal raphe nucleus (DRN) using electrophysiological and anatomical techniques.

Extracellular electrophysiological recordings were made from 5-HT neurones 
(n=76) in the DRN of chloral hydrate anaesthetised, male Sprague-Dawley rats. In 
the majority of cases (65/69), electrical stimulation of the ventral mPFC inhibited 
the activity of 5-HT neurones (mean duration 200 ± 17 ms, n=34). The effects of 
mPFC stimulation were not altered by either 5-HT depletion with p- 
chlorophenylalanine (mean duration 170 ± 22 ms, n=21), nor by the systemic 
administration of the selective 5-HTia  antagonist WAY 100635 (0.1 mg/kg i.v.; 
n=5). In some neurones (14/69) the inhibition was preceded by short-latency (27 ± 
2 ms) orthodromic activation. In addition, a small proportion of 5-HT neurones 
(7/76) were activated antidromically.

In our anatomical study, a direct projection from the mPFC to the DRN was 
revealed: iontophoretic intra-raphe application of the retrograde tracer HRP- 
conjugated wheatgerm agglutinin resulted in labelling of numerous neurones in the 
superficial layers of the ventral mPFC.

Our results demonstrate that the ventral mPFC exerts an inhibitory influence on 
the firing of the majority of DRN 5-HT neurones, although a clear-cut excitation 
was observed in some instances. The inhibitory effect is not due to local release of 
5-HT in the DRN which could theoretically arise from anti- or orthodromically 
activated 5-HT neurones. The present findings suggest that dysfunction in the 
ventral mPFC could lead to pathophysiological activity within the serotonin system, 
(Supported by the Medical Research Council, U.K. and OTKA F 012738 Hungary)

485.24
CORRELATIONS IN ACTIVITY OF 5-HT NEURONES WITHIN THE DORSAL 
RAPHE NUCLEUS. C.D. Richards*. M, Haios and T. Sharp, Oxford University 
Department of Clinical Pharmacology, Radcliffe Infirmary, Oxford, U.K.

The firing properties of individual 5-HT neurones within the DRN have been 
well documented: however, the temporal relationship in activity between 
neighbouring 5-HT neurones is not understood. The aim of this study was therefore 
to record the activity of two or more cells from the DRN simultaneously, and to 
discern any correlation in firing activity.

Standard in vivo extracellular recording were performed from neurones within 
the DRN of chloral hydrate anaesthetised, male Sprague-Dawley rats. Spikes from 
the recorded neurones were separated using amplitude or template matching 
discrimination, and auto- and cross-correlograms were constructed (Spike2, CED).

A small number of single electrode recordings yielded pairs of simultaneously 
recorded neurones: ten pairs were selected for further analysis, based upon the 
ability to discriminate successfully and clearly the spikes from the two cells. In five 
of these paired recordings, in which both neurones were electrophysiologically 
identified as being 5-HT cells, a correlation between the neuronal discharge was 
seen: the pattern of the cross-correlation suggested that the most likely explanation 
was a common inhibitory input. This correlation was seen in both control animals 
and animals depleted of 5-HT using p-chlorophenylalanine, demonstrating 
independence from 5-HT release. Acute surgical lesions of the cortico-raphe 
pathway did not change either the firing rate or pattern of individual DRN 5-HT 
neurones (n=37), indicating that the firing, of these neurones is not dependent upon 
input from the frontal cortex. However, electrical stimulation of the ventral medial 
prefrontal cortex (mPFC) served to strengthen the correlation between DRN 5-HT 
neurones, which became entrained to the cortical stimulation.

These data suggest that 5-HT neurones in the DRN receive a common input 
which leads to the correlation in spike discharge observed: the mPFC could play an 
important role in modulating, or even generating, this synchrony in discharge. 
(Supported by the Medical Research Council, U.K.)
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485.25
MODULATION OF EXCITATORY SYNAPTIC TRANSMISSION 
BY SEROTONIN IN THE RAT AMYGDALA. P.W. Gean*, L.L. 
Cheng and S.J. Wang. Dept. of Pharmacology, National Cheng-Kung 
Uni. Tainan, Taiwan 701

The possibility that serotonin (5-HT) modulates excitatory 
inputs in the amygdala is of particular interest because an increase in 
5-HT has been detected in the amygdala as measured by 
microdialysis techniques during stressful situations. In the present 
study, the effects of 5-HT on the synaptic transmission were studied 
in brain slices of the rat amygdala using intracellular recording 
technique. Bath application of 5-HT reversibly depressed the peak 
amplitude of excitatory postsynaptic potential (EPSP) in a 
concentration-dependent manner. The sensitivity of postsynaptic 
neurons to glutamate receptor agonist AMPA was unchanged. In 
addition, 5-HT increased the magnitude of paired-pulse facilitation 
suggesting a presynaptic mode of action. The depression of EPSP 
induced by 5-HT was partially reversed by the selective 5-HTja  
antagonist NAN-190, but not by 5-HT2 antagonist ketanserin. The 
selective 5-HTja  agonist 8-OH-DPAT reversibly depressed the EPSP 
amplitude. These results indicate that functional 5-HTiA receptor are 
present in the presynaptic terminals and mediate the 5-HT inhibition 
of synaptic transmission.
Supported by the National Science Council of Taiwan NSC86-2314- 
B006-106

485.26
MULTIPLE EFFECTS OF 5-HT ON CONDUCTANCES OF RAT 
ROSTRAL VENTROLATERAL MEDULLA (RVLM) NEURONS.
L.L.Hwang* and N.J.Dun. Dept. of Pharmacol., James H. Quillen 
Col. of Med., East Tennessee State Univ., Johnson City, TN 37614

Bath application of 5-HT induced slow outward (5-HT0) or inward 
(5-HTj) currents in RVLM neurons of neonatal rat brainstem slices. 
5-HT0, which were suppressed by Ba2+ (0.1 mM), showed an inward 
rectification and the reversal potential was close to the E^.. Four types 
of 5-HT; I-V relation were noted in RVLM neurons: 1) The I-V curve 
was linear with a positive slope and had an extrapolated reversal 
potential of 4.4 ± 11,0 mV (n=5). 2) The steady state I-V curve 
comprised a relatively voltage-insensitive component at potentials 
negative to -40 mV and a voltage-dependent component at potentials 
positive to -30 to -40 mV with a negative slope (n=4). 3) The I-V 
curve was linear with a negative slope in the potential range of -90 to 
-40 mV. 5-HT; reversed close to Ej. in 8 neurons and showed a non-
reversal in 9 cells. 4) The I-V relation was non-linear and relatively 
insensitive to membrane potentials (n=18). The amplitude of non-
reversal type III and type IV 5-HT; was reduced in a low Na+ (26 
mM) solution. It may be concluded that an increase of inwardly 
rectifying K+ conductance is responsible for 5-HT0 and that 5-HT; is 
caused mainly by an increase of a non-selective cation conductance 
and a decrease of leak K+ conductance in the majority of neonatal rat 
RVLM neurons tested. (Supported by HL51314).

485.27
THE EFFECTS OF N-METHYL-D-ASPARTATE RECEPTOR ACTIVATION IN 
THE RAT PREFRONTAL CORTEX ON SEROTONIN AND GABA 
TRANSMISSION. A MICRODIALYSIS STUDY IN THE AWAKE RAT. K. 
Frantz*, U. Ungerstedt1 and W.T. O'Connor2. Department of Psychology, 
University of Florida, Gainesville, FL, USA, ’Department of Physiology and 
Pharmacology, Karolinska Institute, Stockholm SI71-77, Sweden and department 
of Human Anatomy and Physiology, Neuroscience Division, University' College, 
Dublin, Ireland.

The effect of local perfusion with the glutamate receptor agonist N-Methvl-D- 
Aspartate (NMDA) in the left medial prefrontal cortex (mPFC) on local dialysate 5- 
hydroxy-indoleacetic acid (5-HIAA) and GABA levels was investigated using 
microdialysis in the awake, freely moving rat. Perfusion with NMDA (100, 300 
and 600pM) for 20 min dose-dependently decreased local dialysate 5HIAA levels 
such that 600pM NMDA was associated with a prolonged (80min) decrease. In 
contrast, NMDA increased mPFC GABA release, with the highest increase in 
GABA observed at 300pM NMDA. Pretreatment with the noncompetitive NMDA 
receptor antagonist MK801 (1 and 10 uM) dose-dependently counteracted the 
NMDA (300pM)-induced decrease in 5HIAA levels but did not counteract the 
NMDA-induced increase in GABA release.

The data suggest that mPFC NMDA receptor activation increases serotonin 
release, thereby reducing dialysate 5HIAA levels. In contrast, the inability' of 
MK801 to counteract the NMDA-induced increase in mPFC GABA release 
suggests that the NMDA receptor only indirectly modulates cortical GABA 
transmission. The differential NMDA receptor regulation of dialysate 5HIAA and 
GABA levels provide in vivo functional evidence for a shift in the ratio of GABA to 
serotonin following NMDA receptor activation in the mPFC.
Swedish Medical Research Council Grant B96-21X-11641-01A to WTO.
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486.1
CHARACTERIZATION OF ANANDAMIDE AND R(+)-METHANANDAMIDE 
ON CULTURED MURINE NEURONAL NETWORKS. S.I, Morefield. K.D. 
Chapman and G.W. Gross*. Dept of Biological Sciences and Center for Network 
Neuroscience, Univ. of North Texas, Denton, TX 76203-5218.

The endogenous brain lipid anandamide (N-arachidonylethanolamide) has been found 
to bind to G-protein coupled cannabinoid receptors and therefore, may have important 
pharmaceutical applications. We have used cultures derived from dissociated murine 
cortex and spinal cord tissue to: (a) characterize the electrophysiological effects of 
anandamide and R(+)-methanandamide (a metabolically stable cannabinoid agonist) on 
spontaneous network activity, (b) determine possible neurotoxic effects, and (c) 
evaluate neuronal cell cultures as test platforms for the rapid screening of neuroactive 
agents. Cultures from 14.5 day old embryonic tissue were grown on photoetched 
microelectrode arrays featuring 64 electrodes in a 1mm2 recording area. Drug 
concentrations were applied, ranging from 10 - 400pM, and networks were monitored 
before, during and after applications via simultaneous multichannel recordings of 
extracellular spike activity. In 85% of the cultures, bursting was regularized with 
50gM bicuculline .to facilitate quantitative evaluations. Using burst rate as the 
primary variable, it was found that: (a) both compounds reduced activity in a non-
linear manner, (b) the initial decline and cessation of activity occurred with lower 
concentrations of anandamide (60 - lOOpM) than with R(+)-methanandamide (100 - 
300jiM), (c) effects of both compounds were reversible within the first two hours of 
application, (d) after 2 hour exposures networks showed activity deficits, by channel 
loss, alteration of burst patterns and catastrophic network failure. We conclude that 
both compounds have similar effects in slowing activity and that toxicity commences 
at 200|iM with an exposure time of two hours. We also suggest that neuronal cell 
cultures can be used as effective test systems for the quantitative determination of 
neuroactive and neurotoxic effects of specific compounds. Supported by the 
Communities Foundation of Texas and the Charles Bowen Endowment to the CNNS.

486.2
CHARACTERIZATION OF CANNABINOID RECEPTORS IN RBL- 
2H3 CELLS. Z. H. Song* and L. Chen, Department of Medical 
Pharmacology and Toxicology, Texas A & M University, College Station, 
TX 77843-1114.

It has been reported that RBL-2H3, a rat basophilic leukemia cell 
line, expresses cannabinoid receptor CB2, but not CB1. However, several 
differences seem to exist between the RBL-2H3 cannabinoid receptor and 
the human CB2. In this study, ligand binding studies were carried out to 
characterize further the cannabinoid receptors on RBL-2H3 cells. Specific 
binding of [3H]WIN55212-2 was detected on RBL-2H3 membranes, with 
Kd and B^ values of 6.22 ± 0,38 nM and 935.1 ± 152.2 fmol/mg protein, 
respectively. To determine the stereoselectivity of ligand binding, 
WIN55212-3 was tested and it was found to be inactive in competing for 
specific [3H]WIN55212-2 binding. The stereoselectivity was also shown 
with HU-210 and HU-211. HU-210 had a Kj of 0.82 ± 0.12 nM, whereas 
HU-211 inhibited only 44% of specific binding at a concentration of 1000 
nM. In addition, SR141716A, a highly selective CB1 receptor antagonist 
which binds to human CB2 with a Kj > 1 pM, competed the binding of 
[3H]WIN55212-2 with a Kj value of 63.23 ± 11.02 nM. These data 
confirmed the previous finding that cannabinoid receptors are expressed on 
RBL-2H3 cells. With the data of SR141716A binding, this study also 
added to the fact that RBL-2H3 cell cannabinoid receptors, presumably to 
be rat CB2, are pharmacologically different from human CB2.
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486.3
ANANDAMIDE: MEDIATOR OF THE EFFECTS OF OLEAMIDE (A SLEEP 
FACTOR) AND OF CHOCOLATE? E, Fride*. T. Bisogno. V. Di Marzo, M, 
Bavewitch. Z. Vogel and R Mechoulam. Dept. Natural Products, Hebrew University, 
Faculty of Medicine, Jerusalem, Israel 91120.

Anandamide (ANA), a lipid brain constituent, has been identified as an 
endogenous ligand of the cannabinoid (CB) receptors, with similar activities as A9- 
tetrahydrocannabinol (THC), the major active constituent of marihuana. Recently, 
several lipids, chemically related to ANA, have been isolated from the cerebrospinal 
fluid of sleep-deprived cats (oleamide, OLA) and from chocolate (oleoyl ethanol 
amide, OEA, and lineoylethanolamide, LEA). Sleepiness is a well known effect in 
marihuana intoxication, while the pleasure derived from eating chocolate may be 
pharmacologically mediated. Hence the relationship between these lipids and ANA 
was investigated. Mice (C57BL/6) were observed in a series of in vivo tests (motor 
activity, catalepsy, rectal temperature and analgesia), commonly used to assess 
cannabimimetic effects. We found that all of these compounds produced dose related 
effects. ED50 values indicated that OLA, OEA and LEA had similar profiles as THC 
and ANA, but with lower potencies. All compounds were full agonists for motor 
activity. However, OLA, OEA and especially LEA, behaved as partial agonist in 
some are all of the other tests. Despite the cannabimimetic properties of OLA, OEA 
and LEA, none of them bound to CB1 receptors. Hence alternative mechanisms were 
investigated: In competition binding experiments to CB1 receptors in transfected 
CHO cells, the presence of OLA enhanced binding activity by one order of 
magnitude. We also investigated whether enzymatic breakdown of anandamide was 
inhibited by OLA as had been demonstrated previously for OEA and LEA by 
Piomelli and colleagues (1996). Indeed, [14C]-ANA hydrolysis was inhibited by 
mouse neuroblastoma Ni8TG2 cells. We conclude that at least some of tire effects of 
endogenous sleep factor and chocolate ingestion may be mediated by enhancing 
activity of the putative anandamide-CBl neurotransmitter system. Funded by NIH

486.4
NOVA-1: AN RNA-BINDING PROTEIN ASSOCIATED WITH GLYR a2 
SUBUNIT mRNAs IN RAT SPINAL CORD. C. Racca1*. A, Gardiol1, R.B, 
Darnell2 and A. Triller1. ^io. Cell. Synapse, INSERM CJF 94-10, ENS, Paris, F- 
75005 France; 2Mol. Neuro-Oncol., Rockefeller Univ., New York, NY 10021.

Nova-1 is a neuron specific RNA-binding protein recognized by autoantibodies in 
a paraneoplastic motor disorder with opsoclonus, myoclonus, and ataxia. The 
regional distribution of Nova-1 is similar to that of glycine receptor (GlyR) al and 
a2 subunit mRNAs in the CNS. We have found that GlyR al and a2 mRNAs are 
present in the somata and dendrites of neurons in the ventral horn of adult rat spinal 
cord. Recently, in vitro studies have shown that Nova-1 binds to GlyR a2 mRNA. 
Therefore, we have investigated and compared the subcellular distributions of Nova- 
1 and GlyR al and a2 subunit mRNAs in the ventral horn of the spinal cord.

Immunocytochemistry for Nova-1 and in situ hybridization for GlyR al-a2 
subunit mRNAs were performed at the light (LM) and electron (EM) microscopic 
levels. Confocal LM revealed that Nova-1 was present in the nucleus and in the 
cytoplasm, whereas the GlyR al and a2 mRNAs were confined to the cytoplasm. 
Within dendrites Nova-1 had an uneven distribution: it tended to form aggregates, to 
accumulate at branch points, and to be localized predominantly under the plasma 
membrane. EM confirmed these observations. This pattern was strikingly similar to 
the subcellular distribution of both al and a2 subunit mRNAs as seen with LM and 
EM. However, double-labeling showed that, in dendrites, Nova-1 colocalized with 
a2, but not with al subunit mRNAs.

The colocalization of Nova-1 with GlyR a2 subunit mRNAs suggests that Nova-1, 
being an RNA-binding protein, could be involved in the processing and/or transport 
of GlyR a2 subunit mRNAs. Moreover, the interaction between Nova-1 and GlyR 
a2 subunit mRNAs may be crucial in the development of the paraneoplastic motor 
disorder related to the autoimmune response characterized by anti Nova-1 
antibodies. Supported by TMR-EC Program, MESR grant, and IRME.

486.5
INTERNALIZATION OF GLYCINE RECEPTOR FOLLOWING CHRONIC 
EXPOSURE TO STRYCHNINE IN CULTURED NEURONS. S. Levi1. C, 
Vannier1. D, Chesnov-Marchais*2 et A. Triller1-1 Biol. Cell. Synapse, CJF 94-10 
INSERM, 2CNRS, URA 1867, ENS, F75005, Paris, France.

The glycine receptor (GlyR) and the associated gephyrin (Ge) are clustered at the 
postsynaptic membrane. Partial glycinergic denervation of the Mauthner cell of the 
Teleost indicated that the presynaptic innervation was involved in the maintenance 
of the postsynaptic differentiation. Here, we have blocked the GlyR function by 
daily strychnine (Stry) application (0.1, 1, 10pM) on embryonic spinal cord neurons 
maintained for 11 days in vitro (DIV). GlyR and Ge mRNA expression was 
analyzed by RT PCR. Ge and GlyR immunoreactivities (IR) were studied with 
confocal microscopy. At 3, 7 and 11 DIV, the GlyR al, a2, (3 subunit and Ge 
mRNAs were expressed at comparable levels in treated and untreated cultures. Stry 
had no effect on the proportion of Ge- and GlyR-IR cells which increased all along 
the neuronal maturation. However, following Stry treatment, we found that: 1) GlyR 
was detected intracellularly and 2) the proportion of cells with intracellular GlyR-IR 
increased with the concentration of Stry. Double labelling experiments revealed that 
the intracellular GlyR-IR was not associated with the Golgi apparatus or the rough 
endoplasmic reticulum, thus suggesting that-this IR did not correspond to 
neosynthesized GlyR. The number of GlyR clusters on the somato-dendritic 
membrane was dramatically reduced (90 %) on neurons which had internalized the 
GlyR. In contrast, the subcellular distribution and the number of Ge clusters was not 
modified by the treatment. The effect of Stry on GlyR distribution was reversible. 
Chronic exposure of the cultures to tetrodotoxin or picrotoxin did not affect Ge and 
GlyR cluster formation. These results indicate that functional GlyR but not electrical 
synaptic activity is required for the formation of the GlyR clusters. The fact that Ge 
postsynaptic localization was not affected by strychnine suggests that i) aggregation 
of GlyR and Ge are governed by different mechanisms, and ii). their interaction is 
activity-dependent. Supported by MESR and AFM grant.

486.6
GLRA1 MISSENSE MUTATION (P250T) IN HUMAN HYPEREKPLEXIA 
DEFINES AN INTRACELLULAR DETERMINANT OF GLYCINE RECEPTOR 
CHANNEL GATING. C.-M, Becker, B. Saul, T. Kuner, W. Brune, D. 
Sobetzko0, F, Hanefeld0, H.-M. Meinck# (SPON: ENA), Inst, for 
Biochemistry, Univ. of Erlangen-Nurnberg, D-91054 Erlangen; 
°Dept. of Pediatrics, Univ. of Gottingen, D-37075 Gottingen; #Dept. of 
Neurology, Univ. of Heidelberg, D-69120 Heidelberg, Germany.

The strychnine-sensitive glycine receptor is a ligand-gated anion 
channel composed of ligand-binding a1 and structural p subunits. The 
human disorder hyperekplexia (startle disease, stiff baby syndrome, 
MIM #149400), which is characterized by neonatal hypertonia and 
exaggerated startle responses persisting into adulthood, has been 
associated with missense mutations as well as a null allele of the a1 
subunit gene (GLRA1). In a pedigree showing dominant transmission of 
hyperekplexia, we identified a novel missense mutation predicting an 
amino acid substitution (P250T) within the cytoplasmatic loop linking 
regions M1 and M2 of the mature a1 polypeptide. Upon recombinant 
expression, homomeric a1(P250T) subunit channels showed dramat-
ically altered conductances resulting in a >10 fold decrease of maxi-
mum whole cell chloride currents. Apparent glycine binding was less 
affected, yielding an about 5-fold increase in Kd  values. Steric analysis 
predicts the substitution of proline 250 by threonine to change an 
angular into a linear polypeptide structure. This alteration is proposed 
to exert tension on the adjacent channel-forming segment M2 thereby 
destabilizing open channel conformations. Thus, the novel mutant allele 
GLRA1P250T defines an intracellular determinant of glycine receptor 
channel gating. Supported by grants from BMBF and DFG (Germany).

486.7
SITE DIRECTED MUTAGENESIS OF THE GLYCINE RECEPTOR al 
SUBUNIT:ROLE OF SERINE 265 IN RECEPTOR FUNCTION.
K.A.McGurk, M.Pistis*, A.G.Hope, J.A.Peters, J.J.Lambert; Neurosciences Institute, 
Department of Pharmacology, Dundee University, Dundee, DD1 9SY, Scotland, UK.

The- allosteric effects of loreclezole and etomidate at the GABAa receptor are 
dependent upon the P subunit isoform (Wingrove et al (1994), PNAS, 91, 4569-4573; 
Hill-Venning et al (1997), Br.J.Pharmacol., 120, 749-756) The preference for p2 or p3 
subunit over pi containing receptors resides with a single amino acid (serine for pi; 
asparagine for £32/3) located within the transmembrane ion channel sequence (M2). 
Here, we investigated the influence of changing the equivalent serine to an asparagine 
residue on the functional properties of the human glycine receptor al subunit. 
Recombinant receptors were analyzed using the Xenopus laevis oocyte expression 
system and two point voltage clamp techniques. Bath applied glycine evoked a 
concentration dependent inward current with an EC50 of 75±2pM and 879± IOjiM for 
the wild type and S267N mutant respectively. Interestingly, some startle diseases are 
associated with single amino acid mutations in this region and manifest with a reduced 
glycine affinity. Picrotoxin is a potent antagonist of glycine al receptors (IC50 = 
4.2±0.8pM), an action that was greatly reduced for the mutated receptor (IC50 
=72±6pM). Intriguingly, low concentrations of picrotoxin (0.1-0.3gM) now produced 
a modest enhancement of glycine receptor function. For the GABAa  P1 subunit, the 
mutation of the equivalent serine to an asparagine greatly enhances the action of 
etomidate. However, by contrast, for glycine al, the mutation S267N abolished the 
modest enhancement produced by etomidate for the wild type receptor (3-fold increase 
with 300 |iM etomidate). Hence this transmembrane residue greatly influences the 
function of both GABAa  and glycine receptors.

This work was supported by Organon Teknika. We thank Prof. H.Betz for supplying 
the human glycine receptor al cDNA.

486.8
NEUROMUSCULOSKELETAL SEQUELAE OF GLYCINE IMPLANTS 
IN PROXIMITY TO TRIGEMINAL MOTONEURONS, K.E. 
Byrd*1, M.W. Dieterle1, T.C. Martincr1, L. Yancr1,
H.R. Cox1, D. Teomim2, and A.J. Domb . 1Dept. of
Anatomy, Indiana Univ. Sch. of Med.,Indianapolis, 
IN 46202 and 2Sch. of Pharm., Hebrew Univ. of 
Jerusalem, Israel.

In order to compare the effects of glycine 
upon trigeminal motoneurons (TMNe) and the 
neuromusculoskeletal structures they influence 
relative to those we have earlier documented for 
TRH and glutamate, biodegradable microspheres 
(Mathiowitz et al., 1988; Byrd et al., 1992; Byrd 
and Hamilton-Byrd, 1994; Byrd et al, 1997) 
containing 10% glycine in polyanhydride (FAD-SA), 
in 1:1 ratio were made in 200 ^m dia. Glycine 
microspheres (x±sd density of 15.94±1.33 mg/mm3) 
were stereotactically implanted approximately 900 
Mm rostral to the left-side Mo5 of 8 35 day-old 
Sprague Dawley rats; all rats were killed at 14 
days postoperative. In contrast to both TRH- and 
glutamate-implant rats, (Byrd et al. 1997) 
glycine-implant rats showed significant (P<0.05) 
facial deviation away from the implant-side 
combined with significantly (P<0.05,0.01) smaller 
implant-side masticatory muscles and TMJ condylar 
dimensions. Glycine is a factor in skull growth.
Research supported by NIDR grant R01 DE07380.
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486.9
DUAL MECHANISMS OF PICROTOXININ EFFECT ON RAT 
HIPPOCAMPAL GLYCINE RECEPTORS. T. Fuse and K.-W. Yoon*. Dept. 
of Neurosurgery, St. Louis University Health Sciences Center and Nagoya 
City University Medical School, Nagoya, Japan.

The effect of picrotoxinin on glycine induced chloride currents in 
dissociated rat hippocampal neurons was studied. The picrotoxinin effect on 
glycine induced currents at 20 p.M could be overcome by increasing agonist 
concentration suggesting a competitive mechanism. Glycine activated 
single channels opened to multiple conductance of 24.6 ± 1.4 pS (n=4 
patches), 36.9 ± 1.0 pS (n=5 patches), 52.0 ± 0.9 pS (n=3), and 67.6 ± 3.2 
pS (n-4). Some patches contained larger conductance channels of up to 
100 pS (n=6). At the single channel level, the effect of picrotoxinin at low 
concentration could be attributed to its effect on large conductance 
channels. At a higher concentration of 0.5 to 1 mM, picrotoxinin started to 
affect smaller conductance channels. Glycine activated small conductance 
single channels opened in bursts. The burst analysis revealed three mean 
burst durations of 0.3, 4.6, and 42.7 ms. Picrotoxinin at 0.5 mM had no 
significant effect on the mean burst durations (0.3, 4.3, 103 ms). The major 
effect of picrotoxinin (0.5 mM) was to decrease the intraburst open duration 
time from 1.3 and 16 ms to a single duration of 0.4 ms. The analysis of 
picrotoxinin effect on whole cell currents and single channel activity showed 
no evidence for voltage dependence. These observations indicate 
picrotoxinin blocks glycine currents competitively at a lower concentration by 
antagonizing large conductance channels. At higher concentrations, 
picrotoxinin becomes a voitage independent channel blocker of the small 
conductance channels.

486.10
EXPRESSION OF THE HUMAN RECOMBINANT STRYCHNINE-SENSITIVE 
GLYCINE RECEPTOR al SUBUNIT IN HEK 293 CELLS. H.Sundaram. 
K.A.McGurk1, A.Mason*, D.K.Gemmell, J.A.Peters', D.R.Hili and J.J.Lambert
Dept. of Pharmacology, Organon Laboratories, Newhouse. ML! 5SH 
Scotland,UK;f Neurosciences Inst, Dept of Pharmacology, Dundee University. 
Dundee, Scotland. UK.

The strychnine-sensitive glycine receptor (ssGlyR), is a member of the family of 
ligand gated ion channel proteins related to neuronal nicotinic and GABAa  
receptors. The glycine receptor al subunit can be expressed transiently as a 
functional homomeric receptor in both Xenopus laevis oocytes and mammalian 
cells. To date, the generation of a stable cell line expressing the glycine receptor al 
subunit has not been reported. HEK 293 cells were transfected with both the 
human al cDNA in the expression vector pCis2 and the vector pcDNA-l-nco 
which allowed selection for neomycin resistance. One of the cell lines generated, 
termed HEK-GlyaJ, expresses high levels of receptor, as determined by 
[3H]strychnine saturation binding; Bmax 21±3 pmoles/mg, Kd 20±3 nM. The cel! 
line has been in culture for 26 passages and maintains this high level of 
radioligand binding. Nolhem blot analysis shows that al mRNA is expressed in 
HEK-Glyal, but not in wild type HEK cells Western blot analysis, using a 
monoclonal antibody specific for the glycine receptor al subunit has identified a 
protein with an apparent molecular weight of 48kDa in both HEK-Glyal and rat 
spinal cord membranes. Functional activity was assessed using microphy siomclry. 
Glycine concentration dependently increases the extracellular acidification rate in 
HEK-Glyal cells, reaching a maximal of 20% above basal levels using lOOpM 
glycine. This response is inhibited by 2pM strychnine. Thus, HEK-Glyal cells 
provide a useful model sy stem for the further characterisation of the ssGlyR.

We thank Prof H Betz for the al cDNA and the al specific antibody.

486.11
TAURINE PROTECTION FROM IRON-INDUCED L-DOPA OXIDATION 
IN LLC-PKj CELLS. B, Eppler* and R, Dawson. Jr. Dept. of 
Pharmacodynamics, Univ. of Florida, Gainesville, FL 32610.

Taurine (TAU) has been shown to decrease during aging and is believed to 
be an important antioxidant. This decrease could exacerbate the 
accumulation of free radical-induced damage that leads to cell death during 
the aging process. These experiments were conducted to establish an 
antioxidant and/or cytoprotective role for TAU. In preliminary studies TAU 
was found to directly inhibit 1-dopa oxidation.

Porcine renal epithelial cells (LLC-PKp were treated with 50 uM 
FeCl3/300 uM dopamine or 75 uM FeCL/250 uM 1-dopa in saline with 2.5 mM 
CaCl2 for 60 minutes a t 37’ C to produce cytotoxicity by a free radical and 
quinone mechanism in the presence or absence of 10 or 20 mM TAU. Viability 
assays (MTT, LDH) and protein/DNA measurements were performed after a 
24-hour recovery period. Photomicrographs were taken for observations of 
morphological changes. In acute experiments, cells were extracted 
immediately after the treatment and dopamine content was measured by 
HPLC.

Oxidative stress caused a 50% loss in cell viability. TAU protected the 
cells from dopamine/FeCl3-induced cell death in a dose-dependent manner 
(0.1-20 mM). TAU (10 and 20 mM) significantly (p<0.01) protected from 1- 
dopa/FeCl3 induced cell death as measured by the MTT assay. DNA and 
protein measurements paralelled these results. TAU also attenuated 
treatment-induced increases in LDH activity. The photomicrographs 
showed a decrease in cell swelling and loss in the presence of TAU. TAU also 
attenuated loss of cellular dopamine from 67% to 37-46%.

These data conclusively show that TAU plays a cytoprotective in the LLC- 
PKi cell model. Funded by Taisho Pharmaceuticals.

486.12
KAINIC ACID INCREASE EXTRACELLULAR CONCENTRATIONS OF 
NITRATE AND NITRITE IN THE RAT HIPPOCAMPUS.
K. Kashihara,*1 K. Sakai, 1 K. Marui,1 T. Shohmori,1 & K. Akiyama.2
Department of Neurology & 2Neuropsychiatry, Okayama University 
Medical School, Okayama 700, Japan.

Temporal changes of extracellular concentrations of nitrate and nitrite 
were evaluated in the hippocampus of rats treated with kainic acid, by use 
of in vivo microdialysis technique. A microdialysis probe was implanted 
into the left dorsal hippocampus. Perfusion of the probe was started 36 
to 48 hr after the implantation with artificial cerebro-spinal fluid at a rate 
of 2/21/min, The perfusates were collected from the outlet of die probe 
every 20 min for 60 min before and for 260 min after the ip injection of 
10 mg/kg kainic acid. During the sample collection, the behavioral 
changes of rats treated with kainic acid were evaluated according to the 
rating scale of Sperk et al (Neuroscience, 1983). The collected samples 
were injected onto flow-injectionmetry to detect the concentrations of 
nitrate and nitrite. Kainic acid treatment on rats produced wet dog shake, 
focal seizure of limbs and neck, hypersalivation, or generalized 
convulsion. These behavioral change peaked at 120 min after the drug 
challenge and lasted for around 2 hr. The concentrations of nitrate and 
nitrite in the perfusates obtained from kainic acid treated animals increased 
rapidly in 1 hr and the high concentration levels lasted for more than 3 hr. 
These results suggest that the treatment of kainic acid increases production 
of nitic oxide in the hippocampus followed by the occurrence of seizure.

486.13

NO2+NO3 (pmol/g wet wt)
Ctx* Hip* Str MidB CB*

Male Cont. 18,8J 24,7s- 32,3 15,9 25,3
Male GDX 16,8 25,8 23,0 15,6 22,4
Female Cont. 14,1 16,6 20,4 15,0 24,4
Female GDX 8,3b 13,0 26,9 14,4 |13,3“
SOD (U/mg prot)

Ctx* Hip Str MidB* CB
Male Cont. 10,4 9,8 10,3 9,1 11,5
Male GDX 8,0'- 7,3 9,4 7 0 10,2
Female Cont. 11,2 7,5 9,2 7,0 10,3
Female GDX 5,5 9,2 5,3 8,4
CAT (U/mg prot)

Ctx* Hip* Str MidB CB
Male Cont. 0,13* 0,11 0,10 0,12 0,16
Male GDX 0,11 0,11 0,14 0,11 0.14
Female Cont. 0,18 0,10 0,12 0,15 0,17
Female GDX 0,07 0,10 |0,11 0,17

NITRIC OXIDE AND OXIDANT DEFENSE ARE SEXUALLY DIMORPHIC AND 
MODULATED BY GONADAL HORMONES IN RAT BRAIN L. Kanit*. D 
Taskiran, S. Demirgoren, F. Z. Kutav and S, Pogun. Ege Unix. Center for Brain 
Research & TUBITAK Basic Neuroscience Research Unit. Bornova. Izmir. Turkey. 

Behavioral sex differences
were observed in nNOS knock-
out mice (Nelson et al, 1995). In 
Sprague Dawley (SD) rats,
NO2/NO3 levels are higher in 
cortex and hippocampus while 
catalase (CAT) activities are lower 
in the cortex of males than females 
(Taskiran et al, 1997). Since 
gonadal hormones may be a major 
factor in inducing sex differences, 
the present study' was designed to 
assess the effects of gonadectomy 
on NO and antioxidant status in 
rat brain. Male and female SD 
rats were gonadecto-mized; 3 
weeks after surgery rats were 
decapitated, brains removed and 
dissected (cortex, hippocampus, 
corpus striatum, midbrain and 
cerebellum); naive animals were 
included as controls. NCL/NO3 
levels, and CAT and superoxide

*Groups are different, a Different from Female cont., 
b & C Different from Control of the same sex 

dismutase (SOD) activities were determined. The results show that female but not 
male sex hormones affect the parameters studied. Furthermore, the basal sex 
differences depicted do not result from the primary effects of sexually dimorphic 
gonadal hormonal influences. The observed differences may be secondary to 
differences in central neurotransmission systems such as the glutamatergic or the 
dopaminergic. This study was supported by SBAG-U'l5-1 from TUBITAK

486.14
BEHAVIORAL EFFECTS OF METHYLENE BLUE IN MAN. 
S. W, Woods*, J. R. Check, M. C. Sullivan, J. G. Longhurst,
A. W. Goddard, C. A. McPherson. Yale University, 34 Park 
Street, New Haven, CT 06519

Inhibitors of neuronal nitric oxide synthase (nNOS) 
have behavioral effects in rats predictive of anxiolytic properties 
in humans (SNA 21:1344). Mice genetically lacking nNOS are 
inappropriately aggressive and hypersexual (Nature 378:383), 
traits which in lesser degree may correlate with reduced anxiety. 
Methylene blue (MB), a medication which has been clinically 
available for many years, possesses neuronal NOS inhibitor 
properties (Biochem Pharmacol 45:367). This study 
investigates behavioral effects of MB in human subjects. 
Method: Subjects receive MB 390 mg/d or placebo (FD&C 
Blue #1) for 7 days, a one week washout, and then switch to 
the opposite drug for an additional 7 days. Behavioral 100 mm 
visual analog scales (VAS) and vital signs (VS) are recorded 
daily. Results are reported as the placebo corrected average 
daily change from baseline (ADC). Results: In the first subject, 
VAS ADC scores > ±15 mm were observed for decreased 
drowsiness, energy, and liveliness and increased happiness.
VS were not affected. Discussion: These results in one subject 
suggest that the nNOS inhibitor MB may have some behavioral 
effects in humans at usual clinical doses. More subjects are 
needed.
Supported by: Departmental internal funds.

Society  for  Neuroscience , Volume  23,1997



1232 NEUROTRANSMITTERS: OTHER I TUESDAY AM

486.15
IMMUNO-ELECTRON MICROSCOPIC EVIDENCE FOR NITRIC 
OXIDE SYNTHASE IN VAGAL AFFERENTS TO THE NUCLEUS 
TRACTUS SOLITARIL L-H. Lin*, M, D, Cassell#, A. Sandra#, and W. T. 
Talman. Dept. of Neurol, and #Anat., Univ. oflowa and VAMC, Iowa City, Iowa 
52242, USA.

The anatomical relationship between vagal afferents and brain nitric oxide 
synthase (bNOS) containing terminals in the nucleus tractus solitarii (NTS) was 
studied by means of anterograde tracing combined with immunocytochemistry’ 
and immuno-electron microscopy. Biotinylated dextran amine (BDA) was 
injected into the nodose ganglion with a glass micropipette. Four to eight days 
following the injection, regions of the NTS containing BDA-labeled vagal 
afferents and those containing bNOS-immunopositive terminals were congruent. 
Many neurons exhibiting bNOS immunoreactivity were found within the BDA- 
containing terminal field. We then used immuno-electron microscopy to localize 
bNOS immunoreactivity in degenerating vagal afferents after removal of one 
nodose ganglion. Axon terminals that possessed characteristic vesicle clusters 
and were partially or completely engulfed by glial processes were identified as 
degenerating vagal afferents. Degenerating axon terminals comprised 38% of 
the axon terminals in the NTS in a sample of sections. Of the degenerating axon 
terminals, 67% were bNOS-immunoreactive. NOS immunoreactivity was present 
in 41% of non-degenerating axon terminals. Prominent staining of dendrites for 
bNOS indicated that much of the bNOS in the NTS is not derived from 
peripheral afferents. Of the total number of dendritic profiles sampled, half were 
bNOS-immunoreactive. In summary, the finding that the majority of vagal 
afferents contained bNOS indicates that nitric oxide or nitric oxide donors may 
play a role as neuronal messengers in primary vagal afferents terminating in the 
NTS. Support: VA Merit Review and Career Award, NIH-HL32205 and 
HL14388, AHA Grant in Aid and Michael J. Brody Fellowship (L-H. Lin).

486.16
LIGHT EVOKED NITRIC OXIDE RELEASE FROM THE 
RABBIT RETINA. M, J, Neal*, K, L, Matthews and L R- 
Cunningham. Dept of Pharmacology, St. Thomas’ Hospital,
London SE1 7EH, UK.

In the rabbit retina nitric oxide (NO) has been shown to enhance 
the light evoked release of 3H acetylcholine by reducing 
glycinergic inhibitory feedback (Neal et al 1997). However it was 
not clear from these experiments whether NO was released 
tonically or whether there was a light induced release. We have 
now examined whether light affects the release on NO from the 
retina using an eye cup preparation in anaesthetised rabbits. The 
rabbit was dark adapted for lhr and then lOmin samples were 
collected from the eye cup and analysed for NO using a nitric oxide 
meter (WPI).

Stimulation of the retina with light produced a striking increase 
in the release of NO. Flickering light (3Hz, 6501ux) increased NO 
release 2,16 ± 0.55 fold (n=4, P<0.05) and continuous light 
increased release 2.15 ±0.25 fold (n~3, P<0.05).
Neal, MJ, Cunningham, JR & Matthews, KL (1997) Invest. 
Ophthalmol. & Vis. Sci. In Press.

486.1?
DIFFERENTIAL COLOCALIZATION OF NADPH-DIAPHORASE WITH 
CALCIUM BINDING PROTEINS CALBINDIN, CALRETININ AND 
PARVALBUMIN IN PRIMATE HIPPOCAMPUS. X. G. Luo* and X. X. Yan. 
Dept. of Anat. & Neurobiol., Hunan Med. Univ., Changsha, Hunan 410078, China, 
and Dept. of Anat. & Neurobiol., Univ. Calif. Irvine Med. Sch., Irvine, CA 92697.

Nitric oxide (NO) is involved in long-term potentiation in the hippocampus and 
may play a role in processes underlying learning and memory. Using the 
histochemical stain for nicotinamide adenine dinucleotide phosphate-diaphorase 
(NADPH-d) that detects nitric oxide synthase (NOS), NO-producing neurons have 
been characterized in the hippocampus of various mammals including monkey and 
human. We recently reported that subpopulations of NADPH-d/NOS neurons in 
mammalian neocortex contained calcium binding proteins. Particularly, the light 
reactive NADPH-d cortical neurons in the high mammals such as cat and monkey 
are highly colocalized with calbindin (Yan et al., Cerebral Cortex, 1996; J. Brain 
Res., 1997). We here examined the extent of coexpression of NADPH-d and 
calbindin, calretinin and parvalbumin in hippocampus of monkeys (Macaca 
Fascicularis) using histochemical and immunocytochemical approaches. Three 
populations of NADPH-d intemeurons were reactive for NADPH-d and they were 
the small and lightly-stained, medium and moderately-stained, and darkly stained, 
cell bodies. The vast majority (~95%) of the lightly-stained cells were 
immunoreactive for calbindin. About one third of the moderately-stained NADPH-d 
cells were labeled for calretinin. Parvalbumin was not found to colocalize with 
either the light or moderate reactive neurons. The darkly-stained cells were very 
infrequent to contain these calcium-binding proteins (<8% in total). The present 
findings indicate that NADPH-d positive neurons in the primate hippocampus are 
partially and differentially colocalized with calcium-binding proteins and these 
calcium-buffering molecules may be involved in regulation of the NO-producing 
neurons and related to the responses of these cells to stresses. Supported in part by 
Natural Sciences Foundation and Educational Committee of China.

486.18
INCREASED NITROTYROSINE IMMUNOREACTIVITY IN 
FOREBRAIN REGIONS OF PORTACAVAL SHUNTED RATS. 
C.A, Connelly1*. A.M. Zardetto-Smith2 and S.D, Colquhoun1, Liver and Pancreas 
Transplantation, Dept. of Surgery, Cedars-Sinai Medical Center & UCLA School 
of Medicine, Los Angeles, CA 900481, Depts. of Physical and Occupational 
Therapy, Creighton University, Omaha, NE, 681782.

Nitric oxide (NO) related tissue injury may affect permeability of the blood-brain 
barrier and impair neurotransmission in portacaval (PC) shunted rats, a model used 
to study mechanisms underlying chronic hepatic encephalopathy. The distribution 
of nitrotyrosine, a stable oxidative metabolite of NO, was compared in forebrain 
regions 35-42 weeks after PC shunt or sham operations in 6 rats. The rats were 
anesthetized with chloral hydrate (350 mg/kg, i.p) to obtain arterial blood samples 
for analysis of ammonia levels, which were elevated in the PC shunted rats (228 
± 32 fiM/L) compared to controls (31 ± 35 pM/L). The anesthetized rats were 
then perfused with saline followed by 4% paraformaldehyde. The forebrains wane 
sectioned on a vibratome and immunohistochemically stained for nitrotyrosine 
immunoreactivity (NT-ir) using the ABC immunoperoxidase technique. A 
characteristic distribution of NT-ir staining was observed in the PC shunted rats, 
in contrast to the sham controls. In PC shunted rats, glial NT-ir was observed 
near the ependymal lining of the third and lateral ventricles and in ependymal cells 
of the choroid plexus of the third ventricle. Dense glial staining was observed in 
the organum vasculosum lamina terminalis, the perimeter of the subfornical 
organ, arcuate nucleus, and periventricular nucleus of the hypothalamus. NT-ir 
neurons were located in the hippocampus, piriform cortex, and basolateral 
amygdala. Only glial staining was observed in the central nucleus of the amygdala 
and lateral bed nucleus of the stria terminalis. Both NT-ir neurons and glial cells 
were present in the supraoptic nuclei. The presence of NT in these forebrain 
regions of PC shunted rats indicates that oxidants derived from NO, such as 
peroxynitrite, may be involved in the pathogenesis of hepatic encephalopathy. 
(Supported by The American Lung Association of California).

486.19
THERE ARE NO eNOS-NEURONS IN THE BRAIN. A. Stanarius, I. Topel, H. 
Noack and G. Wolf*. Inst. Med. Neurobioiogy, Univ. of Magdeburg, D-39120 
Magdeburg, Germany.

There are many inconsistencies in the literature about the cellular and subcellular 
distribution of the endothelial isoform of nitric oxide synthase (eNOS) in the brain. 
Using optimized protocols for the fixation and staining procedure we have re-inves- 
tigated its localization by light and electron microscopical (LM, EM) cytochemistry. 
This study is the first to apply the highly sensitive tyramide signal amplification 
(TSA) method for EM-immunostaining. The method bases on horseradish peroxi-
dase bound to a secondary antibody to catalyze the covalent binding of biotinylated 
tyramine at the antigen-antibody-binding locus extremely close or right at this 
enzyme site. Labeled streptavidin (fluorescence or enzyme) is then used to bind to 
the deposited biotin that allows the detection of the antigen. Using bovine aortic 
tissue as a positive control it appeared that only one of the commercially available 
eNOS antibodies tested shows sufficient immunocytochemical specificity. Cryosec-
tions immersion-fixed with aceton and a mixture of aldehydes exhibited a clear-cut 
immunostaining. In rat brain tissue the endothelium of the entire vasculature 
showed immunoreactivity and, in addition to that, the epithelial cells of the choroid 
plexuses, whereas neurons never displayed any signs of immunostaining. EM 
immunoprecipitates TSA-enhanced were seen irregularly distributed in the cytosol 
or attachted to endocellular membranes. EM NADPH-diaphorase histochemistry 
using the tetrazolium salt BSPT provided incoherent pictures in so far as the reac-
tion product was exclusively bound to membranes or, in some cases, located within 
mitochondria. The restriction of eNOS within brain tissue to the vasculature may- 
have implications for the differential significance of NOS isoforms in brain func-
tion.

486.20
NEURONAL DEPOLARIZATION ACTIVATES HEME
OXYGENASE-2 VIA PROTEIN KINASE C. R. Zakhary* and S.
H. Snyder,Department of Neuroscience, Johns Hopkins 
University School of Medicine, Baltimore, MD 21205

Most neurotransmitters are stored in synaptic vesicles 
and released by exocytosis. By contrast, NO is not stored in 
synaptic vesicles and must be synthesized upon demand. 
Accordingly, neuronal nitric oxide synthase (nNOS) is an 
extensively regulated enzyme with recognition sites for 
oxidative-reductive cofactors, tetrahydrobiopterin, heme and, 
calmodulin, and can be phosphorylated by many kinases. Rapid 
formation and release of NO in the brain involves glutamatergic 
stimulation at N-methyl-D-aspartate (NMDA) receptors, whose 
opening triggers an influx of calcium whose binding to 
calmodulin in nNOS activates the enzyme.

By analogy with the NO system, if carbon monoxide (CO) 
is to serve as a neuromodulator or neurotransmitter, some 
mechanism for rapid activation of heme oxygenase-2 (HO2) 
should exist. HO2 activity is not dependent upon calcium- 
calmodulin. By monitoring the formation of bilirubin, which is 
formed stoichiometrically with CO from heme, we find in the 
present study that PKC activates HO2 and bilirubin formation in 
cerebral cortical cultures. We also observe that potassium 
depolarization augments HO2 activity and bilirubin formation 
in cortical cultures by enhancing PKC activity.
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486.21
Nitric Oxide Decreases LDH release in Oxidatively Stressed 
Astrocytes S.J. Robb-Gaspers.* L.D. Robb-Gasperst & J.R. Connor. 
George M. Leader Family Laboratory, Dept. of Neuroscience & 
Anatomy, M. S. Hershey Med Center, Penn State University, Hershey, 
PA 17033 fDept. of Pathology, Anatomy & Cell Biology, Thomas 
Jefferson University, Philadelphia, PA 19107.

Recently NO has received much attention as a contributor to 
oxidative stress. Astrocytes contain both inducible (iNOS) and 
constitutive (cNOS) forms of nitric oxide synthase, suggesting NO may 
play an important role in oxidative stress in astrocytes. Tert-butyl 
hydroperoxide (t-bOOH) was used to induce oxidative stress in 
primary mouse astrocytes. Loss of viability was measured as lactate 
dehydrogenase (LDH) release. Some cultures were induced to make NO 
by activation with INFy /LPS, while others were treated with SNAP, 
an NO donor. Activation of NOS decreased astrocytic sensitivity to t- 
bOOH, as measured by decreased LDH release. This protection was 
reversible by L-NAME, a NOS inhibitor. Addition of SNAP at the time 
of peroxide exposure completely prevented t-bOOH-induced LDH 
release. Digital imaging microscopy was used to simultaneously 
monitor cytosolic calcium ([Ca2+jc) as Fura 2 fluorescence and 
mitochondrial membrane potential (ATmjto) as tetra methyl 
rhodamine ethyl ester fluorescence in single astrocytes. 
Paradoxically, SNAP plus t-bOOH caused a transient elevation in 
[Ca2+]c coincident with nearly total loss of ATmjto followed by a 
return to basal fCa2+]c. In contrast, astrocytes treated with t-bOOH 
alone had [Ca2+]c which increased through the duration of the 
experiment, concomitant with a much slower loss of A^mito- Further 
study is necessary to understand the paradoxical protection of nitric 
oxide in oxidatively stressed astroc^es. Supported by NS22671 
(NIH)

TRANSMITTERS IN INVERTEBRATES II

487.1
FUNCTIONAL ORGANIZATION AND PHARMACOLOGY OF 
CRAYFISH OPTIC LOBE NEURONS REVEALED BY OPTICAL 
IMAGING. S, Yagodin*1 >3, C. Collin2, D. L. Alkon2, N. F. 
Sheppard, Ir.1 and D. B. Sattelle3. 1 Department of Biomedical 
Engineering, Johns Hopkins University School of Medicine, 
Baltimore, Maryland 21218, 2 Laboratory of Adaptive Systems, 
NINDS, National Institutes of Health, Bethesda, Maryland 
20892 and 3The Babraham Institute Laboratory of Molecular 
Signalling, Downing Street, Cambridge CB2 3EJ, U.K.
Synaptic interactions in an in vitro crayfish (Procam barus 

clarkii) optical lobe preparation were studied using voltage- 
sensitive dyes (RH155;NK2761) and a 12x12 photodiode array. 
Transient absorption changes corresponding to action 
potentials accompanied electrical stimulation of the optic 
nerve. Also, large amplitude multi-site optical responses, 
attributed to polysynaptic postsynaptic potentials in the 
hemi-ellipsoid body (he) local intemeurons (hen), were 
blocked by exposure to Ca2+-free media, 500 nM Cd2+, 20 mM 
Co2+ and by exposure to 100 pM GABA or 30 pM muscimol. 
Acetylcholine (100 pM), 100 pM L-glutamate, or 1 mM 
baclofen were without effect. Thus, interaction of the 
olfactory-globular tract neurons (dpn) with hen appears to 
involve a GABA-ergic synaptic pathway and the GABA-ergic 
dpn may provide a negative feedback from deutocerebrum to 
optic lobes, providing a synaptic filter in the visual pathway. 
Supported by the Greenwil Foundation and the BBSRC.

487.2
PROCTOLIN POTENTIATES TENSION GENERATION IN CRUSTACEAN 
SKELETAL MUSCLE VIA THE INTRACELLULAR MESSENGER cAMP. A. 
Romero and C. Zuazaga*. Institute of Neurobiology, University of Puerto Rico, 
Medical Sciences Campus, San Juan, PR 00901.

The involvement of cAMP in the potentiation of tension generation in skeletal 
muscle fibers of the crustacean Atya lanipes was investigated. The isometric 
tension developed by a single muscle fiber in response to directly applied 
depolarizing current was meaured. Proctolin (lpM) increased tension generation 
by up 118%. Experiments were designed to bypass the receptor-activation stage by 
artificially elevating the cAMP levels and by stimulating or inhibiting intracellular 
enzymatic pathways. Elevation of cAMP in the muscle preparation by means of 
the phosphodiesterase inhibitor IBMX (lOpM), the adenylate cyclase activator, 
forskolin (lOpM), and application of the membrane-permeable cyclic nucleotide 
CPT-cAMP (lOpM) mimics the effect of proctolin application. Conversely, 
application of the cAMP-dependent protein kinase inhibitors Rp-cAMP (IOOpM) 
and KT5720 (lOpM.) depressed by 30% and 50%, respectively, the effect of 
proctolin on tension generation,. In addition, Rp-cAMP prevented any subsequent 
tension potentiation by CPT-cAMP or proctolin. Both inhibitors increased the time 
course of muscle relaxation. Furthermore, the phosphoprotein phosphatase 
inhibitor okadaic acid (2pM) increased isometric tension only in the presence of 
proctolin; it caused no effect by itself. These results strongly suggest that the 
potentiation of tension generation by proctolin involves the activation of cAMP- 
dependent protein kinase as a second messenger. Supported by NIH NS-07464, 
G12 RR-03051 (RCMI) and GM-08224 (MBRS).

487.3
CATECHOLAMINE-CONTAINING NEURONS IN A CNIDARIAN: IMMUNO-
HISTOCHEMICAL EVIDENCE OF MULTIPLE EXPRESSION AND 
EVOLUTIONARY IMPLICATIONS. M. Anctil*. D£pt. Sci. Biol., 
Univ. de Montreal, Montreal, Quebec, Canada H3C 3J7.

A split is believed to exist between the majority of 
invertebrate phyla (protostomes) and the deuterostome 
lineage (including vertebrates) with regard to the 
selection of neuroactive catecholamines (CA). Dopamine 
(DA), norepinephrine (NE) and epinephrine (E) are 
commonly expressed in neurons of deuterostomes, whereas 
octopamine replaces the latter two in protostomes. In 
this immunohistochemical study, antibodies raised against 
DA and three key CA-synthesizing enzymes were applied to 
the sea pansy Renilla koellikeri. As this octocorallian 
predates the protostome-deuterostome split, it is 
expected to shed light on the relative antiquity of the 
two CA phenotype patterns. .The enzyme antibodies 
recognized to varying extents the same neuronal 
populations, but the distribution of DA- and NE- 
immunoreactivities suggests that each CA is expressed 
preferentially in neurons from different tissue layers: 
DA in ectoderm, NE in mesoglea and E in endoderm. DA is 
associated with a sensory nerve net, NE with a through- 
conducting nerve net, and E with innervation of light- 
emitting epithelium. Octopamine was undetectable. These 
findings suggest that CA-synthesizing enzymes were 
evolutionarily conserved and that the deuterostome 
pattern of CA expression is the most ancient. (Supported 
by NSERC Canada)'

487.4
NITRIC OXIDE-DEPENDENT MODULATION OF THE METAMORPHOSIS 
IN MOLLUSC PESTILLA SIBOGAE (GASTROPODA, NUDIRRANCHIA).
E. A. Meleshkevitch*1, D.Y, Budko1, S. W. Norby2, L.L, Moroz , M.G. Hadfield1.
'Kewalo Marine Lab. Univ. of Hawaii, Honolulu, Hawaii 968131; 2EPR Center and 
3Dept. Molecular and Integrative Physiology, Univ. of Illinois, Urbana IL, 61801.

Production of NO and the distribution of putative nitrergic cells during 
development of P. sibogae have been investigated using NADPH-d histochemistry 
and by direct monitoring of NO release using spin trapping and electron 
paramagnetic resonance techniques. Metamorphosis in competent veligers was 
induced by coral extracts, which is the specific food of adult slugs. The NADPH-d 
reactive cells in larvae were found in apical and pedal sensory complexes, lateral 
portions of cerebral-pleural and pedal ganglia and neuropile of the cerebral loop and 
digestive diverticulum. This pattern differs from NADPH-d distribution in adult 
slugs. The intensities of NADPH-d labeling and the rate of NO formation increased 
during development (2-11 days) and reach a the maximum in the competent larvae 
(10-12 days). During later competent stage (>14 d) histochemical intensity of 
NADPH-d reactivity and NO production gradually declined. Triggering of 
metamorphosis in 10-11 days old larvae resulted in a dramatic loss of NADPH-d 
labeling and a significant suppression of NO formation within a few hours. The 
inhibitor, of neuronal NOS, 7-NI (10'3-10'5) reduced the percentage of larvae that 
metamorphosed without toxicity and affected both the time-course and sequence of 
the metamorphic events. An NO-scavenger (Carboxy-FTIO, 10'4M) and a spin trap 
(5.5-dimethyl-l-proline-NO, IO-4 M) reduced the percentage of metamorphosis. An 
inhibitor of NO-dependent poly(ADP-ribose)synthase, l,5isoquinolinediol, (10’3-10 
5M), inhibited metamorphosis by 80-87%, and prevented foot elongation and 
postmetamorphic development. These data strongly support the hypothesis that NO 
is important in the molluscan development and mediates multiple steps in 
morphogenesis. Supported by NIH GM513O &Office of Nav.Res. N00014-94-1-0524.
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487.5
DROMYOSUPPRESSIN NEUROPEPTIDE INHIBITION OF FAST
AND SLOW FLY CARDIAC ACTIVITIES. A. M. Angioy*. P. Farano.
P, Muroni, R. Nichols1, C. Reali and I. Tomassini Barbarossa. Dept.
of Exp. Biol., Sect, of Gen. Physiol., U. of Cagliari, V.le Poetto 1, 
09126 Cagliari, Italy. 1 - Depts. of Biol. Chem. and Biol., U. of 
Michigan, 830 N. University St., Ann Arbor, Ml 48109-1048.

Dromyosuppressin (DMS), TDVDHVFLRFamide, isolated from 
Drosophila melanogaster, is present in other Diptera and related to 
XDVDHVFRLFamide peptides in Insecta. DMS inhibits Drosophila 
heart rate in a dose-dependent manner as shown using an in vivo 
assay.

Herein we report results on differences between inhibitory actions 
of DMS on the fast and slow myocardial activity characterizing the 
fly cardiac cycle. Changes in regular electrocardiographic activity in 
intact Protophormia terraenovae flies after injection of DMS, alanyl-
substituted DMS analogs and DMS truncated peptides were 
recorded. Initially, DMS induced a maximal inhibition of both fast 
and slow cardiac activities, i.e. a period of heart arrest whose 
duration was directly related to the injected DMS dose. Thereafter, 
while fast activity returned to normal, slow activity remained clearly 
bradicardiac in relation to the amount of DMS injected. In tests with 
alanyl-susbstituted DMS analogs, amino acid residues critical to 
inhibiting both cardiac activities, or specifically the slow activity only, 
were determined. Results suggest that different structural requisites 
may be needed for inhibiting each fly cardiac activity.
Funding: American Heart Association-ltalian Ministry for Universities.

487.6
DO FMRFAMIDE-RELATED PEPTIDES PLAY A ROLE IN THE CONTROL OF 
LOCUST AND STICK INSECT SALIVARY GLANDS? M. Fuse*, S. 
Asimakopoulos and I. Orchard. Dept. of Zoology, University of Toronto, Toronto, 
Ontario, Canada M5S 3G5.

The salivary glands of the locust, Locusta migratoria, and the stick insect, 
Carausius morosus, are innervated by serotonergic and dopaminergic neurons from 
the suboesophageal ganglion (Ali et al, 1993; Ah and Orchard, 1996). Nerve 
terminals are embedded within the acini of the salivary glands, and there is evidence 
suggesting that dopamine and serotonin act as neurotransmitters in the glands. Four 
FMRFamide-related peptides (FaRPs) have been partially characterized by HPLC 
analysis of locust salivary glands (Fuse et al, 1995). This study looks at the possible 
actions of a number of these FaRPs in locust and stick insect salivary glands. 
FMRFamide-like immunoreactivity reveals neurohaemal release sites near the 
salivary glands of Carausius, and nerve terminals over various cell types in Locusta 
salivary glands, suggesting that FaRPs may have roles separate from that of 
serotonin or dopamine. In locusts, the terminals stain less intensely in starved 
animals, suggesting possible release during periods of fluid conservation. We have 
examined the effects of FaRPs on membrane potential, recorded from the acini, and 
upon cyclic AMP levels of the salivary glands, and will discuss these results in 
relation to the role of FaRPs in tire control of insect salivary glands. Supported by 
the Natural Science and Engineering Research Council of Canada.

487.7
INVOLVEMENT OF PROTEIN KINASES A AND C IN
MODULATION OF CRAYFISH SYNAPSES BY A FMRFamide- 
LIKE NEUROPEPTIDE. A.P. Weston, R.W. Friedrich. G.F. Molnar 
and A.J. Mercier*. Dept. of Biological Sciences, Brock University,
St. Catharines, ON, L2S 3A1.

Neuropeptide DF2 (Asp-Arg-Asn-Phe-Leu-Arg-Phe-NH2) is a 
FMRFamide-related peptide from crayfish neurosecretory cells. DF2 
increases transmitter release at neuromuscular synapses, causing an 
increase in excitatory postsynaptic potentials (EPSPs) in deep 
abdominal extensor muscles (Skerrett et al., J. exp. Biol. 198, 109- 
116, 1995). This effect appears to involve activation of calcium/ 
calmodulin-dependent protein kinase (Noronha & Mercier, Brain Res. 
673,70-74). The present study investigated other kinases that may 
mediate effects of DF2.

Evidence suggests that protein kinase A participates in the modulatory 
effect of DF2. Rp-cAMPs, a membrane-permeant antagonist of protein 
kinase A, attenuated DF2's effect on EPSP amplitude by approximately 
75%. By itself, Rp-cAMPs did not alter EPSP amplitude. A slow but 
dramatic rise in EPSP amplitude is caused by forskolin and IBMX, 
which are known to increase intracellular cAMP levels, and by 
dibuturyl cAMP, a membrane-permeant cAMP analogue.

Bisindoylmaleimide I, an antagonist of protein kinase C, did not 
inhibit the ability of DF2 to increase EPSP amplitude, but it 
significantly increased the rate at which EPSPs recover when DF2 is 
washed out. Thus, protein kinase C may play a role in sustaining the 
increase in transmitter release even after peptide DF2 is removed.

Supported by NSERC Canada.

487.8
LOCALIZATION OF GLT-1 AND GLUR 5/6/7 IN THE CNS OF 
Hirudo medicinalis. M. S. Thorogood, V, W. Almeida and P. D. 
Brodfuehrer*. Department of Biology, Bryn Mawr College, Bryn 
Mawr, PA 19010.

Previous physiological and pharmacological studies have 
implicated L-glutamate as a neurotransmitter in the swim pathway 
of the leech nervous system (Thorogood & Brodfuehrer, 1995). In 
addition, neuropil glial cells respond to glutamate agonists (Domer 
et al., 1990). To further classify glutamate as a neurotransmitter in 
the leech, we used indirect immunohistochemical techniques to 
localize glutamate transporters and glutamate receptors in both 
whole mount and cryostat-sectioned tissue. Here, we focused on 
both (i) a high affinity glutamate transporter subtype, GLT-1, and 
(ii) a non-NMDA receptor subtype which is sensitive to kainate, 
GluR 5/6/7.

GLT-1 immunoreactivity was detected extensively throughout the 
neuropil and in extracellular spaces located amidst the cell body 
layer of the ganglion. GLT-1 staining also appeared to be associated 
with the ganglion sheath itself. GluR 5/6/7 immunoreactivity was 
detected in small, regularly spaced cells within the ganglion sheath 
in whole mounts. In cryostat-sectioned tissue, punctate staining 
was observed throughout the neuropil. We also examined GluR 
5/6/7 immunoreactivity, in cells which receive glutamatergic input 
by injecting specific, identified neurons with Lucifer Yellow (LY). 
Overlap between regions of GluR 5/6/7 staining and LY 
fluorescence was detected for cell 204, cell 208 and DE-3.

Thus, immunoreactivity of both GLT-1 and GluR 5/6/7 within 
the leech CNS provides further support for the classification of 
glutamate as a neurotransmitter in the medicinal leech. (NSF Grant 
IBN-95-14617 and a Whitehall Foundation Grant).

487.9
ENDOGENOUS NITRIC OXIDE INHIBITS
METAMORPHOSIS IN A LARVAL MOLLUSC. S, Froggett 
and E. M. Leise*. Department of Biology, University oi~~ 
North Carolina Greensboro, Greensboro, NC 27412-5001.

Developing larvae of the gastropod Ilyanassa obsoleta 
exhibit a differential staining pattern of NADPH- 
diaphorase in several ganglia (Lin, M-F and Leise, EM, J. 
Comp. Neurol. 374:194-203, 1996). At metamorphosis, the 
staining intensity in all ganglia decreases, indicating an 
involvement of nitric oxide (NO) in this process. To 
elucidate the role of NO during metamorphosis, bath 
application experiments were conducted with various NO 
donors and a nitric oxide synthase (NOS) inhibitor in 
combination with the known metamorphic inducer 
serotonin (5-HT). Results obtained from the application 
of 10'3M - 10 4M SNAP and 10'4 and 109M SIN-1 
indicated that exogenous NO inhibited the onset of 
metamorphosis. To determine if endogenous NOS activity 
regulates metamorphosis, we injected competent larvae 
with the NOS inhibitors L-NAME and L-NMMA in the 
absence of 5-HT. IO'5 - 1010M L-NAME induced 
significant levels of metamorphosis in competent larvae 
by 24 hours. Similar results were obtained with IO’5 
10 8M L-NMMA. Our results suggest that NO is an 
endogenous inhibitor of molluscan metamorphbsis. 
Further experimentation with NO scavengers and CO 
inhibitors should substantiate our current hypothesis. 
Supported by NSF grant IBN-9604516.

487.10
NITRIC OXIDE-INDUCED C-GMP-IR IN THE SEROTONERGIC 
METACEREBRAL CELL OF APLYSIA. H. Koh and J. W. Jacklet*. Dept. 
Biological Sciences, University at Albany, SUNY, Albany, NY 12222.

The serotonergic metacerebral cell (MCC) and neuron C4 are involved in 
the maintenance of food arousal and the modulation of the feeding neural 
circuitry mediating feeding behavior ol Aplysia calif omica. MCC and C4 are 
synaptic followers of the histaminergic mechanoafferent neuron C2, which 
also produces nitric oxide (NO) as a cotransmitter (Jacklet, 1995, J. 
Neurophysiol.). The membrane conductance in MCC and C4 decreases 
during the very slow EPSP. Bath application of either S-nitrosocysteine 
(SNC, a NO-donor) or 8-Br-C-GMP (membrane-permeable) mimics 
membrane depolarization and decreased conductance of the vsEPSP in a dose- 
dependent manner. We found that inhibitors of soluble guanylyl cyclase 
(sGC) suppress the membrane response to SNC and the synaptic response, 
suggesting that sGC-C-GMP is the second messenger system for NO. We 
investigated C-GMP production using C-GMP-IR (antiserum of Jan De 
Vente). In the presence of 1 mM IBMX (phosphodiesterase inhibitor) 10 /xM 
SNC induced C-GMP-IR in MCC and intensity increased in a dose-dependent 
manner. The C-GMP-IR peak occurred at 2 to 5 min and disappeared by 20 
min. NO-induced C-GMP-IR was suppressed by ODQ in a dose-dependent 
manner (100 nM - 10 /xM) and blocked by 10 pM. C-GMP-IR was not 
detected in C4 in the same experimental paradigm. Histamine, the co-
transmitter, did not increase C-GMP-IR and its physiological effect was not 
affected by ODQ. The results suggest that NO stimulates sGC and C-GMP 
synthesis in MCC, and there is a separate and distinct pathway for histamine.
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487.11
PHARMACOLOGICAL CHARACTERIZATION OF THE PHARYNGEAL 
ACETYLCHOLINE RECEPTOR IN THE MEDICINAL LEECH, H1RUDO 
MEDICINALIS. B. A. O’Gara*, A. Abbasi, K. Kaniecki, F. Sarder, & J. Liu. Dept. 
of Biological Sciences, Barnard College of Columbia Univ., New York, NY 10027.

Acetylcholine (ACh) is generally considered the neuromuscular transmitter at 
the body wall and heart of the leech. In this study we document the sensitivity of 
the leech pharynx to acetylcholine and begin to characterize the receptor by its 
sensitivity to a variety of selective cholinergic agonists and antagonists. The 
pharynx was more sensitive to several nicotinic agonists titan to the muscarinic 
agonist MCN A-343; thus, the receptor is a nicotinic-like receptor. The order of 
potency of these agonists was (±)epibatidine » nicotine » MCN A-343 > ACh.

ACh-induced contractions of the pharynx were antagonized by d-tubocurarine, 
but not by a-bungarotoxin or the ganglionic antagonist mecamylamine. The 
ganglionic antagonist hexamethonium at a concentration of 0.1 mM produced no 
effect on ACh-induced contractions. However, at a concentration of 1 mM, 
hexamethonium augmented the ACh-induced contractions, probably due to 
hexamethonium’s ability to inhibit acetylcholinesterase. The muscarinic antagonist 
atropine produced complex actions and acted as a mixed agonist/antagonist. 
Atropine by itself produced an increase in basal tonus and increased the frequency 
and amplitude of phasic contractions. Atropine increased the peak tension of the 
ACh-induced response; however, it reduced the amplitude of both the ACh-induced 
increase in basal tonus and the integrated area of the ACh-induced response.

We conclude that the leech pharyngeal ACh receptor is a nicotinic-like receptor. 
Compared to previously characterized nicotinic receptors, the pharyngeal receptor 
most closely resembles the ACh receptor on the leech heart. However, tlie 
pharmacological profile of the pharyngeal receptor is unique.

Supported by NSF IBN-9514483 and Tlie Undergraduate Biological Sciences 
Program of the Howard Hughes Medical Institute.

487.12
SEROTONIN AND DOPAMINE LEVELS IN INDIVIDUAL 
GANGLIA OF APLYSIA CALIFORNICA AS A FUNCTION OF 
AGE. j , Brightwell. L, Arnold, C, Lee, J, Flinn* and V, Chandhoke.
George Mason University, Fairfax, VA 22030.

Serotonin (5-HT) and dopamine (DA) levels in individual ganglia
were measured on a HPLC system. Abdominal, buccal, cerebral, left 
and right pleural pedal ganglia were examined. Neurotransmitter 
values were determined for animals of 5, 6 and 8 months post-hatch. 
Both absolute values and those normalized by ganglion weight were 
obtained for the two neurotransmitters. The average weights of the 
animals were 15, 34 and 33 grams (8 month animals were small for 
their age). Both 5-HT and DA levels for all ganglia summed 
together, increased from 5 to 6 months, the normalized values more 
than doubled. 5-HT values dropped from 6 to 8 months while DA 
values remained constant. 5-HT values exceeded DA in all individual 
ganglia in the 5 and 6 month, but not in the 8 month, animals. The 
highest values of both absolute and normalized 5-HT and DA were 
seen in the left and right pleural pedals at all three ages, and the 
lowest values were seen in the buccals. Older animals are being 
examined.

TRANSMITTERS IN INVERTEBRATES III

488.1
INHIBITION OF SYNAPTIC PLASTICITY IN APLYSIA CALIFORNICA BY 
CANNABINOID RECEPTOR AGONISTS. T. L. Wilson, Q. E, Scott and S, M. 
Fred man.department of Anatomy and Physiology, Meharry Medical College, 
Nashville, TN 37208

The monosynaptic connections between the A and B neurons in the cerebral 
ganglion of Aplysia exhibit several forms of activity-dependent homosynaptic 
plasticity, including low frequency synaptic depression (LFSD) and a form of 
enhanced transmission, slow developing potentiation (SDP). We now present 
evidence that in Aplysia, synaptic plasticity is modulated by cannabinoid 
receptors. Individual A neurons were stimulated with test pulses every 3 min. 
After 3 test pulses, SDP was induced by 4, 500 msec 20 Hz trains, followed 
by 15 additional test pulses. For LFSD, the trains were omitted. After obtaining 
control data, anandamide was added to the bath. Preliminary results show that 
28-100 pM anandamide, an endogenous ligand for the cannabinoid receptor, 
blocked SDP but had no significant effect on LFSD. SDP has 2 phases; an 
initial rising phase and a long-lasting decay phase. Following washout, EPSPs 
during the rising phase exceeded those with anandamide, but did not return 
to pre-drug control levels. The decay phase was greatly shortened. WIN 
55,212-2, a synthetic cannabinoid agonist, also significantly inhibited SDP. 
Indomethacin (100 jxM), an inhibitor of arachidonic acid (AA) production, failed 
to block anandamide action, suggesting that anandamide’s effect was not due 
to the release of its precursor, AA. These results support the hypothesis that 
cannabiniod receptors in the cerebral ganglion of Aplysia modulate synaptic 
transmission. We are now exploring further evidence for the presence of 
cannabinoid receptors in Aplysia and the cellular mechanisms responsible for 
the effects of cannabinoid receptor agonists. This work was supported by 
GAANN grant No. P200A40516, NINDS grant NS28199 to SMF and the 
Meharry NSF/MRCE in Cell and Molecular Biology, HRD9233157.

488.2
IDENTITY AND FUNCTIONS OF ALLATOSTATIN-IMMUNOREACTIVE 
NEURONS IN ADULT MANDUCA SEXTA. N.T. Davis* and J.G. Hildebrand. 
ARL Div. of Neurobiology, Univ. of Arizona, Tucson, AZ 85721

In an earlier study of the sphinx moth M. sexta, we identified Lepidostatin-I, 
a neuropeptide belonging to the family of cockroach-type allatostatins, and 
mapped the allatostatin-immunoreactive (AS-ir) neurons of the larval nervous 
system. We now report that most, but not all, of these neurons persist in the adult, 
and certain new AS-ir neurons and innervations appear during adult meta-
morphosis. The new neurons include a set in the lateral cell group of the antennal 
lobe and median neuroendocrine cells of the abdominal ganglia. In the terminal 
abdominal ganglion, bilaterally projecting midline neurons innervate the lateral 
oviducts of the female and the vas deferens of the male, and paramedian neurons 
project contralaterally to innervate the hindgut. These innervations serve to 
inhibit the rate of myogenic contraction of the respective visceral organs. In 
larvae and adults, AS-ir endocrine cells are located at the posterior end of the 
midgut; hormones released by these cells when the midgut is empty may serve to 
inhibit hindgut contractions. As-ir paramedian cells of the terminal ganglion 
project to the rectal pads and AS-ir cells in the frontal ganglion innervate the 
fluid-transport region of the salivary ducts. These patterns of innervation suggest 
that allatostatin-like neuropeptides function in regulation of fluid transport. 
[Supported in part by NIH grant AI-23253 to JGH.]

488.3
CHARACTERIZATION OF PRESYNAPTIC OCTOPAMINE RECEPTORS 
MODULATING OCTOPAMINE RELEASE FROM AN IDENTIFIED NEURONE IN 
THE LOCUST. P.D.Evans* and K.M.R.Howell. The Babraham Institute, Lab. of 
Molecular Signalling, Dept.Zoology, Univ. Cambridge, Cambridge, CB2 3EJ, U.K.

Octopamine is an important neuromodulatory transmitter in both the central and 
peripheral nervous systems of insects and its actions are mediated via multiple, 
pharmacologically distinct subclasses of octopamine receptor (Evans & Robb, 1993, 
Neurochem. Res., 18:286-296; Roeder, 1994, Comp. Biochem. Physiol., 107C:l-12). 
Octopamine release has been demonstrated from the dorsal unpaired median neuron to 
the locust extensor-tibiae muscle (DUMETi) in response to both high K+ saline and 
neuronal stimulation and preliminary evidence provided for the existence of presynaptic 
inhibitory autoreceptors for octopamine on the DUMETi terminals (Morton & Evans, 
1984, J. Exp. Biol., 113:269-287). Here we report on the pharmacological 
characterization of the presynaptic inhibitory octopamine autoreceptors on the DUMETi 
terminals. Octopamine release was initiated by exposure to high K+ saline (lOOmM) 
and measured using a radioenzyme assay for octopamine (Morton & Evans, 1984). 
Octopamine receptor antagonists (100pM) potentiated the high K+ mediated release of 
octopamine with the following rank order of potency: Phentolamine = Metoclopamide 
> Mianserin = Chlorpromazine > Cyproheptadine = Yohimbine. Octopamine 
receptor agonists (lOOpM) inhibited the high K+ mediated release of octopamine with 
the following rank order of potency: Naphazoline > Tolazoline > Clonidine. The 
results suggest that the octopamine autoreceptors on the DUMETi terminals are much 
closer pharmacologically to the OCTOPAMINE2 receptors postsynaptically on the locust 
extensor-tibiae muscle (type 2B) and presynaptically on the terminals of the slow 
extensor-tibiae motomeurone (type 2A), than to the OCTOPAMINE3 receptors from the 
locust central nervous system. Thus, there is likely to be more than one type of insect 
neuronal octopamine receptor.

Funded by BBSRC through The Babraham Institute (PDE) and by a CASE award 
sponsored jointly by the SERC and Pfizer Central Research (KMRH).

488.4
DISTRIBUTION OF MYOMODULIN-LIKE IMMUNOREACTIVITY IN THE 
CENTRAL NERVOUS SYSTEM OF THE TROPICAL SHRIMP ATYA 
(DECAPODA: ATYIDAE). G, Mavnard-Salgado*. B. Ramos. S, Soto,
M.W. Miller1, and C. Zuazaga2. Inst, of Neurobiology, and Depts. of Anatomy1 and 
Physiology2, Univ. of Puerto Rico, Blvd del Valle 201, San Juan, PR 00901.

The myomodulin-related peptides were originally isolated and characterized in the 
feeding system of the opisthobranch mollusc Aplysia (Cropper et al., 1987, 1991). 
Recent investigations suggest that this family of peptides is present in additional 
phyla where they may be involved in the regulation of a variety of physiological 
systems (Christie et al., 1994; Swales and Evans, 1994; Keating and Sahley, 1996). 
In this study, wholemount immunohistochemical techniques (polyclonal antiserum 
provided by Dr. K.R. Weiss, Mt Sinai Sch of Med, NY, NY) were used to assess the 
distribution of myomodulin-like immunoreactive material in the central nervous 
systems and selected peripheral tissues of three freshwater tropical shrimps of the 
genus Atya: A. lanipes, A. scabra, artd A. innocous. The most prominent system of 
immunoreactive cell bodies, located in the subesophageal ganglion, consists of four 
(2 bilateral pairs) ventral midline cells and two (one bilateral pair) larger lateral cells. 
Each of these six cells projects a single fiber into the ipsilateral circumesophageal 
connective. The fibers originating from the two lateral cells decussate in the 
esophageal commissure. Rostral to the commissure, each decussating fiber fuses 
with the non-crossing pair to form a single ascending bundle that projects to the 
brain and exits, without branching, via the ipsilateral antennular nerve. Additional 
cell bodies are located in the fifth thoracic ganglion (2 lateral pairs) and in each 
abdominal ganglion (1 pair each) with the exception of the sixth, which is devoid of 
somata. One or two fibers are present in each of the thoracic and abdominal 
connectives and all of the thoracic and abdominal ganglia contain widespread fine 
neuropilar systems. It was not possible to associate the connective fibers or the 
ganglionic neuropils with specific cell bodies. Supported by RCMI G12RR-03051 
(NIH), NS-07464 (NIH), MBRS GM-08224 (NIH) and Puerto Rico EPSCoR (NSF).
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488.5
CELLULAR LOCALIZATION OF THE ECLOSION HORMONE-STIMULATED 
CYCLIC GMP INCREASE IN A NEUROHEMAL ORGAN AND EVIDENCE FOR 
CYCLIC GMP EXPORT. S. Hesterlee* and D.B, Morton. ARL Division of 
Neurobiology, University of Arizona, Tucson, AZ, 85721

Eclosion hormone (EH) is a 62 amino acid neuropeptide primarily known for its 
role in initiating ecdysis behavior in insects. We have previously shown via 
immunohistochemistry for cGMP that the transverse nerve of Manduca sexta is a 
novel target for EH at the prepupa! stage. The transverse nerve is a segmentally 
repeated neurohemal site that contains the neurosecretory endings of many identified 
peptidergic neurons. Further analysis of the cellular localization of the EH- 
stimulated increase in cGMP at this site through immunohistochemistry double 
labels and immuno-electron microscopy suggests that the cGMP is not contained in 
the neurosecretory endings of the transverse nerve and may instead be present in 
fibrous cells located within the nerve. We have hypothesized that the cGMP 
produced in the transverse nerve in response to EH may be released into the 
hemolymph. Preliminary radio-immunoassay data for cGMP release indicates that 
approximately 40% of the cGMP in the isolated abdominal nervous system 
synthesized in response to EH is exported to the extracellular media. Furthermore, 
the export of EH-stimulated cGMP in the transverse nerve is blocked by 0.3mM 
probenecid, an organic acid transport inhibitor. Given that injections of cGMP into 
the hemolymph of the insect can cause ecdysis, we speculate that extracellular cGMP 
may play a role in ecdysis behavior.

Supported by NIH grant NS29740 (DBM) and a Flinn Foundation Training Grant 
029-100-171-92 (SH).

488.6
PEDAL PEPTIDES OF THE GARDEN SNAIL HELIX ASPERSA. M.J. 
Greenberg*, K.E. Doble, A.O.D. Willows. D.A. Price and G.
Reich. The Whitney Laboratory, University of Florida, St. 
Augustine, FL 32086

Pedal peptide (Pep), a 15mer, was first isolated and 
sequenced from the CNS of Aplysia californica (Lloyd et 
al., 1989); later, three Pep homologs were identified from 
Tritonia diomedia (Lloyd et al., 1996). We aimed to 
determine the structural and functional distribution of 
this peptide family in molluscs, beginning with a 
pulmonate, Helix aspersa. Twenty snails were extracted in 
acetone and purified by HPLC. The fractions were assayed, 
necessarily, with a relatively non-specific RIA compris-
ing: a polyclonal antiserum raised in rabbits against 
NYDQITGLHGLSGFA (a Tritonia Pep); and, as trace, the 
Aplysia Pep (PLDSVYGTHGMSGFA) iodinated at Tyr6. We 
isolated three 15mer Pep homologs from Helix and sequenced 
two of them: PFDSISGSHGLSGFA and PFDSISGSHGMSGFA. These 
same peptides are encoded by the Pep precursor from Helix 
lucorum (Belyavsky et al., 1996) where, as in the 
extracts, the level of the homolog containing Leu11 (i.e., 
H-PepfL11]) is higher. About 20 snails were divided into 9 
sets of tissues, each of which was extracted in acetone; 
these extracts were analyzed by HPLC. Most of the peptide 
(about 95%) was found in the reproductive system, but 
especially in the conjoined vas deferens and oviduct and 
in the spermathecal ducts (71%). H-Pep[Ln] was synthesized 
and then applied to parts of the hermaphroditic reproduct-
ive system. The peptide affected the tone and rhythmic 
activity, particularly of the spermathecal duct. Thus, the 
Peps in Helix seem to be involved in regulating the trans-
port of gametes. (Supported by NIH grant HL28440 [MJG and 
DAP], and an R & D Award from the Univ. of Florida [MJG]).

488.7
ADDITIONAL EFFECT OF MYOMODULIN AT ARC NEUROMUSCULAR 
JUNCTIONS OF APLYSIA. EVIDENCE FOR PRESYNAPTIC INHIBITION OF 
TRANSMITTER RELEASE. I.V. Orekhova, V. Brezina and K.R. Weiss*. Dept. 
Physiol. & Biophys., Mt. Sinai School of Medicine, New York, NY 10029.

Two cholinergic motoneurons B15 and B16, innervating the ARC muscle of 
Aplysia californica, release a number of peptide cotransmitters which modulate the 
size and the relaxation rate of muscle contraction that are evoked by ACh. B16 
releases two families of peptides, the buccalins (BUCs) and the myomodulins (MMs). 
Buccalins were previously shown to depress excitatory junction potentials (EJPs) and 
contractions by presynaptically inhibiting ACh release from both ARC motomeurons, 
while myomodulins were shown to act postsynaptically on the muscle where, among 
other effects, they depress EJPs and contractions by activating a K current. We now 
find evidence that, in addition, myomodulins act presynaptically like buccalins.

We recorded B15-evoked EJPs in the ARC muscle while applying combinations of 
10'6 or 10'5 M MMa , BUCa , and 100 pM 4-aminopyridine (4-AP), which almost 
completely blocks the MM-activated K current in single muscle fibers. As expected, 
4-AP reduced the ability of MMA to depress the EJPs, but not that of BUCA. However, 
4-AP clearly did not block the MMA effect completely, suggesting that an additional 
mechanism contributes to the depression of EJPs by MMA. When BUCA was applied 
first to depress the EJPs, the effect of MMA was partially occluded, and BUCA together 
with 4-AP reduced it dramatically. In turn, MMA fully occluded the effect of BUCA 
(both in the presence and absence of 4-AP). This mutual occlusion suggests that the 
4-AP-insensitive part of the MMA effect on EJPs is due, like the effect of BUCa , to 
presynaptic inhibition of ACh release, and furthermore that this action of the two 
peptides shares a common mechanism. This conclusion is further supported by a 
comparison of the effects of MMA and BUCA on the build-up of compound EJPs 
evoked by a train of B15 action potentials. The postsynaptic K current is largest at 
depolarized voltages, so that it depresses mostly the peak amplitude of the summated 
EJPs, whereas the presynaptic inhibition of ACh release depresses more obviously the 
few initial EJPs before the summated EJP waveform saturates. As predicted from this, 
4-AP reduced the effect of MMA on the maximal summated EJP amplitude but much 
less its effect on the initial EJPs, whereas BUCA occluded that part of the MMA effect 
too. Taken together, these data strongly support the idea that MMa  presynaptically 
inhibits ACh release at ARC neuromuscular junctions. Funded by NIMH.

488.8
THE EFFECTS OF FMRFAMIDE ANALOGS ON [35S]-GTP-y-S STIMULATION IN 
SQUID OPTIC LOBES. SOHevliger1, K, Payza2, K.B. McCullough1, R.B. 
RothmanjM.G.Kolta* 3 ’CPS.DIR.NIDA,NIH, Baltimore, MD 21224. 2ASTRA, Pain 
Research Unit, 6100 Royalmount Ave., Montreal Quebec H4P 2R2.3 College of Pharmacy, 
Florida A&M University, Tallahassee, FL 32307

Pharmacological study of FMRFamide receptors is hindered by the lack of selective 
agonists and antagonists. In this study, we evaluated several synthetic FMRF a analogs (ac- 
FnLRFa, daYFLRa, daYFnLRFa, daYFnLR[TIC]a, daYWnLRa, (D)-YFnLRFa, (D)- 
FMRFa. F-(D)-MRFa and FM-(D)-RFa) for agonist and antagonist activity by measuring 
their abilities to produce [35S]-GTP-y-S stimulation or to inhibit FMRFa-induced [35S]- 
GTP-y-S binding in membranes prepared from squid optic lobes. For agonist studies, full 
dose response curves were generated and analyzed for potency (ED50) and maximal effect 
(efficacy). FMRFamide as well as analogs ac-FnLRFa (AcF), daYFnLRFa (daY), 
daYFnLRJTICJa (daYTIC), D-YFnLRFa (DYF), FLRFa and (D)-FMRFa stimulated [35S]- 
GTP-y-S binding. Analogs daYWnLRa, daYWnLRa, F-(D)-MRFa and FM-(D)-RFa 
failed to stimulate either [35S]-GTP-y-S binding or to inhibit FMRFa-induced [35S]-GTP- 
y-S binding. The rank order of potency was 
daY>daYTIOAcF>DYF>FLRFa=FMRFa»(D)-FMRFa. As compared to daY, AcF and 
DYF (120% maximal stimulation), daYTIC was less efficacious (59% maximal 
stimulation). A maximal concentration of daYTIC reduced daY, AcF and DYF-induced 
[35S]GTP-y-S stimulation indicating that daYTIC is a partial antagonist. Analysis of the 
structural requirements needed for stimulating [35S]-GTP-y-S binding, show that 
elongation, modification of Phe1 or substitution with Tyr lead to increased efficacy and 
potency. Moreover, elimination of the C-terminal Phe leads to loss of biological activity. 
Substitution with a rigid analog of the C-terminal Phe leads to attenuation of efficacy but 
not potency. These results suggest that immobilization or modification of the C-tenninal 
Phe may be a strategy for producing a highly selective and potent FMRFamide antagonist. 
(Supported by NIH)

488.9
CHARACTERISTICS OF EGG-LAYING HORMONE RNA FOUND IN THE 
AXONS OF BAG CELL NEURONS OF APLYSIA CALIFORNICA. S. Ivory.
F. Atcha, J. Marsh, J, Padilla, and J. K, Ono*. Department of Biological Science, 
California State University, Fullerton, CA 92834.

A number of studies indicate that some fraction of the mRNA encoding 
neuropeptides may be localized in the axonal compartment in neurons (Van Minnen, 
1994, Netherlands J. of Zoology, 44:405-420). The egg-laying hormone (ELH) found 
in the bag cell neurons of Aplysia may be a model system to investigate the function 
of RNA found in axons because the bilateral bag cell clusters have most of their axons 
in the pleural visceral connectives (PVCs), permitting separate analysis of the cell 
body and axonal compartments.

Previous studies in our laboratory suggest that the ELH RNA found in the PVCs 
contain a poly-A tail and restriction analyses of products from reverse-transcribed 
cDNA amplified by the polymerase chain reaction (RT-PCR) result in the expected 
fragments. Cloning and sequencing some of the PCR products indicate that they 
indeed code for ELH. An ELH internal RNA control sequence has been generated for 
quantitative RT-PCR to determine the relative amounts of the RNA in the axonal 
compartment versus the cell body compartment. In addition, semi-quantitative RT- 
PCR is being conducted by co-amplifying actin along with ELH in the same samples 
from bag cells and from the PVC.

A potential role for the ELH mRNA found in axons may be to serve as a storage 
depot for rapid translation of the mRNA into ELH protein. We are in the process of 
determining whether the ELH mRNA extracted from the PVCs is still in a translatable 
form by subjecting the total RNA to in vitro translation and detecting the products 
with an antibody to ELH in Western blots.
Supported by NIH Minority Biomedical Research Support Program to S.I. and 
J.K.O.; CSUF Departmental Associations Committee grant awards to F.A. and J. M., 
and CSUF inramural research awards to J.K.O.

488.10
CLONING OF THE CP2 NEUROPEPTIDE PRECURSOR FROM 
APLYSIA CALIFORNICA. F.S. Vilim* V. Alexeeva and K.R. Weiss. 
Dept. of Physiol, and Biophys. Mt. Sinai School of Medicine, New York, 
NY 10029.

CP2 is a biochemically identified 41 amino acid neuropeptide 
synthesized by a variety of neurons in the Aplysia CNS (Phares and 
Lloyd, 1996 - J Neurosci 16(24): 7841-7852 ). We used PCR with 
degenerate primers to the two ends of the peptide to generate a predicted 
~130bp product. This product was radiolabeled and used to screen a CNS 
library for CP2 precursor clones. Thus far we have identified a 387bp 
open reading frame encoding a 129 amino acid precursor containing a 
single copy of the CP2 peptide. The N terminus of the peptide is flanked 
by a Lys-Arg consensus cleavage site and the C terminus is flanked by a 
glycine which acts as the amide donor. This glycine is followed by a stop 
codon denoting the end of the precursor. Northern analysis using the CP2 
precursor clone as a probe indicates that the message is -llOObp in length 
and is expressed in the CNS. Some message was also detected in the 
esophagus, but none was detected in the buccal mass, body wall, or 
ovotestis of the animal. In addition, a minor band was seen at ~4000bp 
indicating the presence of intron(s), alternative splice forms, or some 
related message. We are currently screening to obtain full length clones, 
and examining any potential regulation of message levels by 
pharmacological and behavioral manipulations.
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488.11
THE FMRFamide PRECURSOR cDNA OF LEECH. P.A. Price* and M.J. 
Greenberg. The Whitney Laboratory, University of Florida, 
St. Augustine, FL 32086

Though FMRFamide-related peptides have been found 
throughout the animal kingdom, the exact tetrapeptide 
FMRFamide has only been isolated from molluscs and, more 
recently, from annelids. Among molluscs, every species 
examined contains both FMRFamide and FLRFamide, and, 
furthermore, the level of FMRFamide is always at least 5 
times that of FLRFamide. This ratio reflects the number 
of copies of FMRFamide and FLRFamide encoded within their 
common precursor. Among annelids, FMRFamide was sequenced 
from Nereis species; but both FMRFamide and FLRFamide have 
been isolated from only one species - the leech Hirudo 
medicinalis (Evans et al., 1991).

We have now shown that the level of FMRFamide in the 
leech is about 5 times that of FLRFamide, and this finding 
led us to hypothesize that a molluscan-like FMRFamide 
precursor is present in the leech. To test this hypo-
thesis we used nested PCR to search for a FMRFamide 
precursor cDNA in a leech nerve cord library (provided by 
J. Boulter). Several degenerate, antisense primers were 
derived from amino acid sequences - KRFMRFGK, RFMRFGKR/S 
and MRFGKRFM - that are characteristic of molluscan pre-
cursors; these were paired with various vector primers. A 
portion of a putative FMRFamide precursor cDNA was ampli-
fied; this fragment extends from just 5'of a potential 
furin cleavage site into the putative FMRFamide repeats.
We expect, by homology to a generalized molluscan pre-
cursor, that any copies of FLRFamide will lie 5' of the 
region we have sequenced thus far. (Supported by NIH 
grant HL28440).

488.12
CLONING AND DISTRIBUTION OF PUTATIVE (3-SUBUNITS OF A 
NICOTINIC ACETYLCHOLINE RECEPTOR FROM APLYSIA CENTRAL 
NERVOUS SYSTEM AND BUCCAL MUSCLES. R.E. McCaman*1. T, Chang1.
J. Ramirez2 and J.K. Ono2. Division of Neurosciences, Beckman Research Institute 
of the City of Hope, Duarte, CA 91010 and department of Biological Science, 
California State University, Fullerton, CA 92834.

The Aplysia nervous system and muscles in the buccal mass are known to express 
two types of nicotinic acetylcholine receptors (nAChRs). Our previous work has 
identified two a-like subunits from the central nervous system (CNS) and from 
buccal muscles.

We have recently isolated fi-like nAChR subunits from the CNS and buccal 
muscles of Aplysia using the polymerase chain reaction (PCR) amplification of 
cDNA reverse transcribed (RT) from CNS and muscle mRNA. Both of these 
subunits are identical to each other and the sequence has been designated (31. This 
3-like nAChR subunit has high nucleotide sequence identity to previously cloned 
neuronal nAChR non-a subunits from Drosophila (BLAST comparison). In vitro 
translation of cRNA transcribed from the p-like subunit results in two products, 
approximately 58 kD and 47 kD. The open reading frame of the pi may have two 
start codons which predict two products, a 559 amino acid product and a 464 amino 
acid product. Our studies to date, suggest that the CNS and muscle nAChRs may 
be encoded by different a-subunits but share the same p-subunits.

Partial sequence of a second P-like nAChR has also been isolated from the 
Aplysia CNS and buccal muscle. Work is in progress to obtain the full-length 
sequence of this second P-like nAChR and to compare its distribution with the other 
P-like nAChR. Supported by Beckman Res. Support funds (RM) and NIH 
Minority Biomedical Res. Support Program award and Senior Faculty Research 
Grant (JKO).

488.13
MECHANISM OF ACTION OF A STIMULATORY PEPTIDE AF3 
(AVPGVLRF-AMIDE) IN THE PARASITIC NEMATODES ASCARJS SUUM 
AND ASCARIDIA GALU.
N. Trim, J. E, Brooman. L. Holden-Dve* and R. J. Walker. Cell Sciences, 
University of Southampton SO 16 7PX, UK.

Neurotransmission at the neuromuscular junction of parasitic nematodes such 
as Ascaris suum and Ascaridia galli is cholinergic. In addition, FMRFamide-like 
peptides appear to have a role. One of these, AF3 is excitatory in nematodes. 
Here, effects on muscle strip resting tension and the role of cAMP in mediating 
the peptide responses were investigated using a standard organ bath technique. 
AF3 contractions were inhibited in Ascaris by lOqM forskolin (22%; P<0.05; 
n=9); lOOpM theophylline+lOpM forskolin (39%; P<0.05; n=10); lOOpM 
dibutyryl-cAMP (26%; P<0.05; n=10) and 500pM Isobutylmethylxanthine 
(IBMX, 27%; P<0.001; n=6). AF3 significantly decreased cAMP concentrations 
in Ascaris somatic muscle (basal, 1721+134 pmolmg'1 protein. AF3, lpM 
1148+133 pmolmg'1 protein; P<0.05, n=6). AF3 (lpM) also significantly 
reduced the lOpM forskolin induced potentiation of cAMP concentrations in 
Ascaris (forskolin 3242+471 pmolmg'1 protein, forskolin and AF3. 1524+143 
pmolmg'1 protein; P<0.01, n=6) and Ascaridia (forskolin 291+32 pmolmg'1 
protein, forskolin+AF3, 185+12 pmolmg'1 protein; P<0.05. n=5). These data 
suggest that in both nematodes the contractile effect of AF3 is. at least in part 
regulated by cAMP. Supported by Hoechst Roussel Vet.

488.14
AN APLYSIA SEROTONIN RECEPTOR COUPLED TO ADENYLYL 
CYCLASE RESEMBLES THE VERTEBRATE 5-HT6 RECEPTOR. J.E. Cohen*,
C. Onvike, V.L. Frisch and T.W. Abrams. Depts. of Pharmacology & 
Anesthesiology, Univ. of Maryland Sch. of Medicine, Baltimore, MD 21201.

In the mollusc Aplysia, behaviors such as feeding and learning involve 
serotonergic stimulation of adenylyl cyclase in CNS neurons. In 
mechanosensory neurons, activation of adenylyl cyclase contributes to 
presynaptic facilitation. We pharmacologically characterized the 
serotonin receptor subtype (Ap5HTAcR) in CNS membranes mediating 
stimulation of adenylyl cyclase. In mammals, 5-HT4, 5-HTg, and 5-HT7 
receptors (Rs) are positively coupled to adenylyl cyclase. 5-HT-stimulation 
of adenylyl cyclase activity was insensitive to antagonists of mammalian 
5-HTxR (NAN-190) and 5-HT4R (GR113808A and SB204070). Antagonists 
that affect the 5-HT2R, S-HT^R, and 5-HT7R, reduced adenylyl cyclase 
stimulation by 5-HT in the following rank order of potency: methiothepin > 
metergoline > clozapine > risperidone. The relative efficacies of 5-HT and 
5-CT in stimulation of adenylyl cyclase were compared in Aplysia CNS; 
EC50S for 5-HT and 5-CT were = 2 pM and 18 uM, respectively. Methiothepin 
was the most effective antagonist tested with an IC50 ~ 300 nM, when 
assayed with 5 pm 5-HT. Stimulation of adenylyl cyclase by SCPg was not 
blocked by methiothepin. In sensory neuron membranes, 20 pM methiothepin 
effectively blocked the response to 5 pM 5-HT. In intact mechanosensory 
neurons, methiothepin substantially reduced 5-HT-induced increases in 
spike duration and excitability, which are known to be mediated by cAMP. 
The relative sensitivity to agonists and antagonists of the Ap5HTACR 
suggests a S-HT^R-like pharmacology.
Supported by ROI MH55880-02 from NIMH.

488.15
CYCLIC GMP REGULATION IN THE DEVELOPING ANTENNAL LOBE OF 
THE TOBACCO HORNWORM MANDUCA SEXTA, J. Schachtner*1, U, Homberg1, 
and J. W. Truman2, ’inst. Zoologie, Univ. Regensburg, 93040 Regensburg, Germany 
and 2Dept. Zoology, Univ. Washington, Box 351800, Seattle, WA 98195-1800, USA.

The metamorphosing CNS of the moth Manduca sexta provides an ideal system for 
studying development and plasticity. We are currently using this system to investigate 
the role of the second messenger cGMP in the developing antennal lobe (AL).

Cell bodies of the AL show first weak cGMP-ir four days after pupal ecdysis (P4). 
At P7 cGMP-ir becomes stronger and starts to appear in neuronal ramifications. From 
P8 through P14, the cell bodies and arborizations of 50-100 AL neurons show high 
levels of cGMP. Until Pl6 the cGMP-ir totally disappears from the AL. The cGMP-ir 
neurons have somata in the lateral cell group of the AL and exhibit GABA-ir. 
Subpopulations of the cGMP neurons show Dip-allatostatin I-ir and Mas-allatotropin- 
ir. The occurrence of strong cGMP-ir in fibers of AL neurons at P7/8 parallels the rise 
of 20-hydroxyecdysone (20HE) titers in the hemolymph. At this time synaptogenesis 
within the AL starts and lasts until Pl3/14. Mimicking the pupal 20HE peak earlier, at 
PI, results in cGMP staining of AL fibers already at P4. As in all other neurons 
showing strong cGMP-ir during adult development, cGMP-ir in the AL appears to be 
induced by dissection of the nervous system. However, low levels of endogenous 
cGMP-ir can still be detected in the AL from P8 to Pl2 in 45% (n = 20) of perfusion- 
fixed nervous systems. Injection of the nitric oxide (NO) donor sodium nitroprusside 
into the hemolymph 30 minutes before perfusion fixation results in strong cGMP-ir in 
the AL neurons. The results suggest that dissection of the nervous system enhances 
cGMP levels in a population of AL neurons which are sensitive to NO during their 
development. Nerve transection might induce high neuronal activity in the CNS 
which, via NO, causes the dramatic increase in cGMP. The time course of cGMP- 
expression suggests a role of cGMP in certain aspects of synaptogenesis. (Supported 
by a DFG grant to J.S. and a grant from the US Deptartment of Agriculture to J.W.T.)

488.16
APLYSIA AMIDATING ENZYME AND CARBOXYPEPTIDASE D: 
CLONING OF cDNAs HOMOLOGOUS TO MAMMALIAN PAM AND CPD. 
X, Fan and G.T, Nagle*. Marine Biomedical Institute and Dept. of Anatomy & 
Neurosciences, University of Texas Medical Branch, Galveston, TX 77555.

The bag cells of Aplysia produce an amidated egg-laying hormone (ELH) that 
induces ovulation. Following endopeptidase cleavage of the ELH prohormone, 
basic residues are removed by Aplysia carboxypeptidase E (CPE; DNA Cell Biol 
15:937-945, 1996; Juwadi et al., FEBS Lett, in press). Carboxypeptidase D 
(CPD) is a recently characterized enzyme with CPE-like enzymatic properties. 
CPD (180 kDa) has been proposed to be present in the secretory pathway and to 
contribute to peptide processing in the CpeMCpe^ mouse, which lacks functional 
CPE. CPD-like activity was detected in Aplysia tissue (FEBS Lett, in press), 
which was consistent with RT-PCR detection of a neuronal Aplysia enzyme that 
was most closely related to duck gpl80 (DNA Cell Biol 15:937-945, 1996). 
Sequence analysis of abdominal ganglion and bag cell cDNA clones demonstrates 
the presence of two alternatively spliced forms of Aplysia CPD, each containing 
multiple carboxypeptidase-like domains.

Vertebrate peptidylglycine a-amidating monooxygenase (PAM) is a bifunctional 
enzyme which catalyzes the conversion of peptidylglycine substrates into a- 
amidated hormones and neurotransmitters. To characterize the Aplysia amidating 
enzyme, neuronal cDNA libraries were initially screened using a peptidylglycine 
a-hydroxylating monooxygenase (PHM) RT-PCR product generated using bag cell 
RNA. To date, clones that encode both PHM and peptidyl-a-hydroxyglycine a- 
amidating lyase (PAL) have been isolated, demonstrating that bifunctional PAM 
is present va Aplysia. Supported by NSF Grant IBN-9511773.
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488.17
CHARACTERIZATION OF ATTRACTIN, A PHEROMONAL 
ATTRACTANT IN APLYSIA. S.D, Painter1*. D, Alkalal1. R.W, Garden2. 
J.V, Sweedler2. and G.T. Nagle1. ’Marine Biomedical Institute and Dept. of 
Anatomy & Neurosciences, University of Texas Medical Branch, Galveston, 
TX 77555; 2Beckman Institute, Dept. of Chemistry, University of Illinois, 
Urbana, IL 61801.

Aplysia is a solitary animal during most of the year but moves into breeding 
aggregations during the summer reproductive season. The aggregations 
contain both mating and egg-laying animals and are associated with masses of 
recently deposited egg cordons. The cordons are a source of pheromonal 
factors that attract animals to the aggregation, reduce the latency to mating 
and induce egg laying. As previously reported, we have isolated a pheromonal 
attractant that elutes from recently deposited egg cordons ("attractin''), 
demonstrated that it is a peptide, and obtained a partial 46-amino acid 
sequence (Painter et al., Soc., Neurosci. Abstr. 22:837, 1996). Molecular 
techniques showed that attractin is 58 residues in length and is expressed in the 
albumen gland (Fan et al., Mol. Brain Res., in press). Using this information, 
the attractin peptide was isolated from albumen gland extracts and subjected 
to microsequence analysis. A 58-residue sequence was obtained which is 
identical to the 58-residue sequence predicted for full-length attractin by 
molecular studies; residues 1-46 are identical to the partial sequence obtained 
for the peptide isolated from egg cordon eluates. Microsequence and mass 
spectrometry demonstrate that native attractin is glycosylated, but that 
"cordon-derived" attractin is not. Both glycosylated and nonglycosylated 
forms have been tested in the T-maze.

Supported by NSF and a UTMB Grant.

488.18
APGWamide IN APLYSIA-. cDNA SEQUENCE, NORTHERN BLOTTING 
AND IMMUNOCYTOCHEMICAL ANALYSIS OF PEPTIDE DISTRIBUTION.
R.P. Crolf, X. Fan, S.D. Painter and G.T. Nagle. Dept. Physiol. & Biophys., 
Dalhousie Univ., Halifax, NS, Canada B3H 4H7 and Dept. Anat. & Neurosci., 
Marine Biomedical Instit., Univ. Texas Medical Branch, Galveston, TX 77555-1043 
USA.

While much is known about the neural and endocrine mechanisms controling egg- 
laying behavior in Aplysia, little attention has been paid to the regulation of male 
reproductive activity in this simultaneous hermaphrodite. Recently, we have cloned 
a cDNA sequence which appears to be homologous to recently described genes from 
Lymnaea (Smit et al, 1996, J. Neurosci.) and Mytilus (Favrel & Mathieu, 1996, 
Neurosci. Lett.). The cDNA encodes a precursor protein, which upon 
posttranslational processing is predicted to generate nine copies of the amidated 
neuropeptide APGWamide, five connecting peptide sequences (one of which 
corresponds to the CPI peptide; Phares & Lloyd, 1996, Peptides), and a C-terminal 
peptide. Northern blot analysis identified two major APGWamide mRNA transcripts 
(~1.3kb, ~2.4kb) which were present throughout the CNS, but were most abundantly 
expressed in the right cerebral and pedal ganglia. The vast majority of APG Wamide- 
like immunoreactivity in the CNS was exhibited within cells of the H-cluster of the 
right cerebral ganglion and a population of cells in the right pedal ganglion. 
Immunocytochemistry and Northern blotting also indicated the presence and/or 
potential synthesis of APGWamide in axonal terminals within the white hemiduct, 
small hermaphroditic duct and penial complex. These findings, together with those 
of previous studies, suggest that APGWamide and/or related peptides are widely 
distributed within the molluscs and have come to play specialized roles in the control 
of male reproduction in gastropods such as Aplysia.

Supported by NSERC Canada (RPC) and NSF (GTN).

488.19
Functional  roles  of  Neuropeptide  APGWamide  in  Penial  Complex  
AND Bag  CELLS OFApiksm  . B. Yu and J. E. Blankenship*. Marine Biomedical 
Institute, Univ. of Texas Medical Branch, Galveston, TX 77555-1069

APGWa, an amidated 4-amino acid neuropeptide, is cloned and expressed in 
Aplysia californica\ however, little is known about its physiological role in 
reproductive behavior in this genus. In this study, we found that application of 
APGWa (1~2 mM), on a reduced preparation, consistently caused a contraction of 
the muscle surrounding the penial sheath and peristaltic movements of the penial 
sheath itself, which eventually resulted in eversion of the penis. The APGWa- 
induced contraction was reversible, concentration-dependent (100 nM to 10 mM) 
and partially blocked by 5-HT. The contraction was due to a direct effect on the 
muscle, since the peptide could induce contractions of dissociated muscle fibers. 
However, unlike results reported in Lymnaea fCroll et al., Molluscan Neurobioiogy, 
p. 248, 199V, APGWa did not cause any consistent effects on the posterior and 
anterior retractor muscles of the penial complex, nor antagonize 5-HT-induced 
contractions of those muscles. We also found that APGWa had a weak but mainly 
inhibitory effect on the neuroendocrine bag cells. The peptide (5 mM) was found to 
hyperpolarize the resting membrane potential of bag cells by -3 mV in 15% of cells 
tested (n=13); APGWa increased the firing threshold of bag cells as demonstrated 
by its ability to prevent cells from generating action potentials induced by injecting 
positive currents (80% cells tested; n=l 5); and the peptide reduced the amplitude of 
depolarizing afterpotentials following bag cell spikes by 55 ± 18% in all cells tested 
(n=5). All these effects were reversible within 20 min after washing. Preliminary 
evidence indicates that APGWa may reduce the duration of bag afterdischarges. 
These data support the suggestion that APGWa may be involved in the control of 
male copulatory behavior by both facilitating penial eversion and inhibiting egg 
laying. (B. Y. supported by NIH training grant NS 07185.)

TRANSPORTERS: REGULATION

489.1
MODULATION OF GABA TRANSPORT BY PROTEIN KINASE C 
(PKC) IN GAT-1 TRANSFECTED PC 12 CELLS. M.W. Quick^nd M.L. 
Beckman . The Department of Neurobioiogy and The Department of 
Biochemistry and Molecular Genetics, Univ. of Alabama at Birmingham, 
Birmingham, AL 35294

Previous studies have shown protein kinase C (PKC) to be involved in 
the functional modulation of the rat brain GABA transporter, GAT-1, in 
Xenopus oocytes. These studies have now been extended to a 
mammalian cell model. Our findings are summarized as follows. First, 
transiently transfected PC 12 cells exhibit GABA transport which is 25- to 
100-fold greater than non-transfected controls (24-48 hours post-
transfection). Differentiation by nerve growth factor increases this 
transport rate approximately 2-fold. Transport is inhibited in a dose- 
dependent manner by nipecotic acid. Second, various modulators of 
PKC have been tested for their effect on GABA transport. The PKC 
inhibitor, HA-1077, regulates the level of GABA uptake in a dose- 
dependent manner (maximal effect at 1 pM), significantly increasing 
GABA transport 34% above vehicle-treated control cells. Further, this 
effect can be reversed (98% of control) by including phorbol 12- 
myristate 13-acetate (PMA), a PKC activator. One micromolar PMA 
alone has effects opposite to that of HA-1077 on GABA transport; it 
decreases the level of transport to 65% of vehicle-treated controls. Taken 
together these data reveal a regulatory mechanism involving PKC in the 
modulation of GAT-1 function in mammalian cells. Further 
investigation will be directed at dissecting the molecular pathway leading 
to transporter modulation.

Supported by DA 10509 and the W.M. Keck Foundation 931360.

489.2
REGULATION OF 5HT UPTAKE BY OKADAIC ACID, A PHOSPHATASE 
INHIBITOR, CORRELATES WITH THE PHOSPHORYLATION LEVEL OF 
THE 5-HT TRANSPORTER. B. L. Martin and B. J. Hoffman*. Lab. of Cellular 
and Molecular Regulation, NIMH, NIH, Bethesda, MD 20892.

The antidepressant- and cocaine-sensitive serotonin transporter (5-HTT) is one 
of the major determinants of extracellular levels of 5HT and of transmitter 
recycling. We and others have demonstrated second messenger-mediated 
regulation of 5HT transport activity. While activation of protein kinase C 
decreases 5HT uptake, nitric oxide (NO) and cGMP increase 5HT uptake as shown 
in cell lines, synaptosomes, and brain slices. In order to determine the mechanism 
for this increase in 5HT uptake activity, we have developed stably transfected SK- 
N-SH cell lines expressing either the wildtype 5HT-T or an epitope-tagged 5HT-T 
bearing the hemagglutinin epitope at the C-terminus. Incubation of transfected 
cells with okadaic acid, an inhibitor of phosphatases 1 and 2A, resulted in a time- 
and dose- dependent increase in 5HT uptake which was maximal at lpM for 2hrs. 
3H-5HT transport was increased by 20-30% in the presence of IpM okadaic acid 
for 30 min. in cells expressing either the wildtype or tagged 5-HTT. In parallel 
experiments, metabolic labeling of transfected cells in the presence of 32PO4 
revealed that the 5-HTT is phosphorylated in the basal state and that okadaic acid 
increased the level of phosphorylation in a dose-dependent manner. At lpM 
okadaic acid, the level of 32P incorporation increased by 25%. These data suggest 
that phosphatase 1 and/or 2A are involved in the regulation of 5HT uptake. The 
positive correlation between an increase in activity and an increase in 
phosphorylation state provides a model system for further study of this regulatory 
mechanism.
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489.3
ALLELIC VARIATION OF GLUCOCORTICOSTEROID HORMONE 
DEPENDENT SEROTONIN TRANSPORTER REGULATION. A, Heils. R. 
Mftssner, D,. Ben gel, K, JLLJdtfrphy* and K,P, LesgL Department of 
Psychiatry, University of Wurzburg, Wurzburg, Germany.

Mood, emotion and cognition are modulated by serotonergic neurotransmission. 
Serotonin reuptake via the serotonin transporter (5-HTT) is a major modulator of 
physiological functions of serotonergic synapses. We have recently reported 
allelic variation of 5-HTT expression in humans which results from a promoter 
polymorphism with two variant alleles, which is associated with differences in 
population anxiety measures.1 We now report that administration of 
dexamethasone, a potent glucocorticosteroid hormone, resulted in an acute dose- 
dependent increase in 5-HTT expression in immortalized human beta- 
lymphoblastoid cells, which express the human 5-HTT. Functional reporter gene 
assays as well as serotonin uptake and inhibitor binding measures revealed 
promoter genotype- and dexamethasone dose-dependent responses. These 
responses were antagonized by RU 38 486, a non-specific glucocorticosteroid 
hormone antagonist. These allele-specific differences depended on the variant 
tandemly repeated GC-rich sequence within 1.4 kb of the proximal 5-H1T gene 
promoter, as no significant steroid effect was found after transfection of a 
deletional mutant reporter gene construct, which lacked this repetitive promoter 
sequence. Our findings may help explain the vulnerability to stress-related 
disorders found in certain individuals---a subject for further clinical studies. This 
work was funded by the Deutsche Forschungsgemeinschaft.
1 Lesch, K.P. et al, Science 274, 1527-1531.

489.4
ACTIVATION OF PROTEIN KINASE C INHIBITS 
GLUTAMATE TRANSPORT MEDIATED BY HUMAN EAAC1 
EXPRESSED IN XENOPUS OOCYTES. D. Troth*, M. Castagna, and 
M.A. Hediger. Brigham and Women’s Hospital, Harvard Medical School, 75 
Francis St., Boston, MA 02115.

High affinity glutamate transporters contribute to the termination of 
neurotransmission at excitatory glutamatergic synapses. Mechanisms that 
regulate glutamate transporters are therefore important for the regulation of 
synaptic transmission. Human EAAC1 contains 5 PKC and 1 PKA 
consensus sites for phosphorylation. Protein kinases-mediated EAAC1 
regulation was studied in cRNA-injected Xenopus oocytes by measuring 14C- 
glutamate uptake and glutamate evoked uptake currents under voltage 
clamp. The PKC activator phorbol 12-myristate-13-acetate (PMA 1 pM, 0.2% 
DMSO) decreased both the glutamate-evoked currents and glutamate flux 
by > 30% within 15 min, whereas 4a-phorbol-12,13-didecanoate (aPDD, 
IpM) had no effect. The PMA effect could be blocked by PKC inhibitors (10 
pM staurosporin or 100 pM H7). Other PKC activators such as aPDBu (1 
pM) and DOG (1-50 pM) had similar effects as PMA. On the other hand, 
activation of PKA by forskolin (1-50 pM) + IBMX (0.5 mM) had no influence 
on EAAC1-mediated transport activity. The PMA induced inhibition was 
associated with a decrease in V,,ax (lrax) of glutamate transport, whereas the 
apparent affinity for glutamate was not affected. Activation of PKC by PMA 
did not change the pre-steady charge transfer Q of EAAC1. suggesting that 
the observed inhibition is not due to a reduction of the number of 
transporters in the plasma membrane. We are in process of determining 
whether there is direct phosphorylation of EAAC1 and which amino acid 
residues are phosphorylated. Supported by NIH grant NS32001

489.5
INDIRECT INHIBITORY MODULATION OF SEROTONIN 
TRANSPORTER ACTIVITY BY PKC ACTIVATION N Sakai*. 
K.Sasaki, M. Nakashita. Y. Shirai and N. Saito Lab, of Mol. Pharmacol.. 
Biosignal Res. Ctr.. Kobe Univ.. Kobe 657. Japan

Serotonin transporter (SET), a target of antidepressants and abusive 
drugs, has five putative phosphorylation sites by protein kinase C 
(PKC) in N-. C- terminus and intracellular loop. To elucidate the 
modulation of SET actix ity by PKC. we studied the effects of 12-0- 
tetradecanoylphorbol 13-acetate (TPA), a PKC activator, and calyculin 
A (CLA), an inhibitor of type 1 and 2A serine/threonine phosphatases, 
on serotonin uptake by a human placenta choriocarcinoma cell line 
(BeWo) and COS-7 cells expressing a recombinant serotonin transporter 
(SET). In BeWo cells, treatment with TPA decreased imipramine- 
sensitive serotonin uptake with a reduction in Vmax without affecting 
Km. CLA also decreased irnipramine-sensitive serotonin uptake in a 
manner similar to TPA. TPA and CLA also decreased the uptake 
activity of recombinant SET expressed in COS-7 cells as seen in 
BeWo cells. These effects of TPA and CLA were reversed by 
staurosporine. a protein kinase inhibitor. To elucidate whether the 
inhibitory effects of TPA and CLA were due to direct phosphorylation 
of SET by PKC. site-directed mutagenesis of five putative PKC 
phosphorylation sites in SET was performed. Serotonin uptake was 
also down-regulated by TPA and CLA in all nine mutants, suggesting 
that these inhibitory modulation of SET activity did not act via direct 
phosphorylation of SET by PKC. We also focused on the regulation 
of SET via cytoskeleton proteins in case of PKC activation or 
serine/threonine phosphatase inhibition.

489.6
THE INVOLVEMENT OF PROTEIN KINASE C ON THE REGULATION OF 
CHOLINE UPTAKE: POSSIBLE MECHANISM OF ACTION. A C. Young-Seigler1. 
B.P. Ford2, R.F. Newkirk3 and J.G. Townsel*1. ‘Dept. of Physiology, Meharry Med. Coll, 
Nashville, TN 37208; 2Dept. of Neurobiology', Harvard Med. Sch., Boston, MA 02115; 
3Dept of Biol. Sci., Tennessee St, Univ., Nashville, TN 37208.

Protein kinase C (PKC) is a multifunctional serine/threonine phosphorvlating enzyme 
implicated in numerous cellular functions. Recently, studies from our laboratory have 
implicated PKC in the regulation of the choline cotransporter. In brain hemi-slices, 
activation of PKC activity by phorbol 12,13-dibutyrate (PDBu) and phorbol 12-myristate, 
13-acetate (PMA) caused a significant decrease in basal choline uptake. On the other hand, 
PKC inhibitors, polymyxin B and staurosporine, produced a significant increase in basal 
uptake. We have preciously reported on the occluded nature of a recruitable pool of choline 
cotransportersfNeurosci. Abs. 20(1). 533, 1995). We hypothesize that the choline 
cotransporter adheres to a contemporary’ model of integral membrane trafficking which 
emphasizes two major foci of regulation. One being the exocytic insertion limb of 
transporter-containing vesicles and the other is the endocytic retrieval limb. There is 
mounting evidence implicating GTPase activity in the regulation of vesicle recycling(FEBS 
Lett 369:3-12. 1995; Science 274: 239-242, 1996). GTPase activity appears critical to 
the fission process involved in the separation of endocytosed vesicles from the plasma 
membrane PKC has been shown to modulate GTPase activity in vivo. In these studies, 
preincubation of Limulus brain hemi-slice preparations with ImM 5'-guanylyl- 
imidodiphosphate[P:y-Imidoguanosine 5'-triphosphate](GPP[NHJp), a non-hvdrolyzable 
analog of GTP, resulted in an increase in both choline uptake and hemicholinium-3 binding. 
Treatment of slice preparations with phorbol esters was effective in returning GPP[NH]p- 
stimulated uptake to basal levels. In sum, these studies suggest that PKC is involved in the 
endocytic retrieval phase of trafficking of the choline cotransporter, possibly at the site of 
a GTPase. [This project was supported in part by NSF grant NRD-9106096, DOE P200- 
A40516 and NIH grants GMO8O37, RRO3O32. MH 19843 and RIMI IP20-RRI1808.]

489.7
MULTIPLE FOCI OF PROTEIN KINASE C INVOLVEMENT IN THE 
REGULATION OF THE CHOLINE COTRANSPORTER. E.A. Reid1. M.D. 
Kemp1 M.T. Ivy*2 and J.G. Townsel1 .* Dept. of Anatomy & Physiology, Meharry 
Medical College, Nashville, TN 37208, and 2Dept. of Biological Sciences, Tennessee 
State Univ., Nashville, TN 37209.

Cholinergic neurons have a characteristic high affinity choline uptake system that 
cotransports sodium, and is rate-limiting in the synthesis of acetylcholine (ACh). 
Choline cotransport appears to be modulated by the multi-functional serine/threonine 
phosphorvlating enzyme, protein kinase C (PKC). Seven PKC isofoims have been 
detected in Limulus tissues by western blot analysis (Biochem. & Biophys. Res. 
Comm., 203:463-469, 1995). Radiolabelled hemicholinium-3 ([3H]HC-3, 10 nM), 
was used to selectively label the choline cotransporter. PKC activation by phorbol 12- 
myristate, 13-acetate (PMA, 2 uM) or phorbol 12, 13-dibutyrate (PDBU, 1 pM) 
produced parallel reductions in choline transport and [3H]HC-3 binding. 
Staurosporine (1 nM), a PKC inhibitor, produced parallel increases in transport and 
[3H]HC-3 binding. Antecedal exposure of Limulus brain slice preparations to 
elevated potassium results in a doubling of choline transport and a corresponding 
increase in specific pH] HC-3 binding to surface membranes. Chelerythrine (10 pM), 
another PKC inhibitor, upregulates choline transport, but does not produce a 
concomitant increase in HC-3 binding. These results suggest that PKC may modulate 
choline cotransport by either the recruitment or de-recruitment of transporters to the 
surface membrane or by altering the activity of a population of inactive transporters 
that are resident in the membrane. Thus, PKC appears to have multiple regulatory 
roles in choline cotransport. [Supported by NIH grants RRO8037, P20-RR11808 and 
MH-19843, and NSF grant HRD-9450445],

489.8
CALCIUM/CALMODULIN-DEPENDENT REGULATION OF NORADRENALINE 

TRANSPORTER IN PC 12 CELLS. Y. Kiuchi, M. Ohno, J. Uchida, H. Ovamada, 

M. Iwase#* and K. Oguchi. 1st Dept of Pharmacol., and *2nd Dept of Physiol., 
Showa Univ, Sch. of Med., Tokyo 142, Japan.

To elucidate calcium (Ca2+)-dependent regulation of noradrenaline transporter 
function, effects of Ca2+ and related agents on [3H]noradrenaline (NA) uptake into 
PC 12 cells were studied. The uptake after a 10-min preincubation in the presence of 
Ca2+ (0.1 - 10 mM) was significantly increased than that in the absence of Ca2+ (6.6 

times at 1 mM). The enhancement reflected both increase in Vmax and decrease in Km 
of the uptake process, and was significantly reduced by W-7 (calmodulin antagonist), 
KN-62 and wortmannin (inhibitors of CaM kinase II and myosin light chain kinase), 

as well as mycalolide B (an inhibitor of actin-myosin interaction), but not by 

staurosporine. In clonal cell lines of PC 12 which overexpressed CaM kinase II a 
subunit, [3H]NA uptake as well as expression of NA transporter mRNA was markedly 
increased compared with wild type cells. We determined partial cDNA sequences of 
NA transporter expressed in PCI2, and found potential sites for phosphorylation by 
CaM kinase II in its COOH-terminal domain. These results suggest that NA uptake 
might be facilitated by Ca2+/calmodulin-dependent protein kinases through direct 
phosphorylation and myosin-associated translocation of NA transporter, and that 
activation of CaM kinase II might also enhance expression of NA transporter.
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490.1
DISCRIMINATION OF ACTIVATION VERSUS DOWN-REGULATION OF THE 
GLUCOCORTICOID-RECEPTOR USING A CYTOSOLIC BINDING ASSAY 
COMBINED WITH A WHOLE CELL WESTERN BLOT C, Heim. T.L, Pisell. B.D, 
Pearce, and A.H. Miller*, Department of Psychiatry and Behavioral Sciences, Emory 
University School of Medicine, Atlanta, GA 30322, USA

Clinical studies have provided evidence of HPA axis alterations in psychiatric disorders, 
such as major depression (MD) and posttraumatic stress disorder (PTSD). It has been 
hypothesized that the underlying mechanism of HPA axis hyperactivity in MD is associated 
with decreased feedback inhibition, while HPA axis hypoactivity in PTSD is associated with 
increased feedback inhibition. Support for these hypotheses has been obtained from 
cytosolic radioligand binding studies suggesting decreased lymphocyte GR number in 
patients with MD and increased lymphocyte GR number in patients with PTSD. However, 
cytosolic GR binding depends on prevailing cortisol levels since the steroid-bound GR 
translocates to the nucleus to affect gene transcription. Cytosolic binding assays therefore 
do not discriminate between increased/decreased translocation and down-Aip-regulation. 
The purpose of this study was to evaluate the utility of a combined cytosolic binding assay 
and whole cell Western blot procedure for the discrimination of ligand-induced activation 
versus down-regulation of the GR. Mouse fibroblast cells (L929) were incubated in the 
absence or presence of 10 a /M dexamethasone (DEX) for 3 hours (acute) or 5 days 
(chronic), respectively. GR was measured using a cytosolic radioligand binding assay and 
a Western blot of whole cell homogenates and cytosolic extracts. Acute treatment with DEX 
induced substantial decreases of cytosolic GR binding and protein content, while whole cell 
GR protein content remained unchanged, suggesting GR translocation to the nucleus. In 
contrast, chronic treatment with DEX induced a decrease in cytosolic GR binding as well 
as in whole cell GR protein content, reflecting GR down-regulation. These findings 
demonstrate that the whole cell Western blot is useful for the discrimination of GR 
activation versus down-regulation. Since this technique is applicable to human peripheral 
blood cells, this methodology may allow a more definitive evaluation of GR regulation in 
patients with psychiatric disorders. Supported by NIMH (MH00680 and MH47674).

490.2
ADRENAL STEROID MODULATION OF CENTRAL OXYTOCIN AND 
ANGIOTENSIN II RECEPTOR SUBTYPES IN RAT. S.G, Shelat*.
L.M. Flanagan-Cato, and S. I. Fluharty. Inst, of Neurological 
Sciences, Univ of Pennsylvania, Philadelphia, PA 19104.

The neuropeptides angiotensin II (AngH) and oxytocin 
(OT) play important but opposing roles in the regulation of 
sodium appetite in the rat: AngH as a stimulatory peptide 
and OT as an inhibitory peptide. Adrenal steroids increase 
the density of AngH receptors in brain in vivo, although 
the neuroanatomical and subtype specificity have not 
been thoroughly examined. Previous studies demonstrate 
that adrenalectomy (ADX) reduces OT receptors (OTR), 
although regions associated with sodium appetite were not 
examined. We have used quantitative receptor 
autoradiography in several forebrain and brainstem 
nuclei involved in salt appetite, where perturbations in 
adrenal steroids affect the density of OTR and the 
angiotensin receptor subtypes AT-1 and AT-2. We have 
shown that ADX results in a small, but significant decrease 
in AT-1 expression in the paraventricular nucleus of the 
hypothalamus, subfornical organ, and area postrema. This 
effect is reversed by replacing with either aldosterone or 
corticosterone. However, we did not detect changes in AT- 
2 or OTR, indicating that perturbations in adrenal steroids 
did not affect these receptors in the nuclei examined. 
[Supported by MH 43787]

490.3
NEUROTROPHIC FACTOR EXPRESSION IS REGULATED BY 
GLUCOCORTICOID AND MINERALOCORTICOID RECEPTORS IN THE 
RAT HIPPOCAMPUS. H. M. Chao*1, R, R, Sakai2, L.-Y. Ma2 and B. S. 
McEwen1. Rockefeller University, Laboratory of Neuroendocrinology, 1230 
York Avenue, New York, NY 10021, 2Univ. of Pennsylvania, Dept. of Animal 
Biology, Philadelphia, PA 19104

The genes encoding brain derived neurotrophic factor (BDNF), neurotrophin 3 
(NT-3) and basic fibroblast growth factor (bFGF) are all expressed in the adult rat 
hippocampus. The colocalization of these factors with their receptors, suggests 
that in the hippocampus they may exert their protective and trophic effects 
through an autocrine mechanism. Adrenal steroids have also been shown to have 
important effects on the structure and function of hippocampal neurons. In the rat 
hippocampus, the actions of adrenal steroids are mediated by two receptor types, 
the mineralocorticoid (type I) receptor and the glucocorticoid (type II) receptor. 
Using in situ hybridization, we have examined the regulation of neurotrophin 
expression by aldosterone, which acts selectively through the mineralocorticoid 
receptor and by corticosterone, which binds to both adrenal receptor types.

Our results indicate that adrenalectomy (ADX) causes a significant decrease in 
the levels of NT-3 mRNA and of bFGF mRNA in the CA2 subfield of the 
hippocampus. The ADX-induced decrease is fully prevented by treatment of the 
ADX animals with corticosterone, but only partially reversed by treatment with 
aldosterone. Measurements of BDNF mRNA expression indicate that the ADX- 
induced increases are either fully reversed by aldosterone or not at all affected by 
aldosterone treatment, depending on the hippocampal subfield examined. These 
data suggest that the adrenal receptor type(s) involved in mediating the steroid 
regulation of neurotrophin expression, may differ in the various hippocampal 
subfields. (Supported by MH41256, MH43787 and DK48061.)

490.4
MESSENGER RNA EXPRESSION OF CORTICOSTEROID 
RECEPTORS IN THE TREE SHREW BRAIN. U. Meyer. M. 
Kruhoffer. C, Hiemke*1 and E. Fuchs. German Primate Center, 37077 
Gottingen and ’Dept. of Psychiatry, University of Mainz, Germany.

The glucocorticoid receptor (GR) and the mineralocorticoid receptor 
(MR) are main mediators of the stress response. It has been suggested 
that within a neuron, GRs and MRs interact to achieve a coordinated 
regulation of gene expression. The objective of the present study is to 
investigate the distribution and regulation of both receptor subtype 
mRNAs in the central nervous system of the tree shrew (Tupaia 
belangeri). The specific glucocorticoid and mineralocorticoid receptor 
cDNAs were cloned, employing polymerase chain reaction (PCR) 
based methods. The GR cDNA and MR cDNA encode the 776-amino 
acid (aa) and 977-aa receptor, respectively. Comparisons of both GR 
and MR with corresponding cDNA-sequences of other species 
revealed the highest homology to the human equivalents (GR: 90%, 
MR: 89% nucleotide sequence identity of the coding regions). Brain 
sections were subjected to in situ hybridization using 35S-labeled 
riboprobes specific for either GR or MR. Results show similar mRNA 
expression patterns as described in other mammalian species. In order 
to understand the effects of natural stressful situations on the 
nonrodent brain, ongoing studies investigate the regulation of GR and 
MR mRNAs during long lasting periods of psychosocial stress. 
(Supported by the DFG Fu 174/10-1).

490.5
MOLECULAR CLONING AND FUNCTIONAL CHARACTERIZATION OF 
THE GLUCOCORTICOID RECEPTOR FROM THE NEW WORLD 
PRIMATE, SAIMIRI SCIUREUS. P. D. Patel*, D. M. Lyons, Z. 
Zhang, H. Ngo, and A. F. Schatzberg. Pritzker Laboratory, 
Dept. of Psychiatry, Stanford University Medical Center, 
Stanford, CA 94305.

Squirrel monkeys (genus Saimiri) and several other new 
world primates manifest an unusual resistance to multiple 
steroids, including the glucocorticoids, resulting in elevated 
basal cortisol and a profound sensitivity to stress activation. 
There has been considerable discussion in the literature about 
the functional qualities of the corticosteroid receptors. We 
hypothesize that the pan-steroid resistance suggests an 
alteration in the mechanisms common to steroid biochemistry, 
and that the individual steroid receptors are structurally and 
functionally normal. To test this hypothesis and generate 
tools for further probing squirrel monkey stress physiology, 
we cloned and expressed the glucocorticoid receptor (GR) 
from a Saimiri sciureus brain cDNA library. The receptor is 
over 97% similar to human GR and almost identical at the 
amino acid level through the steroid binding domain, 
consistent with normal binding observed for a PCR generated 
clone isolated by others from a closely related subspecies, S. 
boliviensis. We are currently testing the binding and 
transactivating potential of this receptor in cell culture and 
pursuing an investigation of its coordination with the type I 
corticosteroid receptor. Funded by grants from the Pritzker 
Foundation, the Moorman Foundation, and NIMH #47573.

490.6
EFFECTS OF CHRONIC CENTRAL SPIRONOLACTONE OR ALDOSTER-
ONE ON 24 HOUR MOTOR ACTIVITY AND CORTICOSTERONE, AND 
GLUCOCORTICOID TYPE II RECEPTORS. B. F. Bessac and C. A. 
Johnston*, School of Pharmacy, Dept. of Pharmaceutical 
Sciences, Univ. of Montana, Missoula, MT 59812-1075.

Much evidence ties alterations in the hypothalamic- 
pituitary-adrenal axis together with clinical depression. 
Evidence indicates that the feedback control of adrenal 
glucocorticoids is disrupted in depression. Changes in 
glucocorticoid Type II receptors have been associated with the 
onset of depression in animal models. Central glucocorticoid 
Type I receptors (MR) have been implicated in the 
maintenance of baseline and circadian changes in adrenal 
glucocorticoid secretion. The present study sought to 
determine whether chronic alterations in the stimulation of 
central MR receptors could result in changes in glucocorticoid 
Type II receptors in the brain and pituitary (by quantitative 
immunocytochemistry) as well as 24 hour motor activity and 
corticosterone (B) secretion as well as open field behavior 
which have been associated with depression. Rats were 
exposed for 7 days to icv administration of 0.5 microliters/hour 
of an MR agonist (aldosterone; 0.05 mg/ml), an MR antagonist 
(spironolactone; 0.6 mg/ml), or vehicle using ALZET mini- 
osmotic pumps. Plasma samples were obtained by chronic 
jugular cannulae at 2:00, 8:00, 14:00 and 20:00 hours for B 
determination by RIA. This work was supported by the 
Department of' Pharmaceutical Sciences and the "Bridges to 
the Baccaleareate" NIH Program, University of Montana.
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490.7
EXPRESSION OF GLUCOCORTICOID (GR) AND MINERALOCORTICOID 
(MR) RECEPTORS IN THE DEVELOPING RAT BRAIN. C. R. Neat Jr*. D. M. 
Vazquez and S. J. Watson. Jr. Mental Health Research Institute. University of 
Michigan Medical School. Ann Arbor, Michigan 48109-0720.

In addition to the stress of severe illness, premature human neonates may be 
exposed to glucocorticoid treatment in utero and as neonates. Little is known about 
the influence of exogenous steroids and stress on normal development of the LHPA 
axis. In order to better study such effects, this study was undertaken to describe the 
normal expression of GR and MR in the rat brain at various developmental stages. 
Pregnant rats and postnatal pups were perfused with Zamboni’s fixative. Embryos 
(E11-E14), fetal brains (E16-E22) and postnatal brains (P1-P21) were post-fixed for 
5 days, then soaked in 10% sucrose, frozen at -40°C and cut into 15pm sections. A 
347bp fragment of the 3’UT common coding region of MR, a 105bp fragment of the 
yMR exon and a 500bp fragment of the aGR exon were used for in situ 
hybridization. GR mRNA was detected caudal in mesencephalic epithelium at El4, 
in hippocampal neuroepithelium at E17, in hypothalamus and cortical plate by E18, 
and cortex and amygdala by E22. Signal increased in hippocampus and PVN to P14 
before approaching adult patterns. MR was first detected in mesencephalic 
epithelium at E14, cortical neuroepithelium at E18, and hippocampus and amygdala 
at E22. Signal was low in PVN up to P3, then decreased to adult. Cortical signal 
was stronger in rostral regions. yMR mRNA signal mirrored that of MR 
anatomically, but with decreased signal intensity in most regions except cortex and 
hippocampus where it was similar. These findings demonstrate an increase in GR 
and MR mRNA expression in the CNS from E14 to P14, which is greater than that 
seen in the adult. yMR appears to account for a majority of MR expression during 
development. Immunocytochemical studies of the MR and GR receptors will be 
performed to correlate these findings. These findings suggest that early steroid 
treatment may effect brain development. Supported by nimh  Grant 2T32MH15794-17.

490.8
PRENATAL PROGRAMMING OF HIPPOCAMPAL MR AND GR GENE 
EXPRESSION BY INHIBITION OF 1 1 P-HYDROXYSTEROID 
DEHYDROGENASE (11 P-HSD)
L.A.M. Welberg. M.C. Holmes and J.R, Seckl*. Molecular Endocrinology 
Laboratory, Molecular Medicine Centre, University of Edinburgh, Western 
General Hospital, Edinburgh EH4 2XU

Prenatal exposure to corticosteroids has been postulated permanently to program 
hypothalamic-pituitary-adrenal activity. Normally the fetus is protected from 
maternal glucocorticoids by feto-placental 11 P-HSD (type 2), which converts 
corticosterone into inactive 11-dehydroQorticosterone. This study investigated the 
effect of inhibition of feto-placental llp-HSD using carbenoxolone (CBX) on 
subsequent hippocampal MR and GR gene expression. Female Wistar rats were 
injected subcutaneously with CBX (12.5 mg/day) or vehicle throughout pregnancy, 
or were left undisturbed. The CBX injections reduced offspring birthweight by 
13%, whereas littersize was not affected. At 12 weeks of age, offspring of CBX- 
treated rats showed reduced GR gene expression in CA2 (14%) and CA4 (19%) 
compared to vehicle-treated offspring as measured by in situ hybridisation. MR 
mRNA expression was reduced in dentate gyrus (13%), CA1 (14%) and CA2 
(11%). These results were similar to the effects of prenatal dexamethasone 
treatment1. The onset of reduced hippocampal MR and GR gene expression was 
not immediate and in fact at postnatal day 7 MR mRNA expression was higher in 
CBX-offspring, specifically in dentate gyrus. Inhibition of lip-HSD prenatally 
programmes reduced hippocampal MR and GR gene expression, probably by 
allowing increased access of glucocorticoids to the fetal circulation.
LAMW is sponsored by a Wellcome Prize Studentship.
'Levitt NS, Lindsay RS, Holmes MC, Seckl JR (1996) Neuroendocrinology 64(6):412-418

490.9
CHANGES IN 11 p-HYDROXYSTEROID DEHYDROGENASE TYPE 1 (llp- 
HSD 1) ACTIVITY AND GLUCOCORTICOID RECEPTOR mRNA IN THE 
PREGNANT RAT HIPPOCAMPUS AND PARAVENTRICULAR NUCLEUS
^Dept. of Physiology, & 2Molecular Endocrinology Laboratory, 3MRC Brain 

Metabolism Unit, University of Edinburgh, Edinburgh, U.K.
The neuroendocrine stress response of the hypothalamic-pituitary-adrenal (HPA) 

axis and PVN CRH mRNA expression are decreased on day 21 of pregnancy 
(Neumann et al. 1996; Douglas & Russell, 1994). To seek evidence for increased 
glucocorticoid negative feedback on the HPA axis we measured activity of the 
glucocorticoid-metabolising enzyme 11P-HSD 1 in specific brain regions in pregnant 
and virgin rats. We also used quantitative in situ hybridisation to measure mRNAs 
for glucocorticoid (GR) and mineralocorticoid (MR) receptors in the hippocampus 
and the PVN. 11(3-HSD 1 activity in the hippocampus did not change during 
pregnancy, but in the PVN the activity increased by 54% between virgin and day 16 
of pregnancy (p < 0.05, n = 4-5) and further increased by 29% on day 21 (p < 0.05, n 
= 6). GR mRNA expression in the dentate gyrus increased from day 10 to 21 of 
pregnancy (p < 0.01, n = 5-6), but did not change in CA1, CA3 & CA4. GR mRNA 
expression in the PVN did not change significantly but tended to increase in late 
pregnancy. MR mRNA expression was not altered with pregnancy. Increased lip- 
HSD reductase activity in the PVN is expected to increase local glucocorticoid 
production. Together with increased GR mRNA expression in the dentate gyrus, 
which has an indirect input to the PVN, this may enhance negative feedback on the 
HPA axis resulting in suppressed forward drive to the axis.
H. A.J is a BBSRC research student
I. Neumann I., Johnstone H., Landgraf R., Russell J.A. & Douglas A.J. (1996). J. 
Endocrinol. 148, suppl. P131.
2. Douglas A.J. & Russell J.A. (1994). Gene Therapy 1, S85.

490.10
ACUTE BLOCKADE OF CORTICOSTEROID (CORT) RECEPTORS 
DURING RESTRAINT STRESS IMPAIRS THE EXPRESSION OF 
HABITUATION TO THE STRESSOR WHEN MEASURING PLASMA 
CORT, BUT NOT WHEN MEASURING PVN C-FOS INDUCTION IN 
RATS M.A. Cole*, M.S. Chi, B.A. Kalman, P.J. Kim, R.L. Spencer. Dept. of 
Psychology, Univ. Colorado, Boulder, CO 80309.

We investigated the interaction of CORT negative feedback with the 
expression of habituation of the HPA axis response to repeated stress. Male, 
Sprague-Dawley rats were restrained 1 hr a day in Plexiglas tubes for 6 
consecutive days. On day 6,1 hr prior to restraint stress, rats were injected s.c. 
with a combination of the selective Type I (RU28318, 50mg/kg) and Type II 
(RU40555, 30 mg/kg) CORT receptor antagonists or vehicle. In 3 prior 
studies using this same procedure, the expression of habituation, which was 
marked by a significant decrease in plasma CORT, was significantly reversed 
by the day 6 antagonist treatment. The present study examined the concurrent 
effect of this CORT receptor antagonism on c-Fos protein induction in the 
PVN of the hypothalamus. Six groups (n=6) were tested: 1) Vehicle + No 
Restraint, 2) Antagonist + No Restraint, 3) Vehicle + Restraint, 4) 
Antagonist + Restraint, 5) Vehicle + Restraint (with 5 prior restraint 
sessions), 6) Antagonist + Restraint (with 5 prior restraint sessions). C-Fos 
immunoreactivity was visualized on brain sections using 
immunohistochemistry (primary Ab: rabbit anti C-Fos, Santa Cruz-052). Cell 
counts indicate that the habituation of PVN c-Fos induction to repeated 
restraint stress is not reversed by the acute antagonists. This result suggests 
that the habituation expression reversal for CORT secretion by the antagonists 
is a consequence of mechanisms that do not involve PVN c-Fos induction. 
Possible mechanisms include 1) decreased inhibitory or increased excitatory 
inputs to the PVN not involving PVN c-Fos induction or 2) CORT dependent 
mechanisms within the PVN not involving c-Fos induction (supported by 
DK49143; RU28318 and RU40555 were kindly provided by Roussel Uclaf, 
Romainville, France).

490.11
CHARACTERIZATION OF IN VIVO BRAIN MINERALO-
CORTICOID RECEPTOR (MR) REGULATION USING WHOLE-
CELL WESTERN BLOT. B.A. Kalman*. P.J, Kim, M.A, Cole. J.P. 
Herman. R.L. Spencer. Behavioral Neuroscience Div., Dept. of 
Psychology, University of Colorado, Boulder, CO 80309 & Dept. of 
Anatomy, University of Kentucky, Lexington, KY 40536.

We have used an anti-MR antibody (MR 214; a polyclonal antibody 
directed against an MR fusion protein pGEX) in the western blot 
procedure to characterize the regulation of MR in whole-cell 
hippocampal homogenates. This procedure has an advantage over 
binding studies in that circulating steroids need not be removed before 
sacrifice, thus avoiding potential re-regulation of receptors. In a study 
where male Sprague-Dawley rats were killed 24 hr following sham 
surgery or adrenalectomy (ADX) or 5 days following ADX, a 
difference in the time-course of regulation was observed between MR 
and glucocorticoid receptors (GR). While the majority of up-
regulation of GR occurred between 1 and 5 days following ADX, the 
majority of MR upregulation occurred within 24 hr of ADX. This 
difference does not appear to be due to a difference in cellular 
compartmentalization of receptors based on comparisons of whole-
cell v. cytosolic homogenates. Consistent with binding data, we also 
found that 5-day treatment with corticosterone (200 mg pellet) but not 
the GR-specific agonist RU-28362 (10 pg/hr) was able to block the 
ADX-induced upregulation of MR. These findings suggest that 
hippocampal MR is regulated by corticosterone and upregulates more 
rapidly than GR. We wish to thank Dr. Stanley J. Watson for his kind 
gift of MR 214 antibody (supported by grants, DK49143 & 
AG12962).

490.12
VALIDATION OFTHE/N VIVO USE OF RU28318 AND RU40555 
FOR ANTAGONISM OF MINERALOCORTICOID RECEPTORS 
(MR) AND GLUCOCORTICOID RECEPTORS (GR), 
RESPECTIVELY. P.J. Kim*, B.A. Kalman, M.A. Cole, R.L. 
Spencer. Dept. of Psychology, Univ. of Colorado, Boulder, CO 
80309.

This study examined the suitability of using RU28318 (putative MR 
antagonist) and RU40555 (putative GR antagonist) to selectively block 
in vivo corticosteroid actions mediated by MR and GR. In vivo 
occupancy of MR and GR by antagonists was inferred from studies 
examining the dose/time response effects of antagonist treatment of 
adrenalectomized rats on available cytosolic MR and GR binding in the 
hippocampus. In addition, studies were conducted to test the ability of 
the antagonists to block an effect of a MR or GR agonist. We found 
that RU28318 (50mg/kg, sc) selectively occupied MR in the 
hippocampus. Further, RU28318 treatment showed no significant 
agonist effects, however RU28318 was able to block the suppressive 
effects of aldosterone (120pg/kg, sc) on saline intake in 
adrenalectomized rats. RU40555 (30mg/kg, sc) selectively occupied 
GR in the hippocampus. Further, RU40555 showed no significant 
agonist properties, however RU40555 was able to block the 
suppressive effects of dexamethasone (50//g/kg, sc) on stress-induced 
corticosterone secretion. Thus, RU28318 appears to be an effective 
MR antagonist and RU40555 appears to be an effective GR antagonist 
in vivo. [Supported by UROP program at the Univ. of CO, and 
USPHS grants DK49143 and MH54742. RU28318 and RU40555 
were kindly provided by Roussel Uclaf, Romainville, France]
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490.13
POST-WEANING HOUSING MODULATES THE EFFECTS OF EARLY 
ENVIRONMENT ON BEHAVIORAL MEASURES OF FEAR.
D.Francis*and M.J. Meaney Developmental Neuroendocrinology Lab, 
Douglas Hosp. Res. Ctr., Depts. of Psychiatry and Neurology, McGill 
University, Montreal, Canada H4H 1R3

Rats neonatally handled or maternally separated differ on behvioral 
measures of fear. Post-weaning housing (ie. environmental 
enrichment/social isolation) has been shown to affect the same measures 
and so, the present study was designed to determine whether postweaning 
housing can influence behavioral effects produced by neonatal handling 
or maternal separation. Animals were assigned to one of three pre-
weaning conditions at birth: neonatal handling (H), animals exposed to a 
daily period of prolonged maternal separation (MS), or animals left 
unperturbed with their mother (NH). Upon weaning animals from each 
group were placed in either large cages with many peers and various toys 
(environmentally enriched-EE), pair-housed under standard laboratory 
conditions (control-CON), or singly-housed (socially isolated-SI). At 3-4 
months of age animals were exposed to an open-field task or tested for 
pre-pulse inhibition of an acoustic startle. Animals maternally-separated 
and exposed to an EE did not differ from handled-EE or handled-SI 
animals on measures of open field exploration and on acoustic startle 
response following pre-pulses of varying intensities. Maternally separated 
animals exposed to SI showed less rearings and spent more time near the 
walls in an open-field task. Handled animals exposed to SI did not differ 
from EE animals. These findings suggest that: (1) EE is capable of 
modulating the effects of maternal separation (2) SI appears to 
exacerbate the effects of maternal separation (3) Handling appears to play 
a protective role against the effects of post-weaning social isolation. A 
critical question is whether these postnatal/peripubertal events are 
converging on the same neural circuitry.

490.14
THE EFFECTS OF THE POSTNATAL ENVIRONMENT ON IN VIVO 
RELEASE OF NORADRENALINE IN THE PARAVENTRICULAR 
NUCLEUS OF THE HYPOTHALAMUS AND HYPOTHALAMIC- 
PITUITARY-ADRENAL RESPONSES DURING STRESS.
D. Liu*l»C. Caldji^’ S. Sharma^, P. M. Plotsky^ and M.J. Meaney^ 
1 Developmental Neuroendocrinology Lab, Douglas Hosp. Res. Ctr., 
Depts. of Psychiatry and Neurology, McGill University, Montreal, 
Canada H4H 1R3 and ^Depts of "Psychiatry and Behavioral Sciences, 
Emory University, Atlanta, Georgia

The postnatal environment influences the development of behavioral 
and hypothalamic-pituitary-adrenal (HPA) responses to stress in the rat. 
Postnatal handling decreases both HPA and behavioral responsivity to 
stress, while prolonged periods of maternal separation have the opposite 
effect. Since the input of noradrenaline (NA) into the paraventricular n. 
of hypothalamus (PVNh) plays a key role in initiating HPA responses to 
stress, we examed NA levels in PVNh following acute or chronic stress in 
adult animals exposed to handling or maternal separation in first two 
weeks of life using in vivo microdyalisis. Maternally separated rats had 
the highest PVNh NA response to 20 min restraint stress, while handled 
rats had the lowest PVNh NA response. These differences paralleled 
plasma ACTH levels. The same pattern was observed following 1, 5, 10, 
15, 20, or 25 days of restraint testing, We also found that alpha-2 
receptor levels in the locus coeruleus and the n. tractus solitarius, regions 
containing the noradrenergic cell bodies, were significantly increased in 
handled animals. The elevated auto-receptor levels could serve as a 
mechanism underlying the dampened NA levels in the PVNh of handled 
rats. (Supported by grants from the NIMH and the MRCC).

490.15
BASAL AND STRESS-INDUCED CHANGES IN CORTISOL IN YOUNG 
HUMANS: RELATIONSHIP TO FOOD INTAKE. B.M. Tannenbaum*. N. 
Koerner, N. Mercier, A. Mushvnski, and M.J. Meaney. Douglas Hosp. Res. Ctr., 
Dept. of Psychiatry, Neurology and Neurosurgery, McGill University, Montreal, 
Quebec, Canada H4H1R3.

There is considerable variability in hypothalamic-pituitary-adrenal (HPA) function 
both in aged humans and rats. Previous work in our lab in aged subjects suggests 
that one potential source for this variation could be dietary lifestyle. Basal and 
stress-induced glucocorticoid levels have been shown to remain elevated in response 
to high fat and high carbohydrate feeding in the rat. In addition, individuals will 
change their eating patterns during stressful periods, which in turn may further 
modulate their cortisol secretion. Since this effect has been shown to exist in 
elderly populations, we decided to examine whether or not the same variation may 
exist in young individuals and if so, if dietary lifestyle may play a role. Young 
undergraduate students (mean age of 21) were asked to provide daily saliva samples 
for three weeks, both during stressful (examination periods) and non-stressful 
periods. Saliva samples were given four times a day and subjects recorded the 
contents of their meals, their daily affective states, and their principal daily activities 
in a journal. Saliva samples were assayed for cortisol and the dietary records were 
analyzed for macronutrient content. Our results indicate that young individuals 
showed considerable variation in basal and stress-induced cortisol secretion at all 
times of the day. In addition, cortisol levels rose significantly in anticipation of and 
in response to stress in all subjects and remained significantly (p<0.05) elevated for 
a number of days, even after the stress was over. Further, those individuals who 
showed the highest overall daily cortisol secretion also consumed the highest 
amount of fat, carbohydrate and total calories. However, subjects showed a tendency 
to reduce their overall caloric intake during periods of stress. Taken together, these 
results suggest that the level of perceived stress may regulate the amount and type 
of food eaten and this variation in intake may further modulate cortisol secretion. 
Supported by NIA #AG09488.

490.16
ANTIDEPRESSANT ACTION: POSSIBLE ROLE VIA A 5-HT7 RECEPTOR. P. 
Laplante* and M.J. Meaney, Lab of Developmental Neuroendocrinology, Douglas 
Hospital Research Centre, Depts of Neurology and Psychiatry, McGill University, 
Montreal, Canada.

The actions of antidepressants have been studied for several years and have been 
widely used in the treatment of major depression. Major depression is often 
associated with aberrations in the regulation of the hypothalamic-pituitary-adrenal 
(HPA) axis. The activity of the HPA system is largely controlled by two 
corticosteroid receptors in the brain, namely the mineralocorticoid receptor (MR) 
and glucocorticoid receptor (GR). In vitro, serotonin, via a 5-HT7 receptor, has been 
shown to increase GR levels in the hippocampus (Laplante et al., 1996). Serotonin 
and other monoaminergic systems have been shown to be targets for tricyclic 
antidepressant drugs. Indeed, amitriptyline treatment has been observed to increase 
GR levels in the hippocampus, frontal cortex, and hypothalamus both in vivo and in 
vitro. It is not understood how antidepressants can exert therapeutic effects in a cell 
that does not contain endogenous levels of serotonin. However, antidepressants bind 
to a 5-HT; receptor and this receptor is distributed in the hippocampus, frontal 
cortex, and hypothalamus. These observations have raised new possibilities for 
antidepressant action and we wanted to explore if the mechanism of action involved 
a 5-HT7 receptor. Primary hippocampal cell cultures were treated with iff" M 
amitriptyline for 5 days and GR levels were measured by Western blotting. 
Amitriptyline treatment increased GR levels and this effect was blocked by 
methiothepin, a high affinity antagonist for a 5-HT7 receptor. The 5-HT7 receptor is 
positively coupled to cAMP formation and the GR. effect was blocked with H8, a 
protein kinase A inhibitor. We propose that antidepressant action on GR expression 
may occur by direct activation of a 5-HT? receptor. (Supported by NIA grant 
AGO9488)

499.17
BRAIN MINERALOCORTICOID AND GLUCOCORTICOID RECEPTOR 
AVAILABILITY AND NUMBER IN NONPREGNANT AND PREGNANT 
EWES. DM. Roesch’*, A.S.Pachori. C.E. Wood* and M. Keller-Wood. Dept. of 
Pharmacodynamics, College of Pharmacy and #Dept. of Physiology, College of 
Medicine, University of Florida, Gainesville, FL 32610.

Previous studies demonstrate progesterone, a mineralocorticoid (MR) and 
glucocorticoid (GR) receptor antagonist, reduces the feedback effects of cortisol and 
may contribute to increased hypothalamic-pituitaiy-adrenal (HPA) axis activity in 
pregnancy. This study was designed to determine the effects of pregnancy on MR and 
GR availability and total number. Availability was measured in hippocampus, 
hypothalamus, pituitary and kidney using radioligand binding. GR availability 
significantly decreased in the pregnant hippocampus (15±4fmol/mg protein) compared 
to the non-pregnant hippocampus (46±17fmol/mg protein) but did not significantly 
change in other tissues. This finding is consistent with increased GR activation in the 
presence ofelevated circulating cortisol. MR availability significantly increased from 
undetectable levels in the nonpregnant hippocampus to (3±lfmol/mgprotein) in 
pregnancy, suggesting protection of MR activation by circulating progesterone. MR 
availability tended to be greater in other tissues during pregnancy, but these differences 
were not significant. Total immunoreactive MR (/MR) and GR (/GR) protein was 
estimated by quantifying Western blots. /GR significantly increased in the pituitary, but 
did not significantly change in other tissues. In contrast, total /MR significantly 
increased in all tissues. This finding suggests MR upregulation contributes to increased 
MR availability during pregnancy. These findings support the hypothesis that 
differential regulation of MR and GR, particularly in the hippocampus, contributes to 
altered HPA axis activity during pregnancy.

This research was supported by NIH Grant DKG 8114

490.18
BLOCKADE OF MINERALOCORTICOID RECEPTORS ALTERS 
TRANSCRIPTION OF THE APOPTOSIS-RELATED GENES BCL-2 AND BAX

Dept. of Anatomy & Neurobioiogy, University of Kentucky Medical Center, 
Lexington, KY 40536.

Glucocorticoids regulate gene expression in hippocampal neurons through 
mineralocorticoid receptor (MR) and glucocorticoid receptor (GR) proteins. MR 
and GR are believed to have differential effects on cell survival and viability; MR 
appears to be required for dentate gyrus granule cell survival, whereas GR impairs 
the ability of pyramidal cells to survive toxic insult. The goal of this study is to 
evaluate the effects of MR and GR in regulating factors associated with apoptosis 
(Bcl-2 and Bax) and neuroprotection (NT3 and BDNF). In the present experiment, 
groups of rats were treated with spironolactone (MR antagonist), RU486 (GR 
antagonist), or sesame oil (steroid vehicle), and injected with kainic acid (KA) or 
saline. Results were analyzed by in situ hybridization using probes specific for 
Bcl-2, Bax, NTS, and BDNF. In the CA3 region of hippocampus, KA increased 
Bax mRNA levels and decreased Bcl-2 mRNA levels in oil treated animals. The 
KA induced increase of Bax mRNA was blocked by spironolactone, while RU486 
was ineffective; no antagonist effect on Bax mRNA was seen in the saline treated 
group. Bcl-2 mRNA remained unchanged in KA treated animals following MR and 
GR blockade. However, non-KA treated animals receiving spironolactone should a 
decrease in basal Bcl-2 transcription in CA3, while RU486 treated animals showed 
no effect. KA caused a general increase in BDNF (CA3, DG) and decrease in NT-3 
(CA2, DG); selective blockade of MR and GR showed little effect on mRNA 
encoding these neurotrophic factors. The data suggest that the neuronal MR is 
involved in regulating transcription of apoptosis-related genes, modulating seizure- 
induced Bax expression and maintaining basal Bcl-2 levels. Conversely, neither 
MR nor GR blockade affects basal or KA-induced neurotrophin mRNA expression. 
Supported by AG 12962.
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490.19
REGULATION OF MINERALOCORTICOID RECEPTOR PROTEIN IN RAT 
HIPPOCAMPUS. J.P. Herman*. G. Bowers. S.J. Watson and R.L. Spencer. 
Dept. of Anatomy and Neurobiology, Univ. Kentucky, Lexington, KY 40536, 
Mental Health Res. Inst., Univ. Michigan, Ann Arbor, MI48109, and Dept. 
Psychology, University of Colorado, Boulder, CO, 80309.

The hippocampal mineralocorticoid receptor (MR) appears to mitigate 
glucocorticoid action on pituitary-adrenal function, neuronal survival and neuronal 
excitability. Effects of the MR are mediated by specific binding to glucocorticoid 
response elements, either as a homodimer or a heterodimer with the glucocorticoid 
receptor (GR). Suppressive effects of stress and glucocorticoids on MR gene 
expression and RNA splicing have been documented previously, suggesting 
alterations in available receptor protein. To assess this hypothesis, we used a newly- 
characterized MR antibody (MR214) to study MR protein regulation. 
Immunohistochemical analysis revealed specific staining in all cell layers of the 
hippocampus; staining was confined to the cell nucleus and was blocked by pre-
incubation with MR protein. Staining was most intense in CA2 and in the 
induseum griseum, consistent with in situ hybridization data. Western analysis 
revealed a specific band of approximately 110 kD, corresponding to the size of rat 
MR protein. Gel-shift assays indicated that the MR214 antibody was able to 
supershift hippocampal protein-GRE complexes, indicating that the neuronal MR 
binds efficiently to cognate DNA recognition sequences. Consequently, regulatory 
studies were performed to assess modulation of MR mRNA and protein by stress and 
glucocorticoids. Exposure to a chronic stress regimen did not down-regulate MR 
immunoreactivity or mRNA expression in any hippocampal subfield, despite 
evidence for reduced MR gene transcription and altered RNA splicing. Similarly, 
MR protein was not affected by acute stress exposure. The results indicate that 
hippocampal MR mRNA and protein levels appear to be maintained in the face of 
glucocorticoid''stress exposure. Supported by AG 12962 and AG 10836.

490.20
GLUCOCORTICOIDS MODULATE cAMP-RESPONSIVE GENE 
EXPRESSION. F. Holsboer*, P. Schmidt and T. Trapp, Max-Planck-lnstitute 
of Psychiatry, Clinical Institute, Department of Neuro-endocrinology, 
Kraepelinstr. 10, 80804 Munich, Germany.

Cyclic AMP (cAMP) regulates the expression of target genes via protein 
kinase A-dependent phosphorylation of the cAMP-responsive element 
binding protein (CREB). The goal of our study was to investigate whether 
glucocorticoids are able to influence cAMP-responsive gene expression. Cells 
of a clonal immortalized mouse hippocampal cell line (HT22) were 
transiently transfected with a reporter plasmid encoding a cAMP-responsive 
element-containing promoter upstream of the luciferase gene. Stimulation of 
the cells with forskolin or 8-bromoadenosine cyclic monophosphate, 
activators of CREB, remarkably induced expression of luciferase. Also 
activation of membrane receptors that stimulate adenylate cyclase activity 
resulted in reportergene expression. However, costimulation of transfected 
cells with cAMP-increasing substances and glucocorticoids resulted in a 
synergistic enhancement of promoter activity, whereas glucocorticoids alone 
were not able to induce luciferase expression. These data indicate that 
glucocorticoids may enhance the transcription of genes that are under the 
control of a cAMP-responsive element-containing promoter. This mechanism 
may provide the basis for a crosstalk between the nuclear glucocorticoid 
receptor and raembran receptors that are coupled to signal transduction via 
modulation of the intracellular cAMP concentration. As various studies 
provide evidence for the involvement of CREB in memory consolidation the 
effects of glucocorticoids on learning may partly be due to the synergistic 
interaction of these different transcription factors.

HYPOTHALAMO-PITUITARY-GONADAL II

491.1
INSIGHTS INTO THE CENTRAL MECHANISM BY WHICH PROGESTERONE 
INHIBITS THE ESTRADIOL-INDUCED GnRH/LH SURGE IN SHEEP. NP Evans.* 
TG Harris. S Dve and JE Robinson. Laboratory of Neuroendocrinology. The Babraham 
Institute, Babraham. Cambridge. UK.

The GnRH surge, in the ewe, can be stimulated by a discrete (8h) period of estradiol 
(E) exposure. Progesterone (Pj can block the surge, when applied for 5h immediately 
after a stimulatory E signal. To investigate the central action of P. and how P and E 
interact to regulate the surge, we addressed 2 questions. Study 1- Can E reverse the 
effects of a brief inhibitory period of P? 15 ewes were ovarieetomized and run tb’ough 
artificial cycles, by timed treatment with exogenous E and P. During successive 
follicular phases, each ewe received 1 of 2 control treatments; +ve. 8h E signal; -\e. 
8h E signal followed by 5h of P. and the experimental (EPE) treatment, as for -ve 
controls but E reinserted after P treatment. Hourly jugular blood samples were 
collected from hour 12-42 for LH analysis. An LH surge was seen in 6/8 +ve controls 
(time to surge 17.3±O.8h) but in none of the -ve controls (n=7). EPE stimulated an 
LH surge in all ewes (n=15), that was significantly delayed relative to +ve controls 
(time to surge 26. l±0.4h; p<0.05). The delay was greater than if the system had been 
arrested by P (~22h) but less than if completely reset (~30h). Study 2 - Are these 
effects on the surge timing, specifically related to the presence of P? Over 4 artificial 
cycles, 10 ewes received the following treatments: i) +ve controls. E inserted and not 
removed; ii) EPE treatment as in Study 1; iii) E as in (i) with P also present from 
hour 8-13; iv) E as in (ii) but no P treatment. LH surges were seen in all animals. 
Time to surge was not different between groups that received P (ii. 32.4±O.9h; iii, 
29.3±0.6h) but delayed (P<0.005) relative to +ve controls (i. 23.9±0.6h). Time to 
surge was not affected by removal of E for 5h (iv. 23.2±1.5h). Conclusions Study 
1, If previously stimulated by E. P alters, but does not reverse or inactivate GnRH 
surge generation. Study 2. the P induced delay in surge generation is due to a 
specific and independent action of P. rather than a lack of E. or an interaction between 
P and E. The ability to activate and inhibit the GnRH neurosecretory system with 
discrete periods E and P. provides opportunities for further investigation of the central 
mechanisms by which steroids regulate GnRH secretion. Supported by BBSRC.

491.2
PROGESTERONE INCREASES LEVELS OF OPIATE RECEPTOR mRNA 
IN THE PREOPTIC AREA (POA) AND ARCUATE NUCLEUS (ARC). S.L. 
Petersen*, L.S. Lubbers, K. LaFlamme, J. Luszcz, and M.A. Curran. Dept.
of Biology. Neuroscience and Behavior Program, University of 
Massachusetts, Amherst, MA 01003

Estradiol (E2) and progesterone (P) play different roles in generating 
the preovulatory surge release of luteinizing hormone-releasing hormone 
(LHRH) and luteinizing hormone (LH). Results of our previous studies 
suggest that at least some of these steroid-specific effects may be 
mediated by /3-endorphinergic neurons. However, E2and P also may 
differentially regulate responsiveness to opiates by altering opiate 
receptor gene expression. To test this hypothesis, we used in situ 
hybridization histochemistry (ISHH) to measure effects of E2 and P on /j  
opiate receptor mRNA in cells of the POA and Arc. We examined several 
groups of animals on the day of LH surge release: A) One-week 
ovarieetomized (OVX) rats with or without E2 treatment sacrificed between 
0900 and 0930 H; B) OVX with or without E2 treatment sacrificed between 
1530-1600 H; and C) OVX with both Eg and P treatment sacrificed 
between 1530-1600 H (approximately 54 h after E2and 6 h after P 
administration). Eg had no effect on morning or afternoon levels of fj 
opiate receptor mRNA levels in either the POA or Arc. In contrast, P 
treatment increased afternoon levels of fj opiate receptor mRNA in both 
regions. These findings indicate that differential effects of E2 and P on 
LHRH release may be mediated by steroid-specific effects on p opiate 
receptor gene expression in neurons of the POA and/or Arc. Studies in 
progress will determine whether these effects are seen in females, but 
not in males. (This work supported by NIH grant HD27305 to SLP.)

491.3
PROGESTERONE RECEPTOR KNOCKOUT MICE EXHIBIT ENDOCRINE 
DEFECTS. P,E. Chappell, J.P, Lydon. O.M. Conneelv. B.W, O’Malley and J.E. 
Levine*. Dept of Neurobio. /Phys., Northwestern Univ., Evanston, IL 60208 & Dept 
of Cell Bio./Center for Comp. Med., Baylor Coll, of Medicine, Houston, TX 77030

Mice carrying a null mutation of the progesterone receptor (PR) gene exhibit several 
reproductive abnormalities, the hormonal correlates of which are currently unknown. 
Serum samples from female wild-type (WT) and progesterone receptor knockout 
(PRKO) mice were analyzed by RIA fa- LH, FSH, PRL, estrogen (K), and progesterone 
(P); mediobasal hypothalami were also analyzed for LHRH via RIA. Serum LH levels 
in PRKO mice were found to be elevated 2-fold over basal (metestrus) values in WT 
mice. Basal levels of E2 and P were similar in the two groups, as were hypothalamic 
LHRH concentrations. Basal PRL levels were slightly elevated in PRKO versus WT 
mice. Ovariectomy (OVX) of both groups was accompanied by significant increases 
in both LH and FSH. At 5d post-OVX, LH levels were elevated in both groups by 2- 
fold over PRKO basal and 4-fold above WT basal levels; however, by lOd post-OVX 
LH levels continued to rise to a greater extent in PRKO mice versus WT. The FSH 
response to OVX was greater in the PRKO mice at 5d, but was no different from WT 
at lOd. None of the PRKO mice exposed to male odor exhibited preovulatory surge 
levels 3d later, on presumptive proestrus; in marked contrast with WT females, in which 
100% exhibited robust LH surge levels. These results confirm the role of PR in the 
regulation of hypothalamic and/or pituitary mechanisms which govern gonadotropin 
secretion. Basal LH elevation in PRKO mice demonstrates that circulating P normally 
conveys a significant portion of the total ovarian negative feedback control of the 
gonadotropin. That post-OVX gonadotropin responses are slightly enhanced in PRKO 
mice suggests that adrenal P may contribute to negative feedback control. The apparent 
inability of PRKO mice to respond to male odor suggests that anovulation in these mice 
may be due not only to ovarian abnormalities, but also because of neuroendocrine 
defects which render them incapable of mounting normal preovulatory gonadotropin 
surges. (Supported by NIH RO1-HD20677, P30-HD28048, PO1-HD21921).

491.4
GALANIN SECRETION BY THE MEDIAL BASAL HYPOTHALAMUS OF 
LACTATING AND CYCLING RATS. C. Gormaz, C. Llados, F. Torrealba* 
and H.B. Croxatto. Unidad de Reproduccion y Desarrollo, Fac. Ciencias 
Biologicas, P. Universidad Catolica de Chile. Santiago, Chile.

Luteinizing hormone (LH) secretion is suppressed during lactation in 
the rat, but GnRH pulses are detected by push-pull perfusion of the 
pituitary in this period. Galanin is produced by GnRH neurons and 
stimulates LH secretion in cycling rats. During lactation galanin 
mRNA expression in GnRH-neurons is significantly reduced. The 
objective of this study was to determine if galanin secretion during 
lactation is also reduced, since decreased galanin secretion could 
partially explain LH suppression in lactation. A guide cannula was 
implanted in the medial basal hypothalamus of rats on day 3-5 of 
lactation (8 pups). Microdialysis was performed without anesthesia 
during day 10 of lactation and was repeated during the first diestrous 
after weaning. After the second microdialysis, animals were sacrified 
by decapitation to determine the position of the cannula. Galanin 
and GnRH were measured by radioimmunoassay (RIA) in the 
perfusates. Our results show that 1) GnRH secretion by the medial 
basal hypothalamus is not suppressed during lactation and 2) 
Galanin secretion by the medial basal hypothalamus is not reduced 
during lactation. In conclusion, 1) lactation hypogonadotropism is 
not associated with a suppression of GnRH secretion, 2) the decrease 
of galanin mRNA expression in GnRH neurons is not associated with a 
decrease in galanin secretion by the medial basal hypothalamus. 
Thus, either the pituitaiy response to galanin is changed in lactation 
or galanin does not participate in lactation hypogonadotropism. 
Financed by Fondecyt # 2960006.
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491.5
EFFECTS OF BOMBESIN ON LUTEINIZING HORMONE SECRETION IN FEMALE RATS. 
P.H. Strattons C.W, Coen. Biomedical Sciences, King’s College, London WC2R 2LS, UK.

The effects of bombesin on LH release in ovariectomised rats in the absence and presence of 
oestradiol have been investigated. Animals were implanted with icv, iv and sc cannulae and a 
miniature radio transmitter to monitor core temperature. An automated system was used to obtain 
a 25pl blood sample every 5 minutes. After an initial period of sampling either bombesin or the 
vehicle was administered via the icv cannula. Treatment with the peptide resulted in an acute 
stimulation of LH in the rats treated with oestradiol; in the absence of this steroid there was a 
suppression of LH pulses. Further studies were undertaken to investigate the mechanisms by 
which bombesin suppresses the LH pulses. We found that the peptide produces a profound drop 
in core temperature irrespective of oestradiol treatment. Our previous studies have demonstrated 
that hypothermia can be of primary importance in the suppression of LH pulses. To investigate 
the significance of this response in the suppression of LH pulses by bombesin, the peptide was 
administered at an ambient temperature of 35°C. Under these conditions, there was no reduction 
in core temperature but a suppression of the LH pulses was still observed. We have also 
demonstrated that bombesin induces FOS-like immunoreactivity in the dopaminergic neurons of 
the arcuate nucleus, that have been previously shown to be involved in LH pulse suppression. We 
therefore examined the role of dopamine in the pulse suppressing effects of bombesin and found 
that pre-treatment of rats with either a Di or D2 antagonist was not sufficient to prevent the effects 
on LH pulses or core temperature. We have also shown that bombesin induces a rise in 
circulating levels of corticosterone and adrenaline. Nevertheless, pre-treatment with an 
antagonist for corticotrophin releasing hormone or, in a separate experiment, prior removal of the 
adrenal medulla, did not block the suppression of LH pulses or the hypothermia induced by 
bombesin. The present results provide evidence for an oestrogen dependent effect of bombesin 
in the regulation of gonadotrophin secretion. We have examined several systems activated by 
bombesin and thus far found none that exclusively mediates the effects of this peptide on either 
LH pulses or core temperature.
Supported by the BBSRC.

491.6
DOPAMINE ANTAGONISTS DO NOT INDUCE LH PULSES IN 
IMMATURE FEMALE FERRETS. K.D. Ryan*. M. Bodenhemier. 
Magee-Womens Research Institute and Dept Cell Biology and 
Physiology, The University of Pittsburgh, Pittsburgh PA 15213

Ferrets are a species in which juvenile sexual status is imposed by a 
very potent negative feedback regulation of LH secretion by low levels 
of estradiol (E) from the ovary. Several observations in this laboratory 
have suggested that the neurotransmitter, dopamine (DA) may mediate 
this endocrine state, leading to the hypothesis that blockade of DA 
should lead to disinhibition of LH secretion in immature ferrets. Thus, 
immature ferrets were treated with DA antagonist drugs in an attempt to 
stimulate LH secretion. In the first study, two doses of pimozide (0.9;
1.5mg/kg) or the 0.01M tartaric acid vehicle were given sc. Blood 
samples were collected at 10 min intervals for 2h before and 4h after the 
injection of the drug. Assay of plasma for LH and Prl revealed robust 
rises in Prl as expected, but no change in frequency or amplitude of LH 
pulses. In the second study, a higher dose of pimozide and a more 
specific, D2-DA receptor antagonist, Sulpiride, were used with a similar 
study design. Drug doses were: Pimozide, 15mg/kg; Sulpiride 2.5 or 25 
mg/kg. Again, with all doses of both drugs, robust elevations in Prl 
occurred in the absence of any change in LH secretion. In a final study, 
animals were treated with vehicle or sulpiride administered i.v. and the 
same result was obtained. The data suggest that dopamine either may 
not be involved in the E negative feedback regulation of LH in the ferret, 
or that DA alone is not the inhibitor. It is possible that more than one 
neurotransmitter is imposing the immature state and interruption of only 
one is not sufficient to disinhibit the reproductive axis. Supported by the 
Magee-Womens Research Foundation.

491.7
DO LUTEINIZING HORMONE-RELEASING HORMONE (LHRH) NEURONS 
CONTAIN mRNA FOR DOPAMINE RECEPTORS (DAR)? Lubbers LS*and 
Petersen SL. Dept. of Biology, University of Massachusetts, Amherst MA, 01003.

Previous studies suggest that dopaminergic neurons synapse on LHRH neurons 
and that dopamine acts through DAR subtypes D1A, D1B and/or 2 to inhibitLHRH 
release. To confirm these observations and determine the dopamine receptor 
complement of LHRH neurons we tested the hypothesis that LHRH neurons 
express mRNA for dopamine receptor subtypes D1A, D1B and/or D2. Dual-label 
in situ hybridization histochemistry using 3iS-labeled (DAR subtypes D1A, Dlfl or 
D2) and digoxygenin-labeled (LHRH) cRNA probes was performed on 
hypothalamic tissue collected from ovariectomized (OVX) or OVX, estradiol- 
treated rats. Preliminary results show that D1A mRNA- and D2 mRNA-containing 
neurons are found in the rostral preoptic area (rPOA), the region containing the 
majority of LHRH neurons, whereas few neurons in this area express mRNA for 
D1b . In OVX animals, neurons expressing D1A and D2 were found in close 
proximity to LHRH neurons; however, none of the LHRH neurons examined 
appeared to express dopamine receptor mRNAs (D1A, 0/108 LHRH neurons; D1B, 
0/33 LHRH neurons; D2, 0/73 LHRH neurons). Estradiol did not appear to affect 
DAR mRNA distributions in the rPOA or the degree to which LHRH neurons 
express mRNA for the three DAR subtypes (D1A, 0/68 LHRH neurons; D1B, 0/25 
LHRH neurons; D2, 0/43 LHRH neurons). These results suggest that LHRH 
neurons do not express detectable levels of mRNA for DAR subtypes D1A, D1B 
or D2. These observations do not support the hypothesis that LHRH neurons 
express dopamine receptors, and suggest that dopamine does not act directly on 
LHRH neurons to regulate LHRH release. Additional studies using 33P-labeled 
cRNA probes for the DAR subtypes and additional steroid treatments are being 
performed to confirm these results. (Supported by HD-27305 to SLP).

491.8
IMMUNOHISTOCHEMICAL CO-LOCALIZATION OF GnRH, DOPAMINE-fl- 
HYDROXYLASE AND B ADRENERGIC RECEPTORS IN RAT BRAIN. S, 
Hosny1 and L. Jennes*. Dept. Anatomy & Neurobiology, Univ. Kentucky, 
Lexington, KY; 1Dept. Histology, Suez Canal Univ., Ismailia, Egypt.

Norepinephrine, acting through a-adrenergic receptors, stimulates GnRH- 
mediated LH release from the anterior pituitary. In order to determine if 
noradrenergic neurons exert these effects through direct innervation of 
GnRH neurons or by innervation of intermediate neurons which convey the 
stimulatory signal to GnRH neurons, we used triple immunohistochemistry 
to identify noradrenergic axons, postsynaptic od B-adrenergic receptor 
protein and GnRH containing neurons. The results show that many GnRH 
neurons were closely apposed by dopamine-fl-hydroxylase containing axons 
and that 87% of all GnRH neurons analyzed contained the odB adrenergic 
receptor protein. The receptor was preferentially localized to small patches 
at the plasma membrane of GnRH perikarya while most neurites, including 
most GnRH axons in the median eminence did not contain od B receptor 
immunoreactivity. The GnRH perikarya which did not contain od B receptor 
immunoreactivity were located in the rostral septum, the dorsal medial 
septum and ventrolateral diagonal band. In contrast, all GnRH neurons in 
the preoptic region and around the OVLT exhibited od B adrenergic receptor 
immunoreactivity. The results suggest that since most GnRH perikarya 
contain od B adrenergic receptor immunoreactivity, the stimulatory effects 
of norepinephrine are likely to be mediated by direct, probably synaptic 
innervation of GnRH neurons. The effects of norepinephrine on GnRH 
terminals which have been described to be exerted in the median eminence, 
are probably mediated by intermediate neurons and not by activation of 
odB adrenergic receptors on GnRH axonal endings. Supported by NIH HD 
24697, AG 13444 and the Egyptian Cultural and Educational Bureau.

491.9
ATROPINE SULFATE INJECTION INCREASED NORADRENERGIC 

ACTIVITY IN THE PREOPTIC-ANTERIOR HYPOTHALAMIC AREA AND 
BLOCKED LH PREOVULA TORY SURGE. A, Dominguez-Gonzalez*, ME. Cruz , 
G, Villegas, R, Chavira. UIBR FES Zaragoza, UNAM. Mexico City, 15000.

Atropine sulfate injection during the estrous cycle blocked ovulation (J. 
Endocrinol.95:175, 1982). Present study was designed to analyze the effects of a 
single atropine sulfate injection at 13:00h of each day of the estrous cycle: estrus (300 
mg/kg body weight), diestrus 1 or 2 (100 mg/kg) or proestrus (700 mg/kg) on LH and 
FSH surge levels and noradrenergic activity in preoptic and anterior hypothalamic 
area (POA-AHA). Animals were killed at 17:00h of proestrus day. Results are shown 
in the following figures: (* p<0.05 vs. control group, ANOVA)

Present results show that muscarinic receptors plays a stimulatory role in the 
regulation of preovulatory LH release, which is partially mediated by changes 
in the NE system during diestrus 2 and proestrus. (DGAPA, PADEP and PUIS).

491.10
NORADRENERGIC ACTIVITY IN MEDIAL BASAL HYPOTHALAMUS 

DURING PROESTRUS DAY ME. Cruz*, A. Dominguez-Gonzalez*, R. Loyo, 
RDominguez*. UIBR, FES Zaragoza, UNAM. Mexico City, 15000.

There is evidence that in the proestrus day of the rat, the maximal 
activity of the noradrenergic activity of POA-AHA and the plasma LH 
"peak", occur at different hours (11:00 and 17:00 h, respectively) (Biol Rep 
45(1) 153, 1996).Here. we present the changes in noradrenergic activity in the 
medial basal hypothalamus (MBH), during proestrus. Groups of four days cyclic rats 
were killed every two hours from 07:00 to 23:00h on the day of proestrus. The MBH 
was dissected and noradrenaline and its metabolite were measured by HPLC. Figure 
shows the results: Changes in Noradrenergic Activity in MBH

factor for preovulatory GnRH release resulting in the LH preovulatory surge. The 
neural noradrenergic activity in POA-AHA could be involved in the regulation of 
GnRH synthesis. Supported by DGAPA: IN 208996, PADEP 500306, CONACyT: IN 1719
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491.11
COLOCALIZATION OF GAMMA AMINO BUTYRIC ACID (GABA)- 
CONTAINING NEURONS WITH THE ALPHA 1B ADRENERGIC 
RECEPTOR (AR) IN REGIONS THAT CONTAIN LUTEINIZING 
HORMONE-RELEASING HORMONE (LHRH) NEURONS. M. A. Curran* 
and S.L. Petersen. Biology Department, Neuroscience and Behavior 
Program, Univ. of Massachusetts, Amherst, MA 01003

Abundant evidence suggests that LHRH release is mediated in part by 
the catecholamine, norepinephrine (NE), and by GABA. It has yet to be 
determined whether the NE modulation is direct, or if it is mediated 
through the GABAergic system. We tested the hypothesis that NE 
directly influences GABAergic neurons via alpha ARs. Dual-label in situ 
hybridization histochemistry using a 33P-labeled cRNA probe for alpha 
1B AR and a digoxigenin-labeled cRNA probe for glutamic acid 
decarboxylase (GAD) was performed on tissue from ovariectomized, 
estradiol-treated rats. Preliminary results suggest that mRNA for the 
alpha 1B AR is colocalized with GAD mRNA-containing neurons in the 
preoptic area (POA). Colocalization can also be seen in the piriform 
cortex and layers III and IV of the cortex. Additional studies are in 
progress to determine whether other ARs, such as alpha 1A or alpha 2A, 
also are found in GABA-containing neurons throughout the POA and 
whether LHRH neurons contain any of these ARs. (This work supported 
by NIH grant HD27305 to SLP.)

491.12
ESTROGEN COUPLES GONADOTROPIN-RELEASING 
HORMONE (GNRH) RELEASE WITH ARGININE 
VASOPRESSIN (AVP) RELEASE: A CO-CULTURE STUDY.
T. FUNABASHI*, K. SHINOHARA and F. KIMURA. Dept. of 
Physiology, Yokohama City Univ. Sch. of Med., Yokohama 
236, Japan.

The circadian clock located in the suprachiasmatic nucleus 
(SCN) is likely to determine the timing of the GnRH surge in 
the rat. We have then examined which peptidergic neurons 
would mediate the clock information to the surge generator in 
the preoptic area (POA). Organotypic slice co-cultures of the 
female rat POA and the SCN were performed using a roller 
tube technique. The co-culture was treated with antimitotics 
to make a diverse phase relationship between AVP and 
vasoactive intestinal polypeptide (VIP) rhythms. After 4-5 
weeks of the co-culture, GnRH, AVP and VIP release were 
measured by EIA at 2-hr intervals for 5 days. As we have 
already shown, phase-angle differences between the AVP 
and VIP rhythms were large in the co-culture with antimitotics. 
We found that GnRH release exhibited a circadian rhythm 
when the co-culture was treated with estrogen whereas it did 
not without estrogen. Further, in each culture, the peak phase 
of GnRH rhythm occured at almost the same phase of AVP, 
but not of VIP. The present study suggests that AVP mediates 
the clock information to GnRH neurons under the influence of 
estrogen.

491.13
VASOPRESSIN SUPPRESSES LH SECRETION IN THE FEMALE RAT.
P.S, Cates* and K.T. O’Bvme. Anatomy & Human Biology. King’s College 
London, Strand, London. WC2R 2LS, UK.

The myriad of stressful stimuli which activate the hypothalamic-pituitary- 
adrenal axis and cause the release of the principal neurosecretagogues 
corticotrophin-releasing hormone (CRH), and arginine vasopressin (AVP), are 
also known to suppress the hypothalamic-pituitary-gonadal axis, and hence 
disrupt fertility. Both CRH and AVP have been clearly implicated as principal 
neurochemical mediators of stress-induced suppression of LH pulsatility in the 
monkey. While CRH is also known to mediate this effect in the rat, the role of 
AVP is less well established. The following study therefore was undertaken in 
order to test the hypothesis that AVP is involved in disrupting LH secretion in 
the female rat. Adult female Wistar rats were ovariectomised and implanted 
with oestradiol (E2) capsules. All rats were fitted with an intracerebroventricular 
(i.c.v.) cannula and indwelling cardiac catheter. AVP was administered in 
artificial cerebrospinal fluid (aCSF) into the lateral cerebroventricle over 5 
minutes at a dose of 5gg, or 0.5pg. Control animals received 5pl aCSF. 
Administration of 5pg AVP resulted in a 50% decrease in mean LH levels 
(p<0.05; n=6) after a delay of 60 minutes. This suppression was significant for 
at least 90 minutes. In contrast, 0.5pg AVP had variable, non-significant 
(p=0.12; n=4) effects while aCSF was without effect on mean LH levels. These 
results suggest that i.c.v. administration of AVP, at a dose known to cause 
physiological stress levels of corticosterone, has a profound disruptive effect on 
LH secretion in the female rat, therefore supporting our hypothesis.
This study was supported by grants from the MRC and Royal Society.

491.14
ROLE OF VASOPRESSIN IN THE MEDIAL PREOPTIC AREA IN THE ESTRA-
DIOL-INDUCED LUTEINIZING HORMONE AND PROLACTIN SURGE. LF. 
Palm12, A. Kalsbeek1, E.M. van der Beek2, M.L.H.J. Hermes1*, V.M. Wiegant2, R.M.
Buiis1. 'Netherlands Institute for Brain Research, Amsterdam; 2Wageningen Agricultural 
University, Wageningen, The Netherlands.

In regularly cycling female rats, surges of luteinizing hormone (LH) and prolactin 
(PRL) occur on the day of pro-estrus. Previous experiments show that the mammalian 
biological clock, the suprachiasmatic nucleus (SCN), is involved in the timing of both 
the LH and PRL surge. The SCN projections to the medial preoptic area (mPOA) 
containing vasopressin as a putative neurotransmitter, are likely involved in the 
regulation of these surges. We hypothesized that rhythmic release of vasopressin by SCN 
fibers in the mPOA is a circadian signal for the timing of the LH surge in such a way that 
the daily decrease in endogeneous vasopressin secretion leads to a disinhibition of the 
GnRH system, thus allowing the start of the surge.

This hypothesis was tested in ovariectomized, estradiol-primed rats, which show 
daily LH and PRL surges. Vasopressin (50 ng/pl) was administered in the mPOA by 
means of an inverse microdialysis technique during the final hours of the light period. 
At the same time blood samples were taken via an intra-atrial catheter to measure plasma 
LH and PRL concentrations.

Vasopressin inhibited the PRL surge in all animals. In the majority of the animals 
vasopressin was without effect on the LH surge. In the remaining 30 % of the animals 
vasopressin stimulated the amplitude of the LH surge. Neither effect showed a 
correlation with the location of the microdialysis probe.

These data show that vasopressin is an inhibitory signal in the regulation of the PRL 
surge. However, contrary to our hypothesis, vasopressin is not an inhibitory, but rather 
a stimulatory factor involved in the regulation of the LH surge, Further experiments are 
directed at the investigation of the role of vasopressin as a stimulatory signal in the LH 
surge and of the relation of the effects with the SCN. (Supported by NWO 903-43-120).

491.15
DOES IMMUNE STRESS DISRUPT PULSATILE LH SECRETION 
DURING THE FOLLICULAR PHASE OF THE ESTROUS CYCLE?
D.F, Battaglia, EJ3, Krasa, C, Viguie. and F.J. Karsch*. Reproductive Sciences 
Program, Dept. of Physiology, University of Michigan, Ann Arbor, MI 48109.

Systemic immune challenge with endotoxin disrupts pulsatile GnRH and LH 
secretion in ovariectomized ewes (Biol Reprod, 54 Suppl 1:93, 1996) and interferes 
with the natural follicular phase of the estrous cycle in intact ewes (Soc Neurosci 
Abstr, 22 Part 3:1791, 1996). We hypothesized that endotoxin suppresses pulsatile 
LH secretion during the follicular phase and disrupts the preovulatory estradiol rise and 
subsequent LH surge. The follicular phase was synchronized in ovary-intact ewes by 
withdrawing intravaginal progesterone-releasing devices (P) to simulate luteolysis. 
Endotoxin (300 ng/kg/h) was infused i.v. for 26 h beginning 12 h after P withdrawal 
(n=6); controls were sham cannulated and sham infused (n=6). Jugular blood was 
sampled every 5 min at the beginning (h 12-15), middle (h 24-27) and end (h 35-38) of 
endotoxin infusion to assess LH pulses, and at 4 h intervals to monitor estradiol and 
identify the LH surge. All but one control showed high frequency LH pulse patterns 
typical of the follicular phase and, in all controls, the LH surge occurred at the 
expected time (51 ± 9 h after P withdrawal). Of the 6 endotoxin ewes, 3 showed 
markedly disrupted. LH pulses during endotoxin infusion and did not exhibit a 
subsequent LH surge. The 3 remaining endotoxin ewes did have LH pulses. 
However, one sustained abnormally high LH values 6-10 fold above the pre-surge LH 
levels of controls for 80 h after endotoxin infusion and had no surge. The second had 
similarly elevated basal LH leveL but did exhibit an LH surge, albeit markedly delayed 
(84 h after P withdrawal). The final ewe had a more subtly delayed LH surge (68 h). 
Preliminary results indicate endotoxin also interrupted the preovulatory estradiol rise. 
Our findings support the hypothesis that systemic immune challenge can inhibit LH 
pulsatility during the follicular phase of the estrous cycle of the ewe. Additionally, 
our results suggest that endotoxin can alter progression of the normal follicular phase 
independently of an effect on LH pulses. Supported by NIH MH-11653, HD-18337, 
HD-18258.
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492.1
PUTATIVE AP-l/CREB-LlKE REGULATORY ELEMENTS IN 
THE RAT VASOPRESSIN GENE. J.T. McCabe* and A.S. Burrell. 
Department Anatomy & Cell Biology, Uniformed Services University of 
the Health Sciences, Bethesda, MD 20814-4799

The significance of Fos and Jun expression in vasopressin (VP)- 
containing neurons is not known. An obvious basis for their importance 
would be if these products operated as transcriptional regulators of the 
VP gene. While lacking canonical AP-1 and CREB sites, the VP gene 
has similar upstream sites, differing by one nucleotide.

DNA binding gel-shift assays of tissue punches of supraoptic and 
paraventricular nuclei from non-injected, normal saline injected (NS), 
and hypertonic saline (HS) rats exhibited an ability to bind to the 
canonical AP-1 oligonucleotide sequence. Binding to one putative site 
from the promotor region of the VP gene (VP2: TGAATCA) was 
greater with protein extracts from HS-injected rats compared with 
binding to tissue extracts from non-injected and NS-injected rats. 
Interestingly, of the three putative DNA binding sequences tested thus 
far, the VP2 sequence is most similar to the canonical AP-1 sequence 
(TGACTCA) and has a 7mer core sequence differing from AP-1 by just 
one base. We are further characterizing binding to VP2 by competition 
assays, confirming it is in fact ‘induced’ by osmotic stimulation and, by 
supershift assay, learning what AP-1/CREB proteins can bind to VP2. 
Supported by DoD USUHS RO70AL to JTM.

492.2

Changes  in  Vasopressin  Hetronuclear  RNA 
(hn RNA) from  Hypertonic  Saline  Infusion  
Detected  by  In  Situ  Hybridization  David a , Zemo* and 
Joseph T, McCabe, Dept. of Anatomy & Cell Biology, Uniformed 
Services University of the Health Sciences, Bethesda, MD 20814-4799

Measurement of mRNA levels is routinely used to monitor changes in 
gene expression. There are limitations to this approach because of the 
lag between the time required for a stimulus received at the cell 
membrane to cause detectable changes in cytoplasmic mRNA. In situ 
hybridization with nucleic acid probes to intronic regions of a gene 
allows for the anatomical localization of altered hnRNA levels.

Rats received an acute injection of hypertonic or normal saline, and 
DNA probes of the two intron regions found in the vasopressin gene 
were used for in situ hybridization of rat brain tissue sections. Auto-
radiography grains were concentrated over the nuclei of vasopressin- 
ergic cells in the paraventricular and supraoptic nuclei. Tissue sections 
from animals treated with hypertonic saline had significantly more grains 
than sections from animals treated with normal saline. After hypertonic 
saline injection, changes in hnRNA levels were seen as early as 15 
minutes and appeared to be diminishing by 180 minutes. We are 
presently studying the time course of changes in hnRNA levels after 
acute hypertonic saline. Supported by DoD USUHS RO70AL to JTM.

492.3
ACTIVATION OF D2 DOPAMINERGIC RECEPTORS INHIBITS 
OUTWARD K-CURRENT IN VOLTAGE-CLAMPED AXON 
TERMINALS OF RAT POSTERIOR PITUITARY SLICES. 
Russell A. Wilke*, Shyue-Fang Hsu, and Meyer B._ Jackson.
Department of Physiology, University of Wisconsin School of 
Medicine, Madison, Wisconsin 53706.

Antidiuretic hormone (ADH) and oxytocin (OXT) are the main 
hormonal secretory products of the neurohypophysis. ADH plays an 
integral role in the maintenance of fluid homeostasis and vascular tone; 
OXT is a neurohormonal mediator of various reproductive functions. 
Many studies have shown that dopamine modulates the release of these 
peptides in vivo. It is unclear, however, whether central dopaminergic 
fibers interact directly with the magnocellular neurons of the 
neurohypophysis, or if they exert their action on neurons located more 
proximally within the integrative circuitry of the hypothalamus.

Using the patch clamp technique on thin slices of rat posterior 
pituitary glands, we now provide evidence that D2 agonists directly 
inhibit potassium current (Ik ) in neurohypophysial axon terminals. 
Superfusion of these nerve terminals with the D2-selective dopaminergic 
receptor agonist, PPHT, causes a reversible inhibition of whole terminal 
Ik  under voltage clamp. This effect is dose-dependent, with an IC50 of 
3 pM, and a maximal inhibition of 50%. Preincubation of these 
neurohypophysial tissue slices with the D2-receptor blocker, eticlopride, 
eliminates the inhibitory response of PPHT. High doses of either Di 
(100 ^M SKF 38393) or D3 (100 ^M quinpirole) receptor agonists have 
no effect on Ik  in this preparation. Collectively, these findings indicate 
that dopaminergic inhibition of neurohypophysial Ik is mediated 
specifically by the D2 receptor subtype.

492.4
FOS EXPRESSION IN BRAINSTEM CATECHOLAMINERGIC NEURONS OF LATE 
GESTATION FETAL SHEEP Iff RESPONSE TO AN OSMOTIC CHALLENGE.
A Caston-Balderrama*. MJM Niiland and MG Ross. Dept. of Obstetrics & Gynecology, 
Harbor-UCLA Medical Center, Torrance, CA 90502.

The maturation of fetal swallowing behavior may be critical for the development of thirst 
and drinking responses during the neonatal period. We have previously shown that ovine 
fetal osmotic-dipsogenic responses are intact near term, and that osmotically-induced 
neuronal activation, including that of arginine vasopressin neurons, is similar in near-term 
fetal and adult hypothalamic osmoregulatory centers. Catecholaminergic neurons have also 
been shown to respond to changes in fluid homeostasis and are known modulators of 
anterior hypothalamic osmoregulatory neuronal regions. To determine whether fetal 
brainstem catecholaminergic neurons are activated by changes in systemic fluid balance, we 
examined Fos expression in these neurons in response to an osmotic challenge. Near-term 
ovine fetuses (130 days) were chronically prepared with vascular and intraperitoneal 
catheters. Five days following surgery, fetuses received either hypertonic (HYP, 1.5 M 
NaCl) or isotonic (ISO) saline infusions via intraperitoneal catheters (6 ml/kg, n=3/group). 
Sixty minutes following infusion, animals were rapidly anesthetized and then perfused. Brain 
tissue was blocked, post-fixed, and 30 pm sections were stained for Fos protein, and 
counter-stained for tyrosine hydroxylase (TH), a marker for catecholaminergic neurons. 
Intense Fos expression was observed in TH-containing neurons of the HYP group in the 
ventrolateral medulla and the commissural nucleus of the solitary tract (NTS), with 
approximately 10-20 fold greater activation when compared to the ISO group. However, 
TH-containing neuronal activation in other subnuclei of the NTS was similar in the two 
groups. Furthermore, relatively few neurons were activated in the area postrema in either 
group. Therefore, only a select population of caudal brainstem TH-containing neurons 
appears to be activated by changes in fetal fluid homeostasis, suggesting these neurons may 
play a causal role in mediating fetal central osmoregulation. (Supported by DK4331V).

492.5
HYPONATREMIA FAILS TO SUPPRESS DYNORPHIN GENE 
EXPRESSION IN MAGNOCELLULAR NEURONS G.E. Hoffman*, 
W.W. Le, K.A. Berghom and T. G. Sherman. Dept Anat. and Neurobiol., 
Univ. Maryland, Baltimore, MD 21210, Dept Physiol., Georgetown Univ, 
Dept Physiology, Cornell Univ,Ithaca, NY.

Previous studies of hyponatremia described the suppression of 
vasopressin (AVP) secretion and gene expression within magnocellular 
neurons of the hypothalamus. While consistent with the known regulatory 
mechanisms governing magnocellular neuron physiology, a question that 
arises is whether other neuropeptides made by the same neuoms are 
similarly regulated. The magnocellular AVP neurons express dynorphin 
(Dyn) in addition to AVP. Using solution hybridization techniques, we 
determined that Dyn gene expression was little altered by hyponatremia 
despite profound reductions in AVP gene expression in the same areas. In 
situ hybridization immunocytochemistry (ISH-ICC) with biotin labeled 
riboprobes, showed that mRNA clusters for Dyn were present in the AVP 
neurons and comparisons revealed similar Dyn mRNA patterns in the 
hypothalamic magnocellular nuclei of normonatremic and hyponatremic 
tissues. In constrast, there was a profound reduction in the mRNA staining 
for AVP exon C in these same neurons. To then determine if Dyn peptide 
continued to be made in the inactive AVP neurons, we stained the sections 
immunocytochemically for Dyn peptide. Dyn staining was visibly 
increased in the cells and in the axons of the hypothalamo- 
neurohypophyseal tract. These data indicate that Dyn continues to be 
synthesized after hyponatremia and that very different regulatory 
mechanisms exist for AVP and Dyn in the magnocellular vasopressin 
neurons.
(Supported by NIH Grant NS28477 and NSF Grant IBN-93111307)

492.6
INDUCTION OF C-JUN N-TERMINAL PROTEIN KINASE 
EXPRESSION IN THE SUPRAOPTIC NUCLEUS IN RESPONSE 
TO WATER DEPRIVATION. R.B. Meeker* and A. Fernandes, 
Dept. of Neurology and The Neurobiology Curriculum, 
University of North Carolina, Chapel Hill, NC 27599.

Expression of a c-jun N-terminal protein kinase (JNK), also 
known as stress activated protein kinase (SAPK), has been 
implicated in the ability of cells to regulate volume in 
response to a hyperosmotic stress. Hypothalamic 
magnocellular neuroendocrine neurons, which specialize in 
the detection and response to extracellular hyperosmolality, 
make take advantage of this conserved regulatory response 
for the control of body fluid balance. To explore this 
possiblity, we evaluated the optical density of JNK 
immunoreactivity in the supraoptic nucleus (SON) of the 
hypothalamus. Significant basal expression of both a and p 
isoforms of the enzyme were observed. Other brain regions 
showed less immunoreactivity than the SON. Water 
deprivation for 2 days resulted in a 124% increase in the a 
isoform with only a 36% increase in the p isoform. These 
results indicate that the upregulation of JNK may participate 
in the neuroendocrine response to extracellular 
hyperosmolality. Supported by NIH Grant NS13411.
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492.7
PROPERTIES OF HYPOOSMOLARITY-INDUCED TAURINE RELEASE BY 
GLIAL CELLS IN THE SUPRAOPTIC NUCLEUS. N. Hussy, A. Duvoid & P 
Charoet* Biologie Neurones Endocrines, CNRS UPR 9055, CCIPE, rue Cardonille- 
34094 Montpellier Cedex 5 - France.

Taurine, an amino acid believed to participate in cellular volume regulation, is 
concentrated predominantly in astrocytes in the supraoptic nucleus (SON). We recently 
provided evidence for an extended role of taurine in osmoregulation, through the 
modulation of SON vasopressin (AVP) neurons (Hussy et al. 1997, J. Physiol., in 
press). Release of endogenous taurine is specifically enhanced by hypoosmolarity in 
SON in vitro, and taurine activates preferentially glycine receptors on magnoceilular 
neurons. Moreover, these receptors are involved in the inhibition of AVP neurons by 
peripheral hypoosmotic stimulation in vivo. We studied the properties of the release of 
taurine in perfused isolated SON preloaded with [3H]-taurine. Hypoosmolarity induced 
a reversible, dose-dependent increase in taurine release, a significant enhancement 
being observed with decreases as small as 14 mosmol.1'1. Conversely, hyperosmotic 
stimulus inhibited the basal release. Osmolarity decreases of 15% or more induced 
transient responses, probably reflecting regulatory volume compensation. Smaller 
hypoosmotic stimuli elicited a sustained release for up to an hour, suggesting a role 
different from cellular volume regulation during physiological variations of osmolarity 
Hypoosmolarity-induced release was insensitive to removal of Ca2 or Na/ and 
inhibited by the Cf channel blockers DIDS and DPC. Preincubation for 8 hours of 
isolated SON with the specific glial toxin fluorocitrate (300 pM) inhibited both basal 
and hypoosmotic-induced release by 74 and 78%, respectively, in agreement with the 
preferential incorporation of taurine in SON eliai cells. These results indicate that glial 
taurine release is finely modulated by changes in osmotic pressure within a 
physiological range, compatible with our suggestion of its implication in the osmotic 
regulation of AVP neuron activity, and therefore of the whole body fluid balance.

492.8
SUBFORNICAL ORGAN LESIONS BUT NOT CAPTOPRIL REDUCE 
WATER INTAKE AFTER INTRAGASTRIC HYPERTONIC SALINE. E.M. 
Starbuck* and P.A. Fitts. Dept. of Psychology, Univ. of Washington, 
Seattle, WA 98195.

Previous studies conflict as to the effects of a subfornical organ 
lesion (SFOX) on drinking in response to systemically administered 
hypertonic NaCl, and no information is available on the effects of a 
SFO lesion on drinking after intragastric (IG) hypertonic NaCl loads. 
SFOX and sham-lesioned (SHAM) rats were given two loads of NaCl 
solution by gavage one week apart in counterbalanced order. One 
load was isotonic (0.15 M) and the other hypertonic (0.45 or 0.60 M in 
different groups). Rats with intact SFOs increased their 2-hr water 
intake in the hypertonic conditions compared to the isotonic 
condition, but the SFO lesion greatly decreased or abolished this 
effect. To determine if the water intake exhibited by SHAM rats in 
response to the IG hypertonic NaCl was dependent on the synthesis of 
peripheral angiotensin (ANG) II, we administered the ANG converting 
enzyme inhibitor captopril (CAP, 100 mg/kg SC) to intact rats. Control 
rats received isotonic NaCl vehicle (2 ml/kg)- The rats were then given 
2 ml of 0.15 or 0.60 M NaCl by gavage. CAP treatment did not reduce 
water intake in 2 hr after the hypertonic load. Thus, SFO lesions 
somehow reduce the drinking to IG-loaded hypertonic NaCl, and this 
effect does not appear to be mediated by circulating .ANG II. The 
results help to explain why Na-depleted SFOX rats drink much less 
water than SHAM rats during a 2-hr salt appetite test even when they 
consume similar amounts of NaCl. Supported by NS22274.

492.9
HIGHLY POLARIZED EXPRESSION OF AQUAPORIN-4 IN RETINAL 
MULLER CELLS AND IN ASTROCYTES OF THE RETINA AND OPTIC 
NERVE. E. A. Nagelhus1*. M. L. Veruki2. R. Torp1. F.-M. Haug1. S, Nielsen3. P. 
Agre4 and O.P. Ottersen1,
’’Dept. of Anatomy and 2)Dept. of Neurophysiology, Institute of Basic Medical 
Sciences, University of Oslo, Norway; 3)Dept. of Cell Biology, Institute of 
Anatomy, University of Aarhus, Denmark; and 4’Depts. of Biological Chemistry 
and Medicine, Johns Hopkins University School of Medicine, Baltimore MD 
21205, USA.

Aquaporin-4 (AQP4) is strongly expressed in the central nervous system (Proc. 
Natl. Acad. Sci. USA 91:13052-13056, 1994; J. Neurosci. 17:171-180, 1997). In 
situ hybridization with digoxigenin labelled riboprobes revealed AQP4 mRNA in 
cells in the inner nuclear and nerve fiber layers of the retina, corresponding to the 
localization of the cell bodies of Muller cells and astrocytes, respectively. 
Immunofluorescence indicated that the AQP4 protein is preferentially expressed 
in glial cell processes. In agreement, gold particles signalling immunoreactivity for 
AQP4 occurred at high concentrations in Muller cell and astrocyte membranes 
facing the corpus vitreum and blood vessels. The labelling intensity was 
intermediate in those Muller cell processes that surround photoreceptor terminals 
and very- low in those processes that course through the inner and outer nuclear 
layers. Evidence for a polarized expression of AQP4 was also obtained in perinodal 
astrocyte processes in the optic nerve: glial membrane domains apposed to axonal 
nodes displayed lower concentrations of gold particles than did the remaining parts 
of the glial membrane. The present results suggest that the subcellular distribution 
of AQP4 in the retina is matched to the K* fluxing capacity. It is suggested that the 
polarized expression of AQP4 may compensate for the osmotic effects of K+ spatial 
buffering. Sponsored by the Norwegian Research Council.

492.10
AQUAPORIN-4 CONTAINING GLIAL LAMELLAE SURROUND AQUAPORIN-4 
NEGATIVE DENDRITES IN OSMOSENSITIVE REGIONS OF RAT BRAIN. M. 
Amiry-Moghaddam1, E. A. Nagelhus1, R. Torp1, F. M. S. Haug1*, S. Nielsen2, P. Agre3,
O. P. Ottersen1. 'Dept.of Anatomy, Inst, of Basic Medical Sciences, University of Oslo,
P. O. Box 1105 Blindem, N-0317 Oslo, NORWAY. 2Dept. of Cell Biology, Univ. of 
Aarhus, DENMARK. 3Depts. of Biol. Chem. and Medicine, Johns Hopkins School of 
Medicine. Baltimore, USA.

The aquaporin-4 (AQP4) water channel is preferentially expressed in the central 
nervous system (Proc. Natl. Acad. Sci. USA 91: 13052-13056, 1994; J. Neurosci. 17: 
171-180, 1997). As part of our investigation to resolve whether AQP4 is involved in 
osmoreception we have analyzed the expression of this protein in the supraoptic and 
median preoptic nuclei, the subfornical and subcommissural organs, and the vascular 
organ of lamina terminalis. All of these osmosensory regions showed the same general 
principles of AQP4 distribution. In each region, in situ hybridization with digoxigenin 
labelled riboprobes to AQP4 mRNA produced strong signals in a subpopulation of 
small cells, as well as in the overlying ependyma. Immunogold analyses at the EM level 
indicated that AQP4 is strongly expressed in glial and ependymal membranes 
(particularly basolateral ly) but absent from neuronal membranes. A closer examination 
of the supraoptic nucleus and subfornical organs revealed numerous AQP4 negative 
dendrites invested by AQP4 containing glial membranes. These membranes displayed 
lower gold particle densities at sites of contact with neuronal elements than at sites of 
apposition to other glial membranes or to perivascular spaces. Our results suggest that 
glial membranes equipped with AQP4 may act as transducers or amplifiers in the 
osmoregulatory response.
-Supported by NFR.

492.11
AREA POSTREMA LESIONS DISRUPT NEUROHYPOPHYSEAL 
SECRETION OF VASOPRESSIN AND OXYTOCIN AFTER 
INTRAVENOUS NaCl LOADS IN CONSCIOUS RATS.
W. Huang*, A.F. Sved, E.M. Stricker. Dept. of 
Neuroscience, U. of Pittsburgh, Pgh, PA 15260

Recent studies have demonstrated that after 
area postrema lesions (APX), rats have a robust 
spontaneous NaCl appetite that is accompanied by 
insufficient water intake and renal Na+ excretion 
to achieve osmoregulation. The present study 
determined whether APX disrupts neurohypophyseal 
secretion of vasopressin (VP) and oxytocin (OT) 
in rats. Conscious, freely-moving rats with APX 
and control rats were infused iv with 1 M NaCl 
solution (2 ml/hr), and blood samples were taken 
after 2 hr. In rats with APX, the threshold for 
stimulation of hormone secretion was little 
changed, but there was a marked blunting of both 
AVP and OT secretion in response to the induced 
increases in plasma osmolality. These results 
suggest that the area postrema plays an important 
role in the regulation of body fluid osmolality, 
and that impaired neurohypophyseal hormone 
secretion after a large self-administered NaCl 
load in rats with APX may disrupt the renal 
excretion of Na+ and conservation of water that 
was observed in these animals. Supported by NIH 
grants.

492.12
FUNCTIONAL EVIDENCE FOR SUBFORNICAL ORGAN-INTRINSIC 
CONVERSION OF ANGIOTENSIN I AND ITS EFFECT ON NEURONAL 
ACTIVITY. M, Rauch and H, A, Schmid* Max-Planck-Institute for Physiol. 
& Clin. Res., Parkstr. 1, 61231 Bad Nauheim, Germany.

The subfornical organ (SFO) is one of the neuronal circumventricular 
organs lacking a blood-brain barrier. Thus, blood-borne substances can reach 
and affect neurons in this brain region which is important for water intake. 
The well characterized excitatory effect of circulating angiotensin II (Angll) 
on SFO neurons is regarded as the cellular basis for its dipsogenic effect in 
vivo. All components of the renin-angiotensin-system have been identified in 
the SFO and angiotensin-converting-enzyme (ACE) has been found in 
particulary high concentrations. The aim of our electrophysiological study 
using a rat SFO slice preparation was to investigate the effect of angiotensin I 
(Angl) on the spontaneous activity of neurons in this brain area. Superfusion 
of Angl (!0'8-10’7M) caused an excitation in 72 % of all neurons tested 
(n=18). The remaining were insensitive, and none were inhibited. Superfusion 
of equimolar concentrations of Angll excited the same neurons to the same 
extent (n=10). The excitatory effect of Angl was totally blocked by 
pretreatment and coapplication of the ACE-inhibitor captopril (10'4M, n=7) as 
well as by the ATt-receptor antagonist losartan (10‘5M, n=4). Superfusion of 
captopril alone had no effect (n=7), whereas losartan caused a small 
inhibitory effect in 6 out of 8 neurons. These data provide strong evidence for 
a rapid SFO-intrinsic conversion of Angl to Angll, which is responsible for 
the increase in neuronal activity. Thus, Angl either released within the SFO or 
peripherally in response to physiological or pharmacological stimuli, might 
contribute significantly to Angll-receptor mediated responses of the SFO in 
addition to Angll. Supported by DFG Si 230/2.

Society  for  Neuroscience , Volume  23,1997



1248 OSMOTIC REGULATION TUESDAY AM

492.13
CHARYBDOTOXIN-SENSITIVE MEMBRANE POTENTIALS IN RAT SUPRA-
OPTIC NEURONS JN VITRO. W, Grefirath. G, Boehmer*. Dept. of Physiology and 
Pathophysiology, Johannes Gutenberg University, 55099 Mainz, Germany.

In supraoptic neurons each train of spikes is succeeded either by a afterhyper-
polarisation (AHP) or by a sequence of an AHP and a depolarizing afterpotential 
(DAP). Furthermore, each action potential is succeeded by a hyperpolarizing 
afterpotential (HAP). The present study aimed at closer characterizing the contri-
bution of the SK- and BK-types of Ca2+-activated K+ channels to afterpotentials in 
supraoptic neurons. Membrane potentials of supraoptic neurons were intracellularly 
recorded from submerged brain slices (450-500 pm) at 32 °C using sharp glass 
microelectrodes filled with 3 M potassium acetate. All types of afterpotential, i.e. 
HAP, AHP and DAP, were blocked or strongly attenuated by Cd2+. Spike HAP: The 
selective SK-channel blocker apamin mainly inhibited a late component of HAPs 
resulting in reduced spike train accommodation. The BK-channel blocker 
charybdotoxin (CTX) primarily attenuated early HAPs. Additionally, in some neurons 
a fast component of spike repolarization was blocked in spikes discharged early in a 
spike train. This effect of CTX was not observed in spikes discharged later in the 
burst. Consequently, spike broadening was not observed when BK-channels were 
blocked by CTX. Spike train AHP: The major portion of the spike train AHP was 
blocked by apamin. In all neurons examined a late component of the sequence of 
spike train afterpotentials was affected by CTX. In neurons exhibiting a delayed and 
slow component of the AHP this slow component was blocked by CTX. In some of 
the latter neurons a DAP was unmasked. In neurons already showing a DAP during 
the control period the amplitude of the DAP was increased by CTX. Similar effects on 
the sequence of spike train afterpotentials were induced by TEA (<. 1.5 mM) as well 
as by Co2+ (1 mM). Furthermore, histamine exerted effects comparable to those of 
CTX on HAPs, on spike repolarization, on the slow component of AHPs and on 
DAPs. Results of this study suggest that, in addition to SK-channels, BK-channels 
contribute to the regulation of excitability of supraoptic neurons.

492.14
TYPES OF NMDA- AND AMPA-INDUCED RESPONSES OF RAT SUPRAOPTIC 
NEURONS IN VITRO. G. Boehmer. E. Martin and K. Behrend*. Dept. of Physiology 
and Pathophysiology, Johannes Gutenberg University, 55099 Mainz, Germany.

The major subtypes of glutamate receptors, i.e. AMPA-, NMDA- and metabotropic 
receptors, are expressed in neurons of the magnocellular system. These glutamate 
receptors are involved in regulation of the release of vasopressin and oxytocin. The 
present study aimed at closer characterizing responses of supraoptic neurons to the 
stimulation of AMPA- and NMDA-receptors, respectively. Coronal slices of the 
hypothalamus (450-500 pm) were superfused with artificial cerebrospinal fluid 
(aCSF) at 32 °C. Intracellular recording of membrane potentials of supraoptic 
neurons was performed using glass microelectrodes filled with 3 M potassium acetate. 
Glutamate receptor agonists were added to the aCSF. The type of response of 
supraoptic neurons (RMP: -61.1 ± 12.7 mV; mean ± sd) to AMPA (0.3 -1 pM) 
depended on the membrane resistance (Rm) of neurons. In neurons with high Rm 
(313.0 ± 171.2 MQ) AMPA induced a depolarizing wave associated with a moderate 
reduction of Rm (-4.6 ± 12.4 %). In neurons with low Rm (136.6 ± 62.0 MQ) AMPA 
induced a complex sequence of two depolarizing waves succeeded by a hyper-
polarizing wave. In the latter group of neurons the AMPA-induced depolarization was 
associated with a strong reduction of Rm (-54.0 ±13.7 %). Neither the amount of 
depolarization nor the RMP were significantly different between both groups of 
neurons. Two types of responses of supraoptic neurons (RMP: -67.4 ± 10.3 mV) to 
NMDA (4-6 pM) could be discriminated. In neurons strongly depolarized by NMD A 
depolarization was associated with a strong reduction of Rm (-58.8 ±11.2 %). In 
neurons moderately depolarized by NMDA depolarization was associated with an 
unchanged or a moderately increased Rm. Neither RMP nor control Rm were 
significantly different between both groups of neurons: Neurons showing different 
responses to AMPA or NMDA may represent neurons with different connections and 
functions within the network of supraoptic neurons.

492.15
VOLUME-SENSITIVE ANIONIC CONDUCTANCE IN MOUSE 
FIBROBLASTS: INTRACELLULAR CHLORIDE MODULATES ITS 
ACTIVATION BY GTPyS. P. Doroshenko*. Loeb Research Institute, 
Univ. of Ottawa, Ottawa, Ontario K1Y 4E9, Canada

The role of intracellular Cl' ions and GTPyS in activation of volume- 
sensitive conductance was studied in cultured mouse fibroblasts (LM 
TK- cell line) using the whole-cell patch clamp technique. Hypotonic 
cell swelling (20% decrease in extracellular osmolality) activates an 
outwardly rectifying anionic conductance that is independent of the 
membrane voltage. The decrease in the conductance observed when 
the [Cl']j was lowered (replaced with aspartate) from 131 mM (3.1 + 0.2 
nS/nF, n = 8) to 16 mM (2.2 + 0.3 nSZpF, n = 8) can be fully accounted 
for by the change in the concentration of the current carriers. In the 
absence of cell swelling, the conductance could be activated by 
addition of GTPyS (250 pM) to the low-CI intracellular solution but not 
to the high-CI solution. Both swelling-induced and GTPyS-induced 
conductances have similar time courses and ionic selectivity and were 
similarly inhibited by DIDS (100 pM, at 0 mV, by 66 + 3%, n = 4 and 64 
+ 7% n = 4) or NPPB (100 pM, at 0 mV, by 83 + 2%, n = 9 and 86 + 
3%, n = 9, respectively). It is concluded that intracellular chloride can 
affect the involvement of GTP-binding proteins in activation of the 
volume-sensitive anion-selective channels and that the latter pathway 
is more likely to be a regulatory rather than the principal one. Supported 
by the Loeb Research Institute and the Medical Research Council of Canada.

492.16
DOWNREGULATION OF NMDAR2B IN THE SUPRAOPTIC AND 
PARAVENTRICULAR NUCLEI OF THE ADULT RAT HYPOTHALAMUS 
FOLLOWING DEHYDRATION J, Dao and M.C. Curras* Department of 
Neuroscience, University of California, Riverside.
NMDA application produces a characteristic pattern of neuronal firing in supraoptic 
magnocellular neuroendocrine cells (MNCs; Hu and Bourque, 1992) which has been 
associated with greater hormone release (Dyball and Poutney, 1973; Brimble et al, 
1978). The specific properties of NMDAR2B-contaming receptors, i.e, strong Mg2+ 
block and slow current decay kinetics (Monyer et al, 1992, 1994) may influence the 
burst firing capabilities of MNCs of the supraoptic (SON) and paraventricular nuclei 
(PVN). Our goal was to examine the possibility that NMDA receptors in the SON 
and PVN are assembled using the NMDAR2B subunit and that osmotic stimuli 
regulate NMDAR2B expression. Twenty ug of protein obtained from homogenates of 
SON, PVN and cortex from 2% saline-treated and control adult rats were subjected 
to SDS-PAGE and Western blot analysis. NMDAR2B immunoreactive bands (~180 
kD) in SON, PVN and cortex but not liver homogenates were detected using a 
polyclonal anti-NR2B primary antibody (Snell et al, 1996; Chemicon) and quantified 
using computer-assisted densitometry. Saline water drinking produced a mean 
increase in plasma osmolality of 9.4 + 7.9% (n=13). The mean gray value obtained 
for NMDAR2B immunoreactivity was significantly lower in SON (p < 0.009, n=12) 
and PVN homogenates (p < 0.003; n=10) from saline-treated rats than in those from 
control rats suggesting involvement of NMDAR2B in body water regulation. On the 
other hand, mean NMDAR2B gray value for cortical homogenates from both groups 
of animals showed no significant differences. These results suggest that native 
NMDA receptors in MNCs are assembled from NMDAR2B subunits. In addition, the 
plasticity of NMDAR2B levels during dehydration suggest that osmotic signals may 
regulate NMDAR2B subunit expression in MNCs in an adaptive manner. Supported 
by NSF grant IBN-9604233 (M.C.C) and Sigma Xi Grant-in-Aid (J.D.).

CARDIOVASCULAR REGULATION: CIRCUMVENTRICULAR ORGANS

493.1
CELLS OF THE SUBFORNICAL ORGAN RESPOND TO 
CHOLINERGIC AGONISTS VIA INFLUX OF CALCIUM IONS. RF. 
Johnson. T.G. Beltz. R.A, Bhatty. R.V. Sharma. K.A. Travis* and A.K.
Johnson. Depts. of Psychology, Pharmacology, Anatomy and Psychiatry and 
the Cardiovascular Center, University oflowa, Iowa City, IA 52242

Cholinergic drugs have been demonstrated to increase both drinking and 
blood pressure when injected into the subfornical organ (SFO) of rats. To 
examine the mechanism of the above effect at the cellular level, we used cells 
from the SFO that were dissociated and cultured. Eleven-day-old rats 
received injections of Dil in the area of the supraoptic nuclei in order to 
retrogradely label efferent cells of the SFO. Three days later the SFO’s from 
six pups were removed, dissociated and maintained in culture for 1-4 days. 
Cellular responses to cholinergic drugs were measured as an increase in 
cytostolic free calcium ion concentration [Ca2+] using cells loaded with fura-2 
and a microscopic digital image analysis system. Both carbachol and 
acetylcholine produced a rapid increase in [Ca2+], that peaked and then fell, 
however to a level above baseline. The sustained increase was reversed with 
atropine. Further examination of the response to acetylcholine showed that it 
also was reversed with 4-diphenylacetoxy-N-methylpiperidine (4-DAMP) and 
blocked with pretreatment of the specific muscarinic M, subtype receptor 
blocker, pirenzepine. The pirenzepine block was reversed with several 
washes of the cultured cell. No response to acetylcholine was observed when 
all free calcium ion was removed from the external bath indicating that the 
rise in [Ca2+] resulted from an influx and not release of internal stores. 
Supported by NHLBI HL 14388, HL57472 and NASA NAGW-4358.

493.2
ANGIOTENSIN II EFFECTS ON INTRACELLULAR CALCIUM IN 
SUBFORNICAL ORGAN NEURONS. J. Ciriello*. K. Tanaka. 1. Shibuva. Y. Ueta and 
H, Yamashita. Department of Physiology, University of Occupational and Environmental 
Health, Kitakyushu 807, Japan.

Experiments were done to determine the effect of angiotensin II (ANG) on 
intracellular calcium concentration [Ca++], in acutely dissociated neurons of the 
subfornical organ (SFO) from 13-25 day old male rats. Single-cell dual-wavelength 
microfluorometry and the Ca++ sensitive probe fura-2 were used to monitor changes in 
[Ca++]j. Resting [Ca++], in SFO neurons was found to be approximately 100 nM. SFO 
neurons were found to be either quiescent or to exhibit spontaneous Ca++ oscillations. 
These spontaneous oscillations were blocked by removal of extracellular Ca++ and by 
application of tetrodotoxin (TTX) or u-conotoxin-GVIA. On the other hand, nicardipine 
had no effect on the spontaneous oscillations. ANG (10'7-1010 M) evoked a dose 
dependent increase in [Ca++], in both the quiescent and spontaneously oscillating 
neurons. This increase had a rapid transient peak followed by the induction of Ca++ 
oscillations in quiescent neurons or greater oscillations in spontaneously oscillating 
neurons. The increase in [Ca++], was blocked by removing extracellular Ca++ or by the 
application of the AT, receptor antagonist, losartan. TTX had no effect on the increase 
in [Ca++], to the application of ANG, but blocked the spontaneous Ca++ oscillations 
induced by the ANG. These data suggest that under resting conditions [Ca++], in SFO 
neurons is regulated by sodium dependent and N-type Ca++ channels. In addition, ANG 
activates AT, receptors to stimulate Ca++ influx from extracellular compartments. 
(Supported by the Japanese Ministry of Education, Science, Sports and Culture, the 
Japanese Society for the Promotion of Science and the Heart and Stroke Foundation of 
Ontario).
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493.3
SEROTONIN EXCITES AND INHIBITS RAT SUBFORNICAL ORGAN 
NEURONS THROUGH DISTINCT RECEPTOR SUBTYPES. K.E, Scrogin, A.K, 
Johnson*, and H.A. Schmid1. Depts. of Psychology and Pharmacology and the 
Cardiovascular Center, Univ. of Iowa, Iowa City, IA 52242 and ’Max Planck 
Institute, 61231 Bad Nauheim, Germany.

Previous studies have described a significant serotonergic (5-HT) innervation of 
the subfornical organ (SFO), a circumventricular organ proposed to mediate 
circulating angiotensin II- (ANG II) induced thirst and vasopressin release. This 
study characterized responses of spontaneously firing SFO neurons in the rat brain 
slice to 5-HT drugs. Extracellular recordings were made from SFO explants 
superfused with artificial cerebrospinal fluid (aCSF) maintained at 37°C. Of 30 
SFO neurons tested, 77% were responsive to serotonin (1-10 pM). Three types of 
responses were noted: excitation (n=12), inhibition (n=7) or an irregular response 
consisting of both excitation and inhibition (n=4). There was no correlation 
between sensitivity to ANG II and the type of 5-HT response. 5-HT excited cells 
showed a dose-dependent response that was blocked by the 5-HT2A?2c receptor 
antagonist, LY-53,857 (10 pM). Of 3 such cells tested, all showed a prolonged 
excitation to the 5-HT2A/2C receptor agonist, DOI (1 pM), which was reversed with 
LY-53,857. Of 9 5-HT excited cells treated with LY-53,857, 5 showed an 
inhibitory response to subsequent 5-HT exposure. 5-HT inhibited cells were always 
inhibited by the 5-HT1A receptor agonist, 8-OH-DPAT (1-10 pM, n=8). Low 
[Ca2+]/high [Mg2*] aCSF did not block 5-HT-induced inhibition (n=3) or excitation 
(n=l) in any cell tested demonstrating a post-synaptic effect of 5-HT. The 5-HT]A 
receptor antagonist, Pindobind (10 pM), blocked the inhibitory effect of 8-OH-
DPAT, but not of 5-HT (n=l). The data show that SFO neurons can be stimulated 
by activation of 5-HT2jV2c  receptors and inhibited by 5-HT]A receptors and possibly 
by an additional undefined inhibitory receptor(s). Supported by NHLBI HLO9545, 
HL14388 and Max Planck Gesellschaft.

493.4
INTRACEREBROVENTRICULAR CARBACHOL INDUCES FOS- 
IMMUNOREACTIVITY IN THE CELLS RETROGRADELY 
LABELED FROM THE SUPRAOPTIC NUCLEI IN RAT. Z. Xu, J. 
Jew*’, and A.K. Johnson. Depts of Psychology, Pharmacology, ’Anatomy 
and The Cardiovascular Center, University of Iowa, Iowa City, IA 52242

Central application of carbachol, a cholinergic receptor agonist, 
increases water intake and blood pressure and releases vasopressin. This 
study investigated the effects of intracerebroventricular (icv) carbachol on 
c-Fos activation of subfornical organ (SFO) and organum vasculosum of 
the lamina terminalis (OVLT) cell soma that were retrogradely labeled 
from the supraoptic nucleus (SON). Tracer (rhodamine beads, Dil or 
fluoro-gold) was stereotaxically injected into the SON and 1-2 wks was 
allowed for retrograde transport. Carbachol (20 nmole/2 pi) was injected 
icv and 60 min later the brains were collected and processed for FOS- 
immunoreactivity (FOS-ir). There was co-localization of FOS-ir and 
retrogradely labeled cells in the SFO and OVLT. In the SFO, 
71.6±3.99% of back-labeled cells had increased FOS-ir in response to 
carbachol (F2,i2=" 106.4, p<0.001). Pretreatment with icv atropine 
significantly reduced carbachol-induced FOS-ir in the SFO. In the OVLT 
of rats injected with carbachol, 81.2±2.4% of the back-labeled cells 
showed co-staining for FOS-ir (F2j 2=65.7, p<0.001). Atropine 
pretreatment significantly reduced the amount of FOS-ir in OVLT back- 
labeled cells. This study provides evidence that both SFO and OVLT 
neurons projecting to the SON are activated by icv carbachol. Supported 
by NHLBI HL57472, HL14388 and US Navy N00014-97-1-0145.

NEUROENDOCRINE REGULATION: PITUITARY AND PERIPHERY

494.1
REGULATION OF GENE EXPRESSION IN PARS TUBERALIS-SPECIFIC 
CELLS OF THE OVINE PITUITARY Jurgen Bockmann*1. Katharina E. Stenzel1. 
Tobias M. Bockers1. Carsten Winter1. Werner Wittkowski1, Hilke Winterhoff2. 
Michael Kreutz3 1 AG Molecular Neuroendocrinology, Institute of Anatomy, 
University of Muenster, Germany 2 Institute of Pharmacology and Toxicology, 
University of Muenster, Germany 3 AG Molecular Cell Neurobiology, Institute of 
Medical Psychology, University of Magdeburg, Germany

Hypophyseal pars tuberalis (PT)-specific cells express both hormonal subunits 
of TSH-a and -P, but do not resemble thyrotropes of the pars distalis (PD) with 
respect to their distinct morphology, secretion and the direct modulation of TSH 
expression by photoperiodic inputs and melatonin. To investigate this PT-specific 
regulation of TSH on a molecular level, we cloned several TSH-a and -p subunits 
from PT- and PD-specific cDNA-libraries. Sequence analysis revealed identical 
sizes and sequences in both hypophyseal compartments. Transcription start site 
analysis also displayed three identical start sites for the transcription of TSH-P in 
PT and PD. After cloning of the ovine TSH-, TRH- and a partial T3-receptor (TRP) 
cDNA, in situ hybridization, northern blot analysis and PCR experiments showed 
that TSH- but not TRH- and T3-receptors are expressed in PT-specific cells. The 
transcription factor Pit-1 that is involved in TSH expression of thyrotropes could 
only be detected in the PD. Additional in situ hybridization experiments with rats 
treated with T4 or TRH showed no altered TSH-P mRNA formation in the PT.

We conclude that PT-specific cells of the pituitary are characterized by the 
transcription of TSH subunits which expression is not regulated via the "classical" 
thyrotrope receptors and their intracellular pathways but through a novel, 
photoperiod dependent mechanism.

Supported by the Deutsche Forschungsgemeinschaft (DFG).

494.2
ONTOGENETIC ASPECTS OF GENE EXPRESSION IN PARS TUBERALIS 
SPECIFIC CELLS OF THE PITUITARY W. Wittkowski*. J. Bockmann, T M. 
Brickers. C. Winter, M R. Kreutz1. Institute of Anatomy, University of Munster, 
48149 Munster. Germany, ’institute of Medical Psychology, University of 
Magdeburg. 39120 Magdeburg. Germany

Time course of prenatal dev elopment of the pituitary' is characterized by an early 
differentiation of the pars tuberalis (pt) preceding that of pars distalis (pd). The 
early prenatal- 15th day - occurrence of melatonin receptors is a further 
peculiarity of pt.

Investigations were performed in rat pituitaries between embryonic day 12 and 
birth as well as postnatally, on days 1, 7 and 20. The following methods were 
applied: light and electronmicroscopy. immunohistochemistry and in situ 
hybridization for the expression TSH subunits.

First ultrastructural signs of secretory' activity of pt-specific cells were found on 
embryonic day 15. Common a-chain mRNA could be detected already on 
embryonic day 14 and was exclusively found in the pt Anlage. In the same 
localization on day 14 the a-chain could be demonstrated by 
immunocytochemistry'. The expression of TSH-6 mRNA could also be detected 
already on day 14. Immunohistochemical staining revealed the occurrence of 
TSH-6 protein on embryonic day 15 in the pt. The onset of expression of both 
subunits in the pd, however, was about 4 - 5 days later.

The demonstrated sequence of secretory’ differentiation and expression of TSH- 
subunits together with the occurrence of melatonin receptors accentuates the 
hypothesis that the pt has a precursor function for the pd and may be necessary for 
entrainment of biorhythmic alterations of endocrine system.

Supported by the Deutsche Forschungsgemeinschaft

494.3
ALTERATIONS IN SYNAPTOPHYSIN IMMUNOREACTIVITY IN RAT 
PITUITARY INNERVATION AFTER 6- HYDROXYDOPAMINE TREATMENT. 
L.C. Saland*. D, Thomas and J.Gaddy. Dept. Of Neurosciences, University of 
New Mexico Sch. Med., Albuquerque, NM 87131.

Innervation to the rat pituitary intermediate lobe from periventricular 
dopamine hypothalamic neurons forms direct synapses onto endocrine cells 
which release proopiomelanocortin (POMC) peptides. We have previously 
found that synaptophysin (SN) immunoreactivity (IR) of the nerve terminals is 
significantly reduced in the intermediate lobe tissue of aging rats (Saland et al, 
1997, Brain Res. Bull., in press). Here, we used young adult male Sprague- 
Dawley rats treated with 6-hydroxydopamine(6-OHDA) to induce denervation 
of the pituitary in order to study SN-immunostaining of the nerve fibers. Rats 
received two intravenous (tail vein) injections of 6-OHDA, 150 mg/kg, or 
equivalent volumes of saline for controls, and were studied at one or three 
weeks following the injections. After halothane anesthesia, animals were 
perfused intracardially with buffered saline followed by paraformaldehyde, and 
pituitary tissues were processed for paraffin sectioning. Sections were 
immunostained for SN with a monoclonal antibody from Boehringer-Mannheim 
(dilution 1:50). At one week after 6-OHDA treatment, SN-IR was reduced in 
intensity in both the intermediate (IL) and neural (NL) lobes, as compared to 
saline-treated controls. Three weeks after injections, when reinnervation is 
occurring, staining intensity was variable in 6-OHDA rats, with some similar to 
controls, and others having less intense SN-IR. We suggest that 6-OHDA- 
induced degenerative changes lead to loss of synaptic vesicle integrity and 
reduced SN protein at-the nerve terminals. Support: NIH GM-52576.

494.4
DOPAMINE-INDUCED INTRACELLULAR CALCIUM RESPONSES IN SINGLE 
IDENTIFIED RAT LACTOTROPHS. F.T, Close’, J.W. Gunnefand M.E. Freeman1. 
’Dept Bio Sci, Florida State U, Tallahassee 32306-4075. "R.W. Johnson Pharm. 
Res. Inst. Raritan, NJ

Dopamine (DA) has been shown to stimulate prolactin (PRL) secretion from the 
anterior pituitary (AP) gland at low doses and inhibit PRL secretion at high doses. 
Recent studies from our laboratory suggested that inhibition of PRL secretion by DA 
is independent of ovarian steroids while stimulation of PRL secretion is dependent 
on the presence of estradiol (E2) and progesterone (P) in combination. Since calcium 
plays an important role in PRL secretion, the objective of the present study was to 
characterize the role of ovarian steroid hormones in controlling the change in 
intracellular calcium ([Ca2+]i) in response to varying concentrations of DA. Animals 
were ovarieetomized (OVX) and immediately given Silastic implants containing E2 
(E2 blood levels 70-100pg/ml) or E2+P (P blood levels 30-40 ng/ml). Ten days later, 
the APs were harvested, enzymatically dissociated and placed on coverslips. [Ca2+]i 
of single cells was evaluated by quantitative fluorescence microscopy using 
Fura2/AM. Average intensities of each cell were determined for two excitations 
independently and for the ratio 350nm/380nm. Each coverslip was perifused with a 
single dose of DA treatment in sequence: 1) 5min media alone 2) 15min DA 
(IOOpM or lpM) 3) 5 min media alone. Subsequent to the [Ca2+]i imaging, the 
lactotrophs were identified in the same optical field by immunolabeling for PRL 
using anti-rat PRL antiserum and anti-rabbit IgG conjugated with indocaibocyanine. 
[Ca^]i in the presence of IOOpM DA was unchanged in cells obtained from OVX 
animals, but exposure to lpM DA decreased [Ca2+]i in 35% (7 of 20) of these cells. 
In cells obtained from animals implanted with E2 alone, [Ca2 ji was unchanged after 
exposure to both doses of DA. This would indicate that the inhibitory effects of DA 
on PRL secretion are not influenced by an estrogen modulation of [Ca2"]i. In 
contrast, IOOpM DA or 1 p.M DA exposure increased [Ca2+ji in cells obtained from 
OVX-E2+P treated rats, 33% (7 of 21) and 81% (13 of 16), respectively. These 
findings taken together with the PRL secretion data suggest that DA-induced PRL 
secretory responses involve the release of intracellular stores of calcium and are 
dependent upon the ovarian steroid background as well as the dose of DA present. 
Supported by NIH DK43200.
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494.5
EVIDENCE THAT THE MAJORITY OF DOPAMINE REGULATING 
PROLACTIN SECRETION ARRIVES FROM THE NEUROINTERMEDIATE 
LOBE OF THE PITUITARY GLAND. J.E. DeMaria1, D. Zelena2, G M. Nagy-2, 
M.E. Freeman1*. ’Department of Biological Science, The Florida State University, 
Tallahassee, FI. 32301-4075. 2Neuroendocrine Research Laboratory, Department of 
Human Morphology, Semmelweis University, Budapest, Hungary .

The regulation of prolactin (PRL) secretion by hypothalamic dopamine (DA) has 
been firmly established. However, the relative contribution of hypothalamic DAergic 
systems has yet to be clarified. Tuberoinfrmdibular DAergic (TIDA) neurons 
terminate at the median eminence and deliver DA to the anterior lobe (AL) of the 
pituitary gland via long portal vessels. Tuberohypophyseal DAergic (THDA) 
neurons terminate in both the intermediate (IL) and neural (NL) lobes of the 
pituitary gland while periventricular-hypophyseal DAergic (PHDA) neurons 
terminate in the IL only. DA from the latter two populations of neurons has been 
hypothesized to be delivered to the anterior lobe via the short portal vessels. 
Neurointermediate lobe denervation (NIL-D) is an effective method for selective 
lesioning of THDA and PHDA neurons, while leaving TIDA neurons and the 
vascular supply of the pituitary gland intact, NIL-D was performed in 
ovariectomized (OVX) rats and the concentration of DA and DOPAC in the AL, IL, 
and NL of OVX and OVX+N fL-D rats was measured by HPLC-EC. Plasma PRL 
was measured by RIA. By one week after NIL-D, plasma PRL was elevated and DA 
levels in the AL, IL, and NL were, respectively, 15%, 26%, and 43% those of sham 
operated animals. Simultaneously, there was no change in AL DOPAC which 
suggests that NIL-D has no effect on TIDA neuronal activity. Coincident with the 
unchanging AI. DOPAC levels, IL DOPAC was dramatically depressed. This is a 
direct result of the decrease in DA, present in the IL of NIL-D rats, from which 
DOPAC is produced. Our data indicate that a significant proportion of the DA 
arriving at the AL may come from PHDA neurons terminating in the IL via the short 
portal vessels. The possible source of DA that is actively metabolized in the NL 
needs further clarification. This work was supported by NIH DK43200, HD11669, 
and the Soros Foundation OTKA20916.

494.6
CELL-CELL CONTACT BETWEEN LACTOTROPES AND 
FOLLICULO-STELLATE CELLS IS ESSENTIAL FOR TGF-63- 
INDUCED CELL PROLIFERATION. S. Hentges*, A. De and D. K. 
Sarkar. Department of Veterinary and Comparative Anatomy, 
Pharmacology and Physiology, Washington State University, Pullman, 
WA 99164-6520.

Estrogen's mitogenic action on lactotropes is known to be regulated by- 
various growth factors, including transforming growth factor-63 (TGF- 
63). Recently, we have shown that TGF-63 acts on lactotropes by a 
paracrine mechanism. Since folliculo-stellate cells are known to make 
cell-cell contact with lactotropes in the pituitary and are known to 
produce growth factors that affect lactotropic growth, we investigated 
whether these cells mediate TGF-63 action on the lactotropes. The action 
of TGF-63 on lactotropic cell proliferation was determined in the 
presence of 10 nM estradiol 176 in primary cultures of pituitary cells, 
primary cultures of enriched lactotropes (85-95%) and pituitary cell lines 
RC-4BC containing endocrine hormone secreting cells, and in 
cocultures of RC-4BC cell and folliculo-stellate cells. TGF-63 
stimulated lactotropic cell proliferation in primary cultures of mixed 
pituitary cells. TGF-63 did not show any stimulatory action on 
lactotropic cell proliferation in the absence of folliculo-stellate cells in 
enriched lactotrope cell cultures or in RC-4BC cell cultures. TGF-63 
also did not stimulate cell proliferation in folliculo-stellate cell cultures. 
Conditioned media from TGF-63-treated folliculo-stellate cell cultures 
failed to increase lactotropic cell proliferation in RC-4BC cell cultures. 
However, TGF-63 stimulated lactotropic cell proliferation in a coculture 
of RC-4BC cells and folliculo-stellate cells. These data providing first 
evidence for a role of cell-cell contact between lactotropes and folliculo- 
stellate cells in lactotropic cell proliferation. (Supported by NIH Grant 
CA 56056).

494.7
BIDIRECTIONAL ACTIONS OF ENDOTHELINS ON PROLACTIN 
RELEASE. T. Koshimizu, A. Lachowicz, K.K. Arora, L. Zheng, F. 
Huang*, K.J. Catt and S.S. Stojilkovic. Endo. Reprod. Res. Branch, 
NICHD, NIH, Bethesda, Maryland 20892.

The effects of endothelins (ETs) on intracellular signaling and 
prolactin (PRL) release were analyzed in pituitary cells from female rats 
and GH3 immortalized lacto-somatotrophs. In perifused pituitary cells, 
addition of ET-1 caused a transient spike increase in PRL release, 
followed by a sustained decrease to below the basal level. The 
stimulatory action of ET-1 on PRL release was abolished in the presence 
of BQ-123 and BQ-610, antagonists of the ETA receptor subtype. ET-1- 
induced diacylglycerol, InsP3, and calcium responses were also 
abolished by BQ-123 and U73122, an inhibitor of phosphoinositide 
hydrolysis, suggesting that the rapid secretory action of ET is mediated 
through ETA receptors coupled to phospholipase C. In accord with this, 
RT- PCR analysis demonstrated the expression of transcripts for ETA but 
not ETB receptors. However, BQ-123 did not prevent ET-1-induced 
inhibition of PRL release even at 100-fold higher concentrations. The 
ETB receptor antagonist, BQ-788, did not affect tlie stimulatory and 
inhibitory actions of ETs. The binding of 125I-ET-1 to cultured pituitary 
cells was consistent with expression of two classes of ETA receptors, BQ- 
123-sensitive and BQ-123-insensitive receptors. On the other hand, 
the binding characteristics of rat and human ETA receptors transiently 
expressed in GH3 pituitary cells were consistent with a single class of 
BQ-123-sensitive receptors. These data indicate that rat lactotrophs 
express two types of ETA receptors. The BQ-123-sensitive class is rapidly 
activated and is coupled to the phospholipase C pathway, and mediates 
stimulation of PRL release. Activation of the BQ-123-insensitive 
receptor class leads to slowly-developing inhibition of PRL release 
through a still uncharacterized intracellular signaling system.
Funding source: NIH Intramural Program.

494.8
NEUROPEPTIDE Y (NPY) SUPPRESSES PROLACTIN (PRL) 
SECRETION FROM RAT ANTERIOR PITUITARY CELLS 
THROUGH A Y-5-LIKE RECEPTOR COUPLED TO INHIBITION 
OF CALCIUM ENTRY. J.J. Wang and W.R, Crowley*. Dept. of 
Pharmacology, University of Tennessee-Memphis College of 
Medicine, Memphis, TN 38163.

NPY is expressed in tuberoinfundibular dopamine (DA) neurons of 
rats during lactation, and our previous studies (Endocrinology 137: 
587-594, 1996) demonstrated that NPY inhibits PRL secretion from 
anterior pituitary (AP) cells and augments DA suppression of PRL 
release. The present studies further evaluated the receptor subtype and 
messenger mechanisms involved in this action, in cultured AP cells 
stimulated with thyrotropin releasing hormone (TRH). The reduction 
in TRH-induced PRL release by NPY was mimicked by Y-l and by 
Y-2 agonists, but the analogue C2-NPY was ineffective, suggesting 
the involvement of a “Y-5-like” (feeding) receptor. Pretreatment with 
pertussis toxin attenuated the inhibitory effects of NPY. When treated 
with thapsigargin to deplete inositol-1,4,5-trisphosphate-sensitive 
intracellular stores of calcium, the TRH stimulation of PRL release and 
cytosolic calcium due to entry of extracellular calcium was still 
inhibited by NPY. However, NPY did not block PRL release and 
cytosolic calcium responses to ionomycin, which releases calcium 
from internal stores. The inhibitory effects of NPY on PRL and 
cytosolic calcium were mimicked by the L-type calcium channel 
blocker nitrendipine. These findings suggest that NPY inhibits PRL 
secretion via a Y-5-like receptor coupled via a pertussis toxin-sensitive 
G protein to inhibition of calcium entry through L-type channels.

NIH grant HD-13703

494.9
EVALUATION OF THE DISTRIBUTION, SECRETION, AND FUNCTION OF 
THE PEPTIDE GALANIN IN THE ANTERIOR PITUITARY GLANDS OF 
HUMAN GROWTH HORMONE-RELEASING HORMONE TRANSGENIC 
AND NORMAL MICE. J.P.Moore, Jr.*, B.E. Maley, L. Jennes and J.F. Hyde Dept. 
Anatomy and Neurobiology, University of Kentucky Med. Ctr., Lexington, KY 40536.

Galanin peptide has been colocalized with growth hormone and thyroid stimulating 
hormone within the male rat anterior pituitary (AP). Recent transgenic mouse models 
with altered pituitary function have directed our attention to characterization of galanin 
in the mouse anterior pituitary gland. We utilized dual immunofluorescence to 
quantify the specific AP cell types which contain galanin in the 5 month-old male 
C57BL/6S mouse. These data were then compared to results obtained by evaluating a 
model of somatotroph hyperplasia, the human growth hormone-releasing hormone 
(hGHRH) transgenic mouse. We report that like the rat, galanin is localized in 
somatotrophs and thyrotrophs within the AP gland of the male mouse. Additionally, 
we observed colocalization of galanin and prolactin within AP cells from normal and 
hGHRH mice. These studies also revealed a significant increase in the percentage of 
galanin immunoreactive cells within the hGHRH AP. We performed single cell 
analyses of growth hormone and galanin secretion from AP cells obtained from 
hGHRH and normal mice by utilizing the cell immunoblot assay (CIBA). AP cells 
from the hGHRH mouse secreted a significantly greater amount of growth hormone as 
compared to non-transgenic siblings. We also observed a significant increase in the 
amount of galanin secretion from AP cells of the hGHRH mouse. Finally we evaluated 
the effect of localization of galanin within somatotrophs on the in vitro secretion of 
growth hormone. We now report that galanin positive somatotrophs from hGHRH and 
control mice secrete a significantly greater amount of growth hormone then those not 
containing galanin peptide. These results suggest an autocrine role for galanin peptide 
within the anterior pituitary gland to influence the regulation of growth hormone 
secretion. [Supported by DK-45981 and HD-07436]

494.10
THE EFFECT OF Ca2+ ON THE TRANSPORT AND SECRETION OF ENDOPEPTIDASE 
EC3.4.24.15 FROM cxT3-1 AND A1T20 CELLS. Peter J, Crack, Philip M, Cummins, Andrea 
C, Gore*, Marc J, Glucksman and James L, Roberts, Fishberg Research Center for 
Neurobiology, Mount Sinai Medical Center, Box 1065, New York, NY 10029-6574.

Endopeptidase EC 3.4.24.15 (EP24.15) is a soluble metalloenzyme (77kDa) abundant in 
the brain, pituitary and testes. It has been implicated in the metabolism of several 
neuropeptides, including gonadotropin-releasing hormone (GnRH). Recently, a secreted, 
enzymatically active form of EP24.15 has been identified in culture media taken from C6 
glioma, PC12, aT3-1 and AtT20 cells. However, the mode of enzyme translocation out of 
the cell and its precise function(s) are poorly understood, in view of the latter observation, 
this study attempts to illucidate the mechanism(s) of EP24.15 secretion from a gonadotrope 
cel! line («T3-1) and a corticotroph cell line (AtT20), both of anterior pituitary origin. 
Specifically, the role of Ca2+ in the intracellular transport and secretion of EP24.15 in these 
cell lines is investigated.
When AtT20 and aT3-1 cells are incubated in Ca2+ free media,there is a significant increase 

in the rate of EP24.15 secretion between t=2 and t-3 hours compared to parallel secretions 
performed in the presence of Ca2+. When this study (+/- Ca2+) was repeated in the presence 
of 10 pM A23187 (a Ca2+ ionophore), a significant increase in the rate of EP24.15 secretion 
between t=2 and t=3 hours was observed under Ca2+ free conditions, particularly with the 
«T3-1 cells, suggesting an intracellular effect(s) of A23187 which may include the 
subsequent release of intracellular Ca2+ stores (presumably from mitochondria and 
endoplasmic reticulum) into the cytosolic compartment. A marked diminution in nuclear 
EP24.15 activity (fluorimetric assay) and prdtein (Western analysis) has also been observed 
in AtT20 cells cultured in Ca2+ free media for up to four hours, suggesting a possible 
translocation of the enzyme from the nucleus to the cytosol, or direct secretion from the 
nucleus under these conditions. This data suggests that the release of EP24.15 from these 
cells is a Ca2+-mediated event which may involve a depletion in the nuclear complement of 
EP24.15 and/or a release of EP24.15 known to be associated with the external face of the 
plasma membrane. Both of these possibilities are being investigated. [French Foundation 
Fellowship to P.J.C.: PHS grant 2T32-DA07135-16 to P.M.C.; NSF IBN 421594 to M.J.G. 
andJ.LR.]
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494.11
PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE 
(PACAP) IN THE RAT PINEAL GLAND. M.Mgller3, J.Hannibal2, 
B.Cozzi1* and J.Fahrenkrug2. ’Inst.Anat.Dom.Animals, Milan, Italy, 
2Dept.Clin.Chem., Bispebjerg Hosp. and 3Inst.Med.Anat., Univ.Copen., 
2200 Denmark.

PACAP has recently been shown to stimulate melatonin secretion of the 
rat pineal gland. However, the presence and localization of PACAP in the 
mammalian pineal has never been demonstrated. We have in a series of 
male, Wistar rats determined the concentration of PACAP in the pineal 
gland, by extraction of the peptide followed by radioimmunological 
analysis, to be 20.43 pmol/g tissue (±5.75 SD) during day time and 18.75 
pmol/g (±6.62 SD) during night time. By use of a monoclonal antibody 
raised against PACAP, immunoreactive nerve fibres were seen to enter the 
pineal capsule via the conarian nerve. From the capsule, many 
immunoreactive nerve fibres penetrated into the pineal parenchyma. 
Double immunofluorescence studies showed PACAP to be colocalized 
predominantly with calcitonin gene related peptide. Few PACAP 
immunoreactive nerve fibres also contained neuropeptide Y and some 
vasoactive intestinal peptide. After bilateral superior cervical 
ganglionectomy, the innervation pattern of the pineal gland with PACAP- 
immunoreactive nerve fibres did not change. Thus, our study shows a 
fairly dense innervation <?f the rat pineal gland with PACAP- 
immunoreactive nerve fibres. The majority of these fibres is of non- 
sympathetic character. The origin of the PACAP-containing fibres is 
suggested to be the trigeminal ganglion.

494.12
CHARACTERIZATION OF SOMATOSTATIN-SENSITIVE ADENYLYL CYCLASE IN 
PORCINE SERTOLI CELLS. J. Longin, C, El Ghamrawy. M. Benahmsd.an.d $. Krantic*- 
Lab. Cell. Commun., INSERM 407, CH Lyon-Sud Pierre-B6nite, France.

The major activator of Sertoli cell, follicle-stimulating hormone (FSH) acts via adenylyl 
cyclase activation. To assess-a negative regulation of sertolian adenylyl cyclase, we studied 
the 3H-cAMP production by Sertoli cells preloaded with 3H-adenine in the presence of 
somatostatin (SRIF14). Indeed, SRIF is apparently present in porcine testis and all five cloned 
receptors (sstl-sst5) inhibit adenylyl cyclase activity.

Up to first 10 min of incubation with both FSH (0.25 (ig/ml/lO  ̂cell) and SRIF14 (10'12M- 
10'6M), adenylyl cyclase activity does not differ as compared to the cultures grown without 
SREF14, probably because of the modest (1.3 fold) FSH-dependent increase of cAMP 
production. Consistently, in the absence of FSH, SRIF14 does not affect the adenylyl cyclase 
activity. After a 10 min incubation, FSH triggers a 5 fold increase of adenylyl cyclase activity 
and SRIF14 decreases this activity with an IC50 of 5.10"nM and Imax of -50% (10'10M- 
10-6M). For longer incubation times (30-60 min) a heterologous desensitization of SRIF14 
response in FSH-stimulated cells is observed: IC50 for the inhibition of adenylyl cyclase 
increases from 10‘nM to 10"9M and Imax decreases to 25% (10'6M) of the adenylyl cyclase 
activity measured in the absence of SRIF14. After 6h of cell culture stimulation with FSH, 
SRIF14 has any effect on FSH-stimulated adenylyl cyclase even at the highest (10‘6M) 
concentration tested. Surprisingly, after 24h, 48h and 72h stimulation with FSH, SRIF14 
inhibited the accumulation of FSH-dependent cAMP accumulation with an IC50 of 10'9M and 
an Imax of -25% to -50% (10‘8M). However, for the SRIF14 concentrations comprised 
between 10'8M and 10'6M, the cAMP accumulation increases to reach the level observed in 
the absence of the neuropeptide.

Altogether our data suggest that SRIF 14 has both direct (for the short incubation periods) 
and indirect (for the long incubation periods) effects on FSH-induced accumulation of cAMP. 
We are currently assessing the isotype(s) of receptor(s) involved and the relevence of the 
SRIF-dependent regulation of adenylyl cyclase to the biological responses of Sertoli cells (e.g. 
lactate and inhibin B production).

494.13
NATRIURETIC PEPTIDES ACT BY LIBERATION OF CYCLIC GMP. A.L.V. 
Favaretto*, J. Antunes-Rodriques, A.G.F. Pereira,.and S.M.Mc Cann1. Dep.
Physiology, University of Sao Paulo, Ribeirao Preto, SP, Brazil; 
Penningtown Biom.Res.Center1 (LSU), Baton Rouge, LO, USA.

The principal natriuretic peptides are atrial natriuretic peptide (ANP) 
and oxytocin (OT). The natriuretic action of ANP has been explained in part 
by its combination with ANPa  receptors that activate guanylate cyclase (gc) 
generating cyclic GMP(cGMP). For OT the mechanism of action remains 
poorly understood. Some studies demonstrated the involvement of Nitric 
oxide (NO) in the natriuresis induced by bradykinin. Nitric oxide synthase 
(NOS) activates soluble (s)gc liberating cGMP. This effect is blocked by 
inhibition of NOS, indicating that cGMP by action on Na+ channels might be 
the major mediator of natriuresis. This hypothesis was tested by studying the 
effect of inhibiton of NOS by nitroarginine methyl ester (L-NAME,10 mg/kg, 
ip) on the natriuresis evoked by ANP or OT(5-10 pg/rat, i.p.), in water 
loaded adult male rats. The results showed that inhibition of NOS by 
injection of L-NAME had no effect on ANP-induced kaliuresis and natriuresis 
but significantly decreased the OT-induced natriuresis for the 140 min 
duration of the experiment; kaliuresis was also decreased for 80 min after 
which it recovered partially. The data suggest that ANP-induced natriuresis 
and kaliuresis are not mediated by NO but may be caused by liberation of 
cGMP by particulate gc. On the other hand, OT-induced natriuresis and 
kaliuresis may be mediated by NO that activates (s)gc and also liberates 
cGMP. OT may activates its receptors on NOS-producing cells in the kidney, 
probably by increasing intra-cellular Ca++ that combines with calmodulin to 
activate endothelial or neural NOS in the glomeruli, macula densa or 
tubules of the kidney.
Grants from CNPq and FAPESP

494.14
PARAVENTRICULAR HYPOTHALAMIC NUCLEUS REGULATES 
PARATHYROID HORMONE AND BLOOD CALCIUM VIA INFERIOR 
LARYNGEAL NERVE IN RATS. S. Aou*, K, Araishi, and T. Hori, Dept. of 
Physiology, Fac. of Med., Kyushu Univ., Fukuoka 812-82, Japan.

The effects of an injection of bicuculline methiodide (BM), a GABAa  
antagonist, into the paraventricular hypothalamic nucleus (PVN) on the blood 
concentration of calciotropic hormones and ionized calcium were investigated 
in awake female rats. The effect of selective vagotomy of either the superior 
laryngeal nerves or the inferior laryngeal nerves were also examined. The 
plasma levesl of parathyroid hormone (PTH), but not calcitonin, increased 15 
min after BM (15 ng/0.2 pJ) injection to the PVN, then returned to the original 
levels within 30 min. A PVN injection of BM (7.5, 15, 30, 60 ng/0.2 pi) dose 
dependently decreased the blood concentration of calcium with a peak 
response at 30 min after the injection. The plasma levels of sodium, but not 
potassium or chloride, were also reduced by 30 ng, but not 15 ng, of BM. 
The hypocalcemia induced by the BM-injection to the PVN was suppressed 
by a bilateral section of the inferior laryngeal nerves. Bilateral cutting of the 
superior laryngeal nerves was less effective. The results suggest that the 
PVN neurons regulate blood calcium homeostasis via the vagus nerves 
innervating the thyroid/parathyroid glands, mainly via the inferior laryngeal 
nerves. Because an injection of PTH has been shown to induce transient 
hypocalcemia, a BM-induced increase in PTH may mediate the hypocalcemic 
response to BM-injection to the PVN, at least in part.
Supported by Grants-in Aid (No. 08458270) for Scientific Research from the 
Ministry of Education, Science and Culture, Japan.

494.15
2% NaCI IN THE DRINKING WATER INCREASES PLASMA LEVELS OF 
VASOPRESSIN, BUT NOT OXYTOCIN, IN RATS. M.L, Terrelf. H. Liu. V, Buia,
J.Y. Summy-Long3, M. Kadekaro. Div. of Neurosurgery. UTMB, Galveston. TX. 
Dept. Of Pharmacology. Penn. State University. Hershey, PA.

The objective of this study was to investigate osmoregulation that results 
predominantly from activation of peripheral osmoreceptors located in the 
splanchnic-mesenteric area during intake of salt solution. Adult male Sprague- 
Dawley rats (n=16) were housed individually in metabolic cages with food and water 
ad libitum. On the third day, water was replaced by 2% NaCI for 4 days in half of 
the rats. Daily intake of fluid and urinary excretion of Na*. K\ protein and glucose 
were determined. On the 5th day, blood pressure (BP), hematocrit, plasma [Na+], 
[K+], osmolality, total protein and glucose concentrations were measured in the 
conscious rat. The animals were decapitated and VP. OT and ACTH quantified in 
the trunk blood by RIA. Differences were determined by one-way ANOVA followed 
by Newman Keuls t-test. Control rats gained, while rats on salt diet lost weight. 
The intake of water was relatively constant, but intake of NaCI gradually increased 
during the 4-day period. In spite of the enhanced intake of salt, plasma [Na+j and 
[K+] remained similar to control rats due to an increased in Na and decreased in K’ 
excretion in urine. Compared to controls, animals drinking salt had increased 
(p<0.05) plasma osmolality (1.7%) and enhanced renal excretion of total protein and 
glucose. BP. hematocrit and plasma concentrations of glucose and protein were 
similar in both groups of rats. Plasma hormone levels (pg/mf, mean ± SEM, n=7-8) 
of VP were higher (p<0.05; 4.98 ± 0.5 vs. 2.18 ± 0.26) for rats drinking NaCI, but 
OT (10.8 ± 1.5 vs. 12.9 ± 1.2) and ACTH (234 ± 19 vs. 554 ±139) did not differ 
from control rats. Therefore, drinking hyperosmotic NaCI (2%) for 4 days was not a 
chronic stress as VP release was stimulated independently of the stress hormones OT 
and ACTH. Supported by NS R01-23055 (M. Kadekaro and J.Y. Summy-Long).

494.16
INTRACEREBRAL INJECTION OF GROWTH HORMONE-
RELEASING PEPTIDE INTO THE ARCUATE NUCLEUS DOES NOT 
INCREASE PLASMA LEVELS OF GH. A.Fink-Jensen. P. Kristensen* 
and J. Romer. Health Care Discovery, Novo Nordisk A/S, 2760 Malov, 
Denmark.

It has earlier been shown that systemic as well as 
intracerebroventricular administration of growth-hormone-releasing 
peptides induces Fos protein immunoreactivity in the rat hypothalamic 
arcuate nucleus. In the present study we wanted to investigate 
whether the increase in plasma levels of growth hormone (plasma GH) 
observed after systemic administration of growth-hormone-releasing 
peptides is caused by a direct effect of these secretagogues on the 
arcuate nucleus. To this end, the growth-hormone-releasing peptide 
GHRP-2 was injected into the femoral vein or unilaterally into the 
arcuate nucleus of anesthetized rats and plasma levels of growth 
hormone was measured. Systemic administration of GHRP-2 (0.01, 
0.03 and 0.1 mg/kg) dose dependently increased plasma GH whereas 
central injection of GHRP-2 into the arcuate nucleus (0.01, 0.1, 1 and 
10 pg) did not significantly increase plasma GH. In conclusion, the 
growth-hormone-releasing peptides GHRP-2 does not seem to elicit its 
effect on plasma GH in rats via a direct effect on hypothalamic arcuate 
neurons.
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494.17
SPACEFLIGHT PREVENTS RELEASE OF BIOASSAYABLE 
GROWTH HORMONE IN RESPONSE TO MUSCLE ACTIVITY.
G.E. McCall*. C. Goulet, J.A. Hodgson. R.E. Grindelandf, A.J.
Bigbeef. and V.R. Edgerton, Dept. of Physiological Sci., Univ. of 
California, Los Angeles, CA 90095 and NASA Ames Research Center, 
Moffet Field, CA94035f.

Hormonal responses of two men (SI and S2) to a muscle fatigue test 
before (-60 and -30 days), during (2/3 and 13/14 days), and after (+2, +4, 
and +8 days) 17 days of spaceflight were studied. The fatigue test involved 
a series of unilateral isometric plantarflexions and included 6 maximal 
voluntary contractions (MVC), 24 contractions at 30% MVC, and 12 
contractions at 80% MVC all performed at a 4:1 s work:rest ratio. Blood 
was collected prior to and immediately following the fatigue test to measure 
plasma growth hormone by bioassay (BGH; pg • L"1) of tibia epiphyseal 
cartilage growth in hypophysectomized rats. Before spaceflight plasma 
BGH increased from pre to post fatigue test [-60 d, 4068 to 8109 (SI) & 
2693 to 6862 (S2); -30 d, 2881 to 8250 (SI) & 2178 to 5728 (S2)]. 
During spaceflight the BGH response was blunted at 2/3 d [2872 to 3298 
(SI) & 1717 to 3211 (S2)], and essentially absent by 13/14 d [2982 to 
3166 (SI) & 2670 to 2498 (S2)]. Following spaceflight the BGH response 
remained absent at +2 d [3508 to 3390 (SI) & 2207 to 2108 (S2)], but had 
returned by +4 d [2362 to 8620 (SI) & 2041 to 4894 (S2)], and +8 d 
[3336 to 5308 (SI) & 2765 to 5486 (S2)]. In conclusion, the exercise- 
induced release of BGH was inhibited during spaceflight and early 
recovery, but had returned to normal by four days after spaceflight. These 
results are similar to a previous 17-day bedrest study and suggest that the 
chronic level of neuromuscular activity/loading regulates the exercise- 
induced release of BGH, perhaps via a muscle-afferent-pituitary axis.

Supported by NASA #199-26-12-09, and NIH, NRSA(DE07212) from 
NIDR.

494.18
SKIN RESISTANCE AS A MARKER OF THE AUTONOMIC NERVOUS SYSTEM'S 
REACTION TO EXERCISE. O.B, Ilyinsky* L2 and I.T. Gean1. Baylor/UTSW Sports Science 
Research Center1, Dallas, and Dept. Biology, University of North Texas2, Denton, TX 
76203.

It has been shown that there is correlation between sympathetic activity (SA) and 
skin resistance (SR) (Lidberg & Wallin, 1981). Sweat glands are the most important factor 
for changing SR during physical activity, and when work is begun sweat secretion is 
stimulated by sympathetic excitation based on non-thermal factors (Nadel et al., 1971). 
Therefore, we tested the hypothesis that SR can be an additional marker of the changing 
functional state of the autonomic nervous system after a training exercise program. 26 
volunteers (18 women & 8 men) without serious medical or orthopaedic problems (mean 
age 72.62±5.12) participated in a walking training study for 9 weeks. Resting metabolic 
rate (RMR), SR, heart rate (HR), and effects of a submaximal treadmill test (TrT, VO2max) 
were measured before and after the program. The training program was effective for all 
persons (see results for TrT & VO2max). RMR didn't change, HR tended to decrease and 
SR decreased significantly f p<0.05).

SR(kom) 45.83±3.49 35.24±2.79 p=0.0l7’
TrT (spd x grd; mph, %) 17.13±6.44 22.56±7.I6 p=0.006*
VO2max(ml/Kg/min) I7.67±3.I9 I9.52±3.79 p=0.063
RMR(Kcal/BW, 24 hr) I9.90+3.20 19.71 ± 1.91 p=0.803
HR(bpm) 70.46±8.94 66.92±6.68 p=0.112
It is known that HR decreases after exercise training: tonic SA is diminished and 

para-SA is enhanced, with greater vagal dominance. Sweat glands are innervated exclusively 
by sympathetic cholinergic nerves. It may be that exercise increases the sensitivity of sweat 
glands and heart muscle cells to the action of AcH, and/or affects different parts of the 
sympathetic system differently: noradrenergic activity may be decreased and cholinergic 
activity may be increased.

We believe that SR can be a useful additional marker of adaptive reactions to a 
physical training. Supported by Baylor Medical Center.

RESPIRATORY REGULATION: PREBOTZINGER COMPLEX

495.1
LESIONS IN THE PRE-BOTZINGER-COMPLEX AREA 
ATTENUATE THE BREUER-HERING REFLEX IN THE RAT. A, 
Monnier & D.R. McCrimmon*. Dept. Physiology, Northwestern 
Univ., Medical School, Chicago IL, 60611-3008.

In vitro studies suggest that the pre-Botzinger complex (preBot) 
located within the rostral ventral respiratory group (VRG), immediately 
caudal to the Botzinger Complex, contains neurons generating the 
respiratory rhythm (Smith et al, Science, 254:726-729, 1991). Lung 
inflation during expiration activates pulmonary stretch receptors and 
prolongs expiratory duration (Breuer-Hering reflex; BHR). Because 
activation of the BHR changes respiratory rhythm, it was hypothesized 
that its production required an intact preBot. To test this hypothesis 
unilateral preBot lesions were made and the effect on the BHR 
determined. Glass or tungsten microelectrodes were used to record 
respiratory unit activity and to make electrical lesions in the preBot of 
anesthetized, spontaneously breathing or ventilated and paralyzed rats. 
Pulmonary inflation (2.5 - 10 cmH2O) was used to evaluate the reflex 
before and after lesioning. Subsequent histological analysis of brainstem 
sections was used to establish lesion localization and extent. Lesions in 
a region ventromedial to the nucleus ambiguus between 200 - 900 pm 
caudal to the caudal end of the facial nucleus attenuated the reflex 
lengthening of expiration by 40 to 90%, but did not change baseline 
respiratory rhythm. These results suggest that PreBot neurons 
contribute to the BHR lengthening of expiration, but do not preclude 
contributions from other brainstem regions. (Supported by NIH grant 
HL40336)

495.2
REAL-TIME FUNCTIONAL AND STRUCTURAL IMAGING OF 
RHYTHMICALLY ACTIVE RESPIRATORY NEURONS WITH 
CALCIUM-SENSITIVE DYES AND IR-DIC IN MEDULLARY SLICES IN 
VITRO. N. Koshiva* and T.C. Smith. Laboratory of Neural Control, 
NINDS, NIH, Bethesda, MD 20892.

We developed novel techniques for retrogradely labeling respiratory 
neurons with Ca2+-sensitive dyes which allow activity-dependent 
fluorescence imaging of these cells, simultaneously with structural imaging 
by infrared-differential interference contrast (IR-DIC) optics, in medullary 
slices with active respiratory networks. Neonatal rat or mouse transverse 
slices (200-400 pm thick) were used that contain the pre-Botzinger complex 
(pre-BotC) in the ventrolateral medulla and generate inspiratory motor 
discharge on hypoglossal (XII) nerves. Membrane permeant Ca2+ -sensitive 
dye (calcium green-1, AM) was microinjected in the slice near the midline 
where contralaterally projecting axons cross. After retrograde axonal 
transport/diffusion overnight, pre-BotC neurons were labeled and 
exhibited transient increases in Ca2+-dependent fluorescence of ~30% above 
baseline that were synchronized with the XII discharge. Ca2+ signals 
were recorded from neurons up to a depth of 80 pm from the slice surface. 
IR-DIC imaging of these cells revealed somatodendritic morphology for 
visualized patch-clamping. Whole-cell recording from the neurons 
exhibiting Ca2+ signals confirmed rhythmic depolarization and neuronal 
spiking synchronous with the XII discharge. Some of these pre-BotC 
neurons exhibited intrinsic, voltage-dependent oscillatory bursting 
behavior under current clamp before and after blocking non-NMDA 
receptor-mediated excitatory coupling with CNQX, consistent with our 
previous electrophysiological studies indicating bursting pacemaker-like 
properties of subpopulations of pre-BotC cells (see Smith et al., this 
volume). These techniques provide a novel approach for identification and 
analysis of the functional and structural properties of rhythmically active 
respiratory cells, including bursting cells, in a functional network in vitro.

495.3
CHEMOSENSORY RESPONSES OF THE ISOLATED RESPIRATORY 
NETWORK IN MEDULLARY SLICES IN VITRO. S. M. Johnson*!,2.
H. Koizumjl. C.Q. Trouth,2 and T.C. SmithL iLab. of Neural Control, 
NINDS, NIH, Bethesda, MD 20892 and ^Department of Physiology & 
Biophysics, Howard University, Coll, of Med., Washington, D.C. 20059.

Physiological evidence suggests that chemosensory neurons located within 
the ventrolateral medulla are critical elements involved in the generation 
and modulation of spontaneous rhythmic breathing. We analyzed 
chemosensory responses of the reduced ventral medullary respiratory 
network active in thin (200-350 pm) and thicker (500-600 pm) transverse 
medullary slices from neonatal rats (P0-P5). These slices contain the pre- 
Botzinger complex (pre-BotC), the neuronal kernel for respiratory rhythm 
generation, and generate inspiratory motor discharge on hypoglossal (XII) 
nerves. The rostral-caudal boundaries of the thin slices just bracket the 
boundaries of the pre-BotC. These slices isolate the pre-BotC from adjacent 
regions of the ventrolateral reticular formation contained in thicker slices, 
allowing us to test whether elements at the medullary level containing the 
rhythm generating kernel exhibit chemosensitivity. In both thick and thin 
slice preparations, incrementally elevating hydrogen ion in the slice 
bathing solution at constant CO2 (5%) over the pH range 7.4 - 7.0 caused up 
to 50% increases in XII burst frequency without significant changes in 
amplitude of the integrated XII discharge. In contrast, elevation of bath 
CO2 from 5% to 10% at constant pH did not significantly change discharge 
frequency. These results are consistent with recent observations (Voipio and 
Ballanyi, f. Physiol. 499.2: 527-542, 1997) in more intact in vitro neonatal 
rat brainstem-spinal cord preparations suggesting that extracellular H+ is 
the primary chemosensory stimulus regulating respiratory rhythm. Our 
results suggest that chemosensory elements modulating rhythm are located 
at the medullary level of the rhythm generating kernel in the pre-BotC. 
(SMJ was supported by ONR Grant-N-00014-94-1-0523).

495.4
RHYTHM GENERATION AND SYNCHRONIZATION IN A POPULATION OF 
BURSTING NEURONS WITH EXCITATORY SYNAPTIC COUPLING: A MODEL 
FOR THE RESPIRATORY OSCILLATOR KERNEL. R. J. Butera, Jr.*, J. C. 
Smith*, and J. Rinzel. Math. Research Branch, NIDDK, and *Lab of Neural 
Control, NINDS NIH, Bethesda, MD 20892

The pacemaking kernel generating respiratory rhythm in mammals is hypoth-
esized to be a subnetwork of neurons with intrinsic bursting properties. These 
neurons are coupled by excitatory amino-acid mediated synapses and controlled 
by convergent synaptic inputs including tonic excitation. We developed a minimal 
model of these bursting cells in which bursting arises via a persistent Na+ current
(7jvop ) with slow inactivation opposed by a K+-dominated leakage current (sim-
ilar results are also obtained using an alternative bursting generating mechanism: 
a noninactivating persistent Na+ current opposed by a slowly-activating K+ cur-
rent). Action potentials are generated via fast Na+ and K+ currents. Simulations 
were performed both with pairs and small networks of these bursting neurons with 
mutual excitatory connections and excitatory input from tonic beating cells. The 
model neurons exhibit voltage-dependent oscillatory bursting where the burst fre-
quency is controlled by the cell's depolarization level, which is regulated by tonic 
inputs or the intrinsic leakage current.

In all cases, even weak excitatory coupling among the bursting cells synchronizes 
the population. Synchronization is robust in the presence of both heterogeneous 
intrinsic properties and asynchronous tonic input, although such heterogeneity can 
produce burst onset times which can vary within the population by over 300 msec. 
This temporal dispersion in spike-frequency histograms resembles that of pre-l and I 
cells experimentally observed for the isolated kernel in medullary slice preparations.

In some parameter regimes (e.g. insufficient I^ap) our model neurons do 
not exhibit intrinsic oscillatory bursting, yet collective synchronous bursting may 
emerge by burst initiation via excitatory connections and burst termination via the 
inactivation kinetics of IjfaP-

We conclude that a population of synaptically coupled bursting neurons can ex-
hibit cell-driven (intrinsic) and network-based (synaptic) modes of synchronous os-
cillatory bursting as previously postulated for the hybrid pacemaker network model 
for respiratory rhythm generation.
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495.5
THE NEURONAL KERNEL FOR RESPIRATORY RHYTHM GENERATION 
STUDIED IN THIN TRANSVERSE MEDULLARY SLICE PREPARATIONS 
IN VITRO. J.C. Smith*, H. Koizumi, N. Koshiya, and C.G. Wilson. Lab. of 
Neural Control, NINDS, NIH, Bethesda, MD 20892.

We have proposed a model for the respiratory oscillator in mammals in 
which the kernel for rhythm and inspiratory burst generation in the pre- 
Botzinger complex (pre-BotC) consists of a population of intrinsic oscillatory 
bursting neurons. These neurons are proposed to be coupled by excitatory 
amino acid (non-NMDA)-mediated synapses and bursting is regulated by 
excitatory and inhibitory7 modulatory inputs. From this model we postulate 
that some of the kernel neurons should exhibit oscillatory bursting after the 
cells are functionally dissociated by blocking non-NMDA receptor-mediated 
excitatory interactions. We tested this by using very thin transverse 
medullary slice preparations (175-350 pm thick from P0-P8 neonatal rats) 
with rostral-caudal boundaries just bracketing the boundaries of pre-BotC to 
isolate the kernel from adjacent ventrolateral medullary regions (q.v. 
Smith et al. Science 254 : 726-729, 1991). These thin slices retain respiratory 
network activity and inspiratory (I) discharge on hypoglossal (XII) nerves. 
Neuronal bursting behavior was studied in the pre-BotC by extracellular 
and whole-cell recording. We blocked GABAergic and glycinergic inhibition 
in the slices with bicuculline and strychnine to eliminate any inhibitory 
modulation of the kernel. Only rhythmic neurons with pre-I, I, and late-I 
spiking are found in the pre-BotC under these conditions. After bath 
application of CNQX, a subpopulation of the pre-I and I neurons exhibited 
intrinsic oscillatory bursting with burst frequency dependent on the level of 
neuronal depolarization. The pre-I, I temporal dispersion in spiking before 
CNQX is suggested by our simulation studies of synaptically coupled 
bursting neurons to result from heterogeneity of intrinsic and synaptic 
properties within the bursting cell population (see Butera et al., this 
volume). These results are consistent with our model for the rhythm 
generating kernel in the pre-BotC.

495.6
HYPOXIC RESPONSES OF THE PRE-BOTZINGER COMPLEX 
NEURONS AND INVOLVEMENT OF INHIBITORY NEURO-
TRANSMITTERS IN NEONATAL RAT MEDULLARY SLICES. 
A.Watanabe and M.Aoki.* Department of Physiology, School of Medicine, Sapporo 
Medical University , Sapporo 060, Japan.

In in vivo experiments the biphasic response to hypoxia has been observed in 
newborn animals and it is known that excitatory and inhibitory transmitters are 
involved in this response. In the present in vitro experiments, we aimed to determine 
the hypoxic responses of the pre-Botzinger complex (pre-BotC) neurons in medullary 
slices (~900pm thick) of neonatal rat (day 1-5). Synchronized respiratory burst 
activities (0.07~0.2Hz) in the hypoglossal nucleus motoneurons and the pre-BotC 
inspiratory neurons were recorded extracellularly with glass microelectrodes. Slices 
were superfused at a rate of 3-4ml/min with mock cerebrospinal fluid with elevated 
extracellular K+concentration, and was equilibrated with 95%O2-5%CO2 at 26-28°C. 
Following stable control recordings for approximately lOmin, slices were subjected to 
prolonged isocapnic hypoxia (PO2 60-80mmHg) for 20-30min (n=5). Hypoxia induced 
the biphasic response, an initial increase (50 ±6.1%, mean±SE) and a subsequent 
depression in the burst frequency of pre-BotC neurons. In order to evaluate the 
involvement of inhibitory transmitters, we examined the effects of a GABA a  receptor 
antagonist, bicuculline (up to 100pM; n=10), and a glycine receptor antagonist, 
strychnine (lOpM; n=5), on the pre-BotC burst activities during hypoxia. Bath 
application of each drug was found to alleviate the depression of burst frequency of pre- 
BotC neurons following the initial excitation in response to prolonged hypoxic 
exposure. These findings suggest that the inhibitory transmitters are involved in 
controlling the burst frequency of pre-BotC neurons during hypoxia.

495.7
AGE DEPENDENT EFFECTS OF MIDLINE SEPARATION OF 
THE LEFT AND RIGHT PRE-BOTZINGER COMPLEX (PBC) IN 
RATS. W. A, Janczewski* and M. Aoki. Dept. of Physiology, 
Sapporo Medical University, School of Medicine, Sapporo, 060 Japan.

Effects of midline medullary sections (MMS) on generation of eupneic 
vs. gasp type inspirations were studied in neonatal rats. We hypothesized 
that the role of midline structures at the PBC level changes during develop-
ment. We recorded diaphragmatic EMG activity (diEMG) in a group of 
spontaneously breathing halothane anesthetized neonatal rats (2-9 days old) 
and in a group of older rats (17-22 days old). The control group for all these 
rats was formed by their litter-mates in which the pons or caudal medulla 
was split. We found that in all neonatal rats, MMS (1.1 mm long) at the 
level of PBC irreversibly eliminated diEMG. If mechanical ventilation was 
not applied, rats died without a single gasp. Anoxia neither triggered 
eupneic nor gasp like volleys. In older rats, sections at the PBC level did not 
eliminate eupneic breathing but abolished the ability to gasp under any con-
ditions. Anoxia triggered tonic discharges at the time when gasps appeared 
in controls. No other sections apart from at the PBC level prevented 
gasping. Total MMS abolished diEMG in a neonatal group but resulted in 
desynchronization of the diEMG signals recorded simultaneously from the 
left and right halves of the diaphragm in older rats. We conclude that 
crossed pathways at the PBC level are vital elements of gasp generator at all 
postnatal stages. Neural circuits generating gasps are necessary- for normal 
breathing in neonatal rats, but they lose this function at the third week of 
postnatal development. The matured (but not neonatal or gasp) rhythm 
generator is bilaterally duplicated. WAJ is supported by JSPS fellowship.

495.8
ELEVATED cAMP LEVELS REVERSE OPIOID- OR PROSTAGLANDIN- 
MEDIATED DEPRESSION OF NEONATAL RAT RESPIRATORY NEURONS. 
P.M. Lalley*, K. Ballanyi, B. Hoch and D.W. Richter, Dept. of 
Physiology, University of Goettingen, 37073 Goettingen, FRG.

In human neonates, the clinical use of opioids and prostaglandin E- 
1 is limited by their tendency to depress respiration. In some cell 
types, these drugs inhibit adenylyl cyclase, leading to reduced levels of 
cAMP. We therefore tested whether elevating cAMP overcomes opioid 
and PGE depression of the neonatal respiratory network. In brain 
stem-spinal cord preparations from 0-4 day old rats, bath application 
of fentanyl (10-100 pM), a p-receptor agonist, Ala-Leu-enkephalin 
(ENK, 10-100 pM), a 8-agonist or PGE-1(0.1-3 pM), an EP-3 
agonist, abolished or severely depressed respiratory discharges 
recorded from brain stem neurons of the ventral respiratory group 
(VRG) and from cervical ventral roots. Depression of respiratory 
discharges and EPSPs in VRG neurons was accompanied by reduced 
neuron input resistance and hyperpolarization of membrane potential 
in some but not all VRG neurons. The effects of fentanyl and Enk were 
blocked, respectively, by the p- antagonist naloxonazine and the 8- 
antagonist naltrindole (50-100 pM). Depression mediated by the 
opioids or by PGE-1 was reversed after elevating endogenous cAMP 
levels by stimulating AC with forskolin (100 pM) or with the 
dopamine D-1 receptor agonist 6-Chloro-PB (100 pM), or by 
preventing cAMP breakdown with isobutylmethylxanthine (100 pM). 
Inhibition by opioids or PGE-1 may, therefore, be related to reduced 
levels of cAMP which leads to pre- and postsynaptic inhibition of VRG 
neurons. Activation of receptors that increase cAMP levels overcomes 
respiratory depression by opioids or PGE. Supported by the DFG.

495.9
INTRACELLULAR CALCIUM OSCILLATIONS IN

SPONTANEOUSLY ACTIVE RESPIRATORY NEURONS OF 
MOUSE

D.Frermann, B.U, Keller,and D,W, RjchteC.

Zentrum fur Physiologie der Universitat Gottingen, 
Humboldtallee 23, 37073 Gottingen, Germany

Rhythmic oscillations of neural activity play a key role in respiratory rhythm 
generation in medullary neurons of mammals. The "rhythmic brainstem slice 
preparation" allows measurements in the functionally intact respiratory 
network generating spontaneous rhythmic activity under in vitro conditions. 
The aim of our work was to examine the control and modulatory mechanisms 
of intracellular [Ca2+] in rhythmic neurons on the surface of the ventral 
respiratory group (VRG). Functionally active rhythmic neurones discharging 
synchronously with hypoglossal rootlet discharge were visualised with an 
infrared optic, and analyzed in the whole cell configuration in current- and 
voltage-clamp modes. Cells were loaded with the calcium indicator fura2 
(200pM). Ca2+ de/independent fluorescence was measured in the soma of 
cells with a photomultiplier system and subsequent calculation of 
fluorescence ratio by computer analysis. Respiratory neurones revealed 
regular "bursting" occurring at a frequency of 0.1 Hz and lasting for 500ms. 
Intracellular [Ca2+] transients oscillated between 100 and 500nM. Under 
current clamp, transients showed a fast onset (average time constant of 
230ms), but decayed slowly with an average time constant of 1900ms. The 
data show that Ca2+ influxes occur mostly through voltage sensitive Ca2+ - 
channels and/or NMDA- channels. It became evident that intracellular 
buffering and sequestration of Ca2+ has an important function in the control 
of excitability of respiratory neurones. (Supported by the DFG)

495.10
PEPTIDERGIC MODULATION IN THE TRANSVERSE RHYTHMIC SLICE 

PREPARATION OF MICE. P. Telgkamp*, P. Mason, J.M. Ramirez. Dept. Anatomy, 
Dept. Pharm. & Phys., University of Chicago, Chicago, IL, 60637, USA.

The transverse rhythmic slice preparation generates spontaneously respiratory 
rhythmic activity which can be recorded as mass-activity from the hypoglossal (XII) 
rootlets (Ramirez et al. 1995, J. Physiol. 429: 599). This rhythm is presumably 
generated within the Pre-Boetzinger complex, a region which is proposed to be the 
kernel of the respiratory network (Smith et al. 1991, Science 254: 726). Like the intact 
respiratory system the slice responds to hypoxia in a biphasic manner. There is 
increasing evidence that this response is associated with the release of endogenous 
substance P, CCK and enkephalins. As a first step to analyse a possible role of these 
modulators in shaping the hypoxic response we examined their distribution and 
modulatory effects. Immunohistochemical staining techniques indicate that these 
peptides are present in the transverse slice of 4 - 21 day old mice. Bath application of 
substance P (1 pM) leads to a short-lasting increase (3-5 min) in tonic XII activity and 
longer lasting increase (5-10 min) in the amplitude of rhythmic XII burst activity. 
Sulfated-CCK (0.1 pM) enhanced the rhythmic amplitude without a pronounced tonic 
activation of XII activity. DAMGO (5nM), a p-opioid agonist abolished rhythmic and 
decreased the tonic XII activity. Whole cell voltage-clamp recordings were used to 
characterize these peptidergic effects in neurons of the Pre-Boetzinger Complex.

Substance P (0.5-lpM) and sulfated-CCK-8 
increased the frequency of spontaneously occuring 
postsynaptic inhibitory and excitatory events. The 
amplitude of unitary IPSCs was significantly 
enhanced in the presence of substance P (Fig.). 
Bath application of DAMGO evoked a pronounced 
reduction in the frequency of postsynaptic events.

Control Substance P
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495.11
HYPOXIA REDUCES THE AMPLITUDE OF VOLTAGE-DEPENDENT 
CALCIUM CURRENTS IN THE ISOLATED RESPIRATORY SYSTEM OF MICE.
F.P. Elsen*, J.M. Ramirez. Dept. Organismal Biology and Anatomy, The University 
of Chicago, Chicago, IL 60637, USA.
It is generally assumed that Ca2+ plays a major role in mediating the detrimental 
effect of hypoxia (Sesjo, 1988; Ann. N.Y. Acad. Sci. 522). Thus, we were interested 
in the hypoxic effect on voltage-dependent Ca2+ currents in an area which is vital for 
the central control of breathing, the pre-Botzinger complex (Smith et al. 1991, 
Science 254: 726). We used 500-600 pm thick transverse slices of mouse medulla 
that contain the pre-B6tzinger complex and generate spontaneous respiratory rhythms 
(Ramirez et al. 1996, J. Physiol. 491: 799). Following blockade of Na4 (0.5pM TTX) 
and K+ currents (llOmM Cs+/30mM TEA), neurons within the pre-Botzinger 
complex reveal different subtypes of whole-cell Ca24 currents. A low voltage-gated 
Ca2+ current of the T-type was activated at around -70 mV (V50:=-64.3mV) and 
maximally inactivated at -60 mV (V50=-84.5mV). A high-voltage component was 
activated at -45 mV (V50=-27.9mV) and maximally inactivated at -20 mV
(V50=-53.3mV).

Hypoxia (95%N2/5%CO2) did not significantly affect 
the low voltage component, but significantly reduced 
(48-53%) the high-voltage component (Fig.). The 
hypoxic reduction was abolished by nifedipine 
(4pM), suggesting that hypoxia reduced primarily 
the L-type Ca2+ current. Thus, our data suggest that in 
pre-Bbtzinger neurons hypoxia does not increase but 
rather reduces Ca2+ influx through high-voltage 
activated Ca2+ channels.

Fig.: peak current amplitude

495.12
TONIC EXCITATION OF INSPIRATORY ACTIVITY EVOKED BY CHEMICAL 
ACTIVATION OF NEURONS LOCATED IN THE PRE-BOTZINGER COMPLEX 
SUPPRESSES SYMPATHETIC NERVE OUTPUT. I.C. Solomon*, N.H. Edelman, 
and J.A, Neubauer. Dept. of Physiology and Biophysics, SUNY at Stony Brook, 
Stony Brook, NY and Dept. of Medicine, UMDNJ-Robert Wood Johnson Medical 
School, New Brunswick, NJ

Previous studies have demonstrated that in response to systemic hypoxia or 
hypercapnia, augmented phasic respiratory activity is accompanied by a parallel 
increase in phasic sympathetic output. We have recently shown that production 
of a gasp-like pattern in the phrenic neurogram in response to chemical activation 
and/or disinhibition of neurons located in the pre-Botzinger (pre-Bot) complex 
similarly augments phasic sympathetic output. Chemical activation of neurons 
located in the pre-Bot complex, however, has also been shown to produce a 
tonic excitatory pattern in the phrenic neurogram. The linkage of this activation 
to sympathetic output remains unknown. We, therefore, examined sympathetic 
activity recorded from the preganglionic superior cervical sympathetic nerve during 
the tonic excitation of phrenic neurogram activity evoked by chemical stimulation 
of neurons located in the pre-Bot complex in chloralose/urethane-anesthetized, 
vagotomized, peripherally chemodenervated cats. In 8 sites, unilateral 
microinjection of DL-homocysteic acid (10 mM; 21 nl) produced atonic excitatory 
pattern in the phrenic neurogram, decreased mean arterial blood pressure from 
124±5 to 72±4 mmHg, and reduced sympathetic neurogram activity by 
approximately 25%. In 3 of these sites, sympathetic neurogram activity was 
abolished, demonstrating that in contrast to phasic activation, tonic augmentation 
of inspiratory activity is not associated with a parallel increase in sympathetic 
output. We conclude that some population(s) of neurons located in the pre-Bot 
complex provides an inhibitory input (either directly or indirectly) to 
sympathoexcitatory neurons in the RVLM, and that these neurons may play a 
role in differential control of phrenic and sympathetic outputs. Supported by 
HL16022, AHA/NJ Affiliate.

495.13
HYPOXIA DECREASES THE OPEN PROBABILITY OF CALCIUM-DEPENDENT 
POTASSIUM CHANNELS IN NEURONS OF THE PRE-BOTZINGER COMPLEX. 
J.M. Ramirez*, P. Telgkamp, K. H. Backus . Dept. Anatomy, University of Chicago, 
Chicago, USA and Dept. General Zoology, Kaiserslautern, FRG.

According to the Ca++ hypothesis excessive Ca44 entry occurring during hypoxia 
induces a cascade of events which lead to cell death (Meyer, Brain Res. Rev. 14, 227; 
1989). This increased Ca44 entry was attributed mainly to increased pre-synaptic 
glutamate release. Since, hypoxia has differential effects on neurons localized in 
different brain regions, the proposed excessive Ca++ entry may not be a general 
mechanism. We examined the effect of hypoxia on neurons located in the pre- 
Bdtzinger complex, a region which is critical for the central control of breathing 
(Smith et al. 1991, Science 254: 726). We used 500-600 pm thick transverse slices of 
mouse medulla that contain the pre-Botzinger complex and generate spontaneously 
respiratory rhythmic activity at all postnatal stages (PO-25) (Ramirez et al. 1996, J. 
Physiol. 491: 799). Respiratory neurons in this region respond to hypoxia 
(95%N2/5%CO2) with only a relatively weak depolarization and a differential 
suppression of synaptic transmission in more mature mice (P9-25). An early 
suppression of glycinergic transmission was followed by a reduction in glutamatergic 
transmission. Thus, an excessive presynaptic glutamate release is unlikely to mediate a 
hypoxia-induced Ca++ influx. In fact, our data suggest that hypoxia leads to no, or 
even, a reduced Ca** influx. Single channel recordings in the cell-attached mode 
obtained from pre-BOtzinger neurons indicate that the open probability of Ca++- 
dependent potassium channels (BK channels) was greatly reduced when Ca4* influx 
through voltage-dependent Ca** channels was blocked with 200 pM Cd44. The open 
probability of BK channels was also reduced during hypoxia. This reduction was much 
more pronounced in older (P9-16) than in neonatal neurons. Immediately following re-
oxygenation the open probability increased dramatically in neonates, while first 
channel opening occurred not before 5 minutes after re-oxygenation in older neurons.

495.14
REVERSIBLE RESPIRATORY ARREST FOLLOWING INACTIVATION OF THE 
BOTZINGER COMPLEX (BOTC) F. Xu, Z. Zhang and D. T. Frazier*. Dept. of 
Physiol., Univ. of KY, Lexington, KY 40536
Inactivation of the BotC induces apnea in decerebrate cats. Experiments 
reported here test whether this apnea results from: removal of the cerebrum; 
changes in arterial blood pressure (ABP); blunted respiratory responsiveness to 
chemical or mechanical stimuli; and lowered central respiratory activity. Phrenic 
neurogram (PN), ABP and Pet CO2 were recorded in paralyzed and ventilated 
cats with or without decerebration. Selective electrolytic or chemical (kainic acid 
or ibonet acid, destruction of cell bodies) lesions of bilateral BotC abolished the 
rhythmic discharge of PN for -3 hrs in either anesthetized or decerebrated cats. 
The apnea was characterized by a gradual decline in the amplitude of PN (over 
~30 min), that was usually initiated by a transient apneustic-like pattern if relative 
large dose of kainic acid was used. ABP increased and then returned to its 
control or slightly lower level. The apnea persisted following intravenous 
administration of phenoxybenzamine (1.2 mg/kg) or aramine (0.2mg/kg) to 
prevent the associated pressor or depressor response to BotC-lesion. 
Respiratory peripheral or central stimulants applied before and during the apnea 
included: 1) injecting cyanide (50-1 OOpg, iv); 2) CO2-rebreathing (until PETCO2 = 
65 torr); 3) holding lung volume at FRC for single or multiple breaths; and 4) 
administration of doxapram (2mg, iv). These interventions did not interrupt the 
apnea nor significantly increase the PN tonic discharge. The results indicate that 
the apnea is not due to decerebration, changes in ABP, nor the diminished 
respiratory responsiveness to respiratory chemical and mechanical challenges. 
Respiratory drive appears to be abolished not just attenuated. Arrest of 
respiratory rhythm following BotC lesion suggests the involvement of the BotC 
neurons in either respiratory rhythm generation process or gating of the 
respiratory outflow pathway in adult cats . Restoration of respiratory rhythm 
implies the presence of plasticity in respiratory control (NIH PO1 40369).

495.15
RESPONSES OF MEDULLARY RESPIRATORY NEURONS TO 
CAROTID CHEMORECEPTOR STIMULATION.
H.N, Sgpru* and V.C. Chitravanshi, Departments of Neurosurgery & 
Pharmacology, New Jersey Medical School, Newark, NJ 07103.

In urethane-anesthetized rats, different medullary respiratory neuronal groups were 
identified by microinjections (10-20 nl) of L-glutamate. Extracellular activity was 
recorded from single neurons located in the functionally identified respiratory 
regulatory areas and the responses of these neurons to chemoreceptor stimulation were 
studied. The carotid chemoreceptors were stimulated by tracheal inhalation of 100% N2 
for 7 sec. An increase in the frequency and amplitude of phrenic nerve (PN) bursts (for 
10-30 sec) was elicited by glutamate-injections into the Pre-B6tzinger complex (Pre- 
BOtC) and rostral ventral respiratory neuronal group (rVRG). Mostly inspiratory 
neurons were encountered in Pre-B8tC and rVRG; tracheal inhalation of N2 
simultaneously excited these neurons and PN. On the other hand, mostly expiratory 
neurons were encountered in the caudal ventral respiratory neuronal group (cVRG) and 
BOtzinger complex (B8tC); tracheal administration of N2 inhibited these neurons while 
the PN stimulation persisted. These results provide background information for the 
identification of medullary pathways mediating the respiratory responses to the 
activation of carotid chemoreceptors.
Support: NIH: HL24347 and AHA (NJ).
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496.1
MECHANICAL STIMULATION TRIGGERS A CALCIUM- 
INDUCED CALCIUM RELEASE (CICR) PROCESS IN 
MECHANOSENSITIVE VAGAL SENSORY NEURONS. Q 
Haiduczok* and M.T. Herbowv, Department of Physiology and 
Biophysics, Univ. at Buffalo School of Medicine, Buffalo, NY 14214.

The cell bodies of aortic baroreceptor (BR) neurons are located in the 
nodose ganglion. BR neurons were labeled by microinjection of the 
fluorescent dye Dil into the aortic arch of rats and the ganglia harvested 2 
weeks post-injection and cultured. BR neurons were identified by the 
presence of label. The increase of cytosolic free calcium ([Ca^+]j) in 
response to mechanical stimulation in fura-2 loaded cells w'as determined by 
applying an external pressure pulse of normal Ringer's via a glass 
microelectrode (1-3 pm tip diameter). Baseline [Ca2+]j was 69±14 nM 
(n=159, x ± SD) in BR neurons. A single pressure pulse transiently increased 
[Ca^+]j to a peak of 622±186 nM in 152/159 BR neurons, was blocked by 
gadolinium (25 pM) or 0 mM external Ca^+, but was not affected by Ca- 
antagonists (nifedipine, 50 pM; co-conotoxin, 1 pM). In the presence of Ca- 
antagonists, caffeine (10 mM) did not affect the mechanical response but 
ryanodine (10 pM) reduced the [Ca^+]j transient by >95%. Under similar 
conditions, depletion of internal Ca^+ stores by thapsigargin (2 pM) also 
diminished the mechanical response by -95%. The data indicate that a CICR 
pathway is activated by mechanical stimulation of BR neurons and that 
release from internal stores represents the major contribution of [Ca^+]j 
during mechanical stimulation. (Supported by NIH Grant HL-49405)

496.2
IDENTIFICATION OF VOLTAGE-ACTIVATED CALCIUM CHANNELS 
IN NODOSE NEURONS. R, Cordoba-Rodriguez. R. Bangalore* and D, 
Weinreich. Department of Pharmacology and Experimental Therapeutics, 
University of Maryland School of Medicine, Baltimore, MD 21201

A single action potential triggers calcium-induced calcium release (CICR) in 
acutely isolated rabbit nodose neurons (Journal of Physiology, 499, 315). 
Although CICR is activated by external calcium influx through voltage- 
dependent calcium channels (VDCC), the distribution of these channels is 
unknown. As a first step in determining the physical proximity between VDCC 
and CICR release sites, we have investigated the types of calcium channels 
present in rabbit nodose neurons.

Inward currents were recorded using the whole-cell configuration of the 
patch-clamp technique. Neurons were depolarized by voltage waveforms of 
action potentials recorded from the same type of cells at 23° C. Recorded inward 
currents were abolished by 500 pM cadmium demonstrating that they are 
calcium currents. When 10 pM nifedipine was added to the external solution, 
44% of the total calcium current was blocked within 2 min, reversibly (n = 12). 
When 1 pM o-conotoxin GVIA was added to the external solution, 40% of the 
total calcium current was blocked within 3 min, irreversibly (n = 16). The total 
calcium current was not affected by the addition of 500 pM amiloride (n = 13), 
40 nM o-agatoxin (n = 3) or 250 nM o-conotoxin MVIIC (n = 6) indicating 
that T, P and Q type of calcium channels, respectively, are not present in these 
cells. The above results show that 84% of calcium currents are composed of L- 
type (dihydropyridine-sensitive) and N-type calcium channels in these neurons. 
The remaining 16% of the total current is probably represented by R-type 
calcium channels. (Supported by NIH Grant # NS22069 to DW.).

496.3
CAFFEINE ACTIVATES A CALCIUM INFLUX PATHWAY IN ADULT 
RABBIT NODOSE NEURONS THROUGH A RYANODINE- 
INSENSITIVE MECHANISM. R, E. Hoesch, K, A. Moore, D. 
Weinreich, and J. P. Y. Kao*. Dept. of Physiology, Dept. of 
Pharmacology and Experimental Therapeutics, and Medical 
Biotechnology Center, Univ. of Maryland School of Medicine, 
Baltimore, MD 21201.

Acutely dissociated nodose neurons from the adult rabbit exhibit 
robust Ca2+-induced Ca2+ release (CICR) that can be triggered by a 
single action potential or by 10 mM caffeine (Cohen et al., J. Physiol. 
499:315-328, 1997). Resultant changes in cytosolic free Ca2+ 
concentration ([Ca2*],) can be monitored through the fluorescent 
indicator fura-2. When intracellular Ca2+ stores are depleted by 
application of 20 pM 2,5-di(tert-butyi)hydroquinone (DBHQ), an 
inhibitor of sarcoplasmic/endoplasmic reticulum Ca2+-ATPases, 
action potentials are no longer effective in eliciting CICR, but caffeine 
application still causes a rise in [Ca2+]j in -70% of the neurons. This 
ability of caffeine to induce a rise in [Ca2+]t is unaffected by 10 pM 
ryanodine, which is sufficient to block CICR in these neurons. 
Moreover, the caffeine-induced [Ca2+]t rise in DBHQ-treated cells is 
reversibly abolished by removal of extracellular Ca2+. These results 
suggest that caffeine can activate a novel Ca2+ influx pathway in 
nodose neurons through a mechanism that is distinct from Ca2+- 
induced Ca2+ release. (Supported by GM46956 to J.P.Y.K. and 
NS22069 to D.W.)

496.4
ALLERGIC INFLAMMATION IN SENSORY GANGLIA UNMASKS 
FUNCTIONAL TACHYKININ RECEPTORS. K. A, Moore*, G, E, Taylor and D. 
Weinreich. Dept. of Pharmacology and Experimental Therapeutics, University 
of Maryland School of Medicine, Baltimore, MD 21201.

Passive and active electrical membrane properties of intact or acutely 
dissociated guinea pig nodose neurons are not measurably affected by 
exogenous substance P (SP, 0.1-10 pM). In marked contrast, 30 minutes 
following antigen challenge (chick ovalbumin, OVA) of nodose ganglia isolated 
from immunized guinea pigs, >85% of nodose neurons are depolarized by 100 
nM SP (12 ± 0.9 mV, n=43) and Rm is decreased 27 ± 2.7%. In intact ganglia, 
SP responses are measurable >8 hours following antigen challenge; in 
isolated neurons, responses are evident >3.5 days. A transient elevation of 
intracellular calcium (ACat, 183 ± 46.9 nM, n=9) accompanies the SP 
responses. The depolarization and ACa, are both blocked by intracellular 
BAPTA (n=4), suggesting that release of calcium from intracellular stores is 
required for the SP-induced depolarization. OVA application to ganglia isolated 
from naive animals does not evoke SP responses. A selective NK2 receptor 
agonist, [p-Ala®]neurokinin A (NKA, 10 nM, n=9), mimics the effects of SP, 
while selective NK1 and NK3 receptor agonists, ASM-SP (n=5) and senktide 
analog (n=3), do not. Additionally, SP- and NKA- induced inward currents and 
ACa/s are completely blocked by a NK2 receptor antagonist, SR48968 (50 nM, 
n=8) and unaffected by CP99,994 (100 nM, n=4) and SR142801 (300 nM, 
n=5), NK1 and NK3 receptor antagonists. The ECM values for the SP and NKA 
inward currents are 78 and 33 nM, respectively. Together, these data suggest 
that NK2 receptors are unmasked by antigen challenge. Inhibition of protein 
synthesis during antigen challenge does not block the expression of functional 
NK2 receptors. Thus, allergen-induced inflammation evokes profound and 
long-lasting excitability changes in sensory neurons independent of new protein 
synthesis. (NIH Grant #NS22069 to DW and NSTG #NS07375 to KAM.)

496.5
NICOTINIC RECEPTORS MEDIATE A CALCIUM-DEPENDENT 
DECREASE IN MEMBRANE EXCITABILITY IN VAGAL AFFERENTS IN 
VITRO. MS Jafri*, G Kamatchi, JPY Kao T and D Weinreich. Depts. 
Pharmacology & Exper. Therapeutics & Physiology, fMed. Biotech. Ctr., 
University of Maryland School of Medicine, Baltimore MD 21201.

Vagal primary afferent neurons innervate the viscera, including the 
airway. Consequently, some vagal sensory nerve endings are exposed 
to airborne irritants, including nicotine. Our characterization of ACh 
responses in ferret nodose ganglion neurons has shown an initial 
membrane depolarization (14.7 ± 0.8 mV) followed by a protracted Ca++- 
dependent membrane hyperpolarization (3.4 ± 0.7 mV).

Voltage-clamp experiments, with concurrent fura-2 measurements, 
reveal that Ca++ enters through the nicotinic receptor channel and that 
this influx of Ca++ is sufficient to induce Ca++ release from intracellular 
stores. This rise in [Ca++]j is essential for the nicotine-induced long- 
lasting (>20 s) outward current that is analogous to a Ca++-dependent 
slow spike afterhyperpolarization also present in these neurons.

The pharmacological profile of this nicotinic receptor is distinctive. 
The ACh-induced depolarization (EC^M nM) is mimicked by (-)nicotine 
(EC^O nM) and DMPP (EC^:14 nM). It is blocked by dTC (6.4 pM), 
mecamylamine (1 pM), and HEX (20 pM). The DMPP-induced re-
sponses were not blocked by aBGT, MLA, DH|3E or strychnine. This 
profile implies that the nicotinic receptor present on these neurons is 
likely to consist of a3 and p4 subunits.

The long-lasting ACh-induced membrane hyperpolarization seen in 
ferret nodose neurons may serve to decrease the excitability of these 
neurons. (Supported by NINDS Grant NS-22069)

496.6
NMDA RECEPTORS IN THE NUCLEUS TRACTUS SOLITARIUS (NTS): 
ULTRASTRUCTURAL LOCALIZATION AND RELATION TO VAGAL 
AFFERENTS. S.A. Aicher,* S. Sharma and V. M Pickel. Dept. of Neurol. 
& Neurosci., Cornell Univ. Med. College, NY, NY 10021.

N-Methyl-D-Aspartate (NMDA) receptors in the nucleus tractus 
solitarius (NTS) have been implicated in baroreflexes evoked by the release 
of glutamate from vagal afferents. We examined the cellular basis for 
potential functional activation of NMDA receptors and their association with 
vagal afferents that were anterogradely labeled following injections of 
biotintylated dextran amine (BDA) into the rat nodose ganglion. Sections 
through the medial NTS at the level of the area postrema were processed 
for detection of BDA and antipeptide antiserum against NMDAR1. Electron 
microscopy showed that of 564 profiles containing NMDAR1-LI, 44% were 
dendrites, 34% were axons and terminals, and the remainder were neuronal 
perikarya and glia. Despite the more prominent postsynaptic localization of 
NMDAR1 in dendrites, dual labeling showed that 44% of the BDA-labeled 
axons and terminals (449 profiles) contained NMDAR1. Within the BDA- 
labeled vagal afferent terminals, NMDAR1 was seen at both the plasma 
membrane and membranes of small synaptic vesicles. In addition, 49% of 
the single-labeled BDA terminals and 27% of those containing both BDA 
and NMDAR1 were presynaptic to dendrites containing NMDAR1. These 
results provide direct ultrastructural evidence for the involvement of NMDA 
receptors in the postsynaptic responses to glutamate released from vagal 
afferents within the NTS. They also suggest that there is preferential 
targeting of NMDA receptors to vagal afferents in comparison to other axon 
terminals in the NTS. (Support: NIH #HL18974 and AHA Established 
Investigator Award to SAA).
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496.7
A Disparity in Relative Abundance of Transferrin and Other Tear 
Proteins Following Denervation of Rabbit Lacrimal Gland
Michael F. Salvatore*and Roger Beuerman
Neuroscience Center of Excellence
Louisiana State University Medical Center, New Orleans

Neural stimulation of the lacrimal gland results in the secretion
of protein and fluid that comprises the aqueous component of tears. 
The effect of removing all known neural input upon the relative 
abundance of specific tear protein bands was investigated. Rabbits 
undergoing denervation were subject to complete nerve transection 
at the site of gland anastomosis. The contralateral gland 
(sham-operated gland) had identical surgical manipulation, excluding 
nerve transection. For up to 22 days after surgery, tears were 
harvested between the orbit and lower eyelid. Equivalent amounts 
of protein from each tear sample collected were subject to SDS-PAGE. 
Semi-quantitation of 13 consistently measurable tear protein bands, 
ranging between 6 and 85 kD, was done using NIH-Image analysis 
software. In tears ipsilateral to the denervated gland, a sustained 
increase in the relative abundance of protein bands of approximate 
molecular weights 85, 44, and 36 kD and a decrease in the relative 
abundance of protein bands of 18, 12/10, and 6 kD was observed. 
Western blot technique identified the ~85 kD band as transferrin. 
These results demonstrate that the relative abundance of transferrin 
and other unidentified specific tear proteins are at least partially 
regulated by the sensory and/or autonomic innervation to the 
lacrimal gland. SUPPORT EY04074, EYO2377

496.8
COMPOSITION OF THE NERVES THAT INNERVATE THE NASAL MUCOSA 
OF THE MUSKRAT. P.F. McCulloch. K.M, Faber. J.H, Haring* and W.M. 
Panneton. Dept. of Anatomy and Neurobioiogy, Saint Louis University School of 
Medicine, St. Louis MO, 63104,

Stimulation of anterior ethmoidal or posterior nasal nerves, or their peripheral 
terminals in the nasal mucosa, initiates the diving response and other defensive 
respiratory reflexes such as sneezing, sniffling and apnea. The purpose of this study 
was to investigate the composition of these nerves in the muskrat, an aquatic rodent 
with a robust diving response. Electron microscopy was used to determine the 
percentage of unmyelinated and myelinated fibers in these nerves. The total number 
of fibers in the anterior ethmoidal and posterior nasal nerves were 1184 and 2014, 
respectively. In the anterior ethmoidal nerve, 62% of the axons were unmyelinated, 
resulting in a ratio of myelinated to unmyelinated fibers of 1:2.2. In contrast, only 
40% of the fibers in posterior nasal nerve were unmyelinated, resulting in a 
myelinated to unmyelinated fiber ratio of 1:0.7. Diameters of the myelinated axons 
were estimated by measuring the cross-sectional area of the axons. The anterior 
ethmoidal nerve had a larger percentage of small diameter A5 myelinated fibers 
(75%) than did the posterior nasal nerve (62%). In contrast, the posterior nasal 
nerve had a larger percentage of medium sized AP fibers (37%) than did the 
anterior ethmoidal nerve (27%). A large proportion of the unmyelinated as well as 
many of the small and medium diameter myelinated fibers carried in these nerves 
probably end as free nerve endings within the nasal mucosa. Other fibers in these 
nerves probably innervate the rhinarium, skin of the nose and upper palate. The 
afferent fibers innervating the nasal mucosa may carry nociceptive and/or 
respiratory information to the central nervous system, and probably are important in 
the initiation of protective cardiorespiratory reflexes caused by stimulation of the 
nasal mucosa.
Research supported by NIH Grant HL38471 awarded to WMP.

496.9
PROTON MODULATION OF CAPSAICIN-EVOKED UNITARY 
CURRENTS IN TRIGEMINAL GANGLION NEURONS.
T.K, Baumann*1,2 and M.E. Martenson1. Div. of Neurosurgery1 
and Dept. of Physiology and Pharmacology2, Oregon Health 
Sciences University, Portland, OR 97201.

Sustained whole-cell currents evoked by capsaicin in cultured 
trigeminal ganglion neurons are increased significantly in an 
acidic environment. We used single-channel recordings from 
excised outside-out membrane patches to elucidate the 
mechanism by which protons enhance the sustained response to 
capsaicin. Individual membrane patches taken from capsaicin- 
responsive neurons were exposed to one of several capsaicin 
concentrations (ranging from 30 nM to 10 pM) in a balanced 
physiological salt solution of normal (pH 7.35) and increased 
acidity (pH 6.3). In most patches, lowering the pH alone did not 
activate unitary currents. Capsaicin-activated unitary currents 
remained active for the duration of capsaicin application (3 min). 
The likelihood of capsaicin-gated channels being in the open 
state increased substantially at the lower pH. At the same time, 
increased acidity reduced the amplitude of the unitary currents 
activated by capsaicin by approximately one third. These 
changes were observed at all capsaicin concentrations 
examined. We conclude that the increase in whole-cell currents 
evoked by capsaicin in an acidic environment is due to a change 
in channel kinetics.

496.10
LOCAL APPLICATION OF GLUTAMATE TO THE RAT 
TEMPOROMANDIBULAR JOINT INDUCES INCREASES IN JAW 
MUSCLE ACTIVITY THROUGH ACTIVATION OF PERIPHERAL 
NMDA AND NON-NMDA RECEPTORS. B.E. Cairns*, B.J. Sessle, J.W. 
Hu. Faculty of Dentistry, University of Toronto, Toronto, Ontario, Canada 
MSG 1G6.

We have presented evidence (Pain, 68:169-178, 1996) that peripheral 
NMDA receptors may play a role in mediating increases in jaw muscle 
activity resulting from the application of inflammatory irritants and algesic 
chemicals to the temporomandibular joint region (TMJ). To further examine 
this association, glutamate (250 nmol in 10 pL, pH7) was applied to the TMJ 
of anesthetized male Sprague-Dawley rats (n= 20; weight: 250-400g) either 
alone or in combination with the NMDA receptor antagonist APV (50 nmol) 
or the non-NMDA receptor antagonist CNQX (2 nmol) while 
electromygraphic (EMG) activity was recorded bilaterally from the digastric 
and masseter muscles. Peak response and area under the curve (AUC) was 
then calculated relative to the pre-injection baseline EMG activity. Glutamate 
induced increases in EMG activity that were generally confined to the 
ipsilateral digastric (IpDIG) and masseter (IpMASS) muscles, but did not 
result in any inflammatory response in the TMJ (as reflected by a lack of 
Evans Blue plasma extravasation, n=4). Repeated administration of glutamate 
into the TMJ (n=6) evoked reproducible increases in EMG activity (mean 
peaki: 5.4 ± 0.7, peak?: 5.3 ± 0.3, peakq: 5.8 ± 1.5; mean AUCi: 21 ± 6, 
AUC?: 17 ± 5, AUC3: 23 ± 11). Compared to the peak and AUC of the 
initial control application of glutamate, co-application of APV significantly 
reduced the AUC by 53% in IpDig (n=6), whereas co-application of CNQX 
significantly reduced the peak by 38% in IpDig (n-6) and the peak and AUC 
by 22% and 52%, respectively, in IpMass (n=6; p<0.05, repeated measures 
ANOVA). Since APV and CNQX do not cross tne blood/brain barrier, the 
present results provide further evidence for the existence of peripheral
excitatory amino acid receptors within the TMJ. These peripheral receptors
may mediate, at least in part, increases in jaw muscle EMG activity associated
with noxious stimulation of the TMJ region.
Supported by NIH DEI 1995

496.11
MODULATION OF MECHANOSENSITIVITY OF RAT INTRACRANIAL 
MENINGEAL AFFERENTS BY MECHANICAL AND CHEMICAL STIMULI. 
A.M. Strassman*, S.A. Raymond and R. Burstein. Dept. Anesthes., Beth Israel 
Deaconess Med. Ctr. and Harvard Med. Sch., Boston, MA 02215.

We previously reported sensitization to mechanical stimuli of intracranial 
meningeal afferents following exposure of their dural receptive fields to inflammatory 
chemicals, and postulated that such sensitization may contribute to the symptoms of 
some types of headache. In order to obtain necessary background data for future 
studies on the effects of pharmacological agents on this sensitization, we have now 
examined the time course of sensitization, as well as the effects on 
mechanosensitivity of repeated mechanical stimulation. Units were recorded from the 
rat trigeminal ganglion that responded to electrical stimulation of the dura overlying 
the ipsilateral transverse sinus at A-delta and C-fiber latencies. Mechanosensitivity 
was assessed by repeated stimulation of their dural receptive fields with von Frey 
hairs. Moderate suprathreshold mechanical stimulation typically produced a decrease 
in sensitivity to subsequent mechanical stimuli, as well as a suppression of any 
ongoing discharge, which lasted for several seconds. With more intense mechanical 
stimuli, this brief suppressive effect was often followed by a longer period of 
increased mechanical sensitivity and ongoing discharge, which could last for several 
minutes. Repeated application of intense mechanical stimuli typically produced a 
progressive loss of mechansensitivity which could last for >30 minutes. Stimulation 
with a soup of inflammatory mediators (histamine, bradykinin, prostaglandin E2, pH 
4.7) produced an increase in mechanosensitivity which was maximal at 
approximately 15-30 minutes and persisted for up to 60 minutes following the 
removal of the soup. Topical application to the dura of tetrodotoxin (1 uM) produced 
a suppression of mechanosensitivity in A-delta but not C-fibers. (Supported by the 
National Headache Foundation, NIH, and BIDMC Dept. Anesthes.)

496.12
MORPHOLOGY AND ELECTRICAL PROPERTIES OF RETROGRADELY- 
LABELED RAT TRIGEMINAL GANGLION MASTICATORY MUSCLE 
AFFERENTS. D. Dessem*, P. Luo, V. Switzer, R. Wonq, L. Han, and C. Li. Dept. 
OCBS, University of Maryland Dental School, Baltimore, MD 21201.

Horseradish peroxidase (HRP)(10-20,uL) was injected into the masticatory 
muscles of 15 rats (o’, 300-430g). The rats were sacrificed 48-120 hours later and 
the trigeminal ganglion was histochemically processed for HRP using the 
tetramethylbenzidine-tungstate procedure. Retrogradely-labeled neurons were 
pseudounipolar and located predominately in the mandibular division of the 
ganglion. Up to 368 neurons were labeled from the masseter muscle (n=10) 
(area=294-2208/ym2,x=1147//m2; major axis=22-73//m; minor axis=15-53//m; 
n=75). Medial pterygoid muscle injections (n=6) yielded up to 218 neurons (major 
axis=15-25/zm; minor axis=10-15//m). Injections into the digastric muscle (n=10) 
labeled up to 326 neurons (area=184-1679,um2,x=783Azm2;major axis=21-65//m; 
minor axis= 9-42gm; n=75). Digastric ganglionic neurons were smaller (p<.001), 
more ovoid (p=.04), and exhibited a more positively skewed distribution (sk=.687) 
than masseter neurons (sk=,289). In an additional 11 rats, 10^1 of 20% 
rhodamine-labeled dextran was injected into the masseter muscle. The trigeminal 
ganglion was removed 48-72 hours later and the neurons were dissociated. 
Isolated, retrogradely-labeled neurons were pseudounipolar and ranged from 
60x60//m to 32x20/zm. Electrophysiological recordings made from labeled 
neurons 24-48 hrs after dissociation, with action potentials overshooting OmV, 
exhibited either single (36%) or multiple (64%) action potentials during 500ms 
suprathreshold depolarizing current pulses. Membrane oscillations were also 
observed during depolarizing current pulses. These experiments demonstrate that 
the trigeminal ganglion contains many primary afferent neurons with diverse soma 
sizes which innervate the jaw muscles and imply that these neurons are physio-
logically heterogeneous. SupportNIH Minority Program RR10162.NIH DE10132
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496.13
RELATIONSHIP BETWEEN NEURAL ACTIVITY AND SENSATIONS EVOKED 
BY NOXIOUS STIMULATION OF THE CORNEA. M.C. Acosta. J. Gallar and C. 
Belmonte*. Instituto de Neurociencias, Universidad Miguel Hernandez, Alicante, 
Spain.

It is ignored whether selective activation of the different subclasses of nociceptors 
(mechano-, cold- and polymodal nociceptors) found in the cornea evokes different 
qualities of pain sensation in humans. Sensation elicited by selective mechanical, 
thermal and chemical stimulation of the cornea were assessed in young human 
subjects. Intensity, degree of irritation, pricking and burning pain, and cold and warm 
component evoked by the stimulus were measured using separate visual analogue 
scales. Nerve activity elicited by the same stimuli was also recorded from ciliary nerve 
filaments in anesthetized cats. Mechanical stimulation consisted in 3s-pulses of air at 
suprathreshold flow reaching the cornea at 33°C; thermal stimulation was performed 
with air pulses at subthreshold flow and temperatures below (cold) or over (heat) 
corneal temperature (3 3 °C); chemical stimulation was made with subthreshold pulses 
of air and CO2 at variable concentration and 3 3 °C.

Chemical and heat stimuli evoked sensations with a higher irritating component 
than those elicited by mechanical stimulation. Cooling was the predominant 
component of the sensation evoked by cold. Mechanical pulses activated polymodal 
nociceptors and some mechano-nociceptive units. CO2 only recruited polymodal 
nociceptors, proportionally to CO2 concentration. Polymodals were also the sole fibers 
activated by heat (>42°C). Mechanical and chemical stimuli activated inconsistently 
cold sensory fibers. These where excited vigorously by cold air pulses and were 
silenced by hot air. Cold air did not have any effect on polymodal or mechanosensory 
units.

It is concluded that selective mechanical, chemical and thermal stimulation of the 
cornea activates the different populations of corneal sensory fibers in a variable degree 
and evokes unpleasant corneal sensations that exhibit differences in quality.
Supported by grant PM95-0167, DGES. Fellowship Generalitat Valenciana to MCA

496.14
BIOPHYSICAL CHARACTERIZATION OF TRIGEMINAL 
GANGLION NEURONS INNERVATING THE RAT MOLAR DENTAL 
PULP. XL L Chiego. Jr.. EL M. Bradley and XL M Mistretta*. School of 
Dentistry, Univ. Michigan, Ann Arbor, MI 48109-1078.

Little is known about the biophysical properties of nociceptive neurons 
innervating the dental pulp because it is technically difficult to perform 
intracellular recordings from neurons within the dental pulp. We have 
therefore used a dissociated preparation of trigeminal ganglion cells 
innervating the first maxillary molar of rats to biophyscially characterize 
the properties of these neurons. Ten rats had fluorogold placed bilaterally 
in the first maxillary molar tooth pulps. Five days later the trigeminal 
ganglia were removed, placed in a solution of buffer containing proteases 
and dissociated. Whole cell patch recordings were performed on six 
fluorogold labeled neurons. The neurons had a resting membrane potential 
of -52 ± 4 mV; an input resistance of 58 ± 18 MQ; and, membrane time 
constant of 11 ±4.1 ms. Overshooting action potentials had an amplitude 
of 95 ± 4 mV and spike width measured at half amplitude was 4.4 ± 1.2 
ms. All six labeled neurons responded to a 100 ms, 100 pA depolarizing 
current pulse with a single action potential and to a hyperpolarizing 
current pulse with a membrane sag. The action potentials were of a long 
duration when compared to unlabeled neurons from the same ganglion and 
2 of them had a pronounced inflection on their downward slope. The basic 
biophysical characteristics of these labeled pulpal neurons are similar to 
published reports of nociceptive neurons in the dorsal root ganglion. 
Supported by NIDCD, NIH Grant DC00288 to RMB.
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497.1
Cholinergic phenotype in both GS-I-B4 and trkA positive DRG neurons.
J.C. Petruska* and R.D. Johnson. University of Florida, Depts. of Neuroscience 
and Physiological Sciences, Gainesville, FL 32610-0144.

Small, dark type B dorsal root ganglion neurons are generally grouped into 
two categories - peptidergic and non-peptidergic. The peptidergic neurons 
express one or more neuropeptides including the prototypical neuropeptide - 
calcitonin gene-related peptide (CGRP) - which is expressed by nearly all of 
these. The non-peptidergic type B neurons are characterized by reactivity to the 
isolectin I-B4 from Griffonia simplicifolia (GS-I-B4). The recent description of 
choline acetyltransferase (ChAT) immunoreactivity in a portion of CGRP 
negative type B DRG neurons (Sann et al., 1995) raised the possibility that 
these non-peptidergic afferents may produce and use acetylcholine (ACh) as a 
neurotransmitter/neuromodulator. Additionally, the GS-I-B4 reactive afferent 
population encompasses a group of DRG neurons that do not express any of the 
known neurotrophin receptors in the adult, unlike the CGRP positive afferents, 
of which nearly all express the trkA NGF receptor. In order to explore the 
possibility that ACh is used by some non-peptidergic small DRG neurons in a 
neurotrophin independent manner, triple labelling fluorescence histochemistry 
was performed for ChAT, trkA, and GS-I-B4 on DRGs from juvenile and adult 
rats of both sexes. The majority of ChAT positive neurons also expressed trkA. 
Preliminary results indicated that approximately 50% of the GS-I-B4 reactive 
neurons expressed ChAT. Of the GS-I-B4 reactive neurons that did not express 
trkA, a small proportion expressed ChAT. These results suggest that (i) a small 
group of non-peptidergic, trkA insensitive DRG neurons produce ACh, and (ii) 
the majority of cholinergic DRG neurons likely are neurotrophin sensitive, but 
that in. some cases sensitivity to other factors may be associated with a 
cholinergic phenotype. Supported by UF DSR and NIH MHI5737 grants.

497.2
APOPTOSIS INDUCED IN THE SPINAL CORD ADN DORSAL ROOT 
GANGLION BY INFECTION OF HERPES SIMPLES VIRUS TYPE 2 IN 
THE MOUSE N. Ozakia\ Y. Sugiurab>*, T.Hondab\ M.Yamamotoc\ Y. 
Nishivamac> aDept.of Anat. Fukushima Med. Col. 1-Hikarigaoka 
Fukushima, 960-12, Japan, bDept. of Anat. Nagoya Uni. Sch. Med.
Nagoya 466, Japan, cLab. of Virology, Res. Inst, for Disease Meeh. Cont. 
Nagoya Uni. Sch. Med. Nagoya 466, Japan

Apoptosis is an active process of cell death in embryogenesis and 
organogenesis. Recent studies have shown that apoptosis is a host 
response inducted by various kinds of infection. The present study 
investigated the morphological events of apoptosis in the dorsal root 
ganglia and spinal cord after HSV-2 infection. Experiments were 
conducted in 18 specific pathogen free male ICR mice (postnatal 4 weeks). 
The mice were inoculated with 10 pi of viral suspension (HSV-2 of 1 x 104 
plaque-forming units,PFU) in the right hind-paw planter skin. After 3 to 
8 days the sections of the spinal cord were processed to demonstrate 
HSV-2 antigen immunohistochemistry. For detection of apoptosis, the 
TUNEL method was used. After the inoculation of a highly neuroinvasive 
strain of herpes simplex virus (HSV) type 2 (186) into the mouse hind- 
paw planter skin, many virus-positive neurons and glial cells were 
detected in the dorsal root ganglia (DRGs) and lumbar spinal cord. A 
number of apoptotic cells were also observed in the spinal cord and DRGs 
by the TUNEL method. However, when examined by double staining 
with immunohistochemistry for HSV-2 antigen and the TUNEL method, 
apoptic cells, either virus -infected or non-infected, were observed in 
neuronal and glial cells of the spinal cord and in glial cells, but in 
neuronal cells of DRGs. These results indicate that apoptosis induced 
by HSV-2 infection is modulated by different mechanisms in neurons of 
the spinal cod from those of DRGs.

497.3
ANTIDROMIC ACTIVATION OF C-FIBER NOCICEPTORS IN MONKEY 
PRODUCES A SHORT-TERM SUPPRESSION OF THE RESPONSE TO HEAT 
STIMULI. Y.B. Peng*. J.N.Campbell. and R.A.Mever. Dept. of Neurosurgery and 
Applied Physics Lab., Johns Hopkins Univ., Baltimore, MD 21287

The responses of C-fiber nociceptors to heat or mechanical stimuli are suppressed by 
prior presentation of the same stimulus. We recently demonstrated cross-modality 
suppression between mechanical and heat stimuli, a suprathreshold mechanical stimulus 
resulted in a decrease in the subsequent response to heat. This suggests that the 
mechanisms underlying suppression do not involve stimulus transmission and 
transduction, but may involve spike initiation or spike propagation. In this study, we 
sought to determine whether suppression could be induce by antidromic spike 
propagation. Teased-fiber techniques were used to record from 10 C-fiber nociceptors in 
anesthetized monkeys. A laser-thermal stimulator was used to repeatedly present a test 
heat stimulus (47°C, 2 s) to the receptor at a fixed interstimulus interval (60 s). Once a 
stable response to heat was obtained, the nerve trunk was electrically stimulated at twice 
the electrical threshold for activating the fiber. We systematically varied stimulation 
frequency (5,10,20,40 Hz), number of impulses (5,10,20 and 40), and time between 
electrical stimulation and heat test (5,10,20 and 40 s). A pronounced suppression of the 
heat response was observed in all 10 fibers. Recovery occurred within minutes. The 
amount of suppression was directly dependent on the number of action potentials elicited 
by the electrical stimuli; the greater the number of action potentials, the greater the 
suppression in the heat response. For example, when the electrical stimulus was presented 
5 s before the heat stimulus, the mean response to the heat stimulus was 80%, 64%, 47%, 
and 36% of the response to the preceding heat stimulus when 5,10, 20, and 40 stimulation 
pulses were delivered, respectively. The amount of suppression was also greater if the 
time between the electrical stimulus and the heat stimulus was decreased. Suppression 
was not dependent on stimulation frequency. These findings support the hypothesis that 
suppression involves spike initiation and/or spike propagation mechanisms. (Support by 
NIH: NS 14447 and J.B.Kempner Foundation)

497.4
MECHANICAL STIMULATION CAN LEAD TO A SHORT-TERM 
ENHANCEMENT OF THE RESPONSE TO HEAT IN C-FIBER NOCICEPTORS OF 
MONKEY. RA.Meyer. Y.B.Peng, and J.N.Campbell*. Dept. Neurosurgery and Applied 
Physics Lab., Johns Hopkins Univ., Baltimore, MD 21287
Most cutaneous nociceptors respond to multiple stimulus modalities. This leads to the 

question of whether the stimulation of one modality leads to an alteration in the response 
to a different modality. To investigate this question, we tested whether punctate 
mechanical stimulation of the receptive field of C-fiber nociceptors led to an alteration 
in the subsequent response to heat stimuli. Teased-fiber techniques were used to record 
from C-fiber nociceptors in the anesthetized monkey. A laser-thermal stimulator was 
used to repeatedly present a test heat stimulus (47°C, 2 s) to the receptor at a fixed 
interstimulus interval (60 s). Once a stable response to heat was obtained, the receptive 
field was stimulate with a punctate mechanical stimulus (von Frey probes) 5 s before the 
next heat stimulus. In 28 fibers, mechanical stimuli that were just subthreshold for 
evoking a response were delivered to mechanically sensitive spots within the receptive 
field. For 17 of these fibers, subthreshold mechanical stimulation at some locations led 
to an enhanced response to heat stimuli. The response to the heat stimulus was enhanced 
by 130 ± 8% (range: 110 to 220%) of the response to the preceding heat stimulus. The 
amount of enhancement decreased as the time between the mechanical and heat stimulus 
increased. Suprathreshold mechanical stimuli generally led to a suppression of the 
subsequent response to heat. However, the suppression was significantly less than the 
suppression that was produced by antidromic propagation of a similar number of action 
potentials (see adjacent poster) We hypothesize that the enhancement is due to a local 
mechanism and that suppression is due to an action potential propagation mechanism. 
These two phenomena compete when mechanical stimuli are presented. One possible 
explanation for the enhancement is that the generator potential produced at the terminal 
arbor following mechanical stimulation sums with the' generator potential from heat 
stimulation to lead to a enhanced response to heat. (Support by NIH: NS 14447 and 
J.B.Kempner Foundation)
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497.5
FAST AND SLOW HEAT TRANSDUCTION MECHANISMS IN A-FIBER 
MECHANICALLY-INSENSniVE AFFERENTS FROM MONKEY HAIRY 
SKIN. R.-D, Trecde. R. A. Meyer*, and J, N, Campbell. Dept. Neurosurgery, Johns 
Hopkins Univ,, Baltimore, MD 21287 & Dept Physiol., Univ. Mainz, Germany

Based on recent reports that mechanically insensitive afferents (MIAs) may have 
different properties than mechanically sensitive nociceptive afferents (MSAs), we 
undertook a systematic evaluation of all A-fiber afferents in the hairy skin of the 
anesthetized monkey. An electrical search technique was used to locate the 
receptive field of 77 Aj3 fibers and 79 A5 fibers. Two-thirds of these afferents 
were either low-threshold mechanoreceptors or low-threshold cold receptors. The 
remaining 9 A|3 fibers and 45 AS fibers were nociceptors. Mechanical thresholds 
for the nociceptors were uniformly distributed; a distinct subpopulation of MIA 
versus MSA receptors was not apparent. The majority (80%) of the nociceptors 
were heat sensitive. Two types of response were observed to an intense heat 
stimulus (53°C, 30 s). A type I response was observed in 48 % of the fibers; the 
first action potential latency (5 s) and the time to peak discharge (16 s) were long. 
A type II response was observed in 32 % of the fibers; the first action potential 
latency (0.2 s) and the peak discharge latency (0.5 s) were short. Fibers with a 
type II heat response had significantly slower conduction velocities (14 m/s), higher 
mechanical thresholds (15 bar), and smaller receptive field areas (10 mm2) than 
fibers with a type I heat response (25 m/s, 7 bar, and 53 mm2; respectively). 
Although the type I fibers had high heat thresholds (>53°C) when tested with 1 s 
stimuli, die threshold for 3 fibers tested with long stimuli (30 s) was lower (44°C) 
and reproducible across multiple runs. Thus, the delayed response of type I fibers 
to the 53°C, 30 s stimulus is likely due to a slow transduction mechanism and not 
a sensitization process. The short response latency, low heat threshold, and graded 
heat response of type H A-fiber nociceptors make them ideal candidates to mediate 
first pain sensation. (Supported by NIH: NS 14447 and NATO: CRG.950325)

497.6
INTRADERMAL CAPSAICIN PRODUCES A VIGOROUS 
DISCHARGE IN MECHANICALLY-1NSENSITIVE A-FIBER 
NOCICEPTORS OF THE MONKEY. M.Ringkamp*, Y.B.Peng. 
J.N.Campbell, and R.A.Meyer. Dept. Neurosurgery and Applied Physics Lab., Johns 
Hopkins Univ., Baltimore, MD 21287

Intradermal injection of capsaicin produces intense pain in human subjects that lasts 
for several minutes. Previous investigations have failed to identify the primary afferent 
nociceptor responsible for this pain. We sought to determine whether mechanically- 
insensitive afferents (MIAs) are the culprit. Teased-fiber techniques were used to 
record from A-fiber nociceptors that innervated the hairy skin in the anesthetized 
monkey. An electrode was placed on the nerve distal to the recording site to identify all 
A-fiber nociceptors on the recording electrode, and an electrocutaneous search 
technique was used to locate an electrical receptive field (eRF) for the MIAs. Twenty 
of 22 fibers had von Frey threshold greater than 6 bar and were classified as MIAs 
(Meyer et al., Brain Res. 1991). The 20 MIAs had a mean (± SEM) conduction 
velocity of 9.9 ± 0.7 m/s. The mean eRF area was quite large (303 ± 75 mm2) with 
some fibers having receptive fields that extended for more than 4 cm. For most fibers, 
a response to intense mechanical, heat, and/or chemical stimuli could be obtained at 
each extreme of the eRF indicating that the receptive fields to natural stimuli are also 
very large and that the electrocutaneous search technique provides a useful estimate of 
the receptive field size. Injection of capsaicin (10 pg/10 pi) into the receptive field 
produced a response in 17 of 20 MIAs. The fibers exhibited an initial vigorous 
discharge (37 ± 6 impulses/15 s) that occurred immediately after the injection and 
abated within 60 s. For many fibers, this initial peak was followed by a second peak 
in the discharge that occurred 5 to 15 minutes after injection. These results suggest 
that A-fiber nociceptors may be responsible for signalling the initial intense pain as 
well as the prolonged pain that occurs following capsaicin injection (Supported by 
NIH: NS 14447)

497.7
PAIN RATINGS TO PUNCTATE MECHANICAL STIMULI ARE SIMILAR 
THROUGH-OUT THE ZONE OF SECONDARY HYPERALGESIA J.H.Huang. Z. Ali*, 
J.N. Campbell, and RAMever. Department of Neurosurgery and The Applied Physics Lab, 
Johns Hopkins University, Baltimore, MD 21287

In this study we investigated how pain to punctate mechanical stimuli varied within the 
zone of secondary hyperalgesia. Secondary hyperalgesia was produced by an intradermal 
injection of capsaicin (50 pg) into the skin of the volar forearm of human volunteers. A 
computer-controlled electromechanical stimulator was used to deliver controlled-force 
stimuli to the skin via a 12 mm long, 100 pm thick
blade. Three different forces (16g, 32g and 64g; 1 s) 
were precisely applied to 10 sites spaced in 1 cm 
increments along a line starting 1 cm from the 
injection site and ending near the wrist. The order of 
forces and sites was randomized within the constraint 
that each site was exposed to each force. A complete 
test sequence was performed before and 20,60 and 
100 min after the capsaicin injection. Subjects used 
the technique of magnitude estimation to rate the pain 
to the mechanical stimulus. Before capsaicin, this 
probe produced little or no pain in all of the subjects.
After capsaicin, significant pain was produced within
the zone of secondary hyperalgesia. The border of the secondary zone determined with a 
10 bar von Frey probe corresponded to a position where the pain ratings dropped 
precipitously (by more than 50%). Pain rating increased monotonically with stimulus force 
through-out the zone of secondary hyperalgesia. Our most surprising finding was that pain 
ratings near the center of the secondary zone were not significantly different from pain 
ratings near the edge of the secondary zone. These results offer new insights for neural 
models of secondary hyperalgesia. Supported by NIH grant NS 14447.

497.8
SENSORY NERVE RESPONSES IN THE LUMBAR SYMPATHETIC 
CHAIN. JM Cavanaugh, S Kallakuri, CY Chen, AC Ozaktay* Wayne State 
University, Bioengineering Center, Detroit, Michigan, 48202.

The aim of this study was to characterize functions of sensory nerves in the 
sympathetic chain having receptive fields in and around the lumbar spine. These 
nerves may contribute to low back pain. METHODS: In anesthetized rats (n—16), 
one or two bipolar platinum wire recording electrodes were positioned under the 
sympathetic chain at the L3-L5 vertebrae. The lumbar psoas muscles and ventral 
side of the lumbar discs were mechanically probed with glass rods, a 27 ga needle 
and calibrated nylon filaments. These same tissues were injected with 6% NaCl 
(20-150 pi), 0.9% NaCl (10-150 pi), 194 mg/ml KC1 (10-110 pi) and bradykinin 
(5-240 pg). Action potentials evoked by these stimuli were amplified, stored on 
analog tape, digitized and analyzed. RESULTS: Numerous mechanosensitive units 
were found in psoas muscle near midline just anterior to the lumbar intervertebral 
discs. These units responded in a moderately to slowly adapting maimer to light 
pressure applied with the tip of a blunt glass rod or to forces of 60 mN or less 
applied with nylon filaments. A smaller population of units in psoas muscle 
responded only to forceful stimulation with pointed glass rods. Units were activated 
one to four vertebral levels below the sympathetic chain recording site. Probing 
with pointed glass rods or a 27 ga needle through the psoas muscle onto the 
anterior or anterolateral disc surface elicited occasional responses from mechano-
sensitive units. Application of hypertonic saline, KC1 and bradykinin resulted in 
excitatory multiunit discharges when applied to psoas muscle and over the ventral 
side of the disc. SUMMARY: This study demonstrates the following: (a) a 
population of low and high threshold mechanoreceptors in psoas muscle and 
superficial annulus, (b) mechanosensitive units from the lower lumbar spine which 
project four levels up the sympathetic chain, and (c) chemosensitive units in these 
same tissues. Supported by NIH Grant No. R01 AR41739 (JMC).

497.9
DYNAMIC STRETCH SENSITIVITY OF RAPIDLY ADAPTING 
CUTANEOUS MECHANORECEPTORS FROM RAT HAIRY 
SKIN. P. Griqg* and Z. Del Prete Department of Physiology, 
University of Mass. Medical School, Worcester, MA 01655

Single RA afferents were studied in a preparation of isolated, 
innervated, rat skin, in vitro. A strip of skin, 4 mm x 12 mm, was 
isolated from the hindlimb, near the knee. The long axis of the 
specimen was aligned with the long axis of the femur. The 
specimen was stretched in an in vitro system in which it was held 
by its ends in clamps, and stretched uniaxially using a linear 
actuator system. Stretch inputs were either displacement or 
force controlled using a PID control system. Loads and 
displacements were used to determine stresses and strains. 
Times of spike responses were recorded. Input stimuli were 
sinusoids, linear ramps, or PGN. We sought relationships 
between responses of afferents and the magnitude of the applied 
stress or strain, as well as with the rate of change, and 
acceleration of stress or strain.

Responses were found to be proportional to the level of both 
stress and strain, although thresholds for both were very high. 
Responses were most often observed at the peak of the loading 
cycle, when both stress and strain were high, and when the rate 
of change of stress or strain was zero or negative.

Supported by NIH grant NS-10873

497.10
TEMPORAL ANALYSIS OF NOCICEPTOR HYPERRESPONSIVENESS 
DURING VINCRISTINE-INDUCED NEUROPATHY IN RAT. K.D. Tanner* and 
J.D. Levine. Depts. of Med., Anat., Neurosci., UCSF, San Francisco, CA 94143

Vincristine, a chemotherapeutic agent that exerts its antineoplastic effects by 
depolymerizing microtubules, produces neuropathy in humans characterized by 
painful paresthesias and dysesthesias. Systemic vincristine (100 pg/kg) in rat 
produces mechanical hyperalgesia that persists for more than a week. During this 
period of hyperalgesia, 45% of C-fiber nociceptors are markedly hyperresponsive to 
mechanical stimulation (10 g, 1 min). In addition to firing more than twice as many 
action potentials to a given stimulus as control C-fibers, these “high-firing” 
vincristine treated C-fibers also appeared to fire in distinct temporal patterns. To 
quantitate this change in firing pattern, histograms of the distribution of interspike 
intervals and plots of instantaneous frequency were constructed for the responses of 
high-firing and low-firing vincristine-treated C-fibers and control C-fibers to 
mechanical stimulation. The distribution of interspike intervals suggests that high- 
firing vincristine-treated C-fibers fire such that there is a higher probability that 
spikes will occur less than 300 msec apart than for control or low-firing vincristine- 
treated C-fibers. In addition, instantaneous frequency plots reveal that high-firing 
vincristine-treated C-fibers fired in one of two modes that caused this shift in the 
interspike interval histogram. One mode was a tonic firing pattern at an 
intermediate, but relatively constant firing frequency, whereas the other mode was a 
bursty firing pattern with alternating periods of high and low frequency firing. These 
data suggest that multiple mechanisms may mediate vincristine-induced 
hyperresponsiveness in C-fibers and that the time scale of these mechanisms is quite 
different with the bursty mode involving processes less than 100 msec and the tonic 
mode involving processes in the range of 100-300 msec. Since it is difficult to drive 
control C-fibers to fire as vigorously as high-firing vincristine-treated C-fibers, it 
remains unknown whether the altered temporal response patterns are a vincristine- 
induced abnormality or are a consequence of increased firing frequency. [Funded by the 
American Heart Association, American Cancer Society, and NS21647]
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497.11
INCREASED EXCITABILITY OF DORSAL ROOT GANGLION CELLS WITH 
UNMYELINATED AXONS AFTER AXOTOMY. J.-M. Zhang*, D. F. Donnelly1,
X.-J. Song and R. H. LaMotte. Dept. of Anesthesiology & Pediatrics1, Yale 
University Sch. of Med., 333 Cedar Street, New Haven, CT 06520

As part of ongoing studies of the neuronal mechanisms of neuropathic pain, the 
effect of axotomy on the excitability of dorsal root ganglion (DRG) cells with 
unmyelinated axons (C cells) was investigated. The L4 and L5 DRGs with sciatic 
nerve attached were excised from Sprague-Dawley rats (9-15d) with intact sciatic 
nerve or with nerve transected 7-12 days earlier. Whole cell, patch-clamp recordings 
were performed on C cells from intact ganglia after removing the ganglion sheath and 
dissolving the remaining connective tissue with dilute collagenase. C cells were 
identified by: i) somal size, ii) action potential morphology, iii) conduction velocity, 
and iv) in some cases, fast blue injection into the injured nerve fibers.

Axotomy reduced action potential threshold from -31.1 ± 1.9 (n=18) to -38.2 ± 1.8 
mV (n=13) but did not significantly change resting membrane potential (normal: 
-59.2 ± 1.9, n=27 vs. axotomized: -55.6 ± 2.2 mV, n=18), action potential duration 
(5.2 ± 0.5, n=21 vs. 6.1 ± 0.9 ms, n=12) or maximal depolarization rate (108.6 ± 15.9, 
n=12 vs. 82.7 ± 10.1 mV/s, n=l 1). Axotomy significantly increased the mean total 
peak sodium current from -1.94 ± 0.22 pA/pm2 (n=17) for normal cells to -2.74 ± 
0.35 pA/pm2 (n=21) for axotomized cells, measured under voltage clamp conditions. 
In those fast-blue labelled (injured) cells, the TTX-sensitive current (TTX-S) was 
increased while the TTX-resistance (TTX-R) current was reduced and, in some cases, 
absent. These results suggest that axotomy increased the excitability of C cells, 
possibly due to an altered expression of sodium currents. (Supported by PHS grants 
NS14624, NS10174 and HL46149).

497.12
CUTANEOUS HYPERALGESIA DURING CHRONIC COMPRESSION 
OF DORSAL ROOT GANGLION. X.-J. Song*, S.-J. Hu, J.-M. Zhang,
K.W. Greenquist and R.H. LaMotte. Department of Anesthesiology, Yale 
University School of Medicine, 333 Cedar Street, New Haven, CT 06510

An animal model of chronic compression of the dorsal root ganglion 
(DRG) and its nerve was used to investigate the role of clinical intervertebral 
disc protrusion and intervertebral foramen stenosis in low back pain and 
sciatica. A stainless steel rod (L-shaped, 4 mm in length and 0.5-0.6 mm in 
diameter) was chronically implanted into the intervertebral foramen of the 
L4 and the L5 ganglion on one side in male Sprague-Dawley rats (200-250 
g). The incidence of foot withdrawal to Von Frey type filaments exerting 
forces of 0.5-16 g-wt each with the same tip diameter of 0.1 mm was 
measured before and up to 28 days after compression injury. The mean 
threshold force for 50% withdrawal decreased significantly (hyperalgesia) 
for the ipsilateral (but not the contralateral) foot from 6.0 ± 0.44 g (mean ±
S.E.M.) before to 2.0 ± 0.28 g one day after surgery and remained so (within 
< 1 g) up to the last test at 28 days. No significant changes were observed in 
8 sham operated rats. Spontaneous discharges of A- and C- dorsal root fibers 
were recorded in vitro, 1-32 days after compression injury. The mean 
percentage of spontaneously active A fibers (based on total number activated 
by sciatic nerve stimulation) was 14.1% (10 rats).

This animal model of chronic compression may be useful in exploring the 
mechanisms and treatment of neuropathic pain, especially low back pain and 
sciatica. (Supported by PHS grants NS 14624 and NS 10174).

497.13
PROTEIN KINASE A (PKA) MEDIATES ECTOPIC SPONTANEOUS 
ACTIVITY IN CHRONICALLY COMPRESSED DORSAL ROOT 
GANGLION. S.-J. Hu, X.-J. Song, K.W. GreenquisL J.-M Zhang and R.H. 
LaMotte*. Department of Anesthesiology, Yale University School of 
Medicine, 333 Cedar Street, New Haven, CT 06510

The mechanisms of ectopic spontaneous activity (SA) in injured sensory 
neurons are unknown. PKA plays a critical role in the modulation of neural 
excitability and may be involved in the hyperexcitability of injured neurons. 
To test the role of PKA in the mediation of SA in injured sensory neurons, 
an experimental model of the compression of the dorsal root ganglion 
(DRG) was prepared using a chronically implanted stainless steel rod 
inserted into the L4 and also into L5 intervertebral foramen in the rat. 
Behavioral testing revealed mechanically evoked allodynia and hyperalgesia 
on the ipsilateral foot. One to 14 days postsurgery, SA (mean = 18.1 ± 1.7 
Hz) in the injured DRG neurons was recorded in vitro from teased dorsal 
root microfilaments with myelinated axons. Rp-cAMPS (5, 50, 200 and 500 
pM), a specific inhibitor of PKA, caused a dose-dependent decrease in SA 
when topically applied to the DRG (n=5). 500 pM Rp-cAMPS completely 
blocked SA, but not conductivity. Sp-cAMPS (500 pM), a potent, specific 
activator of PKA, facilitaed the SA (mean = 589%) in all injured units (n=8), 
but did not trigger firing of normal neurons (n=16). Furthermore, we found 
that the protein phosphatase inhibitor okadaic acid (0.1 pM, n=5) and the 
adenylate cyclase activator forskolin (1 pM, n=5) significantly increased 
SA. Our results strongly suggest that PKA mediates SA in these injured 
DRG neurons. (Supported by PHS grants NS 14624 and NS 10174).

497.14
CO-EXPRESSION OF HEAT- AND CAPSAICIN-EVOKED CURRENTS IN 
ACUTELY DISSOCIATED RAT DORSAL ROOT GANGLION NEURONS.
T. Kirscfastdn. D. Busselberg and R.-D. Treede. (SPON: European Neuroscience 
Association) Inst of Physiol, and Pathophysiol., Univ. Mainz, Germany & Inst, 
of Physiol., Univ. Gottingen, Germany.

Noxious heat is able to activate heat-sensitive nociceptors in the skin very 
rapidly, but little is known about the mechanisms by which heat is transduced 
(Treede et al. 1995, J Physiol 483: 747-758). We used the whole-cell patch- 
clamp technique to study the effects of noxious heat and capsaicin on freshly 
dissociated rat dorsal root ganglion neurons in vitro.

DRG neurons of adult Sprague-Dawley rats (130-250 g) were dissociated with 
collagenase and trypsin. Recordings were performed in F12 medium (pH 7.4) 
with borosilicate pipettes (5.8±0.2 MQ) filled with 160 mM KC1, 8.13 mM 
EGTA, 10 mM HEPES, pH adjusted to 7.2 with KOH.

Using temperatures of 41°C, 49°C and 53°C, 8 of 19 small neurons (0^3Opm) 
exhibited a heat-evoked inward current. All heat-sensitive neurons tested were 
also capsaicin-sensitive. Moreover, the heat response was significantly larger 
after capsaicin than before (59Q±710 pA and 15Q±140 pA, respectively). Two 
out of five heat-insensitive neurons were excited by capsaicin; both neurons 
developed a heat response after capsaicin. The large neurons (0>3Opm) did not 
respond to noxious heat (0/7), and were not sensitive to capsaicin either.

These results indicate that the nociceptive response to noxious heat can be 
explained by activation of inward currents. Only small neurons exhibited a heat 
response; and all heat-sensitive neurons also responded to capsaicin which was 
able to enlarge the heat response. These findings fit well into the correlation of 
heat- and capsaicin-sensitivity from in vivo studies.

497.15
THE NEUROTROPHIN-INDUCIBLE PROTEIN "VGP’ IN SENSORY 
AFFERENTS AND SPINAL CORD. G.-L Ferri1 , C. Tirolo1, L. Atzori2, E. 
Brizi3, W. Neuhuber5, G, Terenghi6, R. Possenti4, M. Rende3.
1Neuro&Endocrine Research, Dept Cytomorphology, Univ Cagliari & Oasi-
IRCCS Troina; 2Toxicology, Univ Cagliari; SExp Medicine, Univ Perugia; 
4CNR Inst Neurobiology, Rome: Italy; 5Dept Anatomy, Univ Erlangen, D; 
®Blond Mclndoe Centre, Queen Victoria Hosp, East Grinstead, UK.

The “VGF protein” was discovered because of its high induction by NGF 
in PC12 cells, and proved to be a neuro-endocrine gene product devoid of 
significant similarity with known sequences. Dorsal root ganglia (fixed 
immediately, or after 1-20 h in vitro culture) and spinal cord were studied, 
from normal rats vs. rhyzotomy, sciatic transection or neonatal capsaicin. 
In view of multiple potential processing sites within VGF, antisera to 5 
different domains (C-terminus, predicted products, etc.) were used in 
immunohistochemistry, in parallel with in situ hybridization and RNAse 
protection. VGF mRNA was abundant in neuronal populations, including 
motoneurons and others of spinal cord, and most primary sensory 
neurons. Immunoreactive VGF (especially C-terminus) was found in a 
limited population of primary sensory perikarya and in (apparently 
corresponding) capsaicin-sensitive terminals in dorsal horn superficial 
laminae. Conversely, many sensory neurons were reactive after short-term 
culture. In the cord, VGF-immunoreactivity was prominent in motoneuron 
and small-size neurons in the dorsal horn, while rich populations of fibres 
and terminals run amidst and in contact with motoneurons, in the 
intermedio-latera! column and other locations. A wide expression of the vgf 
gene appears to be paralleled by a more restricted distribution of "VGF 
protein”, suggesting a degree of selective post-translational processing. 
SUPPORTED by research grants from the Ministry of University and 
Research and National Research Council, Italy.

497.16
MEDIATION OF MECHANICAL AND CHEMICAL ACTIVATION OF DRG 
NEURONS VIA DIFFERENT CATION CHANNELS. JM GSCHOSSMANN. HE 
RAYBOULD. H ENNES. S YOUNG. T LEMBO and EA MAYER*. CURE Dig 
Dis Res Ctr/Neuroenteric Biology Group, Depts of Medicine and Physiology, UCLA 
School of Medicine, Los Angeles, CA 90073

The response of DRG neurons to mechanical and chemical stimuli may be 
associated with an activation of different cation channels. We studied changes of 
intracellular calcium concentrations ([Ca2*]j) after mechanical and chemical 
stimulation in small (25-40 um) rat DRG in culture. Methods: Lumbosacral DRG 
neurons in short term culture (24-48 hrs) of adult rats were studied. Measurements 
of [Ca2+]j were performed in fura-2 labeled neurons using video fluorescent 
microscopic techniques. Results: Brief focal mechanical stimulation of DRG somas 
resulted in increases in [Ca2+]j in 26% (53/199). [Ca2+]j increases following 
superfusion with capsaicin (CAP; 300 nM for 2 min) were observed in 61% (27/44). 
A calcium-free bath solution (n=l 3) or gadolinium (100-250 uM, n=20) inhibited 
the [Ca]j response to mechanical stimulation. Lanthanum (25 uM, n=6) had no 
effect. Removal of extracellular Ca2+ (n= 13) blocked CAP-induced [Ca2+]j transients. 
Gadolinium (100 uM, n=7), lanthanum (25 uM, n=7) or nifedipine (1 uM, n=9) did 
not affect CAP-induced [Ca2*]j transients.The K-opioid agonist fedotozine (1-100 
nM, n=31) showed a dose-dependent inhibition of mechanically stimulated [Ca2+]j 
transients, but had no effect on the [Ca2+], response to CAP. Naloxone (30 nM, n=5) 
reversed the effect of fedotozine (100 nM). Conclusion: [Ca2+]j transients in small 
diameter DRG somas after stimulation involve activation of different types of cation 
channel depending on the nature of stimulus: 1) stretch-activated, gadolinium- 
sensitive cation channels (mechanical stimulation) 2) ligand-gated, gadolinium- 
insensitive cation-channels (chemical stimulation with CAP). No voltage-sensitive 
ion channels are involved in these phenomena. Only mechanosensitive but not CAP- 
sensitive pathways are blocked by the K-opioid receptor agonist fedotozine. 
Supported by NIH grants DK48351 (EAM) and DK 40919 (EAM) and DFG grant 
Gs9/1-1
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497.17
MICRONEUROGRAPHIC DUAL CHANNEL RECORDINGS OF C FIBRE 
ACTIVITY FROM LIMB NERVES IN MAN. G. Wu. R. Ekedahl & R.G, 
Hallin*. Dept. Med. Lab. Sci. Technol., Sect. Clin. Neurophysiology, Huddinge 
Univ. Hosp., Karolinska Institute, Sweden.

Most nerve fibres in limb nerves are unmyelinated. Some postganglionic 
sympathetic C fibres control blood pressure, other fibres skin temperature. 
Unmyelinated C-afferents are involved in nociception and thermosensation.

Microneurography is a powerful technique to record activity from C fibres. 
Conventionally, solid tungsten electrodes were used for such studies. A 
concentric needle electrode developed in our laboratory seemed biased towards 
recording of C fibre activity. In the present study, we explored this aspect of the 
latter technique by using modified thin calibre concentric needle electrodes with 
two nearby recording surfaces (distance<50 pm). In 27 experiments 39 
recordings (from the median or peroneal nerve) dominated by C fibre activity 
were studied. In 90% of the sites either skin sympathetic activity (SSA) or 
activity in cutaneous mechano-heat fibres (CMH) was identified on one or both 
channels, which suggested that these two types of C fibres run in separate 
bundles in the nerve. When SSA was recorded there was a general 
synchronisation of the activity between the two channels. In individual bursts, 
however, sympathetic fibres on the two channels sometimes discharged 
asynchronously. Often several single CMHs were recorded in groups and these 
units had adjacent or overlapping receptive fields. Unit classification of CMHs 
was improved by studying their appearance on the two channels especially when 
extensive terminal branching of a single C-afferent was suspected.

These results from dual channel recordings of C fibre activity in man 
provided further evidence for functional segregation among unmyelinated fibres. 
Analysis of population responses of C fibres suggested some desynchronisation 
in the discharge of neighbouring sympathetic fibres. In addition, unit 
classification among groups of CMHs was facilitated by this technique.

Supported by the Swedish Society of Medicine and Ake Wibergs Foundation.

497.18
FUNCTIONAL DIFFERENCES WITHIN CLUSTERS OF SLOWLY 
ADAPTING TYPE II UNITS IN HUMAN PERIPHERAL NERVES. Rolf 
Ekedahl. Thomas Carlstedt*. Gang Wu, Rolf G. Hallin. Dept. Med. Lab. Sci. 
Technol., Sect. Clin. Neurophysiology, Huddinge Univ. Hosp., Karolinska 
Institute, Sweden. *The Royal Natl. Orthop. Hosp. Trust, Stanmore, England.

Among the four main classes of sensory afferent A fibres in human peripheral 
nerves (rapidly adapting (RA) units, Pacinian corpuscle (PC) afferents, slowly 
adapting type I (SAI) units, and slowly adapting type II (SAII) units), RA and 
SAI units were previously found in somatotopically oriented clusters 
intraneurally.

In this work on normals, a total of 47 SAII afferents in the median, radial, or 
peroneal nerves were studied using percutaneous microneurography with one- 
surface or two-surface concentric needle electrodes. Template matching (2) and 
interspike interval analysis (2) of the recorded discharges, together with studies 
on receptive field characteristics and other single unit criteria, were used to 
recognise and evaluate the possible clustering of the units. In many recording 
sites two, sometimes even three SAII units were found as neighbours in the 
explored nerve fascicle and with adjacent or overlapping receptive fields in the 
skin. Among pairs of clustered SAII units found in the same site one unit often 
discharged spontaneously whereas the other was silent under resting conditions. 
The two units were preferentially activated by clearly different directions of skin 
stretch engaging the same small cutaneous area.

Our findings suggest that SAII units tend to be clustered in human 
peripheral nerves as well as in the skin. Neural activity in clusters of SAII units 
evoked by skin stretch may be involved in some aspects of proprioception.

Supported by the Magnus Bergvalls Foundation, the Karolinska Institute, the 
Swedish Society of Medicine and the Wenner-Gren Foundation.

1. G. Wu et al., Brain Res. 742 (1996) 225-238.
2. R. Ekedahl et al., Exp. Neurol. 140 (1996) 161-171.

497.19
METABOTROPIC GLUTAMATE RECEPTORS IN THE KNEE JOINT: A 
POSSIBLE ROLE IN PERIPHERAL SENSITIZATION. N. B. Lawand*, E.D., Al- 
Chaer, W. D. Willis and K. N. Westlund. Dept. of Anatomy and Neurosciences, 
University of Texas Medical Branch, Galveston, TX 77555-1069.

Interactions of ionotropic glutamate receptors in knee joints of rats have been 
shown to contribute to the peripheral sensitization underlying primary hyperalgesia 
and allodynia (Lawand et al., 1997). However, the role of peripheral metabotropic 
glutamate receptors in the development of pain related-behavior has not been 
established. In the present study, the role of metabotropic receptors in the 
sensitization of primary afferents and in the development of hyperalgesia and 
allodynia was examined. Recordings were made from the proximal end of the cut 
medial articular nerve (MAN) near the joint of 9 adult cats. All substances tested 
were delivered through the saphenous artery; The doses of GLU, ASP and trans- 
ACPD evoking maximal responses were determined. Individually, these agents 
excited articular receptors in a dose-dependent manner; trans-ACPD potentiated the 
responses of the afferents to both GLU and ASP and to mechanical stimulation. 
Indomethacin, a cyclooxygenase inhibitor, was effective in blocking the 
sensitization. Male Sprague-Dawley rats were tested behavioral ly for paw 
withdrawal latency (PWL) to radiant heat and withdrawal threshold (WT) to 
innocuous mechanical stimulation both before and after intraarticular injection of 
combined trans-ACPD and aspartate. Heat hyperalgesia and allodynia started about 
lh after the injection and persisted for at least 8h. The joint appeared swollen and 
plasma extravasation was shown with Evan's Blue dye. We conclude that co-
activation of metabotropic and ionotropic receptors in the joint produces afferent 
discharges similar to those recorded previously with kaolin/carrageenan-induced 
inflammation, probably as a result of peripheral sensitization, as well as behavioral 
hyperalgesia and allodynia. (Supported by NIH grants NS 32778, NS 09743. and 
NS 11255).

497.20
NEURAL DISTRIBUTION AND MORPHOLOGY OF NERVE 
TERMINALS IN THE ANTERIOR CRUCIATE LIGAMENT IN HUMAN 
SUBJECTS. S-F, Wang. S-T. Hsieh . T-K. Liu.. B-C. Shvu*. C-Y. Wen 
Department of Anatomy, Medical College, National Taiwan University., 
Taipei 100, Taiwan.

Possible sensory roles of the ligaments have been largely overlooked. 
The cruciate ligaments accommodate morphologically different sensory 
nerve endings (Ruffi endings, Pacinian corpuscles, Golgi tendon organ-like 
endings, and free nerve endings). It is hypothesized that articular 
mechanoreceptor reflexes are significantly involved in the normal reflex 
coordination of muscle tone in posture and movement. The receptors in 
the ligaments of the human degenerated joints have never been described.

The replaced anterior cruciate ligaments were collected during the 
surgery of total joint replacement. Immunocytochemistrical reaction to 
protein gene product 9.5 (PGP 9.5) was conducted on the replaced 
ligaments after cryosectioning. The morphology of the labelled terminals 
in the anterior cruciate ligaments resembled the Ruffi endings and Pacinian 
corpuscles. Most of the terminals were located in the synovial membrane. 
Few nerve endings were found between the collegial fibers or bony 
attachment area.

This study provided the morphology and distribution of the nerve 
endings in human degenerated joint ligaments. In comparison to the 
previous literature, the Golgi tendon-like organ within the collegial fibers 
are scared. The lack of Golgi-tendon organ-like receptors may decrease the 
reflex protection of the joint and cause further degenerative change of the 
joints. Preserving the function of Golgi-tendon organ may be the future 
possible approach for early sensory rehabilitation.

497.21
MICROTUBULE DISORIENTATION AND AXONAL SWELLING IN 
UNMYELINATED SENSORY AXONS DURING VINCRISTINE-INDUCED 
NEUROPATHY IN RAT. K.S. Topp*, K.D. Tanner, and J.D. Levine. Depts. of 
Anat., Med., Neurosci. and Phys. Therapy, UCSF, San Francisco, CA 94143

Vincristine, a chemotherapeutic agent that exerts its antineoplastic effects by 
depolymerizing microtubules, produces neuropathy in humans characterized by 
painful paresthesias and dysesthesias. The recent development of an animal model of 
vincristine-induced neuropathy provides the opportunity to investigate the 
mechanisms underlying this form of neuropathic pain. Systemic vincristine (100 
pg/kg) in rat produces mechanical hyperalgesia that persists for more than a week 
and nociceptor hyperresponsiveness to mechanical stimulation during the peak phase 
of hyperalgesia. To test the hypothesis that changes in microtubules in nociceptive 
afferents accompany vincristine-induced hyperalgesia, we performed morphometrical 
analysis on unmyelinated axons in the saphenous nerve of vincristine-treated rats. 
Neither light nor electron microscopy revealed any gross morphological differences 
between control and vincristine-treated nerves; there was no evidence of 
unmyelinated fiber loss. There was, however, a significant decrease in microtubule 
density in unmyelinated axons from vincristine-treated rats when compared to 
control axons. This decrease in microtubule density was not due to a decrease in the 
mean number of microtubules per axon in vincristine-treated nerves. Rather, there 
was a significant, unexpected increase in the cross-sectional area of unmyelinated 
axons in vincristine-treated rats, suggesting axonal swelling. Although there was no 
loss of axonal microtubules, vincristine-treated axons had significantly fewer 
microtubules cut in cross-section and significantly more tangentially-oriented 
microtubules per axon as compared to controls, suggesting disorganization of 
cytoskeletal structure. These results suggest that vincristine causes alterations in the 
axonal microtubule cytoskeleton, as well as in the axonal caliber of unmyelinated 
sensory neurons. Future experiments will address whether the structural changes 
seen in unmyelinated axons also occur in peripheral nerve terminals where 
transduction occurs. [Funded by NICHD, American Heart Association, American Cancer Society, NS21647]

497.22
HEAT TRANSDUCTION IN RAT SENSORY NEURONS BY 
CALCIUM-DEPENDENT ACTIVATION OF A CATION CHANNEL. 
D.B. Reichling, M. S. Gold* and J.D, Levine. Departments of Oral and 
Maxillofacial Surgery, Anatomy, Physiology, and Division of 
Neuroscience, UCSF, San Francisco, CA 94143.

The mechanism of heat transduction in vertebrate sensory neurons 
was investigated in vitro using cultured dorsal root ganglion (DRG) 
neurons from adult rat. Lumbar DRG neurons were enzymatically 
dissociated and maintained in culture for 12-28 hr before experiments 
were performed. In response to a physiologically relevant range of 
stimulus temperatures (23-45°C), a subpopulation of small DRG 
neurons are depolarized by a non-selective cation current (Iheat). Large- 
diameter DRG neurons and sympathetic neurons isolated from the 
superior cervical ganglion express only low levels of heat-evoked 
current. Iheat is resistant to a variety of agents that block other non- 
selective cation channels, but Iheat is antagonized by extracellular Cs+ 
(89% inhibition by 10 mM Cs+). Heat-induced single-channel currents 
(~35 pS) in cell-attached patches are evoked at a similar range of 
temperatures. Iheat is a calcium-dependent current activated indirectly by 
heat-evoked release of calcium from intracellular stores. This suggests 
that the channel itself is not a transducer of thermal energy, but instead 
energy transduction might occur at the level of calcium stores or farther 
upstream. Similar to nociceptive heat sensation in vivo, Iheat is enhanced 
by the hyperalgesic agent prostaglandin E2, and only partially adapts 
during prolonged heat stimuli. This work is the first demonstration that 
ion channels can mediate heat transduction in mammalian sensory 
neurons, and provides evidence that heat causes the channels to open via 
the intracellular second messenger, calcium. (NS21647)
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497.23
EFFECT OF A NK3 RECEPTOR ANTAGONIST ON MECHANOSENSITIVE 
PELVIC NERVE AFFERENT FIBERS IN RATS. V. Julia, X. Su* and G.F. 
Gebhart. Dept Pharmacol, Univ of Iowa, Iowa City, IA 52242.

Tachykinins (substance P, neurokinins A and B) are ligands for NK1, NK2 
and NK3 receptors, respectively. Substance P and neurokinin A mediate visceral 
pain, but there is no evidence of the role for neurokinin B and NK3 receptors in 
visceral pain. The aim of this study was to investigate the role of NK3 receptors 
on pelvic nerve afferent fiber responses to noxious colorectal (CRD) or urinary 
bladder (UBD) distension. Afferent fibers in the SI or L6 dorsal root were 
identified by electrical stimulation of the pelvic nerve and noxious CRD or 
UBD (80mmHg, 30s) and a stimulus-response function was performed (5, 10, 
20, 30, 40, 60, 80, lOOmmHg every 4 min). The effect of SR 142,801, a NK3 
receptor antagonist, was tested in 17 fibers innervating the urinary bladder (n=4) 
or colon (n=13). SR142,801 was tested at 1, 3 and 5mg/kg intraarterially 
SRI42,801 did not change significantly responses (magnitude and threshold) to 
UBD, at Any dose tested. In colonic afferent fibers, SR 142,801 did not affect 
significantly the responses at 1 mg/kg. However, at 3 and 5 mg/kg, SR-142,801 
significantly reduced afferent fiber responses to CRD. The response was 
decreased by 41% (80mmHg), 30% (lOOmmHg) and 47% (80mmHg), 33% 
(lOOmmHg) for doses of 3 and 5 mg/kg, respectively. In conclusion, activation 
of NK3 receptors in the periphery appears to contribute to visceral pain only in 
mechanosensitive afferent fibers innervating the colon. Apparently, these 
receptors do not mediate mechanosensitive afferent fiber responses following 
urinary bladder distension.
Supported by NS 19912.

497.24
INTERCELLULAR CALCIUM WAVES BETWEEN RAT DORSAL ROOT 
GANGLION (DRG) CELLS AND COLONIC SMOOTH MUSCLE CELLS 
CONDUCTED BY GAP JUNCTIONS. S.H, Young*. H.S, Ennes. E.A .Maver. 
CURE Neuroenteric Biology Group, Depts. of Medicine and Physiology, UCLA 
School of Medicine, and West LA VA Medical Center, Los Angeles, CA 90024.

Mechanotransduction within the gut wall may involve both chemical and 
electrical interaction between peripheral terminals of primary visceral afferents 
and smooth muscle cells. We show that mechanical stimulation of myocytes 
produces a wave of intracellular calcium which can propagate into a connecting 
neurite. Freshly isolated rat DRG cells were plated onto non-confluent rat colonic 
smooth muscle primary culture, with NGF (5 ng/ml) added to the media 
(DMEM). Focal membrane deformation of cells was produced by transient (500 
msec) downward movement of a glass rod (tip diam. 1-3 pm). [Ca2+]j changes in 
response to mechanical stimulation of contacted myocytes were monitored using 
fura-2 fluorescence videomicroscopy. Mechano-stimulation of myocytes 
produced a [Ca2+]j transient which propagated throughout the cell (amplitude
180.9 ± 23.5 nM; velocity 15.7 ± 1.0 pm/sec; n=18). In 15 out 28 neurite-muscle 
contacts (53%), the [Ca2+]j wave propagated into the neurite (amplitude 251.9 ± 
33.0 nM, velocity 10.6 ± 2.8 pm/sec) after a mean delay of 3.7 ± 1.0 sec; n=5. 
This intercellular propagation occurred in the absence of extracellular Ca2+ (n=6) 
and was not blocked by TTX (1 pM, n=5). Treatment with 3 mM octanol or 1 pM 
thapsigargin did not change the response of the myocyte, but blocked propagation 
of the Ca" wave into the neurite. Conclusions: Colonic myocytes and DRG 
neurites conduct intercellular calcium waves. The propagated calcium wave does 
not require entry of extracellular calcium or involve activation TTX-sensitive Na 
channels on the neurites, but is blocked by octanol, suggesting that calcium 
and/or a messenger molecule is conducted via gap junctions between the cells. 
Supported by NIH Grant DK40919.

497.25
INDOMETHACIN ATTENUATES TRH ANALOG-INDUCED EXCITATION OF 
RAT GASTRIC SPLANCHNIC AFFERENT NEURONS IN VIVO. DW Adelson , 
JY Wei, and Y Tache. CURE/Digestive Diseases Research Center, VA Wadsworth 
Med. Ctr & Dept. of Medicine & BRI, UCLA. Los Angeles, CA 90073.

In rats, low i.e. doses (1-3 ng) of the stable TRH-analog RX77368 increase 
gastric hyperemia and gastric cvtoprolection via central vagal activation. In addition 
to increasing vagal efferent discharge, i.e RX77368 elicits increased discharge in 
capsaicin-sensitive splanchnic afferents with gastric receptive fields. RX77368- 
induced hyperemia and cytoprotection are atropine-sensitive, capsaicin-sensitive, 
CGRP-dependent. and indomethacin-sensitive. To investigate the relationship 
between prostaglandin synthesis and splanchnic afferent excitation in this system, 
we have characterized unit impulse activity recorded in the celiac branch of the 
splanchnic nerve (immediately distal to the suprarenal ganglion) of laparotomized 
urethane-anesthetized male SD rats (270-380g) in response to i.e. RX77368 before 
and after i.p. indomethacin (5 mg/kg). In preliminary experiments, in nene twigs 
containing at least one mechanosensitive gastric unit, splanchnic units which 
increased their activity >40% in response to 3 ng RX77368 i.e. (n=6, 3 animals) 
responded to a repeated dose at least one hour later with AD=(peak discharge- 
pretreatment discharge) between 65-198% (107+/-48.8%) of that elicited by the first 
treatment In animals receiving indomethacin at least 30 min after the first i.e. 
RX77368 and 60 min before the second, the second treatment gave AD between 0- 
71% (28+/-30.5%, n=5. 2 animals) of the first. Indomethacin also caused marked 
decreases in ongoing discharge in a number of splanchnic units, including units 
unresponsive to RX77368. Among units unresponsive to RX77368 at these doses 
were units with receptive fields on mesentery, pancreas, and spleen. These data 
indicate that prostaglandin synthesis participates in the excitation of gastric 
splanchnic afferent neurons in response to i.e. TRH-analog at low doses. (Supported 
by NIH Grant DK30110)

497.26
SYMPATHECTOMY ENHANCES THE RESPONSIVENESS OF BLADDER 
MECHANORECEPTORS. V.K. Shea, R. Cai, B. Crepps and E.R, Perl*. Dept. of 
Physiology, University of North Carolina, Chapel Hill, NC 27599-7545

Interstitial cystitis (IC) is a sy ndrome prevalent among women of childbearing age 
that is characterized by urinary frequency and urgency. We investigated the 
possibility’ that properties of mechanoreceptors innervating the urinary bladder are 
altered by injury to part of its sympathetic innervation. The activity of single units in 
female rats, identified by electrical stimulation of the left pelvic and bladder nerves, 
was recorded in fine filaments of the ipsilateral L6 dorsal root. In intact rats, 61 of 
101 bladder units w7ere responsive during slow filling of the bladder with 0.9% NaCl 
Similar proportions of units from lesioned animals (36/47 after left L1-L2 and 21/31 
after bilateral L1-L5 sympathetic ganglionectomy) w ere comparable 
mechanoreceptors. No clear relationship was noted between the conduction velocity 
and responsiveness of individual bladder mechanoreceptors in intact and lesioned 
rats. In intact rats, mechanoreceptors with receptive fields on the body of the bladder 
exhibited greater averaged responses as a function of intravesical pressure during 
slow filling than those with receptive fields in the vicinity of the ureterovesical 
junction. Units innervating the base of the bladder had the least vigorous responses. 
After L1-L5 ganglionectomy, mechanoreceptors innervating the body of the bladder 
displayed significantly augmented responses compared with similar units in intact 
rats. After L1-L2 ganglionectomy, mechanoreceptors innervating the vicinity of the 
ureterovesical junction and the base of the bladder were significantly more responsive 
than comparable units in intact rats. The enhancement of the responsiveness of 
bladder mechanoreceptors subsequent to injury to its sympathetic innervation could 
relate to the sensory7 sy mptoms of IC. Supported by NK 47590 and NS 14899 of the 
NIH.

497.27
VISCEROSOMATIC SENSORY NEURONS IN THE SPINAL CORD AND 
SPINAL GANGLION. G.W. Lu* Q.J. Li and X.H. Liu. Dept. of Neurobiology, 
Capital University of Medical Sciences. Beijing 100054. China

Experiments were conducted on anesthetized Wistar rats. Electrostimulation 
was delivered alternatively to the solitary tract (SN), dorsal column (DCN) nuclei 
and the pelvic (Pe) and pudendal (Pu) nerve. Natural stimuli were alternatively 
applied to identified neurons’ receptive fields (RF) in skin and descending colon. 
Orthodromic and/or synaptic responses were intracelluiariy recorded from the 
lumbosacral dorsalhom(DH) and dorsal root ganglion(DRG).

Ten of 27 physiologically identified spinosolitary tract-dorsal column 
postsvnaptic(SST-DCPS) neurons were activated from both visceral and somatic 
natural stimulation. In 8 of of 38 SST-DCPS neurons, their initial antidromic 
discharges were followed by one or more subsequent synaptic discharges. Their 
latency and conduction vclodty (CV) were, respectively 5 times longer and slower 
than their preceding antidromic responses. Similar characteristics were also shown 
in the other group of 54 neurons that responded only synaptically to both SN and 
DCN stimulation. A total of 75 Sj DRG neurons was driven by natural stimulation 

oftheir cutaneous RF. Twenty two of them were activated by distention of 
descending colon.- In addition, 14 neurons spontaneously discharged also 
responded to visceral stimulation. In the other group, 68 DRG neurons were found 
to respond to electrostimulation of both Pe and Pu nerve, in some neurons, their 
initial single discharges were followed by one or more synaptic discharges.

The results indicate that 1) visceral and somatic sensory inputs arising from 
periphery directly converge on single DRG and SST-DCPS neurons: 2) visceral 
and somatic inputs may also indirectly converge on single SST-DCPS neurons via 
SN 3nd DCN, 3) the SN and DCN receive sensory information also from somatic 
and viscera! tissue, respectively; and 4) sensory inputs arising from SST-DCPS 
neurons and their target nuclei, SN and DCN, may interact each other in way of 
positive feedback.
(Supported by The National Natural Science Foundation of China)
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498.1
CO-LOCALIZATION OF ACH AND GABA IN THE ADULT AND
DEVELOPING TURTLE RETINAS. L.T, Nguyen*, M. Mejia and N.M.
Grzywacz. The Smith-Kettlewell Eye Research Institute, San Francisco, CA 94115.

Acetylcholine (ACh) and y-Aminobutyric acid (GABA) are the putative 
neurotransmitters in amacrine cells of adult vertebrate retinas that are involved in 
various functions, notably, directional selectivity. In the developing retinas, these 
neurotransmitters have important epigenetic roles. For instance, ACh controls the 
developmental expansion of receptive field size (Sernagor and Grzywacz, 1996, 
Current Biol., 6:1503). Recent findings indicate that some amacrine cells contain 
and release not only ACh but also GABA. While co-localization of ACh and 
GABA in the amacrine cells have been examined in certain species such as the cat, 
rat and rabbit, there is little information of these neurotransmitters co-localizing in 
the turtle retina. In the present study, the co-localization of choline acetyltransferase 
(ChAT) and GABA in the adult and developmental stages of turtle (Pseudemys 
scripta elegans) retina have been examined using an immunofluorescent technique. 
In die adult retina, a higher percentage of amacrine cells in the inner nuclear layer 
that are ChAT-IR are also GABA-IR as compared to the displaced amacrine cells in 
the ganglion cell layer. It is apparent, however, that the displaced amacrine cells 
that are GABA-IR also stained for ChAT. This pattern of co-localization is noted 
even at very early stages of development—as early as Stage 22 (S22; approximately 
embryonic day 35 in a 60-day gestation period), when the synaptic connections are 
forming and spontaneous bursts are first observed. It is quite possible that co-
localization might be present prior to S22.

Supported by NEI Research Grants EY0821 and EY1170.

498.2
DAPI-3 CELLS IN THE RABBIT RETINA CONTAIN BOTH 
MUSCARINIC AND NICOTINIC ACETYLCHOLINE RECEPTORS
C. L. Zucker*1 and B. Ehinger2 Schepens Eye Research Institute, Harvard Medical School 
Boston, MA 02114'; Department of Ophthalmology, University of Lund, Sweden2.

In the rabbit retina, DAPI-3 cells stratify in a juxtapositional fashion with 
starburst amacrine cells and are rich in both GABAa receptors and glycine 
transporter. We have investigated the possibility that DAPI-3 cells possess the 
appropriate receptors whereby they can be influenced by ACh released by starburst 
amacrine cells. Retinal sections were labeled with a sequence specific m2 
muscarinic receptor (m2R) antibody or a nicotinic receptor antibody (MAb210) in 
combination with antibodies to either GABAa  (aj and ^2^3) receptors or choline 
acetylytransferase (ChAT). Starburst amacrine and DAPI-3 cell nuclei in the inner 
nuclear and ganglion cell layers were also stained by intraocular injection of DAPI.

m2R staining was seen in the cell membrane of several classes of amacrine cell 
bodies as well as some bipolar cells. In the IPL, strong staining was seen to be 
diffusely distributed within the confines of the two starburst amacrine cell strata 
with a peak density at about the 50% level. Nicotinic receptors were seen in both 
ganglion and amacrine cells. Double-label experiments showed that all strongly 
GABAa  positive amacrine cells (DAPI-3 cells) were also immunoreactive for both 
muscarinic and nicotinic receptors. Starburst amacrine cells labeled with ChAT 
were invariably m2R immunonegative. Other amacrine cells, and possibly bipolar 
cells which ramify medially to the starburst amacrine cell strata also contain m2R 
immunoreactive protein.

Since starburst amacrine cells are likely the sole source of ACh in the retina, it 
appears possible that retinal cholinergic neurons are positioned to interact with a 
variety of targets in the IPL, including DAPI-3 cells, by means of both conventional 
synaptic as well as parasynaptic mechanisms.
NIH grant EY07552 to CLZ. MFR project 2321 to BE.

498.3
DIFFERENTIAL CO-LOCALIZATION OF NICOTINIC ACETYLCHOLINE 
RECEPTOR SUBUNITS WITH CALCIUM-BINDING PROTEINS IN 
RETINAL GANGLION CELLS. C.M.Araki1, R.S.Pires1, L.R.G.Britto1,
J.M.Lindstrom2, H.J.Karten3 and D.E.Hamassaki-Britto1*. ^nst. Biomedical 
Sciences, Univ. SSo Paulo, 05508-900 SSo Paulo, SP, Brazil; 2lnst. 
Neurological Sciences, Univ. Pennsylvania, Philadelphia, PA 19104-6142; 
3School of Medicine, Univ. California, San Diego, La Jolla, CA 92093-0608.

Alpha3 and a8 appear to be the major subunits of the a-bungarotoxin- 
insensitive and -sensitive nicotinic acetylcholine receptors (nAChRs) in the 
chick retina. This study was undertaken to determine a possible correlation 
between the distribution of these two subunits of the nAChRs to the 
distribution of the calcium-binding proteins calbindin D-28K (CB), 
parvalbumin (PV), and calretinin (CR) in the chick retinal ganglion cells. 
Retinae from eighteen 1-14-day-old chicks were used in these experiments. 
The chicks were deeply anesthetized with ketamine and xylazine, perfused, 
and the retinae cut in the horizontal and transversal planes. Double-labeling 
analyses were performed with antibodies against nAChRs (a3 or a8) and 
CB, PV (Sigma) and CR (Chemicon). Calcium-binding proteins and nAChR 
subunits were visualized with secondary antibodies tagged to CY5, FITC, 
and LRSC. Co-localization of aZ with calcium-binding proteins was rarely 
observed (0-0.3%) in ganglion cells. In contrast, the a8-positive ganglion 
cells presented higher percentages of co-localization with calcium-binding 
proteins (7-32%). These results suggest that retinal ganglion cells containing 
nAChRs that potentially flux high amounts of calcium have a higher 
probability of containing also the buffer-type calcium-binding proteins CB, 
CR, and PV.
Supported by: NIH, STRC, MDA, CTR (USA), and FAPESP, CNPq, and 
FINEP (Brazil).

498.4
PRE- AND POSTSYNAPTIC LOCALIZATION OF GABA„ RECEPTORS 
IN THE RAT RETINA. P. Koulen1. B. Malitschek2. R. Kuhn2. P, Pettier2/ 
H. Wassle1 and T.H, Brandstatter *. Max-Planck-Institut fiir Himforschung, 
Deutschordenstr. 46, D-60528 Frankfurt, Germany; Novartis Pharma Inc., 
4002 Basel, Switzerland.

GABA is the major inhibitory neurotransmitter in the mammalian retina. It 
is released by horizontal and amacrine cells. The action of GABA is mediated 
by ionotropic GABAa  and GABAC receptors as well as by metabotropic 
GABAB receptors. Several physiological studies revealed that GABAB 
receptors are involved in signal processing in the retina (reviewed in 
Slaughter, Prog. Ret. & Eye Res. 14, 293, 1995). Detailed knowledge of the 
distribution of these G-protein coupled receptors in the retina is, however, 
still lacking. Recently the rat GABA„ receptor has been cloned and it became 
possible to generate a specific anti-peptide antiserum against the C-terminal 
end of the protein. We determined the cellular and subcellular localization of 
GABA„ receptors in the rat retina immunocytochemically. GABAb receptors 
were colocalized with subsets of GABAergic neurons and were detected 
postsynaptically on ganglion and amacrine cells and presynaptically on 
horizontal and amacrine cells. GABAb  receptors were found to be expressed 
early during postnatal development by ganglion, amacrine and horizontal 
cells before they were fully developed with respect to morphology and 
synaptic connectivity.

In summary, the actions of GABA in the mammalian retina need not be 
restricted to inhibitory ionotropic receptors. Presynaptic and postsynaptic 
modulation of neurotransmitter release and interactions with cation channels 
via GABAb receptors could add another important level of complexity to 
synaptic processing in the retina. Supported by the DFG (SFB 269/B4).

498.5
MOLECULAR CLONING OF GABA p SUBUNITS IN THE 
MOUSE RETINA Anna Greka, Johanna A. Koolen, Stuart A. 
Lipton, Dongxian Zhang*. Dept. of Neurology, Children's Hospital, and 
Program in Neuroscience, Harvard Medical School, Boston, MA 02115.

The functional properties of GABAc receptors among different 
species vary according to the molecular structure of their subunits. As 
the mouse is an important animal model for behavioral study and gene 
targeting, we investigated the molecular structure of the mouse GABAc 
receptor by cloning its subunits. RT-PCR fragments of mouse p subunits 
were used for screening a mouse retinal cDNA library by standard 
methods. We analyzed 16 individual cDNA clones and obtained two 
different full-length clones of mouse p subunits. The amino acid 
sequence of one clone is highly homologous to rat pi (98.3% identity), 
and the other resembles the rat p2 subunit (94.0% identity). Interestingly, 
while the basic structure of the mouse pi subunit is similar to that of the 
rat pi subunit, it contains an additional 18 amino acids at the 3' end. 
Most structural features are conserved between the rat and the mouse p2 
subunits, including the unique methionine residue in the second 
transmembrane region which conveys picrotoxin resistance in the rat 
GABAc receptor. In Northern blot analysis of the mouse retina, a pl- 
specific probe hybridized to two transcripts of 4.4 and 2.6 kb and a p2- 
specific probe hybridized to a 2.2 kb transcript. Strikingly, the 2.6 kb pi 
transcript is the most abundant in the mouse retina but undetectable in the 
rat retina. This study suggests that, unlike the rat retina, the repertoire of 
p subunits in the mouse retina may be dominated by a novel pi transcript.

Supported by a student fellowship from Fight-for-Sight (to A.G.) 
and NIH grant R01 EY05477 (to S.A.L.).

498.6
IMMUNOHISTOCHEMICAL LOCALIZATION OF METABOTROPIC 
GLUTAMATE RECEPTORS ON CATFISH RETINAL HORIZONTAL 
CELLS. A.C. Gafka* and C.L. Pfeiffer-Linn. Dept. Anatomy, Neuroscience 
Center of Excellence, LSU Medical Center, New Orleans, LA 70112.

Recently, several subtypes of metabotropic glutamate receptors 
(mGluR 1-8) have been identified and characterized on the basis of sequence 
homology, agonist selectivity and signal transduction mechanisms. In the 
teleost retina, we have provided electrophysiological evidence that mGluRs 
exist on cone horizontal cells and are involved in modulation of a voltage-
gated sustained calcium current. However, the identity and distribution of the 
mGluR subtypes is still unclear. In the present study, we have used 
immunohistochemical techniques to study the localization and distribution of 
mGluR la, mGluR2/3, mGluR5 and mGluR6 receptors on acutely dissociated 
catfish retinal cone horizontal cells. Our findings indicate that these 
horizontal cells express mGluR la, mGluR5 and mGluR6, but not mGluR2/3, 
receptors. Furthermore, group I antibodies (monoclonal mGluR la and 
polyclonal mGluR5) differentially stained the cone dendritic processes more 
densely than cell bodies, while the immunostain with mGluR6 polyclonal 
antibodies (group III) was evenly distributed throughout the horizontal cells.

Our dissociation technique favors isolation of bipolar and Mueller 
cells as well as horizontal cells. All four of the mGluR antibodies used on the 
horizontal cells also stained bipolar cells evenly throughout the axons, 
dendrites and cell bodies, although the densest stain occurred when bipolar 
cells were incubated with mGluR6 antibodies. Mueller cells did not stain 
with any of the metabotropic antibodies. Non-immune controls confirmed 
that staining was specific for the antigen. Supported by NIH-EY11133-02.
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498.7
EXPRESSION AND CELLULAR LOCALIZATION OF B2 
BRADYKININ RECEPTOR mRNA IN THE RAT EYE.
H. Takeda1’2 S Yokoyama1’ *, K._ Kawasaki2, and H„ Higaghida1. 
department of Biophysics, Neuroinformation Research Institute, and 
department of Ophthalmology, Kanazawa University School of 
Medicine, Kanazawa 920, Japan.

We have previously demonstrated by cDNA cloning and in situ 
hybridization that bradykinin receptor of the B2 subtype (B2 BKR) is 
expressed in NG 108-15 neuroblastoma x glioma hybrid cells and 
sensory neurons (BBRC 200, 634-641, 1994; Soc. Neurosci. Abstr. 
22, 246.7, 1996). In the present study, we examined if mRNA for 
B2 BKR was present in the rat eye. Blot hybridization analysis of 
poly (A)+ RNA from the whole eye identified RNA species of -6090 
and -4000 nucleotides, consistent with those observed in NG 108-i5 
cells, PC 12 pheochromocytoma cells, and other neural tissues. To 
determine the cellular localization of the mRNA, we next performed 
non-isotopic in situ hybridization analysis using digoxigenin-labeled 
RNA probes. Intense labeling was observed in about half of the large 
cells in the ganglion cell layer of the retina and in a population of cells 
adjacent to the sclerocomeal junction. The precise nature of these 
cells is currently under investigation. These data suggest that B2 
BKR is involved in retinal neuro transmission and in unknown 
physiological process in sclerocomea.

498.8
ABC-TRANSPORT PROTEINS, CFTR AND MDR, ARE EXPRESSED AND ACT 
AS ATP-PERMEABLE CHANNELS IN VERTEBRATE RETINA. Harvey J, 
Karten*@. George Jackson, Horatio Cantiello, and Greg Maguire**, Depts.
Neurosciences@ and Ophthalmology,** Univ. California, San Diego, La Jolla, CA 
92093, and Renal Unit, MGH East, Harvard Medical School, Charlestown, MA 
02129.

ABC-transport proteins are a structurally homologous group of membrane proteins 
thought to transport a number of different molecules, including ATP, across the 
membrane of epithelial cells. Little is known about ABC transport proteins in the 
CNS. Here we show that CFTR antibody (24-1) and MDR antibody localize in 
distinct regions of monkey, chicken, shark, and salamander retina. Confocal 
microscopic analysis was performed in salamander retina and showed that CFTR and 
MDR were present in rod and cone photoreceptors. CFTR was also present in subsets 
of ganglion cells, amacrine cells, and bipolar cells, and the outer and inner plexiform 
layers. MDR was present in amacrine cells, and the outer and inner plexiform layers. In 
shark and salamander retina, whole cell and single channel recordings were made in 
photoreceptors, amacrine, bipolar, and ganglion cells with high intracellular ATP and 
high external C1-, and with potassium and sodium channel blockers. Under these 
conditions, linear whole cell currents were activated in the presence of CPTcAMP 
suggesting that ATP and chloride were both permeating the membrane. Single channel 
activity recorded under similar conditions exhibited spontaneously active currents 
consistent with ATP-permeable channels. These results suggest that neurons in the 
retina express ABC transport proteins that are ATP-permeable. Thus, ATP can flow 
from inside to the outside of neurons where purinergic receptors may be activated and 
local circuits modulated through this activation. The results in photoreceptors also 
suggest that Stargardt Disease (macular degeneration), which involves the mutation of 
a CFTR-like gene product in photoreceptors, may involve dysfunctional chloride and/or 
ATP transport. Supported by NIH (HJK, HC, GM)

498.9
IMMUNOLOCALIZATION OF THE SODIUM/CALCIUM EXCHANGER IN 
THE VERTEBRATE RETINA.
M. A. Micci* and B. N. Christensen. Dept. Physiology & Biophysics, University of 
Texas Medical Branch, Galveston, TX 77555-0641; (409) 772-5486;Fax (409) 772- 
3381; email: micci@marlin.utmb.edu.

Calcium regulation plays a fundamental role in many cell functions. These include 
neurotransmitter release, neuromodulation, cell growth, and muscle contraction. Free 
intracellular calcium is maintained around 10'7 M by various buffer systems 
including mitochondrial and non-mitochondrial intracellular stores, plasma 
membrane voltage and ligand-gated calcium channels, calcium pumps and a 
sodium/calcium exchanger. The sodium/calcium exchanger was first characterized in 
the squid giant axon and extensively studied in cardiac tissue. In neurons, the 
sodium/calcium exchanger has been implicated in the regulation of calcium 
homeostasis at nerve terminals and in processes related to calcium overload 
associated with cell injury and cell death. Here, we used confocal microscopy and 
affinity-purified polyclonal antibodies against the cardiac and neuronal 
sodium/calcium exchanger to map the distribution of this exchanger in rat and 
catfish retina frozen sections. In both retinas intense immunoreactivity was localized 
at the inner and outer plexiform layers and in ganglion cells. In addition, some 
specific immunoreactivity was also observed in the inner nuclear layer. No 
immunoreactivity was detected in the photoreceptor layer either in rat or catfish 
retina sections. These data show that a protein similar to the cardiac and neuronal 
sodium/calcium exchanger is present in the vertebrate retina. In particular our results 
show that in both the rat and catfish retina the sodium/calcium exchanger is localized 
at the synaptic terminals where it could play an important role in the regulation of 
calcium homeostasis and in the modulation of neurotransmitters release during 
phenomena of light adaptation. Supported by grant NEI-01897 from the NIH.

498.10
Ca2+ RELEASED FROM INTERNAL STORES REDUCES 
GABAa  RESPONSES IN TURTLE RETINAL GANGLION 
CELLS. A. AKOPIAN* and P. WITKOVSKY. Dept. Ophthalmology, 
NYU Medical Center, New York, NY 10016

In isolated retinal ganglion cells the effect of intracellular Ca2+ on 
GABA currents was studied with whole-cell patch clamp. GABA induced 
an inward current which was blocked by bicuculline. In symmetrical C1‘ 
the GABA current reversed near 0 mV. Baclofen, a GABAb  agonist, did 
not elicit any current. Caffeine reversibly reduced the GABA current by 
32 ± 3% and changed its kinetics. The following results indicate that the 
inhibitory effect of caffeine is mediated by Ca2+ release from internal 
stores: (i) it did not depend on [Ca2+]0, (ii) it was reduced by 
thapsigargin, (iii) it was mimicked by elevation of [Ca2+ ] in the patch 
pipette, (iv) 10 mM BAPTA in the patch pipette significantly reduced the 
inhibitory effect of caffeine, (v) depolarizing voltage steps from -60 to 0 
mV in high (20 mM) Ca external solution evoked a large Ca current but 
failed to reduce the GABA current, (vi) replacement of external Ca2+ by 
equivalent Co2+ did not affect the caffeine-induced inhibition of the 
GABA current. Caffeine-induced inhibition was substantially reduced 
when calmidazolium, a potent inhibitor of Ca-calmodulin (Ca/CaM)- 
dependent phosphatase was introduced into the patch pipette. These 
finding suggest that intracellular Ca2+ is able to downmodulate GABAa  
responses through activation of a Ca/CaM-dependent phosphatase. 
Support: EY 03570 and Research to prevent Blindness Inc.

498.11
EXPRESSION OF Ca2+ BINDING PROTEINS BY CULTURED RETINAL 
AMACRINE CELLS. T. N. Carruth and E. Gleason*. Department of 
Biological Sciences, Louisiana State University, Baton Rouge, LA 70803.

Calretinin, calbindin and parvalbumin are Ca2+ binding proteins thought to 
function primarily as mobile Ca2+ buffers. These proteins may play an important 
role in regulating cytosolic Ca2+ levels in amacrine cells and at their synapses. In 
order to test this hypothesis, we have used immunocytochemistry to identify the 
type(s) of buffering Ca2+ binding protein expressed by these neurons.

Polyclonal antibodies against calretinin and monoclonal antibodies raised 
against calbindin and parvalbumin were used to label cells dissociated from 8 
day chick embryos and cultured from 2 to 9 days (embryonic equivalent, E.E. 
days 10-17). Bound primary antibody was visualized with the appropriate 
fluorescently labeled secondary antibodies and amacrine cells were identified on 
morphological criteria (Gleason et al., 1993).

At all times examined, about 90% of amacrine cells expressed calretinin. Two 
levels of labeling were easily distinguishable with the percentage of heavily 
labeled cells increasing from E.E. 10 (10±7%), to a plateau at E.E. 15 (56±7%). 
Interestingly, this change parallels the time course of development of functional 
synapses between amacrine cells in culture. Anti-calretinin labeling was 
detected in all regions of the neurons including their most distal processes and 
regions of cell-cell contact. Calbindin antibodies lightly labeled a small fraction 
(~10%)of amacrine cells at all times examined. No amacrine cells were labeled 
by the parvalbumin antibody.

These results indicate that calretinin is the predominate buffering calcium 
binding protein expressed by these amacrine cells. Our next step will be to 
target calretinin with antisense oligonucleotides so that we can explore its 
function in retinal amacrine cells. This project was funded by Louisiana State 
University, Department of Biological Sciences.

498.12
REGULATION OF cGMP HYDROLYSIS BY PKA IN RETINAL BIPOLAR 
CELLS. S. Nawv* and R.T. Walters. Depts. of Ophthalmology & 
Neuroscience, Albert Einstein College of Med., Bronx NY 10461.

Glutamate and the glutamate analog L-APB hyperpolarize On bipolar 
cells by shutting off a cGMP-dependent non-selective cation current. In 
whole-cell recordings with series resistance <20 MD, the agonist response 
exhibited a time-dependent rundown, falling to 50% of maximum in about 
8 minutes. The cGMP-dependent current was essentially unchanged, 
suggesting that the ability to suppress the inward current was lost. 
Inclusion of 5 pM PKI(5-24 amide), a peptide inhibitor of cAMP-dependent 
protein kinase, in the patch pipette along with cGMP, resulted in a rapid 
loss of the L-APB response, although the cGMP current was largely 
unaffected. However, internal perfusion with the catalytic subunit of PKA 
(PKAcat; 25-100 emits/ml), dramatically reduced rundown of the response 
to glutamate or L-APB. The response decayed to approx. 70% of maximum 
after 25 minutes, the longest time we could routinely maintain recordings.

PKAcat (50 units/ml) also altered the kinetics of the glutamate/L-APB 
response. With the barrels of the flowpipes positioned close to the slice, 
the agonist response recovered to 50% of baseline within 1.10±0.13s 
(mean±S.e.) after switching to control solution. Complete recovery to 
baseline was obtained in 1.90±0.16s. Similar times were obtained for rinse- 
out of glutamate from Off bipolar cells. In contrast, 50% and 100% recovery 
in the presence of 50 u/ml PKAcat was 2.7±0.33s and 7.1±1.10s, 
respectively. Our data suggest that PKA may be required to sustain 
functional coupling of the receptor to hydrolysis of cGMP and that high 
concentrations of PKAcat may prolong hydrolysis of cGMP and delay 
recovery of the cGMP-regulated current. Supported by RPB and the NEI.
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498.13
ACTIVATION OF PURINERGIC RECEPTORS ON MULLER CELLS 
EVOKES CALCIUM RELEASE FROM INTERNAL STORES. Susan 
A. Keirstead*1 and Robert F. Millers Departments of Ophthalmology* 
and Physiology1, University of Minnesota, Minneapolis, MN 55455.

Muller cells, the predominant glial cells in the retina, have recently 
been shown to possess receptors for a variety of neurotransmitters. The 
present experiments demonstrate that Muller cells have purinergic 
receptors that, when activated, evoke release of calcium ions from 
intracellular stores. Muller cells were isolated from tiger salamander 
retinas and intracellular calcium ion concentration ([Ca2+]i) was 
monitored using Fura-2 and video imaging microscopy.

ATP (1-100 gM) evoked an increase in [Ca2+]j in Muller cells, as did 
the P2Y puringeric receptor agonist 2-methylthio-ATP (1-10 gM) and the 
P2U receptor agonist uridine 5’-triphosphate (10-100 gM). Suramin (0.1-1 
mM), a nonspecific purinergic receptor antagonist, and neomycin (1-5 
mM), a phospholipase C inhibitor, blocked responses to ATP suggesting 
that ATP-evoked increases in Muller cell [Ca2+]i are mediated by 
purinergic receptors coupled to G-proteins and PLC activation.

Adenosine (10-100 gM) also evoked an increase in [Ca2+]j, suggesting 
that isolated Muller cells possess adenosine (Aj) receptors. Further dose- 
response experiments will determine which P2 and Ai receptor subtypes 
are found on Muller cells and the intracellular signalling mechanisms 
that mediate the [Ca2+]i changes in these cells.

Supported by NIH EY03014 (RM) and Research to Prevent Blindness (Ophth. Dept.).

498.14
L-GLUTAMIC ACID MEDIATED REGULATION OF CAM KINASE II IN 
THE ADULT RAT RETINA. A. Laabich. G, Ii and N, G. F, Cooper*. 
Department of Anatomical Sciences and Neurobiology, University of 
Louisville, School of Medicine, ky 40202.

We adressed die question of regulation of Cam Kinase II a (50 KD) and P 
(60 KD) subunits in the retina with single intravitreal injections of L- 
Glutamic acid. Adult Sprague-Dawley rats were anesthetized with 
pentobarbital. Single, 10 pi intravitreal injections of different concentrations 
of L-Glutamic acid 0.4, 4 and 40 mM were administrated in both eyes for 30 
min, 2 and 24 h. Control rats were injected with 0.9% saline. Retinae were 
collected, homogenized and fractionated. The levels of Cam Kinase II were 
measured in three fractions: crude homogenate, cytosolic and synaptic 
membrane fractions using slot-blots which were analysed with a densitometer. 
The 0.4, 4 and 40 mM L-Glutamic acid increased significantly the level of 
Cam Kinase II a in the synaptic membrane fraction (30-40%) at 30 min and 
(50-78%) at 2h post-injection. A small increase (20%) in cytosolic fraction 
was obtained with 4 mM at 30 min post-injection and with 0.4 mM and 4 mM 
at 2h post injection. The 4 and 40 mM L-Glutamic acid also increased the 
Cam Kinase II P in the membrane fraction (36%) at 30 min post injection and 
(40%) at 2h post-injection only with 40 mM. A small increase in the P subunit 
was obtained in the cytosolic fraction with 4 mM and 40 mM. The short-term 
changes in Cam Kinase II could be the result of autophosphorylation and/or a 
translocation process. It is likely that glutamate involvement in visual 
information processing within the retina involves Cam Kinase II.
Supported by NSF-EPSCOR Grant OSR9452895.

498.15
PHARMACOLOGICAL CHARACTERIZATION OF THE CALCIUM 
UPTAKE AND ATPase ACTIVITY IN RAT RETINA. J, D, Militante and 
J. B. Lombardini*. Department of Pharmacology, Texas Tech University 
Health Sciences Center, Lubbock, TX 79430.

Calcium uptake in preparations of whole rat retina is stimulated by ATP and 
this stimulation is potentiated by taurine, a free amino acid found in high levels 
in the retina. Because of this effect by ATP, we studied calcium uptake in 
relation to total ATPase activity. Chelerythrine (CHT) is a biologically active 
alkaloid benzophenanthridine which has been found to inhibit protein kinase 
C and ATPase activity, and recently to stimulate protein phosphorylation in the 
retina. We found that CHT inhibits calcium uptake in die retina with similar 
potency in the absence and presence of 32 mM taurine, an effect independent 
of PKC activity. ATP was found to increase ATPase activity but there was no 
potentiation of activity by taurine. CHT inhibits total ATPase activity in retina 
with similar potency, thus providing a mechanism of action for CHT inhibition 
of ATP-dependent calcium uptake but not for CHT inhibition of taurine- 
potentiated calcium uptake. Taurine probably increases calcium uptake through 
a mechanism different from that used by ATP alone. Both ATP-dependent 
and taurine-potentiated calcium uptake were found to be inhibited almost 
totally by 100 gM cadmium, suggesting the uptake of calcium through cation 
channels. LY83583 was used to inhibit guanylyl cyclase and block cyclic 
GMP gated channels in the retina. It was found that ATP-dependent calcium 
uptake is not affected by LY83583 but that taurine-potentiated calcium is 
significantly inhibited, suggesting the specific involvement of cyclic GMP 
gated channels and/or guanylyl cyclase with the action of taurine to potentiate 
calcium uptake. (Supported by the RGK Foundation of Austin, Texas)

498.16
EXPRESSION OF A LOCAL RENIN-ANGIOTENSIN 
SYSTEM (RAS) IN THE RETINA. TH. Wheeler-Schilling*, M. 
Cebulla. E. Guenther, M. Munz. E. Zrenner and K. Kohler.
Experimental Ophthalmology, University Eye Hospital Tuebingen, 
Germany. (SPON: European Neuroscience Association).

Recent studies imply a possible contribution of the RAS to 
neurotransmission in the retina. The enzyme renin cleaves its 
substrate, angiotensinogen (AGT), to form angiotensin I (Angl); Angl 
is then converted by angiotensin converting enzyme (ACE) to 
angiotensin II (Angll), a putative neuromodulator in the CNS. AngH 
effects are mediated by different types of AngH-receptors. A 
radioimmunoassay was used to measure Angll-content in blood, 
vitreous, retina, and choroid of rats, rabbits and chickens. AngH- 
concentration increased from vitreous < blood < retina < choroid in all 
examined species. In order to demonstrate the local generation of 
RAS components in the retina, we investigated gene expression of 
renin, AGT, and ACE, as well as Angll-receptor subtypes (ATia , 
AT ib  and AT2) in the retina of different rat strains by means of RT- 
PCR, in sfrtt-hybridization and immunohistochemistry. All 
components of the RAS, with exeption of ATiB receptor-subunit were 
expressed. This was true for all developmental stages from P3 to 
Pl00. Single cell-PCR revealed renin expression in 66% of examined 
retinal ganglion cells. Renin, ACE, and Angll were localized in 
ganglion, amacrine, and Muller cells. These results support the 
concept of a local RAS linked to neuromodulation in the retina.

498.17
WESTERN BLOT ANALYSIS OF PROTEINS IN FROG AND TOAD 
RETINAS WHICH REACT WITH ANTI-KEYHOLE LIMPET 
HEMOCYANIN. E. Kicliter1. S, C, Specht1*. N. Lugo1 and D.L. Mever2, 
Institute of Neurobiology, Univ. of Puerto Rico, Med. Sci. Campus, San 
Juan, PR 009011 and Dept. of Neuroanatomy, Sch. of Med., Univ. of 
Gottingen, Germany2.

In some species of anuran amphibians retinal horizontal cells as well as 
ganglion cells react with an antibody to keyhole limpet hemocyanin (anti- 
KLH). In other species anti-KLH reactivity is noted only in ganglion cells. 
We sought to determine the molecular size(s) of the reactive proteins. We 
used one species whose horizontal cells are reactive (Bufo marinus) and 
one whose horizontal cells are not (Rana pipiens). Retinal proteins were 
separated by electrophoresis in an SDS-polyacrylamide gel (SDS-PAGE) 
and then transferred to nitrocellulose (Western blot). Following overnight 
incubation with anti-KLH, protein bands that reacted positively with anti- 
KLH were detected with the ABC technique. In the Bufo material we 
observed some 16 immunopositive bands with indicated molecular 
weights ranging from 250 KDa to less than 100 KDa. In comparable Rana 
material several of the higher molecular weight bands were not present. 
These findings suggest that reactivity to anti-KLH in ganglion cells has 
a different basis from the reactivity in horizontal cells. (Supported, in part 
by NIH grants MH-48190 and NS-07464 and the German Science 
Foundation).
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499.1
DETECTING CORRELATIONS AMONG SPIKE TRAINS WITH TIME- 
VARYING LOG-LINEAR MODELS P. N. Sabes* and T. J. Sejnowski. 
CNL, Salk Institute, La Jolla, CA 92037, USA

Simultaneous recording of multiple cortical neurons is now common-
place, but techniques for analyzing these data have lagged behind. Meth-
ods exist for computing correlations among spike times of pairs of neurons, 
such as the shuffle-predictor and the joint peristimulus time histogram 
(JPSTH) (Aertsen et al., J. Neurophys., 1989). However it is not clear 
how to generalize these methods to more than a pair of units, and the data 
requirements are large. We present a method for calculating spike time 
correlations using a log-linear model to represent the firing probability of 
simultaneously recorded units (Martignon et al., Biol. Cyber., 1995). The 
model contains time-varying parameters which represent the independent 
firing rates of the individual neurons over the course of a trial, as well as 
parameters representing correlations at various time lags. The method is 
generalizable to more than two neurons. Furthermore, temporal smooth-
ing can be explicitly built into the representation of the firing probability 
parameters. This allows the identification of regions of significant corre-
lations in the JPSTH. The smoothing operation also reduces the effective 
number of parameters, which should reduce the data requirements.

This work was supported by the Sloan Center for Theoretical Neurobioi-
ogy at the Salk Institute and the Howard Hughes Medical Institute

499.2
INTERACTIONS BETWEEN DISTINCT GABAERGIC NEURON TYPES 
ELICITING FAST IPSPS IN CAT VISUAL CORTEX: NUMBER AND 
PLACEMENT OF SYNAPSES. G. Tamas, E. H, Buhl, R, S. G. Jones* and P. 
Somogvi. MRC Anatomical Neuropharmacology Unit, Oxford, UK OXI 3TH; 
*University of Bristol, Department of Physiology, Bristol, UK BS8 1TD.

GABAergic neurons innervate spiny as well as smooth dendritic GABAergic cells 
in neocortex.. The intrinsic circuitry between GABAergic neurons is largely 
unknown. Since interactions between GABAergic neurons may contribute to network 
synchronization (Traub et al. 1996, Nature 383, 621) we determined the effect, 
number and subcellular distribution of synapses between identified smooth dendritic 
cells using in vitro paired intracellular recordings and subsequent light- and electron 
microscopy. GABAergic cells were classified by their postsynaptic target element 
distribution and were identified as basket (n=6), dendrite-targeting (n=l) and double 
bouquet cells (n=2; Tamas et al., 1997 J Physiol [Lond] 500, 715). In 4 out of 5 cell 
pairs, having fully recovered axons and dendrites of both neurons, the connections 
were reciprocal. Basket cells established synaptic junctions closer (21±20 pm) to the 
somata of postsynaptic neurons than double bouquet cells (43±18 pm; p<0.001). The 
numbers of release sites between basket cells (n=10; 7; 20) were higher than in basket 
cell to double bouquet cell (n=l; 2; 2) and double bouquet cell to basket cell (n =1; 4; 
4) connections (p<0.05). A dendrite-targeting cell was innervated by a basket cell 
through 2 synapses. The postsynaptic effect of 5 basket cells could be recorded from 2 
basket, 2 double bouquet cells and from a dendrite-targeting cell. Regardless of the 
postsynaptic cell type, basket cells elicited short-latency IPSPs with fast rise time and 
short duration, similar to those reported previously as mediated by GABAa  receptors. 
Mean amplitudes of unitary IPSPs (n=5) were l,097±929 pV. Paired-pulse depression 
of IPSPs could be observed in a basket-basket and a basket-dendrite-targeting cell pair, 
with paired pulse ratios of 82 and 78%. Transmission failures were rare or absent, 
particularly when mediated by a high number of release sites. In conclusion, distinct 
GABAergic neuron types form reciprocally interconnected networks within a single 
cortical column. The differential number and subcellular placement of synapses 
between GABAergic cells suggest a special role for basket cells in governing the 
activity of intrinsic GABAergic circuitry.

Supported by the Medical Research Council, the Wellcome Trust and the H. 
Blaschko Trust.

499.3
TEMPERATURE DEPENDENCE OF MEMBRANE PROPERTIES AND 
SYNAPTIC ACTIVATION OF NEOCORTICAL CELLS IN VITRO 
M, Chistiakova, M. Volgushev. TR, Vidvasagar. T. Yosef and U. Evsel* Ruhr-
University Bochum, D-44780 Bochum, Germany.

Local cooling of cortical regions has bacome an important method for studying 
brain functions. Here we describe the effects of reversible cooling on ceil properties 
in vitro which have important applications for the interpretation of data obtained in 
vivo.

Whole cell recordings were made from pyramidal and nonpyramidal neurons in 
layers II-VI in slices of the visual cortex of rats and cats. Some of these cells were 
labelled with biocytin to verify their morphological type and position within the 
cortex. Temperature of the slice medium was gradually varied within a range of 
35°C to 7°C. The cooling led to depolarization of the cell membrane (gradient 0.9-
2.2 mV/l°C), increase in input resistance (gradient 0.5-19 MQ/1°C) and increase in 
amplitude and duration of action potentials, all these effects were reversible. 
Analysis of the membrane currents revealed that these effects are due to a marked 
reduction of K+ currents during cooling and only moderate decrease in Na+ 
currents. At lower temperatures, evoked postsynaptic potentials had longer latencies 
and durations but smaller amplitudes. However, since the associated membrane 
depolarization brought the cells closer to spike threshold, synaptic stimulation led to 
generation of action potentials more often at 15-20°C than at 30-35°C. Synaptically 
evoked spikes disappeared when the slice was cooled below 10-12°C, but even at 8- 
9°C intracellular current injection could evoke spikes. Thus spike generation in 
neocortical cells in vitro is enhanced by moderate cooling and is fully suppressed 
only at very low temperatures. Therefore cooling in vivo, while silencing some 
neurons, may at the same time enhance spiking of cells in adjacent locations, 
complicating interpretation of the data.

Supported by the Deutsche Forschungsgemeinschaft Ey 8/23 and SFB 509 TP A5.

499.4
LTP IN THE PRIMARY VISUAL CORTEX ELICITED BY 
STIMULATION OF FEEDBACK PROJECTIONS. D, Tropea* . E. Sermasi 
and L, Domenici International School of Advanced Studies (SISSA) - 
Neuroscience Program - Trieste, ITALY. Institute of Neurophysiology-CNR - 
Pisa, ITALY.

Although it is already known that inputs from area V2 facilitate visual 
responses in area VI, there are no studies about LTP elicited by stimulation of 
this pathway. We therefore decided to investigate the presence of LTP in area 
VI when stimulating area V2 in adult Long Evans rats. In a first protocol, we 
electrically stimulated the extrastriate latero medial area (LM) in layers II-III 
and recorded extracellularly in the same layers of area VI. TBS (Theta Burst 
Stimulation) delivered in LM did not elicit LTP in any of the tested slices 
(7/7). In five of these slices however it was possible to elicit LTP by placing 
the stimulating electrode in layer IV of area VI. It is known that in primary 
visual cortex of adult rats it is possible to evoke LTP in layers II-III when 
stimulating the white matter only in the presence of bicuculline, a GABAa 
receptors antagonist We therefore investigated the possible role of GABAergic 
circuit on synaptic plasticity of feedback projections from area V2. In order to 
antagonize GABAa receptors we filled the recording electrode with bicuculline 
(10 mM). In these experimental conditions whenever we could elicit LTP 
stimulating area VI white matter it was also possible in the same slice to 
induce LTP by stimulation of area V2 (2/2). We suggest that in the adult rat 
area VI the GABAergic circuitry modulates the expression of LTP elicited by 
stimulation of feedback projections, similarly to what found for the thalamo-
cortical pathway.

499.5
IRREGULAR SPIKES AND SELFORGANIZED SYNCHRONOUS 
ASSEMBLIES IN A CORTICAL MICROCIRQUIT ,
K.Pawelzjk, M.Bethge, T.Geisel and A.Kreiter*'
Max-Planck Inst. f. Fluid Dynamics, Bunsenstr. 10, 
Dy37073 Gottingen, Germany.
*'Max-Planck Inst. f. Brain Science, Deutschordenstr.46, 
D-60528 Frankfurt, Germany.

Cortical recordings reveal both, a high degree of 
temporal irregularity as well as synchronous action po-
tentials of spatially separated neurons. We present a 
deterministic model of reciprocally coupled integrate 
and fire neurons with dynamic (i.e. facilitating and 
depressing) synapses. We show that this system generates 
spike trains which are indistinguishable from Poissonian 
point processes with a given rate. Inclusion of time 
sensitive Hebbian LTP leads to emergence of sequences 
of synchronously active assemblies (synfire chains) 
without degrading the high degree of temporal 
irregularity. Our approach reproduces many aspects of 
the experimental findings in detail. Our model develops 
a high computational capacity and suggests that cortical 
neurons operate with a temporal precision in the range 
of ms.

499.6
RELIABILITY OF SPIKE TIMING IN VISUAL CORTICAL NEURONS 
UNDER NATURAL VIEWING CONDITIONS. Jack L. Gallant*1,2, Joseph F. 
Rogers2, William E. Vinje3. ’Neuroscience Program, 2Dept. Psychology, & 3Dept. 
Molecular & Cell Biology, U.C. Berkeley, Berkeley CA, 94720.

We have developed a novel method for evaluating the reliability of spike timing 
in visual cortical cells under natural viewing conditions. The data were obtained 
using specially-constructed review movies that recreate the stimulation occurring in 
and around a cell's CRF while a macaque freely views natural scenes. These review 
movies were replayed over the CRF while the animal performed a fixation task, and 
produce spike trains that are statistically indistinguishable from those produced 
during free viewing. To evaluate spike reliability we compare the correlations 
between spike trains obtained with review movies to the correlations between 
artificial spike trains generated by a Monte-Carlo model. The model uses a Poisson 
process modulated by a low-pass filtered version of the spike probabilities observed 
in the actual data. It assumes that only the modulation envelope is meaningful and 
the timing of individual spikes is irrelevant. When the actual spike trains are more 
highly correlated than the artificial spike trains we can infer that the cell generates 
spikes with higher temporal precision than the low-pass cut-off of the model. Our 
analysis of a small number of cells in areas VI and V2 suggests that these cells 
produce fairly reliable spikes under natural viewing conditions; actual spike trains 
are often more reliable than artificial trains generated by a modulator smoothed by a 
Gaussian with a standard deviation of only 10 ms. This reliable spike timing occurs 
even though the average spike rate is generally lower than would be obtained with 
conventional controlled stimuli. Note that this analysis does not require that all 
spikes be placed reliably, only that enough spikes be reliable to statistically 
distinguish between actual and artificial spike train correlations. Further use of this 
hypothesis-testing method should enable us to identify the specific features of spike 
trains that lead to reliable responses. (Supported by a grant from the NIH.)
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499.7
FIRST-SPIKE TIMING PRECISION OF MONKEY VI NEURONS. 
J.A. Hertz and B.J. Richmond*, Nordita, Copenhagen, and Laboratory of 
Neuropsychology, NIMH/NIH, Bethesda, MD.

In the past, we studied the precision of spike timing data taken from VI and 
IT cortices of awake, fixating monkeys. We found that the stimulus-related 
information was optimally represented when the responses were low pass 
filtered at 30 Hz in VI and 15 Hz in IT cortex (Heller et al, 1995). Thus, 
knowing spike times more precisely than within about 30 ms did not appear 
to convey significant information about these flashed stimuli. In other 
systems studied with dynamic stimuli (the fly Hl neuron studied by de 
Ruyter, Bialek and their coworkers, and illustrated by Bair and Koch in 
macaque MT neurons recorded by Newsome and co workers), more precise 
spike timing seems to be informative. However, De Ruyter and Bialek 
suggested that spike timing precision should scale with interspike interval, so 
precise timing should be informative only when a neuron is firing at a high 
rate. Here, we have used data from monkey VI complex cells stimulated by 
grating patches with 8 orientations and 5 spatial frequencies flashed onto the 
receptive field for 350 ms. To study whether the latency in vigorous bursts 
might be more reproducible than we had seen before, we measured the 
stimulus-related information encoded by the latency for the 5 stimuli with the 
strongest average responses. Adding 30 ms of random jitter to the latency 
causes this information to fall to half its value without jitter (0.08 to 0.04 
bits). Thus, we failed to find evidence for more precise spike timing than we 
had found before; in this experiment with flashed stimuli (such as might 
occur during fixations) the precision of first-spike timing seems to be less 
exact than that reported for Hl in the fly, and MT in the macaque with 
dynamic stimuli. Support: Nordita and IRP/NIMH.

499.8
CORRELATED VARIATIONS OF RESPONSE LATENCIES DUE TO SYN-
CHRONOUS SUBTHRESHOLD MEMBRANE POTENTIAL FLUCTUATIONS IN 
CAT STRIATE CORTEX. Pl Fries*. P, R. Roelfsema, W, Singer and A, K, Engel, 
Max-Planck-Institut fur Himforschung, 60528 Frankfurt, Germany.

Major constraints in neuronal computation are processing speed and reliability of 
signal transmission. Selecting inputs for joint processing by making them synchro-
nous is advantageous in both respects because synchronous inputs reach firing level 
with high reliability and minimal integration time. For such a computational strategy 
to be effective, mechanisms are required that permit rapid synchronization of neuronal 
discharges. Local field potentials (LFP) and multi- as well as single-unit activity were 
recorded simultaneously from multiple sites in areas 17 and 18 of awake or anesthe-
tized cats. Recording sites were coactivated with drifting gratings. We found that re-
sponse latencies from different recording sites often exhibit correlated variations across 
individual stimulus presentations. Within one stimulus presentation the first spikes 
are better synchronized than predicted by the fact that they are driven by the same 
stimulus. The mechanism mediating this instantaneous synchronization must have 
been active already before response onset and its coordinating effect subthreshold. We 
examined whether the subthreshold membrane potential fluctuations that are reflected 
in the LFP have such a synchronizing function. We found that the LFP recorded be-
fore response onset predicts the latency of the spikes appearing at the same recording 
site. Spontaneous LFP fluctuations recorded from distant sites often show strong syn-
chrony thereby explaining the described correlation of latencies. We propose that the 
latencies of distributed neuronal responses can become focused in time due to the coor-
dinating influence of synchronous membrane potential fluctuations. We hypothesize 
that modulating the synchronization of subthreshold membrane potential fluctuations 
either by influences from outside the classical receptive field or by top-down processes 
could facilitate rapid response selection as required e. g. in scene segmentation.

Supported by MPG, DFG (Heisenberg) & Minna-James-Heinemann Foundation.

499.9
LONG AXONAL DELAYS COULD EXPLAIN LOCAL FIRING RATE 
OSCILLATIONS IN THE GAMMA FREQUENCY RANGE. Q. Pauluis1, E. Olivier1*,
S.N. Baker2.1 Lab. of Neurophysiology, UCL, Brussels, Belgium and 2 Sobell Department 
of Neurophysiology, Institute of Neurology, Queen Square, London, WC1N3BG, UK.

Neuronal synchronization has been proposed as a means of solving the ‘binding 
problem’, both within primary visual cortex and between cortical areas (Roelfsema et al., 
1997). The gamma range (20-70 Hz) oscillations seen during such synchronous epochs 
survive callosal transection, implying that their genesis does not rely on interhemispheric 
connections, although they can be modulated by them (Engel et al., 1991).

We have simulated a network of 10,000 two-compartment cells, intended to represent 
layers n/HI of a 500 pm cortical column. Pyramidal neurones (85%) had a conduction 
velocity of 0.35+0.06 nxs'1; for inhibitory cells it was 0.13+0.02 ms'1 (mean±SD). 
Membrane time constants were 2 ms in dendritic compartments, 10 and 7.5 ms in somas of, 
respectively, excitatory and inhibitory neurones. Connections were sparse and, on average, 
149 contacts per cell. At least 15 synchronous EPSP’s were needed for a cell to fire.

Following dendritic stimulation, the network exhibited a large inhibitory response which 
prevented any self-sustained activity. Noise was added by forcing ectopic action potentials at 
different rates. The autocorrelation histogram (ACH) computed over the whole network showed 
oscillatory modulation at 70-110 Hz while noise was increased at 10 spikes.s ’.cell'1 or more.

The effect of a complete synfire chain (SFC) connectivity pattern was investigated 
(Abeles, 1991). This led to oscillations in the ACH with a period slightly larger than the 
mean SFC delay (5 ms). SFCs with longer delays permitted ACH oscillations at 40 Hz. 
These delays were drawn from a Gaussian probability distribution of 25±4 ms for mean 
intemodal links added with 0+1.5 ms for single links. High noise (^ 10 spikes.s’.ceH1) 
spontaneously triggered different SFC nodes and cancelled these oscillations. When 2 (or 
more) SFCs started synchronously, the ACH showed a progressive decrease in oscillations 
as the two SFCs desynchronized.

Hence when long conduction delays are introduced in a SFC, they can trigger oscillations 
in the gamma range and synchronize distant cortical areas with zero time lag. We suggest 
that, after a callosal transection, SFCs change slowly their structure but their delay 
distribution remains similar. Since this occurs independently in the two hemispheres, this 
leads to the desynchronization described experimentally.

Supported by FDS and CGRI-British Council.

499.10
MODELING CHATTERING CELLS AS PACEMAKERS OF 
GAMMA-FREQUENCY NEURONAL OSCILLATIONS IN 
THE VISUAL CORTEX: CELLULAR RHYTHMOGENESIS 
AND NETWORK SYNCHRONIZATION.
Xiao — Jing Wang* Center for Complex Systems and Department of 
Physics, Brandeis University, Waltham, MA 02254, USA.

We present an ionic conductance model of chattering neurons in the visual 
cortex, that fire stimulus-dependent fast rhythmic bursting in the gamma 
frequency range (~ 40 Hz) (C. M. Gray and D. A. McCormick Science 274: 
109-113, 1996). The proposed bursting mechanism involves a “ping-pong” 
interplay between soma-to-dendrite backpropagation of action potentials 
and dendrite-to-soma after-depolarization produced by a dendritic persis-
tent Na+ channel. The oscillation period is primarily determined by a 
voltage-dependent K+ channel and passive membrane properties.

In order to explore functional roles played by chattering neurons in 
visual cortical network behaviors, the chattering cell model is simulated 
as presynaptic to an inhibitory interneuron via stochastic synapses en-
dowed with a low release probability, short-term facilitation, and vesicle 
depletion. Simulation results show that (1) the chattering behavior can 
be controlled by cholinergic neuromodulation; (2) the burstness of cell 
firing is required for the rhythmicity to be reliably transmitted to the 
postsynaptic cell via noisy synapses; and (3) fast burst firing of chatter-
ing cells may provide a powerful drive for recruiting feedback inhibition 
in cortical circuits. Furthermore, network simulations are performed to 
investigate how interactions between chattering cells, and rhythmic drives 
from chattering cells to other cell populations, can generate long-range 
synchronization within neuronal assemblies.

Sponsored by the ONR, NIMH, and Alfred P. Sloan Foundation.

499.11
EFFECTS OF SYNAPTIC DEPRESSION ON TEMPORAL 
NONLINEARITIES IN RESPONSES OF MODEL SIMPLE CELLS.
F.S.Chance*. S.B.Nelson, & L.F.Abbott Dept. of Biology & Volen 
Center for Complex Systems, Brandeis University, Waltham, MA 
02254

While simple cells in the primary visual cortex of cats and monkeys 
reveal roughly linear summation across different spatial regions, they 
nevertheless display a number of response nonlinearities, especially in 
the temporal domain. Using a computational model, we find that many 
of these nonlinearities can be explained by the mechanism of short-term 
synaptic plasticity, in particular, synaptic depression. The model is 
based on feedforward excitation of simple cells by LGN afferents, but it 
includes a description of short-term synaptic depression that accurately 
matches slice data. We find that the introduction of synaptic depression 
into such a model has a number of interesting consequences: 1) The 
contrast response curve is nonlinear, saturating at high contrast. 2) 
Transient responses are larger than those predicted by linear summation 
of responses to stationary stimuli. 3) The presence of a second 
sequential or simultaneous stimulus can suppress responses. 4) The 
phase of the response to drifting gratings advances with increases in 
contrast. 5) Phase shifts caused by synaptic depression can give rise to 
directionally selective responses. Direction selectivity declines at higher 
temporal frequencies (above 10 Hz). 6) A slow component of synaptic 
depression can provide a mechanism for contrast adaptation. For all 
these effects, model generated responses are compared with the relevant 
experimental results. Supported by NIH, NSF, and the Sloan 
Foundation.

499.12
PULVINAR SYNCHRONIZES NEURONAL ACTIVITY IN 
CORTEX. S. Molotchnikoff* and S. Shumikhina. Departement de 
sciences biologiques, Universite de Montreal, C.P. 6128, succ. Centre-
ville, Montreal, Quebec H3C 3J7, Canada.

It has been proposed that representation of visual objects in the brain 
is achieved by neural assemblies that permit recognition of one 
particular object by a specific temporal code of synchronized neuronal 
discharges. Stimulus-dependent oscillations in the gamma-range found 
in the visual cortex are thought to facilitate the process of 
synchronization of members of an assembly of neurons. We 
hypothesize that the lateral posterior-pulvinar complex (LP-P) is 
associated with the above processes. LP-P neurons manifest stimulus- 
dependent oscillations in response to visual stimuli and thus can make 
cortical neurons belonging to one assembly to resonate at a definite 
frequency and to discharge synchronously. Earlier we have shown that 
LP-P modulates stimulus-specific oscillations of single visual cortex 
neurons. In the present study, analysis of cross-correlograms was 
performed. Multiunit activity in the cat visual cortex was recorded in 
response to visual stimuli. When synchronized activity of two cortical 
sites with zero time lag was detected the LP-P was inactivated with 
GABA solution. We have found that both synchronization of neuronal 
responses and stimulus-specific oscillations can be altered by LP-P 
inactivation and that both changes can occur independently of each 
other and of the response magnitudes. The most common effects were 
desynchronization of cortical activity (61%) and decrease in oscillation 
strength (56%), thus indicating the important role of LP-P in the 
formation of neural assemblies by synchrony. Supported by NSERC 
and FCAR to S.M.
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499.13
CELLS IN CAT'S VISUAL CORTEX MAY OSCILLATE AT 
DIFFERENT FREQUENCIES TO PRESENTATION OF ONE 
COHERENT OBJECT. S. Shumikhina* and S. Molotchnikoff. 
Departement de sciences biologiques, Universite de Montreal, 
C.P. 6128, succursale Centre-ville, Montreal, QC H3C 3J7, Canada.

It has been demonstrated that when the visual system is stimulated 
with appropriate targets, groups of responsive neurons will repond 
with a pattern of firing which display both synchronization between 
cells and stimulus-dependent oscillations within individual evokes 
discharges. These events were disclosed by cross-correlating neuronal 
activities. However, relationships between contributing autocor- 
relograms (ACRG) to the resulting cross-correlograms (XCRR) are not 
yet clarified. In anaesthetized cats we have studies the contributions of 
individual ACRG, to the resulting XCRR. Single and multi-unit 
activities were recorded from areas 17 and 18. In addition to classical 
PSTHs, FFT spectra were executed to analyze both ACRGs and 
XCRRs. 76 pairs of recording positions were examined. In 37 pairs 
we observed a centered peak indicating synchrony, amongst this group 
14 showed y-oscillations (> 20 Hz) at either site or both sites of 
recordings. Furthermore, synchronization could be observed without 
oscillations and vice-versa. As a rule stimulus dependent oscillations 
are more powerful in XCRR spectra than in contributing ACRG 
because random frequencies exhibit weaker power. Interestingly, the 
same group of units, in response to the same stimulus, may carry 
several frequencies in the y-range, suggesting that a single cell may 
participate in several assemblies engaged in binding trigger features of 
several objects.

499.14
MULTIPLE PROCESSING ROLES FOR SINGLE CELLS IN PRIMATE VI. A.M, 
Sillito , H.E. Jones & S. J. Claxton. Dept. of Visual Science, Inst, of Ophthalmology, 
University College London ECI V 9EL, UK.

Numerous studies have emphasised a variety of stimulus-context and figure-ground 
linked effects in responses of VI cells in both anaesthetised and behaving primate 
preparations (Knierim and Van Essen, J. Neurophysiol 67: 961-980 1992, Sillito etal, 
Nature 378: 492-496, 1995, Lamme, J. Neurosci. 15: 1605-1615, 1995). Taken as a 
whole these data seem to imply that the output of VI cells is phrased in terms of the 
overall nature of the stimulus, rather than static properties of the classical receptive field 
(CRF). Also, if the various effects obtain in any given cell, they imply an ambiguity in 
information coded in the cell’s response. Here we compare the characteristics of the 
responses of individual cells in VI of the anaesthetised primate to a range of different 
stimuli and contexts. For drifting gratings, cells showed patterns of sensitivity to 
orientation and direction contexts that made the significance of their response to these 
or to single stimuli ambiguous. Direction tuning to a drifting texture pattern was often, 
as has been previously reported, different to that observed to a drifting grating (Skottun 
etal., J. Neurophysiol. 59: 1719-1735, 1988). Defining a boundary in a texture pattern 
by changing the direction of drift of an outer fringe of the texture field produced an 
increase in the output of the cell. This was seen even with a 5° central texture patch over 
a 0.5° CRF. The cells seemed to ’‘detect” the potential salience implied by a change in 
events beyond this 5° domain. These effects occurred even when the direction of drift of 
the texture overlying the field was completely non-optimal. They were on the other hand 
labile insofar as they were often clearly defined for the first 3-6 presentations of the 
stimulus and then (but not always) disappeared, suggesting habituation. Moreover, the 
main response to texture discontinuities was sometimes restricted to a particular time 
window in the presentation. Grating context effects also tended to be stronger in the 
earlier trials of a test sequence, but the differences were not as marked. Individual cells 
could display all these properties. Their role would seem to be multiplexed by the visual 
environment and firmly linked to network function. Supported by the MRC

499.15
DISCRETE STIMULUS CLASSIFICATION FROM MULTI-CHANNEL EXTRA-
CELLULAR RECORDINGS IN LAYER IV OF CAT PRIMARY VISUAL 
CORTEX. K. S. Guillory*. S. Shoham, D. J. Warren. E. M. Maynard, R. A. 
Normann. John Moran Laboratory in Applied Vision and Neural Sciences, Dept of 
Bioengineering, University of Utah, Salt Lake City, UT 84112.

Many computationally complex techniques have traditionally been used to 
perform discrete stimulus classification from neural recordings in visual cortex. In 
this presentation, a simple Bayesian probability method is utilized for stimulus 
classification and analysis of neural representations of visual stimuli.

Recordings were made in cats under halothane anesthesia and paralysis. Cortical 
area 17 was exposed and implanted at with a 100-channel microelectrode array to the 
depth of layer IVc. Receptive fields of the recorded cells were hand-mapped and a 
video monitor was placed at the largest receptive field cluster. Discrete visual stimuli 
sets were presented, including stationary and moving spots, bars, and gratings. 
Intensity modulated pixel fields on the monitor were also used to produce automated 
receptive field maps.

The statistical analysis consisted of calculating the spike probability vs. time 
across presentations for each channel and stimulus type. Maximum likelihood 
estimates were then used over multiple channels to compute the most likely stimulus 
for presentations in a test set. Using this method with only 16 active channels, 
stimulus sets of 10 bars with uniformly distributed orientations could be successfully 
classified for 66 % of the presentations, in spite of the non-stationarity and large 
overlap of the receptive fields. Methods are discussed for expanding the analysis to 
explore representations among groups of cells rather than classification based solely 
on the spike train statistics of individual cells. The computational simplicity of die 
algorithm is also beneficial in that analysis of 100 or more individual spike trains can 
be performed in a reasonable time frame with modest computer resources. (This work 
funded by NSF grant IBN-9424509 and a Utah State Center of Excellence grant)

499.16

CYCLIC NUCLEOTIDE-GATED CHANNELS AND PROTEIN 
KINASES CAN ACT TOGETHER TO INCREASE 
EXCITATORY TRANSMISSION AT CORTICAL SYNAPSES 
I_-Y, Wei*, D. Samanta Roy, E. D. Cohen, and C. J. Barnstable Dept.
Ophthalmol. & Vis. Sci., Yale Univ. Sch. of Med. New Haven, CT 

cGMP or cAMP are important second messengers in many tissues,
including the CNS, and act through protein kinases and cyclic 
nucleotide-gated cation (CNG) channels. PCR amplification was used 
to show that multiple subtypes of CNG channel were expressed in 
neonatal and adult primary visual cortex of mouse. We cultured 
embryonic day 18-20 mouse cortical neurons for 3-5 days, and 
conducted whole cell patch-clamp or excised patch-clamp 
experiments. In whole cell recording, an inward current was induced 
by application of 8-Br-cGMP or 8-Br-cAMP at -70mV. The current- 
voltage relationship was linear and the reversal potential near zero. In 
excised patch recording, single channels were activated by both 
cGMP and cAMP without run down and had a conductance of about 
50pS. After 7 days of culture, spontaneous synaptic currents were 
increased by application of 8-Br-cGMP or 8-Br-cAMP in some 
neurons even in the presence of TTX, suggesting that CNG channels 
play an important role in presynaptic terminals. cGMP and cAMP 
also activate kinase pathways in postsynaptic cells phosphorylating 
NMDA and GABAa  receptors. This increased NMDA responses and 
decreased GABA responses. KA and AMPA responses were not 
changed and Glycine responses were slightly decreased. The results 
indicate that cyclic nucleotides can act at pre- and postsynaptic sites 
to increase excitatory synaptic transmission. This may be of 
importance for cortical synaptic plasticity. Supported by the NIH and 
the Kemper fund.

499.17
NMDA RECEPTOR INDEPENDENT EFFECTS OF NITRIC OXIDE ON THE VISUAL 
RESPONSE IN CAT STRIATE CORTEX. P, Kara* & M.J, Friedlander. Depts. of 
Neurobiology and Physiology & Biophysics., Univ. of Alabama at Birmingham, 35294-0021.

We previously reported that nitric oxide (NO) enhances the magnitude and reliability of 
the visual response of individual neurons in the striate cortex of anesthetized cats by (i) 
increasing the number of visually-evoked spikes, (ii) decreasing the latency of the visual 
response and (iii) reducing the coefficient of variation (CV) of the response (Kara & 
Friedander, Soc. Neurosci. Abstr.. 22,1996). Our in vitro biochemical data show that NMDA 
receptor activation is essential for endogenous cortical NO production (Montague et al., 
Science 263:973-977, 1994). In the present study, we explore whether in vivo effects of NO 
are necessarily dependent on NMDA receptor activation by using extracellular single- and 
dual- unit recording and microiontophoretic methods similar to that of our previous report. We 
first tested the relative contributions to the visual response of AMPA and NMDA receptor 
activation in 14 neurons via iontophoresis of the selective antagonists CNQX (for AMPA 
receptors) and D-AP5 (for NMDA receptors). 12/14 (86%) cells had a significant NMDA 
component to the visual response, as assessed by the attenuation of the visual response 
upon iontophoresis of 10-20nA D-AP5. All 14 cells had large AMPA components, i.e. 
50-100% reduction of the visual response during 10-20nA CNQX application. In five of the 12 
cells that had a significant NMDA component to the visual response, we also assessed the 
effects of simultaneous blockade of the NO producing enzyme, nitric oxide synthase - NOS 
(using iontophoresis of L-nitro-arginine) and NMDA receptor inactivation (using D-AP5). In 
3/5 cells, NOS blockade had an additive inhibitory effect to the already D-AP5 attenuated 
visual response. In two cells, NOS blockade opposed the inhibitory effect of simultaneous 
D-AP5 iontophoresis. These data suggest that the adaptive signal enhancing capacity of NO 
in the intact neocortex is not exclusively dependent on the activation of NMDA receptors in 
the immediate vicinity of the recordng site. Other calcium sources that may activate NOS 
and/or a greater dffusion path of NO in a cortical volume could account for these findings. 
Supported by NIH EY-05116 and the Helen Keller Foundation.

499.18
THE ROLE OF METABOTROPIC GLUTAMATE 
RECEPTORS IN THE INDUCTION OF A TRANSIENT 
FORM OF POTENTIATION IN THE CORTEX. L.A. 
Schrader* and M.J. Friedlander. Dept of Neurobiology, University 
of Alabama at Birmingham, AL. 35294, USA.

This lab has previously described a transient form of synaptic 
potentiation in the immature cortex termed covariance-induced 
potentiation (CIP). CIP is induced by pairing low frequency (0.1 Hz) 
presynaptic stimulation with coincident, brief depolarization (80 ms) of 
the postsynaptic neuron. The mechanisms of CIP undergo a dramatic 
developmental change; whereas CIP in the adult guinea pig is 
dependent on NMDA receptor activation, CIP in the immature cortex 
can be induced independent of activation of NMDA receptors 
(Harsanyi and Friedlander, J. Neurophysiol., 77:1284-1292, 1997), but 
at all ages CIP induction is dependent on postsynaptic calcium. In this 
study, we investigated whether the expression of CIP in the immature 
cortex requires activation of metabotropic glutamate receptors.

Excitatory postsynaptic potentials (EPSPs) were evoked using a 
stimulating electrode placed at layer Vl/white matter border and 
recorded from pyramidal neurons in layer II/III of coronal slices of the 
visual cortex from IQ-15 day old guinea pigs. Bath application of the 
metabotropic glutamate receptor antagonist, (RS)-a-Methyl-4- 
carboxyphenylglycine (RS-MCPG, 500 pM) reduced or blocked CIP 
in 40% (4/10) of the neurons that expressed CIP. MCPG had no effect 
on potentiation induced in 5/10 cells, and enhanced potentiation in 1/10 
cells. These data indicate that the metabotropic glutamate receptors may 
contribute to the induction of CIP in some pyramidal neurons during 
early stages of postnatal development.

This project was supported by NIH grant RO1 EY05116.
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499.19
STRUCTURE, FUNCTION AND CONNECTIVITY OF WHITE MATTER 
NEURONS IN MAMMALIAN VISUAL CORTEX 
B. Clancy *. M, da Sika Filhp, F. Hester and MJ, Friedlander Department of 
Neurobioiogy, University of Alabama at Birmingham, AL, 35294, USA.

White matter (WM) neurons are derived from the subplate, a developmental 
formation which conventional models describe as transient even though a number 
of subplate neurons survive in the white matter throughout maturity. WM neurons 
include a subpopulation that stain positively for nicotinamide adenine 
dinucleotide phosphate-diaphorase (NADPH-d) or nitric oxide synthase (NOS) 
indicating that a portion of WM neurons catalyze the conversion of L-arginine to 
L-citrulline and nitric oxide. The structure, function and connectivity of WM 
cells in the maturing mammalian visual cortex were studied using a variety of 
techniques including whole cell recording and intracellular dye filling in cortical 
slice preparations as well as in vivo retrograde tracer transport. Using DIC optics 
and enhanced digital imaging to visualize individual WM neurons, we obtained 
whole cell recordings from superficial, middle and deep WM neurons in rat 
visual cortex (PIO-23). WM neurons have average Em = -55m V and an average 
spike amplitude of 94 mV. They receive spontaneous synaptic input 
characterized by miniature EPSCs with average current amplitudes of -10 to-30 
pA and they exhibit a range of spike frequency adaptation properties from slow to 
rapid adaptation. Moiphological characterization of the recorded WM neurons 
identified through use of biocytin-filled recording micropipettes indicate dendritic 
branching and axonal projection patterns of WM neurons are not always confined 
to the white matter. Superficial and middle WM neurons often extend processes 
for several hundred pm into overlying cortex while some deep WM neurons 
project toward the hippocampal formation. In cat cortex, WM cells were 
retrogradely labeled following an application of fluorescent tracer to the superficial 
cortical layers, indicating WM cells send ascending projections into the 
superficial layers of cat (>5mo) visual cortex. WM neurons may participate in 
intracortical microcircuitry and thus, may play a role in adult visual cortical 
function. Supported by NIH EY-05116.

499.20
EFFECTS OF SPECIFIC GROUP I AND GROUP II mGluR AGONISTS ON 
NEURONS IN AREA 17 OF THE CAT. C.J, Beaver*. O, Ji. & N.W, Daw. Dept. 
Ophthalmology & Visual Science, Yale University, New Haven, CT 06520-8061

Immunohistochemical examinations of the distribution of metabotropic glutamate 
receptors (mGluRs) in the adult cat visual cortex have found that Group I receptors 
(mGluRs 1 and 5) are located primarily in layers 4, 5 and 6, while Group II receptors 
(mGluRs 2 and 3) are concentrated in layers 2/3 and in layer 61. To delineate the 
contribution of individual mGluRs to responses of neurons within different layers of 
area 17 specific Group I and Group II agonists, (S)-3,5-dihydroxyphenylglycine 
(DHPG, 25mM) and 2R,4R-aminopyrrolidine-2,4-dicarboxylate (2R,4R-APDC, 
lOmM) were iontophoresed while recording the response of neurons to optimal 
visual stimulation. In layers 2, 3 and 6, those layers with greater Group II receptor 
immunoreactivity1, 2R,4R-APDC produced suppression of both the visual response 
and spontaneous activity, while in layer 4 little effect was observed. DHPG was 
found to have mixed effects in all layers. Initially, facilitation of the visual response 
was seen with little effect on spontaneous activity. This facilitation, however, was 
followed by suppression of both the visual response and spontaneous activity. 
Previous data from our laboratory has shown that iontophoresis of the mGLuR 
agonist 1S,3R-ACPD causes decreases in the visual response of neurons of all layers 
of area 17. Spontaneous activity, however, is decreased in layers 2/3 but increased in 
layers 5/62. The present data for APDC are in agreement with the distribution of 
Group II mGluRs and with the suppressive effects of 1S,3R-ACPD in layers 2/3 and
6. The mixed results with DHPG imply that the excitatory effects of 1S,3R-ACPD 
on spontaneous activity in deeper layers cannot be explained solely by the activation 
of Group I receptors.
1 Reid, SNM and Daw, NW (1995) Soc, Neurosci. Abstr, 21: 2024.
2 Reid, SNM and Daw, NW (1997) Visual Neuroscience 14: 83-88.
Funded by NIHRO1 EY00053

OLFACTORY BULB: PHYSIOLOGY

500.1
MULUSTABLE MEMBRANE PROPERTIES OF MAIN OLFACTORY BULB (MOB) 
MITRAL CELLS. M. Ennis, P. M. Heywaid, G. C, Carlson, A, Keller*, M. T. Shipley.
Dept. of Anatomy and Neurobioiogy, Program in Neuroscience, University, of Maryland, 
Baltimore MD21201.

Multistability is defined as the intrinsic capacity of a neuron for distinct modes of electrical 
activity. This capacity may sustain or suppress phasic inputs. We have used whole cell 
recording in rat brain slices in vitro, to investigate the effect of membrane potential perturbations 
on mitral cells, the principal output neurons of the MOB. Mitral cells generate distinct firing 
patterns following small changes in membrane potential. At least two stable levels of membrane 
potential can be maintained, with switching between these states in response to brief current 
pulses, or spontaneous spikes.

Mitral cell bodies were visualised by oblique illumination. Recordings were made in die 
presence of 1 mM kynurenic acid and 10 pM bicuculine. Membrane potential was altered by the 
passage of up to +.100 pA current Two populations of mitral cells were defined by their 
membrane dynamics, (i) 40 % of cells generate spontaneous bursts of action potentials, with an 
approximately linear relationship between membrane voltage and action potential frequency 
within +10 mV of resting potential (-50 to -70 mV), (ii) 60 % of cells generate single spikes at 
resting potentials, and trains of spikes when depolarized. At rest or when slightly hyperpolarized, 
these cells alternate between two membrane potentials, separated by 10 mV (typically -55 and 
-65 mV). Either potential can be maintained for up to seconds at a time. From the low (more 
hyperpolarized) state, membrane potential remains steady or drifts positive until an apparent 
threshold is reached at an intermediate level. Membrane potential then shifts positive abruptly, 
and tire depolarized state is maintained until a spike(s) resets the membrane potential to its low 
level. Membrane potential can also be reset high by brief (100 ms) depolarizing current pulses. 
Blockade of either Ca"" or Na+ channels abolishes alternation between the stable levels of 
potential. We are investigating the morphological correlates and biophysical bases of these 
observations, using voltage clamp methods and intracellular staining.
Supported by NIH, DC00347, DC03195, DC02588, NS36940.

500.2
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF GLOMERULAR LAYER (GL) 
NEURON POPULATIONS OF THE MAIN OLFACTORY BULB (MOB).
P. M. Heyward, V. Anderiaska A. Solodkin, M. Ennis*, M. T. Shipley. Dept of Anatomy and 
Neurobioiogy, Program in Neuroscience, University of Maryland, Baltimore MD 21201.

Terminals of the olfactory nerve (ON) interact with local circuit and projection neurons within 
the glomeruli of the MOB. The GL of the MOB contains chemoanatomically distinct 
populations of intemeurons and association cells, including periglomerular cells, short axon cells, 
and various tufted cell types. The electrophysiology of these juxtaglomerular (JG) cells is 
obscure, and their specific responses to ON input unknown. We are investigating the 
electrophysiological responses to PON input and morphology of JG neurons in an in vitro rat 
MOB slice preparation.

JG cells (n=30) were classified according to their response to ON stimulation. Type I cells 
(n=l 7) generate spontaneous activity at 1 to 5 Hz, and respond to ON stimulation with short 
latency excitation, followed by inhibition. Inhibition duration relates to stimulus intensity, but 
baseline activity is not tonically affected by ON input Type II cells (n=7) spontaneously generate 
brief bursts of high-frequency activity, and respond to PON input with inhibition lasting up to 
800 ms. Baseline activity is otherwise unaffected by PON input. Type III cells (n=6)havealow 
spontaneous rate of activity (0.1-0.5 Hz). PON stimuli arrest their activity for 200-400 ms, 
followed by excitation lasting up to 50s. The excitatory effect is cumulative, if the cells have not 
recovered to baseline activity before stimulation is repeated, but activity is suppressed following 
each stimulus. The initial inhibition of Types I and H cells is synchronous with excitation of 
mitral cells, recorded simultaneously using a second patch pipette. The spatial distributions of the 
three classes of JG cell differ. Type I cells are distributed all around the glomeruli, while types II 
and IH lie mainly in the superficial GL. Filling cells with biotin reveals distinctive morphological 
profiles. We are investigating the biophysical and morphological correlates of the three 
functional classes of JG cell. Supported by NIH DC00347, DC03195, DC02588, NS36940.

500.3
GABAb RECEPTOR-MEDIATED INHIBITION IN THE GLOMERULI OF THE RAT 
OLFACTORY BULB (OB). V. Aroniadou-Anderiaska*, M. Ennis. A. Keller & M.T, Shipley. Dept. 
Anat. & Neurobiol. and Program in Neurosci., Univ. Maryland Sch. Med., Baltimore, MD, 21201.

We recently showed in OB slices from 14-22 day-old rats, that the glomerular field potential 
evoked by olfactory nerve (ON) stimulation consists of a kainate/AMPA component (Nl; peak
9-13 ms) and an NMDA receptor-mediated component (N2; duration > 300 ms). Both Nl and 
N2 are produced by glomerular currents, as they persist following surgical isolation of the 
glomerular layer (GL) from the deeper layers. Both components are generated for the most part 
by the apical dendrites of mitral/tufted (M/T) cells, as (1) they reverse polarity in the external 
plexiform and mitral cell layers, and (2) they correspond, in time course and pharmacology, to 
EPSPs and spiking of mitral cells (Neuroscience, in press). In either intact slices, or in isolated 
glomerular slices, the GABAa  receptor antagonists bicuculline or picrotoxin enhance selectively 
the N2, suggesting that GABAa  inhibition by periglomerular cells influences primarily the late, 
NMDA component of the M/T cell response to the ON input.

GABAb receptors in the OB are located almost exclusively in the GL. However, the neuronal 
elements that express these receptors are not known. ON-evoked responses displayed pair-pulse 
depression (PPD) at interstimulus intervals (ISI) up to 400 ms. The GABAb receptor antagonist 
CGP-35348 blocked PPD at ISI >200 ms but had no effect at shorter intervals, consistent with 
the slow time course of GABAb receptor-mediated inhibition. Similar results were obtained with 
optical imaging of glomerular activity using a voltage-sensitive dye. CGP also caused a small 
enhancement of both Nl and N2 evoked by single ON pulses, suggesting that GABAb receptors 
are tonically active. We have previously shown in vivo frat the GABAb agonist baclofen blocks 
ON-evoked responses of mitral cells. To examine if GABAb  receptors are present on M/T cells we 
tested the effects of baclofen on a synaptic (blocked by CNQX) response (nl) evoked in the GL 
by stimulation in the mitral cell layer. The nl is presumably generated by glutamate release from 
apical dendrites of M/T cells. Baclofen had no effect on nl, while it blocked both Nl and N2 in 
intact slices or in isolated glomerular slices. The effects of baclofen were antagonized by CGP. 
Together, these results suggest frat GABAb  receptors are not present on M/T cells, but rather on 
presynaptic ON terminals. Support: PHS grants: DCOO347, DCO3195, DC02588 and NS3694O.

500.4
ACTIVE MEMBRANE PROPERTIES IN MITRAL CELLS OF THE 
RAT OLFACTORY BULB. G.C. Carlson*. P. Heyward. M. Ennis.
M.T. Shipley and A. Keller. Dept. Anatomy & Neurobioiogy, Program in 
Neuroscience, University of Maryland School of Medicine, Baltimore, 
MD 21201.

An important issue in synaptic integration is the extent to which synaptic 
inputs at distal dendritic segments are modulated by active membrane 
properties. We are investigating whether olfactory nerve (ON) inputs to the 
distal dendrites of mitral cells can be amplified by voltage-dependent 
conductances. In an in vitro slice preparation of the rat main olfactory bulb, 
whole-cell patch clamp recordings were obtained from the somata of mitral 
cells, visually identified using near infra-red DIC; synaptic activity was 
evoked by stimulation of the ON. Voltage and current-clamp recordings 
revealed that mitral cells generate spontaneous, slow membrane 
depolarizations that can reach threshold for spike generation. The 
spontaneous depolarizations persist in the presence of the glutamate 
receptor antagonists APV and CNQX, suggesting that they are evoked by 
intrinsic membrane properties. These depolarizations are also evoked by 
ON stimulation. Both the spontaneous and evoked events persist when the 
somatic membrane potential (Vm) is voltage-clamped at hyperpolarized 
Vm, suggesting that they are generated in distal dendritic compartments. 
The Na+channel antagonist QX-314 significantly reduces the duration of 
the depolarizations, suggesting that they are mediated in part by persistent 
Na+ channels (INil p). Input-output (I/O) curves revealed a non-linear 
relationship between Vm and the size of EPSPs (or EPSCs) recorded at the 
soma, suggesting that these inputs are amplified by active conductances in 
distal dendritic segments. These findings suggest that ON inputs to mitral 
cells are modulated by active conductances in distal dendritic segments.

Supported by PHS:NIH grants NS31078, NS35360, NS36940, DC02588, 
DC00347 and DC03195.
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500.5
IMMUNOCYTOCHEMICAL LOCALIZATION OF THREE CALCIUM 
CHANNEL SUBUNITS IN THE MAIN OLFACTORY BULB OF THE RAT.
P. Panzanelli*1, M. Giustetto1, C. Morgans2, D. Cantino1 and M. Sassoe-Pognetto1.

’‘Dipartimento di Anatomia, Farmacologia e Medicina Legale, Universita di Torino, 
1-10126 Torino, Italy; ^Division of Neuroscience, John Curtin School of Medical 
Research, Australian National University, Canberra, Australia.

Voltage-gated calcium channels play important roles in the processes of synaptic 
transmission and the spread of dendritic signals in the olfactory bulb (OB). However, 
very little is known about their spatial distribution and subcellular localization. We 
describe here the localization of three types of high voltage-activated calcium 
channels in the rat OB by using polyclonal antibodies (Alomone labs) directed 
against the alA (P/Q type), alB (N-type) and alC (L-type) subunits.

Immunoreactivity for the a IB subunit was punctate, suggesting that N-type 
calcium channels are concentrated in presynaptic terminals. Small puncta were 
located around the cell bodies of mitral cells and in tlie external plexiform layer 
(EPL). The glomerular neuropil was densely labelled, but no immunoreactivity was 
present in the olfactory nerve layer. Electron microscopy showed immunolabelling of 
mitral/tufted cell dendrites in the EPL. The antibodies against the a 1A subunit 
produced a diffuse cytoplasmic staining in most subtypes of bulbar neurons, 
including the output neurons, mitral and tufted cells, and the intemeurons, granule 
and periglomerular cells. The antibodies against the a 1C subunit produced a weak 
immunoreactivity, suggesting that L-type calcium channels of the OB may be 
composed predominantly of tlie a ID subunit.

These results demonstrate a differential distribution of N-type and P/Q type 
calcium channels, that may reflect different functional roles in synaptic and dendritic 
processing of olfactory stimuli.
Financial support by MURST (40% and 60°%) and CNR.

500.6
TEMPORAL CHARACTERISTICS OF MITRAL/TUFTED CELL RESPONSES TO 
ODORANT STIMULATION. K. M. Dorries* and J. S. Kauer. Department of 
Neuroscience, Tufts University School of Medicine, Boston, MA 02111.

Recent work on expression patterns of putative receptor genes in olfactory receptor 
neurons has placed an emphasis on spatial aspects of olfactory coding. In a strictly 
spatial code, odorant identity would be encoded by the pattern of active glomeruli in 
the olfactory bulb (OB), and the role of OB circuits would be to “read out” that pattern. 
Spike trains of OB output neurons are temporally complex, however, including periods 
of excitation and suppression which vary with concentration, and vary differently 
across concentration for different odorants. It is thus difficult to ascertain to what 
extent a mitral/tufted (M/T) cell is activated by a particular odorant. To determine 
which parameters of OB output cell spike train patterns encode odor quality vs 
concentration, we recorded extracellularly from M/T cells in tiger salamanders, using 
an homologous series of acetates at several concentrations as stimuli. We used propyl, 
butyl and amyl acetate because there are psychophysical data regarding their relative 
odor quality in this species: tiger salamanders generalize butyl acetate responses to 
amyl acetate, but not to propyl acetate. We have examined temporal characteristics of 
spike trams of 63 M/T cells. Spike bursts can be characterized as early or late, relative 
to stimulus onset. While early spikes occured over a limited concentration range, late 
spikes became more prevalent with increasing concentrations. First spike latency in 
early bursts and inter-spike intervals for the first two spikes of both early and late 
bursts varied with odorant concentration. Also, the duration of the entire response 
varied with concentration. Preliminary within-cell analyses showed that, for this data 
set, onset time of late bursts and number of late spikes were the measures most likely to 
vary with odorant molecule. Interestingly, by these two measures our single unit 
responses to butyl acetate were more similar to propyl acetate than to amyl acetate, in 
contrast to what was seen at the behavioral level. These results suggest that quality is 
encoded in relative responses of neurons in a population and may not be evident at the 
single cell level. Supported by grants from the ONR and the NIDCD.

500.7
SPATIAL REPRESENTATION OF ODORANT FEATURES IN THE 
GLOMERULAR LAYER OF THE RAT OLFACTORY BULB. B.A. lohnson*, 
C.C. Woo and M. Leon. Dept. of Psychobiology, Univ. of California, Irvine, 
CA 92697-4550.

Studies on the molecular biology of putative olfactory receptor genes lend 
themselves to models of combinatorial odor coding invoking unitary 
responses of olfactory receptors to odorant features and/or attributes. The 
spatial pattern of projections of olfactory receptor neurons expressing the 
same putative olfactory receptor gene predict significant spatial coding of 
these odorant features in the glomerular layer of the olfactory bulb. Specific 
predictions are: (1) each odorant should generate a characteristic spatial 
pattern of glomerular activation; (2) odorants sharing a feature recognized 
by a receptor should share units of this pattern; (3) when presented at the 
same vapor-phase concentration, simple odorants should generate simple 
patterns and complex odorants, with more potentially recognized features, 
should generate more complex patterns; and (4) the units of the pattern 
should be represented both laterally and medially. We have tested these 
predictions by exposing rats to pure air or to equal vapor phase 
concentrations of ethyl acetate, ethyl butyrate, isoamyl acetate, or isoamyl 
butyrate. Activity was assessed using [14C]2-deoxyglucose uptake mapped 
across the glomerular layer in relation to anatomical hallmarks. Each of 
the predictions of the combinatorial model of olfactory coding was strongly 
supported by the data. These results offer indirect evidence of the functional 
relevance of the putative olfactory receptor genes. They further suggest that 
there might be a map of chemical features across the bulbar surface that 
resembles the tonotopic, somatotopic, and visual field maps present in other 
cortical sensory areas. Supported by NICHD grant HD24236.

500.8

VOLTAGE SENSITIVE DYE RECORDING OF ODOR ELICITED 
OSCILLATIONS IN THE TURTLE OLFACTORY BULB. Y.W. Lam,
L.B. Cohert D. Senseman, P.M. Balaban and C.X. Falk. Dept. of Physiology, 
Yale University School of Medicine, New Haven, CT 06520, and Marine 
Biological Laboratory, Woods Hole MA, 02543

Odorant elicited oscillations in local field potential recordings from 
vertebrate olfactory bulbs has been know for some time (Adrian, 1950; 
Beuerman, 1975). In measurements from the turtle visual cortex we found 
that voltage-sensitive dye measurements had a spatial resolution more than 
an order of magnitude better than local field potential recordings. In an 
attempt to better understand the oscillatory response in olfactory bulb we 
have made measurements of the response to several odorants in an in vivo 
turtle preparation stained with the voltage-sensitive styryl dye, RH414. Using 
an olfactometer copied from Kauer and Moulton (1974) we applied 600 msec 
pulses of odorants at 2.5% and 15% saturation. The responses to odors had 
two components; a very wide-spread and long-lasting depolarization and a 
more localized oscillation at about 10 Hz riding on top of the long-lasting 
depolarization. The time course of the response was different for amyl 
acetate and cineole. With cineole the initial depolarization was more rapid, 
the latency to oscillation was shorter and the duration of the oscillations was 
briefer. The location of the oscillations in response to amyl acetate, cineole, 
pyridine, and butyric acid were similar. Thus, our preliminary results suggest 
that the temporal response to different odorants are different but that the 
spatial location of the oscillations is similar. Supported by NIH grant 
NS08437.

500.9
OLFACTORY CODING BY ZEBRAFISH GLOMERULI VISUALIZED BY AXON 
TRACING AND OPTICAL RECORDING WITH A VOLTAGE-SENSITIVE DYE. 
R. W, Friedrichl and S. I. Korsching2*. IMax-Planck-Inst. for Dev. Biol., Dept. 
Phys. Biol., Spemannstr. 35, D-72076 Tubingen, Germany: 2Universitv of Cologne. 
Inst, for Genetics, Ziilpicherstr. 47 D-50674 Cologne, Germany.

Odorants are initially encoded in the olfactory bulb (OB) by combinatorial patterns 
of active glomerular modules, as we have shown recently in zebrafish for amino acid 
stimuli by calcium imaging (R.W.F. & S.I.K., Neuron, in press). We have now 
tested different classes of stimuli, including both "abundant” natural odorants (amino 
acids, bile acids, nucleotides,...; 100 uM) and pheromone candidates (steroids, 
prostaglandins; 1 pM). Afferents to the OB were labelled anterogradely with the 
voltage-sensitive dye, Di8ANEPPQ, in vivo. Neuronal activity in afferent axons and 
glomeruli was then recorded optically in an explant preparation.

Odorants of the same class induce similar overall activity patterns in the OB. 
Anatomically defined subregions of the OB show distinct odorant-response profiles. A 
posterior lateral region responds to most stimuli, a central lateral region responds 
predominantly to amino acids, and an anterior medial region responds to bile acids and 
nucleotides. Within a given subregion, similar odorants induce differential 
distributions of activity. Steroids and prostaglandins elicit little or no detectable 
activity. Ventrally, the zebrafish OB contains particularly prominent glomeruli that are 
stereotyped and identifiable across individuals (J Neurosci 14:219). One glomerulus is 
selectively activated by an extract enriched in saponin, (a natural substance possibly 
mediating an aversive reaction), and another glomerulus selectively responds to 
prostaglandin F2ot, a putative reproductive pheromone.

These results show that (1) the spatial distribution of afferent activity contains 
significant information about general odorant properties, (2) individual odorants are 
encoded by combinatorial patterns of active glomeruli, and (3) pheromones may be 
processed through specialized labelled lines as described for insects (Sci. 256:1313).

This work was supported by the Max-Planck-Gesellschaft, the University of 
Cologne, and by a fellowship of the Boehringer Ingelheim Fonds (to R.W.F.).

500.10
TIME COURSE OF DYE-COUPLING IN SALAMANDER OLFACTORY BULB SLICES. J. Du* 
and K. A. Hamilton. Department of Cellular Biology and Anatomy, Louisiana State University 
Medical Center, Shreveport, LA 71130-3932

Neurons in the granule cell (GCL) and mitral cell (MCL) layers of the olfactory bulb are 
coupled by gap junctions through which the fluorescent dye Lucifer Yellow can pass. In this 
study, the time course of 44 injections into lightly fixed 300 pm-thick slices of adult salamander 
olfactory bulbs was analyzed to identify differences between the GCL and MCL coupling 
patterns. The cell layers were visually identified under bright-field illumination, single neurons 
were injected with 4% Lucifer Yellow CH (-2.5 nA, 100 ms pulses, 1 HZ), and 640X480-pixel 
images of fluorescence at540±25 nm were captured at 1,2,4, 6,8,10,15, 20, 30, and 40 min 
intervals using a CCD camera, Silicon Graphics software, and Indy computer. Brightly and dimly 
fluorescent ceil bodies were counted and the means were analyzed to determine when two cells 
(including the injected cell) were first visible and if the total and bright cell counts changed 
significantly with time.

In the GCL, 2.0±0.26 (mean±S.E.M.) cells were first visible at 2 min. Significantly more 
(6.9±1.03) cells were observed at 15 min, when 2.1 ±0.24 of the cells were brightly fluorescent. 
The cell counts had increased by 40 min (8.8±0.93 total; 3.4±0.73 bright), but the increases 
were not significant. In the MCL, by contrast, only the injected cell was visible at 2 min. Two cells 
(2.0±0.24) were visible at 15 min, but only the injected cell (1.1 ±0.11) was brightly fluorescent. 
The total and bright cell counts were nevertheless significantly larger at 15 min than at 2 min. 
The cell counts had increased by 40 min (2.5±0.31 total; 1,3±0.17 bright), but the increases 
were not significant. The results suggest that small groups of 2 or 3 cells are tightly coupled in 
both the GCL and the MCL, and that the GCL cells are also extensively but less tightly coupled 
to additional cells. Recordings from unfixed slices will be obtained to determine if electrotonic 
coupling efficiency is correlated with fluorescence intensity.

Supported by the Whitehall Foundation, Inc.
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500.11
RAPID PROCESSING OF TEMPORAL SIGNALS BY AN OLFACTORY 
NEURONAL NETWORK IN AN ARTIFICIAL NOSE. J. White*1, T.A. 
Dickinson2, D.R. Walt2, and J.S. Kauer1. Neuroscience Dept., Tufts Medical 
School, Boston, MA, 2Chemistry Dept., Tufts Univ., Medford, MA.

We previously described a biologically-based neuronal network for temporal 
data analysis in an artificial nose (White et al., 1996, Soc.Neurosci.Abstr., #793.9). 
Signals from an array of fiber-optic chemosensors are used to generate spike activity 
in a population of olfactory sensory neurons (OSNs), which provide input to a 
computational model of the olfactory bulb (OB). Given this OSN input, the OB model 
generates a spatio-temporal spiking pattern across simulated mitral cells that varies 
with vapor identity and concentration. A “delay line neural network” (DLNN), also 
based on biological principles, extracts odor identity and concentration information 
from these spike patterns by using the spike timing differences among mitral cells 
as the basis for discrimination. Processing by the OB-DLNN results in a simple 
spatial code representing vapor identity and a latency code representing concentration. 
The goal of the present study was to increase the computation speed in order to 
enable analysis of fiber sensor signals in real-time, as the signals are recorded. An 
approximately eleven-fold improvement in speed was achieved by two changes to the 
OB portion of the system: 1) Fiber sensor signals were used as direct current inputs into 
the primary dendrites of the simulated mitral cells, by-passing the conversion to OSN 
activity. 2) The number of granule cells was decreased ten-fold, with a concomitant 
increase in mitral-granule connection strength. Under these conditions, the spatial- 
temporal patterns of simulated mitral cell activity were comparable to those obtained 
with the original OB-DLNN. The increased computation speed makes a thorough 
search of parameter space for the OB-DLNN now feasible, enabling us to determine 
which of the OB parameters are critical for OB-DLNN performance. In addition 
to increased performance in the artificial chemosensing system, elucidating optimal 
parameters in the model OB may also provide insight into the cellular interactions in 
the real OB.

Supported by NIDCD, NSF, ONR, and DARPA.

500.12
SPONTANEOUS ACTIVITY IN MITRAL CELLS OF THE MOUSE 
ACCESSORY OLFACTORY BULB. N. Barazangi*, CR. Yu, L, Role. 
Department of Anatomy and Cell Biology in the Center for Neurobiology and 
Behavior, Columbia University, 701 W. 168th St., NY, NY 10032.

The mitral cells in the accessory olfactory bulb (AOB) receive input from 
vomeronasal organ (VNO) receptor neurons and are the main projection neurons of 
the AOB. To study the transmission and integrative properties of AOB mitral 
cells, whole cell patch-clamp recordings have been obtained from a mouse brain- 
slice preparation. At their resting potential (average = -43 mV, ranging from -30 
to -60 mV), mitral cells fire spontaneous action potentials, with frequencies 
ranging from 1-10 Hz. Both excitatory and inhibitory post-synaptic currents of 5- 
50 pA are detected when the membrane potential is held at -60 mV.

As the mitral cells receive inhibitory projections from both granule and 
periglomerular interneurons in the AOB, bicuculline (4-10 pM) was applied to 
examine GABA-mediated inhibition of mitral cell activity. In the presence of 
bicuculline, approximately 40% of the neurons showed an increase in their firing 
rate. The remaining mitral cells were either unaffected by bicuculline (20%) or 
exhibited a decrease in firing (40%). It has been postulated that glutamate is the 
neurotransmitter at the VNO receptor neuron - mitral cell synapse. In the 
presence of CNQX (10 pM) and AP-V (50 pM), 50% of neurons exhibited a 
decrease in the firing rate and 50% showed no change. Further studies are 
underway to examine the role of glutamate in evoked and spontaneous synaptic 
transmission within the AOB, and to assess a possible role for tonic 
superthreshold activity in VNO-AOB interactions.

Supported by NS-29832-05.

500.13
FUNCTIONAL PROPERTIES ANALYSED IN THE RAT ACCESSORY 
OLFACTORY BULB SLICE. Changping Jia* and Gordon M, Shepherd, 
Section of Neurobiology, Yale Medical School, 333 Cedar Street, New Haven, CT 
06510.

The accessory olfactory bulb (AOB) is the first relay station in the vomeronasal 
system and plays a critical role in the processing and storage of vomeronasal 
specific odorant information. Thus far there is little information on its 
physiological properties. The AOB shows similar but less distinct lamination 
compared with the main olfactory bulb (MOB). In the present study, field 
potentials (FPs) evoked by vomeronasal nerve (VN) or lateral olfactory tract 
(LOT) stimulation were recorded in different layers in a slice preparation of the rat 
AOB (male and female). Two response components were discriminated: the first 
component appeared to be generated by mitral/tufted cell activity and the second 
by granule cell activity. The time courses and polarities of the FPs in the AOB 
elicited by VN or LOT stimulation were similar to those elicited in the MOB by 
olfactory nerve or LOT stimulation. Paired-pulse stimulation of the VN or LOT 
induced an inhibitory effect on the second response. Prominent oscillatory 
potentials were recorded from the external plexiform layer. We are testing 
pharmacologically the hypothesis that, as at olfactory nerve synapses in the MOB, 
glutamate may be the transmitter at VN synapses in the AOB. In summary, the 
results indicate that there are both similarities and differences in the properties of 
the AOB compared to the MOB.

Supported by grants from NIDCD, and from NIMH, NASA and NIDCD 
(Human Brain Project).

500.14
EVIDENCE FOR FUNCTIONAL CYCLIC NUCLEOTIDE-GATED CHANNELS 
IN CULTURED RAT OLFACTORY BULB NEURONS. P. A, Kingston*. C, J. 
Barnstable, & M, Shepherd and F, Zyfall. Department of Neurobiology, Yale 
University School of Medicine, New Haven, CT 06510.

Accumulating evidence suggests that cyclic nucleotide-gated (CNG) channels, in 
addition to their well-known functions in sensory neurons, may also be involved in 
the development and plasticity of central neurons (Kingston et al., 1996, PNAS 93: 
10440). We are exploring these novel CNG channel functions further using the 
olfactory bulb as a model. We have demonstrated the presence of CNG channel 
mRNAs in the adult rat olfactory bulb by RT-PCR, and in situ hybridization (ISH) 
experiments with CNG channel probes labeled cell bodies in the glomerular, 
external plexiform, mitral/tufted and granule cell layers of the bulb. Furthermore, 
ISH sections counterstained with bisberzimide, a non-specific nuclear stain, reveal 
that CNG channel expression is restricted to a subset of these cell populations. We 
have established primary cell cultures of embryonic olfactory bulb neurons (E17- 
21) in which we can identify subsets of cells using immunocytochemical tools 
including antibodies for specific CNG channel subunits. Whole-cell patch clamp 
recordings from these neurons identified a membrane current in response to bath 
applied 8-Br-cGMP. Ionic tests and current-voltage analysis indicate that the 
underlying ion channels have properties consistent with those of CNG channels. 
Cyclic GMP-activated currents were also blocked reversibly by Cd2+ and LY83583, 
both of which inhibit CNG channels in sensory neurons. We also tested the effect 
of 8-Br-cGMP on spontaneous synaptic activity in these neurons and found that 
synaptic events are often reduced in the presence of 8-Br-cGMP. The olfactory 
bulb is thus a suitable preparation for exploring the role of CNG channels in 
regulating synaptic function and development

Supported in part by NIH grants NS24803 (CJB), DC00086 (GMS), DC02227 
(FZ), and an NSF Predoctoral Fellowship (PAK).

500.15

ISOLATION AND ANALYSIS OF OLFACTORY RECEPTOR mRNA 
FROM OLFACTORY BULB GLOMERULAR LAYER. M.S, Singer*1. 
T.E, Hughes2. G.M. Shepherd1 and C.A, Greer3, Nect. of Neurobiology, 
2Dept. of Ophthalmology, 3 Dept. of Neurosurgery, Yale Univ. School of 
Medicine, New Haven, CT 06510.

It is known from functional studies that odor information is spatially 
represented in the olfactory bulb (OB) by different patterns of glomerular 
activity. Molecular studies have provided evidence that each glomerulus 
receives input from only one olfactory receptor (OR) subtype, which in 
turn binds odor molecules preferentially based on their structural features, 
or determinants. With this preliminary model for how ORs extract odor 
information, it is desirable to determine what rules underlie the spatial 
distribution of OR inputs in the OB. As an approach to this question, we 
tested if OR mRNA could be isolated and amplified from small, selected 
samples of the glomerular layer. Five tissue samples, each estimated to 
contain 10-25 glomeruli, were removed from rat OB. From these samples, 
20 novel OR sequences (TM2-TM7) were obtained by RT-PCR. The 
results support previous in situ hybridization studies, and provide the first 
direct evidence that an array of different OR mRNAs is present in the OB. 
The distribution of the mRNAs was studied to test the preliminary 
hypothesis that ORs from the same sample would be more similar than 
ORs from separate samples. The hypothesis was supported in one sample, 
in which four sequences showed 83% amino acid similarity, versus 46% 
between samples. However, other samples yielded more complicated 
results. The results suggest that the glomerular map of odor determinants 
in the OB is likely to contain redundancies and discontinuities.

Supported by grants from NIDCD, NINDS (CAG); grants from NIDCD 
and NIMH, NASA, NIDCD (Human Brain Project; GMS); grants from 
NEI (TEH); and fellowships from NLM-IAIMS, Yale Univ. MSTP (MSS).
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501.1
L-TYPE CALCIUM CHANNEL MEDIATED DEPOLARIZATION- 
INDUCED INCREASE IN TYROSINE HYDROXYLASE (TH) 
IMMUNOPOSITIVE NEURONS IN OLFACTORY BULB. E. Cigola*, L. 
Franzen, J.W. Lee and H, Baker. Cornell Univ. Med. Coll, at The Burke 
Med. Res. Inst., White Plains, NY 10605

TH, the rate-limiting enzyme in catecholamine biosynthesis, is 
localized to periglomerular dopamine neurons in the olfactory bulb. 
TH expression, in vivo, appears to be regulated by odor-induced 
synaptic activation by as yet undefined mechanisms. To examine 
mechanisms underlying TH gene regulation, the current study used 
primary cell cultures obtained from olfactory bulbs of 2-day old mouse 
pups. Stimulation for 48 hours (h) with a depolarizing concentration of 
potassium chloride (KC1, 50mM) increased the number of TH- 
immunoreactive neurons by 2-3 fold as compared to control cultures 
treated with equimolar sodium chloride (NaCl). To determine the 
minimum duration of depolarization necessary to induce TH gene 
expression, cultures were exposed to KC1 for 4, 8, 12, 24, 36 and 48 h 
and examined at 48 h. Significant changes were not found at any time 
point preceding 36h suggesting that in vitro as in vivo induction of TH 
expression requires prolonged stimulation. Treatment with forskolin 
only (Fsk, IOjiM), an adenylate cyclase agonist, significantly increased 
by 1.5-fold the number of TH positive cells. Cell density was 
unchanged by either KC1 or Fsk and the effects on TH expression were 
not additive. Pretreatment of cultures with the L-type calcium channel 
blocker, nifedipine (Ni; lOpM), prevented the KCl-mduced increase in 
TH immunopositive cells. Relative to the control, NaCl, the levels of 
TH positive cells in the different conditions were: KC1, 2.05 ± 0.2, KC1 
plus Ni 1.16 ± 0.1 and NaCl + Ni, 1.03 ± 0.06 (n - 6-10). These results 
suggest that long-term depolarization in vitro acting through L-type 
calcium channels induces expression of the TH phenotype in olfactory 
bulb neurons. Supported by NIH grant #AG09686.

501.2
PHARMACOLOGY OF ODOR-EVOKED CALCIUM 
TRANSIENTS IN MITRAL CELL APICAL DENDRITIC 
TUFTS. I.G. Davison* and K.R, Delaney. Dept. of Biological 
Sciences, Simon Fraser University, Burnaby, BC, Canada V5A 1S6

We use an in vitro frog nose-brain preparation to study Ca2+ 
dynamics in mitral cell (MC) apical dendritic tufts in response to odors 
or olfactory nerve (ON) shock. The tufts, which ramify within the 
olfactory glomeruli, receive inputs from receptor afferents, and form 
reciprocal synapses with periglomerular cells. Excitatory sensory 
afferent-to-MC transmission activates ionotropic glutamate receptors. 
MCs are loaded with dextran-conjugated Ca2+-Green by local 
application to the tips of the 2° dendrites. Fluorescence from tufts 
within a single glomerulus is measured using aperture-limited 
Illumination detected with a photomultiplier tube. Electrical stimulation 
of the ON gives a short-latency fast-rising increase in [Ca2+] j which 
only occasionally shows a later sustained component. Odor results in a 
large variable-latency (100ms-lsec) sustained increase which has a 
smaller fast-rising initial component in many tufts. Bath application of 
CNQX or DNQX (up to 20 jiM) blocks shock-evoked responses and 
the initial fast component of odor-evoked responses. The slower 
component is often potentiated as well, probably due to reduced 
feedback inhibition from granule or periglomerular cells. Subsequent 
addition of APV or MK-801 (up to 100 JiM) blocks the remaining 
slower transient by up to 60-80% . Thus a major component of die 
slow odor-evoked Ca2+ transient appears to be NMDA-mediated, while 
the persistence of some sustained rise in Ca2+ suggests that other 
receptors may contribute to transmission at this synapse. Funded by 
BCHRF and NSERC.

501.3

MITRAL AND GRANULE CELL ACTIVITY IN RELATION TO 
LOCAL HELD POTENTIAL OSCILLATIONS IN THE FROG 
OLFACTORY BULB. B.J. Hall* and K.R, Delaney, Dept. of 
Biology, Simon Fraser University, Burnaby, B.C., Canada, V5A 1S6.

Local field potential (LFP) recordings from the frog olfactory7 bulb 
(OB) reveal both spontaneous and odour-induced oscillations. 
Spontaneous activity is predominantly below 5Hz, is spatially coherent 
and persists in the absence of both afferent input and centrifugal 
innervation. The induced oscillation (IO), evoked by brief (50-400ms) 
application of an odourant to the sensory7 epithelium of an in vitro 
nose/brain preparation, is fast (8-MHz), transient (~2s), and highly 
coherent across the bulb. Intracellular recordings show that mitral cells 
(MC) commonly exhibit an initial brief excitation followed by a slow 
phase of inhibition during the IO. This inhibition is of variable 
amplitude and superimposed upon it are membrane oscillations phase 
locked to the LFP. Action potentials (AP) are infrequent during the IO 
but, when present, are in-phase with membrane depolarization and 
limited to one per cycle. In contrast granule cells (GC) are depolarized 
during the IO and fire APs in phase with the LFP almost every cycle. 
Suppressing MC spiking with the GABAb agonist baclofen (IOji M) 
causes a dramatic attenuation of the spontaneous LFP while both 
frequency and amplitude of the IO remain unchanged. These results 
suggest a mechanism for maintenance of the IO which is independent 
of MC spiking and relies primarily on subthreshold activity in MC 
secondary dendrites. Alternatively, the IO may result from phasic 
GABAa  mediated inhibition within an excited GC network, 
independent of phasic MC activity. Supported by BCHRF/NSERC.

501.4
SEROTONIN AND NOREPINEPHRINE INTERACT SYNERGISTICALLY TO 
PROMOTE EARLY OLFACTORY LEARNING
P.E. Langdon*, T.L. Price. A. Darby-King, C.W. Harley, & J.H, McLean. Basic
Med. Sci., Memorial Univ. of Newfoundland, St. John’s, NF, Canada A1B 3V6.

Localized serotonin (5-HT) depletion of the olfactory bulb (McLean et ai., 
1993) or direct injection of ritanserin (5-HT2 antagonist) into the olfactory bulb 
disrupts conditioned olfactory learning (McLean et a!., 1996). However, when 
5-HT depleted pups are injected with 4 mg/kg of the 3-agonist isoproterenol 
(ISO) prior to odor (CS) + stroking (UCS) olfactory learning did occur. This 
demonstrates that the learning deficits induced by 5-HT depletion can be 
overcome by a stronger than normal UCS (Langdon et al., 1996).

The present experiments extend our investigation of the interaction of 
serotonergic and noradrenergic systems in promoting early olfactory learning. 
The first experiment asked if norepinephrine alone could overcome the 
deleterious effects of 5-HT-depietion. Pups depleted of bulbar 5-HT and tested 
with 6 mg/kg of ISO successfully learned an odor preference, The second 
experiment assessed the ability of the 5-HT2 receptor agonist DOI to prime 
normally ineffective doses of ISO in normal pups. PND 7 pups were injected 
s.c. with 2 pg DOI and a range of ISO doses (0.5, 1, 2 and 4 mg/kg) were 
paired with odor. DOI promoted olfactory learning at a normally ineffective dose 
of ISO (1 mg/kg). The results support a helper or priming role for 5-HT in 
noradrenergic-mediated olfactory learning Supported by NSERC and MRC of 
Canada.

501.5
DOPAMINE TRANSPORTER IMMUNOCYTOCHEMISTRY IN THE MAIN 
OLFACTORY BULB: A COMPARATIVE STUDY IN FOUR SPECIES. A
Solodkin*, F.L. Margolis, B.J. Davis and M.T. Shipley. Anatomy and 
Neurobiology. Program in Neuroscience. University of Maryland at Baltimore, 
Baltimore, MD, 21201.

The post-synaptic action of dopamine is partly regulated by the 
dopamine transporter (DAT). Presynaptic re-uptake of dopamine by DAT 
determines the degree of its diffusion in the extracellular space, and the 
availability of dopamine postsynaptically Since variable levels of tyrosine 
hydroxylase (TH) enzymatic activity and immunocytochemistry have been 
demonstrated in the main olfactory bulb (MOB) of several species, we were 
interested in determining the relationship between the levels of TH and DAT 
immunoreactivity (-IR) in mice, hamster, monkey and rat. DAT-IR was 
localized primarily in the glomerular layer of the MOB. IR-somata of 
juxtaglomerular neurons surrounded individual glomeruli and their !R-dendrites 
formed a dense network throughout the core of the glomeruli. This distribution 
of DAT-IR overlapped that of TH. The density of both DAT and TH-IR varied 
across species. The densest DAT and TH immunostaining was found in mice 
and hamsters. Rats and monkeys showed less DAT-IR, even though the 
distribution of staining was similar to that of mice and hamster. However in 
the rat, a mismatch between the intensity of TH and DAT-IR was observed, 
where the intensity of TH-IR was greater than DAT. This mismatch was not 
observed in the other species. These observed differences among species 
suggest that a variety of mechanisms regulate the levels of dopamine in the 
extracellular space of the MOB. In Dopaminergic action on the post-synaptic 
receptors in the rat may be more limited by degradation rather than re-uptake, 
whereas in other species, reuptake may have a more prominent role. 
Supported by: NIH DC 00347, DC 02588 and DC 00245.

501.6

TESTOSTERONE CHANGES TOMOXETINE EVOKED
NOREPINEPHRINE RELEASE FROM OLFACTORY BULBS OF 
MALE RATS. Y. Shang*., J. W, Boia and D. E. Dluzen.
Dept. of Anatomy and Dept. of Pharmacology, Northeastern Ohio 
Universities College of Medicine, Rootstown, OH 44272.

Previous work in our lab has indicated that castration 
significantly alters norepinephrine (NE) output from superfused 
olfactory bulbs (OB) of male rats in response to the norepinephrine 
uptake blocker Tomoxetine. To further understand whether testosterone 
plays a key role for this phenomenon, we measured the NE release from 
superfused OB of castrated rats supplied with testosterone (n = 8), as 
well as castrated (n = 6) and intact rats (n = 13). Compared with the 
castration only group, a significant reduction of NE outflow in response 
to Tomoxetine (1 mM) was obtained in the castration plus testosterone 
and intact groups. No differences were detected between the castrated 
plus testosterone and intact males. Currently, the effect of castration 
upon the affinity as well as density of the NE transporters in male OB 
are under investigation. Preliminary results suggest that castration 
increases the affinity of NE transporters to [2H]-Nisoxetine. These 
results imply that testosterone may affect the function of NE uptake sites 
in the presynaptic memebrane. NEOUCOM-Pioneer Research 
Award.
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501.7
IMMUNOCYTOCHEMICAL LOCALIZATION OF GLUTAMATE AND GABA 
IN THE ACCESSORY OLFACTORY BULB OF THE RAT. E. Ouaglino1. M. 
Giustetto1, P. Panzanelli1. A. Fasolo2. D. Cantino1 and M. Sassoe-Pognetto*1.
’Dipartimento di Anatomia, Farmacologia e Medicina Legale and 2Dipartimento di 
Biologia Animale, Universita di Torino, I-I0126 Torino, Italy.

The synaptic organization of the accessory olfactory bulb (AOB) was studied in 
the rat with antibodies against the excitatory neurotransmitter glutamate and the 
inhibitory neurotransmitter y-aminobutyric acid (GABA). To a large extent, the 
immunoreactivity patterns produced by the two antibodies were complementary.

Glutamate-like immunoreactivity (-LI) was conspicuous in the vomeronasal nerve 
layer and in the glomerular neuropil. Labelling was also present in mitral cells and 
in large neurons located in the periglomerular region. Immunogold electron 
microscopy revealed high levels of glutamate-LI in the axon terminals of 
vomeronasal neurons. These results are consistent with glutamate being the 
neurotransmitter released by vomeronasal nerve fibers. This is also supported by the 
presence of the glutamate-receptor subunit NMDAR1 in mitral cells.

GABA-LI was present in small neurons located in the granule cell layer and in the 
periglomerular region. Labelling of serial semithin sections showed that the GABA-
positive and the glutamate-positive neurons of the periglomerular region are distinct 
populations. Electron microscopy showed that GABA-LI is concentrated in the 
dendritic spines of granule cells, which are presynaptic to mitral cells.

These results are consistent with electrophysiological studies indicating that the 
synaptic organization of the AOB is similar to that of the main olfactory bulb. In 
both systems, glutamate is the neurotransmitter used by primary afferents and output 
neurons, while GABA is involved in the circuits underlying lateral and feedback 
inhibition.
Financial support byMURST (40% and 60%) and CNR.

501.8
Fos/Jun-DEPENDENT REGULATION OF TYROSINE HYDROXYLASE 
GENE EXPRESSION IN THE ODOR-DEPRIVED MOUSE OLFACTORY 
BULB. N. Liu*, E, Cigola, C, Tmti, B.K. Tin and H. Baker. Cornell Univ. 
Med. Coll, at The Burke Med. Res. Inst., White Plains, NY 10605

Odor deprivation produced by naris closure down-regulates tyrosine 
hydroxylase (TH) gene expression in the olfactory bulb glomerular 
layer. In vitro, TH gene transcription is known to be regulated through 
AP-1 and CRE motifs present in the TH promoter. Expression of 
transcription factors that bind to these motifs, such as c-Fos and Fos-B, 
but not Jun-D CREB or CREM, also are down-regulated by odor- 
deprivation. To identify DNA/protein interactions specific to TH gene 
regulation in olfactory bulb the current studies used gel retardation and 
supershift analyses. Nuclear extracts were isolated from olfactory bulbs 
ipsilateral and contralateral to unilateral naris closure produced in adult 
mice. The oligonucleotide probes (23-24mers) included TH AP-1 and 
CRE motifs and near flanking sequences. The sequence-specific doublet 
binding pattern, produced with the AP-1 probe, was decreased by naris 
closure. Addition of excess cold CRE probe also abolished binding, 
suggesting that the CRE binding proteins recognized the AP-1 sequence. 
Supershift assays demonstrated that the AP-1 protein complex 
contained Fos-B and Jun-D, but not c-Fos, CREB, or CREM. The CRE 
protein binding complexes consisted of two distinct bands abolished by 
cold CRE. Cold AP-1 did not affect the upper band but decreased the 
density of the lower band. Supershift assays showed that the upper 
band contained CREB and CREM while the lower band included CKEB, 
CREM, Fos-B and Jun-D. The analysis also showed that odor- 
deprivation decreased expression of the Fos-B/Jun-D-containing 
complexes. These data suggest that a transcription factor complex 
containing Fos-B is likely responsible for the activity-dependent 
regulation of TH gene expression in the olfactory bulb.
Supported by NIH grant #AG09686.

CORTEX: ANATOMY

502.1
THREE CALCIUM-BINDING PROTEINS IN PRIMARY MOTOR AND VISUAL 
CORTICES OF CETACEAN AND PRIMATE BRAINS: COMPARATIVE 
IMMUNOCYTOCHEMICAL ANALYSIS. I.I. Glezer* P.J. Morgane2, P.R, Hof3. J. 
Andrews4. J, Chang J. Ioaonnou *. J.Iype *. D, Joseph4, G. JungM. Kouloris P.Parhar 
x. C. Vavasis 1 .* Dept. Cell Bio. & Anat. Sci.CUNY Med Sch. NY, NY 10031,2 Dept. 
Pharmacol. Univ. New Engl., Biddeford, ME 04005,3 Dept. Neurobiol., Mount Sinai Sch. 
Med., NY, NY 10029,4MBRS/CRS Progr. CCNY, NY, NY 10031.

Immunocytochemical analysis and computerized imaging revealed both similarities and 
pronounced differences between the bottlenose dolphin (Tursiops truncatus) and primates 
{Homo sapiens and Macaca fascicularis) in distribution of calcium-binding proteins (CaBP) 
ir-neurons in primary motor (Ml) and visual (V1) cortical areas. In both mammalian orders 
the percentages of CaBP ir-neurons of total neurons are significantly higher in area Ml than 
in Vl(p<0.002 in dolphin, p<0.0001 in primates). In primates the percentages of all three 
populations of calcium-binding ir-neurons such as parvalbumin (PV), calbindin dK-28 (CB) 
and calretinin (CR) are significantly higher in area Ml than in Vl(p<0.0001for all three 
CaBP), whereas in cerebral cortex of bottlenose dolphin, only CR and CB ir-populations are 
significantly increased in Ml over the such populations in Vl(p<0.0025 for CB and 
p<0.0015 for CR). Percentages of PV ir-neurons in Ml and VI areas of the dolphin are 
almost identical. Whereas in cetacean Ml and VI all PV ir-neurons are non-pyramidal, in 
primates many large and giant pyramidal neurons in Ml are PV-immunoreactive. 
Percentages of PV ir-neurons in neocortex of the dolphin comprise 20% of total CaBP ir- 
neurons in Ml and 30% in VI. In primates these percentages are significantly higher: 60% 
for both Ml and VI. In area VI of dolphin CR-ir neurons are mostly medium and large 
bipolai/bitufted cells concentrated mostly in layers I and II. In area Ml of the dolphin there 
is an additional sublayer of layer II consisting of small multipolar granular cells which are 
absent in area V1. Patches of these cells are also present in layer VI of area M1. Overall, the 
found similarities and differences between cetacean and primates in distribution of CaBP ir- 
neurons in cortical areas Ml and VI reflect both the general traits and specific adaptations 
in evolution of aquatic and terrestrial mammals. Supported by gi ants: HD-22539 - NIH, 
RF of CUNY 667243 and MBRS/CRS grant of NSF.

502.2
THE ORGANIZATION OF CORTICOSPINAL PROJECTIONS IN THE 
MARMOSET (CALL1THR1X JACCHVS JACCHVS). M.P. Galea* School of 
Physiotherapy, University of Melbourne, Parkville, Victoria, 3052, Australia.
Corticospinal projections were examined in the marmoset, a New World primate 

with a non-opposable thumb. Corticospinal (CS) neurons were labeled retrogradely by 
the injection of up to four different fluorescent tracers (Fast Blue, Diamidino Yellow, 
Rhodamine and Green Latex Microspheres) on both sides of the spinal cord. Maps of 
the unfolded cortex of both cerebral hemispheres were constructed to compare the 
spatial distributions of labeled CS soma populations, which were visualised using 
fluorescence microscopy. CS terminations at the spinal level were labelled by the 
injection of up to three differentiable, anterogradely transported dextrans, Lucifer 
Yellow Dextran (LYD), Biotinylated Dextran Amine (BDA), and Tetramethyl 
Rhodamine Dextran (TMRD) into specific cortical areas with peak CS densities (see 
below). BDA and LYD-labeled corticospinal terminals were visualised using light 
microscopy following appropriate immunohistochemistry.

Preliminary results indicate that labeled CS somata are extensively distributed 
bilaterally, but predominantly contralaterally, throughout lamina V of the rostral 
forebrain. The highest density of labelled neurons is in the frontoparietal region 
corresponding to the sensorimotor cortex, with other peaks observed in mesial cortex, 
as well as the cortex on the dorsal lip of the lateral sulcus. The ipsilateral projection 
has a similar, though much less dense distribution. The majority of CS axons 
decussate in the medulla and descend in the dorsolateral column of the spinal cord. 
Uncrossed axons descend ipsilaterally, also in the dorsolateral quadrant. A ventral 
corticospinal tract has not been observed. Projections from sensorimotor cortex 
terminate extensively throughout the intermediate zone, extending into the base of the 
dorsal horn, as well as the medial and dorsal regions of the ventral horn.

(Supported by NH&MRC grant no. 970348)

502.3
SOMATODENDRITIC MORPHOLOGY OF CORTICOSPINAL, 
CORTICOTHALAMIC AND CORTICOSTRIATAL NEURONS IN RAT 
MOTOR CORTEX. Z. H, Zheng , W. J. Gao and S. Huang* *. Shanghai Brain 
Research Institute, Chinese Academy of Sciences, Shanghai 200031, P.R. China; 
1 Dept. of Anat., George Washington Univ., Washington, D.C. 20037, USA

Fast Blue retrograde tracing combined with intracellular Lucifer Yellow 
injection in fixed slices and DAB photoconversion were used to study the 
morphological features of the neurons of both pyramidal system (corticospinal 
neurons) and extrapyramidal system (corticothalamic and corticostriatal neurons) 
in layer V of motor cortex in the rat. The corticospinal neurons (PTN) were large 
and medium-sized pyramidal cells in deep part of layer V(Vb), their apical 
dendritic shafts were thick and tapered in ascending course with 2-4 arborizations 
in layer III, then reached layer I and gave rise to several small tufts. One third of 
the neurons were covered with dense-spine, one third sparse-spine and the rest 
unidentified.

The corticostriatal neurons (CSN) were mainly small or medium-sized cells 
located in superficial part of layer V(Va), significantly smaller than PTN. Their 
apical dendritic shafts were much slender, but reached layer I where they also 
made a few tufts. All of the CSN neurons were spiny cells, of which, one third 
dense-spine, two third sparse-spine. The corticothalamic neurons (CTN) were 
generally identified in both the layer Va and VI and were small- and medium-
sized neurons with slender apical dendritic shafts, too. Both the number spiny 
neurons (one third with spine, two third spine-free) and the spine density of CTN 
were the least among the three kinds of cells.

This study indicated that the different projection neurons of rat motor cortex 
have different somatodendritic morphological organizations in addition to their 
different projection sites.
This work was supported by a grant from NNSF of China (No. 39570244).

502.4
GALECTIN-3 IMMUNOREACTIVITY IN THE INSULA OF THE 
RHESUS MONKEY: A LIGHT MICROSCOPIC STUDY. James R, 
Augustine*. Maurice Nachtigal and Johannes W. Tigges. Departments of 
Cell Biology and Neuroscience, and Pathology, USC School of Medicine, 
Columbia, SC 29208 and Yerkes Regional Primate Research Center and 
Dept. of Anatomy and Cell Biology, Emory University, Atlanta, GA 30322.

As part of our continuing studies of the chemical neuroanatomy of the 
primate insula, we investigated galectin-3 immunoreactivity in the rhesus 
monkey’s insular cortex at the light microscopic level. Galectin-3 is a B- 
galactoside-binding animal lectin which binds to neural recognition 
molecules. In the nervous system it has been detected in a subset of dorsal 
root ganglionic neurons, in microglial cells and/or in macrophages 
infiltrating at sites of brain injury in vivo. At the cortical level, nothing is 
known about the neuronal classes or distribution of neuronal elements 
immunoreactive for galectin-3. The brains from five rhesus monkeys, 
perfused with 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M 
phosphate buffer, were removed, cryoprotected, frozen, and sectioned. 
Free-floating sections were processed using anti-galectin-3 rat IgG 
[supernatant from hybridoma M3/38 (ATCC)]. Light microscopic analysis 
revealed moderate galectin-3 immunostained neurons throughout most 
layers and at all rostral-caudal levels of the insula. There was an absence of 
immunostaining of neurons in layer I. Labeled neurons throughout layers 
II through VI were 10-15 pm in major transverse diameter, pear-shaped or 
round with an occasional vertically oriented, delicate, apical process. Fibers 
unrelated to somata were occasionally visible in the neuropil (especially in 
layers II and III). This is the first report of the presence of galectin-3 
immunostaining in the primate cerebral cortex. Based on their structural 
characteristics and laminar distribution, these immunoreactive elements are 
probably intrinsic or local circuit neurons involved in the inhibitory 
circuitry of the primate insula. (Supported in part by NIH grant RR-00165 
to Yerkes Regional Primate Research Center.)
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502.5
CORTICO-CORTICAL AND THALAMOCORTICAL PROJECTIONS 
TO LAYER I OF THE PREFRONTAL/PREMOTOR NEOCORTEX IN 
RATS. B.D. Mitchell* and L.J, Cauller, GR41, Neuroscience Program, 
University of Texas at Dallas, Richardson, TX 75083-0688.

Layer I of the neocortex is a dense synaptic zone consisting of 
horizontal axons running in all directions (Cauller et al, 1997) making 
synapses with the distal apical dendrites of supragranular neurons and 
layer V pyramidal projection neurons. In addition to the “backward” 
corticocortical and widespread layer VII projections to layer I (Clancy 
and Cauller, 1997), thalamic inputs also terminate in layer I of the rat 
although the horizontal extent of these thalamic projections has not been 
fully determined. We have studied the origin and extent of cortical and 
thalamic projections to layer I of prefrontal/premotor (Fr2) areas of rat 
neocortex. Cortical origins of layer I inputs were identified by 
applications of the retrograde tracer Diamidino Yellow directly applying 
to the pial surface. Identical applications in SI confirm that this technique 
penetrates no deeper than layer II. Layer I applications on Fr2 labeled 
cells contralaterally in Fr2 layers V and II homotopical to the application 
site. Additionally, diffuse labeling was observed ipsilaterally in upper 
layer V of Frl, Fr2, Pari, and Par2 and in layer II of Frl, while dense 
labeling which extended for several millimeters rostrocaudally occurred in 
layer VH from prefrontal to somatosensory cortex. Most cells found in 
thalamus were in VM, less in VL, and Reuniens. Many cells were also 
found in Nuc. Basalis and ventral striatum, Substantia Innominata.

502.6
MOTOR AREAS SHARE A COMMON „RECEPTOR FINGERPRINT', BUT 
DIFFER IN RECEPTOR DENSITIES. AN AUTORADIOGRAPHIC STUDY IN 
THE MONKEY CORTEX. S. Geyer1'2 *, M. Matelli2, G. Luppino2, A. Schleicher1, K. 
Zilles1. ’Brain Research Institute, Univ. Dusseldorf, Germany; 2Istituto di Fisioiogia 
Umana, Univ. Parma, Italy.

Increasing evidence in primates suggests that cortical areas as functional entities 
are precisely reflected not only on a microstructural (e.g. cytoarchitectonic) but also 
on a neurochemical level, i.e. inter-areal differences in binding densities and patterns 
of neurotransmitter receptors. Each motor-related area of the monkey cortex, e.g. 
primary motor (Ml), supplementary (SMA), or pre-SMA, can be characterized by a 
„receptor fingerprint" which is related to its function. Unfixed adult macaque brains 
were cut with a cryostat microtome. Sections were processed for quantitative in vitro 
receptor autoradiography. Various binding sites were labeled with [3H]ligands which 
bind to receptors of classical neurotransmitters. Adjacent sections were cell stained 
for correlation with cytoarchitecture. All binding sites are inhomogeneously 
distributed throughout the frontal cortex. Clear-cut changes in laminar binding 
patterns of many ligands exactly match corresponding cytoarchitectonic borders 
among primary motor, mesial, and lateral premotor areas. When mean areal binding 
densities of each ligand to Ml, SMA, or pre-SMA are plotted on the axes of a polar 
plot, a polygon is obtained for each area („receptor fingerprint"). The shape of each 
polygon reflects the quantitative interrelation between different binding sites, its size 
indicates absolute binding densities of an area. The „receptor fingerprints" of Ml, 
SMA, and pre-SMA are identical in shape, but they increase in size from Ml to pre- 
SMA. Identical shapes of the ..fingerprints" of Ml, SMA, and pre-SMA seem to 
reflect functional similarity of these motor-related areas. Increasing size of the 
..fingerprints" from Ml to pre-SMA seem to reflect their involvement in increasingly 
..higher level" motor functions. On this basis, Ml, SMA, and pre-SMA can be 
grouped into a „neurochemical family" of areas.

Supported by grants from the DFG (SFB 194/A6), BIOMED 2, and BIOTECH.

502.7
ARM FIELDS OF BOTH SUPERIOR AND INFERIOR AREA 6 IN THE 
MACAQUE MONKEY ARE TARGETS OF AREA PFG. M. Matelli*13. G 
Luppino13. P. GovoniL and S. GeyerL HIstituto di Fisioiogia Umana; ^Istituto di 
Istologia ed Embriologia, Universita' di Parma, Via Gramsci 14, 1-43100 Parma, 
Italy; 'Brain Research Institute, University of Dusseldorf, PO Box 101007, D-40001 
Diisseldorf, Germany.

Parieto-frontal circuits play a fundamental role in sensory-motor transformations. 
In particular, the circuit involving inferior area 6 and the rostral part of inferior 
parietal lobule (IPL) appears to be involved in the organization of hand/arm and 
mouth movements. It is not clear, however, whether this parietal sector is formed by 
one (area 7b) or by two areas (PF and PFG). Previous physiological studies support 
this last view. They showed that cutaneous and visual responses are more frequently 
found in the rostralmost part of IPL, whereas, more caudally, visual and 
somatomotor activity predominates.

In order to clarify this issue, we analyzed the projections of areas PF and PFG to 
the motor cortex in six macaque monkeys by using anterograde (BDA, WGA-HRP) 
and retrograde (fluorescent dyes) tracers. Area PF projects exclusively to inferior 
area 6. In this sector the labelling was dense on the cortical convexity and sparse in 
the posterior bank of the inferior arcuate sulcus. In contrast, area PFG projects to 
several areas located in various sectors of area 6. The projections to inferior area 6 
were the richest. They were exclusively confined to the bank of inferior arcuate 
sulcus. Other, but less dense projections, were found in the caudal part of superior 
area 6 (F2) and in pre-SMA (F6). Injections of retrograde tracers in motor areas fully 
confirmed the differential pattern of projections of PF and PFG.

The present data clearly support die view that the rostral part of inferior parietal 
lobule is formed by two distinct areas. Area PF should provide inferior area 6 with 
visual and somatosensory information. Area PFG appears to play a pivotal role in 
distributing its output to several distinct hand/arm motor fields.
(Supported by a EC Contract n-BMH4-CT95-0789)

502.8
CONNECTIONS OF THE SECOND (S2) AND PARIETAL VENTRAL (PV) 
SOMATOSENSORY AREAS WITH FRONTAL MOTOR CORTEX: A 
STUDY COMBINING ELECTRORECORDING, MICROSTIMULATION, 
CYTOARCHITECTURE, AND CONNECTIVITY. Carolyn W.H. Wu*, 
Narcisse P. Bichot and Jon H. Kaas. Department of Psychology, 
Vanderbilt Univ., Nashville, TN 37240.

Previously, we physiologically identified two somatosensory areas, 
namely areas S2 and PV, in the lateral sulcus of the prosimian primate, 
Galago. Here, we examined their connections with the frontal motor 
areas. The somatosensory areas of the lateral sulcus were first mapped 
with microelectrodes. Different neuroanatomical tracers, including 
fluorescent dyes and WGA-HRP, were injected into physiologically 
identified parts of the body representations in areas S2 and PV. After 
5-7 days survival time, the frontal cortex was extensively mapped by 
intracortical microstimulation (ICMS) in the same animals anesthetized 
with Telazol. After perfusion, cortex was either cut coronally or 
flattened and cut parallel to the brain surface. Sequences of brain 
sections were stained for TMB, cytochrome oxidase, Nissl substance, 
myelin, or mounted for fluorescene.

ICMS revealed several motor areas in the frontal cortex that coincided 
with their distinct cytoarchitectonic features. They were the primary 
motor area (Ml), ventral and dorsal premotor areas (PMv and PMd), and 
the supplementary motor area (SMA). We also found a region where 
both smooth pursuit and saccadic eye movements were elicited. Foci of 
labeling following S2 and PV injections were in areas Ml and PMv. 
Smaller patches of label were also found in the cingulate cortex of the 
medial wall. Taken together, these results suggest the importance of 
areas S2 and PV for sensorimotor integration.
(Supported by NIH grant NS 16446)

502.9
HISTOLOGICAL EVIDENCE FOR MULTIPLE DIVISIONS OF PRIMARY 
MOTOR CORTEX IN CHIMPANZEES. T.M. Preuss*(l), H.-X. Qi (2), P. Gaspar 
(3), and J.H. Kaas (2). (1) Division of Behavioral Biology, University of 
Southwestern Louisiana-New Iberia Research Ctr., New Iberia, LA 70560 USA; 
(2) Department of Psychology, Vanderbilt University, Nashville, TN 37240 
USA; and (3) INSERM U106, Hopital Salpetriere, 75561 Paris, France.

We examined the precentral motor region of three frontal lobes from 
chimpanzees (Pan troglodytes). Brains were fixed in 4% paraformaldehyde and 
frozen-sectioned longitudinally or coronally. Series of sections were stained 
for Nissl, SMI-32, MAP2, parvalbumin, and calbindin. Comparative material 
was available for macaque monkeys (n=4) and human (n=l).

Based on cyto- and chemoarchitectonic patterns, we distinguished three 
divisions of the gigantopyramidal cortex (area 4), which presumably 
corresponds to the primary motor cortex. The caudal division (4c) is confined to 
the anterior bank of the central sulcus. The intermediate division (4i) occupies 
the precentral gyrus and is distinguished from 4c by its larger deep layer III 
pyramidal cells. The rostral division (4r), located mainly in the precentral 
sulcus, has smaller layer III pyramidal cells than 4i, usually somewhat smaller 
or less numerous Betz cells than 4i, and is thinner overall. Area 4r stains more 
densely for SMI-32 than 4i and 4c. We also distinguished three divisions of 
area 4 in macaques and humans based on similar histochemical patterns. Area 
4 is largely confined within the central fissure in the human case.

We observed phyletic differences in the laminar distribution of SMI-32 
immuno-reactivity. In chimps and humans, neuropil staining extends very 
superficially in the cortex, while in macaques it is largely restricted to the 
deeper part of layer III. Also, macaques show more staining of basal cell 
dendrites in layers V and VI than do chimps and humans. [Supported by NS 
16446 and USL-NIRC],

502.10
LOCAL CIRCUITS OF THE MOTOR CORTEX IN ADULT MACAQUE 
MONKEYS. T. Arikuni* and A. Yamashita, Dept. of Anatomy, Nihon Univ. Sch. 
of Med., Itabashi, Tokyo 173, Japan.

Recent studies have revealed that cortical neurons receive plastic changes in the 
developing and mature brains, and that learning process in the cortex might involve 
morphological changes of cortical neurons. To investigate morphology of a single 
neuron to form local circuits in the motor cortex of adult monkeys, biocytin dextran 
amine was iontophoretically injected into the motor cortex (area 4b) of adult macaque 
monkeys. Biocytin-labeled neurons on serial sections were sketched and reconstructed 
two-dimensionally. In the present study, four types of axonal projections originated 
from area 4b were reported; axons were ramified and formed terminal boutons in a 
single or two cortical layers of the ipsilateral motor cortex. 1) A branch of the main 
axon of a large pyramidal cell of layer 5B in area 4b ascends in layer 5, goes up 
obliquely in layer 3B for 2.5 mm, and ramifies to form terminal boutons in layer 
3A. 2) The main axon of a pyramidal cell of layer 3A in area 4b goes down into the 
white matter, and reenters into area 4b. It ascends through layers 6, 5, and 3, forming 
terminal branches and boutons in layers 5 and 3. 3) The main axon of a pyramidal 
cell of layer 3B in area 4b on the lateral surface descends and bifurcates in the white 
matter. One branch reaches the sulcal motor cortex and distributes widely in layer 6, 
forming many terminals and boutons. 4) Two axons arisen from area 4b enter into 
layer 6 of area 4c from the white matter, and ascend in layer 5B: one axon issuing 
terminal branches and boutons mainly in the upper part of layer 5B, and the other 
mainly in the lower part of layer 5B. Distribution of axonal arbors might be 
trimmed during the infant to adulthood to produce laminar concentration observed in 
the present study. This work was partly supported by the Cooperation Research 
Program of the Primate Res. Inst., Kyoto Univ.
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502.11
SUBDIVISIONS IN THE LATERAL PREMOTOR CORTEX REVEALED BY 
VARIOUS ANATOMICAL CRITERIA AND FUNCTIONAL CORRELATES.
L. Gabemet, H.-X. Qi, M. Arnold and M.-C Hepp-Reymond*. Brain Research 
Institute, University of Zurich, CH-8029 Zurich, Switzerland.

Previous data on intracortical microstimulation and neuronal properties 
have shown a multiple representation of fingers and hand in the ventral (PMv) 
and dorsal (PMd) premotor cortex of the macaque monkey. These functional 
subdivisions suggest anatomical specializations.

We thus investigated the cytoarchitectonic organization of the premotor 
cortex (PM) in 4 monkey brains (M. fascicularis and mulatta) using various 
methods in order to disclose subdivisions with the help of several anatomical 
markers. Nissl staining was completed with histochemical techniques such as 
cytochrome oxidase (CO) and acetylcholinesterase (AChE). Immuno-
histochemical methods were also employed to locate calretinine, calbindine, 
parvalbumine, SMI-32, at and a2 subunits of the GABAa  receptor. These 
different methods, particularly CO, AChE, Nissl and SMI-32, allowed us to 
distinguish two regions in the lower bank of the post-arcuate sulcus (ArS): one 
deep and rostral with a clear lamination, granular and deprived of layer III 
pyramidal cells, and the other located more caudally and less differentiated. 
Similar features can be seen in the rostral part of the inferior and the superior 
ArS banks. Of particular interest were the clusters of layer V pyramidal cells 
found in the caudal part of the inferior and superior banks of ArS and in the 
spur. Other markers, such as the GABAa receptor help define boundaries 
between rostral and caudal PM and also those between PM and motor cortex.

In summary, the application of these histochemical techniques help to 
define more precisely and refine the PM subdivisions described by Matelli et 
al. (1985). In addition, the existence of pyramidal cells clusters could explain 
the various microexcitable sites found in some of these regions.

502.12
CORTICAL INPUTS TO THE DIGIT REPRESENTATIONS IN THE PRIMARY 
MOTOR CORTEX AND THE DORSAL PREMOTOR AREA OF THE CEBUS 
MONKEY. R.P. Dum* and P.L, Strick. Research Service, VAMC and Depts. 
Neurosurgery & Physiology, SUNY-HSC@Syracuse, NY 13210.

There has been confusion and controversy about the existence, location and 
connections of the digit representations in the premotor areas. To resolve these 
issues we used intracortical stimulation to identify the location of digit 
representation in the primary motor cortex (M1) and in the dorsal premotor area 
(PMd). Then, each region was injected with a different fluorescent tracer. We 
found that, in the frontal lobe, the digit representation in M1 receives input from 
all 6 of the premotor areas. The densest input to digit M1 originates in the PMd, 
the ventral premotor area (PMv), the supplementary motor area (SMA), the 
dorsal cingulate motor area (CMAd), and the ventral cingulate motor area 
(CMAv). Each of the premotor areas that projects to the digit representation in 
M1 also projects to the digit representation in the PMd. In fact, the portion of 
each premotor area that projects to digit M1 shows substantial overlap with the 
portion that projects to digit PMd. In addition, digit PMd receives input from area 
46 in the principal sulcus, whereas digit M1 does not. In the parietal lobe, the 
major inputs to digit M1 originate in various portions of the primary 
somatosensory cortex (SI) and from the second somatosensory cortex. In 
contrast, digit PMd receives its major inputs from lateral portions of area 5 in the 
superior bank of the intraparietal sulcus and from posterior portions of SI on the 
postcentral gyrus. These observations indicate that each of the premotor areas 
in the frontal lobe has a digit representation and that these digit representations 
are massively interconnected. In contrast to prior studies, we have found that 
digit PMd is interconnected with all of the other digit representations including that 
in the PMv. Furthermore, posterior parietal and prefrontal inputs distinguish digit 
PMd from digit M1. Support: USPHS 24328 (PLS).

502.13
COMPARISON OF CORTICO-MOTONEURONAL (CM) CONNECTIONS FROM 
MACAQUE MOTOR CORTEX AND SUPPLEMENTARY MOTOR AREA.
MA Maier*1, JN Davis1, J Armand2 PA Kirkwood1 N Phiibin1 N Ognjenovic1 and RN
Lemon1 'Sobell Department of Neurophysiology, Institute of Neurology, London, UK 
and 2CRNC, CNRS, Marseille, France.

CM connections from primary motor cortex (Ml) and supplementary motor area 
(SMA) were compared in anatomical and physiological studies in adult macaque 
monkeys. WGA-HRP (10%) was injected into the hand region of either Ml (2 
monkeys) or SMA (2 monkeys), guided by previous MRI scans and ICMS mapping. 
Injection sites were further defined by examination of cortico-cortical and callosal 
labelling. Densitometric analysis of the corticospinal projections showed that the bulk 
of labelled terminations was distributed in the spinal intermediate zone and revealed 
marked differences in the labelling within the hand muscle motor nuclei (HM): 
projections from Ml occupied the whole area of HM from the caudal C8 to caudal Thl 
segment, whereas those from SMA only occupied 20-65% of the same area. The densest 
projections from Ml occupied 21-65% of HM, those from SMA only 1-6%.

These results were confirmed in intracellular recordings in 2 monkeys from 30 
antidromically identified hand and forearm motoneurons (MNs) during local stimulation 
of Ml and SMA hand regions using pairs of intracortical electrodes. These stimuli 
evoked direct (D) and indirect (I) waves recorded from the corticospinal tract. At the C4 
level the latencies of these waves were shorter for Ml (D: 1.3 ms and I: 2.6 ms) than for 
SMA (D: 1.4 ms and I: 2.8 ms). Nearly all (90%) of MNs responded to Ml stimulation 
with early EPSPs, having latencies consistent with CM activation from the I wave. Only 
57% of MNs responded in this way to SMA stimulation, and EPSP amplitudes were 
much smaller than for Ml.

Thus there are major quantitative differences in the CM influence of Ml and SMA on 
hand and forearm motoneurons. The corticospinal outputs from Ml and SMA may act 
in parallel, but they are by no means equal partners in hand control by CM projections.

Supported by the Wellcome Trust, MRC, CNRS, Royal Society and British Council.

502.14
THE TERMINAL DISTRIBUTION OF THE CORTICOSPINAL PROJECTION 
FROM THE CINGULATE MOTOR CORTEX TO THE LOWER CERVICAL 
ENLARGEMENT (C5-T1) IN RHESUS MONKEY. R.J. Morecraft", J.L. Louie,
C.M. Schroeder, J. Keifer and D.J. Saoi. Department of Anatomy and Structural 
Biology, University of South Dakota School of Medicine, Vermillion, SD 57069.

The corticospinal projection from the cingulate motor cortex to the lower 
cervical enlargement (C5-T1) was investigated in 4 rhesus monkeys. Each received 
an injection of biotinylated dextran amine involving the arm representation of M3 (area 
24c) or M4 (area 23c). In M3 cases, dense terminal label (characterized by bouton 
and cluster formation) occurred in the lateral parts of laminae V and VI including the 
reticulated marginal border. Moderate to light labeling was found in the lateral parts 
of laminae IV, VII and dorsolateral part of lamina IX. In contrast, M4 cases 
demonstrated heavy terminal labeling in the medial parts of laminae IV, V, VI and 
VII. Lighter labeling involved the medial part of lamina III and the dorsolateral part 
of lamina IX. These observations demonstrate the corticospinal projection from the 
arm representations of M3 and M4 innervate distinct and separate parts of the spinal 
gray. In the same experimental material, the cortex from which these projections 
originated was directly interconnected with widespread parts of the prefrontal and 
limbic cortices suggesting direct linkages between higher-order multimodal association 
cortices and part of the spinal cord regulating arm movements. The corticospinal 
projection from M3 and M4 to the dorsolateral part of lamina IX, as well as the heavy 
inputs from M3 to the lateral region of the intermediate zone suggest direct cingulate 
influence on hand movement and a potential role for these descending systems in 
motor recovery following subtotal brain injury. Support: NSF OSR-9452894, NS 
33003 and Howard Hughes Medical Institute Undergraduate Research Award.

502.15
THE IPSILATERAL CORTICAL CONNECTIONS OF THE SUPPLEMENTARY 
MOTOR AREA IN THE CAT CEREBRAL CORTEX. S. Ghosh*. The 
Australian Neuromuscular Research Institute, Queen 
Elizabeth II Medical Centre, Nedlands, WA 6009, Australia

Non-primary motor areas of the cerebral cortex have 
not been studied in detail in mammalian orders other than 
primates. In a previous study of corticospinal
connections and of motor effects evoked by cortical 
stimulation in the cat, it was proposed that the 
Supplementary Motor Area (SMA) is located in 
cytoarchitectonic area 4& (Ghosh, 1997). In this study the 
ipsilateral cortical connections of area 4$ were studied 
by the injection of retrograde fluorescent tracers into 
identified forelimb and hindlimb representations in this 
area, and in area 4tf (Primary Motor Area, MI). Retrograde-
ly labeled neurons were counted in every fourth section of 
the coronal series and located in cytoarchitectonic areas 
of the cortex. The study found topographically organized 
connections between areas 4& (SMA) and 4< (MI) . Area 4$ 
was also found to receive projections from areas 6, 3a, 3b 
1, 2, 2pri, 5, 7 and insula. These findings support the 
location of a separate representation of contralateral 
limb movements in area 4$ (in the caudal or dorsal bank of 
the cruciate sulcus), homologous to the primate SMA. 
Reference:
1) Ghosh, S. (1997) J. Comp. Neurol. 380: 191-214

NH&MRC of Australia
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503.1
CONTRIBUTION OF MOTOR AREAS TO SELF-PACED AND 
AUDITORY-CUED MOVEMENTS IN HEALTHY HUMANS: A PET 
STUDY. P. Remy*. D, Roumenov. J.-M. Grogngt. Y. Samson. SHFJ, CEA, 
Orsay, France.
The role of the primary sensorimotor (SMI) and supplementary motor areas in 
self-initiated and externally-cued movements have been discussed. We used 
PET to study in normal subjects the activation of these areas during a simple 
movement performed either self-paced (subject's own frequency) or following an 
auditory cue. Eight right-handed healthy volunteers (26.1 ± 4.1 y.o.), with 
normal brain MRI were studied. rCBF images were acquired with the 
ECAT/953B tomograph in 3 rest and 4 motor conditions. In all motor 
conditions, the subjects performed a repeated flexion-extension of the five right 
fingers but the pacing of the movement differed as following : 1) self-paced 
movement; 2) movement auditory-cued at the same frequency that the self-paced 
movement; 3) movement auditory-cued at a frequency = 1/3 of the self-paced 
frequency; 4) subjects were asked to move at this latter frequency without the 
auditory-cue. The rest conditions were: silent rest, rest with the tone at the self- 
paced frequency and rest with the tone at the rate = 1/3 of the self-paced 
frequency. rCBF images were analyzed using the SPM software, each motor 
conditions beeing compared with the corresponding rest condition (silent or 
with auditory stimulus), with a statistical level of p<0.005 (uncorrected). As 
previously described (Remy et al., 1994), the self-paced movement activated 
mainly the contralateral SMI but not SMA while the auditory-cued movement 
a the same frequency activated contralateral SMI and bilateral SMA. Decreasing 
the frequency of the auditory-cued movement reduced the amount of activation of 
these latter areas. The movement paced by the subject to the memorized reduced 
frequency was associated with contralateral SMI, bilateral SMA and right 
prefrontal (area 46) activations. SMA seems to be involved in both self-paced 
and auditory-cued movements and prefrontal cortex likely plays a role in 
procedural memory of movement frequency.

503.2
SUPPLEMENTARY MOTOR AREA ACTIVITY DURING A SINGLE DIGIT 
MOVEMENT MEASURED BY REAL-TIME FUNCTIONAL MAGNETIC 
RESONANCE IMAGING. S.-G. Kim1. R, S. Menon2. J, S. Gati2. S, M, Lewis*3. 
andW. Richter1, ‘Center for Magnetic Resonance Research, University of Minnesota, 
Minneapolis, MN 55455,2The John P. Robarts Research Institute, London, Ontario, 
Canada, 3Brain Sciences Center, Veterans Affairs Medical Center, Minneapolis, MN 
55417.

Activity in human motor areas during a visually cued single-digit movement was 
measured by functional Magnetic Resonance Imaging in a single trial (real-time 
fMRI). Experiments were carried out on a 4 Tesla whole body imaging system with 
an echo-planar imaging sequence with a repetition time of 400 ms per imaging 
volume. Three axial 10 mm thick slices covering the region of interest were selected 
on the basis of anatomy. A flashing crosshair was displayed during the whole 
experiment. The subject was instructed to press a button on a key pad with the index 
finger when the text “push once” was displayed on the screen.

Maps were calculated by a time course cross correlation method. The time course 
from each pixel was correlated with a three-dimensional set of trapezoidal reference 
functions of varying width, onset, and rise/fall time. Pixels were then thresholded by 
the maximum correlation coefficient in this set.

Signal changes in motor areas were observed during a single digit movement 
without averaging. There was consistent activation in the supplementary motor area 
and, to a lesser extent, in the primary motor cortex, and sporadic activation in 
premotor areas. This finding agrees with recent PET and fMRI studies in humans, as 
well as with single neuronal recording data from monkey studies, which indicate that 
the SMA plays a role not only in complex and internally guided movements, as was 
thought earlier, but also in simple and triggered movements.
Support by the NIH (Grants MH57180 and RR08079) is gratefully acknowledged.

503.3
LOCALIZATION OF FINGER-REPRESENTATIONS IN SOMATO-
SENSORY AND MOTOR CORTEX USING FMRI. M. Rausch1. R 
Spengler2 , T. Yousef1*. U.T. Evsel1 1)Department of Neurophysiology, 
Faculty of Medicine, ^Institute for Neuroinformatics, Faculty of theoretical 
Biology, Ruhr-UniversitSt Bochum, D-44780 Bochum, F.R. Germany.
During the last years fMRI made a lot of progress in the localization of 
cortical activation due to sensory stimulation and was mostly used to study 
activation of whole cortical areas or to identify intercortical pathways. Here 
we try to exploit the high spatial resolution of fMRI to resolve substructures of 
sensory areas.
In our study we used fMRI to localize individual finger representations in 
somatosensory and motor cortex. As we know from other imaging 
techniques (EEG, MEG) finger representations are expected to cover not 
more then 1mm of the cortical surface. This implies that they are difficult to 
detect with fMRI. To localize finger representations we used a Single-Finger- 
Tapping-Task.
The study was conducted at 2.0 Tesla (Tomikon S200, Bruker, Germany) 
using a standard imaging headcoil. BlQod-oxygen-level-dependent images 
were acquired with a standard T2 -sensitive gradient-echo-sequence 
(TR= 190ms, TE=40ms, a=30°, 6mm slice thickness, acquisition time 24 
sec). We recorded from three coronal slices in the same session covering 
the pre- and postcentral gyrus. Each activation study comprised 16 cycles of 
rest and 16 cycles of stimulation of one finger (index, middle or ring finger of 
one hand).
For data analysis we used the Sotfware-Tools AIR (Woods et.al.) and SPM 
(Friston at.al.).
Subjects showed a stimulus induced activation in contralateral M-l and S-l. 
The activated regions were located at the cortical surface, band-shaped and 
had an extension of 2 to 3 mm. Activation clusters were strongly overlapping, 
but activation maxima shifted by 3 mm from lateral (index finger) to medial 
(ring finger).
Supported by the Deutsche Forschungsgemeinschaft Ey 8/23

503.4
PRELIMINARY EVIDENCE OF SOMATOTOPIC CORTICAL ORGANIZA-
TION OF STATIC JOINT TORQUE DIRECTION IN THE HUMAN UPPER 
LIMB. A.L. Ricamato*. J.D. Given and J.P.A. Dewald. SMPP, Rehab. Inst, of 
Chicago, and Dept. of PM&R, Northwestern Univ. Med. School, Chicago, IL 60611. 
Well-controlled mechanical experiments were combined with high-resolution EEG, 

EMG, and MRI data to investigate cortical organization of static joint torque develop-
ment. We have identified somatotopic differences in cortical activity as a function of 
static joint torque direction in the upper limb of three human subjects.

Subjects were seated with their wrist cast to a 6 degree of freedom load cell that 
measured the respective elbow and shoulder torques. Subjects were trained to produce 
elbow and shoulder torque ramps of 2 seconds duration followed by a 2-second steady 
state hold at 40% of the corresponding maximum elbow or shoulder torque using visual 
torque feedback. Four target directions separated by 90° and corresponding to elbow 
flexion-extension and shoulder abduction-adduction torques, were used in our para-
digm. EMGs were recorded from four elbow and six shoulder muscles using surface 
electrodes. EEG signals were recorded from a total of 121 electrodes placed in a cap 
on the subject’s head.

We developed a method to quantify differences in cortical activity that uses subject- 
specific 3D electrode locations to create a resultant 3D spatial vector representation of 
the region(s) of activation. The resultant center of cortical activity was determined by 
co-registration of the 3D spatial resultant vector with the cortical surface (reconstructed 
from MRI). We found a somatotopic organization in the center of cortical activity, e.g., 
shoulder adduction was more medial (4.5 ± 0.008mm) and more anterior (6.6 ± 
0.007mm) than elbow flexion (p < .01). In addition, somatotopic differences between 
shoulder abduction/adduction and elbow flexion/extension torque directions were also 
observed. These results were confirmed with Cortical Current Density reconstruction 
techniques and indicate the cortical activity associated with the production of static 
joint torque direction is organized in a somatotopic fashion.
Supported by NIDRR H133P20016 & H133B0024 & RIC Women’s Board.

503.5
CONTROL OF VARIABLES IN EXECUTED AND IMAGINED HAND 
MOTOR TASKS IN QUANTITATIVE EVALUATION OF FUNCTIONAL 
MRI. H. Henningsen*, I. Wheat, B. Mock, S. Knecht, T. Edgar, K. Bushara,
A. Gordon, Z. Bernstein, D. Cordes. I. Sorenson, P. Turski, B. R. Brooks
Depts. of Neurology and Radiology, Univ. of Wisconsin, Madison, Wl 
53705, Dept. of Neurology, University of Muenster, Germany, Dept. of 
Biobehavioral Sciences, Teachers College, Columbia Univ., NY 10027.

The present study compares the activation of cortical motor areas during 
the execution (EMT) and imagining of a task involving finger force 
production at a controlled force level and frequency. Subjects execute and 
imagine a finger flexion force task in which they squeeze a plastic device 
with the fingers of their right hand, at 10% of their maximum force. A 
fiber optic instrument along with an adjustable spring integrated in the 
device monitors force, movement amplitude and frequency. Repetitions are 
externally triggered by a 1 Hz tone. Before MRI scanning, the motor task is 
trained until the learning curve reaches a plateau. Subjects are also trained 
in the imagined motor task, to reduce variability of mental effort. Gradient 
echo-planar images (EPI) are acquired in 15 slice (7mm, 2mm gap) locations 
covering the entire brain on a 1.5T MRI scanner. In the four subjects 
examined so far, we found in the imagined motor task a clearly decreased 
activation in all supratentorial areas activated in the executed motor task. 
In all subjects a slight activation of the primary motor cortex was found in 
the imagined task . The supplementary motor area and bilateral premotor 
cortices showed the least changes during the imagined task as compared to 
the executed motor task. Thus, in a learned, simple, controlled finger force 
task, the activation pattern in imagination qualitatively resembles the 
executed pattern, while dear quantitative differences in volume of 
activation exist between the two conditions.
Supported by Alexander v Humboldt Foundation, ALS Foundation.

503.6
CORTICAL ACTIVATION ASSOCIATED WITH HUMAN 
SWALLOWING: A FUNCTIONAL MAGNETIC RESONANCE IMAGING 
(fMRI) STUDY. R. E. Martin1*, J. S. Gati2, A. J. Fox 1,2,R, S. Menon12. 
University of Western Ontario, ^Tom Lawson Advanced Imaging Laboratory, 
Robarts Research Institute, London, Ontario, Canada.

Although previous literature has emphasized bulbar mechanisms in the 
regulation of swallowing, recent neurophysiological and clinical evidence 
implicates the cerebral cortex in swallowing motor control. The aim of the 
present study was to determine the cortical regions activated in human 
swallowing. BOLD-based fMRI multislice axial images at 4 Tesla were 
obtained from 3 right-handed female subjects as they performed a task 
paradigm consisting of alternating periods of rest (i.e. fixation on cross-hair; 
30 s) and swallowing of saliva (30 s). Activation maps were generated through 
cross-correlation analyses.

Swallowing was associated with a significant increase in activation of the 
lateral pericentral cortex bilaterally in all subjects. The region of activated 
cortex included both die precentral gyrus (preCG) and the post central gyrus. 
Based on anatomical landmarks, activation within the preCG involved the 
primary motor cortex (MI) in 1 subject, and MI and premotor cortex in 2 
subjects. The inferior frontal gyrus also was significantly activated during 
swallowing in 2 subjects. These findings suggest that the cerebral cortex is 
involved in the sensorimotor control of human swallowing. (Supported by 
Canadian MRC, Ontario MOH Career Scientist Award (REM) and NSERC 
grant OGP0171208.)
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503.7
TIME COURSE OF DETERMINATION OF MOVEMENT DIRECTION 
BEFORE VOLUNTARY MOVEMENTS
Martin Sommer1 >2, Joseph Classen1 »3, Leonardo G. Cohen1. Mary Kay 
Floe ter*, and Mark Hallett1, 1 Human Cortical Physiology Unit, Human 
Motor Control Section, NINDS, NIH, Bethesda, Maryland; ^Department of 
Clinical Neurophysiology, University of Gottingen, Germany; ^Department 
of Neurology, University of Rostock, Germany

The primary motor cortex produces motor commands which 
include the encoding of the direction of movement. Excitability of the 
motor cortex can be assessed using transcranial magnetic stimulation 
(TMS). In order to elucidate the timing of increase in excitability in 
determination of movement direction before movement onset, we studied 8 
healthy subjects. They were asked to move the right thumb either to the 
left or downwards after a go-signal indicated the appropriate direction. 
Between the go-signal and movement onset, single TMS pulses were 
delivered to the contralateral motor cortex. We recorded the direction of the 
TMS-induced thumb movement, which was defined as 0°, and the 
amplitude of motor potentials (MEP) induced by TMS from abductor 
pollicis brevis and extensor pollicis brevis muscles. Compared to a control 
condition in which no voluntary movement was required, the direction of 
the TMS- induced thumb movement started to change gradually in the 
direction of the intended movement 75 ms before movement onset. 
Maximum changes were seen shortly before movement-onset (-37.995.1° 
with movements to the left, and +73.6121.5° with downwards movement). 
These directional changes were associated with changes of MEP amplitude 
of the target muscles. Our findings show a gradual development of the 
determination of movement direction starting 75 ms before onset of 
voluntary movement and parallels the increase in excitability of the motor 
cortex.

503.8
A CORTICAL MODEL TO EXPLAIN CHANGES OF 
REACTION-TIME AFTER TRANSCRANIAL MAGNETIC 
STIMULATION. H. Kaneko1, M. Akamatsu1, S. S. Suzuki1*, and L 
Hasbroucq2.1Natl. Inst, of Biosci. and Human-Technol., Ibaraki 305, Japan. 
Cognitive Neurosci. Lab., Marseille, Cedex 9, France.

We proposed a simulation system to explain the reaction-
time (RT) changes in a simple RT task comprised of a tactile 
go-signal (GS) on the right index finger and a motor response 
involving a button press (BP) using the left index finger after 
suprathreshold transcranial magnetic stimulation (TMS). A 
volunteer participated in the actual experiments. TMS was 
achieved using a MAGSTIM 200 with a figure-of-eight coil 
probe. Since the probability of BP cyclically changed about 
7Hz and TMS on contralateral somatosensory cortex (cS1) 
induced BP more easily than TMS on contralateral motor 
cortex (cM), we assumed natural frequency of each cortex and 
an association cortex as a coincidence detector, and then 
proposed a cortical module which is applicable to any cortex. 
The simulation system is the cascade of such cortical modules 
for cS1, an association cortex, and cM. Since the RT 
distributions obtained by the simulation model were similar to 
those of actual experiments, this model can explain the 
prolongation of RT enough. We believe that this cortical 
module is applicable to several RT tasks.

503.9
CORTICAL EXCITATION AND INHIBITION IN ACTIVE TARGET 
MUSCLES BY USING DOUBLE MAGNETIC STIMULATION TECHNIQUE 
T. Kuiirai* K, Kurokawa, K, Kujirai and M. Kurimura
3rd Dept. of Internal Med., Yamagata Univ. Sch. of Med., Yamagata 990-23, 

Japan
Double transcranial magnetic stimulation technique has been capable of 

investigating cortical inhibitoiy function in humans . In order to verify whether 
the cortical inhibition can still be preserved in the active state, we studied 7 
healthy subjects during sustained construction of hand muscles. We applied the 
conditioning-test design with one figure-of-eight coil. The first conditioning 
shock with the subthreshold intensity in active can still inhibit the following 
suprathreshold test response in the first interosseus muscle (FDI), lasting 5 ms , 
and also can show the significant excitation around -Ito -4 ms of interstimulus 
interval (p < 0.01), in which electrical test response fails to give any excitation 
or inhibition. Motor evoked response (MEP) in active FDI muscles consists of 
the two different components, which are divided by their peak latencies. 
Although the excitation is considered to derive from the cortical origin, it 
depends on the existence of the later component of MEP. Both cortical 
inhibition and excitation can be detected only on the later component of MEP. 
In contrast, the earlier component of MEP fails to have the inhibition or 
excitation either. According to peristimulus time histogram (PSTH), the 
behavior of I-wave formation in FDI is quite similar to cortical modulation of 
MEP. In brief, the change of MEP in size remained parallel to that of motor 
unit counts for I wave by the conditioning shock. The modulation is also in 
favor of the direction of induced current by the conditioning shock. These results 
indicate that the double transcranial magnetic stimulation technique in active 
state is capable of investigating cortical excitation as well as cortical inhibition.

503.10
CORTICO-CEREBELLAR CONNECTIVITY REVEALED BY TRANSCRANIAL 
MAGNETIC STIMULATION (TMS) OF THE HUMAN MOTOR CORTEX 
DURING POSITRON EMISSION TOMOGRAPHY (PET). T. Paus*. G. Leonard, 
M. Wolforth, R Visca. R. Comeau. R. Hoee, B. Pike, T. Peters. C.J. Thompson.
A.C. Evans. Montreal Neurological Institute, McGill University, Montreal, Quebec, 
Canada, H3A 2B4.

To study connectivity in the living human brain, we developed a technique that 
uses TMS to stimulate a selected cortical region while changes in cerebral blood flow 
(CBF) are measured with PET (J. Neurosci. 17:3178, 1997). In this study, we aimed 
the TMS coil at primary motor cortex (Ml). In seven right-handed female 
volunteers, left and right Ml were first localized by functional MRI and then 
stimulated during a subsequent PET session. The Cadwell Corticoil was positioned 
over Ml using structural MRI and frameless stereotaxy. Four 60-sec emission PET 
scans were acquired during TMS of each Ml; the scans differed in the number of 
TMS-trains delivered, i.e. 5, 10, 15 and 20 five-pulse (10 Hz) trains per scan, the 
intensity being set at 70% of the maximum output of the Cadwell Stimulator. Coil 
location was verified by a transmission scan. PET images were re-aligned, co-
registered with the subject’s MRI, and transformed into standardized stereotaxic 
space. ANCOVA was carried out to identify brain regions in which CBF co-varied 
with the number of TMS-trains. For the left Ml, this analysis revealed significant 
positive co-variations in the cerebellar vermis (X=4,Y=-61, Z=-12, t=4.8), the right 
(22,-49,-15, t=4.0; 23,-75,-21, t=3.4) and the left (-19,-41,-18, t=4.0; -15,-59,-20, 
1=4.6) cerebellar hemispheres. For the right Ml, similar TMS-CBF co-variations 
were observed in the cerebellum, but did not reach the significance threshold of 
t=3.0. These differences in the distal effects of the left and right Ml stimulation may 
be related to differences in coil orientation relative to motor cortex, or perhaps to 
hemispheric asymmetry in functional connectivity between the Ml and cerebellum. 
Supported by McDonnell-Pew Program in Cognitive Neuroscience, MRC and 
NSERC (Canada).

503.11
TRANSCRANIAL MAGNETIC STIMULATION OF HUMAN PREMOTOR 
CORTEX: MOVEMENT SELECTION AND DOMINANCE.
M.F.S. Rushworth1, N.D. Schluter1, K.R. Mills2, R.E. Passingham '* University of 
Oxford, ‘Dept. of Experimental Psychology, Oxford, OXI 3UD.2 Dept. of Clinical 
Neurology, Radcliffe Infirmary, Oxford, OX2 6HE.
We have used single pulse transcranial magnetic stimulation (TMS) to disrupt human 

motor (Ml) and premotor cortices (PM) during movement selection. Stimulation was 
with a 70mm figure eight coil at 70-80% of maximum output with a 2T Magstim 200. 
Subjects performed a choice reaction (RT) task. The response was one of two finger 
movements made to keys. The cues were four visual forms. TMS pulses were 
delivered with various onset delays from the cue. The Ml site was 1cm posterior to 
the point of threshold stimulation for evoked potentials in the flexor digitorum 
proftmdus. A PM site was located 2cm anterior and 1cm dorsal to this. Coregistration 
of TMS sites with MRI images showed the Ml site above the central sulcus hand area 
and the PM site above the centre of the dorsal precentral sulcus.
1. TMS to Ml late in the cue response interval (300, 340ms) delayed the RT of 
contralateral movements. This was true of Ml in both left and right hemispheres.
2. TMS to PM early in the cue response interval (140ms) delayed the RT of 
contralateral movements. This was true of PM in both left and right hemispheres.
3. TMS to the left, but not the right, PM also had an early effect on ipsilateral 
movements. TMSto Ml did not delay the RT of ipsilateral movements.
4. On a simple RT task, as opposed to the choice RT task, there was no 
distinguishable early effect of TMS on ipsilateral hand movement.
The early effect of PM stimulation indicates a role in response selection; this is not 
taxed by the simple RT task. The left PM has a dominant role and selects movements 
made by both hands.

Supported by Wellcome Trust Program Grant (038041/z/93).

503.12
INTRACORTICAL INHIBITION DURING POST-EXERCISE DEPRESSION 
OF MOTOR CORTEX EXCITABILITY
PS Stokic1*. WB McKay2, L Scott2, AM Sherwood2 3 and MR Dimitrijevic2 
‘MMRC- Mississippi Methodist Rehabilitation Center, Jackson, MS 39216 and 2Div. 
of Restorative Neurology and 3Dept. of Phys. Med. & Rehab.. Baylor College of 
Medicine, Houston. Texas 77030

It has been reported that motor evoked potentials (MEPs) elicited by transcranial 
magnetic stimulation (TMS) of the motor cortex are depressed following sustained 
maximal voluntary contraction (MVC). The aim of this study was to determine to 
which extend intracortical inhibition, as demonstrated by paired magnetic stimulation, 
is involved in the post-exercise MEP depression.

MEPs were recorded in healthy subjects from right (RTA) and left (LTA) tibialis 
anterior muscles. Conditioning and test stimuli were given at 2 ms interstimulus 
interval (ISI) using a double cone coil centered over the vertex. Conditioning stimuli 
were 0.95 x individual MEP threshold during 10% MVC of the right ankle dorsiflexors 
and test stimuli were 1.25 x individual MEP threshold in relaxation. Control and 
conditioned stimuli were alternated and delivered 15 s apart in relaxation, for 5 min. 
before and 30 min after the MVC of the right ankle dorsiflexors performed for 1 min 
(n=6). In the second paradigm (n=5), the effect of 1 min. left ankle dorsiflexor MVC, 
performed 5 min after the right MVC, was also studied.

Before MVC, conditioning TMS produced a significant suppression (-70%) of both 
RTA and LTA test MEPs. After the right MVC, control and conditioned MEPs 
decreased 65% and 55% in the RTA, respectively (p<.01) and both slightly increased 
in the LTA (-10%). This remained throughout a 30 min period. Following the left 
MVC, performed 5 min after the right MVC, the opposite was seen, a significant 
decrease in the LTA and -15% recovery in RTA for both types of responses.

These findings suggest that intracortical inhibition remains increased during the post-
exercise depression of MEPs and represents a dynamic process that can be modified.

Supported in part by V.L. Smith Foundation for Restorative Neurology, Houston, TX.
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503.13
CORTICAL REACTIVITY AND CONNECTIVITY CAN BE RE-
VEALED BY COMBINING MAGNETIC STIMULATION AND 
HIGH-RESOLUTION EEG. R.J. Ilmoniemi*, J. Virtanen. J. Ruohonen 
BioMag Lab., Helsinki Univ. Central Hospital, Tukholmankatu 8 F, 00290 
Helsinki. J. Karhu Dept. of Clin. Neurophysiol., Kuopio Univ. Hospital, 
70211 Kuopio. H.J. Aronen Dept. Radiology, Helsinki Univ. Central Hospi-
tal, 00290 Helsinki. R. Naatanen Cognitive Brain Research Unit, Dept. of 
Psychology, 00014 University of Helsinki. T. Katila Laboratory of Bio-
medical Eng., Helsinki Univ. of Technology, 02150 Espoo, Finland.

We have demonstrated the use of combined magnetic stimulation and 
electroencephalography (EEG) as a new tool to study cortical reactivity 
and connectivity.

We evoked cortical activity locally by transcranially applying a strong, 
changing magnetic field to the brain. The evoked activity was recorded 
with multichannel EEG and the activity was located using dipole model-
ing and minimum-norm estimation in a realistically-shaped head model 
using the CURRY™ software. The stimulus evoked strong local cortical 
activity immediately; within a few ms from the 100-microsecond stimulus 
a spreading activity was observed ipsilaterally. Within 20-30 ms, con-
tralateral activation occurred.

Transcranial magnetic stimulation combined with high-resolution EEG 
provides the first noninvasive tool to study cortical reactivity as well as 
corticocortical and interhemispheric connectivity. Large-scale applications 
of this method in fundamental neuroscience and in clinical medicine are 
to be expected.

Supported by the Academy of Finland, Foundation for Finnish Inven-
tions, the Instrumentarium Science Foundation, the New Technology 
Foundation, Runar Backstrom Foundation, and TEKES, Finland.

503.14
A NEW APPROACH TO THE UNDERSTANDING OF PHYSIOLOGY AND 
PLASTICITY OF THE HUMAN MOTOR CORTEX: 3D CO-REGISTRATION 
OF fMRI AND TRANSCRANIAL MAGNETIC STIMULATION MAPPING.
E. Bastings. D. Gage, J. Greenberg. D. Good, G. Hamilton. D. Moody, P. Ricci, T,
Pons*. Dept. of Neurology, Neurosurgery and Radiology, Bowman Gray School 
of Medicine, Wake Forest University, NC 27157.

Mechanisms of motor recovery after stroke remain controversial. Available 
studies using neuroimaging (PET, MRI) and transcranial magnetic stimulation 
have given inconsistent or controversial results. We describe here a co-
registration technique aimed to address the discrepancies between these 
exploratory modalities. Tracking of the location of the magnetic stimulator coil in 
space was accomplished using the Polhemus Isotrack II. This device consists of 
two transmitters and a receiver and allows for the simultaneous acquisition of the 
x, y, z coordinates and roll, elevation, and azimuth of both transmitters relative to 
an arbitrary reference location. One transmitter was attached to the subject’s 
nasion. The other, a point digitizer, was used to determine the spatial coordinates 
of the stimulating coil (figure of 8) as well as the coordinates of the subject’s ear 
canals, vertex, and inion. To determine on-line the 3D location of the motor cortex 
activated by each application of the stimulator, the coordinates of the comers of 
the coil were used to determine its center (point of maximal stimulation) using a 
simple mathematical algorithm. The roll, elevation, and azimuth of the nasion 
were used to correct the data for motion of the subject’s head between 
measurements. Co-registration of the stimulator data with the magnetic resonance 
T-l weighted volume scan was accomplished by manually identifying the location 
of the nasion, vertex, and ear canals on the MR data. The stimulator data were 
then overlaid onto the MR data using these reference locations. We describe here 
the preliminary results obtained in 3 normal subjects and 2 stroke patients who 
recovered from severe hemiparesis.

503.15
EEG-BASED BRAIN-COMPUTER INTERFACE (BCI) COMMUNICATION: 
IMPROVED ACCURACY THROUGH RESPONSE VERIFICATION. J.R. Wolpaw*1. 
H. Ramoseri. and D.J. McFarland1.1 Wadsworth Center, NY State Dept Health & SUNY, 
Albany, NY 12201 and 2Graz Univ of Technology, Graz, Austria.

Individuals can learn to control the amplitude of EEG activity in specific frequency bands 
over sensorimotor cortex and use it to move a cursor to a target on a computer screen in 
one or two dimensions (Electroenceph clin Neurophysiol 78:252-259, 1991 & 90:444- 
449, 1994). For each dimension, a linear equation translates EEG activity into cursor 
movement. To translate an individual's EEG control into cursor control as effectively as 
possible, the intercept, which determines the direction of movement (e.g., up or down), 
should be set so that all targets are equally accessible. Even though the intercept is 
continually adjusted on the basis of recent data, it does not perfectly eliminate the impact 
of spontaneous variations in EEG amplitude. This imperfection helps to limit accuracy of 
one-dimensional movement to 90-95%.

The present study evaluates a response verification (RV) procedure in which outcome 
is determined by the results of two successive and opposite trials (e.g., one top-target trial 
and one bottom-target trial). Success or failure on both is required for a definitive outcome: 
one success and one failure produces an undecided outcome. This response verification 
(RV) procedure largely eliminates errors due to imperfection in intercept selection. Thus, 
RV accuracy usually exceeds that predicted by combining two single-trial accuracies. For 
example, single-trial accuracy of 90% can yield RV accuracy of >99%.

The RV procedure provides a solution to the problem of spontaneous EEG variation that 
should be applicable to non-linear as well as linear algorithms. It should function 
particularly well for two-dimensional cursor movement and other forms of multi-
dimensional control. In these implementations, only the first trial need be multi-
dimensional. The second trial can simply ask: “Are you sure?” (Supported in part by the 
National Center for Medical Rehabilitation Research, NIH (HD30146).)

503.16
ANSWERING QUESTIONS WITH AN EEG-BASED BRAIN-COMPUTER 
INTERFACE. L.A. Miner*. D.J. McFarland. T.M. Vaughan. J.R. Wolpaw. Wadsworth 
Center, New York State Department of Health and State University of New York, Albany, 
NY 12201.

Individuals can learn to modulate the amplitude of the mu rhythm or related higher 
frequency EEG components to control one or two-dimensional movement of a cursor on 
a computer screen (e.g., Electroenceph clin Neurophysiol 78:252-259,1991 & 90:444- 
449,1994). EEG-based brain-computer communication could provide people with severe 
movement deficits access to a variety of assistive communication and control devices. This 
study evaluated its use in answering simple questions.

Four adults (one woman and three men; one with amyotrophic lateral sclerosis) learned 
to use mu (8-12 Hz) or beta (18-25 Hz) rhythm activity over sensorimotor cortex to control 
vertical cursor movement to targets at the top or bottom edge of the screen. In subsequent 
sessions, the targets were replaced with the words “YES” and “NO,” and the subjects used 
the cursor to answer spoken yes/no questions from closed (i.e., single-topic) or open (i.e., 
multiple-topic) question sets. For 5 consecutive sessions after initial question training, 
single-trial accuracy was 78-93%, and accuracy with the response verification (RV) 
method (adjacent poster) was 93-99%. Performances for closed and open question sets 
did not differ significantly.

The results indicate that interleaved attention to auditory queries did not interfere with 
EEG-based cursor control, that task complexity (at least as represented by open versus 
closed question sets) did not affect performance, and that the RV method considerably 
improved accuracy. They suggest that EEG-based BCI communication could be useful 
for individuals with severe motor disorders. (Supported by the National Center for 
Medical Rehabilitation Research, NIH (HD30146).)

503.17
EEG-BASED BRAIN-COMPUTER INTERFACE (BCI) COMMUNICATION: 
EVALUATION OF CONCURRENT EMG ACTIVITY. T.M, Vaughan*. D.J. 
McFarland. L.A. Miner. C.Y. Spilker, J.R. Wolpaw, Wadsworth Center, New York 
State Department of Health and State University of New York, Albany, NY 12201.

Individuals can learn to modify the amplitude of the mu (8-12 Hz) or beta (18-25) 
rhythm in EEG over sensorimotor cortex and use it to control movement of a cursor on 
a computer screen in one and two dimensions (e.g., Electroenceph clin Neurophysiol 
78:252-259,1991 & 90:444-449,1994). People remain still during performance, and 
paralyzed subjects can leant EEG control. Nevertheless, because in normal life mu and 
beta rhythms often correlate with peripheral activity, we are measuring EMG in 
multiple muscles during performance to assess its relationship to EEG control.

As well-trained subjects use the mu or beta rhythm over sensorimotor cortex to move 
the cursor to a target at the bottom or top of the screen, bipolar EMG channels are 
recorded bilaterally from temporalis muscle, anterior and posterior forearm, proximal 
palm (thenar to hypothenar eminences), and anterior and posterior calf. Each EMG 
channel is also measured during a maximum voluntary contraction (MVC).

In results to date, EMG during performance is low, usually less than 10% of MVC. 
Most important, the absolute difference between EMG for top and bottom targets is 
very low, averaging 0.6% (±0.7% SD) of MVC, and the higher value does not appear 
to be consistently associated with the top or bottom target.

These results suggest that EEG mu-rhythm or beta-rhythm control is not dependent 
on or consistently correlated with concurrent muscle activity. These implications are 
consistent with data from individuals with paralysis, and support the potential 
usefulness of EEG-based communication for those with severe motor disabilities. 
(Supported by the National Center for Medical Rehabilitation Research, NIH 
(HD30146).)

503.18
EEG MU AND BETA RHYTHM TOPOGRAPHIES WITH MOVEMENT IMAGERY 
AND ACTUAL MOVEMENT. D.J, McFarland*. L, McCane. L.A, Miner. T.M. 
Vaughan, and J.R, Wolpaw, Wadsworth Center, New York State Department of Health 
and State University of New York, Albany, NY 12201.

Individuals can learn to control the amplitude of the 8-12 Hz mu rhythm or the 18-25 
Hz beta rhythm in the EEG recorded over sensorimotor cortex and use it to move a 
cursor to a target on a video screen (e.g., Electroenceph Clin Neurophysiol 78:252-259, 
1991 and 90:444-449, 1994). Subjects often use motor imagery to control cursor 
movement, particularly early in training. To better understand the role and possible use 
of imagery in EEG-based control, we compared in naive subjects the EEG topographies 
associated with imagining hand movement to those associated with actual movement.

Each of 30 naive subjects (18 men and 12 women, 27 to 65 years old) sat facing a 
video screen while 64 channels of EEG were recorded. For 6 runs of 2 minutes each, 
a target appeared every 8 sec on the right or left edge of the screen and remained for 4 
sec. In each run, the subject either opened and closed the corresponding hand while the 
target was present, or imagined doing so. Frequency-specific differences between 
movement or imagery and rest (i.e., the inter-trial interval), and between right and left 
hand movement or imagery were assessed by topographies of R2 (the percent of total 
variance attributable to condition).

In the average data from all subjects, both movement and imagery were associated 
with desynchronization over sensorimotor cortex that was more prominent for the beta 
rhythm that for the mu rhythm. For both movement and imagery, right hand/left hand 
differences over sensorimotor cortex were evident for the beta rhythm.

The results indicate that mu and beta rhythm topographies, and presumably the 
cortical activation they reflect, are similar for movement imagery and actual movement. 
The greater specificity of beta rhythm activity suggests that it may be particularly useful 
for EEG-based prosthesis control. (Supported by the National Center for Medical 
Rehabilitation Research, NIH (HD30146).)
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503.19
PROMPT CLASSIFICATION OF EEG SIGNALS BASED ON THEIR SPATIAL DISTRI-
BUTION PRIOR TO MOVEMENT
J. Miiller-Gerking*1, G. Pfurtscheller2, and H. Flyvbjerg3
XHLRZ, Forschungszentrum Julich, Julich, Germany; 2Graz University of Tech-
nology, Graz, Austria; 3Ris0 National Laboratory, Roskilde, Denmark.
The functional specialization of parts of neocortex gives rise to distinct spatial 
distributions of activity under appropriate conditions. Here we consider EEGs 
recorded from 56 surface electrodes during intended movements of left or right 
index finger, or right foot, which are expected to show a strong lateralization 
effect in motor areas. These data have previously been successfully classified ac-
cording to intended movement with a method combining spectral features from 
individual channels; see, e.g., (Pfurtscheller et al. Electroenceph clin Neurophys-
iol, 90:456 1994). Here we show that the method of Common Spatial Pattern 
(Koles et al. Brain Topog 2(4):275,1990) makes prompt classification of individ-
ual multi-channel EEG recordings possible directly on the basis of their spatial 
distribution of activity.
From a set of spatio-temporal data sampled from two different populations, this 
method extracts two spatial patterns with the property that the one population’s 
projection on one of these patterns varies maximally, while the other population’s 
projection varies minimally, and vice versa for their projections on the other spa-
tial pattern. With these patterns known, any additional EEG can be classified 
on the basis of the time course of its projections on these pattern. A simple 
linear classifier using the variances of these projections as features performs very 
well, giving better than 80% recognition when used thrice to distinguish between 
the three types of intended movement described above.
This classification scheme seems well suited for a brain-computer interface, be-
cause of its high recognition rate, and because the interpretation of a brain 
signal requires little more than calculation of instantaneous scalar products in 
an inherently parallel process that can be carried out in real time.

BASAL GANGLIA: CELLULAR ELECTROPHYSIOLOGY

504.1
COORDINATED EXPRESSION OF POTASSIUM CHANNEL mRNA IN 
SINGLE RAT GLOBUS PALLIDUS NEURONS. G. Baranauskas*. 
T.Tkatch, D.T. Surmeier. Dept. Anatomy & Neurobiol., University of 
Tennessee, College of Medicine, Memphis, TN 38163

The globus pallidus is an important part of 'indirect pathway' 
from striatum to thalamus thought to be involved in the regulation of 
movement. Histochemically, three cell types have been described in the 
rat GP based upon the expression of glutamate decarboxylase (GAD), 
parvalbumin (PV) and choline acetyltransferase (ChAT). 
Electrophysiological studies of GP neurons have also revealed 
heterogeneity, particularly in the types of potassium conductances 
expressed.

To gain an understanding of the molecular basis for differences in 
the potassium currents expressed by GP neurons and to determine 
whether these differences were correlated with histochemical markers, 
single cell RT-PCR analysis of acutely-isolated rat GP neurons was 
performed. Neurons were initially subdivided into the three 
histochemically defined cell groups based upon the expression of GAD67, 
PV and ChAT mRNA. Neurons were then profiled for the co-expression 
of Kvl.l, 3.1,3.2,3.4,4.2 and (31 subunit mRNA. Neurons expressing 
GAD67 and PV (GAD+/PV+) co-expressed Kvl.l, 3.1 and pi but not Kv3.2 
or 4.2. GAD+/PV- and ChAT+ neurons both expressed Kv4.2,1.1 and Pl 
but not Kv3.1. These results predict that GAD+/PV+ neurons express 
primarily delayed rectifier like K+ channels (Kv3.1) whereas 
GAD+/PV- and ChAT+ neurons express prominent A-like channels 
(Kv4.2). Experiments are currently underway to provide physiological 
corroboration for the molecular profiling. This work was supported by 
NS26473 (DJS).

504.2
IMAGING VOLTAGE-DEPENDENT CALCIUM OSCILLATIONS IN 
DOPAMINERGIC NEURONS OF THE SUBSTANTIA NIGRA. PARS 
COMPACTA. J, C, Callaway* and C, J, Wilson. Dept. Anatomy and 
Neurobiology, University of Tennessee. Memphis, TN 38163.

Dopaminergic neurons in the pars compacta have a calcium- 
dependent pacemaker potential resulting in slow (0.5 - 4 Hz) voltage 
oscillations that usually evoke a single Na+ spike. These oscillations 
persist in the presence of tetrodotoxin (TTX). To examine Ca2+ changes 
associated with these oscillations individual dopaminergic neurons in 
300 pm slices from rat pars compacta were visually identified and 
patched using the whole cell method. Neurons were filled with fura-2 
(100-200 pM). Calcium transients were imaged at a frame rate of 
40-50 Hz during depolarizing steps of several seconds. In the presence 
of lpM TTX small (0.01 - 0.1 nA) depolarizations resulted in 10-20 mV, 
0.5-4 Hz oscillations. [Ca2+1, tracked the voltage in both the soma and 
dendrites, but lagged 90° out of phase. There was no measurable 
phase difference between the soma and dendrites. Calcium oscillations 
could be detected as far as 200 pm into the dendrites (the extent of our 
observations). Despite a greater volume, Ca2t transients in the soma 
were at least 30% of those in the dendrites, indicating that a large Ca2+ 
current in the soma may be controlling the oscillations. In the absence 
of TTX depolarizations also resulted in slow oscillations, but peaked 
with a single Na+ spike. Ca2+ transients resulting from an oscillation 
with a Na+ spike at the peak were similar to those without TTX except 
that the peak [Ca2*], occurred at the bottom of the
afterhyperpolarization and reached a slightly higher (20-30%) level with 
an accelerated rise-time. In the presence of 5 mM tetraethylamonium 
and 1 pM TTX oscillations peaked with large Ca2+ spikes recorded at 
the soma. Ca2+ influx associated with these spikes had the same 
spatial distribution as the low frequency oscillations.

504.3
GABAa  RECEPTOR-MEDIATED AFFERENT CONTROL OF 
NIGROSTRIATAL DOPAMINERGIC NEURONS IN THE RAT
C.A. Paladini* and J.M. Tepper, Center for Molecular and Behavioral Neuroscience, 
Rutgers, The State University of New Jersey, Newark, NJ USA 07102

The major GABAergic projections to substantia nigra pars compacta dopamine 
(SN-DA) neurons are from striatum (STR), globus pallidus, (GP) and substantia ni-
gra pars reticulata (SNR). These projections have been proposed to play a critical role 
in the control of dopaminergic neuron activity. The axon collaterals from SNR pro-
jection neurons inhibit SN-DA neurons through GABAa  receptors. The receptor sub- 
type(s) mediating the inhibition from STR and GP has been inferred to be both 
GABAa  and GABAb  according to different studies, but the identification has not 
been made for identified nigrostriatal dopaminergic neurons in vivo.

Adult male Sprague-Dawley rats were anesthetized with urethane and stimulating 
electrodes were implanted in STR, GP and ventral thalamus. Single unit extracellular 
responses were recorded following stimulation (0.1 - 1.0 mA, 0.5 ms duration at 
0.67 Hz) of STR, GP and thalamus from SN-DA neurons while the effects of local 
pressure application of the GABAa  antagonist, bicuculline (200 - 400 pM), and the 
GABAb  antagonists, 2-hydroxysaclofen (400 - 1000 pM) and CGP-55845A (200 - 
500 pM), onto the same neuron were also examined. All responses were analyzed us-
ing peristimulus time histograms and cumulative sum histograms.

STR stimulation inhibited SN-DA neuron firing by an average of 52% for a dura-
tion of 41 + 16 ms (mean + SEM) which was abolished by application of bicu-
culline (t = 2.5, p < 0.05) but was not blocked by either GABAb antagonist. GP 
evoked inhibition of SN-DA neurons (83%, 37 + 15 ms) was effectively blocked by 
application of bicuculline (t = 2.2, p < 0.05) but was not blocked by either GABAb  
antagonist. Similarly SNR evoked inhibition (63%, 24 + 7 ms) was effectively 
blocked by application of bicuculline (t = 1.8, p < 0.05) but was not blocked by ei-
ther GABAb  antagonist. These data suggest that monosynaptic inhibition of SN-DA 
neurons from STR, GP, and the projection neurons from SNR is mediated via the 
GABAa  receptor subtype. Supported by NS34865.

504.4
DO SILENT DOPAMINE NEURONS EXIST IN SUBSTANTIA 
NIGRA PARS COMPACTA OF NORMAL INTACT RATS? M. Dai 
& J.M, Tepper*. Center for Molecular and Behavioral Neuroscience, Rutgers, The 
State University of New Jersey, Newark, NJ 07102 USA.

A subpopulation (up to 50%) of hyperpolarized and “silent” dopaminergic (DA) 
neurons in substantia nigra pars compacta (SNc) has been reported to exist. The 
concept of silent DA cells came from the comparison of the number of 
spontaneously firing cells recorded in vivo prior to and after pharmacological 
manipulations such as acute haloperidol administration (Bunney and Grace, 1978). 
However, silent dopamine neurons have never been studied directly. In this study, 
the striatum or medial forebrain bundle (MFB) was stimulated (0.67 Hz, 1.0 mA and 
0.5 ms) in order to antidromically activate both spontaneously firing and silent DA 
neurons. In vivo extracellular single unit recording was conducted in chloral hydrate 
(400 mg/kg, i.p.) anesthetized rats. Antidromic spikes elicited by striatal or MFB 
stimulation in the absence of spontaneous activity were employed as indicators of 
the presence of silent cells. A total of 312 spontaneously active DA neurons was 
recorded in 36 rats. 190 of these cells had antidromic thresholds (AT) <1.0 mA. 
However, no silent cells were found.

Systemic administration of apomorphine (50pg/kg, i.v. or 400pg/kg, i.p.) was 
used to suppress the spontaneous activity of DA neurons. Even in the complete ab-
sence of spontaneous activity, 0.69+0.08 (n=39) and 1.39+0.14 (n=31) neurons per 
track could still be detected by their antidromic spikes elicited by striatal or MFB 
stimulation at 1.0 mA, respectively. These numbers were not significantly different 
(t=0.73, p=0.47 for striatum and t=0.19, p=0.85 for MFB) from the numbers of an-
tidromically activated spontaneously firing neurons per track recorded in the absence 
of apomorphine: Striatum: 0.80+0.10 (n=44); MFB: 1.36+0.13 (n=39). Therefore, 
antidromic activation is a reliable way to observe silent DA neurons.

According to these data and in sharp contrast to previous reports, it is very likely 
that silent DA cells, if they exist at all, constitute only a very small proportion 
(<2%) of SNc DA neurons in vivo. Supported by MH 52450 and NS 34865.
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504.5
CHARACTERISTICS OF GABA-a RECEPTOR MEDIATED 
INHIBITORY POSTSYNAPTIC CURRENTS IN SUBSTANTIA NIGRA 
NEURONS. C.W.Wu and W.H.Yung. (SPON: The Hong Kong Society of 
Neurosciences). Department of Physiology, Faculty of Medicine, The Chinese 
University of Hong Kong, Shatin, Hong Kong.

GABA-a receptor is rnultimeric and the expression of its subunits is variable 
in different parts of the brain, leading to different kinetics of the synaptic 
currents. In substantia nigra pars compacta (SNC), the dopaminergic neurons 
receive GABAergic input from the striatum as well as neurons within the 
substantia nigra. Although the characteristics of the inhibitory post-synaptic 
potentials of these cells have been studied, those of the underlying inhibitory 
post-synaptic currents (IPSCs). especially their kinetics, have not been reported 
before. In this study, 350pm coronal slices containing the substantia nigra were 
cut from 14 days old rats. The brain slices were superfused with artificial 
cerebrospinal fluid at 34°C. Whole-cell voltage-clamp recordings were made 
from electrophysiologically identified dopamine neurons. The internal solution 
contained 134mM of Cf, which reversed and increased the driving force of the 
GABA-a receptor mediated Cf current. The spontaneous IPSCs recorded were 
sensitive to the GABA-a receptor antagonist bicuculline. The frequency of the 
IPSCs varied from cell to cell but was typically less than 3 Hz. The mean rise 
time of the IPSCs was 1.95±O.O3 ms and the decay time constant was 
11.02+1.58 ms (n=5), comparable to that reported in other brain areas such as 
the hippocampus (Ropert et al., J. Physiol. 428: 707-22, 1990; Otis and Mody, 
Neurosciences 49: 13-32, 1992). Scatter plots of various parameters revealed 
that there were no strong correlation between decay half time (fi/2) and the peak 
amplitude (correlation coefficients vary from 0.006 to 0.2, n=5), and between 
the rise time and fi/2 (correlation coefficients from 0.002 to 0.06, n=5).
Supported by the Research Grants Council of Hong Kong (CUHK 227/94M)

504.6
ELECTROPHYSIOLOGICAL PROPERTIES OF RAT SUBSTANTIA 
NIGRA PARS RETICULATA NEURONS STUDIED BY WHOLE-CELL 
RECORDING. W.M. Cheng, K.Y.Chan and W.H.Yung. (SPON: The Hong 
Kong Society of Neuroscienccs). Department of Physiology, Faculty of Medicine, 
The Chinese University of Hong Kong, Shatin, Hong Kong.

Despite the importance of the substantia nigra pars reticulata (SNR) neurons in 
the basal ganglia circuit, the basic electrophysiological prqpcrties of these 
neurons have received little attention. In the present study the passive and active 
membrane properties of presumed GABA neurons in the SNR were characterized. 
Thin coronal brain slices containing the substantia nigra were acutely prepared 
from 2-3 weeks old rats following standard procedures. Neuronal somata were 
identified within the brain slice (Stuart et al, PJlugers Archive 423: 511-518, 
1993). Membrane potentials or currents were recorded from 48 neurons in SNR 
by the whole-cell patch-clamp technique. Most putative GABAergic neurones, 
which were medium-sized (26.3+0.9pm x 12.9±0.5pm, n=25), constituted an 
electrophysiologically distinct class of cell. They had a resting membrane 
potential of -51±2 111V (n=20) and were firing spontaneously at a rate of 8.2+1.0 
Hz (n=l 1), either regularly or irregularly. The membrane time constant was 
35.5+5.6 ms (11= 15). In contrast to one type of neuron found in the adjacent pars 
compacta. they did not show burst firing in response to current injection at resting 
or al hyperpolarized membrane potentials. Unlike the dopamine neurons within 
the substantia nigra, these neurons did not exhibit a strong hyperpolarization- 
activated inward rectification. Low threshold calcium current was either absent or 
weak. However, the after-hyperpolarization following a single action potential or 
a train of action potentials was sensitive to Co2+, indicating the involvement of 
active Ca2+ channels.
Supported by the Research Grants Council of Hong Kong (CUHK 227/94M)

504.7
RESPONSE OF SUBSTANTIA NIGRA PARS RETICULATA NEURONS 
TO BACLOFEN. K.Y.Chan and W.H.Yung, (SPON: The Hong Kong Society of 
Neuroscicnces). Department of Physiology, Faculty of Medicine, The Chinese 
University of Hong Kong, Shatin, Hong Kong.

Substantia nigra pars reticulata (SNR) has been postulated to control the spread 
of epileptic seizures via GABAergic transmission (K. Gale, Epilepsia 30, Suppl. 
3, Sl-Sll, 1989). It is therefore important to understand GABAergic mechanism 
within SNR. Since the role of GABA-a receptors in SNR is well known whereas 
the role of GABA-b receptors is less clear, the present study was undertaken to 
characterize GABA-b response of SNR neurons. Using whole-cell patch-clamp 
techniques the effect of baclofen on SNR neurons in thin coronal brain slices of 
14-16 days old rats was studied. Both dopamine neurons (n=22) and GABA 
neurons (n=31) within SNR responded to application of baclofen in the perfusion 
medium. In current-clamp recording, baclofen (1 to lOOpM) hyperpolarized the 
membrane, increased the conductance and decreased the firing rate of SNR 
neurons. In voltage-clamp recording, these concentrations of baclofen activated 
an outward current at resting membrane potential (~-50mV). The response of 
dopamine neurons (max. 238±32pA, n=10) was significantly bigger than that of 
GABA neurons (max. 48±8pA, n=12, p<0.01) suggesting a more important role 
of GABA-b receptors in dopamine cells. The reversal potential of baclofen- 
activated current was close to the equilibrium potential of K* (-89±9mV, n=3). 
Furthermore, the response to baclofen (30pM) was insensitive to lpM of TTX 
(n=3) and was significantly reduced by 2-OH-saclofen (152±38pA, compared to 
control of 292±54pA, n=5, p<0.05). These data suggest that baclofen activates 
post-synaptic GABA-b receptors in SNR neurons leading to opening of K^- 
channels.
Supported by the Research Grants Council of Hong Kong (CUHK227/94M)

504.8
Independent Effects of Development and Dendritic Morphology in the Expression of 
Striatal Ca2* Physiology: Empirical Support of NEURON Simulations. E, Ghansah*, 
G, Allen, J, G, Buckwalter and J. P, Walsh, Andrus Gerontology Center, USC Program in 
Neuroscience, University of Southern California, Los Angeles, CA 90089-0191.

Whole cell recordings and intracellular perfusion with biocytin revealed 
developmental increases in plateau potential duration (PPD), and in the length and 
complexity of striatal dendrites. Stained neurons were quantified through EUTECTIC 
digitization of light microscopic images. Total dendritic length (TDL) did not correlate 
with PPDs. This morphological measure, however, is possibly confounded by differences 
in dendritic branching. The nerve simulation software NEURON, developed by Michael 
Hines and John W Moore, was then implemented to investigate the relationship between 
dendritic compartments and the Ca2*-mediated plateau potential expression. Keeping 
TDL constant, the model demonstrated that neurons with shorter, numerous dendrites 
produced shorter PPDs than neurons with fewer but longer dendrites. These findings led 
to the hypothesis that the number of dendritic ends (DEs) and TDL would have separate 
effects on PPD. Our empirical data from biocytin injected neurons demonstrated that the 
number of DEs and the TDL were highly correlated (r=0.89, p<0.001). A linear 
regression model was therefore developed using PPD as the dependent variable and 
both the number of DEs and the TDL as independent variables. When each variable was 
corrected for the other's variance, the unique effect of TDL on PPD was significant 
(B=0.3, p<0.04). The unique effect of the number of DEs also approached significance 
(B = -13.1, p<0.06). The empirical data and outputs of NEURON agreed in the inverse 
relationship between TDL and total number of DEs in PPD expression. NEURONs 
ability to predict the postnatal development of PPD expression was determined from 
imported EUTECTIC files. Modification of the model for developmental changes in Ca2* 
current density created the best match between NEURON predictions and the empirical 
data. (Support: NIA grants 2PO1AG09793andAG00093.)

504.9
NICOTINE EFFECTS ON PRESYNAPTIC CORTICOSTRIATAL 
AFFERENTS. M.A. Gallardo. P, Patino. S.J. Young. M, Garcia-Munoz and 
P.M. Groves*. Department of Psychiatry, School of Medicine, UCSD, 
La Jolla, CA 92093- 0603.
It has been proposed that nicotine (NIC) increases striatal dopamine (DA) release 

indirectly by increasing glutamate (GLU) release from corticostriatal afferents 
thereby increasing the stimulation of GLU receptors on DA nigrostriatal afferents 
(Toth et al., Neurochem. Res. 1992). We have previously found support for this 
possibility using an in vivo electrophysiological method, the measurement of 
axonal electrical excitability, to assess the consequences of presynaptic receptor 
stimulation. Striatal administration of NIC increased the excitability of DA 
nigrostriatal afferents in rats in which DA synthesis had been blocked. This 
increase in excitability could be prevented by die prior administration of specific 
glutamate antagonists (Garcia-Munoz et al., JPET 1996). In the present study 
we examined this hypothesis further by assessing whether intrastriatal NIC could 
change the presynaptic excitability of the GLU containing corticostriatal 
afferents. Antidromic action potentials elicited by striatal stimulation were 
recorded extracellularly from a medial prefrontal cortical cell in urethane 
anesthetized, male Sprague-Dawley rats. Changes in excitability were assessed 
in terms of the percentage change in current relative to predrug values required to 
elicit an antidromic response. Drugs in normal saline were delivered (0.3 pi over 
5 min) to the dorsal striatum via cannulae placed alongside the stimulating 
electrode. Striatal administration of lOOgM NIC significantly increased 
corticostriatal excitability (+10.24 ± 1.62 %). This effect could be reversed by 
subsequent infusion of the specific NIC antagonist clorisondamine (100 pM, 
-3.3 ±0.18 %), and completely blocked by pnor infusion of this drug. Similar 
results were obtained from intact rats and animals with kainic acid lesions of the 
striatum suggesting that intrinsic striatal neurons did not mediate these effects. 
Consistent with release studies, these results provide support that NIC can act on 
presynaptic corticostriatal receptors to increase GLU release. This finding in 
combination with data indicating that GLU can act presynaptically to increase 
DA release provides additional support that NIC may increase DA release 
indirectly. This research was supported in part by DA02854 from the National 
Institute on Drug Abuse and Research Scientist Award DA00079 to P.M.G.

504.10
GABAa  receptor -mediated  inhibition  of  medium  spiny  
NEURONS BY FAST SPIKING INTERNEURONS IN RAT 
NEOSTRIATUM L- Johnson*,_T- Kqds,, L..Zabflrszk.yi„K, Mgore 
Tepper. Center for Molecular and Behavioral Neuroscience and Program in Cellular 
and Molecular Biodynamics, Rutgers University, Newark, NJ 07102 USA.

Recent evidence suggests that striatal GABAergic interneurons may be the primary 
source of the GABAergic regulation of neostriatal medium spiny (MS) neurons. We 
characterized the electrophysiological properties of the inhibition of MS neurons by 
fast spiking (FS) interneurons.

Simultaneous whole cell recordings from pairs of FS interneurons and MS cells 
were obtained under direct visual control in vitro in slices of 16-26 day old Sprague- 
Dawley rat striatum at 32°C. E[cr]was -59 mV. Neurons were stained with biocytin 
(0.5 or 0.1%). One FS neuron was shown to contain parvalbumin by double labeling.

Synaptic interaction was found in ~ 1 /4 of the recorded pairs (all separated by <300 
pm) with the FS cell evoking a short latency (<3 ms) depolarizing potential in the 
MS neuron. No reciprocal interactions were detected (n>25). The response was a 
GABAa  IPSP as it reversed very close to E[ci-] and was reversibly blocked by 10-50 
pM bicuculline (n=3). The response amplitude was dependent on the age of the ani-
mal used. Prior to postnatal day 20 (P20) the IPSP had larger amplitude (>5 mV) and 
the rate of failure was very low (<5%, n=6). In animals older than P21 (n=3) the 
IPSP had a maximal amplitude of approximately 0.5 mV at rest and was negative go-
ing with a significantly larger amplitude near threshold
(0.5-2 mV). The rate of failures was less than 30%.
P21-P26 measurements did not differ noticeably and 
are probably good approximations of adult values.
IPSPs evoked in the MS neuron by single or multiple 
action potentials in the FS cell blocked or delayed de-
polarization evoked spikes in the connected MS neuron 
in all cases tested (n=4; see Figure). Supported by 
NS34865 and NSF-BIR 9413198.
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504.11
AMPHETAMINE DIFFERENTIALLY MODULATES GAP JUNCTIONAL 
PERMEABILITY IN LIMBIC-VS MOTOR-RELATED STRIATAL 
SUBREGIONS: ITS CORREPONDENCE WITH MEMBRANE 
EXCITABILITY. S-P. Onn* and A.A. Grace. Depts. of Neurosci. and 
Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA 15260.

Studies of the physiological actions of amphetamine on striatal neurons 
report both inhibitory and excitatory effects, which appear to depend on the 
levels of anesthesia and striatal subregions examined. In this study, we used 
simultaneous in vitro intracellular recording and neurobiotin injection to 
investigate the role of temporal activation of dopamine receptor subtypes in 
mediating d-amphetamine actions on striatal neurons with respect to changes 
in gap junctional permeability and membrane excitability. The effects of SKF 
38393 (10 uM) and quinpirole (10 uM) were compared to those of 
amphetamine (10-30uM) on rheobase current and tracer coupling in 
identified striatal spiny neurons. Intracellular injection of neurobiotin did not 
reveal any coupling in the striatum under basal conditions (0/6) or after 
administration of the D1 agonist (0/4). In contrast, in presence of the D2 
agonist 3/4 cells injected exhibited coupling. In addition, pretreatment with 
the DI agonist actually prevented D2 agonist-induced increases in coupling 
(0/4). In presence of d-amphetamine 3/6 cells injected were coupled, all 
located in the dorsolateral striatum. Furthermore, the cells that displayed 
coupling also responded to d-amphetamine administration with an increase in 
ceii excitability (i.e., decreases in rheobase current and spike threshold). In 
contrast, the 3 cells that exhibited decreased excitability in response to 
amphetamine were located in the medial striatum and did not exhibit coupling. 
Thus, these data show that D2 receptor stimulation is required to activate 
coupling in striatal neurons and furthermore this occurs in a region-specific 
manner that correlates with the physiological responses of the neurons. 
Support by USPHS MH 45156 and MH 01055.

504.12
INTRACELLULAR CALCIUM REGULATES DOPAMINE D2 RECEPTOR 
MODULATION OF WHOLE-CELL SODIUM CURRENT IN ACUTELY 
DISSOCIATED NUCLEUS ACCUMBENS NEURONS. X.-F. Zhang*, and F.J. 
White. Neuropsychopharmacology Laboratory, Department of Neuroscience, 
FUHS/The Chicago Medical School, North Chicago, IL 60064-3095

Previous reports have shown that dopamine D2 class receptor (DA D2R) 
stimulation can either increase or decrease whole-cell sodium current (INa) in dorsal 
striatal and nucleus accumbens (NAc) neurons. The reasons for the heterogeneous 
responses have not been fully elucidated. During the course of our investigations, 
we discovered a possible explanation. We made whole-cell voltage clamp 
recordings from NAc neurons freshly dissociated from rats > 4 weeks of age. Only 
medium-sized neurons (diameter < 14 ju.M) were used for recording. The bath 
solution contained (mM): Choline chloride 110, NaCl 30, CsCl 5, MgCl21, CaCl21, 
CdCl2 0.4, Glucose 10, HEPES 10. The pipette solution contained (mM): CsF 120, 
NaCl 10, EGTA 10, HEPES 10, Na2ATP 2. The DA D2R-selective agonist 
quinpirole (100 nM) decreased INain 50% of cells tested but increased INa in another 
20%. However, when we omitted EGTA from the pipette solution, preserving [Ca]i5 
quinpirole no longer decreased INa, but instead increased INa in every cell tested. The 
effect of the EGTA-free pipette solution was selective for DA D2R modulation 
since DA DlR-mediated inhibition of INa was not altered. The increase in INa by 
quinpirole was blocked by the DA D2R-selective antagonist eticlopride (1-5 pM). 
Application of the membrane permeable calcium chelator BAPTA-AM via the bath 
solution reversed the quinpirole-induced increase in INa. In addition, during 
perforated patch recordings to prevent intracellular dialysis of the pipette solution, 
quinpirole also increased INa in every cell tested. These findings indicate that [Caj; 
regulates the DA D2R receptor signaling pathways involved in Na+ current 
modulation. (Supported by DA04093 and DA00207 to FJW).

504.13
A SLOWLY INACTIVATING POTASSIUM CURRENT CONTRIBUTES TO 
THE TRANSITION TO DISCHARGE OF STRIATAL NEURONS.
LA, Gabel* and E.S. Nisenbaum. Department of Psychology, University of 
Connecticut, Storrs, CT 06269.

Striatal neurons display a delayed excitatory response to intracellular depolarization 
which is characterized by a slowly depolarizing ramp potential and long latency to 
spike discharge. We have previously suggested that this delayed excitation depends on 
a slowly inactivating A-current (Ia s )- Recently, we have shown that Ia s  can be 
selectively blocked by low concentrations (10 pM) of 6-chloro-APB-hydrobromide 
(APB). By taking advantage of its sensitivity to APB, we tested the hypothesis that 
iAs underlies the delayed excitation using combined voltage- and current-clamp 
recordings from acutely isolated striatal neurons.

Consistent with an involvement in the ramp depolarization, Ia s has a relatively 
hyperpolarized voltage-dependence of activation (Vh = -5.6 mV; Vc = 13.6 mV), 
becoming available at subthreshold membrane potentials (-55 mV). The voltage- 
dependence of inactivation of Ias  also is hyperpolarized (Vh = -79.1 mV; Vc = 11.8 
mV), further indicating the availability of this current at potentials near rest (e.g., -80 
mV). At membrane potentials near threshold (i.e., -40 mV), Ia s has relatively rapid 
kinetics of activation (59.6 ms) and slow kinetics of inactivation (1.5 s). In current- 
clamp recordings, application of low concentrations of APB substantially decreased 
the latency to spike discharge evoked by intracellular depolarization.

On the basis of the voltage-dependent and kinetic properties of Ia s , these results 
indicate that this current underlies the delayed excitation in striatal neurons. The 
ability of low concentrations of APB to diminish the latency to spike discharge 
further supports this conclusion. Support: NS34254

504.14
MUSCARINIC MODULATION OF POTASSIUM CURRENTS IN RAT 
STRIATAL NEURONS. E.S. Nisenbaum* and L.A. Gabel. Department of 
Psychology, University of Connecticut, Storrs, CT 06269.

The ion channels of striatal neurons have been shown to be the targets of modulation 
by several neurotransmitters. Of particular interest are the potassium currents which 
are known to play a critical role in governing the resting potential, transition to 
discharge and firing characteristics of these neurons. Several types of depolarization- 
activated potassium currents have been identified in these cells,
including rapidly (lAf) and slowly (Ia s) inactivating A-currents and a.persistent 
potassium current. Previous studies have shown that stimulation of muscarinic 
receptors enhances lAf in striatal neurons maintained in culture. In the present study, 
we investigated the potential for muscarinic modulation of Ia s using patch-clamp 
recording of acutely isolated striatal neurons.

The total potassium current was evoked by depolarizing voltage steps from -80 mV 
to +20 mV (1 s duration). Application of 2 pM carbachol produced an increase in the 
amplitude of the peak response and a decrease in the amplitude of the current at the end 
of the 1 s voltage step. By taking advantage of its rapid kinetics of recovery from 
inactivation, lAf was isolated from the total potassium current. Consistent with 
previous results, application of 2 pM carbachol produced an increase in this current. 
iAs was isolated on the basis of its much slower kinetics of recovery from 
inactivation. In contrast to the effects on lAf, administration of 2 pM carbachol 
produced a decrease in the amplitude of this current.

These data suggest that lAf and Ia s  are differentially modulated by muscarinic 
receptor stimulation. In light of our data implicating Ia s in the transition to discharge 
of these neurons, a muscarinic receptor-mediated decrease in the availability of Ia s  
would be expected to shorten that latency to discharge of striatal neurons in response 
to long (e.g., > 500 ms) periods of depolarization., Support: NS34254

504.15
REGULATION OF REPETITIVE FIRING IN SUBTHALAMIC NEURONS 
BY FREQUENCY-DEPENDENT CHANGES IN SPIKE AFTER-
HYPERPOLARIZATION. C.J. Wilson* and M.D. Bevan. Dept. Anat. & 
Neurobiol., Univ. Tenn., Memphis, TN 38163 USA. and Univ. Dept.
Pharm. & MRC Anat. Neuropharm. Unit, Mansield Road, OXI 3TH, UK

We used visualized whole cell recording to study the regulation of 
repetitive firing of subthalamic neurons in slices from rats aged 14-20d.

Most subthalamic neurons fired rhythmically at low rates (0.1-10/s), with 
large, long lasting afterhyperpolarizations following each action potential. 
Spontaneous firing was unaffected by application of APV (50 (im) and 
DNQX (20pM). Spontaneous membrane potential oscillations were 
abolished in TTX (lpM). Depolarizing current pulses continuously increasd 
firing rate, up to 100-400/s. The frequency/intensity curves were sig-
moidal, with low slope between 3-30/s, followed by a high sensitivity range, 
and another low sensitivity range before firing failed. During current 
pulses, firing rate increased over the first 1-5 action potentials, especially 
in the high sensitivity range and above. After-hyperpolarization following 
the end of a train of action potentials initially increased with firing rate, 
but failed to accumulate at rates in the high sensitivity range and higher. 
Apamin (100 nM) or cadmium (400 pM) increased the spontaneous firing 
rate and reduced the amplitude arid duration of the afterhyperpolarization 
following single spikes. Apamin, and (more reliably) cadmium, abolished 
the initial speedup in firing during trains, the low sensitivity initial range 
of the frequency/intensity curve, and the afterhyperpolarization following 
trains of action potentials. High frequency firing relies upon the failure of 
accumulation of after-hyperpolarization, due either to a failure of action 
potentials to trigger further calcium influx or from saturation of gKCa. 
Supported by NS 26473 and Wellcome Trust (046613/Z/96/Z).

504.16
REGULATION OF ACTION FOTENTIAL GENERATION IN NEOSTRIATAL 
CHOLINERGIC INTERNEURONS IN THE RAT. B. D. Bennett* and C. I, 
Wilson. Dept. Anat. and Neurobiol., UT Memphis, Memphis, TN 38163.

The cholinergic interneurons of the neostriatum are the tonically active 
neurons (TANS) observed in both intra- and extra-cellular recordings in vivo. 
Both intrinsic properties and synaptic input are likely to shape the pattern of 
firing in cholinergic cells. Using a visualized-slice preparation of rat neostriatum, 
whole-cell recordings were made from neurons possessing large somata. These 
cells were identified as cholinergic interneurons on the basis of physiological 
and morphological characteristics. The cholinergic intemeurons display tonic, 
rhythmic firing both spontaneously and in response to current injection. The 
role of synaptic input in the timing of action potential (AP) generation during 
rhythmic firing was investigated. Voltage-clamp recordings were used to 
characterize EPSCs and IPSCs which were evoked by focal monopolar 
stimulation following pharmacological isolation using APV with BMI or APV 
with DNQX, respectively. EPSCs were DNQX-sensitive and therefore AMPA 
receptor-mediated. IPSCs were blocked by BMI and exhibited I-V characteristics 
consistent with GABAa  receptor activation. Occasionally, IPSCs with a very 
slow, BMI-insensitive late component were observed. Current-clamp recordings 
were then used to assess the effects of evoked EPSPs or IPSPs on the timing of 
APs generated by depolarizing (+20-60 pA) current injections. Paradoxically, 
AMPA receptor-mediated EPSPs evoked during the first half of the interspike- 
interval (ISI) caused a delay in the generation of the subsequent AP. Whereas 
EPSPs evoked in the late phase of the ISI were excitatory as expected. IPSPs 
always produced an increase in the duration of the ISI but the effect was 
time-dependent, with inhibitory events becoming increasingly more inhibitory 
later in the ISI.

Supported by NS 20743
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504.17
SYNCHRONY OF SPONTANEOUS SUBTHRESHOLD MEMBRANE 
POTENTIAL FLUCTUATIONS BETWEEN CORTICAL AND STRIATAL 
NEURONS IN VIVO.
E. A. Stern* and Q. T. Wilson. Dept. of Anatomy and Neurobiology, College 
of Medicine, University of Tennessee, Memphis, TN.

Previous simultaneous in vivo intracellular recordings have shown that 
spontaneous subthreshold membrane'potential state transitions are highly 
synchronous between striatal medium spiny neurons. The crosscorrelations 
of the membrane potential transitions were consistent with the shape 
expected to result from synchronous common input.

The membrane potentials of cortical pyramidal neurons undergo 
spontaneous subthreshold fluctuations similar to those of striatal spiny 
neurons. Simultaneous intracellular recordings were made from identified 
medial agranular (AgM) cortical neurons and spiny neurons in the AgM- 
recipient region of the striatum in urethane-anesthetized rats.

We analyzed the correlation of membrane potentials between neurons on 
three time scales: the slow (~1 Hz) membrane potential state transitions, 
high-frequency membrane potential fluctuations in the Up state, and spike 
activity. All pairs of neurons showed significant synchrony of subthreshold 
membrane potential state transitions. Both the periodic and stochastic 
components of the membrane potential fluctuations were correlated 
between neurons. Synchrony of spikes was limited to that predicted by the 
membrane potential state fluctuations. Membrane potential synchrony in 
cortical/striatal cell pairs was weaker and more variable than that in pairs of 
striatal spiny neurons. These results support the view that striatal neurons 
selectively extract the synchronous component of their cortical input.

Supported by NIH NS20473.

504.18
Novel Medial to Lateral Differences in the Expression of Short- and Long-Term 
Synaptic Plasticity in the Rat Striatum. W, Musleh*, G. Akopian and J, P, Walsh, 
Andrus Gerontology Center, USC Program in Neurosciences, University of Southern 
California, Los Angeles, CA 90089-0191.

Previous studies demonstrated induction of long-term depression (LTD) at 
corticostriatal (CS) synapses following high frequency stimulation (HFS) of the corpus 
callosum. In this study, we performed a regional analysis of the effect of HFS on paired- 
pulse (PPP; 50ms interpulse interval) and long-term synaptic plasticity in the striatum. 
Medial CS synapses exhibited paired-pulse facilitation (PPF), while lateral CS synapses 
preferentially expressed pairedpulse depression (PPD). Following HFS, medial CS 
synapses expressed long-term potentiation (LTP), while lateral CS synapses expressed 
LTD. There was no change in the PPF ratio at synapses expressing LTP, suggesting a 
postsynaptic locus of LTP expression. By contrast, PPP ratio at synapses expressing 
LTD increased, suggesting a presynaptic locus of LTD expression. To investigate the 
role of dopamine in synaptic plasticity, we produced unilateral lesions to the substantia 
nigra with 6-hydroxydopamine (6-OHDA). HFS of the corpus callosum induced LTP at 
medial and lateral CS synapses in 6-OHDA lesioned rats. There was no change in the 
PPF ratio at synepaes expressing LTP. Treatment of control (nigraMntact) slices with 
tetraethyiammonium (TEA), caused a differential effect on the paired-responses to HFS. 
In the presence of TEA, HFS produced an LTP of p1 and LTD of p2 at medial CS 
synapses. By contrast, TEA treatment resulted in a modest HFS-induced depression of 
p1 and a robust depression of p2 at lateral CS synapses. These results suggest 
differential dopamine-regulated synaptic plasticity at medial versus lateral CS synapses, 
where dopamine serves as a switching mechanism for the expression of LTD and LTP. 
{Supportedby N/A grant 5R29AG12679).

504.19

SYNAPTIC PLASTICITY IN THE RAT NEOSTRIATUM 
IN VI VO. J, R. Wickens* and J.N.J. Reynolds. Dept of Anatomy 
and Structural Biology, and Centre for Neuroscience, University of 
Otago, Dunedin, New Zealand.

Pre vious work has shown that dopamine and glutamate interactions 
can alter responses of striatal neurons, in part by inducing synaptic 
plasticity in the corticostriatal pathway. We measured synaptic 
plasticity in the striatum of urethane-anaesthetised rats following high 
frequency stimulation (HFS) of either the cortex, the substantia 
nigra, or both in conjunction (6 trains of 50 pulses at 100 Hz). 
Intracellular r?cords were made of postsynaptic potentials (PSPs) 
evoked by electrical stimulation (0.1 Hz) of the contralateral cerebral 
cortex. Long lasting increases in test PSPs were seen following 
substantia nigra HFS. In the majority of neurons in the sample the 
PSP amplitudes were increased by more than 20% immediately after 
substantia nigra HFS, and remained increased for at least 20 
minutes. Long lasting decreases in PSP amplitudes followed cortical 
HFS. Similar decreases followed the conjunction of cortical HFS 
with substantia nigra HFS. Low frequency stimulation (6 trains of 
10 pulses at 20 Hz) of the substantia nigra in conjunction with 
codical HFS produced mixed effects. Potentiation induced by 
substantia nigra HFS could be reversed by cortical HFS and was not 
assoc: a’.ed with change s in cell membrane resistance, action potential 
threshold, or ufterhyperpolaiizalion potentials. Supported by grants 
from Lottery Health Research, Neurological Foundation, 
Schizophrenia Fellowship and Health Research Council-(NZ).

504.20
ANALYSIS OF MATHEMATICAL MODEL OF A MIDBRAIN DOPAMINE 
NEURON REVEALS A PUTATIVE MECHANISM FOR THE REGULA-
TION OF THE FIRING PATTERN. C C. Canavier* Dept. of Neurobiology 
and Anatomy, The University of Texas Medical School, Houston, TX 77225.

A nonlinear dynamical approach to burst generation in dopamine (DA) 
neurons may provide a coherent theoretical framework for understanding how 
the output of these neurons is regulated. In a slice preparation, DA neurons 
fire single spikes in a regular pacemaker-like mode, but the application of 
NMDA under current clamp conditions can induce burst firing, or, in the 
presence of TTX, corresponding slow oscillations in membrane potential. In 
addition, oscillations in holding current under voltage clamp have been ob-
served. Hence, the oscillations are postulated to originate in the distal den-
drites, where an interplay between the sodium pump and the current evoked 
by NMDA causes a cyclic variation in sodium concentration, as well as in 
membrane potential. The model addresses how the propensity of DA neu-
rons to burst can be regulated in general, as well as specifically by NMDA, 
GABA, AMPA, glutamate, aspartate, and barium.

A three-compartment model comprised of the soma, the proximal den-
drites, and the distal dendrites supports a distal locus of rhythmogenesis. 
The model replicated the oscillations under both current and voltage clamp, 
as well as the effects of the above-mentioned agents. The NMDA current, 
which is modeled as originating on the distal dendrites, has a nonlinear de-
pendence on voltage that endows the model, and by analogy, the neuron, with 
the propensity to oscillate. The other synaptic conductances were modeled 
as linear. Nullcline analysis, a method from the field of nonlinear dynamics, 
was used to predict which conditions would support burst generation. The 
ratio of linear to nonlinear conductances was found to be the key determinant 
of the propensity to burst. A ratio that was neither too high nor too low was 
a necessary, but not sufficient, condition for bursting to be observed; a bias 
in the potential range in which the nonlinear conductance was dominant was 
also required. The predictions made using this model were validated for a 
200 compartment model implemented using NEURON. An extension of this 
analysis using steady-state sodium flux curves predicted the frequency and 
duty cycle as well.

Supported by a grant from the Whitaker Foundation.

BASAL GANGLIA: VENTRAL STRIATUM AND PALLIDUM

505.1
AN ANALYSIS OF STRIATAL FOS-LIKE-IMMUNOREACTIVITY 
INDUCED BY SEX OR FORCED LOCOMOTOR ACTIVITY: 
DISTRIBUTION THROUGHOUT THE MATRIX AND STRIOSOMES. 
W.M, Struthers*, D. Wirtshafter and C. Jones, Department of Psychology, 
University of Illinois at Chicago, 1007 West Harrison Street, Chicago, IL, 
60612-7137.

Previous studies have used immunochemistry for the protein product 
FOS as a marker for neuronal activity after both pharmacological and 
behavioral manipulations. Results of earlier studies conducted in this lab 
have shown that male rats allowed to copulate or forced to run in a 
running wheel for one hour exhibit FOS-Like-lmmunoreactivity (FLI) at 
various levels of the striatum. The present study attempted to examine 
the distribution of striatal cells displaying FLI with respect to matrix and 
striosome compartmentalization. FLI was observed in sections taken from 
sexually active male rats and male rats forced to run in a running wheel. 
Adjacent sections were processed for calbindin immunochemistry to 
identify striosomes. Results supported previous findings showing that that 
engaging in sexual behavior and forced running does induce FLI within 
the striatum. Quantitative analysis indicated that after both behavioral 
treatments the density of labeled cells tended to be greater in the matrix 
than the striosomes; a pattern opposite to that seen after amphetamine 
treatment. Interestingly, we also observed that males tested in the mating 
arena for two hours who did not engage in sexual behavior did display FLI 
in the striatum when compared to males tested in their home cage who 
showed virtually no FLI. FLI in males engaging in sexual activity was 
located primarily in the medial striatum, whereas in forced running males 
FLI was located in both the medial and lateral regions. (NS-33992)

505.2
THE VENTRAL PALLIDUM MEDIATES DISRUPTION OF PREPULSE INHIBITION 
OF STARTLE INDUCED BY DOPAMINE AGONISTS, BUT NOT BY NMDA 
ANTAGONISTS. B.D. Kretschmer*1 and M, Koch2 ’Dept. of Neuropharmacology, 
2Animal Physiology, University Tubingen, 72074 Tubingen, Germany

Prepulse inhibition (PPI) of the acoustic startle response (ASR) is observed when the 
startling noise pulse is preceded by a weak, non-startling stimulus and has been 
considered a measure for sensorimotor gating mechanisms. Disruption of PPI can be 
found in schizophrenic patients as well as after blockade of NMDA receptors or by 
stimulation of dopamine (DA) receptors in animals. The neuronal circuitry which 
regulates PPI consists of a complex cortico-limbic circuitry where the nucleus 
accumbens (NAC) plays a key role. The ventral pallidum (VP) is necessary for 
mediating PPI deficits from NAC via a GABAergic projection to the 
pedunculopontine tegmental nucleus (PPTg). We tested the hypothesis that PPI- 
deficits induced by a blockade of NMDA receptors are transmitted to the PPTg by a 
pathway that bypasses the VP. Rats with excitotoxic lesions of the VP were 
systemically treated with apomorphine (APO) or MK-801. Lesioned rats showed a 
marked PPI-deficit after MK-801 treatment but not after APO injection, in contrast to 
sham-lesioned controls showing PPI-deficits under both conditions. Another group of 
lesioned rats received intraaccumbal infusions of DA or the glycine-site antagonist 7- 
chlorokynurenic acid (7-CLKYN). Local infusion of DA into the NAC reduced PPI in 
shams but not in VP-lesioned rats, extending the results of the former experiments. In 
contrast, 7-CLKYN reduced PPI in both sham and VP-lesioned rats. These data 
provide the first behavioral evidence for the existence of an additional pathway 
mediating sensorimotor gating deficits. We propose that a direct connection between 
the NAC and PPTg may be responsible for the effects of NMDA/glycine receptor 
blockade, whereas the VP is an indispensable relay for the PPI-disruptive effects 
exerted by the DA system. Supported by the DFG (SFB 307, A4/C2)
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505.3
PROLONGED PHOSPHORYLATION OF CREB IN THE VENTRAL 
STRIATUM MEDIATED BY DOPAMINE DI-CLASS RECEPTORS. F.-C, Liu*' 
and A.M. Gravbiel ^Institute of Neuroscience, National Yang-Ming Univ., Taipei, 
Taiwan,ROC; Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139

Our previous work has shown that activation of dopamine DI-class receptors by 
SKF-81297 induces phosphorylation of the cAMP response element binding protein 
(CREB) in the caudoputamen of neonatal slice cultures (Liu and Graybiel, 1996), 
SKF-81297 also induced immunodetectable Ser133 phosphorylated CREB (PCREB) 
in the olfactory tubercle, part of the ventral striatum. In the present study, we 
carried out a time course study to compare the kinetics of PCREB induction in the 
caudoputamen with that in the olfactory tubercle. SKF-81297 induced sustained 
PCREB in striosomes of the caudoputamen as previously reported. The sustained 
PCREB in striosomes gradually declined 30 min after stimulation, was at low levels 
at 4 hr, and disappeared by 8 hr. By contrast, SKF-81297 induced prolonged and 
intense expression of PCREB in the olfactory tubercle. This induction slowly 
decreased with times, but was still at high levels even 2 hr after treatment, was 
present at 4 hr, and was still present at low levels at 8 hr, by which time the 
PCREB in the caudoputamen had disappeared. PCREB was not detectable at 24 hr. 
Thus, throughout the time course of PCREB induction, the intensity of PCREB 
expression was higher in the olfactory tubercle than that in the caudoputamen. 
This differential pattern of PCREB induction was also maintained in slice cultures 
treated with the adenylate cyclase activator forskolin. Moreover, forskolin shifted 
the time course curve to the right, such that weakly PCREB-positive cells were still 
present in the olfactory tubercle 24 hr after treatment. Our findings suggest that 
the dorsal and ventral striatum are functionally different in the kinetics of CREB 
phosphorylation, and that cells in the olfactory tubercle are capable of sustaining 
CREB phosphorylation on an extended time basis. Supported by NIH 1 R01 
HD28341, the Science Partnership at MIT, and NSC 86-2314-B-010-078 Taiwan.

505.4
PCP DECREASES THE HIPPOCAMPAL-DRIVEN GATING OF ACCUMBENS 
NEURONS. P. O’Donnell >* and A.A. Grace. Depts. Neuroscience and Psychiatry, 
Center for Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

The NMDA antagonist phencyclidine (PCP) is regarded as the best pharmacological 
model of schizophrenia because it can induce psychotic episodes in controls and 
exacerbate symptoms in schizophrenics. However, its mechanisms of action are not fully 
understood. Among the brain regions probably implicated in the psychotomimetic 
actions of PCP are the prefrontal cortex (PFC), the hippocampus and the basal ganglia. 
We have recently reported that the hippocampal input to the nucleus accumbens gates 
the flow of PFC information through this nucleus (J.Neurosci. 1995,15:3622) by setting 
these neurons in a depolarized, active (up) state, and have proposed that its disruption 
may play a role in schizophrenia. We tested whether PCP administration disrupts the 
hippocampal gating of cortical information by assessing the action of PCP on the up 
state of accumbens neurons recorded intracellularly in vivo. Systemic administration of 
PCP (6-8 mg/kg, i.p.) decreased the frequency (from 1.1 ±0.5 Hz to 0.2 ± 0.3 Hz, 
p<0.01) and reduced the duration (from 425 ± 248 ms to 88 ± 139 ms; p=0.03) of the 
depolarized events constituting the up state. Injection of PCP into the ventral subiculum 
failed to affect the frequency and duration of the up state. In neurons recorded following. 
PCP pre-treatment, only 15% of the neurons showed a bistable membrane potential (1/7) 
compared to 62% of controls (18/29;
p=0.036, Fisher exact test). The ability I Control
ofPCP to attenuate normal transitions of L .,
accumbens neurons to their up state
suggests that PCP may reproduce a
schizophrenia-like hippocampal deficit J 20 mV
by inserfering with the gating of cortical } sec
throughput in this nucleus. Supported by
MH45156, 01055 (AAG), and a PCP
NARSAD Young Investigator Award
(P.O’D.). —~ -

505.5
CLOZAPINE INDUCTION OF C-FOS IN D3 DEFICIENT MICE: 
A DOUBLE LABELING IN SITU HYBRIDIZATION STUDY.
A. Carta* and C.R. Gerfen, Lab of Neurophysiology. NIMH.

The atypical neuroleptic clozapine produces a pattern of immediate 
early gene (IEG) induction predominantly in “limbic” areas of the 
brain. This pattern of IEG induction has been suggested to be 
mediated by the D3 dopamine receptor subtype, do to its similar 
regional expression pattern. To test this possibility, we used mice 
deficient for the D3 receptor. In situ hybridization studies showed 
that clozapine, at doses of 30 and 50 mg/kg, increases c-fos 
expression in the striatum, nucleus accumbens and lateral septum. 
This pattern was detected in both D3 knockout and wild type 
animals treated with clozapine, which suggests that IEG induction 
by clozapine is not dependent on D3 receptors.

Further characterization of clozapine’s actions was obtained with 
double-labeling in situ hybridization using digoxigenin labeling of 
enkephalin mRNA to mark D2 neurons in the striatum and nucleus 
accumbens combined with radioactively labeled probes for c-fos 
mRNA. In both regions clozapine (30mg/kg) produced a significant 
induction of c-fos in 20% of enkephalin positive neurons (D2 
neurons) and in 5% of enkephalin negative neurons (DI neurons).

These data suggest that D3 receptor is not involved in the 
mechanism of action of clozapine. Furthermore, they suggest that 
the c-fos induction occurs primarily in the D2 neural population in 
the striatum and nucleus accumbens, and with a lesser extend in the 
DI neurons.

505.6
GATING OF HIPPOCAMPAL AND AMYGDALAE INPUTS TO THE 
NUCLEUS ACCUMBENS BY DOPAMINE: A COMBINED IN FIFO 
EXTRACELLULAR ELECTROPHYSIOLOGICAL AND ELECTRO-
CHEMICAL RECORDING STUDY. C.D. Blaha*. S.B. Floresco. A.G. Phillips 
and C.R. Yang Departments of Psychlogy & Psychiatry, Univ of British Columbia, 
Vancouver, BC, V6T 1Z4, CANADA

The nucleus accumbens (NAc) receives glutamatergic inputs from the 
hippocampus and basolateral amygdala (BLA), in addition to midbrain dopamine 
(DA) inputs. Behavioral studies have suggested that the hippocampus and the BLA 
are two limbic regions which can “compete” for behavioral expression, and that 
these two inputs may be preferentially gated by NAc DA. We investigated the 
physiological mechanisms underlying the DAergic modulation of hippocampal and 
amygdalar inputs to the NAc. In urethane-anaesthetized rats, extracellular single-
unit recordings were made in the NAc concurrent with chronoamperometric 
recordings with stearate-modified carbon electrodes to monitor DA efflux. NAc 
neurons were sampled only if they responded to electrical stimulation of both 
fimbria/fomix (FF) and BLA. In these cells, tetanization of the FF using parameters 
which evoke increases in DA efflux in the NAc (20 Hz, 10s; Blaha et al., Eur J 
Neurosci, 9, 1997) resulted in short-term depression (~ -80%, lasting ~5min) of 
evoked BLA unit activity at 2 Hz. In these same neurons, FF-evoked unit activity 
exhibited potentiation (~ +25% evoked unit activity) following FF tetanization. 
These changes in synaptic efficacy of FF and BLA inputs to the NAc were directly 
correlated with an initial increase in the DA chronoamperometric signal. Recovery 
from the BLA-depression was correlated with decreases in DA efflux to below 
baseline levels. These data suggest that high frequency inputs from the 
hippocampus can augment their influence on NAc neurons. Concurrently, the 
hippocampal-evoked DA release may inhibit inputs from the BLA. Present 
experiments using iontophoretic application of DA antagonists on these NAc 
neurons are attempting to confirm whether these changes in synaptic efficacy are 
mediated by mesoaccumbens DA activity. Funded by MRC and NSERC Canada.

505.7
CALBINDIN-D 28kD BUT NOT CALRETININ, GLUR1 OR GLUR2/3 
IMMUNOREACTIVITIES IN RETROGRADELY LABELED VENTRAL 
MESENCEPHALIC NEURONS FOLLOWING INJECTIONS OF FLUORO-
GOLD IN ACCUMBAL SUBTERRITORIES. Y. Tan*. E.S. Williams. P.S. 
Zahm. Department of Antomy and Neurobiology, St. Louis University School 
of Medicine, St. Louis, MO, 63104.

Previous studies indicate that dopamine is provided by neurochemically and 
morphologically distinct projection neurons of the ventral tegmental area (VTA) and 
substantia nigra compacta to neurochemically distinct accumbens substerritories. 
Here, immunofluorescence and immunoperoxidase double-labeling techniques were 
used in rats to determine whether the calcium binding proteins, calbindin-D 28kD 
(CB) or calretinin (CR), and the excitatory amino acid receptor subunits, GluRl and 
GluR2/3, are present in midbrain dopaminergic neurons projecting to shell and core 
subterritories. In order to evaluate the distributions of these substances, Fluoro-Gold 
(FG) was injected into accumbens subterritories and neurons of the VTA containing 
FG and either CB, CR, GluRl or GluR2/3 immunoreactivities were sought in 
frontal sections. Many retrogradely labeled cells projecting to the core (>55%) 
exhibit CB-IR, while few CB-IR neurons projecting to the shell (<10%) were 
observed. This is consistent with the observation that CB-IR is robust in core, but 
weak in shell. Surprisingly, when FG injections involved a transition area between 
the shell and core, about 85% of FG cells exhibited CB-IR. FG labeled cells 
projecting to neither shell nor core exhibited CR-IR. Absence of CR-IR in shell- 
projecting VTA neurons was also surprising, insofar as CR-IR is strong in the shell 
dorsally and medially and virtually absent in the core. GluRl and GluR2/3 are 
represented throughout core, shell and rostral pole, but GluRl is stronger in core 
and dorsomedial shell, while GluR2/3 is strong in patches that do not conform well 
to core/shell. These receptor subunits were not present in FG-labeled midbrain 
neurons following accumbns injections. Supported by USPHS NIH NS-23805.

505.8
DIRECT COMPARISON OF EFFERENT PROJECTIONS FROM EXTENDED 
AMYGDALA STRUCTURES AND NUCLEUS ACCUMBENS SHELL. P.S. 
Zahm* and E.S. Williams. Department of Anatomy and Neurobiology, St. Louis 
University School of Medicine, St. Louis, MO 63104.

Neurochemical and connectional characteristics common to extended amygdala 
(EA) and the nucleus accumbens shell are consistent with a hypothesis that the two 
represent a single functional-anatomical continuum (Heimer et al., Neuroscience 
76:957-1006, 1997). It follows that the outputs of the two structures should be 
substantially similar. This was tested directly by injecting two anterogradely trans-
ported substances, Phaseolus vu/garis-leucoagglutinin (PHA-L) and biotinylated 
dextran amine (BDA) into the brains of Sprague-Dawley rats. One was placed into 
the caudal, dorsomedial part of the shell and the other into a component of the 
central division of the EA, either the central nucleus of the amygdala (CeA) or 
dorsolateral bed nucleus of stria terminalis (BST). Which received PHA-L and 
BDA was reversed in successive cases, which were reacted using immuno-
peroxidase methods ending with DAB, used either with or without nickel to pro-
vide distinguishble brown and blue-black precipitates. Eight cases have been 
processed to date involving CeA and shell only. These exhibit little convergence 
of the outputs of shell and central EA. The shell projection is strong along the 
medial forebrain bundle from ventral pallidum through the preoptic area and 
hypothalamus into the ventral tegmental area, distal to which it thins substantially. 
CeA projects strongly to BST and sublenticular EA, but not lateral hypothalamus, 
except beginning at a level just caudal to entopeduncular nucleus, where the 
labeling is invariably dorsal and lateral to that emitting from shell injections. CeA 
innervation of the VTA is negligible, but in distal brainstem sites is considerably 
more robust than that emitting from the shell. The findings are consistent with 
functional differences rather than similarities. Support by USPHS NIH NS-23805.
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505.9
DORSAL RAPHE AFFERENTS OF VENTROLATERAL NUCLEUS ACCUMBENS 
ARE CORRELATED WITH SEROTONIN MEDIATED CORE BEHAVIOR. C.F. 
Phelix*1, M. Russell1, andP.A. Broderick2 1- Div. Life Sci., 
Univ. of TX-San Antonio, TX 78249; 2- Dept. Physiology & 
Pharmacol. CUNY Medical School, New York, NY 10031

Nucleus Accumbens (NAcc) core behaviors are grouped with 
stereotypy behaviors mediated by dorsal striatum (DStr). 
NAcc core is more similar to DStr than shell at anatomic, 
ultrastructural, and neurochemical levels. Behaviors such 
as head bobbing and grooming are accepted as stereotypic. 
Serotonin (5HT) has dramatic effects on these behaviors. 
The focus of the present study was to identify sources of 
5HT afferents to ventrolateral (vl) NAcc core using tract 
tracing with immunocytochemistry for 5HT, and, in separate 
groups of Sprague Dawley rats, to monitor synaptic release 
(in vivo microvoltammetry) in vlNAcc core to correlate with 
unrestrained, natural behavior in the open field paradigm. 
With neurochemical and behavioral microanalysis, different 
core and shell behaviors were seen in the rats' voluntary 
movements while exploring, on line, in a novel environment. 
With retrograde tract tracer injections in vlNAcc core 5HT 
neurons were located in the dorsal raphe (DR) with few in 
median raphe. 5HT release at core vlNAcc, and Ag terminals, 
increased the same extent and at the same time as each open 
field core behavior occurred and increased. There was a 
direct communication between A9 and A10 5HT release and core 
related behavior. The relationship was one of a temporally 
simultaneous and synchronous nature. 5HT release in vlNAcc 
core exhibited the same properties in relationship to 
stereotypy as did DStr 5HT release. From these data we 
conclude that DR 5HT neurons innervate the vlNAcc core and 
participate in switching behavior from shell to core type 
that is then supported by activity within the DStr. 
Support: HL02914-03, PSC/CUNY 666221, NIGMS 07639&08168.

BASAL GANGLIA: STRIATUM

506.1
SYNAPTIC ORGANIZATION OF THE ENKEPHALIN IMMUNO-
REACTIVE TERMINALS IN THE MARGINAL DIVISION OF THE 
MONKEY STRIATUM. S.Y.Shu* X.M.BAO, ( Neuromedicine Center, Zhu- 
Jiang Hospital, First Military Medical University, Guangzhou 510282, China)

In our previous work, A layer of medium to large fusiform neurons was 
found at the caudomedial border of the monkey striatum. It is filled with more 
densely packed peptidergic fibers and terminals, and some scattered peptidergic 
neurons. This area is termed the marginal division(MrD) of the monkey 
striatum. M-enkephalin (MENK) immunoreactive terminals and neurons were 
observed in the MrD of the monkey striatum. Using immunocytochemistry 
electron microscopy, synaptic organization of the MENK 
immunoreactive(MENK-ir) terminals was investigated in this study. Many 
MENK-ir axon terminals, and a few MENK-ir neuronal somata and dendrites 
were observed in the MrD. Most of the MENK-ir terminals were assumed from 
outside the MrD, since the labeled axon terminals are much more than the 
labeled dendrites and neuronal somata. Four types of synapses were identified 
with Enk-immunoreactive terminals. They are axondendritic, axonspinous, 
axonsomatic and axonaxonal synapses. Most of the MENK-ir terminals 
contain pleomorphic vesicles. They form symmetric synapses, Gray’s type II, 
on the somata, dendrites spines and axons. A few synapses are asymmetric 
referring to Gray’s type I. Most of the labeled synapses are compound. There 
often are more presynaptic components than post synaptic ones. Seven 
axons( including 3 labeled and 4 unlabeled) are found synapsing on one dendrite. 
It is assumed that: (1) There are impulses convergence and divergence through 
the Enk reactive terminals to the MrD. (2) The MENK-ir terminals probably 
mainly transport inhibitory impulses to the MrD. Supported by NSFC 
39270248.

506.2
THE POSTNATAL DEVELOPMENT OF INTERNEURONS IN 
THE RAT NEOSTRIATUM: AN IMMUNOHISTOCHEMICAL 
STUDY. B. Schlosser, G. Klausa and G. ten Bruggencate*. 
Department of Physiology, University of Munich, D-80336 
Munich, Germany

On the basis of cytochemical, physiological and morphological differences 
four classes of aspiny intemeurons have been identified in the striatum of adult 
animals: Neurons expressing the calcium binding proteins parvalbumin or cal-
retinin, cholinergic neurons, characterized by the presence of choline acetyl-
transferase (ChAT), and a class of intemeurons containing NADPH-diaphorase 
and nitric oxide synthase (NOS). Using peroxidase antiperoxidase immunocyto-
chemistry we investigated the postnatal maturation of these intemeurons in the 
rat neostriatum.

Parvalbumin-positive cells initially appeared at postnatal day 9 in the lateral 
part of the striatum. Over the second and third postnatal' week neurons diffe-
rentiated progressively in latero-medial direction. Calretinin-expressing neurons 
were present at birth. The highest density was found in the ventral striatum. 
During the first postnatal days, the number of Calretinin-immunoreactive cells 
increased, especially in medial and dorsal regions, peaked at the end of the first 
week and then declined in the course of the following weeks. ChAT- and NOS I 
containing neurons were detectable at birth in the lateral striatum. During the 
first und second postnatal week, the neurons maturated along a lateral to medial 
gradient.

These data demonstrate that the maturation of striatal intemeurons is differen-
tially regulated during the postnatal development resulting in distinct spatiotem-
poral genesis of phenotypes.

506.3
COLOCALIZATION OF CELL MARKERS IN RAT STRIA-
TUM: A DUAL-LABEL IN-SITU HYBRIDIZATION STUDY.
P.A,..Zigfer1/ J..A, Kemer2, C.H. Lucking1. T.B, Penney, Tr.2. D.G. Standaert2. 
A.B. Young2. G.B. Landwehrmever*1. Dept. of Neurology, ^lbert- 
Ludwigs-Univ. Freiburg, Germany and 2Mass. Gen. Hospital, Boston, USA.

Neurochemical markers are widely used to seperate neuronal 
populations within striatum. There are, however, no systematic 
studies addressing the question to what extent these markers 
colocalize. Using a double label in-situ hybridization technique 
employing 35S- and digoxigenin-(DIG) labeled probes we studied the 
colocalization of mRNAs coding for preproenkephalin (ENK), 
preprotachykinin (SP), glutamic acid decarboxylase 67kD (GAD67), 
somatostatin (SOM), parvalbumin (PARV) and choline acetyl-
transferase (CAT). Significant 35S-hybridization signals for SP were 
found in 7% of neurons DIG-stained for ENK. Complementary 
labeling of ENK-neurons with a 35S-tagged probe disclosed signals in 
8% of neurons DIG-stained for SP; these neurons appeared to be 
organized in clusters. SOM did not show any overlap with CAT or 
PARV-labeled populations; however, a small percentage of DIG- 
labeled ENK and SP neurons displayed significant labeling with the 
35S-tagged SOM-probe. While all 33S-labeled PARV neurons were 
intensely DIG-GAD67 positive, only 2/3 of intensely GAD67 stained 
neurons exhibited PARV signals. CAT-stained neurons were labeled 
by no other markers. Our study demonstrates colocalization of SP 
and ENK in less than 10% of striatal neurons and suggests an 
inhomogeneous population of SOM and intensely GAD67 stained 
neurons in rat basal ganglia.
Supported by SFB505 and USPHS grants NS31579 & AG11337

506.4
RE-EVALUATION OF MARKERS FOR THE PATCH-MATRIX 
ORGANIZATION OF THE RAT STRIATUM. R.E. Harlan*, M. Guillot and M.M, 
Garcia. Depts. Anatomy and Otolaryngology, Neuroscience Training Program, 
Tulane Med. Sch., New Orleans, LA 70112

To determine the degree of coincidence of patch-matrix boundaries identified by 
several markers, we performed immunocytochemistry on adjacent 40 mm sections 
through the striatum, using antibodies to the mu opiate receptor (MOR; IncStar), 
neuronal nitric oxide synthase (nNOS; R&D Antibodies), somatostatin (SST; gift of 
R. Benoit), calbindin D28K (CD; Sigma) and protein kinase C (PKC) pH (gift of R. 
Wetsel). Superimposed camera lucida drawings of adjacent sections revealed 
substantial coincidence of boundaries defined by MOR and by SST fibers, in the 
ventral 2/3 of the caudate-putamen (CPu). However, in the shell of the nucleus 
accumbens (AcbSh), small regions devoid of SST fibers did not correspond to MOR 
patches. SST cell bodies were often found on the borders of MOR patches, even in 
the dorsal CPu, where SST fibers did not mark the patch-matrix boundaries. 
Immunoreactive nNOS fibers were enriched in the matrix of the nucleus accumbens 
core (AcbC); however, there was no obvious association between nNOS fibers and 
the patch-matrix organization in the AcbSh or in the CPu. While some nNOS cell 
bodies corresponded to borders of patches, most did not. Patches defined by MOR 
and by relative absence of CD corresponded almost exactly, although a few MOR 
patches were filled with CD, and CD did not extend into the dorsolateral CPu, where 
MOR patches and the subcallosal streak were prominent. PKC pH was enriched in 
the matrix relative to patches, especially in the ventral CPu, although some small 
MOR patches did not coincide with regions reduced in PKC pil. These data suggest 
that the best coincidence among markers was in the ventral half of the CPu, with poor 
correspondence in the dorsolateral CPu and AcbSh. These results also challenge the 
concept of co-localization of SST and nNOS in the CPu.

Supported by LEQSF RD-A-29 to MMG.
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506.5
ROLE OF NIGRO-AND CORTICO-STRIATAL AFFERENTS IN 
BASAL AND INDUCED EGR1 EXPRESSION IN DEVELOPING 
STRIATAL PATCHES. A. Snyder-Keller* and R. Chandra. Wadsworth 
Ctr. for Labs and Research, N.Y.S. Dept. of Health, Albany, NY 12201.

Egr1 (also known as zif268, NGF,-A, or Krox 24) Is an immediate- 
early gene of the zinc finger family that exhibits high constitutive 
expression in the brain, as well as inducibility by seizure activity, 
stimulants, and salient physiological stimuli. We examined the 
expression of Egr1 protein in the developing striatum using immuno-
cytochemistry with a polyclonal antibody directed against the carboxy 
terminus (Santa Cruz). From E20 through the first postnatal week,
Egr1 protein was expressed selectively in patch neurons under basal 
and cocaine-stimulated conditions. By the end of the second postnatal 
week a nearly homogeneous pattern of Egr1-IR cells was observed, 
which persisted throughout adulthood, at which time most striatal 
neurons appeared to be Egrl-IR. In neonates, the dopamine D1 
antagonist SCH23390 (0.5 mg/kg) given 4-5 hr prior to perfusion 
reduced the basal and cocaine-stimulated patchy expression of Egr1, 
whereas the noncompetitive NMDA antagonist MK-801 (0.5 mg/kg) was 
less effective. Neonatal destruction of nigrostriatal dopamine afferents 
did not affect the basal pattern of Egr1 expression. These results 
suggest that basal Egr1 expression in the developing striatum is 
stimulated primarily by dopamine inputs in unlesioned rats. However, 
cortical glutamate innervation directed towards the patches may play a 
greater role in Egr1 expression after dopamine depletion. (Supported 
by MH46577 and DA08694.)

506.6
DOPAMINERGIC AND GLUTAMATERGIC REGULATION DISTINGUISHES 
INDUCIBLE AND CONSTITUTIVE POOLS OF IMMEDIATE-EARLY GENE 
PROTEINS DURING STRIATAL DEVELOPMENT E. Fusco* and A.M. Graybiel 
Dept. of Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139

We have shown that transcription factors of the immediate-early gene (IEG) 
families Fos, Fra and NGFI-A, characterized in the rat by immunohistochemistry, 
define striatal developmental phases that are sensitive to dopaminergic 
pharmacological stimulation through the DI pathway (Fusco and Graybiel, 1996). We 
here report that the DI antagonist SCH23390 (0.2mg/kg) blocks the inducible 
expression of Fos, Fra and NGFI-A, but only partly downregulates constitutive Fra 
expression as determined by quantitative analysis performed at P6. By contrast, the 
D2-selective antagonist, eticlopride (0.5mg/kg), induces IEG expression that is 
confined to striosomes (P2-P6), despite the expression of D2 ligand binding sites and 
mRNA in the matrix. In the adult striatum, it has been hypothesized that D2 receptors 
interact synergistically with DI receptors. By contrast, we found that at P6, D2 
antagonist pretreatment before dopaminergic stimulation by cocaine (25mg/kg) or 
amphetamine (5mg/kg) increases the striosome-predominant IEG induction expression 
inducedby these drugs alone. We further found that the pharmacological blockade of 
NMDA receptors before dopaminergic stimulation completely blocks the induction of 
the IEG proteins by both psychomotor stimulants. Basal Fra and NGFI-A expressions 
were present but weaker. We further tested whether the DI-insensitive IEG inductions 
observed during the second postnatal week in the substantia nigra and pallidum after 
stimulant treatment (Fusco and Graybiel, 1996) were sensitive to D2 and NMDA 
pharmacological blockade. In the P15 striatum, D2 antagonist alone or as pretreatment 
induced IEG expression with the pattern typical of adulthood, whereas MK801 
pretreatmentleft only few IEG-positive cells in tiny clusters. We propose the presence 
of an inducible and a constitutive pool for Fos, Fra and NGFI-A proteins in the 
developing striatum. These could contribute differentially to intrinsic programs of 
development and activity-dependent modeling of striatal function. We thank Drs. M. 
ladarolaandJ. Milbrandt for antisera. Supported by NIDA R01 DA 08037.

506.7
STRIOSOMES, BUT NOT NORMAL DYNORPHIN-POSITIVE PATCHES, ARE 
PRESENT IN NEONATAL DI RECEPTOR KNOCKOUT MICE. R. 
Moratalla*1’3, E. Fusco1, M. Xu4, S. Tonegawa2 and A M. Graybiel1 MJept. Brain 
& Cog Sci, Center for Cancer Res, MIT, Cambridge 02139, 3Mass. Gen. Hosp., 
Harvard Med. School Boston, MA 02114, 4U Cincinnati, College of Medicine, 
Cincinnati OH.

The molecular mechanisms underlying the structural and phenotypic formation of 
the striosome and matrix compartments in the striatum are still unclear. It is known 
that dopamine-containing afferents from the substantia nigra innervate the striatum 
very early in development. Nigrostriatal afferents primarily target striosomes for a 
prolonged developmental period, forming the "dopamine islands". During this 
developmental period, crucial for compartment formation, Dl-class dopamine 
receptors have a striosome-predominant pattern of expression. To test whether 
dopamine acting through Dl-class dopamine receptors influences the process of 
striosome cell clustering and phenotypic differentiation, we characterized the 
striosomal system of DI mutant mice at postnatal day 6 (P6). Using different 
phenotypic markers for the striosomal compartment, we found that striosomal cell 
clusters are present in the DI mutant mice as detected by immunocytochemistry for 
NGFI-A, Fra, and DARPP-32. Moreover, we found tyrosine hydroxylase positive 
patches in the DI knockout mice, indicating that the dopaminergic innervation of 
striosomes is not dependent on DI dopamine receptor activation, hi the DI mutant 
mice, all of these early striosomal markers had a patchy distribution of expression 
similar to that in wild-type mice. By contrast, dynorphin-positive cell clusters were 
barely detectable in the mutant mice. Our results clearly establish that DI receptors 
are not necessary for aggregation of striosomal neurons but are required for the 
development of the dynorphin-predominant striosomal phenotype We thank Drs. J. 
Milbrandt, M. Iadarola, H. Hemmings Jr. and P. Greengardfor antisera. Supported by 
NIDA R01 DA08037, NIH R01 HD28341, P01 NS31579 P01 N531579-04 and 
R01-NS32925. R.M. andE.F. contributed equally to this work.

506.8
THE REGIONAL DISTRIBUTION OF CALBINDIN AND ITS 
RELATIONSHIP TO STRIOSOMES IN THE RAT 
NEOSTRIATUM. L.M. Goldbloom*, L.L Brown, P.M. Smith and A.M. 
Graybiel. Depts. of Neurology and Neuroscience, Albert Einstein 
College of Medicine, Bronx NY 10461; Dept. of Brain & Cognitive 
Sciences, MIT, Cambridge MA 02139.

It has been shown in the macaque monkey that calbindin, a calcium 
binding protein, distinguishes the medial associative striatum from the 
lateral, sensorimotor striatum (Francois, et. al., 1994). Despite the 
widespread use of calbindin as a marker for striosomes in the rat 
caudoputamen, only a few brief descriptions exist for the distribution of 
calbindin staining. We show here that many p-opioid receptor-rich 
patches exist in the lateral, sensorimotor striatum despite the insufficient 
demarcation of the patches by calbindin staining. Anti-sera against 
calbindin or the p-opioid receptor were applied to coronal sections 
separated by 60 pm. In the anterior and posterior third of the striatum, 
the calbindin-rich region, punctuated by calbindin-poor striosomes, 
occupies the medial half of the nucleus; in the middle third of the striatum, 
the calbindin-rich region is larger, covering the medial two-thirds. This 
pattern concurs with the finding in primates that calbindin distinguishes a 
medial territory where association cortex projections predominate, and a 
lateral region where sensorimotor inputs predominate. Throughout the 
caudoputamen, the number of p-opiate receptor-rich striosomes in the 
lateral calbindin-poor region is equal to or greater than the number of 
those found in the medial calbindin-rich region. Thus, calbindin reveals 
about half of the striosomes. Our findings emphasize that there is a 
significant number of striosomes in the dorsolateral, calbindin-poor 
sensorimotor striatum.

We thank Dr. R. P. Elde for the p-opioid receptor anti-serum (MOR-1); 
supported by NIH NS 21356 and NIH Javits Award NS 25529.

506.9
THE DISTRIBUTION OF PEP-19 IMMUNOREACTIVITY IN 
POSTMORTEM HUMAN BRAIN. A.K, Utah A.L. Stopka, M. Roy 
and P.D. Coleman*. Dept. of Neurobiology & Anatomy, University 
of Rochester School of Medicine & Dentistry, 601 Elmwood Ave., 
Rochester, NY 14642.

PEP-19 is a small neuron-specific protein of unknown 
function. It has 61 amino acids with an estimated MW of 7.6 K. The 
PEP-19 sequence has the so-called calmodulin-binding motif, which it 
shares with other neuron-specific proteins including neurogranin (RC- 
3) and neuromodulin (GAP-43). Rodent studies of PEP-19 have 
described immunoreactivity (IR) in regions of the cochlear nucleus, 
olivary complex, cerebellar Purkinje cells and retina.

We are investigating the distribution of PEP-19 IR using 4% 
paraformaldehyde-fixed sections of postmortem adult human brains 
and an antibody to PEP-19. Preliminary results show that the strongest 
IR is found in the extrapyramidal regions including caudate nucleus, 
red nucleus, putamen, globus pallidus and substantia nigra. In the 
hippocampus, PEP-19 IR is significantly less than in other regions and 
is localized to the dentate gyrus and pre-subiculum. Present data 
suggest that PEP-19 IR may be a useful marker of the extra pyramidal 
system. (Supported by grants from the Markey Foundation, AHAF 
ADR-95063, NIA: AG 01121, AG 08665, AG 09016).

506.10
CHEMICAL DELINEATION OF THE AMPHIBIAN BASAL FOREBRAIN. 
O, Marfn*t°, W.J.A.J.Smeetsf, M.Munozt, C. Sanchez-Camachof,
H, Varat and A, Gonzalezf. fDept. Cell Biology, Univ. 
Complutense, 28040 Madrid, °Dept. Morphological Sci. and 
Physiology, Univ. Europea, 28040 Madrid, Spain, ♦ Graduate Sch. 
Neurosci., Dept. Anatomy & Embryology, Vrije Univ., 1087 BT 
Amsterdam, The Netherlands.

In amphibians, subdivisions within the basal telencephalon 
are recognized on the basis of the distribution of several 
chemical substances such as dopamine, substance P, 
enkephalin and NADPH-diaphorase. In the present study, the 
distribution patterns of these markers have been studied in the 
telencephalon of the frog Rana perezi. On the basis of their 
chemical characterization, the striatum proper, nucleus 
accumbens, dorsal and ventral pallidum, bed nucleus of the 
stria terminalis, and amygdaloid complex have been identified. 
Additional studies with antibodies against calretinin, dopamine 
P-hydroxylase, choline acteyltransferase, mesotocin, vasotocin, 
somatostin, neuropeptide Y, neuropeptide FF, and serotonin 
have corroborated the identification of those basal forebrain 
structures. The present account on the organization of the 
striatopallidal system, along with the current delineation of 
the anuran amygdala and bed nucleus of the stria terminalis, 
give rise to a new notion of the basal forebrain organization in 
amphibians and the evolution of these structures in 
vertebrates.
SUPPORTED BY DGES PB96-0606
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506.11
CELLULAR LOCALIZATION OF THE DI DOPAMINE RECEPTOR 
ASSOCIATED PHOSPHOPROTEIN DARPP-32 IN THE PIGEON 
BASAL GANGLIA A. Reiner*. M, Perera & L. Medina. Dept. Anat.
& Neurobiol., UT - Memphis, TN 38163; and Dept. of Morphol. Sci., 
Universidad de Murcia, Murcia 30100, Spain.

DARPP-32 is a DI-receptor associated signaling protein found in the 
vast majority of all striatal projection neurons in mammals, including both 
enkephalinergic (ENK+) and substance P-containing (SP+) neurons.
This is consistent with the notion that both types of neurons possess DI 
class dopamine receptors. The present study used immunohistochemical 
single- and double-labeling to examine the cellular localization of 
DARPP-32 in pigeon striatum. Single-label studies revealed that 
DARPP-32 is present in numerous medium-sized striatal perikarya and 
DARPP-32+ axons and terminals were seen to profusely blanket the two 
major striatal projection targets, the pallidum and the substantia nigra. 
Single-labeling indicated that the abundance of DARPP-32+ perikarya in 
striatum exceeds that of either SP+ or ENK+ perikarya, and the abun-
dance of DARPP-32+ fibers and terminals in pallidum and nigra exceeds 
that of either SP+ or ENK+ fibers and terminals. Double-labeling found 
that 25-50% of striatal SP+ perikarya and 10-25% of ENK+ striatal 
perikarya contained DARPP-32, and confirmed that DARPP-32 was not 
confined solely to SP+ fibers and terminals in pallidum. Since DARPP- 
32 is known to be present in dendrites and could be low in its abundance 
in some striatal perikarya, our perikaryal double-label studies may under-
estimate DARPP-32 prevalence in SP+ and ENK+ striatal neurons in pi-
geons. We also found that DARPP-32 was virtually absent from choliner-
gic and NPY+ intemeurons, as also true in mammals. Our data indicate 
that DI receptors are likely to be present in both SP+ and ENK+ neurons 
in avian striatum. Supported by NS-19620 (A.R.).

506.12
LOCALIZATION OF THE DOPAMINE D2 RECEPTOR ON CHOLINERGIC 
INTERNEURONS OF THE RAT NEOSTRIATUM: AN ELECTRON 
MICROSCOPIC IMMUNOCYTOCHEMICAL DOUBLE LABELING STUDY. 
A.A, Alcantara*. S.J. Young and P.M, Groves. Departments of Neurosciences and 
Psychiatry, University of California, San Diego, La Jolla, CA 92093-0603.

Dopamine-acetylcholine (DA-ACh) interactions are critical for normal striatal 
functioning; disturbances in this DA-ACh balance are implicated in the etiology of 
basal ganglia disorders such as Parkinson’s disease. Numerous electrophysiological 
and biochemical studies have elucidated the role of DA in ACh transmission. The DA 
D2 receptor, a main target for the action of typical neuroleptics, is of particular 
interest due to its role in the inhibition of striatal ACh release. The present study 
focused on whether such influences of DA on ACh transmission could occur through 
a direct effect mediated by D2 receptors localized on striatal cholinergic intemeurons. 
A double labeling procedure was employed using antibodies directed against the D2 
receptor and choline acetyltransferase (ChAT), visualized with DAB and silver- 
intensified immunogold labels, respectively.

Correlated light and electron microscopic analysis of selected ChAT-positive 
neurons revealed the presence of the label for DA D2 receptors in these neurons. This 
finding is consistent with in situ hybridization evidence for D2 mRNA localization in 
cholinergic neurons in the striatum (MacLennan et al., 1994). D2 receptor labeling 
was present on the cell membranes of the soma and the proximal and distal dendrites 
of cholinergic neurons. Labeling was also observed within the cytoplasm, in 
particular, the rough endoplasmic reticulum and the Golgi apparatus. Symmetric 
axosomatic and axodendritic synapses were observed in contact with double labeled 
neurons, and in some cases these synaptic terminals were also D2-positive. The 
results from this study provide the first ultrastructural evidence for the presence of DA 
D2 receptors on the perikarya and dendrites of cholinergic interneurons, thus 
identifying potential sites on these neurons for a DA D2 receptor mediated 
modulation of cholinergic neurotransmission in the mammalian neostriatum. Supp. by 
NIH grants DA02854, DA00079, RR04050 and a UCSD Chancellor's Fellowship.

506.13
DISTRIBUTION OF PARVALBUMIN AND CALBINDIN D-28k 
NEURONS AND FIBERS IN THE RAT BASAL GANGLIA AS 
REVEALED BY SINGLE AND DOUBLE IMMUNO-
HISTOCHEMICAL METHODS. B. Hontanilla 14», A. Parent 3 and 
J.M. Gim6nez-Amaya x<. (1) Departamento de Cirugfa Plastica y 
Reparadora. Universidad de Navarra. 31080 Pamplona. Spain. (2) 
Departamento de Anatomfa. Universidad de Navarra (3) Centre de 
Recherche. Universite Laval Robert-Giffard. Beauport. Quebec. G1J 2G3 
Canada. (4) Departamento de Morfologfa. Universidad Autonoma de 
Madrid. 28029 Madrid. Spain.

The use of sequential single and double antigen labeling procedures 
has allowed us to describe in detail and in a comparative manner the 
distribution of immunoreactivity for parvalbumin (PV) and calbindin 
D28-k (CB) in the different nuclei of the rodent basal ganglia. Our data 
reveal that PV and CB are distributed according to a highly 
heterogeneous pattern in the caudate-putamen complex, globus pallidus 
(GP), entopeduncular nucleus (Ep), subthalamic nucleus (Sth) and 
substantia nigra (SN) of the rat. In each of these basal ganglia structures, 
both calcium-binding proteins label different neuronal subsets and thus 
subdivide these structures into distinct chemoarchitectonic and functional 
domains in the neural organization of these nuclei. The use of double- 
immunohistochemical methods could be important to illustrate the 
relationships among the different chemical subdivisions of the caudate- 
putamen complex, GP, Ep, Sth and SN and their specific connections 
among them and with other forebrain and brainstem structures but some 
technical aspects must be considered. Finally, the chemoarchitectonic 
and functional domains in these structures may contribute to explain the 
distinct integrative processes occurring in motor disorders of the CNS. 
Supported by MT-5781 of MRC of Canada and FIS 93/0337, 96/0488 
and Universidad de Navarra (PIUNA).

506.14
CHEMICAL COMPARTMENTALIZATION OF THE HUMAN STRIATUM. Lucia 
Prensa1 <2’3. Jose Manuel Gimenez-Amaya2-3 and Andre Parent1 *.1 Centre de recherche 
University Laval Robert-Giffard, Beauport, Quebec, Canada, G1J 2G3,2Departamento 
de Morfologfa, U.A.M., 28029 Madrid and 3Departamento de Anatomfa, Universidad 
de Navarra, 31080 Pamplona, Spain.

The neurochemical and hodological organization of the striatum is highly heterogene-
ous. Studies of the distribution of transmitter-related substances and their relationship 
with input and output systems has led to the concept that the striatum is composed of two 
divisions: a small (= 20%) patch or striosome compartment embedded in a much larger 
(= 80%) extrastriosomal striatal matrix. We have applied immuno- and histochemical 
techniques to human postmortem tissue from normal individuals to study the striatal 
distribution of calbindin 28kD (CB); calretinin 29k (CR), limbic system-associated 
membrane protein (LAMP), Met/Leu-enkephalin (ENK), and NADPH-diaphorase (or 
nitric oxide synthase, NOS). As in other species, CB was found to be markedly enriched 
within the extrastriosomal matrix in human. In contrast, LAMP immunoreactivity was 
specifically confined to striosomes. The ENK immunoreactivity, however, displays a 
more complex pattern of distribution in the human striatum. Both patches of dense and 
low ENK immunoreactivity are intermingle in the caudate nucleus and in the putamen. 
The core of the striosomes was also found to display a marked heterogeneity in respect 
to the intensity of CB, LAMP and ENK immunostaining. Furthermore, a thin area 
largely devoid of CB- and ENK-immunoreactivity appears to delimit the patches. This 
“peristriosomal capsule” could represent a third striatal division, distinct from the 
striosomes and matrix compartments. The two types of CR striatal intemeurons (medium 
and large) are present in both the matrix and the striosomes but the CR neuropil is 
significantly higher inside the patches. The NOS-positive neurons surround areas of 
high ENK-immunoreactivity. These data indicate that the striatal organization in the 
human is more complex than the simple patch/matrix compartmentalization outlined in 
nonhuman species. [Supportedby Medical Research Council and the Killam Foundation 
of Canada, the Comunidad de Madrid and FIS 96/0488].

506.15
THE SPATIAL ORAGANIZATION OF CORTICAL, 
AMYGDALOID, TEGMENTAL AND NIGRAL PROJECTIONS OF 
THE CAT’S AND DOG’S CAUDATE NUCLEUS. A. I. 
Gorbachevskaya, O. G. Chivileva, S. I. Chefer and M. I. Talan*.
Lab. of Higher Nervous Activity, Pavlov Inst, of Physiol., 
St.Petersburg, Russia

To realize structural base of the functional heterogeneity of the 
caudate nucleus and the interaction of limbic and motor systems at this 
level retrograde cell labeling techniques were used. The distribution of 
the labeled cells was investigated in functionally different structures: 
cortical areas, amygdaloid nuclei, ventral tegmental area and substantia 
nigra. Horseradish peroxidase (Sigma VI, Boehringer, 0.12 - 0.2 mL, 
30% solution) was injected into the 6 separate segments of the caudate 
nucleus unilaterally in 23 cats and 13 dogs. Survival times ranged from 
48 -72 hs, after perfusion of the brain it was sectioned at 50 mm and 
reacted with tetramethylbenzidine and benzidine sulphate. The detail 
map of investigated projection systems was determined, which 
confirmed that there are ventral “limbic” and dorsal “motor” 
departments in the caudate nucleus. The parts of the caudate nucleus 
with overlapping projections from functionally different cortical and 
subcortical structures were found too. It was shown that there are 
similarity and some distinctions in the topical organization of afferent 
projections of cat’s and dog’s caudate nucleus.
G.R.F.F.I. 95-04-11518a.
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507.1
RHYTHMIC CLIMBING FIBER RESPONSES IN THE
CEREBELLUM OF THE AWAKE BEHAVING MONKEY.
J-P. Pellerin*, M-T. Parent, C. Valiquette and Y. Lamarre. Centre de 
Recherche en Sciences Neurologiques, Universite de Montreal, C.P. 6128, 
Succ. Centre-Ville, Montreal (Qc), Canada, H3C 3J7.

Extracellular recordings of climbing fiber responses (CFRs) of Purkinje 
cells (Pcs) were performed in the cerebellar cortex of two adults monkeys 
(macaca mulatta) during a motor task requiring displacement of the arm in 
response to an auditory cue. In both monkeys, the cerebellum was explored 
bilaterally including the vermal lobules IV to VIII and the lobules 
paramedian, simplex and crus I - II in the hemispheres. CFR spontaneous 
frequency was the same in both monkeys (mean: 1.3/s; range: .4-3/s). Cells 
with a minimum of 200 interspike intervals were analysed for periodicity. 
Autocorrelation was performed on each trial (1 ms bin) and averaged across 
all trials for each cell. The resulting averaged autocorrelation function was 
fast Fourier transformed to identify significant rhythmic components 
(p< .001) between 1 and 50 Hz. This analysis revealed that 39% (69/178) of 
CFRs in the first monkey and 52% (56/106) in the second one showed 
rhythmic pattern in the frequency range 4 - 13 Hz (mean: 8 Hz). These 
results differ from another study (Keating, J.G. and Thach, W.T., J. 
Neurophysiol., 73, 4,1995) in which no CFR rhythmic activity was observed 
in the behaving monkey. Several factors could explain this discrepancy, 
namgly the recording sites, the behavioral task and the method of analysis. 
(Supported by MRC of Canada).

507.2
Localization  Of  Cerebellar  Oscillatory  Activity  Of  The  
Awake  Monkey  And  Relation  With  Cortical  Rhythms .
Richard Courtemanche* & Yves Lamarre. Dept de Physiologie & CRSN, University 
de Montreal, C.P. 6128, Succ. Centre-Ville, Montreal (Qc) Canada H3C 3J7.

Local field potentials (LFPs) in the cerebellar cortex of the awake monkey can 
spontaneously display 14-16 Hz oscillatory activity. These rhythms are completely 
abolished by movement and are modulated in relation to a time estimation task. The 
presumed location of these rhythms is the granular layer of the paramedian lobule. In 
order to verify this fact, an extensive mapping of the LFP oscillatory activity was 
undertaken in the cerebellum of one Macaca mulatta monkey sitting immobile in a 
primate chair but attentive to its environment. In single electrode recordings, the 
monkey’s left hemicerebellum was probed at each mm in the medio-lateral and 
antero-posterior planes, and the tracks were constantly monitored for oscillatory 
activity in the LFPs. The mapping revealed that the LFP 14-16 Hz oscillations (16- 
19 Hz in this monkey) are located in the paramedian lobule, the dorsal paraflocculus, 
and crus II. It also revealed another 30 Hz rhythm located in lobules IV-VIII and 
simplex. Dual recordings of both rhythms show that they are independent but can 
occur concurrently. Dual recordings were also made with one electrode in the 
cerebellum and one in the cortex. These show that the 16-19 Hz rhythm occurs 
independently of the parietal 20 Hz rhythm, with transient episodes of synchrony. 
Both rhythms are suppressed by movement. The 16-19 Hz rhythm is also 
independent of the 20-30 Hz rhythm of the motor cortex. The function of these 
rhythms remains to be found, but the oscillations are more potent in situations when 
the monkey is actively monitoring its environment. Supported by various MRC and 
FCAR grants.

507.3
HIGH FREQUENCY OSCILLATORY BEHAVIOR OF CEREBELLAR 
STELLATE CELLS. Puah Mann. Idan Segev* and Yosef Yarom, Dept. of 
Neurobiology, Life Sciences Institute , The Hebrew University, Jerusalem, ISRAEL.

Stellate cells are one of the two types of inhibitory interneurons in the cerebellar 
cortex. Despite their abundance, little is known about their physiological properties 
and input-output relationship. We therefore studied their electrophysiological 
properties using intracellular whole cell patch recording in guinea pig cerebellar 
slices.

We found that a step depolarizing current pulse can evoke a prolonged (5 sec) train 
of action potentials at a very high frequency (350 Hz). To elucidate the mechanism 
that enables the stellate cells to maintain such high firing frequency, we studied the 
current-frequency and the current-voltage relationships under normal conditions and 
in the presence of TTX. Due to the high input resistance of these cells (250-500 M£2), 
relatively small currents (50-200 pA) induce high frequency firing of 70-250 Hz. The 
firing frequency is monotonicaly related to the intensity of the current injected. The 
use of TTX revealed that the membrane of stellate cells shows strong rectification 
which abruptly starts at a membrane potential of about -35mV. This rectification is 
accompanied by high frequency noise with a peak to peak amplitude of up to 2mV. 
Occasionally this noise was organized into clear oscillations with voltage dependent 
preferred frequency of 150-250 Hz. This oscillatory activity, could also be observed, 
although in a less organized manner, under voltage clamp condition. The oscillations 
could be blocked by Cs+ ions, but were unaffected by Cd++ ions. The frequency 
response of the stellate cells was determined by analyzing the voltage response to a 
ZAP function input (a sinusoidal current with linearly changing frequency). It was 
found that the impedance - frequency curves demonstrate a peak impedance 
(resonance) at a frequency similar to the frequency of the voltage oscillations 
observed at the same membrane potential.
We hypothesize that at depolarized levels the rectification and membrane voltage 

oscillations support the high frequency stable firing pattern, by ensuring extremely 
brief action potentials together with a fast resetting mechanism.

507.4
OPTICAL MEASUREMENTS REVEAL PATCHY ORGANIZATION OF 
ACTIVITY IN THE CEREBELLAR CORTEX FOLLOWING MOSSY FIBER 
STIMULATION. D, Cohen*. I. Segev and Y, Yarom. Department of Neurobiology, 
Life Sciences Institute, The Hebrew University, Jerusalem, Israel.

The Purkinje cells - the output neurons of the cerebellum - are activated by 
localized inputs from the ascending fibers as well as by spatially distributed inputs 
from the parallel fibers. Measuring the relative effect of these two types of inputs is 
an important determinant of the functional organization of the cerebellar cortex. We 
address this problem by characterizing the spatio-temporal structure of neural activity 
evoked by stimulating the two inputs in an isolated cerebellar preparation. Optical 
imaging of voltage sensitive dyes was used to measure the evoked activity. The dye 
RH-795 was injected locally into one of the cerebellar folia. Optical signals were 
recorded from a 12x12 photodiode array, using a 40X objective. Concentric metal 
electrodes were used to stimulate the cerebelar surface (parallel fibers) or cerebekllar 
white matter (mossy fibers). Most of the optical signal is due to post synaptic 
potentials as opposed to action potentials in the parallel fiber system, as shown 
using pharmacological agents and different stimulation paradigms.

Surface stimulation evoked a narrow beam of activity which propagated along the 
parallel fibers. The width and length of the activated beam increased with the 
stimulus intensity. Stimulating the cerebellar white matter elicited a circular patch of 
activity centered around the location of the stimulating electrode. Bicuculline caused 
an increase of the amplitude and duration of the evoked response but did not affect the 
size of the activated patch. The response to white matter stimulation was blocked 
when a train of stimuli was presented to the parallel fibers, suggesting that 
stimulating the white matter activated the mossy fiber system.

We conclude that the patch-like response elicited by white matter stimulation 
reflects the activation of the cerebellar cortex by the ascending branch of the granule 
cell axon and not by the parallel fiber. This conclusion raises questions regarding the 
functional role of the parallel fiber system.
Supported by the Israeli Academy of Science and the ONR

507.5
ELECTROTONIC COUPLING IN INFERIOR OLIVARY NEURONS 
REVEALED BY DIRECT MEASUREMENTS.
A.Kogan and Y.Yarom*. Dept. of Neurobiology, Life Sciences Institute, Hebrew 
University, Jerusalem 91904, ISRAEL.
Electrotonic synapses in the inferior olivary complex (IO), which have been 
demonstrated by physiological and morphological techniques, are postulated to play 
a major role in the organization of rhythmic behavior of complex spikes in the 
cerebellar cortex. Specifically, they have been shown to be essential in the 
generation of the subthreshold oscillatory activity that underlies nonlinear olivary 
processes. However, the extent of coupling, it’s spatial distribution and functional 
significance remain unclear. Using brain slice preparations from 6-20 day old rats, 
simultaneous double whole-cell patch recordings were made from 52 pairs of nearby 
IO neurons. Experiments were performed at 34-35°C using infrared Nomarski 
optics. The recorded neurons were located at separation distances of 2 to 45 pm. 
Coupling Coefficients (CC) was calculated from the voltage responses to prolonged 
(250-500 msec) negative current pulses of various intensities. An average CC of 
0.11 was calculated in the 3 most tightly coupled pairs of neurons. In 18 pairs with 
only moderate coupling an average CC of 0.02 was calculated. Electrical coupling 
could not be detected in remaining 31 pairs. The CC was found to be nonsymmetric, 
and correlated with the input resistance of the post-junctional cell. Depolarizing the 
post-junctional cell by 10 mV decreases the CC by 50%. This indicates that the 
electrical coupling shows a certain degree of voltage dependance. Often the 
recorded neurons were labeled by intracellular injection of neurobiotin. Out of 42 
labeled neurons, 32 showed curly dendrites, which tend to extend back toward the 
cell body. The rest of the neurons had straight, sparsely bifurcating dendrites. In 7 
cases the injected cells were accompanied by up to 8 indirectly labeled neurons. 
We conclude that the IO is composed of highly organized local-circuits which are 
formed by electrotonic connections. These connections vary in strength by more that 
an order of magnitude.

Supported by US-ISRAEL Binational Scientific Foundation.

507.6
CORRELATION OF FIRING BETWEEN RAT CEREBELLAR 
GOLGI CELLS. B.P. Vos*. R, Maex. E. De Schutter. Born-Bunge 
Foundation, University of Antwerp, Belgium.
Our recent modeling studies suggest that cerebellar Golgi cells can provide 
a strong synchronizing influence on firing of granule cells and Golgi cells 
(Maex et al.,1996). The model predicts that feedback inhibition of granule 
cells synchronizes Golgi-granule cell pairs, and that excitation in parallel 
fibers synchronizes Golgi cells along the traverse axis of a folium. An 
important prediction is the presence of synchronous firing of multiple 
Golgi cells. To test this hypothesis we recorded pairs of Golgi cells in Crus 
Ila of the anesthetized rat. Golgi cells were identified and differentiated 
from Purkinje cells based on position (presumed Golgi cells appeared on a 
background of granular layer multi-unit responses to facial stimulation), 
and on firing characteristics: long duration (> ,8ms), large (> .5mV), bi-
phasic (positive-negative) wave-shapes; relatively low discharge rates 
(interspike interval > 10ms, usually > 20ms); absence of complex spikes; 
long tuning distances. Of the 10 pairs of cells recorded in Crus Ila to date, 
4 were identified as putative Golgi cell pairs. In agreement with previous 
studies (van Kan et al., 1993), Golgi cells fired much more regularly than 
Purkinje cells. Two Golgi cell pairs showed significant synchroneity: they 
had a clear but rather broad peak at 0 ms offset in their crosscorrelogram. 
The other 2 did not show synchroneity. In the model, the degree of 
synchrony between Golgi cells critically depends on the average mossy 
fiber activity, which could be suppressed in an anesthetized preparation. 
We are therefore currently implanting multi-electrode bundles in the 
cerebellar cortex to perform chronic recordings of both mossy fiber and 
Golgi cell activity in the awake, freely moving rat.
Supported by FWO and UIAP P4/22 (Belgium) and by HFSPO.
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507.7
CHARACTERISTICS OF PUTATIVE GOLGI CELLS IN THE RABBIT 
CEREBELLAR FLOCCULUS.
M.J. Atkins, A.M, Van Alphen and J.I. Simpson*. Dept. Physiology & 
Neuroscience, NYU Medical Center, New York, NY 10016.

Most studies of the cerebellar cortex in behaving animals have focused on 
Purkinje cells to the neglect of intemeurons. The aim of this study was to investigate 
the characteristics of one class of intemeurons thought to be Golgi cells. Their 
modulation was examined in the awake, head-fixed female rabbit, using both 
vestibular and optokinetic sinusoidal stimuli about the vertical axis. Single-unit 
extracellular recordings were made using glass microelectrodes and the flocculus 
was identified by the presence of climbing fiber responses to visual stimulation. 
Ipsilateral eye position was measured using the scleral eye coil technique.

Putative Golgi cells were recognized by the distinctive rhythm of their 
spontaneous activity. Consistent with the identification criteria for putative Golgi 
cells used by others (e.g., Miles et al., 1980; Edgley & Lidierth, 1987), these cells 
had a relatively low firing frequency at rest (4-20 Hz; mean 12 Hz) and spike widths 
of 0.8-1.2 ms. Furthermore, recording sites, identified by injection of fast green dye 
(in ketamine/xylazine anesthetized rabbits) were found in the granule cell layer. In 
contrast to Miles et al. (1980) who found that the firing rate of putative Golgi cells 
was ‘regular’ (mean coefficient of variation 0.09), cells in the present study were 
relatively irregular with coefficients of variation between 0.40 and 0.86 (mean 0.66).

From a small sample of putative Golgi cells, those that modulated to vestibular 
and/or optokinetic stimuli displayed a variety of responses. These include (a) 
asymmetric modulation with respect to spontaneous activity, (b) an increased 
discharge with either contralateral or ipsilateral eye movement, (c) frequency 
doubling modulation, and (d) tonic eye position sensitivity. At present, the diversity 
in modulation patterns precludes a concise statement of the function of these cells. 
(Supported by NIH grant NS-13742)

507.8
SENSORY RESPONSES DURING A REACH-TO-GRASP:
COMPARISON OF CUNEATE AND OLIVARY NEURONS. K.M. Hom*, 
J.F, Stein and A.R. Gibson, Barrow Neurological Inst., Phoenix, AZ, 85003.

Sensory responses of cells in the rostral dorsal accessory (rDAO) division 
of the inferior olive of the cat are strongly inhibited during a reach-to-grasp 
(Hom et al. 1996, J. Neurophysiol). Does the reduction in rDAO sensitivity 
simply reflect a general phenomenon of reduced sensitivity in somatosensory 
pathways during movement? To test this, electrical and mechanical stimuli 
were presented to the forelimb of a cat while recording from single cells in 
the cuneate nucleus.

Cuneate cells differ sharply from those in rDAO: 1. Many cuneate 
neurons increase discharge to high rates at specific times during the reach-to- 
grasp; rDAO neurons do not. 2. Cuneate neurons with receptive fields on the 
ventral paw discharge at time of contact with the feeder handle; rDAO 
neurons do not. 3. Cuneate neurons are sensitive to electrical stimuli 
delivered at any time during the reach-to-grasp or stance; rDAO neurons 
respond only during stance and early reach. 4. Mechanical stimulation 
delivered during lever retrieval typically activates cuneate neurons but not 
rDAO neurons.

The discharge of cuneate neurons provides reliable information about 
sensory events that occur as a consequence of self-produced movement or 
external disturbances. Discharge of rDAO neurons provides information 
about sensory events during stance but not during the reach-to-grasp behavior, 
(supported by NIH grant NS30013).

507.9
WHISKERS, BARRELS, AND CORTICAL EFFERENT PATHWAYS IN GAP 
CROSSING BY RATS. E. Jenkinson and M. Glickstein*. Department of Anatomy, 
University College London. Gower Street, London WC1E 6BT

Rats can be readily’ trained to jump a gap of about 35cm in the light and 16cm in the dark 
for a food reward. In the light they’ use \ision to estimate the distance to be jumped In the 
dark they7 use their vibrissac. Bilateral w hisker shaving or barrel field lesions reduce the 
gpp crossed in the dark by about 2cm. (Hutson and Masterton. 86). Information from the 
barrel fields reaches motor areas via cortico-cortical. basal ganglia, or cerebellar 
pathway s. The cells of origin of the ponto-cerebellar pathway are segregated from the 
other two. and are located in lamina Vb of the barrel field (Mercier et al. 90). Efferent 
axons of Vb cells occupy' a central position within the basis pedunculi. and terminate on 
cells in the pontine nuclei (Glickstein et ah 92). Pontine cells, in turn, project to the 
cerebellar cortex as mossy fibres. We trained normal rats to cross a gap in the light and in 
a dark alley that was illuminated with an infra-red source. When performance was stable 
we made unilateral lesions in the central region of the basis pedunculi which interrupted 
connections from the barrel field to the pons whilst leaving cortico-cortical and basal 
ganglia pathways intact. Whisking was not affected on either side by the lesion and rats 
with unilateral peduncle lesions crossed gaps of the same distance as they did 
preoperatively. Shaving the whiskers on the side of the face that retains its input to the 
pontine nuclei reduced the maximal gap jumped in the dark by the same amount as 
bilateral whisker shaving. Performance in the light was not affected. Regrowth of the 
shaved whiskers was associated with recov ery’ of the maximum distance crossed in the 
dark. In control cases, shaving the whiskers on the other side of the face did not reduce 
the distance jumped in the dark or in the light. These results suggest that the cerebellum 
must receive whisker information from the barrel fields for w hisker-guided jumps.

Supported by the Medical Research Council, UK-

507.10
CUTANEOUS RECEPTIVE FIELDS OF MOSSY FIBRES IN THE CEREBELLAR 
C3 ZONE OF THE CAT. I. RELATION TO CLIMBING FIBRES. M, Garwicz*, H, 
Jorntell, C.-F, Ekerot. Dept. Physiology & Neuroscience, Lund University, Sweden.

Our previous investigations suggest that the system encompassing the cortical Cl, C3 
and Y zones in the cerebellar anterior lobe and their efferent nucleus interpositus 
anterior (NIA) is composed of approximately thirty modules. Each module consists of 
one or several microzones in the Cl, C3 or Y zones, converging on a small group of 
neurones in NIA. A module receives homogenous climbing fibre input and in turn 
controls a specific set of forelimb muscles via the rubrospinal tract.

The aim of the present study was to characterize the other main type of afferent input, 
the mossy fibres, with respect to cutaneous receptive fields and patterns of termination 
in the forelimb area of the C3 zone. Using tungsten microelectrodes and natural 
stimulation of the skin in barbiturate anaesthetized cats, different microzones were first 
identified by their cutaneous climbing fibre input to single Purkinje cells. The electrode 
was then advanced into the granular layer and mossy fibre terminals were isolated so as 
to allow mapping of receptive fields of single mossy fibre afferents.

Generally, the spatial characteristics of receptive fields of single mossy fibres 
resembled those of single climbing fibres and allowed a similar division into ten 
different classes. The similarities between the climbing fibre and the mossy fibre system 
were evident also in the patterns of termination within the zone, as the topographical 
distribution of mossy fibres with different cutaneous receptive fields strongly resembled 
the microzonal topography of the zone as determined by the climbing fibres.

The findings add to the detailed characterization of overall input and output of the 
intermediate cerebellum. In our view, such a characterization represents a necessary 
step towards an understanding of the information processing in these neuronal circuits.

This work was supported by the Swedish Medical Research Council (project no. 
8291), the Medical Faculty at Lund University, Greta and Johan Kocks StiiUlser, 
Thorsten and Elsa Segerfalks Stiftelse, Magn. Bergvalls Stiftelse and the Swedish 
Society for Medical Research.

507.11
CUTANEOUS RECEPTIVE FIELDS OF MOSSY FIBRES IN THE CEREBELLAR 
C3 ZONE OF THE CAT. II. PATTERNS OF TERMINATION IN THE GRANULE 
CELL LAYER. H. Jorntell*. M, Garwicz and C.-F. Ekerot. Dept. Physiology & 
Neuroscience, Lund University, Sweden.

The forelimb area of the C3 zone in the intermediate cerebellum has previously been 
analyzed in detail with respect to the topographical organization of cutaneous climbing 
fibre input. In the present study, natural stimulation was used to identify the cutaneous 
receptive fields of mossy fibre terminals, whose activity was recorded extracellularly in 
barbiturate anaesthetized cats. All recordings were made in the superficial parts of the 
folia within the forelimb area of the C3 zone. Previous analysis showed that mossy 
fibres with different types of receptive fields differed in their mediolateral and folial 
location within the C3 zone. Here, the data were analyzed with respect to depths of 
termination within the granule cell layer and cutaneous receptive fields.

Clear differences in cutaneous receptive fields were observed when mossy fibre units 
were grouped solely with respect to their depth of termination within the granular layer. 
With depth increasing in 40 pm steps from the Purkinje cell layer, the following 
location of cutaneous receptive fields dominated: the circumference of the forearm, 
distal digits II-IV, radial forearm, dorsal paw, ventral forearm and ulnar forearm.

Mossy fibres carrying different information are thus organized not only in conformity 
with microzones but also with respect to depth. The findings have important 
implications for the information processing in the granular layer. Since superficial and 
deep parallel fibres originate from superficial and deep parts of the granule cell layer, 
respectively, the implications of our findings extend to information processing in 
Purkinje cell dendrites.

This work was supported by the Swedish Medical Research Council (project no. 
8291), the Medical Faculty at Lund University, Greta and Johan Kocks Stiftelser, 
Thorsten and Elsa Segerfalks Stiftelse, Magn. Bergvalls Stiftelse and the Swedish 
Society for Medical Research.

507.12
RESPONSE OF CEREBELLAR GRANULE CELLS TO SYNAPTIC 
INPUTS OF INCREASING RATE. L.J. Larson-Prior* and C.F, 
Church. Dept. of Neuroscience & Anatomy, Penn State University 
College of Medicine, Hershey, PA 17033.

The cerebellar granule cell network (GCN) receives multi-modal 
sensory information via mossy fibers (MFs) which exhibit a wide range 
of firing rates (2-700 Hz). The ability of the GCN to synthesize disparate 
sensory signals is likely to be essential to the computational task of the 
cerebellar cortex. Thus, an examination of the response of cerebellar GCs 
to MF inputs covering the range of possible firing rates is critical to a 
complete understanding of the information transferred to the PCL.

Thin slices from rat vermal cortex were used to examine the response 
of GCs to MF-evoked inputs ranging from 1-200 Hz. Using patch clamp 
recording in the whole cell configuration, GC synaptic responses were 
investigated under current clamp. All recordings were made in the 
presence of bicuculline (10 (iM). The white matter was stimulated using a 
concentric bipolar electrode (intensities of 0.1-3.0 mA).

Low frequency stimulation (1-10 Hz) resulted in EPSPs which 
ranged in amplitude from 8.8-27.5 mV (mean±SEM = 17.4±1.6 mV, 
n=12). As the stimulation frequency was increased, the GC responded 
with a late slow depolarization which outlasted the stimulus and generally 
brought the cell to threshold. Late depolarization durations to a 500 
msec stimulation at 50 Hz were 1.5±0.5 sec (n=8), at 100 Hz were 
2.6±0.8 sec (n=7), and at 200 Hz were 5.4±1.7 sec (n=7). Bath 
application of the mGluR antagonist L-AP4 (50 pM) resulted in a 
prolongation of the late depolarization, while the NMDA antagonist D- 
AP5 (50 pM) resulted in a reduction in the duration of the late 
depolarization. Thus, the cerebellar GC acts to maintain information 
coded in the discharge rates of its MF inputs.
Supported in part by Penn. State Univ., NS 30759 and IBN-9514844 (LLP).
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507.13
CELLULAR ELECTROPHYSIOLOGICAL RESPONSES OF 
CEREBELLAR PURKINJE CELLS TO SEROTONIN AND GABA 
Huo Lu* and L.J. Larson-Prior. Dept. of Neuroscience & Anatomy, Penn 
State University College of Medicine, Hershey, PA 17033.

Exogenous application of serotonin (5-HT) has been shown to 
produce variable responses in cerebellar Purkinje cells (PCs). Several 
studies have shown that 5-HT affects cerebellar output by the modulation 
of both cellular and synaptic interactions at multiple levels of the cortical 
network. In vivo, 5-HT has been reported to augment GABAergic 
responses in PCs, possibly through the same receptor-effector complex 
(Strahlendorf et al., Neurosci. (1989) 30:117). To understand 5-HT 
modulation in the cerebellar cortex, it is important to characterize both 5- 
HT and GABA effects in PCs.

Experiments were performed on 30 adult freshwater turtles Chrysemys 
picta or Pseudemys scripta. Intracellular recordings from 59 cerebellar 
PCs were accomplished using an intact cerebellar preparation. Drug 
responses were recorded in the current clamp mode. Negative current 
pulses (-0.5 nA) were used to monitor the membrane resistance. 5-HT (50 
mM, pH 4.5) and GABA (0.2 M, pH 4.0) were delivered by microi-
ontophoresis (10-100 nA) to the PCs either on the soma or the dendrite.

5HT application results in either a slow depolarization (n=9), 
hyperpolarization (n=6) or no response (n=9); consistent with early 
studies on 5-HT affects on PC activity shown by the extracellular 
recordings. GABA delivered to the soma of PCs produced a response with 
Erev~-75 mV. With TTX (200 nM) in the bath, GABA delivered to the 
dendrite generated a depolarization (Erev~-65 mV) or tri-phasic responses 
which have also been reported in rabbit PCs (Schreurs et al., Brain Res. 
(1992) 597:99). This suggests that variable 5-HT responses in PCs may be 
due to the variability of the GABA responses. The receptor subtypes 
mediating the interaction will be further investigated.
Supported in part by Penn. State Univ. , NS 30759 and IBN-9514844 (LLP).

507.14
DEVELOPMENTAL CHANGES OF ELECTRICAL PROPERTIES AND 
PHARMACOLOGIC RESPONSIVENESS OF CEREBELLAR PURKINJE 
NEURONS OF THE RAT. L.R. Molnar, W.W. Fleming and D.A. Taylor*, Dept 
of Pharmacology and Toxicology, WVU School of Medicine, Morgantown, WV, 
26506-9223.

Since much of cerebellar development occurs postnatally, we compared the 
electrical properties and pharmacologic responsiveness of Purkinje neurons to 
muscimol (a GABAA-receptor selective agonist) at varying postnatal ages to 
determine if age impacted upon membrane properties of these neurons. Using 
standard intracellular microelectrode recording techniques in 300pm saggital slices 
of the cerebellar vermis, the resting membrane potential (RMP) and input resistance 
(IR) for Purkinje neurons at varying postnatal ages were determined and, as is 
indicated below, revealed a significantly lower RMP only in animals <15 days old:

AGE fin postnatal davsl

10-14 15-24 25-34 35-44 45 +

BMP(mV) -48.4+2.6* -55.1+1.6 -57.7+3.0 -58.5+3.5 -57.9+2.0

IR(MG) 10.9+0.6 11,3*0.4 11.0+0.4 .11.9*0,6. . 11.0*0.6,
Pharmacologic responsiveness was determined by the addition of drug to the 
superfusion fluid (aCSF). Purkinje neurons from animals younger than 15 days of 
age displayed both depolarizing and hyperpolarizing responses to muscimol. 
Similar drug application to neurons in slices from older animals (>14 days of age) 
showed only hyperpolarizing responses. These data indicate that Purkinje neurons 
in slices from animals 14 days of age or younger are significantly depolarized 
relative to cells from older animals. In addition, many of the neurons from slices 
of the younger animals show a surprising depolarizing effect to the administration 
of muscimol which is not observed in the older animals. Supported by NIH training 
grant GM07039.

507.15
THE SIMPLE SPIKES DISCHARGE OF GUINEA PIGS CEREBELLAR 
PURKINJE CELLS: CORRELATION BETWEEN INTERSPIKES 
INTERVALS AND INHIBITORY PAUSE IN EARLY ONTOGENESIS. 
R.A.Grigorian*, E.I.Prigarina. Sechenov Institute of Evolutionary 
Physiology and Biochemistry, St.Petersburg, Russia

The short-lasting arrest of simple spikes in Purkinje cells (PC) activity 
after climbing fiber (CF) activation is referred as inhibitory pause (IP).In 
our previous works it was shown that a most dramatic reduction of IP in 
activity of guinea pigs cerebellar Purkinje cells (PC) was observed 
during first two weeks of postnatal life.The present study was undertaken 
to determine at what stage of ontogenesis the coefficient of correlation 
(CC) between mean duration of interspike interval (ISI) of simple spikes 
(SS) and inhibitory pause after PC activation by CF became significant. In 
experiments from newborn up to two weeks old anaesthetized guinea pigs 
it was shown, that in course of postnatal ontogenesis the decreasing of ISI 
goes on parallel with the shortening of IP. However the coefficient 
correlation between ISI and IP in newborn animals was equal 0.48 and 
was not significant. Only by the end of one week of postnatal life the CC 
became 0.65 and was reflected dependence between ISI and duration of 
IP. By the two week old of guinea pigs the CC increased up to point 0.91 
and the value of ISI decreased in average on 25% while the duration of IP 
decreased as much as 50% against newborn animals. It was suggest that 
increasing of CC was reflect reinforcement of relationships between 
mossy and climbing fiber afferent systems of cerebellar Purkinje cells.

507.16
AGE-RELATED MORPHOMETRY OF CEREBELLAR PURKINJE 
CELLS IN RATS AND KITTENS: EARLY ONTOGENESIS DATA. 
T.L.Oleinick*, S.A.Qlejnick, R.A.Grigorian. Laboratory of cerebellar 
physiology. Sechenov Institute of Evolutionary Physiology and 
Biochemistry, Russian Academy of Sciences, St.Petersburg, Russia

The aim of the study was to compare size and shape of cerebellar Purkinje 
cell-and its nucleus in rats and kittens of the same age. The results were 
obtained from five rats and five kittens both one week old. Each animal was 
anaesthetized and the cerebellum was fixed in formalin. After dehydration in 
graded ethanols the cerebellum was embeded in paraffin and serially 
sagittally sectioned at 15 mkm. The section were stained with cresil-violet 
by Nissl method. It was determined, that vertical diameter of cerebellar 
Purkinje cell (PC) in rats was 16.3±0.32 mkm and the one in kittens was
17.1 ±0.34 mkm. The rat’s horizontal diameter was 11,8±0.22 mkm and 
kitten’s horizontal diameter was 12.9±0.25 mkm. Measurements of PC 
nucleus diameters gave figures 9.9±0.22 mkm and 6.7±0.16 mkm for rats 
and 11.1 ±0.23 mkm and 9.9±0.26 mkm for kittens respectively. The 
volumes of PC and of its nucleus were calculated and they included in rats 
1565.3±67.63 mkm3 and 412.6±19.94 mkm3 and in kittens 1897.5±54.57 
mkm3 and 636.7±21.4 mkm3 respectively. As to shapes of PC it can be 
remarked that the kitten’s cells were rounder than the cells of rats. It is 
suggest that maturation of PC in the two species of animals occur in 
different ways and irregular at the time.

507.17
AGE-RELATED SENSITIVITY OF RAT’S CEREBELLAR PURKINJE 
CELLS TO HARMALINE. T.V.Tchaban*, V.V.Kireev and R.A.Grigorian. 
Laboratory of cerebellar physiology, I.M. Sechenov Institute of Evolutionary 
Physiology and Biochemistry, St. Petersburg, Russia.

Experiments were performed on 3 groups of anesthetized (1.5 g/kg 
uretane) rats. The first group included 16-18 days old animals, the second one 
- 5-6 months' animals, the third one - 25-36 months' animals. The harmaline 
dose (15 mg/kg) was injected intraperitoneally (i.p.). The activity of Purkinje 
cells (PC) was recorded for 10 min. before and 30 - 60 min. after injections. It 
was shown, that in all groups PC responded on harmaline injection by 
changing of activity in two types. 1/ The frequency of complex spikes (CF- 
activation of PC by climbing fibers) was remained almost without change, 
whereas that of simple spikes (SS - activation of PC by mossy fibers) was 
decreased, the inhibitory pause, which follows synaptic activation of PC by 
climbing fiber system was elongated. 2/ The frequency of complex spikes was 
increased, whereas no simple spikes were registrated.: It is interesting to point 
out, that in this group of animals latency of PC’ reaction on harmaline 
injection (time between i.p. injection and moment of SS vanishing) was 
increased with age of animals. Thus, for the first group it was 3-5 min., for the 
second one - 15-20 min. and for the third one - 30-40 min. In the second type 
the more pronounced changes in CS’ frequency on harmaline injection were 
observed in third group of animals. So, the background CS’ frequency in the 
first group was 0,67±0.07 imp/s, in the second one- 0.39±0.04 imp/s, in the 
third - 0.44± 0.05 imp/s. After harmaline injection it became 3.45±0.62 imp/s, 
3,32±imp/s and 5.58±0.46 imp/s respectively.The obtained dates suggest, that 
PC’ activity of old rats is most sensitive to i.p. injection of harmaline.

507.18
INCREASED ACTIVITY IN THE SUPERIOR COLLICULUS OF THE 
DYSTONIC RAT. J. M. Smith and J.F. Lorden*. Dept. of Psych., University 
of Alabama at Birmingham, AL 35294.

The genetically dystonic (dt) rat displays a generalized movement disorder 
characterized by twisting movements of the neck, trunk, and limbs that is 
eliminated by cerebellectomy. The spontaneous firing rate of neurons in the dt 
deep cerebellar nuclei (DCN) is higher and more rhythmic than in normal 
Uttermates, and their response to the microiontophoresis of GABA is reduced. 
The consequence of abnormal DCN activity on structures efferent to the DCN is 
unknown. To determine whether neuronal activity is abnormal in regions that 
are targets of the DCN projections, we recorded extracellular, single unit 
activity in the lateral deep layers of the superior colliculus (SC) in urethane- 
anaesthetized normal and dt rats, 20-25 days of age. The recording site was 
selected after fluorogold injections confirmed the presence of projections from 
the DCN and cells in this region were inhibited by injections of GABA into the 
DCN. hi normal rats, the mean firing rate of SC cells was 8.12 Hz (SD=5.45, 
n=23) and the mean rhythmicity index (RI), a measure of the regularity of 
firing, was 0.12, (SD=0.14). In cells from dt pups, the firing rate was 
significantly higher, M=11.77 Hz (SD=5.13, n=24, p<.02). The RI of cells 
from dt rats also tended to be higher (RI=0.33, SD=0.50) than normal (p 
<059). These results suggest the presence of abnormal activity in a brain 
region receiving an excitatory input from the DCN. (Supported by the Dystonia 
Med.Res.Fda)
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508.1
AFFERENT INNERVATION PATTERNS OF THE UTRICULAR 
MACULA IN PIGEONS. Xiaohong Si1* and J. David Dickman1,2. Depts. of 
Anatomy1 and Surgery (Otol)2, Univ. Mississippi Med. Cen., Jackson, MS 
39216.

Previous studies have shown that otolith afferents innervating the utricle 
differ in their morphological characteristics. The present investigation 
examined the innervation patterns of utricular macula in pigeons using 
retrograde transport of BDA. Small BDA injections were made in the 
vestibular nuclei (6pA - 6 min). Following seven days survival, the brain and 
utricle were removed and reacted using a standard DAB procedure. The 
tissue was placed in araldite and serial sections cut (12-24 pm). Traced 
afferents were identified as to macular location and innervation pattern using 
video microscopy and a three dimensional reconstruction program 
(Neurolucida).

Upon gross examination, the utricle appears concaved and kidney shaped. 
The utricle dimensions were measured, with the medial-lateral width being 
0.8 mm and anterior-posterior length being 1.3 mm. Unlike mammals, the 
central striola region where the polarization reversal occurs contains only 
type II hair cells. Three major classes of terminal innervation patterns were 
observed, calyx, dimorphic and bouton. Calyx afferents could be either 
simple or complex, with terminal endings engulfing a single or multiple type I 
hair cells. Bouton afferents had multiple terminals innervating only type II 
hair cells. Dimorphic afferents innervated both type I and type II hair cells, 
with both calyces and bouton endings.

Supported in part by NIH DC01092 and by NASA NAGW-4507.

508.2
SPATIAL ORGANIZATION OF SEMICIRCULAR CANAL INPUTS IN THE 
FROG. H.Straka*, S.Biesdorf, A.Birinvi and N.Dieringer. Dept. Physiology, 
Pettenkoferstr. 12, 80336 Munchen, GERMANY.

The convergence pattern of mono- and disynaptic VUIth nerve inputs in 
2° vestibular neurons (VN) was studied in the in-vitro frog brain before and 
during the application of strychnine or bicuculline. Following electrical stimulation 
of individual semicircular canal nerve branches about 90% of the 2° VN received 
a canal-specific monosynaptic excitation that was followed by a disynaptic exci-
tation and by a disynaptic glycinergic and/or GABAergic inhibition. In a given 2° 
VN mono- and disynaptic excitatory and inhibitory inputs originated typically from 
the same canal nerve branch. This remarable canal-specificity promted us to study 
the spatial organization of canal nerve evoked inputs in the vestibular nuclei. Canal 
nerve evoked field potentials exhibited peaks in the superior vestibular nucleus 
(SVN, after anterior), in the dorsal lateral vestibular nucleus (LVN) and descen-
ding vestibular nucleus (DVN, after posterior) and in the ventral LVN and DVN 
(after horizontal canal nerve stimulation). The spatial distribution of 2° VN neu-
rons with canal-specific inputs is consistent with the activation map revealed by 
field potential analysis. Overlapping anatomical maps were obtained by the axonal 
transport of biocytin in individual canal nerve branches to their terminals in the 
vestibular nuclei and by the labeling of part of the postsynaptic 2° VN due to dye-
coupling. The observed differential spatial organization of the semicircular canal 
inputs in frog vestibular nuclei is very similar to that described in pigeon and as 
far as known also to that in gerbil and cat. Because of these similarities it appears 
likely that semicircular canal projection areas within the vestibular nuclei exhibit 
a topography that is rather similar among different vertebrate species.

Supported by SFB 462 from Deutsche Forschungsgemeinschaft.

508.3
THE DISTRIBUTION OF REGULAR vs IRREGULAR PRIMARY 
VESTIBULAR AFFERENT TERMINALS ON IDENTIFIED VESTIBULO-
SPINAL NEURONS. R.B, Leonard* and G.A. Kevetter. Depts of Anat. & 
Neurosci. and Otolaryngology and the MBI, UTMB, Galveston, TX 77555

Vestibular primary afferents are often ordered according to the regularity of 
their spontaneous discharge because numerous other characteristics covary 
with the regularity. It has been proposed that irregular afferents have properties 
appropriate to drive vestibulo-spinal responses (VSR) of neck muscles. There 
is some physiological evidence that these VSR neurons are dominated by such 
afferents. To examine this anatomically, we used antibodies to calretinin to 
label calyx afferents from the apex of the cristae, the most irregular, and 
antibodies to peripherin to label bouton-only afferents, the most regular. We 
examined the distribution of labeled terminals on VSR neurons labeled by 
small injections of biotinylated dextran-amine into Cl. Standard techniques 
were used to produce a black reaction product for the transported marker and a 
brown reaction product for the labeled terminals. Well labeled cells with 
extensive dentritic arbors were examined using a 100X/1.4 N.A. lens. 
Numerous calretinin-positive, bouton-like structures were observed contacting 
the somata and proximal dendrites of the labeled cells. In contrast, while many 
peripherin labeled fibers were present, crossing above or below the labeled 
cells, only a few peripherin-positive contacts were observed. The over-
whelming majority of these were at some distance from the cell bodies. We are 
most likely underestimating the number of synapses made by each class of 
afferents. However, the errors for calretinin and peripherin labeled terminals 
should be similar. Therefore, our evidence supports the proposition that 
irregular afferents dominate Cl VSR neurons and play a major role in 
determining the physiological properties of these neurons. (NIH, DC00052)

508.4
ANATOMICAL STUDY OF THE INPUTS PROJECTING TO 
GERBIL VESTIBULAR EFFERENT NEURONS. B.A. Metts^ . G.P. 
Kaufman1. A, A, Perachio1^. Department of Otolaryngology ', Anatomy and 
Neurosciences2, Physiology and Biophysics3, University of Texas Medical Branch, 
Galveston, TX. 77550-1063

Vestibular efferent neuron cell bodies are located in two clusters, in bilateral 
pairs, lying dorso-lateral and ventromedial to the genu of the seventh nerve. 
Although some data are available on the peripheral projections of those cells, there 
is a dearth of evidence on their inputs. An anatomical study was devised using 
pseudo-rabies (alpha-herpes) virus (PRV), which is retrogradely transported in 
neurons. The injected virus also is transmitted to afferents contacted to infected 
cells. PRV was injected unilaterally in the neuroepithelium of the utricle and 
horizontal crista of the vestibular end organs and allowed to survive for 3-6 days. 
At the shortest survival times, PRV preferentially infects the vestibular efferent 
neurons. Immunoreactive PRV-infected neurons were located in both dorsal and 
ventral cell clusters, bilaterally, with a larger number located contralateral to the 
injection site. No adjacent vestibular cells were infected suggesting that the virus 
was either not transported by sensory afferent neurons or that anterograde 
progression of infection proceeds at a substantially slower rate. By 4 to 5 days, 
various vestibular related areas were found to be infected including the medial 
vestibular and prepositus nuclei, the ipsilateral flocculus, and both the uvula and 
nodulus. In addition, reticular nuclei and the area postrema were densely labelled.

508.5
IMMUNOHISTOCHEMICAL DEMONSTRATION OF THE DISTRIBUTION OF 
SEROTONIN (5-HT) 5-HT2A RECEPTORS IN THE VESTIBULAR NUCLEI 
OF RATS. C.P. Balaban*. Dept. of Otolaryngology, Univ. of Pittsburgh Sch. of 
Med., Pittsburgh, PA 15213

Previous studies suggest that both noradrenergic and serotonergic transmission 
and central vestibulo-autonomic networks form neurologic bases for the close 
interrelationships between clinical features of vestibular dysfunction and panic 
disorder with agoraphobia (review: Jacob et al. In Yates & Miller (eds.) Vestibular 
Autonomic Regulation, CRC Press, 1996, pp. 197-227). We have previously 
demonstrated that locus coeruleus provides relatively heavy innervation of the 
superior VN and Deiters’ neurons in lateral VN and light innervation of caudal 
VN regions in rabbits, rats and primates. This study indicates that serotonergic 
influences extend throughout the VN complex. Long-Evans rats were perfused 
transcardially with either paraformaldehyde-lysine-metaperiodate or zinc- 
paraformaldehyde fixative. Frozen sections were stained immunohistochemically 
for 5-HT or 5-HT receptors (5-HT2A or 5-HT2C) using commercially available 
primary antibodies (Pharmingen) and standard ABC or PAP methods. In addition 
to central amygdaloid nucleus, neocortical pyramidal and cerebellar Purkinje cells, 
neuronal somata and dendrites throughout VN showed prominent 5-HT2A 
receptor-like immunoreactivity. These areas were innervated by small, varicose 
axons displaying 5-HT-like immunoreactivity. No 5-HT2C receptor-like 
immunoreactivity was observed in VN. Since 5-HT2A/2C antagonists are showing 
promise in treatment of anxiety disorders, these findings are consistent with the 
hypothesis that both noradrenergic and 5-HT2 receptor mechanisms in ascending 
vestibulo-autonomic pathways contribute to the linkage between vestibular 
dysfunction and panic disorder with agoraphobia. (Support: USPHS R01 
DC00739)

508.6
IMMUNOCYTOCHEMICAL DISTRIBUTION OF METABOTROPIC 
GLUTAMATE RECEPTOR SUBTYPE la (mGluRla) IN RAT VESTIBULAR 
NUCLEAR COMPLEX H.Li*, D.A.Godfrey, and A.M.Rubin. Dept. of 
Otolaryngology-HNS, Med. Col. of Ohio, Toledo, OH 43699-0008.

Our previous results suggested that mGluR la is the predominant subtype of 
metabotropic glutamate receptor in all nuclei of the vestibular nuclear complex 
(VNC) (Li et al., 1997). To further localize mGluRla in the VNC regions, we used 
electron microscopic immunocytochemistry with an antibody against the C-terminal 
domain of this receptor subtype (courtesy of Dr. R.J. Wenthold). Immunopositive 
(IP) material for mGluRla was found only in neuronal components, i.e., somata and 
dendrites of positive neurons. No such material was found in glial cells. Within the 
somata of positive neurons, IP material was recognized as either scattered or 
clustered inside the cytoplasm, associated usually with rough endoplasmic reticulum 
and sometimes with Golgi apparatus, At the membranes of positive neurons, without 
exception, the IP material was associated with postsynaptic densities (PSDs) at the 
sites of many asymmetric axo-somatic synapses. Most positive neurons in lateral and 
some in spinal vestibular nucleus also showed strong immunoreactivity in the 
endoplasmic reticulum, whereas such immunoreactivity was relatively weak in medial 
and spinal nuclei. In positive dendrites, PSDs of mGluR la were found in more than 
half the synapses, usually of axo-dendritic or axo-spinous types. It was commonly 
seen that a single terminal, presumably glutamatergic, formed adjacent asymmetric 
synapses on one dendrite, one mGluR la-positive and the other negative. Besides 
small round vesicles, many presynaptic boutons also included a few large vesicles, 
presumably containing monoamine or peptide. The results suggest that mGluR la is 
specifically localized at the postsynaptic portion of many, but not all, excitatory 
synapses, and that some of these synapses may also involve monoamine or peptide 
as transmitter or modulator. (NIH grant R01-DC02550)
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508.7
GABAERGIC NEURONS IN THE SUPERIOR VESTIBULAR NUCLEUS (SVN) 
INVOLVED IN MEDIATION OF VELOCITY STORAGE. G.P. Martinelli*. G.R. 
Holstein. E, Kukielka. and B, Cohen. Depts. of Surgery, Neurology, Cell 
Bio./Anatomy, and Physiol./Biophysics, Mount Sinai Sch. Med, N.Y., NY 10029.

We have previously described GABAergic neurons and processes in the medial 
vestibular nucleus (MVN) that degenerate following midline medullary section of the 
vestibular commissure just caudal to the abducens nuclei in one cynomolgus and two 
rhesus monkeys. Post-lesion, the animals’ ability to store activity related to slow 
phase eye velocity (velocity storage) was lost for nystagmus about any axis, while 
VOR gains and the ability to hold gaze were unaffected. The present study was 
conducted to characterize the ultrastructure and synaptology of GABAergic SVN 
neurons involved in velocity storage, and to compare these observations with MVN.

In normal (non-lesioned) tissue from SVN, large GABA-immunoreactive dendrites 
are surrounded by axon terminals that form asymmetric synapses, often in dyadic 
arrays. Most of the presynaptic boutons contain either loosely-packed large round 
vesicles and large ellipsoid mitochondria with wide intercrestal spaces, or more 
densely-packed pleomorphic vesicles and plumper mitochondria. GABAergic 
myelinated axons of varying caliber and thickness of myelination are common in the 
SVN neuropil. GABAergic terminals are also frequent in SVN; some of these contain 
densely-packed spherical synaptic vesicles, and are morphologically-identical to one 
type of GABAergic terminal found in rostral and rostro-intermediate MVN.

Following the midline medullary transection, degenerating GABA-immunoreactive 
neurons were apparent in SVN. These included distal dendrites that received multiple 
asymmetric axo-dendritic synapses, as well as small thinly-myelinated axons. 
Degenerating GABAergic axon terminals were present, and contained small dark 
mitochondria and round/pleomorphic synaptic vesicles. Since these terminals display 
ultrastructural features common to GABAergic boutons and cells in rostral MVN that 
degenerate after this midline lesion, we conclude that these terminals conduct 
inhibitory signals to portions of contralateral MVN and SVN that are critical for the 
production and maintenance of velocity storage.

Aided by NIH Grants DC 01705, EY-11812, and EY-01867.

508.8
ULTRASTRUCTURAL OBSERVATIONS OF VESTIBULAR COMMISSURAL 
NEURONS IN THE SUPERIOR VESTIBULAR NUCLEUS (SVN) INVOLVED 
IN VELOCITY STORAGE. G.R. Holstein*. E. Kukielka. G.P. Martinelli, and B. 
Cohen. Departments of Neurology, Cell Biology/Anatomy, Surgery and 
Physiology/Biophysics. Mount Sinai School of Medicine, N.Y., NY. 10029.

The vestibular nuclear complex is interconnected bilaterally by commissural 
fibers. Some of these processes are important for the production and maintenance of 
velocity storage. The purpose of the present study was to characterize the 
ultrastructural features of commissural neurons in the monkey SVN that may be 
related to velocity storage.

Midline medullary commissural fibers were sectioned just caudal to the 
abducens nuclei in cynomolgus and rhesus monkeys. This caused a decrease in the 
time constant of horizontal and vertical per- and post-rotatory nystagmus. The 
animals’ ability to store activity related to slow phase eye velocity was lost for 
nystagmus about any axis, whereas VOR gain was unaffected. Thus, the lesion 
caused functionally discrete damage to the velocity storage mechanism.

Six days after surgery, animals were sacrificed by perfusion with mixed 
aldehydes. Vibratome sections through the vestibular nuclear complex were cut and 
processed for electron microscopy and/or immunocytochemical studies. 
Ultrastructural observations revealed numerous small hyperfilamentotic profiles 
throughout SVN. Dendrites of degenerating cells contained small round 
mitochondria, an elaborate system of cisterns and vacuoles, and a pale cytoplasmic 
matrix. These degenerating dendrites received asymmetric synapses from terminals 
with (a) loosely-packed large round vesicles and large ellipsoid mitochondria with 
wide intercrestal spaces, and (b) more densely-packed pleomorphic vesicles and 
plumper mitochondria. Like the dendrites, degenerating cell bodies contained 
numerous small dark mitochondria, cisterns and vacuoles, but appeared to have 
more granular cytoplasm. Thus, some vestibular commissural neurons mediating 
velocity storage are present in monkey SVN, and display different ultrastructural 
features from those in rostral MVN serving the same function.

Aided by NIH Grants DC 01705, EY-11812, and EY-01867.

508.9
CHANGES OF AMINO ACID CONCENTRATIONS IN VESTIBULAR 
NUCLEI OF RAT AFTER UNILATERAL REMOVAL OF CEREBELLAR 
INPUT. Y. Sun. T, G, Godfrey. W, Kong. P.A, Godfrey*, and A, M, Rubin. 
Dept. of Otolaryngology, Medical College of Ohio, Toledo, OH 43699.

There are extensive bilateral projections from the cerebellum, both cortex and 
deep cerebellar nuclei, to the vestibular nuclei. Previous studies of cerebellar 
lesion effects on vestibular nuclear chemistry have focused on GABA metabolism 
in the lateral vestibular nucleus. The aim of this study was to more 
comprehensively investigate changes of amino acid concentrations following 
unilateral removal of cerebellovestibular connections. The unilateral removal of 
cerebellar input was done using an L-shaped wire with its tip bent at a 90° angle. 
The wire was lowered to the level at which the inferior cerebellar peduncle joins 
the brain stem, using stereotaxic coordinates, then turned through 360° (Ross et 
al., 1983; Godfrey et al., 1985). At several postoperative survival times, the 
quantitative distributions of 12 amino acids in the bilateral vestibular nuclear 
complex (VNC) were measured using microdissection of freeze-dried sections and 
HPLC analysis.

Among the amino acids, changes in GABA concentration were the most 
remarkable. The largest decreases of GABA concentration, which occured by 2 
days after lesion, were in the lateral vestibular nucleus (LVN). Lesioned-side 
GABA concentrations in the dorsal and ventral parts of LVN were about 32% and 
50%, respectively, of unlesioned-side values. Notable decreases were also found 
in the spinal vestibular nucleus, but effects were less obvious in the medial and 
superior vestibular nuclei. Changes of other amino acids were generally smaller 
than those of GABA. The results suggest that the major cerebellovestibular 
influence is the GABAergic pathway to the LVN and that removal of cerebellar 
input should differentially affect vestibular information processing among the 
vestibular nuclei. (Supported by NIH grant DC02550)

508.10
RETROGRADE DOUBLE-LABELING STUDIES OF VESTIBULAR 
EFFERENT NEURON^ PROJECTING TO THE FLqgfULUS. I, M,

Otolaryngology , Anatomy and Neurosciences , Physiology & Biophysics , 
Univ. TX; Medical Branch, Galveston, TX. 77555-1063.

Vestibular efferent neurons are located bilaterally in the brainstem with the 
largest sub-group {group e) located dorsolateral to the facial nerve genu 
(Perachio and Kevetter, Exp. Brain Res. 78 ;315-326, 1989). Neurons in these 
nuclei project to the ipsilateral or contralateral labyrinths and have been 
proposed to affect the dynamic sensitivity to angular head accelerations of 
certain sub-populations of vestibular afferent neurons. Retrograde labeling 
studies were used to identify a population of vestibular efferent neurons 
projecting to the flocculus. Extracellular injections (n=10) of rhodamine beads 
and Fluorogold into the utricular macula and ipsilateral flocculus respectively, 
resulted in double labeled neurons located bilaterally near the genu of the 
seventh nerve. Double labeled neurons were predominately (93%) located 
within the dorsal group e with the minority (7%) located near the dorso-medial 
and dorso-lateral cap of the genu. No double labeled neurons were identified 
ventral to the genu. A significant percentage of the neurons that were 
retrogradely labeled following utricular injections were double labeled with 
Fluorogold. Since not all vestibular efferent neurons project to the utricular 
macula, the number of floccular projecting vestibular efferent neurons (double 
labeled) identified in this preliminary study is probably an under estimate. These 
data suggest a potential role for vestibular efferent neurons in the modulation of 
VOR gain during changes in adaptation.
Supported by NIH DC-00385, DC-00111, and in part by NASA NAGW-5064.

508.11
POSSIBLE ROLES FOR NOVEL EFFERENT NEURON PROJECTIONS 
TO THE FLOCCULUS. Michael Shinder and A.A. Perachio* 
Departments of Otolaryngology, Physiology & Biophysics and Anatomy 
& Neurosciences, Univ. TX Medical Branch, Galveston, TX 77555-1063.

As double-labeled anatomical tracing demonstrates the existence of 
projections from vestibular efferent neurons in the e-group to the 
flocculus, attempts were immediately made to understand the function of 
such projections. To this end, a simplified computer model of the relevant 
anatomical pathways was used to explore possible roles for the novel 
efferent pathway. The model was designed to include efferent influences 
on both afferent neurons and the flocculus, as well as include aspects of 
the bias of efferent influences on phasic firing afferent neurons, and 
selective distributions of phasic and tonic afferent influences within the 
vestibular nuclei. The performance of the model was gauged by the 
production of the vestibuloocular reflex. By judging the performance of 
the model completely without efferent influences, with efferent influences 
on only the afferent neurons, and with efferent influences on the afferent 
neurons and flocculus, several predictive assessments about Purkinje cell 
responsiveness to efferent activity modulations become apparent. 
Simulation of efferent stimulation- of afferent neurons resulted in 
decreased vestibular sensitivity and increased activity in secondary 
vestibular cells as well as Purkinje cells. The coincident efferent 
modulation to the flocculus can provide a stabilizing function by 
maintaining the Purkinje cell vestibular sensitivity at levels found without 
any form of efferent activation. By restoring vestibular sensitivity in the 
Purkinje cell, the efferent pathway to the flocculus can possibly also assist 
in balancing the overall responsiveness of brainstem neurons during 
coincident vestibular afferent and efferent activity. NIH DC-00385.

508.12
CHANGES IN EXPRESSION OF NEUROTRANS-

MITTERS IN THE VESTIBULOCEREBELLUM 
DURING VESTIBULAR COMPENSATION IN RATS.
T.Kitahara, N.Takeda*, T.Kubo and H.Kiyama Dept. of 
ORL., Osaka Univ. Med. Sch., Osaka 565, Japan. Dept. of 
Anatomy I, Asahikawa Medical College, Hokkaido 078, 
Japan.

The differential display method was applied to 
identify genes expression of which is up- or down-regulated 
in the flocculus after unilateral labyrinthectomy (UL). Total 
RNA from normal and labyrinthectomized ratflocculi was 
isolated and amplified by PCR using arbitrary primer sets. 
PCR products the amounts of which were significantly 
higher or lower in samples from operated animals than 
those from normal controls, were cut out of the gel and 
sequenced. One of the higher expressed fragments 
showed 100% nucleotide sequence identitiy to protein 
phosphtase 2A (PP2A) beta catalytic subunit mRNA. One 
of the lower expressed fragments showed 100% nucleotide 
sequence identitiy to one of the glutamate receptor subunits 
mRNA. These findings suggest that up-regulation of PP2A 
beta and down-regulation of the glutamate receptor subunit 
in floccular Purkinje cells after UL is involved in lesion- 
induced vestibular plasticity.
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508.13
TYROSINE-HYDROXYLASE (TH)-IMMUNOREACTIVITY OF FOS- 
POSITIVE LOCUS COERULEUS NEURONS AFTER UNILATERAL 
LABYRINTHECTOMY (UL). P. d’Ascanio, P. Arrighi and O. Pompeiano*. 
Deptof Physiol.Biochem., University of Pisa, 56127 Pisa, Italy.

Locus coeruleus (LC) neurons integrate labyrinthine signals (Pompeiano O. et 
al.,Neurosci.35:227,1990) and are apparently involved in the compensation of 
the vestibular syndrome. Cirelli C. et al. (Neurosci.70:515,1996) have in fact 
shown that UL asymmetrically increased both c-fos and Fos protein expression 
in several structures of the rat brain, including the LC complex, an effect which 
disappeared during vestibular compensation. Since the dorsal pontine 
tegmentum contains noradrenergic neurons, we tried to investigate whether the 
Fos-positive LC cells observed after UL could also be double-labeled for TH. 
Wistar rats were submitted to UL (n=9) or sham operation (n=3) and sacrificed 
3, 6 and 24 h after surgery. Already 3 h after UL, Fos protein expression 
increased in the LC and the subcoeruleus nucleus (SubC) of both sides as 
compared to controls (p<0.05, Mann Whitney U-test). This increase, however, 
was significantly higher on the intact than on the lesioned side. Double-labeled 
cells for both Fos protein and TH predominated in the LC rather than in the 
SubC and at caudal rather than at rostral level. In particular, 50% of the Fos- 
positive cells found in the LC-SubC of the intact side and 28% of those in the 
same structures of the lesioned side were TH-positive. Thus, UL results in a 
bilateral asymmetric activation of noradrenergic LC neurons. We postulate that, 
due to their efferent projections, activation of these LC neurons may increase 
the Fos protein expression in several target structures, thus determining the 
plastic changes which are at the basis of vestibular compensation.
Supported by grants of the NIH (NS 07685-27) and ASI (96-ARS-165).

508.14
ANTI-FOS ANTISENSE OLIGO IN THE INFERIOR OLIVE BLOCKS 
VESTIBULAR COMPENSATION IN THE GERBIL. G.D, Kaufman*. 
Mike Shinder and A.A. Perachio. Departments o f 
Otolaryngology, Physiology & Biophysics and Anatomy & 
Neurosciences, Univ. TX Medical Branch, Galveston, 1X77555- 
1063.

Small (-250 nl) pressure injections of phosphorothioate 
20mer oligonucleotides were used to probe the cellular 
mechanisms of vestibular compensation in the gerbil 
brainstem. The S-oligonucleotide was diluted in anionic dyes 
(fast green, trypan blue) to prevent co-precipitation and 
mark the injection site. During isoflurane anesthesia, either a 
random or antisense probe against the c-fos mRNA sequence 
was injected into the inferior olivary nucleus several minutes 
prior to a surgical hemilabyrinthectomy. The antiFos-injected 
animals showed a reduction of compensating behavior which 
was dependent on the side of the lesion. The antiFos 
oligonucleotide injections blocked Fos expression in some 
neurons which normally express Fos after the lesion, and also 
affected contralateral turning behavior after the 
hemilabyrinthectomy. In contrast, little change in Fos 
expression or contralateral compensation behavior was 
observed in the random sequence animals compared to non- 
injected controls. However, non-specific injection effects 
were observed in other behavioral measures. Our findings 
implicate the Fos inducible transcription factor and the 
inferior olivary nucleus in the molecular cascade of 
vestibular compensation. NIH DC-00385 and DC-00111 and NASA 
NAGW-5064

508.15
THE EFFECT OF GALVANIC TRANSLABYRINTHINE UTRICULAR 
STIMULATION ON FOS EXPRESSION IN THE GERBIL BRAIN AND 
SPINAL CORD I.V. Polyakov*1, G.D. Kaufman2, N.G. Daunton1, R.A. 
Fox3, and A.A. Perachio2. ‘Gravitational Research Branch, NASA Ames 
Research Center, Moffett Field, CA, 2Dept. of Otolaryngology, Univ. TX 
Med. Branch, Galveston, TX and 3San Jose State Univ., San Jose, CA.

Previous research has shown that translabyrinthine galvanic stimulation 
results in different patterns of Fos expression in central neurons 
depending on the location of the stimulating electrode in reference to 
specific vestibular end-organs (Kaufman and Perachio, 94). By directing 
the stimulus through one of the otolith organs, we attempted to model the 
effect that might be induced by novel gravito-inertial environments. 
Under general anesthesia, a silver electrode was placed against thinned 
bone overlying the utricular macula. The following day, cathodal 
(excitatory) current (50 pA) was applied for 30 minutes to alert animals. 
Animals were perfused 1 hour later. Fos immunoreactivity (Fos-IR) was 
determined by using the avidin-biotin immunoperoxidase method. Sham 
surgeries were performed to rule-out non-galvanic Fos expression. In 
stimulated animals, light microscopic observations revealed Fos-IR cells in 
asymmetrical patterns in the medial vestibular, prepositus, and inferior 
olivary nuclei. Lumbar spinal cord sections showed contralateral Fos-IR 
cells in the dorsal horn laminae, while cervical sections also had central 
and ventral horn labeling. Fos-IR cells were also observed in layers U, III 
and IV of the contralateral sensorimotor cortex. These observations might 
represent vestibulospinal and vestibulocortical plasticity with regard to 
adaptive changes elicited by altered gravitational inputs. Supported by 
NASA: NRC Associateship, TASK 199-16-12-01, and NAGW-5064.

MOTOR SYSTEMS: VESTIBULAR SYSTEM IV

509.1
VESTIBULO-OCULAR RESPONSES TO ROTATIONAL AND LINEAR 
MOTION IN PIGEONS. J. David Dickman1,2*. Shawn D. Newlands1, Matt 
Beyer1. M. Quinn McHenry2, Bernhard J. M. Hess’3, and Dora E. Angelaki1,2.
Depts. of Surgery (Otol.)1 and Anatomy2, University of Mississippi Medical 
Center, Jackson, MS 39216 and Dept. of Neurology, University Hospital 
Zurich, CH-8091 Zurich, Switzerland3

Three-dimensional eye movement responses (VOR) elicited by rotational 
and linear motion were recorded in awake head fixed pigeons using a 
calibrated dual search coil. Sinusoidal rotations (20 -40 deg/sec; 0.01 -1 Hz), 
linear translations (0.1 - 0.4g; 0.16 - 10 Hz), and off-vertical axis rotations 
(OVAR; 0.4g; 8 - 108 deg/sec; 0.02 - 3 Hz) were delivered in the dark.

The slow phase velocity gains for the horizontal VOR and vertical VOR 
were nearly flat or slightly increased as stimulus frequency increased, with 
phase leads (relative to velocity) that decreased. During low frequency 
OVAR stimulation, all response component gains were small, but increased 
as stimulus velocity increased. Horizontal and torsional gains during linear 
translations directed perpendicular to the optic axis increased as a function of 
stimulus frequency. Vertical response gains were small. The horizontal 
component exhibited large phase leads (re: velocity) at low frequencies that 
decreased to values near eye velocity at higher translation frequencies. 
Torsional responses exhibited constant phase leads across the stimulus 
frequency range. In contrast to other lateral eyed species such as rats or 
rabbits, pigeons have small linear VOR gains and OVAR gains that were 
increasing as stimulus frequency increased.

Supported in part by NIH DC01092 and NASA NAGW-4507.

509.2
GRAVITY DEPENDENCE OF MOUSE VESTIBULOOCULAR REFLEXES IN 
A CHRONIC PREPARATION. J.E. Killian*. K.J. Quinn and J.F. Baker. 
Northwestern University Institute for Neuroscience, Chicago IL 60611

Rotations about a nonvertical axis dynamically stimulate the otolith organs as 
well as the canals, and compared to vertical axis rotations, often result in improved 
timing of vestibuloocular reflexes (VOR) at low frequencies, as has been shown in 
other species. We have developed a chronic mouse preparation to further study the 
contribution of gravity to both horizontal VOR (HVOR) and vertical VOR (VVOR) 
during sinusoidal oscillations in the dark from 0.03 to 2 Hz. Eye movements were 
recorded in 14 trials up to two weeks after surgery in five mice (strains CD2F1 and 
C57B6) permanently implanted with scleral search coils (3.25 mm diameter). Mice 
were positioned either prone (P) or on tail (T) to give four paradigms: vertical axis 
WORT and HVORP and horizontal axis HVORT and VVORP.

For vertical axis rotations, as frequency decreased the gain of both HVORP and 
WORT declined and the phase of the eye movements increasingly led the ideal 
compensatory phase of 0°. Mean phase leads at 2 Hz were 7.1° (HVORP) and 27.2° 
(WORT) while at 0.03 Hz they were 82.3° (HVORP) and 133° (WORT). Mean 
gains (normalized to 1 at 0.2 Hz) at 2 Hz were 1.28 (HVORP) and 1.34 (WORT) 
and fell until at 0.03 Hz they were 0.11 (HVORP) and 0.14 (WORT).

For horizontal axis rotations with a dynamic gravity stimulus, the gain of both 
HVORT and VVORP rerhained relatively constant and the phase close to 0° across 
all frequencies. Mean phase leads at 2 Hz were 10.9° (HVORT) and 19.8° (VVORP) 
and at 0.03 Hz they were -4.7° (HVORT) and 17.1° (VVORP). Mean gains 
(normalized to 1 at 0.2 Hz) at 2 Hz were 0.73 (HVORT) and 0.86 (VVORP) and at 
0.03 Hz were 0.61 (HVORT and 0.50 (VVORP).
Thus, as with other mammals, the mouse VOR is altered by the presence of a 
dynamic gravity signal. This preparation should prove useful in explaining the 
phenotypic significance of genotypic differences induced by knockout or mutagenesis 
procedures. Supported by NS31805 and EY07342
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509.3
RAT VERTICAL VESTIBULO-OCULAR REFLEX (VVOR) RESPONDS TO TILT 
OF OTOLITHS NOT ANGLE OF HORIZON. S.A. Rude*. K.J. Quinn. S.C. Brettler. 
and J.F. Baker. Northwestern University, Chicago, IL 60611.

Reflexive eye movement in the dark during otolith-only stimulation was studied to 
assess the role of head position with respect to gravity in the otolith-ocular reflex in 
pigmented rats. The vertical vestibulo-ocular reflex (VVOR) is profoundly influenced 
by head tilt with respect to gravity (see Brettler, et al., adjacent abstract) in a complex 
fashion. Constant velocity roll about a horizontal axis (VVOR in rat) was recorded at 
507s and 107s in 4 rats using chronically implanted bilateral scleral search coils. 
Vertical eye position was also recorded during static vestibular stimulation, comprising 
9 whole-body roll-tilt orientations presented in random sequence within the range ±40° 
of the upright or inverted (as defined in our lab, 180° pitched from upright) position. 
Position changes occurred in 2s, and no data within 15s of stimulus onset in any trial 
were used for analysis.

Static vertical eye position in the orbit was systematically related to static otolith 
stimulation re gravity. Tilts from the upright position caused the eyes to orient toward 
the horizon (compensatory), while tilts from the inverted position caused the eyes to 
rotate away from the horizon (anticompensatory). Linear fits to eye position/head tilt 
showed greater slopes in 6/7 experiments for inverted orientations (-0.66 ±0.29) vs. 
upright orientations (+0.58 ±0.21).

Constant velocity rotations produced a net eye velocity bias near zero, indicating a 
weak role for otolith velocity estimation in rat. The same data exhibited strong head 
position dependent modulation of VVOR eye velocity, which deviated markedly from a 
sinusoidal responsiveness. Compensatory eye velocity was observed for most of each 
cycle (avg=67% ±8) centered around the upright position, but was opposed by high 
anticompensatory eye velocity in a narrow range of postures near the inverted position. 
This is consistent with an otolith tilt reflex organized for the upright orientation; slow 
phase direction reverses and becomes anticompensatory when rats are inverted. We 
conclude that the rat VVOR is dominated by an otolith tilt reflex which reverses when 
the otoliths are inverted. Supported by EY07342, NS31805.

509.4
THE EFFECT OF GRAVITY ON VERTICAL AND HORIZONTAL VESTIBULO- 
OCULAR REFLEX IN THE RAT. S.C, Brettler*, K.J, Quinn. S.A. Rude, and J.F, 
Baker. Northwestern University, Chicago, IL 60611.

Otolith participation in vestibulo-ocular reflex (VOR) has been widely recognized 
in a variety of species. We have examined the contribution of gravity sense to 
vertical and horizontal eye movements in the pigmented rat during low frequency 
horizontal axis and vertical axis oscillations (0.02 to 2 Hz). Scleral search coils were 
surgically implanted bilaterally in four rats and eye movements were recorded 
repeatedly over a period of twelve weeks.

Vertical VOR was accurate in its timing when the animal was positioned in the 
upright orientation during horizontal axis roll. During upright roll, VOR phase was 
accurate from 0.02 to 2 Hz (mean phase= -0.8° at 0.02 Hz, n=46 trials), and gain was 
nearly constant across all frequencies (mean gain at 0.02 Hz= 100% of gain at 0.2 
Hz). When the rat was pitched 90° back and rotated about a vertical axis, roll 'on 
tail', the phase of the vertical VOR was greatly advanced at low frequencies (mean 
phase= +148° at 0.02 Hz, n=48), and gain at low frequencies was low (mean gain at 
0.02 Hz= 20% re 0.2 Hz).

Similarly, horizontal VOR performance was better in the presence than in the 
absence of a dynamic otolith signal (horizontal axis yaw 'on tail' at 0.02 Hz phase= 
-12°, gain= 45% re 0.2 Hz; vertical axis yaw upright at 0.02 Hz phase= +118°, gain= 
15% re 0.2 Hz, n=46).

Altering both dynamic and static otolith input by repositioning the rat in the 
upside down orientation to deliver horizontal axis roll produced anticompensatory 
VOR with complex dependence on frequency and amplitude (mean phase= 200° at 
0.02 Hz, phase= 134° at 0.2 Hz, n=20). Responses to tilt with respect to gravity are 
an important component of rat VOR and are further examined in the accompanying 
abstract (Rude et al.). Supported by EY07342, NS31805.

509.5
TIME COURSE OF TARGET DISTANCE-DEPENDENT CANAL- 
OTOLITH INTERACTIONS IN THE HUMAN VESTIBULO-OCULAR 
REFLEX (VOR). B, T, Crane* and J. L. Demer. Neuroscience IDP, Dept. of 
Neurology, and Jules Stein Eye Inst., Univ. California, Los Angeles, 90095-7002.

In monkeys, target distance and rotational axis eccentricity influence the transient 
response of the VOR via multiple parallel channels (Snyder & King, 1992). To 
investigate the issue in humans, we used a 370 ft-lb. servomotor to deliver to 6 adult 
volunteers unpredictable transients of whole body yaw rotation at an acceleration of 
20007s2. Eye and head positions were recorded using magnetic search coils. 
Rotations were delivered about yaw axes: centered 10 cm anterior to the eyes, between 
the eyes, between the otoliths, and 20 cm behind the eyes. Subjects regarded targets at 
15, 30, or 500 cm. To assess visual effects, targets were alternatively visible 
throughout rotations, and extinguished immediately before motion onset. Data were 
digitally sampled allowing rotations to be averaged within each condition and subject.

Timing of eye movements varied idiosyncratically among subjects. The VOR 
began -8-15 ms after onset of head rotation, and for the next 40 ms the presumably 
canal-generated gain (eye velocity/head velocity) was independent of both target 
distance and axis eccentricity. In the subsequent -40 ms, canal-generated gain was 
greater for nearer than farther targets regardless of the axis of rotation. Starting -60 
ms after head rotation began, both target distance and eccentricity had effects on VOR 
gain, suggesting compensation for linear acceleration of the otoliths. After -110 ms 
from rotation onset, VOR gain was corrected for linear eye position relative to otolith 
position. Effects of visual feedback began 100 ms after onset of head rotation.

These data suggest that the initial canal and otolith-generated VOR in humans is 
modulated by target distance as described by Snyder and King for monkey, albeit with 
greater latency. The early translation-independent modulation of VOR gain by target 
distance is likely due to scaled canal input. Longer latency mechanisms correct the 
VOR response for otolith translation, and still later for the difference between eye and 
otolith translations. VOR response in darkness ultimately becomes geometrically 
appropriate to actual eye position, but at latency similar to that of visual pursuit.

Supported by USPHS grants EY-08656, NINCD DC02952, and MSTP.

509.6
SPATIAL PROPERTIES OF PHYSIOLOGICALLY IDENTIFIED VESTIBULO- 
OCULAR RELAY NEURONS IN THE ALERT CAT. K.J, Quinn* and J.F. Baker. 
Dept. Physiology, Northwestern University and NUIN, Chicago, IL 60611

Generation of a compensatory vestibulo-ocular reflex (VOR), requires a 
transformation in the neural signal which initially codes head motion in canal 
coordinates but which ultimately generates a signal driving eye movement in 
muscle coordinates. We investigated this transformation process by studying the 
spatial properties of vestibular nucleus neurons in alert, awake cats.

In 5 chronically prepared cats (including 1 with a stimulating electrode in the 
ipsilateral cerebellar flocculus), extracellular single unit recordings were 
obtained from a total of 226 vestibular nucleus neurons. 123 neurons were 
confirmed to be monosynaptically excited by stimulation of the vestibular 
afferents. 63 neurons were antidromically activated by stimulation of the 
oculomotor nucleus. A total of 34 neurons were inhibited by stimulation of the 
ipsilateral cerebellar flocculus. The spatial properties of all neurons were 
determined by recording their response to sinusoidal 3-D rotation of the animal.
A vector was constructed which represented the preferred axis of rotation to 
maximally activate that neuron. Using strict criteria for: 1) projection to the 
oculomotor nucleus; 2) minimum number of different planes of rotation tested 
(>=5 vertical; >= 2 horizontal); 3) minimum neuronal response to rotation (gain 
>= 4 spikes/s/deg); and 4) preference for vertical versus horizontal plane 
rotations, we found that neurons inhibited by floccular stimulation (FTNs, n=9), 
compared to non-FTNs (n=l 8), showed significantly greater input convergence 
from horizontal canals (p < 0.0001) and greater sensitivity to roll rotation (p < 
0.001), indicating input convergence from both pairs of vertical canals. These 
results suggest that floccular Purkinje cells, which show a rich convergence of 
input from multiple canal pairs, strongly influence the spatial properties of their 
target neurons in the vestibular nucleus. Supported by NS318O5, EY07342.

509.7
RESPONSES OF SECONDARY VESTIBULAR NEURONS TO 
HEAD POSITION AND DYNAMIC NECK ROTATION IN THE 
ALERT SQUIRREL MONKEY. G.T. Gdowski*. R.A, McCrea. The 
Committee on Neurobiology, University of Chicago, Chicago, IL 60637.

Secondary vestibular neurons are known to receive significant neck 
input which have been shown to exhibit a wide variety of interactions with 
vestibular inputs. How these interactions are distributed among position- 
vestibular-pause (PVP) and eye/head vestibular (EHV) units, two of the 
major constituents of the vestibular-occular reflex (VOR) pathway, is 
unknown. In this study, the neck inputs to each of these classes of 
neurons are evaluated. The static neck sensitivity was measured from 
stationary epochs of spontaneous gaze and head positions. While EHV 
and PVP units are both sensitive to static eye position, PVP units are also 
sensitive to neck position. In many cases, responses of PVP units were 
more significantly correlated with static gaze position than to static eye 
position. The dynamic neck sensitivity (HN) was measured from 
responses to passive body rotations (0.5 Hz, 407s, 2 Hz, 207s) while the 
head was held stable in space and was calculated as the ratio of sinusoidal 
fits applied to desaccaded records of unit rate and neck velocity. The 
stimulus evokes eye movements in the opposite direction of the neck 
rotation which has gains between 0.1-0.5. Eye position and/or eye 
velocity sensitivities were subtracted from the unit responses and the 
residual response was considered to be due to neck inputs. In most cases, 
the unit response was in phase with neck velocity and in the opposite 
direction of the units vestibular sensitivity. EHV units typically had 
larger sensitivities to neck rotations than PVP units. Typically the neck 
sensitivities were significantly smaller than the vestibular sensitivity. These 
results suggest that EHV carry signals related to dynamic neck rotations 
while PVP units carry information related to static head position. Work 
supported by NIH (DC02072 and R01-EY08-041).

509.8
SYNAPTIC LINKAGE OF VIIITH NERVE INPUT TO DORSAL Y GROUP 
IN ALERT SQUIRREL MONKEYS. Agissilaos Partsalis*, Pablo M Blazquez. 
Stephen M. Highstein.

Partsalis et al (1995) observed parallel adaptation of behavioral vertical (V) 
VOR gain and Y neuronal VOR-related firing patterns, implicating the Y- 
nucleus in VVOR plasticity. Y cells are V gaze velocity neurons related to both 
V head and V eye velocity. V eye-velocity sensitivity is conferred on Y by 
terminals of floccular, V-zone Purkinje cells (P-Cells). To study head velocity 
inputs to Y, we recorded Y cells during electric pulse stimulation of the 
ipsilateral VHIth nerve. Typically, Ycells were disynaptically activated (1.2- 
2.4ms, X=1.6,S.D.=0.45, n=71) requiring currents several times greater than 
necessary to activate typical second order superior vestibular nucleus neurons 
(SVN). Biocytin,or biotynilated dextran amine was subsequently injected into 
Y, and retrogradely labelled neurons were found in the most anterio-lateral 
comer of SVN and are named Y projecting neurons (YPN). YPNs and flocculus 
projecting neurons (FPNs) are thus differentially located in SVN. YPNs were 
antidromically activated by electric pulse stimulation within Y (0.5-lms, 
X=0.63, S.D.= 0.33, n=16). YPNs fire at 33 spikes/sec (23-55 spikes/sec, 
mean=33.3, n=16, S.D.=9.3) and have fairly irregular interspike intervals while 
FPNs have resting rates of 45 spikes/sec and are more regular. In similarity to 
FPNs, YPNs are related to V head velocity and do not modulate during eye 
movement. Differential location, resting rates, and interspike interval 
distributions of YPNs and FPNs indicate that head velocity input to Y is via a 
distinct class of SVN neuron and not via an axon collateral of FPNs. YPNs do 
not appear to receive P-cell terminals, thus the adaptive changes observed in Y 
appear to reside within Y as YPNs most likely do not adapt during VVOR gain 
changes.
Suported by NIH EY-05433.
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509.9
ADAPTATIVE PLASTICITY OF THE LINEAR VESTIBULO-OCULAR REFLEX 
(LVOR) IN SQUIRREL MONKEY. S.H. Seidman* and G.D. Paige, Dept. of 
Neurology and the Center for Visual Science, Univ. Rochester, Rochester, NY 14642.

The translational LVOR during interaural (IA) or dorsoventral (DV) motion 
generates eye movements that depend upon fixation distance; as a target approaches, 
progressively larger eye movements are required to maintain binocular image stability. 
This is reflected in LVOR behavior as an approximately linear relationship between 
LVOR response sensitivity (in deg. eye movement per cm head translation) and 
reciprocal fixation distance (in m1), which is closely related to vergence angle.

We tested whether the relationship between the LVOR and vergence during IA 
translation could be adaptively modified in squirrel monkeys. IA and DV LVOR 
behavior at 4Hz in darkness was assessed before and after 2 hours of adaptation to 
motion while wearing binocular periscopic optics which increased the effective 
interpupillary distance from ~18mm to ~44mm. For a given target distance, this 
forced greater than normal vergence to fuse the image without altering the LVOR 
amplitude required to maintain target fixation. Monkeys were conditioned during IA 
translation (0.5-2.0Hz, 0.05-0.Ig peak amplitude) while viewing a visually rich 3D 
environment through the periscope. In accordance with the new visual demands, the 
slope of the relationship between vergence and IA LVOR sensitivity (i.e., sensitivity 
slope in deg/cm/m'1) significantly decreased by approximately 50% (p<0.001). In 
contrast, sensitivity slope did not systematically change in the DV LVOR, for which 
no visual/vestibular mismatch was provided. LVOR sensitivity at zero vergence 
remained nearly the same.

In conclusion, we have successfully altered the relationship between LVOR 
function and vergence angle. This adapted relationship did not govern all LVOR 
behaviors, but selectively affected that behavior experienced during adaptive training.

(Supp by the Whitaker Foundation, and NIH grants DC01935 and RR06853)

509.10
EFFECT OF CANAL PLUGGING ON CUPULA TIME CONSTANT (Tc) AND 
GAIN OF THE ANGULAR VOR (aVOR). S.B. Yakushin* M, Kunin. T.Raphan, J- 
I,Suzuki and B.Cohen. Depts. Neurol., Ml  Sinai Sch. of Med., NY 10029; CIS, Brooklyn 
College, CUNY, NY; Otolaiyngol., Teikyo Univ. Tokyo, Japaa

Horizontal and roll components of the aVOR were elicited by sinusoidal rotation at 
frequencies 0.2-4.0 Hz with monkeys upright or tilted forward and back. Operations 
left only vertical canals intact (VC), right anterior and left posterior canals intact 
(RALP), left anterior and right posterior canal intact (LARP) and all six semicircular 
canal plugged (NC). In the NC animal, the aVOR gain was close to zero at 0.2 Hz. As 
the frequency increased to 4 Hz, aVOR gains returned to normal. Gains were plotted 
as a function of head tilt. Animals were also stimulated with steps of velocity around 
axes parallel to those of the plugged lateral canals. This induced a small compensatory 
eye velocity with a short Tc («70 ms) in all monkeys, including the NC animal. A 
model-based analysis indicated that tq account for the short Tc gains should be 
computed as (steady state eye velocity)/(stimulus velocity*Tc) (Raphan & Cohen, 
1986). After accounting for the diminished Tc after canal plugging, the computed 
gains were the same as in normal animals and corresponded to gains obtained for the 
same animals at high frequencies of rotation. Moreover, computed spatial gains of the 
NC animal were close to gains and phases obtained before canal plugging. A model 
was developed which incorporated the geometric organization of the canals as well as 
the cupula-endolymph dynamics. Canal plugging was modeled as an alteration in the 
3-db roll-off and corresponding Tc. The shift in the low frequency 3db roll-off was 
seen in the temporal responses as a phase lead of the aVOR toward acceleration at 
lower frequencies. At higher frequencies, the phase shifted close to stimulus velocity. 
By incorporating a dynamic model of the canals into the three-dimensional canal 
system, the spatial responses were predicted at all frequencies. The model predicted 
that full aVOR compensation would occur at «10 Hz. These data show that canal 
plugging changes the frequency characteristics of the canals, but does not alter their 
gain.
SUPPORT: NS00294, NAG 2-706, EY11812, EY04148 andEY01867

509.11
LOW FREQUENCY DYNAMICS OF HORIZONTAL VOR FOLLOWING 
UNILATERAL PLUGGING OF THE THREE SEMICIRCULAR CANALS 
IN THE SQUIRREL MONKEY. D. D. Backous*, D. M. Lasker, G.L. Davis, 
L. B. Minor. Depts. of Otolaryngology and Biomedical Engineering, Johns 
Hopkins Univ. Sch. of Med., Baltimore, MD 21205.

Eye movements were recorded (scleral search coil) in 3 alert squirrel 
monkeys before and after unilateral plugging of the three semicircular canals. 
Data was obtained from passive, on-axis yaw rotations delivered in darkness. 
Time constants (Tc) measured from velocity steps (60 deg/sec) prior to 
surgery were symmetrical at 23.1 ±. 2.9 sec (mean ± s.d.). Tc for velocity 
steps toward the contralesional side were 6.2 +. .3 sec acutely, 14.2 ± 2.3 at 1 
week, 12.0 ± 3.5 at 1 month, and 13.1 ± 1.4 at 2 months. Tc for velocity 
steps to the ipsilesional side were 4.5 ± .4,8.6 ± .84, 10 ± 2.7, 12.0 ± 2.7 
sec for the same time intervals. Spontaneous nystagmus in darkness measured 
1-3 deg/sec prior to surgery, 12.1 ± 7.8 acutely, and 3.6 ± 1.3 by 1 week 
postoperatively.

Although the Tc asymmetry resolved by 2 months, time constants 
remained diminished in comparison to preoperative values. Tc calculated 
from 0.02-0.05 Hz sinusoidal rotations was well correlated with mean values 
from for ipsi- + contralesional velocity step rotations. A bias directed toward 
the lesioned side in slow component velocities evoked by low frequency 
sinusoidal rotations was also identified over the same time interval. Both the 
bias velocity and Tc asymmetry were independent of spontaneous nystagmus. 
(Supported by NIH DC02390 and by the American Otological Society)

509.12
HORIZONTAL VOR DYNAMICS FOLLOWING UNILATERAL CANAL 
PLUGGING AND LENS-INDUCED ADAPTATION. D. M. Lasker,
D. D. Backous, and L. B. Minor* Depts. of Otolaryngology and Biomedical 
Engineering, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.

Impulses of yaw head acceleration (3000 deg/sec2, 50 msec duration, in darkness) 
were given in 3 squirrel monkeys. Acceleration gain (eye / head acceleration, 20 - 
40 msec after stimulus onset) 6 weeks after unilateral plugging of the 3 semicircular 
canals measured .74 ± .06 (mean ± s.d.) for ipsilesional rotations and .86 ± .04 for 
contralesional rotations. Animals were then adapted to 2.2x lenses for 4 days which 
produced symmetric increases in acceleration gain. The data were simulated with a 
bilateral model of the VOR where the lead term in the vestibular-nerve afferent 
transfer function induced inhibitory cut-off and/or rectification within afferents on 
the intact side. The symmetric lens-induced adaptation following unilateral plugging 
adds further support for an afferent etiology of these asymmetries.

Adaptation to magnifying (x2.2) spectacles in monkeys before canal plugging 
produced an acceleration gain of 2.06 ± .16 whereas velocity gain (slow phase 
velocity / head velocity at stimulus plateau) measured 1.38 ± .06. Acceleration 
gain, measured in darkness, paralleled the monkeys’ VOR gain in the light (2.04 ± 
.06) in response to 0.5 Hz ± 60 deg/sec sinusoidal rotations. Velocity gain 
measured with impulses paralleled that measured in response to 0.5 Hz ± 60 deg/sec 
rotations in darkness (1.44 ± .07). Sinusoidal rotations ranging between 2 -15 Hz 
with peak velocities between 20 - 60 deg/sec were delivered to the monkeys after 
magnification. Velocity gains measured with sinusoidal rotations (2-15 Hz, peak 
velocity: 20 - 60 deg/sec) remained constant (1.4 - 1.6) across all frequencies with 
an increasing phase lag measuring 20° at 15 Hz. We interpret these findings to 
indicate that initial eye movements to impulses, which occur over time periods 
shorter than visual following mechanisms, provide responses closely matched to 
those at lower frequencies in light. (Supported by NIH DC02390.)

509.13
SPATIAL ORIENTATION PROPERTIES OF VESTIBULAR-ONLY (VO) AND 
VESTIBULAR-PLUS-SACCADE (VPS) NEURONS OF THE MONKEY DURING 
OPTOKINETIC NYTAGMUS (OKN) AND AFTER-NYSTAGMUS (OKAN). T 
Raphan*, S B. Yakushin, E. Buharin and B, Cohen. Dept of Comp. & Inform. Sci., 
Brooklyn College, CUNY, NY. & Dept. of Neurol., Mt Sinai Sch. of Med, NY 10029

Twenty-seven VO and eight VPS neurons were recorded in medial and superior 
vestibular nuclei of 2 monkeys. The maximal sensitivity vectors of the units were 
oriented along axes approximately normal to the planes of the lateral and vertical 
canals. Animals were tested in upright side down, prone and supine positions during 
OKN and OKAN to determine the role of the neurons in coding the spatial orientation 
of velocity storage. Activity of all units was related to eye velocity during horizontal 
(yaw axis) OKN and OKAN. VO neurons were significantly modulated during 
sinusoidal OKN at 0.02Hz, but did not respond to frequencies above 0.05 Hz. Firing 
rates of all neurons were correlated with slow phase eye velocity during OKAN when 
the animals were upright In most vertical canal-related neurons, activity was also 
related to vertical or roll cross-coupled eye velocities in tilted positions. The coefficient 
of linear regression relating cross-coupled vertical/roll slow phase eye velocity of 
OKAN to changes in firing rate remained constant, independent of head tilt. This 
demonstrated a tight linkage between firing rates of vertical canal-related neurons and 
cross-coupled components of velocity storage. Activity of most type I lateral canal 
related units was correlated only with the yaw component of eye velocity for all head 
orientations. The dominant time constant (Tc) of these units changed in proportion to 
changes in the dominant Tc of yaw eye velocity, i.e., to the horizontal time constant of 
the velocity storage integrator. When the velocity storage time constant became very 
short after injection of baclofen, a GABAb agonist, the correlation between eye 
velocity and unit activity disappeared. The firing patterns of VO and VPS neurons in 
response to tilts of gravito-inertial acceleration with respect to the head indicate that 
they are likely to generate the cross-coupled components of eye velocity that form the 
basis for spatial orientation of velocity storage.
Support: EY04148, NS00294, NAG 2-706, EY11812, and EY01867

509.14
A BILATERAL VOR MODEL EXPLAINS NON-LINEARITIES IN 
UNILATERAL AND BILATERAL VESTIBULARLY DEFICIENT 
PATIENTS. H.L.H. Smith, H.L. Galiana, and A. Katsarkas*. Departments of 
Biomedical Engineering and Otolaryngology, McGill University, Montreal, 
Quebec H3A 2B4.

This research explores experimentally and with model simulations human 
VOR asymmetries during sinusoidal rotation (0.167 Hz at 90, 150 and 180 
deg/s). X-Y plots of slow phase eye velocity vs. head velocity are used to 
visualize VOR non-linearities. Normal subjects show a linear relationship over 
a large range, whereas unilateral patients have a non-linear (concave) 
relationship with reduced gain during rotation towards the damaged side 
[Katsarkas et al., Acta Otolaryng. ‘95]. Bilaterally deficient patients have little 
or no response at low velocities but increase their response at high velocities 
with an apparent dead zone in the center.

A bilateral model [Smith & Galiana, Biol. Cybern. ‘91] is shown to recreate 
normal, unilateral and bilateral behaviour and implies mechanisms for the 
different types of non-linearities. The model uses commissural feedback to 
implement both velocity storage and eye position integrators and includes 
primary non-linearities. In order to reproduce unilateral patient responses, the 
commissural system must be asymmetric which causes the VOR to reflect the 
primary canal asymmetry and dynamics. To reproduce bilateral patient 
behaviour, the model requires bilateral reductions in both resting rates and 
sensitivities at the primary level. As a result, the VOR exhibits a small but 
increasing gain with increased head velocity. The proposed mechanisms used 
to reproduce patient responses are consistent with their disease process.

Supported by MRC (Cananda).
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509.15
COUPLED ASYMMETRIES OF THE VESTIBULO-OCULAR (VOR) AND 
VESTIBULO-COLLIC (VCR) REFLEXES IN PATIENTS WITH UNILATERAL 
VESTIBULAR LOSS (UVL). G.C.Y. Peng*, L.B. Minor, D.S. Zee. Johns 
Hopkins University, School of Medicine, Baltimore, MD 21287

It is well known that asymmetrical VOR responses are elicited in patients with 
UVL during 2-3Hz (3000-4000°/s2, ±10-20°) perturbations of the head (Halmagyi 
et al. 1990). The natural frequencies of head dynamics occur around these 
frequencies, and appear to define the critical range for vestibular control of the head 
(Peng et al. 1996). We hypothesized that perturbations of the body would elicit 
asymmetrical VCR responses with UVL as well. In 5 subjects (2 UVL patients) we 
applied horizontal plane, yaw 400-600°/s2 (±20-30°) perturbations to the trunk 
(head free and head fixed to body), or 2000-3000°/s2 (±10-15°) perturbations to the 
head. Seated subjects were asked to fixate a stationary target in space, an imagined 
target, or perform mental distraction tasks in the dark. Three-dimensional eye and 
head orientations were recorded using a magnetic search coil system.

Two indicators of UVL emerge from the data. First, a characteristic VOR 
asymmetry is produced in all paradigms when the head moves towards the lesioned 
side (LS). As the head accelerates towards LS, there is little or no VOR 
compensation. As the head decelerates towards LS, rapid eye movements occur in 
the direction opposite of head rotation to correct for the position error, and may 
overshoot. As the head accelerates towards the normal side (NS), VOR gain is near 
normal. Second, larger head oscillations are produced during trunk perturbations 
towards LS (1000-2000°/s2, ±3-8°) than towards NS (500-1000°/s2, ±1-2°). During 
trunk perturbations towards NS, the head moves smoothly with the trunk after a 
delay. During trunk perturbations towards LS, head oscillations result from a 
deficient VCR. As predicted by our model, the VCR is required to prevent head 
oscillations at the natural frequency of the head.

Supported by DC00979

509.16
EFFECT OF LIGHT AND DARK ON RETENTION OF AN ADAPTED 
VESTIBULO-OCULAR REFLEX (VOR) GAIN CHANGE. T.G. McEIligott* 
Dept. of Pharmacology, Temple Univ. School of Medicine, Phila., PA 19140 
Acquisition of vestibulo-ocular reflex adaptive gain decreases and increases 
follow a similar time course in the goldfish. These gain changes occur rapidly 
within the first hour and are virtually complete by the third hour of training 
during the acquisition or learning phase. In contrast, the loss of adaptation is 
greater for adapted gain increases compared to decreases when the animal is 
placed in the dark during the retention or memory phase. This study was 
carried out to investigate the differential rate of adapted VOR gain losses. 
Goldfish were trained for 3 hours to increase or decrease VOR gain using 
sinusoidal vestibular and visual stimulation presented 180° out of (increase gain) 
or in phase (decrease gain) @1/8 Hz ± 20°. Following adaptation, goldfish were 
held stationary in the light or the dark for 3 hours. They received vestibular 
stimulation only when tested in the dark. For animals trained to decrease gain 
and then placed in the dark during retention, there was no significant loss of 
adaptation after 3 hours (n=8; from 0.30 to 0.34). For the animals placed in the 
light during retention there was a 30% loss in the adapted gain decrease (n=3; 
from 0.32 to 0.50). For the gain increase animals placed in the dark, there was a 
64% loss of adaptation (n=ll; from 1.72 to 1.16). Increase gain adapted goldfish 
placed in the light during retention, had only a 47% loss of gain (n=4; from 1.86 
to 1.40). These results indicate that during retention, the dark condition 
produced an overall suppression on both adapted reflex gain decreases and 
increases. In the light without this suppression, loss of adaptation for increases 
and decreases is comparable. Other control experiments showed that normal 
non-adapted VOR gains were not altered when goldfish were placed in either 
the light or dark over a similar time period. Thus, this dark related 
suppression during retention selectively affected the adapted (neuroplastic) 
related VOR processes and not the normal non-adapted operating VOR 
processes. (Supported by a grant from NIH-NIDCD DC 01094).

509.17
THE EFFECTS OF MINIFYING LENS ADAPTATION ON COMPENSATORY 
EYE MOVEMENTS AND DYNAMIC VISUAL ACUITY. C.L. Dufault SR. Barv

Program in Neuroscience and Behavior, Mount Holyoke College, S. Hadley, MA 
01075.

The vestibular ocular reflex (VOR) is the neural mechanism that allows die eyes to 
make equal and opposite compensatory movements when the head turns. This 
compensatory action must occur for an image to be stabilized on the retina during head 
movements. Thus a change in the VOR and compensatory eye movements may affect 
dynamic visual acuity (DVA), which is visual acuity that occurs during head 
movement To assess changes in the VOR and DVA, 19 women, ages 18-22, were 
asked to wear minifying lenses that made the worid appear further away by shrinking 
the visual world 50%. Participants in the experimental group wore the lenses during a 
1/2 hour adaptation period while making voluntary head turns at 0.5 Hz to the beat of a 
metronome. DVA was assessed pre adaptation and post adaptation, after lens removal, 
through a % error score on a Landholt C-chart Average % error + SEM for the 
experimental group reading the C-chart increased significantly 16.1% after adaptation 
(21.7+2.5% pre, 37.8±4.4% post). Control participants wore the lenses for 1/2 hour 
but did not shake their heads. There was no change in % error in the control group after 
adaptation (15.3±4.7% pre, 14.8±4.8% post). To correlate changes in DVA with 
changes in the gain of compensatory eye movements, electro-oculargraphy (EOG) was 
used to record eye movements, and a strain gage was used to record head movements. 
During recordings, participants read the Landholt-C chart while making 0.5 Hz head 
turns. Gain is defined as the ratio of eye velocity to head velocity. A reduction below a 
gain of 1.0 indicates that eye movements do not completely compensate for head 
movements, and thus an image will not be stabilized on the retina. Participants in the 
experimental group had a significant 30% decrease in gain after adaptation (1.0Q+0.023 
pre, 0.7Q+0.015 post). In contrast, participants in the control group averaged a gain
1.0Qt0.022 pre and 1.05±0.049 post adaptation. These findings suggest that a decrease 
in the gain of the VOR and compensatory eye movements may lead to a decrease in 
DVA. (Supported by Alice Baruch Fund at Mount Holyoke College).

509.18
ADAPTIVE FILTER MODEL OF VESTIBULO-OCULAR REFLEX ACCOUNTS 
FOR VELOCITY STORAGE. A. D. Kuo1 and S. M. Henry*2. ’Dept. Mechanical 
Engineering, University of Michigan, Ann Arbor, MI 48109-2125 and 2Dept. 
Physical Therapy, University of Vermont, VT 05405.

We propose a model for learning of visual-vestibular interactions which produces 
velocity storage, which we hypothesize is determined by the dynamics and relative 
reliability of sensors. Adaptive filter models have been used to demonstrate 
adaptation of vestibulo-ocular reflex (VOR) gain, but have not produced velocity 
storage. These filters use a tapped delay line fed by vestibular input to provide a 
record of past afference. Eye movement command are generated from a weighted 
sum of these data, with weights adjusted via long-term adaptation mediated by the 
cerebellum.

To account for visual-vestibular interactions, we developed an adaptive filter 
model which uses multiple inputs comprising efference copy and visual and 
vestibular afference, to predict head rotation and visual-vestibular outputs. Learning 
of a unique set of weights depends on uncertainty in each of the inputs. We used state 
estimation theory to show that two parameters, associated with relative reliability of 
the inputs, directly determine VOR and optokinetic phenomena such as velocity 
storage. We trained the adaptive filter with random head rotations corrupted by 
uncertainty, and found that the system predicts responses to circularvection and head 
rotation in the light and dark, including velocity storage.

We also show that the model adapts to reversed vision, and adapts to vestibular 
loss by increasing cervico-ocular reflex gain, as demonstrated in the literature. 
Furthermore, reduction of tapped delay memory causes the system to produce linear 
decay of stored velocity, as has been demonstrated in Dutch rabbits.

This work was supported in part by NIH grants 1R29DC02312-01 Al and 
P60DC02072-03, NSF grant IBN-9511814, and the Whitaker Foundation.

509.19
PHYSIOLOGICALLY BASED NEURAL NETWORK MODELLING OF THE 
GUINEA PIG yVOR RESPONSE A.D. Cartwright, D.P.D. Gilchrist and I.S. 
Curthoys*. Psychology Dept., University of Sydney, 2006 NSW Australia.

The present study used behavioural data obtained from guinea pig to train a 
physiologically based recurrent neural network model. Monocular 3-d eye 
movement recordings were obtained from female pigmented guinea pigs in 
response to a range of motor controlled, high acceleration, yaw angular impulses, 
before and at different times after a right surgical unilateral vestibular loss. 
Although the yaw vestibular ocular reflex (yVOR) gain was asymmetric for all 
animals at all times post lesion, individual differences between animals were 
apparent, despite attempts to ensure the extent of each lesion was similar. The 
model was applied in order to generate neural predictions that may explain the 
variability between animals. The model predicted that the difference in dynamic 
yVOR response may be due to changes in resting level and sensitivity of medial 
vestibular nucleus (MVN) type I cells on the contralcsional side resulting in 
modulation of the cross-commissural feedback loop. A poor yVOR response was 
characterised by a higher resting level in type I cells making excitatory 
connection with abduccns cells contralatcrally. In the network the role of these 
cells was to provide disinhibition for ipsilcsional type I cells via the inhibitory 
vestibular commissure. Within a single testing session each animal was subject to 
accelerations toward both the ipsilcsional and contralcsional sides, of varying 
magnitude (1400 degs'2 to 4000 degs'2) and stimulus profile (square versus bell 
shaped acceleration). To assess the degree of asymmetry across the different 
stimuli a measure of directional deficit was calculated ((yVOR gain intact - yVOR 
gain affected)/(yVOR gain intact + yVOR gain affected)). At one week post lesion 
the yVOR for all animals was uniformly poor for both different acceleration 
magnitudes and profiles. At 12 weeks post lesion, there was a smaller degree of 
asymmetry in the yVOR response expressed in terms of a directional deficit for 
animals on lower accelerations independent of acceleration profile. As an 
objective validation of the model we compared the predicted yVOR in response to 
these different acceleration parameters to the real guinea pig eye yVOR responses. 
The model accurately predicted the guinea pig eye movement response in all 
conditions.

Supported by the NHMRC of Australia.
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510.1
AUDITORY-VISUAL INTEGRATION IN THE SUPERIOR COLLICULUS OF 
THE BEHAVING CAT. L. C. Populin*, and T. C. T. Yin. Dept. Of 
Neurophysiology. University of Wisconsin, Madison, WI 53706

The superior colliculus (SC) plays a central role in the integration of sensory 
information and in its transformation into motor commands. It receives visual, 
auditory, and somatosensory inputs that form maps of space and body surface, 
contains eye and pinna movement maps, and projects to brainstem oculomotor and 
spinal motor centers.

At the heart of the sensorimotor integrating circuitry of the SC are multimodal 
cells in the intermediate layers that respond to stimuli from more than one modality 
(e.g., auditory and visual) and project to downstream motor centers. In anesthetized 
preparations spatially and temporally consistent bimodal stimuli evoke largely 
enhanced responses (>1000% in some cases) as compared with the same stimuli 
delivered unimodally (Meredith and Stein, 1986). Because stimuli with consistent 
temporal and spatial characteristics are likely to arise from the same event, response 
enhancement is thought to be a mechanism for increasing the likelihood of a 
behavioral response. Surprisingly, we have found no evidence for such bimodal 
enhancement in recordings from the behaving cat to visual and auditory stimuli.

In the behaving cat responses to bimodal stimuli approximate the sum of the 
responses to single modality stimuli. Responses to auditory stimuli invariably have a 
shorter latency (by - 20 msec) than responses to visual stimuli and both modalities 
usually elicit discrete phasic responses: for bimodal stimulation the peaks of each 
response are often discernible. In addition the latencies of auditory responses are 
significantly longer in the awake cat than in barbiturate anesthetized cats. These 
dissimilarities between the anesthetized and behaving preparation are surprising in 
terms of sensorimotor integration models for the cat and suggest novel mechanisms 
of the action of anesthetics and/or behavior on sensory processing.

Supported by NIH grants DC02840 and DC00116.

510.2
AN ANATOMICAL BASIS FOR THE SPATIO-TEMPORAL 
TRANSFORMATION IN THE SACCADIC SYSTEM. A. A. Grantvn*, 
Y. Dalezios, T. Kitama AND A. K. Moschovakis. Lab. de Physiologie 
de la Perception et de TAction, C.N.R.S.-College de France, Paris, and 
Institute of Applied and Computational Mathematics, FORTH, Crete, 
Greece.

To test the hypothesis that the metrics of saccades caused by the 
activation of distinct collicular microzones depend on the strength of 
their projections onto the burst generators, deeper tectal sites were 
electrically stimulated in alert behaving cats and then injected with 
0.8 |il of biocytin through an adjoining micropipette. The metrics of 
evoked saccades wTere studied quantitatively to determine the 
amplitude and direction of the saccades encoded by the sites 
stimulated. Further, the density of the terminal fields deployed in the 
brain stem areas that house the vertical and horizontal burst 
generators were studied quantitatively. Collicular regions encoding 
saccades with a big horizontal and a small vertical component project 
strongly upon the horizontal burst generator and weakly upon the 
vertical burst generator. Conversely, regions that encode saccades with 
a small horizontal and a big vertical component project strongly upon 
the vertical burst generator and weakly upon the horizontal burst 
generator. This data supports the notion that the differential strength 
of superior colliculus projections onto the burst generators provides an 
anatomical basis for the spatio-temporal transformation in the 
saccadic system (supported by HCM Grant #ERBCHRXCT-940559).

510.3
TONIC AND BURST DISCHARGE PATTERNS IN NEURONS 

OF THE SUPERIOR COLLICULUS. D.A. McCormick* and A. 
Luthi. Section of Neurobiology, Yale University School of Medicine, 
New Haven, CT 06510.

The superior colliculus represents the site of convergence of multiple 
sensory inputs and contains neurons that discharge in bursts in relation 
to movements of eyes and head. To study the physiological basis of the 
burst discharge we developed an in vitro slice preparation of ferret 
superior colliculus and performed microelectrode recordings from 
cells in the superficial and intermediate layers. The typical current- 
voltage relationship of these cells consisted of tonic firing (up to ~ 100 
Hz) with sharp action potentials in response to depolarization from -65 
mV, whereas hyperpolarization elicited pronounced ‘sag’ and anodal 
break responses that were blocked by local application of Cs+ (~2 mM) 
or ZD7288 (—0.1 mM), indicating that they resulted from activation of 
a hyperpolarization-activated cation current. Application of these 
blockers induced a transition from tonic to burst-like firing in response 
to depolarizing current. These bursts typically consisted of 2-3 action 
potentials (250-300 Hz) riding on a depolarizing wave with an 
interburst interval of 50-100 ms. These data suggest that 
hyperpolarization-activated currents play a role in the patterning of 
discharge of superior colliculus neurons. Supported by NIH and the 
Swiss National Science Foundation.

510.4
COINCIDENCE DETECTION IN THE CAT SUPERIOR COLLIC-
ULUS. J.-H, Schroder. M. Brecht. W. Singer and A.K. Engel*. Max-Planck-Institut 
fur Hirnforschung, 60528 Frankfurt. Germany

Recent experimental and theoretical results suggest that synchronous firing of 
neurons might play an important role for information processing in the brain. A basic 
requirement for such a mechanism is the sensitivity of neurons to synchrony among 
their inputs with a precision in the millisecond range. Al present, little is known 
about the capability of neurons to act as coincidence detectors under in vivo 
conditions. In this study, we investigated the temporal aspects of synaptic integration 
in the corticotectal system of anesthetized and paralyzed cats. To this end, 
microstimulation was performed at distant cortical sites and orthodromic responses 
mediated via the corticotectal pathway were recorded from the superior colliculus. 
Small current pulses (10-150 pA) were delivered to neuronal populations in striate 
cortex and in extrastriate area PMLS with variable delays between each other (0-48ms). 
Simultaneously, responses of single units were recorded from the superficial collicular 
layers. In many instances we observed that the tectal responses depended strongly on 
the delay between stimulation pulses at the respective cortical sites. In these cases, the 
number of spikes contained in the tectal response could not be predicted by linear 
summation of the responses to the stimulation of the individual sites. Instead, the 
responses increased by a factor of two or more with respect to the linear superposition. 
Interestingly, these effects were sensitive to small changes in the relative timing 
(<5ms) of the stimulation pulses. Generally, the collicular cells appeared to be tuned 
to synchronously arriving inputs. Taken together, our data suggest that in vivo tectal 
neurons are able to act as coincidence detectors w ith high temporal precision. Thus, it 
seems likely that these neurons do not primarily operate as integrators on a slow time 
scale and that the fine temporal structure of activity patterns is relevant for collicular 
function.

Supported by the Max-Planck-Society. by the Hcisenberg-Program of the Deutsche 
Forschungsgemeinschaft and by the Minna-James-Heineman Foundation.

510.5
ROLE OF THE CAT SUPERIOR COLLICULUS IN THE CONTROL OF 
COMBINED EYE-HEAD MOVEMENTS. A. Coimbra1, Q. Pauluis1, M. Missal1, 
Ph. Lefevre*2, E. Olivier1. ‘Lab. of Neurophysiology, UCL, Brussels, Belgium, 2Lab. 
of Sensorimotor Res., NEI, Bethesda MD.

Although the superior colliculus (SC) is known to play a key role in the control of 
eye and head orienting movements, the precise output variables controlled by the SC 
are still a matter of discussion. Recently, two different hypotheses have emerged 
from electrophysiological studies of the primate SC: 1) the SC sends a single gaze 
signal that is distributed downstream to the eye and head premotor structures; 2) the 
SC gives rise to two separate output channels that control eyes and head 
independently. In addition, it has been suggested that the feedback loop which 
controls gaze saccades remains functional during SC electrical stimulations.

In order to test the 'single' versus the 'double channel hypothesis' and the closed 
loop control of gaze saccades, we studied the influence of changes in initial gaze 
position on metrics of electrically evoked (EE) gaze displacements. Cats were trained 
to fixate visual targets on the horizontal meridian and SC stimulations (~35pA, 
400Hz, 250ms) were performed while randomly varying the initial gaze position (- 
20, 0 and 20°). The performance of the gaze control feedback loop during electrical 
stimulations was also investigated by increasing the inertial momentum of the head 
plant.

Amplitude of EE gaze displacements depended linearly on initial gaze position 
(mean ^=0.39) although initial gaze position did not influence amplitude of eye 
saccades. Head contribution to gaze shift was independent of eye saccade amplitude 
but showed a tight correlation with gaze shift amplitude (mean r2=0.94). Increasing 
the inertial momentum of the head had no effect on eye saccade amplitude. It 
decreased both contribution of the head to gaze displacement and head peak velocity 
and therefore, led to a decrease in gaze amplitude.

The independent variation of eye and head movements with initial gaze position 
(and with increased head inertia) argues for two separate output channels driving the 
eyes and head. In addition, changes in gaze saccade amplitude in these conditions 
indicate that the gaze control feedback loop is not effective during electrical 
stimulation of the SC.

Supported by FNRS, FRSM and NEI; A.C. was supported by CNPq, Brazil.

510.6
EVIDENCE FOR EXCITATORY TECTOTECTAL NEURONS IN THE CAT 
SUPERIOR COLLICULUS: AN IMMUNOHISTOCHEMICAL STUDY. E. Olivier1. 
O, Pauluis ‘,O, Hardy2. M. Missal and J. Corvisier2.1 Lab, of Neurophysiology, UCL, 
Brussels, Belgium and2 LPPA, CNRS, Paris, France.

Since the description of the Sprague effect, tectotectal projection has been commonly 
regarded as responsible for reciprocal inhibition between the two superior colliculi (SC). 
This hypothesis has received strong support from electrophysiological studies which 
showed that SC stimulations produced monosynaptic IPSPs in contralateral collicular 
cells. Furthermore, the presence of GABAergic tectotectal cells has been demonstrated 
in the cat SC. However, more recent investigations have suggested that some tectotectal 
cells, namely saccade-related burst neurons and fixation cells, may be excitatory.

The aim of this study was to determine whether excitatory tectotectal neurons are 
present in the cat SC by using double labelling technique. In five adult cats, tectotectal 
cells were retrogradely labelled following several injections of WGA-ApoHRP coupled 
to colloidal gold within the intermediate and deep layers of the contralateral SC. After 
silver intensification of gold particles, sections were processed immunohistochemically 
using rabbit antibodies to either glutamate or GABA. In three cats, some sections were 
processed with both antibodies and each was visualized with a different chromogen.

As previously demonstrated, tectotectal cells were exclusively distributed in the rostral 
pole of the SC. Based on the total number of retrogradelly labelled and immuno-positive 
neurones, it appears that the cat SC contains comparable numbers of tectotectal neurons 
immunoreactive to GABA and glutamate antibodies. Neither the topographical 
distribution, nor the laminar location of these cells allowed the two subpopulations of 
tectotectal neurons to be distinguished.

This study demonstrated that the rostral half of the cat SC contains overlapping 
populations of GABAergic and glutamatergic tectotectal neurons. This suggests that the 
role of tectotectal projection in the control of orienting movements is more complex than 
previously hypothesized and will require further electrophysiological investigations. 
Supported by the FNRS, FRSM and CNRS.
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510.7
COMPARISON OF ACTIVITY OF SUPERIOR COLLICULUS FIXATION 
NEURONS AND BRAINSTEM OMNIPAUSE NEURONS IN THE GAP 
SACCADE TASK. S, Everling, M. Pare. M.C. Dorris and D.P. Munoz*. MRC 
Group in Sensory-Motor Neuroscience, Department of Physiology; Queen's 
University, Kingston, Ontario, Canada K7L 3N6.

Neurons in the nucleus raphe interpositus (rip) in the pons (omnipause neurons, 
OPNs) and in the rostral pole of the superior colliculus (fixation neurons, SCFNs) 
discharge tonically during periods of visual fixation and pause for saccadic eye 
movements. It was hypothesized that SCFNs provide a major excitatory input to 
OPNs. We investigated the role and relationship of SCFNs and OPNs neurons with 
respect to both fixation behavior and saccade generation by comparing their activity 
recorded in the same monkeys performing a gap saccade task, in which a central 
fixation point (FP) was extinguished 0-800 ms before the appearance of an eccentric 
saccade target. In this task we can compare OPN and SCFN discharge during: 1) 
visual fixation of the FP; 2) non-visual fixation during the gap period; and 3) 
saccadic eye movements.

The mean discharge rate of OPNs was found to be higher and more constant during 
visual fixation as compared with SCFNs. SCFNs decreased their discharge rate 
during the gap period, while no change in discharge rate was observed in OPNs. 
There was a gradual reduction in the activity of SCFNs before their saccade-related 
pause, whereas OPNs showed an abrupt cease in activity.

Our results demonstrate that OPNs and SCFNs do not share identical discharge 
properties. These observations do not support a tight link between OPNs and SCFNs. 
(Supported by the MRC of Canada and the Deutsche Forschungsgemeinschaft, DFG 
Ev 32/1-1)

510.8
NEURONAL CONNECTIVITY IN MONKEY SUPERIOR COLLICULUS 
DURING SACCADES: EVIDENCE FROM MULTIPLE RECORDINGS AND 
CROSS CORRELATION ANALYSIS. P. J. Istvan * and D, P, Munoz. MRC 
Group in Sensory-Motor Neuroscience, Queen's Univ., Kingston, ON, Canada, K7L 
3N6

The superior colliculus (SC) is involved in the preparation and generation of 
saccades. Several classes of neurons in the intermediate layers of the SC and their 
involvement in generation of saccades have been proposed. Saccade-related neurons 
(SNs) located throughout the intermediate layers discharge burst of action potentials 
for saccades of specific amplitude and direction. Fixation neurons (FNs) located in 
the rostral SC are active tonically during visual fixation and pause for most saccades.

Classical electrophysiological single-cell studies in the SC of awake animals may 
be restricted to the analysis of larger neurons. To overcome this limitation, we 
recorded simultaneously from pairs of neurons at one or two sites in the SC of awake 
monkeys performing oculomotor tasks to search for additional classes of neurons that 
may have different or similar patterns of discharge compared with SNs or FNs. Cross 
correlation techniques were used to search for connections between pairs of neurons.

We recorded simultaneously from SNs and adjacent neurons that discharged 
tonically but had a pause associated with the bursts of SNs. Pre-burst neurons 
(PRENs) were recorded with SNs and had a burst of action potentials that preceded 
the burst of SNs. FNs were recorded simultaneously with neurons that discharged 
tonically but burst prior to the pause of the FN during saccades. Pairs of FNs or SNs 
were also recorded. Difference correlograms between SNs and PRENs revealed 
serial connections and common drive. Neurons recorded simultaneously with 
previously classified neurons may provide the neuronal substrate (e.g., inhibitory 
network) controlling the patterns of activity in the SC during saccades.
Supported by MRC of Canada

510.9
DIFFERENTIAL PROJECTIONS FROM ROSTRAL AND CAUDAL SUPERIOR 
COLLICULUS TO THE HORIZONTAL SACCADIC PREMOTOR AND OMNI-
PAUSE NEURONS IN PONS OF THE PRIMATE. J.A. Bttttner-Ennever*, A.K.E. 
Hom2 and V. Henn ,3 Inst. Anatomy, Inst. Neuropathology2, University of Munich, 
D-80336 MUNICH; Dept of Neurology3, University of Zurich, CH-8091 ZURICH.

It is well known that superior colliculus (SC) projects via the contralateral predor 
sal bundle (PDB) to the paramedian pontine reticular formation (PPRF), and via 
these projections participates in the generation of horizontal saccadic eye move-
ments and head movements. Recently, single cell reconstructions showed that SC 
longlead burst neurons generally project simultaneously, though with different in-
tensities, to the excitatory (EBN) and inhibitory (IBN) saccadic burst neuron popu-
lations in PPRF, as well as to the omnipause neurons (OPN) in nucleus raphe inter-
positus (RIP) (Scudder et al., J. Neurophysiol 76 , 332-352, 1996). However the 
location of the cell bodies in SC was not known. In this anatomical study we inves-
tigate how different regions of SC project to these 3 cell populations.

Small injections of an anterograde tracer (3H-leucine) were placed in the inter-
mediate layer of the monkey SC. After 3-21 days survival time the brain was per-
fused and processed for autoradiography. Injections into the most rostral and lateral 
part of SC, corresponding to the collicular fixation-zone, resulted in strong terminal 
labelling almost exclusively over RIP, the OPN area. In progressively more caudal 
injections into SC, the intensity of label to the EBN and IBN populations increased 
in strength, and the labelling over RIP diminished. A leucine deposit in the caudal 
pole of SC resulted in profuse labelling over the EBN and IBN areas, but the PDB 
passed RIP leaving no visible patterns of terminal labelling. These results provide 
an anatomical basis for a gaze-fixation zone in the rostrolateral SC, which could 
inhibit saccades by the excitation of OPNs in RIP. The efferents from more caudal 
regions of SC would participate in determining the parameters of the saccade.
(This work was supported by the Deutsche Forschungsgemeinschaft SFB 462/B3.)

510.10
EFFECT OF MACAQUE FRONTAL EYE FIELD INPUT UPON SACCADE-RE-
LATED CELLS IN THE SUPERIOR COLLICULUS. J. O. Helminski* andM, A. Se- 
graves. Dept. of Neurobiol. and Physiol., Inst, for Neuroscience, Northwestern Univ., 
Evanston, IL 60208.

We have shown that frontal eye field (FEF) neurons project to movement-related 
cells located in the deep layers of the superior colliculus (SC), including cells with a 
long-lead buildup of activity prior to the saccade as well as cells with saccade-related 
burst activity (Helminski and Segraves, 1996). In order to examine the effects of FEF 
input upon SC movement-related neurons, we recorded from the SC before and after 
inactivation of the FEF with muscimol.

Extracellular recordings were made simultaneously in the saccade-related regions 
of the FEF and SC. Antidromic excitation was used to identify pairs of interconnected 
FEF and SC sites. Movement-related cells in the SC sites were identified and their 
activity characterized during visuomotor tasks. The FEF site was then inactivated with 
a microinjection of muscimol, a GABA agonist. Following the injection, multiunit and 
single unit activity in the SC was monitored for several hours while the monkeys 
performed visuomotor tasks. No movement-related activity was observed in the FEF 
during this time.

In two monkeys, three burst cells displayed a progressive reduction in the 
amplitude of their saccade-related burst (50-60% reduction of activity within ±100 ms 
of saccade beginning, 1.5 hours after injection). At the same time, the period when the 
burst cell was silent for saccades made in the null direction lengthened. One buildup 
cell display ed a gradual decline in the amplitude of its long-lead buildup of presaccadic 
activity. Initially, there was a gradual decline in the amplitude of the cell’s saccade- 
related burst followed by a broadening of the duration of the burst and an increase in 
burst amplitude (25% increase above pre-injection level, 1.5 hours after injection). 
Both cell types displayed oscillations over time in the mean amplitude of their activity. 
It appears that inactivation of the FEF causes a decrease in both buildup and burst 
activity within the SC. These decreases are likely to play a substantial role in the 
degradation in oculomotor performance observed after inactivation of the FEF (Dias et 
al., 1996). At the same time, these experiments have helped to reveal the presence of 
significant excitatory input to SC movement-related neurons from non-FEF sources.

Supported by NIH Grant EY08212.

510.11
PATCH-CLAMP ANALYSIS OF INTRINSIC SYNAPTIC CIRCUITRY OF 
THE SUPERIOR COLLICULUS. P. Lee, M. Helms, G, 1. Augustine and W. C. 
Hall* Department of Neurobiology, Duke University, Durham, N.C. 27710

Premotor neurons in the superior colliculus generate bursts of action 
potentials that encode information about the amplitude, direction and 
timing of saccades. We examined the role of collicular circuits in generating 
these bursts by characterizing synaptic transmission in slices of tree shrew 
superior colliculus. An array of stimulating electrodes was placed in the 
superficial (visuosensory) layer while using whole-cell patch-clamp 
methods to record synaptic currents from neurons in the intermediate 
(premotor) layer. Biocytin within the patch pipette documented that these 
cells were located in the intermediate layer and resemble the cells that 
project to brainstem gaze centers. Brief stimuli in the superficial layer 
evoked excitatory postsynaptic currents (EPSCs) in intermediate layer cells. 
Individual EPSCs were as large as 500 pA and often were large enough to 
evoke action potentials (despite the fact that the somata were voltage- 
clamped). The most prominent EPSCs were evoked by electrodes 
immediately above the premotor neurons, suggesting a columnar organization 
that may provide a substrate for the registry of the visuosensory map in the 
superficial layer with the motor map in fi e intermediate layer. A striking 
feature of these responses was that brief stimuli evoked prolonged bursts of 
EPSCs. These bursts lasted approximately 50 ms, comparable in duration to 
the presaccadic action potential bursts of primates. In some cells, the bursts of 
EPSCs were followed by long-lasting inhibitory currents, suggesting that 
inhibition mediated by intracolliculuar circuits may help limit burst 
duration. These results suggest the presaccadic bursts are formed, at least 
partly, by intrinsic circuitry of the superior colliculus. Supported by EY- 
08233.

510.12
FIXATION DEFICITS AND SACCADIC DYSMETRIA AFTER 
UNILATERAL INACTIVATION OF THE FELINE ROSTRAL SUPERIOR 
COLLICULUS. Carol K. Peck* School of Optometry, University of 
Missouri-St. Louis, St. Louis MO 63121

The superior colliculus (SC) has long been known to be involved in 
initiating saccades to suddenly-appearing visual targets. More recently, 
the rostral pole of the SC has been proposed to be involved in inhibiting 
saccades during visual fixation.

Neuronal inactivation (injections of 0.5-1 pi of 2% lidocaine) in the 
rostral SC of cats altered the latency and accuracy of saccades to visual 
and auditory targets as well as the ability to maintain fixation. Most of 
the defects for saccades to visual targets are similar to those reported after 
a unilateral lesion affecting the human SC: Latency of contralaterally- 
directed saccades was increased and, in a task which required maintained 
fixation during sudden presentation of peripheral targets, the percentage 
of errors (saccades to the targets) increased. The percentage of errors was 
also affected by the modality of the fixation target (visual or auditory) and 
type of saccade task (gap or overlap): There were greater deficits in the 
gap task with auditory fixation targets than with visual fixation targets, 
while there was more impairment on the overlap task with visual fixation 
targets. Most strikingly, after lidocaine injections there was also an 
increase in the frequency of overshooting (hypermetric) eye movements.

These results are consistent with hypotheses linking intracollicular 
circuits to the generation of accurate saccades if lidocaine-induced 
reductions in fixation activity disinhibited saccade-related neurons with 
peripheral movement fields. They are also consistent with models in 
which omnipause neurons are facilitated by fixation neurons in the rostral 
SC. Supported by the University of Missouri Research Board
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510.13
SACCADE LATENCY, AMPLITUDE AND DIRECTION EFFECTS WITH 
MICROSTIMULATION OF THE SUPERIOR COLLICULUS IN THE MONKEY. 
R. P. Kalesnykas* and D. L. Sparks. Division of Neuroscience, Baylor College of 
Medicine, Houston, TX 77030.

The previous results of Stanford et al. (JNP, 76, 1996) demonstrated that both 
spatial and temporal aspects of activity in the superior colliculus (SC) of monkeys 
were critical in the generation of eye saccades. Microstimulation parameters, 
such as the frequency and duration of the stimulation train, can be manipulated 
to evoke saccades with a wide range of peak velocities and amplitudes. The aims 
of the present study are three-fold: 1) to elaborate initial reports (Stanford et al., 
1996; Pare et al., 1994) that the latency of saccade onset varies as a function of 
the frequency of microstimulation of the deep layers of the SC; 2) to determine 
the threshold number of pulses required to evoke saccades electrically at 
different sites in the SC; and 3) to determine if visually- and electrically-derived 
activities in the SC summate for the initiation of saccades while thejr interaction 
reflects the vector average for specifying the direction and amplitude of 
saccades. Stimulation current was fixed at 2 times the threshold current 
(threshold determined at frequency of 500 Hz). Duration of the stimulation train 
was adjusted to allow the site-specific maximum saccade amplitude to be 
evoked. In short, our results show that microstimulation of the SC, at various 
delays following a brief 50 ms presentation of the visual target stimulus, 
produces effects on the latency, amplitude and direction of the evoked saccade.

These results provide additional support for the hypothesis that the temporal 
as well as the spatial aspects of SC activity are important factors in producing 
appropriate orienting movements of the eyes.

Funded by EY01189 and the McKnight Endowment Fund for Neuroscience.

510.14
LOCAL CIRCUIT OF THE SUPERIOR COLLICULUS IN RATS. I . INTRINSIC 
FIRING AND MORPHOLOGICAL PROPERTIES OF NEURONS IN THE 
INTERMEDIATE AND OPTIC LAYERS. Yasuhiko Saito* and Tadashi Isa 
Department of Integrative Physiology, National Institute for Physiological Sciences, 
Myodaiji, Okazaki 444, JAPAN.

To understand the neuronal organization of the mammalian superior colliculus (SC), 
we investigated physiological and morphological properties of neurons in the 
intermediate (SGI) and optic (SO) layers of the SC by whole-cell patch clamp 
technique in slices obtained from 15- to 22- day old rats. According to the pattern of 
firing responses to steady-state current injections, the neurons were classified into 7 
major subclasses : (1) regular spiking neurons, which showed inward rectification 
caused by inward rectifier potassium channels, (2) regular spiking neurons with 
hyperpolarization-activated current, which showed inward rectification caused by H- 
current, (3) burst spiking neurons, which showed transient burst firing at threshold 
caused by T-type Ca2+ channels, (4) late spiking neurons, which showed delayed 
spike firing caused by transient outward potassium current (A-current), (5) fast 
spiking neurons, (6) neurons with strong spike frequency adaptation, and (7) neurons 
with rapid spike inactivation. Intracellular staining with biocytin revealed 
morphological characteristics of each neuron type. Especially, the neurons of type (2) 
were often encountered in the SO and showed unique morphological properties. They 
had large and pyriform-shaped somata and extended divergent dendritic trees dorsally 
into the superficial layer. They projected axons ventrally into the SGI and issued lots 
of terminal boutons therein . Neurons of this type might play a significant role in 
visuomotor transformation process in the SC.

Supported by grants from Ministry of Education, Culture and Science of Japan, and 
Japan Science and Technology Corporation.

510.15
LOCAL CIRCUIT OF THE SUPERIOR COLLICULUS IN RATS. II. LOCAL 
CONNECTIONS AND EFFECT OF ACETYLCHOLINERGIC INPUT. T. Isa* and 
Y, Saito. Department of Integrative Physiology, National Institute for Physiological 
Sciences, Myodaiji, Okazaki 444, JAPAN.

We investigated the signal transmission in the local circuit of the superior colliculus 
using whole-cell patch clamp technique in slice preparations obtained from 17- to 24 
day old rats. When a bundle of optic fibers was stimulated at the most lateral part of 
the optic layer (SO), polysynaptic EPSPs were induced in neurons in the intermediate 
layer (SGI) at the latencies of 5 - 20 ms. When the superficial layer (SGS) was 
stimulated, the EPSPs were induced at shorter latencies. When bicuculline (Bic) was 
applied, the EPSPs got significantly enhanced and the duration was prolonged. 
Slower component of the enhanced EPSP was abolished by application of APV and 
the remaining fast component was completely suppressed by application of CNQX. 
These results suggest that there is a polysynaptic excitatory connection from the optic 
fibers to neurons in the SGI, which is likely to be mediated by SGS neurons. The 
excitatory transmission is exclusively mediated by glutamate receptors (both AMPA 
and NMDA receptors are involved) and is under strong suppression by GABAergic 
neurons. When nicotine was applied, most neurons in the SGI were significantly 
depolarized accompanying increase in the membrane conductance, which could be 
observed in the presence of CNQX, APV, Bic and strychnine. The nicotine-induced 
current showed remarkable inward rectification and the IC50 was approximately 12 n 
M. When the optic fiber or SGS was stimulated under application of nicotine, the 
resting membrane potential of SGI neurons was depolarized and as a consequence, 
action potentials were induced overriding the evoked EPSPs. These results suggest 
that activation of postsynaptic nicotinic receptors facilitates signal transmission in the 
local circuit of the SC by raising excitability of SGI neurons.
Supported by grants from Ministry of Education, Culture and Science of Japan, and 
Japan'Science and Technology Corporation.

510.16
MODIFICATION OF SACCADIC EYE MOVEMENTS BY ACETYLCHOLINE- 
RELATED SUBSTANCES INJECTED INTO MONKEY SUPERIOR 
COLLICULUS. H- Aizawa*., XKobayashi, M, Yamamoto and. T- .Isq, Dept. of 
Integrative Physiology, National Institute for Physiological Sciences, Myodaiji, 
Okazaki, Aichi 444, Japan.

Despite the wealth of evidences for cholinergic innervation into mammalian superior 
colliculus (SC), its contribution to controlling the generation of saccades is still not 
clear. For the first step to clarify the physiological role of cholinergic innervation in 
the SC, we studied the modification in eye movements, particularly of saccades, by 
microinjection of a cholinergic agent into the SC of awake, behaving Japanese 
monkeys (macaca fuscata).

Using a 30 gauge syringe needle with a microwire to verify its tip location by 
electrical stimulation, we pressure-injected nicotine (10 mM, 1.0 - 1.6 <j  1, at the rate 
of 0.2 fj. 1/min) into the intermediate layer of the SC, while collecting spontaneous eye 
movements of the alert monkey facing the black and white random dot pattern back- 
projected onto the tangential screen.
We observed apparent shift in the direction of spontaneous saccades towards that of 

electrically evoked saccades at the injection site. This effect lasted for 10-20 minutes 
after the injection, and at the amount we used, we did not observe neither clear 
change in the visual field scanned by the spontaneous saccades nor nystagmus.
We conclude that nicotinic agonist acts on SC neurons and has facilitatory effect on 

SC output to generate saccades more frequently to the direction which the topography 
of the injection site represents.

This work was supported by grants from Ministry of Education, Science and Culture 
of Japan, and Japan Science and Technology Corporation.

510.17

INHIBITORY INTERNEURONS IN INTERMEDIATE LAYERS OF 
FERRET SUPERIOR COLLICULUS. M.A, Meredith* and A.S. Ramoa. 
Department of Anatomy, Virginia Commonwealth University, Richmond, VA.

A horizontally-oriented intrinsic circuit is postulated to interconnect rostrally- 
and caudally-located intermediate and deep layer superior colliculus (SC) 
neurons. Recent data (Meredith and Ramoa, 1996) indicates the presence of 
inhibitory intemeurons within this circuit. The present experiments sought to 
further characterize these intrinsic neurons.

Adult ferrets (n=15) provided para-sagittal slices of the SC that were placed in 
an interface chamber at 35°C. Routine in vitro methods were used to record 
extracellular neuronal activity in response to electrical stimulation (25-300 //A, 
0.1ms) and/or pharmacological stimulation. All neurons (n=123) studied were 
located in the stratum griseum intermedium (SGI) and 38% (47/123) responded 
to intrinsic stimulation with suppression of spontaneous activity. Of these, 57% 
were suppressed by rostral SC stimulation and 43% by caudal SC stimulation. 
Effective stimulation sites were consistently located in the stratum opticum or the 
SGI; more dorsal or ventral sites rarely elicited suppression. In 14/16 neurons, 
application of Bicuculline (30-50/zM, picospritzed) reduced or eliminated 
stimulation-induced suppression. Many (50%; 8/16) of suppressed responses 
were disinhibited by a combination of excitatory antagonists (40/y M d-APV and 
10/zM NBQX), indicating the presence of an excitatory synapse on an inhibitory 
intemeuron. When these excitatory antagonists were presented independently, 
one neuron was affected by separate application of both antagonists, but four 
others were disinhibited only by NBQX. These data suggest the presence of 
functionally distinct classes of inhibitory intemeurons distributed horizontally 
in the intermediate layers of the SC. Supported by NSF grants IBN-9308576 
(AM) and IBN-9421983 (ASR).

510.18
DISCHARGES OF SUPERIOR COLLICULUS FIXATION CELLS DURING 
MULTIPLE-STEP GAZE SHIFTS IN THE HEAD-FREE CAT. A. Bergeron and 
D, Guitton*. Montreal Neurological Institute and McGill University, Montreal, 
Quebec, Canada, H3A 2B4.

Fixation cells (FCs) of the rostral superior colliculus (SC) discharge tonically 
when the visual axis is immobile, and pause during both saccadic eye movements in 
the head-fixed monkey and single-step gaze shifts in the head-free cat. However, 
when head-free cats orient from one target to another they frequently use multiple- 
step gaze shifts. Since electrical stimulation of the fixation zone can stop an ongoing 
gaze shift, we have examined whether the firing characteristics of FCs might explain 
why a given gaze displacement is made with either a single step or with multiple 
steps. Cats faced an opaque barrier of variable width and generated horizontal gaze- 
shifts in response to a hidden food target that suddenly appeared on one side. 
Ambient light could be turned off 120 ms after target appearance such that gaze shifts 
were made in complete darkness. RESULTS: Pauses were more prominent when 
the movements were directed ipsilaterally; thus, only ipsilateral gaze shifts will be 
considered. The onset of the pause was quite variable from one cell to the other. 
Pause onset of some cells was closely synchronized with gaze onset, while pause 
onset of other cells lagged gaze onset. In these latter cells, average firing frequency 
during the initial gaze movement was inversely correlated with both the velocity and 
the amplitude of the first gaze step in the multiple-step gaze displacement. However, 
for all FCs, once a pause was initiated, it could persist throughout one or more 
plateaus between steps. We have no evidence that reactivation of FC discharges can 
stop an ongoing gaze shift and break it up into multiple steps. Therefore, why and 
how a gaze displacement can be structured into discrete steps is still to be determined.

Supported by the Medical Research Council of Canada.
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511.1
EFFECTS OF ALCOHOL ON LISTING’S LAW. M. Fetter*. M. 
Boric T. Haslwanter. Dept. of Neurology, Eberhard-Karls-University, 
72076 Tubingen, Germany.

Three-dimensional (3D) eye positions during voluntary saccades and 
smooth pursuit are restricted to 2 degrees of freedom (Listing’s law; LL). 
Recent findings suggest that cerebellar lesions can produce violations of 
LL, supporting the theory that a neural network may implement LL. Since 
an estimated blood alcohol concentration of l%«is known to result in eye 
movement disturbances of the cerebellar type, we have studied the effects 
of alcohol on the 3D properties of eye movements in 9 young healthy 
subjects. Data were compared to normal controls. 3D eye position of the 
left eye was measured with a dual search-coil during various saccade and 
smooth pursuit paradigms 40 min after intake of an alcoholic drink. As 
indicator for the precision of LL we measured: A) the variability of the 
torsional component of eye movements sampled during each paradigm by 
calculating the thickness of Listing’s Plane; B) the amount of transient 
torsional displacements („blips“) during large saccades. Compared to 
normal controls the thickness of Listing’s plane was significantly increased 
for random smooth pursuit and random saccades in 3 (pursuit) and 4 
(saccades) of the 9 subjects. In 4 subjects we found during large saccades 
transient torsional displacements (up to 4.2°; normally less than 1°) that 
violate LL. This finding presents further evidence that neural circuits are 
involved in the generation of LL.
Supported by DFG SFB 307-A2

511.2
SACCADE-RELATED ACTIVITY IN THE FASTIGIAL NUCLEUS OF THE MONKEY 
DURING 3D-EYE MOVEMENTS. C, Siebold, L- Glonti, J„ Kleine, U. Biittner (SfON: 
European Neuroscience Association)
Dept. of Neurology, University of Munich, 81377 Munich, Germany

Eye movements obey Listing's law with the head stationary, i.e. the three degrees 
of freedom are reduced to two (horizontal and vertical), restricting torsional eye 
movements to a plane of zero. Whether and if in which structure Listing's law is 
implemented in the central nervous system is not known. In a recent study (van 
Opstal et al.; J Neuroscience 16, 7284-7296) evidence for an involvement of the 
nucl. retie, tegmenti pontis (NRTP) was found. This implies a role of the 
cerebellum, which is the major projection site of NRTP. In order to address the 
question of a cerebellar involvement in 3D saccade generation we recorded saccade- 
related single unit activity in the fastigial oculomotor region (FOR), which receives 
an input from the oculomotor region (lobulus VI and VH) of the cerebellar vermis.

Monkeys were prepared for single unit recordings. Horizontal, vertical and torsional 
eye position was recorded with a dual search coil system. Eye movements were 
sampled during spontaneous eye movements with the head stationary and during 
vestibular stimulation around an earth fixed horizontal axis with different orientations 
of the head which allowed for roll, pitch, and canal plane stimulation. Saccade-related 
activity in FOR was analysed with regard to amplitude and direction in three 
dimensional space. Saccade neurons in FOR exhibited a burst of activity with each 
saccade, including pure torsional saccades and displayed an irregular spontaneous 
activity between saccades. This latter activity was not modulated during vestibular 
stimulation. The saccadic burst varied considerably for saccades of similar amplitude 
and direction, and therefore, the data had to be averaged. For many neurons the peak 
and average activity of the horizontal and vertical saccade-related burst did not vary 
systematically from that of torsional saccades. The data demonstrate that FOR-saccade 
neurons are modulated during torsional saccades. This would allow them to affect not 
only the generation of horizontal and vertical, but also torsional saccade components. 
Supported by Deutsche Forschungsgemeinschaft (DFG).

511.3
SACCADIC DYSMETRIA AFTER MUSCIMOL INACTIVATION OF THE 
CAUDAL FASTIGIAL NUCLEUS IN THE RHESUS MONKEY. L. Goffart and 
D.L. Sparks*. Division of Neuroscience, Baylor College of Medicine, Houston, TX 
77030, USA.

It is well established that disruption of the activity of neurons in the caudal fastigial 
nucleus (cFN) leads to dysmetria of saccades. The nature of this inaccuracy still 
remains an open question: does dysmetria result from an impairment in the processes 
that specify the saccadic goal before movement initiation, from a flawed guidance of 
the visual axis towards its target or from both ? Results obtained in the cat (Goffart & 
Pelisson, 1994) were interpreted as supporting the first hypothesis whereas results 
obtained in the monkey suggested the second (Robinson & al., 1993). We re-
examined this question in the monkey and analyzed the accuracy of saccades starting 
from various initial eye positions toward transient (100ms) visual targets, before and 
after muscimol inactivation (0.4pl, lpg/pl) of the saccade-related area of cFN.

As reported by others, unilateral muscimol injection into the cFN leads to 
hypermetria of ipsiversive saccades and to hypometria of contraversive ones. For a 
fixed target located along the horizontal meridian, the end points of ipsiversive 
saccades were much less scattered (e.g., 5 deg) than the range (e.g., 20 deg) of initial 
positions. For a fixed target located along the vertical meridian, ipsiversive saccades 
end at final positions that, on average, are offset horizontally towards the injected 
side. Straight upward saccades are observed when initial eye position is deviated 
toward the injected side with an horizontal eccentricity similar to the error of 
ipsiversive saccades.

These preliminary data are consistent with the hypothesis that the hypermetria of 
ipsilateral saccades results from an impaired specification of the saccadic goal. 
Further tests are required to determine whether the control of the on-going movement 
is also affected.

Supported by HFSPO LT58/96 and NIH EY01189.

511.4
NEURONAL CORRELATE OF PURSUIT LEARNING IN THE FLOCCULAR 
COMPLEX OF THE CEREBELLUM. Manjndsr Kahlon* and Stephen Q. 
Lisberger. Dept. of Physiology and W.M. Keck Foundation Center for 
Integrative Neuroscience, UCSF, San Francisco, CA 94143.

We followed the responses of single eye or gaze velocity Purkinje 
cells during pursuit learning. Learned changes in initial pursuit eye 
acceleration were induced when a monkey tracked targets, in learning 
trials, that began to move at a particular speed but after 100 ms 
stepped to a higher or lower speed. In randomly interleaved control 
trials, the monkey tracked targets that moved in the opposite direction 
at a constant speed. We measured the eye acceleration and mean 
simple spike rate during the first 100 ms of pursuit in learning trials and 
compared these values before and after learning. In twenty-two 
Purkinje cells held through significant learned changes in eye 
acceleration in the 'on' direction of a cell, six showed significant 
changes in their simple spike responses, all appropriate to support the 
changed behavior. For each of these six cells, there were no 
significant changes in firing rate in the first 100 ms of pursuit in the 
control direction or during maintained pursuit in either direction. In nine 
Purkinje cells held through significant learned changes in eye 
acceleration in the 'off1 direction of a cell, one showed a significant 
change in its simple spike firing rate. The results suggest that some, 
but not all, of the Purkinje cells that encode eye or gaze velocity in the 
floccular complex are in the pathways that mediate the expression of 
learned changes in eye acceleration during the initiation of smooth 
pursuit eye movements. Supported by a UC Regents Fellowship and 
NIH grant EY03878.

511.5
ROSTRO-CAUDAL ORGANIZATION OF THE CAT CEREBELLAR 
FASTIGIAL NUCLEUS IN GAZE CONTROL. D, Pelisson*. L. Goffart and A. 
Guillaume. Vision et Motricite, INSERM U94, 69500 Bron (France).

Several recent investigations have demonstrated the contribution of the caudal part 
of the fastigial nucleus (cFN) in saccadic control. In particular, visually-triggered 
gaze shifts performed by the head-unrestrained cat are dysmetric after cFN 
inactivation (Goffart and Pelisson, JNP, 1994). Comparatively, a possible 
involvement of the rostral portion of this nucleus (rFN) remains unknown. Three 
cats have been prepared for the recording of eye and head movements by the search 
coil technique and for injections of muscimol (0.2-0.3 pi @ 1 pg/pl) in FN. Gaze 
shifts triggered by the sudden presentation of a food target were recorded 20-120 
mn after an unilateral injection of muscimol. Six injections were confined to cFN 
and 6 others made 2 mm rostrally in rFN; histological control is available for 2 
animals so far. Deficits in visually-triggered gaze shifts were consistently observed 
after muscimol injection in either cFN or rFN. Contraversive movements were 
strongly hypometric in both cases with a proportional underestimation of target 
eccentricity (decreased gaze shift gain). Ipsiversive movements were slightly (rFN) 
or markedly (cFN) hypermetric, and importantly, this hypermetria reflected mainly 
a bias or an increased gain following inactivation of cFN or rFN, respectively. The 
coordination between eye and head components was also differently affected 
according to the inactivation locus in FN: whereas no change could be detected after 
cFN inactivation, head contribution increased for contraversive movements and 
decreased for ipsiversive responses following rFN inactivation. These data indicate 
that the FN can be functionally subdivided; they further suggest that FN caudal and 
rostral parts have access to different levels of the gaze control system, respectively 
upstream and downstream from the decomposition of gaze-related information into 
eye and head motor commands.
(Supported by INSERM and HFSP grant RG 58/92B)

511.6
CEREBELLAR FLOCCULUS AND PARAFLOCCULUS PURKINJE 
CELL ACTIVITY RELATED TO THE POSITION, VELOCITY & 
ACCELERATION OF 2D SMOOTH EYE MOVEMENTS M Suh*, H-C 
Leung, RE Kettner. Dept. Biomedical Engineering, Neuroscience Institute & 
Dept. Physiology, Northwestern University Medical School, Chicago, IL 60611.

The firing rate of individual flocculus/paraflocculus Purkinje cells was fit 
using the function: R(t + d) = (3 + p P(t) + v V(t) + a A(t) with R the firing 
rate of the neuron, d a pure delay, (3 the baseline firing rate, P, V and A two- 
dimensional position, velocity, and acceleration vectors, and p, v and a 
parameter vectors acting via the dot product and pointing in the preferred 
activation direction of P, V and A. Parameters were fit using linear regression 
techniques. There was generally a good correspondence between neural firing 
rate profiles and results obtained from the regression model. Fits obtained for sets 
of sum-of-sines trajectories were similar to independently obtained fits based on 
sets of sinusoidal and circular trajectories, as well as responses obtained in other 
experimental paradigms. Most cells showed a large dependence on eye velocity, 
but position played a strong role for some cells. Acceleration partial R2 values 
were always small, possibly because only a small range of accelerations was 
tested. Pure delays indicated a range of relative lags and leads between firing rate 
and eye motion. When both position and velocity influences were present, many 
cells had position and velocity preferred directions that were in alignment. These 
cells showed relatively simple response profiles including similar responses 
during counterclockwise and clockwise circular pursuit. Other neurons showed 
clear differences in position and velocity preferred directions that could produce 
relatively complex response patterns. For example, these neurons showed 
consistent preferences for either clockwise or counterclockwise circular pursuit. 
In sum, the model provided a good fit for a range of firing rate profiles during 
smooth pursuit. (Supported by grants MH 48185)
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511.7
ROBUSTNESS OF A CEREBELLAR MODEL OF PREDICTIVE 2D 
SMOOTH EYE MOVEMENTS RE Kettner*, S Mahamud, N Sitkoff. H-C 
Leung, M Suh, JC Houk, AG Barto & BW Peterson, Depts. Physiology & 
Biomedical Eng. & Neurosci. Inst., Northwestern Univ. Med. School, Chicago, 
IL 60611, and Dept. Computer Science, Univ. Mass., Amherst, MA 01003.

The robustness of a cerebellar model that generates predictive smooth eye 
movements along complex 2D trajectories was studied by varying model 
architecture and training parameters. As expected, increases in the number of 
simulated neurons improved the performance of the model and decreased 
training times. This suggests that the veiy large number of cells in the cerebellum 
would be useful for similar reasons. The model is trained using a rule (Sutton & 
Barto) that modifies parallel-fiber-to-Purkinje-cell synaptic weights when an 
eligibility trace (related to post-synaptic activation levels) and climbing fiber 
input (related to retinal-slip errors) are both active. In initial simulations, the 
eligibility trace was assumed to maintain a record of past activation with a 100 
ms delay equal to the 100 ms climbing fiber delay reported experimentally. This 
allowed the eligibility trace to compensate for the delay in error signals and 
allowed the system to depress weights at synapses active at the actual time of an 
error. New simulations indicate that trace delays ranging from 80 to 200 ms also 
allow the model to learn. In addition, an eligibility trace that increases gradually 
over time and then declines also works. This indicates that relatively crude and 
variable error signals that are biologically reasonable can be used to train the 
cerebellar model. In particular, the model suggests that climbing fiber responses 
can lag Purkinje cell discharge related to behavioral output. The training rule is 
also compatible with experimental reports of synchronous climbing fiber input 
that could provide reliable training signals, in addition to other possible 
information for the cerebellum. (Supported by grants MH 48185).

511.8
SINGLE UNIT RECORDING AND MUSCIMOL INACTIVATION EVIDENCE 
THAT THE FLOCCULAR REGION DOES NOT PARTICIPATE IN 
CONTROLLING NECK MOVEMENT RELATED GAZE CHANGES IN 
SQUIRREL MONKEYS. Tim Belton* & R.A, McCrea. Committee on 
Neurobiology, University of Chicago, Chicago, Ill. 60615.

Head and eye movement records and single unit recordings were obtained from 
floccular region (flocculus & ventral paraflocculus) Purkinje cells (Pkc) found to be 
active during horizontal movements of the eyes or involuntary movements of the 
head, in head free squirrel monkeys trained to track visual targets.

Of 104 Pkc recorded during combined eye-and-head gaze saccades (range of 
peak gaze acceleration: 1,500 to 22,0007sec., range of peak head velocity: 50 to 
2507sec.), none were sensitive to the head movement fraction of the saccade.

The activity of most Pkc could not be related to voluntary head movements 
during combined eye-and-head pursuit of a target light moved at 0.5 Hz, 407sec 
peak velocity.

The effect of muscimol on the floccular region was investigated in two 
monkeys. After injection of a solution of 2% muscimol into sites where visual 
target pursuit-related Pkc were found, the eye velocity gain during ocular pursuit 
(eye velocity/target velocity) fell more than 50% from that seen pre-injection. 
When the monkey’s heads were freed to participate in tracking, head pursuit was 
not affected. When the monkey’s task was to suppress the VOR, then the gain of 
the VOR increased from 100% to 700% under muscimol, with greatest effect seen 
on head rotation toward the side most affected during pursuit testing.

Although the floccular region plays an important role in controlling the 
vestibulo-ocular reflex, it does not appear to be essential in coordinating neck 
movement-related gaze shifts, nor the head during combined eye-and-head pursuit.

This work was supported by NIH # P60-DC02072.

511.9
CELL-TO-CELL NEGATIVE CORRELATIONS BETWEEN SIMPLE SPIKE 
AND COMPLEX SPIKE FIRING CHARACTERISTICS OF INDIVIDUAL 
PURKINJE CELLS. M. Kawato i*. Y, KobayashiU. K, Kawano3.2. A. Takemura3.
Y. Inoue3. T, Kitama3. & H. Gomi4. 1ATR HIP, Kyoto. 2CREST, JST, Okazaki. 
3Electrotechnical Lab, Ibaraki. 4NTT Basic Res. Labs. Kanagawa.

Many theories on cerebellar motor learning propose that complex spikes (CS) 
provide essential error signals for learning and modulate parallel fiber inputs that 
generate simple spikes (SS). These theories, however, do not satisfactorily 
reconcile what modality is represented by CS or how information is conveyed by the 
ultra-low CS firing rate (1 Hz). To further examine the function of CS and the 
relationship between CS and SS in the cerebellum, CS and SS were recorded in the 
ventral paraflocculus (VPFL) of awake monkeys during ocular following responses 
(OFR). Cross-correlation analysis of SS triggered by CS revealed that reciprocal 
modulation of the SS could not be explained by a short-term modulation effect, 
especially a brief pause of the SS caused by the CS. First, because CS have a 
reciprocal modulation to SS and thus have the wrong polarity as a motor command; 
second, because the CS firing frequency is very low (only a few percent that of SS); 
and third, because the short-term modulation of SS by CS is very weak and can not 
effectively convert the wrong sign of the CS direct effect, it is unlikely that CS are 
involved in real-time motor control. The results also showed that three major 
aspects of the CS and SS individual cell firing characteristics were negatively 
correlated on a cell-to-cell basis: (i) the preferred direction of stimulus motion, (ii) 
the mean percent change in firing rate induced by upward stimulus motion, and (iii) 
patterns of temporal firing probability. These results suggest that CS include a 
significant motor component and are not likely to be involved in real-time motor 
control, but may contribute to long-term interactions between parallel and climbing 
fiber inputs, such as long-term depression and/or potentiation.
(Supported by CREST-JST and HFSP)

511.10
TEMPORAL FIRING PATTERNS OF PURKINJE CELLS IN THE 
CEREBELLAR VENTRAL PARAFLOCCULUS DURING OCULAR 
FOLLOWING RESPONSES IN MONKEYS. Y, Kobavashji*. K, Kawano2-!. A. 
Takemura2. Y, Inoue2. T. Kitama2. H, Gomi3. & M, Kawato4. iCREST, JST, 
Okazaki. 2Electrotechnical Lab, Ibaraki. 3NTT Basic Res. Labs. Kanagawa. 4ATR 
HIP, Kyoto.

Complex- spikes (CS) and simple- spikes (SS) of cerebellar Purkinje cells (P 
cells) were recorded in the ventral paraflocculus (VPFL) of awake monkeys during 
ocular following responses (OFR) elicited by the slow movement of a large visual 
field. In addition, a new statistical method (Kobayashi et al., 1995) utilizing a 
generalized linear model of the firing probability based on a binomial distribution of 
the spike count, was utilized for analysis of the ultra-low CS firing rate (at most 1 
to 2 spikes per second). The reciprocal relation between the preferred direction of 
the CS (upward or contralateral) and SS (downward or ipsilateral) was observed for 
each cell. Within each cell, and for most of the cells, a statistically significant 
negative correlation was found between the instantaneous firing frequency of the SS 
in a 2 ms time bin and that of the CS. This analysis quantitatively supports the 
"mirror image" visual impression of the SS and CS temporal firing patterns of 
individual P cells in a high-frequency range. That is, the CS temporal pattern is 
similarly shaped in profile but opposite in sign to the SS temporal pattern. The 
CS firing probability was found to be more accurately reproduced from the inverse 
dynamics representation of the eye movement (linear combination of acceleration, 
velocity and position) than was that of the SS. Thus, the CS with ultra-low firing 
rates could carry very high frequency (1 KHz) temporal information of the inverse 
dynamics of the eye movement by its firing probability. Furthermore, the CS were 
equally well reconstructed from a generalized linear model of the retinal slip or the 
eye movement. By comparing the deviance in SS and CS reconstructions from the 
eye movement and the retinal slip, we could conclude that SS are more motor in 
nature than CS, and conversely, that CS are more sensory than SS.
(Supported by CREST-JST and HFSP)

SPINAL CORD AND BRAINSTEM II

512.1
Projection patterns of interneurons and motoneurons in the 
frog spinal cord. Judith Schotland* and Lamberto Piron. Massachusetts 
Institute of Technology (JS, LP) and Boston University (JS), MA.

A prominent role for spinal intemeurons (INs) in the organization of 
movements is indicated by the complex motor patterns that can be generated 
in animals lacking both descending and afferent input. Likewise, stimulation of 
small regions of the interneuronal gray matter of the frog spinal cord produces 
shifts in the posture of the hindlimb, even in the absence of descending and 
afferent inputs. However, the relationship between the projection patterns of 
INs and the motor pools with which they interact has not been established.

We investigated IN and motoneuron (MN) projection patterns using focal 
injections of fluorescent dyes into specific motor pools and regions of the 
intermediate gray matter. The dyes are transported to the cell body via 
retrograde or anterograde transport.

Injections into intermediate gray: Both INs and MNs were distributed 
uniformly, decreasing in number with distance from the injection site. MN 
dendrites project to more distant dorsal horn than intermediate gray regions.

Injections into the motor pools: The distribution pattern of premotor INs 
does not support a prominent role for these cells in the coordination of muscle 
groups. When different dyes were injected into different motor pools, very 
few premotor INs were double-labeled (6.2% of total). In contrast, the 
rostrocaudal distribution of INs labeled from specific motor pools did support 
predictions of stimulation-induced limb postures. Two patterns of MN labeling 
were found. They were either distributed uniformly , decreasing in number 
with distance from the injection site, or, in some instances MNs were labeled in 
two loci: at the injection site and at a site distant from it. Thus distant motor 
pools may be organized to enhance the probability of co-activation. The 
relationship between these loci and muscle activity patterns observed during 
behaviors is being investigated. NSF IBN963072, NIH 09039, NS09343, &

AR26710, ONR N00014/90/J/1946.

512.2
COMPARISON OF CORTICALLY AND SUBCORTICALLY 
CONTROLLED MOTOR SYSTEMS: MORPHOLOGY OF 
INTRACELLULARLY FILLED RUBROSPINAL NEURONS IN 
RAT AND TURTLE. J, Keifer*. D.G. Lustig. J. L. Herrick and R.J. Morecraft. 
Dept. of Anatomy & Structural Biology, Univ. of South Dakota School of Medicine, 
Vermillion, SD 57069.

Understanding the contribution of neural networks to information processing 
requires knowledge of large-scale connections between distant brain regions and the 
fine structural relations of the microcircuitry of these linkages. The red nucleus is an 
excellent model in which to study the local microcircuitry in relation to a larger 
network organization. This study takes advantage of two species, the rat and turtle, 
that differ markedly in major structural features of the cortico-cerebellorubrospinal 
circuitry. While both species have a well developed cerebellorubrospinal system, they 
differ in that the cerebral cortical input to red nucleus is present only in the mammal. 
The aim of the present study was to compare features of the soma and dendritic 
morphology of rubrospinal neurons that receive cortical input with those that do not.

Intracellular Lucifer yellow injections of retrogradely labeled fast blue neurons in 
the rat, or sulforhodamine-labeled neurons in the turtle, were used to label rubrospinal 
neurons in fixed 150-200 pm thick sections. Images of filled neurons were imported 
into a computer to analyze soma and dendritic morphology. The results show that 
rubrospinal soma size is larger in the rat as compared to turtle. However, analysis of 
the dendritic morphology, including total dendritic length, length of primary, 
secondary and tertiary branches, and a Scholl analysis of dendritic branch intersections 
across concentric rings, revealed no significant differences between the two species. 
These findings suggest that the basic dendritic morphological features of rubrospinal 
neurons was established early in phylogeny, proceeding the evolution of cortical 
inputs. Moreover, the pattern of dendritic organization in the adult mammal is not 
further elaborated during the development of cortical synaptic contacts. This 
comparative approach will provide insights into the information processing 
capabilities of cortically versus sub-cortically controlled motor systems.
Supported by NSF Grant OSR-9452894.
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512.3
VECTOR SUMMATION OF SPINAL FORCE FIELD PRIMITIVES 
USING MULTIPLE LEVELS OF CO-STIMULATION. M.A. Lemay,
J.E. Galagan, E. Bizzi, N, Hogan.* Depts. of Mechanical Engineering and 
Brain & Cognitive Sciences, Massachusetts Institute of Technology, 
Cambridge, MA 02139.

Previous results from this laboratory have characterized the nature of 
the forces produced by electrical stimulation of the gray matter in the 
spinalized frog's spinal cord. The forces show convergent patterns of only 
a few types. Linear combination of these few patterns could produce a 
rich repertoire of functional behavior. It has been shown that the forces 
produced by co-stimulating two sites is the sum of each site's individual 
response (in most cases). That result is necessary but not sufficient to 
establish that fields are combined linearly by weighted co-stimulation. 
This study investigates if linear summation holds when the activation 
levels to the individuals sites are varied.

The frogs were spinalized and decerebrated, and the isometric forces 
evoked by microstimulation of the spinal cord were measured at the ankle 
for a series of positions. The response at each site was measured for two 
stimulation levels, and the co-stimulation responses obtained from the two 
lower-higher combinations of stimuli levels (siteA higher-siteB lower, and 
vice-versa) were also measured.

Our results show that linear summation holds when the activation of 
each site is varied. The fields produced by the two combinations of stimuli 
levels are different from each other, and are the linear summation of the 
individual sites' responses at these particular activation levels.

These results suggest a particularly simple mechanism by which the 
motor control system could produce a rich variety of behaviors from a 
limited number of movement primitives.

Supported by NIH Grant NS09343, and a Postdoctoral Fellowship to 
MAL from the Paralyzed Veterans of America Spinal Cord Research 
Foundation.

512.4
EMG ACTIVITY DURING VECTOR SUMMATION OF SPINAL FORCE 
FIELD PRIMITIVES J.E. Galagan, M. Lemay1, E.P, Loeb', and E. Bizzi 
Department of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139; and 
‘Department of Mechanical Engineering, MIT, Cambridge.

Microstimulation of the interneuronal circuitry of the spinal cord has provided 
evidence suggesting that the spinal cord is organized into a number of distinct 
functional modules. Activation of these modules results in balanced contractions of 
groups of muscles that is largely constant across the workspace. Simultaneous 
activation of two spinal cord sites results in the vector summation of the force 
outputs of each site. This study seeks to further investigate the nature of this vector 
summation in terms of muscle activity.

Vector summation of coactivated spinal force fields implies constraints on the 
pattern of muscle activation during coactivation of force fields. A mathematical 
analysis predicts that vector summation of force fields is only possible if vector 
summation also holds for the force produced by each individual muscle. To test this 
prediction, costimulation experiments were performed on frogs while recording emg 
activity. Force fields and isometric emgs from 11 hindlimb muscles were recorded 
while stimulating individually two different sites of the spinal cord and while 
stimulating both sites simultaneously. For each muscle, emgs during individual site 
stimulations were filtered and summed together. These sums were then related to 
the filtered emgs measured during costimulation. This relationship was observed to 
be linear when the corresponding force fields vector summated. Assuming a linear 
relationship between emgs and isometric muscle force, the results of these 
experiments are consistent with the prediction of vector summation of individual 
muscle forces given vector summation of spinal force fields.

This research was supported by grants from NIH and ONR.

512.5
RELATIONSHIPS BETWEEN SENSORY AND MOTOR MAPS IN THE 
FROG SPINAL CORD M.C. Tresch*, P. Saltiel, and E. Bizzi Department 
of Brain and Cognitive Sciences, Massachusetts Institute of Technology, 
Cambridge, MA 02139.
Recent work has suggested an anatomical organization of the movements 

evoked by microstimulation of the spinal cord. This organization, 
demonstrated by both electrical microstimulation and by NMDA 
iontophoresis, is primarily in the rostrocaudal dimension of the spinal cord. 
In the rat, it appears that this rostrocaudal organization parallels the 
somatotopical organization of cutaneous afferents in the spinal cord. We 
examine here whether a similar relationship between spinal sensory and 
motor systems can be demonstrated for the frog spinal cord. Frogs were 
spinalized at the level of the first vertebra. The vertebral column was 
immobilized with bone screws and the lumbar spinal cord exposed by a 
hemilaminectomy. The activity of multiple units and isolated single units 
was recorded in response to cutaneous stimulation of the ipsilateral 
hindlimb. We found that the rostrocaudal distribution of receptive fields in 
the spinal cord parallels the organization of different movements evoked 
from spinal microstimulation: a region of the spinal cord which produces a 
particular movement from microstimulation receives sensory afferents from 
a particular region of the limb. It further appeared that this sensorimotor 
organization could be interpretable in terms of spinal withdrawal reflexes. 
These results suggest that the movements evoked by microstimulation of 
the frog spinal cord are produced by activation of spinal networks involved 
in the production of cutaneously evoked behaviors.

Research was supported by NIH and ONR grants to EB and a Howard
Hughes fellowship to MCT.

512.6
THE NEUROPHYSIOLOGY OF HUMAN ACUTE SPINAL CORD INJURY
AA Leis1. DS Stokic2. SH Subramonv1*
‘University of Mississippi Medical Center, 2MMRC-Mississippi Methodist 
Rehabilitation Center, Jackson, MS, 39216

Few studies have assessed the excitability of spinal motoneuron pools in the 
earliest stages following spinal cord injury (SCI) in humans. We assessed the 
ability of la afferent and antidromic motor volleys to activate caudal spinal 
motoneurons immediately following SCI (study 1, intraoperatively) and within hours 
of acute SCI (study 2). H-reflexes, maximal H/M ratios and F-wave persistence in 
abductor hallucis, extensor digitorum brevis or soleus muscles were recorded in 53 
patients (33 in study 1,20 in study 2).

Mechanical perturbation or injury to rostral cord in 6 of 33 patients (study 1) 
resulted in immediate suppression of H-reflex or F-wave (within seconds of injury). 
The degree and duration of H or F suppression correlated with the severity of the 
injury; patients with profound suppression (n=2) developed severe lower extremity 
weakness. In study 2, F-waves and H-reflexes were absent or markedly reduced on 
initial evaluation in all patients with spinal shock (complete paralysis, loss of 
sensation, absent reflexes and muscle hypotonia below the lesion). However, the 
H-reflex began to recover within hours postinjury and achieved normal H/M ratios 
within several days postinjury, despite continued absence of F-waves and clinical 
areflexia.

We conclude that SCI hyperpolarizes caudal motoneurons within seconds of 
injury. This hyperpolarization suppresses the H-reflex and F-wave. The recovery 
of the H-reflex, despite evidence of persistent hyperpolarization and fusimotor 
depression, is due to enhanced transmission at la fiber - motoneuron synapses. This 
plasticity is expressed within hours postinjury and limits use of the H-reflex to 
assess motoneuronal excitability following SCI.

512.7
MODULATION OF THE AHP AND FREQUENCY-CURRENT 
RELATIONSHIP IN MOTONEURONS OF THE ISOLATED 
NEONATAL RAT SPINAL CORD DURING LOCOMOTOR-LIKE 
ACTIVITY. R.T. Edwards, R.K. Powers and M.D, Binder*, Dept. 
of Physiology & Biophysics, U. of Washington, Seattle, WA 98195.

The amplitude and time course of the medium-duration, 
afterhyperpolarization (mAHP) strongly influences the repetitive 
discharge behavior of mammalian motoneurons. Pharmacological 
reduction of the mAHP typically results in an increase in the slope of the 
frequency-current (f/I) relation. However, during fictive locomotion in 
the decerebrate cat, motoneuron AHPs are reduced in the presence 
locomotor drive potentials, but the f/I slope decreases and may even be 
reduced to zero (Brownstone et al. Exp. Br. Res. 90:1992). We made 
intracellular recordings from lumbar motoneurons in the isolated spinal 
cords of neonatal rats (2-10 days). We measured the input resistance, 
rheobase, AHP, and f/I slope of motoneurons which had stable resting 
potentials >-60 mV and spike overshoots. We then added 5-HT (20-50 
|lM) and NMDA (7.5-12 pM) to the bathing solution to induce rhythmic 
oscillations in the membrane potential and reassesed the cells' behavior. 
In addition, we injected a series 10 s depolarizing pulses of different 
amplitude into the cells. Subsequently, we restored the control bathing 
solution and repeated all of the measurements. The 5-HT+NMDA 
induced 3-10 mV rhythmic oscillations in membrane potential with a 
frequency of about 0.5 Hz. The AHPs generally increased during the 
depolarizing phase and decreased during the hyperpolarizing phase of 
the oscillations, but in some cases, the reverse occurred. The f/I slopes 
were typically reduced by about 50%, but were always significantly 
greater than zero. (Supported by NINDS: NS31925 and NS26840)

512.8
ANALYSIS OF SHAPE DIFFERENCES IN EPSPS PRODUCED BY 
DIFFERENT INPUTS UPON SPINAL MOTONEURONS IN THE FROG. 
W.M. Schupbach and H. P. Clamann*. Physiological Institute, University of 
Bern, 3012 Bern, Switzerland.

Previous studies from this laboratory have shown that reticulospinal (RS) 
and large primary afferent (la) fibers form synaptic boutons on motoneurons 
which are positioned in very different ways: la afferents form boutons in one 
or more clusters, usually near the cell body, while RS fibers form boutons 
widely scattered on dendrites farther from the soma. Yet the average 
amplitudes of EPSPs produced by stimulating these fibers are similar. The 
present study was designed to determine to what degree these differences in 
structure are reflected in the shape and duration of EPSPs.

Single RS or la fibers were impaled with microelectrodes and stimulated 
with single or paired shocks. EPSPs were recorded intracellularly in 
motoneurons. Cells had membrane potentials more negative than 60 mV 
which remained stable for at least 1/2 h. EPSPs were all-or-none and were 
assumed to be monosynaptic, though latencies of 10 ms which remained 
constant were seen, la EPSPs had steep rise times and smooth exponential 
decays. RS EPSPs had slower rise times, on average, and their decays 
could appear linear or show exponential declines with breaks in slope. They 
sometimes had two peaks. An a-b function of the form E=ktaexp(-bt) 
(modified alpha function, taken to reflect the voltage change at a bouton: 
Larkum et al., in preparation) was fitted to each EPSP by adjusting the 
parameters a and b. This allowed classification of EPSPs by shape, since, 
for example, a/b is the time to peak of this function. The a-b function 
provided a better fit to la EPSPs, on average, than to RS EPSPs.

We conclude that the localization of boutons of different afferents is 
reflected in the shape but not amplitudes of the resulting EPSPs. The a-b 
parameters may provide a useful, simple index of EPSP shape. Supported 
by Grant 31-45729.95 from the Swiss National Fund.
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512.9
DENDRITIC RECORDING OF ACTION POTENTIALS AND BRIEF VOLTAGE
TRANSIENTS IN MOTONEURONS OF RAT SPINAL CORD SLICES
H.-R. Luscher*. D. Thurbon. T. Hofstetter and S. J. Redman
Division of Neuroscience, JCSMR, Australian National University, Canberra,
Australia and Department of Physiology, University of Bern, Switzerland

The spread of action potentials and brief current pulses in dendrites of moto-
neurons (MN) was investigated in 300 pm thick slices of rat spinal cord (7-15 days) 
maintained at 35 ± 1 °C. Using DIC-IR optics, one whole cell patch electrode 
(containing 2% biocytin) was attached to the soma. A second, smaller patch 
electrode was attached to a proximal dendrite (distance 25 to 40 pm). Synaptic 
background activity was blocked with CNQX, bicuculline and strychnine. Brief 
hyperpolarizing current pulses (-0.5 nA, 0.5 ms) were applied to one electrode and 
the resulting voltage transients recorded at the other electrode and averaged (500 
sweeps). In 3 experiments with stable recording conditions the transfer responses 
from soma to dendrite and from dendrite to soma were equal as expected for a linear 
system. Long depolarizing current pulses elicited action potentials (AP) which were 
always recorded first in the somatic electrode, irrespective of the site of current 
injection (n = 10). Die amplitude of the back propagated AP at the dendritic 
electrode was attenuated from its somatic value by 7 to 67%. The degree of 
attenuation did not correlate with interelectrode distance.

To date one neuron has been reconstructed and the morphology of the neuron 
converted into a detailed compartmental model. The specific membrane capacitance 
and resistance, and the cytoplasmatic resistivity were estimated from directly fitting 
the model’s current pulse response to the experimental voltage transient using 
NEURON. The experimental results with regard to the back propagated AP could be 
satisfactorily reproduced assuming a high Na-channel density in the axon hillock 
and initial segment, an excitable soma and weakly excitable dendrites.

H.-R. L and T. H. supported by the Swiss National Science Foundation.

512.10
PASSIVE CABLE MODELS OF MOTONEURONS AND INTERNEURONS IN 
RAT SPINAL CORD SLICES
D. Thurbon. H.-R. Luscher. T. Hofstetter and S. J. Redman*
Division of Neuroscience, JCSMR, Australian National University, Canberra, 
Australia and Department of Physiology, University of Bern, Switzerland

The passive cable properties of motoneurons (MN) and interneurons (IN) were 
investigated in 300 pm thick transverse slices of rat spinal cord (7-15 days) 
maintained at 35 ± 1 °C. Using DIC-IR optics, one or two whole cell patch 
electrodes (containing 2% biocytin) were attached to the soma. Brief hyperpolarizing 
current pulses (-0.5 nA, 0.5 ms) were applied and the resulting voltage transients 
recorded and averaged (500 sweeps). Synaptic background activity was blocked with 
CNQX, bicuculline and strychnine. The neurons were subsequently reconstructed 
using a computer assisted reconstruction system (Eutectic). The slices were 
embedded in 95% glycerol and reconstructed within 24h. No correction for 
shrinkage was required. The morphology of each neuron was converted into a 
detailed compartmental model. The specific membrane capacitance (Cm) and 
resistance (Rm), and the cytoplasmatic resistivity (Ri) were optimized for each cell 
by directly fitting the model’s current pulse response to the voltage transient of each 
neuron by means of a least-square fitting procedure supplied by the modeling tool 
NEURON. The fit interval started immediately after the end of the current pulse (2- 
electrodes experiments) or 2 ms after the end of the current pulse (1-electrode 
experiments) and lasted for two time constants. MNs were distinguished from INs by 
their location and axon trajectory: however no positive identification was possible.

For MN (n = 5) Cm = 2.1 ± 0.6 (SD) pF/cm2, Rm = 10589 ± 9173 Dcm2, Ri = 
297 ± 162 Dcm. For IN (n = 8) Cm = 2.07 ± 0.76 (SD) pF/cm2, Rm = 6413 ± 2909 
Dcm2, Ri = 233 ± 217 Dcm. No significant differences were found for the above 
parameters using either one or two electrodes.

H.-R. L and T. H. supported by the Swiss National Science Foundation.

512.11
EXTRINSIC MODULATION OF THE STIMULUS CURRENT-SPIKE 
FREQUENCY RELATION OF MOTONEURONS IN THE ADULT TURTLE
T.G. Hornby, J.C. McDonagh, R.M. Reinking, and P.G. Stuart*. Dept. of 
Physiology, Univ. of Arizona, Tucson, AZ 85724-5051.

The transduction of synaptic or intracellularly injected current to discharge 
frequency in motoneurons (MNs) (i.e., the l-f relation) is subject to substantial 
modification by various neuroactive substances. In the adult turtle, spinal 
cord slice preparation, we have studied the extrinsic modulation of the MN's 
resting potential (Vr), input resistance (Rn ), rheobase current (IRh), and l-f 
relation parameters following bath application of selected agents.

Combined exposure to the neurotransmitter antagonists strychnine (1 
pM), bicuculline (10 pM) and kynurenic acid (1 mM) produced no significant 
changes in the tested MN properties. Low (10-20 pM) bath concentrations of 
the neuromodulator muscarine (e.g., Fig. A) produced plateau potential-like 
behavior, -20% decreases in IRh and the minimum current for repetitve firing 
(Imin), and 50-100% increases in the minimum (fmin) and maximum (/max) 
frequency of repetitive firing and the slope of the /-/relation (f/l slope)-, all 
without altering l/rand Rn . Relatively higher (50-100 pM) concentrations of 
another modulator, serotonin (5-HT), to the same cells (Fig. B) produced 14- 
26% reductions in IRh and lmjn, and 25-200% increases in fmax and the /// 
slope, again without modulating Vrand Rn

To further demonstrate the 
significant extrinsic modulation 
of the /-/ relation, which can 
produce non-linear MN 
responses, the combined 
effects of muscarine, 5-HT, and 
other (baclofen, NMDA) 
neurotransmitter agonists are 
under study. Supported by 
NIH grants NS 20577, 01686, 
and 01686, and an APA-MFP 
fellowship.Current (nA)

512.12
RELATIONSHIP BETWEEN AHP TIME COURSE AND 
DISCHARGE VARIABILITY IN CAT MOTONEURONS. R.K. 
Powers*, K. Kim, J. Celichowski and M.D. Binder. Dept. of 
Physiology & Biophysics, U. of Washington, Seattle, WA 98195.

The steady-state, repetitive discharge properties of motoneurons in 
the rat and cat are closely related to the magnitude and time course of 
their afterhyperpolarizations (AHPs). This relationship has been used to 
make estimates of the time course of AHPs in human motoneurons from 
the statistical analysis of interspike intervals (ISIs) recorded from motor 
units discharging at different mean rates. We are testing the accuracy of 
these estimates by comparing the time courses of directly-measured 
AHPs in cat motoneurons to those predicted from the spike-train 
statistics of the same cells.

We elicited repetitive discharge in cat lumbar motoneurons by 
injecting a current waveform composed of a near-threshold step 
combined with various random noise signals. The statistics of the 
evoked spike trains were comparable to those measured in voluntarily- 
activated, human motor units. In the same cells, we measured the 
average AHP by directly evoking several action potentials with the 
membrane set just below repetitive firing threshold. We also elicited 
repetitive discharge in the cells with suprathreshold current steps and 
measured the variation in spike threshold by superimposing brief 
current pulses at different times during the ISI. Comparison of the 
measured AHP with that predicted by the ISI statistics indicates that 
AHP duration can be estimated reasonably well, but that the variation of 
spike threshold during repetitive discharge confounds estimates of AHP 
magnitude. (Supported by NINDS grants NS31925 and NS26840)

512.13
INFLUENCE OF SYNAPTIC INPUT SOURCE ON FIRING RATE 
MODULATION IN MOTONEURONS OF THE CAT MEDIAL 
GASTROCNEMIUS. J. F. Prather1*, B. D. Clark2, V, K. Haftel1, and T, C. 
Cope1. Dept. Physiology1, Emory Univ., Atlanta, GA 30322 and Dept. 
Biomedical Sci.2, Penn. Col. Podiatric Med., Philadelphia, PA 19107.

Studies of synaptic potentials indicate that synaptic inputs are unevenly 
distributed within a motor nucleus and that this distribution depends upon the 
input source. Here the distribution of a single source of synaptic input is inferred 
from the relative firing rate modulation of concurrently active motoneurons 
(MNs). Intra-axonal records were obtained in decerebrate cats from pairs of 
medial gastrocnemius (MG) MNs induced to fire in trials of stretch of the MG 
muscle and of pinch of the skin overlying the ipsilateral ankle. In this preliminary 
analysis, recorded spike trains were trimmed of any initial intervals < 5 ms 
(doublets) and final intervals > 200 ms that may reflect erratic behavior of 
motoneurons near their thresholds for derecruitment. Instantaneous firing rate of 
each trimmed spike train was evaluated at 5 or 10 ms intervals, and the linear 
relationship between the rates of the two MNs in a pair was estimated. Three pairs 
were analyzed (conduction velocities 92/100, 71/86, 70/87 m/s). Firing rates 
evoked by pinch and stretch were similar (pinch 5-46 pps, ramp 5-60 pps). For all 
three pairs, no significant difference between stretch and pinch activation was 
found in the slopes of the relationships between the rates of the two units. In these 
experiments, MG MNs behaved as though the distributions of synaptic input from 
muscle stretch and sural cutaneous afferents are the same. Supported by NIH 
grant NS 21023.

512.14
ROLE OF NMDA RECEPTOR-MEDIATED NON-LINEAR MEMBRANE 
PROPERTIES IN THE PRODUCTION OF MOTOR RHYTHMS IN THE 
NEONATAL RAT SPINAL CORD. J.N. MacLean* and B.J. Schmidt. Depts. of 
Medicine and Physiology, University of Manitoba, Winnipeg, MB, Canada R3E 0W3. 
NMDA receptor activation is critical for the generation of rhythmic motor patterns such 
as locomotion. This suggests that non-linear membrane properties, associated with the 
voltage-dependent blockade of NMDA receptors by Mg2+ ions, may be important for 
rhythmogenesis. However, one study of the in vitro neonatal rat cord reported no 
qualitative difference in the pattern of locomotion, induced by brainstem stimulation, 
before and after removal of Mg2+ (Atsuta et al. J. Neurophysiol. 64: 1990). In the 
present series, we used an in vitro spinal cord preparation (transected at Cl) to examine 
the role of NMDA receptor-mediated non-linear properties in the generation of rhythmic 
activity, both at the network level as well as in synaptically-isolated motoneurons. 
Locomotor-like patterns of activity, induced by bath application of 5-HT, with or 
without NMDA, were reversibly disrupted by the removal of Mg2+ from the bath; 
alternating rhythms increased in frequency and were then replaced by disorganized 
patterns or tonic discharge. In some experiments, the bath was partitioned at the T13 
level and locomotor-like activity was induced by application of 5-HT to both sides of 
the partition. Removal of Mg2+ from either side of the partition disrupted lumbar 
rhythmic output, suggesting that organized patterns of rhythmogenesis require 
endogenous activation of non-linear NMDA receptor-mediated properties distributed 
throughout the network. Whole-cell recordings of lumbar motoneurons, isolated in 
TTX, demonstrated that NMDA fails to produce a non-linear voltage response to current 
injection and intrinsic voltage oscillations in some motoneurons. However, subsequent 
addition of 5-HT facilitated the expression of a non-linear response and the production 
of oscillations in these cells. The results suggest an essential role for the non-linear 
property associated with NMDA receptor activation and that the expression of this 
property may be modulated by other neurotransmitters. (Support: HSCF, MHRC, NCE)
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512.15
CHARACTERISTICS OF PERSISTENT INWARD CURRENTS 
UNDERLYING DENDRITIC PLATEAU POTENTIALS IN SPINAL 
MOTONEURONS. R.H. Lee* and C.J. Heckman. Physiology, 
Northwestern Univ. Med. Sch., Chicago IL, 60611.

In the presence of the noradrenergic a-1 agonist methoxamine, 
spinal motoneurons in the decerebrate cat preparation tend to 
exhibit bistable firing (i.e. sustained firing evoked by a brief synaptic 
input) and dendritic plateau potentials. The characteristics of these 
potentials are investigated here during current and voltage clamp.

Slow triangular current and voltage inputs were used to determine 
the f-i and i-v relationships. Current inputs were typically 30 nA in 
amplitude with a total duration of 10 s and voltage inputs were 40 
mV in amplitude lasting between 2 and 40 s. Voltage steps of 10 mV 
amplitude were used to abruptly step to the voltage of peak inward 
current to evaluate the time course of the inward current.

Preliminary results indicate that the onset of negative slope in the 
ascending phase of the triangular voltage inputs corresponds with the 
threshold for firing during the ascending phase of the triangular 
current inputs. The end of negative slope during the descending 
phase corresponds with the secession of firing on the descending 
phase current input. The voltage steps indicate that the decay of 
plateau current decreases from slow “S-type” Motoneurons (MN) to 
fast "F-type” MNs. This is consistent with our previous data showing 
that fast MNs do not maintain the plateau as long as slow MNs.

It is hypothesized that the rapidly inactivating negative slope 
region produced by the fast Na channels is insufficient to sustain 
steady state rhythmic firing. Rather, a persistent inward current (as 
seen here) is required to increase the rate of rise of voltage at the 
end of the interspike interval sufficiently to activate the fast Na 
channel. (Supported by NIH NINCDS NS34382)

512.16
CALCIUM CURRENTS IN FUNCTIONALLY MATURE MOUSE SPINAL CORD 
‘MOTONEURONES.’ K.P, Carlin.* 2, Jiang, and R.M, Brownstone. Departments of 
Physiology and Surgery, University of Manitoba, Winnipeg, Manitoba, CANADA 
R3EOW3.

It has been shown that the properties of adult cat spinal motoneurones during 
locomotion are regulated so as to ensure effective repetitive firing. During this 
behaviour there is a voltage-dependent increase in the response of these cells to the 
excitatory input provided by the spinal locomotor network1. One possible factor 
leading to this is an induction of ‘bistable’ properties mediated by a high voltage- 
activated (HVA) L-type calcium current2. This study describes a new preparation 
aimed at defining these and other HVA calcium currents and their regulation in spinal 
cord motoneurones.

Because there are developmental changes in specific calcium channel activity at 
least in the first postnatal week (rats)3, and since rodents do not begin to weight bear 
or walk until after this point in time (eg. approximately postnatal day 13 for balb/c 
mice), we have chosen to study the “functionally mature” animal; that is, one which 
has the ability to weight bear and locomote.

Following isolation of spinal cords from functionally mature balb/c mice4, 150 - 
200 pm slices from the lumbar enlargement are processed. Using infrared differential 
interference contrast microscopy, whole cell patch-clamp recordings are obtained 
from large anterior horn cells. Calcium channel activity is then assessed in the 
presence of TTX, TEA, and cesium, using barium as the charge carrier.

Recordings to date have demonstrated that this is a viable preparation in which to 
measure HVA and LVA calcium currents in mature ventral horn neurones in mice at 
least up to postnatal day 16. (Supported by the Manitoba Health Research Council.)

1. Brownstone R.M., Gossard J.P., and Hultborn H. (1994). Exp Brain Res. 102: 34-44
2. Hounsgaard J. and Kiehn O. (1989). J. Physiology 414: 265-282
3. Umemiya M. and Berger A.J. (1994). J. Neurosci. 14(9): 5562-5660
4. Jiang Z. and Brownstone R.M. (1996). Soc Neurosci. Abstracts 265.6

512.17
METABOTROPIC SYNAPTIC REGULATION OF INTRINSIC 
RESPONSE PROPERTIES OF SPINAL MOTONEURONS.
R. Delgado-LezamaQ, J.-F, Perrier, S. Nedergaard, G, Svirskis & J, Hounsgaard*. Dpt
of Medical Physiology, Panum Institute, Univ. of Copenhagen 2200. Denmark.

Voltage sensitive ion channels in cell bodies and dendrites provide neurons with non-
linear, intrinsic response properties. If these properties favour functionally useful 
axonal impulse patterns, they must be adjusted to perform optimally with varying 
behavioural needs. We have investigated the possible synaptic controls of the response 
properties mediated by L-type calcium channels in spinal motoneurons. In transverse 
slices of the turtle spinal cord, we show that a brief train of electric stimuli in the 
dorsolateral funiculus (DLF), a major pathway for locomotor control, increases 
motoneuronal excitability for more than 10 seconds, even in the absence of ionotropic 
transmission.
During intracellular recording from motoneurons the response to depolarizing current 
pulses (in current clamp mode) and triangular voltage command (in voltage clamp 
mode), applied through the recording electrode, served to monitor excitability. We 
found that this response was facilitated when preceded by a brief train of stimuli 
applied in the DLF even when synaptic potentials were blocked by antagonists of 
AMPA/kainate, NMDA, glycin and GABAa  receptors.
When action potentials, in the cell recorded from, were suppressed, DLF stimulation 
was found to promote a plateau potential during the depolarizing test pulse and a 
plateau current during triangular voltage command. The increased excitability is 
caused by facilitation of a postsynaptic dihydropyridine sensitive inward current. This 
facilitation involves activation of metabotropic receptors for glutamate, acetylcholine 
and 5-HT.
Our study is the first to demonstrate that the response properties of spinal motoneurons 
are synaptically regulated on a time scale compatible with a dynamic role in motor 
behaviour. By this mechanism the pattern and weight, with which individual 
motoneurons contribute to movements, may be shaped dynamically. (^Supported by 
SSVF, EEC and CONACYT grants and Cinvestav)

512.18
EFFECTS OF HUMAN MOTONEURON BACKGROUND FIRING RATES ON 
THE RESPONSE PROBABILITIES TO la AFFERENT STIMULATION.
D.-F, Chen*, B, Ballantvne, W. Z, Rymer. SMPP, Rehabilitation Inst, of Chicago, 
Dept. Physical Med. & Rehab., Northwestern University, Chicago, IL 60611.

Recent studies have shown that motoneuron response to short latency la input de-
livered at a fixed delay with respect to the triggering spike was larger when the 
background firing rate of the motoneuron was faster (K.E. Jones and P. Bawa, 1995 
& 1997). The purpose of this study was to assess the relative effect of background 
versus instantaneous firing rate on the evoked response probability (RP).

We recorded single motor units from flexor carpi radialis (FCR) in 5 normal sub-
jects. Surface electrical stimulation was applied to the median nerve at intensities 
below motor threshold while subjects maintained a weak isometric muscle contrac-
tion. Stimuli were delivered approximately eveiy 1 sec. at fixed delays with respect 
to the triggering spike during the interspike intervals (ISI). RP was calculated from 
the compiled peristimulus time histograms (PSTH). The data were sorted with 
stringent criteria based on the last five ISIs preceding each stimulus. At all the de-
lays examined (20-70 ms), RPs were found to be larger when the stimuli were pre-
ceded by 5 shorter ISIs than by 5 longer ISIs in all but one unit studied (n=14). The 
percentage increase in RP at the 40 ms delay is 201+197 (mean+S.D., n=ll). We 
further separate the effects of background firing rate on RP by establishing criteria 
for the ISI immediately preceding the triggering spike different from that of the other 
4 ISIs (4 short + 1 long versus 4 long + 1 short). In 12 units examined to date, we 
found that the RP evoked after a longer ISI preceded by four shorter ISIs was larger 
than that after a shorter ISI preceded by four longer ISIs. Our results indicate that 
the steady state background firing rate, which reflects the baseline excitability, is 
more influential in predicting the RP than the instantaneous rate of firing.
Supported by NIH Grant NS-19331-11 and NRSA Postdoctoral Fellowship F32- 
HD08023.

512.19
REM SLEEP FIRING RECRUITMENT ORDER CORRELATES WITH SOMA SIZE 
OF PONTINE RETICULAR FORMATION NEURONS IN AN INTRACELLULAR 
RECORDING AND LABELING STUDY OF THE NATURALLY SLEEPING CAT.
K.lto*, M.Yanagihara, H.lmon, L.Dauphin, & R.W.McCarlev, Lab.
Neurosci.,Dept.Psych., Harvard Med. Sch./VAMC,Brockton MA 02401.

Acute intracellular labeling studies in our laboratory have examined
the projections of giant cell field pontine reticular formation (FTG) neurons. 
Type I neurons had primarily reticulo-spinal projections, relatively few 
collaterals, and most had soma diameters > 47.5 pm. Type II neurons 
projected to brainstem reticular sites, often had collaterals, and had soma 
diameters < 45.7 pm. The present study used intracellular recording and 
intracellular labeling (PhAL, biocytin, or neurobiotin) in naturally sleeping, 
chronic male cats to determine if the "lead time" of onset of markedly 
increased discharge rate prior to REM was correlated with soma size. Soma 
diameter was determined from digitizer measurements of cross-sectional 
area (inter- and intra-rater variation < 5%), and done blind to the 
physiology. RESULTS: Diameters of the 39 labeled neurons ranged from 43 
pm to 88 pm (soma size range: ~ 1500 - 6000pm2). Within this range there 
was a strong positive linear correlation between diameter and "lead time", 
which ranged from near zero minutes to about six minutes. That larger 
neurons had longer "lead times" was contrary to our expectation that 
smaller neurons, which might be Type II neurons with abundant reticular 
projections, would show earlier recruitment. It was also expected from the 
inverse size dependence of recruitment order in alpha motoneuronal pools. 
Earlier recruitment of larger neurons may reflect a stronger cholinergic 
excitatory input. This research is supported by the Veterans' Administration 
(R. W.M) and NiMH 39,683 (R. W.M.).

512.20
LATERAL RECTUS WHOLE MUSCLE AND SINGLE MOTOR UNIT 
CONTRACTILE CHARACTERISTICS IN THE PRIMATE. S, J. Goldberg*.
J. R. McClung and M. S. Shall. Depts. of Anat. and Phys. Ther., Virginia 
Commonwealth Univ., MCV, Richmond, VA 23298-0709.

Preliminary results regarding the contractile characteristics of extraocular 
muscle in the squirrel monkey indicate several differences from those results 
previously seen in cat. We used techniques similar to those used in the cat: the 
abducens nerve was stimulated in the brain stem; the lateral rectus muscle was 
dissected free from the globe and its tendon was attached to a sensitive force 
transducer; the floor of the IVth ventricle was exposed by aspirating the over- 
lying cortex and midline cerebellum; single, antidromically identified, sixth 
nucleus motoneurons were activated with direct stimulation delivered through 
glass microelectrodes with 1.0 pm diameter tips.

The ranges of various contractile measures follow: twitch tension = 7.83 to 
20.0 mg; maximum tetanic tension = 55.7 to 337.6 mg; twitch contraction time 
= 3.7 to 6.1 ms; fusion frequency = 175 to 240 Hz; fatigue index = 0.17 to 1.0; 
kt values = 0.55 to 5.4 (increase in motoneuron stimulation frequency needed 
to elicit a 1.0 mg increase in tetanic tension). These units were clearly much 
faster than those found in the cat, they tended to be more fatigue resistant and 
their kt values tended to be higher.

Most importantly, these units showed a tension hysteresis when comparing 
the pulse/step to the constant frequency stimulation paradigm. That is, identical 
motoneuron stimulation frequencies yielded markedly higher tensions 
following a 25 ms high frequency pulse similar to that seen in a saccade.

[We thank S. M. Highstein for his expert advice on surgery and anesthesia.] 
(Supported by NEI grant EY-11249 to S.J.G. and M.S.S.)
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513.1
NEW APPROACHES TO THE ESTIMATION OF THE DYNAMICS OF 
INTERHEMISPHERAL RELATIONS OF BRAIN BIOPOTENTIALS FOR 
ADULTS AND CHILDREN. A.N.Shepovalmkov.* M.N.Ciceroshin, E.A.Bourykh. 
Child Neurophysiology Lab., Sechenov Inst, of Evolutionary Physiol, and Biochem. 
of R.A.S., St.-Petersburg, Russia. 194 223.

Modem level of our knowledge on functional specialization of left and right brain 
hemispheres allows to suggest that all the instances of psychical activity of humans 
require obligatory7 participation of both hemispheres. In our laboratory7 a research was 
conducted of the dy namics of bioelectrical activity of both brain hemispheres for 
adults and 6-year-old children passing several verbal and non-verbal tests: 
“calculation in mind”, “studying a poem”, “recalling a poem”, correctural tests 
“letters” and “faces”. 12x12 correlation matrix was analyzed for 15 to 20 sequential 2 
seconds long EEG frames. Differences were calculated between EEG correlation 
coefficients for relatively quiet state (background) and increased activity state (test 
passing). It was found that correlation coefficients values corresponding to the 
counterlateral feeds have been increasing while passing correctural tests (both 
“letters” and “faces”). This phenomenon was found to be much more prominent and 
systematic for adults than for children.Maximal “activation” of right frontal and 
anterior-temporal parts with simultaneous “activation” (i.e. increase of EEG 
correlation coefficients being compared to the background values) of pasterior- 
temporal and occipital cortex zones was registered for adults listening, and especially 
recalling the poem. Such “diagonality” of positioning of cortex zones “involved” in 
activity was less prominent for children. Methodical approach suggested for 
hemispheres’ interaction analysis allows not only to estimate quantitatively the rate of 
the distant cortex zones interaction, but also to obtain qualitative characteristics of the 
spatial structure of such interaction.

513.2
LAMINAR ORGANIZATION OF PROJECTIONS FROM ORBITOFRONTAL 
CORTEX TO ANTERIOR TEMPORAL CORTEX. N. L. Rempel-Clower* and 
H. Barbas, Dept. of Health Sciences, Boston University, Boston, MA 02215

Orbitofrontal areas and anterior temporal areas include cortices with different 
laminar structure. Both areas have limbic cortices (i.e., agranular or dysgranular) 
as well as eulaminate cortices (i.e., cortices having six layers that include a 
granular layer 4). We have previously found that within prefrontal cortex, 
projection neurons from limbic cortices terminate predominantly in the upper 
layers (1-3) of eulaminate cortices, and projection neurons in eulaminate cortices 
terminate mostly in the deep layers (4-6) of limbic cortices (Barbas and Rempel- 
Clower, Cerebral Cortex, in press). When neurons originated and terminated in 
areas of similar laminar structure, axons terminated approximately equally in the 
upper and lower layers. Is this pattern of connections also found in pathways 
linking orbitofrontal and anterior temporal cortices?

We investigated the laminar pattern of connections between orbitofrontal and 
anterior temporal cortices after tracer injections in orbitofrontal areas. Analysis 
of the anterograde label in anterior temporal cortices showed that projections 
from limbic orbitofrontal areas (e.g., areas Pro, PAH) terminated predominantly 
in the upper layers of eulaminate anterior temporal areas (e.g., area TE1). In 
contrast, projections from limbic orbitofrontal cortices terminated in both the 
upper and deep layers of limbic anterior temporal areas (e.g., areas 35, 36). 
Furthermore, projections from eulaminate orbitofrontal areas (e.g., areas 11, 12) 
terminated most heavily in the deep layers of limbic anterior temporal areas, but 
terminated in both the upper and deep layers of eulaminate anterior temporal 
areas. Thus, it seems that the laminar pattern of axonal termination is similar 
for orbitofrontal neurons that issue projections to neighboring areas and 
orbitofrontal neurons that issue projections to more distant anterior temporal 
areas. (Supported by grants F32 MH11151-01 Al and NS24760.)

513.3
RULE-DEPENDENT NEURONAL ACTIVITY IN THE PREFRONTAL 
CORTEX. Ilsun M. White* and S. P. Wise. Laboratory of Systems Neuroscience, 
NIMH, NIH, Poolesville, MD 20837.

We studied prefrontal (PF) neuronal activity as a rhesus monkey performed a 
task according to two behavior-guiding rules, conditional and spatial, alternating in 
blocks of 30 to 70 trials each. For the conditional rule, when the monkey fixated a 
blue (1°) spot at the center of a video screen, that spot disappeared and 1 of 4 
complex (2°) visual instruction stimuli (IS) appeared for 0.25 s at 1 of 4 potential 
target locations: 7° up, down, left and right from center. Each IS indicated where a 
target would dim on that trial. The IS reappeared at the same location after 0.45- 
0.7 s (for 0.25 s), and, 0.45-0.7 s later, 4 white (0.5°) targets appeared. The 
monkey fixated the instructed target in order to detect a slight dimming, occurring
1.1-2.3 s later, upon which the monkey released a bar to receive reinforcement. 
The events for the spatial rule were identical to events for the conditional rule, 
except that the fixation spot was yellow and the target dimmed at the IS location.

PF cells were classed as task related if their activity differed from that during a 
pre-IS reference period in at least 1 of 4 task periods. Each task period was 0.2 s 
long and began at the onset of either the fixation point, the first or second IS, or the 
targets. Of the first 174 PF neurons adequately tested, 138 (79%) showed 
significant modulation for one or both rules. Of those, 75 cells (54%) showed 
statistically significant activity differences that could be attributed to the rule 
(conditional vs. spatial) rather than any aspect of the stimuli (ANOVA, p<0.05). 
For most of those neurons, detailed examination of the oculomotor record ruled out 
any relation with eye movement. These data support the hypothesis that PF plays a 
role in the guidance of behavior according to previously learned rules (Wise, 
Murray & Gerfen, Crit Rev Neurobiol 10, 1996, 317) and that the special 
information processed by PF is managerial (Grafman, Ann NY Acad Sci 769, 1995, 
337). (supported by N1MH-IRP)

513.4
CLUSTERED HORIZONTAL SYNAPTIC CONNECTIONS IN MACAQUE 
MONKEY DORSOLATERAL PREFRONTAL CORTEX BRAIN SLICES
G.Gonzalez-Burgos*. D. A. Henze. D, A. Lewis and G. Barrionuevo. Departments of 
Neuroscience, Psychiatry and Center for the Neural Basis of Cognition, University of 
Pittsburgh, Pittsburgh, PA 15260.

Pyramidal cells in layers 2/3 of macaque prefrontal cortex (PFC) are 
clustered in stripe-like arrays that are reciprocally connected by their long-range, 
intrinsic horizontal axon collaterals. To determine the physiological correlates of this 
anatomical connectivity, excitatory synaptic currents (EPSCs, whole cell patch-clamp) 
were recorded from pyramidal cells visually-identified (DIC-IR video microscopy) in 
layer 3 of macaque PFC (area 9) coronal brain slices (400 pm thick). A 24-electrode 
array (50 pm wires, spaced 40-100 pm) was used to apply low intensity (10-200 pA, 
50-100 psec) electrical stimulation to a strip of cortex (~500 to 2000 pm) laterally to 
tlie recorded cell in layer 3. Latency to EPSC onset usually increased with increasing 
distance; cells (11/21) were accepted only when a linear regression could be fit to the 
latency-distance relation and the apparent conduction velocity (0.134±0.030 m/sec) 
was consistent with that of thin, unmyelinated fibers at room temperature. As a trend, 
EPSC amplitude decreased when stimulation was applied at increasing distances, but 
for some cells (8/11) one or more distant points were found at which EPSC amplitude 
was higher than for stimulation applied closer to the cell. The distances between these 
peaks (range: 130 to 535 pm; mean±sd: 297 ±108 pm) were distributed similarly to 
the stripe center to center distances measured in previous studies in vivo, suggesting 
that the clustered anatomical connections may be the basis for the observed spatial 
patterns of functional synaptic connectivity. In addition, extracellular injections of 
biocytin were made near the recorded cell, and analysis of the distribution of the 
labeled axons is in progress to examine the relation between structural and functional 
connectivity in the PFC slices. Supported by MH51234 and MH45156.

513.5
ORGANIZATION OF INTRINSIC PROJECTIONS IN MONKEY 
PREFRONTAL CORTEX. J. R. Hollerman* and D, A, Lewis. Departments of 
Psychiatry and Neuroscience, University of Pittsburgh, Pittsburgh, PA, 15213.

Injections of anterograde tracers in monkey prefrontal cortex (PFC) have 
shown that supragranular pyramidal neurons give rise to axon collaterals that 
extend for considerable distances horizontally through the gray matter and terminate 
in discrete clusters in layers I-III. In addition, retrogradely-labeled neurons were 
found in clusters of similar size. Serial reconstructions revealed that the intrinsic 
projections from a given injection site innervated "stripes" of cortex (average size: 
275 pm by 1.8 mm) separated by zones of similar size in which no labeling was 
seen (Pucak et al, JCN 376:614-630,1996). In addition, the number, but not the 
size, of the labeled stripes varied with the size of the injection. This finding 
suggested that the PFC might be composed of discrete information processing 
modules, each consisting of a set of stripes with a unique spatial distribution. In 
order to test this hypothesis, iontophoretic injections (250-350 pm diameter) of 
two tracers, biotinylated dextran amine (BDA) and cholera toxin subunit B (CTb) 
were placed 300 microns apart in layer III of monkey PFC (areas 9 or 46) using 
pairs of small diameter quartz-tubing pipettes. Alternate sections were processed to 
reveal either BDA (avidin-biotin and DAB) or CTb (peroxidase-antiperoxidase and 
DAB). Some overlap of injection sites was observed and labeling of stripes in 
individual sections also showed some overlap with a mediolateral offset 
corresponding to the offset in injection sites. However, the density of the labeling 
seen with the two tracers differed considerably in some locations, suggesting that 
differences in the overall distribution may be revealed by serial reconstruction. In 
addition, both tracers will be injected using other inter-pipette distances to provide a 
more complete picture of the organization of die intrinsic projections in monkey 
PFC. (Supported by MH51234.)

513.6
A SUBPOPULATION OF PARVALBUMIN IMMUNOREACTIVE AXON 
TERMINALS FORM ASYMMETRIC AXOSPINOUS SYNAPSES IN 
MONKEY PREFRONTAL CORTEX. D, S„ Melghilzky*, S-R- SgHU*, and 
D.A. Lewis, Depts. of Psychiatry & Neuroscience, University of Pittsburgh, 
Pittsburgh, PA 15213.

The calcium-binding protein parvalbumin (PV) is present in GABA- 
containing local circuit neurons of the cerebral cortex, as well as in many of 
the neurons located in thalamic relay nuclei that project to primary sensory 
cortices. In monkey prefrontal cortex (PFC), the axon terminals and synaptic 
targets of PV immunoreactive (IR) local cirduit neurons have been identified, 
but whether PV is present in thalamic projections to this higher-order 
association region has not been determined. We analyzed PV-IR axon 
terminals in the superficial (2 and 3a) and middle (3b and 4) layers of PFC 
areas 9 and 46. PV-IR terminals forming symmetric synapses were prevalent 
in aU layers examined and were relatively small. These terminals targeted the 
dendritic shafts and somata of pyramidal neurons as well as dendritic spines 
which invariably received an asymmetric synapse from an unlabeled terminal. 
In contrast, PV-IR terminals that formed asymmetric synapses were present 
only in the middle layers, were relatively large, and generally contacted 
dendritic spines. These terminals also occasionally formed more than one 
synaptic specialization. The relatively large size, restricted laminar 
distribution, and postsynaptic targets of the PV-IR terminals forming 
asymmetric synapses is consistent with the hypothesis that these axon 
terminals may arise from PV-IR thalamic neurons that project to the PFC. 
Supported by MH45156 and MH00518.
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513.7
POSTNATAL DEVELOPMENT OF PARVALBUMIN IMMUNOREACTIVE 
PUNCTA IN MONKEY PREFRONTAL CORTEX. S.L. Erickson* and D.A. 
Lewis. Depts. of Neuroscience and Psychiatry, University of Pittsburgh, 
Pittsburgh, PA 15260.

The cerebral cortex contains numerous structures immunoreactive for the 
calcium-binding protein parvalbumin (PV), including local circuit neurons and 
axons of extrinsic origin. PV-immunoreactive (IR) neurons become detectable 
in late prenatal development, and are followed by the appearance of the 
distinctive axon terminals (cartridges) of chandelier cells (Conde et al., Dev Br 
Res, 1996). The number of PV-IR cells in the prefrontal cortex (PFC) reaches 
adult values by the third postnatal month, whereas the mature complement of 
PV-IR cartridges is not achieved until 2-3 years of age. In order to characterize 
the postnatal development of other types of PV-IR axon terminals, we examined 
the regional and laminar distribution of PV-IR punctate structures in the PFC 
of 34 rhesus monkeys ranging in age from 2 days to adult. In both areas 46 and 
9, a distinct band of punctate label in layers deep ni-IV progressively increased 
in density, reaching a peak in animals 2.5 years of age, before declining to adult 
levels. Area 9 also contained a band of punctate label in superficial layer VI 
which first appeared between 2-3 months of age and exhibited less 
developmental change than the band in the middle layers. The developmental 
time course of these bands of PV-IR puncta is distinct from the previously 
described changes in PV-IR neurons and chandelier cartridges, and may reflect 
maturational changes in terminal arbors formed by axons from extrinsic sources 
such as the thalamus. This work was supported by MH45156.

513.8
PROJECTIONS FROM PARALAMINAR THALAMUS TO MEDIAL 
PARAHIPPOCAMPAL AND MEDIAL PREFRONTAL CORTEX
C.Lever, J.G.Donnett. and J.O'Keefe*. Dept. of Anatomy and Developmental 
Biology, University College London, WC1E 6BT

The medial parahippocampal region (mpHpc: presubiculum, parasubiculum, medial 
entorhinal cortex) is implicated in spatial and mnemonic processing. Injections of 
anterogradely and retrogradely transported fluorescent tracers have been employed 
to investigate thalamic afferents to this region. Following injections of retrograde 
tracer into mpHpc, labelled cells are found in the region of the lateral mediodorsal 
thalamus (LMD) and rostral intralaminar thalamus. It is possible that these 
paralaminar cell populations projecting to mpHpc may also project to medial 
prefrontal cortex.

Following large injections of anterograde tracer into this thalamic region, 
labelled fibres are seen in the presubiculum and parasubiculum AND diffusely in the 
anterior cingulate and medial precentral cortex. Injections of retrograde tracers into 
defined regions of medial prefrontal cortex may be of more heuristic value. 
Preliminary data suggest that the cell groups labelled following injections into 
mpHpc are predominantly in LMD, according to Groenewegen's classification 
(Groenewegen, Neurosc., 24: 79,1988). Interestingly, injections of retrograde tracers 
into parasubiculum label cells in the deep layers of dorsal anterior cingulate and 
medial part of the medial precentral cortex. This portion of the medial prefrontal 
cortex is known to form the projection field of LMD.

Neurons in the paralaminar thalamus may transmit similar information to 
both medial prefrontal and medial parahippocampal cortices.

Supported by the MRC (United Kingdom).

513.9
DOPAMINE AND NORADRENALINE RECEPTOR BINDING, AND 
THALAMIC INPUT IN TELENCEPHALIC SUBREGIONS OF 
DOMESTIC CHICKS. RELEVANCE TO 'PREFRONTAL CORTEX' A 
Csillag*, R.C. Bourne, C.M. Montagnese, P. Kabai and M.G. Stewart.
Department of Anatomy, Semmelweis University of Medicine, Budapest, 
Hungary; Centre for Zoology, University of Veterinary Science, Budapest, 
Hungary; The Open University, Biology Department, Milton Keynes, UK.

The presence of 'prefrontal cortex' in birds, has been suggested previously. 
On the basis of a high level of dopamine input and connectivity pattern, the 
postero-dorsolateral telencephalon of pigeons, and the medio-rostral 
neostriatum/hyperstriatum of domestic chicks have been implicated. In the 
present study we compared the distribution of the dopamine DI and D2, and 
the a2 and P2 adrenergic receptors, using in vitro ligand binding, followed by 
quantitative autoradiography in 1 to 2-day-old domestic chicks. Thalamic input 
was detected by the anterograde tracer Phaseolus vulgaris leucoagglutinin. 
Dopamin DI binding was greater in a ventral subdivision of right 
posterolateral telencephalon, whereas the a2 binding was higher in the 
dorsolateral subdivision, and D2 and P2 binding showed no significant 
differences. A fibre projection was found in the dorsolateral subdivision, 
including CDL, arising from a restricted region of the DMA. The results 
support the assumption that a posterolateral telencephalic area represents the 
putative prefrontal cortex of the chick. However, the apparent mismatch 
between the target of dorsomedial thalamic input and the site of relatively high 
dopaminergic and low adrenergic receptor binding raises the possibility of a 
partial segregation of these functions in the avian forebrain.
Supported by OTKA T-017754, ETT 369/93 andMKM 649

513.10
PROJECTIONS OF THE MEDIAL PREFRONTAL CORTEX TO THE THALAMUS 
IN THE RAT, WITH EMPHASIS ON NUCLEUS REUNIENS. R.P. Vertes*, N.V. 
Todorova and A.M. Crane. Center for Complex Systems, Florida Atlantic 
University, Boca Raton, FL 33431 and Department of Psychology, University of 
Texas, Austin, TX 78712.

In a previous examination of afferent projections to nucleus reuniens of the 
thalamus (RE), using retrograde techniques, we demonstrated massive 
retrograde cell labeling in the deep layers of several regions of the medial 
prefrontal cortex (MPC) including the infralimbic (IL), prelimbic (PL), anterior 
cingulate (AC) and medial agranular (AGm) cortices. The present report 
examined projections from the PL, AC, AGm to the thalamus using PHA-L 
anterograde techniques. In brief, we found that PL, AC, AGm send largely non-
overlapping projections to the nuclei of the thalamus, with the exception of 
pronounced common projections to RE. The major thalamic projections of PL 
were to the paraventricular, paratenial, mediodorsal (medial part) and 
intermediodorsal (MD and IMD), central medial (CM) and RE nuclei. The major 
projections of AC were to the anterior thalamic group (interanterior medial, 
anterior medial, anterior ventral and anterior dorsal), CM, paracentral, central 
lateral (massive), intermediodorsal, dorsolateral MD, and RE. The main 
projections of AGm were to the anterior group (slightly overlapping with those 
from AC), ventral medial (massive), ventral lateral, ventral posteromedial (light), 
posterior group (PO), lateral posterior, parafascicular (massive) and RE.

The RE is the major source of thalamic afferents to the hippocampus. The 
present results indicate: (1) that with the exception of RE the thalamic 
projections of various subdivisions of MPC are predominantly segregated; and 
(2) that the single common site of pronounced projections from the MPC to the 
thalamus is nucleus reuniens. The latter indicates that RE is a major funnel for 
the transfer of information from widespread regions of the prefrontal cortex to 
the hippocampus. Supported by NIH grant NS35883.

ASSOCIATION CORTEX AND THALAMOCORTICAL RELATIONS

514.1
TEMPORAL, PARIETAL AND OCCIPITAL CORTICAL PROJECTIONS TO 
POSTERIOR PARIETAL CORTEX IN THE ALBINO RAT.
F, Collia*, J. Arribas. A. Cardoso and J.L. Lanciego2. Dpto. de Anatomia e 
Histologia Hmnanas. Fac. Med Univ. Salamanca. 2 Dpto. de Anatomia. Fac. Med 
Univ. Navarra.

The anterograde tracer BDA was injected in the left temporal, parietal and 
occipital cortical areas in 30 male albino rats in order to determine the territories 
projecting to posterior parietal cortex (PPC) in the rat, as defined by Reep et al. 
(1994). In temporal cortex, a rostrodorsal area in Tel projects to PPC. Visual 
secondary areas, mainly the rostral territories of OC2MM and Oc2ML project to 
PPC, as also does Parietal cortex. Although the areas of projection of occipital, 
parietal and temporal cortex to PPC are extensive, the three types of projection only 
match in a small area located slightly rostral to the area PPC as described by Reep. 
The projections described give boutons and terminals mainly in the supragranular 
cortical layers.

514.2
RECURRENCE OF DECISION MAKING IN CORTICAL-TYPE NEURAL 
SYSTEMS BY GAMMA CONTROLLED TEMPORAL ENCODING IN SPIKING 
NEURONS. E. Koerner*, U. Koerner and S. Nagai. HONDA R&D Europe GmbH, 
D-63073 Offenbach, Germany
The marvelous performance of vision must be based on an active search for 

interpretation guided by top-down feedback that integrates the details of sensory 
analysis into a globally consistent hypothesis. However, rapid activation of an initial 
hypothesis while concurrently performing a more detailed analysis are two conflicting 
requirements. A model of neocortical encoding and processing is proposed that solves 
this problem by parallel-sequential recognition in networks of spiking neurons. 
Model neocortical columns constitute the basic elementary processing node of our 
networks consisting of 3 submodules each: The competitive parallel recall at each of 
the submodules A of the system provides a rapid signaling of the most reliably 
detected features as a coarse initial hypothesis. This first sparse but coherent wave of 
spikes triggers non-specific gamma modulation of the membrane potential of the 
cortical neurons via thalamic intralaminar nuclei. The gamma modulation enables 
subsequent signaling of less reliably detected features forming short trajectories of 
ranked sequences of spikes at any submodule B, which are evaluated and stored at 
submodules C. Gamma oscillations provide a short-term synchronization of intervals 
(but not of spikes) within which refinement of local decisions can emerge while being 
modified by feedback. Coincidence detection in the A subsystem enables the rapid 
and reliable activation of a coarse initial hypothesis by taking advantage of the 
basically asynchronous processing mode in the system, while the activated gamma 
modulation enforces synchronous time bins that enables the utilization of the relative 
temporal encoding (with its high coding capacity) for periodic refinement of the 
decisions by concurrent sequential processing. At any columnar module, both 
patterns and sequences of patterns are evaluated and represented. The model provides 
a computationally and biologically plausible explanation of why columnar modules 
may be the elementary processing units in neocortex, and suggests a novel functional 
interpretation of gamma oscillations.
This work was supported by Honda R&D Co. Ltd.
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514.3
EARLY HIPPOCAMPAL RESPONSES TO RANDOM OMISSIONS OF 
SOMATOSENSORY STIMULI FOLLOW ACTIVATION OF SECOND 
SOMATOSENSORY CORTEX (SI!) IN HUMANS. J. Karhu* and C.D. 
Tesche. Brain Research Unit, Low Temperature Laboratory, Helsinki 
University of Technology, FIN-02015 HUT, Finland.
Hippocampal activity is expected to follow cortical processing of sensory 
input containing novel or salient elements. Depth electrode recordings in 
human patients have shown hippocampal responses to somatosensory 
deviants and omissions at around 300 ms (McCarthy et al. 1989). We 
studied neuronal population responses to temporally textured 
somatosensory input in normal human subjects with a 122-channel 
magnetoencephalographic (MEG) array. Brief transcutaneous current pulses 
were applied unilaterally to the median nerve at the wrist (interstimulus 
interval 0.5 s, 15% random omissions). Neuromagnetic responses were 
averaged time-locked to the stimulation and to the omission. Equivalent 
current dipole source locations and orientations were identified for sources in 
primary and secondary somatosensory cortices. Magnetic field patterns were 
computed for dipolar current flow in hippocampus and cerebellum. Signal- 
space projection (SSP) was used to identify responses consistent with 
neuronal population activity in each source area.
Results on six adults (3 female) revealed early (20-60 ms) responses in Sil 
contralateral to stimulation, suggesting a new role for Sil in the immediate 
parallel processing of temporally textured somatosensory input. Early (120- 
150 ms) hippocampal responses followed Sil activation, with enhanced 
responses immediately following the omission of stimuli. Hippocampus and 
cerebellum also showed a gradual build-up of activity to the omission per se 
at 100-500 ms. This anticipatory tuning of the subcortical and cerebellar 
networks may enhance the early Sil and hippocampal responses.
Support: NIH NINDS grant NS34533.

514.4
EYE POSITIONAL EFFECT TO VISUAL RESPONSE IN 
PARIETAL CORTEX: RECORDING BY MEG.
S.Murakami*,S.Kuriki1, M.Fujii, R.Fukatsu and N.Takahata
Dep. of Neuropsychiatry, School of Medicine, Sapporo Medical 
University, Sapporo 060 Japan and l )Res. Institute of Electronic 
Science, Hokkaido University, Sapporo 060 Japan

Recently, the role of posterior parietal cortex about the perception of 
object location was investigated in the monkey, and it was reported that 
parietal neurons to visual stimuli received the input of eye position and 
head position. We studied the input effect of eye position to visual 
evoked response using by MEG. The subjects were 4 healthy adults and 
in a magnetically shielded room.The visual evoked responses were 
recorded by a 37-channel SQUID magnetometer system(BTi). The 
combination of two LEDs, which lined at 3 degree interv al on horizontal 
line at 50cm away from the eye, was used as the visual stimuli and the 
visual fixation point for eye position. The subject requested to gaze one 
LED and another LED for visual stimuli was lit for 0.5 or 1.0 sec at 
random intervals of 1-2 sec. The main peak of the magnetic field 
responses to visual stimuli were found at 120-170 msec latency after 
stimulation onset. The estimated current dipole sources of these magnetic 
field responses located at the deep region of posterior parietal cortex. 
The main peak to each different visual stimulation varied with amplitude. 
The peak amplitude declined as the eye position moved from center to 
side. These data are consistent with the hypothesis that the posterior 
parietal cortex contains a distribution map in eye center-to-side.

514.5
INTEGRATION OF AUDITORY AND VISUAL INFORMATION IN THE 
HUMAN BRAIN: NEUROMAGNETIC EVIDENCE. M. Sams* and T. 
Imada. NTT Basic Res. Lab., Morinosato-Wakamiya, Atsugi-Shi, Kana-
gawa, 2434-01, Japan, and *Dept. Psychol., Univ. Tampere, P.O.BOX 607, 
33101, Tampere, Finland.

Whole-head neuromagnetic recordings were employed to study the in-
tegration of auditory and visual information in the human brain. The stimuli 
were 1. a low-intensity short noise burst + a dim circle (29% of the stimuli),
2. the noise burst only (29%), 3) the circle only (29%), 4. a low-intensity short 
sinusoid + a dim square (4%), 5. the sinusoid only (4%), and 6. the square only 
(4%). The subject was to react by lifting his/her index finger as soon as possi-
ble when detecting any of the last three stimuli. In audiovisual stimuli, the 
onsets of the component stimuli were simultaneous. The visual stimuli were 
shown on a screen 45 cm in front of the subject. Sounds were presented through 
a plastic tube located just below the screen. The inter-stimulus interval var-
ied from 0.8 to 1.8 s.

Mean reaction times to sinusoids, circles, and their combinations were 
492 ms, 519 ms and 432 ms, respectively. The effect of the stimulus type was 
statistically significant (F212 = 9.6, p < .01). The sum of the responses to the 
squares only and the circles only was calculated and compared to the meas-
ured signal to the square+circle stimulus. There were statistically signifi-
cant differences in the calculated and measured responses, especially over 
the right parieto-temporal hemisphere. We suggest that this difference is 
due to audiovisual or polysensory neurons. Their contribution seems to be 
rather late, starting at about 200 ms after the stimulus onset. The source loca-
tion of this contribution remains to be estimated. The occipital and shorter- 
latericy temporal responses to audiovisual stimuli could be explained by a 
linear sum of the sensory responses to the auditory and visual inputs.

514.6
DYNAMIC PROPERTIES OF LONG-AXONED AND LOCAL-CIRCUIT 
CORTICAL NEURONS GENERATING HIGH FREQUENCY (300-600 Hz), 
RYTHMIC (20-50 Hz) SPIKE-BURSTS. F, Grenier*, I. Timofeev; N, Durmuller 
and M. Steriade. Lab, of Neurophysiol., Sch. of Medecine, Laval University, Quebec, 
Canada G1K 7P4.

Fast spontaneous oscillations (about 30 to 40 Hz) in neocortical and thalamic 
neurons depend on their depolarization under the influence of ascending activating 
systems (7. Neurosci. 1996, 16:392; and 16:2788). Here we focus on the dynamic 
properties of a subsample of neurons from association (areas 5, 7 and 21) and motor 
(area 4) cortex that were intracellularly recorded and stained in anesthetized cats. Out 
of 83 cells, 34 had fast spikes (0.37±0.03 ms at half amplitude) and were identified 
antidromically and/or morphologically as corticothalamic (CT) pyramidal neurons 
located in layers V-VI or sparsely-spiny stellate neurons in layers II-III. A subset 
(30%) of those fast-spiking neurons, formally identified as either CT or stellate cells, 
discharged spike-bursts (intraburst frequencies of 300-600 Hz), recurring rythmically 
at 20-50 Hz, at given levels of depolarization. The spikes within the bursts stemmed 
from depolarizing afterpotentials. Thus, after a passive response to subthreshold 
depolarizing current pulses, high-frequency spike-bursts were fired at about 40 Hz, and 
tonic firing with no adaptation occurred by further increasing the direct depolarization. 
The changes induced by depolarizing pulses may naturally occur during shifts in the 
states of vigilance. Such dynamic alterations challenge the assumption that 
neocortical neurons can be sharply defined according to their invariant 
electrophysiological properties. Moreover, the fast rythmic spike-bursts in either CT 
or local interneurons were drastically altered when depolarizing current pulses were 
applied during epochs with rich synaptic activity, such as thalamocortical spindles or 
spontaneously occurring cortical seizures. Being part of reciprocal loops between 
cortex and thalamus, some of the CT neurons discharging high-frequency spike-bursts 
are ideal candidates for transferring the fast rythmic activity to the thalamus and, after 
intrathalamic synchronization processes, to receive back the reflection of these 
integrated oscillations.

Supported by NSERC and MRC of Canada, Savoy Foundation and FCAR.

514.7
GABA INPUTS TO THALAMOCORTICAL PROJECTION CELLS OT THE 
ANTERIOR THALAMUS IN THE RAT.A.Gonzalo-Ruiz* B.Wang.
G.Campbell, J.M.Sanz and A.R. Lieberman. Depts. of Anatomy, UCL, London, 
WC1E 6BT and School of Physiotherapy, Valladolid University, Soria, Spain.

We have used GABA immunohistochemistry and retrograde labelling with 
cholera toxin subunit B conjugated to horseradish peroxidase (CT-HRP) to 
examine the GABA input to identified thalamocortical projection neurons in the 
anterodorsal and anteroventral subnuclei of the anterior nuclear complex (ATN). 
Injections of CT-HRP were placed into different parts of the retrosplenial 
granular cortex (RSg), on one side, in adult albino rats anaesthetized by 
Nembutal (45mg/Kg). The animals were reanaesthetized 1-2 days later and 
perfused with fixative containing 4% glutaraldehyde in sodium cacodylate buffer 
at pH 7.4. Coronal Vibratome sections, cut at 50xim, were reacted for the 
visualization of HRP using the TMB-tungstate stabilization method. GABA- 
immunoreactivity was identified by the postembedding immunogold technique 
using polyclonal anti-GABA antibody (Sigma) at a dilution of 1:2000. The 
specificity of immunogold labelling was very high. Gold particles were heavily 
concentrated over vesicle-containing profiles resembling F-terminals and were 
sparse over other neuropil components and cell bodies. Immunogold labelled 
terminals on CT-HRP-labelled targets were medium sized [average diameter 
1.12um ±0.64 (S.D) n=60] contained pleomorphic synaptic vesicle, were 
distributed as follows: 23% on somata, 25% on large/medium sized dendrites 
(>l.Qtim) and 52% on small dendrites and dendritic spines, and made Gray type 
2 (symmetrical) synaptic contacts. In two animals fixed with a mixture of 4% 
paraformaldehyde and 0.5% glutaraldehyde, the immunogold labelled terminals 
contained flattened synaptic vesicles. These terminals probably originate 
predominantly from the rotral pole of the ipsilateral thalamic reticular nucleus 
(Gonzalo-Ruiz and Lieberman 1995; Oda et al. 1996), and mediate feed-forward 
inhibition of ATN-RSg relay neurons.
Supported by Wellcome Trust (UK) and DGICYT, PB94-1118 (Spain).

514.8
INTRALAMINAR NUCLEI CONTRIBUTION TO THALAMIC 
FUNCTIONS. ANATOMO-CLINICAL CORRELATIONS. G, Macchi* and 
M. Molinari Experimental Neurology Lab, Institute of Neurology, Catholic 
University, Rome, Italy 00168.

Thalamic intralaminar nuclei (IL) represent a unique group among the 
different thalamic entities and their functional role in thalamo-cortical 
organization has been matter of debate for decades. Anatomo-clinical 
correlation can provide useful hints to a better understanding of the 
intralaminar contribution to thalamic functions. Literature evidence 
together with personal clinical observations have been reviewed to 
correlate intralaminar lesions as evidenced on NMR and clinical deficits 
in humans. Results can be summarized as follows: i. Dorsomedial 
thalamic lesions involving the anterior intralaminar nuclei often induce 
appearance of cerebellar deficits consistent with lesion of the cerebello- 
thalamic terminals in the intralaminar nuclei, ii. Thalamic pain can 
develop after lateral thalamic lesions involving the ventrobasal complex 
and not after more medial lesion involving the IL; on the other hand 
stereotaxic lesions of the IL are effective in the treatment of thalamic 
pain. This evidence can be interpreted hypothesizing an inhibitor tonic 
action of the ventrobasal complex neurons on the IL cells possibly 
through mediation of the reticular nucleus. The present data, in line with 
recent neuroanatomical data suggesting a multifarious contribution of the 
IL to thalamo-cortical relationships, demonstrate that, beside the well 
know effects on cortical activation states, IL lesions can induce specific 
functional deficits giving further support to the idea that beside cortical 
synchronization activity IL nuclei can also support relay type functions.
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514.9
A COMPUTATIONAL MODEL OF INTRATHALAMIC AUGMENT-
ING RESPONSES. M. Bazhenov*. L Timofeev, M. Steriade and T. Sejnowski. 
The Salk Institute, PO Box 85800, San Diego, CA 92186 and Lab. of Neuro-
physiology, Sch. of Medicine, Laval University, Quebec, Canada G1K 7P4.

Recent intracellular recordings in vivo (M.Steriade and I.Timofeev, J.Neuro- 
sci., 1997) have revealed an augmenting response generated in the thalamus after 
decortication. We investigated possible mechanisms underlying this thalamic aug-
mentation with computer models of thalamocortical (TC) and thalamic reticular 
(RE) cells, which included voltage and calcium-dependent currents described by 
the Hodgkin-Huxley type of kinetics. Synaptic currents were described by kinetic 
models of AMPA, GABAa  and GABAs receptors. We found that the simplest 
network model demonstrating augmenting responses during repetitive stimulation 
is a pair of coupled RE and TC cells. A thalamic stimulus produced an EPSP 
followed by the RE-induced IPSP in the TC cell which deinactivated the low- 
threshold Ca2+ current. The next EPSP then evoked a low threshold spike. A 
one-dimensional chain of RE-TC cells was also investigated: (1) Lateral GABAa  
inhibition between identical RE cells, which weakened bursts in these cells, dimin-
ished GABAb  IPSPs and delayed the augmenting response in TC cells. (2) Vari-
ability in the amount of potassium leak current in RE cells increased the amplitude 
of GABAb  IPSPs  in TC cells and the augmenting responses developed faster. (3) 
Simultaneous stimulation of AMPA currents in both RE and TC cells increased 
the augmenting response by reinforcing GABAb  IPSPs in TC cells. (4) Following 
stimulation at 10 Hz, a few trailing cycles of slower (around 3 Hz) oscillations were 
elicited by interaction between RE and TC cells. These oscillations terminated as 
a result of desynchronization in the network. This model shows that the thalamus 
through activation of internal connections and intrinsic currents could generate 
short-term plastic changes. These predictions will be tested in future experiments. 
Supported by the Sloan Foundation, Howard Hughes Medical Institute, MRC of 
Canada, Human Frontier Science Program and Savoy Foundation.

514.10
COMPUTATIONAL MODELS OF AUGMENTING RESPONSES IN 
THALAMOCORTICAL NETWORKS. A.R. Houweling*, M. Bazhenov.
T. Sejnowski, I. Timofeev and M, Steriade. The Salk Institute, PO Box 85800, 
San Diego, CA 92186 and Lab. of Neurophysiology, Sch. of Medicine, Laval 
University, Quebec, Canada G1K 7P4.

Two possible mechanisms underlying the cortical augmenting responses to 
repetitive (10 Hz) thalamic or cortical stimuli were tested in computer models 
that included layers of thalamocortical (TC), thalamic reticular (RE), cortical 
pyramidal (PY) and cortical inhibitory (IN) cells. The first mechanism is based 
on the intrinsic ability of the thalamus to generate augmenting responses during 
repetitive stimulation (see M. Bazhenov et al., this meeting). (1) Following thala-
mic stimulation at 10 Hz, the EPSPs in PY cells displayed augmenting responses 
with an increased secondary depolarizing component that was preceded by low- 
threshold (LT) augmenting bursts in TC cells, similar to data obtained in vivo (see
N. Durmuller et al., this meeting). (2) The presence of corticothalamic connec-
tions enhanced the LT augmenting responses in TC cells during a few first stimuli 
of thalamic pulse-trains because of activation of inhibitory RE cells. (3) Cortical 
sites remote from the stimulation site were involved in the augmenting response 
through corticothalamocortical loops. We also tested the hypothesis that the 
depression of intracortical inhibitory connections during repetitive cortical stim-
ulation could elicit an augmenting response in the PY cells. We found that: (1) 
Depression of the GABAa  connections from IN to PY cells reduced the IPSPs and 
resulted in an augmenting response in PY cells. (2) Simultaneous depression of the 
AMPA and GABAa  synapses between PY and IN cells enhanced the augmenting 
response in PY cells by reducing the EPSPs in IN cells. Our study shows that 
cortical augmenting responses may result from at least two different intrathalamic 
and intracortical mechanisms. Experiments are needed to test these predictions. 
Supported by the Sloan Foundation, Howard Hughes Medical Institute, MRC of 
Canada, Human Frontier Science Program and Savoy Foundation.

514.11
CELLULAR BASIS OF THALAMOCORTICAL AUGMENTING RESPONSES.

Medicine, Laval University, Quebec, Canada G1K 7P4.
Augmenting responses have originally been described as cortical field potentials that

grow in size during repetitive thalamic stimuli within the frequency range of sleep 
spindles (~10 Hz). Although it was generally assumed that the intrinsic organization of 
the cerebral cortex may subserve augmentation, recent intracellular studies have 
demonstrated low-threshold and high-threshold augmenting responses in the thalamus 
of decorticated animals (Steriade and Timofeev, J, Neurosci., 1997). However, the 
presence of intact corticothalamic networks may substantially enhance the responses to 
repetitive stimuli and thus favor the transformation into self-sustained paroxysms. We 
have investigated the augmenting responses to dorsal thalamic stimuli by means of 
single and dual simultaneous intracellular recordings from neocortical neurons in 
association areas 5-7 and motor area 4, as well as from thalamocortical (TC) neurons, 
in cats under barbiturate or ketamine-xylazine anesthesia, (a) Cortical neurons driven at 
relatively short latencies (1.5-5 ms) by the first stimulus in the pulse-train at ~10 Hz 
to the dorsal thalamus displayed a reduction (20-80%) of the primary EPSP to the 2nd 
and following stimuli, whereas a secondary EPSP increased in amplitude and reached 
latencies of 15-25 ms. (b) Simultaneous intracellular recordings from cortical and TC 
cells showed that, in a great majority of cell couples, the secondary excitation in 
cortical neurons was preceded by spike-bursts in TC cells, (c) Only 25% of cortical 
cells revealed clear-cut augmentation to direct cortical stimuli, while TC cells exhibited 
progressively growing IPSPs with spike-bursts at the end of the cortical pulse train. 
We conclude that, in an intact thalamocorticothalamic network, the main features of 
augmenting responses are due to the interplay between intrinsic cellular properties and 
cascades of synaptic events in the thalamus and neocortex.

Supported by MRC of Canada, Human Frontier Science Program and Savoy 
Foundation.

514.12
THE ORGANIZATION OF THE THALAMO-CORTICAL NETWORK OF THE 
CAT. J.W.Scannell. G.A.P.C.Bums. M.A.O’Neill. C.C.Hilgetag & M.P.Young*,
Neural Systems Group, Psychology Dept., Newcastle Univ., NE1 7RU, U.K.

Neuroanatomists have long assumed a strong link between brain connectivity and 
brain function. Unfortunately, success in finding connections has yielded data of such 
complexity that without systematic analysis it is possible to find subsets of 
connections to support virtually any theory of brain organization. Here we present a 
collation and analysis of the organization of the thalamo-cortical system of the cat.

Our collation of anatomical studies found 892 cortico-cortical, 379 thalamo-cortical, 
and 295 cortico-thalamic connections between 55 cortical areas and 41 thalamic nuclei 
within each hemisphere. We used non-metric multidimensional scaling, non- 
parametric cluster analysis, and optimal set analysis to visualize and quantify the 
system’s connectional architecture. We found that extrinsic connectivity defines 4 
major thalamo-cortical systems; 3 broadly hierarchical sensory/motor systems (visual, 
auditory and somato-motor) which lead into a central ‘fronto-limbic’ system 
comprised of pre-frontal cortex and limbic structures. Thalamic nuclei only very rarely 
provide possible shortcuts between unconnected cortical areas, suggesting that cortico- 
thalamo-cortical loops are not involved in fast feed-forward processing. The analyses 
suggest that the connectional architecture can be well represented in 5 or fewer 
dimensions, therefore a small number of developmental factors (e.g. chemical or 
temporal gradients) could account for much of the variability in extrinsic connectivity 
within the entire thalamo-cortical network. These factors could correlate with the 
spatial location of the thalamic nuclei whose location is an excellent predictor of their 
cortical connectivity; variability in the position of thalamic nuclei accounts for 62% 
of the variability in their pattern of cortical connectivity (p<0.001). Furthermore, 
similarity in thalamic input to cortical areas predicts 66% of the similarity of their 
cortico-cortical connectivity (p<0.001). These results suggest a developmental model 
in which thalamo-cortical projections, depending on the 3-d location of thalamic 
nuclei, shape the cortico-cortical network via correlated input. Supported by Newcastle 
Univ. & The Wellcome Trust.

514.13
SYSTEMS OF PRIMATE CORTICAL AREAS DEFINED BY FUNCTIONAL 
CONNECTIVITY CC Hilgetag1. KE Stephan2, GAPC Burns1, MA O’Neill1. MP 
Young1, K Zilles2 and R Kotter*2. ‘Neural Systems Group, Univ. Newcastle, Ridley 
Bldg., Newcastle upon Tyne NE 7RU, U.K. and 2Center for Anatomy and Brain 
Research, HHU Diisseldorf, Moorenstr. 5, D-40225 Diisseldorf, Germany.

Do patterns of activation of primate cerebral cortex correspond to brain sub-systems 
defined by anatomical connectivity?

We compiled information about the extent of activation in cortical areas following 
systematic application of strychnine to local patches of cerebral cortex of the Macaque, 
and developed algorithms to map data between the parcellation schemes of Brodmann, 
Bonin & Bailey, McCulloch, and Vogt. The entries in the resulting connectivity 
matrices covered about 55% of all theoretically possible interactions between the 29 
areas recognized by Brodmann and 45% between the 42 areas of McCulloch, 
respectively.

We analyzed the data with two independent optimization methods. The first method 
produced two- and five-dimensional metric NMDS configurations, which were 
segregated with a variety of non-parametric cluster analysis techniques. In the second 
method, optimal set analysis, a two-component cost was defined in which optimal 
cluster separations of the cortex had as few functional interactions between the clusters 
as possible, and as few non-interactions within the clusters as possible.

The results of the two methods largely agreed, and showed a significant separation of 
cortical areas into a small number of functional sub-systems. These systems 
corresponded mainly to neighboring regions of cortex, and the two most distinctive 
clusters comprised sensori-motor areas on the one hand, and areas of the cingulate 
cortex on the other. The sequential arrangement of the visual system from primary 
cortex to higher areas was also clearly apparent. Comparisons with analogous analyses 
of anatomical connectivity data showed that the organization of anatomical 
connectivity was a good predictor for strychnine-induced patterns of activation in the 
primate cerebral cortex. Supported by The Wellcome Trust.

514.14
SUBCORTICAL MODULATION OF HIGH FREQUENCY (GAMMA-BAND) 
OSCILLATING POTENTIALS IN AUDITORY CORTEX 8. Brett and D.S. 
Barth* Dept. of Psychology, Univ. of Colorado, Boulder, CO 80309.

The purpose of this study was to use depth electrical stimulation and 
retrograde horseradish peroxidase (HRP) labeling to determine what role certain 
subcortical nuclei play in the neurogenesis of high frequency gamma (~40 Hz) 
oscillations in rat auditory cortex. Evoked and spontaneous electrocortical 
oscillations were recorded using a high spatial resolution multi-channel epipial 
electrode array, while electrical stimulation was delivered to the posterior 
intralaminar (PIL) region of the ventral acoustic thalamus, and to the centrolateral 
nucleus (CL) and the nucleus basalis (NB), which have been previously implicated 
in the production of cortical gamma oscillations. PIL stimulation consistently 
evoked gamma oscillations confined to a location between primary and secondary 
auditory cortex, corresponding to the region where spontaneous gamma 
oscillations were also recorded. Stimulation of the CL and NB did not evoke 
gamma oscillations. HRP placed in the cortical focus of evoked gamma 
oscillations labeled cell bodies in the PIL, and in more lateral regions of the 
ventral acoustic thalamus, w hich upon subsequent stimulation also evoked gamma 
oscillations in auditory cortex. No cells w'ere labeled in either the CL or NB. 
These results indicate that the PIL and the lateral regions of ventral acoustic 
thalamus provide anatomically distinct input to auditory cortex, and may play an 
exclusive and modality specific role in modulating gamma oscillations in the 
auditory system.

Supported by NSF Grant IBN-9119525 and NIH Grant 1-R01-NS2575
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514.15
THE POSTEROLATERAL TELENCEPHALON PROJECTS ON 
DORSOMEDIAL THALAMUS, STRIATUM AND HIPPOCAMPUS IN 
CHICKS. AD, Szekelv and A. Csillag. (SPON: Brain Res. Ass.) Department 
of Anatomy, Semmelweis University of Medicine, H-1450 Budapest, Hungary

The postero-dorsolateral telencephalon has been considered as equivalent of 
the mammalian prefrontal cortex, based primarily on the dopamine and 
noradrenaline content, termination pattern of dopaminergic fibres, and lesion- 
induced learning deficits. This assumption, however, has not been fully 
supported by connectivity data. The present study investigates efferent 
projections of the ventral posterolateral telencephalon, using the anterograde 
tracer Phaseolus vulgaris leucoagglutinin (PHAL), injected iontophoretically to 
one-week-old domestic chicks. In the telencephalon, PHAL-labelled fibres were 
detected prominently in the paleostriatum augmentatum, lobus parolfactorius, 
nucleus accumbens, ventral paleostriatum, hyperstriatum ventrale, and the 
dorsolateral and dorsomedial pallium, including the hippocampus. In the latter, 
varicose axons were abundant in the rostral aspect, and caudally they were 
gradually reduced in number, confined to a periventricular group in the 
dorsolateral subdivision. Diencephalic and brainstem projections included the 
dorsomedial thalamic nuclei (DMA, DMP) and the habenular complex, lateral 
hypothalamus, central gray and the ventral tegmentum. These projections, with 
the exception of the hippocampal formation, match those reported for the 
mammalian prefrontal cortex. More rostrally placed lateral telencephalic tracer 
injections failed to yield projections either in the dorsomedial thalamus or the 
hippocampus, therefore the studied ventral posterolateral region may represent 
a subdivision of the avian telencephalic equivalent of the prefrontal cortex. 
Supported by OTKA F-012738, T-017754, ETK21 andMKM 649

514.16
REMODELING OF APICAL DENDRITES IN THE RETROSPLENIAL 
CORTEX FOLLOWING ELIMINATION OF THEIR MAIN INPUT. J. M, 
Wvss, Z. Fang. I. Kadisha and Th. van Groen. Dept. of Cell Biology, University 
of Alabama at Birmingham, Birmingham, AL 35294.

Our previous data suggest that the apical dendrites of layer II neurons in the 
retrosplenial cortex alter their structure in aged Sprague-Dawley rats (SD) and 
prematurely in spontaneously hypertensive rats. These data suggest that the 
remodeling of these dendrites results from a decrease in synaptic input to them. 
In the present study, we tested the hypothesis that elimination of the major 
excitatory input to the apical dendrites of the layer II neurons induces significant 
remodeling of the apical dendrites. Forty eight-week-old SD received a bilateral 
or unilateral lesion of the anteroventral thalamic nucleus, via a stereotaxic 
injection of ibotenic acid. The lesions caused a significant loss of neurons that 
was primarily limited to the anteroventral thalamic nucleus. Computerized 
image analysis of the pattern of the bundles was carried out using an antibody 
(AP 18) to phosphorylated microtubule associated protein 2 which is 
preferentially localized in these apical dendrites under normal conditions. The 
analysis demonstrates that the apical dendrites of the layer II neurons retract 
from their normal position in layer Ia and arborize in layers Ib and lc. This 
pattern is uncharacteristic of retrosplenial cortex in mature SD but corresponds 
to the pattern observed in aged SD. Further, in animals with a unilateral lesion 
of the anteroventral nucleus, only the apical dendrites ipsilateral to the lesion 
were affected. Lesions of the thalamus that did not include the anteroventral 
nucleus, caused no appereciable change in the apical dendrites. These data are 
consistent with the hypothesis that a major reduction in neuronal input to these 
dendrites induces their remodeling in the aged rat. This study was supported by 
NIA grant# AG 11958.

COMPARATIVE NEUROANATOMY I

515.1
TRANSIENT EXPRESSION AND DEVELOPMENTAL CHANGES IN AChE AND 
ChAT STAINING IN BUDGERIGARS. T.F, Roberts, W.S. Hall, K.K. Cookson, and 
S.E. Brauth*. Department Psychology, University of Maryland, College Park, MD 
20742.

In the present study we mapped the distribution of choline acetyltransferase (ChAT) and 
acetylcholinesterase (AChE) in both male and female nestling budgerigars (Melopsittacus 
undulatus) aged 7,14,21,28, and 35 days posthatch. Previous work has shown that the 
distributions of these markers are similar in adult budgerigars and several songbird species, 
including in nuclei related to the auditory and vocal control systems. Although staining in 
nestlings was similar to that in adults, we observed transient expression of cholinergic 
markers in some nuclei known to be related to the auditory and vocal control systems.

The central nucleus of the inferior colliculus (ICC) stains darkly for AChE during the first 
two weeks posthatch but does not stain significantly for either AChE or ChAT at later ages.

Nucleus dorsomedialis posterior thalami (DMP) contains ChAT immunoreactive somata at 
one week posthatch, and many labeled somata and fibers surround the magnicellular 
nucleus of the dorsomedial thalamus (DMm) at this time. DMP and DMm show little staining 
at 3 weeks and later.

The ventral paleostriatum (VP), an area which may play a role in vocal development and is 
considered comparable to portions of the basal forebrain in mammals, exhibits a 
developmental increase in staining for cholinergic markers around 3 weeks posthatch. A 
dense accumulation of both labeled fibers and somata were seen in the VP at this age, 
particularly in the lateral portions.

Cholinergic afferents of the basal forebrain and foe thalamus in mammals have been 
shown to play a critical role in timely differentiation in foe neocortex. We are currently 
investigating foe idea that foe VP and thalamus may play a similar role in foe formation of 
foe auditory and vocal control systems in budgerigars. Support: Whitehall S91-17(WSH), MH 
40698(SEB), and 5 T32 DC-0046-02(KKC)

515.2
DEVELOPMENT OF CENTRAL SEROTONERGIC SYSTEMS IN 
THE DIRECT-DEVELOPING FROG, Eleutherodactylus coqui. 
Gary R. Ten Eyck,* Alison F. Chinn, and Cliff H. Summers. 
University of South Dakota, Vermillion, SD 57069.

An immunocytochemical analysis was performed to determined the 
ontogenetic pattern of serotonin (5-HT) distribution in a frog that 
does not undergo metamorphosis. We utilized the developmental 
staging scheme for E. coqui (T/S 1-15) to correlate when 5-HTir 
perikarya, fibers, and varicosities occurred during development. The 
first 5-HTir cells were detected at stage 8 in the paraventricular 
organ, raphe and reticular nuclei. At stage 11, 5-HTir cells of the 
nucleus infimdibularis dorsalis appeared. Beginning at stage 12, 
cells of the paraventricular organ projected axons medially, which 
contacted the CSF of the third ventricle, and laterally, to the periven-
tricular hypothalamic nucleus. The first 5-HTir fibers observed 
were at stage 8 in the rhombencephalon associated with 5-HTir cells 
in the raphe and reticular nuclei. First fibers detected in the prosen-
cephalon occurred at stage 10 in the periventricular nucleus and, 
fibers and varicosities were found in the periventricular nucleus, 
medial pallium, lateral pallium, and septum at stage 12. However, 
the majority of fiber development occurred post-hatching. Compari-
sons between rat, chick, and other vertebrates 5-HT ontogeny and 
migratory patterns reveals both similar and different developmental 
patterns. (Supported by NSF OSR-9108773 + Sigma Xi GIAR)

515.3
PATTERNS OF CELL PROLIFERATION IN THE DEVELOPING
RHOMBENCEPHALON OF ALLIGATOR EMBRYOS. M.B.Pritz*. Sect, of 
Neurol. Surg., Indiana U. Sch. of Med., Indianapolis, IN 46202-5125

Segmentation of the hindbrain into iterative units, rhombomeres, is a feature 
common to all vertebrates. The present study examined one feature thought to 
influence rhombomere development: cell proliferation. Experiments utilized 
immunohistochemical methodology using an antibody to cell cycle synthesis, 
proliferating cell nuclear antigen (PCNA). Observations were made on Alligator 
embryos at stages 6, 8,9/10, and 12. At stage 6, when rhombomeres 1 (rl) through 
6 (r6) are distinct and rhombomeres 7 (r7) and 8 (r8) are combined, modest PCNA 
immunoreactivity was observed in the most caudal rhombomeres with faint PCNA 
immunoreactivity throughout the rest of the hindbrain. At stage 8, when rl through 
r8 can be recognized, PCNA immunoreactivity was observed throughout the central 
portion of each caudal rhombomere (r3-r8) with more intense staining in the central 
portions of r2 and rl. At stage 9/10, just before rhombomere borders begin to fade, 
PCNA immunoreactivity has expanded centrifugally from each rhombomere and a 
more intense longitudinally oriented stripe runs parallel to, and a short distance 
internal to, the midline. At stage 12, when rhombomeres have begun to fade,
PCNA immunoreactivity has expanded still further centrifugally but still spares 
some surrounding hindbrain neuroepithelial tissue while the more intensely labeled 
longitudinal stripe of immunoreactivity extends from r8 through r2.

Although preliminary, these data suggest that rhombomere development is 
influenced by cell proliferation. Cell proliferation occurs in the central portion of 
rhombomeres and progresses centrifugally as well as along a longitudinal axis. At 
later developmental stages, cell proliferation is associated with rhombomere 
disappearance.

Partly supported by the Project Development Program, Research and Sponsored 
Programs, Indiana University at Indianapolis.

515.4
DIRECT AND INDIRECT PATHWAYS FROM THE STRIATUM TO THE 
OPTIC TECTUM IN THE FROG A, Gonzalez* t. W.J.A.J. Smeets».

H, Varat, C, Sanchgz-Camachot and Q. . . Manat0,
fDept. Cell Biology, Univ. Complutense, 28040 Madrid, °Dept. 
Morphological Sci. and Physiology, Univ. Europea, 28040 
Madrid, Spain, ♦ Graduate Sch. Neurosci., Dept. Anat. & 
Embryol., Vrije Univ., 1087 BT Amsterdam, The Netherlands.

The anatomical substrate by which the striatum of 
amphibians may influence visuomotor behaviour elicited by 
the midbrain tectum was investigated in the anuran 
amphibian, Rana perezi, by means of tract-tracing with 
dextran amines. Injections of anterograde tracers into the 
striatum were combined with applications of retrograde 
tracers in the midbrain tectum. Apart from a direct striato- 
tectal connection, at least three indirect pathways were 
observed: (1) striato-anterior entopeduncular-tectal pathway, 
(2) striato-pretectal-tectal pathway, and (3) striato-tegmento- 
tectal pathway. The basal ganglia-tectal connections of 
anurans largely resemble those described for amniotes, but 
appear to be more extensive. However, a pallio-tectal 
connection comparable to the cortico-tectal pathways of 
mammals was not observed in Rana perezi. Therefore, the 
striatum of anurans, which receives multimodal sensory 
information, seems to be the sole telencephalic structure that 
influence the mesencephalic tectum via a direct pathway. 
SUPPORTED BY DGES PB96-0606
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515.5
SCALING OF THE VISUAL SYSTEM, PHOTORECEPTORS TO 
EXTRASTRIATE CORTEX, EMPHASIZING PRIMATES. 
R.L.Snow*, A. Nelson, L.L, Driscoll. K.L. Hartman. L, C. L. Silveira
and B.L. Finlay Dev. Neurosci. Grp. Cornell U., Ithaca NY 14853 
and Dept. de Fisiol., Univ. Fed. do Para, Belem, Brasil

The scaling of the size of neural structures in mammals as overall 
brain size increases may be predicted by the birthdates of the neurons 
in the structures: structures consisting largely of populations of late 
generated neurons become disproportionately large (Finlay & 
Darlington, 1995). As brain size increases, this hypothesis predicts 
that the visual system should have an increasingly “hourglass” 
configuration, corresponding to the birthdates of neurons in the visual 
system. Rods should increase in number faster than bipolars and 
amacrine cells, which in turn increase faster than retinal ganglion cells 
and cones. The lateral geniculate nucleus should scale at the low slope 
of ganglion cells, and the isocortex steeper. Using published data plus 
new data from a number of New World primates (Saimiri ustius, Aotus 
azarae, Callicebus moloch, Saguinus midas niger and Allouatta 
caraya), we show this scaling relationship combined with niche 
describes the visual system well. The number of rods scales with brain 
size and with surprising independence from niche. Homo sapiens has 
the most rods of primates, though nocturnal primates do have a 
significantly greater number of rods than expected. Prediction of 
scaling of the surface area of the cortex, both striate and extrastriate 
areas, is improved by reference to the scaling of the principal thalamic 
nuclei that project to them (lateral geniculate vs. pulvinar) in addition 
to intrinsic neurogenetic gradients in the cortex.
Supported by NSF Inti Programs, USA and CNPq, Brasil.

515.6
DIFFERENTIAL EXPANSION OF THE
SUPRAGRANULAR LAYERS IN THE EVOLUTION OF 
MAMMALIAN NEOCORTEX JJ Hutsler*. M Marin-Padillat & MS 
Gazzaniga Program in Cognitive Neuroscience, Psychology Department, 
& tDartmouth Medical School, Dartmouth College, Hanover, NH 
Studies of neocortical evolution in mammals have focused upon the 
expansion of cortical surface area. Changes in the vertical organization 
have attracted little attention due to the relatively meager increases in 
cortical thickness between mammalian species. Cortical depth increases 
less than three fold between mouse and man, but this expansion is not 
uniform across the cortical layers. To further explore this issue we 
compared data for mice (Schuz & Palm ’89) with our own measurements 
from ferrets, cats, rhesus macaques, and humans. Species differences 
show a clear preferential expansion of the supragranular layers and a 
concomitant increase in neuropil as one moves from rodents, to 
carnivores, to primates. In conjunction with previous reports that the 
number of cells in a cortical column is constant across species (Rockel et 
al. ’80), these findings support the hypothesis that the cortex expands by 
protracted maturation of the last cortical layers to develop (Marin-Padilla 
'78 ’92). Although expansion of the supragranular layers could be due 
to increased corticocortical connectivity associated with surface 
expansion, the relationship between these two metrics is unclear. 
Supragranular layer differentiation across classes suggests that in a 
complex and highly conserved structure such as neocortex, evolutionary 
pressures may favor modifications late in development that are less likely 
to affect the fundamental organization of cortical architecture.
This work was supported by NIMH/NLNDSPO1 NS 17778-14 and by the 
McDonnell-Pew Foundation.

515.7
ZINC-CONTAINING INNERVATION OF THE CA1 FIELD OF THE 
HIPPOCAMPUS. Y, Long, D. S. Silva. S. W, Suh and C. J. Frederickson*. Lab 
for Neurobiology, The Univ. of Texas at Dallas, Richardson, TX 75080

Zinc-containing neurons are the cells that contain loosely bound zinc in the 
vesicles of their boutons. These neurons are a subgroup of glutaminergic neurons. 
The distribution of zinc-containing boutons from these neurons forms a 
corticolimbic associative network, of which the hippocampus and amygdala are 
most densely innervated. Our current study sought to describe the cells of origin of 
the CA1 field with the zinc-specific retrograde transport method we used.

Sodium selenite was injected into the CA1 area of the anesthetized rats at 
different transverse and longitudinal levels. Retrogradely labeled neurons were 
found in the CA3 field, the CA1 field and CAl-subiculum transition 
(prosubiculum). In accord with the findings of Ishizuka ‘90, at a given transverse 
level, the zinc-containing neurons in the proximal CA3 tended to project to the 
distal CA1 whereas the zinc-containing neurons in the distal CA3 tended to project 
the proximal CA1. For most injected brains, the number of labeled cells in CA1 
was high, even in comparison to the number in CA3. At the prosubiculum, the 
labeling was severely heavy although the number of the labeled cells was small. 
The CA3 origin of the innervation was traced bilaterally while the CA1 origin and 
the prosubicular origin of the innervation were only found ipsilaterally. All the 
neurons labeled appeared to be pyramidal cells. The results indicated that 1) the 
zinc-containing innervation of the CA1 area consists virtually only of hippocampal 
intrinsic pathways; 2) the zinc-containing recurrent axonal systems in the CA1 are 
extensive.

Supported in part by Neurotex and The Univ. of Texas at Dallas

515.8
WHY DENDRITES OBEY THE 3/2 POWER LAW IN
HIPPOCAMPUS. Thomas Schikorski, Charles.F. Stevens, and Jane 
Sullivan*, Howard Hughes Medical Institute at the Salk Institute, 
MNL-S, 10010 N. Torrey Pines Rd., La Jolla, CA 92037, USA

One function of dendrites is to provide an architecture that supports 
the connectivity of populations of neurons. To allow a homogenous 
innervation of all cells within a cortex-like structure - like the CA1 
region in hippocampus - one would expect that the volume density of 
all components (axons, dendrites, glia etc.) is constant within the 
cortex. Density measurements of immunohistochemical stainings 
(anti-MAP2 for dendritic volume and anti-synaptophysin for the 
synaptic volume) support this idea. A branch power of 2 would 
conserve the volume of a dendritic tree. But we found a branch 
power of closer to 3/2 in CA1 region of hippocampus. A mathematical 
derivation, however, shows that a branch power of 3/2 conserve the 
volume if the diameter of the daughter dendrites differ in size. 
Therefore we conclude that hippocampal cells obey Rail's 3/2 power 
law approximately, and that this law originates from the conservation 
of volume at dendritic branch points within a cortex-like brain region. 
Supported by Howard Hughes Medical Institute.

515.9
COMPARISON OF SULCAL PATTERNS IN THE LIVING BRAIN OF THE 
GREAT APES. K.Semendeferi* and H. Damasio. Department of 
Neurology, University of Iowa, Iowa City, IA 52242.

MR scans of twelve great apes were obtained for 3D reconstruction. 
Major sulci were identified and examined with respect to continuity (Ct), 
connections with other sulci (Cn) and branching (Br). Results on the 
presence of these features are shown below for 12 hemispheres of the 
chimpanzee, 4 of the bonobo, 2 of the gorilla and 6 of the orangutan.

Central S.
Ct

Sylvian F. Sup. Temp. S.
Ct Cn Cn Br Ct Cn Br

Chimp 11 4 12 4 3 12 7 11
Bonobo 4 0 4 3 4 4 2 4
Gorilla 2 0 2 2 0 2 0 2
Orangutan 6 3 6 2 5 5 5 5

Cingulate S. Precentral S. Postcentral S.
Ct Cn Ct Cn Br Ct Cn Br

Chimp 10 12 0 10 10 5 11 12
Bonobo 1 4 1 4 2 3 3 4
Gorilla 2 2 0 2 2 2 2 2
Orangutan 3 6 1 4 4 1 4 4
In addition to the above, the central sulcus extends to the mesial surface 

in 22 out of 24 hemispheres (the exceptions are one gorilla and one
orangutan hemisphere), the superior temporal sulcus always extends to the 
temporal pole and it does not merge with the Sylvian fissure (with the 
exception of one hemisphere of a bonobo).

Supported by NIH 1 F32 NS10201-01 and NINDS NS 19632. MR scans 
were obtained in collaboration with the Yerkes Regional Primate Research 
Center.

515.10
NEURAL-NETWORK / RULED-BASED HYBRID ALGORITHMS FOR 
AUTOMATIC STRUCTURE IDENTIFICATION IN A 3-D RAT BRAIN ATLAS 
A. Danckaert, D. Talabot-Aver, M. De Francesco, M. Peitsch, N. Guex, JE,
Merlo Pich.* Geneva Biomedical Research Institute, CH1228 Geneva, 
Switzerland.
Recent development in neural network architectures has provided scientists 
in several disciplines with powerful tools for classifying complex objects. This 
approach has been used in the interpretation of the neuroanatomy 
underlying histological brain images with unconvincing results. Here we 
present a system whose architecture is based on a neural network 
sequentially connected to an rule-based algorithm containing 17 rules about 
the basic features of rat brain anatomy. A database of 1700 histological 
images collected from 6 rats brains in both coronal and sagittal cutting 
planes and reprsenting the whole brain was used as learning set and 
neuroanatomical reference for the expert system. The system was designed 
to provide a reliable (p<0.05) estimation of the correct allocation of a section 
in 3D reconstructed stereotaxic brain space, taking care of the differences in 
cutting planes, and the artifactual distortions induced by histological 
processing. A further level of analysis was obtained by applying a 
densitometrical filter optimized to identify a group of anatomical structures 
called “principal landmarks”. Exploiting our database, an averaged 3D 
reconstructed volume of each principal landmark and its relative location in 
the stereotaxic space was obtained. This reconstruction was used as 
reference to test the correct allocation of the a brain section indicated by the 
neural network / ruled-based hybrid algorithm (via a volume-minimization 
algorithm), and to attribute neuroanatomical names to the identified 
structures according to published atlases. All software run on Windows-NT. 
Founding was private.
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515.11
THE RELEVANCE OF TALAIRACH STEREOTAXIC SPACE: A 
DEVELOPMENTAL STUDY. Blanton RE, Thompson PM, Cannestra AF, Mega 
MS, Sharma T, Levitt JL, McCracken JT,* and Toga AW. Laboratory of Neuro 
Imaging, Division of Brain Mapping, Department of Neurology, UCLA, Los 
Angeles, CA 90024

Talairach stereotaxic space, a proportional grid system, is a common brain 
mapping tool used for neuroanatomic standardization while allowing morphological 
comparison. This process involves linear transformations of 12 defined brain regions 
centralized to the anterior and posterior commissures. Limitations with this reference 
system may exist due to parameters of the original Talairach atlas such as fixation, 
sample size, and age.

We compared MR data from a normal pediatric, adult, and elderly group with 
the Talairach reference system to test its suitability for studies of maturational changes 
which necessitate brain standardization. The mean distance between the anterior and 
posterior commissure in each normal group differed significantly from the Talairach 
reference system. Interestingly, no differences were found among the three normal 
groups in anterior to posterior commissure distance. Hemispheric lateral extents were 
compared to the Talairach reference system and were significantly different in child and 
adult but not elderly populations. Differences were also observed between the Talairach 
brain and normal groups in the superior, inferior, dorsal, and ventral extents.

In general, our comparisons suggest the Talairach coordinates for anterior to 
posterior commissure distance may be inappropriate across all age ranges. Other 
defined Talairach parameters may be suitable depending on age. Future investigations 
of other possible reference systems may be needed. Grant Support: NSF 
(9601356); NCRR (RR0596); NLM (LM/MH05639).

515.12
PURKINJE CELL LOSS IN THE ANTERIOR LOBE OF HUMAN 
CEREBELLA FROM CHRONIC SCHIZOPHRENICS. B.B.Andersen* 
andB.Pakkenberg. Neurological Res. Lab., Bartholin Institute, Kommune- 
hospitalet, Copenhagen and Stereological Res. Lab., Aarhus University, 
Aarhus, Denmark.

Cerebella from eight chronic schizophrenic males with no neurological 
disorders (average age 64 yrs) and seven male controls were obtained post 
mortem. The Cavalieri principle was used to provide unbiased estimates of 
the major volumes of the human cerebellum, the optical disector to obtain 
estimates of the numerical density of the Purkinje and granule cells, and a 
combination of these two to get estimates of total cell numbers. The rotater 
was applied to get estimates of mean Purkinje cell volume.

In the anterior lobe of cerebellum a significant loss (32%) was found in 
total number of Purkinje cells in schizophrenics. No significant differences 
in Purkinje or granule cells were found in other subdivisions of cerebellum. 
The volume of cerebella cortex, white matter, dentate nuclei, and vermis 
showed no differences in cell number in the two groups. No statistically 
significant difference was found between the Purkinje cell body volume in 
controls and schizophrenics or in the volume of the Purkinje cell nucleus.

Using unbiased stereological methods in severely affected schizophrenic 
patients and a control group a significant Purkinje cell loss is found in the 
anterior part of cerebellum in schizophrenics. Although this is a small 
sample it could indicate that cerebellum not only plays a role in coordina-
ting motor but also cognitive performances.

BRAIN METABOLISM AND BLOOD FLOW: METABOLISM

516.1
PHARMACOLOGICAL TRANSFORMATION OF SPREADING 
DEPRESSION (SD) RELATED HYPERPERFUSION TO AN ACUTE AND 
LONGLASTING HYPOPERFUSION BY NOS-INHIBITION AND OUABAIN.
J.P. Dreier*, N. Ebert, U. Reuter, T. Wolf, S. Leistner. A. Villringer, U. Dimagl.
Dept. of Neurology, Humboldt University, Berlin, Germany 
We have recently reported the transformation of SD related hyperperfusion to 
an acute and longlasting hypoperfusion by brain topical superfusion with 
artificial cerebrospinal fluid (ACSF) containing a high K+ concentration 
([K+]acsf  = 20 mM) and the NOS-inhibitor NG-nitro-L-arginine (L-NA, 1 mM) in 
a rat cranial window preparation. During the acute hypoperfusion ischemic 
levels of CBF are reached and the brain superficial DC-potential is largely 
increased and prolonged to several minutes. We hypothesized that an 
abnormally high pial K+ concentration composed of the SD-induced K+- 
release on top of the artificially high [K+]Acsf  is important for this SD-induced 
acute vasoconstriction. Vasoconstriction-induced ischemia is expected to 
cause inhibition of the Na+-K+-pump which initiates a vicious circle of 
continued high pial K+-levels provoking continued vasoconstriction.
In this study we demonstrate that direct inhibition of the Na+-K+-ATPase by 
ouabain (5x1 O'6) with normal [K+]ACsf  has the same effect as high [K+]ACsf - 
When applied alone it does not induce acute hypoperfusion but increases the 
DC-potential (control 2.8 ± 2.8 mV; ouabain 9.8 ± 2.8, p < 0.001) with no 
prolongation. Combined with L-NA it induces transformation of the SD related 
hyperperfusion to longlasting hypoperfusion (27.5 ± 9.0 % of the CBF 
baseline = 100 %, duration 11 ± 10 min) with increased and prolonged DC- 
potential (9.9 ± 2.7 mV, p < 0.01; 12 ± 10 min, p < 0.05) (n = 4).

A: 0 min (control] B: 120 min C: 240 min (ouabain 5x10*. 180 min] plus [L-NA 10'3, 120 min]
[ouabain 5x10"®. 60 min]

516.2
CEREBRAL GLUCOSE METABOLISM IN DEVELOPING VERVET 
MONKEYS. A.H, Moore. S.R, Cherry. M.E, Phelps. & D.A.Hovda*. Department 
of Molecular and Medical Pharmacology, UCLA School of Medicine, LA, CA 90095

In order to determine the maturational profile of region-specific cerebral glucose 
metabolism (rCMRglc) in the developing vervet monkey, we used positron emission 
tomography (PET) and [18F]2-fluoro-2-deoxy-D-glucose (FDG). 68 scans (27 
quantitative) were conducted on 50 animals (21 females and 29 males), ranging from 
7 days to 9 years in age. All animals were conscious and in a resting condition during 
the 45 minute FDG uptake period. PET studies were performed by applying 
traditional scanning methods with a high resolution (~5mm FWHM) PET tomograph 
dedicated for animal imaging. Regions of interest (ROIs) included telencephalic and 
diencephalic areas. In the qualitative studies, ROIs were normalized to thalamus. 
Data were analyzed using a least-squares approach, controlling for repeated measures. 
Analysis of the quantitative data demonstrated an interaction between age X ROI that 
approached significance (F8>80=1.348, p=0.066). Thalamus exhibited little change in 
rCMRglc suggesting that stable adult values are achieved very early after birth. Our 
results indicate a critical period of development characterized by an increase in 
rCMRg!c ratios starting at 2 months and peaking at 10-12 months of age. Even 
though increased glucose utilization was seen in all regions during this period, 
magnitude of change differed between regions ranging from 20.8% to 49.9% above 
the values at 2 months of age. The greatest changes were found in frontal cortex and 
striatum (49.9% and 39.2%, respectively). All regions, except the cerebellar 
hemispheres, appeared metabolically constant until approximately 5 years of age at 
which point the initiation of a gradual decline in glucose utilization was observed. 
This developmental profile of cerebral glucose metabolism supports previous studies 
conducted in man and may reflect an important period of neuroplasticity during 
maturation. Supported by the Dana Foundation J920605.

516.3
MICROCALORIMETRIC STUDY OF METABOTROPIC RECEPTOR SIGNAL 
TRANSDUCTION IN LIVING CELLS. O. Zohar1. D. Elbaum2, A. Favit1. D. 
Dahl1*, T, Yoshioka3, D, L. Alkon1, and P, Ross4, ‘LAS, NINDS and 4LMB, 
NIDDK, Bethesda, MD 20892,2Nencki Inst. Exp, Biol., PAN, Warsaw, Poland.
^Dept. Mol. Neurobiol. Waseda Univ. Tokorozawa. Japan.

We have applied microcalorimetry to noninvasively study receptor activated
heat evolution in living eukaryotic cells. Injection of acetylcholine (ACh) into 
suspension of normal Chinese Hamster Ovary Cells (CHO) and CHO cells 
transfected with Ml muscarinic receptor (CHM) results in an increased 
production of heat superimposed on that generated by endogenous cellular 
metabolism. Over the 8 to 10 minute duration of this heat burst, the CHM cells 
produced about 30 pJ per cell more heat than the CHO cells which lack the Ml 
receptor. Cellular integrity is required for this effect since it is abolished when the 
cell is disrupted by trituration. There is no thermal response to ACh by either 
CHO or CHM cells when the aerobic oxidative pathway is inhibited either by 
cyanide or antimycin A. Partial inhibition of the ACh response is observed when 
CHM cells are treated with NaF, a putative inhibitor of anaerobic glycolysis. The 
results suggest that both the aerobic and anaerobic pathways are activated by the 
Ml receptor mediated responses. In order to investigate the muscarinic-agonist- 
induced signal transduction we used the antagonist atropine, the acetylcholine 
esterase inhibitor physostigmine, the phospholipase C (PLC) inhibitor U-73122 
and the protein kinase C (PKC) inhibitor chelerytherine. These all markedly 
suppressed the thermal responses to ACh in the CHM cells but had little effect 
upon the thermal responses of the CHO cells. The IP3 inhibitor wortmannin, on 
the other hand, did not affect thermal responses to ACh in either cell lines. This 
work demonstrates that receptor mediated events and activation of other 
metabolic pathways can be studied by monitoring cellular heat production.

516.4
3-DIMENSIONAL ORGANIZATION OF PERIVASCULAR ASTROCYTE ENDFEET. 
K, Kacem. J. Seylaz, P. Lacombe and G Bonvento* Laboratoire de 
Recherches Cerebrovasculaires, CNRS UA 641, Universite Paris 7, IFR 6, 
75010 PARIS, France.

There is now considerable evidence for a functional metabolic coupling 
between astrocytes and neurons, most likely exerted via the perivascular 
endfeet of astrocytes. Previous light and electron microscopic examinations 
have failed to provide a clear picture of their organization. We have used 
confocal microscopy to examine the three-dimensional structure of the 
astrocyte endfeet and their relationships with the endothelial glucose 
transporter (GLUT1). Rat brain sections were processed for single or double 
fluorescent immunocytochemistry using antibodies directed against Glial 
Fibrillary Acidic Protein (GFAP, specific marker of astrocytes) and the 
Glucose Transporter 1 (GLUT1, 55kD, specific marker of endothelial cells) 
We observed numerous well-defined astrocytes sending one or more endfeet to 
the vasculature. The examination of individual endfeet and intracerebral vessels 
revealed multiple, complex features, including direct apposition of astrocyte 
cell bodies onto blood vessels. Higher magnification showed that the astrocyte 
endfeet consist in well-defined rosette-like structures lying on the vessel wall. 
Double immunostaining of GFAP and GLUT1 showed that the endothelial cells 
were the main targets of these repeated geometrical units formed by the 
astrocyte endfeet. When 3D images were reconstructed, obvious privileged 
anatomical relationships were observed between endfeet and individual 
endothelial cells. This observation offers an anatomical substrate for the 
implication of astrocytes as privileged active intermediates for the uptake of 
glucose from blood to brain. In addition, the digitate appearance of the rosette-
like structures offers the possibility for nerve terminals to directly abut on the 
vessel wall.
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516.5
COMPARTMENTATION OF ,4C-GLUTAMATE AND
14C-GLUTAMINE OXIDATIVE METABOLISM IN RAT BRAIN
H.R. Zielke*. R.M. Collins. Jr.. P.J. Baab and C.L. Zielke. Department of 
Pediatrics, Univ. of Maryland School of Medicine, Baltimore, MD 21201.

Glutamate (GLU) and glutamine (GLN) are closely related chemically, but 
have distinct functions in the brain: GLU as a neurotransmitter and GLN as a 
nitrogen sink. Compartmentalized synthesis of these amino acids contributes 
to their functions. We examined the compartmentation of their oxidative 
metabolism in vivo. The oxidation rates of GLU and GLN were determined 
using microdialyis to both infuse the radioactive substrate and to collect ,4CO2 
generated during their oxidation. To terminate the oxidation and the specific 
activities of GLU and GLN in the interstitial fluid, the radioactive substrate 
was replaced by artificial CSF and 2 min fractions were collected. Following 
clearance of the labeled perfusate, radioactivity in the eluant represents the 
composition of the interstitial fluid. Extrapolation of the specific activity 
back to the time of the change over of perfusate yields the approximate 
interstitial specific activity during the oxidation. The extrapolated specific 
activity for 14C-GLU and 14C-GLN was 124 ± 35 and 5.1 ± 1.6 DPM/pmole, 
respectively, compared to an initial specific activity for ,4C-GLU and ,4C-GLN 
of408 ± 8 and 387 ± 1 DPM/pmole, respectively. The greater dilution of GLN 
compared to GLU is consistent with a difference in concentration of these 
amino acids in the interstitial space. Based on the interstitial specific 
activities, the rate of GLN oxidation exceeded that of GLU oxidation by a 
factor of 4.6. These data, along with the observed appearance of 14C-GLN in 
the interstitial space during 14C-GLU perfusion, indicate compartmentation 
either of uptake and/or oxidative metabolism of GLU and GLN. (HD 16596)

516.6
ALTERED INCORPORATION OF H,4CO3 INTO BRAIN METABOLITES 
DURING SPREADING CORTICAL DEPRESSION. G.A. Dienel* and N.F, Cruz. 
Dept. Neurology, Univ. Arkansas for Medical Sciences, Little Rock, AR 72205

Spreading cortical depression is known to increase the rate of glucose utilization 
(CMRglc) (Science 203:188, 1979) and alter the flow of carbon derived from 
[l4C]glucose into various metabolic pathways. Fpr example, labeling brain lactate is 
increased, whereas flux into amino acid pools is reduced (J. Cereb. Blood Flow 
Metab. 15:97, 1995). The goal of the present study was to determine whether K+- 
induced spreading depression alters metabolic activity in glial cells in vivo. Labeling 
of normal and K+-treated cerebral cortex by two tracers known to be preferentially 
metabolized in glial cells was, therefore, examined. Spreading depression was induced 
in conscious rats by topical application of 5M KC1 to the intact dura via a burr hole. 
About 20 min later, rats were given an i.v. bolus of 500 pCi H14CO3 (n = 5) or 40 pCi 
[l-14C]butyrate (n = 6), and timed arterial blood samples were drawn to determine the 
integrated activity in plasma; 5-6 min later the rats were anesthetized (thiopental, 25 
mg/kg) and their brains frozen in situ. Tissue was dissected out of left and right 
cerebral cortex in parallel and extracted with HC1O4. Physiological variables were 
normal and similar before and 15 min after K+ application; all rats were normoxic. 
Incorporation of HI4CO3 into acid-soluble metabolites in the K+-treated tissue was 86 ± 
8% that of untreated contralateral control cortex (p<0.02, paired t test), whereas total 
14C derived from [l4C]butyrate in the treated tissue was 117 ± 20% of control (p<0.05). 
Labeling by butyrate was 20 times higher than that by HCO3 when the integrated 
plasma activity was taken into account. Thus, K+-induced spreading depression 
influences the direction of change of incorporation of 14C into the glial metabolite pool 
or tissue labeling by butyrate, suggesting that changes in flux of material into the glial 
tricarboxylic cycle during spreading depression might vary with the route of entry into 
the cycle. (Supported by AR Science & Technology Authority Grant 97-B-31 and 
Dept. Neurology, UAMS).

516.7
PATTERNS OF EXPRESSION OF THE UBIQUITOUS MITOCHONDRIAL 
CREATININE KINASE (UmtCK) IN THE MOUSE BRAIN. J. Boero, Z. Khuchua. 
W, Qin. T.A. Woolsev*t. A.W, Strauss. Division of Cardiology, Department of 
Pediatrics and tDivision of Experimental Neurology and Neurosurgery, Department 
of Neurosurgery and tWashington University School of Medicine, St. Louis, MO 
63110.

UMtCK catalyses the transfer of high energy phosphates from ATP to 
creatinine. UMtCK mRNA expression is high in brain, kidney and smooth muscle 
while the sarcomeric MtCK is expressed in heart and skeletal muscle. 
Immunostaining with an antibody to recombinant human UmtCK showed restricted 
patterns of expression in the mouse brain. Large cells showed punctate staining 
typical of mitochondrial proteins. In the cerebellum, UmtCK was detected in 
Purkinje cell dendrites and somata and in stellate, basket cell and Golgi cells. 
Granule cells do not express the protein, but mossy fiber terminals forming rosettes 
are densely stained. All deep cerebellar nuclei and vestibular nuclei express UmtCK. 
In the brain stem many cell groups were well stained including: mesencephalic V, 
pontine and inferior olivary nuclei. UmtCK is in all thalamic nuclei excepting the 
reticular nucleus. Mitral cells of the olfactory bulb, but not granule cells, are well 
stained. Large neurons were labeled in the nucleus accumbens and the subiculum. 
Isolated neurons outside the pyramidal layer in CAI, CA3 and the dentate gyrus 
stained intensely. In the cerebral cortex, most of the pyramidal cells of layer Va stain 
heavily as do occasional larger somata in layer IV and supragranular layers. Neurons 
in the superior colliculus and inferior colliculus (which is metabolically very active 
in awake animals) were not stained. These results show that UmtCK is selectively 
expressed in subpopulations of neurons in the brain and probably reflects their unique 
requirements for energy utilization. Supported by NIH Grants HL 52350, NS 17763, NS 
28781, The McDonnell Center for Studies of Higher Brain Function and the Spastic 
Paralysis Foundation of the Illinois-Eastern Iowa District of the Kiwanis International.

516.8
CEREBRAL BLOOD FLOW AND METABOLISM DURING AND AFTER 
PROLONGED HYPERCAPNIA IN NEWBORN LAMBS. Jane! K, Hino, Billie L. 
Short*, and K. Rais-Bahrami. Dept. of Neonatology, Children's Nafl Med. 
Ctr,George Washington Un., Washington, D.C.

Permissive hypercapnia is a technique that is being used in intensive care units to 
minimize pulmonary damage caused by barotrauma in mechanically ventilated patients 
The effect of this therapy on cerebral physiology has not been fully determined. This study 
evaluated the effects of prolonged (6hrs) hypercapnia (PaCO2, 80torr) and the abrupt 
return to normocapnia on cerebral blood flow and metabolism in newborn (1-7 days) 
lambs. Cerebral metabolism includes cerebral oxygen consumption (CMRO2), cerebral 
oxygen transport (OT) and cerebral fractional oxygen extraction. Cerebral blood flow is 
measured by the radiolabeled microsphere technique. Hypercapnia was induced by using 
a carbon dioxide/oxygen gas mixture, allowing ventilation to not be changed during this 
period. Results from four animals:

PERIOD CBF
mWMgntfMn

CaO2
«MR

CvO2
WWI

OT
mneogmtafe

CMROj
fi*raog/n*»

Extraction

Baseline 64.6+5.6 15.2+1.7 9.0+1.6 9.9+1.9 4.02+.07 0.41+.05
I 1Hr Hypercapnia 243.0+32.2 14.2+1.3 12.4+1.3 34.2+4.4 4 25+0.8 0.13+.03

SHra Hypercapnia 136.8+26.7 13.9+2.2 11.0+2.6 19.2+5.9 3.71+0.9 0.21+.06
^OMin Normocapnia 49.1+17.2 13.5+1.7 7.16+2.0* 6.8+34 3.33+0.7 0.48+.09
pOMin Normocapnia 50.8+15.3 13.2+1.5 7.6+1.5* 6.9+3.0 2.88+1.1 0.43+.08
These preliminary data show that 1hr o hypercapnia resulted in a 280% and 245%
increase in CBF and OT with a 49% reduction in cerebral extraction. CBF and OT 
decreased over the 6 hr hypercapnia period, but remained 112% and 94% above baseline. 
Of concern was the trend toward a reduction in CBF, OT, and CMRO2 after normalization 
from prolonged hypercapnia, indicating a period of cerebral ischemia. Further studies are 
needed to determine the full effect of this observation. Supported through a Children's 
National Medical Center Reseach Advisory Council Award.

516.9
ENERGETIC DEMANDS ON ASTROCYTES POSED BY 
GLUTAMATE TRANSPORT AND GLUTAMATE RECEPTOR 
AGONISTS IN RAT CORTICAL SLICES.
R.A. Swanson*, J.W. Miller. M.T. Espanol. and L. Litt. Depts. of 
Neurology and Anesthesiology, Univ. of California, and VAMC, 
San Francisco, CA 94121.

Since glycogen in the CNS is localized almost exclusively to 
astrocytes, glycogenolysis can be used as an indirect monitor 
of astrocyte energy demand. Glutamate could cause astrocyte 
energy consumption (and glycogenolysis) by stimulating 
glutamate uptake, by actions on astrocyte non-NMDA 
receptors, or by indirect routes mediated by neurons. These 
possibilities were tested using cortical rat pup slices exposed 
to glutamate or non-transported glutamate analogues. 
Glycogen was measured biochemically, while the total 
(combined neuronal and glial) ATP and PCr in the slices was 
monitored by 31P NMR spectroscopy in parallel studies. The 
slices were perfused for 2.5 hours in mock CSF, then exposed 
for 20 minutes to 1mM glutamate or 0.1 mM NMDA, a non- 
transported glutamate receptor agonist. Both glutamate and 
NMDA caused marked reductions in ATP, PCr, and glycogen 
levels, and these reductions were largely blocked by the 
NMDA receptor antagonist MK801. Since astrocytes do not 
express NMDA receptors, these findings suggest that the 
astrocyte energy demands posed by excitatory amino acids 
are mediated indirectly through their actions on neurons. 
Supported by the Dept. of Veterans Affairs

516.10
EVIDENCE FOR PUTATIVE LACTATE-MEDIATED ENERGY TRANSFER 
BETWEEN ASTROCYTES AND AXONS IN RAT OPTIC NERVE
A.M. Brown*, M.E, Mokszvcki, R. Fern & B.R. Ransom 
Dept. of Neurology. University of Washington, Seattle, WA 98195

We used the rat optic nerve (RON) to study the energy utilization of axons 
under a variety of conditions designed to test the hypothesis that astrocytes release 
lactate which can be utilised to fuel action potential conduction in axons. RONs 
were dissected from 45+ day old rats and maintained at 37°C in an interface 
chamber superfused with control solution containing 10 mM glucose bubbled with 
95 % O2 / 5 % CO2. Compound action potentials (CAP) were measured using 
stimulating and recording suction electrodes at either end of the nerve. Extracellular 
pH was recorded using double-barreled ion selective electrodes inserted into the 
RON. One barrel filled with saline was used to record evoked CAP’S and DC levels, 
the other contained H+ sensitive resin (Fluka proton cocktail 95291). A differential 
amplifier was used to resolve pH changes. pH and CAP amplitude were stable for at 
least 2 hours under control conditions. Removal of glucose from the solution for 1 
hour caused a mean reversible alkali shift of 0.07 pH units (n = 4) in the 
extracellular space consistent with a decrease in extracellular lactate. The pH change 
occurred simultaneously with action potential conduction failure. CAP area 
recovered to 44 % (n =,15) following reintroduction of control conditions and pH 
returned to baseline levels. Removal of glucose coupled to inclusion of 50 pM 
quercitin, a lactate transport inhibitor, produced more rapid CAP failure and reduced 
recovery to 25 % (n = 15). This was statistically different than with removal of 
glucose alone (paired T-test, p < 0.05). The associated reversible alkali shift (0.123 
pH units: n = 3) was greater with quercitin than with removal of glucose alone, 
consistent with a larger reduction in extracellular lactate levels. These results are 
consistent with the hypothesis that lactate is conveyed to axons as fuel during 
glucose deprivation. Supported by NIH grant NS 15589 (BRR)
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516.11
POSTNATAL DEVELOPMENT OF CYTOCHROME OXIDASE ACTIVITY 
AND MYELINATION IN FIBER TRACTS IN THE RAT BRAIN. H.P. Nair*, 
T. Collisson, F. Gonzalez-Lima. Inst, for Neuro, and Dept. Psych, Univ. of Texas, 
Austin, Tx. 78712

Cytochrome oxidase (C.O.) is the rate-limiting mitochondrial enzyme crucial for 
oxidative metabolism in animal cells. In adult rats, C.O. is concentrated in gray 
matter and relatively absent in myelinated fiber tracts. However, in fiber tracts of pre- 
and postweanling rat pups C.O. appears elevated relative to adult animals. In this 
study we utilized quantitative image analysis to assess C.O. activity changes within 
particular fiber tracts (corpus callosum, cingulum, fornix, cerebral peduncles, and 
medial lemniscus), in both anterior and posterior regions of the brain, at 12, 17, 21 
and 30 postnatal days (PND) of age in die infant rat. While all fiber tracts showed 
little C.O. activity at 12 PND, there was a significant increase in activity, in all 
anterior tracts, by 17 PND (p<.05). Particular fiber tracts, such as the cingulum 
continued to increase in activity from 17 to 21 PND. Between 21 and 30 PND 
significant decreases in activity were observed in the cingulum and body of the 
corpus callosum (p<.05). A significant decrease in activity in the fornix was observed 
between 17 and 30 days of age (p<.05). In contrast, in posterior regions C.O. activity 
was uniform across both tracts and ages. Quantitative image analysis of the same 
fiber tracts were also performed on alternate brain sections stained with Luxol Fast 
Blue. Between 12 and 30 days of age myelination increased in all fiber tracts. A 
correlational analysis revealed a significant negative correlation between C.O. and 
myelin in the fornix, and a trend for the same in all other regions (p<.05). These 
results suggest that while fiber tracts in the posterior regions of the brain have 
stabilized in their development by 12 PND, anterior tracts continue to organize 
between 12 and 30 days of age. The significant changes in the cingulum and fornix 
may also be related to maturational changes in particular regions innervated by these 
fibers, such as the hippocampus. The negative correlation between C.O. activity and 
myelination may be due to a decrease in metabolic demands as myelination becomes 
established (Supported by NIH ROI MH43353 and NSF grant IBN9222075).

516.12
REGIONAL CEREBRAL METABOLIC RATES REFLECT AGE-AT-LESION 
DIFFERENCES IN HEMINEODECORTICATED CATS. Villablanca, J.R*., Hovda, 
D.A. and Schmanke, T.D. UCLA Mental Retardation Research Center, Los Angeles, 
CA 90024.

To determine age-at-lesion effects of hemineodecortication on local cerebral 
metabolic rates (LCMRglc), brains of cats lesioned at postnatal days 10, 30, 60, 90,
120 and in adulthood were examined using [14C] 2-deoxy-D-glucose autoradiography. 
LCMRglc were measured bilaterally in 50 regions. Taking all gray matter structures 
together, there was a bilateral decrease of LCMRglc for all lesioned groups. This 
decrease was significant (p<.05) for P90, Pl20 and adult-lesioned animals versus 
controls. Ipsilaterally , adult and Pl20 subjects were significantly lower than controls 
in 9 and 11 basal ganglia and thalamic structures respectively (p<01 to .05). In the 
midbrain, the Pl20 group showed significantly lower rates than controls in 5 
structures, as did the P90 and adult groups in 2 structures each (p<.01 to .05). For the 
P10, 30 and 60 groups, there were significant increases over adult-lesioned in 1, 2 and 
3 structures respectively in basal ganglia (p<.05). However, these groups showed 
decreases compared to controls in 3, 6 and 7 structures respectively in the thalamus 
and midbrain. Contralaterally, adult-lesioned subjects showed significant decrements 
compared to P30, 60 and controls in 7, 6 and 8 structures respectively in basal ganglia 
and thalamic areas (p< 01 to .05). In contrast, P10 and 30 groups were significantly 
lower than controls in only 1 structure in these areas. These results suggest a greater 
impact of the hemidecortication on LCMRgk with increasing age-at-lesion and this 
matches our behavioral and morphological results for these subjects.
(Grants USPHS HD-05958, HD-14612, NRSA T32HDO7416).

516.13
QUANTITATIVE CYTOCHROME OXIDASE ACTIVITY AND MOTOR 
COORDINATION IN LURCHER MUTANT MICE. C. Strazielle*, P. 
Kremarik, J.-F. Ghersi-Egea, and R. Lalonde. Universite de 
Nancy 1, Institut Pasteur, Lille et Hotel-Dieu de Montreal. 
Regional brain variations of cytochrome oxidase (CO) activity 
per mg of tissue were analyzed for the purpose of identifying 
those brain regions with abnormal metabolic activity as a 
secondary consequence to the cerebellar atrophy in lurcher 
mutants. In addition, the relation between CO activity and 
motor deficits was determined. By comparison to normal 
littermate controls of the same background strain, lurcher 
mutants had higher CO activity in all three cerebellar deep 
nuclei. Lurcher mutants had higher CO activity in brain 
regions directly connected with the cerebellum, such as the 
lateral vestibular nucleus, the cochlear nucleus, the red 
nucleus, the ventrolateral thalamus, the dorsal raphe, and the 
interpeduncular nucleus. By contrast, there was a decrease of 
CO activity in the inferior olive. Higher CO activity was 
oberved in the inferior colliculus, the trigeminal motor 
nucleus, and the CA1 molecular layer of the hippocampus, 
possibly through transsynaptic alterations as a secondary 
consequence of the cerebellar atrophy. There was a positive 
correlation between CO activity in the red nucleus and 
latencies before falling in two motor coordination tests, an 
indication that a compensatory increase of metabolic activity 
in a cerebellar efferent region is associated with improved 
behavior.
Funded by Association Fran^aise de l’Ataxie de Friedreich

516.14
TRANSGENIC SOD-1 MICE VS WILD-TYPE MICE: COMPARISONS OF 
31P NMR BRAIN ATP IN VIVO AND IN SLICES. M.T. Espanot. L. Lilt*, & 
Haseaawa. L.-H. Chana. T.L. James, and P.H. Chan. Depts. of 
Anesthesia, Neurology, Neurosurgery, and Pharmaceutical Chemistry. 
The University of California, San Francisco, CA 94143
31P NMR brain spectra were obtained in vivo at 4.7 Tesla from adult 
transgenic (Tg) mice (12 months old, 30 gms wgt) that overexpress 
cytosolic superoxide dismutase (SOD-1), and from wild-type siblings. 
The purpose was to determine if control values of ATP, PCr and pHi 
differ in transgenic mice. Second, 31P NMR brain spectra were 
studied ex vivo in respiring cerebrocortical slices obtained from 
younger mice (8 weeks old). For in vivo NMR studies, adult mice 
remained immobile after being anesthetized by spontaneous breathing 
of 1.5% isoflurane. For ex vivo slice studies, methods published 
previously were used more quickly to accommodate the twice faster 
rate of ATP decrease after decapitation. For ex vivo studies, 
hypothermic anesthetized mice underwent intracardiac injection of 
heparinized 4°C saline to cool the brain to 18°C. Ten genotyped mice 
(from different litters) were used for each slice experiment. In vivo, 
the PCr/ATP ratio was 1.43±.O2 for Tg mice, signifcantly lower than 
the ratio obtained from "wild-type" (nTg) siblings, 1.68±0.01. pHi 
was 7.1 for both Tg and nTg mice. In ex vivo studies, 2 hr after 
recovery from decapitation, the PCr/ATP ratio was 1.48±.O6 for Tg 
mice; and 1.52±.O6 for nTg mice. The pHi for each slice group was 
6.9±0.1. The NMR findings are consistent with greater metabolic 
fragility in older SOD-1 Tg mice, and greater challenges in NMR 
studies of brain slices NMR from mice. Supported by NIH Grants: 
GM34767, NS 22022, NS14543, NS25372, RR03841.

516.15

REGIONAL DISTRIBUTION OF COMPLEX I IN RAT BRAIN 
USING IN VIVO LABELING OF MITOCHONDRIAL COMPLEX I 
WITH [3H] DIHYDROROTENONE. D. J. Talpade*, and J.T. 
Greenamyre. Department of Neurology and Program in Neuroscience, 
Emory University, Atlanta , GA 30322

Defects in mitochondrial enzymes have been implicated in several 
neurodegenerative disorders. Also, activities of these enzymes may be used 
to map changes in synaptic firing patterns. There is no information on the 
regional in vivo distribution of these enzymes. We have developed in vivo 
and in vitro assays for complex I using [3H] dihydrorotenone binding. 
Here, we present the regional distribution of complex I in rat brain using 
the in vivo technique. Briefly, rats received a bolus of [3H] DHR 
(500uCi/kg) through the jugular vein and were sacrificed by decapitation
2.5 hrs later. Brains were cut in 20 um sections and exposed to Hyperfilm 
(Amersham) for 12 weeks. [3H] DHR binding was quantified using an 
MCID image analysis system by relating optical density to tritium 
standards. Optical density analysis was also carried out on adjacent sections 
stained for succinate dehydrogenase and cytochrome oxidase. [3H] DHR 
binding was regionally heterogenous with binding being highest in 
olfactory tubercle, cingulate cortex, subthalamic nucleus, dentate gyrus and 
superior colliculus. In addition, [3H] DHR displayed a laminar pattern in 
the cerebral cortex. Binding is minimal in white matter compared to the 
other regions of the brain. The relative levels of binding we obtained in the 
in vivo assay generally fell between the basal and NADH-enhanced levels 
we previously reported in the in vitro assay (Higgins D. S, 1996). This 
technique should be well suited for mapping complex I in the normal 
brain, and also for detecting changes associated with lesions, plasticity or 
neurological diseases. (Supported by a Mallinckrodt Scholar Award and 
USPHS grant AG11755.)

516.16
LACTATE DELIVERY TO THE NEURON IN THE ROSTROMEDIAL 
HYPOTHALAMUS DEPENDS ON FEEDING. A-Y, Goucham . S. Nicolaidis* 
C.N.R.S, UPR 9054, College de France, 11 pi M Berthelot 75231 Paris France.

It was established for several brain areas that, for neuronal activation, neurons 
obtain their energy production from lactate delivered to them by the surrounding 
astrocytes via file extracellular fluid (ECF). The rate of delivery depends on the level 
of the neuronal demand as a function of its own activity. Because structures of the 
rostromedial hypothalamus are implicated in feeding which is switched on and off 
in response to die level of general metabolism, we assessed the possibility that, 
unlike the rest of glial cells, those in this area might have their lactate production 
fluctuate in relation to feeding and to metabolic factors that determine feeding To 
answer this question we used microdialysis either in the ventromedial (VMH) and 
paraventricular (PVN) nuclei or in the lateral area and the floculus of the cerebellum 
(control) in free moving rats. Systemic changes in lactate and glucose were assessed 
in parallel via an intra-juguloartrial catheter implanted to these animals together 
with the microdialysis guide-cannulae. ECF lactate was assayed in 15 min samples, 
before, during and after an ad libitum meal. Only on the hypothalamus did lactate 
rise (28%) during the 75 min following the onset of the meal. To test the local origin 
of the ECF lactate local 2-deoxy-glucose (2DG) was delivered to the dialysed 
population via counter-dialysis while the ECF lactate was assayed. Such a local 
cellular glycoprivation resulted in a rapid drop of ECF lactate to a low steady state 
level. Furthermore, the local diffusion of 2DG also blocked the meal-induced ECF 
lactate increase while the plasma-lactate kept its usual profile. Counter-dialysis of 
glucose in the VMH/PVN area (but not in file cerebellum) also resulted in a rapid 
increase in ECF lactate that lasted longer than the glucose application. These data 
suggest that the VMH/PVN, but not in other structures, the rate of ECF lactate 
delivery is dependent on metabolite availability which depends on feeding , and so 
neuronal activity may transduce file metabolic status into neuronal activation.
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517.1
MEG/fMRI DIFFERENTIATES BETWEEN VENTRAL/DORSAL PROCESSING 
STREAMS. C, Aine*, H. Schlitt*. J, Shawf. D. Ranken, J. Krause1. J. George, and
H.-W. Muller-Gartner1. Biophysics Group, Los Alamos National Laboratory, Los 
Alamos, New Mexico 87545 and institute for Medicine, Research Center Jiilich 
GmbH, 52425 Jiilich, Germany.

A number of stimulus parameters (e.g., eccentricity, spatial frequency [SF], and 
chromatic content) were combined in hope of forming two conditions which may 
differentially activate dorsal versus ventral processing streams (based on results from 
invasive nonhuman primate studies).

Circular sinusoids were presented to foveal and parafoveal/peripheral field locations. 
The foveal stimulus contained isoluminant red/green bands of higher SFs than the 
parafoveal/peripheral stimulus, containing isochromatic yellow/black bands. Stimuli 
were presented randomly and sequentially in a transient fashion for the MEG study. 
Stimuli were blocked for the fMRI study with 30s periods of stimulation (4 
repetitions), where the bands alternated at 2 or 4Hz for the foveal and parafoveal 
conditions, respectively, and 51s baseline periods (5 repetitions). A 122-channel 
Neuromag whole-head system was used for measuring the neuromagnetic responses and 
a Siemens 1.5T Vision Scanner was used to acquire fMRI data (GE EPI sequence with 
TR=3s, TE=66ms, and flip angle= 90°).

As predicted, the fMRI data revealed more regions of activation in the ventral slices 
for the foveal, isoluminant chromatic stimulus. The isochromatic parafoveal stimulus 
evoked primarily VI activation in the same ventral slice. We were unsuccessful in 
showing selective parietal activation using fMRI since we could not image both ventral 
temporal and superior parietal regions. The MEG studies revealed regions of activation, 
in response to an isoluminant, foveal stimulus, which were ventral and lateral to 
responses evoked by peripheral isochromatic and achromatic stimuli. Regions of 
activity evoked by a peripheral achromatic stimulus were more medial and dorsal.
These studies were funded by NIH grants NEI EY08610 and NIMH/NIDA DA09972, 
DOE OHER and the KFA in Jiilich, Germany.

517.2
PATTERNS OF BRAIN ACTIVITY DURING VISUAL IMAGERY. 
Tommi Raij. Jvrki Makela* and Riitta Hari. Brain Research Unit, Low 
Temperature Laboratory, Helsinki University of Technology, P.O. Box 
2200, FIN-02015 HUT, Finland.

Cortical signals associated with visual imagery of letters were recorded 
from 10 healthy adults with a whole-scalp 122-channel neuromagnetometer. 
The stimulus sequence consisted of auditorily presented letters of the roman 
alphabet and of tone pips (17%) in a random order, presented once every 1.5 
s. The subjects were asked to visually imagine the letter corresponding to 
the auditory stimulus and to examine its visuospatial properties, and to react 
by lifting the right index finger when appropriate. After initial activation of 
the auditory cortex, all subjects produced broad task-specific responses 
(non-fingerlift only) starting on average 250 ms after the voice onset. The 
earliest task-specific responses originated in the left precentral area, 
followed by activation of the posterior parietal lobe close to midline 
(precuneus) and of lateral temporo-occipital areas predominantly on the left. 
The left precentral activity quickly returned to baseline, while the other 
areas remained active until the completion of the imagery task. Signs of 
weak late activity in the calcarine cortex were observed in 2 subjects. Some 
of the imagery-related brain areas were also activated by passive viewing of 
real visual stimuli, and some further increased their activity during task- 
induced visuospatial processing of real visual stimuli. The results suggest 
that several brain areas involved in high-level visual perception are also 
activated during visual imagery. Supported by the Academy of Finland and the 
Sigrid Juselius Foundation.

517.3
FMRI ACTIVATION IN AUDITORY CORTEX TO TONE SEQUENCES 
VARYING IN PERCEPTIBILITY. Colder, B. W » and Tanenbaum, L. New Jersey 
Neuroscience Institute, JFK Medical Center, Edison, NJ 08818

Psychophysical studies have shown that people can display responses to stimuli 
that they do not consciously perceive. Examples include above-chance performance 
in forced-choice decisions about the location of objects that subjects cannot see, and 
galvanic skin responses to masked stimuli. Separate neural regions that produce 
differing behavioral responses when presented with the same sensory input may not 
receive the same information describing sensory stimuli. Since regional variations in 
blood flow can indirectly reveal the neural activity associated with sensory stimuli, 
brain imaging techniques could determine how sensory stimuli are represented in 
different brain regions. The current study investigates the relationship between tone 
perceptibility and BOLD fMRI activation recorded from auditory cortex.

Functional MRI activation was recorded from axial slices (7mm thick, .5mm gap, 
pixels 3.75mm2). Stimuli were computer-generated pure tones (960, 980, 1000, 1020, 
1040 Hz), and noise (random numbers). Sounds (1/4 second) of varying 
perceptibility were created by adding a proportion of the tone signal to a proportion 
of the noise signal. Experiments consisted of 12-second conditions containing 
randomly ordered sequences of sounds with identical signal proportions, and 12- 
second conditions with only noise presentations. Subjects raised both index fingers 
while they perceived tones, and rested during periods when no tones were presented.

Initial parametric tests with 4 subjects reveal that subjects consistently perceived 
tones that were 20% or more of the presented sounds, while 1 of 3 subjects perceived 
tones that were 10% of sounds, hi superior temporal gyrus voxels showing stimulus- 
related fMRI activation, sound presentations containing decreased percentages of the 
signal tones elicited less activation than more easily perceived tones. These 
preliminary data suggest that the strength of the neural representation of target 
sounds in auditory cortex decreases as the stimuli become less perceptible.

517.4
CONTRIBUTION OF HUMAN TEMPORAL LOBE 
STRUCTURES IN AUDITORY PERCEPTION OF 
TEMPORAL IRREGULARITY. Ehrle N„ Samson S.* & Baulac
M. Reims Univ., Pitie-Salpetriere hospital, Paris, France.

The effect of left hemisphere lesion in temporal perception is well 
documented but less is known about the cerebral structures involved 
in auditory perception of regularity (i.e. isochrony). The auditory 
thresholds of epileptic patients with either left (LHA) or right (RHA) 
hippocampal atrophy were compared with those of normal control 
(NC) subjects in a psychophysical task involving the discrimination of 
regular versus irregular sequences of clicks. Thresholds were 
measured for five tempi with different inter-onset interval (IOI) of 80, 
300, 500, 800 and 1000 ms using an adaptative procedure with a two 
alternative forced-choice paradigm. The results showed that patients 
with, LHA but not RHA were significantly impaired as compared to 
NC subjects in isochronic discrimination of rapid tempo (IOI = 80 
ms) whereas no differences were observed for the remaining tempi. 
This finding suggests the importance of left temporal lobe structures 
in perceiving local anisochrony (irregularity) of rapid auditory 
sequences.

517.5
ACOUSTIC SPATIAL DEFICITS IN A PATIENT WITH BILATERAL PARIETAL DAMAGE. 
M.L. PHAN*, K.L. SCHENDEL, G.H, RECANZONE1, and L.C, ROBERTSON2 Center for 
Neuroscience, Neurobiology, Physiology & Behavior1, Veterans Administration2, 
University of California at Davis, Davis, CA 95616.

Research has shown that the parietal lobes are involved in spatial representation. In 
humans, bilateral parietal damage results in severe deficits in visual spatial processing 
including spatial disorientation and impaired visual localization abilities. These patients 
have had difficulties in using other modalities such as audition to compensate for their 
visual deficits, unlike persons with primary visual loss. One explanation for this is that 
auditory localization abilities in these patients are also impaired. Alternatively, sound 
localization may be intact while the ability to integrate visual and auditory information 
may be compromised.

To test the first possibility, we characterized auditory and visual localization abilities in a 
patient with bilateral parietal damage in three different localization tasks: an absolute task, 
an implicit relative task, and an explicit relative task. All experiments were conducted in a 
darkened sound booth with echo-attenuating foam. Stimuli consisted of 1kHz tones (60 ± 3 
dB) in auditory tasks and green LEDs in visual tasks (75 or 200 ms duration for both 
stimuli). In the absolute task, a single stimulus was presented at 0, ±12, and ±20 degrees 
from midline. Responses consisted of a verbal report (right, left, or center) of the location 
of the stimulus. In the implicit relative task the subject was required to release a button as 
rapidly as possible whenever he detected a change in the location (12-24 degrees) of a 
repeated tone or light flash. The explicit relative task used the same stimuli but the subject 
was required to verbally indicate the direction in which the stimulus moved.

Performance in the absolute localization tasks revealed similar deficits between auditory 
and visual abilities. In the implicit relative task, however, visual performance was more 
variable than auditory performance. In the auditory task a systematic relationship between 
performance level and distance was observed, while this pattern was not observed in the 
visual task. Performance in the auditory explicit relative task showed only a slight deficit, 
whereas there was a pronounced deficit in the visual version of this task. These data suggest 
that, although there is a deficit in determining the absolute location of both visual and 
acoustic targets, the spatial relationships of acoustic stimuli can still be accessed in this 
patient, despite poor visual localization abilities in both absolute and relative space. 
Funding provided by NSF Grant SBR96-31132 (L.C.R.) and the Klingenstein Fund (G.H.R.)

517.6
SPATIAL AND TEMPORAL PATTERNS OF POLYSENSORY
REPRESENTATION AND THEIR IMPLICATIONS FOR PERCEPTION 
RW Lindslev, AD Mehta. M Javachandra. DC Javitt & CE Schroeder*
Program in Cognitive Neuroscience and Schizophrenia, The Nathan Kline Institute 
for Psychiatric Research, Orangeburg, NY

The unified perception of stimuli that are seen, felt and heard requires 
integration of multimodal inputs, based on their anatomic conjunction, temporal 
pattern and gain of expression. We evaluated the distribution and timing of 
visual, somatosensory and auditory inputs in parietal and temporal lobes of 
awake macaques. Cortical patterns of postsynaptic potentials and concomitant 
action potentials were assessed through laminar current source density and 
multiunit activity profiles, sampled with linear array multielectrodes. As shown 
earlier, visual and somatosensory inputs are co-represented throughout parietal 
cortex. Somatosensory latencies are faster than visual (~8 vs 23 ms) and can 
modulate visual activity. Accordingly, with concurrent stimulation, integration 
occurs; a weak somatosensory input facilitates visual response. In STP, 
somatosensory latencies are shorter than visual (~8 vs 21 ms), but auditory 
latencies (for a source at 1 m) are variable and often long (~25 ms). We have 
observed previously undocumented visual inputs in auditory cortices, possibly 
including Al. There, auditory inputs are reliably earlier than visual (~7 vs 
~50ms). However, visual input has an unusual “bilaminar” activation pattern 
that excludes Layer 4 and is suggestive of a feedback type of input. There is 
indication that the relative gains of inputs are modulated by attention. The 
diverse patterns of anatomical conjunction, relative timing, and attentional 
sensitivity of polysensory inputs elucidate multiple neural bases for cross-modal 
integration and mismatch detection. (Support: MH55620 and a grant from HFSP)
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517.7
BEHAVIORAL AND NEUROPHYSIOLOGICAL CORRELATES OF 
MULTISENSORY INTEGRATION IN HUMANS. M.H. Giard* and F. 
Peronnet. Mental Process and Brain Activation, lnserm-U280, Lyon, France.

The aim of this study was (i) to provide behavioral evidence for auditory- 
visual feature integration during object recognition in humans, and (ii) to 
characterize the processing stages and neural structures where integrative 
processes take place. Event-related potentials (ERPs) were recorded from 30 
electrodes while subjects (n=24) performed a forced-choice RT 
categorization task : at each trial, the subjects had to decide which of two 
objects was presented in pressing one of two keys. The two objects were 
defined by either auditory features alone, or visual features alone, or the 
conjonction of auditory and visual features.

Subjects were more accurate and rapid at identifying the objects on the 
basis of multimodal than unimodal features. Spatiotemporal analysis of ERPs 
and scalp current densities revealed several auditory-visual interaction 
components temporally, spatially, and functionally distinct before 200 ms post 
stimulus. Effects observed were : (1) over occipito-temporal areas, new early 
(from 40 ms post stimulus) neural activities, and amplitude decrease of the 
unimodal visual N185 response ; (2) in auditory cortex, amplitude increase of 
subcomponents of the unimodal auditory N1 around 90-110 ms ; and (3) new 
neural activities over the right temporo-frontal areas (130-180 ms).

In addition, when subjects were separated in two groups according to their 
dominant modality in the unimodal conditions (shortest RT criteria), ERP 
analysis showed that the integration effects affected predominantly activities 
in the sensory areas of the non-dominant modality.

Taken together, the results indicate that multisensory integration is 
mediated by flexible, highly adaptive processes that can take place very early 
in the sensory processing chain, and affect both sensory-specific and non-
specific cortical structures in different ways.

LEARNING AND MEMORY: PHARMACOLOGY IV

518.1
INVOLVEMENT OF ADRENERGIC MECHANISMS IN ONE TRIAL 
CLASSICAL FEAR CONDITIONING OF MICE. Ragna Lohmann*, 
Farahnaz Sananbenesi and Joachim Spiess, Dept. Mol. Neuroendocrinology, 
Max Planck Inst. Exp. Med., 37075 Goettingen, Germany.

The B-adrenergic system is involved in emotional learning and memory. In 
humans, enhanced memory associated with emotional experiences is believed to 
involve activation of the B-adrenergic system. Local injection of noradrenalin 
together with a B-adrenergic receptor blocker into the amygdala was shown to reduce 
the acquisition in emotional memory tests such as the inhibitory avoidance task in 
rats and mice. Furthermore, the alphal-adrenergic system has been found to play a 
role in acquisition of spatial navigation performance, for example in the water maze. 
The objective of this study was to test if the adrenergic system is involved in the fear 
conditioning paradigm, which has also be considered as an emotional memory test.

Male mice (C57BL/6N) were placed into the conditioning chamber, and after 
exposure to the context of the chamber for 180s, a tone (30s, 10kHz, 75dB) 
immediately followed by an electric footshock (2s, 0.7mA, constant current) was 
presented. The behavior in response to the conditioning context, an altered context or 
tone was measured by freezing behavior (%) and activity (cm/s) 24 hours later. 
Restraint, social stress and adrenergic blockers were applied before and after 
acquisition to determine the effect of stress and the adrenergic system on the 
association of tone with the electric footshock. For the adrenergic blockade, different 
concentrations of B-adrenergic receptor blocker (propranolol, 2 - 30 mg/kg), alphal - 
adrenergic receptor blocker (prazosin, 1; 3mg/kg) and alpha2-adrenergic receptor 
blocker (yohimbine, 2; 10 mg/kg) were injected intraperitoneally. No significant 
differences in retention were observed under the described experimental conditions. 
Preliminary results of ICV-injections of a B-adrenergic receptor blocker immediately 
after or before acquisition were found to impair fear conditioning only weakly. Thus 
far, we could not observe any significant modulatory effect of restraint, social stress 
or adrenergic receptor blockade on fear conditioning.
(Supported by the Max Planck Society)

518.2
Fluctuations in Amygdala Norepinephrine Release Following 
Noradrenergic Activation of Brainstem Neurons, Footshock 
Training or Peripheral Injection of Epinephrine. C. L. Williams*, D. 
Men and E, C, Clayton. Dept. of Psychology and Graduate Program in 
Neuroscience, University of Virginia, Charlottesville, VA 22903.

Adrenal hormones released following meaningful experiences involving 
stress or autonomic arousal play a critical role in modulating memory. These 
influences are mediated, in part, by the release of norepinephrine (NE) in the 
amygdala since lesions or blockade of amygdala NE receptors attenuate the 
effects of hormones such as epinephrine (Epi). Given that Epi does not enter 
the CNS, it may indirectly modulate amygdala NE activity by influencing vagally- 
innervated NE neurons that originate in the brainstem and terminate in the 
amygdala. This view is substantiated by the finding that chemical inactivation 
of brainstem neurons in the nucleus of the solitary tract (NTS) attenuates the 
capacity for Epi to elevate amygdala NE levels or improve memory.

In vivo microdialysis was utilized to determine if NTS-NE neurons serve an 
intermediary role in conveying the effects of hormones to the amygdala. We 
assessed whether noradrenergic activation of the NTS elevates amygdala NE 
concentrations comparable to that observed following Epi injection. Dialysates 
were collected from the amygdala at 20 minute intervals and assayed for NE 
content by HPLC-ED. Each animal received an intra-NTS injection of 
clenbuterol (100 ng/0.5 gl), a footshock (0.8 mA for 1 s) or an ip injection of
0.3 mg/kg of Epi at 60, 140 and 220 min., respectively, after the start of the 
experiment. Amygdala NE levels were significantly increased 20 and 40 
minutes (p < .02) after clenbuterol infusion, whereas no significant changes 
were observed after footshock. Amygdala NE concentrations were also 
significantly elevated 20 and 40 minutes after Epi injection. These findings 
provide evidence that brainstem noradrenergic neurons play an integral role in 
modulating NE activity in the amygdala and may provide valuable input to this 
structure during memory processing.

518.3

Noradrenergic Involvement in Acquistion and Extiction of Rabbit 
Classically Conditioned Eye Blink Response. Thomas J. Gould*! & 
Paula C. Bickford*> 2, 2p)ept. of Vet. Affairs Med. Ctr., Denver CO; ^Dept 
of Pharm. Univ. Colorado, Health Sciences Center, Denver, CO 80262.

Norepinephrine (NE) is involved in acquisition of motor tasks. Systemic 
injections of the J3-adrenergic antagonist propranolol delayed acquisition of 
motor learning in rats (Behav. Br. Res.:78’96). A well-studied motor learning 
task is classical conditioning of eye blink responses in rabbits. Cerebellar 
and hippocampal involvement have been demonstrated and NE is found in 
both areas. However, the role of NE in classical conditioning has not been 
well studied. In the present study noradrenergic involvement in acquisition 
and extinction of classical eye blink conditioning in 27 rabbits was 
examined. Propranolol (1 mg/kg, 3mg/kg, 5mg/kg & lOmg/kg) was given 
systemicly throughout acquisition and extinction. Acquisition criterion was 
2 days over 69% CRs and extinction criterion was 2 days with less than 7% 
CRs. Propranolol at 5mg/kg and lOmg/kg significantly delayed acquisition 
and significantly fewer CRs were observed during the first four days of 
acquisition compared to the control group. All groups, however, reached a 
similar performance level. Propranolol did not affect sensitivity to the CS 
(tone) or UR amplitude (air US) thus suggesting NE involvement in 
acquisition of the task. Propranolol did not affect extinction suggesting 
extinction and acquisition are separate processes. This work was supported 
by USPHS grant AG04418, grant AG05686-01 and the VAMRS.

518.4
FACILITATION OF RETENTION PERFORMANCE IN A VISUAL 
DISCRIMINATION OR SPATIAL LEARNING TASK BY SYSTEMIC OR 
INTRA-NTS INJECTION OF EPINEPHRINE. E, C. Clayton* and C, L. 
Williams, Dept. of Psychology, University of Virginia, Charlottesville, VA 22903.

The adrenal hormone epinephrine (EPI) influences storage of emotionally arousing 
events (i.e. fear, anticipation of rewards, etc.). Systemic post-training injection of EPI 
enhances retention in a variety of memory tasks including classical conditioning and 
active or inhibitory avoidance. Previous research suggests that EPI’s effects may be 
mediated by activation of neurons in the nucleus of the solitary tract (NTS), as post-
training chemical inactivation of the NTS attenuates the memory-facilitating effects cf 
EPI. The present studies examined the effects of ip or intra-NTS infusions of EPI on 
retention in a non-aversive Y-maze visual discrimination or win-shift radial maze task. 
Male rats were trained for two days in the Y-maze to choose between a baited 
illuminated arm or a non-baited dark arm in order to receive 3 food pellets. After the 
final trial on Day 2 of training, each animal received an ip injection of saline or one cf 
two doses of EPI (0.05 mg/kg or 0.1 mg/kg). Subjects in the 0.1 mg/kg dose group 
made significantly more correct responses in the discrimination task relative to saline- 
injected controls on retention tests given 48 hours (p < .03) and 7 days (p< .01) after 
training.

Animals were also trained on a win-shift radial maze task until their performance 
reached a criterion of at least 80% correct responses on two consecutive days. On the 
following day, PBS or one of three doses of EPI (25 ng/gL, 250 ng/gL, 500 ng/gL) 
was infused into the NTS immediately after the animals obtained food pellets from 4 
non-blocked alleys. On a retention test given 18 hours later, the 250 ng/gL group 
made a significantly greater percentage of correct responses (p < .01). These 
experiments confirm previous findings and extend their results by suggesting a 
potential site in the CNS where EPI may produce effects to influence memory 
processing on tasks other than those mediated by aversive events.
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518.5
GLUCOCORTICOID RECEPTOR ANTAGONIST INFUSED INTO THE 
BASOLATERAL AMYGDALA INHIBITS THE MEMORY-ENHANCING 
EFFECTS OF THE NORADRENERGIC AGONIST CLENBUTEROL. G. L. 
Ouirarte*1’3, B. Roozendaal1 and J. L. McGaugh1,2. 1. Center for the Neurobiology of 
Learning and Memory; 2. Departments of Psychobiology and Pharmacology, 
University of California, Irvine, CA 92697-3800 and 3. Center of Neurobiology, 
National University of Mexico, Queretaro, Qro, Mexico 76001.

Previously we demonstrated that infusions of |3-adrenergic antagonists in the 
basolateral nucleus of the amygdala (BLA) blocked the memory-enhancing effects of 
systemic posttraining administration of glucocorticoids. The present study examined 
further glucocorticoid-adrenergic interactions in the BLA in modulating memory 
storage. Male Sprague-Dawley rats, with bilateral cannulas in the BLA, received 
microinfusions of vehicle or the specific glucocorticoid receptor (GR or type II) 
antagonist RU 38486 (1 ng in 0.2 p.1) 10 min before training in an inhibitory 
avoidance task and immediate posttraining infusions of saline or the P-adrenergic 
agonist clenbuterol (1, 10 or 100 ng). In both the vehicle, and GR-antagonist-treated 
rats, clenbuterol enhanced retention latencies in a dose-dependent fashion. However, 
the GR antagonist shifted the dose-response effect of clenbuterol. In rats given the 
GR antagonist, the dose required for memory enhancement was 100 times that 
required for vehicle-treated controls. In another experiment, rats received infusions 
of the specific GR agonist RU 28362 (1, 3 or 10 ng) together with the Pi-adrenergic 
antagonist atenolol (0.5 pg) in the BLA immediately after training. The GR agonist 
enhanced memory in a dose-dependent way, but this effect was completely blocked 
by the concurrent administration of the p-blocker. These findings suggest that 
glucocorticoids may exert their effects on memory storage via a permissive action on 
noradrenergic mechanisms in the BLA.

Research supported by DGAPA-UNAM (GLQ), an R. W. and L. Gerard Trust 
Fellowship (BR) and USPHS MH12526 from NIMH and NIDA (JLM).

518.6
EFFECT OF ai-ADRENOCEPTOR AGONISTS AND a2- 
ANTAGONIST ADMINISTERED INTO HIPPOCAMPUS ON 
SPATIAL LEARNING.
R. Martinez-Contreras. O.Villegas. V. Aleman2* and I.D. Limon1. Depto 
Farmacia Cs-Qunnicas-BUAP1, Puebla.-C.P.72570. Mexico. Depto. 
Neurociencias2-CINVESTAV-IPN. A.P. 14-740. Mexico 07000.

The locus coeruleus is tlie main source of noradrenergic afference to 
hippocampus. We have previously shown the effects i.p. administration of 
noradrenergics drugs on spatial learning. (Limon et al., 1994, Soc. Neurosci. 
Abst. 20: 152). Ninethy-day old male Wistar rats were surgically implanted 
with a cannule ipsilaterally into the right hippocampus.The learning conditions 
(No.of trials /No. of opportunities of entries to arms) were: 3/8, 5/5 first day, 
8/4 second day and 8/3 third day of training. Fifteen minutes after the DL- 
methamphetamine (10 pg), noradrenaline (lpg) two as-noradrenergic agonists 
and idazoxan (lpg) a2-noradrenergic antagonist administration (1 pi) into CA3 
region animals were tested for spatial learning in a radial maze.These drugs 
improved learning performace during the acquisition of a radial maze task, 
35%, 40% and 20% above control levels respectively. These methamphemine 
and idazoxan-induced effects were not abserved in rats treated with lOpg 
DSP4 administered ten days before the drug administration into same side of 
the hippocampus. These findings indicate that noradrenergic system of 
hippocampus is important for acquisition of learning in a radial maze.

518.7
INTRA-HIPPOCAMPAL PERFUSIONS OF PROPRANOLOL ENHANCE 
SPONTANEOUS ALTERNATION SCORES AND DECREASE BASAL 
HIPPOCAMPAL ACh RELEASE. S.N. Pal and P.E. Gold*. Dept. of Psychology, 
Univ. of Virginia, Charlottesville, VA 22903.

Hippocampal acetylcholine (ACh) output increases while rats are tested in a 
spontaneous alternation task. Epinephrine and norepinephrine (NE) are known to 
improve performance of rodents in many learning and memory tasks, perhaps by 
interacting with ACh to influence learning and memory. The present experiment 
determined whether intra-hippocampal administration of propranolol, a 13-adrenergic 
receptor antagonist, would affect spontaneous alternation scores in rats and would, at 
the same time, influence hippocampal ACh release. Guide cannulae for microdialysis 
probes were implanted unilaterally in the hippocampus. A microdialysis probe was 
inserted just prior to the experiment and 8 dialysate samples (25 pi in 12 min) were 
collected for analysis for ACh content by HPLC-EC detection. The first three samples 
provided baseline measurements. For propranolol treatment, the dialyzing solution 
was changed from aCSF to 1.3 mM propranolol in aCSF for one sample, beginning 24 
min prior to spontaneous alternation testing in a plus maze. 1.3 mM propranolol, 
delivered through the microdialysis probe, significantly decreased basal hippocampal 
ACh output in rats. However, the drug enhanced their spontaneous alternation 
performance in the plus maze. Spontaneous alternation testing augmented 
hippocampal ACh release in control rats, with a proportional increase over the new 
(reduced) basal levels of ACh in the propranolol-treated rats. The results suggest that 
while 6-adrenoceptor activation might control basal levels of ACh release, factors in 
addition to adrenergic control must be responsible for the increase in ACh release 
evoked during spontaneous alternation testing. Thus, the findings identify a condition 
under which blockade of hippocampal noradrenergic 13-receptors enhances 
performance in a spatial task and under which neither basal ACh release nor the 
testing-related increase of ACh release in hippocampus is tightly related to 
performance. Supported by NIA (AG07648) and NINDS (NS329I4).

518.8
INFLUENCE OF THE DOPAMINE D3 RECEPTOR AGONIST 
/?(+)-7-HYDROXY-7V,/V-di-/z-PROPYL-2-AMINOTETRALIN ON 
MEMORY PROCESSES IN MICE. M Ukai*. T. Tanaka and T, 
Kamevama. Department of Chemical Pharmacology, Faculty of 
Pharmaceutical Sciences, Meijo University, Nagoya 468, Japan.

The present study was designed to determine the effects of the 
putative dopamine D3 receptor agonist /?(+)-7-hydroxy-N,N-di-n- 
propyl-2-aminotetralin (/?(+)-7-OH-DPAT) on passive avoidance 
learning in mice, while subsequently the effects of 7?(+)-7-OH-DPAT 
were characterized by using the dopamine Di receptor antagonist /?(+)- 
7-chloro-8-hydroxy-3-methyl-1 -phenyl-2,3,4,5-tetrahydro-1//-3- 
benzazepine maleate (R(+)-SCH23390) and the dopamine D2 receptor 
antagonist S(-)-sulpiride. We further examined the effects of R(+)-7- 
OH-DPAT on spontaneous locomotor activity in mice. /?(+)-7-OH- 
DPAT (0.1-100 u g/kg, s.c.) administered before training, 
immediately after training, and before retention significantly shortened 
step-down latency of passive avoidance learning, indicating the 
amnesic effects of /?(+)-7-OH-DPAT. Neither J?(+)-SCH23390 (2.5 
and 5 u g/kg, i.p.) nor 5(-)-sulpiride (10 and 30 mg/kg, i.p.) 
markedly influenced the 7?(+)-7-OH-DPAT (10 and 100 u g/kg, 
s.c.)-induced amnesia. In addition, only a 1000 u. g/kg dose of /?(+)- 
7-OH-DPAT decreased locomotor activity, although 1 and 100 u g/kg 
doses of the drug were ineffective. These results suggest that the 
amnesic effects of the dopamine D3 receptor agonist 7?(+)-7-OH-DPAT 
are not mediated via dopamine D, or D2 receptors in the brain.

518.9
Place Conditioning in rats with the Dopamine D1-Like 
Agonist SKF 82958 but Not SKF 81297 or SKF 77434
B,s, Abraham?1*, J.D. KmhexM1, P.E. MalletL & R.J. Beningert2. Depts. 
1 Psychology and 2Psychiatry, Queen's University, Kingston, ON. K7L 3N6 Canada.

While self-administration and place conditioning studies have shown that dopamine 
D2-like receptor agonists produce reward-related learning, the effects of Dl-like 
receptor agonists remain equivocal. The present study tested three Dl-like agonists for 
their ability to induce a place preference in male Wistar rats. The paradigm employed 
was composed of three phases: pre-conditioning, conditioning, and test. The amount 
of time spent in each of two distinct compartments (and a tunnel connecting these 
compartments) was measured during three 15-min pre-conditioning sessions. Eight 
30- min conditioning sessions followed during which animals were alternately given a 
systemic injection of one of amphetamine (2.0 mg/kg), SKF 82958 (0.0, 0.01, 
0.025, 0.05, 0.075, 0.10 mg/kg), SKF 81297 (0.25, 0.50, 1.0, 2.0, 4.0 mg/kg) or 
SKF 77434 (0.20, 1.0, 5.0, 10.0 mg/kg) and then placed in one of the two 
compartments, or given a systemic injection of the corresponding agent’s vehicle and 
placed in the other compartment. Locomotor activity was measured during 
conditioning sessions. The amount of time spent on the drug-paired side of the 
apparatus was assessed during three 15-min test sessions following the completion of 
the conditioning phase. Like control rats treated with amphetamine, rats treated with 
SKF 82958 during conditioning (0.05 mg/kg s.c. or i.p.) showed a significant 
increase in the proportion of time spent on the drug-paired side during the drug free 
test. Neither SKF 81297 nor SKF 77434 were seen to produce place conditioning. 
Significant increases in locomotion were seen at some doses of all drugs. Results 
show for the first time that systemic administration of a Dl-like agonist produces a 
place preference and are consistent with previous findings showing that Dl-like 
receptor activation results in reward-related learning. (Supported by NSERC)

518.10
ATTENUATION OF LEARNED FEAR TO BOTH ACOUSTIC AND 
CONTEXTUAL CONDITIONED STIMULI BY AMYGDALOID 
DOPAMINE ANTAGONISM. F.A. Guarraci*, R.J. Frohardt, S.L, Young, 
and B.S. Kapp, Dept. of Psychology, University of Vermont, Burlington, VT., 
05405

The mesencephalic dopaminergic (DA) system provides a rich innervation of 
the amygdala, and in particular its central nucleus (ACe). Activation of the 
mesoamygdaloid DA system has been reported to occur in response to 
conditioned fear-arousing stimuli (Coco et al., Brain Res., 590.1992) which 
also affect the firing of dopamine-containing neurons in the ventral tegmental 
area (Guarraci and Kapp, NeuroSci. Abs., 21,1995). These results suggest 
that dopamine release in the amygdala may contribute to the acquisition and/or 
expression of conditioned fear. The present study was designed to 
investigate the effects of bilateral amygdaloid microinfusions of the selective 
D-| receptor antagonist, SCH23390 (2pg/0.5pl/side), on the acquisition and 
expression of acoustic and contextual Pavlovian fear conditioning in the rat.

Female rats were implanted with bilateral cannulae immediately dorsal to the 
ACe. Following post-operative recovery, the rats were randomly assigned to 1 
of 4 groups: 1) SCH23390 prior to conditioning and to a retention test 24 
hours later; 2) saline prior to conditioning and to the retention test; 3) 
SCH23390 prior to conditioning only; 4) SCH23390 prior to the retention test 
only. During conditioning, each rat received three 24 sec tones (2000 Hz, 80 
dBs) which were immediately followed by footshock (0.5 sec, 0.5 mA). 
Conditioned fear was assessed by freezing behavior to the acoustic and 
contextual stimuli. Infusions of SCH23390 before training, before testing or 
before both significantly attenuated learned fear to both acoustic and 
contextual fear stimuli. In conclusion, these results suggest that DA 
transmission in the amygdala, and perhaps within the ACe, contributes to both 
the acquisition and expression of learned fear. Supported by an NRSA 
F31MH11627-01 and the UVM Dept. of Psychology.
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518.11
INHIBITION OF PROTEIN KINASE A IN THE NUCLEUS ACCUMBENS 
BLOCKS CONDITIONED, BUT NOT UNCONDITIONED, LOCOMOTOR 
STIMULATION BY AMPHETAMINE. M.A. Sutton*1. K. McGibney1. and 
RJ. Beninger.1’2 Depts. Psychology1 and Psychiatry2, Queen’s Univ., 
Kingston, Canada, K7L 3N6.

Reward-related learning depends critically on the cyclic AMP (cAMP) second 
messenger system that is activated and inhibited, respectively, by DI- and D2-like 
dopamine receptors. For example, previous work from our laboratory has 
demonstrated an important role for cAMP-dependent protein kinase (PKA) in the 
conditioned place preference produced by amphetamine infusion into the nucleus 
accumbens. The present study attempts to clarify the nature of this role, by 
assessing conditioned and unconditioned effects of amphetamine when PKA is 
inhibited. Rats (H = 102) underwent three 60-min conditioning sessions, in 
which a test environment was paired with bilateral co-infusions of amphetamine 
(25 (ig/side) and the PKA inhibitor Rp-cAMPs (0, 2.5 ng, 250 ng, 500 ng, 1 pg, 
10 pg, 20 pg/side). Two additional groups - one receiving saline prior to each 
conditioning session, and the other receiving the same dose of amphetamine after 
each conditioning session - served as control subjects. Conditioned locomotor 
activity was assessed drug-free during a subsequent 60-min session in the same 
test environment, prior to which subjects received bilateral sham injections. 
Amphetamine/Rp-cAMPs co-infusions produced acute locomotor-enhancing 
effects across all doses, relative to the control groups. When tested drug-free, the 
animals that received amphetamine during conditioning also showed significantly 
higher motor activity than did control subjects. This conditioned locomotor 
activity effect of amphetamine was attenuated by 1 pg Rp-cAMPs and was 
completely reversed by the higher doses of this drug. These results suggest that 
the mechanism by which properties of amphetamine become conditioned to 
environmental stimuli involves the activation of PKA in the nucleus accumbens 
by stimulation of DI-like receptors. (Funded by the Natural Science and 
Engineering Council of Canada)

518.12
Effect  of  amphetamine  on  latent  inhibition  of  fear - 
potentiated  STARTLE IN RATS. C. Schauz* and M. Koch. Tierphysiologie, 
Universitat Tubingen, Auf der Morgenstelle 28, 72076 Tubingen, Germany.

The possible therapeutic perspectives of information about brain mechanisms that 
inhibit fear makes the establishment of animal models of inhibition of fear an at-
tractive aim. The neuronal substrates mediating the acquisition and expression of 
fear-potentiated startle in rats are already well characterized, whilst the mechanisms 
underlying the suppression of fear are less well known. We report on experiments 
showing that fear-potentiation of the acoustic startle response (ASR) can be attenua-
ted by latent inhibition (LI). LI is a phenomenon in which the non-reinforced preex-
posure of rats to a stimulus prior to a classical conditioning procedure retards 
conditioning to that stimulus. Rats were preexposed (2 x 40 times) to a light which in 
a subsequent training session was paired with footshocks. Non-preexposed rats 
served as controls. Since previous experiments showed that LI is disrupted in rats 
treated with amphetamine, we also tested the effect of amphetamine on LI. Fear- 
potentiation of the ASR was assessed by comparing the ASR amplitudes in the 
presence vs absence of the CS. The ASR in the presence of light was significantly 
less potentiated in the preexposed rats compared to the non-preexposed controls, 
demonstrating the effect of LI on fear-potentiation of the ASR. Consistent with other 
LI paradigms, this effect was abolished by systemic application of 1.5 mg/kg amphe-
tamine during preexposure and conditioning.

Our data show that fear-potentiation of the ASR can be attenuated by LI. LI was 
abolished following amphetamine-treatment supporting previous reports on the 
regulation of the acquisition of LI by the dopaminergic system. The neuronal me-
chanisms underlying the enhancement of the ASR are already well characterized. 
This fact offers the opportunity to systematically investigate the brain sites where the 
Ll-circuitry exerts its inhibitory effects on fear-mediating structures in the rat.

Supported by the DFG (SPP 1001 and Ko 1125/4-1).

518.13
LOW-DOSE METHAMPHETAMINE IMPAIRS PERFORMANCE ON AN 
EYE MOVEMENT TASK IN THE MACAQUE MONKEY S. Shirazi*. 
B. Jagadeesh. R, Desimone. Laboratory of Neuropsychology, NIMH-NIH, 
Bethesda, MD 20892.

Children with ADD are characterized by attention deficits, distractibility and 
increased motor activity. Likewise, children with ADD are more likely to make 
intrusive errors and errors of commission when tested in delayed anti-saccade 
tasks (D. Hommer et al, J Am Acad Child Adolesc. Psych, 1994). These types of 
errors are also common in normal adult macaques performing eye movement 
tasks. Because low-dose stimulants improve the ability to inhibit unwanted 
movements and activity in both normal children and ADD, we tested whether a 
stimulant would have a comparable effect in the effect in a monkey. If so, this 
might provide a model for understanding the neural basis for stimulant effects 
on unwanted motor activity.

The monkey maintained fixation on a spot on a screen for 700-1250 ms, at 
which point two distractor stimuli appeared at extrafoveal locations. After the 
distractor stimuli were turned off, two choice stimuli were also presented at 
extrafoveal locations. The monkey was rewarded for making a saccadic eye 
movement to the positive stimulus in the pair. The monkey made persistent 
errors. Although the monkey learned to saccade to the positive stimulus with 
high accuracy (80%) and short latency (140ms), the monkey made intrusive 
saccade errors, most commonly looking at the distractor stimulus, causing many 
(60%) trials to be aborted. After the monkey learned the task, the monkey was 
given alternating weeks of drug (0.0625 - 1.0 mg/kg) or saline control, with an 
IM injection 20 minutes before each session. There was no effect of the drug on 
the monkey’s ability to select the positive stimulus. However, there was a 
dose-dependent impairment in the ability to maintain fixation before the 
presentation of the distractor stimulus and immediately after the onset of 
fixation. On trials without eye movement errors during this period, however, the 
performance of the monkey was similar on drug and control days. Supported by 
NIMH-IRP.

518.14
DEXTROAMPHETAMINE AUGMENTS EFFICIENCY OF WORKING 
MEMORY RELATED NEURAL ACTIVITY: A fMRI STUDY. VS Mattay*,
JH Callicott, A Bertolino, T Sinnwell, AKS Santha, RC Coppola, TE Goldberg,
I Heaton, KF Berman, JA Frank, DR Weinberger, CBDB, NIMH, NIH,
Bethesda, MD 20892

Neuroscience literature suggests that dextroamphetamine has the capacity to 
improve cognitive efficiency via cognitively specific signal augmentation (Mattay et 
al, J Neuroscience, 1996, 16(5) :4816-22). Recent neuroimaging data suggests that 
there is a capacity constraint in the key nodes of the putative network underlying 
working memory (Callicott et al., Proceedings of ISMRM 1997, 2:717), in that as 
working memory load increased, increased extent of activation did not correlate with 
improved performance. The current study was performed to test if 
dextroamphetamine via its capacity to enhance physiologic signal to noise can alter 
the capacity constraint in working memory circuits. We studied five healthy normal 
subjects with a whole brain echo planar imaging protocol (Mattay et al., Radiology; 
(201):399-404) while they performed a novel version of the “n” back working 
memory task at different levels of increasing working memory load (no back NB, 
two back 2B and three back 3B). Dextroamphetamine (0.25 mg/kg) or placebo was 
administered in a double - blind counterbalanced design 2 hr before the fMRI study 
in sessions separated by 1 - 2 weeks. Regional spatial extent of activation was 
determined via stringently-thresholded, voxel-wise student’s t test maps quantified 
with blindly-drawn regions of interest. Results show that while subjects were on 
dextroamphetamine, as working memory load increased from 2B to 3B, an increase 
in activation in the left prefrontal cortex correlated strongly with improved 
performance ( Pearson’s R = 0.81). Similar to the findings of Callicott et al (vide 
supra), on placebo, increased activation from 2B to 3B did not correlate with better 
performance. These results are consistent with the notion that the 
neurophysiological effects of dextroamphetamine may enhance cognitive efficiency.

518.15
MODULATION OF MEMORY CONSOLIDATION PROCESSES IN CD1 
MICE FOLLOWING POST-TRAINING COCAINE, SKF 38393 AND LY 
171555 ADMINISTRATIONS. V. Cestari*. A. Oliverio. A. Ciamei.
C. Castellano. 1st. di Psicobiologia e Psicofarmacologia (CNR), 
via Reno 1 - 00198 Roma, Italy.

Recent researches have shown that cocaine influences 
retention in mice through dopaminergic (DA) system. Thus 
we carried out some experiments in CD1 mice tested in active 
and passive avoidance. In the first experiment (active 
avoidance) the effects of the post-training administration of 
cocaine, of the DI DA receptor agonist SKF 38393 (SKF) and of 
the D2 DA receptor agonist LY 171555 (LY) in mice of 
different ages (30 and 60 days) were assessed. All drugs 
enhanced retention of 60 days but not 30 days old mice. This 
might be explained in terms of age-dependent differences in 
the development of the structures and systems responsible 
for the effects observed. In the second experiment the drugs 
were intraamygdala injected post-training in 60 days old 
mice tested in passive avoidance. All drugs improved 
retention. In addition, by themselves ineffective doses of SKF 
and LY enhanced the memory facilitation induced by an 
effective dose of cocaine. The results of the second 
experiment suggest that amygdala mediates the effects of 
cocaine. They suggest moreover that SKF and LY improve 
memory by acting on amygdala and that amygdala is 
involved in the interaction between cocaine and the DA 
system in passive avoidance condition.

518.16
A COMPARISON OF THE TRI-PEAK AND PEAK-INTERVAL 
PROCEDURE IN RATS: EQUIVALENCY OF THE CLOCK SPEED 
ENHANCING EFFECT OF METHAMPHETAMINE ON INTERVAL 
TIMING. Matthew S, Matell*. and Warren H. Meek, Department of Psychology: 
Experimental, Duke University, Durham, NC 27708.

Previous research has demonstrated a proportional horizontal leftward shift in the 
expected time of reinforcement after methamphetamine administration on the Peak- 
Interval procedure. This procedure is a variant of a fixed-interval procedure 
incorporating non-reinforced probe trials, which allows a single time of expected 
reinforcement to be determined on each trial. We have recently developed the Tri-Peak 
procedure for rats enabling an assessment of three times of expected reinforcement on a 
single trial. Subjects are required to time three fixed-intervals of 10s, 30s, & 90s. 
Responding for each interval is done on a different spatially separated response lever. 
On each trial, one of the three intervals is primed or a non-reinforced probe trial is 
randomly chosen, all with equal probability. On a single trial, the rat begins 
responding primarily on the 10s lever. If reinforcement is not delivered, the rat will 
switch to responding on the 30s lever. This pattern of responding and switching 
carries on until reinforcement is obtained or until the trial times out. In order to 
compare these two procedures, 10 month old male Sprague-Dawley rats were trained 
on either the Tri-Peak procedure or a 30s Peak-Interval procedure. Comparisons 
between the 30s response functions obtained from each procedure were made after 
saline or methamphetamine (0.5, 0.75, 1.0, 1.25, 1.5 mg/kg IP) injections in terms 
of a) accuracy and precision of mean peak functions, b) within- and between-session 
variability in peak time and peak rate response measures, and c) the magnitude and 
proportionality of horizontal displacements of peak time measures as a function of 
drug dose. Results indicate that the Tri-Peak procedure leads to greater precision, and 
less within- and between-session variability under baseline conditions. Additionally, 
equivalent horizontal leftward shifts of peak time (indicative of an increase in the speed 
of an internal clock) were obtained in both procedures as a function of dose of the 
drug. (Research Supported by MH54799 to WHM.)
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518.17
EFFECTS OF METHAMPHETAMINE ON THE REPRODUCTION OF 
TIME INTERVALS BY STARLINGS. Melissa Bateson*. L. C, Pauldine and 
W, H. Meek. Department of Psychology, Duke University, Durham, NC 27708.

The existence of an internal clock capable of timing intervals in the seconds-to- 
minutes range has been demonstrated in a range of vertebrate species and is thought to 
be vital for efficient foraging behavior. However, little is known about the neural 
basis of these clocks outside the rat. The aim of this study was to establish 
similarities between the mechanisms of interval timing in rats and in the European 
starling (Sturnus vulgaris), a species of passerine bird extensively used in studies of 
foraging behavior. Specifically, we sought to investigate whether methamphetamine, a 
dopamine agonist that causes the rat pacemaker to increase in speed, has similar effects 
in starlings. We used a timing task known as the tripeak procedure in which the birds 
were required to time three fixed intervals of 10, 30 and 90s. Each interval was 
associated with a different pecking key, and in any trial only one of the three intervals, 
randomly chosen, was reinforced. Thus within a single trial, a well trained bird should 
begin by pecking on the 10s key, then if reinforcement is not delivered there, move to 
the 30s key and finally, if reinforcement is not delivered there either, move to the 90s 
key. The patterns of pecking on non-reinforced keys were fitted by Gaussian functions, 
the means and standard deviations of which served as measures of the accuracy and 
precision of the bird’s internal clock, respectively. After establishing stable baseline 
performance we subjected the birds to a range of doses (l-8mg/kg) of 
methamphetamine injected i.m. immediately before the session. At intermediate doses 
(e.g. 4mg/kg) the drug caused a proportional leftward shift in the timing functions, 
consistent with an increase in pacemaker speed. We were able to see differential effects 
of the drug within the 4-hour session: the leftward shift appeared in the middle of the 
session as the drug reached maximum effect, and then disappeared in the final third of 
the session as the drug wore off or relearning of the intervals occurred. We observed a 
dose response: saline had no effect on the functions, low doses of drug (lmg/kg) had 
small effects, and high doses (8mg/kg) caused disruption. Our results are similar to 
those found in rats, and therefore support a common neural basis for the pacemaker 
used in interval timing in mammals and birds. (Supported by the Wellcome Trust.)

MOTIVATION AND EMOTION III

519.1
THE NEURAL BASIS OF RELIGIOUS EXPERIENCE. V.S.Ramachandran*, 
W.S. Hirstein, K.C. Armel, E.Tecoma, & V. Iragui. Brain and Perception 
Laboratory, 0109, Univ. of California, San Diego, La Jolla, CA, 92093.

Patients with temporal lobe seizures (especially with TLE) sometimes 
experience 'God' and religious ecstasy during seizures and are intensely religious 
(Geschwind, Bear & Fedio). There are three possible reasons for this that are not 
mutually exclusive: a) The odd, inexplicable feelings lead the patient to religious 
beliefs, b) There is a permanent facilitation of connections between IT and the 
amygdala which causes the patient to see deep cosmic significance in everything 
around him and this may be akin to a religious experience, c) There may be 
dedicated neural machinery in the temporal lobes concerned with "religion". This 
may have evolved to impose order and stability on society, i.e. "conformist 
behavior" (which the priesthood sometimes exploits).

To explore this we used skin conductance response (SCR) to indirectly measure 
the strength of connections from IT to the amygdala. Our question was, would 
there be a selective augmentation of connections concerned with religious belief 
and God, or only a general augmentation? We measured SCRs to neutral stimuli 
and compared them with SCRs to three types of'emotional stimuli': religious, 
violent, and sexual, in three populations: TLE patients who had religious 
preoccupations, normal “very religious” people, and normal non-religious people.

In the latter two groups, SCRs were maximal to sexual stimuli, but rarely 
selectively high for religious words, whereas in the TLE patients, there appeared to 
be a selective enhancement of SCRs for religious words and icons, above the level 
found in the religious controls. If these preliminary results hold up, they may 
indicate that the neural substrate for religion and belief in God may partially 
involve circuitry in the temporal lobes, which is enhanced in some patients. Of 
course, far from invalidating religious experience this merely indicates what the 
underlying neural substrate might be.

519.2
PHYSIOLOGICAL RESPONSE TO AROUSAL AND IMPAIRED 
EMOTIONAL EXPRESSION IN ALEXITHYMIA. K. A. Nielson* and
L. F. Stone. Department of Psychology, Marquette University, P. O. Box 1881, 
Milwaukee, Wisconsin, 53201-1881.

Alexithymia is the inability to describe or differentiate one’s feelings and it 
is often manifested in a preoccupation with physical symptoms or external 
events. Differences in physiological arousal state and subjective emotional 
intensity before and after exposure to an emotionally arousing or non-arousing 
video among young adult subjects in the first (lower) and fifth (higher) quintiles 
Mi the Toronto Alexithymia Scale (TAS) were investigated. Emotional intensity 
was measured both pre- and post-video by self-report on the Emotional Intensity 
Scale (EIS). Physiological arousal was assessed using continuous heart rate and 
galvanic skin response measures. In the low-TAS group, those exposed to the 
arousing condition showed significantly greater elevation in negative emotions 
on the EIS than those exposed to the non-arousing condition. There was no 
significant change in EIS ratings by high-TAS subjects across conditions. 
Significant elevation of galvanic skin response occurred in both groups under 
the arousal condition, while there was no significant effect of heart rate.

The results indicate that emotionally negative stimuli caused increased 
skin conductance and increased expression of negative feelings. However, 
alexithymia suppressed the expression of negative feelings associated with 
physiological arousal. These results have implications both for therapeutic 
interventions, as well as for basic research involving arousal. For example, 
memory modulation (enhancement or impairment) commonly occurs by arousal- 
related mechanisms (e.g., catecholaminergic hormone release), but this 
mechanism could be suppressed in those who have poor awareness of their 
arousal or emotional state.

519.3
VISUAL EVOKED P300 DIFFERENCES IN IMPULSIVE 
AGGRESSIVE INDIVIDUALS. C. W. Mathias*and M. S. 
Stanford . Department of Psychology, University of New 
Orleans, New Orleans, LA 70148.

Impulsive aggression is defined as a violent outburst, out of 
proportion to any psychosocial stressor present, which results in 
serious assaultive acts or destruction of property. This loss of 
control is not secondary to any medical or psychiatric illness and, 
by virtue of the spontaneity of the act, is not planned. The 
primary entry criterion for the impulsive aggressive subjects 
was at least two discrete episodes of loss of control of 
aggressive impulses within the last month. Twelve college 
students, selected from a larger group, were classified as 
impulsive aggressive using self-report information. All impulsive 
aggressive subjects reported a lifetime history of aggressive 
outbursts. P300 was recorded from a 32-lead Neurodata System 
during a standard oddball paradigm. Impulsive aggressive subjects 
showed significantly reduced P300 peak amplitude at frontal and 
central electrode sites when compared to age matched normative 
data. Evoked potentials also were recorded during conditions of 
novelty and stress. These findings support the notion of a 
specific behavioral syndrome associated with spontaneous 
aggressive outbursts.

519.4
PRIMATE PREFRONTAL NEURONAL ACTIVITY RELATED TO 
THE EXPECTANCY OF ABSENCE OF SPECIFIC REWARD 
M. Watanabe*, K. Hikosaka, M. Sakagami and S. Shirakawa Dept.
Psychol., Tokyo Metropol. Inst, for Neurosci., Musashidai 2-6, Fuchu, 
Tokyo 183 JAPAN

We previously reported reward expectancy-related neuronal activity 
in primate prefrontal cortex. We now report prefrontal neuronal 
activity related to expectancy of the absence of the specific reward.

Three monkeys were trained on a reaction time task with 
instructions indicating reward and no reward. The sequential events 
of the task were: (1) intertrial interval, (2) instruction presentation of 
1 s, (3) delay period of 5 s, (4) go stimulus presentation, (5) animal's 
key press, (6) delivery or no delivery of the reward depending on the 
previously presented instruction. The animal had to press the key even 
on no reward trials to advance to the next trial. Several kinds of food 
and liquid rewards were used. The same reward was used in a block 
of about 50 trials.

Many prefrontal neurons showed instruction- and/or delay- related 
differential activity between reward and no reward trials. Some of 
them showed specificity for the difference of the reward on no reward 
trials, where the instruction indicated only the absence of the future 
reward, but not what reward would be absent. Such activity is 
considered to be related to the expectancy of the absence of the 
particular reward which is being used in each block of trials. Such 
activity may represent the mental image of the hidden implication of 
the stimulus.

This study was supported by the grant from the Ministry of Education, Science 
and Culture of Japan (No. 05610081, 0661008).

Society  for  Neuroscience , Volume  23,1997



TUESDAY AM MOTIVATION AND EMOTION III 1317

519.5
EEG FRONTAL ASYMMETRY PREDICTS BEHAVIORAL AND 
PHYSIOLOGICAL RESPONSES IN MONKEYS. S.E.Shelton*,
N.H.Kalin and R.J.Davidson. Depts.of Psychiatry and Psychology, Univ. 
of WI, 6001 Research Park Blvd., Madison, WI 53719

In humans, asymmetric frontal EEG activity has been associated with 
temperament and emotional style. We previously demonstrated the utility 
of using rhesus monkeys to understand the factors that mediate the 
development of individual differences in asymmetric frontal EEG activity 
and temperaments. In the current study, we used rhesus monkeys to 
examine the hypothesis that extreme right frontal activity would be 
associated with higher levels of cortisol and enhanced fearful responses. 
We first demonstrated that individual differences in asymmetric frontal 
activity, assessed at 8 and 12 months are stable within animals (rs = .623, 
p<.02). At 1 year of age, we found that relative right frontal asymmetric 
activity was correlated with cortisol concentrations (rs = .414, p<.003). 
Analyzing data from animals selected on the basis of extreme right vs. left 
frontal activity revealed that extreme right frontal animals had higher 
levels of cortisol and exhibited greater amounts of defensive hostility 
(p<.04). When animals were tested 2 years later the relation between 
extreme right frontal activity and cortisol was maintained. These findings 
demonstrate important relations among frontal asymmetric electrical 
activity, cortisol, and fear-related behavior.

NIMH Grant P50-MH52354 and the HealthEmotions Research Instit.

519.6
BLOOD FLOW DECREASES IN HUMAN MEDIAL INFERIOR PREFRONTAL 
CORTEX AND HYPOTHALAMUS CORRELATE WITH ANXIETY SELF-
RATING AND WITH PRACTICE-RELATED CHANGES ON A COGNITIVE 
TASK. J.R. Simpson Jr.. A.K. MacLeod. J.A. Fiez. W.C. Drevets. and M.E. 
Raichle*. Neuroimaging Laboratory, Washington U. School of Medicine, St. Louis, 
MO 63110

Reductions in activity in medial inferior prefrontal cortex (MIPFC) in normal human 
subjects have been observed with positron emission tomography (PET) during various 
cognitive tasks (reviewed in Shulman et al., 1997). The location of these changes 
suggests a relationship to emotional states (Carmichael & Price, 1996). We examined 
this possibility in a cognitive paradigm where subjects generate an appropriate verb for 
a visually presented noun (Petersen et al., 1988; Raichle et al., 1994). In 12 normal 
subjects performing this task, blood flow (BF) measured with PET was reduced in a 
midline area near the genu of the corpus callosum (-3,35,-15). BF changes in a group of 
areas in MIPFC and an area in or near the hypothalamus, to which MIPFC has strong 
connections (Carmichael & Price, 1995), were positively correlated with this decrease. 
Learning the verb-generate task produces improved reaction time (Raichle et al., 1994) 
and further reductions in MIPFC BF. The effect of practice on MIPFC BF decreases 
was correlated with improved performance, as measured by reaction time improvement 
(r=-0.74, p<01). The hypothesis that the BF change is related to reduced anxiety 
associated with better performance is supported by a separate PET study in which 16 
normal subjects anticipated a painful shock to the fingers of one hand. Decreased BF 
(relative to eyes-closed rest) in a similar area in MIPFC (-3,21,-12) was correlated with 
anxiety self-rating (r=0.78, p<.001), with less anxious subjects showing larger BF 
decreases. The two most anxious subjects had increased BF. Taken together, these 
results suggest that regions within MIPFC are part of a complex emotion-related 
network that includes the hypothalamus and which decreases its activity as anxiety

Supported by NIH Fellowship NS10196-02, NIH Grant NS06833, The Charles A. 
Dana Foundation and the McDonnell Center for the Study of Higher Brain Function

519.7
EVENT-RELATED POTENTIALS AFTER PRESENTATION OF EMOTIONAL 
STIMULI, F. lessen, M. Rubly, C. Leitnaker. M.L. Rao*, G. Heinz. Clinic for 
Psychiatry and Psychotherapy, University of Saarland, 66424 Homburg, Clinic for 
Psychiatry and Psychotherapy, University of Bonn, Sigmund-Freud-Str. 25 53105 
Bonn, Germany.

Event-related potentials (ERP) as a function of sensory stimulus processing are 
rarely studied with validated complex emotional stimuli. The aim of our study was. 
to reduce cognitive effects on the ERP by a passive paradigm in order to investigate 
the influence of the affective content of the stimuli on the ERP. Twenty subjects 
viewed nine pictures, taken from the International Affective Picture System (IAPS). 
with different affective content, which were divided into groups of negative, neutral 
and positive stimuli. EEG was recorded and the ERPs were obtained from Fz. Cz, 
and Pz. The analysis of the ERP differences was carried out by a running- 
permutation t-test. The results of the ERP group averages showed large positive 
ERP waveforms after presentation of negative and positive pictures, which were 
most prominent at Pz. The ERPs of positive and neutral pictures showed 
additionally two negative frontocentral peaks at 250 and 500ms, which were not 
present in the ERPs obtained with negative pictures. On the single picture level the 
ERPs of the neutral pictures were almost identical. In the negative group the ERPs 
of the picture with the highest arousal potential elicited highest positive area under 
the curve (AUC). Among positive pictures the ERPs of the picture with the lowest 
arousal score showed the smallest positive AUC. In conclusion we found marked 
differences between ERP waveforms after presentation of pictures with different 
emotional content and similar physical characteristics and complexity. The arousal 
potential of the stimuli appears to be positively related to the positive ERP-AUC. 
which reflects an increase in cerebral stimulus processing.

The present study was supported by the Deutsche Forschungsgemeinschaft

519.8
NEUROANATOMICAL CORRELATES OF JUDGMENT OF FACIAL 
ATTRACTIVENESS. K. Nakamura*1, R. Kawashima2, S. Nagumo1,
K. Ito3, M. Sugiura2, T. Kato\ A. Nakamura3, K. Hatano3, K.
Kubota4, H. Fukuda2 and S, KoiimaVDept. of Behav. and Brain Sci.,
Primate Res. Inst., Kyoto Univ., Inuyama, 484, 2Dept. of Nucl. Med. 
and Radiol., IDAC, Tohoku Univ., Sendai, 980-77, 3Dept. of Biofunc. 
Res., NILS, Obu, 474,4Dept. of Social and Info. Sci., Nihon Fukushi 
Univ., Handa, 475, Japan.

Although facial attractiveness is of importance in our social and 
affective behaviors, brain regions underlying its judgment remain totally 
unknown. In the present study, we measured regional cerebral blood 
flow (rCBF) while normal subjects were judging facial attractiveness, 
judging facial emotion, or discriminating the background color of face 
images. The left anterior frontal cortex and the left fronto-temporal 
junction (the insular and orbitofrontal cortices) showed significant 
increase in rCBF during judging facial attractiveness in comparison with 
both during judging facial emotion and during discriminating colors. The 
increased rCBF in the anterior frontal cortex correlated with the 
proportion of judgments of Unattractive to all of the subject's judgments 
while that in the fronto-temporal junction correlated with the proportion 
of judgments of Attractive. The findings provide direct evidence that the 
left frontal regions are engaged in judgment of facial attractiveness.

Supported by Grant-in-Aid for Scientific Research on Priority from The 
Ministry of Education, Science, Sports and Culture Areas (no. 05206109 
and 08279203) and Fund for Comprehensive Research on Aging and 
Health from the Ministry of Health and Welfare of Japan (no. 96A1102)

519.9
EFFECTS OF TEMPORAL AND FRONTAL CORTECTOMIES ON EMOTIONAL 
JUDGEMENTS OF FACIAL EXPRESSIONS AND MEMORY FOR EMOTIONAL 
WORDS. K. Marinkovic*. P. Trebon. E. Halgren. & P. Chauvel. INSERM, Rennes, 
France; West-LA VA & BRI, UCLA, Los Angeles.

Patients suffering from pharmacoresistant seizures who became surgery 
candidates participated in behavioral tasks before and after selective cortectomies 
including left or right temporal or right frontal lobes. Two analogous versions of the 
lists containing emotionally positive, neutral and negative words were used to 
examine recall and recognition before and about ten days after the excision. On both 
occasions they' also categorized face emotional expressions from two parallel series of 
the Pictures of Facial Affect (Ekman & Friesen, 1975). Emotional words were 
recalled better than neutral equally by both groups before surgery. Whereas the right 
temporal resection (N=5) had no effect, the patients that underwent left (N=9) 
cortectomy recalled significantly fewer emotional words after the surgery, abolishing 
the memory advantage for emotional words.

On the Facial Affect task, patients in all groups were somewhat impaired in 
recognizing fear and sadness. Left temporal resection (N=8) did not alter 
performance on the task whereas the patients undergoing the right temporal 
cortectomy (N=6) tended to be impaired in the recognition of fear, but improved in 
their ability to discern disgust. A profound impairment in recognizing fear was seen 
after right frontal cortectomy (N=4) as the patients persistently mistook it for 
surprise. Frontal resection additionally resulted in impaired recognition of surprise 
and disgust compared to both temporal excisions. Across task comparison indicates 
that the lesion laterality effects were material-specific inasmuch as the left temporal 
resection had profound effects on recall of emotional words but not on judgment of 
face expression. Conversely, right temporal resection did not change verbal memory 
but rather impaired the perception of facial expressions.

Supported by NS18741, ONR, HSFPO, INSERM, VA

519.10
BRAIN POTENTIAL CORRELATES OF EMOTIONAL RECOGNITION: 
HUMAN FACIAL EXPRESSION. Christopher Kessler and Darius Jamal. 
V.A. Medical Center, Sepulveda, CA 91343 and UCLA School of Medicine, 
Department of Biobehavioral Sciences, WLA, CA 90024

Objective: This study was undertaken to identify brain areas associated 
with emotional recognition in human subjects. Method: Event-related 
potentials (ERPs) were recorded from fifteen subjects during an emotional 
recognition task incorporating 96 pairs of stimuli. Each pair consisted of S1 
(an emotional descriptor) and S2 (a picture of a face), where each face was 
expressive of a given emotion (anger, fear, happiness, pain, sadness, 
surprise, disgust, or neutrality). Subjects were asked to rate how well each 
face matched each emotional descriptor using a 6-point scale, and these 
data were used to construct Receiver Operating Characteristic (ROC) 
curves for the assessment of recognition performance. ERPs for S2 were 
constructed from measurements at 19 scalp recording sites using an 
average reference. Results: The ROC curves confirmed that a relatively 
high level of accuracy in emotional recognition was maintained by all 
subjects. Significant ERP differences related to emotional recognition were 
seen in the right temporal and vertex leads for average slow-wave activity 
in the 500-890 msec range. Earlier significant differences were also seen in 
the 100-200 msec range at left frontal and right parietal leads. These ERP 
differences were unrelated to fluctuations of attention or other non-specific 
factors. Conclusions: Emotional perception probably involves complex 
sensory, association, and memory circuitry. Our results provide 
electrophysiological evidence that right temporal lobe activity may play an 
important role in the processing of emotional signals, a finding which is 
consistent with evidence derived from previous tachistoscopic and brain 
lesion studies implicating right hemispheric processes in emotional 
recognition and perception. Supported by a V.A. Merit Review grant.
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519.11
BRAIN ACTIVATION IN RESPONSE TO BIOLOGICALLY RELEVANT 
AFFECTIVE STIMULI: AN fMRI STUDY. T, Canli1*.!. Desmond1, G, 
Glover2, I.M. Bailey3.1. D.E, Gabrieli1. Departments of Psychology1 and 
Radiology2, Stanford University, Stanford, CA 94305. Department of 
Psychology3, Northwestern University, Evanston, IL 60208.

The role of the human amygdala in negative affect has been 
demonstrated in a number of paradigms, including recognition of facial and 
prosodic affect, free recall of films, and fear conditioning. The present 
study used functional magnetic resonance imaging (fMRI) to assess 
whether amygdala activation could also be documented for positive, 
biologically relevant affective stimuli.

Three males were scanned while watching alternating picture sets of 
nude males and females. For structural images, thirty-two axial slices of 4 
mm thickness were imaged in a 1.5 T GE Signa MR imager, using a Tl- 
weighted flow-compensated spin-warp sequence (TR = 500 ms, minimum 
TE). Functional images were obtained using a T2*-sensitive 3-D gradient 
echo spiral sequence with one interleave (TR = 165 ms, TE = 40 ms, flip 
angle = 22°, FOV = 36 cm, in-plane resolution = 2.35 mm2, acquisition time 
= 3.3 s per frame). Functional data were analyzed using Friston et al.'s 
cross-correlation method fHuman Brain Mapping. 1994].

Activation in the amygdala was varied across subjects: one subject 
showed significant (p < .025, one-tailed) activation of the left amygdala 
in response to female pictures, while the other two subjects showed 
significant activation of the right amygdala in response to male pictures. 
Significant brain activation was also seen in a number of other regions in 
the frontal, temporal, and parietal cortices, as well as several subcortical 
areas. bupponeu nun mujju / j .

519.12
POSITIVE AND NEGATIVE AFFECTIVE RESPONSES: NEURAL CIRCUITRY 
REVEALED USING FUNCTIONAL MAGNETIC RESONANCE IMAGING 
W. Irwin1. B. J. Mock3, S. K. Sutton1. J. L. Orendi1. J. A. Sorenson3,4. p. a . Turski4.
N. H. KalinL2, R. J. Davidson*.L2 Departments of Psychology1, Psychiatry2, Medical 
Physics^ and Radiology*1, University of Wisconsin, Madison, WI 53706
Until very recently our understanding of the neural circuitry responsible for affective 

processes was derived from non-human and brain-damaged human studies. 
Neuroimaging techniques now permit a non-invasive interrogation of this circuitry in 
normal human subjects while they undergo laboratory-based manipulations of affect.
Affective responses were manipulated by having subjects view positively and negatively 

valenced as well as neutral still pictures. Viewing trials consisted of 11 alternating picture 
blocks, each block containing 12 valence-constant pictures. Pictures were presented 
contiguously for 4 seconds each. Psychiatrically normal subjects (n = 7, 2 males) viewed 
3 such trials through fiber-optic goggles during whole-brain gradient echo echo-planar 
magnetic resonance imaging (TE/TR = 50/3000 ms, 642 matrix, FOV = 24 cm, a = 90°, 
Slice/Gap = 7/1 mm, Slices/Repetitions = 23 coronal/191). Areas of significant activation 
were identified by a least-squares fit between a box-car reference function which modeled 
the alternating picture blocks and pixel intensities in the magnitude images.

Replicating our earlier work, amygdalae activation was detected in response to viewing 
negative compared to neutral pictures. Amygdalar activation was not detected in response 
to viewing positive compared to neutral pictures. Compared to viewing neutral pictures, 
positive and negative pictures produced significant activation at the occipital/parietal 
(e.g., Area 19) and occipital/temporal (e.g., Area 37) junctions. However, there were 
significant differences in the magnitude and volume of activation between positive and 
negative pictures. These differential patterns of activation are discussed with respect to 
the visual (e.g., hue) and affective (e.g., arousal) properties of the stimuli.

Funding: NARSAD Established (RJD) and Young (SKS) Investigator Awards, NSF 
Graduate Fellowship (WI), NIMH Center (P50-MH52354; RJD) and Training (T32- 
CA09206; JAS, PAT) Grants, NIMH Research Scientist Award (RJD), NICHD Core 
Grant (ND03352; JAS, PAT, RJD)

519.13
DOUBLE DISSOCIATION OF EMOTIONAL CONDITIONING AND EMOTIONAL 
IMAGERY RELATIVE TO THE AMYGDALA AND RIGHT SOMATOSENSORY 
CORTEX.H. Damasio*, A. Bechara, D. Tranel, and A.R. Damasio. Dept. Neurology, 
Univ. of Iowa, Iowa City, IA, 52242.

The ability to acquire a conditioned emotional response or to imagine and re-
experience an emotional situation are distinct aspects of the emotional process, and 
they may have separable neural correlates. We examined the effects of damage of the 
amygdala (A) and right somatosensory cortex (RSSC), known to participate in 
emotion, on emotional conditioning and on emotional imagery, using electrodermal 
activity (skin conductance response, SCR) as an index of emotional reactivity. To 
assess emotional conditioning, we exposed subjects with bilateral lesions to A (n= 4) 
or RSSC (n= 2) to a series of blue or red slides; we paired the blue slides with an 
unpleasant loud noise; and we measured the acquired conditioned SCR to the blue 
slides. To assess emotional imagery, we asked each subject to imagine and attempt to 
re-experience a specific previous situation in which they felt anger, fear, or no 
emotion, while monitoring their SCR activity, following which we asked them to rate 
how much they were able to imagine and feel the particular emotion (on a scale of 0 to 
4). Bilateral A lesion subjects reported feeling anger and fear (average= 2.6), they 
generated high magnitude SCRs to the imagined angry and fearful experiences 
(relative to neutral), but they did not acquire conditioned SCRs. By contrast, RSSC 
lesion subjects could recall specific fearful or angry situations, but had difficulty re-
experiencing the emotion of that situation (average = 0.25); they did not generate any 
SCRs during the imagined emotion, but they did acquire conditioned SCRs. These 
results suggest that: 1) the amygdala is necessary for acquiring conditioned emotional 
responses, but not the retrieval of the emotion of an experience; 2) RSSC are not 
necessary for acquiring conditioned emotional responses, but may be necessary for 
reconstructing the emotion associated with a prior experience. Supported by NINDS 
PO1 NS19632.

519.14
SINGLE-UNIT NEURONAL ACTIVITY IN HUMAN AMYGDALA AND 
VENTRAL FRONTAL CORTEX RECORDED DURING EMOTIONAL 
EXPERIENCE. R. Mirsky*, R. Adolphs, I. Volkov, A. Bechara, H. 
Damasio, M.A. Howard III. Depts. of Neurology and Neurosurgery, 
University of Iowa, Iowa City, IA 52242.

Recent studies have used functional imaging in normal subjects, and 
the lesion method in brain-damaged subjects, to begin to elucidate the 
neural systems by which humans process emotion. Findings from these 
studies strongly implicate the amygdala and the ventral frontal cortices as 
two key components of such systems, but very little is known about their 
role at the cellular level. We recorded single-unit neuronal activity in 
amygdala or ventral frontal cortex of two awake human subjects who had 
chronically implanted depth electrodes. A novel hybrid depth electrode 
construction permitted the reliable isolation of spike trains from single 
cells and recording sites were verified by MR images taken with the 
electrodes in situ. Subjects watched emotionally arousing video clips 
designed to elicit specific subjective emotional experiences. 
Electrodermal activity recorded in parallel with neuronal activity, and 
subsequent subjective ratings on questionnaires, corroborated the 
efficacy of the video stimuli in inducing emotional experience. We found 
large modulations in the spike rates of neurons in both ventral frontal 
cortex and amygdala while subjects were watching the videos, and 
different neurons exhibited different response profiles. While neuronal 
responses were in general complex, there were several examples of a 
clear coincidence of spike rate changes with emotionally relevant 
occurences in the video. The findings provide a preliminary sampling of 
the neuronal correlates of emotional experience with the use of a novel 
single-cell recording technique in humans. Supported by NIDCD grant 
DC00120.

519.15
fMRI EFFECTS OF EMOTIONAL PICTURES IN THE 
VISUAL CORTEX ARE NOT DUE TO EYE MOVEMENTS 
M. M, Bradley*. J. R. Fitzsimmons. B, N. Cuthbert. J. Scott. Brad
Moulder, and P, J. Lang. University of Florida, Gainesville, FL, 32610 

In a recent fMRI experiment, we found greater extent and strength of
functional activation in the visual cortex for emotionally arousing - 
either pleasant or unpleasant pictures - compared to neutral stimuli. 
Among possible interpretations are that: 1) the primary visual areas 
receive re-entrant projections from subcortical structures that have been 
implicated in emotional processing, 2) visual areas may be activated in 
states of heightened attention by an attention system located in the 
anterior cingulate, or, 3) despite instructions to maintain focus on a 
central fixation point, activation effects reflect differential eye move-
ments. To test the latter hypothesis, we measured vertical and 
horizontal EOG in a study that simulated the important elements of the 
fMRI context. Each participant reclined on a padded table fitted with a 
MRI head coil/helmet with an attached bitebar and head-mounted mirror. 
RF pulse noise was digitized and played at a similar intensity (with 
earplugs provided to participants), and an artificial shell was constructed 
with the same dimensions of the magnet bore. Pictures were projected 
on a screen near the subject's feet, as in the scanner . Results (n=20) 
indicated slightly more horizontal and vertical eye movements during 
picture presentation, compared to when no visual stimulus was present. 
No effects of picture content approached significance, however, 
indicating that differential activation in the visual cortex does not appear 
to be secondary to differences in eye movements for emotional, 
compared to neutral, pictures.
Supported in part by NIMH grants MH52384, MH37757, & MH43975

519.16
EVENT-RELATED POTENTIALS IN PICTURE
PROCESSING:EMOTIONAL STIMULI
B. N. Cuthbert*. H, Schupp. M, M. Bradley, C. Hillman.
and P.J. Lang. University of Florida, Gainesville, FL 32610 

The research examined cortical event-related potentials when people
view pictures depicting a variety of different human categories of 
emotional experience. Fifty pictures, drawn from the International 
Affective Picture System , consisted of 5 exemplars in 10 categories, 
including scenes of romantic courtship, erotic couples, opposite sex 
erotica, neutral faces or objects, human violence, mutilated bodies, 
threatening animals, and scenes of grief or disgust. Picture processing 
was associated with a fronto-central negativity that peaked around 500 
ms., while, a sustained EEG-positivity was dominant parietally. 
Affective modulation was in the same direction frontally and parietally: 
Pictures of violence and sex elicited a significantly larger EEG-positivity 
compared to sport scenes, neutral stimuli, or scenes of grief or disgust. 
This effect was most pronounced 400 to 1000 ms after picture onset. 
For both men and women, late positivity was largest to sexually 
evocative pictures. Men and women differed, however, in response to 
opposite sex erotica, with women showing less relative late positivity. 
Pictures of human mutilation occasioned marked late positivity ~ more 
than for other aversive contents, and did not differ for men and women. 
These data indicate that more emotionally arousing pictures (pleasant or 
unpleasant) prompt greater sustained EEG positivity throughout apicture 
viewing period. This same set of emotional stimuli was studied in 
epileptic patients implanted with electrodes. Similar patterns of 
sustained slow activity were recorded from subdural and depth 
electrodes.
Supported in part by NIMH grants MH52384, MH37757, & MH43975
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519.17
CHANGES IN FRONTAL EEG ACTIVITY IN RESPONSE TO AUDITORY 
EMOTIONAL STIMULI. M. Y. V. Bekkedal*, J. Panksepp and J. Rossi III. 
Psychology Department, Bowling Green State University, Bowling Green, OH 
43403

The EEG has been used to measure changes in brain activity associated with 
emotions. The majority of research has focused on evoking emotions and measuring 
associated neural states. In contrast, the purpose of the following investigation was 
to measure responses to emotional stimuli, and not emotional states.

A 19-electrode, Electro-Cap 10/20 arrary was used to measure electrical brain 
activity while participants were seated comfortably with their eyes closed. Pure tones 
and brief (~1 sec) vocal stimuli representative of joy, pleasure, anger and sadness were 
presented 30 times each through headphones. EEG responses were calculated with 
the event-related synchronization/desychronization analysis designed to average 
changes in brain activity in response to repeated, short duration stimuli.

In the theta band (3.5-7.5Hz), a sound by gender interaction suggested differences 
between sounds were greater in females than males. An analysis of the female data 
showed a theta power increase in the left and right anterior regions, that was greater 
in response to anger than any other sound. Theta changes associated with individual 
sounds did not differ in the posterior regions.

Alpha band (8-12Hz) power decreases in the anterior regions were greater for sounds 
of joy, pleasure, and anger than for tones or sad sounds. A different pattern was seen 
in the posterior regions where alpha decrease was less for sounds of joy, anger, and 
sadness than for tones or pleasure sounds.

The data suggest changes in the theta and alpha bands may be associated with 
responses to emotional stimuli. However, the responses were not sufficiently 
distinct to discriminate the four types of emotion from each other.
This research was supported by ONR grant N00014-96-1-0589.

MOTIVATION AND EMOTION IV

520.1
HIGH FREQUENCY ULTRASONIC VOCALIZATIONS MARK 
AMPHETAMINE PREFERENCE IN RATS. B. Knutson*, J. 
Burgdorf and J. Panksepp. Department of Psychology, Bowling 
Green State University, Bowling Green, OH 43402.

Rats emit high-frequency (~55 kHz) ultrasonic vocalizations (high 
USVs) in anticipation of appetitive social stimulation (i.e., play in 
the case of juveniles and copulation in the case of adults). Since 
dopaminergic pathways have been implicated in appetitive 
motivation, we hypothesized that administration of the dopaminergic 
agonist dextroamphetamine (AMPH), as well as an environment 
associated with AMPH, would increase high USVs. In an initial 
dose-response experiment, i.p. AMPH administration significantly 
increased high USVs, but decreased low USVs. In a second 
experiment, rats emitted more high USVs while occupying a 
chamber previously paired with AMPH administration, compared to 
a chamber paired with vehicle administration. These findings 
suggest that rate of high USVs in rats may serve as a sensitive 
measure of pharmacological reward.

This work was supported in part by NIMH Postdoctoral Training 
Grant MH1893, NIMH Grant HD30387, Wright-Patterson Training 
Grant #F336016, and ONR Grant NOOO14-96-1-0589.

520.2
SUDDEN DARKNESS INDUCES A HIGH ACTIVITY-LOW ANXIETY 
STATE IN MALE AND FEMALE RATS. A G Nasello*1, C. Machado1, J.F. 
Bastos1 and L.F. Felicio2. Dept Physiol. Medical School of Santa Casa, Sao 
Paulo1. Dept Pathol., School of Veterinary Medicine - Univ. of Sao Paulo2, 
Brazil, 05508-970

The effects of sudden darkness (SD) on spontaneous motor activity in an open 
field were assessed in adult rats. In addition spontaneous and apomorphine and 
amphetamine-induced rotation in male rats with 6-hydroxydopamine induced 
lesions within nigroestriatal pathway and performance in an 
elevated plus-maze (EPM) were investigated. In the open field test, SD in-
creased total locomotion (TL), locomotion in central squares (CL), rearing 
frequency (RF), and diminished defecation units (DU). In the dark, TL re-
mained elevated during the 20 min test period, while in the light TL decreased 
significantly after the 4th min, in both sexes. Al the effects of SD in the open 
field test were more pronounced in female rats. In the EPM, SD increased the 
number of entries into the open arms (EOA), total entries (TE), percentages of 
EOA and time spent m the open arms (TOA). The changes were more sig-
nificant in female than in male rats. SD did not change the patterns of spon-
taneous rotation nor the apomorphine- or amphetamine-induced rotation showed 
by 6-hydroxydopamine lesioned rats. These results show that sudden darkness 
increases general motor activity and suggest it diminishes habituation, fear and 
anxiety. The results also suggest that this behavioral shift is sexually 
differentiated and may not involve the nigrostriatal pathway. Sudden darkness 
emerges as an experimental tool to simultaneously test physiologically-induced 
increases in spontaneous motor activity and decreases in anxiety.

Financial support by FAFESP 96/4193-0 & CNPq.

520.3
WHEEL RUNNING IN MALE RATS: VARYING NIGHT 
LENGTH R. Eikelboom*, and S. Hrelia Dept. of Psychology, 
Wilfrid Laurier University, Waterloo, ON N2L 3C5

Wheel running (WR) for rats is a highly structured activity which is 
reinforcing, not necessary for immediate survival, exhibits a pattern much 
like feeding, and occurs largely at night. While WR differs considerably 
among rats it is remarkably stable for any animal over days (for 48 rats day 
to day r = .94 p < .001). Given WR stability, and the fact that most WR 
occurs at night, the effects of changing night length on WR can be explored. 
If WR is regulated over a day then the total amount should not change if 
night length is long (15/9 D/L) or short (9/15 D/L), but if regulated within 
a night the totals should reflect the night length. Sprague Dawley males 
(n=23) were habituated to long (LN) or short (SN) nights for 16 days and 
then given access to wheels (34 cm diameter) attached to their home cage 
for 26 days. Total daily running increased from 1308 ±144 (+SEM) to 
4648±1217 for LNs and from 1443 + 166 to 5378 + 1050 for SNs, thus 
acquisition and plateau levels of WR did not differ for the two night lengths. 
Looking at 3h blocks it was evident that the 24h similarity was due to an 
elevated WR during the first few hours of the SN. In a second experiment 
shifting rats (n=24) between the two night lengths revealed a similar 
stability of running and a rapid shift, over a few days, from one pattern to 
the other. This stability suggests that, like other reinforcing behaviours, rats 
have a preferred and regulated level of WR controlled over 24h periods. 
Funded by the Research Office of WLU.

520.4
DEFENSE REACTION IN THE INFERIOR COLLICULUS: 
INDUCTION BY MICROINJECTIONS OF GLUTAMATE AND 
INHIBITION BY MUSCIMOL AND MIDAZOLAM. J.E Pandossio 
and M.L. Brandao*. Lab. of Psychobiology, FFCLRP-USP, Brazil, 
14049-901.

We have shown that the inferior colliculus may be part of a brain 
system commanding defensive behavior. Activation of NMDA 
receptors of the inferior colliculus causes defense reaction and 
benzodiazepines inhibit learned switch-off responses to its electrical 
stimulation. In this work we further examine the involvement of 
excitatory amino acids in this neural substrate of aversion and 
whether unconditioned defensive behavior to aversive stimulation of 
the inferior colliculus is also regulated by GABA-benzodiazepine 
mechanisms. Microinjections of glutamate (5-40 nmol) into the 
central nucleus of the inferior colliculus of rats placed inside a 
circular arena caused a reduction in the exploratory activity 
interspersed with freezing, a prominent reaction of the defensive 
behavior of rats. The aversive responses were inhibited by muscimol 
(0.1-5 nmol) and midazolam (10-40 nmol) microinjected into the 
inferior colliculus. It is suggested that activation of glutamate 
receptors may be implicated in the display of the defensive behavior 
in the inferior colliculus and GABA-benzodiazepine mechanisms 
modulate the neural substrates of aversion in this structure.
FAPESP
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520.5
TREADMILL LOCOMOTION INDUCES c-FOS EXPRESSION IN 
PSYCHOMOTOR THALAMIC REGIONS, AS WELL AS IN RE-
GIONS OF THE HYPOTHALAMUS RELATED TO REGULA-
TION OF ADRENOCORTICAL STRESS HORMONES. V. Hille- 
gaart*1’2, S, Ahlenius2 and AM..Graybiel1. department of Brain and 
Cognitive Sciences, Massachusetts Institute of Technology, Cambridge, 
MA 02139 and department of Physiology and Pharmacology, Karolin-
ska Institutet, 171 77 Stockholm, Sweden.

We have previously shown that treadmill.locomotion in the rat results 
in an enhanced neostriatal dopamine synthesis. In the present study, we 
further examined neural correlates of treadmill locomotion by immuno-
histochemical staining for specific immediate early gene proteins (IEGs). 
Adult male Wistar rats were trained to walk for lh on a treadmill at a 
speed of 4m min'1. Immediately following the lh treadmill session, the 
animals were sacrificed, and the brain tissue was prepared for IEG im-
munohistochemistry according to standard techniques. Dense c-Fos, but 
not JunB staining, was found in the paraventricular nucleus of the hy-
pothalamus, and distinct, but weaker, label was observed in the medial 
aspect of the mediodorsal thalamic nucleus. Together with our previous 
observations, these results suggest that treadmill locomotion recruits 
brain pathways related to psychomotor activation, as well as hypotha-
lamic regions interconnected in the hypothalamic-pituitary-adrenal axis. 
Supported by the Swedish MRC K96-12P-11008-03A and NIDA 
DA08037

520.6
GONADECTOMY ENHANCES SHOCK-INDUCED BEHAVIORAL INHIBITION 
BUT DECREASES DIAZEPAM-INDUCED SEDATION IN ADULT MALE RATS. 
A.I. Svensson*, B. Soderpalm and J.A, Engel. Inst, of Physiology and Pharmacology, 
Dept. of Pharmacology, Goteborg University, Medicinaregatan 7, S-413 90 Goteborg, 
Sweden.

In a series of experiments with adult male Sprague-Dawley rats we examined the 
effects of gonadectomy with or without testosterone substitution on shock-induced 
behavioral inhibition in a modified Vogel's drinking conflict model, as well as the 
effect of gonadectomy on diazepam-induced disinhibition and sedation.

Gonadectomy enhanced shock-induced behavioral inhibition in the conflict task when 
determined 9, 21, 45 and 65 days, but not 3 days, after operation, an effect that was 
not explained by increased shock-sensitivity or decreased drinking-motivation. Sub-
stitution with testosterone propionate for 21 days after gonadectomy totally prevented 
this inhibitory effect. Diazepam caused a dose-dependent behavioral disinhibition both 
in sham-operated and gonadectomized rats. However, after the highest dose (16 mg/kg, 
i.p.) the disinhibited behavior decreased in sham-operated animals, most likely due to 
sedation. No such effect was observed in gonadectomized rats. Moreover, whereas there 
was no difference in basal rotarod performance between controls and gonadectomized 
rats, the latter animals were less sensitive to diazepam-induced disruption of rotarod 
walking ability. Sham-operated or gonadectomized animals did not differ with respect 
to serum diazepam levels at the post-injection times used in the behavioral tests.

Taken together, gonadectomized adult male rats were less sensitive towards diazepam- 
induced sedation in both behavioral models, possibly due to a subsensitivity at or 
beyond GABAA/benzodiazepine receptors. Furthermore, a lack of testosterone enhanced 
shock-induced inhibition, an effect that could be interpreted to reflect increased impulse 
control and that also could involve an altered activation of GABAA/benzodiazepine 
receptors.

This study was supported by the Swedish MRC (no:s 4247 and 11583)

520.7
EXPRESSION OF TESTOSTERONE-INDUCED PLACE 
PREFERENCE IS ATTENUATED BY PERIPHERAL OR INTRA- 
ACCUMBENS INJECTION OF FLUPENTHIXOL J. P. Schroeder* 
& M. G.^Packard, Dept. of Psychology, University of New Orleans,

Peripheral and intra-accumbens injections of testosterone induce a 
conditioned place preference (CPP) in male rats, indicating that this 
androgenic steroid has rewarding affective properties. The present 
study examined the role of dopamine receptors in the nucleus 
accumbens in mediating the expression of the rewarding effects of 
testosterone. In exp. 1, on alternating days rats received peripheral 
injections of testosterone in a cycloaextnn inclusion complex (0.8 
mg/kg) or saline immediately prior to confinement for 30 minutes to 
one of two compartments of a place preference apparatus. All rats 
received 8 days of pairings (4 hormone pairings, 4 saline pairings). 
On day 9, half of the rats received peripheral injections of the 
dopamme receptor antagonist flupenthixol (0.2 mg/kg), while the 
other half received peripheral injections of saline immediately prior to 
having access to all compartments of the apparatus for 20 minutes. 
Rats receiving peripheral saline injections on the test day spent 
significantly more time in the compartment previously paired with 
testosterone injections, indicating a testosterone-inducea CPP. This 
CPP was attenuated by peripheral injections of flupenthixol. In exp. 
2, rats implanted with bilateral cannulae in the nucleus accumbens 
received peripheral hormone-saline pairing procedures identical to 
those of exp. 1, and on the test day half of the rats received intra- 
accumbens injections of flupenthixol (5.0 pig/0.5 wl), while the other 
half received intra-accumbens injections of saline. Rats receiving intra- 
accumbens saline injections on the test day displayed a testosterone- 
induced CPP, and this effect was attenuated by intra-accumbens 
injections of flupenthixol. The findings suggest that expression of the 
rewarding affective properties of testosterone are mediated, at least in 
part, by activation of dopamine receptors in the nucleus accumbens.

520.8
MODULATION OF DEFENSE REACTION BY NITRIC OXIDE IN THE 
DORSAL CENTRAL GREY. E. A. Del Bel, R.W. de Oliveira, M.C.L. Silveira 
and F. S. Guimaraes*. Depts. of Pharmacology, FMRP, and Physiology, 
FORP, Campus USP, Ribeirao Preto, SP, 14049-900, Brazil.

The dorsal central grey (DCG) is part of a neural system responsible for the 
expression of aversive/defensive behavior. Nitric oxide synthase (NOS) 
inhibitors microinjected into this structure are anxiolytic in the elevated plus- 
maze (GuimarSes et al. NeuroReport 5,1929,1994). To further investigate a 
possible role of NO in the DCG, rats (N=3-4/group) received microinjections 
into this structure of SIN-1, a NO donor (150 or 300 nmol/0.5 pi), or saline 
(0.5 pi) and were observed in an open arena. All but one of the rats receiving 
SIN-1 displayed defensive reactions, characterized by wild running bursts, 
defecation and vertical jumps orientated to the edge of the apparatus, leading 
to effective escape in two cases. The reaction subsides after approximately 
10 min. The animals were sacrificed 2 or 5 h later and had their brains 
removed and processed for Fos-like immunoreactivity (FLI) detection. 
Neurons with FLI were found in brain regions of saline treated animals, 
probably as a consequence of handling and/or exposure to the open arena. 
Animals showing defensive reactions after SIN-1, however, had significant 
increases in the number of cells with FLI in the amygdaloid nuclei (83 and 
376%, respectively), diagonal band (217 and 228%), anterior hypothalamus 
(708 and 780%) and lateral hypothalamus (790%), as compared to saline. 
There was also a trend for an increase in FLI in the cingulate and piriform 
cortex, dorsal raphe nucleus and central grey. The results suggest that NO 
may have a role in defense modulation In the DCG.

Research supported by grants from FAPESP and CNPq

520.9
THE MOUSE DEFENSE TEST BATTERY: COMPARISON OF WILD AND 
LABORATORY (Swiss-Webster) MICE. RJ, Blanchard*. RJ. Figueira. P.F. 
Ferrari. S. Parmigiani. M.A. Hebert, and D.C, Blanchard Bekesy Laboratory of 
Neurobiology, University of Hawaii, Honolulu, HI 96822;

Analyses of antipredator defense in wild and laboratory rats have shown a number 
of highly significant quantitative differences in individual components of the 
defense pattern, of such magnitude as to influence the use of the latter in studies of 
the ethopharmacology of defense. A similar comparison of laboratory (Swiss- 
Webster: SW) and wild-type (WT) mice (4th laboratory generation, original stock 
trapped near Capalbio, Italy, kept in outbred condition), using a Mouse Defense 
Test Battery (MDTB), indicated that the WT mice showed excellent overall 
agreement with SW patterns. However, WT mice showed increased flight speed 
when chased by a predator (anesthetized rat), and more jump escapes. They showed 
each component of a risk assessment pattern (stop, head orientation, reversal), to 
the rat, but with reliably reduced frequency of the first two of these. They made 
more upright, vocalization, bite, and jump attacks to forced contact with the 
predator. The differences in flight speed, jump escapes, and in upright, 
vocalization, bite, and jump attacks were similar to differences previously obtained 
for wild and laboratory rats, suggesting similarities in the effects of domestication. 
However, the wild-lab mouse differences were considerably less than those seen 
when comparing wild and laboratory rats, and suggest that the SW mouse can be 
used as a valid model for pharmacological studies on a full range of mouse 
defensive behaviors..

Supported by NIH RR08125

520.10
DEFENSIVE BEHAVIOR CHANGE IN SOCIALLY STRESSED RATS. D.C. 
Blanchard*, M.A, Hebert, J.A. Hcnric, R,R Sakai, and RJ. Blanchard Bekesy 
Laboratory of Neurobiology, Univ. of Hawaii, Honolulu, HI 96822.

Chronic stress is widely regarded as important in the etiology of a range of 
defense-related psychopathologies. A subordination model of chronic stress for rats 
in a visible burrow system (VBS) produces behaviors isomorphic with many of the 
target symptoms of depression, including reductions in sexual, social, and 
consummatory behaviors; changes in sleep/activity cycles; increased voluntary 
alcohol consumption; and a deceleration of movement. Subordinates show enhanced 
defensiveness, including some defensive behaviors not seen in dominants. Several 
recent studies involving tests of anxiety, outside the VBS, indicate that 
subordinates, and sometimes dominants (compared to controls) show reductions in 
risk assessment behaviors including stretch attend (cat odor and SAP tests) and 
head out (elevated plus maze) in addition to fewer line crossings in an open field. 
As some of these do not involve active movement, they cannot be attributed to the 
reduced activity levels of grouped animals. Analyses of correlations between 
corticosterone (cort) response to an acute (restraint) stressor and such measures for 
control, dominant and subordinate rats indicated that non- (or very mildly-) stressed 
controls show strong correlations between the cort response to the acute stressor 
and risk assessment measures, but this pattern is disrupted in colony dominant, and, 
especially, subordinate rats.

Supported by NSF IBN95-11349 and NIH RR08125
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520.11
BEHAVIORAL ANALYSIS OF VISUALLY-GUIDED SEX DIS-
CRIMINATION AND PREFERENCE IN FEMALE MACAQUES. M. 
Mizuno, S. Aou, K. Fujita, T. Katafuchi* and T. Hori. Dept. of Physiol., 
Fac. of Med., Kyushu Univ., Fukuoka, 812-82 and Primate Res. Inst., 
Kyoto Univ., Inuyama, 484 Japan

Visually-guided discrimination and preference of sexuality were investigated 
in female macaque monkeys performing operant bar-press tasks in an experi-
mental cage which had a transparent panel facing a display. In the sex discrimi-
nation task, rhesus monkeys {Macaca mulatto,) pressed a right or left bar re-
sponding to male or female monkeys, respectively, to get water as a reward. 
Two monkeys tested discriminated sex of monkeys in newly presented pictures 
on the computer display. In the sex preference task, three rhesus and three Japa-
nese monkeys (M.fuscata) were used. The monkeys voluntarily pressed a bar 
to watch the video movie showing either male or female rhesus monkeys. Four 
out of six monkeys showed sex preference. Three adult Japanese monkeys (6-8 
y) pressed the bar for the video movie of males which was taken in breeding 
season with longer duration than that of female monkeys taken in the same 
season. Two adult rhesus monkeys (7-8 y) did not show the preference but one 
remaining youngest rhesus monkey (5 y) preferred the movie of females taken 
in non-breeding season. The preference in these four monkeys was similarly 
observed when tested in both winter and summer. The results suggest that vi-
sual information alone is sufficient to discriminate sex in the female monkey. 
The seasonal changes in visual appearance of objects seem to be more determi-
nant factors for the preference than the seasonal endogenous factors of sub-
jects. Supported by Grant-in-Aid (No. 08279232) for Scientific Res. from the 
Japanese Ministry of Education and the grant for Cooperation Res. Program of 
the Primate Res. Inst., Kyoto Univ..

520.12
DOES THE BED NUCLEUS OF THE STRIA TERMINALIS 
MEDIATE FEAR BEHAVIORS? D. Treit* H. Aujla and J. 
Menard. University of Alberta, Edmonton, Alberta, T6G 2E9.

The bed nucleus of the stria terminalis [BNST] has long been 
implicated in autonomic reactions to aversive or fearful stimuli, but 
its role in behavioral reactions to these stressors is less clear. This 
is interesting because two closely related structures, i.e., the 
septum and the amygdala, have been repeatedly implicated in the 
mediation of both autonomic and behavioral reactions to fearful 
stimuli. To investigate further, the behavioral effects of BNST 
lesions were directly compared to those of septal and amygdaloid 
lesions in two pharmacologically validated models of rat anxiety: 
the elevated plus-maze and the shock-probe burying tests. As in our 
previous studies, septal lesions inhibited rats’ fear responses in the 
elevated plus-maze (open arm avoidance) and in the shock-probe 
burying test (probe-burying behavior), and amygdaloid lesions 
specifically inhibited shock-probe avoidance. Importantly, however, 
none of these antianxiety effects occurred in BNST-lesioned rats. 
These results suggest that while the BNST may be involved in the 
autonomic reactions to fearful or aversive stimuli, it does not 
appear to participate in the behavioral reactions to these stressors. 
[Funded by NSERC Canada and the Killam Foundation}

520.13
AGGRESSIVE MOTIVATION IN CRUSTACEANS: SEROTONIN ALTERS 
THE DECISION TO RETREAT. R, Huber. A. Delago. M.D, Pochat and E.A. 
Kravitz*. Dept. Zoology, Univ. Graz, 8010 Graz, Austria and Dept. Neurobiology, 
Harvard Medical School, Boston, MA 02115.

Among neuromodulatory compounds, serotonin (5HT) has received a 
considerable amount of attention as evidence of its involvement in abroad 
spectrum of behavioral processes has increased. In crustaceans, as in many other 
species, 5HT has been suggested to serve important roles in aggression. Here we 
show that injection of 5HT into the hemolymph of freely-moving, subordinate 
crayfish results in a renewed willingness to engage dominant opponents in agonistic 
encounters. The experimental setup involved pairs of crayfish differing in weight 
by approximately 30%, with the smaller animal fitted with a fme-bore fused silica 
canula glued into its dorsal hemolymph sinus. When pairs were placed together, the 
larger animal quickly assumed a dominant position. Saline was then infused into the 
subordinate animal via a syringe pump (control; 30 min.), followed by saline 
containing the test substance (60 min.). Multivariate analysis demonstrated that the 
5HT-mediated behavioral reversal results specifically from a reduction in the 
likelihood of retreat by the subordinate animal, with a consequent increase in fight 
duration. Other aspects of fighting behavior are not altered, including which animal 
initiates an encounter, how quickly fighting escalates, or which animal eventually 
retreats. Similar reversals of behavior by 5HT injection were seen also in lobsters.

To explore possible neural and biochemical mechanisms underlying such changes 
in decision making, we used: (i) pharmacological intervention with the 5HT- 
reuptake inhibitor fluoxetine (Prozac); and (ii) 5HT depletion with the neurotoxin 
5,7-DHT. Acute Prozac alone had no effect on fighting in subordinate animals, but 
the fight-enhancing effects of 5HT were greatly reduced in the presence of Prozac. 
This suggests that 5HT uptake plays an important role in the behavioral reversal. 
The depletion of 5HT in dominant animals using 5,7-DHT also caused a significant 
reduction of fighting. Supported by Austrian Science Foundation and 
Jubilaeumsfonds of the Austrian National Bank (RH), a travel grant from Univ. 
Graz (MDP), and NIH and NSF grants (EAK).

520.14
ROLE OF AVERSIVELY-MOTIVATED BEHAVIOR IN THE 
OLFACTORY BULBECTOMY SYNDROME. S. D. Primeaux* and P. V. 
Holmes. Psychology Department, The University of Georgia, Athens, GA 
30602.

Bilateral olfactory bulbectomy in rats produces a well characterized 
behavioral syndrome that includes hyperactivity in a novel open field, 
deficits in passive avoidance learning, and decreased fear-related behavior 
in various animal models of anxiety. The aim of the present studies was to 
determine the extent to which changes in defensive or fear-related 
behaviors could account for the OBX syndrome. Four tests of aversively 
motivated behavior were conducted in bulbectomized (OBX) rats and 
sham-operated (SHAM) control rats: activity in a dimly-lit or brightly-lit 
open-field, defensive withdrawal, passive-avoidance, and footshock- 
induced freezing. The duration of immobility was reduced in OBX rats 
compared to SHAM rats in both the dimly-lit and brightly-lit open fields. 
Bright light increased the duration of immobility in both OBX and SHAM 
rats relative to the dim light condition. The defensive withdrawal test 
revealed that OBX rats made more transitions and spent less time in the 
covered enclosure than SHAM rats. OBX rats exhibited less freezing 
behavior in response to footshock than SHAM rats. These results suggest 
that deficits in defensive freezing behavior may partially explain the 
behavioral syndrome exhibited by OBX rats.
Supported by University of Georgia Research Foundation, Inc.

520.15
GABA MODULATION OF SEPARATION DISTRESS IN 
CHICKS. L. Noimansell* and A. Wilson. Program in 
Neuroscience, Muskingum College, New Concord, OH 43762. 
Vigabatrin (gamma-vinyl-GABA) is a novel antiepileptic drug that 
increases brain GABA by inhibiting its catabolic enzyme, GABA- 
Transaminase. The present study investigated the effects of 
vigabatrin administration on social behaviors in domestic chicks. 
When tested immediately following intracerebroventricular 
injections, vigabatrin at doses up to 120mg had no significant 
effects on isolation-induced distress vocalizations. When tested 5 
hours after injection there was a dose-dependent reduction of 
vocalization and this reduction was still apparent when tested 20 
hours post-injection. Following four days of vigabatrin 
administration, no apparent tolerance developed to this acute 
vocalization suppressing effect. At neither 5 or 20 hours post-
injection were there dose-dependant differences in the latency of an 
animal to approach a small flock of conspecifics. Thus the 
vocalization suppression effect was found at a dose where neither 
motor control nor social approach tendencies were affected. These 
findings suggest that vigabatrin may specifically alter separation 
distress circuitry in the brain, rather than produce a more 
generalized behavioral inhibition.

520.16
ONTOGENY OF DEFENSIVE BEHAVIOR AND ANALGESIA IN RAT 
PUPS EXPOSED TO AN ADULT MALE RAT. C. P, Wiedenmaver*, G. A, 
Barr. Developmental Psychobiology, Columbia University and 
NY State Psychiatric Institute, New York, NY 10032.

Aversive situations elicit defensive behavior and induce anal-
gesia. To determine whether defense and nociception are two 
separated systems, their development was analysed during ear-
ly ontogeny in rats. A huddle of preweanling pups was exposed 
to an unfamiliar adult male. At postnatal day 7 the pups did not 
show behavioral reactions to the male and no reduced nocicep-
tion in a thermal paw withdrawal test. At day 14, pups in the 
presence of the male became immobile, and they showed anal-
gesia after exposure. At day 21, 22 of 32 pups became immobile, 
whereas 10 pups explored the partition separating them from 
the male. Neither group showed analgesia. The developmental 
course of immobility and analgesia reflect both the changes in 
threat imposed on the pups by a potentially infanticidal male 
and the ability of pups to react to that threat. The dissociation of 
immobility and analgesia during ontogeny indicates two sepa-
rated but connected motivational systems and plasticity of the 
underlying neural processes. To determine whether analgesia 
at day 14 was mediated by endogenous opioids, the general 
opioid antagonist naltrexone was systemically injected 
(lmg/kg) prior to male exposure. Naltrexone suppressed anal-
gesia but did not affect immobility in the presence of the male. 
This suggests a role for opioids in male-induced analgesia and 
further supports the dissociation of defense and nociception. 
Supported by Ciba-Geigy, DA07341 and NS36130.
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520.17
SOCIAL AND SEXUAL MOTIVATION IN THE MALE RAT 
MEASURED USING AN OPERANT RUNWAY. H, H. Lopez. D. 
H. Olster. and A, Ettenberg*. Department of Psychology, U.C. Santa 
Barbara, Santa Barbara, CA 93106.

A straight-arm runway apparatus was used to assess the motivation 
of male rats to approach a goalbox containing male or female "targets". 
Twelve sexually-naive Long-Evans males ran for an empty goal-box, a 
male conspecific, an ovarieetomized (OVX) female, an OVX female 
given estradiol treatment, or an OVX female given both estradiol and 
progesterone. A Plexiglas partition prevented the subject males from 
physically interacting with the targets, although olfactory, visual and 
auditory cues were still available. Statistical analyses revealed that 
males ran significantly faster for receptive females than for non- 
receptive females. This indicates that even sexually inexperienced 
males are aroused and motivated by the precopulatory cues of females 
in heat. In addition, the results suggested that the potential for social 
companionship, independent of sexual arousal, led to increased 
running speeds. The subjects seemed to find a non-receptive female 
target more positive than a male conspecific. These data suggest that a 
runway provides an effective methodology for measuring social and 
sexual motivational variables independent of the effects of actual 
reinforcement. Supported by NIDA grant DA08042 and NIH grant 
HD28636 awarded to A.E. and D.H.O. respectively.

CIRCADIAN RHYTHMS I

521.1
SEX DIFFERENCES IN THE CIRCADIAN RESPONSE TO LIGHT 
IN THE DIURNAL INDIAN PALM SQUIRREL, FUNAMBULUS 
PENNANTI. J. R, Redman* and S. M. W. Rajaratnam. Department of 
Psychology, Monash University, Clayton, Victoria 3168, Australia.

A number of studies have reported sex differences in the circadian 
system of nocturnal rodents. However, few studies have examined 
diurnal species. We investigated the effects of light intensity on free- 
running period (tau) in the diurnal Indian palm squirrel (Funambulus 
pennanti), a commensal species of central and north India. Seven 
female and seven male palm squirrels were maintained in a temperature 
controlled laboratory (23 ± 2 °C) for 21 days under constant dim light 
(dim LL: 5 lux), 21 days under constant bright light (bright LL: 50 lux), 
and then for several weeks in constant dark (DD: 0.1 lux). Locomotor 
activity rhythms were monitored using a passive infra-red motion 
detecting system. Tau under bright LL was found to be greater than tau 
under dim LL, which is contrary to Aschoffs Rule for diurnal animals. 
Furthermore, tau for females was consistently less than for males, as 
has been reported in the golden hamster. In diurnal animals, DD 
induces arrhythmia. In the present study, the proportion of females 
which became arrhythmic in DD was greater than males. The results 
show that as in nocturnal rodents, there are sex differences in the 
organisation of the circadian timing system in this diurnal species.

521.2
NEUROACTIVE SUBSTANCES IN THE SUPRACHIASMATIC NUCLEUS 
OF A HIBERNATOR. J, Lopez1. D.I. Lugo2 and N. Lugo*1. Institute of 
Neurobiology, Univ. of Puerto Rico, Med. Sci. Campus., San Juan, PR, 00901 ’, 
Dept. of Biology, Univ. of Puerto Rico Rio Piedras Campus, San Juan, PR, 
009312.

A circadian pacemaker in the mammalian suprachiasmatic nucleus (SCN) 
imposes a temporal organization on physiological processes and behavior. The 
SCN receives afferents from many sources, particularly the retina, and has been 
shown to contain a number of neuroactive substances in rats and hamsters. 
Since the SCN is involved in circadian rhythms, it would be interesting to 
understand the rhythms of expression of neuroactive substances in hibemators. 
We have studied neuroactive substances in the suprachiasmatic nucleus of a 
seasonal hibernator, the thirteen-lined ground squirrel (Spermophilus 
tridecemlineatus) during a 12h light/12h dark cycle. Immunofluorescent 
techniques and the avidin-biotin (ABC) method were used to assess the 
presence of peptides and modified amino acids in the SCN. Substance P-like 
immunoreactivity was seen in axonal terminals throughout the SCN; some 
terminals of this field extended into other hypothalamic sectors. Serotonin-like 
immunoreactivity was also found in axonal terminals distributed throughout the 
SCN, but they were confined to the SCN. GAB A-like immunoreactive neurons 
were also found. The distribution of GABAergic neurons will be examined 
using in situ hybridization (antisense GAD 65 and GAD 67 oligonucleotides). 
Our results suggest that neuroactive substances previously described in rats and 
hamsters are also present in the ground squirrel SCN. (Supported by NIH 
Grants MH-48190 and G12RR-03051).

521.3
A CIRCADIAN CLOCK REGULATES EXTRACELLULAR pH IN 
THE FISH RETINA. A. V. Dmitriev and S. C. Mangel*. Department 
of Neurobiology, Univ. of Alabama Sch. of Med., Birmingham, AL.

Light adaptation increases and dark adaptation decreases the 
extracellular pH (pH0) of the vertebrate outer retina (Borgula et al., 
1989; Oakley and Wen, 1989; Yamamoto et al., 1991). Because a 
circadian clock regulates the light responses of neurons in the outer 
retina (Wang and Mangel, 1996), we thus investigated whether pH0 in 
the fish outer retina is regulated by a circadian clock. Following 14 
days of a 12/12 hr light/dark cycle, goldfish were maintained in constant 
darkness for 24-48 hrs. Surgery was performed under dim red light 
following which intact retinas were superfused with a bicarbonate-based 
Ringer solution. The physiological condition of the tissue was assessed 
by recording the ERG to 5 sec scotopic light flashes. Extracellular pH 
was measured with pH-sensitive microelectrodes based on the 
Hydrogen Ionophore I-Cocktail B (Fluka). Goldfish retina was 
maintained in a healthy state for up to 24 hr, as indicated by the ERG. 
The pH of the superfusate in the retinal chamber was 7.55. The value 
of pH0 in the outer retina was significantly (p<0.05) greater during the 
subjective day (7.41 + 0.01 (SEM); n=7), than during the subjective 
night (7.32 + 0.03; n=9). This day/night difference in pH0 (0.09 pH 
units) is greater than light-induced pHo changes. These findings 
suggest that a circadian clock, possibly in the retina itself, regulates pH0 
so that pH0 is lower in the night, compared to the day. Circadian clock 
regulation of pH0 may modulate synaptic transmission in the outer retina 
and may contribute to the suppression of light responses observed 
during the night.

Supported by grants from the NSF and NIH.

521.4
CIRCADIAN RHYTHMS OF LOCOMOTOR ACTIVITY IN ZEBRAFISH.
M.W. Hurd*. J. DeBruvne and G.M. Cahill. Dept. of Biology, Univ. of Houston, 
Houston, TX 77204-5513.

In these experiments, we characterized the circadian regulation of zebrafish 
locomotor behavior under a light-dark (LD) cycle or in constant conditions at four 
ambient water temperatures. Animals were individually housed in chambers, with 
continuously circulating, filtered water. Activity was recorded continuously using 
an infrared emitter/detector system. Temperature was controlled to within ± 0.1 °C. 
When zebrafish were maintained in a 14:10 LD cycle at 25°C, 82% of the fish 
were most active during the light phase of the cycle. Locomotor activity was 
rhythmic in some zebrafish maintained in constant conditions, and the proportion 
of animals that were rhythmic was related to the ambient water temperature. 
Approximately 70% of the animals were rhythmic at 21 °C, about 50% were 
rhythmic at 25°C or 28.5°C, and about 20% were rhythmic at 18°C in either 
constant dark (DD) or constant light (LL). The water temperature had no 
significant effect on the period of the rhythm in constant conditions. Mean 
freerunning periods were approximately 25 hrs in DD and about 24 hrs in LL at all 
ambient temperatures. Temperature had a significant effect on the total amount of 
activity per day. Total activity per day was lowest at 21 °C and highest at 25°C in 
either DD or LL. However, there was no consistent relationship in either DD or 
LL between total activity per day and whether or not activity was rhythmic. We 
found no evidence of sex differences in zebrafish in any of the circadian 
parameters examined. These data indicate that zebrafish are diumally active and 
that locomotor activity is regulated by a circadian clock that is temperature 
compensated. Activity rhythms will be useful for further investigation of the 
physiology of the zebrafish circadian system.

Supported by the Air Force Office of Scientific Research (F49620-94-1-0314).
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521.5
CLONING OF A BRAIN OPSIN FROM THE LIZARD PODARCIS SICULA. M, 
Pasqualetti. A. Innocenti. M. Ori, G. Casini*. A. FoL I. Nardi. Lab. of Cellular 
Biology and Development, University of Pisa, 56010, Italy.

Extraretinal and extrapineal photoreception has been implicated in the entrainment 
of circadian process of the lower vertebrates. Circadian locomotor rhythms of several 
non-mammalian vertebrates can be entrained to Light-Dark cycles after ablation of all 
known photoreceptive structures (lateral eyes, pineal gland, parietal eye). Localization 
experiments showed that some cells with photoreceptive capability could be present 
in the brain.

In order to test the existence of photoreceptor cells in the brain we used Reverse 
Transcriptase-Polymerase Chain Reaction (RT-PCR) with degenerate primers to 
amplify and clone opsin-like complementary DNAs (cDNA) from adult ruin lizard 
brain. We recovered a partial-length clone showing an open reading frame with a high 
omology with rhodopsins both in nucleotidic and aminoacidic sequence. To extend 
this clone to both 3' and 5' ends we used Rapid Amplification of cDNA Ends 
(RACE). We recovered a clone of 1754 base pairs (bp) that contained an open reading 
frame encoding a rodopsin-like protein of 357 amino acid residues. Hydropathy 
analysis of the aminoacidic sequence predicts an heptahelical structure for this protein, 
beeing a member of G-protein-coupled-receptors family. The predicted aminoacidic 
sequence shows an identity over 85% with rh2 rhodopsines and about 40% with red 
opsines. RT-PCR with specific primers indicated that this opsin gene is expressed in 
both brain and retina, but no expression has been detected in other lizard tissues 
(heart, liver, testicles). In order to localize photoreceptive brain cells in which this 
opsin gene is expressed we are currently performing in situ hybridation experiments 
on lizard brain sections. Supported by MURST grants.

521.6
REGULATION OF CIRCADIAN RHYTHMS OF OCULAR MELATONIN 
AND DOPAMINE: INTERACTION BETWEEN MELATONIN AND 
DOPAMINE A. Adachi, T. Nogi, M.L. Tanaka*1 and S. Ebihara, Dept. of 
Animal Physiol., Sch. of Agricul Sci., 'Dept. of Vis. Neurosci., Res. Inst, of 
Environ. Med., Nagoya Univ., Nagoya 464-01, Japan.

Avian circadian rhythms of locomotor activity are regulated by multiple 
oscillatory system which is consisting of the pineal, the eyes and the 
suprachiasmatic nucleus in the anterior hypothalumus. Melatonin which is 
rhythmically synthesized in the eyes and the pineal is involved in the regulatory 
mechanisms of avian circadian rhythms. In order to study the mechanism 
controlling ocular melatonin rhythms, we have measured circadian rhythms of 
melatonin together with dopamine from the eye of a free-moving pigeon by in 
vivo microdialysis.

Under LD 12:12, melatonin levels were low during the light and high during the 
dark. On the contrary, dopamine levels were high during the light and low during 
the dark. This anti-phase relationship between melatonin and dopamine persisted 
under LLdim, indicating that both rhythms have circadian nature and melatonin and 
dopamine may interact with each other. Therefore, in the next experiment we have 
examined effects of a single intraocular injection of dopamine or melatonin on the 
phase of both melatonin and dopamine rhythms. The injection of dopamine at CT 
12 and CT 18 induced phase delays and phase advances of both rhythms, 
respectively. On the other hand, melatonin injection at CT 0 and at CT 6 also 
induced phase delays and phase advances of both rhythms, respectively. It is 
known that melatonin and dopamine are synthesized in photoreceptors and 
amacrine cells, respectively. Thus our results provide the hypothesis that 
photoreceptors and amacrine cells are interacting with each other by rhythmic 
release of melatonin and dopamine and control their own rhythm through affecting 
the other rhythm. Supported by a grant from JSPS Research Fellowships for 
Young Scientists (A.A).

521.7
CONSTANT LIGHT AND INCREASED AMBIENT TEMPERATURE DISRUPT 
THE CIRCADIAN RHYTHM OF BODY TEMPERATURE IN THE DOMESTIC 
FOWL (GALLUS DOMESTICUS). J.L.M. Morgan*, C. Graber, J.P. Kirby. Dept 
of Poultry Science, University of Arkansas, Fayetteville, AR 72701.

Many animals and humans exist in stressful environments that affect their 
circadian rhythms. In this study, we are investigating the effects of long 
photoperiods and high environmental temperatures on the circadian rhythms 
of body temperature and activity in chickens, conditions that commonly occur 
in industry. Core body temperature and activity rhythms of male chickens were 
measured using an implantable radiotransmitter and data acquisition program 
(MiniMitter, Inc.). Prior to and following implantation of the transmitter, the 
birds were entrained to a lightdark cycle (16L:8D) at a light intensity of 5 Lux 
and a temperature of 25° C. The birds exhibited a robust body temperature 
rhythm that averaged 1 ° C in magnitude. The daily oscillations in temperature 
anticipated lights on and off by 1-2 hours. The activity patterns of the chickens 
were associated with body temperature rhythms.

Under constant bright light (24L:0D) and high temperature (34°C), the 
circadian rhythm of body temperature was immediately dampened. Preliminary 
analysis indicate that by the third day, the majority of birds appear to be 
arrhythmic and were maintaining their average body temperature 0.5° C higher 
than when entrained to 18L6D and lower environmental temperatures. The 
rhythmicity of the activity patterns also disappeared. The lack of the free- 
running state is consistent with previously published results for other species 
of birds (see Refetti and Menaker, 1992). Reentrainment to 18L:6D and 25° 
C. resulted in an immediate return to a robust circadian rhythm of body 
temperature and activity. However, the amplitude of the oscillation and the 
onset of the anticipatory increase in body temperature associated with lights 
on was dampened. (Supported by U of Arkansas Agricultural Exp Station).

521.8
SCREENING FOR CLOCK-CONTROLLED GENES BY EQUALIZED 
SUBTRACTIVE HYBRIDIZATION OF CHICK PINEAL cDNA 
LIBRARIES. J. Olcese* and G. Salinas. Inst. Hormone & 
Fertil. Res., Univ. of Hamburg, 22529 Hamburg, Germany.

The chick pineal gland is a recognized model of a 
vertebrate circadian oscillator. Whereas the rhythmic 
synthesis of the hormone melatonin is considered to be 
driven primarily via cyclic AMP and Ca2+ signaling, the 
molecular basis of the chick pineal oscillator remains 
unknown. In an effort to identify further components of 
this oscillator, subtractive cDNA libraries were prepared 
from 2-week old chick pineals collected at mid-day and 
mid-night. Using suppression polymerase chain reaction 
techniques to enrich the proportion of rare transcripts i n 
these subtractive cDNA libraries we then performed a n 
initial differential screening using dot blot hybridization. 
Numerous clones were identified from the night pineal 
libraries, including several unknown as well as some 
known sequences. Of particular interest was the 
identification of high nocturnal expression of cystatin, a 
cysteine proteinase inhibitory protein, as well as protein 
phosphatase 2A (PP2A). In the latter instance high 
nocturnal levels of immunoreactive PP2A were detected 
by immunoblotting. These results present new strategies 
for dissecting out the molecular machinery of the 
circadian oscillator present within the chicken pineal. 
(Supported by the Deutsche Forschungsgemeinschaft 01 45/8-1)

521.9
INFLUENCE OF MELATONIN ON ELECTRIC ORGAN DISCHARGE 
BEHAVIOR IN THE WEAKLY DISCHARGING ELECTRIC FISH,
BRIENOMYRUS BRACHYISTIUS. A, Han, P, Gupta, L, I, Perrotti, D. DeWitt*, 
and R. E. Landsman. Laboratory of Behavioral Ichthyology, Academy for the 
Advancement of Science & Technology, Hackensack, NJ 07601.

The present study investigated whether melatonin (MD influences rate and 
waveform characteristics reported to exhibit circadian rhythmicity (Lissmann & 
Schwassmann, 1965; Franchina, 1993) in the electric organ discharge (EOD) 
emitted by weakly discharging electric fish. B. brachyistius were matched by 
body mass and assigned to one of three conditions (n = 10): MT implant [1mm of 
packed hormone in open-ended silastic tubing (i.d.= 0.076 cm, o.d. = 0.166 
cm) per gram of body mass], empty implant (BLK), or nonhandled control 
(NHC). EOD rate and duration of individual phases of the EOD were collected 
and measured from each fish prior to implant (pre-implant) and over the 
subsequent six post-implant days. Melatonin caused a significant increase in 
EOD rate on Days 4, 5, and 6 post-implant compared to pre-implant values 
[Friedman's ANOVA on ranks, %2(df=6), = 17.7, p = 0.007]. A two-way ANOVA 
with repeated measures on time (day) revealed a significant CONDITION x 
DAY interaction for the duration of Phase 3 (P3) of the EOD [F(12,162) = 2.66, 
p< 0.003]. Student-Newman-Keuls multiple comparisons indicated that only MT 
significantly increased the duration of P3 from pre-implant levels on post-
implant Days 2 and 3. Although a two-way ANOVA run on the duration of 
Phase 2 (P2) of the EOD did not reveal a significant interaction, P2 displayed a 
pattern of response similar to that of P3 on Days 2 and 3 in response to the MT 
implant. Phases 1 and 4 of the EOD were not affected by MT. No changes in 
EOD rate or waveform were detected for BLK or NHC subjects. These data 
show that MT affects EOD characteristics thought to exhibit circadian rhythms 
and suggest a role of MT in the modulation of reported circadian rhythmicity in 
the EOD. Funded by the Bergen County Technical Schools' Board of Education.

521.10
THE SIXTH ABDOMINAL GANGLION AS AN INTERNAL SYNCHRONIZER 
OF THE ELECTRORETINOGRAPHIC CIRCADIAN RHYTHM IN CRAYFISH 
PROCAMBARUS. V.Inclan-Rubio*. A.Borgonio-Aguilar, and M.Ouiiano- 
Armendariz. Departamento de Fisiologla. Facultad de Medicina, UNAM. AP.70- 
250.CP04510.Mexico,D.F.
When an environmental or internal signal is able to modify the natural oscillation 
frequency or the phase of a circadian rhythm, we refer to synchronization capability. 
In crayfish Procambarus, it has been shown that when a white light stimulus is 
applied on the sixth abdominal ganglion (SAG), an increase of the electric activity of 
the abdominal chain is evoked, causing a decrease in the amplitude of the electric 
response of the visual photoreceptors (ERG). We wanted to study the characteristics 
of the internal synchronization carried over by the SAG on the ERG circadian rhythm 
when receiving monochromatic light (ML) of different wavelengths, and to identify 
the SAG as an oscillator. We worked with adult P. clarkii. ERG was obtained with 
conventional recording techniques, and during the experiments each crayfish 
received photoperiodic stimuli (light-darkness 12:12) at 50 lx intensity. In the 4th day 
of recording, a ML stimulus (465, 590 or 632 nm) of 400 lx and 60 min was applied 
on the SAG. 16 experiments were done for each wavelength, exploring the 24 
circadian time (CT).. Shifting phase was evaluated six days after the stimulus was 
applied and the data was used to build phase response curves. Results were: (a) 
photostimulation of the SAG in three different wavelengths evoked phase delays (De) 
on the ERG circadian rythm at 12 and 18 CT, and phase advances (Ad) at 6 and 24 
CT; (b) transitory states were present after each stimulus, lasting from 24 to 36 hours; 
(c) De/Ad ratio was higher (0.92) for the 590 nm. Therefore, we propose the SAG as 
an internal synchronizer of the ERG circadian activity in the compound eye.
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521.11
DIURNAL RHYTHM OF FREQUENCY OF CONTRACTION OF THE 
CRAYFISH NEUROGENIC HEART. J. Hernandez-Falcon1, and R 
Ramon~ ^Departamento de Fisioiogia and 2Division de Estudios de 
Posgrado e Investigacion, Facultad de Medicina, UNAM, Apdo. Postal 
70-250, Mexico, D.F. 04510, MEXICO.

The neurogenic crayfish heart is driven by neurons from the cardiac 
ganglion and is under both humoral and neural control. In intact animals 
under constant conditions cardiac frequency displays a circadian rhythm, 
probably mainly neural in origin; however, it can be modulated by 
compounds secreted by the sinus gland.

To gain insight into the origin of this contraction rhythm we recorded 
hearts isolated from crayfish synchronized to light-dark cycles of 12 hr.

Hearts were obtained from cold anesthetized crayfish and immersed in 
well aerated saline solution lasting about 2-3 hr. A pair of silver wires 
recorded electrical activity of hearts isolated from crayfish every 2 hr 
along 24 hr. cycles. Heart frequency was measured at 15 min intervals. 
Every two hours point was the mean value of 3-5 experiments.

Results show cardiac frequency generally lower in excised hearts as 
compared to in situ hearts, but higher at noon. However, hearts thoroughly 
washed do not show diurnal differences. These results imply an oscillatory 
capability of cardiac ganglion independently of nervous system influence 
and the presence of a soluble factor capable of inhibiting cardiac activity.

Supported by DEPI 359.

521.12
CIRCADIAN ELECTRICAL ACTIVITY IN THE CRAYFISH BRAIN.
O.H, Hem&ndez1 and B, Fuentes-Pardo2^. ‘Centro de Investigaciones de 
Enfermedades Tropicales, Universidad Autdnoma de Campeche, Campeche, and 
2Departamento de Fisioiogia, Facultad de Medicina, UNAM, Apdo. Postal 70- 
250, Mexico, D.F. 04510, Mexico.

An important question in the study of circadian rythmicity is related to the 
origin of oscillations. In crayfish the precise location of the pacemaker system 
driving the electroretinogram (ERG) circadian rhythm is uncertain, although the 
sinus gland plays determinant role in the generation and expression of this 
rhythm through periodic release of DPDH (distal pigment dispersing hormone). 
Some data suggest that the circadian pacemaker could be located in a group of 
neurosecretory cells of the supraesophageal ganglion (brain). .To identify the 
sites of the brain with circadian electrical activity we studied the temporal 
patterns of both spontaneous and light evoked potentials recorded from some 
nuclei of the protocerebrum. Unrestrained crayfish Procambarus clarkii were 
recorded in free-running under constant darkness (DD) and temperature (20°C). 
Extracellular electrodes were chronically impaled in the protocerebrum and 
spontaneous potentials were obtained by periods up to 15 days. In another 
experimental group the electrical activity of protocerebrum evoked by the 
application of light flashes (visual evoked potentials, VEP) was recorded. The 
electrical activity was filtered, amplified and digitized and data were plotted 
versus time. The results show that both spontaneous and evoked responses have a 
circadian profile but are almost 180° out of phase each to other. All the above 
suggests that cellular elements in protocerebrum, involved in light integration, 
display an endogenous oscillation and may be, at least, part of the pacemaker 
system driving the ERG circadian rhythm in crayfish
Supported by DGAPA IN214796 and CONACyT 2153PM grants.

521.13
WAVELENGTH DEPENDENCE OF LIGHT INDUCED PHASE SHIFTS IN THE 
ERG AMPLITUDE CIRCADIAN RHYTHM OF JUVENILE CRAYFISH 
Procambarus clarkii. Miranda-Anaya. M, Gomez-Lira, G and Fanjul-Moles, M.L*. 
Lab. Neurofisiologia Comparada,Depto. de Biologia, Facultad de Ciencias, UNAM. 
AP 70-371 CP 04510 Mexico D. F.

This work was undertaken to elucidate some of the mechanisms underlying the 
synchronization of the electroretinogram (ERG) amplitude rhythm in juvenile stages 
of crayfish. The free running ERG amplitude rhythm of forty juvenile organisms was 
analyzed. Each animal was kept in constant darkness and temperature for at least ten 
days, and the amplitude of the eye’s electrical response to a fixed test white light, 
delivered at fifteen minutes interval,was plotted against the external time. At 
different circadian time (CT), a putative circadian photoreceptor, the caudal 
photoreceptor system (CPS) was stimulated by applying a thirty min and three W 
m'2 monochromatic light pulse, X 440 and 640 nm. Two parameters were 
determined: 1) The voltage changes of the ERG response to the CPS blue or red light 
stimulation and 2) The effect of both luminous stimulus on the phase of the ERG 
amplitude rhythm. To evaluate this parameter a phase response curve (PCR) for each 
light X was constructed. The data indicated that blue light stimulus increases the 
ERG during the early subjective night (SN) decreasing it at the end. Red light 
stimulus produced an ERG voltage decrease during the subjective day (SD) and an 
ERG increase during the SN. PRC obtained for blue light stimulus showed 
insensitivity in the SD; advances are seen at the time of the expected dusk and delays 
occur at the late SN. PRC obtained for red light showed advances and delays during 
the early SN and a zone of delays in the late SN. The characteristics of both 
responses indicate that the CPS is a circadian photoreceptor possesing a differencial 
spectral sensitivity. CONACYT 112-PN.PADEP 3004.

521.14
THE ACCESSORY MEDULLA IS THE PRESUMPTIVE CIRCADIAN 
PACEMAKER OF THE COCKROACH LEUCOPHAEA MADERAE. B. Petri*, T. 
Reischiq and M. Stengl. Dept. of Zoology, Univ. of Regensburg, 93040 
Regensburg, Germany.

Lesion studies located the circadian clock of hemimetabolous insects to 
the optic lobes ventrally to the medulla (Sokolove 1975, Brain Res 87.T3). 
This area is occupied by the accessory medulla (AMe). The AMe is 
innervated by pigment-dispersing hormone-immunoreactive (PDH-ir) neurons 
which are pacemaker candidates in insects (Homberg et al. 1991, Cell Tissue 
Res 266:343; Stengl and Homberg 1994, J Comp Physiol A 175:203; Helfrich- 
Forster 1995, PNAS 92:612).

Lesion and transplantation studies add further evidence to the 
pacemaker function of the AMe. Complete lesions of the AMe abolished 
circadian activity in the cockroach. Then, we examined whether 
transplantation of the AMe from a donor to a host with a different circadian 
period would transfer the circadian period from the donor to the host. So far, 
1 of 11 transplanted animals regained rhythmicity, it had a period resembling 
the donor’s period and it showed PDH-ir terminals in the midbrain.

Immunocytochemical studies revealed a wealth of different peptide-ir 
neurons in the AMe, hinting the importance of neuropeptides for this 
neuropil. We examined the role of the neuropeptides PDH and Mas- 
allatotropin in the circadian system by local injections into the optic lobe. 
Injections of PDH into the vicinity of the AMe as well as morphological 
evidence suggests that some PDH-ir neurons are a coupling pathway of the 
bilaterally symmetric pacemakers. Injections of Mas-allatotropin hint a role 
of Mas-allatotropin-ir neurons in the light entrainment pathway. In summary, 
increasing evidence suggests that the AMe is the circadian pacemaking 
center in the cockroach brain. [Supported by DFG grant Ste 531/7-1]

521.15
The  Bulla  Retinal  Circadian  Clock  Regulates  Spontaneous  
Firing  Through  Tyrosine  Kinase  and  Phosphatase  Activity .
E. D. Herzog*, C. M. Silva, D. Whitmore, and Gene D. Block. NSF Center for 
Biological Timing, Univ. of Virginia, Charlottesville, VA 22903

The basal retinal neurons (BRNs) of the opisthobranch sea snail, Bulla 
gouldiana, are circadian pacemakers with a 24-h rhythm in their spontaneous 
firing rates. Roberts et al. (1992) examined the role of tyrosine kinases in 
rhythm generation; we examined whether the circadian pacemaker regulates the 
cells’ firing rate through a similar transduction pathway. The effects of kinase 
and phosphatase inhibitors were tested on the firing rates of isolated eyes. 
Extracellular recordings of the compound action potentials (CAPs) in constant 
darkness showed that the tyrosine kinase inhibitor, genestein (8 pM), blocked 
CAPs while the tyrosine phosphatase inhibitor, pervanadate (100 pM) 
dramatically increased CAPs during the subjective day. Treatment with 
antagonists against serine/threonine kinases had no effect on CAPs. Genestein 
specifically blocked spontaneous CAPs, but not light-evoked CAPs. The 
intrinsic oscillations in tyrosine phosphorylation were tested on Western blots 
of whole eye extracts taken at intervals through two circadian cycles. Proteins 
were separated by SDS-PAGE, electrophoretically transferred to nitrocellulose 
and blotted with a polyclonal anti-phosphotyrosine antibody. Preliminary 
results showed a number of tyrosine-phosphorylated bands. Several bands 
exhibited a circadian rhythm in phosphorylation reaching a maximum during 
the subjective day, coincident with the daily increase in firing rate of the eye. 
Studies are under way to identify the proteins that are tyrosine phosphorylated 
and the mechanisms that modulate firing rate.
Supported by: NIH grant NS15264

521.16
RHYTHM OF ApC/EBP mRNA IN THE EYE OF APLYSIA'. IN VIVO VS IN 
VITRO. S. Hattar*, J. Levenson and A. Eskin. Dept. Biochem. and 
Biophys. Sci., Univ. of Houston, Houston, TX 77204.

Previously we reported that levels of mRNA for the transcription factor, 
CCAAT enhancer-binding protein (ApC/EBP), were rhythmic in eyes from 
intact animals kept under 12:12 light dark (LD) cycles or constant darkness 
(DD). More recently we found that the rhythm of ApC/EBP mRNA did not 
persist in isolated eyes kept under DD conditions in BFSW or culture 
media. This could be due to: 1) injury induced masking of the rhythm, or 2) 
driving the rhythm by either a blood factor or cerebral efferents. To test the 
first hypothesis, preliminary experiments showed that the rhythm of RNA 
could be restored in isolated eyes attached to the cerebral ganglion. 
Furthermore, the amount of ApC/EBP mRNA seemed tc be lower in eyes 
attached to cerebral ganglia relative to eyes not attached to cerebral 
ganglia. These results suggest that either the rhythm of ApC/EBP is 
driven by efferents from the cerebral ganglion or the rhythm is masked 
due to injury caused by severing the optic nerve. To test the second 
hypothesis, we attempted to measure 5-HT, which phase shifts the ocular 
rhythm, in the hemolymph using a 5-HT ELISA. 5-HT was detected in the 
hemolymph. The 5-HT concentration varied among animals from 5nM to 
45nM. (Supported by NIMH MH41979).
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521.i7
NOCTURNAL AND DIURNAL VARIATION OF SPECTRAL 
SENSITIVITY IN TWO SPECIES OF GULLS. M, Emond. R. McNeil. 
T, Cabana. P. Lachapelle*. Dep. de Sciences Biologiques, Universite 
de Montreal, C.P. 6128, Succ. Centre-Ville, Montreal, Canada H3C 3J7, 
and Dept. of Ophthalmology, McGill University, Montreal, Canada 
H3H 1P3.

In birds many retinal functions are known to be regulated by 
circadian mechanisms localized within the retina. The organization 
and expression of these retinal rhythms seem to vary among species. 
Using corneal electroretinography (ERG), we have compared spectral 
sensitivity for both the a- and b-waves in the mainly diurnal ring-
billed gull Larus delawarensis, and the gray gull Larus modestus 
which is nocturnal during the breeding season. Animals were kept in 
their natural light-dark cycle (LD 14:10) prior to experimentation and 
ERGs were recorded at 4-hour intervals over a 24 hour cycle using 
different groups of animals for each time interval. Recordings were 
made in both scotopic and photopic conditions for each individual of a 
given group with stimuli wavelength varying between 450nm and 
700nm. Analysis of the b-wave indicates that in L. delawarensis 
spectral sensitivity recorded in photopic condition shifted from 
approximately 600nm during the day to 550nm at night. No such day- 
night shift was observed when the recordings were made in scotopic 
condition in that species. The a-wave showed no variation, in either 
condition, during the course of the 24h cycle. In L. modestus, no daily 
variation of spectral sensitivity was evidenced, neither in photopic nor 
in scotopic condition. This may suggest that in L. delawarensis the rods 
system is possibly activated endogenously during the night even when 
the retina is exposed to light. (Supported by NSERC and MRC )

521.18
Circadian Rhythm of Responsiveness to Light in isolated Crayfish 
Retina. Leonardo Rodriguez Sosa and Hugo Arechiga. Division de Estudios 
de Posgrado e Investigacion, Facultad de Medicina, UNAM.

The response of crayfish photoreceptors to light varies in a circadian 
manner. In wholesome animals, the amplitude of the mass response of 
retinal photoreceptors to light pulses (electroretinogram, ERG) has been 
known for long to display a robust circadian rhythm. The origin of the 
circadian time signal has been a matter of debate for more than two 
decades (Chronobiol. Int. 10:1, 1993). In the present work, we explored the 
circadian rhythm of electrical response of crayfish retinal photoreceptors to 
light in isolated retinas of the crayfish Procambarus clarkii. Adult 
specimens were used, without distinction of sex and in intermolt st the time 
of the experiment. The animals were kept under a 12:12 LD programme at 
least for one week prior to the experiment. The retina and lamina 
ganglionaris (R-LG) was excised in a single piece from the rest of the 
eyestalk. Isolated R-LG was kept in culture medium at temperatures from 
14-24° C for seven days. ERG from R-LG was recorded with a suction 
electrode; signals were subsecuently amplified and computed. ERG 
amplitude in response to test light pulses of constant intensity varied in a 
circadian manner with a nocturnal acrophase, and a period of 22-23 hours in 
preparations kept under background darkness. The circadian period was 
shortened in proportion to the rate of test pulse application. Preparations 
could be entrained to reversed LD cycles. The persistence of a circadian 
rhythm of responsiveness to light in the isolated R-LG, does suggest that the 
intrinsic cellular elements in this region are capable of generating the 
rhythmicity.

This project was partly funded by CONACyT grant No. 0971P-B

521.19
DAILY RHYTHMS AND cAMP-DEPENDENT REGULATION OF 
TRYPTOPHAN HYDROXYLASE ACTIVITY IN PHOTORECEPTORS AND 
RETINAL NEURONS OF Xenopus laevis. A.I. Valenciano. A.L. Alonso-Gomez, 
and P.M. Iuvone* . Dept. of Pharmacology, Emory Univ., Atlanta GA 33022.

Melatonin (MEL) and serotonin play important roles as neuromodulators in the 
vertebrate retina. Tryptophan hydroxylase (TPH, EC. 1.14.16.4) is a rate-limiting 
enzyme in the production of both indoles. Xenopus laevis retina contains 
serotonergic amacrine and bipolar neurons, and synthesizes melatonin in 
photoreceptor cells. The aims of this study were to (1) examine the regulation of 
TPH activity by photoperiod in photoreceptors and in retinal neurons, and (2) 
determine if TPH activity is regulated by cAMP. Inner retinal neurons were 
lesioned by intraocular injection of kainic acid, which reduced glutamic acid 
decarboxylase activity to 3-9% of that in the fellow eyes injected with saline. 
Histological and biochemical analyses suggest that photoreceptors are not affected 
by the neurotoxin. Both control and kainate-treated retinas express day-night 
rhythms of in situ TPH activity that fit sinusoidal functions, but intact retinas peak 
at midday while photoreceptor-enriched retinas do so at midnight. Comparing the 
mean level of both rhythms, TPH activity in kainate-lesioned retinas was 24% of 
that in controls. In kainate-lesioned retinas, TPH activity was stimulated by 
forskolin, and the effect of the drug was unaffected by actinomycin D or 
cycloheximide. We conclude that the daily rhythm of TPH activity in 
photoreceptors is parallel to that previously described for TPH mRNA and 
melatonin synthesis, and that TPH activity in photoreceptors is subject to both 
transcriptional regulation and to cAMP-dependent post-translational control. The 
day-night rhythm of TPH activity in serotonergic neurons appears to be opposite 
to that in photoreceptor cells. Supported by NIH grant EY04864

CIRCADIAN RHYTHMS II

522.1
CHRONIC CLONIDINE TREATMENT ALTERS PHOTIC PHASE SHIFTING 
AND ENTRAINMENT IN SYRIAN HAMSTERS. A M. Rosenwasser* and S.M. 
Dwyer. Dep’t of Psychol., Univ. of Maine, Orono, ME 04469.

Brainstem monoaminergic projections to the hypothalamic suprachiasmatic 
nucleus (SCN) and thalamic intergeniculate leaflet (IGL) appear to modulate photic 
input to the mammalian circadian timing system and to mediate the chronobiologic 
effects of various non-photic stimuli. Prior research from this laboratory show ed 
that chronic treatment via the drinking water with the alpha-adrenoceptor agonist, 
clonidine, shortens free-running period and blunts the period-lengthening effect of 
increasing light intensity in rats. In contrast, acute sy stemic clonidine treatment 
appears to mimic or potentiate the phase-shifting effects of light in hamsters. Since 
this apparent discrepancy could be due to species differences or to differences 
between acute and chronic drug administration, we have now examined the effects 
of chronic clonidine treatment on photic phase shifting and entrainment in 
hamsters. Male Syrian hamsters (Charles River) maintained chronically on 
clonidine-adulterated drinking solutions (5 or 10 ug/ml) or on plain water were 
exposed to 10 min light pulses at circadian time (CT) 19; that is, about 7 hours after 
activity onset under constant dark conditions. Clonidine treatment modestly but 
significantly reduced the magnitude of photic phase shifting across the dynamic 
range of the intensity-response function. In addition, clonidine-treated animals 
showed delayed steady-state entrainment phase under 24-h light-dark cycles (LD 
14:10) as well as less effective entrainment to 23-h cycles (LD 13:10) relative to 
controls. These results indicate that chronic clonidine treatment blunts the effects 
of photic stimulation on the circadian system in both hamsters and rats. Alterations 
in noradrenergic systems may partially underlie the alterations in circadian timing 
that have been documented in depressed patients and in various animal depression 
models. (Supported by departmental and institutional funds.)

522.2
BIOTINYLATED DEXTRAN AMINE (BDA) AND CHOLERA TOXIN BETA 
SUBUNIT (CTB) AS MARKERS FOR FETAL ANTERIOR HYPOTHALAMIC 
GRAFTS AND THEIR EFFERENTS. J.L. Nelms . J. LeSauteri. W,N, Strother. L.M, 
Coolen2. R. Silveri and M.N. Lehman*. Dept. Cell Biol., Neurobiol. & Anat., Univ. 
Cincinnati, Cincinnati, OH 45267; iDept. Psychol. Columbia Univ., New York, NY 
10027; 2Dept. Anat. & Neurobiol., UMAB, Baltimore, MD 21201.

Fetal grafts have provided insight into the mammalian circadian clock found in the 
suprachiasmatic nucleus (SCN) of the anterior hypothalamus (AH). AH xenografts, and 
the use of donor-specific neurofilament antibodies, have allowed a more complete 
visualization of graft efferents, but problems with this approach include tissue rejection 
and paucity of neurofilament staining in the SCN (Silver et al., Neuro, abstract. 1997). 
As an alternative, we have explored the use of BDA and CTB for pre-labeling 
homografts and visualizing their connections with the host. Injections (1-2 pi) of a 
mixture of BDA (20%) and CTB (0.1%) were made under direct visualization into the 
AH of whole fetal hamster brains (El5; E0=day of mating). Injected brains were left in 
sterile media for 1 hr at 4°C. The AH was then microdissected out, washed thoroughly 
in sterile media, and stereotaxically implanted into the third ventricle of adult hamsters. 
After 2 weeks, hosts were perfused and sections processed for BDA histochemistry and 
CTB immunocytochemistry. Both tracers intensely labeled the grafts and their efferent 
fibers with no spread to the adjacent host neuropil. CTB-positive cells were seen in the 
host brain adjacent to the graft, but it was not clear if these cells were retrogradely- 
labeled or had migrated from the graft. Both tracers overlapped and were heaviest in the 
portion of the graft that contained the donor SCN as revealed by the location of 
vasoactive intestinal polypeptide (VIP) cells. In summary, BDA and CTB are sensitive 
markers for homografts and their efferents; in addition, their direct injection into the 
whole fetal brain prior to microdissection and implantation allows for discrete placement 
of tracers into the fetal SCN. Supported by NIH NS35657.
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522.3
USE OF NEUROFILAMENT MARKERS FOR LABELING 
FIBER OUTGROWTH FROM SCN XENOGRAFTS. FL.
Silver1 >2*M.N. Lehman3 and J. LeSauter1. Dept. of 
Psychology, 1 Barnard College and 2Columbia University, New 
York, NY 10027; 3Dept. Cell. Biol., U. Cincinnati.

Efferent signals of the suprachiasmatic nucleus (SCN) 
reach the rest of the brain, thereby regulating circadian 
rhythms in physiology and behavior. On the one hand, 
transplants of the anterior hypothalamus (AH) containing 
the SCN produce a diffusible (Silver et al., Nature 1996) 
signal that restores rhythmicity. On the other hand, studies 
using rat-to-hamster xenografts and a rat specific 
neurofilament marker (RMO-108), reveal extensive 
outgrowth from AH grafts (Sollars et al., J. Neurosci. 1995). 
We now report immunocytochemical evidence that rat SCN 
largely lacks the middle molecular weight neurofilament 
recognized by RMO-108 , as well as other middle molecular 
weight neurofilament antibodies. This suggests that the 
efferents labeled by this marker are derived from extra-SCN 
hypothalamic cells. Supported by AFOSR.

522.4
AGING EFFECTS ON CIRCADIAN RHYTHMICITY OF MUTANT RATS 
—ZITTER RATS, DIABETES INSIPIDUS RATS. S. Yamaok^N, Koibuchi.
K. Watanabe, and M. Sakai. Department of Physiology, Dokkyo University 
School of Medicine, Mibu, Tochigi, 321-02, JAPAN

Our previous studies have demonstrated that aging shortened the 
circadian period of sleep-wakefullness (S-W) and locomotor activity (LA) 
rhythm, postponed the re-entraining period to the reverse lighting schedule, 
diminished the circadian changes in the expression of Fos-like 
immunoreactive (Fos-IR) cells in the SCN under light-dark (LD) condition in 
Sprague Dawley (SD) and. This study sought a better animal model for 

studying the mechanism of age related changes in circadian rhythm. Zitter 
(ZI) rat, which shows the spongerous degeneration of brain, Albino diabetes 
insipidus (DI) rat, which is on the way of establishing inbred strain, TX rats, 
which their mothers were treated with propylthiouracil, were compared with 
SD rats. DI rats of 18 months age showed clear circadian rhythmicity in LA, 
S-W and the Fos-IR expression in SCN under LD. ZI rats of 10 months age, 
TX rats of 12 months age showed similar changes in circadian LA and 
Fos-IR expression in SCN under LD as did the aged SD rats of over 24 
months. However, DI rats of 10-12 months age, which are the fifth 
generation by brother-and-sister mating method, showed the diminished 
circadian rhythmicity in LA and Fos-IR expression in SCN under LD. But, 
the changes in Fos-IR cells after photic stimulation under DD was significantly 
greater during subjective night than day in all rats in all ages. These results 
suggest that both hypothyroid state and the brain degeneration of ZI rats may 
correlate aging mechanism. However, albino DI rat needs further genetic 
monitoring for establishing good inbred strain.

522.5
FREE-RUNNING CIRCADIAN PERIOD IN AGING FEMALE SYRIAN 
HAMSTERS. J.F. Duffy* and F.C. Davis, Department of Biology,
Northeastern University, Boston, MA 02115

There have been reports that the free-running period of circadian rhythms changes with 
age in both humans and animals. Although several studies found that free-running period in 
the Syrian hamster (Mesocricetus auratus) shortens with age, we found that when male 
hamsters were studied across their lifespan there was no significant change in average 
period (Viswanathan & Davis, 1995). We have now carried out a similar study in female 
hamsters.

In the present study we monitored the wheel-running activity-rest rhythm of 22 female 
hamsters who were maintained in constant conditions (dim constant light) from 
approximately 12 weeks of age until their natural death. Average life span of these 22 
females was 56 ± 21 weeks, significantly less than that from the 59 male animals in our 
earlier report (70 ± 23 weeks, p < 0.01). At monthly intervals, a 21-day segment of activity- 
rest data from each female was analyzed for free-running period. There was no significant 
change in the average free-running period from the time the animals entered constant 
conditions at 3 months of age (23.95 ± 0.12 hours, n=22) until they were 21 months of age 
(24.00 ± 0.0, n=3). Similar to our finding in male animals, some individual females showed 
a shortening of period, some showed a lengthening and some showed no change over the 
course of the experiment. The free-running period of the female animal who had the 
longest life span (94 weeks) did not change significantly over the course of the experiment.

The present observations demonstrate that there is no systematic shortening of free- 
running period with age when female hamsters are maintained in constant conditions and 
support our earlier findings in male animals. Previous reports of an age-related shortening 
of free-running period may have been due to the experimental conditions in those studies.

Supported in part by NIH grant AG09975.

522.6
VARIATION IN THE PIGEON'S RESPONSIVENESS TO ACUTE COLD 
EXPOSURE DURING THE DAILY INACTIVE PHASE: IMPLICATIONS FOR 
CONTROL OF THERMOREGULATORY SET-POINT. J.B. Chambers*, M.E. 
Rashotte and R.P. Henderson. Program in Neuroscience, Dept. of Psychology, 
Florida State University, Tallahassee, FL 32306-1051.

The pigeon’s daily inactive phase (dark) begins with a decrease in body 
temperature (Tb), then plateaus for several hours at a low nocturnal level, and 
finally increases in anticipation of lights-on. The amplitude of these nocturnal 
changes in Tb is greatly increased when the pigeon’s energy reserves are low. This 
pattern of change in nocturnal Tb indicates variation in thermoregulatory set-point 
that is related both to time in the dark phase and to the level of energy reserves. We 
investigated some properties of the mechanisms underlying these changes by 
determining the responsiveness of the pigeon’s cold defenses when an acute 
decrease in the ambient air temperature (Ta) was administered at different times in 
the dark phase and when different energy reserves were present. Threshold 
responsiveness to cold was measured as the value of Ta at which metabolic heat 
production (O2) and pectoral shivering (EMG) increased above an appropriate 
control condition in which Ta remained unchanged. Ta was maintained at 21 °C 
except during cold exposure which involved a decrease to 1 °C followed by an 
immediate return to 21 °C (at a rate of 15 °C/h). Only one cold exposure was made 
in each dark phase. The results indicate that a deeper level of cold is required to 
activate cold defenses during the initial part of the night when Tb is decreasing to its 
nocturnal plateau than is the case in the remainder of the dark phase. Also, Tb is 
more labile during cold exposure in this initial period. There is a strong effect of 
energy reserves on the cold-defense threshold in the initial part of the night: cold 
defense is activated at a higher value of Ta when energy reserves are low than when 
they are high. These data suggest a combined effect of circadian influences and 
energy reserves on thermoregulatory mechanisms during periods of nocturnal 
hypothermia. Supported by NSF grant IBN-9222369.

522.7
PHASE RESPONSE CURVES FOR LIGHT OF SPLITTING RHYTHMS IN 
CS MICE: DIFFERENT PHASE RESPONSES IN COUPLED TWO 
OSCILLATORS? H. Abe*1. T. Suzuki2, S. Ebihara2, S. Honma1 and K. 
Honma Dept. of Physiol., Hokkaido Univ. Sch. of Med., Sapporo 060, 
Japan, Dept. of Anim. Physiol., Sch. of Agricul. Sci., Nagoya Univ., Nagoya 
464-01, Japan.

CS mice, an inbred strain, show unique circadian activity rhythms under 
continuous darkness (DD), which are characterized by unstable freerunning 
period and spontaneous rhythm splitting. These features suggest that CS 
mice contain mutually coupled two oscillators which have different 
freerunning periods, and that the freerunning period of entire system is 
determined as a result of interaction between two oscillators. To examine 
this hypothesis, we attempted to describe phase response curves (PRC) for 
light of two activity components of splitting rhythms separately. Animals 
were housed in wheel cages and recorded the freerunning activity rhythms in 
DD. Animals were then exposed to 15 min light (-800 lux) at one of 12 
phases [every 2 CTs (circadian time)] of the rhythms. Phase-shift responses 
were measured and illustrated as the PRC for each component of split rhythms. 
Two components showed similar PRC with a large phase delay area in the 
subjective night and a very small phase advance area in the subjective day. 
However, there were significant differences in die phase shifts at CT2 and 
CT12. Light at CT2 induced phase advance shift in the morning component, 
while it had no effect on the evening component. At CT12, light caused 
large phase delay shift in the evening component, while it induced litde delay 
in die morning component. These results suggest that two oscillators in the 
CS’s circadian system may have different phase responsiveness to light at two 
phases, and that this difference may regulate the photic entrainment of 
circadian rhythm. We are currentiy examining temporal and spatial 
characteristics of light-induced Fos and JunB proteins in the suprachiasmatic 
nucleus during rhythm splitting. Supported by grants from Ministry of 
Education, Science, Sports and Culture and Narishige Foundation (H.A.).

522.8
SYNCHRONIZING EFFECTS OF A TIMED CALORIC RESTRICTION IN 
C57BL/6J MICE FED 2 H AFTER THE ONSET OF LIGHT. E. Challet and F.W. 
Turek*. Department of Neurobiology and Physiology, Northwestern University, 
Evanston, IL 60208.

Experiment 1 was performed to investigate the possible synchronizing effects of a 
timed caloric restriction (TCR) in C57BL/6J mice kept under a light-dark (LD) 
cycle of 12L:12D. Food intake was monitored in all mice during an initial period of 
ad libitum feeding. Two h after the onset of light, TCR mice then received 66% of 
their previous ad libitum food intake. In addition to a food-anticipatory period of 
activity (FAC) before the time of feeding, the nocturnal pattern of activity phase- 
advanced during TCR. Following 4 wks of TCR in LD, mice were transferred to 
constant darkness (DD) and fed ad libitum. Based on the onset of activity in DD, the 
onset of nocturnal locomotor activity was phase-advanced by 1.3 ± 0.1 h relative to 
control animals.

Experiment 2 was designed to test the hypothesis that the FAC may feed-back to 
the light-entrainable pacemaker and may participate in the observed phase-change. 
During TCR, mice were restrained during the 2 h period between the onset of light 
and the time of feeding. Preventing the expression of the FAC does not inhibit the 
phase-advance of the rhythm of locomotor activity. These results demonstrate that 
TCR in C57BL/6J mice is a potent synchronizer capable of competing with the 
photic synchronization of the clock(s) regulating the rhythm of activity. They also 
indicate that the food-anticipatory activity is not crucial for the observed phase- 
change. Therefore, the synchronizing effects of TCR in mice may involve metabolic 
and/or hormonal changes.
Supported by NIH POI-AG-11412 and ROI-AG-09297 and by a Fyssen Foundation 
Post-Doctoral Fellowship (EC).
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522.9
NOCTURNAL DEFICITS IN MOTOR COORDINATION IN MICE 
LACKING NEURONAL NITRIC OXIDE SYNTHASE PARALLEL 
ALTERED CITRULLINE PRODUCTION. L.J. KriegsfekPMJ.L. Eliasson4, 
G.E. Danas1. Seth Blackshaw4, R.J. Nelson1,4,& S.H. Svnder2,3>4, Departments of 
’Psychology, 2Psychiatry, ’Pharmacology and Molecular Sciences, and 
4Neuroscience, The Johns Hopkins University, Baltimore, MD 21218 USA.

Nitric oxide (NO) is a free radical gas that acts as a neurotransmitter in the central 
and peripheral nervous systems. Previous studies of mice with targeted disruption 
of the gene for nitric oxide synthase (nNOS-/-) have revealed pronounced increases 
in aggressive and sexual behavior in the absence of any apparent abnormalities in 
sensory capabilities or coordinated behaviors. These studies were all conducted 
during the light portion of the lighfcdark (LD) cycle. Behavioral tests conducted 
during the dark portion of the LD cycle revealed selective abnormalities in 
coordination in nNOS-/- mice relative to WT controls. WT mice increased 
performance at night (i.e., the active phase), while the performance of nNOS-/- mice 
remained at daytime levels. All other behaviors measured at night were apparently 
normal. In order to evaluate whether or not daily variation in coordinated behaviors 
reflects daily alterations in NO turnover, brains of WT and nNOS-/- mice killed 
either during the light or dark portions of the LD cycle were stained for citrulline. 
Citrulline staining was pronounced in the molecular layer of the cerebellum in WT 
animals killed during the day. Staining was virtually abolished in WT mice killed 
at night. Citrulline staining was absent in nNOS-/- animals killed either during the 
day or night. These findings suggest that daily variation in NO turnover in the 
cerebellum may modulate balance and coordination and be responsible for the 
abnormalities seen in nNOS-/- mice. Supported by NIMH grant MH57757 and 
USPHS grants DA-00266 and DA-00074.

522.10
SERUM GLUCAGON, INSULIN, MOTILIN, AND CORTICOSTERONE 
CONCENTRATIONS IN RATS ANTICIPATING MEALS. A.J. Davidson*, F.K. 
Stephan. Program in Neuroscience, Dept. of Psychology, Florida State 
University, Tallahassee, FL 32306-1051.

The circadian food entrainable oscillator (FEO) mediates an increase in 
activity preceding access to periodic meals. Anticipatory activity (AA) persists 
after suprachiasmatic nucleus (SCN) lesions, so the locus of the FEO remains 
to be established. Whether the FEO is located in the CNS or in the periphery, it 
seems reasonable to assume that there is a link of communication between the 
digestive system and the CNS. Subdiaphragmatic vagotomy does not eliminate 
AA, indicating that a neural signal may not be critical. The present study 
investigates the hypothesis that humoral signals from the digestive system act 
upon the CNS to trigger AA. Intact rats and rats with SCN lesions were 
entrained to daily meals and then sacrificed prior to AA or during AA, but before 
meal access. Average serum or mucosal concentrations of motilin (RIA), and 
serum concentrations of insulin (RIA), and glucose (glucose analyzer) were 
nearly identical in all groups. Corticosterone levels were elevated in anticipating 
rats but the difference was not statistically reliable. A comparison of anticipating 
rats to those not yet anticipating showed reduced serum glucagon (RIA) 
concentrations in intact rats (339.9 v. 463.5 pg/ml, p = 0.06), as well as in rats 
with SCN lesions (394.1 v. 247.5 pg/ml, p = 0.06). Gel electrophoresis of serum 
revealed two as yet unidentified peptides in intact rats prior to AA that were 
absent during AA. This difference was less clear in rats with SCN lesions. 
Studies currently in progress are designed to show whether or not these 
differences are causally related to the activity of the FEO.

This work was supported by NIH RO1 DK50224 to F.S.

522.11
PRENATAL STRESS INDUCES AN ADVANCE OF BOTH 
CORTICOSTERONE AND LOCOMOTOR ACTIVITY RHYTHMS 
IN ADULT FEMALE RATS. S. Maccari*, M. Koehl, M. Le Moal, J. Dulluc. E. 
Olivares*, F. Turek$ and O. Van Reeth*. INSERM U.259, Universite de Bordeaux II, 
33077 BORDEAUX, FRANCE; *CERB, Universite Libre Bruxelles, BELGIUM; 
$Dep. Neurobiology and Physiology, Northwestern University, Evanston, USA.

There is growing evidence that stressors occurring during pregnancy can impair 
biological and behavioral response to stress in adult offspring. For instance, prenatal 
stress enhances emotional reactivity, anxiety and depressive-like behavior and a 
prolonged stress-induced corticosterone secretion. Circadian system plays a critical 
role in adaptive processes of the organism. It has been shown that acute or chronic 
stressors are powerful synchronizers of the hamster’s circadian clock. However, it is 
unknown whether prenatal stressful events may also influence the development of the 
circadian system. Adult prenatally-stressed female rats were entrained to a regular 
12/12 dim light/dark cycle. In a first experiment corticosterone secretion and 
locomotor activity in response to an acute stress were assessed. As previously found 
for male rats, female prenatally-stressed rats showed an increased corticosterone 
secretion in response to restraint stress and an increased locomotor activity in 
response to novelty. Interestingly, female prenatally stressed rats also presented 
increased basal corticosterone levels. In a second experiment, circadian rhythms of 
corticosterone secretion and wheel running behavior were studied. Prenatally-stressed 
rats exhibited a phase advance in the rise of corticosterone secretion and of the onset 
of locomotor activity. After transfer to constant darkness for one month, the free 
running period of activity was significantly different in female prenatally-stressed rats 
compared to controls. Taken together, our results indicate that prenatal stress inducing 
an increase in the stress response in rat offspring, is associated with an altered 
circadian function. Such circadian changes may underlie, at least to some extent, 
some of the hormonal and behavioral abnormalities found in prenatally-stressed rats.

522.12
DAILY TIME-PLACE LEARNING IN THE RAT Jason A. R. Carr, 
Donald M. Wilkie and Richard C. Tees*. Department of Psychology, 
University of British Columbia, BC, CANADA, V6T 1Z4.

Many insects and birds are able to track food availability as it moves in 
space over the course of a day. Constant light (LL) and phase shift 
manipulations suggest that their time-place behavior is controlled primarily 
by the phase angle of a circadian phase timer. We tested rats in a similar 
task to examine the phylogenetic generality of circadian clock consultation. 
Sessions took place in a clear square chamber which had a response lever 
mounted on each wall. In the first experiment rats received two daily test 
sessions (at 0930 and 1530), and in the second experiment different rats 
received three daily test sessions (at 0930, 1230, and 1530). At each time of 
day each rat could obtain food by pressing one of the four levers. The rats 
clearly learned which lever would provide them food during each test session. 
When 0930 and 1230 sessions were omitted the rats expected food at their 
0930 and 1230 levers respectively during the following session. In contrast, 
omitted 1530 test sessions had no effect. This suggests the rats’ behavior 
was primarily based on their ordinal position in the daily succession of test 
sessions. However, there was some evidence for circadian clock 
consultation; Omitting sessions did not cause a complete shift in the rats’ 
lever preferences during the following session, and probe sessions at times 
intermediate to the 0930 and 1530 sessions revealed a temporally graded 
preference for the rats’ 1530 levers. These data suggest potential species 
differences in circadian clock consultation but are consistent with converging 
evidence that animals’ spatial and temporal competencies reflect the 
operation of multiple cognitive systems operating in parallel. Funded by 
NSERC.

522.13
EFFECT OF TIME OF DAY ON CONTEXTUAL BUT NOT TONE FEAR 
CONDITIONING IN C57BL/6J MICE. Valentinuzzi V.S..2 Kolker D.E..1 Vitatema 
M.H.,1 Ferrari E.A.M..2 Takahashi J.S.,1* and Turek F.W.1 1 Neurobiology and 
Physiology, Northwestern Univ., Evanston, IL, USA. ^Fisioiogia e Biofisica, 
UNICAMP, Campinas, SP, Brazil.

We examined the influence of time of day on acquisition and extinction of context 
and tone fear conditioning in C57BL/6J mice. To control visibility across testing 
times, a skeleton photoperiod consisting of two 15-min bright light pulses alternately 
separated by 11.5 hr and 12 hr of dim green light (< 2 lux) was used to entrain mice. 
Experimental and control groups (n=10) were trained for context fear conditioning at 
two time points, either two hr after the morning light pulse or two hr after the 
evening light pulse. Experimentals received three 1-sec 0.6 mA shocks, controls were 
exposed to the experimental chamber without shock. Acquisition of fear conditioning 
was tested 24 hr after training and extinction was analyzed by testing the mice in four 
subsequent daily sessions. To measure cued conditioning, the experimentals received 
three tone-shock pairs and were tested for five days. Controls were exposed only to 
tones. Data were collected and analyzed by computer (San Diego Instruments). The 
latency to three photobeam interruptions in five sec was used as a measure of freezing. 
The cumulative latency of each session was used for analysis. A three-way ANOVA 
revealed a significant interaction (p<0.002) of time of day, group, and session number 
in context fear conditioning. Tukey's tests showed (p<0.05) a difference in habituation 
of control animals to the environment, a form of non-associative learning. The 
difference between the value of each experimental animal and the mean of the control 
group was considered as the associative component of the behavior. A two-way 
ANOVA revealed a significant interaction (p<0.001) of time of day and session. No 
time of day effect was observed in the acquisition or extinction rate of the cued 
conditioning. The existence of a temporal variation of context fear conditioning 
(hippocampal dependent), but not tone fear conditioning (hippocampal independent), 
may suggest modulation of the hippocampus by the biological clock. Funded by NIH 
and NSF.
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523.1
CONTRIBUTIONS OF SOCIAL INFLUENCES AND PHOTOPERIOD TO 
SEASONAL PLASTICITY IN AVIAN SONG NUCLEI. A.D. Tramontin*, E.A. 
Brenowitz, and LC. Wingfield. Depts. of Psychol. & Zool., Univ. of WA, Seattle, 
WA 98195.

In seasonally breeding birds the growth of the song system during the spring is 
thought to result primarily from increased daylength and the associated increase 
in plasma testosterone. Other environmental factors such as social cues between 
mates are known to influence the timing of the breeding effort, but less is known 
about how such cues might affect the song system and song behavior. We used 
white-crowned sparrows (Zonotrichia leucophrys gambelii) to test the hypothesis 
that the presence of a female in breeding condition influences song nuclei and 
song behavior of males.

In the laboratory 7 males were housed individually in the same room on long 
days (20 hrs light) and paired with estradiol implanted females; 8 males were 
housed similarly on long days but without females; 4 males were individually 
isolated on long days; and 4 males were isolated on short days (8 hrs light). We 
measured plasma hormone levels, song behavior, and volumes of HVc, RA, Rt, 
and telencephalon.

The volumes of both HVc and RA were significantly larger in males housed with 
females than in any other treatment group; Rt and telencephalon volumes were the 
same in all groups. HVc and RA did not differ between long-day males housed 
either together or in isolation. The short-day isolates had smaller HVc and RA 
volumes than did any other group. Plasma levels of testosterone and leutinizing 
hormone did not differ between social treatments, but were significantly lower in 
the short-day isolates. Males with females sang at a higher maximum rate than did 
males housed together, who sang at a higher rate than long-day isolates (short-day 
isolates never sang). These results suggest that seasonal plasticity in the song 
system is regulated not only by photoperiod but by social cues as well.
(Supported by NIHMH53032 to E.A.B. and NSF IBN-9631350 to J.C.W.)

523.2
VISUAL AND SONG NUCLEI MEASURES CORRELATE WITH 
COURTSHIP SUCCESS IN BROWN-HEADED COWBIRDS. K 
S. Hamilton, A. P. King. D, R. Sengelaub*. and M, J. West. 
Departments of Biology and Psychology, Program in 
Neuroscience, Indiana University, Bloomington, IN 47405.

Successful courtship in brown-headed cowbirds (Molothrus 
ater) requires skills in both song production and song use. 
While song production is essentially acoustic, visual processing 
is required for song use, e.g., attending to female cues to 
determine appropriate times to sing. Song learning in male 
cowbirds also involves visual attention to females. We 
assessed courtship success in 14 adult male cowbirds by 
observing them in a breeding aviary. To elucidate the role of 
neural systems in song-related skills, volumes of song control 
and visual nuclei were measured in Nissl stained tissue. 
Volume of Area X, a structure previously implicated in song 
learning, was negatively correlated with song potency as 
assessed by female playback (N=12; rs=-0.618, p<.05). 
Individual variation in courtship success was also related to 
variation in a thalamic visual nucleus, nucleus rotundus. 
Volume of nucleus rotundus was positively correlated with three 
measures of courtship success; courtship persistence 
(rs=0.781, p<.002), vocalizing to females (rs=0.785, p<.002), 
and song potency (rs=0.540, p<.05). These data are the first to 
implicate a visual nucleus in the use of song. Supported by 
NSF IBN 88-21152 (MJW) and NSF DIR-901427 (KSH).

523.3
NEURAL CONTROL OF SONG IN THE CAROLINA WREN (THRYOTHORUS 
LUDO VICI ANUS). P.M. Nealen* and D.J. Perkel. Depts. of Biology and 
Neuroscience, Univ. of Pennsylvania, Philadelphia, PA 19104.

Carolina wrens (T. ludovicianus) are members of a large genus of (mostly) 
tropical, duetting species. Unique to the genus, Carolina wren females do not sing, 
while Carolina wren males have the largest song repertoires of the genus. This 
provides the opportunity to evaluate the relationship between neural organization 
and song versatility at the behavioral extremes of this genus. At both the between- 
sex and within-sex levels, we can test the ability of variation in song-control 
region cytoarchitecture to explain differences in singing behavior.

Song recordings (> 1000 songs sampled per male) were achieved through an 
interactive procedure which encouraged song production and song-type switching. 
Variation among males in repertoire size is pronounced. No instances of female 
song have been encountered. Initial histological examination of Nissl-stained 
forebrain tissue indicates that the volumes of song-control regions in male 
Carolina wrens are similar to those reported for congeners. This suggests that 
brain-region volume alone may not significantly contribute to variation in song 
repertoire sizes, in agreement with Brenowitz et al. (1995). To evaluate more 
formally the functional relationship between neural circuitry and song repertoire 
usage within this species, we are presently examining neuron size, number, and 
density relations within the song-control regions of both males and females. 
Further comparison among species within this clade will clarify the mechanisms 
relating brain and behavioral evolution in songbirds.

Supported by Sigma Xi, the American Museum of Natural History, the Wilson 
Ornithological Society, and the Univ. of Pennsylvania Research Foundation.

523.4
SEASONAL PLASTICITY OF THE AVIAN SONG NUCLEUS HVc, 
AS INDICATED BY ANDROGEN RECEPTOR
IMMUNOCYTOCHEMISTRY IN A WILD SONGBIRD. KK Soma*. V 
Hartman. EA, Brenowitz & JC Wingfield. D-epts. Zoology and Psychology, Univ. 
of Washington, Box 351800, Seattle, WA 98195-1800.

The song nucleus HVc shows seasonal changes in size as measured by various 
cellular labels in the white-crowned sparrow (Zonotrichia leucophrys gambelii) 
(Smith et al. 1997a). Changes in plasma testosterone (T) are primarily responsible 
for seasonal changes in HVc size (Smith et al. 1997b). We asked if the population 
of HVc cells immunoreactive with the PG-21 androgen receptor (AR) antibody 
shows seasonal plasticity, and if seasonal changes in the distribution of AR+ cells 
match the changes in HVc size seen with Nissl staining.

We caught wild adult male white-crowned sparrows during the spring breeding 
season in Alaska (n=8) and during the fall migration in Washington (n=7). We 
immediately injected birds with T (10 mg/kg) to enhance PG-21 staining (Smith et 
al. 1996) and sacrificed subjects 90 min later. One set of 20 um sections was 
incubated with the PG-21 AR antibody (gift of G. Prins), and an adjacent set was 
stained for Nissl. We also sacrificed birds at 15-150 min after T injection to 
determine the time course of T enhancement of PG-21 labeling.

HVc was larger in the spring than the fall, in both the Nissl (S;F=1.7, p<0.0001) 
and PG-21 stained sections (S:F=1.9, p<0.0001). In the spring only, the PG-21 and 
Nissl measurements were slightly different (PG-21 :Nissl=l.07, p<0.05), perhaps 
because PG-21 labeled the most caudal extent of HVc more clearly than did Nissl 
stain. In the time course study, the T injection enhanced PG-21 labeling as rapidly 
as within 15 min, suggesting that enhanced labeling is unlikely to be mediated by 
an upregulation of AR synthesis (see also Nastiuk & Clayton 1995).

These results indicate that the population of AR+ cells in HVc undergoes seasonal 
changes in distribution that are similar to changes seen with Nissl stain. Supported 
by NIH MH53032 to EAB and NSF IBN 9631350 to JCW. KKS is a Howard 
Hughes Medical Institute pre-doctoral fellow.

523.5
NEURAL CORRELATES OF SONG PRODUCTION IN MALE ZEBRA 
FINCHES. S. A. MacDougall-Shackleton, S. H. Hulse* and G. F, Ball. Dept. of 
Psychology, Johns Hopkins University, Baltimore, MD 21218.

Studies of the song control system of oscine birds often use correlations 
between the volume of song control nuclei and aspects of singing behavior to 
infer causal mechanisms in song behavior. One limitation of these studies is that 
often only a single aspect of singing behavior is considered. In this study, we 
compared several aspects of song production and song complexity with the 
volume of song control nuclei and syrinx mass in male zebra finches 
(Taeniopygia guttata). Singing behavior of 16 adult male zebra finches was 
recorded using a standardized protocol. Males were isolated in a sound-proof 
chamber for 23 h. Next, an adult female was introduced to the same cage and 
the male’s vocal output was recorded for 30 min. Following this, the male was 
perfused and its brain was extracted, sectioned and stained. The volumes of 
Area X, the high vocal center (HVC), the robust nucleus of the archistriatum 
(RA) and the mid-telencephalon were reconstructed, and the mass of the syrinx 
measured. Song parameters measured included the number of song-elements per 
song-phrase, song-element repertoire, number of phrases sung in 30 min., and 
song-phrase duration. Song-element repertoire size was significantly correlated 
with HVC volume. Also, song-element repertoire size was significantly 
correlated with syrinx mass. No behavioral correlates of Area X and RA volume 
were found, although they were both correlated with mid-telencephalon volume. 
This study supports a growing body of evidence showing that HVC volume may 
be correlated with song complexity within and among oscine birds. Supported 
by NSF grants IBN-9317868 and IBN-951425.

523.6
SEASONAL AND TESTOSTERONE-INDUCED CHANGES IN AREA X- 
PROJECTING HVC NEURONS IN FEMALE CANARIES. S, Benton*, J, A, 
Cardin & T, J. DeVoogd. Neurobiology and Behavior, Cornell University, Ithaca, 
NY 14853.

The avian song nucleus HVC (high vocal center) is complex in structure and 
function. It receives five afferent projections, sends efferents to three targets, and is 
characterized by extensive intranuclear communication. HVC is essential for proper 
song learning and production, as manifest through its projections to Area X of the 
anterior forebrain pathway and to the premotor nucleus RA. However, the functional 
demand on HVC appears to vary across seasons: HVC is larger in males in the 
spring when the birds are actively singing than in the fall when they are quiescent. 
Testosterone (T) treatment of female canaries simulates this seasonal variation by 
inducing singing and growth in HVC (increase in volume and soma size, decrease in 
density).

As a first step to understanding how HVC function is distributed and varied 
throughout the year, we are examining Area X projecting-neurons in female canaries 
on short day, long day, and long day T-treated conditions, in order to quantify how 
these changes in condition affect a specific neuronal class. Birds receive bilateral 
injections of RITC and FITC beads into Area X to selectively label Area X- 
projecting neurons in HVC. Birds are perfused 2-4 weeks after surgery, and their 
brains cut into 150p sagital sections. Under a long distance objective fluorescent 
scope, labeled neurons in HVC are selectively impaled with a fine tipped glass 
microelectrode and completely filled with Lucifer yellow. Sections with filled cells 
are then incubated in anti-Lucifer yellow antibody and reacted with DAB to create 
dark, light-stable cells that are comparable to Golgi-stained neurons, but from an 
identified cell class.

Preliminary results from the short day group indicate that the majority of filled 
Area X-projecting neurons resemble the Thick Dendrite 2 class of Nixdorf et al. 
(1989) in dendrite length and spine density. A small subclass of Area X-projecting 
neurons resemble their Aspinous class. Supported by NSF Fellowship and 
President's Council on Cornell Women grant to SB.
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523.7
EARLY EXPOSURE TO BOTH 17p-ESTRADIOL AND 5a- 
D1HYDROTESTOSTERONE REDUCES TESTOSTERONE- 
INDUCED SONG OUTPUT AND 1MAN VOLUME IN YEARLING 
FEMALE EUROPEAN STARLINGS. J, M, Casto*, and G.F. Ball, 
Department of Psychology, Johns Hopkins University, Baltimore, MD 21218, USA

European starlings (Sturnux vulgaris) exhibit sex differences in singing ;uid the 
neural substrate that mediates song learning mid production. Early exposure of female 
starlings lo 17|i-estradiol (Ei) results in modest (17 - 25%) increases in the volumes 
of vmious song control regions. It is unclear if this partial masculinization of the 
song system significantly influences fenude song. The effects of early exposure of 
female stiuling nestlings to bodi E2 and 5a-dihydrotestosterone (DHT) on subsequent 
testosterone-induced singing and on die volumes of 5 song control regions, HVC, 
kA, area X, 1MAN, and mMAN were assessed. On post hatching Day 3 nestlings 
received Silastic rope implants while still in nest boxes. Hormone treated nestlings 
(n = 6) received 2 implants (500 (ig of Et  and 500 fig of DHT) and control females (n 
=3) received two empty Silastic implants. At Day 11 nestlings were taken into the 
laboratory and hiuid-reiued until independence. At approximately 400 days females 
were unplanted with 10 nun of testosterone-filled Silastic tubing, and housed 
individually. One week later individual birds were recorded for 45 min daily on 12 
consecutive days, and audio tapes were analyzed to assess various measures of song 
output. Birds were then killed mid brains were processed for volume reconstruction of 
song control regions. Unexpectedly, control females produced nearly twice as much 
song as females that received early hormone implants, mid IMAN volume was 72% 
greater in control females. Several of die measures of song output were positively 
correlated with IMAN volume. These findings suggest diat early administration of E2 
and DHT inhibit the ability of T lo induce singing in female starlings possibly by 
influencing IMAN morphology mid function. Supported by NIH grant MH5O388.

523.8
AROMATASE ACTIVITY IN HINDBRAIN VOCAL REGION: INTRA AND 
INTERSEXUAL DIVERGENCE IN A SPECIES WITH TWO MALE MORPHS. 
A, H, Bass*, C. Greco and B. A. Schllnger. Section of Neurobiology and 
Behavior, Cornell Univ., Ithaca, NY 14853, UC Bodega Marine Lab, Bodega 
Bay, CA 94923 and Dept. Physiological Science, UCLA, Los Angeles, CA 
90095.

The plainfin midshipman fish, Porichthys notatus, has two male reproductive 
morphs, type I and type II males (A. Bass, Am. Sci., 84:352,1996). Only type I 
males build nests and acoustically court females; type II males sneak or 
satellite spawn to compete with type I males for fertilizations. Females, like 
type II males, neither build nests nor mate call. A pacemaker-motoneuron 
circuit, extending from the caudal medulla into the anterior spinal cord (the 
"hindbrain vocal region"), establishes the characteristic features of morph- 
typical vocalizations (A. Bass & R. Baker, J. Neurobiol., 21:1155,1990); 
androgenic steroids can induce type I male-like vocal neuron traits in juveniles. 
Here, levels of aromatase activity were determined in homogenates of gonad, 
sonic muscle and brain, by measuring the conversion of3H-androstenedione 
(AE) to 3H-estrone and 3H-estradiol. The gonads and sonic muscle show 
either very low or undetectable levels of aromatase. Aromatase levels were 
highest in the forebrain and similar for all adult morphs. The iowest levels for 
all morphs were found in the midbrain and cerebellum, although levels were 
significantly higher in females compared to type I males with type II males 
intermediate in values. In the hindbrain vocal region, aromatase levels were 
almost five fold higher in type II males and females compared to type I males. 
The results suggest that conversion of testosterone to estrogen in type II 
males and females effectively shunts testosterone's involvement in the 
androgen-induced maturation of the vocal motor system that characterizes 
type I males. Aromatase may thus be a key enzyme in a developmental switch 
that channels juvenile males into either a type I male or type II male/female- 
like neuronal and behavioral phenotype. Support from NSF.

523.9
DIFFERENTIAL EFFECTS OF TESTOSTERONE AND 11-KETOTESTO-
STERONE ON SUBSTANCE P-LIKE IMMUNO-REACTIVITY (SPl-ir) IN THE 
BRAIN OF FEMALE BROWN GHOST KNIFEFISH. J.G. Dulka, S. Ebling, M. 
Berry and W.B. Warr*. Dept. of Biology, Creighton University, Omaha, NE 68178

Brain SPl-ir is sexually dimorphic in Brown Ghost Knifefish. Males, but not 
females, have intense SPl-ir in anterior preoptic (PPa), anterior (Ha) and ventral (Hv) 
hypothalamic, and central posterior (CP), and prepacemaker (PPn) thalamic nuclei. 
These differences are paralleled by a dimorphism in chirping behavior; chirps function 
as discrete social signals. However, in females, testosterone (T) increases in both 
chirping and SPl-ir in all dimorphic regions, including the PPn, the command center 
for chirping behavior. Although T is produced by both sexes, it is not clear if it 
modulates female-specific behaviors, or whether it masculinizes females. Thus, we 
compared the effects of T and a male specific androgen, 11-ketotestosterone (11-KT), 
on female electric behavior and brain SPl-ir. Females were implanted with silastic 
pellets alone, or pellets containing equivalent doses (100 pg/g) of T or 11-KT. After 
one month of behavioral testing, the brains of all females were processed for SPl-ir. 
The brains of control females had low levels of SPl-ir in all the dimorphic regions. T 
significantly (p<0.05) increased SPl-ir in PPa, CP, and PPn, but not in Ha and HV. 
11-KT significantly (p<0.05) increased SPl-ir in all regions compared to controls, 
and was significantly (p<0.05) more effective than T at increasing SPl-ir in Hv, CP, 
and PPn. Moreover, the pattern of SPl-ir in 11-KT females appeared 
indistinguishable from that of normal males. The results suggest that 11-KT may be 
responsible for establishing the male pattern of SPl-ir in the brain. Differential 
actions of T and 11-KT on brain SPl-ir may relate to differences in gene transcription 
or post-translational processing of the peptide, and/or differences in binding affinities 
to androgen receptors and/or plasma steroid binding proteins.
Supported by NSF IBN-9603651

523.10
AGE- AND SEX-RELATED COMPARISONS OF OPIOID RECEPTOR 
DENSITIES IN THE AVIAN VOCAL CONTROL SYSTEM. C.C. Gulledge* 
and P.Deviche. Institute of Arctic Biology, University of Alaska Fairbanks, 
Fairbanks AK 99775-7000.

Brain regions that control singing in birds (vocal control regions, VCRs) contain 
opioid peptides and opioid receptors, but the role of opioids is unknown. This study’ 
compares u opioid receptor densities in VCRs of juvenile and adult, male and 
female songbirds {Junco hyemalis). In this species, only adult males sing, but male 
juveniles and adult females must learn to recognize conspecific song. Studying all 
of these groups allows comparisons of opioid system characteristics with singing 
behavior, which may lead to a better understanding of the role of opioids in the 
avian vocal control system. Tritiated DAMGO was used to label m opioid 
receptors, the densities of which were measured by computerized microdensito-
metry in VCRs controlling song production [High Vocal Center (HVC), robust n. 
of the archistriatum (RA), n. intercollicularis (ICo)] and song learning (Area X) as 
well as in non-VCRs (posterior neostriatum, archistriatum, nucleus mesencephali- 
cus lateralis pars dorsalis, lobus parolfactorius). The results indicate that p, opioid 
receptor densities are 1.7 - 2.2 times higher in the RA of juvenile females as in the 
other three groups. Likewise, juvenile females have 1.4 - 1.8 times higher 
M receptor densities in the ICo than found in adults of either sex, but do not differ 
significantly from juvenile males. There are no other significant differences in 
M opioid receptor densities among groups in any VCR studied. Even though adult 
males sing and adult females do not, m opioid receptor densities do not differ 
between them in any region. Thus, tu opioid receptors may not be involved in song 
production, but rather in song recognition or modulation of neuroanatomical 
characteristics of VCRs. Supported by Sigma Xi Grant-in-Ad of Research to CG.

523.11
SEX DIFFERENCES IN THE ZEBRA FINCH VENTRAL PALEOSTRIATUM: 
ORIGIN OF THE CHOLINERGIC INNERVATION OF THE SONG CONTROL 
NUCLEI. H. Sakaquchi1'2'4* L. Li3 & I. Taniquchi4. 
^PRESTO, Japan Science and Technology Corporation; 2Dept. of 
Physiol., Dokkyo Univ., Sch. of Med., Mibu, Tochigi 321-02 Japan; 
3Univ. of Tokyo Fac. Med., Res. Inst, of Logopedics and Phoniatrics,

Tokyo, Kongo, Bunkyo, Tokyo 113 Japan; 4Dept. of Neurophysiol., Med. 
Res. Inst., Tokyo Med. & Dent. Univ., Chiyoda, Tokyo 101 Japan.

The two main song control nuclei of the zebra finch 
forebrain, the higher vocal center (HVC) and the robust 
nucleus of the archistriatum (RA), have a large sexual 
dimorphism at many levels in their neural circuits. These 
nuclei receive their cholinergic innervation from the 
ventral paleostriatum (VP) which is homologous to the 
nucleus basalis of Meynert of the basal forebrain 
cholinergic system of mammals which is associated with 
learning and’ memory. There is an anterior-posterior 
topography in the location of the neurons in the VP that 
project to the HVC or RA. In this report, we compared the 
cholinergic VP neurons between both sexes using ChAT 
immunohistochemistry. Both the number and size of the 
ChAT-positive somata in areas of the VP that project to 
either the HVC or RA in the female were significantly 
smaller than those in the male. This sex difference in 
the cholinergic VP neurons suggests that these neurons 
play an important role in the sexual differentiation of 
the HVC-RA neural circuits.

523.12
EFFERENT PROJECTIONS OF paraHVC IN ZEBRA FINCHES.
E. F. Foster* and S. W. Bottier. USC, Los Angeles, CA 90089-2520. 

The neural substrate controlling learned vocalizations in songbirds
includes the High Vocal Center (HVC) and a region adjacent to caudal 
HVC called paraHVC (pHVC). The axonal connections of HVC are well 
known, however our understanding of pHVC’s connections is limited. In 
zebra finches, pHVC contains a population of estrogen-concentrating 
cells and a separate population of Area X-projecting cells, and receives 
input from the song control nuclei mMAN, Nlf and Uva. To determine 
the complete pattern of efferent connections of pHVC and establish 
whether these projections are present at the onset of vocal learning, we 
made extremely small injections of the anterograde tracer biocytin into 
pHVC of adult and 20d old male zebra finches. Injections confined to 
pHVC produced intense anterograde label ventral to HVC and pHVC 
within the caudo-medial neostriatum, a region that overlaps at least 
partially with the auditory-responsive region NCM. Additionally, sparse 
labeled fibers were visible in Area X, caudal LPO, and regions dorsal 
and ventral to RA. The pattern of anterograde label was similar in 
adults and juveniles. Our results confirm the existence of a projection 
from pHVC to Area X and also delineate previously unknown efferents 
of pHVC separate from HVC efferents to song regions Area X and RA. 
The unique pattern of pHVC efferents suggests pHVC may serve one 
or more functions distinct from HVC.
NIH Grant DC00190 to SWB.
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523.13
DEVELOPMENT OF TOPOGRAPHIC ORGANIZATION IN 
NEURAL CIRCUITS FOR VOCAL LEARNING IN ZEBRA 
FINCHES S. Iyengar*, S. S. Viswanathan and S. W. Bottier, Dept. of 
Biology, University of Southern California, Los Angeles, CA 90089

Two parallel circuits (DLM-lMANcore-RA and DLM-lMANshell-Ad) 
of the anterior forebrain are topographically organized in adult male 
zebra finches. We wanted to determine whether broad patterns of 
topography in these circuits are set up by the beginning of song learning 
(20d post hatch) and if experiential factors important for song learning 
can modify them. Fluorescent dyes (RDA and FDA) were injected into 
subregions of 1MAN core and shell of normal 20d males. Similar 
injections were made into adult males (>90d) which had been deafened 
via bilateral cochlear removal or had received unilateral lesions of the 
vocal motor nerve (NXIIts) at 20d of age. The results demonstrate an 
overall topographic organization in both DLM-1MAN circuits and the 
circuit from lMANsheij-Ad in normal 20d males similar to that seen in 
normal adult birds. In contrast, the projection from lMANcore to RA in 
20d birds is less refined than in adults, suggesting that this circuit is re-
modeled during song learning. Additionally, neither deafening nor 
nerve lesions disrupt overall topographic organization in any of the 
DLM-IMAN-RA/Ad circuits. Thus broad patterns of axonal 
connectivity in these projections do not depend on experiential factors 
even though one of these circuits (lMANcore-RA) undergoes refinement 
during song learning. Supported by NIH grant DC 00190.

523.14
MEASURING CELL PROLIFERATION IN THE ZEBRA FINCH 
TELENCEPHALON. Valerie D, Redeker-DeWulf* and Sarah W. Bottier. 
Dept. of Biology, USC, Los Angeles CA 90089-2520

New neurons are produced in the telencephalon of both juvenile and 
adult zebra finches. Many more new neurons are incorporated into song- 
control regions of juvenile males than juvenile females or adults of either 
sex. This difference in new neuron addition could be due to differential 
mitotic activity, cell migration, or cell survival. As an initial test of whether 
different levels of proliferation in the telencephalon contribute to the 
increased incidence of new neurons in song-control areas of juvenile 
males, we administered a single pulse of 3H-thymidine to juvenile (30 d.o.) 
and adult (>90 d.o.) zebra finches of both sexes. Two hours later the 
animals were overdosed and their brains prepared for tissue 
autoradiography. The incidence of thymidine-labeled cells adjacent to the 
lateral ventricle was measured at the levels of the High Vocal Center, 
anterior commissure, and Area X. The data demonstrated two interesting 
findings. First, proliferating cells can be divided into 3 architechtonically 
distinct zones, an epithelial ventricular zone (VZ), a non-epithelial sub- 
ventricular zone (SVZ), and a zone adjacent to the SVZ in the brain 
parenchyma. Second, measurements of the area and total number of silver 
grains in the VZ and SVZ and the total number of silver grains up to 185 
pm beyond the SVZ were much greater in juveniles than in adults. 
However, there was no difference in mitotic activity between males and 
females at either age. These data suggest that a sex difference in mitotic 
activity is not responsible for the increased number of new neurons added 
to the song-control system of juvenile males. NIH grant DC 02715 to SWB.

523.15
EFFECTS OF DEAFENING ON HVC NEURON ADDITION AND LOSS 
IN ADULT ZEBRA FINCHES. N, Wang* & J.R. Kirn. Biology Dept., 
Wesleyan University, Middletown, CT 06459.

The High Vocal Center (HVC) is a telencephalic region involved in the 
control of learned song (Nottebohm et al., 1976). The production and replacement 
of HVC neurons occurs in adult songbirds and may be related to song learning 
and/or perception (reviewed by Nottebohm, 1993). Deafening in adult zebra finch 
males leads to a gradual deterioration of song over 4 months, perhaps by preventing 
auditory feedback necessary for song maintenance (K. Nordeen & E. Nordeen, 
1992). We wished to see whether adult auditory experience influences HVC neuron 
incorporation or survival. Male zebra finches (age >180 days) were deafened by 
bilateral cochlea removal. Sham-operated birds served as controls. Two-three 
weeks later, all birds were treated with ^H-thymidine (50 (iCi per bird every 12 hrs 
for 4 days) to label newly formed neurons. Birds were sacrificed one month later to 
measure new neuron incorporation. Six pm sagittal sections were processed for 
autoradiography and counterstained with fluorescent cresyl violet. Thirty days after 
^H-injections, the total number of new HVC neurons was lower in deaf birds 
compared to controls (n = 5 / group; mean + SEM = 226 + 51 for deafened birds and 
749 ± 230 for controls). This difference approached statistical significance (t test: t 
= 2.138; p = .065). HVC volume was similar in both groups of birds (0.182 + .016 
mmfor deafened birds and 0.206 + .012 mm^ for controls, t = 1.17; p = .28).
These results indicate that an intact auditory system is not necessary for HVC 
neuron incorporation but that auditory experience may modulate incorporation rates. 
Ongoing work in additional birds will follow the subsequent survival of new HVC 
neurons over a 4 month period.

Supported by NIH Grant #NS29843 to JRK.

523.16
CHARACTERIZATION OF NEURONAL ZEBRA FINCH GABAa  
RECEPTORS. H.J. Carlisle. T.G. Hales1 and B.A. Schlinger*. Depts. Physiological 
Science & Lab of Neuroendocrinol., BRI and TAnesthesiology, UCLA, CA 90095.

Songbirds are widely used as animal models to investigate the hormonal control of 
behavior. However, little is known about the effects of steroids on neurotransmitter 
function in these birds. We used electrophysiological and pharmacological 
techniques to characterize zebra finch telencephalic and hippocampal GABAa  
receptors and examine their modulation by neuroactive and sex steroids.

Whole-cell GABA-evoked currents reversed near the Cf equilibrium potential and 
showed outward rectification. These currents were reversibly blocked by picrotoxin 
(10 pM) and bicuculline methiodide (10 pM). The anesthetics pentobarbital (100 
pM) and propofol (3 pM) potentiated GABA-evoked currents and directly activated 
receptors at higher concentrations. The subunit specific modulators loreclezole, 
diazepam, and Zn2+ were used to investigate the GABAa receptor subunit 
composition of these neurons. Loreclezole (10 pM) potentiated currents to 299% of 
control, suggesting the presence of a p2 and/or p3 subunit. Diazepam (1 pM) 
potentiated currents to 327% of control, while Zn2+ (1 pM) caused no inhibition, 
indicating the presence of a y subunit. The neuroactive steroids 5a- and 5p-pregnan- 
3a-ol-20-one (100 nM) potentiated the Cf current, whereas 5a- and 5P-DHT (1 pM) 
did nothing. 17P-Estradiol (1 pM) had no effect on most cells, although we observed 
modulation of GABAa  receptors in a small number of cells tested.

We conclude that zebra finch neuronal GABAa  receptors include a, P, and y 
subunits and are similar to their mammalian counterparts in both their biophysical 
and pharmacological properties. Additionally, receptors show little or no acute 
modulation by sex steroids, but are greatly potentiated by 5a-pregnan-3a-ol-20-one 
and its 5p isomer. (Supported by CA Dept. of Health 95-23342).

523.17
THE PROJECTION FROM AREA X TO DLM MAY BE GABAERGIC IN THE 
ADULT MALE ZEBRA FINCH M. Luo* and D.J, Perkel. Dept. Neuroscience, 
Univ. of Pennsylvania, Philadelphia, PA 19104-6074.

The anterior forebrain pathway (AFP) of oscine songbirds (HVc-» area X -> DLM 
-» 1MAN —> RA) is crucial for song learning and may provide auditory feedback to 
shape the motor network (HVc^RA) for song production. While the exact nature of 
these feedback signals is not clear, one appealing hypothesis is that the AFP sends 
excitatory signals to RA to help reinforce appropriate synaptic connections from 
HVc. However, inhibitory connections in the AFP remain possible. As a first step 
toward describing the neurotransmitters in the AFP, we used immunohistochemistry 
to localize the GABA-synthetic enzyme, glutamic acid decarboxylase (GAD).

Sections of adult male zebra finch brain were incubated in anti-GAD67 and Nissl 
staining was performed on alternate sections. We examined the immunofluorescence 
(CY3-tagged 2° antibody) with confocal microscopy and measured the diameter and 
density of labeled cells. In area X, less than 2% of cells were significantly GAD- 
positive. These cells were sparsely distributed (~5600/mm3; total -1300 per 
hemisphere) and were strikingly large (mean major axis -16 pm). Nissl-stained cells 
fell into two size classes. The vast majority of the cells were small but some cells 
were very large. The density and size the few large cells, presumed to be projection 
neurons (Bottjer et al., 1989), closely matched those of the GAD-positive cells.

In DLM, the target of area X, we observed many strongly stained terminals but no 
GAD-positive somata (Grisham & Arnold, 1995). The terminals formed cups about 
10 pm in diameter, suggesting that they encapsulate target neurons.

The density and diameter of the GAD-positive cells in area X, coupled with the 
stained terminals in DLM, suggest that the projection from area X to DLM may be 
GABAergic. If this connection is indeed inhibitory during the sensorimotor learning 
period, the AFP may not play a simple positive reinforcement role in song learning.

523.18
EXPRESSION OF zRaIDH, A RETINOIC ACID SYNTHESIZING ENZYME. 
IN THE BRAIN OF SONGBIRDS N. Denisenko*. E. Jarvis. C. Scharff.
F. Nottebohm and C. V. Mello The Rockefeller University', New York, NY, 10021

We have previously described the identification of a novel brain cDNA 
encoding retinaldehyde specific aldehyde dehydrogenase (zRaIDH), and demonstrated 
its role in the production of retinoic acid in the brain of zebra finches. To generate a 
complete map of brain sites of retinoic acid production, we have now characterized in 
detail the expression of zRaIDH in the brain of adult songbirds by in situ 
hybridization. In addition to the high vocal center (HVC) and the lateral 
magnocellular nucleus of the anterior neostriatum (1MAN), zRaIDH was expressed in 
the neostriatum (N) surrounding 1MAN. In this region, zRaIDH expression decreased 
in a gradient fashion in the caudal and rostral directions. We also observed high 
expression in a cell layer at the border between the hyperstriatum accessorium (HA) 
and the hyperstriatum dorsale (HD), and a gradient of expression in the dorso-ventral 
axis within HA. In addition, high expression was seen in a cluster of cells close to 
the caudal tip of the boundary between HA and HD. This same location is 
characterized by absence of induction of the transcriptional regulator ZENK in 
response to brain depolarization by metrazole. The same general pattern of expression 
was detected in the brains of other songbirds including canaries, song sparrows and 
black-capped chickadees. To define whether zRaIDH expression in HVC is restricted 
to a specific cell population, adult male zebra finches were injected with retrograde 
tracers into area X or into the robust nucleus of the archistriatum (RA). the known 
HVC targets. All the cells backfilled from area X injections expressed zRaIDH. 
whereas none of the cells backfilled from RA injections expressed zRaIDH. Thus. 
zRaIDH expression appears to occur mostly in X-projecting cells. Such pattern is 
coincident with that of the insulin-like growth factor II (IGF-II), a gene that, in other 
systems, is known to be regulated by retinoic acid. This result is compatible with 
the hypothesis that X-projecting cells, a population stable during posthatch life, 
provide trophic support to the RA-projecting neuronal population, which undergoes 
constant replacement during adulthood. (Supported by NIH/NIDCD)
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523.19
SINGING-REGULATED EXPRESSION OF BRAIN- 
DERIVED NEUROTROPHIC FACTOR IN THE HIGH 
VOCAL CENTER OF THE SONGBIRDS BRAIN.
X.-C. Li*, E. Jarvis, and F. Nottebohm. The Rockefeller University, 
New York, New York 10021.
The brain derived neurotrophic factor, BDNF, is thought to play a role 
in the differentiation and survival of neurons and in the modulation of 
synaptic connectivity. We have examined the expression of BDNF in 
the song system of adult male canaries. The level of BDNF mRNA 
expression HVC of silent birds was low and it was barely detectable in 
other song nuclei such as RA, area-X and 1MAN. However, BDNF 
mRNA expression in HVC increased significantly when the birds sang. 
The more the birds sang, the higher the level of BDNF expression. 
There was no increase in BDNF expresion in the HVC of the birds that 
heard song but did not sing. Singing induced a less marked increase of 
BDNF expression in RA, which receives innervation from HVC, but no 
increase was seen in area-X and 1MAN. Immunocytochemistry studies 
showed that BDNF protein was present in both HVC and RA. We do 
not know what might be the significance of the singing-induced BDNF 
expression in HVC and RA. However, HVC neurons that project to 
RA are constantly replaced in adulthood and there is a peak in the death 
of HVC cells in August, when the birds molt and do not sing much. If 
singing increases BDNF expression, then this might be a mechanism 
whereby expression of this learned motor act increases the survival and 
stability, respectively, of the cells and synapses that mediate it, with a 
consequent consolidation of the learned behavior.
Supported by Li Memorial Fund.

523.20
SELECTIVE EXPRESSION OF INSULIN-LIKE GROWTH 
FACTOR II IN THE SONGBIRD BRAIN
C. Scharff*, M.Holzenberger#, E. Jarvis, M.Grossman and ENottebohm, The 
Rockefeller University, New York, NY10021 and #Institut d'Embryologie Cellulaire 
et Moleculaire,CNRA and College de France, F-94736 Nogent-sur-Marne, France 
Neuronal replacement occurs in the forebrain of juvenile and adult 
songbirds. To address the molecular processes that govern this 
replacement, we cloned the zebra finch insulin-like growth factor II (IGF- 
II), a factor known to regulate neuronal development and survival in 
other systems, and examined its expression pattern by in situ 
hybridization and immunocytochemistry in juvenile and adult songbird 
brains. Highest levels of IGF-II mRNA expression occur in three nuclei of 
the song system: the high vocal center (HVC), the medial magnocellular 
nucleus of the neostriatum (mMAN), which projects to HVC, and to a 
lesser extent in the robust nucleus of the archistriatum (RA), which 
receives projections from HVC. IGF-II mRNA expression was 
developmentally regulated in zebra finches and varied seasonally in 
canaries. Combining retrograde tracers with in situ hybridization and 
immunocytochemistry, we determined that the HVC neurons that project 
to Area X synthesize the IGF-II mRNA, whereas the adjacent RA- 
projecting neurons accumulate the IGF-II peptide. Our findings suggest 
that within HVC, IGF-II may act as a paracrine signal between non- 
replaceable Area X-projecting neurons and replaceable RA-projecting 
neurons, a mode of action that is compatible with IGF-II's involvement 
with the replacement of neurons. Expression in other brain areas outside 
the song system, such as the cerebellar Purkinje cells, where neurogenesis 
is not known to occur, as well as lack of IGF-II mRNA expression in some 
areas where neuron addition occurs (lobus parolfactorius, LPO) suggest 
that IGF-II has multiple functions in adult brain. Supported by NIH, NSF 
and the European Sience Program.

523.21
DISTRIBUTION OF DOPAMINE-BETA-HYDROXYLASE IMMUNO-
REACTIVITY IN THE BRAIN OF ZEBRA FINCHES C. V. Mello*, R. 
Pinaud and S. Ribeiro, The Rockefeller University, New York, NY 10021.

Studies on the distribution of tyrosine hydroxylase (TH) immunoreactivity (Bottjer, 
'93; Soha et al., ’96) and detection of catecholamines and their receptors in song 
control nuclei of the brain of zebra finches (Lewis et al., '81; Barclay and Harding, '88 
and 90'; Sakaguchi and Saito, '90; Ball, '90) indicate that modulation by 
catecholaminergic systems may play a significant role in the neurobiology of 
birdsong. The specific contribution of noradrenergic projections, however, has not 
been clearly established. We have addressed this issue by studying the brain 
distribution of immunoreactivity for dopamine-beta-hydroxylase (DBH-IR), a 
noradrenergic marker, in adult male zebra finches, with particular emphasis on auditory 
processing areas and song control nuclei. Our results show that the general brain 
distribution of DBH-IR in zebra finches is similar to that previously observed in other 
avian species such as the quail (Bailhache and Balthazart, '89) and the chicken (Moons 
et al., '95). Labeled somata were only seen in the caudal midbrain, pons and medulla, 
whereas the telencephalon contained only fibers and terminal fields. Brain areas with 
high innervation densities included the hypothalamus, hippocampus, septum and basal 
forebrain. Less dense but significant innervation was seen in several structures that 
participate in song auditory processing, including nuclei in the ascending auditory 
pathway, field L, NCM and CMHV. A comparable density of labeling was observed 
in various song control nuclei, including HVC, 1MAN, RA and DM, but not area X. 
In contrast to TH, the density of terminals in these nuclei was essentially identical to 
that of the surrounding tissues. The one exception was DM, the song nucleus with the 
highest density of terminal arborizations. No apparent differences in the overall 
distribution of DBH-IR was observed in comparisons with females or juveniles. Our 
results demonstrate the presence of noradrenergic innervation in auditory processing 
areas and song control nuclei, giving further support to the participation of 
noradrenergic mechanisms in the control of birdsong.
(NIH, Kluge Fellowship and Federal University of Rio de Janeiro- UFRJ).

523.22
REPRESENTATION OF SPECIES-SPECIFIC FEATURES OF SONG 
IN THE AUDITORY FOREBRAIN OF THE CANARY. S, Ribeiro*, G. 
Cecchi. M, Magnasco and C. V. Mello. Laboratory of Animal Behavior and Center 
for Physics and Biology, The Rockefeller University, New York, NY, 10021.

We have previously used the phenomenon of ZENK gene induction in response to 
conspecific song presentation in order to address the internal organization of the 
auditory brain of songbirds. The anterior portion of the caudomedial neostriatum 
(NCM) was shown to be tonotopically organized from high to low frequencies along a 
ventro-dorsal axis that runs parallel to field L, and the caudal portions of NCM 
appeared to be tuned to complex components of the canary song. We have now studied 
the ability of the ZENK response in NCM to discriminate between sounds that occur 
naturally in the canary song from artificial (non-song) sounds of the same frequencies. 
In addition, we have compared in further detail individual whistle-like syllables with 
whistles presented in combination and syllables containing fast frequency 
modulations. Adult female canaries kept in soundproof boxes for a day were presented 
with a particular stimulus (ranging from natural song fragments to computer generated 
sounds of various amplitude envelopes) and killed at the time of peak ZENK protein 
expression. Parasagittal brain sections through NCM were processed for ZENK 
immunocytochemistry and computerized image analysis used to recognize and map 
ZENK-labeled nuclei. Non-song sounds resulted in smaller numbers of labeled cells 
that were spread over larger areas in NCM, but were still centered at roughly the same 
positions as the natural whistles of the same frequencies. We also observed that the 
maps obtained when whistles were combined as stacks differed substantially from the 
maps obtained when whistles were combined as sequences. Finally, the general 
distribution of ZENK-labeled cells resulting from syllables containing fast frequency 
modulations could be predicted by the direction of the modulation, i.e., ascending 
modulations tended to map ventrally and vice-versa. Principal component analysis 
used as an independent quantitative test confirmed the differences among the various 
maps obtained in this study.(NFDCD, Mathers Foundation, Kluge Fellowship and 
CNPq).

523.23

AUDITORY AND VOCAL REGULATION OF GENE EXPRESSION IN 
THE AUSTRALIAN PARAKEET. E.P, Jarvis*, N, Denisenko, S, 
Ribeiro and C. Mello. Lab. of Animal Behavior, The Rockefeller 
University, New York, NY 10021

In songbirds, auditory and vocal regulation of gene expression 
has been found to occur in separate discrete regions of the brain. 
To determine if this phenomenon is evolutionarily conserved, we 
studied if acoustically regulated gene expression occurs in 
parakeets (budgerigars), a species thought to have evolved vocal 
learning independently of songbirds. Adult male parakeets were 
stimulated with playbacks of conspecific vocalizations for 30 min. 
Some responded by warbling (vocalizing), others remained silent. 
The birds were then sacrificed, serial brain sections cut and in- 
situ hybridizations performed with the canary ZENK transcription 
factor. Compared to quiet controls, hearing conspecific 
vocalizations induced ZENK expression throughout the caudal 
neostriatum, including fields L1 and L3, but not L2, with a pattern 
reminiscent of songbirds. In addition to these regions, parakeets 
who vocalized showed high levels of induced ZENK expression in 
7 structures, all restricted to the anterior forebrain with a pattern 
"partially" reminiscent of songbirds. Five of these (NLc/HVC, 
AAc/RA, NAs/MAN, LPOm/AreaX and HVo) have been previously 
implicated in the control of parakeet vocalizations by connectivity 
studies. Two others have not been described. These findings 
show for the first time that these structures are functionally active 
when parakeets vocalize and suggest that whether or not vocal 
learning evolved independently in the two taxa, some of the 
molecular mechanism(s) of vocal communication in songbirds and 
parrots are similar. Other genes, selectively expressed in 
songbird song nuclei, are being tested to determine the extent of 
this conservation. Supported by NIMH.

523.24
SONG INDUCTION OF THE ZENK PROTEIN IN MALE AND 
FEMALE EUROPEAN STARLINGS AND ZEBRA FINCHES. D. L. 
Duffy*, C. B. Sturdy, R. G. Weisman and G.F. Ball Dept. of 
Psychology, Behavioral Neuroendocrinology Group, Johns Hopkins 
University, Baltimore, MD 21218 USA; Dept. of Psychology, Queens, 
University, Kingston, ON, K7L 3N6, Canada

The immediate early gene ZENK (also known as zif-268, egr-1, NGFI- 
A, and Krox-24) encodes a zinc finger transcriptional regulator. It is 
known that when zebra finches and canaries produce or hear conspecific 
song, the gene is induced rapidly in brain areas related to vocal production 
and perception, respectively. Here we focus on induction of the ZENK 
protein in response to the perception of song and ask whether ZENK 
induction is observed in response to song (!) in a free living songbird 
species (wild-caught European starlings), and (2) in females as well as 
males in species where song functions primarily to attract females 
(starlings and zebra finches). Male and female wild-caught starlings and 
captive-reared zebra finches were isolated individually in sound resistant 
chambers for 2 days then heard either conspecific song or silence from a 
speaker for 30 min (starlings) or 40 min (zebra finches). The birds were 
perfused and the ZENK protein was localized via immunocytochemistry 
utilizing a primary antibody grown against a portion of the mammalian 
egr-1 peptide sequence (Santa Cruz Biotech). ZENK protein was induced 
in a higher number of cell nuclei in the caudal and medial neostriatum in 
the telencephalon of males and females of both species that experienced 
song playback as compared to birds that heard no song. Qualitative 
differences between males and females among brain areas exhibiting high 
levels of ZENK expression were not observed in either species. In 
starlings, further testing revealed that preabsorption of the primary 
antisera with the peptide the antibody was raised against blocked all 
specific staining. Supported by NSF IBN 951425 to GFB and NSERC 
Canada APAO-182 to RGW.
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524.1
PROTECTION FROM SYNAPTIC DEPRESSION AT THE SIPHON 
SENSORY NEURON SYNAPSES IN APLYSIA. X.-Y. Jiang and T, 
W. Abrams*. Depts. of Pharmacology & Anesthesiology, Univ. of 
Maryland School of Medicine, Baltimore, MD 21201.

Aplysia LE mechanosensory neurons (SNs), which innervate the 
siphon, display dramatic synaptic depression in which synaptic strength 
is reduced by as much as 75% when these neurons fire individual action 
potentials at intervals of < 30 sec. Functionally, this synaptic depression 
must substantially reduce the synaptic output from these SNs when they 
are activated by modest, just suprathreshold stimuli. One would predict 
that the output from these high threshold mechanosensors would be 
largely eliminated when the neurons are repeatedly stimulated in the 
absence of powerful sensitizing events. However, we observed that a 
slight increase in activity, from single spikes to pairs of spikes during 
each stimulation, substantially protects these synapses from depression. 
Thus, the reduction in the EPSP amplitude after 15 tests at a 15 sec ISI 
was decreased from 73±3% with single spikes to 31±6% when these 
SNs were stimulated to fire pairs of spikes at a 50 ms interval during 
each test. Except during the first pair of spikes, when the paired pulse 
ratio exceeded 1.0, the second action potential released little transmitter. 
Once synaptic depression had been induced by single spikes, there was 
substantial recovery of the synapse when these SNs were activated by 
either pairs of spikes or trains of several spikes at 20 Hz. This 
dependence of synaptic depression on the pattern of activity provides this 
sensory system with an intensity filter that would discriminate against 
modest, non-threatening stimuli.
Supported by ROI MH55880-02 from NIMH.

524.2
INJURY-INDUCED LONG-TERM HYPEREXCITABILITY OF APLYSIA 
SENSORY NEURONS IS NOT DUE TO PERSISTENT ACTIVATION 
OF PKA: DIFFERENCES BETWEEN Rp-cAMPS AND PKI 
TREATMENTS. X. LiaoLLD, Gunstream. M.R, Lewin, R.T. Ambron and 
E,T» Walters- Dept. Integrative Biol., University of Texas - Houston 
Med. School, TX 77030.

Nerve injury causes long-term hyperexcitability (LTH) of sensory 
neurons (SNs) in Aplysia resembling that produced by 5HT application. 
Because long-term plasticity induced by 5HT has been linked to long- 
lasting activation of PKA (Greenberg et al. Nature 329:62, 1987), we 
asked whether injury-induced LTH is associated with persistent PKA 
activation. Exposure to the cAMP antagonist, Rp-cAMPS (0.2-1 mM), 
during transection of SN neurites in dissociated cell culture did not 
attenuate LTH 24 hr later, indicating that PKA is unnecessary for LTH 
induction by intrinsic injury signals. Rp-cAMPS decreased SN 
excitability when present 24 hr after neurite transection, suggesting a 
role for PKA activity in maintaining LTH. Similar depression of 
excitability occurred when Rp-cAMPS was bath applied or injected 
during LTH induced by nerve crush in isolated ganglia or in vivo. 
Indeed, Rp-cAMPS depressed excitability in every preparation 
examined, even in the absence of injury signals. It also increased SN 
spike duration and afterhyperpolarization. Injection of the PKA 
inhibitor, PKI, failed to produce these effects, or to reduce LTH after 
nerve injury in vivo or in vitro. Biochemical assays failed to show any 
long-term increase in PKA activity in SN clusters or pedal ganglia after 
in vivo nerve crush. Therefore, persistent PKA activity is not required 
for injury-induced LTH, and Rp-cAMPS has PKA-independent effects 
that restrict its utility in these cells. Supported by NIH grant NS35882.

524.3
EVIDENCE FOR ACTIVITY-DEPENDENT TYROSINE PHOSPHORYLATION 
IN SYNAPTIC PLASTICITY IN APLYSIA. S.A, DeRiemer*. C, Hodge. O.E Scott
L. M, Selenkc and S.M, Fredman. Div. of Biomedical Sciences and the Dept. of 
Anatomy and Physiology, Meharry Medical College, Nashville, TN 37298.

The monosynaptic connection between the A and B neurons in the cerebral ganglion 
of Aplysia exhibits a novel form of enhanced synaptic transmission, slow developing 
potentiation (SDP) following brief high frequency stimulation. SDP can be blocked 
by 1 pM genistein, suggesting that phosphorylation by a tyrosine kinase is required. 
We now present data demonstrating activity-dependent increases in phosphotyrosine 
(PY) in the cerebral A neurons.

Aplysia were injected with isotonic MgCl2 and dissected in Ca2+-free seawater(0 
Ca2" SW). The cerebral ganglion was desheathed and then placed in 5x Ca2+, 3x Mg2* 
SW to suppress polysynaptic connections. Individual A neurons were stimulated by 
extracellular focal pipettes, using 4, 500 msec 20 Hz trains to induce SDP. In some 
experiments, EPSPs in a B neuron were recorded to insure that the stimulation was 
effective. The ganglion was then fixed overnight in 4% paraformaldehyde and 
processed for immunohistochemistry using standard techniques and an HRP- 
conjugated antibody against phosphotyrosine residues (1:1000, PY-20; Transduction 
Laboratories). Staining was visualized with Vector DAB substrate. Clear, 
reproducible staining was observed in the nuclei and perinuclear cytoplasm of 
stimulated A neurons. Staining was also seen in a subset of neurons outside the A-B 
clusters. Unstimulated A neurons showed little or no staining. Western blotting 
experiments on tissue from the Aplysia CNS indicates a number of proteins showing 
increased tyrosine phosphorylation in response to depolarizing stimuli. These results 
show activity-dependent increases in tyrosine phosphorylation va Aplysia consistent 
with a role in mediating synaptic plasticity. Supported by NIGMS (MBRS) grant 
GM08037 (SAD); NIMH training grant MH19843 (QES), NINDS grant NS28199 
and the Meharry NSF/MRCE in Cell and Molecular Biology, HRD9233157 (SMF).

524.4
EVIDENCE FOR AFFERENT NEURON SYNAPTIC DEPRESSION IN 
HABITUATION OF THE ESCAPE SWIM RESPONSE IN TRITONIA 
DIOMEDEA. T.A, Hoppe*. D.L. Mongeluzi, & W.N. Frost. Dept. Neurobiology 
& Anatomy, University of Texas Medical School, Houston, TX 77030.

When repeatedly elicited, the oscillatory escape swim response of the marine 
mollusc Tritonia diomedea undergoes habituation of the number of cycles per 
swim. Previous work on the afferent neurons that initiate escape swimming (S- 
cells) showed that their synapses display a striking homosynaptic depression when 
repeatedly stimulated with single spikes (Getting, 1976). We observed similar 
depression, elicited by repeated single spikes (Is to 2min ISI), onto DRI, a neuron 
which directly excites die swim CPG. Because single spike activity poorly 
simulates S-cell firing patterns during habituation training, we next drove S-cells 
intracellularly with the same protocol used to produce habituation in isolated brain 
preparations with repeated nerve stimulation (10Hz, Is, 10 trials, 2min ITI). This 
procedure yielded a 20% drop in EPSP amplitude across the 10 trials (n=22).

If afferent neuron synaptic depression contributes to habituation in Tritonia, 
inhibiting these synapses during training might be expected to prevent depression, 
as seen in some other systems (e.g. crayfish, Bryan et al, 1977), and thus prevent 
behavioral habituation. Our accompanying abstracts on prepulse inhibition 
(Mongeluzi et al, 1997; Frost et al, 1997) report that a tactile prepulse appears to 
block tail shock-elicited swims by inhibiting S-cell synaptic efficacy. These 
results prompted us to conduct an habituation experiment in which a tactile 
prepulse was used to block the swim response in trials 2 to 9 of a 10 trial training 
session. This procedure produced significant protection from habituation. Taken 
together, these findings provide evidence that afferent neuron homosynaptic 
depression may contribute to habituation in Tritonia.

Supported by NIH grants NS36500 and NS07373.

524.5
ENCODING OF THE FREQUENCY OF AN HABITUATING STIMULUS 
MODULATES SUBSEQUENT HABITUATION. C. Shilanskv and D, L. 
Glanzman*. San Marino HS, San Marino, CA 91108 and Dept. Physiological 
Science, UCLA, Los Angeles, CA 90095.

Habituation is the decrement in a behavioral response to repeated application of a 
stimulus of fixed intensity. The gill-withdrawal reflex of Aplysia californica has 
proved useful for analyzing the neural basis of habituation. We asked whether this 
reflex encodes the frequency of an habituating stimulus and, if so, how such encoding 
affects future responses. Experiments were performed with a semi-intact preparation, 
consisting of the CNS together with the attached parapodial cavity. Stimuli were taps 
(4/stimulus at 8 Hz) delivered to the siphon via a solenoid-driven tapper. The initial 
experiments each consisted of 3 training periods. During Period 1 the reflex was 
habituated by stimulating at 1/5 min. Preparations (n = 7) were stimulated until the 
reflex habituated to 30% of its initial value. During Period 2 the preparations received 
13 stimuli at 1/15 s. Stimulation at this higher frequency produced significant 
dishabituation of the reflex (195% of initial value, P < 0.0001). After a brief rest, the 
siphon was once again stimulated at 1/15 s (Period 3). Stimuli that had previously 
dishabituated the reflex habituated it in Period 3 (59% of initial value, P < 0.0001). 
Naive preparations (n = 10) were also given siphon taps at 1/15 s. Stimulation at 
1/15 s produced habituation in naive preparations (75% of initial value, P < 0.0001). 
However, high-frequency stimulation produced less habituation in naive preparations 
than in Period 3 of the initial experiments (P < 0.0001). Thus, prior encoding of 
stimulus frequency determines whether the reflex will habituate or dishabituate to 
subsequent presentations of the same stimulus. Preliminary experiments in which 
training was carried out with the abdominal ganglion perfused with artificial seawater 
containing elevated'Ca2+ and Mg2+ (to block polysynaptic pathways) yielded similar 
results. The monosynaptic component of the reflex may therefore encode complex 
stimulus information. Supported by the So. Calif. Acad. Sci., NSF, and NIH.

524.6
SWITCHING BETWEEN HIGH AND LOW-PROBABILITY RELEASE STATES 
IN SYNAPTIC PLASTICITY AT APLYSIA SENSORIMOTOR SYNAPSES. M, 
Klein*, S. Royer and R. L. Coulson. Clin. Res. Inst, of Montreal and Univ. of 
Montreal, Montreal, Quebec H2W 1R7.

Transmission from sensory to motor neurons of Aplysia is subject to several kinds 
of synaptic plasticity that are associated with such forms of behavioral plasticity as 
sensitization and classical conditioning. We have examined homosynaptic 
depression, the decrease in transmitter release that accompanies low-frequency 
stimulation, and synaptic facilitation, the increase in release caused by the 
endogenous facilitatory transmitter 5HT, at synapses in culture and in intact ganglia. 
We find that both forms of plasticity are mediated through switching of individual 
release sites between states of high and low release, rather than through progressive 
modulation of the probability of release. This nervous system thus uses a method of 
turning individual synapses off and on to achieve global changes in synaptic 
transmission and in behavioral output. This mechanism is not consistent with simple 
models of progressive depletion of a releasable pool of transmitter in homosynaptic 
depression, but suggests that synaptic depression might involve an inhibitory process, 
and that this inhibition is relieved in synaptic facilitation. Our data suggest that 
transmitter release may not be necessary in order for synapses to enter the low- 
probability state, further supporting the idea that depletion of a transmitter pool 
cannot completely account for homosynaptic depression. Facilitation by 5HT can 
increase release at synapses in the low-release state irrespective of whether they 
entered this state as a result of prior stimulation. The high probability of release at 
the high-release sites implies that other processes that increase release at these 
synapses-including frequency facilitation, posttetanic potentiation and long-term 
potentiation-also act by recruiting low-probability or silent release, sites into the pool 
of active synapses rather than by modifying the release properties of all synaptic sites 
in a uniform manner. Funded by NIH and NSERC.
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524.7
CELLULAR MECHANISMS CONTRIBUTING TO HABITUA-
TION AND DISHABITUATION OF THE SIPHON WITHDRAWAL 
REFLEX IN A SIMPLIFIED PREPARATION. I. Antonov*,
I. Antonova, and R.D. Hawkins. Ctr. Neurobiol. & Behav., Columbia 
Univ., NY, NY 10032.

To facilitate the analysis of cellular mechanisms contributing to 
learning, we have developed a new simplified preparation consisting of the 
siphon, tail, and central nervous system of Aplysia. One half of the siphon 
is stimulated with a controlled force stimulator, and contraction of the 
other half is measured with an isotonic movement transducer. Comparison 
before and after cutting the siphon nerve indicates that the reflex is largely 
mediated through the central nervous system, where sensory neurons, 
motor neurons, and intemeurons involved in the reflex have been 
identified. The reflex undergoes habituation following 5 trials of siphon 
stimulation at 5 min intervals, and dishabituation by tail shock that is 
maximal on trial 6, 2.5 min after the shock. In preliminary experiments, 
habituation was accompanied by a decrease in evoked spikes in LFS motor 
neurons and a decrease in the monosynaptic PSP from LE sensory neurons 
to LFS neurons on trial 5. Dishabituation was accompanied by an increase 
in evoked spikes in LFS neurons, an increase in siphon withdrawal 
produced by stimulating LFS neurons, and an increase in the monosynaptic 
LE-LFS PSP, all of which were maximal on trial 6. These results provide 
the first direct evidence that facilitation of the monosynaptic PSP 
contributes to dishabituation of the reflex, and suggest that other 
mechanisms also contribute. (Supported by MH26212.)

524.8
MODULATION OF CHOLINERGIC TRANSMISSION IN THE NEURONAL 
NETWORK OF APLYSIA WITHDRAWAL REFLEX. M.V. Storozhuk and 
V. F. Castellucci* Institut de recherches cliniques de Montreal, Centre de 
recherches en sciences neurologiques, Departement de physiologie, 
Universite de Montreal, C.P. 6128, Succursale Centre-ville, Montreal, 
Quebec H3C 3J7, A.A.Bogomoletz Institute of Physiology, Kiev, Ukraine.

Recent studies have emphasized the multiple sites of changes in the neu-
ronal network of Aplysia gill and siphon withdrawal (GSW) reflex. In this 
report, we describe some properties of the cholinergic transmission in this 
network and the modulation of this transmission by two major neuromodula-
tors of the network, 5-hydroxytryptamine (5-HT) and the neuropeptide SCP.

We have focused on the interneuron L16 and its follower cells. We found 
that slow IPSPs evoked in sensory neurons (SN) by L16 have two compo-
nents: an earlier IPSP component, sensitive to curare (100 pM) and a later 
one, sensitive to tetraethylammonium (0.5-1 mM).

Input from L16 to SN sensory neurons can be modulated by left connec-
tive stimulation, a major pathway mediating modulation of the withdrawal 
reflex. Weaker stimulation facilitates connections between L16 and SN. On 
the other hand, stronger stimulation may produce opposite changes. This 
differential effect can be mimicked by the two neuromodulators of the reflex, 
SCP and 5-HT. SCP (10 pM) facilitates connections between L16 and SNs, 
while 5-HT (5-10 pM) induces the opposite effect.

Part of the effect of 5-HT on the transmission between L16 and the sen-
sory neurons is due to a postsynaptic mechanism since responses to Ach 
application (Ach-responses) in these cells are decreased by 5-HT. These 
results suggest that parallel and differential modulation of cholinergic trans-
mission may vary during different simple behavioral protocols. Supported by 
MRC of Canada and NIH.

524.9
BRIEF EXPOSURE OF APLYSIA SENSORY NEURON SYNAPSES TO 5HT 
PRIMES THEM FOR THE EXPRESSION OF SOMATICALLY INDUCED 
LONG-TERM FACILITATION. C. M. Sherff* and T, J. Carew. Yale Univ., 
Dept. Psych., New Haven, CT 06520.

Long-term facilitation (LTF) at sensory neuron (SN) to motor neuron (MN) 
synapses in the pleural-pedal ganglia of Aplysia can be induced by prolonged (1.5 
hr) application of serotonin (5HT) to the SN soma (Emptage et al., 1993). Recent 
studies using briefer exposures of 5HT showed that spaced application (SP: 
5x5min) of 5HT to the SN soma and SN-MN synapse is significantly better than 
massed application (MA:lx25min) in the induction of LTF (Mauelshagen et al., 
1996). In the present study, we took advantage of the fact that this form of MA 
application of 5HT is suboptimal for LTF induction to explore the possibility that 
5HT applied to the synapse might enhance the expression of LTF by MA training.

A two-compartment recording chamber was used to perfuse the SN soma 
and the SN-MN synapse independently. After 3 baseline measurements of EPSP 
amplitude, a MA application (lx25min) of 5HT was presented to the SN soma 
compartment. In one group, the synaptic compartment received no 5HT. In 
another, the synaptic compartment was primed with a 5-min exposure to 5HT 
during the final 5 min of the SN soma application. EPSP amplitude was measured 
after the first 5 min of MA exposure (T5), upon completion of 5HT application 
(T25), and 20-24 hr after 5HT (T24hr). MA 5HT application to the SN soma 
alone did not induce significant facilitation at any of the tested time points (n=6). 
However, LTF was expressed in preparations that were primed with 5HT 
application to the synaptic compartment (T24hr: mean = 325±73%; P<0.02, 
n=5). Short-term facilitation (STF; measured at T5 and T25) was only observed 
in primed preparations, confirming previous observations that STF is induced 
locally at the SN synapses (Emptage et al., 1993; see also Clark and Kandel, 
1993). These results show that local, brief exposure of the synapse to 5HT can 
interact with somatic events in the induction of LTF, thereby providing a potential 
mechanism for synapse specificity in the expression of long-term synaptic 
plasticity in this system. (Supported by NIH grant MH41083 to TJC)

524.10
ACTIVATION OF SEROTONIN RECEPTORS ON BOTH CELL BODY AND 
TERMINAL REGION OF SENSORY NEURONS IS REQUIRED FOR 
STRUCTURAL PLASTICITY ACCOMPANYING LONG-TERM FACILITATION 
OF APLYSIA SENSORIMOTOR SYNAPSES. Z.-Y. Sun* and S. Schacher. Cntr. 
Neurobiol.& Behav., Columbia Univ. Coll, of P & S, NYSPI, New York, NY 
10032.

Long-term changes in the efficacy of Aplysia sensorimotor synapses accompany 
non-associative and associative forms of behavioral plasticity. In cell culture, this 
synapse expresses long-term increases in efficacy either with repeated bath appli-
cations of 5-HT (analog of non-associative plasticity) or with a single pairing of a 
tetanus in the sensory neuron (SN) with a bath application of 5-HT (analog of asso-
ciative plasticity). Earlier studies indicated that short-term changes in synaptic effi-
cacy require activation of 5-HT receptors in the terminal region of the SN. We exam-
ined whether structural changes in the SN accompany all forms of long-term synaptic 
enhancement, and where 5-HT must bind receptors along the surface of the SN to 
evoke long-term functional and/or structural changes. Pairing tetanus with one ap-
plication of 5-HT evoked both functional and structural changes after 24 hr when 5- 
HT application was temporally paired with the tetanus and activated 5-HT receptors 
on both the SN cell body and terminal region. All protocols that activated 5-HT re-
ceptors at the SN terminal region alone, where 5-HT must act to evoke short-term fa-
cilitation, failed to evoke any long-term change. As expected, repeated applications of 
5-HT to both SN cell body and terminal region evoked increases in both synaptic ef-
ficacy and in the number of SN varicosities at 24 hr. Applications of 5-HT to the 
cell body alone evoked a change in efficacy at 24 hr, but failed to change SN structure 
at 24 hr. The results suggest that long-term changes in efficacy of sensorimotor 
synapses can be expressed prior to and independent of structural changes. Structural 
changes, however, may be required for long-lasting (> 24 hr) maintenance of changes 
in synaptic efficacy. Induction of structural plasticity (within 24 hr) requires acti-
vation of 5-HT receptors both on the cell body and terminal region of SNs.
Supported by NIH grant GM 32099.

524.11
DETECTION OF SENSORIN A mRNA IN SENSORY NEURONS OF APLYSIA 
PLATED ALONE AND WITH TARGET CELL L7 BY IN SITU 
HYBRIDIZATION USING DIGOXIGENIN-LABELED NONRADIOACTIVE 
PROBE. R. C. Silverman*, F. Wu and S. Schacher, Cntr. Neurobiol. & Behav., 
Columbia Univ. Coll of P & S, NYSPI, New York, NY 10032.

Increases in the efficacy of sensory neuron (SN)-L7 synapses and in the number of 
SN varicosities accompany long-term sensitization of Aplysia gill withdrawal behav-
ior. In culture, long-term changes in function and structure of SN-L7 synapses re-
quire new macromolecular synthesis that are evoked by repeated applications of 5-HT. 
Recent studies suggest that the distribution of sensorin, the SN peptide, is regulated 
by contact with L7 and by applications with 5-HT that evoke long-term plasticity. 
To further investigate the role of sensorin in the formation and/or modulation of SN 
synapses, we generated a 28 oligonucleotide (sens-3) for use in in situ hybridization 
studies. A 3' digoxigenin tail was added, and the probe (100-400 ng/ml) was hy-
bridized to cultures containing both SNs plated alone or cocultured with L7 to moni-
tor relative levels of sensorin expression following contact with L7 and following re-
peated applications of 5-HT. Labeled probe was detected by a granular purple reaction 
product following incubation with antibody conjugated to alkaline phosphatase and 
then substrate. Sens-3 labeling appears in the cytoplasm of all sensory neurons, 
with little or no staining of the axon and neurites. No significant difference in stain-
ing was detected between SNs plated alone and SNs contacting L7 before or 1 hr after 
control treatment. By contrast, staining was greater in SNs contacting L7 than in 
SNs plated alone in the same culture dish 1 hr after repeated applications of 5-HT. A 
similar difference in staining pattern between SNs was seen when cultures were fixed 
about 10 min after 5 H-T treatment. These results suggest that 5-HT has a rapid and 
target-dependent effect on the expression of sensorin A mRNA in SNs. Such changes 
could contribute to the apparent increased expression of sensorin at SN varicosities 
24 hr after treatment with 5-HT.
Supported by NIH grant GM32099.

524.12
PROTEIN PHOSPHATASES AND MEMORY FORMATION IN HERMISSENDA. 
H, Huang* & J. Farley. Neural Sciences, Indiana University7, Bloomington, IN 
47405.

The possible involvement of protein phosphatases in the production of memory- 
related changes in Type B cell excitability was assessed by exposing isolated nervous 
systems to five pairings of light and electrical stimulation of statoevst hair cells (in 
vitro conditioning), in the presence or absence of calyculin A, an inhibitor of PPI 
and PP2A. Type B cells from control preparations (n=5) depolarized by 7.2±0.84 
mV (mean ± sem). In contrast, preparations exposed to a 20 nM bath-concentration 
of calyculin depolarized by only 1.75±2.47 mV. However, these preparations had 
depolarized by 12.5±2.12 mV before the start of in vitro conditioning. In separate 
experiments, leakage of calyculin A from the recording electrode into the B cell prior 
to conditioning reduced the subsequent development of cumulative depolarization by 
- 75%, after correction for the effects of leakage. In voltage-clamp experiments, 
calyculin reduced both the peak and steady-state components of K? current by - 
30%. Thus, calyculin A appears to occlude the depolarization of B cells that is 
produced by conditioning by reducing the activities of the same K+ currents that are 
reduced by light-rotation pairings.

To test the hypothesis that calyculin depolarizes B cells by allowing protein 
kinases to dominate the phosphorylation/dephosphorylation cycle, nervous systems 
were exposed to calyculin following treatment with the broad-spectrum inhibitors of 
Ser/Thr protein kinases, H-7 or H-8. In the absence of either inhibitor, calyculin 
depolarized B cells at the rate of 0.94±0.19 mV/min. Treatment with H-7 reduced 
the rale of depolarization by -36% (to 0.6±0.27), while H-8 slowed the rate of • 
depolarization by only -12% (to 0.83±0.15). Collectively, our results suggest that 
basal PPI and/or PP2A activity counteract the effects of protein kinase activity upon 
B cell excitability. The greater disruption of depolarization by H-7 vs. H-8 suggests 
that PKC, rather than cyclic nucleotide dependent PKs, are primarily involved in 
learning-related B cell excitability. Supported by grants from NIH.
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524.13
CLASSICAL CONDITIONING OF FEEDING BEHAVIOR IN APLYSIA. H, A. Lechner*, D. A, Baxter and 
J, H, Byrne. Department of Neurobiology and Anatomy, University of Texas Medical School at 
Houston, Houston TX 77030.

To allow the extension of cellular analysis of plasticity in Aplysia to appetitive forms of learning, 
a classical conditioning procedure was developed that produced conditioning of consummatory 
feeding behavior. Conditioning was demonstrated in two independent experiments that differed 
slightly in design. In the first experiment, animals were conditioned by pairing a weak tactile 
stimulus applied to the lips (CS, glass probe) with food (US, seaweed). Two blocks of training were 
separated by a 30 min rest period. Each block consisted of 5 trials at an intertrial interval (ITI) of 
10 min. A paired group received delayed conditioning, the control group received CS and US 
specifically unpaired. Retention was tested blind at 1 hr after training by presenting the CS. The 
frequency of bites elicited by this test CS was compared to a baseline frequency before the onset 
of stimulation. The frequency of biting after CS presentation in the paired group (median = +0.73 
bites/min; n - 13) was significantly greater (p < 0.05) than that in the unpaired group (median = 
+0.03 bites/min; n = 15).

The second experiment differed as follows: the CS was a paint brush dipped in 1% sucrose 
solution; the ITI was 4 min; there was no rest period between trials; and the naive response of each 
animal was tested before training by applying the CS to the lips of the animal. The number of bites 
to the presentation of 4 CSs before, and 1 hr after, training was compared. Animals in the paired 
group responded to the test CS with an increased number of bites (median = +5 bites; n = 16). 
Animals in the unpaired group showed no increase in responsiveness (median = 0 bites; n = 16). 
This difference was statistically significant (p < 0.02). Preliminary results indicate that the 
memory for conditioning persists for at least 24 hr.

The behavioral plasticity demonstrated here is ideally suited for further analysis on a cellular level 
since many of the components of the central pattern generator that controls feeding are known. 
Furthermore, feeding behavior can be instrumentally conditioned. Thus, an analysis of associative 
plasticity in this system would allow for a direct comparison between mechanisms for operant and 
classical conditioning. Supported by grants from the THECB and the AFOSR.

524.14
MORPHOLOGICAL CORRELATES OF LONG-TERM SENSITIZATION 
TRAINING IN PLEURAL SENSORY NEURONS OF APLYSIA. M.L. Wainwright,* 
H. Zhang, J.H. Byrne, L.J. Cleary, Dept. of Neurobiology and Anatomy, Univ. Texas 
Houston Medical School, Houston, TX 77225.

Sensory neurons in the pleural ganglion of Aplysia appear to be critical sites of 
plasticity for long-term sensitization of withdrawal reflexes. Previously, several 
biophysical correlates of long-term sensitization training were observed (Scholz and 
Byrne, 1987; Lee et al. 1995, 1996). Here we examined effects of training on the 
structure of pleural sensory neurons. Sensitization training consisted of 4 sessions of 10 
AC shocks delivered to the lateral body wall of one side of the animal at intervals of 30 
min. This 1 day training procedure produced a lateralized enhancement of tail-induced 
siphon withdrawal that persisted for 24 hr (Lee et al. 1995, 1996). One sensory neuron 
was then labeled with a fluorescent dye, the tissue was fixed and sectioned serially. The 
structure of neurons from the trained side of the animal did not differ from those of 
neurons from the untrained side. Moreover, differences were not observed when 
arborizations in the pleural ganglion were analyzed separately from those in the pedal. ,

In another group of animals, the training session was delivered on 4 successive 
days, a protocol which is sufficient to induce morphological changes in abdominal 
sensory neurons (Bailey and Chen 1988). Again, no differences were observed between 
sensory neurons from the trained and untrained sides of the animal. After combining 
trained and untrained animals from each protocol, the 4 day protocol appeared to 
induce outgrowth compared with the 1 day protocol. Total neurite length was increased 
by 54% (P<0.005), number of branch points by 95% (P<0.0002), and number of 
varicosities by 110% (P<0.0001). The effects of training must be confirmed, however, 
by directly comparing sensory neurons from animals trained for 4 days with those not 
trained at all. Additional experiments will be required to determine whether structural 
changes are correlated with the behavioral change produced by the 4 day training 
protocol. Supported by NSF IBN 9320549 and NIH NS 19895.

524.15
DISTRIBUTION OF apTBL-1 IN THE CNS OF APLYSIA. H. Zhang.* M. Yuksel, S, 
Endo, A. Eskin, J.H. Byrne, L.J. Cleary, Dept. of Neurobiology and Anatomy, Univ. 
Texas Houston Medical School, Houston, TX 77225 and Dept. of Biochem. and 
Biophysical Sci., Univ. of Houston, Houston, TX 77024.

One of the distinctive features of long-term sensitization in Aplysia is its 
dependence on gene transcription and mRNA translation. One approach to 
understanding the underlying cellular mechanisms is to characterize species of mRNA 
and protein whose synthesis changes during training procedures and at periods up to 
24 hr later. One such species of mRNA was found to encode the protein apTBL-1, 
which is similar in structure to Drosophila tolloid and human bone morphogenetic 
protein-1 (BMP-1) (Liu et al. 1997). In this study, we used immunofluorescence 
techniques to examine the distribution of apTBL-1 protein throughout the CNS. 
apTBL-1 immunoreactivity (IR) was observed in all central ganglia. Most neurons, 
particularly those in the pedal ganglion, expressed relatively large amounts of IR 
protein. Not all neurons were labeled, however. For example, approximately 50% of 
pleural sensory neurons were labeled. This suggests that enhanced synthesis of apTBL- 
1 could effectively modulate sensory' neuron fiinction. Similar labeling was observed in 
neurons of the sensory LE and RE clusters of the abdominal ganglion and the sensory J 
and K clusters in the cerebral ganglion. No labeled neurons were observed in the 
sensory cluster of the buccal ganglion or the bag cells of the abdominal ganglion.

Most of the IR protein appeared to be localized in relatively large granules or 
patches in neuronal cell bodies. In smaller cells, such as pleural sensory neurons, the 
staining appeared to be distributed in a single layer around the nucleus. In larger 
neurons, IR granules appeared throughout the cytoplasm. In the neuropil it was difficult 
to distinguish labeling of neuronal processes and glial cells, but labeling of individual 
fibers was observed. These results suggest that apTBL-1 protein is localized in 
organelles of the secretory pathway, and perhaps the Golgi apparatus itself. This is 
consistent with its postulated role as a secreted protease that activates the growth factor 
TGF-p. Supported by NSF IBN 9320549, NIH NS 19895, and NIH NS28462.

524.16
CHARACTERIZATION OF GLUTAMATE UPTAKE IN APLYSIA
PLEURAL-PEDAL GANGLIA. A. Eskin*’, S. Endo1, J..... Byrne2, and J.
Levenson1. ’Dept. of Biochem. & Biophys. Sciences, Univ. of Houston, Houston, 
TX 77204; 2Dept. Neurobiology & Anatomy, Univ. of Texas Med. School at 
Houston, Houston, TX 77225.

Plasticity of the sensorimotor synapse in Aplysia californica is regulated 
by a variety of learning paradigms and is believed to be due, at least in 
part, to the modulation of transmitter release. Little is known whether 
regulation of neurotransmitter uptake contributes to this plasticity. As a 
first step to investigate the potential role of glutamate reuptake in 
plasticity of the sensorimotor synapse, we have begun to characterize 
glutamate transport in the pleural-pedal ganglia (PPG).

PPG of Aplsyia (100g-175g) were removed from anesthetized animals 
and equilibrated in buffered and filtered artificial seawater (BFSW) for 
4.5h prior to treatment. Ganglia were incubated in the presence of 14C- 
glutamate for 20 min. Experiments were ended by rinsing six times with 
BFSW cooled to -20°C. Uptake was measured by homogenizing and 
counting radioactivity in desheathed ganglia and normalizing to protein 
amount.

Kinetics of glutamate uptake in the PPG were in agreement with high 
affinity uptake. Using Lineweaver-Burke kinetics, K,n and Vma< were 
estimated at 29pM and 500pM respectively. To better measure synaptic 
uptake, Km and Vmax were also determined in neuropil-enriched fractions 
of PPG. These values were 32pM and 500pM respectively, in close 
agreement with values from whole PPG.

Reduction of extracellular Na+ 18-fold (26mM) reduced uptake by 50% 
while elimination of Na+ inhibited uptake by 85%, consistent with known 
glutamate transporters. Preliminary results indicate that dihydrokainate, 
a known glutamate transport blocker, moderately inhibited glutamate 
uptake. Supported by NIH NS28462 (A.E.) and BRAIN Graduate research 
fellowship (J.L.).

524.17
LOCALIZATION OF GLUTAMATE AND OTHER AMINO ACIDS IN THE 
SENSORY NEURONS OF APLYSIA. J. Levenson1. P.M. Sherry*2, and A. 
Eskin1. 1Dept. of Biochem. & Biophys. Sciences & 2College of 
Optometry, Univ. of Houston, Houston, TX 77204.

The sensorimotor synapse in the Aplysia pleural-pedal ganglion 
(PPG) plays an important role in sensitization of the tail withdrawal 
reflex. While current electrophysiological evidence suggests that the 
transmitter of this synapse is an excitatory amino acid (Dale & Kandel 
1993; Trudeau & Castellucci 1993), a specific molecule has not been 
unequivocally identified. Therefore, we investigated the localization of 
glutamate (Glu) in the PPG to determine if Glu was present in the 
sensory neurons to the extent that would be expected of a 
glutamatergic neuron. We also investigated the localization of Glu- 
related amino acids and other amino acids.

Semi-thin sections (1pm) were cut from resin-embedded PPG. Serial 
sections were labeled for glutamate (Glu), aspartate (Asp), glutamine 
(Gin), GABA and glycine (Gly) using a post-embedding 
immunofluorescence protocol. Moderate levels of glutamate- 
immunoreactivity (Glu-IR) were present in the somas of the sensory 
neurons. Intense Glu-IR was seen in neuronal processes in the neuropil. 
Furthermore, there was strong Glu-IR in the processes of cultured 
sensory neurons. Asp-IR in the neuropil was considerably weaker than 
Glu-IR. indicating the two amino acids do not have identical 
distributions in the PPG. Gln-IR was most notable in the glia, although 
some weak labeling was observed in the sensory neurons. No GABA-IR 
or Gly-IR was noted in neuronal somas, glia or neuropil.

The pattern of glutamate staining observed is consistent with the 
hypothesis that the sensory neurons of the PPG employ glutamate as a 
neurotransmitter. Supported by NIH NS28462 (A.E.) and BRAIN 
Graduate research fellowship (J.L.)

524.18
IDENTIFICATION OF EXTRACELLULAR MATRIX PROTEINS IN THE PLEU-
RAL-PEDAL GANGLIA OF APLYSIA CALIFORNICA X. Ren, S. Endo*, P.M. 
Sherry1 and A. Eskin. Dept. of Biochem. and Biophys. Sci. and 1 College of Optometry, 
Univ. of Houston, Houston, TX 77204.

Morphological changes at synapses are believed to contribute to the establish-
ment of long-term sensitization in Aplysia. We hypothesize that the extracellular 
matrix (ECM) plays a role in the morphological modification of synapses and the 
maintenance of newly formed synapses. As a first step to characterize ECM, we 
used immunoblots and immunohistochemistry to analyze fibronectin and integrins 
in Aplysia nervous system. Mammalian fibronectin is a 220kD protein that forms a 
homodimer and links collagen and proteoglycans to integrins associated with the 
plasma membrane.

ECM fractions were prepared by extracting homogenates of Aplysia pleural- 
pedal ganglia with 150mM NaCl and 10mM EDTA. A 200kD protein was detected 
on immunoblots using antisera made against human fibronectin under reducing 
conditions. No corresponding band was detected in the cytoplasmic fraction. Un-
der nonreducing conditions, a 400KD band was detected suggesting that Aplysia 
fibronectin may form dimers via disulfide bonds, similar to mammalian fibronectin.

To localize the fibronectin-llke antigen, semi-thin sections of resin-embedded 
pleural-pedal ganglia were immunofluorescently labeled using antisera against 
human fibronectin. The strongest immunoreactivity was found in the neuropil and 
in the extracellular space. Labeling in the neuronal cytoplasm was at background 
levels. These data suggest that a fibronectin-like protein is present in the ECM of 
pleural-pedal ganglia of Aplysia, particularly in the neuropil where it may function 
to modify the neuronal circuitry associated with long-term sensitization. Using a 
similar approach to that used for fibronectin, immunoreactivity to an integrin anti-
sera has been detected in Aplysia ganglia. Supported by NIH NS28462 (A.E) and 
BRAIN Undergraduate Fellowship (X.R).
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524.19
DETECTION OF MATRIX METALLOPROTEASE ACTIVITY IN PEDAL- 
PLEURAL GANGLIA OF APLYSIA CALIFORNICA. S. Endo, X.Ren, J. 
Eichberg*, and A. Eskin. Dept. of Biochem. and Biophys. Sci. Univ. of Houston, 
Houston, TX 77204.

Morphological changes accompanying long-term facilitation in Aplysia californica 
include formation of new varicosities and branching of neurites in sensory neurons. 
Extracellular matrix (ECM) is known to play key roles in neuronal differentiation 
and growth during development. In adult systems, ECM might participate in 
stabilization or destabilization of neurites. The structure of the ECM is modulated 
by matrix metalloproteases (MMP). To study the possible functions of MMPs in 
Aplysia learning and memory, we investigated whether MMPs are present in the 
Aplysia nervous system.

Zymography was used to detect protease activities following SDS-PAGE. 
Desheathed pleural-pedal ganglia were homogenized and then extracted with 
150mM NaCl and 10mM EDTAto obtain an ECM fraction. Proteins were separated 
on a 10% gel containing 1 mg/ml of gelatin or casein. The proteinase was allowed 
to renature, and then the gels were incubated at 37°C in the buffer with or without 
metal chelators (EDTA; o-phenanthroline). After incubation, the gels were stained 
with coomassie blue, and washed to remove excess dye. The location of active 
proteases was indicated by clear areas.

Gelatin gels exhibited one band of activity at 70kD, whereas casein gels had 
70kD and 50kD bands of activity. The apperance of all bands was inhibited by 
EDTA and o-phenanthroline, suggesting that they were due to metalloproteases. 
The 70kD and 50kD proteins correspond well to the molecular weight of 
mammalian gelatinaseAand stromalysine, respectively. The results suggest the 
presence of matrix metalloproteases in the ECM associated with the Aplysia 
peural-pedai ganglia.
Supported by NIH NS28462 (A.E) and BRAIN Undergraduate fellowship (X.R) .
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525.1
THE IMPACT OF REARING IN A LEAD OR ALUMINUM ENVIRONMENT ON 
ASSOCIATIVE ODOR AVOIDANCE LEARNING IN INDIVIDUAL 
DROSOPHILA MELANOGASTER. L. L. Phelan*, Z, A. Rodd, H. V. B. Hirsch,
& R. A. Rosellini. Dept. of Psychology, University at Albany: SUNY, Albany, NY 
12222.

The present study examined the impact that Lead (Pb) and Aluminum (Al) rearing 
have on individual drosophila learning. Canton Special wild type Drosophila 
melanogaster were raised in either 9 ppm Pb acetate, 1475 ppm Al acetate, or in a 
control medium consisting of 1475 ppm Acetate. The impact of this manipulation on 
both the acquisition and extinction of learning was assessed by employing a 
discriminated odor avoidance learning paradigm. This consisted of three acquisition 
training trials where one odor (CS+) was paired with shock and a different odor (CS- 
) was presented but not paired with shock. Extinction consisted of four trials of 
exposure to each of the odors presented in acquisition except there was no shock 
presented. The dependent measure of learning was the latency to approach the CS+ 
or CS-. Overall individual drosophila showed longer latencies to approach the CS+ 
than the CS-, indicative of the acquisition of the avoidance. The Pb and Al groups 
achieved equivalent levels of acquisition compared to the Acetate control group. 
During extinction, both the Acetate and Al groups showed selective avoidance of the 
CS+ odor, which decreased across the four extinction trials. More importantly, the 
group that had been exposed to Pb did not display selective avoidance of the CS+. 
The results indicate that exposure to Pb/Al did not impair subjects ability to acquire 
information, but exposure to Pb impaired subsequent expression of acquired 
information. (This research was supported by personal funds).

525.2
A NEW PREPARATION ALLOWING BOTH
ELECTROPHYSIOLOGY AND IMAGING OF ADULT 
DROSOPHILA CNS NEURONS IN THE LIVING FLY.
N.J.P.Wright* and Y.Zhong. Cold Spring Harbor Laboratory,
1 Bungtown Road, Cold Spring Harbor, New York 11724.
The fruit fly has been extensively utilized as a model for the study of 
the molecular basis of many physiological processes due to its 
amenability to genetic manipulation. Studies based on olfactory 
stimulation and conditioning have identified several behavioral mutants 
which appear to have specific biochemical defects expressed primarily 
in the mushroom bodies. The insect mushroom bodies have been shown 
to be involved in olfactory learning and memory. Previously we have 
studied these cells by labeling both in culture (lacZ) and in the isolated 
brain (GFP). However in order to study these neurons responding to 
physiological stimuli we have now developed a living, whole animal 
preparation. Utilizing fast curing, non-toxic silicon to embed and 
support the fly head, a “window” can be cut in the skull allowing both 
imaging and electrophysiology of identified (GFP) neurons, especially 
those of the mushroom bodies. We have recorded bursting activity and 
synaptic potentials and are currently imaging changes in intracellular 
calcium by means of the fluorescent indicators fura and calcium green-2.

525.3
STRUCTURAL PLASTICITY OF THE ANTENNAL LOBES OF THE 
WORKER HONEY BEE APIS MELLIFERA. S.M.Armstrong1, D.Sigg1. 
A.P.Winnington1, C.M.Thompson2. R.M.Napper2 and A.R.Mercer*1 .1 Department 
of Zoology, ^Department of Mathematics and Statistics, -^Department of Anatomy and 
Structural Biology, University of Otago, Dunedin, New Zealand.

The primary antenno-sensory centres (antennal lobes, ALs) in the brain of the honey 
bee are highly compartmentalised into discrete spheres of neuropil called glomeruli. 
During the lifetime of the adult worker bee, the glomerular neuropil of the ALs 
undergoes constant modification. Changes in the morphology of the AL neuropil are 
site specific and highly predictable, correlating temporally with changes in behaviour, 
as well as with changing juvenile hormone (JH) titres. To begin to explore the origins 
of structural plasticity in the ALs of the bee brain, we have used the JH analogue 
methoprene, and hive manipulation techniques to induce precocious foraging behaviour 
in young worker bees. Hive manipulation was used also to induce bees of foraging age 
to revert to duties within the hive. The impact of these treatments on the volumes of 
two readily-identifiable glomeruli was examined using stereological techniques. Three 
lines of resulting evidence suggest that changes in glomerular volume are activity 
dependent: (1) In 10-day old bees induced to forage precociously, whether by hive 
manipulation or by methoprene treatment, the T4-2(l) glomerulus was significantly 
larger than in 10-day old controls performing duties within the hive. (2) 10-day old 
methoprene treated bees prevented from foraging, exhibited T4-2(l) volumes not 
significantly different from those of same age controls. (3) Foragers induced to revert 
to duties within the hive exhibited significantly smaller T4-2(l) volumes than bees that 
remained as foragers. In contrast to glomerulus T4-2(l), the Tl-44 glomerulus showed 
no significant difference in volume between the treatment groups. Transmission 
electron microscopy is being used to reveal the ultrastructural implications of activity- 
dependent plasticity in the ALs of the brain. [Supported by DRG MFZ B72 to ARM],

525.4
DEVELOPMENT OF THE ADULT MUSHROOM BODIES 
DURING METAMORPHOSIS IN THE HONEY BEE.
S.M. Farris.* G.E, Robinson and S.E. Fahrbach. Dept. of Entomology, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801.

In many insects, the construction of adult-specific brain regions 
requires extensive neurogenesis throughout the larval stage and 
metamorphosis. The mushroom bodies, which are associated with 
learning and memory in insects, are no exception. In the fruit fly 
Drosophila, the mushroom bodies of each hemisphere are produced by 
four neuroblasts that divide at a constant rate from early larval life up 
until the end of metamorphosis. Each neuroblast produces only 
Kenyon cells (the intrinsic neurons of the mushroom bodies), and these 
progeny contribute to all parts of the adult structures, so there is no 
subregional specialization of neuroblasts. However, in the mushroom 
bodies of the developing honey bee (Apis mellifera), each hemisphere 
contains far more than four neuroblasts, which appear to greatly 
increase rate of cell division at the onset of metamorphosis. 
Subpopulations of Kenyon cells that send projections to different 
targets do not appear to be produced concurrently, and may be made 
up of progeny from only a subset of neuroblasts. Neuronal 
subpopulations also show differential expression of myocyte enhancer-
binding factor 2 (MEF2), a transcription factor involved in 
differentiation of many cell types including neurons. MEF2 expression 
is uniform throughout the mushroom bodies of Drosophila. These data 
indicate that the developmental sequence in the honey bee mushroom 
bodies may be much more complex than that of the fly. Supported by 
NSF Award IBN 94-23164.
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525.5
REINFORCEMENT PROCESSING IN THE HONEYBEE: EXPERIMENTAL 
AND THEORETICAL ANALYSIS. M. Hammer1*, F. Hellstem1 and R. Malaka2. 
’inst. fur Neurobiol., FU-Berlin, 14195 Berlin, FRG and 2Inst.fur Logik, 
KomplexitSt und Deduktionssysteme, Univ. Karlsruhe, 76128 Karlsruhe, FRG.

Real-time models of associative learning suggest that reinforcers (e.g., rewards) 
are processed according to learning rules that minimize the predictive error between 
the expected strength of future reinforcement and its actual strength (Sutton & Barto 
1990, Malaka & Hammer 1996). In appetitive olfactory conditioning in bees, 
backward inhibitory learning, however, does not require the assumption that 
inhibitory learning results when an expected reward does not occur. Rather rewards 
appear to evoke an excitatory and an inhibitory internal process: temporal overlap of 
an odor with the inhibitory process leads to inhibitory learning. In olfactory 
conditioning the activity of a single neuron, the VUMmxl-neuron, substitutes the 
reward. Moreover, this neuron responds to reward predicting odors (Hammer, 1993) 
and its response to predicted rewards decreases. In a formal model of olfactory 
conditioning we assume that activity of VUMmxl alone is sufficient to drive an 
internal reinforcement, comprised of a fast excitatory and a slower inhibitory 
process. In order to compute a decreased response of VUM to predicted rewards, an 
odor has to be encoded in a temporal pattern of activity across a population of input 
elements and the activity of VUMmxl must be implemented as a variant of real-
time reinforcement learning rules. Our model simulates both behavioral data on 
inhibitory learning and the response properties of the VUMmxl neuron. Testable 
predictions of the model are I) that VUMmxl responds to reward predicting odors 
with increased activity, interrupted by low activity at times of the expected reward 
delivery, 2) that the latencies of conditioned responses can depend on the time of 
reward delivery during training and 3) that odors are encoded as spatio-temporal 
patterns of activity. The latter is consistent with experimental data. Supported by a 
DFG-grant to M.H. (Physiology and Theory of Neural Networks, Me 365/17-2).

525.6
INDUCTION OF ASSOCIATIVE OLFACTORY MEMORY IN THE 
HONEYBEE: PROLONGED PKA ACTIVATION AND CREB D. 
Eisenhardt, U, Muller. H. Kress, and R, Menzel* Institut fur 
Neurobiologie and Institut fur Genetik, FU-Berlin, D-14195 Berlin, 
Germany.

The process of memory storage passes through different phases. 
However, litte is known about the induction of these memory phases 
by different features of the training procedures. In the honeybee, 
associative olfactory conditioning induces different memories 
depending on the number of learning trials. Our results demonstrate 
that activation of the PKA in the antennal lobes, sites of assqciative 
learning, is specifically altered during acquisition. While a single 
associative forward learning trial leads to a short prolongation of PKA 
activity, multiple trial which cause long-term memory induce a drastic 
prolongation of PKA activity. These results suggest that prolongation 
of PKA activity during training may be involved in the induction of 
long-term memory. It has been demonstrated that PKA alters the 
activity of the transcription factor CREB (cAMP response element 
binding protein) which is essential for the induction of long-term 
memory. To examine the possible implication of CREB in these forms 
of learning we cloned the honeybee's homolog to known CREB 
genes. Presently three cDNAs have been isolated from honeybee brain. 
The further characterization of these CREB homologs will be 
presented. Future investigation will have to demonstrate if CREB is a 
target of learning induced prolongation of PKA activity.

Supported by the Deutsche Forschungsgemeinschaft

525.7
ODOR DISCRIMINATION BY HYGIENIC HONEY BEES 
USING PROBOSCIS EXTENSION CONDITIONING.
R. Melton Masterman, K. A Mesce*8, B. H. SmithA and M.
Spivak. Dept. of Entomology and ^Graduate Program in
Neuroscience, University of Minnesota, St. Paul, MN 55108 and 
ADept. of Entomology, Ohio State University, Columbus, OH 
43210.

We are investigating the neural mechanisms underlying 
hygienic behavior in the honey bee, Apis mellifera. Hygienic 
behavior involves the detection, uncapping and removal of 
infected pupae from the brood nest, and affords the bees a 
behavioral mechanism of disease resistance. Our working 
hypothesis is that hygienic bees, as compared to non-hygienic 
bees, have a lowered stimulus response threshold for chemical 
cues that are perceived to be abnormal within a brood cell. Using 
proboscis extension reflex conditioning, we evaluated the ability 
of hygienic and non-hygienic bees to discriminate between 
odors of diseased and healthy pupae. Although bees from 
hygienic and non-hygienic lines were able to discriminate 
between floral odors equally well, they differed in their abilities to 
discriminate between abnormal and normal brood odors. 
Hygienic bees made significantly fewer errors in discriminating 
between abnormal and normal brood odors. In contrast, non- 
hygienic bees either did not respond to the odor of diseased 
pupae or made errors in discriminating between brood odors. 
Recent studies indicate that the biogenic amine, octopamine, 
plays a role in hygienic behavior. Supported in part by NSF.

525.8
DUAL-PROCESS LEARNING IN THE NEURAL CIRCUIT MEDIATING 
TENTACLE WITHDRAWAL IN THE SNAIL HELIX ASPERSA. S. A, Prescott* 
and R. Chase. Dept. of Biology, McGill University, Montreal, Quebec, H3A 1B1, 
Canada.

The tentacle withdrawal reflex of Helix exhibits dual-process learning, meaning that 
both habituation and sensitization (warm-up) compete to determine the final behavioural 
outcome. The reflex is mediated conjointly by central and peripheral stimulus-response 
(S-R) pathways. Depression is expressed in both S-R pathways. By contrast, facilitation 
is expressed predominantly in the peripheral S-R pathway though a central modulatory 
pathway is necessary for its induction. The magnitude of the response is thereby set by 
the balance between these two opposing processes. The balance is however dynamic in 
that the response usually sensitizes in the early stages of the stimulus series but 
subsequently habituates. This tendency is determined by the relative positions of 
depressing loci and facilitatory neurons; the former are upstream to the latter. 
Therefore, depression at the same loci in the S-R pathways that results in behavioural 
habituation is also believed to cause decreased activation of downstream facilitatory 
neurons. Consequently, the development of depression causes a progressive decrement 
of facilitation which is thereafter less capable of competing with depression.

Moreover, the response to a brief (1 sec) stimulus outlasts the stimulus by many 
seconds. Early and late phases of the response, thought to be mediated by monosynaptic 
and polysynaptic pathways respectively, change differently as learning occurs. These 
differences suggest that the balance between the incremental and decremental learning 
processes changes with different kinetics in the different pathways.

These data illustrate the importance of where plasticity occurs in a network, and how 
plasticity at a particular location affects: 1) plasticity occurring elsewhere in the network, 
and 2) different aspects (e.g. early and late phases) of the behaviour.

Supported by the Natural Sciences and Engineering Research Council of Canada.

525.9
STIMULUS GENERALIZATION DURING HABITUATION TRAINING 
IN THE MEDICINAL LEECH. B. D. Burrell* and C. L. Sahlev, Depart, of 
Biological Sciences, Purdue University, West Lafayette, IN 47907.

Animals are believed to judge the similarities between stimuli based on 
the number of shared sensory elements that each stimuli activates. The 
more sensory elements that each of the stimuli have in common, the 
greater the level of generalization. Using the defensive shortening 
response of the leech, Hirudo medicinalis, the level of generalization from 
a primary stimulation site that underwent habituation training to an 
untrained secondary stimulation site was observed. Shortening involves 
the activation of several mechanosensory cells across multiple receptive 
fields on the leech's body, so it was possible to test generalization by 
varying the degrees of positional similarity between the primary and 
secondary stimulation sites. Following habituation training, the 
mechansensory cells that were activated by each stimulation site were 
recorded so that it would be possible to determine how many sensory cells 
were shared by the primary and secondary sites. Significant 
generalization of habituation from the primary to secondary site was only 
observed when more than 90% of the stimulated sensory cells were shared 
between the two sites. However, a sensitization process was observed to 
generalize from the secondary to the primary site during habituation 
training as a result of pre-training stimulation of the secondary site. These 
results indicate that the leech is capable of distinguishing between 
stimuli that have considerable sensory overlap and confirms data from a 
variety of learning experiments showing that more stimulus 
generalization occurs during sensitization than during habituation. 
(Supported by NIMH R01MH44789, CLS and NINDS F32 NS10065, BDB).

525.10
FAILURE OF CHEMOSENSORY CONTEXTUAL CONDITIONING WITH 
HERMISSENDA. I. Jin*. J. Farley, and H. Huang. Program in Neural Science, 
Indiana University, Bloomington, IN 47405.

Hermissenda (H.c.) exposed to repeated discrete-trial pairings of a food extract 
(CS) and rotation (US) exhibit pairing- and stimulus-specific increases in bite- 
strike latencies to pieces of the conditioned food (Farley et al Behav. Neurosci. 
1990; 1997). In contrast, Rogers et al. (An. Learn. & Behav., 1996) recently 
reported that discriminative chemosensoiy contextual conditioning — in which the 
continuous presence of one food extract was associated with repeated shaking 
(CS+) while a second extract was never paired with shaking (CS-) — produced 
small but significant decreases in bite-strike latencies to CS+. This striking 
difference in outcome suggests that the manner of CS presentation (discrete vs. 
continuous) might be an important determinant of the type of CR that emerges 
during chemosensory conditioning with H.c., and prompted us to repeat the 
experiments of Rogers et al., where we attempted to duplicate their reported 
methods and procedures as closely as possible.

Here we report the results of four separate attempts at replication. Contextual 
conditioning failed to produce stimlus- or pairing-specific changes in bite-strike 
latencies. Latencies increased to both CS+, as well as CS- (by a factor of 2-3 at all 
retention intervals), and the changes were approximately equivalent. Not a single 
animal out of 20 showed response latency decreases to CS+. Several observations 
suggest that the increases to CS+ and CS- were not due to conditioning per se. but 
instead reflected one or more of the following (non-associative) processes that 
arose from prolonged and continuous exposure to food extracts: sensory adaptation, 
habituation, and satiation.

We conclude that chemosensory contextual conditioning has not yet been 
convincingly demonstrated for H.c. Supported by grants from NIH.
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525.11
CONDITIONED INHIBITION TRAINING ENHANCES LIGHT-ELICITED 
FOOT CONTACT WITH A SUBSTRATE IN Hermissenda. J. Kim* and J. 
Farley. Program in Neural Science, Indiana University, Bloomington, IN 47405

Previous research has demonstrated that Hermissenda (He.) exposed to explicitly- 
unpaired presentations of light and rotation exhibit enhanced phototaxis in open- 
field tests of their behavior in a light gradient, and correlated decreases in 
excitability of occular Type B photoreceptors (see Britton & Farley, 1995, 1996,
1997 Soc. Neurosci. Abstrs). Here, we report that inhibitory learning in H.c. is also 
reflected in a different response measure: enhancement of a short-latency, light- 
elicited increase in the area of the pedal musculature that is in contact with a 
substrate.

Animals' (n=8) pedal musculature responses to 30 sec light steps, as well as 10 sec 
(180 rpm) orbital rotation stimuli, were videotaped from a ventral aspect using a 
high-resolution, low-light CCD camera mounted to an orbital shaker. Image 
acquisition and analysis of pedal musculature responses was accomplished using 
Adobe Premiere and NIH Image program suites. Animals showed moderate 
decreases of (mean ± SEM) ~ 10 ± 7% in foot-substrate contact area (i.e. clinging) 
elicited by orbital shaking, which was unchanged by training. In contrast, prior to 
training, light elicited an increase of ~ 2 ± 5% in the area of the foot that was in 
contact with the substrate. On retention days following conditioning, animals 
exposed to explicitly-unpaired presentations of light and rotation showed foot- 
substrate contact area increases of 14 ± 5% (n - 4), while untrained animals tested a 
second time showed increases of 4 ± 10% (n=4).

The selective increase in foot-substrate contact area for H. c. exposed to inhibitory 
training thus provides additional support for the view that the effects of a negative 
stimulus relationship can sometimes be manifested as increased behavioral output. 
Supported by grants from NIH.

525.12
INTRACELLULAR CALCIUM AND LIGHT-INDUCED DEPOLARIZATION DURING 
CONTINUOUS AND DISCRETE LIGHT PRESENTATIONS IN THE B PHOTORECEPTORS OF 
HERMISSENDA.
I.A. Muzzio*, A.C. Talk, & L.P. Matzel. Department of Psychology, Rutgers University, 
New Brunswick, NJ 08903

Ca2+ images and intracellular measurements of voltage responses were obtained 
from Hermissenda B photoreceptors during exposure to light. To minimize stimulation 
of rhodopsin during fluorescence excitation, intracellular Ca2+ was assessed with 
single wavelength analysis, providing a relative (not quantifiable) index of Ca2+. Fura- 
2 injected cells were dark-adapted and exposed to either a 7.5 min continuous light or 
a series of five, 5 sec, light presentations with inter-light intervals of either 30 sec or 4 
min. Intracellular Ca2+concentration during the 7.5 min light increased 10% during the 
first 5 sec of light, and an additional 15% during the next 30 sec. This Ca2+ level was 
sustained for the remainder of the 7.5 min. Intracellular recordings revealed that this 
sustained Ca2+ accumulation occurred while the light-induced depolarization 
decreased 40% during the 7.5 min interval. During 5 sec light presentations, Ca2+ 
increased 10% relative to baseline on the first light exposure. This Ca2+ level 
dissipated only 50% during 30 sec inter-light intervals, but returned to basal levels 
during 4 min inter-light intervals. Intracellular records indicated that the peak light- 
induced depolarization decreased 20% between the first and fifth light presentation 
with 30 sec inter-light intervals, but was unaffected by 4 min inter-light intervals. 
Finally, Ca2+ levels were assessed during a 5 sec light in untreated cells and cells 
incubated in 5 mM Cd2+, which entirely blocks voltage-dependent Ca2+ influx in these 
cells. Qualitatively similar increases in Ca2+ were observed in each condition, 
suggesting that light-induced Ca2+ increases arise primarily from intracellular release. 
In total, these results indicate that intracellular Ca2+ levels remain elevated 

throughout long exposures to light as well as during short (30 sec) inter-light intervals. 
Moreover, intracellular Ca2+ accumulation is inversely related to the amplitude of light- 
induced depolarization. These results suggest that Ca2+ modulates the voltage 
response to light and acts to suppress the response during repetitive or prolonged light 
exposures.

Supported by grants from NIMH (MH48387 & MH52314)

525.13
RETENTION OF CONDITIONED INHIBITION IN HERMISSENDA.
G. Britton* and J. Farley. Program in Neural Science, Indiana University, 
Bloomington, IN, 47405.
. Recently (1995, 1996). we reported that Hermissenda exposed to explicitly 
unpaired presentations of light and rotation show an increase in phototactic behavior. 
Hermissenda learn to approach a light that has, in the past, signaled the absence of 
rotation. The behavior of Hermissenda w as time-sampled over a 10-min period in an 
underwater open field. The average distance from the center of the light gradient was 
measured, and observations indicated that 24 hr following training, animals that 
received explicitly unpaired presentations of light and rotation moved closer to the 
center of the light gradient than they did before training. Animals that received 
random presentations of light and rotation, presentations of light alone, or no training 
at ail failed to show these changes. To determine the persistence of the enhanced 
phototactic behavior produced by unpaired presentations of light and rotation, we 
tested animals at multiple times following the conclusion of training. All animals 
were tested at 0.5 - 2.0, 2.5 - 4.0, 24 and 48 hrs after training. Animals that received 
unpaired presentations of light and rotation exhibited enhanced phototactic behavior 
at retention intervals longer than 2.0 hr, with the greatest approach observed at the 
2.5 - 4.0 and 24 hr intervals. Control animals failed to show' any systematic changes 
in phototactic behavior.

Intracellular recordings from synaptically intact Type B photoreceptors obtained 
24-48 hr post-training revealed that explicitly unpaired training produced a 
significant decrease in the steady-state light response as well as a decrease in action 
potential frequency. The latter was observed most reliably during the first of three 
successive light steps. No training-associated changes were observed in resting 
membrane potential or dark input resistance.

These results demonstrate the occurrence of learning that two specific stimuli are 
temporally uncorrelated, in an invertebrate model system in which the cellular 
mechanisms of learning and memory can be studied. Our studies further suggest that 
some of the cellular changes underlying learning about paired vs. unpaired stimuli 
are localized to the same cells (Type B photoreceptors) but are apparently encoded in 
an opposite manner (increases and decreases in excitability, respectively). Supported 
by grants from NIH.

525.14
SYNAPTIC EFFICACY IS A NONSPECIFIC PREDICTOR OF THE CAPACITY TO 
FORM AN ASSOCIATIVE MEMORY.
L. Farina, R. Ramirez, I.A. Muzzio, & L.P. Matzel*. Department of Psychology, 
Rutgers University, New Brunswick, NJ 08903

Paired presentations of light and rotation modify Hermissenda’s responses to light, 
indicative of the formation of an associative memory. This learning is mediated in part 
by a facilitation of neuronal excitability (e.g., an increase in evoked spikes and 
membrane resistance) in the animal’s B photoreceptors, and this neuronal facilitation 
can be induced in vitro by pairings of light with mechanical stimulation of the vestibular 
hair cells. Previously, we reported that the magnitude of synaptic transmission (IPSP) 
between the hair cells and the photoreceptors was highly correlated (r2 = 0.59) with 
the increased excitability of the photoreceptors that resulted from such an in vitro 
conditioning procedure. Here we report that in behaviorally conditioned animals (light- 
rotation pairings), the magnitude of a conditioned foot contraction (an index of 
retention) was positively correlated (r2 = 0.43) with the magnitude of the synaptic 
interaction between the hair cells and the photoreceptors, measured intracellularly 
after the completion of behavioral testing. Since the integration of the hair cells and 
the photoreceptors accounts for only a small percentage of the total number of 
synapses proposed to contribute to behavioral learning and the generation of a 
conditioned response, this result raises the possibility that synaptic efficacy at one 
location in the nervous system might be correlated with the efficacy of synaptic 
responses throughout the nervous system. This was tested by recording the synaptic 
response between the hair cells and the B photoreceptor as well as the synaptic 
response between two presumed motor neurons that were not synaptically coupled to 
either the photoreceptors or hair cells. A small but significant correlation (r2 = 0.24) in 
the magnitude of these two synaptic responses was observed, suggesting that the 
capacity for learning might be predicted by the “typical” efficacy of synaptic 
transmission in the nervous system, and that pharmacological manipulations which 
modulate synaptic transmission should nonspecifically modulate memory induction.

Supported by grants from NIMH (MH48387 & MH52314)

525.15
HEAT SHOCK AND COLD SHOCK DIFFERENTIALLY AFFECT LONG-
TERM MEMORY CONSOLIDATION OF HABITUATION IN 
CAENORHABDITIS ELEGANS. Catharine H. Rankin* and Tracy L. Tanchuk, 
Department of Psychology University of British Columbia, Vancouver, B.C. V6T 
1Z4 CANADA

Studies of associative learning in Drosophila have demonstrated two longer-term 
memory phases: protein-synthesis dependent long-term memory (LTM) and 
protein-synthesis independent anesthesia-resistant memory (ARM). It has been 
suggested that distributed training procedures result in the formation of both LTM 
and ARM, whereas massed training procedures produce only ARM (Tully et. al. 
Cell, 79,35-47). In previous research we have shown that C. elegans is capable of 
24 hour retention of habituation training of the reversal response to tap at long ISIs 
(60 s rather than 10 s) if training is distributed rather than massed (Beck and 
Rankin, in press, Animal Learning and Behavior). This long-term memory for 
distributed habituation training could be disrupted by 15-45 min of heat shock (32 
C) delivered after each training block (Beck and Rankin 1995, Learning and 
Memory, 2,161-177). We hypothesized that this effect was due to heat shock 
induced inhibition of protein synthesis. The present study investigated the 
possibility of dissociating LTM and ARM for habituation training in the nematode 
C. elegans by disrupting consolidation via heat shock (32 C, 40 min.) or cold shock 
(1 C, 40 min.). Heat or cold shock was administered after habituation training in 
massed (1 block of 60 stimulations at a 60 s ISI) and distributed (3 blocks of 20 
stimulations at a 60 s ISI) training conditions. Habituation was assessed by 
measuring the magnitude of the worms reversal response to a mechanosensory 
stimulus. Memory consolidation after distributed training was disrupted by heat and 
not by cold shock. Consistent with previous research, control groups that received 
no heat or cold shock exhibited greater retention after distributed training as 
compared to massed training. The effect of heat and cold shock on massed training 
was not apparent at a 24 hour retention test since long-term retention is not 
significant at that time, therefore worms were also tested at 12 hour retention.

525.16
NEURAL INTEGRATION OF EXTERNAL STIMULI WITH INTERNAL 
PROCESSES. Jennifer A. Galloway*, Stephen R. Wicks and Catharine H. 
Rankin. Dept. of Psychology, UBC, Vancouver, BC, V6T 1Z4, Canada.

In habituation studies with C.elegans, Rankin and colleagues have noted a 
high level of variability in the worm’s response to a tap stimulus. All animals 
are genetically and developmentally identical, raised in comparable conditions 
and tested according to precise protocol. Given the uniformity of the 
environment, it is difficult to explain the source of this response variability.

We hypothesized that the timing of the taps in relation to some endogenous 
oscillator is affecting the worm’s response to tap. C.elegans has several 
behaviors maintained on precisely timed intervals. Our focus has been on the 
defecation cycle in the worm as the time frames of the defecation motor 
program (DMP) and our tap interstimulus interval are on the same scale. We 
constructed a phase response curve to determine the effect of tap on the 
defecation cycle. Results indicate that the phase is reset when the tap is 
delivered in the first half of they cycle, but not when the tap is delivered in the 
last half of the cycle. We also found the probability of swimming backwards in 
response to tap is lowest just prior to the onset of the DMP. We also examined 
the effects of multiple taps delivered at distinct phases of the defecation cycle 
and found that there was a dramatic similarity in the variability of the 
habituation kinetics.
The interaction between this endogenous cycle and the worm’s response to tap 

will be important in understanding the neural integration of external stimuli 
with internal processes.
This research was supported by operating grants from National Sciences and 
Engineering Research Council and BC Health Research Foundation.
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525.17
PRIMING OF OLFACTORY ADAPTATION IN CAENORHABDITIS ELEGANS. 
W. M. Nuttlev and D. van der Koov* Neurobiology Research Group, University of 
Toronto, Toronto, Ontario M5S 1A8.

The nematode Caenorhabditis elegans has emerged as a key model system for the 
investigation of metazoan development and genetics. More recently, paradigms have 
been developed to study touch, thermotaxis, taste and olfaction, as well as the 
behavioral plasticity involved in associative and non-associative learning.

The AWA and AWC neurons in the anterior sheath are the primary olfactory 
neurons for the detection of over 20 volatile chemical attractants. Prolonged exposure 
to high concentrations of an odorant leads to specific adaptation, such that chemotaxis 
to that odorant is subsequently depressed. For example, although butanone (Bu) and 
benzaldehyde (Be) are both detected by receptors on the AWC neurons, adaptation to 
one of these odorants does not affect subsequent chemotaxis to the other. A genetic 
analysis of this olfaction/adaptation pathway has led to the characterization of mutants 
affecting the adaptation to various subsets of these odorants, allowing a glimpse of the 
complex control of odorant responses (Colbert & Bargmann (1995) Neuron 14, 707).

We are investigating how the previous activity of a neuron affects odorant 
adaptation. Short (1 minute) exposure to Be is insufficient to cause adaptation in 
naive worms. However, preadaptation to Bu (1 hour exposure) primes the subsequent 
adaptation to Be by a 1 minute exposure. This supports the existence of both odorant 
specific and non-specific components in the machinery subserving adaptation. A 
similar observation has been described in the study of long term potentiation in 
mammals, where a general factor, synthesized in response to tetanic stimulation, has 
been proposed to be differentially localized to specific synapses on the basis of a 
molecular tag left by recent activity (Frey & Moris (1997) Nature 385, 533). By 
analogy, short exposures to odorants may create specific tags capable of being 
substrates for modification by less-specific priming factors induced by longer 
chemical exposures, suggesting that similar molecular mechanisms may underlie these 
different forms of plasticity. Supported by NSERC, Canada.

525.18
ASSOCIATIVE LEARNING OF VISUAL AND VESTIBULAR STIMULI IN 
LYMNAEA. R. Kawai. A. Watanabe T. Horikoshi and M. Sakakibara*. Lab. of 
Neurobiol. Engr., Tokai Univ. Sch. of High-tech., Numazu 410-03, Shizuoka, 
JAPAN.

Conditioned withdrawal behavior was characterized in the pond snail Lymnaea 
Stagnalis. Using light as the conditioned stimulus (CS) and high-speed orbital 
rotation as the unconditioned stimulus (UCS), experimental animals were trained 
with 30 paired presentations of light and vibration per day for 3 days. All 
experimental animals responded to light with withdrawal behavior. Control animals 
exposed to the number of explicitly unpaired presentations of light and vibration, 
light alone, or no stimulation did not respond to light. Thirty paired presentations 
per day for 2 days resulted in a partial association of the two stimuli. Neither 45 
paired presentations per day for 2 days nor 90 paired presentations for 1 day resulted 
in complete acquisition of the conditioned withdrawal response. The conditioned 
withdrawal response observed following 30 paired presentations per day for 3 to 5 
days persisted to Day 10, regardless of the number of training days. After the 
conditioned withdrawal response was extinguished, only 2 to 5 paired presentations 
of light and vibration were required for reacquisition for most animals. This study 
further establishes Lymnaea as an animal model of basic associative learning. 
Because Lymnaea are well-characterized at the molecular and cellular level, studies 
using this model may help elucidate the circuitiy and molecular basis of associative 
learning.
This study was supported by Grant-in-Aid #07279105 for Scientific Research on 
Priority Areas on “Functional Development of Neural Circuits”, the Ministry of 
Education, Science, Sports and Culture of Japan and the Sumitomo Foundation to 
MS.

525.19
INSTRUMENTAL CONDITIONING OF RESPIRATORY PUMPING IN APLYSIA 
FASCIATA. M. Levy*, L. Tsitolovski & A.J. Susswein, Dept. Life Science, Bar Ilan 
University, Ramat Gan 52900, Israel

An instrumental conditioning procedure was used to increase the respiratory pump 
rate. The experiment began by irrigating the osphradium with 100% seawater via a 
cannula whose tip was just adjacent to the osphradium. The cannula was surgically 
attached 1-2 days previously. After an hour, mildly hypertonic (110%) seawater was 
applied locally to the osphradium for 30 sec. 110% seawater does not cause respiratory 
pumping in naive animals. Local application of 140% seawater to the osphradium was 
used as a negative reinforcer. Previous studies have shown that 140% seawater elicits 
respiratory pumping as part of a defensive response to noxious stimuli (Levy et al 
1993). Animals were punished with 140% seawater only if they failed to respond with 
respiratory pumping to the 30 sec stimulation with 110% seawater. Animals were given 
20 min rests between training trials, during which the osphradium was irrigated with 
100% seawater. Training was continued until three successive trials in which animals 
responded to 110% with respiratory pumping. A mean of 5,5 ± 0.54 (SD) trials was 
needed for animals to achieve this criterion. Controls were treated with 100%, 110% or 
140% seawater alone. These stimuli were applied for the same number of trials as in 
the conditioning procedure. One hour after a training or a control procedure, the re-
sponse to exposure to 110% seawater was used to test memory. There was a significant 
increase in respiratory pumping in the animals that had received the instrumental 
training procedure, with respect to any of the controls. Nonetheless, respiratory pump-
ing was elevated over that in naive animals after exposure to 110% or 140% alone, 
indicating that these stimuli caused some sensitization. These findings are of particular 
interest, since previous work has shown that neural circuitry restricted to the abdominal 
ganglion and its peripheral nerves is sufficient for mediating respiratory pumping in 
response to changes in seawater concentration (Levy & Susswein 1993). Thus, it 
should be easy to develop a reduced preparation consisting of the abdominal ganglion 
attached to the gill and osphradium that is capable of instrumental learning.

525.20
PAIRING-SPECIFIC INCREASE IN EXCITABILITY WITHOUT INPUT 
RESISTANCE CHANGES IN HERMISSENDA B PHOTORECEPTORS. D. Tomsic, 
P, Gusev* and D. Alkon. Lab. of Adaptive Systems, NINDS-NIH Bethesda, MD 
20892.

Electrophysiological correlates of memory have been identified in B photoreceptors 
of Hermissenda. After three days of training, the B photoreceptors of animals that 
received paired stimulus presentation, show an increase in membrane excitability that 
results from an increased input resistance (IR) due to a reduction in Ia- and lca2+- K+ 
currents. Consequently, the observed reduction in spike-frequency adaptation (SFA) 
was explained as resulting from the IR increase. However, an IR-independent reduction 
in SFA correlated with learning has been observed in another model (Disterhoft et al., 
Brain Res., 462:118-125, 1988). This change was shown to be related to acquisition 
but not to retention (Moyer et al.., J. Neurosci., 16:5536-5546, 1996).

Using an in vitro conditioning procedure (Matzel et al., J. Neurosci., 13:5029-5040, 
1993), intracellular records can be taken while stimulating the visual and/or vestibular 
systems in Hermissenda. Thus, electrophysiological events can be monitored during 
acquisition. Here, we report the relation between IR and SFA during the first 
acquisition trials. Stimuli were delivered every 2 min and the IR and SFA evoked by 
800 ms of ±0.4 nA, were measured immediately before each trial. In a first experiment 
a within group analysis was performed. The cells (n=4) received 5 presentations of light 
alone followed by 5 pairings of light and statocyst stimulation. No differences in the IR 
or SFA were found when the response taken before trial 1 was compared with the 
response after trial 5. When the response after trial 10 (i.e. after 5 pairing trials) was 
compared with the response taken before the first pairing trial (i.e before trial 6), a 
significant decrease in the SFA (p<0.05) was found, however, no differences in the IR 
were observed. In a second experiment a between group analysis was done. The 
response of the cells (n=8) receiving light alone did not show any changes after 5 trials. 
By contrast, the cells receiving paired stimulation (n=7) showed a significant reduction 
in SFA (p<0.005), but not in the IR.

INVERTEBRATE LEARNING AND BEHAVIOR V

526.1

NITRIC OXIDE MODULATION OF SWIMMING AND FEEDING 
IN THE NUDIBRANCH, MEUBE LEONINA. W.H. Watson* III. 
Friday Harbor Laboratories, Friday Harbor, WA 98250 and Zoology 
Department, Univ. of New Hampshire, Durham, NH 03824.

Swimming in the nudibranch, Melibe leonina, involves rhythmic 
lateral flexions at a rate of 20 cycles/min, while food is captured using 
very slow (3 cycles/ min) rhythmic movements of the oral hood. Prey are 
swallowed whole, and swallowing, but not prey capture, is controlled by 
the buccal ganglia.

Swimming and feeding-related motor programs (MPs) are all expressed 
by the isolated nervous system. Application of NO donors, such as sodium 
nitroprusside, elicit expression of the swallowing MP by the isolated 
buccal ganglia. The same NO donors applied to a brain that is 
spontaneously "swimming" causes the pattern to slow until it resembles a 
feeding MP; by influencing both the swim CPG and the pedal motorneurons. 
The hypothesis that NO reconfigures the swim CPG so it participates in 
the feeding CPG is currently being investigated.

Using the diaphorase technique two NOS-positive neurons were 
observed in the brain and many putative sensory neurons stained in the 
tentacles. The two cerebral neurons innervated the cerebral and pedal 
neuropile, while the putative sensory neurons in the tentacles projected to 
the cerebral neuropile. It is possible that in the presence of prey, these 
chemosensory cells release NO in the cerebral neuropile and this activates 
feeding-related neural circuits.

This work was supported by a NIH grant to WHW.

526.2
INHIBITORS OF TYROSINE KINASE ACTIVITY PRODUCE A 
MORPHOLOGICAL ALTERATION OF NEURITE ENDINGS AND 
DECREASE CALCIUM INFLUX. R.J. Knox, E.A. Jonas, B.W. 
White* and L.K. Kaczmarek. Dept. of Pharmacology, Yale 
University, New Haven, CT 06520.

Inhibitors of tyrosine kinase activity reduce the duration of a 
bag cell neuron afterdischarge, the period of enhanced neuronal 
excitability during which bag cell neurites secrete the 
neuropeptide, egg-laying hormone (ELH). We are currently 
determining the cellular mechanisms through which blockade of 
tyrosine kinase activity alters excitability. We found that 
genistein reversibly reduces both the amplitude of action 
potentials and calcium currents by ~ 20%. Furthermore, 
fluorescence imaging of neurons loaded with the calcium indicator 
dye fura PE-3, indicated that genistein potently inhibited voltage- 
dependent calcium influx in the distal tips of neurites. Using 
video-enhanced microscopy, we also found that genistein 
treatment induced a rapid and reversible morphological 
reorganization of neurite endings. We are currently investigating 
the hypothesis that the observed structural changes in the 
neurites contribute to the compromised calcium influx measured 
in neurites treated with tyrosine kinase inhibitors. Preliminary 
immunolabeling studies indicate that brief exposure to tyrosine 
kinase inhibitors may induce an internalization of calcium 
channels from the plasma membrane to the cytosol.

Supported by an NIH grant to LKK.
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526.3
THE SIGNALING PROTEIN CALEXCITIN (CP20) INDUCES CA2+ RELEASE 
FROM SQUID OPTIC LOBE MICROSOMES. W, O, Zhao*. T. J. Nelson and D. L. 
Alkon. Lab. of Adaptive Systems, NINDS, National Institutes of Health, Bethesda, 
MD, 20892

Intracellular Ca2+ signaling is known to be mediated by two identified intracellular 
Ca2+ channels, the IP3 and Ryanodine receptor (RyR). While Ca2+ influx through 
voltage-gated Ca2+ channels has been suggested to trigger activation of RyRs leading 
to Ca"+-induced Ca2+ release (CICR), no other endogenous signaling elements have 
been clearly identified in the RyR-associated Ca2+ regulation. In this study we report 
that calexcitin (CP20), a learning-associated, GTP- and Ca2+-binding (Nelson et al., 
1990, 1996), appears to be a signaling protein for RyR-mediated Ca2+ release. 
Microsomal fractions were prepared from squid optic lobes. Ca2+ loading and release 
were measured using 45Ca2+ according to Nori et al (1996). Calexcitin (CE), when 
applied into the reaction media containing 45Ca2+-loaded microsomes, released Ca2+ in 
a dose dependent manner. The maximum effect (46± 2.9% of 45Ca2+ released) was 
observed at 0.7 mg/ml (n = 4, p< 0.001). This Ca2+ releasing effect of CE was seen 
only with Ca2+ concentrations in the media higher than 0.2 mM, and is totally blocked 
by RyR blocker dantrolene. The IP3 receptor antagonist heparin, on the other hand, 
had no effect on the CE-induced Ca2+ release. These results suggest that CE triggers 
Ca2+ release through activation of RyRs. More interestingly, anti CE antibody has 
been shown to attenuate the Ca2+-releasing effect of ryanodine implying that 
endogenous CE may be necessary for mediating the action of ryanodine on RyR. 
Furthermore, inclusion of the PKC inhibitor peptide PKC 19-31 was shown to 
enhance and prolong the Ca‘+ release induced by CE, whereas the protein 
phosphatase inhibitor NaF appears to attenuate, though not abolish, the CE-induced 
Ca2+ release. These results suggest a protein phosphorylation-dephosphorylation 
process involved in CE -dependent intracellular Ca2+ regulation. Based on the present 
finding as well as recent evidence that CE directly binds purified RyR (Nelson et al., 
1997), we propose that CE, as a signaling protein regulated by Ca2~ itself, plays a 
direct role in intracellular Ca'+ mobilization associated with RyR activity'.

526.4
PROTEIN SYNTHESIS-DEPENDENT MEMORY IN HERMISSENDA AS A 
FUNCTION OF DEGREE OF TRAINING AND RETENTION. C.S. Myers*, R.R. 
Ramirez, L. Farina, and L.D. Matzel. Department of Psychology, Rutgers University, 
New Brunswick, NJ 08903.

Following contiguous pairings of light and rotation, the light alone elicits a 
conditioned contraction of Hermissenda's foot, indicative of an associative memory. 
This conditioned response was evident after 1, 2, or 9 conditioning trials at a 5 min 
retention interval, but was only evident after 9 trials at a 90 min retention interval. In 
vivo incubation of animals in the protein synthesis inhibitor anisomycin (ANI; 1 uM) did 
not affect the conditioned response at the 5 min retention interval but significantly 
attenuated conditioned responding at the 90 min interval even following 9 training 
trials. Deacetylanisomycin (DANI; 1 pM; an inactive form of anisomycin) had no effect 
on either 5 or 90 min retention. In a companion procedure, groups of isolated nervous 
systems were exposed to identical patterns of light and rotation, and the B 
photoreceptors (considered a primary “storage site” for the memory) underwent 
electrophysiological analysis. Excitability (i.e., membrane resistance and evoked 
spike rate) in the B photoreceptors was closely correlated with the expression of the 
conditioned response in intact animals, that is, 1 or 2 training trials produced a short-
term increase in neuronal excitability that dissipated within 45 min, while 9 trials 
produced a persistent (at least 90 min) increase. Incubation of the nervous systems in 
ANI before training had no effect on the short-term excitability increase induced by 9 
training trials, but attenuated its persistence such that excitability was at control levels 
within 90 min of training. No effect of ANI was observed if the incubation began 5 min 
after the last (9th) training trial, and DANI had no effect on training-induced increases 
in excitability at any retention intervals. These results suggest that short-term 
retention in Hermissenda is protein synthesis independent, but that protein synthesis 
initiated during training is necessary for retention at intervals as short as 90 min. 
Moreover, these results indicate that a critical threshold of training (more than 2 trials 
with this procedure) must be exceeded in order to initiate protein synthesis-dependent 
retention.

Supported by grants from NIMH (MH48387 & MH52314).

526.5
MODIFICATION OF ACTION POTENTIAL KINETICS FOLLOWING ASSOCIATIVE 
CONDITIONING OF HERMISSENDA CONTRIBUTES TO SYNAPTIC FACILITATION OF B 
PHOTORECEPTORS. M. Leszczuk*, C. Gandhi, I.A. Muzzio, & L.D. Matzel. 
Department of Psychology, Rutgers University, New Brunswick, NJ 08903

Neural network models of conditioned response generation in Hermissenda have 
assumed that the synaptic interaction of B to A photoreceptors would be enhanced 
following associative pairings of light and rotation. This assumption has found 
empirical support with recent work of Frysztak & Crow (1994) and Schuman & Clark 
(1994). Here we report that associative conditioning modulates the form of evoked 
action potentials in the B photoreceptor in a manner sufficient to account for this 
synaptic facilitation. Evoked action potentials were measured before, two, and six min 
after five in vitro presentations of either paired or unpaired light and mechanical 
stimulation of vestibular hair cells (analogous to light and rotation in intact 
Hermissenda). Two min after paired presentations, a significant increase in action 
potential duration (+11.0%) and amplitude (+11.0%) was observed, as was a 
significant decrease in the action potential’s after-hyperpolarization (AHP; -12.6%). 
Although the AHP returned to near baseline levels within 6 min, the action potential 
duration (+8.6%) and amplitude (+8.5%) remained increased. No significant or 
systematic alteration of the form of the action potential in unpaired B cells was 
observed (all changes <+4.0%). In companion experiments, intracellular recordings 
from pairs of B and A photoreceptors suggested that the inhibitory post-synaptic 
potential (IPSP) in the A cell induced by a single action potential in the B cell was 
enhanced following pharmacological manipulations of the B cell (e.g., application of 
the voltage-dependent K+ -channel blocker tetraethylammonium chloride, 50 mM) 
which prolonged action potential amplitude or duration. Since the action potential is 
generated near the cell soma, these results provide preliminary evidence that synaptic 
enhancement at B cell synapses following associative learning can be accounted for 
at least in part by modifications of conductance(s) afferent to the synaptic terminals. It 
remains to be determined if an additional synapse-specific component of this 
facilitation also participates in synaptic facilitation.

Supported by grants from NIMH (MH48387 & MH52314).

526.6
SINGLE CHANNEL ANALYSIS OF VOLTAGE-ACTIVATED POTASSIUM 
CHANNELS IN APLYSIA BAG CELL NEURONS. N. S. Magoski* and L. K. 
Kaczmarek. Department of Pharmacology, Yale School of Medicine, New 
Haven, CT, U.S.A., 06520.

Egg laying behavior in Aplysia is controlled by the bag cell neurons. In 
response to stimulation, the excitability of these neurons is greatly enhanced, 
and they undergo an — 30 minute afterdischarge associated with egg laying.
This change in excitability is due in part to modulation of voltage-activated K+ 
channels. As a first step to understand the mechanism of this modulation, single 
channel analysis of the voltage-activated K+ channels in cultured bag cell 
neurons was undertaken. On-cell patch-clamp recordings (normal artificial sea 
water in the pipette with a resistance of 2-5 MO) revealed three K+ 
conductances. During stationary analysis, depolarizing the patch for 1 minute 
periods caused activation of two different channels that likely represented 
delayed rectifier K+ currents. First, a large conductance (~6O pS)channel, 
which sometimes displayed a subconductance state, and second, a smaller 
conductance (~20 pS) channel. During non-stationary analyais when the patch 
was hyperpolarized then briefly (100-200 ms) depolarized a third channel with 
rapidly activating and inactivating kinetics was observed. Easemble averaging 
of multiple events suggested that this channel’s behavior was consistent with the 
macroscopic low-threshold, transient outward K+ current present in these 
neurons. Typically, only one channel of a given type was observed in the 
patch; however, all types of channels were seen in the same cell. These data 
suggest that a diversity of K+ channels may contribute to the excitability of 
Aplysia bag cell neurons. Supported by the National Institutes of Health and the 
Human Frontiers Science Program.

526.7
ASSOCIATIVE OLFACTORY LEARNING INDUCES DISTINCT 
MEDIUM- AND LONG-TERM CHANGES IN DIFFERENT SECOND 
MESSENGER PATHWAYS. L, Griinbaum and U. Muller* Institut fiir 
Neurobiologie FU-Berlin, D-14195 Berlin, Germany.

A common feature of memory formation is its progression from labile 
short-living forms to long-living stable forms of memory. In the 
honeybee, associative olfactory conditiong induces different memories 
depending on the number of learning trials. Both, the mushroom bodies 
and the antennal lobes are essential structures involved in associative 
learning and appear to establish independent memory traces. We now 
present evidence that in the antennal lobes associative olfactory 
conditioning induces distinct medium-term and long-term changes of the 
two second-messenger activated protein kinase systems involving protein 
kinase A (PKA) and protein kinase C (PKC). While activation of the PKA 
during acquisition is necessary for the consolidation of long-term 
memory, blocking of PKC during training appears not to effect memory 
formation. Interestingly, the features of PKA activation are changed after 
acquisition for up to four hours. This change is independent of the 
number of conditioning trials. In contrast a long-lasting increase in the 
basal activity of PKC is only detected after multiple conditioning trials 
which lead to long-term memory. The analysis of the increase in the basal 
PKC activity reveals at least two phases which can be pharmacologically 
dissected. While the early phase is sensitive to inhibition of cysteine 
proteases, the late phase that lasts for days requires protein synthesis. 
Thus, it is feasible that the long-term change in basal PKC activity in the 
antennal lobes is a consequence of gene expression due to induction of 
long-term memory. Future investigations will have to show how these 
distinct changes in second messenger cascades are related to olfactory 
learning.

Supported by the Deutsche Forschungsgemeinschaft

526.8
THE GENETIC CHARACTERIZATION OF lrn-1 and Im-2. GENES FOR 
ASSOCIATIVE LEARNING IN C. elegans. Glenn E, Mornson,, willam Nuttlev, 
Susan Runciman and Derek van der Kooy. Neurobiology Research Group 
Department of Anatomy & Cell Biology, University of Toronto Toronto ON CANADA 
M5S 1A8

Using the PCR-based polymorphic sequence tagged srte (STS) mapping str ategy for 
C. elegans vie mapped the two associative learning mutations to chromoso mes, im-1 
is on chromosome 3 (Linkage Group (LG) III) and lrn-2 is on chromosome 2 (LG11). 
The STS mapping strategy makes use of the transosabte etement Tel which is a. 
source of easily identified and well distributed polymorpmsms. The STSs which act 
as dominant markers, are Tc1 transposon insertions, presenl at approximately 500 
loci which are well distributed throughout the Bergrac strain RW7000 but absent 
from the Bristol N2 strain in which the two mutations have been isolated Each STS 
has a unique PCR product that is easily resolved using standard get etectiopnorests 
Mutant males were crossed with Bergerac hermaphodtes and the F2 progeny 
screened for associative learning abilities. Both lrn-1 and Im-2 are single recessive 
mutations, thus approximately 25% of the F2 generation will be homozygous for the 
selected learning mutation. Those worms determined (behaviorally) to be 
homozygous for the learning mutation were separated onto individual prates and 
allowed to self. Once eggs were laid, the F2 parent was picked from the plate for 
DNA analysis using multiplex PCR. The homozygous recessive nature of lm-1 and 
lrn-2 require that two copies of the mutant chromosome be inherited in order to show 
the non-learning phenotype, Since the mutant chromosomes have no STS markers 
the detection of the linked Tc1 will be a relatively rare event. Analysis of the STS 
inheritance pattern for the mutant/Bergerac hybrid animals revealed that the tel for 
LGIII was apparent in 13% of the Irn-f/Bergerac F2 animals and the Tel for LG11 was 
apparent in 13% of /rn-2/Bergerac F2 animals. The low occunence of these Tc Is in 
the mutant/Bergerac hybrid animals suggest that lrn-1 is on chromosome 111 and lm-2 
is on chromosome II. Supported by NSERC Canada.
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526.9
CHARACTERIZATION OF THE TRANSLATION FACTOR EIF4E IN THE 
APLYSIA NERVOUS SYSTEM. J. A. Hislop. J. R. Dyer. S. Yanow. T. 
PepioandW, S, Sossin*. Montreal Neurological Institute, McGill University, 
Montreal, Quebec, H3A-2B4.

We are investigating the molecular events underlying intermediate forms of 
synaptic plasticity in the marine mollusk Aplysia californica. In Aplysia, 
serotonin (5HT) induces an intermediate phase of facilitation that is translation- 
dependent yet independent of transcription (Ghirardi et al., Neuron 14: 413-20,
1995) . This translation dependent facilitation induced by 5HT may be related to 
an increase in the rate of translation that is also induced by 5HT (Barzilai et al., 
Neuron 2: 1577-1586, 1989). One important regulator of translation is eIF4e, a 
translation factor that binds to the m7-guanosine at the 5' end of messenger 
RNA, a structure also referred to as the mRNA cap. eIF4e is regulated by the 
rapamycin sensitive phosphorylation of an eIF4e binding protein. This may be 
important in the regulation of translation in Aplysia, since rapamycin block 
the increase in translation induced by 5HT (Yanow et al., Neurosci. Abs.,
1996) . We show here that the serotonin induced increase in translation is also 
sensitive to tyrosine kinase inhibitors, suggesting a complex regulation of 
translation. To understand this pathway at the molecular level we have cloned 
the Aplysia isoform of eIF4e, and raised antibodies to it. We then used these 
antibodies to demonstrated that the eIF4e clone can bind the cap structure, that it 
is expressed in the nervous system of Aplysia, and that it is a physiological 
substrate for PKC, as in vertebrates. We are now trying to use the eIF4e as a 
probe to identify eIF4e binding proteins.
Supported by grant from the EJLB Foundation.

526.10
CALEXCITIN, A LEARNING-ASSOCIATED SIGNALING 
PROTEIN, BINDS TO RYANODINE RECEPTORS AND ELIC-
ITS CALCIUM-ACTIVATED Ca2+ RELEASE. T.J. Nelson*. W.Q. 
Zhao, S. Yuan, and D.L. Alkon, Lab of Adaptive Systems, NINDS, National 
Inst, of Health, Bethesda MD 20892 USA.

Calexcitin (cp20) is a learning-associated GTP- and Ca2+ -binding pro-
tein that induces DNA transcription and inhibits the K+ channels and 
ica-K+ > which are blocked after associative conditioning in Hermissenda 
(Nelson et al., 1996). However, the biochemical pathway for calexcitin’s role 
in memory storage is unknown. In this study, we used a phage display peptide 
library to search for proteins that bind calexcitin (CE). Three CE-binding 
peptide fragments, LPNTQSP, YSLRLDY, and IACVTCT, were obtained in 
at least two clones. Because the first fragment was homologous to a region 
near the CaM binding site of the rat ryanodine receptor (RyR), and be-
cause of the close homology between RyR and the z’a  channel, we examined 
the interactions between CE and RyR. Overlay experiments using 125I-CE 
and 32P-CE revealed CE binding to a 500 kD protein in squid optic lobe 
(SOL) homogenate. A 500 kD protein from SOL was strongly retained on 
CE-agarose. RyR purified from SOL and labeled with 125I was also retained 
in the presence of 1 mM Ca2+ but was released by 1 mM EGTA. Similar-
ly, 3H-ryanodine binding activity from SOL was retained on CE-agarose in 
a Ca2+-dependent manner. CE immobilized on nitrocellulose bound RyR 
added as purified RyR or as crude SOL CHAPS extract, as evidenced by 
immunostaining with anti-RyR antibody. Binding was strongly Ca2+ depen-
dent. Maximal binding was observed at 1 pM Ca2+ and was inhibited by 10 
/zM ryanodine. Other proteins did not bind RyR. Addition of ATP, GTP, or 
squid cytosol did not affect RyR binding to CE. Premixing purified RyR or 
SOL extract with 125I-CE, followed by non-denaturing electrophoresis, also 
revealed a « 500 kD band of 125I. These results are consistent with those re-
ported by Zhao et al. (Soc. Neurosci. Abstr. 1997) demonstrating CE- and 
Ca2+-dependent release of Ca2+ in SOL microsomes. CE may therefore be 
a new signaling protein for Ca2+ -mediated Ca2+ release through the RyR.

526.11
CREB-LIKE IMMUNOREACTIVITY IN THE LEECH CNS. 
J, R. Groome* and R. Donahue. Harvey Mudd College,
1250 North Dartmouth Ave. Claremont CA 91711

The presence of a factor in the leech CNS with similarity to 
the cyclic AMP response element binding protein CREB was 
determined with immunohistochemistry. Western blot analysis of 
extracts from ventral nerve cords of Hirudo medicinalis indicated 
the presence of an immunoreactive band at approximately 43 to 44 
kD. Immunreactivity was abolished with pretreatment of the 
antibody with the epitope sequence. This factor is present 
throughout the leech CNS and was also detected in certain 
peripheral tissues such as the crop. Whole mount 
immunohistochemistry revealed a segmentally specific pattern of 
neurons expressing CREB-like immunoreactivity. In addition, we 
observed one apparently homologous pair of
CREB-immunoreactive neurons present in most ganglia. 
Immunoreactivity in whole mount preparations was abolished w ith 
preabsorbtion of the antibody with the epitope sequence, or with 
omission of the antibody. Further characterization of this putative 
DNA binding factor in the leech will examine its activation by 
extracellular signals and second messengers.

526.12
DROSOPHILA RUTABAGA ADENYLYL CYCLASE IS REGULATED BY NF1 
AND RAS. F.L. Hannan, L- Luo andJY JZhong*-. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY 11724.

The cyclic AMP pathway affects learning and memory in many organisms. The 
Drosophila learning mutant rutabaga is caused by a defect in the gene encoding a 
calcium/calmodulin sensitive adenylyl cyclase (rut-AC). The rutabaga gene is highly 
expressed in mushroom bodies which are thought to be the major site of olfactory 
learning in insects. Simultaneous activation of the rut-AC/cAMP and Ras/Raf/MAPK 
pathways is required for PACAP38-like neuropeptide induced modulation of voltage 
gated potassium channel activity at the larval neuromuscular junction. Mutations in 
rutabaga, Ras or Raf eliminate the PACAP response. Mutations in a Ras-GTPase 
activating protein called NF1 also abolish this response in Drosophila larvae. 
Mutations in the human NF1 gene lead to type 1 neurofibromatosis which is 
characterized by disfiguring tumors of the PNS and pigmentation defects, as well as 
increased incidence of malignant tumors and learning deficits. Mice heterozygous for 
an NF1 knockout show impaired spatial learning suggesting NF1 is required for 
hippocampal function. The effect of NF1 mutations on the PACAP response in 
Drosophila larvae cannot be mimicked by increasing levels of active Ras, however it 
can be rescued by application of cAMP analogs or forskolin. This suggests that NF1 
does not act solely on Ras and that some clinical symptoms of neurofibromatosis may 
respond to therapeutic manipulation of cAMP levels. Preliminary results suggest that 
Ras can affect the calcium-dependence of rut-AC activity in Drosophila. We have 
examined the effect of wild type and mutant Ras proteins on rut-AC by adding Ras- 
GST fusion proteins directly to Drosophila extracts and assaying rut-AC activity. The 
possibility of a direct physical interaction between NF1 and rut-AC is also being 
assessed using the yeast two hybrid system. We propose the existence of a complex 
between Ras, NF1 and rut-AC which regulates the activity of rut-AC and which may 
be involved in learning and memory formation.

INVERTEBRATE LEARNING AND BEHAVIOR VI

527.1
A CELLULAR MECHANISM FOR PREPULSE INHIBITION IN THE MARINE 
MOLLUSC TRITONIA DIOMEDEA. W.N. Frost*. T.A, Hoppe, L.-M. Tian, and 
D.L. Mongehizi. Department of Neurobiology and Anatomy, University of Texas 
Medical School, Houston, TX 77030.

prepulse inhibition (PPI) is an important form of sensorimotor gating in the 
nervous systems of humans and other vertebrates, for which the cellular mechanism 
is incomplete ly understood at present. In an accompanying abstract (Mongeluzi et 
al., 1997) we demonstrated PPI in the marine mollusc Tritonia, where a 100msec 
vibrotactile skin prepulse was found to inhibit the normal escape swim response to a 
lsec tail shock. Here we investigated the cellular mechanism underlying PPL

Our first step was to look for sites within the swim circuit that were inhibited by 
the prepulse. We found that, of the known circuit neurons (S-cells, DRI, DSI, C2, 
VSIA, VSIB, DFN. VFN), only the afferent neurons (S-cells) and the central pattern 
generator neuron DSI were inhibited by tactile skin stimulation. We then identified 
a new group of inhibitory neurons (recorded in 21 preparations) that appear well- 
suited to mediate PPI. These neurons are excited by tactile skin stimulation and, in 
turn produce direct fast IPSPs onto the S-cells. This inhibition is powerful enough 
that direct activation of a single inhibitory neuron was found to block the occurrence 
of the nerve-evoked swim motor program.

We next investigated how these inhibitory neurons are able to block the motor 
program. We found that directly-driven trains in individual inhibitory intemeurons 
acted to reduce the amplitude of the monosynaptic EPSPs made by individual S-cells 
onto their postsynaplic target neurons. This inhibitory modulation of S-cell synapses 
was brief and co-occurred with several alterations of S-cell properties, including 
hyperpolarization, reduced excitability, and reduced spike undershoot. Taken 
together, these observations suggest that PPI in Tritonia may be mediated, at least in 
part, via prepulse-elicited presynaptic inhibition of the afferent neurons that initiate 
the escape swim response Supported by NIH Grants NS36500 and NS073 73.

527.2
PREPULSE INHIBITION OF THE ESCAPE SWIM RESPONSE IN THE 
MARINE MOLLUSC TRITONIA DIOMEDEA. D.L, Mongeluzi*, T.A, Hoppe, & 
W.N. Frost. Department of Neurobiology & Anatomy, University of Texas 
Medical School, Houston, TX 77030,

The vertebrate nervous system employs an inhibitory sensorimotor gating 
mechanism, termed “prepulse inhibition” (PPI), in which a weak sensory 
stimulus, or prepulse, acts to inhibit behavioral responses to a closely following 
stronger stimulus. PPI is thought to reflect nervous system processes related to 
selective attention. Interest in its neural basis has grown since deficits in PPI have 
been linked to cognitive disturbances associated with schizophrenia.

Here we investigated whether PPI could be demonstrated in Tritonia diomedea, 
a marine mollusc well-suited for cellular studies of neural mechanisms. Results 
indicated that a 100 msec vibrotactile skin stimulus (prepulse) was able to 
completely block the animal’s escape swim response to a 1 sec tail shock. To 
determine the duration of this inhibition we systematically varied the interval 
between the tactile prepulse and tail shock. PPI was demonstrated at intervals 
between 25 msec and 2.5 sec, but not at longer intervals (5, 10, and 20 sec). It 
also failed to occur when the order of the stimuli was reversed, such that the 
vibrotactile stimulus came 2.5 sec after the tail shock.

These results demonstrate that the Tritonia nervous system employs a 
sensorimotor gating mechanism with the phenomenological characteristics of 
vertebrate PPL Our cellular studies (see Frost et al., 1997 abstract) suggest that 
PPI in Tritonia may be mediated, at least in part, by inhibition directed onto the 
afferent neurons of the escape swim circuit.

Supported by NIH grants NS36500 and NS07373.
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527.3
SYNAPTIC AND EXCITABILITY MECHANISMS OF RESPIRATORY 
PUMPING GENERATION IN APLYSIA J, Koester* and M, Ma, Center for 
Neurobiology and Behavior, Columbia University, N. Y„ NY 10032

The all-or-none respiratory pumping behavior in Aplysia is triggered by 2 
sets of interneurons in the abdominal ganglion known as the R25 and L25 
clusters, consisting of 15 cells each. These neurons are coupled to one 
another by electrical and fast excitatory and/or slow inhibitory chemical 
synaptic connections. The entire network fires in a brief paroxysmal burst 
that is relayed to the motoneurons that drive the behavior. These synaptic 
connections contribute to both initiation and termination of the R25/L25 
population burst. About 45% of the L25 cells had been shown to exhibit 
histamine-like immunoreactivity (HA-IR). In this study we examined the 
synaptic and excitability properties of these neurons that help shape the 
population burst.

The chemical EPSPs between cells in the R25/L25 network appear to be 
mediated by glutamate. They are blocked by CNQX (50 pM ) and DNQX (20- 
40 pM), which others had shown block excitatory glutamate receptors in 
Aplysia The excitation can be mimicked by application of glutamate. When 
glutamate receptors are blocked, population burst intensity is dramatically 
reduced, suggesting that the EPSPs play a major role in burst generation .

The HA-IR L25 cells appear to contribute to burst termination by the 
release of HA: (1) Puffing HA onto the ganglion produces strong 
hyperpolarizations of most R25 and L25 neurons (2) HA-IR L25 neurons 
produce slow IPSPs on other cells in the network; (3) Cimetidine, a blocker 
of histaminergic slow IPSPs in Aplysia, blocked the slow IPSPs generated 
by L25 neurons and increased the intensity and duration of the burst.

Activity-dependent decreases in the R25/L25 spike afterhyper-
polarizations appear to contribute to burst acceleration. Voltage clamp 
experiments revealed several types of outward currents that contribute to 
action potential repolarization and afterpotential generation, including a 
rapidly activating Ca++-sensitive current and a novel Ca++-insensitive current 
that saturates at very positive voltages.
(Supported by NIH grant NS14385)

527.4
C-FOS-LIKE IMMUNOREACTIVITY IN THE CNS OF THE POND SNAIL, 
LYMNAEA STAGNALIS. M. Yamanaka, H. Sadamoto, Y, Ohta, H, Ando, A. Urano* 
and E. Ito. Lab. of Animal Behavior and Intelligence, Div. of Biol. Sci., Grad. Sch. of 
Sci., Hokkaido Univ., Sapporo 060, Japan.

The distribution of neurons, whose c-Fos-like immunoreactivity was induced by 
electric shock, was studied in the ganglia of the CNS of the pond snail, Lymnaea 
stagnalis, because an expression of c-fos gene in some specific neurons in other 
animals is known to be induced by some stressful stimuli. We presented 5 trials of a 
30 msec duration of 100 pA electric shock with 1 min intertrial intervals on the heads 
of the animals. These parameters were previously determined as the minimum 
intensities to form a reliable aversive learning (Kojima et al., Zool. Sci., 13: 803-812, 
1996). This series of electric shocks consistently induced the whole animal 
withdrawal response. After the stimulation, we cut the epidermis of the head so that a 
fixative, 4% paraformaldehyde + 1% picric acid, easily soaked into the CNS. 
Paraffin sections of the isolated CNS, 8 pm in thickness, were cut horizontally using a 
microtome. Immunohistochemistry was performed using ABC technique. Antibody 
used was anti-c-Fos, affinity purified polyclonal antibody raised against the peptide 
(SGFNADYEASSSRC) corresponding to residues 4 to 17 of human fos (Oncogene 
Science).

The c-Fos-like immunoreactivity was examined every 30 min after the stimulation 
by electric shocks. The distribution of strongly immunoreactive cells was observed 
at 30 min after the stimulation in the right and left buccal, the right parietal, the right 
and left pleural ganglia. In particular, RPD2 (right parietal dorsal 2) cell, which was 
not identified exactly but expected by the configuration of the surrounding cells, was 
stained strongly at this time (n=3). This RPD2 cell has been reported that it is 
sensitive to changes in the concentration of external O2 and modulates the respirational 
behavior (Syed and Winlow, J. exp. Biol., 158: 37-62, 1991). The whole animal 
withdrawal response is thought to be a protective reflex which takes precedence over 
all other behaviors in the behavioral hierarchy. Because the electric shock-evoked 
withdrawal response inhibited the respirational behavior, our immunoreactive study 
showed that the RPD2 cell received more stress than other cells in this protocol.

527.5
ANALYSES OF CHEMOSENSORY-PROCESSING PATHWAYS OF THE POND 
SNAIL, LYMNAEA STAGNALIS, BY HISTOLOGICAL AND OPTICAL 
RECORDING TECHNIQUES. S, Kojima1, H. Nakamura1, I. Ito1, E. Ito1*, T. 
Kouuchi2. M. Sakakibara3, Y. Fuiito4 and H. Suzuki5. ’Grad. Sch. of Sci., Hokkaido 
Univ., Sapporo 060, 2Systems Division, Hamamatsu Photonics K.K., Hamamatsu 431- 
31, 3Sch. of High-Tech, for Human Welfare, Tokai Univ., Numazu 410-03, 4Sch. of 
Med., Sapporo Med. Univ., Sapporo 060, 5Sch. of Sci. and Eng., Waseda Univ., 
Tokyo 169, Japan.

Although the feeding central pattern generator of the pond snail, Lymnaea 
stagnalis, is well characterized, the chemosensory-processing pathways are not 
understood. We here examined these pathways using histological and optical 
recording techniques.

When we incorporated a fluorescent dye into cut ends of the superior lip, the 
median lip and the tentacle nerve, some clusters of hundreds to thousands of cells in 
the ganglia, particularly in the buccal and the cerebral ganglia, of the CNS were found 
to be stained. These stained cells in the buccal ganglia were interneurons which were 
expected to be involved in the feeding response, but not stained with a dextran (M.W. 
10,000)-conjugated fluorescent dye. These data suggested that electric synapses 
concerned formation of the feeding response in the buccal and cerebral ganglia. We 
also examined the distribution of the superior lip, the median lip and the tentacle nerve 
in the lip and the tentacle by dissection of the fixed preparation and the distribution of 
glandular cells by an azan-staining observation for cross sections of the head.

On the other hand, when we stimulated the cerebro-buccal connective using a 
suction electrode, depolarization of a cluster including a motoneuron (3 cell) in the 
buccal ganglion was observed with an absorption measurement of an optical recording. 
This depolarization propagated to the same cluster in the contralateral ganglion.

Accordingly, we could partly trace the chemosensory-processing pathways from 
the lip and the tentacle to the CNS motoneurons. These data are useful to clarify the 
details of the feeding behavior of Lymnaea.

Supported by Grants-in-Aid from the Ministry of Education, Science, Sports and 
Culture of Japan to E.I.

527.6
REGULATION OF SELF-SELECTION BY THE COCKROACHES, 
RHYPAROBIA MADERA AND G R O M P H A D O R HIN A 
PORTENTOSA. H.D. Can. D.A. Henderson, and R.W.Cohen*. 
Department of Biology, California State University, Northridge, CA. 91330.

Insects have the ability to self-select an optimal diet from a choice of two or 
more incomplete diets that lack an essential nutrient. We are interested in 
determining which criteria influence the feeding behavior of insects in this 
situation. Specifically, our study examines the regulatory role of the 
neurotransmitter octopamine as well as the effect of taste on nutrient self-
selection in two species of cockroach nymphs, Rhyparobia madera and 
Gromphadorhina portentosa. To determine the role of octopamine, nymphs 
were given diets containing 0.3% of either an octopamine agonist synephrine 
or an octopamine antagonist phentolamine and were compared to controls 
feeding on untreated diets. Nymphs fed synephrine-treated diets ate more, 
but not significantly more than paired controls. The phentolamine group 
ingested significantly less (p< 0.001) than controls. A similar experiment 
using G. portentosa found no statistical difference between experimental and 
control groups. To explore the role of taste in R. madera, preferences for 
various carbohydrates were examined. Nymphs were starved and then fed a 
diet containing either sucrose, sorbose, or mannitol for two minutes. No 
statistical difference in feeding times was found among the nymphs tested on 
the sugars. Nutritional values for each carbohydrate were determined by 
allowing nymphs to feed for a week on a diet supplemented with casein. 
Statistical differences in amount eaten and digestibility were found between 
the sucrose feeders and those feeding on sorbose or mannitol. Taken 
together, these results suggest that neurotransmitters play a regulatory role in 
self-selection whereas the role of taste is limited. This study was supported 
by CSUN Research Grants and a H.O.P.E. Fellowship.

527.7
SIZE AND HUNGER STATE DETERMINE OUTCOME OF CONSPECIFIC 
ENCOUNTERS IN A CANNIBAL SEA-SLUG. Nathan Hatcher* and Rhanor 
Gillette. Dept. Molec.& Integr. Physiol., University of Illinois, Urbana, IL 61801

The predatory sea slug Pleurobranchaea californica is an enthusiastic cannibal in 
the wild and in the aquarium. We noticed that when encountering a conspecific, an 
animal shows either attack or avoidance behavior shortly after contact, or ignores the 
conspecific. We observed encounters Pleurobranchaea of varying sizes and hunger 
state to determine the effects of these factors. Larger animals of the pair tended to 
attack the smaller, while smaller animals often avoided strongly with an aversive 
turn or an escape swim. Filter paper swabs of mucus from one animal presented to 
another induced avoidance behavior, suggesting that size detection could occur 
through chemoreception of an aversive factor present in the secretions. 
Pleurobranchaea with lower feeding thresholds were more frequent attackers than 
those with higher thresholds. When attacking animals were fed to satiation, they 
avoided the same conspecific in a subsequent encounter. To elucidate interactions of 
feeding and avoidance, appetitive and noxious stimuli were applied to animals of 
varying degrees of satiation. Feeding thresholds varied with degree of satiety, while 
avoidance thresholds to noxious stimuli were stable. Appetitive stimuli subthreshold 
to induction of biting often caused avoidance behavior. Conversely, noxious stimuli 
could stimulate feeding behavior in animals with low feeding thresholds. We 
suggest that animals secrete an aversive factor in size-dependent amounts. An 
animal senses higher concentrations in larger animals and tends to avoid them. 
However, smaller animals that are very hungry may attack a larger one, because of 
the mildly appetitive incentive of noxious stimuli for such animals. It follows from 
these observations that the evolution of specific offensive and defensive adaptations 
to the alternating roles of predator/prey encountered by foraging animals may arise 
easily within the behavioral repertories common to most motile animals largely by 
adaptation in sensory receptors and pathways.

527.8
RAPID ADAPTATION OF RESPIRATORY BEHAVIOR IN ADULT 
LYMNAEA BY AN ALTERED ENVIRONMENT. P.M, Hermann*. A.G.M. 
Bulloch and K, Lukowiak. Neuroscience Research Group, HSC, University of 
Calgary, Calgary, AB, T2N 4N1, Canada and Arabian Gulf University/CMMS, 
Manama, Bahrain.

Respiration in the pond snail Lymnaea stagnalis is bi-modal: 1) across the skin (skin 
respiration) and 2) via the lung by opening and closing of the lung orifice, the 
pneumostome (pulmonary respiration). To perform pulmonary respiration the animal 
visits the air-water interface to open its pneumostome and to exchange its lung 
contents. In adult Lymnaea between 50-60% of oxygen is supplied via the lung. This 
study investigated the ability of behavioral adaptation in Lymnaea by altering the 
environment To this end, we placed adult animals in an aquarium where pulmonary 
respiration was prevented by means of a mesh. Lung respiration was prevented for 
either 1 day or 1, 2 or 8 weeks and the animals were immediately tested. Behavioral 
observations showed that even after one day under these conditions the animals had 
changed their respiratory behavior. Specifically, the total breathing time and the total 
number of pneumostome openings were significantly reduced compared to control 
animals. Furthermore, the latency to the first pneumostome opening was 
significantly increased. One group of animals (8 week prevention of lung respiration) 
was followed to measure the recovery of their behavior. Those animals were 
allowed, after the initial test, to re-perform permanently lung respiration. Behavioral 
experiments after one and seven days of lung respiration showed that these animals 
were not significantly different anymore in their respiratory behavior compared with 
the controls. We conclude that adult Lymnaea can survive for an extended period 
without pulmonary respiration. Furthermore, altering the environment has rapid and 
significant effects on major components of pulmonary respiratory behavior. 
Supported by NSERC (Canada)
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527.9
GLUCOSE INJECTION DOES NOT AFFECT MEAL SIZE OR 24 HR 
FOOD INTAKE IN APLYSIA CALIFORNICA.
C.C. Hom* and I. Kupfermann. Ctr. Neurobiology & Behavior, Columbia 
Univ., New York, NY 10032.

Previous work has shown that gut distension is a major determinant of meal 
size and feeding behavior in Aplysia californica (Aplysia). However, there 
may be other internal controls of feeding behavior in Aplysia. Because 
glucose is the primary carbohydrate found in the blood of Aplysia, studies 
were conducted to determine if blood glucose plays a role in controlling food 
intake. In Exp. 1, food deprived animals were injected with 0, 160, or 320 
mg/kg glucose in artificial sea water into the hemocoel by syringe needle. At 
1 and 3 hr after injection of 160 mg/kg, blood glucose was elevated by 450 
and 225 % of control, and 1000 and 550 % following the 320 mg/kg 
injection. These values are greater than blood glucose elevation that occurs 
following a satiating meal. Exp. 2 showed that despite these increases in 
blood glucose, animals tested 30 min after injection of 160 and 320 mg/kg 
glucose showed no change in meal size when hand-fed uniform size pieces of 
seaweed to satiety. Furthermore, in Exp. 3 animals injected with 320 mg/kg 
glucose and tested with ad libitum access to seaweed showed no significant 
change in 3, 6, or 24 hr food intake. Blood glucose concentration was found 
to be relatively stable across different feeding conditions and over time. Our 
results suggest that blood glucose levels are regulated, but do not play a role 
in the control of meal size or 24 hr food intake in Aplysia.
[This research was supported by NIH grants MH15174 and GM32099]

527.10
NEURAL NETWORK^ FOR CHEMOTAXIS IN C. ELEGANS: RULE 
EXTRACTION AND ROBOTICS. T. C. Ferr6e, T. M. Morse, S. R. 
Lockery.* Institute of Neuroscience, University of Oregon, Eugene, OR 
97403.

C. elegans moves up chemical gradients by detecting changes in 
concentration at the tip of the nose, and biasing its movement toward 
higher concentration. The neural circuit for chemotaxis includes 40 
neurons with feedforward and feedback connections among them. 
Electrical recordings from identified neurons in C. elegans suggest that 
they do not fire classical all-or-none action potentials, and may be 
functionally isopotential. Model networks of graded, isopotential 
neurons with sigmoidal synaptic nonlinearities are sufficient to control 
chemotaxis in a simulated worm body. To determine how these networks 
might function, we derived analytical solutions of their time-dependent 
turning behavior using a linear approximation of the synaptic 
nonlinearity. The analytic solution can be expressed as a series 
expansion in time derivatives of the chemosensory input. From this we 
extracted simplified rules for chemotaxis, which elucidate computations 
being performed implicitly by the network. To improve our 
understanding of how orientation behavior can be produced by 
autonomous agents controlled by neural networks, we constructed a 
robot which implements similar networks to control phototaxis. We have 
found that control by these networks is robust to hardware and 
environmental variations.

Supported by NIMH MH11373, NIMH MH51383, NSF IBN 
9458102, ONR N00014-94-1-0642, the Sloan Foundation, and The 
Searle Scholars Program.

527.11
C. ELEGANS CHEMOTAXIS STRATEGY STUDIED USING AN AUTOMATED 
TRACKING SYSTEM. J. T. Pierce* and S. R. Lockery. Institute of Neuroscience, 
1254 University of Oregon, Eugene, OR 97403.

C. elegans accumulates at the peak of a gradient of chemical attractant 
(chemotaxis). Although the neural network for chemotaxis has been identified, how 
chemosensory input controls the direction of movement is not known. This is 
primarily because previous chemotaxis studies relied on population assays or agar 
tracks left by individual worms, in which information about how worms adjust 
speed and turning rate over time is lost. To solve this problem, we built an 
automated tracking system to measure instantaneous position, speed and turning 
rate as a function of time in chemotaxis assays for single worms. The system uses a 
motorized microscope stage controlled by a computer to keep the worm in the field 
of view. It then reconstructs the worm’s centroid path in space and time (1 s 
resolution) from the movements of the stage. To test whether worms accumulate ly 
slowing down at the peak of the gradient (orthokinesis), we measured instantaneous 
speed as a function of distance from the peak of a gaussian gradient of Cl' ions. The 
relation between instantaneous speed and distance from the gradient peak was 
inconsistent (n=24). Only a minority of worms (n=9) slowed down near the peak. 
Moreover, these worms showed no significant difference in the percent of time 
spent near the peak comparedwith worms that speeded up near the peak (n=9; 
t(8)=1.6, p=.15). This eliminates orthokinesis as a strategy for C. elegans 
chemotaxis in a gaussian Cl' gradient. We are now using this new system to test 
whether worms accumulate at the peak by adjusting turning rate as a function of 
attractant concentration, its rate of change, or both.

Supported by NIMH MH51383, NSF IBN9458102, ONR N00014-94-1-0642, The 
Sloan Foundation, and The Searle Scholars Program.

527.12
ANALYSIS OF A POLYMODAL SENSORY CIRCUIT IN
CAENORHABDITIS ELEGANs. A, C. Hart*. Cancer Center, Mass. 
General Hospital, Charlestown, MA 02129 and Dept. of Pathology, 
Harvard Medical School, Boston, MA 02115.

The ASH sensory neurons detect diverse noxious stimuli- including 
touch to the nose, high osmolarity and volatile repellants. C. elegans 
can distinguish between these stimuli; habituation to nose touch 
eliminates 60% of the response to nose touch- but leaves intact 
response to high osmolarity and volatile repellents. We are interested 
in learning both how these stimuli are detected and how animals 
distinguish between them. We have identified mutations which 
specifically perturb response to just one stimulus, leaving intact 
response to other stimuli detected by ASH. We have cloned the osm- 
10 gene which is specifically required for high osmolarity avoidance. 
The osm-10(n1602) mutation causes the substitution of a lysine for a 
glutamic acid in the putative extracellular domain. Although n1602 
acts as a null allele in genetic tests, it acts genetically as a null. The 
OSM-10 shows no significant identity to previously identified proteins, 
but contains putative MAP and pKA phosphorylation sites. Using GFP 
reporter constructs and polyclonal sera, OSM-10 protein is detected in 
the ASH, ASI, PHA and PHB sensory neurons. Cellular ablation, 
behavior and genetic analyses are underway to test the potential role 
of OSM-10 in signal transduction in these cells. Additional mutations 
which perturb response to the stimuli detected by ASH are also being 
identified. These analyses should reveal common molecules and 
mechanisms in sensory signal encoding.

Supported by the Markey Foundation and the Medical Foundation.

527.13
A NOVEL KIND OF OSCILLATION ORIGINATING FROM THE 
TERMINAL MASS OF THE PROCEREBRAL LOBE IN A 
TERRESTRIAL MOLLUSC. A Iwama. T. Kimura, A Yamada. E. 
Kono, H. Suzuki, and T. Sekiguchi*. SANYO Electric Co., Ltd., 
Tsukuba Research Center, 2-1 Koyadai, Tsukuba, Ibaraki 305, Japan

An olfactory center of the terrestrial mollusc Limax marginatus, the 
procerebral (PC) lobe, shows an oscillation which is regarded as 
coherent network activities in the cell mass of the PC lobe. The 
olfactory signals detected by the superior and inferior noses are input to 
the PC lobe at the terminal mass, and modulated the cell mass oscillation. 
In this study, we found a novel kind of oscillation in the terminal mass 
using local field potential recording techniques.

In many isolated PC lobe preparations, the terminal mass exhibited 
an oscillation which was spontaneously phase-locked to the cell mass 
oscillation. This terminal mass oscillation was uncoupled from the cell 
mass oscillation by application of serotonin, indicating that the 
oscillators different from the cell mass oscillators are present in the 
terminal mass. In addition, the taste stimulation to the lip also caused 
an uncoupling state of the terminal mass and cell mass oscillations. 
The olfactory stimulation to the noses modulated the terminal mass 
oscillation in its amplitude. These results suggest that the interaction 
between the terminal mass and cell mass oscillators is important for 
information processing in the PC lobe.

Supported in part by Special Coordination Funds of the Science and 
Technology Agency of the Japanese Government.

527.14
THE FATE OF SYNAPTIC CONNECTIONS OF A SINGLE IDENTIFIED 
NEURON IN THE CNS OF LYMNAEA STAGNALIS.
L. I, Klaassen, C. lanse and M, van der Roest.
SPON: European Neuroscience Association. Graduate School Neurosciences 
Amsterdam, Research Institute Neurosciences Vrije Universiteit 
Amsterdam, Faculty of Biology, 1081 HV Amsterdam, The Netherlands.

We studied the fate of synaptic connections of the identified interneuron 
RPeDl with its follower neurons throughout the life-span of Lymnaea by 
making simultaneous intracellular recordings of RPeDl and follower neurons 
in isolated CNS from differently aged animals. The following questions 
were approached: 1. Are RPeDl's connections stable or do they change with 
age? 2. Are age-related changes in RPeDl's connections specific for different 
types of follower neurons?

With aging there was a decrease in the percentage of right parietal A- 
group neurons with a biphasic response to RPeDl input, while there was an 
increase in the percentage of visceral HIJK-group neurons with a response to 
RPeDl input. A-group neurons with an excitatory response were mainly 
found in middle-aged animals. Connectivity with other followers did not 
show significant age-related changes (visceral G-group, VD2/3). The results 
indicate that changes with age in the connectivity of RPeDl are cell-type 
specific. The responses to RPeDl action potentials was variable in 
amplitude and in part of the follower neurons there was no response to 
evoked RPeDl action potentials. This variability, which was independent 
of age, was present in the individually identifiable neurons VD2/3 and VD4 
as well as in groups of follower neurons. We conclude that RPeDl connections 
show plasticity throughout the life-span of the animal. With aging this 
plasticity may effect different connections differently.
Supported by Netherlands Organization for Scientific Research (NWO).
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527.15
AGE-DEPENDENT BEHAVIORAL RECOVERY FROM REPEATED KAINIC 
ACID EXPOSURE IN APLYSIA. Q.E. Scott*, T.L. Wilson, and S. M. 
Fredman. Department of Anatomy and Physiology, Meharry Medical College, 
Nashville, TN 37208

The glutamate analog, kainic acid (KA) is neurotoxic in vertebrate nervous 
systems. In Aplysia, single large (100-1000 mg/Kg) KA injections cause 
seizure-like activity and behavior deficits. However, there is recovery within 
10 days. We now report there are differences in the behavioral responses in 
young and old Aplysia with repeated exposure to KA. Aplysia of known age 
were obtained from the National Aplysia Resource Facility. Animals were 
reared and maintained at 13°C. 100 pM KA was injected into 2 groups of 
Aplysia: 330 day (post-hatching) “young” adults and 420 day “old” adults. The 
behavioral parameters examined included the duration of KA-induced 
seizures, food-induced locomotion and tentacle withdrawal to mechano-
sensory stimulation. There were no differences between young and old 
animals for any of these parameters with control injections of seawater. 
However, young Aplysia appear to recover more rapidly from repeated KA 
exposure than old animals. On day 1, seizure duration and time to locomote 
to food was the same for both groups, but declined over subsequent days for 
young animals and increased for old Aplysia. Anterior and posterior tentacle 
withdrawal was absent on KA day 1 in both groups. On day 2 young Aplysia 
showed partial recovery and full recovery by day 3. Old Aplysia failed to 
exhibit any recovery by day 3. These preliminary results suggest that there are 
age-dependent differences in the ability of Aplysia to recover from neurotoxic 
insult. We are trying to extend these findings to both younger and older 
Aplysia and to determine the underlying cellular mechanisms responsible. 
Supported by NIMH grant MH19843, GAANN grant P200A40516, NINDS grant 
NS28199 to SMF and the Meharry NSF/MRCE in Cell and Molecular Biology, 
HRD9233157.

527.16
DEVELOPMENT AND DISINTEGRATION OF FIRING PATTERNS IN MOLLUSCAN 
NEUROENDOCRINE CELLS ARE RELATED TO ONSET AND CESSATION OF 
REPRODUCTIVE BEHAVIOUR. C. Janse, M. van der Roest. (SPON: European 
Neuroscience Association). Department of Biology, Vrije Universiteit, De Boelelaan 
1087, 1081 HV Amsterdam, The Netherlands. Email: cjanse@bio.vu.nl
In Lymnaea the caudodorsal cells (CDCs) control egg laying. Preceding egg laying, 

CDCs become electrically active and release peptides into the blood. In the isolated 
central nervous system (CNS), repeated intracellular stimulation depolarizes the CDCs 
and induces repititive firing (40 - 60 min., I Hz), the after discharge (AD). Exposure of 
the isolated CNS to high (lOmM) K+-Ringer solution or to 8-CPT-cyclic AMP 
induces an AD in the CDCs lasting 10 - 40 min and several hrs, respectively. The 
animal starts egg laying at an age of 60 - 80 days and becomes post reproductive at 
about 360 days. In juvenile animals CDCs develop their branching pattern and exhibit 
atrophy and degeneration in postreproductive animals.
In juvenile CDCs electrical stimulation induced a depolarization but not an AD. High 
K+-Ringer solution induced a depolarization with, occasionally, an AD, Some of the 
juvenile CDCs that were insensitive to K+ stimulation, exhibited ADs upon cAMP 
exposure, others did not evoke an AD either. ADs evoked by high K+ or cAMP 
exposure were short lasting (10-20 min.) and had a relatively low firing frequency 
(0.25 Hz vs 1Hz in adult CDCs). ADs lacked the action potential broadening that 
normally occurred in adult CDCs. In juvenile CDCs pacemaking and spike broadening 
mechanisms are probably incomplete.
Senescent CDCs in postreproductive animals exhibited a depolarization but not an AD 
upon electrical stimulation. Exposure to high K+ or to cAMP did evoke an AD lasting 
about 3 hrs (firing frequency of 0.2 - 0.5 Hz). CDCs in some preparations showed 
normal action potential broadening, whereas this lacked in CDCs of other preparations. 
In still other preparations extremely broad action potentials (up to 175 msec) occurred. 
These findings suggest that in CDCs of senescent, postreproductive animals induction 
of the slow depolarization fails, the pacemaking mechanism, however seems to be 
intact, and spike broadening seems to be impaired in some but not all animals.

527.17
AUSTRALIAN FRESHWATER CRAYFISH DETECT SMALL SPATIAL 
CHANGES IN THEIR HABITAT USING ONLY TACTILE CUES. J. A. Basil 
and D.C. Sandeman * School of Biological Sciences, University of New South 
Wales, Sydney 2052, Australia

Blindfolded Australian freshwater crayfish, Cherax destructor, will actively 
explore a new environment and appear to be able to detect changes in the spatial 
arrangement of features within it (Zeil et al., 1985; Sandeman and Varju, 1988; 
Varju and Sandeman, 1991). We tested the ability of blindfolded crayfish to detect 
subtle changes in a rectangular arena (the presence and orientation of two small 
walls in an empty tank) when intact with the antennal flagella glued onto the 
dorsal carapace, and with the antennae free but with the antennal nerve severed. 
Intact Cherax showed clear habituation of exploratory behavior in the empty arena 
within 4 trials. Exploratory behavior increased significantly in all animals after 
adding 2 short walls, perpendicular to the long sides of the tank, and again 
habituated after 4 trials. Repositioning the short walls to the short sides of the tank 
again increased the exploratory behavior. Crayfish thus exhibit the ability to learn 
and can probably remember the spatial configuration of their environment. 
Animals with their antennae immobilized or denervated explored at a significantly 
lower velocity and showed neither habituation nor recovery to spatial changes in 
the tank, indicating that the antennae play critical role in both exploratory 
behaviour and spatial learning.
Supported by the Australian Research Council and a Visiting Fellowship to J.B. 
from the University of New South Wales.

INGESTIVE BEHAVIOR: NEUROPEPTIDE

528.1
THE EFFECT OF 2-DEOXY-GLUCOSE ON GENE EXPRESSION 
FOR OPIOID PEPTIDES AND NEUROPEPTIDE Y IN THE 
ARCUATE NUCLEUS E-M Kim. SO Giraudo. CC Welch,* MK 
Grace. CJ Billington, and AS Levine. Dept. of Food Science and 
Nutrition, University of Minnesota, and VA Medical Center, 
Minneapolis, MN 55417
We have shown previously that chronic food restriction and food 
deprivation elevate neuropeptide Y (NPY) and decrease proDynorphin 
(proDYN) mRNA levels in the Arcuate Nucleus (ARC). The current 
study examines whether glucoprivation has the same effect as food 
deprivation. Glucoprivation can be induced with 2-deoxy-D-glucose 
(2-DG), which blocks cellular glucose utilization. An earlier study 
had shown that 2-DG, administered at 200 mg/kg IP to rats which 
were sacrificed 2 hr later, increased food intake four-fold over saline 
control subjects, but had no effect on ARC NPY mRNA levels. We 
reprobed membranes from this study to measure proDYN mRNA 
levels and found a significant decrease in gene expression for this 
peptide (P<0.05). In a second study, rats were administered 2-DG at 
400 mg/kg IP and sacrificed after 6 hr. 2-DG elevated ARC NPY 
mRNA levels in the absence of food (P<0.05), but NPY mRNA levels 
were the same as controls when food was provided (P>0.05). ARC 
proDYN mRNA levels remained unchanged. Thus, glucoprivation 
appears to have a similar effect as food deprivation on ARC mRNA 
levels of NPY and proDYN. (Supported by NIH Grants DA-03999 
and DK-50456, and the Department of Veterans Affairs.)

528.2
ENDOGENOUS NEUROPEPTIDE Y (NPY) HYPERSECRETION UP-
REGULATES HYPOTHALAMIC Y1 AND NOT Y5 RECEPTOR GENE 
EXPRESSION: A ROLE IN APPETITE STIMULATION. B, Xu* P.S, 
Kalra. W.G, Farmerie and S.P. Kalra. Depts. of Neuroscience, 
Physiology, and ICBR, Univ. Fla. Col. Med., Gainesville, FL 32610

Pharmacologic studies have failed to identify the NPY receptor sub- 
type involved in mediating the potent appetite stimulating effects of 
endogenously released NPY. We evaluated the effects of NPY hyper-
secretion on hypothalamic gene expression of Y1 and Y5 receptors (R). 
Rats were either fasted or maintained on 50% of daily intake for 4 
days. As expected, these treatments significantly increased NPY gene 
expression in the arcuate nucleus of the hypothalamus, the source of 
NPY for stimulation of appetite. Analysis of hypothalamic Y1R and 
Y5R mRNAs by RNase protection assays showed that both fasting and 
intake restriction significantly increased the steady state levels of Y1R 
mRNA. In contrast, Y5R mRNA levels were unchanged. To evaluate 
whether NPY hypersecretion was responsible for the selective increase 
in Y1R mRNA, rats were treated for 4 days with ciliary neurotrophic 
factor (CNTF, 250//g/kg, i.p.), a cytokine that inhibits upregulation of 
NPY mRNA induced by fasting and food restriction (Abst., Ann. Mtg. 
Neurosci., 22:1352, 1996). Results showed that CNTF suppressed 
the fasting and intake restriction induced increases in hypothalamic 
Y1R mRNA. These findings show for the first time, that Y1R mediate 
appetite stimulation by endogenous NPY and that NPY hypersecretion, 
and not fasting or reduced intake, upregulates Y1R abundance. 
(Supported by NIH DK37273)
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528.3
COEXISTENCE OF NEUROPEPTIDE Y (NPY) AND y-AMINO- 
BUTYRIC ACID (GABA) IN THE HYPOTHALAMUS: INTERACTIVE 
EFFECTS ON FEEDING. S, Pu*. M. Jain1. T.L. Horvath2. S. Diane?. S.P, 
Kalra. Depts. Neurosci. and ’Physiol., Univ. Fla. Col. Med. Gainesville, FL 
32610 and 2Dept. OB-Gyn, Yale Univ. Sch. Med., New Haven, CT 06510

We recently reported that GABA is coexpressed in a subpopulation of NPY 
neurons in the arcuate nucleus (ARC) of the hypothalamus. Light- and electron- 
microscopic double staining for NPY and GABA using pre- and post-
embedding immunolabeling was carried out to identify the terminal fields of 
this subpopulation. A large number of NPY axon terminals in the 
paraventricular nucleus (PVN) were found to be GABAergic, thereby providing 
a morphological basis for GABA-NPY interaction in induction of feeding. To 
test this possibility, female rats, permanently implanted with a guide cannula in 
the third cerebroventricle, were injected icv with either NPY (0.06, 0.47 or 2.0 
nmol), or muscimol, a GABA-A receptor agonist (0.44, 0.88 or 1.76 nmol), or 
various combinations of NPY and muscimol at these doses. Two-hour food 
intake was measured. When injected individually, both NPY and muscimol 
stimulated food intake in a dose-dependent manner. There was no evidence of 
counteraction of the NPY-induced response by muscimol. In fact, synergistic 
effects on food intake were observed with the combined administration of 0.47 
nmol NPY and 0.44 nmol muscimol. Thus, the morphological evidence that 
GABA and NPY coexist in neuronal soma in the ARC and that these neurons 
project into the PVN together with the pharmacological evidence of synergistic 
effects on food intake suggest that NPY and GABA may coact to stimulate 
feeding. (Supported by NIH grants NS32727 and DK37273).

528.4
TRANSIENT INTERRUPTION OF NEURAL SIGNALING BY NEUROTOXIN 
INJECTION INTO THE VENTROMEDIAL HYPOTHALAMUS (VMH) 
INDUCES TEMPORARY HYPERPHAGIA AND UPREGULATES NPY Y1 
RECEPTOR GENE EXPRESSION. S.P. Kalra*. M.G. Dube. B, Xu, W.G, 
Farmerie and P.S. Kalra. Departments, of Neuroscience and Physiology 
and ICBR University of Florida College of Medicine, Gainesville, FL 
32610

Bilateral injections of colchicine (COL), a neurotoxin, into the VMH 
produces rapid hyperphagia which lasts for 4 days, a response 
attributable to increased food intake in response to NPY. We have now 
analyzed the mechanism underlying the transient hyperphagia and 
development of increased sensitivity to NPY. Adult rats were 
microinjected with COL (4 ^ug/side) bilaterally into the VMH and received 
permanent intraventricular cannula. As anticipated, COL-treated rats 
consumed significantly higher amounts than controls on days 2-4. 
Intraventricular injection of a potent NPY Y1 receptor antagonist 
(1229U91, Glaxo-Wellcome, 5 or 30 iug) on day 2 inhibited 2-h food 
intake in these rats, thereby suggesting that the hyperphagic response 
may be mediated by the putative NPY Y1 receptors (R). Hypothalamic 
levels of Y1R and Y5R mRNAs were measured by RNAse protection 
assays on days 1, 2 and 4 after either COL or vehicle microinjection into 
the VMH. We observed that Y1R mRNA increased significantly (19%) 
on day 2 in COL-treated rats and returned to control levels on day 4. A 
less remarkable increase in Y5R mRNA (10%) was also seen on day 2. 
These results show that transient interruption of neural signaling in the 
VMH results in upregulation of NPY Y1R gene expression which may 
contribute to the rapid increase in sensitivity to NPY and the attendant 
hyperphagia. (Supported by NIH grant NS32727).

528.5
NEUROPEPTIDE Y ANTISERA CURBS WEIGHT GAIN AND FEEDING, 
AND ENHANCES SEXUAL BEHAVIORS IN GENETICALLY OBESE 
ZUCKER FEMALE RATS C.L. Marin Bivens* & D.H. Olster . Department of 
Psychology, University of California, Santa Barbara, CA. 93106.

Obese Zucker female rats are hyperphagic, overweight, and infertile. Their 
infertility is caused, in part, by hyporesponsiveness to the stimulatory effect of steroid 
hormones on sexual behaviors. It has been speculated that overproduction of 
neuropeptides, such as neuropeptide Y (NPY), in the cell bodies of the arcuate 
nucleus may contribute to obesity and infertility in obese Zucker rats. To test this 
hypothesis, ovarieetomized, adult obese Zucker female rats (n=10) were implanted 
with a chronic cannula in the third ventricle and subsequently treated with NPY 
antisera or normal rabbit serum (NRS) and sexual behaviors, food intake, body 
weight, and locomotor activity were measured. Two microliters (2 pi) of either NRS 
or NPY antisera were injected, in a counterbalanced order, every 2 hr during a six 
period before experimental observation. For the sexual behavior tests, each obese 
Zucker rat was treated with estradiol benzoate (EB, 15 pg/kg sc) plus progesterone, 
(P, 2 mg/kg sc). NPY antisera increased sexual receptivity (Lordosis Quotient, LQ: 
NRS, 31±12%; NPY antisera, 65±7%, p<0.05). Two weeks later, the effects of NRS 
and NPY antisera on feeding and body weight were measured. NPY injection 
decreased 2, 12, and 24-hr food intake in obese Zucker rats (e.g., 24 hr. NRS, 
20.5+1.7 g, NPY antisera, 10.5±2.1 g; p<0.05). Likewise, NPY antisera curbed daily 
weight gain in obese Zucker rats, as compared to NRS-treated rats (NRS,+5.8+0.7 g; 
NPY antisera, -5.4+2.2 g, p<0.05). After those measurements, locomotor activity 
levels were assessed during the first 2 hr of the nocturnal period. Locomotor activity 
levels were similar between NRS and NPY anti ser a-treated obese Zucker rats (NRS, 
560.1+110.0 counts, NPY antisera 499.4±81.8 counts), suggesting that NPY 
antiserum injection did not produce general malaise. These data suggest that 
endogenous neuropeptide Y contributes to excessive feeding and weight gain, as well 
as suppressed reproductive behaviors in obese Zucker female rats (supported by NIH 
HD 26836).

528.6
NEUROPEPTIDE Y AND SOMATOSTATIN ADMINISTERED TO 
THE ANTERIOR PIRIFORM CORTEX ALTER INTAKE OF DIETS 
DEFICIENT IN AMINO ACIDS. S.L. Cummings*. B.G. Truong, and 
D.W, Gietzen. VM:APC, University of California at Davis, 95616

Neuropeptides have been shown to affect food intake via peripheral 
and brainstem mechanisms, but their potential roles in mediating food 
intake responses via the cerebral cortex has received little attention. The 
anterior piriform cortex (APC) appears to play a critical role in 
neuroperception of deficiencies and imbalances of indispensable 
(essential) dietary amino acids (AA), and the subsequent anorectic 
response. The neural circuitry underlying the role of the cortex in these 
events is not understood. We have shown that neurons containing 
neuropeptide Y (NPY) and somatostatin (SOM) are cytoarchitecturally in 
positions to relate synaptically to the local circuit and pyramidal neurons 
of the APC which may mediate responses to AA. Thus, we 
hypothesized that NPY and SOM administered intracortically into the 
APC would directly affect food intake in a threonine-imbalanced model. 
This study determined that NPY at 1-1.5 nmol decreased intake of the 
AA-deficient diet for 3 hr (P=0.04), with a cumulative effect that 
extended through 6 hr (P=0.01). SOM had a dual effect; at 1 pmol it 
increased intake of the AA-deficient diet for 3 hr (P=0.035). At 2 nmol, 
SOM decreased intake for over 9 hr (0.029), with a cumulative effect 
which persisted through 12 hr (P=0.0001). In the first three hr, intake 
after 1 pmol differed significantly from 2 nmol (P=0.003). These results 
suggest that NPY and SOM affect the cortical circuitry responsible for 
recognition of physiological deficiencies in essential AA, and that the 
timing of the cortical responses to the peptides may be related to the 
timing of the anorectic response. NIH P30DK35747, USDA 94-37200-0655.

528.7
GENE EXPRESSION FOR NEUROPEPTIDE Y IN BRAIN IS ASSOCIATED 
WITH CAPILLARIES AND SUGGESTS A SELECTIVE CARDIOVASCULAR 
EFFECT THAT CAN INFLUENCE NEUROENDOCRINE FUNCTIONS. 
W.J.Kuenzel*t and R. Grossmann.t fDept. Animal & Avian Sci., Univ. of 
Maryland, College Park, MD, flnst. for Small Animal Res., FAL, Celle, Germany.

Neuropeptide Y (NPY) has been shown to be a potent stimulator for food intake in 
mammals (Clark et al. 1984; Stanley and Leibowitz, 1984) and in rats augments the 
release of luteinizing hormone (Kalra and Crowley, 1984). In chicks, central 
administration of NPY similarly increases in food intake and gonadal size. An 
antisense oligonucleotide sequence (48 mer), from of the chicken NPY gene 
(Blomqvist et al. 1992), was labeled with 33P and utilized for in situ hybridization 
histochemistry with sections of chick brain. Label was present over cell bodies 
associated with capillaries, particularly in thalamic and hypothalmic regions. 
Immunocytochemistry performed in chick brain, showed that neurons surrounding 
capillaries within the diencephalon displayed NPY immunoreactivity. To establish 
whether NPY may have a direct effect on the avian cardiovascular system, chicken 
NPY (cNPY) was synthesized and given iv to chicks fitted with two catheters, one 
for peptide administration, a second for blood pressure recording. At 10p.g/100g 
body weight (BW), mean blood pressure was reduced 26.6%±3.19 (n = 4) and heart 
rate decreased 28.6%±2.86. Doses of 5 and 2.5pg/100g BW were also to reduce 
blood pressure and heart rate. The effect of peripheral administration of cNPY was 
long-lasting with heart rate remaining depressed for up to 25min. following 
5pg/100g BW. The robust effect of cNPY cn the cardiovascular system and discrete 
labelling of NPY message in neurons surrounding blood capillaries within the 
diencephalon suggests that established neuroendocrine functions of NPY, 
particularly those involving food intake and gonadal regulation, may occur due to 
the potential of this peptide to shunt blood to specific brain areas.

Supported in part by MAES Comp. Grt. POUL-FY96-97 to W.J.K and the 
Deutsche Forschungsgemeinschaft to R.G.

528.8

OBESE GENE PRODUCT DOWNREGULATES NPY mRNA IN THE 
ARCUATE NUCLEUS OF HYPOTHALAMUS. H.-Y. Li* and S.-W. 
Wen. Department of Anatomy, Chang Gung College of Medicine and 
Technology, Tao-Yuan, Taiwan 333, Republic of China.

Obese-gene product, leptin, has been shown to play a role in the 
regulation of body weight and metabolism via acting directly on central 
neuronal networks that mediate feeding behavior and energy balance. 
Neuropeptide-Y (NPY), synthesized and released from the arcuate nucleus 
of the hypothalamus, facilitates food intake and decreases thermogenesis 
suggesting NPY-containing neuron is a potential candidate by which 
leptin acts on to mediate feeding behavior. 4-6-week-old male ICR mice 
were subjected to either murine leptin (1.6 pg/g, i.p., n=6) or vehicle 
(n=6) twice daily for successive 14 days. Body weight and food intake 
were monitored throughout the period. Hybridization histochemistry 
localization of hypothalamic NPY mRNA was carried out using 35$_ 
labeled antisense cRNA probe. Consistent with previous finding, food 
intake and body weight decrease in leptin-treated animals compared to 
vehicle-treated animals. Densitometric measurements showed that chronic 
leptin treatment downregualtes NPY mRNA expression in the arcuate 
nucleus. These findings suggest that the central mechanism by which 
leptin affects feeding could be due to an inhibition of synthesis of NPY in 
the arcuate nucleus. Thus, NPY-containing neurons in the arcuate area 
appears to be a potential target for leptin to regulate food intake. Further 
studies will be valuable to demonstrate the colocalization of leptin 
receptor and NPY mRNA in this region to test this hypothesis 
anatomically .
(supported by Chang Gung Memorial Hospital and National Science 
Council of Taiwan, ROC)
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528.9
“HIGH/LOW” CARBOHYDRATE CONSUMING STRAINS OF LONG EVANS 

RATS SHOW DIFFERENTIAL NEUROPEPTIDE FLUCTUATIONS
J. McIntosh*1, S.Khan1. D. McIntyre3, H. Anisman3. Z. Merali1&2.

’Dept. of Psychology & Pharmacology, Univ. of Ottawa, & Dept. of Psychology3,
Carleton Univ., Ottawa, Ontario KIN 6N5, Canada.

We examined carbohydrate (CHO) consumption in two strains of Long Evans (LE)
rats originally bred for the rate at which they can be kindled (the “fast” and “slow” 
kindling rats). When ad libitum fed groups of rats were presented with a high CHO 
palatable “snack” for 0.5 h/day for 7 days (Graham Wafers, Christie, 6.7g/wafer. 
71.6% CHO), the “slow” rats consumed markedly more than their “fast” counterparts 
(10.01 g or 1.98% of body wt. and 4.64g or 1.09% of body wt., respectively) . Rats 
were offered submaximal amounts (1.7g) of a graham wafer for 15 min. and 
sacrificed. Analysis of trunk blood revealed that, although both strains were 
comparable in terms of their basal ACTH and corticosterone (CORT) levels, the 
“slow” group showed a significantly greater rise in ACTH and CORT levels in 
response to this “snack”. Micropunch analysis of 11 distinct brain regions revealed 
that the “slow” rats had significantly higher levels of neuropeptide Y (NPY) in the 
ventromedial (VMH), dorsomedial (DM) and paraventricular (PVN) nuclei of the 
hypothalamus. Levels of corticotropic releasing factor (CRF) and bombesin (BN) 
were also significantly higher in the VMH. Less pronounced differences were also 
apparent at other loci: the “slow” group had relatively higher levels of CRF at the 
arcuate nucleus (ARC) and the medial nucleus of the amygdala, PVN and DM. 
Finally, the “slow” rats also tended to have decreased levels of NPY in the nucleus 
tractus solitarus and increased levels of BN in the lateral hypothalamus (LH). 
Preliminary results indicate that the increased CHO intake becomes more robust with 
age and is more pronounced in females. Thus, these strains may provide a useful 
animal model for the elucidation of the genetic, gender and age related mechanisms 
underlying differences in CHO intake. Supported by MRC.

528.10
HYPOTHALAMIC NEUROPEPTIDE Y (NPY) DOES NOT 
MEDIATE HYPOTHALAMIC OBESITY. H.T. Bergen. T. 
Mizuno. J, Taylor, and C.V, Mobbs*. Dept. of Human Anatomy & 
Cell Science (H.T.B., J.T.), U. of Manitoba, Winnipeg, Manitoba, 
Canada; Fishberg Center in Neurobiology (T.M., C.V.M.), Mt. Sinai 
School of Medicine, One Gustav Levy Place, New York, NY

It has been proposed that neuropeptide Y (NPY) synthesized in the 
arcuate nucleus plays an important role in mediating the obese 
phenotype. This study addressed the hypothesis that NPY neurons in 
the arcuate nucleus mediate the obesity produced by a lesion in the 
ventromedial hypothalamus. A well-defined lesion in the ventro-
medial hypothalamus, together with hyperphagia and obesity, can be 
produced in mice by the glucose analog, gold thioglucose (GTG). 
Conversely, NPY neurons implicated in the regulation of food intake 
are destroyed when monosodium glutamate (MSG) is injected 
neonatally. Mice (C57BL/6J) were injected neonatally with either 
saline or MSG and then injected as adults with either saline or GTG. 
GTG produced a lesion in the ventromedial hypothalamus and the 
obese phenotype: increased food intake, increased body weight, 
increased leptin mRNA, and increased serum leptin. In non-MSG- 
treated mice, NPY mRNA in the arcuate nucleus was significantly 
inhibited (by 40%) rather than elevated in association with GTG- 
induced obesity. Furthermore, virtual elimination of NPY mRNA in 
the arcuate nucleus had no effect on the GTG-induced obese 
phenotype. These results indicate that NPY synthesized in the arcuate 
nucleus does not mediate the development of obesity due to a lesion 
in the ventromedial hypothalamus. (Supported by the Children's 
Hospital Research Foundation & the NIH)

528.11
CREB ANTISENSE, BUT NOT C-FOS ANTISENSE, BLOCKS 
NPY-INDUCED FEEDING. W.T. Chance*, S. Sheriff, 
A. Balasubramaniam. VA Medical Center and 
Department of Surgery, University of Cincinnati 
Medical Center, Cincinnati, OH 45267.

We have reported that cyclic AMP responsive 
element binding protein (CREB) level and 
binding is increased in hypothalamus by 
neuropeptide Y (NPY) or by food deprivation 
(Mol Pharmacol, 51:597-604, 1997). To better 
determine the relationship of CREB activity to 
NPY-induced feeding, 15 ug of CREB sense (5'CAC 
CGGTGACTAGATGACCA3'(n=7)), antisense (5'TGGTCAT 
CTAGTCACCGGTG3'(n=7)), or 1 ul CSF (n=4) was 
injected into the perifornical hypothalamus of 
adult, male, SD rats. One-hour tests of 
NPY-induced feeding (1 ug) revealed significant 
reductions in intake of chow by antisense- 
treated rats 24 hrs (0.6+0.4 vs 4.8+1.6 g) and 
7 days (1.1+0.5 vs 3.2+0.8 g) later. Two weeks 
after treatment, NPY feeding returned in the 
antisense-treated group (4.8 + 0.4 vs 3.8+1.0 
g). In a similar experiment with C-FOS anti- 
sense, NPY-induced feeding was not reduced. 
These results suggest a primary role for CREB 
in mediating NPY-induced feeding, and that NPY 
induction of C-FOS is not specifically related 
to feeding. Supported by a VA grant to WTC.

528.12
CENTRAL ADMINISTRATION OF NPY Y5 RECEPTOR ANTISENSE
OLIGONUCLEOTIDES REDUCES FOOD INTAKE AND BLOCKS NPY INDUCED 
FEEDING IN MALE RATS.
M, Tang-Christensen*L2, P. Kristensen2, and P.J. Larsenl. department of Anatomy, 
University of Copenhagen, 2HC Discovery, Novo-Nordisk A/S, Bagsvaerd, Denmark

Adult male rats were equipped with intracerebroventricular cannulae in the right lateral 
ventricle 7 days prior to experimentation. Animals were housed under 12:12 L:D 
conditions in metabolic cages with free access to food and water. Twice daily injections 
of 20mer oligonucleotide or isotonic saline (saline/control) were given for three days. 
Probes complementary to the first 20 bases of the coding region of the Y5 gene (Y5 
antisense) or composed as a random sequence with similar nucleotide content (missense) 
were used. Food intake and weight gain of rats receiving twice daily icv injections of 
saline were similar uncannulated rats (control). In contrast, food intake and weight gain 
in rats treated with Y5 antisense oligonuclotides were singnificantly lower than 
missense and saline treated rats. On day 3 animals received an icv injection of 5 pg 
NPY which potently stimulated food intake in both saline and missense treated rats. 
Central administration of NPY had no acute effect upon food intake in Y5 antisense 
treated rats. The present data further substantiate that central Y5 receptors Play an 
important role in the regulation of feeding behaviour of the rat.

528.13
THE INHIBITORY ACTION OF GLUCAGON-LIKE-PEPTIDE-1 (GLP-1) ON 
FOOD INTAKE IS MEDIATED VIA ARCUATE NUCLEI NEURONS 
ORGANIZED IN PARALLEL TO THE NEUROPEPTIDE Y (NPY) CONTAINING 
ARCUATO-PARAVENTRICULAR PROJECTION
N. Vrang*. P.J, Larsen and M. Tang-Christensen, Dept. Anatomy, University of 
Copenhagen, Blegdamsvej 3, 2200 Copenhagen, Denmark

To test whether the inhibitory effect of Glucagon-Like-Peptide 1 (GLP-1) on food 
intake in the Wistar rat is a result of either a nonspecific aversive or a specific receptor 
mediated effect, neonatal Wistar rats were treated with monosodium glutamate (MSG). 
MSG treatment infers severe lesions to the hypothalamic arcuate nucleus including the 
neuropeptide Y (NPY) projection to the paraventricular nucleus, which is a central 
stimulatory pathway of feeding. MSG-rats and non-treated littermates (control) were 
equipped with intracerebroventricular (icv) cannulas and housed under 12:12 L:D 
conditions in metabolic cages with free access to food and water. Icv injection of NPY 
(5gg) significantly increased 1- hour food intake in both MSG and control rats. Central 
administration of GLP-1 (1 Ogg) 15 min prior to NPY (5gg) significantly reduced the 
orexigenic effect of NPY in non-treated rats but had no effect on NPY-induced feeding in 
MSG treated rats. Since the lack of an effect of GLP-1 in the MSG-group could be due 
to damage to blood-brain-barrier free areas involved in taste aversion (i.e. the area 
postrema), we subjected MSG and control rats to a two-bottle taste aversion paradigm, 
using: 1) a substance with nonspecific aversive effects (d-amphetamine) and 2) a 
substance that only cause aversion in area postrema intact animals (lithium chloride). 
Both d-amphetamine and lithium chloride induced taste aversion, suggesting that the 
insensitivity of MSG rats to GLP-1 is due to the loss of GLP-1 receptors, rather than 
destruction of brain areas involved in taste aversion. Furthermore, the rise in serum 
oxytocin that usually follows aversive agents, is not seen after central administration of 
GLP-1. This further supports the idea that the effect of GLP-1 is receptor mediated and 
hence not aversive. These studies suggest a specific inhibitory action of GLP-1 on 
arcuate neurons exerting inhibition of food intake. Most likely, these cells are organized 
in parallel to the NPYergic arcuato-paraventricular pathway.

528.14
CENTRAL ADMINISTRATION OF NEUROPEPTIDE Y POTENTLY 
STIMULATES FOOD INTAKE IN MALE RHESUS MONKEYS. P.J.
Larsen*, M. Tang-Christensen, and J.L. Cameron Dept. Anatomy, Univ. Copenhagen, 
Denmark; Oregon Regional Primate Res. Ctr, OR97006, USA 
From a previous study it has been concluded that neuropeptide Y (NPY) has no effect 
upon food intake in primates 1. However, numerous experiments with other species have 
unequivocally demonstrated that NPY potently stimulates food intake via interaction 
with neurones of the hypothalamic paraventricular nucleus. Currently, we have studied 
the effect of NPY injected into the third ventricle of conscious freely moving and ad 
libitum fed rhesus monkeys (20 biscuits twice daily). Under general anaesthesia, seven 
male rhesus monkeys were equipped with permanent intravenous catheters and 
intracerebroventricular (icv) cannula situated in the dorsal portion of the third ventricle. 
Animals were allowed to recover for minimum 10 days before the first experiments 
were carried out. One, 5, 20 and 50 gg NPY was pulse injected into the third ventricle 
with the bolus arriving at exactly at the time of the afternoon feeding. Blood samples 
were taken every ten minutes during the first two hours after NPY administration. To 
maintain haematocrit blood was collected in sterile tubes and RBCs were resuspended 
and returned to the animals. A number of endocrine parameters were monitored 
inlcuding blood-glucose, plasma insulin, cortisol, vasopressin and oxytocin.
NPY potently and dose-dependently stimulated food intake in conscious male monkeys 

with a maximal effect induced by 5 and 20 gg. With the use of the highest dose (50 
gg), most animals displayed a behavioural pattern characterized by drowsiness, loss of 
alertness and slight sedation. Maximal stimulation of food intake more than doubled the 
intake of food in ad libitum fed monkeys suggesting that NPY has a orexigenic effect in 
satiated primates. Future experiments will demonstrate whether this effect is inhibited 
by concomitant application of some of the NPY antagonist currently available. 
lSipols, A.J. et al. 1996 Physiol. Behav. 60:717-719 
This study was generously supported by NovoNordisk A/S.
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528.15
EFFECTS OF PVN INJECTIONS OF THE 5-HTu/c RECEPTOR AGONIST 
DOI ON NEUROPEPTIDE Y EATING AND ENERGY SUBSTRATE 
UTILIZATION. P.J. Currie* and D.V. Coscina. Dept. of Psychology, Wayne 
State University, 71 W. Warren Ave., Detroit, MI, 48202.

Recent evidence suggests that neuropeptide Y (NPY), a 36 amino acid 
polypeptide hormone widely distributed in the mammalian brain, plays an 
important role in the integrative mechanisms controlling energy intake and 
metabolism. Microinjection of NPY into the paraventricular nucleus (PVN) of 
the hypothalamus stimulates a robust eating response associated with rapid 
weight gain and increased body fat deposition. NPY administered into the PVN 
also evokes dose-dependent increases in respiratory quotient (RQ) indicating a 
possible role of this peptide in modulating energy substrate utilization. Other 
evidence suggests that the hyperphagic effects of NPY may be antagonized by 
enhanced PVN serotonergic (5-HT) neurotransmission. Therefore, the objective 
of the present study was to further characterize the interactive effects of NPY 
and 5-HT on feeding and whole-body calorimetry. Specifically, we examined 
the effects of the 5-HT2A/c receptor agonist DOI on NPY stimulated eating and 
alterations in RQ. In feeding tests, DOI (5-20 nmol/0.4 fd) was injected into the 
PVN 10 min prior to NPY (100 pmol) and food intake was measured 1 h 
postinjection. The metabolic effects of NPY (50 pmol) following DOI 
pretreatment were determined using an open-circuit calorimeter by measuring 
the volumes of oxygen consumed (VO2) and carbon dioxide expired (VCO2). RQ 
was then determined as VCO2/VO2. PVN injection of NPY potentiated feeding 
and evoked reliable increases in RQ. DOI, however, antagonized NPY induced 
eating and partially blocked the peptide’s effects on RQ, indicating that NPY’s 
effects may be attenuated by 5-HT2A/c receptor stimulation within the PVN. 
(Supported by WSU).

528.16
FOOD INTAKE INHIBITION AND BODY WEIGHT LOSS IN 
RATS TREATED WITH GI264879A, AN NPY-Y1 RECEPTOR 
ANTAGONIST. J. E, MATTHEWS, W. T, CHANCE#, M. K. GRIZZLE. 
D. HEYER AND A. J. DANIELS*. Dept. Metabolic Diseases and Medicinal 
Chemistry, Glaxo Wellcome Inc., Research Triangle Park, N.C. 27713 and 
University of Cincinnati Medical Center*, Cincinnati, OH 45267.

Neuropeptide Y (NPY) has been proposed to play a major role in the 
hypothalamic regulation of feeding behavior through the activation of 
specific, central NPY receptor(s). We have synthetized a series of substituted 
dipeptides based on defined pharmacophores, previously identified by us and 
others, essential for interaction with the peptide receptors. We report here on 
the in vitro and in vivo pharmacological characterization of the dipeptide GI 
264879A. The compound showed low micromolar affinity for Y1 receptors in 
SK-N-MC or CHO cells transfected with human Y1 receptors and, 
antagonized NPY in a Y1 receptor- mediated functional assay. Y1 receptors 
have been implicated in feeding behavior thus, we tested GI 264879A on the 
feeding induced by NPY in different rat models. Intraperitoneal 
administration of GI264879A resulted in a dose-dependent inhibition of food 
intake in scheduled fed rats and in sated rats made hyperphagic by 
intrahypothalamic injection of NPY or NPY2-36. The compound failed to 
inhibit food intake in vagotomized (subdiaphragmatic) schedule fed animals, 
even at the highest dose. Zucker Fatty rats treated with one or multiple ip 
injections (once a day for 4 days) significantly decreased their food intake 
and body weights. The weight loss correlates with loss of adipose mass, with 
no effect or a slight increase in lean mass. In addition, plasma triglycerides 
were significantly reduced in Zucker fatty rats throughout the drug treatment 
in contrast to lean animals where there was no effect on triglycerides.

528.17
PROCESSING OF HYPOTHALAMIC PRO-NEUROPEPTIDE Y DURING ZINC 
DEFICIENCY J. Woodson*. E. Grouzmann1, and N, Shav1*; + Centre Hospitalier 
Universitaire Vaudois, Division d'hypertension, Hopital Nestle, Lausanne, Switzerland; 
♦Division of Nutritional Sciences and Department of Food Sci. & Human Nutrition; 
University of Illinois, Urbana, IL 61801.
Zinc deficient (-Zn) rats show marked anorexia and growth retardation compared to rats 
consuming a Zn-adequate (+Zn) diet. The mechanism causing this anorexia is not well 
understood, although prior work from our own lab has demonstrated that there are higher 
levels of total NPY-IR in the paraventricular nucleus (PVN), higher NPY mRNA levels 
in the arcuate nucleus (ARC), and reduced circulating leptin levels during zinc 
deficiency. We have been investigating the changes in neuropeptide metabolism in the 
hypothalamus during zinc deficiency. Herein, we report findings from two studies: I - 
An ELISA-based assay detecting relative levels of pro-NPY and mature NPY in the 
PVN and ARC; and II - Measurement of carboxypeptidase (CP) activity in hypothalamic 
tissue obtained from +Zn and -Zn rats. Male Sprague-Dawley rats were provided either 
a +Zn or -Zn diet for 21 d, a third group was pair-fed (PF) a +Zn diet at the reduced 
amount consumed by the -Zn group. All rats were killed at the onset of the dark cycle 
and hypothalamic tissue was microdissected to provide tissue containing either the PVN 
or ARC. Study I The measurement of NPY was based on the use of 2 monoclonal 
antibodies directed against the N-terminal part and the 32-36 amidated region of NPY 
in a specific sandwich ELISA. ProNPY concentrations were determined by an ELISA 
using an anti-CPON (C-flanking peptide of NPY) and an anti-NPY monoclonal 
antibody. No differences in total NPY or pro-NPY levels were measured, although there 
was a trend of a higher [proNPY/ NPY] ratios in the ARC of -Zn rats vs. both +Zn and 
PF rats [0.30 vs. 0.22; proNPY/NPY], Study II utilized an I-125-labeled ‘Y-A-R’ 
tripeptide as a substrate for CP activity. CP levels/mg protein were higher by 2-fold in 
-Zn and PF groups than +Zn (p < 0.05). Results from studies 1 and II indicate that 
processing of NPY may not be substantially impacted by zinc deficiency. Supported by 
NIH R-01 AG-13586

528.18
NEUROPEPTIDE Y (NPY) IN THE HYPOTHALAMUS IN RELATION TO A 
HIGH-CARBOHYDRATE DIET IN ADULT RATS. J. Wang, J.T. 
Alexander*, P. Harris, J. Lighter, R. D’ Ugarte, A.M. Velasco and S.F.
Leibowitz. Rockefeller Univ., N.Y., N.Y. 10021.

NPY, in a projection from the arcuate nucleus (ARC) to ' the 
paraventricular nucleus (PVN), may have a role in the control of food intake, in 
particular, the ingestion of carbohydrate. This study examined changes in NPY 
gene expression in animals given a single diet with varying content of 
carbohydrate. Male Sprague-Dawley rats were maintained on a high- 
carbohydrate diet (HCD, 60% carbohydrate + 10% fat, n=7), a control diet (CON, 
44% carbohydrate + 29% fat, n=7) or a low-carbohydrate diet (LCD, 10% 
carbohydrate + 60% fat, n=7) for 4 weeks. At sacrifice, blood was collected for 
serum corticosterone (CORT) assay. Brains were analyzed using in situ 
hybridization, with digoxigenin-labeled cRNA probe for NPY mRNA level and 
immunocytochemistry for NPY peptide. Compared to CON and LCD, the HCD 
resulted in higher CORT level (+20% to 25%, p<0.05) and increased NPY 
mRNA (+20% to + 33%, p<0.05) and peptide-ir in ARC (+28% to +36%, 
p<0.05) and peptide-ir in PVN (+37% to 44%, p<0.05). No significant 
differences in CORT and NPY were seen between the CON and LCD (high-fat 
diet) groups, and no other brain areas were altered by the HCD. To further 
investigate a possible relationship between NPY, carbohydrate and CORT, 
animals (n=10) were allowed to select freely from 3 macronutrient diets over 4 
weeks. Blood and brains were treated as above. The results showed NPY mRNA 
in the ARC to be positively related to the rats’ voluntary selection of 
carbohydrate (r=+0.82, p<0.01) and to circulating levels of CORT (r=+0.72, 
p<0.05). Moreover, NPY peptide-ir in ARC was positively correlated with 
peptide-ir in the PVN (r=+0.81, p<0.05) but not other areas. These studies 
suggest that this activity in the NPY projection, from ARC to PVN, shifts in 
relation to dietary carbohydrate, as well as to CORT, which is known to have a 
primary function in carbohydrate homeostasis.

528.19
DURATION OF THE ANORECTIC ACTION OF
NORBINALTORPHIMINE ON NEUROPEPTIDE Y-INDUCED 
FEEDING IN RATS. D.C. Jewett*. M, Grace. C.J. Billington and 
A.S. Levine. Dept. of Psychology, Barat College, Lake Forest, IL 
60045 and VA Medical Center, Minneapolis, MN 55417.

Norbinaltorphimine (nor-BNI) has been described as an antagonist 
selective for fcappa-opioid receptors. Its long duration of action has 
been described in several species and in vivo assays. Previously, we 
have found that nor-BNI decreases opioid-induced feeding for up to 35 
days. The present study assessed the ability of nor-BNI (50 nmol, 
i.c.v.) to reduce the orexigenic effects of Neuropeptide Y (NPY; 5 jig, 
i.c.v.). A single injection of saline (SAL) or nor-BNI was administered 
with the initial injection of NPY. Rats were injected with NPY on 
subsequent days (days 2, 7, and 14). Food intake was measured hourly 
for 4 hrs. NPY reliably produced a 3-fold increased in food intake. On 
days 1 and 2, nor-BNI reduced NPY’s effects during the first hr by 
68% and 56% (p<05), respectively. However, nor-BNI-NPY treated 
animals ate considerably more than SAL-NPY treated animals during 
hrs 3 and 4 (p<05). Tests conducted on later days showed no 
significant effects of nor-BNI. These results indicate that nor-BNI 
decreases the orexigenic effects of NPY for 2 days. The duration of 
nor-BNI's actions are dependent upon the orexigenic agent. When 
NPY is used to induce feeding, nor-BNI's action is of relatively short 
duration (2 days) compared with nor-BNI's actions against opioids in 
this and other in vivo assays. Supported by Department of Veterans 
Affairs, NIDA DA03999, and NIDDK 50456.
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529.1
ROLE OF THE DURA IN CONDITIONED TASTE AVERSIONS INDUCED BY 
COOLING THE AREA POSTREMA. Yuan Wang, Kathleen C, Chambers*. 
Psychology Department at University of Southern California, Los Angeles, CA 
90089-1061.

Permanent or temporary (by cooling) lesions of the area postrema (AP) cause a 
malaise which can induce conditioned taste aversions (CTAs). It has been suggested 
that this malaise is the result of inactivating the neuronal function of the AP. The 
following two experiments were designed to determine what role inadvertent cooling 
of the dura plays in the AP-cooling-induced CTAs. For both experiments, all rats 
were given access to a 10% sucrose solution for 1 hour on acquisition day and then 
they were exposed to neural cooling. Two days later, daily extinction trials were 
initiated. The consumption of sucrose solution on acquisition day was compared to 
that on extinction day 1. In experiment 1, fifteen male rats were divided into two 
groups: cooling the dura above the AP but not cooling the AP (n=6) and no cooling 
(n=8). The cooling group showed a decrease in the amount consumed and the no 
cooling group showed no change. In experiment 2, fourteen male rats were divided 
into two groups: cooling the AP but not cooling the dura above the AP (n=7) and 
cooling the dura 2.00 mm away from the AP (n=7). Both groups showed a decrease 
in consumption but the AP cooling group showed a greater decrease than the dura 
cooling group. These results suggest that AP-cooling-induced CTAs only partially 
can be accounted for by cooling the dura. Inactivation of the neuronal function of the 
AP may play a more important role in inducing a CTA. Supported by USC-FRIF.

529.2
ESTROGEN PAIRING DOES NOT CONDITION A TASTE 
AVERSION IN FEMALE RATS. J.L.King, P.S.Grigson1, H.J. 
Grill, and L.M.Flanagan-Cato.* Dept. Psychology and Inst. 
Neurological Sci., Univ. Pennsylvania, Philadelphia, PA and iDept. 
Behavioral Sci., Penn. State Univ. Coll. Medicine, Hershey, PA.

Estrogen is well known to reduce food intake in female rats, and 
previous studies have suggested that this hypophagic effect may be 
due to an estrogen-induced learned taste aversion. To investigate the 
proposed aversive effect of estrogen, we used taste reactivity analysis 
to distinguish between aversion and avoidance. Ovarieetomized rats 
were adapted to a schedule of access to water. During a single-trial, 
2-hr acquisition, the conditioned stimulus (saccharin solution, 0.1%) 
was given instead of water, followed immediately by an injection of 
either vehicle (oil) or estradiol benzoate (10 ug, sc). In 2-bottle 
preference tests on subsequent days, vehicle-paired rats preferred the 
saccharin solution, whereas the estrogen-paired rats clearly preferred 
water. Taste reactivity analysis, however, did not provide evidence 
for an aversive process mediating the preference shift. Specifically, 
estrogen-paired animals displayed tongue protrusions and rhythmic 
licking behavior to saccharin, but not aversive responses such as 
gaping or chin rubbing. These results suggest that estrogen causes 
flavor avoidance, but not aversion, in female rats. Supported by 
MH43787 and DA098151.

529.3
THE EFFECTS OF LESIONS OF AMYGDALA ON CONDITIONED 
TASTE AVERSION DEPEND ON THE TYPE OF CONDITIONING 
METHOD. G.E. Schafe* & I.L. Bernstein. Department of Psychology, 
University of Washington, Seattle, WA 98195

We have previously demonstrated that bilateral electrolytic lesions of 
amygdala (AMYG) eliminate evidence of conditioned taste aversion 
(CTA), a finding which stands in contrast to prior studies that have shown 
attenuation but not necessarily elimination of CTA learning by AMYG 
lesions. However, rats in our studies were conditioned and tested using an 
intraoral (I/O) infusion procedure, a protocol that does not involve a 
response requirement and thus differs from that of the vast majority of 
CTA studies where animals are conditioned and tested by drinking solution 
from a bottle. In the following series of studies, we therefore examined 
whether the role of AMYG in CTA learning could vary with particular 
features of the conditioning and/or testing paradigm. Rats were given 
bilateral electrolytic lesions of AMYG or SHAM operations. In the first 
study, rats were conditioned using an I/O infusion of 0.15% saccharin (CS) 
followed by injection with LiCl (0.15M, 20 ml/kg, i.p.) and later tested 
both intraorally and with a 2-bottle choice between saccharin and water. In 
the second study, rats were both conditioned and tested using a bottle 
presentation of saccharin. Consistent with our previous findings, lesions of 
AMYG eliminated evidence of CTA learning in rats conditioned using an 
I/O method regardless of the test used to evaluate conditioning. In contrast, 
lesions of AMYG attenuated, but did not eliminate, CTA learning when rats 
were conditioned using bottle presentation of the CS. These findings 
indicate that the importance of AMYG in CTA learning can vary 
depending on the type of conditioning procedure and are consistent with 
the hypothesis that the effects of AMYG lesions on CTA learning depend 
on the extent to which the conditioning protocol incorporates response or 
instrumental components. Supported by NIH DC00248

529.4
CONDITIONED TASTE AVERSION IN DEER MICE: SEX 
DIFFERENCES AND EFFECTS OF A PULSED MAGNETIC 
FIELD. E, Choleris. A. W. Thomas. K.-P. Ossenkopp. F. S. Prato. 
M, Kavaliers and R, R. Shivers*. Univ. Parma, Parma, Italy and 
Univ. Western Ontario, London, Canada.

Deer mice, Peromyscus maniculatus, are a polygynous species of 
rodent that exhibit sex differences in a variety of learning associated 
behaviors. Early field and laboratory studies indicated that they quickly 
developed an apparently long lasting avoidance of poisoned baits. 
There, have, however, been no systematic examinations of conditioned 
taste aversion (CTA) in this species. We show here that both male and 
female deer mice developed a rapid aversion to sucrose solution that 
had been paired with lithium chloride. Males displayed a longer lasting 
taste aversion and slower extinction than females. Both sexes displayed 
a complete extinction after 4-5 days with no evidence of any residual 
aversion ten days later.

Results of prior investigations have revealed that magnetic fields can 
influence learning in a sexually dimorphic manner. We show here that 
exposure to a specific pulsed extremely low frequency magnetic field 
that has a variety of behavioral effects did not elicit a CTA. Rather, 
the magnetic field reduced the neophobic response of males to a novel 
taste and eliminated sex differences in basline taste preference. 
Supported by NSERC and MRC.

529.5
TOXIN-INDUCED PALATABILITY SHIFTS: RAPID 
CONDITIONED EFFECTS WITH LiCl. K.-P, Ossenkopp*, S. 
Cross and S.N.D.A. Clarke. Neuroscience Program, University of 
Western Ontario, London, Ontario, Canada N6A 5C2.

Pairing a novel taste with the systemic effects of a toxin, such as 
LiCl, can produce rapid and robust changes in the palatability of the 
taste stimulus. This study used a rapid gustatory conditioning 
paradigm to examine the effects of intraperitoneal (IP), intraoral (IO) 
or combined IP, IO administration of LiCl on taste reactivity 
responses to a normally preferred sucrose solution. On two 
consecutive days, rats with intraoral cannulae were injected with NaCl 
or LiCl solutions (3 meq, 0.15 M) followed by five 1 min intraoral 
infusions of a 0.3 M sucrose solution containing either 0.12 M NaCl 
or LiCl at 15 min intervals. Control rats, which received both IP and 
IO NaCl, exhibited high levels of ingestive responding at all times. IP 
plus IO application of LiCl produced the strongest shift in palatability, 
evidenced by decreases in ingestive responding and increases in 
aversive responding. Separate IP or IO application of LiCl also 
produced significant shifts in palatability which differed in their 
pattern of change in taste reactivity. These results support the 
existence a rapid toxin detection and defence mechanism in rats. 
(Supported by NSERC of Canada.)

529.6
MAGNETIC FIELD CONDITIONED TASTE AVERSIONS IN RATS. D. W. 
PITTMAN*, C. M. NOLTE. R. HENDERSON and J. C. SMITH. Department of 
Psychology, Program in Neuroscience, The Florida State University, Tallahassee, 
FL 32306-1051

Taste aversion is a common classical conditioning procedure used to identify 
noxious stimuli. When a rat is given a taste solution, the conditioned stimulus 
(CS), followed by an unpleasant experience, the unconditioned stimulus (US), the 
rat will avoid consumption of the CS in future presentations. These experiments 
use the taste aversion procedure to examine the effect of exposure to a high 
magnetic field. A mixture of 3 % glucose and 0.1 % saccharin solution (GS) was 
used as the CS and a 9.4 Tesla magnet served as the US. In the first experiment, all 
rats received a 10 min presentation of the GS solution followed by either a 30 min 
exposure to the magnetic field (magnet-exposed, n=8), a 30 min exposure in a 
container with similar conditions but lacking the magnetic field (sham, n=8), or no 
exposure (control, n=8). The magnet-exposed group showed a taste aversion (p <
0.05) on the first day of preference testing. Within die magnet-exposure group, the 
responses of individual rats ranged from showing weak taste aversions which 
extinguished quickly to robust taste aversions which remained significant through 
day 8 of post-exposure testing. The second experiment employed the same US-CS 
protocol for 3 consecutive days of conditioning. The magnet-exposure group 
demonstrated a taste aversion (p < 0.01) for the post-exposure days 1 through 8. 
There was no difference between the sham and control groups in either experiment. 
The results of these studies clearly demonstrate that the rats associated the GS 
solution with the experience of being exposed to the high magnetic field, and 
avoided the solution in subsequent presentations.

This research was supported by the Office of the Vice President for Research at 
The Florida State University.
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529.7
C-FOS EXPRESSION IN THE MEDULLARY RETICULAR FORMATION 
ASSOCIATED WITH ORAL REJECTION BEHAVIOR IN RATS. L.A.
DiNardo* and J.B. Travers. Depts. of Psychology and Oral Biology, Ohio 
State University, Columbus, OH 43210.

The control of ingestion and rejection reflexes involves specific regions of 
the medullary reticular formation (RF). Using immunohistochemical 
techniques to detect the expression of the Fos protein product of the 
immediate-early gene c-fos, we previously found that rejection of quinine 
resulted in significantly more Fos-like immunoreactive (FLI) neurons within 
three RF subdivisions (parvocellular [PCRt], intermediate, and dorsal 
medullary reticular nuclei) compared to sucrose-stimulated or unstimulated 
animals (J. Neurosci. (1997), in press). Because of the close association of 
these RF areas with oromotor control, this led to the hypothesis that this 
specific distribution of FLI neurons reflects the activation of an “oral rejection” 
circuit. To test this hypothesis, we examined the distribution of FLI neurons in 
the RF under other conditions that also elicit oromotor rejection (gape) 
responses. This included intra-oral (i.o.) stimulation with 1) 100 pm capsaicin 
(CAP) and 2) 0.1 M sucrose following conditioned taste aversion (CTA). As a 
control for the potential effects of aversive conditioning on FLI expression, the 
distribution of FLI neurons in the RF was examined following stimulation with 
40% lactose, a stimulus that rats learn to avoid, yet not orally reject following 
i.o. infusions. The results of these studies showed that although capsaicin and 
sucrose (following CTA) were not as effective in eliciting significant increases 
in the number of FLI neurons in the RF as quinine stimulation, the pattern of 
FLI label in both the CAP and CTA groups was similar to the quinine group. 
Furthermore, counts of FLI in the ventromedial PCRt for both the quinine and 
CTA groups significantly exceeded control groups. These findings support the 
hypothesis that oral rejection is associated with activation of specific groups of 
neurons within the RF. Supported by DC00417 to JBT.

529.8
MICROSTRUCTURAL DIFFERENCES BETWEEN SCHEDULED AND 
SPONTANEOUS LIQUID MEALS IN RATS. P. A. Rushing*, T. A. Houpt, and
J. Gibbs. Bourne Laboratory, Department of Psychiatry, Cornell University 
Medical College, White Plains, NY 10605.

We have recently shown that during spontaneous meals of an ad lib milk 
diet rats maintain a high rate of licking until an abrupt decline occurs at the 
end of the meal (Rushing et al., 1997). This contrasts with the exponential 
decline of lick rate previously reported in scheduled meals of a similar diet 
(Davis et al., 1994). The present study examined the transition from 
scheduled to ad lib feeding of a milk diet in the same group of rats. Seven 
adult male Sprague-Dawley rats were individually housed in lickometer cages 
with a reverse 12-h light-dark cycle (lights off, 1300 h). They were maintained 
on ad lib ground lab chow and water. At dark onset, they received a 
scheduled 30-min test meal of a milk diet. Chow was removed 30 min prior to 
presentation of the milk and returned immediately at the end of the test. After 
14 days of scheduled meals, animals were maintained solely on ad lib milk 
and water for 16 days. Rats were then returned to scheduled meals for 16 
days. During both scheduled and ad lib milk meals, licks were recorded at 
millisecond accuracy via an electronic lickometer. For statistical analyses, the 
first spontaneous nocturnal meal during ad lib milk was compared to 
scheduled meals. Initial lick rate (licks/1 st min) and overall lick rate were 
significantly increased when rats were switched from scheduled to ad lib 
feeding of the milk diet. Further, local lick rate was also increased, as 
evidenced by a significantly lower interlick interval (ILI). When returned to 
scheduled meals, initial and overall lick rate significantly decreased and ILI 
increased. In conclusion, these results show that scheduled versus ad lib 
access to food has a substantial effect on the microstructure of a meal. 
Supported by USPSH grants MH18390, DC03198, and DK33248.

529.9
EFFECTS OF THE DOPAMINE AGONIST 7-OH-DPAT ON THE 
MICROSTRUCTURE OF LICKING IN THE RAT. S.J. Cooper* and Rachel F, 
Genn. Department of Psychology, University of Durham, Science 
Laboratories, South Road, Durham, DH1 3LE, England.
The decrease in digestive behaviour following administration of directly -or 
indirectly-acting agonists is well known, and there has been increasing interest in 
the respective contributions of dopamine receptor subtypes to anorectic effects. 
The dopamine D3 receptor has been cloned, but its functional roles are not well 
characterised, although some evidence points to involvement in drug-related 
reward. In this study our aim was to investigate the effects of the putative D3 
receptor agonist, 7-OH-DPAT on the microstructure of licking responses in non- 
deprived rats. In a 20- min test, trained adult, male hooded rats had access to 
one of three solutions: 1%,3% or 10% sucrose. 7-OH-DPAT (0.1-1.0 mg/kg) or 
vehicle was injected i.p. 20 min prior to the start of the licking test. A 
lickometer recorded the timing of each lick and from the lick data for each 
session, several microstructural parameters were computed: bout frequency, 
bout duration, interlick intervals and intrabout lick rate. 7-OH-DPAT produced 
a significant, dose-dependent decrease in the total intake and in the total number 
of licks for each of the sucrose solutions. The microstructural analysis indicated 
that 7-OH-DPAT dose-dependently reduced the bout durations and the 
frequency of bouts. Analysis of the licking rates over the test session showed 
that 7-OH-DPAT affected licking rate at the start of the session (within the first 
60s), rather than affecting the rate of decline of licking over the test. One 
possible interpretation of these data is that 7-OH-DPAT reduced the palatability 
of the ingested solutions highlighting a possible role for D3 receptors in this 
aspect of food reward.
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530.1
SEROTONERGIC MECHANISM OF THE LATERAL PARABRACHIAL 
NUCLEUS ON NaCI INTAKE INDUCED BY ISOPROTERENOL AND 
ACUTE VOLUME DEPLETION. J. V. Menani*, L. A. De Luca Jr. and A. K. 
Johnson. Department of Psychology and Pharmacology and the 
Cardiovascular Center, University of Iowa, Iowa City, IA 52242, USA, and 
Departamento de Ciencias Fisiologicas, Faculdade de Odontologia, 
UNESP, Araraquara, SP, Brazil.

In this study we investigated the effects of bilateral injections of a 
serotonergic receptor antagonist (methysergide) into the lateral 
parabrachial nucleus (LPBN) on the intake of NaCI and water induced by 
subcutaneous (sc) isoproterenol and acute (1 h) sodium depletion with the 
injection of the diuretic furosemide. Rats had stainless steel cannulas 
implanted bilaterally into the LPBN. Bilateral LPBN injection of 
methysergide, (4 p.g/200 nl each site) increased 0.3 M NaCI intake 
(13.8+4.5 x 0.5+0.2 ml/2 h with vehicle into LPBN) induced by sc injection 
of isoproterenol (30 pg/kg b. wt.). Bilateral methysergide into LPBN also 
increased 0.3 M NaCI intake (3.1+1.3 x 0.2+0.1 ml/2 h after vehicle into 
LPBN) induced 1 h after sodium depletion with sc injection of furosemide 
(10 mg/kg b. wt.). Isoproterenol-induced water intake that occurred 
simultaneously to sodium intake also increased with bilateral injections of 
methysergide into LPBN. The results show that sc isoproterenol as well as 
acute furosemide treatment are able to produce significant NaCI intake 
after the blockade of serotonergic mechanisms in the LPBN.

Research Supported by FAPESP (93/0167-7); CAPES-AEX (1400/94-0) 
and NHLBI-USA (HL-14338 and HL-44546).

530.2
GLUTAMATE AND THE ROLE OF THE LATERAL PARABRACHIAL 
NUCLEUS IN THE CONTROL OF WATER AND SALT INTAKE IN 
RATS. J. Xu, C.H. Woodworth* and A.K. Johnson. Depts. of Psychology 
and Pharmacology and the Cardiovascular Center, Univ. oflowa, Iowa City, 
IA 52242

The lateral parabrachial nucleus (LPBN) has been demonstrated to have an 
inhibitory role in the control of water and salt intake induced by extracellular 
fluid depletion. This study examined the role of the glutamate mechanisms in 
the LPBN in renin-angiotensin mediated water and sodium intake. The non- 
N-methyl-D-aspartic acid (n-NMDA) receptor antagonist 6,7-dinitroquinox- 
aline-2,3-dione (DNQX; 25 nmol/p.1) was dissolved in DMSO as a vehicle. 
Rats were injected with either DNQX or vehicle bilaterally (200 nl each site) 
into the LPBN 1 hr after combined treatment with furosemide (FURO; 10 
mg/kg, sc) and captopril (CAP; 5 mg/100 g, sc) which induces hypovolemia 
and hypotension and in turn, both water and 2% NaCI solution intake. Rats 
treated with DNQX showed significantly enhanced salt and water intake 
compared with vehicle-treated controls. Significant enhancement of water 
and salt was also observed at lower doses of DNQX (10 nmol/p.1 and 5 
nmol/p.1). When a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid 
(AMPA; 2 nmol/p.1), a n-NMDA receptor agonist was injected before 
DNQX, the enhancement in water and salt intake induced by the FURO/CAP 
treatment was blocked. The results suggest that a glutamate related n- 
NMDA receptor mechanism is involved in the control of salt and water intake 
associated with the LPBN. Supported by NHLBI HL14388, HL57472 and 
NASANAGW-4358.
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530.3
INTRAVENOUS CAPTOPRIL BLOCKS SODIUM APPETITE CAUSED BY 
SODIUM DEPLETION, BUT NOT BY INJECTION OF ANGIOTENSIN I IN 
THE BRAIN. G.H.M, Schoorlemmer, A.K. Johnson and R.L. Thunhorst*. 
Departments of Psychology and Pharmacology and the Cardiovascular Center, 
University of Iowa, Iowa City, LA 52242-1407.

We investigated the role of circulating angiotensin (ANG) II in salt appetite. 
We equipped 6 male rats with cannulas in the lateral brain ventricle, femoral 
vein, and femoral artery, and allowed them to recover from surgery for at least 7 
days. We depleted the rats of sodium by injecting furosemide (10 mg/kg s.c.) and 
we removed food, but not drinking water, for 17 hours. During these 17 hours 
we infused either captopril (CAP; 2.5 or 10 mg/h) or vehicle (5% dextrose, infu-
sion rate 0.6 mL/h) intravenously. At the end of this depletion period, changes in 
blood volume (-6%) and plasma [Na+] (-5 mM) were similar in rats treated with 
CAP and vehicle, although rats infused with CAP drank less, and excreted less 
water, Na+, and K+ during depletion. On subsequent presentation of 0.3 M NaCl, 
rats infused with vehicle drank 14±3 mL in 2 hours, but rats infused with 2.5 or 
10 mg/h of CAP drank only 3±1 mL. Only a few rats drank water. After this test 
we injected 200 ng ANG I iv. This did not increase blood pressure in rats 
infused with CAP, indicating CAP blocked conversion of ANG I in the circula-
tion. However, the CAP infusions did not prevent conversion of ANG I in the 
brain, because both vehicle-treated and CAP-treated rats drank water (3-5 mL/10 
min) and saline (4-5 mL/10 min) after icv injection of ANG I (20 ng in 2 ji L). 
These experiments support the conclusion from previous work that the salt appe-
tite caused by sodium depletion is mediated by circulating ANG II. Our data also 
support the hypothesis that circulating ANG II stimulates angiotensinergic path-
ways within the brain to cause salt appetite. Supported by NIH HL54292.

530.4
THE ROLE OF LATERAL HYPOTHALAMIC NEURONS IN CONDITIONED 
TASTE AVERSION AND SODIUM APPETITE. S.A. Ruch*, P.S. Grigson, and 
R, Norqren. Department of Behavioral Science, College of Medicine, Penn 
State University, Hershey, PA 17033.

Twenty-one rats received bilateral ibotenic acid lesions (0.5 pi, 20 pg/pl) 
of the lateral hypothalamus (LH) and 12 rats served as controls (6 surgical 
and 6 nonsurgical). Conditioned Taste Aversion (CTA): Acquisition and 
Retention. During preoperative conditioning, water deprived rats were given 
15 m access to a conditioned stimulus (CS: 0.3 M alanine or 0.01 M malic 
acid) and, after a 15 m interval, were injected ip with an unconditioned 
stimulus (US: 0.15 M UCI, 1.33 ml/ 100 g bw). Three such CS-US pairings 
occurred with 2 days between trials. Following the lesions, retention for the 
preoperative CTA was evaluated using three 15 m, 2-bottle preference tests 
(dH2O vs. CS) and one 15 m, 1-bottle test (CS only). Acquisition of a new 
CTA was then evaluated using the same training procedures, but with a novel 
CS. Sodium Appetite, All rats received 2 injections of the diuretic furosemide 
(7mg sc), spaced 2 hrs apart, followed 24h later by a 2-bottle test (dH2O vs.
0.51 M NaCl) measuring intake from 15 m to 24h. Physiological Challenge. 
Each rat received a dehydration challenge (0.015 M or 0.85 M NaCl; 20 ml/kg 
bw ip). Intake of dH2O was measured 1, 2, and 3 hrs later. The histology 
revealed two distinct lesion populations, one anterior and one posterior, with 
lesions centered -2.8 ± 0.1 mm and -3.8 ± 0.1 mm behind bregma, 
respectively. The lesioned rats retained a preoperatively acquired CTA and 
had a moderately disrupted Na+ appetite. Only rats with posterior lesions were 
impaired during postoperative acquisition of the new CTA. Rats with more 
anterior lesions had no difficulty acquiring a CTA postoperatively, but failed to 
respond to the dehydration challenge. Thus it appears that the more anterior 
damage interfered with fluid balance; the posterior lesions, with CTA learning. 
Supported by NIH grants DC00240, MH43787, DC02016, and MH00653.

530.5
FOS EXPRESSION IN RELATION TO SODIUM APPETITE. 
A. Morien* and N.E. Rowland. Psychology Dept., 
University of Florida, Gainesville, FL 32611

Both low sodium diet and direct treatment 
with enalapril are known to induce sodium 
appetite in rats, but this behavior is mainly 
nocturnal. We examined whether the 
responsiveness of neurons to Ang II was 
affected by the treatments and as a function of 
time of day. Three groups of male SD rats 
underwent two week treatment with (a) a mini-
pump infusion of ENAL (3 mg/kg/day), or (b) a 
low Na diet (DIET, 0.03-0.05% Na) , or (c) a 
normal diet (CONTROL, > 0.2% Na) . Rats were
injected with ANG II at lam or 1pm and 
sacrificed. Brains were sectioned and underwent 
fos immunocytochemistry. In the median preoptic 
nucleus and subfornical organ, ENAL increased 
and DIET decreased fos-like immunoreactivity 
(FLI) in relation to CONTROL. In supraoptic 
nucleus ENAL increased FLI and in 
paraventricular nucleus diet decreased FLI. 
ENAL and DIET plasma renin activity was 
elevated compared to CONTROL. An effect of 
time was not evident. Grant: NIH-NRSA Postdoctoral 
Fellowship

530.6
PERINATAL DIETARY SALT LEVEL: IMPACT ON ADULT 
RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEMS AND 
BEHAVIOR. N.E. Rowland, E.C. Crews, S.L. Young 
and S.L. Semple-Rowland*. Psychology and Neuro-
science, Univ of Florida, Gainesville FL 32611.

Adult female Sprague-Dawley rats were fed a 
natural ingredient diet containing either basal 
(0.1%), mid (1%) or high (3% w/w) levels of NaCl 
prior to mating and throughout gestation and 
lactation. Offspring were sacrificed at either 
7 or 21 days of age (doa) for brain angiotensin 
(Ang) II receptor measurement by autoradiography 
{under analysis} or, at 28 doa, were placed on 
regular diet until adults. When the pups were 
weaned (21 doa) , the dams were sacrificed for 
measures of plasma aldosterone, renin activity, 
and brain Ang II receptors. Relative to basal 
NaCl diet offspring, high diet offspring tested 
as adults showed increased water intake after 
acute SC injection of either isoproterenol or 
Ang II, but sodium appetite (0.45M NaCl) to 
either acute sodium depletion (furosemide) or 
chronic enalapril did not differ between groups. 
There were also no group differences in plasma 
hormones changes when adults were re-exposed for 
20 days to either low, mid or high NaCl diet. 
Support: NIH PO1-DC02641 (PD: R.J. Contreras)

530.7
EFFECT OF FOURTH VENTRICULAR CHOLECYSTOKININ 
OCTAPEPTIDE ON SODIUM APPETITE IN INTACT AND AREA 
POSTREMA-LESIONED RATS. G.L. Edwards* and J.D. Power. 
Dept. of Physiol. & Pharmacol., Univ. of Georgia, Athens, GA 30602.

Earlier studies from our laboratory and others (S.P. Frankmann, 1995) 
indicate that peripherally administered cholecystokinin octapeptide 
(CCK-8) reduces sodium appetite induced by sodium depletion. More 
recently, Menani and Johnson (1996) have observed that 
cholecystokinin injected into the lateral parabrachial nucleus (1PBN) 
suppresses sodium appetite. Since the area postrema (AP) and adjacent 
nucleus of the solitary tract (NTS) project to the 1PBN and lesions of 
the AP/adjacent NTS result in marked alterations in sodium appetite we 
have evaluated the effects of fourth ventricular injection of CCK-8 on 
sodium appetite. Sodium appetite was stimulated with acute sodium 
depletion induced by combined treatment with furosemide (10 mg/kg) 
and captopril (5 mg/kg). We found the 0.5 pg of CCK-8 injected into 
the fourth ventricle reduces sodium appetite in intact control rats (20 
min intake of 0.3 M saline; 6.6 ± .6 ml, Nonsulf CCK vs 3.9 ± 1.0 ml 
CCK-8; p < 0.02), while the same dose injected into rats with lesions 
centered on the AP failed to reduce sodium appetite (12.5 ± 2.6 ml 
Nonsulf. CCK vs 15.1 ± 2.7 ml CCK-8; p > 0.2). These data suggest 
that lesions of the AP/adjacent NTS influence hindbrain CCK systems 
resulting in an attenuated response to the suppressive effects of fourth 
ventricular CCK-8 on sodium appetite. (Supported by NIH DK 42533)

530.8
EFFECTS OF DEOXYCORTICOSTERONE ACETATE AND 
DIAZEPAM ON NEUROPEPTIDERGIC NEURONS IN RAT 
STRIATUM L. R. Lucas*, P. PompeiS and B, S. McEwen Lab of 
Neuroendocrinology, The Rockefeller University, New York NY 10021 
(USA); and §Dept. Pharmacol. Sci. & Exp. Med., University of Camerino, 
Via Scalzino 3, 62032 Camerino (Italy)

The maintenance of body fluids is critical to physiological 
homeostasis and an animal’s behavior is modified to meet these needs. 
Steroid hormones are known to be involved in the regulation of water 
and salt intake. To test the hypothesis that metabolites of the adrenal 
steroid, deoxycorticosterone, work partially through brain 
mechanisms associated with GABAa/benzodiazepine (BZ) function, 
deoxycorticosterone acetate (DOCA) and the benzodiazepine, diazepam, 
were administered acutely (1 day) and chronically (11 days). 
Striatal preprodynorphin (DYN)-, preprotachykinin (PPT)-, and 
preproenkephalin (PPE)-mRNA levels were measured in adult male 
Sprague-Dawley rats by in situ hybridization. Acute BZ, DOCA and 
chronic BZ treatment increased DYN-mRNA levels (61 ± 14 %, 61 ± 
23%, and 88 ± 20% p<0.01, resp.). Chronic BZ increased (18 ± 
7%) PPT-mRNA levels. Acute BZ and DOCA decreased (25 ± 8% and 
21± 6%, p<0.01, resp.) and chronic DOCA increased (74 ± 10%, 
p<0.01) PPE-mRNA levels. Unlike chronic DOCA, chronic BZ did not 
increase salt intake behavior. Our results suggest that acute BZ and 
DOCA treatment work through similar mechanisms, possibly through 
the GABAa/BZ receptor, while chronic DOCA interacts with 
intracellular steroid receptors as well as the GABAa/BZ receptor 
complex to produce its effects on brain peptide mRNAs and salt intake 
behavior. Supported by MH43787

Society  for  Neuroscience , Volume  23,1997



1350 INGESTIVE BEHAVIOR: SALT AND WATER—APPETITE TUESDAY AM

530.9

IN SITU HYBRIDIZATION ANALYSIS OF 
PREPROTACHYKININ-A AND -B mRNAs IN SHORT-TERM 
SODIUM DEPLETION. P. Pompei * \ L.R, Lucas 2. S. Angeletti \
M. Massi1 and B.S. McEwen 2. 1 Dept. of Pharmacol. Sci. & Exp. 
Med., University of Camerino, 62032 Camerino, Italy and 2 Lab. of 
Neuroendocrinol., the Rockefeller University, New York, NY 10021, 
USA.

Tachykinins (Tks) inhibit salt appetite in several brain regions. To 
test the hypothesis that induced increases in salt appetite might involve 
disinhibition via a reduction in endogenous Tk expression, we used in 
situ hybridization to investigate changes in brain areas expressing 
preprotachykinin-A (PPT-A) and preprotachykinin-B (PPT-B) mRNAs 
of rats after 1 day of sodium depletion (Id Na dep). PPT-A mRNAs 
were detected in olfactory tubercle (Tu), nucleus of the olfactory 
tubercle (LOT), dorsal and ventral caudate-putamen (d-CPu) (v-CPu), 
bed nucleus of the stria terminalis (BNST), medial preoptic area 
(mPOA), habenula (Hb) and postero-dorsal part of die amygdala 
(MePD). PPT-B mRNAs were measured in fundus striati (FStr), d- 
CPu, v-CPu, BNST, mPOA, dorsomedial hypothalamic nucleus 
(DMD), arcuate nucleus (Arc), central amygdaloid nucleus (CeL), 
basolateral amygdaloid nucleus (BLV), LOT, Hb and basal nucleus of 
Meynert (B). Id Na dep reduced by 33-61% the mean number of PPT- 
A grains per cell in Tu, LOT, d-CPu, BNST, mPOA, Hb and MePD 
compared to control animals. PPT-B mRNAs were not reduced as much 
by Id Na dep, although statistically significant reductions of 26, 34 and 
17% were found in v-CPu, BNST and B, respectively. These findings 
therefore suggest that endogenous Tks exert an inhibitory influence over 
sodium appetite.

530.10
IDAZOXAN INHIBITS THE EFFECTS OF NORADRENALINE, 
OXYTOCIN AND VASOPRESSIN ON SODIUM INTAKE OF 
SODIUM DEPLETE RAT. L. A. De Luca Jr,*. J, V, Menani. M, A, 
Sato. A. M, Sugawara. Dept. of Physiological Sciences, School of 
Odontology, Paulista State University (UNESP), Araraquara, SP 
14801-903, Brazil.

Alpha2-adrenergic agonists and the neuropeptides oxytocin (OXT) 
and arginine-vasopressin (AVP) injected into the third cerebral 
ventricle (ICV) inhibit sodium intake of sodium depleted rats. Male 
Holtzman rats depleted of sodium (SC furosemide 10 mg/rat + 24 h of 
removal of ambient sodium) received an ICV injection of idazoxan 
(40 to 320 nmol) prior to ICV injection of inhibitory doses of either 
clonidine (30 nmol), noradrenaline (80 nmol), OXT (80 nmol) or AVP 
(40 nmol). Idazoxan completely inhibited the effect of clonidine and 
noradrenaline and partially inhibited (50%) the effect of the 
neuropeptides on sodium intake dining the sodium appetite test. The 
results suggest a central interaction between OXT or AVP and 
biogenic amines, possibly noradrenaline, in the inhibition of sodium 
intake.

Supported by: CNPq, FAPESP, FUNDUNESP and UNESP.

530.11
PERINATAL SALT EXPERIENCE ENHANCES ADULT SALT INTAKE IN 
RATS. D. J. Snvder*. R. J. Contreras. D. L. Wong. R. M. 
Werner, and J. C. Smith. Program in Neuroscience, Department 
of Psychology, Florida State University, Tallahassee, FL 
32306-1051.

We are investigating whether or not salt intake early in 
life influences sodium chloride (NaCl) behavior in 
adulthood. Contreras and Kosten (1983) showed that 
offspring raised on a high salt diet during prenatal and 
early postnatal development (a.k.a. the perinatal period) 
produce enhanced adult NaCl preferences over those raised 
with medium and basal salt exposure. This increase appears 
to correlate with decreased water and not increased NaCl 
intake. In a replication of this study, the robustness of 
this effect was examined. Male Sprague-Dawley rats (n = 60) 
were maintained on diets containing 0.1, 1.0, or 3.0% NaCl 
(LO, MD, HI) to postnatal day 30; standard chow (-1.0% NaCl) 
was administered thereafter. At postnatal day 125, 48-hour 
two-bottle preference testing began with dH2O and several 
concentrations of NaCl, glucose, or KC1. Analysis of 
absolute consumptions revealed significant group differences 
in tastant and water intakes associated with NaCl; for 
example, the HI group showed increased NaCl and reduced 
water intake. However, in the HI group, there was a 
significant elevation in preference for glucose, but not 
NaCl or KCl. Changes in water intake with NaCl ingestion 
may represent a mechanism for fluid homeostasis. Thus, 
intake amounts may reveal differences not apparent in 
preference scores. Rats were sacrificed and selected organs 
excised and weighed; significant group differences were 
found for adrenal (LO>MD>HI), kidney (HI>MD>LO), and liver 
(HI>MD>LO) measurements. We conclude that dietary exposure 
to NaCl during the perinatal period has a direct and robust 
influence on adult salt intake.

Supported by NIH grant DC 02641.

530.12
INDUCED PREFERENCE OR AVERSION FOR NACL IN RATS WITH 
CHRONIC BILE DUCT LIGATION. J. R. Lane*, S. Louie, P. Lee & D. A. Fitts. 
Dept. of Psychology, Univ. of Washington, Seattle, WA, 98195.

A ligation of the common bile duct (BDL) either supresses or enhances ingestion 
of NaCl solutions in rats depending on the experimental circumstances. BDL 
surgery produces transient reductions in body weight and food intake and may 
produce gastrointestinal illness, a symptom that serves as a potent unconditioned 
stimulus during the aquisition of learned flavor aversions. The present studies 
examined whether the reduction in NaCl ingestion sometimes observed in rats with 
BDL could be due to a temporal pairing of tire flavor of saline with this illness. In 
the first experiment, rats were deprived of food and fluid for 24 hr and then given 2 
hr access to either 0.15 or 0.3 M NaCl. Rats received a BDL or sham-ligation 
(SHAM) paired (PAIRED) with the 2 hr bout of saline ingestion or 48 hrs later 
(NONPAIRED). The results show that PAIRED BDL rats reduced their daily saline 
intake relative to NONP AIRED BDL rats. Furthermore, NONP AIRED BDL rats 
ingested far more saline than NONP AIRED SHAM rats 2-4 weeks after the ligation 
procedure. In the second experiment, when either cherry or grape Kool-Aid (0.05% 
w/v) was placed into the isotonic saline to distinguish the flavor of the solution 
offered in choice with water prior to surgery, BDL rats reduced their ingestion of 
grape-flavored saline after surgery regardless of whether they were exposed to grape- 
or cherry-flavored isotonic saline prior to surgery. The results suggest that the 
symptoms associated with the BDL surgery can serve as effective unconditioned 
stimuli in the acquisition of learned flavor aversions, and that NaCl is a specific 
target of this aversion.
Supported by NS22274 and AA05390.

530.13
ADRENALOCORTICOID ACTIVATION OF SODIUM APPETITE IN SINGLY 
AND GROUP HOUSED MALE MICE. Z. A. Rodd*, B. C. Dudek, L. L. 
Phelan, & N. B. McCutcheon. University at Albany, SUNY, Albany, NY 
12222.

Recently, we have reported that sodium appetite can be elicited in 
singly housed mice by treatment with a mixed glucocorticoid/ 
mineralocorticoid agonist, fludrocortisone, and in group housed mice by 
solitary administration of the mineralocorticoid deoxycorticosterone 
acetate (DOCA; 10mg/kg). These findings have led us to conclude that 
the mouse does possess a mineralocorticoid sensitivity for sodium 
appetite that is dependent upon an accompanying glucocorticoid 
activation. To further our understanding of the murine sodium appetite 
system, we have performed a DOCA dose-response study in group 
housed mice. The results indicated that the efficacy of DOCA to increase 
consumption of a 3% NaCl solution was dose-dependent. In addition, we 
have examined the adrenalocorticoid activation of a sodium appetite in 
singly housed mice. Following six days of single housing, subjects were 
pretreated with varying levels of corticosterone (0, .1, 1, or 10 mg/kg) 
for three consecutive days and then were administered either vehicle, 
DOCA alone (10 mg/kg), or a combination of DOCA (10 mg/kg) and 
corticosterone (CORT; .1, 1, or 10 mg/kg) for two consecutive days. The 
results indicated that there was a significant increase in consumption of a 
3% NaCl for mice pretreated with CORT (1 or 10 mg/kg) and then co-
administration of DOCA and CORT (10 mg/kg each). We conclude that 
single housing causes suppression of sensitivity to DOCA that can be 
attenuated by co-administration of CORT and DOCA. Thus, previous 
failures to induce sodium appetite in singly housed mice may be due to a 
reduced CORT availability during social isolation.

530.14
THE EFFECT OF AN AT-1 RECEPTOR ANTAGONIST ZD7155 ON DRINKING 
AND FOS IMMUNOREACTIVITY INDUCED BY VARIOUS DIPSOGENIC 
STIMULI IN THE RAT. P. Sinnavah, J.P, Coghlan and M.J. McKinley*, Howard 
Florey Institute of Experimental Physiology and Medicine, University of Melbourne, 
Parkville, Victoria 3052, Australia.

The physiological involvement of angiotensin II in rats treated with dipsogenic 
stimuli has been studied using an AT-1 receptor antagonist ZD7155 (Zeneca). In 
one series of experiments, rats were injected subcutaneously (SC) with saline or 
ZD7155 (lOmg/kg) 15 mins prior to an intracerebroventricular (ICV) injection of 
either artificial cerebrospinal fluid or ImU renin and water intake measured for the 
following hour. In a separate study, where water intake was not measured, rats were 
killed 90 mins following the renin injection and brains were processed using 
immunohistochemistry to detea Fos protein. The SC injection of the AT-1 
antagonist ZD7155 was sufficient to significantly attenuate drinking elicited by ICV 
renin. Intense Fos immunoreactivity (Fos-IR) in ICV renin-treated rats was found 
predominantly in the median preoptic nucleus (MnPO) and organum vasculosum of 
the lamina terminalis (OVLT) and slightly reduced numbers in the subfornical 
organ (SFO). The SC injection of ZD7155 prior to renin injections abolished Fos-IR 
in the OVLT and SFO. Reduced Fos-IR was also observed in the MnPO indicating 
that ZD7155 crossed the blood brain barrier which is consistent with the reduction 
in drinking observed with antagonist treatment. The effect of ZD7155 on drinking 
in response to other dipsogenic stimuli, such as ICV carbachol (625ng/2pl), water 
deprivation (24h), polyethylene glycol (30%, 2ml/100g) and intravenous (IV) 
hypertonic saline (1.7M, lml/h) was also investigated. Decreased water intake was 
observed in antagonist treated animals in response to IV hypertonic saline only. 
These observations elucidate the probable sites of action of angiotensin II involved 
in renin-induced drinking and also suggest that angiotensin is involved in neural 
circuits subserving hypertonic saline induced drinking in rats.
Supported by an Institute Block Grant to the Howard Florey Institute by the 
National Health and Medical Research Council of Australia and we thank Dr A. 
Oldham of ZENECA Pharmaceuticals for providing ZD7155.
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530.15
EXPRESSION OF c-fos-LIKE IMMUNOREACTIVITY IN RAT BRAIN 
FOLLOWING INJECTIONS OF TACHYKININ NK3 RECEPTOR AGONIST.
M.E. SMITH*, M. KAROM and F.W. FLYNN. Department of Psychology and 
Neuroscience Program, University of Wyoming, Laramie, WY 82071, USA.

Intracerebroventricular (icv) injections of the selective NK3 receptor agonist, 
senktide, suppresses salt appetite and blocks the sodium deficiency-induced 
shift in taste reactivity. Studies using intra-parenchymal injections of 
tachykinins have implicated the amygdala, bed nucleus of the stria terminalis, 
and paraventricular nucleus of the hypothalamus (PVN) as sites mediating 
the effects of senktide on salt intake. These same structures that are affected 
following local injections may also be activated by lateral icv injections. The 
c-fos technique is an effective technique to map the sites activated following 
central or peripheral injections of neuropeptides, and was used to help 
identify additional sites that are activated by icv senktide.

Rats with cannulas aimed at the lateral ventricle received senktide (200 ng) 
or saline (icv). Ninety minutes following the injection, the rats were given a 
lethal dose of sodium pentobarbital and perfused transcardially with PBS and 
4% paraformaldehyde. C-fos-like immunoreactivity (LI) was visualized on 
40pm brain sections using immunohistochemistry. Cell counts indicated 
there was a greater expression of c-fos-LI within the amygdala, PVN, and 
supraoptic nucleus (SON) following icv senktide compared to saline and 
antibody controls. Injections of senktide produced c-fos-LI that overlaps with 
the previously described distribution for the NK3 receptors and its ligand 
(NKB). The results support the suggested involvement of the amygdala and 
PVN in mediating the biological actions of senktide, and additionally point to 
the involvement of the SON.
(Supported by NIH NS24879 & DK50586 to F.W.F.)

530.16
ESTROGEN REGULATION OF ANGIOTENSIN II-INDUCED 
WATER INTAKE IN FEMALE RATS. L.A.Rogers*, R.R.Sakai. 
L.Y.Ma, L.M.Flanagan-Cato and S.J.Fluhartv. Inst, of Neurological 
Sciences, University of Pennsylvania, Philadelphia, PA 19104.

Water intake fluctuates over the course of the estrus cycle in the rat, 
with attenuated drinking when plasma estrogen levels are elevated. It 
has also been shown that long term treatment with estrogen reduces 
water intake in response to a number of stimuli, including 
administration of the peptide hormone, angiotensin II (Ang II). We 
have demonstrated that ovariectomized (OVX) female rats given 
estradiol benzoate (10 /zg/animal/day) for 48 hours show significant 
decreases in water intake in response to a central injection of Ang II. 
Drinking in propylene glycol (PG) and ethynyl estradiol (3 
mg/kg/day) treated animals was not significantly attenuated.

Radioligand binding assays performed with t25I-Ang II on pituitary 
homogenates from estrogen treated animals showed a marked (50%) 
decrease in AT1 receptor binding as compared to PG-treated rats. 
Binding assays on hypothalamic block homogenates showed a trend 
toward decreased AT\ and AT2 receptor binding in estrogen treated 
animals as compared to propylene glycol controls. These data suggest 
that estrogen given to OVX female rats in a physiologically relevant 
time frame is effective in attenuating central Ang Il-induced water 
intake. The mechanism by which this occurs may be by altering 
binding characteristics of brain Ang II receptors. Supported by 
MH43787 and 5T32DC00014 (LAR).

530.17
RAPID REVERSAL OF DEHYDRATION-INDUCED ANOREXIA BY
REHYDRATION. A.G. Watts*. Neuroscience Program, USC, Los Angeles CA 90089. 

Dehydration evokes a series of autonomic and behavioral motor responses aimed at
minimizing fluid loss and physiological damage. A major contribution to fluid 
preservation during dehydration is a sharp reduction in food intake. This syndrome is 
activated to reduce digestion and fluid loss through the gut. To begin investigating the 
underlying mechanisms, this experiment aimed to i), quantitate the anorexia as the de-
hydration developed, ii), the circadian structure of food and fluid ingestion before, during, 
and after dehydration, and iii), the behavioral response to rehydration. Sprague-Dawley 
rats were individually housed and allowed continuous access to food (Teklad rodent 
pellets) and water. Lights were on from 06.00h to 18.00h. Animals were dehydrated by 
replacing drinking water with 2.5% saline. Animal weights, food and fluid intakes were 
recorded daily throughout the experiment at 08.00h and 17.30h. With continuous access 
to water there was a significant correlation between food and water intake during the dark 
but not the light period. On the first night of dehydration both food and fluid intake were 
significantly decreased, but the correlation of food with fluid intake was still within the 
control range. On dehydration day 2 food intake was reduced further, but now the 
correlation with fluid intake disappeared suggesting that significant inhibition of food 
intake did not occur until day 2. As dehydration progressed further there was a marked 
and significant increase in fluid intake most likely reflecting the activation of thirst 
mechanisms. However, a circadian pattern of food and fluid intake remained intact 
throughout. When water was returned animals immediately drank water for 7.6+0.6 
(SEM) mins and then began eating 1.8±0.5 mins later. Eating continued more or less 
uninterrupted for further 15 mins. Measurements of systemic plasma osmolality showed 
no significant differences between rehydrated and dehydrated animals 2h before, and 7 
mins after rehydration suggesting that the rapid reversal of anorexia is not mediated by 
central osmoreceptors. Similarly, the extremely high levels of saline intake the previous 
night suggested that after rehydration, either gustatory factors (rather than oropharyngeal 
‘metering’) or peripheral osmoreceptors were responsible for its rapid reversal. These 
results show the food intake is only slowly inhibited by dehydration, but is then rapidly 
reversed by rehydration. (Supported by NS 29728 & KO-4 01833)

STRESS V

531.1
EFFECTS OF DIFFERENT MODES OF NICOTINE ADMINISTRATION ON 
REGULATION OF GENE EXPRESSION OF CATECHOLAMINE 
BIOSYNTHETIC ENZYMES. L. Serova*, E. Danailov, F. Shamas, and E.L. 
Sabban. New York Med. College, Valhalla, New York 10595.

The mode of nicotine administration is important for its effect on gene 
expression of catecholamine biosynthetic enzymes and neuropeptide Y 
(NPY) in the rat adrenal medulla (AM). Pulsatile injections of nicotine led 
to induction, while continual infusion by osmotic pumps, did not elicit any 
change (Hiremagalur & Sabban, 1995, Mol. Brain Res. 32,109-115). Here, 
we examined the effect of these two modes of administration of nicotine 
on gene expression also in substantia nigra (SN), cell bodies for nigra- 
striatal dopaminergic system. We also investigated if infusion of nicotine 
will alter the rise in gene expression elicited by immobilization (IMO) stress.

Male rats were given 5 nicotine injections (5 mg/kg, ip) every 12 hrs 
and mRNA levels for several neurotransmitter biosynthetic enzymes 
determined at 3 and 12 hrs afterwards. Nicotine injections were found to 
elicit a rise in tyrosine hydroxylase (TH) mRNA not only in AM but also in 
the SN, about 300% of control levels at 3 hrs, which returned towards 
control values after 12 hrs. Elevations were also observed in mRNA for 
GTPCH, the rate limiting enzyme in tetrahydrobiopterin biosynthesis.

Infusion of 15 mg/kg/day nicotine for 5 days did not alter mRNA levels 
for TH or GTPCH in SN, or for TH, DBH, NPY or PNMT in AM. However, 
by this mode of administration, nicotine altered the response to IMO 
stress. It reduced the stress-elicited rise in c-fos expression and in mRNA 
levels for TH, GTPCH and especially for DBH and PNMT in AM. The 
mechanisms responsible for the different effects of these modes of 
administration remain to be determined. (Supported by STRC grant 251 
and NS 32166).

531.2
THE INFLUENCE OF THEANINE ADMINISTRATION ON STIMULATORY 
ACTION OF CAFFEINE BY EEG IN THE RATS. T. Kakuda*, I. Sakane,
T. Takihara, N. Okamura 2>, and O. Okai 3), Central Research Institute, 
Itoen Ltd., Shizuoka, Japan, z) Dept. of Med. Lab., Ehime College of 

Health Science, Ehime, Japan, st Schl. of Health Sciences, Kyorin Univ. 

Tokyo, Japan,
Theanine (N-ethylglutamine) was isolated from Japanese green tea 

(Camellia sinensis) was known to have inhibiting effects on the convulsive 
action with caffeine. Then, the antagonistic effects of theanine on the 
cerebral stimulatory action with caffeine was studied using the 
electroencephalography (EEG). The EEG in cerebral cortex, hippocampus 
and amygdaloid body was measured using Wister/st rats, which were 
implanted stainless-steel parallel dipolar electrodes in that region of the 

brain. Theanine and caffeine were given to tail vein of the rats. Power 
spectrum of the recorded EEG was determined later by fast Fourier 
transformation using computer, and relative powers of 6 , 0 , a, and 3 

band were calculated.
At the administration of higher than 2/z M/kg b. w. of caffeine, the 

relative power of 3 band increased and the 6 band decreased in the 
cerebral cortex. On the other hand, in the administration of 10/z M/kg b. w. 
of theanine after administration of 5 /z M/kg b. w. of caffeine, the relative 

power of 3 band decreased and the 6 band increased in the cortex. In the 
single dose of 2 /z M/kg b. w. of theanine, the slightly stimulatory effect 
was observed. These results suggested that theanine has double faced 
effects on central nervous system depend on its concentration.
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531.3
LONG-TERM RUBIDIUM INDUCES ESCAPE DEFICIT IN RATS.
C Gambarana*. O. Ghiglieri, A. Tagliamonte and M. G. De Montis.
Institute of Pharmacology, University of Siena, Italy.

Rubidium (Rb) is an alkali metal which distributes in the body similarly to
potassium. It has been reported to show opposite effects in respect to lithium 
(Meltzer et al. Nature 223,321, 1969) and, for this reason, it has been proposed as 
an antidepressant agent. In the present report the effect of Rb was studied on the 
escape deficit paradigm in rats. RbCl (25, 50 or 150 mg/kg) injected 1 h before 
the unavoidable shocks which induce escape deficit showed a dose related, bell-
shaped protective effect from the sequelae of stress in rats. However, tolerance 
rapidly developed to this effect, until a hyporeactive condition was reached upon 
which rats never administered previous stimuli, spontaneously failed to escape at 
the test session. Such an effect appeared after 3 injections of RbCl (1 mg/kg i. p. 
every 72 h), as well as after 14 daily doses of 10 mg/kg of RbCl. The escape 
deficit induced by unavoidable noxious stimuli is selectively antagonized and 
reverted by the administration of antidepressant treatments (Gambarana et al. 
Behav. Pharmacol. 6,66 1995). Thus, it was considered of interest to study the 
effect of two classical antidepressants on Rb-induced escape deficit. Both 
imipramine and fluoxetine significantly prevented the development of Rb- 
dependent escape deficit, but neither of them reverted the effect of Rb even after 3 
weeks of daily cotreatment.
This work was supported by grants from the MURST.

531.4
RAPID STRESS-INDUCED MONOAMINERGIC ACTIVITY IS 

AMELIORATED BY EXERCISE David Kappenman, Aaron J. Emerson, 
Pat J. Ronan, Kenneth J. Renner, Dustin Snelling, W.H. Percy*, and 
Cliff H. Summers. Departments of Biology and Physiology & 
Pharmacology, University of South Dakota, Vermillion, SD 57069

A rapid activation of monoaminergic systems has been postulated for 
the social stress of aggression in dominant lizards. Serotonergic and 
dopaminergic systems are activated rapidly for territorial defense. The 
most rapid expression of serotonergic activation occurs in nucleus 
accumbens, hippocampus and brainstem. Monoaminegic activity was 
examined following an alternative stress (handling + novel environ-
ment) plus exercise and exhaustion. Anolis carolinensis were run to 
exhaustion (no movement following 1 min of prodding), half the time to 
exhaustion, or handled and put in the race track. Controls were killed 
without treatment. Stressed lizards showed rapid (30 s) increases in 
serotonergic activity (5-HIAA/5-HT) in striatum, dorsal cortex, locus 
ceruleus, and nucleus accumbens. There were other rapid serotonergic, 
dopaminergic, adrenergic and noradrenergic changes in those regions 
plus raphe and hippocampus. In hippocampus, dorsal cortex, striatum, 
nucleus accumbens, and raphe these stress-induced monoaminergic 
changes were reversed by exercise to 50% exhaustion. The 
monoaminergic profile of exhausted lizards was significantly different 
from acute exercise in hippocampus, dorsal cortex, striatum, medial 
amygdala, locus ceruleus, area postrema, and raphe.
Supported by NSF grants IBN-9596009 and OSR-9108773 + HHMI 71195-539501

531.5
CALCIUM CHANNEL ANTAGONISTS SHOW ANTIANXIETY AND 
ANTIDEPRESSANT PROPERTIES IN RAT MODELS. 1Y. Matsumoto, 1Y. 
Ohba, ^Y. Kataoka* and -^M. Fujiwara. 1 Division of Pharmacology, Department of 
School-Nurse Training, Kyushu Women's Jr. College, Kitakyushu 807, 
2Department of Hospital Pharmacy, Faculty of Medicine, Kyushu Univ., Fukuoka 
812-82, ^Department of Physiolgy and Pharmacology, Faculty of Pharmaceutical 
Sciences, Fukuoka Univ., Fukuoka 814-80, Japan.

Clinical evidences have suggested that calcium channel antagonists, used in a 
wide range of cardiovascular disorders, have psychotoropic potency To test whether 
various derivatives of calcium channel antagonists show antianxiety and 
antidepressant properties, we examined effects of calcium channel antagonists on 
conflict behavior and behavioral despair with Vogel- and Porsolt-type test, 
respectively, in rats.

Flunarizine (10-20 mg/kg, i.p ), nicardipine (20 mg/kg, i.p.) and verapamil (20 
mg/kg, i.p.) increased punished lickings by 50-110 % in the conflict test Repeated 
but not single administration of diltiazem (20 mg/kg, i.p.) for 8 days possessed 
anticonflict action. Combined treatment of flunarizine (1-2 mg/kg, i.p.) with 
diazepam (1 mg/kg, i.p.) at an ineffective dose by itself dramatically increased 
punished lickings by 120-170 % When calcium channel antagonists was injected 
24, 4 and 0.5 hr before test, diltiazem (20-50 mg/kg, i:p.) dose-dependently 
decreased the immobility time by 23-51 % but not other calcium channel 
antagonists in the forced swimming test.

These findings support the clinical notion that calcium channel antagomsts have 
antianxiety and antidepressant action.

This work was supported by grants from Fukuhara Gakuen.

531.6
THE ROLE OF 5HTia  AND NEa2 RECEPTORS IN THE 
ANXIOGENIC EFFECTS OF BUSPIRONE IN THE 
CHICK SOCIAL SEPARATION STRESS PROCEDURE.
G, S, Watson1*. J, T, Roach1 & K, J, Sufka^2. Departments of 
Psychology1 & Pharmacology2, The University of Mississippi, 
Oxford, MS 38677.

We recently described a procedure with high utility that may 
effectively screen anxiolytic drugs. Chicks separated from 
social companions displayed reliable increases in distress 
vocalizations and stress-induced analgesia (formalin test). The 
benzodiazepine agonist chlordiazepoxide dose-dependently 
reversed both distress vocalization and stress-induced 
analgesia. However, the atypical anxiolytic buspirone produced 
paradoxical anxiogenic effects in this model. These effects may 
be related to buspirone’s active metabolite l-(2-pyrimidinyl)- 
piperazine (1PP), which possesses potent a 2 adrenergic 
antagonist effects. In a series of experiments, we explored the 
role of 5HTia and NEa2 receptors in these buspirone effects. 
Experiment 1 established dose-response functions for 
buspirone. Experiment 2 examined the effects of buspirone 
under challenge doses of the 5HTia antagonist WAY100365. 
Experiment 3 examined the effects of buspirone under challenge 
doses of the a2 adrenergic agonist clonidine.

531.7
3,4-METHYLENEDIOXYMETHAMPHETAMINE (MDMA)
ADMINISTRATION INDUCES EXPRESSION OF HSP70 IN THE RAT 
BRAIN J.E. Malberg* and L.S. Seiden. Dept. of Pharmacological and 
Physiological. Sci., University of Chicago, Chicago IL 60637

Heat stress or heat shock proteins (HSPs) are induced after a variety of neuronal 
injuries and pathological conditions. The inducible 70-kDA heat shock protein 
(HSP70) has been shown to protect against glutamate neurotoxicity and may play 
a similar role in ischemic tolerance. Previous studies have shown that HSP70 

expression is also induced in the rat by administration of amphetamine or 
methamphetamine at doses of 10 mg/kg. This study determined the effect of a 
neurotoxic dose of MDMA, a substituted amphetamine, on HSP70 synthesis in 
the rat. Male Holtzmann rats (300-350g) were given a single neurotoxic injection 
of MDMA (40 mg/kg) in a 30°C ambient temperature. SAL-treated (1 mg/kg) 
animals were also exposed to a 30° or 42° environment. Rats remained at that 
ambient temperature for 90 minutes and were then anesthetized and perfused 
with PBS. Western blot analysis for HSP70 expression was performed on 
discrete brain regions using a primary antibody specific for HSP70 (Stressgen 
Biotechnologies). Detection of signal was performed with an ECL Western 
Blot Detection kit. Rats treated with a neurotoxic regimen of MDMA (average 
core temp=39.3°C ; maximum core temp=4O.3°C) express HSP70 similar to that 
observed in SAL-treated rats at 42°C (average=39.6°C; max=40.6°C). The 
MDMA-treated rats also had more HSP70 expression than SAL-treated rats at 
30°C (average =37.7°C). Since HSPs are neuroprotective in other types of 
toxicity , the present study suggests that they may play a role in reducing 
damage induced by amphetamines derivatives such as MDMA.
(Supported by research grant DA00085; L.S.S. supported by RSA MH-105 62)

531.8
HIGH AND LOW DOSES OF 3,4-METHYLENEDIOXYMETHAMPHETAMINE 
(MDMA) IMPAIR THERMOREGULATORY ABILITY IN THE RAT. A. M. 
Ainsworth, J. E. Malberg and L.S. Seiden*. Dept of Pharmacological and 
Physiological Sci., University of Chicago, Chicago IL 60637

It has been shown that neurotoxic doses (20-40 mg/kg) of MDMA impair 
thermoregulation. This study investigated the effect of both high and low doses of 
MDMA on rat thermoregulatory ability. We used a temperature measurement 
apparatus that regulates ambient (AMB) TEMP + 0.5°C and non-invasively records 
rat CORE TEMP once per minute. Male Holtzmann rats (300-350g) were given a 
single neurotoxic injection of MDMA (40 mg/kg in 30°C AMB TEMP, s.c.) or were 
given saline (SAL; 1 ml/kg). Two weeks after the MDMA or SAL injection (DAY 
15), rats were given a SAL injection at one of three AMB TEMPs (15°C, 22.5°C, 
30°C). Three days after that (DAY 18), rats were given a single injection of MDMA 
(8 mg/kg) at one of the AMB TEMPs above and their CORE TEMP was recorded for 
four hours. This MDMA dosage and procedure was repeated on DAY 21 and DAY 
24. Each subsequent MDMA injection was given at a different AMB TEMP so that 
by the end of the experiment all rats were given 3 MDMA injections; one at 15°C, 
one at 22.5°C and one at 30°C. 24 hours after the last injection of MDMA, rats were 
sacrificed. We report that a single 8 mg/kg dosage of MDMA significantly impairs 
rat thermoregulatory ability. In addition, rats given a neurotoxic pretreatment of 
MDMA had different CORE TEMP profiles than rats given only low doses of 
MDMA (SAL pretreated). We also report that administration of SAL in different 
AMB TEMPs (DAY 15) produces different CORE TEMP profiles in MDMA- 
pretreated rats. This study indicates that both high and low doses of MDMA may 
have functional consequences in the rat since thermoregulatory ability is impaired in 
these animals. (Supported by research grant DA00085; L.S.S. supported by RSA 
MFI-105 62)

Society  for  Neuroscience , Volume  23,1997



TUESDAY AM STRESS V 1353

531.9
OPPOSING EFFECTS OF DIAZEPAM ON FEAR RESPONSES IN MALE 
DBA/2 MICE TESTED IN A MODIFIED RESIDENT -INTRI3DEK 
PARADIGM. L.A. Lumley*, R.F. Charles, R.C. Charles, J.L. Meyerhoff. 
Division of Neuroscience, Walter Reed Army Institute of Research. Washington, 
DC 20307.

We have been profiling behavioral changes in DBA/2 mice following extreme 
social defeat (SD) by trained C57BL/6 aggressors, in order to differentiate 
aspects of fear and/or anxiety preferentially affected by select pharmacological 
agents. Paradoxical effects of diazepam (DZ) on measures of fear following 
acute SD were observed in Syrian Hamsters (Hebert et al., 1996). In the current 
study, DZ (0, 0.5, 2.0 mg/kg, i.p.) administered to both 1) non-defeated 
CONTROL and 2) SD DBA/2 mice influenced numerous behaviors in a modified 
resident intruder paradigm (barrier test). In the barrier test, a perforated barrier 
placed within the subject’s home cage prevented direct physical contact with the 
intruder; behaviors were scored for 5 min. Removal of the barrier allowed 
behaviors to be scored an additional 5 min. (interaction portion). During both 
test portions, SD mice displayed robust behavioral changes indicative of an 
exaggerated fear state. In the barrier portion of the test, numerous effects of DZ 
were observed in both SD and CONTROL. The low dose DZ increased flight 
behavior, possibly secondary to increased approach. The high dose DZ decreased 
approach, stretch attend posture, and flat body approach. In addition, the high 
dose DZ increased chewing on wood shavings, and digging behavior. Neither 
DZ dose affected the increased defensive posture observed in SD mice.
Correlated behaviors were examined to determine potential behavioral patterns.
In tests of territorial urine marking, SD mice displayed decreased territorial urine 
marking; DZ did not affect marking.
*Dr. Lumley was supported by a National Research Council Fellowship.

531.10
OPPOSITE EFFECTS OF FOOD RESTRICTION ON
MESOACCUMBENS AND MESOCORTICAL DOPAMINE 
RESPONSE TO STRESS
S. Puglisi-Allegra*, R. Ventura and S. Cabib, Dep. Psicologia, 
University "La Sapienza" and Inst. Psicobiologia e 
Psicofarmacologia (CNR), Rome, Italy

Increasing evidence points to a major role of stressful life events in 
the promotion and expression of behavioral pathology in 
susceptible individuals. Food-restricted (10-13 days) mice of the 
DBA/2 inbred strain show spontaneous stereotypes, behavioral 
sensitisation to amphetamine, enhanced response to the reinforcing 
effects of the psychostimulant and enhanced locomotor response to 
novelty. Moreover, in food restricted mice, restraint stress promotes 
a faster and more prolonged increase of dopamine (DA) metabolism 
in the nucleus accumbens septi. In contrast, food restricted mice did 
not show the increase of DA metabolism promoted by restraint in 
free fed animals in the prefrontal cortex. These results, indicating 
stress-induced mesocortical DA hypoactivity and mesoaccumbens 
DA hyperactivity in an inbred strain of mice which show a distinct 
profile of behavioral disturbances following stress, open a 
promising field for genetic studies aimed at understanding 
individual susceptibility to psychopathology.

This research was founded by Italian CNR and MURST

531.11
THE EFFECT OF NALTREXONE ON FOOD INTAKE AND SACCHARIN 
PREFERENCE IN STRESSED RATS. L.A. Howell, R.B.S. Harris*, and D.H. Ryan. 
Pennington Biomedical Research Center, Baton Rouge, LA 70808.

In a previous study, we reported that one hour of restraint stress reduced intake of a 
preferred saccharin solution but did not affect preference for this solution, suggesting 
that this effect was not due to a direct change in sensory perception. In the present 
experiment, we treated male Sprague Dawley rats with naltrexone, an opioid receptor 
antagonist, immediately after one hour of restraint stress to determine the importance 
of opioids in stress-induced changes in saccharin intake. We found that 2 hours after 
stress, naltrexone inhibited food and water intake but had no effect on saccharin 
intake or preference, which was at 50%. There was no effect of stress at this 
timepoint. Eight hours after stress, there was a reduction in saccharin intake for 
saline-treated stressed rats (SR) and naltrexone-treated controls (NC), but naltrexone- 
treated stressed rats (NR) had the same saccharin intake as saline-treated controls 
(SC). There was no significant reduction in saccharin preference for any treatment 
group. In contrast, food intake was significantly reduced for NR rats compared with 
all other groups. We compared the 24 hour intakes on three consecutive days (pre-
stress, stress, and post-stress) and found that while there was no significant effect of 
stress or naltrexone on saccharin intake, there was a significant reduction in saccharin 
preference in NR rats over time. These rats also had significantly reduced food intake 
on the day of stress, more so than the SR rats. There was a significant reduction in 
body weight in stressed rats on the day of stress, with the greatest effect seen in the 
NR rats. These results confirmed our previous observations and indicate that the 
reduction of saccharin intake in stressed rats is not associated with stress-induced 
anhedonia. The exaggerated effect of naltrexone on stress-induced inhibition of food 
intake also suggests a possible role for opioids in the maintenance of homeostasis in 
response to stress.

Supported by US Army grant DMAD 17-92-V-2009

531.12
KETOCONAZOLE AND AMINOGLUTETHIMIDE DO NOT BLOCK 
THE ANXIOGENIC DISCRIMINATIVE STIMULUS OF mCPP. L 
Jenkins. H. Lal, SM. Rezazadeh* and C. Wallis. Dept. Pharmacology, 
University of North Texas Health Science Center, Fort Worth, TX 76107

m-Chlorophenylpiperazine (mCPP, a serotonin partial agonist) 
increases plasma levels of corticotropin-releasing factor (CRF) and 
corticosterone (CORT). This study was done to determine if inhibition of 
CORT synthesis would block the discriminative stimulus produced by 
mCPP. Long Evans rats were trained to discriminate mCPP from saline 
using a two-lever, food reinforced choice procedure (FRIO). 
Pretreatment (12h) with the corticosterone synthesis inhibitors, 
aminoglutethimide (AMG, 0, 5, 10, 20, 40 mg/kg) and ketoconazole 
(KET, 0, 4.38, 8.75, 17.5 mg/kg) did not produce a significant shift in the 
dose response curve for mCPP. When animals were tested with 17.5 
mg/kg of KET thirty minutes after injection, there was a large shift of the 
dose effect curve to the left. These data do not support the hypothesis that 
inhibition of corticosterone synthesis blocks the discriminative stimulus of 
action of mCPP by reducing its anxiety-like properties. Supported by 
R01 AA9378 and AA10545.

531.13
EFFECTS OF STRESS ON TOLERANCE TO MORPHINE IN MALE 
AND FEMALE RATS. Anna Ratka*. Jonathan C. Ray and Jacqueline 
Kavila, Department of Pharmaceutical Sciences, College of Pharmacy, Idaho 
State University, Pocatello, ID 83209.

The goal of the present study was to find out whether there are gender 
differences in effects of stress on opioid tolerance. Male and female rats, and 
their gonadectomized controls, were exposed to a sequence of three different 
stressors: swim (5 min. at 4C; day 1 and 4), restraint (1 hour; day 2 and 5), 
and crowding (1 hour; day 3 and 6). On day 7, rats were given a subcutaneous 
injection of morphine (300 mg/kg) as a sustained release suspension.
Tolerance to and physical dependence on morphine was assessed 48 hours 
later. Hot-plate method was used to measure the baseline and post-morphine 
pain perception. Withdrawal behaviors were monitored for 15 minutes after 
the injection of naloxone. Stress increased the baseline pain threshold in 
tolerant gonadectomized rats. In stressed tolerant males, the response to 
morphine (20 mg/kg, sc) was significantly lower than in stressed tolerant 
females (hot-plate latency 2.3+/-0.7 vs 4.2+/-1.0, respectively). Male rats 
showed more profound severity of withdrawal behaviors than female rats. 
Significantly higher number of escape and wet-dog shake behaviors and higher 
irritability to touch were observed in stressed tolerant males, as compared to 
non-stressed tolerant males. No significant effects of stress on withdrawal 
behaviors were found in female rats. These results suggest that: 1) opioid 
tolerance can be influenced by chronic stress, 2) tolerant males are more 
affected by chronic stress than tolerant females.
[Supported by the NSF-EPSCoR: EPS-9350539]

531.14
MODULATION BY YOHIMBINE OF STRESS-INDUCED NOREPINEPHRINE 
RELEASE IN THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS IN

Huvnh1. M. Palkovits2, D, R. Hooper1, *L J. Kooin1. and D. S. Goldstein1. ^lin. 
Neurosci. Branch, NINDS and 2Lab. of Cell Biol., NIMH, NIH, Bethesda, MD 
20892.

The present study used in vivo microdialysis to determine whether central neural 
alpha2-adrenoceptors modulate norepinephrine (NE) release in the hypothalamic 
paraventricular nucleus (PVN) in response to immobilization (IMMO) stress. 
Microdialysate and plasma concentrations of NE, the NE metabolite 
dihydroxyphenylglycol (DHPG), and the dopamine metabolite dihydroxyphenylacetic 
acid (DOPAC) were measured before, during, and after 2 h of IMMO, with systemic 
injection of the alpha2-adrenoceptor antagonist yohimbine (YOH) (1 mg/kg i.p.) 
before IMMO or with YOH perfused locally through the microdialysis probe (10 pM 
in artificial extracellular fluid) during IMMO. YOH injected systemically increased 
NE, DHPG, and DOPAC levels in dialysate (by 101±25, 744±193 and 2506±1521 
pg/ml) and plasma (by 875±89, 1781±137 and 125Q±216 pg/ml). IMMO increased 
NE, DHPG and DOPAC concentrations in dialysate (by 276±33, 2258±322 and 
5726±1250 pg/ml) and plasma (by 452±75, 1348±215 and 1219±214 pg/ml). YOH 
given i.p. enhanced effects of IMMO on NE, DHPG, and DOPAC levels in dialysate 
(by 374±42, 3057±228, and 7858±736 pg/ml) and plasma (by 1132±227, 2217±349 
and 2299+351 pg/ml). I.p. YOH increased the slope of the relationship between 
plasma and dialysate NE levels, with or without IMMO, consistent with inhibitory 
modulation by alpha2-receptors of NE release from sympathetic nerves. In contrast, 
locally administered YOH had no effect cm baseline levels of catechols in the dialysate, 
significantly augmented only IMMO-evoked retease of NE (by 388±48 pg/ml), and did 
not alter plasma catechol responses to IMMO. The results indicate that alpha2- 
adrenoceptors modulate NE release in the PVN in response to IMMO. This 
augmentation, when unilateral, does not appear to contribute to the sympathoneural 
response to IMMO. Supported by NINDS.
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531.15
THE BEHAVIORAL EFFECTS OF PRAZOSIN, PROPRANOLOL, AND 
YOHIMBINE IN PRENATALLY STRESSED RATS AS MEASURED IN THE 
DEFENSIVE WITHDRAWAL TEST. D.A. White*, M.S. Swatts, E.M. Krouse, and 
D.L. Birkle. Department of Pharmacology & Toxicology, West Virginia University, 
Morgantown, WV 26506-9223.

The prenatal stress syndrome elicits characteristic behavioral changes, 
notably increased fearfulness, and changes in most of the major neurotransmit-
ters of the brain, including the noradrenergic system. The defensive withdrawal 
(DW) paradigm is a behavioral test used to determine levels of fear in rats. 
Traditionally, increased latency to the initial exit, increased average time per visit 
to the DW chamber (ATPV), and decreased rearing rates in the open field have 
served as markers for fearful behavior. With this in mind, the behavioral effects 
of prazosin, propranolol, and yohimbine were assessed in control and prenatally 
stressed (PNS) offspring (male, Sprague-Dawley, 60-100 days of age). The ar 
adrenoceptor antagonist prazosin (1 mg/kg, i.p.) and the |3-adrenoceptor 
antagonist propranolol (5.0 mg/kg, i.p.) were given 15 min prior to testing, and 
yohimbine (2.5 mg/kg, i.p.), a known anxiogenic agent and a2-adrenoceptor 
antagonist, was given 30 min prior to testing. All tests were conducted for 10 min 
and videotaped for later analysis. Consistent with previous findings, PNS rats were 
more fearful under normal testing conditions in comparison with control offspring 
as indicated by a significantly longer initial latency and significantly longer ATPV. 
Neither prazosin nor propranolol caused any consistent changes in the behavior 
of either PNS or control offspring. However, yohimbine caused significant 
increases in the initial latency and ATPV of control offspring, while eliciting 
opposite (i.e., anxiolytic) effects in PNS offspring. These data are consistent with 
previous findings demonstrating the anxiogenic effects of yohimbine in normal 
animals, and altered levels of a2-adrenoceptors associated with prenatal stress. 
These results suggest functionally significant alterations in noradrenergic 
neurotransmission due to prenatal stress. This research was supported in part by 
NSF (IBN9222263) and the WVU Foundation.

531.16
STRESS, COPING AND DOPAMINE: CHEWING/GNAWING SELECTIVELY 
ATTENUATES ACTIVATION OF THE PREFRONTAL CORTICAL DOPAMINE 
SYSTEM IN NOVELTY-STRESS. C.W. Berridge*1. E. Mitton1. R.H. Roth2. 
‘Psychology Dept., Univ. Wisconsin, Madison, WI 53706; Pharmacology Dept.,
Yale Univ., New Haven, CT 06510.

The activation of cerebral dopaminergic (DA) systems is a hallmark response in 
stress. Across DA systems, there is differential responsivity, with activation of the 
prefrontal cortical (PFC) DA system > nucleus accumbens (NAS) > striatum (STR). 
Oral behavior (chewing) is an effective coping responses in stress, in that it diminishes 
the plasma steroid response in a variety of species. Hennesey and Foy (1987), 
demonstrated that mice exposed to a novel environment containing inedible ojects 
(foil, wood, etc.) readily chewed on these objects and displayed an attenuated plasma 
corticosterone response compared to novelty-exposed mice not provided the 
opportunity to chew. Using this paradigm, we assessed the degree to which chewing 
(coping) attenuates stressor-induced activation of DA systems in both rats and mice. 
Each experiment involved 3 groups: 1) quiet-controls (QCs); 2) novelty-exposed (15- 
20 min) no objects present (No-Chew); novelty-exposed + inedible objects. PFC, 
NAS, and STR, were dissected (along with other regions) and DOPAC/DA ratios 
calculated as an index of DA utilization. In some cases, left and right PFC were 
anlyzed separately. In No-Chew animals, the typical pattern of activation of DA 
systems was observed: PFC (approx. 150-160% of QCs) > NAS (approx. 135-140% 
of QCs) > STR (approx. 120% of QCs). In contrast, both novelty-exposed rats and 
mice that engaged in chewing (range = 15-250 sec) displayed a substantially attenuated 
PFC DA response (approx. 120-130% of QCs), with normal NAS and STR DA 
responses. Thus, in these animals the pattern of activation observed was NAS > PFC 
> STR. These observations indicate that under certain conditions, specific non-escape 
behavioral responses selectively attenuates stressor-induced PFC DA activation. 
Supported in part by: NARSAD; Univ. of Wisconsin; and MH-14092 (RHR).

531.17
EFFECTS OF CONDITIONED SOCIAL DEFEAT IN MICE ON
HYPOTHALAMO-PITUITARY-ADRENAL AXIS REGULATION.
S. Beaulieu*1, M.A, Smith 2. M.A. Hebert 3, G.A. Saviolakis 3, L.A, Lumlev, 3,
R.M.Post1 and J. L. Meverhoff3. 1 Biological Psychiatry Branch, NIMH, NIH, 
Bethesda MD.;2 Dupont Merck Research Labs, Wilmington, DE; 3 Div. of 
Neuroscience, Walter Reed Army Inst, of Res., Washington, D.C.

Acute social defeat of DBA/2 mice by trained aggressive C57BL/6 mice, 
induces persistent exaggerated fear response to conspecifics. DBA/2 mice 
were group housed (5 per cage) 1 week, then singly housed for 1 week. 
Larger C57BL/6 were pre-screened, trained for aggressiveness and singly 
housed for 6 weeks. DBA /2 mice received four 2 min pairings with C57BL/6 
mice, with 2 min rest periods between trials. Defeated and home cage 
controls (HCC) were sacrificed at 17 min. or 2.25, 6.25 or 24 hrs after 
beginning of the first defeat trial. Trunk blood was collected in heparin for 
hormone assay. Brains were removed, quickly frozen and stored until 
processed for InSitu hybridization for corticotropin-releasing factor (CRF), c- 
fos, cholecystokinin CCK), 5-HT1a receptor (5-HT1a), glucocorticoid 
receptor (GR) messenger RNAs (mRNA). Plasma corticosterone level 
increased 3X at times 17 min and 2.25 hr vs HCC. CRF mRNA was 
significantly increased at 2.25 and 24hrs in the paraventricular nucleus of the 
hypothalamus (PVN). No changes in CRF mRNA were observed in the locus 
coeruleus LC), the bed nucleus of the stria terminalis or the central nucleus 
of the amygdala, c-fos mRNA was significantly increased in the central and 
the cortico-medial nuclei of the amygdala at 17 min. No change in CCK 
mRNA levels could be detected in the lateral and basal nuclei of the 
amygdala or the hippocampus. GR mRNA was significantly decreased in the 
PVN and LC at 2.25hrs. Finally, 5-HT1a mRNA was increased in the dorsal 
raphe nucleus at 2.25 hr. (Support: Can. MRC & US Army MRMC)

531.18
ACTIVATION OF THE HYPOTHALAMIC-PITUITARY AXIS IN 
ADRENALECTOMISED RATS: POTENTIATION BY CHRONIC STRESS. A, 
Armario*, O. Marti, M. S. Harbuz, R. Andres and S. L. Lightman. Unitat de 
Fisiologia Animal, Universitat Autonoma de Barcelona, Spain and Division of 
Medicine, University of Bristol, UK.

The influence of chronic immobilization stress (IMO) on the status of the 
hypothalamo-pituitary-adrenal (HPA) axis of sham-operated and 
adrenalectomised rats was assessed. Animals underwent adrenalectomy 
(ADX) and 3 days later they were either left undisturbed or subjected daily to 
chronic IMO (2 h/day for 14 days). In situ hybridization histochemistry 
revealed that ADX increased corticotropin-releasing factor (CRF) mRNA and 
vasopressin (AVP) mRNA levels in the paraventricular nucleus of the 
hypothalamus (PVN) and proopiomelanocortin (POMC) mRNA levels in the 
anterior pituitary, in both control and chronically stressed rats. Chronic IMO 
increased CRF mRNA and AVP mRNA levels in the PVN and POMC mRNA 
levels in the anterior pituitary of sham-operated rats. Following ADX, chronic 
IMO resulted in further increases in CRF mRNA and AVP mRNA, above 
levels seen in ADX non-chronically stressed animals. In contrast, in ADX rats 
chronic stress reduced the corticotropin (ACTH) response to acute tail-shock 
exposure for 30 min. These results confirm that both ADX and chronic stress 
increase the basal activity of the HPA axis and suggest that chronic stress 
exerts a stimulatory influence at the hypothalamic level via a glucocorticoid- 
independent mechanism. We have also shown a potentiating effect of chronic 
stress at the hypothalamus of ADX rats. Despite the potentiation by chronic 
stress of the effects of ADX at the central level, a blunted circulating ACTH 
response to an acute short-term stressor was apparent in ADX-chronically 
stressed rats, suggesting that chronic stress might also alter POMC maturation 
and/or ACTH secretory patterns in the anterior pituitary of ADX animals.

REPRODUCTIVE BEHAVIOR III

532.1
EFFECTS OF COPUL ATORY EXPERIENCE, 8-OH-DPAT, AND 
PELVIC NERVE TRANSECTION ON THE MATING-INDUCED 
INHIBITION OF INFANTICIDE IN MALE RATS. C.B. 
Coppersmith* & J.G. Pfaus. CSBN, Department of Psychology, 
Concordia University, Montreal, QC H3G 1M8.

Infanticidal behavior is characteristic of many virgin adult male 
rodents. In some species, copulation alone is sufficient to inhibit this 
behavior 3 weeks later. The present study sought to clarify whether 
ejaculation is necessary and/or sufficient for this behavioral transition, 
and to determine the effect of pelvic nerve transection. Adult virgin 
male Wistar rats were given an initial 30-min infanticide test to 
determine their baseline responsiveness towards a 1 day-old rat pup, 
after which they were categorized as either infanticidal or 
noninfanticidal. A week later, males received different types of sexual 
experience with a receptive female in a semicircular arena or were 
placed into an empty arena for 20 min. All males were given a second 
infanticide test 3 weeks later. Previously infanticidal males allowed to 
copulate to 1 ejaculation were significantly more likely to become 
noninfanticidal during the second test, compared to males that were 
only allowed to intromit, or males that were exposed to soiled bedding 
alone in the arena. The effects of 8-OH-DPAT that induce ejaculation 
without prior intromissions, and the effect of pelvic nerve transection 
prior to mating are currently being examined and will be reported. 
Supported by a grant from the MRC of Canada (MT-13125) to JGP.

532.2
EJACULATION, BUT NOT PELVIC NERVE STIMULATION, ACTIVATES A 
GALANIN-IR PATHWAY BETWEEN LUMBOSACRAL SPINAL CORD AND 
SUBPARAFASCICULAR THALAMIC NUCLEUS, IN THE MALE RAT. J.G. 
Veening*1,2, L.M. Coolen1. A.Z. Murphy1 & M.T. Shipley1. 'Dept. Anat. & 
Neurobiol., Univ. of Maryland at Baltimore, MD 21201; 2Dept. Anat. & Embr., 
Univ. of Nijmegen, the Netherlands.

In the male rat, ejaculation induces Fos-IR neurons in the medial portion of the 
parvicellular subparafascicular nucleus (SPFp; Coolen et al, '96,'97). These Fos- 
IR neurons are closely surrounded by Galanin (GAL) -IR fibers, which originate 
from the lumbosacral spinal cord (LSSC). We hypothesized that viscero-sensory 
input related to ejaculation is relayed through the pelvic nerve, via the LSSC, 
inducing Fos-IR in the GAL-IR neurons of the LSSC, to the medial SPFp. 
Therefore, we compared patterns of Fos-IR in the LSSC and SPFp after mating 
and after pelvic nerve stimulation.

Anesthetized male rats receiving 60 minutes of continuous or intermittent pelvic 
nerve stimulation were compared with males performing 30 minutes of mating 
behavior, including ejaculation. After 90 minutes animals were perfused and their 
brains and spinal cords were processed for Fos-IR and GAL- or CGRP-IR. After 
ejaculation a majority of the L4/L5 GAL-IR neurons were Fos-positive. In SPFp, 
ejaculation induced Fos-IR in the medial GAL-containing portion. In contrast, 
pelvic nerve stimulation did not induce Fos in L4/L5 GAL-IR neurons, and less 
Fos-IR was present in the dorsal horn. In SPFp, Fos-IR was not increased in its 
medial GAL-containing part. However, compared with anesthetized control 
animals receiving no stimulation, pelvic nerve stimulation increased Fos-IR in both 
the dorsal horn of the spinal cord, and in the lateral CGRP-containing part of the 
SPFp.

We conclude that ejaculation activates an ascending GAL-IR pathway from the 
LSSC to the medial SPFp, and that electrical stimulation of the pelvic nerve in 
anesthetized rats fails to induce this ejaculation related pattern of activation. 
Supported by NIH DC00347, NS29635, DC02588, NWO R91-256.
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532.3
PROJECTIONS OF SUBPARAFASCICULAR NUCLEUS: EVIDENCE FOR A 
DISCRETE SPINO-THALAMO-FOREBRAIN CIRCUIT ACTIVATED BY 
MATING. L.M, Coolen*, J.G, Veening, A.Z. Murphy, and M.T. Shipley.. Dept. Anat 
& Neurobiol, Univ. Maryland at Baltimore, School of Medicine, MD 21201.

The parvicellular subparafascicular thalamic nucleus (SPFp) is important 
for male sexual behavior. The SPFp receives ascending input from the lumbosacral 
spinal cord and may relay this input to other brain regions implicated in mating 
behavior. In the present study the efferent connections of SPFp to these regions 
were studied in relation to mating-induced neural activity.

Anterograde tracer biotinylated dextran amine (BDA) was injected by 
iontophoresis into SPFp, in sexually-experienced male rats. After 16 days, animals 
were allowed to copulate and were perfused 60 minutes later. Brains were 
processed for BDA and Fos-immunoreactivity (-IR). Tracer injections located in 
the medial galanin-containing subdivision of SPFp, where ejaculation-induced Fos- 
IR is expressed, labeled dense projections to posteromedial bed nucleus of stria 
terminalis (BN ST), poster odor sal medial amygdala, and medial preoptic nucleus. 
In these areas, BDA-labeled SPFp efferents strikingly co-distributed with mating- 
induced Fos-IR. However, injections that overlapped the lateral CGRP-containing 
subdivision of SPFp, where mating does not induce Fos-IR, had only moderate 
connections to these regions, and additionally projected to lateral subdivisions of 
BNST and medial preoptic area. Injections that were located in regions of the 
thalamus adjacent to SPFp did not project to these mating-related brain areas.

The present results support the presence of a discrete spino-thalamo- 
forebrain circuit that is activated by mating. This circuit consists of GAL-IR 
neurons in lumbosacral spinal cord and a medial subdivision of SPFp that receives 
GAL-IR fibers from these lumbosacral neurons. In turn, this subdivision of SPFp 
sends dense efferent projections to mating-related forebrain regions. Parallel to 
this circuit is a CGRP-containing pathway that includes a lateral subdivision of 
SPFp, but appears unrelated to mating.
Supported by NIH DC00347, NS29635, DC02588.

532.4
IN MALE RATS ANDROGEN RECEPTOR AND FOS COLOCALIZING 
LUMBOSACRAL SPINAL NEURONS PROJECT TO THE CENTRAL 
TEGMENTAL FIELD. B. Greco*1, D.A. Edwards1, A.N. Clancy2. ’Psychol. Dept. 
Emory Univ., 2Biol. Dept. GA St. Univ. & 2DepL of Psychiatry and Sci., Emory 
Univ. Sch. of Med. Atlanta, GA.

The central tegmental field (CTF) relays sexually relevant information from 
pelvis to brain. We studied (i) distribution of spinal cord neurons coexpressing 
androgen receptor immunoreactivity (AR-ir) and mating-induced Fos-ir in three 
groups of male rats - isolated nonmated males, males with females where physical 
contact was prevented (social controls) and mated males, and (ii) distribution of 
brain and spinal cord neurons coexpressing Fos-ir and AR-ir after injection of the 
retrograde tracer fluorogold (FG) into the CTF. PG21 anti-AR (G.Prins) and OA- 
11-824 anti-c-fos (Genosys) primary antibodies were visualized with cyanine- 
conjugated and fluorescein-conjugated secondary antibodies. Mated rats were 
killed after ejaculating (in Experiment 2,10 days after FG injection) and controls 
were killed at the same time. Isolated controls had few Fos-ir neurons in the spinal 
cord. Fos-ir neurons were more numerous in social controls (who showed 
erections in the presence of the female). Fos-ir neurons were most numerous in the 
intermediate zone of the spinal cord in mated males. The majority of Fos-ir 
neurons in spinal cord were AR-ir. In the second study, FG neurons were present 
in forebrain, midbrain and pontine regions, and in intermediate zone of the 
lumbosacral zone. In brain, Fos-ir and AR-ir were rarely present in FG neurons.
In spinal cord, Fos-ir and AR-ir were colocalized in some FG neurons. Mating 
activates AR-ir neurons in spinal, midbrain, and forebrain, and input from the 
lumbosacral trunk to the CTF is carried in androgen sensitive neurons. This 
demonstrates a spinal component of an interconnected network of hormonally 
sensitive neurons that transmits sexual information. (Funded by NSF grant IBN- 
9421208 to DAE and Whitehall Foundation grant J96-24 to ANC).

532.5
DISTRIBUTION AND STEROID DEPENDENCE OF ANDROGEN 
RECEPTOR IMMUNOREACTIVITY IN SPINAL NEURONS IN THE

Neurobiology and Behavior, SUNY, Stony Brook, NY 11794.
It has been shown that motoneurons (MNs) in the adult male rat spinal cord 

exhibit androgen receptor immunoreativity (AR-IR) and that the subcellular 
localization of AR-IR is androgen-dependent: nuclear staining is seen only in 
gonadally-intact or testosterone-treated males (Freeman et al., 1995). The present study 
extends these observations to include putative intemeurons (PINs) and parasympathetic 
preganglionic neurons (PPNs) and examines the steroid dependence of the subcellular 
localization of AR-IR.

Twenty-five male Sprague-Dawley rats (180 gm) were separated into five 
treatment groups: 1) sham castration and castration with 2) testosterone (T) 3) 5a- 
dihydrotestosterone (DHT), 4) 173-estradiol (E) or 5) placebo administration. After two 
weeks survival, the rats were perfused transcardially with 4% paraformaldehyde and 
15% picric acid, and transverse sections (40pm) from the lumbosacral spinal cord were 
reacted for androgen receptor with PG-21 polyclonal antibody. DMN and DLN MNs, 
PINs in lamina X and PPNs were examined for nuclear and cytoplasmic AR-IR, and in 
each case estimates were made of neuron number and AR-IR intensity.

In each population of neurons, intense nuclear and little or no cytoplasmic AR-IR 
was seen in sham castrates and T and DHT-treated castrates. A marked decrease in 
nuclear AR-IR, and increase in cytoplasmic AR-IR, was observed in rats castrated 
without hormone replacement (placebo). The total number of AR-IR positive MNs did 
not change as a function of treatment, whereas the number of AR-IR positive PINs and 
PPNs decreased following castration with placebo. E treatment following castration 
restored nuclear AR-IR in a subset of PPNs but failed to restore nuclear AR-IR in 
MNs or PINs.

These results suggest that expression and subcellular localization of androgen 
receptors in spinal MNs, interneurons and pregangionic neurons are differentially 
sensitive to androgenic and estrogenic steroids. Supported by grants from the NIH and 
NSF. PG-21 polyclonal antibody was generously provided by G. Prins.

532.6
IDENTIFICATION OF TESTOSTERONE-REGULATED GENES IN THE 
RAT LUMBOSACRAL SPINAL CORD BY DIFFERENTIAL DISPLAY-PCR 
(DD-PCR). Thompson LL*. Arnold AP. Campagnoni AT, Department of Psychiatry 
and Biobehavioral Sciences, and Department of Physiological Science, Lab of 
Neuroendocrinology. Brain Research Institute, UCLA, Los Angeles, CA 90095.
The spinal nucleus of the bulbocavemosus (SNB) is a sexually dimorphic and 
androgen-sensitive motor nucleus that innervates penile muscles. Testosterone (T) in 
adulthood modifies SNB motoneurons, increasing soma size, dendritic length, gap 
junction number, and synaptic input. To find genes that are regulated by T in this 
spinal cord region. DD-PCR (Liang and Pardee, ‘92) was performed on spinal cord 
tissue from T-treated and vehicle-treated rats.
Adult male rats were castrated and injected one month later with T (1 mg) or ethanol 
vehicle alone. After 3 hours, rats were decapitated and lumbosacral spinal cord was 
removed. 10 cords per group were pooled and total RNA was isolated. DD was 
performed using a GeneHunter kit. Total RNA (0.2 pg) was reverse transcribed using 
one of the three primers: HTh M (M = G, A or C, and H is a Hindffl site). PCR was 
then conducted with a-[33P]dATP, the same HTnM primer and one of 4 arbitrary 5’ 
primers using 40 cycles at 94°C (30 sec), 40°C (2 min), 72°C (30 sec) and then 
72 ° C (5 min). Differentially expressed bands were excised from the 6% acrylamide 
gel, PCR reamplified, TA cloned (Invitrogen) and sequenced.
One band is a zinc finger transcription factor called 8EF1 or BZP. Northern analysis 
shows that 3 hours of T induces a 2-fold increase in 8EF1/BZP. This factor acts as a 
transcriptional repressor is expressed in hypothalamus, anterior pituitary, cortex and 
spinal cord (Franklin. 1994; Funahashi, 1994). A second DD product, BC22, showed 
no homology to any reported sequences. Northern analysis shows BC22 to be a 
highly abundant 5.9 kb mRNA which is down-regulated (1.6-fold) by T. Full length 
clones and sequence of both dEFl/BZP and BC22 are being obtained. DD-PCR is a 
useful technique for elucidating the molecular cascade which T induces to modify 
spinal neural circuits. Supported by HD 15021.

532.7
MAIN AND ACCESSORY OLFACTORY INPUTS FOR THE ACTIVATION 
OF THE MEDIAL AMYGDALA DURING MALE SEXUAL BEHAVIOR IN 
THE RAT. Y. Kondo1*. T. Sudo1. K. Tomihara2 and Y. Sakuma1. ’Dept. 
Physiol., Nippon Med. Sch., Tokyo 113 and 2Dept. Physiol., Juntendo Sch. Med., 
Tokyo 113, Japan.

The medial nucleus of the amygdala (MA) has been associated with the 
regulation of copulatory behavior and penile erection. In order to identify the origin 
of sensory inputs to the MA, c-Fos expression during copulation was determined in 
the MA of sexually-experienced male Long-Evans rats with deprivation of either 
main or vomeronasal olfactory input. The olfactory epithelium was destroyed by 
bilateral perfusion of zinc sulfate (ZnSO4) into the nasal cavity; the vomeronasal 
organ was removed surgically (VNOX). Saline-injected and sham-operated animals 
were used as controls. After recovery from the surgical invasion, the half of the 
males was placed with highly receptive females primed with estrogen and 
progesterone. The males allowed to copulate until the termination of ejaculation. 
One hour after the ejaculation, the males were deeply anesthetized by an over-dose 
of pentobarbital and perfused from the hart by phosphate-buffered paraformaldehyde 
solution. As controls, the other half of the males that spent alone for 1.5 to 2 hours in 
the same observation cage was used. In males with ZnSO4 lesions, mating increased 
expression of c-Fos throughout the MA, though the increase remained less than that 
in saline-infused control males. In VNOX males, c-Fos expression increased in the 
posterior, but not in the anterior, subdivision of the MA. These results indicate that, 
in principle, inputs from both the olfactory epithelium and the vomeronasal organ 
contribute to the activation of the MA during copulatory behavior in the rat. The 
activation in the anterior MA appeared to depend solely on vomeronasal inputs.

532.8
TESTOSTERONE AUGMENTS NEURONAL FOS RESPONSES TO ESTROUS 
BEDDING IN THE VOMERONASAL PROJECTION PATHWAY OF MALE 
AND FEMALE RATS. M.J. Baum*. M. Lopez and R.G. Paredes. Psychology 
Department, Anahuac University, Mexico D.F. 11000 and Dept. Of Biology, Boston 
University, Boston, MA 02215.

Bressler and Baum (Neuroscience 71:1063, 1996) found that exposure to soiled 
bedding from either anestrous or estrous female rats significantly augmented neuronal Fos- 
immunoreactivity (IR) in the vomeronasal projection pathway to the hypothalamus [i.e., 
in the accessory olfactory bulbs (AOB), posterior medial amygdala (MeP), posterior 
medial bed nucleus of the stria terminalis (BNST), and medial preoptic area (mPOA)] of 
gonadectomized male and female rats which were treated with testosterone propionate 
(TP). We asked whether adult exposure to testosterone is required in order for 
gonadectomized rats of either sex to show investigatory behaviors or neuronal Fos 
responses to estrous bedding? Adult male and female rats were gonadectomized and 
treated daily with TP (5 mg/kg). After being placed with an estrous female on three 
occasions, rats of each sex were subdivided into groups which received either TP or oil 
vehicle for an 4 additional weeks. Both male and female rats treated with TP preferred 
to investigate bowls containing estrous as opposed to anestrous or clean bedding; oil- 
treated subjects showed no such preference. Subgroups of subjects were then placed for 
2h directly on either clean or estrous bedding, whereupon they were perfused with 4% 
paraformaldehyde and their brains were processed for Fos-IR. Exposure to estrous 
bedding significantly augmented neuronal Fos-IR at all stages of the vomeronasal 
projection pathway, beginning with the AOB (granular and mitral cells) and ending with 
the mPOA, in both sexes, provided subjects were receiving TP. Previous research 
suggests that, if anything, androgen suppresses c-fos gene expression. This implies that 
testosterone facilitated odor-induced neuronal Fos-IR indirectly, either after its neural 
conversion to estradiol or via some transynaptic mechanism. (Supported by the Mexican 
CONACYT, U.S. NSF grant INT9600261, and by U.S. Public Health Service grants 
HD21094 & MH00392).
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532.9
SEXUAL EXPERIENCE INCREASES NOS-POSITIVE NEURONS IN MPOA 
OF MALE RATS Jianfang Du, C. J., Smith* and Elaine Hull. Behavioral 
Neuroscience Area, Psychology Dept, SUNY at Buffalo, Buffalo, NY 14260

Sexually experienced male rats copulate more efficiently than do sexually naive 
males (Dewsbury, 1969; Larsson, 1978). The mechanisms of these behavioral 
changes in copulatoiy efficiency are unclear. It may relate to dopamine (DA) 
release in the medial preoptic area (MPOA). Preliminary data from our lab 
indicate that both precopulatory and copulatory DA release is higher in sexually 
experienced than in naive males who copulated. These data suggest that 
experienced animals may have greater MPOA DA release before and during 
copulation than do naive animals. In addition, nitric oxide (NO) has been shown to 
increase DA release in the MPOA (Lorrain & Hull, 1993). Microinjection of an 
NO synthase (NOS) inhibitor into the MPOA decreased the number of sexually 
naive animals that copulated, but did not affect sexually experienced animals 
(Moses & Hull, 1994).

The present study further investigated the role of NO in behavioral changes 
caused by sexual experience. It has examined the amount of brain NOS 
immunoreactivity in the MPOA and paraventricular nucleus (PVN) of sexually 
experienced and sexually naive male rats. Sexually experienced animals had 
significantly more brain NOS neurons in the MPOA than did sexually naive 
animals (t]0 = 2.27, p < 0.05), but there was no significant difference in the PVN 
(tio = 0.56, NS). These results suggest that one mechanism for the increased 
release of precopulatory and copulatory DA in the MPOA of sexually experienced 
male rats may be to the greater amount of NO in the MPOA of those animals.

Supported by NIMH grant # 40826 to E.M.H.

532.10
ESTROGEN RECEPTOR (ER) IMMUNOREACTIVITY IN BRAIN AREAS 
MEDIATING SEXUAL BEHAVIORS IN PREPUBERTAL AND ADULT MALE 
GOLDEN HAMSTERS. R. D. Romeo*, S. L, Diedrich, and C. L. Sisk, Dept. of 
Psych., Neuroscience Program, Michigan State Univ., E. Lansing, Ml 48824.

Adult male hamsters are more responsive than are prepubertal males to the 
activating effects of testosterone (T) on sexual behaviors. The aromatization 
of T to estrogen is important for the expression of male sexual behaviors, thus 
differential responsiveness to the behavioral effects of T may be mediated at 
the level of the ER. The purpose of this experiment was to test the 
hypothesis that increased responsiveness to the activation of behavior is due 
to increased ER in brain nuclei that mediate sexual behavior. Seven 
prepubertal and 7 adult male hamsters were castrated under anesthesia, and 
one week later brain tissue was collected. The number of ER immunoreactive 
(ER+) nuclei /unit area was determined for several brain regions. There were 
no differences in ER+ cell number between the two age groups in the medial 
amygdala, posteromedial bed nucleus of the stria terminalis, or lateral septum. 
However, adults had significantly more ER+ cells in the medial preoptic area 
(MPOA), magnocellular POA, and ventral medial hypothalamus (VMH) than 
their prepubertal counterparts. These results indicate that adults have a 
greater number of ER+ cells than do prepubertal males in brain nuclei that 
mediate the male-typical (e.g., MPOA) and, interestingly, female-typical (VMH) 
consummatory aspects of sexual behavior. Conversely, adult and prepubertal 
male hamsters have an equivalent number of ER+ cells in brain nuclei that 
mediate the appetitive aspects of sexual behavior (e.g., chemosensory 
integration). These data support the hypothesis that increased 
responsiveness to the steroidal activation of reproductive behaviors is 
mediated by increased ER in brain nuclei that mediate sexual behavior. 
(Supported by NSF IBN 96-02169 and NIH NS-07279)

532.11
THE ROLES OF ANDROGEN AND ESTROGEN RECEPTORS IN THE 
RESTORATION OF MALE RAT COPULATORY BEHAVIOR. M.E. 
Vagell* and M.Y. McGinnis. Department of Cell Biology & Anatomy, 
Mount Sinai School of Medicine, City University of New York, New York, 
NY 10029

A number of studies have shown that preventing the aromatization of 
testosterone to estradiol in adult male rats resulted in the complete 
suppression of male copulatory behavior. If this estradiol was acting via cell 
nuclear estrogen receptors, we hypothesized that directly blocking estrogen 
receptors with an antiestrogen would inhibit male copulatory behavior in a 
manner similar to blocking aromatization. Previous studies using 
antiestrogens have yielded mixed results, with no studies clearly 
demonstrating a role for estrogen receptors in male copulatory behavior. 
We now have a new antiestrogen, RU 58668, which is very effective, in that 
it blocks estradiol’s effects on both female copulatory behavior and also 
blocks estrogen receptor occupation in brain tissue. Therefore, we used 
RU 58668 to study the role of estrogen receptor action in the restoration of 
male copulatory behavior. Neither 3 mg/kg/dav nor 15 mg/kg/day of 
RU 58668 had any effect on male copulatory behavior or partner 
preference, even though brain cell nuclear estrogen receptor occupation 
was significantly reduced to castrate levels. On die other hand, blocking 
androgen receptors with 40 mg/kg/day of the antiandrogen, 
hydroxyflutamide, significantly inhibited testosterone’s restoration of both 
male copulatory behavior and partner preference. Combined administration 
of the antiestrogen and the antiandrogen was not more effective than 
treatment with the antiandrogen alone. In conclusion, our work suggests 
that estradiol’s effects on male copulatory behavior might not be mediated 
by cell nuclear estrogen receptors, but that testosterone’s effects on male 
copulatory behavior and partner preference are mediated by cell nuclear 
androgen receptors. This research was supported by NIH grant HD 27727 
to MYM.

532.12
OLFACTORY CONDITIONING OF SEXUAL BEHAVIOR IN THE 
MALE RAT: ODOR HABITUATION, EXPLICITLY UNPAIRED, 
AND RANDOM CONTROLS. T.E, Kippin,* S, Talianakis. & J.G. 
Pfaus. CSBN-Dept. ofPsyc., Concordia Univ., Montreal, QC. H3G 1M8

Male rat sexual behavior is strongly influenced by odors. Previously, 
we have shown that pairing a neutral odor (almond or lemon) with access 
to a sexually receptive female produces a preference for females bearing 
that odor. The present study further investigated this phenomenon by 
examining control groups necessary to implicate classical conditioning. In 
Experiment 1, cotton rolls with either lemon odor or distilled water were 
repeatedly placed into the home cage of males. The mate selection 
behavior of all males was tested during simultaneous access to one lemon- 
scented and one unscented receptive female. Neither group displayed a 
preference toward the lemon-scented female. In Experiment 2, males 
received pairings of almond odor with either access to receptive females, 
access to unreceptive females, or randomly paired with access to 
receptive and unreceptive females. The mate selection behavior of all 
males was tested during simultaneous access to one almond-scented and 
one unscented receptive female. Only the males which received the 
pairing of almond odor with receptive females displayed a preference for 
almond-scented females. These results suggest that learned sexual 
preference for a female bearing a neutral odor develops only when the 
neutral odor is paired with access to a receptive female. Supported by 
NSERC of Canada grant (OGP-0138878) to JGP.

532.13
ENDOGENOUS RELEASE OF GABA WITHIN THE MPOA DURING 
COPULATORY BEHAVIOR IN MALE RATS. James C, Dodge. John J, Panos. 
Amanda M. Illig. Lori L. Badura*. and Elaine M. Hull Behavioral Neuroscience, 
Psychology Department, SUNY at Buffalo, Buffalo, NY

The medial preoptic area is one of three dopaminergic (DAergic) systems involved 
in the complex process of integrating genital, motivational, and somatosensory 
systems necessary for male rat copulatory behavior. DA in the mPOA facilitates 
copulation; the roles of other neurotransmitters have not been determined. One 
putative candidate for modulating these behaviors is the major inhibitory 
neurotransmitter 4-aminobutyric acid (GABA). It has previously been shown that 
GABAergic neurons have direct synaptic contact with GnRH neurons in the mPOA, 
and may thus be involved in the modulation of reproductive endocrine and behavioral 
systems. GABA mediates depression of synaptic transmission and contributes to the 
inhibition controlling neuronal excitability. Thus, it is plausible that GABA-DA 
interactions within the MPOA are critical for the expression of male copulatory 
behavior. Male Long-Evans rats had a 23 gauge stainless steel guide cannula 
surgically implanted into the mPOA 7 days prior to the implantation of a microdialysis 
probe. Upon placement of the probe, 20 ul samples were collected at twenty minute 
intervals before, during, and after a lhr copulatory test with a receptive female. GABA 
levels in the dialysate were assayed via HPLC-EC. Changes in GABA as a percentage 
of baseline will be discussed with reference to the behaviors scored during the 
copulatory intervals.

532.14
AFFERENT AND EFFERENT CONNECTIONS OF THE BED 
NUCLEUS OF THE STRIA TERMINALIS (BNST) IN THE MALE 
SYRIAN HAMSTER. R. I, Wood* and J.-E. Choi, Dept of Ob/Gyn, 
Yale Univ. Sch. of Med., New Haven, CT 06520-8063.

In the hamster, BNST contributes to male sexual behavior. Lesions of 
BNST disrupt chemoinvestigation. Moreover, BNST is connected with 
brain nuclei essential for mating, including the medial amygdaloid nucleus 
(Me) and medial preoptic area (MPOA). This study investigated the 
afferent and efferent connections of three major subnuclei of BNST: 
posteromedial (BNSTpm), posterointermediate (BNSTpi), and 
posterolateral (BNSTpi). Anterograde (Phaseolus vulgaris 
leucoagglutinin, Pha-1, 2.5%) and retrograde tract tracers (cholera toxin B, 
CTB, 5%) were combined in a glass micropipette (20 um tip diam.) and 
delivered via iontophoresis (6 pA, 7 sec on/off for 20 min). After 8-10 
days, hamsters were perfused and 40 um coronal sections were cut. 
Sections were labelled with goat anti-Pha-1 (1:16,000, Vector Labs) and 
goat anti-CTB (1:10,000, List Biologicals) visualized with NiCl-enhanced 
and unenhanced diaminobenzidine, respectively. BNSTpi and BNSTpm 
have dense bidirectional connections with anterior and posterior Me via the 
stria terminalis (st) and ventral amygdalofugal path (vaf). In addition, 
these subnuclei are connected with lateral and medial MPOA, and other 
steroid:responsive limbic nuclei. By contrast, BNSTpi is connected via st 
and vaf with the central amygdala (Ce), and with nuclei of the ventral 
striatum. These results support the concept of three distinct components 
within the extended amygdala which link Ce and Me with subnuclei of 
BNST. Moreover, they demonstrate that connections of BNSTpi are 
similar to those of basolateral amygdala, whereas those of BNSTpm and 
BNSTpi resemble corticomedial amygdala. (NIH HD-32669).
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532.15
PROGESTERONE RECEPTOR ENHANCES REINSTATEMENT OF MALE 
SEXUAL BEHAVIOR BY TESTOSTERONE: EVIDENCE FROM MICE 
HETEROZYGOUS FOR A PROGESTERONE RECEPTOR KNOCKOUT. 
S.M.Phelps1. J. Lydon2, B.W. O’Malley2, and D. Crews1*. ‘Dept of Zoology, Univ. 
of Texas, Austin, TX 78712,2Dept of Cell Biology, Baylor College of Medicine, 
Houston, TX 77030.

Classic work on mammalian systems has led to the paradigm that progesterone (P) 
inhibits male-typical sex behavior. Recent data indicate that physiological doses of P 
may facilitate male-typical sex behavior in rats and in 3 species of lizard. We 
investigated whether P might also be important in modulating the sexual behavior of 
male mice by comparing mice that were either homozygous wildtype for the P 
receptor (PR), or were heterozygous for a PR knockout. Intact mice (129 
SvEv/C57BL6) were sex-tested for 20 minutes on 4 consecutive days prior to 
castration. Mice were then tested at 3, 6, and 9 weeks following castration. 
Following the 9-week test, mice that had displayed significant levels of precastration 
behaviors, but had ceased to respond since castration, were implanted with 2 
hormone capsules: testosterone (T) & blank (B); P&B; T&P; or B&B. On 10 and 15 
days after hormone treatment, implanted mice were tested again. We performed 
ANOVAs on composite latency and frequency scores (relative to precast, scores 
where appropriate), and found no influence of genotype on intact levels of behaviors 
(p>.05), or of P enhancement (3-way ANOVA, p>.05; perhaps because native P, 
presumably of adrenal origin, was not removed). We pooled across P treatment and 
repeated the analysis. We found an influence of T (pc.Ol, freq.; p<05, lat.), of 
genotype (p<.05, freq.), and a T-by-genotype interaction (p<05, freq.), indicating 
that wildtype males are more responsive to T replacement. This is consistent with 
data demonstrating that, in other taxa, P increases abundance of androgen receptor 
mRNA in the preoptic area. We are currently extending this study to include males 
homozygous for the PR-knockout. Supported by NIMH F31 MH11194 to S.M.P., 
NIMH ROI MH41770 to D.C., and NICHD to B.W.O.

532.16
INTRAHYPOTHALAMIC PROGESTERONE REGULATES ANDROGEN- 
DEPENDENT SEXUAL BEHAVIOR IN MALE RATS D.M. Witt *, V.M. 
Lala, L.C. Reigada, and B.E. Wengroff Behavioral Neuroscience Program, 
Dept. of Psychology, Binghamton University (SUNY), Binghamton, NY 13902.

The functional and cellular aspects of progesterone (P) in males is poorly 
understood, and recent data have challenged the traditional dogma that P inhibits 
masculine sexual behavior by antiandrogenic actions. In male Whiptail lizards, 
when administered systemically at physiological levels, P (in addition to 
testosterone) facilitates courtship and copulatory behavior, and the medial 
preoptic area (MPOA) is the site of action for these P-mediated behavioral 
responses (Crews et al. J. Neuroscience, 1996}. In studies using rats, systemically 
administered P (physiological doses) facilitates aspects of copulatory behavior in 
gonadectomized males, and the P receptor antagonist RU486 significantly reduces 
mating in gonadally-intact males (Witt et al. Physiol. & Behav. 1995}. Although 
it is clear that in both species that P has a synergistic relationship with androgens, 
enhancing reproductive behavior, the central targets mediating these behaviors are 
unknown in the mammalian brain. The current studies indicate that aspects of 
copulatory behaviors are potentiated by MPOA microinjections of P, and 
attenuated by microinjections of RU486 (P receptor antagonist) in male rats 
primed with physiological levels of androgens. Studies are in progress to 
characterize the behavioral effects of intrahypothalamic injections of P conjugated 
to bovine serum albumin, which blocks free diffusion of the steroid across 
neuronal membranes. These experiments are designed to determine whether the 
observed P-mediated behaviors are differentially regulated by genomic vs. non- 
genomic mechanisms acting on neurons found in the MPOA (and possibly other 
brain regions) which could rapidly alter copulatory responses in males.

532.17
RELATION OF MALE SEXUAL BEHAVIOR TO THE PELVIC 
GANGLIA IN POLYCHLORINATED BIPHENYL (PCB) TREATED 
RATS. Y.-W. Chung, J. Fang, R. Sydlowski and L.G Clemens*. 
Department of Zoology, Michigan State University, East Lansing, MI 
48824.

We examined the effect of postnatal exposure to Aroclor 1221, one of 
the commercial estrogenic polychlorinated biphenyls (PCBs), on sexual 
behavior of laboratory rats and development of the pelvic ganglia. After 
parturition, 15 lactating rats (Harlan Sprague Dawley, Inc.) were treated 
with Aroclor 1221 by intraperitoneal injection for one week, thus, 
exposing pups to PCBs through the dam’s milk. Control females were 
treated with sesame oil only. At the age of 60 days, female offspring were 
ovarieetomized, rehoused and allowed 7 days to recover from the surgery. 
The ovarieetomized rats were then primed with estrogen and progesterone 
and tested for female sexual behavior. Male offspring were tested intact at 
90 days of age. Aroclor 1221 had no effect on sexual behavior or the 
number of cells in the pelvic ganglia. However, there was a strong 
correlation between the male’s behavior and cell number in the major 
pelvic ganglia. A linear regression analysis revealed a significant linear 
relationship between cell number and four measures of male sexual 
behavior: mount frequency, inter-intromission interval, intromission rate 
and ejaculation latency. Males with high cell counts in the pelvic ganglia 
mounted less, had shorter inter-intromission intervals, shorter ejaculation 
latencies and an increased intromission rate. Females had significantly 
fewer cells in the pelvic ganglia than copulating males (mean ± S.E. = 
3252±305 and 12765+579 respectively). Interestingly there were some 
males which never copulated during our testing period. The cell count for 
their pelvic ganglia was significantly less (mean ± S.E. = 7320±722) than 
that of the male copulators but significantly greater than that of females. 
This research is supported by NIEHS grant P42 ES04911-09.

532.18
SEXUAL BEHAVIOR INDUCES EXPRESSION OF THE IMMEDIATE EARLY 
GENE, ZENK IN THE NUCLEUS STRIAE TERMINALIS AND NUCLEUS 
INTERCOLLICULARIS OF MALE JAPANESE QUAIL. G.F. Ball*. O. TIemcani 
and J, Balthazart Dent. Psychology, Behavioral Neuroendoc Group, Johns Hopkins 
Univ., Baltimore, MD 21218; Lab.Biochemistry, Univ. of Li&ge B-4020 Belgium

To identify brain areas involved in the regulation of male appetitive sexual 
behavior (ASB) and consummatory sexual behavior (CSB i.e. copulation), we 
mapped cells immunoreactive (ir) for the protein encoded by the immediate early 
gene ZENK in male Japanese quail (Coturnix japonica). The ZENK (also known 
as egr-1) protein is a zme finger transcriptional regulator. Castrated male quail 
chronically treated with testosterone were trained during 12 sessions in a two 
chamber test cage to acquire a social proximity response that provides a measure 
of ASB. In this procedure, males learn to stay close to, and observe through a 
window, a female that is later released and allowed to interact freely with the 
male who can then express CSB. Control birds receive training in the chamber 
without access to a female and the proximity response is not acquired (see 
Balthazart et al. 1995. Behav. Neurosci. 109: 485-501). After 12 training sessions, 
males were then either allowed to freely copulate with a female in the test cage 
for 45 min (CSB group) or allowed to watch a female through the window for 45 
min (ASB group). Control males (C) either remained in their home cage or were 
placed in the chamber and did not exhibit the proximity response. Birds were then 
perfused and the ZENK protein was visualized by a standard immunocytochemical 
procedure employing a polyclonal antibody (Santa Cruz Biotech, Inc) that 
recognizes a ^portion of the egr-1 peptide sequence similar in both birds and 
mammals. ZENK-ir cells were counted in selected nuclei in the forebrain. 
Copulatory activity markedly increased the number of ZENK-ir cells in the 
nucleus striae terminalis both in the subdivision dorsal to the anterior commissure 
and at a more caudal level when this structures forms a characteristic “V-shaped” 
structure. Increases in ZENK-ir cell numbers observed in this area after expression 
of ASB were not statistically significant. ZENK-ir cell numbers in the nucleus 
intercollicularis increased in males in all groups placed in the test chamber.
These data indicate that induction of the ZENK protein occurs in behavioral 
contexts related to reproductive behavior; whether this results only from the 
performance of these behaviors or whether this induction is related to components 
of these behaviors that involve learning and reward, as has been suggested^ in other 
species, is unknown.
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, EC-CT94-0472.

532.19
THE MEDIAL PREOPTIC NUCLEUS AND NUCLEUS STRIAE TERMINALIS 
DIFFERENTIALLY REGULATE APPETITIVE AND CONSUMMATORY 
ASPECTS OF MALE SEXUAL BEHAVIOR IN QUAIL. P, Absil*. L, V, Riters. 
M. G6rard. G.F. Ball and J. Balthazart Lab.Biochemistiy, Univ. of Lidge B-4020 
(Belgium); Dept. Psychology, Johns Hopkins Univ., Baltimore, MD 21218, USA

In Japanese quail, the preoptic area-anterior hypothalamus contains two major 
clusters of aromatase immunoreactive (ARO-ir) cells that outline the medial 
preoptic nucleus (POM) and the nucleus striae terminalis (nST) throughout their 
rostro-caudal extent. Because central testosterone (T) aromatization is a 
limiting factor in the activation of both appetitive (ASB) and consummatory 
(CSB) male sexual behavior, we investigated the role of POM and/or nST in the 
control of the two components of behavior. Castrated male quail chronically 
treated with T were first trained in a two chamber test cage to acquire a social 
proximity response used to measure ASB. In this procedure, males leam to stay 
close to, and observe through a window, a female who is later released and 
allowed to interact with the male who can then express CSB. (Balthazart et al. 
1995. Behav. Neurosci. 109: 485-501). After 8 training sessions, males were 
submitted to bilateral electrolytic lesions aimed at the POM or nST and then 
retested during 9 additional sessions for the presence of ASB and CSB. After 
perfusion, bram aromatase was localized via immunocytochemistry. The extent 
of the lesions to the two ARO-ir cell groups was quantitatively determined. As 
expected based on previous results, lesions affecting the POM ARO-ir cells 
completely abolished CSB. However, they also significantly decreased but did 
not completely suppress all measures of ASB. Lesions aimed at the nST had no 
effect on ASB but moderately decreased CSB. Histological reconstructions 
showed that POM lesions were usually confined to this nucleus and the 
surrounding lateral preoptic area while lesions aimed at the nST almost always 
also destroyed a substantial portion of the nucleus accumbens (Ac) as defined in 
the chicken atlas (small ceil group adjacent to the ventral tip of the lateral 
ventricles). In a parallel study, ASB and CSB were measured in castrated 
males who received T-implants directed at either the POM, the nST, or the Ac. 
Implants in the POM activated both aspects of sexual behavior but CSB was not 
activated by implants in other brain areas preventing the acquisition of the 
proximity response in these birds. Thus the PGM appears to be involved in the 
activation of both ASB and CSB, the role played by nST requires further 
investigation. Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171.

532.20
PERFORMANCE OF APPETITIVE OR CONSUMMATORY ASPECTS OF 
MALE SEXUAL BEHAVIOR ACTIVATES DIFFERENT BRAIN AREAS IN 
JAPANESE QUAIL: A 2-DEOXYGLUCOSE AUTORADIOGRAPHIC STUDY.

Stimtakis, Q,Tiemgam...anxi.J„Bal.thaz.aQ*, Dept. Biology, Univ. of
, Heraklion 71409, Crete; Dept. Biochem., Univ. of Lifcge, B-4020 Belgium 

Studies in mammals suggest that male appetitive sexual behavior (ASB) may 
be controlled by brain mechanisms that are different from those mediating 
copulation per se (consummatory sexual behaviors; CSB) but contradictory 
evidence has also been presented. We investigated here the functional bram 
circuits involved in these two aspects of male sexual behavior by the measure of 
P4C-]-2-deoxyglucose (2-DG) incorporation. Castrated male quail chronically 
treated with testosterone were trained during 12 sessions in a two chamber test 
cage to acquire a social proximity response used to measure ASB. In this 
procedure, males leam to stay close to and watch through a window that provides 
visual access to a female that is later released and allowed to freely interact with 
the male who can then express CSB. Control (Ctrl) birds were trained in the same 
procedure without physical access to the female and did not leam the social 
proximity response (see Balthazart et al. 1995. Behav. Neurosci. 109: 485-501). 
Males were then injected i.p. with 100 pCi/Kg of 2-DG and either allowed to 
freely copulate with a female in the test cage for 45 min (CSB group) or allowed 
to watch the female through the window for 45 min (ASB group). The Ctrl group 
was placed in the test cage for 45 min as done during the training procedure. 
Brains were processed for autoradiography and 2-DG accumulation was measured 
by quantitative image analysis. Expression of sexual behaviors modified the 2-DG 
incoiporation in 12 different brain areas. In the CSB group, 2-DG accumulation 
was increased by comparison with controls in the paleostriatum primitivum, 
rostral preoptic area, nucleus interpeduncularis, nucleus intercollicularis, nucleus 
mesencephalicus lateralis pars dorsalis (MLd), nervus oculomotorius and nucleus 
lemnisci lateralis (LLI) but decreased in the medial part of the hippocampus, 
tuberculum olfactorium (TO) and nucleus nervi oculomotorii. A different pattern 
of results was observed in the ASB group which showed an increased 2-DG 
accumulation by comparison with controls in the hyperstriatum ventrale, 
neostriatum caudale pars dorsolateralis, MLd and LLI but a decrease of 2-DG 
uptake in the TO. Local metabolism was similarly affected by the expression of 
ASB and CSB in a few brain areas (MLD, LLI, TO), but specific changes appear 
to be associated with the expression of ASB (forebrain associative areas) ana 
CSB (motor-related / sexually dimorphic areas).
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, EC-CT94-0472.

Society  for  Neuroscience , Volume  23,1997



1358 DOPAMINE AND BEHAVIOR I TUESDAY AM

533.1
FINE TEMPORAL CORRELATIONS BETWEEN NUCLEUS ACCUMBENS 
DOPAMINE EFFLUX AND COPULATORY EVENTS IN THE MALE RAT 
USING IN VIVO CHRONOAMPEROMETRY. D.F. Fiorino*, A.G. Phillips, and
C.D. Blaha. Psych Dept, Univ British Columbia, Vancouver, BC, Canada V6T 1Z4.

There have been many reports of increased dopamine (DA) efflux in the nucleus 
accumbens (NAC) during copulation in male rats. However, fine temporal 
correlations between discreet copulatory events and extracellular NAC DA 
concentrations have been lacking. In vivo chronoamperometry was used to monitor 
changes in NAC DA efflux at 30-sec intervals during copulation and a consistent 
pattern in the data from individual male rats was revealed (see figure). The presence 
of a receptive female behind a clear Plexiglas screen resulted in an increase in the DA 
signal. Removal of the screen resulted in a further rise in extracellular DA as the male 
pursued and mounted the female. The DA signal peaked with ejaculation (EJ) and 
then dropped abruptly. The next rise in NAC DA efflux began only when the male 
reinitiated pursuit and mounting.

Elucidation of the neural mechanism(s) underlying changes in mesolimbic DA 
transmission before and after EJ may have important implications for the treatment of 
motivational disorders ranging from sexual dysfunction to drug addiction.

Research funded by the MRC of Canada.

533.2
LATERAL HYPOTHALAMIC 5-HT RELEASE MAY INFLUENCE 
MESOLIMBIC DOPAMINE DURING THE MALE RAT’S PEL D. S. Lorrain, L, 
Matuszewich, R. D. Friedman, J. Dominguez, S. Putnam, and E. M. Hull*. 
Behavioral Neuroscience Area, SUNY at Buffalo, PSYDept., Buffalo, NY 14260.

Release of 5-HT in the anterior lateral hypothalamus (LHAa) has recently been 
shown by our lab to increase following ejaculation in male rats, and may be one 
factor responsible for the subsequent refractory period. Enhanced DA release, on the 
other hand, occurs before ejaculation and may facilitate both appetitive and 
consummatory aspects of male sexual behavior. After ejaculation, DA release has 
been shown to decline in the nucleus accumbens (NAcc), at the same time that 5-HT 
release increases in the LHAa.

The following investigation was undertaken to determine: 1. if enhanced 
extracellular 5-HT release in the LHAa inhibits copulation; and 2. whether LHAa 5- 
HT release decreases mesolimbic DA release.

Bilateral microinjections of the SSRI alaproclate (10.0 pg/0.5 p.1 saline) into the 
LHAa inhibited copulation by delaying the onset to mount, intromit and ejaculate, 
compared to saline treated animals. Gross locomotor activities were not affected by 
the same treatment, suggesting that copulatory inhibition did not result from non 
specific locomotor impairments. In vivo microdialysis showed: 1. that DA release 
in the NAcc decreases following ejaculation, 2. 5-HT perfusion into the LHAa 
decreases basal DA release in the NAcc, and 3. the same treatment also inhibits 
female-elicited DA release in the NAcc.

These neurochemical and behavioral data demonstrate that the LHAa is one region 
where 5-HT’s inhibitojy effects on sexual behavior may be mediated, and this 
serotonergic inhibition during the post ejaculatory interval may result from decreased 
DA release in the NAcc.

Supported by NIMH grant # 40826 to E.M.H.

533.3
PRIOR SEXUAL EXPERIENCE SENSITIZES DOPAMINE RELEASE IN THE 
NUCLEUS ACCUMBENS OF FEMALE HAMSTERS. J.G. Kohlert and R.L. 
Meisel*. Department of Psychological Sciences, Purdue University, West 
Lafayette, IN 47907.

A wide variety of motivated behaviors as well as psychostimulant drugs are 
reported to increase dopamine release in the nucleus accumbens. Prior drug 
exposure has been shown to increase the responsiveness of dopamine release 
when the animal is rechallenged with the drug. This phenomenon has been 
referred to as sensitization. Female sexual behavior is among the motivated 
behaviors shown to increase dopamine release in the nucleus accumbens. The 
possibility that prior sexual experience can augment the increase in dopamine 
release that has been observed in female Syrian hamsters when engaging in 
sexual behavior was studied. Using in vivo recovery we sampled nucleus 
accumbens dopamine during mating in female hamsters that had 6 weeks of 
prior sexual matings, 3 weeks of prior matings, and in sexually naive animals. 
The pattern of recovered dopamine was significantly augmented in those 
females which received 6 weeks of prior sexual experience as compared with 
those which had only 3 weeks of prior experience or which were naive. There 
were no differences in dopamine concentrations between those females with 3 
weeks of experience and the sexually naive females. Although, differences 
were seen in the dopamine release between these groups, the total time spent 
in lordosis was not different between the three groups nor were the number of 
mounts and intromissions received from the male different. These data suggest 
that in female hamsters the dopaminergic system involving the nucleus 
accumbens can be sensitized by prior sexual experience.

Supported by NSF grant IBN-9412543 (RLM).

533.4
INCREASED BURST FIRING OF VTA NEURONS IN RATS DURING ENTRY 
INTO A NOVEL ENVIRONMENT. A.E.K, Kosobud, S.S. White* and G.V. Rebec. 
Program in Neural Science, Department of Psychology, Indidana University, 
Bloomington, IN 47405.
The mesocorticolimbic dopamine (MCL DA) system, composed of the ventral 

tegmental area (VTA) and its targets, appears to mediate goal-directed behavior, 
including drug self-administration. VTA DA neurons also show enhanced 
responding to novel events. In fact, increased DA efflux has been observed in the 
nucleus accumbens of rats allowed to voluntarily enter and explore a novel 
chamber (Rebec etal., Neuroscience, 76:707,1997; Rebec etal., Soc. Neurosci. 
Abstr., 22:159, 1996). This DA response is confined to the brief period of entry 
into novelty and lasts for only ~5 sec. In the present study, we extended this 
investigation to the response of VTA neurons to determine if novelty-related 
changes in neural activity are consistent with the observed patterns of DA 
release. Rats with chronic implants of fine-wire electrode bundles in the VTA 
were habituated to one side of a 2-sided chamber. Recordings of neuron activity 
were obtained during 30 min in the habituated side, after which the door 
separating the 2 chambers was opened, and the rat allowed to investigate the 
novel chamber. Consistent with the voltammetry findings, presumed DA neurons 
showed transient increases in bursting (in the absence of marked changes in 
firing rate) that coincided with first entry into the novel side. These results confirm 
and support that 1) regulation of DA transmission is achieved in part by 
modulation of firing pattern rather than rate, 2) novelty is an important trigger of 
MCL DA activity, and 3) novelty-seeking tendencies (like those that characterize 
the sensation-seeking personality in humans) may be biologically linked to 
increased risk of drug abuse. Supported by NIDA grants DA08349, DA02451, 
and DA05312.

533.5
ACTIVITY OF PRESUMED DOPAMINE NEURONS IN THE VENTRAL 
TEGMENTAL AREA DURING HEROIN SELF-ADMINISTRATION. E. A. 
Kiyatkin* and G. V. Rebec, Program in Neural Science, Dept. Psychology, Indiana 
University, Bloomington, IN 47405.

Mesocorticolimbic dopamine (DA) neurons in the ventral tegmental area (VTA) 
are thought to play an essential role in goal-directed behavior, including the self-
administration (SA) of addictive drugs. To clarify this role, single-unit recording was 
used to assess the pattern of changes in impulse activity of VTA neurons in rats 
trained to lever press for i.v. heroin (100 pg/kg). Because spike duration is the most 
common feature distinguishing presumed DA and non-DA neurons, 16 units recorded 
from 5 rats were divided into two subgroups. Nine units, identified as presumed DA 
neurons, had triphasic, long-duration spikes (2.54-3.36 ms). These units also had an 
irregular pattern of discharges with frequent fluctuations in spike amplitude and no 
evident correlation with specific movements; most (8/9) had a low to moderate 
discharge rate (2-12 imp/s). In contrast, the remaining 7 units had spikes of shorter 
duration (1.07-1.32 ms) and discharged at highly variable rates (0-60 imp/s) with 
pronounced changes in activity during specific movements. Presumed DA units 
showed profound changes in discharge rate during heroin SA, but different patterns 
were associated with the initiation (the first SA of a session) and maintenance (all 
subsequent SAs) of drug-taking behavior. With respect to relatively low basal 
activity, these cells were phasically activated before the first SA; this activation 
continued after drug SA and peaked immediately before the second SA. Each 
subsequent SA of a session was associated with a biphasic neuronal change. Whereas 
discharge rate acutely decreased (to ~2 imp/s) after SA in conjunction with the 
appearance of drug-induced akinesia, neuronal activity gradually increased again before 
and during behavioral hyperactivity, and phasically peaked (~10 imp/s) just before the 
next SA. The present results support the role of mesocorticolimbic DA activation in 
heroin-seeking behavior and, in agreement with previous electrochemical data 
(Kiyatkin et al., Synapse, 14:60-72, 1993), suggest a transient inhibition of DA 
activity correlated with heroin reward. Supported by NIDA (DA 02451)

533.6
MESOLIMBOCORTICAL DOPAMINE NEUROTRANSMISSION IN 
NICOTINE ABSTINENCE. B.E.Hildebrand. G.G. Nomikos. G. Panagis*. P. Hertel, 
B. Schilstrom and T.H. Svensson. Dept. of Physiology & Pharmacology, Div. of 
Pharmacology, Karolinska Institutet, S-171 77 Stockholm, Sweden.

Given that the mesolimbocortical dopamine (DA) projections in brain have been 
shown to be critically involved in the reinforcing and dependence-producing actions 
of several drugs of abuse, including nicotine, we have, by means of in vivo 
microdialysis, assessed the putative alterations in DA output in the main nerve terminal 
areas in male Wistar rats in association with precipitated acute withdrawal from 7 days 
of nicotine tartrate infusion (9 mg/kg/day), delivered by subcutaneously implanted 
Alzet 2ML1 osmotic minipumps.

Following challenge of chronically nicotine treated animals with the nicotinic 
receptor antagonist mecamylamine (1 mg/kg SC), the overall sum of behavioral signs 
such as gasps, teeth chatter, wet dog shakes, ptosis and yawns was significantly 
increased as compared to that in controls and as compared to the sum of signs after a 
previous saline injection.

Moreover, following mecamylamine injection, in the nicotine treated group marked 
reductions appeared in the output of DA in the nucleus accumbens (NAC) and in the 
DA metabolites DOPAC and HVA in both the NAC and the medial prefrontal cortex. 
In neither brain region did the extracellular levels of 5-HIAA change. There were no 
strong correlations between the appearance of physical signs and the changes in DA 
and its metabolites.

The impaired mesolimbic and mesocortical DA function in nicotine withdrawal may 
explain some clinical symptoms in smoking cessation, such as dysphoria, lack of 
motivation and impaired cognitive functioning. (Supported by the Medical Research 
Council of Sweden, Karolinska Institutet, Swedish Match Ltd. and the Council for 
Tobacco Research Inc., U.S.A.)
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533.7
NICOTINE AND STRESS EFFECTS ON RAT MESOPREFRONTAL 
DOPAMINE SYSTEMS: EVIDENCE FOR OPIATE MECHANISMS. 
George*. C.P, Verrico and R.H, Roth. Depts. of Psychiatry and Pharmacology, Yale 
University School of Medicine, New Haven, CT 06520-8066.

We have examined the effects of nicotine pre-treatment on mesoprefrontal 
dopamine (DA) function in the presence and absence of acute stress, and the 
involvement of endogenous opiate systems. We have shown that acute nicotine 
treatment (0.15 mg/kg sc, freebase) augments DA utilization (assessed by 
DOPAC/DA ratio) in the medial prefrontal cortex (mPFC) while subchronic nicotine 
pre-exposure (5 or 21 days) produces tolerance to a nicotine challenge in the mPFC. 
Acute electrical footshock stress preferentially increases DA utilization in mPFC 
compared to nuc. accumbens and striatum, and this is correlated with profound 
locomotor immobility. Subchronic nicotine, but not acute nicotine preexposure, 
significantly attenuates footshock stress-induced mPFC DA utilization and 
immobility responses. Furthermore, subchronic nicotine reduces the mPFC 
dopaminergic, but not the immobility response to a conditioned fear stressor (i.e. to 
tones presented after rats learned to associate tones paired with acute electrical 
footshocks). This suggested that subchronic nicotine pre-treatment differentially 
effects immobility responses to acute footshock stress (a physical stressor) and 
conditioned fear stress (a psychological stressor).

There is evidence that the behavioral effects of nicotine are mediated by 
endogenous opiate systems. Accordingly, rats pre-treated with subchronic nicotine 
were given a single dose of the opiate receptor antagonist naloxone (3.0 mg/kg ip) or 
saline 30 minutes prior to acute footshock stress. Naloxone had no effects on basal or 
acute footshock stress-induced mPFC DA utilization, but reversed subchronic nicotine 
attenuation of stress-induced mesoprefrontal DA utilization and the immobility 
response. These results suggest that endogenous opiate systems are involved in the 
mesoprefrontal dopaminergic and immobility responses to acute footshock stress.

Supported by L.P. Markey Trust, NARSAD and USPHS

533.8
INTERACTION BETWEEN PAROXETINE AND GBR12909 IN 
SELF-STIMULATION BEHAVIOR. P.Tzvetkov* & E. 
Miliaressis. U. of Ottawa, Sch. of Psychology, 
Ottawa, Ontario KIN 6N5

This study inquired if elevated serotonin 
levels potentiate the behavioral effects of the 
specific DA reuptake inhibitor GBR12909. 
Paroxetine (10 and 20 mg/kg) and GBR12909 (5, 
10 and 20mg/kg) were injected in male 
Sprague-Dawley rats 30 min apart prior to 
electrical self-stimulation testing. GBR12909 
facilitates self-stimulation behavior, pre-
sumably by elevating synaptic concentration of 
dopamine. Paroxetine (SmithKline Beecham Phar-
maceuticals) , a selective serotonin reuptake 
inhibitor, significantly lowered the dose of 
GBR12909 required to facilite self-stimula-
tion, but did not change self-stimulation 
alone, suggesting that if GBR12909 facilitates 
self-stimulation behavior by increasing dopa-
mine levels, then higher serotonin levels po-
tentiate GBR12909-induced increase of DA neuro-
transmission, for self-stimulation from the 
dorsal raphe, and that 5-HT modulates function-
ing of DA neurotransmission and modulation is 
possible at elevated levels of DA.

533.9
INDUCTION OF SODIUM APPETITE DECREASES DOPAMINE (DA) RE-
UPTAKE IN THE NUCLEUS ACCUMBENS (NAcc) BUT NOT THE 
STRIATUM (Str) IN RATS. M. F. Roitman?* T, A. Patterson, 1 I. L. 
Bernstein1 and D. Figlewicz Lattemann' \ ‘Dept of Psychology, University of 
Washington, Seattle WA, 98195 and 2V.A. Medical Center, Seattle WA 98108.

Sodium (Na) depletion in the rat elicits a Na appetite: a strong, motivated 
behavior characterized by the consumption of hypertonic Na solutions that 
subjects would otherwise reject. Central DA pathways have been implicated in a 
range of motivated behaviors, including Na appetite. We sought to determine in 
what manner Na depletion changes central DA signaling. The present study used 
in vitro rotating disk voltammetry to determine whether DA re-uptake is changed 
by Na depletion. Na depletion was induced with the diuretic Furosemide (10 
mg/kg, sc at t = -24 hr.). Uptake of 4 pM DA by Str or NAcc tissue suspensions 
was measured. DA uptake was significantly reduced in Na depleted rats in the 
NAcc (310 ± 25.38 vs. 163 ± 22.28 pmol/sec/gm; control vs. Na depleted rats, 
respectively; p<.01). However, Str DA uptake was unchanged (276 ± 39.07 vs. 
308 ± 20.14 pmol/sec/gm; control vs. Na depleted rats, respectively; p=.48). 
These findings suggest that hormonal and/or neural consequences of Na 
depletion result in a functional decrease of DA transporter activity and that this 
change is specific to the NAcc. This reduced rate of DA re-uptake in NAcc 
could lead to enhanced extracellular DA concentrations upon DA terminal 
release, and enhanced DA signaling in the NAcc that might underlie the avid 
consumption of hypertonic Na solutions in the Na depleted rat.

Supported by DK40963 and VA Merit review

533.10
EFFECTS OF NUCLEUS ACCUMBENS DOPAMINE 

RECEPTOR BLOCKADE ON CONSUMPTION OF A 
PALATABLE FOOD. S.M. Pitts, and J.C. 
Horvitz*. Dept. Psychology, Beh. Nsci. 
Lab., Columbia University. NY, NY 10027.

Non-deprived rats were permitted to 
freely consume palatable 45 mg food 
pellets, with the time of each pellet 
consumption over the course of a 1 hr 
session recorded on computer. D1/D2 
dopamine (DA) antagonist cis-flupenthixol 
(5 or 10 ug) or its inactive enantiomer 
(10 ug trans-flupenthixol) were 
administered bilaterally to the nucleus 
accumbens prior to a test feeding session. 
Nucleus accumbens DA receptor blockade had 
no effect on either the number of pellets 
consumed, or on the latency to initiate 
feeding. While disruption of DA in the 
nucleus accumbens is known to disrupt 
food-reinforced behavior, the present 
findings demonstrate that the incentive 
properties of food maintain their ability 
to elicit feeding behavior even when 
nucleus accumbens dopamine transmission is 
disrupted. Supported by Columbia Univ.

533.11
THE INVOLVEMENT OF ACCUMBENS DOPAMINE IN BEHAVIORAL 
ECONOMICS: STUDIES OF PROGRESSIVE RATIO RESPONDING FOR FOOD 
REINFORCEMENT. J.P. Salamone*, J. Aberman, S.J. Ward. Dept. of 
Psychology, University of Connecticut, Storrs, CT USA 06269-1020.

Previous research has demonstrated that dopamine systems are involved in the 
process of enabling organisms to work for significant stimuli such as food. Although 
some researchers have interpreted the progressive ratio break point as a measure of 
"reward", evidence indicates that this measure is affected by several different 
conditions, including the kinetic requirements of the response. Progressive ratio 
break points are, most directly, a measure of how much work an animal will 
perform in order to obtain access to a reinforcer. Several studies were conducted to 
determine the effects of dopamine antagonists and dopamine depletions on 
progressive ratio responding for food. Response rates and progressive ratio break 
points were reduced by systemic injections of raclopride, haloperidol and SCH 
23390. Dopamine depletions produced by injections of 6-OHDA directly into the 
nucleus accumbens substantially decreased the progressive ratio break point. 
However, similar depletions of accumbens dopamine had little effect on responding 
supported by a continuous reinforcement schedule. Rats with accumbens dopamine 
depletions will eat normally, and will consume large amounts of food by performing 
on schedules with minimal work requirements. Nevertheless, they do show deficits 
in maintaining the high work output necessary for responding at large ratio values. 
These data suggest that rats with accumbens dopamine depletions remain directed 
towards the acquisition and consumption of food, but they are less likely to work for 
food.
(Research supported by a grant from the NSF)

533.12
THE INVOLVEMENT OF ACCUMBENS DOPAMINE IN BEHAVIORAL 
ECONOMICS: STUDIES OF RESPONDING FOR FOOD REINFORCEMENT ON 
VARIOUS FIXED RATIO SCHEDULES. J. Aberman* and J.P. Salamone. Dept. 
of Psychology, University of Connecticut, Storrs, CT USA 06269-1020

It has been suggested that accumbens dopamine is involved in the process of 
enabling organisms to overcome work-related response costs. One way of 
controlling work requirements in operant schedules is to use fixed ratio (FR) 
schedules with different ratio requirements. In the present study, rats were trained 
to perform on various FR schedules, and then were assigned to one of four schedule 
conditions: FR1, FR4, FR16, and FR64. Rats in each group received either 6- 
OHDA or ascorbate vehicle directly into the nucleus accumbens. Rats with 
accumbens dopamine depletions showed behavioral deficits that were highly 
dependent upon the FR value. There were no substantial effects of dopamine 
depletions on FR1 lever pressing, while dopamine depletions did result in a moderate 
deficit in FR4 responding that recovered rapidly. Performance on FR16 and 64 
schedules was affected much more substantially by accumbens dopamine depletions. 
Demand curve analysis (ratio value vs. food obtained) indicated that accumbens 
dopamine depletions affected the elasticity of demand for food. In other words, rats 
with accumbens dopamine depletions are more sensitive to increases in work-related 
response costs. These results suggest that aspects of food motivation and 
reinforcement that are involved in FR1 performance are largely unaffected by 
accumbens dopamine depletions. Nevertheless, accumbens dopamine depletions 
affect the ability of rats to overcome response constraints in order to obtain food. 
(Research supported by a grant from the NSF)
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533.13
INFLUENCE OF PALATABILITY ON REWARD-RELEVANT CHANGES IN 
NUCLEUS ACCUMBENS DOPAMINE. N.R. Richardson*. F. Pomerleau and A. 
Gratton. McGill Univ. and Douglas Hosp. Res. Ctr., Montreal, Canada, H4H 1R3.

We have recently reported that an increase in dopamine (DA) signal in 
nucleus accumbens (NAcc) typically accompanies anticipation of a food reward; the 
amplitude of this increase depends on experience with the operant task as well as 
reward magnitude and operant demands. We were interested in determining if this 
anticipatory increase in NAcc DA transmission depends on reward palatability. In 
the present study, we used chronoamperometry and monoamine-selective probes to 
monitor DA levels in NAcc of rats lever-pressing on an FR1 schedule for 0.2 ml 
meals of condensed milk. The reward was made more or less palatable either by 
diluting condensed milk (1:2, 1:4 [standard] and 1:8 with water) or by adding 
saccharin HC1 or quinine HC1 (0.005,0.01, and 0.02% each). Meals were delivered 
over 30 sec and were paired with a 30 sec light cue. For the first two days animals 
earned only standard milk rewards. On subsequent days, the first 7 lever-presses of 
each session were reinforced with standard milk rewards after which one of the nine 
test solutions was introduced in random order. At the end of the experiment, the 
animals’ preference for the nine test solutions relative to standard milk were 
determined by 2-choice taste preference tests. The results show that, for all 
solutions, each lever-press was typically preceded by an increase in DA signal while 
consumption of each meal coincided with a decrease. Mean increases in DA signal 
observed 10 sec following termination of one meal, in anticipation of the next, were 
positively correlated with preference scores for quinine (r=0.82), saccharin (r=0.98) 
and milk concentration (r=1.00). The magnitude of anticipatory increases in DA 
signal varied significantly as a function of preference score; while moderately and 
highly palatable test solutions did not differ from the standard reward, less palatable 
solutions were associated with reduced anticipatory increases in DA signal (p<0.05). 
The present findings indicate that activation of meso-NAcc DA neurons increases as 
a function of reward expectancy and that the magnitude of this increase is determined 
in part by reward palatability. Supported by McGill University and the MRC.

533.14
ANOXIA AT BIRTH ALTERS THE MEDIAL PREFRONTAL 
CORTEX DOPAMINE RESPONSE TO STRESS IN THE RAT. A. 
Gratton* and W.G. Brake, McGill University, Douglas Hospital Research 
Centre, Montreal, CANADA, H4H 1R3.

We have recently shown that birth anoxia later facilitates stress- 
induced sensitization of DA transmission in nucleus accumbens (NAcc). 
The medial prefrontal cortex (mPFC) is known to modulate mesolimbic 
DA function and may play a role in development of sensitization to 
stimulants and stress. Stress also stimulates DA release in mPFC. 
Furthermore, evidence suggests that mPFC may exhibit a different 
response to stress depending on the hemisphere examined. In the 
present study, we examined the effects of perinatal anoxia on the left and 
right mPFC DA responses to repeated stress. On the day of parturition, 
the uterus of pregnant rats was removed via Cesarian section and 
submerged in a warm saline bath for 15 min; vaginally bom rats served 
as controls. Four-five months later, male rats from each group were 
implanted with an electrochemical probe either in the right or the left 
mPFC. High-speed chronoamperometry was used to monitor DA signal 
increases elicited by each of 5 consecutive, once-daily exposures to 15 
min of tail-pinch stress. Results show that stress-induced DA release is 
much more variable in the left than in the right hemisphere. Animals 
that had undergone anoxia at birth displayed significantly smaller DA 
repsonses to stress across the 5 test days than vaginally-bom controls; 
this difference was only apparent in the right mPFC. These data suggest 
that anoxia at birth reduces the mPFC DA response to stress and this 
effect is lateralized to the right hemisphere. Such a dampening of mPFC 
DA stress response may contribute to the enhanced sensitization of NAcc 
DA transmission seen in animals subjected to perinatal anoxia. 
Supported by FRSQ and the American Scottish Rite Foundation.

533.15
EFFECTS ON INTRA-NUCLEUS ACCUMBENS ADMINISTRATION OF 
A DOPAMINE AGONIST VS A DOPAMINE ANTAGONIST ON FIXED 
INTERVAL SCHEDULE CONTROLLED OPERANT BEHAVIOR. D.A. 
Cory-Slechta*, D. O’Mara and C. Bare. Department of Neurobiology and 
Anatomy, University of Rochester School of Medicine and Dentistry, 
Rochester, NY 14642.

We previously reported that the irreversible dopamine (DA) antagonist 
EEDQ decreased fixed interval (FI) response rates when microinjected into 
nucleus accumbens (NAC) but not into dorsal striatum, indicating a critical 
role for mesolimbic DA systems in the mediation of this behavior. To 
further characterize this involvement, the effects of microinjections into 
NAC of the irreversible DA antagonist EEDQ (90-200 ug) and of 
dopamine itself (10-80 ug) on FI performance in rats were examined. Both 
compounds produced rate-dependent effects, although these were much 
more pronounced with DA. As previously reported, EEDQ decreased FI 
overall response rates predominantly during the first post-injection session 
to levels of 28-47% of control by increasing postreinforcement pause times 
and mean interresponse times. Three of 13 rats, however, showed marked 
increases rather than decreases in rates at some doses of EEDQ. In rats with 
low baseline FI response rates, DA increased FI overall response rates 
primarily by decreasing postreinforcement pause times, since mean 
interresponse times were actually increased and run rates marginally 
decreased. The magnitude of the rate increase and the dose(s) at which it 
occurred differed among rats. Rats with higher baseline rates exhibited 
decreases in FI overall rates in response to DA. These effects were 
produced primarily through increases in the mean interresponse time and 
decreases in run rates as postreinforcement pause times were not affected. 
These data confirm the importance of mesolimbic DA systems to FI 
performance and suggest that decreased DA levels may mediate decreases 
in FI response rates while increased DA levels mediate increases in rates. 
ES05017, ES05903 and ES01247.

533.16
INTRA-ACCUMBENS RACLOPRIDE DOES NOT ATTENUATE THE 
RESPONSE-REINSTATING PROPERTIES OF FOOD REWARD. A. L. 
Chausmer* and A. Ettenberg. Behavioral Pharmacology Laboratory, Dept. of 
Psychology, Univ. of California, Santa Barbara, 93106.

The current experiment examined the ability of the selective dopamine 
D2 receptor antagonist, raclopride, to prevent the reinstatement in operant 
responding produced by a single reinforced trial in the midst of extinction. In 
previous work, we reported that systemic raclopride dose-dependently 
attenuated response reinstatement while a selective D! antagonist did not. The 
current study investigated the effects of raclopride following intra-accumbens 
administration. Hungry rats (implanted with bilateral cannulae aimed at the 
nucleus accumbens shell) were trained to run a straight-alley for food reward 
during daily trials. The operant was then extinguished with non-reinforced 
trials. In this paradigm, a single reinforced trial was sufficient to reinstate 
operant running on the next trial 24 hrs later (i.e. Test Day). Pretreating rats 
on the reinforced trial with bilateral infusions of one of three doses of 
raclopride (0.0 ug, 2.5 ug, or 5 ug/0.5 ul/side IC) did not prevent response 
reinstatement, even though the same doses administered to the same rats 
subsequently produced an attenuation of amphetamine-induced locomotor 
activity. Although preliminary, these data suggest that selective antagonism of 
D2 receptors within the nucleus accumbens shell cannot in and of itself account 
for the attenuation of response-reinstatement following systemic raclopride. 
Supported by NIDA grant DA08042.

533.17
RESPONSE OF MESOCORTICAL DOPAMINE NEURONS TO PARTIAL INJURY
D. King*, D.A. Lewis, M.J. Zigmond & J.M. Finlay. Departments pf Neuroscience & 
Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260.

Recent studies indicate that the density of tyrosine-hydroxylase (TH)- 
immunoreactive (IR) axons is decreased 47-65% in the middle to deep layers of the 
PFC in subjects with schizophrenia (Akil and Lewis, 1996, Soc. Neurosci. Abst. 
26,1679). To explore the consequences of this alteration, we examined the impact of
6-hydroxydopamine (6-OHDA) lesions of the medial prefrontal cortex (mPFC) on 
extracellular dopamine (DA) concentrations in the mPFC of the rat using in vivo 
microdialysis. The effects of 6-OHDA on DA and norepinephrine (NE) terminals in 
the mPFC were assessed by quantifying the density of TH-IR and dopamine-p- 
hydroxylase (DPH)-IR axons, respectively. In rats sustaining 63±3% loss of TH-IR 
axons and no loss of DpH-IR axons in the mPFC, the basal concentration of 
extracellular DA in that area was reduced by 56% (n=6; 0.41 ±0.10 pg/20 pi) 
compared to sham-lesioned controls (n=12; 0.93±0.09 pg/20 pi). In contrast, in rats 
sustaining 80±2% loss of TH-IR axons and 25±6% loss of DPH-IR axons in the 
mPFC, the basal concentration of extracellular DA in that area was not significantly 
reduced (n=6; 0.82±0.09 pg/20 pi). Tail pressure stress (30 min) elicited a similar 
increase in extracellular DA in the mPFC of sham control rats and rats with small 
(63%) and large (80%) loss of TH-IR axons (1.10±0.23, 0.63±0.17, and 0.79±0.17 
pg increase from baseline, respectively). These results suggest that a 60% loss of TH- 
IR axons in the PFC of schizophrenic subjects may be sufficient to reduce basal 
extracellular DA in this area and yet stress may continue to increase DA release from 
remaining terminals. Our data also suggest that further reduction in TH-IR combined 
with loss of DpH-IR axons in the mPFC results in a paradoxical normalization of 
extracellular DA in this area. We suggest that the latter effect is due to compensatory 
increases in the activity of residual DA terminals as well as decreases in the clearance 
of DA due to loss of both DA and NE transporters. [Support: MH45156, MH10773].

533.18
DOPAMINE MODULATION OF BASAL AND STRESS-EVOKED 
GABA RELEASE IN PREFRONTAL CORTEX OF RAT. Veronica L. 
Neff and Janet M. Finlay*. Department of Neuroscience, University 
of Pittsburgh, Pittsburgh, PA
Recent studies indicate that dopamine (DA) terminals form synaptic 
contacts with y-aminobutyric acid (GABA)-containing neurons in the 
prefrontal cortex (PFC). In addition, stress as been shown to increase 
both extracellular DA and GABA in this brain region. The present 
studies examine whether a component of the stress-induced release of 
GABA is modulated by extracellular DA. 18-24 hr after implantation 
of a microdialysis probe, basal extracellular GABA in the PFC of freely 
moving rats was 30 ± 5pg/20 pi (n=14). Tail shock (30 min) increased 
extracellular GABA to 133 ± 13% of basal levels. Local application of 
the D: receptor antagonist SCH23390 (10 pM) delivered via the 
microdialysis probe decreased extracellular GABA to 58 ± 5% of basal 
values (n=ll) and failed to alter the stress-induced increase in 
extracellular GABA (n=6; 6/11 rats were also exposed to 30 min of tail 
shock 1 hr after beginning the local drug application). Local 
application of the D2 receptor antagonist eticlopride (0.1 pM) decreased 
extracellular GABA to 74 ±13% of basal values and failed to alter the 
stress-induced increase in GABA concentration (n=5; all rats were 
exposed to 30 min of tail shock 1 hr after beginning the local drug 
application). These data suggest that an action of DA at Dx and D2 
receptors modulates basal but not stress-evoked GABA release. 
[Supported by NARSAD and UHPHS grant MH 45156]
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534.1
THE EFFECTS OF THE Dz ANTAGONIST RACLOPRIDE ON THE 
BEHAVIOR OF RATS WITH STRIATAL LESIONS. J.A. McLear, S.E. Hve, 
A. Perez.J. Lost J. LaKusta, S, Matthews, M. Kraft, N. Dumont,
M. Zwicky T. Mesec, J. Trackey, and J.P. Ryan*. Neurobehavioral 
Science Lab, Dept. of Psychology, SUNY, Plattsburgh, N.Y. 12901

Bilateral lesions of the ventral-medial striatum induce changes in 
behavior which correlate with increases in dopamine release.
Aberrant behaviors in the activity chamber include stereotopy, 
perseveration, and hyperlocomotion accompanied by a decrease in 
exploration. Striatal lesions induce circumference swimming in the 
water maze. The present study investigated the possible amelioration 
of these behavioral deficits through pharmacological antagonism with 
the D2 receptor antagonist Raclopride. Long-Evans hooded rats were 
bilaterally administered either 30 ug/pL colchicine or 1 pL artificial 
cerebral spinal fluid (CSF) into the ventral-medial striatum (Rostral- 
Caudal +2.0; Medial-Lateral +/- 2.3; -6 & -7 Dorsal-Ventral). Ten 
days following surgery animals with striatal lesions were 
subcutaneously injected with either physiological saline or Raclopride 
(.05 mg/kg) ten minutes prior to behavioral testing. Raclopride 
significantly reduced locomotion (pc.Ol), exploratory hole poke 
activity (p<.05), and stereotopy (p <.01) to levels comparable to CSF 
control animals. Despite the normalization of activity, Raclopride- 
treated animals were unable to swim in the water maze suggesting the 
induction of mild catalepsy. A decrease in the Raclopride dose may 
reduce catalepsy and improve spatial learning in the water maze while 
continuing to ameliorate aberrant activity.

534.2
OXIDATIVE MODIFICATION OF MITOCHONDRIAL COMPLEX I BY
HALOPERIDOL. V. Ravindranath. Y. Sadguna___and SK..Koslow* Dept. of
Neurochemistry, National Institute of Mental Health & Neuroscience, Bangalore, India and 
Division of Neuroscience & Behavioral Science, NIMH, NIH, Rockville, MD 20857*.

Haloperidol (HL) is a neuroleptic drug used in the management of schizophrenia. The 
usage of classical neuroleptics such as HL is restricted by extra-pyramidal side effects. The 
side effects seen with HL may be due inhibition of mitochondrial complex I similar to that 
seen in patients with Parkinson's disease and in MPTP-induced neurotoxicity. We have 
examined the effects of variety of neuroleptic drugs on complex I activity using an in vitro 
model of sagittal slices of mouse brain. Exposure of mouse brain slices to HL resulted in 
time- and dose-dependent inhibition of mitochondrial complex I activity. Significant 
inhibition of complex I was observed when mouse brain slices were incubated with 10 nM 
HL, while a much higher dose of HL (10 pM) was necessary to bring about similar effect 
in rat brain. To determine if the inhibitory effect of HL was mediated through its pyridinium 
metabolite HPP+, brain slices were incubated with HPP+; complex I was inhibited only at 
much higher concentration (100 pM) as compared to HL. Further, preincubation of brain 
slices with inhibitors of cytochrome P-450 failed to abolish HL-induced complex I loss. 
However, pretreatment of slices with glutathione (GSH) attenuated HL-induced loss of 
complex I activity. In order to determine if thiol modification could lead to loss in complex 
I activity, brain slices were incubated with iodoacetic acid, a thiol modifying agent. 
Iodoacetic acid inhibited complex I activity and the loss of enzyme activity was reversed 
by incubation of mitochondria with GSH indicating that thiol oxidation was responsible for 
the inhibition. Among different neuroleptic drugs tested, HL was the most potent inhibitor 
of complex I, followed by chlorpromazine and fluphenazine (20 pM), and risperidone (100 
pM). Atypical neuroleptic, clozapine (100 pM) did not inhibit complex I activity in brain 
slices. The studies indicate that classical neuroleptic drugs like HL inhibit mitochondrial 
complex I through oxidative modification of the enzyme complex, a property not shared by 
atypical neuroleptic drugs. This research was supported by the US-India fund for 
cultural,educational and scientific cooperation.

534.3
RISPERIDONE INHIBITS NEURONAL ACTIVITY IN THE DORSAL RAPHE 
NUCLEUS BY INCREASING SEROTONIN OUTPUT IN THE 
SOMATODENDRITIC REGION. P. Hertel*. G.G. Nomikos, N. Lindblom and
T.H. Svensson. Dept. of Physiology & Pharmacology, Div. of Pharmacology, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

We have previously shown that risperidone (RISP) enhances 5-HT output in the rat 
frontal cortex. To further analyze the influence of RISP on brain serotonergic 
neurotransmission we assessed, by means of single cell recording and microdialysis, 
the effects of RISP on 5-HT cell firing and 5-HT output within the dorsal raphe 
nucleus (DRN) and compared these effects with those obtained with other 
antipsychotic drugs and selective receptor antagonists. RISP (25-800 Mg/kg, i.v.) 
decreased 5-HT cell firing in the DRN, similarly to the antipsychotic drug clozapine 
(0.25-4.0 mg/kg, i.v.) and amperozide (0.5-8.0 mg/kg, i.v.) as well as the a, 
adrenoceptor antagonist prazosin (50-400 Mg/kg, i.v.). In contrast, the a2 
adrenoceptor antagonist idazoxan (10-80 Mg/kg, i.v.) increased the firing rate of 5-HT 
neurons in the DRN, whereas the DA-D2 and 5-HT2A receptor antagonists raclopride 
(25-200 Mg/kg, i.v.) and MDL 100,907 (50-400 Mg/kg, i.v.), respectively, were 
without effect. Interestingly, the inhibitory effect of RISP, but not that of prazosin, 
on DRN 5-HT cell firing was antagonized by blockade of 5-HT1A autoreceptors by 
WAY 100,635 (5.0 Mg/kg, i.v.). Both systemic and local DRN administrations of 
RISP (2.0 mg/kg, s.c. and 1.0-1000 mM, respectively) were found to increase 5-HT 
output in the DRN.

The present data indicate that the inhibition of spontaneous firing of 5-HT cells in 
the rat DRN induced by risperidone most likely is secondary to its observed 
facilitatory effect on 5-HT availability in this area. Our results also support the notion 
that the firing of 5-HT cells and the release of 5-HT in the DRN, at least under 
certain conditions, may be uncoupled, although the origin of, as well as the underlying 
mechanism(s) for, the RISP induced 5-HT output in the DRN remain to be 
determined. The potent action of RISP on central serotonergic neurotransmission may 
be of particular relevance for the treatment of schizophrenia when associated with 
depression and/or pronounced anxiety.

Supported by the Medical Research Council of Sweden (grant no. 4747), 
Karolinska Institutet and Janssen Pharmaceutica Ltd, Beerse.

534.4
IMPORTANCE OF NEUROTENSIN IN BEHAVIORAL EFFECTS OF 
ANTIPSYCHOTIC DRUGS EXAMINED VIA IN VITRO AND IN WO 
ANTISENSE KNOCKDOWN OF THE NEUROTENSIN RECEPTOR.
E.Binder*, M.J. Owens, C.B, Nemeroff. L?b. of Neuropsychopharm. Depi of 
Psychiatry and Behavioral Sciences, Emory U’.iv. Sch. Med., Atlanta, GA 30 02

Despite the fact that receptor occupancy by antipsychotic drugs (API ) is 
immediate, clinical improvement is often ou'y seen after days or wfe\s of 
treatment. One explanation for this temporc rciation could be the fact bat 
APDs produce long lasting changes in . w > peptide systems such as the 
neurotensin (NT) system. To investigate the possibility that NT neurotransir . 'on 
is necessary for the behavioral effects of \PDs. we are assessing whether 
decreasing the number of NT receptors (NTR; via antisense knockdown strategies 
will alter the effects of APDs in the latent inhibition paradigm, a validated animal 
model of APD action. The effectiveness of two antisense oligonucleotides was first 
tested in vitro on primary neuronal cultures of the rat forebrain. The first 1 finer 
oligonucleotide was targeted to overlap the start-codon site (-8,+9) and the second 
sequence to a site further downstream (+267.+283) on the NTR mRNA. 
Oligonucleotides contain phosphorothioate backbones and C5 propyne uridines. 
Cellular uptake was facilitated by the addition of lpl/ml of Lipofectin™. The 
extent of the receptor knockdown was measured with a NT binding assay using 
125I-NT and compared to cells treated with corresponding sequences containing 4 
base mismatches. Cells were incubated for 7 hours a day for 4 days, from da 2-5 
after plating. Complete abolition of NT binding as compared to control was only 
observed with the second sequence at a concentration of 0.3pM. We are currently 
administering this sequence intracerebroventri llarly for an in vivo knockdown of 
the NTR and comparing the effects of APDs n latent inhibition in these animals 
to mismatch sequence treated controls. In pa tllel the same experiment is 1 eing 
conducted using the NTR antagonist SR 1429^ 'A. (NIH MH-39415)

534.5
EFFECTS OF ACUTE AND CHRONIC NEUROLEPTIC TREATMENT ON EXPRESSION OF D2 
AND D3 RECEPTORS, NEUROTENSIN AND ENKEPHALIN mRNA IN RATS WITH 
NEONATAL LESIONS OF THE VENTRAL HIPPOCAMPUS. B.K. Lipska*, HA. Al-Amin, ZZ. 
Khaing, D.N. Lerman, S.M. Lillrank, D.R. Weinberger. Clinical Brain Disorders Brancr., IRP, 
NIMH, Neuroscience Center at St. Elizabeths, Washington, DC 20032.

Rats with neonatal (postnatal day 7) ibotenic acid lesions of the ventral 
hippocampus (VH) are used as an animal model of a variety of symptoms of 
schizophrenia. In this study, we explored the effects of chronic (daily for 28 days, 
i.p.) and acute (single dose after 28 days of vehicle injections i.p.) treatment with 
haloperidol (Hal, 0.5 and 1 mg/kg.), clozapine (Cloz, 10 mg/kg) and sertindole (Ser, 
1.25 mg/kg) or vehicle in this model. We measured levels of mRNAs for D2 and D3 
receptors, neurotensin (NT) and proenkephalin (pEnk) using in situ hybridization 
histochemistry followed by densitometric analysis of films in adult rats lesioned as 
neonates. The neonatal VH lesion had no effect on expression of D3 receptors in the 
nucleus accumbens (Acc), pEnk in the striatum (Str), NT in Acc or dorsolateral 
dIStr, nor did it significantly modify the response of D2, D3, NT or pEnk mRNAs to 
neuroleptics in any brain region studied. The lesion, however, slightly but 
significantly reduced D2 mRNA in Str and Acc and modestly increased NT In the 
lateral septum (Spt). None of the acutely or chronically administered neuroleptics 
had any effect on D2 or D3 mRNA in Str or Acc. Expression of NT was profoundly 
increased in dIStr, and to a lesser extent in Acc shell and Spt after acute and 
chronic Hal, but not after Cloz or Ser. Expression of pEnk mRNA was significantly 
elevated in Str after acute Hal and after acute and chronic Cloz. These results 
indicate that despite the profound behavioral changes associated with this lesion 
(presumably related to hyperdopaminergic activity), there is little evidence for 
alterations in the expression of D2 or D3 receptors or neuropeptides linked to 
dopamine, or in the responsiveness to antidopaminergic drugs. Microscopic 
analysis may reveal more subtle changes in the pattern of expression of these 
molecules. [Supported in part by the Stanley Foundation.]

534.6
EFFECTS OF ATYPICAL ANTIPSYCHOTIC DRUGS ON DOPAMINE OUTPUT 
IN THE SHELL AND CORE OF THE NUCLEUS ACCUMBENS . M.M. Marcus, 
G.G. Nomikos. M, Nisell* and T.H. Svensson Dept. of Physiology and 
Pharmacology, Div. of Pharmacology, Karolinska Institutet, S-171 77 Stockholm, 
Sweden.

We have previously shown that some atypical antipsychotic drugs (AD), 
characterized inter alia by potent 5-HT2A receptor antagonism, elicit a more 
pronounced dopamine (DA) output in the shell of the nucleus accumbens (NAC) than 
typical AD with prominent D2 receptor antagonism, which exert a more prominent 
action in the core of NAC.

The purpose of the present study was to characterize the effect of several new 
atypical ADs on DA release in the shell and core of the NAC, by using in vivo 
differential normal pulse voltammetry in anesthetized, pargyline pretreated rats. The 
following ADs and related compounds were administered intravenously: Olanzapine 
(0.05 and 1.0 mg/kg), sertindole (0.1 and 1.0 mg/kg), seroquel (0.25 and 2.5 mg/kg), 
the selective 5-HT2A receptor antagonist MDL 100,907 (0.03 and 0.3 mg/kg) and the 
selective a, adrenoceptor antagonist prazosin (0.3 mg/kg).

Both sertindole and seroquel, in the doses used, caused a more pronounced DA 
release in the shell than in the core region of the NAC. In contrast, the lower dose of 
olanzapine increased DA output to the same extent in both regions, whereas the higher 
dose increased DA to a greater extent in the core. MDL 100,907 selectively increased 
DA output in the shell, whereas prazosin did not show any significantly different 
effect in the core and shell. Our results indicate that 5-HT2A, but not a, receptor 
antagonism plays an important role in the differential effect of the atypical ADs on 
DA output in the shell and core, respectively, of the NAC.
(Supported by the Medical Research Council of Sweden, Karolinska Institutet and 
Janssen Pharmaceutica Ltd.)
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534.7
MODULATION OF THE GLUCOSE TRANSPORTER 
(GLUT) IN A NEURONAL CELL-LINE BY 
ANTIPSYCHOTIC MEDICATIONS 
H.B. Pinkofsky, Y. Liu, R.J. Bradley*, D.S. Dwyer 
Department of Psychiatry, LSUMC, Shreveport, LA 71130 
Positron Emission Tomography scans have demonstrated that 
psychotropic medications can alter cerebral glucose metabolism. 
To further investigate this observation we have studied the effects 
of antipsychotic medications on a neuronal cell line. PC12 cells 
were grown in DMEM media with 10% horse serum and 5% fetal 
bovine serum. They were then incubated for 24 hours in the 
presence or absence of selected neuroleptics, ranging in 
concentration from 0.2 pM to 20 pM. Fluphenazine and 
clozapine both induced approximately a 3-fold increase in the 
GLUT1 and GLUT3 glucose transporter as measured using 
western blots. Haloperidol appeared to produce a small, but 
detectable, decrease in both GLUT1 and GLUT3. Glucose 
transporter studies on PC12 cells demonstrated that a brief 
preincubation with 20 pM fluphenazine or clozapine resulted in 
approximately a 50% reduction in the rate of 2-deoxy D-glucose 
transport. Preincubation with 20 pM haloperidol was not found to 
affect glucose transport. The role of this property of neuroleptic 
medications is discussed. Supported by Department of Psychiatry, 
LSUMC-Shreveport.

534.8
IMMEDIATE-EARLY GENE EXPRESSION FOLLOWING ACUTE 
ADMINSTRATION OF HALOPERIDOL, CLOZAPINE AND 
OLANZAPINE. Denovan-Wright, E.M., Armstrong, J.N and 
Robertson, H.A.* Laboratory of Mol. Neurobiology, Dept. of 
Pharmacology, Dalhousie Univ., Halifax, NS, Canada, B3H 4H7. In the 
present study, we determined the pattern of c-Fos and c-Jun protein and 
mRNA expression following acute administration of the typical 
antipsychotic drug Haloperidol and the atypical antipsychotic drugs 
Clozapine and Olanzapine. We observed an increase in the number of c- 
Fos immunoreactive (IR) nuclei in the striatum of rats treated with 
Haloperidol, Clozapine and Olanzapine 90 minutes post-injection. 
However, there is little difference in the number or distribution of c-Fos-IR 
nuclei in the striatum of control rats and those treated with Clozapine and 
Olanzapine 2 hours post-injection. We also observed c-Fos-IR nuclei in the 
globus pallidus of the Olanzapine treated rats that was not observed in 
either the Haloperidol or Clozapine treated animals. After the 
administration of Haloperidol but not the atypical neuroleptics, we 
observed c-Jun-IR nuclei in the rostral striatum. Currently, we are trying to 
identify the subset of cells in the striatum that express c-Fos and c-Jun 
following the acute administration of these antipsychotic agents. The 
different temporal and spatial expression of these. IEGs following 
administration of these neuroleptics led us to conclude that the relationship 
between the extrapyramidal side effects and IEG expression may be more 
complicated than was previously proposed, (supported by MRC)

534.9
THE AMPAKINE CX516 MAY ENHANCE HALOPERIDOL ANTAGONISM 
OF METHAMPHETAMINE HYPERACTIVITY BY ENHANCING 
HALOPERIDOL-INDUCED NUCLEUS ACCUMBENS ACTIVITY.
S, A. Johnson* & N.T, Luu. Cortex Pharmaceuticals, Inc. Irvine, California 92618.

Decreased cortical glutamatergic activity may underlie the symptoms of 
schizophrenia. Imaging and postmortem studies have shown temporolimbic and 
prefrontal abnormalities such as reduced glucose utilization, reduced synapse density 
and cytoarchitectural disarray. Biochemical studies show reduced levels of glutamate 
and aspartate, and reduced AMPA receptor (AMPA-R) density in temporolimbic regions. 
Recent work showed that a positive modulator of AMPA-R (an AMPAKINE™) reduced 
methamphetamine (METH)-induced rearing, supporting a theory that such compounds 
may be useful as antipsychotic agents (Larson et al., 1996). Additional studies 
determined that CX516, an AMPAKINE currently in clinical trials, significantly reduced 
METH-induced hyperactivity, and also significantly enhanced the antagonistic effects of 
low doses of typical and atypical antipsychotics, such as haloperidol and clozapine. The 
current study used in situ hybridization analysis of the activity-dependent gene, c-FOS, to 
study the interactions between METH, CX516 and haloperidol. METH alone (2 mg/kg) 
induced c-FOS mRNA in medial prefrontal, piriform and anterior cingulate cortices, 
and in dorsolateral and ventromedial striatum, as shown by others. With respect to 
METH-induced c-FOS mRNA, preliminary studies suggest that addition of haloperidol 
(0.12 mg/kg) substantially reduced cortical c-FOS without noticeable effect on striatal 
levels, while addition of CX516 (10 mg/kg) enhanced c-FOS in somatosensory cortex 
without effect on METH-induced levels in other cortical or striatal regions. Addition of 
both CX516 and haloperidol appeared to enhance c-FOS in nucleus accumbens without 
effecting METH-induced c-TOS in dorsolateral striatum or several cortical areas. While 
preliminary, these studies suggest that CX516 may enhance the induction of c-FOS by 
haloperidol in the nucleus accumbens, a site that is thought to be predictive of 
antipsychotic activity. Supported by Cortex Pharmaceuticals, Inc.

534.10
STRAIN DIFFERENCES IN AN ANIMAL MODEL OF ATYPICAL ANTIPSY-
CHOTIC ACTION. N.R. Swerdlow*. G.B. Varty and M.A. Geyer. Dept. 
Psychiatry, UCSD School of Medicine, La Jolla, CA 92093-0804

Few animal models can predict atypical antipsychotic (ATYP) action. 
We reported that ATYPs restore prepulse inhibition (PPI) in rats 
treated with the PPI-disruptive dopamine (DA) agonist apomorphine 
(APO). PPI is the reduction in startle amplitude when the startling 
stimulus is preceded by a weak prepulse. PPI is reduced in schizo-
phrenics and DA-stimulated rats; the latter effect is used in an animal 
model of PPI deficits in schizophrenia. The ability of antipsychotics, 
including ATYPs, to restore PPI in APO-treated rats correlates 
(R=0.99) with their clinical potency. While these findings have been 
replicated and extended, one recent report failed to demonstrate the 
ability of subcutaneous (sc) clozapine to restore PPI in APO-treated 
Wistar rats. Because our studies utilized Sprague-Dawley (SD) rats 
and intraperitoneal (ip) administration of clozapine, we examined 
methodological differences that might account for these discrepant 
findings. Clozapine (ip or sc) completely normalized PPI in APO- 
treated SD rats, with significant effects evident at the lowest dose of 
clozapine (4 mg/kg). Compared to SD’s, Wistars exhibited a weaker 
(but statistically significant) disruption of PPI with the same dose of 
APO (0.5 mg/kg), that was reversed only by the highest dose of 
clozapine (12 mg/kg ip). Strain-differences were also identified in 
the effects of APO and clozapine on baseline startle amplitude. 
Discrepant findings with this model may reflect differences in rat 
strain; SD rats exhibit drug responses in this model that are optimal 
for examining profiles of putative ATYPs. Supported by NIMH Awards 
MH 01436, MH 52885 and MH 42228.

534.11
AMPHETAMINE (AMPH) INDUCED C-FOS mRNA EXPRESSION IS 
DIFFERENTLY ALTERED IN SPRAGUE-DAWLEY (SD) AND LEWIS (Lew) 
RATS WITH NEONATAL VENTRAL HIPPOCAMPAL (VH) LESIONS 
S.M. Lillrank*, B.K, Lipska, R.A, Urbina, D.R. Weinberger Clinical Brain Disorders 
Branch, IRP, NIMH, Neuroscience Center at St. Elizabeths, Washington D.C. 20032.

SD and Lew rats differ in their response to stress and preference for drugs of abuse, 
suggesting differences in the functional state of the mesolimbic dopamine system. SD 
rats with neonatal (day 7 after birth, (PD7)) ibotenic acid lesions in the VH express 
postpubertally (PD56), but not prepubertally (PD35), a variety of abnormal behaviors 
related to mesolimbic and nigrostriatal dopaminergic dysfunction. When the VH of 
neonatal Lew rats is lesioned these behavioral effects are not seen. To gain more 
insight into the underlying mechanisms responsible for these behavioral abnormalities 
we used in situ hybridization to study the expression of the immediate early gene c-fos 
in rats with neonatal VH lesions and sham operated controls. We studied adult 
(PD56) SD and Lew rats and prepubertal (PD35) SD rats after acute AMPH 
(10 mg/kg, i.p.) and saline injections. AMPH increased c-fos expression in 
ventromedial (VMS) and dorsolateral (DLS) striatum, prefrontal (PFC), cingulate 
(CG) and piriform (PIRI) cortex in all rats. The sham operated SD and Lew rr did 
not differ from each other in AMPH induced < f s expression. Post hoc analyst 
showed that the AMPH induced c-fos expression was attenuated in the lesioned SD 
rats as compared to sham operated SD rats in the PFC, VMS and PIRI at PD56, but 
not at PD35. In Lew rats this attenuation was only seen in PIRI. These data indicate 
that, although these two genetically different rat strains can not be distinguished by 
their ability to express c-fos mRNA after AMPH challenge, a developmental VH 
lesion alters this response in adult SD but not adult Lew or prepubertal SD rats.
The different behavioral responses seen in SD and Lew rats with this developmental 
lesion may be related to differential c-fos expression.

534.12
7-OHDPAT ACTS AS A SIGMA, AGONIST TO MODULATE [3H]MK-801 
BINDING TO CORTICAL SYNAPTOSOMES. T, Antonetti*. P.-P. Rompre and R. 
Briere. Centre de Recherche Fernand-Seguin et Departement de psychiatrie, 
Universite de Montreal, Montreal (Quebec), Canada, H1N 3 V2.

A major aim following cloning of the dopamine (DA) D3 receptor has been the 
understanding of its role in DA-dependent behaviors. Hence, several studies tested 
the behavioral effects of systemic and central administrations of 7-OHDPAT, a 
compound that binds with a high affinity and with some selectivity to the D3 receptor. 
The specificity of 7-OHDPAT for DA receptors has been questioned, however, as it 
was found to interact at submicromolar concentration with sigma sites. This study 
was aimed at further characterizing the interaction of 7-OHDPAT with the sigma 
site, and determining whether it acts as an agonist or an antagonist. On the basis of a 
previous study showing that activation of sigma sites modulate [3H]MK-801 binding 
to cortical synaptosomes, we measured changes in binding parameters of this NMDA 
antagonist following exposure to different concentrations of ±7-OHDPAT. Rat 
cortical synaptosomes were prepared and incubated with (or without) ±7-OHDPAT 
(10'7 or 10'6M) or DTG (ft)'7 M), a selective sigma agonist, and [3H]MK-801 binding 
parameters were measured. [3HjMK-801 was found to bind with high affinity and 
specificity to the PCP/NMDA site (Bmax = 1.86±0.05 pmol/mg prot.; Kd = 40.2±0.6 
nM). Addition of 1 pM, but not 0.1 pM, of ±7-OHDPAT to the synaptosomal 
preparations, increased by near 45% binding affinity of [3H]MK-801 [Kd = 40.2±0.6 
nM (Control); 24.0±0.7 nM (±7-OHDPAT)] without altering Bmax, an effect that 
was similar to that produced by addition of DTG (Kd = 22.8L0.4 nM). The effect of 
7-OHDPAT was inhibited by haloperidol (10'6 M) and by NE-100 (10'7 M), a 
selective sigmai antagonist, but not by sulpiride (10‘6 M). These results show that 7- 
OHDPAT acts as an agonist at the sigmai sites to modulate the PCP/NMDA binding 
site, an effect that may contribute to behavioral changes produced by its systemic or 
central administrations. Supported by a grant from FRSQ and FCAR.
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534.13
arADRENOCEPTOR ANTAGONISTS SUBSTITUTE FOR THE DISCRIMI-
NATIVE STIMULUS PROPERTIES OF NMDA IN RATS.
Jorn Arnt *, Pharmacological Research, H. Lundbeck A/S, Ottiliavej 9, DK 
2500 Valby, Denmark.

Neuroanatomical and pharmacological evidence suggest the involvement 
of glutamate (GLU) neurotransmission in the pathophysiology of 
schizophrenia. Non-competitive blockade of the NMDA subtype of GLU 
receptors with phencyclidine induces psychotomimetic effects in animals and 
man. Accordingly, effective antipsychotic treatment may be hypothesised to 
facilitate GLU neurotransmission. This question was addressed by the 
present studies, in which the effects of the two novel antipsychotics clozapine 
and sertindole were investigated in rats trained to discriminate between 
saline and either NMDA (30 mg/kg, i.p. 15 min) or the AMPA agonist ATPA 
((RS)-2-amino-3-(3-hydroxy-5-ferf-butylisoxazol-4-yl)propionic acid, 5.0 
mg/kg, i.p.,15 min). For specific methods and results with reference GLU 
agonists and antagonists, see Arnt et al., European J. Pharmacol. 1995, 285, 
289-297. Furthermore, the effects of the selective (^-adrenoceptor 
antagonists prazosin and WB 4101 as well as the 5-HT2A/2c antagonist 
ritanserin were studied.

The results showed that clozapine (0.016-15 pmol/kg, s.c., 45 min before 
test) and sertindole (0.18-23 pmol/kg, s.c., 135 min before) induced a partial 
substitution to NMDA, while no clear substitution could be demonstrated in 
ATPA-trained rats. Ritanserin (1.3 pmol/kg, s.c., 45 min before) showed 
partial substitution at one dose only. In contrast, prazosin (75 min before) 
and WB 4101 (30 min before) surprisingly induced almost complete 
substitution in NMDA- (ED50 0.28 and 5.9 pmol/kg, s.c., respectively), but not 
in ATPA-trained rats.

These results show that clozapine and sertindole to some extent mimic 
NMDA receptor function and suggest that the potent aradrenoceptor 
antagonism of both compounds contributes to this activity profile.

534.14
POSTPUBERTAL MODULATION OF NMDA SYSTEM AFTER NEONATAL 
VENTRAL HIPPOCAMPUS (VH) LESIONS IN RATS. H. A. Al-Amin*, B. K. 
Lipska, S. M. Lillrank, I. Phillips and D.R. Weinberger. Clinical Brain Disorders 
Branch, NIMH, Neuroscience Center at St. Elizabeths, Washington, DC 20032.

Neonatal VH-lesioned rats can be used as an animal model of schizophrenia as they 
show postpubertal onset of abnormal dopamine-related behaviors that can be blocked 
with neuroleptics. The effects of early brain damage on the neurodevelopment of 
glutamate system may be relevant for understanding the neurobiology of 
schizophrenia. In this study, we investigated the effects of the neonatal VH lesion on 
the neurodevelopment of the NMDA system. We measured distance traveled (DT) 
and number of stereotypies (NS) following administration of the NMDA antagonist, 
MK-801, in rats with neonatal and adult lesions of VH. In a separate cohort of rats 
we measured the expression of NMDAR1 mRNA using in situ hybridization 
histochemistry. Male pups were lesioned with ibotenic acid at postnatal day 7 and 
tested 4 (before puberty), 8, and 20 weeks post-lesion. Rats lesioned as adults were 
tested 4 and 8 weeks post-lesion. Rats were randomly assigned to receive either 
saline or one dose of MK-801 (0.05, 0.1, or 0.2mg/kg S.C). The neonatally lesioned 
rats showed a similar response to MK-801 as controls before puberty (4 weeks post-
lesion). However, compared to their sham controls, the lesioned rats showed 
exaggerated increase in DT and NS after 0.2mg/kg MK-801 at postpuberty (8 weeks 
post-lesion), and after 0.05 & 0.1 mg/kg MK-801 at 20 weeks post-lesion. Adult VH- 
lesioned rats did not differ from their sham controls at either post-lesion interval. The 
expression of NMDAR1 mRNA encoding splice variants lacking the 5’ insert was 
reduced in the medial prefrontal cortex of adult rats lesioned as neonates. The results 
suggest that the neonatal VH lesion alters the neurodevelopment of the NMDA 
system, and that the changes manifest behaviorally after puberty. Furthermore, these 
changes are not related simply to the loss of VH projections per se, because VH lesion 
induced in adults does not result in the exaggerated behaviors.

534.15
APOMORPHINE AND PHENCYCLIDINE DISRUPT PREPULSE INHIBITION 
AND FEAR-POTENTIATED STARTLE USING A COMBINED PARADIGM 
G.B. Varty1, R.J. Ralph2 and M.A. Geyer1 ~2*, Depts. of Psychiatry1 & Ncuroscicncc2, 
University of California San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0804.

Apomorphine (APO), a dopamine receptor agonist, and phencyclidine (PCP), a 
non-competitive NMDA receptor antagonist, disrupt prcpulsc inhibition (PPI) of an 
acoustic startle response [Mansbach et al., (1988) Psychopharmacol. 94: 507-514; 
Mansbach & Geyer (1989) Ncuropsychopharmacol. 2: 299-3081. Whether these 
drugs disrupt PPI by affecting the detection or the subsequent processing of prcpulsc 
stimuli is still questionable. As the fear-potentiated startle (FPS) paradigm also relies 
on stimulus detection, we have compared the effects of APO and PCP in a test session 
combining PPI with FPS, using light as both the prcpulsc and conditioning stimulus 
(CS). Male Wistar rats were conditioned to associate a long CS (LCS: 2 sec) and a 
short CS (SCS: 100 msec) with mild footshock. The SCS was identical to the light 
prcpulsc used to elicit PPI. Acoustic PPI was included as a positive control for the 
effects of both APO and PCP. Rats were tested to ensure that both FPS and PPI were 
present and were then tested in the combined paradigm after administration of 
vehicle, APO (0.5 mg/kg) or PCP (3.0 mg/kg), with each treatment crossed over 
every other day. All animals exhibited significant FPS to both the SCS and LCS, and 
PPI to light and acoustic prcpulscs. APO significantly blocked FPS to the LCS and 
SCS and disrupted acoustic PPI. PCP disrupted both light and acoustic PPI and 
tended to block FPS. In a separate study, a 2.25 mg/kg dose of PCP did significantly 
block both PPI and FPS. These findings may support the theory' that APO and PCP 
disrupt PPI by affecting the detection rather than the processing of prcpulsc stimuli. 
With this combined paradigm, further studies can determine whether drugs or other 
manipulations affect processing pathways common or distinct to PPI and FPS.

Supported by DA02925, MH52885 and MH01223 grants.

DEVELOPMENTAL DISORDERS II

535.1
IN VIVO GENE THERAPY CORRECTS NEUROCHEMICAL 
ABNORMALITIES IN THE ORNITHINE 
TRANSCARBAMYLASE (OTC) DEFICIENT SPARSE FUR 
(SPF/Y) MOUSE. C. Pabin , X. Ye. M.L. Batshaw*. J.M, Wilson, and 
M.B, Robinson. Children's Seashore House, Depts. of Ped., Pharm., 
and Mol. and Cell. Eng., Univ. of Penn., Philadelphia, PA 19104.

OTC deficiency, an X-linked disorder of urea synthesis, is associated 
with hyperammonemia and resultant neurodevelopmental disabilities. 
A mechanism for brain injury is postulated to involve excitotoxicity, 
associated with increases in brain glutamine (Gin), tryptophan (Tip), 5- 
hydroxyindoleacetic acid and quinolinic acid. Weliave previously 
shown correction of the peripheral biochemical abnormalities in OTC 
deficient spf/Y mice using in vivo gene transfer with an adenovirus 
deleted in El, with a temperature-sensitive mutation (tsl25) in E2a and 
containing the OTC cDNA. To determine if this approach also corrects 
the neurochemical abnormalities, mice received either the 6- 
galactosidase or OTC-expressing adenovirus intravenously (2xl0H 
particles). Plasma amino acids and urinary orotate were followed for 
14 days and brain tissue was harvested at day 16. As previously 
observed, plasma ammonium, Gin and orotate were normalized in the 
spf/Y mice by the OTC construct. Cortical Gin levels were 5.9 ± 0.6 in 
OTC-treated C3H mice and 5.4 ± 1 in LacZ-treated C3H mice, 
compared to 4.8 ± 0.9 nmol/mg tissue in untreated C3H mice. Cortical 
Gin levels were 5.4 ± 0.9 in OTC-treated spf/Y mice and 8.5 ± 3 in 
LacZ-treated spf/Y mice compared to 9.0 ± 2.9 nmol/mg tissue in 
untreated spf/Y mice. Cortical Trp levels were partially corrected in 
OTC-treatea mice (31.8 ± 6.3) compared to C3H and spf/Y controls 
(21.8 ± 6.5 and 43.2 ± 8.3 pmol/mg tissue, respectively). Comparable 
correction was also observed in brainstem. These data suggest that 
gene therapy may have the potential to correct neurochemical as well as 
peripheral metabolic abnormalities. (HD32649)

535.2
CHRONIC POSTNATAL HYPOXIA INCREASES CORTICAL CFOS 
EXPRESSION. William B. Stewart*, Joshua Broder and Laura R. Ment. 
Depts of Surgery and Pediatrics, Yale Univ. Sch. Med., New Haven, CT 
06510.

Postnatal hypoxia may lead to severe neurodevelopmental impairment 
in preterm infants. We have employed an animal model of chronic 
sublethal postnatal hypoxia. Newborn rats were placed in a chamber with 
FIO2 9.5 on P3. They were removed and sacrificed at P13 or P33. We 
performed immunohistochemical staining using an antibody to cFos 
protein. At Pl3 rats reared in hypoxia had intense cFos expression in the 
neocortex compared to control rats. There was a definite laminar 
pattern. Staining was absent or reduced in layers one and four of the 
cortex and the corpus callosum. Most of the staining appeared to be in 
neurons. At P33, cFos staining was more intense in hypoxic cortex than 
control cortex, but reduced overall compared to P13.

Our prior work on this model has shown that there are 25% more 
neurons in the cortex of hypoxic rats compared to control. We have also 
shown increased vascular endothelial growth factor (vegf) mRNA in the 
cortex of hypoxic rats at P33 compared to controls.

Studies of cerebral ischemia have reported an increase in cFos 
expression in cells that are destined to die. By contrast, other studies as 
well as ours have shown that cFos expression is enhanced in cells that 
have suffered sublethal injuries and will survive. Since there is evidence 
that vegf prolongs neuronal survival, our study suggests that the down 
regulation of apoptosis in our model involves the activation of cFos, 
which in turn increases expression of vegf as well as other anti-apoptotic 
growth factors. This work was supported by NS32578.
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535.3
CHRONIC POSTNATAL HYPOXIA PRODUCES VENTRICULOMEGALY
UL.MePt*, W,B Stewafl, C, Sgasfrpre-^mLMu. Schwann Depts. Pediatrics,
Neurology, Surgery and Neurobiology, Yale Sch. Med., New Haven, CT 06510

Early postnatal hypoxia may lead to severe impairments in cognition in very low 
birth weight preterm infants. We have followed 505 infants, 600-1250 g birth wt., 
50% of whom had bronchopulmonary dysplasia (BPD). BPD infants were twice as 
likely (27% vs 14%, p<0.01) to have an IQ<70, Low pressure cerebral 
ventriculomegaly (VM) was documented in 4% of survivors. Of children with VM 
73% had an IQ<70, compared to 19% without VM (p<0.001). Analysis revealed 
that VM was more common (7% vs 1% , p<0.01) in children who had BPD than 
those without BPD.

We sought to develop an animal model of BPD and VM. Newborn rats were 
placed in a chamber with FIO2 9.5 on P3. One group (H10) was removed and 
sacrificed at PI3. Another group (H30) was removed at P33. A third group 
(H30/N30) was removed at P33 and reared in normoxia until sacrifice at P63. Brain 
weight (BW), total cortical neuronal number (TNN), cortical volume (CV) and 
ventricular size (VS) were measured, (see Table)

BW TNN CV VS
H10 84% 96% 70% * 127%
H30 86% * 125% * 72% * 158%
H30/N30 75% * 108% 80% * 423% *
(Values: % of age-matched control values.) (* - p <0.5)

At P63 despite exposure to chronic sublethal hypoxia, animals had no loss of
neurons but diminished CV and BW. Although the animals were returned to 
normoxia, progressive cerebral ventriculomegaly was noted. These findings raise 
the possibility that there are reductions in neuropil and synaptogenesis in these rats 
and suggest that the cognitive difficulties these preterm infants experience are likely 
the result of in changes in the structure, function and molecular composition of the 
developing brain, (supp by NS 27116 and NS 32578)

535.4
EVIDENCE THAT OXIDATIVE STRESS CONTRIBUTES TO THE 
PATHOPHYSIOLOGY OF HYDROCEPHALUS IN A HYDROCEPHALIC 
RAT MODEL. D.J. Socci1*, H.C. Jones1, K. Bjugstad2 and G.W. Arendash2. 
1Arnold Palmer Hospital Center for Hydrocephalus Research, Orlando 
Regional Health Sciences Center, Orlando, FL 32806 and 2Biology and 
Psychology Departments, University of South Florida, Tampa, FL 33620.

Oxidative stress can contribute to many neurological disease processes. 
The present study evaluated the potential role of reactive oxygen species 
(ROS) and oxidative stress in the pathophysiology of hydrocephalus. We 
used a rat model (HTx) with a hydrocephalus inheritance rate of 20-50% (with 
careful breeding). Normal and hydrocephalic brains of these rats (n=5-8) 
were dissected, fresh frozen, and stored at -70°C. Left cortex, hippocampus, 
and cerebellum were then assayed for 1)protein and 2)ROS levels, using an 
assay measuring desacetylation and oxidation of 2’,7’-dichlorofluorescin 
diacetate (DCFH-DA) to dichlorofluorescein (DCF). The generation of 
fluorescent DCF from DCFH-DA was determined fluorometrically in sonicated 
tissue, after a 15 minute incubation. ROS levels were measured at 0, 30, 60, 
and 90 minutes, and at 24 hours post-incubation. ANOVARM determined 
that there was significant interaction between groups for the hippocampus 
when the 0-24 hour time points were compared. Post-hoc t-tests revealed 
that at all the 0-90 minute time points, hydrocephalic rats had significantly 
more ROS compared to controls. ANOVARM showed no significant group 
differences in left cortex or cerebellum. Linear regression analysis revealed 
that the rate of ROS formation was significantly higher in the hippocampus 
and cerebellum of hydrocephalic rats compared to controls. Thus, ROS 
generation and oxidative stress may be involved in the molecular 
pathophysiology of hydrocephalus in the HTx rat. (Supported by Mr. Larry M. 
Phillips, Dr. Jane S. Gibson, Ph.D., and Dr. Jogi V. Pattisapu, M.D.)

535.5
SPATIAL AND VISUAL DISCRIMINATION REVERSAL LEARNING 
DEFICITS IN THE Ts65Dn MOUSE, A MODEL OF DOWN SYNDROME. 
Linda S. Crnic*. University of Colorado School of 
Medicine, Denver, CO 80262.

The Ts65Dn mouse carries a translocation chromosome 
containing much of the human Down syndrome (DS) 
homologous region of mouse chromosome 16 and has shown 
promise as a model for understanding the neurobehavioral 
phenotype of human DS. Mice (9-11/group) learned either 
spatial (left/right) or visual (black/white) 
discrimination and reversal to escape water. As would 
be expected from the DS phenotype, initial learning of 
simple spatial or visual discrimination did not differ 
between the trisomic and disomic littermate control 
groups. Reversal of the spatial task was impaired in 
trisomic mice (p = 0.002) due to perseveration on the 
prior correct arm. Trisomic mice performed as well as 
controls in the reversal of the visual task. The 
specificity of the reversal deficit to a spatial task 
suggests impairment of hippocampal function in the 
trisomic mice, a result consistent with reports age- 
related loss of medial septal cholinergic neurons 
(Holtzman et al, PNAS, 1996). However, our prior study 
with the more difficult shock-motivated visual reversal 
task showed that trisomic mice reverted to a primitive 
side preference strategy during reversal, suggesting, 
along with the perseverative nature of the errors on the 
spatial task, prefrontal cortex deficits. Both of these 
brain regions are known to be smaller than normal in 
persons with DS and the pattern of normal learning of 
simple discriminations coupled with difficulty with 
reversal learning is consistent with the DS cognitive 
phenotype. Supported by HD04024 and HD17449.

535.6
COLOCALIZATION OF CATECHOLAMINES AND ANDROGEN 
RECEPTORS IN THE FOREBRAIN IN AN ANIMAL MODEL OF 
ADHD. J.A. King*, T.N. Kelly, Y. Delville , S. Adolphe. Behavioral 
Neuroscience Program, Psychiatry Dept., Univ. of Mass. Med. Ctr., 
Worcester, MA 01655.

Previous studies in our lab have shown that the catecholaminergic 
system of spontaneously hypertensive rats (SHR), an animal model for 
ADHD, is responsive to early treatment with androgens. The present 
studies were designed to investigate the possible interactions between 
androgens and the catecholaminergic in adults SHR. Adult rats (SHR and 
WKY controls) were castrated on postnatal day 60 and then sub-
cutaneously implanted with silastic capsules (either empty or filled with 
testosterone). The animals were sacrificed one week later, and their 
brains processed for combined immunocytochemistry for androgen 
receptors (AR) and tyrosine hydroxylase (TH). Two main observations 
were made from the comparisons between groups. First, a lower density 
of AR-immunoreactivity (AR-IR) was observed in the brains of SHR 
animals. Second, double-labeled neurons were observed within the 
forebrain of all animals, including the cortex, the arcuate nucleus and its 
vicinity, the supraoptic nucleus, and the premammillary nucleus. 
Previous results showed that SHR animals are less responsive to 
testosterone treatment. The present results indicate that this decreased 
responsiveness is related to the availability of AR in the brain. 
Furthermore, our results indicate the possibility of a direct action of 
androgens on the catecholaminergic system in SHR animals, an animal 
model of ADHD.

535.7
THE DEVELOPMENT OF AN ANIMAL MODEL FOR ATTENTION 
DEFICIT HYPERACTIVITY DISORDER: EFFECTS OF REVERSIBLE 
FRONTAL LESIONS ON MOTOR ACTIVITY ELICITED BY OLFACTORY 
STIMULI IN NEONATAL RATS. B. A. Mietus, L. M. Terry, I. B. Johanson,
J. A. Menge and D. L. Wolgin*. Developmental Psychobiology Laboratory. Florida 
Atlantic University, Boca Raton, Florida, 33445.

Children diagnosed with ADHD/ADD generally display impulsive, 
disinhibitory, distracted, and inattentive behavior. Neuropsychological research 
indicates that ADHD and ADD may be developmental disorders since children 
diagnosed with these two disorders show significant delays in prefrontal cortical 
functioning relative to their normal peers. The etiology of ADHD/ADD, however, 
remains unclear.

We examined how a reversible frontal cortex lesion, caused by intracranial 
lidocaine injection, affected a rat pup’s motor activity in response to olfactory 
stimulation. Four groups of neonatal rats, age 3, 6, 9, & 12 days, were deprived of 
maternal care for 24 hours prior to testing. Three pups from each litter were exposed 
to 1 of 3 experimental conditions: Lidocaine, Phosphate Buffered Saline, or 
Anesthesia Control. Pups were then exposed to an odor every 2 minutes for 15 trials. 
The dependent measures recorded were number of probes, headwaves. rolls, and 
general activity level. Results indicated that the 3 day old lidocaine treated pups had 
higher levels of activity, headwaving, probing and rolling relative to the two control 
groups. This effect diminished with age on all dependent measures except for 
rolling. Lidocaine treated pups demonstrated higher levels of rolling relative to the 
controls, regardless of age. This finding suggests that lidocaine treated pups exhibit a 
release of inhibition regarding rolling behavior. These results are consistent with the 
neuropsychological findings on prefrontal functioning in children, and indicate the 
development of a potentially useful animal model for studying ADHD/ADD.

(Supported by the Department of Psychology, Florida Atlantic University)

535.8
MEASUREMENT OF BRAIN ATP BY 31P-MRS IN A MOUSE MODEL OF 
LESCH-NYHAN DISEASE. H.A. Jinnah*, V.P. Chacko, and T.D. 
Rothstein. Departments of Neurology and Radiology, Johns Hopkins 
Hospital, Baltimore MD 21287.

Mutations in the gene encoding the purine salvage enzyme 
hypoxanthine-guanine phosphoribosyltransferase (HPRT) are associated 
with Lesch-Nyhan Disease (LND), a neurodevelopmental disorder 
characterized by choreoathetosis, dystonia, cognitive dysfunction, self- 
injurious behavior, and hyperuricemia. Currently, the mechanisms by 
which the genetic defects cause the neurobehavioral features remain 
unknown. Because of the role of HPRT in purine recycling, the 
pathogenesis of the neurobehavioral features has been proposed to result 
from brain purine depletion, perhaps during the period of rapid brain 
growth during early postnatal development. We have recently constructed 
a surface head coil double tuned for proton and 31-phosphorus magnetic 
resonance spectroscopy (31P-MRS) to quantify the predominant purine 
(ATP) in the mouse brain. A total of 4 normal and 4 HPRT-deficient 
mutant adult mice were anesthetized individually and placed in a GE 
Omega 4.7 Tesla imaging spectrometer. After optimizing the magnetic 
field homogeneity using the water proton signal from the head, 31P 
spectra were obtained using 256 pulses of 10 microseconds over 5 minutes. 
In comparison with normal mice, the mutants were found to have normal 
levels of phosphocreatine, inorganic phosphate, and ATP. We are 
currently applying these methods to study a larger number of the mutants 
during the first 6 weeks of postnatal development when brain growth is 
most rapid. Similar methods may be applied to affected patients in the 
near future. This work was supported by a grant from the NIH and a gift 
from the Lesch-Nyhan Syndrome Children's Research Foundation.
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535.9
KAINIC ACID-INDUCED STATUS EPILEPTICUS ENHANCES PEMOLINE- 
INDUCED SELF-BITING BEHAVIOR IN PRE-PUBERTAL RATS. B. H. King*, 
A. Hsu, N. Chang, K. Chang, H. Quach, T. Schmanke. Division of Child and 
Adolescent Psychiatry, UCLA Neuropsychiatric Institute, and UCLA Mental 
Retardation Research Center. Los Angeles, CA 90024-1759.

The dopamine agonist, pemoline, reliably produces self-biting behavior (SIB) 
in the rat. Epilepsy is common in persons with severe and profound mental 
retardation, and individuals with profound cognitive deficits are more likely to 
exhibit self-injury. In the present study we were interested in assessing the effect 
of kainic acid-induced status epilepticus on the expression of pemoline-induced 
self-biting behavior in the rat. Litters from timed-pregnant Sprague-Dawley rats 
were cross-fostered and limited to 8-10 pups per mother. At 7,14, or 21 days of 
age, pups were placed on a warming blanket, and given buffered kainic acid or 
vehicle, 1.0,3.0, or 8.0, mg/kg s.c., respectively. Animals that did not experience 
convulsions were euthanized as were animals that continued to exhibit seizure 
activity after two hours. Animals were returned to their mothers until weaning. 
Three days prior to pemoline challenge, animals were separated into individual 
clear plastic nesting boxes. On the day of study, animals (7 per group) received 
an injection of pemoline (100,140, or 220 mg/kg s.c.). Behavioral ratings were 
obtained over the ensuing 24 hours. Animals were fitted with clear plastic 
Elizabethan collars to prevent injury from self-biting behavior when it occurred. 
Rats with kainic acid-induced status epilepticus had significantly higher expres-
sion of SIB than control animals, but only when the kainate challenge occurred 
at 14 or 21 days post-natally. No differences from controls emerged in the 
expression of other behaviors however. These results may begin to provide an 
explanation for the expression of SIB across a variety of mental retardation 
syndromes. Supported by NIMH Grant No. K20 MH 00917 to BHK.

535.10
Rats exposed to prenatal y radiation at day 15 of gestation exhibit 
enhanced perseveration in T-maze M. Mintz. G. Youval. A, Gigi. & 
M.S. Myslobodskv* Psychobiol. Res. Unit, Dept. of Psychology, Tel- 
Aviv University, Tel-Aviv 69978, Israel.

Laboratory rats repeatedly placed in a T-shaped maze exhibit 
alternative visits in its left and right arms. We wondered whether this 
innate behavioral can be altered by a prenatal exposure to y radiation 
which was shown to facilitate circling behavior in rats exposed at Day 15 
of embryogeny. Sprague-Dawley rats were exposed to a single dose of y 
radiation (1.5 Gy, dose-rate of 0.15 Gy/min). The dose was delivered on 
one of embryonic days (Day 15, 17, or 19) through the whole body of a 
pregnant rat. Sham prenatal exposure of controls consisted of placing 
pregnant rats in the same environment for 10 min. All rats were 
repeatedly tested in an elevated T-maze during the active part of the 
circadian cycle prepubertally (Days 25 and 26) and postpubertally (Days 
55 and 56). Only rats exposed on Day 15 of embryogeny showed 
increased rate of side perseveration both pre- and postpubertally. The 
consistent lateral bias of perseverative runs was observed in individual 
rats, albeit not confirmed as a populational bias. Administration of y rays 
later in gestation (Days 17 and 19) proved to affect alternation behavior 
only when tested at day 55. This effect confirms the highly targeted 
nature of yrays exposure during gestation. Also, it substantiates the 
prediction that prenatal stress contributes to the emergence of stereotypic 
behavioral patterns emerging during postpubertal period of life.
* Supported by Theodore and Vada Stanley Foundation Research Award.

535.11
THALAMOCORTICAL AND CORTICOTHALAMIC CONNECTIONS IN THE NEW 
ZEALAND BLACK MICE. A.R.Jenner*, A.M, Galaburda and G.F. Sherman.
Dyslexia Research Laboratory, Beth Israel Deaconess Medical Center and Harvard 
Medical School, Boston MA 02215.

Fifty percent of NZB/BINJ mice develop neocortical layer I ectopias, mostly in 
somatosensory cortices, and are used as a model for the similar pathology present in 
the brains of dyslexics. Neurofilament staining of the cortex surrounding ectopias 
provided preliminary evidence that the connections of these neurons were aberrant. 
Dil tracer studies confirmed that there are connections between the ectopic neurons 
and thalamic nuclei and ipsilateral cortices. Although general areas of connectivity 
are revealed, the high level of background fluorescence prevented the specificity of 
the connections to be realized, specifically the cortical afferents from the thalamus. 
In this study biotin dextran amine (BDA) was used to more accurately delineate the 
thalamocortical and corticothalamic connections in the NZB mice.

Adult NZB mice were anesthetized and placed in a stereotaxic apparatus. Small 
injections of BDA were made into VB under stereotaxic guidance, and brains were 
processed in the standard fashion for BDA visualization. Most injections were 
restricted to VB while a few extended medially to involve Po.

Injections into VB labels cell bodies in layers V and VI of the primary 
somatosensory cortex (Par 1). These labeled cell bodies have apical dendrites that 
reach to the superficial layers, sometime including layer I. Along with these labeled 
cell bodies there is a dense terminal field in layer IV of Par 1 with some clustering 
within the barrels. When injections extend into Po, retrograde label is found in 
clusters of neurons within layer V of the secondary somatosensory cortex (Par II), 
but there is no robust stained terminal field in layer IV. These results provide a 
clear picture of the thalamocortical and corticothalamic connections of the 
somatosensory cortex in NZB mice. Currently, these techniques are being used to 
look more specifically at the efferents and afferents of the ectopias. The results of 
these injections also will be presented. (Supported by NICHD HD 20806).

535.12
PREVENTION OF WHITE MATTER DAMAGE IN YOUNG RATS 
WITH KAOLIN-INDUCED HYDROCEPHALUS. M.R. Del Bigio* 
and Y.W. Zhang. Department of Pathology, University of Manitoba, 
Winnipeg, MB, R3E0W3.

Hydrocephalic dilatation of the cerebral ventricles injures periven-
tricular white matter. Early treatment by shunting CSF allows the ven-
tricles to reduce in size. It is unclear to what extent axon and myelin 
damage is preventable. We induced hydrocephalus in 3 week rats by 
injection of kaolin into the cistema magna. Hydrocephalic and control 
rats were killed at 1, 2, or 4 weeks, or they were shunted at 1 week 
and killed 3 weeks later. We assessed proteolipid protein (PLP), mye-
lin basic protein (MBP), and growth-associated protein-43 (GAP-43) 
using immunohistochemistry, immunoblots, in situ hybridization, and 
Northern blots. Densitometric analysis was employed. PLP mRNA, 
which was localized to white matter, was increased in 1 and 2 week 
hydrocephalic rats and reduced by 61% (p=0.033) in the 4 week hy-
drocephalic rats. PLP and MBP proteins were significantly reduced 
(from 37-67%) at all time points. The shunt-treatment group had 
slightly lower MBP and PLP amounts than controls but more than the 
comparable hydrocephalics. GAP-43 mRNA, localized to neurons, 
was increased by 42% (p=0.013) in the 1 week hydrocephalus group 
and unchanged in the later groups. GAP-43 protein, identified both in 
neuropil and in white matter, was increased in the white matter imme-
diately adjacent to the ventricles. We conclude that early shunting is as-
sociated with sparing of periventricular myelin. GAP-43 upregulation 
might reflect an attempt by neurons to preserve threatened axons. 
(Funded by Manitoba Health Research Council)

535.13
VALPROIC ACID-INDUCED CHANGES IN NEURAL CELL ADHESION 
MOLECULE EXPRESSION DURING MOUSE NEURULATION. K.K, 
Terry*. R.D, Streck, T.F, Grafton, and D.K. Hansen. Division of 
Reproductive & Developmental Toxicology, National Center for Toxicological 
Research, Jefferson, AR 72079.

The anticonvulsant drug valproic acid (VPA) increases the incidence of neural 
tube defects in humans and elicits exencephaly in mice. This study examined 
expression of the morphoregulatory agent neural cell adhesion molecule 
(NCAM) following VPA exposure. On gestation day (GD) 8 pregnant CD-I 
mice were subcutaneously injected with saline or 600 mg VPA/kg body weight. 
On GD 9.25 embryos were harvested, examined for neural tube closure, and 
fixed. Frozen sections were processed for localization of NCAM mRNA 
transcripts and protein using in situ hybridization and immunohistochemistry, 
respectively. High levels of mRNA transcripts appeared within each brain 
region of control embryos. Transcripts aggregated in clusters of the earliest 
born neurons which appeared along the external limiting membrane. Such 
clusters of intensely labeled cells were rarely observed in open or closed neural 
tubes of VPA-treated mice. Neuroblast differentiation, therefore, appears to be 
delayed in VPA-exposed embryos. The NCAM protein displayed a moderate, 
homogeneous appearance along the membranes of neuroepithelial cells in saline- 
treated embryos with closed neural tubes. A comparatively less intense, less 
abundant protein expression existed within some open neural tubes of those 
exposed to VPA. Although it appears that VPA can diminish NCAM protein 
expression within some open neural tubes, future work will determine if this 
reflects a treatment effect or normal expression at an earlier developmental 
stage. Quantification of results is in progress. Supported by NCTR/FDA/DHHS.

535.14
INDUCTION OF FOCAL CORTICAL MALFORMATIONS BY 
EXCITATORY AMINO ACIDS IN DEVELOPING RAT BRAIN. 
C. Redecker, P. Gressens, G. Hagemann, S. Marret, P. Evrard, O.W. Witte*.
Dept. of. Neurology, Heinrich-Heine-University, Moorenstr. 5, D-40225 
Dusseldorf, Germany. Dept. of Pediatric Neurology, Hopital Robert-Debre, 
48 Boulevard Serurier, F-75019 Paris, France.

Cortical developmental malformations are increasingly recognized in 
association with severe epileptic syndromes and neuropsychological 
disorders. Clinical and experimental data suggest that cortical dysplasias are 
frequently caused by excitotoxic brain damage due to hypoxia or ischemia 
during neuronal development. In the present study ibotenic acid, a 
glutamatergic agonist of the ionotropic V-methyl-D-aspartate (NMDA) 
receptor and of the metabotropic receptor, was injected in the neopallium of 
rat pups before completion of neuronal migration (P0). The resulting 
cytoarchitectonic patterns were dose-dependent, including neuronal 
depopulation in deep cortical layers, sulcus formation and ectopic neurons in 
superficial layers. These lesions mimic several aspects of human 
polymicrogyria. The underlying mechanism was investigated by coinjection 
of DL-2-amino-7-phosphoheptanoic acid, an ionotropic NMDA receptor 
antagonist, and L(+)-2-amino-3-phosphonopropionic acid, a metabotropic 
antagonist. The intracortical injection of ibotenic acid produces 
cytoarchitectonic lesions similar to those found in human polymicrogyria and 
provides a rat model to investigate the pathogenesis as well as the functional 
consequences of neuronal migration disorders.

Supported by Rel315/1-1 from Deutsche Forschungsgemeinschaft.
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535.15
A SPONTANEOUS MUTATION AFFECTING THE GROWTH , BRAIN, AND 
BEHAVIOUR OF BALB MICE. J. PavlovicJ M.A.Fernandes,2 N.J. Gibson J 
and M.B. Butman-Fleming^*. Dept's. of Psychology, ^Univ. of Waterloo, 
Waterloo, ON, N2L 3G1 and 2 Univ. of Toronto, ON, M5S 3G3.

The neurodevelopmental profile of a mutation that spontaneously occurred in our 
pigmented BALB (C.B6-+CI+C) mouse colony was examined. Although not 
identifiable at birth, mice with the mutation begin to exhibit its effects 
(progressive motor deterioration, abnormal locomotor patterns, atrophied forepaws, 
slight tremor of the head) at between two and three weeks after birth. Most mutants 
do not survive beyond about 8 weeks of age. The mode of inheritance appears to 
follow an autosomal recessive pattern, although analysis of 37 affected litters 
revealed a slightly higher proportion of mutants than expected (%2 (1)=4.10, 
pc.05). Development across 4 weeks in both normal and mutant mice showed a 
significant weight by group interaction (F(l,4)=194, pc.OOl). Bonferroni post-hoc 
tests revealed that body weights began to diverge at week 3, with mutant weights 
failing to increase beyond about 7 grams (t(60)=9.48, pc.OOl). Reflex capabilities 
of 10 affected litters were assessed at 32 days post-conception using 12 reflex tests 
(Wainwright et al., Dev. Psychobiol., 22,183,1989). A significant group by reflex 
test interaction was found (F(l,ll)=4.21,pc.OOl). Mutant mice had greater 
difficulties on the fore- and hind-limb grasp reflex, the pole grasp, and stick tests. 
Brain/body weight ratios computed for normal and mutant mice revealed brain 
growth sparing in mutants. This was evidenced by a significantly higher 
brain/body ratio in mutants (t(27)= -8.94, pc.OOl). Preliminary analyses indicate 
that cerebellar/decerebellate-brain ratios may be smaller for mutants, but that there 
are no differences between normal and affected animals in the prevalence of the 
corpus callosum deficiency exhibited by a proportion of the animals of this strain 
(BtUman-Fleming et al., Behav. Brain Res., 50, 31,1992).
Supported by the Department of Psychology, University of Waterloo.

535.16
NOTCH FUNCTION IN EARLY CNS. P. Beatus. R. Williams, M, Lardelli. T. 
Mitsiadis. A. Rokaeus*, U. Lendahl , Department of Cellular and Molecular 
Biology, Karolinska Institute, Sweden
The Drosophila Notch gene, encoding a large transmembrane receptor, is 
involved in cell fate decisions in many cell types, including neural cells. 
Multiple homologues of this gene have been identified in both invertebrates and 
vertebrates. In mammals there are three Notch homologues (Notch 1, 2 and 3) 
which are highly conserved, both with respect to each other and to Drosophila 
Notch. The high degree of sequence conservation implies important functions for 
these gene products in most multicellular organisms. In mammals, we show that 
Notch 1, 2 and 3 have distinct patterns of expression during early embryogenesis 
and CNS development. The intracellular domain of Notch receptors transmit the 
signal to the interior of the cell. Here we report that mice transgenic for the 
intracellular domain of Notch 3 under the nestin promoter, show major 
developmental disturbancies in the CNS. The phenotype may be a consequence 
of increased cellular proliferation and block of neuronal differentiation. There is a 
great variation in the severity of the defects observed, probably due to different 
levels of expression of the truncated gene. Embryos expressing the mild 
phenotype show expansion of the hindbrain, irregularities in the spinal cord and 
reverse tail flexure. The severe phenotype is dominated by defects in the brain, 
characterized by non-closure of the anterior neural pore in the midbrain.These data 
show that a deregulated Notch function can affect early stages of CNS 
development. We will further investigate the intracellular signalling downstream 
of Notch and the role of the mammalian homologue of Drosophila Suppressor of 
Hairless in this pathway.

535.17
IDENTIFICATION OF NEURONAL APOPTOSIS INHIBITORY 
PROTEIN INTERACTORS
‘E.A.J. Mercer, ‘P-A. Olsson, 2A. Mathie* & ‘D. Lindholm. ‘Department 
of Developmental Neuroscience, Uppsala University, Box 587, S-751 23, 
Uppsala, Sweden & ’Department of Pharmacology, Royal Free Hospital 
School of Medicine, University of London, London NW3 2PF

Neuronal Apoptosis Inhibitory Protein (NAIP) is implicated in the fatal 
congenital disorder spinal muscular atrophy (SMA). This disorder 
affects one in 10,000 newborns and is characterised by apoptotic 
depletion of spinal cord motor neurons with consequential muscular 
atrophy resulting in death through respiratory muscle weakness. NAIP 
has been proposed to regulate naturally occuring cell death in spinal 
cord motor neurons, suggesting that the expression of a defective form 
of NAIP found in SMA patients would allow apoptosis to proceed 
unabated thereby eliminating motor neurons and severing the link 
between spinal cord and skeletal muscle.

Recently, three human homologues of NAIP were identified two of 
which can bind directly to the TNF receptor associating factor TRAF2. 
This interaction links the NAIP family of anti-apoptotic proteins to the 
potential apoptosis inducing TNF receptors. However, as yet there is no 
evidence indicating that NAIP itself binds to any of the TRAF proteins or 
proteins involved in the TNF receptors complexes. This suggests that 
NAIP may be exerting its anti-apoptotic effects elsewhere and that other 
cellular targets mediate NAIPs survival properties.

We have used the yeast two hybrid system to screen for interactor 
proteins of NAIP. Clones of potential interactors to the apoptosis 
inducing regions of NAIP have been identified and subsequent analysis 
may lead to the elucidation of novel protein interactors with implications 
for the understanding of SMA.
Supported by Cancer Fonden

535.18
A BURST OF APOPTOTIC CELL DEATH OCCURS DURING 
LATE NEUROGENESIS IN THE FLATHEAD RAT MUTANT.
M R. Roberts, J.J. LoTurco*, K.S. Bittman, and S.R. D’Mello Dept of 
Physiology and Neurobiology, Univ. of Connecticut, Storrs, CT 06269

Flathead (fh) is an autosomal recessive mutation that affects later 
stages of neural development in the rat. One of the most stiking features 
of the fh/fh mutation is a reduced brain size. Although no difference in 
brain size is detectable at embryonic day 16 (E16), by embryonic day 
18 (El8) the fh/fh brain weighs 40% less than a normal brain. As we 
previously reported [Bittman et al. (1996)Soc. Neurosci. Abst. 22, 984], 
cell proliferation in fh/fh brains is comparable to their normal 
littermates. In contrast, we now report that there is a dramatic increase 
in the amount of apoptotic cell death in the developing fh/fh brain, 
which most severely affects late-developing neuronal populations. We 
have used the TUNEL assay to quantify apoptosis in the cortex of fh/fh 
and unaffected littermates at various stages of neural development. At 
El6, before the reduction in brain size is apparent, the number of 
apoptotic cells is low (approximately 1 of every 200 cells). However, by 
E18 a dramatic increase in TUNEL-positive cells was observed in fhfth., 
whereas cell death had actually decreased in the wild type cortex. The 
greatest concentration of death in the fh/fh cortex was seen in the 
proliferative zones, where approximately 1 in 5 cells was apoptotic. By 
PI, the amount of cell death in fh/fh brains had significantly decreased. 
These results indicate that that the reduction in brain growth in fh/fh 
rats is due to abnormally high programmed cell death during a discrete 
period of late embryonic development, and suggests that the fh gene is 
essential for the survival of cells generated during late neural 
development.

Supported by grants from the NSF and Whitehall Fdn. to S.R.D. and 
from the Klingenstein fund to J.J.L.
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536.1
ANCILLARY PHARMACOLOGICAL CHARACTERIZATION OF 
THE SELECTIVE ml AGONIST, WAY-132983, IN RODENTS. A.C. 
Bartolomeo*, J.A. Moyer & C.A. Boast. Wyeth Ayerst Res, CN 8000, 
Princeton, NJ 08543.

The central cholinergic system is involved in cognitive processing and 
is disrupted in Alzheimer’s Disease (AD). Administering 
cholinomimetic compounds, i.e. muscarinic agonists, may alleviate the 
cognitive impairments in AD. In rats, muscarinic agonists can induce 
side effects such as lacrimation, chromodacryorrhea, salivation and 
hypothermia. Oxotremorine, pilocarpine and arecoline, standard 
nonselective muscarinic agonists, all dose-dependently induced these 
side effects. The ml selective muscarinic agonists xanomeline, which is 
currently in clinical trials for AD treatment, and WAY-132983, induced 
significant levels of salivation after 10 mg/kg (i.p. or p.o.). Both drugs 
also produced hypothermia, which lasted for 30 minutes after 10 mg/kg 
xanomeline (i.p.) and 60 minutes after 10 mg/kg WAY-132983 (i.p. or 
p.o.). Following oral dosing, with 30 mg/kg xanomeline, hypothermia 
was not evident. Interpretation of hypothermia data was complicated 
since cholinergic antagonists produced hypothermia as well. Neither 
xanomeline nor WAY-132983 produced any lacrimation or 
chromodacryorrhea. To test for central activity, cholinergic agonists 
were given to mice treated with scopolamine (0.3 mg/kg, i.p.). 
Scopolamine, a cholinergic antagonist, significantly increases swimming 
distance in mice, which is centrally mediated (Symons, et al., 1986). 
Oxotremorine and pilocarpine, dose-dependently, significantly reduced 
the increase in swimming distance induced by scopolamine. 
Administration of 3mg/kg (i.p.) of either xanomeline or WAY-132983 
significantly reduced the scopolamine-induced hyperswimming. WAY- 
132983 and xanomeline appeared to have similar side effect profiles.

536.2
THE SELECTIVE ml AGONIST, WAY-132983, IMPROVES RADIAL MAZE 
PERFORMANCE IMPAIRED BY CHOLINERGIC HYPOFUNCTION IN RATS. 
C.A. Boast*, M. Husbands, H. Morris, J.A. Moyer & M. Abou-Gharbia, A.C.
Bartolomeo. Wyeth Ayerst Res, CN 8000, Princeton, NJ 08543.

Cholinergic hypofunction has been associated with Alzheimer’s Disease (AD), so
administration of a muscarinic agonist may compensate for the diminished cholinergic 
input and restore cognitive functioning in AD patients. To evaluate muscarinic 
agonists, two models of reduced cholinergic input (scopolamine or AF64A) were used 
in a forced-choice, one hour Delay Non-Match-to-Position (DNMTP) radial arm maze 
(RAM) task. Scopolamine (0.3 mg/kg, s.c.), a cholinergic antagonist, significantly 
increased post-delay errors (PDE) when administered to rats 30 minutes prior to the 
predelay session. Xanomeline (3 mg/kg, i.p.) significantly reduced scopolamine- 
induced increases in PDE. WAY-132983 (0.3 mg/kg, i.p.) significantly reduced 
scopolamine-induced increases in PDE, whereas oral administration of this dose did 
not significantly reduce PDE (p=.082), but did attenuate the scopolamine impairment 
(p >0.05 vs. vehicle). The cholinotoxin AF64A (3nmol/3|il/lateral ventricle), was 
bilaterally injected into rats which had reached asymptotic performance in the DNMTP 
RAM task, producing significant increases in PDE. Our lab had previously 
demonstrated that 1 mg/kg/day arecoline (mini-osmotic pumps, s.c.), a muscarinic 
agonist, was the optimal dose for significant reduction of AF64A-induced increases in 
PDE. These findings parallel the arecoline (i.v.) improvement in cognitive scores in 
AD patients (Soncrant, et al., 1993). AF64A-treated rats that showed a significant 
reduction in PDE with 1 mg/kg/day arecoline were selected for WAY-132983 mini- 
osmotic pump delivery. WAY-132983 (0.03mg/kg/day) significantly reduced AF64A- 
induced increases in PDE. Post-mortem assay of hippocampal choline 
acetyltransferase activity was significantly diminished, confirming a successful 
AF64A lesion. Both xanomeline and WAY-132983 showed beneficial cognitive 
effects with WAY-132983 being more potent.
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536.3
THE SELECTIVE Ml AGONIST, WAY-132983, IMPROVES AGE- 
IMPAIRED DELAYED MATCHING-TO-SAMPLE IN MONKEYS. N.Kille. 
J.J. Buccafiisco*. M.A. Prendergast. S. Rosenzweig-Lipson. and C.A, Boast. Dept.
Pharmacology and Toxicology, Alzheimers Research Center, Medical College of 
Georgia, V.A. Medical Center, Augusta, GA 30912 and CNS Disorders, 
Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543.

The effects of WAY-132983 (0.003 - 0.10 mg/kg po) were determined in a 
delayed matching-to-sample (DMTS) task in aged monkeys (6 rhesus, 1 
cynomolgus). The task involved 96 daily presentations of a colored light, followed 
at varying delays by two choice lights. One choice light matched the sample light. 
Keypress of the matching stimulus was reinforced. Delay-dependent decline in 
peformance was seen after placebo. WAY-132983 significantly improved 
performance at short (27% at 0.03 mg/kg) and long (20,25% at 0.01 & 0.1 mg/kg 
respectively) delays. Average best dose for this improvement was 0.06 mg/kg. 24 
hrs after WAY-132983, performance improvement was maintained and was similar 
to that on drug day. Observations of cholinergic overstimulation were made at time 
points from 15 min to 24 hr after administration of 0.1 mg/kg po WAY-132983. 
No symptoms of cholinergic overstimulation were recorded for any of the monkeys 
at any of the time checks. 30 min after placebo, the cynomolgus monkey showed 
clinically adverse signs and the animal died several days later. Autopsy revealed 
intussusception distal to the ceco-colic junction with hemorrhage cranial to the 
intussusception. It was not determined whether this death was due to drug treatment 
or to a pre-existing condition. In conclusion, oral administration of WAY-132983 
produced a significant improvement in DMTS performance in aged monkeys and 
these mnemonic effects were still apparent 24 hr post-administration.

536.4
WAY-132983 and Its In-vitro Profile of Muscarinic Activities in
Recombinant CHO Cell Lines. R. Tasse*', M, Husbands2, D. Kowal1, 

113 2
D. Fairman , D. Malhotra , P. Chanda . M. Abou-Gharbia and J.A.
Moyer . Wyeth-Ayerst Research, CNS Disorders and CNS Medicinal 
Chemistry2, CN 8000, Princeton, N.J. 08543 and 3Wyeth-Ayerst 
Research, Core Biotechnology, Radnor, PA 19087.

WAY-132983 (WAY), [(3R,4R)-3-(3-hexylsulfanylpyrazin-2-yloxy)- 
l-azabicyclo[2.2.1]heptane hydrochloride] was designed and 
synthesized in a muscarinic approach toward the alleviation of memory 
deficits associated with Alzheimer’s disease. Recombinant CHO cells 
transfected with cDNA for the expression of individual muscarinic 
receptor (mAChR) subtypes served as the source for homogenates used 
in binding assays and as subjects in functional studies where the 
hydrolysis of phosphatidylinositol (PI) was examined in the ml, m3 and 
m5 cell lines and the inhibition of cAMP formation was examined in the 
m2 and m4 cell lines. WAY displaced [^H]QNB binding to homogenates 
expressing individual mAChR subtypes with greater (5x to 20x) affinity 
than xanomeline (XAN) and without significant subtype selectivity. 
WAY was a potent stimulant of PI hydrolysis with EC50 values of 1.1,
3.7 and 2.7 nM in the ml, m3 and m5 cell lines, respectively. Though 
WAY was approximately 5 times more potent than XAN in the ml cell 
line, both compounds exhibited similar efficacies. WAY also inhibited 
forskolin-enhanced cAMP production and was approximately 7 times 
more potent than XAN in the m2 cell line. The functional profile of 
muscarinic activities observed in these studies for WAY reveal it to 
possess the selectivity desirable for further evaluation.

536.5
NOVEL ANTI CHOLINESTERASE, ANTIAMNESIC AND
ANTI-ISCHEMIC ACTIVITIES OF DEHYDROEVODIAMINE, A 
CONSTITUENT OF EVODIA RUTAECARPA BENTHAM. C, H, Park1. 
S. H. Kin?, W. Choi1 , Y. J. Lee1, S. H, Lee ; J. S. Kim3, S. S. Kang 
and_Y,_II, SulV. rDept. of Pharmacol., College of Medicine and Dept. 
of Moi. Biol., Neurosci. Res. List., 2Dept. of Neurosurg., Natural 
Products Res. List , Seoul National Univ., Seoul, KOREA

To find a new compound that has an anti-amnesic activity, we 
screened 29 natural products for their abilities to inhibit 
acetylcholinesterase and reverse scopolamine-induced amnesia. Among the 
plants tested Evodia rutaecarpa Bentham showed a strong inhibitory 
effect on acetylcholinesterase in vitro and anti-amnesic effect in vivo. 
By sequential fractionation of E. rutaecarpa, the active component of it 
was finally identified as dehydrocvodiamine hydrochloride(DHED). 
DEED inliibited acetylcholinesterase activity in a dose dependent and 
non-competitive manner. The ICso value of DHED is 37.8 pM. A single 
administration of DHED to rats(6.25 mg/kg) significantly reversed the 
scopolamine-induced and mechanically-lesioned memory impairment in 
passive avoidance test. The anti-amnesic effect of DHED was more 
potent than tacrine. In addition, the infarction area after middle cerebral 
artery occlusion was significantly decreased by a single treatment of 
DHFD (6.25mg/kg) to rats 30 min before the ischemic insult These 
potent anti-amnesic and anti-ischemic effects of DHED were thought to 
be due to combined effects of acetylcholinesterase inhibition and known 
cerebral vasorelaxation. These results indicate that DHED has a novel 
anticholinesterase, anti-amnesic and anti-ischemic activities and might 
have a therapeutic potential in various brain disorders including ischemia 
and Alzheimer's disease
Supported by Korea Ministry of Science and Technology

536.6
CDD-0102 AND XANOMELINE REVERSE MEMORY DEFICITS 
PRODUCED BY IgG-192 SAPORIN. A.A. El-Assadi*, C. 
Dockery, E. Hassoun, N. Haupt, and W.S. Messer, Jr.
Departments of Medicinal & Biological Chemistry and 
Pharmacology, Center for Drug Design. & Development, 
College of Pharmacy, The University of Toledo, Toledo, 
OH 43606

Selective muscarinic agonists might be useful in the
of Alzheimer' 
properties of 

xanomeline and

treatment
enhancing
agonists

disease. The cognition- 
the centrally-active ml 
CDD-0102 were examined

following bilateral injections of IgG-192 saporin (0.20 
pg total) into the diagonal band of rats.

IgG-192 saporin produced impairments of performance 
on a paired-run, delayed alternation paradigm in a T- 
maze (58 ± 6.4 %); vehicle-injected controls were 
unimpaired (96 ± 1.7 %). Toxin-treated rats performed 
much better following i.p. injections (1 mg/kg) of 
either xanomeline (89 ± 1.4 %) or CDD-0102 (97 ± 1.4 
%). Cholinergic side effects (e.g., diarrhea) were 
apparent only following xanomeline treatments.

In separate studies, oral CDD-0102 (10 mg/kg) 
reversed the memory deficits induced by IgG-192 saporin 
in the T-maze task. Rats made 54 ± 4.2 % correct 
choices with saline, but 94 ± 1.2 % following CDD-0102 
treatments. Also, the LD50 of CDD-0102 was greater than 
1 g/kg orally, and 192 mg/kg intraperitoneally in mice.

In summary, CDD-0102 displayed beneficial effects on 
memory function, a low side effect profile and low 
toxicity. The compound warrants further evaluation for 
the treatment of Alzheimer's disease.

This work was supported by NS 01493 and NS 31173.

536.7
REVERSAL OF CHRONIC MEMORY DYSFUNCTION WITH A 
COMBINATION FREE RADICAL SCAVENGER-GLYCOLYTIC 
INTERMEDIATE. J.C. de la Torre*, R.J. Sutherland, N. Nelson, B.A. 
Pappas. Division of Neurosurgery and Department of Psychology, 
University of New Mexico, Albuquerque, NM 87131

Chronic brain hypoperfusion (CBH) occurs with advancing age and 
worsens in Alzheimer’s disease (AD). To study this problem, 19 month 
male Sprague-Dawley rats were subjected to CBH by permanent ligation 
of both common carotid arteries. Visuo-spatial memory (VSM) was 
tested on the Morris water maze. Three rat groups were identified 7 
weeks after CBH: i) severe memory impaired (SMI), ii) moderately 
memory impaired (MMI), and iii) controls, no memory impairment (no 
CBH). SMI rats were given a powerful free radical scavenger, dimethyl 
sulfoxide (DMSO), combined with a glycolytic intermediate, fructose 1,6- 
diphosphate (FDR), daily for fourteen days (250:135mg/Kg i.p.). MMI 
and controls were given the vehicle. After 7 and 14 days treatment, SMI 
rats showed a 20% and 21% or 41% total improvement in the VSM, 
nearly reaching control values. MMI and control rats showed no VSM 
changes. DMSO-FDP was discontinued on week 9 and all rats were 
retested on week 10 and 11. SMI rats’ improvement was lost during 
both testing sessions; MMI and control groups remained unchanged. 
Histologic brain examination showed mild neuronal damage in CA1 in 
SMI and MMI groups and an increase in hippocampal astrocytes in MMI 
group only. Our results indicate that DMSO-FDP markedly improves 
VSM impairment induced by CBH. These findings could have important 
implications in Alzheimer’s disease.

536.8
EFFECT OF SUBCHRONIC ADMINISTRATION OF METRIFONATE AND 
TACRINE ON CORTICAL AND HIPPOCAMPAL ACETYLCHOLINE 
RELEASE IN AGED F344 RATS. M.G. Giovannini. C, Scali, L, Bartolini. B. 
Schmidt*. P, Blandina* and G. Pepeu. Dept. Pharmacology, University of Florence, 
Italy and aCNS-Research, Bayer AG/Troponwerke, Koln, Germany.

Cholinesterase inhibitors (ChEI) represent a useful therapeutic treatment of 
senile dementias. Acute ChEI administration increases brain acetylcholine (ACh) 
release both in young and aged rats and improve cognitive behaviour. The present 
study was aimed at evaluating the effect of subchronic metrifonate (MTF, 80 mg/kg, 
p.o.) and tacrine (THA, 3 mg/kg, p.o.) administration twice daily for 21 days on 
cortical and hippocampal ACh release in aged F344 rats in vivo. ACh release was 
measured by transversal microdialysis (no ChEI inhibitor in the perfusing Ringer 
solution) coupled to HPLC with amperometric detection. No significant peripheral 
signs of ChEI toxicity and no modification of blood pressure and heart rate were 
observed after 21 days of treatment. At this time basal ACh release from the cortex 
of control and THA treated rats ranged between 2-3 fmol/pl while they were 10 
times higher in MTF treated rats. MTF administered acutely to subchronically 
treated rats increased cortical ACh release up to 100 fmol/pl while THA stimulated 
only up to 10 fmol/pl. Basal ACh release from the hippocampus of control, MTF 
and THA treated rats ranged between 2-3 fmol/pl. MTF administered acutely to 
subchronically treated rats increased hippocampal ACh release up to 11 fmol/pl 
while THA stimulated only up to 4 fmol/pl. These data suggest that repeated MTF, 
but not THA, administration to aged animals results in a significant and long lasting 
increase in cortical ACh release and no tolerance to the acute effect of MTF and 
THA develops. Conversely, the cholinergic system in the hippocampus appears to be 
less sensitive to ChEI inhibitors.
This work was supported by a grant from Bayer AG/Troponwerke, Koln, Germany.
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536.9
EVALUATING NOVEL ANTICHOLINESTERASES AS 
COGNITIVE ENHANCERS. D, Ingram*, R. Meyer. E. 
Spangler,. N,. PateL.. Q,-S,„Yn,.. T, Utsuki, H, Holloway, A,
Brossi. N, Greig. Gerontology Research Center, National 
Institute on Aging, NIH, Baltimore, MD 21224

We have developed a novel class of physostigmine 
derivatives that are potent, long-acting, brain-targeted, 
highly selective acetylcholinesterase inhibitors with a wide 
therapeutic dose range and low toxicity (Greig et al. 
Medicinal Res. 15:3, 1995). Clinical trials are now being 
planned for phenserine, the lead compound in this group. 
When given chronically to aged rats, this drug produces 
significant learning enhancement in a 14-unit T-maze in a 
dose range of 1-2 mg/kg (Ikari et al., Neuroreport, 6:481, 
1995). We have now observed similar performance en-
hancement in aged rats at phenserine doses from 0.25-1 
mg/kg. In addition, we have observed enhanced learning in 
aged rats following chronic treatment with other novel 
agents from this class, tolserine and thiatolserine. Compared 
to phenserine, these agents have even greater selectivity for 
AChE and even higher brain targeting. Thiatolserine also 
possesses optimal characteristics for transdermal use.

536.10
A NOVEL COGNITIVE ENHANCER REVERSED SYNAPTIC LOSS AND 
MEMORY FAILURE IN AGED RATS. K.Nakano, T.Fuiii, K.Noda. 
I.Yamaguchi+ and N.Okado* $ Toxicol. Research Labor., +Drug Discov. 
Research, Fujisawa Pharm. Co.Ltd., Kashima, Osaka 532, Japan, $ Insti. of Basic 
Medical Sci., Univ. of Tsukuba, Tsukuba, Ibaraki 305, Japan.

Endogenous serotonin has been suggested to be involved in the mechanism of 
action of a novel cognitive enhancer FK960 which has been shown to ameliorate 
experimental amnesia in rats, monkeys and human volunteers. In the present study, 
we investigated the effects of FK960 on neural plasticity and learning memory in 
aged rats. Rats (twenty-four month old Fischer F344/DuCrj ) were given doses of 
FK960 or its vehicle once a day for 3 days. One hour after the last dosing, rats 
were tested for learning memory by water- and radial-maze paradigms. Twenty-four 
hours after the last dosing, rats were deeply anesthetized with pentobarbital and 
perfused from the ascending aorta with a small amount of saline followed by an 
appropriate fixative. Sections of the hippocampal CA3 region were fixed, and 
examined for axodentritic synapses by electron microscopy. FK960 ameliorated the 
memory failure seen in aged rats with a bell-shaped dose-response curve. Whereas, 
the drug dose-dependently increased the synapse density, the synapse numbers/m2 
of the hippocampus were 0.269, 0.272, 0.292 and 0.324 in rats treated with 0,
0.32, 3.2 and 32 mg/kg of FK960, respectively. It has been reported that a 
serotonin-2A receptor agonist increased the synapse density, and that synaptic loss 
is a better structural correlate of dementia than other brain lesions. We thus 
postulate that the reversal of synaptic loss through an activation of serotonergic 
nerves contributes to the memory enhancing action of FK960.
(Supported by Fujisawa Pharm.)

536.11
IN VITRO INHIBITION OF ACETYLCHOLINESTERASE BY PHYSO-
STIGMINE, PHENSERINE AND EPTASTIGMINE. K. A. Skau*.
G. Ahluwalia. C. Auebcrger. N. H. Greig. Coll. Pharmacy, U. 
Cincinnati, Cincinnati, OH 45267 & Gerontology. Res. Ctr. NIA, 
Baltimore, MD

Several long-acting derivatives of physostigmine (PHYS) 
have recently been suggested as potential treatment in 
Alzheimer’s disease. In this study we examined a potential 
mechanism by which phenserine (PHEN) and eptastigmine 
(EPT) demonstrate prolonged inhibition of acetylcholinester-
ase (AChE). Rat AChE was purified to homogeneity using 
affinity chromatography. Initial inhibition studies with rat 
brain AChE were unsuccessful because the Triton X-100 used 
to solubilize the enzyme interfered with the action of the 
inhibitors. Subsequent trials used purified rat serum AChE 
or rat brain AChE with no detergent. At equimolar concentra-
tions (75 nM) the rate of development of inhibition was 
EPT>PHYS>PHEN. Reversal of the inhibition by dilution and 
dialysis was slow. PHYS and PHEN were approximately equal 
with a recovery half-time of 4-5 hours. The EPT recovery 
rate was about one-half the recovery rate of PHYS. These 
results differ somewhat from previously reported in vivo 
results in that PHYS had a faster inhibitory action than 
either PHEN or EPT in vivo. However, they do demonstrate 
that the prolonged action of EPT is due to a slow reversal of 
inhibited AChE. (Supported by UC College of Pharmacy 
funds)

536.12
THE ASSOCIATION BETWEEN HYSTERECTOMY AND ALZHEIMER’S 
DISEASE. Benecia C. Hong-Goka and Fen-Lei F. Chang*. UCSF-Fresno 
Alzheimer’s Disease Center and Fresno VA Medical Center, Fresno, CA 93703.

Numerous studies have shown that the use of estrogen in women is associated 
with a reduced risk of Alzheimer’s disease (AD). We performed this retrospective 
study to evaluate the relationship between the history of hysterectomy and the 
clinical diagnosis of Alzheimer’s disease based on the NINCDS criteria..

We reviewed a total of 137 charts of female patients enrolled in 1995 and 1996 
with a diagnosis of AD. 53.4% of this group of patients with a clinical diagnosis 
of AD had undergone hysterectomy. We also compared the rates of hysterectomy 
between the probable AD and the possible AD groups. The possible AD group 
includes patients with other potential explanations for dementia or patients with 
atypical presentations from AD. Within the probable AD group, the ratio of 
hysterectomy was 59.0%, while that of the possible AD group was 36.7%. (Chi 
square = 4.52, P<05) We further evaluated the intervals between the hysterectomy 
and the onset of dementia; 26.9% of our AD with hysterectomy patients had 
dementia onset within 10 years of hysterectomy.

The rate of hormone replacement for our group of patients with the diagnosis of 
AD was low (< 5%). The higher proportion of patients with hysterectomy, 
especially late hysterectomy to develop AD can not be explained by the overall rate 
of hysterectomy. A decreased estrogen pool from adipose tissue and adrenal, with 
a lack of hormonal replacement may contribute to this higher rate of development 
of AD. Our study is the first to demonstrate a potential relationship between 
hysterectomy and the development of AD. The potential benefits of hormone 
replacement in the group of women receiving hysterectomy should be explored, 
(supported by the California Department of Health Services and the UCSF-Fresno 
Foundation)

536.13
DISTRIBUTION OF NEURONAL ESTROGEN RECEPTOR 
LABELLING IN THE ADULT PRIMATE BRAIN 
M Blurton-Jones1. MH Tuszynski1,2. KR Dobkins1 *and J Roberts3. 

!Dept. of Neurosci., Univ Calif-San Diego, La Jolla, CA; 2VA Med

Ctr, San Diego, CA; 3Univ Calif-Davis, Davis, CA.
Recent evidence suggests that estrogen may modulate the expression 

of neuronal growth factor receptors (Sohrabji et al, J Neurobiol 1994; 
McMillan et al, J Neurosci 1996). Further, estrogen therapy is associat-
ed with a decreased incidence of Alzheimer’s disease (Tang et al, Lancet 
1996). To investigate the potential relationship between these two 
findings, we have begun to explore potential interactions of estrogen- 
responsive neurons with growth factors and their receptors in primates.

In the present study, the distribution of estrogen receptor (ER)- 
positive neurons was mapped in 2 female and 2 male adult rhesus mon-
keys. Using a mouse monoclonal antibody to human full length ER 
(Novocastra) intense nuclear staining was observed in several regions of 
the adult brain of both sexes: 1) within 2 distinct neuronal groups in the 
lateral and medial septum, 2) in the bed nucleus of the stria terminalis, 
3) in the medial preoptic area, ventromedial, dorsomedial, and arcuate 
nuclei of the hypothalamus, 4) in the median eminence, 5) in scattered 
regions of mammillothalamic tract and nucleus basalis, 6) in the 
subfornical organ, and 7) in amygdala-associated regions, including the 
periamygdaloid cortex, amygdalo-hippocampal area, and basal, 
accessory basal, and medial nuclei of the amygdala. Quantification of 
sexual differences in ER labelling is underway. In addition, colocali-
zation of estrogen receptors with low-affinity neurotrophin receptors 
will be examined. Supported by NIA and the American Academy of Neurology.

536.14
17 6-ESTRADIOL ATTENUATES LOSS OF ChAT-IMMUNOREACTIVE 
NEURONS FOLLOWING FIMBRIA-FORNIX LESION. O. Rahbani1. K.S. 
Panickar1,2. G, Rajakumar1. M.A. King3. E.M. Meyer2 and J.W. Simpkins*1. Center
for Neurobiology of Aging and Dept. of Pharmacodynamics1, Dept. of Pharmacology 
and Therapeutics*, Dept. of Neuroscience3, Univ. of Florida, Gainesville, FL 32610.

We investigated the neuroprotective effects of 17 6-estradiol (E^ on medial septal 
cholinergic neurons following partial unilateral lesion of the fimbria-fornix. In an 
initial study, female rats were ovariectomized (OVX) and, 5 days later, treated with a 
single injection of an estradiol (E^-chemical delivery system (E^-CDS) or its vehicle 
hydroxypropyl-6-cyclodextrin (HPCD). All rats were then subjected to partial 
unilateral electrolytic fimbrial lesion the following day. At 20 days post-lesion 
animals were assessed using choline acetyltransferase (ChAT) immunohistochemistry 
of brain slices. In a second study using the same procedure, 3 groups of adult female 
rats were ovariectomized and subsets of the OVX rats received a subcutaneous Ej pellet 
implant (n=6), or, five days post-ovariectomy, a single injection of E2-CDS (n=8) or 
HPCD (n=6). In the first study, animals treated with HPCD showed a 44% decrease in 
ChAT-positive neurons on the lesioned side when compared to the non-lesioned side 
of the medial septum. By contrast, rats treated with E2-CDS showed a 4% decrease in 
ChAT-positive neurons in response to the lesion. In the second study, animals treated 
with HPCD showed a 55% decrease in ChAT-positive neurons on the lesioned side 
compared to the non-lesioned side of the medial septum. By contrast, rats treated with 
E2-CDS or E2 Pellet had a 14% or 13% decrease, respectively, in ChAT-positive 
neurons. Interestingly, Ej treatment substantially decreased ChAT-positive neurons on 
the non-lesioned side of the medial septum in comparison to control animals. These 
data suggest that cholinergic neurons in the medial septum are protected from lesion- 
induced degeneration by treatments which increase brain E2 levels, and estrogen 
treatment can protect the neurons whose loss contributes to the cognitive decline of 
Alzheimer’s disease. (Supported by NIH Grant AG 10485).
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536.15
ESTROGENS ATTENUATE B-AMYLOID TOXICITY IN HT22 CELLS BY AN 
ESTROGEN RECEPTOR-INDEPENDENT MECHANISM INVOLVING 
SYNERGY WITH GLUTATHIONE. Patrie S. Green*. Kelly E. Gridleyand James 
W. Simpkins. Center for the Neurobiology of Aging and Department of 
Pharmacodynamics, College of Pharmacy, University of Florida, Gainesville, FL 
32610.

Post-menopausal estrogen therapy is associated with a reduction in the incidence of 
Alzheimer’s disease and estrogens have been shown to attenuate B-amyloid peptide 
(BAP) mediated toxicity in cultured neurons. Our previous work suggests that 
estrogen’s neuroprotective effects are not mediated by a nuclear estrogen receptor (ER). 
The purpose of this study was to determine if physiologically and pharmacologically 
relevant doses of estrogens could protect neurons in the absence of an ER. We used a 
murine cell line, HT22, that does not demonstrate specific 3H-estradiol binding in a 
nuclear exchange assay. These cells were exposed to BAP (25-35) fragment for 48 
hours before quanitating viability using a trypan-blue exclusion technique. BAP killed 
50-60% of these cells and concurrent treatment with the potent estrogen, B-estradiol 
(BE2), or the weak estrogens, a-estradiol (aE2) or estratrien-3-ol (E-3-ol), resulted in 
a dose-dependent protection with a 2 nM dose significantly attenuating the toxicity and 
a 200 nM dose completely preventing cell death for all three compounds. Suprisingly, 
the potency of the estrogen protection was dependent on the presence of glutathione 
(GSH, 3.25 pM) in the culture media. In the absence of GSH, a 2 nM dose of BE2, 
aE2, or E-3-ol did not improve viability and a 2 pM dose was required for maximal 
protection from BAP toxicity. The dose of GSH used did not protect against BAP 
toxicity itself, and BE2, aE2, or E-3-ol with or without GSH had no effect on the 
growth rate of the cells in the absence of BAP. These results demonstrate that a 
nuclear ER is not necessary for estrogens to exert neuroprotective effects at 
physiologically and pharmacologically relevant concentrations and further, the 
antioxidant milieu may contribute to estrogens protective actions. (Supported by NIH 
AG10485 and T32 AG00196.)

536.16
APOE ISOFORMS DO NOT MODIFY NEURONAL SUSCEPTIBILITY TO 
INJURY BY CERTAIN EXCITOTOXIC OR APOPTOTIC AGENTS. CL 
Lendon1, MI Behrens2-3*AM Fagan2, MC Muller2, DW Choi 2, DM Holtzman 2 
Departments of Psychiatry1, Neurology2, Washington University Medical School, 
St. Louis, MO 63110, USA, Hospital Sotero Rio Santiago, Chile.

Genetic association studies provide compelling evidence that ApolipoproteinE 
(ApoE) gene is a risk factor for sporadic and some familial forms of Alzheimer's 
disease (AD). There are 3 isoforms of ApoE, e 2, e 3 and e4. The e 4 allele of ApoE 
is associated with up to eight times the risk of AD whereas the e 2 allele may be 
protective. The pathogenic mechanism by which ApoE alleles influence risk for AD 
is unknown. In the brain, ApoE may participate in processes such as neuronal 
repair. In support, in vitro studies show that ApoE-containing lipoproteins can 
influence neurite outgrowth in an isoform dependent manner that requires the LRP 
receptor. There are, however, several possible mechanisms that may account for the 
enhanced risk for AD associated with the presence of ApoE e4. We tested the 
hypothesis that the risk for AD may be due to differential neuroprotective actions of 
the ApoE isoforms. At 10 days in vitro murine embryonic cortical cultures were 
exposed to EC50 concentrations of N-Methyl-D-Aspartic Acid (exocitoxic death), 
Staurosporine (apoptotic death) or Nimodipine (apoptotic death). ApoE2, E3 and 
E4-containing HDL were administered to the cultures 12 hours prior to neurotoxic 
insult. Cell death assessments were then made 24 hours later by cell counts 
normalized as a percentage of total neuronal death. We did not detect any 
modification of neurotoxic cell death by the different ApoE isoforms. Experiments 
are underway to determine the effects of astrocyte produced ApoE in similar 
paradigms.
This work was supported by NIH grant AG-'NS13956

536.17
INFLUENCE OF APO E GENOTYPE ON BRAIN CHOLESTEROL AND 
PHOSPHOLIPID LEVELS IN ALZHEIMER’S DISEASE
D. Pea, C. Ramassamv* and J. Poirier. Molecular Neurobiology Lab., Douglas Hospital 
Research Centre, Depts. of Psychiatry, Neurology and Neurosurgery, McGill University, 
Montreal, Quebec, Canada, H4H 1R3

Several studies have shown significant modifications in the amount and/or 
composition of phospholipids and cholesterol during aging and in pathological 
conditions such as Alzheimer disease (AD). Moreover, the relative amount of cholesterol 
in the brain may influence membrane homeostasis and phospholipids may be involved in 
the formation of senile plaques in AD. Since a strong link exists between the pathology 
of AD and the genotype of apolipoprotein E (apoE), a key component of cholesterol 
transport, we decided to study the profile of different lipid fractions in AD brain as a 
function of apoE genotype.

In the present study, brain tissue samples of cortex and hippocampus from AD 
and control subjects were selected for the following lipid analyses: free cholesterol, 
cholesterol ester, total cholesterol, phospholipid B and triglycerides. All tissue was 
obtained from the Douglas Hospital Brain Bank and was matched for age and sex. All 
measures were performed using quantitative in vitro enzymatic colorimetric methods. 
The results indicate a reduction of several lipid indicators in hippocampus of AD versus 
control, whereas increases were observed in the cortex. The presence of the apoE e4 
allele correlated positively with cholesterol levels in these structures. We observed a 
slight increase of cholesterol concentration with the presence of 2 copies of the e4 allele 
in the frontal cortex of AD brains.

We have also correlated apoE genotype with the amount of apoE found in the 
cerebral spinal fluid and brain tissue of AD (Poirier, J. et al., this meeting) as well as 
levels of lipid peroxidation (Ramassamy,C. et al., this meeting). Together, these results 
provide evidence of altered cholesterol and lipid levels in the brains of affected AD 
subjects in relation to apoE genotype. (Supported by the Alzheimer Society of Canada 
and by the Medical Research Council of Canada).

536.18
INFLUENCE OF APOLIPOPROTEIN E GENOTYPE ON
LIPOPEROXIDATION IN ALZHEIMER’S DISEASE BRAIN.
C.RAMASSAMY, U.BEFFERT, D. AVERILL[al,Y.CHRISTEN[b|*, ASCHOOFS |c|

and J.POIRIER. Douglas Hospital Research Centre, Centre for Studies in Aging, McGill 
University, Montreal, Quebec, Canada. [a],UQAM, Montreal, Quebec, Canada. [bJIPSEN 
Institut, Paris, France, [c]Centre Europeen de Bioprospective, Rouen, France.

The pathogenesis of familial and sporadic Alzheimer’s disease (AD) depends on 
apolipoprotein E (ApoE) genotype and age. Several studies have demonstrated an increase 
in oxidative stress in AD brain such as protein oxidation and lipid oxidation. Vitamin E, 
which is an antioxidant and a component of LDL, is also decreased in AD brain. To date, 
the relationship between ApoE genotype and lipoperoxidation (LPO) has not been 
demonstrated in AD. These observations prompted us to study in AD brain (hippocampus, 
frontal cortex) the consequences of ApoE genotype on the oxidation of (phospho)lipids. 
Peroxidation was estimated by the formation of malondialdehyde-thiobarbituric acid 
(MDA-TBARS) adduct by fluorescence. Proteins were removed from the samples by 
precipitation with trichloroacetic acid to avoid non-lipid-derived MDA. Our results show 
that the basal levels of LPO in both structures depends on the ApoE genotype and is 
increased in the presence of s4 allele. LPO levels were found to be inversely proportional 
to ApoE levels. On the other hand, LPO levels are independent of phospholipids and 
cholesterol levels (see D.Dea. et al. this meeting). However, the SLPO (difference 
between the in vitro induction of LPO by a high concentration of H2O2/Fe2+ and the 
basal LPO) is higher in the presence of the e 3 allele. The SLPO was efficiently reduced in 
the presence of a potent free radical scavenger the Ginkgo biloba extract, EGb 761.
These results suggest that in AD subjects with e 4 allele there is a higher alteration in lipid 
homeostasis within synaptic membrane. The efficacy of EGb 761 in e 3/3 subjects prompt 
us to study its therapeutic effect in relation to apoE genotype. (Supported by MRC and 
IPSEN Institut).

536.19
CEREBROSPINAL FLUID AND PLASMA INSULIN LEVELS IN 
ALZHEIMER’S DISEASE: RELATIONSHIP TO SEVERITY OF DEMENTIA 
AND APOLIPOPROTEIN E GENOTYPE. S. Craft, E. Peskind, M, Schwartz*, G. 
Schellenberg. M, Raskind, D. Porte Jr. Geriatric Research, Education and Clinical 
Center, VA Puget Sound, University of Washington School of Medicine, Seattle, 
WA 98108.

Patients with Alzheimer’s disease (AD) show elevations of fasting plasma insulin 
thought to be associated with disrupted brain insulin metabolism. We examined 
paired fasted plasma and cerebrospinal fluid (CSF) insulin levels in 25 patients 
with AD and 14 healthy age-matched adults, and determined whether insulin 
levels were related to severity of dementia and apolipoprotein E-e4 homozygosity, 
a known genetic risk factor for AD. Patients with more advanced dementia had 
lower CSF insulin concentrations than did the mildly demented or normal group, 
who did not differ from one another (2.61[. 13] pmol/1 vs. 3.33 [ 21] or 3.36 [ 21], 
p< 02). Patients with more advanced AD had significantly higher plasma insulin 
levels than did normal adults (84.56 [20.65] mg/dl vs. 43.55 [6.12], p< 05). In 
addition, patients with AD who were not e4 homozygotes had significantly higher 
plasma insulin levels than either normal adults or adults with AD who were s4 
homozygotes (89.82 [13.80] mg/dl vs. 43.55 [6.12] or 37.91 [5.21] p<01). The 
ratio of CSF insulin levels to true plasma insulin levels was significantly lower for 
patients with more advanced AD than for normal adults (4.68 [.91] vs. 8.34 [ 73], 
p<.05). The non-e4 homozygotes had significantly lower CSF-to-plasma insulin 
ratios compared with the e4 homozygote and normal groups (4.91 [.82] vs. 8.53 
[1.24] or 8.34 [ 73], p<.007). Our results confirm that both plasma and CSF 
insulin levels are abnormal in AD, and provide preliminary evidence for metabolic 
differences among apolipoprotein E genotypes.

Supported by the Department of Veteran Affairs, Alzheimer’s Association 
DRG-95-1151, NIH AG 10880, AG 08419, AG-05136, NS 32273 , DK 12829.
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537.1
INFLUENCE OF ANESTHESIA ON STRIATAL L-DOPA LEVELS: A MICRODIALYSIS STUDY 
WITH INTACT AND 6-OHDA-LESIONED ANIMALS. A. Marburqer, R, Morqenstem* R, Sohr, T. 
Reum, G. Skorka, B. Langen and H. Fink. Institute of Pharmacology and Toxicology, Medical 
Faculty (Charite), Humboldt University at Berlin, D-10098 Berlin, Germany.

Administration of l -DOPA is the most effective and commonly employed pharmacological 
intervention available for treatment of the symptoms of Parkinson's disease. Although there have 
been many studies evaluating the action of the drug there are still conflicting data. One reason 
for these variations may be seen in different experimental procedures i.e. type of anesthesia or 
presence of dopaminergic lesions. The objective of this study was to compare striatal levels of 
l -DOPA and dopamine (DA) in both 6-OHDA-lesioned rats and non-lesioned controls under 
conditions of general anesthesia and in freely moving animals.

Using brain microdialysis with electrochemical detection we examined changes in the extra-
cellular concentration of l -DOPA and DA after systemic administration of L-DOPA/carbidopa 
(36/4 mg/kg, i.p.). Maximum levels of extracellular l -DOPA were reached 20-40 min after 
L -DOPA administration. In non-lesioned freely moving rats these maximum levels were about 

five times higher (75 ± 17 fmol/pl dialysate, mean + s.e.m.) than those in non-lesioned 
anesthetized rats (16 + 3 fmol/pl for chloral hydrate anesthesia (400 mg/kg, i.p.), 15 ± 4 fmol/pl 
for urethane anesthesia (1.25 g/kg, i.p.)). In lesioned awake rats extracellular l -DOPA levels 
following l -DOPA administration increased to 286 ± 43 fmol/pl i.e. to concentrations almost four 
times higher than in non-lesioned rats. A similar effect was observed in rats anesthetized with 
chloral hydrate where levels of l -DOPA reached concentrations of 35 ± 7 fmol/pl in lesioned 
rats which is more than twice the level that had been measured in non-lesioned animals. In rats 
under urethane anesthesia there was no difference in the extracellular l -DOPA concentration 
between lesioned (17 ± 4 fmol/pl) and non-lesioned rats (15 + 4 fmol/pl). In lesioned animals 
increased extracellular concentrations of l -DOPA were reflected by increased levels of 
extracellular DA, whereas in non-lesioned controls there was no increase in extracellular DA 
levels following l -DOPA administration.

Our data show that striatal extracellular levels of systemically administered l -DOPA vary 
substantially depending on the presence and type of general anesthesia as well as on the 
integrity of the dopaminergic system.
Supported by grant 01 ZZ 9511(BMBF, Germany).

537.2
MALONDIALDEHYDE DOES NOT INCREASE IN RAT BRAIN 
FOLLOWING LEVODOPA TREATMENT. P.A. LeWitt*, D.A. 
Loeffler, P.M. Camp, and-K^. Hyland. Clin. Neuro-
sci. Program, Sinai Hospital, Detroit, MI 48235 
and Metabolic Disease Lab, Dallas, TX 75226.

Whether levodopa (LD) induces oxidative stress 
in vivo is unclear. LD treatment of striatal 
synaptosomes increases oxidized glutathione 
(GSSG), but LD administration to normal rats does 
not increase striatal GSSG (Clin Neuropharm 17: 
370, 1994) . We examined whether the lipid 
peroxidation product malondialdehyde (MDA) is 
altered in rat brain regions following LD. Rats 
received carbidopa/LD methyl ester (2.5/100 mg/kg 
i.p.) or vehicles, then were decapitated 1-12 hrs 
later. Prefrontal cortex, striatum, hypothalamus, 
hippo-campus, ventral midbrain (VM), and 
cerebellum were collected. In separate experi-
ments, MDA was measured by fluorescent 
chromatography (n = 5) and DA metabolites by HPLC 
(n = 5-10). DA turnover increased in all regions 
at 1 hr, remaining elevated in some regions even 
at 8 hrs. MDA differed between groups only in 8- 
hr VM; mean MDA from LD-treated animals was 
significantly lower than in control VM. These 
results suggest that LD-induced elevated turnover 
of DA in vivo does not increase oxidative stress. 
(Supported by the National Parkinson Foundation)

537.3
EFFECT OF L-DOPA ON HYDROXYL RADICAL FORMATION IN 
THE INTACT AND DOPAMINE-DENERVATED STRIATUM OF 
THE RAT: A MICRODIALYSIS STUDY. P.M, Camp*. K.M. 
Collins. D.A. Loeffler. P.A. LeWitt. Clinical Neuroscience Program, 
Sinai Hospital, Detroit, MI 48235.

L-DOPA therapy in Parkinson's disease has the potential to produce 
oxidative stress by increasing dopamine (DA) turnover or by its 
autoxidation. Although L-DOPA induces oxidative stress and 
degeneration of DA neurons in vitro, its oxidative toxicity in vivo is 
controversial. The purpose of this study was to determine if the 
integrity of the nigrostriatal DA system influences whether an oxidative 
stress arises from L-DOPA administration in vivo. All rats received a 
large (>95%) unilateral 6-hydroxydopamine lesion of the substantia 
nigra. Some animals also received twice daily injections of carbidopa/L- 
DOPA (10/50 mg/kg, i.p.) or saline for 5 days, with the last injection 
given 12 hrs prior to the microdialysis procedure. Salicylate (5 mM) 
was continuously perfused through the microdialysis probe, and 
hydroxyl radical production, as reflected by the formation of 2,3- and 
2,5-dihydroxybenzoic acid (DHBA), was measured in both the intact 
and DA-denervated striatum following an i.p. injection of 10 mg/kg 
carbidopa/100 mg/kg L-DOPA, or saline. L-DOPA did not significantly 
alter the extracellular concentration of DHBA in either the intact or DA- 
denervated striatum. Furthermore, previous treatment with L-DOPA for 
5 days had no effect on hydroxyl radical formation prior to or following 
the challenge injection of L-DOPA. These results do not support the 
hypothesis that L-DOPA produces an oxidative stress in the striatum in 
vivo, even following neatly complete loss of the nigrostriatal DA 
system. (Supported by the National Parkinson Foundation.)

537.4
DOPAMINE DEPLETION FOLLOWING L-DOPA PLUS 
AMPHETAMINE. G.C.Wagner*, A.K. Halladay, D.A. 
Widmer and C.S.Myers. Psychology Dept. , Rutgers 
Univ., New Brunswick, NJ 08903

The previous demonstration that L-dopa pre-
treatment enhanced amphetamine-induced dopamine 
depletions was re-examined in mice treated with 
either saline or RO4-4602 plus L-dopa (100 
mg/kg) prior to receiving SC amphetamine (15 
mg/kg) every 2 h for 4 injections. Amphetamine 
caused significant depletions of striatal 
dopamine (to 38% of control) and DOPAC (to 42% 
of control) when mice were assayed one week 
later. This effect was enhanced by a second 
amphetamine regimen (to 20 and 37% of control, 
respectively). Pretreatment with L-dopa (100 
mg/kg) increased the amphetamine-induced 
depletion of dopamine and DOPAC by an 
additional 13 and 12%, respectively. 
Enhancement of amphetamine-induced toxicity may 
be consequent to increased dopamine turnover 
(by 200%) following L-dopa, a situation akin to 
that observed in the compromised neurons of the 
Parkinsonian patient.

MH 10687 ES 05022

537.5
CHRONIC L-DOPA PROMOTES THE RECOVERY OF DOPAMINE NEURONS 
IN RATS WITH PARTIAL NIGROSTRIATAL LESIONS. AM.G. Murer, 2G. 
Dziewczapolski. 2L.B, Menalled. 2M.C. Garcia. JY. Agid, 2O. Gershanik. and 1R.
Raisman-Vozari*. ‘INSERM U289, Hopital de la Salpetriere, Paris 75013, France; 
2ININFA, CONICET, Buenos Aires 1121, Argentina.

Orally administered L-DOPA remains to be the most effective symptomatic 
treatment for Parkinson’s disease (PD). The introduction of L-DOPA therapy is 
often delayed, however, because of the fear it might be toxic for remaining 
dopaminergic neurons. Though, in vivo evidence of L-DOPA toxicity is scarce. We 
have evaluated the effects of a six-month oral L-DOPA treatment (170 mg/kg/day 
plus carbidopa, 17 mg/kg/day) on several dopaminergic markers, in rats with 
moderate (MOD) or severe (SEV) 6-OHDA-induced lesions and sham-lesioned 
animals (SHAM). Counts of tyrosine hydroxylase-(TH-)immunoreactive neurons at 
the substantia nigra and ventral tegmental area showed no significant difference 
between L-DOPA-treated and vehicle-treated rats. In addition, for rats of the SHAM 
and SEV groups, immunoradiolabeling for TH, the dopamine transporter (DAT) and 
the vesicular monoamine transporter (VMAT2) at the striatal level, was not 
significantly different between rats treated with L-DOPA or vehicle. Unexpectedly, 
a partial recovery of TH, DAT and VMAT2 immunoradiolabeling was observed in 
the denervated territories of the striatum of MOD rats receiving L-DOPA. Besides, a 
higher density of TH-positive fibers was observed in MOD rats treated with L- 
DOPA than in MOD rats receiving vehicle. Finally, the chronic L-DOPA treatment 
was shown to revert D2 dopamine receptor up-regulation in SEV rats. Our results 
demonstrate that a pharmacologicaly effective six-month oral L-DOPA treatment is 
not toxic for remaining dopaminergic neurons in a rat model of PD, but instead 
promotes the recovery of striatal innervation in rats w'ith moderate lesions. 
Supported by INSERM (France), CONICET (Argentina) and National Parkinson 
Foundation (Miami, USA).

537.6
EFFECTS OF DOPAMINE OXIDATION PRODUCTS ON MITOCHONDRIAL 
FUNCTION: IMPLICATIONS FOR PARKINSON’S DISEASE. S.B. Berman* and
T.G. Hastings. Departments of Neuroscience and Neurology, University of Pittsburgh, 
Pittsburgh, PA 15260

Mitochondrial dysfunction has been suggested to be involved in the degeneration of 
dopamine (DA) neurons in Parkinson’s disease (PD). DA produces reactive oxygen 
species (ROS) and DA quinones, which may interfere with mitochondrial function. 
Therefore, we investigated whether reactive metabolites of DA could alter the function 
of intact mitochondria. Using isolated rat brain mitochondria, we first investigated the 
effects of DA oxidation products on mitochondrial respiration by measurement of 
oxygen consumption. Five min exposure to 100 pM DA led to a 15% reduction in State 
3 respiration, which is linked to ATP production, but had no significant effect on resting 
State 4 respiration. This was prevented by pargyline (10 pM) or catalase (1 U/ml), 
suggesting a role for H2O2 produced by monoamine oxidase. Exposure to DA (100 pM) 
and tyrosinase (200 U/ml), which enzymatically forms sulfliydryl-reactive DA quinones, 
caused both a decrease in State 3 respiration (35%) and an increase in State 4 respiration 
(314%). We also examined the effects of DA oxidation on mitochondrial permeability, 
using spectrophotometric measurement of mitochondrial swelling. The opening of the 
mitochondrial permeability transition pore (PTP) can be modulated by oxidative 
mechanisms and has been critically linked to cell death. Characteristic of PTP opening, 
CaCl2 (150 pM) induced mitochondrial swelling over a 10 min incubation that was 
prevented by cyclosporin A (850 nM). Incubation with DA (100 pM) and tyrosinase 
(200 U/ml) led to a similar degree of mitochondrial swelling. 6-Hydroxydopamine (6- 
OHDA; 100 pM), which rapidly oxidizes to form ROS, caused a more gradual increase 
in mitochondrial swelling. Cyclosporin A, however, was unable to prevent the effect of 
DA quinone or 6-OHDA, suggesting that the permeability may not be due to the PTP. 
These data suggest that under conditions of increased DA turnover or a compromised 
mitochondrial system, DA could contribute to mitochondrial dysfunction and neuronal 
degeneration in PD (Supported in part by USPHS grants NS19608 and MH18273).
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537.7
DOPAMINE-INDUCED TOXICITY: EFFECT OF DOPAMINE METABOLISM 
BY MONOAMINE OXIDASE. NLG,,..ScaffidL D.A. Lewis, and T.G. Hastings*. 
Departments of Neurology, Psychiatry, and Neuroscience. University of 
Pittsburgh, Pittsburgh, PA 15261.

Reactive metabolites of dopamine (DA) may be formed by two pathways: 
catechol oxidation to reactive oxygen species (ROS) and quinones, and H2O2 
production by monoamine oxidase (MAO). Previously we have shown that 
intrastriatal administration of DA results in the formation of protein-bound 
cysteinyl-catechols and produces selective destruction of DA terminals in rat 
striatum (Hastings et al., 1996, PNAS 93:1956). In this study, we examined 
the role of MAO-generated H2O2 in DA-induced toxicity. Intrastriatal DA 
(0.4 jxmol/2 pl/20 min) resulted in a 6-fold increase in protein-bound 
cysteinyl-DA and a 49-fold increase in cysteinyl-DOPAC above control 24 h 
after the injection. Pretreatment with the nonselective MAO inhibitor, 
pargyline (75 mg/kg, i.p.) 30 min prior to the DA injection increased 
cysteinyl-DA (+1100%) and decreased cysteinyl-DOPAC (-85%) as compared 
to DA alone. However, total cysteinyl-catechol levels were similar (DA, 17.1 
± 2.5; DA/Parg, 23.8 ± 3.8 nmol/g; n=3-4). Histological analyses of striatum 7 
d following intrastriatal DA (0.4 pmol) showed a loss of tyrosine 
hydroxylase immunoreactivity that was not affected by pargyline 
pretreatment. Additional experiments investigating the effect of selective 
inhibitors of either MAO-A (clorgyline, 2 mg/kg, i.p.) or MAO-B (deprenyl, 2 
mg/kg, i.p.) administered 30 min prior to intrastriatal DA showed no change 
in cysteinyl-DA or cysteinyl-DOPAC as compared to DA alone. These 
findings suggest that (1) MAO-generated H2O2 does not contribute to the 
selective toxicity to DA terminals following exogenous DA, and (2) the 
oxidation of the catechol ring to ROS and quinones may be the critical 
cytotoxic event. (Supported by USPHS grant 19608 and the APDA.)

537.8
PEROXYNITRITE POTENTIATES THE OXIDATION OF DOPAMINE IN 
VITRO: IMPLICATIONS FOR MPTP- AND METHAMPHETAMINE-INDUCED 
TOXICITY. M.J. LaVoie* and T.G. Hastings. Departments of Neuroscience and 
Neurology, University of Pittsburgh, Pittsburgh, PA 15261

Dopamine (DA) has the ability to oxidize, generating reactive oxygen species 
and quinones that have been implicated in models of neuronal damage. Once 
formed, DA quinones can covalently bind to sulfliydryl groups on protein, such as 
those found on cysteinyl residues. We have previously shown that exposure to 
methamphetamine (METH) results in an increase in the binding of DA to cysteinyl 
residues on protein. Peroxynitrite (ONOO) has also been implicated in the DA cell 
injury associated with both MPTP- and METH-induced toxicity. In this study we 
investigated whether ONOO", a reported oxidant, will oxidize DA and promote the 
in vitro binding of DA to protein. Reaction mixtures (1 ml) containing 200 mM 
NaH2PO4 (pH 7.2), 50 pM 3H-DA (9 pCi/pmol), 3 mg of the cysteine-rich protein, 
alcohol dehydrogenase, and either 100 pM or 500 pM ONOO" were incubated for 
10 min at 37°C. Radioactivity covalently bound to protein was determined in TCA- 
precipitated protein by liquid scintillation counting. Results showed that 3H-DA 
binding to protein was increased 11-fold by 100 pM ONOO" and 27-fold by 500 
pM ONOO" as compared to incubation with DA alone. The amount of protein- 
bound 3H-DA following exposure to 500 pM ONOO" (3.2 ± 0.1 nmole/mg protein; 
n=9) was equivalent to the amount of 3H-DA bound to protein following the 
tyrosinase-catalyzed oxidation (100%) of 3H-DA (3.4 ± 0.2 nmole/mg protein; 
n=6). This effect was completely blocked by glutathione (5 mM), but unaffected by 
SOD/catalase (3U/3U). Similar effects were seen with bovine serum albumin. 
These data suggest that ONOO" can oxidize DA and increase covalent modification 
of protein, which may contribute to the selective vulnerability of DA neurons. 
(Supported in part by USPHS grants MH18273 and DA09601).

537.9
6-HYDROXYDOPAMINE INDUCES APOPTOSIS IN PI9 CELLS BUT MOSTLY 

NECROSIS IN PC12 CELLS.
A. Woodgate*and M. Dragunow . Department of Pharmacology, Faculty of Medicine 
and Health Science, University of Auckland, Auckland, New Zealand

Considerable evidence implicates the involvement of mitochondrial dysfunction in 
neurodegenerative diseases. 6-Hydroxydopamine (6OHDA) is a mitochondrial 
complex I inhibitor which is frequently used to model Parkinson’s disease-like cell loss. 
We are investigating the cell death pathways triggered by 6OHDA in undifferentiated 
PC 12 and PI9 cells with a view to shedding light on the molecular basis of Parkinson’s 
disease (PD). We found that 6OHDA triggers mostly necrosis and less than 5% 
apoptosis in undifferentiated PCI2 cells, while in Pl9 cells 6OHDA-induced death is 
apoptotic. Desipramine, a dopamine uptake blocker, and aurintricarboxylic acid, an 
endonuclease inhibitor, prevented, to some extent, apoptosis in PC 12 cells, but had no 
effect on dying P19 cells, suggesting that the mechanism of apoptotic death in these 
cell lines is different. Neither cell line expressed inducible transcription factors (c-jun. 
c-fos) during apoptosis. 6OHDA-induced necrotic death in PC 12 cells was not 
attentuated by an NMDA receptor antagonist, MK801, a free radical scavenger, 
ascorbic acid, or a nitric oxide synthase inhibitor, L-NAME. As desipramine also 
failed to reduce necrosis, a non specific extracellular mechanism may be involved. 
This suggests that PC 12 cells, though dopaminergic may be an inappropriate model of 
PD-like cell loss. In summary, this study provides evidence that the molecular basis of 
6OHDA-induced death is different in PC 12 and P19 cells. These observations may 
prove useful in the formulation of an accurate cell culture model of Parkinson’s 
disease-like neurodegeneration.

This research was supported by the New Zealand Health Research Council, the New 
Zealand Lottery' Board, the University of Auckland, the Neurological Foundation, and 
the Auckland Medical Research Foundation.

537.10
Induction of P53 and its responsive gene products is associated with 6- 
hydroxydopamine-induced degeneration of dopaminergic neurons, Z-H Qin*, 
U-F, Chen. Y, Wang. M. Nakai and T.N. Chase. ETB, NINDS, Bethesda MD 
20892 and ’Mol Neurobiol Lab, Mass. Gen. Hospital and Harvard Medical 
School, Boston, MA 02129

To study molecular mechanisms contributing to dopamine (DA) 
neuron death in vivo the expression of tumor suppressor gene p53 and some 
p53 inducible gene products were assayed by immunohistochemistry at various 
times after unilateral infusion of 6-hydroxydopamine (6-OHDA, 8 pg) into rat 
medium forebrain bundle. DA neuron degeneration began 2 days after 6-OHDA 
administration as evidenced by a loss of tyrosine hydroxylase 
immunoreactivity in both A9/A10 and striatal regions. DA neuron death was 
also confirmed by Nissel staining. The expression of p53 proteins increased 
markedly from 12 to 48 h after 6-OHDA treatment. Increases in the expression 
of p53 inducible gene products, including GADD45 and MDM2, were also 
observed with a similar time course, while Bax and p21 were down-regulated 
starting 6-12 h after 6-OHDA treatment. Bcl-2 remained unchanged until 2 
days after 6-OHDA treatment, when it declined presumably due to the loss of 
DA neurons. DNA fragmentation in A9/A10 was detected by the TUNEL 
method 24 h after 6-OHDA. The results suggest that oxidative stress elicited 
by 6-OHDA induces the expression of P53. Since induction of P53 preceded 
DA neuron degeneration, thus DA neurons may die by a P53-dependent 
apoptotic process. Our findings also suggest that the regulation of down-
stream P53 effector genes may be different in post-mitotic neurons than in 
proliferating cells in which p21 and Bax are usually induced by P53.

537.11
CHARACTERIZATION OF THE INTRASTRIATAL 6-HYDROXYDOPAMINE (6- 
OHDA) LESION MODEL OF PARKINSON’S DISEASE. D. Kirik, C. Rosenblad, 
A, Bjorklund* Section of Neurobiology, Wallenberg Neuroscience Center, University 
of Lund. Solvegatan 17, S-223 62 Lund, Sweden.

6-OHDA applied on the dopaminergic terminals in the striatum produces striatal 
denervation, and delayed and progressive cell loss in the substantia nigra. In this 
study, we searched for an intrastriatal (IS) lesion which will produce consistent and 
stable spontaneous behavioral deficits. We compared the parameters of different 
terminal lesions where we targeted the 6-OHDA to a single IS injection, or split it 
into multiple injections. In a second attempt terminal lesions are compared with pre-
terminal lesions, where the toxin is injected at the junction of globus pallidus where 
the nigrostriatal axons enter the striatum. Terminal lesions produced a higher and a 
more consistent motor deficit when the same amount of toxin (20 pg) is distributed 
over two or three sites. Increasing the total dose to 30 pg in the triple lesion model 
failed to increase the deficit in behavioral scores, whereas a four-site lesion (28 pg) 
increased the deficit in the stepping test and produced a deficit in skilled forelimb use. 
Stepping test scores in one, two, three and four-site lesions were 10.7±1.4, 8.8±0.8, 
4.6±1.1, 3.4+1.3 respectively (10.9+0.6 in intact controls). The rotation scores 
(tums/min) were 5.4±1.3, 5.2±0.9, 8.0±1.4, and 12.1+1.9 for amphetamine (Amph) 
and 0.5±0.7, -2.5±0.6, -4.7±0.7, and -3.4±0.8 for apomorphine (Apo). Nigral cell 
loss averaged 35%, 49%, 51%, and 72% of the control side. Pre-terminal lesions (20 
pg total in one, two or three sites) were all effective in inducing deficits in the 
stepping test (mean of 3-5 steps), and Amph rotation (6.8+1.9, 7.2±1.8, and 
6.5±1.9), however only the three-site lesion produced significant Apo rotation (- 
2.4±0.8). The nigral cell loss in these groups were higher than their terminal 
counterparts (65%, 59% and 68%). Forelimb use was only marginally effected by 
these lesions. These results suggest that multiple intrastriatal terminal lesions can 
provide a good partial lesion model resembling early stages of Parkinson's Disease 
with consistent and long-lasting behavioral deficits. We are currently using this model 
to study cell rescue, regeneration, and recovery in spontaneous motor behavior.

537.12
DOES ASTROGLIAL SENESCENCE FACILITATE OXIDATIVE 
NEURONAL INJURY? Dov Frankel and Hyman M, Schipper*. Departments 
of Neurology and Neurosurgery, and Medicine (Div. Geriatrics), McGill 
University; and Bloomfield Center for Research in Aging, Jewish General Hospital. 
Montreal, Quebec, H3T-1E2

The excessive deposition of redox-active iron has been amply documented in the 
basal ganglia of subjects with Parkinson’s disease (PD). Yet, much remains to be 
learned regarding the cellular and subcellular distribution of this metal and the 
precise role(s) it plays in the pathogenesis of PD. Cysteamine (CSH) induces the 
appearance of peroxidase-positive cytoplasmic granules in cultured neonatal rat 
astroglia which are identical to glial inclusions that progressively accumulate in the 
aging subcortical brain. These inclusions are derived from degenerate mitochondria 
which sequester iron and other transition metals before undergoing fusion with 
lysosomes in an autophagic process. We previously demonstrated that iron- 
mediated peroxidase activity in these cells is capable of oxidizing dopamine and 
other catechols to potentially neurotoxic semiquinone radicals (Schipper et al. J. 
Neurosci. 11: 2170-76 1991). In the present study, we co-cultured PC12 cells, a 
catecholamine-secreting cell line, atop confluent monolayers of either CSH pre-
treated (iron enriched) or control neonatal rat astroglia. We observed that the PC 12 
cells grown on the surface of iron enriched (senescent-like) astroglia were far more 
susceptible to dopamineff^C^-related killing than PC 12 cells cultured atop control 
glial substrata. Augmented killing of PC 12 cells in the former paradigm was 
inhibited by melatonin and ascorbate implicating a free radical mechanism of 
action. The aging-associated accumulation of iron in mitochondria of subcortical 
astroglia may facilitate the oxidation of dopamine to neurotoxic free radical 
intermediates and thereby predispose the senescent nervous system to PD and other 
neurodegenerative afflictions. (Supported by the MRC)
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537.13
DESTRUCTION OF MIDBRAIN DOPAMINERGIC NEURONS 
USING IMMUNOTOXIN TO THE DOPAMINE TRANSPORTER: 
BEHAVIOR, RECEPTOR BINDING AND ANATOMY.
D.A. Lappi*, M.B. Harrison. R.D. Price, A.I. Levey and
R.G. Wiley. Advanced Targeting Systems, San Diego, CA, VAMC
and Vanderbilt University, Nashville, TN.

In the present study, we sought to determine the effects of 
intracerebral and intraventricular injections of immunotoxin composed 
of antibody to the dopamine transporter (DAT) armed with the 
ribosome-inactivating protein, saporin (SAP). Anti-DAT-SAP was 
pressure microinjected unilaterally into either the striatum (56 ng - 2.8 
pg) or the lateral cerebral ventricle (1.4 pg - 33 pg) of adult male rats. 
Striatal injections caused loss of dopaminergic neurons from the 
ipsilateral substantia nigra and local damage at the injection site. 
Intraventricular injections produced decreased open field activity that 
recovered over two weeks with no response to s.c. apomorphine. 
Strong induction of c-fos expression by s.c. haloperidol occurred in the 
striatum bilaterally of controls and anti-DAT-SAP rats. Mazindol 
binding in the striata of normal controls was 448 ± 48.6 fmol/mg 
(mean ± s.e.m.). Anti-DAT-SAP (21 pg, i.e.v.) reduced striatal 
mazindol binding to 90.9 ± 10.5. These results indicate that anti-DAT- 
SAP can target midbrain dopaminergic neurons after either striatal or 
intraventricular injection. Supported by Advanced Targeting Systems 
and Department of Veterans Affairs.

537.14
OXIDATIVE DAMAGE AND MITOCHONDRIAL INHIBITION BY CATECHOL 
THIOETHERS. M.J. Picklo,*.,„Y,. Amarnath, D.G. Graham, and T.J. Montine. 
Department of Pathology, Vanderbilt University, Nashville, TN 37232.

Parkinson's Disease (PD) is a devastating neurological disorder that is marked by a 
loss of dopaminergic neurons and mitochondrial complex 1 activity and an increase in 
indices of oxidative stress in the substantia nigra. Catechols or their derivatives are 
hypothesized to play a role in the neurodegenerative process. In this work, the 
toxicological properties of small molecular weight catechol thioethers were examined. 
Catechol thioethers such as 5-S-cysteinyldopamine (CDA) and 5-S-cysteinyldopac 
(CDC) are increased in PD and in anti-oxidant deficiency.

Cytotoxicity was examined using the dopaminergic neuroblastoma line MES 23.5. 
The parent catechols dopamine and dopac had LD50's of 35 pM and 165 pM, 
respectively. Cysteinyl adduction to these catechols reduced the cytotoxicity of the 
catechols with an LD50 of 245 pM for CDA and an LD50 of 250 pM for CDC. 5-S- 
homocysteinyldopac (HCDC) was more toxic than dopac with an LD50 of 57 pM. 
The effect of these compounds upon mitochondrial complex I activity was assessed 
using disrupted rat liver mitochondria. Dopamine and dopac inhibited complex I 
activity with IC50's of 12 pM and 170 pM, respectively. The dopac thioethers CDC 
and HCDC had IC50’s of approximately 35 pM. The generation of reactive oxygen 
species by catechols at different pH's was assessed by measuring catechol-induced 
nicking of supercoiled plasmid DNA. At cytosolic pH 7.2, CDA was more potent 
than dopamine in causing DNA nicking. The dopac thioethers CDC and HCDC were 
similar to dopac. Mitochondrial pH 8.0 potentiated nicking by all catechols. 
Lowering the pH to 5.7, gave differing results. Plasmid nicking by parent catechols 
was attenuated. However, CDA, CDC, and HCDC still nicked DNA to a similar 
extent as in pH 7.2.

These data suggest that though extracellular administration of catechol thioethers 
may not be toxic, the intracellular adduction of catechols to thiols may be a toxifying 
event by increasing intracellular oxidative damage and inhibiting mitochondrial 
function. This work was supported by NIH grants AG00774 and ES26011.

537.15
G-CARBOLINE-2N-METHYLTRANSFERASE AND PHENYLETHANOLAMINE 
N-METHYLTRANSFERASE MAY BE ONE IN THE SAME: POTENTIAL 
RELEVANCE TO PARKINSON'S DISEASE.
D.A, Gearhart*, M.A. Collins. E.J. Neafsev. Neuroscience Graduate Program. 
Loyola University Chicago Medical Center. Maywood, IL 60153.

Indolic G-carbolines (GCs) from the environment can be N-methylated in vivo 
by S-adenosylmethionine (SAM)-dependent N-methyltransferases, forming 
cationic analogs (2-MeGCs+) of the dopaminergic neurotoxin, N-methyi-4- 
phenylpyridinium cation (MPP+)- The detection of GC-N-methylating activity 
and MeGCs+ in human brain and cerebrospinal fluid supports the hypothesis 
that MeGCs-i- have an etiologic role in Parkinson's disease (PD).

Our research on the GC-2N-methyltransferase (GC-2-NMT) activity indicates 
that it may actually be due to phenylethanolamine N-methyltransferase 
(PNMT), the SAM-dependent enzyme that converts norepinephrine to 
epinephrine. Specifically: (1) commercially-purified bovine adrenal medulla 
PNMT catalyzes 2N-methylation of a representative GC, 9-methylnorharman 
(17. 8 pmol/h/unit PNMT); (2) LY134046, a PNMT inhibitor, inhibits GC-2-NMT 
activity (Kj = 400 nM); (3) PNMT substrates inhibit GC-2-NMT activity 
(Kj's = 9-365 pM; Kj of norepinephrine < octopamine < phenylethanolamine); 
(4) GC-2-NMT activity is present in the 10,000xg supernatant fraction of 
human adrenal medulla (43.7 pmoi/h/mg protein).

Based on these results an expanded hypothesis regarding the 
neuropathogenesis of PD is proposed which includes an early, and possibly 
precipitating role for PNMT. Physiological stress, a suggested predisposing 
factor for PD, may increase PNMT-catalyzed formation of cytotoxic MeGCs+ in 
brain and adrenal medulla. Resultant MeGCs-i- could either exert toxic effects 
at their site of formation or be accumulated in dopaminergic neurons via the 
dopamine transporter. Since PNMT is expressed in several brain areas and 
the adrenal medulla, our hypothesis would account for the pathology 
observed in several PNMT-positive brain nuclei as well as the adrenal medulla. 
Supported by USPHS NINDS 23891.

537.16
S-ADENOSYLMETHIONINE-INDUCED TREMORS AND HYPOKINESIA MAY BE 
RELATED TO PROTEIN METHYLATION AND DOPAMINE DEPLETION, 
RESPECTIVELY. C. G. Charlton* and N. Lamango. Florida A&M University, College of 
Pharmacy, Tallahassee, FL. 32307.

The injection of S-adenosyl-methionine (SAM) into the brain of rodents induces PD-like 
symptoms including uncontrollable tremor and hypokinesia. The mechanisms involved are 
unknown. but shedding light on these effects may have biological significance, since SAM 
is an endogenous compound whose reactivities suggest that it could be involved in 
Parkinson's disease (PD). We quantitatively measured tremors and hypokinesia, 
determined the dose-effects of SAM, and tested the ability of specific agents to block the 
SAM-induced effects in brain-cannulated rats. A dose of 0.9 nmol of SAM reduced the total 
distance traveled and the number of movement made in rats by 65 and 51% and 400 nmol 
of SAM reduced those measures by 95 and 78%. These locomotor effects were blocked by 
L-dopa and by N-acetyl dopamine. Tremors, distinct from the movements exhibited by 
control animals, were measured at a frequency of 8 to 20 Hz, using an Omnitech 
Electronics tremor monitor system. SAM had a steep dose-effect. Doses of 0.25, 0.5, 0.75 
and 1.0 pmol of SAM caused slight (app. 5 episodes per 5 min period) to very intense 
tremors (78 episodes\period). Tremors lasted for about 60 min following a dose of 1 pmol. 
Initially', the intensity was 18 episodesYmin and it wane to about 3 episodes\min in 60 min. 
The effects of a 0.75 pmol of SAM was blocked by a protein inhibitor, which by itself had 
no effect, but not by N-acetyl dopamine and L-dopa, agents that blocked hypokinesia. The 
separation of the dose-effects of SAM for hypokinesia and for tremors and the involvement 
of different blockers mean that different mechanisms are involved in the SAM-induced 
hypokinesia and SAM-induced tremors. The methylation and depletion of dopanine may 
be responsible for the SAM-induced hypokinesia and the methylation of protein for the 
tremors. The observation that SAM depletes DA and methylates protein support this 
conclusion. Supported by RR 03020 and NIH ROI 28432 and 31177.

537.17
REPIN CAUSES INHIBITION OF DOPAMINE RELEASE IN THE RAT 
STRIATUM. M, Robles, B. H. Choi and R. C, Kim*. Div. of Neuropathol., Dept 
of Pathol., Univ. of Calif. Irvine, College of Medicine, Irvine, CA 92697.

Repin is a principal sesquiterpene lactone contained in Russian knapweed, 
a perennial weed found in many parts of the world. Chronic ingestion of 
Russian knapweed by horses has been reported to cause nigropallidal 
degeneration called equine nigropallidal encephalomalacia (ENE), 
accompanied by signs and symptoms similar to those of Parkinson's disease 
(PD). In an attermpt to elucidate the mechanism of ENE induction by Russian 
knapweed, repin was exposed to C57BL/6J mice in varying doses, and its 
effects on striatal dopamine (DA) metabolism were investigated. The levels 
of DA and 3,4-dihydroxyphenylacetic acid (DOPAC) were determined in 
dissected striatum by using HPLC with an electrochemical detector 6 hours 
after IP repin injection. Repin injection (20 mg/kg and 10 mg/kg for 3 days) 
induced a significant elevation of DA while DOPAC levels remained 
unchanged. To further clarify mechanisms of repin-induced striatal DA 
increase, Sprague-Dawley rats were injected IP with 20 mg/kg of repin, and 
microdialysis of the striatum was carried out to determine the extracellular DA 
and DOPAC levels while animals were awake. Highly significant and 
progressive reduction of the extracellular DA levels was noted by 30 minutes 
and plateaued to the lowest level by 120 minutes. DOPAC levels also 
progressively declined but to a lesser degree. Thus repin-induced striatal 
DA increase appears to be due to inhibition of its release. Since repin is a 
novel compound isolated from a plant in our environment that is capable of 
inducing movement disorders in horses simulating PD, and since repin 
causes effective DA denervation in the striatum, further studies on the 
neurotoxic effects of repin may yield valuable information on the 
pathogenesis of PD. (Supported in part by NIH grant ES 02928).

537.18
CONTRIBUTION OF SOMAL LEWY BODIES TO NEURONAL 
DEATH. M* M, Tompkins*. W, D, Hili, Dept. of Cell Biology and 
Anatomy, Medical College of Georgia, Augusta, GA, 30904.

Neuronal degeneration occurs in the substantia nigra pars 
compacta (SNpc) of patients with Parkinson's disease and other 
Lewy body-associated disorders. Lewy bodies (LBs) are 
abnormal inclusions found in the SNpc of these patients. It is not 
known what role LBs play in the disease process. We have 
previously shown that some of the neuronal death occurring in the 
SNpc of Lewy body-associated disorders resembles apoptosis. 
The present study was undertaken to determine whether 
apoptotic-like changes were more common in SNpc neurons with 
somal LBs compared to those without somal LBs. Substantia nigra 
from cases of Lewy body-associated disorders were labeled to 
colocalize apoptotic-like changes and LBs using in situ end-labeling 
and anti-ubiquitin antibody. Three cases demonstrated that SNpc 
neurons with LBs in the perikarya had the same amount of 
apoptotic-like changes as SNpc neurons without somal LBs. One 
case had no LB-containing SNpc neurons undergoing apoptotic-like 
cell death. The majority of SNpc neurons undergoing apoptotic-like 
cell death did not appear to contain somal LBs. These results 
support the theory that the presence of a somal LB does not 
predispose a neuron to undergo apoptotic-lke ceil death.

Supported by National Institutes of Health Grant NS32835
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537.19
Protein Oxidation is Elevated in Human Substantia 
Nigra. E. Floor*. M. Wetzel. Dept. of Biochemistry, Cell & 
Molecular Biology, University of Kansas, Lawrence KS 66045

Dopaminergic neurons in the substantia nigra degenerate in 
Parkinson’s disease and, to a lesser extent, in normal aging. 
Oxidative stress appears to be involved in these neural losses. 
Here we show that oxidative modification of soluble proteins in 
the melanized region of substantia nigra in postmortem human 
brain from control subjects aged 33 to 77 is twice as high as in 
caudate, putamen, or prefrontal cortex. Carbonyl groups were 
measured by 2,4-dinitrophenylhydrazine (DNPH) assay as an 
indication of protein oxidation. The carbonyl content of the major 
soluble proteins in each brain region as measured by Western 
immunoblotting with antibody to DNPH-derivatized proteins 
depends linearly on protein molecular weight, which suggests 
that a general mechanism such as random attack by oxidants 
controls the levels of oxidized proteins in vivo. Because most 
neurons in the nigra are dopaminergic, and oxidative damage 
occurs primarily in neurons rather than glia, these results provide 
strong support for the hypothesis that oxidative damage is 
elevated in dopamine neurons in normal subjects. This oxidative 
stress may underlie the vulnerability of nigral dopamine neurons 
to degeneration in aging and in Parkinson’s disease.

Supported by NIH Program Project AG12993.

537.20
QUANTIFICATION OF H AND L FERRITIN mRNAs AND PROTEIN LEVELS IN 
THE SUBSTANTIA NIGRA OF CONTROL SUBJECTS AND PATIENTS WITH 
PARKINSON'S DISEASE. B.A. Faucheux1*, M.E, Martin2, C. Beaumont2. F. Javoy- 
Agid1. F. Boissiere', M.Vila1. J, Villares1. J.-J, HauwL P. ArosioL Y, Agid1 and E.C.
Hirsch1. 'INSERM U.289, Hopital de la Salpetriere, Paris; 2INSERM U.409, Faculte 
Medecine X. Bichat, Paris; 3INSERM U360, Hopital de la Salpetriere, Paris, France; 
4DIBIT, H. San Raffaele, Milan, Italy.

Abnormal concentrations of iron have been measured, both at the regional level and 
at the level of dopaminergic melanized neurons, in the substantia nigra pars compacta 
(SNpc) of patients with Parkinson's disease (PD). As free iron catalyzes the formation 
of highly reactive hydroxyl radicals from hydrogen peroxide, iron is a possible 
aggravating factor in the neurodegenerative process. Since ferritin is a major protein 
for intracellular control of free iron concentration, we have studied 1) the level of 
expression of the mRNAs coding for the heavy and light ferritin subunits, and 2) the 
concentrations of the two corresponding proteins. Using ribonuclease protection assays, 
we estimated mRNA levels in homogenates of SNpc from 12 patients with PD and 14 
controls, and observed that instead of being increased in PD mean levels of expression 
were slightly (-20%) decreased (0.24±0.07 vs 0.31±0.07 pg HFtmRNA/ng DNA, NS; 
0.32±0.06 vs 0.39±0.05 pg LFtmRNA/ ng DNA, NS) without reaching statistical level 
of significance however. Using ELISA with subunit specific antibodies, we observed 
that the concentrations of H- and L-ferritin subunits did not differ significantly between 
our PD patients and controls. These data show that accumulation of iron in the SNpc 
of PD patients does not lead to increased ferritin synthesis. Since both H- and L-ferritin 
mRNA levels are very similar in patients and in controls, our results suggest that the 
iron-mediated translational regulation of ferritin synthesis is altered in PD. These 
findings may provide information to analyse the mechanism of degeneration of 
dopaminergic neurons.

Supported in part by INSERM, Association Claude Bernard, and National Parkinson 
Foundation (Miami, Florida)
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538.1
ALTERATIONS OF SEROTONIN AND 5-HYDROXYTRYPTOPHAN 
IN PARKINSON’S DISEASE. H. Liu R. P. Iacono, Y. J. LiTJ. Carlson,
J. Buchholz. Department of Physiology and Pharmacology, Department 
of Neurosurgery, Loma Linda University Medical School, Loma Linda,
CA 92354.

In this preliminary study we measured serotonin (5-HT), 5-
hydroxytryptophan (5-HTP), and 5-hydroxyindoleacetic acid (5-HIAA) 
in ventricular cerebrospinal fluid of patients with idiopathic Parkinson’s 
Disease (iPD), using HPLC with electrochemical detection. 26 patients were 
divided into two groups according to symptomatology: tremor-dominant 
type (type A, n=14) and akinetic type (type B, n=12). Type A is 
characterized by dominant tremor and cogwheel rigidity. Type B is 
characterized by bradykinesia, akinesia with cognitive and/or emotional 
alterations. We have proposed that there is a greater decrease of 
serotonergic activity in type B than in type A PD. Data analysis reveals that 
a decrease in 5-HT level is correlated with the severity of Parkinson’s 
symptoms measured by the United Parkinson’s Disease Rating Scale 
(UPDRS). However, there was no significant difference in 5-HT levels 
between the two types. Furthermore, 5-HIAA levels were not significantly 
different between type A and B. 5-HTP was found to be significantly 
lower in type B than in type A patients, indicating a possible greater 
serotonergic neuron loss in type B than in type A. Both groups were 
treated with at least one of the selective serotonin reuptake inhibitors 
(SSRI), such as sertraline, or fluoxetine, which could provide possible 
explanation for the insignificant difference in 5-HT and 5-HIAA between 
type A and type B.

This study is supported by Iacono Movement Disorder Research Center

538.2
L-DOPA/CARBIDOPA CHANGES CERTAIN AMINO ACIDS IN RAT 
BRAIN. M,Dadmarz^UPjedeikh, L, Milakofrky, T.Hare, J.HQfford.aod 
W.H.Vogd*
Penn State Univ., Berks Campus, Reading, PA 19610 and Thomas Jefferson 
Univ., Dept. of Pharmacology, Phila., PA 19107

L-DOPA, the metabolic precursor of dopamine, is the drug of choice in 
Parkinson’s disease when coadministered with a peripheral decarboxylase 
inhibitor, carbidopa. This treatment has been shown to increase dopamine 
levels in the brain. Little is known about the effects of this combination on 
other biochemicals. Since L-DOPA shares enzymes and transport systems 
with other amino acids, it can be hypothesized that L-DOPA/carbidopa might 
affect the levels of other amino acids. Thus, rats were treated i.p. with a 
mixture of 250 mg/kg L-DOPA and 40 mg/kg carbidopa or with vehicle and 
sacrificed 30 min later. Plasma, heart, cortex, midbrain, brainstem and 
cerebellum were removed from each animal and assayed by HPLC for L- 
DOPA and a number of amino acids and related compounds. As expected, the 
L-DOPA levels increased in all tissues, and a number of amino compounds 
(arginine, citrulline, glutamine, asparagine, valine, and glutamic acid) was 
significantly affected by L-DOPA/carbidopa (p < 0.01) treatment. These 
results demonstrate that administration of L-DOPA/carbidopa not only raises 
dopamine levels but can affect other biochemicals, such as amino acids, in a 
tissue specific manner, and that these changes might play a role in the 
therapeutic as well as adverse effects of L-DOPA/carbidopa. (The financial 
support of this study by the Sanders Medical Foundation is gratefully 
acknowledged).

538.3
Concentrations of Amino Acids in Ventricular CSF of Parkinson’s 
Disease Patients M.C.Schiess’.H.Zheng. J.G.Bonnen. V.M.Soukup. 
J.R.Calverlev- H.J.Nauta. Dept Neurology & Div Neurosurgery, 
University of Texas Medical Branch, Galveston, TX 77555-0539.

Our previous work demonstrated that the relative severity and 
prominence of various Parkinson’s Disease (PD) symptoms correlate with 
specific monoaminergic system disturbances in ventricular-CSF (v-CSF). 
Excessive glutamate transmission from the disinhibition of the subthalamic 
nucleus by the diminished presence of dopamine acting on the neostriatal 
enkephalinergic neurons is thought to explain the hyperactive inhibitory 
tone of the globus pallidus medialis on the ventral thalamus in PD. This 
study measured the concentrations of 14 excitatory and inhibitory amino 
acids (a.a.) in the v-CSF of 30 treated PD patients versus 15 non-PD 
controls. Intra-operatively obtained v-CSF stored at -70° C was 
deproteinized and a.a. concentrations determined using HPLC with 
fluorescence detector, internal standard of HCYS. Glutamate (GLU) was 
significantly lower in PD patients 15 gM, compared to controls 66 /xM. 
Glycine (GLY) was significantly higher in PD patients 325 /xM compared 
to controls 23 fiM. Unlike the monoamines, none of the amino acids were 
correlated with age and duration of disease. The concentration of glycine 
was positively correlated with the degree of rigidity, but negatively 
correlated with the degree of tremor. The bradykinetic/rigid subgroup of 
PD patients had significantly higher levels of GLY compared to the 
subgroup of hyperkinetic tremor dominant PD patients. These results 
suggest an excessive amount of GLY, acting centrally as a partial NMDA 
receptor agonist may play a role in mediating some PD symptoms.

538.4
CHANGES IN GLUTAMATE AND GABA IMMUNOLABELING IN 
RAT MOTOR THALAMUS (Vm) FOLLOWING A 6-OHDA LESION.
C.K, M£shul*fc.„Nf, Emre, C, Allen, and M.K., Donohue. V.A. Medical 
Center and Oregon Health Sciences University, Portland, OR. 97201.

Injection of 6-hydroxydopamine (6-OHDA) into the medial forebrain 
bundle results in severe depletion of striatal dopamine. This should 
result in a decrease in activity of the glutamatergic corticostriatal 
pathway. Using in vivo microdialysis, we found an increase in the 
basal extracellular level of striatal glutamate and a decrease in the 
density of striatal nerve terminal glutamate immuno-gold labeling 
one month following such a lesion (Meshul and Allen, 1996). In ad-
dition, injection of GABA (IO-5 M) into Vm results in an increase in the 
extracellular level of striatal glutamate (Meshul et al 1996). Since there 
is a large GABA input to Vm from substantia nigra/globus pallidus, the 
goal of the current study was to determine the density of nerve terminal 
glutamate and GABA immuno-gold labeling within Vm one month fol-
lowing a 6-OHDA lesion. We found a significant decrease in the den-
sity of nerve terminal GABA immuno-gold labeling (ie increased 
release) while there was a significant increase in the density of nerve 
terminal glutamate immunolabeling'within Vm in the lesion vs 
control group, respectively (# gold particles/um  ̂+ SEM: GABA: 54.8 ±
4.3 vs 76.8 ± 5.3, p < .05; glutamate : 90.2 ± 5.8 vs 75.8 ± 3.8, p < .05).
This finding is consistent with our hypothesis that an increase in 
GABA release within Vm following a 6-OHDA lesion could cause an 
increase in activity of the corticostriatal pathway, resulting in an 
increase in the extracellular level of striatal glutamate (Meshul and 
Allen 1996). Supported by the Dept. of Veterans Affairs, NIH/NIDA,

and Med. Res. Fnd of OR.
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538.5
SPECIFIC A10 DOPAMINERGIC NUCLEI IN THE MIDBRAIN 
DEGENERATE IN PARKINSON’S DISEASE. H, Cartwright, D.A, 
McRitchie and G.M. Halliday*. Prince of Wales Medical Research 
Institute, High Street, Randwick, AUSTRALIA 2031.

Using unbiased quantitative techniques, we evaluated the effect 
of Parkinson’s disease on the number of tyrosine hydroxylase producing 
(TH) neurons and all neurons in the midbrain A8 and A10 dopaminergic 
cell groups located adjacent to the substantia nigra. Seven patients with 
Lewy body Parkinson’s disease were evaluated and compared with five 
controls. Four of the patients with Parkinson’s disease had additional 
neuropathology and the effect of concomitant pathology on A10 
populations was also determined. Degeneration was not observed in the 
A8 regions of any patient and only certain A10 nuclei were affected by 
the disease. The parabrachial pigmented nucleus situated dorsal to the 
substantial nigra, and the parapeduncular nucleus located rostromedially 
were significantly reduced by 40-50% in patients with Parkinson’s 
disease. Few differences were found between patients with or without 
additional pathology, although additional serotonergic cell loss was 
observed in the caudal linear nucleus in patients with additional 
pathology. There was a reduction in TH but no overt neurodegeneration 
in other A10 regions, suggesting that the disease may also influence the 
production of dopamine in some surviving neurons.

538.6
CYTOKINE-INDUCED DA NEURON CONVERSION: COMPARING 
STRIATAL & MESENCEPHALIC PROGENITOR CELLS. E.D. Potter*1. Ling. 
Z D,1, Fumeaux. HM.2. and P.M, Carvey1. ‘Neuropharmacology Lab., Rush 
Presbyterian-St. Luke’s Medical Center, Chicago, EL 60612; 2Molec. Oncology Lab., 
Sloan Kettering Cancer Ctr., New York, NY 10021.

We have previously shown that a combination of cytokines [interleukin (IL)-l, EL-11, 
leukemia inhibitory factor (LEF), glial-derived neurotrophic factor (GDNF)], striatal 
conditioned media (15%), and mesencephalic cellular fragments converts rat fetal (E15) 
mesencephalic progenitor cells into tyrosine hydroxylase immunoreactive (THir) 
neurons in vitro. Preliminary experiments indicated that this cytokine-enriched 
combination failed to convert striatal progenitor cells into THir neurons. We screened 
the cytokine conversion effect by adding 20 different cytokines (conc.=5X’s the ED^) 
to striatal progenitor cells cultured in complete media (CM) for 6 days. Data from this 
study indicated that in comparison to mesencephalic progenitors, which converted to 
primitive THir neurons following IL-1 incubation (6 days), striatal progenitors did not 
convert to THir cells. Further, dose response curves (13-800pg/ml) indicated that IL-1 
failed to convert the striatal progenitor cells at all doses tested, while the optimal doses 
of EL-1 for mesencephalic progenitor cell conversion (100-200pg/ml) actually impaired 
the growth and viability of striatal progenitors. None of the other 19 cytokines induced 
THir neuron conversion of the striatal progenitors. These results support the notion that 
at E15, striatal progenitor cells differ from mesencephalic progenitor cells, perhaps due 
to partial differentiation of the striatal progenitors at this time. However, both striatal 
and mesencephalic progenitor spheres cultured in expansion media tested positive for 
Hu (a marker for neurons and progenitor cells that differentiate into neurons). We 
incubated mesencephalic progenitors in CM for 6 days, and observed that approximately 
25% of the cells were Hu-ir (and appeared neuronal) while none of the cells were THir, 
indicating that while incubation in CM allows neuronal differentiation of progenitors, 
that IL-1 or the cytokine-enriched mixture is necessary to drive differentiation of the 
progenitors into DA neurons.
(Support: Blowitz-Ridgeway Foundation, NS33174; GDNF was a gift from Amgen)

538.7
MESENCEPHALIC PROGENITOR CELLS EXPOSED TO 
CYTOKINES BECOME ENRICHED IN DOPAMINE (DA) NEURONS.
Z. D. Ling^nd P. M. Carvey. Dept. Neurological Sciences, Rush Medical 
Center, Chicago, IL 60612

We have previously reported that progenitor cells isolated from E15 rat 
embryonic mesencephalon can be converted to tyrosine hydroxylase 
immunoreactive cells (THir) in culture. The most optimal conversion occurred in 
the presence of a combination of interleukin (IL)-l, IL-11, leukemia inhibitory 
factor (LIF), glia cell line-derived neurotrophic factor (GDNF), striatal 
conditioned media, and mesencephalic cellular fragments. Further characterization 
of these converted cells revealed that approximately 50% of the neurofilament 
immunoreactive cells were THir. The THir cells were also immunoreactive for 
DA, dopa-decarboxylase, and the DA transporter but were immunonegative for 
the NE marker DA-beta-hydroxylase. Overall, DA neurons represented 
approximately 25% of the cells in culture. Astrocytes and oligodendrocytes were 
also present. In a subsequent experiment, the cytokine cocktail was removed after 
7 days and the cultures were incubated for an additional 7 days in complete media 
only. THir cells were still present in these cultures in approximately the same 
proportion as that seen in progenitor cultures exposed to cytokines for 7 days. 
These data suggest that cytokines regulate the development of the DA neuron 
phenotype in much the same fashion as seen in the hemapoietic system and once 
converted, the cells remain dopaminergic without cytokines. Exploring parallels 
between the differentiation of neurons and lymphocytes, such as the involvement 
of homing proteins which guide the distribution of lymphoid progenitors, may be 
useful in further characterizing the development and differentiation of the DA 
phenotype. (This work was supported by a grant from the Blowitz-Ridgeway 
Foundation, NS33174; GDNF was a gift from Amgen)

538.8
AXONAL SPROUTING OF RAPHE-STRIATAL PROJECTIONS IN RESPONSE 
TO PARTIAL LESIONS OF SUBSTANTIA NIGRA DOPAMINE. K.A. Barrett, 
S.Y. Felten* S.N. Haber. Dept. of Neurobiology & Anatomy, University of 
Rochester School of Medicine & Dentistry, Rochester, NY 14642.

Increases in serotonergic fiber density in the dorsolateral striatum have been 
documented in primates with severe MPTP-induced lesions of substantia nigra 
dopamine neurons (Gaspar, 1993). It has not been determined whether this increase in 
fiber density arises from axons that normally project to dorsolateral striatum, or from 
axons that do not normally target this striatal region. The current study examines the 
projections of the dorsal raphe nucleus to striatum in monkeys with a partial MPTP 
lesion. Macaques received 0.15 mg/kg MPTP three times per week until they 
demonstrated a 15% increase in time to complete a specific motor task. Three weeks 
post-treatment, retrograde tracers (WGA-HRP and fluoroscein (FS) conjugated to 
dextran) were injected into the dorsolateral and ventral striatum, respectively, of treated 
and untreated animals. For each injection site, labeled neurons in the dorsal raphe 
nucleus were charted. Serotonin and tyrosine hydroxylase (TH) immunocytochemistry 
were then used to assess serotonin and dopamine fiber densities throughout the 
striatum in all animals. In controls, high serotonergic fiber densities were observed in 
ventral striatum, whereas sparse innervation was noted in dorsolateral areas. 
Comparable sections from lesioned animals showed a rise in serotonergic fiber density 
in dorsolateral striatum relative to normals, and no change was seen in ventral 
striatum. The dorsolateral striatum showed the greatest decrease in TH 
immunoreactive fiber density. In normal animals, the majority of cells projecting to 
striatum terminate in the ventral striatum. Compared to controls, the lesioned animal 
showed a significant increase in the number of labeled dorsal raphe neurons after a 
WGA-HRP injection into the dorsolateral striatum. In addition, there was a decrease 
in the number of labeled cells after an FS injection into the ventral striatum. These 
results indicate that axons of the dorsal raphe nucleus that do not normally target 
dorsolateral striatum arborize to innervate this region. Sprouting may arise from an 
increase in axonal arborization of cells which normally target ventral striatum. 
(Supported by NS22511(S.N.H.) & the Lucielle Markey Charitable Trust.)

538.9
CHANGES IN EXPRESSION OF GAP-43 AND DAT MRNA AFTER A PARTIAL 
MPTP LESION IN MONKEYS. S.N. Haber*, Masanori Chikama, and J.L, Fudge. 
Dept. of Neurobiology and Anatomy, Univ. of Rochester Medical Center, Rochester, 
NY 14642.
Growth-associated protein GAP-43 is a phosphoprotein of the presynaptic membrane 
which plays a role in synaptogenesis in development and recovery after injury. Studies 
in the rodent show that GAP-43 is high in the DA neurons. We hypothesized that in 
response to injury due to MPTP toxicity, GAP-43 would be upregulated in surviving 
midbrain neurons. The dopamine transporter (DAT) functions as a presynaptic 
regulator of striatal dopamine (DA), and is preferentially expressed in the ventral tier 
neurons. Our hypothesis was that in MPTP treated animals, DAT would be 
downregulated to maintain DA balance. Three macaques were treated with 0.15 mg/kg 
of MPTP three times a week until there was evidence of a partial lesion as manifested 
by a 15% increase in the time to complete a motor task or the emergence of tremor, 
whichever came first. A fourth animal was treated similarly but to an endpoint of 
severe parkinsonism. Animals were sacrificed after a three week stabilization period. 
The midbrains of treated animals and controls were processed for tyrosine hydroxylase 
immunoreactivity (TH-IR). Midbrain sections were then processed for GAP-43 and 
DAT mRNA expression using in situ hybridization. In partially lesioned animals, 
loss of TH-IR was intermediate compared to controls and the severely lesioned animal. 
Cell loss was greatest in the region of the ventral tier for all animals. There was 
significant loss of GAP-43 mRNA in partially and severely lesioned animals 
compared to controls, in which expression was prominent throughout the substantia 
nigra and ventral tegmental area (VTA). With respect to DAT, there was also a 
decrease in message, which corresponded to the level of motor impairment. There 
were fewer silver grains per surviving cell compared to controls, suggesting 
downregulation of message for DAT. These results will be discussed with respect to 
possible compensatory mechanisms for maintaining dopaminergic function early in 
the degenerative process. (Supported by NS22511, the National Parkinson’s 
Foundation, and the Lucille P. Markey Charitable Trust)

538.10
COGNITIVE CHANGE IN A MODEL OF EARLY PARKINSON’S DISEASE: 
ANATOMIC CORRELATES J.L. Fudge* and S.N. Haber. Department of 
Neurobiol. and Anatomy, Univ. of Rochester Medical Center, Rochester, NY 14642

Parkinson’s disease (PD) is associated with frontal lobe deficits which manifest as 
problems developing strategies in novel situations. Conventional animal models of 
PD have focused on endstage disease where motor deficits are severe, rendering animals 
too sick to assess their problem-solving abilities. In this pilot study, four macaques 
received 0.15 mg/kg of MPTP three times per week. Criteria for stopping MPTP for 
three animals was mild tremor or 15% in time to solve a simple motor task, 
whichever came first (mild-moderately affected). Criteria for stopping MPTP for the 
fourth animal was a score of 20 on the Monkey Parkinson Rating Scale, part 1 
(Kurlan 1991) (severely affected). At the end of MPTP treatment and for three weeks 
after, MPTP treated animals and controls were presented a rotating object retrieval 
puzzle to solve. All animals were naive to the task, except for one animal in the mild- 
moderately affected group. This animal was allowed to solve the task prior to 
receiving MPTP.

Control animals solved the task easily on the first trial. The two mild-moderately 
affected animals who had not previously seen the task were unable to solve the task 
over many trials, and repeatedly reached into the barrier. In contrast, the pretrained 
animal solved the puzzle on one trial at the end of MPTP treatment, suggesting that 
the initial strategy for solving the task had been subsumed by neural networks not 
affected by MPTP toxicity. As expected, the severely lesioned animal was unable to 
perform due to akinesis. At the end of behavioral testing, animals were sacrificed, and 
the midbrain and striatum were examined for loss of tyrosine hydroxylase 
immunoreactivity (TH-IR). In both the midbrain and striatum, loss of TH-IR is related 
to increasing degrees of motor impairment. Partially lesioned animals had a patchy, 
intermediate loss of TH-IR in the central (association) region of the striatum. 
(Supported by NS22511, The Rochester Area Pepper Center, the National Parkinson 
Foundation and the Lucille P. Markey Charitable Trust)

Society  for  Neuroscience , Volume  23,1997



TUESDAY AM DEGENERATIVE DISEASE: PARKINSON'S IV 1375

538.11
NITRIC OXIDE SYNTHASE EXPRESSION AND FUNCTION IN 

MOUSE SUBSTANTIA NIGRA NEURONS. L. ZeccaL R.G. Fariello^, N. 
Carfagna2-, G. Racagni^ and A. Ambrosini3. institute of Advanced 
Biomedical Technologies, National Research Council, Milan, 2CNS 
Research, Pharmacia and Upjohn, Nerviano, and 3Center of 
Neuropharmacology, Univ. of Milan, Milan, I.

Functional studies suggest a role for glutamate in controlling 
neuronal activity in the basal ganglia. In addition, the generation of 
nitric oxide (NO)-derived free radicals, due to hyperactivity of 
glutamatergic neurons, may contribute to dopamine cell degeneration 
in Parkinson's disease. Here, a direct demonstration for NO synthase 
(NOS) expression and activity in mouse substantia nigra (SN) neurons 
is provided. Immunostaining with antibodies against the neuronal 
NOS isoform revealed the presence of this enzyme in neurons 
differentiated in vitro as well as in adult brain slices including the SN.

NOS activation after stimulation of ion channel-linked glutamate 
receptors was verified in SN neurons in vitro, by simultaneous HPLC 
quantification of the two major NO derivatives, nitrite and nitrate, on 
both extracellular medium and cytosolic extracts. Time-course 
experiments indicated stable basal levels of both metabolites up to 5 
min. NMDA and quisqualate caused a rapid increase in intracellular, 
but not extracellular, nitrite levels (240% of basals, peak at 30 sec). A 
different excitatory stimulus, 50 mM KC1, produced a prompt increase 
in extracellular nitrite (270% of basals, peak at 10 sec) leaving 
intracellular levels unchanged. Intracellular nitrates raised slowly 
after stimulation with potassium (215 % at 1 min) or NMDA (210% at 
5 min), but not after quisqualate. The different dynamic changes of 
the two NO metabolites point to the specificity of the activated 
metabolism according to the type of stimulus.

Supported by a grant of "Associazione Italiana Parkinsoniani"

538.12
HETEROGENEOUS DISTRIBUTION OF CERULOPLASMIN IN 
RAT BRAIN. D.A. Loeffler*, E, Har-El, M.A. Paul, 
Exlu-Juae.av, m,c „,.. Linder, .
Clin. Neurosci. Program, Sinai Hospital, Detroit, 
MI 48235 and Dept. of Chem. and Biochem., Calif. 
State University, Fullerton, CA 92634.

Ceruloplasmin (CP) is the major anti-oxidant 
in plasma. Increased iron deposition in basal 
ganglia from subjects with hereditary CP 
deficiency (PNAS 92: 2539) suggests that CP is 
necessary for normal iron metabolism in brain. 
The objective of this study was to determine if 
CP concentrations in rat brain differ between 
regions and/or with age. CP was quantified by 
ELISA in prefrontal cortex (PFC), striatum (STR), 
hippocampus (HP) , and cerebellum (CBL) in 2- 
month-old Sprague Dawley rats, 2-month-old Fisher 
rats, and 20-month-old Fisher rats (n = 10- 
12/group). No differences in CP content were 
detected between groups. However, marked 
heterogeneity was present for CP between brain 
regions. CP content in CBL (2.6 - 2.8 ng CP/mg 
wet weight) was 4-6 fold higher than in STR, with 
intermediate levels in PFC and HP. This regional 
heterogeneity suggests that a significant 
component of CP content in brain may derive from 
local synthesis. (Supported by the National 
Parkinson Foundation)

538.13
DOPAMINERGIC NEURONS OF THE PRIMATE STRIATUM.
R. Betarbet*. A.I. Levey and J.T. Greenamyre. Departments of Neurology and 
Pharmacology and the Yerkes Regional Primate Research Center, Emory University, 
Atlanta, GA 30322.

Tyrosine hydroxylase-immunoreactive (TH-i) cells of the striatum have received 
little consideration. We have examined the morphological and transmitter phenotype of 
these neurons, their regulatory response to nigrostriatal dopaminergic deafferentation, 
and their expression of AMPA and NMDA glutamate receptor subunits. Striatal TH-i 
ce.lk were observed in both control and MPTP-treated monkeys; however. cell counts 
were 3.5-fold higher in MPTP-lesioned monkeys. The dopaminergic nature of the TH-i 
cells was established by demonstrating that 99% of the TH-i cells also contained the 
dopamine transporter. Two types of TH-i cells were identified in striatum: small, 
aspiny, bipolar cells with varicose dendrites, and larger spiny, multipolar cells. Aspiny 
cells, which were more prevalent, corresponded morphologically to the GABAergic 
intemeurons of the striatum since double-label immunofluorescence showed that 99% 
of the TH-i cells were GAD-positive. Very few (< 1%) of the TH-i cells, however, 
were immunoreactive for the calcium binding proteins, calbindin and parvalbumin. 
Glutamate receptor subunits are differentially expressed by various subpopulations of 
striatal neurons. We found that about 75% of TH-i cells in striatum expressed the 
GluRl subunit, but none of them expressed the GluR2/3 subunit. About 25% of TH-i 
cells expressed the NMDAR1 subunit. We conclude that the dopaminergic cell 
population of the striatum responds to dopamine denervation by increasing in number, 
apparently to compensate for loss of extrinsic dopaminergic innervation. Moreover, 
this population of cells corresponds largely with the intrinsic GABAergic cells of the 
striatum. These cells appear to contain only Ca^-permeable ionotropic glutamate 
receptors. Lastly, this study also suggests that the adult primate striatum does retain 
some intrinsic capacity to compensate for dopaminergic cell loss. [Supported by 
NS33779 (JTG), NS31937 (AIL) and a Mallinckrodt Scholar Award (JTG).]

538.14
CYP2D SUBFAMILY EXPRESSION IN THE SUBSTANTIA NIGRA OF NAIVE 
RATS AND MARMOSETS. A.G. Riedl, P.M. Watts, M.M. Iravani*, T. Schulz- 
Utermuehl1, R.J. Edwards1, A.R. Boobis1 & P. Jenner. Dept. Pharmacology, King’s 
College, SW3 6LX, U.K.; ‘Dept. Clinical Pharmacology, RPMS, W12 ONN, U.K.

Environmental or endogenous toxins may cause nigral cell death in individuals 
genetically susceptible due to altered expression of P450 enzymes, resulting in 
Parkinson’s disease (PD). Specifically, the CYP2D6 poor metaboliser phenotype is 
associated with 2-fold increase in risk of PD. The CYP2D subfamily comprises 
several members in the rat, but only one member, CYP2D6, in human. Previous 
studies on the distribution of CYP2D in the substantia nigra (SN) of rats, assessed 
immunohistochemically, are controversial because of possible cross-reactivity of the 
antisera used with multiple members of the CYP2D subfamily, which share 73-95% 
sequence homology. We have now investigated the presence and distribution of 
individual members of the CYP2D subfamily in the SN of rats and marmosets, 
using highly specific antipeptide antisera. Male naive adult rats were killed, brains 
removed, cryosections cut through the SN and incubated overnight with either 
preimmune serum or antisera to CYP2D2, CYP2D3, CYP2D4/18 and CYP2D5 
(n=4). Two male and 2 female naive adult marmosets were killed, brains removed as 
before and sections of midbrain were incubated with antisera to human CYP2D6. 
Immunoreactive products were visualised by peroxidase immunohistochemistry. No 
CYP2D3 or CYP2D4/18 immunoreactivity was evident. Weak staining for 
CYP2D2 was observed in numerous cells in the midbrain including the SN pars 
compacta, superior colliculus and periaqueductal grey, whilst strong staining for 
CYP2D5 was apparent in these areas. In marmosets, CYP2D immunoreactivity was 
observed throughout the midbrain including the SN pars compacta, ventral tegmental 
area and red nucleus. In summary, specific members of the CYP2D subfamily are 
expressed in rat and marmoset SN, and these may be involved in nigral cell function.

Wellcome Trust, MRC, Parkinson’s Disease Society

538.15
TIME COURSE STUDY OF THE TOTAL NUMBER OF NESTIN 
IMMUNOREACTIVE CELLS IN SUBSTANTIA NIGRA AFTER AN 
MPTP-INDUCED LESION IN THE C57BL/6 MOUSE
AM. Janson*, M. Zhao, Dept. of Neuroscience, Karolinska Institute.
S-171 77 Stockholm, Sweden

Nestin, an intermediate filament protein, is expressed in neuronal 
stem cells during neurogenesis and in neuronal and glial precursor cells 
in the mammalian CNS. As neurons and glia differentiate, nestin 
expression is down-regulated. Here we show that an MPTP-induced 
lesion (l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine, 40 mg/kg, sc.) 
in male C57 BL/6 mice (10 weeks old) significantly increases the 
number of nestin-positive cells in substantia nigra pars compacta. The 
time courses (h-weeks) of the total number of nigral nestin-positive 
astroglia-like cells and nestin-positive neurons were studied using an 
unbiased method to count cells in three-dimensional structures (optical 
fractionator). We found a rapid decrease in the total number of tyrosine 
hydroxy lase/cresyl violet neurons. The number of nestin-positive 
neurons increased significantly early after MPTP.The number of nestin- 
positive cells with a glial morphology increased later, the peak 
preceding and coinciding with the increase in the number of cells 
positive for glial fibrillary acidic protein (GFAP).

The appearance of markers for neuronal and glial precursor cells in 
the lesioned adult CNS may be important for understanding the 
mechanisms of neurodegeneration and for developing neuroprotective 
strategies in human neurodegenerative disorders.

Supported by the Swedish Medical Research Council (grant 10816) 
and the Swedish Association of Neurologically Disabled.

538.16
ULTRASTRUCTURE OF GABA-IMMUNOREACTIVE PROFILES 
IN THE SUBSTANTIA NIGRA OF THE MUTANT MOUSE 
WEAVER. D.E. Smith*, C. Prasad1, and S.G. Xu. 
Departments of Anatomy and Medicine1, LSU 
Medical Center, New Orleans, LA 70112.

To test the hypothesis that loss of dopamine 
(DA) neurons in the substantia nigra pars 
compacta (SNc) of weavers would bring about 
alterations of the nigral GABA system, eight- 
week-old homozygous weaver mice paired with 
littermate wildtype controls were perfused 
transcardially. The brains were removed, 
blocked and sectioned. SN sections wore 
incubated overnight with polyclonal antibodies 
against the neurotransmitter GABA and double 
labeled against GABA and the D2 receptor for 
dopamine. Ultrastructural analyses revealed 
that profiles of GABA-labeled: 1) dendrites 
decreased in number, 2) axons increased, and 3) 
terminals in contact with labeled dendrites 
increased, suggesting that synaptic connections 
in SNc are altered as a result of DA loss. The 
D2/GABA labeling identified a subclass of G7kBA 
neurons containing both antibodies. There was 
no difference between weavers and controls. 
These neurons may mediate local regulation of 
dopamine release.

Funding source: Whitehall Foundation
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538.17
GABAa receptors  in  the  basal  ganglia  of  MPTP-MONKEYS 
RECEIVING CHRONIC DI OR D2 DOPAMINERGIC TREATMENT: 
RELATIONSHIP WITH DYSKINESIAS. F. Calon1. M, Morissette12. M. Goulet1. 
R. Grondin1,2. PJ. B&fegd2,4. S. Radouco-Thomas*-4. andT. Di Paolo1-3. ‘Dept. of 
Molec. Endocrinology and Neurosci. Res. Unit, CHUL Res. Center and Fac. of 
’Pharmacy and 4Medecine, Laval Univ., Quebec, G1V 4G2, CANADA.

The present study sought the effect of dopaminergic treatments in MPTP monkeys 
on brain GABAa  receptors and their implications in dyskinesia. MPTP monkeys 
received for one month the DI receptor agonist SKF82958 (in a pulsatile or 
continuous mode) or the long acting D2 agonist cabergoline. Untreated MPTP and 
naive control animals were also studied. Pulsatile SKF82958 relieved parkinsonian 
symptoms but dyskinesia appeared in two of the three animals. Continuous 
SKF82958 did not relieve parkinsonian symptoms or induce dyskinesia. Cabergoline 
improved motor response without sustained dyskinesia. Density of GAB Aa  receptors 
were assayed by labelling the associated benzodiazepine site with [3H]flunitrazepam 
binding autoradiography. [3H]flunitrazepam binding was increased in the internal 
segment of the globus pallidus (GPi) in dyskinetic animals (two monkeys treated 
with pulsatile SKF82958) while no such change was observed in non-dyskinetic 
monkeys (cabergoline treated MPTP-monkeys and the non-dyskinetic monkey treated 
with pulsatile SKF82958). An upregulation of GABAa  receptors in the GPi of 
MPTP-monkeys treated with continuous SKF82958 was observed which could be 
explained by the dramatic desensitization of striatal DI receptors. Striatal GABAa  
receptors were generally decreased more in the cabergoline treated monkeys than 
those that received SKF82958 and these changes did not discriminate dyskinetic from 
non-dyskinetic animals. The present results expand on our previous findings 
suggesting that dyskinesia induced by DI or D2 agonists is associated with increased 
GABAa  receptors in the GPi; tolerance to DI agonist may also affect GABAa  
receptors. Supported by the Parkinson Found, of Canada and the MRC of Canada.

538.18
LACK OF ALLELIC ASSOCIATION OF DOPAMINE D4 RECEPTOR GENE 
POLYMORPHISMS WITH'SCHIZOPHRENIA AND PARKINSON’S DISEASE 
IN CHINESE POPULATION. D.C.C. Wan. K.W.K. Tsim, W.K.K. Ho, W.T, 
Cheung, L.K. Law, C.P. Pang. R. Kay. J. Woo, (SPOM: The Hong Kong 
Society of Neurosciences). Departments of Biochemistry, ’’Chemical Pathology and

Medicine, The Chinese University of Hong Kong, Shatin, Hong Kong and 
Department of Biology, The Hong Kong University of Science and Technology, 

Hong Kong.
Substantial biochemical and pharmacological evidence suggests that dopamine 

receptors are involved in the pathogenesis of schizophrenia and Parkinson’s 
disease. Both of these diseases are believed to be caused by a multitude of 
environmental, neurochemical and genetic factors. The gene for human dopamine 
D4 receptor (DRD4) has been considered as a plausible candidate for the 
pathogenesis of these diseases. The human DRD4 gene has highly variable 
polymorphic 48-base pair tandem repeats within the exon 3 coding for the putative 
third cytoplasmic region of the transcripts. Different dopamine D4 receptor allelic 
forms have variable affinity towards certain neuroleptics such as clozapine, 
suggesting a role for dopamine D4 receptors in neurological disorders. In order to 
test the hypothesis that the DRD4 polymorphism is associated with the 
susceptibility to schizophrenia and Parkinson’s disease, we have performed a study 
to examine differences in allele frequencies of different DRD4 polymorphisms of 
ethnic Chinese in Hong Kong. The DRD4 polymorphism was examined in 126 
patients and 101 age-matched controls by PCR-Southem blot hybridization with 
chemiluminesence detection. The most prominent allelic forms are 4/2, 4/4 and 4/7 
which account for over 90% of allelic frequencies in Chinese population. None of 
these polymorphisms showed evidence for genetic association with schizophrenia 
or Parkinson’s disease.

538.19
ASSOCIATION STUDIES OF CYTOCHROME P450IID6 GENE 
POLYMORPHISMS WITH FAMILIAL AND SPORADIC 
PARKINSON’S DISEASE. A, Parsian*, B. Racette, ZH Zhang, M. 
Rundle and J.S. Perl mutter. Departments of Neurology and Psychiatry, 
Washington University School of Medicine, St. Louis, MO 63110.

In order to determine the role of debrisoquine hydroxylase in the 
development of Parkinson’s disease, we genotyped patients with 
idiopathic Parkinson’s disease (1PD) with (n=61) and without (n=93) a 
family history, matched normal controls (n=57), and epidemiological 
normal controls (n=88) with two mutations and a microsatellite marker in 
the cytochrome P450HD6 gene. Since there was no significant differences 
between IPD samples for the frequencies of the mutations and alleles of 
microsatellite marker, these two samples were combined. Similarly, the 
two normal groups were combined. There were significant differences in 
genotype frequencies between the total IPD sample and the total control 
sample for G->A transition (%2=7.74, p=0.02). However, the difference 
between the two samples for the base pair mismatch in the gene was not 
statistically significant (%2=0.45, p=0.59). Analysis of the microsatellite 
marker, comparing all alleles together, revealed statistically a significant 
difference between total IPD and total control samples (/2=18.37, 
p=0.03). These results show that the mutations in the cytochrome 
P450IID6 gene may play a role in susceptibility to idiopathic Parkinson’s 
disease but the gene effect is very small.
Supported by St. Louis APDA and NIH grants AA09515, NS31001, 
NS32318.
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539.1
ALTERATIONS IN REGIONAL AND CORRELATIVE PATTERNS OF 
CYTOCHROME OXIDASE ACTIVITY AFTER CHRONIC 
CEREBROVASCULAR INSUFFICIENCY IN AGED RATS. A. Cada*1, 
J.C. de la Torre2, F. Gonzalez-Lima1. *Dept. of Psychology, University of 
Texas, Austin, TX 78712 and 2Dept. of Neurosurgery, University of New 
Mexico, Albuquerque, New Mexico 87131.

Four weeks of chronic 2-vessel occlusion (bilateral carotid artery ligation, 2- 
VO) in 19 month old Sprague-Dawley rats impairs Morris water maze 
performance, decreases cytochrome oxidase (C.O.) activity in CAI and the 
posterior parietal cortex, and does not result in neuronal damage or death in the 
hippocampus (de la Torre et al. 1997, Neurosci. Lett., 223, 1-4). In the present 
study, a global survey of other brain regions was done and the patterns of 
interregional activity correlations were determined in 2-VO and sham-operated 
controls. We found: 1) Comparison of whole-brain ratios (C.O. activity of 
nucleus/C.O. activity of the brain) revealed that three midbrain areas 
significantly decreased with respect to controls—the central gray, deep 
mesencephalic reticular formation (dpme), and the deep layers of the superior 
colliculus. 2) Interregional correlational analysis showed significantly fewer 
correlations in the control group. 3) Significantly more diencephalic 
correlations were seen in the experimental group. 4) Patterns of diencephalic to 
mesencephalic correlations (primarily with visual areas) seen in the control 
group (dpme to subiculum and areas 17 & 18, superficial layers of superior 
colliculus to CA3 and areas 17 & 18) were uncoupled in the 2-VO group. 
These findings suggest that alterations in mesencephalic C.O. activity and 
functional relationships between regions mediating arousal and visual responses 
may contribute to visuo-spatial deficits demonstrated in this model. (Supported 
by NIH grant ROI MH43353 and NSF grant IBN9222075).

539.2
PROTEIN KINASE C5 SUBSPECIES IS INDUCED AFTER 
TRANSIENT FOREBRAIN ISCHEMIA. S, Miettinen*, R, Keinanen and 
J, Koistinaho. A. 1. Virtanen Institute, University of Kuopio, Finland.

Protein kinase C8 (PKC8) is proteolytically activated in some non-
neuronal cells to induce characteristics of apoptotic cell death. PKC8 may 
also support neuronal survival as it mediates signaling of some growth 
factors, and stimulates the neuronal type of glutamate transporter. 
Previously we have shown that from the multiple PKC subspecies expressed 
in the brain, transient focal brain ischemia induces specifically PKC8 in 
perifocal neurons. This study was designed to explore the expression of 
different PKC subspecies after transient forebrain ischemia in the rat.

A four vessel occlusion model for 20 min was produced and brain tissues 
processed for in situ hybridization and immunocytochemistry 4 h, 8 h, 
24 h, 3d and 7 d after the operation. A strong basal expression of PKC a, 
-P, -y, -e and -£ was observed in the dentatus gyrus, CA1-3 pyramidal cell 
layer and fronto-parietal cortex, whereas PKC8 mRNA was hardly 
detectable in these structures. Four and eight hours after ischemia PKC8 
mRNA was induced in the frontal and parietal cortex remaining 
up-regulated until 24 h. PKC8 mRNA levels were also increased 
in hippocampal pyramidal cell layer at 8 h, 24 h and 3 days. The 
hippocampal induction was most prominent in the CAI field. 
Immunocytochemistry demonstrated an increased number of PKC8- 
immunoreactive neurons in the cortex. The other PKC subspecies were not 
induced after transient forebrain ischemia.

Global ischemia induces specifically PKC8 subspecies in the brain. The 
mRNA expression is strongest in regions that are selectively sensitive to 
ischemia and apoptosis. The PKC8 isozyme is likely to mediate important 
phosphorylational changes in the tissue at risk to die after ischemic insult.

This study was supported by Finnish Ministry of Education.
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539.3
DISTRIBUTION AND ALTERATION OF STRIATAL ENRICHED 
PROTEIN TYROSINE PHOSPHATASE(STEP) IN THE HIPPOCAMPUS 
AFTER TRANSIENT ISCHEMIA. S.Hasegawa*, M.Morioka,
K.Korematsu,__ A. Okamura.__ Y.Kai ,__ J.Hamada,__ S .Goto,
Y.Ushio Dept. Neurosurgery Kumamoto Univ. Sch. of 
Med., Kumamoto, Japan

We investigated the distribution and alteration of 
STEP in the gerbil hippocampus after transient forebrain 
ischemia. In the adult gerbil hippocampus, STEP- 
immunoreactivity (IR) was strongly found in the all 
layer of CAl subfield, especially in the cytoplasms 
and apical dendrites of pyramidal neurons and strong 
STEP-IR was found in neuronal cytoplasms of other 
regions. After 5 min forebrain ischemia, STEP-IR in 
the CAl pyramidal cells was preserved until 2 days 
after ischemia and then lost with morphological 
degeneration of neuronal cells. In contrast to CAl 
subfield, STEP-IR was not changed in other regions 
after ischemia. STEP is highly expressed in the 
neuronal cells of hippocampus and may play important 
roles in neuronal function. Furthermore, increased 
dephosphorylation of tyrosine residue of phosphoprotein 
may contribute to ischemic neuronal cell death. 
(Supported by: Grant-in-Aid for Scientific Research 
from the Ministry of Education, Science and Culture 
of Japan)

539.4
MITOGEN-ACTIVATED PROTEIN (MAP) KINASE ACTIVITY INCREASES 
AFTER FOCAL CEREBRAL ISCHEMIA IN RATS
J. Kuluz*, J. Neary , Y. Kang, C.L. Schleien. Dept of Pediatrics and VA Medical 
Center, Univ of Miami School of Medicine, Miami, FL 33101.

MAP kinase plays a critical role in signal transduction after stimulation of 
membrane receptors by neurotrophic factors. To investigate the role of this 
enzyme in stroke, we measured MAP kinase activity in the brain during early 
reperfusion after middle cerebral artery occlusion (MCAO) in rats.

Methods: Fasted, adult male Sprague Dawley rats were anesthetized with 
isoflurane 2-3%, N2O 70% and O2 for induction of MCAO by the intraluminal 
suture method. Rats were allowed to awaken during MCAO, and rectal 
temperature was measured directly by thermocouple and recorded Q 15 min. After 
2h MCAO, rats were reanesthetized for removal of the suture to allow for 
reperfusion. After 30 min reperfusion rats were perfused with cold saline for 2 
min. Samples of cortex and subcortex from ischemic and non-ischemic 
hemispheres were assayed for MAP kinase activity (rate of phosphorylation of 
myelin basic protein). Data were analyzed by Student’s t-test.

Results:. MAP kinase activity was significantly higher in the ischemic cortex 
compared to non-ischemic cortex, whereas, subcortical MAP kinase activity was 
not affected by ischemia-reperfusion. The ratio of MAP kinase activity in ischemic 
to non-ischemic cortex was 2.5+0.8 (p<0.05) and in subcortex was 0.92±0.1.

Conclusion: These findings indicate that cerebral MAP kinase is activated in a 
region-specific manner during early reperfusion after focal brain ischemia. This 
correlates temporally with the expression of neurotrophic factors during early 
reperfusion. (Supported by the Department of Veterans Affairs).

539.5
DEPHOSPHORYLATION OF MAP2 IS AN EARLY EVENT FOLLOWING 
FOCAL BRAIN ISCHEMIA. A. Kharlamov*. E. Kharlamov. D. Khera. G. Khera.
L.I. Binder. P.M. Armstrong. Neurosciences Research Center, Allegheny 
University for the Health Sciences, Allegheny Campus, Pittsburgh, PA 15212.

Microtubules and microtubule-associated proteins (MAP) are very susceptible to the 
pathological consequences of stroke, in part, because following stroke there is the glu-
tamate-mediated activation of a number protein kinases and phosphatases which can 
profoundly effect the phosphorylation of, for example MAP2, and thus alter the func-
tion of this protein, including its interaction with microtubules. To examine the effect 
of stroke on the phosphorylation state of MAP2, we employed a photochemical model 
of focal brain ischemia. Following survival times of 3, 12, 24 hours, 3 and 7 days 
phosphorylated and non-phosphorylated epitopes of MAP2 were visualized using 
mabs AP18 and HM2, respectively. In control brains, the pattern of AP18 and HM2 
immunolabeling was similar. In the infarcted zone, a region characterized by exten-
sive cell death, we observed, as early as three hours post-lesion, a near absence of 
AP18- labeled cells. In contrast, in this same region numerous HM2- labeled neurons 
were observed, although in many instances their dendrites appeared fragmented. 
Twenty-four hours post-lesion, neither protein was observed in the infarcted zone con-
sistent with the loss of neurons. In contrast, in the peri-infarcted area, a region char-
acterized by a number of biochemical and metabolic alterations but little cell death, 
API8 and HM2-labeled cells were observed, albeit often displaying evidence of neu-
rodegeneration (e.g. fragmentation of dendrites). That we see a loss of AP18 prior to 
HM2 in regions of brain characterized by extensive cell loss supports the notion that 
the dephosphorylation of MAP2 is an early event in the pathologic cascade following 
focal brain ischemia. Supported by NIH grant N533224.

539.6
THE CALCINEURIN INHIBITOR FK506 ALLEVIATES THE OUTCOME OF 
FOCAL CEREBRAL ISCHEMIC/REPERFUSION INJURY. D. Bochelen, M. Rudin 
and A. Sauter*. Novartis Pharma A.G., CH-4002 Basel, Switzerland.
We have tested in SHR rats the effect of FK506 on the outcome of focal cerebral 

ischemia induced by Middle Cerebral Artery Occlusion (MCAO).
Transient MCAO was performed by advancing a nylon thread with a rounded tip 

into the lumen of the internal carotid artery to the origin of the MCA.
MCAO for lh, followed by 48h reperfusion resulted in infarcts that encompassed 

the cortex, caudate putamen and globus pallidus. Infarct volume in vehicle treated 
animals was 338±36mm3 (mean±SEM, n=20) and 394±38mm3 when assessed by 
MRI and TTC staining, respectively. In FK506 treated animals (5mg/kg, 30 min 
after MCAO) the mean infarct volume was 194±36 mm3 (n= 11, p=0.0012, Student’s 
t test) and 243±54 mm3 (n=l 1, p=().O5) measured by MRI and TTC, respectively. 
Dose-response studies showed that FK506 had a maximal efficacy at a dose of 0.1 
mg/kg (46% inhibition; n=10. p<0.001) and was still neuroprotective (27% 
inhibition; n=6, p=0.02) at a dose of 0.05mg/kg. After 48h permanent MCAO 
infarcts, assessed by MRI, were larger (mean infarct volume of vehicle treated rats = 
498±21 mm3, n=5). Treatment with 5 mg/kg FK506 30 min after MCAO reduced 
the infarct volumes by 21% (395±19 mm3; n=8. p^0.005). Treatment with 2 mg/kg 
rapamycin, a potent immunosuppressant that, in contrast to FK506, does not inhibit 
calcineurin, 20 min before transient MCAO had no neuroprotective activity. Rats 
treated with 2 mg/kg rapamycin 20 min before and with 1 mg/kg FK506 30 min after 
transient MCAO had infarct volumes comparable to those of vehicle treated animals.

These results confirm the neuroprotective properties of FK506 in models of 
cerebral focal ischemia and reperfusion. However, FK506 is less effective in models 
of permanent MCAO. Inhibition of calcineurin seems to account for this 
neuroprotective activity.

539.7
POSTISCHEMIC ADMINISTRATION OF BBB022, A CYCLIC AMP- 
SELECTIVE PHOSPHODIESTERASE INHIBITOR, PROTECTS AGAINST 
BLOOD-BRAIN-BARRIER DISRUPTION IN FOCAL CEREBRAL ISCHEMIA. 
L. Belavev.* R. Busto, M. Ikeda? L, L. Rubin1 and M, D.Ginsberg. Cerebral Vascular 
Disease Research Center, Dept. of Neurology (D4-5), University of Miami School of 
Medicine, Miami, FL 33101, USA and ’Eisai London Research Laboratories LTD, 
Bernard Katz Building, University College London, London WC1E 6BT, UK.

We examined the effect of BBB022, a cyclic AMP-selective phosphodiesterase 
inhibitor, on blood-brain barrier (BBB) integrity after transient middle cerebral artery 
occlusion (MCAo) in rats. Male Sprague-Dawley rats were anesthetized with halothane 
and subjected to 120 min of temporary MCAo by retrograde insertion of an intraluminal 
nylon suture coated with poly-L-lysine. The drug (BBB022 in saline, 1 mg/kg/hr, i.v.) or 
vehicle (0.9% saline) was administered by infusion after the onset of MCAo. Four 
animal groups were studied: Groups A and B were treated by infusion of vehicle or drug 
over 5 hours, and Groups C and D over 48 hours. Damage to the BBB was judged by 
extravasation of Evans Blue (EB) dye, which was administered i.v. at 3h after the onset 
of MCAo in Groups A and B; and at 46h in Groups C and D. Fluorometric quantitation 
of EB was performed 1 or 2 hours later in six brain regions. BBB022 (5-hour infusion) 
significantly decreased dye extravasation in the cortex, striatum and right hemisphere 
(mean ± SE: 41.2 ± 5.4 vs. 82.4 ± 9.2 pg/g, p= 0.005) compared to the vehicle-treated 
group. BBB022 (48-hour infusion) also significantly decreased dye extravasation in the 
cortex (7.4 ± 2.5 vs. 29.0 ± 8.3 pg/g, p= 0.05), striatum (17.2 ± 2.2 vs. 50.8 ± 12.1 pg/g, 
p= 0.03) and right hemisphere (30.7 ± 4.0 vs. 93.2 ± 18 pg/g, p= 0.01) compared to the 
vehicle-treated group C. These data indicate that BBB022 is an effective drug in 
protecting against the effects of focal ischemia-induced BBB disruption in the rat and 
suggest that the drug may be an effective treatment against the ischemia-related BBB 
disruption following stroke or cardiac arrest. (Supported by a grant from Eisai London 
Research Laboratories Ltd., and by US Public Health Service Grant NS 05820).

539.8
CALPAIN INHIBITORS DO NOT PROTECT RAT CORTICAL NEURONS 
FROM THE NEUROTOXIC EFFECTS OF GLUTAMATE OR HYPOXIA/HYPO- 
GLYCAEMIA A. J. Carter*, J, Doppke and C. Bartmann-Lindholm. Department 
of Biological Research, Boehringer Ingelheim KG, 55216 Ingelheim, Germany and 
Department of Cell Physiology, Ruhr University, 44780 Bochum, Germany.

Calpain is a protease enzyme which is activated by calcium and thought to 
contribute to neuronal death after ischaemia by breaking down cytoskeletal 
proteins. We have compared the neuroprotective effects of three calpain inhibitors, 
namely MDL 28170, calpeptin and calpain inhibitor I, wife those of an antagonist 
of fee NMDA receptor-channel complex, (+)MK-801, in pure, serum-free cultures 
of cortical neurons prepared from rat embryos. Neurotoxicity was induced by either 
fee addition of glutamate or exposing fee neurons to hypoxia/hypoglycaemia. The 
number of living cells was quantified wife an assay based on a tetrazolium dye and 
calpain activity was determined by measuring spectrin breakdown products wife 
western blots. Adding glutamate or subjecting fee neuronal cultures to 
hypoxia/hypoglycaemia caused significant neurotoxicity and also increased fee 
amount of spectrin breakdown products. The extent of neurotoxicity and amount of 
spectrin breakdown depended on fee concentration of glutamate and fee length of 
hypoxia/hypoglycaemia. (+)MK-801, an antagonist of fee NMDA receptor-channel 
complex, concentration-dependently inhibited both glutamate- and 
hypoxia/hypoglycaemia-induced neuronal death and also prevented fee 
accompanying spectrin breakdown. In contrast, three different calpain inhibitors, 
namely MDL 28170, calpeptin and calpain inhibitor I, failed to prevent neuronal 
death. They did, however, inhibit fee accompanying spectrin breakdown. We 
therefore conclude that neuronal cell death induced by glutamate or 
hypoxia/hypoglycaemia is not caused by calpain-induced activation of spectrin 
breakdown in cultured rat cortical neurons.
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539.9
ANATOMICAL AND METABOLIC CHANGES IN PERI-INFARCT CORTEX 
AFTER FOCAL STROKE IN THE RAT. S, T.Carmichael*, IL. Wei. tC.M. 
Rovainen. T.A, Woolsey. Departments of Neurol. & Neurol. Surg. and of Cell 
Biol. & Physiol., Washington University School of Medicine, St. Louis, MO 
63110.

A focal stroke model that targets rat whisker barrel cortex (Wei et al., 1995 
Stroke 26: 1459) was used to answer the following: 1) Is there reorganization of local 
cortical circuits in the peri-infarct cortex? 2) Is the cellular and metabolic integrity of 
peri-infarct cortex maintained? Adult Wistar and Sprague Dawley rats of both sexes 
were anesthetized, a cranial window opened, barrel cortex localized and distal branches 
of the middle cerebral artery ligated. Three weeks later the cranial window was 
reopened and 30-501)1 of biotinylated dextran amine (BDA) were injected at the edge 
of the infarct. A second BDA injection was made at the mirror site in the opposite 
hemisphere. Animals were perfused 1 week later with paraformaldehyde, frozen serial 
sections cut, cytochrome oxidase (CO) and BDA label were visualized in the same 
sections using standard protocols, label recorded with a digitized microscope system 
and then counter stained with Nissl. Twelve animals had small strokes infarcting 
rows A, B and C; an adjacent region of cortex clearly separated from the infarct lacked 
the normal pattern of CO staining and barrel architecture. There were reciprocal 
connections between this region and neighboring barrel cortex and SII. The pattern of 
label from injections into peri-infarct cortex versus injections into control 
hemispheres was similar. There were fewer labeled cells in the ventrobasal nucleus of 
the thalamus from peri-infarct cortex as compared with controls. Focal cortical 
ischemia produces a zone of peri-infarct tissue that is structurally deranged, maintains 
local cortical connections (no indication of substantial sprouting or the formation of 
new connections) but fewer thalamic inputs. Supported by NIH Grants NS 17763 and NS 
28781, the McDonnell Center for Studies of Higher Brain Function, and the Spastic 
Paralysis Foundation of the Illinois-Eastern Iowa District of the Kiwanis International.

539.10
EFFECTS OF CAESAREAN SECTION VS VAGINAL BIRTH ON BRAIN 
LACTATE AND BLOOD GASES IN NEONATAL RATS.
C. Vaillancourt. N.F. Berger and P, Boksa*. Depts. of Psychiatry and of Neurology 
& Neurosurgery, McGill Univ., Montreal, Canada, H4H 1R3.

Schizophrenia is associated with an increased incidence of perinatal complications, 
including Ceasarean section (C-section) birth and fetal hypoxia. We have shown 
that, as adults, rats bom by C-section have altered CNS dopamine levels compared 
to vaginally bom controls, while rats bom by C-section, with or without acute 
global anoxia, show enhanced stress-induced release of nuclueus accumbens 
dopamine. These studies used C-section delivery from a rapidly decapited dam, to 
avoid confounding anesthetic effects. However maternal decapitation itself could 
affect offspring, and C-sections in humans are performed under anesthesia. To 
compare models, this study characterized the early profile of blood gases and pH and 
of brain lactate, a widely accepted measure of CNS hypoxia, in vaginally bom rat 
pups bom by C-section from decapited or isoflurane (ISOF) anesthetized dams. 
Immediatlv after birth, pups bom vaginally or by C-section with decapitation or 
with 2.5% ISOF showed no group differences in PO2, PCO2orpH. However
brain lactate was high in vaginally bom pups and low in pups bom by C-section 
with decapitation or with 2.5% ISOF, suggesting that high lactate levels following 
vaginal birth are not due to systemic hypoxia. Pups bom by C-section with 3.0, 
3.5 or 4.0% ISOF showed progressive reductions in blood PCO2 with increasing 
ISOF, and high brain lactate levels. At lh and 4h after birth in vaginally bom 
controls, brain lactate fell to low levels while blood PO2 remained stable. In the 
3.0, 3.5 or 4.0% ISOF groups, blood PO2 rose to approach vaginal control levels, 
while brain lactate fell. Surprisingly at 1 and 4 h blood PO2 was reduced in the C- 
section with decapitation group, compared to vaginal control levels. The results 
indicate that rat models of C-section birth either from decapitated or ISOF- 
anesthetized dams differ from vaginal birth in terms of brain lactate and systemic 
oxygenation early after birth. This information is essential to understanding 
mechanisms for long term CNS effects of birth hypoxia in this model. Supported 
by MRCC and FRSQ.

539.11
THE EFFECT OF INSPIRED OXYGEN CONCENTRATION ON CEREBRAL 
OXYGEN DELIVERY AND CONSUMPTION FOLLOWING GLOBAL CERE-
BRAL ISCHEMIA AND REPERFUSION FROM CARDIAC ARREST AND RE-
SUSCITATION. R Silbergleit*, Y Haywood, G Fiskum, RE Rosenthal. Dept of 
Emergency Medicine, George Washington University, Washington, DC 20037

Cerebrovascular hemodynamics and brain metabolic function are altered 
after reperfusion from global cerebral ischemia. Although changes in cerebral 
blood flow (CBF) have been well characterized, cerebral oxygen delivery 
(DCO2) and consumption (VCO2) after global cerebral ischemia are not well un-
derstood. We studied DCO2 and VCO2 at hypoxic, standard, and hyperbaric in-
spired oxygen (O2) concentrations to identify secondary ischemia, and provide 
insight into the use of O2 therapy after resuscitation from cardiac arrest.

Methods: 22 female beagles were anesthetized, intubated, and instru-
mented with arterial, LV, venous, and sagittal sinus catheters. 10 min of ven-
tricular fibrillation was followed by 3 min of open chest CPR, and defibrillation. 
Following defibrillation, animals were treated with hypoxic, standard, or hyper-
baric O2 protocols. Arterial and cerebral venous O2, and CBF were measured. 
Dc O2, VCO2, and cerebral O2 utilization coefficient (UC) were calculated.

Results: Standard O2 therapy showed near critical O2 UC, and slowly re-
covering VCO2 suggestive of ongoing delivery dependent ischemia. However, 
HBO substantially increased DcC>2 with a subsequently lower UC, but without 
increases in VcO2, demonstrating that there is no delivery dependent ischemia 
following reperfusion. Hypoxic O2 therapy decreased DcO2 without altering 
VcO2, suggesting compensatory mechanisms that may explain previously in-
consistent reports of neuroprotective effects.

Conclusions: O2 dynamics following cerebral ischemia can be influenced by 
manipulations in inspired O2 concentration, but these data also show that the 
injured brain has a greater compensatory ability than previously suspected.

-SUPrertedJbv a grant from the EaaftrgAnry Foundation

539.12
MCA SUTURE-OCCLUSION: CORRELATION OF LOCAL CERE-
BRAL GLUCOSE UTILIZATION WITH HISTOPATHOLOGY 
BY PIXEL-BASED IMAGE ANALYSIS. M.D. Ginsberg*, W. Zhao, 
L. Belayev and R. Busto Cerebral Vascular Disease Research Center, Dept. of 

Neurology (D4-5), Univ. of Miami, Sch. of Med., Miami, FL, 33101.

In this companion study, we related early alterations of local cerebral glucose uti-
lization (ICMRglc) with subsequent histopathology. Eighteen adult male Sprague- 
Dawley rats underwent 2-hour right middle cerebral artery occlusion (MCAo) 
by insertion of a poly-L-lysine coated intraluminal suture (Belayev et al, Stroke 
27:1616-1623, 1996). Group A rats (n=8) were perfusion-fixed for histology 72 h 
later. In Groups B and C (n=5 each), ICMRglc was measured autoradiographi- 
cally with 14C-2-deoxyglucose at 1.5-2.25h MCAo (B) or at 0.75-1.5h reperfusion 
(C). Histopathological sections and autoradiographic images were digitized (70 
pm/pixel). Histological section boundaries and infarcted regions were assigned 
values of 0 (no infarction) or 1 (infarction), and histopathological maps were gen-
erated depicting infarction frequency at each pixel location. Corresponding autora-
diographic sections in Groups B and C were averaged to form group-mean images. 
All 3 data sets were mapped into a common template at 8 coronal levels; lCMRgl 
and infarction frequency were correlated on a pixel-by-pixel basis; and cumulative 
frequency maps were generated. Of total pixels (in n=8 rats) destined to undergo 
infarction, ICMRglc measured at ~lh reperfusion (in /.tmol/lOOg/min) was < 23 
in 50%; < 26 in 75%; < 31 in 90%; and < 34 in 95% of pixels. By contrast, 1CM- 
Rglc measured during 2h MCAo was greater than 30 /imol/100g/min in 85% of 
pixels ultimately destined to infarct; indeed, one-half of pixels destined to infarct 
had ICMRglc greater than 45 /zmol/100g/min. We conclude that early ICMRglc 
at ~2h MCAo remains substantial even in pixels which will eventually undergo 
infarction, whereas by ~lh of reperfusion, profound hypometabolism characterizes 
almost all such areas. Thus, in this model, irreversible injury is already determined 
by lh following 2h MCA occlusion. (Supported by USPHS Grant NS 05820.)

539.13
GLIA ARE THE SOURCE OF LACTATE UTILIZED AEROBICALLY BY 
NEURONS FOR RECOVERY OF FUNCTION POSTHYPOXIA 
R.S. Payne, J.J. Miller1, B.M. Rigor. R.S. Levy*2 and A. Schurr. Depts. of 
AnesthesioL, Pathol.,1 and Biochem.2, Univ. of Louiville, Louisville, KY 40292.

Recently we have hypothesized that the utilization of lactate as an aerobic energy 
substrate for posthypoxia functional recovery is mandatory and provided evidence to 
support this hypothesis {Brain Res., 744:105, 1997; J. Neurochem., in press). While 
lactate has been suggested to be shuttled from glia to neurons for its aerobic utilization 
especially during neuronal excitation {Dev. Neurosci.,15:306, 1993; Proc. Natl. Acsd. 
Sci. USA, 91:10625, 1994), there is no direct evidence that glia are the main source of 
lactate that fuels posthypoxia neuronal recovery. The present study used the rat 
hippocampal slice preparation and the specific glial metabolic inhibitor fluorocitrate 
(FC; J. Neurochem., 48:1377, 1987; Brain Res., 732:232, 1996) to determine the role 
of glial lactate in posthypoxia neuronal recovery.

Rat hippocampal slices were prepared and maintained as described elsewhere 
{Brain Res., 614:10, 1993). Slices were perfused with standard artificial cerebrospinal 
fluid (aCSF) under an atmosphere of 95% O2/5% CO2. A CA1 population spike, 
evoked by stimulation of the Schaffer collaterals, was used as a measurement of 
synaptic function. Hypoxia was produced by replacing O2 with N2 in the gas 
atmosphere. Tissue glucose and lactate levels were determined enzymatically.

Of control, untreated hippocampal slices, 80% recovered synaptic function after
10-min hypoxia and 30-min reoxygenation. Slices perfused with aCSF containing 0.1 
mM FC showed no ill effects under normoxic conditions. However, when FC-treated 
slices were exposed to 10-min hypoxia, only 11 % recover synaptic function after 30- 
min reoxygenation. Lactate content in FC-treated slices at 5 and 9 min of hypoxia was 
significantly lower than its content in control slices during the same time points. Thus, 
the degree of recovery of synaptic function posthypoxia was directly correlated with 
the amount of lactate produced during the hypoxic period. When glial anaerobic 
lactate production was impaired by the metabolic inhibitor fluorocitrate, the recovery 
of synaptic function was prevented. These finding clearly point to glia as the source 
of the bulk of the lactate utilized aerobically by neurons for recovery of function.
This research was funded by the Department of Anesthesiology, University of Louisville.

539.14
DIRECT EVIDENCE THAT BRAIN LACTATE IS A MANDATORY AEROBIC 
ENERGY SUBSTRATE FOR POSTHYPOXIA RECOVERY OF FUNCTION 
A. Schurr*. R.S. Payne, J.J. Miller* and B.M, Rigor. Depts. of Anesthesiology and 
Pathology8, University of Louisville, School of Medicine, Louisville, KY 40292.

Recently we have shown in vitro that lactate is a preferred substrate over glucose 
for recovery of function from hypoxia and postulated that brain lactate is a mandatory 
energy substrate for posthypoxia recovery of synaptic function {Brain Res., 744:105, 
1997). The present study used the rat hippocampal slice preparation and a-cyano-4- 
hydroxycinnamate (4-CIN), a lactate transport inhibitor, to further test this postulate.

Rat hippocampal slices were prepared and maintained as described elsewhere 
{Brain Res., 614:10, 1993). Slices were perfused with standard artificial cerebrospinal 
fluid (aCSF) under an atmosphere of 95% O2/5% CO2. A CA1 population spike, 
evoked by stimulation of the Schaffer collaterals, was used as a measurement of 
synaptic function. Hypoxia was produced by replacing O2 with N2 in the gas 
atmosphere. Tissue glucose and lactate levels were determined enzymatically.

Within 15 min of its addition to the aCSF, 4-CIN (0.5 mM) blocked lactate- 
supported synaptic function in hippocampal slices under normoxic conditions without 
affecting glucose-supported synaptic function. When 4-CIN-treated (0.5 mM) slices 
were exposed to 10 min of hypoxia followed by 30-min reoxygenation, only 15% 
recovered synaptic function as compared with 80% of control slices. The meager 
recovery rate of 4-CIN-treated slices occured inspite of a 7-fold increase in slice 
lactate content during hypoxia, which was similar to the increase in control slices, 
and the abundance of glucose present before, during, and after hypoxia. Though 4- 
CIN did not interfere with normal anaerobic glycolysis, it significantly slowed down 
the fall in lactate's levels during reoxygenation as compared with control slices, a fall 
due mainly to lactate utilization. Thus, the effect of 4-CIN on recovery of synaptic 
function posthypoxia is exerted via inhibition of lactate transport, most likely from 
astrocytes, where the bulk of lactate is formed anaerobically, to neurons, where most 
of the lactate is being utilized aerobically. These data strongly support our postulate 
that lactate is a mandatory aerobic fuel for functional recovery posthypoxia.
This research was funded by the Department of Anesthesiology, University of Louisville.
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539.15
Mechanisms by which thiopental protects against anoxia-induced 
damage to CAI pyramidal neurons in rat hippocampal slices. T:Wang*, 
K.M.Raley-Susmanll, J.E.Cottrell and I.S.Kass. Depts of Anesthesiology & 
Pharmacology, SUNY Health Science Center at Brooklyn, Brooklyn, N.Y. 
11203. fDept of Biology, Vassar College, Poughkeepsie, N.Y. 12604 
Thiopental, an intravenous anesthetic, has been shown to protect against 
ischemic brain damage. However, little is known about the mechanism by 
which it protects. CAI pyramidal neurons in rat hippocampal slices were 
used to examine the protective effect of thiopental. Anoxia completely 
depolarized the membrane potential of the cells within 11.2 ± 1.6 min.(mean 
± sem). Thiopental (600 jiM) significantly prolonged the time until complete 
depolarization to 20.6 ± 2.9 min.. If oxygen was re-administered after 10 
minutes of anoxia, only 31% of the cells recovered in the untreated group, 
while 89% of the thiopental treated cells recovered from anoxia. The cells 
that recovered in the thiopental treated group showed a return of their 
membrane potential to pre-anoxic levels 10.9 ±1.0 min. after the end of 
anoxia, a return of their ability to generate action potentials in response to 
current injection after 16.4 ± 2.2 min., and a reappearence of synaptically 
evoked action potentials after 24.5 ± 8.0 min.. Anoxia (10 min.) caused a 
persistent inhibition of new protein synthesis in the CAI pyramidal layer ( 
11% of control levels). Thiopental significantly attenuated the anoxic protein 
synthesis inhibition (68 % of control levels). The protein synthesis was 
measured autoradiographically and expressed as silver grain density. Our 
results suggest that thiopental protects against brief anoxic damage by 
delaying the membrane depolarization and preserving protein synthesis. 
Supported by NIHGM and NSF.

539.16
A NEW APPROACH FOR IMPROVEMENT OF MEMORY DEFICITS 
IN ISCHEMIC RATS BY A SYNTHETIC CERAMIDE ANALOG 
J. InokuchP*. A. Mizutani^. M. Jimbo^, S. Usuki *, K. YamagishP, H. Motizuki^, 
KJVIuramoto2, K. Kobayashi2, Y. Kuroda2, KJwasaki3 Y-Qhgami3, and
M. Fujiwara3
^Seikagaku Corporation, Tokyo Research Institute, Tokyo 207. ^Department of 
Molecular and Cellular Neurobiology, Tokyo Metropolitan Institute for Neuroscience, 
Tokyo 183. department of Physiology and Pharmacology, Faculty of Pharmaceutical 
Sciences, Fukuoka University, Fukuoka 814-80, JAPAN

To address the role of brain gangliosides in synaptic plasticity, the synthetic ceramide 
analog, l-phenyl-2-decanoylamino-3-morpholino-l -propanol (PDMP) was used to 
manipulate the biosynthesis of gangliosides in cultured cortical neurons. Spontaneous 
synchronized oscillatory activity of intracellular Ca2+ between the neurons, which 
represents synapse formation, was suppressed by the depletion of endogenous 
gangliosides by D-t/zreo-PDMP, an inhibitor of glucosylceramide synthase. The 
decreased functional synapse formation was normalized by supplementation of GQlb 
but not by the other gangliosides, suggesting that de novo synthesis of ganglioside 
GQlb is essential for the synaptic activity (Mizutani A., et al., Biochem. Biophys. 
Res. Commun. 222, 494-498, 1996).

We reported here that the enantiomer of the inhibitor, L-threo-PDMP, could up- 
regulate in a long lasting manner both synapse formation and ganglioside biosynthesis 
through activating GM3, GD3 and GQlb synthases. In a similar time course, the 
activity of P42 mitogen-activated protein kinase was also facilitated by L-z/ireo-PDMP, 
suggesting a neurotrophin-like effect of this drug. To evaluate the efficacy of this drug 
in long term memory, rats were trained for 2 - 3 weeks using an 8-arm radial maze task, 
and then forebrain ischemia was induced by 4-vessel occlusion for lOmin x 2 with 60 
min interval. Chronic treatment of L-threo-PDMP (40mg/kg, i.p. for 6 days, twice a 
day) starting 24 hours after the ischemia improved the deficit of the well-learned spatial 
memory, demonstrating the potential therapeutic intervention of the ceramide analog for 
neurodegenerative disorders. (Supported in part by Japan Health Foundation)

ISCHEMIA: VESSELS, GLIA AND EDEMA

540.1
MORPHOLOGICAL CHANGES IN THE CEREBRAL VASCULATURE 
FOLLOWING TRANSIENT FOCAL CEREBRAL ISCHAEMIA. E.E. Peters. G. 
Gartshore. W.L. Maxwell1, I.M. Macrae (SPON: Brain Research Association).
Wellcome Surgical Institute and ’Laboratory of Human Anatomy, University of 
Glasgow, Glasgow. G61 1QH. U.K.

Morphological alterations in cerebral blood vessels have been reported following 
brain injury. These are believed to represent an acute inflammatory response which 
may contribute to reperfusion related injury.

Adult male Fischer 344 rats (~300g) were anaesthetised with Halothane (in 70% 
N2O:30% O2), mechanically ventilated and monitored. The left middle cerebral 
artery (MCA) was exposed and either 25nmol of endothelin-1 (ET-1; n=5) or 
vehicle (n=3) topically applied. Animals were maintained under anaesthesia for 4h 
after which they were killed by transcardiac perfusion with Kamovsky’s fixative 
and the brains left in situ for 24h. The left and right MCAs were dissected from the 
brains and, along with 300pm coronal sections taken from the region supplied by 
the MCA, processed for analysis by scanning electron microscopy (SEM).

SEM found evidence for a significant (p<0.0005; Student’s t-test) increase in the 
number of endothelial microvilli per 25pm2 in vessels taken from both the 
ipsilateral (75.4 + 3.2; mean + SEM) and contralateral (58.9 + 2.9) hemispheres of 
ET-1 treated animals compared with vehicle treated animals (ipsilateral 41.9 + 3.0; 
contralateral 36.5 + 2.4). Significantly greater (p<0.0005) numbers of microvilli 
were found in ipsilateral vessels of ET-1 treated animals than in contralateral 
vessels. Adherence of eiythrocytes, leukocytes and thrombus formation was 
observed in 5% of ipsilateral vessels with a diameter of >10pm of ET-1 treated 
animals but not in vessels from either the contralateral hemisphere or vehicle 
treated animals. These results provide strong evidence for the initiation of an acute 
inflammatory response following ET-1 induced transient focal cerebral ischaemia. 
E.E.Peters supported by a University of Glasgow Postgraduate studentship.

540.2
DELAYED VASCULAR PROLIFERATION WITH A BLOOD BRAIN 
BARRIER BREAKDOWN FOLLOWING A TRANSIENT BRAIN 
ISCHEMIA. 1>2Y. Kataoka*. 2H. Yamada. 3H, Niiya, 3H, Yanase, 
3Y, Nakamura,3A. Mitani and 3K, Kataoka. ’Dept. of Neurosci., 
Osaka Bioscience Institute, Suita, Osaka 565, 2Dept. of Anat., 
Shiga Univ. of Med. Sci., Otsu, Shiga 520-21, 3Dept. of Physiol., 
Ehime Univ. Sch. of Med., Shigenobu, Ehime 791-02, Japan.

A brain edema often occurs and advances days after various 
kinds of pathological events, i.e. ischemia, hemorrhage, and 
trauma. Such delayed edema is thought to be vasogenic and 
often linking to lethal outcome, but a mechanism underlying 
the induction has been unknown. We demonstrated the 
delayed vascular proliferation with a blood brain barrier 
breakdown in a region known for the delayed neuronal 
death, CAI area of the hippocampus. CAI pyramidal neurons 
of gerbil died at 2-6 days after the transient ischemia for 5 
min. In this region, the vascular cell proliferation assessed 
by the 3H-thymidine incorporation was most prominent at 4 
or 6 days after the transient ischemia, and an albumin 
leakage from blood vessels was observed concomitantly. This 
study proposes a neovascularization-induced brain edema in 
and around regions of delayed neuronal death. (Supported 
by Grant-in-Aid for Scientific Research from the Ministry of 
Education, Science and Culture of Japan for JSPS Research 
Fellowships for Young Scientists.)

540.3
BLOOD FLOW CHANGES CONTINUOUSLY AND DIFFERENTLY IN MANY 
AREAS OF RAT BRAIN AFTER MIDDLE CEREBRAL ARTERY OCCLUSION 
AND REPERFUSION. J. D. Fenstermacher, L. Wei*, T. N. Nag a raja, A. Yu, 
R. A. Knight, and M. Gorski. Anesthesiology and Neurology Depts., Henry 
Ford Hospital, Detroit, Ml 48202.

The proposition that local cerebral blood flow (LCBF) changes continuously 
after occluding and reopening the middle cerebral artery (MCA) in not only the 
ischemic brain areas but also non-ischemic areas was tested with a rat model 
of focal occlusion-reperfusion ischemia. The duration of MCA occlusion was 2 
hr; the periods of reperfusion ranged from 2 to 48 hr. LCBF was measured by 
the quantitative autoradiographic-iodoantipyrine technique. After 2 hr of MCA 
occlusion, the lowest LCBF’s (20 ml/hg/min) were found in the ipsilateral 
(ischemic) side of the globus pallidus and internal capsule. In these two 
areas, LCBF rose on the ischemic side after 2-4 hr of reperfusion and became 
equal to that on the contralateral side; after 22-48 hr, LCBF was ipsilateral 
side > contralateral side. In the parietal and insular cortex, LCBF fell sharply 
on the ischemic side after 2 hr of occlusion, became equal on the two sides 
after 2-4 hr of reperfusion, was ipsilateral > contralateral side after 22 hr, but 
reversed (contralateral > ischemic side) after 48 hr of reperfusion. For the 
caudate-putamen, LCBF was very high after reperfusion on both sides and its 
time-course again differed, specifically, ipsilateral > contralateral after 2-4 hr 
of reperfusion, contralateral > ipsilateral after 22 hr, and ipsilateral » 
contralateral after 48 hr. As for non-ischemic brain areas, LCBF in the 
ventrobasal nucleus of the thalamus was ipsilateral > contralateral after 2 hr of 
occlusion and 2-4 hr and 22 hr of reperfusion but became equal on both sides 
after 48 hr of reperfusion. The data support the hypothesis and suggest that if 
ischemia-induced molecular and cellular changes depend on local blood flow, 
then they may vary greatly among these brain areas.

Supported by NIH grant PO1 NS23393.

540.4
POTENTIATED P2U PURINOCEPTOR MEDIATED DILATIONS IN THE RAT 
MIDDLE CEREBRAL ARTERY FOLLOWING ISCHEMIA/REPERFUSION. SeanP. 
Marrelli1, William F. Childres1, H. David Shine*2, Robert M. Bryan Jr.1 Depts. of 
Anesthesiology1 & Neurosurgery2, Baylor Col. of Med., Houston, TX 77030.

We evaluated the effects of middle cerebral artery (MCA) ischemia/reperfusion 
(I/R) on dilations produced by stimulating endothelial P2u purinoceptors with UTP. 
These P^ mediated dilations have been shown to rely on the production of NO and 
an unknown L-NAME insensitive factor.

The MCA territory was subjected to 2 hours focal ischemia and 24 hours 
reperfusion. MCAs were then removed, mounted in a vessel chamber, pressurized to 
a mean of 85 mm Hg, and perfused with PSS at 200 pl/min. The chamber was 
mounted on an inverted microscope coupled to a video recording system. Changes 
in diameter were recorded to various agonists. Both I/R and sham vessels developed 
spontaneous tone during equilibration (23 v. 28%, respectively; p=NS). Resting 
diameters for the perfused MCAs (231±4 v. 217±13 pM) were not significantly 
different between I/R and sham groups. However, smooth muscle responsiveness to 
S-Nitroso-N-Acetylpenicillamine (10'9-10"6M), an NO donor, was reduced 
following I/R (n=7,5 IR v . sham). Despite this reduced NO sensitivity,
concentration response curves to the selective P2u agonist, UTP (10'9-10'5 M), 
revealed a potentiated response in I/R vessels compared to shams (n=6,5 
respectively). The maximum response to UTP was not altered. L-NAME (IO 5 M), 
an inhibitor of NO production, completely inhibited dilations to UTP below 10"6 M 
in shams without suppressing the maximum dilation at 10’5 M UTP. In I/R vessels, 
L-NAME only inhibited the dilation at UTP concentrations of 10'7 M and below. 
Indomethacin (10 5 M), an inhibitor of cyclooxygenase, did not alter the L-NAME 
insensitive component of the dilation in I/R vessels (n=4). Removal of the 
endothelium («=3), however, completely abolished the response to UTP, 
demonstrating the endothelium-dependence of the L-NAME insensitive factor. We 
conclude that I/R potentiates the endothelial mediated dilations produced by UTP in 
the rat MCA by an upregulation of an L-NAME-insensitive component. (Supported 
by PO1 NS 27616 and NIH Training Grant T32HL07816)
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540.5
AMELIORATION OF VASOSPASM AFTER SUBARACHNOID 
HEMORRHAGE IN SOD-1 TRANSGENIC MICE.H. Kamii, I. Kato, H. 
Kinouchi*, P. H. Chan, C. J. Epstein, A. Akabane, H. Okamoto, and T.
Yoshimoto. Depts. of Neurosurgery and Biochemistry, Tohoku Univ., Sendai 
980-77, Japan and Depts. of Neurosurgery, Neurology, and Pediatrics, Univ. of 
California, San Francisco, CA 94143

To clarify the effect of superoxide dismutase (SOD) on vasospasm after 
subarachnoid hemorrhage (SAH), we investigated sequential changes in arterial 
diameter after SAH in transgenic mice overexpressing CuZn-SOD (SOD-1). 
SOD-transgenic mice and non-transgenic littermates (35-40 g) were subjected to 
SAH produced by endovascular perforation of left anterior cerebral artery (ACA). 
At 4h, Id, 3d, 7d, and 14d after SAH, the mice were perfused with 10 % 
formalin, and consequently with carbon black and 10 % gelatin to cast all 
vessels. Vasospasm was evaluated by measuring the diameter of left middle 
cerebral artery (MCA) using a microscope. In non-transgenic mice, the diameter 
of the MCA on day 3 after SAH (110.5±20.5 pm, Mean±SD; n=16) was 
significantly reduced as compared to that without SAH (138.5±14.5 pm, n=12) 
(p<0.01). Moreover, on day 3 after SAH, the diameter of the MCA in SOD 
transgenic mice (127.9±20.2 pm, n=20) was significantly larger than that in 
non-transgenic mice (110.5±20.5 pm, n=16) (p<0.05). These results suggest 
that SOD is effective on the amelioration of vasospasm after SAH, and that 
oxygen free radicals, superoxide in particular, play an important role in the 
pathogenesis of vasospasm after SAH.

540.6
DECREASED rCBF FOUR HOURS AFTER SAH IN RATS. W.A, 
Kofke*, E, Nemoto. E, Simplaceanu, D. Williams. M. Rose. H.
Yonas Departments of Anesthesia and Neurosurgery, West 
Virginia Univ., Univ. of Pittsburgh, and Pittsburgh NMR Center, 
Carnegie Mellon Univ.

Our aim was to determine whether ischemia occurs within the first 
4h post-subarachnoid hemorrhage(SAH). Isoflurane anesthetized, 
intubated/ventilated male rats(10 control and 15 SAH) underwent 
rCBF acquisition by magnetic resonance imaging using arterial spin 
labeling in 10 brain areas; Baseline rCBF was obtained, after which 
SAH was induced by insertion of monofilament 2.1cm into the R 
common carotid followed by carotid ligation and closure. rCBF was 
obtained at 0.5,1,2,3 and 4hr post-SAH. Over time, in the SAH 
group there was an increase in rectal temp. Assessment of 
interhemispheric(IH) differences revealed rCBF to be lower in the 
right medial temporal cortex(MTC). Between groups R MTC and 
right basal ganglia rCBF were lower with a lower trend in the R 
hemisphere(P=0.08). In comparing IH differences between grps 
rCBF was lower in the MTC on the R side. In conclusion. SAH 
acutely increases temp while decreasing rCBF in the area of the 
hemorrhage. Support by American Heart Association (W. Pa.) and 
Copeland Foundation.

540.7
ENDOTHELIUM-DERIVED NITRIC OXIDE PRODUCTION IS DIMINISHED 
IN HUMAN ATHEROSCLEROTIC CAROTID ARTERIES. B. S. Oemar*. M, R. 
Tschudi. N, Godoy, T, Malinski and T, F„ Lu_scher, Cardiovascular Research, 
University Hospital of Zurich, and Dept. of Neurosurgery, University Hospital of 
Bern, Switzerland.
Endothelium-derived nitric oxide (NO) plays an important role in regulating 
vascular tone and platelet aggregation and is synthesized by the endothelial isoform 
of nitric oxide synthase (eNOS). Endothelial dysfunction associated with reduced 
NO production has been found in disease states such as atherosclerosis. Using a 
porphyrinic microsensor, NO release was measured in situ on the endothelial 
surface of freshly prepared human carotid arteries with advanced atherosclerotic 
lesions obtained by atherectomy. In parallel, eNOS protein expression was analyzed 
by immunohistochemistry using an anti-eNOS monoclonal antibody. For 
comparison, NO production and protein expression in internal mammary arteries 
(IMA) from age matched controls were analysed. In IMA, initial NO release after 
stimulation with the calcium ionophore A23187 (10 pmol/L) was 0.42±0.05 
jimol/L/s (mean±sem, n=10). In contrast, the initial rate of NO release in carotid 
arteries was reduced considerably to 0.08±0.04 jimol/L/s (mean±sem, n=10). NO 
peak concentration in IMA was 0.9±0.09 pmol/L (n=10), and is also reduced to 
0.1±0.03 pmol/L (n=10) in carotid arteries. This reduction of NO release in carotid 
arteries is accompanied by a dramatic reduction of immunoreactive eNOS protein 
in endothelial cells located at the luminal site of the atherosclerotic plaques. eNOS 
protein in this area is undetectable in all carotid arteries tested (n=l3). Endothelial 
cells of the vasa vasorum inside the atherosclerotic plaque, however, remained 
positive for eNOS staining. Taken together, these data suggest that advanced 
atherosclerosis in human is associated with substantial reduction of endothelial NO- 
production and eNOS protein expression. Reduced NO production in carotid 
arteries may accelerate the progression of atherosclerotic lesions and promote 
platelet aggregation and thrombosis leading to stroke. Supported by Swiss National 
Science Foundation Grants (32-32541.91 and 3100-047119.96/1).

540.8
EXPRESSION OF INDUCIBLE NITRIC OXIDE SYNTHASE PREVENTED 
BOVINE CEREBRAL ENDOTHELIAL CELL DEATH INDUCED BY'SERUM 
DEPRIVATION. C.HKim, J.W.Choi, Y.S.Ahn*, Dept. of Pharmacology, 
Yonsei Univ. Col. Of Med., Seoul, Korea 120-752

Previously we reported that low dose of tumor necrosis factor a(TNFa) or phorbol 
myristate 12,13-acetate(PMA) suppressed the bovine cerebral endothelial cell death 
induced by serum deprivation and nuclear factor-KB(NF-KB) activation by TNFa and 
PMA was responsible for the mechanism of cell death protection. Inducible nitric 
oxide synthase(iNOS) is one of the molecules of which expression is regulated by NF- 
k B. In this study, we observed the effect of induction of iNOS , as a product of NF- 
k B activation, on cerebral endothelial cell death induced by serum deprivation. NF-k B 
activation after TNFa and PMA was observed by electrophoretic mobility shift 
assay(EMSA). iNOS induction by TNFa and PMA was confirmed by RT-PCR. 
iNOS inhibitors, aminoguanidine and 2-amino-5,6-dihydro-6-methyl-4H-l,3- 
thiazine(AMT), partially prevented the effect of TNFa and PMA on cerebral endothelial 
cell death. Inhibition of iNOS was confirmed by measuring tlie nitrite formation upon 
treatment of iNOS inhibitors. Nitric oxide donors, sodium nitroprusside(SNP) and S- 
nitroso-N-acetylpenicillamine(SNAP), prevented the cell death in a dose dependent 
manner up to 10'3M. In contrast, 3-morpholinosydnonimine(SIN-l), also a NO donor, 
potentiated tlie serum-deprivation induced cell death in 10'3M. However, in this 
concentration, nitrite formation from it is much higher than SNP and SNAP(24 fold and 
36 fold respectively). When we treated the cells with SIN-1 (10'4M which 
concentration was equivalent to the concentration of SNP and SNAP in releasing NO 
detennined by nitrite formation) and superoxide dismutase, the endothelial cell death 
was prevented. These data suggests that the increased expression of iNOS by NF-k B is 
one of the protective mechanisms of TNFa and PMA on the bovine cerebral 
endothelial cell death induced by serum deprivation. We thanks Dr. Chung Y. Hsu for 
the kind donation of bovine cerebral endothelial cells. Supported in part by a Grant-in 
Aid for Basic Medical Research from the Ministry of Education.

540.9
NITRIC OXIDE POTENTIATES ANOXIA/REOXYGENATION-INDUCED 
CEREBRAL ENDOTHELIAL CELL INJURY. J.W. Beetsch*, A.R. 
Shah, L.M. Farwell, J.M. Gidday, and T.S. Park. Department of 
Neurosurgery, Washington University School of Medicine, and St. 
Louis Children’s Hospital, St. Louis, MO 63110.

The role of nitric oxide (NO) in ischemic brain damage is not well 
understood. Elevated levels of NO from inducible NO synthase 
mediate pathophysiologic dysfunction, but the cellular mechanisms of 
injury remain undefined. In the current study we investigated the effect 
of NO donors on cerebral endothelial cell (CEC) injury following anoxia 
and reoxygenation (AX/RO). CECs were isolated and cultured from 
murine cortex and subjected to 3.5 hr AX followed by 2 hr of RO. This 
AX/RO regimen resulted in 40% cell death of the CECs in the culture 
well as determined by lactate dehydrogenase efflux. When CECs were 
subjected to AX/RO in the presence of the NO donors s-nitroso-acetyl- 
pennicillamine (SNAP; 10pM and 100pM) or sodium nitroprusside 
(SNP; 10pM and 100pM), AX/RO-induced injury was progressively and 
dose-responsively exacerbated (42-74% increase over AX/RO alone). 
SNAP and SNP had no effect on CEC injury in normoxic control 
cultures. SOD (1000 U/ml) and oxypurinol (200 pM) significantly 
reduced CEC injury in cells exposed to AX/RO alone, but had no effect 
on CECs subjected to AX/RO in the presence of 100 pM SNAP or 
SNP. These results indicate that the formation of peroxynitrite does not 
contribute to SNAP and SNP-induced CEC injury, but suggest that 
AX/RO initiates other cellular mechanisms that render CECs vulnerable 
to NO-mediated cytotoxicity. (Supported by NIH NINDS 21045).

540.10
HYPOXIC-ISCHEMIC INSULT AFFECTS MYELINATION IN THE 
POSTNATAL RAT. J. R. Connor*. C. Palmer. R.L. Roberts. P. 
Cheepsunthorn, Dept. of Neuroscience & Anatomy, Penn State 
University College of Medicine, Hershey PA. 17033

Significant neurological defects are associated with 
perinatal hypoxia/ischemia. Using the Rice-Vannucci model 
(unilateral carotid ligation plus hypoxia) for induction of
hypoxic-ischemic (HI) insult in 7 day old rats, we examined
the effect of HI on myelin expression with a monoclonal 
antibody to RIP. Normally in the 8 day old rat, the RIP
staining is light and confined to individual cells in the
subcortical white matter. These cells are process bearing and 
have the morphological appearance of immature 
oligodendrocytes. Examination of animals at PND 8 which had 
been exposed to HI insult at PND 7 revealed a loss of 
immunostaining of immature oligodendrocytes and the 
appearance of RIP in amoeboid microglia. At 15 days of age, 
RIP staining is normally homogeneously dispersed 
throughout the white matter and extends into the lower layers 
of the cerebral cortex. In PND 15 animals which were 
subjected to HI at 7 days of age, the homogenous distribution 
of RIP in white matter is lost on both sides of the brain. RIP 
immunostaining is confined to the edge of the subcortical 
white matter in both hemispheres. Within the center of the 
subcortical white matter are RIP+ cells resembling immature 
oligodendrocytes. The same pattern of RIP immunostaining is 
still seen at 30 days of age (3 weeks recovery from HI). These 
data demonstrate that neonatal HI delays myelination. 
Supported by NIH grant HD 30704.
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540.11
AMPA RECEPTOR ACTIVATION MEDIATES HYPOXIC OLIGODEN-
DROCYTE DEATH IN VITRO. S.P. Althomsons, J.W. McDonald, K.L. Hyrc, L.L. 
Dugan, D.W. Choi, and M.P. Goldberg*. Center for the Study of Nervous System 
Injury, Washington Univ. Sch. of Med., St. Louis, MO 63110.

Oligodendrocyte (oligo) death and demyelination are important sequelae of many 
acute neurological disorders, including white matter stroke, spinal cord injury, and 
perinatal hypoxia-ischemia. We have found that oligos are highly vulnerable to 
excitotoxic injury produced by AMPA application both in culture 
(Soc.Neurosci.Abstr.22:478.5,1996) and in vivo (see abstract by J. W. McDonald 
et al., this volume). We speculated that similar mechanisms might mediate hypoxic 
injury. We studied murine cortical oligos maintained in oligo / astrocyte co-
cultures for 3-4 weeks, and identified by galactocerebroside-c immunofluores-
cence. Exposure to oxygen-glucose deprivation (OGD) for 1-3 hours produced 
graded and selective loss of oligos, but not type 1 astrocytes, by the following day. 
Addition of an AMPA antagonist, 50 pM NBQX, substantially attenuated hypoxic 
oligo death. OGD-induced injury was not reduced by addition of an NMDA an-
tagonist, MK-801 (10 pM), nor by idebenone (1 pM), PBN (100 pM), and trolox 
(30 pM), free radical scavengers shown to block glutamate-induced non-receptor- 
mediated oligo death in other systems (e.g., Oka et al., J.Neurosci. 13:441,1993).

Glutamate receptor expression and susceptibility were dependent on culture dura-
tion. In contrast to 3-4 week cultures, oligos in culture for only two weeks were not 
susceptible to OGD- or AMPA-induced death. This correlated with a rise in oligo 
[Ca2+]j during AMPA application in 3-4 week cultures but not in those at 2 weeks. 
These results suggest that hypoxic oligo damage in mature cultures is specifically 
mediated by the high vulnerability of oligos to AMPA receptor overactivation. 
Glutamate-mediated excitotoxic oligo death may contribute to hypoxic-ischemic 
white matter injury in vivo. Supported by grants from the NIH NS32636 (MPG and DWC), 
NS01931 (JWM) and the American Paralysis Association (JWM and DWC).

540.12
EFFECT OF GLIAL HEAT-SHOCK PROTEIN ON SENSITIVITY OF CNS 
WHITE MATTER AXONS TO ANOXIA. R. Wender*1, B. J. Snider2, R. Fern1, B. 
R. Ransom1. ‘Dept. of Neurology, Univ. of Washington Sch. of Med., Seattle, WA 
98195 and 2Dept. of Neurology, Washington Univ. Sch. of Med., St. Louis, MO 
63110.

Heat shock protein (HSP) expression in the CNS confers tolerance to 
hyperthermia and other forms of stress, e.g., hypoxia and ischemia. HSP induction 
follows a variety of insults, including hyperthermia and hypoxia. In nervous tissue, 
heat-shock-induced HSPs are localized mainly to glia. CNS white matter (WM) 
exhibits depressed function following anoxia. We questioned whether glial HSPs 
could protect WM axons from anoxic injury. We tested this hypothesis using the rat 
optic nerve, a WM tract. Optic nerves were pretreated in vitro with a ‘heat shock’ of 
44°C for 60 min. Robust HSP synthesis 6 hr later was confirmed by Western blot 
analysis. The nerves were subsequently subjected to either a 30- or 60-min period of 
anoxia 4 hr following the heat shock. Nerve function pre- and post-anoxia was 
quantitatively monitored as the area under the supramaximal compound action 
potential, with recovery expressed as (post-anoxia area)/(pre-anoxia area)xl00. 
Mean recovery in heat-shocked nerves following 30 min of anoxia was 50.7% (n = 
8; vs. 48.5%, n = 4, in controls) and following 60 min of anoxia was 23.0% (n = 4; 
vs. 21.3%, n = 3, in controls). These data suggest that glial HSPs induced in vitro do 
not confer protection against anoxia to WM axons tested 4 hr after induction. 
Further experiments will test the possibility that more time is needed for HSP 
protection of WM to develop. Whether HSP expression in vivo may help to mitigate 
WM damage remains unknown. We are currently investigating this question by 
inducing HSP expression in animals rendered hyperthermic by injection of 
amphetamine sulfate 24 and 48 hr prior to tissue harvesting. These studies are 
helping to establish the functional significance of HSP expression in CNS WM 
tracts. Supported by NIH Grant NS 15589.

540.13
ORIGINS OF THE EXTRACELLULAR GLUTAMATE RELEASED DURING 
COMPLETE METABOLIC BLOCKADE. W.J. Nicklas* and G.D. Zeevalk, 
Neurology Dept.UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, N.J. 08854 
...Studies with CNS preparations including retina, show that metabolism in neurons 
and glia can be distinguished by following incorporation of radiolabel from 3H- 
acetate and i4C-glucose into glutamate and glutamine. Only the glial compartment 
metabolizes acetate, thus producing 3H labeled amino acids, whereas the neuronal 
compartment readily utilizes glucose. In previous studies, our laboratory has shown 
that complete blockade of metabolism with iodoacetate (lOA)plus KCN in chick 
retina causes a time dependent increase in the release of glutamate into the 
extracellular space (JPET 257, 1991). To study the cellular source of this glutamate, 
retina were labeled by preincubation with 3H-acetate plus 14C-glucose for 10 min at 
37°C. The release of glutamate into the medium was followed at 0, 5, 15 and 30 min 
of 1OA-KCN exposure. Radiolabel in glutamate was determined by scintillation 
counting of fractions separated by HPLC. Net extracellular glutamate was not 
elevated above basal levels at 5 min (0.17±0.02 pM) but was increased significantly 
at 15 (1.2±0.26pM) and 30 (2.6±0.22pM) min. Total 3H-glutamate in the medium 
was unchanged at 5 min of IOA-KCN treatment, but increased 2-and 3-fold above 
basal levels at 15 and 30 min, respectively. During the time when extracellular 
glutamate increased, the specific activity of 3H-glutamate remained fairly constant, 
731 ±134 and 517±82 dpm/nmol±sem, at 15 and 30 min, respectively. On the other 
hand, 14C-labeled glutamate in the medium did not increase during 10A-KCN 
treatment and paralleled basal levels. Thus, the specific activity of 14C-labeled 
extracellular glutamate decreased from 309±87 dpm/nmol at 15 min to 42±8 
dpm/nmol at 30 min. The increase in extracellular 3H-glutamate, constancy of the 
specific activity of extracellular 3H-glutamate and decrease in the specific activity of 
extracellular f4C-glutamate indicates that glial pools of glutamate contribute 
significantly to release following metabolic inhibition. This work was supported by
P.H.S. Grant EY 11140

540.14
EFFECTS OF NMDA AND CALCIUM ANTAGONISTS ON EDEMA IN 
A COLLAGENASE-INDUCED INTRACEREBRAL HEMORRHAGE 
MODEL.
D.R. Bramlett, J.A. Moyer, M.A. Vinegra, and M.M. Zaleska*. CNS
Disorders, Wyeth-Ayerst Research, CN8000, Princeton, NJ 08543-8000.

The use of thrombolytic agents for the treatment of acute ischemic 
stroke has proceeded with caution due to high incidence of intracerebral 
hemorrhage in early clinical trials. (New England J. Med. 333:24, 1995). 
Other drug therapies under investigation for the treatment of ischemic stroke 
include NMDA and calcium receptor antagonists. Thus, the examination of 
these compounds for their potential effects on intracranial bleeding is an 
important consideration.

The current study examined the effects of CGS-19,755 (NMDA 
antagonist), s-emopamil (calcium antagonist) and heparin (a standard 
anticoagulant) on edema in a collagenase-induced intracerebral hemorrhage 
model. For induction of the hemorrhage, 2)4.1 of Type VII bacterial 
collagenase (0.4 or 0.8 unit) were infused into the left caudate nucleus of 
adult male spontaneously hypertensive rats. At 24 hours post-collagenase, 
brain water content (as a measurement of edema) was examined in the 
region containing the puncture site and the posterior region. Heparin (250 
IU/kg;iv), administered 30 minutes post-collagenase (0.8 unit), caused a 
significant increase in edema over control in both regions of the left 
hemisphere. CGS-19,755 (10 mg/kg;iv), injected 1 hr post-collagenase (0.4 
unit), significantly increased edema over control in the posterior region. S- 
emopamil (20 mg/kg;iv, 1 hr post-collagenase) significantly decreased 
edema compared to control in the posterior region for groups treated with 
0.8 unit collagenase. In conclusion, it is indicated from this study that 
NMDA antagonists may potentially exacerbate edema related to 
intracerebral hemorrhage, while calcium antagonists may provide benefits 
for its treatment.

540.15
ANION CHANNEL BLOCKERS AND HYPOOSMOTICALLY INDUCED 
AMINO ACID RELEASE FROM RAT CEREBRAL CORTEX. A.Y. 
Estevez, M.H. O’Regan. D. Song and J.W. Phillis*. Depts. of Physiology, 
Wayne State Univ. School of Med., Detroit MI 48201 and Biomedical 
Sciences, Univ. of Detroit Mercy School of Dentistry, Detroit MI 48207.

In an effort to restore normal cell volume after exposure to a hypoosmotic 
environment, cells release osmolytes, including ions and amino acids, into 
the extracellular milieu. The efflux pathway may involve anion channels. 
The present study was conducted to evaluate the effects of anion channel 
blockers on hypoosmotically-induced amino acid release. The left cerebral 
cortex of male Sprague Dawley rats was continuously perfused with artificial 
cerebrospinal fluid (aCSF) at a rate of 0.034 ml/min via a cortical cup. 
Samples were collected at 3 min intervals for HPLC analysis of amino acid 
content. The hypoosmotic stimulus, consisting of aCSF in which the 
concentration of sodium was reduced to 47 mM, evoked a release of amino 
acids, most notably taurine, but also including glutamate, aspartate and 
GABA. DIDS (n=7) significantly reduced hypoosmotically-induced taurine 
release. NPPB (n=7) also significantly reduced taurine release, although not 
to the same extent as DIDS. However, NPPB also resulted in a significant 
decrease in glutamate release compared to DMSO controls. These results 
support the notion that osmoregulatory processes in cortical cells may 
involve amino acid fluxes through anion channels.
Supported by NS #26912

540.16
Effect of Misoprostol on Cerebral Ischemic Infarct 
in Rats. L, C, Wang, S. M. Belknap, D. Z. Wang and T.L. 
Tang*, Department of Biomed, and Therapeutic sciences, 
Box 1649, University of iilionis College of Medicine, Peoria, 
IL 61656.

Misoprostol, a prostaglandin E1 analog, has been shown 
to be cytoprotective against ischemia in liver and kidney. Its 
effect in protecting ischemic brain cells has not been 
studied. By using the permanent suture model of right side 
middle cerebral artery occlusion, we studied misoprostol in 
focal cerebral ischemia. Twenty Fisher 344 rats were 
divided into two groups. Ten rats were given misoprostol 
(100pg/kg) intraperitoneally 2 hours prior to the induction 
of stroke. Ten rats were given for placebo. Three from 
misoprostol-treated and two from placebo-treated rats died 
of severe stroke. Two rats died during the surgical process. 
The survived rats were perfused and sacrificed after 24 
hours. Each brain was quickly removed, freshly sectioned at
1.5 mm in thickness and then stained in 2% 2,3,5-triphenyl- 
tetrazolium chloride solution for 20 - 30 minutes. The brain 
tissue was fixed in 10% formalin for 24 hours. Each section 
was scanned and infarct volume was measured by utilizing 
the NIH Image Analysis System. The average infarct volume 
was 138.8±52 mm3 (mean±SD) in the treatment group and 
129.8±52 mm3 in the placebo. Infarct volume was 8% larger 
in the treatment group. We conclude that misoprostol does 
not effectively reduce the infarct volume in acute brain 
ischemia. Misoprostol may in fact be detrimental to the 
ischemic brain cells in this stroke model. The worsening 
effect of misoprostol can be from its vasodilatory effect, 
which may exacerbate cerebral edema.

Society  for  Neuroscience , Volume  23,1997



1382 ISCHEMIA: VESSELS, GLIA AND EDEMA TUESDAY AM

540.17
EXPRESSION AND DISTRIBUTION OF VASCULAR ENDOTHELIAL 
GROWTH FACTOR (VEGF) AND BASIC FIBROBLAST GROWTH FACTOR 
(bFGF) IN THE DURA MATER OF MOYAMOYA DISEASE PATIENTS
K. Nishino1. T. Kumagai1*. S. Takeuchi1. H. Abe1. R. Tanaka1. A. Kakita2 and
H. Takahashi2 Departments of iNeurosurgery and 2Pathology, Brain Research 
Institute, Niigata University. Niigata, Japan.

Moyamoya disease is characterized by progressive occlusion at the terminal portion 
of the internal carotid artery, appearance of abnormal vascular network (so-called 
Moyamoya vessels) at the base of brain and formation of the transdural anastomosis 
(TDA). To investigate the mechanism of TDA formation, we examined the 
expression and distribution of immunoreactivity to angiogenic factors; VEGF and 
bFGF in dura mater. We also evaluated the vascular density by immunoreactivity to 
von Willbrand factor. Surgical specimens of the dura mater from patients with 
moyamoya disease and with other neurological diseases were studied. The dura mater 
from moyamoya disease patients with TDA showed dense VEGF immunoreactivity in 
endothelial cells and bFGF in smooth muscle cells of dural artery. These findings 
were not concerned with patients' age. In contrast, the dura mater from moyamoya 
disease patients without TDA showed faint VEGF and bFGF immunoreactivity. 
Moreover, the dura mater from juvenile patients (under twenty) with other 
neurological diseases showed moderate immunoreactivity to these angiogenic factors. 
In moyamoya patients with TDA, vascular density of dura mater was higher than that 
of moyamoya patients without TDA or control patients. Our results indicate that 
angiogenesis occurs on the process of TDA formation in the dura mater and that the 
amount of VEGF and bFGF are increased in the case with TDA. Thus, it is likely 
that VEGF and bFGF play an important role in the TDA formation of moyamoya 
disease.

TRAUMA III

541.1
PROLIFERATIVE EVENTS FOLLOWING RAT SPINAL CORD INJURY. D.J. 
Morassutti* I. Johnson, U. Hasselrot, D. Burke and Y.P. Zhang. Department of 
Neurological Surgery, University of Louisville, KY 40202
Recent studies have demonstrated the existence of growth-factor expanded proliferating 
neural precursor cells in the adult central nervous system. It has been shown that the 
ependymal cells lining the central canal of the spinal cord (SC) can proliferate in the adult 
and that a stab wound injury induces proliferative activity. The purpose of our study was to 
determine whether there is proliferative induction of potential precursor cell populations 
within the injured adult spinal cord.
Twenty adult Sprague-Dawley rats (225-250gm) were given a mild, moderate or severe 
spinal cord injury using the NYU contusion model in the mid-thoracic spinal cord. Control 
animals had laminectomies only. In the first 2 days each animal was injected with 
bromodeoxyuridine (BrDu) 65mg/kg ip every two hours for ten hours each day and then 
once daily for 3 weeks. At 3 wks the rats were intracardially perfused and fixed. Cryostat 
sectioned SC tissue was examined by double-labeled immunostaining for BrDu, GFAP, 
NF-160, NeuN, 04 or Nestin. Cell counts were made at high power over a ten cell 
diameter area of the central canal proximal to, distal to and at the injury epicenter. Areas 
with BrdU uptake proximally in control rats had 5.8±1.1 cells compared with 24.17±8.6 in 
the severely injured cord (p<005). At the epicenter of injury the respective counts were 
4.6±2.2 and 37.4±13 (p=.001); distally these were 5.2±2.4 and 28.2±11.6 (p<.005). We 
identified some of these proliferative cells to be astrocytes, oligodendroglia, and occasional 
putative precursor cells (Nestin +ve). Although numerous macrophages were BrdU+ve, the 
vast majority of the proliferative cells remained unidentified using the cell-specific markers 
used. None were neuronal.
From this study we conclude that there is an induction of proliferation in more than one 
subpopulation of cells in the region of the adult SC central canal. By exclusion most of 
these cells likely represent microglia. This work was supported by the Alliant Community 
Trust Fund.

541.2
2,3-DIHYDRO-6-NITRO-7-SUFAMOYL-BENZO(/)QUINOXALINE (NBQX) 
AMELIORATES ACUTE AXONAL PATHOLOGY AFTER SPINAL CORD 
INJURY. Lisa J. Rosenberg*, Yang D. Teng and Jean R. Wrathall, Neurobiology 
Division, Dept. of Cell Biology, Georgetown University, Washington, DC USA

Investigation of spinal cord injury (SCI) suggests that secondary injury 
factors such as glutamate-mediated excitotoxicity play an important role in 
neurological dysfunction after trauma. Previous experiments conducted with the 
drug, NBQX, a selective antagonist of the AMPA/kainate subtype of glutamate 
receptor, showed that microinjection of NBQX at the injury site significantly 
enhanced neurological function in rats after a 10 g X 2.5 cm (mild) contusive SCI. 
Histological analysis revealed a significant reduction in lesion length at one month 
postinjury (pi) and a doubling of residual WM at the epicenter, suggesting a 
beneficial effect of NBQX on acute axonal pathology. To test this hypothesis, we 
assessed axonal pathology at 4 h pi in rats with a mild SCI (n = 5) and those treated 
15 min after injury with 15 nmol of NBQX (n = 5) as compared to uninjured 
controls (n = 5). Plastic embedded sections were examined by light and electron 
microscopy. Electron micrographs of ventromedial white matter were used for 
quantitative analysis. The Axonal Injury Index, a numerical representation of 
overall axonal pathology (Rosenberg et al., J. Neurotrauma 13:604, 1996), was 
significantly reduced with NBQX treatment (1.90 ± 0.20 vs. 2.64 ±0.14). Closer 
examination showed that NBQX significantly reduced axoplasmic rather than 
myelin abnormalities. Approximately 50% of the large diameter axons (> 4.5 pm) 
had been lost in the untreated injury group; there was no evidence of loss of large 
axons in the NBQX-treated group. We also examined the effects of NBQX 
treatment on glia and found no difference in glial numbers between normal controls 
and the injured NBQX-treated group. In the untreated injury group, we observed a 
20-30% loss in glia. Our data show that the AMPA/kainate receptor antagonist, 
NBQX, significantly ameliorates acute axonal pathology after SCI. NBQX may be 
acting on the supporting glial cells, which have AMPA/kainate receptors, to reduce 
secondary white matter injury after spinal trauma. This work was supported by 
grants NIH P01 NS28130 and NIH T32 HD07459.

541.3
BASIC AND ACIDIC FIBROBLAST GROWTH FACTORS PROTECT SPINAL 
CHOLINERGIC NEURONS IN VIVO AFTER EXPERIMENTAL SPINAL 
CORD INJURY. Y. D. Teng*, I. Mocchetti and J. R. Wrathall. Division of 
Neurobiology, Department of Cell Biology, Georgetown University, Washington 
DC 20007.

In spinal cord injury (SCI), loss of autonomic and somatic motor function is 
often life threatening. Spinal cholinergic neurons include the ventral horn neurons 
(VHN, somatomotor) and intermediolateral neurons (IMLN, preganglionic 
sympathetic motor). Basic fibroblast growth factor (FGF2) can prevent death of 
basal forebrain cholinergic neurons from axotomy. FGF2 is up-regulated at the 
lesion site after SCI (Mocchetti et al., Exp. Neurol. 141: 154 - 164, 1996). We 
hypothesized that further increasing FGF levels with exogenous FGF2, or acidic 
FGF (FGF1) that has similar affinity to common FGF receptors, would protect 
spinal cholinergic neurons from acute effects of SCI. Using a rat model of 
clinically relevant spinal contusion (10 g x 2.5 cm), we microinjected 3 pg of 
FGF2 (n = 8), FGF1 (n = 8), Nerve Growth Factor (NGF, n = 4), or vehicle 
solution (VEH, n = 8) into the injury site of the spinal cord at 5 min postinjury 
(pi). The spinal cords were collected at 24 h pi. Hematoxylin and Eosin staining 
showed that the longitudinal extent of the SCI-caused VHN absence was 3.75 ± 
0.16 mm in the VEH group. There was no discernible effect of NGF, consistent 
with the lack of trkA receptor in these neurons. However, FGF2 and FGF1 
significantly reduced the extent of VHN absence (2.75 ± 0.16 and 2.5 ± 0.32, unit: 
mm). In addition, FGF2 significantly decreased the length of IMLN absence (2.25 
± 0.16 vs 4.88 ± 0.48, unit: mm). Neuronal counts demonstrated that FGF2 
significantly increased IMLN numbers at spinal levels rostral and caudal to the 
injury epicenter compared to the controls. Both FGF1 and FGF2 significantly 
increased the VHN numbers at spinal levels adjacent to the injury site. 
Immunocytochemistry confirmed that the surviving VHN and IMLN were choline 
acetyltransferase positive. The results indicate that FGF can protect spinal 
cholinergic neurons acutely after SCI. (Supported by NIH RO1-NS-32671)

541.4
ASSESSMENT OF LOWER URINARY TRACT FUNCTIONAL DEFICIT IN 
RATS WITH CONTUSIVE SPINAL CORD INJURY. V. Pikov*, RA, Gillis, and 
J.R Wrathall. Department of Cell Biology, Georgetown U., Washington, DC 20007

Patients with traumatic spinal cord injury (SCI) usually exhibit severe lower 
urinary tract (LUT) dysfunctions. Studies done with surgical transection models 
have attributed these dysfunctions to loss of supraspinal control over spinal 
micturition centers, associated with plasticity secondary to bladder overdistension 
during the initial period of bladder areflexia. The object of this study was to assess 
LUT functional deficit in a clinically relevant incomplete SCI model in order to 
investigate how preservation of supraspinal connections can reduce LUT 
dysfunction, as compared to complete transection.

Standardized 10 g x 2.5 cm weight-drop contusion at T8 resulted in a consistent 
pattern of deficits in hind limb function. The urometric experiments were conducted 
on normal and injured rats at 3-4 days (acute) and 12-16 days (chronic) after injury 
(n = 7 per group). Animals were behaviorally tested for hind limb function at day 1 
after SCI and weekly thereafter. In anesthetized rats, a transurethral catheter was 
used for continuous bladder filling with saline (0.22 ml/min). Changes in bladder 
pressure and external urethral sphincter (EUS) electrical activity were monitored, 
using simultaneous cystometrography (CMG) and EUS electromyography (EMG) 
respectively. At the end of the urometric experiment, the bladder was dissected and 
weighed with and without residual saline. Several aspects of chronic LUT 
dysfunction after incomplete contusive SCI were similar to complete transection, 
e.g., reduction of voiding efficiency (~5% of normal value), decrease in 
intercontraction interval (47%), increase in bladder weight (4.6 fold) and capacity 
(7.5 fold). One aspect appeared different from transection, i.e., partial recovery from 
acute bladder/sphincter dyssynergia, presumably due to residual axonal sparing. 
The role of sparing will be assessed further by testing whether the degree of SCI 
correlates with the extent of LUT functional deficit.

Supported by NIH grant PO1-NS28130.
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541.5
ALTERED VOLTAGE-GATED POTASSIUM CHANNEL ACTIVITY 
CONTRIBUTES TO AXONAL DYSFUNCTION AFTER SPINAL CORD 
INJURY. R. Nashmi* and M.G, Fehlings. Playfair Neuroscience Unit, The Toronto 
Hospital Research Institute, University of Toronto, Toronto, Ontario, Canada M5T2S8.

The axons in the subpial rim which survive SCI display dysfunctional conduction 
properties which contributes to the neurological deficits of spinal cord injured patients. 
After chronic SCI, blockade of K+ channels with 4-aminopyridine (4-AP) improves 
axonal conduction. However, there are a great variety of K+ channels and the specific 
K+ channels that mediate axonal dysfunction after SCI has not been established. In this 
study, we used electrophysiological techniques to characterize the K+ channels that are 
involved in axonal dysfunction after SCI, with the goal of developing pharmacologic and 
molecular treatment approaches.

Compound action potentials (CAPs) and current clamp data were recorded from acutely 
or chronically injured and uninjured rat dorsal column slices using the sucrose gap 
technique. Injury was performed either in vitro (acute SCI: to the dorsal column strip 
with a 2g clip for 15 sec) or in vivo (chronic SCI: 6 weeks post 23g injury for 1 min.

Chronically injured axons showed a significantly reduced CAP amplitude (1.7 ± 1.0 
mV) as compared to uninjured axons (20.5 ± 1.5 mV) and a slower conduction velocity 
(3.3 ± 1.0 m/s for injured, 5.7 ± 1.5 m/s for uninjured). The injured dorsal column also 
displayed a longer refractory period and a greater degree of high frequency conduction 
block at 200 Hz. Infusion of 4-AP (1 mM) resulted in a significantly greater increase in 
CAP amplitude of chronically injured (158.6±7.7%) as compared to noninjured axons 
(111.3±5.9%). Current clamp recordings of acutely injured axons showed an increase 
in an early K+ conductance which was activated by depolarizing pulses. This early K+ 
conductance was blocked by 5 mM 4-AP. No significant difference was found between 
the CAP amplitude of chronically injured axons (97.7 ± 10.4%) as compared to uninjured 
axons (98.6 ± 8.4%) during tetraethylammonium (TEA, 10 mM) infusion.

Our results are consistent with the hypothesis that the 4-AP sensitive K+ channels that 
have rapid gating kinetics show altered activity following SCI and therefore, may 
contribute to axonal dysfunction. Therefore, targeting these specific K+ channels may 
be one therapeutic strategy to improve the neurological function in paralyzed patients 
{Supported by the Easter Seal and the Rick Hansen Man in Motion Foundation).

541.6
ACTIVATION OF TRANSCRIPTION FACTOR NF-xB FOLLOWING 
ACUTE SPINAL CORD INJURY. JR Bethea*, M Castro, TT Lee, WD 
Dietrich and RP Yezierski. The Miami Project to Cure Paralysis, University of 
Miami School of Medicine, Miami, FL 33136.

Inflammatory responses are a major component of secondary injury and play 
a central role in mediating the pathogenesis of acute and chronic spinal cord 
injury (SCI). The nuclear factor-kappa B (NF-xB) family of transcription factors 
play an essential role in the inducible regulation of a variety of genes involved in 
inflammatory, proliferative, and cell death responses of cells. This study was 
designed to elucidate the involvement of NF-xB in the pathogenesis of acute SCI. 
NF-xB resides as an inactive dimer complexed to an inhibitory protein IxB in the 
cytoplasm. Activation of NF-xB requires post-translational modifications of this 
trimeric complex resulting in the dissociation of IxB from the activated NF-xB 
dimer. In an attempt to reproduce the pathological events associated with acute 
inflammation following SCI, we used a contusion model system (NYU Impactor) 
to initiate the early biochemical changes that occur following traumatic injury to 
the spinal cord. To study the activation and cellular distribution of activated NK- 
xB, a monoclonal antibody that selectively recognizes p65 in activated NF-xB was 
used. The results have shown that NF-xB activation occurs as early as 0.5h post 
injury and persists for at least 72h. Little or no activity was detected in uninjured 
animals. Using double-staining protocols, activated NF-xB was detected in 
macrophages/microglia, and endothelial cells within the injured spinal cord. Co-
localization of activated NF-xB with NF-xB target expression, i.e. ICAM-1 and 
VCAM at 24 and 72h post injury, suggests functional implications for this 
transcription factor in the pathogenesis of acute spinal cord injury. In conclusion, 
the present study provides evidence supporting the involvement of an 
inflammatory cascade initiated by NF-xB activation in producing secondary 
pathological changes following SCI. Future studies directed at blocking the 
initiation of this cascade may prove beneficial as a therapeutic intervention for 
acute SCI. [Supported in part by funds from NMSS and The Miami Project 
(JRB).j

541.7
CALPAIN-CALPASTATIN mRNA EXPRESSION IN SPINAL

Wilford. E Hogan. Medical University of South Carolina, 
Charleston, SC 29425

A pivotal role for calpain in tissue destruction in SCI has been 
previously implicated. Findings of increased calpain activity and 
immunostaining in the lesioned cord compared to control suggested 
elevated expression of calpain at the mRNA (gene) and protein 
levels. We investigated whether there are alterations in calpain 
and calpastatin mRNA levels in the lesion and sham cord at 
different times following injury. SCI (40 g-cm) was induced by 
weight-drop. mRNA expression was studied by RT-PCR using 
primers specific forg and mcalpain and calpastatin cDNA. B-actin 
served as internal control. Calpain expression for both p. and m 
isoforms at the mRNA level increased in the lesion with time 
following injury compared to control. Thus, the mRNA level 
increased 25% at 1 hr and remained elevated through 72 hrs after 
trauma. The calpastatin mRNA level remained unchanged. These 
results suggest that calpain expression and activity increase early in 
injury and that calpain is involved in axon and myelin destruction 
in SCI. The use of calpain inhibitors in SCI may protect axon and 
myelin integrity by preventing protein degradation. Supported by 
NIH-NINDS 31622, NMSS-2130, and PVA-SCRF 1238.

541.8
FREQUENCY-DEPENDENT RATE-MODULATION OF LUMBAR REFLEXES 
IN NORMAL AMD T8 HEMISECTED RATS: GABAb RELATED PATTERNS
FJ. Thompson^1, R. Parmer1. P, Tang1. VV, .8, Andersoft.J..PJ. ReieP2 .
Depts. of Neuroscience1, Neurosurgery, Univ. of Florida Brain Institute, 
Gainesville, Florida 32610-0244.
Experiments were performed to determine the frequency-dependent patterns of rate- 
depression and PTP of tibial monosynaptic reflexes (MSRs) in normal animals and the 
time course of changes at specific intervals following midthoracic hemisection. The 
magnitudes of tibial MSRs were tested as a function of control and several test 
stimulus frequencies in time-matched normal animals (n=7) and in animals at 2,4, and 
6 weeks following midthoracic spinal hemisection (2 weeks, n=9; 4 weeks, n=8; and 
6 weeks, n=9, respectively). Significant decrease in the magnitude of rate-depression 
was observed following hemisection at all test frequencies for each of the post-injury 
intervals, although the severity of the change was progressive in onset and was 
followed by recovery. The attenuation pattern at low test frequencies (0.3 - 4 Hz) was 
accurately predicted by a 3rd order polynomial: y = Po - P,(F) + P2(f2) + P3(f3), where 
F = test frequency, correl. coef. was 0.996, p $0,008. Attenuation observed at 5 to 20 
Hz was accurately predicted by a first order polynomial: y = p0 - p,(F), where F = test 
frequency, correl. coef. was 0.998, and p < 0.035. These analyses revealed patterns 
in both normal and injured animals that suggested 2 conclusions: 1) different 
mechanisms contributed to rate-attenuation at low frequency compared to high 
frequency, 2) the two patterns may be differentially altered by injury. Posttetanic 
potentiation (PTP) was examined in normal and post-hemisection animals. The 
magnitude of PTP was not significantly altered following injury, although the decay 
was prolonged. The normal pattern of rate-depression & PTP could be transformed 
to closely resemble the patterns observed following hemisection by intraspinal 
injection of the GABAb antagonist, CGP-35348. (Supported by nih -nincds  (ROI-ns - 
33333-01A1& P01 NS35702); PVA-SCRF; and the BSCIR Trust Fund of Florida.

541.9
A MODEL OF SPINAL CORD INJURY IN MICE. G.S. Fan*1. J. Xu1. X.Z, Liu1. H. 
Li* X.M. Xu2, and C.Y. Hsu1. ’Dept Neurol., Washington U. Sch. of Med., St Louis, MO 
63110; *Dept Anat & Neurobiol., St Louis U„ Sch. of Med., St Louis, MO 63104.

A spinal cord injury (SCI) model has been well established in rats using the New York 
University (NYU) impactor (J. Neurotrauma 9:123-128,1992). This model may be a valid 
representation of the ‘contusion/cavity type’ of injury that represents 33% of human spinal 
cord injuries (Advances Neurol. 59:75, 1993). In the present study, we explored the 
possibility of applying the NYU impact device in the studies of SCI in mice. Adult 
C57BL/6N (n=l 9) and CB6F (n=17) mice age 10 wks were used for the study. After the 
exposure of the spinal cord at the T10 level, a 10 gm rod was dropped from heights of 3.1 
or 6.25 mm onto the cord surface using the NYU impactor. The animals’ behavior change 
was evaluated weekly using a locomotor rating scale for open field testing (BBB scoring 
system; J. Neurotrauma 12:1-21,1995) for 4 wks. Then the animals were perfused and 
cross sections of the spinal cord were stained with Hematoxylin and Eosin (H&E) for 
histological evaluation Open field testing showed significant differences in the functional 
deficit and spontaneous recovery between the two degrees of injury. There were no 
differences in motor recovery between the two mouse strains. In mice that received a 3.1 
g-cm injury, the epicenter of the cord was compressed dorsoventrally and its cross section 
area was dramatically reduced. The damage appeared to be more severe in the dorsal half 
of the cord where the cell/nuclear density was significantly increased than seal in controls. 
The ventral portion of the cord, including ventral funiculus and a part of the ventral horn, 
was damaged to a lesser extent There was no apparent cavitation observed. When the 
injury was made at the 6.25 mm level, similar pathological changes were observed at the 
injury epicenter. In addition, cavities were observed. Our results suggest that the NYU 
impact method may be a valid approach to study SCI in mice and may be useful in 
exploring molecular mechanisms of SCI in transgenic mice. In addition, the BBB scoring 
system may also be useful to evaluate the recovery of motor function following SCI in mice. 
(Supported by NIH grant NS 32000 to CYH, Paralyzed Veterans of America to XMX and 
JX, and The Daniel Heumann Fund for Spinal Cord Research to XMX).

541.10
Methylprednisolone (MP) Reduced Tumor Necrosis Factor-a (TNFa) 
Expression And Nuclear Factor Kb (NF-Kb) Binding Activity After 
Spinal Cord Injury In Rats. C.Y. Hsu, G.S. Fan, Y.J. Wu, S.W. Chen,
P.A. Young* 1, YX.M. Xu^, J. Xu. Dept. Neurology, Washington Univ.
Sch. Med., 1 Dept. Anatomy, St. Louis Univ. Sch. Med., St. Louis MO 
63110.

Post-traumatic inflammatory reaction has been implicated in the 
secondary injury after SCI. TNFa is a key inflammatory mediator in cell 
death in inflammation and brain damage after traumatic injury. TNFa exerts 
its effector actions at least partially through a pro-inflammatory 
transcription factor, NF-kB, which in turn upregulates such genes as iNOS, 
other cytokines, and adhesive molecules. We noted an increase in TNFa 
expression after SCI in rats by semi-quantitative RT-PCR, Western blotting 
and immunohistochemistry (see Liu XZ et al, this session). TNFa 
expression was accompanied by an increase in NF-kB binding activity in 
the injured cord. MP is the only drug for the therapy of patients with acute 
SCI. The mechanism of action of MP is not fully understood, but is thought 
to be related to its antioxidant effects. MP is also a potent anti-inflammatory 
agent and inhibits NF-kB binding activity. MP (30 mg/kg IV) given 
immediately after SCI reduced TNFa expression and NF-kB binding 
activity. These findings suggest that post-traumatic inflammatory activity 
via the TNFa - NF-kB cascade can be suppressed by MP. The roles of 
TNFa and NF-kB in the secondary injury after SCI and whether MP exerts 
its therapeutic effects through the TNFa - NF-kB cascade remain to be 
elucidated. (Supported by American Paralysis Association, Paralyzed 
Veterans of America, and NIH grants NS28995 and NS32000.)
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541.11
ULTRASTRUCTURAL EFFECTS OF GLUTATHIONE (GSH) 
REDUCTION BY BUTHIONINE L-SULFOXIMINE (BSO) AND 
ETHACRYNIC ACID (EA) ON CULTURED SPINAL NEURONS. 
Dt,fo Emery*t D,Wh.QQfor+ and J,,HA..Luga$+, Dept. of Zoology and 
Genetics, Iowa State University, Ames, IA, 50010, and +Dept. of 
Physiology, Ohio State University, Columbus, Ohio 43201.

We have shown, using a mouse spinal neuron culture model, that 
neuronal death after a standardized dendrotomy is accompanied by 
severe, irreversible damage to the mitochondria (Exp. Brain Res. 
67:52). Mitochondria, which lack endogenous catalase, are especially 
susceptible to damage by free radicals. GSH appears to be the 
principal antioxidant protecting mitochondria from damage by free 
radicals. Lucas et al. (this volume) report that reducing GSH 75 to 
100% with 0.01 to 0.1 mM EA reduces neuronal survival after 
dendrotomy, while enhancing GSH greatly increases neuronal 
survival. Reduction of GSH hy BSO, however, had no effect on 
dendrotomized neurons. Since EA is known to deplete mitochondrial 
stores of GSH, while BSO does not, this study was undertaken to 
compare the effects of EA and BSO on mitochondrial ultrastructure 
in unlesioned spinal neurons.

More than half of 32 neurons examined by electron microscopy 
had greatly dilated mitochondria after 2-4 hours exposure to EA. No 
other consistent changes were seen. Mitochondrial swelling was less 
pronounced after treatment with O.OlmM EA than with O.lmM. A 
comparable reduction of GSH by 5mM BSO caused no consistent 
effects in 30 cells examined, although slight mitochondrial dilation 
was apparent in some cells after 4 days exposure to BSO. These 
results support the view that reduction of GSH is not deleterious to 
uninjured neurons unless mitochondrial stores are affected. Funded by 
Spinal Cord Research Foundation grant 1572 to JHL.

541.12
EFFBCTS OF GLUTATHIONE (GSH) ENHANONG/COLEIING AGENTS CM 
MURINE SPINAL NEURON SURVIVAL AFIER DENDROTOMY. JH Lucas*

Stagexy and ftriidogyr, College cfDotistiy, Ohio Slate Univ.,GiiBnbus,QH4321G 
GSH is part cf the endogenous system that protects cells against free radkahneciated

damage. We evaluated the effects cf GSH enhancement (N^cel)4cysteine,NAQL2<KD- 
4-diaaikine coboxylte acid, LOTC; gammfrgulamyicysteineiGC) or depletion (ethaoync 
add, EA) on spinal cad (SC) neuai survival after a phyrical (membrane dfcnjption) injuy. 
Stage I Toskifr Shucks The maximum ncrtoxk oonceOiation (no death or visible 

stress cf cultured, jstesroned neurons or glia after a 24h exposure) fcr each agent was: EA 
ttl mM;NAC, 10mM;LOTC,5mM;GC,20mM
Stage n Effects on GSH in SC Cdtares EAatQOl mMandQl mMfor2h 
reduced GSH 75% and 87%. GSH increased 65% and 41% by 10mMNACfor2hand 
24h,401%and445%by 5mMLOTCfor4iand2fii,and 196% by 2mMGC for24h. 
Stage ffl Effects on Lesioned Neuron Survival Neurons were subjected to 
transection of aprimaty dendrite KU/rmfionthesomawithaUVlagernicrobeam. Agents 
were applied 2h or 4h before stageiy. Each percentage is the mean 24h survival in 39 
experiments (30-90lesioned neurons).
1. GSH depletion: control (no EA) groups 46%+6; Q0Q5 mM, 38% + 5; 0.01 mM, 
32%+5;QQ5mM,25%+6(one fector ANOVAp< O001)
2. GSH enhancement: (a)L0TC control (noLOTC),54%+7;0.1mM,68%+5;05 
mM, 72% ±8; 1.0 mM, 72% ±8; 20 mM, 67%+ 8 or 5.0 mM, 58% ±10 (one fector 
ANOVA, p < 0.001). (b) GC: control (no GQ, 48% ± 9; 0.05 mM, 53% ± 6; a 1 mM, 
77%±6;02mM,74%±9;05mM,74%±5; 1.0mM,72%±4;(onefectorANOVA,p 
< .001). (c) NAC had no significant effects. These initial results suggest that SC neuron 
survival after physical injury is a function of [GSHf, and that augmenting [GSHf may be a 
therapeutic strategy for CNS trauma. Rinded fay Spinal Cord Research Foundation grant 
1572 to JHL

541.13
INTRASPINAL INFUSION OF QUINOLINIC ACID PRODUCES 
INFLAMMATORY LESIONS AND BEHAVIORAL DEFICITS IN 
GUINEA PIGS H. G, Waage. J. R. Yates. A.R. Blight and M.P. 
Heves* #. Div.Neurosurg., Univ. NC, Chapel Hill, NC 27599 and 
#Lab. of Neurotoxicology, NIMH, Bethesda, MD 20892.

Quinolinic acid (QUIN), a neurotoxic metabolite of tryptophan, has 
been implicated in a range of inflammatory neurological conditions and 
is produced in the spinal cord following experimental injury (see 
abstract by Yates et al.). This study examined whether QUIN alone can 
induce some of the functional deficits and structural damage seen 
following spinal cord injury in guinea pigs. This hypothesis was based 
on observed beneficial effects of inhibiting QUIN synthesis. Neither 
single micro-injections nor subdural infusions of QUIN in adult guinea 
pig spinal cord produced significant behavioral effects. Chronic 
intraspinal infusion, using an osmotic pump connected to a 33G 
catheter, delivering 125 mM QUIN at 1 gL/hr, produced delayed 
behavioral deficits, similar to those following compression injury, and 
resulted in large, inflammatory lesions of the spinal cord. Similar 
infusion of buffer vehicle or of equal concentrations of nicotinic acid did 
not produce similar behavioral deficits and resulted in only a relatively 
small extent of mechanical damage, consistent with damage from the 
cannula. These data suggest that endogenous QUIN may mediate some 
of the secondary damage seen in spinal cord injury, and that both 
prolonged presence and local sources of QUIN may be essential for 
these effects. Expression of QUIN toxicity in the spinal cord may also 
require breakdown of the local glial environment, blood brain barrier 
dysfunction, or the production of additional neurotoxic factors. 
Supported by grants NS 33687 & NS 07166 from NIH-NINDS.

541.14
SUSTAINED BEHAVIORAL IMPROVEMENT FOLLOWING 
SUPPRESSION OF LOCAL QUINOLINIC ACID SYNTHESIS IN 
INJURED SPINAL CORD J.R. Yates*. A.R. Blight. B. Mekonnen# 
and M.P. Heves#. Div. Neurosurg., Univ. NC, Chapel Hill, NC 27599 
and #Lab. of Neurotoxicology, NIMH, Bethesda, MD 20892.

Previous studies showed that inhibition of quinolinic acid (QUIN) 
synthesis with 4-chloro-3-hydroxyanthranilic acid (4-C1-3HAA), in 
guinea pigs with experimental spinal cord injury, attenuates behavioral 
deficits and intraspinal accumulation of QUIN up to 3 days post injury 
(Brain 1995, 118: 735). We examined whether this effect was 
sustainable up to the time of normal peak QUIN accumulation, at 12 d 
post injury, and the extent to which accumulation of QUIN involved 
synthesis within the spinal cord itself, rather than systemic processes. 
Moderately severe compression injuries of the thoracic spinal cord were 
produced in adult guinea pigs. Animals were randomized to treatment 
with 100 mg/kg 4-C1-3HAA or buffer vehicle, delivered by i.p. injection 
every 12 h, beginning at 5 h post injury. Behavioral function was 
monitored daily. At 7 d post injury, all animals were implanted i.p. with 
osmotic mini-pumps, delivering [13C]7-QUIN. At 12 days, serum, 
CSF, and spinal cord tissues were collected for analysis of QUIN and 
[13C]7-QUIN by GC/MS. The accumulation of QUIN in the injured 
tissue and surrounding spinal cord was derived principally from local 
synthesis, not from blood. Twice daily administration of 4-C1-3HAA 
was sufficient to reduce QUIN synthesis/accumulation by more than 
50%, and this was accompanied by significant attenuation or elimination 
of deficits in cutaneous reflexes and hind-limb function that normally 
develop between 5 hours and 3 days post injury. Supported by grants 
NS33687 & NS07166 from NIH-NINDS.

541.15
EFFECTS OF X-IRRADIATION ON THE FUNCTIONAL RECOVERY AFTER 
SPINAL CORD COMPRESSION IN ADULT RATS. J.L, Ridet1-4*, P. Pencalet2. 
M. Beltram3, J, Philippon2.,,L Schwartz3, J, Mallet1 and,.A, PrivaC- ’L.G.N., CNRS 
UMR 9923 and 2Neurochirurgie, Hdp. Piti6-Salpetri£re, 3Radioth6rapie, H6p. Saint- 
Louis, Paris, 4INSERM U. 336, Univ. Montpellier II, Montpellier (France).

Axonal regrowth is limited in the adult CNS, especially in the spinal cord which is 
one of the major targets of traumatic lesions. The formation of a postlesional gliotic 
scar is considered to be one of the major impediments to axonal regrowth. In this 
study, we investigated whether an irradiation of the lesion site could interfere with the 
formation of the glial scar and thus induce the reinnervation of the damaged and 
denervated areas. In this study, adult female Sprague-Dawley rats were used. We per-
formed an acute compression of the spinal coid by using the inflatable balloon model. 
The balloon (8x6mm at lOOy.1 max. capacity) mounted on a catheter (ext. diameter 
300pm) was introduced at thoracic level (Th9) and moved rostrally up to 2 vertebral 
levels. An incomplete lesion of the spinal cord was performed by inflating the 
balloon with 20pl of saline for 5min. Two days after injury X-rays were administered 
at the doses of 2, 5, 10 and 20Gy on the compression site. Functional evaluations 
were performed twice a week during 1 month postinjury by using the open field and 
the inclined plan tests. A “physiological score” was also evaluated. The lesioned rats 
which received a 2Gy irradiation exhibited an improvement in their locomotor scores 
compared to the lesioned untreated group. The behavioral performances were decreased 
after treatment with 5-20Gy. High doses of X-rays (10, 20Gy) also induced an 
increase of animal death and a decreased physiological score. The correlation between 
the functional scores and the fine immunocytochemical analyses of both reactive 
gliosis and axonal regrowth will be discussed. These results suggest that a low 
irradiation of the lesion site may be a promissing treatment to improve recovery after 
spinal cord injury.
Supported by Soc. Secours Amis de la Science, IRME, INSERM and CNRS.

541.16
RILUZOLE TREATMENT FOLLOWING SPINAL CORD INJURY IMPROVES 
MITOCHONDRIAL FUNCTION AND INCREASES GLUTAMATE AND 
GLUCOSE UPTAKE. X. Mu. R.D, Azbill. and J.E. Snringeff Department of 
Anatomy and Neurobiology, University of Kentucky Medical Center, Lexington, KY 
40536-0084.

The extensive loss of neurons following traumatic spinal cord injury (SCI) is 
thought to occur during periods that are secondary to the initial injury. It has been 
hypothesized that the release and extracellular accumulation of excitotoxic levels of 
glutamate may initiate a cascade of biochemical events that contribute to this 
secondary phase of neuronal cell loss, including the accumulation of intracellular 
levels of Ca2+, the generation of reactive oxygen species (ROS), and the formation of 
lipid peroxidation products. In the present study, we examined the effects of treating 
animals with riluzole, a potent inhibitor of glutamate release, on several biochemical 
indices of cellular function at 4h following SCI. Treatment with riluzole (8mg/kg) at 
15 min and 2 hours following SCI was found to significantly improve mitochondrial 
function, and increase sodium-dependent glutamate uptake and glucose uptake in spinal 
coni synaptosomes from injured animals. Riluzole treatment was not effective in 
reducing ROS levels or the formation of lipid peroxidation products. Interestingly, 
riluzole treatment also was found to significantly increase glutamate uptake in 
synaptosomal preparations from laminectomy control animals. These results 
demonstrate that riluzole treatment following SCI may minimize the consequences of 
secondary injury by increasing mitochondrial function and removing glutamate from 
the extracellular space. The novel observation that riluzole increases glutamate uptake, 
in addition to previous findings demonstrating that it inhibits glutamate release, 
indicates that this drug may be extremely useful in treating a number of CNS injuries 
associated with glutamate-mediated excitotoxicity. This study was supported by grants 
from the NIH (NS-30248) and the Kentucky Spinal Cord and Head Injury Research 
Trust (SA-9502-K3) to JES.
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541.17
TRAUMATIC INJURY TO DORSAL HORN NEURONS IN ADULT RAT SPINAL 
CORD IS MEDIATED BY BOTH INTRACELLULAR AND EXTRACELLULAR 
CALCIUM FLUX. S.M, Douglas*, K.L, Panizzon, and R.A, Wallis, Dept. of 
Neurology, UCLA and Sepulveda VAMC, Sepulveda, CA 91343 USA.

Calcium flux has been shown to be a prime mediator of a variety of 
cytotoxic processes during neuronal injury. Dantrolene, a blocker of 
intracellular calcium release, has been shown to prevent glutamate toxicity 
demonstrating that calcium flux from intracellular stores can also be an 
important mediator of neuronal injury. Because glutamate cytotoxicity is 
known to contribute to secondary injury within the spina, cord from trauma, 
we investigated the effect of extracellular and intracellular calcium flux 
produced by traumatic injury to spinal cord. To induce trauma, slices from 
adult rat spinal cord were placed in a specialized chamber filled with 
artificial cerebral spinal fluid (ACSF). This fluid was then percussed and 
changes in evoked response were monitored. Slices given trauma alone 
demonstrated severe neuronal injury with dorsal horn evoked response 
recovering after 60 mins, to a mean of only 12% ± 2. When treatment 
with ACSF without added calcium was begun immediately after trauma, 
significant neuroprotection was seen with dorsal horn evoked response 
yielding 92% ± 1 recovery (p<0.05). Dantrolene 20 jj M also provided 
significant protection, with dorsal horn evoked response recovering to 87% 
± 2, while paired, unmedicated slices recovered to only 1 % ± 4. These 
findings indicated that both intracellular and extracellular calcium flux 
contribute to the development of traumatic injury in adult dorsal horn 
neurons. They further suggest that agents such as dantrolene may be of 
potential therapeutic use in the treatment of spinal cord injury.
Supported by the VA Brain Trauma Fellowship Program.

NEUROTOXICITY: GLUTAMATERGIC AGENTS

542.1
GLUTAMATE TOXICITY : AN UNUSUAL PATHWAY OF CELL DEATH. S. 
Tan*. Y. Sagara, and D. Schubert. Cellular Neurobiology Lab., The Salk Institute, 
San Diego, CA 92186-5800.

The cytotoxicity of L-glutamate is thought to be a major cause of nerve cell death 
in stroke and neurodegenerative disease. Programmed cell death caused by the 
oxidative form of glutamate toxicity was studied in an immortalized mouse 
hippocampal cell line called HT22. Flow cytometric analysis was used to visualize 
the course of events that take place in glutamate induced cell death. The following 
probes were used: Indo-1 (Ca2+), Dichlorofluorescein (DCF; peroxides), Rhodamine- 
123 (R-123; mitochondrial membrane potential), 5,5’,6, 6’-tetrachloro-l,l’,3,’3- 
tetraethylbenzimidazolylcarbo- cyanine iodide (JC-1; mitochondrial membrane 
potential), and monochlorobimane (mBCl, glutathione). Measuring the fluorescence 
of these probes at two hour intervals after exposure to 5mM L-glutamic acid 
revealed a specific order of events to death. Glutathione (GSH) levels were 
measured through a chemical assay or with the fluorescent probe mBCl. Upon 
addition of glutamate to the cells, the GSH level begins to steadily decrease with 
time. The initial decrease in the GSH level is accompanied by an increase in 
peroxides. Once the GSH level is depleted, calcium (Ca2+) levels in the cells rise to 
a maximum followed by an increase in the mitochondrial membrane potential. 
When added early in the course of events, glutamate exposed cells can be protected 
by Ac-YVAD-cmk, a specific ICE protease inhibitor (Calbiochem, Bachem). Ac- 
YVAD-cmk also prevents the rise in peroxides, Ca2+, and mitochondrial membrane 
potential, but not the depletion of GSH. To date, oxidative glutamate toxicity is a 
unique pathway of death in that it involves a substantial increase in mitochondrial 
membrane potential late in the toxicity cascade. Our data indicate that oxidative 
glutamate toxicity is a form of programmed cell death that is triggered by a decrease 
in GSH levels coupled to an unknown effect of glutamate itself. (Supported by NIH 
grants #R01NS9658-25 and #T32AG00216)

542.2
AGE-RELATED TOXICITY TO GLUTAMATE AND BETA- 
AMYLOID IN ADULT RAT HIPPOCAMPAL NEURONS. G. J. 
Brewer.* Southern Illinois Univ. Sch. Med., Springfield, IL 62794.

The toxicity of glutamate and p-amyloid are well-established in 
embryonic cell culture models of various brain diseases. But, most 
neurodegenerative brain diseases increase in incidence with age. Because 
embryonic neurons are in an early stage of development, they may not 
respond to stressors such as glutamate and P-amyloid in a manner similar 
to older neurons. With our newly developed methods for isolation and 
culture of adult rat neurons (J. Neurosci. Meth. 71:145), we tested the 
relative toxicity of these stressors on neurons cultured from embryonic, 
adult and aged neurons. Neurons isolated from rat brains at middle age (9-
11 month old) or old age (35-37 month old) were cultured for 7 days in 
serum-free medium B27/NeurobasalA. At this time, the cells were rinsed 
and returned to incubate in NeurobasalA with 0-160 pM glutamate for 24 
hr. There was a 20-40% decrement in survival of neuron-like cells from 
an old rat compared to a young rat. There was no toxicity to cells from the 
younger rat until 160 pM glutamate. Cells in culture were also exposed to 
the toxic fragment of the amyloid precursor protein, Ap. There was an 
age and dose-dependent toxicity to Ap, with cells exposed to the reverse 
peptide largely unaffected. These results suggest that intrinsic 
characteristics of hippocampal neurons from aged animals confer 
increased susceptibility to stressors such as Ap and glutamate. (Alzheimer 
Association and NIA Pilot)

542.3
CELLULAR IMPLICATIONS OF OXIDATIVE GLUTAMATE TOXICITY ON A PC12 CELL 
LINE. C. Pereira, A. M. Vicente* and C. R. Oliveira. Center for Neuros 
ciences of Coimbra, Department of Zoology, University of Coimbra, 3000 
Coimbra, PORTUGAL.

Two pathways for glutamate toxicity have been described: excitotoxici 
ty, which occurs through the activation of glutamatergic receptors, 
and oxidative toxicity, mediated via a series of disturbances on the 
redox homeostasis of the cell. Exposure of PC12 cells to glutamate 
(500 uM and 10 mM) for 24 hours results in the inhibition of cystine 
uptake which gives rise to the inability to maintain intracellular gluta 
thione (GSH) levels. The low levels of GSH reduce the ability to protect 
against oxidative reactions decreasing the viability of the cells, as 
determined by the leakage of the cytoplasmic enzyme lactate dehydrogena 
se (LDH). The accumulation of reactive oxygen species (ROS), assayed 
using 2',7'-dichlorofluorescin diacetate (DCF) seems to be responsible 
for the toxicity, because cell death can be prevented by the administra 
tion of the antioxidants vitamin E (10 uM), idebenone (1 uM) and selegi 
line (500 uM). Oxidative stress induced by glutamate exposure seems 
to be responsible for the metabolic compromise of PC12 cells. A signifi 
cant inhibition of MTT reduction by mitochondrial dehydrogenases, preven 
ted by the above mentioned antioxidants, is observed after glutamate 
exposure. The alteration of the mitochondrial function leads to ATP 
depletion, since cellular ATP content decreases after the reductive 
metabolism is compromised. The mitochondrial dysfunction does not seem 
to contribute to increase ROS levels because no significant increase 
on dihydrorodamine (DHR) fluoresence occurs afte glutamate exposure. 
On the other hand, the mitochondrial compromise could be responsible 
for the increase in [Ca2+]i induced by glutamate. The cell death obser 
ved after glutamate exposure seems to occur via an apoptotic mechanism 
since inhibitors of endonucleases and protein synthesis, aurintricarboxy 
lie acid (10 uM) and cycloheximide (50 ng/ml), respectively, are able 
to block the decrease on cellular viability induced by glutamate. Taken 
together, the data suggest that glutamate toxicity on PC12 cells is 
mediated by oxidative stress after GSH depletion, the accumulation of 
ROS leading to multiple cellular injuries which could contribute to 
cell death.
Supported by:JNICT-Portuguese Research Council;Human Capital Mobility 
Program (EU)

542.4
THE EFFECTS OF TEMPERATURE AND SCOPOLAMINE ON MK-801 
INDUCED NEURONAL NECROSIS IN THE RAT. R. N, Auer* and F. 
Colboume, Dept. of Clin. Neurosci., Univ. of Calgary, 3330 Hospital Dr. NW, 
Calgary AB, Canada, T2N 4N1.

The effects of temperature on MK-801 (dizocilipine) induced necrosis in the 
cingulate and retrosplenial cortex of rats were studied. Adult female and male rats 
of similar age were implanted with a guide cannula under Somnotol 4 days prior 
to injection of 5.0 mg/kg i.p. MK-801. Two days prior to injection, Mini-Mitter® 
telemetry probes were inserted for sampling of cortical temperature. One group 
of male rats was injected with MK-801 4 days following implantation. Similarly, a 
group of females was injected and monitored. Other groups of female rats were 
subjected to either hypothermia (34*C) or hyperthermia of l’C for 2 days 
following injection. Temperature was regulated with an servo-controlled “exposure 
technique” in the awake animal (Colboume, et al., 1996). Another group of female 
rats were given 0.25 mg/kg i.p. scopolamine with MK-801. All rats were monitored 
continuously until the third post-injection day. Necrotic neurons in 9 coronal levels 
(H&E) were counted in animals that were allowed to survive for 7 days.

MK-801 resulted in a mean ± SEM count of 860±158 and 262±81 necrotic 
neurons in male and female unregulated rats, respectively (p<0.01). Hypothermia 
mitigated this injury (488± 106 dead neurons, p=0.06 overall with p<0.04 for 2 
levels) while hyperthermia resulted in a slight increase (992±44 dead neurons). 
Scopolamine did not significantly alter outcome (951 ±188 dead neurons) nor 
temperature. In unregulated animals, MK-801 caused variable temperature 
changes with a drop of 0.2’C (24 hr average) in females and an increase of 0.2*C 
in males. Catalepsy was more pronounced in the female and especially in the 
heated group.

These data indicate that MK-801 toxicity is somewhat temperature sensitive and 
Scopolamine was ineffective as a neuroprotectant. Given the potential hypothermic 
action of other putative neuroprotective drugs, such as barbiturates and 
benzodiazepines, we recommend a re-evaluation with precise temperature control.

Research supported by the Medical Research Council of Canada.
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542.5
UPREGULATION OF p75NTR IN STRIATAL ASTROCYTES BY 
QUINOLINIC ACID AND PREVENTION BY hNGF SECRETING 
STEM CELLS. V. Charles1*, E-Y Chen1, M. K. Carpenter8 J.M. 
Rosenstein3, J.H. KordoweK ‘Dept. of Neurology, Rush Presbyterian St. 
Lukes Medical Center, Chicago, IL 60612; 2CytoTherapeutics Inc, 
Providence, RI, 02906; 3Dept. of Anatomy, George Washington Univ. 
Med. Ctr., Washington, D.C. 20037

The tryptophan metabolite quinolinic acid (QA) is a neurotoxin that 
acts as an agonist at the N-methyl-D-aspartate (NMDA) receptor. 
Several studies have established that intrastriatal QA models the 
pathological neuronal loss characteristic of Huntington’s disease (HD). 
Recent immunohistochemical studies have indicated that endogenous QA 
production may be of glial rather than neuronal origin. In the present 
study, striatally injected quinolinic acid (220 nmol) produced a dramatic 
upregulation of the low affinity NGF receptor (p75NTR) within the 
striatum. An ultrastructural analysis revealed that the increase in p75NTR 
was exclusively localized to striatal astrocytes. These p75NTR-ir astrocytes 
richly enveloped striatal vasculature. The increase in astrocytic p75 -ir 
was completely inhibited following transplantation of stem cells 
genetically engineered to secrete NGF, but not by grafts of control (non- 
NGF secreting) stem cells. The increased expression of p75NTR following 
QA injection was dose dependent as there was diminished p75 NTR -ir 
expression following injections of lower QA doses (200, 150, 120, 100, 
and 50nmols). Injections of QA resulted in a dose-dependent disruption 
the blood-brain barrier (BBB) as evidenced by immunoreactivity for rat 
serum albumin (RSA). This disruption of the BBB was prevented by 
hNGF-secreting stem cell grafts Together, these data suggest an 
involvement of astrocytic-derived p75NTR in neurotoxic and 
neuroprotective mechanisms following intrastriatal QA injection. 
(Supported by NS35078 and CytoTherapeutics)

542.6
ENKEPHALINERGIC BUT NOT SUBSTANCE P-CONTAINING STRIATAL PRO-
JECTION NEURONS LOSE VULNERABILITY TO QUINOLINIC ACID WITH 
AGE IN RATS. Z. Sun*. O. Chen, A, Reiner. Dept. Anat. & Neurobiol., Univ. 
of Tennessee, Memphis, TN 38163.

Enkephalinergic (ENK) and substance P-containing (SP) striatal projection neu-
rons both die rapidly and to a seemingly equal extent in juvenile onset HD. By con-
trast, in adult onset HD ENK striatal projection neurons generally die more rapidly 
than do SP striatal projection neurons. One explanation for this age-dependent change 
is that NMDA mediated excitotoxicity may underlie HD and the NMDA vulnerability 
of some striatal populations may decline with age. In the present study, we unilater-
ally injected quinolinic acid (QA; 50mM, 0.5 pi), an NMDA receptor agonist, into the 
striatum of juvenile and adult rats to see if there is an age-dependent change in the 
vulnerability of either ENK or SP striatal neurons. Two weeks after the QA injec-
tion, rats were sacrificed and in situ hybridization with oligonucleotide probes for pre-
proenkephalin and preprotachykinin mRNA were used to label ENK and SP neurons 
in adjacent sections through the injection center. Labeled neurons in the injected and 
contralateral striatum were drawn and counted in a series of zones of increasing dis-
tance from the lesion center. The neuronal survival in each zone in the lesioned stria-
tum was expressed as percent of the contralateral striatum. The results show that in 
both juvenile and adult animals, ENK and SP neuron survival improved gradually 
with distance from lesion center. Within each zone in the juvenile rats, the vulnera-
bility of the ENK neurons was the same as that of the SP neurons. By contrast, in 
the adult rats the ENK neuron survival was better than the SP neuron survival at all 
distances from the lesion center. The SP neuron survival in these rats was similar to 
that in the juvenile rats. These data indicate that there is an age-dependent change in 
the vulnerability of some striatal projection neurons to NMDA toxicity. It is uncer-
tain why the neuronal type showing reduced vulnerability in rats (ENK) is the oppo-
site of that in HD (SP). Supported by NS-19620, NS-28721 (A.R.).

542.7
PARTIAL CHARACTERIZATION OF KAINIC ACID-INDUCED APOPTOSIS 
IN CEREBELLAR GRANULE CELLS. M. L, Leski, W, Macias, N. A.
Simonian* and T, T. Coyle. Laboratory of Molecular and Developmental 
Neuroscience, Massachusetts General Hospital and Harvard University, 
Charlestown, MA 02129.

Kainic acid induces transcription-independent apoptosis in cerebellar 
granule cells in vitro (Simonian et al., Neuroscience (1996) 75,1047-1055). In this 
study, we sought to determine if interleukin 1 p-converting enzyme (ICE) and 
the homologous enzyme CPP 32, calpain, and intracellular calcium are 
involved in this process. Apoptosis was induced by treating cultures at 11-13 
DIV with 100 pM kainic acid in sodium-free Locke's medium for 30 minutes at 
room temperature. Cells were washed with sodium-free Locke's containing 
no kainic acid, conditioned medium was replaced and plates were returned to 
37°C. Control cultures were treated in an identical manner except that the 
sodium-free Locke's contained no kainic acid. Cultures were preincubated 
with agents for 1 hour prior to treatment. Agents were also included during 
and following kainic acid treatment. Cell viability was determined 16 hours 
after treatment following staining with trypan blue. The ICE inhibitor YVAD- 
aldehyde completely inhibited cell death at concentrations above 10 pM, and 
also effected a small degree of protection in the control, which displayed a low 
level of cell death. The CPP 32 inhibitor DEVD-aldehyde and calpain 
inhibitor I inhibited kainic acid-induced cell death less effectively, and had no 
effect on controls. BAPTA/AM also moderately prevented kainic acid- 
induced cell death. Taken together, these results indicate that ICE and related 
enzymes as well as calpain are involved in kainic acid-induced apoptosis in 
cerebellar granule cells. This model system should prove useful for 
elucidating the molecular events linking kainic acid receptor activation with 
apoptosis. Supported by NIH grant number 5-RO1NS13584G17 to J. T. C.

542.8
METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION PROTECTS 
AGAINST NMDA BUT NOT KAINATE-INDUCED NEUROTOXICITY. D.J. 
Babcock & R. J. Miller2 ^Dept. of Neurology, 2Dept. Pharmacol, and Physiol. 
Sciences, Univ. of Chicago, 947 E. 58th St., Chicago, IL 60637

Metabotropic glutamate receptors (mGluRs), particularly those of class II & III, 
have been shown to exert neuroprotective effects againist a variety of insults 
(Nicoletti et. al., TINS 19(7):267, 1996). We used the class II selective agonist, 
L-CCG-1 and the class III selective agoinist L-SOP in order to better define the 
role of mGluR's in protection against excitotoxicity. Primary dissociated neuronal 
cultures (DIV=11-14) were pretreated with 5 pM L-CCG-1 or 10 pM L-SOP for 30 
mins., followed by a 30 min. exposure to either NMDA or kainate. As has been 
previously shown, both L-CCG-1 and L-SOP provided significant protection 
against NMDA-induced excitotoxicity. Morphologically, both necrotic and 
apoptotic cell death appeared to be decreased by mGluR agonist pretreatment. 
However, L-CCG-1 had no effect against kainate-induced excitotoxicity. This was 
found in hippocampal cultures treated with CNQX to block NMDA receptors, and 
in cerebellar Purkinje cell cultures which do not express functional NMDA 
receptors. The addition of 1 pM tetrodotoxin also protected about one-half of the 
hippocampal neurons against NMDA-induced toxicity. The effects of tetrodotoxin 
and L-CCG-1 were not additive.

Fura-2AM imaging demonstrated that pretreatment of neurons with L-CCG-1 
decreased the NMDA-induced calcium influx by approximately one-half. 
Administering tetrodotoxin with NMDA also decreased calcium influx by 
approximately one-half. The effects of L-CCG-1 were partially additive with those 
of tetrodotoxin.

These results suggest that L-CCG-1 protection is at least partially due to a 
presynaptic mechanism, possibly involving an attenuation of glutamate release. 
Support via grants T32NS07113-20 to DJB and NIH DA-02575, DA-02121, MH- 
40165 and NS-33502 to RJM.

542.9
REACTIVE GLIOSIS, CATECHOLAMINE-RELATED GENE
EXPRESSION, AND NEURONAL DEATH IN THE RAT NIGROSTRIATAL 
SYSTEM FOLLOWING STRIATAL KAINIC ACID LESION. J.A. Foster*,
L. Bezin, L.J. Gordon13, R.B. Steam, J.A. Neville, A. Nugent, and R.A.
Levine12,3.1 Gossett Neurology Labs, Henry Ford Health System; 2 Dept. of 
Psychiatry, Wayne State University;3 Detroit VAMC, Detroit, MI.

Striatal kainic acid (KA) lesion leads to loss of neurons originating in the 
striatum and initially spares the striatal terminals of dopamine neurons 
projecting from the substantia nigra. We hypothesize that KA-induced striatal 
death is a model for the withdrawal of trophic support that may cause long-term 
nigrostriatal dopamine neuronal death, as is observed in Parkinson’s disease.
Our previous in vitro studies have shown an increase in striatal tyrosine 
hydroxylase and GTP cyclohydrolase activities 7 days after KA lesion.
Potential mechanisms of long-term nigrostriatal dopamine neuronal death We 
are investigating include: 1) activation of catecholamine metabolism resulting in 
elevated reactive oxygen species; 2) release of neurotoxins from activated glia. 
KA (2 pg) or vehicle was unilaterally injected into the striatum of male Sprague 
Dawley rats (mean weight = 250 g) under stereotaxic control. In initial short-
term studies, animals were sacrificed 1,4, and 7 days post-lesion. Astrocyte and 
microglial markers, GFAP and isolectin B4, revealed a KA-induced reactive 
glial response throughout the ipsilateral striatum at each time point. KA also 
increased tyrosine hydroxylase immunoreactivity in both the ipsilateral nigra 
and striatum, which was maximal at 7 days. These data are consistent with 
enhanced catecholamine metabolism and/or reactive gliosis contributing to 
long-term nigrostriatal dopamine neuronal death. Long-term experiments in 
progress will investigate this further. Grant support: NS28800.

542.10
IN VIVO DEMONSTRATION OF 11-DEHYDROCORTICOSTERONE EXACERBATION OF 
KAINIC ACID TOXICITY IN RAT HIPPOCAMPUS. O.A, Aiilore* and R.M. Saoolskv, Biology 
Dept. Stanford University, Stanford, CA 94305.
116-hydroxysteroid dehydrogenase (116-HSD) is the enzyme responsible for the 
interconversion of corticosterone (B) to 11-dehydrocorticosterone (A). B is an adrenal 
hormone secreted during the stress response and it has widespread effects in many different 
target tissues. In addition, B can exacerbate damage caused by neurological insults, such as 
kainic acid-induced (KA) seizures. 116-HSD is thought to play a role in neuronal steroid 
regulation, yet it is not known whether the enzyme is acting in vivo as a reductase, converting 
A to B or a dehydrogenase, deactivating B by converting it into A. If the enzyme is working as 
a reductase, it has the potential to exacerbate neurotoxicity due to other agents. On the other 
hand, 116-HSD could be neuroprotective if the enzyme is acting as a dehydrogenase. A 
recent paper by Rajan et al.1 demonstrated that while 116-HSD favors the dehydrogenation 
reaction in ceil homogenates, it acts primarily as a reductase in intact cultured hippocampal 
cells; as a result, A enhances the toxicity of KA. While that study clearly demonstrates 116- 
HSD’s involvement with steroid regulation in the brain, it is not dear how the enzyme behaves 
in vivo. To answer this question, we adrenalectomized (ADX) rats to remove circulating 
endogenous B. Rats either received A or vehide. Both groups then received stereotactic 
injections of KA. Rats treated with A demonstrated significantly more seizure damage than 
ADX animals, suggesting that A can exacerbate KA damage in a manner similar to B. To 
determine whether A’s exacerbation occurs via conversion to B, we repeated the above 
studies with the addition of carbenoxolone, an inhibitor of 116-HSD. Carbenoxolone blocked 
A’s exacerbation of KA, suggesting generation of B from A. Preliminary studies show that this 
pathway of activation may not contribute to KA damage in rats with normal steroid status. The 
results from these experiments will further elucidate the role of 116-HSD in neuronal steroid 
regulation.
Acknowledgments: Support was provided by NIGMS Grant 5T32GMo7365 (OAA)
1. Rajan V et al., 11B -hydroxysteroid dehydrogenase in cultured hippocampal cells reactivates inert 11- 
dehydrocorticosterone potentiating neurotoxicity. J. Neuroscience, 1996 Jan, 16(1) 65-70.
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542.11
EFFECT OF GLUCOCORTICOIDS AND ADRENALECTOMY ON NMDA 
INDUCED CELL DEATH IN RAT MAGNOCELLULAR NUCLEUS BASALIS. 
I. Abraham1, A.H. Veenema2, C. Nyakas2’, T. Harkany2, B.W. Leonard1’*, B.G.J.
Bohus2 and P.G.M. Luiten2. 'Inst, of Exp. Medicine, Budapest, Hungary; 2Dept. of 
Animal Physiology, Univ. of Groningen, Haren, The Netherlands

The effects of glucocorticoids (GC) on neuronal vulnerability were almost exclusively 
demonstrated in the hippocampus, while little is known about the GC effects on 
neuronal survival in other brain regions. Recently we showed that NMDA-induced cell 
death in the Magnocellular Basal Nucleus (MBN) as demonstrated by a reduction in 
cholinergic fibre density in the somatosensory cortex. This neurodegenerative model 
was used in different animals group including sham-operated and adrenalectomized 
(ADX) rats and ADX rats supplied with 25% or 100% corticosterone pellets. The 
neurotoxic impact of the NMDA injection was assessed by determining loss of 
cholinergic fibers stained with acetylcholinesterase histochemistry in the cortex. Glial 
fibrillary acidic protein (GFAP) was visualized by immunocytochemistry. 
Adrenalectomy significantly potentiated the NMDA-induced neurodegeneration, while 
chronic administration of corticosterone significantly attenuated the NMDA- 
neurotoxicity in a dose-dependent manner. Both adrenalectomy and corticosterone 
implantation enhanced the NMDA-induced GFAP immunoreactivity, with the most 
pronounced increase of GFAP immunoreactivity in the ADX rats supplied with the 
100% corticosterone pellets. The present results provide evidence that corticosterone 
can protect cholinergic cells in the MBN against excitotoxic cell death. Adrenalectomy 
and administration of corticosterone potentiate astrocyte activation in the areas where 
the cholinergic fibers undergo degeneration. These findings indicate that corticosterone 
can be beneficial in neuroprotective and possibly neurodegenerative processes after 
brain insults involving damage to the basal forebrain cholinergic cell system.

This work was supported by Hungarian National Science Research Grant (OTKA, 
#F01650), Eotvds Scholarship Board, the Soros Foundation and NWO-OTKA Dutch- 
Hungarian collaboration (grant #048-011-006).

542.12
CYCLOSPORIN A INHIBITS TRANSPORT OF [3H]-D-ASPARTATE INTO 
RAT CORTICAL ASTROCYTES. S.A. Queen*, I. Lopez-Colberg, L.A. 
Cunningham, W.C. Buss. ‘Physical Therapy Dept., The University of 
Montana, Missoula, MT. 59812-1076 and Dept. of Pharmacology, University 
of New Mexico HSC, Albuquerque, N.M. 87131-5316.

Cyclosporin A (CsA), although highly effective as an immunosuppressant, 
is neurotoxic in some patients. Neurotoxic symptoms of CsA, such as 
cortical epileptiform activity and seizures, may be mediated via excitatory 
amino acids. Overactivity of the glutamatergic system could result from 
increased release of L-glutamate (L-glu) at synapses and/or inhibition of 
reuptake into neurons and glia by the L-Glu transporters.

Because the majority of glutamate reuptake is believed to occur in 
glia, we focused these experiments on the ability of CsA to inhibit uptake of 
excitatory amino acids into cortical astrocytes. CsA was incubated with 
cortical astrocytes prepared from Sprague-Dawley rats. After reaching 
confluence, astrocyte cultures were incubated with either CsA (0.1-1pM), 
control RPMI medium, or CsA solvent (0.1% ethanol) for 2 hours. Cells were 
then pulsed with 2 pM [3H]-D-aspartate (D-Asp) for two minutes. D-Asp, a 
nonmetabolized excitatory amino acid analogue, is an effective substrate for 
glutamate transporters. Following extensive washing of the cortical 
astrocytes, the cells were solubilized and counted for incorporation of D-Asp. 
Ethanol (0.1%) had no effect on uptake of D-Asp. However, 2 hour exposure 
to0.1-1pM CsA inhibited uptake of D-Asp by 30-40%. These results suggest 
that CsA may induce an excitotoxic condition by causing accumulation of L- 
Glu in the synaptic cleft.
(Supported by NIH R01-AI25555 and R29-NS325620)

542.13
UNIQUE ANTAGONISTIC ACTIVITY OF A HETEROCYCLIC 
P-SUBSTITUTED ALANINE FROM PLANTS AGAINST EAA 
TRANSPORTER. K. Kusma-Eguchi1, T. Kusama2, F. Lambein3, K. 
Watanabe1, K. Shimosato** & F. Ikegamf. ‘Dept. Biol. & 2Physiol. Anat., 
Nihon Univ. Coll. Pharmacy, Chiba 274, Japan; 3Fac. Med., Univ. of 
Ghent, Gent, Belgium; 4Dept. Pharmacol. Kawasaki Med. Sch., Okayama 
701-01, Japan; 5Fac. Pharm. Sci., Chiba Univ. Chiba 263, Japan.

Neurolathyrism is a motoneuron disease accompanied with spastic 
paraparesis due to the overconsumption of the wild pea, Lathyrus sativus. 
P-ODAP (P-V-oxalyl-L-a,P-diaminopropanoic acid) has been regarded as 
the causative agent of this disease in the plant at least partly through its 
action on AMPA receptor as an agonist to cause excitotoxicity11. To 
elucidate the pathogenesis of neurolathyrism further, attempts were made 
to clarify whether P-ODAP and related compounds in the plant would 
have any activity on EAA transporters. Bovine L-glutamate/L-aspartate 
transporter (GLAST) was expressed in Xenopus oocytes. In [14C]L-Glu 
uptake, (3 -ODAP and its precursor showed little activity, whereas P-ODAP 
itself was a weak substrate of GLAST measured by two-electrode voltage 
clamp experiment. Among various P-substituted alanines of natural origin, 
P-(isoxazolin-5-on-4-yl)-L-alanine (1), a fungicide and its glucoside 
contained in Lathyrus plants, had a strong inhibitory activity against 
[14C]L-G1u  transport, the potency being comparable to L-tAreo-3-hydroxy- 
aspartate, a potent GLAST inhibitor. In voltage clamp experiment, it 
elicited ca. 1/3 of current of L-Glu at their optimal cone, the affinities of 
both being equal. These results suggest that 1 is a naturally-occurring, 
unique inhibitor of GLAST, and the derivatives of 1 could be a novel type 
antagonist with high affinity but low efficacy on GLAST although its 
relation to neurolathyrism remains unclear.
1) K. Kusama-Eguchi et al. (1996) Env.Toxicol.Pharmacol.2,339-342.

542.14
EFFECT OF THE SEAFOOD TOXIN, DOMOIC ACID, ON GLUTAMATE 
TRANSPORT BY RAT ASTROCYTES. I.A. Ross, W. Johnson, P, Sapienza 
and C.S.KIM*. CFSAN, FDA, Laurel, MD 20708.

Mechanisms of domoic acid neurotoxicity are poorly defined. An excitotoxic 
mechanism is believed to play a role in neurotoxicity. Normally, the 
extracellular concentration of glutamate (pM range) is maintained below levels 
that can cause neuronal excitation. A glial cell membrane transport system is 
responsible for inactivating glutamate after its release from nerve terminals. 
This is followed by glutamate uptake into glial cells, where it can be 
metabolized to glutamine. To examine whether a defect in glutamate uptake 
by this system contributes to neurotoxicity, we studied the uptake of glutamate 
by rat astrocytes in the presence of domoic acid. Glutamic acid uptake was 
very pronounced with glutamate concentrations of 60 nmol/mg protein in cells 
only after 15 min of incubation with 1 mM glutamic acid. The uptake increased 
with time and by 45 min reached steady state to glutamate levels above 120 
nmol/mg protein. The uptake was energy-dependent. When compared with the 
control, uptake was inhibited 72.8% (p<0.01; n=8) by ouabain (100 pM) and 
85.9% (p<0.001; n=11) by hypothermia. Following exposure of astrocytes to 
glutamate (1 mM) in culture in the presence of domoic acid (10 and 100 pM) 
at 5 and 60 min, domoic acid (10 pM) elevated glutamate levels by 64.0% 
(p<0.05; n=34) at 5 min but decreased glutamate levels by 47.8% (p<0.01; 
n=19) at 60 min compared with the control. A higher dose of domoic acid (100 
pM) decreased glutamate levels by 49.6% (p<0.01; n=20) and 61.3% 
(p<0.001; n=20) at 5 and 60 min, respectively, compared with the control. This 
study suggests that domoic acid may induce neurotoxicity because of the 
failure of astrocytes to remove extracellular glutamate. This may contribute to 
excitotoxic injury.

FUNDING - FDA Center for Food Safety and Applied Nutrition

542.15
POLYAMINE-INDUCED NEUROTOXICITY INVOLVES PROGRAMMED 
CELL DEATH. S. Goodenough*M. Davidson, G. Kidd, I. Matsumoto and P. 
Wilce. Alcohol Research Unit, Department of Biochemistry, The University of 
Queensland, St Lucia, Australia, 4072.

Administration of polyamines into the central nervous system results in 
neuronal tissue damage possibly through excitotoxic actions of the NMDA 
receptor. Injection of various concentrations of spermine (25-250 nmol, under 
halothane anaesthetic) directly into the striatum and hippocampus produced 
damage, the extent of which was dose dependent. The pattern of immediate 
early gene expression expression was determined in these regions. Northern 
hybridisation studies revealed that spermine administration caused a protracted 
elevation of c-fos and c-jun mRNA in the striatum which was maximal around 
3 h. Expression of c-fos mRNA was elevated in the hippocampus but the level 
of c-jun mRNA was unchanged when compared to saline controls. When DNA 
was extracted from these brain regions and analysed by gel electrophoresis, 
striatal DNA showed a distinct ladder-like pattern of degradation, indicative of 
programmed neuronal cell death. This was confirmed using TdT-mediated 
biotinylated dUTP nick end labelling (TUNEL). Hippocampal DNA appeared 
to degrade randomly. These data demonstrate that directly injected spermine 
exerts its neurotoxic effect via different mechanisms in the different brain 
regions and that the expression of c-jun may be important in the cascade 
resulting in programmed cell death. This model will be a useful tool for 
dissecting the molecular cascade that ultimately results in programmed cell 
death. This work was supported by the National Health and Medical Research 
Council of Australia in the form of a project grant.

542.16
THE TRANSLIN/TRAX RECOMBINATION HOTSPOT DNA 
BINDING COMPLEX IS EXPRESSED AT HIGH LEVELS IN 
BRAIN. E. Taira and J. M. Baraban*. Department of Neuroscience, 
Johns Hopkins University School of Medicine, Baltimore, MD 21205

The extended life span of neurons exposes them to hazards triggered 
by the accumulation of DNA damage over long periods of time. In 
addition to the potential problems caused by defects in specific genes, 
the general level of DNA damage could trigger apoptotic degeneration. 
This problem has been highlighted by recent studies demonstrating that 
low levels of NMDA receptor activation induced by blockade of 
glutamate uptake trigger single-strand breaks in neuronal DNA (Didier et 
al., 1996). Accordingly, it will be important to define the mechanisms 
used by neurons to combat these dangers. In previous studies, we 
identified a single-stranded DNA binding complex that is selectively 
enriched in brain and hypothesized that it may be involved in the DNA 
repair process (Taira and Baraban, J. Neurochem. 1997). To help 
determine the function of this complex, we undertook the purification of 
two protein components of this complex identified in UV cross-linking 
studies. We now report that these correspond to translin and translin 
associated protein X (TRAX), subunits of a DNA binding complex 
isolated from malignant lymphoid cell lines that binds to single-stranded 
sequences exposed during the recombination/repair process. The high 
levels of translin/TRAX DNA binding activity in brain suggest that this 
complex may contribute to safeguarding the integrity of neuronal DNA. 
Supported by NIDA and NIMH.
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542.17
INDUCTION OF TUMOR SUPPRESSOR 
PHOSPHOPROTEIN P53 IN THE APOPTOSIS OF 
CEREBELLAR NEURONS TRIGGERED BY EXCITATORY 
AMINOACIDS. D. Uberti. M, Belloni. M, Gnlli, L. Picciont PF. Spang, M. 
Memo*. Div. of Pharmacology, Dept. of Biomed. Sciences and Biotechnol., 
University of Brescia, School of Medicine, Brescia, Italy

Although definitely post-mitotic and terminally differentiated cells, 
neurons express the tumor phosphoprotein p53. p53 is a cell cycle checkpoint 
protein that contributes to the prevention of genomic stability. Upon certain 
conditions, including physical or chemical DNA damage, p53 can be activated to 
either arrest cell cycle progression, thus allowing the DNA to be repaired before 
its replication, or induce apoptosis. We found that p53 is costitutively expressed in 
primary cultures of cerebellar granule cells, and it is upregulated after stimulation 
of glutamate ionotropic receptors by glutamate and kainate. Although 
qualitatively similar, p53 induction by glutamate and kainate differed in term of 
intensity and time-course. Glutamate increased p53 immunoreactivity within 30 
min. after the treatment and lasted for at least 2 h. Kainate -induced increase of 
p53 immunoreactivity was delayed, becoming apparent within 2h and lasting for 
at least 8 h. Both kainate- and glutamate-induced increases of p53 
immunoreactivity were prevented by the non-competitive NMDA receptor 
antagonist MK801. The electrophoretic mobility shift analysis revealed a time 
dependent induction of p53 DNA binding activity by kainate and glutamate, 
temporally correlated with the increases of p53 immunoreactivity. Blockade of 
p53 induction by a specific p53 antisense oligonucleotide resulted in a partial 
reduction of excitotoxicity with a complete inhibition of the excitatory aminoacid 
induced apoptosis.
This work is supported by CNR

542.18
DEHYDROPEPIANDROSTERONE (DHEA) PREVENTS 
HIPPOCAMPAL EXCITOTOXICITY IN THE RAT. 
V.G.Kimonides*. C.N.Svendsen. M.V. Sofroniew. J. Herbert.
Department of Anatomy and MRC Cambridge Centre for Brain 
Repair, University of Cambridge, UK.

The principal hypothesis investigated in this project was that the 
increased vulnerability of the stressed or ageing brain to the 
deleterious effects of glutamate is derived, at least in part, from the 
relatively low levels of DHEA(S) in these conditions. In vivo 
experiments showed that DHEA has a neuroprotective effect on 
NMDA- and glucocorticoid-induced histopathological changes in 
the rat hippocampus. This was repeated on primary hippocampal 
cultures in vitro where pre-, co-, and post-insult administration of 
the steroid also provided highly significant protection against either 
NMDA- or corticosterone-induced neuronal death, though this was 
most marked following 6 hours pre-treatment with DHEA. This 
work shows, for the first time, that DHEA has ameliorating effects 
on excitotoxic- and glucocorticoid-induced neurotoxicity. The 
mechanisms mediating these neuroprotective effects are still not 
fully understood but experiments are currently being carried out 
investigating putative interacions between DHEA, glucocorticoids, 
and the excitotoxic cascade.

542.19
PROTECTION OF GLUTAMATE TOXICITY BY CLUSTERIN IN 
ORGANOTYPIC HIPPOCAMPAL SLICES. A.-S, Lanzrein. C.E, 
Finch* and T.E.Morgan. Department of Biogerontology, University of 
Southern California, Los Angeles, CA 90089-0191.

Clusterin (ApoJ) is a mpltifunctional apolipoprotein found in plasma 
and CSF with putative roles in cell-cell interaction, apoptosis and lipid 
transport In the brain it is synthesized and secreted by astrocytes. Its 
mRNA and protein expression is upregulated in the brains of 
Alzheimer's disease (AD) patients and in response to deafferenting and 
excitotoxic brain lesions in the rat (May and Finch, 1992. TiNS 15:391). 
The role of clusterin during such injury is however not clear. Previous 
results from this laboratory have shown that clusterin is partially 
protective against AB and glutamate induced neurotoxicity in PC12 cells 
and primary cortical neurons (Morgan et al., 1996. Neurosci. abstr. 
764.5). To extend these studies, we examined effects of clusterin on the 
glutamate-induced neurotoxicity in rat organotypic hippocampal slice 
cultures. Slices were treated with glutamate for 3h and toxicity was 
determined after a 24h recovery period by labelling of dead cells with 
propidium iodide and by leakage of lactate dehydrogenase into the 
medium Ten mM glutamate induced massive cell death in the CAl layer 
of the hippocampal slices. Pretreatment with 0.25fiM clusterin for 12h 
gave 47% protection against the glutamate-induced cell death. Treatment 
with clusterin during die recovery period had no protective effect. The 
results suggest that clusterin can serve a neuroprotective role during 
brain injury in vivo.

542.20
PHARMACOLOGICAL PROPERTIES OF A NOVEL 
NEUROPROTECTIVE AGENT-M50463 DERIVATIVES IN 
PRIMARY CULTURED NEURONS. M.Shimojo1’2. K.Takasugi1. 
LYamamoto1, H.Funato1, H.Mochizuki1 and S.Kohsaka*2, JFuji Central 
Research Laboratories, Mochida Pharmaceutical Co., Ltd.. 722 
Jimba-aza-Uenohara, Gotemba, Shizuoka 412, Japan, department of 
Neurochemistry, National Institute of Neuroscience, 4-1-1 Ogawa- 
Higashi, Kodaira, Tokyo 187, Japan.

By using neuronal culture system, we have searched novel agents 
which can protect neuronal cell death, and found a synthetic compound- 
M50463 derivatives promote the survival of primary cultured central 
neurons. To evaluate further pharmacological actions, we have 
examined the inhibitory effects of the compounds on veratrine-, 
glutamate-, sodium nitroprusside (NO donor)-, and serum deprivation- 
induced neuronal cell death in primary cultured cortical neurons 
prepared from fetal rat brain. M50463 derivatives exert protective 
action for neurons from cell death induced by each trigger. The present 
findings may suggest the M50463 derivatives are the candidates for 
beneficial therapeutics in the treatment of ischemic stroke. This work 
was supported by a grant from the Japan Health Science Foundation.

542.21
ASPIRIN HAS A JANUS EFFECT ON NEURONAL SURVIVAL IN 
PRIMARY CULTURES. N, Vartiainen*1, T. Usenius2, T.Tikka1 and J. 
Koistinaho1. ‘A.I. Virtanen Institute, University of Kuopio, 2Kuopio University 
Hospital, P.O. Box 1627, FIN-70211 Kuopio, Finland.

Aspirin (acetylsalicylic acid, ASA) has recently been shown to be 
neuroprotective; blocking excitotoxic damage by inhibiting NF-k B activation. Some 
other compounds such as sodium salicylate (SoSal) and TV-Acetyl-L-cysteine (NAC) 
also prevent glutamate-induced neuronal death by inhibition of NF-k B. These findings 
are in conflict with studies showing that activation of NF-k B prevents neuronal cell 
death. In this study we investigated the effect of ASA, SoSal and NAC in neuronal 
cultures derived from 14-day-old rat embryos.

Cortical cultures were exposed to ionizing radiation (0-2 Gy) at day 5 in vitro 30 
min after adding 3 mM ASA, 10 mM NaSal, lOmM or 60 mM NAC diluted in the 
culture medium. Twenty-four hours later the cells were processed for histological 
stainings (TUNEL and bis-benzimide) and cell counts to assess the neuronal survival, 
or subjected to electrophoretic mobility-shift assay (EMSA) with a k B site DNA 
probe. In comparison, mixed spinal cord (SC) cultures at 7 days in vitro were treated 
with various concentration of ASA, NaSal and NAC, exposed to 0.1 - ImM 
glutamate (Glu) for 24 hours, and processed for histological and EMSA analysis. 
Irradiation of cortical cultures induced apoptotic neuronal death dose-dependently, and 
the excitotoxicity of Glu in SC cultures correlated with the concentration. In both 
types of cultures ASA reduced NF-k B binding. However, whereas 3 mM ASA and 10- 
60 mM NAC reduced neuronal cell death in irradiation experiments, the compounds 
failed to protect SC neurons against excitotoxicity. In fact, the compounds at these 
concentrations were toxic in control cultures. The effect of NaSal on irradiated cells 
had a neuroprotective tendency.

The results support the hypothesis of a dual role of ASA and other NF-k B- 
inhibiting compounds in neuronal survival. Further studies are in progress to predict 
the usefulness of ASA-like compounds in different brain disorders.

This study was supported by Finnish Ministry of Education.
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543
SYMPOSIUM. THE MOLECULAR BASIS OF ALZHEIMER'S 
DISEASE. D.J. Selkoe, Harvard Medical School (Chairperson); SL 
Sisodia, Johns Hopkins University; M.A. Smith. Case Western 
Reserve University; B. A. Yankner. Harvard Medical School.

Recent advances in our understanding of the principal gene products 
implicated in Alzheimer's disease (AD) will be reviewed. Four 
distinct genes have been identified to date in familial forms of AD, and 
mutations or polymorphisms in each of these appear to enhance the 
production and/or deposition of the amyloid B-protein (AB) in the 
brain. Mutations in the genes encoding the polytopic membrane 
proteins, presenilin 1 and 2, cosegregate with a large portion of 
pedigrees with early onset familial AD. S. Sisodia will review efforts 
focused on using cell biological, transgenic and gene targeting 
approaches to clarify the normal and pathological functions of the 
presenilins. D. Selkoe will review the expression, trafficking and 
proteolytic processing of the 8-amyloid precursor protein (APP) and 
summarize how APP metabolism is affected by the known AD genes. 
M. Smith will review the morphological and biochemical features of 
neurofibrillary degeneration in AD, the nature of altered 
phosphorylation of tau protein and the potential role of oxidative stress 
in these processes. B. Yankner will discuss how the neurotoxicity of 
AB in vitro and in vivo implicates AB as a proximal cause of neuronal 
degeneration in AD and how studies of AB neurotoxicity in animal 
models can potentially explain the age-dependence of AD and the 
primate-specificity of its degenerative pathology.

544
SYMPOSIUM. GENETICALLY ALTERED MONOAMINE NEURO-
TRANSMISSION: NEUROBIOLOGY AND BEHAVIOR. J.C. Shih, Univ. of 
Southern California (Chairperson); T, H, Joh. Cornell Univ.(Chairperson); R. D. 
Palmiter. HHMI and Univ. of Washington; M. G. Caron. HHMI and Duke Univ.; 
E. Borrelli. Univ. Louis Pasteur

Gene targeting techniques were used to create mice that lack monoamine 
enzymes, receptors and transporters. Monoamine oxidase (MAO) A deficiency 
results in aggression and increased levels of serotonin (5-HT), dopamine (DA) and 
norepinephrine (NE). In contrast, MAO B deficient mice show increased levels of 
phenylethylamine, increased reactivity to stress and resistance to the 
neurodegenerative effects of MPTP. Mice unable to synthesize NE die during fetal 
development, but can be rescued to birth pharmacologically. Although these mice 
do remarkably well, they have motor defects and are intolerant to cold stress. In 
addition, males are infertile and females fail to nurture their young. These defects 
are reversed by NE. Mice unable to synthesize DA become hypoactive and stop 
feeding 2 to 3 weeks after birth. They can be rescued by L-DOPA, however it 
results in hyperactivity. Male mice are sexually aggressive when DA is restored 
and this activity depends upon testorsterone. Disruption of the DA transporter gene 
results in spontaneous hyperlocomotion and a marked increase in basal extracellular 
levels of DA. Dramatic alterations in the regulation of DA synthesis, storage, 
release and metabolism suggest that the DA transporter is a major determinant of 
DA homeostasis in the brain. Absence of the DA transporter leads to dwarfism and 
inability to lactate for females, demonstrating the role of DA in pituitary 
development. D2 receptor knock-out mice showed reduced locomotion and altered 
coordination of movements. It has also revealed a role for this receptor not only in 
the control of hormone synthesis and release, but also in pituitary cell growth and 
differentiation.

ISCHEMIA: TRANSGENICS AND GENE TRANSFER

547.1
ISOFORM SPECIFIC EFFECTS OF HUMAN APOLIPOPROTEIN E 
(APO E) ON FOCAL ISCHEMIC OUTCOME IN TRANSGENIC MICE, 
H Sheng, D Laskowitz, R Bart, R Pearlstein, D Schmechel, A Roses, D
Warner* Depts. of Anesthesiology, Neurology, Pediatrics and Surgery, 
Duke University Medical Center, Durham NC 27710 
ApoE, a 34 kD glycosylated lipid binding protein, is known to exist in 3 

isoforms in humans (E2, E3, or E4). Clinical evidence suggests that the 
ApoE genotype may be a risk factor for poor outcome following acute CNS 
injury. This was further examined in transgenic mice. Cosmid libraries 
were constructed from lymphoblasts of humans known to be homozygous 
carriers for Apo E3 or E4. Fragments containing human regulatory 
sequences were isolated and microinjected into single cell embryos from 
ApoE deficient mice to produce transgenic mice. Animals were bred to 
homozygosity. Presence of human and Apo E "knockout" genes was 
confirmed by PCR. Mode of integration and copy numbers of transgenes 
were analyzed by Southern blotting. Presence of human ApoE protein was 
confirmed by Western blotting. Serum cholesterol was determined to be 
normalized for both E3 and E4 mice. Presence of the human ApoE protein 
in neurons and glia was confirmed by immunohistochemistry. Apo E3 
(n=12) and E4 (n=10) mice underwent 60 min of MCA occlusion. After 24 hr 
recovery, infarct size was measured. Infarcts (mean±sd) were smaller in 
the Apo E3 group (cortex: Apo E3 = 18 ± 4 mm^; Apo E4 = 30 ±11 mm^, p = 
0.04; subcortex: Apo E3 = 12±4 mm^; Apo E4 = 18±4mm^, p = 0.003). 
Hemiparesis was less severe in ApoE3 mice (p=0.02). These data suggest 
that human ApoE transgenic mice may provide an appropriate model for 
examination of the mechanistic basis for the role of human Apo E alleles 
in acute CNS injury. Funded by NIH GM39771 and AG-05128.

547.2
CEREBROVASCULAR DYSREGULATION AND INCREASED 
SUSCEPTIBILITY TO ISCHEMIC BRAIN DAMAGE IN APP 
TRANSGENICS. C. ladecola1, F. Zhang*1, C. Eckman2, S. Love1, S. 
Younkin2, and K.K. Hsiao1.1Dept. of Neurology, Univ. of MN, Minneapolis, 
MN 55455, 2Mayo Clinic, Jacksonville, FL, 32224.

Cerebral ischemia results in overexpression of the amyloid precursor 
protein (APP) and may lead to accumulation of AB peptides, products of APP 
metabolism that are neurotoxic (JCBF&M 16:1219, 1996). We sought to 
investigate the role of APP in ischemic brain damage using transgenic mice 
overexpressing human APP. The middle cerebral artery (MCA) was occluded 
in FVB/N mice expressing APP695.SWE (Neuron 15:1203, 1995). Infarct 
volume (mm3) was assessed 24 hours later in thionin-stained brain sections. 
Non-transgenic littermates were used as controls. In some mice cerebral 
blood flow was monitored by laser-Doppler flowmetry before and after MCA 
occlusion. The infarct produced by MCA occlusion was 31% larger in APP 
transgenics (39±mm3; n=12) than in non-transgenic littermates (30±3; 
p<0.05; t-test). Measurement of the APP fragments AB1-40 and AB1-42 by 
ELISA revealed that, although the concentration of AB was increased in the 
brain of APP transgenics, there were no differences between ischemic 
(80±19 pmol/g) and non-ischemic hemisphere (82±15; p>0.05; n=6). Thirty 
min after MCA occlusion the reduction in cerebral blood flow in the region of 
the ischemic penumbra was more pronounced in APP transgenics (-49±12% 
of CBF before MCA occlusion) than in non-transgenic littermates (-29±8%; 
n=9). The data suggest that APP overexpression increases the susceptibility 
of the brain to ischemic damage. The effect is likely to involve AB-induced 
neurotoxicity as well as AB-related vascular impairment (Nature 380:168, 
1996) resulting in more severe ischemia in regions at risk for infarction. The 
study of APP-induced neurotoxicity and neurodegeneration has to take into 
account the potent and deleterious vascular actions of peptides deriving from 
APP processing. (Supported by NS34179)

547.3
IRF-1 NULL MICE ARE PROTECTED FROM ISCHEMIC BRAIN 
DAMAGE. F, Zhang, T. Aber, C. Salkowski1. S, Vogel1, M. E, Ross* and 
ladecola. Dept. of Neurology, Univ. of MN, Minneapolis, MN 55455; 1Dept. of 
Microbiology, USUHS, Bethesda, MD, 20814.

Cerebral ischemia is associated with an inflammatory reaction that 
contributes to the development of tissue damage (Trends Neurosci. 20:132, 
1997). The transcription factor interferon regulatory factor 1 (IRF-1) is critical 
for expression of a number of inflammation-related genes, such as inducible 
nitric oxide synthase. In this study, therefore, we used heterozygous (+/-) 
and homozygous (-/-) null mice for the IRF-1 gene (IRF-1 KO) to determine 
whether IRF-1-regulated gene products play a role in ischemic brain damage. 
The middle cerebral artery (MCA) was occluded in IRF-1 KO and in wild-type 
controls (C57B/6). Infarct size was determined 4 days after ischemia in 
thionin-stained brain sections. Ischemic swelling was also measured in the 
sections. In wild-type mice, the infarct produced by MCA occlusion was 33+1 
mm3. The infarct was reduced by 14±6% in +/- (p<0.05, ANOVA; n=5) and by 
42±9% in -/- mice (p<0.05; n=6). Ischemic swelling was also reduced from 
7.4±0.5 mm3 in wild-type mice to 5.7±0.8 mm3 in -/+ (p>0.05) and 3.5±0.8 
mm3 in -/- IRF-1 KO (p<0.05). To determine whether the reduction in infarct 
size was a consequence of less severe ischemia in IRF-1 KO, the decrease in 
cerebral blood flow (CBF) produced by MCA occlusion was measured in the 
ischemic region using a laser-Doppler flowmeter. Thirty min after MCA 
occlusion the reduction in CBF was comparable in wild-type mice (-76+3%) 
and -/- IRF-1 KO (-68±10%; p>0.05). Thus, the infarct produced by MCA 
occlusion is substantially smaller in IRF-1 KO. The effect is more pronounced 
in -/- than in +/- mice and is associated with a reduction in tissue swelling. The 
data suggest that IRF-1 is involved in the expression of gene products that 
contribute to both ischemic edema and ischemic cell death. (Supported by 
NS34179 and NMRDC#63706NM0095.01.9401)

547.4
FOCAL CEREBRAL ISCHEMIC INJURY IN KNOCKOUT MICE DEFICIENT IN 
THE £( SUBUNIT OF NMDA RECEPTOR. E. Morikawa*13, H. Mori2. M, 
Mishina2. T. Asano3. T. Kirino1. Depts of Neurosurgery1 and Pharmacology’, 
University of Tokyo Faculty of Medicine, Tokyo, Dept of Neurosurgery3, Saitama 
Medical Center/School. Kawagoe, Japan.

Glutamate neurotoxicity has been implicated in the pathogenesis of brain injury 
following cerebral ischemia. The el (NR2A) subunit of glutamate receptor 
contributes to the NMDA receptor activity of cortex and hippocampus in adult mice. 
The knockout mice deficient in the el subunit showed moderate deficiency in 
hippocampal long-term potentiation and water maze learning. To evaluate 
significance of NMDA receptor-mediated events in ischemic brain injury, we compared 
the size of injury afer focal cerebral ischemia between the e 1 subunit knockout mice 
and their normal littermates. Under halothane anesthesia, nonfested male and female 
mice underwent focal cerebral ischemia by inserting 6-0 monofilament nylon from lefi 
common carotid artery (permanent ischemia, PI). The nylon filament was withdrawn 
from the circle ofW ill is in some animals 2 hours afer occlusion (reversible ischemia, 
RI). Twenty-four hours afer onset of ischemia, the mice were sacrificed. Five 2 mm 
brain slices were stained with 2% 2, 3, 5-triphenyltetrazolium chloride and tissue 
injury volume was calculated by numerically integrating the injuiy areas in each slice. 
The injuiy volume was evaluated immediately afer the death in case the mice could 
not survive 24 hours. During the surgical procedure rectal temperature was kept 
normotheimic. In PI, the ischemic injuiy volume (mean+SEM mm3) was 104+8 and 
91+14 for the normal littermates (n=14) and the knockout mice (n=13), respectively 
(p>0.05). In two hour RI, the injuiy volume was 87+7 and 51+7 for the littermates 
(n=35) and the knockout mice (n=28), respectively (p<0.05, unpaired t test). In RI, 6 
out of 35 controls died before 24 hours and all the knockout mice survived (p<0.05, 
X2 test ). These data demonstrate direct evidence that NMDA receptor mediated 
events are involved in the brain injuiy caused by reversible focal cerebral ischemia. 
(Supported by Grant-in-Aid for Scientific Research on Priority Areas, Ministry of 
Education, Science and Culture, Japan)
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547.5
POLY (ADP-RIBOSE) SYNTHETASE NULL TRANSGENIC MICE ARE 
RESISTANT TO MODELS OF FOCAL ISCHEMIA. V.L. Dawson*, A.S. 
Mandir, M.J.L. Eliasson, A. Pieper, Z.-Q. Wang1, S.H. Snyder, and T.M.
Dawson. Departments of Neurology, Neuroscience, Physiology,
Pharmacology and Molecular Science, Johns Hopkins Univ. Sch. Med. 
Baltimore, MD 21287, 'IARC, Lyon, France.

Nitric oxide and peroxynitrite have been implicated as major mediators 
of neuronal damage following focal ischemia. There are likely multiple 
target proteins for nitric oxide and peroxynitrite which result in neuronal 
damage. One pathway that has been implicated is nitric 
oxide/peroxynitrite damaged DNA and subsequent activation of the 
nuclear enzyme, poly (ADP-ribose) synthetase (PARS). Once activated, 
PARS catalyzes the attachment of ADP ribose units to nuclear proteins 
such as histones and PARS itself. For every mole of ADP ribose 
transferred, 1 mole of NAD is consumed and four free energy equivalents 
of ATP are consumed to regenerate NAD. Thus, activation of PARS can 
rapidly deplete energy stores which could lead or contribute to neuronal 
death. Previously, we observed neuronal protection with non-selective 
PARS inhibitors against in vitro models of focal ischemia. We now extend 
these observations using PARS null transgenic mice in models of 
excitotoxic injury. Cortical neurons from PARS null transgenic mice are 
resistant to neurotoxic damage from oxygen-glucose deprivation, 
excitotoxic concentrations of NMDA and neurotoxic concentrations of 
nitric oxide donors. Selective PARS inhibitors do not provide further 
protection in the PARS null transgenic mice. Our results provide 
compelling evidence for the involvement of PARS activation in neuronal 
damage due to hypoxic/ischemic insults and oxidative insults. Supported by: 
USPHS NS33I42-03, Gustavus and Louise Pfeiffer Stipend . Some of the authors own stock (T.M.D., 
S.H.S.) and are entitled to royalties (S.H.S., T.M.D., V.L.D.) from Guilford Pharmaceutical Inc., which is 
developing technology related to the research described in this abstract.

547.6
POLY (ADP-RIBOSE) SYNTHETASE KNOCKOUT MICE ARE 
RESISTANT TO CEREBRAL ISCHEMIA. M.J.L. Eliasson*, K. Sampei, 
A.S. Mandir, P.D. Hum, R.J. Traystman, A. Pieper, A.J. Verma, Z.-Q.
Wang1, T.M. Dawson, S.H. Snyder, and V.L. Dawson. Departments of
Pharmacology & Molecular Science, Neurology, Neuroscience, 
Physiology, Anesthesiology and Critical Care Medicine, Johns Hopkins 
Univ. Sch. Med. Baltimore, MD 21287, ‘IARC, Lyon, France.

Nitric oxide and peroxynitrite have been implicated as major mediators 
of neuronal damage following focal ischemia. There are many cellular 
targets for nitric oxide and peroxynitrite mediated neuronal damage. One 
pathway that has been implicated is activation of the nuclear enzyme, poly 
(ADP-ribose) synthetase (PARS). PARS catalyzes the attachment of ADP 
ribose units to nuclear proteins following DNA damage. For every mole 
of ADP ribose transferred, 1 mole of NAD is consumed and four free 
energy equivalents of ATP are consumed to regenerate NAD. Thus, 
activation of PARS can rapidly deplete energy stores which could lead or 
contribute to neuronal death. PARS inhibitors are markedly protective 
against in vitro models of focal ischemia. Similarly, PARS knockout mice 
treated with reversible middle cerebral artery occlusion are protected 
against ischemic injury as measured by 2,3,5-triphenyltetrazolium chloride 
staining and histological evaluation. Hemispheric infarction volume is 
significantly reduced relative to wild-type controls, while physiologic 
parameters and ipsilateral cerebral blood flow during ischemia/reperfusion 
are comparable. These results provide compelling evidence for the 
involvement of PARS activation in neuronal damage following focal 
ischemia. Supported by: Gustavus and Louise Pfeiffer Stipend, USPHS NS33142-03. Some of the 
authors own stock (T.M.D., S.H.S.) and are entitled to royalties (S.H.S., T.M.D., V.L.D.) from Guilford 
Pharmaceutical Inc., which is developing technology related to the research described in this abstract.

547.7
REDUCED TISSUE INJURY IN POLY(ADP-RIBOSE)POLYMERASE NULL 
MICE AND AFTER 3-AMINOBENZAMIDE TREATMENT IN TRANSIENT 
FOCAL CEREBRAL ISCHEMIA. M. Endres. Z.-O. Wang, S. Namura, C, Waeber. 
Hideaki Hara*, and M. A, Moskowitz, Stroke and Neurovascular Regulation, Mass. 
Gen. Hospital, Harvard Med. Sch., 149 13th St., Rm 6403, Charlestown, MA 02129

We evaluated whether genetic deletion of poly(ADP-ribose)polymerase (PARP) or 
its pharmacological inhibition by 3-aminobenzamide (3-AB) alters tissue injury after 
transient focal cerebral ischemia. Twenty-two h after reperfusion following 2h of 
filamentous middle cerebral artery occlusion, ischemic injury was decreased in PARP7 
and PARP+/' mice compared to PARP+/+ littermates. A similar protection was achieved 
in wild-type mice after i.c.v.-treatment with 3-AB. Neurological deficits were less 
severe in PARP null and 3-AB treated mice as compared to controls.

As determined by immunohistochemistry, poly(ADP-ribose) positive cells and 
staining per cell were increased in ischemic tissue compared to contralateral side 5min 
after reperfusion in wild-type mice. NAD+ levels - the substrate for poly(ADP-ribose) - 
decreased within the ischemic territory at 0-2h after reperfusion, and fell to 
approximately 35% of contralateral levels at 24h in wild-type mice, as measured in 
brain homogenate or on tissue sections by histochemistry. The decreases were 
significantly less in PARP null mice and 3-AB-treated animals. Because PARP is 
cleaved by the ICE-family member CPP32, and this has been proposed as an 
important step in apoptotic cell death, we compared oligonucleosomal DNA damage, 
total DNA fragmentation and density of TUNEL (+) cells in PARP 7' mice or in 3-AB- 
treated animals versus controls. Despite the reduction in infarct size, there were no 
differences between groups.

Thus, activation of PARP contributes to ischemic brain injury most likely by 
NAD+ depletion. CPP-32 activation in ischemia supposedly mediates apoptosis by 
other downstream products than PARP. PARP inhibitors provide a potential therapy 
in stroke. Supperted by NIH (NS10828, MAM) and DFG (En 343/1-1, ME)

547.8
REDUCED ISCHEMIC BRAIN INJURY IN INTERLEUKIN-1(3 
CONVERTING ENZYME (ICE) DEFICIENT MICE
Q.P. Schielke*, G-Y, Yang,, B, D, Shivers, and L. A. Betz.
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co., 
and University of Michigan, Ann Arbor, MI, 48109

A variety of recent studies suggest a role for both inflammatory 
cytokines such as IL-16 and apoptosis in ischemic brain injury. Since 
interleukin-16 converting enzyme (ICE) is required for the conversion of 
proIL-16 to its biologically active form, and has homology with proteins 
that regulate apoptosis in invertebrates, we studied the effect of cerebral 
ischemia on brain injury in mutant mice deficient in the ICE gene (ICE 
KO mice, P. Li et.al., Cell 80:401-11, 1995). Focal cerebral ischemia, 
produced by thread occlusion of the middle cerebral artery, resulted in 
increased water and sodium content at 4 h (brain edema) and a 
histologically defined brain lesions at 24 h. Both of these markers of 
brain injury were significantly reduced by approximately 50% in the ICE 
KO mice as compared to wild-type C57BL/6 mice. Regional cerebral 
blood flow, determined using the flow tracer, 14C-IMP, 30 min after 
induction of iscehmia, was similar in the two strains of mice, indicating 
that the reduced brain injury in the KO mice was not a result of a lesser 
degree of ischemia.

These data demonstrate that ICE contributes to the development of 
ischemic brain damage, and that it plays a role at an early time in the 
pathological process. Although the mechanism of this effect is 
uncertain, our results suggest that pharmacological inhibition of ICE may 
be a useful treatment for stroke. (Supported by Warner-Lambert and 
NIH grants, NS35089, NS23870)

547.9
THE CEREBROPROTECTIVE EFFECTS OF TRANSFORMING GROWTH 
FACTOR BETA (TGF-J3) IN A MURINE MODEL OF FOCAL CEREBRAL 
ISCHEMIA. E. S. Connolly, Jr„ C. J, Winfree. T, F, Choudhri*. D. M. Stem. R. 
A. Solomon. D. J. Pinsky. Department of Neurosurgery, Columbia University 
College of Physicians & Surgeons, New York, NY 10032.

Transforming Growth Factor Beta (TGF-P) represents a group of 
immunomodulatory and neuroprotective cytokines which function in cell 
differentiation and tissue repair. To establish the importance of TGF-p in stroke, 
a murine model of permanent focal cerebral ischemia consisting of intraluminal 
middle cerebral artery (MCA) occlusion was used in transgenic mice that were 
heterozygous null for TGF-p (TGF-p +/-, 129J background, n = 6), and wild type 
controls (TGF-P +/+, n = 6). Ipsilateral cerebral blood flow (CBF), determined 
by laser doppler flowmetry and expressed as percent of contralateral cortical 
CBF, was measured immediately following occlusion and at sacrifice 24 h later. 
Neurologic outcome at the time of sacrifice was based on animal behavior 
observed by a blinded investigator (1: no deficit; 2: circling; 3: spinning; 4: 
immobile). Cerebral infarct volumes were calculated from triphenyltetrazolium 
chloride (TTC) stained serial coronal sections, and expressed as the percentage of 
infarcted tissue in the ipsilateral hemisphere. TGF-p +/- mice showed a 6-fold 
increase in infarct volumes compared with TGF-p +/+ mice (24.7 ± 4.2% vs. 4.2 
± 2.1%, p < 0.05). These larger infarct volumes in mice devoid of TGF-P were 
mirrored by increased neurological deficit (3.4 ± 0.4 vs. 1.8 ± 0.5, p < 0.05) in 
survivors. These data support a protective role for endogenous TGF-p in the 
setting of permanent focal cerebral ischemia.

This study was supported by internal department funds.

547.10
SYNERGISTIC NEUROPROTECTIVE EFFECTS OF MK-801 
AND DELAYED ADMINISTRATION OF ZVAD-FMK, A 
CASPASE INHIBITOR, FOR TREATMENT OF CEREBRAL 
HISTOTOXIC HYPOXIA IN VIVO J. B. Schulz*. M. Heneka. R.T. 
Matthews, U. Wullner. D. Bremen. J. Lommatzsch, M. Weller. M.F.
Beal, J. Dichgans, T. Klockgether. Department of Neurology, 
University of Tubingen, 72076 Tubingen, Germany; and 
Neurochemistry Laboratory, Massachusetts General Hospital, Boston, 
MA02114, U.S.A.

Excitotoxicity and inappropriate apoptosis have been suggested to be 
involved in neuronal loss following cerebral ischemia. Striatal 
histotoxic hypoxic lesions produced by the mitochondrial toxin 
malonate resemble those of focal cerebral ischemia. Intrastriatal 
injections of malonate induced caspase (ICE-like protease) activity 
within 12 h in rats. Caspase activation was prevented in mice 
transgenic for neuronal BCL-2 expression. Pretreatment by either 
intrastriatal injection of the tripeptide, N-benzyloxycarbonyl-Val-Ala- 
Asp-fluoromethylketone (zVAD-fmk), a caspase inhibitor, or 
intraperitoneal injection of MK-801 significantly reduced the lesion 
volume produced by malonate. Further, treatment with zVAD-fmk 
reduced the number of TUNEL-positive neurons. Posttreatment at 3 h 
with zVAD-fmk but not with MK-801 significantly reduced lesion 
volumes produced by striatal malonate injections. The combination of 
pretreatment with MK-801, and delayed treatment with zVAD-fmk at 3 
h provided synergistic protection compared with either treatment alone. 
These results implicate both early excitotoxicity and delayed apoptosis 
in neuronal loss after focal ischemic lesions and offer potential new 
strategies for the treatment of stroke.
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547.11
GENETIC BASIS OF ANOXIA TOLERANCE IN DROSOPHILA 
MELANOGASTER. G.G. Haddad1*, Y. Sun2, R. Wyman2 and T. Xu3.
1) Departments of Pediatrics (Respiratory Medicine), 2) Biology, 3) Genetics, 
Yale University School of Medicine, New Haven, CT 06520.

Some vertebrates and invertebrates are known to tolerate a total lack of O2 
for prolonged periods without tissue injury. For example, we have recently 
shown that Drosophila melanogaster is very resistant to anoxia, tolerating 
several hours of 100% N2 atmosphere. In order to determine the genetic basis 
for this resistance, we performed mutagenesis experiments to isolate hypoxia- 
sensitive mutants and study the resulting phenotypes. As an initial screen, we 
focused on X-chromosome mutants. More than 10,000 male progeny carrying 
mutagenized X-chromosomes (mutagenized males crossed to attached X 
females) were examined in a specially designed chamber. Recovery from a 
5-min anoxic period was assessed, resulting in the isolation of six mutants, 
with 4 being X-linked. These X-linked mutations were further characterized. 
The most severe phenotype had a mean latency for anoxic recovery that was 
twice longer than in the wild type (653 ± 10.2 sec, n=173 versus 332 ± 6.4 
sec, n=91) with almost no overlap in their distributions. Three of the 4 
mutations were recessive and the fourth was dominant. Complementation 
tests indicated that at least 2 mutations were alleles of the same locus. 
Electrophysiologic studies demonstrated that polysynaptic transmission in the 
CNS was abnormally long during anoxic recovery in these mutants. These 
results demonstrate for the first time that anoxic tolerance can be genetically 
dissected. Our results strongly suggest that our approach in flies will be 
instrumental in understanding the molecular basis of anoxia tolerance.

547.12
OVEREXPRESSION OF INDUCIBLE HSP70 PROTEIN USING HERPES 
SIMPLEX VIRAL VECTORS IMPROVES NEURON SURVIVAL IN 
EXPERIMENTAL STROKE. Yenari MA*1, Fink SL-, Sun GH1, Patel M-, Kunis 
DM-, Onley D-, Sapolsky RM2, Steinberg GK- Depts. of Neurosurgery1 and 
Biology2, Stanford University Medical Center, Stanford, CA.

The 70 kD heat shock protein, HSP70 is expressed during a variety of central 
nervous system insults, including cerebral ischemia, but its role has been debated. 
Recent experimental evidence suggests that it may be neuroprotective. We target 
striatal neurons with defective herpes simplex virus vectors which encode the hsp70 
gene to investigate its potential neuroprotective role in focal cerebral ischemia. Viral 
vectors using a bicistronic expression system were constructed to encode hsp70 and 
P-galactosidase (P-gaZ) genes. Control vectors encoded only the fi-gal (reporter) 
gene. 19 Sprague Dawley rats received bilateral striatal injections of viral vector 12 
h prior to middle cerebral artery (MCA) occlusion using a 3-0 monofilament nylon 
suture. The MCA was occluded for 1 h followed by 47 h of reperfusion. Brains 
were harvested and stained with X-gal and cresyl violet. The number of remaining 
virally targeted, X-gal stained neurons in both the ischemic and contralateral striata 
were counted at high power. The percentage of surviving neurons in the ischemic 
striatum were compared to the contralateral nonischemic striatum for both groups. 
To examine the temporal course of HSP70 expression, additional animals were 
injected with hsp70 expressing vector, then subjected to one hour of MCA occlusion 
12 h later. These brains were harvested and stained for HSP70 protein 1, 3, 6, 24 & 
48 h after MCA occlusion. Among animals receiving hsp70 vector, striatal neuron 
survivorship among hsp70 injected animals was 95.4 + 0.1% versus 61.4 ± 0.05% 
among those receiving fi-gal. (mean+SEM, p=0.03) Immunostaining for HSP70 
protein within virally targeted cells was present up to 6 but not 24 h after MCA 
occlusion. HSP70 may participate in processes involving neuronal protection during 
transient focal cerebral ischemia. Lack of viral HSP70 staining despite improved 
striatal neuronal survival by 48 h suggests that HSP70 may participate in a cascade 
of events leading to neuroprotection.

NINDS, Adler Foundation
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548.1
DETERMINANTS OF THE NR1 SUBUNIT WHICH CONTRIBUTE TO 
THE GLYCINE BINDING SITE. B, Le Bourdelles. S. Sandhu. T. Priestley, 
fJ. Mcllhinnev, R.G. Hill* and P. J. Whiting. Neuroscience Research Centre, 
Terlings Park, Eastwick Road, Harlow, Essex CM20 2QR, England, and MRC 
Anatomical Neuropharmacology Unit, Mansfield Road, Oxford OXI 3TH, 
England.

Previous studies have demonstrated that expression of NR1 alone leads to the 
formation of a glycine binding site with affinity for glycine site antagonists 
which are very similar to their affinities at heteromeric NR1-NR2 NMDA 
receptors. This suggests that although it is probably not a physiologically 
relevant structure, homomeric NR1 polypeptide forms a binding site for glycine 
antagonists which very closely mimics that of the native receptor. To gain a 
further insight into the determinants of the NR1 subunit which contribute to the 
glycine binding site we have generated a series of NR 1 point/truncation mutants. 
From these approaches it has become clear that large region of the N-terminal 
domain, and sequences including and C-terminal of TM4, are not required for 
the formation of a glycine antagonist binding site. The properties of these 
mutant NR1 subunits in terms of their binding of glycine site antagonists, their 
ability to coassemble with NR2A to form functional receptors, and their ability 
to be transported to the cell surface, will be discussed.

548.2
THE NR2A SUBUNIT OF RECOMBINANT NR1/NR2A NMDA 
RECEPTORS CONTAINS PUTATIVE GLUTAMATE BINDING 
RESIDUES. L. C. Anson. P. E. Chen and R. Schoepfer*. Lab. for 
Molecular Pharmacology, Dept. of Pharmacology, University 
College London, Gower Street, London, WC1E 6BT, UK.

NMDA receptors are heterooligomeric complexes of NR1 and 
NR2 subunits. Both glutamate and glycine are required for 
NMDA receptor activation. Previously it has been shown that 
the glycine binding site, formed by residues located on the 
NR1 subunit, can be modeled in analogy to bacterial amino 
acid binding proteins whose crystal structure is known.

We hypothesized that the glutamate binding site resides on 
the NR2 subunit. Xenopus oocytes were coinjected with NR1 
cRNA and either wild type or mutant NR2A cRNA in a 
nominally 1:1 ratio and analysed in the two electrode voltage 
clamp configuration. The Hill function was fitted to mean 
dose-response relationships for each receptor type and 
potency ratios calculated.

Alanine scanning mutations of three amino acids located 
just before Ml or between M3 and M4, reduced the potency of 
glutamate by approximately 200, 300 and 800-fold respectively. 
There was no significant change in Hill slope, maximal 
current or potency of glycine.

Although we cannot rule out the possibility that the 
mutations may have affected channel gating, the large 
changes in glutamate potency suggest strongly that we have 
identified residues controlling glutamate binding.

Funded by a Wellcome Trust grant and an MRC studentship.

548.3
FLUX COUPLING MEDIATES CA2+ TRANSPORT IN NMDA BUT 
NOT AMPA GLUTAMATE RECEPTOR CHANNELS L.P. Wollmuth* 
and B. Sakmann MPI fur med. Forschung, Abt. Zellphysiologie, Jahnstr. 29, 
Heidelberg, Germany.

The mechanism of inward Ca2+ transport in recombinant NMDAR and 
AMPAR receptors was studied in HEK 293 cells. Flux coupling between 
permeating ions was measured using a combination of patch clamp and 
Ca2+ photometry with Cs+ internally and Ca2+ externally as the only 
permeant ions. In NMDAR channels, the ratio of monovalent efflux and 
Ca2+ influx showed a strong deviation from passive diffusion indicating 
flux coupling. In 1.8 and 10 mM Ca2+, the ratio could best be described 
with an exponent of 2. Consistent with multiple permeant ions occupying 
the permeation pathway of NMDAR channels, Ca2+ permeability 
(Pca/Pcs) measured under biionic conditions with high external Ca2+ 
(0.18 to 110 mM) was concentration dependent, being highest around 
physiological concentrations. In 1.8 mM Ca2+, Pca/Pcs was 6.1 ± 0.3, 
n = 10 and reduced at both higher (110 mM; 2.6 ± 0.1, n = 9) and lower 
(0.18 mM; 2.2 ± 0.2, n = 7) concentrations. In contrast, Ca2+-permeable 
AMPAR channels (GluR-A or GluR-B(Q)) showed no flux coupling nor 
was Pca/Pcs concentration dependent. In addition, mutant GluR-B 
channels, containing an asparagine (N) at the Q/R-site, also did not show 
flux coupling nor concentration dependent permeability ratios, indicating 
that the difference in Ca2+ transport is not due to the identity of the 
Q/R/N-site. It is concluded that NMDAR channels contain multiple 
permeant ions whereas Ca2+-permeable AMPAR channels do not. This 
difference appears to underlie the functional difference in fractional Ca2+ 
currents present between these receptor types.
Supported in part by a Alexander von Humboldt fellowship to LPW.

548.4
SINGLE ACTIVATIONS OF NMDA NR1a/NR2A RECEPTORS RECORDED 
IN ONE-CHANNEL PATCHES FOLLOWING FAST CONCENTRATION 
JUMPS. D. Wyllie*, B. Edmonds and D. Colquhoun. Dept. Pharmacology, 
University College London, Gower Street, London WC1E 6BT UK.

Following the synaptic release of glutamate it has been estimated that the 
glutamate concentration rises rapidly to around 1 mM and then declines with a 
time constant of about 1 ms (Clements et al. 1992 Science 258, 1498-1501) 
suggesting that individual NMDA receptor-channels would probably each 
experience only a single activation during a synaptic event. To mimic such 
conditions 1 ms pulses of 1 mM glutamate were applied to outside-out patches 
containing only one NMDA receptor-channel.' Recombinant NR1a/NR2A 
channels were expressed in Xenopus oocytes at low density to increase the 
chance of obtaining one-channel patches. Our analysis indicates that 
NR1a/NR2A receptors open with a high probability with a mean latency to first 
opening of 20-30 ms. Averaging currents on the start of a jump or on the first 
opening after a jump gives similar decays. Thus, for NR1a/NR2A channels, 
activation lengths determine more the current’s slow decay than do latencies.

Figure. A, single-channel activity 
following a concentration jump of 
glutamate. B, average of 458 
jumps gives a mean current with a 
peak amplitude of 1.7 pA. Single-
channel currents had a mean 
amplitude of around 5.5 pA giving 
an estimate of the Popen at the 
peak of 0.32.

Supported by the Royal Society and MRC.
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548.5
GKAP, A NOVEL SYNAPTIC PROTEIN THAT INTERACTS WITH 
THE GUANYLATE KINASE-LIKE DOMAIN OF THE PSD-95/SAP90 
FAMILY OF CHANNEL CLUSTERING MOLECULES E. Kim*, S. 
Naisbitt, Y.-P. Hsueh, A. Rao, A. Rothschild, Ann Marie Craig, Morgan 
Sheng Howard Hughes Medical Institute and Department of Neurobiology, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 
02114; Department of Cell and Structural Biology, University of Illinois, 
Urbana-Champaign, IL 61801; Department of Pharmacology, Pusan 
National University, Korea

Members of the PSD-95/SAP90 family of synaptic MAGUK (membrane 
associated guanylate kinase) proteins interact, via their N-terminal PDZ 
domains, with certain ion channels (NMDA receptors and K+ channels), 
thereby promoting the clustering of these proteins. Although the function 
of the N-terminal PDZ domains is relatively well characterized, the 
function of the Src homology 3 (SH3) domain and the guanylate kinase-
like (GK) domain in the C-terminal half of PSD-95 has remained obscure. 
We have isolated a novel synaptic protein, termed GKAP for guanylate 
kinase associated protein, that binds directly to the GK domain of the four 
known members of the mammalian PSD-95 family. GKAP shows a 
unique domain structure and appears to be a major constituent of the 
postsynaptic density. GKAP colocalizes and co-immunoprecipitates with 
PSD-95 in vivo, and coclusters with PSD-95 and K+ channels/NMDA 
receptors in heterologous cells. Given their apparent lack of guanylate 
kinase enzymatic activity, the fact that the GK domain can act as a site for 
protein-protein interaction has implications for the function of diverse GK- 
containing proteins (such as p55, ZO-1 and LIN-2/CASK).

548.6
AMPA RECEPTOR INTERACTING PROTEIN: PSD 96
Saona Srivastava. Sven Yillim. Pavel Ostcn. Latika Khatri. Bradley States.
Gareth J Inman. Chris Daly and Edward B.Ziff* HHMI and Dept. of 
Biochem., NYU Medical Center, New York, NY 10016

The majority of excitatory synaptic transmission in the central nervous 
system is mediated by the AMPA receptor. We used the yeast two hybrid 
system to identify proteins which interact with the AMPA receptor 
subunit GluR 2, with the last 50 aa of GluR 2 C-terminal cytoplasmic 
domain as a bait. Sequence analysis showed that among the proteins 
identified by this screen was a previously unidentified member of the 
Post Synaptic Density (PSD) family of proteins which we call PSD 96. 
The mRNA sequence of PSD 96 predicts a 2466 nucleotide open 
reading frame which encodes a 822 aa protein with a predicted molecular 
mass of 96 kDa. PSD 96 has 6 PDZ domains which are organized in 
two clusters of 3 PDZ domains and each cluster is followed by a large 
spacer region. PDZ domains are protein motifs that are important in 
targeting membrane proteins to cell-cell junctions which include 
synapses. We have confirmed that PSD 96 binds to GluR 2 in vitro and 
in vivo when both proteins are expressed in HEK 293T cells. The 
interaction of PSD 96 is also specific for GluR 3 which has a similiar C- 
terminal amino acid sequence to GluR 2 but not to GluR 1 and 4 which 
have different C-termini. Analysis of PSD 96 deletion mutants indicates 
that the region required for efficient GluR 2 binding includes the second 
cluster of PDZ domains as well as both the spacers. The extreme C- 
terminus of GluR 2 is required for binding to PSD 96. The expression 
pattern for PSD 96 was studied by Northern blots. It is brain specific 
with maximal expression in hypothalamus, thalamus and brain stem. We 
are currently investigating the possible functions of PSD 96 which 
include clustering of GluR 2 at the synapse, linking GluR 2 to the 
cytoskeleton and recruiting proteins which modulate GluR 2 function.

548.7
VISUALIZATION OF AMPA-TYPE GLUTAMATE RECEPTOR BY 
FUSION WITH GREEN FLUORESCENT PROTEIN. Y. Hayashi*, S. H. 
Zaman, T. Koothan, M. Maletic-Savatic and R. Malinow Cold Spring Harbor 
Lab., Cold Spring Harbor, NY 11724

In neurons, various proteins show discrete cellular distribution patterns which are 
regulated physiologically and developmentally. Glutamate receptors are enriched 
in postsynaptic specialization of excitatory synapses. We hypothesize that the 
regulated redistribution of glutamate receptors is an underlining mechanism for 
regulation of synaptic efficacy. To test this, we have visualized the subcellular 
distribution of the AMPA type glutamate receptor subunit, GluRl, in intact cell by 
making fusion protein of GluRl and green fluorescent protein (GFP 
Phe64Leu+Ser65Ala mutant). GFP was inserted between Phe21 and Pro22 of 
GluRl, three amino acid following the signal peptide cleavage site. Attaching the 
GFP to the extracellular domain of the glutamate receptors keeps the C-terminus 
intact, which might be important for the interaction with intracellular structural 
and/or regulatory proteins. The functionality of the fusion protein (GluRl-N-GFP) 
was examined in human embryonic kidney (HEK) 293 cells. Homomeric GluRl- 
N-GFP produced an inwardly rectifying current-voltage (IV)-relation in response 
to kainate, as does wild type GluRl. When GluRl-N-GFP was coexpressed with 
wildtype GluR2, the IV-relation was converted to a linear one. These observations 
show that GluRl-N-GFP is electrophysiologically functional and that it can form a 
functional heteromer with wildtype GluR2. Thus, GluRl-N-GFP may be a useful 
tool to visualize physiological and developmental regulation of cellular localization 
of AMPA type glutamate receptor in living cell.

Supported by Japan Society for Promotion of Science and Mochida Foundation.

548.8
IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION OF A 
GLUR5 KAINATE RECEPTOR THAT REGULATES INHIBITORY 
SYNAPTIC TRANSMISSION IN THE HIPPOCAMPUS D.Bleakman*1. 
V.Clarke2- B.A.Ballvk3, K.H.Hoo3. A.Mandelzvs3. C.P.Bath1. J.Thomas1. 
E.F.Sharpe1. C.Davies4. P.L.Omstein5. D.D.Schoepp5. R.K.Kamboi3. 
G.L.Collingridge2 and D.Lodge1 Eli Lilly and Company Limited, Surrey, U.K., 
2University of Bristol, Bristol, U.K., 3Allelix Biopharmaceuticals, Ontario, Canada4, 
University of Edinburgh, Edinburgh, U.K.,5 Eli Lilly and Company Limited, 
Indianapolis, Indiana, U.S.A.

We describe a potent and selective agonist, ATPA ((7?S)-2-amino-3-(3-hydroxy-5- 
te/V-butylisoxazol-4-yl)propanoic acid), and an antagonist, LY294486 (3SR, 4aRS, 
6SR,8aRS-6-((((lH-tetrazol-5-yl)methyl)oxy)methyl)l,2,3,4,4a,5,6,7,8,8a 
decahydroisoquinoline-3-carboxylic acid) for the GluR5 subtype of kainate receptor. 
Their potency and selectivity were determined using ligand binding studies in 
cloned and expressed human glutamate receptors and whole-cell voltage clamp 
recordings from recombinant and native glutamate receptors. ATPA had low 
nanomolar potency at human GluR5, no effect at GluR6 and weak activity at 
AMPA. Functional agonist activity of ATPA was confirmed at human GluR5 and 
acutely isolated rat DRG neurons. Similarly, LY294486 showed potent binding and 
functional activity at human GluR5 (10 fold selectivity vs AMPA receptors) and no 
activity at human GluR6. In transverse hippocampal slices, with AMPA and NMDA 
receptors blocked, afferent stimulation evoked monosynaptic inhibitory synaptic 
potentials mediated by y-amino butyric acid (GABA) in CAI pyramidal neurons. 
Under these conditions, GABA-ergic neurotransmission was inhibited by both 
kainic acid (5pM) and ATPA (lOpM), and this inhibition of synaptic transmission 
was antagonised by LY294486 (30-IOOpM). These results show that kainate 
receptors, of the GluR5 subtype, regulate synaptic inhibition in the hippocampus.

548.9
MODULATION OF RECOMBINANT NMDA RECEPTOR BY NON-
RECEPTOR TYROSINE KINASE SRC IN HEK293 CELLS. F.Zheng*, M.B. 
Gingrich, S.F.Travnelis and P.J. Conn. Dept. of Pharmacology, Emory Univ. 
Sch. of Med., Atlanta, GA 30322.

Recent studies have demonstrated that NMDA receptors in neurons 
contain phosphotyrosine and are functionally modulated by the src family of 
tyrosine kinases. Recombinant NMDA receptor function in HEK293 cells is 
also enhanced by src, and a C-terminal deletion of NR2A subunit abolished 
this effect (Kohr & Seeburg, 1996). In this study, we have investigated the 
structural requirements within the C-terminal of NR2A for src’s action.

HEK 293 cells were transiently transfected (calcium/phosphate method) 
with NR1-1a and NR2A cDNA in pCIneo vector. Current responses were 
recorded in the whole-cell patch configuration under voltage clamp (Vh=-40 
mV) to 20pM glutamate and 10pM glycine applied using a rapid perfusion 
method mode. Inclusion of partially purified recombinant human src (30 
units/ml, UBI) in the patch pipettes resulted in a gradual increase in the peak 
amplitudes of NMDA current to 161 ±6% of control (mean±S.E.M., n=8). We 
mutated codons for 6 tyrosine residues that are potential sites of action for 
src in the C-terminal region of NR2A to substitute phenylalanine for tyrosine. 
NMDA currents were recorded in the HEK293 cells transfected with these 
mutants in combination with NR1-1a. Preliminary data suggest that point 
mutation of a tyrosine residue unique to NR2A significantly reduced the 
potentiation of NMDA current by src (106±5% of control, n=7). Mutation of 
the neighboring tyrosine residues had no apparent effects. We are in the 
process of mutating other tyrosine codons to determine whether src’s action 
depends on additional tyrosine residues in the C-terminal region of NR2A. 
Our preliminary data suggest that a single tyrosine residue in NR2A subunit 
may be critical for the action of src. (Supported by NS10193-01 to F.Z., 
MH11623-01 to M.B.G., NS 31373, 34876 to P.J.C., NS 33777 to S.F.T.)

548.10
POTENTIATION OF SYNAPTIC NMDA RECEPTOR RESPONSES IN VISUAL 
CORTICAL NEURONS BY ATP AND FYN-KINASE. G.Stocca* and S.Vicini. 
Dept. of Physiology, Georgetown University Medical Center Washington D.C.
We recorded NMDA receptor-mediated synaptic currents (NMDA-EPSCs) from 
stellate and pyramidal neurons in layer IV/V of cortical slices from rats at different 
ages (P3-P5, P7-P10 and P15-P18). Evoked NMDA-EPSCs were isolated in Mg2* 
free conditions and in the presence of NBQX and bicuculline. The NR2B subunit 
selective antagonist CP101,606 (10 pM) inhibited evoked NMDA-EPSCs in neurons 
at P3-5 whereas it was less effective in neurons at later ages. Recent findings showed 
that distinct NR2 subunits are differentially regulated by protein kinases, suggesting 
a diverse modulation of NMDA receptors during development. Therefore, we 
compared the effects of phosphatase inhibitors on neurons from rats at P3-P5 and 
P7-P10. Orthovanadate or genistein (both 100 pM) applied intracellularly failed to 
significantly affect the evoked NMDA-EPSCs at both ages. However, when the K- 
gluconate-based intracellular solution contained Jyn-p55 kinase (30U/ml) with 6mM 
ATP, we noticed increases of the evoked NMDA-EPSCs peak amplitude range (20% 
to 360% at 13 min) in 6 of 10 neurons at P3-P5. In contrast, in 6 neurons at P7-P10 
we observed a 20-40% increase of the NMDA-EPSC in only two of these neurons. 
We also noticed however that the occurrence of spontaneous NMDA-EPSCs was 
increased in both fyn-p5 5 containing and in control neurons with 6 mM ATP. 
Therefore, we studied spontaneous NMDA-EPSCs in the presence of TTX (lpM) 
using an intracellular solution with either 2 or 6 mM ATP. The occurrence of these 
events increased with recording time when 6 mM ATP was present, at all ages 
tested. Our results indicate that distinct NMDA-EPSC modulation may depend on 
the particular subunit composition of synaptic NMDA receptors. We also suggest the 
possibility that intracellular ATP may render active previously silent synaptic 
NMDA receptors through mechanisms to be defined. Supported by NINDS grants 
NS28130andNS01680.
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548.11
MOLECULAR DETERMINANTS FOR GLYCINE-INDEPENDENT 
NMDA RECEPTOR DESENSITIZATION. A. Villarroel. M.P. Regalado.
M.L. de Ceballos* & J. Lerma. Instituto Cajal, CSIC, 28002-Madrid, Spain. 
NMDA receptors can undergo at least two kinds of desensitization. One 
increases as the concentration of the coagonist glycine declines, and the other 
proceeds even in the presence of saturating glycine concentrations (>10 pM). 
NMDA receptors are composed of two subunits, namely NR1 and NR2, of 
which four NR2 isoforms have been cloned (2A to 2D). The molecular 
composition of individual NMDA receptors influences desensitization 
properties. NR1/2A heteromers present glycine-independent desensitization 
when expressed in HEK293 cells, while NR1/2C do not. To localize the 
molecular determinants of glycine-independent desensitization, we have 
constructed chimeric 2A/2C subunits. The constructs were coexpressed with the 
wild type NR1 subunit in HEK293 cells and the responses to a fast application 
of glutamate in the presence of saturating glycine concentrations analyzed. Our 
goal was to localize residues of the NR2A subunit that when inserted into the 
2C subunit generate a chimera that desensitizes. Chimeras that include the 
amino terminal and first transmembrane domain of the 2C subunit have the 2C 
non-desensitizing properties. The mirror chimera has a 2A phenotype. 
Interchanging the 2A TMI alone introduces a partial slow desensitization in the 
2C subunit, while the amino terminal extracellular segment alone introduces a 
partial faster desensitization. The mirror chimeras present partial fast and slow 
desensitization, respectively. These results suggest that there are two different 
glycine-independent desensitization processes, and that they are under the 
exclusive control of the amino-terminal and TMI segments.
Supported by grants DGICYT (PB93-0150) and European Union (BIO2-CT93-0243).

548.12
BIOCHEMICAL AND MOLECULAR CHARACTERIZATION 
OF NMDAR1 SUBUNIT TRANSLATIONAL CONTROL.
Marc Awobuluvi, ’David Standaert. Stuart A. Lipton, 2Nikolaus J,
Sucher*. Depts. of Neurology, Children's Hospital & ’Mass. General 
Hospital, and Prog, in Neuroscience, Harvard Medical School, Boston, 
MA 02115;2 Hong Kong Univ of Sci.& Tech., Kowloon, Hong Kong,

Several studies have suggested that dynamic control of NMDAR1 
(NR1) subunit expression may be at the post-transcriptional (possibly 
translational) level. In rat cerebrocortical cultures chronically exposed to 
an NMDA receptor antagonist, and in the intact hippocampus of animals 
either chronically treated with ethanol or stimulated with estradiol 
following ovarectomy, levels of NR1 protein were found to increase 
without detectable changes in NR1 mRNA levels. Additionally, in PC 12 
cells, high levels of NR1 mRNA are present without significant NR1 
protein expression. Recent work has also suggested that NR1 is one of 
several mRNAs that is transported to dendrities, presumably for localized 
translational control. We combined biochemical, molecular biological, 
immunohistochemical and electrophysiological techniques to examine the 
mechanisms underlying putative translational control of the NR1 subunit 
in the developing rat brain in vivo and in PC 12 cells. NR1 mRNA was 
found to be translated in biochemically and translationally distinct pools 
over the course of rodent brain development and was retained in 
biochemically distinct compartments in the adult brain. Two distinct 
mechanisms appear to exert control over NR1 mRNA translation: 
specific roles for the NR1 mRNA 5' and 3’ untranslated regions in 
controlling NR1 translation are suggested.

Supported by NIH P01 29587 (S.A.L., N.J.S.) and an MSTP 
fellowship (M.A.).

LONG-TERM POTENTIATION: PHYSIOLOGY VI

549.1
MOLECULAR IDENTIFICATION AND SYNAPTIC LOCALIZATION OF THE 
ECTO-PROTEIN KINASE REQUIRED FOR THE STABILIZATION OF LTP.
Y, H. Ehrlich*, R. Lasher, M. V. Hogan, A, Babinska, A. Wieraszko and
Elizabeth Kornecki. City Univ. of NY at the Coll, of Staten Island, NY 10314, 
Univ. of Colorado Medical Ctr., Denver, CO. and SUNY HSC at Brooklyn, NY.

Ecto-protein kinases with the catalytic specificity of the atypical (phorbol- 
insensitive) protein kinase C isozymes zeta [£] and delta [S] operate on the 
surface of brain neurons (Hogan et al., J. Neurochem. 65: 2022-30,1995). A 
monoclonal anti-PKC antibody, termed M.Ab.1.9, was found to inhibit the 
activity of ecto-PK on the surface of hippocampal pyramidal neurons, and to 
prevent the stabilization of long-term potentiation (LTP) induced by high 
frequency stimulation in hippocampal slices (Chen et al., PNAS, 93: 8688- 
94,1996). Immuno-peroxidase staining of epitopes recognized by 
M.Ab.1.9 in hippocampal synaptosomes and hippocampal slices, carried-out 
before fixation and without permealization, revealed that M.Ab.1.9 binds to 
specific sites on the outer surface of the pre- and post- synaptic membrane, 
within the synaptic cleft. Control antibodies, e.g. to PKC isozyme a, did- not 
stain these surface epitopes. By labeling the surface of intact neurons with 
the photoaffinity probe [a32P]-8-azido ATP, this ecto-PKC was identified as a 
45kDa neuronal surface protein whose ATP -binding activity is inhibited by 
M.Ab.1.9. In contrast, anti-PKC isozyme antibodies that do not stain the 
surface of synaptic membranes, or antibodies to synaptic- junction proteins 
that bind to the surface but do-not inhibit LTP, had no effect on the binding 
of [a32P]8-azido ATP to the surface 45kDa protein. These results 
demonstrate that an ATP- binding protein with MW of 45K is an ecto-PK 
localized on the surface of pyramidal neurons within the cleft of synaptic 
junctions, the location at which ATP accumulates during the high frequency 
stimulation that induces LTP. Supported by grants from the NIH and AHA.

549.2
THE ENHANCEMENT OF INDUCTION OF LTP IN THE CAl AREA OF 
MICE LACKING IP3 TYPE 1 RECEPTORS K. Kato*”*, T. Nagase^), S. 
Fuiijg), K.-I. Ito<2>, T. Inoue(3), H, Katp(2> and K. Mikoshiba W <3> W. <»
Mikoshiba Project, ERATO, JST, Tokyo, <2>Dept. Physiol., Yamagata Univ., 
Yamagata, <3)Dept, Mol. Neurobiol., Inst. Med. Sci., Univ. Tokyo, (4)Dept. 
Mol. Neurobiol., Tsukuba Life Sci. Cntr, RIKEN, Ibaraki, JAPAN

We examined the involvement of inositol-1,4,5-trisphosphate (InsP3) 
receptor activation in the induction of hippocampal LTP using mice 
lacking InsP3 type 1 receptors (InsP3Rl). LTP was induced by the 
application of a tetanus (100 Hz, 1 sec) in Schaffer collaterals, and field 
responses as well as whole cell currents were monitored in the CAl 
somatic and dendritic areas using 500 p.M thick slices. LTP was induced in 
both homozygous and wild type InsP3Rl-lacking mice. The magnitude of 
LTP was slightly increased in homozygous (wild type : 131.3±4.3%, N=15; 
homozygous: 154.4±9.6%, N=7; mean ± s.e.; the amplitude of LTP of the 
field EPSPs; p< 0.02, Mann-Whitney test), and with remarkable 
enhancement of short-term potentiation for 20 min after tetanus. LTD also 
was induced by 1 Hz stimulation for 15 min. These LTP and LTD were 
dependent on the activity of NMDA receptors. Membrane characteristics, 
including firing properties, showed no change between the two groups. We 
observed a slight shift to the left of the I-V relationships of NMDA currents 
which could explain the enhancement of induction of LTP. Taking into 
account the dominant expression of InsP3Rl in neurons, these data 
suggest that activation of the InsP3 receptor is not required in the 
induction of LTP and that calcium released from intracellular stores might 
contribute to the regulation of NMDA channel activity.

549.3
FURTHER TESTS OF THE ROLE OF cGMP IN HIPPOCAMPAL 
LTP. H. Son*, M. Zhuo, O. Arancio, E.R. Kandel, and R.D. Hawkins. 
Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.

Previous results suggested that cGMP is involved in hippocampal LTP, 
perhaps as the presynaptic effector of a retrograde messenger. However, 
other studies have failed to replicate some of those results, making the role 
of cGMP uncertain. We therefore reexamined this question in several 
ways. We found that brief perfusion with 8-Br-cGMP produced activity- 
dependent long-lasting potentiation in hippocampal slices that was not 
blocked by simultaneous perfusion with the NMDA receptor blocker AP5 
(replicating Zhuo et al., 1994) or the NMDA channel blocker MK801. 
However, there was no potentiation following either more prolonged 
perfusion with 8-Br-cGMP (replicating Schuman et al., 1994) or more 
prolonged perfusion with AP5 (replicating Selig et al., 1996). Nonetheless, 
there was still potentiation following more prolonged perfusion with two 
other NMDA blockers, MK801 or 7-chlorokynurenic acid, suggesting that 
AP5 may have additional actions. Furthermore, we found that LTP in the 
stratum radiatum of CAl was blocked by inhibitors of soluble guanylyl 
cyclase or cGMP-dependent protein kinase (replicating Zhuo et al., 1994 
and Boulton et al., 1995), but LTP in the stratum oriens was not. These 
results suggest that cGMP plays an important role in LTP under some 
circumstances but not others. They may therefore help explain some of the 
discrepant findings from previous studies, and in addition may provide 
insights into the functional role of cGMP-dependent as well as cGMP- 
independent LTP. (Supported by MH50733 and HHMI.)

549.4
PRESYNAPTIC cGMP-DEPENDENT PROTEIN KINASE IS 
INVOLVED IN LTP IN CULTURED HIPPOCAMPAL NEURONS.
O. Arancio*, J. Woodt, D. Lawrencet, and R.D. Hawkins. Ctr. Neurobiol. 
& Behav., Columbia Univ., College of Physicians & Surgeons, NY, NY 
10032; fDept. Biochem., Albert Einstein Coll. Med., Bronx, NY 10461.

Previous data indicate that long-term potentiation (LTP) at synapses 
between hippocampal neurons in dissociated cell cultures and between CA3- 
CA1 neurons of hippocampal slices involves cGMP as a presynaptic effector 
of a retrograde messenger (Arancio et al., Nature 376:74-80, 1995; Zhuo et 
al., Nature 368:635-639, 1994). Rp-8Br-cGMPS, a membrane-permeable 
inhibitor of cGMP-dependent protein kinase (PKG), blocks tetanus-induced 
LTP in dissociated cell cultures and in slices (Arancio et al., 1995; Zhuo et 
al., 1994). However, Rp-8Br-cGMPS might have other actions, and the 
presynaptic localization of PKG remains to be demonstrated. We therefore 
injected a pseudosubstrate inhibitor peptide which blocks the phospho- 
acceptor binding site of PKG, Gly-Arg-Thr-Gly-Arg-Arg-Asn(D-Ala)Ile- 
NH2 (PKGI). The peptide was introduced at a concentration of 100 (iM in 
the patch pipette and was allowed to diffuse into either the pre- or 
postsynaptic neuron for 10 min. Intracellular injection of PKGI into the 
presynaptic neuron prevented potentiation of synaptic transmission by 
tetanic stimulation of the presynaptic neuron. By contrast, injection of PKGI 
into the postsynaptic neuron did not block tetanus induced long-term 
potentiation. Injection of PKGI alone into the pre- or postsynaptic neuron 
did not have any effect on baseline synaptic transmission. These results 
support the hypothesis that presynaptic PKG is involved in LTP in cultured 
hippocampal neurons. (Supported by MH50733 and GM45989).
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549.5
POSTSYNAPTIC INHIBITORS OF CAM-KINASE BLOCK 
INDUCTION BUT NOT MAINTENANCE OF PAIRING - 
INDUCED LTP. N, Otmakhov*, L.C, Griffith & J.E. Lisman. Volen 
Center for Complex Systems and Biology Department, Brandeis University, 
Waltham MA, 02254

The role of postsynaptic kinases in the induction and maintenance 
of long-term potentiation (LTP) was studied in the CA1 region of the rat 
hippocampal slice. A peptide inhibitor for the catalytic domain of CaM - 
kinase (2 mM) was applied through a perfused patch pipette. The inhibitor 
completely blocked both the short - term potentiation (STP) and LTP 
induced using a pairing protocol. This indicates that the kinase/s affected by 
the peptide is downstream from depolarization in the LTP cascade. The 
ability to block LTP required that measures be taken to interfere with 
degradation of the peptide kinase inhibitor by endogenous proteases; either 
addition of protease inhibitors or modifications of the peptide itself greatly 
enhanced the peptide’s effectiveness. Protease inhibitors by themselves or 
control peptide did not block LTP induction. To study the effect of kinase 
inhibitor on LTP maintenance, LTP was induced in one pathway. 
Subsequent introduction of the kinase inhibitor blocked the induction of LTP 
in a second pathway, but did not affect maintenance of LTP in the first. One 
explanation is that the kinase/s affected by the peptide are involved in the 
induction but not the maintenance of LTP. Another possibility is that 
phosphatases required to reveal the effect of kinase inhibition are not active 
during LTP maintenance. This possibility is being investigated.
NIH grant H 5RO1 NS27337

549.6
REGULATION OF PKC AND LTP BY REACTIVE OXYGEN 
SPECIES. L.T. Knapp* and E. Klann. Department of Neuroscience end the Center 
for the Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260.

We have shown previously that extracellular scavengers of the reactive oxygen 
species (ROS) superoxide (02") attenuate the early expression of long-term 
potentiation (eLTP) (Soc. Neurosci. Abstr. 21:109), as well as LTP-associated 
increases in protein kinase C (PKC) activity in area CA1 of rat hippocampal slices. 
In addition, we have shown in in vitro experiments that 02' increases PKC activity 
(Soc. Neurosci. Abstr. 22:333). To investigate further the role of 02' in eLTP, we 
delivered high frequency stimulation (HFS) to the Schaffer collateral input to area 
CA1 of hippocampal slices in either the presence or the absence of Mn(III)tetrakis (4- 
benzoic acid) porphyrin (MnTBAP), a cell permeable 02' scavenger. In the absence 
of MnTBAP slices exhibited robust eLTP 45 min after HFS (mean initial slope of 
the fEPSP = 163±18% of control, n=3); in the presence of MnTBAP, eLTP was 
blocked (104±7%, n=3). In addition to scavenging 02', MnTBAP also scavenges 
peroxynitrite (ONOG). Therefore, we hypothesized that ONOO' activates PKC 
during eLTP. As a first test of this hypothesis, we incubated ONOO' with 
hippocampal lysates. ONOO- treatment increased cofactor-dependent PKC activity in 
the lysate preparations (124+7%, n=9). To investigate the nature and the site of the 
ROS-induced modification of PKC, we conducted three types of experiments. First, 
the reducing agent dithiothreitol (DTT) did not block or reverse O2'-induced increases 
PKC activity, suggesting that disulfide bond formation is not the modification 
induced by 02'. Second, we incubated either ONOG or 02' with PKM, the fiee 
catalytic domain of PKC. Neither ONOG nor 02' increased PKM activity, 
suggesting that ROS interact with the regulatory domain of PKC. Lastly,we 
incubated 02 with various isoforms of the three classses of PKC and observed 
increased autonomous activity of all PKC isoforms tested, including a, PR e, and £, 
suggesting that 02' does not interact with either the Cl or the C2 domains of PKC. 
Taken together, our results suggest that 02" and/or ONOO' are necessary for eLTP, 
perhaps via interactions with PKC. Supported by NINDS Grant NS34007 (EK) and 
NIMH Training Grant T32 MH18273 (LTK).

549.7
Kv4.2, A FAST TRANSIENT A-TYPE POTASSIUM CHANNEL, IS A 
SUBSTRATE FOR PKA AND PKC. A.E. Anderson1*, J.P. Adams2, J.W. 
Swann1-2, D. Johnston2, P.J. Pfaffinger2, and J.D. Sweatt2. 'Dept. of Pediatrics and 
2Div. of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

Voltage-gated K+ channels play a significant role in the regulation of neuronal 
excitability and synaptic transmission. In the hippocampus, Kv4.2, a fast transient 
A-type channel, is localized to the somatodendritic regions of granule cells and 
CA1 and CA3 pyramidal neurons, where it likely plays a role in the modulation of 
postsynaptic excitability. One way in which the function of K+ channels can be 
regulated is by phosphorylation. The focus of this study is the phosphorylation of 
Kv4.2. Examination of the Kv4.2 amino acid sequence reveals several consensus 
sites for cAMP-dependent protein kinase (PKA) and protein kinase C (PKC). We 
determined if peptide constructs of the Kv4.2 C- and N-termini were substrates for 
PKA and PKC. A GST-fusion protein was constructed which contained 131 amino 
acids beginning at the N-terminus. An additional GST-fusion protein was 
constructed which contained 220 amino acids of the C-terminus. The fusion 
proteins were phosphorylated with PKA in vitro. After trypsin or Lys-C digestion, 
peptide mapping of the phosphorylated peptides, and automated sequencing, PKA 
phosphorylation sites were identified at Thr-38, Ser-438, and Ser-440. In additional 
experiments, we observed that PKC phosphorylated the C-terminus fusion protein, 
but not the N-terminus fusion protein.

These results demonstrate that Kv4.2 is a PKA and PKC substrate. As potassium 
channels modulate pyramidal cell excitability and may help shape the EPSP, these 
data suggest a means by which kinase activation could regulate synaptic efficacy.

Supported by NINDS, NIMH, and EFA.

549.8
MODULATION OF TRANSIENT, A-TYPE K+ CHANNELS IN 
DENDRITES OF HIPPOCAMPAL CA1 PYRAMIDAL NEURONS
Pax Hoffman, Jeffery C. Magee, Richard Gray*, and Dan Johnston Division 
of Neuroscience, Baylor College of Medicine, Houston, TX 77030

Cell-attached patch recordings of voltage-gated K+ channels were carried 
out on the somatic and dendritic membranes of CAl pyramidal neurons from 
5-8 week old rat hippocampal slices. The peak current amplitude of the tran-
sient component of the total outward current, measured for a voltage-step from 
-80 to +55 mV, increased linearly with distance from the soma such that the 
current density measured 350 pm out on the apical dendrite was five-fold higher 
than that measured in the soma (51.56 ± 9.47 pA and 8.32 ± 1.38 pA/patch re- 
spectively). The current density of the sustained, non-inactivating component 
remained constant with an average of 8.39 ± 1.46 pA/patch in the soma and 
9.55 ±1.84 pA/patch in the distal dendrites. The elevated density of dendritic 
transient channels reported here agrees with immunohistochemistry studies 
showing the transient, K+ channel subtype Kv4.2 in the distal dendrites of 
CAl pyramidal neurons (Shenget al., Neuron, 1992 and Maletic-Savatic et al., 
J. Neuroscience, 1995). We subsequently found that blockade of the transient 
channels by 4-aminopyridine greatly altered signals propagating through the 
dendrite (Hoffman et al. Nature, in press). We therefore hypothesized that 
modulation of these channels by 2nd messenger systems that are implicated in 
several forms of synaptic plasticity may be important factors in shaping EPSPs 
and back-propagating action potentials. We have found that activators of both 
protein kinase C (phorbol esters) and protein kinase A (forskolin and 8-bromo 
cAMP) produce a depolarizing shift in the activation curve of 5-20 mV for the 
transient channels without changing the inactivation curve. This shift would 
have the effect of reducing dendritic K+ currents upon depolarization and thus 
could result in an increase in the amplitudes of EPSPs and dendritic action 
potentials and in overall cell excitability. (MH44754, MH48432, NS11535).

549.9
K+ CHANNELS REGULATE THE DENDRITIC PROPAGATION 
OF ACTION POTENTIALS AND EPSPS IN CA1 NEURONS
J. Magee*, D. Hoffman and D. Johnston Neurosci. Center, LSUMC, New Or- 
leans, LA 70112 and Div. Neurosci., Baylor Coll, of Med., Houston, TX 77030

The dendrites of CA1 pyramidal neurons possess a high density of tran-
sient A-type K+ channels that increases with distance from the soma. The 
presence of such a large outward conductance that both activates and inacti-
vates very rapidly over hyperpolarized voltage ranges could potentially have 
a profound impact on the electrical properties of dendrites. We have used 
dual whole-cell patch-clamp recordings in conjunction with high-speed fluo-
rescence imaging to determine the role of this elevated dendritic K+ channel 
density on the initiation and propagation of action potentials and EPSPs in 
CA1 pyramidal neurons. Blockade of mainly A-type K+-channels, via bath ap-
plication of 4-AP (3-10 mM), increased dendritic action potential amplitude in 
a concentration-dependent manner. Single action potentials were transformed 
into bursts of 2-3 spikes or plateau potentials that led to a nearly constant 
dendritic depolarization and a massive influx of Ca2+. Ca2+ channel activa-
tion was required for the generation of plateau potentials and burst firing. The 
blockade of dendritic A-type channels also allowed dendritic current injections 
or large amplitude EPSPs to initiate action potentials locally in the dendritic 
compartment. Finally, application of 4-AP increased the amplitude, time to 
peak, and duration of EPSP-shaped voltage transients. Upon wash-in of 4-AP, 
subthreshold dendritic current injections (~7 mV in soma) were transformed 
into supra-threshold (>11 mV in soma) bursts of action potentials. These re-
sults suggest that the linear increase in A-channel density with distance into the 
dendrites reduces the ability of dendrites to initiate action potentials, decreases 
the amplitude of back-propagating action potentials, and reduces the magni-
tude of EPSPs. Modulation of dendritic K+ currents by protein kinase activity 
could result in an increase in the amplitudes of EPSPs and dendritic action 
potentials and in overall cell excitability. (NS11535,MH48432,MH44754)

549.10
A REQUIREMENT FOR THE MITOGEN-ACTIVATED PROTEIN KINASE 
CASCADE IN HIPPOCAMPAL LONG-TERM POTENTIATION. J.D. English* 
and J.D. Sweatt. Div. of Neuroscience, Baylor College of Med., Houston, TX 77030.

The mitogen-activated protein kinase (MAPK) cascade has been intensely studied 
as a primary biochemical pathway through which a variety of extracellular stimuli 
initiate and regulate processes of cellular transformation. That MAPKs are abundantly 
expressed in postmitotic neurons, however, suggests different yet currently unknown 
functions for this cascade in the mature nervous system. We recently demonstrated 
that p42 MAPK is activated in area CAl of the hippocampus by LTP-inducing high- 
frequency stimulation, and that direct stimulation of either the NMDA receptor or 
protein kinase C (PKC) is sufficient to elicit this activation (JDE and JDS, J. Biol. 
Chem., 271: 24329-32, 1996). To investigate the physiologic relevance of p42 MAPK 
activation during LTP induction, we have utilized an inhibitor of MEK, the dual-
specific kinase responsible for phosphorylating and activating MAPKs. We observed 
that this inhibitor, PD 098059, blocked p42 MAPK activation in response to direct 
stimulation of either the NMDA receptor or PKC, as well as to LTP-inducing stimuli. 
Furthermore, inhibition of the MAPK cascade prevented the induction of stable LTP. 
PD 098059, however, had no effect on the expression of established LTP, and the 
MAPK cascade was not persistently activated during LTP expression. Finally, PD 
098059 did not affect normal synaptic transmission, NMDA receptor function, or the 
activity of three kinases previously implicated in LTP induction: PKC, protein kinase 
A (PKA), and Ca27calmodulin kinase II (CaMKII). Our observations, which implicate 
MAPK in the activity-dependent modification of synaptic connections between 
neurons, provide the first demonstration of a physiological function for the MAPK 
cascade in postmitotic neurons of the adult mammalian nervous system.
Supported by the NIMH.
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549.11
PROTECTED-SITE PHOSPHORYLATION OF PKC IN HIPPOCAMPAL
LTP J.D. Sweatt,1'* C.M. Atkins,1 J.Johnson,2 J.D. English,1 E.D. Roberson,1 S-J. 
Chen,3 A. Newton,2 and E. Klann4 1. Div. of Neurosci. Baylor Coll, of Med. 2. 
Dept. of Pharm. UC San Diego 3. Dept. of Phys. SUNY Buffalo 4. Dept. of 
Neurosci. Univ. of Pittsburgh. Supported by NIMH, NINDS, and NIGMS.

We are investigating the mechanisms by which a transient stimulation of cell 
surface receptors can lead to a long-lasting effect in neurons. In LTP, there is good 
evidence that generation of autonomously active protein kinase C (PKC) is one 
biochemical effect persisting beyond the period of NMDA receptor activation. We 
previously observed that the expression of early LTP is associated with a 
phosphatase-reversible alteration in PKC immunoreactivity, suggesting that 
increased phosphorylation of PKC might contribute to its autonomous activation in 
LTP. In the present studies we tested the hypothesis that PKC phosphorylation is 
persistently increased in the early maintenance of LTP. We generated an antiserum 
that selectively recognizes the a and pil isoforms of PKC phosphorylated in the C- 
terminal autophosphorylation domain. Using western blotting with this antiserum 
we observed an NMDA receptor-mediated increase in phosphorylation of PKC in 
LTP, 45 min - 1 hr after the last tetanus was delivered. How is the increased 
phosphorylation maintained in the cell in the face of ongoing phosphatase activity? 
We observed that dephosphorylation of PKC in vitro requires the presence of 
cofactors normally serving to activate PKC, i.e. Ca+2/PS/DAG. Based on these 
observations and computer modeling of the 3-dimensional structure of the PKC 
catalytic core, we propose a “protected site” model of PKC autophosphorylation, 
whereby the conformation of PKC regulates accessibility of the phosphates to 
phosphatase. Although the protected site model is based on our studies of PKC 
phosphorylation in LTP, phosphorylation of protected sites might be a general 
mechanism for the generation of stable, long-lasting physiologic changes.

549.12
MAP KINASE IS ACTIVATED BY PKA OR PKC AND TRIGGERS CREB 
PHOSPHORYLATION IN HIPPOCAMPAL AREA CAL E.D. Roberson?1 J.D. 
English? and J.D. Sweatt. Division of Neuroscience, Baylor College of Medicine, 
Houston, TX 77030. (Equal contributors denoted by f.)

A variety of evidence indicates that changes in gene expression are important for 
synaptic plasticity and long-term memory. The transcription factor CREB, which is 
activated by phosphorylation, has been implicated in the induction of late phases of 
LTP, but the kinases involved in CREB activation in the hippocampus have not been 
identified. We hypothesized that the mitogen-activated protein (MAP) kinase 
cascade, which we recently demonstrated is required for LTP induction, is coupled to 
CREB phosphorylation in area CAI of the hippocampus. We tested this hypothesis 
by activating MAP kinase in hippocampal slices and assaying CREB phosphorylation 
by Western blotting with an antibody specific for activated, phosphorylated CREB. 
We found that either activation of PKC by phorbol ester or depolarization with high 
potassium resulted in robust activation of p42 MAP kinase, assayed by Western 
blotting with phospho-specific antibodies. Interestingly, we also found that activation 
of PKA by forskolin caused p42 MAP kinase activation. Moreover, each of these 
three MAP kinase-activating treatments resulted in increased phosphorylation of 
CREB. The activation of CREB by phorbol ester was blocked by PD 098059, an 
inhibitor of MAP kinase activation.

These results indicate that PKA and PKC, both of which are involved in LTP 
induction, are coupled to the MAP kinase cascade in area CAI of the hippocampus, 
suggesting two possible means by which MAP kinase may be activated during LTP 
induction. In addition, these data indicate that MAP kinase activation can lead to 
CREB phosphorylation. Thus, multiple signal transduction pathways may utilize 
MAP kinase as a common pathway leading to CREB phosphorylation and changes in 
gene expression.

Supported by NIMH and the Life and Health Insurance Medical Research Fund.

VISUAL CORTEX: EXTRASTRIATE VII

550.1
NOISE REDUCTION, DISCRIMINATION AND ADAPTATION IN CORTICAL 
CIRCUITS. A, Pouget* and J.C. Ducom. Institute for Cognitive and Computational 
Sciences. Georgetown University. Washington DC 20007.

When asked to discriminate orientations around the vertical, human subjects can 
typically distinguish gratings differing by as little as 2°. Adaptation to a vertical 
orientation prior to this task has the counterintuitive effect of decreasing this 
threshold. By contrast, adaptation +/-15° away for the vertical raises the threshold and 
introduces a perceptual bias away from the adapted orientation (e.g., after adaptation at 
-15°, 0° is perceived at 5°). These findings have been interpreted as reflecting the 
statistical properties of the mechanisms responsible for reading out the cortical 
representation of orientation. Hence, they can be explained if the reading out 
mechanism is an approximation to maximum likelihood (ML) estimation. However, 
any reacting out mechanism turns a coarse code -the type of code found in the visual 
cortex for orientation- into a single-value estimate. There is little evidence that such 
transformation ever takes place in the cortex (nobody has ever reported neurons which 
respond proportionally to orientation) casting doubts on this interpretation.. We 
propose instead that these effects are the consequence of the mechanisms responsible 
for cleaning up noise in the cortical representation of orientation. We have previously 
demonstrated how noise can be reduced in a near optimal way using lateral and 
feedforward connections in a neural network using coarse code. This noise reduction 
mechanism is an approximation of ML estimation, with the critical difference being 
that the estimate is kept in a coarse code format. Given the similarity between the two 
methods, one would expect our network to behave like ML, and human subjects, after 
adaptation. We report that this is indeed the case, i.e., our network exhibits the same 
changes in threshold and bias as human subjects. We also show how this work can be 
generalized to sensory variables such as disparity or velocity. This work suggests that 
the effect of adaptation are related to the mechanisms responsible for cleaning up noise 
in sensory representations. (Supported by a DOD grant #DAMD17-93-V-3018)

550.2
FMRI STUDY OF EXTRASTRIATE AND POSTERIOR TEMPORAL 
CORTEX DURING MEMORY GUIDED SACCADES. R.A, Berman*1'2, 
J.A. Sweeney 2,3,K.R. Thulbom 2,3 and C.L. Colby 1,2. Department of 
Neuroscience1, and Center for the Neural Basis of Cognition2, University of 
Pittsburgh, Pittsburgh PA 15260; MR Research Center3, University of 
Pittsburgh Medical Center, Pittsburgh PA 15213.

Our ongoing functional MRI studies have shown that the execution of 
memory guided saccades, relative to visually guided saccades, elicits 
increased activation in a distributed network of cortical areas including the 
frontal and supplementary eye fields, dorsolateral prefrontal cortex, and 
posterior parietal cortex. We now extend these investigations, focusing on 
task-related activation in temporal, inferior parietal, and occipital areas. 
Gradient-echo echo-planar images were acquired at 3 Tesla magnetic field 
strength from subjects performing memory guided saccades alternating with 
visually guided saccades.

We found increased activation in the posterior portion of the superior 
temporal sulcus during memory guided saccades. Activation was also found 
in a focal region at the junction of parietal, temporal, and occipital cortex, in 
the extrastriate region that has been shown to be involved in motion 
perception. These findings indicate that spatial delayed response 
performance and oculomotor function are supported by areas within posterior 
temporal and extrastriate cortex.

Supported by MH42969, NS33355, & MH45156.

550.3
SELECTIVITY FOR NON-CARTESIAN AND CONVENTIONAL 
GRATINGS IN VISUAL AREA V2. J. Hegtte* and D, C. Van 
Essen. Department of Anatomy and Neurobiology, Washington 
University School of Medicine, St. Louis, MO 63110.

We studied the responses of neurons in visual area V2 to gratings 
and contours in order to help elucidate the role of V2 in intermediate 
levels of form analysis. We recorded from single units in two adult 
macaques. Stimuli were presented sequentially in the cell's receptive 
field during a passive fixation task. The stimulus set consisted of 128 
stimuli, 48 of which were gratings, the rest being contour stimuli. 
Here, we focus on the responses to the grating stimuli, which included 
polar and hyperbolic (non-Cartesian) gratings as well as conventional 
sinusoidal (Cartesian) gratings of various orientations and spatial 
frequencies. Stimulus placement within the receptive field was 
systematically jittered so as to minimize the contributions of any 
receptive field inhomogeneities.

Many V2 cells preferred grating stimuli as a class over contour 
stimuli. The cells varied widely in their responses to gratings, with 
some cells responding well only to a few stimuli, but most were more 
broadly tuned. Most cells showed at least some selectivity to the 
spatial frequency and/or orientation of the gratings. The responses of 
a given cell to grating stimuli were often not predictable from its 
responses to contour stimuli and vice versa. A significant number of 
cells preferred non-Cartesian gratings over conventional gratings. In 
general, the responses of V2 cells to grating stimuli were roughly 
comparable to those reported in area V4 in terms of their stimulus 
selectivities and tuning profiles (Gallant et al., 1996, J. Neurophysiol., 
6:2718). Supported by NIH grant EY02091 to DCVE.

550.4
THE ROLE OF HUMAN EXTRASTRIATE VISUAL CORTEX IN COLOR 
RELATED FUNCTIONS: EVIDENCE FROM CASES WITH 
CIRCUMSCRIBED HEMISPHERIC LESIONS. S. Clarke1*, V. Walsh2. 
A. Schoppig1, G. Assal1, A. Cowev2. ^Div. de Neuropsychologie,
CHUV, Lausanne, Switzerland and 2Dept. of Experimental Psychology, 
Oxford, Great Britain.

Color discrimination, color short-term memory and color constancy 
were evaluated in normal subjects and in 6 patients with chronic unilat-
eral or bilateral posterior hemispheric lesions. Color discrimination was 
impaired in 3 patients, short-term memory in 4 and constancy in 2. All 
functions were normal in 1 patient. Lesions were assessed in MRI and 
their Talairach coordinates were determined for interindividual com-
parisons. Deficits in one or several of the above tasks were associated 
with i) left or bilateral lesions in lingual and fusiform gyri, ii) smaller 
bilateral lesions limited to collateral sulcus and lingual gyrus, or iii) le-
sions in left occipito-parietal convexity, but not with lesions in left me-
dial occioito-parietal cortex. Locations i)-iii) included foci shown by 
others to be activated by color tasks. Putative area V4 was comprised in 
locations i) and partially in ii). Deficits in color discrimination and/or 
short-term memory were associated with lesions i)-iii), whereas deficits 
in color constancy were associated only with bilateral lesions listed in i). 
Our results suggest that color constancy depends critically on putative 
area V4, whereas color discrimination and memory on V4 or other dis-
crete locations within the extrastriate cortex.
This work was supported by Human Capital and Mobility grant CHRX 
CT930261 and Swiss National Science Foundation grant 3231-041607.94.
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550.5
COLOR TUNING TO MOVING STIMULI IN THE HUMAN 
VISUAL CORTEX MEASURED USING FMRI A. Poirson 
H. Baseler and B. Wandell* Psychology Dept., Stanford Univ., Stanford, 
CA 94305.
Purpose. What is the physiological basis for human perception of col-
ored moving stimuli?
Methods. Using functional magnetic resonance imaging (fMRI), we 
identified in each observer one set of retinotopically organized areas in 
the calcarine cortex (V-complex) and a second area at the junction of 
parietal and occipital cortex that responds vigorously to motion (MT- 
complex). We measured the color tuning in these regions using a stimulus 
pattern consisting of a 0.5 cpd spatial sinusoid, moving at 8 deg/sec, that 
spanned 14 deg of visual angle centered on the fovea. We measured color 
tuning using 48 color and contrast variations of the stimulus that differed 
in their effects on the L,M, and S cones. The fMRI pulse sequence was 
T2* weighted to measure BOLD contrast; a spiral k-space acquisition se-
quence was used.
Results. 1) Both the MT- and the V-complex responded strongly to 
stimuli in all color directions. Interestingly, stimuli that modulate only 
the S-cones do not appear to move. Even so, brain activity in response 
to these signals is robust in the MT-complex. 2) Responses in the MT- 
complex saturate at lower contrast levels than responses in the V-complex; 
this was true for all the color directions we measured.
Conclusions. The MT-complex responds vigorously to moving stimuli 
for signals initiated in all cone classes as well as different ratios of cone sig-
nals. In this sense, the activity in the MT-complex is trichromatic. The 
activity we have observed in the MT-complex is not simply connected to 
the perception of motion. Supported by NEI EY03164/EY06733.

550.6
FEEDBACK CONNECTIONS FROM AREA MT GATE INFORMATION 
TRANSFER IN NEURONS OF AREAS VI, V2 AND V3. A.C. James1. J.-M. 
Hupe2. B.R, Payne3. S.G. Lomber3. P, Girard2 and J. Bullier*2. Center for Visual 
Science, ANU, Australia1, INSERM 371, Bron, France2, Boston University, USA3.

Area MT and immediately adjacent cortex was reversibly inactivated by cooling 
with cryoprobes inserted in the superior temporal sulcus of anesthetized and 
paralyzed macaque monkeys. Neuron activities were measured at 157 sites (117 
single and 40 multiunits) in areas VI, V2 and V3 in response to an optimally 
oriented bright bar moved across a masking background composed of light-grey and 
bright bars with the same dimensions as the stimulus. The stimulus and the 
background could be stationary or moved in the optimal or opposite directions.

Cooling of MT modulated visual responses at 52% of VI sites, 80% of V2 and 
76% of V3 sites for at least one stimulus condition. The most common change was a 
decrease in activity levels (70% of the effects), particularly in response to the central 
bar moving on a stationary background (91% of the effects). Inactivation of MT had 
in some neurons a strong depressive effects on the early transient phase of the 
response when the stimulus bar was flashed. Finally, in all three areas, sites of 
neuron modulation along electrode tracks were grouped in patches and cells in a 
patch usually reacted the same way to MT cooling. This suggests that feedback 
connections play a more specific role than expected from the diffuse nature of their 
terminals.

Together, these results show that feedback connections from MT play an important 
role in gating or facilitating the responses of neurons in areas VI, V2 and V3 to 
visual stimuli of the figure-ground type. The effect on early transients implicate MT 
in an early activated circuit that has substantial influences on initial responses of 
neurons in areas VI, V2 and V3.

Supported by INSERM and grants from NATO, HFSP, NIH and Biomed.

550.7
SENSORY INTERACTIONS IN THE HUMAN VISUAL SYSTEM: A 
FUNCTIONAL MRI STUDY. S. Kastner*, P. De Weerd, J.M. Maisog,
R. Desimone and L.G. Ungerleider. Lab. of Brain & Cognition, Lab. of 
Neuropsychology, NIMH, NIH, Bethesda MD 20892.

Recording studies in cat and monkey have shown that neural responses 
to visual stimuli embedded in complex scenes are reduced compared to 
the responses to the same stimuli presented alone. We investigated 
whether such sensory suppressive interactions may be revealed in the 
human visual system by using fMRI. Four subjects were scanned in a 1.5 
Tesla GE Signa (gradient echo EPI, 64x64 matrix, FOV 16 cm, 14 
coronal 5 mm slices, TE=40 ms, TR=3s) while counting T’s or L’s at a 
fixation point. Colorful, naturalistic photographs (e.g. flowers) were 
presented either sequentially in one of four locations or simultaneously 
in all four locations in the right upper quadrant at 6-10 deg eccentricity 
(stimulus size: 2x2 deg; presentation time: 250 ms; rate: 1 Hz). 
Stimulation parameters were the same in the two conditions except that 
sensory interactions between stimuli could take place in the simultaneous 
but not in the sequential condition. In both conditions, the calcarine 
sulcus (BA 17), the lingual gyrus (BA 18) and the fusiform gyrus (BA 
19 & 37) of the left hemisphere were activated. Hemodynamic responses 
during the sequential presentations were significantly stronger than 
during the simultaneous presentations. Response differences were 
strongest in the fusiform gyrus, less in the lingual gyrus, and almost 
absent in the calparine sulcus, suggesting that the effects were scaled to 
the receptive field sizes of neurons in these areas.

Thus, sensory interactions similar to those found in other species by 
recording from single neurons can be demonstrated in the human by 
fMRI. This suggests that hemodynamic responses are closely linked to 
the underlying neural activity. (Supported by DFG-grant Ka 1284/1-1)

550.8
SPEED OF INFORMATION TRANSFER IN THE MACAQUE VISUAL 
SYSTEM. M.T. Schmoleskvt, Y-C. Wangf, D.P, Hanest, K.G. Thompsont. 
S, Ludwigt, J.P. Schallt, and A.G. Leventhalt* fDept. of Neurobiol. & Anat., 
Univ. of Utah, Salt Lake City, Utah, 84132. fDept. of Psychol., Vanderbilt Univ., 
Nashville, TN, 37240.

We have studied the speed of information transfer in the two main visual 
processing streams comprising the old-woi’d monkeys’ visual path vays. 
Extracellular recording of single unit activity n response to a standard .isual 
stimulus was conducted in the LGNd M layers (n=52), LGNd P layers 
(n=78)(Wang et al, 1997 Soc. Neurosci abs. , VI (n=74), V2 (n=61), V3 
(n= 100), V4 (n=29), MST (n=59), MT (n=7 ) ind FEF (n=26). Multiple areas 
were compared in each animal.

In our sample, the earliest responses of cells n layer 4 of striate cortex (VI) 
occurred 6 msec after the earliest responses of x-GNd cells. Latencies in dorsal 
stream areas V3, MT, MST, and FEF were nearly coincident. These "higher 
order" areas displayed latency distributions that overlapped with the "lower order" 
VI and V2 distributions. The degree of overlap was greater than expected based 
upon hierarchical, anatomical models of cortical organization. Latencies in areas 
V2 and V4 (ventral stream) were longer and more broadly distributed than those of 
cells in the other areas studied.

Our data demonstrate that extrastriate cortical areas within the dorsal stream (M 
pathway) are activated by visual stimuli earlier tian are areas in the ventral stream 
(P pathway). Furthermore, the timing relationships among areas provide constraints 
on theories of visual processing derived from anatomical hierarchies (see DeYoe et 
al. 1994; Hilgetag et al., 1996) because multiple tiers within the M stream are able 
to process visual information simultaneously. Moreover, the potential exis s for 
areas within the dorsal stream to modulate the u itial processing carried out in the 
ventral stream. Supported by EYO4951 to A.C L.

550.9
INTRACELLULAR CORRELATES OF VISUALLY INDUCED COHERENT 
ACTIVITY IN TURTLE VISUAL CORTEX. J.C. Prechtl* & D, Kleinfeld. 
Dept. of Physics, University of California San Diego, La Jolla, CA 92093-0319.

In the turtle visual cortex widely distributed increases in rhythmic electrical 
activity are recorded in response to visual as well as arousing stimuli. However, a 
broad spectral peak near 20 Hz is specifically, related to visual stimulation. Our recent 
work based on wide-field fluorescence imaging with voltage sensitive dyes (Prechtl et 
al., PNAS, in press) indicates that the visually induced oscillation has the form of 
plane waves that propagate across the cortex, as well as spiral-like waves and more 
complex patterns. Whereas plane waves with temporal frequencies below 5 Hz 
propagate parallel to the direction of afferent input, higher frequency components 
including that near 20 Hz propagate in an approximately orthogonal, caudal direction 
with an average phase gradient of ~ rc/2 radians/mm. The origins and computational 
significance of these large-scale systematic differences in neuronal timing are 
unknown. Our current work examines the relationship between this populational 
response and changes in the intracellularly recorded membrane potential.

Pond turtles {Pseudemys scripta) of both sexes were used. To avoid the possible 
effects of anesthetic and paralytic agents during recording, nociception and 
movements were prevented by sectioning the spinal cord and cranial nerves IV-XII. 
Intracellular potentials and neighboring epipial local field potentials (LFPs) were 
recorded during presentation of a 3 s looming stimulus. Preliminary results (10 trials 
in 3 animals) indicate that both LFP and intracellular potential responses begin ca. 
250 - 400 ms after onset of the stimulus and outlast it. During the stimulus the 
intracellular potential shows broad-band increases in spectral power that are similar 
to, although less extensive at higher frequencies, than those observed in the 
concurrent LFP. Stimulation moreover leads to a significant increase in spectral 
coherence between the LFP and the intracellular potential at the higher frequencies 
(10-35 Hz), but not at lower frequencies; the strongest coherence is most consistently 
observed between ca. 15 and 20 Hz. The stimulus induced increase in coherence lasts 
for less time than the increase in spectral power. Such stimulus-induced episodes of 
coherence imply that, for the higher frequency range, oscillations observed in the LFP 
and optical recordings originate in intrinsic cortical neurons rather than in their 
thalamocortical afferents. (Supported by NSF grant IBN-9630426.)

550.10
DIFFERENTIAL TRANSCRIPTIONAL REGULATION OF NEUROTROPHIC 
FACTORS AND TRK RECEPTORS IN VISUAL CORTICES OF MACAQUE 
MONKEYS. H. Okuno*', W. Tokuyama', Y-X. Li2, T. Hashimoto2 and Y. 
Miyashita1,2'3. ‘Dept. of Physiology, Univ. of Tokyo Sch. of Med., Hongo, Tokyo 
113, Japan. 2Japan Sci. and Tech. Corporation, Yushima, Tokyo 113, Japan. 
National Inst, for Physiological Sciences, Myodaiji, Okazaki 444, Japan.

To investigate transcriptional regulation of neurotrophins (NTs) and their high- 
affinity receptors (Trks) in the primate visual cortices, we quantified the mRNAs of 
various NTs and Trks in macaque monkeys using a quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) method. Total RNA extracted from the gray 
matter of various visual areas was converted to cDNA, followed by PCR amplification. 
The levels of mRNA for NTs and Trks were determined in comparison with that of 
cyclophilin mRNA, which was coamplified with the target mRNAs in the same reaction 
tube for an internal control. The expression level of BDNF mRNA increased along the 
primary visual cortex to the temporal association cortex, and was highest in the 
hippocampus among all areas examined (P < 0.01). The expression levels of both 
iso forms of trkR mRNA, the full-length form that encodes a receptor tyrosine kinase 
and the truncated form that encodes a non-cata1ytic receptor, also increased gradually in 
the cortical areas along the ventral visual pathway. However, in contrast to BDNF 
mRNA, the levels of both//-AB mRNA isoforms in the hippocampus were much lower 
than those in the entorhinal cortex (P < 0.01). NT-3 mRNA was detected in the 
hippocampus and the entorhinal cortex, but not in any of the other areas examined. On 
the other hand, both the full-length and the truncated forms of trkC mRNA were widely 
distributed throughout the neocortex and the limbic cortex. These results indicate that 
NTs and their receptors are differentially subjected to area-specific transcriptional 
regulation in the primate visual system, and suggest that BDNF/TrkB-mediated signal 
transduction, rather than NT3/TrkC, contributes to maintenance and/or modification 
of neural networks in the primate visual system. (Supported by a Grant-in-Aid 
(07102006) from the Japanese Ministry of Education, Science and Culture)
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550.11
THE REPRESENTATION OF REAL AND ILLUSORY CONTOURS 
IN HUMAN VISUAL CORTICAL AREAS REVEALED BY fMRI. 
J.D. Mendola*, A.M. Dale, A.K. Liu, and R.B.H. Tootell. Massachusetts 
General Hospital NMR Center, Charlestown, MA 02129.

One important task inherent to visual perception is the segmentation of figures 
from background. This segmentation process appears to operate accurately despite 
the variety of visual cues (e.g., color, motion) by which objects can be defined. 
Further, in the case of illusory contours, objects can be perceived in the absence of 
visible edges, presumably revealing segmentation mechanisms underlying normal 
perception of complex natural images. We used functional magnetic resonance 
imaging and cortical flattening techniques to image activity in visual cortex while 
subjects fixated visual stimuli. We also used previously described methods to map 
the early retinotopic areas VI, V2, V3, VP, V3A, and V4v. One set of stimuli 
consisted of a simple isoeccentric shape (e.g., a circle centered on the fixation point) 
made visible by virtue of a contrast in luminance, color hue, direction of motion, or 
stereoscopic depth. We also used stimuli in which a simple shape was defined by 
illusory contours, e.g., edge-type “pacmen” inducers oriented appropriately (Kaniza 
square) versus rotated pacmen not consistent with an illusory shape. Shapes defined 
by motion, color, or luminance produced maximal activity in retinotopic areas along 
isoeccentric contours. In contrast, the shape defined by stereoscopic depth as well as 
the Kaniza illusory contour stimuli primarily produced activity in the lateral 
occipital region (LOR), antero-lateral to the retinotopic areas. We have shown that 
the LOR region contains bilaterally responsive cortex, and is largely invariant for 
stimulus size. Analysis averaging across subjects indicates that the illusory contour 
related signals are particularly strong in the upper bank of the calcarine cortex in the 
right hemisphere. These observations suggest that object boundaries of different 
types are processed in largely overlapping retinotopic areas. The activation of the 
extraretinotopic areas may be caused by stimuli that have strong implied depth 
signals, and may be related to surface perception.
Supported by EY07980, HFPS, & McDonnel Pew

550.12
THE VISUAL CORTEX AS A HIERARCHICAL PREDICTOR. Raiesh P.N, 
Rao*. Dept. of Computer Science, U. of Rochester, Rochester, NY 14627.

A ubiquitous feature of the mammalian visual cortex is the reciprocity of 
connections between its many distinct areas. While the role of feedforward 
projections in tasks such as visual recognition is generally well-acknowledged, the 
precise computational role of the corresponding feedback projections is currently 
unknown. Also unknown are the computational mechanisms underlying the 
functional dichotomy inherent in the dorsal (occipitoparietal) and ventral 
(occipitotemporal) visual pathways.

Using the statistical principle of Kalman filtering from optimal control theory, 
we have modeled the visual cortex as a hierarchical predictor and estimator. Feedback 
connections in this model carry predictions of lower level neural activities, while 
feedforward connections convey to the higher level the differences between the 
predictions and the actual lower level activities. These differences allow the higher 
level to maintain optimal estimates of current visual recognition state and on a 
longer time scale, enable it to learn an internal model of the dynamic visual 
environment. For transformation-invariant recognition, visual stimuli were factored 
into zeroth-order object-centered features, assumed to be encoded within the ventral 
occipitotemporal pathway, and first-order relative transformation features, assumed 
to be encoded within the dorsal occipitoparietal pathway. Computer simulations of 
the model demonstrated robust visual recognition in the presence of occlusions, 
clutter, and various image transformations. After exposure to man-made and natural 
stimuli, the model developed simple cell-like receptive fields and exhibited complex 
response properties such as end-stopping and related extra-classical effects. Viewing 
the cortex as a statistical predictor also allows functional interpretations of several 
well-known visual cognitive phenomena such as illusory contours, bi-stable 
percepts, binocular rivalry, and visual imagery, besides providing valuable insights 
into the computational nature of visual perception. (Supported by NIH/PHS grant 
1-P41-RR09283. I am grateful to Dana H. Ballard for his supervision and 
guidance.)
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551.1
TESTS OF EXECUTIVE FUNCTIONING PREDICT SCORES 
ON THE MACANDREWs ALCOHOLISM SCALE (MAC). A.
W Deckel*. Dept. Psychiatry, Alcohol Res Cnt, U.C.H.C., 
Farmington, CT 06030. Previous work reported that tests of 
executive functioning (EF) predict the risk of alcoholism in subjects 
with sociopathic traits or family histories of alcoholism. The current 
experiment examined the ability of EF tests to predict the risk of 
alcoholism, as measured by the MAC, in outpatient subjects referred 
to a neuropsych testing service for reasons aside from alcoholism. 
Sixty-eight male/female subjects referred for neuropsych testing were 
administered the Wisconsin Card Sorting Test (WCST), the WAIS- 
R, the Trails B Test, and die MAC. Principal Components analysis 
(PC A) reduced the number of EF tests to two measures, including 
one that loaded on the WCST, and one that loaded on the Sim., P. A., 
and Trails tests. Multiple hierarchical regression first removed the 
variance from demographic variables, alcohol consumption, and 
verbal (i.e., Vocab.) and non-verbal (i.e., Block Design--B.D.) IQ, 
and then entered the EF factors into the prediction of the MAC. The 
fector derived from the WCST on PCA significantly added to the 
prediction of risk on the MAC (p=.OO63), as did scores on B.D.
(p=.033). Poorer scores on the WCST fector, but not the fector 
derived from the other tests, were associated with higher scores on 
the MAC. These results support the hypothesis that decrements in 
EF are associated with the risk for alcoholism. Supported in part by 
NIAAA #P50-AA03510.

551.2
THE EFFECTS OF BRETAZENIL AND IMIDAZENIL ON SCHEDULE- 
CONTROLLED IUri 1AV1OR IN MONKEYS. C.A, Paronis*. E. Costa. A, Guidotti and 
J, Bergman. Harvard Med. Sch. ADARC/McLean Hosp, Belmont MA 02178

Bretazenil and imidazenil have been described as partial agonists at 
benzodiazepine receptor sites of the GABAA-ion channel complex. We 
previously reported that bretazenil (0.003-lmg/kg, im) increases rates of 
suppressed responding, has no response-rate decreasing effects and will 
antagonize the response-rate decreasing effects of midazolam; a dose of 1 mg/kg 
bretazenil displaced the midazolam dose-effect curve 100-fold to the right. The 
present studies were conducted to similarly evaluate the agonist and antagonist 
effects of imidazenil on schedule-controlled behavior in squirrel monkeys. One 
group of monkeys (N=3) responded under a multiple fixed-ratio (FR) schedule of 
food presentation involving suppressed and nonsuppressed behavior. Other 
monkeys (N=3) responded under a FR schedule of stimulus-shock termination. 
Imidazenil (0.003-1.0 mg/kg, im) had no response-rate decreasing effects under 
either schedule, however, imidazenil had dose-related antisuppressant effects that 
resulted in comparable rates of suppressed and nonsuppressed responding. 
Imidazenil also antagonized the response rate-decreasing effects of midazolam in 
a dose-related fashion; a dose of 1 mg/kg imidazenil displaced the midazolam 
dose-effect curve approximately 10-fold to the right. Effects of imidazenil were 
evident in both groups of monkeys for at least 24 hrs after a dose of 1 mg/kg. In 
comparison to previous results, imidazenil appears equipotent to bretazenil in 
producing antisuppressant effects, but is less potent than bretazenil as an 
antagonist of midazolam. Moreover, the effects of imidazenil appear to have a 
longer duration of action than those of bretazenil.
(Supported by USPHS Grants DA03774, DA05653, MH07658 and RR00168.)

551.3
EPISODIC ALCOHOL-INDUCED CYTOTOXICITY IN RAT 
BRAIN ORGANOTYPIC SLICE CULTURES: PROTECTION BY 
FUROSEMIDE. M.A, Collins*. J.Y. Zou and E.J. Neafsey*. Departments 
of Molecular and Cellular Biochemistry and ’Anatomy, Neurobiology & Cell 
Biology, Loyola University Medical Center, Maywood, IL 60153.

Using rat hippocampal-entorhinal complex (HEC) organotypic slice cultures 
(Stoppini et al., 1991), we examined the cytotoxicity of alcohol and possible 
protection by furosemide. This diuretic prevents cerebrocortical edema, electrolyte 
imbalances and neurodegeneration induced by once-daily alcohol intoxication of 
adult rats (Neafsey et al., Abst. Soc. Neurosci. 1996). HEC slices (400 pm) were 
prepared from 8-10 day old neonates and cultured on tissue insert membranes for 
2-3 wks. Cytotoxicity of alcohol was examined morphologically with propidium 
idide or fluoro-jade stainings and quantified with LDH release. Continuous alcohol 
exposure (30-1 OOmM) for 4-6 d evoked no significant increases in LDH release, 
agreeing with Mayer & Littleton (1996). However, episodic exposure (12 hr with 
and 12 hr without alcohol) at average concentrations of lOOmM for 6 d caused 
statistically significant elevations in media LDH (-30% of control). Continuous co-
treatment with furosemide (1.1 mM) completely prevented the induced LDH 
increase in the 12 hr period without alcohol ("withdrawal” period), indicating 
cytoprotection.The results indicate that the neurotoxic effects of episodic alcohol 
exposure can be reproduced in brain slices, and support our contention that cell 
swelling phenomena are critical to the intoxicant’s neurotoxic mechanism. 
Supported by LUMC Banes Fund.

551.4
HYDROCORTISONE TREATMENT ATTENUATES THE BENZODIAZEPINE 
WITHDRAWAL SYNDROME IN PRIMATES BY SUPPRESSING CENTRAL 
CORTICOTROPIN-RELEASING HORMONE RESPONSES. K, T. Kaloseras*. J. 
R, Glowa, M, A. Smith, H, Bowen. P, D, Yao. R, Puri. R. L. Wilder, and P, W,
Gold. Laboratory of Clinical Neuroendocrinology, Department of Psychiatry and 
Human Behavior, University of Mississippi Medical Center, Jackson, MS 39216; 
NIMH and NIAMS, National Institutes of Health, Bethesda, MD 20892.

Benzodiazepines represent the most widely prescribed psychotropic medication, and 
they are undoubtedly one of the most safe and effective treatments for anxiety 
disorders. Nevertheless, their use has been challenged because of the potential 
problems of abuse and dependence. The objectives of the present study were to 
evaluate the effectiveness of hydrocortisone, to alleviate or attenuate the 
benzodiazepine withdrawal syndrome in primates, and to elucidate the neuroendocrine 
mechanisms underlying the syndrome. We examined hypothalamic-pituitary-adrenal 
axis responses in primates, and c-fos and CRH mRNA expression in the 
paraventricular nucleus of the hypothalamus in rats, during alprazolam withdrawal 
precipitated with flumazenil (Ro 15-1788), a specific benzodiazepine receptor 
antagonist. Flumazenil was administered as an i.v. bolus infusion (2 mg/Kg) to 5 
non-anesthetized tethered rhesus monkeys, 9 days after the initiation of an i.v. 
continuous infusion of alprazolam (2 mg/Kg/day). Flumazenil administration resulted 
in a profound 90-fold increase in plasma ACTH, from a basal value of O.38±O.O7 to a 
peak value of 34.63±5.32 pmol/L (P<0.01, ANOVA). A second group of 5 primates 
received an identical treatment, with the addition of a simultaneous i.v. infusion of 
hydrocortisone (96 mg/m2/day). The ACTH response to flumazenil was completely 
abolished in this group, while the behavioral withdrawal symptoms were significantly 
attenuated. In situ hybridization showed a profound activation of c-fos and CRH 
mRNA expression in the paraventricular nucleus of the hypothalamus, that was 
completely blocked by hydrocortisone pretreatment. We conclude that hydrocortisone 
appears to have the capacity to attenuate the benzodiazepine withdrawal syndrome, 
presumably through a suppression of the CRH rebound elevation in the brain, and be 
an effective treatment in benzodiazepine dependent patients. (Intramural NIH support).
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551.5
RELEVANCE OF AMPA RECEPTOR SUBUNIT CHANGES IN THE MECHANISMS OF 
DEPENDENCE FOLLOWING PROTRACTED DIAZEPAM TREATMENT. A, Guidotti* F. 
ImpagnatiellQ, p, Longone and. E. Costa, Psychiatric Institute, Dept. of Psychiatry, UIC College 
of Medicine, Chicago IL, 60612.

Chronic treatment with diazepam (DZ), a full allosteric modulator of GABAa  
receptors, is often associated with the phenomena of dependence/withdrawal upon abrupt 
discontinuation. Using a 14-day DZ treatment schedule (days 1-3, 17.6pmole/kg; days 4-6, 
35.2pmoles/kg; days 7-10, 52.8pmoles/kg; days 11-14, 70.4pmoles/kg) we observed that 4 
days after discontinuation of DZ treatment, rats show hyperexcitability and signs of anxiety 
when exposed to the elevated plus maze test and become extremely susceptible to seizures 
elicited by the subcutaneous administration of 46.8pmoles/kg of kainic acid. Since these 
symptoms are all reduced by the administration of GYKI 53655, a selective antagonist of 
AMPA-preferring non-NMDA glutamate receptors, benzodiazepine tolerance-dependence may 
include a perturbation of AMPA receptor expression or function. To this end, we analyzed the 
AMPA receptor subunit mRNAs, splice and edited variants, in the brain of rats receiving the 
above-mentioned DZ schedule or vehicle. Using a competitive RT-PCR analysis with specific 
primers and internal standards for GluRl, 2, 3 and 4 subunits, we observed a 30 to 40% 
increase of GluRl and GluR2 mRNAs in the frontal cortex and the hippocampus of rats left 4 
days drug-free following the 14-day DZ treatment schedule. The relative abundance of the 
respective flip and flop isoforms was not changed during the DZ-induced tolerance-dependence. 
No differences in GluR3 and GluR4 mRNA subunit content were observed in the same brain 
areas. Moreover, a western blot analysis, performed using antibodies specific for various 
AMPA receptor subunits, confirmed the increase in GluRl and GluR2/3 subunit proteins in the 
frontal cortex and the hippocampus of DZ-treated rats. Unlike the changes in GABAa  receptor 
subunits and tolerance, which disappear 2-3 days after DZ treatment discontinuation (Mol. 
Pharm. 49: 822-831, 1996), these changes in AMPA receptor subunit content persist unabated 
for several days following DZ treatment termination and likely correlate with the time-course of 
the withdrawal signs. Grants MH 56500; MH 52361.

551.6
IMIDAZENIL (IMZ), A BENZODIAZEPINE DEVOID OF TOLERANCE LIABIIJTY, 
ATTENUATES COCAINE-INDUCED DOPAMINE RELEASE (DAR) AND 
LOCOMOTOR ACTIVITY IN RATS. M. Giorgetti, L. Pulvirenti#, C, 
Balducci#, J. Javaid*, F. Impagriatiello, E. Costa and A. Guidotti. The
Psychiatric Institute, Department of Psychiatry, UIC College of 
Medicine, Chicago IL, 60612, and #“The Scripps Research Institute” 
Department of Neuropharmacology, La Jolla CA, 92037

Benzodiazepines endowed with full positive allosteric modulatory 
activity (FAM), such as diazepam (DZ), are self-administered and result in 
development of tolerance, whereas partial allosteric modulators (PAM) such as 
IMZ are devoid of tolerance and dependence liability. Using microdialysis we 
demonstrated that DZ (4.4 to 17.6 pmoles/kg i.p) and IMZ (0.25 to 5 pmoles/kg 
i.p) dose-dependently attenuate cocaine-induced DAR from the nucleus 
accumbens and the corpus striatum of freely moving rats. DZ doses that 
attenuate DAR reduce spontaneous locomotor activity and produce ataxia; in 
contrast IMZ fails to produce ataxia or to impair spontaneous locomotor 
activity. The DZ inhibition of cocaine-induced DAR and increase of locomotor 
activity (14 days, 3 times daily from 17.6 to 72.4 pmoles/kg p.o.) shows 
tolerance, while the inhibition of both activities by IMZ (14 days, 3 times daily 
from 2.5 to 10 pmoles/kg p.o.) is devoid of tolerance. Acute pretreatment with 
IMZ (0.25 pmoles/kg IV) also significantly reduced the maintenance of IV 
cocaine self-administration in rats trained under a daily limited access schedule. 
It appears that the change in rate of dopamine neuronal firing may be an 
important parameter in interpreting the mechanism of IMZ action.GRANT MH 
56500; MH 52361

551.7
5-HTI A RECEPTORS: MODULATION OF AGGRESSION AFTER 
ETHANOL IN MICE. K.A. Miczek* and S. Hussain. Dept. of Psychology, 
Psychiatry, Pharmacology, Tufts Univ., Medford MA 02155.

One of the critical mechanisms by which alcohol heightens aggression may 
involve forebrain serotonin (5-HT), particularly its actions on 5-HTIA 
receptors. We hypothesized that activating somatodendritic 5-HTI A 
receptors by the selective agonists 8-OH-DPAT and flesinoxan will block the 
aggression-heightening effects of ethanol. Resident male CFW mice showed 
reduced aggressive behavior (attack bites, sideways threats, tailrattle) when 
treated with 8-OH-DPAT (0.06-0.3 mg/kg, i.p.) or flesinoxan (0.1-1.0 mg/kg, 
IP) during 5-min confrontations with a group-housed intruder male. 5-HTI A 
agonists reduced motor activities such as walking, rearing and grooming to a 
lesser degree. Pretreatment with the 5-HTI A-selective antagonist WAY 
100,635 (0.1 mg/kg, IP) shifted the agonist dose-effect curves for anti- 
aggressive effects to the right. Oral ethanol (1.0 g/kg PO) increased 
aggressive behavior in 9 out of 30 resident mice during repeated weekly 
confrontations with an intruder male for ca. 2 months. Flesinoxan (0.1, 0.3, 
0.6 mg/kg), given before the ethanol treatment, reversed the alcohol- 
heightened aggression in a dose-dependent fashion. By contrast, at these low 
5-HTI A agonist doses no detrimental effects on motor activity were seen in 
ethanol-treated resident mice. These data support the hypothesized role of 5- 
HT1A receptors in the aggression-heightening effects of alcohol. Whether or 
not these systemic 5-HTI A agonist effects are due to action at pre- or post-
synaptic sites remains to be investigated. (Supported by USPHS grant 
DA02632 and AA5122)

551.8
INVOLVEMENT OF 5-HT2A AND 5-HT2C RECEPTORS IN ETHANOL 
INTAKE AND PREFERENCE IN ALCOHOL-PREFERRING cAA RATS. R_de 
Beun*1, S. Maurel, R. Schreiber and J. De Vry. Institute for Neurobiology, 
Troponwerke GmbH & Co. KG, Neurather Ring 1, 51063 Cologne, Germany.

Evidence is cumulating that serotonin (5-HT) is involved in excessive 
alcohol consumption in rodents and monkeys. In the present study, the role of 
5-HT2A and 5-HT2C receptors in alcohol consumption was investigated in cAA 
rats, a Wistar line selectively bred for a high preference for, and intake of, a 
10% v/v ethanol (EtOH) solution. In a 12-hour limited access, two-bottle free 
choice procedure (10% v/v EtOH vs. tap water), acute effects of the mixed 5- 
HT2A/2C receptor agonist DOI, the 5-HT2C receptor agonist mCPP, the mixed 5- 
HT^c receptor antagonist ritanserin, and the 5-HT2A receptor antagonist 
MDL 100,907 were examined. Both DOI (dose range: 0.3 - 3 mg/kg IP) and 
mCPP (1-10 mg/kg IP) dose-dependently reduced EtOH intake and 
preference, but for the latter compound these antialcohol effects were found 
to be nonselective, as they coincided with a significant reduction in food 
intake. Ritanserin (1-10 mg/kg IP) and MDL 100,907 (0.1 - 1 mg/kg IP) were 
ineffective in reducing EtOH intake and preference, nor did they influence total 
fluid intake and food consumption. Pretreatment with ritanserin (3 mg/kg IP) 
and MDL 100,907 (0.3 mg/kg IP) blocked the effects of DOI, but not of mCPP. 
The findings of this study suggest that activation of 5-HT2A receptors results in 
a selective antialcohol effect, whereas activation of 5-HT2C receptors results in 
a nonselective reduction of consummatory behavior.
This research was supported by Bayer AG.

1 Present address: Department of Behavioral Pharmacology, Novo Nordisk 
A/S, Novo Nordisk Park, 2760 Malov, Denmark.

551.9
NEUROCHEMICAL AND BEHAVIORAL EFFECTS OF PHENTERMINE PLUS 
FENFLURAMINE. A.K. Halladay*, H. Fisher, G.C. Wagner. Psychology Dept., 
Rutgers Univ., New Brunswick, NJ 08903.

The efficacy of phentermine plus fenfluramine in selectively reducing alcohol 
consumption over non-alcoholic diet consumption was evaluated. 1 mg/kg 
fenfluramine had no effect, and 4 mg/kg phentermine increased consumption of both 
an alcoholic and nonalcoholic diet 2-5 hours after drug administration. However, 
when coadministered, there was a significant reduction in consumption of both diets, 
the effect significantly greater for the alcoholic-diet. Furthermore, 8 mg/kg 
phentermine plus 8 mg/kg fenfluramine completely abolished alcohol withdrawal 
seizures. Phentermine (12 mg/kg) and fenfluramine (16 mg/kg) or the combination 
of the drugs administered SC produced no significant changes in dopamine one hour 
after administration; the combination of the two drugs produced a significant 
elevation in striatal dopamine. The drug combination also resulted in a reduction 
in serotonin concentrations in the striatum, an effect not seen with either drug alone. 
Furthermore, fenfluramine alone resulted in a dramatic rise in DOPAC and HVA 
in the striatum, as well as a slight rise in 5-HIAA levels, effects that were 
antagonized by the addition of phentermine. To address the problem of possible 
potentiation of fenfluramine-induced neurotoxicity, animals were administered 
fenfluramine (16 mg/kg) alone (twice daily for four days) or in combination with 
phentermine (12 mg/kg). Fenfluramine alone resulted in long-term depletions of 5- 
HT and 5-HIAA in striatum compared to saline, an effect that was unchanged by 
the addition of 12 mg/kg phentermine. No changes in striatal dopamine, DOPAC, 
or HVA were noted. The results indicate a synergistic effect of fenfluramine and 
phentermine on reduction of consumption, as well as neurochemically, which may 
help to explain the reduction in alcohol craving in clinical settings.

ES-05022

551.10
PRODUCTION AND CHARACTERIZATION OF MICE DEVOID OF THE 
y2L SPLICE VARIANT OF THE GABAa RECEPTOR. GE Homanics*, JJ 
Quinlan, AL DeBlas1, A Mehta1, JJ Aul, LL Firestone. Dept. Anes., Univ. of 
Pittsburgh, Pittsburgh, PA 15261; ‘Univ. of Missouri, Kansas City, MO 64110.

In vitro data implicate the y2L splice variant of the GABAa  receptor (GABAa - 
R) as critical to ethanol sensitivity of the receptor complex, although this is 
controversial. Furthermore, the physiologic function of y2L and its involvement 
in mediating the intoxicating effects of ethanol at the whole animal level is 
entirely unknown. We used gene targeting in embryonic stem cells to replace the 
24 bp exon that distinguishes y2L from the short splice variant (y2S) with a 
bicistronic NEO/TK cassette. Mice homozygous (-/-) for the targeted allele have 
reduced fertility due to the presence of the TK cassette, but otherwise are viable, 
healthy and overtly indistinguishable from wild type (+/+) mice. RT-PCR 
analysis of -/- brain demonstrated that the modified y2 allele prevented production 
of y2L; only y2S was produced. Immunoprecipitation with an anti-y2L specific 
antibody confirmed the RT-PCR analysis; anti-y2L precipitated 29+7 (%+SD) of 
brain [3H]flunitrazepam binding activity in +/+ vs 0.4+0.1 in -/-. In contrast, 
anti-y2S immunoprecipitated a considerably higher proportion of 
[3H]flunitrazepam binding activity in -I- (85+6) than in +/+ (38±1). Sleep time 
(min+SEM) in response to ip injection of ethanol (3.5g/kg) was unaltered (+/+ 
55.9+4.8 vs -I- 62.6+5.5). Acute functional tolerance (mg/dl+SEM) was also not 
different (+/+ 95.5+9.5 vs -I- 107.5+7.5). Preliminary analysis of the withdrawal 
response following chronic exposure to ethanol vapors as assessed by the area 
under the handling induced convulsion curves (units+SEM) was not different (+/+ 
27.9+8.6 vs -/- 31.9+5.7). In conclusion, the y2L splice variant of the GABAa -R 
does not appear to contribute significantly to the whole animal behavioral 
response to ethanol in assays of sensitivity, tolerance, or withdrawal.
Support: NIH grants GM52035, AA10422, and Dept. Anes., Univ. of Pittsburgh.
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551.11
ETHANOL, THE FOS RESPONSE AND THE CENTRAL NUCLEUS 
OF THE AMYGDALA. K, Klugmann*. B, Hitzemann. J. McCaughran Jr..

and Behavioral Sciences, SUNY at Stony Brook, NY 11794 and Research 
and Psychiatry Services, VAMC, Northport, NY 11768.

Ethanol at moderate doses (1-2 g/kg) induces a robust psychomotor activation 
in some (e.g. DBA/2 J) but not all (e.g. C57BL/6J) inbred strains of mice. The 
activation response is blocked by both D, and D2 dopamine receptor antagonists 
suggesting the involvement of the basal ganglia. To determine whether or not the 
differential response between the DBA and C57 strains involves selective 
activation of some or all of the basal ganglia nuclei, we examined the differences 
between strains in the ethanol-induced increase of Fos-like immunoreactive (Fos- 
li) neurons (Hitzemann et al. 1996). No dose-relevant differences were detected 
in the basal ganglia. However, it was observed that the DBA strain was 
approximately 10-fold more sensitive than the C57 strain to the ethanol-induced 
increase in the number of Fos-li neurons in the central nucleus of the amygdala 
(CeA). To obtain additional evidence that this difference in (he CeA response is 
associated with the genetic difference in psychomotor activation, we examined the 
Fos-li response in the extremes of DBA x C57 F2 progeny previously phenotyped 
for the activation response. In response to a 1.5 g/kg ethanol challenge, the 
extreme responders showed a more than 15-fold increase in the number of Fos-li 
neurons (p < 0.001) compared to the saline controls. There was no significant 
ethanol effect in the extreme non-responders. Overall, these data suggest that the 
CeA perhaps through an anxiolytic mechanism, has an important role in ethanol- 
induced psychomotor activation. Supported in part by AA-11032.

551.12
SUPPRESSION OF ETHANOL-REINFORCED BEHAVIOR BY NALTREXONE 
IS ASSOCIATED WITH DISRUPTION OF ETHANOL-INDUCED ACCUMBAL 
DOPAMINE RELEASE. R.A. Gonzales*. B. Nadeau. T. Kerr, and F. Weiss. Dept. 
of Neurophamiacology, The Scripps Res. Inst., La Jolla, CA 92037.

It has been suggested that opiate antagonists inhibit ethanol self-administration by 
interfering with stimulation of dopamine (DA) release by ethanol. To directly test 
this hypothesis, we simultaneously examined the effect of naltrexone on ethanol 
intake and extracellular DA concentrations in the nucleus accumbens (NAcc). Male 
Wistar rats were trained to operantly self-administer ethanol (10-15% w/v) in 0.2% 
saccharm (w/v) on a fixed-ratio 1 schedule in daily 30 min sessions, and implanted 
with microdialysis guide cannulae aimed at the NAcc. Daily sell-administration 
sessions were then continued while the rats were habituated to all experimental 
procedures. Experiments began once stable daily ethanol intake was observed. 
Microdialysis samples were collected at 10 min intervals beginning 16 h after probe 
insertion. After 60 min of baseline sampling, the rats were injected with naltrexone 
(0.25 mg/kg; SC) or saline and placed inside the operant chamber. Sampling then 
continued during a 20 min waiting period with no ethanol available, followed by 30 
min of ethanol self-administration. Dialysates were assayed for DA by HPLC with 
electrochemical detection. Naltrexone significantly (p < 0.05) suppressed ethanol 
self-administration to 38% of baseline intake (0.63 ± 0.08 g/kg), whereas saline was 
without effect. Confirming previous observations, anticipation of ethanol during the 
waiting period was associated with an increase in extracellular DA (p < 0.05). 
Surprisingly, naltrexone did not block, but tended to augment this effect (0.1 > p > 
0.05). In contrast, naltrexone appeared to antagonize the effects of ethanol on DA 
release during self-administration. Specifically, while a significant positive dose- 
effect relationship between ethanol intake and dialysate DA levels was obtained in 
saline-treated controls (r = 0.68; p < 0.05), the dose-effect function in naltrexone- 
injected rats remained flat. These results suggest (1) that the suppression of ethanol 
intake by opiate antagonists may lie in their ability to block the reinfoicing aspects 
of ethanol that are dependent on dopaminergic activation, and (2) that DA release 
associated with the the incentive-motivational vs. pharmacological actions of ethanol 
may involve different regulatory mechanisms. Supported by NIAAA (AA00147, 
AA10531).

CORTEX: ACTIVITY AND DEVELOPMENT

552.1
VISUALIZING A SENSORY-MOTOR TRANSFORMATION IN 
MOTOR AND PREMOTOR CORTEX. L. Shen* and G. E. Alexander. 
Dept. of Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322

A time course analysis was used to characterize the population 
dynamics of neuronal activity recorded from primary motor cortex (MC) 
and the dorsal premotor area (PMd), respectively, of monkeys 
performing a delayed reaching task. Target direction, indicated by a 
visual instruction stimulus (IS), was dissociated from the direction of 
limb movement. A variable delay separated the IS from a triggering 
stimulus (TS). The degree to which each neuron’s discharge covaried 
either with target direction or with the direction of limb movement was 
reflected by a TL index calculated at 25 ms interval using a 50 ms 
moving window. At each interval, the population distribution weighted 
by cells discharge rates was plotted as a color bar along the TL axis. 
Evolution of this instantaneous distribution along the time axis formed a 
2D image. In PMd, amplitudes of the population activity reached 
maximum values shortly after IS delivery, and the population distribution 
remained focused near the target end of TL axis until TS delivery, after 
which the distribution became more uniform. In MC, the center of 
distribution began to shift away from the target end of the TL axis shortly 
after IS delivery, but did not reach maximum amplitudes until the 
distribution had shifted well toward the limb end of the axis, shortly after 
the TS delivery. Their respective patterns of activation suggest that while 
neurons in both regions participate in the task-related sensory-motor 
transformation, MC neurons appear mainly involved in controlling limb- 
based biomechanical parameters. PMd neurons, in contrast, appear more 
involved in representing motor actions in a vision-based reference frame, 
or at the level of behavioral goals. Supported by a grant from NINDS.

552.2
REORGANIZATION OF NEURONAL SYNCHRONY IN Ml DURING 
VISUOMOTOR ADAPTATION Catherine L. Oiakangas*. Nicholas G. 
Hatsopoulos. and John P. Donoghue. Dept. of Neuroscience, Box 1953, Brown 
University, Providence, RI 02912 email: cojakang@brownvm.brown.edu

We previously reported temporal synchrony among primate motor cortical (Ml) 
neurons during simple, targeted arm movements. When the monkey redirected its 
movements during a “target switch” task, synchronous activity decreased 
dramatically initially and reemerged as adaptation progressed. We report here that 
during a different type of motor adaptation task cross correlation analysis revealed 
changes in temporal synchrony. An animal was confronted with a “gain change” 
task, in which the relationship between a position feedback cursor and tlie hand 
was changed (Ojakangas & Ebner, Exp Br Res, 85:314, 1991) after a series of 
control movements. With the gain of 2.0, the cursor on the screen moved twice 
as far as the hand, and the animal’s movement to bring tlie cursor to the target 
resulted in an overshoot with a subsequent correction. With practice, however, the 
animal scaled its movements to move approximately half as far and brought the 
cursor smoothly to the target. The peak correlation at 0 time lag was normalized 
for firing rate and compared in various phases of the experiment for fifteen 
simultaneously recorded Ml neurons. Forty-six of 225 cell pairs (20%) showed 
strong normalized correlations in the control phase preceding adaptation (mean=1.8 
+/-.495), a significant drop at the beginning of the learning phase (mean=1.45+/- 
.30; p<0.001, paired t-test) with subsequent significant resynchronization as 
adaptation progressed, such that during the last 15 trials correlation strength had 
risen to a mean of 2.14 (+/-.46)(p<0.001, t-test). Compared to a kinematic 
control phase, the peak correlations at the end of adaptation were significantly 
higher (mean change= 1.6+/-.49;p<0.001,t-test).These data suggest that the pattern 
of synchronous firing between motor cortical neurons may reflect Ml reorganization 
as new movements become more automatic with practice. Supported by NIMH 
MH19118 & NIH NS25074.

552.3
NEURAL ACTIVITY IN MOTOR CORTEX AND THE DIRECTION AND 
MAGNITUDE OF ISOMETRIC FORCE. J, Ashe* and J. Boline. Brain Sciences 
Center, VAMC and Dept. of Neurology, Univ. of Minn. Med. School, Minneapolis, 
MN 55417.

The goal of this study was to determine the relations between cell activity in the 
motor cortex and isometric force when both the direction and magnitude of force 
varied in 3D. Two monkeys were trained to control a force-feedback cursor 
displayed on a video monitor by exerting force on an isometric manipulandum. 
The animals performed two visually instructed tasks. Forces were instructed in AT 
force space, but we measured force output in XYZ dimensions. In the pulse task, the 
animal produced a force pulse towards targets in eight directions. In the step task, 
the animal produced a force pulse and step in eight directions to targets of three 
different force magnitudes, and maintained the cursor within the target window for 
a period of 0.5-1.0 s. We analyzed 504 cells; those cells with a significant change 
in activity in an ANOVA were further analyzed for a direction and magnitude 
effect using a stepwise multiple linear regression model. In the pulse task, a 
significant effect of direction was seen in 95/278 (34%) cells during the reaction 
time (RT) and in 249/403 (62%) cells during the force generation (FG) epochs. In 
the step task, significant direction effects were seen in 106/310 (34%), 398/475 
(84%), and 273/447 (61%) of cells, and a magnitude effect was seen in 27/310 
(9%), 92/475 (19%) and 81/447 (18%) of cells during the RT, FG and static hold 
(SH) epochs, respectively. Finally, a combined direction+magnitude effect was 
seen in 10/310 (3%), 79/475 (17%) and 57/447 (13%) of cells during the RT, FG 
and SH epochs, respectively. These findings suggest that; (1) the activity of cells in 
the motor cortex may be linearly related to the direction and magnitude of 
isometric force, and (2) the direction and magnitude of force may be specified 
independently at a cortical level. (Supported by The Department of Veterans 
Affairs).

552.4
RELATIONS BETWEEN NEURAL ACTIVITY IN PARIETAL AREA 2/5 AND 
THE DIRECTION AND MAGNITUDE OF ISOMETRIC FORCE. J. Boline* and 
J. Ashe. Brain Sciences Center, VAMC and Dept. of Physiology, Univ. of Minn. 
Med. School, Minneapolis, MN 55417.

The goal of this study was to determine how neural activity in parietal area 2/5 
related to the kinetics of 3-D isometric force output when both the direction and 
magnitude of force varied. Two monkeys were trained to control a force-feedback 
cursor displayed on a video monitor by exerting force on an isometric 
manipulandum. The animals performed two visually instructed tasks. Forces were 
instructed in XY force space, but we measured force output in XYZ dimensions. In 
the pulse task, the animal produced a force pulse towards targets in eight directions. 
In the step task, the animal produced a force pulse and step in eight directions to 
targets of three different force magnitudes, and maintained the cursor within the 
target window for a period of 0.5-1.0 s. We analyzed 440 cells; those cells with a 
significant change in activity in an ANOVA were further analyzed for a direction 
and magnitude effect using a stepwise multiple linear regression model. In the 
pulse task, a significant effect of direction was seen in 1/92 (1%) cells during the 
reaction time (RT) and in 56/228 (25%) cells during the force generation (FG) 
epochs. In the step task, significant direction effects were seen in 17/130 (13%), 
167/369 (45%), and 128/320 (40%) of cells, and a magnitude effect was seen in 
4/130 (3%), 18/369 (5%) and 21/320 (7%) of cells during the RT, FG and static 
hold (SH) epochs, respectively. Finally, a combined direction+magnitude effect 
was seen in 24/369 (7%) and 27/320 (8%) of cells during the FG and SH epochs, 
respectively. These findings show that cell activity in area 2/5 relates to the kinetics 
of motor output. Specifically, we found linear relations to both the direction and 
magnitude of force. However, the direction of force was the most significant 
determinant of cell activity during isometric force output. (Supported by The 
Department of Veterans Affairs).
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552.5
NEURONAL CLUSTERS IN THE PRIMATE MOTOR CORTEX DURING 
INTERCEPTION OF MOVING TARGETS. D. Lee*, N. L. Port, W. Kruse and 
A. P. Georgopoulos. Brain Sciences Center, VAMC, Minneapolis, MN 55417

Two rhesus monkeys were trained to intercept a moving target with a feedback 
cursor controlled by a 2-D manipulandum. The direction from which the target 
appeared, the time from target onset to its arrival at the interception point (target 
motion time, TMT), and target acceleration (constant acceleration, constant 
deceleration, or constant velocity) were randomized for each trial. Single-cell 
activity was recorded from the arm area of the primary motor cortex. We applied a 
non-hierarchical cluster analysis to classify neurons according to the temporal 
patterns in their spike density functions during target interception. In the first 
animal, two clusters were activated during movements, and they differed mainly in 
the amount of tonic activity remaining after the movement offset. A third cluster 
whose activity peaked at the movement onset displayed an additional component 
modulated by the initial target velocity. In the second animal, two pairs of tonic 
and phasic clusters were identified, and they differed in their temporal relationship 
with the movement. The activation of the first pair began immediately after target 
onset in all conditions, whereas that of the second pair was time-locked to the 
second submovement. In addition, other clusters showed either activation 
restricted to the movement onset, or activation only during the period between the 
two submovements. These different clusters were accompanied by the difference 
in the behavioral strategies adopted by the animals. In the first animal, the 
response times increased with the TMT, and the hand velocity profiles displayed 
single peaks in most target conditions, whereas in the second animal, the response 
times were almost constant regardless of target conditions, and multiple 
submovements were usually produced. These results suggest that distinct patterns 
of motor cortical activity underlie different behavioral strategies. (Supported by 
USPHS grant PSMH48185)

552.6
PLANNING OF SEQUENTIAL ARM MOVEMENTS FROM
SIMULTANEOUSLY RECORDED MOTOR CORTICAL NEURONS. Nicholas 
G, Hatsopoulos*, Catherine L. Ojakanoas. & John P, Donoahue. Box 1953, 
Dept. of Neuroscience, Brown University, Providence Rl 02912.
A major problem in motor control relates to the planning and execution of 
complex, serial behavior and whether it is composed of simpler motor 
primitives. To examine this issue, we recorded simultaneously from up to 13 
units ih the arm area of primate primary motor cortex (Ml) while the animal 
performed an instructed-delay sequential task. In each trial, one of two 
possible sequential movements in the horizontal plane were generated, 
each of which consisted of two segments. The first segment was a common 
movement away from the body followed by an uncommon, second segment 
movement 45 degrees either to the left or right. These movements were 
characterized kinematically by two peaks in the tangential velocity of the 
hand. This was reflected in two modulatory peaks in firing rate of 6 out of the 
13 units recorded. In 5 of the 13 neurons, we also found modulations in 
firing rate that began about 200 ms after the onset of the instruction signal. 
Although the uncommon second segment began between 1 and 2s after 
the instruction period ended, we observed a statistical difference in the 
population firing rate between the two sequential movements during a 
500ms interval in the instruction period (paired t(138)=2.39, p<.01). This was 
true even though reaction times and peak velocities over the first segment 
were not statistically different. We also performed sliding cross-correlation 
histograms between pairs of neurons to examine the evolution of 
synchronous discharge over the trial. We noted a number of pairs that 
showed different temporal patterns of synchrony over the trial between the 
two sequential movements. These results suggest that ensembles of motor 
cortical neurons possess firing rate and temporal information regarding an 
upcoming sequential movement.
Supported by NINDS 1 F32 NS10269-01 & NIH NS25074.

552.7
NEURAL POPULATION ACTIVITY IN SENSORIMOTOR CORTEX CAN 
CONTROL AN EXTERNAL "ARM" MOVEMENT SYSTEM. J.K. Chapin*1, 
R.S. Markowitz', K.A. Moxon' and M.A.L. Nicolelis2. 'Dept. Neurobiol., Allegheny
U. Hlth. Sci., Phila, PA; 2Dept. Neurosci., Duke U., Durham, NC.
To assess the importance of population coding in the primary motor (MI) cortex, 
neuronal ensembles were simultaneously recorded through chronically implanted 
arrays of electrodes in the forelimb areas of the MI cortex and the 
ventrolateral (VL) thalamus of rats trained to obtain a water reward by moving a 
manipulandum which was configured to proportionally move a mechanical arm 
(MA) from a water source to the rat’s mouth. The simultaneous activities of 32 
simultaneous single units were recorded in the MI and VL during performance of 
this task. Next, the data from these neurons were subject to a principal components 
analysis (PCA) to extract an eigenvector weighting matrix which weighted these 
neurons according to their task related activity. These weights were then 
implemented on 32 channel spike integration circuit whose output could be used to 
control the MA. By switching the control of the MA from the manipulandum to the 
neural population (NP), the rat was able to obtain its water reward through direct 
real-time translation of ongoing MI and VL neural ensemble activity. When under 
this NP control, the MA movement accurately followed the phasic activity of these 
neurons around the onset of manipulandum movement, but were not maintained 
during the position holding phase. Nonetheless, the rats NP were able to move the 
MA and obtain the water reward with a nearly 100% reliability. Over 90% of the 
recorded neurons were found to contribute to the smooth control of the MA, 
its precision increasing as a function of the number of neurons used. The 
precision increased still further when clusters of 2-4 units were used rather than 
single units. These results suggest that large neural populations in the MI and VL 
can precisely encode the onset phase of forelimb movement. Supported by NIH 
NOJ-NS-6-2352, NIH RO1-NS26722, and ONR N00014-95-1024 to JKC.

552.8
EVOKED SENSORY RESPONSES IN PRIMARY MOTOR CORTEX DRIVE 
A BEHAVIORAL MOTOR REACTION. E. Salinas* and R. Romo. Inst, de 
Fisiologia Celular, UNAM, Apdo. Postal 70-253, cp 14510, Mexico D. F.

Stimulus-evoked movement requires that the sensory information triggering 
the motor reaction be encoded in a way that is interpretable by the networks 
that generate motor commands. However, little attention has been paid to 
the representations of sensory signals that must directly influence motor ac-
tivity. We explored this sensory-motor interaction in a task in which monkeys 
reach for one of two push-buttons to indicate whether the speed of a moving 
tactile stimulus falls in the ‘low’ or ‘high’ category. Extracellular recordings 
from primary motor cortex revealed neurons tuned to the speed categories. 
Most of them are task-specific, showing no firing rate modulation when the 
same movements are triggered by visual cues. Using decoding methods and 
computer simulations, we found that an observer measuring the responses of 
this neural population could exhibit a psychophysical performance in the task 
identical to the monkey’s. Separate firing rates were computed for the trials 
in which monkeys scored hits and errors, for each category. This procedure 
may distinguish purely sensory activity from activity exclusively related to arm 
motion. The observed responses did not match either of these alternatives. In 
contrast, a parameter-free model that generates a motor command based on 
the evoked responses predicts the observed hit/error patterns very accurately. 
The results demonstrate a dramatic transformation in the neural representa-
tion of the tactile motion signal, and suggest that the role of the category-tuned 
neurons is to drive the motor reaction that indicates the animal’s decision, as 
dictated by the output of the sensory categorization process.

Research supported by an award from the Howard Hughes Medical Institute 
and grants from DGAPA-UNAM and Conacyt.

552.9
STATISTICAL EVALUATION OF JOINT PERI-STIMULUS TIME HISTOGRAM 
FOR ANALYSIS OF DYNAMICAL NEURONAL CODE. Hirovuki Ito* and Satoshi 
Tsuji Dept. of Info. & Commu. Sci., Kyoto Sangyo University, Kyoto 603, JAPAN

Temporal coding paradigm in Cortex has been attracting more attention in recent 
years. Observations of synchronous oscillatory activities (Gray, Singer et. al) and context 
dependent changes in cross-correlograms (Vaaaia, Abeles, Aertsen et. al) suggested the 
possibility that the temporal relationship among the firing spikes of neurons rather than 
the firing rate of individual neurons can be used as an information code in Cortex. 
Reflecting the dynamic nature of information processing in the neuronal network, those 
relationship in spike trains might change non-stationarily in a sub-millisecond order. 
There have been new progresses in multi-neuron recording technique that enables us to 
record multiple units simultaneously. However further development is indispensable in 
the analysis of the multi-neuron data in order to visualize the temporal relationship of 
units and facilitate our understanding of the information processing in the neuronal 
network. Aertsen introduced a method, Joint Peri-Stimulus Time Histogram, to study the 
non-stationary temporal relationship between the spike activities of two neurons. We 
evaluated its characteristics through the analysis of artificial spike data created by a 
probabilistic model. We defined “effective connectivity” between the two neurons by a 
parameter of this model, that is, the increase of probability of occurrence of correlated 
spikes compared with the case when the two units are statistically independent. The 
normalization factor was derived analytically to standardize effective connectivity far the 
data of different firing rate. The form of this factor is different from that proposed by 
Aertsen empirically. We found the difficulty in the detection of negative correlation in 
spike trains of low firing rate. Also we concluded the essential impossibility in definite 
attribution of non-stationary modulation of neuronal activities to separate components, 
i.e., firing rate and correlation. This is because the definition of effective connectivity 
cannot be universal in nature and the projection of non-stationary dynamics in neuronal 
network onto such a single variable leads to an essentially ill-posed inverse problem.

552.10
CHARACTERIZATION OF NEURAL REPRESENTATIONS IN MOTOR 
AND COGNITIVE TASKS USING MULTIDIMENSIONAL SCALING.
K. C. Whang*, and A, P, Georgopoulos, Brain Sciences Center, VA 
Medical Center, Minneapolis, MN 55417.

Multidimensional scaling (MDS) is an ideal method to apply to 
problems in which the exact dimensions of a representation are 
unknown, because it requires no pre-analytical specification of 
variables of interest. We have applied MDS to the analysis of neural 
data, not for the purpose of classifying cell types, but to derive the 
dimensions of representation of populations of neurons whose individual 
response properties may be broadly distributed. In an individual 
differences model (Carroll and Chang, 1970), proximity matrices for 
individual cells were generated by computing differences between log 
firing rates under each of several behavioral condition of interest. The 
“objects” in the analysis were behavioral conditions; the “subjects” were 
individual cells. Dimensions of neural representations were indicated 
by the resulting group configuration space, whereas tuning and other 
properties of individual cells were reflected in the weight space.

Application of this method to data from a 3-D reaching task (Schwartz 
et al., 1988) yielded a configuration space with 8 conditions of directional 
reaching in an arrangement that was topologically equivalent to the 
movement directions in physical space. Similar analyses of data from a 
tactile attention task (Whang, 1995) revealed neural dimensions related 
to masking and blocking effects, behavioral variables that had 
previously been shown to be significant by classical statistical methods. 
The success of MDS in these very different settings suggests that it may 
be generally useful for revealing neural representations underlying a 
variety of complex behaviors. (Supported by USPHS grant NS17413)
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552.11
NEURAL ACTIVITY IS NECESSARY FOR POSTNATAL 
REFINEMENT OF CORTICOSPINAL TERMINATIONS IN THE 
CAT. J.H. Martin*, B. Kablv, and A, Hacking. Center for Neurobiology & 
Behavior, Columbia Univ. and NYS Psychiatric Institute, New York, NY 10032

The developing corticospinal (CS) system in several species has 
transient axon terminations. In cats, there are dense ipsilateral CS 
terminations between postnatal weeks (PNWs) 2-5 that are substantially 
eliminated during PNW 6, to produce the mature, predominantly contralateral, 
pattern. We assessed the role of neural activity in eliminating these transient 
terminations by silencing neurons in the sensorimotor cortex with continuous 
muscimol (10 mM) infusion, between PNWs 3-7/8 in developing kittens . We 
used anterograde tracers to examine the effects of blockade on CS 
projections from the infused and non-infused contralateral cortex. We 
examined prehension to determine the behavioral effects of blockade.

While both the infused and non-infused sensorimotor cortex projected 
axons into the contralateral spinal white matter, the gray matter terminations of 
their axons were strikingly different. Terminations from the non-infused 
cortex remained bilateral. The aberrant ipsilateral terminations were those of 
axons that had recrossed in the cord. Terminations from the infused cortex 
were generally restricted to the contralateral gray matter and were sparse. The 
limb contralateral to muscimol infusion (ie, side with aberrant ipsilateral CS 
terminations) was impaired compared with the ipsilateral limb: During reaching 
there were increases in systematic and variable error and grasping defects. 
Saline infusion did not affect the topography or density of CS terminations.

Our findings show, for the first time, that activity is necessary for the 
postnatal refinement of CS terminations. As has been shown for sensory 
systems, activity-dependent mechanisms may be important in assuring the 
topographic precision of connections of the motor pathways and normal 
functional capacity. (Supported by the American Paralysis Association)
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553.1
CEREBELLAR ACTIVATION DURING DIRECTION DISCRIMINATION 
LEARNING IN VISUAL MOTION STIMULI: AN FMRI STUDY. LM Vaina*1, E 
Burin des Roziers^ JW Bclliveau^’" 1 .Brin aid Vision Reseach Lcboxtory, LApatment of 
Biomedcd Engineeiing, Boston Univasity, Boston MA 2. MGH-NMR Center; Chaiestown, MA 02129

Recent neurophysiological and neuroimaging studies suggest a significant role 
of the cerebellum in the acquisition of sensory information and in the facilitation of the 
processing efficiency of sensory stimuli by the cerebral cortex ( see: Bower, 1996).

The results presented here from a combined psychophysical and fMRI 
perceptual learning task designed to examine practice-related changes in the human 
brain functional anatomy specific to learning direction discrimination in noisy stimuli, 
provide further support for this hypothesis. While actively performing the 
psychophysical learning task, 6 naive volunteers were scanned using a headcoil in a
1.5 T GE Signa MRI system with EPI and functional images obtained using an ASE 
pulse sequence (TR=2.5s, TE=70 ms). In one session, each subject underwent 10 
consecutive runs consisting of 1 min fixation at the beginning and the end, interleaved 
with either a 2 min motion-condition during which subjects discriminated direction of 
motion, or a 2 min static-condition involving discrimination of briefly flashed letters 
presented in the center of a static random dot display. In each run 100 images where 
acquired from 20 6mm thick slices. Voxels indicating modulation of brain activity 
specific to learning were represented by subtracting the static stimulus activation from 
the motion stimulus activation. MEDx was used for data analysis and image 
visualization. The psychophysical results confirmed our previous studies (Vaina et. al, 
1996) showing that performance improved with practice, the improvement being 
specific to the trained direction and becoming stabilized in 300-400 trials. In all 
subjects, the strongest activation was in the cerebellar cortex during the learning 
period, but this activation almost disappeared once the performance stabilized at a level 
of about 95% correct. Activation was also seen in the MT complex, the inferior 
parietal lobule, and the cingulate cortex; the activated areas also decreased after learning 
had occurred, suggesting a more efficient neural representation of motion. Supported 
by NIH grant EY-2RO-1-07861-06.

553.2
DISTINCT CONTRIBUTION OF THE STRIATUM AND 
CEREBELLUM TO VISUOMOTOR SKILL LEARNING IN 
HUMANS. R. Jr. Laforce* and J. Doyon. Department of Psychology, Laval 
University & Rehabilitation Research Group, Centre Francois-Charon, Quebec, 
Canada, G1M 2S8.

Several investigations have demonstrated that the striatum and the cerebellum 
participate in the incremental learning of visuomotor skills (Doyon et al., 1996; 
Grafton et al., 1994; Jenkins et al., 1994). However, little is known regarding their 
specific role in the acquisition process. The aim of this study was thus to examine the 
distinct contribution of the striatum and the cerebellum to skill learning in the 
visuomotor modality. The performance of patients in early (Stage 1) or advanced 
stages (Stages 2 & 3) of Parkinson’s disease (PD), and of a group of patients with 
damage to the cerebellum (CE) was compared, respectively, to that of a group of aged 
(ANC) and young (YNC) matched normal controls on a random version of the Serial 
Reaction Time task (SRT), as well as on an adapted version of the Mirror-Tracing 
Test. In the latter task, subjects were required to trace a series of complex figures 
which consisted of the juxtaposition of three simple figures that they had either 
practiced prior to testing (Practiced condition), or had never traced individually before 
(Unpracticed condition). The results revealed no significant difference between the CE 
and the YNC groups on the random version of the SRT task, whereas both subgroups 
of PD patients were impaired on this task when compared to the ANC group. By 
contrast, only patients in the CE group failed to show a facilitation effect when tracing 
the figures in the practiced vs unpracticed conditions. For the first time, these findings 
provide behavioral evidence of a double functional dissociation between the striatum 
and the cerebellum in acquiring visuomotor skilled behaviors. In accord with existing 
theoretical models (Bloedel, 1992; Graybiel & Kimura, 1995), these results thus 
suggest that the striatum plays a critical role in perceptivomotor learning mechanisms 
based on stimulus-response types of associations, whereas the cerebellum is 
preferentially involved in the ability to integrate separate learned movements into a 
fluid sequence.
This work was supported by a fellowship from "La Fondation de 1’Universite Laval" 
to R.L. and by a NSREC grant to J.D.

553.3
MOTOR SEQUENCE LEARNING IN PARKINSON’S DISEASE: A DIRECT 
COMPARISON BETWEEN TWO TASKS USING TWO RESPONSE MODES.
S.L. Selco*1, N.J. Cohen1, G.T. Stebbins2, fc C.G. Goetz2.
xNeuroscience Program, University of Illinois, Urbana, IL 61801, and 2Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612.

Previous studies employing Nissen Bullemer’s (1987) serial reaction time 
task (SRT) have reported impairments in motor sequence learning in Parkin-
son’s disease (PD) (Ferraro et al., 1993; Jackson et al., 1995; Pascual-Leone 
et al., 1993). In these previous SRT studies target stimuli were advanced to 
subsequent spatial locations only following correct responses, and some nonzero 
response-to-stimulus-interval (RSI) was employed. To date no studies using this 
neuropsychological population have examined learning in the SRT in PD in the 
verbal response mode.

Nondemented and nondepressed subjects with PD (N=12) and healthy con-
trol subjects (N=10) performed the SRT both in manual and verbal response 
modes. We employed a 0 ms RSI, and advanced the target stimulus follow-
ing incorrect responses. The same subjects also performed a different motor 
sequence learning task (MSLT) in manual and verbal response modes. In this 
task subjects were presented 5-digit numbers which embody first-order sequen-
tial structure, and they either entered each digit into the numeric keypad or 
read each digit aloud. Following several acquisition blocks, the development of 
sequence-specific knowledge was assessed using a probe task that does not rely 
on finding a negative transfer effect.

In contrast to previously published studies using the SRT, subjects with PD 
and controls exhibited equivalent response time decreases over acquisition blocks 
along with equivalent slowing in the probe block. This pattern of results was ob-
tained in both response modes. On the MSLT, some differences between the two 
subject groups emerged on performance-related aspects of the task but not on 
sequence-specific aspects of the task. These results suggest that the role previ-
ously ascribed to the basal ganglia, nigrostriatal pathway, and/or corticostriatal 
loops in motor sequence learning should be reconsidered. (Funds from Beckman 
Institute and UIUC Critical Research Initiative Grants to NJC)

553.4
DISSOCIABLE FORMS OF SEQUENCE LEARNING: EVIDENCE 
FROM SIMULATION AND PARKINSON'S DISEASE 
PF Pomineyl’2, J Ventre-Dominevk E. Broussolle*-^, M Jeannerod^ 1. Vision 
et Motricite, INSERM, 69500 Bron, France, 2. Institut des Sciences Cognitives - 
CNRS, 69008 Lyon France, 3. Hopital Neurologique, 69008. Lyon France

We study sequence learning in SRT tasks that manipulate surface and 
abstract structure. Sequences ABCBAC and DEFEDF have unrelated surface 
structure but share the abstract structure 123213 that defines a class of isomorphic 
sequences, in which elements corresponding to 123 are unpredictable, and those 
corresponding to 213 are predictable. The signature of surface structure learning 
is uniform RT reduction for all elements and no transfer to isomorphic sequences. 
Abstract structure learning yields a larger RT reduction for predictable elements 
and transfer to isomorphic sequences. We test the hypothesis that dissociable 
processes are required for learning surface vs. abstract structure. Simulations 
support our hypothesis, predicting that (1) learning abstract structure requires 
processes in addition to those for surface structure, (2) surface and abstract 
structure can be learned independently, and (3) only abstract structure transfers 
to isomorphic sequences. These predictions are confirmed in human subjects. 
Subjects in implicit conditions (n=15) learn surface structure independent of 
abstract structure. Subjects in explicit conditions (n=15) leam both, and transfer 
knowledge of the abstract structure to isomorphic sequences. Parkinson's patients 
(n=7) display significant learning and transfer of abstract structure in explicit 
conditions, despite their documented impairment in implicit learning of surface 
srructure. Results from simulations, control and Parkinson's subjects support our 
hypothesis that dissociable sy stems are required for learning surface and abstract 
structure, and suggest that the frontostriatal system participates preferentially in 
surface structure learning. PFD Supported by the Fyssen Foundation (Paris).
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553.5
Differential  Influence  of  Occipital  and  Prefrontal  Cortices  
on  Performance  in  a  Visual  Perceptual  Memory  Task , ab  
Sekuler2, AR McIntosh12, C Penpeci2, MN Rajah1, CL Grady1-2, R Sekuler3*.
‘Rotman Res Inst, Baycrest Ctr, 2Dept of Psychol, Univ Toronto, M6A 2E1, Canada; 
3Volen Ctr Complex Studies, Brandeis Univ, Waltham, MA, 02254, USA.

Sinusoidal luminance gratings are ideal stimuli for exploring memory’s 
fundamental processes: Such gratings are devoid of semantic content and evoke 
memory that is remarkably robust. PET was used to measure regional cerebral 
blood flow (rCBF) in 11 healthy subjects (mean age 23 yrs) when discriminating 
two sine wave gratings based on spatial frequency. Measures were taken when 
the gratings were presented simultaneously or with an intervening delay of either 
500 ms or 4000 ms. Performance showed a slight decline with the 4000 ms 
delay. Activity increases in the 4000 task, compared to 500, were observed in 
posterior thalamus, right cerebellum, right inferotemporal, bilateral inferior 
occipital, left dorsal occipital and left inferior prefrontal cortices. Within-task 
correlations of rCBF and performance showed a reverse effect of occipital cortex 
on behavior: positive effect in the 500 delay task and negative effect in 4000 
delay. Furthermore, greater activity of right inferotemporal, putamen and right 
prefrontal cortex led to better performance at longer delay. The opposite effect of 
occipital cortex on behavior between tasks suggests a different strategy was 
employed in the long delay condition, engaging regions that have been identified 
across several human memory studies (temporal and prefrontal). Their 
involvement in this task suggests they play a role even in basic memory 
operations. (Supported by Alzheimer’s Association Grant PRG-95-209)

553.6
Effects  of  Aging  on  Neural  Systems  Supporting  Visual  
PERCEPTUAL Memory . AR McIntosh1-2*, AB Sekuler2, C Penpeci2, MN Rajah1, 
CL Grady1,2, R Sekuler3. ’Rotman Res Inst, Baycrest Ctr, 2Dept of Psychology,
Univ Toronto, M6A 2E1, Canada;3Volen Ctr Complex Studies, Brandeis Univ, 
Waltham, MA, 02254, USA.

We have demonstrated elsewhere (Sekuler et al, Abs Soc Neurosci, 1997) 
that the neural systems supporting memory for sine-wave luminance gratings 
in young subjects include cerebellum, occipital, inferotemporal and 
prefrontal cortices. The present study investigated whether these same 
systems were engaged when 7 elderly subjects (mean age = 65) performed 
the same task. PET regional cerebral blood flow (rCBF) measures were 
obtained during three tasks involving spatial frequency discrimination 
between two gratings presented simultaneously, or with an intervening delay 
of either 500 ms or 4000 ms. Performance was equal to young subjects. Old 
subjects showed unique delay-related activation of bilateral inferior 
prefrontal cortex at the short delay. As in the young subjects, increased 
activity was observed in the right inferotemporal cortex during the long 
delay. Within-task correlations of rCBF and performance showed strong 
heterogeneities among the old subjects. These results suggest that functional 
reorganization may take place with age that can manifest as a different 
pattern of task-related activity, but that there are individual differences in 
such reorganization. (Supported by Alzheimer’s Association Grant PRG-95- 
209)

553.7
HABITUATION OF THE ANTERIOR CINGULATE FUNCTIONAL MRI RESPONSE 
OCCURS DURING LEARNING OF THE DIGITAL STROOP INTERFERENCE TASK.
G. Bush*, P.J. Whalen, B.R. Rosen, M.A. Jenike, S.L. Rauch. NMR Center,
Massachusetts General Hospital-East, CNY-2, Charlestown, MA 02129.

Anterior cingulate (AC) has been activated by color Stroop tasks (Pardo et al, 1990;
Bench et al, 1993) and divided attention tasks (Corbetta et al, 1991; Bush et al, 1995) -- 
consistent with the hypothesis that AC is recruited to mediate response selection or 
allocate attentional resources when confronted with competing information processing 
streams (Devinsky et al, 1995). The current study sought to identify and characterize the 
mediating neural substrate of cognitive interference, with particular attention to changes 
with learning. While the color Stroop measures reaction time latency in naming the color of 
a word incongruent with the meaning of that word (“red" in blue ink; answer blue), the 
‘Digital Stroop' is a variant allowing on-line response time measurements while obviating 
speech. Subjects report by button-press the number of words (1-4) on the screen, 
regardless of word meaning. Interference trials contain numbers (e.g. ‘two’ written three 
times), while neutral trials contain single semantic category common animals (e.g. bird). 
This variant was created for two reasons. First, subjects can improve color Stroop 
performance through practice, but this occurs over a period of hours, not minutes. Second, 
speaking produces head movements that can exceed those tolerated by fMRI. Nine normal 
right-handed young adult volunteers underwent fMRI scanning while performing the Digital 
Stroop. Psychophysical data showed interference effects diminished with learning after the 
first 5 of 8 epochs. FMRI data (echoplanar, head-coil, 1.5 T scanner, motion-corrected, 
Talairached, intersubject averaged, Kolmogorov-Smirnov statistic) revealed significant 
(p<1 O’4) activity in right AC, prefrontal, premotor, and parietal cortex with the interference 
vs. neutral conditions. Importantly, AC activity clearly habituated (decreased) as subjects 
learned the task. These findings have ramifications for attentional, learning, cognitive 
interference, and motor control mechanism theories. [Support: Harvard/MIT Division of Health 
Sciences and Technology-Beth Israel & Pfizer, Inc., and NIMH # 01215],

553.8
fMRI STUDIES OF VERB GENERATION PRIMING AND 
UNUSUAL VERB GENERATION. C.A. Seger*. J.E. Desmond, 
J.D.E. Gabrieli, and G.H. Glover. Depts. of Psychology and 
Radiology, Stanford University, Stanford, CA 94305.
We used fMRI to explore differences in brain activation when subjects generated 
verbs to repeated nouns or to novel nouns. Prior PET research has shown 
practice-related brain activation changes in verb generation (Raichle et al, 1994), 
with left dorsolateral prefrontal cortex, anterior cingulate, and right cerebellum 
relatively more active for novel nouns, and sylvian-insular cortex relatively more 
active for repeated nouns. Subjects practiced covertly generating the first 
appropriate verb to come to mind to repeated nouns, then were scanned while 
generating verbs to alternating blocks of repeated and novel nouns. Brain images 
were collected in 7 oblique axial planes rotated 25° from AC-PC line to image 
frontal and cerebellar structures. Functional MRI (fMRI) was obtained with a 
T2*-weighted gradient echo spiral pulse sequence (1.5T, TR=630 ms, TE=40 
ms, flip=66°, inplane resolution=2.35 mm, thickness=6 mm). Results from 5 
subjects showed greater activation in left dorsolateral prefrontal cortex (LDLPF), 
right cerebellum, and left inferior temporal cortex when generating verbs to 
novel nouns. Greater activation was found in the right medial frontal gyrus for 
repeated nouns; no changes in sylvian-insular areas were found. A second scan 
using the same parameters investigated the effects of increasing semantic 
processing demands by having subjects generate unusual verbs for nouns; 
Unusual blocks alternated with blocks of generating the first appropriate verb to 
come to mind. All nouns were novel. Unusual verb generation led to greater 
activation in left temporal cortex, bilateral cerebellum, and the right medial 
frontal gyrus, but did not increase activation in LDLPF areas. These results are 
consistent with the cerebellum playing a role in response monitoring, and the 
involvement of LDLPF and temporal cortices in semantic processing. 
Supported by NIH (09628), NIMH (10925), and NIA (AG 12995).

553.9
NEURAL BASES OF IMPAIRED WORD PRIMING AND RECOGNITION 
MEMORY. T.L. Jemiean* and A.L. Ostergaard. Department of Veterans Affairs 
Medical Center and UCSD School of Medicine, La Jolla, CA 92093-0949.

Our previous work revealed that when baseline performance levels were 
controlled, priming deficits were observed in patients with explicit memory 
(recognition) deficits. Furthermore, when priming and recognition memory 
deficits were correlated with volume loss in brain structures, as measured from 
MRI, both deficits were related to mesial temporal lobe (MTL) damage. The 
apparent sparing of priming in some memory-impaired patients appeared in the 
previous study to be due to impaired baseline performance in the priming task. 
This deficit was correlated with damage to the caudate nucleus. Thus the 
contravening effects of caudate and MTL damage appeared to result in intermediate 
priming scores that were indistinguishable from those of normal subjects.

As an extension of this work, 30 memory-impaired patients (normal, amnesic, 
and demented) with widely varying levels of memory deficit were studied with 
MRI and with a new word priming task designed to reduce the baseline-related 
constraints on priming. The measures of baseline naming latency and recognition 
memory were residualized for normal aging effects. Priming scores were 
residualized for normal aging and baseline effects. Priming scores were highly 
correlated with recognition memory scores (r=.6O, p<.0005). As before, 
recognition memory showed a strong and specific relationship to MTL damage, 
but not to striatal or neocortical damage. Also consistent with previous work, 
baseline naming latency showed a strong relationship to caudate damage 
(p<.0005), but an additional, independent effect of MTL damage was also observed 
(p<.01). These results suggest that priming effects are mediated by MTL 
structures but that systematic constraints on priming effects complicate their 
interpretation. A new theoretical formulation of priming effects, and the nature cf 
these constraints, is described in Ostergaard (1997, Memory and Cognition). 
Supported by: DVA Med. Res. Svc., R01 AG06849, R01 AA09465, P50 
AG05131,R01 AA00187

553.10
REPETITION PRIMING OF THE PHONOLOGICAL PROPERTIES OF WORDS: 
EVENT-RELATED BRAIN POTENTIAL AND FUNCTIONAL MRI MEASURES. 
F,.,...Haist* L T^Patton  ̂AfW- ,Song2x J.T. Trudeau2. and C.A. Popp2. iDept. of 
Psychology, Georgia State Univ., Atlanta, GA 30303; 2Dept. of Radiology, Emory 
Univ. Sch. of Med., Atlanta, GA 30322.

Repetition priming refers to the phenomenon that recent exposure to a stimulus 
alters subsequent responses to that stimulus. A traditional lexical decision test 
(LDT) was used to isolate a priming effect based on the phonological properties 
of English words. Event-related brain potentials (ERPs) were recorded while 11 
subjects made word/nonword judgments for continuous visually presented words, 
pseudowords (e.g., “gallod”), and pseudohomophones (e.g.,“phocks”). Each 
stimulus was repeated once after a lag of 19 intervening items. As expected, 
words were judged more quickly on the second presentation (48 ms advantage). 
We also found that pseudohomophones were judged more quickly on repetition 
(54 ms). ERPs showed a negative deflection between 200 and 400 ms over 
central electrode sites distinguishing first and second presentations of words and 
pseudohomophones. However, pseudowords do not show a similar difference in 
the ERPs between first and second presentation, though they showed a small 
priming effect (36 ms). We interpret this ERP component as reflecting changes 
in aspects of phonological processing of words across repetitions. In a separate 
and related study, we examined brain activity via functional MR imaging (fMRI) 
while subjects performed a similar LDT. Preliminary evidence (n=4) shows MR 
signal changes related to the priming effect for pseudohomophones in the left 
inferior parietal lobe and left dorsal frontal lobe. Both of these areas have been 
implicated in phonological processing during reading. Repeition of pseudowords 
does not alter the MR signal in these areas. Overall, these results suggest that 
areas in the parietal and frontal lobe are involved in phonological processing and 
that these areas can support a repetition priming effect. (Supported by a GSU 
Research Initiation Grant to F.H. and NIH HD30970 to Robin D. Morris at GSU).
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553.11
AMYGDALO-CORTICAL ACTIVATION DURING CONDITIONED 
FEAR ACQUISITION AND EXTINCTION: A MIXED-TRIAL fMRI 
STUDY K. S. LaBar*1. J. C, Gatenby2. J. C. Gore2. J, E, LeDoux3. and E, A. 
Phelps1. ‘Department of Psychology, Yale University, New Haven, CT; 
department of Diagnostic Radiology, Yale University School of Medicine, New 
Haven, CT; and ’Center for Neural Science, New York University, New York, 
NY

Echo-planar functional magnetic resonance imaging (fMRI) was used in 
normal human subjects to investigate brain regions engaged in conditioned fear 
acquisition and extinction. Functional images were acquired with an 
asymmetric spin echo pulse sequence from three coronal slices centered on the 
amygdala. Single responses to a phasic visual conditioned stimulus (CS) were 
averaged across acquisition and extinction trials separately. As a within-subject 
control for nonassociative effects, a simple discrimination procedure was 
employed in which activation to a CS predicting shock (CS+) was compared 
with activation to another CS presented alone (CS-). CS+ and CS- trial types 
were intermixed in a pseudorandom order. Contextual fear influences were 
minimized through a double-subtraction statistical logic. Images were corrected 
for motion using SPM96, and correlations with motion estimates were removed. 
Statistical t-maps from individual subjects were group-averaged and normalized 
to a Talairach stereotaxic atlas to define regions of interest. Conditioned fear 
acquisition and extinction elicited activation in the amygdala, cingulate gyrus, 
and premotor cortex. These results implicate the involvement of an amygdalo- 
cortical network in mediating emotional learning and memory in the normal 
human brain.

Supported by NIH MH50812 to E. A. P.

TRAUMA IV

554.1
Familial  occurrence  of  dementia  pugilistica  in  
ASSOCIATION WITH THE APOE-e4 ALLELE. N, Relkin1. G.K. Gouras1. L 
Tsai1. C. Sanchez1. L.D. Ravdin1. A. Jacobs1. S, Petanceska1*. I. Tokuda2 R 
Jordan1 and S. Gandv1. 'Dept. of Neurol. & Neurosc., Cornell Univ. Med. Coll.,
N.Y., N.Y. 10021; 2Dept. of Med. (Neurol.), Shinshu Univ. School of Med. 
Matsumoto 390, Japan.

Dementia Pugilistica (DP) is a syndrome involving chronic cognitive, 
pyramidal and extrapyramidal impairments following repeated head trauma. DP 
shares some neuropathological features with Alzheimer’s Disease, and we have 
suggested a possible association between DP and possession of the 
apolipoprotein E-e4 (APOE e4) allele (Jordan B, et al, Ann Neurol 38:4 698- 
699, 1995 and JAMA, in press 1997). We now report the clinical 
characterization and genotypes of a family with three affected siblings who had 
extensive amateur and professional boxing experience. The proband devclcped 
behavioral disinhibition at age 28 and progressed over 9 years to overt DP with 
global cognitive impairment, dysarthria, bradykinesia, and ataxia. One male 
sibling has DP of moderate severity as well as a seizure disorder at age 42. 
Another sibling has symptoms of chronic traumatic encephalopathy at age 39, 
including frontal disinhibition, non-dominant hand dysmetria, mild dysarthria and 
gait disturbance. All three boxers were found to possess the APOE-e3/e4 
genotype. Five surviving members of the two preceding generations are 
cognitively normal, as are two older, non-boxing siblings whose genotypes are 
APOE-e2/e3. Since overt DP occurs in less than 20% of boxers, the occurrence 
of a familial cluster among boxers possessing APOE-e4 is consistent with the 
hypothesis that DP is a complex disorder fostered by the interaction of genetic 
susceptibility factors and head trauma exposure. Further evidence is provided by 
immunohistochemical studies of APOE in the brains of deceased boxers with 
DP. (Supported by C.V. Starr, Lookout & Hoyt Foundations).

554.2
PROTON MAGNETIC RESONANCE SPECTROSCOPY OF THE HUMAN 
MOTOR CORTEX FOLLOWING INCOMPLETE SPINAL CORD INJURY. N.J. 
Davey*1, B.K. Puri2. H.C. Smith1, I,J. Cox2. J. Sargentoni2. G. Savic3, J.V. Hainal2,
D.W. Maskill1. H.L. Frankel3 and P.H. Ellawav1 ‘Dept Physiology, Charing Cross & 
Westminster Medical School, London W6 8RF, UK. 2MRI Unit, RPMS, London 
W12 OHS, UK. 3NSIC, Stoke Mandeville Hospital, lesbury, HP21 8AL, UK.

We have previously identified a reduction of corticospinal inhibition in incomplete 
spinal cord injured (SCI) patients as revealed by a change in the silent period 
following transcranial magnetic stimulation of the motor cortex (Davey et al., 1995, 
Abst Soc Neurosci 21:172.7). In the present study, we selected a small group of six 
incomplete SCI patients who showed both good recovery of function and reduced 
corticospinal inhibition. These patients were compared with five healthy control 
subjects. We performed proton magnetic resonance spectroscopy on two adjacent 
voxels (4.5 cm3) in the dominant motor cortex and a control voxel in the ipsilateral 
occipital cortex of patients and control subjects. The mean (± SE) level of n-acetyl- 
aspartate (NAA), expressed relative to the creatine peak, was significantly (t-test, 
P<0.05) increased in the motor cortex of the patients (2.70 ± 0.23) compared with 
their ipsilateral occipital cortex (1.80 ± 0.13) or either cortical area in the controls 
(motor 1.96 ± 0.13; occipital 1.85 ± 0.13). No differences between patients and 
controls were seen for any of the other metabolite peaks (choline, creatine, 
glutamate/glutamine or aspartate in NAA). However, in agreement with other work 
(Pouwels et al., 1995, Proc Soc Mag Res, 3:1957) there was a greater relative 
proportion of choline in the motor cortex than in the ipsilateral occipital cortex of 
control subjects. This difference was not present in t ie patients. The raised level of 
NAA in the motor cortex of the patients is sugges’ive of increased mitochondrial 
function. Such and increase may reflect dendritic sprouting and/or changed synaptic 
efficacy which may have led to the observed changes in the physiology and recovery 
of function. Supported by the MRC and IVellcome Trust

554.3
FMRI-BASED “FUNCTIONAL FIELD MAPS” OF BRAIN-RELATED VISION 

DEFECTS. E.A. DeYoe*. K. Williams. A.C. Rosen. T. Hammeke. P. Antuono. & 
E. Maas. Medical College of Wisconsin, Milwaukee, WI. 53226.

We tested the ability of fMRI to predict visual field defects resulting from brain 
damage in a patient having bilateral infarcts of ventral occipitotemporal cortex. 
Two normal control subjects were also tested. Visual field defects were assessed 
behaviorally using Humphrey and Goldmann perimetry as well as with custom 
visual tests. Using techniques described previously (DeYoe et al., PNAS, 1996), the 
patient underwent FMRI while viewing either a flickering, checkered hemifield 
that rotated slowly about a central fixation point or a checkered annulus that 
expanded outward from the fixation point The FMRI data were used to determine 
the optimal eccentricity and polar angle of stimulation for each active voxel. Eye 
position stability was measured and found comparable in the patient and normal 
subjects. The gross retinotopic organization in the patient’s undamaged cortex was 
similar in overall structure to the control subjects’ but local retinotopic 
organization was more variable. The locations of inactive cortex in the patient 
generally corresponded with those portions of the retinotopic map that were shown 
to be blind in the perimetry tests but were activated in normal subjects with intact 
visual fields. To provide a more precise test, the optimal eccentricity and polar 
angle for each active voxel were used to place a marker at the corresponding 
location on a diagram of the subject’s visual field. The color of the marker coded 
the amplitude of the FMRI response. The resulting “Functional Field Map” was 
then overlaid on the corresponding perimetry-derived map of field defects. This 
comparison revealed a better correspondence between the cortical activity and the 
behaviorally measured field defects than could be determined by direct 
examination of the FMRI brain images. Such “Functional Field Maps” might 
provide an alternative to perimetry for the assessment of visual field defects. (This 
work supported by NIH grants EY10244 and MH51358 to EAD.)

554.4
THEROLEOF ANTIOXIDANT DEFENSES IN PROTECTING AGAINST NOISE-INDUCED 
HEARING LOSS R.Kopke, BEL Hu, T. Van DeWater and D, Henderson* Center for Hearing and 
Deafness, State University ofNew York at Buffalo, 215 Parker Half Buflalo,NY 14214 

Reactive oxygen intermediates may contribute to the damage associated with sane traumatic noise 
exposures. This implies that cellular antioxidant defenses including glutathione(GSH) and GSH related 
enzymes may play a role in minimizing noise-induced hearing loss (NIHL).Experiments were designed 
to determine if antioxidant defenses were important in the cochlear response to traumatic noise and to see 
ifthese defenses could be augmented asastrategytoreduceNIHL
A Chinchillas were exposed to tow level a- high level or tow level followed by high level noise. The 

activities of catalase, glutathione reductase and y-glutamyl cysteine synthase woe increased with noise 
exposure in Corti's organ or stria vascularis fractions and most dramatically after both low level and high 
level noise exposures. Low level noise prexposure decreased the hearing toss associated with the high 
level noise trauma
R Glutathione distribution was determined using a mercury orange stain in cochlear hair cells of control 

chinchillas or after exposure to damaging noise. Outer hate cells from normal cochlea were intensely 
stained along toe cell membrane and underneath the cuticular plate. After noise exposure there was a 
reduction in outer hair cell GSH
G R-N6-phenylisopropyladenosine (R-PIA) or L-butoionine- [S, R]-sulfoximine (BSO) woe placed 

on toe round window membranes of chinchillas prior to damaging noise exposure. R-PIA treatment, 
demonstrated to upregulate toe activity of several antioxidant enzymes including y-glutamyl cysteine 
synthase was associated witoamore rapid recovery oftemporary threshold shifts, greater DPOAE TO 
amplitude recovery, prevention of permanent threshold shifts and significantly reduced outer hair cell toss. 
Conversely, BSO treatment, which inhibits GSH synthesis, was associated with greater threshold shifts 
and depletion of GSH

This study has shown that antioxidant defenses play an important role in protecting toe cochlea against 
NIHL since R-PIA reduced, and BSO increased, toe effects of damaging noise. This suggests that it may 
be possible to prevent or rescue toe hearing loss associated with noise trauma by modulating toe cochlea's 
antioxidant defenses. (Research support from NIH Grant RO1DC1237)
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5S4.5
NOVEL POLYAMINE DERIVATIVES AS NEUROPROTECTIVE AGENTS. 
G.M. GiladS V.H. Gilad, A. Veinberg1 and J. Sterling1. Lab.
of Neuroscience, Assaf Harofeh Medical Center, Zrifin 
70300, Israel, and :Teva Pharmaceutical Industries Ltd., 
Israel.

The induction of an early increase in polyamine 
metabolism, termed "the polyamine response", is now 
recognized to be a critical part in the reaction of 
neurons to injury. Several studies have demonstrated that 
treatment with natural polyamines can protect neurons from 
dying after various types of neurotrauma including 
mechanical injuries, neurotoxins and ischemia. These 
findings led us to synthesize a series of polyamine 
derivatives of 1-aminoindan and 1-aminotetralin and to 
determine their effects in several in vitro and in vivo 
models of neurotrauma. Some of the compounds proved to be 
effective neuroprotective agents in these models, and one 
of them, N,N-di-(4-aminobutyl)-1-aminoindan, was superior 
to the others and to the natural polyamines themselves. We 
conclude that compounds based on the novel polyamine-based 
structures we synthesized may have therapeutic potential 
as neuroprotective agents.

554.6
REDUCTION OF HYPERGLYCOLYSIS INCREASES CELL 
DEATH FOLLOWING FLUID PERCUSSION BRAIN INJURY. 
A.A. Hufford. T.C. Glenn*. A. Patel. S.M. Lee. N.A. Martin, and D.A. Hovda.
Division of Neurosurgery, UCLA School of Medicine, Los Angeles, CA 90095.

In order to determine if injury-induced hyperglycolysis can be attenuated and 
whether this reduction in hyperglycolysis alters the pathobiology of traumatic 
brain injury, 2-deoxyglucose (2DG) was infused in-situ, and its effect on glucose 
metabolism was assessed autoradiographically. Under ethrane anaesthesia, 
cerebral microdialysis probes were placed bilaterally (-4mm AP,3mm ML,depth
3mm) into adult Sprague-Dawley rats, and an injury cap was secured over a 3 
mm dia. craniotomy site (centered on bregma). Following infusion (2pJ/min, 
30min) of 1.16 mg/ml 2DG (left) and saline (right), cerebral glucose utilization 
was determined immediately after a moderate (2.75 atm) midline fluid percussion 
injury, using quantitative 14C-2DG procedures. Hyperglycolysis was reduced by 
as much as 31%, relative to control values, in the zone of 2DG diffusion. In a 
separate group of rats, a probe was inserted (-3mm AP, 6mm ML, depth 3mm), 
and either 2DG or a control solution was infused (2yJ/min, 30min). The probe 
was then removed, and a fluid percussion injury, or a sham injury, was given 
over the probe site. Animals were sacrificed 17 days later and brains were 
processed forcresyl violet histology. In sham-injured animals dialyzed with 
2DG the volume of tissue around the probe showing significant cell loss ranged 
from 0.24-.637 mm3. Rats injured after infusion of control solution showed 
lesion volumes of .3S9-.489 mm3, while those injured following 2DG infusion 
showed markedly increased lesion volumes of .806-1.166 mm3. These data 
suggest that hyperglycolysis may be essential for cellular survival following 
experimental brain injury.
Supported by NS30308, NS27544, and the Lind Lawrence Foundation.

554.7
USE-DEPENDENT DEGENERATION FOLLOWING FLUID PERCUSSION 
INJURY CORRESPONDS TO AREAS OF INCREASED GLUCOSE 
METABOLISM. D.A, Kozlowski*. S.M, Lee, & D.A. Hovda. Division of 
Neurosurgery, UCLA School of Medicine, Los Angeles, CA 90095.

Forced over-use of the forelimb contralateral to a mild-moderate fluid percussion 
injury (FP) by immobilization of the non-impaired forelimb during the first 15 days 
post injury results in functionally related cortical and subcortical areas of markedly 
increased neuronal degeneration. The present study attempted to determine whether the, 
brain areas that degenerate following FP correspond to areas of metabolic activation 
due to the forced over-use of the forelimb. After induction of general anesthesia, 
animals underwent a sham surgery (exposure of the cranium with no craniotomy or 
brain injury) followed by forelimb immobilization with a one-sleeved cast. Three 
days post-surgery, casted animals were injected with [14C] 2-deoxy-D-glucose 
(18yCi/100g, i.p.) and placed on a platform for 45 minutes, which resulted in the 
“over-use” of the uncasted forelimb for exploration of the platform. Differences in 
optical density between left and right brain structures were analyzed in brain slices 
corresponding to areas of neural degeneration previously seen following over-use in 
FP animals. Slices were imaged and left-right differences in optical density were 
obtained by co-registration and subtraction of left and right hemispheres using 
computerized densitometry. Results indicated that casted animals showed an increase 
in glucose metabolism (5-15%) in areas corresponding to the over-used forelimb: 
motor and sensory cortices (forelimb area) and dorsolateral striatum. These data 
suggest that forelimb over-use results in an increase in glucose metabolism in 
functionally appropriate brain areas. In addition, the areas of increased glucose 
metabolism correspond very closely to the areas of enhanced degeneration seen in FP 
animals forced to over-use the injured forelimb. Thus, these results support our 
ongoing work indicating that behavioral activation is related to the enhanced 
degeneration seen in traumatically brain injured animals forced to over-use their 
impaired forelimb during the first 15 days post-injury. Supported by NS 30308, NS 
27544, & the Lind Lawrence Foundation.

554.8
ADENOVIRAL GENE EXPRESSION IN THE RAT SPINAL CORD. N.M. 
Boulis*. V, Bhatia. H.T. Holman. T.I. Brindle, D.J. Krauss, J.T, Hoff, A.L, Betz,
Crosby Neurosurgical Lab., University of Michigan Sch. of Med., Ann Arbor, MI 
48109.

Delivery of therapeutic compounds to axonal tracts and neurons of the damaged 
spinal cord poses a technical challenge. Direct intraparenchymal injections of 
therapeutic compounds is limited by the sensitivity of the spinal cord to mechanical 
trauma. Such delivery is therefore restricted with respect to frequency, volume, and 
target area. Adenoviral gene transfer is a potential means for overcoming these 
limitations. Viral spread may aid in distribution, duration, and signal amplification.

Hemilaminectomy of the T7 or T8 vertebrae was performed on 350-400 gram 
Sprague Dawley rats. A Hamilton syringe needle was lowered 1.5 mm into the cord 
at the midline in a dorsal to ventral direction. Five |~il of Ad.RSVlacZ suspension 
(lxlO12 viral particles/ml) was injected into the thoracic spinal cord at a rate of 0.3 
pl/min. using a Harvard micropump. Viral gene expression was detected using X-gal 
staining for viral [3-galactosidase over as much as a 1.2 cm length of spinal cord. X- 
gal staining was observed in both white and grey matter. Staining peaked at 7 days 
but was present in cords stained 10 days after injection.

Next, 5 y.1 of Ad.RSVNGF (lxlO12 viral particles/ml) carrying the gene for NGF 
was injected by the same technique. PAGE of spinal cord proteins from animals 
injected with saline and Ad.RSVNGF were compared. A protein band equal in size to 
human J3NGF was amplified in spinal cords injected with virus. This band stained 
with anti-NGF antibody on Western blots suggesting that it is indeed pNGF.

In order to establish that the delivery technique described does not appreciably 
affect spinal cord function, rat ambulation was evaluated using the grid runway 
operant task (Kunkel-Bagden E et al., Exp Neurobiology 119, 153-164). Sham 
operated, Ad.RSVlacZ, Ad.RSVNGF, and saline injected animals showed no 
difference in performance (p=.84). The performance of these groups was significantly 
different from that of animals with hemisected spinal cords (pc.OOOl).

554.9
TEMPERATURE MODULATION SHOWS THREE STAGES OF WALLERIAN 
DEGENERATION. J.W. Tsao*. E.B. George, and J.W. Griffin, Dept. of Neurology, 
Johns Hopkins Univ., Baltimore, MD, 21287

Wallerian degeneration (WD) of the distal axons follows nerve transection. In 
mice, both A and C wave components of the nerve compound action potential (CAP) 
usually disappear by 2 days. At 24 hours post-injury in vivo, 100% of the CAP is 
measurable. In the next 12 hours, 80% of the CAP is lost. In the C57BL/Wld (Wld) 
strain WD is dramatically slowed, with axons able to conduct CAPs up to 3 weeks 
post-transection. We have incubated isolated sciatic nerve segments in vitro to further 
analyze Wallerian degeneration at 25 and 37 °C. At 25 °C we found that the 
degeneration rate of wild-type axons was dramatically slowed, with both A and C 
wave components of the CAP present up to 7 days post-transection. In contrast, both 
components were absent in the contralateral nerves, kept at 37 °C, after 2 days. 
However, WD is only retarded, not halted, by lower temperature, and a progressive 
reduction in amplitude occurred at 25 °C. When nerves were returned to 37 °C after 
1-4 days at 25 °C, the normal 2 day time course for degeneration (from the moment of 
injury) was not seen. Instead, degeneration occurred in the 24 hours immediately 
after warming, with a rate comparable to that seen in vivo between 24-48 hours. Wld 
nerves also showed temperature-dependent WD. Early cooling post-axotomy (within 
the first 12 hours) allows preservation of the CAP, with A and C wave amplitudes 
comparable to those of nerves immediately incubated at the lower temperature. 
Raising external calcium concentration to 10 mM did not change the degeneration 
rate of either wild-type or Wld axons. We propose a 3 stage model of WD, wherein 
the first stage events are temperature-dependent and the second stage events are 
temperature-independent. Both these stages precede the third stage in which 80% of 
the CAP is lost, which appears to correspond to calcium entry and protease activation. 
The Wld mutation probably acts during one or both of the first two stages.

Supported by NIH NS14784-19

554.10
THE PATHOGENESIS OF DELAYED AXOTOMY IN A GYRENCEPHALIC MODEL 
OF TRAUMATIC BRAIN INJURY (TBI). J,T, PovUshock, P,Q, Qkonkwo and J, 
Astruc*. Dept. of Anatomy, Med. Col. of VA, VA Commonwealth University, 
Richmond, VA 23298.

Recently, in a series of publications (as reviewed in Brain Pathology 5:415-426), it was 
shown that TBI in rodents results in a complex series of focal axonal changes involving 
increased axolemmal permeability and cytoskeletal collapse and/or misalignment. These 
changes lead to a focal impairment of axoplasmic transport, axonal swelling and delayed 
detachment. As the majority of these studies were conducted in lissencephalic rodents, 
the question arose as to whether these same axonal changes could be found in a 
gyrencephalic species with a relatively large brain mass. To evaluate this, we utilized 
micropigs subjected to TBI, using a modified fluid-percussion insult. As with previous 
studies, the micropigs received intrathecal injections of HRP prior to the onset of TBI to 
identify those focal axonal sites where axolemmal permeability to the normally excluded 
HRP was changed by the traumatic episode. Following induction of TBI, the animals 
were allowed to survive from 1 hr to 2 days, when their brains were sectioned and 
processed for the visualization of HRP, with adjacent serials processed for LM & EM 
immunocytochemical visualization of multiple antibodies. One targeted the amyloid 
precursor protein (APP), a marker of axoplasmic transport. Other antibodies targeted 
various cytoskeletal constituents including the neurofilament (NF) 68 kD subunit, theNF 
rod domain visualized only after alteration of the NF sidearm, as well as antibodies to the 
NF sidearm. The traumatic episode resulted in focal altered axolemmal permeability that 
correlated with NF compaction and sidearm alteration as well as microtubular loss. 
Further, axons without axolemmal permeability changes revealed alternate axonal 
abnormalities reflected in NF misalignment. Both of the above-described intra-axonal 
abnormalities led to an impairment of anterograde axoplasmic transport detected with 
antibodies to APP. Although the micropig model appeared to replicate all the important 
features previously described in rodent models, the overall temporal progression of intra- 
axonal changes was delayed in comparison to the rodent. NS20193
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554.11
SENSORY RECOVERY AND NOXIOUS-INDUCED C-FOS EXPRESSION 
FOLLOWING UNILATERAL CORDOTOMY IN THE RAT E. Bullitt. A. Light* 
and C. Vierck. University of North Carolina, Chapel Hill, N.C 27599

Approximately 50% of human patients experience the gradual return of pain sensa-
tion following an initially successful anterolateral cordotomy. We used noxious-in-
duced c-fos expression as a marker of neuronal activity in order to investigate differ-
ences in spinal nociceptive processing between animals that regained or did not 
regain sensory function after unilateral thoracic cordotomy.

Rats were trained to press a lever with a forepaw in order to interrupt a painful 
stimulus applied to a hindpaw. Following unilateral cordotomy, rats exhibited hypal- 
gesia caudal and contralateral to the lesion. Similar to human patients, some rats re-
gained capacity to react to noxious stimuli over a period of months. Terminal ex-
periments were performed about 3 months postoperatively; behavioral testing indi-
cated stable evidence of no recovery, partial recovery, or full recovery. In the termi-
nal experiment, anesthetized rats received 4 hours of mechanical trauma to the hind- 
paw contralateral to cordotomy. The spinal cord was then processed for fos-like im-
munoreactivity (FLI). Labeled nuclei in laminae I-II, III-IV, V, VI-IX and X were 
counted at multiple segmental levels by a person unaware of the behavioral results.

Few neurons exhibited FLI in unstimulated control groups. Many neurons showed 
FLI in unoperated and sham operated controls that received noxious stimulation. Pre-
liminary results in 9 experimental animals (3 recovered, 3 partially recovered, and 3 
non-recovered) showed no novel foci of FLI related to any behavioral group. How-
ever, rats that failed to recover sensory function exhibited more neurons with FLI 
than rats that recovered, with intermediate levels of FLI exhibited in rats with partial 
sensory recovery. Lesion size was unassociated with recovery. These results can be 
interpreted as suggesting that sensory recovery following spinal injury is related to 
levels of inhibitory activity, with lower levels of inhibition associated with recovery.

Supported by grant P01-NS 14899 NIH, NINCDS

554.12
VOLUMETRIC STUDY OF THE VENTRICULAR SYSTEM IN A CANINE 
MODEL OF OBSTRUCTIVE HYDROCEPHALUS. P. Chovan, C.P. Steiner, MJ. 
Johnson*, M.G. Luciano, L Ayzman, A.S. Wood, J.A. Tkach, J.F. Hahn, IP. 
McAllister II. Department of Neurological Surgery, The Cleveland Clinic 
Foundation, 9500 Euclid Avenue, Cleveland, OH 44195.

In the large canine model of acquired obstructive hydrocephalus that we have 
developed recently, computer-assisted 3-dimensional morphometry has been 
performed on T1-weighted Spin Echo MRI images from adult dogs before and after 
the induction of hydrocephalus. To date, 7 hydrocephalic animals have been 
analyzed that survived 7-83 days (median=54) after receiving injections of 
cynanoacrylate glue into the anterior fourth ventricle. Measurements were obtained 
from lateral, 3rd, and 4th ventricles. The volumes of the left and right lateral 
ventricles were symmetrical before and after induction. Mean lateral ventricle 
volume increased 424% from a baseline of 0.63 cc to a post-induction value of 3.30 
cc (p<0.01 with unpaired t-test). In contrast, the 3rd ventricle expanded 187% from 
a mean of 0.15 cc to 0.43 cc (p<0.05). The combined volume of the lateral and 3rd 
ventricles increased 369% from a mean of 0.78 cc to 3.69 cc (p<0.01). Evans ratios, 
which are used routinely in the clinical setting, were also obtained from linear 
measurements of the lateral ventricle width divided by brain width at the level of the 
foramen of Monro. These values exhibited only a 94% increase from mean baseline 
ratios of 0.17 to post-induction ratios of 0.33 (p<0.05). These findings indicate that 
in mechanically-induced obstructive hydrocephalus the relative expansion of the 
lateral ventricles is greater than that of the 3rd ventricle. In addition, volumetric 
measurements of the lateral and 3rd ventricles suggest that the extent of ventriculo- 
megaly is 3-4 times greater than estimated by Evans ratios. (Supported by Johnson 
& Johnson Professional, Inc., The Cleveland Clinic Foundation, The Leede 
Hydrocephalus Research Fund, and NASA CAMIS).

554.13
NEUTROPHIL DEPLETION WITH MONOCLONAL ANTIBODY RP-3 
DOES NOT ATTENUATE EARLY BLOOD-BRAIN BARRIER 
PERMEABILITY AFTER CONTROLLED CORTICAL IMPACT (CCI) IN 
RATS. MX Whalen, T,M, Carlos, P.M, Kpchanek*, J.K. Schi,ding, R.S..B..Clark, F,
Memarzadeh. S.T. DeKoskv. D.W. Marion. Safar Center for Resuscitation Research, 
University of Pittsburgh Brain Trauma Research Center, Pittsburgh, PA 15260

Neutrophils accumulate in brain during the initial 24 h after traumatic brain injury 
(TBI); but, their contribution to secondary damage remains to be defined. Since 
neutrophils play a key role in mediating vascular permeability during acute 
inflammation in a variety of diseases, we hypothesized that they mediate the acute 
increase in blood-brain barrier (BBB) permeability after TBI. Wistar rats were 
anesthetized and treated with an IV infusion of a monoclonal antibody (MoAb) 
against rat neutrophils (RP-3) or a control MoAb. After 3 h, TBI was produced in left 
parietal cortex using CCI (4 m/s, 2.5 mm deformation). MoAb treatment continued 
for 4 h after CCI. At 3.5 h after CCI, Evans blue was injected IV. After 30 min, rats 
were saline perfused. Coronal sections were made through the lesion and Evans blue 
was extracted in forinamide and quantified. Neutrophils were identified 
immunohistochemically and scored (0-4+) in sections through lesion penumbra. 
Systemic absolute neutrophil counts (ANC) at the time of injury were also measured.

Treatment BBB permeability 
(units/g x 1000)

ANC
(cell/pL)

Neutrophils 
in penumbra

RP-3 (n = 4) 261 ±55 620± 200 0-1+
Control (n = 5) 238 ± 30 5822 ±1091 4+

Neutrophil depletion with RP-3 failed to attenuate BBB permeability during the 
initial 4 h after CCI in rats. This suggests the involvement of either direct vascular 
disruption or other non-inflammatory mechanisms in acute BBB injury. Further 
studies are underway examining the role of neutrophils at more delayed times after 
injury. Supported in part by NS 30318

NEUROPSYCHIATRIC DISORDERS: IMAGING III

555.1
IMAGING INTRASYNAPTIC, POSTSYNAPTIC AND PRESYNAPTIC 
DOPAMINE DYSFUNCTION IN PSYCHOSIS
D.F. Wong*. A. Giedde. J. Reith, G, Grander. S. Szymanski. F. Yokoi. C. Hong, G.
Nestadt. K, Neufeld. G, Pearlson. L, Tune. B, Angrist.
Johns Hopkins Med Institutions, JHOC 3245, 601 N. Caroline St., Baltimore, MD 
21287.

Grace (1991) proposed that an insufficient cortical glutamatergic stimulation of 
nigrostriatal terminals should lead to a diminished dopaminergic tone. Compensatory 
mechanisms would be expected to include an elevation of postsynaptic dopamine 
(DA) receptors and an increase of the activity of presynaptic DA synthesizing 
enzymes such as dopa-decarboxylase (DDC). Positive psychotic symptoms could 
occur with phasic increases of DA activity. PET imaging of the DA system was used 
to test these hypotheses. Our previous studies of increased striatal D2-like DA 
receptor density (Bmax) in schizophrenia (Scz) and in bipolar disorder may be related 
to an elevation a monomer-dimer differences in NMSP and raclopride binding 
(Seeman, Neuropsychopharmacology 16:93, 1997) due to endogenous DA effects. 
DDC has also been demonstrated to be increased both in Scz (N=5) and psychotic 
pts. with temporal lobe epilepsy (N=5) (Reith et al., PNAS 91:11651, 1994). 
Recently, we simulated phasic firing of DA neurons by using IV amphetamine 
(AMP) during measurements of Bmax with [“Cjraclopride (RAC). In 5 of 7 controls, 
we found a reduction in Bmax, 10 to 34% (Scatchard method) and 8 to 48% (kinetic 
method) in the presence of AMP consistent with increased extracellular DA. 
Preliminary studies of the DA surge in patients with Scz with 0.3 mg/kg AMP and 
low specific activity (SA) [“CjRAC suggest DA release in Scz is greater than control 
values. Since RAC binding may be more susceptible to DA than NMSP (Young et 
al., Synapse 9:188-194,1991), our results may partly explain why Bmax elevation in 
Scz may not be observed with [“CjRAC as with [nC]NMSP. When comparing high 
SA [‘’CjRAC ± AMP, there was a 143% increase in mean DA release in 6 Scz vs 
controls using measures analogous to Laruelle (1996) and Brier (1997) PNAS. 
Supported in part by MH42821, NARSAD.

555.2
IMPROVED VISUAL ATTENTION ASSOCIATED WITH ELEVATED POSITIVE 
SYMPTOMS: EVIDENCE FOR DISTURBED THALAMOCORTICAL 
INTERACTIONS IN SCHIZOPHRENIA? K6i,aiAJ:.QUBg.̂ .M3£gftA,
S. Russell and Paul B. Hicks. Department of Psychiatry and Behavioral Science, 
Texas A&M University Health Science Center, Scott & White Clinic and the VA 
Central Texas Health Care System Neuroscience Laboratory, Waco, Texas 76711.

We studied smooth pursuit eye movement (SPEM) task performance, EEG 
patterns, Wisconsin Card Sorting Test (WCST) performance and blink rates in two 
cohorts of schizophrenic patients (N=20 AND N=16). In group 1, elevated PANSS 
positive symptoms were associated with good performance on a task that assessed 
SPEM attention (objective rating of SPEM smoothness and accuracy). In group 2, 
assessed with a test-retest design, improvements in SPEM attention over a one hour 
interval correlated with an elevation in selected positive symptoms. SPEM 
correlations were prominent for paranoia and hallucinations, but were not significant 
for thought disorder, and the effect was selective for SPEM attention because unlike 
SPEM, WCST performance was positively (although not significantly) correlated 
with PANSS positive symptoms. In fact, multiple regression analysis suggests that 
the correlation coefficient (r2) for the prediction of PANSS positive symptoms 
increases from 0.21 (SPEM attention improvements alone) to 0.49 after accounting 
for WCST deficits and EEG power. The strong dissociation of SPEM attention from 
WCST performance ifl relation to positive symptoms has not been reported 
previously, although there are prior reports of an association between good SPEM 
performance and elevated positive symptoms. We hypothesize that a reduction in the 
mediodorsal thalamic neuron population in schizophrenics decreases the number of 
thalamocortical channels available for selective activation of the frontal cortex, 
resulting in co-activation of frontal regions that normally would be modulated 
individually. In the present studies, co-activation of the frontal eye fields and nearby 
cortical regions responsible for the generation of some positive symptoms might 
explain the association of good eye tracking and positive symptoms, while the 
placement of the dorsolateral prefrontal cortex on a different channel from the frontal 
eye fields would result in a dissociation between the WCST and SPEM performance.
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555.3
PATTERNS OF BRAIN ACTIVATION ARE DIFFERENT IN SCHIZOPHRENIA: 
A MATCHED COMPARATIVE PET STUDY OF ATTENTIONAL PROCESSES. 
B.L. Woodham. B.T, O’Sullivan. D.F. Davey*. M.M. Large, G.L. Smith. D.J.
Kavanagh. J.D.G. Watson, P.T. Michie. F, Karavanidis
Department of Psychiatry, Royal Prince Alfred Hospital, Sydney, AUSTRALIA 

There is substantial evidence from neuropsychological studies that patients with
schizophrenia have deficits in working memory and attention. The present oxygen-15 
positron emission tomography (PET) study reports on the functional neuroanatomy 
of ten patients with schizophrenia (age range 22-37 years) who performed a battery of 
visual attention and working memory tasks, including selective, divided, and 
switching attention. These results are compared to those of a previous study (I) of 10 
normal healthy volunteers who performed the same tasks during the same PET 
oxygen-15 activation methodology. Both groups performed the tasks at a similar level 
of accuracy, however the schizophrenic group activated different functional fields in 
the prefrontal cortex than those identified in the normal control group. The normal 
control group activated the cerebellum, the thalamus, striatum, and the anterior 
cingulate. These structures were not activated significantly in the schizophrenic 
group. Finally, in the schizophrenic group, eigenimage analysis indicated a lack of 
correlation or association between activated fields, suggesting that schizophrenia may 
be, in part, a disorder of functional connectivity.
(1). O’Sullivan, B.T., Large, M.M., Woodham, B.L', Barrett, N.A., Smith, G.L., 
Karayanidis, F., Michie, P.T., Watson, J.D. and Kavanagh, D.J. (1996). The role of 
the human prefrontal cortex in working memory and attention - a study using 
positron emission tomography. Neuroimage, 3 (3), S503.

We acknowledge the support of the National Health and Medical Research Council 
(Australia) in providing Network and Project Grants.

555.4
AUDITORY AND VISUAL ATTENTION IN PATIENTS WITH 
SCHIZOPHRENIA: A PET STUDY. P.S, O’Leary*. N.C. 
Andreasen, M.L. Kesler. L.L. Boles Ponto. G.L. Watkins, & R.D.
Hichwa. Mental Health Clinical Research Center, University of 
Iowa, Iowa City, LA 52242

The present study used simultaneously-presented visual and 
auditory stimuli to assess modality-specific spatial attention in 13 
normal volunteers and 17 patients with DSM-IV schizophrenia 
assessed with PET using (0-15) water. Patients were either 
neuroleptic naive or underwent a 21 day drug washout. In two 
conditions subjects fixated a central “x” and attended to left or 
right ears for dichotically-presented consonant-vowel-consonants 
(CVCs) while ignoring visually-presented CVCs. An eye-closed 
“uninstructed” baseline condition was subtracted from the 
activation conditions and subtraction images were statistically 
compared on a voxel by voxel basis for patient and control groups. 
Patients had significantly lower rCBF in right parietal lobe, in the 
cerebellum, and in temporal lobe auditory cortices during both 
auditory attention conditions. Patients had significantly higher 
rCBF in a large region of occipital cortex during both of the visual 
attention conditions. These results indicate that patients with 
schizophrenia have deficits in both aspects of selective attention 
i.e., the ability to enhance the processing of relevant stimulus 
information and the ability to inhibit processing of irrelevant 
stimuli. The brain mechanisms underlying these two aspects of 
attention will be discussed.
MH 43271

555.5
EFFECTS OF NMDA ANTAGONISM ON STRIATAL DOPAMINE 
RELEASE IN HEALTHY SUBJECTS: APPLICATION OF A NOVEL 
PET APPROACH Alan Breier*. Caleb M. Adler. Neil Weisenfeld. Igor 
Elman. Lisa Picken. Anil K. Malhotra. David Pickar, Experimental 
Therapeutics Branch, Intramural Research Program, National Institute 
of Mental Health, Bethesda MD 20892

Agents that antagonize the glutamatergic N-methyl-d-aspartate 
(NMDA) receptor, such as phenylcyclidine (PCP) and ketamine, 
produce a behavioral state in healthy volunteers that resembles some 
aspects of schizophrenia. A dysfunction in NMDA - dopaminergic 
interactions has been proposed as a mechanism for these behavioral 
effects. In this study, we examined the effects of ketamine on striatal 
dopamine release in healthy human subjects with a novel 1 *C- 
raclopride/PET displacement paradigm and compared these effects to 
administration of saline and the direct acting dopamine agonist 
amphetamine. We found that the % decreases (mean+SD) in specific 
1 ^-raclopride binding from baseline for ketamine (11.2+8.9) was 
greater than for saline (1.9+3.7) (t=2.4, df=13, p=0.003) indicating 
that ketamine caused increases in striatal synaptic dopamine 
concentrations. Ketamine-related binding changes were not 
significantly different than the decreases in % change (mean+SD) in 
specific 1 ^-raclopride binding caused by amphetamine (15.5+6.2) 
(t=1.3, df=19, p=0.21). Ketamine-induced changes in 1 ^-raclopride 
specific binding were significantly correlated with induction of 
schizophrenia-like symptoms. The implications of this brain imaging 
method for studies of schizophrenia and the mechanism of action of 
antipsychotic drugs are discussed. Funded by: Intramural Research 
Program, National Institute of Mental Health, National Institutes of 
Health

555.6
Relations among rCBF, Clinical, and Cognitive Changes over Time in 
Medication-Free Patients with Schizophrenia: Individual PET Activation 
Maps. K.F. Berman*, J.L. Holt, J. Cailicott, G. Esposito, J.D. Van Horn, M. 
Egan. D.R. Weinberger. NIMH/IRP, CBDB PET Unit, Bethesda MD 20892.

Neurofunctional abnormalities in patients with schizophrenia are well 
documented, but changes in these parameters over time have not been well 
characterized or related to changes in clinical/cognitive measures. We 
studied patients at two weeks and again at four weeks following medication 
withdrawal using oxygen-15 water PET and a version of the "N-back" 
continuous working memory task in which subjects respond to each cue 
(single numerals shown every 1.8 sec) with the numeral that was shown 
twice back, as well as a control task in which subjects immediately respond 
with the currently shown numerical cue. Seven scans for each of the two 
task conditions were obtained for each subject on each day. The 28 scans 
for each subject were registered and then analyzed with SPM95 to identify 
voxels in which there occurred statistically significant (p<0.001, Z>3.09) task- 
related changes, both within and across experimental days. Data were 
mapped for each subject individually and for the group and were compared 
with data for norma, control subjects. Also, on each scan day, patients' 
symptoms were rated using the Positive and Negative Syndrome Scale, and 
correlations among rCBF activation, symptom ratings, and cognitive 
performance were mapped for each voxel. Patients had significantly less 
rCBF activation in 2 areas known to be normally enlisted by the task, 
dorsolateral prefrontal cortex bilaterally and the inferior parietal lobule on the 
right. Patients overactivated an area not typically activated by control 
subjects, left middle and superior temporal gyri. In patients, the extent of the 
prefrontal activation was greater on day 1 than day 2, particularly on the 
right. There was more activation in anterior cingulate and left inferior parietal 
lobule on day 1. Correlational patterns between activation and 
clinical/cognitive ratings were complex and changed from the first to the 
second study days. This approach allows assessment of intersubject 
heterogeneity and variability in the context of clinical and cognitive changes 
and has the potential to differentiate neurophysiological state and trait 
phenomena. (NIMH/IRP)

555.7
STRIATAL D2-LIKE DOPAMINE RECEPTOR OCCUPANCY BY ,ATYPICAL“ 
ANTIPSYCHOTICS IN RELATION TO’ ANTIPSYCHOTIC ACTIVITY AND 
EXTRAPYRAMIDAL SIDE EFFECTS. G, Griinder*1’2, F. Yokoi2, H. Wetzel1, O, 
Benkert1 and D.F. Wong2. ‘Dep. of Psychiatry, Univ. of Mainz, Germany, and 2Dep. 
of Radiology, Johns Hopkins Med. Inst., Baltimore, MD 21287.

It has been proposed that occupancy of 60-80% of striatal D2-like dopamine (DA) 
receptors by an antipsychotic should lead to antipsychotic effects, while extrapyrami-
dal side effects (EPS) are related to occupancy values above 80%.

SPECT or PET scans with [123I]-iodobenzamide (IBZM) or ["C]-raclopride, re-
spectively, were performed in various subject populations to assess striatal D2-like 
DA receptor occupancy by disparate putative „atypical“ antipsychotics.

EMD 57445 is a sigma ligand with its main metabolite binding to sigma, D2, and D3 
receptors. SPECT studies with IBZM in five schizophrenic patients revealed occu-
pancies of D2-like DA receptors similar to that induced by typical neuroleptics. How-
ever, no EPS could be observed in a twelve patients treated with EMD 57445, while 
the antipsychotic efficacy of EMD 57445 was only modest and inconsistent.

OPC-14,597, a DA autoreceptor agonist with strong postsynaptic D2 receptor an-
tagonistic activity, is a unique antipsychotic drug candidate. Raclopride PET studies 
were performed in fifteen normals. Although the observed D2-like DA receptor occu-
pancy was above 90% in several subjects, no EPS was seen in all volunteers.

EMD 49,980 is an autoreceptor-selective DA agonist developed for the treatment of 
schizophrenia. A marked displacement of IBZM from striatal DA receptors in the 
range of 40-50% could be observed in three of four patients suffering from a major 
depressive episode. Thus, a substantial amount of striatal benzamide radiotracer 
binding may be attributed to binding to DA autoreceptors.

Our results strongly suggest that the pharmacology of a DA receptor ligand has to 
be carefully considered when relating its antipsychotic and side effect profile to 
striatal D2-like DA receptor occupancy values as assessed by PET and SPECT.

Supported in part by Otsuka America, Inc., and Merck KGaA, Darmstadt.

555.8
DISEASE-SPECIFIC EFFECTS OF MOOD CHALLENGE IN REMITTED 
DEPRESSION. H.S, Mavberg*. M, Liotii, S.K. Brannan. S, McGinnis. P.A. 
Jerabek. C.C. Martin. P.T, Fox. Research Imaging Center, UTHSCSA, San 
Antonio, TX 78284.

Using FDG PET in patients with depression, we previously described metabolic 
abnormalities in both ventral limbic-paralimbic and dorsal cortical areas (NeuroReport 
1997; 8:1057-1061). As mood symptoms resolved with treatment, changes in a 
subset of these regions were observed (4-Cg25, Tains, TpCg31, TFr9)(Soc Neurosci 
Abstr 1996; 22:267). The location and valence of these chronic changes (Tdorsal, 
Tventral) were the inverse of those seen with acute transient sadness provoked in 
healthy volunteers (TCg25, Tains, TpCg31, TFr9)(Human Brain Mapping 1995; 
Sl:396). To lest if pathways mediating temporary shifts in mood state are modified 
in depression, and to assess the potential vulnerability of the sustained regional effects 
induced by chronic treatment to an acute emotional stressor, transient sadness was 
induced using an autobiographical memory paradigm in 9 medicated, remitted 
depressed women. Cerebral blood flow was imaged with 15O-water PET, and regional 
changes (sad versus rest) were delected using pixcl-by-pixel contrasts. Sad scans were 
acquired after the targeted sad state was achieved, without active rumination of the 
memory. All patients became sad with provocation (analog scale minimum score of 
5 out of 7) and returned to a eulhymic baseline (score 0-1) within 5 minutes of scan 
completion. Like healthy volunteers, anterior insula increases and pCg31 decreases 
were seen, but the expected Fr9 and Cg25 changes were absent. New decreases were 
found in medial OF11 and Cg24a, consistent in part with a temporary relapse of the 
pretreatment active depression pattern. These findings suggest that disease-specific 
modifications of pathways mediating transient mood change are present in depression. 
A link between increased vulnerability io normal emotional stressors and illness 
predisposition and relapse is proposed. Support: Charles A. Dana Foundation, 
NARSAD, MH49553, Eli Lilly and Co.
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555.9
PET STUDIES OF PREFRONTAL CORTICAL ACTIVATION BY SEROTONIN 
IN MAJOR DEPRESSION. J.J. Mann*, S. Aniilvel, C.E. Campbell, R.L Van 
Heertum, K.M. Malone. Dept. of Neuroscience, NYS Psychiatric Institute, and 
Dept. of Psychiatry, Columbia University, New York, NY, U.S.A.

Evidence for the serotonin deficiency hypothesis of major depression has 
rested on indirect measures of brain serotonergic activity. We used positron 
emission tomographic (PET) visualization of 18F-2-deoxyglucose (FDG) uptake 
after placebo and following fenfluramine, a serotonin-releasing agent and 
reuptake inhibitor, to show significant responses in prefrontal cortical and other 
brain regions in healthy volunteers. We therefore, applied this approach to the 
study of patients with major depression.

Method: We studied 28 drug-free inpatients with major depression. Three hr 
after administration of placebo or drug, 18F-deoxyglucose was injected 
intravenously and patients scanned 45 min later for 1 hr. Data were analyzed 
using the Statistical Parametric Mapping software (SPM, 1995).

Results: Significant blunting of both areas of relative increase and relative 
decrease in metabolism were found in depressed patients compared to healthy 
controls. Moreover, we found a relative regional decrease in prefrontal 
metabolic responses in patients with a past history of a suicide attempt (n=14) 
compared to nonattempters (n=14) and healthy controls. This appeared to be 
independent of severity of depression.

Conclusions: This study provides further evidence supporting the serotonin 
deficiency hypothesis of major depression. Patients with depression that are 
predisposed to suicidal acts exhibit inhibitory responses to serotonin release in 
medial and ventral prefrontal cortex, close to where serotonin receptor changes 
are most striking in suicide victims. Regional brain imaging of serotonin 
responses may be a way of detecting biological abnormalities in major 
depression and patients at risk for suicidal acts. Supported by MH40210, 
MH46745 & MH40695.

555.10
AMYGDALA HYPERMETABOLISM IN UNIPOLAR AND BIPOLAR 
DEPRESSION: CORRELATION WITH PLASMA CORTISOL W.C.Drevets*, 
J.L.Price, J.S.Simpson. R.D,Todd, T.Reich, M.E.Bardgett. M.E.Raichle.
Neuroimaging Laboratory, Washington U. School of Medicine, St.Louis, MO 63110 

In a previous PET study of unipolar depressives with familial pure depressive disease
(FPDD) we found that blood flow (BF) is increased in the left amygdala (Drevets et al, 
1992). However, amygdala BF did not differ between controls and depressives with 
bipolar disorder (manic-depressive illness) in low resolution images acquired with PETT 
VI (resolution  ̂7 mm FWHM), possibly because the left amygdala volume may be 
reduced in bipolar disorder (Pearlson et al, 1997). Since the effects of partial volume 
averaging on PET measures diminish as spatial resolution increases, we acquired higher 
resolution PET scans in a new subject sample. Method: Unipolar depressives with 
FPDD (n=l2) or depression spectrum disease (DSD; n=9), bipolar subjects who were 
depressed (n=7) or manic (n=4), and healthy controls (n=l 5) were selected. Glucose 
metabolism scans were acquired using a Siemens/CTI 953B (resolution= 5mm 
FWHM), 10 mCi of 18FDG, and a 72 min emission scan. PET and MRI images were 
co-registered using AIR (Woods et al, 1993). ROI were defined in the amygdala in the 
MR images and theregional-to-global metabolic ratio was measured in the co-registered 
PET images. The correlation between amygdala metabolism and plasma cortisol was 
also assessed (Pearson). Results: Mean left amygdala metabolism was increased 7.1 % 
in the FPDD (p<0.01), 9.8% in the bipolar depressed (p<0.01), 6.6% in the manic 
(p=0.1) and 2.7% in the DSD (n.s.) groups relative to the controls. Differences in the 
right amygdala were not significant. Left amygdala metabolism correlated positively 
with plasma cortisol in both the unipolar (r=0.62, p<0.05) and the bipolar depressives 
(r=0.68). Conclusion: Both unipolar depressives with FPDD and bipolar depressives 
have elevated metabolism in the left amygdala. As hypothesized by McEwen (1995), 
hyperactivity of the amygdala may play a role in the frequent elevation of cortisol seen 
in both types of depression. Support by MH51137, MH00928, Chas. Dana Found.
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556.1
NeuroD FAMILY bHLH TRANSCRIPTION FACTORS IN HUMAN 
AND RODENT ADULT CNS. T. Neuman *, M. Metsis, M. Levesque. 
Department of Surgery, Cedars-Sinai Medical Center, Los Angeles, 
CA 90048, Laboratory of Mol. Neurobiol., Karolinska Inst., Stockholm, 
Sweden.

Role of Helix-Loop-Helix (HLH) transcription factors as regulators 
of neuronal differentiation and development of the nervous system is 
relatively well established. Several NeuroD family bHLH 
transcription factors with known developmental function continue 
expression in adult nervous system. The function and role of these 
HLH transcription factors in mature nervous system is almost 
unknown.

Expression of nervous system specific NeuroD family bHLH 
transcription factors continues in the regions of high neuronal 
plasticity such as cerebral cortex, hippocampus, and cerebellum in the 
mature brain. Different experimental conditions such as kainic acid 
treatment, kindling, and hypoxia result in changes of NeuroD family 
gene expression in hippocampus and cerebral cortex. Also, expression 
of NeuroD genes is changed during regeneration of the peripheral 
nervous system neurons. In humans, expression of bHLH 
transcription factors is changed in hippocampus of epilepsy patients 
compared to normal controls. Based on our data we hypothesize that 
expression of neuronal specific NeuroD family and non-tissue specific 
E-protein family HLH transcription factors is essential for plasticity 
and regeneration of neurons.
(Supported by the Cedars-Sinai Medical Center and Karolinska 
Institute).

556.2
EXPRESSION OF THE GATA-3 TRANSCRIPTION FACTOR IN MOUSE BRAIN 
J.H. van Doorninck, Ch, de Zeeuw, P.A, Apkarian*, F.G.Grosveld, A.Karis
Depts. of Cell Biology & Genetics, Neuroanatomy and of Physiology. Erasmus 
University Rotterdam, P.O.Box 1738 , 3000 DR Rotterdam, The Netherlands

The GATA transcription factors are expressed in a variety of tissues. Gata-2 and 
GATA-3 are expressed both in haematopoietic and in nervous tissue. GATA-3 knock-
out mice die between day 10.5-11.5 from internal bleeding albeit neurological 
abnormalities also are observed. We are interested in the role of GATA-3 in the 
developing and adult brain. To analyze the expression patterns of GATA-3, we use a 
Lac-Z gene targeted into the GATA-3 coding sequence. GATA-3 shows a restricted 
expression pattern in several nuclei of the mid- and hind-brain. To date we have not 
been able to associate this pattern with any one specific functional group of nuclei or 
cells that express a particular neurotransmitter or associated protein. Neurons in Raphe 
nuclei which are positive for LacZ show overlap with serotonin expression but not all 
areas colocalize with well defined nuclei in the brain (e.g. subsets in the tegmental 
nuclei area, in the gigantocellular area and in the reticular formation). We also made 
a tauLacZ targeted mouse to follow the axons of expressing neurons since taulacZ 
binds to neurofilaments in axons of expressing neurons. Clear projection of axons 
could be seen in the VLL and vestibulo-cochlear nerve but tauLacZ staining did not 
seem to be different from NLS-LacZ staining in a number of other nuclei. To study 
the role of GATA-3 in the brain without affecting other vital GATA-3 functions we 
are presently generating a brain specific knock-out whereby coding sequences of the 
GATA-3 gene are flanked by LoxP sites. Cre recombinase is expressed via a 
neurofilament light chain cassette. In these mice, GATA-3 will be deleted in neurons 
only, through the recombination of the two LoxP sites by Cre recombinase. The 
expression of Cre recombinase will be made inducible such that GATA-3 expression 
can be switched off at any desired time. This allows us to study GATA-3's function 
both during development and in the adult mouse.

556.3
DROSOPHILA CBP HOMOLOGUE ACTS AS A CO-ACTIVATOR FOR 
CUBITUS INTERRUPTUS IN THE HEDGEHOG SIGNALING PATHWAY. Y. 
Chen1. R, H, Goodman1*, and S, M. Smolik2 Vollum Institute1, Department of 
Medical Genetics2, Oregon Health Sciences University, Portland, OR 97201.

Our laboratory is interested in the mechanisms by which different signaling 
pathways communicate with each other at the transcriptional level. CBP (CREB- 
binding protein), a co-activator for multiple types of transcriptional factors 
involved in different signaling pathways, may explain how these pathways 
converge in the nucleus. To further dissect the mechanism of cross-talk among 
different signaling pathways, we cloned the Drosophila CBP homologue (dCBP). 
Using in vitro binding and transfection assays, we showed that dCBP binds to and 
potentiates the activity of Drosophila CREB (dCREB) in a phosphorylation 
dependent manner. To identify additional interacting partners for dCBP, we 
performed a yeast two-hybrid screen using dCBP as a bait and identified the 
Drosophila transcriptional factor Cubitus Interruptus (ci). Ci encodes a DNA- 
binding protein containing five zinc fingers that is highly homologous to the 
mammalian GLI proteins. Epistasis analysis has demonstrated that ci mediates the 
hh signaling pathway by activating patched (ptc), wingless (wg) and decapentaple- 
gic (dpp). Using Drosophila cell culture, we have shown that dCBP is required for 
Ci-mediated transcription. We have also shown that the expression of wg and ptc 
requires wild-type dCBP function in vivo. It has been shown in previous studies 
that protein kinase A (PKA) negatively modulates hh signaling. However, the 
exact mechanism by which the PKA and hh pathways integrate to direct Ci activity 
remains poorly understood. In the present study, we have demonstrated in 
Drosophila cell culture that PKA negatively regulates Ci transcriptional activity 
directly. Mutating one or all PKA phosphorylation sites in Ci greatly stimulates 
Ci transcriptional activity. dCBP is required for Ci-mediated transcriptional 
activation, but its interaction with Ci is not affected by PKA phosphorylation. We 
have also shown by Western blot and confocal microscopy that inhibition of PKA 
phosphorylation increases Ci protein levels in both the cytosolic and nuclear 
compartments of the cells. (This work is supported by NIH PO1-DK44239)

556.4
EXPRESSION OF THE C-JUN N-TERMINAL KINASES (JNKs) IN THE 
HUMAN CENTRAL NERVOUS SYSTEM (CNS) AND IDENTIFICATION 
OF A NOVEL SUBSTRATE FOR THE JNKs. Y. Zhang, and C.A. Miller*. 
Dept. Pathology, University of Southern California, School of Medicine, 
2011 Zonal Ave., Los Angeles, CA 90033

JNKs have been implicated in various critical cell-fate determining 
processes, such as terminal differentiation and stress-activated apoptosis, 
in tissues including the CNS. Three distinct JNKs have been cloned which 
share over 90% of amino acid identity. At least ten JNK isoforms have also 
been identified, probably a result of alternative splicing events. Their 
functional significance and differences have not been elucidated. Since 
available JNK antibodies exhibit extensive cross-reactivity among various 
JNKs, we utilized in situ hybridization to determine the specific 
distribution of JNKs in the human CNS, especially in the hippocampus. To 
explore the possibility that JNK3 phosphorylates additional neuronal 
substrates other than those identified as common substrates for the JNK 
family, a yeast two-hybrid screen was carried out. Our results suggested 
that JNK3 was the only JNK predominantly expressed in neurons in the 
hippocampus with barely detectable amounts of JNK1 And JNK2. Using 
JNK3 as the bait, one of the clones obtained appeared fo be a splicing 
variant of a previously sequenced gene, DENN (Differentially Expressed in 
Normal vs. Neoplastic cells, Lee et a I.). In vitro kinase assay indicated 
that the partial DENN identified was be phosphorylated by recombinant 
rat JNK3. DENN was localized by in situ hybridization to neurons in 
hippocampus as well. Our results propose that JNK3 may be actively 
involved in cell fate decision-making, stress response, or apoptosis, in a 
way that is mediated by DENN. (supported by NIA (AG05142), NIMH 
(MH39145), Sankyo (Sankyo) (to CAM), and NINCD (AG 00521) (to YZ))
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556.5
THE ISOLATION AND CHARACTERIZATION OF A NOVEL cDNA 
CLONE FOUND IN HIPPOCAMPAL DENDRITES. Kevin Miyashiro and 
James Eberwine*. Departments of Pharmacology and Psychiatry, 
University of Pennsylvania School of Medicine, Philadelphia, PA 19104

The focal expression of proteins has proven to be an exquisite 
mechanism by which a spectrum of organisms organize their cellular and 
subcellular domains with a distinct and fine-tuned response capability to 
external stimuli. Previously, we have provided direct evidence of the nature 
and differential distribution of the partial complement of nascent 
messenger RNAs found in subcellular domains of hippocampal dendrites 
under low density culture conditions using a candidate gene approach. In 
an effort to augment these known genes, we used differential display to 
isolate several novel mRNAs. Using one of these differential display 
fragments to screen a rat hippocampal cDNA library, we now report the 
isolation and initial characterization of a novel cDNA encoding a putative 
integral membrane protein containing at least 4 transmembrane segments 
with extensive co- and post-translational modification potential. The 2.5 
kb mRNA is transcribed from a single gene and codes for an open reading 
frame of 492 amino acids with a theoretical molecular weight of 54 kD 
and a neutral pi. Analysis of the primary sequence has not identified any 
known domain, thus making prima facie guesses of the protein function 
difficult. A recently obtained, partial human homolog shows considerable 
mRNA and amino acid homology and Southern blot analysis with 
genomic DNA from species of different phylogenetic origin suggests a 
significant amount of sequence conservation. The mRNA (Northern) and 
protein (Western, immunohistochemical, and immunocytochemical) 
exhibit a pan-neuronal expression and are widely distributed throughout 
the periphery. Supported by NIH AG09900. J.E. is an Established 
Investigator of the American Heart Association.

556.6
MOLECULAR CLONING AND FUNCTIONAL EXPRESSION OF A 
NOVEL PROTEIN PHOSPHATASE FROM RAT CENTRAL NERVOUS 
SYSTEM. Y.Tong*1.2, R. Quirion2 and S.H. Shenl. 1. Biotech. Res. Inst., 
National Res. Council of Canada, Montreal; 2. Douglas Hosp. Res. Ctr., Dept. 
of Psychiatry, McGill Univ., 6875 LaSalle Boul. Verdun, QC, H4P 2R2

Protein serine/threonine phosphatases are structurally and functionally 
diverse enzymes involved in numerous cellular processes. Two distinct gene 
families, PPP and PPM, have been identified. PPP family contains the most 
abundant eukaiyotic phosphatases of PPI, PP2A and PP2B, whereas the PPM 
family comprises PP2C and structurally related various members present in 
both eukaryotes and prokaryotes. In tne present study, we reported the 
isolation of a complementary DNA from rat brain which encodes a novel 
PP2C. A fragment containing a high homology to PP2C was identified in our 
sequence data generated by RT-PCR from rat hypothalamic mRNAs. 
Screening of a rat brain stem cDNA library with this fragment resulted in 
isolation of several cDNA clones. One clone contains an extra-insert of 141 
bp, which appeared to be an intron. The longest clone (1265 bp) has an open 
reading frame encoding a protein of 392 ammo acid residues. The protein 
sequence shows a high homology in its catalytic domain to the PP2C of 
human, rat, paramecrum tetraurelia and yeast. Interestingly, this novel protein 
phosphatase does not possess a conserved C-terminus consisting of 
approximately 100 resrdues which is characteristic of other mammalian PP2C. 
Thus, this phosphatase structurally is similar to those found in paramecium 
and yeast. The coding sequence of thephosphatase gene was subcloned into a 
modified bacterial expression vector pEsT-3c encoding 5 histidine residues at 
the 5 end. Tlie expressed fusion protein was purified by using
Ni-NTA-agarose, and the purified phosphatase displayed a MnCl2-dependent, 
high dephosphorylation activity on the serine/threonine residues of the 
phosphorylated protein substrates. The phosphatase activity was potently 
mhibited by MgCl2, but not by okadiac acid. Since the phosphatase was 
specifically activated by MnCfr, but not by MgCl2, and its C-termini is 
different from the mammalian counterpart, it is suggested that this novel 
protein phosphatase may belong to a new subfamily in PPM. The possible 
functional relationship with other proteins in rat brain is being investigated. 
This study was supported by Medical Research Council of Canada

556.7
MOLECULAR CLONING AND CHARACTERIZATION OF THE RAT 
PROTEIN KINASE C8 -GENE. K. Kurkinen*, R. Keinanen, J. Koistinaho.
A.I.Virtanen Institute, University of Kuopio, P.O. BOX 1627, FIN-70211 
Kuopio, Finland.

Protein kinase C8 (PKC8) is a member of the novel subgroup of the PKC 
superfamily. Unlike other PKC isozymes, PKC8 is strongly induced at mRNA 
and protein levels in brain ischemia (Miettinen et al. J. Neurosci. 16:6236- 
6245, 1996). However, its precise role in brain injury is not known yet. In 
non-neuronal cells it is proteolytically activated to induce characteristics of 
apoptosis, whereas cell culture studies suggest that PKC8 regulates the 
EAAC1 glutamate transporter. In order to study the regulation and exact role 
of PKC8 in brain injury, cloning and detailed characterization of the rat gene 
was undertaken.

A genomic cosmid library was screened using the full-length rat PKC8- 
cDNA as a probe. In all, eight positive clones with inserts of 30-40 kb in 
length were isolated. Their preliminary characterization was performed with 
restriction enzyme mapping and hybridization analyses. SC3038 appeared to 
be the most representative clone having the longest 5’-flanking and 5’-coding 
regions, and overlapping SC58 the longest 3’-coding region. Therefore those 
two clones were taken into sequencing analysis. So far, sequencing has 
covered about 80 % of the coding region which shows a full homology with 
the rat PKC8-cDNA. The exon-intron bounds follow the AG/GT-AG -rule. 
Also, a 3 kb-sequence preceeding the putative transcription start site has been 
determined. It contains binding sites for ischemia-induced transcription 
factors, including activator protein 1 and NF-k B, which likely contributes to 
PKCS upregulation in ischemia.

Because altered protein phosphorylation is characteristic of neuronal injury 
in stroke and other brain insults, understanding the gene regulation of 
inducible kinases such as PKCS may facilitate development of novel therapy 
for brain disorders. Supported by the Academy of Finland.

556.8
TRANSCRIPTIONAL REGULATION OF THE DROSOPHILA CALCIUM- 
ACTIVATED POTASSIUM CHANNEL GENE: SLOWPOKE. R. Brenner, R.O.
Bphrn,..Bf„,W<*ng, W-M. Chang end-NtSu-Attanson*. Dept. of Zoology
University of Texas at Austin, Austin, TX 78712.

Our interest is to understand the molecular mechanisms that regulate cell 
excitability. Our work focuses on the slowpoke gene which encodes a 
Drosophila calcium-activated potassium channel gene that is homologous to 
the vertebrate BK-type channels. The gene is expressed throughout the CNS, 
in all somatic muscles, in tracheal cells, and in two distinct bands in the 
midgut.

Previous work has found that gene expression is regulated by a large 
transcriptional control region containing multiple promoters and 
developmental and tissue-specific regulatory elements. Here we present a 
more detailed analysis of the organization of die transcriptional control region 
and the cis-acting regulatory elements that define the slowpoke expression 
pattern. We have found that the slowpoke gene contains at least 5 tissue- 
specific promoters, each expressing a tissue-specific alternative first exon. We 
have used two different approaches to identify cis-acting regulatory elements. 
First, the slowpoke transcriptional control region from a distantly related 
species, Drosophila hydei has been cloned and sequenced. Regions of 
conservation were used to identify putative regulatory elements. We have 
found a number of conserved elements in the slowpoke gene that are also 
found in other ion channel and neural expressed genes. Second, deletion 
analysis was used to functionally map regulatory elements. We have found 
that adult CNS expression is regulated by a upstream control region, called 
the CNS Box, that is required for all adult and most larval brain expression. 
Within the CNS box we have found both positive and negative regulatory 
elements that regulate neural expression.

556.9
MYRISTOYLATION OF THE NEURONAL CALCIUM-SENSOR PROTEIN 
VILIP AFFECTS cAMP ACCUMULATION IN TRANSFECTED CELLS.
K.-H. Braunewell, C, Spilker and E, D, Gundelfinger*. Federal Institute for 
Neurobiology, P.O. Box 1860, D-39008 Magdeburg, Germany.

VILIP (visinin-like-protein) is a member of a neuronal family of EF-hand 
calcium-binding proteins, which also includes visinin, recoverin and the neural 
visinin-like-proteins NVP-2 and NVP-3. VILIP is expressed by a subset of 
neurons in the brain, the olfactory epithelium of rat and in the retina of different 
species at the time of terminal differentiation and synaptogenesis. The 
members of this family are postulated to act as calcium-sensor molecules of 
neuronal signaling cascades. In order to determine the possible cellular 
function of VILIP we transfected neural cell lines with wild-type VILIP and a 
myristoylation mutant of VILIP. In transfected C6 glioma and PC12 cells, we 
examined the precise role of myristoylation for membrane association and 
functional activity of the molecule. The myristoylated wild-type VILIP, but not 
the non-myristoylated mutant VILIP was able to interact calcium-dependently 
with the membrane fraction in subcellular fractionation experiments. 
Furthermore, immunocytochemical studies revealed that wild-type VILIP is 
strongly associated with membrane structures, whereas the mutant VILIP was 
mainly detected in the cytosol. The myristoylation is likely to be a prerequisite 
for the calcium-dependent membrane association of the otherwise cytosolic 
protein and may also be a prerequisite for the cellular function of VILIP. 
Therefore, we looked at the involvement of VILIP in calcium-regulated cellular 
signaling. In transfected glioma cells, wild type VILIP strongly enhanced, 
whereas the myristoyl mutant reduced, cAMP levels following (3-adrenergic 
and direct stimulation of adenylyl cyclase. VILIP seems to differentially affect 
the cAMP pathway depending on myristoylation. Our results suggest that 
VILIP can act as a calcium-sensor molecule of a membrane-localized 
signaling system. Thereby VILIP might be involved in differentiation processes 
or synaptic plasticity in the nervous system. This work is supported by DFG

556.10
COMPARATIVE ANALYSIS OF THE CELL-SPECIFIC PROMOTER 
ACTIVITIES OF 5’ UPSTREAM SEQUENCES OF THE TYROSINE 
HYDROXYLASE (TH) AND DOPAMINE P-HYDROXYLASE (DBH) 
GENES USING THE TRANSIENT EXPRESSION ASSAY
K.-S. Kim*, C.Y. Yang, H.S. Kim and H. Seo Dept of Neurology and 
Anatomy & Neurobiology, University of Tennessee, Memphis, 
TN38163.

Toward the goal of identifying the cis-regulatory elements responsible 
for the tissue-specific expression of the TH gene, we analyzed the 
potential regulatory sequences as follows. First, the promoter activities of 
the 5’ upstream sequences of the rat TH gene, ranging from 9.0 kb to 
0.5 kb, were examined for the ability to direct a cell-specific expression 
and were compared to that of the human DBH gene. Here, using four 
positive and four negative cell line systems, we show that the 5’ upstream 
sequence of the hDBH gene, but not that of the rTH gene direct a cell- 
specific expression in a consistent manner. Instead, the upstream domain 
residing between -9.0 kb and -5.6 kb of the rTH gene appears to have a 
strong enhancer activity in certain cell lines without the apparent cell- 
specificity. Secondly, DNase I footprinting analysis of the 503 bp 
proximal area of the rTH gene identified seven DNA-binding sites which 
encompass the cis-regulatory motifs such as the CRE (domain I), Spl 
(domain III), Octamer (domain IV), API (domain V), AP2 (domain VI), 
and two as-yet-unidentified sequence motifs (domains II and VII). The 
promoter function of two potential motifs (domains II and III), that are 
close to the CRE, have been tested by site-directed mutagenesis in the 
context of 2.4 kb rTH upstream sequence; while mutation of domain II 
did not affect the promoter function, that of domain III diminished the 
basal promoter activity by 85%. This result, together with previous data 
indicating that the CRE is essential for TH transcription, suggests that 
domains I and III may synergistically activate TH transcription.

Supported by NIH grant MH48866
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556.11
THE NEUROTRANSMITTER TRANSPORTER NTT4 - WHAT 
IS IT DOING THERE? N. Nelson*, R, Rotem-Yehudar and F, 
Jurskv. Dept. Biochem., Tel Aviv University, 69978 Tel Aviv, 
Israel.

In most cases the termination of the chemical transmission is 
achieved by rapid uptake, of the released neurotransmitter by 
specific high affinity neurotransmitter transporters, into the synaptic 
terminal or the surrounding glial cells. Studies on neurotransmitter 
uptake indicated the existence of multiple uptake systems, each 
relatively selective for a specific neurotransmitter. Genes encoding a 
family of neurotransmitter transporters (NTTs) were cloned 
sequenced and expressed in various systems. Among them a 
subfamily of NTT4 and its relatives were shown to be present in 
crucial part of the brain but their substrate is still unknown. We 
raised specific antibodies against NTT4 and studied by 
immunocytochemistry its distribution in adult brain and its 
expression in developing mouse and rat brains. NTT4 appear to be a 
neuronal transporter expressed in areas of the brain in which the 
NMDA receptor is abundant. The distribution of the putative 
transporter will be discussed in relation to its potential function.

555.12
MECHANISMS OF SUBCELLULAR TARGETING OF VASOPRESSIN AND 
OXYTOCIN MESSENGER RNA. E. Mohr, N. Prakash, K. Heitmann and D. 
Richter*. University of Hamburg, 20246 Hamburg, Germany.

The peptide hormone genes encoding the vasopressin (VP) and oxytocin- 
(OT) precursors are abundantly expressed in different populations of rat 
hypothalamic magnocellular neurons. Biochemical, molecular biological as 
well as ultrastructural analyses have shown that substantia! amounts of VP- 
and OT-encoding transcripts are transported to axons and dendrites. In 
order to identify the molecular determinants involved in subcellular mRNA 
sorting constructs of eukaryotic expression vectors containing cDNAs 
inserted in either the sense or anti-sense orientation have been injected 
into the cell nuclei of cultured neurons derived from embryonic rat superior 
cervical ganglia (SCG). Subsequent in situ hybridization analyses have 
demonstrated that VP and OT sense transcripts are also targeted to 
dendrites of cultured neurons. In contrast, the corresponding anti-sense 
RNAs are confined to the cell somata. Thus, the RNA nucleotide sequence 
or a secondary structure formed by that sequence is implicated in 
subcellular transport processes. Mapping of the targeting elements have 
revealed two segments within VP mRNA that are able to confer dendritic 
compartmentalization to a-tubulin transcripts, an mRNA species which is 
normally exclusively located in the cell bodies. These segments span part of 
the coding region as well as the 3'-untranslated region. Furthermore, by 
using electrophoretic mobility shift assays and photo-crosslinking analyses 
proteins interacting with VP and OT transcripts have been analyzed since 
they might represent trans-acting factors mediating subcellular RNA 
transport. We have identified and partially purified a protein that binds 
specifically to the 3' end of OT mRNA. Molecular cloning will be employed to 
assess its precise role in mRNA metabolism.
(Supported by the Deutsche Forschungsgemeinschaft, Mo 551/2-3).

FORMATION AND SPECIFICITY OF SYNAPSES II

557.1

NERVE TERMINAL WITHDRAWAL FROM RAT 
NEUROMUSCULAR JUNCTIONS INDUCED BY 
NEUREGULIN AND SCHWANN CELLS. J. T, Trachtenberg* 
and W. J. Thompson. Dept. of Zoology, University of Texas, 
Austin, TX 78712.

Schwann cells (SCs) that cap neuromuscular junctions (nmjs) play 
roles in guiding nerve terminal growth in paralyzed and in partially 
denervated muscles. However, the role of these cells in the day-to- 
day maintenance of this synapse is obscure. Neuregulins, 
alternatively spliced ligands for several erbB receptor tyrosine 
kinases, are thought to play important roles in cell-cell 
communication at the nmj, affecting synapse-specific gene 
expression in muscle fibers and the survival of terminal SCs during 
development. Here we show that application of a soluble 
neuregulin isoform, glial growth factor II (GGF2), to developing rat 
muscles alters both terminal SCs and nerve terminals. SCs extend 
processes and migrate from the synapse. Nerve terminals retract 
from acetylcholine-receptor-rich synaptic sites and their axons 
grow, in association with SCs, to the ends of the muscle. These 
axons make effective synapses only upon withdrawal of GGF2. 
These synaptic alterations appear to be induced by the actions of 
neuregulin on SCs, since SC transplants growing into contact with 
synaptic sites also caused withdrawal of nerve terminal branches 
These results show SCs can alter synaptic structure at the nmj and 
implicate these cells in the maintenance of this synapse. This work 
was supported by a grant from the NIH.

557.2

NERVE TERMINALS AT MULTIPLY INNERVATED 
NEUROMUSCULAR JUNCTIONS SEGREGATE DURING 
DEVELOPMENTAL SYNAPSE ELIMINATION. W.B. Gan* & J.W. 
Lichtman. Dept. Anat. & Neurobiol., Washington Univ. Sch. of Med., St Louis MO.

In order to determine whether axonal competition was influenced by the 
proximity of competing synapses on the same postsynaptic cell, the spatial 
relationship of competing inputs at developing neuromuscular junctions was 
studied. During the period of naturally occurring synapse elimination, competing 
axonal inputs and the postsynaptic receptor distribution were labeled with 
different fluorescent dyes. At early postnatal ages (P0-P3), competing nerve 
terminals were often intermingled within the receptor plaque. In most cases, no 
consistent spatial arrangement was observed between the inputs. However, in 
nearly all the junctions that remained multiply innervated at P9-P10, the axon 
terminals (generally two) were completely separated from each other. In some of 
these cases, we observed not only segregation of the competing axons but also a 
gap containing no AChRs between their territories. The segregation process 
appeared gradual because some junctions at intermediate stages showed mainly 
fine branches of one nerve terminal within the territory occupied by the other 
axon; these small processes may be the retracting branches whose disappearance 
leads to complete segregation. During the final stages of synapse elimination 
when the territory occupied by the losing axon is very small, we found that 
typically the losing axon occupied some region at the periphery of the receptor 
territory rather than at its center. These observations show that synapse 
elimination is spatially regulated in such a way that the branches of competing 
nerve terminals that are closest to each other are eliminated first. Supported by 
NIH grants.

557.3
PERSISTENCE OF IMMATURE NERVE TERMINALS IN RAPSYN 
DEFICIENT MUSCLE TRANSPLANTED INTO NORMAL ADULT HOSTS. 
O.T, Nguyen*. J.R, Sanes. and J.W. Lichtman. Department of Anatomy and 
Neurobiology, Washington University School of Medicine, St. Louis, MO 
63110 USA

Recent studies of "knockout" mice have demonstrated essential roles for 
several synaptic proteins (e.g., rapsyn, MuSK, laminin-132, and agrin) in 
neuromuscular junction (NMJ) development. Unfortunately, interpretation of 
the mutant phenotypes is complicated because some of the mutant mice die 
before synapses are mature. In mice lacking the acetylcholine receptor 
(AChR)-associated protein rapsyn, for example, no AChR clusters form at 
synaptic sites and mice die within hours of birth. To circumvent this problem, 
we have developed a method for assessing synapse formation on mutant 
muscles in an otherwise normal environment. We transplant sternomastoid 
muscles from wild-type and mutant neonates into immunocompatible normal 
adult hosts whose own sternomastoid have been removed, and attach the host 
nerve to the implanted muscle. Host motor axons enter wild-type transplanted 
muscles and form elaborate, functional terminal arbors. Host axons also grow 
into rapsyn-deficient grafts, but in this case, normal terminal arbors do not 
form. Instead, nerve terminals remain immature for at least 8 weeks, and 
resemble junctions seen in mutant neonates. Although no high-density AChR 
clusters can be detected beneath the terminal varicosities, stimulation of the 
nerve produces muscle contraction. In vivo monitoring of the same nerve 
terminals over time is being used to determine whether nerve terminal stability 
or maturation per se is abnormal. Similar studies on MuSK- and agrin- 
deficient muscles are underway. Supported by grants from the NIH.

557.4
REGULATION OF ACETYLCHOLINE RECEPTOR DISTRIBUTION IN 
RAPSYN- AND AGRIN-DEFICIENT IMMORTALISED MUSCLE CELL LINES. 
Medha Gautam*, Dept of Molecular Biology and Pharmacology,
Washington University School of Medicine, St. Louis, MO 63110.

Development of the neuromuscular synapse is severely affected in rapsyn and 
agrin-deficient mice. However, some nerve-associated postsynaptic specializations 
were present in each line of mutants, suggesting the existence of alternative nerve 
derived synapse organizing signal/s and formation of a synaptic scaffold even in the 
absence of acetylcholine receptor clusters. Presynaptic differentiation was abnormal 
in rapsyn mutants, and even more severely affected in agrin mutants, suggesting that 
retrograde signalling is impaired in both mutants, or alternatively, that nerve agrin 
plays a direct role in presynaptic differentiation. For further studies on synaptic 
differentiation and cellular interactions between nerve and muscle cells in vitro, 
immortalized muscle cell lines were derived from rapsyn and agrin-deficient mice 
and control littermates. These lines will be used for the analysis of pathways 
regulating AChR aggregation and presynaptic differentiation. Both rapsyn and 
agrin-deficient lines could be stably maintained at the permissive temperature of 30° 
C for at least 15 passages in culture. When shifted to non permissive conditions 
(37°C, differentiation medium) cells from each of the mutant lines fused to form 
multinucleated myotubes. Receptor distribution in the presence or absence of agrin 
was qualitatively similar between myotubes from immortalized cell lines and 
primary cultures for each mutant. Rapsyn-deficient lines, for example, failed to form 
agrin-induced AChR clusters. Experiments to determine the regulation of receptor 
aggregation and associated processes, such as phosphorylation of individual receptor 
subunits and association of other synaptic molecules with rapsyn/AChR clusters are 
in progress. (Supported by NIH).

Society  for  Neuroscience , Volume  23,1997



1410 FORMATION AND SPECIFICITY OF SYNAPSES II TUESDAY PM

557.5
6-CATENIN IS ASSOCIATED WITH RAPSYN, AND IS 
CONCENTRATED AT THE NEUROMUSCULAR JUNCTION. 
R.G. Taylor*, C. Fuhrer, and Z.W. Hall. LCMR, National Institute of 
Mental Health, NIH, Bethesda, MD 20892.

Rapsyn is a cytoplasmic peripheral membrane protein required for 
clustering the acetylcholine receptor (AChR) at the neuromuscular 
junction during synaptogenesis. To identify proteins that bind rapsyn, 
we performed a yeast two-hybrid screen of a day 17 mouse embryo 
library using a fragment of mouse rapsyn as the target. We isolated six 
positive clones, all of which encoded 6-catenin, a cytoplasmic protein 
involved both in cell adhesion through its association with the 
cadherins, and in cell signaling as a component of the wingless/Wnt-1 
pathway.

To determine whether rapsyn binds 6-catenin in C2 mouse muscle 
cells, we isolated rapsyn bound to AChR on a-bungarotoxin- 
conjugated Sepharose beads. Western blot analysis revealed the 
presence of b-catenin in association with the AChR-rapsyn complex. 
We also found b-catenin concentrated at endplates in adult rat and 
mouse muscle using immunofluorescent staining with antisera to 6- 
catenin. These results show that b-catenin associates with rapsyn and is 
part of the postsynaptic complex in adult muscles, where it may play a 
role in formation or maintenance of the synapse.

We are currently examining whether other proteins that associate with 
b-catenin are part of the rapsyn/6-catenin complex, and whether factors 
such as agrin affect the interaction of rapsyn and b-catenin.

This work was supported by the National Institute of Mental Health, 
the Muscular Dystrophy Association, and by postodoctoral fellowships 
from the Human Frontier Science Program (to C.F.), and the Medical 
Research Council of Canada (to R.T.).

557.6
y-AChR/e-AChR SWITCH AT AGRIN-INDUCED POSTSYNAPTIC-LIKE 
APPARATUS IN SKELETAL MUSCLE. M. Rimer*1.1. Mathiesen2. T. Lrimd. 
and U.J. McMahan1, ^pt. of Neurobiol., Stanford Univ. Sch. of Medicine,
Stanford, CA 94305, USA. 2Dept. of Neurophysiol., Univ. of Oslo, Oslo, Norway.

We have previously reported (Cohen et al. 1995. Soc. Neurosci. Abs. 21:1748) 
that when extrajunctional regions of denervated soleus muscles in adult rats are 
transfected with cDNA encoding an agrin isoform that is normally secreted by motor 
neurons at neuromuscular junctions (NMJs), the myofibers express and secrete the 
neural agrin. Muscle fibers in the vicinity of transfection form at their surface 
specialized areas having protein aggregates (including acetylcholine receptors;
AChRs), narrow and deep plasma membrane infoldings and an accumulation of 
myonuclei, all of which are characteristic of the postsynaptic apparatus at NMJs.
These observations led to the conclusion that during NMJ formation, a single neural 
derived factor, agrin, is sufficient not only to cause protein aggregation in the early 
stages of postsynaptic apparatus formation, as predicted by the agrin hypothesis, but 
also to bring about changes in conformation of the muscle fiber surface and 
distribution of organelles which appear as the apparatus reaches maturity.

We have now learned that by Iwk after transfecting denervated soleus muscles -30% 
of the neural agrin-induced postsynaptic-like apparatus contains a mixture of e-AChRs 
and 7-AChRs while -70% have only y-AChRs. If the transfected muscles are 
reinnervated in the original junctional region, the postsynaptic-like apparatus, despite the 
absence of apposed axon terminals, gradually comes to have only e-AChRs. We 
conclude that during NMJ formation agrin secreted by the axon terminal not only 
induces the assembly of structural components of the postsynaptic apparatus, but also 
plays a direct role in the y-AChR/e-AChR switch that occurs as the apparatus reaches 
maturity. Our findings indicate further that agrin and acetylcholine are the only nerve- 
derived factors required for this switch. And our previously reported findings (Rimer et 
al., 1996. Soc. Neurosci. Abs. 22: 1689) that neuregulin and its receptors are 
concentrated in the postsynaptic-like apparatus suggest a mechanism by which agrin 
induces e-AChR expression. Supported by NIH and the Norwegian Research Council.

557.7
ALTERED SYNAPTIC ACTIVITY IN CORTICAL NEURONS CULTURED 
FROM AGRIN-DEFICIENT MICE. Z, Li. L. Hilgenberg, D.K, O’Dowd and M.A, 
Smith*. Depts. Anat. & Neurobiol., and Dev. & Cell Biol., UC Irvine, CA 92697

Agrin is an extracellular matrix protein that plays an important role in organizing 
synaptic components at the neuromuscular junction. Consistent with this hypothesis 
agrin-deficient mutant mice, which express only low levels of the zO isoform, show 
defects in neuromuscular synaptogenesis that include abnormalities in acetylcholine 
receptor aggregates, intramuscular nerve branching and presynaptic differentiation 
(Gautam et al., Cell 85:525). Agrin is expressed by many populations of neurons in 
the brains of adult rodents and, during development, the highest levels of agrin 
expression coincide with periods of synapse formation. These observations suggest 
that in addition to its function at the neuromuscular junction, agrin also plays a role 
in synapse formation between neurons in the CNS. To test this hypothesis, we have 
examined the development of functional synaptic contacts between neurons obtained 
from somatosensory cortices of agrin-deficient (-/-) or control (-/+ or +/+) 18 day 
gestation mouse embryos grown in dissociated cell culture. In control cultures, 
spontaneous postsynaptic currents (PSCs) could be recorded from neurons as early as 
3 days in vitro (DIV) and by 6 DIV were observed in the majority of cells. A similar 
time course of appearance of spontaneous PSCs was also seen in the agrin-deficient 
cultures. Pharmacological studies demonstrate that the majority of these events were 
glutamatergic miniature postsynaptic current (mPSCs). During the first week, the 
mean frequency of glutamatergic mPSCs/neuron in control cultures was relatively 
low. The frequency of glutamatergic mPSCs recorded from neurons in agrin-deficient 
cultures during this period was approximately 2 fold higher. Glutamatergic mPSC 
frequency increased markedly in control and agrin-deficient cultures during the 2nd-3rd 
week. Possible differences in mPSC frequency during this period are currently being 
investigated. These data support a role for agrin in regulating synapse formation 
between neurons in the mammalian CNS. Supported by NIH grants NS33213 and 
NS30109.

557.8
BASAL LAMINA-BINDING DOMAINS AND ACHR AGGREGATING 
DOMAINS OF NEURAL CHICK AGRIN ARE SUFFICIENT TO INDUCE 
COMPONENTS OF POSTSYNAPTIC APPARATUS IN NORMALLY ACTIVE

Brenner1 and M, A, Ruegg2. ^Dept. of Physiology and 2Dept. of Pharmacology, 
Biozentrum, University of Basel, 4051 Basel, Switzerland.

Agrin is a heparan sulfate proteoglycan with an apparent Mr of more than 600 kD 
found in synaptic basal lamina that is required to form a neuromuscular junction 
(NMJ). When added to cultured myotubes, agrin induces the aggregation of 
acetylcholine receptors (AChRs) and several other molecules accumulated at NMJs 
in vivo. Agrin isoforms expressed in motor neurons are highly active in AChR 
aggregation. We have recently shown that full-length neural chick agrin, when 
expressed and secreted by extrasynaptic regions of innervated muscle fibers induces 
the formation of a postsynaptic structure comparable to a normal NMJ. Moreover, 
ectopic expression of neural agrin induced expression of AChR e-subunit 
characteristic of mature endplates. The region for agrin’s binding to basal lamina 
maps to a distinct domain at the amino-terminus. On the other hand, AChR- 
aggregating activity of neural agrin is encoded by a 21 kD-fragment at the carboxy-
terminus. To ask whether these two domains alone were sufficient to induce 
postsynaptic differentiation in vivo, we have generated a cDNA construct encoding 
solely these two domains (mini-agrin). When muscle fibers were injected 
extrasynaptically with expression plasmids encoding the mini-agrin, numerous 
AChR clusters containing the AChR e-subunit were seen. Further stainings showed 
that these clusters had also accumulations of AChE activity and P2-Iaminin. 
Moreover, these ectopic sites were enriched in MuSK, Na+ channels, erbB2 and 
erbB3 receptors and the cytoplasmic proteins rapsyn and utrophin. These data show 
that a 46 kD-fragment of neural agrin is sufficient to induce accumulation of specific 
synaptic components at three different levels of normal endplates: basal lamina, 
transmembrane, and cytoskeleton. Supported by the Swiss NSF.

557.9
INTEGRINS MEDIATE ADHESION TO AGRIN AND 
MODULATE AGRIN SIGNALING. Paul T. Martin*, and Joshua
R. Sanest. * Department of Neurosciences, University of California 
San Diego, School of Medicine, La Jolla, CA 92093-0691; 
tDepartment of Anatomy and Neurobiology, Washington University, 
School of Medicine, St. Louis, MO 63110.

Agrin, a basal lamina-associated proteoglycan, is a crucial nerve- 
derived organizer of postsynaptic differentiation at the skeletal 
neuromuscular junction. Because integrins serve as cellular 
receptors for many basal lamina components, we asked whether 
agrin interacts with integrins. Agrin-induced aggregation of 
acetylcholine receptors on cultured myotubes was blocked by 
antibodies to the pi integrin subunit and partially blocked by 
antibodies to the av integrin subunit. Agrin-induced clustering was 
also inhibited by antisense oligonucleotides to av and peptides that 
block the av binding site. Non-muscle cells that expressed av and 
pi integrins adhered to immobilized agrin, and this adhesion was 
blocked by anti-av and anti-pi antibodies, av-negative cells that did 
not adhere to agrin were rendered adherent by introduction of 
integrin av. Together, these results implicate integrins, including 
avpi, as components of agrin’s signal transduction pathway. 
Supported by NIH.

557.10
ANTIBODIES AGAINST THE MUSCLE SPECIFIC KINASE (MUSK) 

INDUCE TYROSINE PHOSPHORYLATION OF ACETYLCHOLINE RECEPTORS 
AND THEIR AGGREGATION ON THE SURFACE OF MYOTUBES. C. Hopf, A, 
Hohn* and W. Hoch. Max-Planck-lnstitute for Developmental Biology, 
Spemannstr. 35/11, D-72076 Tubingen, Germany.

During development of the neuromuscular junction motoneurons 
secrete specific isoforms of agrin. This protein binds to unknown 
receptors on the muscle surface and induces the aggregation and 
tyrosine phosphorylation of nicotinic acetylcholine receptors (AChR). 
A muscle specific kinase (MuSK) is believed to be linked with the 
agrin receptor. We asked whether ligand-independent activation of 
MuSK could trigger key events of early postsynaptic differentiation 
which are commonly attributed to agrin function. Employing antibodies 
against MuSK, we found that this kinase could be phosphorylated on 
tyrosine and activated in the absence of agrin by antibody-mediated 
cross-linking. AChRs accumulated into both, small and large, 
aggregates and the AChR (3-subunits became phosphorylated on 
tyrosine. A comparison of the potency of agrin and anti-MuSK 
antibodies revealed differences between phosphorylation of MuSK and 
AChR aggregation and phosphorylation. In contrast, the potency of 
different agrin isoforms and truncation fragments to induce 
phosphorylation of MuSK closely resembled their ability to initiate 
acetylcholine receptor clustering.

Our results show that activation of MuSK is sufficient to induce 
processes that are thought to be part of the agrin pathway. They 
suggest that additional components of the agrin receptor complex are 
required for a full effect. (Supported by Max-Planck-Society and 
Graduiertenkolleg Neurobiologie Tubingen.)
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557.11
A FAMILY OF INTEGRINS REGULATE MORPHOLOGICAL 
AND FUNCTIONAL SYNAPTIC PLASTICITY. K. Broadie*1,
A. Prokop2, X.-R. Zhu3, and R.L. Davis3. Department of Biology, 
University of Utah, Salt Lake City, UT 84112; Department of 
Zoology, University of Cambridge, Cambridge UK, Department of 
Cell Biology, Baylor College of Medicine, Houston, TX 77030.

Four integrin subunits are expressed in the postembryonic 
neuromuscular junction (NMJ) of Drosophila; the position specific 
(PS) B-subunit (BPS) and two aPS subunits (aPSl, aPS2), and 
aVolado, the product of a newly defined gene required for learning 
and memory. The BPS subunit appears to be expressed both pre- 
and postsynaptically, whereas the aPS subunits are expressed only 
postsynaptically and aVolado is expressed only presynaptically.
The aVolado subunit has a striking, dynamic expression in pre-
synaptic boutons and appears to be regulated negatively by activity 
levels in the neuron. Three aspects of postembryonic synaptic 
development are affected in null Volado mutants; the NMJ shows 
morphological overgrowth, weakened synaptic transmission 
characteristics and decreased transmitter vesicle density in pre-
synaptic boutons. In contrast, hypomorphic myospheroid (BPS) 
mutants show the opposite morphological defect of undergrowth at 
the NMJ. Our results suggest that integrins mediate both positive 
and negative aspects of NMJ maturation and growth underlying 
synaptic plasticity. These data provide the first genetic evidence that 
integrin ftmction is required at the synapse. This work supported 
by the Wellcome Trust (UK), the Muscular Dystrophy Association, 
and a Sloan Fellowship to KB.

557.12
GENETIC ANALYSIS OF PDZ-DEPENDENT SYNAPTIC TARGETING 
OF THE SHAKER POTASSIUM CHANNEL AND THE CELL 
ADHESION MOLECULE, FASCICLIN II. Karen Zito*, Richard Fetter, 
Corey S. Goodman, and Ehud Y. Isacoff. Dept. of Molecular and Cell 
Biology, Howard Hughes Medical Institute, University of California, 
Berkeley, CA 94720.

The fidelity and plasticity of synaptic transmission require the precise 
localization of the proteins at the pre- and postsynaptic membranes. 
The potassium channel, Shaker, and the cell adhesion molecule, 
Fasciclin II, are located at the neuromuscular junction in Drosophila.
Both of these proteins contain -S/T-X-V sequences at their C termini, 
identifying them as proteins that can interact with PDZ motifs in a wide 
class of proteins, including members of the MAGUK family of 
membrane-associated guanylate kinases. Such interactions have 
been implicated in clustering of several receptors and channels in cell 
culture and at the Drosophila NMJ. However, definitive proof of a role in 
synaptic targeting requires demonstration that the putative signal is 
capable of targeting a heterologous protein to the synapse. To that 
end, we have constructed a series of chimeric molecules with the 
lymphocyte membrane protein, CD8, which is not normally expressed 
in nerve or muscle. By using the GAL4-UAS system to express the 
chimeric proteins in specific tissues, we have identified sequences 
necessary and sufficient for targeting to the synapse. Transient 
expression reveals the path that these proteins take to reach their 
synaptic destination. Biochemical and genetic interactions of Shaker 
and Fasciclin II with PDZ motif-containing proteins are presently being 
investigated to determine the specificity of these interactions. 
Supported by NIH HD21294 to CSG, Whitehall Foundation #595-25 to 
EYI, RF is an HHMI research associate.

557.13
DENERVATION REDUCES THE MYOBLAST POOL FOR 
DROSOPHILA FLIGHT MUSCLES AND AFFECTS MYO- 
GENESIS OF RELATED MUSCLES DIFFERENTIALLY. II 
Fernandes* and H, Keshishian, Dept. Biology, Yale Univ. New 
Haven, CT 06520.

We are using the adult flight muscles of Drosophila as a model 
system to understand the role of innervation in muscle formation. The 
Dorsal Longitudinal muscles (DLMs) develop from persistent larval 
myofibers. By contrast, the Dorso-Ventral muscle fibers (DVMs) 
develop de novo. Motoneurons that innervate both muscles are larval 
in origin and are likely restructured during metamorphosis. Unlike the 
embryo, innervation and myogenesis occur simultaneously, and 
nerve-muscle interactions may influence the final pattern. We have 
previously shown that several aspects of the development of 
innervation are influenced by the target. Here we describe the role of 
innervation in myogenesis by performing laser nerve cuts. Nerve cuts 
in the periphery result in regeneration of the nerve and a 
corresponding delay in the formation of muscle fibers (Soc. Neurosci. 
Abst. 22:738). By contrast denervation close to the CNS reduces 
DLM size by at least 50% by 20h of development (n=12, pc.0001). 
Myoblast distribution is identical in both control and nerve cut 
animals until 14/16h (n=18), but by 20h the pool size is reduced by 
30% (n=10, p<0005). We propose that nerve derived factors are 
involved in maintaining the myoblast pool. Denervations also resulted 
in the absence of DVM fibers, and this may be related to the different 
mode of myogenesis seen in these muscles. We are presently 
investigating what aspect of DVM development is under CNS control.

Supported by grants from NIH, NASA and NSF.

ISCHEMIA: PHYSIOLOGY AND IMAGING

558.1
FETAL HYPOXIA:METABOLIC AND DEVELOPMENTAL EVENTS.
W.B, Macklin1. D. DeWeese1, C.S. Duchala1, A. Douglas2, S. Pundik2, M. Buczek2, 
W.D. Lust^, Dept. Neurosciences, Cleveland Clinic Fndn1, Cleveland, OH 44195 
and Dept. Neurosurgery, Case Western Reserve Univ. Sch. of Med.2 and University 
Hospitals of Cleveland2, Cleveland, OH, 44106.

Early metabolic events and longterm developmental consequences of hypoxia at 
El8 in the rat were analyzed. These studies should provide insight into the 
interactions of these metabolic events and subsequent cellular mitosis, migration and 
differentiation in the developing CNS. Occlusion of the uterine arteries and the 
uterine branch of the ovarian arteries on day 18 of gestation (El 8) caused depletion 
of ATP, P-creatine and glucose; these metabolites were essentially restored by 2-6 
h alter de-occlusion. Despite the 45 min energy depletion, no major cell loss in any 
of the regions examined in tlie perinatal brain was noted. In fact, there appeared to 
be hyperplasia and some cellular disorganization in layers II/III of the cortex and in 
the cerebellum, with significant changes in organization of the Purkinje cell layer. 
Neurofilament protein-immunoreactive cells in layers II/III of the cortex appeared 
less branched, extending more to the pial surface than in controls, and comparably 
stained Purkinje cells appeared less uniformly organized. In general, the greatest 
changes were seen in regions where cells were dividing near the time of the insult. 
This was supported by preliminary experiments birthdating cells, in which the 
pregnant dam was injected with BrdU on E17, E18, E19 or E20. Cells bom prior to 
the insult appeared not to be significantly affected by the insult, while cells bom on 
the day ofthe insult appeared less abundant and presumably more susceptible to the 
insult, and cells bom later appeared more abundant than in controls. Thus, although 
there may be loss of some cells following fetal hypoxia, the fact that developmental 
abnormalities predominate more than necrosis suggests that the pathophysiology of 
prenatal and postnatal metabolic insults may be significantly different.

558.2
ISCHEMIC MOTOR DYSFUNCTION IS CAUSED BY A PERMENANT 
SYNAPTIC TRANSMISSION DEFECT IN CORTEX AFTER 3-HOUR MCA 
OCCLUSION / 3-HOUR REPERFUSION. T, Dalkara. H, Bolav. M, Demirci. H, 
S, Orer.* Departments of Neurology & Pharmacology, Hacettepe University, 
Ankara, Turkey

Failure of demonstration of a prompt motor recovery following thrombolytic and 
neuroprotective therapies in some patients treated within the first 3 hours of stroke 
may be due to an unsatisfactory restoration of synaptic activity in the cortex and/or 
due to blockade of electrical impulses at severely ischemic subcortical region. To 
elucidate the role of these mechanisms in ischemic motor dysfunction, we have 
developed a model in which the motor evoked potential (MEP), somatosensory 
evoked potential (SEP) and electrocorticogram (ECoG) were locally examined 
within the sensorimotor cortex along with regional cerebral blood flow (CBF) in 
rats subjected to MCA occlusion. Bipolar recording of the SEP and ECoG within 
the same cortical region from which MEPs were generated, provided a good match 
between the sensory and motor evoked potentials and spontaneous electrical activity, 
and a better resolution than achieved by conventional evoked potential and EEG 
recordings.

ECoG was significantly depressed, MEP and SEP disappeared within the first 
minutes of MCA occlusion. Upon reperfusion after 3 hours of ischemia, MEP 
rapidly recovered, however, ECoG and SEP recovery was slow and incomplete, 
suggesting a preserved postsynaptic excitability but impaired synaptic transmission. 
During 3-hour reperfusion period, no secondary deterioration in MEP was observed, 
and there was no significant improvement in SEP, implying a lasting defect in 
synaptic transmission despite a conserved motor neuron excitability. These findings 
also suggest that motor dysfunction after a 3-hour ischemia in MCA region is 
caused by a loss of excitability of penumbral cortex due to failure of synaptic 
transmission rather than a blockade of motor action potentials at subcortical level in 
the core.

Supported by a grant from TUBITAK (TBAG-1355).
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558.3
OVER-EXPRESSION OF MEMBRANE Na,K-ATPase IN CELL ROUNDING 
AND ACUTE NEURONAL DEATH IN VITRO. V. V. Senatorov*. P, K. Stvs and
B.Hu. Loeb Research Institute, Ottawa Civic Hospital, Ottawa, Ontario Canada KI Y 4E9

Cell rounding and subsequent acute neuronal death in dissociated 
mammalian central neurons is associated with a significant increase in 
internal [Na*] and [Ca2+] (see this meeting). In this study, we examined the 
hypothesis that an up-regulation of the Na,K-ATPase is associated with 
cell roundness in order to combat Na+ overloading. Dissociated neurons 
were plated and perfused with oxygenated Krebs solution at 32’ C. Na+ 
channel veratridine or Na+ ionophore monensin, were used to induce cell 
rounding and cell viability was monitored by calcein AM and ethidium 
homodimer assay. The cells were then fixed for immunohistochemistry 
staining of pump subunits and confocal microscopic analysis. The results 
showed that monoclonal antibodies against a3 catalytic pump subunits 
yield strong signals in rounded cells. The density of a3 subunit was 
approximately doubled in the rounded cell population compared with that 
of controls. The increased pump density was mainly seen for a3, but not 
a lor a2, pump subunits. Finally, a significant increase of pump signal was 
observed in the plasma membrane domain. These results suggest that 
active recruitment of pump molecules into cell membrane can be triggered 
by abnormal Na+ and Ca2* accumulation during cell rounding. Supported 
by grants from MRC and Heart and Stroke Foundation of Canada.

558.4
CELL ROUNDING AND ACUTE NEURONAL DEATH IN VITRO. B.Hu* P.K, 
Stvs and V. V. Senatorov. * Loeb Research Institute, Ottawa Civic Hospital, Ottawa, 
Ontario, Canada KI Y 4E9

Cell rounding is one of the characteristic structural changes 
associated with apoptotic cell injury and death. Using imaging techniques, 
we studied the phenomenon of cell rounding in mammalian central 
neurons acutely dissociated from rat thalamus. Dissociated neurons plated 
and perfused with oxygenated Krebs solution at 32° C showed a 
consistent tendency to roundness over time, which can be defined by a 
shape factor (SF), with maximum roundness equal to 1. Application of 
Na+ channel opener veratridine or Na ionophore monensin with or 
without stoppage of Na+ extrusion by ouabain (IOOpM) induced rapid 
(within 1-3 hours) cell rounding in about 60% of the neurons that had 
initially a low value of the SF. Based on a fluorescent ethidium 
homodimer or membrane destruction assay, we found a strong correlation 
between cell roundness and the likelihood of acute cell death. Almost all 
the cells showing prominent morphological rdundness (SF>0.9) died 
within 30 min. Fluorescent imaging data further revealed a significant 
increase in both [Na*]; and [Ca2*} in these cells. The above data support 
the notion that cell rounding is a reliable predictor of acute neuronal death 
associated with the cytotoxic effects of Na* and C& overload in 
mammalian central neurons. Supported by grants from MRC and Heart 
and Stroke Foundation of Canada.

558.5
EFFECTS OF ISCHEMIA & EXCITOTOXINS ON INTRACELLULAR 
CHLORIDE LEVELS IN CAI PYRAMIDAL CELLS FROM HIPPOCAMPAL 
SLICES: A CONFOCAL IMAGING STUDY. Jon R. Inglefield* & Rochelle D, 
Schwartz-Bloom, Dept. Pharmacol., Duke Univ. Med. Ctr., Durham, NC 27710

We have developed a method to measure changes in intracellular Cl' in discrete 
neurons in the acute brain slice using MEQ, a Ct-sensitive fluorescent dye, and 
confocal imaging (Inglefield and Schwartz-Bloom, J. Neurosci Meth. 75 (#1), 1997). 
When hippocampal slices from 14-18 d.o. rats were subjected to in vitro ischemia 
(27°C) for 10 min, there was an influx of Cl' (31 ± 2% decrease in MEQ fluorescence) 
into CAI pyramidal cells, mediated by release of GABA. The effect of ischemia was 
blocked by picrotoxin (100 pM). To determine if slices responded in a similar manner 
to excitotoxic concentrations of NMDA (100 pM) and AMPA (50 pM), slices were 
separately exposed to NMDA or AMPA for 10 min. MEQ fluorescence in CAI 
pyramidal cells decreased by 39 ± 4% and 43 ± 2%, respectively. Both the NMDA 
and AMPA-mediated changes in MEQ fluorescence were blocked by their respective 
antagonists, d-AP5 and DNQX. Unlike ischemia, neither the NMDA- nor AMPA- 
mediated changes were prevented by picrotoxin. When slices were perfused with low 
Ca2+ Ringer's containing EGTA (1 mM; 'Ca2+-free'), the NMDA-mediated increase in 
Cl j persisted, arguing against a Ca2+-activated CF conductance in these cells. 
Exposure of slices to 50 mM K+ (substituted for 50 mM Na+), which causes 
depolarization-induced cell swelling, also increased CFj in a picrotoxin-insensitive 
manner. Isosmotic substitution of CF in the Ringer's buffer ([CF]O=7.5 mM), to 
prevent depolarization-induced cell swelling, prevented the NMDA-mediated increase in 
Cl'i. The excitotoxin-induced rise in Cl'i was related to impaired volume regulation 
since 10 min of NMDA (100 pM) or AMPA (50 pM) caused cell swelling, measured 
with calcein-AM, a volume-sensitive dye. Mild ischemia did not induce cell swelling. 
The results provide evidence that an early effect of excitotoxicity is stimulation of CF 
influx into neurons, perhaps via 'swelling-activated' CF channels. Volume-sensitive 
CF currents have been previously reported for osteoclasts and epithelial cells. In 
contrast, the mild ischemic episode produced Cl' influx independent of cell swelling. 
Supported by NS28791 & American Heart Assoc (NC affiliate).

558.6
CHARACTERIZATION OF CEREBRAL ISCHEMIA IN RAT NEOCORTEX 
USING AN ACTIVITY DEPENDENT INTRINSIC OPTICAL SIGNAL 
R. S. Yoon, D. S. Barrett1, H. C. Kwan*, Department of Physiology, University of 
Toronto, Toronto, Ontario, M5S 1A8, Canada. ^Division of Neurology, Toronto East 
General Hospital, Toronto, Ontario, M4C 3E7, Canada

Experimental cerebral ischemia has been studied with the help of imaging 
techniques such as PET, DW-MRI and CT, yet these methods are limited by 
inherently low spatial and temporal resolutions. In this study, imaging of activity- 
dependent intrinsic optical signal was used to characterize local cortical ischemia 
resulting from photodynamic damage. Six adult Long Evans rats (300~400g) were 
anesthetized and craniotomy was performed over the right sensorimotor cortex. 
After fine electrodes were implanted for the monitoring of electrocorticogram 
(ECoG), the cortex was covered with a transparent bio-compatible polymer and 
stabilized with a clear dental acrylic window. The image acquisition was performed 
using a CCD camera with a fiber optic ring light (660nm long-pass). Local cortical 
ischemia was created by administering rose bengal (0.8 mg/kg I.V.) and irradiating a 
small patch (2mm dia.) of the exposed cortex with a green laser (514nm) for 10-15 
min. via a small diameter (200p) fiber optic light guide. All 6 cases showed a 
distinct changes in intrinsic optical signal over an area co-extensive with the region 
of laser exposure. Concurrent fast Fourier transform of ECoG signals exhibited a 
marked decrease in power over the 1-20 Hz range. Control irradiation experiments 
without the rose bengal showed no change in the optical signal. We conclude that 
local cortical ischemia is accompanied by a decrease in cortical reflectance and a 
depression of ECoG activity. This new approach will permit production and 
observation of ischemia in a very localized cortical region with high soatial and 
temporal resolutions.

This research was supported by a Medical Research Council of Canada

558.7
MR MICROSCOPY OF OSMOTICALLY PERTURBED HIPPOCAMPAL SLICES 
J.DBui2,3’*. T.Zelles2, D.L.Buckley3, H.D.Plant3, B.A.Inglis1’3, M.I.Phillips2, 
S.J.Blackband1,3 Departments of Neuroscience1, Physiology2, and Center for Structural 
Biology3, University of Florida, Gainesville, FL 32610

Magnetic resonance (MR) imaging is used primarily in a qualitative fashion. In 
this work we develop MR imaging studies of perfused brain slices as a model system 
with the aim of providing a quantitative understanding of signal changes in MR 
imaging. The brain slice model is commonly used for the investigation of a variety of 
neurological issues. Although MR spectroscopy has been used for metabolic studies of 
brain slices, there have been no reports of MR imaging at conventional or microscopic 
resolutions. In this study we report the first MR microimaging studies of brain slices 
undergoing physiologically relevant osmotic perturbations.

A Varian 600 MHz microimager with a Doty imaging probe was used. 500 pm 
thick rat hippocampal slices were isolated using standard methods and placed within a 
prototype perfusion chamber. Slices were initially perfused with oxygenated isotonic 
artificial CSF at room temperature, which was then exchanged for 20% hypotonic and 
then 20% hypertonic solutions, with images being taken at each stage. A standard spin 
echo imaging sequence with diffusion weighting was utilized. 15 minutes was allowed 
between scans for complete perfusion medium exchange. Images were collected at 
80x80x300 pm in 8 minutes. Seven slices have been imaged and show similar contrast. 
The average signal change in the slices was +16(crn.1 = 11)% (hypotonic) and -26(nn.! = 
10)% (hypertonic), which were significant (p<0.0005, repeated measures ANOVA).

We have demonstrated the first MR microimaging studies of individual brain 
slices, with successful maintenance and osmotic perturbation. These data, together with 
MR measurements on single neurons, may then be used to construct working models of 
brain tissue, with the brain slice providing a realistic extracellular compartment. We 
believe this model will greatly aid our ability to interpret similar signal changes observed 
in clinical MR imaging (e.g. brain ischemia or stroke).

Funded by the University of Florida Brain Institute, CSB, NHFML and AHA

558.8
APPARENT DIFFUSION COEFFICIENT (ADC) AND BRAIN TISSUE SODIUM IN 
FOCAL CEREBRAL ISCHEMIA. Y. Wanq, W. Hu, A.W. Majors, A.D. Perez- 
Trepichio, T.C. Ng*, A.J. Furlan, S.C. Jones. Cerebrovascular Research Lab 
and MR Research Ctn, Cleveland Clinic Foundation, Cleveland, OH 44195.

Magnetic resonance diffusion-weighted imaging (DWI) detects early brain 
ischemia, due to the rapidly decreased diffusivity of water presumably due to 
cytotoxic edema. We hypothesize that the rapid ADC decrease is dependent 
on brain tissue sodium, as a surrogate marker for cytotoxic edema Six 
Sprague-Dawley rats were anesthetized (isoflurane, N2O, OJ and underwent 
permanent direct occlusion of the right middle cerebral artery and both com-
mon carotid arteries. DWI were obtained with a GE 4.7 T spectrometer (TR = 
1500 ms, TE = 35 ms; slice thickness 2 mm; b = 0,261, 586 and 1042 s/mm2) 
in three orthogonal axes with a total acquisition time of 20 min. Images of ADC 
trace were produced from the DWI at 1 to 7 hr after arterial occlusion. The 
head was then frozen and the brain chipped out at -20°C. Brain tissue was 
punch-sampled (2.0 ± 0.05 mg, n = 62, mean ± sem) for [Na+] determination 
(flame photometry) from the cryostat-cut face at the same coronal plane as the 
ADC guide image at locations of normal and low ADC. ADC was determined 
from the MR images in the same regions that were punch-sampled for [Na+]. 
In normal cortex (n = 34) vs low ADC regions (n = 18) (10 border regions 
excluded), water content were 77 ± 0.7% vs 81 ± 0.9% (p < 0.002), [Na+] 
were 62 ± 3 mM vs 103 ± 4 mM (p < 0.002), and ADC were 619 ± 10 vs 408 
± 11 pnr^/s (p < 0.002). Brain [Na+] increased linearly over time with a slope 
of 9.2 mM/hr. [Na+] in punch samples and ADC values were compared in all 
regions (at 1-7 hr after occlusion). [Na+] inversely correlated with ADC (r2 =
0.64, p < 0.002). However, no correlation was noted if the data were separated 
by time (t>3.5 hr) or ADC depression.

We conclude that a rapid drop of ADC after ischemia is followed by a slow 
and gradual increase in brain [Na+].

(Support: NIH NS30839)
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558.9
MODULATION OF CALPAIN ACTIVITY IN SITU BY OXIDATION. R.P. 
Guttmann* and G.V.W. Johnson, Dept. Psychiatry, University of Alabam at 
Birmingham, Birmingham, AL 35294.
The calpain system is composed of several key components. These include, the 
calpains, which are a family of calcium-dependent cysteine proteases, the 
calpastatins, the only known endogenous calpain inhibitors and other factors which 
may act as calpain activators. The calpain system is postulated to be involved in 
many physiological processes including cytoskeletal remodelling, as well as some 
pathological conditions including stroke and Alzheimer’s disease (AD). In this 
study the effects of oxidative stress on the calpain system were examined. Human 
neuroblastoma cells, SH-SY-5Y (SH), were differentiated with retinoic acid (RA) 
for 9 days into a neuronal phenotype. Differentiated cells treated with either the 
calcium ionophore, ionomycin or maitotoxin, a voltage- and ligand- gated calcium 
channel agonist, showed a biphasic increase in calpain activity as measured with the 
fluorescent, membrane-permeable calpain substrate, Suc-Leu-Leu-Val-Tyr-AMC 
(Sue). Pretreatment with 20-50gM calpain inhibitor CBZ-Leu-Leu-Tyr-DMK 
(CBZ) resulted in complete inhibition of calcium-dependent activity as measured 
with the fluorescent substrate. Addition of the free-radical generator FotoFenton 1, 
resulted in a dose dependent decrease in calpain activity compared to controls. 
Calpain activity that had been inhibited by FotoFenton 1, was immediately 
recoverable by the addition of membrane permeable antioxidants including, GSH- 
OEt, N-acetyl cysteine or the vitamin E derivative, Trolox. These data suggest that 
calpain activity in situ may be inhibited during oxidative stress, and that the redox 
state of the cell is likely to play an important role in modulating calpain activity. 
Supported by NIH grants NS27538 and AG06569.

558.10
CORRELATION OF HSP70 AND C-FOS M-RNA EXPRESSION WITH REGIONAL 
DEPOLARIZATION DETERMINED BY DIFFUSION MRI FOLLOWING MCA 
OCCLUSION IN RATS, A. Mancuso. N. Derugin. Y. Ono. K. Hara. S.F. Chen*, FjL 
Sharp. P.R.Weinstein, Depts. of Neurosurgery, Neurology and Radiology, VAMC and 
University of California, SF, CA 94121. Immediate early gene (e.g. c-fos) and stress 
gene (e.g. HSP70) transcription is increased during acute focal ischemia in rats. 
Diffusion MRI is sensitive to cellular depolarization that occurs during ischemia and 
spreading depression. We examined the relationship between induction of c-fos and 
HSP70 mRNA. and depolarization as indicated by reductions of the apparent diffusion 
coefficient of water (ADC). Sprague Dawley rats (260-320 gm) were subjected to either 
30 (n = 11) or 60 (n = 7) minutes of permanent middle cerebral artery occlusion. mRNA 
expression was determined with in-situ hybridization. Diffusion-weighted echo-planar 
images were acquired on a 2 T animal imager for a 2-mm slice centered at bregma. 
Occlusion was verified by perfusion imaging with dysprosium contrast. For the 30 
minute group, c-fos mRNA was typically observed in cingulate and frontal cortex 
(10/11); in some rats (4/11) it was observed throughout cortex. All rats exhibited 
transient depolarization in at least some part of cortex; it also often extended into 
cingulate and frontal cortex (6/11). HSP70 mRNA was observed throughout the MCA 
territory in 5 rats but was typically very faint. No HSP70 mRNA was observed in 4 rats. 
The size of the region exhibiting HSP70 mRNA did not correlate with that exhibiting 
permanent ischemic depolarization. For rats subjected to 60 minutes of ischemia, c-fos 
mRNA was observed throughout cortex for most rats (4/7); however, three rats showed 
no c-fos mRNA expression. Transient depolarization was observed in some part of 
cortex in 5 rats. HSP70 mRNA was observed throughout the caudate-putamen in 5 rats 
and was also found in lateral cortex (4/7). The size of the region exhibiting HSP70 
mRNA was approximately equal to that with a significant ADC change. Two rats 
showed large perfusion deficits but no c-fos, HSP70 or ADC changes. The data suggest 
that during ischemia, early c-fos mRNA induction is caused by spreading depression. 
The relationship between HSP70 mRNA induction and depolarization is unclear. This 
work was supported by NINDS (NIH ROI #NS22022-l 1).

558.11
SPATIO-TEMPORAL DYNAMICS OF CBF AND METABOLISM IN TRANSIENT 
FOCAL BRAIN ISCHEMIA DETERMINED BY SEQUENTIAL EXPERIMENTAL 
PET R. Graf*. J, Lbttgen. E. Kumura. K, Ohta. K. Wienhard. W.-D. Heiss. MPI fur 
neurologische Forschung, Gleueler Str. 50, D-50931 Koln, Germany.

The temporal evolution of regional dysfunction in transient focal ischemia, with 
special emphasis on postischemic hyperperfusion, was studied in 16 halothane anes-
thetized cats using voxel based analysis of multiple sequential PET. Cerebral blood 
flow (CBF), oxygen metabolism (CMRCh), and oxygen extraction (OEF )were repeat-
edly measured before and up to 24 hours after 60 min middle cerebral artery (MCA) 
occlusion using 15O tracers (H2O bolus i.v. injection and O2 inhalation) on a 
CTI/Siemens ECAT EXACT HR PET scanner. PET results were compared to final 
histopathological outcome. - In all animals, CBF decreased in the ischemic territory 
below 45% of preischemic controls. Recirculation was partially successful in 3 cats, 
and hypoperfused regions persisted for the observation period resulting in gross in-
farction. 3 major types of hyperperfusion evolved in the other cats: 1. In 5 cats, hyper-
perfusion covering large parts of the MCA territory persisted throughout the experi-
ment. During ischemia, CBF reduction was severe, and OEF increases were restricted 
to the surrounding of subsequently hyperperfused regions. At the final stage, large 
infarcts were observed. 2. In 6 cats, hyperperfusion was transient and followed by 
hypoperfusion in parts of previously hyperperfused regions. During MCA occlusion, 
CBF reduction was more gradual, and OEF elevations covered not only the surround-
ings but partially also subsequently hyperperfused zones. Infarcts were normally re-
stricted to the centre of hyperperfused regions, or did not develop. 3. In 2 cats, hyper-
perfused regions grew progressively over time. In this type, CBF reduction was also 
more gradual, OEF increases were widely distributed in the ischemic territory, and 
infarcts were small. - Voxel based analysis used to study dynamics of perfusional and 
metabolic patterns following MCA occlusion and recirculation revealed variable spa-
tio-temporal patterns of ischemic and postischemic CBF and metabolism.

558.12
EARLY DETECTION OF FOCAL BRAIN ISCHAEMIA IN THE RAT USING 
ABSOLUTE T2 BY MRI O.H.J. Grohn1 J.M.E. Oja1'2,!. Lukkarinen1, J.A. 
Ulatowski3, R.J. Traystman3, P.C.M. van Zijr and R.A. Kauppinen1* ’A.!. Virtanen 
Inst., Univ. of Kuopio, Finland, 2Dept. of Radiol., 3Dept. of Anaesth. & Crit. Care, 
Johns Hopkins Univ. Med. Sch., Baltimore, USA.

Energy failure associated with cerebral ischaemia can be detected by diffusion 
weighted nuclear magnetic resonance imaging (MRI). In the present work we show 
the occurrence of reduction in absolute T2 in the early phase of ischaemia, which we 
postulate as a marker for lesion age at the very early state.

The intraluminar thread method was used in MCA occlusion of Wistar rats (180 g, 
n=6) under a-chloralose anaesthesia. Rats were transferred into a 9.4T vertical 
magnet and spin echo MRIs with a nominal resolution of 234 pm of 1.5 mm slice 
were acquired (TR =1.5s,TE=20-100ms) to quantify T2 on a pixel by pixel basis. 
Evolution of the trace of a diffusion constant (ADC) was determined interleaved to 
T2 data acquisition. Physiological variables were monitored and maintained during 
experiment. Time

(min)
AADC(*10y m2/s)

Cortex Putamen
AT2 (ms)

Cortex PutamenBoth in the caudate 
putamen and cortex of 
ischaemic hemisphere a 
5% drop of T2 was 
detected at 15 min of the 
insult followed by a further 
reduction by a maximum 
of 10 % by 25 min (Table).
However, at 70 min of ischaemia T2 returned back to the level determined in the 
contralateral hemisphere. ADC dropped by 30-40 % at both 30 and 80 min of 
ischaemia in the both regions analysed. Stroke volume was 149±17 mm3 at 24 hours 
as determined from T2-weighted images.

The initial reduction of T2 after MCA occlusion is interpreted as a mismatch 
between the blood supply and oxygen metabolism resulting in an elevation of blood 
deoxyhaemoglobin fraction.
Supported by Academy of Finland, American Heart Association and NIH.

15
25
35
70
80

-1.8±0.6*-1.9±0.5*
-3.6±1.3*-3.3±0.6*

-0.32±0.05* -0.23±0.05*
+1.7±0.6 +0.6±0.2

-0.44±0.03* -0.20±0.03* 
(* p<0.02, Student’s paired t-test)

PROCESS OUTGROWTH VI

559.1
VASOACTIVE INTESTINAL PEPTIDE ALTERS GENE EXPRESSION IN

Cell Biology, University of Heidelberg, 69120 Heidelberg, Germany.
The synthesis of vasoactive intestinal peptide (VIP) is greatly enhanced after

axonal lesion in the peripheral nervous system. In axotomized sympathetic 
ganglia, VIP is particularly found in those neurons that regenerate readily 
while it is down-regulated after successful re-innervation, suggesting a role for 
this peptide in peripheral nerve regeneration. Furthermore, paracrine effects of 
VIP may be beneficial for lesioned neurons since a dense network of VIP- 
immunoreactive nerve fibers has been demonstrated in sympathetic ganglia one 
week after lesion. We have therefore studied the effects of VIP on rat 
pheochromocytoma (PC 12) cells as an in vfrro-model for sympathetic neuron 
differentiation and regeneration. VIP induces process formation in PC 12 cells 
already 6 hours after addition of the peptide. In order to elucidate possible 
intracellular mechanisms by which VIP exerts its neurotrophic effects we used 
a differential display (DD-PCR) approach to identify those messenger RNAs 
that are regulated by VIP in PC12 cells. Messenger RNA of control cells and of 
those treated with VIP for 6 or 48 hours was isolated and reverse transcribed 
into cDNA. The cDNA was amplified using 80 different primer pairs and 
separated by polyacrylamide gel electrophoresis. Forty differentially expressed 
bands were excised from the gel, re-amplified and identified by direct ‘cycle 
sequencing’. The differential expression was confirmed by RT-PCR and 
Southern hybridization. A database comparison revealed several known 
mRNAs that are induced by VIP. One of those represented the rat VIP mRNA 
itself suggesting that VIP might act through autocrine mechanisms.
Supported by the German Research Foundation (Zi 110/22-3).

559.2
PRIMARY SENSORY NEURONS ARE UNIPOLAR IN THE ABSENCE OF 
NEUROTROPHINS. S.L Lentz*1, C.M. Knudson2, LCHarding1, S.J. Korsmgyer2, 
and W.D. Snider1. ’Dept. of Neurology, CSNSI and 2Dept. of Medicine and 
Pathology, HHMI, Washington Univ., St. Louis, MO, 63110.

Among the most impressive effects of the neurotrophin family of neurotrophic 
factors is the dose-dependent elaboration of axons from explants of peripheral ganglia 
from embryonic vertebrates. The absolute requirement of virtually all classes of 
embryonic peripheral neurons on neurotrophins for survival, however, has made it 
impossible to separate the survival-promoting effects from direct effects neurotrophins 
might have on axon elaboration. Recent advances delineating the involvement of 
BCL2 family members in regulating apoptosis now make it possible to keep 
peripheral neurons alive in the absence of neurotrophins. We have therefore cultured 
dorsal root ganglia neurons from embryonic mice deficient in the apoptosis-promoting 
protein BAX in the absence of neurotrophins. We show here that in striking contrast 
to normal conditions, virtually all sensory neurons cultured from embryonic day 13 
Bax -/- mice are unipolar in the absence of neurotrophins even after seven days in 
culture. The addition of NGF or NT-3 to the culture medium restores the ability of 
sensory neurons from Bax -I- or wild type embryos to elaborate a second axon. The 
rate of axon elongation is also markedly regulated by neurotrophins. In particular, the 
total axon length of neurons from Bax -I- mice in the absence of neurotrophins is only 
20% that of NGF-treated Bax -/- or Bax +/+ neurons after 3 days in vitro. Finally, 
axons of neurons from Bax -I- mice do not fasciculate in the absence of neurotrophins 
despite the fact that they make multiple contacts with neighboring axons. In contrast, 
the addition of NGF rapidly leads to fasciculation in all major axon trunks of cultured 
neurons from Bax -I- or Bax +/+ mice. We conclude that in conditions where sensory 
neurons can survive in the absence of neurotrophins, neurotrophins have marked 
effects on the number of axons, the rate of axon elongation, and the degree of axon 
fasciculation. These results predict that such requirements are present in vivo and that 
if neurons in neurotrophin null mutant mice can be rescued from apoptosis then these 
neurons will be unable to establish normal peripheral and central projections. 
Supported by HHMI and NINDS.
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559.3
PROTEIN METHYLATION IS REQUIRED FOR NEURITE OUTGROWTH. T. R. 
Cimato, M. J. Ettinger and J. M. Aletta*. Departments of Biochemistry and 
Pharmacology and Toxicology, State Univ. of New York at Buffalo, Sch. of Med., 
Buffalo, NY 14214.

Protein methylation in intracellular signaling pathways may be analogous to 
protein phosphorylation as a regulatory mechanism. Surprisingly little is known about 
the regulation of specific protein methylation during growth factor signaling and 
neuronal differentiation. PC 12 cells were used as a model to study the role of protein 
methylation in NGF signaling and neuronal differentiation. Confirmatory evidence 
was obtained in Pl 9 embryonal carcinoma cells. Metabolic labeling of methyl groups 
on cellular proteins, using 3H-(CH3)-L-methionine in the presence of anisomycin, or 
3H-(CH3)-S-adenosylmethionine in vitro were used to determine growth factor effects 
on protein methylation by SDS-PAGE and 2D IEF x SDS-PAGE. NGF elicits 
specific, time-dependent changes in the methylation of 64-60, 55 and 34 kDa proteins. 
EGF and insulin do not elicit the same effects. NGF affects on protein methylation in 
intact cells (increases or decreases) occur within 15 minutes of NGF treatment and are 
independent of changes in specific protein levels, determined by examination of 
newly synthesized proteins by the same detection methods. Similar changes are 
evident in cell free extracts. In addition, inhibition of methylation was achieved by 
the use of DHCA, a specific, mechanism based inhibitor of S-adenosylhomocysteine 
hydrolase, a critical enzyme in the methylation pathway. DHCA treatment results in a 
dose-dependent inhibition of neurite outgrowth in NGF treated PC 12 cells and 
retinoic acid treated P19 cells. The effects of DHCA on PC 12 cell neurite outgrowth 
are rapidly reversible. DHCA does not affect cell growth, or interfere with NGF- 
induced survival in serum-free medium. In addition DHCA does not affect tyrosine 
phosphorylation of Trk, and the rapid NGF-Induced phosphorylation of tyrosine 
hydroxylase. Our results indicate that protein methylation is specifically regulated by 
NGF treatment of PC 12 cells and methylation reactions are required for neurite 
outgrowth in PC12 cells and P19 cells. Supported by USDA 9500773.

559.4
PHOSPHORYLATION OF THE NEURAL CELL ADHESION MOLECULE 
L1 IS INVOLVED IN OLIGOMANNOSIDIC GLYCAN MEDIATED 
INTERACTION WITH NCAM AND NEURITE OUTGROWTH B. Schmitz*. 
L.S. Griffith, M, Schachner, B. Hertlein.T. Traub, and P.C, Heiland Dep. of 
Biochemistry, Inst, of Animal Anatomy and Physiology and Inst, of Genetics, 
Univ. of Bonn,. 53115 Bonn, Germany, Dep. of Neurobiology, ETH Zurich, 
8093 Zurich, Switzerland.

We have previously shown that oligomannosidic glycans carried by L1 
mediate a cis interaction with NCAM and that this L1/NCAM association is 
involved in basal neurite outgrowth from early postnatal cerebellar neurons of 
mouse brains (1).

Extending these earlier studies we investigated signal transduction 
mechanisms elicited by this association. We could show that concomitantly 
with the reduced neurite outgrowth phosphorylation of serine and tyrosine 
residues (2) of L1 is decreased when the L1/NCAM interaction at the cell 
surface was competitively inhibited by oligomannosidic glycopeptides or a 
peptide of the 4th Ig-like domain of NCAM which comprises part of NCAM's 
binding site for carboyhdrates. No effect was observed in the presence of the 
VASE peptide which is also located in the 4th Ig-like domain of NCAM and 
which has been shown to play a role in CAM-induced neurite outgrowth.(3).

These observations suggest that phosphorylation of L1 is one step ih the 
signaling cascade required for neurite outgrowth under the experimental 
conditions used.
(1) Horstkorte et al., (1993), J. Cell Biol. 121:1409
(2) Heiland et al., (1996), NeuroReport 7:2675
(3) Saffel et al., (1997), Neuron 18:231
Supported by the Deutsche Forschungsgemeinschaft (SFB 284/A8)

559.5
LASER INACTIVATION OF pp60c »c INCREASES THE RATE OF NEURITE 
EXTENSION IN CHICK DORSAL ROOT GANGLIA NEURONS Diane 
Hoffman-Kim*. Andrgw .Cbcn. Alian Xu. Ting Feng Wang, Zhen Lu, and Daniel
G. Jay Department of Molecular and Cellular Biology, Harvard University, 
Cambridge, MA 02138.

For a growing axon to form its highly specific connections, it must recognize 
molecular guidance cues in its surrounding environment and translate these signals 
into directional outgrowth. Pharmacological inhibition of protein kinases has 
implicated non-receptor tyrosine kinases such as pp60c-src and p59fYn in the 
regulation of neurite extension, but the nonspecific nature of the inhibitors has 
made it difficult to elucidate the roles of each particular molecule. We have 
examined the roles of pp60c'src and p59fYn in neurite outgrowth through 
microscale chromophore-assisted laser inactivation (micro-CALI) in the growth 
cones of chick dorsal root ganglia (DRG) cultured on laminin substrates. Micro- 
CALI eliminates the function of a protein in an acute and spatially localized 
manner. When a specific protein is bound to a malachite green (MG)-coupled 
antibody, targeted laser light can inactivate the protein’s function, while the 
antibody alone has no inherent effect. MG-labeled antibodies to ppbOc-src or 
p59fYn were loaded into cultured DRG by trituration. Micro-CALI of pp60c’src or 
p59fyn inactivated 85% of their kinase activity in vitro. Immediately following 
laser inactivation of pp60c src, DRG displayed significantly increased rates of 
neurite outgrowth. In contrast, no effect was observed following micro-CALI of 
the related tyrosine kinase p59fyn. In control experiments, laser irradiation of 
neurons loaded with no antibody or with MG-labeled IgG antibody did not affect 
neurite extension. These results suggest that pp60c-src but not p59fYn acts as a 
negative regulator of neurite extension.

Supported by grants from the National Institutes of Health

559.6
RADIXIN FUNCTIONS IN MORPHOLOGY OF DORSAL ROOT 
GANGLIA NEURONAL GROWTH CONES L. Castelo1, E. 
Cordero2, D. G. Jay1* and F. Solomon2 . ’Dept. of Molecular and 
Cellular Biology, Harvard University Biological Laboratories, 
Cambridge, MA 02138; 2Dept. of Biology, Massachusetts Institute of 
Technology, Cambridge, MA 02139

The neuronal growth cone acts as the motile sensory organelle in 
axon guidance. The shape and motility of the growth cone is 
determined by cytoskeletal interactions with the plasma membrane. 
Previous in vitro evidence has suggested that radixin, a member of the 
Ezrin-Radixin-Moesin (ERM) family, may function as a molecular 
linker between the actin cytoskeleton and the plasma membrane. 
Immunocytochemistry shows radixin is present in chick dorsal root 
ganglia (DRG) neuron growth cones where it co-localizes with F-actin. 
Through targeted ablation of radixin in DRGs using micro-scale 
chromophore-assisted laser inactivation (micro-CALI), the in vivo role 
of radixin was explored. DRG neurons were loaded with malachite 
green-conjugated antibodies, anti-radixin (anti-457-3) and anti-ERM 
(anti-220) by trituration and cultured to initiate neurite outgrowth. 
Regions of the growth cone were laser irradiated to locally inactivate 
radixin. Time lapse microscopy revealed that micro-CALI of radixin in 
growth cones results in lamellipodial retraction within irradiated areas 
and dramatic alterations in morphology that lead to growth cone 
splitting. This was not observed for control treatments. These results 
indicate that radixin functions in the generation and maintenance of 
growth cone shape likely through its interaction with the cytoskeleton 
and plasma membrane. This work was supported by a NIH grant.

559.7
NT-4 SECRETED FROM MYOCYTES INDUCED CHEMOTROPIC 
TURNING OF GROWTH CONES OF XENOPUS SPINAL 
NEURONS. K. Hong*. X-h, Wang and M-m. Poo. Dept. of Biol, 
UCSD, La Jolla, CA 92093-0357

Previous studies have demonstrated that a gradient of neurotrophin 
created by repetitive pulse application induces the chemotropic turning 
response of the growth cone in cultures of Xenopus spinal neurons. In order 
to test whether neurotrophins released from a cellular source can induce 
growth cone turning, we have over-expressed neurotrophin-4 (NT-4), by 
injection of NT-4 mRNA into one of the blastomeres of two-cell stage 
Xenopus embryos. Cultures containing spinal neurons and myocytes were 
prepared from injected embryos one-day after injection and 10-16 hr old 
cultures were used for the experiment. Co-injection of GFP mRNA was used 
to help identification of NT-4 over-expressing myocytes by the presence of 
GFP fluorescence in the cultured cells. The turning assays were performed 
by placing two myocytes in front of the growth cone, at an angle of ± 45°C 
and a distance of 50 pm away from the center of the growth cone. When one 
of the two myocytes over-expressing NT-4, a significantly higher percentage 
of growth cones was found to turn towards NT-4 over-expressing myocytes. 
No preferential turning was observed towards control myocytes either 
expressing only GFP or not expressing any exogenous messages. 
Furthermore, bath application of TrkB-IgG, a recombinant protein that binds 
to NT-4, abolished the chemotropic effect of NT-4-expressing myocytes, 
suggesting secreted NT-4 is responsible for the chemotropic action. These 
results indicate that neurotrophin secreted by target cells could serve as a 
chemotropic factor in directing nerve growth. (NIH grant NS 22764)

559.8
ACTIVATION OF ACTIN DEPENDENT REMODELING ALONG SENSORY NERVE 
FIBER SHAFTS BY A LOCALIZED SOURCE OF NERVE GROWTH FACTOR. G. Gallo* 
and P. C. Letourneau. Dept. of Cell Biology and Neuroanatomy, University of 
Minnesota, Minneapolis, MN 55455.

The production of new branches along nerve fiber shafts, independent of the activity 
of the main growth cone, plays a role in the establishment of innervation patters 
during both embryogenesis and regeneration. In situ studies have demonstrated that 
the production of collateral fibers occurs through an initial production of filopodial 
structures along the fiber shaft, which subsequently develop into collateral branches. 
The formation of such collaterals was also shown to depend on target tissue derived 
factors. Similarly, collateral branches are formed by sensory nerve fibers during 
development and in response to lateral denervation, a process which depends on 
endogeneous nerve growth factor (NGF). We have utilized polystyrene beads with 
covalently attached NGF to investigate the ability of embryonic avian dorsal root 
ganglion nerve fiber shafts to respond to a localized source of NGF. Contact of nerve 
fibers with NGF coated beads, but not BSA or cytochrome-C coated beads, resulted in 
the formation of actin rich filopodial structures at the point of contact. Filopodia were 
almost always found in close apposition to the bead surface. Following 3 hr of contact 
with NGF beads, nerve fibers also developed varicosities underneath the beads which 
contained bright actin foci and debundled and/or looped de-tyrosinated microtubules. 
Individual microtubules were also noted to extend into the bead-associated filopodia. 
The formation of filopodia in response to NGF beads was inhibited in a dose dependent 
manner by cytochalasin D at concentrations which do not inhibit bead attachment. 
Block of NGF binding to the p75 receptor using saturating concentrations of blocking 
p75 antibodies or the addition of BDNF did not affect the filopodial response. 
However, the response was abolished by 10 ng/ml background NGF and antibodies to 
the trkA extracellular domain, suggesting a necessary role for the trkA receptor. 
Raising the concentration of NGF from 0.05 to 200 ng/ml resulted in the protrusion 
from fibers of filopodia, some of which were retained for extended periods of time. Our 
results demonstrate that shafts of sensory nerve fibers are capable of responding to 
NGF by exhibiting the initial steps of collateral branch formation.
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559.9
GROWTH CONE CALCIUM WAVES REGULATE NEURITE EXTENSION JN 
VIVO. Timothy M. Gomez* and Nicholas C, Spitzer. Department of Biology and 
Center for Molecular Genetics, UCSD, La Jolla CA 92093.

Growth cones of cultured embryonic Xenopus spinal neurons exhibit spontaneous 
transient elevations of intracellular Ca2+, termed waves. The frequency of Ca2+ waves 
correlates inversely with the rate of neurite extension over a wide range of frequencies. 
Although these growth cone Ca2+ waves are well characterized in vitro, it is not known 
if Ca2+ transients regulate neurite outgrowth or pathfinding in the developing embryo. 
To address this question, we use Fluo-3 and timelapse confocal microscopy to image 
intracellular Ca2+ in growth cones of five neuronal types in the intact Xenopus spinal 
cord.

We find that 45% of growth cones exhibit spontaneous Ca2+ waves in vivo (n=20). 
Further, the frequency of Ca2+ waves is inversely correlated with the rate of neurite 
extension (correlation coefficient= -0.76). Although the average frequency of waves is 
4.6/hr, the distribution of frequencies varies widely among different neuronal types and 
depending on the position of the growth cone along its pathway (range 0/hr - 23.7/hr). 
Neurites extending along the dorsal longitudinal fascicle (presumptive Rohon-Beard 
neurons) exhibit a low frequency of waves (1.2/hr) and elongate rapidly (average rate 
0.85 pm/min, n=5). Neurites extending along the ventral longitudinal fascicle 
(presumptive motoneurons, or descending intemeurons) were not observed to generate 
waves and also elongate rapidly (average rate 0.82 pm/min, n=8). The remaining 
neurites exhibit a high incidence and frequency of growth cone Ca2+ waves (7/7 show 
waves, average freq.=12.4/hr) and migrate correspondingly slowly (average rate 0.14 
pm/min). These growth cones of ascending interneurons, dorsolateral ascending 
intemeurons, and motoneurons are often migrating transversely to join a fascicle. 
Application of BAPTA-AM, a high affinity Ca2+ chelator, to the exposed spinal cord 
suppresses Ca2+ waves in growth cones in vivo (n=9). We are currently determining 
the effect of Ca2+ chelation on growth cone behavior in the spinal cord. Supported by 
NIH NS 10253 (TMG) and NS 15918 (NCS).

559.10
MAPPING THE NEURITE OUTGROWTH PROMOTING DOMAIN(S) OF 
TENASCIN-C: EVIDENCE FOR THE INVOLVEMENT OF DEFINED SIGNAL 
TRANSDUCTION PATHWAYS. A, Faissner, Y, RudharcLand F, Wiaaer. 
Department of Neurobiology, INF 364, University of Heidelberg, D-69120 
Heidelberg, Germany.

The extracellular matrix glycoprotein tenascin-C (TN-C) is transiently ex-
pressed by astrocytes during neural development and upregulated upon le-
sion of both PNS and CNS tissues. The glycoprotein displays a multimodular 
structure with a cysteine rich aminoterminus followed by 141/2 EGF-type re-
peats in mouse and humans, a series of fibronectin type III (FNIII) repeats and 
homologies to fibrinogen-jJ and y at the carboxyterminal end. A variety of in 
vitro studies had suggested that TN-C comprises distinct cell binding sites, 
regions repulsive for neurons and growth cones, and domains involved in the 
control of neuron migration and neurite outgrowth. In order to characterize the 
neurite outgrowth promoting properties further, recombinant TN-C domains 
were expressed in bacteria and scaned for neurite outgrowth stimulation of 
embryonic day 18 rat hippocampal neurons. Best results were obtained with 
the protein TNfnB.D, which comprises FNIII domains located around the distal 
splice site of TN-C. This domain was used as stimulus in a neurite outgrowth 
system established in microtiter plates and designed for the investgation of 
large sample numbers. A systematical pharmacological screen was under-
taken to identify selective signal transduction pathways involved in the neurite 
outgrowth stimulating properties of TN-C. Current results suggest that, in con-
trast to CAMs of the IgSF, TN-C-dependent neurite outgrowth does not in-
volve voltage gated calcium channels. On the other hand, neurite outgrowth 
promotion is blocked by application of the Ca++-chelator BAPTA, which indi-
cates a regulatory role of intracellular Ca++-levels. Current studies aim at the 
identification of pathways implicated in the mobilisation of intracellular Ca++- 
stores in this context. Supported by DFG (SFB 317/A2) and Schilling Stiftung.

559.11
TRANSCRIPTION FACTOR SYNTHESIS IN DENDRITES: A ROLE IN 
NUCLEAR IMPRINTING P,B,CrinQ (D* fcKfrodakhah (2) K,Becker (3) J.EtefWing 
(1.4) Departments of Pharmacology (1), Physiology (2), and Psychiatry (4), Univ of 
Pennsylvania Sch of Med, Philadelphia, PA 19104; (3) National Human Genome 
Research Institute, NIH, Bethesda, MD.

Local translation of dendritic mRNAs in response to neurotrophic factors, suggests 
that some proteins necessary for neuronal development may be synthesized within 
dendrites. We hypothesized that synthesis of transcription factor proteins within 
dendrites would provide a novel and direct signaling pathway between the distal 
dendrite and the nucleus which could modulate expression of genes important for 
neuronal differentiation. Radiolabeled aRNA was used to probe slot blots of 
transcription factor cDNAs and arrayed blots of human zinc finger transcription 
factors. The mRNAs encoding the cAMP response element binding protein (CREB), 
zif268, and one novel putative transcription factor were detected. CREB protein was 
identified immunohistochemically within dendrites and their growth cones using two 
distinct antibodies. The presence of functional CREB protein in dendrites was verified 
by specific binding of a radiolabeled CRE concatamer to CREB in the nucleus, 
dendrites, and growth cones (in situ Southwestern assay). To demonstrate that 
synthesis of CREB protein in dendrites is feasible, a c-myc tagged CREB mRNA 
was transfected into isolated dendrites and the translated fusion protein was visualized 
immunohistochemically. CREB protein in dendrites is not transported from the cell 
body because fluorescently tagged CREB microperfused into the soma did not diffuse 
into the dendrites. CREB protein microperfused into dendrites was rapidly transported 
to the nucleus, its site of action. Transcription factors synthesized in dendrites may 
provide a novel regulatory pathway for factors acting on growing dendrites to directly 
alter gene expression and bypass the integration of phosphorylation dependent signal 
transduction pathways which converge on the nucleus. PBC is a Howard Hughes 
Fellow. Work supported by AG9900 to JE

559.12
ACCUMULATION OF NOS ISOFORMS IN EARLY AXONAL ENDBULBS OF 
TRANSECTED PERIPHERAL NERVES. D.W, Zochodne*. C. Cheng. University of 
Calgary, Calgary, Alberta T2N 4N2

The proximal stumps of transected peripheral nerves define the 
microenvironment for early regenerative sprouting and tissue outgrowth. Within 
48 h following transection, these proximal stumps develop marked rises in local 
blood flow mediated by both CGRP and NO. We studied eNOS and bNOS 
immunohistochemical expression at 48h and 14d in the proximal stumps of rat 
sciatic nerves that were transected at midlevel and had removal of their distal 
portions and branches. At 48h eNOS accumulated in discrete subperineurial 
deposits that appeared as elongated axon-like profiles in longitudinal sections. 
ENOS deposits had double labelling with Nf200 antibody for neurofilaments. 
Within the eNOS profiles Nf 200 label branched into fine intertwining strands. 
Similar, but somewhat less striking deposition and colocalization was observed 
with bNOS. NOS accumulation accompanied similar deposits of CGRP that were 
prominent at the cut tip of the stump and likewise colabelled with Nf. A more 
proximal section of the sciatic nerve, made at the same time as the nerve 
transection, completely eliminated the accumulation of eNOS, bNOS, and CGRP 
indicating that accumulation in proximal nerve stumps arose from axonal transport 
to the injury site. Accumulation of NOS and CGRP appears to occur in early 
axonal end bulbs of sectioned axons.

We suggest that early axonal end bulbs of transected peripheral nerves form 
an interesting axoplasmic reservoir that includes eNOS, bNOS and CGRP. NOS 
may liberate NO within this injury zone.
(Supported by AHFMR and MDAC).

INVERTEBRATE LEARNING AND BEHAVIOR I

560.1
SYNAPSE-SPECIFIC LONG-TERM FACILITATION AT APLYSIA 
SENSORIMOTOR CONNECTIONS. C.M. Gooch* and GA. Clark. Dept. of 
Bioengineering, Univ. of Utah, Salt Lake City, UT,84112.

Long-term facilitation at Aplysia sensorimotor connections requires protein 
and RNA synthesis. We therefore asked whether LTF, like short-term 
facilitation, can be expressed preferentially at selected connections made by an 
individual presynaptic sensory neuron compared with other synapses of the same 
cell; that is, whether LTF can be synapse-specific. To this end, the facilitatory 
neuromodulator serotonin (5-HT, 5x5 min pulses at 40-50 pM) was selectively 
applied either to the abdominal ganglion (including the LE sensory neuron cell 
body and connections onto central siphon motor neurons), or to the distal 
portion of the siphon nerve (including LE synapses onto peripheral motor 
neurons, located 2-5 cm from the sensory neuron cell body). As a control, 
artificial seawater (ASW) was applied to some preparations instead of 5-HT. 
Intracellular recording from individual sensory neurons and a central and 
peripheral motor neuron before and 26 hours after treatment showed that LTF 
was expressed preferentially at connections that had been directly treated with 
5-HT, compared with synapses made by the same sensory neuron that had not 
been directly treated (p < 0.005). Further, facilitation at a particular synapse 
was greater after direct 5-HT applications than after 5-HT applications 
elsewhere on the sensory neuron (p < 0.05 for either central or peripheral 
connections), which produced no reliable LTF at untreated synapses relative to 
day 1 baselines or to ASW controls (all p’s > 0.05). Thus, despite its 
dependence on potentially somatic processes such as protein and RNA synthesis, 
LTF may be expressed preferentially at a subset of the connections made by a 
single neuron, and under some circumstances can occur in the apparent absence 
of cell-wide facilitation.

Supported by NSF IBN-9514619 and the Whitaker Foundation, Univ. of Utah.

560.2
THE NMDA RECEPTOR ANTAGONIST DL-APV DISRUPTS DIFFERENTIAL 
CONDITIONING-RELATED ENHANCEMENT OF SENSORIMOTOR 
SYNAPSES IN APLYSIA. G, G. Murphy* and D. L. Glanzman, Graduate Program 
in Neuroscience and Dept. Physiological Science, UCLA, Los Angeles, CA 90095.

The enhancement of Aplysia sensorimotor synapses which results from 
training with paired CS-US stimulation in a cellular analog of classical conditioning 
is blocked by the presence of the Ca2+ chelator BAPTA in the postsynaptic motor 
neuron (Murphy & Glanzman, PNAS 93: 9931, 1996). In addition, associative 
synaptic enhancement due to paired training is significantly disrupted by the NMDA 
receptor antagonist dl -APV, whereas nonassociative synaptic enhancement due to 
unpaired training is not (Murphy & Glanzman, Soc. Neurosci. Abstr. 22: 10, 
1996). We have now examined the effects of DL-APV in a cellular analog of 
differential classical conditioning. A siphon motor neuron and two sensory neurons, 
both of which were presynaptically connected to the motor neuron, were impaled with 
intracellular microelectrodes. One synapse received 5 paired presentations of the CS 
(0.5-s, 25-Hz train of action potentials) and US (1.0-s train of 25-Hz stimulation of 
the pedal nerves) during training, whereas the other synapse received only the US. 
The experiments were carried out in the presence or absence of dl -APV (100 pM). 
Training in normal artificial seawater (ASW) produced significant differential 
enhancement of the sensorimotor EPSP (mean difference = 121%, n = 12; P < 0.05, 
paired t test). Training in ASW with dl -APV did not result in differential 
enhancement (mean difference = 33%, n = 10; P > 0.07, paired t test). Furthermore, 
dl -APV significantly reduced the post-training EPSPs for synapses which received 
paired stimulation (P < 0.03, unpaired t test), but did not reduce the post-training 
EPSPs for synapses which received US-alone stimulation (P > 0.6). These results 
further support the hypothesis that classical conditioning of Aplysia's siphon- 
withdrawal reflex is mediated, in part, by NMDA-type LTP of sensorimotor synapses. 
Supported by NSF, NIH, NIMH, and the State of California.
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560.3
POSTSYNAPTIC PKA REGULATES SYNAPTIC GAIN AND 
REVEALS A RETROGRADE SIGNALING MECHANISM AT THE 
DROSOPHILA NMJ. Graeme W. Davis* and Corey S, Goodman,

PKA has been implicated in the synaptic basis of learning and memory 
in systems as diverse as Drosophila, Aplysia and mouse. At the 
Drosophila NMJ, PKA activity can be selectively modulated in the pre- or 
postsynaptic cell by over-expression of either a PKA regulatory subunit 
(decreases PKA activity), or a constitutively active isoform of the catalytic 
subunit (increases PKA activity), using the UAS-Gal4 expression system. 
Decreased postsynaptic PKA activity causes a significant increase in 
quantal size, while increased postsynaptic PKA activity significantly 
decreases quantal size. Heat shock experiments, inhibiting postsynaptic 
PKA, demonstrate that increases in quantal size can be achieved over 
the course of 2-3 hours. Significantly, the synapse compensates for 
these postsynaptic changes in quantal size by changing presynaptic 
transmitter release. Increased quantal size is accompanied by a decrease 
in both quantal Content and the rate of spontaneous release, while 
decreased quantal size is accompanied by both an increase in quantal 
content and spontaneous release. Thus, a retrograde signaling system 
exists at this synapse to maintain appropriate postsynaptic depolarization 
(EPSP amplitude). Both presynaptic structure and function appear to be 
altered since an increase in bouton number is associated with synapses 
that have an increase in quantal content. We hypothesize that dynamic 
changes in postsynaptic PKA regulate synaptic gain by phosphorylation 
of postsynaptic glutamate receptors. Further experiments, examining 
pre- and postsynaptic PKA activity in the learning mutant dnc, will also be 
discussed. Supported by ACS grant #PF4148 to GWD and NIH grant # 
HD21294 to CSG.

560.4
GENETIC ANALYSIS OF GLUTAMATE RECEPTORS IN 
DROSOPHILA REVEALS A REGULATORY MECHANISM 
CONTROLLING PRESYNAPTIC TRANSMITTER RELEASE
S.A. Petersen, A. DiAntonio. E.Y.Isacoff* and C.S. Goodman, 
Dept. of Mol. Cell. Biol., U.C. Berkeley, CA 94720

We are using genetic analysis to study synaptic development and 
plasticity at the glutamatergic neuromuscular junction in Drosophila.
A glutamate receptor subunit, DGluRII (here called DGluRIIA), was 
shown previously to be expressed only by muscle. We have cloned a 
second muscle-specific glutamate receptor (DGluRIIB) which is 43% 
identical to DGluRIIA and immediately adjacent to it in the genome. 
We have generated mutants that eliminate either receptor alone or both 
together, and transgenic strains in which the expression of either gene 
is increased. Over-expression of either receptor results in larger 
miniature excitatory post-synaptic potentials (minis) demonstrating 
that receptor density can regulate quantal size at this synapse. 
Removal of both GluR's together results in lethality; this double-
mutant can be rescued by transgenic expression of either gene alone, 
showing that either gene is sufficient for viability. Mutant strains in 
which DGluRIIA is missing and DGluRUB is present at reduced 
levels are morphologically and behaviorally normal, even though the 
average mini size is substantially decreased. Interestingly, the 
response of the muscle to nerve stimulation in these mutants is only 
slightly decreased because quantal content is significantly larger than 
in wild-type. These results show that a decrease in postsynaptic 
receptor density leads to an increase in presynaptic transmitter release, 
suggesting that postsynaptic activity controls a retrograde signal. 
[Supported NIH #HD21294 to CSG]

560.5
GENETIC ANALYSIS OF HABITUATION OF A REFLEX IN DROSOPHILA.
Pine Jin*, J, Ktenz, R. Phillis and R.K. Mwphgy, Neuroscience and Behavior 
Program, University of Massachusetts, Amherst, MA 01003.

In order to understand the molecular mechanisms of neural plasticity, we have 
undertaken a genetic analysis of habituation in Drosophila. A "resistance" reflex 
controlling the tibio-femoral joint angle was identified using electromyogram recording 
from the tibial extensor muscle. The muscle was innervated by a fast and a slow motor 
neuron, and typically only the slow motor neuron was activated by the reflex. In order to 
identify the sensory neurons underlying the reflex, we targeted expression of tetanus 
toxin to a subset of sensory neurons in the femoral chodotonal organ using the P[Gal4] 
insertions and showed that this blocked the reflex. Upon repetitive stimulation, the 
strength of the response decreased. This response decrement conformed to the 
parametric characteristics of habituation: it decayed exponentially, it was stimulus 
amplitude dependent and it could be dishabituated.

The mutation midline uncoordinated (muc) was discovered as a behavioral mutant 
using a screen for tactile stimuli. The muc flies responded poorly in the behavioral 
assay and they acted as though they habituated to the stimulus. We tested the 
"resistance" reflex in the muc mutants and showed that the mutant flies expressed 
faster than normal habituation. The muc mutation was caused by the insertion of a P 
element in an intron of a gene that affects mitochondrial function. This suggested that 
normal function of mitochondria is essential for neural plasticity. We are also using the 
P[Gal4] insertions to selectively modulate second messengers in the sensory neurons 
and study the regulation of habituation. Supported by NSF grant IBN 9514701 and 
NIH grant NS 15571 to R.K. Murphey.

560.6
INTEGRIN-DEPENDENT SHORT-TERM MEMORY IN DROSOPHILA.
M.S. GrotewieP. K.H, Wua, X-R..Zhua, C.P.Q. Beck3*, A, Prokoph, K. 
Broadiec and R.L. Davis3. aDept. of Cell Biology, Baylor College of 
Medicine, Houston, TX 77030; bDept. of Zoology, Univ. of Cambridge, 
UK CB2 3EJ; cDept. of Biology, Univ. of Utah, Salt Lake City, UT 84112.

A new conditioning mutant, Volado, was isolated in an enhancer- 
detector screen to identify genes expressed preferentially in Drosophila 
mushroom body neurons. The volado gene encodes two variants of a novel 
alpha-integrin. Reporter gene expression, RNA in situ hybridization 
and immunohistochemical studies demonstrate that volado is expressed 
preferentially in mushroom body neurons. Interestingly, the volado 
antigen localizes to mushroom body axon terminals in the adult as well 
as synaptic boutons at the larval neuromuscular junction, suggesting a role 
for the integrin in synapse function. Multiple lesions in the volado gene 
lead to performance deficits in negatively-conditioned olfactory 
learning. The memory defects are seen soon after training, including 
impairments at 3 and 15 minutes. Brain morphology, as visualized by 
tissue stains and multiple mushroom body antisera markers, is normal in 
the mutants. Thus, mutation of the volado locus does not perturb overall 
brain or mushroom body structure. Collectively, these data demonstrate 
that the volado integrin functions in learning and memory. We 
hypothesize that the formation of short-term memory may employ 
synaptic rearrangements like long-term memory, but through an integrin- 
dependent, protein synthesis-independent, mechanism. (Supported by 
NIH grant NS19904.)

560.7
THE ROLE OF THE DROSOPHILA 14-3-3 PROTEIN LEONARDO, IN 
LEARNING AND SYNAPTIC FUNCTION. E. M, C. Skoulakis. C. E. R 
Hall. K. Broadiet. E, Rustont. and R. L. Davis*. Dept of Cell Biology Baylor 
College of Medicine, 1 Baylor Plaza, Houston TX 77030; Dept. of Biologyt, 
University of Utah, Salt Lake City UT 84112.

The 14-3-3 proteins are small acidic cytosolic proteins abundant in the 
nervous system, but without a well established physiological function. 
Putative functions assigned to these proteins include regulation of exocytosis, 
and activity modulation of the kinases PKC, Raf and Bcr. The Drosophila 14- 
3-3£ gene (Leonardo) is expressed preferentially in mushroom bodies, neural 
centers for insect learning and memory. Lesions in leonardo that significantly 
decrease the level of the protein in the mushroom bodies precipitate deficits in 
negatively reinforced olfactory learning. The mutations do not affect peripheral 
sensory modalities requisite for the association of the stimuli, or brain 
neuroanatomy. These results establish a role for the 14-3-3 proteins in learning 
and memory processes. The deficit in behavioral plasticity is consistent with 
die role of Leonardo in neuroplasticity at the neuromuscular junction. Leonardo 
is expressed presynaptically and is essential for synaptic function such as basal 
transmission, and during high synaptic output, signal amplitude, fidelity and 
fatigue resistance. Moreover, the protein is essential for synaptic plasticity 
evidenced by disruption of synaptic facilitation and post-tetanic potentiation in 
loss of function mutants. The neuronal role of 14-3-3 proteins is being 
investigated by identification and characterization of proteins that may interact 
with, and participate along with Leonardo in novel signal transduction pathways 
mediating behavioral modulation and neuroplasticity.
(Supported by NIH grant NS 19904)

560.8
MOLECULAR GENETICS OF NALYOT#: A MUTATION IN ADF-1 WHICH 
DISRUPTS OLFACTORY LEARNING IN DROSOPHILA. J. DeZazzo. M, 
DelVecchio, K. Velinzon and T. Tully*. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY 11724.

Drosophila offers a powerful system with which to identify genes 
involved with learning or memory and to dissect this complex process into 
distinct biochemical, cellular, physiological and behavioral functions. From 
a behavioral screen of over 2000 P-transposon strains, four new mutants 
have been identified: latheo, linotte, golovan and nalyot.

A detailed analysis of nalyot (nal) is the focus here. In a Pavlovian 
olfactory learning assay, nal flies show defective performance, but normal 
US and CS perception, indicating a specific disruption of associative 
learning. Molecular analysis of the nal genomic region reveals a lesion of 
the adf-1 gene, a previously cloned transcription factor. As quantified in 
northern and western blotting experiments, adf-1 RNA and protein are 
greatly reduced in the heads of nal flies.

Subsequent genetic and molecular investigations of nal have provided 
conclusive evidence that adf-1 is an essential gene, hypomorphic 
mutations in which are responsible for the adult behavioral defect. 
Immunocytochemical and behavioral studies are underway to address the 
role of adf-1 in modulating adult plasticity.

# named for one of Pavlov's dogs
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560.9
MOLECULAR BASIS OF A LEARNING DEFECT IN DROSOPHILA 
NF1 MUTANTS. H. F, Guo* and Y. Zhong. Cold Spring Harbor 
Laboratory, P. O. Box 100, Cold Spring Harbor, NY 11724.

Neurofibromatosis 1 (NF1) is one of the most common human 
neurogenetic disorders characterized by neurofibromas as well as 
learning and memory deficits. The NF1 protein is a GTPase-activating 
protein (GAP), specifically inhibiting activity of the small G-protein 
Ras. The Drosophila NF1 protein is 60% identical to its human 
counterpart. Our study of neuropeptide transmission at the Drosophila 
larval neuromuscular junction has revealed that G-protein-dependent 
activation of rutabaga-encoded adenylyl cyclase (rut-AC) by the 
neuropeptide PACAP38 requires the presence of NF1. Since mutations 
in rut-AC cause learning and memory defects in Drosophila, and the 
cAMP pathway is important for learning and memory of both 
invertebrates and vertebrates, this result indicates that Drosophila may be 
a good model for studying molecular basis of NF1 behavioral deficits. 
Here we report that electric shock-coupled olfactory classic 
conditioning is severely disrupted in NF1 mutants. The initial learning 
score is 26±3.4 (performance index, mean±SM) compared to 85±4.6 in 
wild type control flies. Olfactory acuity and shock reactivity (controls) 
are normal in NF1 mutants. We will discuss our efforts to rescue the 
NF1 learning defect by genetic and pharmacological manipulations.

560.10

NOVEL BIOGENIC AMINE RECEPTORS PREFERENTIALLY 
EXPRESSED IN MUSHROOM BODIES OF DROSOPHILA 
MELANOGASTER,. K.-A. Han*, N. S. Millar§ and R, L. Davis, 
Department of Cell Biology, Baylor College of Medicine, One Baylor 
Plaza, Houston, TX 77030, §Department of Pharmacology, University 
College London, Gower Street, London WCIE 6BT, UK.

The cAMP signal transduction pathway plays an important role in 
mediating associative learning in Drosophila. The modulatory 
neurotransmitters that initiate this process underlying olfactory 
conditioning have remained unknown. To identify molecules that may 
perform this role, several putative biogenic amine receptors were cloned 
using the polymerase chain reaction and single-strand conformation 
polymorphism analysis. Sequence analysis identified five new receptor 
types, four of which represented putative biogenic amine receptors. In 
situ hybridization analyses revealed that two of these receptors, DAMB 
and OAMB, were highly enriched in fly heads and preferentially 
expressed in mushroom bodies, crucial neuroanatomical sites for 
olfactory conditioning. DAMB was identified as a dopamine receptor by 
pharmacological characterization and produced cAMP accumulation. 
Furthermore, a putative octopamine receptor OAMB stimulated increases 
in both cAMP and intracellular calcium levels. Immunohistochemical 
analysis revealed that both DAMB and OAMB were preferentially 
localized in the mushroom body neuropil, the site of preferred expression 
of the rutabaga (W)-encoded adenylyl cyclase. The spatial co-expression 
of these receptors and the learning/memory gene rut along with their 
capacity to mediate increases in cAMP makes these receptors attractive 
candidates for initiating biochemical cascades leading to associative 
learning. Supported by HFSP and NIH 19904.

GENESIS OF NEURONS AND GLIA: PRECURSOR CELLS

561.1
IDENTIFICATION AND ENRICHMENT OF FOREBRAIN NEURONAL 
PRECURSOR CELLS, BY FLUORESCENCE-ACTIVATED SORTING OF 
VENTRICULAR ZONE CELLS TRANSFECTED WITH GFP DRIVEN BY THE 
Tai TUBULIN PROMOTER ^WangLJL.Wu, J. Jiang, S.A. Goldman Dept. 
Neurology and Neuroscience, Cornell Univ. Medical Col., NY, NY, 10021.

Neuronal precursor cells are widespread in the forebrain ventricular zone (VZ), 
and may provide a cellular substrate for brain repair. Current approaches towards 
their use have focused upon preparing clonal lines derived from single progenitors. 
However, such propagated lines can become less representative of their parental 
precursors with time and passage in vitro. To circumvent this problem, we devised a 
strategy for enriching native precursors and their neuronal daughters, by fluorescence- 
activated sorting (FACS) of VZ cells transfected with green fluorescent protein 
(GFP), driven by the neuronal Tai tubulin promoter (Gloster et al, J. Neurosci. 
14:7319-30, 1994). We first established that the Tai promoter was expressed in 
neuronal progenitors; forebrain VZ cells taken from embryonic chicks (E6) and rats 
(E14) expressed Tai\lacZ within 6 hrs of incorporating 3H-thymidine in vitro. These 
Tal:/<7cZ73H-thyinidine+ cells were neuronally-specified: They expressed the 
neuronal RNA-b'nding protein Hu, and the neuronal pill tubulin recognized by MAb 
TuJl. On this basis, we made plasmids containing red-shifted forms of GFP under 
the control of the Tai promoter, and transfected the Tal:GFP into cultured 
telencephalic vesicle cells. FACS yielded a >5-fold enrichment of the E14 rat nestin+ 
cell population (10 to 54%), and similarly, a substantial increase in the proportion of 
Hu7TuJl+ neurons (from 21% to 60%) in E6 chick brain cultures after 4 days in 
vitro. Thus, fluorescent transgenes under the control of phenotype-specific promoters 
may permit the identification and enrichment of defined progenitor cells of the CNS.

We thank F. Miller for the Tai promoter, H. Fumeaux for anti-Hu, and A. 
Frankfurter for TuJ 1. Supported by NINDS NS331O6 and NS29813, the Mathers 
Charitable Foundation, the Lookout Foundation, and the Hirschl Trust.

561.2
INSULIN ACTS AS A SURVIVAL FACTOR FOR PLURIPOTENT 
CNS PRECURSORS S.P. Zurcher1* and H.I. Komblum1’2. Depts. 
Molecular and Medical Pharmacology^ and Pediatrics^ UCLA, LA, CA 90095

CNS stem cells are capable of self-renewal and subsequent differentiation into 
neurons, astrocytes and oligodendrocytes. Previously, it has been shown that 
stem (precursor) cells from the striatum of embryonic and adult CNS divide in 
the presence of EGF (and related factors) and FGF. However, it has not been 
determined whether FGF or TGFa are required for the survival of these CNS 
precursor cells. Additionally, the specific factors in the growth media that may 
regulate the survival and proliferation of stem cells have not been studied. 
Therefore, in the present study, we examined the effect of B-27 (Gibco), 
insulin/transferrin and insulin supplemented media on the survival of the CNS 
precursor cells. These cells were generated from rat (El7-19) embryonic 
striatum and cortex and were plated in either DMEM/F12 alone or supplemented 
with B-27, Insulin or Insulin/transferrin for several weeks at which time an 
aliquot of cells was taken to assess cell viability (Syto-13) and the remainder of 
the cells were exposed to TGFa. Cellular proliferation was examined after 
several more weeks by assessing BrdU incorporation. At the termination of the 
experiment cells were plated onto poly-L-lysine substrate to assess 
differentiation potential. Cultures grown in the presence of B-27, insulin- 
transferrin, or insulin alone resulted in either little or no obvious stem cell 
proliferation, as judged by the absence of floating spheres. However, upon the 
addition of TGFa after several weeks, robust spheres were generated which were 
capable of subsequent differentiation into neurons, astrocytes and 
oligodendrocytes. Cultures grown in the absence of all supplements did not 
generate any spheres of precursor cells, even after the addition of TGFa. These 
results indicate: 1. TGFa or FGF are not required for the survival of 
pluripotent stem cells in vitro. 2. Insulin supports the survival of CNS stem 
cells. 3. Insulin is probably the active supplement in B-27 media that is 
responsible for the survival of CNS stem cells These studies were funded byNIH 
grant NS01837, The Hereditary Disease Foundation, and the Dana Foundation.

561.3
MITOGENIC AND ANTIMITOGENIC FACTORS REGULATE 
CEREBELLAR NEURON PROGENITOR PROLIFERATION 
R.F, Bulleit^H, Cui. and L. Shanklin Department of Pharmacology, 
University of Maryland Sch. of Med., Baltimore, MD 21201.

Mammalian neurogenesis involves a coordinated regulation of cell 
proliferation and terminal differentiation. Proliferating neuronal progenitors 
must at some point during development permanently withdraw from the 
cell cycle and begin terminal differentiation. Although there is a great deal 
of information on how growth factors can stimulate cell proliferation, 
much less information is available on the signals that arrest cell 
proliferation and allow the initiation of the final differentiation process. 
Recent experiments have shown that depolarizing neurotransmitters may 
direct cortical progenitors to stop proliferating. This report presents data 
showing that KC1 (25-50 mM), glutamate (50 pM) and retinoic acid (10 
nM) can reduce proliferation of cerebellar granule neuron progenitors in 
vitro. In these experiments we used both purified cultures of postnatal 
cerebellar granule cells and slice preparations from the postnatal 
cerebellum. We also observed that these antimitogenic factors antagonize 
the mitogenic action of IGF-I on granule cells. This antagonism may 
result from alterations in the level of cell cycle regulatory proteins required 
for progression through the cell cycle. We are presently evaluating 
whether antimitogens effect the level of particular regulatory protein 
including the cyclins or cyclin dependent kinase inhibitors, (supported by 
Bressler Res. Fund, UMAB)

561.4
Instructive and survival effects of neurotrophic factors on 
CNS precursor cells. M.B. Lachvankar, P.J. Condon, P.J. 
Quesenberrv, N.S. Litofskv, L.P. Recht and A.H, Ross*.
Worcester Foundation for Biomedical Research, Shrewsbury, 
MA 01545 and University of Massachusetts Medical Center, 
Worcester, MA 01655.

EGF-derived murine neurosphere ( NS ) cells 
provide an excellent model to study early events in differentiation 
of multipotential cells along divergent neural phenotypes. We 
have shown that striatal NS cells differentiate along neuronal 
lineages in the presence of neurotrophic factors and apropriate 
substratum. In order to further study the mechanism of 
neurotrophin mediated differentiation, we exploited the fact that 
within first 48 hrs of EGF deprivation, NS cells stop proliferating 
and about half the cells undergo apoptosis. After zero, one or 
two days of EGF deprivation, treatment with NGF or BDNF but 
not with NT-3 for.7 days led to formation of neurons. Thus NGF 
and BDNF act as instructive factors while NT-3 is a survival 
factor for neuronal differentiation of NS cell. The differentiated 
neuronal cells also expressed various neurotransmitters. These 
studies indicate that differential actions of neurotrophins may be 
responsible for generation of variety of neural cells during 
development and injury.
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561.5
CHARACTERIZATION OF EGF-RESPONSIVE CELLS IN THE 
MAMMALIAN RETINA AS STEM CELLS. I, Ahmad* and C.M. 
Dooley. Dept. of Cell Biology and Anatomy, University of Nebraska 
Medical Center, Omaha, NE 68198.

It is thought that CNS progenitor cells are derived from a 
population of ancestral neuroectodermal cells that are not only 
multipotential but also possess the capacity to self-renew. These cells, 
therefore demonstrate properties of stem cells. In order to identify, 
isolate and characterize a stem cell population in the mammalian retina 
we are analyzing EGF-responsive proliferating cells (Ahmad, ARVO 
Abst. S225, 1997). EGF-responsive proliferating cells are obtained by 
treating embryonic day 18 retinal cells with 20ng/ml of EGF in 
dissociated cell culture. By 6 days in culture the EGF-responsive cells 
form floating aggregates called neurospheres. Cells in the neurospheres 
can be clonally expanded after dissociation into single cells and 
maintained for more than four weeks. The majority of the cells in 
primary and secondary neurospheres are proliferating; they incorporate 
BrdU and express nestin, an intermediate filament protein characteristic 
of CNS precursors. Few cells are observed in neurospheres that 
express p-tubulin and GFAP. Preliminary results suggest that 
withdrawal of EGF promotes differentiation as the proportion cells 
expressing neuronal and glial markers appears to increase. Clonal 
expansion of the cells in the neurospheres and the presence of BrdU+, 
Nestin+ cells suggest that EGF-responsive retinal cells are putative 
stem cells. A detailed analysis of multipotentiality of these cells is 
currently underway. Supported by UNMC Seed Grant and NIH 
EY10313

561.6
The effect of plating density on the development of neurones from rat EGF 
responsive neural precursors R.J.E Armstrong, C.M.Rice, P.Tvers, P.Hom*,
C.N Svendsen and A.E.Rosser. MRC Cambridge Centre for Brain Repair, 
University of Cambridge U.K.

When embryonic neural precursors, expanded with EGF, are allowed to 
spontaneously differentiate only around 1% of surviving cells display a neuronal 
phenotype. This limits the potential of such expanded cell populations to serve as 
an alternative source of tissue for neuronal replacement strategies. We have 
examined the effect of plating density on the differentiation and survival of 
neurons derived from these cells. Precursors were isolated from the striatal 
eminences of E16 rat embryos and cultured in serum-free, EGF supplemented, 
conditions and were passaged every 7d. At 14d, cells were dissociated to a single 
cell suspension and 25k, 50k, 100k or 200k of viable cells were plated onto poly-L- 
lysine coated coverslips, in the absence of the mitogen. At either 4d, 7d, 14d or 
18d post plating they were fixed and examined immunocytochemically for the 
expression of various phenotypic markers.

Total cell survival was not proportional to initial plating density, with no 
significant increase in total cell survival between the 100k and 200k conditions. 
However, the proportion of cells expressing the neuronal marker B-tubulin, was 2- 
3 times greater in the higher density conditions. This effect was seen only at 14d 
and 18d post plating. It is possible that further division of progenitors and their 
neuronal differentiation may have occurred following removal of the mitogen. This 
hypothesis is supported by preliminary observations that BrdU incorporation (when 
added 7d post plating) was seen only in the high density cultures. Neurons 
developing in high density conditions had a significantly larger soma area, 
however no differences in neuronal phenotype were seen between the conditions, 
with the vast majority being GABAergic.
Supported by the Medical Research Council, UK.

561.7
EGF RESPONSIVE PRECURSOR CELLS CANNOT BE ISOLATED 
FROM PRIMARY E14 RAT STRIATUM. C N. Svendsen*. M.G, ter 
Borg. P, Tvers. M.A. Caldwell and A. E. Rosser, Cambridge Centre for 
Brain Repair, Cambridge, UK.

Both EGF and FGF-2 responsive cells are known to exist in both the 
developing and adult mouse striatum. Recently similar cells have been 
isolated from rat and human striatal tissue. It has been suggested that 
whereas FGF-2 stimulates the division of both E12 and El 7 cells from the 
mouse cerebrum, EGF only stimulates the division of E17 cell and that 
these cells are restricted to a glial lineage (Kilpatrick and Bartlett, 1995, J. 
Neurosci, 15, p3635). However, no systematic study has yet been reported 
where the effects of the two factors on cell proliferation within the 
developing rat striatum at different gestational ages have been compared. 
Using the MTT cell survival assay, direct cell counts, and thymidine 
incorporation, we have found that cells from the E14 rat striatum do not 
divide in response to EGF, In fact there is a significant reduction in cell 
division compared to control cultures which received no growth factor. In 
contrast FGF-2 has a strong mitogenic effect at this age which can be 
significantly enhanced by heparin. Interestingly, although EGF alone has 
no effecton E14 rat striatum, in combination with FGF-2 there is a strong 
synergistic effecton cell proliferation which only occurs after 6 days in vitro. 
At El 8 EGF is a more powerful mitogen than FGF-2 and differentiation 
studies suggest that the majority of these cells are astrocyte precursors. We 
conclude that the EGF responsive cell arises late in development of the rat 
striatum and has a high probability of giving rise to astrocytes.
This work was supported by the Wellcome Trust and MRC.

561.8
CHARACTERISATION OF EGF AND FGF-2
RESPONSIVE CNS PRECURSOR CELLS
F. Ciccolini, H. Bading* and C, Svendsen
MRC Cambridge Centre for Brain Repair, Forvie Site, Robinson Way, 
Cambridge CB2 2PY; MRC Laboratory of Molecular Biology, Hills 
Road, Cambridge CB2 2QH, England

EGF and FGF-2 can act as mitogens in vitro on cells isolated from the 
mammalian embryonic brain. However, the EGF and FGF-2 responsive 
cells have not been characterised at the single cell level. Since it is 
well established that stimulation of EGF and FGF-2 receptors leads to 
phosphorylation of the transcription factor CREB in many different 
mammalian cell types, we have used a phosphoCREB-specific 
antibody as a marker to detect EGF and FGF-2 responsive cells in 
immunostaining experiments. Cells derived from E14 mouse embryonic 
striatum were analysed after one or six days of in vitro culturing. We 
found that, in one and six days old cultures, a fraction of the cell 
population showed nuclear phosphoCREB-immunoreactivity upon 
FGF-2 stimulation. In 6 days old cultures, a robust increase in 
phophoCREB positive cells was also detected using EGF. The EGF and 
FGF-2 responsive subpopulations appear to be distinct and are being 
further analysed in double immunostaining experiments using 
antibodies specific for nestin, and for neuronal and glial marker 
proteins.
This work was supported by the European Community, 
Glaxo/Wellcome, and the MRC.

561.9
EGF and bFGF: two different mitogenic factors for the same adult 
mammalian CNS stem cell type. A.Gritti, P, Frolichsthal, M. Ferrario, R. 
Galli, E.A. Parati*, L.Cova and A.L.Vescovi. Neuropharmacology, National 
Neurological Institute "C.Besta", Milan, Italy.

We have investigated the lineage relationship between EGF-responsive 
stem cells from the subependymal layer (SEL) of the adult mammalian 
forebrain (Morshead et al., Neuron 1994, 13:1071) and the bFGF- 
responsive stem cells that we isolated from the adult mouse striatum (Gritti 
et al., J. Neurosci. 1996, 16:1091). Both stem cell types are located in the 
SEL of the lateral ventricles, since clones of bFGF- and EGF-responsive 
cells were generated in vitro only when the SEL was included in prymary 
dissected tissue. Using RT-PCR and immunocytochemical assay we found 
that both primary adult SEL cells and serially passaged SEL cultures, 
grown in either EGF or bFGF, contained cells co-expressing both the 
receptors for these growth factors (GFs). When stem cells grown in the 
presence of EGF for several passages were exposed to bFGF alone, we 
found that they retained multipotentiality but took up the slow expansion 
rate typical of bFGF-responsive stem cells. Intriguingly, when these 
cultures were switched back to EGF-containing medium, the typical EGF- 
responsive stem cell behaviour was restored. Similarly, when switched to 
EGF-containing medium, cultures established by means of bFGF displayed 
the fast’expansive growth capacity of EGF-responsive cells, but reverted to 
their typical slow expansive behaviour when re-plated in bFGF alone. 
Hence, our data show that EGF- and bFGF-responsive stem cells from the 
SEL of the adult mouse forebrain represent the same CNS stem cell type 
which, in turn, possesses the capacity to modulate its growth 
characteristics depending on the environmental conditions. The redundant 
control that different GFs impart on the growth of CNS stem cells may 
underlie an as yet unidentified mechanism(s) that could regulate cell 
homeostasis in the adult CNS.

561.10
BRAIN MARROW I: AN IN VITRO MODEL OF ADULT 
NEUROGENESIS. V. G. Kukekov. E. D. Lavwell, L. B. Thomas1*. O. 
Suslov, and D, A. Steindler. Depts. Anatomy & Neurobiol., 
Neurosurgery) University of Tennessee, Memphis 38163
We have used a novel culture method that manipulates cell-cell and 

cell-substrate associations to isolate and expand neurospheres (Weiss et 
al., TINS 19:387/96) from the adult mouse brain. Light and electron 
microscopic, immunocytochemical, birthdating, and transplant data 
reveal isolated populations of neurospheres that appear to contain 
nestin-negative precursors. Phase microscopy shows two types of spheres 
in suspension culture. Type I spheres consist of small, phase-dark cells 
that can be nestin+ or nestin-. Phase-bright type II spheres are 
immunopositive for nestin, and, when plated on laminin, can give rise to 
GFAP+ and fi-III tubulin+ cells. Type I and II spheres generated from 
ROSA 26 transgenic mice have x-gal+ cells that, when transplanted to 
the normal adult mouse striatum survive and yield GFAP+ and GFAP- 
cells. Electron microscopy of cultured type I spheres reveals small, dark 
cells surrounding an acellular core, whereas type II cells are larger and 
appear to be more differentiated. BrdU labels large and small, 
concentrically arranged dividing cells that may represent different 
states of maturation. Thus, we believe that the cells of neurospheres 
represent a continuum of developmental stages from a nestin-negative 
state, to a nestin-positive state, and finally to differentiated neurons and 
glia. We suggest that neurospheres represent a unique three-dimensional 
model of developing brain that can be exploited to determine the 
evolution of gene expression involved in the ontogeny of neural cells. 
Supported by NIH/NINDS NS29225.
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561.11

LONG-TERM CULTURE OF HUMAN CNS PRECURSOR CELLS WITH 
MULTILINEAGE POTENTIAL. YB, Lee1*, M.K. Carpenter2 and S.U. Kim1 
’Division of Neurology, University of British Columbia,Vancouver, Canada 
and 2Cytotherapeutics Inc., Providence, RI.

In the mammalian CNS, neurons and glial cells are generated from a small 
number of precursor cells in neural ectoderm. Previous studies have described that 
EGF-responsive CNS precursor cells are present in embryonic and adult murine 
CNS, which are capable of proliferation and generating neurons and glial cells in 
vitro. We wished to examine if CNS precursor cells which could proliferate in 
response to EGF and exhibit multilineage potential, exist in the human CNS. 
Human CNS tissues derived from embryonic brain were dissociated into single 
cells by trypsin treatment and grown in serum free medium containing EGF or 
EGF/bFGF. These cultures were maintained in vitro for more than 6 months with 
monthly subculture. After 4 weeks in culture, there was 2-fold (EGF) and 3-fold 
(EGF/bFGF) increase in cell number over control cultures grown in serum free 
medium alone. After 1-4 passages, small spheres of precursor cells were allowed 
to settle on substrate and grown in serum free medium containing EGF or 
EGF/bFGF for 2-7 days, and studied for their phenotypic expression using cell- 
type specific markers. Four major cell types were identified among the cells 
attached to substrate: nestin+ precursor cells , GFAP+ astrocytes, MAP2+ 
neurons, and 04+ oligodendrocytes. Of these cells, large numbers of nestin+ 
precursor cells and GFAP+ astrocytes were found to proliferate as indicated by 
BrdU uptake. In conclusion, our results indicate that EGF responsive precursor 
cells which are capable of proliferation and differentiation into both neurons and 
glial cells can be isolated from human embryonic CNS tissues.

561.12
EFFECT OF DONOR AGE ON THE RESPONSIVENESS OF 
HIPPOCAMPAL STEM CELLS TO EPIDERMAL GROWTH FACTOR. 
O. A. Roberts, A. K. Shetty, Y. D. Phillips and D. A. Turner*. Neurosurgery and 
Neurobioiogy, Duke University Medical Center, VAMC, Durham, NC, 27710.

CNS stem cells proliferate and form neurospheres in a defined medium containing 
epidermal growth factor (EGF). These cells are of interest because of their potential 
to serve as a source of appropriate cells for transplantation in neurodegenerative 
diseases. The purpose of this study was to determine the effect of donor age on the 
proliferative response of hippocampal stem cells to EGF.

Hippocampi from post-natal day (PND) 3-12 month old Fisher 344 rats were 
dissociated in HBSS and' cultured in DMEM/F12 (3:1), B27 nutrient mixture 
(lml/50ml), and EGF (20ng/ml). Cultures were examined regularly for up to 30 days 
and the number of neurospheres per hippocampus was quantified in all age groups. 
The number of neurospheres in cultures of PND 3 hippocampi was 13.7 ±
1.0/hippocampus (Mean ± SE, n = 4) which was significantly reduced to 5.5 ± 
1,5/hippocampus (n = 4, p < 0.005) in cultures of 3 week old hippocampi. No 
neurospheres were obtained from cultures of 2 month and 12 month old hippocampi. 
However, neurospheres were consistently present from cultures of the anterior sub- 
ventricular zone of 12 month old rats. We hypothesized that by adding EGF in vivo, 
stem cell proliferation would increase thereby enhancing the number of neurospheres 
formed in culture. EGF (200ng in 2pi) was stereotaxically injected into the right 
lateral ventricle of 12 month old rats. A week later, hippocampi and anterior sub 
ventricular zone were cultured as described above. No neurospheres were obtained in 
hippocampal cultures from these rats; however, as expected, neurospheres were 
formed in cultures of the anterior sub-ventricular zone from the same rats.

We conclude from these results that stem cells from the anterior sub-ventricular 
zone remain responsive to EGF up to 12 months. On the other hand, hippocampal 
stem cells significantly decline with age and are no longer responsive to EGF by 2 
months. The age-related decline of hippocampal stem cells observed here implies that 
neonatal or fetal donors would be necessary to prepare neurospheres if EGF- 
responsive hippocampal stem cells are to be used as a source for neural 
transplantation. However, it remains to be seen whether an in vivo infusion of higher 
concentration of EGF or other mitogens (bFGF, TGF-a) would increase the 
production of neurospheres from adult rats. Supported by ROI AG13165, VAMC.

561.13
BRAIN-DERIVED NEUROTROPHIC FACTOR ENHANCES SURVIVAL AND 
DIFFERENTIATION OF NEURONS DERIVED FROM POSTNATAL 
HIPPOCAMPAL STEM CELLS. A.K. Shetty* Y.D. Philips, and D.A. Turner.
Neurosurgery, Neurobioiogy, Duke Univ. Med. Ctr., VAMC, Durham, NC 27710.

Stem cells from different CNS tissues continually divide and form neurospheres in 
vitro in the presence of epidermal growth factor (EGF). When exposed to a substrate, 
stem cells from neurospheres differentiate into neurons and glia. However, precise 
factors which regulate the differentiation of these cells into regionally specific 
phenotypes are not known. We hypothesize that specific neurotrophic factors induce 
differentiation of stem cells from different CNS regions into appropriate phenotypes.

We investigated the differentiation of stem cells derived from neurospheres of the 
postnatal mouse hippocampus in the absence or presence of following trophic factors 
(20ng/ml): brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3) and glial- 
derived neurotrophic factor (GDNF). In the absence of trophic factors, 47% of 
dispersed stem cells differentiated into neurons at 4 days in vitro (DIV) which 
decreased to 21% at 14 DIV. Addition of BDNF (at 3 and 8 DIV) increased the survival 
of neurons to 53% at 14 DIV and also enhanced differentiation of neurons with 
increased dendritic branching. Morphologically, many well differentiated neurons 
resembled hippocampal pyramidal neurons. Labeling experiments with 5’- 
bromodeoxyuridine suggested that the well differentiated neurons were indeed derived 
from stem cells proliferated in EGF containing primary cultures. However, similar 
application of NT-3 and GDNF did not have any of the above effects. Addition of 
BDNF to neurospheres of stem cells obtained from the postnatal striatum, cerebellum, 
and midbrain did not induce such neurons though similar application to cortical 
neurospheres yielded pyramidal-like neurons.

These results demonstrate that BDNF supports survival of differentiated neurons 
derived from hippocampal stem cells and also induces differentiation of some stem 
cells into hippocampal pyramidal neurons. The presence of pyramidal neurons in 
BDNF-treated hippocampal and cortical neurosphere cultures but not in BDNF-treated 
striatal, cerebellar, and midbrain neurosphere cultures suggests that stem cells from 
different regions of the CNS differentiate into regionally specific phenotypes when 
stimulated with an appropriate neurotrophic factor.
Supported by ROI AG13165 and VA Merit Review Award.

561.14

HEPARIN POTENTIATES FGF-2 INDUCED PROLIFERATION OF E14 
RAT MESENCEPHALIC PRECURSORS. M.A. Caldwell*, S.B. Dunnett and 
C.N. Svendsen, MRC Centre for Brain Repair, University of Cambridge, UK.
The interactions between growth factors and the extracellular matrix are critical for 
CNS development. FGF's are typically characterised by their affinity for heparin 
sulfate (HS): a molecule which is generally attached to a protein core, forming a 
HS proteoglycan complex. There is increasing evidence that heparin plays a 
critical role in the regulation of the activity7 of FGF-2 by interacting with it or its 
receptor modifying its stability and functioning.
In this study precursor cells were isolated from the ventral mesencephalon of E14 
rat embryos and cultured in FGF-2 alone or in combination with heparin. Two 
parameters were measured after 7 days in vitro, 1) MTT - an assay for cell survival 
and 2) 3[H] thymidine incorporation - an assay for cell proliferation. Cultures 
grown with FGF-2 alone had an increase in survival of 404% + 99 over control 
levels while those grown in combination with heparin had an increase of 1441% + 
623 using the MTT assay. Using the [HJ thymidine assay cell proliferation with 
FGF-2 was increased to 543% + 107 and 2809% + 156 for FGF-2 plus heparin 
over control values. These results indicate that heparin potentiates cell 
proliferation in combination with FGF-2.
Supported by the Wellcome Trust and MRC.

561.15
HEPARIN-BINDING EPIDERMAL GROWTH FACTOR (HB-EGF) 
INFLUENCES EARLY STAGES OF CEREBELLAR GRANULE CELL 
NEUROGENESIS. L.A, Opanashuk*, C.S. Turbek, K.B. Serooqy, and K.F, 
Hauser. Dept. of Anatomy & Neurobioiogy, Univ. of Kentucky Med. Ctr., 
Lexington, KY 40536.

The precise molecular cues which regulate neuroblast proliferation in the 
cerebellar external germinal layer (EGL) are poorly understood. Epidermal 
growth factor receptor (EGF-R) mRNA is robustly expressed in EGL 
throughout postnatal development raising the possibility that pan 
appropriate ligand may provide mitogenic signals for developing 
neuroblasts. Accordingly, HB-EGF mRNA is expressed in Purkinje cells 
during the period of EGL cell proliferation and maturation. To test the 
hypothesis that HB-EGF provides trophic influence for developing 
cerebellar neuroblasts, EGL cells were isolated from 6-day-old ICR mice 
by Percoll-density centrifugation and panning. Reaggregated cultures were 
treated with 0.05-10.0 ng/ml HB-EGF and pulsed with 2 pCi/ml [3H]- 
thymidine in serum-free media for 18 hours. HB-EGF stimulated a 
significant concentration-dependent elevation in DNA synthesis. Increases 
in thymidine incorporation were abolished by pretreatment with an HB-EGF 
antibody. To determine whether heparin plays a modulatory role in HB- 
EGF activity, either heparin or heparinase were included in the culture 
media. HB-EGF-induced DNA synthesis was attenuated in the presence of 
heparin. Pretreatment of cultures with heparinase diminished HB-EGF 
increases in thymidine incorporation by 40%. Furthermore, tryphostin, an 
EGF-R kinase inhibitor, completely reversed HB-EGF-induced thymidine 
incorporation. Together these findings indicate that HB-EGF regulates 
DNA synthesis through interaction with both heparin sulfate proteoglycans 
and the EGF-R. These observations, strengthen the notion that Purkinje 
cells play a direct mitogenic role in granule cell neurogenesis. Supported 
by NIH NS10007 (LAO) and DA06204 (KFH).

561.16
FGF-2 IS SUFFICIENT TO INDUCE PROLIFERATION AND SELF-RENEWAL 
OF STEM CELLS FROM THE ADULT RAT SPINAL CORD. L.S, Shihabuddin,
J. Ray* and F.H. Gage. Lab, of Genetics, The Salk Institute, La Jolla, CA 92037.

FGF-2 is mitogenic for progenitor cells isolated from different levels (cervical, 
thoracic, lumbar and sacral) of the adult rat spinal cord, that have the potential to 
give rise to neurons and glia. In the present study we explored whether these 
progenitor cells are self-renewing and multipotent, and examined the in vitro 
conditions that can influence the differentiation of these progenitors towards mature 
neuronal and glial lineages. To test for self-renewal, we isolated clonal population 
of putative stem cells and determined whether they produce multipotent progeny 
after serial subcloning. To confirm that clonal cultures are derived from single cells, 
we infected progenitors with retroviral vectors encodes the marker gene [3- 
galactosidase. The clonality of cells from each clone was confirmed by Southern 
blot analysis. The progeny of primary and secondary clones was analyzed using 
immunostaining for cell-specific antigenic markers. Clonal analysis indicated that 
FGF-2-responsive progenitors are multipotent and generate astroglial, 
oligodendroglial and neuronal progeny. Subcloning showed that these progenitors 
are capable of self-renewal, and generate multipotent progeny. To promote 
differentiation of clonal culture, cultures were grown at high density, then treated 
with serum or serum and retinoic acid (R.A.) after withdrawal of FGF-2. 
Immunohistochemical staining showed that at high density, withdrawal of 
mitogenic factor (FGF-2) and addition of serum increased the proportion of cells 
that expressed glial and neuronal markers. Addition of R.A. promoted more mature 
differentiation, particularly, neuronal differentiation. Many islet-1, and large p75- 
immunoreative cells, that did not express GFAP, were present in R.A. treated 
cultures. These p75-ir cells may be motoneurons. In conclusion, the adult rat spinal 
cord contains multipotent stem cells that proliferate at high density in response to 
FGF-2 and produce the three principal cell types of the CNS including a possible 
population of motoneurons. This work was supported by contract NO1-NS-6-2348, 
American Paralysis Association and The HollFelder Foundation.
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561.17
LATE-MIGRATION OF NEUROEPITHELIAL CELLS IN MOUSE 
SPINAL CORD. S. Y. Fu* and E, Frank. Department of Neurobiology, 
University of Pittsburgh, Pittsburgh, PA, 15261

During development, neural crest cells migrate out of the spinal cord and give rise 
to most cells in the peripheral nervous system including neurons and glia within 
dorsal root ganglia (DRG). In chick, there is a second wave of migration one day 
after neural crest emigration from the cord is complete (Sharma et al., Neuron 14, 
1995). These late-migrating cells originate from neuroepithelial cells at the level of 
the dorsal root entry zone, emigrate from the cord via the dorsal roots, and give rise 
to sensory neurons and satellite cells in the DRG. We now examine whether this 
second wave of neuroepithelial cell migration also occurs in mammals.

To overcome the difficulty of studying mouse embryos in utero, we used an 
explant system to study late-migration in mouse embryos. Explants of spinal cord 
and DRG develop normally for several days in culture when embedded in agrose 
blocks. Explants were made from mouse embryos at El2 to El3, which is 1 to 2 
days after neural crest emigration has ceased. Transverse segments (400 pm) were 
prepared from spinal cord and DRG together with vertebral column and surrounding 
somites and then embedded in 2% low melting point agrose. A small amount of Dil 
was injected into the central canal before culturing to label cells lining the central 
canal. Spinal cord cells were then allowed to migrate into peripheral tissues for one 
day in culture. Labeled cells appeared in the DRG in 25% of the segments, 
suggesting that spinal cord cells do migrate into DRG at these stages. To test if 
some cells were instead retrogradely labeled via transport of Dil from their axons in 
the dorsal root entry zone, spinal cord segments were fixed immediately after Dil 
injection and left in warm fixative to allow the dye to diffuse along axons. This 
procedure prevents cell migration but not the retrograde transport of Dil. Under these 
conditions, some labeled cells in DRG were also observed but in fewer segments. 
Additional experiments using methods that avoid the complications caused by 
retrograde transport are in progress. Supported by the McKnight Foundation.

561.18
ELECTROPHYSIOLOGICAL PROPERTIES OF SPINAL CORD AND 
SUBVENTRICULAR ZONE STEM-LIKE CELLS IN CULTURE. R.-H, Liu*.
D.W. Ballard, U. Hasselrot, J.S. Sosnowski, P.J. Morassutti and D.S.K. Magnuson,
Dept. of Neurological Surgery, University of Louisville, Louisville, KY 40202. 

Growth factor-expanded stem-like cells isolated from the mammalian CNS can
differentiate into neurons and glia. Although the anatomical and neurochemical 
development of these stem cells has been investigated, little attention has been 
paid to their electrophysiology. This study examined the electrophysiology of 
neurons derived from stem-like cells taken from the adult rat spinal cord (SC) 
and subventricular zone (SVZ). Cells were cultured in epidermal growth factor 
and/or basic fibroblast growth factor. After at least 2 passages, spheres of stem-
like cells were plated on coated coverslips and maintained in culture for up to 6 
weeks in the presence of growth factors and 2% fetal calf serum. Whole cell 
patch recordings were made using standard current clamp techniques and 
potassium gluconate intracellular solutions. Action potentials (APs) were 
observed in some cells within hours of plating, however, the proportion of cells 
able to generate APs increased with time. Input resistance (Rin) and time 
constant (Tau) decreased over the first week after plating; no further changes 
were found at later times. At similar times following plating, however, SVZ- 
derived cells had lower Rin and Tau compared to SC-derived cells. SVZ cells 
also had higher resting membrane potentials and AHPs that were smaller in 
amplitude than those of SC-derived cells, despite no significant differences in 
the AP characteristics. Neither the SC- nor the SVZ-derived cells were capable 
of eliciting more than a single action potential in response to injected current. It 
appears that the electrophysiological development of SC- and SVZ-derived 
neurons is incomplete under the culture conditions used. This study also revealed 
that stem-like cells from SC and SVZ did not develop synchronously, although 
they were cultured under the similar conditions. This may indicate that stem 
cells from different locations may eventually differentiate into distinct subtypes 
of glia or neurons. Supported by the Alliant Community Trust Fund.

CELL LINEAGE AND DETERMINATION III

562.1
CNIP: A NOVEL INTERACTOR PROTEIN SPECIFIC FOR THE 
CYTOPLASMIC DOMAIN OF CRD NEUREGULIN J. Bao*, D. Talmage**, 
L. Role. Ctr.for Neurobiol. & Behav., **lnst. of Human Nutrition, Columbia 
Univ. P&S, NY,NY 10032.

The neuregulin (NRG) gene encodes a number of splice variants 
that are epidermal growth factor (EGF)-related polypeptides. The protein 
structure of most NRG isoforms includes 3 general domains: 1. The 
variable extracellular domain, including the EGF-like domain but differing 
amongst NRG isoforms by the inclusion of a cysteine rich or an Ig-like 
domain (referred to as CRD- or Ig-NRG, respectively), 2. A conserved 
transmembrane domain and 3. A cytoplasmic domain of unknown function. 
We have begun to explore whether the cytoplasmic domain of CRD NRG 
might mediate "back signaling" by interaction with specific cellular proteins. 
The interaction "hunt'1 for the cytoplasmic domain of NRG was performed 
using a Xenopus cDNA library. cDNAs from the strongest 14 of 400 
positives obtained were analyzed. All 14 interactors encode the same 
product. To test the specificity of the putative interactor, a panel of control 
baits were screened for binding with the gene product: only LexA-CRD- 
NRG cytoplasmic domain interacted strongly. Interactions with the 
cytoplasmic domains of TGFp receptor, G proteins, cyclin, cyclin 
dependent kinase or Myc proteins do not occur. The expression pattern of 
the CRD-NRG Interactor Protein (CNIP) was examined in Xenopus and 
found to be strikingly similar to that of CRD-NRG. Thus CNIP is 
prominently expressed in the nervous system, especially in the hindbrain, 
eyes and spinal cord. In view of the specificity of their interactions as well 
as their overlapping patterns of expression within the nervous system 
CNIP-NRG interactions may occur in vivo. (NS29071to LWR).

562.2
SPECIFICATION OF OLIGODENDROCYTE 
PRECURSORS. Nigel P Pringle1, Sarah Guthrie2, SaraLHarper*3and 
William D Richardson,1
1. MRC Laboratory for Molecular Cell Biology, UCL, London WCIE 6BT.
2. Division of Anatomy and Developmental Biology, UMDS, Guys Hospital, 
London SE1 9RT.
3. Merck Sharp and Dohme, Neuroscience Research Centre, Terling Park, 
Harlow, Essex, C20 2QR.

Shortly after the production of motor neurons (MNs) in the ventral spinal 
cord (El4 in the rat), a few neuroepthelial cells near die floor plate start to 
express the PDGF alpha receptor (PDGFRot), detach from their neighbours and 
start to proliferate and migrate diroughout the spinal cord. These progenitor 
cells are dedicated to the production of most or all of the oligodendrocytes 
(OLs) in die cord.

Specification of die neuroepithelial precursors of OLs, like MNs, depends on 
signals from die notochord/floor plate. In vitro, these signals can be mimicked 
by purified Sonic hedgehog (Shh) protein at concentrations that also induce 
MNs, suggesting that Shh induces a shared neuroepithelial precursor that first 
generates MNs then switches to production of OLs. Fate switching might be 
cell-autonomous or might rely on feedback signals from MNs, or a combination 
of both. We hope to test these possibilities by examining Isl-1 knockout mice, 
which lack postmitotic MNs, to see if OL production in die spinal cord depends 
on prior production of MNs.

N.P. Pringle is supjxirted by a three year U.K. Medical Research Council project grant.

562.3
HUMAN N-TERA 2 NEURONAL (NT2N, hNT) CELLS MATURE AND BECOME 
PHENOTYPICALLY DISTINCT WHEN CO-CULTURED WITH ASTROCYTES 
FROM DIFFERENT BRAIN REGIONS. R.S. Hartley* and V, M.-Y. Lee, Center for 
Neurodegenerative Disease Research, Institute of Neuroscience, University of Pennsylvania, 
Philadelphia, PA 19104

NT2N cells have an immature but terminally post-mitotic neuronal phenotype in vitro, and 
when co-cultured on astrocytes, NT2N cells survive indefinitely. This system may be useful 
for understanding neuronal-glial interactions during development as well as for providing 
insight into neuronal phenotypic determination. Primary cultures of astrocytes were prepared 
from cerebellum, cortex, hippocampus, striatum and spinal cord of Pl Sprague Dawley rats. 
After dissociation and purification of the astrocytes, human NT2N cells were plated onto the 
astrocyte monolayers. Astrocytes were identified by GFAP immunofluorescence. In areas 
where NT2N cells were not located directly on top of GFAP-positive cells, the NT2N cells 
remained in tight clusters. However, when the NT2N cells were located on an astrocytic 
monolayer, they immediately migrated out of the clusters and formed a monolayer network. 
These neuronal cells flattened out and took on a wide range of morphologies over time, 
including bipolar, pyramidal and stellate shapes. After 7 months in culture, NT2N cells 
expressed the neuronal maturational markers adult tau and highly phosphorylated NFM, and 
displayed mature synaptic profiles by electron microscopy. The individual somal sizes of the 
NT2N cells varied in each culture, but the distributions of sizes were dependent upon the origin 
of the astrocyte base layer. NT2N cells cultured on cerebellar, cortical or hippocampal 
astrocytes showed a broad peak of size distributions centered at 250 - 375 pm2 (n=226, 595, 
367 respectively). NT2N cells co-cultured with striatal astrocytes had a tightly clustered 
distribution at 125 pm2 (n=427), while the largest neuronal morphologies were induced by 
spinal cord astrocytes, with a broad peak centered about 700 pm2 (n=254). When NT2N cells 
were located within a tight cluster, they had the same size and round morphology as NT2N 
ceils cultured alone (125 pm2), regardless of time in culture or density of astrocytes. This may 
indicate that the morphologic changes taking place between the NT2N cells and the astrocytes 
is contact dependent. We are currently investigating whether there are concurrent differences 
in molecular markers such as neurotransmitters, neuropeptides, growth factor receptors, or 
CNS region-specific proteins in NT2Ns plated onto regional astrocytes. Funded by NIH grant 
AG11542.

562.4
EXPRESSION OF THE TRANSCRIPTION FACTOR SCIP IN EARLY 
POSTNATAL KROX-20 DEFICIENT SCHWANN CELLS. T.S. Zorick,
T. Gridley and G.Lemke*. Molecular Neurobiology Laboratory, The 
Salk Institute for Biological Studies, 10010 N. Torrey Pines Rd,, La 
Jolla, CA 92037.

Our previous studies have delineated the normal expression patterns 
of the transcription factors Krox-20 and SCIP in rodent Schwann cells 
during late embryonic and early postnatal development. SCIP was 
shown to be expressed first in Schwann cells committed to a myelinating 
lineage, at least a subset of which were shown to be actively dividing. 
Subsequently, a period of 24-48 hours later Krox-20 was shown to be 
expressed in these promyelinating Schwann cells. SCIP and Krox-20 
were shown to be co-expressed in early postnatal Schwann cells for a 
period of several days during development, after which SCIP 
expression is down regulated in Schwann cells, whereas Krox-20 
expression is maintained throughout development. In the present study 
we show that SCIP is ectopically expressed late in postnatal Schwann 
cell development in Krox-20 -/- mutants as compared with +/- and wild 
type littermates, indicating that Krox-20 activity is essential for the 
normal down regulation of SCIP expression during development. Future 
studies will concentrate on the expression of Po in Krox-20 -/- mice and 
the correlation of ectopic SCIP expression with other abnormalities 
observed in the PNS of Krox-20 -/- mice.

This work was supported by grants from the NIH and 
the DOD.
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562.5
NOVEL OCTA MER BINDING PROTEINS DIFFERENTIALLY BEND DNA AND 
MARK GLIAL AND NEURONAL LINEAGES A.L. Dob* M. Palkovits, F. Lim, 

M, Ring. C.G. Palkovits A. Eitel and D. v. Agoston, Molecular Control of 
Neurodifferentiation, LDN, NICHD, NIH, Bethesda, MD 20892

The molecular mechanism which controls the generation of neurons and glial cells 
and regulate their differentiation into their final phenotype may involve octamer 
elements and their binding proteins. Using methylation interference footprinting we 
previously identified a truncated octamer-like motif lt'A)TTTG*CAT=scptamer] at 
position -542 bp of the rat enkephalin (rENK) gene that that is a binding site for 
nuclear proteins expressed at various stages of neuronal dif ferentiation (Dobi et 
al.Neurosci.Abstr. 511.11,1995). Using a combination of UV-chemical crosslinking 
we have identified 17 kD protein which as homodimer forms the basic DNA-binding 
unit. Neuroglial precursor cells prior to lineage commitment express only this basic 
34 kD complex. Cells that differentiate into the neuronal lineage, (neuronal 
precursors) start to express an additional 29 kD protein (neuro-sept) that binds to the 
34 kD homodimer / DNA binding unit and together they form a 63 kD complex. 
Glial precursors express a distinct protein of 23 kD molecular weight which also 
binds to the 34 kD basic DNA binding unit and the three proteins form a 57 kD 
complex specific for glial precursors. These three distinct lineage-specific protein 
complexes (precursor-, neuron- and glia-specific) bend the DNA upon binding to the 
septamer-motif as measured in a circular permutation assay. Moreover, the extent of 
DNA bending is lineage-specific; the 34 kD homodimer (specific to neuroglial 
precursors) bends the DNA by 45 degrees; the 63 kD complex (specific to neuronal 
precursors) bends the DNA by 75 degrees; and the 57 kD protein complex (specific to 
glia-precursors) bends the DNA by 90 degrees. The differential DNA bending 
associated with distinct cellular fates may be part of the molecular mechanism which 
contributes to regulate the expression of genes, such as ENK, which is differentially 
expressed in these lineages. Funded by intramural NIH grant.

562.6
TLE2 IS A TRANSCRIPTIONAL REPRESSOR THAT INTERACTS WITH HES 
PROTEINS AND IS EXPRESSED IN THE DEVELOPING MURINE NERVOUS 
SYSTEM. D. Grbavec*, R. Lo, Y. Liu, and S. Stifani Center for Neuronal 
Survival, Montreal Neurological Institute, McGill Univ. Montreal, Quebec, H3A 2B4 
Canada

Groucho is a transcriptional repressor implicated in Notch signalling and involved 
in neurogenesis and segmentation in Drosophila. During development of the fly 
nervous system, Groucho binds to basic helix-loop-helix proteins of the 
Hairy/Enhancer of split (HES) protein family. Complexes of these molecules 
negatively regulate the expression of genes that promote neural development. We are 
investigating the functions of a family of mammalian Groucho homologs, the 
Transducin-like Enhancer of split (TLE) 1 through 4 proteins, in order to elucidate 
mechanisms underlying mammalian neurogenesis. We report the characterization of 
the properties of the TLE2 protein. We show by immunohistochemical analysis that 
TLE2 is a nuclear protein expressed in the developing nervous system of mouse 
embryos. In particular, TLE2 expression is weak in neural progenitor cells and 
correlates preferentially with postmitotic neurons. TLE2 interacts with mammalian 
HES proteins in two independent assays, the yeast two-hybrid assay and a fusion 
protein interaction assay. Since our studies also show that TLE2 acts as a 
transcriptional repressor these results suggesting that TLE 2 may be involved in the 
regulation of gene expression together with HES family members. Moreover, like 
other Groucho-like proteins, TLE2 interacts with itself and with other TLE proteins 
through the conserved amino-terminal Q domain shared by these molecules. Together 
these findings characterize TLE2 as a negative transcriptional regulator and further 
suggest that TLE and HES family members together mediate mechanisms important 
for mammalian development. This work was supported by grants from the Human 
Frontier Science Program (RG-490/94) and the Medical Research Council of Canada 
(PG11473) to S.S. S.S. Is a Scholar of the Fonds de la Recherche en Sante du Quebec 
and a Killam Scholar of the Montreal Neurological Institute.

562.7
CNS-SPECIFIC EXPRESSION OF NESTIN REQUIRES A COMPLEX 
ENHANCER BOUND BY THE POU DOMAIN FACTORS BRN-1 AND 
BRN-2. R. Tosephson*, S. Okabe, T. Pickel. P.A. Turner and R.D.G. McKay. 
Lab. of Molecular Biology, NINDS, NIH, Bethesda, MD 20892.

Expression of the intermediate filament nestin is tightly linked to the 
proliferation of precursor cells in the developing central nervous system. 
The nestin gene is sharply down-regulated upon the differentiation of 
precursors to neurons or glia. We have identified transcription factors 
which may regulate the tissue-specific expression of nestin. In this study, 
the nestin CNS-specific enhancer was mapped in transgenic mice to a 257 
base pair region in the gene's second intron, which is sufficient for 
expression throughout the embryonic neuroepithelium. This element also 
drives correct onset of expression in the embryonic neural tube and down-
regulation in migrating post-mitotic neurons. The enhancer contains five 
sites bound in vitro by nuclear proteins of the embryonic CNS. Sequence 
comparison of these sites with known cis-element motifs suggests that the 
nestin enhancer contains two octameric binding sites for POU transcription 
factors, two sites for the AP-2 family, and one site related to the cyclic 
AMP response element or to non-steroid nuclear hormone receptor response 
elements. Antibody supershift assays demonstrate that the two POU sites 
are each bound by the CNS-specific transcription factors Bm-1 and Brn-2. 
Mutation of the enhancer shows an absolute requirement in vivo for one of 
the POU binding sites. This suggests that POU transcription factors help 
to establish the CNS expression domain of nestin.
Supported by the National Institutes of Health.

562.8
TRANSCRIPTIONAL REGULATION OF A NEURON-SPECIFIC 
PANNEURONALGENE. D.Rogers*, N.Laferriere#, D.Brown#, A.Peterson@, 
X.Yang, H.El-Bizri, A.Gloster, F.D.Miller. #Dept.of Biology, Univ. of 
Ottawa,@Dept. of Mol. Oncology, Royal Victoria Hosp. Montreal, Centie For 
Neuronal Survival, Montreal Neurological Institute, Montreal, Quebec, Canada.

Cell fate decisions are mediated by the integration of the positive and negative 
cues that a cell encounters during its development. The generation of a specific 
cell type depends on the induction of cell-type-specific genes, which in turn 
depend on the balance of these cues either directly or indirectly.

The rat Tai gene encodes a neuron-specific isotype of a-tubulin which is 
induced at the transcriptional level early during neuronal differentiation. We are 
defining functional cis elements in the Tai promoter that, collectively, 
demonstrate the convergence of positive and negative cell fate determination 
signals on the regulatory region of a neuron-specific panneuronal gene.

We are specifically focussing on a novel 22bp consensus neuronal element 
which subsumes an E-box. This sequence is itself embedded in a functional 
region which mediates repression in neuronal precursors and induction in the 
autonomic nervous system. In electrophoretic mobility shift assays, nervous 
system-specific complexes are formed between nuclear proteins and the 22bp 
neuron-specific element, and many of these are developmentally regulated. Some 
of these complexes depend on the presence of the E-box, while others appear to 
depend on flanking sequences within the 22bp neuronal element. Complexes of 
the same size are formed with nuclear extracts from cultured cortical neural 
precursors, and are subject to the same developmental regulation in culture. 
Supported by the Canadian Network of Centres of Excellence and the Medical 
Research Council of Canada.

562.9
CUX HOMEODOMAIN PROTEIN BINDS TO THE HOMEODOMAIN 
CONSENSUS ELEMENT WITHIN THE Tai a-TUBULIN PROMOTER 
WHICH IS REQUIRED FOR THE CORTICAL EXPRESSION IN 
TRANSGENIC MOUSE. X.-M. Yang, D. Rogers, A, Gloster, IL El-Bizri, A. 
Peterson, A. Nepveu and F.D. Miller*. Montreal Neurological Institute*, McGill 
University, Montreal, Quebec, Canada, H3A 2B4

We have previously shown that the 1.1 Kb of the rat Tai a-tubulin 
promoter is sufficient to target pan-neuronal expression of a nuclear LacZ marker 
gene within the CNS and PNS of transgenic mice. Deletion of a 184bp segment 
from this promoter results in the selective elimination of transgene expression in 
the neocortex of transgenic mice. DNA sequence analysis reveals that an AT-rich 
sequence, consisting of two tandem repeats of a 15bp homeodomain consensus 
element, embedded in this 184bp segment. Band shift assays with nuclear extracts 
from the developing cortex demonstrate that multiple endogenous complexes bind 
to the homeodomain consensus element. Of these, at least one contains the Cux 
protein, as demonstrated using anti-Cux antibodies. Cux homeodomain protein is a 
mammalian homologue of Drosophila cut which is involved in neural cell fate 
determination, and Cux2 was shown to be robustly expressed in the developing 
mouse telencephalon. Furthermore, RT-PCR studies demonstrate that Cux is 
developmentally regulated in murine cortical neurons in vitro, being expressed in 
cortical progenitors and absent in differentiated cortical neurons. Cotransfection of 
a Cux expression plasmid with the Tai promoter fused to a chloramphenicol 
acetyltransferase (CAT) reporter gene in NIH 3T3 and PC 12 cells showed that 
Cux represses CAT expression driven by the wildtype Tai promoter, but not the 
homeodomain deletion mutant. Together these studies reveal a unique cis- 
regulatory homeodomain consensus element(s) which is essential for forebrain 
expression of the Tai a-tubulin gene, and binds to the Cux homeodomain protein. 
This study is supported by the Canadian Neuroscience Network (NCE).

562.10
MOLECULAR CLONING OF gcz, A GRANULE CELL LAYER-SPECIFIC ZINC 
FINGER GENE, AND ITS EXPRESSION IN THE DEVELOPING MOUSE 
NERVOUS SYSTEM. Kazumasa Matsumoto, Sadao Shiosaka*, and Masava 
Tohyama#. Department of Structural Cell Biology, Nara Institute of Science and 
Technology (NAIST), Nara 630-01, #Department of Anatomy and Neuroscience, 
Osaka University Medical School, Osaka 565, Japan.

In the vertebrate nervous system, there are large number of morphologically distinct 
classes of neurons with complex patterns of organization and connectivity. In the 
process of the neuronal cell-type specification and the maintenance of its cell lineage, 
cell type-specific transcription factors play significant roles in the invertebratenervous 
system. Although several candidate vertebrate transcription factors that may regulate 
neuronal cell-type specification have been identified, the molecular mechanism 
underlying the specification of vertebrate neural cell-types is still unknown.

To clarify the molecular control regulating the cell-type specification of neurons, one 
of the essential approaches is to identify genes whose expression is restricted to one 
specific cell lineage. By screening of the neonatal mouse brain cDNA library and 5'- 
RACE method, we have cloned the full-length cDNAs of gcz (granule cell layer- 
specific zinc finger gene), which was first isolated in the course of a study to identify 
transcription factors expressed in a cell type-specific manner. We obtained four types 
of gcz cDNAs that correspond to alternatively spliced mRNAs, all of which encode 
proteins containing 6-12 separated C2H2-type zinc finger motifs at intervals of 17-258 
amino acids. Northern blot and in situ hybridization analyses using a probe with 
sequences common to all types of gcz transcripts revealed that gcz transcripts were 
brain-specific and that these expression was restricted to the granule cell layers of 
cerebellar cortex, hippocampal dentate gyrus, and olfactory bulb in the postnatal brain. 
These granule cells share many characteristics that may point to a common 
developmental origin and exhibited the significant expression of gcz transcripts 
throughout development, which suggests that gcz is involved in common genetic 
mechanism for specification and maintenance of these granule cell lineage.
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562.11
EXPRESSION OF EN-1 AND EN-2 IN THE ADULT SUBSTANTIA 
NIGRA AND THEIR ROLE IN ITS DEVELOPMENT 
HH Simon* H Saueressig W Wurst# MD Goulding and PPM O'Leary. Molecular 
Neurobioiogy Laboratory, The Salk Institute, La Jolla, CA #GSF-Research Center, 
Oberschleissheim, Germany

The murine engrailed genes, En-1 and En-2, are homeodomain containing 
transcription factors which share extensive sequence homology with the Drosophila 
engrailed gene. During early embryogenesis of insects and vertebrates, these genes are 
involved in patterning of the rostrocaudal axis. In insects, engrailed is expressed in the 
caudal half of each parasegment, and the engrailed mutation results in a loss of clear 
segmental subdivisions. In vertebrates, the two engrailed genes are expressed in the 
caudal midbrain and rostral hindbrain. Homozygous mutant mice for the En-2 show 
only a small change in cerebellar foliation. The En-1 mutants die at PO and are 
deficient of colliculus and cerebellum. During later insect development engrailed 
also a role in neuronal specification, with a subset of serotonergic neurons in the 
Drosophila nerve cord requiring the gene for their formation. In vertebrates, the 
function of neuronal specification has not been attributed to either En-1 or En-2.

Here we show that En-1 and En-2 are co-expressed in the dopamine producing 
neurons of the adult substantia nigra which degenerate in Parkinson’s disease. We also 
investigated the distribution of these neurons and their axonal innervation pattern in 
mutant mice which have the En-1 gene replaced by a tau-lacZ construct. The studies 
reveal that the En-1 gene is not required for pathfinding of axons from the substantia 
nigra to the striatum or for the proper formation of axonal terminations in 
striosomes. However, the formation of the substantia nigra is disrupted in 
homozygous En-1 mutants. The neurons that form the medial component of the 
substantia nigra fail to condense, and are either absent or scattered in the ventral 
midbrain. Furthermore, we show that the previously described lack of nigral 
dopaminergic neurons in double mutants for En-1 and En-2 is not due to an alteration 
in cell fate, but instead the cells are not generated. Supported by HFSPO LT-526/94, 
NS 10284 and NS31558

562.12
NEUROANATOMIC AND FUNCTIONAL STUDIES OF 
THE MEF2 TRANSCRIPTION FACTORS. L. Errante*, C. 
Janson, S. Torres, Y. Li, Y. Chen, and D. Leifer. Dept. of 
Neurology, Yale Univ. School of Medicine, New Haven, CT 06520.

The MEF2 transcription factors are expressed in post-mitotic 
neurons in the brain and are also expressed in muscle. In mouse and 
in human, there are four related MEF2 genes, each of which has 
alternatively spliced isoforms. We studied their expression in mouse 
brain immunohistochemically. We detected MEF2A, 2C, and 2D in 
overlapping sets of neurons, but we did not find 2B immunoreactivity 
in the brain. 2C has a more restricted distribution than 2A and 2D. 
2A and 2D are present in most or all hippocampal pyramidal cells, 
whereas 2C is located only in scattered cells in the pyramidal cell 
layer. 2A and 2D are present in all neuronal layers of the cerebellar 
cortex, but 2C is found only in Purkinje cells. 2A and 2D are found 
throughout the midbrain, but 2C is found only in the inferior 
colliculus. Differences between 2C expression and that of 2A and 2D 
exist in other regions, including the septum and habenular nuclei.

We are also studying the activation domains of the MEF2 factors. 
2C isoforms containing amino acids 368-399 activate transcription 
more strongly than those lacking them. Other amino acids closer to 
the carboxyl terminus also tend to inhibit transcription. In parallel 
studies, we are examining the expression of alternatively spliced 
isoforms. Our work suggests that different combinations of MEF2 
factors are expressed in different neurons and that the set of MEF2 
factors expressed by a neuron may have functional consequences.

Support: Amer. Heart Assoc., March of Dimes, and NARSAD.

562.13
RELAX PROMOTES ECTOPIC NEURONAL DIFFERENTIATION IN 
XENOPUS EMBRYOS. Philippe Ravassard1, Terome V al 1 in2, lacques Mallet1 
and Christine Icard-Liepkains1* 1 Laboratoire de Genetique Moleculaire de 
la Neurotransmission et des Processus Degenerates, C.N.R.S. UMRC9923, 
Batiment C.E.R.V.L, Hopital de la Pitie Salpetriere, 83 Bd de I’Hopital, 
75013 Pans, France. ' Laboratoire de Morphogenese Cellulaire et Progression 
Tumorale, CNRS UMR 144, Institut Curie, 26 me d'Ulm 75248 PARIS Cedex 
05, France.

Recently, we isolated a novel rat cDNA named Relax, t’or Rat embryonic 
longitudinal axis, which encodes a member of basic Helix Loop Helix 
(bHLH) family of transcription factors and is related to the Drosophila 
proneural gene atonal. The gene has also been isolated in the mouse by two 
other groups and named ngn3 and MATH4-B. Relax transcripts are 
transiently detected in the developing central nervous svstem (CNS). Their 
expression is localized in cells of the ventricular zone of the neural tube, 
where neural progenitors originate and the time of its expression coincides 
with neuronal differentiation. This unique expression pattern suggests that 
Relax is involved in neural fate determination. To investigate the 
involvement of Relax m neurogenesis we tested whether Relax activated 
neural genes in the ectoderm by injecting Relax RNA into Xenopus embrvos. 
We demonstrate that ectopic Relax expression induces a persistent 
enlargement of the neural plate and converts presumptive epidermal cells 
into neurons. This indicates that Relax, when overexpressed in Xenopus 
embryos has a neuronal fate determination function. Both analyses of Relax 
overexpression in the frog and of the distribution of Relax in the rat neural 
tube strongly suggest that Relax is a neuronal fate determination gene.

562.14
THE POU TRANSCRIPTION FACTOR BRN-5 MAINTAINS 
POSTMITOTIC CNS NEURONS IN A NON-PROLIFERATIVE STATE.
H. Cui* and R. F. Bulleit. Department of Pharmacology, University of 
Maryland Sch. of Med. Baltimore, MD 21201.

The POU domain transcription factors are a subgroup of 
homeodomain proteins. Recent experiments suggest that POU proteins 
may be involved in the specification of central nervous system (CNS) 
neuronal fates. The present study evaluated the temporal and spatial 
expression pattern of the POU protein Brn-5 in the developing and mature 
mouse CNS. We generated a rabbit polyclonal antiserum using a Brn- 
5/glutathione-S-transferase fusion protein. Immunocytochemistry using this 
Brn-5 specific antiserum revealed that Brn-5 expression occurs in many 
CNS neuron populations. In the developing CNS its expression occurs 
only in postmitotic neurons. Ectopic expression of Brn-5 in dividing 
NG 108-15 cells inhibits their continued proliferation. However, 
experiments in the developing retina, and experiments using depolarization 
to induce the withdrawal of neuronal progenitors from the cell cycle, both 
suggest that expression of Brn-5 initiates after progenitors exit the cell 
cycle. Thus, the function of Brn-5 may not be required to direct neuronal 
progenitors out of the cell cycle. An alternative function for its early 
expression during neuronal differentiation may be to suppress the action of 
proliferative signals and thus provide an assurance that postmitotic neurons 
can not reenter the cell cycle, (supported by Bressler Res. Fund, UMAB)

562.15
SUBVENTRICULAR ZONE CELLS MAINTAIN DEVELOPMENTAL 
PLASTICITY AFTER MIGRATION INTO THE POSTNATAL NEOCORTEX. 
M, Zerlin* and J.E, Goldman Department of Pathology and the Center for 
Neurobioiogy and Behavior, Columbia University College of P&S, New York, 
NY, 10032.

In the postnatal rat forebrain, progenitors from the subventricular zone 
(SVZ) migrate into white and gray matter, where they differentiate almost 
exclusively into glia. SVZ cells that colonize the cortex in the first week of 
postnatal life develop mainly into astrocytes, with the oligodendrocyte 
population expanding at later times. Although many SVZ cells are 
uncommitted progenitors, it is not known whether these cells retain 
developmental plasticity after they enter the cortex, or whether they migrate 
into cortex as cells restricted to specific glial fates. SVZ cells were infected 
in vivo at P0 by a recombinant retrovirus expressing the S-galactosidase 
gene. By P5, many had migrated into the overlying cortex, where some had 
already begun to differentiate into astrocytes, while others still displayed an 
immature morphology and antigenic phenotype. The cortical region that 
contained labeled cells was then separated from the underlying white matter 
and SVZ, the cells were dissociated, and placed in culture. After 7 days 
cultures were stained with X-gal to visualize clusters of labeled cells and cell 
morphologies, and subsequently with GFAP, 04 and neuronal (3-tubulin 
antibodies to characterize their phenotypes. Clusters contained from 1 to 8 
cells. Both homogeneous and heterogeneous clusters were found. A 
significant number were heterogeneous, the majority of these containing both 
astrocytes (flat, GFAP+ cells) and oligodendrocytes (small, process-bearing, 
O4+/GFAP-), and a smaller proportion contained neurons (small, few 
processes, p-tubulin+/GFAP-/O4-) as well as glia. Some SVZ cells therefore 
still retain developmental plasticity even after migration into the postnatal 
neocortex, suggesting that fate decisions for progenitors to become glia 
rather than neurons or to become specific glial types are made within the 
cortex, perhaps by local environmental cues. (NS17125)

562.16

CHARACTERIZATION OF THE CORTICAL PHENOTYPE OF OTX 1 
KNOCKOUT MICE J.M. Weimann*, M.E. Levin. S. Mazan. P. Brulet and 
S.K. McConnell. Department of Biological Sciences, Stanford University, 
Stanford CA 94305, Unite d'Embryologie Moleculaire, Institut Pasteur, 
75724 Paris.

The homeodomain gene Otxl is expressed in early cortical progenitors 
when deep layer neurons are being generated. Otxl is restricted to a subset 
of layer 5 and 6 neurons during early postnatal development (Frantz et al, 
1994). In order to understand the role of Otxl in cortical development we 
have been characterizing an Otxl knockout mouse generated by Acampora 
et al. (1996).

We examined the distribution of several laminar specific markers such as 
SCIP and PN-1 (expressed in layer 5); RZR6 (layer 4); and rCNL3 (layers 2, 
3 and 4) in these mice. All of these genes appear to have normal expression 
patterns when compared to wild type mice, suggesting that there is no gross 
abnormality in cortical laminar formation during development. Since Otxl 
is expressed in a population of subcortically projecting layer 5 neurons 
(Zhang et al, 1997), we examined the long distance projections of these 
neurons. The anterograde tracers 3H-leucine or cholera toxin B subunit, 
which label axons and their terminals, were injected into the cortex. Otxl"/' 
mice have normal layer 6 projections to the thalamus, however the 
projections to the superior colliculus and pons show a reduced number of 
axons and terminal arbors. We also injected the retrograde tracer Fluorogold 
into the superior colliculus and contralateral cortex. Interestingly, Otxl"/" 
mice still have a subpopulation of layer 5 pyramidal neurons that project to 
the superior colliculus. We are quantifying these results to determine if any 
differences exist in the number of neurons that project to contralateral 
cortex versus subcortical targets. In addition, we are presently examining 
the local axonal and dendritic morphologies of subcortical projecting layer 
5 neurons in these knockout mice.
Supported by MRC of Canada, NIH (EY08411, EY06524-01)
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562.17
OTX1 EXPRESSION AND DEEP LAYER NEURONAL DIFFERENTION IN 
THE DEVELOPING CORTEX Y,A, Zhang*. J.M, Weimann. M.E. Levin and 
S.K. McConnell. Department of Biological Sciences, Stanford University, Stanford, 
CA 94305

We are interested in the determination of laminar cell fate in the cerebral cortex. 
The six layers of the cortex form in an "inside-out" fashion during neurogenesis, in 
which early generated neurons migrate out of the ventricular zone to become deep 
layer neurons, and later generated neurons migrate past the deeper layers to adopt 
upper layer cell fates. A homeodomain protein, Otxl is found to be closely 
associated with deep layer neuronal fate during cortical neurogenesis. Otxl is a 
mammalian homolog of the Drosophila orthodentical gene and its expression is 
restricted to the deep-layer neurons (layers 5 and 6) and to the early progenitors at a 
time when deep-layer neurons are being generated (Frantz et al., 1994). We have 
generated a monoclonal antibody (5F5) against the Otxl protein which labels early 
progenitors and deep-layer neurons. The Otxl protein is found to undergo nuclear 
translocation after neurons have migrated to their final destination, indicating that 
the Otxl protein may trigger later differentiation programs of the deep-layer 
neurons.

There are two populations of layer 5 neurons, one that projects subcortically and 
the other callosally (reviewed by Koester and O'Leary, 1994). Since Otxl 
expression becomes restricted to a subset of neurons in layer 5 during postnatal 
development, we performed Fluoro-Gold retrograde-labeling experiments to examine 
the projection pattern of the Otxl positive pyramidal neurons. We have found that 
the Otxl positive neurons project only to subcortical targets, such as the superior 
colliculus and the pons, but not to the contralateral cortex. Our results suggest that 
Otxl is involved in the differentiation of a subset of deep layer neurons in the 
developing cortex.

Supported by Damon Runyon-Walter Winchell Foundation (DRG1311) and NIH 
(EY08411, EY06524-01).

562.18
MUTATIONS AFFECTING MOTOR NEURON DEVELOPMENT 
IN THE MIDLINE OF DROSOPHILA MELANOGASTER. Julie R. 
Atashi* and Stephen T, Crews. University of North Carolina, 
Department of Biochemistry and Biophysics, Chapel Hill, NC 
27599-7260.

Motor neurons equip muscles with the proper connections to 
translate neural information into purposeful motor activity. The 
genetic basis of motor neuron fate determination is the focus of this 
project. Genes that govern the motor neuron developmental program 
are identified using a genetic screen that seeks mutations that disrupt 
the development of motor neurons found within the CNS midline of 
Drosophila melanogaster. These motor neurons are located at the 
ventralmost aspect of the nerve cord and are called the ventral unpaired 
median (VUM) neurons. Detection of developmental defects in these 
motor neurons is possible due to the using of a VUM cell-specific 
cytological marker.

EMS mutations are induced on a genetic background containing a 
P[GAL4] transgene inserted into a gene with a VUM cell enhancer, 
P[807] and a P-element containing a GAL4 responsive UAS fused to 
tau. Embryos express tau in the VUM cells and a-tau staining readily 
visualizes the VUM neurons. Defects in VUM cell development arc 
identified in mutants and then analyzed using a battery of antibodies 
that stain midline neural precursors, VUM neurons, and midline glia 
to determine the nature of the defect. Mutants have been found and 
will be shown.

We would like to thank Kei Ito and Andrea Brand for transformant 
lines PfUAS-tau] and P[GAL4-807] respectively. Supported by NIH 
grant HD25251.

562.19
FUNCTIONAL ANALYSIS OF THE WRPW MOTIF OF THE HAIRY BASIC 
HELIX-LOOP-HELIX REPRESSOR AND THE AMINO-TERMINAL 
REPRESSION DOMAIN OF THE GROUCHO COREPRESSOR IN DROSOPHILA 
SENSORY ORGAN FORMATION. S. Ohsako* and Y.Takamatsu. Dept. of Cell 
Biology, Tokyo Metropolitan Institute for Neuroscience, Tokyo 183, Japan

Hairy-related proteins share similar basic helix-loop-helix (HLH) domains and a 
carboxyl-terminal Trp-Arg-Pro-Trp (WRPW) motif, and are believed to act as negative 
regulators of neurogenesis in both invertebrate and vertebrate organisms. In adult 
sensory organ (SO) formation of Drosophila, the Hairy protein acts as aDNA-binding 
HLH repressor to form proneural clusters in the correct locations by restricting the 
global patterns of expression of the achaete proneural gene. We have previously 
shown that the tetra-peptide WRPW motif is sufficient to act as a transcriptional 
repression domain and to interact with the Groucho-related co-repressors. We have also 
shown that the Groucho-related proteins actively repress transcription when directly 
bound to a target gene promoter, and have identified a novel, highly conserved 
transcriptional repression domain in these proteins.

To test the possibility that the WRPW motif and the amino-terminal repression 
domain of the Groucho protein can act as functional repression domains in Drosophila 
SO formation, we employed a transgenic approach. We constructed a modified achaete 
minigene, which contains a Gal4 upstream activating sequence binding site, instead of 
a Hairy-binding site, and we introduced it into achaete null mutant flies. Three 
insertions of the transgene produce many ectopic brisdes (hairs) on the wings and body 
in the flies as seen in hairy mutants. We showed here, that both domains can repress 
SO formation created by the transgene when bound to the achaete promoter by the Gal4 
DNA binding domain under the control of a heat shock promoter, demonstrating the 
functional significance of both domains in vivo.

562.20
DEVELOPMENTAL GENES IN THE ADULT LEECH. S.J, Watt. D.J.Price*. 
Physiology Dept. Univ. of Edinburgh Med. Sch., Edinburgh EH8 9AG, Scotland. 
Stable networks of evolutionary-conserved molecules could maintain the 
differentiated state in post-mitotic cells. The aim of this work is to identify dominant 
components of regulatory networks in fully differentiated post-mitotic tissues and 
cells of the adult Hirudo medicinalis leech and to study their response to changes in 
the environment. Three genes {engrailed, sonic hedgehog and lox2) have been 
implicated in segmentation and differentiation in a number of species including leech. 
Engrailed and lox2 are homeobox-containing transcriptional regulators and sonic 
hedgehog is a cell signalling molecule. Here we report lox2 mRNA, sonic hedgehog 
mRNA and an Hellobdella triserialis-Yike engrailed homeobox are expressed in adult 
Hirudo medicinalis tissues and that lox2 mRNA expression in midbody ganglia is not 
affected by denervation. RT-PCR on mRNA extracted from different tissues of adult 
Hirudo medicinalis with Zox2-specific primers showed lox2 mRNA is expressed in 
gut, CNS and muscle but not male or female organs. More specifically, lox2 mRNA 
was expressed in muscle from anterior, middle and posterior segments. In the CNS, 
lox2 mRNA continued to be expressed in segmental ganglia from the anterior two 
thirds and was also expressed in a chain of ganglia taken from the posterior one third 
suggesting the posterior boundary of expression seen in late stage embryos shifts 
posteriorly in the adult. A 1.7kb band was seen on Northern blots of total RNA 
probed with DIG-labelled riboprobes transcribed from an Hirudo medicinalis-sonic 
hedgehog clone. An adult Hirudo medicinalis cDNA library was screened in a PCR 
using degenerate primers based on the engrailed homeobox consensus sequence and a 
108 base pair fragment was cloned with 96% homology to Hellobdella triserialis- 
engrailed homeodomain. Midbody ganglia that had their nerve roots cut and their 
connectives crushed continued to express lox2 after three days in culture suggesting 
expression of lox2 may not require signals from adjacent ganglia or peripheral targets 
to maintain expression. This work was supported by the SERC.

CELL DIFFERENTIATION AND MIGRATION III

563.1
DO PROTEASOME INHIBITORS INDUCE NEURONAL

DIFFERENTIATION OF PC12H CELLS? R.Ohtani-Kaneko*,

K.Yamashita, K.Takada(l), T.Kumai(2), J.Igarashi, M.Iigo, H.Hara

K.Ohkawa(l), S.Kawashima(3), K.Hirata.Dept.of Anatomy, St.Marianna 

Univ. Sch.of Med., Kawasaki,Japan 216. (l)Dept.of Biochem. [1], Jikei 

Univ.Sch. of Med., Tokyo, Japan, (2)Dept.of Pharmacol., St.Marianna Univ. 

Sch.of Med (3)Dept. of Molecular Biol. Tokyo Met.Inst.of Med.,Tokyo, Japan.

Ubiquitin-proteasome proteolyitc system is involved in various cellular 

functions. Recently, it has been reported that proteasome inhibitors induce 

neurite outgrowth of neuroblastomas. However, the mechanisms of neurite 

outgrowth caused by proteasome inhibitors remains unclear. Even it still 

remains unsolved whether they cause only neurite outgrowth or they also 

cause other neuronal characteristics.

In the present study, we investigated the effects of proteasome inhibitors 

(ZLLLal and PSI) on neurite outgrowth, activities of tyrosine hydroxylase 

(TH), distribution of Ach receptors, and levels of neurofilament proteins, 

using PCl2h cells, a subclone of PC 12 cells with enhanced TH activities 

under NGF-treatment. This study shows differences as well as similarities 

among cellular events caused by NGF and proteasome inhibitors.

563.2
FATTY ACID SUPPLEMENTS INFLUENCE NERVE GROWTH FACTOR 
(NGF)-INDUCED DIFFERENTIATION OF PC12 CELLS. Rex E. Martin*, J. 
Quyen Wickham and Vivek Chaturvedi. Department of Anatomical 
Sciences and Oklahoma Center for Neurosciences, University of Oklahoma 
Health Sciences Center. Oklahoma City, OK 73104.

Studies of neurologic performance in human infants and children 
indicate that cognition and vision are impaired when docosahexaenoic 
acid (DHA) is defficient in the diets of pregnant females and their young. 
To test the hypothesis that DHA affects neuronal differentiation (neurite 
sprouting), we grew neuron-like PC12 cells in serum-free, defined media 
and studied the effects of fatty acid supplementation on NGF-induced 
neurite outgrowth in double-blind experiments. Media were supplemented 
with 33nM DHA, oleic acid or vehicle (8.3nM BSA). At 24, 72 and 120hr 
after NGF addition, cells were photographed to determine the rates of 
differentiation and the number of nerve growth cones (NGC) per cell. 
Supplementing media before NGF addition had no effect on doubling time 
and irrespective of treatment, NGF-differentiated PC 12 cells displayed 
two phenotypes, flat and round (the former had more NQC/cell). Within 
24hr of adding NGF, round but not flat cell differentiation was slowed by 
DHA supplementation. By 72hr, flat cells in DHA-supplemented media had 
more NGC/cell than those in either oleic acid or vehicle-treated cells. At 
120hr after NGF, higher ratios of flat to round-cells were seen with either 
fatty acid supplement and DHA continued to impair round cell, and 
potentiate flat cell, differentiation. The data show that c/s-unsaturated 
fatty acid supplements induce changes in PC 12 cell differentiation and 
some changes are DHA-specific. By extrapolating PC12 cell differentiation 
to CNS development, these results could help explain DHA's potentiation 
of neurological performance. Support: OCAST #HN4-018
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563.3
NEUROPEPTIDE Y SYNTHESIS IN HUMAN NEUROBLASTOMA 
CELLS IS OPPOSITELY REGULATED AFTER RETINOIC ACID 
AND PHORBOL ESTER-INDUCED DIFFERENTIATION
P. Magni. E. Beretta and M. Motta*. Ctr for Onco Endo, Inst of Endo, 
Univ of Milan, 20133 Milan, Italy, e-mail: magni@isfunix.farma.unimi.it 
Retinoic acid (RA) and the phorbol ester TPA are differentiating agents for 
neuroblastoma cells, which induce a cholinergic and an adrenergic phenotype, 
respectively. In this study, the SH-SY5Y human neuroblastoma cell line was used to 
evaluate the influence of these agents on the synthesis and secretion of neuropeptide Y 
(NPY). NPY was quantified by radioimmunoassay in the culture medium and in cell 
extracts (NPY-immunoreactivity; NPY-IR) and size-fractionated by gel- 
chromatography. Non-stimulated SH-SY5Y cells produce and secrete NPY-IR (about 
50 ng/mg protein/24 h). Two NPY-IR molecular species are present in the cells and in 
the medium: a 4.2 KDa (mature NPY) and an 8 KDa (likely pro-NPY). Exposure to 
20 nM TPA increases by 2-3 fold the NPY-IR accumulation in the medium (6- and 
24-h incubation). The NPY-IR content in the cellular compartment significantly 
increases (3-6-fold) only after a 24-h incubation. At this time, TPA treatment induces 
a parallel increase of the two NPY-IR species (4.2 and 8 KDa), both in the medium 
and in cell extracts. A 6-day differentiating treatment with 10 jiM RA decreases the 
production of NPY-IR (medium plus cells) during the last 24-h, with a major decrease 
(-80%) of NPY-IR secretion into the medium. On the contrary, a 6-day differentiating 
treatment with 20 nM TPA results in a 2-3 fold increase of the total content of NPY- 
IR, with a more prominent (3-5 fold) elevation of NPY-IR cell content. In conclusion: 
non-differentiated SH-SY5Y human neuroblastoma cells produce NPY, which is 
secreted partially unprocessed; in these conditions, TPA stimulates NPY synthesis and 
secretion, but does not affect NPY processing. Cell differentiation induced by RA and 
TPA results in opposite effects on NPY biosynthesis/secretion. The increased 
production of NPY in cells with an adrenergic phenotype induced by TPA is in line 
with the pattern of distribution of the peptide in the adrenergic system. Grant funding: 
CNR (ACRO 96.00594.PF39, FATMA 95.00868PF4J), AIRC, and MURST.

563.4
NOVEL EXPRESSION OF HUMAN PLATELET INTEGRIN a,lbp3 IN MURINE 
N1E-115 NEUROBLASTOMA CELS RESULTS IN ENHANCED ADHESION 
TO HUMAN FIBRINOGEN. T. N. Erisman*1, M, H, Ginsberg2, and J. A, 
Wevhenmever1 !Dept. of Cell and Structural Biology, Univ. of Illinois, Urbana, 
IL 61801, and 2Dept. of Vascular Biology, Scripps Research Inst., La Jolla, CA 
92037

Integrins are a family of cell surface adhesion glycoproteins that have been 
implicated in coupling neuronal adhesion to developmental behaviors, such as 
migration or differentiation. However, the complete integrin composition of 
neuronal cells during all stages of development remains to be elucidated. We have 
attempted to manipulate the adhesive properties of a neuronal cell line, murine N1E- 
115 neuroblastoma, by expressing a non-endogenous integrin in these cells. The 
cDNAs encoding either aIlb or p3 were cloned into the pcDNA-3 expression vector and 
transfected into undifferentiated N1E-115 cells. Both integrin subunits were 
detectable in transiently transfected cells by Western blotting, with a„b and p3 
migrating to 136 and 95 kD, respectively. These same cells adhered at levels of 
93% and 98% on 10 pg/ml and 20 ng/ml human fibrinogen, relative to 100% 
adhesion on poly-L-lysine. In contrast, mock-transfected cells adhered at 34% on 
both concentrations of human fibrinogen, and cells that were transfected with an 
empty vector adhered at levels of 31% and 36% on 10 ng/ml and 20 ng/ml human 
fibrinogen, respectively. Finally, preliminary results suggest that the fibrinogen 
receptor is localized to the cell membrane of transfected N1E cells, as determined by 
immunocytochemistry. Since our findings demonstrate that the adhesive properties 
of a neuronal cell line can be affected by changing the integrins they possess, this 
raises the possibility that neuronal developmental behaviors, such as migration or 
differentiation, can be manipulated by altering the cell’s integrin composition.
This work was supported by NSF (IBN-9320158), Procter & Gamble (IPAA-93), 
and NIH-CMBTG (GM07238)

563.5
PERMANENT ALTERATION OF ENDOGENOUS GANGLIOSIDES IN 
NEUROBLASTOMA CELLS BY STABLE TRANSFECTION WITH 
ANTISENSE VECTOR. R.K. Yu* G. Zeng, L. Gao, P.D. Li and A. Tokuda. 
Dept. Biochemistry, Medical College of Virginia, Richmond, VA 23298.

The composition of gangliosides undergoes remarkable changes during 
brain development, indicating that individual gangliosides may play critical 
roles in the processes of brain development and cell differentiation. In order 
to study putative functions of ganglioside GD3 and/or O-acetylated GD3 
(OAcGD3), we established stably transfected cells whose production of GD3 
and OAcGD3 was largely reduced when compared to the parental cells. 
Vectors used to generate sense and antisense RNA molecules contained a 
mouse mammary tumor virus (MMTV) promoter and the poly(A) signals of 
P-globin gene. The 5’ end fragment of the rat GD3-synthase cDNA was 
excised from pCRII-5’GD3 (BBRC 226:319, 1996). This 530 bp GD3- 
synthase cDNA fragment was inserted downstream of the MMTV promoter in 
forward (5’ to 3’) and reverse (3’ to 5’) orientations to construct the sense and 
antisense GD3-synthase vectors, respectively. A gene that conferred neomycin 
resistance was included in the vectors and thus allowed isolation of stable 
transfectants. The sense and antisense vectors were then transfected into 
neuroblastoma F-ll cells (rat dorsal root ganglion cells x mouse 
neuroblastoma N18TG-2 cells) which express high levels of GD3 and 
OAcGD3. After selection with geneticin, stably transfected cells were 
isolated. Gangliosides of the transfectants were analyzed after the cells had 
been in culture for 6 to 10 weeks. The results showed that gangliosides GD3 
and OAcGD3 in the cells transfected with the antisense GD3-synthase vector 
were undetectable while those of the cells transfected with the sense GD3- 
synthase vector remained the same as parental cells. Characterization of the 
transfectants showed reduced rates of cell growth and neurite formation for the 
cells whose synthesis of GD3 and OAcGD3 was inhibited.
(Source of support: USPHS Grant NS 11853-23).

563.6
THE IMMORTALIZED ST14A CELL LINE EXPRESSES CHARACTERISTICS 
OF A MATURE STRIATAL MEDIUM SPINY NEURON M.E. Ehrlich, S. Ivkovic,
L. Conti, L. Magrassi* and E. Cattaneo.NYU Med. Ctr., NY,NY, 10016 and Inst, of 
Pharmacol. Sciences, Univ. of Milano, Via Balzaretti 9,Milano

The study of terminal neuronal differentiation and neuronal-specific gene 
expression frequently requires the use of primary neuronal cultures and/or transgenic 
technology. It is virtually impossible to obtain a pure preparation of medium spiny 
neurons, which although morphologically homogeneous, are biochemically 
heterogeneous. We have previously reported on the establishment of cell lines 
obtained from primary cells dissociated from E14 rat striata primordia and 
immortalized using a retrovirally transduced temperature-sensitive variant (tsA58- 
U19) of SV40 Large T-antigen (Dev. Br. Res., 1996). The ST14A cell line is nestin- 
positive when grown in serum. We now show by Western blot analyses that ST14A 
cells express DARPP-32, a frequently used marker of the mature striatal medium 
spiny neuronal phenotype. In ST14A cells exposed to serum-free media (SFM), 
DARPP-32 levels increase for 48-72 hours. After 120 hours in SFM, DARPP-32 is 
further increased by treatment with basic fibroblast growth factor or NT-3, similar 
to subsets of primary neurons derived from the ganglionic eminence. DARPP-32 is 
not increased by treatment with brain derived neurotrophic factor or NT-4, which 
also increase DARPP-32 expression in a subset of MSNs. Finally, similar to primary 
MSNs, DARPP-32 protein levels are not increased by treatment with forskolin or 
NGF. Thus, this cell line, and others derived in a similar manner, will likely prove 
useful in the analysis of MSN subtype differentiation and gene expression. 
Supported by NATO-CRG 960204 and NIMH.

563.7
NEURONAL AND GLIAL EPITOPES AND TRANSMITTER-SYNTHESIZING 
ENZYMES APPEAR IN PARALLEL WITH MEMBRANE EXCITABILITY 
DURING NEUROBLASTOMA X GLIOMA HYBRID DIFFERENTIATION 
W. Ma, J.J. Pancrazio, M. Coulombe, J. Dumm, R. Sathanoori, J.L. Barker 1 , V.
Kowtha*2, D.A. Stenger2, and J.J. Hickman Biotechnology Division, SAIC, 
Rockville, MD 20850; Lab. Neurophysiology, NINDS, NIH, Bethesda, MD 208921; 
Center for Bio/Molecular Science and Engineering, NRL, Washington, DC 203752.

We are attempting to use the NG108-15 cell line as sensor elements for noval 
devices where uniform, consistent cellular excitability is essential for device 
performance. To this end, the membrane excitability and the presence of neural 
proteins, including neuronal and glial markers and neurotransmitter-synthesizing 
enzymes, were examined in parallel while the NG 108-15 cell line was maintained in 
a serum-free medium. Immunostaining was done with a panel of well- characterized 
antibodies against NSE, NF15(), S-100(3, GFAP, ChAT and TH. Three distinct 
subtypes of cells were identified during long-term culture. Differentiated properties 
were first detectable at day 4 when many cells had initiated neurites and exhibit 
excitability. Culture for 4-10 days led to a striking rise in neurite outgrowth, 
electrical excitability and expression of neural proteins in type I and II neuron-like 
cells, which were of both neuronal and glial character, and expressed both cholinergic 
and adrenergic traits. After about 2 weeks, type III cells which lack neurite processes 
began to emerge. The type III cells proliferated, as revealed by BrdU uptake, and 
gradually overgrew differentiated cell types. They exhibited little or no membrane 
excitability and absence of immunoreactivity for the neuronal and glial specific 
proteins tested. These measurements indicate a correlation between morphology, 
membrane excitability maturation, and neural protein expression in the highly plastic 
hybrid in vitro, that provides insight into the utility of NG108-15 cell line for cell- 
based sensor applications. Supported by the OSD Counterproliferation Support 
Program through DARPA.

563.8
THE ROLES OF BLOCKAGE AND ALTERED EXPRESSION OF GAP 
JUNCTIONS IN NEURONAL DIFFERENTIATION OF THE HUMAN 
EMBRYONAL NTERA2/CLONE DI CELLS. M, Bani-Yaghoub. J.F. 
Bechberger and C.C.G. Naus*. Department of Anatomy and Cell Biology, 
The University of Western Ontario, London, Ontario, N6A 5C1, Canada

As a widespread feature of neuronal development, the expression of gap 
junctions and intercellular communication decrease as differentiation 
proceeds. We have used Ntera2/clone DI (NT2/D1) cells as a model to 
address the role of gap junctions in neuronal differentiation. NT2/D1 cells 
are human CNS precursors which differentiate to post-mitotic neurons 
(NT2-N cells) upon retinoic acid (RA) induction followed by treatment with 
antiproliferative agents. We have already shown that there is no significant 
change in connexin43 (Cx43) expression of NT2/D1 cells in the presence of 
gap junction blockers such as 18 a-glycyrrhetinic acid (AGA) or its analogs 
(i.e. glycyrrhizic and oleanolic acids) with no blockage effects. In control 
culture, all differentiated NT2-N neurons are negative for Cx43 but they 
express microtubule associated protein 2 (MAP2) and neurofilament 200 
(NF200). In contrast, the number of neurons decrease significantly in AGA 
treated cells. On the other hand, we might expect that an abnormally 
continued expression of connexin(s) may interfere with differentiation of 
neurons. Our transfection results show that: a) both endogenous and 
exogenous Cx43 mRNA are present in NT2/D1 cells transfected with Cx43 
and treated with RA for one week; the level of endogenous Cx43 expression 
was markedly reduced, as expected; b) there is an enhanced level of Cx43 
protein, based on immnuocytochemical techniques; c) both control and 
transfected cells express abundant levels of cytokeratin and vimentin; d) 
there is no MAP2 expression in these cells. (Supported by OMHF of 
Canada)
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563.9
TRANSPLANTATION OF EMBRYONIC CNS TISSUE INDUCES NEURONAL 
DIFFERENTIATION OF IMMORTALIZED NEURAL PROGENITOR CELLS IN 
THE ADULT RAT STRIATUM. R.A.Fricker1*. C.Lundberg1. K.Wictorin. 
U.Englund. and A.Bjorklund1 ^Lund University, Wallenberg Neuroscience Center, 
Dept. of Physiology and Neuroscience, Lund, Sweden.

The immortalized neural progenitor cell lines C17-2 and RN33B have been shown to 
survive well without tumour formation after transplantation to the CNS. Both cell 
lines differentiate into neuronal phenotypes when grafted to the developing brain 
(Snyder et al, 1992; Lundberg et al, 1996). In the adult, RN33B cells display neuronal 
morphologies only if placed in an intact site, not a neuron-depleted area. It remains 
unclear whether C17-2 cells grafted to the adult brain express neuronal markers. We 
report here the possible influence of embryonic neural tissue on the neuronal differen-
tiation of these progenitor cell lines after grafting to the neuron-depleted striatum.

One week prior to transplantation, female rats were unilaterally injected with 
ibotenic acid into the head of the caudate putamen. Neural tissue was dissected from 
E14 fetuses from either the lateral ganglionic eminence (LGE), rhombencephalic lip or 
medullary raphe, and made into suspensions for transplantation. The cell lines were 
labelled with Bromo-deoxy-uridine (BrdU, 10pM, 24 hrs). Each rat received 100,000 
fetal cells and 100,000 progenitor cells (RN33B or C17-2). An additional group of rats 
were grafted with the progenitor cells only. In a second study, different proportions of 
LGE and progentiors were mixed prior to grafting. Two or six weeks after grafting the 
animals were perfused and processed for immunohistochemistry. BrdU staining 
revealed nicely surviving grafts in all animals. The progenitor cells had migrated away 
from the injection site and into the surrounding host tissue in all animals. In co-
grafted animals an accumulation of BrdU positive nuclei was observed in the fetal 
tissue graft. Double immunohistochemistry for BrdU and the neuronal marker NeuN 
revealed double-labelled cells only in animals with fetal grafts. This finding suggests 
that the fetal tissue can influence the differentiation of immortalized neural progenitor 
cells. Supported by the Wellcome Trust and Swedish MRC.

563.10
EFFECT OF GDNF ON ENTERIC NEUR AL CREST-DERIVED CELLS.
Miles L, Epstein* and Robert J, Peters. Dept. of Anatomy, University of 
Wisconsin, Madison, WI 53706.

Glial derived neurotrophic factor (GDNF) appears to be essential for the 
development of the enteric nervous system as shown by studies of GDNF 
knockout mice. The enteric nervous system develops from neural crest cells 
which migrate, proliferate, differentiate, and survive to form neurons and glia. 
To gain insight into which of these processes is affected by GDNF, we have 
isolated neural crest-derived cells from the foregut of embryonic quail with the 
use of the antibody HNK-1 and a secondary antibody coupled to magnetic 
beads. These cells were cultured on laminin-coated dishes in defined medium 
(MCDB) in the presence or absence of GDNF. Cultures were fixed after seven 
days, and the number of neurons and total cells were counted after 
immunostaining with the neuronal marker ANNA and observation with phase 
optics. We observe an increase in the number of neurons and total cells with 
increasing concentrations of GDNF. However, the ratio of neurons to total 
cells in these cultures remained the same. In contrast, this ratio increased 
when the cells were grown in the presence of increasing concentrations of 
NT-3. These results suggest that GDNF stimulates proliferation of neural 
crest-derived neuronal precursors. Additional work is needed to determine the 
role of GDNF in neuron survival. The RET receptor appears to bind GDNF.
We have localized this receptor with immunostaining to crest-derived cells in 
culture and in tissue sections. RET-IR is found on cell bodies and on 
processes. In order to determine when GDNF is produced, we have used an 
ELISA to detect GDNF in many rat tissues. Levels are highest in embryonic 
gut and kidney, and are reduced in adult tissues, although the gut maintains a 
higher level of GDNF than other tissues. Supported by NSDK 31385.

563.11
IN VIVO DIFFERENTIATION OF PURIFIED CREST-DERIVED 
POPULATIONS FROM THE RAT USING A RODENT-CHICK 
CHIMERIC ASSAY. P.M. White and D.J. Anderson*. Div. of Biology, 
Howard Hughes Medical Institute, California Institute of Biology. 
Pasadena, CA. 91125.

Clonal analysis of rat neural crest stem cells and post-migratory gut 
precursors demonstrates such cells can produce neurons, glia, and 
smooth muscle in vitro. We have tested the ability of these purified 
populations to differentiate in vivo using a rat-chick chimeric system.

Neural crest stem cells were isolated from explanted neural tubes from 
E10.5 rat embryos, and post-migratory gut cells were isolated by 
fluorescence activated cell sorting using an antibody cocktail specific for 
c-ret, a tyrosine kinase receptor expressed on neurogenic precursors in 
the gut of E14.5 rat embryos. Cells were injected into stage 17-19 chicks 
at the forelimb, hindlimb, or sacral level, as previously described by 
others. Marker expression of differentiating crest populations was 
analyzed after 1 or 3 days in ovo on serial cryrostat sections. The 
evolutionary distance between rodents and avians provided an advantage 
in this respect, as multiple cell-type specific markers could be utilized for 
this purpose.

We demonstrate this transplantation protocol can be used to target 
populations of rat cells to specific destinations of the crest lineage in the 
chick, namely the dorsal root ganglia, the spinal nerve, the sympathetic 
ganglia, and Remak's ganglia. We also demonstrate the differentiation of 
grafted cells into neurons and glial precursors. Finally, we identify the 
subtypes of grafted neurons.

P.M.W. was supported by NIH training grant GM07616 and NIH 
Program Project AR42671, and D.J.A. is a HHMI Investigator.

563.12
INSULIN-LIKE GROWTH FACTOR-1 IS A RADIAL CELL-ASSOCIATED 
NEUROTROPHIN IN THE ADULT SONGBIRD FOREBRAIN Jinwen 
Jiang1*, John P. McMurtrv 2, Steven A. Goldman1 'Dept. of Neurology and 
Neuroscience, Cornell Univ. Medical College, NY, NY, 10021; Agricultural 
Research Service, US Dept Agriculture, Beltsville, MD, 20705.

In the adult songbird forebrain, neurons continue to be produced in the 
subependymal zone (SZ), from which they migrate on radial guide fibers. 
We have previously found that neuronal recruitment into the adult canary 
neostriatum is modulated by gonadal steroids, while neuronal survival in 
culture is preferentially associated with ependymal and radial cell 
outgrowth. We therefore asked whether radial cells might provide 
neurotrophic support to their newly generated neuronal siblings. To this 
end, we focused upon the role of IGF-1, a trophic agent for neurons and their 
precursors, and a known estrogen-modulated agent, in the adult zebra finch 
forebrain. We found that IGF-1 immunoreactivity was expressed heavily 
by radial cells and their fibers; indeed, most neostriatal IGF-1 immuno-
staining was radial cell-associated. Whether radial cell IGF-1 was made 
by these cells, or instead sequestered by them after synthesis elsewhere, 
was unclear. Yet IGF-1's trophic effect upon adult SZ-derived neurons was 
unambiguous: When added to cultured explants of the adult finch SZ, IGF-1 
increased neuronal outgrowth to greater than twice that observed in IGF-1 
deficient media. However, IGF-1 neither accelerated neuronal outgrowth, 
nor extended neuronal survival in this preparation. These results suggest 
that in neurogenic regions of the adult avian forebrain, IGF-1 might act as a 
radial cell-associated neuronal differentiation factor, which may serve to 
regulate neuronal recruitment into the adult parenchyma.

Supported by NINDS R01NS33106 and R01NS29813, the Mathers 
Charitable Foundation, the Lookout Foundation, and the Hirschl Trust.

563.13
INSULIN EFFECTS ON DIFFERENTIATION OF FETAL NEURON 
CELL CULTURES. M.P. Abboud, G. Johnson III and R. Schechter*. 
William K. Warren Medical Research Institute at the Oklahoma Health 
Science Center, Tulsa, OK, 74136.

We demonstrated insulin and insulin like growth factor 1 (IGF-1) 
and its' mRNA within the fetal nervous system. We studied the effects 
of insulin in fetal neuron cell cultures (NCC) differentiation and axonal 
growth in 16 day gestational age fetal rat brains. Neurons were 
isolated using a mouse monoclonal p75 antibody and sheep anti-
mouse magnetic-beads (Dynal), and then NCC were incubated in the 
following media: DMEM+10 % fetal calf serum (SM), defined medium 
containing 5 ug/ml of insulin (IM) and defined medium containing 100 
ng/ml of IGF1 (IGFM). The NCC were studied at 1 and 3 days of 
incubation and showed nestin and neurofilament immunoreaction. 
Axon length was measured using the Bioquant system and cell 
differentiation using Imaging Tools. Axon growth (microns) was 
greater for IM (day 3) than IGFM (36.4±2.5 mean±sem vs. 
19.9±1.4;p<0.001), but not SM (35.5±1.9). IM (day 3) showed 
significantly more differentiated neurons (46.8±5.7) than IGFM 
(28.6±3.2;p<0005), but not SM (53.8±6.8). Thus, insulin promotes 
neuronal differentiation and axonal growth to a significantly greater 
extent than IGF1 and is comparable to serum.
Sponsor: William K. Warren Medical Research Institute

563.14
INSULIN EFFECTS ON IRS-1 AND MAPK IN FETAL NEURON AND 
ASTROCYTE CELL CULTURES. R. Schechter, D. Beju*, J. Gaskins, T. 
Yanovitch and G. Johnson III. William K. Warren Med. Research Inst, of the 
Oklahoma Health Sciences Center, Tulsa, Ok, 74136.

We demonstrated insulin and its' mRNA in fetal neuron. We studied 
endogenous insulin (El) effects on the phosphorylation of the IRS-1-> MAPK 
cascade, that is involved in cell differentiation with 19 day gestational age rat 
brain neuron (NCC) and astrocyte cell cultures (ACC) using Western blots. We 
employed rabbit anti-IRS-1 and anti-active MAPK and mouse monoclonal anti- 
phosphotyrosine antibodies. Proteins were purified using magnetic beads. NCC 
and ACC were incubated in a defined medium without insulin or other growth 
factors. We also studied the effects of exogenous insulin (EXI) in NCC and ACC. 
NCC were studied at 0, 1,5,30, 60, 90 and 120 minutes and ACC at 0 and 2 
minutes. El phosphorylated IRS-1 and MAPK in NCC. EXI did not significantly 
increase IRS-1 phosphorylation, but significantly increased MAPK subunits 
phosphorylation of 44,000 at 1,5 and 30 minutes, and 42,000 at 5 minutes 
(P<0.05). In ACC IRS-1 and MAPK were phosphorylated without the presence 
of El (negative RIA) and insulin decreased the phosphorylation of MAPK subunits 
and IRS-1. El phosphorylated the insulin receptor in NCC and EXI in ACC. PCR 
showed the presence of IRS-1 and insulin receptor mRNA in ACC and NCC. 
Electron microscopy showed IRS-1 immunoreaction distributed in the cytoplasm 
ofthe neurons and astrocytes. Thus, 1) endogenous insulin phosphorylated the 
insulin receptor, IRS-1 and MAPK within the NCC via autocrine or paracrine 
effect, 2) endogenous insulin stimulated the activation of the IRS-1 ~>MAPK 
cascade in NCC, but has an opposite effect in ACC, 3) insulin may affect 
astrocytes via a paracrine or endocrine action. We hypothesize that El effects 
on the MAPK cascade in NCC and ACC have an involvement on cell 
differentiation and cell growth. Sponsor William K. Warren Med. Res. Inst.
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563.15
DOPAMINERGIC RETINAL CELL DIFFERENTIATION IN CULTURE: 
MODULATION BY cAMP. M.Z.P. Guimaraes, J.N. Hokoc, P.F, Gardino* and 
F.G DeMello. IBCCF0, UFRJ, Rio de Janeiro, 21949-900, Brazil.

In the chick retina, dopaminergic retinal cells undergo the last mitosis by 
embryonic day seven (E7) but express detectable levels of tyrosine 
hydroxylase (TH) only at E11 (Gardino et al., Dev. Brain Res., 72, 226-236, 
1993). In this study, we examined the possible effects of factors involved in 
the expression of TH, during the period between E7 and E11. Using 
monolayer cultures and TH immunocytochemistry, we observed that when 
cultures were prepared from E8 retinas, the dopaminergic cells failed to 
differentiate. In contrast, cultures from E10 retinas displayed TH- 
immunoreactive cells (TH+), that increased in number as the cultures 
developed. Since cAMP is known to regulate TH gene transcription, we 
treated E10 cultures for 5 days with 10 p.M forskolin and observed a 
substantial increase (2.2 times) in the population of TH+. However, when we 
tested the effects of dopamine (100 p.M) and adenosine (1 mM), agents 
known to modulate cAMP levels in these cultures, we found a reduction in the 
TH+ cell population, relative to control untreated cultures. Forskolin was also 
able to induce dopaminergic cell differentiation in cultures from E8 retinas. 
However, in cultures from E11 retinas, forskolin had no effect, which 
suggests the existence of a narrow window during development when cells 
are capable of being influenced by specific signals. Our data suggest that 
between E8 and E10, differentiation cues are crucial for signaling TH 
expression, possibly via cAMP production. Our data also suggest that 
dopamine and adenosine might be related to a final adjustments of the TH+ 
population by feedback mechanisms.
Supported by: CNPq, FAPERJ and FINEP.

563.16
HOXA7 PROTEIN IS LOCALIZED TO AXONS DURING NEURAL 
DEVELOPMENT. X. Qiao1, A, Bendall1. C. Schnabel1. K. Eagelson2. 
V. Pickel3. P. Levitt2. M. Shen1 and C. Abate-Shen1*: 1. Center for 
Advanced Biotechnology and Medicine and UMDNJ-Robert Wood 
Johnson Medical School, Piscataway, NJ; 2. Department of 
Neurobiology, University of Pittsburgh School of Medicine; 
Pittsburgh, PA; and 3. Department of Neurology and Neuroscience, 
Cornell University School of Medicine, New York, NY.

Vertebrate Hox genes exhibit dynamic expression patterns 
during embryogenesis that reflect their global roles as 
developmental regulators. One of the primary sites of Hox gene 
expression is the developing nervous system, where their protein 
products are presumed to function as transcription factors to 
regulate gene expression during neurogenesis. We have found that 
HoxA7 protein has an unexpected subcellular distribution for a 
putative transcription factor. Thus, we show that HoxA7 protein is 
expressed exclusively in the nervous system, despite the presence of 
its transcripts in other embryonic regions, and we show that it is 
primarily associated with differentiating neurons. Moreover, we 
demonstrate that HoxA7 protein is localized in neuronal processes, 
as well as nuclei, and that its distribution in processes is primarily 
axonal and enriched in growth cones. Its localization in axons 
suggests a hitherto unsuspected role for HoxA7 during neurogenesis, 
potentially in the processes of axonal guidance and/or neurite 
outgrowth.

Funding is provided from NIH #HD33362.

563.17
SOME COMMISSURAL NEURONS EXPRESS THE 
GABAERGIC PHENOTYPE DURING EARLY SPINAL 
CORD DEVELOPMENT. P.E, Phelps*. A. Aliiani, and C. Puri. 
Dept. of Physiological Science, UCLA, Los Angeles, CA 90095-1527.

Early forming commissural neurons have been identified in spinal 
cord with Golgi impregnation, electron microscopy, and retrograde 
transport of lipophilic dyes. In addition, axons of these neurons 
transiently express the SNAP/TAG-1 antigen on their surfaces during 
development. Surprisingly, however, the neurotransmitter utilized by 
commissural neurons has not been identified previously. The present 
immunocytochemical studies localizing GAD65 in embryonic rat spinal 
cord have documented that some commissural neurons express 
detectable levels of GAD as early as embryonic day 13. GAD-positive 
somata can be clearly identified as commissural neurons because their 
labeled axons course into the ventral commissure and continue into the 
contralateral ventral marginal zone. When present results are compared 
with SNAP/TAG-1 or neurofilament-associated immunocytochemically 
labeled tissues of comparable ages, differences in the labeling patterns 
suggest that only a subset of commissural neurons are GABAergic. 
Bundles of GAD-positive commissural axons emerge from labeled 
somata located both laterally (ventral to dorsal root entry zone) and 
ventromedially. Although GAD-labeled neurons are detected 
dorsomedially, axons of these neurons did not join the commissural 
pathway, suggesting that the dorsal most commissural neurons may 
express a different neurotransmitter phenotype. Supported by the 
Jennifer Jones Simon Foundation and the UCLA Faculty Senate.

563.18
A TRANSGENIC MOUSE THAT EXPRESSES THE JELLYFISH GREEN 
FLUORESCENT PROTEIN IN MOTOR NEURONS.
Robert G. Kalb* and Thomas Hughes, Departments of Neurology, 
Pharmacology, Ophthalmology, and Section of Neurobiology, Yale 
University School of Medicine, New Haven, CT 06510.

The positive identification of distinct cell types within the living 
mammalian central nervous system would be useful for the study of cell 
fate, development of electrophysiological and morphological properties, 
and cell survival. Accordingly we sought to explore whether the jellyfish 
Green Fluorescent Protein (GFP) could be used as a reporter in the mouse 
nervous system. A transgenic line (DBH-GFP1.1) was created in which the 
promoter/enhancer region of the human dopamine-fi-hydroxylase (DBH) 
gene was used to drive cell-type specific expression of GFP. Previous 
investigators (Kapur et al., Neuron 7:717-727, 1991) have shown that 5.8 
kB of the genomic sequence 5' of the transcription start site is sufficient to 
direct reporter expression in the cells that normally express DBH. Of 
particular interest, in the spinal cord reporter expression is confined to 
motor neurons during embryonic days E9.5 - E14.

In the DBH-GFP1.1 mice, clear and unambiguous GFP fluorescence is 
detected with conventional microscopy. GFP expression is seen in the 
adrenal medulla and restricted populations of neurons within the 
peripheral and central nervous system. In the embryonic spinal cord (E9.5- 
E12), fluorescent cell bodies are visible in ventrolateral regions where 
postmitotic, postmigratory motor neurons reside. These transgenic mice 
will provide us with new views of motor neurons as they develop in living 
tissue, and should provide the signal necessary for cell purification. 
Supported by NEI EY 08362 and NINDS NS29837, HD33467

563.19
INTERMEDIATE ZONE NEURONS HAVE AXONS PROJECTING 
CORTICOFUGALLY IN THE EMBRYONIC RAT BRAINS
N, Tamamaki*> K.-E.-EujiniQii>.R.,Takauji Dept. of Anatomy, Fukui
Medical School, Matsuoka, Fukui 910-11 Japan

In the embryonic neocortex, early generated neurons form three layers, 
in the marginal zone, the subplate, and the lower intermediate zone (IZ). 
In the previous studies, we showed that some population of the lower IZ 
(IZ neurons) are originating in the lateral ganglionic eminence and 
migrate dorsally into the IZ of the neocortex. Also we showed that 
neurons in the IZ were retrogradely labeled after Dil injection into the 
new bom rat spinal cord. To examine if these two populations overlap 
each other and if the migrating IZ neurons have axons, the morphology 
of the migrating IZ neurons has been investigated.

The migrating IZ neurons labeled by focal injections of Dil had a stout 
leading process and a tailing process. The tailing processes were 
sometimes very long and cylindrical just like an axon. The end of the 
tailing process could not be identified by the Dil labeling because Dil 
staining faded as going distally. Moreover expression of several 
molecular makers for growing axon such as DCC (netrin receptor) and 
TAG-1 (axon cell adhesion molecules)were examined directly on the 
migrating IZ neurons by double staining of in situ hybridization and Dil 
labeling. The signals of these two molecules overlapped on the Dil- 
photoconverted DAB signals.

When BDA (biotin dextran amine) was injected into the pons of E17 
embryo and retrograde labeling was examined in E19 brain, similar cell 
population in the IZ were retrogradely labeled. Therefore, the some 
population of the migrating IZ neurons have axons which may project 
corticofugally.

563.20

DEVELOPMENT OF THE NIGROSTRIATAL TRACT IN THE NON-HUMAN 
P RI MATE, E. A. Bundock , B. Blanchard, L. Evans, J, D. Elsworth, R. H. 
Roth, D. E. Redmond, Jr., and J, R, Sladek, Jr,* Dept. Neuroscience, 
The Chicago Medical School, North Chicago, IL. 60064.

Understanding the development of the intact nigrostriatal tract is 
important for analysis of ventral mesencephalic (VM) dopaminergic 
grafts transplanted to the striatum in non-human primate models of 
Parkinson's disease. While development has been studied extensively 
in the rat, data for non-human primates is limited. A study of 
neurogenesis in the rhesus monkey (Levitt and Rakic, 1982, Dev 
Brain Res 4:35) currently is used to estimate similar events in other 
species. Thus, we are examining development in another old world 
species, the African green monkey, at stages (E31-P14, n=62) 
spanning neurogenesis, migration, outgrowth, and target innervation 
using tyrosine hydroxylase immunochemistry. Many dopamine 
neurons are present in the VM relatively early (i.e. by E35), 
suggesting that development of this system may occur earlier than in 
the rhesus monkey. Rostrally projecting axons, which can be seen as 
early as E38, form an extensive bundle by E42 and reach the 
developing striatum by E46. Fibers initially fill the putamen in a 
uniform pattern (E51) with subsequent innervation of the caudate 
(by E57) and development of the characteristic patch/matrix 
histology (by E103). Time of neurogenesis as indicated by bromo-
deoxyuridine labeling, initial expression of transmitter phenotype, 
migration, neuritic outgrowth, and synaptogenesis within the target, 
are being studied to understand how to enhance dopamine neuron 
survival and therefore, the therapeutic potential of transplantation. 
Supported by NIH grants PO1 NS 24032 and RSA MH 00643 (DER).

Society  for  Neuroscience , Volume  23,1997



TUESDAY PM
BIOLOGIC EFFECTS OF NEUROTROPHINS: CELLULAR PROLIFERATION 

AND DIFFERENTIATION 1427

564.1
BDNF REGULATES P21dpl EXPRESSION AND THE TIMING OF 
MOUSE CEREBELLAR GRANULE CELL DIFFERENTIATION IN 
VITRO. X, Lin*. H. Cui and R, F. Bulleit Department of Pharmacology, 
University of Maryland Sch. of Med., Baltimore, MD 21201.

In BDNF null mutant mice cerebellar granule cell development is 
delayed suggesting that BDNF may regulate the timing of granule cell 
differentiation. Here we report that in pure postnatal granule cell cultures 
BDNF significantly accelerated the expression of mRNA encoding the 
GABAa receptor a6 subunit, a marker for terminally differentiated 
cerebellar granule neurons, and also increased expression of p21cipI. p21cipl 
is a general cycl in-dependent kinase (Cdk) inhibitor that can inhibit 
progression through the cell cycle. Alternatively, the expression of p27kipl, 
another Cdk inhibitor closely related to p21cipl, was not modulated by 
BDNF. However, the level of both p2rpl and p27Upl mRNA is 
transiently elevated during in vivo postnatal cerebellar development. Thus, 
these two cell cycle inhibitors may have distinct functions during granule 
cell development. In cultured granule cells, the increase in p2rpl 
expression induced by BDNF occurred after dividing granule cells have 
stopped proliferating and thus may not be required to direct granule neuron 
precursors out of the cell cycle. The increase in p21CTpI expression occurs 
as granule neurons initiate terminal differentiation and may function during 
this early phase of differentiation. This report shows that, in vitro, BDNF 
accelerates granule cell specific gene expression. These observations are 
consistent with BDNF functioning to modulate the timing of cerebellar 
granule cell differentiation, (supported by Bressler Res. Fund, UMAB)

564.2
CONTROL OF p53 AND THE CELL CYCLE BY NERVE GROWTH 
FACTOR. A. L. Hughes, T. L. Sladek°, and K. E. Neet*. Dept. of Biol. 
Chem. and °Dept. of Microbio. and Immunol., Finch Univ. Health Sci./ 
The Chicago Med. Sch., North Chicago, IL 60064.

The role of the tumor suppressor protein, p53, as a regulator of nerve 
growth factor (NGF)-mediated growth arrest of PC 12 cells has been 
investigated. Differentiation and Gl/S checkpoint blockage correlate 
with an increase and nuclear translocation of the p53 protein. A 
transcriptional target gene of p53, p21/WAFl protein levels also rise 
rapidly post NGF stimulation, consistent with its role as a cyclin 
dependent kinase inhibitor. Retroviral vectors that express SV40 large T 
antigen (TAg), temperature sensitive p53 mutants (p53ts), and pAntp 
internalization peptide coupled antisense oligonucleotides were used to 
extinguish p53 and p21/WAFl protein levels to elucidate their role in 
mediating NGF control of the cell cycle. Western blotting techniques 
were used to characterize the blockage of NGF upregulation of p53 and 
p21/WAFl protein expression. Proliferation was measured by BrdU 
incorporation followed by both immunostaining for DNA synthesis and 
by bivariate flow cytometric analysis (FACS) for distribution and length 
of cell cycle phases. Results show that without functional p53 protein, 
NGF fails to induce p21/WAFl or activate growth arrest. Thus, p53 and 
p21/WAFl are indispensable in mediating the NGF antiproliferative 
signal that regulates the cell cycle of PC 12 cells. (Supported by NIH 
Grant NS24380)

564.3
NEURONAL HETEROTOPIAS IN NEOCORTEX AND HIPPOCAMPUS 
OF TRANSGENIC MICE OVEREXPRESSING BDNF IN THE 
DEVELOPING NERVOUS SYSTEM. Thomas Ringstedt1* Ernest Arenas2. 
Urban Lendahl3 and Carlos Ibanez1. Lab. of Molecular Neurobiology, ^ept. 
of Neuroscience, 2Medical Biochemistry and Biophysics, and 3Cell and 
Molecular Biology, Karolinska Institute, Stockholm, Sweden.

Brain Derived Neurotrophic Factor (BDNF) is known to affect the 
phenotype of cells in the developing nervous system. Many earlier studies of 
the effects of BDNF in vivo as well as in brain slice cultures were hampered 
by its low diffusion rate in neural tissue. To overcome this problem, and to 
study the effects in vivo of long term BDNF supply to cells of the prenatal 
central nervous system, we created transgenic mice overexpressing BDNF 
under the control of the promoter and enhancer regions of the nestin gene, an 
intermediate filament gene widely expressed in the developing nervous 
system. Examination of brains from PO and El 8 nestin-BDNF mice revealed 
an abundance of neocortical invaginations. The depth of the invaginations 
varied, some of them spanning more than 70% of the total cortical thickness. 
Heterotopic cell clusters were found in the invaginations. Immuno-
histochemistry revealed that these cells were calretinin positive, likely Cajal- 
Retzius cells. From these cell clusters, dendrites extended in a radial fashion, 
seemingly defining the limits of the invagination. In hippocampus, we found 
cells aggregated in a layer running parallel to the CA pyramidal cell layer. 
These cells had a morphology similar to pyramidal cells, resulting in an 
apparently double CA layer in the brains of the most affected animals. 
Preliminary results revealed that these cells were neurofilament M positive, 
further indicating that they are neurons. Together, our findings suggest that 
BDNF plays a role in the correct layering of neo- as well as allocortical brain 
areas, perhaps by influencing cell migration. Supported by the Swedish 
Medical Research Council.

564.4
Parvalbumin  Expression  is  Reduced  in  Discrete  Brain  Regions  in  
MICE LACKING BDNF OR NT4. S.J. Wiegand*, M. Juhasz, N. Cai, R.M. 
Lindsay and C.A. Altar. Regeneron Pharmaceuticals, Inc. Tarrytown, NY 
10591.

The high affinity neurotrophin receptor, TrkB, is expressed at high 
levels in the mammalian brain, and the TrkB ligands, BDNF and NT4, are 
known to support the survival of many types of CNS neurons both in tissue 
culture and in vivo following injury. It is therefore surprising that no gross 
structural abnormalities have been noted in the brains of mice which lack 
BDNF (Ernfors et al, ‘94 Nature 368:147) and/or NT4 (Conover et al, ‘94 Nature 
375:235). However, it has been reported that the number of cells expressing 
the calcium binding proteins calbindin and parvalbumin are decreased in 
several forebrain regions of BDNF null mice (Jones et al. ‘94, Celt 76:989). 
Here we describe changes in expression of parvalbumin in mice which lack 
BDNF or NT4. Mice homozygous for functional deletion of the BDNF 
gene (-/-) showed the expected marked decrease in the number of 
parvalbumin-positive neurons in cortex and hippocampus. However, 
parvalbumin staining was little altered in other structures, such as the globus 
pallidus and reticular nucleus of thalamus. In striatum, where BDNF protein 
is ordinarily contained almost exclusively within afferent terminals rather 
than intrinsic cells, parvalbumin-positive neurons were reduced by 42% in 
BDNF +/- mice and by 74% in BDNF -/- mice, compared to wild-type 
controls. In contrast no changes in parvalbumin expression were noted in 
NT4 +/- mice, whereas deletion of both NT4 alleles produced a 65% 
reduction in the number of parvalbumin cells in the striatum. Thus, the 
TrkB ligands BDNF and NT4 may ordinarily play a co-operative role in 
regulating the expression of calcium binding proteins in the brain.

Supported by Regeneron Pharmaceuticals.

564.5
MARKED DEVELOPMENTAL IMPAIRMENT IN THE FOREBRAIN AND 
DIENCEPHALON OF BDNF AND NT-3 KNOCKOUT MICE. S. Chen1-2*. D. J. 
Liebl3, L, F, Parada3. R, Llinas2 andD. Hillman1’2. JDept of Otolaryngol., 2 Dept. of 
Physiol. & Neurosci., New York Univ. Med. Ctr. New York, NY 10016 and 3Ctr. 
Develop. Biol., Univ. Texas Southwestern Med. Sch., Dallas, TX 75235-9133

Both BDNF and NT-3 are neurotrophic growth factors, important for neural 
ontogenesis and maintenance. Knockout mice [BDNF (-/-), NT-3 (+/-), and a 
combination of the two] and wild type litter mates were maintained until postnatal day 
15. The pups were perfused briefly with a 0.2M phosphate buffer through the heart 
followed by 4% paraformaldehye and 0.2% glutaraldehyde in 0.1M phosphate buffer 
for 10 minutes. Immunohistochemical labeling for calbindin and calretinin was 
performed on 50 mm vibratome sections using HRP-DAB (Vector Elite kit). Our 
data revealed a substantial reduction in the size of the neocortex, hippocampus, 
septum, basal ganglia, and thalamus. Generally, the cortices were characterized by 
thinner layers with less marked lamination and slightly disarrayed dendritic 
projections. In the hippocampus, both the layers of dentate and CA regions were 
affected. The striatum and the corpus callosum appeared much smaller. Both 
reduction in cell number and immunoreactivity were very striking in calbindin 
preparations of BDNF knockout animals but was substantially less affected in 
heterozygous NT-3 knockout’s. Double mutants produced an even more severe effect 
on the overall cytoarchitecture of the corticies, diencephalon and basal ganglia. The 
dorsal part of the anterior thalamus and hippocampus was displaced above the septum. 
This abnormality resembled the appearance of a 1 day old wild type animal. The 
hippocampal granular layer had marked dispersion of calretinin positive cells.

In conclusion, developmental deficits in BDNF and NT-3 proteins affect a broad 
spectrum of cell types throughout the forebrain and diencephalon supporting the 
hypothesis that generalized cell differentiation and connectivity require these proteins. 
Supported by NIH-NINCDS NS-13742 and NIA AG-09480 (NYU) and NIH NS- 
33199 (UTSW).

564.6
MECHANISMS GOVERNING THE DIFFERENTIATION OF A 
SEROTONERGIC PHENOTYPE IN BRAIN NEURONS. J, Zhou* and
L. Iacovitti Dept. of Neurobiology, Allegheny University, Phila. PA.
Previous studies from this laboratory have demonstrated that, during a critical period 
when neurons from the developing striatum are phenotypically plastic, novel 
expression of the dopamine (DA) biosynthetic enzyme, tyrosine hydroxylase (TH), 
can be triggered by the synergistic interaction of either aFGF, bFGF cm - BDNF and the 
neurotransmitter DA. We wondered whether the obligate cooperativity of growth 
factors and neurotransmitters in signalling gene expression is unique to TH, or, more 
intriguingly, represents a general principle governing the biochemical differentiation of 
the brain. In this study, we sought to determine whether a serotonin [5-HT) phenotype 
might also be signalled by a similar mechanism. We tested the effects of a variety of 
growth factors and neurotransmitters on the expression of tryptophan hydroxylase 
(TPH), a key enzyme in serotonin synthesis. Primary cultures of striatal neurons were 
established in a defined serum-free media containing either aFGF, bFGF or BDNF (10- 
lOOng/ml) in the presence or absence of 5-HT, DA, GABA, glutamate (l-500/<M) for 
5 days. As withTH, individual substances failed to induce TPH expression. However, 
the combined incubation of certain growth factors; aFGF, bFGF or BDNF (but not 
EGF, GDNF or IGF-1) and the neurotransmitter, 5-HT (but not DA, GABA, 
glutamate) elicited the novel appearance of immunoreactive TPH. Moreover, the newly 
expressed TPH was catalytically active in vitro (radioenzymatic assay) and in situ 
(6.5ng5-HT/culture by HPLC). The degree of TPH induction after aFGF and 5-HT was 
similar to that seen previously for TH after aFGF and DA (Du and Iacovitti, 1995). 
These studies suggest that the same pool of plastic striatal neurons can be induced to 
express either a DA or a 5-HT phenotype and that each requires the synergistic 
cooperation of a growth factor with a neurotransmitter. Since the same growth factors 
are involved in TH and TPH induction, it is the presence of the appropriate 
neurotransmitter which confers specificity as to which neurotransmitter gene is 
expressed. We conclude that neurotransmitters play an important and previously 
unsuspected role governing growth factors in the differentiation of different 
neurotransmitter phenotypes in the brain. Supported by NIH NS 24204, NS 32519.
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564.7
NEUROTROPHIC FACTORS DIFFERENTIALLY REGULATE 
DEVELOPMENT OF SUBPOPULATIONS OF 5-HT NEURONS
D.Galter, K, Krieglstein* and K, Unsicker, DepZ. of Anat. & Cell 
BioL, Univ. Heidelberg, INF307, D-69120 Heidelberg, Germany.

The hindbrain serotonergic (5-HT) system is one of the 
phylogenetically and ontogenetically oldest parts of the brain, and has 
been implicated in major psychologic and autonomic disorders. 
Relatively little is known, however, on factors that control survival, 
differentiation and plasticity of the various subgroups of 5-HT neurons 
at different developmental ages in vitro and in vivo. We have first 
studied the effects of neurotrophic factors on the survival of rat 5-HT 
neurons cultured at 200,000 cells per cm2 under serum-free conditions 
from different embryonic ages. At E14 saturating concentrations of 
BDNF, NT-3, and FGF2 increase numbers of 5-HT, tryptophane 
hydroxylase (TPOH)-positive neurons surviving a 4-day-cuIture 2- to
3-fold as compared to controls. FGF5, TGF-Q, and GDNF are 
significantly less potent, and NGF has no effect. At El 2 and E13 NT-3 
supports twice as many neurons as compared to BDNF, whereas 5-HT 
cells from E16 embryos respond predominantly to BDNF. In addition 
to age-related differences in the responses of 5-HT neurons, neurons 
from rostral and caudal 5-HT-subgroups significantly differ in their 
responses to neurotrophic factors. These data are consistent with the 
notion that 5-HT neurons are regionally heterogeneous in their 
responses to trophic factors and have distinct trophic factor 
requirements at different developmental ages.

(Supported by DFG Un 34/19-1)

564.8
NEUROTROPHIN-3 PROMOTES CEREBELLAR GRANULE CELL 
MATURATION. Martin L. Doughty, Ann Lohof*, Nicole Delhaye-Bouchaud, 
and Jean Mariani. Lababoratoire de Neurobiologie du Developpement, Univ. 
P. & M. Curie, 75005 Paris, France.
Neurotrophin-3 (NT-3) mRNA expression in the cerebellum undergoes a large, 
transient increase during postnatal development. The period of elevated NT-3 
mRNA levels coincides with the period of cerebellar granule cell genesis and 
migration from the external germinal layer (EGL). The preferred NT-3 receptor 
trkC is expressed in the cerebellar EGL and internal granule cell layer (IGL). We 
have investigated the role of NT-3 in cerebellar granule cell genesis and 
migration in vivo and in vitro. NT-3 was chronically applied to the rat cerebellum 
in vivo from P6 onwards using Elvax implants. Analysis of the mitotic index of 
cells in the EGL by proliferating cell nuclear antigen-immunocytochemistry at 
P10 did not reveal any differences between NT-3 and control-implanted rats. 
However, BrdU-pulse labelling of implanted rats on P8 revealed a significant 
difference in the distribution of BrdU-immunopositive granule cells at P10. 
Rats implanted with NT-3 contained a significantly higher proportion of BrdU- 
immunopositive cells in the IGL when compared to controls. The proportion of 
BrdU-immunolabelled cells within the EGL was also reduced when compared 
to controls. Sagittal cerebellar slices from the vermis of rats injected with BrdU 4 
hours before sacrifice were also grown in a range (1-100 ng/ml) of NT-3 
concentrations in vitro. Preliminary observations indicate increased numbers of 
BrdU-positive granule cells in slices grown in the presence of NT-3 compared 
to controls at 48 and 96 hours post BrdU-injection. The majority of these ceils 
were located in the deeper aspects of the cerebellar cortex. These results 
indicate that NT-3 promotes granule cell maturation resulting in increased 
survival in vitro. The neurotrophin most likely acts on the post-mitotic, pre- 
migratory or migrating granule cell. Further experiments will be conducted in 
vitro to determine the dose-dependence of granule cel! responses to NT-3.

564.9
AN EXPLANT CULTURE SYSTEM FOR STUDYING THE MOLECULAR 
DIFFERENCES BETWEEN SUBSETS OF SENSORY NEURONS 
DEPENDENT ON NERVE GROWTH FACTOR OR NEUROTROPHIN-3.
R, H, Friedel, H. Schnlirch. J. Stubbusch and Y.-A. Barde^
Abt. Neurobiochemie, MPI fur Psychiatrie, D-82152 Martinsried

Subpopulations of sensory neurons with similar physiological properties need
distinct neurotrophins for survival. Nociceptive neurons are dependent on NGF 
binding to rrfeA whereas mainly proprioceptive neurons require NT3 signalling 
through trkC. Using these selective survival properties, we wanted to separate 
trkA- and trkC-expressing neurons as a prerequisite for the characterisation of 
their molecular set-up. First, dissociated neurons from embryonic chick DRGs 
were cultivated under standard conditions and supplemented with NGF or NT3. 
While we anticipated differential expression of the trks, RT-PCR analysis 
revealed that NGF-and NT3-selected neurons express nearly equal levels of 
trkA and trkC mRNA, presumably due to aberrant gene expression under these 
conditions. In contrast, whole ganglia explants cultured under optimised 
conditions in the presence of either neurotrophin showed strong differential 
expression of trkA and trkC, thus fulfilling the most obvious criterion for the 
successful selection of the two neuronal subpopulations. Markers known to be 
subset-specific in vivo like CGRP, substance P, calretinin and parvalbumin were 
also differentially expressed, confirming better preservation of native gene 
expression in the explants. Since electrical excitability is a hallmark of 
neurons, we cloned 4 chicken homologues of sodium channel a subunits and 
found 2 of them to be enriched in NGF-treated explants (channels SNS and I) 
and 2 enriched in NT3-treated explants (channels II and H). Of particular 
interest is the sensory neuron specific channel SNS which showed coexpression 
With trkA in vivo, supporting the idea that this channel is related to nociception. 
These results demonstrate that the explant culture system represents an access 
to the molecular analysis of neuronal subsets.

564.10
IDENTIFICATION OF GENES EXPRESSED IN SUBSETS OF SENSORY 
NEURONS BY RNA FINGERPRINTING.
H. Schnurch. R. H. FriedeL J. Stubbusch, G. Dechant* and Y.-A- Barde.
Abt. Neurobiochemie, MPI fur Psychiatrie, D-82152 Martinsried

An explant culture system using dorsal root ganglia (DRGs) and the
selective survival properties of nerve growth factor (NGF) and neurotrophin-3 
(NT3) was exploited to study differences in gene expression between 2 subsets 
of sensory neurons. To identify differentially expressed genes, we developed a 
simple and robust RNA fingerprinting method. It uses oligo-dt primed cDNAs 
as templates for amplifications with 2 different 18-mer primers. The first 2 low 
stringency cycles determine annealing specificity and are followed by a series of 
high stringency cycles which lead to an efficient enrichment of the initially 
formed fragments. This strategy allows optimisation of the procedure based on 
a gene known to be differentially expressed and is therefore highly versatile. 
With this method we were able to identify more than twenty genes that were 
expressed at different levels in NGF- or NT3-treated explants. These included 
already known as well as novel genes. By in situ hybridisation analysis, we 
found that quantitative differences > 4 are highly indicative of sub-set specific 
expression patterns in vivo. These patterns were similar to those of trkA or 
trkC, depending on whether the gene was more strongly expressed in NGF- or 
NT3 treated explants, respectively. The cannabinoid receptor CB1, the catalytic 
GDNF receptor ret, the calcium-binding protein VILIP and the receptor tyrosine 
kinase Cek7 are examples of genes that have not been described to be 
expressed in a subpopulation of DRG neurons before. In the case of CB1, its 
association with trk A-ex pressing neurons in the explants and in vivo suggests a 
role in the modulation of pain perception. In conclusion, the approach described 
here allows to characterise the molecular repertoire of trkA- and trkC 
expressing neurons and will help to understand their physiological functions.

564.11
ANALYSIS OF SYMPATHETIC NEURON DEVELOPMENT IN TRANSGENIC 
MICE WITH ALTERED p75 AND NGF LEVELS. C. Brennan* and S.C. Landis. 
Neuial Development Section NINDS/NIH, Bethesda, MD 20892

Nerve growth factor (NGF), which is required for sympathetic neuron survival, binds 
to two receptors, trkA, a tyrosine kinase receptor, and p75, the low affinity 
neurotrophin receptor. TrkA is responsible for signal transduction and few sympathetic 
neurons survive in trkA deficient mice. The role of p75, however, in mediating NGF 
effects is unclear. To examine how p75 and NGF interact to influence sympathetic 
neuron development in vivo, we crossed two transgenic lines in which the coding 
regions of p75 or NGF were disrupted to obtain mice with four different genotypes: 
wild-type, NGF+/- p75+/+, NGF+/+ p75-/-, or NGF+/- p75-/-. We previously 
reported that neuron number in adult and newborn mice is equivalent in superior 
cervical ganglia (SCG) of wild-type, NGF+/+ p75-/- and NGF+/- p75-/- mice but 
reduced by -50% in NGF+/- p75+/+ mice. Additional, preliminary neuron counts 
revealed that this is true in E16.5 SCG as well (wild-type 20492; NGF+/- p75+/+ 
9300; NGF+/+ p75-/- 19744; NGF+/- p75-/- 19556). We also examined the 
innervation of 3 target glands in adult mice: salivary gland, footpad sweat glands and 
pineal gland. As previously reported, in NGF+/+ p75-/- mice, salivary gland and 
medial footpad innervation was normal, lateral footpad innervation was reduced and 
pineal gland innervation was absent. In NGF+/- p75+/+ mice, all three glands 
exhibited a normal innervation pattern but reduced fiber number. In the absence of p75 
(NGF+/- p75-/-), however, salivary gland innervation was restored to normal. In 
contrast, no sympathetic fibers were present in either the medial or lateral footpads or 
in the pineal gland of these mice. These results suggest that sympathetic neurons are 
dependent on NGF earlier than previously believed, that even during embryonic 
development neuron number is not affected by p75 expression when levels of NGF are 
normal and that the interactions between p75 and NGF in determining innervation are 
target-dependent. Supported by: NS023678, McKnight Foundation, NINDS DIR.

564.12
NGF AND BDNF INDUCE DIVERGENT DEVELOPMENTAL 
PATHWAYS IN CULTURED NEONATAL RAT SENSORY NEURONS 
P. De Koninck*, D.G. Wheeler and E. Cooper. Dept. of Physiol., McGill 
University, Montreal, P.Q., Canada, H3G 1Y6.

Previously, we showed that neurtrophins influence the differentiation of 
neonatal rat nodose neurons developing in culture. In the absence of non-
neuronal cells, nodose neurons cultured with BDNF retain high capsaicin 
sensitivity, lack dendrites and express small ACh currents, in keeping with 
sensory neurons in vivo. In contrast, nodose neurons cultured with NGF 
extend dendrites, up-regulate functional nicotinic ACh receptors, and lose 
sensitivity to capsaicin. One interpretation of these results is that trkA and 
trkB signaling pathways diverge sufficiently to account for these effects 
on nodose neuron differentiation. A second is that distinct sub-
populations of nodose neurons exist, each responding differently to 
neurotrophins. To test these alternatives we used: 1) RNase protection 
assays to quantify mRNA levels of trkA and trkB in these neurons; and 2) 
in situ hybridization to determine whether individual neurons co-express 
mRNA for both receptors. We found that nodose ganglia contain 
abundant trkB mRNA, as previously observed; however, we also found 
significant trkA expression, even though only few nodose neurons in vivo 
reportedly have high-affinity NGF receptors. Interestingly, neurons 
cultured for 2 weeks with NGF up-regulate their trkA mRNA ~3-fold, 
whereas trkB mRNA levels change little in cultures treated either with NGF 
or BDNF. In situ hybridization with digoxigenin labeled probes revealed 
that many neonatal nodose neurons express both trkA and trkB mRNA in 
culture. The demonstration that: 1) NGF and BDNF exert distinct effects 
on nodose neuron differentiation; and 2) trkA and trkB expression 
overlap in many neurons suggests that different neurotrophins can act on 
individual neurons by initiating divergent pathways of differentiation. 
(Supported by the MRC of Canada and FRSQ-FCAR of Quebec)

Society  for  Neuroscience , Volume  23,1997



TUESDAY PM
BIOLOGIC EFFECTS OF NEUROTROPHINS: CELLULAR PROLIFERATION 

AND DIFFERENTIATION 1429

564.13
The Effects of NGF(Nerve Growth Factor) on Enteric Nervous 
System in Strepiozotocin-Diabetic Rat. S.H. Park1, KA, Park , H.S. 
Kang*, E.T, Bailc, W.T. Cho1. Dept. of Anatomy, College of MecL 
Kon-Kuk Univ., Chung-Ju, 380-701, Yonsei Univ., Seoul, 120-75?, 
Yonsei Univ., Wonju College of Med., Wonju, 220-701* and Dept. of 
Physiology, College of Med., Ajou Univ., Suwon, 442-749 , Korea

The aim of the study was to determine diabetes-induced changes in 
the distribution of enteric neuropeptide could be prevented 4-week 
streptozotocin(65mg/Kg)-induced diabetic rats by using daily admini-
stration of NGF(500ng/Kg). Prepared each sgmemnts were immuno-
stained for SP, CGRP, VIP, and GAL. And we also observed the ICCs 
stained with Champy-Maillet sol. The number of immunostained cells 
per one ganglion and the ICCs per field(0.09 mm2) were counted and 
size were measured with image analyzer. The results obtained are as 
follows; 1. Immunoreactivity of SP, CGRP, VIP in myenteric plexus was 
not changed from control, diabetic, and NGF administerd diabetic rats. 
However, immunoreactivite of GAL in myenteric plexus in diabetic 
group was decreased and in NGF administered diabetic group immuno-
reactivity of GAL was the same as the control group. 2. In diabetic 
group, the number of SP, CGRP, VIP immunoreactive cells in submu-
cous plexus were decreased and GAL immunoreactive cells were not 
changed. In NGF administered diabetic group, the number of SP and 
VIP immunoreactive cells were the same as the control group. The 
number of CGRP and GAL immunoreactive cells were below the control 
group. 3. In diabetic group, the number of ICCs were slightly decreased 
and many of the cells showed degenerative changes. In NGF admi-
nistered diabetic group the number of ICCs were not changed and in 
the ileum, the size of the ICCs were increased. These results reflect 
that the decrease in SP, CGRP, VIP immunoreactitvity caused by 
diabetes were more obvious in the submucous plexus than in the 
myenteric plexus and ICCs cells were also affected by diabetes. 
Moreover, NGF prevent decrease of neuropeptides and degeneration of 
ICCs in enteric plexus of the diabetic rat small intestine and these will 
induce smooth intestinal motility.

564.14
QUALITATIVE ANALYSIS OF GROWTH AND DIFFERENTIATION OF PC 12 
CELLS ON SMALL INTESTINAL SUBMUCOSA (SIS). A, Sharma* and S. F. 
Badvlak. Hillenbrand Biomedical Engineering Center, Purdue Univ. West 
Lafayette, IN 47907.

Previous studies have shown that small intestinal submucosa (SIS) induces cell 
growth and differentiation both in-vitro and in-vivo. Cardiovascular, urogenital, 
dermatologic and musculoskeletal tissues all remodel with appropriate, tissue specific 
responses in the presence of SIS and show significantly improved wound healing 
capabilities. The present study investigated the effect of porcine SIS upon neuronal 
cell growth and differentiation in-vitro. The growth and differentiation of 
neuronalpheochromocytoma cells (PC 12) cells in the presence of SIS was 
investigated over a period of 10 days. PC 12 cells are well characterized neuronal cells 
which initially grow as round chromaffin cells but differentiate to sympathetic -like 
neurons with neurites when exposed to nerve growth factor (NGF). Basic fibroblast 
growth factor (bFGF) has also been associated with neuronal differentiation of PC 12 
cells. In this study , PC 12 cells showed growth and differentiation in the presence of 
SIS without supplemented NFG or bFGF. The changes in neuronal cell morphology 
were observed as early as one day after seeding the cells on SIS in the absence of any 
supplemental growth factors. In addition, PC 12 differentiation in the presence of SIS 
could be blocked with neutralizing antibodies specific to NGF or bFGF. These 
studies suggests the presence of NGF- and bFGF-like factors within the SIS 
biomaterial. The correlation between the presence of such factor(s) and the ability of 
SIS to induce neuronal repair and /or regeneration remains to be investigated.
This research was supported by Cook Biotech, Inc., W. Lafayette, IN and TRASK 
Funds, Purdue University.

564.15
NERVE GROWTH FACTOR INDUCES COX-l IN NEURONALLY 
DIFFERENTIATING PC 12 CELLS. M, D, Kaplan, J, A, Olschowka*, P, D, 
Coleman, and M. K. O’Banion. Depts. of Neurobiology & Anatomy and Neurology 
University of Rochester School of Medicine and Dentistry, Rochester, NY 14642.

Following differentiation with NGF, PC 12 cells produce elevated levels of 
prostaglandins. Prostaglandins arise from arachidonic acid metabolism through the 
activity of cyclooxygenase (COX) which exists as two isoforms: in general, COX-1 
is constitutively expressed in a variety of cell types, whereas COX-2 behaves as an 
immediate early gene that is rapidly and transiently induced. We set out to determine 
the following: 1) whether COX is induced by NGF in PC 12 cells and, if so, 2) 
which isoform is induced, and 3) the mechanism of this induction.

We found that NGF induced COX-1 protein throughout the cytoplasm and 
neurites of a subcloned PC 12 cell line, PCX. COX-1 was induced by NGF in a 
dose-dependent fashion. It reached peak levels between 24-48 h and remained 
elevated for as long as 10 d. This induction was inhibited by neutralizing antibodies 
to NGF. Moreover, bFGF, but not EGF, caused a similar induction of COX-1 
protein. Messenger RNA levels for COX-1 peaked between 6 and 12 h and remained 
above basal levels for at least 48 h in response to NGF. Cycloheximide inhibited 
this increase in message. Cyclooxygenase activity peaked at 2 days with a 15-fold 
induction over non-treated cells and this increase was inhibited by indomethacin with 
an IC50 similar to previously reported values for COX-1.

We demonstrate a novel pattern of COX-1 gene expression in PC 12 cells 
undergoing neuronal differentiation in response to NGF. Our data suggest that the 
induction may be through the prolonged activation of Ras which follows after 
exposure to NGF and bFGF, but not EGF in PC 12 cells. Additional studies to 
define the signal transduction mechanism are in progress. Supported by grants from 
NIH (LEAD AG09016, NS33553, Dentist Scientist Award K16 DE00159), and the 
Lucille P. Markey Charitable Trust.

564.16
THE ROLE OF NEUROTROPHIC FACTORS IN THE 
MATURATION OF BASAL FOREBRAIN (BF) 
OLIGODENDROCYTES. T.M, Zaremba*, L. D. Lercher, I.B. 
Black, C.F. Dreyfus. Department of Neuroscience & Cell Biology, 
RWJ Medical School/UMDNJ, Piscataway, NJ 08854

Our previous studies suggested that brain derived 
neurotrophic factor (BDNF) influences maturation of BF 
oligodendrocytes in culture. Oligodendrocyte lineage cells (OLC) 
express trkB and p75 receptors. Moreover, BDNF elicits a two-fold 
increase in myelin basic protein (MBP+) cells over 5 days. In these 
studies, BF from postnatal day 1 (Pl) rats was dissociated, grown in 
flasks, shaken (McCarthy and De Vellis, 1980), and the OLCs were 
replated. Replated cells were approximately 98% pure 02A 
progenitors.

In the present work we defined developmental regulation of 
the BDNF effect. Pl BF cells were grown for increasing times in the 
flasks. Alternatively, BF cells from increasingly older pups were 
utilized. Progenitor cells were then harvested and exposed to BDNF 
for 5 days. In both cases, BDNF elevated numbers of MBP+ cells; 
however, the magnitude of the effect was time-dependent. BDNF 
effects increased as the time BF cells spent in the flasks lengthened. 
Similarly, older BF progenitors responded to BDNF more 
dramatically than younger OLCs. This suggests that the OLCs 
become more responsive to BDNF as they mature. We are currently 
defining the role of trk B and p75 receptors. Parallel experiments 
utilizing nerve growth factor (NGF), NT3, and NT4/5 are in 
progress. (Supported by NIH grant HD23315)

564.17
CHANGES IN POSTNATAL MOTOR NEURON DEVELOPMENT FOLLOWING 
CHRONIC ADMINISTRATION OF BDNF, NT-3, 77?KB-IgG, OR TRKC-lgG. 
B.S. Seebach*, A. Llinas and L.M. Mendell, Dept. of Neurobiology & Behavior, 
SUNY, Stony Brook, NY 11794

In previous studies, BDNF and NT-3 neurotrophins administered during the first 
postnatal week (postnatal day (PND) 0 to 8) were found to have reciprocal effects on 
the development of monosynaptic EPSPs evoked in motoneurons by dorsal root 
stimulation. To explore this further we have performed a series of immunohistochemi-
cal studies in order to determine the effects of these neurotrophins on the postnatal 
maturation of motoneurons. Neonatal rats received subcutaneous injections of BDNF 
(5pg/g), NT-3 (5pg/g), mfcB-IgG (lOgg), trkC-IgG (10gg), or control vehicle every 
other day beginning on PNDO, and were sacrificed at PND8. Some additional un-
treated rats were sacrificed at PND2. Medial gastrocnemius motoneurons were retro-
gradely labeled by injecting choleragenoid into the muscle 1 day prior to sacrifice, and 
immunohistochemically localized using a diaminobenzidine (DAB) reaction. The 
cross-sectional area of motoneuron somata were examined and measured using Im- 
agePC software from their 2-dimensional profiles captured using a light microscope 
with a video camera linked to a computer via a frame-grabber board. Soma size in 
untreated animals approximately doubled between PND2 and PND8. Soma size in-
creased more in animals receiving extra BDNF or NT-3 than in controls, and less in 
animals receiving injections of either the trkB-IgG or trkC-IgG fusion molecules 
which reduce BDNF and NT-3 levels, respectively. This result indicates that the 
changes in monosynaptic EPSPs previously measured in animals receiving the same 
treatments cannot be explained solely on the basis of effects on postsynaptic cell 
(soma) size, since BDNF and NT-3 had opposite effects on the monosynaptic EPSP 
but similar effects on motoneuron size. Initial analysis of dendritic arborizations indi-
cates that these fail to develop as profusely when the animal is deprived of NT-3. 
Supported by NIH. BDNF, NT-3, trkB-IgG and trkC-IgG courtesy of Regeneron 
Pharmaceuticals.
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565.1
INDUCTION OF PROLIFERATION OF A MULTIPOTENT CENTRAL 
NERVOUS SYSTEM (CNS) STEM-LIKE CELL BY SONIC HEDGEHOG 
(shh). J. D. Flax. C-H, Yang, and E. Y. Snyder*. Depts. of Neurology and 
Neonatology, Children's Hospital, Boston, MA 02115.

Shh is a morphogen with known functions in patterning of both neural and 
non-neural tissue. Previous studies have established that shh has an indirect role 
in proliferation in the developing limb bud by stimulating the expression of 
FGF, which has a direct mitogenic role in bud outgrowth. Within the CNS, 
studies have suggested that a down stream effector of shh, Protein Kinase A, 
also modulated proliferation. The present study was undertaken to directly 
examine the role of shh on CNS cell proliferation. Clonal, multipotent, neural 
stem-like cell clone Cl7-2 was chosen for this study because its genetic 
homogeneity and reproducible replication rates minimized variability. 
Furthermore, as cultures of Cl7-2 give rise to, neurons, glia, and 
undifferentiated precursors we were able simultaneously to assess the 
proliferative effect of shh on any or all of these lineages. Initial studies 
demonstrated an increase number of Cl7-2 cells when cultured with either cos 
cells transiently transfected with full length shh expression constructs or 
conditioned medium from these cells. In order to demonstrate a direct effect of 
shh on proliferation, we directly transiently transfected C17-2 cells with the full 
length expression construct. Normal production and processing of the shh 
protein was demonstrated by western blot analysis. An increased rate of 
proliferation in these shh-expressing stem-like cells was subsequently shown by 
BrdU incorporation. These results suggest that shh may have a dual role in the 
CNS coordinating proliferation and cell type determination during development. 
Funded by NIH grant #: NS33852, NS34247, and grants from the PVA and 
APA.

565.2
EFFECTS OF CNTF ON ROD DEVELOPMENT IN ORGANOTYPIC SLICE 
CULTURES OF THE RAT RETINA. H.-D. Hofmann*, S. Schulz-Key and M. 
Kirsch, Institute of Anatomy I, P.O. Box 111, 79001 Freiburg, Germany.

The generation of opsin-positive rod photoreceptors has been demonstrated to be 
completely blocked in the presence of exogenous CNTF in several rodent retinal 
culture systems. However, conclusions drawn from previous in vitro studies are 
controversial. Evidence has been presented that CNTF may induce a switch from a 
photoreceptor to a bipolar cell fate in retinal precursor cells. Alternatively, CNTF 
could function to reversibly arrest rod development. To further investigate this 
questions we have studied the effect of CNTF on rod development in organtypic slice 
cultures prepared from newborn rat retinae.

In the presence of CNTF (2.5 ng/ml) the number of opsin-positive rods developing 
in vitro was reduced by more than 80% whereas the number of cells expressing 
bipolar cell markers (PKC, 115A10) was only slightly increased. The photoreceptor 
layer in CNTF-treated cultures developed normally with respect cell morphology and 
cell density as judged by light and electron microscopy indicating that CNTF did not 
affect rod precursor migration nor their early morphological differentiation. 
Similarly, the inner nuclear layer containg differentiated bipolar cells was not visibly 
altered. Noticeably however, some cells with rod-like morphology in the 
photoreceptor layer became weakly immunoreactive for bipolar cell markers in the 
presence of CNTF. Analyzing the time course of the inhibitory CNTF effect indicated 
that rod precursor cells became unresponsive to CNTF prior to the expression of 
opsin. In addition, the inhibition of rod differentiation could be demonstrated to be 
reversible after removing CNTF from the culture medium.

We conclude that CNTF transiently prevents the final differentiation of rod 
precursor cells as characterized by opsin expression, but does not interfere with the 
formation of the outer nuclear layer where the immature rods become refractory to 
CNTF and continue to differentiate. Supported by DFG: SFB 505/A4.

565.3
AGE- AND CELL TYPE-DEPENDENCE OF THE RESPONSES OF CREST- 
DERIVED CELLS IMMUNOSELECTED FROM THE FETAL RAT GUT TO 
GDNF AND NT-3. A.Chalazonitis*, T.P. Rothman and M.D. Gershon. Dept. Anat. 
& Cell Biol. Columbia Univ., New York, NY 10032.

Targeted mutations in genes encoding GDNF or its signaling receptor, Ret, 
cause the bowel to become totally aganglionic distal to the proximal foregut and NT-3 
promotes the development of enteric neurons in vitro. To analyze the effects of GDNF 
and NT-3 on enteric neuronal development, crest-derived cells were isolated by 
immunoselection (with antibodies to p75NTR) at E12, E14 and E16. Nestin. 
peripherin, and S-100 immunoreactivities served as markers, respectively, for 
precursors, neurons, and glia. At E12, GDNF (10 ng/ml; 7 days) increased the 
number of precursors by 19 ± 2-fold and neurons by 13 ± 1-fold; however, neurons 
were increased only by 4 ± 1-fold at E14 and 3 ± O-fold at E16. In contrast, GDNF 
reduced the numbers of glia (to 38 ± 2% of control at E14 and 57 ± 3% at E16). 
Although NT-3 (40 ng/ml) exerted little effect on the number of precursors or neurons 
at E12, it increased the number of both neurons and glia by ~3-fold at E14 and E16. 
The total number of cells in the cultures was increased by GDNF by 3-fold at El2, but 
not at later stages and total cell numbers were never effected by NT-3. Additive effects 
of GDNF and NT-3 were not observed at any age. Almost no neurons developed in 
cultures of cells that escaped immunoselection except at E12 when GDNF caused small 
islands of neurons to appear. The ability of GDNF to increase the numbers of nestin- 
immunoreactive cells and the early time of its maximal effect, suggest that GDNF is 
mitogenic and that its target may be the pluripotent precursors that colonize the bowel. 
GDNF, however, is not only a mitogen, since it also promotes neuronal development 
while decreasing that of glia. NT-3 probably acts later than GDNF and promotes both 
neuronal and glial development. The GDNF responsivity of isolated crest-derived cells 
suggests that they express both the a receptor that binds GDNF and Ret. This work 
has been supported by grants NIH NS 15547 and MDBDF 96-0872.

565.4
BONE MORPHOGENETIC PROTEINS ARE NEGATIVE REGULATORS OF 
CELL NUMBER IN THE CORTICAL VENTRICULAR ZONE. P.C. Mabi * M.F, 

Mehler, H. G. Vaughan and J.A. Kessler. Depts. of Neurology and Neuroscience, 
Albert Einstein College of Medicine, Bronx, NY 10461

Bone morphogenetic proteins (BMPs) and their receptors (BMPRs) are expressed 
throughout CNS development and are thought to regulate the survival, proliferation, 
lineage commitment and differentiation of neural cells. To define the role of the 
BMPs in early cortical development, we have examined their effects on mouse 
embryonic day 12 cortical ventricular zone (VZ) cells in vitro. BMP2 treatment 
inhibits proliferation and promotes the differentiation of VZ cells. Basic fibroblast 
growth factor (bFGF) promotes survival and extensive proliferation of VZ cells, 
generating large numbers of neurons, oligodendrocytes, astrocytes, and cells not 
expressing differentiated markers. Coapplication of BMP2 with bFGF dramatically 
reduces the number of dividing VZ cells, virtually eliminating the generation of 
oligodendrocytes and significantly diminishing the generation of other neural cell 
types. These effects result from both inhibition of proliferation and increased cell 
death. However, when BMP2 treatment is delayed (3-4 days) after expansion with 
bFGF, proliferation is still inhibited, but survival is enhanced. In addition to 
opposing the effects of bFGF, the BMPs also antagonize the mitogenic and 
oligodendroglial-promoting effects of platelet-derived growth factor (PDGF) and 
epidermal growth factor (EGF). These studies suggest that the BMPs play an 
important role in limiting cell number during early CNS development by opposing 
the effects of mitogens, promoting differentiation, and inducing death of specific cell 
types. They also demonstrate that primary VZ cells and their progeny exhibit 
different survival responses to the BMPs, suggesting that the actions of the BMPs

565.5
STEREOTACTICALLY IMPLANTABLE POLYMER RODS RELEASING EGF 
AND bFGF STIMULATE NEURAL PRECURSOR CELLS IN THE ADULT 
RAT BRAIN. L. U. Wahlberg*, P. M. Almqvist, J. Boethius. Department of 
Clinical Neuroscience, Section of Neurosurgery, Karolinska Institutet, S-17176
Stockholm. Sweden.

Relatively recent data indicate that epidermal growth factor (EGF) and basic 
fibroblast growth factor (bFGF) delivered intracerebroventricularly in the adult 
mouse induce proliferation, migration, and differentiation of neural precursor cells 
in the subventricular zone. In order to investigate the feasibility to use 
stereotactically implantable intraparenchymal devices to recruit endogenous neural 
precursors for cellular repair in the CNS, we developed polymer rods that deliver 
EGF and bFGF over a 14 day period. When placed in the striatum of the rat, these 
devices stimulated a nestin positive population of cells to divide and localize 
around the devices as well as within the white matter tracts. After 10 days of 
treatment, bFGF treated animals showed abundant BrdU and nestin positive cells 
localized within the striatum around the device. These cells co-stained with glial 
fibrillary acidic protein (GFAP) but not with neurofilament (NF) or cyclic 
nucleotide-3’-phosphodiesterase (CNPase). The EGF treated animals showed BrdU 
and nestin positive cells that were abundant and extensively distributed in the 
striatum but also in the white matter tracts, suggestive of migration. These cells 
did not co-stain for either GFAP, NF, or CNPase. In the bFGF treated animals, 
capillary proliferation within the ipsilateral striatum was also noted. Clinically, the 
rats tolerated the implants well and did not show obvious behavioral changes. 
These results indicate that controlled release of EGF and bFGF stimulate 
endogenous neural precursors and may become useful in neural repair methods. 
Supported by Dept. of Neurosurgery internal funding.

565.6
THE CELLULAR RESPONSE OF THE ADULT MAMMALIAN CNS TO GROWTH FACTOR 
APPLICATION. R.J. Colello*, L. Clark, and A. Buckler. Dept.of Anatomy, Medical College of 
Virginia, Virginia Commonwealth Univ., Richmond,VA, 23298.

Recent studies on the effects of growth factors on the growth, survival and differentiation of 
cells within the CNS have provided evidence that these factors should be considered for their 
potential use in the treatment of traumatic and degenerative diseases of the brain (Mocchetti 
and Wrathall, 1995). It is now known that certain growth factors (EGF, FGF, PDGF) induce 
proliferation of neuronal and/or glial cells in vitro, however, little is known of their effect in vivo.

The aim of this study was to investigate the response of the CNS to the injection of specific 
growth factors into the adult mammalian brain. In particular, this study sought to determine the 
extent of cell division following this treatment, the size of the mitotic field, and the identity of cells 
proliferating after factor injection.

Briefly, adult rats were anesthetized and given a single 10pl intracortical injection of either 
saline, FGF-2, EGF, or PDGF At various times after injection (1 hr to 7days) animals from each 
experimental or control group were i.p. injected with BrdU every 60 min throughout a 4hr period. 
48hr later, animals were sacrificed, perfused, the brains cut with a cryostat and sections stained 
with either antibodies to BrdU (mitotic cells), GFAP (astrocytes), NSE (neurons), or ED-1 
(microglia and macrophages) or cresyl violet.

Preliminary data show that each of the growth factors tested had a profound effect on cell 
proliferation in the adult brain. 48hr after injection, the following number of dividing cells were 
found at and around the injection site: 29,000 (saline), 104,000 (EGF), 125,000 (PDGF), 
169,000 (FGF). The areal extent of growth factor influence, as determined by the size of the 
mitotic field, was over 2mm or twice the distance of the depth of the injection (1mm). Further, 
the cells most responsive to growth factor injections were GFAP and ED-1 positive cells. We 
are currently determining the peak period and length of time of growth factor-induced cell 
proliferation as well as assessing the cell types proliferating. This will allow us to determine the 
mitogenic effect of these growth factors and whether any of the factors induce a cell-type 
specific response. This work was financially supported by Oxford Biomedica and MCV 
intramural funds.
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565.7
ISOLATION AND FUNCTIONAL CHARACTERIZATION OF 
MITOGENIC FACTOR FOR MAMMALIAN NEURAL CREST STEM 
CELLS. J, Kim* and D. J. Anderson*. Division of Biology, 
California Institute of Technology, Pasadena, CA 91125; 
+Howard Hughes Meidical Institute.

Neural crest cells represent an ideal system to study the 
biological characteristics of stem cells and the mechanism of 
lineage diversification. In particular, in vitro analyses of 
the growth and differentiation of neural crest stem cells 
(NCSC) have demonstrated the importance of environmental 
factors in self renewal and lineage commitment of NCSC.
The growth of NCSC in vitro requires the addition of chicken 
embryonic extract (CEE) to an otherwise chemically defined 
medium. We are currently attempting to purify and identify 
the mitogenic factor in CEE. Conventional chromatographic 
techniques are used for preliminary characterization of the 
CEE derived mitogen. The mitogenic activity is assayed for 
by substitution of CEE with chromatographic fractions in a 
growth assay of NCSC. The activity is recovered in a single 
fraction over two ion exchange columns and can be safely 
dialyzed in a membrane with the molecular weight cutoff of 
12500 daltons suggesting that the mitogen is a single protein 
factor.
(Supported by NIH and HHMI)

565.8
NEURONAL DIFFERENTIATION BY IL-6/SOLUBLE IL-6R STIMULATION: 
IDENTIFICATION OF TARGET GENES. P, MSrz, R, A, Gadient*, U, Otten 
and S, Rose-John. I. Dep. of Medicine, Mainz Univ., Germany

lnterleukin-6 (IL-6) which belongs to the neuropoietic family of cytokines 
has been implicated in neuronal survival and regeneration as well as in 
pathological degenerative processes. On target cells, IL-6 binds to the 
specific IL-6 receptor and subsequently induces homodimerization of the 
signal transducing protein gp130. A naturally occuring soluble IL-6R 
together with IL-6 can activate cells that express only gp130 but lack 
membrane-bound IL-6R. Such cells in the absence of slL-6R are not 
responsive to IL-6.

Using the rat PC12 cell line, we recently demonstrated that the 
combination of human IL-6 and human SIL-6R but not IL-6 alone induced 
neuronal differentiation. Interestingly, PC12 cells synthesize and release 
bioactive IL-6 protein. Addition of rat soluble IL-6R to these cells induced 
the neuronal phenotype.

To identify genes upregulated by IL-6/SIL-6R, polyA+ RNA from PC12 
cells stimulated with IL-6/SIL-6R was used to generate a cDNA library. The 
library was screened with cDNA derived from mRNA from control cells and 
cells stimulated with IL-6/SIL-6R. From 12000 clones screened, 21 
differentially expressed clones were isolated. The identity of these genes 
and their potential function in neuronal differentiation will be discussed.

Supported by grants from DFG and Stiftung Rheinl.-Pf. Innov.

565.9
EFFECT OF BMP-4 ON THE EXPRESSION OF NEURONAL AND 
ADRENERGIC MARKER GENES IN AVIAN SYMPATHOADRENERGIC 
CELLS.
£. RgiBm,ann,x.U.,Ernsbgrger, P. Henion° and,H. Rohrer* Max-Planck-Institut 
fiir Hirnforschung, D-60528 Frankfurt/M., F.R.G. and Inst, of Neuroscience, 
Univ. of Oregon, Eugene, USA°.

BMP-4 leads to an increased number of tyrosine hydroxylase positive (TH+) 
sympathoadrenergic cells both in neural crest cell cultures and upon 
overexpression in the chick embryo (ReiBmann et al., (1996) Development 
122, 2079-2088). We have now studied the effect of BMP-4 on the expression 
of neuronal genes and found a concomitant increase in the number of cells 
expressing adrenergic (TH, Phox2a) and neuronal (SCG 10, SC-1) markers, 
preceeded by the expression of the proneural gene Cash-1. In neural crest 
cultures all TH+ cells co-expressed SC-1. Other early neuronal genes (Hu- 
antigen, TuJl) were also induced but only in subpopulations of adrenergic cells 
(about 50% of TH+). In contrast, the classical markers neurofilament (NF) and 
MAP2 were not detectable (0% of TH+) in standard neural crest cultures. 
However, under different culture conditions (Vogel and Weston (1988) Neuron 
1, 569-577) NF+ sympathoadrenergic (TH+) cells can be obtained in neural 
crest cultures and BMP-4 increased the number of these cells.

These results demonstrate that BMP-4 stimulates the development of 
sympathoadrenergic cells in avian neural crest cultures, however, the autonomic 
phenotype developing in response to BMPs may express different neuronal 
properties, depending on the culture conditions. These results demonstrate the 
potential to differentially regulate various aspects of early neuronal development 
and reveal the requirement for additional factors to induce a full sympathetic 
neuron phenotype.
Supported by the Deutsche Forschungsgemeinschaft (SFB 269)

565.10
BMP-4 INHIBITS NEUROGENESIS IN EMBRYONIC STEM CELLS.
M. Finley*, S, Devata and J. Huettner. Dept. of Cell Biology & Physiology, 
Washington Univ. Sch. of Med., St. Louis, MO 63110.

Members ofthe TGFp superfamily, including bone morphogenetic protein 4 
(BMP-4), have been implicated as negative regulators of early neural 
specification in Xenopus embryos. To test for a possible role of BMP-4 in 
mammalian neural induction, we have examined its effect on neurogenesis in 
cultures of mouse embryonic stem (ES) cells. Previous work has shown that 
ES cells differentiate into neurons and glia following aggregation and exposure 
to retinoic acid (RA), or its metabolic precursor, retinyl acetate. ES-derived 
neurons establish polarity and form functional synapses, typical of native CNS 
neurons, suggesting a common pathway for phenotype determination.

ES cell aggregates were prepared and maintained for 8d in serum-free, 
defined medium (Neurobasal with B27 supplements, NB+B27). At the end Of 
this period, 8d aggregates were fixed and sectioned for immunofluorescence 
with neuron-specific antibodies to class III p-tubulin (TuJ1), or the aggregates 
were plated in NB+B27 and assayed for the presence of TuJ1(+) neurons 5d 
later. Approximately 6+1% of control cells, maintained in NB+B27, were 
labeled with the TuJ1 antibody in 8d aggregates and an even higher 
proportion of cells were TuJ1(+) after 5 d in the plated cultures. By contrast, 
the addition of BMP-4 (2 ng/ml; gift of Genetics Institute, Inc.) throughout the 
8d induction period greatly reduced the percentage of TuJ1(+) cells in 8d 
aggregates (0.3+0.01%) as well as in plated aggregates after 5d in culture. 
Addition of 1pM RA during the last 4d of aggregation was unable to overcome 
BMP-4 inhibition of neuronal induction. However, when the time of treatment 
with BMP-4 was reduced to either the first 4d or last 4d of aggregation, the 
percentage of TuJ1(+) cells in 8d aggregates and the number of neurons 
observed by 5d after plating was indistinguishable from control.

Supported by an NSF Predoctoral Fellowship (M.F.) and NS30888 (J.E.H.)

565.11
BASIC FIBROBLAST GROWTH FACTOR UPREGULATES THE 
EXPRESSION OF CONNEXIN 43 DURING CORTICAL NEUROGENESIS.
B, Nadarajah , lOdakargnkQya' and J, G, Pamavelas*. Department of 
Anatomy and MRC unit1, University College London, United Kingdom.

The neurons and glia of the mammalian cerebral cortex arise from the 
ventricular zone that lines the lateral ventricles. Although the cellular events 
accompanying cortical neurogenesis have been described, the underlying 
regulatory events are not well understood. In this context it is widely believed 
that cortical cell-cell interactions are regulated by a variety of extracellular 
signals such as growth factors, neurotrophins and neurotransmitters.

Recent studies have shown that ventricular zone cells are electrically coupled 
by gap junctions, and have identified some of their constituent proteins 
(connexins) that are expressed during cortical neurogenesis. The present study 
investigates the short term effect of basic fibroblast growth factor (bFGF) on the 
expression of connexin 43 (Cx 43), the major gap junction protein of the CNS. 
Primary cultures made from the cerebral cortices of embryonic day 16 rats were 
conditioned with 10% active foetal calf serum for 24 hr prior to further 
treatment. Immunocytochemical analyses with anti Cx 43 antibody showed that 
cells treated with bFGF for 4 hr contain intense cytoplasmic labelling for this gap 
junction protein. In contrast, control cultures that were maintained in serum for 
24 hr showed characteristic punctate labelling on the membranes. The data also 
point to a direct correlation between the concentration of bFGF (10-30 ng/ml) 
and the cytoplasmic labelling for Cx 43. Western blot analyses have identified 
two bands that correspond to 43 kDa and 60 kDa, with the latter being the more 
prominent. Both bands show an increase in their levels corresponding to the 
concentration of bFGF (10-30 ng/ml). The regulatory effect of bFGF on Cx 43 
mRNA and the possible pathways that may mediate this effect are currently 
under investigation.

565.12
FGF4 ALTERS SYMPATHETIC PREGANGLIONIC DEVELOPMENT.
N. Pelissier, E.B. Cornbrooks* and C.J. Forehand. Dept. of Anatomy and 
Neurobioiogy, Univ. of Vermont College of Medicine, Burlington, VT 05405.

Organization of the sympathetic preganglionic cell column includes a 
segment-specific pattern of neurons that project either rostrally or caudally 
along the sympathetic chain. This segment-specific pattern is apparently 
regulated by the adjacent somitic mesoderm; caudal somitic mesoderm 
placed adjacent to a rostral spinal segment prior to preganglionic cell birth 
‘caudalizes’ the spinal segment. The nature of the signal between the 
somite and spinal cord is unknown. We have assessed whether exogenous 
application of FGF-4 to a rostral thoracic somite can alter its influence over 
the developing neural tube.

Exogenous FGF4 treatment of somite 20 (corresponding to the 2nd 
thoracic segment {T2}) in embryos with 27 somites significantly increased 
the number of caudally projecting sympathetic preganglionic neurons at T2 
ipsilaterally. This treatment also caused ipsilateral rib abnormalities at T2. 
We then moved the treatment back in time to identify the period during 
which preganglionic development was sensitive to somitic application of 
FGF4. Identical results were obtained when somite 20 was treated with 
FGF4 in 24 somite embryos. When FGF4 was added to somite 20 in 21 
somite embryos, there was a significant increase in the number of caudally 
projecting preganglionic neurons at T2 bilaterally, relative to untreated 
embryos. This bilateral effect on preganglionic development was mirrored 
by bilateral skeletal defects spanning several segments. These results 
suggest a member of the FGF family may be involved in the endogenous 
signaling pathway between the somites and the neural tube.
Supported by NIH NS30062 (CJF) & NSF REU 9421448 (CJF/NP).
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565.13
POSTNATAL DEVELOPMENT OF PITUITARY CELLS. THE EF-
FECT OF EGF. CxTfiial, MC- Romano and M.E. Menddza*.Dept. of 
Physiology, Biophysics and Neurosciences. CINVESTAV-IPN, Mexico 
City, Mexico. Po. Box 14-740.

Some pituitary cells as gonadotropes vary during postnatal development, 
mostly in the infantile period. On the other hand the epidermal growth 
factor has been involved in the differentiation of lactotropes and 
corticotropes. The aim of the present study was to investigate the morpho-
logical and functional characte- ristics of infantile pituitary cells and to 
compare them with adult cells. The role of the epidermal growth factor 
(EGF) on these parameters was also studied. Pituitary cells from 14 and 
90 day-old rats were cultured in the presence of fetal bovine serum or in a 
defined media, with or without EGF. The cells were plated on collagen, 
collagen plus fibronectin or fibronectin. After 48 h of culture cells were 
stimulated with GnRH (200 nM) or vehicle, for 120 min and the release 
of luteinizing hormone (LH) was measured by RIA. Furthermore, actin 
was detected by inmunocitochemistry in 48 h cultures and processed for 
confocal microscopy. The GnRH-dependent LH secretion was 500% greater 
in the 14 day-old cells compared with adult cells.Differences in the actin 
pattern were also found. The present results show functional and morpho-
logical differences in pituitary infantile cells. Our results also suggest 
that EGF plays a role in the adhesion capacity of these cells without influ-
encing LH secretion.

565.14
VASCULAR ENDOTHELIAL GROWTH FACTOR (VEGF) PROMOTES 
ANGIOGENESIS AND DIFFERENTIATION OF NON-VASCULAR CELLS IN 
NEOCORTICAL EXPLANTS. N. Mani. J.M. Krum and J.M, Rosenstein*. Dept. Of 
Anatomy and Cell Biology, The George Washington University Medical Center, 
Washington, D.C. 20037

Vascular endothelial growth factor (VEGF) is the only factor known to date to have 
direct mitogenic effects on endothelial cells alone, and during development VEGF is 
known to be involved in both vasculogenesis and angiogenesis. During cerebral cortical 
development, VEGF mRNA is expressed diffusely and the VEGF receptor Flt-1 mRNA 
is present only in CNS endothelial cells. To determine if exogenous VEGF can directly 
induce angiogenesis in developing CNS tissue and whether it has any effect on non- 
vascular cells, we cultured 400p El8 neocortical slices on membrane inserts in defined 
serum -free medium. The explants were exposed to various doses of human recombinant 
VEGF (1,10,25,50 and lOOng/ml) for 3 days under standard culture conditions. Whole 
explants were processed for laminin, GLUT-1, MAP2, GFAP and nestin 
immunohistochemistry. A dose-dependent angiogenic response was observed with 1 -25 
ng/ml doses of VEGF, with maximum angiogenesis observed at 25ng/ml VEGF. At this. 
dose the vessels appeared patent and highly branched. At 50 and lOOng/ml VEGF there 
was a noticeable decrease in blood vessel staining, but interestingly the number of neurons 
staining for MAP2 increased dramatically and the neurons had a mature, differentiated 
appearance. Moreover, astrocytes became increasingly reactive as shown by GFAP and 
nestin immunostaining at higher doses of VEGF. Neutralizing antibody to VEGF 
consistently abolished the angiogenic effect of VEGF, but had no effect on the morphology 
or immunoreactivity of neurons and astroglia. This suggests that exogenous VEGF in 
vitro is not only a potent endothelial cell mitogen but also appears to be glio- and 
neurotrophic at higher doses. The reactive astrocytes generated in response to VEGF 
could produce other neurotrophic factors which might explain the mature appearance of 
neurons in neocortical explants. Our results indicate that VEGF could play a role in glial 
and neuronal maturation during CNS development. (Supported by NS-17468).

565.15
CARDIOTROPHIN-1 INDUCES AN ASTROCYTE PHENOTYPE IN 
CULTURED OLIGODENDROCYTE PROGENITORS. A, L Gard1*. D, 
Psonica2, S. A, Moor?3, and Q, H. Ford III1- ‘Dept. of Struct. & Cell. Biol., 
Univ. of South Alabama Coll, of Med., Mobile, AL 36688; 2Dept. of Molec. 
Biol., Genentech Inc., South San Francisco, CA 94080; 3Dept. of Path., Univ. cf 
Iowa Coll, of Med., Iowa City, IA, 52242.

Cardiotrophin-1 (CT-1), an inducer of cardiac myocyte hypertrophy, is the 
newest member of the IL-6 cytokine subfamily which activates the transmembrane 
leukemia inhibitory factor receptor P (LIFRP) and gpl30 signaling subunits. 
Previous studies have demonstrated that CT-1 is pleiotropic, functioning as a 
differentiation and survival factor for various CNS and PNS neurons. In light of the 
known astrocyte-inducing properties of LIF, we examined the effect of CT-1 on the 
differentiation of bipotential O-2 A glial progenitor cells cultured from postnatal rat 
cerebrum. Immunopanning was used to capture progenitors at two successive 
stages in the lineage giving rise to oligodendrocytes, an early bipotential 
progenitor and later committed progenitor defined by surface antigenic phenotype 
(A2B5+O4‘ and O4+, respectively) and their differential response to LIF, CNTF 
and oncostatin-M (OSM) as “type-2” astrocyte-inducers in serumless culture (Gard 
et al., Dev. Biol. 167:596-608, 1995). By two days in culture, CT-1 selectively 
induced early progenitors to differentiate into type-2 astrocytes, as determined by 
indirect immunofluorescence. Induction by CT-1 required progenitor growth on an 
extracellular matrix substratum derived from rat meningeal cell explants or the 
mouse brain microvascular endothelial cell line MB 114. As an astrocyte-inducing 
cytokine, recombinant murine CT-1 was as efficacious as LIF, inducing at a 
maximally effective dose (50 ng/ml; EC50=34 pM) the expression of glial fibrillary 
acidic protein in ~30% of A2B5+ cells, a 15-fold increase over background. The 
data indicate that all recognized neuropoietic cytokines acting via the 
LIFRp/gpl30-dependent signaling pathway (CNTF, LIF, OSM, CT-1) have 
astrocyte-inducing potential. Supported by NIH grant NS29648 (ALG).

565.16
NEUROTROPHIC EFFECTS OF PACAP ON SEPTAL 
CHOLINERGIC NEURONS. N, Takei*1. Y.Skoglosa1. Y. 
Abiru2. H, Hatanaka2and D. Lindholm1
^Dept. of. Developmental Neuroscience, BMC, Uppsala Univ., 
S-751 23, Uppsala, Sweden. 2Division of Protein Biosynthesis, 
Inst, for Prptein Res. Osaka Univ. Suita, Osaka 565 Japan

Pituitary adenylate cyclase-activating polypeptide (PACAP) 
was originaly isolated from rat hypothalamus and was shown 
to be a member of the VIP family. From study of in situ 
hybridization and immunohistochemistry, PACAP exists 
many brain regions and its expression is altered during the 
development. These expression patterns suggest that PACAP 
may have a role in brain development beside the
neuromodulatory roles as a neuropeptide. There are some 
reports that PACAP shows neurotrophic activities on several 
neuronal populations. Here we present the results of 
neurotrophic effects of PACAP on cultured septal 
cholinergic neurons from embryonic rats.
PACAP increased the number of choline acetyltransferase 
(ChAT)-immunoreactive neurons in a dose-dependent 
manner. PACAP also enhanced the intensity of ChAT 
imunoreactivity in the neurons. In addition, PACAP 
increased the enzymatic activity of ChAT as well as NGF. 
These results suggest that PACAP promotes both survival and 
differentiation/maturation of cholinergic neurons 
Supported by Swedish Medical Council (MFR)

565.17
LEUKEMIA INHIBITORY FACTOR (LIF) INDUCES SYMPATHETIC SPROUTING AND 
PERICELLULAR BASKET FORMATION IN INTACT ADULT RAT SENSORY GANGLIA.
S.W.N.Thompson* and A. Majithia. Div. of Physiology, UMDS, St. Thomas’ Hospital, 
London SE1 7EH UK

Peripheral nerve injury is associated with sprouting of postganglionic sympathetic fibres 
within the dorsal root ganglion (DRG) some of which form basket-like structures around 
subpopulations of sensory neurons. The signal for this axotomy-induced sprouting is 
unknown.

To test the role of nerve injury-associated cytokines in sympathetic sprouting the effect 
of intrathecal infusion of LIF upon Tyrosine Hyroxylase immunoreactivity (TH-IR) within 
the DRG was assessed. TH-IR following intrathecal infusion of LIF was compared to that 
observed in saline treated controls and following lumbar spinal nerve ligation (SNL).

SNL resulted in a significant increase in the density of TH-positive fibres within the 
DRG and a significant increase in the percentage of basket-like structures around 
sensory neurons (p<0.001, n=5, 7 days; p<0.001, n=3, 14 days). Intrathecal infusion of 
LIF (20pg/day, in PBS, plus rat serum albumin, 5mg/ml, 5 days; and 5,0pg/day, in PBS 
plus RSA, 12 days) significantly increased the density of TH-positive fibres within the 
DRG and induced sympathetic basket formation (p<0.001, n=6). Basket-like structures 
were absent in saline treated control animals and TH-IR fibres were few in number and 
associated with vascular structures at the ganglion poles.

LIF is upregulated following peripheral nerve damage, is retrogradely transported to the 
DRG and selectively influences neuropeptide expression. The present experiments also 
show that LIF may have a role in the sympathetic sprouting and basket formation which 
is observed following peripheral nerve axotomy.

Work supported by the Medical Research Council. UK

565.18
CILIARY NEUROTROPHIC FACTOR AND NEUROTROPHIN- 3 HAVE 
DIFFERENT EFFECTS ON NEURITE OUTGROWTH OF POSTNATAL RAT 
MYENTERIC NEURONS IN DISSOCIATED CELL CULTURE M.J. Saffrev*.
A, T, Silva and T. Wardhaugh Dept. of Biology, The Open University, Milton 
Keynes, MK7 6AA, UK.

The enteric nervous system undergoes considerable changes in the postnatal 
period, during which the gut is growing rapidly. We are investigating the roles of 
neurotrophic factors in the enteric nervous system during this period and have 
previously shown that NT-3 promotes an increase in neuronal numbers and mean 
neurite length in dissociated cell cultures of myenteric ganglia isolated from the 6-8 
day rat small intestine. Here we have compared the effects of CNTF with those of 
NT-3 in this culture system. Isolated myenteric ganglia were dispersed and seeded on 
to poly L-lysine coated coverslips at a density which allowed unambiguous 
measurement of individual neurites (lx 10^ cells per 16mm coverslip). Cells were 
grown in medium 199 with N1 supplements, with or without NT-3 or CNTF 
(lOOpg/ml- lOOng/ml). After 2 days in culture, cultures were fixed and 
immunolabelled with an antiserum raised against protein gene product (PGP) 9.5. 
Neuronal and non-neuronal (glial) cell numbers were counted and the total length of 
the processes of 150 neurons in each condition, in 3 separate experiments was 
measured, and the number of processes extended was scored. Neurons were classified 
nto 4 groups, depending on the number and length of the major processes extended 

in vitro. Both CNTF and NT-3 promoted an increase in both the proportion of 
neurons present in the cultures and in the mean neurite length of the cultured 
neurons. The mean neurite length of each of the 4 types of neuron was increased. 
However, CNTF treatment resulted in a marked increase in the number of secondary 
processes extended by the cultured neurons; this sprouting effect was not seen in 
cultures treated with NT-3. These observations would support the hypothesis that 
CNTF may have a role in neurite regeneration following injury in the gut. 
Supported by the Medical Research Council of Great Britain and The Wellcome 
Trust
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565.19
NEURITE PROMOTING ACTIVITY ON RAT EMBRYO MOTONEURONS, 
CHICK EMBRYO GANGLIA AND SPINAL CORD EXPLANTS AND ON PC12 
CELLS OF A CULTURED SCIATIC NERVE CONDITIONED MEDIUM (SNCM) 
AND ITS PURIFIED ACTIVE FRACTIONS. R. Villegas*. G.M. Villegas, M. 
Valencia. J.J. Zerpa and M. Hernandez, Instituto de Estudios 
Avanzados (IDEA), Apartado 17606, Caracas 1015A, Venezuela.
The neurite-promoting activity existing in a rat sciatic nerve conditioned 
medium (SNCM) (Brain Res., 685: 77-90, 1995), as well as in the fractions 
obtained by purification was investigated. The purification steps were 
ultrafiltration through a 30,000 MWCO membrane (Millipore) followed by 
ionic exchange chromatography (HiTrap Q, Pharmacia) and affinity 
chromatography (HiTrap Blue, Pharmacia). A size exclusion HPLC step 
(Protein Pak, Waters) was added in some cases for analytical purposes. 
PC12 cells, 8-day chick embryo (E8) explants of dorsal root (DRG) and 
ciliary ganglia (CG) and of spinal cord, as well as on E15 rat spinal cord 
motoneurons were used for the assays. The results revealed that whereas 
the component active on the CG permeates the ultrafiltration membrane and 
appears in the filtrate, the neurite-promoting activity on the other 
preparations used remains in the concentrate and along purification, being 
the fraction eluted with 0.6-1.2 M NaCl from the HiTrap Blue column the 
most active one on PC12 cells, E8 chick DRG and spinal cord explants, and 
E15 rat motoneuron cultures. Though the rat motoneuron survival is similar 
during the first 24 h in culture, independently of the fraction applied to the 
cells, the HiTrap Blue fraction produces the largest number of cells bearing 
neurites (27.4% as compared to 13.8% for controls). A tentatively 
identified active component of the Blue fraction, also present in a previously 
reported active HPLC broad band of 65-45 kDa (Soc. Neurosci. Abstr. 
1299.211, 22: 744, 1996), is at present being sequenced.
Supported by the CONIC1T Grants ST 2180 and ST95000709 and the 
Vollmer Research Fund of CEC-Caracas.

565.20
TREATMENT WITH OSTEOGENIC PROTEIN-1 INCREASES
SYNAPTOGENESIS IN CULTURED HIPPOCAMPAL NEURONS. G 
Withers1 *, D. Hiqqins2. D. Rueaer3. G. Banker1. Dept. of Neurosci. Univ. 
Virginia, Charlottesville, VA 22908, Dept. Pharmacology, State Univ. of New 
York, Buffalo, NY 14214, Creative Biomolecules, Hopkinton, MA 01748. 
Osteogenic Protein-1 (OP-1), a member of the TGF-p superfamily, induces 

dendritic development and stimulates rapid dendritic growth in cultured 
hippocampal neurons, but axonal growth is poor. We hypothesized that 
because a rate limiting step in synaptogenesis in cultured hippocampal 
neurons is maturation of the dendrite, OP-1 might also alter synapse 
formation. Two different approaches were used to stimulate axonal growth 
and test this hypothesis. First, primary cultures of hippocampal neurons were 
grown in serum-free medium and 30 ng/ml of OP-1 was added shortly after 
plating. To facilitate axonal growth and subsequent presynaptic contact on 
dendrites, two days later a new primary culture was plated on top of the OP-1 - 
treated neurons and this "heterochronic culture" was grown in glial 
conditioned serum free medium to promote axonal growth. Previous work has 
shown that axonal contacts will form within 24 hours of plating if more mature 
dendrites are present within the culture (Fletcher et al., 1994) After 1 and 2 
days, OP-1 treated neurons had 2-3 fold more presynaptic contacts than did 
untreated controls (p < .0001). The second method involved placing OP-1- 
treated cultures into glial conditioned medium after 2 days in vitro. With this 
manipulation, axons began to undergo rapid outgrowth, and formed 
presynaptic contacts. Again, neurons treated with OP-1 had 3-4 times as 
many presynaptic contacts than did controls (p < .0001). Labeling with FM1- 
43, a vital flourescent dye that measures active presynaptic terminals, 
suggests that many of these terminals are physiologically active. Supported 
by the Spinal Cord Research Foundation (GW), NS23094 (GB).

565.21
EFFECTS OF THE NEUROTROPHIC PYRIMIDINE COMPOUND MS-818 ON 
CORTICAL NEURONS. [N. Sanjo* *K. Owadar 2M, Michikawa. 3A. Awaya and 
’H. Mizusawa. ’Dept. of Neurology, Toky o Medical and Dental University', 1-5-45, 
Yushima, Bunkyo-ku, Tokyo 113,2Dept. of Dementia Res., National Institute for 
Longevity’ Sciences,36-3, Gengo, Morioka, Obu, Aichi 474, Japan and 3Inst. of 
Biological Sci., Mitsui Pharmaceuticals, Inc.,, 3-12-2, Nihon bashi, Chuo-ku, 
Tokyo 103, JAPAN.

A novel synthesized heterocyclic pyrimidine compound, 2-piperadino-6- 
methvl-5-oxo-5,6-dihydro (7H) pyrrolo [2,3-dJ pyrimidine maleate (MS-818), 
reported to promote neurite outgrowth in neuroblastoma cell lines of human 
GOTO and mouse neuro 2a, potentiated nerve growth factor (NGF)-induced 
neurite sprouting of rat pheochromocytoma PC 12 cells (Awaya et al. Biol. Pharm. 
Bull., 16: 248, 1993). and to have a regenerating effect (axonal sprouting and 
elongation) of the peroneal nerve of mice after crush injuiy (Jiang et al. Acta 
Neuropathologica, 90: 130, 1995). We studied the effect of MS-818 on cortical 
neurons. Primary cultures were prepared from mouse embryonic day 18 cortex and 
incubated with 0.05-50 pM of MS-818 until 7 days in vitro (DIV). The data 
indicated that MS-818 enhanced the neurite outgrowth of 2DIV cortical neurons 
and had survival effect by preventing apoptosis detected by TUNEL. In 
immunoblot assay, 5 min. treatment of MS-818 clearly increased the tyrosine 
phosphorylation of several proteins, including mitogen-activated protein kinase 
(MAPK), and declined in 30 min. The profile of tyrosine-phosphorylated proteins 
of MS-818-treated cells was different from that of NGF or EGF-treated cells. The 
correlation between the survival/neurite outgrowth response and the stimulation of 
tyrosine phosphorylation in primary cortex neurons suggests that the survival 
action and neurite outgrowth effect of MS-818 on primary cortex neurons may be 
mediated by the stimulation of tyrosine phosphorylation.

TROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS II

566.1
NEUROTROPHIC FACTORS PLAY A ROLE IN THE ELABORATION OF 
LOCAL CORTICAL CIRCUITS. J. Bolz, V. Castellani and A, Batardiere* 
INSERM U.371, Bron, France.
In the developing cortex, neurons establish axon collateral projections within some 
of the 6 cortical layers. The targeting of appropriate layers is specific from the onset. 
We reported previously that molecular signals associated to cortical membranes 
influence axonal branching of specific subsets of cortical neurons. There is 
increasing evidence that some neurotrophic factors, in addition to their well-known 
action on cell proliferation and survival, regulate the axonal and dendritic 
arborizations and that they are expressed during some developmental times in 
discrete cortical layers. We addressed the potential role of NT-3, NGF, bFGF and 
EGF on axonal growth of cortical neurons. Embryonic cortical explants containing 
cells destined for layer 6 and layers 2/3 were cultured in presence and absence of 
these factors. Analysis of individual axons revealed that bFGF selectively increased 
axonal sprouting of layer 6 neurons, whereas axonal branching of layers 2/3 neurons 
increased in response to EGF. NGF decreased the branching of both populations of- 
cortical axons. Finally, NT-3 increased axonal branching of layer 6 neurons and 
inhibited axonal branching of layers 2/3 neurons. Antibodies directed against NT-3 
blocked these effects. Similar results were obtained in slice cultures of layer 6 and 
layers 2/3 isolated from 7 days old rat cortex. Moreover, when cortical explants were 
cultured on postnatal cortical membranes previously treated with antibodies directed 
against NT-3, axonal branching decreased for layer 6 neurons and increased for 
layers 2/3 neurons, suggesting that cortical membranes contain endogenous NT-3. 
Our data indicate that neurotrophic factors elicit differential responses of cortical 
neurons from distinct cortical layers. This suggests that these factors contribute to 
the elaboration of local cortical circuits. (Supported by HFSP).

566.2
TRK RECEPTORS FUNCTION AS RAPID RETROGRADE 
SIGNAL CARRIERS IN THE ADULT NERVOUS SYSTEM.
A. Bhattacharyva*. F.L. Watson. T.A. Bradlee, S.L. Pomeroy, C.P.
Stiles. R.A Segal. Dept. Micro. & Molec. Genetics, Harvard Medical 
School and Dana-Farber Cancer Institute; Dept. Neurology, Beth 
Israel-Deaconess Medical Center and Program in Neuroscience, 
Harvard Medical School; Division of Neuroscience, Dept. Neurology, 
Children's Hospital, Boston MA 02115

During development, target-derived neurotrophins promote the 
survival of neurons. Neurotrophins signal from nerve endings 
through long axons to the nerve cell bodies by activating receptor 
tyrosine kinases (Trks). However, mature neurons no longer depend 
on the target for survival. We investigated whether target-derived 
neurotrophins retain retrograde signaling functions in mature neurons, 
and if so, how they are executed. To determine whether Trks actually 
carry the retrograde signal, we define when and where Trk receptors 
are activated along adult rat sciatic nerve axons. Using an antibody 
targeted to the phosphorylated epitope of the Shc-binding site in Trks, 
we demonstrate that phosphorylated Trks distributed along the length 
of axons are catalytically active and are associated with signal 
transduction molecules She and PLC-gamma. Neurotrophins applied 
at nerve terminals increase phosphorylation and catalytic activity of Trk 
receptors within sciatic nerve axons. Ligation of the sciatic nerve 
results in accumulation of activated Trk receptors distal to the ligation. 
Surprisingly, Trk activation propagates through the axon toward the 
nerve cell body at an initial rate that exceeds that of conventional 
vesicular transport. Supported by NIH grant NS35148.
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566.3
INHIBITION OF THE LAR PROTEIN TYROSINE PHOSPHATASE 
RECEPTOR BY ANTISENSE RNA INHIBITS NGF-INDUCED 
NEURITE OUTGROWTH OF PC12 CELLS. M.A. Tisi and F.M. 
Longo*. Dept. of Neurology, VAMC/UCSF, San Francisco, CA 94121.

Modulation of specific protein tyrosine phosphatases (PTPases) is 
likely to constitute a novel strategy to promote neuronal survival, 
regeneration and enhance effects of neurotrophic factors. 
Developmentally regulated expression and alternative splicing of the 
Leukocyte Common Antigen-Related (LAR) tyrosine phosphatase 
receptor and neuronal atrophy in LAR-deficient transgenic mice 
demonstrates a role for LAR in mammalian neural development 
(Longo et al., JBC 1993; Zhang and Longo, JCB 1995; Yeo et al., JNSR 
1997). PTPases have been found to be required for tyrosine kinase 
receptor function. In T-cells the PTPase receptor CD45 modulates 
tyrosine kinase regulated maturation and apoptosis. The tyrosine 
phosphatase receptors regulating Trk receptor activity are unknown. 
We hypothesize that the LAR receptor modulates Trk function. This 
hypothesis predicts that inhibition of LAR protein expression would 
alter NGF function. PC12 cells were transiently cotransfected with the 
Green Fluorescent Protein vector and either a LAR antisense expression 
vector or the null vector. The proportion of cells bearing NGF-induced 
neurites greater or equal to two cell diameters was significantly 
decreased in cells transfected with the LAR antisense vector compared 
to those transfected with the null vector. These observations indicate 
that LAR is required for NGF-induced neurite outgrowth of PC12 cells. 
Stably transfected LAR antisense and control PC12 cells have been 
selected and characterized to further investigate the role of LAR in 
NGF signal transduction. Supported by NIH AG09873 (FL).

566.4
LAR TYROSINE PHOSPHATASE RECEPTOR DEFICIENT 
NEURONS: DECREASED RESPONSE TO NEUROTROPHINS.
T, Yang*. Y. M, X.ig, T. T-..Y&0, and ... Longo. Dept. of
Neurology, UCSF/VAMC, San Francisco, CA 94121 .

Interaction between tyrosine kinase and protein tyrosine phosphatase 
(PTPase) receptors suggests that modulation of PTPase activity might provide 
novel approaches for promoting neurotrophic effects. Developmentally regulated 
and nervous system preferential expression of Leukocyte Common Antigen- 
Related (LAR) PTPase receptor isoforms and our finding of neuronal atrophy and 
decreased target innervation in LAR-deficient mice indicates that LAR regulates 
mammalian neural development (Longo et al, JBC 1993; Zhang and Longo, 
JCB 1995; Yeo et al, JNR 1997). The PTPases interacting with Trk kinases 
signal transduction remain unknown. We hypothesize that LAR receptors 
modulate Trk function. We have demonstrated that both LAR and TrkB 
antibodies co-immunoprecipitate LAR and TrkB and that BDNF survival- 
promoting effect is markedly reduced in LAR+/- and LAR-/- hippocampal 
neurons (Yang and Longo, SNS 1996). In this study, DRG neurons derived from 
LAR +/+, +/- and -/- E15 littermate embryos were used to perform dose- 
response curves of the survival promoting effects of NGF and NT-3. RT-PCR 
detected no change in TrkA and TrkC expression in DRG. Response to NGF 
was markedly reduced in a gene-dosage dependent manner. The decrease in 
response was primarily a loss in efficacy. Initial studies with NT-3 also indicate 
a decreased response in LAR-/- neurons. Current studies will determine whether 
the tyrosine phosphorylation state of Trk receptors is altered in LAR-/- neurons. 
These observations suggest that Trk signal transduction is directly or indirectly 
dependent on LAR PTPase function. Supported by a Beeson Award from the 
American Federation for Aging Research (FL).

566.5
LAR TRANS-SPLICING: LOCI ENCODING 5' AND 3' REGIONS OF 
AN ALTERNATIVE TRANSCRIPT ARE PRESENT ON DISTINCT 
MOUSE CHROMOSOMES. C. Zhang*12, Y. M. Xie1, S.M. Massa1, T.A. 
Martignetti3, and F.M. Longo1. ^ept. of Neurology, VAMC/UCSF, 
San Francisco, CA 94121; 2Dept. of Neurology, Sun Yat-sen Univ. of 
Med. Sci., Guangzhou, Guangdong, PRC and 3Dept. of Pediatrics and 
Human Genetics, Mt. Sinai Med Ctr, NY, NY.

Trans-splicing of transcripts derived from separate genes is not well 
established in mammalian cells. The Leukocyte Common Antigen- 
Related (LAR) gene encodes a tyrosine-phosphatase receptor regulating 
neural development and regeneration (Longo et al., JBC 1993; Xie et al., 
SNS 1996; Yeo et al., JNR 1997). In rat tissue (Zhang and Longo, JCB 
1995; C. Zhang et al., SNS 1996) we found an ~ 5kb LAR isoform 
resulting from frans-splicing of transcripts derived from the LAR gene 
and a locus on a separate chromosome encoding an alternative 3' 
untranslated region (3'UTR) with extensive CAG repeats. Since trans- 
splicing has little precedent in mammalian tissues we examined if the 
mouse LAR and the alt. 3'UTR are also encoded by distinct genes. PCR 
primers corresponding to the rat alt. 3'UTR were used to derive ~800bp 
of mouse genomic sequence demonstrating -80% similarity to rat. 
Fluorescent in situ hybridization with mouse Pl genomic clones 
encompassing the alt 3'UTR revealed that mouse LAR and alt 3'UTR 
loci are also on separate chromosomes. Northern analysis of mouse 
tissues with alt 3'UTR probe showed prominent expression of a ~4.7 kb 
transcript in brain. The existence of frans-splicing in mammalian cells 
has important implications for defining the concept of a mammalian 
gene. Localization of the mouse alt 3'UTR will aid in localization of the 
human homolog and determine if it also contains CAG repeats. The 
presence of CAG repeats would render human frans-LAR a candidate 
for trinucleotide repeat diseases. [Support: NIA ROI and the VA (FL).]

566.6
EXPRESSION OF IMMEDIATE EARLY GENES AND 
NEUROTROPHINS AFTER TRANSIENT MIDDLE CEREBRAL 
ARTERY OCCLUSION IN RAT.
Y. Kinoshita. T.Uevama, E.Senba, K. Nakai*. T. Itakura .Dept.of Neu-
rological Surgery, Dept. of Anat.& Neurobiol, Wakayama.Med.Coll, 
7-27 Wakayama city,640,Japan

Acute recanalization therapy for embolic stroke can cause massive 
brain edema even after successful recanalization within 2 hours. To 
know the phenomenon inside the ischemic penumbra is important is-
sue in rescuing the area of penumbra. In this study, we investigated the 
temporal and spatial expression of immediate early genes(IEGs), 
neurotrophins,their high affinity receptors and inducible 
cyclooxygenase (COX-2) in the area of of the transiently ischemic rat 
brain. SD rats(n=16)were subjected to 2 hours of middle cerebral ar-
tery occlusion by the intraluminal filament technique, and recanalized 
by withdrawing the filament under chloral hydrate anesthesia. After 
recanalization (30min,2h,4h,24h), we investigated the expressions of 
DEGs(c-fos, NGFI-A), neurotrophins(NGF, BDNF, NT-3), their high- 
affinity receptors(Trk A,B,C) and COX-2 mRNAs in ischemic penum-
bra using in situ hybridization histochemistry. We found the mRNA 
levels for IEGs,COX-2, NGF and BDNF were augmented in the is-
chemic penumbra and the ipsilateral hippocampus. On the other hand, 
mRNA levels for NT-3 were attenuated in the ipsilateral hippocampus, 
while Trk C level were slightly elevated. These endogenous molecular 
changes of IEGs, COX-2 and BDNF in ischemic penumbra could play 
important roles to protect ischemic neuronal damages.

566.7
The neurotrophin receptors are expressed by embryonic rat motor neurons 
and muscle in patterns that indicate the neurotrophins influence both 
myogenesis and motor neuron innervation. D. Benoit, L. Vazquez, C. J. 
Wei, A. Anaya-Vega, R. Grimes, E. F. Wheeler*. Div. of Life Sci., U. 
Texas at San Antonio, San Antonio, TX 28749.

The rat neuromuscular system has been examined for the expression of 
the neurotrophin receptors during stages of rat embryonic development 
before, during and after motor neuron cell death. Two of the receptors, 
p75NTR and trk B, have expression patterns that coincide with the onset and 
progression of motor neuron apoptosis. The p75NTR receptor was observed 
on developing motor neurons just prior to the onset of apoptosis and 
disappeared after cell death had ceased. The noncatalytic trk B receptor 
isoforms were observed in the connective tissue surrounding developing 
muscle. Quantitative morphometric analysis showed that noncatalytic 
receptor expression correlates with the onset and progression of motor 
neuron cell death and supports the theory that noncatalytic receptors 
regulate neurotrophin concentrations by sequestering factor. In situ 
hybridization analyses on El5.5 rat embryos revealed the presence of the 
trk C receptors on the neuroepithelium layers of the spinal cord. By El8.5 
trk C was generally expressed by all layers of the spinal cord, including the 
region containing the ventral motor neurons. Like the trk B receptor, trk C 
receptors were present in the connective tissues surrounding muscle. 
Although the trk A receptor was not present in the spinal cord, 
hybridization and immunohistochemical analysis with the trk A and p75NTR 
probes revealed the presence of trk A and p75NTR transcripts in developing 
muscle. The p75NTR was present on fusing myoblasts in primary muscle 
cultures and promoted myotube formation. Taken together, the data 
indicate that the neurotrophin receptors function to integrate motor neuron 
innervation with the differentiation and morphogenesis of developing 
muscle. Supported by the San Antonio Area Foundation, NIH MBRS 2 
806 GM08194-16 & NIH MARC GM077-17.

566.8
INVOLVEMENT OF SHPs IN TRK SIGNALING. H.N. Marsh* L L, PaquetL S.F. 
Hausdorff2, B.G. Neel2 and D.R. Kaplan1. >BTRC, Montreal Neurological Institute, 
Montreal, PQ, H2W 1V9; 2Cancer Biology Program, Harvard Medical School, 
Boston, MA, 02215.

Trk receptors mediate neurotrophin responses by associating with and activating a 
number of intracellular signaling proteins. We have previously found that SHC, PLC- 
yl, and the phosphotyrosine phosphatase SHP-1 are the major Trk-associated 
proteins. In response to NGF, SHP-1 binds to Trk and exhibits an increase in protein 
tyrosine phosphatase (PTP) activity. SHP-1 also binds to TrkB and TrkC when these 
proteins are co-expressed in insect cells and 3T3 fibroblasts. In order to determine 
which signaling pathway SHP-1 is involved in, we utilized immunoprecipitation of 
baculoviral-expressed Trks encoding mutations of tyrosines necessary for interactions 
with SHC and PLC-yl. We found that the SHC binding site, Y490, was required for 
SHP-1 interactions with TrkA. In contrast, SHP-2, even when overexpressed in insect 
cells, was unable to bind to TrkA, TrkB or TrkC. However, NGF or BDNF treatment 
stimulated the association of SHP-2 with a number of tyrosine phosphorylated 
proteins in PC 12 cells, sympathetic neurons, and cortical neurons. Dephosphorylation 
of the autophosphorylated Trks by PTPs presumably presents a major mechanism of 
negative regulation of neurotrophin signaling. In vitro, both SHP-1 and SHP-2 were 
able to dephosphorylate Trk to a similar extent. Moreover, coexpression of Trk with 
SHP-1 or SHP-2 resulted in decreased Trk autophosphorylation. In vivor SHP-1 
reduced Trk phosphorylation to a greater degree than SHP-2. To determine if the SHPs 
can dephosphorylate the Trks and modulate neurotrophin responses in neuronal 
systems, we have generated adenoviruses for both SHP-1 and SHP-2. The expression 
of wild-type and dominant inhibitory forms of the SHPs should allow us to elucidate 
the roles that these PTPs play in neuronal development and survival. Supported by 
grant from NCI of Canada, and MRC of Canada Postdoctoral Fellowship.
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566.9
MOLECULAR ANALYSIS OF TRK-B AND TRK-C RECEPTORS IN CAT 
VISUAL CORTEX. O. Gu. L, Kojic*. F. Forooghian and S.S. Prasad. Dept. of 
Ophthalmology, Univ. of British Columbia, Vancouver, B.C., Canada V5Z 3N9.

TrkB and trkC are high-affinity neurotrophin receptors primarily for brain-derived 
neurotrophic factor (BDNF) and neurotrophin-3 (NT-3), respectively. Molecular 
sequences of trkB and trkC have been characterized in various mammalian species 
including rat, mouse, pig and human. Amino acid and nucleotide sequence 
comparisons indicate variations of both trkB and trkC among these species. We have 
been investigating neurotrophin receptors in the cat visual cortex, because 
neurotrophins have been shown recently to play important roles in visual cortex 
development and plasticity, and because cat has been a model organism for the study 
of visual system. Here, we attempted to study the structure and expression of trkB 
and trkC in cat visual cortex. These analyses will likely yield information which 
may be helpful for delineating neurotrophins’ role in the visual cortex development 
and plasticity.

Using degenerate pairs of primers derived from the extracellular domains which are 
highly conserved between species and specific to each receptor type, reverse 
transcription-polymerase chain reaction (RT-PCR) was carried out on cat visual 
cortex mRNA. The resulting fragments were sequenced to confirm the product and to 
design cat-specific PCR primers. These specific primers were used in the 5' and 3’ 
RACE (Rapid Amplification of cDNA Ends) to obtain the trkB and trkC full length 
cDNAs. Our analysis of PCR product sizes towards the 3' end of the transcripts 
revealed that at least three alternative forms of trkB transcripts and four alternative 
forms of trkC transcripts are expressed in 30-day-old kitten visual cortex. We are 
currently examining these alternative forms at the sequence level and will use splice 
variant-specific probes to examine their expression pattern during the development in 
cat visual cortex.

Supported by BC Health Research Foundation.

566.10
EXPLORING THE NEUROTROPHIN SIGNALING PATHWAY IN PC12 CELLS 
AND PRIMARY SENSORY NEURONS USING ADENOVIRUS Laura J. 
Klesse* and Luis F. Parada, Ctr. for Dev. Bio., UTSW, Dallas TX 75325-9133

Neurofibromin, the protein product of the NF1 gene, has been 
demonstrated to negatively regulate ras in embryonic sensory neurons 
(Vogel et al., 1997 submitted). Neurons from embryonic mice which lack 
neurofibromin are neurotrophin independent in vitro, whereas their wild type 
counterparts require neurotrophic support in order to survive. Neurotrophins 
are thought to signal through the classical Map Kinase intracellular pathway 
which includes p21ras, raf, mek and the erks. We have created recombinant 
adenovirus expressing each of these proposed components in their wild 
type and mutant forms in order to explore their role in neurotrophin signaling. 
In PC12 cells, we have demonstrated that each of these intermediates is 
required for neurite outgrowth. Dominant negative forms of the signaling 
molecules both.block neurite outgrowth and block erk phosphorylation in the 
presence of NGF in a dose dependent manner. Oncogenic forms of the 
molecules, also in a dose dependent manner, induce neurite outgrowth in 
the absence of NGF and can promote differentiation and survival in the 
absence of NGF and serum. Overall, the use of both dominantly active and 
dominant negative signaling molecules confirms the essential role of both ras 
and the map kinase signaling transduction cascade in NGF mediated PC12 
cell differentiation.

We are now testing these recombinant adenoviruses in primary sensory 
neuronal cultures from both wild type and NF1-/- embryonic mice. In E13.5 
dorsal root ganglia neurons, ras is essential for neurotrophin induced survival 
of wild type neurons. We are also generating recombinant adenovirus 
expressing truncations of NF1 in order to elucidate the complete role of 
neurofibromin the embryonic neuron. This work is supported by NIH- 
NS34296-02 and the National Neurofibromatosis Foundation.

566.11
THE REGULATION OF NEUROTROPHIN RECEPTOR mRNA EXPRESSION IN DEVELOPING 
SYMPATHETIC NEURONS. S. Wyatt, L.G.P. Pinon, P. Emfors and
A.M. Davies* Biological and Medical Sciences, Uhiversity of St Andrews, 
St Andrews KY16 9TS, UK.
Several Zw vZ/Tto and -tn vivo studies have suggested that NT-3 is 
required for sympathetic neuroblast survival, induction of trkA 
expression and the acquisition of NGF dependence. By determining cell 
nunfaers and the number of pyknotic nuclei in superior cervical ganglia 
from wild type embryos and embryos containing a null mutation of the 
NT-3 gene, we have shown that the neurotrophin survival requirements of 
SCG neurons dd not switch from NT-3 to NGF during development. Rather, 
some sympathetic neurons have a late requirement for NT-3 at the time 
when they also depend on NGF for survival. Quantitative RT-FCR 
clearly demonstrates that NT-3 is not required for the induction of 
trkA mRNA expression in sympathetic neurons of both the superior 
cervical and stellate ganglia. In addition, NT-3 does not regulate the 
developmental expression of either TrkC or p75 mRNAs in these neurons. 
We have also investigated the regulation of TrkA expression in mouse 
sympathetic neuroblasts by retinoic acid and depolarizing levels of 
KCI. In contrast to previous studies, we have found that retinoic acid 
markedly reduces the levels of TrkA mRNA in sympathetic neuroblasts 
whilst depolarization has no effect on TrkA mRNA expression.

THE WELLCOME TRUST

566.12
EXOGENOUS NT-3 DOWNREGULATES trkA IN THE 
SUBPOPULATION OF DRG NEURONS COEXPRESSING trkA 
AND trkC mRNAs K.A. Gratto* & V.M.K. Verge Dept. of Anat. & Cell Biol., 
Cameco MS/Neurosci. Res. Center, Univ. of Sask., Saskatoon, Canada S7N 5E5

NT-3 has been shown to play a role in the maintenance of the differentiated 
state of trkC-expressing DRG neurons, including partially counteracting the 
axotomy-induced decreases in its receptors, trkC andp75. A subpopulation of trkC- 
positive neurons also express trkA, the receptor for NGF and a putative receptor for 
NT-3. The potential regulation of trkA following a 7 day intrathecal infusion of NT- 
3 was examined. Cryostat sections of intact DRG, with and without exogenous NT- 
3, were processed for in situ hybridization to detect mRNA encoding trkC, trkA, and 
two additional markers for the trkA subpopulation, the neuropeptides «CGRP and 
SP. Computer-assisted image analysis of serial sections was used to determine 
relative levels of hybridization signal intensity and the degree of coexpression of both 
receptors. Qualitative inspection indicates decreased trkA message levels in NT-3 
infused ganglia, and quantitative analysis reveals that a significant downregulation cf 
mRNA for this receptor occurred in those neurons coexpressing trkC. The 
phenomenon is unlikely to be due to a general promiscuous binding of NT-3 to trkA 
as a similar shift is not evident in that subpopulation not colocalized with trkC. 
Further observations show that the NT-3 infusion results in decreased expression of 
bothaCGRP andSP mRNA, although the actual subpopulation that is affected has 
yet to be determined. These findings appear to indicate that the infusion-induced 
downregulation of trkA message levels in trkC-positive neurons is reflected by a 
concomitant decrease in the phenotypic markers, perhaps due to a reduced potential 
for NGF/trkA interactions. NGF, aCGRP, and SP are known to play major roles in 
hyperalgesia. Reduced incidence of ligand/receptor binding or lowered neuropeptide 
levels, as described here, may have important therapeutic implications. NT-3 
supplied by Regeneron Pharm. Inc., Tarrytown, NY. CanadianMRC Supported.

566.13
NEUROTROPHIN-7: A NOVEL MEMBER OF THE
NEUROTROPHIN FAMILY FROM THE ZEBRA FISH.
Ann-Sofie Nilsson*. Pierre Falck. Mike Fainzilber, Hakan Persson and Carlos
F. Ibanez. Laboratory of Molecular Neurobiology, Department of Neuroscience, 
Karolinska Institute, S-17177 Stockholm, Sweden.

A novel member of the neurotrophin family, designated zebra fish 
neurotrophin-7 (zNT-7) was cloned from genomic DNA of the zebra fish 
Braehydanio rerio. The polymerase chain reaction (PCR) was applied to isolate a 
fragment of the zNT-7 gene using degenerate primers corresponding to conserved 
regions in different neurotrophins. This PCR fragment was subsequently utilized 
to screen a genomic library from which a longer DNA clone could be identified 
and purified. The amino acid sequence of zNT-7 is distinct from that of other 
neurotrophins, but is most similar to that of nerve growth factor (NGF). zNT-7 is 
however distinct from zebra fish NGF, indicating that it constitutes a novel gene. 
Compared to other neurotrophins, zNT-7 contains an insertion in the middle of the 
sequence of the mature protein, in a region forming a turn that bulks out of the 
neurotrophin backbone also known as variable region IH. The same region also 
presents amino add insertions in mammalian NT-4 and in NT-6, a neurotrophin 
isolated from the platty fish Xiphophorus sp. Interestingly, NT-6 also share 
substantial sequence similarity with NGF and, like zNT-7, has so far only been 
identified in a teleost fish. Nevertheless, zNT-7 is as distant from NT-6 as from 
NGF, indicating that zNT-7 is not a species homologue of NT-6. Our findings 
suggest that an expansion of the NGF branch in the neurotrophin evolutionary 
tree has occurred during the evolution of teleost fishes which resulted in the 
appearance of several additional members structurally and functionally related to 
NGF. Supported by the Swedish Medical Research Council.

566.14
GM1 GANGLIOSIDE INDUCES TRK PHOSPHORYLATION IN RAT 
BRAIN. A.M. Duchemin, N,H. Neff* and M. Hadiiconstantinou. Depts 
of Psychiatry and Pharmacology, The Ohio State University College 
of Medicine, Columbus, OH 43210.

Exogenously administered gangliosides mimic or potentiate many 
of the effects of neurotrophic factors. Several studies have shown 
that gangliosides interact with the receptors for these factors. These 
receptors are transmembrane protein tyrosine kinases, and their 
activity is regulated by phosphorylation. In cell lines, GM1 has been 
shown to induce the tyrosine phosphorylation of Trk. We found that 
GM1 can induce tyrosine phosphorylation of Trk in the brain as well. 
For these studies, GM1 was incubated with micro slices of several 
areas of the rat brain. Trk was immunoprecipitated from Triton X-100 
lysates of the slices, and analyzed for tyrosine phosphorylation by 
Western blot with anti-phosphotyrosine antibody. GM1 induced a 
dose- and time-dependent increase of Trk phosphorylation in frontal 
cortex, hippocampus and striatum. Maximal effect was seen with 
100 pM GM1. Phosphorylation was maximal at 30 minutes and 
returned to baseline levels at 2 hours. This effect was blocked by co-
incubation with the protein kinase inhibitor, K252a. Asialo-GM1 was 
ineffective in this assay. These data support a role of GM1 in vivo as 
a regulator of cellular function.
Supported by NIH grant RO1 AG 10530-01.
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566.15
ROLE OF NGF AND BDNF IN THE SURVIVAL OF CHOLINERGIC 
BASAL FOREBRAIN NEURONS IN DEVELOPING MICE.
N.L. Ward*, C.E.E.M. Van der Zee, T. Hagg.
Dept. Anat. & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, Canada.

Neurotrophins are important for cell survival in the developing
nervous system through activation of their high-affinity receptor. We have 
recently shown that the low-affinity nerve growth factor receptor (p75NGFR), 
which binds all neurotrophins with equal affinity, induces cell death of 
forebrain cholinergic neurons between postnatal day P6 and Pl5 (Science 
274:1729). These neurons are responsive to NGF and BDNF. In an attempt to 
identify the neurotrophin responsible for p75-mediated developmental cell 
death in the basal forebrain, we examined at Pl 5 choline acetyltransferase 
(ChAT) expression in control mice receiving antibodies to NGF and in 
BDNF-deficient transgenic mice (+/+, +/-, -/- littermates). Subcutaneous 
injections with anti-NGF (6.7 |ig/day, PO - PI5) reduced the number of ChAT 
positive neurons compared to saline-injected or non-injected controls by 20%. 
When anti-NGF treated animals were aged to adulthood (3 mo), ChAT 
positive neuron numbers returned to adult control levels, but not back to 
values seen before the death phase (P6). This indicates that NGF is not 
essential for normal cell survival, and suggests that NGF does not mediate 
p75NGFR-related cell death. Preliminary data indicate that complete lack of 
BDNF (-/-) results in a 30% decrease in the number of ChAT positive cells 
observed at P15. The heterozygous BDNF transgenic mice (+/-) show 
intermediate ChAT positive cell numbers compared to their wildtype (+/+) 
and mutant (-/-) littermates. Our data suggest that BDNF is needed for 
cholinergic cell survival or early proliferation and that neither BDNF nor 
NGF is likely to cause developmental cholinergic cell death through 
p75NGFR. Support: Network of Centres of Excellence, Canada.

566.16
RETROGRADE AXONAL TRANSPORT OF BDNF AND NT-3 IN
STREPTOZOTOCIN DIABETES AND GALACTOSE INTOXICATION. A.P, 
Mizisin*, J. Tonra, P.S. DiStefano. University of California, San Diego, La Jolla, 
CA 92093 and Regeneron Inc., Tarrytown, NY 10591.
Receptor-mediated retrograde axonal transport of neurotrophins from sciatic nerve 

to DRG and motor neurons has been previously characterized. Given accumulating 
evidence of altered neurotrophin expression in peripheral nerve and its target organs 
in experimental diabetes, we have investigated retrograde axonal transport of BDNF 
and NT-3 in streptozotocin diabetes and galactose intoxication. Female Sprague- 
Dawley rats were either made diabetic with streptozotocin (60mg/kg iv) or fed a diet 
containing 40% D-galactose while control animals were either vehicle injected or 
fed a diet containing 40% solka floe, a nonnutritive fiber. After 2 months, half of 
the animals in each group had the left sciatic nerve crushed at the level of the 
obturator tendon while the remaining animals underwent a sham operation. One 
day after the nerve crush or sham operation, 1 pi of 125I- BDNF or 125I-NT-3 solution 
was injected into the left sciatic nerve at the level of the obturator tendon. 
Approximately 18 hours later, L4 and L5 DRG and spinal cord were removed, 
immersion-fixed in 4% paraformaldehyde and counted in a gamma counter. After 
injection into intact sciatic nerve, both BDNF and NT-3 were retrogradedly 
transported to DRG and spinal cord of all control and experimental groups. As seen 
previously, nerve crush significantly increased transport of BDNF and NT-3 to both 
tissues compared to appropriate sham controls (PcO.OOl). However, the lesion- 
induced increase in BDNF transport was significantly attenuated in DRG (P<0.01) 
and spinal cord (P<0.05) of galactose-fed, but not diabetic, rats. In contrast, an 
augmented lesion-induced increase in NT-3 transport to DRG, but not spinal cord, 
was observed, but this result was only significant for diabetic rats (P<0.01). These 
data emphasize different (BDNF) as well as similar (NT-3) patterns of neurotrophin 
transport in two models of experimental diabetes and point to potential functional 
ramifications of altered neurotrophin expression. Supported by NIH Grant 
NS32339.

566.17
NEUROTROPHIC FACTORS AND THEIR RECEPTORS IN HIV INFECTED 
CNS CULTURES.
P.G. Sarnacki. L. Radhakrishnan. K. Sadler. C.A. Wiley and C.L. Achim*.
Division of Neuropathology, Univ. of Pittsburgh, Pittsburgh, PA 15213. 

Experimental data suggest that in AIDS dementia neurotrophic factors
may play a role in the neurodegeneration associated with HIV encephalitis 
(HIVE). Preliminary data presented last year showed that expression of 
neurotrophic factors (NTF) was significant in primary microglial and 
macrophage cultures and changed significantly with HIV infection.
To further analyze the relevance of this finding in the brain environment 
we are currently studying by double immunofluorescent laser confocal 
microscopy and quantitative RT-PCR the cellular distribution of NTF and 
their receptors in purified and mixed cell cultures. Our pilot studies showed 
that both HIV infected and uninfected cultures expressed detectable levels 
of trk A, B and C but no significant differences were detected by RT-PCR. 
The only trend that was apparent suggests a decrease in p75 gene 
expression in the infected cultures. In astrocytic cultures, expression of 
these receptors was abundant but did not vary with exposure to HIV. 
Northern blot analysis and RNA protection assays will be performed to 
confirm the results obtained by RT-PCR. Preliminary results using double 
label immunofluorescence showed that at one week in culture, trk A was 
localized abundantly on the soma of small, less differentiated neuroglial 
cells while p75 was localized on the neuritic processes of cells that did not 
label for GFAP. Based on these preliminary data we speculate that NTF 
produced by HIV infected macrophages affect neurons directly and the 
participation of astrocytes in this process is secondary.

566.18
MAST CELLS IN THE THALAMUS: RECRUITMENT AND 
DEGRANULATION. F, Florenzano1,2. L. Leme Correia1, M. 
Bentivoglio^.'lnst. Anat. Histol., Univ. of Verona, 12Dept of Human 
Physiology, 2nd Univ. of Naples, Italy
Mast cells has been reported to be selectively localized in the thalamus in the 

mammalian brain, but their functional correlates and reactivity to exogenous 
and endogenous stimulation remain to be elucidated. We investigated mast cells 
in the rat thalamus in two paradigms: A) Status epilepticus, and B) 
intracerebroventricular (icv) injection of Nerve Growth Factor (NGF). Mast 
cells could be easily identified on the basis of their metachromasia in toluidine 
blue-stained sections. A) The number of mast cells was increased in the 
thalamus 8-24 h after status epilepticus induced by systemic administration of 
pilocarpine, in respect to both control pilocarpine injections that did not elicit 
convulsions and untreated rats. B) NGF administration resulted in an increased 
density of mast cells detected in the thalamus after one day, but the most 
striking feature, in respect to both control icv injections of cytochrome c and 
untreated brains, was the observation of a marked degranulation of mast cells 
after NGF icv administration. In both these experimental paradigms, mast cells 
were concentrated in blood vessels but were also found in the parenchyma, and 
their number greatly varied in different sections of the same cases. No 
topographical selectivity was observed in the distribution of mast cells in the 
thalamus of the control and experimental animals. Mast cells are known to 
contain histamine, and the present data indicate that: i) these cells could be 
recruited in the thalamus after an acute and protracted disruption of the bram 
electrical activity, such as status epilepticus, and ii) they may release histamine 
in the thalamus in response to NGF. Supported by the Italian MURST.

NEURONAL DEATH: CASPASES

567.1
INVOLVEMENT OF BCL-2 AND CASPASE FAMILY 

MEMBERS IN NEURONAL APOPTOSIS. S.R.D’Mello*1,
J.Vanderluit3, K.Harrington3, F.Aglieco \ J.W.Haycock \ W.Tetzlaff
3 Dept. of Physiology and Neurobiology, Univ. of Connecticut, Storrs,
CT , Dept. of Biochemistry, Louisiana State Univ. Med.Ctr., LA 2; 
Dept. of Zoology, Univ. of British Columbia, Vancouver, Canada3.

Cerebellar granule neurons die by apoptosis when switched from 
culture medium containing elevated potassium (K+) to one with low K+. 
Although cell death begins at about 16 hr, the transcriptional inhibitor 
actinomycin D, and readdition of K+, fail to prevent death if added at 4 
and 6 hr, respectively, after the switch to low K+. This suggests that by 
6 hr the neurons are committed to death. We analyzed the expression of 
specific members of the bcl-2 family in this paradigm. Using RT-PCR 
assays, we find that mRNA levels for the anti-apoptotic genes, bcl-2 
and bcl-XL, are downregulated 4 hours after lowering of K+, while that 
of the pro-apoptotic bcl-Xs gene is upregulated at 2 hr. We also 
examined the expression of two caspase family members - ICE and 
CPP32. While no alterations in ICE expression is observed during 
apoptosis, CPP32 mRNA is upregulated at 4 hours. We focused our 
attention on CPP32, and analyzed its involvement in neuronal death. 
DEVD.fmk a selective inhibitor of CPP32 and related members, 
partially inhibits cell death. Cleavage of the proenzyme form of CPP32 
cannot be detected however, by Western blot analysis. Furthermore, 
PARP, a substrate of CPP32, is not cleaved in apoptotic neurons. 
Together, these results suggest that a CPP32-related protease other than 
CPP32 itself, is responsible for apoptosis in K+ -deprived neurons.
Supported by grants from the NSF (IBN-951103) to S.R.D, NIH 

(NS-25134 and MH00967) to J. W.H., and NSERC of Canada to W.T.

567.2
CPP32-LIKE CASPASES PLAY AN IMPORTANT ROLE IN 
CEREBELLAR GRANULE CELL APOPTOSIS. B.A. Eldadah* A.G. 
Yakovlev, and A.I. Faden. Georgetown Institute for Cognitive and Computational 
Sciences, Washington, DC 20007.

Several members of the caspase family have been implicated in apoptotic cell 
death. We present here an examination of their role in apoptosis of cerebellar granule 
cells (CGCs). Apoptosis can be induced in CGCs by the withdrawal of serum and 
potassium (K+), and previous studies have shown that serum deprivation potentiates 
the increase in cell death after K+ deprivation.

To investigate the role of CPP32- and ICE-like proteases, the level of caspase 
activity in CGC cytosolic extracts was measured using the fluorescent tetrapeptide 
substrates Ac-DEVD-AMC and Ac-YVAD-AMC after deprivation of serum, K+, or 
both. In addition, we examined the effects of the tetrapeptide inhibitors z-DEVD-fmk 
and z-YVAD-fmk on cell viability after serum/K+ withdrawal by calcein AM 
fluorescence. Finally, the specificity of these compounds for their putative targets 
was studied in vitro by measuring CPP32-like activity in inhibitor-treated extracts.

Cleavage of Ac-DEVD-AMC was markedly elevated in serum/K+-deprived cultures 
after 12 hours. At the same time point, this activity was moderately elevated in K+- 
deprived cultures and unchanged in serum deprived cultures. Cleavage of Ac-YVAD- 
AMC, however, was undetectable at any time point or condition examined. 
Furthermore, z-DEVD-frnk had a significant protective effect on serum/K+-deprived 
CGCs leading to over a 50% increase in cell viability at 160(lM. The same 
concentration of z-YVAD-fmk exerted only slight protective effects. Finally, in vitro 
studies revealed that while z-DEVD-fmk potently inhibited CPP32-like protease 
activity, z-YVAD-fmk at high concentrations could also inhibit this activity.

These results suggest that 1) serum deprivation potentiates the increase in CPP32- 
like activity after K+ deprivation; 2) increases in CPP32-like activity parallel 
increases in cell death, and 3) CPP32-like proteases, but not ICE-like proteases, play 
an important role in mediating apoptosis of CGCs.

Supported by CDC R49 CCR306634-07 and DAMD 17-93-V-3018.
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567.3
ACTIVATION OF APOPTOSIS-LINKED ICE-RELATED CASPASE(S)
IN EXCITOTOXIN AND HYPOXIA/HYPOGLYCEMIA INDUCED 
NEURONAL DEATH R.Nath*f, A.W.Probertt, K.M.McGinnis# and 
K.K.W.Wangt t Parke-Davis Pharmaceutical Research Division of Warner- 
Lambert, Department of Neuroscience Therapeutics, 2800 Plymouth Road, Ann 
Arbor, MI 48105, #Department of Pharmacology, University of Michigan, Ann 
Arbor, MI, 48109, USA

ICE-like proteases (Caspases) have been implicated in apoptosis in various 
cell types. In the present study, we investigated the role of these proteases in 
neuronal death induced by excitotoxins (EAA) or oxygen/glucose deprivation 
(OGD) using cerebrocortical and cerebellar granule neuron cultures. When 
cerebrocortical cultures were subjected to EAA (300 pM NMDA, AMPA or 
kainate) or OGD, caspase activation was evident by the appearance of the 
caspase-mediated 120 kDa alpha-spectrin breakdown product |SBDP). Granule 
neurons treated with NMDA also showed an increase in 120kDa SBDP as well 
as increased hydrolytic activity against a peptidic substrate acetyl-DEVD-7- 
amido-4-methylcoumarin. In addition, the pan-caspase inhibitor carbobenzoxy- 
Asp-CH2 C(0)-2,6-dichlorobenzene (Z-D-DCB) substantially increased the 
duration of OGD necessary to elicit injury to cerebrocortical neurons. Z-D-DCB 
also attenuated EAA- mediated neuronal death in both types of cultures . 
Concomitant western blotting demonstrated a reduction in the 120 kDa SBDP 
by Z-D-DCB treatment. Our data indicate that one or more caspases are indeed 
activated in acute neuronal injury in situ and suggest that caspase inhibitors 
may have therapeutic values in cerebral ischemia and excitotoxicity. 
(Supported by Parke-Davis Pharm. Res., Warner-Lambert Co.)

567.4
CASPASE-3 INDUCTION IN APOPTOTIC RAT CEREBELLAR GRANULE 
CELLS AND SUPPRESSION BY THE SEMI-SYNTHETIC GANGLIOSIDE 
LIGA20. M. Saito. M.J.Berg. +A. Guidotti & N. Marks* Nathan S. Kline Institute, 
Orangeburg. NY 10962 & ^Psychiatric Institute, Univ. Illinois, Chicago, IL

Neuronal loss in pathologies stemming from apoptosis has led to interest in the 
relevant pathways for design of neuroprotective agents or strategies. Sequence of 
events differ from CD95/120a,b receptor-coupled models although both result in 
upregulation of the caspase-cascade. To study the neuronal course, cerebellar 
neurons were used as models since they undergo apoptosis in media lacking 
trophic factors at low K+, or at 25 mM K+ in presence of staurosporine. At 5 mM 
K+ this resulted in an » 20 fold increase in caspase-3 activity (Ac-DEVD-amc 
hydrolysis) but not caspase-1 (Ac-YVAD-afc) within 18 hr accompanied by 
immunodetection of its active p20 subunit or the 89 kDa signature PARP fragment. 
The increase after 4 but not 13 hr was not lethal since activity was decreased to 
initial levels by restoration of FCS/25 mM K+ without subsequent cell loss. Thus 
initial rise in activity is not deleterious provided conditions are modified at critical 
points so as to permit rescue by unidentified mechanisms. This is demonstrated 
also by prevention of enzyme activation by cycloheximide, or by brief (10 min) 
exposure of cells to 10 mM Liga20. Enzyme levels were reduced also by Liga2o 
following 4 hr apoptotic stress. Liga20 neuroprotection differs from that afforded 
towards EAA damage since exposure to 100 mM glutamate did not activate 
caspase-3. Consequently, data confirm pleiotropic actions for this lyso-GMl 
containing N-dichloroacetyl-sphingosine with potent anti-apoptotic/necrotic 
properties. Staurosporine also activated caspase-3 but more slowly with 
attenuation by Liga20. Data suggest that Liga20 acted upstream within the caspase- 
cascade at sites similar to those reported recently to be targeted by staurosporine. 
Supported in part by NIH grant NS28130-08 (AG) and the Kroc Fndn. (NM).

567.5
CASPASE-3 ANTISENSE OLIGONUCLEOTIDE EFFECTS ON NEURONAL 
SURVIVAL FOLLOWING GLUTAMATE EXPOSURE. H, Wu, M. W. Sganga 
and S. M, Massa*. Dept. of Neurology, University of California and VA Med.
Ctr., San Francisco, CA 94121.

The caspases are a family of cysteine proteases which include the C. ele-
gans developmental death gene ced-3, interleukin-1P converting enzyme (ICE, 
caspase-1), CPP32/Yama/apopain (caspase-3) and many others. Caspase-3 interacts 
with other family members in proteolytic cascades which disrupt DNA repair, RNA 
processing and nuclear structure, contributing to apoptotic cell death. These enzymes 
also mediate the processing of pro-IL-1 (3 to its active, secreted form, which may 
injure cells. Cerebellar granule and other neurons die in an apoptotic fashion fol-
lowing a mild excitotoxin exposure and via necrosis following more intense treat-
ment. We have observed that inhibition of proteases related to caspase-3 with pep-
tide inhibitors such as Ac-DEVD-CHO causes a partial remission or delay of cell 
death induced by low levels of glutamate. To further define the role of specific 
caspase family members in this phenomenon, we have studied the effects of a phos-
phorothioate oligonucleotide designed to interfere with caspase-3 synthesis on cell 
survival following glutamate/glycine exposure. Initial results demonstrated a small 
but significant improvement associated with S-oligo treatment in survival of rat 
cerebellar granule neurons in vitro 24 hrs following 30 min exposure to 300-600 
pM glutamate/lOpM glycine. This was not observed upon treatment with a scram-
bled oligonucleotide, suggesting a sequence-specific effect. This effect was observed 
with 5-10 pM oligo applied to cells 24 or 48 hrs prior to the toxic insult. Neither 
oligo had any apparent effect on control cultures. Studies evaluating oligo effects on 
caspase-3 levels and potassium-shift/serum deprivation-induced cell death are ongo-
ing. The identification of specific protease activities contributing to cell injury in 
different cell death paradigms should aid in the design of therapies which are maxi-
mally efficacious with minimal toxicity. Supported by NIH grant KO8 NS01662

567.6
THE CASPASE INHIBITOR zVADfmk PREVENTS NORMAL 
PROGRAMMED CELL DEATH IN DEVELOPING ZEBRAFISH.
J, Williams1. C, L. Gatchalian *2. S. Wilson1. N. Holder1, and L. L. Rubin2 .

1 Randall Institute, King's College London, London, WC2B 5RL, UK; *2Eisai 
London Research Labs, University College London, London, WC1E 6BT, UK.

We have investigated the pattern of programmed cell death (PCD) or 
apoptosis in developing zebrafish. The TUNEL method was employed to 
detect apoptotic nuclei in embryos from 30% epiboly to 48h of development. 
Diffuse PCD was observed in most regions during development; however, 
concentrations of PCD were also detected spatially and temporally. 
TUNEL-positive cells first appeared at 75% epiboly, increasing in number 
and concentrating towards the brain and tail bud as development 
progressed. Dying cells were evident from 19h of development onwards in 
the lens and cornea of the eye, the otocyst, the olfactory placode, and the 
cloacal opening. At 26h of development, HNK-1 positive Rohon-Beard 
neurons in the dorsolateral spinal cord were also TUNEL-positive.
Cysteine proteases belonging to the Interleukin-lB Converting Enzyme 

(ICE) family, now known as caspases, are important regulators of 
apoptosis. To determine whether PCD in the zebrafish also requires 
caspase activity, we incubated zebrafish embryos with zVADfmk, an 
irreversible tripeptide inhibitor of caspases, for 13.hours during the period 
of PCD. zVADfmk reduced the number of TUNEL-positive cells, including 
Rohon-Beard neurons, by 60%. In contrast, the inhibitor zFAfmk, which 
inhibits other cysteine proteases but does not inhibit caspases, had no effect 
on the number of TUNEL-positive cells. We conclude that, as in higher 
vertebrates, apoptosis is a normal event in zebrafish development and is 
likely to result from activation of similar effector molecules, including 
caspases. (Supported by Eisai Co., Ltd.)

567.7
CASPASE (ICE-FAMILY PROTEASE) CLEAVAGE OF 
RETINOBLASTOMA PROTEIN IN NEURONAL DEVELOPMENT 
AND APOPTOSIS. George A. Ovler*. Yixun Xu, and J. Marie Hardwick. 
Department of Neurology, Johns Hopkins University, Baltimore, MD 21205

The Retinoblastoma protein (Rb) has a central role in regulating 
neuronal development and apoptosis. Massive neuronal apoptosis occurs at 
E13-15 in Rb transgenic knockout animals. Cyclin D1, a regulator of Rb 
phosphorylation, is induced with apoptosis of sympathetic ganglion following 
NGF removal. To investigate the role of Rb in neuronal apoptosis, we have 
utilized a recombinant Sindbis virus (rSV) system. Sindbis virus (SV) is a 
neurotropic alphavirus which triggers apoptosis of mouse neurons in vivo and 
in many cell types in vitro. The SV genome has been altered to allow 
expression of recombinant genes from a SV promoter during the course of 
SV infection. The effects of the recombinant gene on SV-induced neuronal 
apoptosis can be assessed by cell viabilty and mouse mortality following SV 
infection. Dominant negative cyclin dependent kinases 4 and 6 (dnCDK 4 and 
6) have been expressed in rSV and were found to inhibit SV-induced 
apoptosis in cell culture and reduce mortality in mice. rSV expressing the 
cyclin dependent kinase inhibitor p21/Waf1 did not provide protection from 
SV-induced apoptosis. Western blotting for Rb protein during SV infection of 
N18 mouse neuroblastoma cells and mouse brain demonstrates that Rb is 
proteolytically cleaved by caspases during SV-induced apoptosis. The 
inhibition of apoptosis by dnCDK 4 and 6 correlated with prevention of Rb 
proteolysis and not with inhibition of Rb phosphorylation by p21/waf1. 
Western blotting of Rb during brain development demonstrated caspase Rb 
cleavage products during E13-20. Site directed mutagenesis of the caspase 
proteolytic cleavage sites of Rb is being pursued to determine the functional 
relationship between Rb cleavage and apoptosis.Burroughs Wellcome Fund 
Career Award (GAO), National Institutes of Health grants (JMH).

567.8
PROTECTION BY ANTIOXIDANTS AND CASPASE INHIBITORS, BUT STABLE 
MITOCHONDRIAL MEMBRANE POTENTIAL IN THE EARLY STAGE OF 
STAUROSPORINE-INDUCED NEURONAL APOPTOSIS J.H.M. Prehn*. A. J,
Krohn and E. Preis Dept. Pharmacol. Toxicol., Philipps-Univ., Ketzerbach 63, D- 
35032 Marburg, Germany.

Programmed cell death (PCD) is believed to contribute to neuronal degeneration in 
Alzheimer’s disease and related neurodegenerative disorders. We induced PCD in 
cultured rat hippocampal neurons by a 24 h exposure to staurosporine (30 - 300 nM). 
Staurosporine-induced cell death was prevented by pretreatments with the protein 
synthesis inhibitor, cycloheximide (1 pM, 24 h), tile cell cycle inhibitor, mimosine 
(100 pM, 24 h), and the caspase inhibitor, Ac-YVAD-cmk (10 pM, 1 h). The latter 
partially protected the neurons when given immediately after the addition of stauro-
sporine. PCD was furthermore reduced by pretreatments with the antioxidants vitamin 
E (10 -100 pM, 1 h) and U-74500A (1 pM, 1 h). Vitamin E even prevented 
staurosporine neurotoxicity when given 6 h after the addition of staurosporine.

We next monitored intracellular free radical production using the oxidation-sensitive 
dye, hydroethidine, in combination with digital video imaging. Exposure to stauro-
sporine (300 nM) led to a significant increase in the oxidation of the probe which 
peaked 2 h after addition of staurosporine (increase of 80 ± 7 %, p < 0.001, n = 371 
cells) and which remained elevated up to 6 h. This increase in free radical production 
was not associated with mitochondrial depolarization monitored with the probe 
tetramethylrhodamine. During this time period, exposure to staurosporine also did not 
affect the ability of the mitochondria to recover from a metabolic challenge inducedby 
exposure to the mitochondrial uncoupler FCCP (0.1 pM). These results suggest that 
free radical production is involved in the initiation of PCD, but that mitochondrial 
depolarization and metabolic dysfunction are not required.

Supported by Alzheimer Forschung International e. V.

Society  for  Neuroscience , Volume  23,1997



1438 NEURONAL DEATH: CASPASES TUESDAY PM

567.9
NEURITIC APOPTOSIS AS A MECHANISM FOR THE DEGENERATION OF 
NEURONAL PROCESSES. D. H, Cribbs*. C. J. Pike and C. W. Cotman. 
Institute for Brain Aging and Dementia, University of California, Irvine, CA 
92697-4540.

There is accumulating evidence that apoptosis can operate as a nuclear 
independent event. Since neurons extend processes over great distances, it is 
possible that local events may activate apoptotic-like mechanisms leading to 
regional degeneration of processes. We have been investigating the accumulation of 
caspase specific breakdown products in neurites of primary cultures of neurons 
undergoing apoptosis. Previous studies have shown that certain key cytoskeletal 
components are cleaved by caspases; we have focused on fodrin breakdown products 
since neurites are enriched with this protein and because fodrin has recently been 
shown to be a caspase substrate. A series of anti-fodrin antibodies were used to 
screen western blots for caspase breakdown products, as well as an antibody 
specific for calpain breakdown products of fodrin. We found that fodrin breakdown 
products accumulate in dystrophic neurites of cells exposed to |3-amyloid and Con 
A, two insults that appear to preferentially target neurites during the early stages of 
apoptosis. Pretreatment of neurons with the caspase inhibitor ZVAD was found to 
attenuate neurite degeneration following apoptotic insults and also blocked the 
formation of fodrin breakdown fragments. The identification of apoptosis-specific 
breakdown products that accumulate in neurites may provide suitable antigenic 
epitopes for development of antibodies specific for neuritic apoptosis.

567.10
ROLE OF CASPASES IN 6-HYDROXYDOPAMINE INDUCED 
CELL DEATH OF A DOPAMINERGIC CELL LINE (MN9D).
T. Aia, J.F. Krebs, A,_Srinivasan, K. Hoang, L. Won§, A. HellerS. L.
Fritz*. J. Wu, R.C. Armstrong and K.J. Tomaselli. IDUN Pharma-
ceuticals, La Jolla, CA 92037. §Univ. of Chicago, Chicago, IL 60637

MN9D is an immortalized dopaminergic cell line of mesencephalic 
origin generated by fusion of cells from embryonic murine rostral 
mesencephalic tegmentum with a neuroblastoma cell line (N18TG2) 
followed by clonal isolation (Choi, et al (1991) Brain Res. 552:67-76). 
We characterized cell death induced in MN9D cells by 6- 
hydroxydopamine. In the concentration range of 10-50 pM, 6- 
hydroxydopamine induced a predominantly apoptotic death of MN9D 
cells, whereas at higher concentrations, the death appeared to be more 
necrotic. Apoptosis in MN9D cells was characterized by a) 
morphological analysis by Hoechst and propidium iodide labeling, b) an 
increase in caspase activity (DEVD-AMC cleaving activity) over a time 
course of 6-hydroxydopamine exposure, c) appearance of processed 
caspase-3 (CPP32) by western analysis, and d) immunostaining of 
apoptotic cells with a caspase-3 antibody which preferentially labels 
processed CPP32. The identity of the processed caspase as CPP32 was 
confirmed by affinity purification and protein microsequencing. 
Treatment of MN9D cells with an irreversible caspase inhibitor, zVAD- 
fluoromethylketone, blocked 6-hydroxydopamine-induced nuclear 
condensation and fragmentation. While CPP32 may be the predominant 
caspase family protein found in MN9D cells, RT-PCR analysis of poly 
A+ enriched RNA showed expression of several caspase messenger 
RNAs, including caspase-2 (Ichl), caspase-3 (CPP32), and caspase-8 
(FLICE, Mch5). NIMH grant support (MH28942).

567.11
Activation of endogenous caspases during cell death induced 
by NGF and dBcAMP withdrawal in differentiated PC12 cells 
S. Vvas*, N. McCarthy, Y. Agid1 and G.I. Evan.
BCN laboratory, ICRF, Lincoln's Inn Fields, London, UK. 'INSERM U289, 
Hopital de la Salpetriere, Paris 75013, France.

We have previously shown that co-differentiation of PC12 cells with NGF 
and dBcAMP results in their dependence upon either of these factors for 
survival. Upon withdrawal of NGF and dBcAMP from differentiated cells, 
whether serum is present, apoptotic cell death begins after a delay of 12-18h. 
On the other hand PC12 cells overexpressing Bcl-2 are significantly 
protected from cell death by NGF and dBcAMP withdrawal, initiation of 
degenerative changes are only observed after 120h. The involvement of 
apical and distal-acting caspases is being examined in this model system in 
order to gain insight into the molecular events occurring in dopaminergic 
neuronal death. The characteristic 85KD cleavage product of PARP, a 
substrate of caspase 3 (CPP32) as well as caspase 7 (Mch3), was consistently 
observed 16h following growth factor deprivation. Caspase 3 activation was 
also verified by western blot at 16h. LaminA+C cleavage occurred at 
slightly later time, 24h after deprivation, when there is significant cell 
degeneration. Lamins are cleaved specifically by caspase 6 (Mch2a). In Bcl- 
2 overexpressing cells, PARP and lamin cleavage were not observed at these 
time points and occurred after 4 days of NGF and dBcAMP withdrawal. 
These three caspases have been shown to be proteolytically activated by 
FADD binding to the prodomain of capsase 8 (FLICE), when recruited to 
TNFR-1 complex. Currently we are examining the activation of these distal 
caspases by FADD arid FLICE using dominant negative FADD and FLICE 
overexpression.

This work was supported in part by INSERM-MRC fellowship to S. V.

567.12
EFFECTS OF CASPASE INHIBITORS ON NEUROTOXIN- AND 
GROWTH FACTOR DEPRIVATION-INDUCED APOPTOSIS AND 
NECROSIS IN PC12 CELLS. E. E. Ochu, C. M. Waters*, and N. J. Rothwell, 
School of Biological Sciences, University of Manchester, Manchester, M13 9PT, 
UK.

Progressive cell death is a common feature of neurodegenerative disease and may 
involve an apoptotic mechanism dependent on the activation of cysteine aspartases 
(caspases/ICE-like proteases). To investigate the role of caspases in cell death of 
the rat pheochromocytoma cell line (PC 12), death was induced by the neurotoxin 
(6-hydroxydopamine, 6-OHDA) or growth factor deprivation.

Cells were treated with either 50pM 6-OHDA, or serum deprived or incubated 
with complete medium for 24h. Experiments were performed in the presence or 
absence of the broad spectrum tripeptide caspase inhibitor, 2-valyl-alanyl-3(S)-3- 
amino-4-oxo-5-(2,6-dichlorobenzoyloxopentanoic acid (z.VAD.DCB 5, 30 and 
lOOgM).

The morphology of chromatin condensation in 6-OHDA and serum deprivation 
treated cells was indistinguishable and characteristic of classical apoptosis as 
assessed by acridine orange staining. The caspase inhibitor, z.VAD.DCB (5 and 
30pM) inhibited apoptosis induced by serum deprivation (p<0.001) by upto 68.6% 
and lOOpM z.VAD.DCB inhibited neurotoxin-induced apoptosis by 84.1%. In 
contrast, necrotic cell death observed after serum deprivation was inhibited by 
z.VAD.DCB, but cell lysis induced by 50pM 6OHDA was doubled (p<0.001). 
z.VAD was unable to restore total cell viability to control levels following either 
death stimulus. This may be contributed to by intrinsic toxicity observed at 30 and 
lOOpM z.VAD.DCB (p<0.001 cf. control). The potential of other compounds to 
inhibit death, such as: an inhibitor specific to caspase-3, the anti-oxidant, 
glutathione and the endonuclease inhibitor, aurintricarboxylic acid, at other stages 
in the death pathway has also been evaluated.

Funding: Medical research council / Pfizer (UK) studentship

567.13
REGULATION OF THE PROCESSING OF THE CASPASE NEDD-2 
IN PC 12 CELLS FOLLOWING WITHDRAWAL OF TROPHIC 
SUPPORT. L. Stefanis*1. H. Oi. C.M. Trov. M.L, Shelanski. L.A. 
Greene Dept. of Pathology and 1 Neurology and Center for Neurobiology 
and Behavior, Columbia University College of Physicians and Surgeons, 
New York, N.Y., 10032.
We have employed the model culture system of PC 12 cells to study the 
apoptotic pathway evoked upon withdrawal of trophic support in 
neuronal cells. We have previously shown that the caspase Nedd-2 is a 
necessary component of this apoptotic pathway in PC 12 cells and 
sympathetic neurons (Troy et al, J Neurosci, 17:1911-18, 1997). In the 
current study, we have investigated the processing of Nedd-2 in naive 
and neuronal PC 12 cells, using polyclonal antibodies raised against N- 
and C-terminal epitopes of Nedd-2. Upon withdrawal of trophic support, 
Nedd-2 is processed to cleavage products of approximate size of 36, 35 
and 12 KDa. Agents that are known to inhibit cell death upon withdrawal 
of trophic support in our paradigm, such as bcl-2, NGF, ATA, NAC and 
cAMP, prevented the formation of these cleavage products. In addition, 
the serine protease inhibitors AEBSF and TLCK also prevented the 
cleavage of Nedd-2. These agents inhibited the death of PC 12 cells and 
sympathetic neurons evoked by withdrawal of trophic support. The 
caspase inhibitor zVAD-FMK preferentially affected the formation of the 
35 KDa product. These data underscore the importance of the activation 
of Nedd-2 in this apoptotic pathway, and raise the possibility that the 
processing of Nedd-2 is performed by two distinct proteases. This work 
was supported by grants from the Lucille P. Markey Trust (L.S), NINDS, 
ALS Foundation, Blanchette Rockefeller Foundation, MDA, and APDF.
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568.1
Transcriptional regulation of ced3/ICE-like protease CPP32 in cell 
survival of cerebellar granule neurons. Y. Su1, Xin Wu1’, E. Hamilton- 
Byrd1, S. Paul12 and B. Ni12.1Dept. Neuroscience Res., Eli Lilly & Co.,
Indpls, IN; 2Dept. of psychiatry, Indiana Univ. Medical School, Indipls., IN.

Activation of the protease CPP32/Yama/apopain, a recently cloned 
mammalian homolog of ced-3, may contribute to the death of cerebellar 
granule neurons (CGN) under non-depolarization (KCl) condition and 
serum-withdrawal. The activation appears to require robust induction of the 
CPP32 transcript and the protease activity (Ni et al., 1997; Armstrong et 
al., 1997). CGN can be, however, rescued by various neuronal stimuli such 
as depolarization (25 mM K+), cAMP activation by cholera toxin (Ctx) and 
neurotrophic activation by brain derived neurotrophic factor (BDNF) and 
insulin growth factor 1 (IGF-1). Although these neuroprotective reagents 
are known to signal via distinctive initial transduction mechanisms, the 
down-stream pathway(s) underlying the neuroprotection are not 
completely understood. Using molecular biological approach, we have 
examined here the signal pathways that regulate survival of CGN and the 
gene expression of CPP32 during the neuroprotection. Suppression of 
CPP32 mRNA by depolarization (25 mM K) is sufficient to prevent cell 
death. Activation of the trk receptor by BDNF can also reduce the levels of 
CPP32 gene expression proportionally, although BDNF is a relatively poor 
survival factor for CGN. By contrast, activation of PI-3 kinase and Gs 
protein-coupled signal pathways by IGF-1 and Ctx respectively has no 
effect on gene expression of CPP32 despite the fact that both can strongly 
prevent CGN from potassium deficiency-mediated apoptotic cell death. Our 
data suggest that survival of CGN by the neuronal stimuli involves at least 
two down stream signal pathways, which are both CPP32 transcription- 
dependent and independent pathways.

568.2
PROSAPOSIN AND PROSAPTIDE CAN PREVENT PROGRAMMED 
CELL DEATH OF RAT CEREBELLAR GRANULE NEURONS
K. Tsuboi, MJdiraiwa, N, Calcutt* and J.S, O’Brien, Department of 
Neurosciences, Center for Molecular Genetics, Univ. of California, San 
Diego, La Jolla, CA 92093-0634

We have previously demonstrated that prosaposin, a 66 KDa 
glycoprotein, has neurotrophic activity in vivo and in vitro. It is 
known that cerebellar granule cells maintained in medium containing 
serum and 25 mM potassium undergo neuronal programmed cell death 
after being shifted to serum-free medium with 5 mM potassium. In 
this study, we examined the neuroprotective effect of prosaposin on 
programmed cell death after being shifted to low potassium medium.

Cerebellar granule cells were prepared from 9-day-old rats and 
cell viability was assessed using colorimetric MTT assay. Prosaposin 
prevented programmed cell death, although the effect was not as large 
as BDNF. The neuroprotective effect was also observed using 
prosaptide (prosaposin-derived 14-mer, TXLIDNNATEEILY), while a 
mutant 22-mer peptide (CEFLVKEVTKLIDDNKTEKEIL) was inactive.
In addition, additive effects between BDNF and prosaptide were 
observed when BDNF and prosaptide were added at the same time.

These results indicate that prosaposin has neuroprotective activity 
on programmed cell death of cerebellar granule neurons. The 
neuroprotective activity is due to trophic sequence of prosaposin. 
Funded by a grant to UCSD from Myelos Neurosciences.

568.3
RESVERATROL BLOCKS APOPTOSIS INDUCED BY LOW POTASSIUM IN 
CULTURED CEREBELLAR GRANULE CELLS. S, Alger*C. De Ruvo. F. 
Passetti and E, Esposito. Istituto di Ricerche Farmacologiche “Mario Negri”, 
Consorzio Mario Negri Sud, S. Maria Imbaro (Chieti), Italy.

Apoptosis is a form of programmed cell death which plays an important role in 
regulating the number of neuronal cells during the development of the central nervous 
system. Moreover, inappropriate apoptosis has been suggested to be involved in 
neuronal death which occcurs in various human neurodegenerative disorders, such as 
Alzheimer’s disease, Huntington’s disease, amyotrophic lateral sclerosis, and spinal 
muscular atrophy. Reactive oxygen species have been implicated as mediators of 
apoptotic neuronal death. Thus, in this study cultured cerebellar granule cells were 
used to test the antiapoptotic effect of resveratrol, a constituent of wine with 
antioxidant proprerties, and ascorbic acid. Primary cultures of cerebellar granule cells 
were prepared from 8-day-old Wistar rats. Dissociated cells were suspended in basal 
Eagle’s medium (BME) containing 10% heat inactivated fetal calf serum, 2 mM 
glutamine, 25 mM KCl, 100 gg/ml gentamycin, and plated in poly-L-lysine coated 
(10 gg/ml) 35 mm petri dishes (2.5 x 106 cells/dish). Glial proliferation was 
prevented by adding cytosine-arabinofuranoside (10 gM final concentration) 18 h after 
plating. Cells were maintained in growth medium at 37°C in humidified 95% air 5% 
CO2. All the experiments were performed with fully differentiated neurons (8 days in 
culture). To induce apoptosis, culture medium was replaced with serum-free medium 
8 days after plating. Cells were washed twice and maintained in serum-free BME 
(containing 5 mM KCl) supplemented with glutamine, gentamycin, and cytosine- 
arabinofuranoside at the concentrations indicated above. Control cells were washed 
identically and maintained with KCl at 25 mM. Apoptosis was measured by flow 
cytometry and by the classical method of DNA fragmentation. Resveratrol (50-200 
gM) completetely prevented the apoptosis induced by low concentrations of KCl (5 
mM). Similar results were obtained with ascorbic acid (5-30 gM). These results open 
new possibilities in the therapy of neurodegenerative diseases.

568.4
EFFECTS OF POLY AMINES AND N-ACETYL POLY AMINES ON 
NUCLEAR STRUCTURE AND APOPTOSIS IN CULTURED 
CEREBELLAR GRANULE CELLS. M.D. Berry*. Neuropsychiatry 
Research Unit, University of Saskatchewan, Saskatoon, Canada.

The endogenously occurring polyamines have been implicated as 
both pro- and anti-apoptotic compounds in a number of systems. In 
agreement with such effects, spermine has been shown to interact with 
the mitochondrial permeability transition pore (PTP), while changes in 
the PTP have recently been implicated as an early event in apoptosis. 
The effects of putrescine, spermine and spermidine, and their N-acetyl 
derivatives have therefore been studied on cultured cerebellar granule 
cell survival in the presence and absence of the apoptosis inducing 
agent Ara-C. Putrescine was without effect unless a dose of lOmM was 
administered, when 100% of cells became apoptotic. In contrast, 
spermine and spermidine showed neither pro- nor anti-apoptotic 
activity. At doses of 100//M or greater however, both compounds 
caused pronounced changes in nuclear appearance. This was seen as a 
marked shrinkage, but no associated chromatin condensation. Using 
bis-benzamide staining, many of these nuclei appeared misty, and quite 
distinct from intensely fluorescent apoptotic nuclei. The nuclear 
shrinkage occurred prior to 18 hours and the nuclei became more 
shrunken with time. The anti-apoptotic compound 2-HMP had no 
effect on these responses. N-acetyl derivatives had similar effects to the 
parent compounds, but responses were seen at a 10 fold lower dose, with 
the exception of N1 -acetyl spermidine. Interestingly, N^-acetyl 
spermidine was 100 fold more potent than N^-acetyl spermidine. These 
results raise the possibility that nuclear changes occurring in response to 
polyamines occur following metabolism to the N-acetyl derivatives. 
Supported by Sask. Health and Novartis Canada Inc.

568.5
3-OH-KYNURENINE INDUCES APOPTOSIS OF CULTURED 
CEREBELLAR GRANULE CELLS. P. Leeds1. H. Wei1. Z.-H. Qin2, 
and D.-M. Chuang1*. ‘Section on Molecular Neurobiology, Biological 
Psychiatry Branch, NIMH, NIH, and Experimental Therapeutic 
Branch, NINDS, NIH, Bethesda, MD 20892.

3-OH-Kynurenine (3-HK), is a tryptophan metabolite whose level is 
elevated in brains afflicted by degenerative diseases such as 
Huntington’s chorea and HIV-1 infection, in which apoptosis is thought 
to be die mechanism of neuronal death. Here, we show that 3-HK 
induced neurotoxicity in cultured cerebellar granule cells (CGC) 
prepared from 8-day-old rat pups. This effect was in a time- and 
concentration-dependent manner with an EC50 of 228±28 pM after 
treatment for approximately 48 hrs. Noteworthy is the fact that 
quinolinic acid, its metabolic intermediate, was ineffective even up to 1 
mM. 3-HK-induced death of CGC involved apoptosis, as evidenced by 
the occurrence of cell shrinkage, chromatin condensation and 
intemucleosomal DNA cleavage. Consistent with the results in rat 
striatal cultures (Okuda et al., PNAS, 95: 12553, 1996), 3-HK-induced 
apoptosis of CGC was fully protected by catalase, suggestive of H2O2 
formation. Interestingly, 3-HK neurotoxicity was markedly potentiated 
by SOD and a cell-permeable SOD mimetic, MnTBAP, in a 
concentration-dependent manner. BDNF, but not NT-3 nor NT-4, 
provided a marginal neuroprotective effect, while deferoxamine, 
allopurinol and NMDA receptor antagonists were completely ineffective. 
Thus CGC may provide a useful model to study the molecular 
mechanisms underlying 3-HK-induced apoptosis of neurons. 
Supported by NIMH, NIH.

568.6
INCREASED EXPRESSION OF P53, BAX AND GAPDH 
DURING APOPTOSIS OF CEREBELLAR GRANULE CELLS.
R.-W. Chen. P.A. Saunders*, and D.-M, Chuang. Section On 
Molecular Neurobiology, Biological Psychiatry Branch, NIMH, NIH, 
Bethesda, MD 20892-1272
The tumor suppressor gene p53 is intimately involved in the cellular 
response to DNA damage, controlling cell cycle arrest and apoptosis. 
In this study, p53 mRNA and protein levels were examined by 
Northern and Western blotting, respectively, in cerebellar granule 
cells (CGC) treated with arabinoside cytosine (AraC). We have 
previously shown that AraC-induced apoptosis of these neurons can 
be blocked by the addition of antisense oligonucleotide against 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Ishitani and 
Chuang, PNAS 93: 9937, 1996). AraC was added to the culture 
medium 12 hrs after plating to the final concentration of 300 |iM. We 
found that CGC apoptosis was preceded by an increase in levels of 
p53 mRNA and protein detected between 1 and 8 hrs after AraC 
exposure. The mRNA for a p53 target gene, bax, was also increased. 
In contrast, the mRNA for the protective gene, bcl-2, was not 
influenced. The GAPDH antisense oligonucleotide did not affect the 
expression of p53, while two p53 antisense oligonucleotides markedly 
protected CGC against AraC-induced apoptosis. These observations 
suggest that p53 induction is involved in apoptosis of CGC and is 
either an upstream event to GAPDH induction or independent on 
GAPDH levels. Further studies are in progress to investigate the 
relationship between p53 and GAPDH induction.(supported by NIMH)
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568.7
TISSUE PLASMINOGEN ACTIVATOR DEFICIENCY DOES NOT PROTECT 
AGAINST NEURONAL DEGENERATION IN THE CEREBELLUM OF THE 
I/VE4VER MOUSE P. E, Mecenas, S. E. Tsirka*. F. Salles, and S. Strickland 
Program in Molecular and Cellular Biology, Dept. of Pharmacology, State 
University of New York, Stony Brook, NY 11790

Tissue plasminogen activator (tPA) is a serine protease that has been shown 
to be involved in neuronal degeneration. Recently, elevated cerebellar tPA 
has been reported in a naturally occurring mutant mouse, weaver. Weaver 
mice (wvAw) suffer extensive degeneration of cerebellar granular neurons 
during development, leading to severe malformation of the cerebellum as well 
as abnormal behavior (ataxia). The observations that the developing weaver 
cerebellum displays a 10-fold increase in tPA activity over wild-type and that 
a serine protease inhibitor was able to rescue weaver granule cells from 
premature death in culture suggested that tPA might mediate the death of 
these mutant neurons. We tested this possibility by introducing the weaver 
mutation into tPA-deficient mice and comparing the weaver phenotype in the 
presence or absence of tPA. Analysis at 28 days after birth indicates that tPA- 
deficient wv/wv mice are indistinguishable from tPA-containing wv/wv mice in 
behavior, cerebellar anatomy, histology, and laminin expression (also reported 
to be increased in weaver). These results suggest that removal of tPA activity 
from wv/wv mice does not protect against neuronal degeneration in the 
cerebellum and, thus, tPA does not appear to mediate this form of cell death.

Funded by grants to S. E. T. and S. S. from the National Institutes of 
Health

568.8
RESCUE OF CEREBELLAR GRANULE CELL PRECURSORS 
FROM DEATH BY INACTIVATION OF NMDA CHANNELS IN 
WV/WV NR1 -/- DOUBLE MUTANTS
P, Jensen* and D. Goldowitz. U.T. Memphis, Center for
Neuroscience, Memphis, TN 38163.

The weaver mutation is a single base pair substitution in the pore-
forming region of the GIRK2 channel protein that results in massive death 
of external granular layer (EGL) cells in the cerebellum in addition to other 
mutant phenotypes. Tne physiological effects of wvGIRK2 are due to 
either a loss of K+ selectivity leading to a constitutive Na-i- current 
(several groups) or to a loss of channel function (Surmeier et al., 1996). 
We have nypotnesized that wv cell death occurs through NMDA-based 
over-excitation of premigratoiy granule cells due to a dysfunctional GIRK 
channel. To test this hypothesis, we generated weaver mice with the 
NMDA receptor 1 subunit (NR1) null mutation to see if neonatal granule 
cell precursors could be rescued from death. The wv/wv NR1+/+ 
cerebellum had the similar percentage of pyknosis as previously reported 
in the posterior region of the weaver EGL. There is significantly reduced 
death of EGL cells in both wv/wv NR1+/- and NRl-f- genotypes and a 
ene-dose effect is clear. The rescue of EGL cells is not due to genetic
ackground since wv/wv +/+ have the same level of cell death as the 

inbred wv/wv strain. Nor is it likely that the NR1 knockout prematurely 
affects wv granule cell development before the expression or death since 
adult wv/wv +/. mice also show enhanced granule cell survival. Our 
results show that the cell death that is normally demonstrated in neonatal 
wv EGL is abrogated when NMDA receptor function is blocked. Thus, 
these results provide evidence that the weaver phenotype is due to a loss 
of wvGIRKZ channel function and not to the expression of a constitutive 
Na+ current. This work was supported by UT College of Medicine and Dept. of Anat 
& Neurobiol.

568.9
NUCLEAR LOCALIZATION OF OVEREXPRESSED GLYC- 
ERALDEHYDE-3-PHOSPHATE DEHYDROGENASE (GAPDH) 
IN CULTURED CEREBELLAR NEURONS UNDERGOING 
APOPTOSIS. K. Sunaqa1, M. Tanaka^, N. Katsube^, D.-M. 
Chuang3 and R. Ishitani*1. 1)Josai Univ., Saitama 350-02, Ja-
pan. 2)Ono Pharmaceuticals, Osaka 541, Japan. 3)BPB, 
NIMH, NIH, MD 20892, U.S.A.

We have reported that overexpression of GAPDH participates 
in cell death of immature cerebellar granule cells (CGC) induced 
by cytosine arabinoside (AraC) and that of mature CGC exposed 
to low K+. The former is strictly due to apoptosis, while the latter 
involves both apoptosis and necrosis. We now studied subcellu-
lar distribution of overexpressed GAPDH using Western blotting 
and EM immunocytochemistry. Western blotting of subcellular 
fractions using this GAPDH-specific monoclonal antibody re-
vealed that overexpressed GAPDH was primarily in the nuclear 
fraction of CGC treated with AraC, but was in both nuclear and 
mitochondrial fractions of CGC exposed to low K+. Pretreatment 
with GAPDH antisense oligos prevented GAPDH accumulation 
in these subcellular fractions and protected against apoptosis in-
duced by either AraC or low K+. Nuclear localization of GAPDH 
in apoptotic CGC was confirmed by EM immunocytochemistry. 
Our results raise the possibility that neuronal apoptosis may be 
triggered by GAPDH accumulation in the nucleus, resulting in 
perturbation of nuclear function and ultimate cell death.

568.10
VARIABLE SCHEDULES OF EARLY PURKINJE CELL LOSS PROVOKE 
CHANGES IN PATTERNS OF TOPOGRAPHICALLY-RESTRICTED CELL 
DEATH IN THE INFERIOR OLIVE. T. Chu1-2 and J. Oberdick2’3. ‘Neuroscience 
Program, 2The Neurobiotechnology Center, and ’The Department of Cell Biology, 
Neurobiology and Anatomy, The Ohio State University, Columbus, OH 43210.

In L7ADT transgenic mutants (Smeyne et al., 1995, MCN 6:230-51), TUNEL 
assay revealed an early, strong dependence of olive neurons on the presence cf 
Purkinje cells (PCs). At P2, when the effect of the transgene is localized to the 
vermal PCs, apoptotic figures were mainly observed at the caudal part of the inferior 
olive (IO). At P4, when the expression of the attenuated diphtheria toxin spread 
laterally to affect PCs in the intermediate hemisphere, cell death was noticed to 
occur mainly at the middle portion (with respect to the caudorostral (c/r) axis) of the 
IO. At P6, as the most lateral PCs began to show signs of degeneration, there was 
no specific, focused area undergoing apoptosis. The c/r dimensions of the IO in the 
L7ADT mutants, at the aforementioned time points, did not show much difference 
from that of their wild-type counterparts. Nevertheless the evidence of cell death 
was noticeable in the adult mutants, as reflected by the feet that there was a 30% 
reduction in the c/r axis. The dependence on cerebellum for the development of the 
IO was further confirmed by another trangenic mouse model, the Wnt-1 knockout. 
These “cerebellumless” mutants were reported not be able to survive past the first 
postnatal day (McMahon and Bradley, 1990, Cell 62:1073-85). We hand-fed these 
animals and were able to extend their lives by an additional 24 hours. TUNEL 
assay on these P2 brains revealed that concentrated cell death occurred at the middle 
portion (with respect to the c/r dimension) of the IO. By in situ hybridization 
using Bm-3 (Heet al., 1989, Nature 340:35-42) as the probe we also noticed that 
the c/r, the mediolateral, and the dorsoventral axes had all been reduced in size in 
this knockout by Pl. This showed that the complete absence of the cerebellum 
from the very beginning hastened the rate of both the degeneration pattern and size 
reduction of the IO. Supported by NIH RO INS3 3114

568.11
PURKINJE CELL NUMBER IN THE CEREBELLUM OF AGED 
HETEROZYGOUS NERVOUS (+/nv) AND PURKINJE CELL 
DEGENERATION (+/pcd) MICE. N. Hadi-Sahraoui. F. Frederic,
N. Delhave-Bouchaud and J. Mariani*. Universite P. & M. Curie, 
Institut des Neurosciences, (CNRS, URA 1488), 75005 Paris.

Homozygous staggerer (sg/sg) and reeler (rl/rl) mutant mice 
develop a marked ataxia in the first postnatal weeks and exhibit an 
atrophic cerebellum with a reduced number of Purkinje cells (PC), 
the deficit reaching about 75 % in sg/sg and 50 % in rl/rl as 
compared to age and sex matched animals. These two mutations are 
classically viewed as recessive but we have recently shown that 
heterozygous staggerer (+/sg) and reeler (+/rl) mice show a 
progressive and age related loss of PCs between 3 and 18 months of 
age (Shojaeian-Zanjani, Dev. Brain Res., 67: 153-160, 1992; N. 
Hadj-Sahiraoui et al., Dev. Brain Res. 98: 1-8, 1997, J. Neurogenet., 
1997, in press). For two other genes, nervous and Purkinje cell 
degeneration, the homozygous mutants exhibit a almost total loss of 
PCs during the first two postnatal months. In the present study, we 
have investigated whether a PC loss also exists in the cerebellum of 
heterozygous nervous (+/nv) and Purkinje cell degeneration (+/pcd) 
mice whose clinical aspect is normal. We counted PCs on serial 
sagittal sections stained with thionin in respectively 14 and 17 
month-old males and females. In +/nv mice, we did not find any 
significant difference with the wild-types (p>0.05), while, in +/pcd 
our results (143.700 ± 5.400) reveal a 18 % deficit (p<0.0001) 
when compared to wild-types (175.100 ± 2.300). These results 
suggest that, like +/sg and +/rl, the +/pcd is also a model of 
precocious aging of PCs, while the +/nv is not.

568.12
LOCUS COERULEUS CELL LOSS IN LURCHER MUTANT MICE. 
Ff,Frederic, L.JBrQcha.Kk N, Delhaye-Bouchaud and J, Mariani (SPQN
: European Neurosciences Association.) Universite P.& M. Curie, 
Institut des Neurosciences, (CNRS, URA 1488), 75005 Paris, France.

Heterozygous (Lc/+) Lurcher mutant mice are mainly known for 
their cerebellar degeneration. We have recently reported in adult 
Lurcher mice exposed to novelty stress, an enhanced ACTH and 
corticosterone response, mediated through corticotropic-releasing- 
hormone (CRH) secreted by neurons of the paraventricular nucleus 
(PVN). The PVN is innervated by dense catecholaminergic fields 
originating from cell groups located in the brainstem. Since 
catecholamines modulate the response to stress and that the major 
part of the noradrenergic input to the PVN originates from the locus 
coeruleus, we counted the number of catecholaminergic cell bodies 
in the locus coeruleus of 3-month-old mutant and wild-type mice (n 
= 5 / group). Frontal sections through the nucleus were stained with 
antiserum to the catecholamine synthesizing enzyme tyrosine 
hydroxylase (TH). Lurcher mice show a significant 15% deficit 
relative to wild-type of the number of TH-stained neurons in the 
locus coeruleus (Lc/+ m = 1049 ± 26 versus +/+ m = 1237 ± 12, p 
clO*4). Rostro-caudal distribution reveals that the neuronal loss is 
present throughout the entire rostro-caudal extent of the nucleus. 
Neuronal loss in one of the major noradrenergic input to the PVN 
may play a role in the hyperactivity of the hypothalamic-pituitary 
axis of Lurcher mice exposed to psychogenic stress such as novelty.
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568.13
AN INCREASE IN ASTROCYTE NUMBERS ACCOUNTS FOR THE RISE IN 
RODENT INFERIOR OLIVE CELL NUMBERS DURING EARLY NEONATAL 
DEVELOPMENT. J. J. Bannister, A. J. Bower, R. M. Sherrard, K. S. Bedi, G. M. 
Renshaw, and P. J. Snow* Dept. of Anatomical Sciences, The University of 
Queensland. Brisbane, 4072. Australia.

Programmed cell death during early development plays an important part in the 
matching of innervating and target neuronal populations in the central nervous 
system. Previous studies (eg: Delhaye-Bouchaud. N., Geoffroy. B., & Mariani. J. J. 
Comp Neurol. 232:299-308. 1985) have reported that total cell numbers increase 
in the neonatal inferior olive at the time that the connections between the inferior 
olive and the cerebellar cortex are being refined. We hypothesised that this 
increase in cell numbers might be due to changes in the numbers of glial cells 
rather than neurons, and investigated this with a combined immunohistochemical 
and stereological study of the cells in the inferior olive nucleus. Groups of 5-6 
Wistar rats were anaesthetised on either postnatal day (Pd) 0, 5, 10, 15, or 30, by a 
lethal dose of Nembutal (i.p) and killed by transcardiac perfusion with Bouin’s 
fixative. Wax sections of the brainstem from these animals were stained with 
antibodies to GFAP or S-100 using PAP procedures to identify astrocytes, and 
counterstained with Haemotoxylin to identify the neurons. Modern stereological 
techniques were used to make estimates of the total numbers of neurons and 
astrocytes within the inferior olive nucleus. At birth pups had a mean ± SEM of 
22,124 ± 4714 neurons and this did not alter significantly by Pd 10. By Pd 15 the 
total neuron numbers fell slightly to 17,730 ± 1913 (p<0.05). In contrast the 
number of astrocytes increased significantly from 4,878 ± 555 at Pd 0 to 12,581 ± 
3673 by Pd 10 (p<0.001), after which the number remained unchanged to Pd 30. 
This study confirms that, despite previous reports to the contrary, neuronal cell 
death is a feature of inferior olive development correlating with the known period 
of climbing fibre refinement.

GLIA AND OTHER NON-NEURONAL CELLS: MICROGLIA I

569.1
RAMIFICATION AND IMMUNOLOGICAL DEACTIVATION OF MONOCYTES/ 
MACROPHAGES INSIDE HIPPOCAMPAL SLICE CULTURES OR IN CO-CULTURE 
WITH ASTROCYTES: THE CNS SILENCES INVADING ANTIGEN PRESENTING 
CELLS. N.P. Hailer*, F.L. Heppner, D. Haas, R. Nitsch, Humboldt University Hospital 
Charite, Institute of Anatomy, D-10098 Berlin, Federal Republic of Germany.

The immune-privilege of the central nervous system (CNS) is at least in part based on 
the integrity of the blood-brain-barrier (BBB), but it is poorly understood how potentially 
deletarious activity of monocytes/macrophages that infiltrate the CNS in conditions 
affecting the permeability of the BBB is inhibited. We hypothesized that CNS tissue has 
the potential to deactivate invading monocytes/macrophages, and furthermore, that 
astrocytes are the cells that initiate monocyte/macrophage deactivation. To test this 
hypothesis, fluorescent prelabeled rat spleen macrophages with typical amoeboid 
morphology were transferred onto organotypic hippocampal slice cultures, where they 
subsequently invaded intermediate layers. Inside intermediate layers, prelabeled 
amoeboid macrophages gradually developed a ramified morpholgy similar to resting 
microglial cells. This morphological transformation also occured if spleen macrophages 
were co-cultured with mixed glial cultures and was accompanied by reduced expression 
of adhesion molecules leukocyte function antigen-1 (LFA-1), intercellular adhesion 
molecule-1 (ICAM-1) and major histocompatibility complex (MHC)-olass II. Co-culture of 
freshly isolated human monocytes with the human astrocytoma line CCF-STTG1 was 
performed to exclude possible influences of microglia present in mixed glial cultures, and 
transformation from amoeboid to ramified morphology and downregulated expression of 
adhesion molecules LFA-1, ICAM-1 and MHC-class-ll were again observed. In 
conclusion, our results indicate that the CNS microenvironment deactivates invading 
macrophages. This deactivation of antigen presenting cells could represent an important 
mechanism that contributes to the maintenance of CNS immune-privilege following 
impairment of BBB integrity.
This work was supported by the Deutsche Forschungsgemeinschaft (SFB 507/C1).

569.2
IMMUNOPHENOTYPIC PROPERTIES OF MICROGLIAL CELLS IN 
THE HUMAN BRAIN DEVELOPMENT
A. Andielkovic*1 and N. Zecevic2, Department of Pharmacology1, 
Department of Medicine2, University of Connecticut, School of 
Medicine,. Farmington, CT 06030

Immunophenotypic properties of microglial cells were 
investigated in human embryos and fetuses ranging in age from 5.5 to 14 
gestation weeks (g.w.), using monoclonal antibodies that recognized the 
major histocompatibility complex (MHC) class II, type 3 complement 
receptor (CR3), leukocyte common antigen CD45 and macrophages 
specific marker CD68. At 5.5 g.w. microglial cel’s expressed 
immunoreactivity to CD45 and CD68 in the medulla oblongata and 
cerebellum. These positive cells has been seen sporadic in the basal plate 
and in the telencephalic wall. MHC class II antigens and type 3 
complement receptor were expressed on ameoboid microglial cells in the 
basal plate from 6.5 g.w. and 9 g.w., respectively. The number of 
microglial cells labeled with each of the four markers increased during 
ontogeny. At 11-14 g.w. all four antigens studied labeled both 
ameoboid, round poorly ramified cells located along axons of the internal 
capsule and resting microglia, cells with long and well-ramified 
cytoplasmatic processes found in the cerebral cortex. No close correlation 
has been observed between morphology and antigenicity of these cells. 
Neither of the antigens, tested in this study, were detected on neural or 
macroglial cells. Our results suggest that in the human brain development 
microglial cells could have characteristics of both macrophages and 
dendrite antigen presenting cells (APC), and could consequently be 
responsible for immunologically mediated dysfunctions of the CNS. 
Supported by grant MH53945

569.3
STEREOLOGICAL ASSESSMENT OF MICROGLIA NUMBER IN THE 
DENTATE GYRUS OF THE HIPPOCAMPAL FORMATION OF C57BL/6J 
MICE OF DIFFERENT AGES. J.M. Long*, A.N., Kalehua, D.K. Ingram and 
P.R. Mouton. GRC, NIA, NIH. Baltimore, MD 21224

Inflammatory responses in the CNS are affected in both aging and Alzheimer's 
disease. Previous research from our laboratory has shown an age-related increase 
in brain and serum cytokine response to central injections of the endotoxin, 
lipopolysaccharide (Kalehua et. al, 1996, Soc. Neuro. Abs. #488.10). One 
hypothesis to explain this observation is that the total number of microglia 
increases in normal aging.

To test this hypothesis, microglia number were estimated in the dentate gyrus of 
young (4-5 mo, n=7), middle-aged (13-14 mo, n=10) and aged (27-28 mo, n=8) 
male C57BL/6J mice. Mice were anesthetized, perfused, and each brain was 
serially sectioned. Utilizing systematic-random sampling, approximately 10 
sections were sampled for immunocytochemical staining with an antibody specific 
for microglia, Mac-1. Estimates of total microglia number were assessed using the 
optical fractionator technique assisted by a computer-based system.

The mean (SEM) total number of microglia in the dentate gyrus across all ages 
was 22,223±1,588 and the coefficient of error was about 7%, which appeared 
consistent across all age groups. Although the mean number of microglia increased 
about 10% between the young and aged group, total microglia number did not 
significantly increase as a function of age r(23)=0.25 p>.05 (regression of total 
microglia number Y=204682+ 122*X).

The present results suggest that the total number of microglia in the dentate gyrus 
does not significantly increase with aging in this mouse strain. However, we are 
exploring the possibility that the total number of microglia and astrocytes increase 
with aging in other sub-regions of the hippocampal formation.

569.4
THE EFFECT OF MICROGLIA ON EMBRYONIC DOPAMINERGIC 
NEURONAL SURVIVAL IN VITRO. R. Zietlow*, J. W. Fawcett, S. B. 
Dunnett. Cambridge Centre for Brain Repair, Cambridge, U. K.

A major problem with transplantation therapy for Parkinson’s Disease and its 
animal models is the poor survival of embryonic dopaminergic neurones, the 
majority of which die within the first week of transplantation. Evidence suggests 
that this is due to a selective toxicity derived from the host brain. In order to 
illuminate whether microglia, which are activated by the transplantation 
procedure, play a role in this process, the survival of cultured dopaminergic 
neurones was measured in the presence of microglia conditioned medium, in co-
culture with microglia and mixed with microglia in a three-dimensional culture 
system. To control for changes microglia may undergo in culture, 4 different 
types of microglia were used: freshly isolated and cultured for 7 days in 
isolation, both unactivated and activated with N-formyl-methionyl-leucyl- 
phenylalanine.

Whereas medium conditioned by microglia which had been cultured for 7 
days decreased the number of dopaminergic neurones in culture, the direct 
presence of all types of microglia in co-cultures and 3D cultures improved 
survival. The time course of the in vivo death together with these in vitro 
observations suggests that microglia are not responsible for the death of 
dopaminergic neurones, but may in fact have a beneficial effect on their 
survival.

This work was supported by the Medical Research Council
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569.5
MICROGLIA IN DEVELOPING RAT BRAIN SLICES: 3-D MORPH-
OLOGY AND TIME-LAPSE CONFOCAL IMAGING. M.E. Dailey* 
Dept. of Biological Science, Univ. of Iowa, Iowa City, IA.

An in vitro brain slice system is being used to study the regulation of 
cell proliferation and migration within developing CNS tissue. The live 
tissue, which is derived from postnatal day (P) 5 to 7 rat hippocampus, is 
cultured by the roller-tube technique for up to several days. Within a 
few hours in vitro, the brain tissue is populated by a large number of 
highly proliferative, motile, phagocytic cells (Smith SJ, Cooper M, 
Waxman A, 1990). Although the identity of-these amoeboid cells is 
unknown, one hypothesis is that they are activated brain microglia. In 
an attempt to identify and determine the origin of these cells, we used a 
fluorescein (HTC)-conjugated plant lectin (GSA I-B4; Sigma) derived 
from Griffonia simplicifolia seeds and which is known to stain brain 
microglia. Lectin-staining of formaldehyde-fixed tissue from developing 
(P7) rat brain revealed intense labeling of brain vasculature as well as 
numerous small, highly ramified cells. Three-dimensional confocal 
imaging indicated that many lectin-labeled cells had one or more process 
that appeared to contact the surface of a nearby blood vessel. Double 
labeling with FITC-lectin and anti-GFAP antibodies (Cy5) showed that 
the lectin-positive cells were GFAP negative, further supporting the idea 
that the lectin-labeled cells are microglia and not astrocytes. Preliminary 
time-lapse observations of live, FITC-lectin-stained tissue slices indicate 
that many lectin-labeled cells are highly motile. This in vitro system 
should be useful for studies of microglial cell activation and motility 
within a native brain tissue environment. Supported by an American Cancer 
Society Institutional Research Grant (1N-122R) to the Univ. of Iowa.

569.6
CHARACTERIZATION OF MICROGLIA IN ORGANOTYPIC SLICE CULTURE. 
M. Czapiga and C. Colton*. IPNS and Dept. Physiology, Georgetown Univ. Med. 
Cent., Washington DC 20007.

Microglia have been implicated in a number of physiological as well as 
pathophysiological processes in the CNS. However, the study of microglia in vivo 
has been limited to morphological characteristics. In the present study, the 
functional characteristics of microglia were examined using organotypic cortical 
slice cultures. Microtome slices (300 microns thick) were prepared from the brains 
of postnatal-day 2 hamsters and placed into culture. After 5 days, the microglia were 
assayed for superoxide anion production, phagocytosis and migration. In all 
experiments, microglia were identified by counter staining for the lectin, GS-1 A4 
which specifically marks microglia. For superoxide anion production, the slices were 
treated with nitroblue tetrazolium (NBT) for 24 hours and the deposition of 
formazan was used as an indicator of superoxide anion production. Under non- 
stimulated conditions, a small number of microglia were stained with NBT but this 
number increased on treatment with phorbol myristate acetate (PMA). Microglia on 
the surface of the slice were more clearly activated, indicating that diffusion of NBT 
may be a limiting factor to the response. Phagocytic activity was assessed using 
fluorescent labeled latex beads coated with hamster serum. Microglia at the surface 
and edges of the slice rapidly took up the beads. In some experiments, the beads 
were coated with zymosan-activated hamster serum (ZAS), a potent chemoattractant 
for microglia and placed at the circumferance of the slice. After 6 hours, the number 
of microglia at the edge of the slice was assessed and compared to untreated controls. 
The data indicate that tissue slice microglia readily migrate in response to the 
chemoattractant. These experiments indicate that microglia in tissue slice culture 
have similar functional characteristics as microglia in primary culture and that this 
technique may serve as a suitable “in v/vo”-like model system for study of the 
interactions of microglia with neurons and other glia.

569.7
MICROGLIAL CELLS MIGRATE FROM CUT NERVES AND 
CONNECTIVES OF ISOLATED LEECH GANGLIA 
REGENERATING IN 3-D COLLAGEN GEL CULTURES.
S.E.Blackshaw*. A. Cattigan. R. Chambers & E. M. Rainey. Institute 
of Biomedical & Life Sciences, Joseph Black Building, University of 
Glasgow G12 8QQ, Scotland.

Our aim is to develop the use of 3-D ganglion cultures as a system to 
test the function of genes that we have isolated from identified and 
regenerating leech neurons (Davis et al. 1995, Neurosci Abstr 21. 
1075; Korneev et al 1996, Proc Roy Soc B 263. 56-72). When isolated 
ganglia or connectives from the ventral nerve cord of the medicinal 
leech were cultured in 3-D collagen gels, cells, presumed microglial, 
migrated out from the ganglion into die gel matrix within hours of 
plating the ganglia (Blackshaw et al, 1997, Proc Roy Soc B in press). 
The cells emerged principally from the cut ends of nerve roots and 
connectives, but also from the connective tissue sheath surrounding the 
ganglia and connectives. The appearance and behaviour of the cells 
changed with time in culture. Initially rounded, the cells developed 
branching processes which made contact with other microglial cells as 
well as with axons regenerating into the gel. In some cultures the cells 
linked to form chains; in others they formed close aggregates. The fine 
structure of the migrating cells within the gel and their contacts with 
regenerating axons was studied with transmission electron microscopy. 
In summary, 3-D ganglion cultures can be used to study microglia and 
regenerating axons, and should be useful for studying the effect on 
these cell types of manipulating expression of chosen genes.
Supported by BBSRC

569.8
NEUROTROPHIN REPRESSION OF B7 COSTIMULATORY 
MOLECULES IN RAT MICROGLIA. R.P. Hart*, G.M. Jonakait, 
W.-K. Kim. W.J, Friedman*, and R. Wei. Dept. of Biological 
Sciences, Rutgers University, Newark, NJ 07102, +Pathology 
Dept., Columbia University P.&S., New York, NY 10032.

The costimulatory B7 molecules are required for antigen 
presentation and are induced by cytokines in microglia. Moreover, 
neurotrophins are expressed by brain glia, and may affect brain 
response to injury. To understand the relationship between 
neurotrophins and potential antigen presentation, cultures enriched 
with neonatal rat microglia were treated with neurotrophins and B7-1 
and B7-2 mRNAs were assessed by semi-quantitative RT-PCR. At 
concentrations as low at 2 ng/ml, a 24 hr treatment of NGF, BDNF, 
NT-3 and NT-4 all reduced levels of B7-1 and B7-2 mRNAs to about 
50% of control.

To test possible receptor mediation, cultured hippocampal 
microglia were assayed immunohistochemically for neurotrophins and 
their receptors. TrkA, trkB, trkC (polyclonal antibodies from David 
Kaplan) and p75 (monoclonal antibody from Moses Chao) 
immunoreactivity was detectable, as were BDNF, NT-3 and NT-4.

Since microglia are stimulated by cytokines to present antigen, 
and since neurotrophins appear to repress expression of the B7 
costimulatory molecules, neurotrophic regulation of B7 may serve as 
an important control point for immune function in the brain.

Sponsored in part by NS31357 (WJF).

569.9
DIFFERENTIAL EXPRESSION OF B7 COSTIMULATORY
MOLECULES IN BRAINS OF MICE INFECTED WITH HERPES 
SIMPLEX VIRUS TYPES 1 AND 2. R. Wei, G. Lewandowski*, R.P. 
Hart and G, M, Jonakait. Dept. Biological Science, Rutgers University, 
Newark, NJ, and Scripps Research Institute, La Jolla, CA

Following intravitreal injection, herpes simplex virus (HSV) rapidly 
spreads to the CNS by axonal transport. HSV type 1- (HSV-1) infected 
mice establish a latent viral infection with subsequent recovery, while HSV- 
2 infection escapes immune surveillance and results in neuronal cell death. 
Because HSV-1 but not HSV-2 infection results in the upregulation of 
MHC class II expression on microglia, one possible explanation for 
differences in pathogenicity may be the inability of HSV-2 to stimulate 
antigen presentation and subsequent T cell activation. Because efficient 
antigen presentation also requires the presence of costimulatory molecules 
B7-1 and/or B7-2, we propose that differences in pathogenicity may also 
be due to a failure of B7 induction.

Using semi-quantitative reverse transcription-polymerase chain reaction, 
we investigated mRNA levels of B7-1 and B7-2 5 days following HSV 
inoculation in BALB/cByJ mice. Intraocular HSV-1(F) injection (2 X 105 
pfu/mouse) resulted in a 2.5-fold increase in B7-1 mRNA and a 5.5-fold 
increase in B7-2 in brain. By contrast, HSV-2(G) injection (2 X 104 
pfu/mouse) failed to increase mRNA levels of either molecule. These data 
are consistent with the hypothesis that the machinery for antigen 
presentation and removal is poorly stimulated by HSV-2. Supported in 
part by MH 51926 to G.L.

569.10
CYTOKINES DIFFERENTIALLY REGULATE EXPRESSION OF B7 
COSTIMULATORY MOLECULES IN RAT MICROGLIA. G.M. 
Jonakait*. R.P, Hart. W.-K. Kim, E. Kouranova, and R, Wei. Dept. of 
Biological Sciences, Rutgers University, Newark, NJ 07102

Expression of B7 costimulatory molecules is necessary for 
microglia (and other antigen-presenting cells) to activate T cells in 
response to antigen. In order to determine cytokine effects on antigen 
presentation, semi-quantitative reverse transcription-polymerase chain 
reaction (RT-PCR) was used to quantify mRNA for B7-1 (CD80) and 
B7-2 (CD86) in primary cultures of enriched neonatal rat microglia treated 
with various cytokines. Specificity of B7 species was verified by 
sequencing PCR products.

Both B7 molecules are expressed constitutively in untreated microglia, 
though B7-2 mRNA is more abundant than is B7-1. After a 24-hr 
treatment, GM-CSF produces a robust, dose-dependent increase in both 
B7-1 and B7-2 mRNA. At 50 ng/ml, levels are 6-9-fold above control. 
By contrast, IFN-y (100 U/ml) affects primarily B7-2 expression, raising 
it 4-7 fold. IL-3 (50 ng/ml) affects only B7-2, raising it 3-fold.
Lipopolysaccharide (LPS) enhances expression of both molecules, 
increasing B7-1 more rapidly than B7-2. Neither IL-lp, which fails to 
alter B7 levels, nor TNF-a, which produces a dose-dependent increase of 
both molecules with an identical time course, exactly mimics the action of 
LPS. This suggests that neither of these inflammatory cytokines alone 
mediates the action of LPS. Therefore, while both B7-1 and B7-2 are 
expressed constitutively on cultured microglia, they are differentially 
regulated by cytokines.
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569.11
SYNTHESIS AND FUNCTION OF PLATELET-ACTIVATING FACTOR 

IN RAT BRAIN. M.Aihara. M.Mori. T, Shimizu*. Dep. of Biochemistry 

and Molecular Biology, Faculty of Medicine, Univ. of Tokyo, Hongo, 

Tokyo 113, JAPAN.

Platelet-activating factor (PAF) is reported to be involved in various events in 

the brain, such as long-term potentiation and neuronal cell death. We 

investigated synthesis and function of PAF with rat primary cultrure systems 

of neuron, astroglia and microglia. PAF is mainly synthesized in neuron by the 

stimulation of glutamate, in calcium-dependent manner. Microglia 

predominantly expresses PAF receptor (1) and shows prominent chemotactic 

response to PAF. We propose that PAF is one of candidates which makes 

neuron-microglial interaction in the rat brain.

(1) Mori. M. et al. J. Neurosci. 16, 3590-3600, 1996.

569.12
Opposite Effects of Prostaglandin E2 and Leukotriene B4 upon the 
Outwardly Rectifying Whole Cell Potassium Current in Activated 
Microglia. A.O. Caggiano* and R.P. Kraig. Dept. of Neurology, The 
University of Chicago, Chicago, IL 60637.

Previous work from this lab demonstrated that in vivo activation of 
microglia was modulated by pharmacologic manipulation of eicosanoid 
metabolism (1996, J. Comp. Neurol. 369). Here we investigate how direct 
application of the eicosanoids Prostaglandin E2 (PGE2) or Leukotriene B4 
(LTB4) effect the outwardly rectifying potassium (K+) current that microglia 
express upon activation.

Microglia were isolated from mixed cell cultures prepared from 0-2 day rat 
pups. Currents were recorded using standard whole cell patch-clamp 
techniques. Normal (resting) microglia exhibited a small or no outwardly 
rectifying current in response to voltage steps from -160 mV to +40 mV. 
Following 24 hours of LPS stimulation, cells exhibited a large outwardly 
rectifying current. Preliminary data indicates that outwardly rectifying 
currents (pA/pF) in microglia that were treated with 10, 1 or 0.1 pM PGE2 
prior to LPS exposure were significantly reduced when compared to microglia 
treated with LPS alone. On the other hand, microglia treated with 1, 0.1 and
0.01 pM LTB4, but no LPS, exhibited significant outwardly rectifying currents 
when compared with resting (non-activated) microglia. These results reinforce 
our in vivo observations that eicosanoids can modulate microglial activation 
and that PGE2 and LTB4 have opposing effects upon both the in vivo 
morphology and in vitro electrophysiologic properties that characterize 
microglial activation. (Supported by NS-19108).

569.13
LPS INDUCED THE EXPRESSION OF K+ CHANNELS IN IN VIVO 
MICROGLIA . ILo Jou, H.K. Pyo, S.Y. Jung, S.K. Chung, E.H. Joe*. Dept. of 
Pharmacol., Ajou Univ. Sch. of Medicine., Suwon, Korea. 442-749.

Microglia, the main immune effector cells of the brain, become activated in 
various human neurodegenerative diseases including Alzheimer’s disease and 
multiple sclerosis. Activated microglia produce nitric oxide and reactive oxygen 
intermediates, resulting in neuronal injury. However, the mechanisms leading to 
microglial activation are largely unknown. In culture, lipopolysaccharide(LPS), a 
well-known activator of microglia, induces the expression of outward rectifying 
K+ channels which are electrophysiologically similar to Kvl.3 channels in 
lymphocytes. The K+ channels might be involved in microglial activation because 
a specific blocker of the channel, 4-aminopyridine significantly reduced NO 
release in our observation. In this study, we tested whether outward K+ channels 
are expressed in in vivo activated microglia. For this, LPS(2 ug in 2 ul of 
phosphate-buffered saline) was directly injected into the cortex near hippocampal 
region and K+ channel expression was examined by using antibodies against 
shaker type outward K+ channels, Kv 1.3 and 1.5. The rats were killed at 6, 8, 12, 
24, 36 hours and 2, 4, 7 days after the operation and brain cryosections(16 um) 
were prepared. OX-42-positive microglia were found around the injection site from 
eight hours, maintained till day 2 but disappeared at day 4. Kvl.5, but not Kvl.3 
immunoreactivity was detected in OX-42-positive cells and the time course of the 
expression is exactly matched with that of OX-42. However, iNOS expression, a 
prominent evidence of microglial activation was detected at 12 hours but not at 8 
hours, maintained till day 2 and disappeared at day 4. These results suggest that as 
in in vitro, in vivo activated microglia express outward K+ channels, at least some 
of them if not all, similar to Kvl.5, and it could be possible that the K+ channels 
participate in microglial activation because the expression of K+ channels 
precedes that of iNOS.
Research Fund from KOSEF to E. H. Joe.

569.14
TRANSIENT GLOBAL ISCHEMIA RAPIDLY ACTIVATES 
MICROGLIA. Gv. Lazar, H, Abraham and L, Seresst Dept. Human 
Anatomy, and Dept. Physiology, Univ. Med. Sch., 7643 Pecs, Hungary.

Neurons of the CAl area in the hippocampus are very sensitive to 
hypoxia and may undergo degeneration. Activation of microglia within 1 
to 2 days after hypoxia indicates neural injury. Our aim was to study 
microglia activation without reperfusion after bilateral occlusion of the 
common carotid arteries in Wistar rats.

Mouse anti rat monoclonal antibodies were used for immunohistological 
detection of complement receptor 3 (OX-42), MHC class I antigen (OX- 
18), and MHC class II antigen (OX-6) expressed by microglia. In control 
animals faintly OX-42 + resting microglia can only be detected. After 10 
min transient global ischemia some microglial cells upregulate CR3. The 
intensity of OX-42 positivity increased in the CAl area and the dentate 
hilus during a 15 min occlusion of the blood flow. Heavy immunoreactivity 
with the OX-42 antibody could be observed after 20 min in the whole 
hippocampal formation, and less intensely in the cerebral cortex, thalamus 
and hypothalamus. When the occlusion was maintained' for one and a half 
hours, immunoreactivity with the OX-18 antibody also occurred. When the 
20 min ischemia was followed by one and a half hours reperfusion MHC-II 
antigen was also expressed.

Early activation of microglia is a sensitive indicator of threatening 
neuronal injury. We suppose that this ischemic model may be used for 
monitoring the effect of neuroprotective substances.

Supported by a grant of the Hungarian Ministry of Health T-04, 620/93.

569.15
DIFFERENTIAL ACTIVATION OF MICROGLIA AND ASTROCYTES IN AGED 
BRAIN AFTER ELIMINATION OF CHOLINERGIC BASAL FOREBRAIN 
NEURONS. Z. Gu*. J, Yu. J.R. Perez-Polo. Dept. of Human Biol. Chem. & Gen, Univ. 
of TX Med. Br., Galveston, TX 77555-0652.

We have reported (Neurosci. Abs. 22:546, 1996) that NGF protein levels were 
significantly increased in the target areas of cholinergic basal forebrain neurons (CBFNs) 
after immunolesion in young but not aged rats. To examine the specificity of immunotoxin 
and microglial responses in the aged cholinergic basal forebrain system, 30-month-old 
Fisher 344xBN rats were intracerebroventricularly injected with 3.4 pg of 192 IgG- 
saporin. Coronal sections through the basal forebrain were subjected to histochemical and 
immunocytochemcial staining using five serial sections to evaluate p75NTR, AChE, NGF 
as well as astrocytes (GFAP) and microglia (GSA-isolectin-B4-HRP). Two weeks after 
injection of the immunotoxin, the profiles of AChE- and p7 S^-positive cells significantly 
decreased to 17,15, 39,54% and 32,33, 39,73% of the representative sections of the 
medial septum, vertical limb of diagonal band, horizontal limb of diagonal band and 
nucleus basalis of Meynert, respectively, when compared to controls. The ipsilateral 
injection of immunotoxin eliminated CBFNs bilaterally. There was a loss of NGF-positive 
cells in the lesioned animals to a lesser extent. In addition, slight to moderate responses 
of microglia, but not astrocytes, were observed in the subnuclei of basal forebrain. These 
results are consistent with the hypothesis that neurotrophin responses to cholinergic 
deafferentation after immunolesion in aged rats are impaired as compared to young rats 
and that immunolesion induces more of a microglial response as compared to other lesion 
paradigms although aged rats do display a glial response that is similar to that in the 
young.

This is publication 76A from USPHS P01-AG10514 awarded by NIA. Also 
supported by NINDS NS 33288.

569.16
PHARMACOLOGICAL TARGETING OF SIGNALING PATHWAYS IN PHORBOL 
ESTER-STIMULATED SUPEROXIDE GENERATION IN LPS-PRIMED RAT BRAIN 
MICROGLIA. A.M.S. Maver* and S.Oh. Pharmacology Department, Midwestern 
University, Downers Grove, IL 60515.

Our working hypothesis is that pharmacological targeting of signaling 
pathways may lead to improved strategies to modulate superoxide(O^) 
generation from activated brain microglia(BMcp) (Mayer et al., JPET 279: 633- 
644,1996). We have adopted the 17 hour-E co/z lipopolysaccharide (LPS) [0.3 
ng/ml]-primed rat BMcp as our in vitro paradigm, since we have observed that 
LPS-treated BMcp secrete cytokines as well as superoxide anion (O^). BMcp 
were resuspended in HBSS, pre-treated with inhibitors or vehicle (15min) and 
then stimulated with PMA [1//M] (70min). O~ release was assessed by the SOD- 
sensitive reduction of ferricytochrome C. The following inhibitors were 
investigated: (1) protein kinase C (PKC): staurosporine (STAU), Ro 31-8220 (RO) 
and LY379196 (LY); (2) protein tyrosine kinases (PTK): genistein; (3) secretory 
phospholipase (sPLAJ: manoalide (MLD) and 12-epi-scalaradial (SCL); (4) 
cytosolic PLA2(cPLA2):methylarachidonylfluorophosphonate(MAFP);(5)calcium 
independent PLA, (iPLAjJ: haloenol lactone (BEL); (6) cyclooxygenase 
(CO):indomethacin; and (7) 5-lipoxygenase (5-LO): WAY-50,295. Greater than 
50% inhibition of O2 release was observed with STAU (10nM), RO (10nM), LY 
(100nM), MLD (1/zM), SCL (1/zM) and BEL (1/zM). Thus, it appears that PKC, 
sPLAg, iPLAg but not PTK, cPLAg, CO or 5-LQ play a role in the regulation of 
BMcp O2 generation. We postulate that further refinement of pharmacological 
strategies that target signaling pathways leading to BMcp O2 generation will 
perhaps contribute to the development of therapies for neuropathologies such 
as postischemic brain injury, HIV encephalopathy, Parkinson’s disease, 
Alzheimer’s disease and multiple sclerosis. Supported by California Sea Grant 
College (R/MP-73) and Midwestern University.
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569.17
NGF ALTERS MICROGLIAL ACTIVITY IN VITRO. D E, Sims. G, Yorkeand 
F.J. Roisen.* Anatomical Sciences and Neurobiology. University of Louisville 
Med. School. Louisville. KY 40292.

Microglia play an important role in the regulation of homeostasis. Within the 
central nervous system, they have been implicated in both chronic and acute 
forms of CNS injury. Microglial cells were obtained from dissociated cerebrum 
from 4 day rat pups. The effects of nerv e growth factor (NGF) and 
lipopolysaccharide (LPS. a bacterial cell wall derivative) on the uptake of 
fluorescently labeled latex beads (1.75 pm), and cell morphology' were evaluated 
with confocal microscopy. Cells were pre-treated in medium (DMEM. 10% 
heat-inactivated fetal bovine serum, gentamicin) with 0. 1.5 or 10 ng/ml LPS for 
24 hr. then incubated for an additional 24 hr in the presence of medium alone or 
with 100 ng/ml NGF. or 10 ng/ml LPS. To obtain in index of phagocytosis, 
beads were added to the medium for the final hr of incubation. Although 
microglia exhibited phagocytic activity' in all treatment groups, the presence of 
NGF increased the bead uptake as did LPS. Furthermore. NGF exposure 
resulted in a pronounced alteration of microglial morphology. One or more long, 
unbranched neurite-like processes were observed on many cells. The NGF- 
mediated morphological alteration vvas diminished in a dose-dependent fashion 
by pre-treatment by LPS. The cytoskeletal basis of these changes is under 
investigation. These studies demonstrate that, in addition to NGF's known 
chemotactic activ ity' on microglia, it also increases phagocytosis and alters 
morphology'.
Supported by Alliant Community Trust. NSF/EPSCoR # OSR-9452895and 
Kentucky Spinal Cord and Head Injury' Research Trust.

569.18
PROLIFERATION OF RAMIFIED MICROGLIA ON AN ASTROCYTE 
MONOLAYER: CHARACTERIZATION OF STIMULATORY AND 
INHIBITORY CYTOKINES
C.U.A.KIoss, J.C.Probst*. G.W.Kreutzberg and G.Raivich
Dept of Neuromorphology, Max-Planck-lnstitute for Psychiatry
D-82152 Martinsried, Germany

Proliferation of ramified microglia is a common phenomenon in brain 
pathology, but little is known how this is regulated. In the current study, we 
examined the effect of different cytokines on the proliferation of ramified 
microglia in vitro using a comibination of autoradiography for [3H>thymidine 
and immunocytochemical techniques.

Ramified microglia were obtained using a 10-day co-culture on top of a 
confluent astrocyte monolayer. Addition of macrophage colony-stimulating 
factor (MCSF), granulocyte-macrophage colony-stimulating factor 
(GMCSF) and interleukin-3 (IL3), stimulated the proliferation of ramified 
microglia; with a 7.2-fold, 3.5-fold and 1.5-fold increase, respectively. Of all 
the other cytokines tested (IL1, IL2, IL4, IL6, IL10, IFNy, LIF and TNFa) 
only IL1 strongly enhanced proliferation. However, this effect of IL1 was 
indirect and could be neutralized by antibodies against MCSF and GMCSF. 
IL2, IL4, IL10, TNFa and IFNy inhibited microglial proliferation. IL6 and LIF 
had a slight, but non-significant, stimulatory influence.

In summary, only the classical macrophage-mitogens (MCSF, GMCSF, 
IL3) promoted proliferation directly. Interestingly, the inhibitory action by a 
large number of different cytokines, such as IL2, IL4, IL10, TNFa and IFNy, 
may play an important role in maintaining the balance between beneficial 
and cytotoxic effects of microglia in the central nervous system. 
Supported by BMBF Grant 01K09401/3.

569.19
DUALISTIC REGULATION OF MICROGLIAL APOPTOSIS BY ADENOSINE 
AND PHARMACOLOGICAL INFLUENCE: P. Schubert, H. Miyazaki, T. Ogata,
C. Marchini, K.A. Rudolphi& and C. Viereck&*. Max-Planck-lnstitute for Psychiatry, 
Martinsried, D-82152 and &Hoechst Marion Roussel, Germany.

There is evidence that adenosine may induce apoptosis in neurons, astrocytes and 
also microglial cells (for ref. see Ogata and Schubert, Neurosci. Lett. 218, 91, 1996), 
Twelve hours exposure of cultured rat microglial cells to the unselective adenosine 
agonist, Cl-adenosine (10 pM) caused positive TUNEL staining, DNA ladder 
formation and the appearance of DNA fragments in the cytosolic fraction. The latter 
was quantified by an ELISA assay (Boehringer kit). Selective Aj or A2 adenosine re-
ceptor agonists where rather ineffective, while DNA fragmentation could also be 
achieved with the natural ligand adenosine if its enzymatic degradation was blocked. 
DNA fragmentation was prevented in the presence of Zn2+ ions supporting the 
involvement of endonuclease activation in mediating the adenosine-induced apo-
ptosis. The unselective protein kinase C (PKC) blockers H7 (10-30 pM) and 
staurosporine (3 nM) also prevented the Cl-adenosine effect completely. In contrast, 
concomitant exposure to the protein kinase A (PKA) blocker H89 (3 pM, Cal- 
biochem) enhanced the Cl-adenosine induced DNA fragmentation up to 2-fold. These 
findings suggest a ying/yang regulation of programmed cell death in cultured (pro-
liferating) rat microglial cells by adenosine agonists, i.e. an induction of apoptosis via 
a PKC-linked mechanism and its inhibition via a mechanism linked to cAMP depen-
dent PKA activation. Accordingly, a strengthening of the cAMP signalling by pre-
incubating the cultures for 4 days with dibutyryl-cAMP heavily reduced the DNA- 
fragmentation elicited by subsequent 12 h exposure to Cl-adenosine. A similar effect 
was observed upon preincubation with the pharmacon propentofylline (50 pM, 
Hoechst Marion Roussel) known to increase cellular cAMP. We conclude that the 
observed opposing regulation of microglial DNA fragmentation by adenosine con-
trolled molecular signalling cascades may provide a target for the pharmacological 
influence of cellular apoptosis. Sponsored by BMBF (Neurotrauma, Munich A3)

569.20
CHROMOGRANIN-A ACTIVATED MICROGLIA INDUCE CELL DEATH IN 
CULTURED CEREBELLAR GRANULE CELLS: MECHANISMS OF ACTION
P.J. Kingham. M.L. Cuzner and J.M. Pocock*, Department of Neurochemistry, 
Institute of Neurology, London WC1N 1PJ, U.K

Activated microglia have been strongly implicated in the neuropathologies 
associated with several diseases of the CNS including multiple sclerosis, AIDS and 
Alzheimer’s disease and also following ischaemia. Recently it has been shown that 
chromogranin-A (CGA), a 48KDa protein which is secreted from neuroendocrine and 
neuronal cells, can induce the transformation of the resting or ramified microglia to 
an activated state. Here we report that rat brain derived microglia, activated with 
CGA, generate a soluble factor that is neurotoxic to primary cultures of rat brain 
cerebellar granule cells. Primary cultures of microglia were prepared and two days 
after plating, activated for 24h with CGA. The conditioned media was then 
transferred to cultured cerebellar granule cells (10 days in vitro) and neurotoxicity 
assessed 24h later using a Calcein AM/Ethidium homodimer cell viability assay. We 
provide evidence that CGA activated microglia undergo a pathway to cell death 
mediated by nitric oxide (as measured by nitrite accumulation). This effect was CGA 
concentration dependent and completely blocked by the addition of L-NNA, a potent 
inhibitor of nitric oxide synthase. However, cerebellar granule cells exposed to 
conditioned media from activated microglia in which NO production had been 
inhibited, still underwent neuronal cell death. The production of the neurotoxin 
responsible for this cell death is both dependent on the concentration of CGA and the 
period of time the microglia are treated with CGA. Additionally, the degree of cell 
death correlates with the amount of conditioned media to which the neurones are 
exposed. These observations suggest that chromogranin-A activates distinct 
signalling cascades and may be responsible for neuronal loss in neurodegenerative 
diseases. Research supported by the Brain Research Trust.
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570.1
MICROGLIAL RESPONSE TO PROGRESSIVE HYDROCEPHALUS IN 
A MODEL OF INHERITED AQUEDUCTAL STENOSIS. F.T. Mangano,
J.P. McAllister, M.J, Johnson, A.S, Wood, M.G, Luciano, and R.M.
Kriebel*. Philadelphia College of Osteopathic Medicine, Philadelphia PA 
19131, and Cleveland Clinic Foundation, Cleveland OH 44195.

Hydrocephalus is characterized by enlargement of the ventricles, 
reduction in the dimensions of the gray matter (GM) and white matter 
(WM), and gliosis. Progression of the gliosis and specific involvement of 
subtypes of glia have not been studied. This study focuses on the 
microglial cell (MC) component of gliosis. The H-Tx rat model of inherited 
aqueductal stenosis was used to characterize the MC response. Brain 
slices were stained with a purified isolectin that labels microglia. Brains 
were studied from rats at postnatal days 12 and 21 and compared to age 
matched normal H-Tx rats. In the GM of mild-moderate hydrocephalic 
animals at 12 and 21 days, the MC showed hypertrophy and an increase 
in number of lectin labeled cells. Severe hydrocephalus produced the most 
alterations in cytoarchitecture and the 21 day old GM displayed 
aggregated glial clusters. The WM of 12 and 21 day old rats also showed 
evidence of a MC response. In contrast to the GM, glial clusters were 
identified in the WM of 12 day old rats in the mild-moderate as well as 
the severe hydrocephalic groups. These results showed that during the 
gliosis that occurs in hydrocephalus the MC participate by changing 
cytoarchitecture. proliferating and forming clusters in both the GM and 
WM. In the progression of hydrocephalus this react ion appears to occur 
first in the WM before significant enlargement of the lateral ventricles. It 
is concluded that the microglial component of the gliotic response to 
hydrocephalus may precede the physical changes in the progression of 
hydrocephalus.

570.2
SQUAMOUS CELL CARCINOMA ANTIGEN GENE 
EXPRESSION IN ACTIVATED BRAIN MICROGLIA. S, 
Thakker-Varia*, S. Elkabes. A.C, Sherwood and I.B, Black, Dept.
of Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson 
Medical School, Piscataway, NJ 08854.

Microglia, the intrinsic immune cells of the CNS, are activated in 
a variety of inflammatory brain diseases in which they play a 
pathogenetic role. However, mechanisms underlying activation are 
unknown. Our previous efforts to elucidate the molecular 
mechanisms associated with microglial activation, have shown that 
activation with bacterial lipopolysaccharide (LPS), elicits specific 
changes in expression of both known and novel genes. Activation 
resulted in altered expression of 6 genes including squamous cell 
carcinoma antigen (SCCA). Immunoblot analysis indicated that 
gene expression was accompanied by synthesis of the SCCA protein 
in LPS-activated microglia. To assess the potential biological 
actions of SCCA, the protein was added to cultures. SCCA altered 
microglial morphology, and elicited a dramatic, 5-fold increase in 
cell number within 72 hours. The effects appeared to be cell- 
specific, since the protein had no effects on other cell types, 
including astrocytes, basal forebrain neurons and cortical neurons. 
We tentatively conclude that SCCA may play a cell-specific role in 
proliferation, a critical early step in microglial activation and brain 
inflammation. Additionally, differential display of genes in the 
microglial model system may help define patterns of expression 
associated with CNS disease, thereby identifying pathogenetic 
mechanisms and new therapeutic targets. (Supp: NICHD 23315)
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570.3
PRO-INFLAMMATORY AGENTS DIFFERENTIALLY 
REGULATE MICROGLIAL RESPONSIVENESS TO 
NEUROTROPHINS. S. Elkabes*, L. Peng and I. B. Black 
Neuroscience and Cell Biology, Robert W. Johnson Medical School, 
Piscataway, NJ 08854

Inflammatory stimuli such as bacterial agents, induce 
changes in the physiologic function of microglia, immunoeffector 
cells of the central nervous system. We recently reported that 
microglia elaborate neurotrophins and that neurotrophin-3 (NT-3) is 
involved in microglial proliferation, phagocytosis and antigen 
presentation, raising the possibility that microglia regulate their own 
function. However, there is no information on the modulation of 
microglial responsiveness to NT-3 during inflammation.

To investigate the regulation of microglial responsiveness to 
NT-3 by inflammatory agents, we exposed purified microglia in 
culture to lipopolysaccharide (LPS) and interferon-y (IFN-y) for 24 
hours and analyzed the effects on trk C expression. LPS induced a 
dramatic increase in trk C expression. IFN-y alone did not regulate 
trk C. However, the cytokine potentiated the effects of LPS. The 
specificity of LPS and IFN-y effects was characterized by assessing 
expression of trk A, a high affinity receptor for NGF. LPS and 
IFN-y had no effects on trk A, suggesting selectivity in the actions of 
these pro-inflammatory agents. Our studies suggest that 
responsiveness of microglia to NT-3 is specifically regulated by 
inflammatory agents and suggest a role for trophins in CNS 
inflammation. (Supported by a grant from APA and NIH, grant 
NS35572-01).

570.4
GLIAL FUNCTIONAL STATE IS RELATED TO CELL 
CYCLE REGULATION. A.C. Sherwood*. C. F. Dreyfus, S. 
Elkabes, and I, B. Black. Department of Neuroscience and Cell 
Biology, UMDNJ-R.W.Johnson Medical School, Piscataway, NJ 
08854.

Astrocytes and microglia respond to injury and disease in the CNS 
with increased proliferative capacity and production of proteins for 
tissue repair and survival of neurons. To investigate the relationship 
between proliferation and functional state, we have developed glial 
cell lines characterized by temperature-sensitive growth. The 
astrocytic line, P2.1, and the microglial line, MK.l, contain the 
temperature-sensitive oncogene, p53vall35. As a result, P2.1 and 
MK.l are growth-arrested at 32.5°C when p53 is wild-type, and 
proliferate at 38.5°C when it is in the mutant configuration. To assay 
for growth-dependent changes in trophic activity of cell line 
conditioned medium (CM), survival of different neuronal subtypes 
was assessed. For example, as we previously reported, CM from 
P2.1 cells at the two growth states differentially affected survival of 
TH+ nigral neurons and striatal GABA+ cells. Similarly, growth 
arrested MK. 1 CM enhanced basal forebrain neurite outgrowth with 
no effect on cortical neurons. Message for a known neurotrophin, 
BDNF, was also differentially expressed as was bFGF release into 
CM. Phagocytosis, characteristic of microglia in the activated state, 
was also enhanced in growth-arrested MK.l. We conclude that glial 
growth state, potentially governed by p53, is related to functional 
state in these two glial populations. (Supported by NIH HD23315)

570.5
IL10 AND IL2 ENHANCE RAPID MICROGLIAL, T-CELL AND 
NK-CELL RESPONSES TO INTRACRANIAL GLIOMAS.
M.A. Wilson*, A.A. Book, P. Johnston, K. Fielding, A.M. Fulton and J.
Laterra. Kennedy Krieger Research Inst.; The Johns Hopkins Univ. School of 
Medicine; and Univ. of Maryland, Baltimore, MD 21205.

Primary brain neoplasms are often highly proliferative, invasive, and 
resistant to conventional therapeutic measures. Local, intratumoral production 
of cytokines by cells that have been genetically modified in vitro offers a 
promising new strategy for treatment. We have previously shown that the 
interleukins IL 10 and IL2 synergistically enhance host immune responses to 
experimental gliomas and reduce tumor size 15 days after implantation. The 
present study examines the response to cytokine secretion at short survivals, to 
evaluate the cell types that contribute to this anti-tumor effect. Immortalized 
rat brain endothelial cells (RBEZ) were engineered to express IL2; rat 9L 
gliosarcoma cells, syngeneic to Fisher 344 rats, were engineered to express 
IL10. Adult Fisher 344 rats received intrastriatal injections of 2 x 106 RBEZ 
cells and 105 9L cells (RBEZ/9L or RBEZ-IL2+/9L-IL10+). Six days later 
microglial, T-cell, and NK-cell responses were evaluated by immunohisto-
chemical detection of specific antigens. Tumor masses were equivalent in size 
at this survival time. In controls, moderate responses by macrophages/ 
microglia were observed, and scattered T-cells and NK-cells were apparent 
within the tumor. Dramatically elevated responses were apparent in the 
IL10+/IL2+ group, in which a necrotic core was surrounded by a dense wall of 
macrophages/microglia. T- and NK-cells were present at moderate density 
within the tumor and throughout the surrounding striatum. While all three cell 
types appear to contribute to the observed anti-tumor effect of these cytokines, 
the most striking differences were observed in the microglial/macrophage 
response. (Support: NIH NS-33728, R.L. & C.G. Patterson Trust.)

570.6
PROTECTION MECHANISM AGAINST NITRIC OXIDE-ASSO-
CIATED TOXICITY IN ACTIVATED MICROGLIA. K. Sugava.M, 
Chouinard and M. McKinney*. Mayo Clinic Jacksonville, Jacksonville, 
FL 32224

Cellular oxidative stress from free radicals can cause cell death by apoptosis. 
Thus, nitric oxide synthase (NOS) expressing cells may also express anti-oxi- 
dative stress mechanisms, in order to prevent self intoxication by the free radi-
cal, nitric oxide (NO). Since NO and superoxide can form peroxynitrite, which 
is more toxic to the cells than is NO, superoxide dismutase (SOD) is a candidate 
for a protection mechanism.

In this study, we investigated the vulnerability of microglial cells (BV-2 
line) to NO produced by an NO donor, sodium nitroprusside (SNP). Damage to 
the cells was measured by an in situ detection method of DNA fragmentation 
(TUNEL), an indicator of apoptosis. Activation by lipopolysaccharide (LPS) 
dose-dependently protected BV-2 cells against NO toxicity (up to 68%) while 
quiescent BV-2 cells were vulnerable to NO. The regulation of manganese-de-
pendent SOD (Mn-SOD) enzyme was studied by Western blot analysis. BV-2 
cells, activated by lipopolysaccharide (LPS) or interferon-y (INF-y), exhibited 
an increase in Mn-SOD- and inducible type NOS (iNOS)-like immunoreactiv-
ity with an accumulation of nitrite in the culture medium. The iNOS inhibitor L- 
N 6-(l-iminoethyl)-lysine (NIL) blocked the medium nitrite accumulation and 
reduced Mn-SOD-like immunoreactivity in these cells. In quiescent BV-2 cells 
pretreated with NIL, administration of SNP or activation with LPS or INF-y 
dose-dependently increased Mn-SOD-like immunoreactivity.

These results indicate that microglial cells acquire protection mechanisms 
against oxidative stress during activation and that the induction of Mn-SOD in 
these cells may be a part of putative protection mechanisms. These results also 
indicate that both NO (or NO metabolites)- dependent and independent mecha-
nisms exist in the induction of Mn-SOD in activated BV-2 cells.

This study was supported by AG12653, AG09973 and Mayo foundation.

570.7
DIFFERENTIAL EXPRESSION OF INDUCIBLE NITRIC OXIDE SYNTHASE IN 
RESPONSE TO INFECTION OF RAT CNS WITH VIRULENT AND ATTENUATED 
STRAINS OF PSEUDORABIES VIRUS. F. Serrano * and J. P. Card. Dept. of 
Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

PRV is a neurotrophic virus that is taken up by axon terminals and retrogradely 
transported to parent cells where it replicates and passes transynaptically. In this study 
we infected neurons in the rat dorsal motor vagal nucleus (DMV) by injecting virulent 
(PRV-Becker) or attenuated (PRV-Bartha) virus into their projection targets in the 
viscera. Previously, we demonstrated a differential spatiotemporal organization of the 
cellular responses to infection with virulent and attenuated strains, with the virulent 
strain inducing an earlier onset and higher degree of cytopathology. This pathology 
correlated with the recruitment of monocytes/macrophages from the vasculature to the 
area of infection. Because it has been shown that macrophages can produce nitric oxide 
and that this molecule is toxic at high concentrations we sought to determine if the 
expression of the inducible isoform of nitric oxide synthase (iNOS) correlates with 
cytopathic changes in infected neurons. We found a spatial difference in the distribution 
of iNOS immunoreactive cells in the DMV following infections produced by PRV- 
Becker or PRV-Bartha. In PRV-Becker infected animals iNOS immunoreactive cells 
were differentially concentrated at the primarily site of infection at early postinoculation 
intervals. In contrast, few iNOS immunoreactive cells were found in the same area at 
longer postinoculation intervals after PRV-Bartha infection. Cells displaying iNOS 
immunoreactivity exhibited monocytic and glia morphology, with monocytic 
morphology predominating. Preliminary data on consecutive sections labeled with an 
antibody specific for cells of monocyte/macrophage lineage (ED-1) indicates that the 
reduced number of iNOS immunoreactive cells in the DMV of PRV-Bartha infected rats 
is due to a differential expression of iNOS rather than restricted trafficking of monocytes. 
These data suggest that virally-induced expression of iNOS contributes to the 
neuropathological consequences of viral infections (Supported by USPHS grants 
MH18882 and MH53574).

570.8
THE EFFECTS OF INTRAPERITONEAL INJECTION OF DEXAMETHASONE 
ON AMOEBOID MICROGLIAL CELLS IN FETAL RAT BRAIN. C. Y. Wen*, C. C. 
Wang, C. H. Wu+ and J. Y. Shieh. Dept. of Anat., College of Med., Nafl. Taiwan 
Univ., +Taipei Med. College, Taipei, Taiwan.

Monoclonal antibodies recognizing the complement type 3 receptor (OX-42) or 
macrophage antigen of unknown function (EDI) were used to examine the effect of 
dexamethasone (DEX) on amoeboid microglial cells (AMC) in fetal rat brains on 16, 
18 and 20 days postconception (El6, 18, 20). After intraperitoneal injection of DEX 
into pregnancy rats at E10, the labeled AMC that survived drug treatment showed no 
prominent changes in their morphology and distributions as those in the control group 
of the same age. Besides, EDI positive AMC in the intermediate zone lateral to the 
striatum (IZS) of DEX-treated fetuses exhibited comparable population to those in the 
untreated brains. But, the number of EDI positive AMC was obviously declined at 
El8. The decreased AMC population in DEX-treated fetal brains was also found in 
cells bearing CR3 receptors at El8. However, OX-42 labeled cells showed an unex-
pected increase in number at E16 and E20 following DEX treatment. In the present 
study, microglial cell lineage was further visualized with an isolectin, GSA-IB4, 
which specifically binds a-D-galactosyl glycoproteins on microglia. Interestingly, at 
El6, GSA-labeled AMC also showed an apparent increase in their population in the 
IZS of DEX-treated fetal brains when compared with those of the corresponding age. 
At the same age, more AMC in DEX-treated brains were observed doubly labeled 
with GSA and anti-BrDU antibody than those in untreated ones, indicating that the in-
creased number of GSA-labeled AMC may be partly resulted from the additional cell 
proliferation. It is concluded that DEX can considerably influence the antigen expres-
sion of AMC which may be heterogeneous origin in the developing fetal brains as re-
flected by their variable expressions in certain immune molecules or at different stages 
of brain development, (supported partly by a grant from National Science Council, 
NSC-85-233 l-B-002-235, R.O.C.)
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570.9
GROWTH FACTOR EXPRESSION DURING MYELINATION AND REMYELINATION IN 
CONTROL AND MACROPHAGE-ENRICHED FOETAL RAT BRAIN AGGREGATE CULTURES. 
Diemel L.T.*, Copelman C.A.. Loughlin A.J.. Hallett P. and Cuzner M.L. Multiple
Sclerosis Laboratory. Institute of Neurology. 1 Wakefield Street. London WC1N 1PJ. UK.

Macrophages and microglia are agents of demyelination in multiple sclerosis (MS) and 
may also participate in remyelination since thinly remyelinated axons frequently coincide 
with the appearance of myelin products within macrophages in early MS plaques. 
Macrophage-enrichment of aggregate cultures promotes myelination and enhances their 
capacity to remyelinate. Macrophages and microglia may therefore influence re/myelination 
since they produce a number of growth factors which can modulate oligodendrocyte 
behaviour in vitro.

The developmental time course of several growth factors was studied over 42 days in vitro 
(DIV). Basic fibroblast growth factor (FGF-2), insulin-like growth factor (IGF-I), ciliary 
neurotrophic factor (CNTF) and transforming growth factor pi (TGF-Pi)mRNA levels were 
elevated by DIV=42 compared to DIV=14 in control cultures, whereas platelet derived 
growth factor (PDGF), epidermal growth factor (EGF) and neurotrophin 3 (NT-3) mRNA 
levels declined with time. Following macrophage-enrichment, increased TGF-Pi and 
reduced CNTF mRNA levels were detected in aggregate cultures compared to non-enriched 
controls. IGF-I, FGF-2, EGF, NT-3 and PDGF expression in macrophage-enriched cultures 
was not different compared to controls. Demyelination induced by anti-myelin 
oligodendrocyte glycoprotein antibody was associated with upregulation of CNTF and PDGF 
mRNA within 48 hours of treatment corresponding to the onset of remyelination, but had no 
effect on the expression of other growth factors. These results suggest that myelination in 
control cultures is associated with a specific pattern of growth factor expression and that the 
increased capacity for myelination in response to macrophage addition is in turn associated 
with augmented TGF-P i and decreased CNTF mRNA. Upregulation of CNTF and PDGF 
mRNA following antibody-mediated demyelination suggests that these factors may be 
involved in promoting remyelination. Macrophage-derived growth factors may therefore 
contribute to myelin repair in MS by directly or indirectly promoting oligodendrocyte 
survival, proliferation, differentiation and/or myelinogenesis.

GLIA AND OTHER NON-NEURONAL CELLS: COMPARATIVE STUDIES

571.1
PITUITARY FOLLICULOSTELLATE CELLS: EXCITABLE CELLS?
T, Fauquier1. N. C. Guerineau*1, K. Bauer2 and P. Mollard1.
‘INSERM U469, Montpellier, France and 2Max-Planck-lnstitut fiir Experimenteile 
Endokrinologie, Hannover, Germany.

Anterior pituitary tissue is composed of both endocrine and non-endocrine cell 
types, the latter being represented by folliculostellate (FS) cells which resemble glial 
cells. They are agranular and possess long processes surrounding adjacent granular 
cells. Although numerous functions related to cell-to-cell interactions have been 
proposed for FS cells, little is known about their basic membrane properties. We 
have therefore investigated the presence of voltage-gated macroscopic membrane 
currents in FS cells in acute pituitary slices from female rat. Prior whole cell patch- 
clamp recordings, slices were loaded with a fluorescent dipeptide (p-Ala-Lys-Ne- 
AMCA), specifically captured by FS cells (1). The FS nature of recorded cells was 
further confirmed by a post-immunodetection of S-100 protein using a polyclonal 
antibody. Most cells (-90%) labelled with the dipeptide were immunoreactive to S- 
100 protein. Resting membrane potential was -45.8 ± 2.6 mV (n = 39). Neither 
spontaneous action potentials nor depolarization-evoked spikes were observed. 
Voltage-gated currents were however triggered upon depolarizing steps. At least, two 
outward K+conductances were identified: an IA-like K4 current (22 out of 39 cells) 
sensitive to 5 mM 4-AP and a delayed K4 current (25 out of 39) sensitive to 15 mM 
TEA. Interestingly, the 1/V curve of the delayed current displayed a N-shape, 
suggesting a Ca‘+-dependent component (n = 4). Moreover, a fast activating inward 
current sensitive to 0.3 pM TTX was present in 23.1% of recorded cells (Imax 1.3 
nA). Taken together, rat pituitary folliculostellate cells express numerous features of 
excitable cells.
(1) Otto et al., Am. J. Physiol., 271, C210-C217, 1996.
This work was supported by grants from INSERM, FRM, ARC, Region Languedoc- 
Roussillon, French Ministry of Education and Science (ACC-SV11) and Deutsche 
Forschungsgemeinschaft.

571.2
PITUITARY GLIAL-LIKE CELLS AND MENINGES FORM A GAP 
JUNCTIONAL NETWORK.

Montpellier. 2UMR CNRS 9943 Marseille-Luminy, France

The pituitary gland is composed of three lobes in mammals. It is covered by 
meninges and is connected to the hypothalamus by the stalk, which shelters 
neurosecretory axons and the blood portal system. Beside endocrine/neuroendocrine 
cells, the pituitary contains glial-like cells (folliculostellate cells in the pars distal is, 
stellate cells in the pars intermedia and pituicytes in the pars nervosa). Gap junctions 
are expressed in glial-like cells but little is known about their role and distribution. 
We first investigated whether connexin(Cx)26 and Cx43 are specifically distributed 
within the tissue using different polyclonal and monoclonal antibodies on serial frozen 
sections of rat pituitary. We found that the pituitary meninges which coat the three 
lobes, expressed both Cx26 and Cx43 and formed a continuous network connected by 
gap junctions, with dorsal stellate cells of the pars intermedia. The dorsal stellate 
cells expressed both connexins and were branched to all the other glial-like cells of 
the pituitary gland through an arborized network. They were primary connected with 
dorsal folliculostellate cells and caudal pituicytes which both expressed Cx43 but not 
Cx26. The glial-like network expanded further in the pituitary lobes and was traced 
with the markers SlOOp and GFAP. Moreover, extra-pituitary perivascular cells were 
directly connected by strands to the pituitary meninges via Cx26 gap junctions. We 
then carried out fluorescence recovery after photobleaching (FRAP) with 6- 
carboxyfluorescein on acute pituitary slices and showed the functionality of gap 
junctions in dorsal stellate cells. The present data describe for the first time that 
pituitary glial-like cells are organized in a single network within the three lobes. This 
network is connected with both meninges and extra-pituitary perivascular cells. The 
fact that all these cells are linked by gap junctions raises the following question: does 
long range signalling occur in this network and what purpose does it serve?
This work was supported by CNRS and INSERM.

571.3
GLIAL ARCHITECTURE OF CROCODILIAN BRAIN: A GFAP STUDY.
M. Kalman* and M.B. Pritz1
Dept. of Anatomy, Semmelweis Univ. of Medicine, Budapest, Hungary, H-1450. 
‘Dept. of Surgery, Indiana University Medical Center, Indianapolis, USA

GFAP-positive elements have been studied in detail in lizards and turtles but not 
yet in crocodilians which are the most closely living relatives of the stem having 
led to birds and dinosaurs. A juvenile adult Caiman crocodilus was euthanized by 
sodium pentobarbital, perfused by 4% buffered paraformaldehyde and floating 
sections were immunostained with monoclonal antibodies against porcine GFAP 
(Boehringer, Mannheim). The dominating GFAP-positive element was the 
ependymoglia, although its radial arrangement was modified by secondary fibers 
almost beyond recognition in most areas. Astrocytes i.e. stellate-shaped cells were 
seen only in some brain areas. The telencephalic glial architecture was similar to 
that found in lizards and turtles except that the glial fibers grouped into fascicles 
instead of an even distribution. The thalamus, the tegment of the mesencephalon 
and the grey matter of the brain stem and spinal cord showed a loose and rather 
disarranged fiber system while the brain tracts were fasciculated by strong fibers. 
In the optic chiasm, the glial fibers displayed a crossing pattern following the 
course of the optic fibers. Both the molecular layer of the cerebellum contained 
fine fibers perpendicular to the surface, resembling the Bergmann glia. Surveying 
the vertebrates, a dominance of GFAP-immunopositive astrocytes is characteristic 
of both mammals and birds. In reptilies, GFAP-positive astrocytes were never 
found in turtles and only rarely, in some brain areas, in snakes and lizards and the 
predominant glial system is formed by ependymoglia. These facts suggest that the 
dominance of astrocytes in birds and mammals is the result of independent 
evolution. The present study supports this suggestion, because it demonstrates that 
even the crocodilians, the closest living relatives to the reptilian ancestors of birds, 
have no predominant population of GFAP-positive astrocytes like birds.

Supported by the Project Development Program, Indiana University.

571.4
GFAP-EXPRESSION BY TECTAL TANYCYTES DURING TECTAL 
ONTOGENESIS. J, Gralla1. E. Kicliter2* and D.L. Mever1, 'Dept. of Neuroanatomy, 
Sch. of Med., Univ. of Goettingen, Kreuzbergring 36, 37075 Goettingen, FRG and 
2Dept. of Anatomy and Institute of Neurobioiogy, Med. Sci. Campus, Univ. of Puerto 
Rico, Blvd. del Valle 201, San Juan, P.R. 00901, USA.

Life ofthe anadromous Pacific salmon is characterized by several metamorphoses 
and dramatic changes in habitat. The second metamorphosis (smoltification) precedes 
the onset of oceanic migration. It has been demonstrated that, during this 
thyroxin-dependent "midlife embryonic period", salmon are imprinted to their natal 
stream. Major changes in their neuronal connectivity, neurotransmitter content, etc. 
have been reported. Yet another alteration of habitat and behavior is associated with the 
return to freshwater streams and reproduction. During this phase, Pacific salmon are 
anorectic. After spawning, they die. Using an antibody directed against glial fibrillary 
acidic protein (GFAP),we studied a parameter of glial activity in the optic tectum of 
sockeye salmon during eight ontogenetic phases (larval, fry, presmolt, smolting-i.e., 
downstream migrating, ocean migrating, homeward migrating, spawning, dying). In 
most stages only the distal portions of tanycyte processes were labeled, i.e., the pial 
endfeet and the adjacent parts of radial processes which traverse the outer tectal layers. 
Samples taken from nine standardized tectal locations revealed a massive increase in 
tanycyte GFAP-expression from larval stages to smoltification. This was indicated both 
by the intensity of the immunoreaction and by the portion of the processes which react. 
In smoking fish, the processes were stained almost completely and numerous stained 
tanycyte somata were observed in the ventricular layer of the tectum. Often, the 
processes were reactive most of the way to their endfeet at the tectal surface. In older 
developmental stages, tectal GFAP-expression was again reduced and present only in 
the superficial layers. In post-spawn/dying fish, it was minimal. Supported by the 
DFG-GK "Neuronale Netzwerke", the DFG, and the NIH (MH-48190).
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571.5
DEPRENYL DOES NOT PREVENT MITOCHONDRIAL 
DEGENERATION IN GOMORI+ GLIA. M. I. Montes. J. K. Young*. 
and J. H. Baker. Dept. Anatomy, Howard Univ., Wash., D. C. 20059

Gomori+ (G+) glia are unusual astrocytes with cytoplasmic granules 
that increase with age. Granules arise from degenerating mitochondria 
undergoing autophagocytosis. In the hypothalamus, G+ glia are 
adjacent to dopaminergic neurons, and the dopamine blocker, 
chlorpromazine, reduces numbers of granules in G+ glia (Young, et al., 
Glia 16:218, 1996). Oxidative stress resulting from metabolism of 
dopamine by mitochondrial monoamine oxidase B (MAO-B) could 
underlie mitochondrial alterations and granule formation. To test this 
possibility, the MAO-B blocker 1-deprenyl (Somerset Pharm., Denville 
NJ) was administered sc to 7 adult female rats for 4 months at a dose 
(2.5 mg/kg) that reduces dopamine metabolism and improves 
hypothalamic function in aged rats (Thyagarajan, et al., Endocrinology 
136:1103,1995). 7 control rats received saline injections; at 10 months 
of age, hypothalami were embedded in methacrylate and sectioned at 
lp to compare numbers of G+ granules between groups. Total granule 
counts per 2 adjacent sections did not differ between deprenyl-treated 
(1427 + 120) and saline-treated (1241 + 114) groups. Deprenyl did 
improve glucose tolerance, perhaps by an effect upon peripheral 
muscle metabolism. We conclude that inhibition of MAO-B by 
deprenyl was insufficient to retard mitochondrial degeneration in G+ 
astrocytes. Supported by NIGMS grant S06GM08016.

571.6
hFGF-b AND rhTGF-a PROTECTS AGAINST 
ME THAMPHETAMINE-INDUCED CELL DEATH IN THE 
NEUROGLIOMA CELL LINE, H4. M. T. McCoy*, H. Mann, 
and J. L. Cadet, Molecular Neuropsychiatry Section, 
N1H/NIDA/IRP, Baltimore, MD 21224.

Methamphetamine (METH) is a drug of abuse that destroys 
monoaminergic terminals in vivo and causes ceil death in vitro. 
We have shown that the cell death caused by METH occurs 
through the production of oxygen-based radicals and is apoptotic. 
Growth factors have been reported to reverse apoptosis in cultured 
neuronal and glial cells. We were interested in examining the 
effects of trophic factors and cytokines on METH-induced 
apoptosis m the human neuroglioma cell line, H4.

Our experiments show that fibroblast growth factor-b 
(hTGF-b) and transforming growth factor-a (rhTGF-a) protects 
these cells against METH-induced cell death. No protection was 
afforded by hp-NGF, rCNTF, mIL-6, h-GNDF, NT3, and NT4. 
These results will be discussed in terms of the possibility that the 
toxic effects of METH might be a more generalized phenomenon 
than previously believed. The role of trophic factors in CNS 
regeneration after METH-induced toxicity w ill also be discussed.

REGENERATION II

572.1
LIMITED CORTICOSTRIATAL PLASTICITY FOLLOWING 
HEMIDECORTICATION IN THE NEONATAL RAT
K.J. Tatsukawa*1. S.C. Shields and H.I. Komblum1'2 Depts. of Molec. and Med. 
Pharm.1 and Peds?, UCLA, LA, CA 90095
Some children suffering from intractable epilepsy undergo cerebral 
hemidecortication to control seizures. Children who undergo surgery at a young 
age have better contralateral motor function than children who are operated on at an 
older age. One possible mechanism for this functional sparing is the plasticity of 
corticostriatal pathways. A previous study using retrograde tracing methods (Kolb 
et al., 1992) demonstrated changes m crossed corticostriatal connectivity 
following hemidecortication in neonates. In the present study, we examined the 
corticostriatal pathway in young rats following cerebral hemidecortication using a 
semiguantitative anterograde tracing method. Six day-old rat pups received suction 
ablation of the left neocortex while littermate controls were anesthetized only. 
Six to ten weeks following the lesion, 10pCi of [14C]leucine was injected into 
dorsomedial right sensorimotor cortex. Seven days later brains were sectioned and 
exposed to film. The density and distribution of crossed corticostriatal terminals 
were determined and corrected for injection density using the MCID image analysis 
system. Controls had a dense ipsilateral and a less dense but similarly distributed 
contralateral corticostriatal projection. In the decorticate animals with a disrupted 
corpus callosum, no contralateral striatal labeling was detected. In the brains in 
which the lesion spared the corpus callosum, the crossed corticostriatal pathway 
covered a significantly greater area of the contralateral neostriatum than in controls 
(p< 0.05). The total amount of contralateral labeling, however, was no different 
from controls. These findings suggest that hemidecortication results in limited 
plasticity of the corticostriatal system, manifested by the fanning out of projection 
fibers previously destined to innervate the contralateral striatum as opposed to the 
recruitment of a larger total number of fibers. Furthermore, we found no evidence 
of a crossed corticostriatal projection passing via the anterior commisure as 
hypothesized by others. Interestingly, the area of the neostriatum receiving the 
greatest density of crossed corticostriatal input following hemidecortication is the 
same region m which an induction of expression of TGFa occurs following 
lesion, suggesting that this trophic factor may regulate corticostriatal plasticity. 
Supported By Department of Energy contract DE-rC03-ER60615

572.2
LONG-TERM CHANGES AFTER THE FIMBRIA-FORNIX LESION 

FOLLOWED BY b-FGF, NGF AND CEREBROLYSIN TREATMENT. V 
ValouSkova. L. Francis-Turner, A. Gschanes2. J. Mokrv1 and J. Palecek*. Inst.
Physiol., Acad. Sci. Czech Rep., 142 20 Prague; ]Med. Faculty, Charles Univ., 
Hradec Kralove, Czech Republic; 2Inst. Pharmacology, Graz, Austria

NGF and nootropic drug Cerebrolysin (Cer) (EBEWE Arzneimittel) but not b- 
FGF have been shown to ameliorate spatial memory impairment when tested 2 weeks 
after the unilateral FF lesion followed immediately by continuous intraventricular 
infusion (2 or 4 weeks) of NGF (11 p.g/ml or 0.5 pg/ml), b-FGF (0.2 fxg/ml) or by 
Cer (i.p., 2.5 ml/kg/day) (1). In our recent experiment the same rats were again 
trained to find the platform hidden in the water pool (3 consecutive days; 8 trials/day) 
6 months after the lesion, with aim to verify long-term changes of the memory.

Under deep pentobarbital anaesthesia (60 mg/kg) the rats were perfused, the 
tissue processed and brain sections (10 jam) were stained for GFAP, PCNA and 
synaptophysin (Syn).

Spatial memory of groups CER and NGFCer (4w) was on the same level as in the 
test performed before the lesion (paired t-test, p>0.5). These groups and group FGF 
learned the position of the platform similarly as the intact 12-month-old controls, 
while groups NGF, NGFCer (2w) and lesion controls revealed significant memory 
impairment (p<0.01). It is concluded that spatial memory deficit elicited by the 
fimbria-fornix lesion can be permanentiy abbreviated by b-FGF or Cer, while NGF 
has only temporal effect.

Histology analysis showed significantly higher amount of GFAP+ cells after the 
Cer-treatment in comparison with lesioned controls, while strong compensatory 
synaptogenesis was found in the dorsal fornix in the group FGF. The density of 
GFAP cells, amount of PCNA+ cells in subependymal zone of lateral ventricles and 
changes in Syn" are correlated with behavioral data.
(1) Neurosci. Let., 202, pp. 193-196,1996
Supported by grant EBEWE Pharmaceutical, Austria

572.3
An in vitro model of cerebral regrowth following cortical lesions in mice.
G.T, Pruskv*. R.H. Dyck and B. Kolb. The University of Lethbridge, 
Lethbridge, AB, Canada T1K 3M4.
When rats are given a medial prefrontal cortical lesion at postnatal day (P) 

7-10 they show an apparent regrowth of the removed tissue and substantial 
functional recovery in adulthood. A similar lesion in adults produces 
insignificant regrowth and poor functional recovery. In order to determine 
whether comparable age-dependent regrowth can be reproduced in the 
murine brain, we investigated the capacity of the developing mouse cortex 
to regrow following lesions of prefrontal cortex. Frontal lesions of the 
mature cortex produced no evidence of tissue regrowth, however, lesions 
around P7 induced a substantial replacement of tissue in the lesion cavity 
within a few days. As a first step to investigate the mechanisms underlying 
this phenomenon in a controlled environment, we examined the behaviour 
of cells associated with this cortical regrowth in an in vitro brain slice 
preparation. At various times after a lesion on P7, cortical slices that 
included tlie lesion area were prepared and maintained in oxygenated 
artificial cerebral spinal fluid, and cells within the slice were viewed in time- 
lapse for several hours with inffared-Nomarski videomicroscopy. Unlike 
die quiescence of tissue in intact or adult damaged cortex, there was 
substantial cell division and movement both toward and away from the 
lesion, in an area ventral to the zone of damage. Many different cell types, 
including those with macrophage, microglial and undifferentiated 
morphology participated in tiiis activity. These results suggest that a lesion 
of the frontal cortex in young, postmitotic mice induces a rapid regrowth 
of tissue, and that the associated cellular changes can be studied in vitro in 
a living brain slice. Ongoing experiments investigating such cortical 
regrowth in transgenically altered mice endeavour to enhance our 
understanding of the mechanisms necessary for the recovery from brain 
damage. Supported by NSERC, MRC and AHFMR.

572.4
NEURONAL PLASTICITY AND APOPTOSIS IN AXOTOMIZED RAT 
SUPERIOR CERVICAL GANGLIA X. E. Hou», K. Lundmark. and A. B. 
Dahlstrom, Dept. of Anat. & Cell Biol., Goteborg University, Sweden

The cellular response to axonal injury in axotomized superior cervical 
ganglia (SCG) was examined. At intervals ranging from 6 hr. to 14 days after 
transection of both the internal and external carotid nerves, the SCG were 
removed and processed for immunocytochemical studies. Immunofluorescence 
results showed that GAP-43-immunoreactivity (IR) using a mc-mouse-anti- 
GAP-43 antibody appeared in many neurons in the ganglia 1 day after axo-
tomy, while neurons in contralateral control ganglia were negative. In 3 days 
axotomized ganglia GAP-43-IR fibres were increased in number and intensity 
in nerve bundles, while GAP-43-positive perikarya were restricted to the 
middle and caudal parts of the ganglia and showed an intensity that was 
stronger than at 1 day post axotomy. The GAP-43-positive neurons were also 
galanin positive, but with weak TH- or VMAT-2-IR (the vesicle monoamine 
transporter 2) In situ hybridization showed upregulation of GAP-43 mRNA 
in most of the surviving neurons irrespective of their locations in the ganglia, 
indicating plasticity/regeneration events after injury.

In eosin stained sections it was observed that neurons and satellite cells in 
the cranial part of 1 day axotomized ganglia were reduced in number, and a 
further loss was noted at 3 days. At 12 hr. some satellite cells, and at 18 h. 
also some neurons the cranial part of the ganglia were labelled by the in situ 
DNA 3' end labelling method, indicating apoptosis. Labelling was not obser-
ved at 1 day or later after axotomy, nor in control ganglia. The results suggest 
that not only neurons but also satellite cells react to neuronal axotomy with 
apoptosis. However, necrosis was probably also involved even though round 
cell infiltration was not observed. Supported by the Swedish MRC (2207): 
Anti-VMAT2 was donated by Dr. R. Edwards, UCSF.
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572.5
THE ROLE OF CELL PROLIFERATION IN NEURONAL REGEN-
ERATION OF THE CEREBELLUM IN TELEOST FISH. R. Ott. 
G.K.H. Zupanc* and I. Horschke. Dept. Physical Biology, Max 
Planck Institute Dev. Biology, D-72011 Tubingen, Germany.

In contrast to mammals, fish exhibit an enormous capability to 
replace damaged neurons following injuries to the adult central 
nervous system. As the mechanisms controlling this phenomenon are 
unknown, we have, in the present study, examined the role of cell 
proliferation. Lesions were applied to one subdivision of the cerebel-
lum, the corpus cerebelli, in the teleost fish Apteronotus leptorhyn- 
chus. Proliferative activity was monitored by employing the thymidine 
analogue BrdUrd. Cerebellar lesions induce high proliferative activity 
predominantly in areas associated with the site of tissue damage, but 
less in proliferation zones which normally, in the unoperated adult 
fish, give rise to newborn cells. Many of the cells produced in these 
areas become, after migration, specifically incorporated at the site of 
lesion. The vast majority of them is generated within the first few days 
following the insult, with the maximum proliferative activity occurring 
at 5 days. A minor portion of cells bom up to 5 days prior to setting 
a lesion appears to participate in the regenerative process as well. 
Combination of BrdUrd labelling with retrograde tract-tracing 
techniques demonstrated that at least some of the new cells that replace 
damaged neurons are cerebellar granule cells.

Supported by grants of the Max Planck Society.

572.6
AXONAL REGENERATION FROM ADULT RAT RETINAL EXPLANTS 

IN THE ABSENCE Of AXOTOMY-INDUCED GENE EXPRESSION. 
Howard M. Bomze, Ava I. Udvadia and T.H.Pate Skene*, Dept. of 
Neurobiology, Duke Univ., Durham, NC 27710.

A small percentage of adult retinal ganglion cells (RGCs) can be induced to 
regenerate their axons in vivo through a peripheral nerve graft, or in vitro if 
the optic nerve is lesioned 7-10 days prior to explanting the retina. It has 
been proposed that this conditioning lesion increases the growth competence 
of the RGCs by inducing the expression of growth associated genes. Johnson 
et al. (J.Neurocytol. 17:95,1988) have reported outgrowth of very long axons 
without the need for a conditioning lesion, although, this outgrowth was 
observed after enough time in culture had passed to allow for the induction 
of gene expression. We show here that, under optimized culture conditions, 
at least some neurons from adult rat retina can support rapid and robust 
outgrowth of very long aeons in acute explant cultures, without the need for 
induction of growth-associated genes in response to optic nerve injury.

When explants of adult rat retina are placed in culture, significant numbers 
of the regenerating axons begin to grow immediately, and elongate very 
rapidly, with some axons reaching lengths of 1 cm or more in just a few 
hours. Similar axonal outgrowth is observed when transcription is inhibited 
by an intraocular injection of a-amanitin prior to the transection of the optic 
nerve that is required for the explantation procedure, indicating that the 
robust growth from these retinal cultures is not dependent on transcriptional 
activation of growth-associated genes in response to axotomy. The data 
presented here indicate that there exists at least a population of adult RGCs 
that express all of the mRNAs necessary for regeneration of long axons, even 
in the absence of axon injury. Supported by NIH grant EY11475.

572.7
ROBUST ADULT AXON REGENERATION IN CENTRAL 

NERVOUS SYSTEM WHITE MATTER TRACTS

SJtA. Davies^, MXFitghi, §SPA Membgrgi, AXMIall1,
G. Raisman^. J. Silver**
1Department of Neurosciences, Case Western Reserve University, Cleveland, OH 

44106 and 2Norman & Sadie Lee Research Centre, Div. Neurobiology, National 
Institute for Medical Research, MRC, London, United Kingdom

It is widely accepted that the adult mammalian central nervous system (CNS) is 
non-permissive for the regeneration of axons. In addition to physical or molecular 
barriers presented by glial scarring at the lesion site, the normal myelinated CNS 
environment has been suggested to contain potent growth inhibitors or lack growth 
promoting molecules. In order to test whether adult CNS white matter can, in fact, 
support long distance regeneration of adult axons in the absence of glial scarring, we 
have used a novel microtransplantation technique to inject minute volumes of 
dissociated adult rat dorsal root ganglia directly into adult rat CNS pathways. The 
atraumatic injection procedure allowed considerable numbers of regenerating adult 
axons immediate access to the host glial terrain where they rapidly extended for long 
distances in white matter, eventually invading grey matter. Abortive regeneration 
correlated precisely with increased levels of proteoglycans within extracellular matrix 
at the transplant interface, while successfully regenerating transplants exhibited 
minimal upregulation of these molecules. These experiments demonstrate for the 
first time in vivo that reactive glial extracellular matrix at the lesion site is directly 
associated with failure of axon regrowth, and that adult myelinated white matter 
tracts beyond the glial scar can be highly permissive for regeneration.
Supported by ISRT, BNRT, and NIH #NS-25713.

572.8
LATE-APPEARING SPROUTING IN AXOTOMIZED PURKINJE CELLS AND 
ITS CORRELATION WITH ENVIRONMENTAL AND INTRINSIC 
MODIFICATIONS I. Pusart* M.P. Morel. R. Wchrlc and C. Sotelo. 
INSERM U1.06, Hopital de la Salpetriere, Paris, France

In the CNS, several days or weeks following axotomy, most of the 
proximal stumps first emit short sprouts and then retract. In contrast, the 
proximal stumps of severed Purkinje cell do not retract, but do not give 
rise to sprouts during the first two months after the lesion. However, in 
long lasting axotomies (from 3 to 18 months), we show that Purkinje 
cell axons are able to sprout and that the sprouting increases 
continuously with time. At the ulfrastructural level, these sprouts can 
establish heterologous synapses with granule cells. Does this late 
sprouting correlate with permissive changes of the severed axon 
environment (increase of adhesive molecules, decrease of repulsive 
molecules) and/or with Purkinje cell changes in the expression of growth 
promoting molecules? To answer this question, we have studied the 
spatio-temporal patterns of distribution of laminin, PSA-NCAM, 
tenascin and myelin basic protein (MBP) as well as GAP43 mRNA in 
the rat cerebellum 3 to 18 months postaxotomy. The only clear chartge 
observed in the environment of the cut axons which parallels the increase 
in sprouts, is a progressive increase in PSA-NCAM immunoreactivity in 
reactive astrocytes. Neither laminin, nor tenascin or MBP changes could 
be correlated with the increase in sprouts. Furthermore, axotomized 
Purkinje cells increase their GAP43 mRNA expression continously with 
time. This expression matches that of the increase in sprouts of Purkinje 
cell severed axons. Thus, the late appearing sprouting is correlated with 
late permissive changes in the cellular environment together with 
expression of growth promoting axonal molecules.

572.9
AXOGENESIS FACTOR-3, SECRETED BY GOLDFISH OPTIC 
NERVE, INDUCES AXONAL REGENERATION IN LOWER 
VERTEBRATE AND MAMMALIAN NEURONS R. Tabibiazar*,
N. Irwin, B. Petrausch, J. Torron, Y. Jinq, C.A.O. Stuermer, and L. I.
Benowijz. Dept. Neurosurgery, Children^ Hosp., Prog. Neurosci.,
harvard Med. School, Boston MA 02115; University of Konstanz 

In humans and other higher vertebrates, neurons of the CNS fail to
regenerate axons damaged by trauma or ischemia. In contrast, neu-
rons in the CNS of lower vertebrates can regenerate after injury. We 
have sought to identify growth factors from lower vertebrates that 
might foster CNS regeneration in mammals. This lab previously de-
scribed two factors, AF-1 (<1 kDa) and AF-2 (1 2 kDa, pi = 9), that are 
secreted by goldfish optic nerve glia and which induce goldfish retinal 
ganglion cells (RGCs) to regenerate axons in vitro (Schwalb et al, J. 
Neurosci. 15: 5414-5425: Neuroscience 72: 901-910). Using ion- 
exchange and size-exclusion chromatography, we have found a third 
biologically active protein, AF-3, that is also secreted by the goldfish 
optic nerve. AF-3 can be distinguished from AF-2 by virtue of its 
larger size (Mr 70kDa) and acidic pi. In addition to its effects on gold-
fish RGCs, AF-3 induces extensive outgrowth from mammalian em-
bryonic cortical and spinal cord neurons and from PC12 cells. This 
spectrum of activity does not correspond to that of other known neu-
rotrophic factors. AF-3 works in cooperation with AF-1, causing a more 
extensive program of cellular differentiation in goldfish RGCs than AF- 
1 alone. Immunocytochemistry reveals that both AF-1 and AF-3 in-
crease neuronal expression of GAP-43, a known marker for regenera-
tion in vivo. Thus, AF-3 may be an important determinant of nerve 
regeneration in vivo. Support: NIH EY05690 (to LIB), HHMI (Medical 
Student Fellowship to RT), and Boston Life Sciences, Inc.

572.10
TRANS-TEMPORAL APPROACH PRESERVES GENICULOCORTICAL 
CONNECTIONS AFTER INSERTION OF PERIPHERAL NERVE GRAFTS INTO 
THE DORSOLATERAL GENICULATE NUCLEUS. D A. Carter**, Z. Xia*andS. 
Jhaveri$, (#) Medical College of Ohio. Toledo. OH 43699. ($) Dept. of Brain & Cognitive. 
Sciences, MIT, Cambridge, MA 02139.

Severed retinal axons in adult mammals can regenerate through peripheral nerve (PN) 
grafts that bridge the cut optic nerve and the dorso-lateral geniculate body (LGBd).
During the bridging procedure, the distal end of the nerve is placed into the LGBd under 
direct visual guidance. However, since phenotypic differentiation of these regrowing fibers 
takes several months to occur, it is critical that the cells of the LGBd be protected against 
degeneration during this time. Here we report on a surgical approach that permits clear 
visualization of the LGBd, yet preserves the optic radiation, thus protecting geniculate 
neurons from retrograde atrophy. Since the connections between the LGBd and visual 
cortex (VC) course in the white matter of the anterior temporal cortex, a lateral exposure 
of the LGBd results in transection of these fibers. While approaching the thalamus 
through the contralateral parietal cortex and hippocampus was found to preserve LGBd- 
VC interconnections, it gave suboptimal visualization of the LGBd. The best approach 
was one which exposed the nucleus through the ipsilateral posterior temporal lobe and 
hippocampus. This provided reliable visualization of LGBd. One week after the LGBd 
had been exposed via this trans-temporal approach, LGBd-VC interconnections were 
studied by retrograde labeling of geniculate neurons with 2pl of Fluorogold injected into 
the ipsilateral VC. Seven days latter the brains were processed for examining fluorescently 
labeled neurons in the LGBd. In other hamsters, 0.5pl of Fluorogold was injected into the 
LGBd and we looked for retrogradely labeled cells in the ipsilateral VC. In both sets of 
animals, many labeled cells were recovered, indicating that the connections between the 
two targets remain intact following the surgical exposure. Maintaining such inter-
relationships should facilitate the capacity of regenerated connecuons to express normal 
phenotype and function. (Supported by NIH grant EYOO55O4|SJ| & Ohio Lions | DC|)
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572.11
PLASTICITY OF CORTICOFUGAL PROJECTIONS FOLLOWING UNI-
LATERAL PYRAMIDOTOMY AND BLOCKADE OF MYELIN ASSOCIATED 
NEURITE GROWTH INHIBITORS IN ADULT RATS. W.J, Z'Graggen,

University of Zurich, 8029 Zurich, Switzerland
After lesion of the mature CNS, structural neuroplasticity is very limited as

compared to damage of the developing CNS. Blocking myelin associated neurite 
growth inhibitors Nl 35/250 has been shown to promote regeneration in the mature 
lesioned CNS. This study was designed to investigate changes in cortico-effeient 
connectiv ity alter adult lesion of the corticospinal tract and blockade of the myelin 
associated neurite growth inhibitors with the monoclonal antibody IN-1.

Seven week old male Lewis rats (N=28) underwent unilateral pyramidotomy at 
the level of the medulla and were treated with either the antibody IN-1, control 
antibody or no antibody. At the time of pyramidotomy the ipsilateral motor cortex 
was mapped by intracortical microstimulation and the forelimb motor area was 
iontophoretically injected with the anterograde tracer biotinylated dextrane amine 
(BDA). After a survival time of two weeks, the corticofugal Fibres were analyzed.

Control animals showed an ipsilateral projection to the parvocellular region ofthe 
red nucleus and the basilar pontine nuclei, with a very minor contralateral, crossed 
innervation of these regions. In contrast, in the IN-1 treated group, we found in 
addition to the normal, innervation pattern a significant increase in CST fibers 
crossing the midline and terminating in the contralateral red nucleus and basilar 
pontine nuclei. These results indicate that corticofugal plasticity to specific 
subcortical nuclear structures occurs after blockade of the myelin associated neurite 
growth inhibitors following lesion of the mature CNS. Corresponding behavioral 
studies show great improvements in reaching tasks (see abstract Metz.ct al.). 
Supported by the Swiss National Science Foundation.

572.12
INTRAVITREAL OPTIC NERVE GRAFT RETARDS DEATH AND ENHANCES 
AXONAL REGENERATION OF RETINAL GANGLION CELLS IN ADULT 
HAMSTERS. K.S. Cho1, K.-F. So1 and S.K. Chung2. (SPON: The Hong Kong Society 
of Neurosciences) 'Department of Anatomy, and institute of Molecular Biology, The 
University of Hong Kong, Hong Kong, China.

We have shown that co-transplantation of intravitreal peripheral nerve (PN) and optic 
nerve (ON) graft rather than the PN graft alone, induces more retinal ganglion cells 
(RGCs) to sprout axon-like processes (ALPs). In the present study, the effect of 
intravitreal PN and the ON graft on the survival and regeneration of hamster RGCs were 
investigated. A nerve graft (PN, ON and non-viable nerve) was transplanted into the 
vitreous following an intraorbital transection of ON. Two days before sacrificing the 
hamsters, FluoroGold (FG) was administered to the transected site of ON and the 
number of FG-labeled RGCs (mean ± S.D.) was estimated in wholemount retinas at 5, 7 
and 14 days post-axotomy (dpa). Comparing with the number of RGCs following 
axotomy, there were significantly more RGCs after transplanted the ON graft at 5 (54495 
± 3783.3 P<0.05) and 7 (38510 ± 3151.1 P<0.001) dpa. The PN graft exerted no 
survival effect on RGCs at all time points (P>0.05). To study the effect of intravitreal 
nerve graft on RGCs regeneration, a long PN graft was apposed to the proximal stump of 
ON (~ 1.5 mm from optic disc) following by intravitreal nerve (PN, ON, PN+ON or non- 
viable nerve) transplantation. After 4 weeks of operation, FG was applied to the 
transected long PN graft. Retinas receiving the intravitreal PN graft (1230 + 438.83, 
P<0.05) or the ON graft (1280 + 496, P<0.05) contained significantly more regenerating 
RGCs than retinas without receiving the nerve graft (608 ± 124.84). The PN+-ON grafts 
(1913 ± 705.36, P<0.01) induce significantly more regenerating RGCs than that of the 
PN or ON graft. Although both PN and ON grafts enhance regeneration of RGCs, ON 
graft retards death of RGCs whereas PN graft cannot. Thus, different mechanisms may 
be operated by PN and ON grafts regarding axonal regeneration. [Supported by HKU 
research grant]

572.13
EFFECTS OF DISTANCE OF AXOTOMY ON AXONAL REGENERATION 
OF RETINAL GANGLION CELLS INTO A PERIPHERAL NERVE GRAFT.
Si-.W.....Youv.K.-F^So__ and H.K, Yip. (SPON: The Hong Kong Society of
Neurosciences) Department of Anatomy, Faculty of Medicine, The University of 
Hong Kong, Hong Kong, China.

Previous studies in adult rodents demonstrated that there are more retinal 
ganglion cells (RGCs) survived following an intracranial (7 mm from the optic 
disc) than an intraorbital (2 mm from the optic disc) transection of the optic nerve 
(ON). However, none or very few RGCs regrow their injured axons into a 
peripheral nerve (PN) graft following an intracranial axotomy but a lot more will 
regenerate their injured axons into the PN graft if the axotomy is inflicted close to 
the cell bodies. In order to examine the relationship of axonal regeneration and 
the distance of axotomy more critically, we have transected the ON of adult 
hamsters at different distances and the number of regenerating RGCs was studied 
following transplantation of a PN graft.

The ON was transected at 0.5, 1, 1.5, 2, 3, or 7 mm (n=6 for each set of 
experiment) from the optic disc and a segment of autologous sciatic nerve was 
attached to the proximal stump of the ON. The hamsters were allowed to survive 
for 4 weeks and FluroGold was applied to the PN graft to retrogradely label the 
regenerating RGCs. All the RGCs were counted in the wholemounted retinas. 
The number of regenerating RGCs decreased significantly (p<0.05) when the 
distance of axotomy increased from 0.5-3 mm. Thus, there were 1644±86, 
1146±66, 618±22, 352±18 and 52±6 (Mean±SE) RGCs following axotomy at 
0.5, 1, 1.5, 2 and 3 mm, respectively. Almost no regenerating RGCs (0.3±0.2) 
were detected following axotomy at 7mm. These data show that the distance of 
axotomy in the optic nerve of adult hamsters is critical in determining the number 
of RGCs regenerating into a PN graft.
Supported by a research grant from The University of Hong Kong.

572.14
REGULATION OF GAP-43 mRNA IN RETINAL GANGLION CELLS 
FOLLOWING AXOTOMY AND INTRAVITREAL PERIPHERAL NERVE 
TRANSPLANTATION. P, M. Chan1, S. K. Chung1’2, K. F. So1. (SPON: The Hong 
Kong Society of Neurosciences.) Department of Anatomy1 and Institute of Molecular 
Biology2, The University of Hong Kong, Hong Kong, China.

Previous studies have shown that the level of GAP-43 protein in the retinal ganglion 
cells (RGCs) after proximal axotomy is higher and sustained for a longer period than 
after distal axotomy. The present study is to address whether the changes in GAP-43 
protein in the retina after proximal and distal axotomy are reflected in the mRNA 
level. A reverse transcription-polymerase chain reaction (RT-PCR) has been 
developed to compare the GAP-43 mRNA level after proximal (2mm from optic disc) 
and distal axotomy (7mm from optic disc) at post-axotomy day (pd) 1, 2, 4, 7, 14 and 
21. The relative expression level was determined by the ratio of the PCR products 
generated by co-amplification of GAP-43 and GAPDH which acts as an internal 
control. Although GAP-43 protein was not detected in the normal adult retina, a low 
level of GAP-43 mRNA has been detected. After proximal axotomy the GAP-43 
mRNA increased by pd 1 and reached the maximum by pd 7 and declined to the 
normal level by pd 14. After distal axotomy the mRNA increased by pd 1 and reached 
a peak level similar to the proximal group at pd 4 and then decreased gradually but 
still retain a higher level than normal after pd 21. With transplantation of a 2mm 
segment of sciatic nerve to the vitreous of the eye, the proximal group and distal 
group showed a 2-fold and 1.5-fold increase at the peak level respectively when 
compared with the groups without intravitreal graft. In conclusion, 1) both proximal 
and distal axotomy trigger a similar expression pattern of GAP-43 mRNA although 
the number of RGCs expressing GAP-43 protein is much lower in the distal group 
which may due to the post-transcriptional control of the GAP-43 gene through a 
translation-independent mRNA stabilisation mechanism (Douglas et al. 1993) and 2) 
the transplantation of the intravitreal sciatic nerve can significantly elevate the GAP- 
43 mRNA level after axotomy.(Supported by a research grant from HKU)

572.15
PROGESTERONE: BIOSYNTHESIS IN SCIATIC NERVES AND 
EFFECTS ON MYELIN GENE EXPRESSION. R, Guennoun*. F, 
Desamaud, F, Robert. M, Gouezou. M. Schumacher, E-E Baulieu. INSERM 
U33, 94276 Le Kremlin Bicetre, France

High levels of progesterone (PROG) are present in male rat sciatic nerves 
and remain elevated after castration and adrenalectomy. This observation 
strongly suggests its local synthesis. Indeed, Schwann cells isolated from 
neonatal rat sciatic nerves synthesize [3H]PROG from [3H]pregnenolone, but 
only in response to a diffusible neuronal signal. This was shown by co-
culturing Schwann cells and neurons separated by a microporous membrane. 
In vivo, expression of the 3P-hydroxysteroid dehydrogenase (30HSD), which 
converts pregnenolone to PROG, is dependent on an axonal signal. 3pHSD 
mRNA was detected by RT-PCR in the intact sciatic nerve and was down- 
regulated to undetectable levels 3 days after cryolesion, when axons have 
degenerated. By 6 days, when Schwann cells make contact with the 
regenerating axons, 3PHSD mRNA is again present.
We have previously shown that locally synthesized PROG plays an important 
role in the formation of new myelin sheaths during regeneration of the sciatic 
nerve (Science 268, 155-103, 1995). PROG promotes myelination by 
increasing the expression of specific myelin genes. Different times after 
cryolesion (6, 12 and 24 days), local application of PROG to the regenerating 
nerve increased the levels of P0, PMP22 and MBP mRNA and proteins. In 
transient transfection experiments, using rat Schwann cells, we showed that 
the human PMP22 promoter 1, linked to the luciferase reporter gene, is 
activated by PROG.
This work was partially supported by the AFM and the Myelin Project.

572.16
TESTOSTERONE PROPIONATE (TP) ACCELERATES 
FUNCTIONAL RECOVERY AFTER SCIATIC NERVE INJURY IN 
THE RAT. T.J. Brown*1* T. Khan* and K.J. Jones1*2 , ^ehab. R&D 
Center, Hines VA Hospital, Hines, IL 60141 and 2Dept. of Cell Biol., 
Neurobiol. & Anatomy, Loyola Univ. Chicago, Maywood, IL 60153

TP treatment accelerates recovery from facial paralysis after facial 
nerve crush in hamsters. In this study, we extended those studies to 
another injury model and asked the following question: Will TP 
treatment accelerate recovery from lower limb paralysis following 
sciatic nerve crush in the rat? Castrated adult male rats received a right 
side sciatic nerve crush at the level of the sciatic notch, with the left 
side serving as control. Half the animals received a subcutaneous TP 
implant, the others were sham-implanted. Weekly testing using the 
Sciatic Functional Index (SFI), a quantitative measure of locomotion, 
was done for 7 weeks postoperative (wpo). At 1-3 wpo, the SFI of the 
TP and control groups were not significantly different. Between 3- 4 
wpo, the TP-treated group had a significantly higher SFI score than 
controls, indicating a greater degree of functional recovery. At these 
timepoints, the differences are attributable to the foot print or paw 
length and are associated with calf muscle reinnervation, rather than 
the toespreading component associated with intrinsic foot muscle 
reinnervation. Beyond 5 wpo, there were no differences in the SFI 
scores. The results indicate that, as with facial nerve regeneration in 
the hamster, testosterone accelerates functional recovery from lower 
limb paralysis following sciatic nerve injury in the rat. Supported by 
VA grant#B94-801A.
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572.17
ALTERED MORPHOLOGY OF THE SCIATIC NERVE IN APOE 
DEFICIENT MICE S.M. Fullerton*1, W.J. Strittmatter2. T.J, Montine3, W.D. 
Matthew1, ‘Dept. of Neurobiology and 2Depts. of Medicine (Neurology) and 
Neuroscience, Joseph and Kathleen Bryan Alzheimer’s Disease Research Ctr., Duke 
Univ. Med. Ctr., Durham, NC 27710; 3Dept. of Pathology, Vanderbuilt University, 
Nashville, TN 37232.

Apolipoprotein E (apoE) is present in both the normal and injured sciatic nerve.
In the former, apoE is synthesized by nonmyelinating Schwann cells. Following 
axotomy, macrophage derived apoE accumulates to 5% of the total extracellular 
protein in the distal stump. To investigate the function of apoE in the peripheral 
nerve we have used electron microscopy and immunocytochemistry to examine the 
morphology and molecular environment of intact sciatic nerves and distal stumps 
from wild-type and apoE deficient animals. Electron micrographs reveal that the 
unmyelinated fibers of apoE deficient animals have an altered morphology compared 
to wild-type. These axons are irregularly shaped, are separated by very little 
Schwann cell cytoplasm and contain an abundance of electron dense material within 
the endoneurium. Additionally, there appear to be fewer bundles of unmyelinated 
fibers and those with the most abnormal morphology are generally found at the 
outer edges of the nerve bundle. Using immunocytochemistry we have found that 
normal sciatic nerves from apoE deficient mice show increased levels of reactive end- 
products of lipid peroxidation within the endoneurium as demonstrated by increased 
malondialdehyde and hydroxynonenal staining. Hydroxynonenal immunoreactivity 
is also increased in the distal stump of apoE deficient mice compared to wild-type. 
Preliminary data demonstrate increased levels of S100 immunoreactivity in apoE 
deficient sciatic nerves as determined by Western blotting and abnormal staining 
patterns for collagen and neurofilament in tissue sections. Taken together our 
findings suggests that apoE plays a role in the maintenance of peripheral nerve 
fibers, particularly the unmyelinated axons, possibly by inhibiting the accumulation 
of lipid peroxidation products. We are currently investigating this hypothesis and 
other potential mechanisms for the abnormal characteristics of sciatic nerves in apoE 
deficient mice. Supported by: The Ruth K. Broad Biomedical Research Foundation, Inc. 
to S.M.F.; N.I.H. AG-12532 and Alzheimer's Assc. Zenith Award to W.J.S.; Alzheimer’s 
Association IIRG 94-072 and GlaxoWellcome to W.D.M.; N.I.H. AG-00774 to T.J.M.

572.18
Role  of  peripheral  benzodiazepine  receptor  (PBR) and  its  
ENDOGENOUS LAND OCTADECANEUROPEPTIDE (ODN) IN THE PERIPHERAL 
nervous  system . B. Ferzaz, P. Lacor, M.C. Tonon and J, Benavides*. 
Synthglabo Recherche. B.P. 110.92225 Bagneux (France)

Peripheral benzodiazepine receptors (PBR) are present in the brain and spinal cord 
where they are associated to glial and ependymal cells. The highest levels of these 
receptors are found in the steroidogenic organs where they modulate steroid 
biosynthesis. PBR recognize with high affinity a 10 kD peptide, the Diazepam 
binding inhibitor (DBI) . DBI and its proteolytic fragment Octadecaneuropeptide 
(ODN) are present in glial cells of brain and act as activators of mitochondrial 
pregnenolone synthesis via PBR. However, the presence and the physiological role 
of these receptors in the peripheral nervous system (PNS) is unknown. To determine 
if these sites are present in the PNS, we examined the cellular distribution of PBR 
and ODN in the rat sciatic nerve using indirect immunofluorescence method with 
rabbit antisera to PBR and ODN. The effect of nerve lesion on PBR density and 
ODN level, was determined by autoradiography (using 3H-PK11195) and 
radioimmunoassay, after chronic denervation or freezing lesion of sciatic nerve.

The results indicate that PBR and ODN immunoreactivities were present in adult 
sciatic nerve Schwann cells. Two weeks after nerve injury, PBR density and ODN 
level were increased significantly in the distal stump. This expression returns to 
normal level when axons are allowed to regenerate after nerve freeze injury. 
However, two months after chronic denervation, PBR and ODN expression 
remained higher in the distal stump. These results suggest that PBR and ODN are 
regulated by signals from regenerating axons. Neurosteroids have shown a 
neurotrophic action in axonal regeneration and myelin repair. Thus, PBR may play 
a role in peripheral nerve regeneration by stimulating local neurosteroid 
biosynthesis. This hypothesis is under investigation.

REGENERATION: MODULATORS OF REGENERATION

573.1
ADENOVIRAL MEDIATED GENE TRANSFER TO STIMULATE 
PERIPHERAL NERVE REGENERATION. P. Peulve, F. Finielst, J, Mallett F. 
Revaht*, M. Tadie. Exp. Neurosurg. Lab., Bicetre Hospital, Le Kremlin Bicetre; t 
Rhone-Poulenc Rorer/Gencell, Vitry sur Seine; tLab. Genetique Moleculaire de la 
Neurotransmission CNRS C9923, Hopital de la Pitie-Salpetriere, Paris, France.

The conventional surgical technique used to repair peripheral nerve injuries 
(reanastomosis, autologous nerve grafting) suffer from a poor clinical outcome. 
Entubulation repair, which consists in bridging the gap created by the lesion with 
tubular prosthesis appears as a possible alternative to repair transected peripheral 
nerves. However, although tube implantation provides results at least comparable to 
that observed with autografts for gaps of the order of 5-10 mm, no regeneration is 
observedfor longer gaps. Limited improvement is observed when the tube is filled 
with an exogenous trophic substance. We reasonned that transfer of genes encoding 
for neurotrophic factors to the lesioned nerve would lead to sustained production of 
the trophic protein and thus might improve nerve regeneration through the tube.

Adult male Sprague Dawley rats (n=30) have undergone a transection of the 
right sciatic nerve leading to a 10 mm gap. The lesion was bridged with a silicone or 
a collagen tube, filled with an adenoviral vector carrying the (J-galactosidase (}3-Gal) 
gene. A strong expression of (3-Gal was observed 1, and 2 weeks after surgery in 10 
to 20% of the total number of spinal cord motoneurons innervating the sciatic nerve. 
P-Gal expression was evidencedup to 4 weeks after surgery, and became undetectable 
after 6 weeks. Our results show that axotomized motoneurons can be infected by 
recombinant adenoviral vectors contained in the implanted tube, and express a 
transgene over period of up to 4 weeks. This suggests that adenoviral vectors 
encoding trophic factors delivered using the entubulation method can be used to 
produce long lasting release of trophic factors in lesioned peripheral 
nerves. (Supported by: Institut pour la Recherche sur la Moelle Epiniere)

573.2
ADENO-ASSOCIATED VIRUS VECTOR-MEDIATED GENE 
INTEGRATION INTO RAT BRAIN. P. Wu*1, J. Bui2, M.I. 
Phillips2, E.F. Terwilliger1. 1 Dept. of Experimental Medicine, Harvard 
Institutes of Medicine, Beth Israel Deaconess Medical Center, Boston, 
MA 02115;2 Dept. Physiology, Univ. of Florida College of Medicine, 
Gainesville, FL 32610.

Adeno-associated virus (AAV)-derived vectors have been 
demonstrated to mediate highly efficient gene transfer into nondividing 
cell lineages such as neurons and muscle cells, without pathogenic or 
inflammatory side effects. It has also been shown that AAV-delivered 
gene cassettes are efficiently integrated in cell lines, even in the absence 
of functional viral Rep proteins which regulate integration of the native 
virus. However, there has been little consensus regarding the status of 
AAV delivered transgenes in primary cell types. In particular, AAV 
integration into postmitotic neural cells has not been well documented, 
especially in the in vivo setting. To address this key issue, we 
developed a technique of Alu-PCR or BI-PCR in combination with 
Southern hybridization to amplify junction fragments in either human or 
rat cells, respectively, following exposure to an AAV vector. Our study 
provides the first direct demonstration that AAV vectors can mediate 
gene integration in neurons, including rat brain cells treated in vivo. 
This novel technique will be useful for further delineating the 
mechanisms underlying AAV-mediated integration, including issues of 
frequency, site preference and DNA rearrangement. Results from these 
studies should be beneficial for the development of the next generation 
of gene delivery vectors. Supported by awards to EFT from the 
American Foundation for AIDS Research, and Concerned Parents for 
AIDS Research.

573.3
ADENOVIRAL GENE TRANSFER OF NEUROTROPHINS AND CELL 
ADHESION MOLECULES INTO THE ADULT RAT SPINAL CORD AND 
THEIR EFFECT ON AXONAL REGENERATION. M.I. Romero. G.M. 
Smith* Department of Anesthesiology and Pain Management, University of 
Texas Southwestern Medical School, Dallas, TX 75235.

After injury to the adult mammalian CNS axonal regeneration is almost 
non-existent, whereas injured peripheral nerves regrowth but stop at the CNS 
border. This study investigates whether specific neurotrophic factors and 
cell adhesion molecules enhance lesioned peripheral axons to regenerate 
across the peripheral-central transition zone using the dorsal root entry zone 
(DREZ) model. For these experiments, L5 and L6 dorsal roots were crushed 
and those of L4 and SI were cut. Recombinant adenovirus engineered for 
expression of P-galactosidase, NGF, NT3, NILE/L1, or N-cadherin, were 
injected into the spinal cord. Seven microinjections totaling 1.5X107 pfu 
were made into the dorsal horn, along the L5-6 DREZ, 0.25mm apart and
0.5mm deep. The animals were evaluated for transgene expression at 1 and 
2 weeks after treatment. Efficient transduction of cells with neuronal and 
astrocytic morphology were observed in the spinal cord by intense LacZ 
staining. In addition, co-injection of NILE/L1 and NGF adenoviruses were 
able to induced expression of these molecules in CNS astrocytes and 
neurons, as identified by immunofluorescence. Transduction of primary 
astrocytes with adenovirus encoding these neurotrophins and cell adhesion 
molecules demonstrated the functional expression of these molecules. We 
are presently injecting adenovirus encoding N-cadherin and NT3. In 
addition, axonal regeneration using anterograde tract-tracing techniques, as 
well as the functional recovery of the damaged sensory afferents, are being 
evaluated. These experiments should provide a better understanding for the 
role of neurotrophins and cell adhesion molecules, either individually or in 
combination, in eliciting axonal regeneration within the CNS. Supported by 
the Sid W Richardson Foundation, NIH NS 33776 (GMS), and the Daniel 
Heumann Foundation (MIR).

573.4
APPLICATION OF BDNF TO THE VICINITY OF RUBROSPINAL 
NEURONS PROMOTES REGENERATION INTO PERIPHERAL NERVE 
GRAFTS INSERTED INTO THE THORACIC SPINAL CORD.
D.P. Fan*, N.R, Kobavashi, and W, Tetzlaff. CORD (Collaboration on Repair 
Discoveries), Depts. of Zoology and Surgery, The University of British Columbia, 
Vancouver, BC, V6T 1Z4.

Rubrospinal neurons (RSN) regenerate into peripheral nerve (PN) grafts 
implanted into the spinal cord at cervical level but fail to regenerate into grafts 
implanted at low thoracic level. This correlates with their expression of 
regeneration associated genes (RAGs), such as GAP-43, which are increased after 
cervical but not thoracic axotomy. We have previously demonstrated that 
application of BDNF to the vicinity of RSN stimulates the expression RAGs after a 
thoracic axotomy. Here we tested the hypothesis that the induction of RAGs by 
BDNF will stimulate regeneration of rubrospinal neurons into thoracic PN grafts.

The rat sciatic nerve was transected and allowed to pre-degenerate for 10 days 
prior to resecting a 30 mm segment thereof and transplanting it into a fresh T10 
hemisection site of the spinal cord. BNDF was infused for 7 days into the vicinity of 
rubrospinal neurons at 500 ng/ml/h. Two months later, the free end of the nerve 
segment was exposed, refreshed and soaked in FluoroGold in order to retrogradly 
label those neurons extending axons into the graft. Consistent with earlier reports, 
we did not observe any untreated rubrospinal neurons regenerating into thoracic 
transplants - neither in control nor after vehicle applications. In contrast, 6 out of 8 
animals treated with BDNF showed between 4 and 29 retrogradely labelled RSN 
neurons. Orthograde axonal tracing with dextrane rhodamine application to the RSN 
confirmed these data. The data support the concept that stimulation of RAGs should 
be part of the therapeutic strategy to overcome the CNS regeneration failure. 
Supported by the MRC of Canada,the Rick Hansen Institute and the NCE of Canada.
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573.5
LOCAL APPLICATION OF NEUROTROPHIN-3 DIRECTS REGROWTH 
OF INJURED CORTICOSPINAL AXONS IN THE ADULT RAT SPINAL 
CORD. D.A. Houweling. P.R.Bar. E.A.J. Joosten (SPON: A.B.A. Kroese *), 
Laboratory for Experimental Neurology, Rudolf Magnus Institute for 
Neurosciences, Utrecht University, P.O. Box 85500, 3508 GA, Utrecht, The 
Netherlands.

During development, neurotrophic factors play an important role in the 
guidance and outgrowth of axons. It is our working hypothesis that 
neurotrophic factors involved in the development of axons that belong to a 
particular CNS tract, are among the most promising candidates for the 
stimulation of regrowth of injured fibres of that tract in the lesioned adult 
animal. The neurotrophin NT-3 is suggested to be involved in the target 
selection of outgrowing corticospinal tract (CST) fibres. We now studied the 
effect of local application of NT-3 on regrowth of injured corticospinal tract 
axons in the adult rat (Wistar) spinal cord. For local application of NT-3 at the 
site of the lesion we used rat tail collagen type I as matrix. Ingrowth of 
anterogradely labelled CST axons was studied four weeks after the spinal cord 
injury and collagen implantation. We found that local application of NT-3 at 
the lesion site directs a significant greater amount of labelled CST fibres (22 + 
6%, mean + SEM, n=4) to regrow into the collagen matrix as compared to 
control treatment (7 ± 2%, n=4). Hence, we conclude that directional 
regrowth of injured corticospinal tract axons in the adult rat spinal cord can be 
obtained by local application of NT-3.

Acknowledgement: This study is sponsored by a BIOMED-II grant of the 
European Community. NT-3 was kindly provided by Regeneron 
Pharmaceuticals Inc. (USA).

573.6
CHANGES OF GDNFR-a AND GDNF mRNA LEVELS IN RAT SCIATIC 
NERVE AFTER LESION J Zhonq , I Birschmann, M Annies, A Toile and Rolf 
Heumann? Molecular Neurobiochemistry, Ruhr University Bochum, D-44780 
Bochum, FRG

Glial cell line-derived neurotrophic factor (GDNF) is a newly established 
neurotrophic factor acting on a variety of central and peripheral neurons by 
binding to GDNFR-a and signalling through the tyrosine kinase receptor subunit 
c-Ret. We have investigated the changes of the mRNA levels of GDNF and 
GDNFR-a in rat sciatic nerve after lesion. Very low levels of GDNF and 
GDNFR-a mRNA were seen in the non-lesioned nerve. After sciatic lesion there 
was a strong increase of GDNF mRNA within 4 days in the nerve segments 
distal to the cut site as reported by Trupp et al. (1995). In organ culture such up-
regulation was not observed, neither in the absence nor presence of IL-ip, 
which is known to increase NGF mRNA levels in vitro. Thus GDNF mRNA 
regulation in this system differs from NGF mRNA regulation.

GDNFR-a mRNA was also strongly up-regulated within 3 days in nerve 
segments distal to the lesion site. The high levels of GDNFR-a mRNA persisted 
for at least 4 weeks, the longest time period investigated. Comparison with the 
p75 low affinity neurotrophin receptor (p75NTR) mRNA levels indicated that 
both GDNFR-a and p75NTR mRNAs were down-regulated by regenerating 
nerve fibres.
In the nerve segments proximal to the lesion site only slight and short term 
increases of GDNF and GDNFR-a mRNA were observed directly adjacent to 
the lesion site. C-ret mRNA was not detectable in any nerve segments.

This up- and down-regulation of GDNFR-a and GDNF mRNA levels may be 
part of a mechanism to facilitate the regeneration of GDNF-responsive 
peripheral neurons.

Supported by BMBF

573.7
ALPHA-MELANOCYTE STIMULATING HORMONE PROMOTES REGROWTH OF 
INJURED AXONS IN THE ADULT RAT SPINAL CORD. E.A.J.Joosten

D.Houweling 1,D.Martin2fG.Moonen 2, S.Dijkstra 1 W.H.Glspen
1 and P.R.Bar 1.
1 Dept. Experimental Neurology, University Utrecht, The 
Netherlands and 2 Institut Leon Fredericq, University of 
Liege, Belgium.

Peptides related to melanotrophin (a-MSH) and 
corticotrophin (ACTH), collectively termed melanocortins, 
exert trophic effects on the regrowth of neurites from 
central neurons in vitro. Here we report for the first time, 
the stimulation by a-MSH of spinal neurite outgrowth in 
vitro and in vivo after injury. a-MSH dose-dependently 
increased neurite outgrowth in spinal cord neurons, cultured 
organotypically in collagen-gels, with a maximal effect of 
60% at 10 nM a-MSH. In the partially transected spinal cord 
(at T8-T10) of adult rats the lesion gap was filled with a 
solid collagen matrix. In the control situation no ingrowth 
of sprouting injured fibers into the collagen implant in the 
lesion gap was seen. However, when the collagen matrix 
contained 10 nM a-MSH, a profound stimulation of fiber 
ingrowth into the implant, including anterogradely labelled 
corticospinal axons, was observed. This fiber ingrowth is 
not accompanied by the invasion of astroglial or reactive 
microglial cells into the implant.

This study was supported by grants from GLAXO Research 
Netherlands and the Biomed II Program of the European 
Community.

573.8
Induction of Plasminogen Activator-dependent Activity During Peripheral Nerve 
Regeneration. Lisa B. Siconolfi and Nicholas Seeds* Dept. of Biochem. & Mol. 
Gen.and Neuroscience Prog., Univ. of Colorado HSC, Denver, CO 80262.
Plasminogen activator (PA)-dependent fibrinolysis has been demonstrated at the 
growth cones of regenerating sensory neurons in culture. These sensory neurons 
increase their tPA, uPA and uPA receptor (uPAR) mRNA levels during their maximal 
rate of axonal outgrowth. To determine if these same increases are seen in vivo, tPA, 
uPA and uPAR mRNA levels and enzymatic activity were studied during nerve 
regeneration. Knockout mice (tPA-/- and uPA-/-) were included in the studies to 
examine the effects of the absence of tPA and uPA on the rate of regeneration. Since 
PA-generated plasmin is capable of activating specific matrix metalloproteinases 
(MMPs), enzymatic activity of MMP-9 and MMP-2 at the crush site was also 
analyzed. Sciatic nerves were crushed in wild type (WT), tPA-/-, and uPA-/- mice. 
Functional recovery was assayed by examining responses to pinch and pressure in the 
hindpaw distal to the crush. tPA, uPA and uPAR mRNA levels in the ganglia and 
nerve were evaluated by in situ hybridization at several time periods following injury in 
the crushed nerve and its normal or sham counterpart. Plasminogen dependent PA 
activity and MMP activity following crush was investigated using gel zymography. In 
situ hybridization revealed that tPA, uPA and uPAR mRNA levels first increase 
between l-8hr post-crush in ganglia. These mRNA levels also increase distal to the 
crush site at later times. Gel zymography indicated that PA-dependent enzymatic 
activity is increased two-four fold in nerves that have been crushed compared to the 
uncrushed counterpart, with uPA upregulation occurring by 1 day post-crush and tPA 
upregulation by 3 days post-crush. This upregulation is more apparent in knockout 
mice. Analysis of MMP enzymatic activity revealed a rapid increase of MMP-9 
activity by lhr after crush. Although no major differences were seen in the rate of 
complete functional recovery between WT and knockout mice, these results suggest 
that PAs and MMPs may play an important role in nerve regeneration. (Supported by 
T32HD07408, NSF-IBN-9630458, & NIH-NS09818).

573.9
INSULIN-LIKE GROWTH FACTOR MODULATES FUNCTIONAL 
RECOVERY IN A RAT MODEL OF CEREBELLAR ATAXIA. A.M. Fernandez. 
A, Gonzalez de. Ia„Vega ^d.L ,To^re§.-Ale,man■, Instituto Cajal, CSIC, 28002 
Madrid, Spain.

Insulin-like growth factor I (IGF-I) modulates the neuronal and glial response 
after deafferentation of the olivo-cerebellar pathway with 3-acetylpyridine (3AP). 
To determine the physiological importance of this modulatory effect we treated 
partially deafferented rats with an IGF-I receptor antagonist (JB-1) and determined 
their subsequent behavioral recovery. While vehicle-treated animals recovered 
motor coordination 2 weeks after 3AP insult, JB-1-treated animals remained 
ataxic. Thus, blockade of endogenous IGF-I input inhibits spontaneous recovery. 
Since animals rendered permanently ataxic by high doses of 3AP showed a 
dramatic decrease in several functional parameters of cerebellar function together 
with a decrease in both serum and cerebellar IGF-I levels, we also explored the 
potential therapeutic effects of IGF-I in this model of human neurodegeneration. 
Rats infused with either intracerebroventricular or subcutaneous (sc) IGF-I showed 
full recovery of motor coordination (98% of control performance). Anatomical and 
electrophysiological analyses confirmed the preservation of the olivo-cerebellar 
pathway in 3AP-treated rats receiving IGF-I. On the contrary, non-treated animals 
remained ataxic for the duration of the study. Altogether these results indicate that 
cerebellar IGF-I is critical for recovery of motor coordination and that sc IGF-I 
treatment may provide a safe and simple way to treat cerebellar ataxia.
Funded by DGICYT PB94-0097 and CAM 08/191/96.

573.10
EARLY DECREASE IN ADHESION MOLECULE IMMUNOLABELING IS 
INDUCED IN THE QUAIL CILIARY GANGLION BY POSTGANGLIONIC 
NERVE CRUSH. M,E,..De. Stefano*, R- Squitti and G. Toschi. Dip. Biol. Cell. 
Svil., Univ. "La Sapienza", 00185-Roma, Italy.

Adhesion molecules promote neuronal pathfinding and the establishment of neural 
connections during development. Little is still known about the role of these proteins 
during nerve regeneration. In the quail ciliary ganglion, postganglionic nerve crush is 
known to induce chromatolysis of the ciliary neurons and massive detachment (after 6 
d) of the preganglionic calyciform endings from their soma. Synaptic contacts are 
reestablished within 20 d. The immunocytochemical localization of Pi integrin (pj- 
int), N-cadherin (N-cad) and N-CAM, three major neural adhesion molecules, was 
investigated 1, 3, 6, 13 and 20 d after nerve crush. At the light microscope, in normal 
ganglia, Pi-int-immunoreactivity (ir) surrounds the neuronal perikarya and the 
intraganglionic nerve fibers, while N-cad-ir appears only as a thin perineuronal ring. 
N-CAM-ir heavily labels the perimeter of the neuronal somata and nerve fibers; cell 
bodies are also stained. One day after crush, pj -int and N-cad-ir decrease abruptly when 
compared with the respective contralateral ganglion. Their levels remain low until 13 
d, when a pale immunoreaction product begins to show. N-CAM-ir does not change 
significantly until 3-6 d after nerve injury, returning to normal values between 13 and 
20 d. Electron microscopy reveals heavy labeling for Pj-int and N-cad, mostly located 
in the cleft between the neuronal somata and calyciform endings. The ir decreases, and 
then disappears, prior to detachment of preganglionic boutons; some labeling is 
observed after the reestablishment of synaptic contacts. N-CAM-ir is widespread in the 
cell cytoplasm, often clustering at loci along the neuronal plasma membrane. It never 
disappears completely, although a decrease in submembrane clusters is observed during 
synaptic detachment. Our results suggest that these proteins are involved in the 
remodeling process that occurs in the ciliary ganglion after postganglionic nerve crush. 
Specifically, pj-int and N-cad may be responsible for the stability of the intercellular 
contacts, while N-CAM may be more involved in guiding nerve terminals back to 
their targets. Supported by Istituto Pasteur-Fondazione Cenci Bolognetti.
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573.11
NEUROPROTECTIVE AND REGENERATIVE EFFECTS OF 
IMMUNOPHILIN LIGANDS IN AN ANIMAL MODEL OF 
PARKINSON'S DISEASE
UCXQ^^.Uni1*1,PX,hatur\edi21PxMQCaffr£y2,.T1_W1,,.Dg,3£l2n1 and 
O, Isacson1 (1) Neuroregeneration Laboratory, McLean Hospital and Program in 
Neuroscience, Harvard Medical School, Belmont, MA 02178; (2) Vertex 
Pharmaceuticals, Cambridge MA 02139.

Immunophilin ligands, such as FK506, can promote neurite outgrowth in 
vitro, but their immunosuppressive effects make them unsuitable for neurological 
application. Recent studies in various animal models of PD utilizing non-
immunosuppressive immunophilin ligands have shown protective and regenerative 
effects after subcutaneous administration. We demonstrate that oral administration 
of a novel immunophilin ligand lacking calcineurin-inhibitory activity, VA10367, 
retains and stimulates striatal innervation by DA fibers in a mouse MPTP model 
of PD. The mouse model was produced by damaging the nigrostriatal DA system 
via daily i.p. injections of MPTP (total dose: 140mg/kg) over 5 days. The 
immunophilin ligand VA10367 was orally administered 30 minutes prior to 
MPTP for 5 days plus 5 additional days, and animals were sacrificed 15 days after 
MPTP treatment began.

Densitometric analyses of tyrosine hydroxylase (TH)-immunoreactive 
innervation revealed that MPTP reduced the density of striatal TH innervation by 
51%, while oral administration of lOOmg/kg VA10367 completely protected 
against this loss. Evidence of a sprouting effect was obtained in primary neuronal 
cultures: the immunophilin ligand increased the number of neurites from DA 
neurons without increasing neurite length. The orally administered compound 
VA10367 provides neuroprotective and neuroregenerative effects on the DA 
system independent of calcineurin inhibition, and may have therapeutic value for 
PD. Current in vivo studies examine neuroregenerative effects in delayed- 
administration paradigms. (McLean/MGH/Vertex)

573.12
BCL-2 PREVENTS THE TERMINAL DIFFERENTIATION OF 
NEURONS AND PROMOTES AXON REGENERATION. Dong Feng 
Chen* & Susumu Tonegawa. HHMI, Center for Learning and Memory, 
Center for Cancer Research, MIT, Cambridge, MA 02139.

We have been studying the molecular mechanisms that underlie the processes 
of axonal growth and regeneration in mammals. We reported previously that 
the proto-oncogene Bcl-2 is critical in regulating the intrinsic genetic program 
that controls the growth of axons in the central nervous system. Using the anti- 
apoptotic drug ZVAD, we further suggested that this growth-promoting 
function of Bcl-2 is not an indirect consequence of its well known anti- 
apoptotic activity. Instead, Bcl-2 may affect the process of neurodifferentiation 
which, in a consequence, promotes the growth of CNS axons. To test this 
hypothesis, we examined the retinal ganglion cells (RGCs) with the SA-p-Gal 
staining, a marker expressed by terminally differentiated, senescent cells. We 
found that RGCs from E16 embryos of wild-type mice, which possessed an 
ability to grow axons, were negatively stained for SA-(3-Gai, whereas, RGCs 
from animals aged El8 or older were SA-p-Gal positive. In contrast, RGCs 
from mice overexpressing Bcl-2, which can grow axons throughout their life 
span, were not stained for SA-p-Gal at all ages examined. This result suggests 
that at the age of El 8, RGCs enter a new differentiated stage - a senescent-like 
stage - and loss the ability to grow axons. Bcl-2 could prevent the further 
differentiation of these neurons. This observation supports our hypothesis that 
Bcl-2 promotes axon regeneration by preventing the further differentiation of 
neurons. (Supported by the Howard Hughes Medical Institute and the Shionogi 
Institute for Medical Science).

573.13
RAPID TESTOSTERONE (T) RELEASE FROM SILASTIC IMPLANTS 
(SI) AND THE ABSENCE OF T CONVERSION TO 17p-ESTRADIOL (E) 
IN MALE (M) HAMSTERS: RELATIONSHIP TO FACIAL NERVE 
REGENERATION. S.M. Drengler* And K.J. Jones. Dept. Cell Biol., 
Neurobiol. & Anatomy, Loyola Univ. Chicago, Maywood, IL 60153.

Administration of T (an androgen capable of being aromatized to E) in 
the form of one 10mm subcutaneous SI (id-2.4, od-2.7mm, 100% 
crystalline testosterone propionate) at the time of facial nerve injury 
augments regeneration in hamsters. The regenerative effects of T begin 
within minutes and continue for 3 weeks. To confirm that T is present 
when early events have been shown, T concentrations (ng/ml; [T]) were 
measured by serum RIAs in intact (I) or gonadectomized (gdx) M and 
female (F) hamster controls or at times from 30m to 14d after T 
treatment. [T] was increased by 30m, peaked between 6-24h, and 
remained at supraphysiological levels. Because of gender differences in 
androgenic effects and the potential for E effects on regeneration, E 
concentrations (pg/ml; [E]) were also measured. [E] was increased only 
in gdxF after T treatment. These data suggest that the accelerative effects 
of T on facial nerve regeneration are predominantly androgenic.

T IM GdxM IF GdxF
time H fE) [T] fEl [T] IE] [T] EE]
No T 4± 0 48±4 0.1±0 55±6 0.1+0 226±43 0.1±0 37±5
30m nd nd 9±3* nd nd nd nd nd
Id 27±2* 31±2* 44±10* 29±3* 16±3* 140±19* 21±3* 77±10*
2d 20±l* 35±1* 22±1* 57±12 14±3* 164±28 16±3* 73±8*
7d 12±3* 39±3 12±1* 38±3* 11±1* 65±19* 13±1* 71±9*

* p<0.05 vs respective No T control. Supported by NIH grant NS28238.

573.14
AXOTOMY-INDUCED DOWNREGULATION OF ANDROGEN 
RECEPTOR (AR) mRNA IN ADULT HAMSTER FACIAL 
MOTONEURONS (HFMN). T.D, Laikowski, S.M. Drengler, and
K.J, Jones*. Dept. of Cell Biology, Neurobioiogy, and Anatomy, 
Loyola Univ. Chicago, Maywood, IL. 60153.

In HFMN, exogenous testosterone propionate (TP) accelerates 
recovery from facial paralysis caused by facial nerve crush axotomy, 
with the effects of TP acting through an AR-mediated pathway. Also, 
TP has been shown to increase AR mRNA levels in gonadectomized 
(GDX) males. We have previously shown that axotomy in GDX 
males prevents the re-upregulation of AR mRNA caused by TP. In 
this study, we examined whether HFMN axotomy, in the presence or 
absence of exogenous TP, alters AR mRNA levels in intact males. 
After right facial nerve axotomy, half of the animals received one 
subcutaneous 10-mm silastic implant containing 100% crystalline TP, 
while the other half were sham-implanted. Cryostat sections 
throughout the facial nucleus were collected at 1, 4, and 7 days 
postoperative (dpo) and processed for in situ hybridization in 
conjunction with an AR riboprobe. Quantitative analysis indicated 
that there was a significant decrease in AR mRNA levels after 
axotomy at 4 and 7 dpo. Exogenous TP treatment did not prevent the 
downregulation of AR mRNA by axotomy. These data suggest that 
the ability of TP to augment FMN regeneration is mediated through 
receptors present at the time of injury and emphasize the importance 
of steroid administration coincident with nerve injury. Supported by 
NIH grant NS28238 (KJJ).

573.15
POST-TRAUMATIC REGENERATION AND NEURONAL MIGRATION 
IN THE ENDOCRINE HYPOTHALAMUS. D. E. Scott*. Anatomy & 
Neurobioiogy, Eastern Virginia Medical School, Norfolk, Virginia.

Following complete hypophysectomy the rodent neurohypophyseal system 
undergoes complete regeneration within four weeks (Scott et al, 1995, Scott 
and Hansen, 1997). It has been demonstrated that apparent primordial 
neuroblasts emerge from the subependymal parenchyma and migrate to the 
ventricular surface of the median eminence where they undergo active 
synaptogenesis within one week following hypophysectomy (axotomy). In 
situ hybridization studies have clearly demonstrated that up-regulation of 
nitric oxide synthase (NOS) is essential for axonal regeneration and 
neuronal migration and emergence as well as neurohypophyseal 
regeneration. Both are completely inhibited by the antagonist of nitric 
oxide, nitroarginine. Nitroarginine also serves to inhibit the proliferation of 
pituicytes which may act as a cellular substrate for growth and guidance of 
regenerating magnocellular axons toward endothelial primordia in the newly 
developing neural lobe. The current investigations support the hypothesis 
that agonists of NO (nitroprusside) may accelerate regeneration and the 
emergence of primordial neuroblasts. These may become a population of 
stem cells that can be marshalled and directed to areas compromised by 
trauma, stroke or neurodegenerative disease. Supported by the Eastern Virginia 
Medical School

573.16
Ovarian steroids protect against loss of cortical cholinergic 
function following lesions of the olfactory bulb. Farida Sohrabji* and 
Kyle W. Peebles. Dept. of Human Anatomy & Neurobioiogy, Texas A&M 
University, College Station, TX 77843.

Recent epidemiological studies indicate that estrogen replacement therapy 
may decrease the risk of Alzheimer’s disease in women. Basal forebrain 
cholinergic neurons and their targets, which are damaged in Alzheimer’s disease, 
are estrogen sensitive. Decreases in hormonal levels may therefore alter 
functioning of these cholinergic neurons. In the present study we describe a model 
for perturbing the cholinergic system and further examine whether ovarian 
steroids attenuate vulnerability in this system.

Intact and ovariectomized (OVX) adult Sprague Dawley rats were 
injected stereotaxically with ibotenic acid or PBS (pH 7.4) bilaterally into the 
olfactory bulbs. Animals were sacrificed 7-14 days later and their brains 
harvested. Using an assay for high affinity choline uptake (HACU), we observed 
a sharp decrease in choline uptake in the olfactory bulb at both 7 (62%) and 14 
(54%) days after lesion. HACU in the bulb, which decreases by 50% in OVX 
animals compared to intact controls, is further affected by bulb lesions, such that 
OVX-lesioned animals have a 73% decline in the amount of choline uptake seen 
in intact unlcsioned animals. Since cholinergic neurons of the horizontal limb of 
the diagonal band of Broca project to the bulb and cerebral cortex, we also 
assayed cortical choline uptake. Bulb lesions result in an 86% decrease in cortical 
HACU in OVX animals, while intact lesioned and sham animals were no 
different. These data indicate that damage to the olfactory bulb can affect 
cholinergic function in other forebrain targets of the basal forebrain and that 
ovarian steroids may be critically involved in preventing this secondary decline in 
the cholinergic system. Supported by funds from the Texas A&M University 
Health Science Center.
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573.17
FUNCTIONAL RECOVERY FROM A SCIATIC NERVE CRUSH 
IS NOT ENHANCED BY TREATMENT WITH TESTOSTERONE 
OR DEXAMETHASONE
RK Swallow, M R Leiser, B E Fink, J R Hoffman * Department of 
Biology, Beaver College, Glenside PA 19038.

Until recently, there has been a limited amount of research on 
functional recovery following nerve injury. Previous studies 
emphasizing anatomical recovery (such as axonal number) have shown 
that testosterone or dexamethasone have promoted regeneration in 
crushed and transected nerves. The purpose of this study was to assess 
the affect of hormones on the functional recovery following a unilateral 
sciatic nerve crush. Twenty-four young adult male Sprague-Dawley 
rats were injected daily with either 500 ug testosterone proprionate 
(TP), 300 ug dexamethasone, a combination of both, or vehicle alone. 
The rats went through six weeks of functional and behavioral testing to 
examine the extent of recovery. These tests included a footprint gait 
analysis (as a measure of motor function) and a skin pinch and latency 
to warm water withdrawal (measures of sensory function). 
Immediately following surgery, all tests indicated complete denervation 
to the leg distal to the crush site. There appeared to be no significant 
difference in rate or extent of behavioral recovery under any of the 
conditions. These results indicate the need for a detailed comparison 
between anatomical regeneration and functional recovery. An increase 
in axon number alone, may not be an accurate indicator of success of 
regeneration.

573.18
HYPOTHALAMIC NONAPEPTIDE- AND MONOAMINERGIC 
CONTROLES OF THE REPARATIVE HISTOGENESIS A.A.Stadm- 
kov*, E.I.Dedkov, LV.Kovbyk, AN.Kozlova. L.IZavershinskaya.
Lab.of Histology, Embryology and Cytology, State Medical Academy, 
Orenburg, Russia.

In mature male rabbits and outbred male rats (body weight 180-280 g) 
the implantation of the different tissues(adenohypophysis, ventricular 
myocardium, pharyngeal and bronchial epithelium) with hypothalamic 
nonapeptidergic nuclei in vivo and in vitro was performed by means of 
light microscopy, histochemistry, immunocytochemistry, histoautora- 
diographic (3H Thymidin) and electron microscopy methodics. Tissues 
cultured in vitro was exposed to the effect of vasopressin (AVP 
5 pIU/ml), oxytocin (5 p.IU/ml), dopamine(20 pg/ml)and norepinephrine 
(1 pg/ml). It is demonstrated that hypothalamic nonapeptides (oxytocin 
and vasopressin) and monoamines are the interlevels regulatory factors of 
the proliferation, growth and cytodifferentiation of the different genesis 
tissues. Nonapeptides and monoamines were found to cause epithelio-
cytes and cardiomyocyte hypertrophy and hyperplasia, stimulated angio-
genesis, fibroblasts mitosis and interstitial fibnllogenesis.

573.19
WHY DO CNS NEURONS FAIL TO REGENERATE THEIR AXONS 
AFTER INJURY? J, Goldberg, L. Cork*, and B. A. Barres. Stanford University 
School of Medicine, Department of Neurobiology, Stanford, CA 94305.

An important question in neurobiology is why neurons of the central nervous 
system do not survive and regenerate their axons in response to axotomy. For 
instance when the axons of retinal ganglion cells (RGCs) are transected, their axons 
do not regenerate and their cell bodies die. Severing RGC axons is expected to 
eliminate retrograde transport of their survival and growth signals; in addition our 
recent findings suggest that the responsiveness of RGCs to these signals may also be 
diminished after injury (Meyer-Franke et al., Neuron 15:805-919, 1995; Shen et al., 
Soc, Neurosci, Abstr, 1996, 1997). These findings show that, in contrast to PNS 
neurons, the responsiveness of purified RGCs in vitro and in vivo to their peptide 
growth factors depends on coincident elevation of cAMP, which can be elicited by 
physiological levels of electrical activity.

Together these findings suggest the hypothesis that CNS and PNS neurons differ 
in their ability to regenerate because the fundamental rules that control their survival 
and growth are different. To test this hypothesis, we are currently asking whether 
purified postnatal RGCs that have been labeled with the fluorescent dye CM-Dil and 
transplanted into postnatal optic nerve explants will be able to regenerate under 
conditions that optimize the survival and growth of these cells in vitro. These 
conditions include peptide trophic factors together with pharmacological agents that 
elevate cAMP levels in the RGCs, which ensures that the RGCs remain responsive 
to the peptide trophic factors (Meyer-Franke et al., Neuron 15:805-919, 1995). Our 
results to date show that the transplanted cells survive in the optic nerve explants and 
extend processes. By quantitating axonal regeneration in optic nerves of different 
ages, these experiments should allow us to determine whether failure of CNS axonal 
regeneration is largely a problem of disrupted survival and growth control, inhibition 
by glia, or both.

This work was funded by the National Eye Institute (1RO1-EY11310).
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574.1
OPTIC NERVE AS A MODEL FOR THE MIGRATION OF OLFACTORY 
ENSHEATHING CELLS INTO THE CNS. B.H. Hallas*, M. R, Wells, and U, 
Vaidya. Department of Neuroscience and Anatomy. New York College of 
Osteopathic Medicine, Old Westbury, N. Y. 11568-8000

Olfactory ensheathing cells are similar to Schwann cells in their ability to 
proliferate and remyelinate axons in the CNS. They appear to be more compatible 
with a CNS environment than Schwann cells. The evaluation of the ability of these 
cells to promote axonal regeneration requires their incorporation into a model 
system in which the regeneration of CNS axons and cellular migration can be 
readily evaluated. In the present study, the ability of olfactoiy ensheathing cells to 
migrate into areas of demyelination of the optic nerve of rats was examined. An 
area of demyelination was induced in normal optic nerves of rats with 6-amino- 
nicotinamide. Transplants of either olfactory epithelium or outer olfactory bulb 
labelled with dil were placed under the optic nerve dura over the area of 
demyelination. The migration of cells into the optic nerve were assessed by 
fluorescence microscopy at survival period of 14 and 30 days. Cells from both 
labelled tissues were observed migrating into areas of demyelination of the optic 
nerve at 14 and 30 days after transplantation. Areas of remyelination by ensheathing 
cells were suggested at the light microscopic level. The results suggest that the rat 
optic nerve may be a convenient model for the modification of the CNS cellular 
environment through selective chemical lesions and the transplantation of olfactory 
ensheathing or other cells in attempts to promote axonal regeneration.
Supported by the New York College of Osteopathic Medicine.

574.2
POSSIBLE ROLE OF TRANSFORMING GROWTH FACTOR- BETA (TGF-p) 
IN HOST CNS RESPONSE TO GRAFTING OF ASTROCYTES. T. Chitnis, S. 
A, Azizi and R J Schwartzman*. Movement Disorders Center, Department of 
Neurology, Allegheny Univ, Philadelphia, PA 19102

As part of an ongoing investigation of astrocyte transplantation in this 
laboratory we have performed a series of experiments to characterize the sequence of 
host glial response and cytokines, including TGF-P, to cell transplantation. Astrocytes, 
because of their natural properties of migration, integration into the Central Nervous 
System (CNS), elaboration of trophic factors as well as availability may serve as ideal 
vehicles for gene transfer into the CNS. We obtained primary cultures of astrocytes 
from biopsies of adult rats and humans and other rats. Allogeneic, xenogenic and 
syngeneic astrocytes were grafted into the brains of different groups of adult rats.
The host glial mobilization and expression of TGF-p was mapped using indirect 
immunoflorescence and antibodies against TGF-P (Genzyme).

The host response to grafting astrocytes in the brain is delineated by a phase 
of initial graft success followed by rejection. Our studies suggest that the initial 
reaction to grafting in the brain is marshaled by the glia; indeed the host astrocytes 
surround and ‘wall-off the graft in the first 24 hours post-transplantation. This 
‘gliosis’ disappears in the first week and may be different from the classic brain 
gliosis. This process may initially protect the graft from detection and destruction by 
the peripheral immune system similar to the grafts in the anterior chamber of the eye. 
TGF-P may play a role in this process. We are currently in process of mapping the 
temporal course of TGF-p (immune suppressor) expression (? by host astrocytes) 
around the graft. We believe that this model has great overall promise for the study of 
the host response to transplantation by focusing the model to one type of glial cells, 
and implications for the understanding of diseases such as multiple sclerosis. 
(Supported by the Department of Neurology, Allegheny University)
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574.3
NEUROTROPHIC PROPERTIES OF THE MYELINATING GLIA: 
AUGMENTATION OF MESENCEPHALIC DOPAMINE NEURON SURVIVAL 
AND DIFFERENTIATION. T.J. Collier * C.E. Sortwell, B.F, Daley and K, 
Steece-Collier1. Dept. Neurological Sci., Rush Presbyterian Med. Ctr., Chicago, IL 
60612 and1 Dept. Neuroscience, The Chicago Med. Sch., North Chicago, IL 60064.

Myelinating glial cells, Schwann cells and oligodendrocytes, display a close 
association with the processes and soma of neurons during development and in the 
mature nervous system. It has been well-documented that Schwann cells play an 
active role in encouraging neuronal regeneration in the peripheral nervous system. 
Less is known about the participation of oligodendrocytes in neural plasticity. For 
several years we haye been characterizing the neurotrophic properties of Schwann cells 
for ventral mesencephalic (VM) dopamine (DA) neurons. In cell culture, Schwann 
cells provide a dose-related augmentation of fetal rat VM DA neuron survival (3X 
with 250K Schwann cells) and promote neurite extension. The effect on DA neuron 
survival is at least in part mediated by reduction of apoptosis (-63% at 48 hr.). In 
neural grafts, co-grafted Schwann cells provide dose-related enhancement of DA graft- 
related behavioral recovery in young adult rats, and promote significant recovery in 
aged rats with long-term lesions that exhibit minimal response to DA grafts alone. 
The analogous cell-type in the brain, oligodendrocytes and their O-2A progenitor cell, 
may have many of the same effects on DA neurons. VM cultures treated to 
overexpress O-2A cells exhibit enhanced DA neuron survival in no serum conditions 
and when exposed to levodopa. The effects of O-2A cell enrichment in grafted VM 
tissue is currently in progress. Our studies are consistent with the view that the 
myelinating glia are important sources of neurotrophic support during development 
and in response to insult. Furthermore, manipulation of tissue used for neural 
grafting to enrich the O-2A/oligodendrocyte population may promote enhanced 
survival, growth and integration. Supported by AG1O851 (TJC), NS09646 (CES), 
and the Schweppe Foundation (KSC).

574.4
THE ROLE OF GESTATIONAL AGE AND PHENOTYPE OF NON-NEURONAL 
CELLS IN SURVIVAL OF NIGRAL DOPAMINE NEURONS DURING 
LEVODOPA CHALLENGE. D. Wavak, C.E. Sortwell. E. Poupko. T.J. Collier2. 
C.D. Sladek3. K. Steece-Collier*. Dept. Neuroscience and Dept. Physiology3, Finch 
Univ. of the Health Sci/ The Chicago Med. Sch, North Chicago, IL 60064; Dept. of 
Neurological Sci.2, Rush Presbyterian Med Ctr, Chicago, IL 60612.

We have observed that cultures derived from embryonic day 13 (El3) Fisher 344 
pups are markedly less susceptible to the toxic effects of high dose (50-100 uM) 
levodopa compared to cultures derived from E14 donors. For example, 4 daily doses of 
100 uM levodopa administered to E14 derived cultures results in complete death of all 
culture components. On the other hand, this same dosage regimen in El3 derived 
cultures results in only a 40% reduction of DA cells and no visible toxicity to the 
living cultures. Studies aimed at elucidating underlying mechanisms involved in this 
differential effect have revealed that E14 derived cultures contain a dense network of 
GFAP+ astrocytes whereas the cultures derived from El3 donors contain a sparse 
population of GFAP+ cells during our experimental window. Under conditions where 
El4 derived cultures are manipulated to decrease the number of astrocytes and enriched 
in O-2A progenitor cells and oligodendrocytes, there is no sign of toxicity following 
100 uM levodopa. Whether this effect is due to the absence of potential negative 
influences of astrocytes or the presence of trophic factor(s) related to O- 
2A/oligodendrocytes is currently being examined. To explore whether the 
developmental differences found in culture can be extrapolated to a neural grafting 
paradigm, we are currently evaluating cell differentiation and survival, apoptosis, and 
susceptibility to levodopa in mesencephalic grafts derived from El3 and E14 
embryonic donors. Understanding the potential role of cellular phenotypes in survival 
of embryonic mesencephalon may allow for enhanced graft efficacy in parkinsonian 
patients. Supported by the Schweppe Foundation (KSC), AG 10851 (TJC), NS09646 
(CES), NS24032(CDS).

574.5
GLIAL PROGENITOR ENRICHED STRIATAL CELLS PROMOTE 
MESENCEPHALIC GRAFT SURVIVAL BY INHIBITING APOPTOSIS. C.E. 
Sortwell1*. J.R, Sladek, Jr.2 and T.J, Collier1 ’Dept. of Neurological Sciences, 
Rush-Presbyterian-St. Luke's Medical Center, Chicago, IL 60612; 2Dept. of 
Neuroscience, Chicago Medical School, North Chicago, IL 60064.

The development of strategies that increase grafted dopamine (DA) neuron 
survival and neurite extension are critical to the success of neural transplantation 
for Parkinson's disease. We demonstrated previously that striatal co-grafts can 
augment DA neuron viability within simultaneously transplanted mesencephalic 
grafts. Co-grafted striatal cells may increase the survival of DA neurons by 
supplying trophic factors that protect DA neurons from apoptosis. In order to 
determine whether the glial progenitor and glial component of the striatal co-graft 
enhance DA neuron survival, striatal cell suspensions were treated with bFGF and 
PDGF to enrich the oligodendrocyte type-2 astrocyte (O-2A) progenitor cell 
population. Striatal O-2A conditioned media was harvested for testing of 
biological activity in mesencephalic cultures and within 24 hours promoted DA 
neuron survival and neurite extension, and reduced TUNEL-positive apoptotic 
profiles in mesencephalic cultures. Male, Fischer 344 rats with unilateral 6- 
OHDA lesions were grafted to the striatum with 1) an embryonic mesencephalic 
suspension, 2) a separate co-graft of mesencephalic and striatal cells or 3) a 
separate co-graft of mesencephalic and O-2A enriched striatal cells. At one week 
post-grafting, both striatal co-grafts and O2-A enriched striatal co-grafts decreased 
the presence of apoptotic nuclear profiles within the mesencephalic graft as 
compared to mesencephalic grafts alone. Ongoing co-graft experiments will 
confirm whether O2-A enriched striatal co-grafts can further increase grafted DA 
neuron viability and promote behavioral recovery. These results suggest that 
striatal glial progenitor cells are involved in the trophic mechanisms of striatal 
cografts on mesencephalic grafts by providing diffusible factors for the inhibition 
of apoptosis. Supported by NIH grants NS09646 (CES) and AG 10851 (TJC).

574.6
USE OF GFAP-LACZ TRANSGENIC MICE TO DETERMINE ASTROCYTE FATE IN 

GRAFTS OF embryonic  ventral  midbrain . J.G. Quintana. I, Lopez-Colberg, 
M. Brenner** and L.A. Cunningham. +Stroke Br., NINDS-NIH, Bethesda, MD 
20892 and Dept. Neurosciences, Univ. New Mexico Sch. of Med., 
Albuquerque, NM 87131

Heterotopic transplantation of embryonic ventral midbrain (VM) into the 
striatal parenchyma is currently being tested as a clinical treatment for 
Parkinson’s disease. While the properties of the grafted neurons have been 
extensively studied, less is known about the fate of the embryonic glial cells 
within the grafts and their potential role(s) in promoting the survival and 
proper integration of the grafted neurons. To begin to study neuron-glial 
interactions in these grafts, we have utilized GFAP-/acZ transgenic mice, in 
which astrocyte-specific expression of a nuclear-targeted bacterial {3- 
galactosidase reporter gene is driven by a human glial fibrillaiy acidic protein 
promoter sequence (Brenner et al., J. Neurosci. 14:1030, 1994). Dissociated 
VM from embryonic day 13 GFAP-/acZ mice were xenografted into the 
dopamine-denervated striatum of 6-OHDA-lesioned rats immunosuppressed 
with cyclosporine. Five weeks post-transplantation P-gal+ astrocytes and TH+ 
dopaminergic neuronal cell bodies were discerned within the grafts using dual 
immunocytochemistry. Cell counts indicated a 13-fold greater number of 
astrocytes compared to dopaminergic neurons within the grafts (11,902 + 3,518 
vs. 876 + 171, respectively). Migration of the transgenic astrocytes within the 
striatal parenchyma was minimal (40-90 pm), despite reinnervation of the 
surrounding neuropil by dopaminergic neurons. Use of the GFAP-lacZ 
transgenic line will facilitate investigation of differential gene expression by 
embryonic astrocytes within neural grafts and delineation of their role(s) in 
graft survival and integration within the adult brain. Supported by NINDS 
NS32562.

574.7
SELECTIVE INNERVATION OF DIFFERENT TYPES OF 
INTRASTRIATAL NEURAL GRAFTS BY HOST SEROTONIN 
NEURONS: QUANTITATIVE ASSESSMENT OF THE EFFECT OF 
HOST AGE AND OF THE ROLE OF GRAFT ASTROCYTES. P. Pierret*, 
A. Vallde and G. Doucet. Ddp. pathologie and Centre de recherche en 
sciences neurologiques, University de Montreal, Montreal, Qc, Canada.

Intrastriatal grafts of fetal ventral mesencephalic tissue receive a moderate 
serotonin (5HT) innervation from the host, when transplantation is done in 
newborn rat, but very few 5HT fibers are found in similar grafts implanted 
into the adult brain. This contrasts with grafts of striatal tissue, which are 
5HT-innervated even in adult hosts. The present study was carried out to 
find out whether there is also a decreasing capacity of host 5HT axons to 
innervate striatal grafts with increasing age, and whether astrocytes are 
involved in the differential affinity of host 5HT axons for neural tissue of 
different anatomical origin. We used 5HT immunohistochemistry and 
[3H]5HT uptake and autoradiography to assess quantitatively the amount 
of 5HT innervation in the two types of grafts following implantation into 
newborn, juvenile, or adult rats and following co-implantation of astrocytes 
cultured from the neonatal cerebral cortex, ventral midbrain, or striatum. 
The results show that, although striatal grafts are always better innervated, 
the 5HT innervation is reduced in similar proportions in striatal and ventral 
midbrain grafts implanted into adult, as compared to newborn, hosts. In 
addition, it was found that DARPP-32-positive areas of striatal grafts are 
more densely innervated than the negative areas. The results also show that 
co-grafted astrocytes from the cerebral cortex or striatum can improve the 
5HT innervation of mesencephalic grafts. Altogether, these results show 
that 5HT axons have a differential affinity for different fetal brain regions 
and that astrocytes from these brain regions may be involved in this 
phenomenon. (Supported by the Fonds de la recherche en santd du 
Quebec, Fonds FCAR du Quebec and the Can. Medical Research Council).

574.8
TRANSPLANTATION OF ASTROCYTES SUSCEPTIBLE TO INFECTION 
BY ALV-BASED VECTORS. K, Wictorin*, K. Campbell and E. Holland#. 
Wallenberg Neuroscience Center, Lund University, Sweden and #NIH, Bethesda, 
MD 20892, USA.

A novel system for tissue-specific gene targeting has been introduced, 
using transgenic mice susceptible to subgroup A avian leukosis virus (ALV)-based 
retroviral vectors (PNAS 91, 11241-11245, 1994). More recently, a line of 
transgenic mice has been developed, which expresses the receptor for the subgroup 
A ALV from the astrocyte-specific promoter Glial Fibrillary Acidic Protein 
(GFAP) (Holland and Varmus) which thus allows for astrocyte-specific introduction 
of genes carried by the ALV vector.

In the present experiments, ALV-based vectors carrying the gene for 
alkaline phosphatase (AP) were replicated to high titers in chick embryo fibroblasts 
(CEFs). Following a 5-10-day culture period, the virus-containing CEF-medium 
was directly applied onto cultures of transgenic astrocytes for specific infection (48 
hrs). The AP reaction revealed infection of the majority of the astrocytes. Recently, 
similarly infected astrocytes were grafted into the ibotenic acid-lesioned or intact 
striatum of adult rats. Following a 10-day survival period surviving grafts were 
detected using a mouse-astrocyte specific antiserum M2. Preliminary data also show 
small numbers of AP-positive cells at the injection sites.

These findings suggest that this system with transgenic animals 
susceptible to specific infection with ALV-based vectors may be useful in 
experiments with transplantation of astrocytes carrying desired genes. At present, 
additional animals are implanted with AP-infected astrocytes, to substantiate the 
previous findings and to examine the effects of eg prolonged survival times. 
Furthermore, attempts are being made to transfer the gene for tyrosine hydroxylase 
(TH) together with AP into the astrocytes, for further in vitro and in vivo studies. 
Supported by AFA (Arbetsmarknadens Forsdkringsaktiebolag), Sweden.
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574.9
COLONIZATION OF NEURAL ALLO- AND SYNGENEIC GRAFTS BY HOST 
MICROGLIA: RELATIONSHIP TO NEOVASCULARIZATION. N, A. Pennell* 
and W. J. Streit. University of Florida Brain Institute, Gainesville, FL 32610.

In order to illuminate functional roles of microglial cells within neural 
transplants, we have transplanted both whole and microglial and endothelial cell- 
depleted E14 neural cell suspensions either into the intact striatum of Sprague- 
Dawley rats (allograft) or into the injured spinal cord of Wistar-Furth rats 
(syngraft). Following post-transplantation times of up to 30 days, the intrastriatal 
allografts were analyzed histochemically using the Griffonia simplicifolia B4 
isolectin, a marker for both microglia and blood vessels. Our results indicate that 
both whole and depleted suspension grafts develop identically in terms of 
neovascularization and microglial colonization. In both types of transplants 
microglial cells appeared before any blood vessels were apparent. The main phase 
of graft vascularization occurred between days 7 and 10 post-transplantation and 
neovascularization was complete by day 21, as revealed by quantitative image 
analysis. Microglial cells, which were present as ameboid cells during early post-
transplantation times, underwent continuing cell differentiation with time that 
paralleled graft vascular development. By 30 days post-transplantation microglia 
within the grafts had assumed the fully ramified phenotype characteristic of resting 
adult microglia. During graft development and vascularization, microglia were 
often seen in close proximity to ingrowing blood vessels and vascular sprouts. In 
conclusion, our study has shown that microglial colonization of grafts and graft 
vascularization occurs independent of donor-derived microglial and endothelial 
cells, and suggests that the great majority of microglia and vessels within the graft 
are host-derived. We hypothesize that the host microglia invading the allografts 
play an active role in promoting graft neovascularization. This research was 
supported by the Paralyzed Veterans of America as well as by the State of Florida 
Brain and Spinal Cord Injury Rehabilitation Trust Fund.

574.10
SCHWANN CELLS, MACROPHAGES AND FIBROBLASTS 
QUANTITATIVE EVOLUTION AFTER PERIPHERAL NERVE SECTION.
H. Salgado-Ceballos*, L.C. Velasco-SanJuan, A. Perez-Torres, M. Ustarroz, D.
Millan and A. Feria-Velasco. U.I.M. Enf. Neurol., C.M.N. S-XXI, I.M.S.S.; 
Proyecto Camina, A.C.; Fac. de Medicina, U.N.A.M., Mexico, D.F. and Div. 
Patol. y Biotecnol. Ambiental, C.I.A.T.E.J., Guadalajara, Jal. MEXICO.

Recently, it has been shown that predegenerated-nerve grafts (PNG) are 
superior to fresh-nerve grafts for repairing peripheral nerve defects in the rat. It 
could be possible since Schwann cells (SC) and macrophages are particularly 
numerous in the distal stump of a previously injured nerve. However, there has 
been controversy as to when these cells arrive, and as to their maximal 
proliferation and recruiting levels. With the aim to know these time parameters, 
the right and left peroneal nerves of Long-Evans adult rats were transected and 
studied at 3,7,30, and 60 days after transection. Control observations on intact 
peroneal nerves, and on nerves from sham-operated rats were made. Nerves 
were processed for immunocytochemistry using anti-S-100 and anti-HIS43 
antibodies to identify SC and fibroblasts, respectively. Macrophages were 
identified using a histochemical technique for non-specific esterase. The 
differential cell quantities were evaluated in the whole area of 8 pm-thick serial 
sections and counted under a light microscope at a x40-objective magnification. 
Macrophages reached their maximal number at 7 days postinjury, while the SC 
reached their peak by day 30 after the lesion. Two months after transection, the 
proportion of SC and macrophages decreased, while that of fibroblasts increased 
considerably. Results showed that the PNG should be transplanted 7 days after 
nerve predegeneration with the purpose to promote nerve regeneration with the 
active participation of macrophages, or after 30 days to promote remyelination 
by SC. If one pursues the promotion of both processes, the transplantation should 
be done at a time between 7 to 30 days of nerve predegeneration.

574.11
LONG-TERM SURVIVAL OF SERTOLI CELLS IMPLANTED IN THE 
STRIATUM IN THE ABSENCE OF LONG-TERM SYSTEMIC 
IMMUNOSUPPRESSION. A.E, Willing*, C.V. Borlongan, A.I. Othberg, S 
Saporta, D.F. Cameron, T.B. Freeman, A. Anton, S. G. Poulos. R.C. Allen1
& P.R, Sanberg. Division of Neurosurgery, the Neuroscience Program and 
Department of Anatomy, University of South Florida, College of Medicine, 
Tampa, FL 33612. Theracell, Inc. 50 Division Street, Suite 503, 
Somerville, NJ 08876.

Sertoli cells are found in the testis where they function to support the 
germ cell through their ability to secrete nutritive, trophic and regulatory 
proteins. It has been suggested that they also provide an immune barrier 
for developing germ cells by secreting FasL, which provides local 
immunosuppression. It has been hypothesized that Sertoli cells could also 
function in a similar manner outside the testis to provide support and 
immune protection for neural grafts of fetal ventral mesencephalon in the 
treatment of Parkinson’s Disease. To be feasible as an adjunct treatment, 
however, it must be demonstrated that these cells can survive for 
extended periods in the brain. Therefore, Sertoli cells were pre-labeled with 
a fluorescent marker (Dil). Rat Sertoli cells were implanted in the normal 
striatum of one group of Sprague Dawley rats (allograft) while another 
group received porcine Sertoli cells (xenograft). Both rat and porcine 
Sertoli cells were found in the striatum 9 months following transplantation 
without having had long-term systemic immunosuppression therapy. This 
suggests that Sertoli cells may provide support to co-grafted neural tissue 
during the critical period in which the neurons mature, integrate with the 
host tissue, and become functional.
Supported by Theracell, Inc., Somerville, NJ.

574.12
ABSENCE OF REMARKABLE PATHOLOGIC/TOXICOLOGIC CONSEQ-
UENCES OF ADRENAL MEDULLARY IMPLANTS IN SPINAL CSF. L 
Sagen*, J. Artwohh R.M. Bunte, and A.T.Hama, Biological 
Resource Lab, Univ. II. at Chicago, Chicago, IL 60612 and 
CytoTherapeutics, Inc., Providence, RI 02906.

Implantation of adrenal medullary (AM) cells in the spinal 
CSF is a promising approach in pain therapy, as the cells can 
provide a sustained source of pain-reducing substances. 
However, as this approach involves placement of foreign cells 
into ectopic sites, its safety must be established. A battery of 
functional tests were performed on rats implanted via lamin-
ectomy with either AM or control striated muscle tissue, com-
pared with normal controls. Animals were observed prior to, 
1 and 2 weeks post-implantation. No apparent effects were 
observed on physiological parameters such as blood pressure, 
body temperature, and body weight. Motor reflexes (placing, 
hopping, righting, extensor) were normal and grip strength 
was unaltered. Some reductions in mobility (grid crossing, 
rearing, arousal) were noted, particularly in animals with 
muscle implants. This may be due to post-surgical effects of 
implantation procedures. Interestingly, these decreases were 
not as severe in the AM-implanted group, suggesting the poss-
ibility of post-operative pain reduction. Spinal CSF analyzed 2 
weeks post-implantation revealed no changes in WBCs, total 
protein, or myelin basic protein compared to normal controls. 
Results of studies thus far indicate few pathologic/toxicologic 
consequences of AM implants in the spinal CSF.

Supported by NIH NS25054.

574.13
PURIFICATION OF CHROMAFFIN CELLS ALLOWS 
XENOTRANSPLANTATION WITHOUT IMMUNOSUPPRESSION Michalewicz, 
P, Lu, Y„ Czech, K.A., Smalheiser, N., Yeomans, D.C. and Pappas, G. D* 
Dept. of Anatomy and Cell Biology, U. Illinois at Chicago. Chicago, IL 60612.

Adrenal chromaffin cells are essentially non-immunogenic (Czech et al., 
1996; Cell Transpl. 5:257). However, xenogeneic transplants using these cells 
have typically included other “passenger” celis of adrenal medullary origin. 
Thus, xenogeneic transplants have required immunosuppression for survival 
of the grafts. This study defined a protocol for purification of bovine chromaffin 
cells to the exclusion of the other cells. Bovine chromaffin cells were isolated 
from adrenal medulla and dfferentially plated (Pollard et al, 1984; J. Biol. 
Chem., 259:1114). Thereafter, the cell suspension was exposed for 2 hr. to 
uncoated ferromagnetic beads (Dynal) at a ratio of 3 beads per cell. During this 
period, endothelial cells phagocyotised 20-30 beads each. A magnetic field was 
then applied to the side of the vessel, which caused the suspended endothelial 
cells to migrate to the vessel wall. The supernatant was collected and 
reconcentrated by centrifugation. 24 hr later, the cells were incubated for 20 
min with tosylactivated beads coated with isolectin B4 from Graffonia 
Simplicifolia at a ratio of 50 beads per cell. After application of a magnetic field, 
the cells were replated and stained for immunoreactivity to tyrosine hydroxylase 
as a marker for chromaffin cells and with factor VIII as a marker for remaining 
endothelial cells. This method resulted in an essentially pure preparation of 
chromaffin cells. At 5 days after plating, approximately 50 % of the original 
number of chromaffin cells remained after purification, of which <0.1 % were 
endothelial cells. Other cells, including fibroblasts and smooth muscle cells 
made up < 0.5 % of the total. In preliminary experiments, purified cells were 
transplanted onto rat spinal cords. This produced robust antinociception without 
immunosuppression or nicotine stimulation. Supported by USPHS NS28931.

574.14
GENERATION OF CONDITIONALLY IMMORTALIZED SEROTONERGIC 
PINEAL CELLS FOR TRANSPLANTATION IN CHRONIC PAIN. X.-T. 
Wang*, M.J. Eaton, and J. Sagen. Dept. Anat. and Cell Biol.,Univ. 
II. at Chicago, Chicago, IL and The Miami Project, Miami, FL

Conditional immortalization is a promising approach in the 
generation of safe and homogeneous sources of donor cells for 
transplantation. Several laboratories have used the temper-
ature-sensitive (ts) mutant of the SV40 large T antigen (T-ag) 
to immortalize embryonic neural cells. We are interested in 
monoaminergic cell lines for transplantation in pain man-
agement. To obtain a 5-HT-producing line, dissociated cells 
from embryonic bovine pineal glands were transfected by 
lipofection with pBabe-puroSV40tsA58 and selected with puro- 
mycin. Colonies were expanded at the permissive temperature 
of 33°C and analyzed immunocytochemically for 5-HT and T- 
ag. Promising colonies were expanded further and differen-
tiated at the non-permissive temperature (39°C) which arrest-
ed cell division. Numerous 5-HT and tryptophan hydroxylase 
positive cells developed into neuronal-like morphologies. 5- 
HT positive pineal cells were transplanted into the spinal 
subarachnoid space of rats with chronic constriction injury 
(CCI) of the sciatic nerve, a model for neuropathic pain. 
Preliminary findings indicated that immortalized pineal, but 
not control, implants reduced thermal hyperalgesia and 
tactile allodynia. These results suggest that conditionally 
immortalized serotonergic pineal cell lines may be useful in 
transplantation therapies for chronic pain management. 
Supported by NIMH MH47491.
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575.1
Dopamine Transporter (DAT) Immunoreactivity Within The 
Human Substantia Nigra Decreases With Age. E.J. 
Mufson*1, S. Jaffar1, B.J. Ciliax4, J. Joyce2, D.C. Mash3 and A.I.
Levey4 ^ept. of Neurological Sci. Rush Medical Ctr.. Chicago. IL
60612,2Sun Health Res. Inst., AZ, and, 3Dept. Neurology, Univ. of 
Miami, Miami, FL.4Dept of Neurology, Emory Univ., Atlanta, GA

DAT is the major means of inactivating synaptic dopamine as well as 
a major site of action for psychostimulants including cocaine and 
amphetamine as well as for neurotoxins that induce parkinsonism. In 
the present investigation, we used a rat monoclonal antibody against 
the human dopamine transporter (HDAT) to evaluate age related 
changes in the expression of this protein within the human substantia 
nigra (SN). Tissue throughout the SN was immunoreacted for DAT 
from individuals without neurological disease with ages at death of 18, 
20’s, 30’s, 40’s, 50’s, 60’s, 70’s and 80’s years. DAT 
immunostaining of SN from the second to fourth decade revealed 
intensely stained neurons and dendrites within the pars compacta. 
These neurons also contained extensive neuromelanin a putative marker 
for dopamine nigral neurons. Begining in the fifth decade we observed 
a striking reduction in the intensity of DAT neuronal and neuropil 
staining within the SN, pars compacta. These neurons continued to 
exhibit neuromelanin and tyrosine hydroxylase (TH). This is consistent 
with the reduced expression of HDAT mRNA levels and stability of 
TH mRNA during aging. These data shed light on the role that DAT 
plays in the control of synaptic levels of dopamine within human SN 
neurons during normal aging. AG10668, AG10161, AG09466, 
AG10130, AG09215, MH56824, DA09484, and NS31937.

575.2
QUANTITATION OF ji -OPIOID RECEPTOR mRNA IN HUMAN 
CHOROID PLEXUS Lai, Z a,b Gong, J.b Nvberg, F.a and Yu, L b 
department of Pharmacology, Biomedical Center, University of 
Uppsala, Sweden and ^Department, of Medical and Molecular Genetics, 
School of Medicine, Indiana University, IN 46202

Opioid analgesics are the mainstay of therapy for patients with cancer 
pain, as well as postoperative pain. Most of clinically used opioids 
selectively interact with the p-opioid receptors. Age was considered to 
be associated with enhanced analgesia in human patients. The molecular 
components that may contribute to age-related response to opioid drugs 
is not clear. To determine the p-opioid receptor as a potential factor, we 
examined the steady-state message encoding the p-opioid receptor in 
human brain from individual males and females of 43-90 yrs of age, by 
using a sensitive solution hybridization technique. The results indicated 
that there existed a positive correlation between the level of p-opioid 
receptor and increasing ages in choroid plexus. In Northern blot analysis 
the HMOR-1 riboprobe hybridized to a major band of 14 kb form of 
human p-opioid receptor mRNA, which was expressed in the choroid 
plexus. Data also indicated that the amount of p-opioid receptor mRNA 
was independent of gender in this tissue. Thus, our studies of the p- 
opioid receptor mRNA in choroid plexus suggested that it may play a 
potential role on functional regulation of age-related morphine analgesia 
in patients, and also support the view that the age should be used as a 
guide in determination of initial dosing used in human clinical 
application.

575.3
FUNCTIONAL CHANGES IN THE NMDA RECEPTOR OF AGED F344 
RATS. K.E.Eckles* and M.D. Browning. Dept. of Pharmacology, UCHSC, 
Denver CO 80262

LTP is thought to be a cellular mechanism underlying learning events. 
Aged animals have demonstrated deficits in hippocampal dependent learning 
processes. We and others have demonstrated that aged animals have deficits 
in LTP produced by physiologically relevant or minimal stimulation 
paradigms (Moore et al, Hippocampus 3:57, 1993; Deupree et al, Neurobiol. 
Aging, 14:249, 1993). These deficits are not seen when traditional high 
frequency stimulation is employed. One possible cause of this deficit could 
lie in the threshold for LTP induction. As activation of the NMDA receptor 
(NMDAR) is critical for induction of LTP, we hypothesized that changes in 
the NMDAR could be responsible for age-related deficits in LTP. In the 
present study we used extracellular recording techniques in the hippocampal 
slice to compare pharmacologically isolated NMDA responses in young (3 
mos) and aged (24 mos) rats. We found that under normal levels of Mg2+ a 
significant increase in the stimulus intensity was required to produce an 
NMDA EPSP in aged rats compared to that required in young rats. 
However, when the Mg2+ block of the NMDA receptor was removed by 
reducing the Mg2+ concentration in the ACSF perfusion buffer, this difference 
was eliminated. These results appear to suggest that there is a Mg2+ 
dependent decrease in the NMDA response of aged animals. This decrease 
in NMDA activity could underlie, at least in part, the deficits in LTP seen in 
aged rats. Supported by NIH grant AG 04418.

575.4
AGE-ASSOCIATED ALTERATIONS IN NEURONAL CIRCUITS OF 
THE CORTICOLIMBIC SYSTEM. J.L, Giacchino* and S.J, Henriksen 
Dept. of Neuropharmacology, The Scripps Research Institute, La Jolla, 
CA 92037.

Aging-related cognitive impairment has been associated with 
alterations in neocortical synapses. As the prefrontal cortex plays a 
key role in executive cognitive function, an electrophysiological 
investigation of the functional correlates of synaptic alterations in this 
area might further elucidate mechanisms of aging. In this study, the 
effects of aging in the prefrontal cortex were evaluated in terms of 
modifications in both intrinsic neuronal properties and afferent 
influences from the hippocampal formation.

Extracellular recordings were made from medial prefrontal cortical 
neurons in halothane-anesthetized male Fischer 344 rats. 
Spontaneous and evoked activity were examined in three age groups 
(young adult, middle aged, aged). The effects of aging on spontaneous 
Tiring, stimulus/response curves, paired-pulse facilitation and 
frequency potentiation were investigated. A decrease in the amount of 
spontaneous activity was noted in aged compared to young adult rats, 
however, firing frequencies and patterns were similar. Electrical 
stimulation of the CA1/subiculum evoked population field responses 
and short latency orthodromic single cell firing. Aged rats had 
significantly larger evoked response amplitudes ana slopes compared to 
younger rats. Paired-pulse stimulation resulted in significant 
facilitation of the monosynaptic evoked response in aged rats. The 
response of prefrontal cortex neurons to repetitive nigh-frequency 
stimulation was also quantifiably different in aged compared to young 
adult rats. In aged rats, potentiation of the evoked response was 
markedly attenuated, with a rapid temporal decrement, compared to 
young adult rats (112-137% versus 139-277% baseline). 
Alterations in afferent input convergence, synaptic depression and 
glutamatergic receptor function may contribute to these age-related 
changes in the prefrontal cortex.
(Supported by SDAC #DA00201 and NIDA #DA08301).

575.5
THE EFFECT OF AGE ON THE BEHAVIOR OF RATS AS DETERMINED IN A 
DRUG DISCRIMINATION PARADIGM, E. Fisher* and B.A, Lacy. Pharmaceutical 
Sciences. SW OK State Univ., School of Pharmacy, Weatherford, OK 73096

Response rate and percent correct lever responding data was collected on thirteen 
Sprague-Dawley rats aged 135 at the beginning to 546 days at the end of a two-lever, 
fixed-ratio 32 schedule of food reinforcement drug discrimination procedure. This 
study was undertaken to test a group of phencyclidine (PCP) analogues in rats trained 
to discriminate PCP from saline. Following a double alternation schedule, rats were 
injected with 2 mg/Kg of PCP or physiological saline and underwent daily 15 minute 
training sessions. A white house light initiated each training session where only the 
PCP or the saline appropriate lever was activated. A 10 minute presession in which 
responses were recorded but not reinforced preceded each training session. After every 
third pre-session there was a two minute extinction session also initiated by the house 
light, but neither lever was reinforced and was followed by the normally scheduled 
training session. Extinction sessions continued until rats responded to at least 85 % 
on the correct lever for 4 consecutive extinction sessions. The phencyclidine analogues 
were then tested during each regularly scheduled extinction session. Only data obtained 
from training sessions not preceded by an extinction session were used and were 
divided by age into 7 approximately equal groups of 50 days each for saline and PCP 
training sessions. Percent correct lever responding (groups varied from 87.1 to 93.7 for 
PCP and 94.2 to 97.8 for saline) showed little statistical variation with the age of the 
rats. Rats trained with saline showed a higher percent correct lever responding for 
every group when compared to PCP. But the rate of lever responding per second 
showed significant statistical variation (groups varied from 1.07 to 1.71 for PCP and
1.02 to 1.63 for saline). The pattern of variation seen for response rate was similar for 
saline and for PCP groups. The results indicate that age has a much greater effect on 
response rate than on percent correct lever responding. (Supported by a Southwestern 
Oklahoma State University School of Health Sciences Research Grant.)

575.6
SCOPOLAMINE DISRUPTION OF CONDITIONED BEHAVIORAL AND 
HIPPOCAMPAL RESPONSES IN APPETITIVE TRACE CLASSICAL 
CONDITIONING. Y. Asaka. M. A. Seager, A.H, Criss, K.M. Harlan and S.P.
Berry*. Center for Neuroscience and Department of Psychology, Miami University, 
Oxford, OH 45056.

The current study was designed in an attempt to delineate the mechanisms 
responsible for age-related phenomena recently reported from our laboratory (Seager, 
Borgnis, & Berry, 1997). Aging rabbits trained in a trace conditioned jaw movement 
(CJM) paradigm took significantly longer to reach a learning criterion than did 
young rabbits. This deficit was accompanied by differences in the magnitude of 
hippocampal responses early in training. Additionally, aging rabbits exhibited 
conditioned responses (CRs; rhythmic jaw movements) that were significantly slower 
in frequency than CRs of young animals. Unconditioned (reflex) movements did not 
differ between the two groups, indicating that the difference in CRs was not simply 
due to motor impairments in aging rabbits.

The mechanism for these findings is not clear. One possible factor contributing to 
these differences could be an age-related disruption of the cholinergic system. To 
test this possibility, young rabbits were given SC injections of scopolamine 
hydrobromide (HBr), scopolamine methylbromide, or saline, prior to daily training 
in a trace CJM paradigm with a 300 ms tone CS followed by a 450 ms trace period 
and a 200 ms, 1 cc water US. Animals were trained to a criterion of 8 conditioned 
responses in any 9 consecutive trials. Unit activity from the pyramidal cell layer of 
CAl and all behavioral responses were recorded during training

Preliminary results indicate that HBr rabbits take significantly longer to learn than 
either of the young control groups (and are similar to aging rabbits). Hippocampal 
activity in the HBr group was suppressed in comparison to the two young control 
groups. Preliminary results are inconclusive regarding the effects of cholinergic 
inhibition on conditioned and unconditioned response frequencies.
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575.7
ALTERATIONS IN GLUTAMATE RECEPTOR LEVELS 
CORRELATED WITH TYROSINE PHOSPHORYLATION STATES 
IN THE BRAIN WITH AGING AND ALZHEIMER’S DISEASE
M, Narisawa-Saito, K. Wakabayashi, S. Tsuji, H. Takahashi and H, Nawa* 
Brain Res. Ins., Niigata University, Niigata 951, Japan

Abnormalities of the excitatory neurotransmitter receptors may 
contribute to the pathology of Alzheimer’s disease or senescence. By 
Western blot analysis, we determined protein levels of AM PA receptors, 
GluR1 and GluR2/3, and NMDA receptor NMDAR1 in entorhinal cortex and 
dentate gyrus of patients with and without Alzheimer’s disease whose 
neurotrophin contents have been determined in our previous study 
(Neuroreport, 7/18,2925-28 ‘96). In parallel, protein tyrosine 
phosphorylation of these regions was analyzed to study the correlation 
between tyrosine kinase activities and protein levels of the glutamate 
receptors. GluR1 and GluR2/3 proteins revealed the decreased tendency in 
Alzheimer’s disease patients compared to the controls, but the NMDAR1 
levels appeared to be similar in both groups. Aberrant protein tyrosine 
phosphorylation was evident in the Alzheimer’s group, especially for the 
proteins of molecular weight <60 kDa. Exceptionally, the decrease in 
GluR2/3 levels was also seen in afew control individuals whose protein 
tyrosine phosphorylation was relatively enhanced. These observations 
suggest that the correlated change of the AMPA receptors and the tyrosine 
phosphorylation may associate with senile brain abnormalities particularly 
with Alzheimer's disease. Supported by Grant-in-Aid for SRPA-MESC, 
Japan.

575.8
THE EFFECT OF LIGHT/DARK ON SLEEP IN OLD RATS L.-L. 
Tsai*. Dept. of Psychology, Natl. Chung-Cheng Univ., Chia-Yi 621, 
Taiwan, ROC

The interactive effect between lighting and circadian phase on sleep 
in old rats was studied. Old male Sprague-Dawley rats (>20 mo.) 
were subjected to 15-15min light-dark cycles (short LDc; 500 vs. < 
llux.) for a total of 12 trials performed 3 hr after lights-on and again 3 
hr after lights-off. Data of vigilance stages obtained from short LDc 
(4 days) were compared to those from baseline in a 12-12hr LDc (4 
days). After short LDc treatment, data were collected for additional 
4 days in 12-12hr LDc. In baseline, the average duration of REM 
sleep episodes was shorter in old rats than in young rats (3-6 mo.) 
However, the distribution of vigilance stages in short LDc in old rats 
was similar to that in young rats The days after short LDc, both 
NREM and REM sleep during 12 hr lights-off period were increased 
over baseline Thus, as to other sensory stimulation, e g., auditory 
stimulation (Brain Res. 589(1992)353-7 ), the control system of sleep 
in old rats retains the ability to response to photic stimulation. (NSC 
86-2413-H-194-006, ROC )

575.9
COMPUTATIONAL ADAPTATIONS AND COGNITIVE 
STRATEGY CHANGES AS COMPENSATION FOR AGE- 
RELATED DECLINE IN COGNITIVE RESOURCES.

I. E. Dror*. Cognitive Neuroscience Lab., Dept. of Psychology, 
Miami Univ., Oxford, OH 45056

The attempt to maintain cognitive abilities with advanced age 
encompasses a number of changes aimed at compensating for 
deterioration in the aging brain. These changes emerge from the 
flexibility and plasticity of the biological and cognitive systems, and 
fall into two categories: 1. Adaptation of the computational 
components to enable continuing support for the existing cognitive 
processing strategies; and 2. Changes in cognitive processing 
strategies to enable sustained levels of cognitive performance.

The adaptation of the computational components entails better 
utilization of the available resources; specifically, taking advantage of 
unused computational resources, the development and use of 
compensatory computational techniques, and the merging of different 
specialized computations into a single and more general computation.

The changes in cognitive strategies entail developing and 
implementing a different approach to achieve the same cognitive goals. 
Specifically, adopting different schemata of information processing 
that prioritize goals, require less intensive computational operations, 
reduce time demands, and do not have a need for a large memory 
space and other resources.

575.10
THE FIRING PROPERTIES OF SEPTAL MEDIAL NEURONS ARE 
ALTERED IN OLD UNANESTHETIZED RATS E. Apartis, F. Poindessous- 
Tazat and M.H. Bassant*. INSERM 161, 2 Rue d'Alesia, 75014, Paris, France

Although the age-related alterations in the central nervous system are 
controversial, there is a consensus on the fact that the septohippocampal 
system is vulnerable to aging. Only a few studies have described the 
properties of the medial septal (MS) neurons in aged animals. We have 
previously shown that the rhythmically bursting (RB) activity is modified 
in aged urethane-anesthetized rats. The present experiments were 
performed on unanesthetized rats using a painless restraint system fixed on 
the skull. Unitary activity of MS neurons was recorded in 23 (n=4) and 30- 
month (n=3) old rats. The state of arousal was monitored by hippocampal 
and cortical activity (EEG) during the recording sessions. During 
wakefulness, the percentage of RB neurons decreased significantly in 23 and 
30-month-old rats as compared to 3-month-old rats (26% vs 45%, p<0.01). 
The frequency of the bursts was significantly lower in 30-month-old as 
compared to young rats (5.3 vs 6 Hz, p<0.0001). During rapid eye movement 
(REM) sleep, in 23-month-old rats, the bursting activity was unchanged in 
term of percentage of RB neurons but the frequency of the RB neurons and 
their mean spontaneous activity increased significantly (p<0.05 and 0.001 
respectively). At variance, both the percentage of RB neurons (47.6 vs 
79.5%, p<0.5) and their frequency (6 vs 6.5 Hz, p<0.0001) were significantly 
lower in 30-month-old rats, as compared to 3 and 23-month-old rats. The 
frequency of hippocampal theta shifted in parallel with those of RB 
neurons. Neuronal activity in old unanesthetized rats has not been studied so 
far. Our results show that the activity of MS neurons are altered by aging 
and suggest that the modifications occur earlier for wakefulness than for 
REM sleep. (Supported by a grant from Bayer-Pharma, France).

575.11
AGE-RELATED DECREASE IN CELL NUMBER IN TEMPORAL NEOCORTEX 
IN NORMAL MEN AND WOMEN. S, F. Witelson* D. L. Kiear, 1.1, Glezer, and
C. E. Miles. Dept. of Psychiatry, McMaster Univ., Hamilton, ON.

Advancing age is associated with a decrease in some measures of brain size. It is 
unclear whether this reflects changes in histologic features, such as neuron number, cell 
size or dendritic processes. Using automated counting methods in which neurons are 
classified on the basis of a size threshold, some results have indicated a decrease in 
neuron number in human cortex (Henderson et al., J Neurol Sc, 1980). Using direct 
microscopic cell differentiation, other results have found no change in neuron number 
with age in frontal cortex of rhesus monkey (Peters et al., Cereb Cortex, 1994). We 
assessed neuron number in the superior temporal gyrus in a sample of 17 brains (9 
women, 8 men) using direct microscopic cell differentiation. The 17 cases ranged in age 
from 25 to 64 yr. and all cases were documented to be of normal intelligence and free 
of neuropsychiatric disorders. In previous work we demonstrated that sex and hand 
preference were independent factors associated with neuron number (Witelson et al., J 
NSc, 1995; Soc NSc Abstr, 1995): women had greater cell packing density than men, 
and right handers greater than non-right-handers. Correlational analyses for each sex 
separately (statistically controlling for hand preference) revealed negative correlations 
between age and the number of neurons in a column through the depth of the cortex 
(Nc) in each sex. Some correlations were as high as r = - 0.6, but they fell short of 
statistical significance. To obtain greater power, the correlation for the total group (n = 
17) was calculated adjusting for both hand preference and sex. This revealed a 
correlation between Nc and age of r = - 0.46 (p = 0.06, 2-tailed). Cortical depth also was 
associated with age (r = - 0.54, p = 0.03), but cell packing density (Nv) was not. These 
results suggest that in this region, within this age interval, some neurons are lost with 
age; but since depth also decreases, Nv does not. Supported in part by grants NS 18954, 
MRC 10610 (SFW).

575.12
A PRIMATE MODEL OF HYPERTENSIVE CEREBROVASCULAR DISEASE: 
BREAK IN THE BLOOD-BRAIN BARRIER AND DETECTION OF 
COMPLEMENT IN THE BRAIN OF HYPERTENSIVE OR ATHEROGENIC 
RHESUS MONKEYS. G.J. Blatt*, S. Blease, T.L. Kemper, W. Hollander and
M.B. Moss. Dept. Anat. and Neurobiol., Boston Univ. Sch. Med., Boston, MA 
02118.

In a rhesus monkey model of chronic hypertension, immunodetection of 
complement proteins including C3, C5 and C9 and albumin were 
demonstrated. In one hypertensive monkey, microinfarcts with areas of focal 
gliosis were observed in the white matter and cortical regions. Immunostaining 
with anti-complement polyclonal antibodies detected the presence of C3 and 
C5 in the area of a microinfarct localized adjacent to invading glia in the 
white matter superior to the amygdala. Complement was localized in the 
wall of a vessel and surrounding extravascular space. Another monkey, on 
an atherogenic diet but normotensive, showed areas of diffuse leakage of 
Evan's Blue which was injected intravenously one hour prior to brain removal. 
In one cortical area of Evan's Blue leakage, positive immunocytochemical 
labeling of C9 and albumin was demonstrated. Areas of Evan's Blue leakage 
were not correlated with observed areas microinfarctions suggesting that 
breaks in the blood-brain barrier (BBB) may occur prior to microinfarcts. 
These results and our previous observations which include detection of C3bi 
in an additional hypertensive rhesus monkey indicates that multifocal 
disruption of the BBB can occur with chronic hypertension and that activation 
of the complement system may play a pervasive role in the pathology. 
Supported by NIH NINDS NS31649.
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575.13
A PRIMATE MODEL OF HYPERTENSIVE CEREBROVASCULAR DISEASE: 
CEREBRAL MICROINFARCTION. T.L. Kemper, M.B. Moss. D.L, Rosene.
R.I. Killiany,* W. Hollander, and S. Prustv. Depts. of Anatomy, Neurobioiogy, 
and Medicine., Boston University School of Medicine, Boston, MA 02118

Arterial hypertension is a recognized major risk factor for the development 
of cerebrovascular disease with resultant cognitive impairments that range 
from focal dysfunction to dementia. In this study, a non-human model of 
hypertensive cerebrovascular disease was used to elucidate possible 
neuropathological substrates for these cognitive changes. Ten cynomolgus 
and 12 rhesus monkeys were used. Fourteen were made hypertensive by 
surgical coarctation of the aorta and eight were normotensive controls. After 
survivals of 6 weeks to 30 months, the brains were serially sectioned and 
surveyed for neuropathological changes. The most conspicuous change was 
minute areas of microinfarction in the white and grey matter. The lesions 
were of irregular shape with an average maximum diameter of less than 0.5 
mm. They were slightly larger in the grey than in the white matter and 
appeared to be of different ages. Their area of predilection was the white 
matter of the forebrain, with smaller numbers in the cerebral cortex and 
scattered lesions elsewhere in the forebrain, brain stem and cerebellum. These 
microinfarcts have not been readily described in the human hypertensive 
brain or in other animal models of hypertensive cerebrovascular disease and, 
in general, have received little notice in the literature. We suggest that they 
are an early change in the natural history of hypertensive cerebrovascular 
disease but likely do not provide the primary basis for hypertensive-related 
cognitive dysfunction. Supported by NIH NINDS NS 31649.

575.14
A PRIMATE MODEL OF HYPERTENSIVE CEREBROVASCULAR DISEASE: 
BREAK-DOWN OF THE BLOOD-BRAIN BARRIER AND COMPLEMENT 
ACTIVATION. W. Hollander, W. Adams. G. Blatt. T.L.Kemper. S. Prustv,
D.L, Rosene, and M.B. Moss* Depts. of Anatomy, Neurobioiogy, and Medicine, 
Boston Univ. School of Medicine, Boston, MA 021118
Previous studies in the monkey with chronic hypertension have indicated 

that injury to brain capillaries may occur in asymptomatic hypertension. In 
the present study the integrity of the blood-brain barrier (BBB) in surgically 
coarted monkeys with hypertension of 3 to 18 months in duration was 
determined by Evans blue and plasma protein leakage into the brain. The 
mean blood pressure in the hypertensive monkeys was 150 ± 8 mmHg as 
compared to 102± 5mmHg in control animals. The brain, removed at 1 hour 
after the intravenous injection of Evans blue, showed areas of punctate 
leakage of dye which contained immunodetectable albumin. Some of these 
areas were histologically normal while others showed microinfarcts. Western 
blot and Elisa analyses of pooled extracts of the blue staining areas revealed 
the presence of active and inactive forms of complement including C3a, C5a, 
and C5b-9. C4a of the classical system and Bb of the alternative system 
appeared present. All of these proteins were detectable in the cerebral spinal 
fluid of animals with extensive brain involvement. Complement proteins 
also were demonstratable immunocytochemically in the involved areas of 
the brain. Conclusions: 1. Disruption of the BBB can occur in chronic 
hypertension without gross signs of neurological dysfunction. 2. The break-
down of BBB appears to precede microinfarction of the brain because it is 
demonstratable in the absence of histologically changes in the brain. 3. The 
opening of the BBB also appears to lead to the activation of the complement 
system which could play a role in the brain damage of hypertension. Supported 
by NIH NIDS NS 31649.

575.15
A PRIMATE MODEL OF HYPERTENSIVE CEREBROVASCULAR DISEASE: 
EYE GROUND CHANGES AND VISUAL CONTRAST SENSITIVITY IN 
HYPERTENSIVE MONKEYS. J.H. Sandell*1, R.T. Killiany1, E.Chaum2 and
M.B. Moss1. ’Dept. of Anatomy and Neurobioiogy, Boston Univ. School of 
Medicine, Boston, MA 02118 and 2Dept. of Ophthalmology, Univ. of 
Massachusetts Medical Center, Worcester, MA, 01655.

As part of an ongoing investigation of the neurobiological consequences of 
cerebrovascular disease, we have studied rhesus monkeys with hypertension 
induced by coarctation of the thoracic aorta. Monkeys were examined 
preoperatively to ensure normal eye grounds. Visual contrast sensitivity was 
determined with a two-altemative forced choice procedure for stimuli at 1.5, 
3, 6, 12 and 15 cycles/deg (cpd). Following surgery, eye grounds were 
documented with color fundus photography and fluorescein angiography at 
6 month intervals and contrast sensitivity was determined at the same time. 
Six hypertensive animals exhibited signs of retinopathy, including cotton 
wool spots, dot and blot hemorrhages, macular exudates and optic disk edema. 
In general the eye findings were mild and in most cases they had resolved by 
12 months post-op. As a group the hypertensive animals showed a significant 
reduction in contrast sensitivity for 12 and 15 cpd at the 6 month testing 
interval, compared to a matched group of 8 normotensive operated control 
monkeys. The contrast sensitivity deficit had disappeared by 12 months, in 
concert with the improved clinical appearance of the fundi. Thus far we 
conclude that this model produces ocular changes that resemble those observed 
in human patients; that the incidence of clinical findings coincides with 
decreased contrast sensitivity; and that the resolution of the clinical changes 
is accompanied by a return to normal levels of contrast sensitivity. Supported 
by NIH NINDS NS31649.

575.16
A PRIMATE MODEL OF HYPERTENSIVE CEREBROVASCULAR DISEASE: 
EARLY COGNITIVE CHANGES. T. Moore*, R, I. Killiany, D. L. Duryea & M.
B. Moss, Dept of Anatomy & Neurobioiogy, Boston University School of 
Medicine, Boston, MA 02118.

Hypertension is an age associated risk factor for cerebrovascular disease 
which, even in its mild stages, has been associated with cognitive impairment. 
We assessed the behavioral consequences of hypertension in a non-human 
primate model of cerebrovascular disease using tests of attention and memory 
that closely resemble those used in the clinical assessment of patients. The 
performance of ten young adult rhesus monkeys (M. mulatta) made 
hypertensive by coarctation of the thoracic aorta was assessed 6 months and 
12 months following surgery and compared to the performance of eight 
normotensive surgical control monkeys. The tasks were administered both 
by an automated touch-screen and a Wisconsin General Testing Apparatus. 
Following 6 months of untreated hypertension, hypertensive monkeys as a 
group evidenced a significant impairment (p's < 0.05) on tests of simple 
attention, cued attention and spatial memory span. No significant impairments 
were found 6 months postoperativly on tests of vigilance or recall of a 
previously learned skill (re-acquisition of the DNMS principle which was 
originally acquired pre-operatively). Twelve months postoperatively, 
hypertensive monkeys, as a group, evidenced significant impairments (p's <
0.05) on tests of delayed recall (DNMS delays of 2 and 10 mins), spatial 
memory span and pattern memory span. No significant impairments were 
found 12 months postoperatively on recall of a previously learned skill 
(re-acquisition of the DNMS principle). Magnetic resonance imaging and 
positron emission tomography at the time of testing excluded the possible 
role of frank infarction in these findings. Supported by NIH NINDS NS31649.

575.17
PREFRONTAL WHITE MATTER ATROPHY WITH AGING BUT NOT 
ALZHEIMER’S DISEASE D.H. Salat*4. J.A. Kave+and J.S. Janowskv** 
♦Department of Behavioral Neuroscience and +Department of Neurology, Oregon 
Health Sciences University, Portland, OR 97219.

Cerebral white matter abnormalities have been associated with a variety of 
cognitive and behavioral disorders including dementia, depression, and psychosis 
and may contribute to the high incidence of these conditions in the aged 
population. In aged monkeys loss of myelin integrity in the entire cerebral cortex 
correlates with chronological age and cognitive decline. In Alzheimer's disease 
(AD), a reduction in both white matter and gray matter volume has been found.

In order to investigate the basis for frontal lobe atrophy in AD and healthy aging 
we used quantitative magnetic resonance imaging (MRI) to examine white matter 
changes in young healthy elderly (YHE; 60-75 years of age), old healthy elderly 
(OHE; 85 years and older), and a group of AD subjects age matched to YHE 
(60-75 years). ANOVA showed significant differences in white matter volume 
between groups (p =0.0005). Post-hoc analyses showed that both the YHE and 
AD had significantly greater white matter volume than the OHE group. 
Additionally, total prefrontal cortical volume was significantly greater in the YHE 
compared to OHE (p<0.02) but this was no longer significant when white matter 
volume was subtracted from total prefrontal cortical volume suggesting that white 
matter loss is the major factor in prefrontal volume loss in the very old. These 
results suggest that white matter changes of the prefrontal cortex may contribute 
to cognitive changes in healthy aging but are not a significant factor in AD 
dementia.
Supported by NIH AG 12611 to JSJ and AG0817 to JAK.

575.18
ASSESSING AGING IN A VENEZUELAN POPULATION. G.E. 
Maestre*, A.E. Molero, J.L. Picon, L.E. 
Menendez, M.E. Sanchez, G.Pino. I IB and CECTAS 
of University of Zulia; CINVEPSI of Rafael 
Urdaneta University. Apdo 10.636 Maracaibo 4002- 
A, Venezuela.

Scant information exists concerning aging in 
developing countries. In order to characterized 
the physical and psychic conditions of 
Venezuelan elders and to determine normal values 
of cognitive functioning, a population study has 
been launched in a community of Maracaibo, 
Venezuela. At the initial phase of the study, 
validation of the survey instruments has been 
conducted. First, a semi-structured interview 
was developed to obtain information of education 
level, work habits, social-economic status, 
family life, physiopathologic conditions and 
level of independence. Second, neuropsychiatric 
and neuropsychological batteries were 
standardized and validated. An adaptation of 
the Spanish version of the tests was required to 
account for cross-cultural differences. We 
report the psychometric properties of the scales 
used as well as the physical, psychic and social 
characteristics of the subjects evaluated up to 
date. Significant differences were detected when 
compared with other populations of the same age.
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576.1
EFFECTS OF AGING, GENDER, AND HORMONE DEPRIVATION ON BASAL 
FOREBRAIN CHOLINERGIC NEURONS IN RATS. R.B. Gibbs*. University of 
Pittsburgh School of Pharmacy, Pittsburgh, PA, 15261.

Immunohistochemical and in situ hybridization (ISH) techniques were used to 
examine the effects of aging and hormone deprivation on cholinergic neurons in the 
rat medial septum (MS) and nucleus basalis magnocellularis (NBM).

Thirty-six male and female Sprague-Dawley rats 6, 12, and 18 months of age 
(n=6/group) were purchased from Camm Laboratories, Inc. and housed for 4 weeks 
prior to sacrifice. Twenty-eight additional females (6 months of age) were also 
purchased, 19 of which were ovariectomized. Ovariectomized animals and age- 
matched controls were killed at 3 months (7 Ovx, 4 Cont) or 6 months (7 Ovx, 5 
Cont) post surgery. The remaining 5 ovariectomized animals received acute estrogen 
replacement for 3 days immediately prior to sacrifice at 6 months post surgery. 
Adjacent sections through the MS and NBM were cut and processed either for the 
detection of p75NGFR- or ChAT-like immunoreactivity (IR), or for ISH detection 
and quantification of ChAT and trkA mRNAs.

No significant differences in the mean number or size of either ChAT- or 
p75NGFR-IR cells were detected in the MS and NBM as a function of aging, gender, 
or hormone deprivation. However, a significant decrease (-26.1%) in relative cellular 
levels of trkA mRNA was detected as a function of aging in the female MS. In 
addition, significant decreases (25%-35%) in relative cellular levels of both ChAT and 
trkA mRNA were detected in the MS and NBM of females at 6 months, but not at 3 
months, following ovariectomy relative to gonadally intact, age-matched controls. 
Acute estrogen replacement did not significantly attenuate these effects.

These data demonstrate that (1) relative levels of trkA mRNA in the MS decrease 
significantly with age in female rats, and (2) long-term loss of ovarian function 
results in significant decreases in the expression of ChAT and trkA mRNA in the 
MS and NBM beyond those which occur as a function of normal aging. These 
effects may contribute to a decrease in cholinergic function, and hence to an increased 
risk for Alzheimer’s-related dementia in postmenopausal women. Supported by NIH 
grant #RO1-NS28896 and the University of Pittsburgh ADRC (grant #AG05133).

576.2
UBIASED ESTIMATION OF POSSIBLE AGE-RELATED CHANGES IN TOTAL 
NUMBER OF SYNAPSES IN THE HIPPOCAMPAL CAl REGION OF THE RAT. 
P.Sullivan*, Z.Feng, D.A.Price, J,Hamrick, C.T.Callihan, M.McAllister, K.Caporaso,
S.A.Baldwin, S.W.Scheff. Sanders-Brown Center on Aging, University of Kentucky, 
Lexington, KY 40536.

Possible age-related memory changes have focused on the structural integrity of the 
hippocampal formation. Recent stereological studies have reported no significant 
neuronal loss in the hippocampal CAl region of the rat, a proposed model for 
mammalian aging studies. The functional connections between these nerve cells are 
called synapses. It is now well known that loss of synaptic contacts, as a result of 
perturbations, triggers a compensatory mechanism, allowing for the replacement of 
some lost connections. There has been considerable debate as to whether the aged 
central nervous system is capable of replacing lost synaptic contacts and maintaining 
the normal density of synaptic numbers. Past studies have failed to use unbiased 
stereological techniques to assess possible age-related changes in total synaptic 
numbers.

Male F344 rats, 3, 12, 24 and 29 months of age, were assessed for the numerical 
density of synapses in the regio superior portion of the CAl hippocampal subfield. 
Regio superior was chosen because of its importance in the outflow of hippocampal 
information. Modern stereological methodology was utilized, employing the physical 
disector coupled with determination of the reference volume, according to the Cavalieri 
principle. In addition, total number of CAl pyramidal cells was determined utilizing the 
unbiased stereological procedure, the optical fractionator. Following appropriate 
fixation, one half of the brain was prepared for ultrastructural evaluation using 
transmission EM, while the other half of the brain was embedded in celloidin and 
sectioned for light microscopy. The results demonstrated no significant change in total 
synaptic numbers as a function of aging in the rodent hippocampal regio superior. 
Although there was an increase in the volume of this area as a function of aging, there 
was no significant change in total pyramidal cell number. Supported by NIH AG12138

576.3
EFFECTS OF AGE ON THE SEXUAL DIMORPHISMS OF THE MEDIAL 
PREOPTIC NUCLEUS OF THE RAT. A STEREOLOGJCAL EVALUATION. 
M, D. Madeira*. J. P. Andrade. S. Leal and M. M Paula-Barbosa. Dept. of 
Anatomy. Porto Med. Sell.. Porto. Portugal.

It has been reported that the sex differences in the volume of the 
subdix isions of the medial prcoptic nucleus (MPN) are not affected by changes 
in the lc\ els of gonadal hormones after puberty. There is however evidence that 
the number of synapses and the neurochemistry of several hypothalamic nuclei, 
including the MPN. are modified by variations in the levels of gonadal steroids 
during adulthood. Thus, we sought to analyze whether the cytoarchitecture of 
the MPN might be modified in old rats since it is known that the circulating 
lex els of these hormones vary w ith aging. We have separately estimated, using 
unbiased steieologica 1 techniques, the volume of. and the total neuronal 
number and mean neuronal volume in. each main subdivision of the MPN 
(Literal, medial, central and sexually dimorphic nucleus - SDN) in male and 
female rats aged 6. 24 and 30 months.

No age-related \ariation was found in the total number of neurons of 
each subdivision analyzed. However, aging was associated with a marked 
enlargement of the volume of all MPN subdivisions, an alteration that we found 
to be correlated with a parallel increase m the mean neuronal volume. Because 
the xariations were more marked in females than in males the sex-related 
differences observed in the volume of all subdivisions of the MPN were 
dramatically reduced (SDN and MPN central) or even abolished (MPN lateral 
and MPN medial) in aged rats. We can therefore conclude that the sex 
differences in the cy toarchitecture of the MPN can be altered even after brain 
reaches its maturity . Indeed, they reflect the existing differences between the 
sexes in the hormonal milieu during lifespan.
(Supported by JN1CT. Project PECS/C/SAU/92/95).

576.4
AGE-RELATED CHANGES OF MOTOR FUNCTION IN ATHLETES. C. Huang*. S.H. 
Chavala. L. Danev and R.H, Huang. Sch. Biol. Sci., Univ. Missouri-Kansas City, Kansas 
City, MO 64110.

To understand the time course of age-related changes in musculature and in central motor 
control, we examined the age of athletes in US Olympic teams. We hypothesized that peak 
athletic performance requires an optimal mix of muscular strength, endurance, and central 
motor control with different weighing factors for different attributes in different events. In 
events which place an overwhelming premium in any single attribute, the age of top 
performers should reflect the age when that attribute peaks in life. Moreover, depending 
upon whether that attribute is maintained at the peak for a short or long period of time 
before significant age-related deterioration occurs, the age range of top performers for that 
event should be small or large, respectively. Preliminary results from US Olympic athletes 
indicated that peak performances were between 25-40yrs in events in which muscle mass 
(strength) is at a premium, e.g. in weight lifting. This was in good agreement with the 
known age span of maximal muscular mass and strength. Top performers were between 
15-20yrs in events where central motor control is of overwhelming importance, e.g. female 
figure skating. Ages were between these limits in various events that require peak status 
in multiple attributes, including endurance. These results suggest that, central motor 
control, compared with muscle mass and strength, peaks earlier, stays at peak level only 
briefly, and deteriorates thereafter at a faster rate. As much of the central motor control in 
athleticism involves proprioception, rapid feedback, motor coordination at the subconscious 
level, and other well-known aspects of cerebellar function, we concluded that age-related 
changes in central motor function may principally reflect age-related maturation and 
deterioration of the cerebellum. (The cerebral motor cortexes, another major component 
of the central motor control, however, may mature slower and peak later in life than the 
cerebellum but maintain at near peak level well into the sixth decade and beyond, as 
suggested by performance data on broad aspects of cerebral function including mental and 
cognitive capability at the conscious level.) (Supported by UMKC-Faculty Research Grant)

576.5
DIFFERENTIAL AGE-RELATED VULNERABILITY OF THE BRAIN: 
PREFRONTAL CORTEX IS AFFECTED MORE THAN THE 
HIPPOCAMPUS. N. Raz*, J.H. Dupuis*, D.P. Head*, F. Gunning*, and J.D. 
Acker*. Department of Psychology, Campus Box 526400, The University of 
Memphis, Memphis, TN 38152-6400 *Baptist MR Diagnostic Imaging Center, 
Memphis, TN 38119.
Although aging and age-related brain disorders do not affect cerebral cortex 
uniformly, the pattern on cortical involvement may differ systematically along the 
continuum of health and disease. In early stages of Alzheimer’s disease, the 
hippocampal formation (HC) is the primary locus of deficits, whereas, in normal 
aging, the prefrontal cortex (PFC) may be a more problematic region. In a 
prospective study of healthy volunteers (18 to 81 years old) we compared age 
trends in regional volumetric changes using MRI-based morphometry. The 
volumes of the measured brain regions were adjusted for body size (stature). The 
results showed that although the volume of both the dorsolateral prefrontal cortex 
(DLPFC) and the hippocampal formation (HC) correlated negatively with age, the 
magnitude of the former association was significantly stronger than of the latter. 
Across the age range, the right DLPFC had greater volume than the left, whereas 
the left HC was larger than the right. Men had larger HC even after adjustment for 
height; the volume of the DLPFC did not differ across the sexes. The results 
provide additional evidence in support of a hypothesis that the PFC may be the 
primary focus of cortical aging. Supported by The University of Memphis Center 
for Applied Psychological Research, and by the National Institute on Aging grant 
AG 11230.

576.6
AGE-RELATED DECLINE IN LATERAL SUPERIOR OLIVE SYNAPTIC 
DENSITY IN THE BROWN NORWAY X F344 RAT. E.G. Khatod, M.C. Linville*
J.K. Brunso-Bechtold, and W.E. Sonntaq Program in Neuroscience and Depts. 
of Neurobiology & Anatomy and Physiology & Pharmacology, Bowman Gray 
Sch. Med., Wake Forest Univ., Winston-Salem, NC 27157

Age-related changes in lateral superior olive (LSO) synaptic density were 
studied in an age-graded series of rats. Fifteen Brown Norway X F344 rats 
were divided into three age groups for study: 9-10 months (young), 19 months 
(middle), and 29-32 months (old). The brains of transcardially perfused rats 
were removed and cut into 200 pm coronal sections on a vibratome. With the 
aid of a dissecting microscope, the LSO was blocked from the hindbrain, 
processed, and embedded in Araldite plastic. Semithin sections (1pm) were cut 
on an LKB V microtome and stained with toluidine blue for light microscopic 
analysis. Ultrathin (700A) sections from three blocks from each of the five 
animals per group were collected on formvar-coated slot grids, stained with lead 
citrate and uranyl acetate, and viewed with a Zeiss 10-C electron microscope. 
In one section from each block, five principal LSO neurons each containing an 
evident nucleus were selected and photographed (5,000X). In these 
micrographs, the total soma perimeter and the percentage of the perimeter 
covered by synaptic terminals were determined. The complete perimeter of 
each soma then was photographed (12.500X) as a series of 10-12 
micrographs. In these micrographs, synaptic terminals per soma were counted 
and classified on the basis of vesicle shape. Differences between age groups 
in soma perimeter, percent of soma perimeter covered by synaptic terminals, 
and synaptic density were analyzed using ANOVA. Preliminary analysis 
indicates that although no significant change was found in the soma perimeter 
with age, there is a significant decrease in the percent of the soma covered by 
synaptic terminals. Furthermore, there is a significant decrease in synaptic 
density per neuron as well as per pm of somatic perimeter with age. These 
results indicate that in the Brown Norway X F344 rat, there is an age-related 
decrease in somatic synaptic density which is evident by 29 months of age. 
1P01AG11370
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576.7
The Effect of Age on Lumbar Motor Neuron Number and 
Size in Male F344 rats. JM Jacob*, S. Prabhu and B. Hardy, 
Dept. of Anatomical Sciences, Univ. of Oklahoma, Oklahoma 
City, OK 73190.

Motor neurons in the spinal cord of old rats appear similar in size but 
less numerous compared with those in mature rats; they also contain a 
large amount of lipofuscin, the lipid peroxidation by-product whose 
function is unknown. The object of this study was to morphometrically 
characterize motor neurons found in the lumbar spinal cord of mature 
(6mo) and old (22 mo) rats. Paraformaldehyde-fixed, L4/L5 spinal 
cords from 6-8 rats at each age were embedded in paraffin, sectioned 
at 6 p,m and stained with 0.1% toluidine blue. The nucleolar diameter 
and area of 50-75 motor neurons per spinal cord were measured. 
Motor neuron number was calculated after correcting for tissue 
shrinkage. When considered as a population, neither the number nor 
size of lumbar motor neurons was effected by age, although nucleolar 
diameter was larger in old rats. Frequency distributions of motor 
neuron area revealed a bimodal distribution of motor neurons in the 6 
mo rat, with one peak at -250 pm2 and another at 850 pm2:; two less 
distinct peaks were found at -500 pm2 and -1000 pm2 in the old rat. 
We suggest that the larger nucleolar diameter reflects more 
metabolically active neurons in old rats while larger neuron areas 
reflect the presence of lipofuscin in the old motor neurons. Partially 
supported by a grant from the Presbyterian Health Foundation to JMJ.

576.8
AGING, NOT ESTRADIOL DECREASES SYNAPTIC NUMBERS IN THE ARCUATE NUCLEUS OF 
THE MIDDLE AGED FEMALE RAT C.T. Moore* and M.P, Leuschen, Dept Cell Biology and 
Anatomy, University of Nebraska Medical C enter, Omaha, Nebraska 68198

Middle aged female rats approaching reproductive senescence, exhibit irregular estrous cycles, 
a delayed and reduced LH surge, and anovulatory and polyfollicular ovaries. Studies have already 
affirmed that estrogen increases synaptic connectivity in the arcuate nucleus of neonatal and 
prepubertal femaie rats and mediates changes in synaptic connections in the arcuate nucleus during 
the estrous cycle of adult female rats. We hypothesize that synaptic connectivity in the arcuate 
nucleus decreases with aging in female rats and is reversible with estrogen administration. Ovary 
intact or ovariectomized (ovx) female rats, were injected with estradiol benzoate (EB; 10 pg) or 
peanut oil for 3 consecutive days and sacrificed the next day, at 90d, 120d, 180d, and 240d of age. 
An estradiol radioimmunoassay confirmed that levels in EB treated animals were significantly 
increased compared to untreated animals (ANOVA, p<0.001). The arcuate nucleus was processed 
for electron microscopy and total synapse numbers were tabulated using morphometric methods. 
The total number of synaptic profiles (TSN: per 672pm2/animal) significantly decreased as the 
animals aged (2 way ANOVA, p=0.003) and was independent of estradiol treatment (p=0.223).

TSN/animal 90d 120d 180d 240d

intact

ovx

intEB

ovxEB

15.7*1.2 18.7*9.3

13.7*5.7 13.0*2.3

21.3*3.2 13.7*2.2

18.0*1.0 18.0*5.3

25.7*1.5 10.0*4.5

11.7*3.5 11.3*1.5

17.7*2.7 6.7*26

15.7*0.9 77*1.2

mean ±SEM; n=3 animals/group
The results indicate synaptic connections decrease with aging in the arcuate nucleus and a 3d 
estrogen treatment does not restore synaptic numbers in these middle aged rats to numbers 
comparable to those seen in the 90d adult

SUPPORTED BY NIA and American Foundation for Aging Research (Raleigh, NC)

576.9
AGE-RELATED DENDRITIC ALTERATIONS IN THE CINGULATE 
GYRUS OF THE FISCHER 344 RAT: A QUANTITATIVE GOLGI STUDY. 
Ronald F. Mervis*1. T. Pindell1, J. McKeanL R.M. Dvorak1, LJEy?ns12, S,b
White3, H.E. Shannon3 and W.H. Jordan3, ’Neuro-Cognitive Research 
Laboratories, Columbus, OH 43212. 2Ohio Dominican College, 
Columbus, OH 43219. ’Lilly Research Laboratories, Greenfield, IN 46140

The effects of aging on dendritic branching and spines were evaluated in layer V 
pyramidal neurons in the cingulate gyrus of 10, 21, and 27 month-old Fischer 344 rats. 
The number of rats in each group were 5, 5, and 10, respectively. Five Rapid Golgi- 
stained neurons from each rat were randomly selected from coded slides for 
evaluation of branching and spines. Dendritic branching of the basilar tree was 
assessed from camera lucida drawings using Sholl analysis. Spines were counted on 
terminal tip segments. Sholl analysis showed that neurons from the 10 month rats 
had the most dendritic material, and that significant dendritic atrophy occurred in the 
21 month animals. However, in the 27 month rats, neurons showed a significant 
increase in dendritic material compared to 21 month rats. This change appears to 
reflect compensatory dendritic hypertrophy in the oldest group and suggests that 
cingulate neurons from 27 month Fischer 344 rats still have meaningful 
neuroplasticity. This pattern of dendritic aging is different from that found in other 
regions of the Fischer 344 rat and may, in part, reflect the afferent dopaminergic input 
to the cingulate gyrus. Cluster analysis also showed that the oldest rats had a distinct 
subpopulation which did not show age-related dendritic atrophy. No significant age- 
related loss of spines on terminal tip segments was observed. (This research was 
supported by Eli Lilly & Co.)

576.10
SYNAPTIC INPUTS TO IDENTIFIED LAYER V PYRAMIDAL NEURONS 
OF THE CEREBRAL CORTEX IN YOUNG AND AGED RATS.
T. P. Wong*, Y. De Koninck, A. Ribeiro-da-Silva, and A. C. Cuello. Dept. of 
Pharmacology & Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6.

Morphological and physiological changes in the aged cerebral cortex have been 
related to cognitive deficits in senescence. Among all cortical structures, age-in-
duced changes in the number of cortical synapses are the obvious candidate to 
explain these cognitive deficits. We quantified the number of all cortical synapses 
in the parietal II region in Brown Norway x Fischer 344 hybrid rats (1 to 24 months 
old) by measuring the density of synaptophysin-stained presynaptic boutons. We 
observed an age-related decline in the number of synapses in the cerebral cortex 
(from 55.10 ± 2.68 to 48.59 ± 0.90 synaptic terminals / 100pm2). Regression 
analysis showed a significant negative correlation between age and the number of 
synapses in this area (r=0.495, p<0.05). This depletion was more pronounced in 
the deeper cortical layers V and VI (18% w 8% in layers I to IV). To correlate this 
age-related decline in synaptic counts with synaptic activity, we used whole-cell 
patch-clamp recordings from cortical layer V pyramidal neurons in brain slices. 
Both excitatory and inhibitory receptor-mediated miniature (action potential 
independent) postsynaptic currents (PSCs) bombarding the neuron were recorded 
in the presence of 1 pM tetrodotoxin. Cesium gluconate filled pipettes were used 
to record isolated mEPSCs at -60 mV and isolated mIPSCs at +20 mV. All 
recorded neurons were labeled with biocytin. At the end of each recording, the 
slice was fixed in an aldehyde mixture and processed for electron microscopical 
observation. The number of terminals in contact with each neuron was quantified 
in defined areas of the apical and basal dendrites, and the cell body. Good quality 
preservation of synaptic structures could be obtained with this technique. This 
approach will provide a powerful technique to correlate structural and functional 
changes in identified cells of aged animals. (Supported by NIA & NINDS)

576.11
AGE-RELATED INTRA-AXONAL ACCUMULATION OF NEUROFILAMENTS 
IN THE CAT BRAINSTEM AND SPINAL CORD: LIGHT AND ELECTRON 
MICROSCOPIC IMMUNOHISTOCHEMICAL STUDY. J-H. Zhang*. S. 
Sampogna, F.R, Morales? and M.H, Chase, Department of Physiology and Brain 
Research Institute, UCLA School of Medicine, Los Angeles, CA 90024.

Neurofilaments (NFs), composed of NF-L, NF-M and NF-H subunits contribute 
to the structural integrity of neurons (Annu. Rev. Neurosci., 19:187-217, 1996). In 
previous studies, we found alterations in the immunoreactive profde of aged cat 
neurons and their processes (Soc. Neurosci. Abstr., 26:768,1996). In these studies, 
we also observed the presence of heavily stained oval or circular structures. 
Consequently, we conducted a correlated light and electron microscopic examination 
of these structures, which were labeled with specific antibodies directed against either 
NF-L, NF-M or NF-H. Light microscopic analysis revealed immunostained 
structures with a diameter between 4.2 to 10.5 p. in the gray matter of the spinal 
cord of aged cats that were in good health and did not exhibit signs of neuronal 
pathology. In the brainstem, they were found in regions such as the dorsal column 
nucleus, the medial nucleus of solitary tract, the inferior and superior vestibular 
nuclei, the lateral parabrachial nucleus, the lateral dorsal tegmental nucleus and die 
central gray. Under electron microscopic examination, the oval or circular structures 
were found to be gready enlarged axons. Within the axons were accumulations of 
NFs; some of these enlarged axons also contained mitochondria and tubulo-vesicular 
structures. In addition, their myelin sheaths were exceptionally thin (0.07-0.51 p) 
and often broken. These ultrastructural changes resemble the degenerative alterations 
that occur in axons under pathological conditions, such as giant axonal neuropathy, 
traumatic brain injury and toxic neuropathy. Therefore, these structures, which 
appear to be the severely altered axons with intra-axonal accumulation of NFs, may 
reflect chronic degenerative changes which occur during normal aging. Supported by 
USPHS Grant AG 04307.

576.12
EFFECT OF DIETARY RESTRICTION ON AGE-RELATED 
CHANGES IN REACTIVE SYNAPTOGENESIS IN DENERVATED 
HIPPOCAMPUS H.W.Cheng* T.Jiang and T.H.McNeill. Andrus 
Gerontology Center and Department of Cell and Neurobiology, University, 
of Southern California. Los Angeles, CA 90089-0191

Previous studies have demonstrated that reactive synaptogenesis is 
diminished or impeded with aging and may be, in part, related to astrocytic 
hypertrophy and decrease of growth associated protein (GAP) genes 
expression. It has been reported that chronic dietary restriction (DR) retards 
age-related gliosis and the upregulation of astrocytic mRNAs expression in the 
old brain. However, it is still unclear whether DR modulates the synapse 
replacement in aged brain. We therefore examined the effect of DR on the 
magnitude and time course of the sprouting response from C/A fiber plexus 
following an entorhinal cortex lesion (ECL). We used anterograde tracer, 
biotinylated dextran amine to investigate the expansion of the C/A fiber 
plexus and used in situ hybridization and western blot analysis to assess 
changes in the prevalence of mRNAs and proteins that have been shown to be 
involve with the axon sprouting (GAP43, SCG10) in denervated hippocampus. 
Based on data obtained from both ad lib (AL) fed young adult (3 mo.) and old 
(24 mo.) rats as well as diet-restricted old (24 mo.) rats we found that the 
magnitude and time course of the axon sprouting of C/A plexus and 
upregulation of GAP43 protein from DR fed old rats is compatible with that 
from AL fed young adult rats. These data demonstrated that the effect of DR 
on the astrocytic and neuron’s mRNAs transcription will modulate the effect 
of aging on the reactive synaptogenesis. Supported by NIH grant AG-09793.
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576.13
AGE RELATED SPATIAL LEARNING DEFICIT CORRELATES WITH 
ULTRASTRUCTURAL HIPPOCAMPAL DAMAGE IN CAl AREA. Gwyneth 
Hill Beaglev.* Department of Psychology, Alma College, Alma MI 48801.

This study investigates the relationship of age to cognitive performance, 
stress response, and hippocampal morphology. 12 young (6 month) and 8 old 
(20-24 month) male Sprague Dawley rats were tested for spatial learning 
ability in a Morris Water Maze. Acquisition was tested by 4 days of 4 trials/ 
day to find submerged platform; platform was moved on day 5 to test response 
persistence. On day 5, animals were sacrificed, stomachs were removed and 
examined for ulcers to evaluate response to stress. Rats were perfused with 
buffered aldehydes, brains removed and coronal slices 500 pm thick were cut 
though the anterior-posterior extent of the hippocampus from bregma -2.2 
mm through bregma -2.9 mm, which contains substantial dorsal CAl areas. 
The tissue was postfixed in 1% osmium tetroxide, stained with uranyl 
acetate, dehydrated in alcohols, and embedded in Spurr's resin. Thin 
sections (silver-gold interference color) were examined and photographed, 
with a transmission electron microscope to view pyramidal cells at 
enlargements of 3000 to 14000 X.

Young rats showed significantly faster learning than old rats. Maze 
performance correlated with stomach damage score and amount of damage in 
CAl area. Old rats who performed most poorly in the Morris Water Maze 
had the most ulceration and most extensive hippocampal damage. CAl 
damage included missing pyramidal cells, shrunken irregular shaped cells, 
dense cytoplasm, chromatin condensation and mircoglia like cells fused with 
degenerating neurons often containing debris. Results suggest
age produced brain damage results in impaired performance. Impaired 
performance increases stress for animal, which produces ulcers.

NEUROGLIA AND MYELIN: PROPERTIES OF ASTROCYTES

577.1
METABOTROPIC GLUTAMATE RECEPTOR mRNA DETECTION IN 
ACUTELY ISOLATED RAT HIPPOCAMPAL ASTROCYTES. G. P. Schools 
and H. K. Kimelberg* Div. of Neurosurgery, Albany Medical College, Albany, NY 
12208.

Acute isolation of astrocytes seems to provide cells that more accurately 
represent the properties of astrocytes in situ compared to the widely used primary 
astrocyte cultures. In this study we used single-cell RT-PCR to simultaneously 
analyze the gene expression of the astrocyte marker, GFAP, and one of several 
mGluRs in individual, acutely-isolated (<6h after isolation) cells from the 
hippocampi of 1 to 10 day rats. We have found that these cells express the mRNA 
for at least 2 of the 3 mGluR types so far examined. In agreement with 
immunocytochemical studies in situ we have detected a type 2, mGluR3 mRNA in 
20 out of 27 GFAP mRNA-positive cells. Of the type 1 mGluRs, mGluRla was 
rarely detected (1/25 GFAP-positive cells), while mGluR5 was present in 8/15 
GFAP-positive cells. Of the two alternatively-spliced forms of this receptor, we 
saw exclusively the a form. The presence of a functional typel mGluR is predicted 
by the results from calcium imaging studies performed in our lab (Cai et al, these 
abstracts). A type 3 receptor mRNA, mGluR7, has so far not been detected in these 
cells (0/6 GFAP-positive). The single-cell RT-PCR technique shows the likely 
existence of a receptor, and may be more reliable than immunocytochemistry 
because the mRNA is not exposed, as the receptors themselves are, to potential 
damage during isolation from the tissue. Our results also show that the single cell 
RT-PCR technique is effective for screening a cell type for receptor gene expression 
in acutely isolated astrocytes, and can correlate with expression of the receptor and 
a functional response. (Supported by NIH grant NS 19492 to HKK)

577.2
EXPRESSION OF GROUP-I METABOTROPIC GLUTAMATE 
RECEPTORS IN ACUTELY ISOLATED HIPPOCAMPAL 
ASTROCYTES. Z. Cai*, G. Schools and H. K. Kimelberg. Dept 
Pharmacol/Neurosci and Div Neurosurgery, Albany Med Col, NY 12008.

Acutely isolated astrocytes seem to better reflect receptor expression in 
astrocytes in vivo compared to primary cultures. GFAP (+) cells were 
acutely isolated from the hippocampi of 1-10 day old rats, and the 
intracellular calcium responses to L-glutamate were studied in single cells 
within 6 hours after isolation. 84% of such cells responded to glutamate. 
The presence of the protein synthesis inhibitor, cycloheximide, from the 
time of isolation to right before each experiment did not change the 
proportion of cells responding to glutamate, indicating the glutamate 
responses were not due to fast up-regulation of glutamate receptors after 
isolation. Pharmacological characterization showed that the Ca2+ responses 
of acutely isolated hippocampal astrocytes from Pl-10 rats was due to 
activation of a group-I metabotropic glutamate receptor (mGluR). Single-
cell RT-PCR was used to detect GFAP and group-I mGluR mRNAs. Single 
cells were isolated and DNase-treated. The mRNAs from individual cells 
were reverse transcribed and then PCR amplified. Most cells expressing 
GFAP mRNA also expressed mGluR5 mRNA, while rarely expressing 
mGluRl mRNA. Thus, it appears that mGluR5 mediates the Ca2+ 
responses in acutely isolated hippocampal astrocytes. (Supported by NIH 
grant NS 19492 to HKK)

577.3
MATURE HIPPOCAMPAL ASTROCYTES EXHIBIT FUNCTIONAL 
GLUTAMATE RECEPTORS IN SITU M.K. Shelton*. J.T, Porter. andK.D, 
McCarthy. Pharmacology Department, University of North Carolina, Chapel Hill, 
NC 27599

Hippocampal astrocytes are closely associated with neuronal synapses, where 
they respond to glutamatergic stimulation in immature (P9-P13) brain slices. 
Glutamatergic responses have not been observed in astrocytes from adult 
hippocampal astrocytes, suggesting astrocytic glutamate responses might be 
important primarily during development. Astrocytes in acutely isolated 
hippocampus slices from mature rats (P30-P38) were studied to address this issue. 
Brain slices were incubated with Calcium Green AM-1, and the calcium levels of 
loaded cells were monitored with confocal microscopy. Analyzed cells were 
identified as astrocytes by immunostaining for glial fibrillary acidic protein and/or 
S-100. Drugs, including tetrodotoxin (1 pM) to block neuronal action potentials, 
were applied to the slices by perfusion. Astrocytic calcium increased in response to 
2 mM glutamate applied with the glutamate uptake inhibitor DL-threo-p- 
hydroxyaspartic acid (500 pM). Trans-ACPD, a selective agonist at group I and II 
metabotropic glutamate receptors, elicited calcium increases that tended to oscillate 
at 50 pM trans-ACPD and to be more sustained with 100 pM trans-ACPD. The 
group I specific agonist 3,5-Dihydroxyphenylglycine (100 pM), also increased 
astrocytic calcium levels. These results suggest that astrocytes in mature rat 
hippocampus possess functional metabotropic glutamate receptors. Astrocytic 
glutamate receptors should be considered when examining excitotoxicity, learning, 
memoiy and other processes involving the synaptic release of glutamate in the 
hippocampus.

Supported by USPHS grant NS20212

577.4
AMMONIA DOWNREGULATES GLAST mRNA GLUTAMATE 
TRANSPORTER IN CULTURED ASTROCYTES. B. Zhou and M.D, 
Norenberg*. Department of Pathology, University of Miami School of 
Medicine, and V.A. Medical Center, Miami, FL 33101.

Abnormalities in glutamate metabolism and glutamatergic neurotransmis-
sion appear to play a major role in the pathogenesis of hyperammonemia and 
hepatic encephalopathy. Previous studies from our laboratory have shown that 
cultured astrocytes treated with NH4C1 result in a decrease in glutamate uptake 
(Neurochem Res 21: 567-573, 1996). To extend these observations, we 
performed a Northern blot analysis of the glial glutamate transporter, GLAST, 
in primary rat astrocyte cultures following treatment with NH4C1. Some 
cultures were treated with dibutyryl cyclic AMP (dBcAMP). Reverse 
transcriptase and PCR amplification were used to generate a cDNA probe 
based on the sequence determined by Stork et al. (PNAS 89:1096,1992). 
Following treatment with NH4C1 for 3 days, cortical astrocytes showed a 22.6, 
23.0, 31.9% decrease in GLAST mRNA using NH4C1 concentrations of 2, 5, 
10 mM, respectively. Striatal astrocytes showed reductions of 32.5, 51.2, 
50.8%, while cerebellar cultures showed decrements of 39.4, 42.2, 37.4%. 
Similar decreases in GLAST mRNA were also observed after 1 day of 
ammonia treatment. We attempted to examine the effect of ammonia on the 
GLT-1 transporter; however, we were unable to identify a signal to this 
transporter in cells that had been treated with or without dBcAMP. These 
culture findings, together with recent findings on reduction of the GLT-1 
transporter in acute liver failure and hyperammonemia (Norenberg et al. Glia, 
in press), strongly suggest that an abnormality in astroglial glutamate uptake 
constitutes a critical aspect of the pathogenesis of hepatic encephalopathy and 
other hyperammonemic conditions. (Supported by Dept. of Veterans Affairs).
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577.5
CHARACTERIZATION OF CYSTINE UPTAKE INTO CULTURED 
ASTROCYTES. A.S, Bender*. W, Reichelt1. and M.D. Norenberg. Lab 
Neuropathol, Vet Adm Med Ctr & Dept of Pathol, Univ of Miami Schl of 
Med, Miami, FL 33101 & Taul-Flechsig Inst for Brain Res, Univ of 
Leipzig, 04109, Germany.

Astrocytic cystine uptake is of particular interest since cystine is 
important in maintaining cellular levels of glutathione, an agent which 
protects cells against oxidative stress and various toxins. Its uptake into 
astrocytes is currently not well characterized; this transport is thought to 
be mediated through the Na+-independent transport xc- system. Cystine 
uptake was studied by incubating astrocytes with media containing 0.5 
gCi/ml of [35S]cystine and 100 gM cystine. Cystine uptake was linear 
during first 2 min and saturated at about 15 min. The uptake was Na+- 
dependent and partially Cl-dependent. Cystine uptake in its linear phase 
was inhibited by L-glutamate at a concentration range from 10 fiM to 2.5 
mM by 11-80%. However, the equilibrated phase of cystine uptake was 
enhanced by 100 gM L-glutamate by -30%. Cystine at 0.5 mM inhibited 
L-glutamate uptake by ~ 25 %. Our results suggest that cystine uptake in 
astrocytes differs from the xc- transport system (Na+-independent 
cystine/glutamate antiporter) described in various cell types, but it is 
similar to that observed in rat alveolar type II cells (Bukowski et al., Am. 
J. Physiol., 268, L21-L26, 1995). We propose that astrocytes transport 
cystine by a cystine/glutamate cotransporter. This suggests that glutathione 
ynthesis in astrocytes is regulated differently from other cells. (Supported

by Dept of Veterans Affairs)

577.6
INFLUENCES OF EXTRACELLULAR POTASSIUM AND GLUTAMATE 
CONCENTRATIONS ON GLUCOSE UTILIZATION IN CULTURED ASTROGLIA. 
J.Gotoh,Y.Nakao,H.Shiraishi-Gotoh, M.J.Law and L.Sokoloff* .Lab.of Cerebral 

Metabolism, National Institute of Mental Health, Bethesda, MD 20892.
Previous studies showed that increased extracellular potassium concentration ([K+]o) 

did not stimulate deoxyglucose (DG) phosphorylation in astroglia as it did in neurons, 
but that enhancement of Na+ influx by Na+ channel openers or coupled glutamate/Na+ 
uptake did do so (Pellerin and Magistretti, PNAS 91:10625, 1994; Takahashi, PNAS 
92:4616,1995).To examine interactions between [K+]o and glutamate, we tested the 
effects of increased [K+]o in the presence of glutamate. Astroglia prepared from newborn 
rat cortex were studied after 18-22days in culture. Assay of DG phosphorylation was 
carried out in Dulbecco's bicarbonate-buffered saline (DBS) containing 2mM glucose, 
tracer amounts of [14C]DG, and 2.7-56mM [K+]o for 15 min followed by 5 min in 
[14C]DG-free buffer for efflux of unmetabolized [!4C]DG.

Table. 1 Effects of increased [K+]o on glutamate-evoked stimulation of [14C]DG 
phosphorylation (PPM/ug protein) in Na+-containing and Na+-free reaction mixtures.

Buffer
(glutamate,n)

Without Glutamate
2.7 5.4 28 S6[K*\(mM)

With Glutamate (200 or soouM)
2.7 5.4 28

DBS 105±2 99±4 79±3**75±3** 112±2 122±3 108+3 95+4**
(200(iM,n=5) Zero glutamate +6% +23% +36%# +26%#
DBS 81±5 77±3 82±9 58±4*» 122±7 128+5 152+3**' 115+7**
(500p.M,n=3) Zero glutamate +51% +66% +86%# +99%#
Na+-free 57±2 64±2 65±3 78±5** 58+2 65+2 69+4 75+5**
(200|xM,n=4) Zero glutamate +2% +3% +8% -7%
Mean± SEM of quadruplicates.**:p<0.01 compared to 2.7mM [K+](Bunnett's t test) #;p<0.05 compared to the

effects at 2.7mM[K+](2-way ANOVA,Newman-Keuls test).
Increased [K+]o itself did not stimulate DG phosphorylation did so in the presence of 

glutamate; this effect was abolished in Na+-free medium (Table 1). These results suggest 
that increased [K+]o may contribute to astroglial energy metabolism not directly, but 
indirectly by possible stimulaton of Na+-dependent glutamate uptake.

577.7
EFFECT OF NEUROSTEROIDS ON GLUTAMATE UPTAKE IN 
CULTURED RAT ASTROCYTES. N.Aguila-Mansilla. A.S.Bender. C.K, 
Petito* and MD, Norenberg, Lab. of Neuropathology, VA Med. Ctr. & Dept. 
of Pathology, Univ. Miami Sch. of Med., Miami, FL 33101.

Astrocytes play a critical role in the uptake of the excitatory neurotransmitter, 
glutamate; such activity is required for the maintenance of normal intracellular 
concentration of glutamate (GLU). Factors that disturb such uptake may lead 
to CNS impairment. Neurosteroids (NS), compounds synthesized by brain 
cells, influence the morphology, cell volume and functional state of astrocytes. 
Therefore, this study examined the effect of several neurosteroids on the GLU- 
uptake in primary cultured cortical rat astrocytes. Cells were incubated with 
various NS (0.01, 0.5, 1, 10 and 30 pM) one hour, one or two days. GLU- 
uptake was assayed for 15 sec. at 37°C using 50 pM L-[3H]-GLU (0.2 pCi/ml). 
Our results show that tetrahydrodeoxycorticosterone (THDOC) at 10 and 30 
pM reduced the GLU-uptake after one day treatment by 19 and 24% (P<0.01), 
and after two days by 23 and 28% (P<0.01), respectively. On the other hand, 
tetrahydroprogesterone (THP) and pregnenolone, used at the same 
concentrations, inhibited the GLU-uptake only after two days treatment. THP 
inhibition was 10% with 10 pM (P<0.05) and 21% with 30 pM (P0.001). The 
inhibitory effect of pregnenolone, was 15 and 16% (P<0.01) with 10 and 30 
pM, respectively. Pregnenolone sulfate, dehydroepiandrosterone (DHEA), 
dehydroepiandrosterone sulfate (DHEAS) and progesterone did not affect the 
GLU-uptake. These results suggest that certain NS can depress the GLU- 
uptake in astrocytes possibly resulting in abnormal glutamatergic 
neurotransmission. (Supported by NIH NS34951 and Dept. Veterans Affairs).

577.8
PRION PROTEIN FRAGMNET PrP106-126 INDUCES CALCIUM- 
DEPENDENT RELEASE OF GLUTAMATE FROM CULTURED 
ASTROCYTES. S, Jeftinija*. K, Jeftinija and M, J, Schmerr, Dept. 
Vet. Anat. ISU, and National Animal Disease Center, Ames, IA 50011

Prion diseases are transmissible neurodegenerative disorders that 
cause typical reactive astrocytosis. The conversion of PrPc to PrPsc 
resulting in the accumulation of PrPsc in the astrocytes precedes 
neuronal death in the course of the disease. However, it is still 
unknown whether the cause of pathology found in scrapie is from 
neurotoxicity of PrPsc, acute depletion of PrPc, or some other 
mechanism. Our research focuses on the astrocyte's role in the 
neurotoxicity of PrPsc. We used a synthetic PrP fragment 
PrP106-126 that has been used as a model to investigate neurotoxicity 
of PrPsc. The release of glutamate from neuron-free cultures of 
neocortical astrocytes was monitored using HPLC. PrP106-126 
(lOuM) caused greater than a three-fold increase in the concentration 
of glutamate and a two fold increase in aspartate. In calcium-depleted 
saline, PrP106-126 failed to to produce a significant increase in the 
concentration of extracellular EAAs. PrP106-126 (lOuM) repeatedly 
raised the cytoplasmic level of free calcium in 75% of cells tested 
(n=79 of 105). This increase of intracellular calcium reached a peak 
about 6 min after the onset of PrP106-126 application and and then 
decreased to a plateau to the end of the experiment. PrP106-126 did 
not cause significant change in intracellular calcium when calcium 
was removed from the external saline.

These data demonstrate that PrP106-126 induces the release of 
glutamate from neocortical astrocytes by allowing influx of calcium.

577.9
REGULATION OF ASTROCYTIC CONNEXIN43 IN RAT 
BRAIN SLICES. W.E.I. Li*, E.L. Hertzberg and J.L Nagy. Dept of 
Physiol., Univ. of Manitoba, Winnipeg, MB R3E 0W3 Canada.

Regulation of connexin43 (Cx43) was studied in rat cerebral 
cortex slices. Incubation of slices with glutamate induced changes 
of immunostaining with Cx43 antibody 18A, 16A and 13-8300 
similar to that seen in ischemic tissue in vivo, namely loss of 18A 
staining and increase in 16A and 13-8300 staining which reflect 
phosphorylation and internalization status of Cx43. Co-incubation 
with tyrosine kinase inhibitor genistein enhanced the effects of 
glutamate. Genistein but not TPA alone produced similar effects. 
The effects of glutamate were prevented by tetrodotoxin, 
attenuated by kynurenic acid, APV, sodium fluoride and sodium 
orthovanadate, but not significantly by non-NMDA or metabotropic 
glutamate receptor antagonist NBQX and MCPG, a specific protein 
kinase C inhibitor chelerythrine chloride or okadaic acid. In a 
calcium-free ACSF, glutamate failed to induce 18A epitope 
masking and increase of 16A staining, but did produce increased 
immunostaining with 13-8300. Immunostaining for 
dephosphorylated Cx43 was partly blocked by the application of a 
intracellular calcium chelator BAPTA, but not by okadaic acid.

Supported by a grant to J.I.N from the MRC of Canada.

577.10
Intracellular  Na+ Concentration  in  Astrocytes  is Equalized  by  Gap  
JUNCTIONS B, R. Ransom* and C, R, Rose. Dept Neurology, University of Washington, 
Seattle, WA 98195-6465 and Dept Neurology, Yale University, New Haven, CT 06510

Gap junctions are channel-like structures that connect neighbouring cells and allow 
intercellular exchange of ions and molecules. We studied the influence of gap junction 
coupling on intracellular Na+ concentration (|Na+j{) in cultured rat hippocampal astrocytes, 
using fluorescence ratio imaging with the dye SBFI (sodium-binding benzofuran isophthalate).

The [Na+]j in neighboring astrocytes was very similar (12.0 ± 3.3 mM) and did not 
fluctuate under resting conditions. During uncoupling of gap junctions with octanol (0.5 mM), 
baseline [Na+]j was unaltered in 24%, increased in 54%, and decreased in 22% of cells. 
Qualitatively similar results were obtained with two other uncoupling agents, heptanol and 
a-glycyrrhetinic acid. Octanol did not alter recovery from a [Na+]; load induced by removal of 
extracellular K+ ([K+]o), indicating that octanol's effects on [Na+]j were not due to inhibition 
of Na+, K+-ATPase. Under control conditions, increasing [K+]o from 3 to 8 mM caused 
similar decreases in [Na+]j in groups of astrocytes, presumably by stimulating Na+, K+- 
ATPase. During octanol, [K+]0-induced [Na+]j decreases were amplified in cells with increased 
baseline [Na+]j, and reduced in cells with decreased baseline [Na+F This suggests that 
baseline [Na+]j in astrocytes sets the responsiveness of Na+, K+-ATPase to [K+]o increases.

Our results indicate that individual hippocampal astrocytes in culture rapidly 
develop different levels of baseline [Na+]j when they are isolated from one another by 
uncoupling agents. In astrocytes, therefore, an apparent function of coupling is the 
intercellular exchange of Na+ ions to equalize baseline [Na+]j, which serves to coordinate 
physiological responses that depend on the intracellular concentration of this ion.

Supported by NIH grants to B. R. R. (NS-15589) and by a fellowship from the Deutsche 
Forschungsgemeinschaft to C. R. R. (Ro 1130/1-2).
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577.11
CALCIUM MODULATES CHLORIDE AND TAURINE CONDUCTANCES 
IN SWOLLEN ASTROCYTES. GZ, Li*. Y, Liu and J.E, Olson. Dept. Emerg. 
Med., Wright State Univ. Sch. Med., Dayton, OH 45401.

Chloride and taurine conductances activated in astrocytes by hypoosmotic (200 
mOsm) swelling may mediate efflux of intracellular osmolytes with resulting vol-
ume regulation. Evidence suggests calcium, calmodulin, cAMP, protein kinase C, 
and microfilaments may mediate volume regulation in a variety of cell types. We 
used the whole-cell patch clamp method to study the role of calcium in astrocyte 
volume regulation controlled by these anion conductances. Cultured rat astro-
cytes were grown on glass coverslips and recorded at 35 °C. Using symmetric 
solutions of 100 mM CsCl and other constituents, 1.5±0.1 pA/pF inward currents 
(mean±SEM) were recorded in isoosmotic conditions at -60 mV holding poten-
tial. This current increased to 12.6±1.5 pA/pF (n=6) within 9 min of hypoosmo-
tic exposure (200 mOsm). This increase was significantly inhibited by 100 ji M 
nimodipine (n=4). No membrane conductance change was observed after 15 min 
in hypoosmotic medium without calcium (n=7). La+3 (1 mM) inhibited by 
112±14% the membrane conductance increase induced by cell swelling (n=6). 
Peak membrane conductance was recorded 7.9±0.2 min after the start of hypo-
osmotic exposure (n=12). With 0.1,1.0,10, or 100 pM nimodipine in the 
hypoosmotic solution, the peak was delayed to 11.2±1.1,10.9±0.7,16.9±0.4 or 
18.2±0.6 min (n=5-7), respectively. Using taurine as the major anionic osmolyte 
in patch and perfusion solutions (pH=8.2), a similar delay in peak conductance 
increase was obtained with 1.0 pM nimodipine (n=6). Thus, activation of chlo-
ride and taurine conductance pathways in astrocytes swollen in 200 mOsm condi-
tions results from calcium influx through L-type channels.
Supported by Kettering Medical Center.

577.12
KCI VERSUS HYPOTONIC INDUCED [3H]-D-ASPARTATE RELEASE 
FROM PRIMARY ASTROCYTE CULTURES USE DIFFERENT 
SWELLING ACTIVATED CHANNELS. E, Rutledge*, M. Aschner and H.K, 
Kimelberg. Division of Neurosurgery and Dept. of Pharmacology /Neuroscience, 
Albany Medical College, Albany, NY 12208

During ischemia and head trauma brain cells, predominantly astrocytes, swell. 
Increased [K4]o, observed during brain insults, has been shown to swell astrocytes 
in vitro. It has been well documented that when cells swell by either hypotonic or 
high K+ media various cellular anions are released. Three swelling activated 
anion channels have been identified thus far in several cell types: (1) C1C-2 (2) 
Maxi anion channel (3) Volume Sensitive Osmolyte Anion Channel (VSOAC)(or 
Ici„). Raised [K+]o, compared to hypotonic medium, shows no RVD since release 
and swelling (at 37°C) continue to increase in the presence of raised [K4]o and only 
returns to baseline with normal [K+]0. Lowering the temperature to 25°C, 
tamoxifen, 3’-Azido-3’ deoxythymidine (AZT) and ATP inhibited raised KCI 
induced [3H]-D-aspartate release but had no effect on hypotonic media induced 
release. NPPB, L-644,711, dideoxyforskolin inhibited both types of release. A 
reduction in intracellular [ATP] using the glycolytic inhibitor iodoacetate (IAA) 
inhibited both. However, raised [K]o was inhibited after 10 min but a 25 min 
iodoacetate pretreatment was required to blocked hypotonic-induced release. Cell 
swelling was measured to verify that high K induced swelling was not being 
inhibited and thus far the only drug that had no effect on KCI swelling was found 
to be extracellular ATP. AZT and tamoxifen have not been tested yet. Lowered 
temperature, NPPB, IAA all blocked swelling suggesting that active metabolism 
and intracellular ATP is needed. The effects of, principally extracellular ATP and 
perhaps AZT, suggest that raised [K+]o induces [3H]-D-aspartate release via the 
VSOAC. Rapid hypotonic swelling possibly induces release through the maxi 
channel. (Supported by NS 35205).

577.13

MAP and Tyrosine Kinases Modulate Astrocyte Volume- 
Activated Chloride Channels

Valerie Crepel, William Panenka, Melanie Kelly~. Brian A. MacVicar*.
Neuroscience Research Group, University of Calgary, Calgary, Alberta 
and +Dept. Pharmacology, Dalhousie University, Halifax, Nova Scotia.

Volume-activated Cl' channels are thought to be important in 
regulatory volume decreases in response to cellular swelling. The goal 
of these experiments was to examine the controversial involvement of 
the second messengers, MAP and tyrosine kinases, in the activation of 
Cl' current in response to swelling of rat cortical astrocytes in cell 
culture. Astrocyte swelling in hypo-osmotic solution (HOS) induced an 
outwardly-rectifying C1‘ current as previously reported. This current 
was not affected by chelating [Ca2+]j but rundown was prevented by 
including ATP (2 mM) in the pipette. Activation of the Cl' current by 
HOS was reversibly blocked by inhibitors of both tyrosine kinases 
(genistein and tyrphostin 23) and MAP kinases (PD98059). Mobility 
shifts and phosphotyrosine immunoblotting on Western blots showed 
that MAP kinases, Erkl and Erk2, in cultured astrocytes were activated 
by HOS and this activation was inhibited by the same tyrosine and 
MAP kinase inhibitors. We conclude that tyrosine and MAP kinases 
are involved in the activation of volume-activated Cl' channels in 
astrocytes. Supported by MRC Canada

577.14
5-HT AND GLUTAMATE MODULATE INTERCELLULAR CALCIUM 
SIGNALING IN HIPPOCAMPAL ASTROGLIAL CELLS 
F. Blomstrand 1)1 S. Khatibi2). H. Muyderman ]) E. Hansson T, Qlsson2) and U 
R6nnback*n Institute of Neurobioiogy and Institute of Clinical Neuroscience, 
Department of Neurology, Goteborg University and Department of Applied 
Electronics, Chalmers University of Technology7, Goteborg 2\ Sweden.

The effects of 5-HT and glutamate on mechanically-induced intercellular 
calcium waves were studied in gap junction coupled astroglial cells using rat 
astroglial-neuronal primary7 cultures from hippocampus. Imaging software was 
developed to study amplitude, velocity and extent of the wave propagation. Velocity 
software was designed to automatically find the cell contours, calculate traveled 
distance and time-delay of the calcium wave as it propagates from the stimulated 
cell to all other cells. Propagation analyzes were performed to calculate the area of 
wave propagation. Mechanical stimulation of a single astroglial cell induced an 
intercellular calcium wave spreading from cell to cell in the astroglial syncytium. 
When registering the calcium signal appearances in individual cells along the wave 
path upon re-stimulating the same cell, 44.7 % of the cells responded with similar 
calcium signal appearance the second as the first time. The wave of increased 
intracellular calcium concentration propagated in all directions out from the 
stimulated cell; both amplitude and velocity of the calcium signal decreased most 
prominently in the first part and showed a later stabilization. Treatment with 5-HT 
or glutamate for 20-30 seconds before a mechanical stimulation increased the 
velocity of the calcium waves. 5-HT treatment for various times decreased the 
propagation area of these calcium waves. In contrast, glutamate treatment increased 
propagation area.
This work was supported by Anna Cederberg Foundation For Medical Research 
and The Swedish Medical Research Council Grant (14X-06005).

577.15
ELECTROPHYSIOLOGICAL PROPERTIES OF HUMAN GLIOMAS 
IN SITU: THE ENIGMA OF THE SPIKING ASTROCYTE.
A. Bordey, and H. Sontheimer*. Dept. of Neurobiol., Univ. of Alabama 
Birmingham.

Human astrocytic tumors (gliomas) were studied using whole-cell patch-clamp 
recordings in acute slices from patient biopsies. Recordings were obtained from 
glioma cells of various malignancy grades (WHO I-IV) and compared to recordings 
from “normal” human glial cells obtained from tissue not associated with tumors. In 
addition to the previously described glioma Cl' channels that is abundantly expressed 
in most glioma cells, 59/75 of all studied glioma cells displayed slowly activating, 
sustained outward potassium currents, reminiscent of delayed rectifying K+ currents 
(Ikd). These sustained outward currents were sensitive to TEA (lOmM), activated at - 
40mV and were half-activated at 2.0mV. 37/52 of the low grade glioma cells and 6/8 
of the glioblastoma cells in addition expressed transient, voltage-activated sodium 
currents (Ina) that were sensitive to TTX (lOOnM). Ina activated at ~50mV, peaked 
at ~0mV, and reversed at +65mV (ENa=+68mV), thus showed all of the hallmarks of 
Na+ currents in normal astrocytes. A striking difference in comparing, “normal” 
astrocytes and gliomas was in the relative expression of inwardly rectifying K+ 
currents. These were almost always present in normal cells (6/8) but were 
conspicuously absent in glioma cells. When stimulated by current injections under 
current-clamp from a holding potential of -70mV, low-grade gliomas were capable of 
generating transient, slow rising action potential-like responses. The threshold 
potential for generating such slowly decaying spikes was -34mV. The spike amplitude 
and time-width were 52.5mV and 12ms, respectively. Such action-potential-like 
responses were not observed in normal human glial cells. Computer modeling of our 
data suggests that the ratio of gK/gna, and particularly the lack of Kir in low grade 
tumors account for this unusual spiking behavior in glioma cells. The physiological 
significance of these glioma spikes are an enigma. (Supported by ROI-NS 31234)

577.16
ROLE OF GLIAL Na-DEPENDENT BICARBONATE UPTAKE IN THE 
GENERATION OF CO2 TRANSIENTS AND ACID EXTRACELLULAR SHIFTS 
EVOKED BY ELEVATED K+ OR NEURONAL STIMULATION IN THE RAT 
HIPPOCAMPAL SLICE S. B. Bjorkholm*. K. Kaila. P, Paalasmaa and J. Voipio.Dept of 
Biosciences, Div of Animal Physiology, P.O.Box 17, FIN-00014 Univ of Helsinki, Finland.

A train of stimuli applied to the Schaffer collaterals in hippocampal slices leads to a 
transient rise in the partial pressure of CO2 (Pco2), which is linked to a fall in extracellular 
pH (pHo; Voipio and Kaila 1993: Pflugers Arch. 423:193-201). So far, it is not known 
whether the Pco2 transient is due to titration of intracellular HCO3‘ or to an enhanced CO2 
production. To examine this question, we used double-barrelled CO/pH-sensitive 
microelectrodes and conventional double-barrelled pH-sensitive microelectrodes to record 
from s. radiatum in area CAl of rat hippocampal slices kept in an interface chamber. In the 
presence of drugs to block AMPA, NMDA and GABAa  receptor channels as well as 
voltage-gated Ca2+ channels (cf. Paalasmaa and Kaila 1996: J Neurophysiol 75(6):2354- 
2360), stimulation of Schaffer collaterals (10-50 Hz, 100 pulses) evoked fast monophasic 
acid transients. These acid shifts were inhibited by the stilbene DIDS (0.5 mM), by Bai+ 
(0.5 mM), or by benzolamide (BA, 10 /iM, a poorly permeant inhibitor of carbonic 
anhydrase). In the presence of postsynaptic receptor antagonists, Ca2+ blockers and TTX 
(1 /iM), the monophasic acid shifts induced by microinjections of KCI (200 mM) were 
associated with increases in Pco2, both of which were suppressed by DIDS. However, BA 
inhibited the fall in pi with no conspicuous effect on the rise in Pco2. In the absence of 
drugs, Schaffer collateral stimulation (10 Hz, 100 pulses) resulted in biphasic alkaline-acid 
shifts. Both BA and DIDS blocked the acid shift, but the alkaline transient was more 
strongly enhanced by BA than by DIDS. Again the increase in Pco2 was inhibited by DIDS 
but not by BA. These results are consistent with the view that Na+~dependent 
(electrogenic) HCO3' uptake and subsequent titration to CO2 by glial cells act as the major 
link between the activity-induced transient fall in pH<, and the parallel increase in Pco2. 
Supported by the Juselius Foundation and the Academy of Finland.
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577.17
EVIDENCE FOR A DIRECTED SPATIAL POTASSIUM BUFFER 
MECHANISM IN RAT NEOCORTICAL BRAIN VISUALIZED BY 
INTRINSIC OPTICAL SIGNALS. K. Holthoff *, I. Dietzel, O.W. Witte. Neuro- 
logische Klinik der Heinrich-Heine-Universitat, Moorenstr.5,40225 Dusseldorf, Germany

The spatial potassium buffer mechanism (SPBM) formed by glial cells has been supposed 
to be a player in a concert of different systems which maintain extracellular potassium 
homoeostasis in nerveous systems. Ion redistribution by SPBM should lead to extracellular 
space (ECS) shrinkage in middle and expansion in upper and lower cortical layers (Dietzel 
et al., Glia 2: 25-44, 1989). Here we investigated whether the SPBM is present in rat 
cortical brain tissue and whether it is directed.

Experiments were done on coronal cortical slices of juvenile male Wistar rats (14 days 
old). Changes in extracellular space volume were recorded using intrinsic optical signals 
(IOSs) (Holthoff and Witte, J.Neurosci. 16(8): 2740-2749,1996). IOSs were induced by 
electrical stimulation (pulses of 200 ps/2-9V in a train of 50 Hz for 2 s) in layer VI. To 
intensify the relative contribution of SPBM to potassium clearance, the extracellular 
chloride concentration was reduced to 17 mM.

After afferent stimulation a shrinkage of ECS volume was recorded in cortical 
layers III-V. At corresponding locations a monophasic increase in extracellular potassium 
concentration appeared. In upper and lower cortical layers ECS volume expanded with a 
time lag of 1.9 ± 0.4 s (n=9) after start of stimulation. In layer I the stimulation-induced 
increase in extracellular potassium concentration was biphasic. The second part of the 
potassium increase arose with a time lag of 0.6 ± 0.2s (n=5) after start of stimulation.

We conclude that the spatial potassium buffer mechanism is present in rat neocortical 
brain. This buffer shows a directional preference (siphoning) which is perpendicular to 
cortical layer orientation.
Supported by SFB 194/B2

577.18
INTRACELLULAR CALCIUM DYNAMICS DURING HIPPOCAMPAL 
SPREADING DEPRESSION. T, A, Basarskv*, B, A, Mac Vicar. 
Neuroscience Research Group & Dept. of Physiology & Biophysics, 
University of Calgary. Calgary AB., Canada T2N 4N1.

Calcium waves in glia have been hypothesized to underlie s 
preading depression. We examined [Ca2+]; dynamics during ouabain 
induced spreading depression by simultaneously imaging Fura-2 
fluorescence and intrinsic optical signals in 400 pm hippocampal slices 
derived from P15-P25 rats. Intrinsic optical signals (transmittance changes 
due to cellular swelling) were monitored at long wavelengths (> 650 nm) 
and [Ca2+]; dynamics were simultaneously visualized using Fura-2/AM 
loaded slices. As we have shown previously, ouabain induced spreading 
depression is characterized by a rapid increase in transmittance, followed 
by a slower decline towards baseline levels. This increase in transmittance 
propagates across the slice at a velocity of approximately 20 - 30 pm/s. A 
slow increase in [Ca2+]; begins prior to this transmittance change and 
typically develops into a rapid increase in [Ca2+]j. This rapid calcium 
increase propagates at a velocity of approximately 25 - 35 pm/s and peaks 
in advance of the transmittance peak, before returning towards baseline 
levels. In slices incubated with 0-Ca++ / 2 mM EGTA the increase in 
transmittance still occurs, although there is not any significant change in 
intracellular calcium. These results demonstrate that a [Ca2+]j increase 
precedes spreading depression, but these calcium dynamics are not 
necessary for the generation of spreading depression.

Supported by the MRC of Canada (BAM) and an AHFMR Post-
doctoral fellowship (TAB).

577.19
MODULATION BY EXTRACELLULAR pH OF AN INWARDLY RECTIFYING 
CHLORIDE CURRENT IN RAT CORTICAL TYPE-1 ASTROCYTES. S. Ferroni, 
M. Caprini, M. Nobile0, F. Benfenati* and C. Rapisarda. Dept. Human and General 
Physiology, University of Bologna, 40127 Bologna, Italy ̂ Institute of Cybernetics 
and Biophysics, CNR, 16149 Genova, Italy. *Dept. Experimental Medicine, 
University of Roma II, Roma 00173, Italy.

Astrocytes play a key role in the homeostasis of the neuronal microenvironment 
by controlling also the extracellular pH (pH0). However, under some physiological 
and pathophysiological conditions, transient modifications of pH0 occur and it is still 
not completely clear how these pH0 changes can affect the functional properties of 
the astrocytic plasma membrane. Here we investigated the effects of acidic and 
alkaline pH0 values on a recently characterized inwardly rectifying chloride (C1‘) 
current expressed by cultured rat neocortical type-1 astrocytes upon long-term 
treatment (1-3 weeks) with dibutyryl cAMP. Electrophysiological recordings were 
performed with the whole-cell patch clamp technique by using intra- and 
extracellular solutions with monovalent cations replaced by N-methyl-D-glucamine 
and with symmetrical high Cl'. Astrocytes were challenged with extracellular 
solutions having pH ranging from 6 to 8. At pH0 6.4 or 6.8 the hyperpolarization- 
activated Cl' currents increased in amplitude compared to control currents measured 
at pH0 7.3. In contrast, upon exposure to pH0 8, smaller inward Cl' currents were 
elicited. The pH0-induced variations in current magnitudes were rapid, and were not 
accompanied by a modification of the current reversal potential; they could be well 
explained by shifts of the steady-state activation curves. When pH0 was lowered to 6 
a marked slowing of the current activation kinetics and a depression of the steady- 
state currents were observed. Taken together the data suggest that the astrocytic Cl" 
inward rectifier is strongly pH0-sensitive and that at least two different mechanisms 
are responsible for these modulatory effects.
Supported by C.N.R. and M.U.R.S.T. (Italy).

577.20
CAPACITATIVE CALCIUM ENTRY IN CULTURED RAT 
HIPPOCAMPAL ASTROCYTES. S. Koizumi*1 and K, Inoue.2 ]The 
Babraham Inst. Lab. Mol. Signal., Univ. Cambridge, Cambridge CB2 3EJ,
U.K., ^Div. Pharmacol., Natl. Inst. Health Sci., Tokyo 158, Japan

Adenosine 5'-triphosphate (ATP) is known to produce an elevation 
in intracellular Ca*+ concentration ([Ca^+ji) in almost all glial cells. 
The responses, however, show great varieties in part because of their 
heterogeneity. Thus, changes in [Ca^+ji evoked by ATP were 
characterized using cultured astrocytes from restricted region, the rat 
hippocampus. Briefly applied ATP produced a transient [Ca^+ji rise 
with an ED50 of about 3 pM, which was mediated by inositol 1,4,5- 
trisphosphate (InsP3) and was independent of extracellular Ca2+. 
When ATP was applied to the cells for a longer period, it produced 
biphasic elevation in [Ca^+]i only in the presence of extracellular 
Ca2+, i.e. a transient Ca^+ release was followed by a sustained phase 
of Ca2+ entry through non-voltage dependent pathway. The sustained 
Ca2+ entry was mimicked by thapsigargin or cyclopiazonic acid, 
inhibitors of Ca^+ATPase pump of endoplasmic reticulum. This 
sustained rise in [Ca^+ji was inhibited by Zn^+ (>30 pM), an 
inhibitor of capacitative Ca^+ entry (CCE), and is known to be 
released and rich in the hippocampus. Taken together, besides a 
transient Ca^+ release by InsP3, ATP produces CCE in astrocytes 
from the hippocampus. It is to be emphasized that CCE evoked by 
ATP and its inhibition by Zn^+ could occur in the hippocampus in 
situ.

MEMBRANE STRUCTURE AND CYTOSKELETON I

578.1
EXPRESSION AND LOCALIZATION OF BRAIN ANKYRIN 
ISOFORMS AND RELATED PROTEINS IN DEVELOPING RAT 
NERVOUS SYSTEM. M. Kunimoto*, H. Imai and H. Asou#. Environ. 
Health Sci. Div., Natl. Inst. Environ. Studies, Tsukuba, Ibaraki 305, and 
#Tokyo Metropolitan Inst. Gerontol., Itabashi, Tokyo 173, Japan.

Ankyrins are a family of spectrin-binding proteins that link the 
spectrin/actin network to cytoplasmic domains of integral membrane 
proteins. Ankyrins, the major ankyrin in the brain includes at least two 
isoforms of 220 kD, the major ankyrin isoform in adult rat brain and 40 
kD, which is maximally expressed in developing neonatal rat brain and is 
most abundant in regions comprised of unmyelinated axons (M. 
Kunimoto et al. (1991) J. Cell Biol. 115, 1319-1331). In this study, we 
examined the expression and localization of the ankyrins isoforms in 
developing nervous system of prenatal rats and compared with those of 
other neuronal proteins, including cell adhesion molecule LI known as an 
ankyrin-binding protein. 440-kD ankyrins appeared as early as on 
embryonic day 12 and increased progressively towards the day of birth, 
which was similar to the expression pattern of LI, GAP-43 and tau. On 
the other hand, 220-kD ankyrins was expressed at a low level but 
constitutively throughout the latter prenatal period and was even a major 
isoform before embryonic day 14. While the localization of 440-kD 
ankyrins was essentially confined to the axons, judging from the 
colocalization with GAP-43 and tau, 220-kD ankyrins showed rather 
general distribution. The localization of LI was similar to that of 440-kD 
ankyrins, suggesting their specific interaction. (This work was supported 
in part by Grant-in-Aid from the Ministry of Education, Science, Culture 
and Sports of Japan.)

578.2
CONNEXIN32 IMMUNOREACTIVITY IN THE NEURONAL NETWORK OF 
THE RAT RETINA. K. Warfvinge1,2, K, Johansson1, C. Johansson2, and B. 
Juliusson*3. 1 Dept. of Ophthalmology, Lund Univ. Hospital, S-221 85 Lund, 
Sweden. 2 Univ. Colleges of Health Sciences, S-55 111 Jonkoping, Sweden. 3 Dept. 
of Clinical Neuroscience, Wallenberg Neuroscience Center, S-223 62 Lund, Sweden.

The retina can be regarded as a model system in which the role of gap junctions in 
the neural networks may be determined, since electronic coupling exists between rod 
photoreceptors, between amacrine cells, between horizontal cells and between 
ganglion cells. There is no immunohistochemical information available on the 
distribution of connexins in the mammalian retina. We have therefore investigated 
the distribution of connexin32 in the rat retina. Eyes from adult SD rats were 
enucleated, dissected, and placed in 4% paraformaldehyde for 2-4 hrs. Retinas were 
then processed in elevated concentrations of sucrose in PBS buffer, embedded, 
cryostat sectioned at 12 pm and further processed for immunohistochemistry using a 
mouse monoclonal antibody against connexin32 (Chemicon Int. Inc.). The sections 
were incubated with the primary antibody (1:200) over night at 8°C, with the 
secondary Texas Red conjugated antibody (1:80) for 30 minutes at room temperature 
and examined in an epifluorescense microscope. The examination showed an intense 
connexin32 immunoreactivity (IR) of the cell body of the horizontal cells and their 
processes, a moderate IR of many amacrine and ganglion cells, and of the inner 
plexiform layer. In addition, the optic disc and nerve displayed an intense IR. Close 
examination revealed that the IR often appeared in small spots, as expected from the 
known gap junction morphology. The present study demonstrates connexin32 IR in 
mammalian retinal neurons. Although trafficking of connexins in the cytoplasm is a 
rather unexplored subject, it seems likely that they interact with cytoskeletal or 
cytoplasmic components. Our findings suggest that connexin32 is present not only in 
the cell membranes, but also in the cytoplasm of many retinal neurons. (grants)
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578.3
TELENCEPHALIN LOCALIZED POSTSYNAPTICALLY 
IN RAT HIPPOCAMPAL CAl NEURONS. M. Murate, T, 
Hashikawa*, Y, Yoshihara and K. Mori. Labs, for Brain Structure 
& Function and Neural Recognition Molecules, Inst, of Phys, and 
Chem. Res. (RIKEN), Wako 351-01, Japan, and Dept. of 
Neuroscience, Osaka Bioscience Inst., Osaka 569, Japan.

Telencephalin (TLN), a cell adhesion molecule belonging to the 
immunoglobulin superfamily, has been immunocytochemically 
localized in CAl region of the rat hippocampus, using an 
antibody specific for a cytoplasmic carboxyl terminal peptide of 
TLN. Light microscopically TLN immunoreactivity was found in 
the neuropils in all CAl cortical layers. Apical and basal 
dendrites of pyramidal cells were most intensely immunoreactive. 
Electron microscopically the immunoreactivity was detected in 
the dendritic shafts and spines associating with the interior of 
plasma membrane. Axonal profiles did not show any immuno-
reactivity. At postsynaptic sites cluster-like accumulation of TLN 
signals was found over all parts of the dendritic membrane except 
for a portion of active zone at synapses. Some dendritic spines 
with TLN signals were found to make synaptic contacts with 
glutamatergic nerve terminals. GABAergic neuronal profiles had 
no signals of TLN. These findings indicate that TLN is a cell-type 
specific molecule and an example of dendrite-associated cell 
adhesion molecules that are sorted out selectively to soma- 
dendritic membrane. Supported by Frontier Research Program, 
RIKEN.

578.4
NEUREXIN IS EXPRESSED ON AXONS. A.B. Russell* and S.S. Carlson. 
Department of Physiology and Biophysics, Mail Code 357290, University of 
Washington, Seattle, WA 98195

Neurexins are highly polymorphic transmembrane proteins 
hypothesized to function as nerve terminal cell adhesion molecules in the 
nervous system. In our previous study, we reported the observation that 
neurexin is expressed on nerves, but not at synapses, in the electric organ of 
the elasmobranch marine ray (Soc. Neurosci. Abstract, 1983 (1996)). This 
observation argues against a universal role for neurexins as nerve terminal 
specific proteins. We have expanded upon our findings to demonstrate that 
neurexin is localized to axonal membranes. We have labeled sections of the 
electromotor nucleus (EMN), electromotor nerve, and electric organ from the 
marine ray with antibodies to the intracellular domain of electric fish 
neurexin in immunocytochemical experiments. In the electromotor pathway, 
neurons originate in the EMN to form synapses in the electric organ and the 
axons of these neurons form the electromotor nerve. We have found that 
neurexin is expressed by EMN neurons to be localized to axonal membranes 
of myelinated nerves. In addition, we have also identified a 140kDa form of 
neurexin common to'the tissues that comprise the electromotor pathway in 
the marine ray. The size and expression pattern for this neurexin form is 
consistent with an ot-neurexin that is axonally expressed. Based on our 
current findings, we hypothesize that neurexin expressed on nerves is 
involved in axon-Schwann cell interactions. This study was supported in part 
by a NASA-GSRP Fellowship to A.B.R. and NIH NS 22367 to S.S.C.

578.5

IDENTIFICATION OF GEPHYRIN BINDING PROTEINS 
FROM RAT BRAIN
S. Kins, H. Betz and J. Kirsch* Dept. of Neurochemistry, 
Max-Planck-lnstitute for Brain Research, Deutschordenstr. 46, 
60528 Frankfurt, Germany

The peripheral membrane protein gephyrin is essential for the 
postsynaptic localization of the inhibitory glycine receptor and 
thought to link the receptor complex to the subsynaptic 
cytoskeleton. High affinity binding of gephyrin to tubulin has been 
demonstrated, and postsynaptic gephyrin/glycine receptors were 
shown to be sensitive to alkaloids affecting the integrity of 
microtubules and microfilaments. These findings suggest the 
presence of a complex structural and regulatory network 
underlying glycinergic synapses. In order to identify additional 
components of the subsynaptic machinery we screened a two- 
hybrid library from newborn (PO) rat brain using a Gal4- 
BD/gephyrin fusion protein as bait.

We have identified several double positive clones containing 
different inserts which encode polypeptides involved in 
intracellular signalling cascades and transport processes. 
Moreover, two cDNAs encoding a novel neuron-specific protein 
were characterized.

The identification of these new interacting partners of gephyrin 
may offer a more detailed view into the differentiation, structure 
and signalling network of glycinergic synapses.

578.6
PURIFICATION AND CHARACTERIZATION OF A 240KD RAT BRAIN 
PROTEIN AND ITS RELATIONSHIP TO BRAIN MYOSIN II AND BRAIN 
SPECTRIN. M. E. Miller*, S. R. Goodman, A. Davis, and S. H. Goldstein. Dept. Of 
Anatomy, Philadelphia College of Osteopathic Medicine, Phila., PA 19131.
During the purification of a myosin II heavy chain-specific polyclonal antibody 

generated against myosin II isolated from murine neuroblastoma cells, it was noted that 
die semi-purified antibody that bound to and eluted from a brain myosin II affinity 
column was immunoreactive with the 200kD brain myosin II heavy chain as well as an 
unknown 240kD polypeptide in postnatal rat brain homogenates. The material that did 
not bind to the brain myosin II affinity column (i.e. flow through polyclonal antibody 
(PcAb)) was also immunoreactive with this 240kD polypeptide and was used to monitor 
the biochemical purification of the unknown 240kD polypeptide from adult rat brain. To 
initiate our characterization of this unknown 240kD polypeptide, we compared the 
immunoreactive patterns of this flow-through antibody to those of antibodies for brain 
spectrin, red blood cell (RBC) spectrin, and nonmuscle myosin II on one- and two- 
dimensional Western blots and on sections of adult rat cerebellum at the light and 
electron-microscopic levels. One-dimensional Western analysis showed almost identical 
patterns for the PcAb and brain spectrin antibody. Two-dimensional Western analysis 
also showed almost identical patterns for the PcAb and brain spectrin antibodies, except 
that the PcAb was immunoreactive with an additional basic grouping (pi ~6.9) of the 
purified 240kD polypeptide. Light microscopic analysis showed similarities between the 
labeling patterns of the PcAb, RBC spectrin, and nonmuscle myosin antibodies within 
the molecular and granular layers of the rat cerebellum; the brain spectrin antibody 
showed a distinctive labeling pattern compared to the PcAb. Ultrastructurally, the PcAb 
labeled neuronal nuclei throughout the cerebellum which was not observed with either 
spectrin antibody. These results suggest that the 240kD protein recognized by the PcAb 
may be either a novel isoform of brain spectrin or brain myosin II and should be resolved 
by future sequencing data. This research was supported by in-house funding.

578.7
LOCALIZATION OF THE NOVEL NEURAL-SPECIFIC CALCIUM-BINDING 
PROTEIN CALP IN RETINA AND BRAIN. T.M. BOckers13*. C.I. Seidenbecher12, 
B.A, Sabel2. E.D. Gundelfmger1 and M.R. Kreutz2. 'institute for Neurobiology, Dept. 
Neurochemistry, P.O. Box 1860, 39110 Magdeburg; 2Otto-v.-Guericke-Univ., Inst. 
Med. Psych., AG Ret. Schadigungsplastizitat, 39120 Magdeburg, ’institute cf 
Anatomy, Vesaliusweg 2-4, 48149 Munster, Germany.

In the retina two major subdivisions of neuronal EF-hand Ca2+-binding proteins 
(CaBPs) can be distinguished: while recoverin, visinin and guanylate cyclase activating 
protein-1 (GCAP-1) are primarily photoreceptor-specific and therefore found exclusively 
in the outer retina, others like neurocalcin, NVP, VILIP, p23 and ffequenin belong to 
the second branch expressed in the inner retina and in the brain. We cloned a new 
putative CaBP called CALP (see abstract by Seidenbecher et al.) that clearly belongs to 
the second subdivision. As evidenced by in situ hybridization and immuno-
histochemistry CALP is mainly expressed in amacrine and a subset of retinal ganglion 
cells. In correspondence, strong immunoreactivity is found in the inner plexiform layer 
indicating a neuritic localization of the protein. Diffuse axonal injury of the optic nerve 
significantly reduces CALP staining intensity probably in both amacrine and retinal 
ganglion cells, providing thereby indirect evidence that CALP expression is regulated 
by neuronal activity. In neuronal primary cultures from hippocampus CALP 
immunoreactivity exhibits a somato-dendritic pattern similar to MAP2. This pattern 
closely resembles the cellular staining pattern in brain sections showing a preferential if 
not exclusive somato-dendritic expression. This was confirmed at the ultrastrucutural 
level. In brain pyramidal cells from cortex and hippocampus are the most strongly 
labeled neuronal population. No evidence for CALP-expression in non-neuronal cell 
types was found. CALP mRNA and immunoreactivity is restricted to cells in cortical 
layers I, II, III, V and VI, to the CA3 area of the hippocampus, granular and Purkinje 
cells of the cerebellum and neurons in the superior colliculus. In other brain areas 
cellular label was significantly lower or non-detectable.
Supported by grants from BMBF Neurotrauma Magdeburg-Berlin, TPA2 and the Land 
Sachsen Anhalt.

578.8
IDENTIFICATION OF THE MAJOR PSD-95 BINDING PROTEIN 
IN BRAIN, A 47 KD PROTEIN CONSERVED FROM BACTERIA 
TO HUMAN. J. E. Brenman* and D. S. Bredt. Department of 
Physiology, University of California at San Francisco, 94143

PSD-95 clusters ion channels, including NMDA receptors, with 
downstream signaling targets, such as neuronal nitric oxide synthase 
(NOS). To systematically identify PSD-95 binding proteins, we 
performed affinity chromatography of rat brain extracts using a 
column of PSD-95 protein. Western blotting of column eluates 
demonstrated enrichment of several proteins including NMDA 
receptors and NOS. Silver staining of column eluates, however, 
demonstrated a single major band of 47 kD. Further analysis 
indicated that this 47 kD protein binds selectively to the PDZ domains 
of PSD-95. Microsequencing of peptide fragments and subsequent 
cDNA cloning indicated this 47 kD protein is novel and has no 
domains of known function. Interestingly, sequences homologous to 
the 47 kD protein are found as ORFs in the genome^ of bacteria and 
yeast. Western blotting of tissue extracts shows that the 47 kD 
protein is enriched in rat brain membranes. At the cellular level, the 
47 kD protein colocalizes with PSD-95 in several neuronal 
populations. Immunoprecipitation analysis shows that the 47 kD 
protein is quantitatively associated with PSD-95 in solubilized brain 
membranes and binds PSD-95 to a far greater extent than previously 
identified partners. Genetic studies of the 47 kD protein should yield 
important insight into the role of the PSD-95 complex in synaptic 
function. (Supported by grants from the NIH and AHA.)

Society  for  Neuroscience , Volume  23,1997



1466 MEMBRANE STRUCTURE AND CYTOSKELETON I TUESDAY PM

578.9
CITRON, A RHO-INTERACTING PROTEIN, IS A COMPONENT 
OF THE RAT FOREBRAIN POSTSYNAPTIC DENSITY 
FRACTION Wandong Zhang*, Michelle L. Apperson and Mary B. 
Kennedy Div. of Biology 216-76, Caltech, Pasadena, CA 91125

Proteins migrating at apparent MW 180 kD were purified from 
the rat postsynaptic density fraction by SDS-PAGE. Proteins 
within excised ge, bands were digested with trypsin. Tryptic 
peptides were purified by HPLC and sequenced by gas phase 
sequencing. A BLAST search of the Genbank database 
revealed that 4 of 7 peptide sequences are present in a protein 
named citron previously identified in mouse by the yeast 
two-hybrid method as a GTPRho binding partner proposed to 
be a GTPRho/Rac effector (Madaule.et al.,1995). We have 
cloned the rat citron gene and the encoded protein is -98% 
identical to mouse citron. The sequence reveals a coiled-coil 
domain, a rho-binding region, a PH domain, a Zinc-finger like 
motif, multiple possible CaMKII phosphorylation sites, and a 
tSXV motif that may bind to PDZ domains. We have raised an 
antibody against citron and shown by western blot that citron is 
enriched in the forebrain PSD fraction. Immunocytochemistry is 
being carried out to identify the cellular localization of citron in 
neuronal cultures and brain sections. We propose that citron 
participates in control of the cytoskeleton within spines under 
the regulation of the rho family of small GTPases.
Madaule et al. (1995) FEBS Lett. 377,243-248. Supported by NS28710

578.10
IDENTIFICATION AND CLONING OF A NOVEL 130 KD 
PROTEIN CONTAINING A RAS GTPASE-ACTIVATING DOMAIN 
FROM THE RAT FOREBRAIN POSTSYNAPTIC DENSITY 
FRACTION. Hong-Jung Chen and Mary B. Kennedy*. Division of 
Biology 216-76, Caltech, Pasadena, CA 91125.

We have identified a novel protein that contains a Ras GTPase- 
activating (Ras-GAP) domain as a major protein component of apparent 
MW 130 kD in the rat forebrain postsynaptic density (PSD) fraction. The 
protein was partially purified by SDS-PAGE fractionation of the PSD 
fraction and trypsinized in the gel piece. Peptides were released from 
the gel and separated by HPLC. Peptide fractions were analyzed by 
MALDI-TOF mass spectrometry, and sequenced by gas phase Edman 
degradation. We designed sense and antisense primers for the 
polymerase chain reaction (PCR) based on the peptide sequences. 
Using combinations of sense and antisense primers for different 
peptides, we performed RT-PCR with polyA+ RNA from rat forebrain as 
template and obtained a specific -720 bp PCR product. This PCR 
product was used as a probe to screen a Xgt11 rat brain cDNA library. 
Twenty-four positive clones were purified and 13 sequenced. We 
assembled a nearly complete sequence from 7 clones with overlapping 
sequences. The -3.2 kb cDNA contains an open reading frame and 
encodes a protein of -113 kD that contains 12 of the original peptide 
sequences. Blast search revealed that this protein has significant 
homology (25-33% identity) to the carboxyl halves of p120Ras-GAPs 
from mammals and other organisms and contains the ras-GAP fingerprint 
motif. The sequence also reveals a putative PH domain, a proline-rich 
region and several potential CaMKII phosphorylation sites. This 
synaptic p130 ras GAP appears to represent a new class of mammalian 
ras GAPs. We are in the process of cloning the full-length cDNA and 
characterizing the protein biochemically.
supported by NS28710.

578.11
IDENTIFICATION OF PI 30, A BRAIN-SPECIFIC FYN-ASSOCIATED PRO-
TEIN THAT HAS A SUBTYPE IN DBA/2 MICE. M, Yasuda and T.Yaei* Lab, of 
Neurosci. & Behav. genetics, Natio. Inst. Phys. Sci., Aichi, 444, Japan.

Fyn-deficient mice exhibit several behavioral dysfunctions, but the molecular 
function of Fyn in the brain is not clear. In mice, many behavioral mutants and 
variant strains have been identified and characterized. DBA/2, one of these strains, 
shows some behavioral dysfunction which is similar to those of Fyn-deficient mice. 
We hypothesized that the DBA/2 strain may have an abnormality in proteins related 
to signal transduction pathway of Fyn in the brain. To address this question, we 
screened Fyn-associated protein, which is different in the DBA/2 strain, by using 
monoclonal antibodies raised against the binding fraction of a GST-Fyn fusion pro-
tein-affinity column. A monoclonal antibody, 1B6, reacts with 130 kDa (pi30), 80 
and 75 kDa proteins in the C57BL/6 strain, while in the DBA/2 strain, it reacts with 
a 140 kDa protein instead of a 130 kDa protein. Among many laboratory mice we 
examined, only the derivatives from an identical origin of the DBA/2 strain possess 
the larger subtype of pi 30. pi 30 was contained in the GST-Fyn fusion protein bind-
ing fraction and co-immunoprecipitated with anti-Fyn antibodies. Western blot 
analysis showed that pi 30 was a brain-specific protein and no quantitative differ-
ences were observed in levels of pi 30 between Fyn +/+ and Fyn -/- mice. Further-
more, we have mapped the pi 30 locus by Western blot analysis of recombinant 
inbred strain BXD. We have found that the mouse pi30 gene is very close to the sh- 
1 locus on the 7th chromosome, in which gene mutations causes neurological de-
fects. These findings shows that pi 30 may play a role in brain-specific Fyn function.

578.12
CRIPT, A NOVEL PROTEIN INTERACTING WITH PDZ 
DOMAINS OF PSD-95 FAMILY PROTEINS. M, Niethammer, E. 
Kim. P. Pechan*. and M. Sheng. Howard Hughes Medical Institute, 
Mass. Gen. Hosp., Boston, MA 0211B;»
The first two PDZ domains of PSD-95 family members are capable of 
interacting with a variety of ion channel C-termini. Here we report the 
cloning of a novel protein from a rat brain library, CRIPT (Cysteine- 
rich interactor with PDZ three) that selectively binds to the third PDZ 
domain of PSD-95 and its relatives. The C-terminal ending of CRIPT 
(-Q-T-S-V)is in keeping with the accepted tetrapeptide consensus for 
PSD-95 PDZ domains. The relative selectivity for the third PDZ 
domain is conferred by the -1 position as well as amino acids upstream 
of the terminal tetrapeptide. CRIPT is also capable of interacting with a 
variety of novel PDZ domain containing proteins.
The open reading frame of CRIPT encodes for a 101 amino acid 
protein (predicted weight 11 kD) with no recognizable features other 
than four CXXC motifs and the PDZ binding C-terminus. By northern 
analysis it is localized in all tissues, including brain. With EST 
searches we were able to obtain the mouse, human and arabidopsis 
homologs of CRIPT. These sequences show an extraordinary degree 
of conservation at the amino acid level (100%, 97%, and 68%, 
respectively, compared to therat sequence), indicating a fundamental 
role of CRIPT. In co-transfection experiments, the presence of CRIPT 
causes a dramatic redistribution of PSD-95 into a reticular network, the 
nature of which is being investigated. [M.S. is Assistant Investigator 
of HHMI. Supported by NIH/NINDS grant RO1 NS35O5O]

578.13
NOVEL CYSTEINE-RICH PROTEINS IN THE POSTSYNAPTIC 
DENSITIES.
Y.-C. Chang1. S.-F. Chiang1. S.-L. Lai1 and S.H. Sun2*, Department 
of Life Science, National Tsing Hua University, Hsinchu1 and 
Institute of Neuroscience, National Yang-Ming University2, Taipei, 
Taiwan, R.O.C.

An analysis of the postsynaptic density (PSD) proteins with 
diagonal polyacrylamide gel electrophoresis reveals that nearly a half 
of these proteins participate in the formation of intermolecular 
disulfide bonds. After treating PSD with SDS, aggregates of proteins 
associated primarily be disulfides are isolated by sedimentation 
through a sucrose density gradient. The disulfides in the isolated 
sample are reduced and the resultant sulfohydryl groups tagged with 
[14C]iodoacetic acid. Three protein bands around 50-60 kDa are 
heavily labeled. These proteins have been partially purified from the 
PSD preparation, and analyses show that more than 15% of the total 
amino acids of these proteins are cysteine. These proteins are likely to 
play important roles in the organization of PSD proteins into large 
granules (around 20 nm). A role of these proteins in the activity- 
dependent alterations of PSD structure is also implicated. (Supported 
by NSC862311B007031)

578.14
THE ACTIN-SEVERING PROTEIN GELSOLIN REGULATES 
CALCIUM INFLUX THROUGH NMDA RECEPTORS AND 
VDCC: ROLES IN MODULATION OF NEURONAL PLAS-
TICITY AND EXCITOTOXIC INJURY. K. Furukawa*, W, Fu. Y-J. 
Li. and M.P. Mattson. Sanders-Brown Research Center on Aging, University of 
Kentucky Lexington, KY 40536.

In addition to regulating cell structure and motility, actin filaments may 
function in the modulation of ion channel function. We previously reported that 
the actin-depolymerizing agent cytochalasin D suppresses elevations of [Ca2+]j 
induced by glutamate and protects neurons against excitotoxicity and amyloid p- 
peptide toxicity (Exp. Neurol. 133: 153-163; J. Neurochem. 65: 1061-1068). 
Gelsolin is a Ca2+-activated actin-severing protein that is expressed in neurons, 
wherein it likely mediates motility responses to Ca2+ influx. We have performed 
whole-cell patch clamp and calcium imaging analyses in primary hippocampal 
neurons cultured from mice lacking gelsolin (G-/-). G-/- neurons exhibited 
decreased actin filament depolymerization and enhanced glutamate-induced 
increases of intracellular Ca2+ levels. NMDA-induced current and voltage- 
dependent Ca2+ current were enhanced in G-/- neurons as the result of decreased 
current run-down. Cultured G-/- hippocampal neurons exhibited increased 
vulnerability to excitotoxicity, and vulnerability of hippocampal pyramidal 
neurons to seizure-induced injury was increased in adult G-/- mice. Collectively, 
the data suggest a major role for gelsolin in actin-mediated feedback regulation of 
Ca2+ influx, and in neuronal injury responses. We are currently comparing 
vulnerabilities of G-/- and G+/+ mice to ischemic brain injury. Because 
glutamate-induced Ca2+ influx plays central roles in regulation of dendrite 
outgrowth and synaptic plasticity, our data also suggest roles for gelsolin in 
these processes, (supported by the NIH and the Alzheimer's Association).
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578.15
IDENTIFICATION OF e-SARCOGLYCAN, A NOVEL HOMOLOGUE OF 
ADHALIN /a-SARCOGLYCAN. A. J, Ettinger*, G. Feng, and J. R. Sanes 
Department of Anatomy and Neurobioiogy, Washington University School of 
Medicine, St. Louis, MO 63110 USA.

A dystrophin-glycoprotein complex links the cytoskeleton to the extracellular 
matrix in muscle cells, thereby stabilizing the sarcolemma. The complex contains 
at least six transmembrane proteins, including a group of four sarcoglycans (SG), 
a,P,y, and 8, that form a subcomplex. Mutations in all four SG genes have been 
linked to Limb-Girdle Muscular Dystrophies in humans. The specific functions 
of the SGs are unknown, but several lines of evidence suggest that they mediate 
or modulate binding to laminin. Because laminins are heterogeneous, we 
hypothesized that the SG complex might be as well. As a first step in testing this 
idea, we screened public databases for sequences related to SGs. One human 
expressed sequence tag (EST) related to aSG was identified. This fragment was 
used to isolate the mouse orthologue of the human gene. Mouse and human 
sequences are ~90% identical, and both are ~40% identical to aSG at the amino 
acid level. Differences between two clones suggest the presence of alternatively 
spliced forms. We propose to name this novel protein eSG. eSG cDNAs 
recognized a ~1.7 kB band on a Northern blot, with highest expression in lung, 
moderate expression in brain, muscle, and heart, and low expression in kidney and 
liver. This distribution is different from that of aSG, which is expressed at high 
levels only in muscle, with low expression in lung and none in brain. To identify 
native protein, antibodies were generated against recombinant eSG. Proteins of 
-50 kD were observed in Western blot of brain, heart, kidney, liver, lung, muscle, 
and thymus. In sections, immunoreactivity was associated with the plasma 
membrane of cells in several tissues, including some (e.g. peripheral nerve) that do 
not express aSG. This localization is consistent with the idea that eSG is present 
in complexes distinct from those containing aSG. Supported by NIH and MDA.

578.16
TRAFFICKING AND SUBCELLULAR LOCALIZATION OF SNAP-25 ISOFORMS 
IN THE NEUROBLASTOMA CELL LINE NG108-15. Bark*1, I.C.. Andersson', A., 
Meister2, J., Jacobsson2, G„ Andersson1. J. and Fried3. G. Dept. of Developmental 
Neuroscience1, Uppsala University, S-751 23 Uppsala. Dept. of Neuroscience2, Dept of 
Woman and Child Health3, Karolinska Institute, Stockholm, Sweden.

SNAP-25 is a neuronal target membrane receptor for the core fusion machinery and is 
conveyed to the nerve terminals by fast axonal transport. SNAP-25 has been proposed 
to play roles both in membrane fusion events during neurite extension as well as in the 
release of neurotransmitters. The protein exists as several isoforms and two of them, 
designated a and b, are alternatively spliced transcripts encoding polypeptides that differ 
in only 9 of 206 amino acids. The alternative SNAP-25 isoforms exhibit distinct and 
regulated expression during development although their functional differences remain 
elusive (Bark et al., 1995 Proc. Natl. Acad. Sci. USA. 92, 1510-1514).

In order to test the possibility that the SNAP-25a and b proteins display differences in 
trafficking and compartmentalization properties, we have created cell lines constitutively 
expressing both isoforms. NG 108-15 cells were transfected with tagged SNAP-25 
expression constructs and individual cell lines expressing comparable levels of a and b 
protein were established. We studied the subcellular localization of SNAP-25 isoforms 
in NG1O8-15 cells induced with dBcAMP or NGF by immunofluorescence microscopy. 
Similar, but not identical, staining pattern for the two isoforms were detected. In order 
to examine if the staining patterns observed for SNAP-25 proteins were due to 
compartmentalization within different organelles their distribution was analyzed by 
sucrose density gradient centrifugation and Western blotting analysis. Preliminary 
results suggest that SNAP-25 a and b proteins are sorted within vesicles of slightly 
different density.
Supported by grants from the Swedish Natural Science Council, Ake Wibergs and 
Magn. Bergv. Foundations to ICB.

578.17
ALTERATION OF CELL SHAPE BY FRAGMENTS OF DREBRIN, 
AN ACTIN BINDING PROTEIN ENRICHED IN DENDRITIC 
SPINES, TAGGED WITH GREEN FLUORESCENT PROTEIN.
K.Hayashi and T.Shirao*. Department of Neurobioiogy and Behavior, 
Gunma University School of Medicine, Maebashi, 371 Japan

Drebrin is an actin-binding protein expressed mainly in neurons In 
mature neurons it is strongly localized at dendritic spines. We reported 
previously that over-expression of drebrin in fibroblast cell lines induces 
reorganization of actin filaments and change of the cell shape.

To examine which domain of drebrin is responsible for these effects 
on fibroblasts, we transfected CHO cells with green fluorescent protein- 
cDNA that were fused with various fragments of drebrin cDNA. The 
localization of the expressed fusion protein and the shape of the 
transfected cell could be observed under a fluorescent microscope 
without staining processes. We found that the central region of drebrin 
is important for its effects on CHO cells. The fusion proteins including 
this region were localized on actin filaments and, in some cases, caused 
alteration of the cell shape. We have not found any consensus 
sequences or homologies with any other genes in this region of drebrin 
so far.

When the fusion gene was introduced into primary cultured cortical 
neurons, the length of the dendrites decreased but dendritic branching 
was enhanced. The expressed protein was localized at the 
submembranous region of soma and dendrites and condenced at the fine 
protrusions from the dendrites. These results support our hypothesis 
that drebrin regulates morphology of dendrites and spines.

This research was supported in part by Grants-in-Aid from the 
Ministry of Education, Science and Culture of Japan.

578.18
GLUTAMATE RECEPTOR-INDUCED INHIBITION OF MICROTUBULE 
FORMATION IN BACULOVIRUS-INFECTED INSECT CELLS X.-P. Huang 
and D. R. Hampson*. Faculty of Pharmacy and Department of Pharmacology, 
University of Toronto, Toronto, Ontario, Canada M5S 2S2

Microtubules are comprised of several proteins including tubulin and 
microtubule associated proteins (MAPS) and undergo dynamic modifications by 
a variety of regulatory enzymes. We have explored baculovirus-infected insect 
cells as a model system in which to investigate the relative importance of 
various signal transduction mechanisms in microtubule stability. Infection of 
MG1 insect cells with a recombinant baculovirus coding for MAP2c induces the 
formation of multiple dendritic-like processes within 40-48 h post-infection. Co- 
infection with recombinant MAP2c and a second baculovirus coding for a 
glutamate receptor was used to study the effects of the latter on microtubule 
formation. Glutamate receptor cDNAs were subcloned into baculovirus 
expression vectors and expressed at high levels in MG1 cells. We found that 
co-infection with the metabotropic glutamate receptor, mGluR la or mGluR lb 
inhibited the formation of processes, while co-infection with mGluR4a or 
mGluR4b did not inhibit process formation. Similarly, mGluR la and lb, but not 
mGluR4a or 4b, produced a robust increase in intracellular calcium as 
determined by fura-2 imaging of infected-MG1 cells. Differential effects were 
also found with several subunits of the kainate and AMPA subtypes of ionotropic 
glutamate receptors. An inhibition of process formation was seen in cells co-
infected with GluR3 but not with GluR2 nor GluR6. These results indicate that 
(a) glutamate receptors that are capable of producing elevated levels of 
intracellular calcium, inhibit MAP2-induced microtubule formation, and (b) this 
cell culture system is a useful model for investigating the interactions among 
receptors, signal transduction molecules, and the cytoskeleton. We thank Dr. K 
Kosik for the MAPS baculovirus.
Supported by the Natural Sciences and Engineering Res. Council of Canada.

578.19
CALCIUM CHANNEL FROM MARINE RAY ELECTRIC ORGAN SYNAPTO-
SOMES IS INVOLVED IN A TRANSMEMBRANE COMPLEX WHICH 
INCLUDES LAMININ AND SPECTRIN. W.J. Sunderland* and S.S. Carlson. 
Dept. of Physiology and Biophysics, Univ. of Washington, Seattle, WA 98103- 
357290.

The neuromuscular junction (NMJ) is a highly specialized cell-cell interface. The 
nerve terminal shows a polarized structure with synaptic vesicles collecting at pre-
synaptic sites directly opposite of post-synaptic clusters of nicotinic acetylcholine 
receptors. The intervening extracellular matrix (ECM) contains unique components 
such as acetylcholine esterase, agrin and laminin- P2. It has been hypothesized that 
receptors in the pre-synaptic membrane may interact with synaptic ECM to establish 
and maintain the nerve terminal’s polarity. We have used the purified nerve 
terminals (synaptosomes) from the cholinergic synapse of the electric organ of 
Torpedo Californica as a model of the NMJ to study the possibility that the voltage-
gated calcium channel found in the active zones of nerve terminals may be held in 
place by an interaction with the synaptic ECM. We have used the anti-body CP-15 
(Striessnig, J. et. al. (1990) Proc. Natl. Acad. Sci. USA 87, 9108-9112) directed 
towards a highly conserved domain found in all classes of calcium channel al sub-
units to precipitate a protein complex from synaptosomes. This protein complex 
contains both the extracellular matrix protein laminin and the cytoskeletal 
component spectrin suggesting that it spans the membrane linking ECM and 
cytoskeleton. CP-15 staining on western blots shows a single strong band. We have 
not yet determined the calcium channel type, but an N-type like channel has been 
described in the electric organ synapse of the related species Narke Japonica and 
Discopyge ommata. We are working to positively identify the channel type, and to 
determine if the interaction between the a 1-subunit and the proteins laminin and 
spectrin are direct or mediated by other proteins. This work was supported by NIH 
NS 22367 (SSC) and PHS NRSA T32 GM07270 from NIGMS (WJS).

578.20
INDUCTION OF EPITHELIAL TRANSFORMATION OF A
CARCINOMA CELL LINE BY NEURAL CADHERIN
L.B. Spiryda and D.R, Colman* Dept. of Cell Bio. Mt. Sinai Sch. Med. NY,NY
10029

Classic cadherins are Ca+2-dependent adhesion molecules found in both neuronal 
and non-neuronal tissues that are thought to direct various aspects of development, 
maintenance and regeneration in virtually every tissue. N(neural)-cadherin, as well as 
other classic cadherins, have been implicated in synapse formation, axonal guidance 
and patterning of the central nervous system. Analysis of adhesion-related properties 
of N-cadherin in experimental systems may yield insights into how this molecule 
functions physiologically in nervous tissue. We generated a HeLa cell line 
constitutively expressing N-cadherin. Our data showed that this cell line expresses 
elevated levels of proteins associated with the epithelial junctional complex located at 
intercellular borders. In agreement with this, we demonstrated that tight junctions, 
adherens junctions, and desmosomes form de novo at the lateral cell contacts. We also 
examined functional behavior of the N-cadherin expressing cells to determine if N- 
cadherin expression and adhesion would cause them to behave like typical epithelial 
cells. Growth assays showed that N-cadherin expressing cells grew more slowly than 
control cells, and acquired contact inhibition. N-cadherin expressors lost their ability 
to grow in an anchorage-independent manner characteristic of many carcinoma cells. 
Finally, we established that N-cadherin cells were not able to invade an artificial 
matrix due to their decreased expression and secretion of matrix degrading enzymes, 
raising the possibility that these cells were less tumorigenic and metastatic. Overall, 
these data suggest that, that the artificial, increased expression of N-cadherin triggers 
intracellular signaling events, which in turn induce the carcinoma cell line to revert to 
an epithelial phenotype. This implies that N-cadherin may be able, in general, to 
modulate and organize intracellular signaling in other tissues, including the central 
nervous system where it may act as an initiator of adhesion events which ultimately 
lead to neuronal patterning and synaptic organization. (Supported by NIH grant 
NS20147 to DRC)
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579.1
MEDIATION OF HIPPOCAMPAL MOSSY FIBER LONG-TERM DEPRESSION 
BY CALCIUM-DEPENDENT PROTEIN KINASES. K. Kobavashi. T, Manahe* 
and T. Takahashi. Department of Neurophysiology, Faculty of Medicine, University 
of Tokyo, Tokyo 113, Japan.

Long-term depression (LTD) of excitatory synaptic transmission between mossy 
fibers and C A3 pyramidal cells is induced by low-frequency stimulation (1 Hz, 15 min) 
of mossy fibers. This LTD is induced presynaptically through activation of presynaptic 
metabotropic glutamate receptors (mGluRs), and does not require postsynaptic 
depolarization. However, mGluR activation alone is not sufficient for the LTD 
induction, indicating an involvement of additional presynaptic factors). In the present 
study, we tried to identify this additional factor for the LTD induction by using the field 
potential recording technique in mouse hippocampal slices. LTD was greatly reduced in 
slices treated with BAPTA/AM, a membrane-permeable Ca2* chelator. In addition, LTD 
could be induced by simply elevating external Ca2* concentration from 2.5 to 5.0 mM 
for 15 min while stimulating at a basal frequency (0.1 Hz). Thus, a rise in Ca2+ 
concentration in the presynaptic terminal may be required for the LTD induction. LTD 
was reversibly blocked by H-7 (100 pM), a broad spectrum protein kinase inhibitor, 
whereas transient presynaptic depression caused by DCG-IV, an mGluR agonist, was 
not affected by H-7, indicating that the blockade of LTD by H-7 was not due to 
inhibition of mGluR activation. In the presence of KN-62 (3.5 pM), a specific inhibitor 
of Ca^/calmodulin-dependent protein kinase II, LTD was partially suppressed. These 
results suggest that the LTD induction is mediated by Ca^-dependent protein kinases, 
which are activated by an increase in Ca2* concentration in presynaptic terminals.

Supported by the Ministry of Education, Science and Culture (Japan) Grant-in-aid.

579.2
DIFFERENTIAL MOSSY FIBER SYNAPTIC PLASTICITY AND cAMP 
SENSITIVITY IN CA3 PYRAMIDAL CELLS VS. INTERNEURONS.
G. Maccaferri* and C.J. McBain. Lab. of Cellular & Molecular Neurophysiology, 
NICHD, NIH, Bethesda MD 20892
We have selectively investigated NMDAR-independent mossy fiber LTP in both 
pyramidal cells and interneurons in the presence of bath applied APV (50 pM) and 
using whole-cell pipettes loaded with 30 mM EGTA. Stimulating electrodes were 
positioned in either st. lucidum or in the granule cell layer to activate the mossy 
fibers, and EPSCs were recorded under whole-cell configuration from CA3 pyramidal 
cells or CA3 intemeurons located either in st. lucidum or at the border st.lucidum/st. 
radiatum. Stimulation of the mossy fibers at 0.1 Hz elicited in pyramidal cells fast 
EPSCs with a high percentage of failures (-50%). LTP could be reliably induced by 
4X100 Hz tetani applied every 30 s (-200% of baseline) and a decrease in the 
percentage of failures (-15%) could be observed. EPSCs could be completely 
blocked by low (10 pM) concentrations of the metabotropic glutamate receptor 
(mGluR) agonist ACPD. This result suggests that, under our conditions, presynaptic 
LTP can be elicited in CA3 pyramidal cells and that mossy fiber inputs are controlled 
by mGluRs. On the contrary, when the same protocol was applied to interneurons, 
LTP was never observed: no change in the strength of synaptic transmission was 
apparent in -50% of cells, while, in the remaining 50%, EPSCs were depressed. 
ACPD, however, could completely block evoked synaptic responses in intemeurons, 
similar to pyramidal cells. Given that mossy fiber LTP is dependent on cAMP, we 
verified that CA3 pyramidal cells could respond to bath application of forskolin (50- 
100 pM) with a long lasting increase of the size of the mossy fiber evoked EPSC 
(-300%) revealing potentiation of monosynaptic transmission. On the contrary, 
application of forskolin to interneurons was ineffective in inducing any changes in the 
monosynaptic evoked response, but could increase the charge transfer, due to the 
recruitment of polysynaptic pathways. Taken together, these results show that 
presynaptic LTP is present in CA3 pyramidal cells, but not in interneurons. One 
possible explanation may be a differential sensitivity of mossy fibers terminals to the 
regulatory effect of cAMP in pyramidal cells vs. intemeurons. Supported by NIH.

579.3
MOSSY FIBER-MEDIATED LONG-TERM POTENTIATION (LTP) MEASURED 
MAGNETICALLY OUTSIDE THE HIPPOCAMPAL LONGITUDINAL SLICE OF 
GUINEA PIG. J. Wu*. AND Y. C. Okada. Depts. Neurol. & Physiol., Univ. New 
Mexico Sch. Med., Albuquerque, NM 87131.

Magnetoencepahlography (MEG) has become an important non-invasive tool for 
studying functions of the human brain. To explore possible applications of this 
technique, we have studied the neuromagnetic fields (NMFs) outside hippocampal slices. 
We found that MEG can be used to detect LTP produced in a longitudinal CA3 slice. 
Here we show the LTP of a simple response elicited by mossy fiber (mf) excitation of 
the pyramidal cells. Ten pairs of stimulating bipolar electrodes (Ag-AgCl, diameter 125 
pm) were placed along stratum lucidum of the longitudinal CA3 slice (450-500 pm) (+ 
and - electrode on the soma and the stratum lucidum, respectively) to activate mf inputs 
to the pyramidal cells. NMFs were evoked by repeated stimulation (0.8-1.0 mA, 50 ps, 
0.1 Hz) and were recorded by a 4-channel magnetometer with the detection coils 2 mm 
above the slice, simultaneously with the extracellular field potentials (EPs) along the 
longitudinal axis of the pyramidal cells. In the normal oxygenated Ringer solution (in 
mM: NaCl 124, KCI 5, Ca2Cl2 2.5, Mg2Cl2 1.3, NaH2PO4 1.2, NaHCO? 26 and 
glucose 10), the waveforms of both the NMF and EP were monophasic with the peak 
latencies of about 5 ms. Extracellular negativity was strongest in stratum lucidum and 
the intracellular current infered from the NMF_was directed from the apical to the basal 
dendrites, suggesting that the response was due to currents in the pyramidal cells 
produced by the mf input. The response was completely abolished by bath application of 
L-AP4 (20 pM), supporting this hypothesis. After tetanic stimulations (100 Hz for 10s 
x 3, every 20s, baseline stimulation intensity), the slopes of both the NMF and EP were 
potentiated >150% for more than 1/2 hr. In the presence of 0.05-0.1 mM picrotoxin 
which blocks the GABA-ergic intemeuron inhibition, the potentiation lasting more than 
1 hr was seen, indicating that it was not generated by depression of synaptic inhibition. 
These results indicate that tetanic stimulation of stratum lucidum induces a mf-mediated 
LTP in CA3 synapses and that it can be measured magnetically outside the slice. Thus, 
synaptic plasticity in the brain might also be detected by MEG non-invasively. 
Supported by NIH grant RO1-NS21149.

579.4
INDUCTION OF MOSSY FIBER LTP IN HIPPOCAMPAL CA3 
PYRAMIDAL NEURONS DEPENDS ON AN INCREASE IN 
POSTSYNAPTIC CALCIUM. M.F. Yeckel*, A. Kapur, and D. Johnston, 
Division of Neuroscience, Baylor College of Medicine, Houston, TX. 77030.

It has been suggested that there are two forms of mossy fiber LTP that can 
be distinguished on the basis of the stimulus pattern used for their induction 
(Urban and Barrionuevo, 1996). Furthermore, the induction of these two forms 
of LTP has recently been shown to be differentially sensitive to the Ca2+ 
channel blocker nimodipine (Kapur et al., this meeting). We therefore decided 
to re-examine whether postsynaptic [Ca2+] is a variable for the induction of 
mossy fiber LTP using the Ca2+-chelator BAPTA. Whole-cell recordings were 
made from CA3 pyramidal neurons of rat hippocampal slices. LTP was induced 
by applying one of the following patterns of stimulation to mossy fiber axons 
in s. lucidum: i) B-HFS—15 bursts (7 pulses/burst at 100 Hz; inter-burst 
intervals of 5 sec) concomitant with intracellular depolarization, ii) L-HFS-1— 
one train of long, high-frequency stimulation (100 pulses at 100 Hz), or iii) 
L-HFS-3—as in (ii) but repeated 3 times (0.1 Hz). Results showed that the 
magnitude of LTP was greater following L-HFS-3 than for B-HFS or L-HFS-1 
(103%, 73%, and 71%, respectively; SE=9-17%). The probability of inducing 
LTP was approximately 70% for all stimulation patterns. High concentrations 
of BAPTA (5-10 mM) decreased the probability of inducing LTP, and this 
probability depended on the pattern of stimulation: B-HFS=10% (n=10), L- 
HFS-1=17% (n=6), and L-HFS-3=25% (n=20). These results are consistent 
with the hypothesis that postsynaptic [Ca2+] is important for the induction 
of mossy fiber LTP. Furthermore, it suggests that the two forms of LTP may 
differ only by the amount of rise in [Ca2+]i during the different induction 
protocols. In summary, the magnitude and probability of LTP appears to 
depend on the intensity of the stimulation and the amount of Ca2+ influx. 
(MH11390, MH44754, MH48432, NS11535).

579.5
THE L-TYPE Ca2+ CHANNEL BLOCKER NIMODIPINE BLOCKS 
THE INDUCTION OF THE HEBBIAN FORM OF HIPPOCAM-
PAL MOSSY FIBER LTP A. Kapur*, M.F Yeckel and D. Johnston, 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030

An NMDA independent, Hebbian form of long-term potentiation (LTP) 
can be induced at mossy fiber synapses by stimulating at 100 Hz for brief pe-
riods (50-80 ms) repeated every 5 sec about 8-15 times in conjunction with 
postsynaptic depolarization (Jaffe and Johnston, J. Neurophys., 1990, Urban 
and Barrionuevo, J. Neurosci., 1996). LTP induced by this paradigm (termed 
“Brief High FYequency Stimulation”, or B-HFS) was shown to require post-
synaptic depolarization and presynaptic activity. In this study we tested the 
hypothesis that postsynaptic Ca2+ influx through L-type Ca2+ channels is 
required for the induction of this form of mossy fiber LTP. We obtained 
perforated-patch recordings of mossy fiber EPSPs from CA3 neurons in rat 
hippocampal slices. Test pulses were delivered in st. lucidum at 0.1 Hz in the 
presence of NMDA and GABAa  receptor blockers. B-HFS produced a mean 
potentiation of 34±5% (mean ±SEM, n=7) 21-24 min after the HFS in the 
absence of nimodipine, and only 7±4% (n=6, p<0.003, /-Test) when nimodip- 
ine was present in the bath. Nimodipine did not block the expression of LTP 
when it was added 10 min after B-HFS (mean potentiation 73±15%, (n=4)). 
When mossy fiber LTP was induced by another tetanus paradigm consisting 
of 3 100 Hz, 1 sec long trains delivered at 10 sec intervals (termed “Long High 
Frequency Stimulation” or L-HFS), nimodipine was unable to block the poten-
tiation. The mean potentiation 27-30 min after the tetani was 107±10% (n=7) 
in the absence of nimodipine and 80±9% (n=7) in it’s presence. We conclude 
that postsynaptic L-type Ca2+ channels are required for the induction of the 
Hebbian form of LTP induced with B-HFS. LTP induced with L-HFS in the 
presence of nimodipine may be initiated by presynaptic Ca2+ influx, although 
an increase in postsynaptic Ca2+ by some other mechanism is a more likely 
trigger (see Yeckel et al., this meeting). (MH44754, MH48432, NS11535).

579.6
DIFFERING EFFECTS OF LONG-TERM POTENTIATION (LTP) 
AND DEPRESSION (LTD) ON PAIRED-PULSE FACILITATION 
(PPF). P.E. Schulz* &: S.F, Smallwood, Dept. Neurol. & Div. Neurosci., Baylor 
College of Medicine, Houston, Tx 77030.

We have been examining the relationships between LTP, short-term poten-
tiation, and LTD. We find that the baseline probability of neurotransmitter 
release (p) effects the magnitude of LTP that is elicited, which suggests that 
increases in p contribute to LTP expression (Schulz, PNAS, 1997). We also find 
that LTP does not change average PPF, which is the potentiation of a second 
pEPSP when it follows shortly after a first, but does have a consistent effect on 
PPF in individual slices: it both increases or decreases PPF depending on the 
initial magnitude of PPF (Schulz et al, 1995 and 1994). These changes in PPF 
have been interpreted as suggesting that LTP is associated with an increase 
in the number of release sites (n) (Schulz et al, 1995). Here we examine the 
hypothesis that the mechanism of LTD expression is simply a reversal of the in-
creases in p and n associated with LTP. This hypothesis predicts that LTD will 
also produce increases and decreases in PPF leaving average PPF unchanged, 
that alterations in baseline p would effect the magnitude of LTD elicited, and 
that inducing LTD in one pathway will allow more LTP to be induced in that 
pathway vs. a control pathway.

The first prediction was tested using the extracellular recording technique in 
area CAl of the rat hippocampal slice preparation. LTD was induced by ad-
ministering 1 Hz stimulation to the Schafer Collateral fibers. We find that LTD 
(25.0±1.8%) is associated with similar percent increases in PPF (22.3±4.9%, 
n=21) and have not found any instances in which it decreased. We are testing 
whether LTD can be associated with decreases in PPF under other conditions. 
If not, and if average PPF remains increased, then it would appear that LTD 
is not simply a reversal of LTP. Supported by NIH.
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579.7
LTD AND LTP INDUCTION: DEPENDENCE ON STIMULUS 
FREQUENCY AND POSTSYNAPTIC CALCIUM
L. K. Schexnayder*, B. R. Christie, and D. Johnston, Div. of Neuroscience, 
Baylor College of Medicine, Houston, TX 77030

In the present experiments we have used whole-cell patch clamp techniques 
in conjunction with high-speed fluorescence imaging to investigate the Changes 
in intracellular [Ca2+] that occur during the induction of synaptic plasticity. 
Subthreshold synaptic stimuli were paired with back-propagating action poten-
tials to induce LTD or LTP. Low stimulus frequencies produced modest Ca2+ 
influx and LTD, while higher frequencies produced a larger Ca2+ influx and 
LTP. In light of these data, we hypothesized that reducing the level of intra-
cellular Ca2+ that occurred during higher frequency stimulus protocols would 
lead to the induction of LTD rather than LTP. Stimuli of various frequencies 
were applied in the presence of agents that reduce postsynaptic Ca2+ influx. 
Nimodipine was applied at a concentration of 10 pM to block L-type Ca2+ 
channels. In separate experiments, D,L-APV was applied at a concentration 
of 10 pM, a concentration intended to reduce but not block the NMDA recep-
tor mediated Ca2+ influx. Application of each of these compounds reduced 
the stimulation-induced Ca2+ influx and necessitated the application of higher 
frequency stimulation to achieve a given degree of plasticity. Under normal 
conditions, depression was observed with stimulation frequencies of 1 to 20 Hz 
while potentiation was observed with frequencies of 30 Hz or more. This was 
not the case in the presence of 10 pM nimodipine, however, as depression was 
not observed with frequencies less than 10 Hz, and 30 Hz stimulation, which 
normally resulted in potentiation, gave rise to significant depression. Similar 
effects were observed in the presence of 10 pM APV. These data suggest an 
important relationship between stimulus frequency and the amplitude of the 
postsynaptic Ca2+ influx, which may play a role in determining the magnitude 
and direction of changes in synaptic strength. (MH48432, MH44754, NS11535)

579.8
H-RAS REGULATES HIPPOCAMPAL LTP THROUGH A TONIC INHIBITION 
OF NMDA RECEPTOR ACTIVITY. T. Manabe1. A. Aiba2* and M, Katsuki2. 
’Dept. of Neurophysiology, Fac. of Medicine, Univ. of Tokyo, Tokyo 113, 2Dept. of 
DNA Biology and Embryo Engineering, The Institute of Medical Science, Univ. of 
Tokyo, Tokyo 108, Japan.

It is well established that ras genes play a critical role in cell growth and 
differentiation as well as in oncogenesis. In mammals, three distinct ras genes (H- 
ras, H-ras and K-ras) have been identified, each encoding homologous but distinct 
21-kDa proteins. Ras proteins function as molecular switches that are activated by 
binding GTP and inactivated by conversion of bound GTP to GDP by an intrinsic 
GTPase activity. Ras proteins are abundantly expressed in the adult mouse brain, 
but their roles in the central nervous system are poorly understood. In this study, we 
produced knockout mice lacking H-ras, N-ras or both genes and used these to study 
the roles of Ras proteins in synaptic transmission and plasticity.

In mice deficient in H-ras, but not in mice deficient in N-ras, the magnitude of 
long-term potentiation (LTP) in the CA1 region of hippocampal slices was almost 
double that of wild-type mice. NMDA synaptic responses in H-ras(-/-) mice were 
significantly larger than those in wild-type mice, while there was no significant 
difference in AMPA synaptic responses. NMDA receptor-dependent depolarization 
during tetanic stimulation that was used to induce LTP was also larger in H-ras(-/-) 
mice. These observations suggest that the larger magnitude LTP in mutant mice is 
due to a selective enhancement of NMDA synaptic responses. Thus, the protein 
encoded by H-ras is a key molecule that regulates LTP induction by controlling a 
tonic inhibition of NMDA receptor activity.

Supported by the Ministry of Education, Science, Sports and Culture, Japan; the 
Ministry of Health and 'Welfare, Japan; the Science and Technology Agency, 
Japan; and CREST of Japan Science and Technology Corporation.

579.9
PHOTOLYTIC RELEASE OF D-AP5 REVEALS THE NMDA 
RECEPTOR-DEPENDENCY OF ASSOCIATIVE LONG-TERM 
POTENTIAION IN AREA CA1 OF RAT HIPPOCAMPUS
K.P.S.J. Murphy*tH, G.P. Reidt, D.R. Trenthamt and T.V.P. Btisst- fDivision of 
Neurophysiology and ^Physical Biochemistry, National Institute for Medical 
Research, Mill Hill, London NW7 1AA, U. K.

We have used flash photolysis of a caged form of the NMDA receptor antagonist D- 
AP5 to test the hypothesis that activation of NMDA receptors at weakly stimulated 
synapses is a prerequisite for the induction of associative long-term potentiation 
(LTP). Two pathway field recordings were made in CA1 mini-slices prepared from 
male Sprague-Dawley rats (70-140g) and maintained in an interface chamber at 26- 
29°C. Associative LTP was induced by pairing a weak tetanus to one pathway with a 
strong tetanus to the other. Application of the weak tetanus produced marginal 
potentiation (8.6±1.3%, n=26 slices, measured 40 minutes post-tetanus); however 
when the weak tetanus was repeated 50ms after the end of the strong tetanus, both 
weak and strong inputs exhibited robust LTP (40.1±10.5% and 42.4±12.0% 
respectively, n=8). LTP expressed in the weakly stimulated pathway was associative 
and not the consequence of priming; repetition of the weak tetanus alone failed to 
produce potentiation (2.9±4.4%, n=5).

D-AP5 (10//M) was released from caged-D-AP5 (N-[-l-(2-nitrophenyl-ethoxy- 
carbonyl)]-D-AP5) by a 1 msec pulse of near-UV light during the 50ms interval 
between the two conditioning tetani, thus blocking NMDA receptor activation during 
the weak but not the strong tetanus. This procedure prevented the induction of 
associative LTP (2.8±0.7%, n=7). Repetition of the associative protocol on washout 
of the released D-AP5 or substitution of caged-D-AP5 with caged-L-AP5 resulted in 
the successful induction of associative LTP (25.1±1.9%, n=7 and 27.5±4.7%, n=6 
respectively).

We conclude that NMDA receptor activation is essential for the induction of 
associative LTP. [5 Present address: Dept. of Pharmacology, Tennis Court Road, 
Cambridge CB2 1QJ. UK. (email: kpsjm2@cam.ac.uk)].

579.10
CONDITIONS FOR INDUCING SYNAPTIC PLASTICITY IN THE CA1 
HIPPOCAMPUS. T. Mizuno*. M, Sakurai, I. Kanazawa, Dept. of Neurol., 
Univ. of Tokyo Sch. of Med., Tokyo 113,

We investigated synaptic plasticity in the CAl hippocampus using low- 
frequency (1Hz) stimulation in Mg2+-free medium as conditioning. In the 
absence of Mg2+, N-methyl-D-aspartate (NMDA) receptor channels are 
unblocked and therefore even low-frequency afferent stimulation can cause 
Ca2+ influx. Taking advantage of this, we attempted to vary the amount of 
Ca2+ influx during conditioning by changing the number of pulses and by 
adding glutamate antagonists to the conditioning medium.

Stimulation and recordings were made in the stratum radiatum of the 
area CAl of rat (12 to 36 days old) hippocampal slices. As conditioning, 
Mg2+-free medium was introduced and a conditioning stimulus was applied.

Two or more conditioning pulses induced long-term potentiation (LTP). 
The magnitude of LTP increased with the number of pulses but saturated 
above 25 pulses. A single pulse sometimes induced LTP but not long-term 
depression (LTD). A single pulse in Mg2+-free medium containing AMPA 
type receptor blocker (10 pM 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX)) 
caused neither LTP or LTD. However, a single pulse in Mg2+-free medium 
containing 10 pM CNQX and low doses of NMDA type receptor blocker (2 to 
5 pM D-2-amino-5-phosphonovaleric acid (D-AP5)) induced LTD.

These results suggest that a large amount of Ca2+ influx through NMDA 
receptor channels induces LTP, while a moderate one induces LTD, and 
that a lengthy conditioning stimulus such as 600 pulses at 1Hz is not 
essential for, and a single shock stimulus is capable of inducing LTD.

579.11
THE TIME REQUIRED TO DEPOTENTIATE VDCC LTP 
VARIES WITH STIMULATION FREQUENCY
J.S. Martinez. C.M, Coussens, W.L.R. Cruce* AND 
T.J. Tevler Dept. Of Neurobiology, Northeastern Ohio Univ. 
Coll. Of Med., Rootstown, Ohio 44272 and Dept. Of 
Psychology, Neuroscience Research Centre, University of 
Otago, New Zealand

The sensitivity of non-NMDA LTP to a range of 
depotentiating stimulation frequencies was studied in rat 
hippocampal area CA1. Hippocampal slices of 400 /zm 
thickness were exposed to 10 consecutive tetani of 200 Hz, 200 
ms duration in order to induce non-NMDA LTP. Slices were 
maintained in an interface chamber at 33 ° C and extracellular 
electrodes were used to record field EPSPs. To prevent 
concomitant induction of NMDA-receptor dependent LTP 
50 72M APV was perfused. Various frequencies (3, 10, 20, 30 
and 40 Hz) were used to depotentiate the resulting LTP.
The time required to depotentiate the LTP that had been induced 
varied, 3 Hz needing the longest time at 333 seconds and 40 Hz 
needing only 25 seconds. Possible mechanisms underlying 
observed differences will be discussed.

579.12
CHANGES IN PAIRED-PULSE FACILITATION DURING NMDA RECEPTOR 
DEPENDENT AND INDEPENDENT LTP IN AREA CAl OF RAT 
HIPPOCAMPUS. L.M. Grover*. Dept. of Physiology, Marshall Univ. Sch. of 
Med., Huntington, WV 25755.

Paired-pulse facilitation (PPF) was studied in area CAl of rat hippocampus by 
extracellular recording of population EPSPs in stratum radiatum. Paired stimuli (50 
msec interstimulus interval) were delivered to afferent fibers, and PPF was 
quantified by dividing the slope of EPSP2 by the slope of EPSP1.

NMDA receptor dependent LTP was induced by 25 Hz, 1 sec high frequency 
stimulation (HFS). LTP (% change in EPSP1 slope) reached a maximum amplitude 
at about 60 sec post, then decayed with a simple exponential time course (x = 15 
min) to a level of 35 ± 5 % (30 min post). Changes in PPF exactly mirrored the 
changes in EPSP: there was a large posttetanic decrease in PPF, which decayed 
back towards the baseline with a simple exponential time course (t  = 17 min).

NMDA receptor independent LTP was induced by four 200 Hz, 0.5 sec trains of 
HFS, delivered in the presence of 100 pM APV. Following HFS, there was an 
initial, posttetanic increase in the EPSP, which decayed within 1-2 min. LTP 
gradually emergence over the next 10-15 min, and averaged 31 ± 6 % (30 min post). 
PPF decreased during NMDA receptor independent LTP, but the pattern of change 
was poorly correlated with the changes in EPSP: the maximum change occurred 
immediately after HFS, and decayed with a double exponential time course (c’s = 2, 
48 min).

Decreased PPF during the initial 30 min of both NMDA receptor dependent and 
independent LTPs suggests that an increase in the probability of transmitter release 
may contribute to both LTPs. For NMDA receptor independent LTP, this 
conclusion is tempered by the poor correlation between the time course of the 
changes in EPSP and PPF. (Supported by NIH grant NS34650.)
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579.13
NMDA-INDEPENDENT LTP AT CAl SYNAPSES IS CAUSED 
SOLELY BY AN INCREASE IN QUANTAL CONTENT. C 
Stricker* and S.J. Redman. Division of Neuroscience, John Curtin 
School of Medical Research, Australian National University, Canberra, 
Australia.

LTP induced in vitro at C A3-CAI synapses by low frequency 
stimulation paired with post-synaptic depolarization in the presence of 
50 pm APV was maintained for more than one hour. Quantal analysis 
of the control and potentiated recordings revealed that the quantal 
current was unchanged, and that the entire increase in the EPSC was 
due to an increase in quantal content. The average change in quantal 
current was -6.0±3%, while the average increase in quantal content 
was 121.5±32.9%. The average potentiation was 220±80% (n=6). 
This finding contrasts strikingly with the results obtained previously
(1) using the same experimental and statistical procedures when APV 
was not present, where LTP was due to an increase in both quantal 
current and quantal content for most potentiated EPSCs. These results 
suggest that the calcium that enters via the NMDA channels during 
normal LTP may be highly localised to specifically activate the 
signalling pathways responsible for increasing the current through 
AMPA channels located at the same active site.

(1) Stricker C. & Redman, S.J. (1995) J. Physiol. 490, 443-454

579.14
INCREASED QUANTAL NEUROTRANSMITTER RELEASE IS THE 
PRIMARY MECHANISM FOR THE INDUCTION OF LONG TERM 
POTENTIATION (LTP) INDUCED BY TETANIC STIMULATION IN RAT 
SUPERIOR CERVICAL GANGLIA (SCG). T.J. Heppner*1 and J.F. Fiekers2. 
^ept. Pharmacology & 2Dept. of Anat. & Neurobiol., Univ. of Vermont Coll, 
of Med., Burlington, VT 05405.

Long term potentiation of nicotinic transmission induced by tetanic trains 
of preganglionic stimulation was studied in single neurons of the SCG of the 
rat. Tetanic stimulation significantly increased the amplitude of the unitary 
synaptic excitatory postsynaptic potential (EPSP) or current (EPSC) without 
changing the resting membrane potential, input resistance, threshold for 
activation of initiation of an action potential, or the response to exogenously 
applied acetylcholine. In low calcium, high magnesium solutions, quantal 
content was well described by a Poisson relationship. Tetanic stimulation 
decreased the number of synaptic failures and significantly increased quantal 
content of EPSPs greater than 3-fold. The quantal content of EPSCs was also 
increased following tetanic stimulation. These results are similar to our 
previous observations demonstrating that phorbol esters produce LTP in the 
SCG by increasing quantal release. In conclusion, these results suggest that 
both tetanically- induced, as well as phorbol ester-induced, LTP are mediated 
in part by activation of PKC-dependent mechanisms to increase quantal release 
in preganglionic neurons. Supported by NIH NS27319.

579.15
USING BENZODIAZEPINES TO TEST RELATIONSHIPS BETWEEN THETA 
RHYTHM, LTP, AND LEARNING IN RATS. J. Larson*. Center for the 
Neurobioiogy of Learning and Memory, University of California, Irvine, CA 92697.

Benzodiazepines produce profound learning and memory impairments in both 
animals and humans. It has been hypothesized that the hippocampal theta rhythm 
participates in memory encoding by promoting LTP in vivo and benzodiazepines are 
reported to produce disturbances in both theta rhythm and LTP. The present study 
tested the effects of three benzodiazepines on hippocampal theta in awake rats at 
dosages reported to impair learning and memory.

Chronic recording electrodes were implanted in the stratum radiatum of field CAl 
of dorsal hippocampus of adult, male Sprague-Dawley rats. After at least one week 
recovery, animals were tested in a small metal cage inside a sound-attenuation chamber. 
The rats were connected to a recording cable and commutator that allowed free 
movement throughout the cage. Amplified (500X) and filtered (bandpass 0.5-50 Hz) 
samples of EEG (2.5 sec.) were digitized by microcomputer (100 Hz) at 20-sec 
intervals for 25 min. before and 80 min. after drug injections. Drugs were dissolved in 
2-hydroxypropyl-p-cyclodextrin (diazepam, triazolam) or saline (chlordiazepoxide) 
and injected i.p. Power spectral analysis was used to assess drug effects on EEG 
frequency and power. Samples were classified as theta or non-theta by die presence or 
absence of a dominant frequency peak in the range 4-12 Hz.

Diazepam (2.0 and 4.0 mg/kg), triazolam (0.1, 0.3 and 1.0 mg/kg), and 
chlordiazepoxide (10.0 mg/kg) all significantly reduced the theta frequency in EEG 
samples classified as theta. Power in the theta band (4-12 Hz) was unaffected.

These results indicate that dosages of benzodiazepines that produce amnestic 
effects in memory tasks in rats produce significant alterations in hippocampal theta 
rhythm. Slowing of the theta rhythm may contribute to the memory-disrupting effects 
of these drugs by interfering with the generation of LTP during learning.
(Supported by NIH MH-51151).

579.16
Synaptic plasticity of local circuit activity in the dentate 
gyrus - potential relevance to memory.
G. Richter-Levin** M. Maroun. D, Yaniv. D, Bar, W, H 
Teucher.
Department of Psychology, University of Haifa, Haifa 31905, Israel. 

Brief trains of high-frequency stimulation (HFS) of presynaptic fibers
can induce a long-lasting increase in synaptic efficacy, known as long-
term potentiation (LTP). Though LTP has become the most intensively 
studied model for memory-related synaptic plasticity, attempts to 
correlate the magnitude of hippocampal-LTP with hippocampus- 
dependent learning have failed to demonstrate a reliable relationship. 
HFS, which induces LTP of the dentate gyrus granule cells, potentiates 
also local intemeurons. The potentiation of these intemeurons may 
modify the granule cells-intemeurons local circuit activity. This was 
tested in the dentate gyrus of anaesthetized rats, prepared for field 
potential recording, using standard procedures. Paired-pulse inhibition 
(inter-stimulus interval (ISI) <25 msec, 250< msec) was not affected. 
Paired-pulse facilitation (ISI 85 msec) was significantly reduced but this 
may be a reflection of enhanced glutamate release rather than of altered 
local circuit activity. However, frequency-dependent inhibition (FDI, 
altering frequency of stimulation from 0.1 Hz to 1.0 Hz), a type of 
inhibition that is mediated by local intemeurons, was significantly 
reduced for more than 30 minutes following HFS.
We continue to examine the effects of HFS on local circuit activity in the 
hippocampus and to assess the relevance of these lasting alterations to 
spatial memory.
Supported by a "Teva" research grant to G. R-L.

579.17
SELECTIVE ABOLITION OF THE NMDA COMPONENT OF LONG 
TERM POTENTIATION IN MICE LACKING MGLUR5. Y.M, Lu. Z. 
Jia and J.C, Roder*. Samuel Lunenfeld Research Institute, Mount Sinai 
Hospital/ University of Toronto. Long term potentiation (LTP) of 
glutaminergic synapses has been suggested as a substrate for learning and 
memory, but the involvement of G-protein linked metabotropic glutamate 
receptors is controversial. Therefore, we created mutant mice which 
expressed no mGluR5, but showed normal development. Whole-cell patch- 
clamp recordings of evoked excitatory postsynaptic currents (EPSCs) in CAl 
pyramidal neurons from control hippocampus following tetanus, revealed 
equal enhancement of the AMPA and NMDA receptor-mediated components. 
In contrast, CAl neurons from mGluR5-deficient mice showed a complete 
loss of the NMDA receptor-mediated component of LTP, but normal LTP 
of the AMPA receptor-mediated component. A similar selective deficit in 
NMDA receptor-mediated LTP was found in wildtype neurons treated with 
25 pM PKCI-19-36, an inhibitor of protein kinase C (PKC). Furthermore, 
the LTP deficit in mGluRS mutant mice could be rescued by stimulating 
PKC, These results suggest that post-synaptic mGluR5 may be coupled to 
the NMDA receptor potentiation via PKC, and that this signalling 
mechanism is distinct for AMPA receptor-mediated LTP. These findings 
provide the first evidence for the involvement of mGluR5 in NMDA 
receptor-mediated LTP, and strongly support the hypothesis that AMPA and 
NMDA expression mechanisms for LTP are distinct.
Supported by MRC.

579.18
CYCLOTHIAZIDE-SENSITIVE MECHANISMS DO NOT CONTRIBUTE TO 
THE EXPRESSION OF LTP. G. RAMMES. C. PARSONSi, G.L. 
COLLINGRIDGE#, H.U, ZEILHOFER* AND D. SWANDULLA. Dept. of 
Pharmacology, University of Erlangen, Germany. iMerz & Co Frankfurt/M., Germany. 
#Dept. of Anatomy, University of Bristol, Bristol, U.K.

It is well established that postsynaptic NMDA receptors are involved in the genera-
tion of long-term potentiation (LTP). However, it is still unclear whether AMPA-re- 
ceptor modification underlies the expression of LTP. Cyclothiazide blocks desensiti-
zation and prolongs onset and offset kinetics of AMPA receptor currents. We have 
used this drug to investigate if cyclothiazide-sensitive mechanisms contribute to the 
expression of LTP. Evoked AMPA receptor-mediated excitatory postsynaptic currents 
(AMPA-EPSCs) were recorded in CAl neurons (in response to stimulation of the 
Schaffer collaterals with two independent inputs converging to the same cell) of rat 
hippocampal slices in the whole-cell patch-clamp configuration. Slices were perfused 
with picrotoxin (50pM) and CGP 35348 (200|lM) to block GABAA and GABAB re-
ceptors. Synaptic stimulation evoked pure AMPA-EPSCs when the neurons were 
held at a membrane potential of -90mV. In the current-clamp mode a strong tetanus 
(100Hz, Is) induced stable LTP of the AMPA-EPSC in input I (152% ±'8%; n=8) 
while input II remained unaffected. In both inputs no significant alteration occurred in 
EPSC rise time and decay kinetics compared to the control EPSC in input II (Input I: 
105% ± 4%, 97% ± 5%; Input II: 105% ± 5%, 97% ± 4%; n=8) after the induction 
of LTP in input I. The application of cyclothiazide prolonged the rise time and the 
decay time constant of the AMPA-EPSCs in both control and potentiated Inputs to 
the same extent (Input I: 198% ± 8%, 148% ± 12%; Input II: 212% + 14%; 144% + 
19%; n=8). Furthermore, we investigated the effect of cyclothiazide-sensitive mecha-
nisms on the induction of LTP following a strong tetanus. In these experiments cy-
clothiazide was present during tetanization but showed no significant effect on the ex-
tent of synaptic potentiation as compared to control (129% ± 11%, control: 130% ± 
13%; n=7). Therefore, it seems likely that cyclothiazide-sensitive mechanisms which 
affect receptor onset and offset kinetics as well as desensitisation do not contribute to 
tlie expression of LTP. (Supported by Merz & Co and SFB 353).
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579.19
DIFFERENTIAL EFFECTS OF AN AMPA RECEPTOR MODULATOR ON 
CONTROL VS. POTENTIATED SYNAPTIC RESPONSES. J. Martinez*, A. 
Arai and G. Lynch. Center for the Neurobiology of Learning and Memory 
(CNLM), University of California, Irvine, CA 92697.

A major debate is focused on whether the expression of long-term 
potentiation (LTP) is mediated through presynaptic (increased transmitter release) 
or postsynaptic (receptor modification) mechanisms. Recent studies of the 
hippocampus indicate that the waveform of synaptic response is altered after LTP, 
which suggest that the expression of LTP might be mediated by postsynaptic 
modification of the AMPA receptor. A approach for investigating the postsynaptic 
mechanisms responsible for LTP involves comparing the effects of drugs on 
control versus potentiated synaptic responses. The rationale is that if expression 
of LTP is due to changes in AMPA receptors, then a drug that modifies AMPA 
receptor kinetics interacts with potentiated responses differently than with 
responses achieved prior to induction of LTP. Prior studies that used this 
approach indeed found a differential effect of the drug aniracetam on control and 
potentiated responses. The present study used the more potent and chemically 
distinct AMPA receptor modulator CX516 [BDP-12; l-(quinoxalin-6-ylcarbonyl) 
piperidine] to re-examine the aforementioned hypothesis. These experiments were 
carried out in disinhibited hippocampal slices in which AMPA receptor-mediated 
responses were pharmacologically dissected. In agreement with the earlier results, 
CX516 increased the amplitude of the potentiated response by 30-40% less than 
that of the naive response (11 pairs, p < 0.05,t-test). These results suggest that 
CX516 works on the same postsynaptic variable as LTP and that expression of 
LTP might be established via alteration of the kinetic properties of AMPA 
receptors.
(Supported by President’s Postdoctoral Fellowship to JM and by a grant from AFOSR)

579.20
LTP IS ACCOMPANIED BY AN INCREASE IN AMPA RECEPTOR 
CONDUCTANCE IN RAT HIPPOCAMPAL CAl NEURONES.
A, Luthi, T.A, Benke, J.T.R. Isaac* and G.L. Colhngridge. Dept. of Anatomy. 
University of Bristol, Bristol, UK.

To study a change in AMPA receptor conductance as a possible mechanism of 
expression of long-term potentiation (LTP), we have analysed the variance of the 
decay of AMPA receptor-mediated currents. Dendrites of CAl pyramidal neurones 
in rat hippocampal slices were voltage clamped at -70 mV under visual control 
with patch electrodes (6-10 MQ; filled with a CsMeSCH-based solution). Excitatory 
postsynaptic currents (EPSCs) exhibiting rapid kinetics (rrise: ~l-2 ms; xdecay. 
~5-9 ms) were evoked at 0.5 Hz by minimal stimulation of nearby presynaptic 
fibers with an insulated platinum monopolar electrode (tip ~5pm). LTP was 
induced by a pairing protocol (30-40 stimulations at +10 mV, 0.5 Hz, test intensity7) 
with no effect on the kinetics of AMPA receptor-mediated currents. In agreement 
with previous observations (Benke et al., 1996, Soc. Neurosci. Abstr. 22, 598.18) 
AMPA receptor conductance increased from 6.4+1.9 pS to 13.0+3.1 pS (n=7) after 
the induction of LTP. No such change could be observed when LTP was blocked by 
D-AP5 or could not be induced due to wash-out. As a control, increasing the mean 
EPSC amplitude by paired-pulse facilitation did not affect AMPA receptor 
conductance. These findings provide evidence for a postsynaptic mechanism of 
expression of hippocampal LTP.

Supported by the Swiss National Science Foundation (A.L.), the US NIH 
(NS09894. T.A.B.). the Wellcome Trust (J.T.R.I.) and the MRC (UK).

SODIUM CHANNELS III

580.1
LOCALIZATION OF Ga/</?7-3)-Ga/AHc-BEARING GLYCOCONJUGATES CAN BE 
DISSOCIATED FROM CO-LOCALIZATION WITH VOLTAGE-SENSITIVE 
SODIUM CHANNELS IN PERIPHERAL NERVE. K.A. Sheikh. T.J. Deermck1. S.R. 
Levinson2, J.W. Griffm.^nd M.H. Ellisman1. Dept. of Neurology, Johns Hopkins Univ. 
Sch. of Med., Baltimore, MD; ‘Dept. of Neurosci., UCSD Sch. of Med., La Jolla, CA, 
92093 ; University of Colorado, Denver, Colorado 80262

Gal(Pl-3)-GalNAc-beaimg glycoconjugates are concentrated to the axolemmal region 
of nodes of Ranvier in mature myelinated nerve fibers; a region which contains high levels 
of voltage sensitive sodium channels. This observation raises the possibility that they may 
have an obligatory co-localization with sodium channels and the epitopes may be 
expressed on the channel itself. Peanut agglutinin (PNA) binds to Gal(/31-3)-GalNAc 
epitopes and cholera toxin binds to GMl-like epitopes. In order to determine whether 
these moieties could be spatially dissociated on the axolemma from sodium channels, 
fluorescent and peroxidase labeled PNA and cholera toxin along with antibodies against 
voltage sensitive sodium channels were used to stain amyelinated axons from the spinal 
roots of the dystrophic mouse (129 ReJ Dy +/+). Spinal roots from these mice contain 
many large diameter axons which carry discrete clusters of sodium channels on the 
axolemma without intervening Schwann cells. In myelinated fibers from normal mice, 
PNA and cholera toxin binding co-localized with sodium channel immunoreactivity at 
nodes of Ranvier. Cholera toxin also stained the paranodal region of Schwann cells. In 
amyelinated axons from the spinal roots of dystrophic mice, PNA and cholera toxin 
binding occurred mainly in a diffuse and continuous manner on the axolemma. Some 
patches of cholera toxin binding were observed on the axolemma, but double labeling 
experiments revealed that these patches did not co-localize with sodium channel clusters. 
Chloroform-methanol extraction of normal nerve indicated that PNA binds to Gal(fil-3)- 
GalNAc-bcanng glycoproteins and cholera toxin to the ganglioside GM1. These results 
suggest that sodium channel and Gal(Pl-3)-GalNAc-bearing, glycoconjugates do not have 
an obligatory co-localization with sodium channels and that Gal(/3]-3)-GalNAc is most 
likely a component of gangliosides and glycoproteins associated with the axolemma. 
[Support: NIH NS34846]

580.2
INTERACTION BETWEEN THE C TERMINUS OF SKELETAL MUSCLE 
SODIUM CHANNELS AND MULTIPLE MEMBERS OF THE SYNTROPHIN 
FAMILY OF DYSTROPHIN-ASSOCIATED PROTEINS. S. H. Gee*j. R, 
Madhaven§, S, R Levinson1, J, H Caldwell*. R. SealockU and S C. Froehner§§Dept. 
of Physiology, University of North Carolina at Chapel Hill, Chapel Hill. NC 27599 
and'Dept. of Cellular and Structural Biology, University of Colorado Health Sciences 
Center, Denver, CO 80262

Syntrophins, peripheral membrane proteins of the dystrophin-associated protein 
complex, are concentrated at the neuromuscular junction along with acetylcholine 
receptors and sodium channels (NaChs). We have previously shown that the PDZ 
domain of Otl-syntrophin mediates the membrane localization of nNOS in skeletal 
muscle (Brenman et al., 1996, Cell, 84:757-767). Proteins containing PDZ domains 
also mediate the clustering of specific membrane ion channels by binding to their C 
terminal tails. We have investigated the interaction between syntrophins and NaChs 
and find that NaChs copurify with both syntrophin and dystrophin from skeletal and 
cardiac muscle. In addition, NaChs can be affinity-purified with a 1-syntrophin PDZ 
domain fusion proteins. Synthetic peptides corresponding to the last 10 amino acids 
of the adult skeletal muscle (SkMl) and cardiac muscle (SkM2/rHl) NaChs are 
sufficient to affinity-purify syntrophins from muscle extracts and to inhibit the 
binding of native NaCh to syntrophin PDZ domain fusion proteins. Moreover, these 
peptides, but not a peptide corresponding to the C terminus of the Fas receptor, bind 
specifically to the PDZ domains of al, pi and p2-syntrophin and not to the PDZ 
domain of nNOS. These peptides also inhibit binding of nNOS to a 1-syntrophin PDZ 
domain. Our data suggest that syntrophin complexed to dystrophin may tether NaChs 
in the skeletal muscle plasma membrane. Tins work was supported by grants from the 
National Institutes of Health and the Muscular Dystrophy Association (to S.C.F. and 
R.S.). S.G. is supported by a Human Frontier Science Program Organization 
Fellowship.

580.3
EFFECTS OF GLYCOSYLATION ON ELECTROPHYSIOLOGICAL 
PROPERTIES OF SKELETAL MUSCLE pi SODIUM CHANNELS. Y. Zhang, P. 
G. Wagner* and J. Satin. Department of Physiology, University of Kentucky, Lexington, 
KY 40536.

Skeletal muscle sodium channels are glycosylated and responsible for initiation and 
conduction of action potential in skeletal muscle upon the stimulation by motor neurons. 
The effects of glycosylation on cloned rat skeletal muscle p.1 sodium channels were studied 
with and without pretreatment of glycosidase in ul transfected HEK 293 cell lines using 
whole-cell patch clamp. In control group (n=25), the midpoint voltage (V1/2) and slope for 
voltage dependent steady-state activation were -26.87+0.86 mV and 6.69+0.21 
respectively, and -70,71+0.76 mV and 5.64+0.22 respectively for steady-state inactivation. 
Pretreatment of endoglycosidases castanospermine (100 pg/ml, n=14) and swainsonine 
(500 ng/ml, n=9) as well as exoglycosidase neuraminidase (0.15U/ml, n=5) caused 
significant shifts of V1/2 for steady-state activation to depolarization direction (-20.61+0.96 
mV, -21.25+1.91 mV and -21.04+1.84 mV) compared to that in control (-26.87+0.86 
mV), P<0.01. The possible role of charge-screening effect in glycosidase-mduced 
depolarization shift of V1/2 for steady-state activation was investigated in another set 
experiment with addition of extracellular divalent cation (Mg2*). Castanospermine 
pretreatment (n=3) significantly reduced Mg2* (3~3O mM) - elicited depolarization shift of 
V1/2 for steady-state activation when compared to the situation in control (n=7), PO.05. 
This experiment suggests glycosylation of pi sodium channels could regulate cell 
excitability by modulating the channel activation, at least partly through the charge-
screening mechanism. We are currently testing whether treatment with glycosidase also 
affects the kinetics for steady-state inactivation, the single channel conductance, and 
opening probability in pi transfected HEK 293 cells. (Supported by American Heart 
Association)

580.4
DOWN-REGULATION OF VOLTAGE-DEPENDENT SODIUM CHANNELS 
COINCIDES WITH A LOW EXPRESSION OF a pi SUBUNIT 
COMPLEXES
B. Par gent1 *, G. Alcaraz1, B. Sampo1, N. Tricaud1, P, Giraud1, M-F.Martin- 
Eauclaire2 and F. Couraud1. 1 INSERM U464 and 2CNRS UMR6560, Institut 
Jean Roche, Faculte de Mededne Secteur-Nord, Bd Pierre Dramard, 13916 
Marseille Cedes 20, France

An antipeptide antibody directed against the C-terminal region of the pi 
subunit of the sodium channel from rat brain was used to follow the association 
between the pi subunit and the ex subunit, which bears the pH]saxitoxin- 
receptor site, in hippocampus during post-natal development and in cultures of 
fetal rat forebrain neurons and cerebellar granule cells. In parallel, the expression 
of transcripts coding for pi was analyzed by Northern blotting. The anti-pi 
antibody recognizes api complexes since it immunoprecipitated pH]saxitoxin 
receptors from solubilized adult rat brain membranes in a concentration-dependent 
manner. In the hippocampus, the increase in pi RNA expression during 
development coincided with the increase in immunoprecipitable api complexes. 
Most of the api complexes were constituted during the first three post-natal 
weeks, with the steepest rise between P5 and P12. Resistance of sodium 
channels to neurotoxin-induced internalization followed the same time-course of 
appearance (Neuron, 1994,13,683-690).

In fetal neurons and in cultured cerebellar granule cells, the amount of pi 
transcript was about 3% and 70% of that found in the adult, respectively. The 
anti-pi antibody immunoprecipitated about 4% of the pH]saxitoxin receptors 
from solubilized fetal neuron membranes, and about 60-70% of pUjsaxitoxin 
receptors from solubilized adult brain or cerebellar granule cell membranes. 
Neurotoxin activation resulted in sodium channel internalization in fetal neurons, 
while cerebellar granule cells, which express high levels of pi RNA and of api 
complexes, did not internalize their pH]STX receptors in that same conditions. 
Supported by INSERM
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580.5
ACCESSORY SUBUNITS INFLUENCE PK-C EFFECTS ON THE BRAIN2A 
VOLTAGE GATED NA CHANNEL (Brian Delisle, Heather Gregory, and Jonathan 
Satin Phi/) Department of Physiology; University of Kentucky College of Medicine, 
Lexington, KY 40502

In the central nervous system, the Na channel is a trimeric complex of alpha, 
beta-1, and beta-2 subunits. Na currents recorded from Xenopus laevis oocytes 
expressing the alpha subunit inactivate with a fast and slow exponential 
component. Expression of the alpha subunit alone favors the slow gating mode. 
Coexpression of the alpha subunit with the beta-1 subunit predominantly gates in 
the fast mode. All isoforms of the alpha subunit contain a conserved PK-C 
phosphorylation site in the III-IV linker. Xenopus laevis oocytes expressing the 
brain 2a alpha subunit alone are treated with 10 uM
1,2-dioctanoyl-rac-glycerol (DOG) to activate PK-C 
in oocytes. A conserved serine on the III-IV linker 
of the Na channel is a substrate for PK-C 
phosphorylation. Application of DOG transiently 
increases Na current amplitude, which is followed 
by a decrease of Na current. Coexpression of the 
beta-1 subunit appears to eliminate the increase of 
the control Na current (figure). To investigate 
whether the beta-1 influence following PK-C 
induced phosphorylation was due to channel
kinetics, the time course of DOG modulation of INa was measured as a function of 
voltage. Voltage steps corresponding to the rising phase of the I(V) relationship 
favor a prolonged transient increase in current. Voltage steps corresponding to the 
maximal conductance limb reduces the duration of the increase current. We 
conclude that augmentation verses attenuation of Na current following PK-C 
activation is dependant on channel state.
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580.6
MODULATION OF RAT BRAIN TYPE III SODIUM CHANNEL 
FUNCTION BY AUXILIARY pi AND 02 SUBUNITS. L. Meadowst, A. 
Stetzerl, L.L. Isomt, and D.S. Ragsdalet*, Montreal Neurological Inst., 
McGill Univ., Montreal, QC H3A 2B4f, and Dept. of Pharmacol., Univ. of 
Mich., Ann Arbor MI 48109-0632J

Expression of the embryonic type III isoform of the sodium channel a 
subunit (alii) in Xenopus oocytes results in channels with strikingly slow 
inactivation kinetics compared to other sodium channel subtypes. We have 
examined effects of auxiliary (31 and P2 subunits on alii function using 
Xenopus oocyte expression and two-electrode voltage clamp recording. We 
found that P subunits modulate the proportion of type III channels in three 
distinct kinetic modes. For alii alone, most channels were in an 
intermediate kinetic mode with an inactivation time constant at 0 mV 
(xjnact) = 25-35 msec and a time constant for recovery from inactivation at 
-90 mV (Trecov) = 150-250 msec. Coexpression of P subunits shifted 
channels to a fast mode (tjnact < 2 msec; Xrecov = 5-10 msec) and to an 
ultraslow mode (xjnact = 20-25 msec; xrecov > 15 sec). P subunits also 
shifted activation and inactivation to more negative potentials, and 
increased current amplitude. Previous studies have shown that coexpression 
of P subunits is necessary to reconstitute “normal” sodium channel function 
in oocytes. Thus, this study may provide insights into the functional 
properties of type III sodium channels in developing embryonic neurons. 
Support: MRC grant # MT-13485 to D.S.R, AHA/MI grant # 35GB967 to
L.L.I. and an NSF Fellowship to A.S.

580.7
FUNCTIONAL EXPRESSION OF NA+ CHANNEL (32 SUBUNITS IN PC 12 
CELLS. L.L. Isom*1, D.S. Ragsdale2, and M.K. Singh1, Dept. of Pharmacology, 
The Univ. of MI, Ann Arbor, MI 48109-06321, and Montreal Neurological Inst., 
McGill Univ., Montreal, QC H3A 2B42

Voltage-gated Na+ channels (NaCh) isolated from brain are composed of a, pi, and 
p2 subunits. P2 subunits are unique among auxiliary subunits of voltage-gated ion 
channels in that they combine channel modulation with a cell adhesion molecule motif 
and the ability to expand the cell membrane surface area. p2 expression has been shown 
to be exclusive to the central nervous system. We hypothesized that P2 subunits may 
play a critical role in NaCh localization and density in developing neurons. To test this 
hypothesis, we created stable PC 12 cell lines that express recombinant p2 subunits. 
Neither untreated nor NGF-differentiated PC 12 cells express endogenous P2 mRNA. 
Thus, any changes we observed in the transfected cell lines could be attributed to 
exogenous p2 subunits. p2 expression significantly altered NaCh localization in NGF- 
differentiated PC 12 cells. Confocal immunocytochemical analysis of differentiated 
PC 12 cells using an antibody directed to an extracellular epitope of the a subunit 
showed that NaCh are predominately localized to the cell body. P2 expression redis-
tributed this immune signal to include the entire length of the process. Immunocyto-
chemical analysis of differentiated, permeabilized control and p2-transfected PC 12 cells 
using an antibody to an intracellular epitope of the a subunit showed Na+ channel 
clustering near the intracellular side of the plasma membrane. These results suggest 
that P2 subunits may also recruit NaCh-containing intracellular vesicles to the plasma 
membrane in a manner similar to that reported previously in oocytes. In undifferen-
tiated PC 12 cells, p2 subunit expression resulted in the extention of filopods. In 
addition, (32 expression accelerated the time course of NGF-stimulated differentiation as 
measured by increased ^H-saxitoxin binding and visualization of neurite outgrowth. (32 
expression did not alter the macroscopic Na+ current time course or the voltage- 
dependence of NaCh activation or inactivation as assessed by whole cell and single 
channel patch clamp electrophysiological recording. Thus, our results suggest that the 
predominant effect of (32 expression in PC 12 cells is to modulate NaCh density and 
localization. Supported by Nat'l Multiple Sclerosis Society Grant # PP0456 to L.L.I.

580.8
STABLE TRANSFECTION OF THE SODIUM CHANNEL 131 SUBUNIT 
INCREASES ENDOGENOUS INa IN HEK293 CELLS. T Sadanaga, GS 
Tonkovich. B Li. DA Hanck* and JW Kvle. University of Chicago, Chicago, IL 
60637.

We have prepared a cDNA construct of the sodium channel 81 subunit 
containing an eight amino acid epitope tag (FLAG) attached to the end of the 81 
cytoplasmic tail. 81- FLAG has the same effects on the electrophysiology of 
sodium current (INa) as 81 when coexpressed with Na channel oc-subunit isoforms 
in Xenopus oocytes or in transfected cells and allows the detection of 81 protein 
using anti-FLAG antibodies. 81-FLAG alone was stably transfected into HEK293 
cells and clonal lines were established following G418 selection. Expression of 
81-FLAG was assessed by Western blot analysis using M2 antibody directed 
toward the FLAG sequence. In HEK293 cells stably transfected with vector alone 
or in nontransfected cells we detected low levels of endogenous INa in < 40% of the 
cells assayed by whole-cell voltage clamp (140 mM Na). In nontransfected cells 
with detectable current the average current density was 17 + 6 pA/pF (n=16). 
Cells stably transfected with 81-FLAG had significantly higher levels of 
endogenous INa in >80% of cells. 81-FLAG cells with current had current density 
of 34 + 18 pA/pF (n=54). In 81-FLAG cells the V1/2 for the steady-state h„ for the 
endogenous INa was shifted 5-6 mV in the depolarizing direction compared to 
nontransfected cells. This is similar to results obtained when cotransfecting 
skeletal or heart Na channel a-subunits with 81. The increased endogenous INa was 
sensitive to TTX (Kd = 16 nM) and was not blocked by 100 nM p-conotoxin. We 
conclude that expression of 81 increases expression of an endogenous INa current 
at the cell surface which is not the skeletal or heart Na channel isoforms. 
(Supported by PO1-HL-20592 to JWK).

580.9
CHARACTERIZATION OF ANTIBODIES RAISED AGAINST THE Na+ 
CHANNEL (31 SUBUNIT. Young-Jae Lee and Youngsuk Oh*. Dept. of 
Medicine, University of Alabama, Birmingham, AL 35294.

The voltage-sensitive Na+ channel (31 subunit (Na(3l) plays an 
important role by influencing the kinetics of expressed Na+ currents in 
excitable cells. In this study, we have generated and characterized 
anti-peptide antibodies raised against the Na(3i. Two different MAP- 
conjugated peptides corresponding to the extracellular region of the 
Na(3i (peptide I, corresponding to amino acid residues 44-53; and 
peptide II, residues of 93-102) were synthesized and used to 
immunize four rabbits to produce polyclonal antibodies. The ELISA 
analysis showed that animals that received peptide II gave a better 
immune response than those that received peptide I. IgGs were 
purified from rabbit serum and applied to Western blot analysis. The 
results showed that IgGs recognized several polypeptides with 
approximate Mr's of 29-45 kDa in crude rat brain membrane vesicles; 
the Mr of purified Na(3l from rat brain is 36 kDa. In order to 
characterize and further purify the Na(3i-specific antibodies, full length 
coding region of the Na(3i was amplified from rat brain cDNA via RT- 
PCR and cloned into pXa vector. The Na(3l protein was then 
overexpressed in E. coli using the PinPoint Xa Protein Purification 
System (Promega). The overexpressed Na(31 was conjugated to 
TetraLink Avidin Resin and subsequently used to purify Na(3i-specific 
antibodies from serum-purified IgGs. The final purified antibodies 
specifically recognized recombinant Na(3l in Western blot analysis. 
The presently obtained Napl-specific antibodies will serve as an 
important tool in the future to study the biochemistry of Na(3l and 
interaction between Na+ channel subunits. [Supported by NS 34877]

580.10
PKC ACTIVATION INCREASES PERSISTENT NA+ CURRENT AT 
SUBTHRESHOLD POTENTIALS IN NEOCORTICAL NEURONS 
I.A. Fleidervish, N. Astman and M.J. Gutnick*, Zlotowski Center for Neuroscience 
and Faculty of Health Sciences, Ben-Gurion University of the Negev, Beersheva, 
Israel.

In addition to classical INa, neocortical neurons possess a prominent persistent Na+ 
current (Insp ), which is generally attributed to modal gating of the same Na+ channel. 
Catterall and his colleagues have shown that diacylglycerols modify Na+ channel 
gating in cultured brain cells and transfected oocytes (Numann et al., Science 254: 
115-118,1991), and similar results were obtained when PKC activity was increased 
by activation of muscarinic receptors (Cantrell et al., Neuron. 16:1019-26,1996). We 
report now that in neocortical neurons PKC activation has a complex influence on 
INaP, resulting in increase of the current in pivotal subthreshold range of potentials.

INaP was studied in layer V neurones (n=42) in 400 pm slices of mouse SMI 
neocortex using the whole cell configuration of the patch-in-slice technique. K+ 
currents were blocked by using Cs+ as the main monovalent cation in the intracellular 
solution, and Ca ‘ currents were suppressed by adding 200 pM Cd ‘ to the bath. INaP 
was revealed by applying depolarising voltage ramps from -70 mV to 0 mV with a 
rising rate slow enough to entirely inactivate the fast Na+ current.

Although intracellular exposure to Phorbol Ester (PMA, lOOnM - lpM), and not 
to its inactive analogue (4a-PMA), markedly decreased INap at very depolarized 
membrane potentials, it also shifted activation of INaP in the hyperpolarizing 
direction, such that there was a significant increase in current at potentials below -45 
mV. From a functional viewpoint, this is expected to increase neuronal excitability, 
enhance boosting of distal synaptic inputs, and facilitate back-propagation of action 
potentials from the soma into the dendrites.
Supported by a grant from The Israel Ministry of Science
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580.11
REDUCTION OF BRAIN Na* CURRENT BY ACTIVATION OF Dl-LIKE 
DOPAMINE RECEPTORS IS POTENTIATED BY DEPOLARIZATION AND 
ACTIVATION OF PROTEIN KINASE C A.R. Cantrell*. T. Scheuer. and
W.A. Catterall. Dept. Pharmacol., Univ. of Wash., Seattle, WA 98195.

Activation of Dl-like dopamine (DA) receptors decreases peak Na+ 
current in acutely isolated adult (3-5 wks postnatal) hippocampal neurons. 
The reduction requires direct phosphorylation of the Na+ channel by cAMP- 
dependent protein kinase (PKA). Here we report that the extent of DA 
receptor modulation is modified both by holding potential and by activation 
of protein kinase C (PKO.

Application of the DI agonist, SKF 81297 (5pM), reduced peak Na* 
current an average of 30.5 ± 2.8% when the holding potential was -70 mV, 
but only 10.6 ± 3.1% when the holding potential was -85 mV. Similar 
holding potential-dependent modulation was observed when PKA was 
activated directly with the membrane permeant PKA activator,
DClcBIMPS (20 pM), indicating that the holding potential dependence 
occurs downstream of PKA. Activation of PKC with the membrane permeant 
diacylglycerol analog OAG, using concentrations too low to cause significant 
reduction of the Na+ current by themselves, greatly potentiated modulation 
by SKF 81297 or cBIMPS at a holding potential of -85 mV. Thus activation 
of Dl-like DA receptors causes a strong reduction in Na+ current, but only 
when it is combined with depolarization of the holding potential or with 
activation of PKC. Due to the central role of the Na* current in neuronal 
excitation, the synergistic effects of these convergent signals provide an 
intriguing mechanism for integration of information in the hippocampus and 
central nervous system. This work was supported by NIH grant NS15751 to
W.A.C. and NRSA postdoctoral fellowship NS10147 to A.R.C.

580.12
CORRELATION BETWEEN [14C]-GUANIDINIUM FLUX AND ELECTROPHYSIOLOGY IN 
CNallA-1 AND CHO-hH1 CELLS. S, Connauahton, K, Ferrara, F, Wason, J.B, Fischer & C, 
Kirk*, Cambridge NeuroScience, Inc., Cambridge, MA 02139.

Experiments were performed in CNallA-i cells and CHO-hH1 cells that stably express the 
alpha-1 subunit of mammalian type IIA neuronal and human H1 cardiac sodium channels, 
respectively. Electrophysiological studies demonstrate that these CNallA-1 and CHO-hH1 
cells generate a rapidly inactivating, inward sodium current with normal time course and 
voltage dependence (Scheuer et al., 1990; Knapp et al., 1993; Krafte et al., 1995). However, 
peak inward sodium current elicited by stepping from a holding potential to an optimal test 
potential (-20 to 0 mV) at 0.1 Hz is 33-fold less sensitive to block by TTX in the CHO-hH1 cells 
than in the CNallA-1 cells.

The neurotoxin, veratridine, causes persistent activation of sodium channels at resting 
membrane potential by blocking inactivation. Veratridine induced [14C]-guanidinium flux in 
CNallA-1 and CHO-hH1 cells in a dose-dependent manner with EC50 values of 53.7 and 53.9 
gM, respectively. TTX is 30-times more potent in inhibiting the veratridine-induced (200gM) 
flux in CNallA-1 than in CHO-hH1 cells. Twelve compounds have been evaluated in both the 
(14C]-guanidinium flux and the "block and wash" voltage-clamp experiments in CNallA-1 cells. 
When their potency (IC50) in the [14C]-guanidinium flux assay was compared with their 
potency in voltage-clamp experiments, a highly significant correlation (r = 0.921; s = 0.841) 
was obtained; athough each compound, including TTX is 20-80 fold more potent in the flux 
assay compared with the voltage-clamp experiments. In conclusion, these flux assays in 
CNallA-1 and CHO-hH1 cells provide useful high throughput screens for compounds with 
putative type IIA and hH1 sodium channel blocking activity that correlate with other measures 
(i.e. voltage clamp experiments) of sodium channel blocking activity.

580.13
A NEUROPHYSIOLOGICAL METHOD OF MARINE BIOTOXIN DETECTION. 

H, I, Saba. D. M. Briggs and D, S, Ken*. Department of Pharmacology, University 

of Otago, Dunedin, New Zealand.
The effectiveness of the in vitro hippocampal slice preparation was examined as a 

means of rapidly and specifically detecting four marine algal toxins; saxitoxin (STX). 
brevetoxin, gymnodimine and domoic acid. Extracellular neuronal responses were 
recorded from region CAl of fully submerged, perfused adult Sprague Dawley rat 
hippocampal slices, using reference standards in 50 to 1000 nM range. Toxin-specific 
neuro-physiological "signatures" were observed for all four neurotoxins. Domoic acid 
produced a rapid and reversible increase in amplitude of the orthodromic population 
spike and a decrease in field EPSP. Brevetoxin produced a rapid and reversible 
suppression of spike amplitude with no discernible effect on the EPSP, and greatly 
enhanced paired-pulse facilitation. Saxitoxin totally abolished all neuronal responses 
with little reversal during a lengthy washout. Gymnodimine produced no changes in 
evoked CAl potentials. In addition extracts of naturally STX-contaminated green 
mussels were also applied to the brain slice perfusion medium in order to test the 
efficiency and sensitivity of the assay against known samples. Field EPSP and fiber 
spike analysis proved useful in demonstrating the presence of STX equivalents 
comparable to those values determined by mouse bioassay. In conclusion, these data 
indicate that the hippocampal slice preparation is a viable method of rapidly and 
specifically detecting at least three neurotoxins currently observed in the NZ marine 
environment and confirm the utility of this assay in the analysis of STX and its 
equivalents in actual contaminated mussel extracts. (Supported by the Instit. of 
Environmental Science & Research, Wellington, N. Z. Neurological Foundation, and 
Southern Clams, Dunedin, New Zealand.).

580.14
SINGLE NEURON ANALYSIS OF AMILORIDE, BENZAMIL, DMA,
AND 4-AP INHIBITION OF GUSTATORY RESPONSES TO NaCI, KCI, 
AND NH4C1. R.L, Lundy* and R.J. Contreras. Dept. of Psychology, Florida 
State Univ., Tallahassee, FL 32306-1051.

In a recent study, we showed that addition of 1 gM concentrations of 
amiloride, benzamil, and DMA to stimulating solutions of NaCI, KCI and 
NH4C1 significantly inhibited chorda tympani nerve responses. The low 
concentrations should exhibit selective antagonism of either epithelial Na* 
channels (amiloride & benzamil) or Na*/H* exchangers (DMA). These results 
support the idea that different monovalent salts may utilize the same mecha-
nisms to transduce their chemical signal into electrical nerve activity. A 
crucial next step is to determine the contribution of Na* channels, 4-AP K* 
channels, and Na*/H* exchangers on taste cells innervated by individual 
neurons of the chorda tympani nerve. Previous single fiber studies in rats and 
hamsters indicate that epithelial Na* channels may be present exclusively on 
receptor cells innervated by salt-best N-units. The contribution of 4-AP K* 
channels and Na*/H* exchangers on the responses of different fiber types of 
the chorda tympani is unknown. The present study examines the inhibitory 
efficacy of 1 gM concentrations of amiloride, benzamil, DMA, and 4-AP on 
responses of individual chorda neurons to NaCI, KCI and NH4C1 solutions at 
35°C. The results will be presented in relation to neuronal type (e.g. salt-best, 
sweet-best,...). This study will help clarify the roles of four transmembrane 
mechanism in salt taste processing and coding of sodium and nonsodium 
salts.

This research supported by NIH grant DC 02641.

580.15
A NOVEL TECHNIQUE FOR SERIES RESISTANCE COMPENSATION 
Adam J. Sherman, Alvin Shrier and Ellis Cooper*~Dept. of Physiology, McGill 
University, Montreal Quebec H3G-1Y6

Single electrode whole-cell voltage clamp techniques are widely used to study 
the voltage dependence and kinetics of ionic currents. To resolve rapidly 
activating currents, it is usually necessary to compensate for series resistance that 
exist between the patch electrode and the cell. Common methods to compensate 
for series resistance are based on electronic bridge designs. These devices are 
inherently unstable and often achieve only partial compensation. Variants of the 
electronic bridge which subtract off capacitive charging currents are stable but 
assume a fixed cell conductance. Large cell conductance changes - which often 
accompany rapidly activating currents - unbalance the electronic bridge and 
introduce significant voltage clamp errors and delays.

To overcome the limitations of electronic bridge designs, we developed a novel 
approach to series resistance compensation which involves a real-time estimation 
of the true membrane voltage. This estimated value is then used in an optimized 
feedback control system to clamp the membrane voltage. Our voltage clamp 
achieves full stable series resistance compensation that is completely independent 
of cell conductance changes. In response to a command step, the membrane 
voltage settles in 60us with a recorded current bandwidth of 10kHz using an RC 
modelled pipette and membrane.

The amplifier was then used to measure voltage clamped Na current records in 
freshly isolated SCG neurons from neonatal rats, using physiological Na 
concentrations. The results confirmed the stability and performance seen with the 
model pipette and membrane.

This novel voltage clamp facilitates the study of rapid membrane currents that 
have been difficult to characterize experimentally.

Support to E.C. and A.S. by the MRC of Canada.
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581.1
FLUORESCENT VOLTAGE-SENSITIVE Na CHANNELS AS PROBES OF 
CONDUCTILE REGIONS OF ELECTRICALLY EXCITABLE CELLS. W.-S, D. 
Griggs. M, C. Emerick and W, S, Agnew*, Dept. of Physiology, Johns Hopkins 
School of Medicine, Baltimore, MD 21205.

Voltage-sensitive Na channels underlie impulse propagation in electrically 
excitable cells. Subcellular localization of these channels delineates conductile 
regions of neurons, myocytes and similarly excitable cells. The Na channel gene 
family comprises nine or more tissue specific isoforms of Mr ~ 260 kDa a 
glycopeptide subunits which specify channel pharmacology and regulation, as well 
as gating, conductance and ion selectivity, a subunits are expressed most often in 
combination with one or two small, less diversified glycopeptide subunits, p, and 
P2. We have created a fluorescent variant of the pi adult skeletal muscle Na 
channel o^ipftF) as a fusion construct of the S65T mutation of green fluorescent 
protein (GFP). When expressed in mammalian cells, the channel complex is 
fluorescent, with excitation and emission properties indistinguishable from S65T 
GFP itself. In Xenopus oocytes, c^ipftF) exhibits electrophysiological properties 
indistinguishable from those of wild type o^ip j. In HEK 293 cells, the fluorescent 
complex is localized at the cell surface: immunoprecipitation of metabolically 
labeled protein demonstrates stable integration of GFP into the channel subunits. 
Quantitative spectrofluorimetry permits assessment of channel abundance. 
Preliminary experiments expressing the channel derivative in mouse quadriceps 
suggests that the complex can be used as a marker for native Na channel membrane 
distributions. Ongoing experiments seek to extend these results to the 
characterization of central and peripheral nervous system neurons and cardiac 
myocytes. This work was supported by a grant from the Muscular Dystrophy 
Association and NS 17928 to WSA.

581.2
REDUCTION OF VERATRIDINE-INDUCED GLUTAMATE 
RELEASE BY (±>KAVAIN AND TETRODOTOXIN: AN IN 
VIVO MICRODIALYSIS STUDY. H. Haberlein1. G. Boonen1.
E.-C Zorn2, K. Kuschijis^,. and . B, Ferger*2 ^st. of 
Pharmaceutical Biology, 2Inst. of Pharmacology and Toxicology, 
University of Marburg, D-35032 Marburg, Germany.

(±)-Kavain is a synthetic racemate of a 4-methoxy-a-pyrone. 
Based on in vitro data, (±)-kavain might act as an sodium channel 
blocker which might also lead to an inhibition of the glutamate 
release. Male wistar rats were implanted with microdialysis probes 
into the striatum 24h before microdialysis experiments were carried 
out. After obtaining a stable baseline, (±)-kavain 100 mg/kg or 
vehicle was administered via an intra gastric tube. Immediately 
afterwards the perfusion fluid was switched to a calcium-reduced 
ringer solution which additionally contained 500 pM of the sodium 
channel activator veratridine. Every 20 min dialysate fractions were 
analyzed for extracellular glutamate by HPLC with fluorescence 
detection. (±)-Kavain leads to a significant reduction of veratridine- 
evoked glutamate rise compared with vehicle treated controls. 
Furthermore, the administration of the sodium channel blocker 
tetrodotoxin 5 pM via the microdialysis probe reversed significant 
the veratridine-induced glutamate increase. Supported by Faculty of 
Pharmacy, University of Marburg.

581.3
SODIUM CHANNEL INACTIVATION IS MODULATED BY CHANGES IN 
BILAYER STIFFNESS. J.A. Lundbsek1*. O.S. Andersen2, ,PBirn!„.T 
Egebiera1, G. Mattice3, R. Koeppe3. A.J. Hansen1. Novo Nordisk A/S, 
Denmark1, Cornell Univ. Med. College, USA2, University of Arkansas, 
USA3

Membrane protein function generally is sensitive to the lipid 
composition of the surrounding bilayer. We have investigated whether 
this control of protein function can be understood by considering the 
mechanical properties of the bilayer. The effect of compounds known to 
modulate bilayer stiffness was investigated on the function of rat muscle 
sodium channels expressed in HEK293 cells. The effect on bilayer 
stiffness was determined from the effect on gramicidin (gA) channels in 
planar lipid bilayers. gA channel formation involves a deformation of the 
surrounding bilayer and gA channels therefore can be used to measure 
changes in stiffness. Triton X-100, p-octyl glycoside and capsaicin, 
compounds of very different structure, all decrease bilayer stiffness and 
reversibly promote sodium channel inactivation. None of the compounds 
affect the voltage activation of the channels.

We have previously shown that inactivation of N-type calcium channels 
can be modulated by compounds that change the bilayer stiffness. The 
present results further strengthen the importance of the bilayer 
mechanical properties for membrane protein function. In addition they 
may explain the non-selective effect of amphipatic compounds such as 
capsaicin on many different membrane proteins.

581.4
BIOPHYSICAL PROPERTIES OF HUMAN CARDIAC SODIUM 
CHANNEL SLOW INACTIVATION. J. E. Richmond*, D. E. 
Featherstone, H. A. Hartmann and P. C. Ruben. Dept. of 
Biology, College of Science, Logan, UT 84322.

Voltage-gated sodium channels have two kinetically, 
molecularly and pharmacologically distinct mechanisms of 
inactivation: fast inactivation and slow inactivation. Slow 
inactivation regulates channel availability over seconds to 
minutes, whereas fast inactivation is complete within 
milliseconds. We have characterized both fast and slow 
inactivation in heterologously-expressed human cardiac 
sodium channels. Slow inactivation was isolated in two 
ways: kinetically (using a prepulse protocol to recover fast 
inactivation) and molecularly (using the IFM-QQQ mutation). 
Our results show that steady state slow inactivation of 
cardiac sodium channels is significantly less complete than 
that of skeletal muscle or neuronal sodium channels (40% 
versus 80% complete). Furthermore, in the fast
inactivation-removed mutant, slow inactivation in cardiac 
sodium channels is 90% complete, suggesting that the extent 
of slow inactivation is limited by interactions between fast 
and slow inactivation mechanisms. We postulate that the 
60% fraction of sodium channels that do not slow inactivate 
is a unique adaptation of cardiac sodium channels necessary 
to prevent heart failure due to sodium channel slow 
inactivation during normal cardiac muscle activity. 
Supported by PHS grant R-01 NS29204 to P.C.R.

581.5

PHENYL SUBSTITUTION IN AN HOMOLOGOUS SERIES OF 
n-ALKANOLS CAUSES POTENCY SHIFTS IN ACTION POTENTIAL 
AND Na CHANNEL BLOCK A. Kondratiev and R. Hahin* Biological 
Sciences Dept., Northern Illinois Univ., DeKalb, IL 60115.

To gain insight into the role phenyl groups play in producing action 
potential (AP) block, an homologous series of n-alkanols and phenyl-
substituted alkanols were compared in their ability to block 
propagated AP’s and the underlying Na^ currents that produce AP’s. 
Dose-response relations were used to define 50% AP blocking doses 
(ED50’s ). The effectiveness in producing AP block increased with 
chain length for both groups of alkanols. Phenyl substitution 
substantially increased the potency of the molecules. Log ED5Q vs. 
LogKow (Kow = octanol water partition coefficient) relations for both 
groups of alkanols were linear; however the phenyl substituted 
alkanols’ Log ED50 vs. LogKoW relations appear to be shifted versions 
of corresponding relations for n-alkanols. ED50's for Na channel block 
for phenyl substituted n-alkanols were also shifted versions of ED50’s 
for non-substituted n-alkanols; these results suggest that phenyl 
substitution of n-alkanols substantially increases their ability to block 
Na channels causing the increased AP block. Since the reciprocal of 
the EDso ‘s provide a measure of the relative anesthetic potencies of 
alkanols, the relative potencies of n-alkanols can be predicted. The 
size of a nonpolar membrane soluble molecule appears to be the 
most important predictor of anesthetic potency.

581.6
NITRIC OXIDE BLOCK OF AXONAL CONDUCTION: 
DEPENDENCE ON CONNECTIVE TISSUE SHEATHS K. Kazarinova. 
A.W. Custer. D. Mattson, and P. Shrager*. Dept. of Neurobioiogy and 
Anatomy, Univ. of Rochester Medical Center, Rochester NY 14642.

Release of NO from DEA-NONOate is highly temperature-dependent, 
allowing control of NO concentration. At levels commensurate with 
inflammation NO results in a reversible block of action potential 
conduction in rat sciatic nerve. This action is dependent on the connective 
tissue sheaths surrounding the nerve. After mechanical removal of the 
epineurium and perineurium, and collagenase disruption of the 
endoneurium, block by NO is absent. The epineurium is not required, and 
reduction of blocking potency behaves as though dependent on a diffusible 
endoneurial component. This requirement for an intact microenvironment 
is opposite to that of virtually all other drugs that alter action potentials. 
TTX, for example, fails to block conduction in intact sciatic nerves, even 
at 200 nM. Tested on rat vagus nerves, NO blocked both myelinated and 
unmyelinated axons. Reversibility of block on washing suggested a 
possible reaction mechanism involving S-nitrosylation of a sulfhydryl 
residue. S-nitrosocysteine can transfer NO+ directly to a protein SH group 
and can also release NO into the bath. In contrast to DEA-NONOate, S- 
nitrosocysteine blocked conduction in both intact and desheathed nerves. 
NO action thus seems to involve S-nitrosylation of a membrane thiol group, 
probably via an intermediate in the endoneurium. Supported by NIH and 
NMSS.
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581.7
DIFFERENTIAL EFFECTS OF BREVETOXIN AND MODIFIED 
BREVETOXIN ON ACTIVATION AND INACTIVATION OF SINGLE 
NEURONAL SODIUM CHANNELS. S.L, Purkerson* , L.A, Fieber, KS. 
Rein, and D.G. Baden. NIEHS Marine and Freshwater Biomedical Sciences 
Center, RSMAS, University of Miami, Miami, FL 33149

The organism responsible for red tides is the dinoflagellate Ptychodiscus 
brevis, which produces extremely potent, lipophilic neurotoxins called 
brevetoxins. Brevetoxin-3 (PbTx-3) exerts its effects on the peripheral and 
central nervous systems as a result of binding to site 5 of the a-subunit of 
voltage-gated Na+ channels. The effects of PbTx-3 and chemically modified 
PbTx-3 on voltage-gated Na+ channels were studied using two neuronal cells 
lines B50 and BI04, which were derived from the rat central nervous system 
(Schubert et al., Nature, 1974, 239:224-227). Na+ currents were studied 
using the whole cell and cell-attached patch configurations of the patch clamp 
technique. PbTx-3 (100 nM) caused a slight reduction in peak whole cell Na+ 
current, while TTX (100 nM) blocked Na+ current. PbTx-3 produced a 5-10 
mV hyperpolarized shift in the single Na4 channel activation range. PbTx-3 
caused Na+ channels to open at the resting potential and during steady-state 
depolarizations. In addition, PbTx-3 caused Na+ channel reopening during 50 
ms depolarizations.

With aromatic modifications to the K-ring of PbTx-3, the toxin binds to 
Na+ channels with the same affinity as native PbTx-3 but does not affect Na4 
channel behavior in a standard voltage pulse protocol. The modified toxin 
competitively blocks the effects of PbTx-3.
Supported by NIH ES05853, NIH ES05705.

581.8
3H-BATRACHOTOXININ a  20-a-BENZOATE BINDING TO CNAIIA-1 CELLS 
IN CULTURE. D. F. Baxter, T. J. Wolcott, J. B. Fischer*, and S. Katragadda, 
Cambridge NeuroScience, Inc. Cambridge, MA 02139.

3H-Batrachotoxinin A 20-a-benzoate (3H-BtxB) binds to site 2 on the brain 
type II Na channel with high affinity. 3H-BtxB can be used in binding assays 
to measure its displacement by various ligands at this site. Our goal was to 
set up a binding assay using CNallA-1 cells, a Chinese Hamster Ovary(CHO) 
cell line expressing cloned brain type II Na channels (West et al.,Neuron, 8, 
59-70, 1992) in order to study the ability of our in-house library of guanidine- 
based compounds to displace 3H-BTX. These compounds can block 
veratridine stimulated 14C-guanidinium ion flux in CNallA-1 cells.

Using veratridine (1 mM) to determine non-specific binding, 3H-BtxB was 
found to bind half-maximally at 364 nM with a Bmax of 101 pmol/mg protein 
at 37°C. 3H-Saxitoxin (3H-STX), a ligand for site 1 of the Na channel, was 
reported to bind with a Bmax of 85 fmol/mg protein (West et al., 1992). 3H- 
BtxB binding is thus about three orders of magnitude higher than that of 3H- 
STX (101 pmol vs. 85 fmol/mg protein), in the CNallA-1 cells. In order to 
explain the excessive 3H-BtxB binding, binding experiments were conducted 
at 4°C, 23°C and at 37°C. These experiments ruled out cellular uptake of 
3H-BtxB contributing to the Bmax- The cause of this high 3H-BtxB binding to 
CNallA-1 cells remains unresolved. 3H-BtxB binding experiments were also 
conducted in untransfected CHO-K1 cells, cultured rat cortical neurons and 
rat brain synaptosomal preparations. These data, along with displacement of 
3H-BtxB by known ligands, will be presented.

581.9
DIFFERENTIAL EFFECTS OF THE SODIUM CHANNEL BLOCKERS 
MEXILETINE AND QX-314 IN PRIMARY RAT CEREBELLAR NEURONS: I. 
PROTECTION AGAINST GLUTAMATE OR HYPOXIC INJURY. Y. Lin1*, 
J.R. Dave1, L. Clapp3,, M, Koenig1, H, Ved2, J.C. Hunter4 and
F.C, Torteila2. xDiv. Neurosci. and 2Div. Biochem. , Waiter Reed 
Army Inst. Res. and 3Dept. Neurol., Walter Reed Army Med. Ctr. 
Washington, DC 20307, and 4Roche Biosci., Palo Alto, CA 94303.

Several blockers of voltage-gated Na+ channels have been shown 
to possess protective actions in experimental models of hypoxic 
neuronal injury. The purpose of the present study was to compare 
the effects of mexiletine, a lipophilic, use-dependent Na+ channel 
blocker and QX-314, a quaternary derivative of lidocaine, to 
protect cultured rat cerebellar neurons from glutamate- and/or 
hypoxia-induced neurodegeneration. QX-314 also has the ability to 
block voltage-gated calcium channels at similar concentrations. 
Consistent with previous reports, glutamate (80 gM) or 2 h of 
hypoxia were neurotoxic, causing 65% and 40% neuronal injury, 
respectively (based upon morphology and MTT viability assay). 
Mexiletine(100-1000 gM) was ineffective against glutamate-induced 
injury whereas QX-314 (100-1000 gM) produced a moderate, albeit 
limited, 25-35% protection. In contrast, against hypoxia induced 
neuronal injury, mexiletine (200-400 gM) was protective, producing 
approximately 41% neuronal survival, whereas QX-314 (200-400 gM) 
had no effect. Interestingly, both drugs produced effects on 
cellular calcium dynamics consistent with their actions on 
glutamate neurotoxicity. These results demonstrate that while Na+ 
channel blockade may not rovide significant protection against 
glutamate neurotoxicity induced through postsynaptic ligand-gated 
receptor channels, "presynaptic" blockade of voltage-dependent Na+ 
channels may be beneficial against pathological conditions 
promoting glutamate release. (DOD/MRMC and Commercial Funding)

581.10
DIFFERENTIAL EFFECTS OF THE SODIUM CHANNEL BLOCKERS 
MEXILETINE AND QX-314 IN PRIMARY RAT CEREBELLAR NEURONS: 
II. GLUTAMATE OR KC1-MEDIATED CALCIUM MOBILIZATION. J.R. 
Dave1 M.J. Koenig1, Y. Lin1, L. Clapp2, K.C, Curley1, J.C.
Hunter3* and F.C. Torteila1. 3Div. Neurosci., Walter Reed Army 
Inst. Res. and 2Dept. Neurol., Walter Reed Army Med. Ctr. 
Washington, DC 20307, and 3Roche Biosci., Palo Alto, CA 94303.

Dynamic changes in neuronal Ca++ mobilization, possibly mediating 
ischemic/hypoxic injury, may occur through several mechanisms 
including voltage- and/or ligand- gated channels, as well as the 
reverse operation of the neuronal Na+-Ca++ exchanger. Na+ channel 
blockers have been shown to be neuroprotective against 
ischemic/hypoxic injury, and we have recently demonstrated 
differential effects of two such drugs, mexiletine and QX-314, to 
protect cultured rat cerebellar neurons from glutamate or hypoxia- 
induced neuronal injury (Lin et al. , Neurosci. Abst. 23:1997). The 
objective here was to study the effects of these Na+ blockers on 
glutamate or KCl-mediated Ca++ mobilization using identical 
cultured cerebellar neurons treated in Locke's solution with 
vehicle, 80 pM glutamate or 25 mM KCI, with or without mexiletine 
or QX-314 (100 gM each; 100 sec pre-treatment) . Neuronal Ca++ 
mobilization was measured using fluo-3 and real-time laser 
cytometry. Consistent with earlier observations, glutamate or KCI 
caused immediate and sustained increases in Ca++ which remained 
elevated throughout the 500 sec observation period. QX-314 
produced similar effects on glutamate- or KCl-induced responses, 
effectively decreasing the amplitude and delaying the initial Ca++ 
spike and attenuating the sustained increase in Ca++ mobilization. 
In contrast, mexiletine had no effect on glutamate-induced Ca++ but 
decreased the initial amplitude and attenuated the sustained rise 
in KCl-induced Ca++ mobilization. (DOD/MRMC and Commercial Funding)

581.11
INHIBITION OF RAT BRAIN TYPE III SODIUM CHANNELS BY 
LOCAL ANESTHETIC AND ANTICONVULSANT DRUGS. A. Galue* 
and D.S. Ragsdale, Montreal Neurological Instit. Montreal, QC H3A 2B4

The embryonic type III isoform of the voltage-gated sodium channel 
exhibits strikingly slow inactivation kinetics compared to other sodium 
channel subtypes. Previous studies suggest that persistent sodium currents, 
similar to those mediated by type III channels, may contribute to seizures and 
to chronic pain. However, the sensitivity of type III channels to 
anticonvulsant and local anesthetic drugs has not been examined. Therefore, 
we have used two-electrode voltage-clamp recording to investigate the action 
of various local anesthetic and antiepileptic agents on type III channels, 
expressed in Xenopus oocytes. The anticonvulsant phenytoin, at 
concentrations from 10 to 200 pM, was a very weak blocker of type III 
channels when currents were elicited by test pulses applied from a holding 
potential of -100 mV, and block was not significantly enhanced by 100 msec 
long conditioning pulses to more depolarized potentials or by 1, 2, 5, or 20 
Hz trains of 7.5 msec long test pulses. However, block was greatly 
enhanced by stepping the membrane for 10 sec to -40 or -30 mV. The local 
anesthetic tetracaine was a much more potent voltage-dependent blocker, 
and it also exhibited strong acitivity-dependent block during 1 Hz pulse 
trains. In contrast to phenytoin and tetracaine, the newly developed 
anticonvulsant agent topiramate did not affect currents through type III 
channels, suggesting that block of sodium channels is not the main 
mechanism of this drug’s therapeutic efficacy.
Support: MRC grant #MT13485 to D.S.R.

581.12
ISOFLURANE AND HALOTHANE BLOCK SODIUM 
CHANNELS IN IN DRG NEURONS. T.N. Vysotskaya* and 
D.S.Duch. Departments of Anesthesiology and Physiology, Cornell 
University Medical College, New York, NY 10021.

The modification of sodium channels by volatile anesthetics has been 
found to vary depending on the type of sodium channel examined. 
Mammalian CNS sodium channels appear to be much more sensitive 
to anesthetic modification than channels from non-mammalian tissues. 
To examine anesthetic modification of mammalian peripheral sodium 
channels, primary cultures of DRG neurons from 5-13 day rats were 
examined after enzymatic digestion. Sodium currents were measured 
using the whole cell patch clamp configuration; the extracellular 
Hank’s balanced salt solution contained additionally 5mM HEPES 
and O.lmM CdCl2, pH 7.2,while the internal solution was 140mM 
CsF,10 mM NaCl, 5 mM HEPES pH 7.4. Similar to results with CNS 
neurons, isoflurane (0.2-0.5 mM) and halothane (1-2 mM) reversibly 
decreased peak sodium current. In contrast to CNS studies, however, 
peak current was maximally reduced only 40-80% by high anesthetic 
concnetrations. Similar to CNS channels, but different from non-
mammalian studies, both drugs caused large hyperpolarizing shifts in 
steady-state inactivation and slowed recovery from inactivation. 
Significant differences in actions of the two anesthetics were also 
noted. Supported by funds from the Dept. of Anesthesiology, CUMC, N.Y.
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581.13
DIFFERENTIAL MODULATION OF VOLTAGE-GATED ION 
CHANNELS BY ANESTHETICS AND ANTICONVULSANTS 
L Ratnakumari and HC Hemmings Jr* Departments of Anesthesiology and 
Pharmacology, Cornell University Medical College, New York, NY, 10021.

Current evidence suggests that general anesthetics and anticonvulsants 
modulate synaptic transmission in the nervous system by interacting with various 
voltage-gated ion channels. We have compared the effects of representative 
anesthetics and anticonvulsants on Na+ channels, Ca2+ channels and K+atp  
channels by measuring the equilibrium binding of [3H]batrachotoxinin A 20-a 
benzoate (fH]BTX-B) to neurotoxin receptor site 2 of Na+ channels, (+)-[methyl 
3H]PN200-110 i/H]PN200-110) to L-type Ca2" channels and [cyclohexyl-2,3- 
3H(N)]glibenclamide (fHJGB) to K+atp  channels using rat cortical 
synaptosomes. Radioligand binding reactions were performed at 37°C for 60 min 
with 10 nM [3H]BTX-B; at 25°C for 60 min with 0.1 nM [3H]PN200-110 and at 
25°C for 60 min with 0.05 nM [’HJGB. Tetracaine (a local anesthetic), propofol 
(an i.v. anesthetic), halothane (a volatile anesthetic) and phenytoin (an 
anticonvulsant) all inhibited [3H]BTX-B binding (IC^l.5 pM, 20 pM, 0.5 mM 
and 0.17 mM, respectively) more potently than [3H]PN200-110 binding (IC5o=O.5 
mM, 250 pM, >3 mM and 0.4 mM, respectively). The barbiturate anesthetic 
pentobarbital inhibited [3H]PN200-110 binding (ICs<f=l mM) more potently than 
[3H]BTX-B binding (ICso=2 mM), while phenobarbital, a barbiturate 
anticonvulsant, inhibited [3H]BTX-B binding more potently. None of the agents 
tested affected [3H]GB binding. These agent-specific actions of anesthetics and 
anticonvulsants may underlie differences in their clinical effects. (Supported by 
NIH grant GM52441).

581.14
RESURGENT SODIUM CURRENT AND SPIKING IN CEREBELLAR 
PURKINJE NEURONS OF SCN8A MUTANT MICE. Indira Mx
Raman*1, Leslie Kx,Spnmger2a, Miriam.H,.Meislsr2b, and Bruce P, Bean1.
‘Dept. Neurobiol., Harvard Med. Sch., Boston, MA 02115 & 2Dept. Human 
Genetics, Univ. MI Ann Arbor, 48109. ’HL35034, aHL02972, bNS34059.

Purkinje neurons express the voltage-gated Na+ channel SCN8A (rat 
NaCh6). Mutations in SCN8A result in cerebellar dysfunction in mice. We 
studied TTX-sensitive Na+ currents in dissociated Purkinje cells from mice 
of 3 genotypes: +/+ (normal), Tg/Tg (null), and jo/jo (missense mutation, 
jolting). Peak transient currents in voltage-clamped normal and null cells had 
identical voltage dependence, with normal currents -50% larger. In normals, 
after inactivation of Na+ channels at positive potentials, repolarization to -30 
mV produced a “resurgent” Na+ current (rise, 8 ms; decay t , 30 ms) of —200 
pA in 50 mM [Na+]o. In nulls, the resurgent current was absent or <-40 pA. 
In jolting cells, resurgent kinetics were altered. Resurgent current may reflect 
recovery from inactivation through open states. After inactivation at 0 mV, 
20 ms at -40 mV gave 7% recovery in normals, but only 2% in nulls. To 
study SCN8A effects on spikes, cells were current clamped in physiological 
solutions. In normals, a 1-ms shock gave an all-or-none “conglomerate” 
action potential (CAP) comprising 7±3 spikes (n=8) with the first interspike 
interval (ISI) «4 ms. In nulls, CAPs had 2±1 (8) spikes (ISI«8 ms) and 
jolting cells, 2±1 (6) spikes (ISI«10 ms). When Ca++ currents were blocked 
by Co++, CAPs persisted in 6/8 normals (4±2 spikes) but nulls never spiked 
more than once (5). The results suggest that SCN8A channels contribute to 
repetitive firing, possibly through resurgent Na+ currents.

581.15
Na+ Influx  via  Voltage -Gated  Na+ Channels  in  Spinal  Cord  Astrocytes
C. R, Rose*. B. R, Ransom^, and S. G, Waxman, Dept Neurology, Yale University, New 
Haven, CT 06510; Neuroscience Research Center, VA Hospital, West Haven, CT 06516 and 
Dept Neurology, University of Washington, Seattle, WA 98195-6465

Spinal cord astrocytes display a high density of voltage-gated Na+ channels. In order to 
study the contribution of Na+ influx via these channels to Na+ homeostasis in cultured spinal cord 
astrocytes, we measured intracellular Na+ concentration (|Na+]j) with the fluorescent dye SBFI 
(sodium-binding benzofuran isophthalate).

Stellate and non-stellate astrocytes, which display different Na+ currents, were 
differentiated. Baseline [Na+], was 8.5 mM, and was not altered by TTX. Inhibition of Na+ 
channel inactivation by veratridine evoked a [Na+], increase of 47.1 mM in 44% of stellate, and
9.7 mM in 64% of non-stellate astrocytes. About 30% of cells reacted to veratridine with a 
[Na+], decrease of -2 mM. The effects of veratridine were blocked by TTX, amplified by (ex ) 
scorpion toxin, and were readily reversible. Veratridine-induced [Na+]( increases were reduced 
upon membrane depolarization with elevated extracellular [K+], Recovery to baseline [Na+], was 
unaltered during blocking of K+ channels with 4-aminopyridine. [Na+], increases evoked by the 
ionotropic non-NMDA receptor agonist kainate were not altered by TTX.

Our results indicate that influx of Na+ via voltage-gated Na+ channels is not necessary 
to maintain glial Na+,K+-ATPase activity in spinal cord astrocytes at rest, nor does it seem to be 
involved in [Na*lj increases evoked by kainate. During pharmacological inhibition of Na+ channel 
inactivation, however, Na+ channels can serve as prominent pathways of Na+ influx and mediate 
large perturbations in [Na+]j, suggesting that Na+ channel inactivation plays an important 
functional role in these cells.

Supported in part by the National Multiple Sclerosis Society, the Medical Research Service, 
Veterans Administration, by NIH grants, by the Eastern Paralyzed Veterans Association and by 
the Deutsche Forschungsgemeinschaft.

581.16
ALTERATION OF Na+ CURRENTS IN DORSAL ROOT GANGLION 
NEURONS FROM RATS WITH A PAINFUL NEUROPATHY. M.G.
KRAL*, Z, XIONG, AND R.E. STUDY. Pain Research Group, Dept. of 
Anesthesia, Brigham & Women’s Hospital, Boston MA, 02115

Dorsal root ganglion neurons from rats with a chronic constriction injury 
were isolated and the properties of their Na+ currents were studied. Three size 
ranges of neurons were recorded in the whole cell configuration of the patch 
clamp technique: small (<25pm diameter), medium (26-35gm) and large 
(>35(im). Na+ currents were divided into three kinetic types based on time 
constants of decay from peak during a depolarization step to -lOmv: 
fast(< 1.5msec), intermediate (1.5-4msec), and slow (>4msec). The activation 
and steady-state inactivation of Na+ currents in small cells were significantly 
more negative after CCI (by -8mv and -12mv respectively). No change was 
seen in medium or large cells for these parameters. The activation shift was 
present in neurons with a single slow Na+ current component, suggesting that 
this change took place in this slow current. The amplitude of the fast current 
was reduced 45% in large cells after CCI. The amplitude was not changed in 
any other size group or kinetic type. This report is the first of an alteration in 
the properties of a specific ion current in an animal model of a painful 
neuropathy. The changes presented here may contribute to the increase in 
primary afferent excitability that occurs after CCI.
Supported by the BWH Anesthesia Foundation and NIH Anesthesia Center 
Grant GM 15904

581.17
FUNCTIONAL ROLES OF SOMA AND AXON IN ACTION POTENTIAL 
GENERATION IN DORSAL HORN NEURONS OF RAT SPINAL CORD.
B.V. Safronov. M. Wolff and W.Vogel*. Physiologisches Institut, Justus-Liebig- 
Universitat Giessen, 35385 Giessen, Germany.

The functional distribution of voltage-gated Na+ channels between soma and 
processes was studied by the patch-clamp method in dorsal horn neurons in spinal 
cord slices of new-born rat. In the whole-cell mode, entire somata of the neurons 
could be isolated from the slice by slow withdrawal of the recording pipette, leaving 
all or nearly all of their processes in the slice. The isolated structure was classified as 
„soma“ if it had lost all its processes. The isolated structure which had kept one of its 
processes was considered as „soma+axon“ if it preserved at least 85 % of its original 
peak Na+ current or as „soma+dendrite“ if the remaining Na+ current did not exceed 
those observed in isolated „somata“.

The spatial distribution of Na+ channels was studied by comparing Na+ currents re-
corded in the neuron before and after isolation. Intact neurons in the slice showed 
both inactivating and steady-state Na+ currents. The isolated „soma“ preserved only 
13.8±1.3%of inactivating Na+ current and no steady-state Na+ current. The isolated 
„soma+axon“ contained 93.6 ± 1.4 % of inactivating Na+ currents and half of the 
steady-state current.

In current-clamp experiments, the intact neurons in the slice and isolated 
„soma+axon“s generated „all-or-nothing“ action potentials in response to current in-
jection. In contrast, isolated „somata“ showed only passive or local responses and 
were unable to generate action potentials.

It is concluded that (1) the majority of inactivating Na+ channels is localized at the 
axon hillock and only a small portion of them, ca. 1/7, is spreaded in the soma, (2) 
steady-state Na+ channels are most probably distributed between the axonal and den-
dritic membrane, (3) the soma itself is not able to generate action potentials and (4) 
the axon or its initial segment play the crucial role in generation of action potentials.

581.18
A NOVEL VOLTAGE-DEPENDENT SODIUM CURRENT, IB, UNDERLIES 
OUTPUT SIGN SWITCHING IN MOLLUSCAN NEURONS. G, D. Brown* and 
T, J, Sejnowski. The Salk Institute for Biological Studies, La Jolla, CA 92037.

Intrinsic properties of neurons are mediated in part by voltage-dependent ion 
channels (Llinas, 1988, Science 242:1654-64; Harris-Warrick et al., 1995, J. 
Neurophys. 74: 1404-20). We have found neurons in several opisthobranch molluscs 
that respond to small hyperpolarizing inputs with a post-inhibitory rebound (PIR) 
while larger hyperpolarizing inputs lead to a post-inhibitory hyperpolarization (PIH). 
PIR is sometimes sufficient to produce an action potential while PIH prevents

Intracellular
Voltage

Injected Current 
(Is pulses) I---------- 1"

40 mV 
0.8 nA

spiking. Thus, these neurons change the sign of their response to a hyperpolarizing 
input depending on the amplitude of that input. Voltage-clamp and pharmacological 
data indicate that PIH is mediated by the potassium current 1/^ described by Connor 
and Stevens (1971, J.,Physiol. 213:21-30). PIR is mediated by a novel sodium 
current, Ig, that has an unusual voltage dependence. Small hyperpolarizations remove 
inactivation from Ig channels, and this leads to PIR upon repolarization of the 
membrane as the channels open and once again inactivate. Interestingly, larger 
hyperpolarizations do not result in PIR upon repolarization even when 1^ is not 
present or is blocked pharmacologically. Voltage clamp experiments suggest that Ig 
channels enter a second closed state during larger hyperpolarizations. Ig is the first 
known voltage-dependent current whose activation depends on conditioning at a 
holding potential within a voltage window. [NIH grant 1 F32 NS 10149-01]
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581.19
HUMAN CLONAL NT2-N NEURONS EXPRESS VOLTAGE-GATED 
SODIUM CURRENTS SENSITIVE TO ANTICONVULSANTS.
L. J. Greenfield, Jr*., R. S. Turner and R.L. Macdonald. Depts. of Neurology 
and Physiology, Univ. of Michigan Medical Center, and Dept. of Veterans 
Affairs Medical Center, Ann Arbor, MI.

Voltage-gated sodium channels are essential for the generation of action 
potentials in many excitable cells, and are the site of action of anticonvulsant, 
antiarrhythmic and local anesthetic agents. However, most physiological 
studies of neuronal sodium currents have relied on non-human primary 
cultures or acutely isolated neurons. Retinoic acid induces human NT2 
teratocarinoma cells to differentiate into neuron-like NT2-N cells. We 
investigated the properties of voltage-gated sodium currents in NT2-N 
neurons using whole cell patch clamp with a CsF-based pipette solution. 
When held at -80 mV, voltage steps to positive potentials elicited fast inward 
currents that inactivated within 2-3 ms and were blocked by tetrodotoxin. 
Threshold currents were observed with steps to -40 mV and maximal 
activation occurred at -15 to -20 mV. 15 ms prepulses to positive potentials 
resulted in fast inactivation which was half-maximal at -65 mV. Recovery 
from fast inactivation occurred with an exponential time course (x of 2-3 ms). 
Holding at voltages positive to -90 mV resulted in steady state inactivation 
with half-inactivation at -65 mV. Recovery from steady state inactivation 
during prepulses to -100 mV occurred with a time course of seconds. The 
anticonvulsants phenytoin, carbamazepine and lamotrigine enhanced the onset 
and prolonged the recovery from slow inactivation. NT2-N neurons permit 
study of human neuronal sodium channels. [Supported by NS 01652, R01- 
NS33300, and the Dept. of Veterans Affairs]

581.20
DISTRIBUTION OF SODIUM CHANNELS ON UNINNERVATED AND 
INNERVATED SKELETAL MUSCLE CELLS. B.D. Anson*. W.M, Roberts. 
Institute of Neuroscience, University of Oregon Eugene, OR 97403-1254

On the post-synaptic side of the mature neuromuscular junction (NMJ), 
acetylcholine receptors (AChRs) and sodium (Na+) channels are highly concentrated 
and co-localized. Much is known about the factors guiding the distribution of 
AChRs, but less is understood about those controlling Na+ channel distribution.
In order to gain insight regarding these factors, we have designed a novel 
electrophysiological technique whereby a tight-seal whole cell electrode records Na+ 
currents focally elicited by a loose-seal patch clamp. We have used this technique 
to examine the distribution of Na+ channels on uninnervated and innervated avian 
skeletal muscle cells in culture. We have also used standard immunocytochemical 
methods to examine the distribution of Na+ channels on avian skeletal muscle cells 
developing in vivo.

On uninnervated myotubes, Na+ current density within and between cells varies 
several-fold. Such variation cannot be explained by a random scattering of 
individual Na+ channels within the plasma membrane. Areas of high Na+ current 
density do not co-localize with autonomous AChR clusters, nor are they restricted 
to membrane overlying nuclei. When myotubes are co-cultured with dissociated 
ciliary ganglion or spinal cord neurons, AChRs rapidly accumulate at some 
neurite-myotube contact points. However, we have observed no evidence of Na+ 
channel concentration at these developing synapses even after 7 days in co-culture. 
When the distribution of Na+ channels on avian skeletal muscle cells is examined 
in vivo, we find that Na+ channels do not concentrate at the NMJ until hatching, 
which is at least one week after the synapse begins to form.

These data suggest that Na+ channels tend to cluster together but do not co-
localize with AChRs and that the concentration of Na+ channels at the NMJ is at 
least temporally distinct from that of AChRs. This work has been supported by 
NIH Training Grant #NIH 5T32 GM07257 and a Medical Research Foudation of 
Oregon award and NIH Grant #NS27142 awarded WMR.
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582.1
CONFORMATIONAL CHANGES IN THE INACTIVATION GATE OF A 
MAMMALIAN VOLTAGE-DEPENDENT POTASSIUM CHANNEL 
G.W.Abbottf. B. Ramesh, R. Jahn* and S.K.S. Srai. Dept. of Biochemistry and 
Molecular Biology, Royal Free Hospital School of Medicine, Rowland Hill St., 
Hampstead, London, NW3 2PF, United Kingdom.^Dept. of Cellular and Molecular 
Physiology, *Howard Hughes Medical Institute, Yale University School of 
Medicine, Boyer Center for Molecular Medicine, 295 Congress Ave, New Haven, 
CT, United States.

N-type inactivation in fast-inactivating, voltage-gated potassium (Kv) channels is 
facilitated by an N-terminal ‘ball’ domain which occludes the pore after channel 
opening to prevent further flow of potassium ions. Using FTIR and CD 
spectroscopy we have investigated the structure of 28-residue synthetic peptides 
corresponding to the inactivation ball domain of the mammalian Kv3.4 channel, and 
to V7E mutant Kv3.4 ball domain analogous to the non-inactivating Sh B L7E 
mutant ball peptide. Whilst the V7E mutant peptide adopts an aperiodic 
conformation in all environments, the wild-type Kv3.4 ball peptide adopts a partial 
P-structure in anionic lipids and detergents. This adoption of p-structure by the ball 
peptide in hydrophobic, anionic conditions may occur in vivo where it is proposed 
that the ball peptide is attracted by negatively charged residues, facilitating binding 
to a hydrophobic pocket, during channel inactivation. When the ball peptide is 
oxidised in order to promote disulphide bond formation between C6 and C24, the 
ability to adopt a P-structure is increased. The improved ability of the oxidised 
Kv3.4 ball peptide to adopt the putative channel-inactivating conformation may 
implicate a novel regulatory role for intramolecular disulphide bond formation in the 
Kv3.4 ball domain in vivo.

This work was supported by BBSRC (GWA).

582.2
“STREX-61” SPLICE VARIANT OF SLO BK POTASSIUM 
CHANNEL CAN SHOW INACTIVATION, SLOW DEACTIVATION, 
AND A NEGATIVE Q-V SHIFT. D.P. McCobb. J. Xie, and D.J. Bare*. 
Section of Neurobioiogy and Behavior, Cornell University, Ithaca, NY 14853.

An inactivating form of BK channel has been described in adrenal chromaffin 
ceils and referred to as BK, (Solaro et al., 1995). We have identified alternatively 
spliced exons at one C-terminal junction in Sio whose inclusion in adrenal medullary 
Slo mRNA is controlled by the hormonal stress axis (see Xie and McCobb abstract). 
One of the two related exons (STREX-61) specifies 61 residues, the 3'-most 58 
residues of which are identical to those in STREX-59, originally described by Saito et 
al. (1994). We report that inclusion of the STREX-61 exon into the structure has an 
effect on the calcium- and voltage-dependent gating behavior of the channel in 
Xenopus oocytes similar to that described for STREX-59. Thus, at a given calcium 
concentration, the half-activation point in the G-V curve (V50) is shifted to the 
negative as compared with that for the isoform lacking either STREX exon. 
Moreover, we report that the STREX-61 channel isoform usually but not always 
exhibits partial inactivation with a time constant of approximately 120 ms. 
Inactivation varies between batches of oocytes. In patches that show inactivation, the 
inactivation is both calcium- and voltage-dependent, and in a single patch does not 
depend on current amplitude during the step, arguing against an artifactual change in 
Ek  caused by accumulation or depletion of K on one side of the patch. The occurrence 
of inactivation is accompanied by a pronounced increase in the time constant of 
channel deactivation. While differences in the properties observed with oocyte 
expression cannot yet be explained, the three functional features influenced by 
STREX-61 are strongly reminiscent of those attributed to the BK, channels of adrenal 
chromaffin cells. We are consequently exploring the cellular distribution of STREX 
variants in these cells. Supported by the American Heart Association.

582.3
DETERMINANTS OF APAMIN AND TUBOCURARINE BLOCK IN 
SK POTASSIUM CHANNELS. T.M, Ishii. J, Maylie*. Y, Sahara* 
and J.P. Adelman, Vollum Institute and &Department of Obstetrics and 
Gynecology, Oregon Health Sciences University, Portland, OR. 97201

Small conductance calcium-activated potassium channels (SK channels) show a 
distinct pharmacology. Some are blocked by the peptide toxin apamin while others 
are not affected; apamin-sensitive channels are also more sensitive to block by d- 
tubocurarine. We previously isolated cDNAs encoding SK channels (SKI-3) and 
found that heterologously expressed SK2 channels are apamin-sensitive while SKI 
channels are not sensitive. These two channel types also display the expected 
differential sensitivity to d-tubocurarine.

To investigate the structural basis for these differences, we constructed chimeric 
subunits between SKI and SK2, and subsequently performed site-directed 
mutagenesis. Pharmacological experiments showed that two amino acid residues, 
one on either side of the deep pore, are the primary determinants of sensitivity to 
apamin and differential block by J-tubocurarine. Therefore, the distinct pharmacology 
of SK channels compared to other potassium channels correlates with structural 
differences in the outer pore region.

However, introduction of a tyrosine residue in the position analogous to that 
which determines sensitivity to external TEA for voltage-gated potassium channels 
endows SK channels with an equivalent TEA sensitivity. These results suggest that 
despite the distinct residues in SK channel pores, the overall geometry of the outer 
vestibule is not dramatically different compared to Kv channels.

In situ hybridization suggests that SKI and SK2 mRNAs are coexpressed in some 
central neurons. To examine whether SKI and SK2 may form heteromeric channels, 
we coexpressed SKI and SK2 or an SK1-SK2 dimer in Xenopus oocytes. The 
pharmacology of the expressed channels demonstrated that SKI and SK2 may form 
heteromeric channels.

Supported by NIH grants, the Uehara Memorial Foundation and the Naito 
Foundation.

582.4
INTERDEPENDENCE OF ION SELECTIVITY AND VOLTAGE- 
INDEPENDENT GATING IN THE K+ CHANNEL Kv2.1. Y. Liu and R.H. 
Joho.* Department of Cell Biology and Neuroscience, The University of 
Texas Southwestern Medical Center, Dallas, Texas 75235.

Voltage-gated K+ channels open and close in response to changes of 
the membrane potential, and, in the open state, they discriminate 
selectively and efficiently between closely related ions like K+ and Na+. 
Even under maintained depolarization, K+ channels continuously switch 
between the open and a closed state, interrupting ion flux, a behavior 
seen as bursting in single-channel records. Currently, we know neither 
the precise location of the ion selectivity filter nor the molecular 
mechanism of channel gating. In particular, we have no knowledge 
about the location and extent of the conformational alterations directly 
controlling rapid channel opening and closing, i.e., the voltage- 
independent gating mechanism. We previously studied a series of 
conservative substitutions for an invariant cysteine (C393) in S6 of Kv2.1 
(Zuhlke et al. Rec. & Channels 2:237-246 [1994]). Single-channel 
analysis shows that a polar side chain stabilizes the open state by ~1.4 
kcal/mol suggesting the formation of a hydrogen bond without an effect 
on the closed state. Decreasing the side chain volume lowers K+ but 
increases Rb+ flux. In contrast, increasing the side chain volume 
increases K+ permeation but decreases Rb+ flux. Our result suggest that 
conservative mutations for C393 in S6 predictably alter ion selectivity and 
voltage-independent gating based on the volume and polarity of the 
substituted side chain, respectively. Because the sphere of influence of 
a conservative mutation extends only for a few A, it appears that the ion- 
selectivity filter and the voltage-independent gate are colocalized within 
a few A from the invariant cysteine in S6 of Kv2.1. (Supported by the 
Muscular Dystrophy Association and NIH grant NS28407.)
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582.5
RAT ETHER-A-GO-GO SPLICE VARIANTS DIFFER IN MG+ + 
SENSITIVITY AND ACTIVATION KINETICS C, E, Stansfeld*. J, Ludwig. 
R, Weseloh and O. Pongs Institut fur Neurale Signalverarbeitung, ZMNH, 
MartinistraBe 52, D-20246 Hamburg, Germany

Members of the ether-a-go-go potassium channel family exhibit exceptional 
characteristics in their gating behaviour. A splice variant of the vertebrate eag channel 
has an additional length of 27 amino acids within the conserved core of the channel 
protein at residue 218 (Warmke & Ganetzky PNAS 91: 3438-42 1994). By 
commonly assumed prediction of transmembrane topology, these additional amino 
acids would occur in the external loop between transmembrane domains 3 and 4. 
The proximity to the proposed voltage sensor and accessibility to external 
modulators suggests a possible role governing channel gating properties. The 
variants, long loop (LL) and short loop (SL), of the rat eag\ channel were expressed 
in CHO cells and studied electrophysiologically. The essential characteristics of 
activation and deactivation were, for both, comparable ie. current activated with 
complex kinetics which were dependent on both voltage and external Mg++, such 
that the activation rate was dramatically slowed when activated from hyperpolarised 
potentials in the presence of 1.5 mM Mg++ (see Terlau et al., Eur. J. Physiol. 432: 
301.312, 1996). However sensitivity to Mg++ was increased in LL, shifting the 
voltage range, in which Mg++ affected activation kinetics, to more positive values, 
effectively slowing the activation rate. This was effected by a change in the relative 
proportions of two activation time constants, measured at +40 mV, on activation 
from various conditioning voltages. The resultant Boltzman relation gave a Vo.5 for 
SL: -60±8 mV, slope 11±0.7 mV n=7, and LL: -36±5 mV, slope 10±0.6 n=8. All 
other measured parameters, e.g. activation curve, activation time constants, 
deactivation time constants and pharmacology, were unaffected. Thus, the additional 
amino acids appear to facilitate the binding of Mg++ and therefore have modulatory 
significance to the current.
This work was supported grants from the Deutsche Forschungsgemeinschaft to 
O.P. and Wellcome Trust to C.E.S.

582.6
INDICATIONS THAT THE POTENTIAL-DEPENDENT INWARD- 
RECTIFYING K CURRENT IN GH3/B6 CELLS IS CARRIED BY 
R-ERG. I. Wulfsen, C.K. Bauer*, B. Engeland, J. Ludwig. O. Pongs,
J.R. Schwarz. (SPON: European Neuroscience Association), Institute of 
Physiology and ZMNH, UKE, D-20246 Hamburg, Germany.

In clonal rat anterior pituitary cells (GH3/B6) an inward-rectifying K 
current (Ik ,ir ) has been described which exhibits Na-independent 
inactivation and is reduced by TRH (Bauer et al., J. Physiol. 1990, 
429:169-189). Since Ik ,ir  is sensitive to the class III antiarrhythmic 
agent E-4031 (Weinsberg et al., Soc. Neurosci. Abstr. 1996) and shows 
phenomenological resemblance to the current induced by h-erg 
(Trudeau et al., Science 1995, 269: 92-95), we investigated whether 
Ik  ir  is related to the rat homologue of h-erg. R-erg was cloned from a 
rat brain cDNA library by homology screening. R-erg transcripts were 
found to be present in GH3/B6 cells and rat pituitary by RT-PCR using 
deoxynucleotide primer pairs specific for the r-erg gene. After 
heterologous expression of r-erg cRNA in CHO cells, K currents could 
be recorded using the whole cell configuration of the patch-clamp 
technique. These currents closely resembled the potential-dependent 
inward-rectifying K current in GH3/B6 cells. In isotonic KCI as external 
solution, hyperpolarizing potential steps preceded by a depolarizing 
pulse induced K currents with a time- and voltage-dependent current 
increase. In addition, these currents showed a time- and voltage- 
dependent decay at membrane potentials more negative than -60 mV. 
Our results suggest that the protein encoded by the r-erg gene is an 
important component of the K channel underlying Ik ,ir .
This study was supported by the Deutsche Forschungsgemeinschaft.

582.7
PEPTIDE ANALOGS OF VOLTAGE-GATED POTASSIUM CHANNEL 
ALPHA AND BETA SUBUNITS OBTAINED WITH A RANDOM 
BACTERIAL PEPTIDE DISPLAY LIBRARY. S. J, Lombardi, P. G. Jones 
and K. J. Rhodes*. CNS Disorders, Wyeth-Ayerst Research, Princeton, NJ 
08543.

Potassium channels are important in the control of membrane excitability 
and constitute a large family of channel protein subunits with diverse 
structural and functional properties. Recent biochemical studies have 
shown auxiliary p-subunits modulate K+ channel gating in excitable cells. 
The N-terminus of the Kvpi.1 subunit, amino acids 2 to 31 in the wild-type 
sequence, represents an important site of the interaction of this protein with 
its putative receptor, the S4-S5 loop (amino acids 313 to 328) of Kv1.1. To 
determine the structural requirements for this interaction, we screened a 
random bacierial peptide library (>1010 peptides) using S4-S5 loop as ’’bait” 
and identified peptide sequences homologous to the N-terminus of Kv pi .1 
(aa 2-31). We screened the same library using N-terminus Kvp1.1 as “bait” 
and identified sequences homologous to the S4-S5 loop of Kv1 channels. 
Moreover, we identified in Kvp1.1 N-terminus analogs a triad of glycine, 
glutamic acid, and aspartic acid residues. These residues may play a key role 
in Kvpi.1/Kv1.1 interactions. These studies may provide information on 
residues required for high affinity protein-protein interactions important for p- 
subunit mediated K+ inactivation.

582.8
CHARACTERIZATION OF PANULIRUS SHAW POTASSIUM 
CHANNEL. L.B. French. P.J. Baro, and R.M. Harris-Warrick*. 
Section of Neurobiology and Behavior, Cornell University, Ithaca NY 
14853.
Voltage-gated potassium channels play critical roles in shaping the 

electrophysiological profiles of neurons in the stomatogastric ganglion 
(STG) of Panulirus interruptus. For example, they help to determine a 
cell's resting membrane potential, shape action potentials, modulate 
neurotransmitter release, and regulate pattern generation. The Shaker 
family of potassium channel genes, which includes genes for Shaker, 
Shab, Shal, and Shaw channels, has been shown to be differentially 
expressed in the STG (Baro et al., Receptors and Channels 4:149-159, 
1996). The full length Panulirus interruptus shaw gene was cloned by 
Baro et al. in 1996 (Gene 170:267-270). The lobster protein is 84% 
identical to the Drosophila sequence on an amino acid level, and 74% 
on a nucleotide level. In order to examine its possible contribution to 
the potassium currents of STG neurons, we have expressed the 
Panulirus Shaw gene in Xenopus oocytes to characterize the isolated 
channel's properties. Panulirus Shaw is a slowly activating delayed 
rectifier potassium channel that is activated around -60mV. Similar to 
its Drosophila counterpart, it has less selectivity for potassium than the 
other Shaker family members. Shaw's complete lack of steady-state 
inactivation also distinguishes it from the channels of the other lobster 
Shaker subfamilies. These experiments are a first step towards 
determining how this particular channel contributes to the rhythmic 
motor pattern output of the cells in the STG. This work is supported 
by NIH NS35631 and 25915.

582.9
CLONING AND CHARACTERIZATION OF KV9.1, A 
NEW POTASSIUM CHANNEL ALPHA SUBUNIT. F.C. 
Richardson* and L.K. Kaczmarek. Dept. of Pharmacology, 
Yale Univ. Sch. of Med., New Haven, CT 06510.

By screening GenBank, we found a unique human 
expressed sequence tag that is homologous to the shaker 
family of potassium channels. Using this sequence to probe 
a rat cDNA library, we isolated a clone that contained the 
full coding region of a potassium channel alpha subunit, 
which we have termed Kv9.1. Alignment of the core region 
(S1-S6) with it's nearest match in GenBank, Kv2.1, shows 
that it has 39.8% identity. A dendrogram based on the core 
region of voltage senstive potassium channels placed Kv9.1 
on a unique branch. Kv9.1 has six positive residues in the 
S4 domain, five potential PKC phosphorylation sites, and 
one potential PKA phosphorylation site. Injection of Kv9.1 
RNA into Xenopus oocytes does not result in the expression 
of a unique current. However, when coinjected with RNA 
for Kv2.1, there is a marked inhibition of the current 
expressed by Kv2.1 alone. This is consistent with reports of 
another channel, Kv8.1, which inhibits shab and shaw type 
channels (Hugnot, J-P., et al. EMBO, 1996, vol. 15: 3322- 
3331,). This work was supported by grants from the N.I.H. 
to L.K.K.

582.10
DETECTION OF RAT GENOMIC DNA SEQUENCES HOMOLOGOUS TO A 
NOVEL CATFISH DELAYED RECTIFIER POTASSIUM CHANNEL OF THE 
KV2 SUBFAMILY. C. C. Chang1 and R. B, Puchalski*1’2. 'Monell Chemical 
Senses Center, Philadelphia, PA 19104; 2Department of Pharmacology, School of 
Medicine, University of Pennsylvania, Philadelphia, PA 19104.

We have previously cloned a full-length cDNA encoding a voltage-dependent 
potassium channel of the Kv2 subfamily from catfish barbels. To understand the 
relationship of the catfish cDNA to the rat Kv2.1 and Kv2.2 genes, Southern blot 
analysis of catfish and rat genomic DNA digested with BamH I, EcoR I, and Hind 
III was conducted at low, medium, and high stringencies with probes prepared from 
the cDNAs of the catfish channel, rat Kv2.1, and rat Kv2.2. The templates for 
probe synthesis were 519 bp, 437 bp, and 485 bp fragments generated from the 
catfish, Kv2.1, and Kv2.2 cDNAs, respectively, all corresponding to the 3’ coding 
regions. At low stringency, the catfish probe hybridized to four genomic DNA 
bands, a 5.3 kb fragment of the BamH I digestion, a 9.7 kb fragment of the EcoR I 
digestion, and 1.1 kb and 6.1 kb fragments of the Hind III digestion. This pattern 
was different than that which was obtained from rat genomic DNA with the same 
probe (519 bp). Southern blot analysis of the same preparation with the Kv2.1 and 
Kv2.2 probes demonstrated that the hybridization patterns for both rat and catfish 
genomic DNA were different from the patterns obtained with the catfish probe. 
These results indicate that the previously cloned potassium channel from catfish 
barbels may represent a novel gene which is distinct from rat Kv2.1 and Kv2.2 
potassium channels.

Supported by Monell Institutional Fund.
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582.11
A NOVEL LEG-SHAKING DROSOPHILA MUTANT quiver DISRUPTS 
SYNAPTIC TRANSMISSION AND THE Shaker POTASSIUM CHANNEL
J.W. Wang,1* J.M. Humphreys,2 J.P. Phillips,2 A.J. Hilliker2 C.-F.
Wu.1 ^ept of Biological Sciences, Univ. of Iowa, Iowa City, IA 52242, 
2Dept. of Molecular Biology and Genetics, Univ. of Guelph, Guelph, ON 
NIG 2W1, Canada.

A second chromosome Drosophila mutant, quiver (qvr), was 
isolated based on increased sensitivity to paraquat, an herbicide that 
causes depletion of NADPH and generates reactive oxygen species in 
vivo. Interestingly, mutants of the Hyperkinetic, Shaker and ether a 
go-go genes, which encode separate Ia  channel subunits, all showed 
paraquat hypersensitivity similar to that of the qvr mutant. We found 
that the sensitivity to paraquat was drastically enhanced in double-
mutant combinations among the four genes. Synaptic transmission at 
larval neuromuscular junctions was enhanced in qvr mutants to the 
level of a Shaker null mutation previously described. The two- 
electrode voltage clamp technique was used to investigate the ion 
channel basis of the enhanced transmission. We further demonstrated 
that qvr mutations specifically disrupted the Shaker Ia  channel in 
larval muscles, without affecting the other three K+ currents which 
include the delayed Ik , the Ca++-activated IcF and Ics- Moreover, 
calcium channels were not altered in qvr mutant larvae. The slower 
kinetics and the reduced channel conductance in qvr mutations lead to 
the hypothesis that the qvr gene encodes a polypeptide that modulates 
the Ia  channel.

Supported by grants to C.-F.W from NIH, to J.P.P. and A.J.H. from 
MRC, and a scholarship to J.M.H from NSERC.

582.12
CHARACTERIZATION OF A cDNA ENCODING A VOLTAGE-GATED 
DELAYED RECTIFIER POTASSIUM CHANNEL ISOLATED FROM TASTE 
TISSUE OF CHANNEL CATFISH. J. Kang1, J. H. Teeter*1’2 and R. B. 
Puchalski1,3. 'Monell Chemical Senses Center, 2Dept. of Physiology and 3Dept. of 
Pharmacology, Univ. of Pennsylvania, Philadelphia, PA 19104.

A lull-length cDNA encoding a voltage-gated potassium (K+) channel of 816 
amino acids was isolated from maxillary barbels of channel catfish, Ictalurus 
punctatus. Sequence analysis (phylogenetic tree) indicates that the encoded 
protein is related equally well to Kv2.1 and Kv2.2 K+ channels, and that it is a 
distinct member of the Kv2 subfamily. Therefore, the novel K+ channel has been 
designated as fKv2.3. Hydrophilicity analysis of the deduced amino acid 
sequence demonstrates that the putative K+ channel protein consists of six 
transmembrane segments (S1-S6) with a pore loop between S5 and S6 and a 
voltage sensor in S4. The channel encoded by fKv2.3 has potential functional 
motifs for PKC and PKA phosphorylation and N-glycosylation, which are 
conserved across channels in Kv2 subfamily, and for ATP binding, which is 
unique for voltage-gated K+ channels. The protein encoded by the cDNA is a 
voltage-gated delayed rectifier K+ channel as determined by two-electrode 
voltage-clamp recording from Xenopus oocytes injected with complementary 
RNA. The slope of the linear regression fit for reversal potentials of tail currents 
plotted against the extracellular K+ concentration is 52, which approximates the 
theoretical Nemst relationship for a K+-selective channel. In situ hybridization 
experiments showed that the corresponding mRNA is expressed specifically in 
the taste buds of the catfish maxillary barbels and preliminary Northern blot 
experiments showed that the mRNA is also expressed in brain.

Supported by NIH 2T32 DC00014 (J.K.), DC01838 (J.H.T.) and Monell 
Institutional Fund (R.B.P.).

582.13
CLONING AND EXPRESSION OF A NOVEL POTASSIUM 
CHANNEL REGULATOR. N, Hosht H. Takahashi. S. Yokoyama &
H. Higashida*. Dep. of Biophysics., Kanazawa Univ. Sch. of Med., 
Kanazawa 920, Japan.

Recent researches have shown the functional similarities between r- 
eag currents and 'standing outward' currents (IK(SO)) in cerebellar 
granule cells. The both currents are non-inactivating and susceptible 
to intracellular calcium. The difference between them is the activation 
kinetics. IK(SO) are activated rapidly, while the r-eag current slowly 
in the presence of magnesium ion. To elucidate the molecular 
mechanism of the IK(SO) channel, we have screened a cerebellar 
cDNA library by suppression cloning strategy. One cDNA clone 
specifically inhibited the expression of non-inactivating currents in 
Xenopus oocytes injected with rat cerebellar poly (A)+ RNA. The 
entire open reading frame (KCR1) was obtained by screening a 
second cDNA library using the cDNA clone as a probe. The KCR1 
protein is a membrane protein with twelve putative transmembrane 
domains. This KCR1 protein was necessary for robust functional 
expression of non-inactivating potassium channels in Xenopus oocytes 
injected with rat cerebellar poly (A)+ RNA. The co-transfection of 
KCR1 with r-eag gene in COS-7 cells induced rapid activating 
currents. The rapid activation was due to reduction of the fraction of 
the slow component of r-eag currents in the presence of magnesium. 
Our results identify a new class of membrane proteins which regulates 
the functional expression and activation properties of voltage-ga'ed 
potassium channels.

582.14
Cloning and Characterization of a Family of 
Kir3.1 (GIRK1) Alternative Splice Variants.
C.S. Nelson* and C.N. Allen. CROET, Dept. of Physiology and 
Pharmacology, OHSU Portland, OR 97201.

Kir3.1 is an G-protein activated inward rectifier potassium 
channel subunit which requires coexpression with other family members 
(Kir3.2 or Kir3.4) for functional channel formation. Southern blot 
analysis of RT-PCR products from rat heart and hypothalamus revealed 
multiple products for a C-terminal region of Kir3.1. Sequencing yielded 
clones for a family of alternative splice variants comprising “wild type” 
Kir3.1 and five alternative splice variants. Two variants encoded full 
length Kir3.1 channel subunits which differ only in substitutions for 
Exon 2 as defined by the recently reported genomic sequence. Southern 
blot examination of each Kir3.1 variant in brain and peripheral tissues 
demonstrated heterogeneous distributions for each variant. Expression 
in Xenopus oocytes of these subunits alone gave no detectable 
expression, and with Kir3.2 or with Kir3.4 revealed markedly decreased 
current amplitudes and altered channel kinetics when compared to the 
“wild type” Kir3.1 expressed with Kir3.2 or Kir3.4. Therefore, these 
Kir3.1 variants describe a region of the C-terminal domain of Kir3.1 
which may be structurally important for functional channel assembly 
with other Kir3 family members and thus could be a mechanism for 
cellular and tissue specific control of Kir3 potassium channel character 
and function. Additional Kir3 channel chimaeras addressing the 
functional characteristics the alternative splice regions will also be 
presented. (Supported by AG10794)

582.15
S-NITROSYLATION OF PUTATIVE CRITICAL 
REGULATORY SULFHYDRYL GROUP(S) IN 
RECOMBINANT CYCLIC NUCLEOTIDE-GATED 
CHANNELS. Wing S, Cheung, H.-S. Vincent Chen, Xishan Zhang* 
and Stuart A, Lipton. Dept. of Neurology, Children's Hospital and 
Progr. in Neuroscience, Harvard Medical School, Boston, MA 02115.

The cyclic nucleotide-gated channel (CNGC) is activated by 
intracellular cGMP or cAMP. Studies have shown that the native 
olfactory CNGC can be directly activated by the nitric oxide (NO) donor 
S-nitrosocysteine (SNOC) (Broillet and Firestein, 1996). Additionally, 
N-ethylmaleimide (NEM) applied intracellularly potentiated channel 
activity, suggesting that the critical cysteine residue(s) are located in an 
intracellular domain (Finn et al., 1995). To determine if reaction of the 
NO group with cysteine(s) is responsible for modulation of the channel, 
we mutated intracellular cysteine residues believed to be critical in 
regulating channel activity, eg., C481 of the bovine rod CNGC a 
subunit and the analogous C460 of the catfish olfactory CNGC a 
subunit. By recording these recombinant channels in inside-out patches 
from Xenopus oocytes, we show SNOC (100 pM) opens both wild-type 
and mutant channels, but with greater conductance states than cGMP- 
activated channels. In the mutants, SNOC causes channel flickering with 
shorter open times. Interestingly and reminiscent of the NO effect, 
MTSET (2 mM), a highly specific thiol-reacting compound, opens large 
conductance states of the wild-type rod CNGC in the absence of cGMP. 
Further studies using point mutations of putative critical cysteine residues 
should help us further elucidate the mechanism of NO interaction with the 
CNGC. Funded by HHMI Research Training Fellowship and NIH P01 
HD29587.

582.16
EXPRESSION AND CLUSTERED DISTRIBUTION OF AN INWARDLY 
RECTIFYING POTASSIUM CHANNEL, KAB-2/KIR4.1, IN RETINAL 
MULLER CELL; THEIR REGULATION BY INSULIN AND LAMININ 
SIGNALS. Y,Hftri9„M,I?hii„ H.HibinQ, K,DQi*i^.„A,„Ina,nQbe, M,Yamada,

Dept. of Pharmacology II, iDept. of Otolaryngo. 3Dept. of Mol.Biol. & 
Biochem., 4Dept. of lst.Anat., Fac. of Med., Osaka Univ., Osaka 565, Japan and 
2Takai Biotimer Project, ERATO, Japan Sci. and Tec.Corp., Kobe 651-22, Japan.

K+ spatial buffering of glial cells is supposed to be mediated by inwardly 
rectifying K+ (Kir) channels. Muller cells are the dominant glial cells in the retina. 
The molecular properties and subcellular localization of Muller cell Kir channels in 
rat and rabbit were examined. Only a single population of Kir channel activity, 
whose properties were identical to those of KAB-2/Kir4.1, could be recorded from 
endofoot to distal portion of Muller cells. Northern blot, in situ hybridization and 
RT-PCR analyses indicated the expression of Kir4.1 in Muller cells per se. The 
Kir4.1 immunoreactivity distributed in clusters throughout the cell membrane. 
Thus, Kir4.1 was supposed to contribute K+ spatial buffering in mammalian 
Muller cells. The expression of Kir4.1 in Muller cells disappeared promptly after 
culturing. When the dissociated Muller cells were cultured on laminin in the 
presence of insulin, Kir4.1 immunoreactivity was detected in a clustered manner on 
the cell membrane. Thus, these substances may possibly be physiological 
regulators of expression and distribution of Kir4.1 in Muller cells in vivo. Because 
we showed previously that SAP97 caused clustering of Kir4.1 in Muller cells, 
SAP97 might be involved in the insulin and laminin signals regulating Kir4.1 
distribution in cultured cells.
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582.17
STABLE EXPRESSION AND FUNCTIONAL CHARACTERIZAT-
ION OF THE INWARDLY RECTIFYING POTASSIUM CHANNEL 
KIR 4.1 IN HEK-293 CELLS
K, Anderson*. L. M. Monteggia. W. Niforatos. E. J, Molinari. D,
McKenna. C.A, Briggs. M, Gopalakrishnan and J. P. Sullivan.
Neurological and Urological Disease Research, Abbott Laboratories, 
Abbott. Park, IL 60064-3500.

The inwardly rectifying K+ channel, Kjr  4.1, has been suggested to play 
a role in regulating the membrane potential in various cell types including 
endocochlear cells, renal tubular epithelial cells and glial cells, and may 
also serve as a reentry pathway for buffering extracellular K+ levels. The 
DNA sequence encoding Kir  4.1 was amplified by reverse transcriptase- 
polymerase chain reaction (RT-PCR) from brain RNA and subcloned into 
pcDNA3.1 for expression studies. Transfection of HEK-293 cells (clone 
HK 4.1-18) or injection of Xenopus oocytes with the cDNA gave rise to 
inwardly rectifying K+ currents sensitive to Cs+ and Ba2+ (IC50 ~ 10-30 
pM) not normally present in vector or non-transfected controls. The 
depolarization elicited by Ba2+, assessed using the membrane potential 
dependent bisoxanol dye DiBAC4(3) coupled with FLIPR (Fluorescent 
Imaging Plate Reader) technology, was greater in HK 4.1-18 cells 
compared to vector controls. Transfected HK 4.1-18 cells also showed a 
significant increase in 86Rb+ efflux under polarized conditions compared 
to the control (86% vs. control 35%); this response was also significantly 
inhibited by Ba2+ (IC50 ~ 80 pM). The present studies collectively 
demonstrate that the Kir  4.1 subunit can form functional ion channels 
when stably expressed in a mammalian cell line. The availability of such a 
cell line may offer the potential for further defining the functional roles of 
this inwardly rectifying K+ channel. (Supported by Abbott 
Laboratories).

POTASSIUM CHANNEL: PHYSIOLOGY, PHARMACOLOGY AND MODULATION III

583.1
A PROTEIN PHOSPHATASE IS INVOLVED IN THE CHOLINERGIC SUPPRESSION OF THE 
Ca2+-ACTIVATED K+ CURRENT slAHP IN CA1 PYRAMIDAL NEURONS.
M, Krause, 0, Paulsen1, W, Stuhmer and P, Pedarzani*. MPI for Experimental Medicine, 
37075 GQttingen, Germany, and 1MRC Anatomical Neuropharmacology Unit, Univ. Dept. of 
Pharmacology, Mansfield Rd., Oxford Univ., Oxford 0X1 3TH, UK

slAHP> a Ca2+-activated K+ current underlying the slow afterhyperpolarization 
(sAHP) and spike frequency adaptation, is suppressed by acetylcholine acting on 
muscarinic receptors in hippocampal pyramidal neurons. The signal transduction 
pathway mediating the muscarinic inhibition of s Ia HP has been partially elucidated: a 
lack of involvement of protein kinase C and A has been suggested, whereas CaM kinase 
II seems to be responsible for part of the muscarinic action on sIah P (Sim et al., 
1992; Muller et al., 1992; Pedarzani & Storm, 1993, 1996). We have re-examined the 
mechanism of action of muscarinic agonists on s Iah P and spike frequency adaptation 
by using whole-cell patch clamp and conventional microelectrode recordings on CAl 
pyramidal neurons in slices. Experiments performed with the specific Ml agonist McN- 
A-343 (n=6) and antagonist pirenzepine (n=3) indicated that the muscarinic receptor 
subtype mediating the suppression of s Ia HP is Ml. When G-proteins were inhibited by 
intracellular application of GDP-P-S, the cholinergic agonist carbachol failed to 
suppress sIah P (n=7), implying an involvement of G-proteins in the transduction of 
the muscarinic signal. Surprisingly, the PLC inhibitor U-73122 did not prevent the 
action of carbachol (n=8). Concomitant inhibition of protein phosphatases and PKA by 
co-application of microcystin and Rp-cAMPS resulted in a stable slAHP> which was no 
longer suppressed by muscarinic agonists (n=5). This suppression of the muscarinic 
action was not due to the inhibition of PKA, since Rp-cAMPS alone did not prevent 
the effect of carbachol, but instead to the inhibition of protein phosphatases. Specific 
protein phosphatase 2B inhibitors (FK506, n=9; calcineurin autoinhibitory peptide, 
n=4) did not prevent the cholinergic suppression of s Ia HP> leaving PPI and PP2A as 
possible candidates. These data suggest a coupling of Ml receptors to protein 
phosphatases via G-proteins involved in the muscarinic suppression of s Iah P in CAl 
neurons. [Supported by the Max-Planck Gesellschaft, HFSP and The Wellcome Trust]

583.2
METABOLISM-RELATED HYPERPOLARIZATIONS MEDIATED BY ATP- 
SENSITIVE K+ CHANNELS IN RAT DORSAL VAGAL NEURONS. J. Brockhaus. 
A. Kulik. K, Ballanvi* Department of Physiology, University of Gottingen, FRG

ATP-sensitive K+ (KATP) channels mediate glucoception and are believed to play a 
protective role during anoxia/ischemia. Here, we investigated in rat brainstem slices if 
KAtp  channel activation is associated with changes of intracellular Ca2+ or H+ (Ca;, pH;) 
in dorsal vagal neurons, dialyzed with the fluorescent indicators Fura-2 or BCECF.

1-2 mM cyanide (CN') led to opening of tolbutamide-sensitive single KATP channels 
with a conductance of 75 pS, a mean open time of 2-3 ms and a burst duration of up 
to several hundred ms. In whole-cell recordings, 300 pM diazoxide evoked a 
hyperpolarization of 10-20 mV, leading to block of spontaneous spike activity (0.5-5 
Hz). This response was accompanied by a fall of Ca; by up to 50 nM and a rise of pH; 
by 0.1 pH units due to closure of voltage-gated Ca2+ channels and, thus, inactivation 
of a plasmalemmal Ca2+/H+-pump. During anoxia- or CN'-induced activation of KATP 
channels, the hyperpolarization-induced decrease of cellular Ca2+ and H+ was 
counteracted by a Ca; rise and acidosis. Under voltage-clamp, the magnitude of the Ca; 
rise (80 nM) or pH; fall (0.2 pH units) upon block of aerobic metabolism was not 
affected by tolbutamide inhibition of the outward current. A similar KATP channel- 
mediated outward current upon superfusion of glucose-free solution was accompanied 
by a rise of Ca; by about 20 nM, whereas pH; increased by 0.2 pH units. No major 
changes of Ca; and pH; baselines occurred during a KATP channel-mediated outward 
current induced by block of anaerobic metabolism with 5 mM iodoacetamide. Neither 
was a spontaneous outward current of 20-200 pA accompanied by a perturbation of 
intracellular Ca2+ or H+, nor did suppression of this current with 50-200 pM 
tolbutamide affect Ca; or pH; baseline.

The results indicate that KATP channel opening occuring during different forms of 
metabolic disturbances are independent on changes of intracellular Ca2+ and H+.

Supported by the DFG, the Sander-Stiftung and the Schilling Stiftung.

583.3
CANNABINOID RECEPTORS HAVE DIFFERENTIAL EFFECTS ON POTASSIUM 
D-CURRENT AND A-CURRENT CHANNELS, BUT ARE LINKED VIA THE SAME 
cAMP-DEPENDENT PROCESSES.
Jian Mu.* Shou-vuan Zhuang, M. Todd Kirby. Robert E. Hampson and Sam A.
Deadwvler, Dept. of Physiology & Pharmacology and Center for Neurobiological 
Investigation of Drug Abuse, Bowman Gray School of Medicine, Winston-Salem, NC.

Potassium A- and D-currents (IA and ID, respectively) are voltage-dependent 
outward currents which are selectively sensitive to 4-aminopyridine (4-AP), insensitive 
to tetraethylammonium (TEA), and activated at the same depolarizing voltage steps. 
These currents are transiently inactivated with different time constants, however (tau: IA 
=25 ms; ID = 50-100 ms). ID is also selectively blocked by dendrotoxin (DTX, 2.0pM). 
In cultured hippocampal neurons, IA develops first (days 3-10) but is followed closely 
(days 7-15) by the appearance of ID (Wu and Barish 1992). Activation of cannabinoid 
receptors (CB1) on cultured rat hippocampal neurons produces a positive shift in voltage- 
dependent steady-state inactivation of IA via inhibition of a cAMP/PKA-second 
messenger pathway (Hampson et al 1995). If 500pM 4-AP is included in the extracellular 
medium to block ID, however, a “residual” DTX-sensitive current with tau=50 ms 
remains. Application of WIN 55,212-2 under those conditions produced a marked 
reduction in tau (25 ms) at the same time that it decreased steady state inactivation of IA. 
Since the residual “IA” time constant was reduced from 50 ms to 25 ms by both WIN
55,212-2 and DTX, it suggests that the 4-AP-insensitive component is ID. Further 
experiments demonstrated that ID amplitude was attenuated by WIN 55,212-2 in a dose- 
and cAMP-dependent manner. The WIN 55,212-2 effect on ID was blocked by the 
cannabinoid receptor agonist SR141716A. Curiously, the EC50 for WIN 55,212-2 effects 
on ID (0.5 pM) was lower than for IA (0.9 pM). ID was also blocked by GABAb  agonists, 
which also interact with cannabinoid modulation of IA (Kirby et al. 1997). The opposing 
effects of cannabinoids on IA and ID suggest that one role of cannabinoids is to temporally 
“shape” or “sculpt” potassium currents within action potential waveforms.
[Supported by NIDA grants DA03502, DA07625 & DA00119 to S.A.D.]

583.4
PRESYNAPTIC RELEASE OF GABA BY CANNABINOIDS IN ADULT AND 
DEVELOPING HIPPOCAMPAL NEURONS
M, Todd Kirby,* Jian Mu, Sam A. Deadwvler and Robert E, Hampson, Dept. of 
Physiology & Pharmacology, Center for Neurobiological Investigation of Drug Abuse, 
and Neuroscience Program, Bowman Gray School of Medicine, Winston-Salem, NC

Postsynaptic cannabinoid (CB1) receptors modulate potassium currents IA and 
ID via a cAMP/PKA second messenger cascade. These same currents are also similarly 
modulated by GABAb agonists. In hippocampal slices, the potent CB1 agonist (WIN
55.212- 2,5pM) induced a slow, bicuculline-sensitive (50gM) hyperpolarization in CAl 
neurons that was eliminated in Ca2+-free and TTX-containing (1 pM) media. The effects 
of presynaptic GABA release were also demonstrated by the suppressing effect of WIN
55.212- 2 on EPSP amplitude in CAl neurons evoked by stimulation of Schaffer 
collaterals. In cultured hippocampal neurons, application of WIN 55,212-2 (2pM) also 
produces an increase in GABA release. This is evidenced by a residual positive shift in 
steady-state inactivation of IA that can be blocked by the GABAb antagonist phaclofen 
(150pM), when low concentrations of the CB1 receptor antagonist SR141716A (300nM) 
are present. Higher concentrations of SR141716A (500nM) are sufficient to block the 
WIN 55,212-2 induced presynaptic release of GABA in cultured neurons. It is important 
to note that using concentrations of SR141716A (300nM) sufficient to block postsynaptic 
effects of anandamide (20pM) and WIN 55,212-2 (2pM) did not block presynaptic 
release of GABA, indicating that the potency of SR141716A is higher at the presynaptic 
vs the postsynaptic CB1 receptors. These data indicate that with respect to hippocampus, 
cannabinoids act presynaptically to modulate the release of GABA. Effects of 
cannabinoids and other endogenous ligands for the CB1 receptor can therefore not be 
excluded from actions on presynaptic release of GABA and possibly other 
neurotransmitters, unless proper controls are implemented.
[Supportedby NIDA grants DA03502, DA07625 & DA00119 to S.A.D. and by Training 
grant DA07246]
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583.5
INTRACELLULAR Ca2+ INHIBITS A NON-INACTIVATING K+CURRENT 
IN ADRENOCORTICAL CELLS. J.C. Gomora*, J.A. Enyeart and J.J. 
Enveart. Department of Pharmacology, The Ohio State University, 
College of Medicine, Columbus, OH 43210-1239.

Bovine adrenal zona fasciculata (AZF) cells express a non-
inactivating K+current (lAC) that is inhibited by ACTH and All at 
concentrations identical to those triggering membrane depolarization and 
cortisol secretion. ACTH- and All-stimulated cortisol production is Ca2+- 
dependent. In this study, we examined the effect of varying intracellular 
Ca2+ ([Ca2+]j) on lAC amplitude in whole cell patch clamp recordings from 
AZF cells. When the [Ca2+] in the patch pipette was buffered to 0.02 pM 
([Ca2+]j = 0.02 pM) using 11 mM BAPTA, lAC current density measured at 
+20 mV was 25±5 pA/pF (n=16). Raising [Ca2+], to 2.0 pM reduced lAC 
by approximately 76% to 6±3 pA/pF (n=11). The Ca2+-ionophore 
ionomycin (10 pM) inhibited lAC by 88±4% (n=11) when applied by bath 
perfusion in the presence of 2 mM Ca2+, but had no effect in Ca2+-free 
external solution. Calmodulin antagonists, including the calmodulin 
inhibitory peptide (290-309, 10 pM) and calmidazolium (10 pM), did not 
alter inhibition of lAC by ionomycin. IAC was also effectively inhibited by 
ionomycin when the non-hydrolyzable ATP analogue AMP-PNP (2 mM) 
replaced ATP in the recording pipette.

These results demostrate that lAC K+ channel activity is inhibited by 
Ca2+ through a mechanism independent of calmodulin or protein kinases, 
and may occur through a direct interaction of Ca2+ with lAC K+ channels. 
Supported by NIH grant RO1-DK47875.

583.6
BK-CHANNELS IN CELL-ATTACHED PATCHES OF CLONAL PITUITARY 
CELLS (GH4 CELLS). T, Haug and O. Sand*. Inst, of Biology, University of Oslo, 
N-0316 Oslo, Norway.

BK-channels, which are large conductance, voltage sensitive and Ca2+-activated 
K+ channels, have been extensively studied in a variety of cell types. In most 
excitable cells these channels are believed to be silent at the normal resting 
membrane potential, and also to be insensitive to physiological Ca2+-elevations at 
this potential. However, this view is mainly based on studies of excised membrane 
patches. In the present study we have avoided loss of intracellular factors which 
might influence channel activity by studying the BK-channels in intact GH4 cells, 
using the cell-attached configuration of the patch-clamp method. The hypothalamic 
peptide thyroliberin (TRH), which induces intracellular release of Ca2+ from 1P3- 
sensitive stores, and the Ca2+ ionophore ionomycin were used to raise the cytosolic 
Ca2+ concentration ([Ca2+]j) without depolarizing the cell. At the resting membrane 
potential, 40 % of the cell-attached patches displayed spontaneously active BK- 
channels. TRH and ionomycin enhanced the activity of spontaneously active BK- 
channels in about 30 % of the cases, and induced BK-channel activity in a similar 
fraction of the silent cell-attached patches. The pipette potential was clamped to 0 
mV in all these experiments, and the patch was thus exposed to the normal 
membrane potential. The BK-channels remained active at 20 mV hyperpolarization 
of the patch. We conclude that the BK-channels in GH4 cells may be active at the 
resting membrane potential and more negative membrane potentials. The channels 
may also be activated further by physiological elevations of [Ca2+], in the same 
potential range. Our results point at new possible physiological roles for the BK- 
channels in GH4 cells. This is in agreement with the emerging picture of BK- 
channels highly sensitive to [Ca2+]( in a wide variety of cell types. Supported by the 
Norwegian Research Council.

583.7
CALCIUM DEPENDENCE OF LARGE AND SMALL 
CONDUCTANCE POTASSIUM CURRENTS DETERMINED IN- 
SITU IN HIPPOCAMPAL PYRAMIDAL NEURONS. W.J.Wadman* 
and A.Borgdorff. Institute for Neurobiology, University of Amsterdam, 
The Netherlands.

Calcium dependent potassium currents are essential for the fine tuning 
of the firing patterns of neurons. In hippocampal pyramidal neurons at 
least two different KCa currents exist: a high conducting voltage 
dependent potassium current and a low conducting voltage independent 
potassium current. We used sharp electrodes in the slice and patch 
recordings in acutely dissociated neurons to characterize the calcium 
dependence of both currents. The fluorescent calcium indicator fura-2 
was used to provide a calibrated quantification of the quasi steady state 
intracellular calcium levels set by titration with the calcium ionophore 
ionomyecin.

The voltage independent current was highly selective for potassium 
and had a steep calcium dependence (Hill coefficient 4.7) with a Kd of 
210±21 nM. Fluctuation analysis showed that a channel of 2.7±0.4 pS 
underlies this current and that calcium modulates its open probability 
between 0 and 80%

The calcium dependence of the voltage dependent potassium current 
was less steep (Hill coefficient 3.5) and it had a Kd around 1200 nM. 
This current is .carried by channels of 100 pS. Calcium modulates the 
open probability of these channels between 0 and 85%.

Using current clamp recordings with sharp electrodes or with 
amphotericin in the whole-cell patch configuration, we could 
demonstrate that these conductances control the afterhyperpolarization 
and tune the firing pattern of pyramidal neurons.

583.8
MODULATION OF THE DROSOPHILA SLOWPOKE CALCIUM- 
DEPENDENT POTASSIUM CHANNEL BY SLOB, A NOVEL ION 
CHANNEL BINDING PROTEIN. M. H. Holmqvist*, W. M. 
Schopperle, Y. Zhou and I. B. Levitan. Department of Biochemistry and 
Volen Center for Complex Systems, Brandeis University, Waltham, MA 
02254.

Ion channels have been shown to interact with both modulatory and 
anchoring proteins. The yeast two-hybrid screen was used to find 
partners that bind to the Drosophila calcium-dependent potassium 
channel, dSlo. A novel dSlo binding protein, Slob, was isolated from a 
Drosophila head library. The dSlo and Slob proteins bind in vitro and 
co-localize when they are expressed transiently in HEK 293 cells. To 
investigate whether the Slob protein modulates dSlo channel activity we 
recorded from inside-out patches from HEK 293 cells transfected with 
a dSlo cDNA construct. The inside-out patches were exposed to purified 
Slob-GST fusion protein in a solution with a low free calcium 
concentration buffered with BAPTA. Macroscopic current and steady 
state channel activity increase in the presence of Slob-GST fusion 
protein, but are not affected by GST alone. Moreover, the Slob-GST 
fusion protein does not modulate hSlo, the human homolog of dSlo that 
does not bind Slob. These results suggest that Slob is a modulatory 
protein whose binding can influence dSlo channel activity. Supported 
by a research grant from NIH.

583.9
RECIPROCAL REGULATION OF POTASSIUM CHANNEL
AND TYROSINE KINASE ACTIVITY. T, ,C..Hoimg,§*,„and.L B,
Levitan. Department of Biochemistry and Volen Center for Complex 
Systems, Brandeis University, Waltham, MA 02254.

Protein tyrosine phosphorylation by endogenous and expressed 
tyrosine kinases is reduced markedly by the expression of functional 
voltage-gated potassium (Kv) channels. The levels of tyrosine kinase 
protein and cellular protein substrates are unaffected, indicating that the 
reduction in tyrosine phosphorylation results from inhibition of protein 
tyrosine kinase activity. The attenuation of protein tyrosine 
phosphorylation is related directly to the conductance and gating 
properties of expressed wild type and mutant Kv channels. For example, 
expression of a mutant non-conducting Kv channel does not attenuate 
protein tyrosine phosphorylation. Furthermore, protein tyrosine kinase 
activity is reduced within minutes by acute treatment with the 
electrogenic potassium ionophore valinomycin. Because tyrosine 
phosphorylation is known to influence Kv channel activity, these results 
suggest that reciprocal modulatory interactions occur between Kv 
channel and protein tyrosine kinase signaling pathways. Supported by 
a research grant and a fellowship from NIH.

583.10
SIMULTANEOUS BINDING OF TWO PROTEIN KINASES TO 
THE DROSOPHILA SLOWPOKE CALCIUM-DEPENDENT 
POTASSIUM CHANNEL. J, Wang* and I, B, Levitan, Department 
of Biochemistry and Volen Center for Complex Systems, Brandeis 
University, Waltham, MA 02254.

The Drosophila Slowpoke calcium-dependent potassium channel 
(dSlo) is a substrate for protein kinases. To determine whether dSlo is 
closely associated with protein kinases, we expressed dSlo in tsA 201 
cells and assessed kinase activity in dSlo immunoprecipitates. We 
found that the dSlo protein can be phosphorylated by kinase activity 
present in the immunoprecipitate. By using an in-gel kinase assay, we 
identified two kinase bands of approximately 60 and 40 KD, 
respectively. Western blot analysis shows that the Src tyrosine kinase 
and the catalytic subunit of cAMP-dependent protein kinase (PKA) are 
present in the dSlo immunoprecipitate. Our data also indicate that the 
Src tyrosine kinase and the catalytic subunit of PKA bind to the channel 
simultaneously, although the two kinases are not associated with each 
other in the absence of dSlo. These results demonstrate that an ion 
channel can participate in a regulatory complex with multiple 
modulatory enzymes. Supported by a research grant from NIH.
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583.11
PROTEINS THAT INTERACT WITH SLOB, A NOVEL ION 
CHANNEL BINDING PROTEIN. Y. Zhou*, W. M. Schopperle, M. 
H. Holmqvist and I. B. Levitan. Department of Biochemistry and 
Volen Center for Complex Systems, Brandeis University, Waltham, 
MA 02254.

Slob is a novel protein that interacts with the cloned Drosophila 
calcium-dependent potassium channel, dSlo. As one approach to 
investigate the biological function of Slob, we have used the yeast two- 
hybrid system to screen for proteins that bind to Slob. A bait consisting 
of LexA fused to Slob was used to screen a Drosophila head cDNA 
library. Thirty positive clones were identified as potential Slob- 
interacting proteins. We have recovered library plasmids from 13 of 
the positive clones, and verified the specificity of the interactions by 
testing these library plasmids with Slob and a control bait. Twelve of 
the 13 library plasmids contain partial sequences of several cloned 
Drosophila genes, including glycerol-3-phosphate dehydrogenase and 
gutfeeling. Since some of these proteins are known to be involved in 
signal transduction and neuronal development, characterization of their 
associations with dSlo and Slob might provide insight into the 
functional role of these proteins and their interactions in neurons. 
Supported by a research grant from NIH.

583.12
Calcium-Sensitive Potassium Current in Cultured Swine Tracheal 
Submucosal Gland Cells. M.-H. Chan and J, M. Farley*. Dept. of Pharmacol, 
and Toxicol., Univ. MS Med. Ctr, Jackson, MS 39216-4505.

Nystatin perforated whole-cell recording was used to characterize K+ 
currents in swine tracheal submucosal gland cells grown in culture. Both inward 
and outward whole-cell currents were elicited by a series of hyperpolarizing and 
depolarizing pulses from a holding potential of -80 mV. The reversal potentials 
(Er) of the whole-cell currents were shifted to the right by changing the external 
K+ concentrations ([K4]ex). When tlie [K4]^ was 5, 12, 40, and 128 mM, Er was 
-74, -58, -33, and -4 mV (corrected for Donnan and liquid junction potentials) 
near Ek. The outward current elicited by depolarizing voltage steps from a holding 
potential of -80 mV to potentials positive to -20 mV was decreased by bath- 
applied 10 mM tetraethylammonium (TEA), a K+ channel blocker. Ionomycin (5 
pM), a calcium ionophore, caused a leftward in the I/V curve and enhanced the 
amplitude of whole-cell current by 4.2 fold during depolarizing step from a 
holding potential of -80 to +40 mV. To reduce the Cf current involved in this 
whole-cell current the pipette was filled with an intemai solution containing 
potassium aspartate instead of potassium chloride. Outward currents were 
observed during 250-ms depolarizing steps positive to +20 mV with little current 
elicited by the pulse potentials between -100 and 0 mV. One micromolar 
ionomycin increased the amplitude of the whole-cell current evoked by step 
depolarization to +80 mV by 30 %, suggesting Ca2+ dependency. In summary, K+ 
ion is the charge carrier of the whole-cell current, which is voltage and Ca2+ 
dependent and sensitive to TEA in cultured tracheal submucosal gland cells 
(supported by the American Lung Assoc, of MS and HL55547).

583.13
CALCIUM INFLUX MODULATES POTASSIUM CHANNEL 
ACTIVATION BY CALCIUM RELEASE FROM INTRACELLULAR 
STORES IN PARASYMPATHETIC NEURONS. L.A. Merriam* and R.L. 
Parsons. Dept. of Anatomy & Neurobioiogy, Univ. of Vermont, Burlington, 
VT. 05405.

Spontaneous miniature outward currents (SMOCs) recorded from 
parasympathetic neurons isolated from mudpuppy cardiac ganglia, are due 
to the coordinated activation of TEA and iberiotoxin sensitive Ca dependent 
K channels (K^). Perforated patch voltage clamp recordings demonstrate 
that SMOC frequency is markedly depressed in 0 Ca2+ solutions, but is 
transiently increased by exposure to 3mM caffeine. A large transient 
outward current is activated by 30mM caffeine in 0 Ca2+ solutions, 
suggesting that intracellular calcium stores are not quickly depleted by 
exposure to Ca-deficient solutions. Mudpuppy cardiac neurons express 
multiple calcium channel types (Merriam & Parsons, J. Neurophys, 1995). 
Toxins which block specific Ca2+ channel subtypes were used to further 
elucidate Ca2+ influx pathways required for the generation of SMOC activity 
and maintenance of the intracellular Ca2+ store. Our initial results suggest 
that l-10uM nifedipine has no obvious effect on SMOC frequency. In 
contrast, exposure to 1/zM to-conotoxin GVIA decreases SMOC frequency, 
but the effect is more gradual and not as pronounced as exposure to 200/jM 
CdC12. These results suggest that specific Ca2+ influx pathways are tied to 
activation of the Kq , channels involved in SMOC generation.
Supported by NIH grant NS23978.

583.14
MODULATION OF VOLTAGE-GATED POTASSIUM CURRENTS IN HIPPO-
CAMPAL NEURONS BY DEPHOSPHORYLATION. R.-L. Wu* and M.E. Barish. 
Division of Neurosciences, Beckman Research Institute of the City of Hope, Duarte, 
CA 91010.

We are studying the role of phosphorylation and dephosphorylation in the 
regulation of potassium currents in cultured mouse hippocampal neurons. In the 
present experiments, we used dialysis under whole cell patch clamp to introduce 
alkaline phosphatase (50-100 pg/ml) to the cell interior, using an internal solution that 
in control experiments maintained potassium currents at constant levels (125 mM K- 
methylsulfate, 15 mM KCI, 0.01 mM CaCl2, 0.11 mM BAPTA, 2 mM MgCl2, 4 mM 
Mg-ATP, 0.1 mM GTP, 15 mM HEPES; pH 7.3).

For the fast transient potassium current, /A, dialysis with alkaline phosphatase 
resulted in an increase in peak amplitude that was greatest at relatively negative 
voltages (i.e., between -40 and +20 mV). This was a consequence of negative shifts in 
the steady state activation and inactivation curves (changes in VXn of 5 to 6 mV).

For the two voltage-gated currents comprising delayed rectification (/D and /K, 
recorded in the presence of 100 pM Cd to block Ca2+-dependent currents), dialysis 
with alkaline phosphatase also resulted in an increase in current amplitude; we have 
not yet determined the bases for these increases.

For Ca2+-dependent potassium current, (i.e., current sensitive to 100 pM Cd), 
dialysis with alkaline phosphatase resulted in a decrease in current amplitude.

Because of the role of these potassium currents in influencing transmission at 
hippocampal synapses [see for example, Barish et al., J. Neurosci. 16:5672-5687 
(1996)], regulation by kinases and phosphatases may serve as a mechanism for 
regulation of synaptic strength.

Supported by NINDS NIH R01 NS23857.

583.15
EFFECTS OF ACETAZOLAMIDE ON CA2r ACTIVATED IT 
CHANNELS OF SKELETAL MUSCLE FIBERS OF K DEPLETED 
RATS, AN ANIMAL MODEL OF HYPOKALEMIC PERIODIC 
PARALYSIS. D. Tricarico* R. Mallamaci, M. Barbieri and D. Conte 
Camerino. Dept. of Pharmacobiology, Faculty of Pharmacy, Univ. of Bari, 
ITALY

Acetazolamide. a well know inhibitor of carbonic anidhrase, is widely used 
in the treatment of muscular disorders such as hyperkalemic and 
hypokalemic periodic paralysies. In the affected patients, the drug reduces 
the frequency' and alleviates the paralytic attacks. In most cases, the 
therapeutic effects of the drug are paralleled to changes of serum K* 
concentration suggesting a possible involvment of K channels. In the 
present work, we investigated the effects of acetazolamide on Ca2 activated 
K? channels (Kca2 ) of the skeletal muscle fibers of K+ depleted rats, an 
animal model of hypokalemic periodic paralysis. The rats were made 
hypokalemic feeding them with a K+ free diet for 32-45 days. Patch clamp 
technique was used to measure the mean currents flowing through 
macropatches excised from fibers enzymatically isolated from flexor 
digitorum brevis (FDB) muscles of hypokalemic rats. Acetazolamide. at 500 
u.M and 1 mM concentrations, in presence of 16 pM of intemai free Ca2+ 
ion. enhanced the mean current of K-(ja2 ■ channels recorded at -60 mV 
(Vm) by factors of 1.28 and of 2.15. respectively. An increase of this 
parameter of 0.93 and of 1.9 with 500 pM and 1 mM concentrations of the 
drug was found at +30 mV (Vm). Our results indicates that acetazolamide 
activates the Kq 32 • channels of skeletal muscle fibers of hypokalemic rats 
and this effect is voltage dependent. This would partly explains the 
therapeutic effect of the drug.
The financial support of Telethon-Italy (Grant no. 579),

583.16
IBERIOTOXIN (IbTX) AND CHARYBDOTOXIN (ChTX) SLOWS THE SOMATIC 
SPIKE REPOLARIZATION BUT FAILS TO ENHANCE EXCITATORY SYNAPTIC 
TRANSMISSION IN HIPPOCAMPAL PYRAMIDAL CELLS
L.-R. Shao and J. F. Storm*. Institute of Physiology, University of Oslo, Norway.

Ca-activated K channels of the "BK" type are thought to contribute to spike 
repolarization and the fast afterhyperpolarization (fAHP) in the somata of 
hippocampal pyramidal cells and many other CNS neurons, because these 
phenomena, like BK channels, are inhibited by charybdotoxin (ChTx) and low 
concentrations of tetraethylammonium (TEA) and Ca channel blockers.
However, it is not cear whether BK channels may also contribute to spike 
repolarization in presynaptic teminals in the CNS, and the tests used 
previously in CA1 somata were not quite specific for BK channels. We have 
therefore examined the effect of IbTX - a highly selective blocker of BK 
channels. Using intracellular recording from CA1 and CA3 pyramidal cells in 
hippocampal slices from adult rats, we find that IbTX (10-60 nM) slows the 
spike repolarization and blocks the fAHP in both cell types, mimicking the 
actions of ChTX or low TEA, thus indicating that BK-type K channels 
contribute to repolarization of somatic spikes. In contrast, IbTX or ChTX both 
failed to broaden the presynaptic fibre volley, or to enhance excitatory 
postsynaptic potential (EPSP) in the stratum radiatum of CA1 and CA3, and in 
str. moleculare of the dentate gyrus, whereas TEA (1 mM ) was effective. 
These results suggest that IbTX-sensitive BK-type K channels contribute to 
spike repolarization and the fAHP in CA1 and CA3 pyramidal cell somata, but 
do not normally contribute significantly to presynaptic spike repolarization and 
control of transmitter release. Thus, the spike repolarization mechanism seem 
to differ between somata and presynaptic terminals of the same cells. 
(Supported by the Norwegian Research Council, NFR).
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583.17
DYNAMICS OF INTRACELLULAR SODIUM CONC-
ENTRATION IN DOPAMINE NEURONS OF THE 
SUBSTANTIA NIGRA. T. Knopfel*. E. Guatteo, N.B. Mercuri 
and G. Bemardi. IRCCS Santa Lucia, Via Ardeatina 306, 1-00179 
and Clinica Neurologica Tor Vergata, Via O. Raimondo 8,1-OO173 
Rome, Italy

The relationship between electrical activity and sodium [Na+]j 
concentration was examined in dopamine neurons of rat midbrain 
slices by combined whole cell patch clamp and fluorescence imaging 
techniques using the sodium sensitive dye SBFI. Action potential 
firing or long-lasting (60 s) depolarization of the cell from a holding 
potential of -60 mV to -30 mV caused only very small elevation in 
somatic and dendritic [Na+]„ However, hyperpolarization of the 
neuron from a holding potential of -60 mV to -90 mV or -120 mV 
caused large elevations in [Na+]i due to activation of a Cs+-sensitive 
inward current (IH). After repolarization to -60 mV [Na+]i decayed 
to resting levels with a time constant of about 60 s.

In addition, we found that bath application of 3,5-dihydroxy- 
phenylglycine, an agonist for group I metabotropic glutamate 
receptors, induced an inward current associated with a significant 
increase in [Na+],.

The hyperpolarization-induced as well as the agonist-induced rise 
in [Na+]i was associated with the activation of a potassium current.

NEUROTRANSMITTERS: OTHER II

584.1
TISSUE SPECIFIC TETRACYCLINE RESPONSIVE
NEUROPEPTIDE Y EXPRESSION IN TRANSGENIC MICE. R.G, 
Dean. M, Hulsey. B, G, Brackett. J, Rzucidlo. R. J, Martin*. C.
Baile. G.L. Edwards. Univ. of Georgia, Depts. of Physiology and 
Pharmacology, Foods and Nutrition, Animal and Dairy Science.
Athens GA 30602.

A binary set of vectors were constructed for use in studying 
appetite control in transgenic mice. The vectors comprised a system in 
which the first vector pi5NFL expresses a tetracycline transactivation 
protein (tTA). The expression of this protein is driven by the 
neurofilament gene promoter to achieve specific expression in the brain. 
A second construct (pl3NPY) contains a fragment (298 bp)of the 
neuropeptide Y (NPY) gene in the antisense orientation. The NPY 
antisense fragment is expressed under the control of a set of tetracycline 
operators which bind tTA and activate the gene. Fragments of the 
constructs were injected into fertilized ova to create transgenic mice that 
would express NPY antisense message when tetracycline was withheld 
from their diet. NPY protein was measured in the hpothalamus of 
transgenic and control mice. No differences in NPY levels were found 
between control mice that had received tetracycline and those that had 
not. Transgenic mice receiving tetracycline had higher levels of NPY 
protein in the hypothalamus than mice that had not received tetracycline. 
These initial results indicate that NPY can be regulated in a specific 
tissue using tetracycline.

584.2
GENE TARGETING OF GALANIN AND SUBSTANCE P
H. Wiman and U. Lendahl*. Dept. of Cell and Molecular Biology, Lab. 
of Developmental Biology, Karolinska Institute, S-171 77 Stockholm, 
Sweden

Galanin and substance P are two classical neuropeptides. The galanin 
gene contains six exons and encodes a 29/30 amino acids long peptide, 
which is not obviously related to other known peptides. Galanin is 
widely expressed in the nervous system and has been implicated in many 
functions, including pain sensitivy. Substance P is an 11 amino acids 
long peptide, encoded by a gene in the large tachykinin gene family. It is 
assumed to play a role in breathing, hunger and in neurodegenerative 
disorders.
It is clearly important to learn more both about the biological function of 
galanin and substance P, but also about the axonal projections of the 
neurons expressing these peptides. We have therefore set out to 
functionally inactivate the genes for galanin and substance P by gene 
targeting, but using a system which enables us to at the same time 
visualize the axonal projections. This will be achieved by replacing the 
galanin and substance P genes in transgenic mice with a gene encoding a 
fusion protein between lacZ and tau, which is a microtubule-associated 
protein. This lacZ/tau fusion protein has been shown to visualize other 
types of axonal projections (Mombaerts et al.,Cell,vol 87, (1996). To 
this end, we have cloned the galanin and substance P genes from a 
genomic library from the mouse strain 129, and we are now generating 
the targeting vectors. The results from these experiments will be 
presented.

584.3
STIMULATION OF ADRENOCORTICOTROPIC HORMONE RELEASE IN 
AtT-20 CELLS BY DIVALENT CATIONS AND BY A CALCIMIMETIC. 
S. Ferry+, B. Chatef, R.H. Dodd°, C. Lair*, D. Gully*, J.P. Maffrand* and
M. Ruat+“. + Junior group ATIPE CNRS, UPR 9040 and ° ICSN, 91198 Gif sur 
Yvette, France and * sanofi recherche 31036 Toulouse Cedex, France.

Recently, we have identified a calcium sensing receptor (CaSR) in brain and 
pituitary of the rat (Ruat et al, Proc Natl Acad Sci, 1995). This receptor responds to 
extracellular calcium and magnesium ions. Variations of serum calcium within the 
physiological range or during acute hypercalcemia, are followed by a several fold 
increase of serum ACTH.

The ACTH-secreting AtT-20 cell line expresses an endogenous CaSR as 
demonstrated by biochemical and pharmacological data. Western blot analysis of 
membrane proteins prepared from AtT-20 cells using antibodies raised against a 
synthetic peptide based on the rat CaSR carboxyl domain, identified two 
glycosylated peptides with apparent molecular masses of 140 and 160 kDa. In these 
cells, a primary class of Ca2+ binding sites stimulated formation of 
phosphatidylinositol hydrolysis by 1.8 fold with an EC50 of 1.3 mM. Increasing Ca2+ 
further from 2-to 8 mM triggered a sharp 6 fold increase of the IP response which 
occurred with an ECS0 of 4.1 mM, a response displaying a marked cooperativity.

In these cells, calcium and barium, two CaSR agonists, induced a potent 
stimulation of ACTH secretion. Indeed, elevating calcium from 0.3 mM to 1.8 mM 
led to a 2- to 3-fold increase in ACTH secretion. In the presence of 1.8 mM Ca2+, 
(±)NPS 568, a calcimimetic, led to a dose dependent secretion of ACTH with an 
EC5o of 0.3 pM and a maximal effect comparable to Ca2+. These data argue for a 
role of extracellular calcium and CaSRs in controlling ACTH secretion, a hormone 
implicated in several types of stress. Studies are in progress to further characterize 
the roles of CaSR in neurotransmitter release and hormone secretion and to localize 
CaSR expressing cells in brain and pituitary.

584.4
PHARMACOLOGICAL CHARACTERISATION OF THE HUMAN CRF 2 BETA 
RECEPTOR. A Ardati*, J Gottowik, O Valdenaire, V Goetschv and 
G.J, Kilpatrick. Pharma Division, Preclinical Research, F. Hoffmann-La 
Roche, Basle 4070, Switzerland.

Corticotropin Releasing Factor (CRF) and urocortin have been shown 
to play an important role in integrating stress responses. These effects 
are mediated by two distinct G-protein coupled receptors: CRF 1 and 2. 
Interestingly, for the CRF 2 receptor, two isoforms have been identified 
in rodent. We have recently cloned the human counterpart of the CRF 2 
beta receptor from skeletal muscle cDNA and shown it to be divergent 
from the h-CRF 2 alpha in the N-Terminus. In order to pharmacologically 
characterise the h-CRF 2 beta receptor as well as the h-CRF 1 and 2 
alpha, we developed a binding assay using tritiated rat urocortin. 
Binding was reversible, saturable and of high affinity. Binding kinetics 
studies revealed a relatively fast association and dissociation rates of 
the peptide in Hek 293 cells expressing the h-CRF 2 Beta receptor. The 
rank order of potency of CRF related peptides to the h-CRF 2 beta 
receptor was similar to the h-CRF 2 alpha with h-urocortin and 
sauvagine being the most potent ligands followed by urotensin and r/h 
CRF. The functionality of the h-CRF 2 beta receptor was confirmed using 
the luciferase reporter gene system under the transcriptionnal control 
of multiple cAMP responsive elements. Again h-urocortin and 
sauvagine showed the highest potency, Taken together, these results 
indicate that the h-CRF 2 beta receptor isoform is functionally active 
with very similar pharmacological profile to the h-CRF 2 alpha. 
Furthermore, urocortin may well be the natural ligand for the h-CRF 2 
beta receptor since it has a higher affinity and potency than CRF,

This study was supported by F.Hoffmann-La Roche LTD.
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584.5
MAKING THE MOST OF PRECIOUS TISSUE: DESIGNING RADIO-
LIGAND BINDING STUDIES FOR CORTICOTROPIN-RELEASING 
HORMONE (CRH) C-M Staschen. L.D, Homer5, ST, Ahlers and M, 
Malik. Naval Med. Res. Inst., Bethesda, MD 20889-5607; ’Legacy Res., 
Emanuel Hosp., Portland, OR 97227.

We have been interested in changes in CRH-receptor density and receptor 
affinity in different brain regions of rats treated with acute or chronic CRH. In 
performing these studies cne methodological constraint has been that there is 
only limited amount of tissue available and repetition of the experiments is 
costly and time consuming. In order to optimize the experimental conditions 
for future CRH studies we developed a power analysis procedure to assess the 
number of data points necessary to produce expected detectable changes in 
maximal receptor numbers (Bm^) and in equilibrium dissociation constants 
(Kn) between control and treated group.

The interaction of CRH and its receptor can be adequately described using a 
single-state, one-site receptor model. The equilibrium studies were planned as 
homologue displacement experiments Computer simulations were used to 
generate data with 4% random error from the CRH-receptor model. Parame-
ters were selected which allowed simulated data to resemble data from real 
experiments Using these data, the parameters were simultaneously estimated 
with weighted nonlinear least-squares regression analysis. Power calculations 
were performed using Monte-Carlo randomization techniques. To test for gen-
eral differences between the curves of a treated group and a control group an 
F-test was applied with 2 degrees of freedom in the numerator. In case of a 
significant result, this was followed by an unpaired t-test, to resolve the 
changes into receptor density or receptor affinity. The level of significance 
was adjusted for multiple comparisons. Displacement curves with 14 data 

oints (7x2 replicates) were sufficient to give a power of 70% in detecting a
0% reduction in B^ from baseline (a = 0.025, one sided) and a power of 

85% to detect an increase in KD of 2 nM and a decrease of KD of 1 nM (a = 
0.025, two-sided). This statistical procedure was successful in estimating op-
timal experimental parameters using specific characteristics of CRH-receptor 
binding. (Supported by NMRDC Work Unit 62233N.MM33C 30.004.1002)

584.6
TESTING THE RHODOPSIN-BASED MELATONIN RECEPTOR MODEL BY 
SITE-DIRECTED MUTAGENESIS. T. Kokkola, S. Foord1, M-A. Watson1, S. 
Dowell1, J. White1, O. Vakkuri2, J. T. Laitinen*. Departments of Physiology, 
University of Kuopio and 2University of Oulu, Finland; ’Cellular Sciences, Glaxo 
Wellcome Medicines Research Centre, Stevenage SGI 2NY, UK.

We have recently constructed a rhodopsin-based model for melatonin 
recognition at its G-protein coupled receptor (Eur. J. Pharmacol. 304: 173-183, 
1996). This model suggests five amino acid residues in transmembrane (TM) 
domains V, VI and VII (or HI) that would participate in ligand binding. To test 
this model, mutant human ML-la receptors were created and expressed 
transiently in mammalian cells. The ability of these mutants to bind 2-[125I]- 
iodomelatonin was tested in receptor binding assays and, in most cases, the 
signaling capacity was also tested in functional assays. Mutating Met 107 to Asp 
(M107D) in TM III resulted in very weak ligand binding and receptor signaling 
capacity whereas the mutation M107T had no effect on 2-[125I]-iodomelatonin 
binding. H195A mutation in TM V produced a partial loss of high-affinity 
binding and a double mutation V192T+H195A totally abolished receptor 
signaling. Single mutation in TM Vn (S280A) had only a minor effect on ligand 
binding but significantly decreased the receptor signaling capacity, whereas a 
double mutation (S280F+A284G) caused a drastic reduction in both receptor 
binding and signaling capacity. We are currently investigating the expression 
level and subcellular localization of the mutant receptors using specific ML-la 
receptor antibodies. At this stage, the data are consistent with the model 
regarding the importance of V192 and H195 in TM V for melatonin recognition. 
Based on functional data, S280 in TM VII may be important for melatonin 
potency but no clear-cut conclusions can be drawn regarding the importance of 
M107 in TM III. Supported by the Emil Aaltonen Fund, the University of 
Kuopio and Glaxo Wellcome.

584.7
ORIGINS OF MELANIN-CONCENTRATING HORMONE 
IMMUNOREACTIVE PROJECTIONS TO THE MOTOR CORTEX 
AND PEDUNCULOPONTINE TEGMENTAL NUCLEUS. C.F. Elias, L. 
Frigo and J.C. Bittencourt*. Lab. of Immunohistochemistry of Peptides and 
Neuronal Tracers, University of Sao Paulo, Sao Paulo, SP 05508-900 - 
BRASIL.

Melanin-concentrating hormone (MCH) is a cyclic heptadecapeptide found 
in neurons of the rat zona incerta (ZI) and lateral hypothalamic area (LHA), 
and its fibers are broadly distributed to the entire neuro-axis. This study was 
done in order to identify the origins of the innervation by MCH-ir fibers to 
the motor cortex (CxM) as well as, to the pedunculopontine tegmental 
nucleus (PPTg). Using single or double injections of retrograde fluorescent 
neuronal tracers like diamidino yellow (DY) and/or true-blue (TB) in both 
regions (CxM and PPTg, respectively), we were able to demonstrate that 
there are 3% of MCH-ir cells that innervate the CxM, 13% of MCH-ir cells 
that innervate the PPTg and 1% of MCH-ir cells that innervate both regions. 
In spite of the small number of double retrogradely labeled and MCH-ir cells 
in the LHA, they only appeared after the DY injection hit the cortex 
responsible for the vibrissae control. The elution procedure demonstrate that 
the same triple and double labeled cells were NEI-ir. The results shown here 
also demonstrate that there are collateral from the cells of LHA and Zl 
innervating CxM and PPTg. This work suggests that the MCH peptidergic 
system is involved in the behavior of searching for food, as a result of 
interaction between the CxM and PPTg, and probably also in the ascending 
reticular activating system.
SUPPORTED BY: FAPESP and CNPq (Sao Paulo and Brasilia, BRASIL).

TRANSPORTERS: EXCITATORY AMINO ACID I

585.1
MOLECULAR KNOCKDOWN OF NEURONAL GLUTAMATE 
TRANSPORTER EAAT3 PRODUCES EPILEPSY AND 
DYSREGULATION OF GABA METABOLISM. J.^Sepukty. c.U.

and Neuroscience, Johns Hopkins University, Baltimore MD, 21287.
Glutamate transporters are essential for the synaptic inactivation of

neurotransmitter glutamate. Four glutamate transporters have been identified, two 
are neuronal, EAAT3 and EAAT4; while two are astroglial, EAAT1 and EAAT2. 
Astroglial glutamate transporters are responsible for up to 80% of sodium- 
dependent high-affinity glutamate transport. Previous studies had suggested that 
antisense knockout of EAAT3, but not EAAT1 or EAAT2, produced epilepsy. 
EAAT3 is localized to both GABAergic and glutamatergic neurons. On GABA 
neurons, EAAT3 appears to be localized to pre-synaptic terminals. In this study, 
we utilized selective and specific antisense oligonucleotides, infused 
intraventricularly for 7-14 days, to knockdown the synthesis of EAAT3. EEG was 
recorded intermittently, via skull electrodes. After 5 days, antisense treated 
animals developed abnormal EEG patterns - bursts of rhythmic activity in the 6-9 
cps range, at times with intermixed spikes. By the 10th day of treatment, 
corresponding to 70-90% knockout of EAAT3 protein, antisense animals 
developed runs of semi-rhythmic slowing with intermixed spikes, often associated 
with behavioral freezing. These changes were not seen in sense oligonucleotide 
treated animals. There was a 50% loss of hippocampal GABA levels associated 
with antisense knockout of EAAT3, but no changes were detected in sense treated 
animals. These studies suggest that dysfunction of EAAT3 may be related to 
epileptogenesis and that this could be due to the role of EAAT3 in regulating 
GABA metabolism. (NIH)

585.2
ATAXIA DUE TO LOSS OF THE PURKINJE-CELL SPECIFIC 
GLUTAMATE TRANSPORTER EAAT4. N.Maragakis. C.G.Lin. L. Jin*. 
M. Dykes-Hoberg, J.D, Rothstein, Departments of Neurology and Neuroscience, 
Johns Hopkins University, Baltimore MD, 21287.

Glutamate transport is essential for the synaptic inactivation of neurotransmitter 
glutamate. A family of human glutamate transporters have been identified: EAAT1 
and EAAT2 are specific for astroglial cells that envelop the synaptic cleft, while 
EAAT3 and EAAT4 are neuronal glutamate transporters. EAAT4, the newest 
member of the glutamate transporter family, is unusual in that it has the properties 
of high affinity glutamate transporter and also has a high conductance for chloride 
ions, like GABA receptors. EAAT4 is selectively localized to cerebellar Purkinje 
cells. Because of the role of glutamate transporters in preventing excitotoxicity 
and the possibility that EAAT4 could contribute to normal hyperpolarization of 
Purkinje cells, we postulated that dysfunction or loss of EAAT4 could produce 
Purkinje cell death or dysfunction, culminating in a clinical syndrome of ataxia. To 
test this hypothesis, we cloned EAAT4 to obtain a rat specific nucleotide 
sequence. The synthesis of EAAT4 was then selectively inhibited in vivo using 
chronic intracisternal infusion of antisense oligonucleotides to EAAT4. At least two 
different 18 mer antisense sequences were capable of inhibiting EAAT4 protein 
levels by 91 ±1 (SE)% (P<0.01) after seven days of treatment. Sense 
oligonucleotide controls had no effect on EAAT4 protein and had no behavioral 
effect. After 5-7 days of antisense infusion, animals developed a progressive 
ataxic and wide-based gait, but were otherwise alert and active. Ataxia was not 
seen after antisense treatment for EAAT1, EAAT2, or EAAT3. Detailed 
pathological studies are underway. These studies may suggest that dysfunction 
of EAAT4 could be a significant factor in ataxic diseases. (NIH)
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585.3
IDENTIFICATION AND CHARACTERIZATION OF ASTROGLIAL 
GLUTAMATE TRANSPORTER GLT-1 ASSOCIATED PROTEINS 
(GTRAP). W. Song and J.D. Rothstein’. Dept. of Neurology, The 
Johns Hopkins University, Baltimore, MD 21287.

GLT-1 is a high affinity, Na+-dependent glutamate transporter that 
mediates the rapid transport of glutamate into astrocytes and may play an 
important role in the termination excitatory of synaptic transmission. 
Protein analysis suggests that GLT-1 has an intracellular amino-terminal 
domain, eight transmembrane domains and a large intracellular carboxyl- 
terminal domain. GLT-1 is known to be localized to astroglial membranes 
in apposition to synaptic complexes. To identify proteins that could interact 
with the GLT-1, we screened a rat brain cDNA library by means of a yeast 
two-hybrid system using the C-terminal segment of GLT-1 as bait. Three 
cDNA clones were identified and those products were found to specifically 
bind the C-terminal domain of GLT-1 in the intact yeast cell but also in 
vitro after mammalian expression and purification. We have designated 
these proteins as Glutamate TRansport Associated Protein (GTRAP). 
Sequence analysis of these three full-length cDNA clones revealed that 
two of them are novel; one encodes a small peptide of high hydrophilicity 
and the other encodes a large peptide with distinct hydrophobic domains. 
The third clone was shown to be identical to the Calpain gene encoding 
a skeletal muscle-specific and Ca2+-activating protease lacking calmodulin 
domain. Studies are underway to determine 1) how these identified gene 
products interact with GLT-1,2) if the interactions involve the transporter 
function of GLT-1, and 3) do the proteins act to target GLT-1 to the 
astroglial membrane adjacent to synapses. (NIH)

585.4
MOLECULAR IDENTIFICATION OF RAT EAAT4 GLUTAMATE 
TRANSPORTER SUBTYPE L.Jm^C^^^TiirutaJVLDykes= 
Hoberg*, J.D, Rothstein. Departments of Neurology and Neuroscience, 
Johns Hopkins University, Baltimore MD, 21287.

Multiple human high-affinity glutamate transporters have been 
identified. EAAT1 and EAAT2 are astroglial specific, while EAAT3 
and EAAT4 appear to be largely neuronal specific. EAAT4 is unique 
in that it also has a high chloride conductance associated with its 
biological properties. Furthermore, it appear to be largely restricted 
to cerebellar Purkinje cells. In order to study the biology of EAAT4 
in greater detail, we cloned the rat homolog by screening a cDNA 
library derived from rat cerebellum. Sequencing revealed the 
coding region of rEAAT4 to be 1683bp and the predicted amino acid 
sequence of 561AA. The sequence was 88% identical to the 
human nucleotide sequence, and the predicted peptide was 87% 
identical and 89% homologous to the human protein. Insitu 
hybridization revealed a strong signal localized largely to the somas 
of cerebellar Purkinje cells. This was confirmed using carboxy-
terminal specific anti-peptide antibodies which demonstrated strong 
localization to cerebellar Purkinje cell somas and dendrites. A much 
lower amount of protein was immuno localized to the neuropil of the 
cortex. This pattern of rat expression largely correlated with the 
pattern of human EAAT4 protein and mRNA expression. (NIH, 
MDA)

585.5
CHIMERA ANALYSIS OF GLUTAMATE TRANSPORTER EAAC1 AND 
GLT-1: A SEARCH FOR SUBSTRATE BINDING SITES. Y. Kanai*. N. 
Utsunomiva-Tate, H. Endou. Dept. of Pharmacology and Toxicology, 
Kyorin Univ. Sch. of Med., 6-20-2 Shinkawa, Mitaka, Tokyo 181, Japan.

Glutamate transporter EAAC1 and GLT-1 display distinctive functional 
characteristics: GLT-1 but not EAAC1 is sensitive to glutamate uptake 
inhibitor dihydrokainate (DHK); EAAC1 transports L-cysteine whereas L- 
cysteine is fairly low-affinity to GLT-1. Toward the elucidation of the 
mechanisms of substrate recognition we have performed chimera analysis 
based on the comparison of the unique characteristics of EAAC1 and 
GLT-1. To generate chimeras, the plasmids were constructed which contain 
both cDNAs for mouse EAAC1 and mouse GLT-1 aligned in tandem (5’- 
EAAC1/GLT-1-3’ or 5’-GLT-l/EAACl-3’). After being cleaved between 
the two cDNAs, the linearized plasmids were transfected to recA+ E.coli in 
which cDNA chimeras were generated by homologous recombination. 
cRNAs were in vitro synthesized from the chimera cDNAs and expressed 
in Xenopus laevis oocytes. The chimeras exhibited Na+-dependent 
glutamate transports similar to those of wild type transporters. Some 
chimeras were DHK sensitive whereas others were not affected by DHK. 
Based on the DHK sensitivity, the region of the proteins composed of 38 
amino acid residues (corresponding to 301-338 of mouse EAAC1) was 
identified to be responsible for the differential DHK sensitivity. The 
significance of the region in the determination of DHK sensitivity was 
confirmed by site-directed mutagenesis in which amino acid residues of 
EAAC1 and GLT-1 were replaced by each other's. The chimeras were also 
analyzed in view of L-cysteine transport.

This research was supported in part by Grant-in-aid for Scientific 
research from Ministry of Education, Science and Culture of Japan.

585.6
COMPARISON OF THE PHARMACOLOGY OF GLUTAMATE TRANSPORT 
BY GLT1 EXPRESSED IN OOCYTES AND BY RAT CORTICAL NEURONS 
IN CULTURE. P.A. Rosenberg*, G.J. Wang, A.C. Zable, and M.P. Kavanaugh. 
Department of Neurology, Children's Hospital & Harvard Medical School, 
Boston MA 02115 and Vollum Institute, Oregon Health Sciences University, 
Portland OR 97201.

We have previously reported that the pharmacology of glutamate transport into 
cortical neurons in culture is distinct from that reported for EAAC1, which is the 
major known transporter expressed in cortical neurons. Glutamate transport into 
cortical neurons in culture, as has been found for cortical synaptosomes, is 
potently inhibited by dihydrokainate, a feature shared by the astrocyte transporter 
GLT1. Transport into cortical neurons is not significantly inhibited by L-a- 
aminoadipate (AAA), but is inhibited by L-serine-O-sulfate (SOS). We 
undertook to characterize the pharmacology of glutamate transport by GLT1 in 
order to provide a more detailed basis for comparison between transport by 
neurons and by GLT1 in order to pursue the possibility that GLT1 or a variant 
form might be responsible for glutamate transport by cortical neurons. Voltage- 
clamp studies of GLT1 expressing oocytes showed that, as in cortical neurons, 
glutamate transport was not inhibited by AAA. DHK was a potent inhibitor (Ki 
= 8 ± 1 (iM), and SOS produced a GLT1 mediated current with a Km of 312 ± 33 
(J.M. These values contrast with a Ki for DHK in cortical neurons, measured by 
tritiated L-glutamate uptake, of 65 ± 7 pM and a Ki for SOS of 103 ± 9 pM. 
These discrepancies between the pharmacology of GLT1 and of neuronal 
transport together with a lack of definite GLT1 immunoreactivity in cortical 
neurons suggest that GLT1 itself is unlikely to contribute significantly to 
neuronal glutamate transport. However, they do not rule out the possibility of 
involvement of a variant form of GLT1. Funded by grants from the NIH 
(NS31353, HD18655) and from the United Cerebral Palsy Foundation, the 
Muscular Dystrophy Association, and the Ron Shapiro Charitable Foundation.

585.7
EXPRESSION AND CHARACTERIZATION OF THE GLT1 
SUBTYPE OF Na+-DEPENDENT GLUTAMATE (Glu)
TRANSPpRTER. J,.. BJY Schlag1. OA,..................... Zelenaia-
Troitskava , J.D, Rothstein . ana M.B, Robinson . Depts. of Peds. 
and Pharm., Univ. of Penn., Philadelphia, PA 19104; 2Dept. of 
Neurol., Johns Hopkins Univ., Baltimore, MD 21287

In previous studies, we have documented dramatic differences in the 
pharmacological properties of Na+-dependent L-[3H]-Glu transport in 
crude synaptosomes prepared from different brain regions with 
forebrain transport being sensitive to dihydrokainate (DHK) and 
cerebellar transport insensitive. Forebrain transport is inhibited by L-a- 
aminoadipate (L-AAD). Four Na+-dependent Glu transporters have 
been identified to date; two are neuronal (EAAC1 and EAAT4) and two 
are glial (GLT1 and GLAST). Studies with the human homolog of 
GLT1 (EAAT2) suggest that GLT1 may recapitulate the properties of 
transport observed m forebrain synaptosomes. The goal of the present 
study was to stably transfect the rat homolog, GLT1, into a cell line that 
expresses no detectible Na+-dependent transport activity and characterize 
the resulting activity. As was previously observed, we found that 
adenovirus-induced tumor cells from Syrian hamster (MCB) (from 
ATCC) expressed no detectible transport activity. The GLT1 cDNA 
(from B. Kanner) was subcloned into the mammalian expression vector 
(pRC/CMV) and used to transfect MCB and mouse connective tissue 
(LM TK-) cell lines. Several clones were isolated that express GLT1 
protein as identified by Western blotting. In one cell line, MCB GLT1- 
12, accumulation of radiolabel in the absence of Na+ was less than 3% 
of that observed in the presence of Na+. The Km for Na+-dependent 
transport was 200 pM and the Vmax was 37 nmol/mg protein per min. 
DHK and L-rrans-pyrrolidine dicarboxylate inhibitea transport with 
ICso values of 300 pM and 100 ll M, respectively, and transport was 
insensitive to inhibition by L-AAD (15% inhibition at 1 mM). These 
data combined with other observations suggest that the forebrain 
synaptosomal transporter has not yet been cloned. (NS36564)

585.8
REGULATION OF GLUTAMATE (Glu) TRANSPORTERS 
GLT1 AND GLAST IN ASTROCYTE CULTURES AND 
CO-CULTURES OF ASTROCYTES WITH NEURONS. 
B.D.Schlag* . M.Munir’. A.G.Kalandadze . J.R.Vqndrasek1, 
O.A.Zelenaia-Troitskaya. J.D.Rothstem . and M.B.Robinson1. ‘Depts. 
of Peds and Pharm., Univ. of Penn., Philadelphia, PA 19104 and 
Dept. of Neurol., Johns Hopkins Univ., Baltimore, MD 21287.

Of the four cloned Na+-dependent Glu transporters that have been 
identified, two, GLT1 and GLAST, are expressed by glia in vivo. We 
have previously demonstrated that astrocyte cultures express low levels 
of GLT1 and GLAST and that treatment of astrocytes with dbcAMP or 
co-culturing of astrocytes with neurons increases GLT1 and GLAST 
protein. The goal of the present work is to understand how this 
regulation may impact transporter function and to define the mechanisms 
that regulate expression of these transporters in these cells. Treatment of 
confluent astrocyte cultures (14 DIV) with dbcAMP (0.25 mM) caused a 
slow increase in GLT1 protein that peaks at 10-14 days. After 10 days 
of dbcAMP treatment, Na+-dependent transport activity is altered (K^ 
and Vniax were increased approx. 2-fold), Cl'-dependent transport was 
increased, GLT1 protein was increased approx. 30-fold, GLT1 mRNA 
was increased approx. 3-fold, GLAST protein was increased approx. 
30-fold, and GLAST mRNA was increased approx. 60%. In contrast to 
the sensitivity of GLT1 in heterologous expression systems, transport m 
dbcAMP treated astrocytes was insensitive to inhibition by 
dihydrokainate. Biotinylation studies demonstrated that both transporters 
are predominantly available at the cell surface. Expression of GLT1 and 
GLAST in co-cultures revealed a slow increase in protein which peaks at 
14 DIV. Killing neurons with excitotoxins at 14 DIV caused GLT1 
protein to decrease dramatically by 21 DIV. Addition of dbcAMP to co-
cultures at 14 DIV caused a modest increase in GLT1 and GLAST 
protein by 21 DIV. These data suggest that a soluble or contact neuronal 
factor may regulate astrocytic glutamate transporter expression through a 
cAMP-dependent pathway. (NS 36465)
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585.9
mGluR MEDIATED INCREASE IN CELL SURFACE 
EXPRESSION OF THE NEURONAL GLUTAMATE (Glu) 
TRANSPORTER, EAAC1, A POSSIBLE ENDOGENOUS 
MECHANISM TO LIMIT EXCITOTOXICITY. M. Munir1*}. 
R, Rothstein2. and M.B. Robinson1. 'Depts. of Pediatrics and 
Pharmacology, Univ. of Pennsylvania, Philadelphia, PA 19104, and 
2Dept. of Neurology, Johns Hopkins Univ., Baltimore, MD21287

We have previously shown that treatment with PMA, a PKC activator, 
rapidly (within 10 min) increases Na+-dependent Glu uptake 2-fold in 
C6 glioma cells which endogenously express the EAAC1 subtype of 
Glu transporter. We have used neuron enriched cultures to determine if 
this rapid regulation occurs in neurons and to determine if this up-
regulation can be induced by activation of mGluRs. These neuron 
enriched cultures express EAACl and EAAT4 and very low levels of 
GLT1 and GLAST as determined by Western blotting. We found that 
30 min incubation with 100 |lM Glu, 1 mM (S)-3,5-dihydroxyphenyl- 
glycine (DHPG), 1 mM 1S,3R-1 -aminocyclopentane-1,3-dicarboxylie 
acid (1S,3R)-ACPD or 100 nM PMA, caused a 145%, 30%, 54%, and 
38% increase in Na+-dependent Glu transport measured in these 
cultures, respectively. These increases were due to an increase in Vmax. 
Unlike the other compounds, preincubation with Glu caused a 2-fold 
increase in Km. Glu preincubation caused an increase in transport 
activity with as little as 10 pM and within as little as 5 min. In our 
preliminary studies with biotinylation of the surface proteins, Glu, 
(1S,3R)-ACPD and PMA increased the surface expression of EAAC1 
but not of EAAT4 in neuron enriched cultures. These data suggest that 
the regulation of membrane expression of EAAC1 may be mediated by 
Group 1 subtype of metabotropic glutamate receptors and may act as an 
endogenous mechanism to limit the excitotoxicity.(NS29868)

585.10
MULTIPLE SECOND MESSENGER PATHWAYS 
REGULATE GLUTAMATE UPTAKE ACTIVITY AND CELL 
SURFACE LOCALIZATION OF EAAC1. K.E. Davis*1. J.P. 
Rothstein2, and M.B. Robinson1. 'Children’s Seashore House, Depts. of 
Pediatrics and Pharm., Univ. of PA, Philadelphia, PA 19104 and 2Dept. 
of Neurology, Johns Hopkins Univ., Baltimore, MD 21287.

C6 glioma selectively express the EAAC1 subtype of glutamate 
transporter, and show approximately a 2-fold increase in Na+-oependent 
L-[ Hj-glutamate uptake activity when preincubated with the phorbol 
ester PMA, possibly through a PKC mediated process. PMA has also 
been shown to increase glucose transporter activity through a 
phosphotidylinositol 3-kinase (IP3 kinase)-dependent translocation 
process that is blocked by application of the IP, kinase inhibitor 
wortmannin. To determine if EAAC1 regulation is mediated by the PKC 
or IP, kinase pathways, we tested various inhibitors of these two kinases 
on glutamate uptake activity and translocation to the cell surface. 
Preliminary data has shown that 10pM chelerythrine, lpM staurosporine 
and Ill M bisindolylmaleimide II decrease PMA-stimulated uptake activity 
by 30%, 20%, and 49%, respectively (n>4). To examine PMA-sensitive 
translocation, a membrane impermeant biotinylation reagent was used to 
examine the surface localization of EAAC1. PMA was found to increase 
the cell surface levels of EAAC1 by 3-fold, and as in the uptake 
experiments, co-incubation with lOjiM chelerythrine partially blocked 
this increase, with surface EAAC1 increasing by 2.5-fold over control 
(n=4). Cheleiythrine alone slightly increased EAACl levels on the cell 
surface by 2-fold over controls. Involvement of the IP3 kinase pathway 
was assessed using wortmannin alone and in combination with PMA. 
Results suggest that decreases in the basal level of EAAC1 transport 
activity and cell surface expression occur after wortmannin 
preincubation, as basal uptake activity was decreased by 52% (n=3). It 
is likely that both the PKC and IP3 kinase pathways are involved in 
regulating the uptake activity and translocation of EAACl. (NS 29868)

585.11
MEMBRANE TRANSPORT OF GLUTAMATE BY CRAYFISH NERVE 
FIBERS: IMPLICATIONS FOR NEURON-GLIA SIGNALING
L.S. Kane1, R.M. Grossfeld*1, P.T. Hargittai2, and E.M. Lieberman2, 'NCSU, 
Zoology, Raleigh, NC and 2ECU Sch. of Med., Physiology, Greenville, NC.

In crayfish and squid giant nerve fibers, bath-applied glutamate or high frequency 
stimulation activates a glial cell membrane potential change that is blocked by non- 
NMDA glutamate receptor blockers. We have proposed that non-synaptic release of 
glutamate from crayfish axons results from reversal of a membrane uptake 
transporter, leading to second messenger and ion transport changes in adjacent glia.

In this study cf glutamate transport, the crayfish nerve cord was excised and the 
desheathed cephalothoracic connectives, containing only axons and their periaxonal 
glia, were incubated in vitro with radioactive glutamate. One member of each paired 
connective was the control sample while the other was the experimental sample. 
Extracellular radiotracer washed out of labeled tissues within io min in non- 
radioactive saline. Cellular accumulation of radiotracer was temperature- and Na- 
dependent, and linear with time for at least 8 h. There was substantial metabolism of 
radioactive glutamate and release of radioactive metabolites to the bath saline. 
Inhibition by bath-applied drugs known to block glutamate transport in invertebrate 
and vertebrate preparations was concentration-dependent. Tissue radiotracer levels 
were only 3% of control levels when 1 mM PCMS was present, and 13, 20, 26, 38, 
and 42% of control levels when 1 mM cysteate, cysteine sulfmic acid, L-aspartate, 
D-aspartate, or DL-threo-(3-hydroxyaspartate, respectively, was present. GABA, L- 
glutamine, NMDA, aminoadipate, and D-glutamate were without inhibitory effect on 
tissue tracer accumulation. Results were comparable for individual medial giant 
nerve fibers treated with PCMS, cysteate or GABA. . In preliminary experiments, 
release of radioactive glutamate and glutamine into a superfusate was increased during 
nerve stimulation. Stimulated release was increased when D-aspartate was present at 
1 mM. Supported by NIH grant 1R01 NS34799-01A1 to EML and RMG.

585.12
ATTENUATION OF AN INJURY-INDUCED EFFLUX THROUGH 
THE HIGH-AFFINITY SODIUM-DEPENDENT GLUTAMATE 
TRANSPORTER IN CORTICAL SYNAPTOSOMES. H.P. Koch*,
C.S. Esslinger, C.E. Hull*, A.R. Chamberlin*, and R.J. Bridges. Dept of 
Pharm. Sci., Univ. of Montana, Missoula MT 59812? Dept. of 
Chemistry*, Univ. of California, Irvine CA 92717.

High-affinity, sodium-dependent glutamate transport is postulated 
to play a number of important roles within the EAA system, including 
signal termination, transmitter recycling, and the maintenance of sub- 
pathological levels of extracellular L-glutamate. Externally applied 
transporter substrates (e.g. L-glutamate) characteristically potentiate the 
efflux of a second substrate (e.g. 3H-D-aspartate) that has been pre-
accumulated by synaptosomes. We have recently shown that this 
phenomenon, referred to as heteroexchange, can be attenuated by non- 
transportable (i.e. non-substrate) uptake inhibitors such as L-trans- 
pyrrolidine-2,3-dicarboxylate (L-fra/w-2,3-PDC). Interestingly, a 
synaptosomal efflux of 3H-D-aspartate can also be triggered by a 
metabolic insult designed to mimic ischemic conditions (5mM KCN and 
ImM IO A). The efflux of amino acid begins within one minute of 
exposure to the metabolic inhibitors and exhibits a rate similar to that 
induced by L-glutamate. By two minutes the release of 3H-D-aspartate 
was more than 200% above background. Analogous to its effect on 
heteroexchange, we found that the non-transportable inhibitor L-trans- 
2,3-PDC also attenuates the injury-induced efflux. At the two minute 
time point, the release of 3H-D-aspartate was only slightly above 
background. These findings support the hypothesis that this injury- 
induced efflux occurs through the reverse action of the high-affinity 
sodium-dependent transporter. This work was supported in part by 
NIH/NINDS NS 30570, NS 27600 and the Paralysis Project of America.

585.13
TRAUMATIC BRAIN INJURY DOWN-REGULATES GLIAL GLUTAMATE 
TRANSPORTERS GLT-1 AND GLAST. Rao Vemuganti1*, M. K, Baskava1. A. 
Dogan1. A. M. Rao1. J.P, Rothstein2 and R.J, Dempsey1. ‘Dept. of Neurological Surgery, 
University of Wisconsin-Madison, Madison, WI 53792, and 2Dept. of Neurology, The 
Johns Hopkins University, Baltimore, MD 21224.

Glutamate released at the excitatory synapses is inactivated by sodium-dependent 
uptake into glia and neurons which is mediated by at least three different high-affinity 
transporters (GLT-1, GLAST and EAAC1). While GLT-1 and GLAST are primarily 
astroglial, EAAC1 is selectively neuronal. Recent knockout studies suggested that the 
glial transporters mediate the majority of functional glutamate transport and are essential 
for maintaining the extracellular glutamate concentrations below neuro toxic levels. 
Dysfunction of these transporters may result in excitotoxic neuronal death which is a 
hallmark of traumatic brain injury.

Presently, we studied the protein levels of the two glial glutamate transporters (GLT-1 
aind GLAST) in the brains of rats as a function of time after controlled cortical impact. 
Sprague-Dawley rats were anesthetized with halothane and a craniectomy over parietal 
cortex was performed. Rats were injured with a controlled cortical impact device at a 
velocity of 3 m/sec and 2 mm deformation. Sham-operated rats underwent a 
craniectomy but did not receive injury. Animals were killed at 6, 24 and 72 h after the 
injury and the levels of GLT-1 and GLAST proteins were examined in ipsilateral cortex 
(injured) and contralateral cortex (uninjured) by quantitative immunoblotting using 
subtype-specific antibodies. Both GLT-1 and GLAST protein levels were significantly 
down-regulated in a time-dependent manner in the ipsilateral cortex compared to sham 
operated controls and contralateral cortex. These results suggests that the down-
regulation of the glial glutamate transporters may contribute to the increased 
extracellular glutamate levels which may mediate the excitotoxic neuronal damage in 
traumatic brain injury. (Supported by grants from NIH and VA).

585.14
INHIBITORS OF CHLORIDE-DEPENDENT L-GLUTAMATE 
TRANSPORT IN LRM55 ASTROCYTOMA CELLS. S. A, Patel* 
and R. J. Bridges. Dept of Pharm. Sci., Univ. of Montana, Missoula
MT 598 IT.. ......... .............. .......................... ..............

High affinity glutamate transport systems in the mammalian CNS 
are postulated to contribute to signal termination, recycling the 
neurotransmitter and maintaining L-glutamate below exictotoxic 
levels. A number of Na+-dependent high-affinity L-glutamate uptake 
systems have been identified and pharmacologically characterized 
with conformationally constrained inhibitors e.g., L-trans-2,4- 
pyrrolidine dicarboxylate (L-trans-2,4-PDC) and L-anti-endo-3,4- 
methano-pyrrolidine-dicarboxylate (L-anti-endo-3,4-MPDC). In the 
present study we use a similar approach to delineate the 
pharmacological specificity of a Cl'-dependent, Na+-independent L- 
glutamate uptake system present in an astrocytoma cell line, LRM55 
(D.L. Martin and W. Shain, Wadsworth Centre). Assays were carried 
out at 30°C, in a modified HEPES-buffered Hanks solution in which 
sodium was replaced with lithium. Kinetic analysis yielded a Km 
value for Cl'-dependent L-glutamate uptake of 88 ± 9pM. In contrast 
to the Na+-dependent uptake system, L-/rms-2,4-PDC did not 
significantly inhibit this Cl'-dependent system. Structure activity 
studies did however identify a number of potent inhibitors. The 
observed rank order of inhibition was (RS)-4-bromo-homo-ibotenate 
> L-quisqualate = L-homocysteate > L-serine-O-sulfate > L- 
homocysteine sulphinate > L-cystine > P-L-ODAP > L-a- 
aminoadipate. These findings indicate that the binding site on the Cl'- 
dependent transporter is pharmacologically distinct from that of the 
Na+-dependent system and identify new lead compounds for the 
development of selective inhibitors and substrates. NIH NS30570.
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585.15
COMPUTER-BASED MOLECULAR MODELING OF BINDING 
SITE PHARMACOPHORES IN THREE DISTINCT GLUTAMATE 
TRANSPORT SYSTEMS. C.S, Esslinger*. R.D. Bartlett H.P, Koch.
S.A, Patel. A.R, Chamberlin*. C.M, Thompson and RJ... Bridges, Depts. of
Chemistry and Pharm. Sci., Univ. of Montana, Missoula, MT 59812 and 
+Chemistry, Univ. of California, Irvine CA 92717.

Glutamate transport is recognized as an integral part of EAA-mediated 
neurotransmission in the mammalian CNS. Vesicular transport systems package 
glutamate into synaptic vesicles, while neuronal and glial systems contribute to 
signal termination, the regulation of extracellular glutamate concentrations, and 
the recycling of the transmitter. In the present work we have used computer-based 
molecular modeling to differentiate the binding site requirements for three 
glutamate transport systems: a high-affinity NaMependent transporter on rat 
forebrain synaptosomes, a proton gradient-driven transporter on rat forebrain 
synaptic vesicles, and a Cl-dependent transporter on rat spinal astrocytoma cells 
(LRM55). Using a series of confonnationally constrained glutamate analogues 
(monocyclic and bicyclic pyrrolidine dicarboxylates, isoxazoles, and quinolines), 
we have identified distinct pharmacological profiles for each of these systems. 
Owing to the rotational constraints of these analogues, they can be used to model 
functional group positioning required for binding to each transport protein. 
Conformational analysis was carried out using the SYBYL molecular modeling 
program (TRIPOS software) on a Silicon Graphics workstation. Minimized 
conformations of the active analogues were identified, and using these 
conformations in multiple structure overlays, functional group positioning was 
determined. Through this approach, distinct binding conformations of L-glutamate 
are proposed for each of these individual transport proteins. This work was 
supported in part by NIH NS3O57O, NS207600, NS 10156, and AHA9604520S.

REGIONAL LOCALIZATION OF RECEPTORS AND TRANSPORTERS II

586.1
COEXISTENCE OF a*. ADRENOCEPTOR IMMUNOREACTIVITY WITH 
GABA, CALBINDIN D28K AND PARVALBUMIN IMMUNOREACTIVITY 
IN RAT STRIATAL NEURONS. M. Kulatunga, M. Scheinin, T. Kotti* and 
R, Miettinen. Dept. of Pharmacology and Clinical Pharmacology, University of 
Turku; Dept. of Neurology, University of Kuopio, Finland.

Molecular cloning and pharmacological studies have delineated three az- 
adrenoceptor subtypes: OzA, OzB and OzC. All three are expressed in the rat CNS. 
One of the subtypes, a2A, mediates both presynaptic regulatory functions and 
postsynaptic effects. The functions of a2B and a2C are still mostly unknown. In 
order to examine the localization of a^-adrenergic receptors (a^-AR) in different 
subsets of neurons in the rat striatum, double immunocytochemistry was 
performed with a polyclonal antibody against rat a2c-AR (RG10a2)fl) and 
antibodies against GABA(2), calbindin D28k and parvalbumin.

Light microscopic analysis revealed that almost all striatal GABAergic 
neurons contained a2C-AR immunoreactive structures, but some medium-sized 
and large GABAergic neurons were devoid of a2C-AR-IR. The co-existence of 
calbindin positivity and oc2C-AR-IR in a large majority of cells gives a key to the 
matrix compartmental distribution of a2C-AR, but also shows the existence of 
two more neuronal subsets: a small population of neurons that exhibited only 
Ozc-AR-IR and a small population of neurons immunoreactive for calbindin, but 
lacking a2C-AR-IR. Parvalbumin positive neurons never displayed a^-AR-IR.

These findings suggest the possible involvement of a2C-AR in modulation of 
rat basal ganglia motor functions.

References: (1) H. Kurose et al., Mol.Pharmacol., 43, 444, 1993; (2) E.Szabat 
et al., Neuroscience 47, 409, 1991.

586.2
COEXPRESSION OF THE DOPAMINE D4 RECEPTOR WITH TYROSINE 
HYDROXYLASE, GABA, SUBSTANCE P, ENKEPHALIN AND THE 5HT2C 
RECEPTOR: AN IMMUNOHISTOCHEMICAL STUDY IN MOUSE BRAIN.
C. Mauaer, O, Civelli§ and F, Monsma* PRPN, F. Hoffmann-La Roche AG, 
Basel, Switzerland; §UC Irvine, CA, USA.

Previously, we have reported the generation and characterisation of 
antibodies (Ab) against the mouse D4 dopamine receptor (Society for 
Neuroscience Abstracts 621.11, 1996). In order to specifically identify the 
phenotype of cells bearing the D4 receptor, we have used a double staining 
immunohistochemical procedure to study distribution of D4 receptor together 
with tyrosine hydroxylase (TH), y-aminobutyric acid (GABA), substance P 
(SP), methionine-enkephalin (Met-enk) and the 5HT2C serotonin receptor 
(5HT2CR). Male C57BI6 mice were perfused intracardially with 4% 
paraformaldehyde and 30 Lim brain sections were immunostained first with 
D4 Ab (ABC method/ DAB chromogen) and secondly with anti-TH/ anti- 
GABA/ anti-SP/ anti-Met-enk or anti-5HT2CR Ab (ABC method/ SG 
chromogen). To visualise cell bodies of Met-enk and SP neurons, mice 
received an injection of colchicine (25pg/2gl of saline ICV), 48 hours before 
perfusion. Coexpression of D4 and Met-enk was observed in the lateral 
septal nucleus, the paraventricular hypothalamic nucleus and in amygdaloid 
nuclei. Furthermore, in the paraventricular hypothalamic nucleus, 30% of the 
SP containing neurons were also D4 immunoreactive (D4-IR). A high degree 
of colocalization was observed between GABA and D4 in non pyramidal 
neurons of the cerebral cortex. In restricted areas of the cingulate cortex 
colocalization of 5TH2CR with the D4 receptor could be seen. Finally 
coexpression of D4 and TH was observed in almost all the neurons of the 
substantia nigra. The results of this study provide evidence of colocalization 
of D4-IR with neuropeptides in specific mouse brain areas and will provide 
further insights into the function of the D4 receptor in vivo.
Supported by F. Hoffmann-La Roche, AG

586.3
DOPAMINE D2 AND D3 RECEPTOR DISTRIBUTION IN THE PRIMATE 
THALAMUS. R.W. Rieck*. M.S. Ansari and R.M. Kessler. Dept. of Radiology and 
Radiological Sciences, Vanderbilt Univ. Medical Ctr., Nashville, TN 37232-2675.

The distribution of D2 and D3 receptor binding within the primate thalamus was 
determined using selective radiolabeled ligands,‘“I-epidepride and ‘“I-norepidepride, 
respectively. 123I-norepidepride is a D3 preferring antagonist ligand (KD for D3 of 
approximately 90 pmolar). Three adult Macacca fasiculata were deeply anesthetized, 
perfused through the great vessels with a cooled saline solution, and the brains were 
removed, blocked and 30 micron sections were obtained, which were incubated with the 
radiolabeled ligands. Autoradiographs were obtained with routine techniques following 
an exposure of approximately 2-6 days. An organized pattern of D2 receptor (D2-r) 
binding exists which is similar but not identical to that reported in the human. The 
intralaminar system (i.e., paracentral, centrolateral, parafascicular and centromedian) 
contains dense D2-r, however, it does not contain a significant concentration of D3-r. 
Unlike the human, there is negligible D2 label within the mediodorsal nucleus. The 
anterior nuclei, however, do contain a dense concentration of D3-r. The D2-r distribution 
within the caudate and putamen is very heavy. The concentration within the external 
globus pallidus (GPe) is moderate; whereas there is a weak concentration of D2-r in the 
internal globus pallidus (GPi). The D3-r binding within the striatum and the GPe is 
nearly equal; however, there is dense D3-r in the inner portion of GPi and the contiguous 
ventral pallidum. All areas of the neocortex contain a band of D2-r, but not D3-r, 
activity within the inffagranular layers. With the exception of the temporal cortex, the 
human cortex failed to demonstrate any significant D2 or D3 receptor label.

There is a highly ordered pattern of D2 and D3 receptor distribution within the primate 
thalamus, which, although similar, has significant differences to that which we reported 
in the human. As in the human, the intralaminar nuclei contain a high concentration of 
D2 receptors. In contrast, the mediodorsal nucleus does not demonstrate any significant 
D2 or D3 activity, and the primate neocortex demonstrates a unique band of D2 activity. 
Supported by N1H-R01-MH46493 (RMK).

586.4
AN IMMUNOHISTOCHEMICAL ANALYSIS OF DOPAMINE D1 AND D5 
RECEPTORS IN RODENT MOTOR CORTEX. P.W. Awenowicz* and L.L. 
Porter. Dept. of Neuroscience, USUHS, Bethesda, MD 20814
The role of dopamine (DA) in the normal motor cortex, and its 
pathophysiology in Parkinson’s Disease is not understood. While the pattern 
of DA innervation to the cortex is known, DA receptor distribution has not 
been studied extensively. The aim of the present study was to determine the 
laminar distribution of DA D1 and D5 receptors and identify specific neuronal 
types that express D1 and/or D5 receptors in the rodent motor cortex. 
Antibodies directed against D1 and D5 receptors, and an antibody directed 
against DARPP-32 (a DA regulated phosphoprotein and putative marker for 
D1 receptors) were used to identify the receptor distributions. The rat anti- 
D1 monoclonal antibody labeled sparse numbers of neurons in layers V/VI. 
Approximately, 3 neurons/hemisphere were labeled. These neurons were 
predominantly multipolar although some bipolar neurons were labeled. The 
rabbit anti-DARPP-32 polyclonal antibody labeled a band of pyramidal 
neurons in layers V/VI. In addition, some multipolar neurons in layers V/VI 
were immunoreactive (IR) for DARPP-32. Subsequent double labeling 
showed that multipolar cells were ,R for both D1 and DARPP-32. DARPP-32 
IR neurons were more extensive than D1 IR neurons suggesting that 
another member of the D1 subfamily contains DARPP-32. The goat anti-D5 
polyclonal antibody labeled pyramidal neuron? in layer V that were similar to 
pyramidal tract neurons (PTNs). The retrograde tracer Fast Blue (FB) was 
used to identify PTNs. Subsequent immunohistochemical processing 
revealed that FB labeled PTNs were also IR for D5. These experiments are 
part of a series of experiments to determine DA circuitry in normal motor 
cortex.
(Supported by NIH grant NS-27038 and USUHS RO-7096)

Society  for  Neuroscience , Volume  23,1997



1488 REGIONAL LOCALIZATION OF RECEPTORS AND TRANSPORTERS II TUESDAY PM

586.5
INTERNALIZATION OF DI DOPAMINE RECEPTOR (DIR) IN STRIATAL 
NEURONS AS AN EVIDENCE OF IN VIVO ACTIVATION BY DOPAMINE 
agonists ,, B, Pumartin, I, Caillft, F, Gonon and B, Bloch,* Laboratoire 
d'Histologie-Embryologie-UMR CNRS 5541 University V.Sdgalen Bordeaux 
FRANCE,

DIR has been detected by immunohistochemistry in striatal neurons. In normal 
rats, these receptors are mostly located extrasynaptically at the plasma membrane of 
the cell bodies, dendrites and spines. Intrastriatal injection of the full DIR agonist 
SKF-82958, the intraperitoneal injection of the same molecule or of amphetamine 
provoke acute and dramatic modifications of localization and aspect of DIR 
immunoreactivity in the striatum. While normal rats display homogenous staining of 
the neuropile and of the membrane of the cell bodies, either treatment provokes the 
appearance of an intense immunoreactivity in the cytoplasm and the proximal 
dendrites. The labelling pattern was more intense in the striosomes than in the matrix. 
Analysis of semi-thin sections and ultrastructural studies showed a sharp decrease of 
DIR immunoreactivity at the membrane and revealed the appearance of endocytic 
vesicles and endosomes with DIR immunoreactivity in the cell bodies and dendrites. 
DIR antagonist alone or DIR antagonist associated with amphetamine or SKF-82958 
did not provoke modifications of the immunoreactivity as compared to normal rat.

Our results demonstrate that, in vivo, dopamine receptors can undergo dramatic and 
acute modifications of their subcellular distribution including internalization. This 
suggests that modifications of distribution of neurotransmitter receptors, including 
extrasynaptic receptors may contribute to the post-synaptic response in vivo especially 
by contributing to the rapid desensitization of the post-synaptic receptors.

586.6
CELLULAR CO-LOCALIZATION OF D1 mRNA AND D2 
RECEPTOR IN RAT BRAIN.
S, Maltais*, G. Drolet and P. Falardeau, Unite Neuroscience, Centre Hospitaller 
de I'Universite Laval & Faculte de Pharmacie, Quebec, Canada, G1V 4G2

Among the 5 subtypes of dopamine receptors, D1 and D2 subtypes are the 
most widespread and are responsible for many important dopamine functions. 
The nature of the response to a dopamine signal depends upon the 
integration of the antagonistic response of D1 and D2 signaling. Whether this 
integration occurs only through neuronal circuitry interactions or also at the 
cellular level remains uncertain. Indeed, an interaction at a cellular level would 
imply that both receptors are expressed in the same neuron. Although 
regional co-localization of the D1 and D2 receptors are observed in many brain 
regions, the co-localization at the cellular level outside the caudate-putamen 
region remains to be determined.

In order to investigate the level of such co-localization, double staining was 
done on rat brain sections using in situ hybridization histochemistry for D1 
receptor mRNA and immunocytochemical labeling of the D2 receptor using a 
polyclonal antibody specific for the third intracellular loop of the D2 receptor. 
As previously reported, D1 mRNA is largely distributed in the caudate- 
putamen, nucleus accumbens and olfactory tubercle, and also in some other 
nuclei such as the amygdaloid complex and some nuclei of the thalamus. D2 
immunoreactivity is mainly present in the basal ganglia and the substantia 
nigra, and in some nuclei of the amygdala, the hypothalamus and the midbrain. 
D1/D2 double labelled neurons were observed in various regions, such as the 
amygdaloid complex, particularly in the central and medial nuclei, in the lateral 
part of the parabrachial nucleus and the ventromedial nucleus of thalamus.

While it has been clear ove; the past decade that the classic D1 and D2 
receptor suptypes do not usually act independently but rather interact critically 
in the regulation of multiple DA-mediated processes, these results suggest 
that these interactions could also occurs at the level of a single neuron. 
Supported by a grant from MRC of Canada.

586.7
DISTRIBUTION OF cnB ADRENERGIC RECEPTOR-CONTAINING 
CELLS IN FEMALE RAT BRAIN DETECTED BY 
IMMUNOCYTOCHEMISTRY. M. Acosta*, J.M. Fiber and A.M. Etgen. 
Dept. Neurosci., Albert Einstein Coll. Med., Bronx, NY 10461.

am adrenergic receptors (a1BAR) are associated with the NE facilitatory 
effects on female reproductive behavior. In the present study, the 
distribution of a-isAR immunoreactivity in female rat brain is described.
An affinity purified polyclonal antibody (Ab) directed against the carboxyl- 
terminal decapeptide of the receptor was used (provided by Dr.
R.D.Brown). Forty-pm coronal sections were cut on a freezing 
microtome and processed for standard immunocytochemistry using free 
floating sections. The pattern of staining seen using this Ab resembles 
the labeling obtained in previous in situ hybridization studies. In general, 
immunolabeling could be seen in both the cell body and neuronal 
processes. Intense labeling was observed in large pyramidal cells of the 
cerebral cortex. Virtually all thalamic regions were labeled, especially 
those of the lateral and ventral areas. In addition, labeled cells were 
observed in the lateral amygdaloid nucleus, medial septum, horizontal 
and vertical limbs of the diagonal band and the paraventricular nucleus of 
the hypothalamus. Light labeling was seen in caudate putamen and 
hippocampus. Because estrogen increases a1BAR density in some brain 
regions, future studies will attempt to identify differences in a1BAR 
immunoreactivity between brains of estrogen-treated rats and control, 
ovariectomized animals. Supported by The Minority Neuroscience 
Fellowship Program and by HD29856 and RSDA MH00636.

586.8
GLYCOPROTEIN NATURE AND REGIONAL DISTRIBUTION OF THE 
DOPAMINE DI RECEPTOR PROTEIN IN POST MORTEM HUMAN BRAIN.' J.N. 
Worslev and S.J. Kish* Human Neurochemical Pathology Laboratory. Clarke 
Institute of Psychiatry, University of Toronto, Toronto, Ontario.

The dopamine DI receptor has been implicated in substance abuse, Parkinson’s 
disease, and recently schizophrenia. Previous studies of the DI receptor have used 
radiolabelled SCH 23390; however, this ligand lacks selectivity (e.g., binds to D5 and 
5-HT2 receptors). We employed a Western blot technique, with a monoclonal 
antibody raised to the human DI receptor, to investigate the glycoprotein nature and 
regional distribution of DI receptor protein in post mortem human brain. In striatum 
(caudate, putamen), DI receptor immunoreactivity migrated as a broad band with an 
apparent molecular weight of 70-80 kDa, whereas in frontal cortex, the protein 
migrated with an apparent molecular weight of 60-70 kDa. This is in contrast to the 
predicted molecular weight of the DI receptor which is 49 kDa. Treatment of striatal 
tissue with neuraminidase and PNGase F resulted in a 10 kDa and 25 kDa decrease, 
respectively, in the apparent molecular weight of the receptor, suggesting the presence 
of sialic acid residues on this N-glycosylated receptor. Similarly, treatment of frontal 
cortex with PNGase F resulted in a single band that comigrated with the deglycosylated 
DI receptor from striatal tissue.

The regional distribution of the DI receptor was examined in 22 cortical and 
subcortical regions of post mortem human brain (n=3). High levels of DI 
immunoreactivity were observed in the caudate nucleus, putamen, nucleus accumbens, 
and the substantia nigra pars compacta. Lower levels of DI immunoreactivity were 
observed in the substantia nigra pars reticulata, globus pallidus, frontal cortex and other 
cortical regions. A comparison of DI protein levels, using this immunoblot technique, 
with levels of DI binding, using SCH 23390, is currently in progress and may be of 
interpretative value for PET studies of the DI receptor.
Supported by U.S. NIH NIDA 07182

586.9
DOPAMINE NEURONS IN THE ADULT RAT DIENCEPHALON EXPRESS 
mRNA ENCODING HIGH-AFFINITY NEUROTENSIN RECEPTOR.
M.J. Alexander*. Department of Pharmacology, Boston University School of 
Medicine, Boston, MA 02118.

High-affinity neurotensin receptor (NTR-1), a member of the superfamily of 
G protein-coupled receptors, is expressed at high levels in mesencephalic 
dopamine (DA) neurons and mediates potentially important effects of the 
peptide NT on nigrostriatal and mesocorticolimbic DA systems. In the rat, there 
is evidence that NT also regulates the activity of at least some hypothalamic DA 
neurons; however, lower levels of NTR-1 expression in hypothalamus have 
hindered investigation of the possibility that diencephalic DA neurons express 
NTR-1 and are subject to direct regulation by NT. In the present study, we used 
double-label in situ hybridization with sensitive riboprobe methodology to 
investigate possible expression of NTR-1 mRNA in diencephalic DA neurons, 
which were identified by their expression of tyrosine hydroxylase (TH) mRNA. 
NTR-1 mRNA was detected in all major diencephalic groups (A11-A15) of TH 
mRNA-containing cells, including the majority of such cells in the zona incerta, 
posterior hypothalamic nucleus, and anterior parvocellular division of the 
paraventricular nucleus. Many double-labeled cells were also observed in the 
periventricular nucleus and dorsomedial arcuate nucleus, as well as in regions, 
such as the ventrolateral arcuate nucleus, ventrolateral preoptic area, and medial 
habenula, where the DA-synthesizing capability of TH-expressing cells has not 
been firmly established. As expected, NTR-1 mRNA was detected in the vast 
majority of TH mRNA-containing cells located in the substantia nigra (A9) and 
ventral tegmental area (A10). These results identify multiple groups of 
diencephalic DA neurons which are subject to direct regulation by NT, thus 
indicating that direct regulatory influences of NT on DA neurons are more 
widespread than previously recognized. The subcellular locations of NTR-1 and 
the physiologic significance of its activation remain to be elucidated for these 
diverse DA systems. Supported by NIH Grant NS32391.

586.10
DIFFERENTIAL LOCALIZATION OF STRIATOLIMBIC IONOTROPIC 
GLUTAMATE RECEPTORS: COMPARISON OF NMDA, AMPA AND 
KAINATE RECEPTORS F.I. Tarazi*, A. Campbell and S.K. Yeghiavan 
and R.J. Baldessarini. Department of Psychiatry & Neuroscience Program, 
Harvard Medical School; Mailman Research Center, McLean Hospital, 
Belmont, MA 02178.

In vitro receptor autoradiography was used to examine changes in three 
ionotropic glutamate (GLU) receptors (NMDA, AMPA and kainate) after 
[1] unilateral ablation of frontal cortex (FC) to remove descending GLU 
projections to the nucleus accumbens (NAc) and caudate-putamen (CPu), [2] 
unilateral injections of kainic acid (KA) into CPu and NAc to degenerate 
local intrinsic neurons, [3] unilateral injections of neurotoxin 6-OH-DA into 
substantia nigra (SN) to destroy ascending DA projections to CPu. Rats were 
sacrificed one week after lesioning; contralateral striata served as controls. 
NMDA receptors (NMDA-Rs) were quantified with 3H-MK-801; AMPA-Rs 
with 3H-CNQX; and kainate-Rs with 3H-kainic acid. Nigral lesions were 
verified by the loss of DA transporters in CPu (>85%) measured with 3H- 
GBR-12935 autoradiography. 6-OH-DA lesioning of SN did not 
significantly change NMDA, AMPA or kainate receptor binding in CPu. 
However, after FC ablation, NMDA, but not AMPA or kainate, receptor 
binding was significantly decreased in medial CPu (-20%) and NAc (-16%). 
KA injection produced large losses of NMDA, AMPA and kainate receptors 
in CPu (-52%, -40%, -39% respectively) and NAc (-52%, -45%, -45%). 
These results suggest that the majority of AMPA and kainate receptors in 
CPu and NAc are found on intrinsic postsynaptic neurons, whereas some 
NMDA receptors are located on GLU afferents as well as on postsynaptic 
neurons in CPu and NAc. Supported by MH-34006, MH-47370, and B.J. Anderson 
Foundation.
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586.11
COEXISTENCE OF IMMUNOREACTIVITIES FOR GLYCINE AND 
GABA, AND THEIR RECEPTORS, AT SYNAPSES IN THE RAT NTS.
T.F.C. Batten* and S. Saha, Inst. Cardiovascular Res., Leeds University, UK.

By using specific antibodies and postembedding EM immunogold labelling 
methods coexistence of glycine and GABA has been demonstrated in synaptic 
terminals in several brain regions. We have used similar methods to examine
coexistence in the nucleus tractus solitarii (NTS), the major viscerosensory 
nucleus of the medulla, which receives terminations of primary afferent fibres 
conveying autonomic information. Rat brains were perfiised with mixtures of 
paraformaldehyde-glutaraldehyde (2%-2% or 4%-0.5%). Coronal vibratome 
slices of the medulla were cut, and some were labelled by the pre-embedding 
peroxidase method with antisera to GABAa  receptor p2/3 subunit or gephyrin, 
before postfixing in osmium and flat-embedding in Durcupan resin. Ultrathin 
sections of NTS were labelled with rabbit antibodies to GABA (Sigma) or 
glycine (D. Pow), and 20 nm gold-conjugated anti-rabbit IgG. Using quanti-
tative analysis of particle densities, the 2 antisera were found to label similar 
populations of terminals, mostly displaying pleomorphic vesicles and forming 
symmetric synapses on dendrites. The number of synapses labelled for GABA 
(25-30% of total) exceeded the number labelled for glycine (15-20% of total). 
Analysis of adjacent serial sections demonstrated coexistence of GABA in the 
vast majority of glycine-IR terminals. Terminals that were glycine-IR but not 
GABA-IR were only rarely observed (<3%). GABAa  receptor and glycine 
receptor (gephyrin) were found to be localized at symmetric active zones 
formed by terminals which were GABA-IR or glycine-IR. The results suggest 
that GABA and glycine are co-released at synapses in the NTS, where they 
may act together on NTS neurones to inhibit autonomic reflex responses.
Work supported by the British Heart Foundation.

586.12
DEVELOPMENTAL EXPRESSION AND GLIAL LOCALIZATION OF 
GROUP I AND II METABOTROPIC GLUTAMATE RECEPTORS IN 
THE RAT SPINAL CORD. Elizabeth Theriault*Steve Mortin-Toth, Chris 
Feeney and Gabriel A. Silva. Dept. of Surgery, Univ. of Toronto, and 
Playfair Neuroscience Unit, The Toronto Hospital, Toronto, Ontario. 
Non-NMDA ionotropic glutamate receptors have been implicated in 
tissue damage following traumatic spinal cord injury (SCI), where the 
outer rim of white matter is characteristically spared. However, an 
increasing number of studies have suggested a neuroprotective effect 
of metabotropic glutamate receptor (mGluR) activation against 
ionotropic glutamate receptor-induced neuronal damage in vitro and in 
vivo Based on electrophysiological and confocal imaging studies, we 
have proposed that astrocytes in spinal cord white matter play a 
neuroprotective role in axonal survival after SCI. Using a panel of 
polyclonal and monoclonal antibodies, we have identified mGluR- 
positive astrocytes in the neonatal and adult rat spinal cord. In the 
adult, GFAP-positive astrocytes were immunoreactive for mGluRla 
and mGluRs 2/3. In contrast to findings reported for cortical astrocytes, 
spinal cord astrocytes were not immunoreactive for mGluR5, as 
detected by Western blots of white matter and in cross-sections of 
fixed spinal cord. This pattern was unchanged following SCI. Western 
blots of whole spinal cord ( 0, 7, 14, 21 days postnatal and adult) 
revealed expression of all mGluRs at all timepoints, however we could 
not differentiate neuronal from glial expression. Cross-sections of fixed 
spinal cord reveal the differential expression of mGluRs in white matter 
astrocytes by at least 10 days postnatal age. Supported by the SCRF.

586.13
EXPRESSION OF GROUP I AND II METABOTROPIC GLUTAMATE 
RECEPTORS IN RAT SPINAL CORD ASTROCYTES IN VITRO.
Chris Feeney*, Gabriel A. Silva and Elizabeth Theriault. Dept. of 
Surgery, Univ. of Toronto, and Playfair Neuroscience Unit, The Toronto 
Hospital, Toronto, Ontario, Canada.
During the last few years evidence implicating metabotropic glutamate 
receptors (mGluRs) in the functioning of both the normal and injured 
CNS has been discovered. Evidence from our lab suggests that 
mGluRs play a significant role in neuroprotection following acute spinal 
cord injury. This neuroprotective effect seems to be mediated via 
mGluRs located on astrocytes. Despite the vast amount of literature on 
neuronal mGluRs, relatively little is known about their expression or 
function in astrocytes. In order to study the mechanisms underlying this 
astrocyte-mediated neuroprotection, we established astrocyte cultures 
from newborn rat spinal cords. Immunocytochemical and histochemical 
techniques were used to characterize the cultures, in order to gain an 
understanding of the expression pattern and the physiology of 
astrocytic mGluRs in culture. Both group I (mGluRI and 5) and group 
II mGluRs (2 and 3) were present on astrocytes by 6 days in vitro (DIV) 
and subsequently at 11, 18, and 30 DIV. The presence of mGluR5 in 
culture is of particular interest since it does not appear to be expressed 
in adult spinal cord astrocytes in vivo. There appears to be no mGluR 
expression at 3 DIV. We are presently using confocal imaging 
approaches to examine whether the mGluRs expressed in culture are 
functional. Supported by the SCRF and the Toronto Hospital Research 
Institute.

586.14
LAMINAR AND REGIONAL DISTRIBUTION AND CELLULAR LOCALIZATION 
OF GAT-1, A HIGH-AFFINITY GABA TRANSPORTER, IN THE CEREBRAL 
CORTEX OF MONKEYS AND HUMANS. F. Conti*, M. Melone, S. DeBiasi§, A, 
Minelli, E, Siucinska#, A. DucatiA, and N.C. Brecha0, Inst. Hum. Physiol., Univ ol 
Ancona, Ancona, Italy; §Dept. Physiol, and Biochem., Univ. of Milano, Milano. 
Italy; #Nencki Institute of Exp Biol, Warsaw, Poland, ADept of Neurosurgery, Univ ol 
Ancona, Ancona, Italy; and °Dept of Neurobiology, UCLA, Los Angeles, CA, USA.

GABA transporters influence the action of GABA, the main inhibitory 
neurotransmitter in the primate cerebral cortex. In the present study, the distribution 
and cellular localization of GAT-1, a prominent GABA transporter in rat neocortex, 
has been studied in the cerebral cortex of monkeys and humans using light and 
electronmicroscopic immunocytochemical techniques with antibodies raised against 
GAT-1 C-terminal sequence. Four adult monkeys were perfused through the ascending 
aorta with 4% paraformaldehyde, whereas human cortical tissue was obtained from 4 
patients, in whom a corticectomy was necessary for removing deep tumors.

In monkey and human cerebral cortex, GAT-1 immunoreactivity (ir) was localized 
to numerous puncta and fibers but not in cell bodies, and was not observed after 
preadsorption with GAT-1588-599 peptide. In all cytoarchitectonic areas of the 
monkey (28, 24, 3b-2, 17, 4, 11, and 46) and human (24, 10, 44, and 45) cerebral 
cortex studied, GAT-1 ir puncta were mostly localized to layers II-IV, and appeared to 
have a preferential relationship to the soma and proximal dendrites of unlabeled 
pyramidal cells. GAT-1 ir in infragranular layers was higher in associative cortices 
than in the other cortices examined. Numerous GAT-1 ir fibers were also observed in 
all cortical areas, usually running radially or obliquely. Their distribution showed areal 
differences. In all areas of both monkey and human cortex, GAT-1 ir was mostly found 
in the axoplasm of thinly myelinated axons and in numerous presynaptic axon 
terminals. Labeled terminals were heterogenous in size and shape, but all formed 
symmetric contacts. GAT-1 ir was also found in distal astrocytic processes.

These studies show that the localization of GAT-1 exhibits a basic uniformity 
across areas and species. (Funded by MURST, NIH, and KBN)

586.15
ANALYSIS OF CREATINE TRANSPORTER EXPRESSION IN RAT 
BRAIN AND CELL LINES USING SPECIFIC POLYCLONAL 
ANTISERA. T.N, Kekelidze1*, R. Hermes1. D. Goodwvn1. R.D. 
Blakely2. andM.D. Saltarelli1. ‘Dept. of Neurology, Emory Univ. Sch. 
of Med., Atlanta, GA 30322, and ~Ctr. for Mol. Neurosci., Vanderbilt 
Univ., Nashville, TN 37232.

The creatine kinase/phosphocreatine (CK/PC) system is required for 
energy transfer and ATP homeostasis in many cell types. Creatine is 
accumulated by brain and muscle cells via a high-affmity, sodium- and 
chloride-dependent creatine transporter (CREAT). Using a CREAT- 
specific, glutathione-S-transferase-coupled fusion protein, we developed 
an affinity-purified polyclonal antiserum (EU28) to define CREAT 
expression patterns in rat brain homogenates and tissues. Western 
analysis using EU28 identified specific expression of two 
immunoreactive bands (70 and 55 kD) in lysates prepared from HeLa 
cells transfected with a rat CREAT cDNA. Specific expression of the 70 
and 55 kD bands was correlated with [14C]creatine uptake in transfected 
HeLa cells, as well as in rat glioma (C6) and muscle (L6) cell lines. 
Preliminary tissue section immunohistochemical studies employing 
EU28 reveal widespread and differential expression of CREAT 
throughout rat brain. Specific immunoreactivity was detected in 
pyramidal cells (piriform cortex, Ammon’s horn, dentate gyrus), 
thalamus, cerebellum, substantia nigra, and brainstem nuclei, when 
compared to control sections (primary antibody omitted). These novel 
probes will allow a detailed analysis of CREAT protein expression 
patterns in rat brain. Supported by NSO1651 (MDS), NS10176 (TNK), 
Markey CNS Fellowship (TNK),and Hughes Undergraduate Fellowship 
(RH).
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587.1
DISTRIBUTION OF mRNA CODING FOR RAT GALANIN GALR2 
RECEPTORS. R.P. Artymvshvn, Y. She, M.M, Durkin, E.L. Gustafson*, K.E. 
Smith, C. Gerald and T.A. Branchek. Synaptic Pharmaceutical Corporation, 
Paramus, NJ 07652.

Using molecular cloning techniques, we have isolated a novel rat galanin 
receptor, called GalR2. To map the distribution of this receptor, a cDNA 
fragment encoding a 467 BP fragment of the GalR2 was subcloned and used 
as a template for in vitro transcription of cRNA probes. Solution 
hybridization/nuclease protection assays were used to measure levels of 
mRNA expression in the rat CNS, as well as in peripheral tissues.

The highest level of RNA coding for the GalR2 receptor was found in the 
hypothalamus. Lower levels were detected in: spinal cord, amygdala, cerebral 
cortex, cerebellum and hippocampus. mRNA coding for the rat GalR2 was 
also detected in heart and kidney but not in striated muscle or liver. A probe 
coding for the rat glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene, 
a constitutively expressed protein, was used concurrently to compare 
expression levels of the rat GalR2 gene in different regions.

In situ hybridization was used to localize mRNA coding for rat GalR2 
receptors on tissue sections. Synthetic antisense oligonucleotides were 
radiolabeled with 35S ATP and hybridized to sections through the rat CNS. 
mRNA coding for the GalR2 receptor was present at highest levels one and 
five days postnatal. It was localized in hypothalamic nuclei, selected thalamic 
nuclei, superficial layers of the neocortex and the dorsal hippocampus. The 
appearance of GalR2 mRNA at early postnatal ages and its developmental 
regulation suggests a modulatory role for the GalR2 receptor in the early 
postnatal development of the CNS.

This work was supported by Synaptic Pharmaceutical Corporation.

587.2
STEROID RECEPTOR EXPRESSION IN THE MAMMALIAN FOREBRAIN: 
SEXUAL DIMORPHISM AND CORRELATION WITH NEUROTROPHIN 
EXPRESSION. Z-P. Liu*1-4, D.L. Price1-4, and V.E. Koliatsos1-4. Departments 
of Pathology1, Neurology2, Neuroscience3, and Neuropathology Laboratory4, The 
Johns Hopkins Medical Institutions, Baltimore, MD.

Steroid molecules, including sex steroids and glucocorticoids, play important 
roles in hippocampal plasticity and possibly in the processes related to the 
survival of hippocampal and other forebrain neurons. The aim of the present 
investigation was to clarify patterns of expression of steroid receptors in cortical 
and limbic forebrain areas and to examine possible interrelationships between 
steroids and neurotrophins in the mammalian forebrain. Androgen receptors (AR) 
and estrogen receptors (ER) were expressed exclusively in male and female rats, 
respectively. They were present in neocortex, hippocampus, neostriatum, and 
limbic forebrain areas, such as the bed nucleus of stria terminalis and medial and 
cortical amygdala. Hippocampal CAl and CA2 were especially enriched in AR 
and ER. Progesterone receptor was present in the same areas but was especially 
enriched in the dentate gyrus. Glucocorticoid receptor (GR) had a sexually 
dimorphic pattern of expression. In male rats it was high in CA1-CA2; in female 
rats, CA3-4 were especially enriched in GR. Following ovariectomy, ER 
expression increased in layer V of neocortex and in basal forebrain magnocellular 
neurons. Neurons in hippocampus, neocortex, and amygdala were found to 
colocalize NGF and BDNF with AR. Our data suggest complex patterns of 
expression of steroid receptors in the forebrain as well as an interrelationship 
between steroid and neurotrophin signal transduction. This work was supported 
by grants from the NIH (NS20471, AG05146, AG07914, NS10580).

587.3
THE TRANSIENT EXPRESSION OF LOW AFFINITY NEUROTROPHIN 
RECEPTOR (P75) AND THE CO-LOCALIZATION OF P75 AND ZEBRIN II IN 
THE DEVELOPING RAT CEREBELLUM H, T, Yang1, H, K, Yip1, and S. K, 
Chung2 (Spon: The Hong Kong Society of Neurosciences) Department of 
Anatomy1 and The Institute of Molecular Biology2, The University of Hong Kong, 
Hong Kong, China

The rat cerebellar cortex consists of an array of parasagittal aligned bands which 
have been demonstrated by using various histochemical staining of enzymes, and 
even more clearly, by immunocytochemical staining with antibodies to the Zebrin I 
and Zebrin II antigens present in the Purkinje cells. Recent studies showed that 192- 
IgG, a McAb to p75, can also revealed these bands in damaged adult cerebellum. It 
is suggested that p75 might have a rule in the induction of the parasagittal band 
formation during development. To test this hypothesis, we studied the expression 
pattern of p75 in the developing cerebellum using 192-immunohistochemistry. In 
addition, we compared the immunostaining pattern of Purkinje cells with the 192- 
IgG and Zebrin n McAbs. The results revealed that p75 immuno-reactive (IR) 
fibers which became first apparent in the superior and inferior cerebellar peduncles 
at embryonic day (E)-16, expanded and branched into the cerebellar hemispheres at 
E-18. Subsequently, they differentiated into three bands at E-20 and remained until 
postnatal (PN)-1 and PN-7. p75 IR parasagittal bands in the cerebellar vermis were 
formed in PN-7 and they continued to differentiate until PN-14 when sharper bands 
were established. p75 IR on the Purkinje cells in these bands gradually decreased 
from PN-14 to PN-21. In adult rat, the level of p75 IR in the parasagittal bands was 
very low. The results also showed that p75 and Zebrin II can be co-localized in most 
of the Purkinje cells in the parasagittal bands at PN-7, 14 and 21. The 
corresponding appearance of p75 expression and Zebrin II+ phenotype by Purkinje 
cells suggests that p75 is involved in the formation of cerebellar Zebrin 
compartmentation. The early onset of p75 expression may imply an inductive role. 
[Supported by CRCG]

587.4
Comparative ultrastructural distribution of high affinity neurotensin 
binding sites and neurotensin receptor proteins in the rat substantia 
nigra. H. Boudin, D. Pelaprat1*, W. Rostene1. V.M. Pickel2 and A. Beaudet
Neuroanatomy Lab, McGill University, Montreal, H3 A 2B4, Canada.1 INSERM U339, 
75012 Paris, France. 2Comell University Medical College, NY 10021.

The neuropeptide neurotensin (NT) is known to exert potent excitatory effects upon 
dopaminergic (DA) neurons in the substantia nigra. These effects are mediated through 
a high affinity G-protein coupled receptor (NTR), documented to be selectively 
associated with DA cells in this region of the brain. In order to determine the site of 
action of NT on nigral DA cells, we examined the ultrastructural distribution of the 
NTR in this region by both immunogold cytochemistry using a specific NTR antibody; 
and by autoradiography after in vitro labeling with 125I-NT. In both the pars compacta 
and reticulata, immunocytochemical and autoradiographic markers were predominantly 
associated with somatodendritic elements. Only a small proportion of the labels was 
associated with axons, the latter presumably belonging to the nigro-striatal DA 
projection. In all NTR immunoreactive elements, the proportion of intracellular gold 
particles was considerably higher than that of plasma membrane-associated ones 
(75/25%). Similarly, in EM autoradiograms, 50% of specific binding was detected 
intraneuronally, indicating that in slices an important fraction of intracellular NTR 
stores were accessible to the ligand and possessed binding properties. Membrane- 
associated NTR immunoreactivity as well as surface bound 125I-NT molecules were 
found on dendritic branches and branchlets. Along these dendritic membranes, the 
proportion of gold particles and of autoradiographic grains opposed to different abutting 
elements (soma, dendrites, axons, axon terminals and glia) was strikingly similar, 
indicating that NTR protein distribution reflected that of functional receptors. 
Furthermore, this proportion was similar to that of the relative surface of dendritic 
membranes occupied by each of these abutting cellular elements, indicating that not 
only was the NTR not specifically targeted at synapses but that it was homogeneously 
distributed throughout the dendritic surface. These results strengthen the idea that 
within the ventral midbrain NT is released at a distance from its targets and diffuses in 
the extra-synaptic space to reach its receptors. Supported by INSERM, MRC and NATO.

587.5
ANATOMICAL LOCALIZATION OF SUBSTANCE P AND THE NEURO KININ- 
1 RECEPTOR IN THE SKIN OF THE RAT LOWER LIP: AN ELECTRON 
MICROSCOPY STUDY. I. Ruocco*,1 J.E. Krause2, A. Ribeiro-da-Silva1. 
‘Department of Pharmacology & Therapeutics, McGill University, Montreal, Quebec, 
Canada, H3G 1Y6 and department of Anatomy & Neurobiology, Washington 
University School of Medicine, St. Louis, MO, 633110.

Substance P (SP) released from sensory terminals in the skin is known to play a 
major role in neurogenic inflammation. Cutaneous antidromic vasodilatation and 
plasma extravasation are partly blocked by SP (NK-1) receptor antagonists, indicating 
a role for both SP and its receptor in the above phenomena. The present study was 
performed with the aim of finding an anatomical framework for the interaction 
between SP-containing fibers and targets expressing the NK-1 receptor.

Male Wistar rats were perfused with an aldehyde mixture. The rat lower lips were 
collected and processed for double labeling light or electron microscopic 
immunocytochemistry. The antibodies used were a rat bispecific antibody against SP 
and horseradish peroxidase and a rabbit polyclonal antibody against the NK-1 
receptor. SP was revealed by a diaminobenzidine based reaction while the NK-1 
receptor was revealed by pre-embedding immunogold. NK-1 receptor 
immunoreactivity was found mostly in the epithelium and in the endothelial cells and 
pericytes of blood vessels. No NK-1 receptor immunoreactivity was detected on mast 
cells. The NK-1 receptor immunoreactive structures were almost invariably in close 
proximity to SP immunoreactive axons. In particular, a close proximity of SP 
immunopositive axons to NK-1 receptor immunopositive endothelial cells in blood 
vessels was detected.

These results indicate that SP released in the skin acts on NK-1 receptors located in 
close proximity to its release site. (Funded by the MRC).

587.6
LOCALIZATION OF THE SUBSTANCE P RECEPTOR NK1 IN NORMAL AND 
INFLAMED KNEE JOINTS OF THE RAT. U.Hanesch and RF. Schmidt* 
Physiologisches Institut, Rdntgenring 9, D-97070 Wurzburg Germany.

The tachykinin substance P (SP) is regarded as an important mediator in peripheral 
inflammatory processes. In the knee joint it is released from sensory terminals of small 
diameter primary afferents upon adequate stimulation and may produce or aggravate 
symptoms of arthritis. The biological effects of SP are mainly mediated by the 
tachykinin receptor neurokinin 1 (NK1). Aim of the present study was to identify the 
sites of expression of this receptor in normal and inflamed rat knee joint capsules by 
immunocytochemistry.

Inflammation was induced in the left knee joint of 5 rats by intraarticular injection of 
Freunds complete adjuvant Animals were fixed by perfusion 8 hours (2 rats) or 2 days 
(3 rats) post inoculation. Another 4 untreated rats were used as controls. The knee joint 
capsules were cut into 60 pm sections and NK1 immunoreactivity (ir) was visualized by 
polyclonal antibodies (NKI19.32, kindly provided by Dr. S. Moussaoui; NKLk -im , 
kindly provided by Dr. V. ter Meulen).

In control rats NK119.32 ir was found in the wall of venous vessels, on a minor 
proportion of mast cells and on Schwann cells of nerve bundles. The NKliK-i92 
antibody additionally stained small varicose nerve fibers that formed a network at 
arterioles and small arteries. Double labelling with CGRP and NPY revealed that these 
fibers are sensory rather than sympathetic. In the inflamed capsules no changes in the 
staining pattern and density of NK1 ir was observed. However, a small proportion of 
infiltrated immune cells, probably macrophages, were found to present the receptor.

Localization of the NK1 receptor on different cell types suggests multiple effects of SP 
in normal and inflamed joints. It may mediate plasma extravasation from venous vessels 
and may have regulatory effects on arterial vessels. The localization of NK1 on sensory 
fibers indicates a role of SP in the sensitisation of primary afferents or in autoregulatory 
mechanisms. The binding of SP to mast cells and immune cells may stimulate the 
production and release of inflammatory mediators. Supported by the SFB353/B10
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587.7
DISTRIBUTION OF THE NOVEL TACHYKININ RECEPTOR NK4 
mRNA IN RAT TISSUE. L.F. Donaldson*, C.A. Haskell and M R. 
Hanley. Dept of Biol Chem, University of California at Davis, Davis, 
CA 95616.

The novel human tachykinin receptor, NK4, shows significant 
differences from the NK3 receptor, with distinct differentiating 
pharmacological characteristics. The objective of this study was to 
determine whether an NK4 receptor homologue was expressed in the 
rodent, and to describe the mRNA distribution in rat central and 
peripheral tissue.

Total RNA was extracted from rat tissue and electrophoresed on 
agarose/formaldehyde gels. RNA was transferred to nylon filters and 
blots probed with single stranded cDNA probes against the NK3 and 
NK4 receptor mRNAs. Whole rat brains were sectioned at lOgm 
thickness, and probed with cRNA probes specific for NK3 and NK4 
receptors.

NK3 mRNA was found only in the central nervous system as 
previously described (in brain cortical layers IV & V, supraoptic nucleus, 
paraventricular nucleus) and was riot found in peripheral tissues. NK4 
receptor mRNA was more widely distributed, being expressed in e.g. 
liver and lung amongst others. Using in situ hybridisation, NK4 receptor 
mRNA was localised to many areas of the rat brain, including cerebral 
cortex (all layers), hippocampus, paraventricular nucleus and cerebellum.

These data show that the human NK4 receptor has an expressed rat 
homologue which shows a distinctive distribution in central and 
peripheral tissues.
This work was supported by grants from NIH and CTR.

587.8
AUTORADIOGRAPHIC DISTRIBUTION OF 125I-HUMAN 
PANCREATIC POLYPEPTIDE AND 125I-RAT PANCREATIC 
POLYPEPTIDE BINDING SITES IN RAT BRAIN SECTIONS. 
Catherine J. Moore. Julie Marasco. Clarence Hale*. Eileen Curran and William
Katbon. Department of Neuroscience, Amgen, Inc., Thousand Oaks, CA 91320- 
1789.

Rat Y4 receptors possess high affinity for human pancreatic polypeptide (hPP) 
and rat pancreatic polypeptide (rPP), but low affinity for neuropeptide Y (NPY) and 
peptide YY (PYY). In contrast, rat Y5 receptors exhibit high affinity for hPP, 
NPY and PYY, and low affinity for rPP. On the basis of this information we have 
utilized l25I-hPP and l25I-rPP, alone and in combination with receptor-selective 
peptides, to determine the distribution of Y4 and Y5 receptors in rat brain 
sections.

125I-hPP labels both Y4 and Y5 receptors. Since NPY binds to Y5 but not Y4 
receptors, 125I-hPP binding sites displaceable by NPY represent Y5 receptors. 
Using this approach, Y5 receptors were identified in brain structures including 
olfactory bulb, anterior olfactory nucleus, islands of Calleja, lateral septal nucleus, 
ventromedial hypothalamus, hippocampus, thalamus, caudate/putamen, superior 
colliculus and the outer layers of the cerebral cortex. Brain regions containing Y4 
receptors, defined as hPP-sensitive, NPY-insensitive 125I-hPP binding sites, 
included the periventricular, paraventricular, medial preoptic and arcuate nuclei of 
the hypothalamus, the bed nucleus of the stria terminalis, lateral habenula, basal 
ganglia, substantia nigra pars compacta, inferior colliculus, nucleus of the solitary 
tract and dorsal raphe nucleus. 12 i-rPP, a Y4-selective radioligand, labeled these 
same Y4 receptor containing brain regions. 125I-rPP binding was inhibited by hPP 
but not by NPY, confirming these binding sites as Y4 receptors.

The use of 125I-hPP and 125I-rPP has permitted a detailed evaluation of the 
anatomical distribution of Y4 and Y5 receptors in rat brain. This information will 
be useful in determining the biological properties of these NPY receptor subtypes.

587.9
EXPRESSION OF NEUROPEPTIDE Y (NPY) AND MUSCARINIC 
ACETYLCHOLINE (mACh) RECEPTOR MESSAGES IN HUMAN TRIGEMINAL 
GANGLION. I. Bouchelet*. B. Case1 and E. Hamel. Montreal Neurological 
Institute and !Royal Victoria Hospital, Montreal, Quebec, Canada.

The sensory input from the trigeminal ganglion (TG) to the meningeal blood 
vessels is thought to play a role in the aetiology of migraine headache. Reportedly, 
perivascular release of CGRP and substance P from these fibers would induce a 
vascular inflammatory response possibly associated with the generation of pain. 
In this regards, NPY has recently been shown to inhibit this neurogenic 
inflammation, possibly via a Y2 receptor (Mantyh P. W. et al., J. Neurosci. 1994, 
14:3958-3968; Yu X. J. and Moskowitz M. A, Br. J. Pharmacol. 1996,119: 229- 
232). Similarly, an interaction between the trigeminal and cholinergic 
parasympathetic systems have been reported (Suzuki N. et al., Neuroscience 1989, 
30: 595-604). We have thus assessed the expression of mRNA coding for NPY 
and mACh receptors in human post-mortem TG, using RT-PCR. Subtype selective 
oligonucleotide primers were designed for the various NPY (Yl, Y2, Y4 and Y5) 
and mACh (ml, m2, m3, m4 and m5) receptors, according to the published human 
sequences. Specific PCR products of the expected size for each NPY and mACh 
receptor studied were identified in human TG preparations (n^3). The expression 
of Y2 receptor message in human TG supports previous pharmacological data in 
other species. However, the results further raise the possibility that NPY could 
affect the trigeminovascular system through other receptor subtypes. These data 
also suggest that mACh receptors may participate in the regulatory loop 
modulating TG input to extracerebral vessels by the autonomic nervous system. 
Further studies are needed in order to better define the cellular localization of these 
receptors and to understand their possible role in trigeminal-mediated neurogenic 
inflammation. Supported by the Medical Research Council of Canada and the 
Heart and Stroke Foundation of Quebec.

587.10
LOCALIZATION AND CHARACTERIZATION OF AMYLIN RECEPTORS IN 
MONKEY BRAIN. P.M. Sexton, G. Christopoulos, X.-F. Huang1, S.Y. Chai2, 
A.W. Toga3 and G. Paxinos1*. St. Vincent’s Inst. Med. Res., Fitzroy, Vic. 3065, 
Australia, ‘UNSW, Kensington, N.S.W. 2033, Australia, 2Howard Florey Inst., 
Parkville, Vic. 3052, Australia and 3UCLA, Los Angeles, CA, 90024-1769.

Amylin is a 37 amino acid peptide, which, in the brain, induces adipsia and 
inhibits feeding. Recently, specific binding sites for amylin were demonstrated in rat 
brain. These sites had a unique specificity with high affinity for both amylin and 
salmon calcitonin (sCT), moderate to high affinity for the CT gene-related peptides 
(CGRPs), but poor affinity for mammalian CTs. In this study, using in vitro 
autoradiography, we have mapped the distribution of 125I-rat amylin (125I-Am) 
binding sites in the monkey (Macaca fascicularis) and compared this distribution to 
that of binding sites for 125I-sCT. Highest densities of I25I-Am binding occurred in 
parts of the hypothalamus, including the arcuate and parts of the -ventromedial 
hypothalamic nuclei. Moderate to high density binding also occurred in parts of the 
preoptic area, bed nucleus of the stria terminalis, amygdala and accumbens nucleus. 
Caudally, binding of amylin was more restricted, with moderate to high density 
binding only to dorsal raphe, area postrema and parts of the solitary tract nucleus. 
This pattern of distribution was similar to that seen in the rat, although the relative 
densities of binding to different brain structures was not necessarily conserved. As 
with rat, monkey amylin receptors were a subset of sites labeled with 125I-sCT. 
Analysis of receptor specificity indicated a greater relative potency of CT peptides in 
competing for 125I-Am binding in monkey, when compared to rat, while, there was a 
decrease in the relative potency of CGRP peptides. Amylin receptors in primates are 
likely to perform a similar role to those in rats, however, the interaction of the 
receptors with related peptides is likely to differ.

Supported by grants from the National Health and Medical Research Council of 
Australia, Glaxo Wellcome Australia and Amylin Pharmaceuticals Inc.

587.11
DIFFERENTIAL EXPRESSION OF MRNA FOR LEPTIN RECEPTOR 
ISOFORMS IN THE RAT BRAIN.H. Yu, J. F. Hess, P. J. Hey, L.
H.T. Van der Ploeg and X.-M. Guan* Dept. of Genetics and 
Molecular Biology, Merck Res Labs, Rahway, NJ 07065; Dept. of 
Human Genetics, Merck Res Labs, West Point, PA 19486

Leptin plays an important role in energy homeostasis by interacting 
with its receptor (OB-R) in the brain. Several alternatively spliced 
isoforms of the OB-R have been identified, and the long form OB-Rb has 
been shown to activate JAK/STAT pathway, but the function for the short 
OB-R isoforms remains unknown. To further explore the potential 
biological function and signal transduction mechanisms of OB-Rs in the 
brain, the distribution of mRNA encoding various OB-R isoforms and 
STATs was examined by in situ hybridization. In agreement with 
previous studies, strong signals for OB-R mRNA were detected in the 
hypothalamus, thalamus and choroid plexus. In addition, intense signals 
were also observed in several other brain areas including piriform cortex, 
granule cell layer of the cerebellum and substantia nigra. With isoform-
specific probes, a differential expression pattern of OB-Rs was revealed: 
OB-Ra and OB-Rb, but not OB-Rc and OB-Rf, are abundantly expressed 
in the hypothalamus, whereas OB-Ra, OB-Rc and OB-Rf, but not OB-Rb, 
are significantly expressed in the choroid plexus. In the hypothalamus, 
the levels of expression of mRNA for STAT3 and 5 are much greater than 
that of STAT1, whereas STAT6 mRNA was non-detectable. Our data 
support the notion that OB-Rb/STAT3 in the hypothalamus are the 
functional mediators for leptin’s satiety effect. The co-expression of OB- 
Ra with OB-Rb in the hypothalamus may suggest a possible interaction 
between the two isoforms. Finally, the detection of OB-R mRNA in a 
number of other brain regions may indicate the involvement of leptin in 
additional as yet undefined physiological functions.
Source of support: Merck & Co.

587.12
IMMUNOCYTOCHEMICAL LOCALIZATION OF THE Vlb VASOPRESSIN 
RECEPTOR IN THE ADULT RAT BRAIN AND PITUITARY. F. Hernando*, F.W, 
van LeeuwenA, O. Schoots*, M. SonnemansAF^van^erdenburg^ and J.P.H, Burbach*.
*Rudolf Magnus Institute for Neuroscience, University of Utrecht, Netherlands Institute 
for Brain Research, Amsterdam, and +Faculty of Veterinary Medicine, University of 
Utrecht, The Netherlands.

Vasopressin (VP) can bind at least three specific G protein-coupled receptors: the 
Via, Vlb and V2 receptors. Until recently, the Via receptor has been predominantly 
implicated in the central effects of VP. Unexpectedly, transcripts of the recently cloned 
Vlb receptor (VlbR) were found to be widely distributed in the human and rat brain. 
The goal of this project was to study the VlbR protein distribution in the rat brain and 
pituitary by immunocytochemistry. Fixed brains of male Wistar rats and female 
homozygous Brattleboro (di/di) rats were sectioned and immunostained with an 
antiserum raised against a synthetic fragment of the third intracellular loop of the VlbR 
protein. Some Wistar rats received colchicine in the lateral ventricle 48 h before fixation. 
The distribution of the VlbR has been mapped throughout the Wistar rat brain. Fibers 
were mainly stained in the lateral septum (LS), bed nucleus of the stria terminalis (BST), 
ventral hippocampus, ventral subiculum and different hypothalamic and amygdaloid 
nuclei. Following colchicine treatment, VIbR-immunoreactive cell bodies were observed 
in the BST, medial amygdala, paraventricular and supraoptic nucleus. In the anterior 
pituitary staining was found in a small number of cells. Immunoelectron microscopical 
studies demonstrated a presynaptic localization for the VlbR protein in the LS. 
Preimmune serum was negative. The specificity of the antiserum was demonstrated with 
a Western blot analysis. In di/di rats a similar distribution of VlbR immunoreactivity 
was found as in Wistar rat brain, indicating that the expression of the Vlb receptor is not 
under strict control of VP. The present results show that the distribution of the VlbR is 
far more restricted than its mRNA. Furthermore, the data also suggest a presynaptic 
action of VP.
Support: TMR-Grant from the EU no. ERBFMBICT-96-1315.
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587.13
THE SOURCE OF ORIGIN OF PACAP- AND VIP IMMUNOREACTIVE 
FIBERS IN THE LATERODORSAL DIVISION OF THE BED NUCLEUS OF 
STRIA TERMINALIS IN THE RAT. T. Kozicz, A. Somogvvari-Vigh* and A, 
Arimura. U.S.-Japan Biomed. Res. Lab., Belle Chasse, LA 70037.

A dense network of pituitary adenylate cyclase activating polypeptide 
(PACAP) and vasoactive intestinal polypeptide (VIP) immunoreactive (ir) 
fibers in the laterodorsal division of the bed nucleus of the stria terminalis 
(BSTId) has been described. The origin of the PACAP-ir fibers is not known, 
whereas the origin of VIP-ir fibers remains uncertain. The most important 
brain regions connected to the BSTId are the amygdaloid nuclei, the 
paraventricular and ventromedial hypothalamic nuclei, the dorsal and linear 
raphe nuclei, the parabrachial nucleus, and the dorsal vagal nucleus. Using 
cholera toxin B subunit (CT) as a tracer as well as PACAP- and VIP- 
immunohistochemistry, neurons were double labeled and the cells from 
which PACAP- and VIP-ir fiber networks originated in the BSTId were 
identified. Cholera toxin B subunit-ir and VIP-ir cells were found in the dorsal 
and linear raphe nuclei, but no double labeled cells were seen in the 
amygdaloid nuclei or the hypothalamic region. CT-ir and PACAP-ir neurons 
were observed in the paraventricular and ventromedial hypothalamic nuclei. 
Several double labeled cells were found in the dorsal vagal nucleus. No 
double labeled perikarya were seen in the parabrachial nucleus or in the 
amygdaloid nuclei. From these results we can conclude that the PACAP-ir 
and VIP-ir fibers to the BSTId arise from different brain sources. The BSTId is 
known to be involved in the modulation of stress responses, thus PACAP- 
and VIP-ir fibers may affect the BSTId during stress.

This study was supported in part by NIH grant DK09094.

587.14
IMMUNOCYTOCHEMICAL ANALYSIS OF MELATONIN RECEPTORS IN 
RAT RETINA. H. Fujieda, S. A. Hamadanizadeh. E. Wankievicz. O. Wan,
Y. Sone. M. Silverman. S, F. Pane, and G, M. Brown*. Neuroendocrinology 
Research Section, Clarke Institute of Psychiatry, Toronto, ON M5T1R8, Canada.

Melatonin is synthesized in the retina, as in the pineal gland, in a diurnal 
rhythm with increased levels during the dark period. Melatonin is thought to act as 
a local modulator within the retina itself, mediating the effects of darkness. It has 
been suggested that melatonin is involved in regulation of dark-adaptive 
retinomotor movements, activation of photoreceptor disc shedding and inhibition 
of dopaminergic activity.

Receptor-binding assays and in vitro autoradiography using melatonin analog 2- 
[125I]iodomelatonin have identified high affinity melatonin receptors in the inner 
plexiform layer of vertebrate retinas. However, the precise cellular localization of 
melatonin receptors in the retina is still unknown.

Recently, two melatonin receptor subtypes, the Mel,, and Mellb, were cloned in 
mammals. Using reported amino arid sequence of human melatonin receptors, we 
raised peptide-specific polyclonal antibodies to the human Mel,, and Mel,b and 
performed immunocytochemistry to localize melatonin receptors in rat retina. Male 
Wistar rats were used for this study. We report here the localization of the Mdlb 
receptor in a subpopulation of amacrine cells in rat retina. The Md,b 
immunolabeling was also detected in displaced amacrine cells in the ganglion cell 
layer. By performing double immunolabeling with anti-tyrosine hydroxylase 
antibody, we found that the Mel,b receptor is not expressed in dopaminergic 
amacrine cells but in another subset of amacrine cells. The results suggest that the 
reported inhibitory influence of melatonin on dopaminergic neurons in the retina 
may be mediated through amacrine cells of another neurotransmitter system.

This study was supported by Clarke Foundation Grants to G. M. Brown.

587.15
DISTRIBUTION OF BRAIN MELATONIN RECEPTOR SUBTYPES IN 
MAMMALS. S, A. Hamadanizadeh. E. Johansson. II, Fujieda. W. Q. Stumer.
P. Li*. S.F. Pang, and G. M. Brown. Neuroendocrinology Research Section, 
Clarke Institute of Psychiatry, Toronto, ON M5T 1R8, Canada.

Melatonin, the hormone of the pineal gland, shows high blood levels at night 
and virtually undetectable levels during the day. Melatonin influences brain 
serotonin and GABA, effects which are presumably mediated by melatonin 
receptors.

lire traditional brain target for melatonin is the suprachasmatic nuclei (SCN), a 
neural region important for biorhythm regulation. However, we and others have 
established, using 125I-Iodomelatonin as a ligand, that high affinity melatonin 
binding sites are more widely distributed in the brain. 125I-Iodomelatonin binding 
sites have also been demonstrated in human fetal whole brain membranes with 
picomolar affinity and femtomolar density. In both infant and adult human 
cerebellum autoradiographic studies have established the existence of melatonin 
binding sites in the granule cell layer. In situ hybridization and rt-PCR studies 
have shown the presence of melatonin receptor in human cerebellum with low 
amounts in other brain tissues.

Two melatonin receptor subtypes, Melia and Mel ib, have been cloned in 
human. We have developed peptide specific polyclonal antibodies to the human 
Melia and Melib receptors (Song et al, 1997). We have recently used Melia 
receptor antibody in immunoblot studies on human and rat brain tissues. In 
human infant brains the cerebellum, pons, putamen, optic chiasma, thalamus and 
hypothalamus contain a single 37 kilodalton peptide blockable band. In 
preliminary studies in the rat a blockable band is found in the pons and 
hypothalamus. These studies suggest that these brain areas may contain 
functional melatonin receptors which are additional non traditional targets for the 
action of melatonin.
This work was supported by Clarke Foundation Grants to G. M. Brown.

587.16
DISTRIBUTION OF MELANOCORTIN RECEPTORS IN THE RAT 
SPINAL CORD. J.B. Tatro*, M.L. Entwistle. Endocrinology Div., New 
Eng. Med. Ctr./Tufts Univ. Sch. Med., Boston, MA 02111.

Melanocortins (a-MSH-related peptides) modulate nociception at both 
spinal and supraspinal levels, but the neural substrates for melanocortin 
actions in the spinal cord are unknown. To identify potential physiolog-
ical targets for melanocortins, the objective of this study was to map the 
neuroanatomic distribution of melanocortin receptors (MCR) in the spinal 
cord. In vitro radioligand binding and autoradiography was performed on 
frozen sections of adult rat spinal cord, using radioiodinated Nle4,D- 
Phe7-a-MSH (125I-NDP-MSH), a superpotent agonist that binds to all 
five known MCR subtypes. Specific 125I-NDP-MSH binding was 
observed at all rostrocaudal levels of spinal cord gray matter. Areas 
showing the highest binding intensity included the substantia gelatinosa 
and area X. This MCR distribution pattern showed a high degree of 
anatomic continuity with that seen in analogous regions of the caudal 
medulla. Binding was also prominent along the medial aspect of layer 
IV, and lower-intensity binding was observed throughout the rest of the 
dorsal horn. A band of relatively intense binding was observed along the 
medial and ventral aspects of the ventral horn. A more diffuse binding 
pattern occurred in the lateral aspects of the ventral horn. No obvious 
binding to cell bodies of large motor neurons was evident. The results 
indicate a far more extensive distribution of MCR protein in spinal gray 
matter than suggested by a previous study of MC4-R mRNA, which was 
limited to layer I. These findings support a role of endogenous 
melanocortins in sensory processing in the spinal cord, particularly in 
areas subserving nociception. Support: NIMH 44694.

587.17
THE DISTRIBUTION OF UROCORTIN-LIKE IMMUNOREACTIVITY IN THE 
CENTRAL NERVOUS SYSTEM OF THE RAT. H, Yanaiharat, T. Koziczt.
S. Vigh*tt, and A, Arimuratt. U.S.-Japan Biomed. Res. Lab.t, Belle 
Chasse, LA 70037 and Dept. of Anatomy^, Tulane Univ. Sch. of Med., New 
Orleans, LA 70115.

Urocortin, a novel peptide, was recently cloned from the rat midbrain. 
Urocortin is a member of the corticotropin releasing factor (CRF) peptide 
family, and shows 45% sequence identity to CRF and 63% sequence 
identity to urotensin. It couples with a high affinity to type I and type II CRF 
receptors, resulting in stimulation of the adenylate cyclase activity of these 
receptors, Urocortin is a more potent activator of type II CRF receptor, so it 
may be an endogenous ligand for this receptor. Using a policlonal antibody 
against rat urocortin (Y361 Yanaihara Institute, Japan), the distribution of 
urocortin like immunoreactivity (ir) in the rat central nervous system was 
demonstrated. Several immunostained cell bodies were found in the 
supraoptic, paraventricular and ventromedial hypothalamic nuclei. A large 
number of urocortin-like ir neurons were seen in the dorsolateral tegmental 
nucleus, in the linear and dorsal raphe nuclei and in the substantia nigra. 
The most numerous perikarya were found in the Edinger-Westphall 
nucleus. Some neurons showed immunoreactivity in the interstitial nucleus 
of Cajal, the periaqueductal grey, and the nucleus mesencephalicus n. V. 
Some faintly stained fibers were observed in the supraoptic and 
paraventricular nuclei, in the lateral septal area, and in the central and 
periaqueductal grey. The distribution of urocortin overlapped with the 
expression of the mRNA of type II CRF receptor in several brain areas. This 
data support the hypothesis that this peptide may be the endogenous 
ligand for this receptor.

This study was supported in part by NIH grant DK09094.

587.18
EFFECTS OF SEVERAL NEUROTRANSMITTERS ON THE INTRACELLULAR 
CALCIUM CONCENTRATION IN TRIGEMINAL GANGLION NEURONS. J.H.Lee*, 
J.S.Kim, S.B.Oh, and K. Park, Dept. of Physiol. & Oral Biol., 
Seoul National Uni.,Col I. of Dent.,Seoul 110-749.

Trigeminal ganglion(TG) neurons are involved in conveying 
sensory information including pain from orofacial regions to 
the CNS. In sensory neurons an elevation of intracellular free 
calcium ([Ca2+],) may affect neuronal excitability. In the 
present study we investigated what kinds of neurotransmitter 
receptors are involved in elevation of [Ca2+]j particularly in 
small and intermediate sized neurons (<25Mm). TGs from neonatal 
rats were excised, minced and cultured for short term. They 
were incubated for 20 min at 37 °C in Ca2+-Mg2+ free phosphate 
buffer solution including collagenase and dispase. The cells 
were then triturated with a pipette and loaded by Fura-2-AM at 
room temperature for 30 mins. Measuring of [Ca2+]j was done by 
microscopephotometry. Glutamate, Substance-P, Calcitonin Gene 
Related Peptide(CGRP) and Bradykinin increased [Ca2+], but in 
very limited subpopulations of neonatal TG neurons. Magnitude of 
[Ca2+], increase was prominent in stimulation with ATP and 
capsaicin. The response to ATP was relatively transient and 
could be observed in most of cells. Capsaicin evoked bi phasic 
response which rose to peak and was followed by a long lasting 
plateau component. In conclusion, neonatal TG neurons expressed 
various functional neurotransmitter receptors which increase 
[Ca2+]i including nociceptor which respond to capsaicin.
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587.19
LOCALIZATION AND DISTRIBUTION OF PITUITARY ADENYLATE CYCLASE 
ACTIVATING POLYPEPTIDE (PACAP) TYPE I RECEPTORS IN SUPERIOR 
CERVICAL GANGLIA (SCG). V, May*, E. Gauthier and K. M. Braas. Dept. of 
Anatomy and Neurobiology, Univ. of Vermont Coll, of Med., Burlington, VT 05405

PACAP peptides are potent and efficacious regulators of rat SCG function, and 
the physiological responses of sympathetic neurons to PACAP and VIP depend 
on the expression of specific receptor subtypes. The pharmacological profile of 
SCG neuronal responses is consistent with expression of the type I PACAP- 
selective receptor, rather than either of the VIP/PACAP nonselective receptors. 
We have demonstrated that the SCG predominantly expresses isoforms of the 
type I receptor. In situ hybridization histochemistry using a PACAP receptor 
riboprobe which did not discriminate among the type I receptor isoforms 
demonstrated that most sympathetic neurons expressed mRNA encoding the 
PACAP type I receptor. To identify the cellular sites of PACAP receptor protein 
expression in SCG neurons, rabbit synthetic peptide polyclonal antisera to amino 
terminal extracellular and carboxyl terminal intracellular domains of the type I 
receptor were produced and affinity purified. On Western blots, both antisera 
detected a cluster of 55 to 59 kDa proteins corresponding to PACAP receptor 
proteins in membranes from SCG, whole brain and hypothalamus; no bands were 
observed when antisera were preincubated with corresponding synthetic peptide. 
In cultured SCG neurons, antisera immunofluorescent labeling was restricted to 
the cell surface, and occasional punctate patterns may represent receptor 
clusters; labeling appeared to circumscribe the neuronal soma by confocal 
microscopy. No labeling was observed in AtT-20 corticotrope cells which express 
nonselective VIP-ZPACAP receptors. In adult rat SCG, both PACAP type I 
receptor antisera labeled over 90% of the neurons, which correlated well with the 
in situ hybridization studies. Approximately 60% of SCG neurons expressed NPY, 
and 95% of NPY-containing neurons expressed PACAP receptor. These studies 
demonstrated that a major subpopulation of SCG principal neurons express 
PACAP type I receptor mRNA and protein. Cell specific expression of receptor 
isoforms coupled to specific intracellular signaling pathways may permit func-
tional diversity. Supported by HD27468 & NS01636 (VM); AHA94015540 (KB).

587.20
DISTRIBUTION OF ENDOTHELIN (ET) AND ET RECEPTOR mRNAs 
IN THE RAT BRAIN. K. Shigematsu*, A. Himeno, T. Taguchi and 
M. Niwa. Departments of Pharmacology 1 and Pathology 2, Nagasaki 
University School of Medicine, Nagasaki 852, JAPAN.

We compared the distribution of mRNAs encoding ET-1, ET-3, ETA 
and ETb receptor with functional binding sites of ETA and ETB receptors, 
in the rat brain. Comparison was made using our in situ hybridization 
technique with 35S-labelled cRNA probes and receptor autoradiographic 
method with 125I-PD151242 and 125I-IRL1620. ETA mRNA was of very 
few amount, but a significant expression was detected in the choroid 
plexus, circumventricular organ, oral linear nucleus and parabigeminal 
nucleus. There was a massive amount of ETB mRNA expression, as seen in 
brain areas such as the pontine nucleus, interpeduncular nuclei, superior 
colliculus and cerebellum. A unique localization of ETA bind- ing sites 
was observed in the area postrema, solitary tract nucleus and vagal 
nucleus. ETA mRNA was discretely localized in the area postrema, with 
rich ET-3 mRNA. ETB binding sites were widely distributed throughout 
the brain stem, with rich ETB mRNA. A cell-cluster with ETB mRNA 
expression was noted in the commissural nucleus. Purkinje cell layer of 
the cerebellum had rich ETB binding sites and ET-3 and ETB mRNAs 
were observed in Bergmann glia, an astrocyte in the layer. Anatomical 
comparison of ET related-mRNAs with ET receptor binding sites will shed 
light on the way to elucidate the neurophysiological role of ETs.

587.21
CCK-A RECEPTOR EXPRESSION IN THE ENTERIC NERVOUS
ReevTlHWYa^and C. Sternftd^CU^.V^AVAMcTp^ts. ot 

Med., Neurobiol. & Physiol., UCLA, Los Angeles, CA 90073.
CCK influences gastrointestinal functions by the activation of two 

distinct receptors, CCK-A and CCK-B. The aim of this study was to 
characterize the cellular sites of expression of CCK-A receptor in the rat 
gastrointestinal tract by means of single and double labeling 
immunohistochemistry with a rabbit affinity purified antibody directed to 
the N-terminal region of rat CCK-A receptor, and either a mouse 
monoclonal antibody to vasoactive intestinal peptide (VIP) or a guinea 
pig antiserum to substance P (SP), markers for inhibitory and excitatory 
neurons, respectively. CCK-A receptor immunoreactivity (IR) was 
localized to myenteric neurons and to varicose fibers primarily 
distributed to the myenteric plexus, interconnecting strands and gastric 
mucosa. Occasionally, single fibers were visualized in the circular 
muscle layer and in the submucosa. CCK-A receptor-IR neurons were 
more abundant in the stomach than in the intestine. CCK-A receptor-IR 
was primarily concentrated within the cell body and near the plasma 
membrane, as confirmed by confocal microscopy. Immunostaining was 
abolished by preadsorption of the antiserum with the synthetic peptide. 
Some CCK-A receptor-IR neurons contained VIP-IR. CCK-A receptor 
neurons were often encircled by SP-IR fibers, and a few neurons 
contained both CCK-A receptor- and SP-IRs. The pattern of expression 
of CCK-A receptor suggests a neuronal pathway for the CCK effects 
mediated via this receptor. Released CCK might activate the CCK-A 
icceptor at the nerve terminals or at the soma.
Supported by NIH grants DK41301, 41004 & 17294.

587.22
SYNAPTIC ORGANISATION OF PEPTIDE-CONTAINING 
PREGANGLIONIC INPUTS TO FINAL MOTOR NEURONS IN GUINEA- 
PIG SYMPATHETIC GANGLIA. I. L. Gibbins*, S. M. Murphy, S. E. Matthew, 
J. P Messenger and P. Jobling. Dept. of Anatomy & Histology, and Centre for 
Neuroscience, Flinders University of South Australia, GPO Box 2100, Adelaide, 
SA 5001, AUSTRALIA.

Peptide-containing preganglionic neurons project to specific functional 
populations of final motor neurons in sympathetic ganglia of guinea-pigs. We 
have used multiple-labelling immunofluorescence, intracellular dye-filling, 
confocal microscopy, and serial-section ultrastructural immunocytochemistry to 
examine the synaptic relationships between the peptide-containing preganglionic 
terminals and their target neurons. Overall, the number of synaptic contacts to 
any particular neuron was low, even when the neuron was surrounded by a 
basket containing a large number of terminal boutons at a light microscopic level. 
Most of the synaptic contacts in a basket were made onto the dendrites of other 
neurons in the neighbourhood. Many of the boutons in a basket did not make any 
synaptic contacts at all. For inputs containing substance P, there was only a loose 
correlation between the spatial distribution of synapses and post-synaptic 
receptors on target neurons. However, neurons of similar functional classes tend 
to be clustered within the ganglia, suggesting that the ganglia are organised into 
a series of zones that may facilitate heterosynaptic transmission by peptides 
released from preganglionic endings.

Supported by grants from the National Health & Medical Research Council of 
Australia.

REGIONAL LOCALIZATION OF RECEPTORS AND TRANSPORTERS IV

588.1
FUNCTIONAL PATTERN OF CHOLINERGIC INPUT TO THE 
VENTRAL TEGMENTAL AREA IN THE RAT. L. Kadishevitz and 
S.M. Brudzvnski*. Dept. Clinical Neurological Sciences, London Health 
Sci. Ctr., Univ. of Western Ontario, London, ON, N6A 5A5 Canada.

Cholinergic neurons of the laterodorsal tegmental nucleus project to 
the ventral tegmental area (VTA). Cholinergic terminals in the VTA 
may have excitatory or inhibitory effects on dopamine neurons. The goal 
of the study was to record the effects of stimulation of the laterodorsal 
tegmental nucleus on the activity of single VTA neurons and their 
distribution in the VTA, using electrophysiological-pharmacological and 
anatomical methods. The activity of spontaneously firing VTA neurons 
was extracellularly recorded in urethane anaesthetized male Wistar rats. 
Responses of 107 (= 100%) VTA neurons to single pulse electrical 
stimulation of the laterodorsal tegmental nucleus were studied. Close to 
half of all the units responded to tegmental stimulation (47.6%), among 
which 27 cells (25.2%) showed primary inhibitory responses, and 24 cells 
(22.4%) primary excitatory responses. Iontophoretic application of 
anticholinergic agents demonstrated the cholinergic nature of these 
effects. Although cells with both types of responses could be found 
across the entire VTA, the inhibitory responses predominated in the 
dorsal aspect and the excitatory responses in the ventral aspect of the 
VTA. Injection of a fluorescent carbocyanine dye, DiA, into the 
recording site in the VTA labelled a densely packed subpopulation of 
neurons within the laterodorsal tegmental nucleus. The results suggest 
an anatomical pattern in cholinergic innervation of the VTA. Supported 
by the Medical Research Council of Canada.

588.2
ADRENALECTOMY-INDUCED VESICULAR ZINC DEPLETION IN 
THE RAT HIPPOCAMPUS. S.W. Suh*, D.S. Silva, Y, Long and C. J. 
Frederickson. Lab. for Neurobiology, The University of Texas at Dallas, 
Richardson, TX 75083-0688.

Release of excess amount of Zn^+ from synaptic vesicles has been directly 
implicated as the mediating cytotoxin in stroke and epilepsy. While excess 
amounts of glucocorticoid endanger the central neurons during stroke, 
epilepsy, depression and the aging process, low concentrations prevent or 
reduce that neuronal death. Therefore the possibility exists that adrenal 
hormones (glucocorticoids) act in concert with vesicular zinc to cause 
neuronal death. Although studies showed that adrenalectomy prevents 
ischemia and seizure induced neuronal death, the precise mechanism still not 
clear. In present study we measured zinc concentration in adult rat 
hippocampus at 10 days after adrenalectomy with a specific zinc fluorescent 
dye TSQ (N-(6-methoxy-8-quinolyl)-para-toluenesulfonamide). 30 um 
thickness slides were studied quantitatively using a microspectrophotometer 
in the compound fluorescence microscope. Changes in hippocampal zinc 
concentration were measured in hilus, stratum lucidum of CA3, stratum 
radiatum of CAl and subiculum. In adrenalectomy group zinc concentration 
was reduced in the stratum radiatum of CAl and subiculum but not in the 
mossy fiber and stratum lucidum of CA3. These results suggested that (i) 
adrenal hormones may modulate vesicular zinc transport and storage and (ii) 
in stroke and epilepsy, translocation of vesicular zinc might be reduced by 
prior adrenalectomy.

Supported in part by Neurotex and The University of Texas at Dallas.
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588.3
ASYMMETRIC DISTRIBUTION OF MUSCARINIC 
RECEPTORS IN THE HIPPOCAMPUS OF FEMALE RATS.
S. C. Wolff, P. M. Gallogly, and G. P. Dohanich*, Department 
of Psychology, Tulane University, New Orleans, LA 70118.

Brain asymmetries of receptors, neurochemicals, and 
structures have been found in both human and non-human 
species. In the present experiment, brain asymmetry of 
muscarinic acetylcholine receptor (mAChR) density was 
investigated with quantitative autoradiography. 
Gonadectomized Long-Evans female rats were implanted 
subcutaneously with Silastic capsules containing 25% 
estradiol diluted with cholesterol (n=9) or cholesterol only 
(n=9). Thirty days after implantation, subjects were sacrificed 
and frozen coronal sections (20 pm) were taken through the 
hippocampus. The sections were incubated with [3Hj QNB (5 
nM), pH] pirenzepine (5 nM), or [3H] AF-DX 384 (2 nM) in 
order to label M1-M5, M1, or M2 receptors respectively. 
Quantitative autoradiography indicated a significant right > left 
asymmetric distribution of mAChR density in the CA1 and 
dentate gyrus of the hippocampus for all three ligands. These 
asymmetries were present in eveiy female. Estrogen treatment 
had no effect on the asymmetric receptor density. Results 
indicate a consistent right > left asymmetry in mAChR density 
in the hippocampus. NSF awards BNS-9514816.

588.4
REGIONAL DISTRIBUTION OF ADENOSINE RECEPTOR 
ISOFORM mRNAS IN RAT BRAIN. R. Oka. S. Fujii. M Fujii. X-P. 
Zhang. T. Higashi. H, Tanii and K. Saiioh* Dept Hygiene, Kanazawa 
Univ. Sch. Med., Kanazawa 920, Japan

Adenosine has been recognized as an inhibitory modulator of 
neurotransmission, while electrophysiological studies in the striatum 
and superior colliculus displayed that adenosine had also an exitatory 
effect Recent molecular biological approach could classify adenosine 
receptors into Al, A2a, A2b and A3 isoforms. In comparison with Al 
receptor,which is widely expressed to play an inhibitory role in the 
CNS, less is known about A2a, A2b and A3 receptors. Due to high 
homology between isoforms, their precise distribution was not always 
detectable by pharmacological binding assay. In the present study, the 
regional distribution was examined through measuring expression of 
isoform mRNAs using competitive RT-PCR. Al and A3 mRNAs 
expressed higher in the superior colliculus than in the striatum. High 
expression of A2a mRNA but not A2b mRNA observed in the striatum, 
while both A2a and A2b mRNAs expressed in the superior colliculus. 
Although an exitatory effect was reported both in the striatum and 
superior colliculus, each isoform mRNA differentially expressed in 
these two regions. It is suggested that adenosine modulated the 
neurotransmission depending on the distribution pattern of four 
isoforms in the brain (Grant-in-Aid from the Ministry of Science, 
Culture and Education, Japan: C08670388; KS).

588.5
ULTRASTRUCTURAL LOCALIZATION OF ADENOSINE A^ RECEPTOR 
IMMUNOREACTIVITY IN RAT STRIATUM. D.L. Rosin? S. Botkin.2 and J. 
Linden23. Depts. of Pharmacol.,1 Molec. Physiol, and Biol. Physics,2 and 
Medicine,3 Univ. of Virginia, Charlottesville, VA 22908

The purine nucleoside adenosine exerts its diverse effects in the CNS 
through four adenosine receptor subtypes: A,, A^, A^ and A3. The A^ 
subtype is localized almost exclusively in the striatum, nucleus accumbens 
and olfactory tubercle. In the striatum adenosine A^ receptor mRNA is 
colocalized in medium spiny neurons with dopamine D2 receptor mRNA 
where the adenosine receptors (A2A ARs ) functionally oppose the effects 
of D2 receptor stimulation. To further investigate the cellular sites of action 
of A2A ARs , we used a previously characterized (Rosin et al., SFN Abstr., 
1996) monoclonal antibody directed against purified, full length, 
nondenatured human A^ AR to localize A2AAR-immunoreactivity (A^AR-i) 
in acrolein-fixed dorsolateral rat caudate putamen. At the light microscopic 
level intense A^ AR-i was observed throughout the striatal neuropil with 
somewhat lighter perikaryal labeling visible at the striatal margins. By 
electron microscopy A^ AR-i was associated primarily with dendritic shafts 
and spines but was also detected in glia and axon terminals. 
Immunoreactivity in labeled dendrites was observed either in association 
with the plasma membrane or with cytoplasmic organelles. Within axon 
terminals A^ AR-i could sometimes be seen rimming the synaptic vesicles. 
Labeled terminals often formed symmetric inhibitory-type synapses with 
unlabeled dendrites. This ultrastructural pattern of labeling suggests that A^ 
AR-i is found both pre- and post-synaptically in the rat striatum. (Supported 
by NIH HL37942 and Scottish Rite Schizo. Res. Program).

588.6
REGIONAL DISTRIBUTION OF [35S]dATPaS BINDING SITES AND 
P2Yi mRNA WITHIN THE CHICK BRAIN. Tania E. Webb, Joseph 
Simon and Eric A. Barnard*. Molecular Neurobiology Unit, Royal Free 
Hospital School of Medicine, London, NW3 2PF, UK.

We have previously used [35S]dATPaS as a radioligand for the P2Y i 
receptor, expressed transiently in COS-7 cells, and have also shown that 
such sites are present at ~ 37 pmoles bound / mg protein in chick brain 
membranes.Here we report the macroscopic localization of these binding 
sites within the chick brain using [35S]dATPaS for quantitative in vitro 
autoradiography. The binding sites were found to be widely distributed 
throughout the chick brain (within the range of0.084 ± 0.018 to 0.159 ± 
0.012 pmol / mg wet tissue), and the affinities of P2 agonists and 
antagonists at these binding sites was identical to that found previously 
for the recombinant P2Y1 receptor.

In parallel, to examine the regional distribution and cellular localization 
of the mRNA coding for the P2Y1 receptor in chick brain, we have 
performed in situ hybridization with three oligonucleotide probes. The 
P2Y1 transcript was found to be widely distributed throughout the brain. 
High levels of hybridization were detected in the piriform cortex, optic 
tectum, hippocampus, cerebellum and in a range of discrete nuclei 
throughout the brain, including the habenularis medialis, triangularis and 
ovoidalis nuclei. Localization at cellular level indicates that this receptor 
transcript is present in both neurons and glial cells. Distribution of the 
P2Y1 transcript and the [35S]dATPaS binding sites matched in a number 
of the regions and structures mentioned above. The present study further 
clarifies the anatomical distribution of the P2Y1 receptor within the central 
nervous system. TEW and JS contributed equally to this study. 
Supported by the Wellcome Trust.

588.7
AUTORADIOGRAPHY OF IMIDAZOLINE RECEPTOR SITES IN 
HUMAN BRAIN: DISTINCTION FROM a2-ADRENOCEPTORS. H.Zhu. 
G.A, Ordway. J.T. Farley. A.E. Halaris. and J.E. Piletz*. Dept. of Psychiatry & 
Human Behavior, University of Mississippi Medical Ctr., Jackson, MS 39216.

Imidazoline receptors (I-receptors) were first identified based on clonidine’s 
non-adrenergic, antihypertensive properties when micro-injected into brainstem 
nuclei. The I, subtype of I-receptors activates phosphatidylcholine-selective 
phospholipase C. Besides being in the brainstem, 1,-receptors have been 
identified throughout the limbic system by homogenate binding assays. In this 
study, receptor autoradiography was used to examine the pharmacology and 
distribution of imidazoline binding sites in the human brain. The method used 
was a modification of that reported by DeVos et. al. (Neurosci. 59:539, 1994). 
a2-Adrenoceptors were labeled with 50 nM [3H]clonidine using 60 pM 
norepinephrine to define non-specific binding. I-receptors were labeled with 
50 nM [3H]clonidine (KD at I, sites) in the presence of 60 pM norepinephrine, 
using cirazoline (20 pM) plus norepinephrine to define non-specific binding. 
Inhibition of the binding of [3H]clonidine to the I-receptor sites in the human 
striatum revealed a rank order of affinities which was characteristic of 1,- 
receptors, i.e. oxymetazoline > cirazoline > idazoxan » NE. The distribution 
of these I, sites in human hippocampus was uniquely different from that of a2- 
adrenoceptors. For example, the density of I, sites was high in CA4 and low in 
the molecular layer of CAl, while the density of a2-adrenoceptor binding sites 
was high in the molecular layer of CAl and low in CA4. Examination of other 
regions of the brain further demonstrated that the distribution of 1,-receptor 
binding was unique relative to the distribution of a2-adrenoceptors. Supported 
by NIMH 42859 and NIMH 46692.

588.8
DISTRIBUTION OF GLUCOCORTICOID RECEPTORS IN THE MACAQUE 
CENTRAL NERVOUS SYSTEM. D. Ongur*and J.L. Price. Dept. of Anatomy and 
Neurobiology, Washington University School of Medicine, St. Louis, MO 63110

The distribution of glucocorticoid receptors (GR) was defined in the macaque 
brain using a monoclonal antibody. Since the receptor translocates to the nucleus 
when bound to its ligand, cortisol, the observed label was predominantly nuclear. 
Both neurons and glia were labeled, but they could be distinguished on the basis 
of the size and shape of the labeled profiles. Processing of sections without 
primary antibody revealed no label.

Maps of labeled neurons showed extensive distribution of GR immunoreactive 
(IR) nuclei throughout the cerebral hemisphere. However, clear patterns could be 
discerned. For example, the frontal cortex is more heavily labeled than most other 
cortical areas. In general, the granular cortical layers contained only weakly 
labeled neurons. Within the prefrontal cortex, the medial wall contained a larger 
number of cells while the orbital surface contained less label. More posterior 
cortical areas contained fewer GR-IR nuclei, especially in their supragranular 
layers. The bed nucleus of the stria terminalis, amygdala, hypothalamus including 
the paraventricular nucleus and hippocampus were among the subcortical 
structures displaying strong GR-IR. Also labeled were striatal, pallidal, thalamic 
and brainstem neurons.

The GR is a low-affinity receptor for cortisol. Thus, it may become important 
in conditions with high levels of circulating steroid hormones, such as stress. GR 
action may contribute to the memory enhancing or neurotoxic effects of cortisol. 
Consistent with previous findings in the rat and with ligand-binding studies in 
primates, our results show that the macaque brain contains a large number of areas 
that are responsive to circulating steroid hormones, but that this response may vary 
in magnitude depending on the area. Supported by NIH grant DC00093 and by 
the Division of Biology and Biomedical Sciences of Washington University.

Society  for  Neuroscience , Volume  23,1997



TUESDAY PM REGIONAL LOCALIZATION OF RECEPTORS AND TRANSPORTERS IV 1495

588.9
DISTRIBUTION OF Hl-RECEPTOR mRNA IN THE RAT BRAIN.
T. Maeda1. T. Ueyama1. II. Nishida1. Y. Morikawa1. II. Fukui^* &

E. Senba1. ^Dept. of Anatomy & Neurobiology, Wakayama Medical 

College, Wakayama 640, “Dept. of Pharmacol., Osaka Univ. Medical 
School, Osaka 565, Japan

Previous pharmacological studies have demonstrated that 
central histamine affects various brain functions via Hl- 
receptor(R), such as arousal, feeding and drinking, 
locomotion, regulation of body temperature, circadian 
rhythms and neuroendocrine response etc., but precise sites 
of action are obscure. In the present study, we examined the 
localization of Hl-R mRNA in the rat brain by means of in 
situ hybridization histochemistry. Signals for Hl-R mRNA 
were localized in neurons and the highest signal densities 
occured in the CA3 region of hippocampus, medial preoptic 
area, bed nucleus of stria terminalis, hypothalamic 
paraventricular and ventromedial nuclei, medial amygdaloid 
nucleus, Purkinje cells in the cerebellum, reticular 
tegmental nucleus, pontine nucleus, lateral reticular nucleus, 
external cuneate nucleus, motoneurons in the brainstem and 
spinal cord. Moderate densities of signals were identified in 
the cerebral cortex (layer TV and VI), olfactory bulb, medial 
vestibular nucleus and pineal body. These findings suggest 
interesting correlations between the location of Hl-R and 
pharmacological responses to histamine and antihistamines.

588.10
EXPRESSION OF HISTAMINE H2 RECEPTOR mRNA IN RAT BRAIN. 
K. Karlstedt, A. Senkas, M, Lintunen, T. Sallmen and P. Panula*.
Department of Biology, Abo Akademi University, Biocity, 20520 Turku, 
Finland.

Histamine regulates brain functions through three receptor types. H, 
receptor-mediated increase in excitability has been observed in several brain 
areas, e.g. hippocampus, dentate gyrus and cerebral cortex. However, little 
is known about the expression of H2 receptor in rat brain. We cloned the rat 
H2 receptor using RT-PCR based on published sequence information. cRNA 
probes were used to map the distribution of receptor expression in adult rat 
brain using in situ hybridization. Northern blotting was used for quantitative 
analysis.
High expression was seen in the granule cell layer of the dentate gyrus and 
in the pyramidal cell layer of the hippocampus. Moderately high expression 
was characteristic of e.g. the preoptic area, several hypothalamic nuclei, the 
cerebral cortex, neostriatum, and most thalamic nuclei. The expression pattern 
differed clearly in many brain areas from that of H, receptor. Northern 
analysis showed the highest levels of expression in the cerebral cortex and 
striatum, and the lowest in the cerebellum.
These results suggest that the H2 receptor may regulate brain functions in 
many areas, but also that distinct differences occur in regional expression. 

Supported by the Academy of Finland and Alcohol Research Foundation.

588.11
GTP7[3S] AUTORADIOGRAPHY ALLOWS SELECTIVE DETECTION OF 
HISTAMINE H3 RECEPTOR-MEDIATED ACTIVATION OF G PROTEINS 
IN RAT BRAIN TISSUE SECTIONS. K.S.M. Laitinen , M. Jokinen and J.T. 
Laitinen. Departments of Physiology and Pharmacology & Toxicology, Univer-
sity of Kuopio, Finland.

Histamine (HA) elicits it* biological effects via three distinct G protein-coupled 
receptors, termed Hl, H2 and H3. The present study utilized GTP7[3SS] autora-
diography in order to visualize HA receptor-dependent activation of G proteins 
in tissue sections of rat brain. The adenosine Al receptor antagonist 8-cyclo- 
pentyl-l,3-dimethylxanthine (10 gM) was present the incubation cocktail, as 
endogenous adenosine v found to significantly contribute to "basal" GTP7[35S] 
binding via activation of Al receptors. HA (lOMtU M) elicited dose- and region- 
dependent increments in GTP7[35S] binding to various brain structures, most 
notably the striatum, cortex, hippocampus and hypothalamus. In all regions 
examined, the HA-elicited response was mimicked by the H3-selective agonists 
N“-methyl-HA, (R)a-methvl-HA and immepip (VUF 4708). Moreover, the HA 
response was dose-dependently and completely reversed by the prototypic H3 
receptor antagonist thioperamide and by clobenpropit (VUF 9153), another 
potent 113-selective antagonist. In contrast, the HI receptor antagonist mepy- 
ramine and the H2 receptor antagonist cimetidine proved totally ineffective, even 
at IO"4 M. These data reveal that GTP7[35S] autoradiography allows selective 
detection of H3 receptor-mediated signaling in response to HA. As H3 receptors 
evidently couple to Gi/o, our data further support the notion that GTP7[35S] 
autoradiography selectively reveals receptor-dependent activation of Q/o over 
other classes of G proteins. Besides allowing more detailed studies on H3 
receptor signaling witfcU; anatomically restricted regions of the CNS, GTP7[35S] 
autoradiography should prove a handy tool when screening for novel H3 
receptor-selective drugs. No external source of funding.

588.12
NITRIC OXIDE SYNTHASE-CONTAINING PROJECTIONS TO 
THE VENTROBASAL THALAMUS IN THE RAT V.N.Kharazia? 
K.G.Usunoff, R.J.Weinberg and A.Rustioni
Dept. of Cell Biology & Anatomy, UNC, Chapel Hill, NC 27599, Dept. 

of Anat. & Hist., Med. Univ., Sofia, Bulgaria
Pharmacological studies suggest that nitric oxide facilitates 

sensory transmission through the ventrobasal thalamus (VB, Do et al., 
‘94 ). Few neurons in VB stain for NO synthase (NOS), in contrast to 
substantial neuropil staining, suggesting that NO comes from axons of 
extrinsic neurons. We combined immunocytochemistry with retrograde 
tracing to identify several sources of NO-positive fibers into VB. 
Quantitatively most prominent is a bilateral, mainly ipsilateral, projection 
from the pedunculopontine-laterodorsal complex. Minor sources include 
the median raphe nuclei, the lateral hypothalamus, and the parabrachial 
nuclei. NO-positive fibers enter VB through the posterior thalamic pole, 
ventrolateral periaqueductal gray, and zona incerta. Ascending sensory 
pathways to VB from trigeminal nuclei, dorsal column nuclei and spinal 
cord arise exclusively from NOS-negative neurons. These results support 
cholinergic nuclei in the rostral brainstem as the main source of NO- 
positive fibers to VB. Some discrepancies with previous evidence may be 
related to conditions of fixation and histological processing. Supported 
by Human Frontiers Science Programme

588.13
DIGITAL MAPPING OF NADPH-LABELING IN THE MOUSE BRAIN REVEALS 
SUBSETS OF NEURONS DISTINGUISHED BY STAINING PATTERN OR 
TRANSMITTER CONTENT. R.J. Cork*. D. Bridges. C.A. Schemer. J. Wandell. B, 
Wilson, and R.R. Mize. Anatomy Department and Neuroscience Center of Excellence, 
LSU Medical Center, New Orleans, LA 70112.

In order to better understand the functions of nitric oxide in the nervous system, we have 
been looking for differences in brain anatomy between wild-type, and knockout mice in 
which the gene(s) for nitric oxide synthase (NOS) have been disrupted. As a reference for 
these studies we have developed a digital atlas of nicotinamide adenine dinucleotide 
phosphate diaphorase (NADPHd) labeling in the C57-BL6 mouse brain. The data is 
presented in several formats, including digital photographs; plots of cell distributions; 3-D 
reconstructions; and interactive 3-D models of selected regions. The atlas reveals several 
important points about NOS neurons. Firstly, the intensity of staining distinguishes 
different groups of cells. Neuronal groups with intense label, that fills the cell somas and 
much of the dendritic tree, include the caudate-putamen, neocortex, periventricular 
hypothalamic nucleus, the superior and inferior colliculli and the supraoptic nucleus. 
Lighter labeling, primarily of the somatic cytoplasm, is found in other groups including the 
medial septum, the diagonal band of Broca, pyramidal cells of the hippocampus, and 
cerebellar granule cells. Secondly, in many regions the distribution of NOS-cells mirrors 
the distribution of cholinergic neurons labeled by an antibody to choline acetyltransferase. 
These populations have similar distributions within a number of cell groups, including the 
medial septum, diagonal band, caudate putamen and the mesopontine tegmental nuclei. In 
summary, NOS containing cells include a variety of different cell types, and distinct groups 
of NOS cells can be distinguished on the basis of staining intensity and/or co-existence with 
acetylcholine. Supported by; NIH grants, EY-02973 & NS36000; DOD agreement 
DAMD 17-93-V-3013; and a Louisiana Board of Regents Superior Graduate Student 
scholarship.

588.14
A COMPARISON OF NEURONAL NITRIC OXIDE SYNTHASE (nNOS) AND 
SOMATOSTATIN IMMUNOREACTIVITY IN THE HIPPOCAMPUS AND 
DENTATE GYRUS OF THE RAT. D. S. Webber*, R. J. Webber. M. M. Garcia, 
and R, E. Harlan. Depts. of Anatomy and Otolaryngology, Tulane University School 
of Medicine, New Orleans, LA 70112, and Research & Diagnostic Antibodies, 
Berkeley, CA 94707

Long-term potentiation in the hippocampus has been implicated as a possible 
cellular mechanism involved in memory. Neuronal NOS may be involved in the 
expression of long-term potentiation in CA1 pyramidal neurons. To study nNOS in 
the rat brain, we developed antibodies specific for nNOS. A synthetic peptide 
corresponding to the carboxyl terminal region of nNOS was conjugated to keyhole 
limpet hemocyanin and injected into rabbits. After screening by ELISA, the 
specificity of the nNOS antibody was determined by western blotting, using 
recombinant human nNOS and the other recombinant isoforms. This assay revealed 
a single band corresponding to nNOS, and no reactivity with other NOS isoforms. 
Using immunocytochemistry, we tested this antibody for immunoreactivity in the rat 
brain. The antibody stained large and medium nonspiny interneurons in the striatum 
and the cerebral cortex, which is consistent with the reported literature. However, the 
hippocampus and the dentate gyrus showed a staining pattern which varies from 
some previous reports. Throughout the hippocampus, basket cells and other 
intemeurons in the stratum oriens and stratum radiatum were immunostained, but the 
pyramidal neurons did not appear to be stained. Somatostatin has been reported to 
colocalize with nNOS in the dentate gyrus and the hippocampus. However, 
comparison of adjacent sections revealed largely different types of intemeurons 
containing somatostatin or nNOS immunoreactivity, in both Ammon’s horn and the 
dentate gyrus. These results suggest that nNOS-dependent long-term potentiation in 
CA1 pyramidal neurons may be mediated by intemeurons that express nNOS but not 
somatostatin.

Supported in part by Research & Diagnostic Antibodies.
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588.15
DISTRIBUTION OF ESTROGEN RECEPTOR mRNA, ALPHA AND BETA 
SUBTYPES, WITHIN THE HUMAN BRAIN. M. Osterlund1*, G.G.I.M. 
Kuiper2, T.-A. Gustafsson2, and Y.L. Hurd1. ’Depts. of Clinical Neuroscience 
and 2 Medical Nutrition, Karolinska Institute, Stockholm, Sweden.

Mental health is influenced by natural variations in estrogen levels 
during a woman's lifetime (e.g. in the menstrual cycle, postpartum and in 
menopause). Moreover, gender and pre- and post-menopausal differences in 
the clinical expression of schizophrenia suggests an involvement of 
estrogen in this illness, and estrogen has been shown to have positive 
effects in affective disorders and Alzheimer disease. Despite the clinical 
implications of estrogen, no information is currently available about the 
neuroanatomical organization of estrogen receptors in the human brain. To 
aid in elucidating the possible role of estrogen effects in the brain, we have 
studied the estrogen receptor (ER) mRNA distribution of both the recently 
discovered subtype (ER-beta) and the classical ER (ER-alpha) within the 
human brain. Detection of mRNA was carried out with in situ 
hybridization histochemistry on human postmortem brain cryosections. 
High stringency hybridization with 35S-labeled riboprobes complementary 
to the human ER-alpha or human ER-beta mRNA showed positive signals, 
whereas sense riboprobes did not. Antisense hybridization signals were 
found in deep cortical layers, the amygdala, hypothalamus, and 
hippocampus, but were absent in caudate nucleus, putamen, and globus 
pallidus. The localization of ER mRNAs confirms a role of estrogen in 
limbic, neurendocrine, and cognitive functions in the human brain.
Supported by Stiftelsen Sbderstrbm-Konigska sjukhemmet and Fredrik och 
Ingrid Thurings stiftelse.

588.16
IMMUNOHISTOCHEMICAL DISTRIBUTION OF CANNABINOID CB1 RECEP-
TORS IN THE RAT CENTRAL NERVOUS SYSTEM. Tsofc K„ Brown. S.. Mackie. 
K., Walker, J.M. Brown University, Providence RI USA, and University of Washington, 
Seattle WA USA

The immunohistochemical distribution of cannabinoid receptors in the adult rat brain 
was studied using specific purified antibodies against the amino-terminus of the CB1 
receptor. Our results generally agree well with the previous studies using CB 1 receptor 
autoradiography and mRNA in situ hybridization. However, because of its greater reso-
lution, immunocytochemistry allowed identification of particular neuronal cells and fi-
bers that possess cannabinoid receptors. CB 1 —like immunoreactivity was found in axons 
and in cell bodies and dendrites, where it appeared as puncta in somata and processes. 
Both intensely and moderate or lightly stained neurons were observed. The intensely 
stained neurons were dispersed and only occurred in cortical structures including hippo-
campus and olfactory bulb. Moderately or lightly stained neurons were found in cau-
date-putamen and amygdala. Two kinds of fibers were observed, the unbeaded fine fi-
bers as seen in globus pallidus and substantia nigra pars reticulata, and the beaded fibers 
(varicosities) as seen elsewhere. The unbeaded fine fibers apparently represent axons. 
The beaded fibers were of various thickness and may represent fine dendrites or axons. 
In the hippocampal formation, only intensely stained neurons were found. The cell bo-
dies of pyramidal neurons in CAl and CA3 subfields were immunonegative but sur-
rounded by a dense plexus of immunoreactive fibers. The granular cells in the dentate 
area were also immunonegative. Many intensely stained neurons were located at the 
base of the granular layer. CBl-like immunoreactive neurons and fibers were also found 
in somatosensory, perirhinal, entorhinal and piriform cortices, in claustrum, amygdaloid 
nuclei, nucleus accumbens and septum. Beaded immunoreactive fibers occurred in per-
iaqueductal gray, dorsal horn, lamina X of the spinal cord and nucleus tractus solitarius. 
A triangular cap-like immunoreactive structure was found to surround the basal aspect 
of the Purkinje cell bodies in the cerebellum. Only small lightly stained cells were found 
in the molecular layer in the cerebellum close to the Purkinje cell layer. According to 
their location and morphology, many CBl-like immunoreactive neurons appear to be 
GABAergic.

588.17
GC/MS ANALYSIS OF N-ARACHYDONOYLPHOSPHATIDYL- 
ETHANOLA MINE IN VARIOUS REGIONS OF RAT BRAIN. H-Y.
T.Yang**. F. Karoum*. H.T. Badger. S.P. Markey and C.C. Felder*
Lab. neurotoxicology, NIH, NIMH, Bethesda, MD, **NIMH, 
Neuroscience Center at St Elizabeths, Washington, D.C. and //Lilly 
Research Labs., Eli Lilly and Co, Indianaplolis, IN.

Anandamide has been isolated from porcine brain and proposed as one 
of the physiological ligands for canabinoid receptors. The two proposed 
anandamide biosynthetic pathways are 1) enzymatic formation from free 
ethanolamine and arachidonic acid and 2) hydrolysis of N-arachidonoy- 
phosphatidylethanolamine(NAPE) by phosphodiesterase. The 
identification of endogenous NAPE and other studies have strongly 
supported the latter possibility. In this study, a simple and sensitive 
GC/MS method was developed and used to determine NAPE in various 
regions of rat brain. The method consists of extraction of brain tissues 
with ethylacetate followed by fractionation of the extracts by reversed 
phase C-18 cartridges. The NAPE fractions were converted by a two 
step derivatization procedure into the pentafluorobenzoyl ester of the 
amide then to its pentafluoropropionyl ester. The derivative was 
quantified by GC/MS using deuterium labeled 1’2’-dioleoyl-glycero-3- 
phosphoethanolamine-N-archidonoyl as an internal standard. The 
NAPE levels (pmol/mg protein) in hypothalamus, frontal cortex, 
accumbens, striatum, hippocampus and spinal cord are 1.05+0.10, 
0.91±0.06, 1.46±0.08, 1.84+0.10, 1.44±0.09 and 3.2±0.30
respectively. With this sensitive and simple method, it will now be 
possible to investigate the biosynthesis of anandamide precursor in 
discrete regions of the rat brain.

588.18
REGIONAL DISTRIBUTION OF ACETYLCHOLINE RECEPTORS IN THE EXTRASYNAPTIC 
MEMBRANE OF SKELETAL MYOFIBRES AFTER CHRONIC MUSCLE DISUSE AS 
COMPARED TO DENERVATION. M. Buffelli, G. Busetto, E, Tognana, E. Pasino and A. 
Canaiano*. Dip. Scienze Neurologiche e Visione, Sez. Fisiologia Umana, Strada le Grazie, 
Verona, Italy.

We recently presented electrophysiological evidence that long lasting (>1 month) paralysis 
of EDL and soleus rat muscles by TTX nerve conduction block, induces extrajunctional 
AChRs and TTX-resistant Na+ channels in a way similar to denervation (Pasino et 
al.,J.Physiol.,497:457-472,1996). This is true in spite of the existence of an early period after 
denervation of higher expression of these transmembrane proteins, an effect attributable to 
products of nerve degeneration which are transiently present in the denervated muscles 
only. To explore in more detail the regional distribution of AChRs after these procedures, we 
resorted to autoradiographical visualisation of 125l-a-bungarotoxin labelled receptors, 
using either a single molecular layer of Kodak NBT2 emulsion on teased myofibres or a 
broader visualisation of the entire muscle surface after contact exposure on x-ray film.

In both denervated and TTX-paralysed EDL muscles and single fibres, the AChR density 
degraded uniformely from a maximum in the endplate region to lower levels towards the 
tendon insertion. In the TTX-blocked muscles , the profiles were superimposable with those 
typical of denervation after long lasting blockades, following a period of lower density levels 
with shorter TTX blocks, in agreement with Pasino et al.,1996.

In the TTX-blocked soleus muscles the same picture was observed in the majority of the 
extrajunctional region, with the exception of a narrow region adjacent to the endplates which 
consistently exhibited a lower AChR density than regions farther away. It is interesting to 
note that in the denervated soleus the zone of inhibition of AChR expression, although not 
visible during the first few weeks, becomes detectable if one waits long enough (-2 months). 
This and the absence of the inhibition at all times in both denervated and TTX-blocked EDL 
muscles, strongly speaks for a peculiar response of soleus muscles to disuse, instead of any 
'trophic' effect of the nerve. This is also supported by a similar difference between EDL ana 
soleus after chronic botulinum toxin paralysis. The 'transient' absence of the inhibition in the 
endplate region of the denervated soleus can be attributed to products of nerve 
degeneration. These results have a bearing on the problem of the neural regulation of 
muscle.
The financial support of TELETHON-ltaly is gratefully aknowledged.

588.19
INOSITOL 1,3,4,5 TETRAKISPHOSPHATE-BINDING PROTEIN, GAP1IP4BP: 
EXPRESSION AND DISTRIBUTION IN THE RAT BRAIN. A. P. Signore*, F, 
O'Rourke, X. Lu, O. Cheng, M. B. Feinstein, P. J, Cullen, R, F. Irvine, H, H,
Yeh. Dept. of Pharmacology, Neurology and Program in Neuroscience, 
University of Connecticut Health Center, Farmington, CT; Dept. of 
Pharmacology, University of Cambridge, Cambridge, UK; Dept. of 
Biochemistry, University of Bristol, Bristol, UK.

Inositol 1,3,4,5 tetrakisphosphate (insP4) is a putative intracellular second 
messenger that posseses Ca2+ mobilizing activity. It is synthesized in several 
brain areas from inositol 1,4,5-trisphosphate (lnsP3) upon metabotropic 
receptor stimulation. To date, no receptor for lnsP4 has been found. The 
distribution of GAP11P4BP, a protein showing high affinity and 
stereospecificity for lnsP4, was investigated immunohistochemically in rodent 
brain using a polyclonal antibody generated against the carboxy-terminus of 
the cloned protein.

GAP1*P4BP-Iike immunoreactivity was found throughout the brain, notably in 
the pyriform cortex, olfactory tubercle, lateral septal area, habenula, neocortex, 
hippocampus, amygdala, striatum and cerebellar cortex. However, the most 
striking immunolabelling was consistently localized to area CA1 of the 
hippocampus and the central, medial and intercalated nuclei of the amygdala. 
Western blot analysis of the corresponding brain regions corroborated these 
immunohistochemical observations. The regionally-specific expression of 
GAP1 lp4BP-like immunoreactivity, particularly in areas implicated in learning 
and plasticity, provides the prerequisite neuroanatomical substrate towards 
elucidating the functional role of lnsP4 and GAP1IP4BP in the central nervous 
system.

Supported by NS24830 and AA09861.

588.20
AUTORADIOGRAPHIC DISTRIBUTION OF SIGMA 2 BINDING SITES 
IN THE RAT BRAIN IDENTIFIED WITH A NEW RECEPTOR LIGAND 
[3H] LU 28-179. K.K. Sobv*; E, Meier and J.D, Mikkelsen. Department cf 
Pharmacological Screening, Medicinal Research, H. Lundbeck A/S. Ottiliavej 9, 
DK-2500 Copenhagen, Denmark.

Lu 28-179 displaces binding of the nonselective Sigma ligand [’H]l,3-Di(2- 
Tolyl)Guanidine (DTG) to rat brain membranes with high affinity, and the binding 
of the selective Sigma 1 receptor ligand [’H]-pentatozine with low affinity 
(Perregaard et al., 1995). This profile of Lu 28-179 indicates selectivity for the 
Sigma 2 receptor. A pharmacological characterization of the Sigma 2 receptor has 
previously been impeded by the unavailability of selective ligands, and [3H] Lu 28- 
179 provides an excellent opportunity to determine the distribution of Sigma 2 
binding sites by in vitro receptor autoradiography. Further, the binding 
characteristics of [ H] Lu 28-179 is revealed with radio ligand binding studies in 
the rat brain. Non-specific binding is determined by co-incubation with 100 pM 
Lu 28-179 or 100 pM DTG. [’H] Lu 28-179 binds to a single and saturable class 
of receptor binding sites with Kd = 2.3 nM and Bmax =0.14 pmol/mg wet brain 
tissue weight. High densities of specific labeling are observed in the hippocampus 
and habenula nuclei. Specific, but lower densities of [ H] Lu 28-179 are observed 
in the frontal cortex, striatum, thalamus, hypothalamus, cerebellum, 
mesencephalon and lower brain stem. These data show that the Sigma 2 binding 
sites are widely distributed in the rat brain, and distinct from Sigma 1 sites. The 
work is supported by H. Lundbeck A/S.
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588.21
LOCALIZATION OF 1,25-DIHYDROXYVITAMIN D RECEPTORS IN 
THE RAT HIPPOCAMPUS. MC Langub Jr.*, JP Herman, RL Horst, TA 
Reinhardt, HH Malluche and NJ Kozsewski. Depts. of Internal Medicine and 
Anatomy/Neurobiology, UKMC, Lexington, KY 40536-0084, USDA, ARS, 
NADC, Ames, IA 50010-0070.

1,25-Dihydroxyvitamin D3 is a seco-steroid whose bioactivity is 
characterized by interaction with an intracellular receptor, the VDR. It has 
been suggested that the brain contains VDR and its mRNA has been reported 
to be decreased in hippocampi of patients diagnosed with Alzheimer’s 
disease. However, localization of VDR and its functional implication have yet 
to be established in brain. Immunocytochemistry, Western blot and gel shift 
analyses were employed in the present study to characterize the VDR in rat 
hippocampus.

The results indicated VDR immunoreactivity (IR) exclusively in cell nuclei 
of hormone-treated rats. Labeled cells were seen throughout the rostro-caudal 
extent of the hippocampus. VDR-IR was in the granule cells and in some cells 
of the molecular layer of the dentate gyrus and its hilus. The dorsal subiculum 
and CAl also contained VDR-IR, as well as CAl, CA2 and some CA3 cells at 
the temporal and caudal levels. Using an antibody to glial fibrillary acidic 
protein, we confirmed by double labeling that glia also have VDR. Western 
blot and gel shift analyses of hippocampal extracts showed that VDR protein 
was present and capable of interacting with a vitamin D response element in a 
specific manner. These data suggest that the vitamin D hormone contributes 
to hippocampal function through the VDR and its gene regulatory properties. 
Forthcoming studies will examine the emerging importance of the VDR in 
brain function. {Supported by AG12962 (JPH) and DK 47883 (NJK)}.

588.22
LOCALISATION OF SMO AND PTC IN RAT BRAIN : EVIDENCE OF A 
HEDGEHOG SIGNALING PATHWAY. M. Ruat, D. Charytoniuk, E. 
Traiffort*0. Junior group ATIPE CNRS, UPR 9040, 91198 Gif sur Yvette, France 
and TNSERM, U 109, 2ter rue d’Alesia, 75014 Paris, France.

The Hedgehog proteins (HH), a family of secreted peptides, have been 
implicated in short- and long-range patterning processes at many sites during 
development. In vertebrates, sonic Hedgehog (SHH) expression from the notochord 
and the floorplate is required for ventral cell fates. SHH has been implicated in the 
induction of dopaminergic (Hynes et al, Neuron, 1995) and cholinergic (Ericson et 
al, Cell, 1995) cell types. However, its role in the central nervous system of adult 
vertebrates has been poorly investigated until now.

Two transmembrane proteins have been proposed to transmit the HH signal in 
target cells. SMO, which belongs to the G-protein coupled receptor family and PTC, 
which displays twelve potential hydrophobic segments and shows structural 
homology to transporter or channel proteins, have been both proposed to be HH 
receptors (Stone et al, Nature, 1996 ; Alcedo et al, Cell, 1996). Alternatively, the 
two proteins might be associated to transduce the HH signal.

We have localized PTC and SMO transcripts in the brain and peripheral tissues 
of adult rat by in situ hybridization using specific cRNA probes labeled with 
digoxigenin. A co-localization of PTC and SMO was observed in various peripheral 
tissues such as the intestine (crypt bases) or the kidney (renal corpuscles).

Interestingly, PTC and SMO were also found highly co-localized in several 
brain regions indicating that, in these cells, they may be part of a HH signaling 
pathway. However, in many brain areas, PTC and SMO were not co-expressed, 
suggesting that the two proteins may function independently. These data suggest the 
presence of HH responsive cells in adult vertebrate brain. Studies are in progress to 
further identify the cells expressing PTC and SMO and other components of the HH 
pathway.

BEHAVIORAL PHARMACOLOGY III

589.1
PYRIDOSTIGMINE BROMIDE AFFECTS OPEN FIELD SPEED AND 
CENTER TIME IN MALE AND FEMALE RATS. J.B. Hoy1. F. van 
Haaren*1, I.R. Tebbett2, and J.L. Karlix3. Dept of Psychology1, Dept of 
Medicinal Chemistry, Dept of Pharmacy Practice3, University of Florida, 
Gainesville FL 32611.

Pyridostigmine bromide (PB) was used by a large number of soldiers 
during the Persian Gulf War as an oral prophylactic against nerve-gas 
poisoning, and PB has been suggested as a cause of Gulf War Syndrome.

Experimentally naive male and female (pro- and metestrus) Sprague 
Dawley rats were tested to determine the effects of PB on open field 
locomotion rate and thigmotatic response (center time). Following PB 
doses of 0, 3, 10 or 30 mg/kg by gavage, rats were videotaped in a m2 
arena for 2 hours beginning 30 minutes post-treatment. Videotapes were 
analyzed using Dynamic Animal Movement Analyzer software to 
determine speed and center time in 20 min bins. Drug uptake into the 
blood of the rats was chromatographically confirmed.

Analysis of mean speeds and center times using a 2 factor mixed design 
revealed significant interaction of sex, dose, and by group. PB doses of 
10 and 30 mg/kg reduced male speeds 21% and 38% respectively. 
Females: 34% and 60% respectively. Male center times were similarly 
affected, with reductions of 10% and 57% respectively. Females: 
reductions of 34% and 65% respectively. In general, speed and center 
time were dependent on dose and females were more sensitive to PB than 
males.

Source of Support: U.S. Department of Defense Grant DAMD 17-96-1- 
6036.

589.2
Genetic Differences Dictate Nicotine’s Ability or Inability to Produce 
Desensitization of nAChRs. J. A. Rosecrans*, H. E. Covington III, and J. R. 
James. Dept. of Pharmacology and Toxicology, Virginia Commonwealth 
University, Richmond, VA 23298.

Discriminative stimulus (DS) properties of nicotine have been shown to vary in 
sensitivity across different strains of rats. Genetic differences have been implicated 
in variations with sensitivity among different strains. To further examine the 
significance of genetic variability between rats, four strains of rats were examined. 
Two inbred strains were used in this study, Fischer 344 (F-344) & Lewis (L), and 
two outbred strains, Sprague Dawley (SD) & Long Evans (LE). All rats were 
trained to discriminate nicotine from saline in a two lever operant procedure. SD, 
LE, and L were trained at a dose of 0.4 mg/kg. The F-344 failed to learn the DS 
at 0.4 mg/kg. The F-344 learned to discriminate nicotine from saline at 0.9 mg/kg. 
Dose response curves were generated for SD, LE, L, and F-344 rats. 
Comparatively, inbred strains generated curves that mirrored each other as did the 
outbred strains. The corresponding ED50 values were SD (0.07 mg/kg), LE (0.19 
mg/kg), F-344 (0.22 mg/kg) and L (0.06 mg/kg). Acute tolerance (desensitization) 
testing was performed using a cumulative dosing paradigm at intervals of 0, 90, 
180, and 270 min. Each strain exhibited a unique pattern of desensitization. The 
pattern of desensitization was similar to previous results reported by our laboratory 
using a drug discrimination paradigm. The variability of desensitization suggests 
that each strain respond differently to the underlying physiological mechanisms 
regulated by nAChRs. (Supported by DA00183)

589.3
BEHAVIORAL EFFECTS OF EXOGENOUS BUTYRYLCHOLINESTERASE 
IN RHESUS MONKEYS RESPONDING UNDER A SERIAL PROBE 
RECOGNITION TASK. S, M, Matzke*f. G. Galbicka, J. Oubre. G. Caranto. S. 
Frazier. M. K, Gentry, and B.P. Doctor, f The George Washington University, 
Washington, D.C. 20052; and The Walter Reed Army Institute of Research, 
Washington, D.C. 20307-5100.

Exogenously administered butyrylcholinesterase (BuChE) is as effective a 
pretreatment against organophosphate (OP) lethality as traditional, multiple-drug 
regimens. In most cases, BuChE pretreatment lacks adverse side effects 
associated with conventional treatments such as carbamates, muscarinic 
antagonists, oxime reactivators and anti-convulsant drugs. Although these latter 
therapies prevent OP lethality, laboratory animals exposed to such treatments still 
display significant behavioral incapacitation (e.g., Maxwell et al., 1988). In 
contrast, BuChE administration has been reported to produce little behavioral 
effect in rats (Genovese & Doctor, 1995) while incapacitating monkeys for at 
least 8 hrs (Castro et al., 1994). The present study evaluated the effects of two 
doses of equine BuChE (27,000 and 54,000 IU, IV) on behavior and cognitive 
function in rhesus monkeys (Macaca mulatto} as measured by a six-item serial 
probe recognition (SPR) task. No behavioral effect of either dose of BuChE was 
observed despite 3- to 12-fold increases in baseline blood BuChE activity, which 
remained elevated for at least 72 hours post-injection. The present lack of 
behavioral effect, relatively long half-life in vivo and previously demonstrated 
efficacy of BuChE as a biological scavenger for highly toxic OPs makes BuChE 
potentially more effective than current treatment regimens for OP toxicity. 
(Research funded by the U.S. Army Medical Research and Materiel Command.)

589.4
NITRIC OXIDE SYNTHASE (NOS) INHIBITION BLOCKS PHENCY-
CLIDINE (PCP)-INDUCED EFFECTS ON PREPULSE INHIBITION OF 
ACOUSTIC STARTLE (PPI) AND LOCOMOTOR ACTIVITY IN 
RATS. L. Svensson, J Watson*, P.M. Jackson and C. Johansson. Depart-
ments of Pharmacology, Astra Arcus AB, Sodertalje, Sweden and Gote- 
borg University*, Goteborg, Sweden.

Antipsychotics are known to block the stimulation of locomotor activity 
induced in rodents by amphetamine (AMPH) and PCP. PCP- or AMPH- 
induced disruption of PPI in rats are other paradigms used as models of 
psychosis, but few antipsychotics can antagonise PCP-induced PPI deficit. 
It has, however, been suggested that atypical antipsychotics antagonise the 
PCP-induced disruption of PPL Because recent studies indicate that nitric 
oxide (NO) may play a role in the aethiology of schizophrenia, we studied 
the effect of the NOS inhibitor L-NAME on the behavioural paradigms 
mentioned above. PCP-induced (4 mg/kg s.c.) locomotor stimulation was 
antagonised by L-NAME (5 or 10 mg/kg, s.c.). In contrast, 
AMPH-induced (0.9 mg/kg s.c.) locomotor stimulation was not affected 
by L-NAME (10 mg/kg s.c.). PCP-induced (2mg/kg s.c.) disruption of PPI 
was also antagonised by L-NAME (5-20 mg/kg s.c.). AMPH-induced (2 
mg/kg s.c.) disruption of PPI was not significantly affected by L-NAME 
(10 mg/kg s.c.). L-NAME also antagonised the hyperlocomotion and defi-
cient PPI induced by ketalar, another psychotomimetic substance related to 
PCP. These results suggest that PCP exerts some of its actions in the CNS 
by a NO-dependent mechanism. AMPH does not share this action since its 
behavioural effects were resistant to L-NAME treatment.
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589.5
THE NITRIC OXIDE SYNTHASE (NOS) INHIBITOR NG-NITRO-L- 
ARGININE METHYL ESTER (L-NAME) BLOCKS CERTAIN EFFECTS OF 
PHENCYCLIDINE (PCP): BEHAVIOURAL AND BIOCHEMICAL EVI-
DENCE. Christina Johansson*, David M Jackson, Aaron Devenev and 
Pile Magnusson Dept of Pharmacology, Astra Arcus AB, Preclinical R & D, 
S-151 85, Sodertalje, Sweden.
Because PCP induces a state that resembles some aspects of schizophrenia, in-
cluding several aspects of its negative symptomatology, it has been proposed as 
a better experimental tool than d-amphetamine (AMPH). We have earlier 
found that L-NAME blocks the PCP-induced deficit in prepulse inhibition of 
the startle response as well as PCP-induced hyperlocomotion in rat. In the pre-
sent report, we have studied a number of behaviours elicited by PCP or AMPH. 
These behaviours were rated according to a standardised scoring method. We 
found that both drugs induced stereotyped behaviour, increased sniffing, hy-
perlocomotion and consequently decreased stillness. L-NAME did not signifi-
cantly influence AMPH-induced behaviours. However, L-NAME significantly 
and completely blocked PCP-induced forepaw treading and head weaving, and 
significantly reduced forepaw myoclonus. While ex vivo measurement of dopa-
mine (DA), its metabolites DOPAC and HVA, together with 5-HT and its me-
tabolite 5-HIAA, revealed no significant effects of PCP in the striatum, it indi-
cated that PCP elevated DOPAC and HVA levels in the n. accumbens and fron-
tal cortex. PCP treatment also raised 5-HIAA levels in n. accumbens and fron-
tal cortex. L-NAME antagonised towards control levels these biochemical ef-
fects of PCP. AMPH lowered DOPAC in the striatum. L-NAME given prior to 
AMPH caused elevated DA levels in striatum, n. accumbens and frontal cortex. 
Thus, NOS inhibition differentially affects behavioural and biochemical effects 
of PCP and AMPH.

589.6
LATE INVOLVEMENT OF HIPPOCAMPAL cAMP-PROTEIN KINASE-
A/CREB-P MECHANISM IN MEMORY CONSOLIDATION
M. Bianchin, R. Walz, L. Bevilaqua, P. Ardenghi. N. Schflder, E. Bromberg.
J. Quevedo, P. K. Schmitz, E. Schaeffer, J, H. Medina and I. Izquierdo* .
Centro de Memoria, Dep. Bioquimica, ICBS, UFRGS, Porto Alegre, RS, Brazil. 

Previous reports have shown an increased cAMP levels, protein kinase A
activity and P-CREB levels in rat hippocampus at 3 to 6 h from training in one-trial 
step-down inhibitory avoidance using a 0,4 mA footshock (IA). In the present work, 
rats implanted bilaterally with cannulae in CA1 region of the dorsal hippocampus 
(HIP) or in the amygdala (AMY) were trained in IA. After training (0, 1.5, 3, 6, or 
9 h for animals implanted in HIP; 0 or 3 h for those implanted in AMY) they 
received infusions of 8-Br-cAMP, SKF38393 (DI receptors agonist), SCH2339O 
(DI receptors antagonist), norepinephrine, timolol (ft-adrenoreceptor antagonist), 
8-HO-DPAT (5HT1A receptors agonist), NAN-190 (5HT1A receptors antagonist), 
forskolin (adenylyl cyclase activator) and KT5720 (protein kinase A inhibitor). 
Retention test was performed 24 h later. When given immediately posttraining (0 h) 
, norepinephrine enhanced memory and KT5720 was amnestic. When given 1.5 or 
9 h after training, all treatments were ineffective. When given 3 or 6 h posttraining, 
8-Br-cAMP, forskolin, SKF 38393, noradrenaline and NAN-190 caused memory 
facilitation, and KT5720, SCH23390, timolol and 8-HO-DPAT were amnestic. 
When given into the AMY 0 or 3 h posttraining all treatments were ineffective, 
aside from noradreline at 0 h, which caused retrograde facilitation. The data agree 
with the suggestion that in HIP, but not AMY, a cAMP/protein kinase A pathway is 
involved in memoiy consolidation at 3 and 6 h from training, and that this is 
regulated by DI, ft, and 5HT1A receptors. This may be taken to suggest that the 
HIP, but not the AMY, is involved in long-term storage of IA in the rat.

Work supported by PRONEX, BRAZIL

589.7
LOWER CHOLINESTERASE ACTIVITY IN WISTAR-KYOTO RATS: 
EFFECTS OF STRESS. W. Guo, J.E. Ottenweller, G.P. Zhu,W.N. Tapp’, D. 
Beldowicz, B. H. Natelson, R.J Servatius. NJ Center for Environ. Hazards Res., 
and Neurobehavioral Unit (127A), DVA Medical Center, NJHCS, East Orange, 
NJ 07018 and Department of Neuroscience, NJMS-UMDNJ, Newark, NJ.

Treatment with pyridostigmine bromide (PB), a carbamate antagonist of 
acetylcholinesterase (AChE) activity with predominently peripheral actions, 
induced a persistently exaggerated startle response in Wistar-Kyoto (WKY), but 
not Sprague-Dawley (SD) rats. Persistent neurobehavioral consequences in WKY 
rats treated with PB may be related to their heightened stress-sensitivity and 
butyrylcholinesterase (BuChE) activity, a scavenger for PB. Rats of both strains 
(n =32 per strain) were either treated with PB (5mg/kg/day) for 7 consecutive days 
in their drinking water or served as water-controls. On the fourth day of treatment, 
and for the next 3 days, half the rats of each strain were exposed to a 2-hr session 
of inescapable stress (40, 2-mA tailshocks). Blood samples, assayed 
cholimetrically for BuChE activity at 37°, were drawn via tailclip before PB 
treatment, prior to stress, and 1 day after the end of treatment/last stress session. 
Lower basal activity was observed in WKY rats -- 50% of that in SD rats. 
Treatment with PB inhibited BuChE activity in both strains, 26±3% and 23±5% 
for WKY and SD, respectively. Compared to prestress activity, exposure to stress 
induced an 16±4% inhibition of BuChE activity in water-control rats. Exposure 
to stress did not induce further declines in BuChE activity in PB-treated rats. 
Moreover, the WKY rats, regardless of stressor exposure, exhibited lower BuChE 
levels 24 h after the end of PB treatment. These data suggest a physiological basis, 
decreased scavenger activity and increased sensitivity to AChE inhibitors, for the 
persistent neurobehavioral abnormalities observed in WKY rats treated with PB. 
Supported by DVA Medical Research Funds.

589.8
LOCOMOTION ALTERED BY MUSCARINIC AGENTS 
NEAR THE LATERODORSAL TEGMENTAL NUCLEUS 
IN RATS OR MICE. R.P.M. Priebe, S.R. LaViolette, J.D. 
Fulton and J.S. Yeomans*, Dept. of Psychology, Univ. of 
Toronto, Canada M5S 3G3.

The muscarinic antagonist scopolamine increases locomotion 
when injected systemically (1-10 mg/kg, i.p.) in rats or mice. 
Muscarinic receptors near cholinergic cells of the laterodorsal 
tegmental nucleus (LDT) may be involved, since these 
scopolamine effects are strongly inhibited by bilateral lesions of 
LDT. However, high doses of intracranial scopolamine (50-200 
ug in dorsal tegmental areas) are required for these effects, 
preventing accurate localization of the receptors.

In this study, the lipophobic muscarinic antagonist, N-methyl- 
scopolamine (5-10 ug), increased locomotion when injected 
intracranially within 1 mm of the LDT in rats or CD-I mice. 
These doses are an order of magnitude lower than those 
required for scopolamine, which is lipophillic. The muscarinic 
agonist pilocarpine (2 or 5 ug) strongly decreased locomotion in 
mice. Therefore, these locomotor effects of muscarinics are due 
to local effects on muscarinic receptors near LDT.

(Supported by Ontario Mental Health Foundation).

589.9
PEPTIDE DELIVERY ACROSS THE BLOOD BRAIN BARRIER USING 
NANOPARTICLES. U. Schroeder *, P. Sommerfeld and B.A. Sabel. Inst, of 
Med. Psych., O.-v.-Guericke Univ., 39120 Magdeburg, Germany.

Physicochemical properties of drugs determine their transfer into the central 
nervous system across the blood brain barrier (BBB). As peptides usually do 
not cross the BBB, we used nanoparticles for targeted drug delivery to the 
brain. We have recently developed a nanoparticle system which can, after 
adsorption and coating with polysorbate 80, cross the BBB. In the present 
experiments we modified the nanoparticle fabrication in order to find a new 
technology to use the nanoparticle application without coating of drug-adsorbed 
nanoparticles. During the fabrication polysorbate 85, dextran 12,000 and the 
poloxamer 188 act as stabilizers. After fabrication the hexapeptide dalargin 
(Tyr-D-Ala-Gly-Phe-Leu-Arg) was allowed to adsorb to different kinds of 
nanoparticles. This mixture was then injected into the tail vein of mice and the 
analgesic effects were measured on the hot plate 5,15, 30, 45 and 90 min after 
application. We demonstrated that nanoparticles fabricated with polysorbate 85 
and dextran 12,000 led to central analgesic effects without coating with 
polysorbate 80. Furthermore, these mixture were given per os (p.o.) and 30, 
45, 60, 90 and 120 min after application the analgesia were assessed. Only the 
group which was treated with polysorbate 85 nanoparticle/peptide mixture 
showed analgesia after p.o. application. Thus, nanoparticles provide a novel 
method to deliver drugs to the brain and they are useful even for oral 
application.

Supported by the State of Sachsen-Anhalt AZ 1880 A/0025.

589.10
CHRONIC STRESS PREVENTS THE ACQUISITION OF APPETITIVE 
BEHAVIOR FOR PALATABLE FOOD IN SATIATED RATS.
O.Ghiglieri C. Gambarana, S.Scheggi. A Tagliamonte* and M.G De Montis.
Institute of Pharmacology, University of Siena, Italy.

The possibility of exploiting responding maintained by vanilla pellets (VP)
following satiation from a standard diet, a behavior that rats share with humans, was 
considered for investigating the action of antidepressants. It is well established that 
food palatability is an important behavioral and neurochemical (Martel el al, 
Pharmacol. Biochem. Behav., 53, 221, 1996) factor the mechanism of which has 
been related to the activation of the reward centers (Wise,In.: Neural basis of feeding 
and reward,445, 1982 ) The aim of the present research w as that of engendering an 
operant behavior using food as a reinforcer, but avoiding the strong driv e of appetite 
secondary to food deprivation. After several trials a 10 day protocol was devised 
w hich reliably allowed the effects of VP on appetitive behavior (VAB) in rats to be 
observed. Moreover, it was observed that animals exposed to repeated stressors, the 
same used to induce and maintain a condition of escape deficit (ED) (De Montis et al, 
Behav. Pharmacol , 6, 562, 1995), did not develop VAB. Doses of imipramine (IMI) 
or lluoxeline (FLX) administered chronically, were able to reinstate the drive towards 
VP and the animal ability of acquiring the appetitive behav ior towards VP.
This work w as supported by grants from the MURST (40%-60%).
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589.11
PROTEIN KINASE A INHIBITOR REVERSES LEVODOPA- 
INDUCED MOTOR RESPONSE ALTERATIONS IN THE 
HEMI-PARKINSONIAN RAT Justin D, Oh*. Paolo D, Potto, 
and Thomas N, Chase, Clinical Pharmacology, NINDS-KTB, 
NIH, Bethesda, MD 20892.
Chronically administered levodopa, the standard treatment for 
Parkinson’s disease, is ultimately associated with disabling 
alterations in motor response. To evaluate the possible 
contribution of striatal cAMP-dependent protein kinase (PKA) 
signaling pathways to these response modifications, the acute 
effects of a PKA inhibitor, Rp-cAMPS, on motor response 
changes attending chronic, twice-daily administration of 
levodopa were measured in 6-hydroxydopamine lesioned hemi- 
parkinsonian rats. A single intrastriatal injection of Rp-cAMPS 
(2.5 or 25 pg) reversed both the shortened duration and 
augmented intensity of levodopa-induced turning in a dose 
dependent manner. Rp-cAMPS completely normalized motor 
responses to a dopamine DI agonist (SKF 38392), but had no 
effect on those to a dopamine D2 agonist (quinpirole). These 
results suggest that DI receptor-mediated PKA activation may 
contribute to the development of the altered motor responses 
associated with chronic levodopa treatment.
[support: NINDS]

589.12
DIFFERENTIAL SENSITIVITY OF TWO TIMING TASKS TO LSD, 
METHYLENEDIOXYMETHAMPHETAMINE (MDMA), AMPHETAMINE 
(AMPH), AND DEXFENFLURAMINE (DFEN). M.G. Paule1*, C.M. 
Fogle1, D, Barton2 and D.L. Frederick1. 1 Division of Neurotoxicology 
and 2R.O.W. Sciences, National Center for Toxicological 
Research/FDA, Jefferson, AR 72079.

Dose-response curves for the acute behavioral effects of LSD (0.01- 
0.3), MDMA (1-10), AMPH (0.1-6.0) and DFEN (0.3-4.25 mg/kg, i.p.) 
were determined in 8 rats, each performing two similar, food-rein-
forced timing tasks and a task to assess motivation. In the temporal 
response differentiation (TRD) task, subjects had to hold a response 
lever down for a minimum of 10 but no more than 14 sec. In the 
differential reinforcement of low rate responding (DRL) task, subjects 
had to withhold responding to a lever for a minimum of 10 but no more 
than 14 sec. To assess motivation, a progressive ratio (PR) task 
occurred at the end of each session. While the slopes of the dose- 
response curves were parallel for both TRD and DRL, accuracy (ACC) 
of TRD responding was more sensitive to the acute behavioral effects 
of LSD, MDMA, and DFEN than was DRL ACC; both were equisensiti- 
ve to AMPH. PR performance was 3-5 fold less sensitive to drug 
effects than were the timing tasks, suggesting the effects on timing 
behavior were not due to changes in motivation.

589.13
DIFFERENCES IN THE STIMULUS PROPERTIES OF LSD IN THE NAc, 
VENTRICLES, DORSAL RAPHE, AND FIMBRIA STRIATUM. W.B, WEST. 
J, BUGGY, and J.B, APPEL*. Behavioral Pharmacology Lab., Department of 
Psychology, Univ. of South Carolina, and Department of Physiology, Univ. of South 
Carolina School of Med., Columbia, SC 29208, USA

LSD (1 pg) injected directly into the nucleus accumbens (NAc) of rats has been 
found to mimic the effects of systemic (i.p.) LSD (0.16 mg/kg) in a drug 
discrimination paradigm (Nielsen & Scheel-Kruger, 1986). However, in the present 
study, we report that doses as high as 0.64pg of LSD in the NAc substituted only 
partially for i.p. LSD (0.08 mg/kg). Indeed, i.p. administration of the non- 
hallucinogenic LSD congener lisuride, which has both DA and 5-HT receptor activity 
(White, 1982), substituted more completely (70%) for i.p. LSD than NAc LSD 
(48%). When LSD was injected into either the third or the lateral ventricle, complete, 
dose-related substitution (>80%) for i.p. LSD occurred. These data suggest that the 
NAc is not the neuroanatomical region that mediates the LSD cue and that relatively 
high doses of LSD, in either the ventricles or the NAc may be affecting adjacent sites 
such as the dorsal raphe nucleus (DRN). While initial activity mapping studies have 
not shown FOS induction in this region following systemic administration of LSD, 
electrical stimulation experiments suggest that the DRN could be significant in the 
discriminative stimulus effects of LSD (Hirschhom et al., 1975; 1980). Therefore, 
rats with cannulae in the DRN are currently being given a wide range of doses of 
LSD. Finally, to test the hypothesis that the LSD cue may be due primarily to 5-HT2C 
receptor activation (Glennon, 1992), rats with cannulae in the fimbria striatum, an 
area known to contain many 5-HT2C receptors (Palacios et al., 1990), are also being 
tested.

Supported by USPHS Research Grant 5 R37 DA02543, from the National Institute 
on Drug Abuse.

589.14
EFFECTS OF SR141716A ALONE AND IN COMBINATION WITH 
A^-THC AND SCOPOLAMINE IN SQUIRREL MONKEYS. E. M. 
Nakamura-Palacios, P. J. Winsauer, J. M. Moerschbaecheff Dept. 
Pharmacol., Louisiana State University Medical Center, New Orleans, 
LA, 70112-1393.

Effects of A^-THC and SR141716A (a CBj receptor antagonist), alone 
and in combination, were investigated in squirrel monkeys responding on 
a repeated-acquisition task. Monkeys acquired a different three-response 
chain, maintained by food presentation under a FR5 schedule, each 
session. A9-THC (0.1 - 0.56 mg/kg, IM) and SR141716A (1 - 10 mg/kg, 
IM) were administered 60 and 75 min before the session, respectively. 
When administered alone, A^-THC decreased response rate and increased 
percent errors in a dose-dependent manner. SR141716A alone also 
produced decreases in response rate and increases in percent errors at 
higher doses (> 3.2 mg/kg). However, when administered together 
SR141716A at a dose which had little or no effect alone (1 mg/kg), 
antagonized the disruptive effects of A^-THC (0.18 - 3.2 mg/kg) on 
acquisition by shifting the dose-effect curves for both response rate and 
percent errors to the right. In addition, 1 mg/kg of SR141716A enhanced 
the disruptive effects of scopolamine (0.032 mg/kg, IM) on acquisition. 
These results suggest that while SR141716A acts as an antagonist at the 
CBj receptor, it can also disrupt acquisition and potentiate the disruptive 
effects of scopolamine on acquisition.

Sources of support: DAO3573, DA04775 and CNPq201048/96-5

589.15

WITHDRAWN

589.16
RECIPROCAL GABAERGIC PATHWAYS BETWEEN MEDIAL 
AND LATERAL HYPOTHALAMUS THAT UNDERLIE 
SUPPRESSION OF FELINE RAGE AND AGGRESSION. M.B. 
Shaikh*. J.W. Cheu and A. Siegel, Lab. of Limbic System & Behavior, 
Dept. of Neurosciences, N.J. Med. Sch., Graduate Sch. Biomed. Sci., and 
Kessler Institute for Rehabilitation, UMDNJ., Newark, N.J. 07103.

Recently, our laboratory has identified a GABAergic pathway from the 
medial hypothalamus (MH), from which defensive rage (DR) is elicited, to 
the lateral hypothalamus (LH), from which predatory attack (PAB) is 
elicited (Han et al., Brain Res., 1996). The present study provides 
evidence for the existence of a functionally similar, reciprocal connection 
from LH to MH. Cannula-electrodes were placed into MH from which DR 
was elicited. Fluoro-Gold (8%, 0.50pl) was microinjected into the 
ventromedial and dorsomedial nuclei. Following survival periods of 4-6 
days, cats were perfused with 4% paraformaldehyde and processed for 
immuno- cytochemical analysis of GABA neurons. Retrogradely labelled, 
immunopositively labelled, as well as cells labelled for both Fluoro-Gold 
and GABA, were identified in LH. Each type of neuron was distributed 
over wide regions of LH, extending from the area immediately caudal to 
the optic chiasm to the level of the mammillary bodies. These results 
provide the anatomical substrate by which activation of neurons in LH and 
MH can reciprocally inhibit DR and PAB, respectively.
[Supported by NIH Grant NS 07941-27].
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589.17
GABAa receptor  activation  in the  midbrain  
PERIAQUEDUCTAL GRAY SUPPRESSES FELINE DEFENSIVE 
RAGE BEHAVIOR ELICITED FROM THE MEDIAL 
HYPOTHALAMUS, K. Schubert-Reilly*. M.B. Shaikh, J. W. Cheu and 
A, Siegel. Lab. of Limbic System & Behav. Dept. of Neurosciences, N.J. 
Medical Sch., Graduate Sch. of Biomedical Sciences, Kessler Inst, for 
Rehab., UMDNJ, Newark, NJ 07103 and Kean College, Union, NJ 07983.

Our laboratory has demonstrated that the descending pathway for the 
expression of defensive rage (DR) arises in the medial hypothalamus (MH) 
and projects to the dorsal midbrain periaqueductal gray (PAG). The present 
study tested the hypothesis that GABAa  receptor activation within the 
dorsal aspect of the PAG suppresses DR elicited from MH. Stimulating 
electrodes were implanted into sites within the MH from which DR could 
be elicited and, in order to establish the functional relationship between the 
MH and PAG, cannula-electrodes were also implanted into DR sites within 
the PAG. Microinjections of the GABAa  agonist, muscimol (0.1-15.0 
pmol/0.25pl), into the PAG resulted in a dose- and time-dependent 
suppression of DR elicited from MH. Administration of the highest dose 
of muscimol (15 pmol) produced a maximal effect of 57% suppression of 
response threshhold (i.e., the current at which DR occurs on 50% of the 
trials) at 60 min, postinjection. The data suggests that GABAa  receptors in 
the dorsal PAG powerfully suppress DR elicited from MH.
[Supported by NIH Grant NS 07941-27].

589.18
GABAa RECEPTOR MEDIATED SUPPRESSION OF FELINE 
DEFENSIVE RAGE BEHAVIOR: ROLE OF THE LATERAL 
HYPOTHALAMUS. J. W. Cheu*. M.B. Shaikh and A. Siegel. Lab. of 
Limbic Syst. & Behav., Dept. of Neurosciences, N.J. Med. Sch., Grad. Sch. 
Biomed. S,ci., and Kessler Inst. Rehab., UMDNJ., Newark, N.J. 07103.

A recent study revealed that efferent fibers from the medial hypothalamus 
(MH), acting through GAB Aa  receptors, suppress predatory attack behavior 
(PAB) elicited from the lateral hypothalamus (LH). The present study 
attempted to determine whether the MH, from which defensive rage (DR) 
is elicited, also receives inhibitory7 input from LH. Exp. I: Microinjections 
of muscimol (0.3-30 pmol) into the MH suppressed DR in a dose dependent 
manner. Pretreatment with bicuculline (60 pmol) blocked this suppression. 
Administration of muscimol into LH had no effect upon DR, demonstrating 
site specificity. Exp. II: Stimulation of the lateral hypothalamus suppressed 
DR elicited from MH. Bicuculline administration (10-60 pmol) into the MH 
blocked the suppression from LH. Microinjections of the GABAb  agonist, 
baclofen (120 pmol) into MH had no effect upon DR. Bicuculline (60 
pmol) delivery into MH had no effect upon DR, suggesting a phasic rather 
than tonic function of this pathway. The data suggests the presence of 
reciprocal pathways linking the MH with LIT with respect to hypothalamic 
control of PAB and DR in which the inhibitory functions are mediated 
through GABAa  receptors.
[Supported by NIH Grant NIH NS 07941-27],

RECEPTOR MODULATION: UP- AND DOWN-REGULATION II

590.1

IN VIVO REGULATION OF PITUITARY GROWTH HORMONE-
RELEASING FACTOR RECEPTOR BINDING SITES BY CHRONIC 
ADMINISTRATION OF GRF(1-29)NH2. N. Girard, L. Vachon* and P. 
Gaudreau. Louis-Charles Simard Res. Center, Notre-Dame Hospital 
and Dept. of Medicine, Univ. Montreal, Montreal, Canada H2L4M1.

Growth hormone (GH) secretion is regulated by two hypothalamic 
peptides, growth hormone-releasing factor (GRF) and somatostatin. 
These peptides exert opposing actions on somatotroph cells by 
triggering specific Gs- and Grprotein-coupled receptors. Evidence 
from the literature suggest that GRF affects the somatotroph sensitivity 
by directly modulating GRF receptor concentration and/or affinity. To 
study this phenomenon, groups (n=8) of 2-month-old Sprague-Dawley 
rats were administered s.c., 0.5 or 1.0 mg/kg b.w. hGRF(1-29)NH2 in 
saline or the vehicule alone, every morning for 14 days. Weight gain 
and immunoreactive serum levels of total IGF-1, measured 24h after 
the last injection, were significantly lowered in rats treated with 1.0 
mg/kg GRF. Analysis of the pituitary GRF receptor binding parameters 
revealed that the maximal binding capacity of the high affinity site was 
increased to 205% (P<0.05) of control values, when 0.5 mg/kg GRF 
was administered. However, the affinity of the high and low affinity 
sites as well as the maximal binding capacity of the low affinity site 
were not affected by any of the treatments. These results suggest that 
GRF may sensitize or desensitize the somatotroph axis, at least in 
part, by modulating the levels of its own receptor. Supported by the 
MRC of Canada.

590.2
EFFECT OF A THYROXINE TREATMENT ON PITUITARY GROWTH 
HORMONE-RELEASING FACTOR RECEPTOR BINDING SITES IN 
AGED RATS. P. Gaudreau * and N. Girard. Louis-Charles Simard 
Research Center, Notre-Dame Hospital and Dept. of Medicine, Univ. 
Montreal, Montreal, Canada H2L4M1.

Recent studies have shown that a deprivation of thyroid hormones 
negatively regulates the expression of the pituitary growth hormone-
releasing factor receptor (GRFR) in young rats. Moreover, a T4 
replacement therapy restores GRFR mRNA levels in these animals. 
In aged rats, GRFR binding sites are altered, exhibiting a blunting of 
the high affinity site and a reduction of the total number of sites (high 
and low). In addition, immunoreactive serum levels of total and free 
T4 are decreased. The goal of present study was therefore to evaluate 
the impact of a T4 treatment, on pituitary GRFR binding parameters, 
in 18-month-old male Sprague-Dawley rats. Animals were treated s.c. 
with 2.0 pg/100 g b.w. of T4 or the vehicule, every morning for 7 days. 
A 2-month-old control group received the vehicule. T4 administration 
induced a 2% reduction in body weight compared to aged-matched 
controls and restored serum levels of total T4 to those of young rats. 
Analysis of the pituitary GRFR binding parameters revealed that the 
high affinity site was restored in treated rats and that the binding 
parameters were similar to those of young rats. Our results suggest 
that although a decrease of T4 circulating levels play a role in the 
regulation of the pituitary GRFR in aging, others factors, yet to be 
identified, contribute to the alterations of GRFR binding sites. 
Supported by the MRC of Canada.

590.3

VARIATIONS IN RAT BRAIN ATi RECEPTOR AFFINITY 
WITH STAGES OF THE ESTROUS CYCLE. K.E. Laity and R.C. 
Speth* VCAPP, Washington State University, Pullman, WA 99164

There is believed to be a link between the brain renin-angiotensin 
system and the release of reproductive hormones. This study was 
performed to investigate angiotensin II (Ang II) receptors in the rat 
brain to see if a difference existed between the stages of the estrous 
cycle and/or time of day. Rats were sacrificed in either the proestrus or 
metestrus stage of the estrous cycle in the morning (9:00-10:00 am.) 
or late afternoon (5:00-6:00 p.m.). The brains were removed and the 
hypothalamus, thalamus, midbrain and orain stem were dissected for 
use in a homogenate binding assay. Eight concentrations of the 
radioligand 125I-SI Ang II ranging from 0.1 to 2 nM were used to 
derive Bmax and KD values for the ATi receptors. To selectively label 
the AT] subtype of Ang II receptors, the assay was done in the 
presence of 10’5 M PD123177, a selective AT2 receptor ligand. The 
ATi receptors in proestrus rats displayed a significantly lower affinity 
(313 ± 72 pM) than the metestrus rats (260 ± 60 pM). While ATi 
receptor density did not vary significantly with time of day, there was a 
moderate decrease in the receptor bound radioligand at subsaturating 
concentrations of radioligand for the afternoon proestrus rats compared 
to the afternoon metestrus rats. These results support previous work 
that showed reduced !25I-SI Ang II binding at proestrus in a variety of 
rat brain nuclei using receptor autoradiography. The decreased affinity 
of the ATi receptors on the afternoon of proestrus could be due to 
down regulation of receptor sensitivity or prior occupancy by Ang II.

590.4
EFFECT OF DEHYDROEPIANDROSTERONE SULFATE (DHEA-S) ON 

INTRACELLULAR CALCIUM INCREASE INDUCED BY GABA OR NMDA IN 

PRIMARY CULTURED RAT NEURONS.

M.Inagaki, A.Kagaya, I.Nagaoka*, Y.Tawara, M.Takebayashi, N.Yokota,

J.Horiguchi, and S.Yamawaki. Department of Psychiatry and Neurosciences, 

Hiroshima University School of Medicine, Hiroshima 734, JAPAN

It has been suggested that neurosteroids have important roles for mood disorders. 

But there are few reports about the effect of DHEA-S on intracellular calcium 

concentration in the CNS. In this study, we investigated the effect of DHEA-S on 

intracellular calcium increase induced by GABA or NMDA in primary cultured 

neurons of rat frontal cortex or hippocampus. Primary cortical and hippocampal cells 

were isolated from Wistar rats at embryonic day 19 and cultured for 5 to 7 days. 

Intracellular calcium in single cells was measured with fluorescence microscope / 

video camera system using fura-2. 5/<M GABA or 100^M NMDA was applied for 60 

seconds without or with DHEA-S. DHEA-S inhibited the intracellular calcium 

increase induced by GABA in frontal cortical neurons in a dose-dependent mannar 

significantly. Similar inhibitory effect of DHEA-S on GABA-induced calcium rise 

was observed in hippocampal neuronal cells. However, it had little effect on NMDA- 

induced calcium rise of either cortical or hippocampal neurons. These results suggest 

that DHEA-S differentially modulates calcium movement in neuronal cells.
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590.5
SEX HORMONE REGULATION OF ESTROGEN RECEPTOR (ERa and 
ERp) mRNA IN FEMALE RAT BRAIN. C.H. Clarke, K. A. Cunningham,
D.A. Bland, O. S. Steinsland,* and M.L. Thomas. Dept. Pharmacol., Univ. 
Texas Medical Branch, Galveston, TX, 77555-1031.

Little is known regarding the unique regulation and function of the classical 
receptor for E (ERa) or the recently described ERB in female rat brain. In the 
present study, we tested the hypothesis that steady state levels of ERa and ERB 
mRNA are regulated by exposure to the ovarian hormone estrogen (E). 
Sexually-mature female rats (n=6/group) were ovariectomized (OVX) or OVX 
and implanted with silastic tubing filled with crystalline estradiol (4 mm; 
OVX+E) to provide a constant level of serum estradiol similar to that found 
normally during proestrus. Three weeks after OVX, tissue blocks containing 
midbrain, amygdala, hypothalamus, or nucleus accumbens were collected for 
determination of mRNA levels using ribonuclease protection assays. We found 
that levels of ERa mRNA were increased 32% in the midbrain of OVX+E 
females compared to OVX females (p<0.05). However, no differences in 
midbrain ERB mRNA were detected between OVX and OVX+E females. 
Similarly, increased ERa mRNA in amygdala was observed in OVX+E vs. OVX 
rats (p=0.05), but no change in ERB was detected. In contrast, OVX+E females 
did not exhibit changes in either ERa or ERB mRNA in hypothalamus or nucleus 
accumbens vs. OVX females. These data suggest that there is differential 
regulation of steroid receptor expression by E in different brain areas. Of 
particular interest, ERa. receptor mRNA in brain appears to be more prone to 
regulation by circulating E than does ERB mRNA.

Supported by NARSAD & DA00280.

590.6
ESTROGEN REGULATION OF SEROTONIN (5-HT) TRANSPORTER AND 
5-HTia  RECEPTOR mRNA IN FEMALE RAT BRAIN. M.L.Thomas, D.A. 

Bland, C.H. Clarke, and K.A. Cunningham.* Dept. Pharmacol. Univ. Texas 
Medical Branch, Galveston, TX, 77555-1031.

Malfunctions in 5-HT neurotransmission may underlie depression and anxiety 
which occur more frequently in females than males. In the present study, we 
have assessed the hypothesis that steady state levels of 5-HT transporter and 5- 
HT]a  receptor mRNA are regulated by the ovarian hormone estrogen (E). 
Sexually-mature female rats (n=6 ariimals per group) were ovariectomized 
(OVX) or OVX and implanted with silastic tubing filled with crystalline estradiol 
(4 mm) to provide a constant level of serum estradiol similar to proestrus levels 
throughout the 3-week treatment period. Three weeks after the surgery, tissue 
blocks containing midbrain, amygdala, nypothalamus, or nucleus accumbens 
were collected for determination of mRNA levels using ribonuclease protection 
assays. We found that OVX females with E implants had 44-80% more 5-HT 
transporter mRNA in midbrain than OVX females (p<0.05). E-treated OVX 
rats also demonstrated an « 80% increase in mRNA levels for the 5-HT]a  
receptor in midbrain compared to OVX females (p<0.05). No significant 
differences in 5-HT] a  receptor mRNA were found between OVX and E-treated 
OVX animals in amygdala, hypothalamus or nucleus accumbens, although a 
trend toward increased 5-HT i a  receptor mRNA in hypothalamus was observed 
(p=0.08). The present data suggest that alterations in E may modify the 
production of 5-HT transporter and 5-HT j a  receptors. Thus, circulating E levels 
may alter psychological processes dependent upon normal 5-HT function via 
regulation of receptor and transporter expression.

Supported by NARSAD and DA00280.

590.7
STEROID MODULATION OF 5-HT2A RECEPTORS IN THE RAT BRAIN: 
FURTHER CHARACTERIZATION AND STEROID SPECIFICITY. M, Cyr*, C. 
VaUlahCQ.mL.Q, Gfrribi. P, Boksaand.T Qi Paolo Dept. of Molec. Endocrinology, 
CHUL Res. Center and Fac. of Pharmacy, Laval University, Quebec City, G1V 4G2 
and Dept. of Psychiatry, McGill Univ. Montreal, H3G 1A1, Quebec, Canada

Long-term ovariectomized (LT-OVX) rats were used as a model of hormone 
withdrawal as occuring in menopause. We have previously shown that castration 
decreases 5-HT2A receptor density and its mRNA levels in the rat frontal cortex and 
that this is corrected with a two week estradiol treatment. In the present report we 
show that 5-HT2A receptors as measured by autoradiography of [3H] ketanserin binding 
are also decreased after long-term ovariectomy (three months) in the nucleus 
accumbens, striatum, frontoparietal cortex and raphe nucleus. These changes are 
corrected with a 17(3 estradiol (lOpg b.i.d.) treatment of two weeks. A similar 
experiment with LT-OVX rats for one year also showed that frontal cortex 5-HT2A 
receptor density is decreased in the ovariectomized rats and that this is prevented with 
estradiol or Medroxyprogesterone acetate replacement therapy, whereas a tendency was 
observed with dihydrotestosterone and dehydroepiandrosterone (DHEA) had no effect 
Behaviorally LT-OVX rats had increased catalepsy duration after an haloperidol 
injection (1 mg/kg) compared to intact female rats and enhanced sensitivity to 
apomorphine (0.5mg/kg) when tested for effects on acoustic startle and on pre-pulse 
inhibition of acoustic startle. These effects may involve alteration in CNS dopamine 
receptors as we previously reported. By contrast, no effect of castration was observed 
on ((+)-l-l(4-Iodo-2,5-dimethoxyphenyl)-2-aminopropane hydrochloride (DOI, a 
5HT2 agonist) on modulation of startle and on pre-pulse inhibition. Our results show 
that ovariectomy decreases 5-HT2A receptors in several brain areas that is corrected or 
prevented by female sex steroids. Long-term ovariectomy is associated with behavioral 
changes probably involving several brain areas and neurotransmitters. Supported by 
the MRC of Canada.

590.8

SECOND GENERATION CHEMICAL ANALOGS FOR EFFECTIVE 
ANTISENSE KNOCKDOWN IN THE CNS.
V, Livanov, J. H, Li, T. A. Lesher, W. Zhang and S. P. Ho*.
DuPont Merck Research Laboratories, Experimental Station E400, 
Wilmington DE 19880-0400, USA.

Intraparenchymal and icv. injections of phosphorothioate 
oligonucleotides can sometimes produce toxicity characterized by weight 
loss, decreased motor function and other clinical signs. This toxicity 
may be due in part to the presence of certain toxic sequence motifs, in 
antisense experiments targeting the corticotropin releasing hormone 
type-2 receptor (CRHR2), a 50% knockdown of R2 receptors was found 
by receptor autoradiography. A similar knockdown of R2 mRNA was 
determined by quantitative in situ hyoridization, implying the involvement 
of ribonuclease H in the antisense knockdown mechanism. Therefore, in 
exploring second generation oligonucieotides for in vivo studies, chemical 
analogs which support RNase H were considered. Of the several 
different chemical analogs studied, 2’-methoxyribonucleotide 
phosphorothioate chimeras were among the more promising replacement 
analogs. No weight loss or clinical symptoms were observed in 
comparison with the identical phosphorothioate sequence. Furthermore, 
knockdown of the targeted protein and mRNA occurred to a similar 
extent and in a sequence specific manner. Biochemical data 
demonstrating effective antisense knockdown will be presented for 2’- 
methoxyribonucleotide phosphorothioate chimeras as well as other 
promising analogs.

590.9
MAPPING ACCESSIBLE SITES ON THE ANGIOTENSIN TYPE-1 
RECEPTOR MRNA WITH OLIGONUCLEOTIDE LIBRARIES.
T. A, Lesher, Y, Bao, R. Malhotra, L, Y, Ma#, R. R, Sakai#, S. J.
Fluhartv#, P, R, Hartig* and S. P, Ho.. DuPont Merck Research 
Laboratories, Experimental Station E400, Wilmington DE 19880-0400, 
USA, and #Department of Pharmacology and Institute of Neurological 
Sciences, University of Pennsylvania, Philadelphia, PA 19104.

Antisense oligonucleotides (ODNs) can vary significantly and 
unpredictably in their ability to inhibit protein synthesis. We developed an 
RNA-mapping methodology using libraries of semi-random ODNs and the 
enzyme RNase H which allowed identification of accessible sites for the 
targeting of antisense ODNs. When applied to the angiotensin type-1 
(AT1) receptor mRNA, 16 relatively accessible sites were identified, hi 
cell culture, ODNs targeting 8 of these sites produced between 50-80% 
knockdown of the AT1 receptor as assayed by radioligand binding. 
ODNs targeted to regions between the accessible sites were weaker in 
their antisense effects. In in vivo experiments, injections of several of 
these oligos into the third ventricle of Sprague Dawley rats produced 
between a 30-70% suppression of drinking elicited by icv angiotensin II. 
AT1 but not AT2 receptor density in the hypothalamic-thalamic-septal 
region was concomitantly decreased. In vitro and in vivo data 
therefore both validate the utility of the RNA mapping methodology for 
selection of potent antisense sequences for gene regulation.

590.10
DIFFERENTIAL OXYTOCIN- AND VASOPRESSIN-INDUCED ACTIVITY IN 
DORSAL VAGAL COMPLEX (DVC) NEURONES: AN IN VITRO 
ELECTROPHYSIOLOGICAL STUDY. H.C. Howard & C.D. Ingram* 
Neuroendocrine Research Group, Dept. of Anatomy, University of Bristol, UK

Both oxytocin (OT) and vasopressin have fuctions in central neurotransmission. 
Receptor for these two peptides bear close structural homology and studies on the 
peripheral OT and Vj receptors indicate that they both employ the phospholipase C 
second messenger system. Little is known about the second messenger systems 
employed by these receptor systems in the CNS. A population of neurones in the 
DVC is known to express both receptors. The current study compares responses 
within DVC neurones following selective and coincident activation of both the OT and 
V, receptor systems in rat brainstem slices.

Single unit extracellular recordings were made from spontaneously active neurones 
within the dorsal motor nucleus (DMNX) of the DVC. Selective activation of OT and 
V, receptor types was achieved by the application of the specific agonists [Thr4, Gly7]- 
OT (TGOT) and [Phe2, Om8]-vasotocin (POVT) respectively. Both peptides elicited 
excitatory responses which could be blocked independently using selective OT and V! 
antagonists indicating the presence of both receptors. Prolonged bath application (20 
mins) of 0.1 pM TGOT or POVT produced contrasting response profiles. Prolonged 
activation of the V, receptor system elicited a sustained increase in neuronal activity 
which decayed only after the peptiae was withdrawn. In contrast, prolonged 
application of TGOT initially induced an abrupt increase in firing rate which then 
decayed rapidly within minutes. This desensitisation was reversible approximately 30 
mins after withdrawal of TGOT. Prolonged exposure of neurones to POVT prior to 
concomitant application of TGOT did not preclude the initial TGOT-induced peak 
excitation. This indicates the involvement of a homologous desensitisation 
mechanism and suggests that the signal transduction pathways differs between these 
two receptor systems in DVC neurones. Supported by the University of Bristol
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590.11
HIPPOCAMPAL LONG-TERM POTENTIATION IS INDUCED BY 
LOW FREQUENCY STIMULATION IN MICE WITH IMPAIRED TYPE 
II GLUCOCORTICOID RECEPTOR GENE EXPRESSION. S. Hashemi- 
Fesharakv. N. Barden. M. Ohayon and G. Massicotte*. Ddpartement de 
Chimie-Biologie, C.P. 500, Trois-Rividres, Quebec, Canada G9A 5H7.

The mechanisms by which corticosteroids modify brain function are 
not well-established. In the present study, we evaluated the 
electrophysiological properties of CAi hippocampal slices prepared from 
transgenic mice with impaired type II glucocorticoid-receptor function. 
Low-frequency stimulation (LFS) applied in CAi field, which normally 
generated a reduction in synaptic function in control mice, was found to 
produce an increase in synaptic function in transgenic animals. A slowly 
developing increase in EPSP was observed in transgenic mice, which 
reached a plateau about 30 min after LFS, at a period that represented a 
56 + 6% increase in EPSP slope and lasted up to 2 hours. This synaptic 
potentiation evoked by LFS was markedly reduced when slices were 
preincubated in the presence of AP-5 (200 pM), an antagonist of the 
NMDA subtype of glutamate receptors; under these conditions the 
increase in EPSP slope represented only a 7 ± 5% increase. The presence 
of the PLA2 inhibitor bromophenacyl bromide (BPB; 75 pM) in the 
perfusion medium was also found to block LTP formation following LFS 
of area CAj hippocampal slices in transgenic mice with impaired 
expression of type II glucocorticoid receptors (7 ± 5% after 30 min). 
The present data are certainly consistent with the idea that type II 
glucocorticoid receptors are modulating the induction of synaptic 
plasticity in the hippocampus. This research was supported by a grant 
from the Natural Sciences and Engineering Council of Canada to 
G.M..

590.12
TRANSFORMING GROWTH FACTOR-pl (TGF-p 1) INDUCES 
DOWN REGULATION OF ITS OWN RECEPTORS IN NEURONS
D. Vivien, O. Nicole, H. Sartelet, D. Divoux, A. Nouvelot, E. T. MacKenzie* and A.
Buisson. Universite de Caen, UMR CNRS 6551, lab. Neurosciences, Bvd H. 
Becquerel, BP 5229, 14074 CAEN Cedex, France

Transforming growth factor-Ps are pleiotropic molecules with putative 
neuroprotective effects in NMDA-induced neuronal cell death. Moreover, TGF-pi 
was reported to be dramatically increased 24 h after focal permanent cerebral 
ischemia and thus may play an important role in neurodegenerative processes. TGF- 
Ps elicit their effects by binding to two types of serine/threonine kinase receptors 
referred as type I (TpR-I) and type II (TPR-II). In our study, we evidence that both 
mRNAs and proteins of the type I and the type II TGF-P receptors are found in 
normal cortex of mice, cortical neurons and astrocytes in cultures. We also studied 
the expression of TGF-P receptors following focal permanent cerebral ischemia in 
mice. We clearly show that although the mRNAs and corresponding proteins of 
TGF-P 1 and TGF-P2 are over-expressed 1 to 7 days following focal cerebral 
ischemia, the mRNAs of the type II TGF-p receptor was dramatically reduced three 
days after ischemia and that this effect was maintained for at least 21 days. In order 
to further address the origin of this down regulation of the TGF-P type II receptor 
following cerebral ischemia, we studied the effect of TGF-P 1 on the expression of its 
own receptors in both cortical astrocytes and neurons in vitro. Finally, we have 
demonstrated that TGF-p 1 was able to induce a down-regulation of its own receptors 
in pure cortical neurons but did in cortical astrocytes. Based on this results we 
postulate that an altered pattern of expression of TGF-P receptors observed three 
days following focal ischemia involved an autocrine and/or a paracrine effect of the 
over-expressed TGF-p in neurons and thus could influence postischemic neuron- 
glial interactions.

590.13
BRADYKININ B2 RECEPTOR REGULATORY SER/THR 
PHOSPHORYLATION CASCADES ARE PERTURBED BY MUTATIONS 
IN BOTH PRESENILINS 1 AND 2. Y.-J.I. Jong. S.R. Ford, and N.L, 
Baenziger* Department of Anatomy and Neurobiology, Washington 
University School of Medicine, St. Louis, MO 63110.

Skin fibroblasts from patients with Alzheimer's disease (AD) provide a 
model for studying the impact of AD genetic mutations, at the cellular level, 
on receptor signal transduction cascades linking the inflammatory mediator 
neuropeptide bradykinin (BK) to amyloid AB peptide generation and t  protein 
Ser/Thr hyperphosphorylation. Protein kinase C (PKC)-mediated up-
regulation of BK B2 receptors evoking this pathway occurs in AD fibroblasts 
with PS-1 mutations M146L/A246E/L286V or PS-2 mutation N14II but not 
in control or ApoE4 homozygote fibroblasts. Immunoprecipitable B2 receptors 
with Kd's 5 nM (I,intermediate affinity) and 44 nM (L,low affinity) capable of 
an expanded bradykinin response increase from 1-5 min of PKC activation, 
then turn over, returning to baseline constitutive expression by 10-30 min in 
all but PS-1 M146L. Desensitization of PKC inhibits up-regulation and 
turnover; the latter is not blocked by phosphoprotein phosphatase 2a inhibitor 
Calyculin A, suggesting another phosphatase counterbalances these PKC 
regulatory events in AD fibroblasts expressing mutant presenilins. BK 
receptor behavior reports on dysfunction in cellular phosphorylation/ 
dephosphorylation signalling events at several levels in AD. Reported 
protective effects of anti-inflammatory agents against development of AD may 
in part be referable to activities of the inflammation-related BK receptor 
neuromodulatory pathway.
Supported by the Alzheimer's Association.

590.14
LIPOPOLYSACCHARIDE REGULATES SEROTONIN- OR 
THROMBIN-INDUCED INTRACELLULAR CALCIUM
MOBILIZATION IN CULTURED RAT GLIOMA CELLS. Y.Tawara1.

Y.Uchitomi3, and S.Yamawaki1 T/ept. Psychiat. Neurosci., Hiroshima 
Univ. Sch. Med., Hiroshima 734, Hiroshima Gen. Hosp., Hatsukaichi 
738, and 3Psycho-Oncol. Div., Natl. Cancer Center Res. Inst., East, 
Kashiwa 277, Japan.

Cytokines are known to regulate neural transmission. We have reported 
interleukin-16 and lipopolysaccharide (EPS) inhibit serotonin-induced 
intracellular calcium mobilization in rat C6 glioma cells.

To clarify this inhibition mechanism of EPS, in this study we 
investigated the effect of LPS on the serotonin- or thrombin-induced
increase in intracellular Ca2+ concentration ([Ca2+]i) in cultured rat C6 
glioma cells. After fura-2/AM loading, the cells were stimulated with 
receptor agonists, and the increase in [Ca2+]i was measured with a 
fluorescence spectrometer.

Pretreatment of the cells with LPS (1 /zg/ml) for 24 hr or with dibutyryl 
cGMP (1 mM) for 30 min significantly inhibited serotonin- or thrombin- 
induced increase in [Ca2+], approximately to 60-70 % of control. But 
simultaneous pretreatment with LPS and dibutyryl cGMP didn’t show 
synergistic inhibition. Pretreatment of the cells with cGMP dependent 
protein kinase inhibitor, H-8 (30 /zM) for 24 hr significantly antagonized 
the effect of LPS almost completely. Pretreatment of the cells with LPS (1 
/rg/ml) for 24 hr significantly increased cGMP generation, and NMMA 
(30 pM), a competitive inhibitor of nitric oxide synthase (NOS), 
significantly inhibited this generation. These results indicate that LPS 
regulates serotonin- or thrombin-induced increase in [Ca2+]; via NOS, 
cGMP and protein kinase dependent pathway.

590.15
RAPID DESENSITIZATION OF CALCIUM CURRENT INHIBITION BY 
SOMATOSTATIN IN NG108-15 CELLS IS MEDIATED BY RECEPTOR 
SEQUESTRATION.
V.Beaumont, E.P, Kelly, E.P Seward* & G, Henderson.
Department of Pharmacology, University of Bristol, Bristol BS8 1TD, UK.

Using both the amphotericin B perforated and whole cell patch clamp 
recording techniques, we have shown that the inhibition of N-type calcium 
channel current by application of a maximal concentration of somatostatin 
(300nM; SRIF) rapidly desensitizes to 51 ± 3% of peak inhibition with a t1/2 
of 0.6±0.1 minute (n=38). Furthermore, this desensitization is concentration- 
dependent and homologous.

Previously, we have shown that this desensitization appears to be 
independent of receptor phosphorylation by either the second messenger 
protein kinases PKG, PKA, PKC and the specific G protein receptor kinases 
GRK2 and GRK3.

A 5 min pretreatment of the cells with concanavalin A (0.3mg/ml) or 
phenylarsine oxide (80pM), both irreversible inhibitors of internalization, 
reduced the amount of SRIF desensitization by 73±14% (n=7) and 60±5% 
(n=6) respectively. This finding was supported by studies showing that 
desensitization of the SRIF inhibition of adenylyl cyclase in the same cell 
line was similarly attenuated when cells were incubated with 300mM 
sucrose, which is known to interfere with clathrin lattice formation. Thus, 
internalization of SST2 receptors by a clathrin-dependent endocytotic 
mechanism accounts for the rapid desensitization.

Supported by the MRC of the UK.

590.16
GLUTAMATE- AND GROWTH FACTORS-INDUCED PHOSPHORYLATION IS 
MODULATED BY TAURINE. A. El Idrissi; C. Harris; E. Trenkner*. NYS Institute for 
Basic Research in Developmental Disabilities, CDN/CUNY Graduate School, Staten 
Island, New York 10314

Cerebellar granule cell cultures (CGC) were used to examine the role of growth 
factors (Gfs) and neuroactive amino acids (NAAs) including taurine during neuronal 
development in a well controlled environment. Culture conditions used significantly 
affected the response of neurons to external stimuli: 1. The presence of horse serum 
significantly reduced the glutamate-induced calcium uptake and subsequent neuronal death 
as compared to serum-free conditions. 2. Energy metabolism was reduced in serum-free 
conditions. This decrease was associated with increased vulnerability to glutamate and 
FCCP. 3. In serum-free medium, taurine attenuated glutamate-induced calcium influx as 
did EGF and bFGF while BDNF did not. However, all Gfs were neuroprotective against 
glutamate excitotoxicity. The effects of Gfs were potentiated by taurine. 4. PKC activity 
was up-regulated in response to glutamate, presumably by increasing the intracellular 
calcium concentration. This PKC up-regulation was reduced to control levels by taurine 
and bFGF. 5. BDNF in collaboration with taurine, but not alone, caused a significant 
reduction in the total amount of PKA activity, while bFGF alone or with taurine caused a 
significant increase. 6. In horse serum these effects were significant but less pronounced. 
7. Western blots-analyses of phosphoproteins using phospho-tyrosine, -threonine and - 
serine antibodies revealed a specific phosphorylation pattern for glutamate, BDNF and 
bFGF. Taurine decreased the phosphorylation of specific proteins, probably important in 
mediating the cellular response to glutamate, and Gfs.

We conclude that NAAs and Gfs, together with the mitochondrial energy- 
metabolism, mediates the regulation and maintenance of neuronal cells and their functions. 
(Funded by New York State Office of Mental Retardation and Developmental Disabilities 
and by CDN/CUNY graduate School).
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590.17
STUDY OF THE FUNCTIONAL COUPLING OF STRIATAL DOPAMINE 
RECEPTORS IN A RAT MODEL OF DOPAMINERGIC HYPERSENSITIVITY. 
M, Geurts, B. Knoops*. E, Hermans and J.-M. Maloteaux. Lab. of Pharmacology. 
Catholic University of Louvain, Avenue Hippocrate 54, B-1200 Brussels, Belgium.

Although there is a large body of work describing regulation of dopamine 
receptors, the underlying molecular mechanisms are still poorly known. In 
situations such as chronic neuroleptic treatment and denervation of the nigrostriatal 
pathway, many authors observed both D2 dopamine receptors up-regulation and 
behavioral, electrophysiological and biochemical supersensitivity to agonist 
stimulation. However several results indicate clearly that these two events are 
dissociable phenomena, concerning their time course and intensity. Our hypothesis 
is that different steps in signal transduction may be implicated in dopaminergic 
hypersensitivity. The aim of our study was to evaluate the role piayed by dopamine 
receptor-G protein coupling in the development of dopaminergic supersensitivity 
following an unilateral nigral 6-hydroxydopamine lesion. The method we used to 
study this functional coupling is the measurement of basal and agonist-stimulated 
binding of a non hydrolysable analog of GTP, [35S]GTPyS. Indeed, activated 
dopamine receptors catalyse, the exchange of GDP for GTP, at the level cf the a- 
subunit of the coupled G protein. After verifying the pharmacological profile cf 
some specific dopamine ligands in [35S]GTPyS assay in control rats, we used this 
tool to study the functional coupling of dopamine receptors in membranes from rats 
with an unilateral lesion of the nigrostriatal system. Comparing ipsilateral and 
contralateral striata of these rats, we were not able to detect any significant 
difference between the two sides, concerning both the basal and agonist-stimulated 
[35S]GTPyS specific binding. In other words, 6-hydroxydopamine lesion of the 
nigrostriatal pathway was not found to enhance the functional coupling of striatal 
dopamine receptors with their G proteins. (Supported by FMRE and FRSM 
Belgium).

590.18
DOPAMINERGIC SUPERSENSITIVITY INDUCED BY A SINGLE INJECTION 
OF RESERPINE. C.A, Tieppo1. L.F, Felicio*2, M, R. R. Gomes2, A.G. 
Nasello’.'Dept. Physiol., Medical School of Santa Casa, Sao Paulo. 2Dept. Pathol., 
School of Vet. Med. Univ. of Sao Paulo, Brazil, 05508-970.

Dopamine receptors are known to develop supersensitivity after long-term treat-
ment with specific blockers or 6-OHDA denervation. Recently procedures have been 
developed in which supersensitivity is produced after a short period of treatment 
using reserpine (RES) and a-metil-p-tirosine (AMPT) with no increase in receptor 
density. The objective of the present study was to determine whether supersensitivity 
can be induced by lower dosages and alternate time periods. Before apomorphine 
(APO) treatment (0.6 mg/kg, sc), 88 male rats received one of the following ip treat-
ments: A) RES 5 mg/kg + AMPT 100 mg/kg; B) RES 5 mg/kg; C) RES 3 mg/kg, D) 
RES 2 mg/kg, E) RES 1 mg/kg. RES was always administered 24 hr prior to APO, 
except for group D, in which RES was also given 18 hr before APO. AMPT was 
given 1 hr prior to APO. In group D a second injection of RES (18 hr before APO) 
was also administered. APO-induced stereotyped behavior (SB) was observed for 10 
sec every 10 min for 90 min. Treatments A, B, C and D (both times) induced signifi-
cant (p<0.05) increases in stereotypy which did not differ among the groups. RES 1 
mg/kg failed to produce significantly different effects than those of the control group. 
In previous reports the minimum period of treatment to induce supersensitivity in 
male rats was 3 days and the required dosage was 5 mg/kg/day. Our results show 
that: 1) a single RES injection 18 hr prior to testing is enough to produce an increase 
on APO-induced SB; 2) it is not necessary to add AMPT; 3) a dose of RES as low as 
2 mg/kg increases stereotypy. The data suggest that there is an inherent plasticity in 
the dopaminergic system which allows for a rapid adaptation to the decrease in neu-
rotransmitter levels. Financial support by FAPESP 96/4193-0 & CNPq.

590.19
DIFFERENTIAL EFFECTS OF LONG-TERM TREATMENTS 
WITH VARIOUS ATYPICAL ANTIPSYCHOTICS ON DOPAMINE 
D2 AND SEROTONIN 5-HT2A RECEPTORS IN THE RAT BRAIN.
I. Kusumi*, K. Suzuki, Y. Takahashi and T. Koyama. Dept. of 
Psychiatry, Hokkaido Univ. Sch. of Med., Sapporo 060, Japan.

The effects of long-term treatments with a typical antipsychotic drug 
(APD) chlorpromazine and various atypical APDs (olanzapine, 
perospirone and risperidone) on the binding to dopamine D2 
(f3H]spiperone) and serotonin 5-HT2A receptors ([Tljketanserin) were 
examined in the rat striatum and frontal cortex, respectively. 3-Week 
treatments with chlorpromazine (10 mg/kg) and perospirone (1 mg/kg) 
significantly increased D2 receptors, while no increase was observed 
with olanzapine (I mg/kg) and risperidone (0.5 mg/kg). On the other 
hand, chronic administration of chlorpromazine and olanzapine 
significantly decreased 5-HT24 receptors, but perospirone and 
risperidone had no effect. Drug occupations of D? and 5-HT2A 
receptors in vivo examined using N-ethoxycarbonyl-2-ethoxy-l,2- 
dihydroquinoline (EEDQ) were respectively as follows: 61.4% and 
63.4% for chlorpromazine; 29.4% and 69.7% for olanzapine; 77.8% 
and 78.6% for perospirone; 38.3% and 80.3% for risperidone. These 
results suggest that potent 5-HT2A receptor antagonism versus weak 
dopamine D2 receptor blockade may be involved in the absense of 
up-regulation of D2 receptors after long-term treatment with some 
atypical APDs. Further investigations are necessary to elucidate why 
perospirone and risperidone which are potent 5-HT2A receptor 
antagonists both in vitro and in vivo, do not induce 5-HT2A receptor 
down-regulation.

590.20
DEVELOPMENTAL EXPRESSION OF DOPAMINE D3 RECEPTOR IN THE 
RAT BRAIN AND EFFECT OF 6-OHDA LESION. W, Thomas*, E.V.Gurevich, 
J.W.Himes, and J.N.Joyce. Sun Health Research Institute, Sun City, AZ 85372.

Studies of the DA D3 receptor mRNA in rats demonstrated that it was 
concentrated in mesolimbic regions. Here we report on the distribution of D3 
receptor sites and mRNA in the rat brain during postnatal development (P1-P90) 
and effect of neonatal intrastriatal 6-OHDA lesion on D3 receptor concentration. In 
adult animals D3 receptors and mRNA were concentrated in the islands of Calleja 
(IC), olfactory tubercle, and the shell of the nucleus accumbence (NAC). Tire 
caudate-putamen (CP) and substantia nigra had much lower concentration of D3 
sites and mRNA. At birth concentrations of D3 receptors and mRNA were very 
low, and their distribution differed from that in adult. D3 mRNA was expressed 
similarly in the CP and NAC, while IC had low concerntration. D3 mRNA was 
observed in the neuroepithelium and the cortical plate. At P3 D3 mRNA was 
increased in IC and NAS, and appeared in the piriform and parietal cortex. 
Concentration of D3 mRNA in all areas of neuroepithelium also increased. At P7 
D3 binding was still very low, with the highest concentration in the IC and NAC. 
D3 mRNA remained less restricted and was found in CP as well as in NAC and IC. 
Third layer in the area 1 of the parietal cortex and, to a lesser degree, areas 3 and 1 
of the frontal cortex showed labeling for D3 mRNA and corresponding binding. D3 
receptors and mRNA in the cortex reached their maximum concentration at P14 and 
then declined. At P35 distribution of the D3 binding and mRNA assumed the adult 
pattern, with the highest concentration of D3 sites and mRNA in IC followed by 
the shell of NAC. Both D3 sites and mRNA in the piriform cortex completely 
disappeared, while in the parietal cortex very low levels of D3 sites and mRNA 
could be observed in some cases. 6-OHDA intrastriatal lesion produced increased D3 
binding in all areas at P35 that returned to control level by P90. The results 
suggest that the ontogenic expression of the D3 receptor differs fundamentally from 
that of the DI and D2 receptor, may be involved in the neural development, and 
may be regulated by dopaminergic innervation. Funded by MH 56824

HYPOTHALAMO-PITUITARY-GONADAL III

591.1
ESTROGEN MODULATES EFFECTS OF GLUTAMATE ON IN VITRO 
LUTEINIZING HORMONE-RELEASING HORMONE RELEASE BY UP- 
REGULATING NITRIC OXIDE SYNTHASE ACTIVITY IN FEMALE RATS. 
S.Tsukahara, H. Tsukamura, K.-I. Maeda*. Lab. of Animal Reproduction, Sch. of 
Agricultural Sci. Nagoya Univ., Nagoya 464-01, Japan.

Estrogen modulates excitatory amino acid-induced in vitro LHRH release from 
the arcuate nucleus-median eminence (ARC-ME) fragment in female rats. The 
present study was designed to test whether nitric oxide (NO) mediates the effect of 
glutamate on in vitro LHRH release and whether estrogen modulates the release by 
altering NO tone or action.

ARC-ME fragments taken from ovariectomized (OVX) or estradiol-primed 
OVX (OVX+E2) rats were incubated for 3 min in the medium containing 
glutamate with or without /Vc-monomethyl-L-arginine (NMMA) or hemoglobin 
(Hb). Glutamate stimulates in vitro LHRH release in OVX+E2 rats but not in OVX 
animals. The stimulatory effect of glutamate on in vitro LHRH release was 
significantly reduced by NMMA or Hb in OVX+E2 rats. On the contrary, in OVX 
group, NMMA increased in vitro LHRH release when incubated with glutamate. 
These results suggest that NO mediates the glutamate-induced LHRH release in 
the presence of estrogen.

We also demonstrated that NOS activity in the ARC-ME region is significantly 
higher in OVX+E2 rats than OVX animal. Immunoreactivity of mNOS or bNOS 
and NADPH-diaphorase activity did not show an apparent increase in estradiol- 
treated rats compared with OVX animals. These suggest that estrogen modulates 
glutamate-induced LHRH release from the ARC-ME fragment by altering NO 
synthesis, that is probably due to the up-regulation of NOS activity at the post- 
translational level.

591.2
CALCIUM DEPENDENCE OF EXOCYTOSIS IN LACTOTROPHS AND 
GONADOTROPHS. A. Lachowicz, A.C. Katzur, G. Bonhomme, M. 
Kukuljan* and S.S. Stojilkovic. Endo. Reprod. Res. Branch, NICHD, 
Bethesda, Maryland 20892.

The role of voltage-gated Ca2+ entry in prolactin (PRL) and luteinizing 
hormone (LH) release was analyzed in unstimulated and endothelin-1 (ET)- 
stimulated enriched pituitary lactotroph and gonadotroph populations from 
female rats. In these cells, basal [Ca2+]i is controlled by spontaneous 
electrical activity with no differences in the pattern of action potential firing 
or [Ca2+], between the two cell types. Depletion of extracellular Ca2+ or 
addition of the Ca2+ channel blocker, nifedipine, abolishes spontaneous 
electrical activity and reduces basal [Ca2+]j in both lactotrophs and 
gonadotrophs. This leads to a reversible reduction in basal PRL, but not LH 
release, suggesting that the two cell types differ in the threshold [Ca2+]j 
needed to activate exocytosis. Accordingly, Ca2+-induced PRL secretion in 
permeabilizied lactotrophs is biphasic, with IC50s of 0.2 and 5 pM, and in 
gonadotrophs it is monophasic, with an ECSO of 5 pM. Depolarization of 
cells with high external K+ or addition of the Ca2+ channel agonist, Bay K 
8644, increases [Ca2+]j in both cell types to levels that are sufficient to 
initiate LH release and augment PRL release. In perifused cells, ET causes a 
spike increase in [Ca2+]i and PRL release, followed by a rapid decrease to 
below basal levels. The stimulatory action of ET on PRL release is 
associated with mobilization of intracellular Ca2+, whereas the sustained 
inhibitory action is due to attenuation of Ca2+ entry through L-type Ca2+ 
channels. In gonadotrophs, ET also induces bidirectional changes in [Ca2+]„ 
but generates only a transient spike LH release. These data indicate that 
Ca2+ entry during spontaneous electrical activity is sufficient to trigger 
exocytosis in lactotrophs, but not in gonadotrophs. Moreover, the coupling 
of electrical activity and Ca2+ influx to exocytosis in lactotrophs is 
physiologically relevant for ET-induced inhibition of PRL release.
Funding source: NIH Intramural Program.
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591.3
THE ROLE OF CA2* IN PULSATILE RELEASE OF LHRH FROM 
CULTURED LHRH NEURONS DERIVED FROM EMBRYONIC 
OLFACTORY PLACODE OF THE RHESUS MONKEY. K. Mogi,* K.L. 
Keen, L.L. Luchansky, P. Claude, and E. Terasawa. Wisconsin Regional 
Primate Research Center, University of Wisconsin, Madison, WI 53715.

In a previous study we reported that cultured LHRH neurons derived 
from the olfactory placode of monkey embryos release LHRH into 
media in a pulsatile manner at approximately 50-minute intervals 
(Neuroscience Abst. 272.4, 1994). As a first step in studying the 
mechanism of LHRH pulse generation, we examined the role of calcium 
in LHRH release using cultured LHRH neurons. The results are 
summerized as follows: 1) Exposing the cells to a low Ca2* (10 nM) 
buffer solution suppressed LHRH release, while exposure to a normal 
Ca2+ solution (1.25 mM) maintained pulsatile LHRH release; 2) LHRH 
release from cultured LHRH cells was stimulated by the L-type Ca2* 
channel stimulant, Bay K 8644 (1 pM), while it was suppressed by the L- 
type Ca2* channel blocker, nifedipine (1 pM), but not by the N-type 
channel blocker, co-conotoxin (1 pM); 3) The intracellular Ca2' 
transporting ATPase antagonist, thapsigargin (10 pM), suppressed LHRH 
release, while the intracellular Ca2* stimulant, ryanodine (1 pM) 
stimulated LHRH release; 4) Carbonyl-cyanide-P-trifluoromethoxy- 
phenyl hydrazone (FCCP, 1 pM), a mitochondrial Ca2* mobilizer, tended 
to stimulate LHRH release. These results indicate that 1) release of LHRH 
is influenced by the presence of extracellular Ca2*, 2) Ca2* enters the cell 
via L-type channels, but not N-type channels, and 3) mobilization of 
intracellular Ca2* is important for LHRH release. It is concluded that the 
presence of extracellular Ca2* and Ca2* entry into the cell are essential for 
pulsatile LHRH release in cultured LHRH neurons. Moreover, 
mobilization of intracellular Ca2* appears to contribute to LHRH release 
in these cells. (Supports: NIH grants HD15433, HD11355, & RR00167)

591.4
EXPRESSION OF DELTA OPIOID RECEPTORS AND G-PROTEIN ALPHA 
SUBUNITS IN IMMORTALIZED LHRH-SECRETING NEURONS.
F. Pimpinelli. M, Parenti1. F. Piva, E. Ongini*2 and R. Maggi. Dept. of 
Endocrinology; ^Dept. of Medical Pharmacology, University of Milano, 2Schering- 
Plough Research Institute, 20133 Milano, Italy.

Previous findings from this laboratory have shown the presence of functional 
opioid receptors of the 8 type (DOR) on a cell line (GT1-1) of immortalized LHRH- 
secreting neurons (Maggi et al., Endocrinology, 1995,1996). The goals of the present 
studies are: (1) to verify the presence of DOR transcripts in immortalized LHRH- 
secreting neurons; and (2) to obtain preliminary evidence on the subtype(s) of G- 
proteins coupled to DOR. The presence of specific transcripts for DOR was evaluated 
by RT-PCR in three cell lines of immortalized LHRH neurons: GT1-1 and GT1-7 
cells (two subclones of the original GT1 cell line) and GN11 cells, using specific 
oligoprimers (5'-CGT.CCG.GTA.CAC.CAA.ATT.GA-3', forward primer; 5'- 
ATG.AGG.ATC.GGC.ACC.ACG.AA-3', reverse primer). The specificity of the PCR 
products was verified by Southern blotting. The results obtained show the presence of 
a transcript of the expected size (464 bp) in all the three cell lines of LHRH-secreting 
neurons. A similar transcript was also found in neuroblastoma x glioma NG 108-15 
hybrid cells that express a homogeneous population of DOR. In the attempt to 
identify which G-protein(s) is/are coupled to DOR in GT1-1 cells we then analyzed 
the pattern of G-protein a subunit expression by Western immunoblotting, using a 
panel of polyclonal antisera directed against as, ao, ajj, and aj2- GT1-1 cell 
extracts were clearly positive for all a subunits subtypes (except for an), with a 
particularly elevated immunoreactivity was highest for ao, which is specifically 
abundant in neuronal cells. In conclusion, the results show that: a) a transcript for 
DOR is present in three different lines of immortalized LHRH-secreting neurons; b) 
GT1-1 cells express Gj and Go proteins, two pertussis toxin substrates known to 
couple opioid receptors in other cell systems. (Supported by CNR, contract 
CT96.03105.CT04 and by MURST).

e-mail: maggir@isfunix.farma.unimi.it

591.5
EFFECT OF LONG-TERM GONADECTOMY ON LUTEINIZING 
HORMONE-RELEASING HORMONE (LHRH) RELEASE FROM 
CULTURED RAT HYPOTHALAMUS. M. WolleiTD. Tutton, P. Heine, B. 
Hackett, K. Hoeft, E. Nichols, T. Herdendorf. Dept. of Biological Sciences, 
University of Wisconsin-Whitewater, Whitewater, WI, USA

Gonadal steroids exert (primarily) negative feedback effects on the 
hypothalamo-pituitary-gonadal axis. Negative feedback at the level of the 
hypothalamus has been demonstrated in several model systems. We have 
reported that LHRH release in pulsatile from cultured enzymatically dispersed 
hypothalamic cells. The purpose of this study was to evaluate the effects of 
chronic exposure of hypothalamic tissue to gonadal steroids using our primary 
cell culture perifusion system. Twelve adult male rats were used; 6 were 
gonadectomized and 6 were sham gonadectomized. After two weeks, the 
rats were euthanized and hypothalamic cultures were prepared. The 
hypothalami from these rats were dissected and the cells were enzymatically 
dispersed. Cells were loaded into the perifusion system, perifusion media 
was pumped past the cells at 1 ml/10min and was collected at 10 min intervals 
for 8-10 hrs. Samples were frozen at -70C until measurement of LHRH 
concentration by radioimmunoassay. We evaluated the baseline LHRH (4.89 
vs. 4.61 pg/ml/10 min) and LHRH pulse amplitude (2.81 vs. 2.39 
pg/ml/10min) for the sham-treated and gonadectomized groups, respectively, 
and observed no significant differences. The pulse frequency was not 
significantly different (1.32 vs. 1.47 pulses/hr). This study represents a 
preliminary attempt to dissect the control mechanism for regulated LHRH 
release using this unique model system. The results suggest that steroid 
feedback at the level of the hypothalamus may require the synaptic 
organization which is deprived of our enzymatically dispersed cells.

591.6
POST-TRANSCRIPTIONAL REGULATION OF GnRH GENE EXPRESSION IN 
GT 1-7 CELLS BY IONOMYCIN. Y. Sun*, A. C. Gore and J, L. Roberts. Fishberg 
Res. Ctr. for Neurobiology, Mt. Sinai Sch. of Med., NY, NY 10029.

We have reported that treatment of GT1 cells with ionomycin, a calcium ionophore, 
inhibits transcription of the proGnRH gene and decreases mRNA levels. In the present 
study, we examined the post-transcriptional mechanisms for this inhibition. Methods: 
In all of the experiments, GT1-7 cells were subcultured in 6-well plates. Cells were 
harvested and RNA isolated using a double-detergent lysis/cushion buffer system. 
GnRH primary transcript and mRNA levels were measured by RNase protection assay. 
Expt 1: In order to determine the time course of ionomycin on GnRH gene expression, 
GT1-7 cells were treated with ionomycin (1 pM) or vehicle (DMSO) for 0, 0.5, 1, 2, 
4, 8, 12 and 24 h. Ionomycin caused a significant decrease in GnRH mRNA levels 
beginning at 2 h treatment. Since the GnRH mRNA half life has been reported to be 
30 h, the rapid decrease in GnRH mRNA levels suggested a decrease in mRNA 
stability. Expt 2: In order to study the effect of ionomycin on GnRH mRNA half life, 
GT1-7 cells were treated with ionomycin or vehicle for 2.5 h before adding the RNA 
synthesis inhibitor DRB (100 pg/ml). Cells were harvested 0, 1, 2, 4, 8 h after DRB 
treatment. The half-life of the GnRH mRNA was significantly decreased by 
ionomycin, indicating that ionomycin caused a decrease in GnRH mRNA half life. 
Expt 3: In order to determine whether GnRH mRNA poly (A) tail size is shortened by 
ionomycin, which indicates a decrease in mRNA stability, GT1-7 cells were treated 
with ionomycin for 8 h. Cytoplasmic mRNA was isolated and subjected to Northern 
blot. GnRH mRNA poly (A) tail size was significantly shortened after 8 h treatment, 
consistent with a decrease in GnRH mRNA stability. Expt 4: In order to determine 
the contribution of new protein and RNA synthesis to the effect of ionomycin, GT1-7 
cells were treated with vehicle, cycloheximide (CHX, 20 pM), or DRB (100 pg/ml) 
either in the presence or absence of ionomycin. The inhibitory effect of ionomycin 
was abolished by pre-treatment with CHX or DRB, indicating that the ionomycin 
induction of GnRH mRNA instability requires new protein and RNA synthesis. [NIH 
DK 39029 (JLR)].

591.7
STIMULATION OF GnRH RELEASE BY HEME MOLECULES - 
FURTHER STUDIES ON THE MECHANISM OF ACTION. CA Lamar, 
GK Bhat, VB Mahesh, and DW Brann*. Dept. of Physiology & 
Endocrinology, Medical College of Georgia, Augusta, GA. 30912-3000.

Previous studies by our laboratory utilizing immortalized GnRH (GT 1-7) 
neurons and hypothalamic fragments demonstrated that the heme molecule, 
hematin, increased GnRH secretion. This effect was blocked by a heme 
oxygenase inhibitor and by the gaseous scavenger molecule, hemoglobin, 
suggesting that carbon monoxide (CO) could be the mediator of the heme 
effect. The present studies sought to further clarify the mechanism of action 
of hematin by testing other potential mediators of hematin’s effects. Since 
iron is also a product of hematin metabolism, we tested the effect of an iron 
chelator (desferrioxamine; lOOpM), on hematin induced GnRH secretion 
from GT1-7 cells and found it had no effect, thus ruling out iron as a 
mediator. Since heme is a component of nitric oxide synthase (NOS), it is 
possible that adding hematin could up regulate NOS and NO could be the 
mediator. However, the addition of a NOS inhibitor (L-NNA; lOOuM) had 
no effect on hematin-induced GnRH secretion, thus ruling out this 
possibility. Finally, prostaglandins and cGMP do not appear to be involved 
as active mediators of hematin effects as indomethacin (prostaglandin 
synthesis inhibitor) and ODQ (cGMP synthesis inhibitor) did not block 
hematin’s effect on GnRH release. By ruling out other major possible 
mediators of hematin’s effects, the present studies provide further indirect 
evidence that CO is the primary mediator of hematin’s effect on GnRH 
release. (Supported by Research Grant HD-28964from the NICHD, NIH)

591.8
PROLACTIN RECEPTOR AND GONADOTROPIN-
RELEASING HORMONE (GnRH) EXPRESSION AND TRANS-
CRIPTIONAL REGULATION IN NEURAL CELL LINES.
Y, Mohammad, M. Perrone. J. BogerdT J.A. Kingb, I.C. Dunnc. P.J,
SharpY M.G. Castro, and D.A, Lovejoy*. 3.614 Stopford Bldg. School 
of Biological Sciences, University of Manchester, Manchester M13 9PT,
U.K.; aDept. of Experimental Biology, University of Utrecht, Utrecht, The 
Netherlands; bDept. of Chemical Pathology, University of Cape Town 
Medical School, Cape Town, South Africa; “Division of Development and 
Reproduction, Roslin Institute, Roslin, Midlothian, Scotland.

Investigations of neuropeptide actions on the hypothalamus have been complicated 
by the rich heterogeneity of nuclei and the elaborate interconnections between cells. 
Prolactin tends to inhibit the release of GnRH in vivo, however its specific actions on 
the GnRH neurons are not understood. Moreover, GnRH cells appear to exist as a 
series of distinct subpopulations. This task was eased somewhat with the proliferation 
of immortalised neural cell lines. We have therefore screened a variety of cell lines for 
the presence of GnRH and prolactin receptor (PRL-R) using a combination of 
immunofluorescence cytochemistry with confocal microscopy and reverse- 
transcriptase (RT)-PCR techniques. Three cell lines were selected for further study. 
The NLT and Gnl 1 lines, created by targeted tumorigenesis (Radovick et al., PNAS 
88; 3402, 1991) and the neuroblastoma cell line, Neuro2A, all possess GnRH and 
PRL-R. Characterization of not only these components, but also the presence of 
glucocorticoid and corticotropin-releasing factor (CRF) receptors suggest that these 
cell lines may be models for distinct GnRH-expressing neuronal subpopulations. Semi- 
quantitative PCR using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as a 
standard was used to investigate the transcriptional regulation of GnRH and PRL-R. 
Depending on the hormonal milieu, prolactin inhibits the expression of GnRH. 
Moreover, glucocorticoids and CRF can act directly on GnRH and PRL-R 
transcription regulation. [Supported in part by grants from the BBSRC (M.P., I.C.D., 
P.J.S, M.G.C.), British Council, (J.B., D.A.L), Wellcome Trust (D.A.L)]
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591.9
LHRH mRNA HAS A RAPID TURNOVER IN PRIMARY LHRH 
NEURONS MAINTAINED IN POSTNATAL CNS SLICE EXPLANT 
CULTURES J. A. Maurer* and S. Wray. Laboratory of Neurochemistry, 
NINDS, NIH, Bethesda, MD 20892.

Previously, in rat hypothalamic/preoptic area slice (POA) explant cultures, 
a dramatic reduction in LHRH mRNA was observed after treatment with 
forskolin or phorbol ester for 4h. We hypothesized that this decrease 
resulted from the rapid degradation of LHRH mRNA. To address this 
hypothesis, the turnover of LHRH mRNA was examined in primary, 
postnatal LHRH neurons maintained in hypothalamic/POA slice explant 
cultures using in situ hybridization histochemistry (ISHH). Relative 
LHRH mRNA content per cell was quantitated by single-cell analysis. 
Two days prior to experimentation, organotypic cultures were incubated 
with 1 pM tetrodotoxin (TTX) to suppress spontaneous electrical activity 
and, hence, observe only intrinsic cellular activity. On day 18 of culture, 
and in the continued presence of TTX, slice explants were treated with the 
transcription inhibitor 5,6-dichloro-l-D-ribofuranosyl-benzimidazole 
(DRB) for different intervals and fixed for ISHH. A plot of LHRH mRNA 
level/cell versus DRB treatment time showed a rapid initial decay of 
LHRH mRNA (tlz2,0.21 h) followed by a much slower decay rate (t1/2,344 
h). LHRH mRNA turnover calculated by plotting the number of 
radiolabelled LHRH cells/culture (from a separate ISHH) also indicates 
a rapid initial turnover (tiz2, 0.76 h) which then plateaued. However, DRB 
induced no significant decrease in LHRH cell number as determined by 
immunocytochemistry. We conclude that in primary LHRH neurons, 
LHRH mRNA has an intrinsically high rate of turnover and activity of 
LHRH neurons is tightly coupled to gene expression.

591.10
CHARACTERIZATION OF THE MECHANISMS THROUGH WHICH ESTROGEN 
REGULATES POMC GENE TRANSCRIPTION AND B-ENDORPHIN RELEASE.
C. A. Priest* and J. L. Roberts. Fishberg Research Center for Neurobiology,
Mount Sinai School of Medicine, New York, NY 10029,

In the hypothalamus, estrogen has been shown to regulate proopiomelanocortin 
(POMC) gene transcription and B-endorphin release in a temporally dependent manner 
which may be reproductively relevant. However, the proximal promoter region of the rat 
POMC gene does not contain a consensus estrogen response element, although 
transcriptional activation through an AP1 element in the first exon is a major regulatory 
pathway for POMC gene expression. We have recently shown that estrogen increases 
both B-endorphin and Fos in hypothalamic neurons, possibly through the previously 
reported ERE-mediated stimulation of c-fos gene transcription. To investigate the 
mechanisms through which estrogen regulates POMC gene transcription, an in vitro ceil 
line has been used for functional analyses of the POMC promoter. In A1T20 cells stably 
transfected with the human estrogen receptor, 100 nM estradiol treatment causes a rapid 
and transient increase in levels of POMC primary transcript; levels peak within 30 min 
and return to baseline levels within 60 min. When cells are pretreated for 30 min with 10 
nM CRH to stimulate intracellular levels of Fos and AP-1 activation of the POMC gene, 
further effects of 100 nM estradiol are not seen, suggesting that estrogen may utilize a 
similar pathway of activation for the transcriptional regulation of POMC as that which is 
used by CRH. Interestingly, in the same cells, basal release of B-endorphin peptide into 
the media is transiently increased after 60 min of treatment with 100 nM estradiol in a 
protein synthesis-dependent manner, suggesting a secondary effect of estrogen on 
peptide secretion. Current studies are investigating the transcriptional effects of estrogen 
in the presence of protein synthesis inhibitors to determine whether the rapid induction of 
POMC gene transcription requires the additional regulation of other intranuclear proteins. 
(Supported by the Aaron Diamond Foundation/HRI-817-5332).

591.11
ANATOMICAL ASSOCIATION OF NEURONS EXPRESSING 
FOLLISTATIN mRNA AND PROTEIN WITH GnRH NEURONS IN 
THE RAT BRAIN. L.A, MacConell*, A.E, Widger. and V. J, Roberts. 
Department of Reproductive Medicine, UCSD, La Jolla, CA 92093-0674

The central effects of activin in the regulation of the hypothalamic- 
pituitary-gonadal (HPG) axis remain largely unexplored. The present 
investigation aims to determine whether activin system factors are 
anatomically positioned to regulate the HPG axis at the level of the brain. 
Follistatin (FS), which binds to the activin (3A- or PB-subunit, is localized 
with and modulates the actions of activin in many systems. Elucidation of 
the specific localization of FS in the brain should yield important 
information as to sites where activin may modulate central functions.

Utilizing a monoclonal antibody generated against the mature FS 
protein (FS 315), FS-immunoreactive (ir) neurons were found throughout 
the rostral-caudal extent of the adult male rat brain. The distribution of 
FS protein was found to coincide with that of FS mRNA in most brain 
regions such as the olfactory mitral cells, piriform cortex, medial 
septal/diagonal band, and cortical layers 2,4, and 6. In addition, utilizing a 
33P-labeled riboprobe specific for rat FS in combination with a polyclonal 
antibody generated against GnRH, we found abundant FS mRNA 
expressed in neurons nearby GnRH-ir perikarya and fibers in the 
horizontal limb of the diagonal band. Moreover, GnRH-ir fibers were 
found to be juxtaposed to FS-positive cells in this same region.

This study reveals that the FS protein is widely distributed throughout 
the rat brain, suggesting that it may be an important player in the 
modulation of central functions. The expression of FS in cells adjacent to 
GnRH neurons and fibers suggests that FS may modulate the putative 
action of activin as a mediator of GnRH or serve an unconventional role 
in the regulation of GnRH neurons other than as an activin-binding 
protein.

591.12
THE NUMBER OF GnRH-IMMUNOREACTIVE NEURONS IN FEMALE 
MICE LACKING A FUNCTIONAL ESTROGEN RECEPTOR ALPHA. S.R. 
Wersinger*, DB. Lubahr? and E.F, Rissman. Department of Biology, University 
of Virginia, Charlottesville, VA 22903 and 'Departments of Biochemistry and 
Child Health, University of Missouri. Columbia, MO 65211.

Estrogen regulates the pituitary synthesis and secretion of luteinizing hormone 
(LH). The effects of estrogen on the secretion, synthesis, and transcriptional 
regulation of hypothalamic GnRH are more equivocal. We are using a transgenic 
mouse that lacks a functional estrogen receptor (ER) alpha to study the effects of 
estrogen on the regulation of GnRH. In this initial experiment, we asked whether 
there were genotypic differences in the number or distribution of GnRH- 
immunoreactive (IR) neurons both in the presence and the absence of estrogenic 
stimulation. Female wild-type and ER-alpha minus mice were gonadectomized 
and given either a silastic implant containing estradiol or a blank capsule. After 5 
days the animals were perfused and the brains processed for GnRH 
immunoreactivity using standard immunocytochemical techniques with the LR-1 
antibody (generous gift of Dr. Robert Benoit). GnRH-IR neurons were distributed 
in a continuum from the level of the diagonal band of broca and medial septum, 
through the organum vasculosum of the lamina terminalis to the anterior end of 
the hypothalamus. There were no significant differences in the number or 
distribution of GnRH-IR neurons between the genotypes or with estrogen 
treatment. Thus, the classical ER-alpha is not required for normal GnRH 
neuronal migration or for the constitutive expression of GnRH peptide. However, 
the possibility- that estrogen plays a role in the regulation of the amount of GnRH 
mRNA or protein will be examined in future experiments. (This research was 
supported by NSF grant IBN 9412605, NIH award MHO 1349 and NIH training 
grant HD0723 23.)

591.13
IMMUNOCYTOCHEMICAL DISTRIBUTION OF GONADOTROPIN 
RELEASING HORMONE IN RABBIT FOREBRAIN. 1’2M.Caba*, JC.Beyer, 
^.Gonzalez-Mariscal, ^.Jimenez and 3R. Silver. ’CIRA, CINVESTAV-UAT; 
2IIB, Universidad Veracruzana (Mexico) and 3Columbia University (USA).

The purpose of this study was to determine the distribution of the gonadotropin 
releasing hormone (GnRH) in the forebrain of rabbits by immunocytochemistry. 
Intact New Zealand male (n=4) and female (n=4) rabbits were perfused with 
paraformaldehyde and sections (50 pm) were incubated with the monoclonal 
antibody HU4H (kindly donated by Dr. H. Urbanski) against GnRH and then 
reacted with diaminobenzidine to detect immunoreactivity (-IR). GnRH perikarya 
were detected from the medial septum and the vertical and horizontal limb of the 
diagonal band of Broca to the premammillary region, both in hypothalamic and 
extrahypothalamic structures. At the level of the septo preoptic region they form a 
dense aggregate along the medial and lateral septal nuclei, the bed nuclei of the 
stria terminalis and the preoptic areas. In the hypothalamus they were found 
scattered through all its extension in or near most of the nuclei. At the most 
posterior levels,-the arcuate and the premammillary region contain isolated cells. 
Outside the hypothalamus GnRH neurons were found in the hippocampus, 
amygdala, olfactory tubercle, in the surface of the lateral olfactory tract and in 
several regions of the cerebral cortex, particularly the cingulate cortex. The 
circumventricular organs, subfornical and vascular of the lamina terminalis, 
contains isolated GnRH perikarya and a dense innervation of immunoreactive 
process. Similar as in other mammals no differences were found between males 
and females. Besides, we classified the cells in three categories acoording to their 
contour: smooth, rough or mixed if they showed a combination of the first two 
categories. Analysis are in progress to determine the morphology of the cells in 
relation to their distribution.
Supported by CONACYT 1845P-N to M.C.

591.14
DISTRIBUTION OF ESTROGEN (E) RECEPTOR (ER) AND PROGESTERONE 
(P) RECEPTOR (PR) IMMUNOREACTIVITY(-ir) AND mRNA IN SHEEP 
HYPOTHALAMUS AND BRAINSTEM. C. Scott*1. A. Pereira2, D. Simmons3.
N. Ing,4, J. Rawson1 & I. Clarke2, Dept Physiol, Monash Univ, Clayton, Vic 3168 
Australia1, Prince Henry’s Institute of Medical Research, Clayton, Australia2, Dept 
Biological Sci, Univ. Southern California, Los Angeles CA3, Dept Anim Sci, Texas 
A&M Univ, College Station TX4.

The feedback action of E and P on Gonadotropin-releasing hormone (GnRH) 
secretion is mediated by intermediary neurones. We have examined distribution of 
ER and PR in hypothalamus and brainstem of ovariectomized ewes by in situ 
hybridization and immunohistochemistry and the phenotype of some of these ER 
and PR expressing cells was determined. ER-ir cells were abundant in the preoptic 
area (POA), lateral septum, supraoptic nucleus, infundibular nucleus and 
ventromedial nucleus (VMN). In the brainstem noradrenergic (NA) cell groups, ER- 
ir cells were found only in the the caudal-most regions of Al and A2 and 
immediately dorsal to A6. All ER in Al were located within dopamine 13- 
hydroxylase (DBH>ir cells, and 6% of DBH cells contained ER. 10% of ER-ir cells 
in the A2 region were DBH-positive, with 10% of DBH cells being ER-positive. 
None of the ER-ir cells adjacent to A6 were DBH-positive. PR-ir cells were 
abundant in the POA and VMN and there was a dense population in the 
infundibular nucleus. No PR were found in the brainstem. In situ hybridization 
using 33S-labelled riboprobes specific for sheep ER and PR confirmed the 
distribution of these receptors. PR-ir was found in 14% of 13-endorphin-ir cells in 
the infundibular nucleus, with no colocalization in tyrosine hydroxylase-ir cells. 
These results confirm the distribution of ER in the hypothalamus by in situ 
hybridisation and describe for the first time the distribution of PR in the sheep 
brain. We also provide anatomical evidence for estrogen feedback via brainstem NA 
cells, especially in the Al group. Supported by the NH &MRC of Australia.
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591.15
THE NEURAL AFFERENTS AND EFFERENTS OF THE HYPOTHALAMIC A15 
REGION IN THE EWE: COMBINED ANTEROGRADE AND RETROGRADE 
TRACT-TRACING. H.T. Jansen1, E, Auyung-, I. Stefanovich M.N. Lehman1, R.L. 
Goodman-*. ’Dept Cell Biol., Neurobiol. and Anat., Univ. Cincinnati, Cincinnati, OH 
45267; 2Dept. Physiol., West Virginia Univ., Morgantown, WV 26506.

A predominant factor responsible for the annual cessation of reproductive activity in 
the ewe is a decrease in GnRH secretion, a phenomenon caused by an increased 
responsiveness to the negative feedback of ovarian estradiol. The dopaminergic 
system, specifically the hypothalamic A15 cell group, has been identified as an 
important component of this feedback mechanism. However, because the A15 
dopamine neurons do not express estrogen receptors (ER) other ER-containing regions 
probably supply inputs to these neurons. Furthermore, the A15 neurons likely project 
to regions ultimately involved in modulating GnRH release or to GnRH neurons 
themselves. To identify inputs and outputs of A15 we used a combined retrograde and 
anterograde tract-tracing method (Lehman et., Neurosci. Abstr, 1997). Eight 
anestrous ewes received unilateral injections (200-300 nl) of a mixture of cholera 
toxin-p subunit (CTJ1, 0.25%) and biotinylated dextran amine (BDA, 5%) into the A15 
region. After 2 weeks, ewes were perfused and sections double-labeled for CTB 
immunocytochemistry and BDA histochemistry. Sources of afferent input to A15 
included (ipsilateral): lateral septum (LS), diagonal band (dBB), bed nucleus of stria 
terminalis (BNST), medial preoptic area (MPOA), anterior hypothalamic area (AHA), 
suprachiasmatic nucleus, paraventricular nucleus of thalamus and the paraventricular, 
supraoptic, arcuate (ARC) and dorsomedial hypothalamic nuclei. Thus far, almost all 
A15 afferent sources identified (midbrain and brainstem are yet to be analyzed) are 
also efferent targets indicating a potentially extensive reciprocal network. We 
speculate that A15 may potentially receive steroidal information from ER-rich regions 
that include LS, MPOA, BNST, AHA, and ARC, and, in turn, may influence GnRH 
neurons via efferents to the dBB, MPOA, AHA and ARC. Support: NIH-HD17864

591.16
GnRH TRANSGENICS: TEMPORAL AND SPATIAL EXPRESSION 
OF GnRH PROMOTOR-DRIVEN TRANSGENES M. Skynner, J.A. 
Sim, R.G. Dyer*, N, Allen and A.E. Herbison Laboratories of Neuroendocrinology 
and Developmental Neurobiology, The Babraham Institute, Cambridge, UK.

The ability to target and manipulate GnRH neurons in vivo will be useful ir 
establishing the molecular and cellular properties of these cells as they exist in the 
brain. One method of achieving this is to use promotor-driven transgenics. As a 
baseline for these studies, we have derived 3 founder lines of transgenic mice (GNZ) 
by pronucleus injection of a 13kb construct which contains murine sequences for all 
4 GnRH introns and exons, 5kb of 5’ flanking and 3.5kb of 3’ flanking regions and 
P-galactosidase. Spatial expression; Using X-gal staining and p-galactosidase 
immunocytochemistry, all 3 lines of GNZ mice were found to give identical patterns 
of transgene expression. Double-labelling studies involving GnRH 
immunocytochemistry showed that all GnRH neurons expressed the transgene, 
regardless of their location within the “GnRH continuum” extending from the 
olfactory lobes to the mediobasal hypothalamus. Low levels of transgene expression 
were also detected in the olfactory tubercle, lateral septum and posterior bed nucleus 
of the stria terminalis. Temporal expression; P-galactosidase immunoreactivity 
was first detected in migrating GnRH neurons on embryonic day (ED) 13.5 and 
continued throughout their migration into the preoptic area and hypothalamus. In 
contrast, GnRH immunoreactivity within the olfactory placode was detectable at 
earlier dates. Similar to recent GnRH immunocytochemical findings (Wu et 
a/., 1995), a group of transgene-expressing cells was first detected in the tectum on 
ED 14.5. Deletion constructs; Studies are currently assessing the requirement of 
5’ and 3’ sequences for the targeting of GnRH neurons. Sequences 3’ to exon 2 
appear to have no influence upon the spatial expression of P-galactosidase within 
GnRH neurons. Summary; GnRH neurons can be effectively targeted using a 
promotor-driven transgenic approach. More than 5kb of the GnRH promotor appears 
to be required for the correct temporal initiation of GnRH transcription in the nose 
but not tectum.
Supported by Babraham Institute and The Lister Institute of Preventive Medicine.

591.17
GnRH TRANSGENICS: REGULATION OF GnRH TRANSGENES 
BY GONADAL STEROIDS R. Slater, J.A. Sim*, M. Skynner, N. Allen and 
A.E, Herbison Laboratories of Neuroendocrinology and Developmental 
Neurobiology, The Babraham Institute, Cambridge, UK.

Circulating gonadal steroid hormones are thought to exert an important 
regulatory influence upon GnRH gene transcription. In this study we have used male 
and female transgenic GNZ mice to examine the effects of gonadectomy on a 
transgene controlled by 5kb of murine GnRH promotor. Mice were gonadectomized 
under halothane anesthesia and evaluated 4 to 5 weeks later. Transgene 
expression; Although all GnRH neurons in GNZ mice express the p-galactosidase 
transgene, X-gal staining (which detects active enzyme) results in the appearance of a 
single blue dot of variable size within the cell body and is not routinely visible in 
all GnRH neurons. Hence, by looking for the presence of X-gal reaction product in 
GnRH-stained neurons we are able to assess relative levels of active transgene 
expression within individual GnRH neurons. In male mice, gonadectomy resulted in 
a substantial (p<0.05) increase of up to 4-fold in the percentage of GnRH neurons 
expressing X-gal reaction product independent of their location in the medial septum, 
rostral preoptic area (rPOA) or anterior hypothalamus. Similar results were found 
following gonadectomy of female mice where an 80-90% increase in the percentage 
of GnRH neurons displaying X-gal staining was found regardless of their anatomical 
location (p<0.05). The total number of GnRH neurons detected did not change with 
gonadectomy in either sex. Following gonadectomy, a marked increase (p<0.05) in 
the number of X-gal stained neurons was also detected in the lateral septum of both 
male and female mice. GnRH mRNA expression; In situ hybridisation 
experiments using a murine 45mer oligonucleotide demonstrated that gonadectomy 
resulted in an -30% increase (p<0.05) in the cellular GnRH mRNA content of 
GnRH neurons located in the rPOA of both male and female mice. Summary; 
Gonadal steroids exert a restraining influence upon the in vivo expression of a 
transgene driven by 5kb of the murine GnRH promotor. This occurs regardless of 
whether the transgene is expressed in GnRH or non-GnRH neurons.
Supported by Babraham Institute and The Lister Institute of Preventive Medicine.

591.18
ESTROGEN RECEPTIVE HISTAMINERGIC NEURONS INNERVATE 
LUTEINIZING HORMONE-RELEASING HORMONE-SYNTHESIZING 
NEURONS FN THE RAT BRAIN. Fekete Cs.1, Kallo I.1, Hrabovszky E1, Mihaly E.1, 
Dobo E.1, Panula, P.2 and Liposits Zs.*1 ’Dept of Anatomy, Albert Szent-Gydrgyi 
Medical Univ., Szeged, Hungary; 2Dept. of Biology, Abo Akademi Univ., Biocity, 
Turku, Finland

Because luteinizing hormone-releasing hormone (LHRH)-synthesizing neurons do 
not possess a substantial amount of estrogen receptors (ER), the elucidation of the 
morphological connections between the ER- and LHRH-containmg neurons has been 
crucial. Physiological data suggest the participation of histaminergic neurons in the 
central gonadal regulation. The putative estrogen reception of histaminergic neurons 
and the relationship between LHRH-immunoreactive (IR) neurons and histaminergic 
fibers were analyzed by means of double label immunocytochemistry and combination 
of LHRH immunostaining with in situ hybridization using our Hl receptor 
oligonucleotid probe in the hypothalami of ovariectomized, female rats. The 
relationship between the LHRH- and histamine-IR elements was also studied in the 
human hypothalamus.

Multipolar histamine-IR neurons and ER-IR cell nuclei were found in five subgroups 
(E1-E5) of the tuberomammillary nucleus. The immunocytochemical double labeling 
indicated that the majority of histamine-IR neurons (76%) contained ER- 
immunoreactivity in their cell nuclei. A rich network of histamine IR nerve fibers was 
visualized in the medial preoptic area, the diagonal band of Broca and the septum. A 
substantial number of the LHRH-IR neurons (40%) was in juxtaposition with 
histaminergic axon varicosities. Hl receptor mRNA synthesizing LHRH neurons were 
found in those regions where contacts between LHRH and histamine containing 
elements were detected.

In the human hypothalamus, histamine-IR fibers were observed to approach LHRH 
neurons and the immunoreactive varicosities often terminated on them.

The presented morphological evidences suggest that the positive feedback effects of 
estrogens might be mediated to LHRH neurons via the central histaminergic system.

591.19
CATECHOLAMINERGIC AXONS INNERVATE LUTEINIZING 
HORMONE-RELEASING HORMONE IMMUNOREACTIVE NEURONS 
OF THE HUMAN DIENCEPHALON. B. Dudas#. E. Dobo#, L 
Merchenthaler"1"* and Zs. Liposits#. Dept. of Anatomy, Albert Szent-Gydrgyi 
Medical University#, Szeged, Hungary and Women's Health Research 
Institute"*", Wyeth-Ayerst Research, Philadelphia, USA.

Catecholamines have been proven to modulate gonadal functions via an 
interaction with the hypothalamic luteinizing hormone-releasing hormone- 
synthesizing (LHRH) neurons. In order to reveal the morphological 
background of this phenomenon, the distribution of LHRH neurons and 
tyrosine hydroxylase (TH)-immunoreactive (IR), catecholaminergic structures 
was mapped in the human diencephalon.

First, the location of the LHRH and TH-IR neuronal elements was 
analyzed, then the overlapping and the interrelationship of the two different 
systems were examined. The LHRH-IR cell bodies were mainly present in the 
medial preoptic and infundibular areas. The TH-IR perikarya were located in 
the infundibular, periventricular, paraventricular and supraoptic nuclei, 
while the TH-IR fibers were numerous in septal, infundibular, periventricular 
and lateral hypothalamic regions. The brown, diaminobenzidine labeled 
LHRH-containing perikarya received black, silver intensified, TH positive 
axon terminals in the infundibular area, while in the preoptic and caudal parts 
of the diencephalon only a few juxtapositions were noted.

The present results indicate that the hormone release of diencephalic 
LHRH-ER neurons may be influenced by the central catecholaminerg system 
via direct synaptic mechanisms.
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592.1
ACTIVATION OF OUTWARD CURRENT BY PITUITARY 
ADENYLATE CYCLASE ACTIVATING PEPTIDE-38 IN 
MOUSE MICROGLIAL CELLS.
M. Ichinose* and M. Sawada.
Department of Physiology, Shimane Medical 
University Izumo 693, Japan.

To clarify the function of microglia in the 
central nervous system, effects of neuroactive 
peptide on microglia were examined by means of 
whole cell patch-clamp method. Microglia cul-
tures were prepared from neopallia of newborn 
BALB/C mice. Puff application of pituitary 
adenylate cyclase activating peptide-38 
(PACAP38) onto microglia induced an outward 
current at holding potential of -53 mV in a 
dose-dependent manner. Pituitary adenylate 
cyclase activating peptide-27 (PACAP27) also 
activated an outward current but less effec-
tively than PACAP38. Reversal potentials were 
dependent on external K+ concentrations but not 
dependent on external Cl" concentrations. These 
results suggest that PACAP38 might modulate the 
activity of microglia in the central nervous 
system by changing the activity of potassium 
channels.

Supported by the Ministry of Education, 
Science, culture and Sports of Japan.

592.2
TOLERANCE TO MORPHINE’S IMMUNOMODULATORY EFFECTS: 
COMPARISON OF CONTINUOUS VS. INTERMITTENT CHRONIC DRUG 
ADMINISTRATION. J. Paige West. Linda A, Dvkstra. and Donald T. Lvsle* 
University of North Carolina @ Chapel Hill, Department of Psychology and 
Curriculum in Neurobiology, Chapel Hill, NC

Immunological studies examining the effects of chronic opioid administration have 
reported conflicting results concerning tolerance development. It is possible that these 
conflicting results are due to the particular method of chronic morphine 
administration. The current study compared the effects of chronic morphine 
administration on several in vitro measures of immune status using either the chronic 
drinking method of morphine administration (which produces intermittent plasma 
levels) or chronic morphine infusion from a subcutaneous osmotic minipump (which 
produces continuous plasma drug levels). Male Lewis rats were administered either
0.6 mg/ml morphine in their drinking water or 125 pg morphine/hr via an osmotic 
minipump for 20 days; these administration parameters resulted in the delivery of 
approximately equivalent, effective daily doses. Following the chronic administration 
period, rats received a subcutaneous injection of saline or 15 mg/kg morphine sulfate 
one hour before sacrifice for immune testing. Assays of natural killer (NK) cell 
activity, Con A-induced splenic T-cell proliferation, ConA-induced splenocyte y-IFN 
production, and LPS-induced splenic B-cell proliferation were performed. An acute 
injection of 15 mg/kg morphine suppressed all measures of immune status in rats that 
received tap water or saline via one of the two chronic administration methods, 
respectively. In the morphine-drinking and morphine-infusion groups, the acute 
morphine injection also significantly suppressed mitogen-stimulated splenocyte 
proliferation and y-IFN production. However, natural killer cell activity was no 
longer suppressed by an acute injection of morphine in rats that were administered 
morphine via either chronic administration method. These data provide evidence to 
suggest that chronic administration of morphine leads to differential tolerance 
development in different components of the immune system and that this tolerance 
development is not dependent on whether the chronic administration method produces 
intermittent or continuous plasma levels of morphine. (DA07481, DA 07244)

592.3
DIFFERENTIAL DIURNAL EFFECTS ON NK CELL ACTIVITY IN 
PERIPHERAL BLOOD AND SPLEEN OF F344 RATS.
C.A. Landis* and S.B. Pollack. Biobehavioral Nsg, Univ. Washington, 
Seattle, WA 98195-7266

Diurnal differences in HPA activity, corticosterone, and mononuclear 
cell distribution in peripheral blood (PB) and spleen are well described. 
Less is known about diurnal changes in effects on natural killer (NK) cell 
cytotoxicity. We measured NK cell cytotoxicity in both peripheral blood 
mononuclear cells (PBMCs) and splenocytes in a standard chromium 
release assay using YAC-1 tumor targets. Cells from male F344 rats were 
tested at the transition to the light period (n = 6) and at the transition to 
the dark period (n = 6). Serum corticosterone (CORT) was measured 
from trunk blood in a standard RIA assay (ICN Biochemicals). 
Norepinephrine (NE) content was measured from spleen tissue by high 
performance liquid chromotography (HPLC). We found large diurnal 
differences in serum CORT (9.6±4.2, light; 228.1±71 ng/ml dark). NK 
cell cytotoxicity was greater at the transition to the light period 
(28.1±18.8, Lytic units 20%) than the dark period (9.7±7.0) in PBMCs, 
but not in splenocytes (12.4±3.5, light; 13.4±3.9, dark). There was no 
diurnal difference in NE content in spleen tissue. These results suggest 
that CORT mediates diurnal activity of NK cells in peripheral blood. 
They also suggest there is no diurnal effect on NE content or NK cell 
activity in spleen.
Supported by NINR, NR0411.

592.4
INTERLEUKIN-10 IN THE NEUROENDOCRINE AND NERVOUS SYSTEMS. 
T.K, Hughes, P, Cadet, P, Rady, M.R, Opp, and E.M. Smith*
Univ. Texas Medical Branch, Galveston, Texas 77555.

Interleukin-10 (IL-10) is best recognized as an in-
hibitor of cytokine synthesis by T helper lymphocytes. 
Many pro-inflammatory cytokines, whose synthesis is in-
hibited by IL-10, have been shown to be produced and 
active in the central nervous and neuroendocrine systems. 
Therefore, it was intriguing from a regulatory standpoint 
when we found the expression of IL-10 in pituitary and 
hypothalamic tissues. IL-10 acted like corticotropin 
releasing factor (CRF), inducing ACTH production in mouse 
pituitary cells and splenocytes. RT-PCR of AtT-20 
pituitary tumor cells showed expression of the IL-10 
receptor mRNA. CRF enhanced pituitary IL-10 expression 
and IL-10 treatment down regulated its receptor mRNA 
after 30 minutes. In AtT-20 cells, IL-10 induced AP-1 and 
inhibited NF-k B transcription factor binding activities. 
These transcriptional effects could serve to induce pro-
opiomelanocortin and inhibit cytokine action on the 
pituitary. Therefore, IL-10 acts in opposition to pro- 
inflammatory cytokines, like IL-1 and tumor necrosis 
factor a in pituitary cells as it does in lymphocytes. 
We speculate that one of IL-10's roles may be to inhibit 
non-specific actions of these cytokines in the nervous 
and neuroendocrine systems. s

Supported in part by the Office of Naval Research 
(#NOOO14-89-J-1095), NIDA, and NIMH.

592.5
CEREBELLAR STIMULATION REDUCES INTERLEUKIN-1-0-INDUCED 
INFLAMMATION IN RAT STRIATUM. E. Galea*, S.B. Glickstein, D.L, 
Feinstein, E.V, Golanov, and P.J, Reis, Department of Neurology & 
Neuroscience, Cornell University Medical College, NY, NY 10021

Stimulation of the cerebellar fastigial nucleus (FN) in rats reduces the 
neuronal death caused by global and focal ischemia, and ibotenic acid 
injection. We postulate that protection, which lasts over a week, may result 
from the inhibition of the inflammation associated with the injuries. To 
establish whether the FN exerts anti-inflammatory actions in brain, Sprague 
Dawley rats were electrically stimulated (1 h, 1s on/1soff, 0.5 ms pulse, 70- 
100 ixAmp) in the FN or in the dentate nucleus (DN) for sham controls.Three 
days later, IL-1p (10 pg in 0.4 pj of saline) and vehicle were respectively 
injected in the right and left striatums, in Bregma, of naive and stimulated 
rats. Animals were sacrificed 24h later and the brains processed for 
immunohistochemistry or Western blots to examine the presence of immune 
cells and up-regulation of ICAM-1 protein, in naive rats (n=4), vehicle 
injection resulted in the infiltration of immune cells around the injection 
tracks, mostly neutrophils (CD-45-positive cells) and some macrophages 
(ED-1-positive cells). In the side injected with IL-1 p, immune cells also 
appeared in the injection tracks and, in addition, spread across the striatum. 
ICAM-1 protein was up-regulated in vessels of the IL-1-p-injected side. 
Stimulation of the FN (n=3) but not the DN (n=2) reduced the number of 
infiltrated immune cells and the up-regulation of ICAM-1 protein.These 
observations suggest: a) IL-1{3 injection in brain triggers inflammatory 
reactions akin to those induced by excitotoxic injuries; and b) FN excitation 
may reduce IL-1p-induced brain inflammation. Cerebellar pathways may 
therefore be involved in the regulation of neuronal-immune responses. 
Supported by NHLBI grant HL 18974

592.6
T CELL CYTOKINE PRODUCTION AND ANTIBODY RESPONSES IN 
SPRAGUE-DAWLEY (SD), LEWIS (LEW) AND FISCHER 344 (F344) RATS. 
Snezhana S. Dimitrova. Kelley S. Madden* and David L. Felten, Department of 
Neurobiology and Anatomy, University of Rochester School of Medicine and 
Dentistry, Rochester, NY 14642

Previously, we demonstrated that the density of sympathetic noradrenergic (NA) 
innervation and norepinephrine (NE) content and concentration were different in the 
spleens of young adult males of the F344, LEW, and SD rats: lower in F344 and 
higher in LEW and SD rats. Based on these observations, we hypothesized that the 
production of T cell cytokines and the antibody responses in these three strains would 
be differentially influenced by the extent of splenic NA innervation. We began 
investigating this hypothesis by measuring the immune response to a T-dependent 
protein, keyhole limpet hemocyanin (KLH). Serum anti-KLH IgM in SD rats rose 
rapidly by day 7, and declined by days 10 and 16, The LEW IgM response was 
delayed, so that it peaked by day 10 and declined thereafter. There were no changes in 
the F344 IgM response. Serum anti-KLH IgG was low on day 7 in all three strains. 
In LEW rats, IgG peaked on day 10 and declined by day 16. In F344 rats, IgG 
increased steadily until day 16. Anti-KLH IgG2a and IgG2b, equivalent to mouse 
IgGl (IL-4-driven) and IgG2a (IFNy-driven), respectively, were both greater in F344 
rats compared to LEW and SD rats. KLH-induced IFNy production was greater in 
F344 compared to LEW rats, but was equivalent to SD rats. KLH-induced IL-2 
levels were very low in all three strains, and no strain differences were observed. The 
percentage of CD5+ T cells, CD4+/OX-22+ (Thj -like) cells, and CD4+/OX-22- 
(Th2-like) cells were all elevated in LEW rats compared to the other two strains.

Together, these results suggest that there is no Th cytokine predominance in these 
three rat strains in response to KLH. F344 rats, with the least densely innervated 
spleens, displayed increased antibody and IFNy production, without apparent 
correlation with either CD4/OX22 phenotype or IgG2a/IgG2b isotype. 
Pharmacological manipulation of the sympathetic nervous system would be the next 
necessary step in the investigation of our hypothesis.

Supported by R37 MH 42076 and a Markey Charitable Trust Award
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592.7
BEHAVIORAL AND CENTRAL MONOAMINE ALTERATIONS 
INDUCED BY INTERLEUKIN-1, INTERLEUKIN-6 AND 
LIPOPOLYSACCHARIDE . T, Borowski, L, Kokkinidis*. Z, Merali. 
and H, Anisman. Institute of Neuroscience, Carleton University & 
School of Psychology, University of Ottawa, Ottawa, Ontario, Canada.

Interleukin-1 and bacterial endotoxins, such as lipopolysaccharide 
(LPS), induce “sickness behavior”, which comprises variations of 
exploration, locomotion, eating, and sleeping. While these treatments 
may also induce anhedonia and reduced motivation, the latter effects are 
difficult to dissociate from other components of the illness response, 
particularly in paradigms involving appetitive motivation. In the present 
investigation the effects of LPS, IL-1J3 and IL-6 on intracranial brain 
stimulation were assessed in order to evaluate potential anhedonic effects 
of the treatments, uncontaminated by the influence of anorexia. While IL- 
1 and IL-6 did not affect responding for rewarding brain stimulation, 
systemic LPS provoked a dose-dependent disturbance of responding 
from the lateral hypothalamus. This outcome was not attributable to 
motor effects associated with the treatment, nor did it appear that LPS 
influenced the animals ability to differentiated reward- and nonreward- 
related cues. The effects of the treatments could also be distinguished 
from one another on the basis of the central monoamine variations 
induced, including the mesolimbic DA and 5-HT alterations. Although 
accumbal DA alterations have been implicated in mediating reward 
processes, it did not appear that such variations accounted for the effects 
of cytokines and LPS on responding for hypothalamic self-stimulation. It 
is suggested that LPS may elicit an anhedonic effect which was 
independent of the variations of IL-1 induced by the endotoxin.

Supported by the Medical Research Council of Canada

592.8
MAGNETIC COIL STIMULATION INCREASES NITRIC OXIDE 
PRODUCTION BY HUMAN AND MURINE CELL CULTURES IN- 
VITRO.
PJ. Maceabee*. W.L, Lee.JX.Park^RU^Craceo, V.E, Amassian, and M,
Nowakowski. Departments of Neurology. Demtatology. Pathology. SUNY
Health Science Center, al.Brooklyn. Brooklyn,MY 11203.

It was hypothesized that electric shocks elicited by magnetic coil (MC) 
stimuli would influence inducible nitric oxide synthase (i-NOS) activity in cell 
cultures.

A round MC (up to 2.2 Tesla; 9.8 cm O.D.) induced electric field pulses in 
an adjacent tissue culture dish (usually 0.4 to 1 x 10^ cells/35 mm dish). 
Single pulses were delivered at 0.2 and 0.1 Hz for up to 20 min. Culture 
supernatant was collected variously at 2 hrs, 1 day, and 4 days. Nitric oxide 
production was estimated as N0"2 measured by the Griess Reaction.

In a human microvascular endothelial cell line, the N0'2 increase at day 4 
compared to day 1 was 200% for non-stimulated control cells and 329% for 
stimulated cells. In a human colon carcinoma cell line containing a well 
characterized i-NOS, the increase at day 4 compared to day 1 was 390% for 
unstimulated cells and 526% for stimulated cells. The intensity series revealed 
an augmenting dose response effect. In a murine macrophage cell line, the 
N0'2 increase at 2 hrs compared to 24 hrs was 197% for unstimulated cells 
and 314% for stimulated cells; the pulse exposure time resulting in N0"2 
increase ranged from 5-20 min., peaking at 15 min By contrast, exposure of 
cells to a relatively powerful, constant magnetic field for 4 days had no effect.

This model system may be used to study agents that influence NO release 
with implications for physiologic and therapeutic application in-vivo.

592.9
GLUCOCORTICOID SUPPRESSION OF CYTOKINE-INDUCED ADHESION OF 
HL-60 HUMAN PROMYELOCYTIC LEUKEMIA CELLS TO CULTURED 
HUMAN ENDOTHELIAL CELLS. S.L. Chang*. N.A. Patel, E.L.Vidal and XM. Fiala. 
Dept of Biol. Seton Hall Univ., South Orange, NJ 07079 & !UCLA Sch of Med, Los 
Angeles, CA 90095

We have previously shown that chronic exposure to morphine causes a neuronal 
desensitization in the hypothalamic paraventricular nucleus, inhibits glucocorticoid 
production mediated by IL-1-activation of the hypothalamic-pituitary-adrenal axis 
(HPA), and potentiates the venule leukocyte-endothelial adhesion (LEA) response to 
IL-IB (Chang et al., 1996), suggesting that chronic exposure to morphine, by impairing 
the HPA axis, may attenuate the inhibitory effects of glucocorticoids on LEA. To test 
this hypothesis, we examined the stimulatory effects of cytokines on adhesion of HL-60 
to cultured endothelial cells, and the modulatory effects of dexamethasone (DEX), a 
long-lasting glucocorticoid, on cytokine-mediated HL-60 adhesion. In preliminary 
studies, human dermal microvascular endothelial cells (CADMEC), were grown to 
confluency, and treated with either IL-115 (1 ng/ml), TNF-a (2.5 ng/ml), IL-115 (1 
ng/ml) and TNF-a (2.5 ng/ml) combined, or control vehicle for 4 h, followed by co-
culturing with HL-60 (2 x 10 6 cells) for 10 min. Both IL-115 and TNF-a alone 
stimulated limited adhesion of HL-60 to CADMEC. However, co-treatment with IL-1 P 
and TNF-a induced a substantial increase in HL-60 adhesion. In subsequent studies, 
confluent cultures of CADMEC were treated with various concentrations of DEX (10'4 
to IO’9 M) or control vehicle for 16 h, followed by treatment with IL-115 and TNF-a for 
either 4 or 8 h, followed by co-culturing with HL-60 for 10 min. Pretreatment with 
DEX attenuated the cytokine-mediated adhesion of HL-60 to CADMEC in a dose- 
dependent manner, the most effective concentration being 10‘4 M. This experiment 
was repeated using brain microvascular endothelial cells with similar results. The data 
from these studies indicate that glucocorticoids can attenuate leukocyte adhesion to 
endothelium, and substantiates our hypothesis that chronic morphine potentiates IL-1 - 
mediated LEA in venules by inhibiting glucocorticoid production. (Supported by DA 
07058 and DA 10442)

NEURAL-IMMUNE: CNS STUDIES

593.1

TRANSYNAPTIC ANALYSIS OF THE CNS INNERVATION OF 
RAT SPLEEN. G. Cano, A,F, Sved. L. Rinaman, S. Rassnick, B,S. 
Rabin. J.P. Card*. Departments of Neuroscience & Pathology, 
University of Pittsburgh, Pittsburgh, PA 15260

Sympathetic innervation of the spleen influences immune function. 
This innervation arises from neurons in the intermediolateral cell column 
(IML) of thoracic spinal cord; however, the location and synaptology of 
neurons that modulate the activity of the spleen is not well delineated. In 
the present study we addressed this question using a neurotropic swine 
alpha herpesvirus (pseudorabies virus) previously shown to be a specific 
transynaptic tracer. Spleens of anesthetized adult male Sprague-Dawley 
rats were exposed by laparotomy and six 1 pi injections of virus (4 x 108 
pfu/ml) were made along the hilar axis of the spleen. Immunohisto-
chemical localization of viral antigen 96 hours postinoculation revealed a 
reproducible pattern of infection in a circumscribed population of CNS 
neurons. Within the spinal cord labeling was observed bilaterally in the 
thoracic IML. Brainstem labeling was confined to the raphe nuclei 
(obscurus and pallidus), the Cl region of ventrolateral medulla, the 
magnocellular and paragigantocellular medullary reticular nuclei, the A5 
region of the caudal ventrolateral pons, and a few neurons in the dorsal 
vagal complex and locus coeruleus. More rostrally, labeling was 
observed only in the parvicellualar subdivisions of the paraventricular 
hypothalamic nuclei, most notably the dorsal cap. The multisynaptic 
circuit revealed in this analysis includes cell groups known to influence 
the sympathetic control of other visceral organs as well as neurons 
thought to mediate the neural influences of stress upon immune function. 
Supported by USPHS grants MH43411 and MH53574.

593.2
ACUTE LOCAL INFLAMMATION INDUCES TEMPORALLY 
DISTINCT PATTERNS OF C-FOS EXPRESSION IN THE RAT 
BRAIN. J. Rivier*. A.V, Turnbull and Catherine Rivier, The Clayton Foundation 
Laboratories for Peptide Biology, The Salk Institute, La Jolla CA 92037, USA.

Acute local inflammation induced by the intramuscular injection of turpentine in 
rats induces biphasic CNS-mediated physiological responses such as activation of 
the hypothalamic-pituitary-adrenal (HPA) axis, fever and hypermetabolism. The 
initial HPA response occurs within the first one to two hours and is believed to be 
mediated by the stimulation of nociceptive afferents from the site of turpentine 
injection. Later responses peak at around 6 - 12 h, persist for at least 24 h, and are 
believed to be secondary to the production of inflammation-induced cytokines, such 
as interleukin-1 and inteileukin-6. In order to explore the CNS mechanisms 
underlying these physiological responses we have mapped c-fos expression as a 
marker of neuronal activity in the brains of turpentine-treated (50 p,l/100g bw, im) 
rats. Perfused-fixed rat brain sections (30 |Lim) were processed for 
immunohistochemical detection of c-fos protein using standard ABC-peroxidase 
procedures with a nickel intensification. Consistent with the marked activation of 
the HPA axis, a robust c-fos signal was detected in the paraventricular nucleus 
(PVN) of the hypothalamus 1.5 - 12 h after turpentine treatment, with a few cells 
still staining at 24 h. Outside of the hypothalamus, there was a distinct temporal 
pattern of c-fos expression, with a marked induction of c-fos in the cerebral cortex 
(layer II) throughout all regions of the brain, in the peri-aqueductal grey area and in 
the Edinger-Westphal nucleus at early time-points (1.5 - 4 h), with the main sensory 
structures expressing c-fos at later time-points being circumventricular organs such 
as the sub-fornical organ (particularly at 12 h). These data provide an anatomical 
substrate for the biphasic CNS-mediated physiological responses to acute local 
inflammation in the rat.
This work was funded by NIH grant NIDDDK-26741.
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593.3
TIME COURSE OF BRAIN INTERLEUKIN-1 PROTEIN EXPRESSION 
DURING FEVER. T. Cartmell, C. A. Davies and N. J. Rothwell*. School of 
Biological Sciences, University of Manchester, Manchester, M13 9PT, UK.

The cytokine, interleukin (IL)-l, is thought to be a key mediator of fever since 
inhibition of its actions, systemically or in the brain, markedly attenuates the febrile 
response. We investigated the cellular localisation and topographical distribution of 
IL-1(3 and IL-la protein in the rat brain 0, 1, 2, 4 and 8h after peripheral 
administration of the pyrogen lipopolysaccharide (LPS, lOOpg/kg), in order to 
correlate IL-1 expression with body temperature. Core temperature (peritoneal) 
was measured in free-moving rats by remote radiotelemetry. IL-1 protein was 
localised immunocytochemically in coronal vibratome sections of perfuse fixed 
brains.

Body temperature increased significantly 1.5h after LPS administration, was 
maximal at 4h and returned to pre-injection levels by 8h. IL-13 was expressed in 
microglia and in meningeal macrophages 4h after LPS administration 
(corresponding with the peak in body temperature). The most pronounced staining 
occurred 8h after LPS (when body temperature had returned to baseline values) in 
the hypothalamus and around the third ventricle. Immunoreactive IL-la was first 
detected in hypothalamic microglia 8h after LPS administration. IL-1(3 and IL-la 
were, therefore, maximally expressed at a time when body temperature had 
returned to pre-injection levels. After higher doses of LPS (lmg/kg & 2.5mg/kg), 
IL-1 (3 was expressed as early as lh (paradoxically corresponding to a significant 
decrease in body temperature) in meningeal macrophages, hypothalamus and 
choroid plexus. At later time points (when body temperature was significantly 
increased), staining extended to the amygdala and thalamus. Our data indicate that 
IL-ip and IL-la immunoreactivity does not correlate with body temperature 
changes during fever. The precise role of IL-1(3 and IL-la in eliciting body 
temperature changes during fever requires further investigation.
Funding: Wellcome Trust International Fellowship

593.4
EFFECT OF ACUTE SYSTEMIC INFLAMMATORY RESPONSE AND 
CYTOKINES ON THE TRANSCRIPTION OF THE GENES ENCODING 
CYCLOOXYGENASE ENZYMES (COX-1 AND 2) IN THE RAT BRAIN.
S. Lacroix and S. Rivest*. Laboratory of Molecular Endocrinology, CHUL Research 
Center and Laval University, Quebec, Canada, G1V 4G2

The aim of this study was to investigate the influence of the acute-phase response and 
the proinflammatory cytokines on the transcription of the genes encoding the limiting 
enzymes for the production of prostaglandins (PGs), COX-1 and 2, in the rat brain. 
Intraperitoneal (i.p.) and intravenous (i.v.) administration of the bacterial endotoxin 
lipopolysaccharide (LPS) and intramuscular (i.m.) injection of turpentine in the left 
hind limb were employed as different models of inflammation in adult male rats. 
Animals were also sacrificed at various times after i.v. administration of interleukin 
(IL)-IB and IL-6 and mRNAs encoding COX-1 and 2 were assayed by in situ 
hybridization histochemistry. Systemic injection of LPS and EL-18 caused a profound 
transcriptional activation of the gene encoding COX-2 over blood vessels of the entire 
brain microvasculature. Injection of the endotoxin i.v. elevated more rapidly the COX- 
2 mRNA levels than the i.p. route of administration; the signal was robust 1 h after
i.v. LPS injection and declined at 3 h post-injection time, whereas the signal intensity 
reached its maximum only at 3 h post i.p. treatment with the bacterial endotoxin. 
Moreover, i.v. LPS administration increased COX-2 gene expression within 
parvocellular neurons of the hypothalamic paraventricular nucleus. Interestingly, i.m. 
turpentine injection (used here as a model of localized sterile inflammation) stimulated 
transcription of COX-2 throughout the entire microvasculature of the brain and the 
signal of this transcript paralleled the inflammation of the left hind limb; brain 
microvasculature displays strong positive signal 6 and 12 h after the insult where 
profound swelling was observed. In contrast, i.v. injection of IL-6 did not alter genetic 
expression of COX-2 and none of the above described models affected the synthesis of 
COX-1 gene in the rat brain. These results indicate that specific cell populations, in 
particular vascular- and/or perivascular-associated cells, are responsible for the central 
production of PGs during systemic inflammation and circulating IL-18 is likely to be a 
potent mediator of this response. Supported by the Medical Research Council of Canada.

593.5
REGULATION OF THE GENES ENCODING INTERLEUKIN-6, ITS RECEPTOR, 
AND GP130 IN THE RAT BRAIN IN RESPONSE TO THE IMMUNE ACTIVATOR 
LIPOPOLYSACCHARIDE AND THE PROINFLAMMATORY CYTOKINE 
INTERLEUKIN-IB. L. Valliferes. N. Barden* & S. Rivest. Laboratory of Molecular 
Endocrinology, CHUL Research Center, Ste-Foy, Quebec, Canada, G1V 4G2.

Interleukin-6 (IL-6) is a pleiotrophic cytokine believed to play key roles in the 
neuroimmune interactions. This molecule may act on the nervous system by interacting 
with its specific receptor subunit (IL-6R) and the signal transducer gpl30. The purpose 
of the present study was to verify the influence of the endotoxin lipopolysaccharide 
(LPS) and recombinant rat IL-IB on the expression of the genes encoding IL-6, IL-6R, 
and gpl30 throughout the rat brain. Rats were killed at multiple times after systemic 
injection of LPS or IL-IB, their brains cut into 30-gm coronal sections and each 
transcript localized by in situ hybridization histochemistry using 35S-labeled riboprobes. 
The results show that IL-6 mRNA was undetectable in the brain under basal conditions 
nor following the i.v. injection of IL-IB. Transcription of this gene was however rapidly 
stimulated after LPS administration in the choroid plexus and the sensorial 
circumventricular organs (CVOs), including the organum vasculosum laminae 
terminalis (OVLT), subfornical organ, median eminence and area postrema. 
Conversely, IL-6R and gpl30 transcripts were heterogenously distributed throughout 
the brain under basal conditions. The injection of the bacterial endotoxin stimulated the 
biosynthesis of IL-6R in the CVOs, medial preoptic area, bed nucleus stria terminalis, 
central nucleus of the amygdala, hippocampus, hypothalamic paraventricular nucleus, 
cerebral cortex and blood vessels. Increased levels of IL-6R mRNA were also observed 
in the brain microvasculature of IL-lB-injected animals. Finally, gpl30 mRNA 
expression was increased in the OVLT and throughout endothelium of brain capillaries 
of LPS-treated rats, but remained unchanged after the injection of IL-IB. These results 
demonstrate that expression of the genes encoding IL-6, IL-6R and gpl30 can be 
upregulated in selective regions of the brain in response to immunogenic stimuli. This 
fine genetic regulation might be of great importance in the neuroimmune interplay and 
provides the evidence that sensorial CVOs and brain microvasculature are in privileged 
position to mediate the action of IL-6 of central and/or systemic origin in the brain of 
immune-challenged animals. Supported by the Medical Research Council of Canada.

593.6
INVOLVEMENT OF SEROTONINERGIC PATHWAYS IN MEDIATING THE 
NEURONAL ACTIVITY AND TRANSCRIPTION OF NEUROENDOCRINE 
CORTICOTROPIN-RELEASING FACTOR (CRF) IN THE BRAIN OF 
SYSTEMICALLY ENDOTOXIN-CHALLENGED RATS. N. Laflamme.E. Feuvrier. G, 
Drolet* and S. Rivest. Laboratory of Molecular Endocrinology, CHUL Research Center, 
Quebec, Canada, G1V 4G2.

The present study investigated the effect of serotonin depletion on the neuronal activity 
and transcription of CRF in toe rat braireduring toe acute-phase response. Conscious male 
rats received an intraperitoneal (i.p.) injection with the immune activator lipopolysaccaride 
(LPS, 250 gg/kg) after being treated for 3 consecutive days with para-chlorophenylalanine 
(PCPA, 300 mg/kg/day), which decreased the hypothalamic serotonin (5-HT) levels by 
96%. Rats were sacrificed 1, 3 and 6 h after a single i.p. LPS injection and c-fos and 
nerve-growth factor inducible-B (NGFI-B) mRNAs and CRF primary transcript (hnRNA) 
were assayed by in situ hybridization using 35S-labeled riboprobes, whereas Fos- 
immunoreactive (ir) proteins were labeled by immunocytochemistry. LPS induced a 
widely neuronal activation indicated by the expression of both immediate-early gene (IEG) 
transcripts and Fos protein in numerous structures of the brain. The signal for c-fos and 
NGFI-B mRNAs was low to moderate 1 h after LPS administration, maximal at 3 h and 
declined at 6 h post-injection, while at that time, Fos-ir nuclei were still detected in most of 
the c-fos mRNA-positive structures. Interestingly, the strong and widely induction of both 
IEG transcripts was largely inhibited by the PCPA treatment; in the hypothalamic PVN for 
example, c-fos mRNA signal and the number of Fos-ir positive cells were reduced by 74 
and 40 %, respectively, in 5-HT-depleted rats and injected with the bacterial endotoxin. 
This blunted neuronal response was also associated with an attenuated stimulation of 
neuroendocrine CRF transcription and plasma corticosterone release. Indeed, LPS caused 
a selective expression CRF primary transcript in the PVN and this effect was significantly 
reduced by treatment with toe 5-HT inhibitor. These results suggest that the integrity of 
serotonin pathways play a crucial role in the neuronal activity triggered by the systemic 
endotoxin insult. The fact that 5-HT depletion significantly prevented neuroendocrine CRF 
transcription and plasma corticosterone increase in response to immunogenic challenge 
provides the evidence that serotoninergic system is an essential component of the brain 
circuitry involved in the corticotroph axis-immune interface. Supp. by the MRC of Canada.

593.7
IMMUNOSUPPRESSION FOLLOWING PAG MICROINJECTION OF MORPHINE IS 
CORRELATED WITH ELEVATED SPLENIC CATECHOLAMINES, PLASMA ACTH 
AND CORTICOSTERONE, AND IS NOT BLOCKED BY MIFEPRISTONE (RU486).
R. J. Weber*, J.-L. Suo, R. Gomez-Flores, D. M. Hall. Section of Medical Sciences, 
Department of Biomedical and Therapeutic Sciences, University of Illinois College of 
Medicine at Peoria, Peoria, IL 61656 USA

Central nervous system mediated, morphine-induced immunosuppression has been 
hypothesized to be due to activation of toe hypothalamic-pituitary-adrenal (HPA) axis or toe 
sympathetic nervous system or both (Weber and Pert; Science 245:188-190,1989). Morphine 
microinjection into toe PAG resulted in suppression of splenic NK cell activity, splenic and 
thymic T-lymphocyte proliferation, and peritoneal macrophage function.. Plasma ACTH and 
corticosterone concentrations were determined before and after injection of morphine in 
jugular catoeterized Fischer 344N male rats. A temporal increase in ACTH was observed 
which peaked at 40 minutes (9-fold) following PAG morphine injection and was accompanied 
by a subsequent 2-fold sustained increase in corticosterone. The glucocorticoid antagonist, 
RU486, was ineffective in blocking either toe suppression of NK cell activity or T cell 
proliferation. Consequently, we examined toe role of toe sympathetic nervous system on toe 
observed immunosuppression. Catecholamine levels were measured kinetically and 
continuously in splenic microdialysates from freely moving Fischer 344N rats, both before and 
after bilateral administration of morphine or saline into toe PAG. Our results indicate that 
morphine induces an substantial increase in norepinephrine (NE), dopamine (DA), and 
serotonin (5-HT) levels. The elevated levels of NE, DA and 5-HT reach a maximum between 
15 to 30 minutes after injection of morphine, and then gradually decline. Both NE and 5-HT 
levels return to a basal level approximately 150 minutes after morphine injection, while DA 
levels remain elevated for more than 15 hours post injection. In conclusion morphine injection 
into toe PAG leads to an increase in catecholamine levels within toe spleen, and is correlated 
with changes in splenic lymphocyte function. ACTH and corticosterone increases are 
correlated with changes jn immune function, but are apparently not associated. Supported by 
NIDA Grant DAAI08988.

593.8
ACTIVATION OF MICROGLIA FOLLOWING THE INDUCTION OF 
PERIPHERAL INFLAMMATION. I, Ran, O.J. Pittman. S.H. Roth * and
K. A. Sharkey. Neuroscience Research Group, University of Calgary, Calgary,
AB, Canada T2N4N1.

Microglia are immunocompetent cells in the CNS. Once activated, microglia 
express Major Histocompatability Complex II (MHCII) giving them the potential 
to serve as antigen presenting cells. They also have the capacity to secrete a 
variety of cytokines. Inflammation of the CNS is followed by activation of 
microglia. Intraperitoneal injections of the cytokines TNF a or interferon y also 
induce microglial activation. This study examined whether microglial activation 
is a feature of colitis. Colitis was induced by trinitrobenzenosulfonic acid 
(TNBS, 30mg in 0.5ml 50% ethanol). Microglia were examined in the 
brainstem, a region that receives primary afferent input from the colon (the site 
of inflammation). Eight adult rats were injected intrarectally with either TNBS 
(n=6) or saline (n=2), and 3 days after injection were killed and perfused. The 
level of inflammation was assessed and compared to saline controls. 
Immunohistochemistry was used to label microglia (OX-42; a 
microglia/macrophage marker) and their state of activation (OX-6; MHC Class 
II). Inflamed rats exhibited an increase in the intensity of OX-42 staining in the 
nucleus of the solitary tract and the appearance of OX-6 labeled cells in the area 
postrema, both of which are indicative of activation. In addition, OX-6 labeled 
cells were observed in the pyramidal tracts of inflamed but not control animals. 
These findings demonstrate the activation of microglia by peripheral 
inflammation and suggest the involvement of the CNS in the regulation of 
peripheral immune responses.
Supported by the Medical Research Council of Canada and the Crohn’s and 
Colitis Foundation of Canada.
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593.9
IMMUNOGLOBULIN-LIKE IMMUNOREACTIVITY
IN RABBIT NEURONS.
K.Yoshimi. Y.Song. M.Woo. J.K.Thompson* and R.F.Thompson. 
Neuroscience Program, Univ. Southern Calif., Los Angeles, CA 90089-2520.

Brain sections of mice, rats and rabbits were stained by antibodies to y- 
immunoglobulin (IgG) of all three species. A small number of neurons in the 
vestibular and pontine nuclei in mouse and rat brains showed clear staining by 
anti-mouse IgG and anti-rat IgG respectively. In rabbit brain, many neurons 
were stained intensely by anti-rabbit IgG. Positive neurons were found in 
vestibular nucleus, facial nucleus, hippocampal CA4 neurons and cerebellar 
Purkinje neurons. This staining is usually called "non-specific staining by 
secondary antibody" but some neurons show very clear golgi-like staining of 
soma and dendrites. The staining was clearly located in the cytoplasm of 
some neurons and absent in cell nuclei and axons. Fluorescein conjugated 
anti-rabbit IgG showed die same result as affinity-purified biotinylated anti-
rabbit IgG antibodies. In rabbits, neurons were not stained by anti-mouse 
IgG or anti-rat IgG. The strict species specificity indicates the staining is due 
to IgG-like immunoreactivity. In Western blot with anti-rabbit IgG detected 
one band having the same molecular weight as serum IgG in perfiised rabbit 
brain. Our results suggest that some neurons in normal rabbit brain have 
IgG. The rabbits may be a suitable experimental animal to study the role of 
IgG in the brain. Supported by grants from IBN-9215069, N00014-95-1- 
1152, AG05142, MH52194 and Sankyo Co.,LTD.

593.10
STAT3 IN THE RAT NERVOUS SYSTEM - ANATOMICAL AND 
SUBCELLULAR DISTRIBUTION. H. Stromberg. S.P.S. Svensson. 
O, Hermanson and A, Blomqvist*. Depts Cell Biol, and Pharmacol., 
Fac. Health Sciences, Univ.Linkoping, S-581 85 Linkoping, Sweden.

Stat3 is a transcription factor known to be activated by a variety of 
cytokines. We have used immunohistochemistry and light microscopy to 
investigate the anatomical and subcellular distribution of Stat3 in the rat 
nervous system. Paraformaldehyde fixed sections from male 
Sprague-Dawley rats were treated with a polyclonal Stat3 antiserum and 
processed using the peroxidase-antiperoxidase method. Antibody 
specificity was confirmed with Western blotting.

Stat3 immunoreactivity (Stat3 ir) was seen in the cerebral cortex, 
hippocampus, amygdaloid complex, thalamus, hypothalamus, 
cerebellum, brain stem, spinal cord, and dorsal root ganglia. Stat3 ir was 
seen in many motor structures such as the ventral horn of the spinal cord 
and the motor cranial nerve nuclei. Stat3 ir was also seen in many 
regions in the brainstem and basal forebrain involved in autonomic 
regulation, e.g. the paraventricular and ventromedial hypothalamic 
nuclei, the nucleus of the solitary tract and the area postrema. At the 
subcellular level, Stat3 ir was located to cell bodies and dendrites, but 
also to axons, such as in the facial and hypoglossal nerves. Together, 
these data point to a role for Stat3 in neuronal homeostasis at many 
different levels of the nervous system. Conceivably, Stat3 could mediate 
the CNS effects of inflammatory mediators, such as IL-6 and IL-12, or 
act as an intracellular messenger for neurotrophic factors, such as 
oncostatin M and leukemia inhibitory factor. Supported by the Swedish 
Medical Research Council (# 7879).

593.11
DIFFERENTIAL REGULATION OF HEMORRHAGE-INDUCED CYTOKINE 
ACTIVATION; CENTRAL VS PERIPHERAL SYMPATHETIC NERVOUS 
SYSTEMS. P.E. Molina. M. Ajmal. L. Qian. R. Naukam. N. Volkow*. N.N, 
Abumrad. Department of Surgery, North Shore University Hospital, Manhasset, 
NY 11030 and Brookhaven National Laboratory, Upton, NY, 11973.

The neuro-endocrine-immune systems interact to maintain homeostasis through 
various mechanisms, including neurotransmitters, opiates and cytokines. Immuno- 
responsive organs are extensively innervated by the sympathetic nervous system 
(SNS) where norepinephrine (NE) fulfills criteria for neurotransmission with cells 
of the immune system as targets. We have previously demonstrated significant 
activation of SNS activity, with marked 3-4-fold elevations in circulating and tissue 
NE levels following fixed pressure hemorrhage+fluid resuscitation (HEM). This 
study determined the effect of central (ICV) and peripheral (IP) chemical (6- 
OHDA) sympathectomy (SNX) on HEM-induced increase in tissue cytokine content 
(pg/mg protein). HEM increased spleen content of TNF-a (2-fold; 89.3+21) and IL- 
6 (23%; 694±33) compared to sham controls (p<0.05). Central SNX alone, did not 
alter spleen content of TNF-a or IL-6; but enhanced the IL-6 increase in spleen 
following HEM. Peripheral SNX produced a marked decrease in both spleen TNF- 
a (-50%) and IL-6 (-30%). Peripheral SNX significantly enhanced the HEM- 
induced increase in spleen TNF-a content but abolished the increase in IL-6. These 
results indicate significant contribution of SNS to the HEM-induced immune 
responses and suggest differential cytokine modulation by the SNS. (Supported by 
ONR 00014-95-1-0865).

593.12
SURGICAL STRESS ALTERS IMMUNE STATUS: EVIDENCE FOR 
THE ROLE OF CATECHOLAMINES, C. J. Nelson* and D. T. Lvsle, 
Department of Psychology,University of North Carolina at Chapel 
Hill,Chapel Hill,NC,27599

Improvements in medical technology have resulted in an increase in the 
availability of surgical procedures as a treatment option. Despite 
precautions to alleviate the trauma experienced by the body, detrimental 
physiological and psychological effects persist. Animal models 
investigating surgical stress have found immune alterations. Although 
little is known about the variables or mechanisms contributing to the 
effect, possible mechanisms include the hypothalamic-pituitary-adrenal 
axis, sympathetic activation, or increases in nitric oxide. The present study 
investigated the immune altering effects of surgery severity and time of 
recovery in Lewis rats. Immune measures included natural killer cell 
activity, T cell proliferation, and B cell proliferation. Results showed 
increased immune suppression with larger incisions (6cm > 3 cm > 
anesthesia > control). In addition, maximal immune suppression induced 
by surgery occurred after 24 hrs; anesthesia effects predominated at the 6 
and 12 hr timepoints. Follow-up assessments evaluated die effect of 
nadolol, a P-adrenergic receptor antagonist, on surgery-induced immune 
alterations. Preliminary data shows nadolol attenuates the immune altering 
effects. These results suggest the involvement of the sympathetic nervous 
system in the modulation of immune functioning following a surgical 
procedure, (supported by DAI 0167)

593.13
CYTOKINES STIMULATE ENDOGENOUS OPIOID ACTIVITY IN THE 
HYPOTHALAMUS: INVOLVEMENT IN GONADOTROPIN SECRETION.
T.G, _E.dyy9rdSt_B.in Xu,_W.g., Farms,rie, G.t..Freund* and P.S..„.Kalra,
Departments of Physiology, Neuroscience and ICBR, University of. 
Florida College of Medicine, Gainesville, FL 32610

We have reported earlier that the suppressive effects of the cytokine 
interleukin-1 p (1L-1P) on pituitary LH secretion are mediated by 
endogenous opioid peptides in the hypothalamus. Studies utilizing 
pharmacologic blockade of opiate receptor subtypes revealed that this 
action of cytokines involved activation of the //1 opiate receptor 
subtype, however, the effects on the ligand, P-endorphin (P-END), are 
not known. We have measured hypothalamic P-END levels (RIA) and 
POMC gene expression (RPA) at various intervals after an 
intracerebroventricular (icv) injection of 100 ng IL-1 P to castrated male 
rats. Results showed that concomitant with suppression of LH 
secretion, IL-1 p upregulated both P-END concentration as well as POMC 
gene expression at 120 mins. In the next experiment, the effects of 
elevations in endogenous cytokine levels on POMC gene expression 
were determined. One iv injection of bacterial lipopoly-saccharides (100 
//g/kg, E. coli O55:B5, Difco) to castrated rats induced rapid upregulation 
of POMC gene expression in the hypothalamus at 60 mins and this was 
accompanied by reduced serum LH levels at 60 and 120 mins. Overall, 
these results are in accord with the notion that opioids mediate the 
neuroendocrine effects of IL-1 P, and further show that elevations in 
central cytokines caused either by icv injections or induced by systemic 
endotoxins, enhance hypothalamic P-END synthesis and release leading 
to suppression of the reproductive axis. (Supported by HD 11362).

593.14
CYTOKINE MODULATION OF NEUROENDOCRINE FUNCTION. CT 
Phelps. XL Ma. LT Chen. J Oliver. E Horvath, and M Nolan*. Department of 
Anatomy, University of South Florida, Tampa, FL 33612

Immune activation is often accompanied by profound alterations in 
neurological and endocrine functions. The potential mechanisms of interleukin- 
ip (IL-ip) modulation of neuroendocrine function were investigated in the 
present study. The role of IL-ip in corticotropin releasing hormone (CRH) and 
glucocorticoids (GCs) mediated neuronal destruction were evaluated using push 
pull cannulae in the brain to examine the kinetics of in vivo concentration changes 
in freely behaving rats. 11-1 p and CRH secretion into the brain extracellular fluid 
(ECF) were measured after a peripheral immune challenge induced by 
lipopolysaccharide (LPS) administration. Q-ip, adrenocorticotropin hormone 
(ACTH) and corticosterone concentration changes in plasma were also studied at 
similar intervals after LPS. Administration of LPS resulted in a progressive 
increase in the concentrations of II-1P in brain fluid ECF, (increase from zero time 
value of 77±10 to 393±88 pg/ml at the 15 min interval). This increase in brain 
ECF IL-ip concentration reached a peak of 883±237 pg/ml at 30 min post LPS. 
CRH concentration changes from zero time values of 41±17 pg/ml were detected 
as an increase to 215±56 pg/ml at 30 min, significantly later than the increase in
Il-ip concentration noted at the 15 min sampling interval. A related time course 
for increases at 30 min in plasma concentrations of Il-ip, ACTH and 
corticosterone were also revealed in the same animals described above. CRH and 
GCs have been reported to be associated with neurotoxicity. These results suggest 
that Il-ip may be involved in potentiating CRH and HPA axis mediated neuronal 
injury. Supported by AHA SC Fellowship.
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593.15
THE P38 MAP KINASE INHIBITOR, SB2O358O, ANTAGONISES 
THE EFFECT OF IL-lp ON LTP IN THE RAT DENTATE GYRUS 
Andrew Coogan, M.A. Lynch* & John I. O'Connor. Department of Human 
Anatomy & Physiology, University College, Earlsfort Terrace, & 
Department of Physiology, Trinity College, Dublin 2, Ireland.

Previous studies have shown that the pro-inflammatory cytokine, 
interleukin-1 p (IL-IP) inhibits long-term potentiation (LTP) in the CAl, 
CA3 and dentate gyrus of the rat hippocampus. In the present study we 
have investigated the action of IL-1(3 and SB203580, a specific inhibitor of 
MAP kinase p38, on tetanic-induced LTP. Experiments were performed in 
slices of the dentate gyrus (350pm) of the hippocampus of young adult rats 
(70-150g). Recordings of field excitatory post synaptic potentials (EPSPs) 
were made from the medial perforant pathway using standard techniques. 
IL-ip had a significant inhibitory effect on the isolated NMDA-EPSP 
(51%±9% at lhr compared to controls; p<0.05; n=7; Students t-test). This 
effect was fully antagonised in the presence of lOOng/ml IL-1 receptor 
antagonist (94%±3% at lhr; n=4). Perfusion of the slice for one hour with 
SB203580 (lpM) had no effect on baseline EPSP slope or isolated NMDA- 
EPSP amplitude (n=3). Perfusion of SB203580 for lhr prior to the 
application of the tetanic stimulation significantly increased the 
magnitude of tetanically-induced LTP (181±6% compared to 146±4%; n=4; 
p<0.01). Perfusion of SB203580 for lhr prior to the application of IL-13 
attenuated the inhibitory effect of IL-13 on tetanically-induced LTP 
(175+6% after 1 hr; n=5). This study therefore indicates that p38 MAP 
kinase activation by IL-1 may be an important signal for the inhibition of 
LTP by IL-13, and is the first demonstration of an effect of SB203580 on 
synaptic plasticity in the rat hippocampus.
We thank the Health Research Board, Ireland, and University College Dublin (Travel 
Grant Fund) for financial support.

593.16
LIPOPOLYSACCHARIDE MICROINJECTED INTO THE LOCUS COERULEUS 
DECREASES SPONTANEOUS ACTIVITY IN MALE RATS. K. A. Boss- 
Williams*. J. M. Weiss. Laboratory of Behavioral Neuroscience, Georgia State Univ. 
& Emory Univ. School of Med., Atlanta, GA 30306.

Lipopolysaccharide (LPS), extract of gram negative bacteria, injected 
intraperitoneally (i.p.) at a dose of 10pg/kg decreases spontaneous activity in male 
Sprague Dawley rats, beginning 2-3 hours post injection of LPS and continuing for a 
4-5 hour period. It has recently been shown that this dose of i.p. LPS increases the 
firing rate of locus coeruleus (LC) neurons via stimulation of interleukin-1 in the 
brain (Borsody, M.K. dissertation, 1996). The purpose of the present experiment was 
to begin to test the possibility that changes in motor activity after i.p. LPS might be 
mediated by changes in LC activity.

Forty-eight male Sprague Dawley rats were implanted with a bilateral cannula 
aimed at the LC. After surgery they were individually housed in a 12/12h light-dark 
cycle (lights on at 0700h) in cages where their motor activity could be continuously 
recorded. Animals were then left undisturbed for at least 1 week. One hour before 
lights out (1800h), each rat was infused bilaterally with one of six doses of LPS 
(vehicle, 0.05, 0.1, 0.5, 1.0 or 2.0ng pg/cannula). Activity and food intake were 
measured 12h post infusion.

LPS microinjected into the LC at doses of 0.1, 0.5, 1.0 and 2.Ong decreased 
spontaneous activity. The three largest doses (0.5, 1.0 and 2.0ng) significantly 
decreased motor activity beginning 3h post lights-out and continuing through 7h post 
lights-out, whereas the O.lng dose decreased activity significantly at 3,4 and 6h post 
lights-out. The 0.05ng dose of LPS did not change activity when compared with the 
control group. LPS did not alter food intake in the groups infused with the two lower 
doses; however, the three largest doses of LPS (0.5, 1.0 or 2.Ong) significantly 
decreased food intake.

In summary, LPS microinjected into the LC reproduced similar decreases in 
spontaneous activity as produced by lOpg/kg of i.p. LPS. This indicates that changes 
in LC activity may mediate effects of LPS on spontaneous activity.

(Supported by NIH Grant 50420)

593.17
NALTREXONE PRETREATMENT EFFECTS ON LYMPHOCYTE 
PHENOTYPE DISTRIBUTION: A SITE SPECIFIC 
PHENOMENA WITHIN THE PERIAQUEDUCTAL GRAY 
Melissa K, Demetrikopoulos*, Zhaobin Zhang, &
Jay M. Weiss , Dept of Psychiatry and Behavioral 
Sciences, Emory University, Atlanta, GA.

The periaqueductal gray (PAG) has been shown 
to be important for immunomodulation. The 
present study examines cell phenotypes in blood, 
spleen, lung, and lymph nodes (LN) following PAG 
stimulation in awake freely moving adult male 
Sprague Dawley subjects. Stimulation sites were 
either dorsal or ventral aspects of rostral PAG. 
Both home cage and surgery/apparatus controls 
were included. Stimulation of either dorsal or 
ventral PAG sites produced increased #'s of 
peripheral blood CD4 cells which could be 
blocked by naltrexone pretreatment. Increased 
#'s of splenic CD8 cells and decrease #'s of 
splenic B cells were obtained following ventral 
PAG stimulation; both were blocked by naltrexone 
pretreatment. The ventral site tended to produce 
increased #'s of B cells in the lung.
Naltrexone pretreatment tended to increase LN NK 
cells following dorsal stimulation and restore 
decreased LN NK #'s following ventral 
stimulation. (Support :NIMH MH10952-02 & NIDA DA04498)

593.18
INDUCTION OF INTERLEUKIN-1 RECEPTOR ANTAGONIST 
mRNA IN THE RAT BRAIN AFTER SYSTEMIC 
ADMINISTRATION OF KAINIC ACID. C. Eriksson and M. 
Schultzberg*, Dept. of Clin. Neuroscience, Geriatric Medicine, 
Karolinska Institute, Novum, Stockholm, Sweden.

Several findings indicate that cytokines may be involved in 
neurodegenerative processes. The cytokine interleukin-IB (IL-IB) is 
induced in different regions of the rat brain after systemic administration 
of kainic acid. Injection of the endogenous IL-1 receptor antagonist (IL- 
lra) has been shown to inhibit neuronal death resulting from focal 
cerebral ischemia or excitotoxic damage. The aim of the present study 
was to investigate the expression of the IL-Ira during experimentally 
induced neuronal cell death. In situ hybridization histochemistry was 
used to examine the occurrence and distribution of IL- Ira mRNA in the 
rat brain after peripheral administration of kainic acid (10 mg/kg, i.p).
The rats were sacrificed and the brain dissected out at different time 
points after injection. A vector containing cDNA complementary to bases 
476-881 of rat proIL-ra mRNA, obtained trough an EU Concerted Action 
collaboration, was used. IL-Ira mRNA expression was observed in the 
hippocampus (Ammon's horn), amygdala, piriform cortex, thalamus, 
parietal cortex and perirhinal cortex at 24h after kainic acid injection. In 
these regions, IL-Ira mRNA was expressed in glial cells. In parietal 
cortex and perirhinal cortex the signal could also be localized to neurons. 
No signal could be detected at 2h, 5h, or 4 days after the kainic acid 
treatment. These data show that IL-Ira mRNA is transiently and 
regionally induced in the brain by excessive glutamate receptor 
stimulation. This work was supported by grants from the Swedish 
Medical Research Council, Gamla Tjanarinnor, The Bank of Sweden 
Tercentenary Foundation, and Loo och Hans Ostermans stiftelse.

593.19
EFFECTS OF MOUSE TUMOR NECROSIS FACTORa ON THE 
HYPOTHALAMIC-PITUITARY-ADRENAL-AXIS AND BRAIN 
CATECHOLAMINE AND INDOLAMINE METABOLISM IN MICE.
T. Ando,and A.J. Dunn*.
Dept. of Pharmacology, Louisiana State University Medical Center, 
Shreveport, LA 71130-3932.

Endotoxin (LPS) administration activates the hypothalamic-pituitary- 
adrenocortical (HPA) axis and increases cerebral catecholamine and 
indolamine metabolism. It is well known that LPS stimulates the 
secretion of TNFa as well as interleukin-1 (EL-1) and interleukin-6. We 
have investigated the roles of these cytokines in those LPS-induced 
neuroendocrine and neurochemical changes. To characterize the effect of 
TNFa, recombinant mouse TNFa was injected intraperitoneally (i.p.) 
into mice. An i.p. injection of mTNFa (1 gg) increased plasma 
corticosterone levels significantly. The peak response was observed at 30 
min and earlier than those to LPS and EL-1 (about 2 hours). We observed 
no statistically significant effects on brain catecholamine and indolamine 
metabolism at either 30 min or 2 hours. These result suggest that TNFa 
may play a role in the responses to LPS, but the lack of the effect on 
cerebral norepinephrine and serotonin metabolism suggests that it is not 
the only factor.

Supported by NINDS (NS35370)

593.20
TNBS-INDUCED COLITIS DIFFERENTIALLY AFFECTS THE 
TRANSCRIPTION OF THE GENES ENCODING C-FOS AND CRF IN THE 
HYPOTHALAMUS OF FEMALE LEWIS AND FISCHER RATS. B. Bonaz*.
IL—Siimiaer,______raumet__and, _<L.__ Feu arsis in- Dept. of
Gastroenterology and INSERM U318, Grenoble, France.

Imbred female Lewis and Fischer rats have a 
differential susceptibility to experimentally-induced 
inflammatory arthritis most likely through a differential 
activation of the hypothalamic-pituitary-adrenal axis 
(1). Purpose: to study, in Lewis and Fischer femela rats, 
the effect of an experimental colitis (2) on the 
transcription of the genes encoding c-fos and CRF in the 
paraventricular nucleus of the hypothalamus (PVH). 
Methods: trinitrobenzene sulfonic acid (TNBS) was 
administered in the colon of conscious fasted Lewis and 
Fischer female rats which were perfused 1, 2, 4, and 6h 
later. Sections of the brain were processed for in situ 
hybridization using 35S-labeled riboprobes (3). Results: 
1) in Fischer rats: c-fos mRNA was highly expressed in 
the PVH. This expression peaked at 1-2 h, decreased at 4 
h and vanished at 6 h. CRF mRNA was expressed in the PVH 
with a peak at 2-4h, 2) in Lewis rats: the expression of 
both transcripts was significantly decreased in the PVH. 
Conclusion: TNBS-induced colitis, differentially affects 
the expression of c-fos and CRF mRNAs in Lewis and 
Fischer female rats. These rat strains might be a useful 
model to clarify the effect of stress on colitis.
(1) Proc. Natl. Acad. Sci. 86:2374-2378,1989. (2) 
Gastroenterology 87:1344-1350,1984. (3) J. Neurosci. 
15:2680-2695,1995. Supported by INSERM and CHU
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593.21
THE LOCAL CNS REGULATORY ENVIRONMENT AND IMMUNE
FUNCTION. LM. Phillips!..and L.A- Lampspn.__ Brigham & Women's
Hospital, Boston, MA. 02115,.

Several neurotransmitters, neuropeptides, and neurohormones have been 
demonstrated to affect the function of immune cells in vitro. However, there 
is little known about how combinations of neurochemicals in the mammalian 
CNS influence local immune activity in vivo. We hypothesized that a 
neuroanatomical region such as the hippocampus with a high concentration 
of the neurotransmitter, glutamate, would favor suppression of immune cell 
function. In contrast, the peptidergic environment of the brainstem was 
predicted to favor enhanced immune activity. We examined the expression of 
major histocompatibility molecules (MHC), which present antigen to T cells. 
MHC expression is normally weak in the CNS but is upregulated by injection 
of interferon-gamma (IFN-g). Stereotaxic injection of varying doses of IFN-g 
into the hippocampus and contralateral nucleus of the solitary tract (NTS) 
was performed on adult CDF rats. Two or four days later, perfused brains 
were collected, and 0X6 antibody staining was used to detect MHC class II 
proteins. The amount of MHC II immunoreactivity was assessed using 
computer-assisted image analysis. There was a dose-dependent effect of IFN- 
g in upregulating MHC class II on microglia in both the brainstem and the 
hippocampus. However, the effective dose in the brainstem was 
approximately 100 times lower than that in the hippocampus. There were 
also differences in class II expression within the layers of the hippocampus. 
Regulation of MHC by the local CNS environment may help to explain the 
pattern of lesion distribution in neuro-immune conditions such as multiple 
sclerosis. Supported by grants from NIH and the NMSS.

593.22
SYMPATHETIC INNERVATION OF THE SPLEEN IN TWO 
STRAINS OF AGED MICE. D.L. Bellinger*. K.M. Madden. Eric 
Snyder. Suzanne Y. Felten. and David L. Felten. Department of 
Neurobiology and Anatomy, University of Rochester School of 
Medicine, Rochester, NY 14642.

Aging is accompanied by a decline in immune reactivity, increasing 
the incidence of infectious diseases, autoimmunity, and cancer in the 
elderly. Previously, we have shown an age-related decline in 
noradrenergic (NA) sympathetic innervation of spleens from aged 
Fischer 344 rats that correlates with age-related changes in immune 
function. The present study was undertaken to determine whether a 
similar change in sympathetic innervation of the spleen occurs in two 
strains of aged mice. NA sympathetic innervation of the spleen was 
examined histologically and neurochemically in young, middle-aged, 
and old BALB/cJ and C57B1/6J mice. In spleens from 2-month-old 
mice, NA innervation entered the white pulp with the central artery and 
distributed to the periarteriolar lymphatic sheath and marginal zone. At 
12 months of age, histologically and neurochemically there was no 
change in splenic NA innervation. Between 24 and 33 months of age 
splenic norepinephrine (NE) content increased significantly, 
independent of changes in spleen weight. Histologically, an increase in 
the density of NA nerves, was apparent in the white pulp of spleens 
from old animals, particularly in the periarteriolar lymphatic sheath. 
The alterations in NA innervation of the murine spleen with age suggest 
that the sympathetic nervous system and NE play a role in age- 
associated immune dysregulation. Further, our data suggest that age- 
related changes in NA innervation of secondary lymphoid organs is 
species dependent. Supported by R29 MH47783, R01 MH42076.

593.23
SUBSTANCE P INNERVATION OF LYMPHOID ORGANS IN AUTOIMMUNE 
PRONE MICE. C. Lubahn*, S. Almond, Y. Zhu, S. Hoffman, and D. Lorton. Sun 
Health Research Institute, Sun City, AZ 85351 and Dept. of Microbiology, Arizona 
State University, Tempe, AZ 85287.

Substance P (SP) innervation of the spleen and thymus in MRL/lpr (lupus 
prone mice), and MRL/mp mice at four months of age was examined with 
immunocytochemistry. A sparse innervation of SP-positive nerve fibers localized in 
specific regions of the thymus of both MRL/lpr and MRL/mp mice. SP+ nerve 
fibers coursed adjacent to thymocytes and mast cells in the capsule and in 
interlobular septa. These fibers were present as fibers free of vascular association. 
Mast cells within the intralobular septa also stained positive for SP. SP-positive 
fibers entered thymic cortex from the septa to distribute among thymocytes. In 
spleen, SP-positive nerve fibers were observed along the large venous sinuses and 
extended along trabeculae. Numerous linear SP-positive fibers exited the venous 
plexuses and trabeculae into the surrounding red pulp. The marginal zone also is 
innervated by linear varicose SP fibers. A sparse innervation of the periarteriolar 
lymphatic sheath in sites where T lymphocytes predominate was observed. No 
SP-positive nerve fibers were observed around central arterioles of the white pulp. 
These findings are consistent with the distribution of SP nerve fibers previously 
reported by our laboratory for rat spleen with the exception that in rat spleen the 
capsule was not innervated by SP-positive nerve fibers. In contrast, SP-positive 
fibers were observed in the capsules of MRL mouse spleens. Further the total 
numbers of SP-positive fibers also appear to be much greater in MRL mouse 
spleens than in rat spleens. We also observed qualitative differences in the numbers 
of SP-positive fibers present in spleens of the MRL/lpr and MRL/mp mice. There 
was a striking SP innervation of the capsule and trabecular regions in the 
autoimmune prone MRL/lpr mouse spleens, while these regions were sparsely 
innervated in MRL/mp mouse spleen. We propose that the difference in distribution 
and greater density in SP-positive fibers within the spleen of autoimmune prone 
MRL/lpr mice may play a role in development and course of lupus-like syndrome in 
these mice.
Supported by NIMH 1R29MH49050-03, ADCRC 9614, and ASU, RIA-223-96.

593.24
CENTRAL INJECTIONS OF PROSTAGLANDIN ACTIVATE THE 
HYPOTHALAMUS AND SUPPRESS SPLENIC CYTOKINE mRNA 
PRODUCTION. L. Pan. S. Pvlypas. V. Sanders. A.H. Greenberg and 
D.M. Nance*. Department of Pathology and Manitoba Institute of Cell 
Biology, University of Manitoba, Winnipeg, MB, Canada, R3E 0W3.

Central injections of the cytokine IL-IB suppress the secretion of EL-IB 
by splenic macrophage following in vitro endotoxin stimulation. Since 
many of the effects of IL-IB and endotoxin are blocked by the cyclooxy-
genase inhibitor indomethacin, we tested whether central injections of 
prostaglandin suppress the production of splenic cytokines in vivo. Rats 
were implanted unilaterally with intracerebroventricular cannula (ICV). 
One week later a long-acting PGE2 (15-methyl PGE2; 4 jxg in 20 pi) or 
saline were injected ICV. Thirty min later rats were injected IV with 
endotoxin (0.1 pg) and were killed one hour later. The spleens were 
removed and frozen, a blood sample collected and the rats perfused with 
fixative. Brains were processed for the immunocytochemical localization 
of c-fos protein to index the central effects of ICV PGE2, splenic 
cytokine levels were quantified by Northern blotting with dig-labelled 
RNA probes and corticosterone levels were measured by RIA. PGE2 
increased the number of c-fos positive cells in the paraventricular and 
supraoptic nuclei of the hypothalamus. ICV PGE2 significantly 
decreased LPS stimulated TNF-a mRNA levels, but EL-IB mRNA levels 
were comparable between the PGE2 and saline groups. Also, cortico-
sterone levels were similar between the groups. Thus, ICV injections of 
PGE2 induce c-fos protein in hypothalamic nuclei involved in regulating 
the endocrine and autonomic nervous systems and produce a selective 
suppression of in vivo splenic TNF-a mRNA levels induced by 
endotoxin. Supported by NIH Grant # MH43778.

593.25
EFFECTS OF STRESS ON IN VIVO SPLENIC TNF-a AND IL-1 p 
mRNA LEVELS. J.C. Meltzer*, B.J. MacNeil, V. Sanders, C.A.Y. 
Vriend, A.H. Jansen, A.H, Greenberg and D.M. Nance. Depts. 
of Anatomy, Pathology, and The Manitoba Institute of Cell 
Biology, Winnipeg, MB, Canada R3E OW3.

Both the HPA-axis and the sympathetic nervous system 
modulate the secretion of cytokines such as TNF-a and IL-1 (3 
after inflammatory stimuli such as lipopolysaccharide (LPS). We 
examined the impact of stress on splenic TNF-a and IL-1 p 
mRNA levels and the role of the splenic nerve. Adult rats were 
given sham surgery or splenic nerve cuts and allowed to 
recover for 7-10 days. Rats were then injected IV with 0.1 pg of 
LPS and either left in their cages or given 15 min of intermittent 
footshock. Spleens were harvested 60 min after LPS injection 
and mRNA levels were analyzed by Northern blotting. The 
mRNA levels were expressed as ratios relative to loading 
controls (GAPDH or 28S rRNA). We found that footshock 
significantly reduced splenic cytokine mRNA levels and 
increased corticosterone levels. The suppression was greater 
for TNF-a mRNA than for IL-1 p mRNA levels. Cutting the splenic 
nerve did not alter the effects of stress on splenic cytokine 
mRNA levels after LPS. Thus, the HPA axis may mediate the 
immunosuppressive effects of stress on in vivo splenic TNF-a 
and IL-1 p mRNA levels. Supported by NIH Grant # MH43778.

593.26
IL-IP-INDUCED MODULATION OF BRAIN IL-1P SYSTEM, TNF- 
a, TGF-pl, AND NPY mRNAs IN WISTAR AND ZUCKER (OBESE 
AND LEAN) RATS. D. Gayle*. S.E. Ilyin and C.R. Plata-Salaman. 
Div. Mol. Biol., Sch. Life Hlth. Sci., Univ. Del., Newark DE 19716.

IL-1 (3 acts in the CNS. RNase protection assays were used to study the 
IL-1 p system (ligand, receptors, receptor accessory proteins and receptor 
antagonist) and NPY mRNAs in the cerebellum, cortex, hippocampus, 
hypothalamus and midbrain of Wistar rats (n=9/group) in response to 
the chronic ICV microinfusion (via osmotic minipumps) of IL-1 p. We 
also studied the IL-lp system, TNF-a, TGF-pl and TGF-a mRNAs in 
the hypothalamus of obese (fa/fa, n=7) and lean (Fa/Fa, n=7) rats 
under the same protocol. Chronic ICV IL-ip (8.6 ng/24 h for 72 h, a 
pathophysiological dose for the CSF) induced anorexia (p< 0.0001) and 
differential expression of IL-ip system mRNAs across brain regions 
(p<0.05) with prominent inductions of hypothalamic IL-lp, IL-IRa, IL- 
1RI and soluble IL-1R AcP levels; NPY mRNA level decreased. In 
obese and lean rats, chronic ICV IL-1 P (8.0 ng/24 h for 72 h) induced 
(p<0.005) IL-ip, IL-1RI, IL-1RII, IL-IRa, soluble IL-1R AcP, TNF-a 
and TGF-pl mRNAs relative to heat-treated IL-lp. The data suggest: i) 
a balance between IL-lp action on IL-1RI and induction of inhibitory 
factors (IL-1RII, IL-IRa); ii) cytokine-cytokine interactions with positive 
(IL-lp — TNF-a) and negative (IL-IRa - IL-IP; TGF-Pl - IL- 
lp/TNF-a) feedback; and iii) the importance of cytokine-neuropeptide 
interactions. Supported by Univ. Del. and the NIH (CRPS).
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593.27
INTERLEUKIN-1 IMMUNOREACTIVITY IN THE HUMAN HYPOTHALAMUS
1. Huitinga, M.J.F. Van der Cammen, L. Salm, Z.A. Erkut, A.-M. Van Dam. FJ.H.
Tilders, R. Ravid* and D.F. Swaab. Netherlands Institute for Brain Research, 
Meibergdreef 33,1105 AZ Amsterdam, The Netherlands.

A recent post mortem study in the paraventricular nucleus (PVN) of the hypothalamus 
of multiple sclerosis (MS) patients shows that the number of corticotropin releasing 
hormone (CRH)-containing neurons co-localizing vasopressin (AVP) is increased as 
compared to matched controls1. The increase in CRH neurons co-localizing AVP is 
interpreted as a sign of activation of the hypothalamus-pituitary-adrenal (HPA)-axis in 
these patients. To study the putative involvement of interleukin-10 (IL-If)) in the 
activation of the CRH neurons die immunocytochemical expression of IL-ip was studied 
in the PVN of the human hypothalamus. A polyclonal rabbit anti rat IL-1J3 antibody that 
recognizes IL-If) in both activated macrophages and microglial cells in the rat was used
2. It recognizes both rat and human IL-1 (5 fixed on nitrocellulose and does not cross-react 
with human tumor necrosis factor-a, vasopressin, oxytocin, neurophysin, nor CRH. In 
addition a goat anti human IL-lf) (Searl Res. & Dev., MO) was used that recognizes 
human IL-1 P on nitrocellulose. Hypothalami were obtained from the Netherlands Brain 
Bank and control patients had no primary neurologic or psychiatric diseases nor any 
autoimmune diseases. Distinct neuronal cell populations were BL-ip immunoreactive (i.r.) 
in the paraventricular and supraoptic nuclei and double stained with both IL-ip 
antibodies. No IL-ip i.r. neurons were present in other hypothalamic nuclei. The staining 
intensity of the neurons varies within and between patients. In 7 different control patients 
the overall distribution of IL-1 P i.r. was the same. Double staining and stainings on 
alternating sections showed that almost all IL-1 p i.r. cells were also oxytocin but not 
CRH i.r.. IL-ip i.r. fibres run down to the pituitary stalk suggesting a role of this cytokine 
in neuroendocrine control. Currently the numbers of IL-1P i.r. neurons in the PVN are 
being quantified in MS patients and controls. 1: Erkut etal. J. Neuroimmunol. 62 (1995) 
27.2: Van Dam et al. Brain Res. 588 (1992)291. Financed by the Dutch MS foundation 
‘Friends MS Reasearch’ Grant 95-204.

593.28
LIPOPOLYSACCHARIDE ACTIVATES A SUBSET OF EXTERNAL 
LATERAL PARABRACHIAL NEURONS PROJECTING TO THE CENTRAL 
NUCLEUS OF THE AMYGDALA. N.C.Tkacs* and J.Li, Depts. of Psychiatry 
and Neurosciences, UMDNJ-New Jersey Medical School, Newark, NJ 07103.

Lipopolysaccharide (LPS) is a strong immune stimulus which initiates the acute 
phase response. The central nucleus of the amygdala (CeA) is one site of intense 
Fos expression after intravenous LPS. The present study coupled Fos- 
immunohistochemistry with retrograde tracing from the CeA to identify 
brainstem regions that relay the peripheral signal of LPS stimulation to the CeA. 
Rats were surgically prepared with injections of either Fluorogold (FG) or cholera 
toxin B (CTB) directed toward the CeA, and with jugular venous cannulas. After 
recovery, a nonhypotensive dose of LPS (25 gg/kg) was injected intravenously 
Two hours after LPS, rats were anesthetized and perfused. Brainstem sections 
were processed for Fos and FG or CTB- immunoreactivity.

Double labeled neurons were found in three autonomic brain regions known to 
project to the CeA: the solitary and parabrachial (PB) nuclei and the central gray. 
Double labeled neurons were most numerous in the lateral PB nucleus. There 
was a distinct topographic distribution of single and double labeled neurons in the 
PB with the central lateral nucleus containing mainly Fos labeled cells. The 
external lateral nucleus appeared to have two distinct populations of labeled 
neurons, with cells singly labeled with FG or CTB located in a band adjacent to 
the superior cerebellar peduncle, and with Fos-positive and double labeled cells 
tightly clustered lateral to this cell group. This unique pattern of labeling may 
indicate a functional subdivision within die external lateral PB region. 
Supported by USPHS NR03801.

593.29
Induction  of  mRNA for  kBa and  iNOS in  the  brain  
after  Trypanosoma  brucei  infection  in the  rat .
N. Quan*. M. Herkenham, A.N. McCoy, M.B. Whiteside. J.D.M.
Mhlanga. and K, Kristensson, Section on Functional Neuroanatomy, 
NIMH, Bethesda, MD 20892 and Department of Neuroscience, Karolinska 
Institutet, Stockholm, Sweden.

Centrally acting pro-inflammatory cytokines and nitric oxide (NO) have 
been implicated in the febrile and sleep alteration responses during infection. 
Fever and altered sleep are symptoms in African sleeping sickness caused 
by the infection of Trypanosoma brucei. To study whether cytokines and 
NO are generated in the brain after trypanosome infection, we investigated 
the mRNA expression of IxBa, a cytokine transcription factor that regulates 
the production of many pro-inflammatory cytokines, and the inducible nitric 
oxide synthase (iNOS) by in situ hybridization at selected time points after 
trypanosome infection. Ten days after infection, Ik Boc  mRNA labeling was 
induced in the meninges, choroid plexus, and circumventricular organs 
(CVOs); the labeling increased in these barrier sites on day 22, further 
intensified on day 36, peaked on day 43, and declined slightly on day 51. 
From day 36 on, Ik Boc  mRNA was also expressed in the parenchyma 
adjacent to the ventricles and CVOs. The mRNA for iNOS was not 
detectable in the brain 10 days after the infection. Induced iNOS mRNA 
appeared in the choroid plexus on day 22 and in area postrema on day 36. 
Levels peaked on day 43. No iNOS mRNA labeling was observed in the 
parenchyma. These results show that the mRNAs for Ik Boc  and iNOS are 
induced in the brain after trypanosome infection and suggest that centrally 
produced cytokines and NO, to a lesser degree, may contribute to the 
pathophysiology of this "disease. (Support: NIMH IRP, SID A, Sweden, 
and UNDP/World Bank/WHO)

593.30
EXPRESSION OF CYTOKINE mRNAs IN PITUITARY 
AFTER PERIPHERAL LPS ADMINISTRATION.
M. B. Whiteside, N. Quan, L. S. Brady*, and M. Herkenham.
Section on Functional Neuroanatomy, NIMH, Bethesda, MD 20892

Profound pituitary hormonal changes are elicited by systemically 
administered lipopolysaccharide (LPS). Immune signal molecules such as 
pro-inflammatory cytokines are mediators of these responses. We used 
in situ hybridization histochemistry to investigate LPS-induced cytokine 
gene expression in the rat pituitary. After an i.p. injection of 2.5 mg/kg 
LPS, mRNA for the immediate-early gene Ik Boc  (an inhibitor of NF-k B, a 
transcription factor that regulates the expression of many pro-inflammatory 
cytokines), was induced in the anterior lobe as early as 30 minutes. The 
induced Ik Boc  mRNA expression peaked at 2-4 hr. In the posterior lobe, 
Ik Boc  mRNA was first induced at 1 hr and peaked at 2-4 hr. A similar 
spatiotemporal pattern of interleukin- lp (IL-1) mRNA induction was 
observed. In addition, at 2-4 hr post-injection, TNFa, EL-1 converting 
enzyme (ICE), and IL-1 receptor antagonist (IL-IRA) mRNAs were 
induced in both anterior and posterior lobes. Strong constitutive expression 
of Type 1 IL-1 receptor (EL-1R1) mRNA was observed in the pituitary 
(primarily in the posterior lobe), and the expression level did not change 
after the LPS injection. Interestingly, the mRNA coding for glial fibrillary 
acidic protein (GFAP), an astrocyte marker, was selectively induced in the 
posterior lobe at 2 hr post-injection, suggesting that LP§ affects pituicyte 
function. Together, these results suggest that LPS directly acts on the 
pituitary to rapidly induce cytokine expression. Locally synthesized 
cytokines may activate cytokine receptor bearing cells to modulate the' 
endocrine activities of the pituitary. (Support: NIMH IRP)

593.31
THE EFFECT OF SYMPATHETIC DENERVATION ON THE ACTIVATION 
AND FUNCTION OF HERPES SIMPLEX VIRUS-SPECIFIC CYTOTOXIC T 
LYMPHOCYTES.
Nicole A. Leo* and Robert H. Bonneau
Department of Microbiology and Immunology and Program in Neuroscience 
The Pennsylvania State University College of Medicine 
Milton S. Hershey Medical Center, Hershey, PA

Experimental stressors trigger the release of corticosteroids and catecholamines via 
activation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic 
nervous system (SNS), respectively. However, few studies have identified the 
mechanisms which underlie stress-induced modulation of the immune response to 
virus infection. Because both the spleen and lymph nodes are highly innervated by 
noradrenergic fibers of the SNS, and T and B lymphocytes express B-adrenergic 
receptors, the potential exists for a contribution by norepinephrine in modulating 
immune responses at these sites. In addition, it has been well established that 
corticosterone alters various aspects of the immune function.

Mice were treated with 6-hydroxydopamine (6-OHDA, 200 mg/kg, ip), to examine 
the effect of sympathetic denervation on the ability to activate, in vitro, a population 
of splenic-derived, herpes simplex virus (HSV)-specific memory cytotoxic T 
lymphocytes (CTLm) to the lytic phenotype. Mice receiving a single treatment with
6-OHDA three days prior to removal of the spleen displayed a significantly lower 
level of HSV-specific CTLm activation as compared to mice receiving vehicle (0.9% 
NaCl/0.01% ascorbic acid) alone. In addition, mice treated with 6-OHDA generated 
significantly reduced levels of primary HSV-specific CTL in the popliteal lymph 
nodes following footpad infection with HSV-1. We have also found elevated levels 
of serum corticosterone following administration of 6-OHDA suggesting that the 
immunosuppression observed after systemic sympathetic denervation may be due to 
activation of the HPA axis resulting in increased levels of circulating corticosterone. 
(Supported by Public Health Service Research Grant MH49616)
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594.1
THE VAGUS NERVE IN FEVER PATHOGENESIS: WHICH BRANCH IS 
INVOLVED? C. T. Simons, V. A. Kulchitsky, N. Sugimoto, L. D. Homer, M. 
Szekelv and A. A. Romanovsky*. Legacy Health System, Portland, OR 97227.

Emerging evidence suggests a role of the abdominal vagal afferents in transducing 
a peripheral pyrogenic signal to the brain. We have recently shown that bilateral 
truncal subdiaphragmatic vagotomy attenuates the febrile response to a low dose of 
intravenous (iv) lipopolysaccharide (LPS) in the rat. To elucidate the specific vagal 
branch responsible for this phenomenon is the aim of the present study. Male Wistar 
rats were subjected to one of four selective vagotomies, viz., celiac (CV), gastric 
(GV), hepatic (HV) or sham (SV). For CV, GV, and HV, only the respective vagal 
branches) was (were) cut; for SV, all branches were left intact. During the recovery, 
the animals were closely monitored and fed highly palatable food. On day 26-29, 
they underwent iv (jugular) catheter implantation. On day 29-32, the thermal 
responsiveness of conscious, lightly restrained rats to LPS (0 or 1 gg/kg; iv) was 
tested at thermoneutrality (30°C) by measuring the colonic temperature (Tc). Three 
days later, the animals were subjected to a 24-h food and water deprivation, and the 
effectiveness of GV, CV, HV, and SV to induce gastric food retention, pancreatic 
hypertrophy, and impairment of the porto-renal osmotic reflex was assessed by 
weighing the stomach and pancreas and measuring the specific gravity of bladder 
urine, respectively. Stomach mass, pancreas mass, and urine specific gravity 
separated the four experimental groups into four distinct clusters (P < 0.02), thus 
confirming that each type of vagotomy had a different effect on the indices measured. 
The thermal responses of SV, CV, and GV rats to LPS were similar to each other 
(P > 0.45) and characterized by a latency of ca. 40 min and maximal Tc rise of 0.6- 
0.9°C. The febrile responsiveness of the HV rats was different (P < 0.02): 
practically no rise in Tc occurred (0.1 ± 0.2°C). The data suggest that the hepatic 
vagal branch is intimately involved in the pathogenesis of the febrile response to 
small amounts of LPS in the systemic circulation. (LHS grant to AAR).

594.2
THE VAGAL NERVE IS NOT INVOLVED IN LIPOPOLYSACCHARIDE- 
INDUCED INTERLEUKIN-1P IMMUNOREACTIVITY IN THE RAT BRAIN 
A-M. Van Dam, J.G.J.M. Bol, R.P.A. Gavkema. L.E. Goehler. J. Schipper* and F.J.H,
Tilders Research Institute Neurosciences Free University, Medical Faculty, Dept. 
Pharmacology, Amsterdam, The Netherlands

The cytokine interleukin-1 (IL-1) plays a pivotal role in the orchestration of the host 
defense response to pathogens including brain-mediated responses such as changes in 
social behaviour, body temperature and neuroendocrine activity. The pathways through 
which IL-1 affects brain function is subject of intense investigation. In addition to local 
production of IL-1 in the brain, a humoral pathway has been described. Furthermore, a 
role for vagal afferents in neural signalling at the brain has been documented. In a recent 
study it was shown in mice that the vagal nerve mediates lipopolysaccharide (LPS)- 
induced expression of IL-1P mRNA in the hypothalamus and hippocampus but not in the 
pituitaiy gland1. The aim of the present study is to analyse whether subdiaphragmatic 
vagotomy affects LPS-induced IL-1 p protein expression in the rat brain. Therefore we 
investigated in (non)vagotomized rats the induction of IL-1 p immunoreactivity in the 
brain and pituitary gland at 4 and 8 hr after intraperitoneal administration of 400 gg/kg 
of LPS (E. Coli 055B5, Difco). In two rats we could neither observe LPS-induced IL-1P 
immunoreactivity in the rat brain nor in the pituitary gland (LPS non-responders). In the 
remaining ten rats, LPS induced IL-1 P immunoreactivity in microglial cells mainly in 
circumventricular organs. Few IL-lp positive microglial cells were found in the 
hippocampus as demonstrated before2. In addition, IL-ip immunoreactive folliculo- 
stellate cells were observed in the pituitary gland. Subdiaphragmatic vagotomy did not 
reduce LPS-induced IL-lp immunoreactivity in the rat brain or pituitary gland at either 
time-point studied. We concluded that vagotomy did not inhibit LPS-induced IL-ip 
immunoreactivity in the rat brain. In addition, IL-ip positive microglial cells were 
mainly localized in circumventricular organs, favouring a humoral rather than a neural 
signal leading to IL-1 P production in the brain.
'Laye et al., Am. J. Physiol. 268:R1327-R1331 (1995)
2Van Dam et al., Neuroscience 65:815-826 (1995)

594.3

ABDOMINAL VAGOTOMY ATTENUATES INTERLEUKIN-113 INDUCED 
NITRIC OXIDE RELEASE IN THE PARAVENTRICULAR NUCLEUS IN 
CONSCIOUS RATS. Y. Ishizuka12, Y. Ishida2, K. Nose1, T. Inoue3*, S. 
Miyahara4& H. Kannan.1 Depts. Physiol.1, Psychiat.2, Anesth.3 and 
Neurosurg.4, Miyazaki Med. College., 5200, Kihara, Kiyotake, Miyazaki, Japan 
889-16

lnterleukin-1 B (IL-1 B) is known to act as a mediator, conveying feed-back 
information from the immune system to the central nervous system. Systemic 
administration of IL-1 B has been demonstrated to produce various central 
actions. We have previously reported, using an in vivo microdialysis in 
conscious rats, that IL-1 B elicits noradrenalin release in the hypothalamic 
paraventricular nucleus (PVN) region, which is abolished in abdominal 
vagotomized rats. Nitric oxide (NO) has been shown to modulate the 
hypothalamic-pituitary-adrenal axis response to IL-1 B. In the present study, 
we measured levels of nitrite and nitrate in the PVN region using an in vivo 
microdialysis technique in conscious rats. Intraperitoneally administered IL-18 
(0.4-4 gg/kg) increased total NO metabolite (nitrite plus nitrate) levels in dose- 
related manner. We also examined the possible involvement of the abdominal 
vagal afferent nerves in this effect. In abdominal vagotomized rats, the 
increase was significantly attenuated compared to that in sham-operated rats. 
The results suggest that the abdominal vagal afferent nerves are involved in 
peripherally administered IL-1 B-induced NO release in the PVN region.

594.4
PROSTAGLANDIN-DEPENDENT ACTIVATION OF VAGAL SENSORY 
AFFERENTS FOLLOWING INTRAVENOUS INJECTION OF INTERLEUKIN-16.

..EkO,. M.. Kurosawaf, T, Lundebergf, ,M....HeiligH* and A, Ericsson^ OLab
Rheumatol., Centre for Molecular Medicine, fDept. Physiol II and KMagnus Huss 
Clinic, The Karolinska Institute, Stockholm. Intravenously (iv) injected interleukin-1 
(IL-1) activates central autonomic neurocircuitries, originating in the nucleus of the 
solitary tract (NTS), in a prostaglandin-dependent manner. The mechanisms for IL-1- 
mediated regulation of neural functions across the blood-brain barrier remain, however, 
to be characterized. Peripheral monitoring of circulating IL-1 via vagal sensory afferents 
has been proposed from findings that NTS redeve primary sensory information from 
the vagus nerve and the exquisite sensitivity of NTS neurons to blood-borne IL-1. We 
have analyzed if blood-borne IL-18 activates vagal viscerosensory afferents via 
prostaglandin-dependent mechanisms, and whether vagal sensory neurons in the nodose 
ganglion express receptors to IL-1 and/or prostaglandins. Iv administration of 2 gg/kg 
of human recombinant IL-18 to male adult rats resulted in distinctly elevated numbers 
of neurons within the nodose ganglion expressing mRNA encoding the marker for 
cellular activation, c-fos (302,6 ± 18.7 % increase vs. saline injected controls as shown 
with in situ hybridization histochemistry; p<0.02, n=5, Mann-Whitney). IL-1 mediated 
activation of vagal sensory neurons was matched with increased discharge activity of 
gastric vagal afferents. A gastric branch of the vagal nerve was transected about 1 cm 
proximal to the entrance of the stomach, and the afferent activity was recorded from the 
peripheral cut segment of the transected nerve in pentobarbital anaesthetized rats. Iv 
aduinistration of IL-18 (2 gg/kg), but not the vehicle alone, resulted in increased 
afferent activity which reached 155 ± 9 % (n=6) of the preadministration levels within 
30 min and which persisted for more than 60 min. Notably, this effect was completely 
blocked in animals pretreated with indomethacin (10 mg/kg, p<0.01 vs IL-1 injected 
rats, Anova, n=6), a prostaglandin synthesis inhibitor, suggestive of direct or indirect 
prostaglandin-mediated effects. Finally, specific labeling for mRNAs encoding the type 
1 IL-1 receptor, as well as for the EP3 subtype of the prostaglandin E2 receptor, was 
detected in situ over neuronal cell bodies of the nodose ganglion. In conclusion, these 
results demonstrate that 1) circulating IL-1 stimulates vagal sensory functions, 2) the 
responsiveness of the vagus nerve to IL-1 is dependent on prostaglandins, and 3) 
sensory neurons anchor fibers of the vagus nave are directly receptive to the actions of 
IL-1 and prostaglandin E2. (K97-19X-11241-03A).

594.5
INTRAVENOUS LPS INDUCED cFOS IN VAGAL 
PRIMARY AFFERENTS: ATTENUATION BY SUB- 
DIAPHRAGMATIC VAGOTOMY. M.M. McGorrv. L.E. 
Goehler. R.P.A. Gavkema. J.W. Rudy*. S.F. Maier & L.R, Watkins.
Dept. Psychology, Univ. Colorado at Boulder, Boulder CO 80309

Vagal afferents are implicated in the conveyance of immune-derived
signals from the abdomen to the brain. Subdiaphragmatic vagotomy 
blocks or inhibits various brain-mediated illness consequences following 
intraperitoneal (i.p.) lipopolysaccharide (LPS; bacterial endotoxin) or 
cytokines. The question remains as to whether the vagus may also detect 
inflammatory mediators in the systemic circulation. Intraperitoneal LPS 
activates primary afferent neurons of the vagus in the nodose ganglia, as 
evidenced by induction of cFos immunoreactivity. This study examines 
whether 1) intravenous (i.v.) LPS induces cFos in primary afferents of the 
vagus and 2) whether subdiaphragmatic vagotomy reduces or eliminates 
that effect. Male Sprague Dawley rats received subdiaphragmatic 
vagotomy or sham surgery. Five weeks later, each received either 0, 5, or 
50 gg/kg LPS i.v. in saline. Two hrs after injection, the rats were perfused 
and the vagal ganglia were processed for cFos immunohistochemistry. 
Both doses of LPS induce cFos expression in numerous primary afferent 
neurons scattered throughout the vagal (nodose) ganglia. 
Subdiaphragmatic vagotomy substantially decreases, but does not 
eliminate cFos expression after i.v. LPS. These results indicate that the 
vagus is sensitive to circulating, as well as peritoneal, LPS and that 
abdominal vagal afferents may play an important role in signaling the 
presence of systemic inflammatory mediators.

Supported by NIH grants MH55283 and MH45045 and RSA 
MH00314, Hughes Initiative & UROP.

594.6
SUBDIAPHRAGMATIC VAGOTOMY INHIBITS FOS EXPRESSION 
IN BRAIN AND PITUITARY AFTER INTRAPERITONEAL BUT 
NOT INTRAVENOUS ADMINISTRATION OF ENDOTOXIN.
R,P,At Gaykema*, L.E, Goehler, M.M, McGorrv, E.P. Milligan.
&L Fleshner, F.J.H, Tilders1, S.F, Maier, and L.R, Watkins. Dept.
Psychology, Univ. Colorado, Boulder CO 80309, and •Res. Instit. Neurosci., Dept. 
Pharmacology, Vrije Universiteit, Amsterdam, The Netherlands.
Vagal afferents are implicated in the conveyance of immune-derived signals from the 
abdomen to the brain. Subdiaphragmatic vagotomy inhibits brain-mediated illness 
responses resulting from intraperitoneal (i.p.) administration of bacterial endotoxin 
(LPS) or pro-inflammatory cytokines. It remains unresolved whether the abdominal 
vagus nerve is an important sensor of inflammatory mediators in the systemic 
circulation. This study compares the effects of vagotomy on Fos expression in rat 
brain and pituitary, and on plasma corticosterone responses, induced by LPS (Sigma, 
0111 :B4) administered i.p. or intravenously (i.v.). Male Sprague-Dawley rats received 
either vagotomy or sham surgery. Four weeks later, rats were challenged with 
pyrogen-free saline or LPS by i.p. (100 gg/kg) or i.v.(5 and 50 gg/kg) route, and 
sacrificed 2 hrs later. Brains were processed for Fos immunoreactivity (ir). Fos-ir 
cells were counted in the nucleus of the solitary tract, area postrema, hypothalamic 
paraventricular nucleus and pituitary. Both i.p. and i.v. LPS induced robust Fos 
expression in these brain structures. Vagotomy suppressed Fos expression in all 
these structures induced by i.p. LPS. However, Fos expression after i.v. LPS was 
not altered by vagotomy. Similarly, LPS-induced corticosterone secretion was 
attenuated by vagotomy only when LPS was administered i.p. These results show 
that the abdominal vagus constitute an important immune signaling pathway from 
the peritoneum to the brain. Blood-borne inflammatory mediators, however, signal 
the brain through parallel pathways, which may include vagal afferents above the 
diaphragm or brain circumventricular organs.
Supported by NIH grants MH55283, MH45045 & RSA MHOO314, Hughes 
Initiative, UROP, & Res. Instit. Neurosci. Vrije Univ. Amsterdam.
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594.7
SUBDIAPHRAGMATIC VAGOTOMY DOES NOT PREVENT 
FEVER AFTER INTRACEREBROVENTRICULAR PROSTA-
GLANDIN E2. J.L. Hinde. E.D. Milligan. M.M. McGorrv. M. Fleshner1. 
RPA. Gaykema, L,E. Goehler, S.F,...Maier and L.R. Watkins*. Dept. of 
Psychology, and ’Dept of Kinesiology, University of Colorado at Boulder, 
Boulder, CO 80309-0345.

Subdiaphragmatic vagotomy blocks or suppresses brain-mediated 
sickness responses (i.e. fever), suggesting that vagal afferents mediate 
immune-to-brain communication. Vagotomy interrupts both 
parasympathetic afferent and efferent innervation of visceral organs, as 
well as some sympathetic fibers. Thus, vagotomy may in fact inhibit the 
ability of an animal to centrally respond to peripheral immune activation, 
because vagal or sympathetic efferents are severed. To test this hypothesis, 
we generated fever centrally by intracerebroventricular (ICV) 
prostaglandin E2 (PGE2). If the lack of fever response is due to severed 
vagal or sympathetic efferents, then vagotomy should block ICV PGE2- 
induced fever. Pathogen-free male Sprague-Dawley rats (n=24) were 
implanted with ICV cannulae, and either received a subdiaphragmatic 
vagotomy or a sham vagotomy. After one month all animals were 
implanted with biotelemetry probes to measure core body temperature 
(CBT). Vagotomized and sham-operated animals received a single 
microinjection of 2pg PGE2 in 5jli 1 vehicle or equivolume vehicle. CBT 
measurements were taken prior to and every 15 min for 150 min after 
injection. PGE2 induced submaximal fever, with no significant differences 
occuring between the surgery groups. Thus, subdiaphragmatic vagotomy 
does not interfere with an animal's ability to mount a normal fever to ICV 
PGE2, providing further evidence that vagal afferents mediate immune-to- 
brain communication. Supported by NIH grants MH55283 and 
MH45045, RSA MH00314, Hughes Undergrad. Research Init. & 
Undergrad. Research Opport. Prog.

594.8
ENDOTOXIN INDUCES INTERLEUKIN-lp IN THE AREA 
POSTREMA AND BRAINSTEM CHOROID PLEXUS.
L.E. Goehler*, R.P.A. Gaykema, A.-M. Van Dam1, F.J.H. Tilders1,
E.D. Milligan, M,M. McGorry, S.F, Maier, and L.R,_Watkins. Dept.
Psychology, Univ. Colorado, Boulder CO 80309, and ’Res. Instit. Neurosci., Dept. 
Pharmacology, Vrije Universiteit, Amsterdam, The Netherlands.
Interleukin-ip (IL-1 P) is expressed in the brain after peripheral administration of 
bacterial endotoxin (LPS), suggesting that this cytokine may mediate brain responses 
to immune activation. Possible mechanisms leading to this induction include 
activation by vagal afferents, and/or by brain structures such as circumventricular 
organs or brain microvasculature. These mechanisms may depend on dose of LPS, as 
brain responses to low doses of LPS can be blocked by subdiaphragmatic vagotomy, 
but responses to higher doses are fully or partly resistent. The aims of this 
experiment were 1) to identify the cell types expressing LPS-induced IL-1P and 2) to 
determine the effects of subdiaphragmatic vagotomy on IL-1P induction in the 
brainstem after high dose LPS administration. Male Sprague Dawley rats received 
either subdiaphragmatic vagotomy or sham surgery. Four weeks later they received an 
intraperitoneal injection of either 400 pg/kg LPS or saline. The brainstems were 
processed for IL-1 P, MCH-II antigen (OX6; marker for dendritic,macrophage and B 
cells) or CR3 antigen (0X42; marker for microglia) immunohistochemistry. LPS 
induced IL-1P expression in cells with a morphology consistent with MHC-II- 
expressing dendritic cells in the the area postrema and choroid plexus, but not in any 
cell type within the parenchyma of the brain. IL-1 p was induced similarly in 
vagotomized and sham-operated animals, and no IL-1P immunoreactivity occured in 
saline-treated animals. Because dendritic cells are thought to function as “sentinels” 
for the immune system, these results implicate the area postrema and choroid plexus 
as structures possibly capable of detecting peripheral immune stimulation.
Supported by NIH grants MH55283, MH45045 & RSA MH00314, Hughes 
Initiative, UROP, & Res. Instit. Neurosci. Vrije Univ. Amsterdam.

594.9
CAFETERIA-FEEDING RESULTS IN INCREASED INTERLEUKIN-ip 
mRNA EXPRESSION IN RAT LIVER. M.K, Hansen*, P. Taishi, Z Chen 
and J.M. Krueger. Department of Physiology and Biophysics, University of 
Tennessee, Memphis, TN 38163.

Feeding rats a cafeteria diet increases non-rapid eye movement sleep 
(NREMS) in rats via a subdiaphragmatic mechanism (1). Further, feeding has 
direct effects on gut-immune function and interleukin-Ip (IL-1 P) is a cytokine 
involved in sleep regulation. This study examined the possibility that 
upregulation of liver IL-lp is involved in the sleep responses to cafeteria-
feeding. Male Sprague-Dawley rats (300-400g) were fed either normal rat 
chow (n = 6) or a diet consisting of chocolate, bread, and shortbread cookies (n 
= 6). After three days, midway between the light period of the light-dark cycle, 
the period of maximal sleep responses, rats were decapitated and the liver was 
quickly removed and snap-frozen in liquid nitrogen. Total RNA was extracted 
and IL-ip mRNA was analyzed using the reverse transcriptase-polymerase 
chain reaction (RT-PCR). A mutated fragment of IL-ip was used as an 
internal standard. Cafeteria-feeding resulted in significant increases in body 
weight-gain as compared to the normal diet-fed rats and in a 2.5-fold increase 
in IL-lp mRNA levels in rat liver (P < 0.01). These data support the 
hypothesis that IL-1P is involved in the sleep responses to cafeteria-feeding.
1. Hansen, M.K., L. Kapas and J.M. Krueger. Blockade of cafeteria diet-induced 
sleep by subdiaphragmatic vagotomy in rats. Third Inti. Congress of NIM pp. 99, 
1996.
Supported by NIH grants NS25378 and NS31453, and an F31 training grant 
MH11688.

594.10
FEVER AND CCK ON 5-HT SENSITIVE VAGAL AFFERENTS
S. Martin*, X. Chen, B. Wilson, T. Malkinson, Q.J. Pittman. Neuroscience 
Research Group, University of Calgary, Calgary Alberta Canada T2N 4N1

It is generally accepted that peripheral pyrogens such as lipopolysaccharide 
(LPS) and cytokines such as interleukin-1 do not have to enter the brain to cause 
fever. Studies using vagal deafferentation indicate that the vagus nerve is at 
least partly responsible for the transmission of peripheral cytokine signals to the 
brain. While interleukin-1 binding sites have been localized to vagal afferent 
neurons, it is not known which class of vagal afferent fibres is activated by 
cytokines. We have asked if vagal afferent fibres responsive to 5-HT or to 
CCK, or if these substances themselves could mediate the cytokine signal.
Male Sprague-Dawley rats were equipped with Minimitter temperature 
transmitters to enable remote monitoring of body temperature. To test possible 
CCK involvement, rats were given ip CCK (100 pg/kg) or saline. Neither 
substance altered body temperature. Rats were subsequently given ip LPS (50 
pg/kg) along with saline or a CCK-A antagonist (L-364,718; 0.2 mg/kg).
Fevers were identical in each group. 5-HT3 receptor involvement was studied by 
giving the agonist, 2-methyl-5-HT,(4 mg/kg, ip), but this was without effect on 
body temperature. Similarly, pretreatment with ondansetron, a 5-HT3 receptor 
antagonist (0.2 mg/kg) did not alter LPS fever (50 pg/kg). We conclude that 
cytokine responsive vagal afferents are different than those which respond to 
CCK or 5-HT.
Supported by MRC and personnel grants from MRC, Heart & Stroke 
Foundation of Canada and AHFMR

594.11
GLUTAMIC ACID RELEASE IN THE NUCLEUS TRACTUS SOLITARIUS 

INDUCED BY PERIPHERAL ENDOTOXIN AND INTERLEUKIN-1. P, 
Mascarucci, C. Pereqo, S, Terrazzino, M.G. De Simonl*. Istituto di 
Ricerche Farmacologiche Mario Negri, Via Eritrea 62, 20157 
Milan, Italy.

The present study evaluates the involvement of the glutamatergic 
component of vagal afferents in the communication pathway from 
the immune system to the brain. Glutamic acid (GLU) release was 
measured in nucleus tractus solitarius (NTS) of freely moving rats 
by cerebral microdialysis. GLU release was measured in 20-min 
dialysate samples by reverse-phase high pressure liquid 
chromatography (HPLC) with electrochemical detection. Precolumn 
defivatization of samples was performed with o-phthaldialdeyde/ 
2-mercaptoethanol. Intraperitoneal or intravenous saline or 
intraperitoneal heat-inactivated IL - ip increased GLU release at 20 
min (137±19%; 126±10 %; 133±6 %, respectively) without 
inducing any other change up to 3 hours after injection. 
Intraperitoneal endotoxin (LPS, 10 pg/rat) increased GLU at 20 
min (132±10%) and at 60 min (208±26%). Perfusion with 
tetrodotoxin (TTX, 1 pM) in the dialysis probe decreased GLU basal 
levels by approximately 20 % and completely prevented LPS effects 
showing the neuronal component of the GLU measured. Intravenous 
LPS (10 pg/rat) did not affect GLU release. Intraperitoneal IL-lp 
(4 pg/rat) increased GLU release at 20 min (126±6%) and at 40 
min (150±18). These data suggest that vagal glutamatergic system 
in NTS is activated by different stimuli including intraperitoneal 
injections of immunoactive compounds and show the involvement of 
this neural afferent pathway in the neuroimmuno communication.

594.12
EVIDENCE FOR AN INTRAMEDULLARY PROSTAGLANDIN-DEPENDENT 
MECHANISM IN THE ACTIVATION OF STRESS-RELATED 
NEUROENDOCRINE CIRCUITRY BY INTRAVENOUS INTERLEUKIN-1.
A, Ericsson, C, Arias and P.E. Sawchenko*. The Salk Institute, La Jolla, CA and 
Lab. of Rheumatology, The Karolinska Hospital, Sweden.

We have provided evidence that the stimulatory effects of intravenous interleukin-1 
(iv IL-1) on neurosecretory neurons in the paraventricular nucleus (PVH) that express 
corticotropin-releasing factor (CRF) depend specifically on the integrity of 
catecholaminergic inputs originating in caudal medulla (J. Neurosci, 14:897, 1994). 
Here we report on experiments designed to test alternative means by which circulating 
IL-1 might access medullary aminergic neurons, including routes involving sensory 
components of the vagus, the area postrema or perivascular cells bearing IL-1 receptors. 
IV administration of recombinant human IL-ip (1.87 pg/kg) to adult male rats 
provoked cellular activation (Fos induction) in the PVH, medullary aminergic regions 
and beyond, whose strength and distribution were compatible with those reported 
previously. CRF mRNA content in the PVH was also significantly elevated at 3 hr 
postinjection (67.3±10.4%). Neither prior abdominal vagotomy nor aspiration lesions 
of the area postrema affected the IL-1-induced Fos and CRF mRNA responses. By 
contrast, pretreatment with the cyclooxygenase inhibitor, indomethacin (0.25-1.0 
mg/kg, iv, 15 min prior to IL-1), resulted in parallel dose-related attenuations of IL-1 
effects in both hypothalamus and medulla. Microinjections of prostaglandin E2 (> 10 
ng) in the rostral ventrolateral medulla, the principal seat of IL-1-sensitive neurons that 
project to the PVH, provoked discrete cellular responses in hypothalamus and medulla 
that mimicked those seen in response to iv IL-1. We interpret these findings as 
supporting the hypothesis that paracrine effects of PGE2 released from perivascular 
cells in the medulla as a consequence of IL-1 stimulation, and acting through prostanoid 
receptors on or near local aminergic neurons that project to the PVH, contributes to the 
stimulatory effects of increased circulating IL-1 on neurons comprising the central limb 
of the HPA axis. (Supported by NS-21182 and the Swedish MRC)
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595.1
PARASYMPATHETIC NEURONS IN THE CRANIAL MEDIAL VENTRICULAR 
(CMV) FAT PAD ON THE DOG HEART SELECTIVELY DECREASE 
VENTRICULAR CONTRACTILITY WITHOUT EFFECT ON SINUS RATE OR 
A-V CONDUCTION. LW Dickerson*1, DJ Rodak1, TJ Fleming1, PJ 
Gatti2. VJ Massari2, JC McKenzie2, RA Gillis1, Depts. 
Pharmacology & Internal Medicine,'Georgetown Univ. School 
of Medicine, and Depts. Pharmacology & Anatomy, ?Howard 
Univ. Coll, of Medicine, Washington DC.

We hypothesized that selective control of ventricular 
contractility might be mediated by postganglionic 
parasympathetic neurons located in a fat pad at the base of 
the aorta in the CMV ganglionated plexus in the dog. Sinus 
rate, A-V conduction (ventricular rate during atrial 
pacing), and left ventricular contractile force (LV dP/dt 
during RV pacing) were measured in eight chloralose- 
anesthetized dogs before and during bilateral cervical 
vagus stimulation (20-30V, 0.5 msec pulses, 15-20 Hz). 
Responses included sinus node bradycardia or arrest during 
spontaneous rhythm, high grade AV block or complete heart 
block, and a 30% decrease in contractility from 2118 + 186 
to 1526 + 187 mm Hg/sec (p<0.05). To assess the role of 
postganglionic neurons in the CMV ganglion in vagally- 
induced responses, the ganglionic blocker trimethaphan 
(0.3-1.0 ml of a 50 ug/ml solution) was injected into the 
CMV fat pad. Repeat vagal stimulation produced a 
statistically insignificant 5% decrease in contractility 
but still elicited the same degree of sinus bradycardia or 
sinus node arrest and AV block (N=8, p<0.05). Effects were 
selective, as the same dose of trimethaphan administered 
either locally into other fat pads (PVFP or IVC-ILA) or 
systemically (i.v.) had no effect on vagally-induced 
negative inotropy. [Supported by NIDA #RO1 DA-05333 and 
NHLBI #RO1 HL-51917].

595.2
A VENTRICULAR GANGLION IN THE CAT HEART MEDIATES VAGAL 
CONTROL OF LEFT VENTRICULAR CONTRACTILITY. T.A. Johnson, J.C. 
McKenzie2, J.-M. Lauenstein, A.L. Gray, V.J, Massari, and P.J. Gatti*. Depts. of 
Pharmacology and Anatomy2, Howard University College of Medicine, 
Washington, D.C. 20059 U.S.A.

Activation of the vagus nerve leads to decreases in sinoatrial (SA) rate, 
atrioventricular (AV) conduction, and myocardial contractility. Previous data 
demonstrate that vagal control of cardiac rate and AV conduction is mediated by 
two anatomically separated and physiologically independent parasympathetic 
intracardiac ganglia located in fat pads on the surface of the right and left atria, 
respectively. These data suggest that vagal control of ventricular contractility 
might be mediated through another different intracardiac ganglion. On 
histological examination, multiple small basophilic ganglia composed of a few 
neurons, and an occasional larger ganglion were found embedded in the 
epicardial fat surrounding the cranial margin of the anterior surface of the left 
ventricle, near the juncture with the right ventricle, which we refer to as the CV 
ganglion. Right cervical vagal stimulation decreased SA rate by 63 ± 5.7%, 
decreased the rate of AV conduction by 70 ± 8.4%, and reduced ventricular 
contractility by 39.5 ± 5.7%. After microinjection of a ganglionic blocking drug 
into the CV ganglion, vagally induced negative inotropism was significantly 
reduced by 76%. However, these injections did not significantly effect vagally 
induced decreases in either SA rate or AV conduction. We conclude: 1) that 
ganglia are found in a fat pad on the surface of the left ventricle of the cat heart; 
and 2) that the CV ganglion selectively mediates the negative inotropic effect of 
vagal stimulation on the left ventricle. Greater understanding of the functions of 
intracardiac neuronal circuits may help in developing new methods to treat 
disorders of cardiac contractility such as congestive heart failure. Supported by 
the American Heart Association and the NIH, (NHLBI 51917 to V.J.M.).

595.3
PRE AND POSTSYNAPTIC CHANGES FOR ADENOSINE AND PURINO-RECEPTORS 
IN CONGESTIVE HEART FAILURE RATS X-H. Zhao. X-Y. Sun. L. Edvinsson, T. 
Hedner & D. Erlinge*. Dept of Clin Pharmacol., Sahlgrenska University 
Hospital, Div. of Experimental Vascular Research, *Dept. of Internal Medicine, 
University Hospital, Lund, Sweden.

In congestive heart failure (CHF), there are neurohormonal changes with 
elevated serum levels of adenosine and with an enhanced peripheral sympathetic 
nerve activity resulting in increased release of noradrenaline and ATP. We wanted 
to examine if this modulates peripheral pre- and postsynaptic receptors for 
adenosine and ATP.
Experiments were performed in conscious as well as pithed CHF or sham 

operated rats with intraaortic administration of adenosine (0.1-10 pmol/kg), ATP 
(0.001-10 gmol/kg), UTP (0.001-10 gmol/kg), and 2methylthioATP (2mATP, 
0.001-1 gmol/kg) and a,P-methyleneATP (30-100 nmol/kg). CHF was induced 
by left coronary artery ligation.
The negative chrono and dromotropic effects (Al-receptor) were attenuated in 

CHF-rats. The presynaptic inhibition of the pressor response to preganglionic 
nerve stimulation (PNS 0.8 Hz), also supposed to be mediated by Al-receptors 
was unaffected by CHF. One explanation for this discrepancy in the A1-receptor 
responses could be the involvement of additional presynaptic receptors. This is 
possible since UTP and 2mATP also inhibited the PNS-induced pressor 
response, indicating colocalisation of presynaptic P2Y-receptors.

The adenosine-mediated depressor response via A2-receptors on vascular smooth 
muscle (VSMC), was markedly attenuated. In contrast, the P2Y-receptor 
mediated, endothelium dependent dilatation was totally unaffected by CHF. The 
pressor effect mediated by P2X-receptors on VSMC was attenuated.

In conclusion, there is a selective downregulation of Al, A2 and P2X-receptor- 
mediated responses while the P2Y-receptor effects are unaffected. Whether this 
represents changes in receptor expression or other mechanisms remain to be 
elucidated. (Swedish Medical Res. Council proj. 8642 & 5958).

595.4
SOURCES AND ACTIONS OF NEUROPEPTIDE Y (NPY) IN THE GUINEA 
PIG CARDIAC GANGLIA. A.L Kennedy*, J.C. Hardwick, E.K Talmage, KM. 
Braas, G.M, Mawe, and R.L. Parsons. Department of Anatomy and 
Neurobiology, University of Vermont, Burlington, VT 05405.

The sources and distribution of NPY-immunoreactivity (IR) were determined 
within guinea pig atrial whole mounts containing parasympathetic cardiac 
ganglia. NPY-IR fibers were present along blood vessels, in atrial muscle 
layers, interganglionic fiber tracts and in close association with cardiac 
neurons. The majority of NPY-IR fibers were from extrinsic sources, since 
most of these fibers degenerated following 3 days of organotypic culture. In 
both intact and cultured preparations, a small population of cardiac neurons 
demonstrated NPY-IR in the cell soma. Reverse transcription PCR 
demonstrated endogenous proNPY mRNA expression in these preparations. 
Direct actions of NPY on individual parasympathetic neurons in whole mounts 
were determined with intracellular recordings. Approximately 60% of cells 
tested responded to puffer application of NPY (10’4 M, 1-2 sec) with a small 
hyperpolarization (2-15 mV) which was accompanied by a decrease in input 
resistance. NPY also decreased both the amplitude and duration of the spike 
afterhyperpolarizing potential by 32% and 24%, respectively. Upon 
interganglionic fiber tract stimulation, NPY reduced the amplitude of the fast 
EPSP by 39%. Whole cell recordings of voltage-dependent calcium currents 
in dissociated neurons demonstrated that NPY also decreased the amplitude 
of l,^ by 73%. These observations demonstrate the presence of NPY-IR 
fibers in the cardiac ganglia which derive from both extrinsic and intrinsic 
sources. In addition, NPY can have multiple actions on the membrane 
properties of parasympathetic cardiac neurons, as well as inhibiting ganglionic 
transmission; consistent with an inhibitory action of NPY on parasympathetic 
output. Supported by NS23978, NS26950, DK45410, HD27468, and AHA 
94015540.

595.5
FACILITATORY EFFECT OF BRADYKININ ON 
NOREPINEPHRINE RELEASE FROM SYMPATHETIC NERVES 
IN MOUSE ATRIA.
C. Chulak*, R. Couture and S. Foucart. Faculte de medecine, 
Departement de physiologie, Universite de Montreal, Montreal, 
Quebec, Canada, H3C 3J7.

The aim of this study was to characterize the receptor and the cellular 
mechanism underlying the modulatory action of bradykinin (BK) upon 
the release of norepinephrine (NE) from isolated mouse atria. Atria 
from CD1 mice were isolated and incubated with [3H]-NE and then 
inserted in a suprafusion system (6 pairs of atria in parallel). After 
washing periods of 75, 130, 160 or 200 min, the radioactivity was 
collected at evety 5 min for 60 min. During this collecting period, the 
atria were electrically stimulated (5 Hz, 2 ms, 50 mA, 60 sec) at 10 min 
(Si) and at 45 min (S2). At the end of the experiments, the 
radioactivity was counted and the results were expressed by the ratio 
S2/S1. The drugs were added 20 min before S2. The results show that 
BK (10 nM) alone did not affect [3H]-NE release induced by electrical 
stimulation after 75 min of washing. However, following 130, 160 and 
200 min of washing, it increased significantly the release of [3H]-NE. 
This facilitatory action of BK (10 nM) was inhibited by HOE 140 (10 
nM), a B2 receptor antagonist, but not by [Leu8]-des-Arg9-BK (100 
nM), a Bi receptor antagonist. An inhibitor of protein kinase C (PKC), 
bisindolylmaleimid (1 pM), also inhibited the BK facilitatory effect on 
[3H]-NE. These results indicate that the facilitatory effect of BK on NE 
release, which depends on the incubation period, is likely mediated by 
presynaptic B2 receptors linked to PKC. [Supported by QHSF.]

595.6
NEUROPEPTIDE Y AS A STIMULATOR OF Na+-DEPENDENT Ca2+ EFFLUX 
FROM FRESHLY ISOLATED ADULT RAT CARDIOMYOCYTES: POSSIBLE 
INVOLVEMENT OF Na+/Ca2+ EXCHANGE MECHANISM. Masanori Yoshizumi, 
Hitoshi Houchi*, Kazuya Horike, Tetsuya Kitagawa, Itsuo_ Katoh,Kyoji Morita,
Toshiaki Tamaki. Department of Pharmacology and Cardiovascular Surgery, School of 
Medicine, The University of Tokushima, Tokushima 770, Japan.

The effect of neuropeptide Y (NPY), which is secreted from certain adrenergic or 
non-adrenergic neurons, on Ca2+ efflux from freshly isolated, quiescent adult rat 
cardiomyocytes was investigated. The isolated cardiomyocytes were preloaded with 
45CaCl2 for one hour. Then, the fractional release of 45Ca2+ from the cells was 
measured consecutively. NPY stimulated the efflux of 45Ca2+ from isolated adult rat 
cardiomyocytes in a concentration-dependent manner (10-8 m to 10-6 M). NPY 
(10-6 M)-induced Ca2+ efflux was 2.0 ±0.16% of the total cellular content. The 
45ca2+ efflux from the cells was also stimulated by Yi receptor agonist, [Leu31, 
Pro34]NPY, but not by Y2 receptor agonist, NPY 13.36. The effect of NPY was 
inhibited by a peptide NPY inhibitor, NPY 18-36 and a non-peptide NPY inhibitor, 
benextramine as well to a similar extent. From these results, it is conceivable that the 
effect of NPY on Ca2+ efflux from cardiomyocytes is mediated through Y1 receptors. 
It was also observed that NPY caused a rise in [Ca2+]i from 50 nM to almost 150 nM. 
The NPY-stimulated 45Ca2+ efflux was not affected by removal of extracellular Ca2+, 
but was dependent on the presence of extracellular Na+. Moreover, NPY caused a 
22Na+ influx into the cells of about 1.6-fold over the basal value and this was inhibited 
by amiloride, a non-specific Na+/Ca2+ exchange inhibitor. These results suggest that 
NPY stimulates extracellular Na+-dependent 45Ca2+ efflux from freshly isolated adult 
rat cardiomyocytes, probably through its stimulatory effect on plasma membrane Y1 
receptors which may couple to Na+/Ca2+ exchange.
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595.7
LOCALIZATION OF SYMPATHETIC POSTGANGLIONIC NEURONS 
INNERVATING MESENTERIC ARTERY AND VEIN IN RATS. H, I. Chen, N. 
K. Hsieh, and T. H. Chiu*. Institute of Medical Science, Tzu Chi College of Medicine, Hualien and 
Department of Anatomy, National Defense Medical Center, Taipei, Taiwan, ROC.

Physiological and histochemical studies have demonstrated the control and innervation of 
sympathetic nerve to the artery and vein vessels of splanchnic circulation. In our laboratory, we first 
used the technique of retrograde transport of horseradish peroxidase to identify the origin of 
sympathetic neurons innervating the mesenteric vein. In this study, double fluorescence staining 
technique was used for a simultaneous localization of the sympathetic postganglionic neurons 
supplying the mesenteric artery and vein in rats. A first-order branch of mesenteric artery (A) and 
vein (V) in the vindnty of ileocecal junction was isolated for application of fluorescent dyes (fast 
blue, FB and diamidino yellow, DY). The application of FB and DY outside A and V was 
alternated in the next animal to minimize the difference in dye uptake. The animal was allowed to 
recover for 7 days for a complete uptake of FB and DY into the cytoplasm and nucleus, respectively. 
The number of FB, DY and double staining neurons in the prevertebral ganglia was counted under a 
fluorescent microscope after animal fixation and serial frozen section (20 pm) of the sympathetic 
ganglia. Our study revealed the following findings: 1) Distribution of the fluorescence-staining 
neurons in the prevertebral ganglia was as follows: right celiac g. (41 %) > superior mesenteric g. 
(28%) = left celiac g. (26%) > inferior mesenteric g. (1 %) 2) Double staining neurons that dually 
innervate A and V accounted for about (53%) of total staining neurons, indicating there were 
common neurons shared by A and V. Approximately (42%) neurons separately supplying A and 
5% supplying V. 3) The ratio of neurons supplying the A and V ranged from 1.6 to 2.0.4) There 
was no distinct topographical distribution with respect to the neuron location innervating A and V. 
The distribution of neurons appeared in a scattering pattern. (Supported by Tzu Chi Charitable 
Foundation TCCM-1)

595.8
Comparison of the Inhibitory Effect of Chloroethylclonidine (CEC) 
and BMY 7873 (BMY) in the Pressor Response to Phenylephrine (PE) 
in Pithed Rats. Lily Zhou and Hugo M. Vargas*, Hoechst Marion 
Roussel, Inc., CNS Research and Investigative Pharmacology, Bridgewater, 
New Jersey, 08807.

Pharmacological studies in isolated blood vessels have demonstrated 
the existence of multiple aj -adrenoceptor subtypes in vascular tissue (Life 
Sci. 57:2291, 1995). In this study, the function of vascular a1B- and a]D- 
adrenoceptors was evaluated by comparing the ability of CEC and BMY to 
shift the PE dose-response curve in pithed rats. Radioligand binding assays 
have shown CEC to be an a-iB/D antagonist (Mol, Pharmacol. 5:703. 1994) 
and BMY is a selective a1D antagonist (Eur, J. Pharmacol. 227:R5. 1995). 
Dose-response data for i.v. PE was determined in pithed rats treated with 
saline, CEC or BMY. Rats received 25 mg/kg CEC (i.y.) 2 hr before PE; 
BMY (1 mg/kg, i.v.) was administered 15 min before PE. CEC shifted 
significantly the PE pressor response curve (ED50, saline: 8.8 ± 1.8 gg/kg; 
ED50, CEC: 31.1 ±7.7 gg/kg). BMY also caused a significant shift of the 
PE pressor response (ED50, saline: 8.8 ± 1.8 gg/kg; ED50, BMY: 38 ± 5 
gg/kg). This finding suggest that vascular a1D-adrenoceptors are activated 
by i.v. administration of PE because the pressor response was sensitive to 
blockade by BMY. When the CEC-treated and BMY-treated groups were 
compared, there was no significant difference in dose ratio as ED50. 
antagonist/ED5o_saijne (CEC: 3.5; BMY: 4.3). This data indicates that ajB- 
adrenoceptors may not be as functionally effective as ajD-adrenoceptors in 
the pressor response to PE.

595.9
CHARACTERIZATION OF THE EXCITATORY EFFECTS OF THE NO 
DONOR, SNAP, IN CELIAC GANGLIA (CG).
Zheng Z.L., Browning K., Kreulen D.L.* and Travagli R.A.
Department of Physiology, West Virginia University, Morgantown, WV 26506. 
Mesenteric blood vessels and postganglionic sympathetic neurons are 
innervated by capsaicin-sensitive neurones which contain NOsynthase. The 
purpose of this project was: 1) to characterize at the cellular level the response 
of CG neurons to the NO donor SNAP, and 2) to characterize the response to 
SNAP in CG from capsaicin-treated guinea pigs. Whole cell recordings were 
performed on primary cultures of CG neurons. SNAP induced an inward 
current in 80% of the tested neurons, the remaining neurons either did not 
respond to SNAP (11%) or showed an outward current (9%). The SNAP- 
induced inward current was concentration and voltage-dependent, the reversal 
potential being close to EK. The SNAP-induced current was antagonized by 
perfusion with the NO scavenger hemoglobin (n=5) and by intracellular Cs+ 
(n=6). Perfusion with extracellular Co++ reversed the effect of SNAP, 
transforming it into an outward current which was blocked by Cs+(n=4). SNAP 
reduced by 20% the peak amplitude of lAHP(n=6). The cGMP stable analogue, 
dbcGMP induced an inward current similar to SNAP but had no effect on the 
lAHP (n=3). In CG neurons from capsaicin treated guinea pigs, SNAP induced a 
larger decrease of the peak amplitude of lAHP (n=6), the decrease being 
mimicked by dbcGMP (n=3). In conclusion, the present study provides 
evidence that NO modulates the activity of CG neurons by blocking a Cs+- 
sensitive current. Also, sensory nerve depletion with capsaicin induced 
supersensitivity of lAHP to SNAP and dbcGMP, thus suggesting a role of 
sensory nerve terminals in the control of CG neuron properties.
Supported by a WVU-School of Medicine Research Grant to A.Travagli

595.10
CHARACTERIZATION OF INFERIOR MESENTERIC GANGLIONIC 
NEURONS THAT PROJECT TO MESENTERIC ARTERIES 
Browning K., Zheng Z.L., Travagli R.A* and Kreulen D.L.
Department of Physiology, West Virginia University, Morgantown, WV 26506. 
The inferior mesenteric ganglion (IMG) contains subpopulations of neurons 
that project selectively to inferior mesenteric artery (IMA) and vein (IMV). The 
aims of this study were: 1) to determine whether the subpopulation of IMG 
neurons projecting to IMA had a characteristic chemical phenotype 2) to 
characterize the electrophysiological properties of IMG neurons projecting to 
IMA. Arteries and veins were injected with retrograde tracers in an in vitro 
vessel-ganglia preparation. The labeled neurons thus obtained were utilized 
for either immunocytochemical analysis or for primary cultures. Whereas 32% 
of the artery neurons showed NPY immunoreactivity, none of the vein neurons 
and 20% of unlabeled neurons were NPY positive (N=5 guinea pigs). Whole 
cell recordings were performed on both unlabeled and fluorescent identified 
neurons. Following a 1.5s-long depolarizing pulse (3X rheobase), 60% of the 
unlabeled neurons responded with a single action potential at the onset of 
depolarization (phasic cells) and 40% responded with action potentials 
throughout the depolarization (tonic cells). All the arterial neurons fired 
tonically. The currents underlying this tonic type of response were investigated. 
All the arterial neurons showed the presence of a fast calcium-dependent 
potassium current (lAHP) and of a transient outward potassium current (IA). 
The present results indicate that IMG neurons projecting to IMA can be 
characterized by their different neurochemical phenotype and by their 
response to depolarizing current injection.
Supported by a WVU-School of Medicine Research Grant to A.Travagli

595.11
THE EFFECTS OF MELATONIN AND UK14304 AGAINST TONE-INDUCED 
AND ELECTRIC ALL Y-E VOICED CONTRACTIONS OF THE PORCINE TAIL 
ARTERY. K.N.Ting, R.Mason* and V.G.Wilson, Dept. of Physiology and 
Pharmacology, University of Nottingham, Medical School, Nottingham NG7 2UH, 
UK

Several studies have reported that melatonin (Mel) can enhance agonist-induced and 
electrically-evoked contractions of the rat isolated tail artery (e.g.Ting et.al., 1996, 
Br.J.Pharmacol, 119, 113P). In the present study, we have examined the effect of 
Mel in the porcine isolated tail artery; a vessel with no thermoregulatory function. 
UK14304, an ocj-adrenoceptor agonist, was used as an internal control.

Segments (5mm) of the tail artery from the pig were prepared for isometric 
recording. All segments were placed under 5g wt tension, exposed to 60mM KC1 and 
then stimulated with either U46619, a thromboxane mimetic agent, or 5 sec of 
electrical pulses (7Hz, 0.3ms pulse width, 150-200mA) every 3-4 min. Responses 
were calculated as a percentage of the agonist or electrically evoked contractions, and 
are shown as the mean ± sem.

The electrically-evoked contractions were sensitive to prazosin (O.lmM; >90% 
reduction in the responses) indicating these neurogenic responses were mainly 
mediated by a,-adrenoceptors. Mel (lOnM) has no effect on the neurogenic 
contractions and failed to affect basal tone (n=3). In contrast UK14304 (lOOnM) 
inhibited electrically-evoked contraction (>90%; n=3) and at higher concentration 
contracted the vessel (~10% of electrically-evoked responses). Both effects were 
inhibited by the selective a2-adrenoceptor antagonist, RX811054 (1 gM). Forskolin 
(lgM) inhibited U46619-induced contraction (to 27+2% of the control; n=5). 
UK14304 increased responses to 156+18.3% (n=5) while Mel (lgM) had no effect 
(6.2+3%).

Our data shows the presence of pre- and post-junctional o^-adrenoceptors on the tail 
artery, but no evidence of melatonin receptors. This observation is consistent with the 
involvement of melatonin receptors in the thermoregulatory role of the tail in rats 
(Viswanathan et.al., 1990, Proc. Natl. Acad. Sci. USA, 87,6200-6203).
This work is supported by Servier (Paris).

595.12
MELATONIN MEDIATES VASCULAR DILATION VIA A 
DISTINCT MELATONIN RECEPTOR SUB-TYPE S. Pooler. 
S.P. Duckies. G.G. Geary, and D.N. Krause* Dept. of 
Pharmacology, Coll, of Med., Univ. of California, Irvine, CA 
92697-4625.

The pineal hormone melatonin modulates cerebral blood flow and 
vascular function via melatonin receptors in select blood vessels 
such as the cerebral and thermoregulatory arteries. We have shown 
that at low concentrations (IO10 - 10'7 M) melatonin acts to directly 
constrict rat cerebral arteries and to potentiate vascular responses to 
adrenergically mediated contractions in rat caudal arteries. These 
effects appear to be mediated by Gi/o-protein coupled MEL1A 
receptors. We now report that melatonin also elicits vasodilation. 
In perfused rat cerebral arteries melatonin (10'7 M) caused direct 
dilation, that was blocked by the melatonin receptor antagonist, 
luzindole. In ring segments from the rat caudal artery, higher 
concentrations of melatonin (10'7 - 10'5 M) also caused dilation. 
The specific melatonin MEL1B receptor antagonist 4-P-ADOT (4- 
phenyl 2-chloroacetamidotetralin; 3 x IO’6 M) abolished dilation 
mediated by melatonin but had no affect on the constrictor 
response. These data suggest that melatonin causes dilation via a 
MEL1B receptor sub-type. Thus, melatonin regulation of cerebral 
and thermoregulatory arteries involves both constrictor and dilator 
components.

Supported by NIH grant RO1 HL50775
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595.13
REGIONAL AND FUNCTIONAL DIFFERENCES IN SYMPATHETIC NERVE 
RESPONSES TO ELECTRICAL VESTIBULAR STIMULATION. LA. Kennan*1. 
J, Spiropoulos1. & B.J, Yates1,2 Depts. of Neuroscience1 and Otolaryngology2, Univ 
of Pittsburgh, Pittsburgh, PA 15213.

There is abundant evidence for existence of vestibulo-sympathetic reflexes 
(VSR). However regional and functional differences in the distribution of VSR have 
not been investigated. The present study tested the hypothesis that the vestibular 
system preferentially influences: l)vasomotor sympathetic outflows and 2)caudal 
sympathetic nerves which would be consistent with the proposed role of VSR in 
prevention of orthostatic hypotension. Experiments were performed in decrebrate and 
chloralose/urethane anesthetized cats. Whole nerve recordings were made from external 
carotid, renal, and lumbar colonic nerves - which control blood flow to the head, 
kidney and the distal gut. Recordings were also performed from the hypogastric nerve, 
which has a relatively minor vasomotor component. Stimulation of pre-ganglionic 
nerves was used to elicit maximal firing. Electrical stimulation of femoral or median 
nerves was used to evoke somato-sympathetic reflexes which are knowrt to cause 
pressor responses. Area under the curve measurements were performed for 
vestibularly-evoked responses and expressed as a fraction of maximal nerve activation 
due to pre-ganglionic stimulation and as a fraction of somatically-evoked responses. 
This analysis revealed that there is little difference between the nerves when 
vestibularly-evoked responses are expressed as a fraction of the somato-sympathetic 
reflex (0.4-0.5 for all nerves). When vestibular responses are expressed as a fraction of 
maximal activation due to preganglionic nerve stimulation these values are 0.2, 0.3, 
0.6 and 0.1 for external carotid, renal, lumbar colonic and hypogastric nerves, 
respectively. These data suggest that VSR preferentially influence vasomotor 
sympathetic fibers. In addition, caudal vasomotor outflows are affected to a greater 
extent than the rostral outflows.

Supported by R01 DC00693 from the NIDCD of the NIH.

595.14
MORPHOLOGICAL VARIATION MAY UNDERLIE FUNCTIONAL 
DIFFERENCES IN NEURAL CONTROL OF DIFFERENT VASCULAR BEDS 
S.L. Sandow. E.E. Balt and C.E. Hill of Division of Neuroscience, John Curtin 
School of Medical Research, A.N.U., Canberra, A.C.T., 2601, Australia

Variation in responses to the same neurotransmitter in different vascular beds 
may depend on the muscular or endothelial location of receptors. When receptors 
are located on the endothelium, translation of receptor activation into constriction 
or relaxation depends on the potential for electrical or chemical communication 
between the two cell types. Such communication is said to occur through 
myoendothelial gap junctions between the cell membranes (1). We have used 
electron microscopy to examine the variation in frequency and appearance of 
myoendothelial junctions in vessels of different size and function from Wistar rats 
of mixed sex. The vessels studied were the long ciliary artery near the optic nerve, 
at the edge of the iris and within the iris, the mid-cerebral artery, a tributary pial 
arteriole and its continuation within the brain and the hepatic artery and hepatic 
mesenteric arteriole. Myoendothelial junctions, arterial diameter, smooth muscle 
cell composition and elastic laminae were assessed in each vessel in 5 thin 
sections approximately 1 pm apart. Results showed that, in any one vascular bed, 
the number of myoendothelial junctions increased as the vessels became smaller 
and morphology changed such that the area of the 2 apposing cell membranes 
increased. For similarly sized arterioles in different vascular beds, however, the 
number of myoendothelial junctions varied considerably and was not dependent on 
the appearance or thickness of the internal elastic lamina. We conclude that the 
increased incidence of myoendothelial junctions in small resistance vessels, 
relative to larger vessels, may facilitate communication between endothelial and 
smooth muscle cells, but that the degree of interaction even in these small 
arterioles may vary depending on the vascular bed.
1. Xia, J. and Duling, B.R. (1995) Am. J. Physiol. 269, H2022-H2Q30.

595.15
SUBSTANCE P AND PGP 9.5 COLOCALIZATION ON THE 
PERIPHERAL BARORECEPTOR TERMINALS. P.A.Glazebrook and 
D.L.Kunze*. Rammelkamp Research Center MetroHealth Medical Center, 
CWRU, Cleveland, OH 44109.

The nodose ganglion contains baroreceptor cells that have afferent 
fibers projecting to and terminating in the adventitial layer of the aortic arch. 
These baroreceptor terminals form part of the afferent limb of the 
baroreflexes and contribute to the regulation of arterial pressure and cardiac 
function. It was previously shown at the EM level that the peripheral nerve 
endings form a bundle that contains one myelinated or premyelinated fiber 
and four or five unmyelinated fibers wound in close proximity(Krauhs,1979,J 
NeurocytologyK, 401-414). In the present study we are using the double label 
immunofluorescent technique to characterize the nerve terminals with respect 
to fiber type and neuropeptide contents. The antibody Protein Gene Product
9.5 was utilized to label all of the myelinated and unmyelinated nerve fibers 
and their terminals within the adventitia. We co-localized Substance P, a 
vasoregulatory neurotransmitter to the PGP 9.5. The confocal microscope 
was used to obtain a three dimensional image of the resultant staining 
patterns. The PGP 9.5 had extensive labeling that matched the previously 
demonstrated light microscopy stain, methylene blue, branching pattern. The 
co-localized Sub P and PGP 9.5 antibodies were present together in fine 
processes that were interwoven with a thicker nerve fiber that labeled only 
with the PGP 9.5 antibody. The latter fiber generally expanded at the terminal 
into a branching network with a diameter > 10pm. These studies are the first 
of a series to assess the properties of the peripheral terminals of the 
myelinated and unmyelinated baroreceptors. (HL36840)

595.16
CARDIAC RECEPTOR AFFERENT DISCHARGE IN THE PREGNANT RAT.
Tina Hines* and Tracy M. Hodgson University of Pittsburgh School of Nursing, 
Pittsburgh, PA

In spite of a markedly expanded plasma volume, reflex responses to cardiac 
receptor (CR) stimulation are attenuated in the pregnant rat. We tested the 
hypothesis that CR sensitivity is reduced during pregnancy, by measuring 
afferent nerve discharge in response to increases in right atrial pressure 
(RAP) in pregnant (n=13 units) and virgin (n=50 units) rats. Rats were 
anesthetized (pentobarbital 50mg/kg ip.), ventilated, and received bilateral 
sinoaortic denervation. Two catheters were placed in the right atrium to 
record pressure and to inject saline used to stimulate CRs. The right vagus 
was cut centrally and split into small slips which were placed on a recording 
electrode. Nerve discharge was amplified and single units were isolated using 
a window discriminator, recorded on an oscilloscope, audio monitor, and along 
with cardiovascular variables, displayed on a computer monitor. Pregnant rats 
had significantly lower hematocrits (pregnant=35.2±0.8%; virgin=41.8±0.45%), 
indicating gestational plasma volume expansion. Graded atrial saline 
injections were delivered in volumes, determined separately for each rat, 
designed to raise RAP up to 5mmHg. In this range of pressures, the increase 
in CR afferent activity was significantly blunted in pregnant (slope=-0.09) 
compared to virgin (slope=1.2) rats (p<0.05). It appears there may be 2 
populations of CRs, low and high frequency, and that receptors in pregnant 
rats may be predominantly of the low frequency type. The mean reflex 
depressor response to this range of RAP changes was significantly blunted in 
pregnant (-2.69±0.66mmHg) vs virgin (-9.26±1.08mmHg) virgin rats (p<0.05). 
Thus, it appears that CR sensitivity to increases in RAP is attenuated in late 
pregnant rats, and this may contribute to alterations in this volume-sensitive 
reflex during pregnancy. Supported by NIH grant 1RO1-NR04184-01.

595.17
THE BEZOLD-JARISCH REFLEX FUNCTION IN ISOPROTERENOL-INDUCED 
MYOCARDIAL HYPERTROPHY. H. Mauad, S.S, Meyrelles, S.C.B, Mathias, H.A. 
Futuro-Neto*. A.M. Cabral and E.C, Vasguez. Dept. of Physiological Sciences, 
Biomedical Center, UFES, Vitoria, ES 29040-090, Brazil.

Many studies have shown an impairment of the cardiopulmonary reflex function in 
conditions of hypertension accompanied by myocardial hypertrophy. Our hypothesis 
is that this could be due to the myocardial hypertrophy rather than to hypertension 
itself. The purpose of the present study was to determine whether the Bezold-Iarisch 
reflex (BJR) is altered in experimental conditions of myocardial hypertrophy without 
changes in mean arterial pressure (MAP) or heart rate (HR). Adult male Wistar rats 
(n= 36) were treated for 15 days with the P-adrenoceptor agonist isoproterenol (IR, 
0.3 mg/kg/day, i.m.) or with the vehicle injected (VR) rats. No significant changes in 
body weight (270±10 vs. 275±8 g), resting MAP (102+3 vs. 108+3 mmHg) or HR 
(327±8 vs. 348±11 bpm) were observed in the IR group compared to VR group. Left 
and right ventricular hypertrophy was observed in IR (27% and 28%, respectively, 
P<0.01) when compared to VR. The BJR was determined in conscious animals by 
bolus injections of 5-HT3 agonist phenyldiguanide (1.5 to 24 pg/kg, i.v.) and 
measuring the simultaneous falls in MAP and HR. Both MAP and HR dose-response 
curves were significantly (P<0.01) right-shifted in IR (for example: fall of 27±5% 
and 41+9%, respectively, at dose of 6 pg) when compared to VR (40±3% and 
62±9%, respectively). Considering that the impairment of BJR may reflect a reduced 
cardiac parasympathetic responsiveness, bradycardia induced by graded electrical 
stimulation (5-80 Hz) of the right efferent vagus was assessed in anesthetized IR and 
VR. Chronotropic responsiveness was significantly attenuated in IR compared to VR 
(for example: reduction of 187±34 vs. 252±16 bpm, at 20 Hz, P<0.01). These data 
indicate that myocardial hypertrophy can cause impairment of the BJR, mainly due to 
a dysfunction in the cardiac parasympathetic efferent arm of the reflex. Supported by: 
CNPq, Finep and FCAA.

595.18
G-PROTEIN REGULATION IN SENESCENCE AND 
HYPERTENSION. A. Bazan. N. Fracyman and S. E. Raigucl*. 
University of Ghent, Medical School, Heymans Institute of 
Pharmacology, De Pintelaan 185, B-9000 GHENT, Belgium.

G-proteins function as transmembrane signal transducers; their level 
and activity determine the extent of signal amplification between 
receptor and effector. Adenylate cyclase is under stimulatory, resp. 
inhibitory control of Gs-, resp. Grproteins. We determined functional 
coupling and concentrations of these G-proteins in a number of 
physiological and pathological situations, characterized by adenylate 
cyclase dysfunction. B-adrenoceptor-Gs-protein coupling and G^- and 
G^-protein levels were determined in ventricles of both adult and 
senescent rats, and prehypertensive and established hypertensive rats 
by ligand binding resp. immunoblotting. It was found that both 
senescence and prehypertension in ventricle tissue are accompanied by 
an increase in B-adrenoceptor-Gs-coupling, an increase in Gia-levels and 
an increase in G^g/G^^-ratio. It was concluded that
l)prehypertensive heart may resemble senescent heart, 2)homeostatic 
feed-back mechanisms could operate to enhance Gs-coupling when Gr 
levels increase and vice versa and 3)the high molecular weight Gs- 
isoform could have a higher degree of receptor coupling than the low 
molecular weight Gs-isoform.

The financial support of the Belgian N.F. W.O. (grants 3.9006.87 
and 7.0080.91) and of the ’Flemish Institute for the Promotion of 
Scientific-Technological Research in Industiy (IWT)’ is acknowledged.
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595.19
ANESTHESIA DEPTH CHANGED TRANSFER RELATIONSHIP BETWEEN 
SYMPATHETIC ACTIVITY AND BLOOD PRESSURE. C.-T. Yen* and M.-.L. 
Tsai. Department of Zoology, National Taiwan University, Taipei, Taiwan ROC

Vasomotor tone and blood pressure (BP) are strongly influenced by 
sympathetic activity. We have shown previously (Neurosci. Lett. 221: 109, 1997) 
that each sympathetic burst evoked by stimulation of the medullary 
sympathoexcitatory area produced a blood pressure fluctuation of the same 
frequency. The magnitude of this fluctuation, however, is frequency dependent. The 
transfer magnitude, i.e., the ratio of the spectral powers, between BP and renal 
sympathetic activity (RSA) decreased exponentially with increasing stimulation 
frequency. In this study, our objectives were to examine whether this frequency 
dependent sympathetic modulation of vasomotor tone occurred spontaneously. If so, 
how would this modulation change under different anesthesia depths and did 
baroreceptor deafferentation alter this modulation. Male Wistar rats were used. They 
were anesthetized with sodium pentobarbital. BP and RSA were recorded. Linear 
regression analysis of the relationship between frequency and the logarithmic of their 
transfer magnitude in the low frequency range (0.02 -0.85 Hz) revealed an excellent 
fit. Therefore, an equation of log(PSA/PBp) = a + b (frequency) was proposed to 
describe the transfer relationship of the power spectral densities between sympathetic 
activity (PSa ) and BP (PBp). Rats under deeper anesthesia (40 mg/Kg, i.v. bolus) had 
a significantly smaller a, b values compared to rats under lighter anesthesia (15 
mg/Kg). In contrast, in the group of rats tested for smaller bolus, a and b values were 
not changed significantly when examined either before or after acute sinoaortic 
deafferentation. These results support the possible use of the low frequency spectral 
power of blood pressure as a quantitative index for sympathetic activity.
Supported by NSC grant # 86-2314-B002-095-M04.

595.20
OXIDATION SELECTIVELY INHIBITS TETRODOTOXIN-SENSITIVE 
SODIUM CURRENT IN ISOLATED BARORECEPTOR NEURONS. 
Z. Li, J.N. Bates, H.-C. Lee, F.M. Abboud and M.W. Chapleau*. Univ.
of Iowa Coll, of Medicine and Vet. Aff. Med. Ctr., Iowa City, IA 52242. 

We recently demonstrated that oxygen free radicals decrease the
activity of baroreceptor (BR) afferent nerves and contribute to BR 
dysfunction in atherosclerosis (Circ. Res. 79:802-811, 1996). In the 
present study we tested the hypothesis that the mechanism involves 
inhibition of BR sodium currents (lNa) subsequent to oxidation of 
sulfhydryl groups. The fluorescent dye dil was applied to the aortic 
arch (site of BR innervation) of rats to label BR neurons in nodose 
ganglia and nodose neurons were dissociated 1-2 weeks later. 
Whole-cell ,Na was recorded from BR neurons using the patch-clamp 
technique. Exposure of BR neurons to the sulfhydryl-selective 
oxidizing compound dithiodipyridine (DTDP, 1 mM) decreased lNa 
from 4.1 ±1.1 to 2.9±0.8 nA (-30.3±5.1%, n=8, P<0.05). Oxidized 
glutathione (1-2 mM, n=3) also inhibited lNa whereas reduced 
glutathione did not. Oxidant-induced inhibition of lNa was prevented 
by the sulfhydryl reducing agent dithiothreitol (5 mM). Both 
tetrodotoxin-sensitive (TTX-s) and TTX-insensitive (TTX-i) lNa were 
present in BR neurons. TTX-i lNa recorded in the presence of TTX (3 
pM) was not affected by DTDP (1 mM) (-0.6±3.8%, n=8). We 
conclude that oxidation of sulfhydryl groups inhibits TTX-s but not 
TTX-i lNa of BR neurons. The selective inhibition of TTX-s lNa may 
have important functional significance in modulating BR activity. 
(NIH HL14388)

595.21
DETECTION OF NOCICEPTIN-IMMUNOREACTIVITY IN RAT 
SYMPATHETIC NUCLEI AND INHIBITION OF SYMPATHETIC 
PREGANGLIONIC NEURONS IN VIVO AND IN VITRO. C. C. 
Lai, S. Y. Wu, S. L. Dun and N. J. Dun*. Dept. Pharmacol., James 
H. Quillen Col. of Med., East Tennessee State Univ., Johnson City, 
TN 37614

In addition to the dorsal horn, nociceptin-like immunoreactivity 
(NOCI-LI) was detected in nerve fibers projecting into the inter- 
mediolateral cell column of rat thoracolumbar spinal cords. Injected 
intrathecally via an implanted cannula to urethane-anesthetized adult 
rats, nociceptin (3-30 nmol) lowered the blood pressure, and this 
effect was not prevented by naloxone (1 mg/kg). Whole-cell patch 
recordings were made from sympathetic preganglionic neurons (SPNs) 
in thoracolumbar spinal cord slices from 10-16-day old rats. Applied 
to the spinal cord slices by superfusion, nociceptin (< 300 nM) 
depressed excitatory postsynaptic currents (EPSCs) without causing 
a significant change of holding currents or the amplitude of inward 
currents evoked by exogenously applied glutamate. At higher cone. 
(> 300 nM), nociceptin hyperpolarized the membrane and decreased 
input resistance; the response persisted in a tetrodotoxin (0.3 /xM)- or 
naloxone (1 /xM)-containing solution. The present study shows that 
NOCI-LI fibers are present in the spinal sympathetic nuclei and that 
the peptide may inhibit spinal sympathetic outflow by either 
depressing excitatory synaptic responses or hyperpolarizing the 
membrane. (Supported by NS 18710 & HL51314).

595.22
GANGLIONIC MUSCARINIC INVOLVEMENT IN 
CARDIOVASCULAR RESPONSES TO CARBACHOL (CCH) IN 
THE POSTERIOR HYPOTHALAMIC NUCLEUS (PHN). John R, 
Martin* and Jamie M. Methvin. Dept. of Pharmacol. Kirksville 
College of Osteo. Med., Kirksville, MO 63501.

Microinjection of the cholinergic agonist CCh into the PHN of 
conscious rats evokes a dose-dependent increase in blood pressure 
which can be attenuated by a-adrenoceptor and V,-vasopressin receptor 
blockade. To examine autonomic ganglionic transmission, male 
Sprague-Dawley rats (280-320 g) were implanted with femoral venous 
and arterial catheters, and a guide cannula targeted to the PHN. 
Antagonists were administered intravenously after the pressor response 
to 13.2 nmol of CCh was underway. The nicotinic receptor antagonist 
pentolinium (PENT; 10 mg/kg) reversed the CCh-induced pressor 
response but not to the same extent as when given concurrently with 
the muscarinic receptor antagonist methylatropine (MeATR; 2 mg/kg) 
or a Vj-vasopressin receptor antagonist (AVPX; 20 /xg/kg). MeATR 
alone slightly reversed the pressor response, but worked with PENT 
to completely reverse the response when given after or before PENT. 
MeATR reversed the CCh-induced bradycardia to a tachycardia which 
was reversed by subsequent treatment with PENT. AVPX given alone 
caused a small reversal of the pressor response. These results show 
that the cardiovascular responses evoked by CCh in the PHN of 
conscious rats involves sympathoexcitation and vasopressin. The 
sympathoexcitation involves nicotinic and muscarinic pathways in 
autonomic ganglia. (Supported by MO AHA and Wamer-Fermaturo 
Fund.)

595.23
PRESSOR AND DRINKING RESPONSES AFTER SODIUM DEPLETION IN 
CHRONIC BILE DUCT LIGATED RATS. D. A. Fitts*, J. R,
Lane, and E. M. Starbuck. Dept. of Psychology, Univ. of 
Washington, Seattle, WA 98195.

Bile duct ligated (BDL) rats have a reduced pressor 
response to exogenously administered angiotensin II and 
norepinephrine. However, a study of graded hemorrhage or 
postural tilt at 3 days after ligation showed no 
functional deficit in cardiovascular control (Bomzon et 
al., 1990). We examined the pressor or drinking 
responses to furosemide-induced diuresis (10 mg/kg SC) in 
61 verified BDL or sham-ligated (SHAM) Long-Evans rats at 
3 or 4 weeks after surgery. All rats were maintained on 
a choice between water and 0.3 M NaCl solution for 
drinking beginning 2 days after surgery. Basal mean 
arterial pressure (MAP) was not reduced in 3-week BDL 
rats and was slightly reduced in 4-week BDL rats compared 
with SHAM rats. The pressor response during 1 hr of 
brisk diuresis was similar in BDL and SHAM rats at 3 
weeks. The decline in MAP was greater in 4-week BDL than 
in SHAM rats during the diuresis (p < .001). MAP of 4- 
week BDL rats recovered to a slightly hypotensive level 
after an overnight period with only water available for 
ingestion. During a 90-min drinking test with water and 
saline, the BDL rats drank more fluid than SHAM rats and 
raised MAP to equal that of SHAM rats by 90 min. We 
conclude that 4-week BDL Long-Evans rats have poor 
cardiovascular control initially during a rapid loss of 
body sodium, and that a subsequent compensatory 
behavioral response may facilitate the recovery of MAP. 
Supported by NS22274 and AA05390.
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596.1
ELECTRICAL STIMULATION OF THE PARAVENTRICULAR NUCLEUS 
(PVN) INDUCES PENILE ERECTION AND EJACULATION IN THE RAT

K.E. McKenna*, F, Giuiiano, O, Rampin and J , Bemate Dept. of Physiology, 
Northwestern Med. School, Chicago, IL USA; Service d'Urologie, Fac. Med, Paris- 
Sud, Bicetre, France; Lab. Neurobio. Fonctions Vegetatives, INRA, Jouy-en-Sos&s, 
France

The PVN provides oxytocinergic and vasopressinergic innervation of 
autonomic regions of the spinal cord. Immunohistochemical and autoradiographic 
studies have revealed an oxytocinergic projection to neurons in the lumbosacral 
spinal cord. Injection of pseudorabies virus into the penis and striated perineal 
muscles consistently produced transneuronal labeling in the PVN. These results 
suggest a role for the PVN in the control of male sexual function. In the present 
study we examined the effects of PVN stimulation on male sexual responses.

Male rats (300-500g) were anesthetized with urethane (1.5 g/kg, I.P.). 
Recordings were made of blood pressure, intracavernous pressure (ICP), 
cavernous nerve activity and bulbospongiosus (BS) EMG activity. A bipolar 
stimulating electrode was stereotaxically implanted unilaterally into the 
posterior and lateral parvocellular portions of the PVN.

PVN stimulation elicited a constellation of autonomic effects. Increases in 
blood pressure and respiration were typical. Low frequency (10-20 Hz, 50-75 pA) 
PVN stimulation induced increases in cavernous nerve activity and small 
increases in ICP. At higher stimuli (25-100 Hz, 100-250 pA), more vigorous 
responses were noted. Ihe most common response was the urethrogenital reflex 
consisting of rhythmic cavernous nerve firing and BS muscle contraction and 
penile erection. Ihis response was often accompanied by ejaculation of a 
seminal plug. Microscopic examination revealed a high concentration of sperm.

Ihese results suggest that the PVN may be involved in the control of male 
sexual responses such as penile erection and ejaculation. Future studies are 
necessary to determine if this control is mediated by oxytocin.

Supported in part by NIH Grant HD30821.

596.2
SPINAL REGULATION OF ERECTION BY OXYTOCIN: A 
PHARMACOLOGICAL APPROACH IN THE RAT. J. Bemabe*, O. Rampin. K.E. 
McKenna and F. Giuiiano. Institut National de la Recherche Agronomique, F-78352 
Jouy-en-Josas; Northwestern University, Chicago, IL 60611 and Hopital de Bicetre, 
F-94270 Le Kremlin-Bicetre.

The spinal cord contains parasympathetic, sympathetic and somatic neurons 
involved in penile erection. These neuronal populations are activated by information 
from peripheral origin, from supraspinal origin, or by a combinaison of both. In 
conscious rats, pharmacological stimulation of the paraventricular nucleus (PVN) 
elicits penile erection. PVN sends oxytocinergic projections to the sacral 
parasympathetic nucleus, the source of proerectile outflow. We tested the hypothesis 
that oxytocin released at the lumbosacral spinal cord level regulated penile erection. 
Rats were anesthetized with an intraperitoneal injection of urethane (lg/kg). Blood 
pressure (BP) and intracavernous pressure (ICP) were recorded. Through an 
intrathecal catheter aimed at the L4-L6 spinal cord, injections of increasing doses of 
OT, vasopressin or the OT-specific agonist [Thr4, Gly7]-OT (0.3-300ng in lOpL, 8 
rats per group) were performed each 15 minutes. A single injection of an OT-receptor 
specific antagonist (lOOng, generous gift of Dr. G. Flouret) followed by OT (0.3- 
300ng) was performed in 8 rats. OT (0.3-300ng) was also delivered intravenously (8 
rats). ICP increases were numbered and quantified per 15 minutes periods.
OT delivered intrathecally elicited episodes of ICP increases. The number, amplitude 
and area of the responses were dose-dependent and dose-response curves were bell-
shaped with a maximum at 3 Ong. The dose-response curves were shifted to the right 
with the specific OT agonist. No response occurred neither with vasopressin 
injections nor with antagonist injection followed by OT injections. There was no 
dose-dependent ICP increases with OT delivered intravenously. The results show that 
OT, released by PVN neurons, regulate penile erection at the lumbosacral level of the 
spinal cord in the rat by acting at specific OT receptors.
Supported by Institut pour la Recherche sur la Moelle Epiniere.

596.3
EFFECTS OF THE AMPA/KAINATE GLUTAMATERGIC RECEPTORS 
ANTAGONIST NBQX ON REFLEXIVE ERECTIONS IN THE RAT. O. Rampin*, 
J. Bemabe and J.P. Rousseau. Lab. Neurobio. Fonctions Vegetatives, I.N.R.A., F- 
78352 Jouy-en-Josas.

In conscious rats, tonic retraction of the preputial sheath elicits reflexive erections. 
Erectile responses are accompanied by intracavernous pressure increases represented 
by infrasystolic plateaus superimposed with suprasystolic peaks. In anesthetized rats, 
infrasystolic intracavernous pressure increases are elicited by cavernous nerve or by 
dorsal penile nerve stimulation. The former nerve conveys the sacral parasympathetic 
outflow and the latter sensory information from the penis. Suprasystolic peaks are due 
to reflex contractions of the ischiocavemosus and bulbospongiosus striated muscles. 
The role of glutamatergic transmission was evaluated in anesthetized, spinalized rats 
by determining the effects of the competitive inhibitor of AMPA/kainate 
glutamatergic receptors NBQX on ICP increase and cavernous nerve response elicited 
by dorsal penile nerve stimulation (5V, 5Hz, 0.1ms, 30s). Blood pressure (BP) was 
also recorded. NBQX dose-dependently (0.3-10mg/kg i.v.) decreased maximal ICP by 
5-27% (ICP/BP decrease:73-56) and lowered the filling rate of the corpora by 12-44% 
(n=4). NBQX did not change ICP increases elicited by pelvic nerve stimulation (n=5). 
NBQX produced a dose-dependent (0.3-10mg/kg) inhibition of the complex evoked 
potential recorded on the cavernous nerve. Decrease of evoked potential’s amplitude 
and surface reached 33% and 43% of control values, respectively (n=5). The data 
point out a role for glutamate in reflexive erections elicited by dorsal penile nerve 
stimulation in the anesthetized, spinalized rat. NBQX had no peripheral action 
therefore AMPA/kainate receptors activation takes place at the spinal cord level. 
Autonomic outflows were affected by NBQX. We previously demonstrated a role for 
NMDA receptors in this model. The present results suggest that glutamate, acting at 
both AMPA/kainate and NMDA receptors, plays a role in the spinal regulation of 
penile erection.

596.4
DISTRIBUTION OF ESTROGEN RECEPTORS IN SPINAL CORD AREAS 
RELEVANT TO UTERINE INNERVATION AND COMPARISON TO 
PREGANGLIONIC AND PROJECTION NEURONS. R.E. Papka*, K.E. 
Miller, S.J. Williams, T. Copelin and K. Barron1. Dept. Anatomical Sciences 
and Dept. Physiology, Univ. of Oklahoma HSC, Oklahoma City, OK, 73190

The lumbosacral spinal cord is one CNS center of organization 
coordinating information important in uterine function; this study sought to 
identify elements of this organization. Uterine-related neurons were located 
by axonal tracing with pseudorabies virus (PRV) and vaginalcervical 
stimulation (VCS)-induced expression of FOS protein. Spinohypothalamic 
neurons were identified by the axonal tracer Fluorogold (FG). The 
anatomical organization of uterine-related and spinohypothalamic neurons 
was compared with each other and with neurons expressing estrogen 
receptors (ER), and the neurochemical markers of preganglionic neurons 
cholineacetyl transferase (CHAT) and nitric oxide synthase (NOS). Sections 
of L6/S1 cords were immunostained for PRV, ER, FOS, FG, CHAT or NOS. 
PRV-infected neurons were prevalent in the sacral parasympathetic nucleus 
(SPN), lamina X and across lamina VII; fewer PRV-neurons were evident in 
the dorsal horn and lateral collateral pathway. ER- and FOS-positive 
neurons were distributed similar to PRV-neurons; but, with regard to the 
SPN ER- and FOS-positive neurons appeared to be slightly more dorsal to 
the preganglionic PRV-, CHAT- and NOS-immunoreactive neurons. 
Spinohypothalamic neurons also were mainly in the dorsal aspects of the 
SPN and lamina VII. Some NOS-immunoreactive neurons were ER- 
positive. We hypothesize that CHAT-, NOS-, and PRV-identified-uterine- 
related preganglionic neurons, FOS-positive neurons related to uterine- 
cervical afferents, ER-containing interneurons and spinohypothalamic 
neurons are part of an organization for coordination of uterine function. 
(Supported by NIH NS-33081, NS-22526 and Presbyterian Health Fnd.).

596.5
INFLUENCE OF PROGESTERONE AND TAMOXIFEN ON ESTROGEN 
RECEPTORS IN SPINAL CORD NEURONS. S.J. Williams*, and R.E. 
Papka, Univ. Oklahoma, Dept of Anatomical Sciences, P.O. Box 
26901, Oklahoma City, OK 73190.

Estrogen receptor-immunoreactive (ER-IR) neurons are distributed 
throughout the dorsal one-half of the L6-S1 spinal cord of the female rat. 
The ER fluctuate during various reproductive stages which coincide with 
changing levels of serum estradiol (E). Progesterone (P), and taxomifen 
(TAM), (a nonsteroidal antiestrogen) antagonize or modify the effects of E 
by interfering with ER availability in neurons of the CNS. The present 
study was undertaken to determine if ER-IR neurons in the L6-S1 spinal 
cord are influenced by with P and TAM. Female rats were anesthetized 
and ovariectomized. Following recovery, rats were treated subcutaneously 
with either 2 pg of estradiol benzoate (EB)/day, 10 mg TAM/day, 10 mg 
TAM + 2 p,g of EB/day, 2 pg of EB+ 0.5 mg of P/day, or 2 pg of EB+ 5 mg 
of P/day. After 7 days of treatment, the rats were perfused, spinal cords 
removed, sectioned and immunostained for ER. ER-IR neurons were 
counted, the means determined, and their distribution was mapped. 
These neurons were localized mainly to the dorsal horn (DH) and near the 
sacral parasympathetic nucleus (SPN). Ovariectomized rats had the 
highest mean number of ER-IR neurons (15.15±0.8/section) in comparison 
with animals treated with EB (7.90±1.0/section), TAM (2.70±1.3/section), 
EB+TAM (0.00/section) or EB+0.5 mg P (6.10± 0.5/section) and EB+5mg 
of P (12.3±1.5/section). Our studies show that treatment with TAM reduces 
the number, whereas P maintains the number of ER-IR neurons in the 
spinal cord of the female rat. These studies raise the possibility that ER in 
the spinal cord are influenced by E, P and TAM. (Supported by NIH NS- 
33081)

596.6
TESTOSTERONE MODULATES SEXUALLY DIMORPHIC
ENKEPHALIN-IMMUNOREACTIVE AFFERENTS IN RAT
LUMBOSACRAL LAMINAE VII AND X. B.W, Newton* and W.A. Tate 
Dept. of Anatomy, U. of Arkansas for Med. Sci., Little Rock, AR 72205.

Afferents which contain enkephalin-like immunoreactivity (Enk-LI) 
are prominent in autonomic regions of lumbosacral (L-S) laminae VII & X. 
Spinal Enk is thought to regulate nociception and reproductive functions. 
Two previous studies from our lab have shown that adult males (M) 
contain more L-S Enk- and CCK-8-LI than females (F); and that 
testosterone (T) alters L-S CCK-8-LI. This study was performed to 
determine if T can modulate Enk-LI in the L-S cord. F Sprague-Dawley 
rats were injected (s.c.) with T propionate (TP; lmg/P0,2,4) and allowed to 
mature until perfusion on P60 . M rats with the testicular feminization 
mutation (Tfm; rats have <90% normal number of androgen receptors.) were 
perfused on P60, and M rats, castrated on P60, were perfused on P120. The 
PAP technique was used and the Enk antiserum was purchased from 
IncStar. Controls showed M L-S Enk-LI > F. F TP-treated rats showed an 
increase in Enk-LI which approached the M Enk-LI pattern. Tfm males 
had reduced Enk-LI which closely resembled the F Enk-LI pattern. P60 
castration did not grossly alter the typical M L-S Enk-LI pattern. Our 
results suggest the presence of perinatal T plays a role in establishing the 
Enk-LI pattern seen in the L-S cord (M > F); and that once the mature 
pattern is established, the removal of T does not grossly change the Enk-LI 
pattern. Sexual dimorphism of L-S Enk may be partially responsible for 
sex differences seen in reproductive behavior and pain perception. Funded 
by NSF Grant IBN-9211368 and the UAMS MREF to B.W.N.
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596.7
ON THE ROLE OF THE SACRAL INTERMEDIOMEDIAL CELL COLUMN IN 
MICTURITION

University of Groningen, The Netherlands
Micturition is the simultaneous contraction of the detrusor muscle and relaxation of 
the external urethral sphincter (EUS). This synergic action is coordinated by a group of 
neurons in the dorsolateral pontine tegmentum, called pontine micturition center 
(PMC) or Barrington's nucleus. Previously, it has been shown by light- and electron 
microscopy that the PMC projects directly to bladder motoneurons. However, PMC 
projections also terminated in the sacral intermediomedial cell column (IMM). This 
study was designed to determine the function of PMC-IMM projections in micturition. 
Combined neuroanatomical and neurophysiological experiments were done in 4 cats. 
The PMC of 2 cats was identified by electrical stimulation (5 sec train, 5 ms duration, 
80 Hz, 100 pA), while intravesical and intraurethral pressures were measured. The 
PMC was injected with 30 nl of WGA-HRP. After 3 days survival, the animals were 
perfused, the brainstems and spinal cords were cut into 40 Jim sections, which were 
processed for electron microscopy, including postembedding anti-GABA. In two other 
cats the IMM of the sacral cord was stimulated (1 sec , 25 ms, 20 Hz, 80 |lA).
PMC stimulation always results in a sharp decrease of the intraurethral pressure 
followed by an increased intravesical pressure. This was used to localize the PMC and 
inject it with WGA-HRP. In these cases specific anterogradely labeled fibers terminated 
on bladder motoneurons and on interneurons in the sacral IMM close to the central 
canal. Ultrastructurally, the latter anterogradely labeled terminals were of excitatory 
nature, and part of those terminals contacted somata and dendrites of GABA-ergic 
intemeurons. IMM stimulation resulted in a sharp decrease of the intraurethral pressure, 
producing a relaxation of the EUS. Stimulation had no effect on intravesical pressures. 
The results indicate that the PMC, via long descending fibers to inhibitory 
intemeurons in the sacral IMM, inhibits the motoneurons of the nucleus of Onuf, 
causing relaxation of the EUS. At the same time, the PMC, via direct projections, 
excites the bladder motoneurons, causing a bladder contraction.

596.8
ULTRASTRUCTURE OF SACRAL PREGANGLIONIC AXON 
COLLATERALS. C.W. Morgan* Dept. Anatomy and Pathology and 
Dept. Urology, Eastern Virginia Medical School, Norfolk, VA 23501

Sacral preganglionic neurons (PGN) in the bladder region of the 
parasympathetic nucleus have an extensive central axon collateral (AC) 
system. It is hypothesized that these AC synapse upon spinal neurons to 
modulate their behavior and facilitate the micturition reflexes. This study 
was done to examine with the electron microscope (EM) the nature and 
presence of synaptic contacts made by AC within the sacral spinal cord.

In anesthetized cats, single PGN were electrophysiologically identified 
and injected with Neurobiotin. The cats were then euthanized, perfused 
with 4% paraformaldehyde, 0.1% glutaraldehyde in phosphate buffer. 
Sacral cord was processed for both LM and EM employing standard avidin- 
biotin, DAB, and EPON-embedding techniques. After LM reconstruction of 
injected neurons, selected sections were cut and examined with EM.
The myelinated parent axon, labeled only at the nodes of Ranvier, was 

traced into the ventral funiculus. Unmyelinated collateral branches from 
this axon were traced within the ipsilateral parasympathetic nucleus and 
ventral horn. AC branches (~0.2pm) and boutons (~0.6j.tm) were observed 
in close apposition to unidentified neuronal somata and dendrites and 
adjacent to vesicle-containing profiles within the sacral parasympathetic 
nucleus.
These data support the hypothesis that potential bladder PGN within the 

lateral sacral parasympathetic nucleus have AC that synapse upon spinal 
neurons and may therefore act as control neurons serving multiple central 
functions in addition to serving bladder contraction.

This research has been supported by NIDDK, R01-DK49480.

596.9
CHOLINE ACETYLTRANSFERASE AND VESICULAR ACETYL-
CHOLINE TRANSPORTER PROTEIN IN NEURONS INNERVATING 
THE RAT LOWER URINARY TRACT. K, Persson*. K-E, Andersson and
P. Aim. Departments of Clinical Pharmacology and Pathology, Lund 
University Hospital, S-221 85 Lund, Sweden.

Identification of cotransmitters in the parasympathetic nervous system 
has been difficult since specific markers for cholinergic neurons in the 
peripheral nervous system have been lacking. Recently, antibodies raised 
against choline acetyltransferase (ChAT) and vesicular acetylcholine 
transporter protein (VAT) have been developed for visualization of 
cholinergic nerves. Cryostat sections of the rat major pelvic ganglia (MPG) 
and the bladder and the urethra were processed for immunocytochemistry, 
using rabbit antisera against ChAT, tyrosine hydroxylase (TH) and 
neuropeptide Y (NPY), or guinea-pig antisera to neuronal nitric oxide 
synthase (NOS) and vasoactive intestinal peptide (VIP), or a mouse 
antiserum to TH, or a goat antiserum to VAT. In the MPG, the majority of 
the nerve cell bodies were ChAT-immunoreactive (ir). Double immuno- 
labelling revealed that a subpopulation of ChAT-ir cell bodies also 
expressed NOS or VIP. TH-ir cell bodies in the MPG did not express 
ChAT-immunoreactivity. ChAT-ir nerve fibres were not detected in the 
bladder or the urethra. In contrast, along the smooth muscle bundles of the 
bladder and urethra there were numerous gracile VAT-ir terminals. In the 
bladder many of these were also NPY-ir. In the urethra VAT-ir terminals 
were NOS and VIP-ir, but not TH- or NPY-ir. In conclusion, using 
antibodies against ChAT and VAT a dense supply of cholinergic neurons 
was revealed innervating the rat lower urinary tract. The VAT, but not the 
ChAT, anti-bodies labelled nerve fibre structures. In the bladder, these 
fibres contained NPY. In the MPG and urethra, ChAT-ir or VAT-ir 
structures were also NOS- and VIP-ir. Novel markers for cholinergic 
neurons provide improved possibilities for detailed studies of coexistence 
of acetylcholine and other transmitters. (MRC grants: 6837, 11205)

596.10
COMPARISON OF CENTRAL NERVOUS SYSTEM (CNS) SITES LABELED FOLLOWING 
INJECTION OF PSEUDORABIES VIRUS (PRV) INTO THE UPPER (KIDNEY OR URETER) OR 
LOWER (BLADDER) URINARY TRACT IN ADULT RATS. 2K, Berqqren* , 1G. Doone and 1'2M.A. 
Vizzard. Univ. of Vermont, Depts. of Neurol, and 2Anat. and Neurobiol., Burlington, VT 05405.

PRV (108-109 pfu/ml) was injected into (1) each pole of one kidney (n=10) or (2) one ureteropelvic 
junction (n=10) or (3) the urinary bladder (n=10) and the distribution of PRV-infected neurons (PRV- 
IN) examined following survival times. Following bladder injection (84-96 h), PRV-IN were present in 
supraspinal sites: pontine micturition center (PMC), raphe, A5, A7, ventrolateral periaqueductal gray 
(PAG), parabrachial nucleus (PBN), locus coeruleus (LC), subcoeruleus (SubC), reticular formation 
(RF), red nucleus (RN), hypothalamic nuclei (Hyp) and cerebral cortex (CC). To determine if PRV 
labeling in CNS sites following PRV injection of the bladder is most likely mediated via lumbosacral or 
thoracolumbar spinal pathways, PRV was injected into the bladder of T8 (n=6) or L3-L4 (n=5) spinal 
transected animals and animals allowed to survive for 94 h (n=4) or 120 h (n=6). At 94 h in L3-L4 
spinal transected animals, no PRV-IN were present in the PMC, PAG or CC but PRV-IN were present in 
raphe, A5, A7, PBN, LC, SubC, RF, RN and Hyp. At 120 h in T8 spinal transected animals, no PRV-IN 
were present in any supraspinal site. Following kidney injection (84-96 h), PRV-IN were present in 
supraspinal sites: raphe, A5, A7, C1, ventrolateral and dorsolateral PAG, PBN, LC, SubC, RF, RN, Hyp, 
CC, Edinger-Westphal nucleus, solitary tract nucleus (NTS), dorsal vagal motor nucleus (DMV), area 
postrema (AP) and nucleus ambiguus (NA). CNS sites labeled following PRV injection into the 
ureteropelvic junction were identical to those labeled following kidney injection except (1) no PRV-IN 
were present in the CC and (2) the number of PRV-IN within many CNS sites was dramatically reduced; 
however, the number of PRV-IN within the NTS, DMV, AP and NA was similar. To determine if labeling 
at these sites (DMV, NTS, NA and AP) was mediated by vagal pathways, PRV was injected into the 
kidney (n=5) or ureteropelvic junction (n=5) of vagotomized (VAG) (bilateral, subdiaphragmatic) 
animals and animals allowed to survive for 84 h (n=4) or 96 h (n=6). At 84 h in VAG animals, PRV-IN 
were present in the thoracolumbar spinal cord; however, no PRV-IN were present in any supraspinal 
site. At 96 h in VAG animals, all CNS sites showed significantly fewer (5-10% of control) PRV-IN. 
These studies demonstrate: (1) PMC plays a role in bladder function and NTS, NA, DMV and AP play a 
role in kidney and ureter function; (2) PRV labeling in the PMC, PAG and CC following bladder 
injection is most likely mediated via lumbosacral spinal pathways; (3) PRV labeling in CNS sites 
following either kidney or ureteropelvic junction injection shows a strong dependence on both spinal 
and vagal pathways as well as a dependence on reciprocal connections within the brain. [Support: 
PVA-SCRF (1461-01/02), APA (VB1-9402-1), ICA, AHA VT Affiliate 9606311S]

596.11
NEUROCHEMICAL AND SENSORY PROCESSING PLASTICITY IN MICTURITION PATHWAYS 
FOLLOWING CHRONIC (5-6 WEEK) SPINAL CORD INJURY (SCI) IN THE ADULT RAT. C.L. Booth 
and M.A. Vizzard*. Univ. of Vermont, Depts. of Neurol. / Anatomy and Neurobiology, Burlington, VT .

Experiments were performed to determine (1) if the chemical phenotype (neuronal nitric oxide 
synthase, NOS; growth-associated protein, GAP-43) of some elements in the micturition pathway 
change following SCI and (2) if the reorganization of bladder reflexes after SCI may be dependent, in 
part, on changes in sensory processing observed as a change in the spinal distribution of the protein 
product (Fos) of the c-fos immediate early gene. Changes in the distribution of NOS-immunoreactivity 
(IR) after SCI (T8 transection) were examined in bladder afferent neurons and in the L6-S1 segments. 
Bladder afferent neurons in the dorsal root ganglia (DRG) were identified by axonal transport following 
injection of fluorogold (FG). A significant (p<.001) increase in the number of NOS-IR cells was 
detected in the L6-S1 DRG and in the L1-L2 DRG but not in the L5 DRG following SCI. In these 
ganglia, an average of 41.2% (L6) and 36.3% (S1) of FG-labeled bladder afferent neurons were NOS- 
IR. In spinal cord intact animals, no FG-labeled bladder afferent neurons were NOS-IR. Following SCI 
but not in spinal cord intact animalSj NOS-IR fibers were detected along the lateral edge of the dorsal 
horn (DH) extending from Lissauer's tract to the region of the sacral parasympathetic nucleus (SPN) 
(lateral collateral pathway (LCP). GAP-43, a substance commonly expressed in neurons after injury, 
was also examined in the L5-S1 segments following SCI. In rats with SCI, the density of GAP-43-IR was 
significantly (p<.0001) increased in the dorsal commissure (DCM) and SPN in the L6-S1 segments 
compared to spinal cord-intact rats. In both the L6 and S1 segments of SCI rats but not in spinal cord 
intact animals, GAP-43-IR was present in the LCP. In the L5 segment of SCI rats, no change in GAP - 
43-IR was detected in the DCM or intermediolateral region of the lateral horn. Non-noxious, saline 
distension (2 hr) of the bladder (urethral outlet open) of SCI rats induced greater numbers of Fos-IR 
cells and a change in the distribution pattern within the spinal cord compared to spinal cord intact 
animals. Saline bladder distension in SCI rats induced greater numbers of Fos-IR cells in the DCM (50 
vs. 21 Fos-IR cells/section (s) and medial (32 vs. 2.7 Fos-IR cells/s) and lateral (15 vs. 2.2 Fos-IR cells/s) 
DHof the L6 segment, a pattern resembling noxious responses in spinal cord intact animals. These 
studies suggest that (1) NOS-IR in bladder afferent neurons can be upregulated by central injury or 
target organ dysfunction; (2) upregulation of GAP-43-IR in the DCM and SPN in the L6-S1 spinal cord 
may indicate areas of the micturition pathway undergoing synaptic reorganization after SCI and (3) 
changes in the sensory processing of afferent input from the bladder after SCI may indicate a role for C- 
fiber bladder afferents in voiding responses in SCI. [Support: PVA-SCRF (1461-01/02), APA (VB1- 
9402-1)]

596.12
TRANSSYNAPTIC LABELING OF NEURONS WITHIN THE CNS WHICH 
CONTROL THE EXTERNAL URETHRAL SPHINCTER (EUS) OF THE CAT.
J.R, Roppolo*. C, Tai, V.L, Erickson. A.M. Booth. J.P, Card. & W.C. de Groat Depts.
of Pharmacology and Rehabilitation Sci. & Tech., Univ. of Pittsburgh, Pgh, PA 15261

The storage and elimination of urine involves the coordinated activity of both smooth 
and striated muscles of the lower urinary tract. During storage, detrusor smooth muscle 
relaxes while the smooth muscle of the bladder neck and the striated muscle of the EUS 
contract to close the bladder outlet and maintain continence. During elimination muscles 
of the EUS and bladder neck relax and the bladder body contracts to empty the bladder. 
The purpose of the present study was to determine the location and distribution of 
neurons within the CNS which control the striated muscle of the EUS. Under halothane- 
oxygen anesthesia the EUS of male cats were injected (4-10 pi of 5.5 x 108 pfu/ml) with 
the transsynaptic tracer pseudorabies virus (PRV). Sixty-96 hours following PRV 
injection, the animals were perfused with 4% IHC fix. The tissue was removed and 
sectioned on a cryostat, processed with an antibody to PRV, using standard techniques 
for fluorescence or DAB reaction products and examined microscopically. In S, and 
rostral S2 labeled neurons were found near the base of the ventral horn, in an area know 
as Onuf s nucleus, In the S, -S3 segments of the spinal cord labeled neurons were also seen 
in the sacral parasympathetic nucleus (SPN), dorsal commissure (DC) and in the 
superficial (60 hrs post PRV injection) and deep layers (96 hrs post PRV injection) of the 
dorsal horn. Labeled neurons were also seen in the intermediolateral cell column of the 
Lj-L, spinal segments. At supraspinal sites, labeled neurons were seen at the levels of the 
pons, m the raphe nucleus, medial to the locus caeruleus, and in the lateral tegmental 
field. Since the urethra is adjacent to the EUS some of the labeling seen in the spinal cord 
could be from PRV transport along the parasympathetic and sympathetic innervation to 
the urethra via the pelvic and hypogastric nerves respectively. In one experiment the 
pelvic and hypogastric nerves were cut bilaterally. In this animal labeling in the SPN was 
present but reduced from the labeling seen in intact animals. Whether the labeling seen 
in SPN represents preganglionic neurons, intemeurons or a mixture of both, is not known. 
Additional double-labeling studies are being conducted to determine the types of neurons 
in this area. These studies suggest that the intemeurons located in the DC, the SPN, the 
dorsal horn of the sacral spinal cord, and brainstem are synaptically linked to EUS 
neurons and may be involved in the coordination of bladder and EUS during micturition. 
(Supported by NIH contract # NO 1-5-2332).
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596.13
FELINE URETHRAL MUSCULATURE AND ITS NEURAL CONTROL 
Baoqing Wang*, Warren M. Grill, and Narendra Bhadra, Department of Biomedical 
Engineering, Case Western Reserve University, Cleveland, OH 44106-4912

Our studies demonstrated that intraspinal microstimulation of the sacral cord resulted 
in increases and decreases in pressure at different points along the urethra in cats. The 
goal of this work was to study the anatomy of the feline periurethral musculature and 
the neural pathways that mediate the effects of microstimulation. Urethral pressure 
profiles, both passive and during electrical stimulation of the pudendal nerve, were 
measured in male cats anesthetized with a-chloralose. Pressure data were correlated 
with the gross and microscopic anatomy of the periurethral musculature along the 
entire urethral length. The preprostatic was composed of three layers of smooth 
muscle with alternating orientation from circumurethral to longitudinal fibers. From 
the distal part of the prostate, striated muscle increased progressively and became 
predominant in the postprostatic urethra. Rapid spontaneous fluctuations and higher 
baseline pressures were recorded distal to the prostate, but were absent in the 
preprostatic urethra. These pressures resulted from the basal tone in the urethralis and 
external urethral sphincter (EUS) muscles and were abolished by Flaxedil. At the 
level of the EUS the pressure measured along the ventral side of the urethra was higher 
than along the dorsal side, and this difference was correlated with a ventral bias in the 
size of the EUS. Pressure increases elicited by pudendal nerve stimulation were 
detected in the postprostatic urethra and bulbourethra, regions where periurethral 
striated muscle was identified. The pressures generated by afferent stimulation 
(proximal stump of pudendal n.) were strongly dependent on stimulus frequency: at 2- 
5 Hz the responses followed one-to-one with the stimulus and maintained a constant 
amplitude; at 10-20 Hz, the amplitude fell sharply after the first stimulus. These 
responses were similar to pressures evoked by microstimulation in the sacral dorsal 
horn, while pressures generated by efferent stimulation were similar to those generated 
by microstimulation in the sacral ventral horn. These studies indicate that both 
smooth and striated muscles in the urethra respond to the spinal microstimulation, and 
that the effects on the striated muscle are mediated by the pudendal nerve.
(Supported by NIH NINDS Neural Prosthesis Program, NS-5-2331)

596.14
IDENTIFICATION OF NEURONS IN THE SACRAL SPINAL CORD OF THE 
CAT INVOLVED IN GENITOURINARY REGULATION 
Warren M, Grill*, Baoqing Wang, Musa A. Haxhiu2. Departments of Biomedical 
Engineering and Medicine2, Case Western Reserve University, Cleveland, OH

The proto-oncogene c-fos that encodes the Fos protein can be induced rapidly and 
transiently in post-synaptic neurons by increased electrical activity. In these studies 
we used expression of Fos protein to identify cells within the sacral spinal cord that 
regulate genitourinary function in male cats. Animals were anesthetized with a- 
chloralose and received 1 of 3 stimulus protocols: electrical stimulation (2 h, 1 s on/ 1 
s off, 20 Hz) of the pelvic nerve (n=2) or the pudendal nerve (n=2), or a 2 h period of 
isometric micturition (n=2) induced by ligating the proximal urethra and infusing 
saline into the bladder (1 ml/min) until spontaneous periodic bladder contractions 
occurred. 2 h after the cessation of the stimulus, animals were perfused with saline 
and 4% paraformaldehyde. Floating sections were exposed overnight to rabbit anti- 
Fos (1:10,000, Oncogene), and Fos-like immunoreactivity (FLI) was visualized with 
the ABC method intensified with nickel chloride. Controls in which the primary 
antibody was omitted resulted in no FLI. Stimulation with each protocol resulted in a 
larger number of cells expressing FLI than in operated but unstimulated controls, 
which exhibited few, scattered Fos-positive cells. In stimulated animals, nuclei 
exhibiting FLI were found bilaterally in SI-S3 and were localized to the lateral portion 
of the superficial dorsal horn (laminae I and II), the neck of the dorsal horn (laminae V 
and VI), and within small cells in the dorsal commissural nucleus. Fewer Fos 
immunoreactive nuclei were observed in the medial portion of the superficial dorsal 
horn and FLI was rarely observed in ventral horn neurons. In animals receiving 
electrical stimulation of the pelvic nerve or undergoing isometric micturition, FLI was 
also present in larger cells within the intermediolateral cell column of S2-S3. These 
data are in good agreement with our previous neuroanatomical mapping studies using 
pseudo-rabies virus, and indicate that behaviorally relevant stimuli can be used to label 
spinal neurons involved in genitourinary control.
(Supported by NIH NINDS Neural Prosthesis Program, NS-5-2331).

596.15
THE INFLUENCE OF ANESTHESIA ON THE DEVELOPMENT OF BLADDER 
HYPERACTIVITY FOLLOWING MIDDLE CEREBRAL ARTERY OCCLUSION 
IN THE RAT. O, Yokovama*, M, Yoshivama, M, Namiki. and W.C. de Groat, 
Dept. of Pharmacology, Univ. of Pittsburgh, Pittsburgh, PA 15261, and 
Dept. of Urology, Kanazawa Univ., Kanazawa 920, Japan

To study the mechanisms underlying neurogenic bladder 
hyperactivity, we have developed an acute animal model of voiding 
dysfunction induced by experimental cerebral infarction (CI). We 
examined the anesthesia-dependent changes in bladder hyperactivity 
induced by CI in female Sprague-Dawley rats. Prior to infarction 
control reflex bladder contractions were monitored during slow 
infusion cystometrograms (0.04 ml/min) in two groups of animals: 1) 
awake and 2) urethane anesthetized (1.0 g/kg, ip). Then the awake rats 
were anesthetized with halothane (2%) and in both groups of animals 
the middle cerebral artery (MCA) was occluded by a nylon thread 
inserted through the internal carotid artery. In unanesthetized rats 0.5 
to 4.5 h after MCA occlusion and following recovery from halothane, 
bladder capacity was significantly reduced (60.8 ± 1.3%), however the 
amplitude of bladder contractions was not changed. Bladder capacity 
was not changed in sham operated controls. In urethane anesthetized 
rats neither the sham operation nor Cl significantly changed bladder 
capacity or the amplitude of bladder contractions. The areas of 
infarcted brain in halothane and urethane anesthetized rats were not 
significantly different in size. These results indicate that Cl induces 
bladder hyperactivity in unanesthetized rats and that urethane 
anesthesia inhibits the development of this hyperactivity, possibly due 
to the action of urethane to block glutamatergic transmission in the 
brain. (Supported by NIH grands DK49430 and DK51402)

596.16
A RAT MODEL FOR URINARY INCONTINENCE. J.M, Kems*1. J.M, 
Kane1. M.S, Damaser, J.T. Benson3 andL. Brubaker4. Depts ’Anatomy and ’Ob/ 
Gyn -Sect Urogyn, Rush Med College, Chicago, IL; 2Hines VA Hosp and Loyola 
Univ. Med Center, Hines, IL, 3Dept Ob/Gyn, Indiana Univ., Indianapolis, IN.

Urinary' stress incontinence is a common clinical condition, the etiology of 
which includes soft tissue damage during vaginal delivery. This study uses an 
animal model to evaluate neural injury as a causative factor. The proximal 
pudendal nerve was crushed in anesthetized female rats (n=5) and compared with 
a sham lesion group (n=4). Outcome measures included concentric needle EMGs 
from the target external urethral sphincter (EUS), voiding patterns during a 2-hr 
dark period, and 24-hr micturition data. Fast Blue was introduced to the crush site 
at the time of injury and Diadimino Yellow to the EUS at the time of sacrifice (3 
months postop), when histological analysis of the nerve and urethra was also 
performed. EMG records indicate the EUS motor units undergo typical 
denervation changes followed by regeneration and recovery. Voiding patterns 
from the crush group show an increase of small (P=0.014) and a decrease of large 
(P=0.006) urine marks in the front third of the cage. Micturition data show that 
the overall means for the crush group show a lower voided volume (P<0.05) and 
a higher frequency (P=0.06) during the light cycle compared to the sham group. 
Histological patterns in the nerv e and muscle suggest the regenerating motor units 
maintain a structural integrity. Many motoneurons in the lower lumbar cord were 
double labeled, or single labeled with either tracer. In conclusion, several 
measures suggest this reversible crush lesion induces urinary' incontinence. This 
animal model is promising for further development of hypotheses regarding neural 
injury and incontinence.
Supported by the Urogynecology Research Foundation.

596.17
GLIAL CELL LINE -DERIVED NEUROTROPHIC FACTOR SYSTEM IN 
RAT PENIS. A. Laurikainen, J. O. Hiltunen, S. Vanhatalo, R. K. Tuominen*.
E. Klinge, & M. Saarma. Institute of Biotechnology and Division of 
Pharmacology & Toxicology, Department of Pharmacy, University of 
Helsinki, Finland

Glial cell line -derived neurotrophic factor (GDNF) is a new, distant 
member of the transforming growth factor (TGF)-P superfamily. It has a 
potential role in the differentiation and survival of several populations of 
neurons in the central and peripheral nervous systems. Product of the c-ret 
proto-oncogene, Ret protein tyrosine kinase, has recently been identified as a 
functional receptor for GDNF. However, a novel glycolipid-anchored 
membrane protein, called GDNFR-a, has also been shown to participate in 
GDNF-induced Ret activation.

We have studied GDNF and its receptors mRNA expression in rat penis and 
major pelvic ganglion (MPG) neurons by Northern blotting and mRNA in situ 
hybridization. GDNF mRNA expression was seen in the pericavemosal cells 
in the shaft of the penis. Penis-projecting neurons in the MPG were identified 
by labelling with the retrograde tracer Fluorogold. These neurons were found 
to express Ret mRNA. Instead, GDNFR-a mRNA was mainly expressed in 
the neurons that don’t project to penis, and to some extent in the shaft of the 
penis. GDNFR-a mRNA and to a lesser extent Ret mRNA were also detected 
from the shaft of the rat penis by Northern blotting. These results suggest that 
GDNF and its receptors may have a role in the innervation of the rat penis. 
Supported by the S. Juselius Foundation and the Academy of Finland.

596.18
PORPHYRINIC MICROSENSOR MEASUREMENTS OF AGONIST EVOKED 
NITRIC OXIDE RELEASE FROM URINARY BLADDER: INVOLVEMENT OF 
THE UROTHELIUM. A.J. Kanai*, W.C. de Groat and L.A. Birder. Duke 
University, Durham NC 27708 and University of Pittsburgh, Pittsburgh PA 15261.

Nitric oxide (NO) has been identified as a transmitter in neural pathways to the 
lower urinary tract. We used a Nafion-coated porphyrinic microsensor (tip dia., 5 
pm; detection limit, 5 nM; response time, 1 ms) to directly measure the release of NO 
from the bladder (BL), urethra (UR) and pelvic ganglia (PG) in response to various 
stimuli. Tissues were obtained from anesthetized Wistar rats. NO release was 
measured by placing the microsensor tip directly on the tissue surface. Basal release 
of NO was not detected in any tissues. Transient release of NO (duration 1-3 sec; 
peak cone. 1 pM) was evoked from the PG by the neurotoxin, capsaicin (1 pM) as 
well as the adrenergic agonist, norepinephrine (NE, 1 pM). Release was also evoked 
from the body and neck of the BL and UR (peak NO release, 1.4 pM). Release of 
NO due to capsaicin, but not NE, was reduced in denervated urinary bladder or after 
desensitization with capsaicin. Damage of the urothelium with protamine sulfate (1 
mg/kg) applied directly to the mucosal surface of BL or UR ablated the NE evoked 
NO release. The NOS inhibitor L-NMMA (10 pM) inhibited NO release evoked by 
NE, while the selective nNOS inhibitor, 7-NI (10 pM), preferentially inhibited the 
NO response due to capsaicin. A phosphodiesterase inhibitor (IBMX) or an activator 
of adenylate cyclase (Forskolin) enhanced NE-, but not capsaicin-evoked NO release 
indicating a role for cAMP in the adrenergic response. Release of NO by GTPyS 
suggests a role of G-proteins in the release. These results represent the first direct 
measurement of NO release from the lower urinary tract. The finding that protamine 
treatment, but not denervation or desensitization, completely eliminated the NE 
evoked release of NO from both the urinary bladder and urethra suggests that the 
urothelium may play an important role in NO release. This study was supported by 
NIH grant #DK49430.
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596.19
PORPHYRINIC MICROSENSOR MEASUREMENTS OF Ca+2 INDEPENDENT 
NITRIC OXIDE RELEASE FROM INFLAMED URINARY BLADDER.
L.A. Birder*, A.J. Kanai and W.C. de Groat. Duke University, Durham, NC 27708 
and University of Pittsburgh, Pittsburgh, PA 15261.

Nitric oxide (NO) has been implicated in the regulation of normal urinary bladder 
function and in bladder hyperactivity induced by chemical irritation. This study 
utilizes a Nafion-coated porphyrinic NO sensitive microsensor (tip dia., 5 pm; 
detection limit, 5 nM; response time, 1 ms) to determine whether induction of 
inflammation elicits release of NO in urinary bladder. Isolated bladder strips were 
obtained from anesthetized Wistar rats some of which were injected, under 
anesthesia, 24-48 hours previously with cyclophosphamide (100 mg/kg i.p.) which 
induces cystitis. Nitric oxide release was measured by placing the tip of the 
microsensor directly on the bladder surface and locally applying drugs. Basal release 
was not detected in untreated bladder strips. However, transient release of NO (peak 
NO response 1 pM) could be evoked by application of the adrenergic agonist, 
norepinephrine (NE). After treatment with cyclophosphamide (48 hours) a constant, 
basal NO release was detected (range, 200 nM-lpM NO) and the amount of NO 
released by NE was significantly decreased (40%). Basal NO release was not 
reduced by removal and chelation (100 pM EGTA) of extracellular calcium, 
application of the calmodulin antagonist trifluperazine (10 pM) or successive 
application of caffeine (10 pM) which reduced NE evoked NO release. Basal NO 
release was reversibly blocked by the NOS inhibitor L-NMMA (10 pM). Damage of 
the urothelium with triton X-100 (0.1%) or protamine sulfate (1 mg/ml) did not ablate 
basal NO release, but completely inhibited NE evoked NO release. These results 
suggest that inflammation evokes a constant, high level release of NO mediated by 
calcium/calmodulin independent inducible NOS. Continued release of NO in the 
presence of triton or protamine suggests that NO may be arising from sites other than 
the urothelium. This study was supported by NIH grant # DK49430.

596.20
THE ELECTRICAL PROPERTIES AND RESPONSES TO 4-AMINOPYRIDINE OF 
PREGANGLIONIC NEURONS (PGN) AND INTERNEURONS IN NEONATE RAT 
LUMBOSACRAL PARASYMPATHETIC NUCLEUS
W. C. de Groat. G. Somoavi*. M. Kawatani and A. Miura. Dept. of Pharmacology, 
Univ. of Pittsburgh Sch. of Med. Pittsburgh, PA 15261, Dept. of Physiology, Akita Univ. 
Sch. of Med. Akita 010, Japan

The properties of PGN and intemeurons (IN) in L6 and S1 spinal cord slices from 
neonate rats (5-11 days old) were studied using the whole-cell patch clamp technique. 
PGNs were identified by labeling with retrograde axonal transport of a fluorescent dye 
(Fast Blue, 5 ml of 4% solution) injected into the intraperitoneal space 3-7 days before 
experiment. PGN and IN located within 100pm dorsal (dIN) and medial (mlN) to PGN 
had resting membrane potentials between 53 and 55 mV. The average cell diameter 
of PGN (21.6+1.4pm) was significantly larger than dIN (14.6±0.6pm) but not different 
from mlN (17.6±3.0pm). The threshold for spike activation in PGN (-34.0±1.1mV) was 
significantly higher than in dIN or mlN (-38.5±1.17 and -39.5±2.0mV, respectively). 
Input capacitance in PGN (27.5+1.2pF) was higher than in IN (22.0+1.6 and 
19.4+2.5pF), whereas input resistance in PGN (298.8+39.5MQ) was lower than in IN 
(523.4 ±108.1 and 632.1+133.8MQ). Spike durations at half amplitude were similar 
(2.3 to 2.6msec). 4-AP (0.5mM) shifted the threshold for spike activation from 
-33.2+2.0 to -37.2±2.7mV in PGN (p<0.05) in dIN from -37.5+2.6 to -43.7±5.0mV. 
4-AP increased spike duration in PGN (2.23+0.41 to 3.04+0.41 msec), dIN (2.61+0.47 
to 4.09±0.36msec) and mlN (2.24+0.39 to 4.58+1.23msec). Depolarizing current 
pulses evoked mainly phasic firing in PGN and tonic or phasic firing in IN. 4-AP 
converted phasic firing to tonic firing and also increased tonic activity in PGN 
(118.0-138.9% increase) and in dIN (137.8%-237.5% increase) but decreased the 
number of spikes in mlN. These results indicate that intemeurons are distinguishable 
electrophysiologically from PGN based on lower threshold, input capacitance and 
input resistance and that dIN are distinguishable from mlN based on the effect of 4-AP 
on the firing frequency. (Supported by NIH grant DK51402)

596.21
EFFECT OF ZD6169, AN ATP-SENSITIVE POTASSIUM CHANNEL 
OPENER ON NEUROGENIC INFLAMMATION IN THE URINARY 
BLADDER AND URETHRA OF THE RAT.
Y.B.Yu*, M.Fraser and W.C.de Groat. Dept of Pharmacology, University of 
Pittsburgh, Pittsburgh, PA 15261.

Previous studies indicated that ZD6169, a KATP channel opener, increased 
bladder capacity in the rat by acting on afferent nerves in the bladder wall. 
The present experiments examined the effects of ZD6169 on neurogenic 
inflammation in the urinary bladder (UB) and urethra (UR) of urethane 
anesthetized female Wistar rats. Inflammation (INFLM) was evaluated by 
measuring plasma extravasation (EXTRV) in the tissues using Evans blue 
dye (50mg/kg, i.v.). INFLM was induced by either: (1) intravesical infusion 
of 0.25% acetic acid, (2) intravesical capsaicin (CAP, 100/zM) or (3) electrical 
stimulation of the pelvic nerve (PLN) (10 sec train at 30 Hz at 1 min intervals 
for 40 min). The concentration of Evans blue was significantly higher in the 
inflamed tissues (130 to 300 /zg/gm) than in non-inflamed tissues ( 
mean:51.9±16 /zg/gm). ZD6169 (5 mg/kg) administered orally 5hrs prior to 
INFLM decreased the EXTRV in the UB induced by CAP (45% decrease) or 
PLN-stim (57% decrease), but did not alter the response to acetic acid. 
ZD6169 did not change the EXTRV in the urethra induced by any procedure. 
Glibenclamide, a KATP channel blocker, (20mg/kg, i.v.) administered 45 min 
prior to ZD6169 blocked the effect of ZD6169 on EXTRV in the bladder 
induced by PLN-stim. These results suggest that ZD6169 or a metabolite can 
open Katp  channels in capsaicin-sensitive, C-fiber afferent nerves in the 
urinary bladder and thereby inhibit the release of neuropeptides, such as 
substance P, which mediate neurogenic inflammation. Supported by a 
contract from Zeneca Inc and NIH grant DK 49430.

596.22
EFFECTS OF INTRATHECAL ADMINISTRATION OF PITUITARY 
ADENYLATE CYCLASE ACTIVATING POLYPEPTIDE (PACAP) ON THE 
LOWER URINARY TRACT IN THE RAT.
M. Yoshiyama* and W.C.de Groat. Dept of Pharmacology, University of 
Pittsburgh, Pittsburgh, PA 15261.
Previous studies (Ishizuka et al., Neuroscience 66: 1009, 1995) revealed that 

intrathecal injection (IT) of PA CAP-27 in normal, conscious rats facilitated 
reflex bladder activity. The present experiments evaluated the effects of 
PACAP-38 (0.1-30 pg, IT) on the micturition reflex (MR) in decerebrate, 
unanesthetized chronic spinal transected (SCT, 2-4 weeks post transection) 
and spinal intact (SI) female Sprague-Dawley rats. All surgical procedures 
were performed under halothane anesthesia. PACAP (10-30 pg, IT) in SCT 
rats increased the amplitude (50-500%) and duration (20-300%), but 
decreased the frequency (35-80%) of rhythmic bladder activity recorded under 
isovolumetric conditions. The effect of PACAP persisted for 30-40 min, was 
reproducible following a second injection and occurred in rats with either 
intact or bilaterally transected hypogastric nerves (HGN). In SI rats PACAP 
(10-30 pg, IT), suppressed reflex isovolumetric bladder contractions. During 
continuous infusion cystometrograms in the SI rats PACAP produced either 
inhibition (HGN transected rats) or initial inhibition followed by facilitation 
of bladder contractions (HGN intact rats). Immunocytochemical experiments 
identified a prominent bundle of PACAP containing fibers extending from 
Lissauer’s tract to the sacral parasympathetic nucleus (SPN) in the L6 spinal 
cord of both SCI and SI rats. It is concluded that PACAP is a putative 
transmitter in the SPN and that chronic spinal cord injury enhances the 
excitatory effects of PACAP on the micturition reflex pathway. (Supported 
by NIH grant DK 51402)

596.23
URINE VOLUME DECREASES AFTER INTRACEREBRO-
VENTRICULAR ADMINISTRATION OF ATROPINE IN STZ- 
DIABETIC RATS. E. Murzi* B. Valecillos. C Tilac and L.

Andes University. Merida. Venezuela.

Urine volume has been related with central cholinergic mechanism in 
normal rats (1,2). However, diabetic polyuria has not been linked to 
cholinergic dysfunction. Some evidences suggest that STZ-diabetic rats 
exhibit a hyperactive hypothalamic cholinergic alteration (3). We tested 
the hypothesis that excessive urine production could be caused by 
augmented brain cholinergic activity. We measured urine volume 
during the first 5 h after water deprivation in STZ-diabetic rats. After 
intracerebroventricular administration of different doses of atropine 
(0.5, 2.5 and 5 pg) diabetic polyuria significantly decreased at the 3rd 
and 4th hours.
These results suggest that central muscarinic receptors could be partly 
responsible for the diabetic polyuria in rats.
1) Misra, V., et al. Indian J. Physiol. Pharmacol. 21: 203, 1977.
2) Dulaney, M. D., et al. J. Pharmacol. Exp. Therap. 250: 202, 1989.
3) Murzi, E., et al. Brain Res., in press, 1997.
Supported by CDCHT-ULA M-536-95-A and BID-CONICIT BTS- 
37.

596.24
SPINAL AND BRAIN NEURONS MEDIATING DESCENDING CONTROL OF 
BULBOSPONGIOSUS MOTONEURONS: TRANSNEURONAL TRACING 
WITH RABIES VIRUS. G. Ugolini1, 0. Rampin2, Y. Tang3, A. Calas4 and F. 
Giuiiano3*. ‘Lab. de Genetique des Virus, CNRS, 91198 Gif-Sur-Yvette, FR; 2Lab. 
de Neurobiologie, INRA, 78352 Jouy-En-Josas, FR; ’Service d’Urologie, Hopital 
Bicetre, 94270 Bicetre, FR; 4IDN-CNRS URA 1488, Univ. Paris VI, France.

The bulbospongiosus (BS) is a striated muscle involved in erection and 
ejaculation. The neuronal circuits mediating descending control of BS activity were 
identified by means of retrograde transneuronal tracing with rabies virus. After 
inoculation into the BS muscle of Sprague-Dawley rats, viral propagation was 
studied immunohistochemically at sequential 24 hrs intervals from 2 to 5 days post-
inoculation. Transfer was time-dependent. At 2 days, only BS motoneurons (MN) 
were labeled. At 3 days, transneuronal transfer visualized spinal intemeurons, 
mainly in laminae V, VI and X (dorsal grey commissure, DGC) at L5-S1. At 4 and 
5 days, the laminar and segmental distribution of rabies immunolabeled neurons 
became more extensive. Double immunofluorescence for rabies and choline acetyl 
transferase (LI, L6) showed that double-labeled neurons were numerous in DGC 
and rare in IML, and spurious labeling of hindlimb MN never occurred. At 4 days, 
labeling was also found in the brain, in n. reticularis magnocellularis, Barrington 
n., A5, paraventricular hypothalamic n. (PVN). In PVN, only a few neurons were 
double-labeled for rabies and oxytocin, despite the strong oxytocin input to DGC. 
Other cell groups of descending pathways were labeled at 5 days, including neurons 
which control BS MN indirectly, via spinal intemeurons (e.g. in "hindlimb" regions 
of sensorimotor cortex and red nucleus). The results unmask the organization of 
spinal and brain circuits involved in regulation of BS activity. They suggest that the 
DGC is a possible candidate for coordination of autonomic and somatic outflow 
during erection and ejaculation, and that PVN control of BS activity is not mediated 
exclusively by oxytocinergic neurons. (Supported by CNRS, UPR9053)
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596.25
SERUM PROSTATIC SPECIFIC ANTIGEN (PSA) IS HIGHER IN 
SPINAL CORD INJURED (SCI) MEN COMPARED TO NORMAL MEN.
N. L. Brackett*. S.M. Ferrell. T.C. Aballa, and C.M. Lynne. The Miami Project 
to Cure Paralysis and Department of Urology, University of Miami School of 
Medicine, Miami, FL 33136

Past studies indicate that the semen of SCI men has adequate sperm count, but 
poor sperm motility. More recent investigations have shown that factors within 
the seminal plasma may contribute to this problem. The prostate is one of the 
glands that contributes fluid to the seminal plasma. It is not known if the prostate 
gland functions normally in SCI men. As a step toward investigating this 
question, this study compared serum PSA levels in spinal cord injured men 
(n=13) and healthy, normospermic, non-injured men as controls (n=15). The 
mean age was 30.7 + 1.6 years in SCI subjects, and 31.7 ± 2.0 years in control 
subjects. Blood was obtained following at least 24 hours of abstinence, and 
serum PSA was determined by modified enzyme immunoassay (MEIA, Abbott). 
Mean serum PSA levels (normal range 0-4 ng/ml) in SCI subjects were 1.20 +
O. 19 ng/ml, and 0.69 + 0.07 ng/ml in control subjects (p=0.015, analysis of 
variance). Although not abnormally elevated, PSA levels were significantly 
higher in young spinal cord injured men compared to young normal men. 
Whether this represents a disturbance in the autonomic innervation of the 
prostate gland or a local non-neurologic phenomenon within the prostate gland 
remains a subject for further investigation.
Funding provided by The Miami Project to Cure Paralysis and State of Florida 
Specific Appropriations.

596.26
SYNAPTOPHYSIN IMMUNOREACTIVE PLEXUSES IN ACUTELY 
AND CHRONICALLY DENERVATED PELVIC GANGLIA. I 
GopzalgsJL Galj.^ Neuroscience Dept.,
Univ, New Mexico, Sch. of Med., Albuquerque, NM 87131.

Chronic, partial denervation of pelvic ganglia often results in a 
functional change in the remaining preganglionic pathway (deGroat and 
Kawatani, J. Physiol.,409:431,1989; Dail et al., J. Auton. Nerv. System., 
28:251,1989). Specifically, chronic lesion of the pelvic nerve enhances 
hypogastric nerve (HN)-induced penile vasodilation. To determine if the 
functional changes in penile vasodilator responses are paralleled by 
altered synaptology of penile neurons, the present study used 
synaptophysin immunoreactivity (SN-IR) to quantify synaptic complexes 
in acutely and chronically denervated major pelvic ganglia (MPG) in the 
rat. Four days after interruption of the left pelvic nerve (PN), 49% (±5.9) 
of penile neurons in the ipsilateral MPG remain invested by SN-IR 
pericellular baskets. Areal measurements of punctate SN-IR varicosities 
indicate that there were few heavily "innervated" penile neurons after a 
PN cut (PNX). In rats receiving a PNX for two weeks (chronically 
denervated), 71.4% (±4.7) of penile neurons were enveloped by 
pericellular baskets immunoreactive for SN, however, no heavily 
innervated neurons were apparent. This study has demonstrated an 
increase in the incidence of SN-IR baskets around penile neurons after 
chronic interruption of the PN at a time coincident with HN-induced 
penile vasodilation. The source of the emergent fibers and whether they 
are causally related to the functional changes is currently under 
investigation. Supported by NIH RO1 19839-13 to WGD.

596.27
ROLE OF THE BRAINSTEM IN REGULATING MICTURITION 
REFLEXES IN FEMALE RATS. H.M. Wilfehrt* and L. Marson. 
Division of Urology, School of Medicine, University of North 
Carolina, Chapel HUI, NC. 27599-7235.

Supraspinal pathways are critical for normal, coordinated 
micturition. We investigated the role of several brainstem nuclei in 
the micturition reflex. In urethane-anesthetized female Sprague- 
Dawley rats, we recorded bladder pressure and external urethral 
sphincter activity during reflex-evoked micturition. Specific 
brainstem nuclei were either electrically stimulated (30-70|li A, 40 Hz , 
lmsec pulses) or inhibited by muscimol-microinjections (ImM, 50- 
lOOnl). Barrington's nucleus was critical to the reflex as inhibition of 
cells within this region led to urine retention and overflow 
incontinence; whereas, stimulation evoked voiding. Reflex-evoked 
micturition was predominantly depressed by activation of 
periaqueductal grey, locus coeruleus, subcoeruleus nucleus, nucleus 
paragigantocellularis, raphe magnus and parapyramidal region. 
These sites primarily modulated reflex-evoked micturition patterns 
by affecting one or more of the following parameters: bladder 
opening pressure, bladder pressure, external urethral sphincter 
activity, interval between voids, duration of voids, or bladder 
volumes. This modulation may be critical to provide coordination of 
autonomic functions, especially between various pelvic reflexes.

Rsearch supported by: NIH NS29420, NIH DK49503 and Edwin 
Beer Foundation Award.

596.28
CHEMOSENSITIVITY OF HYPOGASTRIC AFFERENT NEURONS FROM THE 
URINARY BLADDER IN RATS. I. V. Karastoianova* and N. G. Moss. Department 
of Physiology, UNC, Chapel Hill, NC 27599.

We have recently reported that certain afferent fibers in the hypogastric nerve show 
differential responses to bladder filling with isotonic solutions of NaCl and KC1. 
These data indicated that both mechanoreceptive and chemoreceptive fiber types 
innervate the bladder. In this study we have investigated the differential sensitivity of 
these fibers to intravesical NaCl, KC1 and capsaicin (CAPS) in 13 anesthetized rats. 
Single-unit activity was recorded from 27 afferent fibers in the hypogastric nerve 
during bladder filling with isotonic KC1 and NaCl. The units were then tested for 
sensitivity to bladder filling with CAPS (1 ng/ml - 5000ng/ml in saline). Bladders 
were filled at 2501/min to an intravesical pressure of 30 mmHg and maximum 
responses were determined by averaging unitary activity over 5 mmHg increments in 
bladder pressure. A chemoreceptive pattern was identified in 13 fibers that showed little 
response to bladder filling with NaCl (maximum response/background ratio of 
2.2±0.2, background 0.56±0.1 imp/sec) but strong activation by KC1 with a 
maximum activation ratio for KCl/NaCl of 5.1±1. These units were also activated by 
CAPS with a CAPS/NaCl maximum activity ratio of 4.7±0.7. The remaining 14 
fibers were identified as mechanoreceptors on the basis of a strong excitation with 
NaCl (NaCl response/background = 10.5±2.4, background 0.25±0.04 imp/sec) and a 
comparable excitation with KC1 (maximum KCl/NaCl activities of 1.2±0.1). None of 
these units were activated by CAPS (maximum CAPS/NaCl activities = 1.0±0.2). 
These data confirm that the afferent hypogastric innervation to the urinary bladder is 
composed of two distinct fiber types. Mechanoreceptor fibers are equally excited by 
bladder filling with NaCl, KC1 and capsaicin. A separate group of chemoreceptor fibers 
are excited by KC1 and capsaicin but show little response to NaCl at the same 
intravesical pressures. Supported by NIH grant DK 46098.

596.29
BLOCKADE OF MICTURITION IN THE RAT AFTER MICRO-
INJECTION OF CoClj INTO THE PERIAQUEDUCTAL GRAY (PAG)
J.W. Downie*, S. Matsuura and G.V. Allen. Departments of Pharmacology and 
Anatomy & Neurobiology, Dalhousie Univ., Halifax, NS, Canada, B3H 4H7.

Based on neuroanatomical and electrical stimulation studies, it has been 
postulated that the PAG is an integral part of the micturition reflex. We sought 
to test this hypothesis functionally. Male and female Sprague-Dawley rats were 
anesthetized with urethane (1.6g/kg i.p.) and the femoral artery was cannulated 
for recording blood pressure. Repeated micturition contractions were evoked by 
constant infusion (0. l-0.25ml/min) of saline through a cannula secured in the 
bladder dome. Bladder pressure was monitored through a second tube in the 
bladder or on a side-arm of the perfusion line. In some rats, EMG activity of 
the external urethral sphincter (EUS) was monitored through fine-wire 
electrodes. Through a craniotomy, a glass micropipette was positioned 
stereotaxically in the brain and 5Q-100nl injections of CoCl2 (10 mM) or 
artificial CSF were made. Injection sites were marked with Fluoro-Gold or 
India ink for later evaluation. At the end of the experiments, the rats were 
perfusion fixed and 40 jam sections of brain were stained with thionin.
Following CoCl2 injection into the caudal PAG, micturition contractions and 
EUS activity were inhibited for 5-30 minutes. Similarly, injection of CoCl2 into 
the lateral pontine tegmental region blocked micturition. Control injections of 
artificial CSF had little or no effect on micturition. The results indicate that 
bladder distension-induced micturition and EUS activity are mediated by neural 
connections in the caudal PAG as well as the lateral pontine tegmental region. 
These connections may represent part of the long-routed micturition reflex 
pathway. Supported by MRC of Canada.

596.30
SPINAL PROJECTIONS BETWEEN THE CAUDAL BRAINSTEM AND 
SYMPATHETIC FIBERS IN THE MOTOR BRANCH OF THE PUDENDAL 
NERVE. R.D. Johnson* and C.H, Hubscher. Departments of Physiological 
Sciences & Neuroscience, University of Florida, Gainesville, FL 32610-0144.

Uni/bilateral microstimulation of the medullary reticular formation (MRF) 
produces a depression of the dorsal nerve of the penis-elicited pudendal 
motoneuron reflex discharge (Johnson and Hubscher, SNS Abstr., 1996). In 
addition, a long latency activation of unmyelinated fibers within both the left and 
right motor branches (MB) of the pudendal nerve occurs. This activation was 
examined in 8 urethane-anesthetized male rats and found to be strongest 
following simultaneous stimulation of both sides of the ventral MRF (i.e., the 
responses were additive). The effects of acute (2h) and chronic (30-60d) T7/8 
dorsal and lateral hemisection lesions, chronic T7/8 contusion injury and 
acute sympathectomy on the activation response was examined in 30 
urethane-anesthetized male rats. MRF activation of unmyelinated MB fibers 
was eliminated following (i) a severe chronic spinal contusion injury, (ii) an 
acute dorsal hemisection lesion, (iii) a chronic over-dorsal hemisection lesion, 
and (iv) an acute bilateral sympathetic trunk axotomy. These results, when 
taken together, suggest that the pathway lies in the intermediate region of the 
lateral funiculus. In addition, an acute unilateral T8 spinal dorsal hemisection 
eliminated bilateral MRF-induced responses in the ipsilateral MB , suggesting 
that the MRF-sympathetic pudendal spinal pathway projects bilaterally from 
both sides of the brainstem, crosses above the level of the lesion, and remains 
ipsilateral to the MB below the level of the lesion. In contrast, following 30-day 
T8 lateral hemisections, responses from bilateral brainstem to both MBs were 
found, suggesting sympathetic-pudendal activation by new or previously silent 
contralateral spinal cord terminations caudal to the spinal lesion. These 
alterations of supraspinal projections are likely of important functional 
significance following injury. Supported by the American Paralysis Association 
and The Florida Brain & Spinal Cord Injury Rehabilitation Fund.
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596.31
CHARACTERIZATION OF URINARY BLADDER FUNCTION IN 
HEREDITARY DIABETIC MICE. T. Sato, A. Koizumi, F. Hirasawa, M. 
Kawatani*. Dept. Physiol., Akita Univ. Sch. of Med., Akita, Japan, 010

New animal models of DM which is resemble to most of the human case 
were recently discovered in Akita. The affected Akita mice develops DM before 
10 weeks of age by autosomal dominant mode of inheritance. During the cause 
of diabetes mellitus (DM), problems of the urinary bladder function were 
observed in patients. Thus we examined the micturition reflex in Akita mice, 
which could explain the problems in patients.

Female C57BL/6 (B6) Akita mice and mice without DM symptom from the 
same strain (normal) were tested. Under urethane anesthesia (1.2 g/kg, i.p.), 
single cystometry (CMG) or electrical stimulation of nerve innervating to the 
urinary bladder were examined. In CMG experiments, parameters for 
micturition of normal mice were following; the pressure threshold was 8.7 ± 
0.6 cmH2O (mean ± S.E.), the volume threshold was 53.9 ± 7.4 pi, the amplitude 
was 17 ± 1.5 cmH20 and the residual urine volume was 19.1± 2.4 pi. Atropine 
sulfate (i.v.) reduced the bladder contraction (58.6 % of control) and increased 
the residual urine volume (330.7 % of control). 10 Hz of electrical stimulation 
(0.5 ms duration) elicited maximum bladder contraction. Threshold intensity 
for bladder contraction was 5-10 V, and maximized at 50 V (amplitude 12.9 ± 
0.5 cmH20). Atropine reduced the amplitude (50% reduction) of electrical 
stimulation evoked bladder contraction. In CMG of Akita mice, the amplitude 
was same as normal mice. The pressure threshold, volume threshold and 
residual urine volume were significantly increased (188.9 %, 322.2 % and
726.2 %, respectively). Electrical stimulation elicited bladder contraction is 
same fashion as normal mice.

These data suggested that cholinergic as well as non-cholinergic components 
of bladder contraction were observed in normal mice. The pressure threshold 
and volume threshold were significantly increased without altering the 
amplitude of bladder contractions in Akita mice. Thus peripheral nerve, not 
the detrusor muscle could have problem in the DM mice.

596.32
URINE FROM ORAL ADMINISTRATION OF LP805, POTENTIAL FOR 
POTASSIUM CHANNEL OPENER, FACILITATE THE MICTURITION 
REFLEX IN THE RAT.
AL Imaizumi*1, F. Ishida1, N. Funayama2, H. Nakano2and M. Kawatani1 
^ept. of Physiol., Akita Univ. Sch. of Med., Akita, 010, Japan ;2POLAR&D 
Laboratories, POLA Corporation, Yokohama 244, Japan

Micturition reflex was facilitated by vesical administration of acetic acid, or 
interleukine-16. Crystals in the urine irritate the inside of the urinary bladder 
such as the bladder stone. Since LP805 treated animal's urine could containing 
acicular crystals this could facilitate the micturition reflex.

After animals were treated with lOOmg/kg/day of LP805 for 8 consecutive 
days, urine was corrected for 6 hours. Approximately 3-5 ml of urine was 
corrected from each animal. Test animals (normal, untreated virgin rats) was 
anesthetized with urethane (0.8g/kg, i.p.) and tested for cystometrogram or 
dissected out dorsal root ganglia for patch clamp recording. Volume threshold 
for micturition reflex was reduced from 0.11±0.01 ml (mean ± S.E.) to 0.06±0.01 
ml. This effect was reproducible and recovered to control level by changing 
the solution to saline. The pressure threshold and the residual urine volume 
were not changed. Intravenous administration of LP805 to the normal rats 
prolonged the threshold time for micturition reflex . Threshold dose was 5pg 
and increased dose dependently. Maximum increased was 160% (50pg) of the 
control. Dorsal root ganglion cells were dissociated from the LP805 treated 
rats and tested the membrane excitabilities using patch clamp method. Resting 
membrane potentials were averaged -56mV which did not changed from the 
control. Threshold of action potential was averaged -26mV which lower than 
control (-13mV, statistically significant).

Oral administration of LP805 might produce unexpected metabolic 
substances that stimulating afferent terminals in the bladder wall chronically. 
This might increasing the excitability of primary afferent neurons and facilitate 
the micturition reflex in the rats.

596.33
DISTRIBUTION OF VASOACTIVE INTESTINAL PEPTIDE (VIP) AND 
CALCITONIN GENE-RELATED PEPTIDE (CGRP) BINDING SITES IN THE 
HAMSTER SEMINAL VESICLE DURING POST-NATAL DEVELOPMENT. 
S. Gulbenkian*. F, Afonso. M. Pinho, L. Mata. Unit of Cell Morphology and Image 
Processing, Gulbenkian Institute of Science, 2781-Oeiras, Portugal.

In this work we have examined the presence and distribution of I125-labelled 
vasoactive intestinal peptide (VIP) and calcitonin gene-related peptide (CGRP) 
binding sites in the hamster seminal vesicle before, during and after completion of 
puberty.

Seminal vesicles from 12-, 30- and 60 day-old male hamsters were dissected and 
processed for in vitro receptor autoradiography. Briefly, unfixed cryostat sections 
were incubated with the 125I-labelled peptide, either in the absence or presence of an 
excess of the same unlabelled peptide, to assess total or non-specific binding, 
respectively. Autoradiograms were obtained by dipping the sections in 
autoradiographic emulsion followed by exposure at 4°C.

Our results show that in 12 day-old animals, the epithelium from acini with narrow 
lumina and from solid acini presents VIP binding sites. However, in 30 day-old 
animals, where most of the acini have dilated lumina, VIP binding sites are not 
observed in the epithelium, except for a few acini with narrow lumina which display 
high binding densities. In 60 day-old animals, the gland is composed of acini with 
dilated lumina which lack VIP binding sites. In all groups studied the epithelium 
does not exibit CGRP binding sites. The seminal vesicle muscle layer displays 
specific binding sites for both VIP and CGRP at all times, but the density of VIP 
binding sites is higher in 12 day- than in 30- and 60- day-old animals.

Our results showing the presence of specific VIP and CGRP binding sites during 
the development of the hamster seminal vesicle suggests that these neuropeptides 
may be involved in the growth and differentiation of this gland.

PAIN: PATHWAYS—PRIMARY AFFERENTS

597.1

FACILITATORY AND SUPPRESSIVE EFFECTS OF PHOR- 
BOL ESTER ON THE RESPONSES TO HISTAMINE OF 
CANINE VISCERAL POLYMODAL RECEPTORS IN VITRO.
K. Mizumura* and H. Koda. Dept. Neural Regulation, Res. 
Inst. Environ. Med., Nagoya Univ., Nagoya 464-01, Japan

Histamine (HA) excites some of canine testicular poly- 
modal receptor (PMR)s and augments heat responses irre-
spective of existence of excitation through the Hl receptor. 
Involvement of protein kinase (PK) C activation in Hl recep-
tor-mediated actions of HA has been reported in cultured cells. 
To clarify involvement of PKC activation in nociceptor re-
sponses to HA, effects of PKC-activating phorbol ester (phor- 
bol-12,13-dibutyrate, PDBu) were studied. PMR activities 
were recorded in vitro using canine testis-spermatic nerve 
preparations excised from anesthetized dogs. Excitatory 
responses to HA IO 4 M were suppressed when PDBu IO 7 M 
was pretreated for 5 min, and facilitated when it was applied 
mixed with HA. Effects observed were quite similar to those 
on the bradykinin response. Neither effects were induced by 
an inactive phorbol ester (4a-phorbol- 12,13-didecanoate, IO 7 
M), suggesting involvement of PKC activation in both effects. 
It is concluded that PKC activation has dual facilitatory and 
suppressive roles in Hl receptor-mediated HA responses.

597.2
HISTAMINE INDUCED ITCH SENSATIONS ARE MEDIATED BY A NOVEL 
TYPE OF C-FIBERS
KQ.,...Handworker*1, JVLSchmelz1, R. Schmidt2. A. Bickel1. C. Forster1 and 
H.E.TorebjQrk2. Dept. of Physiology I, University of Erlangen, Germany1 and 
Dept. of Clin. Neurophysiology, University of Uppsala, Sweden2
Microneurography was used for recording from cutaneous C-fibers in the 
human peroneal nerve. A marking technique was employed for studying 
mechano-insensitive units and CMH units (mechano-heat responsive units, 
polymodal nociceptors). 30 CMH units, 13 "silent" units, unresponsive to 
mechanical and heating stimuli (CMjHj) and 13 C-heat (CH) units were tested 
by iontophoretic application of histamine to their receptive fields provoking itch 
sensations. Histamine induced ongoing activity after termination of the current 
(1mA, 20 s) was observed in 17 of 30 CMH units. However, all these units 
responded weakly and the time courses of the responses were much shorter 
than those of the induced itch sensations. It is unlikely, therefore, that these 
units mediate histamine induced itch sensations. Of the mechano-insensitive 
CMjHj and CH units 13 were found unresponsive and 5 weakly responsive to 
histamine iontophoresis. However, a subgroup of mechano-insensitive units, 
consisting of 5 CHs and 3 CMjHjS showed prolonged discharges in parallel to 
the itch sensations reported by the subjects. In all units of this group histamine 
induced discharges, as concomitant itch sensations, lasted longer than 5 min. 
These histamine sensitive units had very slow conduction velocities of 0.5 m/s 
on average, significantly lower than those of CMH units and also of histamine 
insensitive or weakly responsive CMjHj and CH units.
It is concluded that histamine induced itch sensations are probably mediated 
by a subgroup of afferent C-fibers characterized by very slow conduction 
velocity and insensitivity to mechanical stimulation.
Supported by the SFB 353, (Ger), the Foundation for Brain Research (SW, for 
R.S.) and the Max Planck Price (for H.E.T.)
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597.3
PLASTICITY OF NOCICEPTIVE WITHDRAWAL REFLEXES IN ADULT 
RATS SUBJECTED TO PERIPHERAL NERVE TRANSECTION
A. Levinsson and H. Holmberg* Department of Physiology and Neuroscience, 
University of Lund, Solvegatan 19, S-223 62 Lund, Sweden.

The nociceptive withdrawal reflexes (NWR) has been a useful model in the 
study of developmental plasticity of spinal nociceptive systems. We have 
previously characterized the functional adaptation of NWR in adult rats whose 
plantar nerves (PLN) were transected at either postnatal day (P) 1 or P21. While 
Pl lesioned rats exhibited a near normal reflex organization, P21 lesioned rats 
showed deviations from normal. We have now studied the adaptation of NWR in 
rats subjected to PLN transection as adults in order to obtain further information 
on the developmental time table for plasticity of spinal nociceptive systems.

Methods: The innervation of the plantar hind paw skin was perturbed by 
transection of the PLN. After either 10-14 or 20-26 weeks NWR evoked from the 
plantar skin were characterized using electromyographic recordings in three 
hindlimb muscles. The pattern of plantar skin innervation was assessed by acute 
nerve lesions during the terminal experiments.

Results: There was a partial restoration of reflex responsiveness from die 
plantar skin. There were no clear differences between rats studied at different 
times after the nerve lesion. Data obtained from rats lesioned as adults were 
indistinguishable from data obtained from P21 lesioned rats.

Conclusions: The capacity for functional reflex reorganization following 
transection of the PLN is not restricted to the developing CNS but is partly 
retained into adulthood. Following transection of the PLN in adult rats, no clearly 
discernible alterations of reflex function or innervation patterns occur after 10-14 
weeks. Supported by Swedish MRC proj. no. 1013 and

no. 10569, and the Medical Faculty of Lund.

597.4
TIGHT LIGATION OF SACRAL NERVE ROOTS PRODUCES BILATERAL 
TACTILE ALLODYNIA OF THE RAT HINDPAWS: BLOCKADE BY LOCAL 
APPLICATION OF BUPIVACAINE OR LIDOCAINE. M.H. Ossipov*, D. Bian, 
Z. Chengmin and F. Porreca, Department of Pharmacology, University of Arizona Health 
Sciences Center, Tucson AZ 85724.

Peripheral nerve injury has been shown to produce signs of neuropathic pain in areas 
not associated with the injured nerve. Such pain has been hypothesized to be the result 
of spontaneous afferent input from the injured nerve. As afferents from the hindpaw do 
not terminate in sacral regions of the spinal cord (Swett & Woolf, J. Comp. Neurol. 231: 
66-77, 1985), we produced tight ligations of the left S! or the S2 sacral nerves in male, 
S.D. rats (200-250 g) and monitored the sensitivity of the hindpaws to withdrawal from 
probing with von Frey filaments for up to 30 days. Injections of lidocaine (2% w/v), 
bupivacaine (0.75 % w/v) or dye were made close to the site of injury in a volume of 0.2 
ml. Ligation of either the S, or S2 sacral nerves produced bilateral allodynia of the 
hindpaws, beginning approximately 3 days after surgery and persisting throughout the 
course of the experiment. Local application of lidocaine close to the sacral ligation 
produced a full antiallodynic effect in both left and right paws, but did not alter the 
thermally-mediated foot-flick response. In rats with S, ligation, local bupivacaine 
produced a 67 ± 15.6 and 39 ± 17.5 % antiallodynic effect in the left and right paws, 
respectively. In rats with S2 nerve ligation, local bupivacaine produced a 42 ± 16.9 and 
27 ± 9.6 % antiallodynic effect in the left and right paws, respectively. Local application 
of lidocaine or bupivacaine did not alter tail-flick latency and local dye did not spread to 
lumbar regions. These data indicate that injury of a single peripheral nerve can produce 
tactile allodynia at sites distal to the injured nerve and may result from bilateral changes 
which extend across several segments of the cord. Such changes might include an 
upregulation of pro-nociceptive and/or anti-analgesic peptides, such as, for example, 
dynorphin. Supported by DA 08657, DA 06284 and DA 00185.

597.5
CAPSAICIN-SENSITIVE PRIMARY AFFERENT NEURONS EXPRESS 
cNOS mRNA IN THORACIC, BUT NOT LUMBAR DORSAL ROOT 
GANGLIA (DRG): POSSIBLE ROLE IN NOCICEPTION. Y. Cai*. R. A. 
Velazquez. S. L. Giovengo, and A. A. Larson. Department of Veterinary 
PathoBiology, University of Minnesota, St. Paul, MN 55108.

Nitric oxide synthase (NOS) catalyzes the production of nitric oxide, 
postulated to play a role in spinal nociceptive processing. This study was 
conducted to examine whether constitutive neuronal (cNOS) or inducible 
(iNOS) mRNA is expressed in primary afferent C-fibers and whether 
inhibition of NOS, by intrathecal injection of L-NAME, alters nociception. 
Using the quantitative RT-PCR technique, we measured cNOS and iNOS 
mRNA content in spinal cord and DRG of rats treated neonatally (s.c.) 
with 50 mg/kg of capsaicin. Capsaicin pretreatment completely eliminated 
cNOS mRNA in thoracic DRG, but had no effect on that in lumbar DRG. 
In the spinal cord, capsaicin pretreatment increased thoracic cNOS mRNA 
by 80%, but decreased lumbar cNOS mRNA by 64%. iNOS mRNA was 
not detectable in the tissues from either treatment group. These findings 
suggest that neurons with primary afferent C-fiber projections are the only 
fiber type that expresses cNOS in thoracic DRG. Elimination of C-fibers 
increases the expression of cNOS mRNA in thoracic spinal cord, yet spinal 
neurons in the lumbar area are partially dependent on C-fiber innervation 
for cNOS mRNA expression. Consistent with the localization of cNOS in 
thoracic C-fibers, acetic acid induced writhing, thought to reflect abdo-
minal pain, was inhibited 90 min after intrathecal injection of 0.1 to 30 
nmol of L-NAME. This antinociceptive effect was not mimicked by D- 
NAME but reversed by coadministration with L-arginine. In contrast, L- 
NAME failed to alter tail flick latencies that are transmitted more caudally. 
We hypothesize that the distribution of cNOS mRNA expression in 
thoracic C-fibers accounts, in part, for the sensitivity of nociceptive 
writhing responses to inhibition by L-NAME. [Supported by NIDA07234 
(YC) and NIDA04090 (AAL).]

597.6
INCREASED STAT BINDING ACTIVITY IN DORSAL ROOT GANGLIA 
NEURONS FOLLOWING PAIN AND NERVE INJURY.
L. MacArthur1 *, E. Eliav 1, U. Herzberg 2, M.A. Ruda1.
Ipain and Neurosensory Mechanisms Branch, NIDR, ^clinical 
Neuroscience Branch, NINDS, NIH, Bethesda, MD 20892.

Neuronal plasticity related to pain and nerve injury involves a 
cascade of events at the molecular level. In the dorsal root ganglion 
(DRG) neurons, little is known about the transcriptional events 
following painful sensory input from the periphery that may 
contribute to this plasticity. This study investigated the
involvement of STAT proteins (Signal Transducers and Activators of 
Transcription) in the neuronal response to pain and nerve injury.

Male Sprague Dawley rats received either a unilateral, 
subcutaneous injection of formalin into the hindpaw, a model for 
acute pain, or ligation of the sciatic nerve at midthigh (chronic 
constriction injury, CCI) a model for neuropathic pain. L4-L5 DRG 
were removed and examined. Gel shift analysis identified an 
increase in the binding of STAT-like proteins to a STAT1 
consensus sequence on the ipsilateral side to the painful stimulus. 
This increase was detected at 60 minutes after formalin injection 
and 6 days after CCI, when rats exhibited thermal hyperalgesia. 
Stat-like proteins were detected in the DRG by
immunocytochemistry, and were localized to the neuronal 
cytoplasm and the nucleus. Western blot analysis identified 
STAT1, STAT3, and STAT6 proteins in the DRG extracts used for 
the gelshift analysis. These data suggest STAT proteins are 
involved in signal transduction pathways generated by pain and 
nerve injury in the peripheral nervous system. STAT proteins may 
play a role in the neuronal plasticity that occurs following painful 
sensory input. Supported by the NIDR intramural program.

597.7
ARE BROAD ACTION POTENTIALS (APs) AND LONG
AFTERHYPERPOLARISATIONS (AHPs) EXCLUSIVE TO NOCICEPTIVE 
SOMATIC AFFERENT DORSAL ROOT GANGLION (DRG) NEURONES? 
Diourhi.L, Bleazard.L, Swanson.G* and Lawson.S.N. Dept. of Physiology,
Medical School, University Walk, Bristol BS8 1TD UK

Intracellular voltage recordings were made from L6-S1 DRG neurones in young 
guinea pigs deeply anaesthetised with pentobarbitone. Cells were classified as C- 
A5 or Aa/p-neurones from their dorsal root fibre conduction velocities (CVs). 
Intracellular APs were evoked by electrical stimulation of the dorsal root at 2X 
threshold voltage. The following were recorded for all cells with membrane 
potentials more negative than -40mV and overshooting APs: AP duration at base; 
area under the AP, and duration of the AHP to 80% recovery. The sensory 
receptive properties on the hind limb of each neurone were examined with hand 
held stimulators and cells were characterised as low threshold mechanoreceptive 
(LTM) units, or nociceptive high threshold mechanoreceptive (HT) units some of 
which also responded to noxious heat. Most HT units had relatively long APs, long 
AHPs and very large AP areas. This was most pronounced for C-fibre HT units, 
but was also clear for both AS and Aa/p HT units. Most non nociceptive A-fibre 
units had shorter APs, AHPs and smaller AP areas than the A-fibre Hl’ units 
within the same CV group (AS or Aa/p). This was the case for A5-LTM units 
compared with AS HT units, and for Ap muscle spindle and a variety of other 
Aa/p LTM units including G hair units compared with Aa/p HT units. However, a 
group of Ap units excited by movement of long hairs on the borders of the glabrous 
skin had AP areas and AHP durations similar to those of nociceptive Ap units. 
Thus long APs and AHPs and large AP areas were characteristic of AS and Ap 
nociceptive neurones, but a subgroup of LTM Ap neurones also displayed these 
characteristics. Supported by Wellcome Trust, U.K. grant to SNL.

597.8
ELECTROPHYSIOLOGICAL PROPERTIES OF TRIGEMINAL GANGLION 
NEURONS INNERVATING THE CORNEA. Mikel Lopez de Armentia, Roberto 
Gallego* and Carlos Belmonte. Instituto de Neurociencias, Universidad Miguel 
Hernandez, Alicante, Spain.

Several subgroups of mammalian primary sensory neurons have been 
distinguished based upon conduction velocity (CV) or passive and active cell body 
properties. In most studies, a correlation between membrane properties and 
functional type of peripheral connection was not feasible. The cornea is innervated 
by only three classes of sensory neurons (mechano-, polymodal and cold sensitive) 
all of them considered nociceptive. We studied the electrical characteristics of 
fluorogold labeled corneal trigeminal ganglion cells. The trigeminal ganglion, 
attached by its nerves to the eye was excised and superfused. Corneal neurons were 
identified with fluorescence microscopy and then impaled with 90-110 MG 
microelectrodes. Their origin was confirmed by the response to electrical 
stimulation of the cornea. On the basis of CV, corneal neurons were classified as 
fast AS (>3.5m/s), slow AS (3.5-1.5m/s), and C neurons (<1.5m/s).

Corneal neurons showed similar properties to other AS and C trigeminal ganglion 
cells of unknown origin. Fast AS neurons had shorter action potentials (AP) and 
maximun depolarization rates than slow AS neurons. In comparison with A 
neurons, corneal C neurons showed higher input resistance and no rectification, 
and their AP had significantly slower rise and longer duration. Fast AS neurons 
may correspond to mechano-nociceptive afferents, whereas cold and polymodal 
nociceptors compose the slow AS and C population. Since we did not find any 
obvious bimodal distribution in the electrical characteristics of slow AS and C 
corneal neurons, our data suggests that cold and polymodal afferents have similar 
cell body properties.
(Supported by PM95-0167 and SAF93-0267, DGICYT, Spain.)
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597.9
EVIDENCE THAT WITHDRAWAL REFLEX PATHWAYS RECEIVE A 
SELECTIVE INPUT FROM SKIN RECEPTORS. H.-R. Weng and J. 
Schouenborg5 Department of Physiology and Neuroscience, University of 
Lund, S-223 62 Lund, Sweden
In previous studies we have found that the withdrawal reflex system in the rat 
has a modular organisation, each module performing a spatially specific 
sensory-motor transformation. While it is known that withdrawal reflex 
responses receive a multireceptive cutaneous input mediated by both A and C 
fibers it is still not clear which types of cutaneous receptors that provide an 
input to this reflex system. To further characterize this reflex system, 
withdrawal reflex responses of three hindlimb muscles evoked by different 
forms of calibrated cutaneous stimulation were recorded with EMG in 
decerebrate spinal rats. While maintained innocuous pressure on glabrous skin 
could elicit a sustained reflex activity, vibration of glabrous skin at 
frequencies optimal for rapidly adapting receptors (10-300 Hz) consistently 
failed to evoke a reflex response. Hence, slowly adapting, but not rapidly 
adapting, low threshold mechanoreceptive fibers seem to provide an input to 
withdrawal reflex pathways. Thermal stimulation in the innocuous range 
always failed to produce withdrawal reflexes, indicating a lack of input from 
cold and warm receptors. Mustard oil, a potent stimulus of polymodal C 
nociceptors, produced vigorous reflex responses. By contrast, intradermal 
administration of histamine, a potent pruritogenic substance, produced very 
weak, or no, reflex responses, suggesting that some chemo-nociceptors 
contribute only weakly, or not at all, to the withdrawal reflex network. In 
conclusion, the present data indicate that withdrawal reflex pathways receive a 
convergent input from a specific set of cutaneous receptors. Supported by 
Swedish MRC proj. no. 1013 and no. 10569, and the Medical Faculty of Lund.

597.10
THE GLUTAMATE ASPARTATE TRANSPORTER IS ALTERED IN 
THE CHUNG MODEL OF NEUROPATHIC PAIN. K. E. Rogers*, L. 
Luo, A. M, Shadiack, L. J. Molino-Bonagura, M. G, Eriander. Drug
Discovery, The R.W. Johnson Pharmaceutical Research Institute, 
Spring House, PA 19477 and La Jolla, CA 92121.
A rat model of peripheral neuropathy involving ligation of the U 
spinal nerves (“Chung model”) has been utilized to study regulated 
sequences in a differential display (DD) paradigm. Following spinal 
nerve ligation, animals were tested for sensitivity of the hind paw to 
stimulation with von Frey filaments. Animals meeting the sensitivity 
criteria were sacrificed at various times following the surgery. DD 
analysis was performed on the l_s dorsal root ganglia (DRG) from the 
ligated side using the contralateral unligated DRG as a control. More 
than 350 transcripts were seen to change following lesioning and 
were subsequently cloned and sequenced. Approximately 50% of 
the regulated sequences were shown to be novel following extensive 
database analysis. However, numerous transcripts were identified 
and appeared to be up-regulated in l_s DRG from the ligated side. 
For example, a glutamate-aspartate transporter (g56268) was 
identified by DD and the increase in transcriptional product in L5 was 
confirmed by in situ hybridization. Investigation of this molecule as 
well as others modulated in this model should lead to a better 
understanding of mechanisms involved in the development of 
neuropathic pain.

597.11
BEHAVIOURAL PAIN RESPONSE TO INTRAPLANTAR INJECTION OF 
INFLAMMATORY MEDIATORS IN THE DEVELOPING RAT C.J. Teng*&F.V. 
Abbott. I)ept of Psychiatry, McGill Univ, Montreal, QC Canada 113 A 1A1.

The behavioural response of rat pups from 3 to 25 days old (P3 to P25) to intraplantar 
injection of 5-HT, PGE2, bradykinin (BK) or substance P (SP), individually or in paired 
combinations, as well as the effects of a series of locally injected adrenergic antagonists on 
pain produced by intraplantar formalin were examined. Behavioural state and pain response 
were rated every 2 mm for 60 min using a modification of the criteria developed to assess 
formalin-induced pain in infant rats for P3 and Pl5 pups (Guy & Abbott, 1992), and the 
adult formalin rating scale for P25 pups.

In P3 pups, 5-HT (5ng-5pg), PGE2(10-100ng), BK (.Ol-lOng) and SP (40ng-lpg) all 
produced strong dose-dependent pain responses that plateaued at the midrange doses, and 
persisted for over an hour. In P15 and P25 pups, pain responses were much lower, and more 
like the brief responses produced in adult rats. SP (maximum dose: 2ug for Pl 5 and 20pg 
for P25) failed to produce any effect, as did PGE2 at P25 (maximum dose lOpg). The 
responses to pairs of mediators were not significantly different from expected responses 
computed from the dose-effect relations of individual agents at P3; and at Pl5, all 
combinations containing PGE2 produced sub-additive effects. At P25, the 5-HT plus PGE2 
produced a supra-additive effect, and the effects of all other combinations were additive. In 
P3 pups there was no evidence of local adrenergic modulation of formalin-induced pain, 
while at P15, a1B antagonists did attenuate the pain response..

Thus, sensitivity of nociceptive afferents to inflammatory agents is qualitatively different 
in adult and developing rats. Hyper-responsiveness in the neonate is followed by hypo- 
responsiveness at Pl5, when the pup is like 12-15 month humans. Adult responsiveness to 
inflammatory mediators begins to emerge at P25, when pups are equivalent to a 3-4 year old, 
and myelination is well advanced. Sympathetic modulation of pain also develops late. The 
data indicate that physiological and pharmacological analyses in neonatal tissues cannot be 
used to elucidate adult pain mechanisms, and that data on the physiology of pain and 
analgesia in the adult cannot be extrapolated to the infant. Supported by NSERC.

597.12
ELECTRICAL STIMULATION FOR PAIN ASSESSMENT IN DIFFERENT 
RAT PAIN MODELS. A.J, Mannes*, M.J. Iadarola, R.H. Gracely, D. Kenshalo, U. 
Herzberg1, L. MacArthur, R. Caudle and E. Eliav. PNMB. NIDR, 'CNB, NINDS, 
NIH, Bethesda, MD 20892, *Dept. of Anesthesiology, HUP, Philadelphia, PA 19104

Cutaneous electrical stimulation (CST) is used in human quantitative sensory 
testing to selectively activate Aj3 axons at just-detectable stimulus levels, and to 
recruit small fibers as stimulus intensity is increased. Activation is independent of 
receptor processes such as sensitization; thus CST can distinguish between A|3 and 
nociceptor mediated touch-evoked pain (allodynia). This study examined CST in 2 
models of experimental pain: sciatic nerve chronic constriction injury (CCI) and 
unilateral paw inflammation with carrageenan.

Rats were tested before and 4 hours after a carrageenan injection into the hind paw. 
Using the CCI model, rats were tested before and 6,11,13,17 and 19 days after 
surgery. Threshold testing was performed by applying an increasing current ramp 
(100 Hz, 50% duty cycle) to the rat’s hind paw. The current required to evoke a 
distinct paw withdrawal was recorded. Duration of paw withdrawal to a 
suprathreshold stimulus (1-second burst, 100 Hz, 50% duty cycle) was also 
determined.

Paw withdrawal threshold to CST (75pA ± 8) was reduced significantly (46pA ± 
6) and the duration of paw withdrawal to suprathreshold CST (0.5 sec±0.01) was 
lengthened significantly after carrageenan injection (2.7 sec ± 0.8). Administration 
of morphine (10 mg/kg s.c.) 4 hours after the carrageenan injection increased 
threshold current and reduced withdrawal duration (410pA ± 57, 0.5 sec ± 0.01). 
Naloxone (1 mg/kg) reversed this effect (65pA ± 6, 2.9 sec ± 0.7). In the CCI model, 
the threshold detection showed complex changes over the time course of the injury. 
The duration of paw withdrawal using supramaximal stimulus was prolonged 
throughout the time course. Morphine (10 mg/kg s.c.) administered at day 19 
attenuated both these responses in a naloxone reversible fashion.

These data suggest that CST is a versatile method for measuring hyperalgesia and 
allodynia in both acute inflammation and in the CCI model of neuropathic pain.

(Supported by IRP, NIDR, NIH)
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598.1
CHANGES IN TISSUE pH AND RESPONSES OF CUTANEOUS RECEPTORS 
TO ACETIC ACID APPLICATION IN THE FROG. D.T. Hamamoto*1, M.W. 
Forkey1, S. Willenbring3, C.W. Stevens4, and K.C. Kaiander12. Depts of Oral 
Science1, and Cell Biol & Neuroanatomy2, and Grad Program in Neuroscience2, U of 
M, Minneapolis, MN, 55455; School of Health Sciences3, Coll, of WV, Beckley,
WV, 25802; and Coll, of Osteopathic Med.4, OK State Univ., Tulsa, OK, 74107

The frog has been proposed as an alternative animal model for behavioral pain 
research (Stevens, Life Sciences, 1992;50:901-912). A drop of acetic acid (AA) applied 
to the hindlimb skin results in nocifensive behaviors, including a quick wiping of the 
exposed skin. However, little is known regarding changes in tissue pH produced by 
AA or about frog cutaneous receptors activated by AA. Therefore, these experiments 
had two goals: 1) evaluate changes in subcutaneous pH following application of AA 
and, 2) characterize frog cutaneous receptors responsive to AA. Additionally, changes 
in tissue pH and responses of receptors were compared with behavioral responses to
AA. Hindlimb subcutaneous tissue pH was measured using a pH microelectrode in 
anesthetized Northern Grass frogs. Standard single-fiber electrophysiological methods 
were used to evaluate primary afferent unit activity in the sciatic nerve. Responses of 
units to mechanical, thermal, and chemical stimuli (AA) were evaluated. Finally, the 
least acidic AA solution that produced a nocifensive behavior was determined in awake 
frogs. Subcutaneous pH decreased as increasingly more acidic AA was applied. 
Electrophysiological results demonstrated that the majority of A&- and C-fibers 
responded to AA. A greater percentage of C-fibers responded; however, A6-fibers 
responded more vigorously. Nocifensive behaviors occurred following application of 
AA solutions that were suprathreshold for activation of As- and C-fibers. These results 
suggest that application of AA produces tissue acidosis and activation of cutaneous A8- 
and C-fibers. As-fibers responded most vigorously and may underlie acetic add induced 
nocifensive behavior in the frog. This research was supported by grants from the 
National Institutes of Health (NS29567 and DE00270).

598.2
GLYCINERGIC MECHANISMS IN AMPHIBIAN PERIPHERAL 
SENSITIVITY. S, Willenbring. C.W.Stevens and K.C.Ktyander*, 
Oklahoma State Univ. College of Osteopathic Medicine, Tulsa, OK 74107

Behavioral response assays, including chemical (topical acetic acid), 
thermal (radiant heat) and mechanical (von Frey filament)stimuli, are 
accurate and reliable methods for quantifying peripheral sensitivity in the 
amphibian (frog), Rana pipiens. Significant elevations of all three sensory 
modality thresholds are produced by systemic or spinal administrations of 
either opioid or adrenergic drugs. The present study provides an initial 
assessment of the role of spinal glycinergic systems in modulating each 
of these sensory modalities. Spinal glycine (300, 1000 and 3000 nmol) 
produced significant threshold (thermal = latency) elevations in all three 
assays at the highest dose and also at the 1000 nmol dose in the thermal 
assay. The glycine antagonist, strychnine (0.3, 1.0 and 3.0 nmol) 
produced significant reductions of chemical and mechanical thresholds at 
all three doses, but had no significant effect on thermal latencies at any 
dose tested. The findings provide additional evidence that spinal 
antinociceptive mechanisms in the amphibian include endogenous 
glycinergic systems similar to those observed in mammals. The presence 
of variability in the effects of treatments among the three modalities is not 
unlike similar variability observed after various types of peripheral nerve 
injury in this model, extending our previous opinion that the pathways for 
these three sensory modalities have both shared and neurologically 
distinct components. Support: NIH F32-NS09732 (sw) and DA07326 (cws)
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598.3
IMMUNOLOCALIZATION AND IMMUNOBLOT ANALYSIS OF Na+-K+ 
CHANNEL AND Na+-K+ ATPase IN RABBIT CORNEAL NERVE. Q, Ma, 
R. W. Beuerman* and D. Zhang. Department of Ophthalmology, LSU Eye 
Center, New Orleans, LA 70112.

Rabbit polyclonal antibodies specific for Na+-K+ channels and Na+-K+ 
ATPase were used to localize these membrane proteins in frozen sections 
from rat corneal stroma, ciliary nerve and trigeminal ganglia respectively. 
Immunohistochemical analysis showed that Na+-K+ channels and all subunits 
of Na+-K+ ATPase were localized to corneal nerves. Elements of deep 
stromal nerves, as well as the subepithelial plexus, were easily discerned. The 
intraepithelial terminals were not readily observable. Both epithelium and 
endothelium were scraped off corneas and used in Western blot analysis. The 
immunoblot analysis using 10% SDS-PAGE revealed that al, a2, and a3 
subunits all expressed a 100 KDa protein in the stroma, isolated ciliary nerve, 
and trigeminal ganglia. Moreover, al expressed the strongest 
immunoreactivity. BI expressed as a 50 KDa protein in trigeminal ganglia as 
well as 38 KDa in all of three tissues. B2 subunit was found to be 66 KDa in 
these tissues. These results indicate that Na+-K+ channel and Na+-K+ ATPase 
sites are present in rat corneal nerves, and that al, BI, and B2 subunits are 
the most common isoforms of Na+-K+ ATPase. These findings suggest that 
al, 61, and 62 subunits may play an important role in the regulation of Na+- 
K+ transport and ionic balance in corneal nerve membrane potential following 
repetitive activity induced by sensory stimulation. These results will be useful 
in studying further alteration of activity in Na+-K+ channel and Na+-K+ 
ATPase under pathologic conditions. Supported in part by EY04074.

598.4
EPINEURIAL NERVE ENDINGS RELEASE NEUROPEPTIDE UPON 
ANTIDROMIC ACTIVATION, AXONS UPON CAPSAICIN. $.K. Sauer, GM 
Bove. B. Averbeck and P.W. Reeh*. Dept. Physiol.I, University Erlangen- 
Nurnberg, D-91054 Erlangen, Germany.

Nociceptors innervating nerve sheaths may be involved in pain from 
neuropathies, nerve compression, and radiculopathies. "Nervi nervorum" with 
unmyelinated fibers were shown to branch in peri- and epineurium and to 
contain calcitonin gene-related peptide (CGRP;Bove&Light, 1995,Somatosens. 
Mot. Res. 12,49-57). Stimulated release of this neuropeptide has now been 
measured, in vitro.

Stretches of sciatic nerves (50 - 60 mg) were excised from 13 male Wistar 
rats. The preparations were washed in oxygenated "synthetic interstitial fluid" 
(SIF) at 32°C and then passed through a series of 6 incubations lasting 5 min 
each. During the third eluation period either a mixture of bradykinin, histamine, 
serotonin ("IM"10'5 M) or capsaicin (10'6 M) was added, or the cut nerve ends 
were electrically stimulated (bipolar, 30 V, 1 ms, 4/s). The CGRP content of the 
eluates was determined using an enzyme immuno assay kit (SPIbio, France).

The baseline secretion of CGRP was measured to be 340 pg in 5 min, on 
average (± 155 pg SD, n=23) which refers to 1 g of nerve. IM elevated the 
release slightly and transiently (n.s., n=8). Electrostimulation of the proximal 
but not distal stump increased the CGRP content transiently by about 40%, on 
average (p=0.009, n=10, Wilcoxon). Capsaicin caused a sustained increase of 
CGRP outflow by a factor of 5.4 (p=0.04, n=5).
We interpret the results as first functional evidence for epineurial sensory 
nerve endings, activated by antidromic impulses, releasing neuropeptides and, 
thus, capable of inducing "neurogenic inflammation". The discrepancy between 
IM and capsaicin may mean that the neurotoxin is able to liberate CGRP-like 
immunoreactivity from axons which are not normally equipped for physiological 
exocytosis of neuropeptide vesicles. (Supported by DFG, SFB 353, B12/Z2)

598.5
A DISCREPANCY BETWEEN LOSS OF C-FIBERS BY 
CAPSAICIN AND RESPONSES TO NOXIOUS HEAT DURING 
POSTNATAL DEVELOPMENT OF THE MOUSE.
A, Hiura*, Y. Koshigae, A. Yoshizako and H, Ishizuka. Dept. of 2nd Oral 
Anat., Tokushima Univ. Sch. of Dent., Tokushima 770, JAPAN

Previously we reported that a marked increase in hot-plate latency do not 
always correspond to marked reduction of C fibers in the L, dorsal roots after 
treatment of mice 10, 15, or 20 days or 30 or 60 days of age with capsaicin 
(Somatosens. Res. 9, 1992). Neonatal mice were used to ensure this 
intriguing phenomenon. Capsaicin (50mg /kg) was subcutaneously injected 
once into mice on days 2, 5, 10 and 15 days after birth. Control mice were 
injected only vehicle. The withdrawal latency of the hind paw to thermal 
stimuli (IR beam) were tested at 10-day intervals from 10 to 60 days and 20- 
day intervals from 60 to 120 days, respectively, after capsaicin or vehicle 
application. The withdrawal latency to noxious heat was significantly 
increased in the animals injected capsaicin on day 10 and 15 of life. On the 
other hand, the-animals injected capsaicin on day 2 and 5 of life showed no 
significant differences of the latency, despite the marked loss of C fibers in 
the L4 dorsal roots at these ages.

The discrepant result suggests an unknown compensative mechanism 
against marked loss of C fibers at least in thermal pain transmission within 10 
day after birth.

598.6
MECHANICAL SENSITIVITY OF CUTANEOUS C-FIBERS AFTER 
INTRADERMAL ADMINISTRATION OF PROSTAGLANDIN E2 IN THE RAT.
X. Chen* and J.D. Levine. Dept. of Anatomy, Medicine, Oral and Maxillofacial 
Surgery, Univ. of California, San Francisco, CA 94143.

There has been a conflict in the literature regarding the ability of C-fiber 
nociceptors to be sensitized to mechanical stimuli by prostaglandin. In this 
electrophysiological study, the mechanical threshold and number of action potentials 
elicited by a 10 s sustained threshold and a 10 g mechanical stimulation were 
measured after intradermal injection of prostaglandin E2 adjacent to the receptive field 
of cutaneous C-fibers of saphenous nerve in rats. Injection of prostaglandin E2 
decreased von Frey hair mechanical threshold in 18 of 38 (47.4%) C-fibers and 
increased the number of spikes generated in response to sustained mechanical 
threshold in 13 of 15 (86.7%) C-fibers and to sustained 10 g von Frey stimulation in 
17 of 36 (47.2%) C-fibers. The effect of prostaglandin E2 was significant in responses 
to sustained threshold stimulation. C-fibers which showed a decrease in mechanical 
threshold after injection of prostaglandin E2 always resulted in an increase in the 
number of impulses evoked by sustained threshold stimulation, but not always in the 
number by prolonged 10 g stimulation. On the other hand, C-fibers with enhanced 
responses to sustained threshold stimulation did not always demonstrate a decrease in 
mechanical threshold nor an increase in responses to prolonged 10 g stimulation. In 
contrast, injection of saline did not result in any significant decrease in von Frey hair 
mechanical threshold or effect on the spikes elicited by the sustained threshold or 10 
g mechanical stimuli. These results support the suggestion that prostaglandin E2 
plays a role in decreasing mechanical threshold and in increasing response to a 
threshold mechanical stimulus and suggest that failure to detect mechanical 
sensitization in previous studies may have been due to use of intense mechanical 
stimuli. (Funded by NIH NS2164)

598.7
OPPOSITE EFFECTS OF NOREPINEPHRINE ON THE HEAT AND 
BRADYKININ RESPONSES OF CUTANEOUS NOCICEPTORS IN NORMAL 
RATS. J. Sato*, T. Kumazawa and K. Mizumura. Res. Inst. 
Environ. Med., Nagoya Univ., Nagoya, 464-01 Japan.

Sympathomimetics have been reported to excite 
cutaneous polymodal receptors (CPRs) in some 
pathological conditions. However, it remains obscure 
whether sympathetic action augments the CPR responses to 
other types of stimulus. To clarify this issue, the 
effects of norepinephrine (NE) on the heat and 
bradykinin (BK) responses of CPRs were studied using 
skin-saphenous nerve in vitro preparation. Under deep 
anesthesia, the saphenous nerve in continuity with the 
hind paw skin of normal SD rats was sabcutaneously 
dissected and excised. Receptive fields of identified 
single CPRs were ramp-heated or superfused with chemical 
solutions at the corium side. There was a large inter-
individual variability in pattern and magnitude of the 
BK (1-10 uM) response, and a marked tachyphylaxis upon 
repeated BK superfusion (10-min interval) was observed. 
NE (1-10 uM) by itself did not excite CPRs before BK or 
heat stimulations. In contrast, after a few trials of BK 
or heat, some CPRs were excited by NE. NE (1-10 uM) 
sensitized the BK responses, while it suppressed the 
heat responses regardless of the presence of NE-induced 
excitation. These results suggest different mechanisms 
of NE-modification on BK and heat responses of CPRs.

598.8
EVIDENCE ON THE POSSIBLE FUNCTION OF P2X3 RECEPTORS IN 
DENTAL PULP. B. Matthews*. F. Li. B, S. Khakh. N, Vongsavan. K, Fried, and
L. Vulchanova. Depts Physiol and Pharmacol, Univ Bristol, U.K. BS8 1TD; Dental 
Fac, Mahidol Univ, Bankok, Thailand; Dept Neurosci, Karolinska Inst., Stockholm 
S-17177, Sweden; Dept Cell Biol & Neuroanat, Univ Minnesota, MN 55455.

Preliminary histological evidence indicated that P2Xj receptors were present in 
rat dental pulp. In the present experiments we have investigated the effects of 
applying ATP analogues to dentine and pulp on the properties of intradental nerves 
in cat canine teeth (n=ll). Evidence on the distribution of P2X3 receptors in cat 
pulp has also been sought. Young adult cats were anaesthetized with sodium 
pentobarbitone. Multifibre recordings were made from myelinated pulpal afferents 
with electrodes applied to the dentine, and pulpal blood flow was monitored with a 
laser Doppler flow meter (Matthews & Vongsavan, Archs oral Biol. 39, 87S-95S,
1994). Drugs were applied either to etched dentine at the tip of the tooth, to 
exposed pulp at the tip of the tooth, or to pulp at the side of the crown. After the 
application of ATPgS (3xlO'3 mol/1) to dentine at a pressure of 30 cm water for 10 
minutes (n=2), the discharges evoked by hydrostatic pressure stimuli (±200 to 300 
mm Hg) were increased by a factor of up to 2 above those in control experiments. 
Under the same conditions, abmeATP had little or no effect. The same drugs 
applied at a concentration of lx or 3x1 O'4 mol/1 had no effect. After exposure of the 
pulp at the tip of the tooth and removal of debris with acid, there was a continuous 
discharge in some pulpal afferents. In 3 of 5 preparations, the frequency of this 
discharge increased after the application of ATPgS (lxlO-4 to 3xlO'3 mol/1) or 
abmeATP (3xl0‘4 to 3xlO'3 mol/1). No effects were seen after applying these drugs 
to pulp at the side of the crown (ATPgS lxl0~4 mol/1, abmeATP 3xl0‘4 mol/1). In 
none of the experiments was there any increase in pulpal blood flow that could be 
attributed either to a direct effect of the ATP or, via an axon reflex mechanism, to 
excitation of small diameter afferents by the ATP. There was histological evidence 
for P2X3 receptors in cat pulp but neuronal labelling was confined mainly to root 
pulp. The results of these experiments suggest that ATP may increase the 
excitability of sensory receptors associated with pain from teeth.

Supported by a GlaxoWellcome Grant to BSK.
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598.9
EFFECT OF PERIPHERAL NERVE INJURY ON NITRIC OXIDE 
SYNTHASE AND CYCLIC GMP EXPRESSION IN RAT DORSAL ROOT 
GANGLIA: TIME COURSE AND COEXISTENCE. K. Holmberg* a, T. T,

Neuroscience, Karolinska Institute, Stockholm, Sweden8, Dept. of 
Psychiatry and Neuropsychology, University of Maastricht, The 
Netherlands1*.

Using the indirect immunofluoresence method combined with confocal 
microscopy, the distribution of nitric oxide synthase (NOS) and cyclic GMP 
(cGMP) was investigated in lumbar 5 (L5) dorsal root ganglia (DRGs) of 
untreated rats, and of rats 1 day, 3 days, 7 days and 28 days following sciatic 
nerve section (axotomy). Moreover, rats were injected with carrageenan 
lambda into the unilateral hindpaw and studied after 2 days. Axotomy 
induced a marked increase in the percentage of NOS-immunoreactive (IR) 
neurons in the ipsilateral DRGs as follows: 15% at 1 day, 35% at 3 days, 48% 
at 7 days, and 42% at 28 days, whereas no significant change was found in 
the expression of NOS-like immunoreactivity (LI) in the inflamed DRGs as 
compared to untreated DRGs. An increase in the number of cGMP-IR satellite 
cells was found in axotomized DRGs at 3 days, reached a peak at 7 days, and 
was decreased at 28 days. In contrast, no change in cGMP-LI in satellite cells 
was detected following 1 day after axotomy and 2 days after inflammation, 
as compared to normal controls. The present results show that peripheral 
nerve injury- induced upregulation of NOS in DRG neurons is paralleled by 
an increase of cGMP levels in satellite cells, suggesting an involvement of 
NO as a signalling molecule between neurons and satellite cells in DRGs, 
especially after peripheral nerve injury. (Supported by Swedish MRC 04X- 
2887; EU BIOMED2 BMH4-CT95-0172; ASTRA PAIN CONTROL AB 
Sweden)

598.10
NERVE GROWTH FACTOR INCREASES THE RESPONSE TO 

BRADYKININ IN NEURONS OF ADULT RAT DORSAL ROOT 

GANGLIA. M. KASAI, T. KUMAZAWA* and K. MIZUMURA. 

Dept. of Neural Regul. Res., Inst, of Environ. Med., Nagoya Univ., 

Nagoya 464-01, Japan

The effects of nerve growth factor (NGF) on the response to 

bradykinin (BK) were examined in small neurons (<30 /z m) of adult 

rat dorsal root ganglia. After cultivation with NGF, the percentage of 
neurons depolarized by BK (10-7 or 10’^ M) was significantly higher 

than those in the freshly dissociated neurons and the neurons cultured 

without NGF (46%, 54 of 117 vs 13%, 3 of 23 and 11%, 4 of 37, 

p<0.01 by 2 -test). This percentage in the NGF group was low at 

the 1st day, but it was significantly higher at the 2 - 4 days. The 
amplitude of the depolarization produced by BK (10-7 M) was greater 

in the NGF group than in the no-NGF group. Bl receptor agonist 
(10'5 M) had no effect on all of 13 neurons in the NGF group which 

were depolarized by BK (10_7 or 10_5 M). These results demonstrate 

that NGF increases the BK response which is mediated through not Bl 

but possibly B2 receptors, in adult rat DRG neurons.

598.11
A BILATERAL INDUCTION OF BRADYKININ BINDING SITES IN DRG 
NEURONS IS TRIGGERED BY A UNILATERAL TIGHT LIGATION OF A 
PERIPHERAL NERVE. M. Petersen*, G. Segond v. Banchet, A. Eckert and
B. Heppelmann Institute of Physiology. University of Wurzburg, Germany.

In behavioral studies it has been shown that (i) a unilateral hindpaw in-
flammation causes a bilateral thermal hyperalgesia and that (ii) an induction 
of bradykinin (BK) receptors is involved in hyperalgesia. We studied 
changes in the expression of BK binding sites in isolated dorsal root gan-
glion neurons from adult rats following a unilateral tight ligation of the sciatic 
nerve. After 2, .10 or 20 days, the ganglia L4/L5, L2/L3 and T12/T13 were 
excised on both sides. Neurons were enzymatically isolated and grown on 
coverslips. As a control, corresponding ganglia from uninjured rats were 
used. After 0.8 days in culture, BK binding sites were visualized by silver- 
enhanced gold labeled BK and quantified by an image analyzing system.

In control rats, BK binding sites were constitutively expressed in about 
50% of neurons. L4/L5: Following a 2 day ligation, the percentage of BK- 
binding neurons was increased to about 85%, both on the injured side as 
well as on the uninjured contralateral side. This value did not change on the 
injured side following a 10 day ligation, but declined to about 64% on the 
contralateral side. After 20 days, the percentage of BK-binding neurons had 
returned to control levels on both sides. L2/L3: Following a 2 day ligation, 
about 85% of neurons from ganglia both on the injured and uninjured side 
expressed BK binding sites. However, after a 10 day ligation the percentage 
returned to control values of about 50%. T12/T13: After nerve injury for 2 or 
10 days, the percentage of neurons with BK binding sites was not different 
from control neurons. These results indicate that a tight ligation of a periph-
eral nerve causes an increase in the percentage of neurons with BK binding 
sites not only on the injured side but also on the uninjured contralateral side, 
however, with a different time course. An induction of BK binding sites was 
observed also in uninjured neurons from adjacent ganglia but not in neurons 
from ganglia more distant. Supported by DFG Pe 299/3-2

598.12
BLOCKADE OF INTERLEUKIN-2-INDUCED INHIBITION OF 
VOLTAGE-GATED Ca2+ CURRENT BY OPIOID p RECEPTOR 
ANTAGONIST (3-FNA IN RAT DORSAL ROOT GANGLION 
NEURONS. Z.- 0. Zhao. G.- D. Wang and X.- L. Yang*1. Shanghai Brain 
Research Institute, 1 Shanghai Institute of Physiology, Chinese Academy of Sciences, 
Shanghai 200031, P. R. China

Our previous studies have shown that s.c. injection of interleukin (IL-2) into the 
region of receptive field of hindpaw a potent naloxone-reversible inhibition Gf 
nociceptive responses in the cat spinal dorsal horn neurons and of nociceptive flexion 
reflexes of rats, suggesting involvement of IL-2 in peripheral analgesia. The present 
work was to examine the effect of IL-2 on rat dorsal root ganglion (DRG) neurons in 
the two preparation in vitro.

In the whole cell recording from the acute dissociated DRG neurons of the adult rat, 
26 capsaicin-sensitive neurons were selected. IL-2 (0.1 - 1 pM, Sigma) decreased 
voltage-gated Ca2+ inward current in all neurons. Such IL-2-induced inhibition was 
blocked by opioid p receptor antagonist (3-FNA.

In the adult rat DRG attaching nerve preparation in vitro, 41 DRG neurons were 
intracellularlly recorded. IL-2 produced a hyperpolarizition (6-12 mV) in 62% of 
neurons, and a depolarization (5-8 mV) in 10.6% of neurons. These IL-2-induced 
change of membrane potential was blocked by (3-FNA.

The results provide a strong evidence that IL-2 could directly act nociceptors to 
produce peripheral analgesia. Given the existence of opioid p receptor in the peripheral 
nerve terminals, the finding that J3-FNA blocked IL-2-induced inhibition seems to 
suggest that opioid and IL-2 receptors are functionally coupled.

Supported by CNSF.

598.13

INHIBITION OF A HYPERPOLARIZATION-ACTIVATED CATION 
CURRENT BY CLONIDINE IN RAT DORSAL ROOT GANGLION 
NEURONS. J. Yagi, K. Yamaguchi* and R. Sumino. Department of 
Physiology, Kyorin University School of Medicine, Tokyo, 181; 
Department of Physiology, Nihon University School of Dentistry, 
Tokyo, 101.

Using the whole-cell patch-clamp method, we studied the effect of 

clonidine (a2-selective agonist) on a hyperpolarization-activated cation 
current (/h) in rat dorsal root ganglion (DRG) neurons. which was 
defined as a slowly activating inward current evoked by hyperpolarizing 
voltage steps, was observed in 7 of 19 small, 24 of 25 medium, and 22 
of 22 large-sized DRG neurons tested. Clonidine (20 //M) reversibly 
reduced /h, shifting the activation curve for /„ in the hyperpolarizing 
direction. The reversal potential of 7h was -38 mV (at |K+|O = 5 mM, 
|Na+|o =151 mM) and PNa/PK was calculated to be 0.21. And clonidine 
induced a small hyperpolarization, reduced repetitive action potentials 
evoked by a depolarizing current pulse and blocked time-dependent 
rectification elicited by a hyperpolarizing current pulse. These data 
suggest that sympathetically released noradrenaline inhibits 7h channels 

via an a2-adrenoceptor, resulting in a reduction of ectopic impulses 
which develop in DRG neurons after peripheral nerve injury. Supported 
by Grants-in-Aid from Japanese Ministry of Education, Science and 
Culture (08780791) and Research Project of Kyorin University.

598.14
5HT4-RECEPTOR-ACTIVATION AND PROSTAGLANDIN E2 INCREASE 
SODIUM CURRENTS IN NOCICEPTOR-LIKE ACUTELY ISOLATED RAT 
DORSAL ROOT GANGLION CELLS. Carla G. Cardenas, Lucinda P. Del Mar, 
Brian Y. Cooper, and Reese S. Scroggs* Univ. of Tennessee, College of Medicine, 
Dept. of Anatomy and Neurobiology, Memphis, TN 38163 and Univ. of Florida, 
College of Dentistry, Dept. of Oral and Maxillofacial Surgery, Gainsville, FI 32610.

The distribution of tetrodotoxin (TTX) sensitive and insensitive Na+ currents, and 
their modulation by serotonin (5HT) and prostaglandin E2 (PGE2) was studied in four 
different types of dorsal root ganglion (DRG) cells (type 1, 2, 3, and 4) previously 
identified based on differences in membrane properties (Cardenas et al., 1995, J 
Neurophysiol 74:1870-1879). Type 1 and 2 DRG cells, which were capsaicin 
sensitive, expressed Na+ currents which were insensitive to blockade by 1 pM TTX, 
while type 3 and 4 DRG cells, which were capsaicin insensitive, expressed exclusively 
TTX -sensitive Na+ currents.

Application of 5HT (1-10 pM) increased TTX-insensitive Na+ currents in type 2 
DRG cells, but did not affect Na+ currents in type 1, 3, or 4 DRG cells. PGE2 (4 pM or 
10 pM) increased Na+ currents in varying portions of cells in all four groups.

The receptor mediating the effects of 5HT resembled the 5HT4 subtype 
pharmacologically. The receptor was activated by 5-methoxy-N,N-dimethyl- 
tryptamine (10 pM), but not by 5-carboxyamidotryptamine (1 pM), (+)8-OH-DPAT 
(10 pM), or 2-methyl-5HT (10 pM), and was blocked by ICS 205-930 with an EC50 of 
approximately 2 pM, but not by ketanserin (1 pM). The 5HT induced increase in Na+ 
current was not mimicked by the membrane permeant 8-chlorophenylthio-cAMP (200 
pM), indicating that an increase in cAMP levels was not involved.

The data suggest that 5HT and PGE2 mediated increases in Na+ current may be 
involved in hyperesthesia in different but overlapping subpopulations of nociceptors.

Supported by NSF Grant # IBN93-10065 to Reese Scroggs.
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598.15
STIMULUS-EVOKED RELEASE OF SUBSTANCE P IN THE GUINEA PIG 
TRIGEMINAL GANGLION IN VIVO. J. K. Neubert. M. Uzelac, and I. Spigelman* 
Section of Oral Biology, UCLA School of Dentistry, Los Angeles, CA 90095.

A large subset of sensory neurons in guinea pig trigeminal ganglia (TRG) respond 
to application of synthetic substance P (SP) with a depolarization (Spigelman and 
Puil, 1988). This led us to suggest that the neurokinin receptors on somata of primaiy 
afferents may have a functional physiological role and to propose the possibility of 
neuropeptide release within sensory ganglia (Spigelman and Puil, 1991). The aim of 
this study was to investigate the possibility of SP release within the guinea pig TRG. 
For this, we adapted the technique of microdialysis in vivo coupled with a 
radioimmunoassay for SP detection in dialysate samples. After inserting a 
microdialysis probe in the trigeminal ganglion of a decerebrated, ventilated guinea 
pig and a 3 hr collection of baseline samples, we stimulated trigeminal neurons either 
chemically or electrically for 20 min followed by 3 hrs of post-stimulation sample 
collection. When the dialysate solution was switched to one containing high 
potassium (lOOmM, 50/iL) the SP levels in collected samples increased by 544 ± 
97% (n=3) within the first post-stimulation period when comparing baseline versus 
post-stimulation values (p< 0.006). The SP levels decreased towards basal values 
within 1 hr of stimulation. Similarly, veratridine (50pM, 50^L) infusion produced a 
737 ± 255% (n=3) reversible increase in SP levels (p<0.05). Electrical stimulation 
(75-90V, 1ms, 5Hz) of the ophthalmic and maxillary branches of the trigeminal nerve 
using a platinum bipolar electrode produced a 212 ± 28% (n=5) reversible increase 
in SP levels (p<0.05), and this response was maximal within 60 min of stimulation.

Our results provide the first demonstration of SP release in the trigeminal ganglion 
in vivo after chemical stimulation of neuronal perikarya or electrical stimulation of 
peripheral afferents. This implicates sensory ganglia as a potential site of sensory 
signal modulation under normal physiological conditions and possibly in pathological 
pain states. This project was supported by the NIDR training grant T32 DEO7212.

598.16
A POSSIBLE PHYSIOLOGICAL ROLE FOR SUBSTANCE P RELEASE IN 
SENSORY GANGLIA Y. Matsuka, Z. Li* and I. Spigelman. Section of Oral 
Biology, UCLA School of Dentistry, Los Angeles, CA 90095.

The undecapeptide substance P (SP) plays an important role in nociception and the 
response to tissue injury. Recently, stimulus-evoked release of SP was demonstrated 
in dorsal root ganglion (DRG) neurons in vitro (Huang & Neher, Neuron 17:135- 
145, 1996) and within guinea pig trigeminal ganglia (TRG) in vivo (Neubert et. al., 
this volume, 1997). The aim of this study was to investigate the possibility that SP 
modulates signal transmission within sensory ganglia. Intracellular recordings were 
obtained at 35 °C from neurons in guinea pig TRGs and rat DRGs in vitro. Neurons 
were classified into A- or C-type based on their action potential characteristics and 
membrane properties. TRG and DRG neurons responded to application of synthetic 
substance P (SP) with a depolarization. These included >50% of A- and C-type 
neurons in both preparations. Selective neurokinin-1 and -2 receptor antagonists did 
not block the depolarizations. The responses may be considered excitatory, as they 
facilitated repetitive somatic spike discharge evoked with intracellular injection of 
depolarizing current pulses. However, in ~30% of DRG neurons which exhibited 
depolarizing responses to SP, action potentials evoked by peripheral nerve 
stimulation failed to evoke a somatic spike during the SP application. This reversible 
effect was specific to A-type neurons (conduction velocity 7 ± 1.4 m/s) and persisted 
when the membrane potential was maintained at control levels during the SP 
application. In the same neurons prior to SP application, varying the membrane 
potential with current injection did not block somatic invasion of peripheral nerve- 
evoked spikes. Our results suggest that following a noxious stimulus-induced release 
of SP in sensory ganglia, SP acts in a cell-type specific manner to modulate somatic 
spike discharge. This implicates sensory ganglia as a site of sensory signal 
modulation under normal physiological conditions and possibly in pathological pain 
states. The study was supported by the NIDR training grant T32 DEO7212.

598.17
MYELINATED DORSAL ROOT AFFERENTS CONTINUE TO 
INCREASE IN NUMBER 15 MONTHS FOLLOWING 
SEGMENTAL NERVE LIGATION. H A. Lekan*, K, Chung, Y.W. 
Yoon, J.M, Chung, and R E, Coggeshall. Marine Biomedical Institute, 
The University of Texas Medical Branch, Galveston, TX 77555-1069.

Ligation of the L5 and L6 spinal nerves distal to the dorsal root 
ganglia (DRG) in rats produces an experimental peripheral neuropathy 
with signs of thermal hyperalgesia and mechanical allodynia lasting for 
at least one month. Previous anatomical studies have shown that 
myelinated Ap fibers sprout into a region of the dorsal horn, normally 
occupied by small diameter fibers subserving pain and temperature. 
Additional studies indicate myelinated dorsal root (DR) axonal 
sprouting at 8 months following neuropathy concomitant with a >50% 
loss of DRG cells. To address the question of the time course and 
maximal effects of these anatomical changes, we looked at the number 
of DRG cells (L5 and L6) and their central processes 15-18 months 
following neuropathy. The results indicate no further DRG cell loss 
compared to 8 month neuropaths but the myelinated and unmyelinated 
afferent fibers in the DRs are still increasing in number even though the 
animals no longer exhibit behavioral signs of neuropathy. This work 
was supported by NIH grants NS 11255, NS 10161, NS31680 and 
NS35057.

598.18
A HUMAN ENDOGENOUS PEPTIDE FRAGMENT (PLAP-34) 
INHIBITS A TRANSIENT OUTWARD K+ CURRENT AND 
INDUCES PROFOUND EXCITABILITY IN NOCICEPTIVE CELLS 
OF RAT DRG. B. Cooper*. B. and R.S. Scroqqs, Dept. of OMFS and Dept. 
of Anatomy and Neurobiology, Univ. of Florida, Gainesville, FI and Univ of 
Tennessee, Memphis, TN, USA.
Following axotomy or constriction of peripheral nerves, axons and cell bodies 
of sensory afferents manifest de novo reactivity to pharmacologic agents that 
inhibit voltage activated K+ channels (e.g., 4-AP). In the study below, we 
examined the actions of a 34 amino acid peptide fragment (PLAP-34) of an 
endogenous phospholipase A2 activating protein (PLAP) on a transient 
outward K+ current (TOC, A-current) that is expressed in a subgroup of 
nociceptive cells of the rat DRG. The DRG of young adult rats were 
enzymatically dissociated. Whole cell patch recordings were obtained from 
nociceptive cells that were subcategorized according the method of Scroggs 
(Cardenas et al., 1995). In voltage clamp mode, A-currents of type 2 cells 
were isolated by hyperpolarizing pulses; subsequently, rheobase excitability 
was determined in current clamp mode. PLAP-34 produced dose 
dependent (1-300 uM, n=12) inhibition (17-92%) of peak A-current (ED50 = 
25 uM), decreased rheobase (442.8 +/- 78.2 to 264.3 +/-17.9 pA; p<.04) 
and produced epileptiform discharges at or near threshold currents (p<.001). 
Excitability of type 1 cells was only weakly improved. It is concluded that 
expression of PLAP in DRG or at a site of demyelination could exert profound
effects on nociceptor excitability via inhibition of A-current.
Supported by NSF IBN93-10065 to RSS

598.19
NUCLEUS PULPOSUS INDUCED BEHAVIORAL AND MECHANO-SENSITIVITY 
CHANGES IN LUMBAR NERVE ROOT. C.Y. Chen. J.M, Cavanaugh*. S. Kallakuri, 
D. Blaeoev. Bioengineering Center, Wayne State University, Detroit, MI 48202

It is hypothesized that herniated nucleus pulposus (NP) causes a chemical radiculitis. 
This study was undertaken to determine whether exposure of lumbar nerve roots to NP 
changes the mechanical sensitivity of the hind paw and tail and of the roots themselves. 
Methods: Twenty-nine male Sprague-Dawley rats were used in NP-injected, fat-injected 
aid controls (Table 1). Fresh allografted NP or fat tissue was injected into the L4/5 
epidural space through a laminectomy. Paw mechanical withdrawal thresholds were 
determined daily for 7, 14, 21 or 30 days. On these days dorsal root recordings were 
made to determine mechanical sensitivity in NP-exposed, fat-exposed and control dorsal 
roots. Results: Fig. 1 shows hind paw mechanical withdrawal threshold changes. Table 
1 shows neurophysiologic changes. (+) indicates squeezing dorsal roots (1.2 gram 
force) at the L4/5 level with a nylon filament elicited 20-30 sec afterdischarges. (-) 
indicates squeezing elicited nerve discharge of about 0.1 sec without afterdischarge.

(gram)
Tab.l Afterdischarge upon compression on nerve root

70 
60 
50 
40 
30 
20 
10 

0
-1 0 1 2 3 4 6 7 10141 821262830 (day) 

Conclusion: The discharge duration after mechanical pressure in NP-exposed roots was 
significantly longer than in fat-exposed roots. This suggests a mechanism that was not 
simply an autoimmune reaction and indicates that herniated nucleus pulposus sensitizes 
nerve roots to mechanical compression. This may be an etiology of sciatica. (Supported 
by NIH Grant AR41739 and the WSU Office of Research and Sponsored Programs).

7-day 14-day 21-day 30-day

+ ! - + ! - + ! - 1 + ! -

NP 3- !o 3 i° 3 :0 1 ! 2

Fat 0 ! 3 0 ! 3 1 ! 2 1 ! 2
(-) in a 1 controls (n=5) * Number of cases
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599.1
Bilateral painful neuropathy induced by unilateral antigen application to

the sciatic nerve of immunosensitized rats. U, Herzberg*1. E. Eliav2 EL

1 2 2 1 Hiremagalur , D.R, Kenshalo R.H, Gracely , and I.J, Kopin .

1 Clinical Neuroscience Branch, NINDS. 2Pain and Neurosensory Mechanisms 

Branch, NIDR, 9000 Rockville Pike, Bethesda, MD 20892.
To study the role of the immune system in mediating painful neuropathies, 

naive rats and rats sensitized to keyhole limpet hemocyanin (KLH) were challenged 
by applying heat aggregated KLH (HA-KLH) to the left sciatic nerve. Application 
of HA-KLH to the left sciatic nerve in animals previously sensitized to KLH 
indiced a long lasting bilateral thermal and mechanical hyperalgesia and mechanical 
allodynia No behavioral changes were observed following application of HA-KLH 
at the nape of the neck or in the hind limb musculature. As early as 5 days after 
HA-KLH application to the sciatic nerve painful behavior was observed in the 
hindpaw ipsilateral to the challenged nerve trunk. Apparent pain in the contralateral 
hindpaw developed after 9-11 days. Histological and immunohistochemical 
examination of peripheral nerves from neuropathic and control animals revealed 
lymphocytic infiltration of the CD4 andCD8 T cell types into peripheral nerves of 
neuropathic animals suggesting that an immune component is involved in 
mediating the bilateral neuropathy. Western blot analysis using sera from these 
animals suggests the development of antibodies against sciatic nerve proteins in 
sensitized rats challenged on the sciatic nerve trunk. (Supported by NINDS and 
NIDR)

599.2
ACTIVITY-DEPENDENT CONDUCTION LATENCY CHANGES 
IN A-BETA FIBERS OF NEUROPATHIC RATS C.K Won. S.L 
Oh, S.C, Tung, J.W. Leem+, J.H Kim* & HC, Shin Dept PhysioL, ColL 
Med., Hallym Univ, Chunchon, +Dept. Physiol, Coll. Med, Yonsei Univ, 
Seoul, Dept PhsyioL Coll. Med. Kangwon National Univ, Chunchon, Korea

Partial nerve injury appears to induce changes of excitability in the 
nerve and often results in abnormal pain sensation, whose 
maintenance is dependent on the impulse activities generated at the 
injury site and/or at dorsal root ganglion cells. Activity-dependent 
changes of the conduction latency of single A-beta fibers of primary 
afferent neurons were characterized in both neuropathic (L4 and L6 
ligated) and normal rats. Response latencies were measured 
immediately after ceasing 1 min of electrical stimulation to either 
dorsal root or the receptive fields at each of eight different activity 
rates (0.5, 1, 5, 10, 25, 50, 100 and 200 Hz). L4 dorsal root fibers of 
neuropathic rats showed much stronger averaged activity dependent 
latency increases (AD) than L4 dorsal root fibers of normal rats 
following 5 to 200 Hz of activity rates. Interestingly, L5 dorsal roots 
of neuropathic rats also exhibited significantly stronger AD than L5 of 
normal rats following 50 to 100 Hz of activity rates. In neuropathic 
rats L4 dorsal root fibers showed much stronger AD than L5 fibers 
following 5 to 200 Hz of activity rates. However, AD of sciatic nerves 
distal to the dorsal root ganglion were not different between 
neuropathic and normal rats. These results suggest that partial nerve 
injury induces activity-dependent excitability changes in the dorsal 
root fibers of neuropathic rat and that these changes may be 
responsible for the altered sensory processing such as in allodynia 
(Supported by KOSEF grant 94-0403-150-02-3).

599.3
ACTIVITY-DEPENDENT CONDUCTION LATENCY CHANGES 
OF A-DELTA & C-FIBERS OF NEUROPATHIC RATS Y. I. 
Kim*, S. I. Oh. S, C. Tune, I. W. Leemt. T. H. Kim & H. C. Shin Dept of 
Physiol., Coll. Med., Hallym Univ., Chunchon, fDept of Physiology, Coll, of 
Med., Yonsei Univ., *Dept of Physiol. Coll. Med. Korea Univ., Seoul, Korea

Partial nerve injury appears to induce changes of excitability in the 
nerve and often results in abnormal pain sensation, whose 
maintenance is dependent on the impulse activities generated at the 
injury site and/or at dorsal root ganglion cells. Activity-dependent 
changes of the conduction latency of single A-delta & C-fibers of 
primary afferent neurons were characterized in both neuropathic (NP, 
L4 and L6 ligated) and normal rats. Response latencies were 
measured immediately after ceasing 1 min of electrical stimulation to 
either dorsal root or the receptive fields at each of seven different 
activity rates (0.5, 1, 5, 10, 25, 50 and 100 Hz). L4 and L5 dorsal root 
C-fibers of NP rats exhibited weaker activity dependent latency 
increases (AD) than dorsal root fibers of normal rats following only 
50 Hz of activity rate. Profiles of AD were not different between L4 
and L5 dorsal root C-fibers of NP rats. In contrast to C-fibers, 
A-delta fibers of L4 dorsal root of NP rats showed stronger averaged 
AD than those of L4 dorsal root fibers of normal rats following 5 and 
10 Hz of activity rates. Interestingly, A-delta fibers of L5 dorsal root 
of NP rats also exhibited significantly stronger AD than those of L5 
in normal rats following 5 Hz of activity rate. In NP rats A-delta 
fibers of L4 dorsal root showed stronger AD than L5 fibers following 
25 and 100 Hz of activity rates. However, ADs of both C- and 
A-delta fibers of the sciatic nerves distal to the dorsal root ganglion 
were not different between NP and normal rats. These results 
suggest that changes of ADs in C- and A-delta fibers of dorsal roots 
may be responsible for the altered sensory processing observed in 
neuropathy (KOSEF grant 94-0403-150-02-3).

599.4
EXPRESSION OF AN ADRENERGIC RECEPTOR mRNA IN 
DORSAL ROOT GANGLIA IN THE SPINAL NERVE LIGATION 
MODEL OF NEUROPATHIC PAIN. Y. H. Lee*, J. Xie, K. Chung, J.
M. Chung. Marine Biomed. Inst, Depts. of Anat. & Neurosci. and 
Physiol. & Biophys, Univ. Texas Med. Br, Galveston, TX 77555.

Using an animal model of sympathetically maintained neuropathic 
pain involving tight ligation of the spinal nerve in the rat, the aim of 
this study was to determine changes in a2A-adrenergic receptor (AR) 

mRNA expression in the dorsal root ganglion (DRG).
The cells expressing a2A-AR mRNA were examined in the L5 DRG 

at various times after a tight ligation of the L5 spinal nerve, using in 
situ hybridization with digoxigenin-labeled RNA probes.

The number of DRG neurons expressing a2A-AR mRNA decreased 
dramatically by the 7th postoperative (PO) day as compared to controls 
(contralateral side) and then gradually recovered as time passed. By 
contrast, the number of a2A-AR positive satellite cells increased at the 

7th PO day and then gradually returned toward normal levels at longer 
PO times.

The results suggest that a2A-AR mRNA is down-regulated in DRG 
neurons after spinal nerve ligation but up-regulated in satellite cells. 
(Supported by NIH grants NS31680, NS35057 and NS11255)

599.5
PERIPHERALLY AXOTOMIZED A-TYPE DRG CELLS FROM 
NEUROPATHIC PAIN-POSITIVE RATS IN AN EXPERIMENTAL MODEL OF 
NEUROPATHY HAVE BROADER SPIKES THAN THOSE FROM PAIN-
NEGATIVE RATS. E. J. Oh*, Y, I. Kim, H. S. Na, S, H, Kim, B. Sung, S. H. 
Nahm and S. K. Hong. Neurosci. Res. Inst, and Dept. of Physiol., Korea Univ. 
Coll, of Med, Seoul, KOREA 136-705.

Recent evidence suggests that abnormal electrical signals from axotomized DRG 
cells are critical for the maintenance of the neuropathic pain from peripheral nerve 
injury. In the present study, we examined if action potential waveform and 
excitability of peripherally axotomized DRG cells of C-, A5- and Aa/p-types were 
different between neuropathic pain-positive and -negative rats.

Adult male Sprague-Dawley rats were subjected to unilateral transection of the SI 
spinal nerve, and behavioral test for the presence of mechanical allodynia in the tail 
was performed with the use of von Frey hair (on postoperative day 1,4,7 and on the 
day of electrophysiological experiment). Intracellular recordings were obtained 
from the SI DRG excised 7-14 days postoperatively from the ipsilateral side to the 
nerve injury. DRG neurons of AS- and Aa/p-types from neuropathic pain-positive 
rats were longer in action potential duration than those from pain-negative rats (AS: 
56%, p<0.01; Aa/p: 24%, p<0.05). However, they were not significantly different 
in other action potential parameters (e.g, amplitude of hyperpolarizing 
afterpotential) and in excitability (e.g, rheobase). DRG neurons of C-type from 
pain-positive and -negative rats were not different from each other in any of 
measured electrophysiological parameters.

Our results suggest that spike broadening in A-type DRG cells following 
peripheral axotomy has a permissive role in the production of peripheral nerve 
injury-induced neuropathic pain, (supported by KOSEF, 94-0403-150-02-3 and 
Ministry of Science & Technology, 95-B-02-08-A-03)

599.6
CHANGES OF NERVE GROWTH FACTOR CONTENTS IN DORSAL ROOT GANGLIA AND 
SPINAL NERVES IN A RAT PERIPHERAL NEUROPATHIC PAIN MODEL Yeung Wook 
Yoon*, Eun Joo Oh, Seo Eun Lee and Seung Kil Hong. Neuroscience Research Institute and 
Department of Physiology, College of Medicine, Korea University, Seoul 136-705, Korea

Although the survival-promoting and differentiating properties of nerve growth factor (NGF) 
on sensory and sympathetic neurons are less evident in adult animal, several lines of 
evidence suggest that NGF responsiveness is present in the adult and that NGF may have an 
important role in maintenance of mature neurons. NGF may also play an important role in the 
regeneration processes after nerve injury because exogenous NGF alleviates the abnormal 
signs exerted in some kind of peripheral neuropathy. To know the role of NGF in peripheral 
neuropathy, we firstly wanted to know the sequential changes in the NGF levels in the dorsal 
root ganglia (DRGs) and spinal nerves after nerve injury and also compare regional 
differences of NGF.

Nerve injuries were made by tight ligation of left L5 and L6 spinal nerves using 6-0 silk 
thread in male Sprague-Dawley rats (body weight was about 150 gm at the neuropathic 
surgery) under enflurane anesthesia. Before the surgery and 1, 3, 5, 7, and 14 days after 
surgery, bilateral L3-6 DRGs and segment of left L5-6 spinal nerves proximal and distal to 
ligation site and correspnding sites of right L3-6 and left L3-4 spinal nerves were collected 
under urethane anesthesia. NGF extraction was made by 8 cycles of freezing and thawing and 
NGF was measured by a two-site enzyme immunoassay (EIA) based on a protocol provided 
by Boehringer Mannheim.

NGF contents in DRGs which disconnected from peripheral target tissues (left L5 and L6) 
and DRGs which kept a connection to peripheral nerves (left L3 and L4, right L3-6) did not 
change significantly from control values. Left L5 and L6 spinal nerves distal to the ligation had 
high NGF contents compared with control values, whereas proximal segments had low NGF 
contents. Unlesioned sites (right L3-6 and left L3-4 spinal nerves) did not show any significant 
changes. Increased amounts of NGF in distal segments of injured spinal nerves may be 
thought as an accumulation of retrogradely transported NGF. And it is supposed that the 
maintenance of NGF amounts in DRGs which lost peripheral connections may reflect de novo 
synthesis after nerve injury, (supported by KOSEF 961-0701-012-2).

Society  for  Neuroscience , Volume  23,1997



1532 PAIN MODULATION: ANATOMY AND PHYSIOLOGY—NEUROPATHIC PAIN TUESDAY PM

599.7
UP-REGULATION OF P2X3 RECEPTORS IN RAT SENSORY
NEURONS FOLLOWING NEUROPATHIC INJURY
A. P. D. W. Ford, L. Kassotakis, I. B. Oglesby, J. C. Hunter, S. D.
Novakovic*. Center for Biological Research, Roche Bioscience, 3401
Hillview Ave, Palo Alto, CA 94304.

The rat P2X3 purinoceptor has been previously cloned and distribution 
of its mRNA established by northern blot and in situ hybridization, 
indicating an exclusive localization in sensory ganglia (Chen et al, Nature 
377:428, 1995). We have studied distribution of P2X3 receptors in rat 
sensory neurons in normal animals and following peripheral nerve injury, 
using immunocytochemical methods. Antiserum was raised in rabbits 
against a 15-amino acid peptide corresponding to the C-terminus of rat 
P2X3, affinity purified, and characterized by western blot, absorption 
assays, and labeling of P2X3 transfected cells. In control animals P2X,- 
like immunolabeling was present in 60-70% of small neurons (<700 pm2) 
in dorsal root ganglia (DRG). Large (>1100 pm2) and medium size (700- 
1100 pm2) DRG neurons were negative for P2X3. In the spinal cord, 
discrete immunoreactivity was observed in lamina II. The chronic 
constriction injury (CCI) model of neuropathic pain was produced in rats 
as previously described (Bennett & Xie, Pain 33:87, 1988). Animals 
which exhibited both cold allodynia and heat hyperalgesia were 
euthanized on day 14 after injury, and tissues removed for further 
analysis. There was no change in labeling intensity or number of P2X3 
positive small DRG neurons following CCI injury. However, 7-10% of 
medium size neurons expressed P2X3-like labeling, in contrast to sham- 
operated animals. In addition, the spinal cord immunoreactivity increased 
in lamina II of dorsal horn, more distinctively on the side ipsilateral to the 
ligated peripheral nerve, indicating an accumulation of receptors in 
presynaptic terminals of the primary sensory neurons. These results 
support the hypothesis that P2X3 may be involved in the processing of 
nociceptive information following a peripheral nerve injury.

599.8
CYTOKINE GENE EXPRESSION IN AN ANIMAL MODEL OF 
NEUROPATHIC PAIN. D. P. Martin* t, P. J. Zollmant, M. Kishif, P. A. 
Lowf, Departments of Anesthesiology]: and Neurologyf, Mayo Clinic, 
Rochester, MN 55905.

Neuropathic pain poses a challenging problem for patients and clinicians. 
We sought to develop a system to explore the role of cytokines in painful 
neuropathy. Our working hypothesis is that cytokines cause neuroplastic 
changes that result in chronic hypersensitive states. We studied an animal 
model of chronic neuropathic pain in which adult Sprague-Dawley rats 
underwent chronic constriction injury to their sciatic nerves by the 
application of four loose ligatures. Control animals underwent surgical 
incision and nerve exposure, without chronic constriction injury. We 
measured the sensory thresholds to mechanical and thermal stimuli at 3, 7, 
14, 45, and 300 days postsurgery. Animals that underwent chronic 
constriction injury displayed significant hypersensitivity to mechanical and 
thermal stimuli at days 3-14 in the ipsilateral limb as compared to both the 
contralateral limb, and the control surgery group. We harvested the nerve, 
perineural inflammatory tissue, and dorsal root ganglia (DRG), at the above 
times under pentobarbital anesthesia. We extracted mRNA from these 
tissues and measured cytokine gene expression with semi-quantitative RT- 
PCR. Tissues were compared by normalizing the expression of the 
“housekeeping” genes cyclophilin and actin. Relative to these 
housekeeping genes, we quantified the expression of IL-1, IL-2, IL-4, IL- 
6, IL-10, IL-12, TNF, and interferon gamma. [Supported by NIH 
grant GM 08288.]

599.9
SERIAL DETERMINATION OF TNF-a CONTENT IN RAT SCIATIC 
NERVE AFTER CHRONIC CONSTRICTION INJURY. A, George*.
C.Schmidt. C. Sommer. Neurologische Universitatsklinik Wurzburg, Germany.

This study addresses the question whether the pro-inflammatory cytokine tumor- 
necrosis-factor-a (TNF), known to be a mediator in inflammatory pain, is also 
involved in neuropathic pain behavior following peripheral nerve injury, hi 
chronic constrictive injury (CCI), an animal model of painful mononeuropathy, 
inducing Wallerian degeneration and a typical time course of thermal hyperalgesia 
and mechanical allodynia, inhibitors of TNF production and release have been 
shown to reduce neuropathic pain behaviour. Because information on local tissue 
concentrations is important for further evaluating the possible role of TNF, we 
investigated changes of TNF content in the rat sciatic nerve after CCI by Elisa. In 
female Sprague-Dawley rats one sciatic nerve was loosly constricted by ligatures, a 
sham-operation was performed contralaterally. Sciatic nerves were removed on day 
0, 0.5,1, 3, 7 and 14 post lesion (n=12 per time point), pooled and homogenized 
(n=4). Supernatants (n=3 per time point) were assayed in duplicate by rat TNF 
Elisa after assay validation for nerve tissue. TNF was already detectable in 
uninjured nerve. Its concentration increased rapidly post lesion, reaching its 
maximum (2.5 fold) already after 12 hours, and remained elevated on a lower level 
until day 7. Baseline levels were reached again at day 14, when thermal 
hyperalgesia was at its maximum. A slight increase of TNF-levels was also 
observed on the sham-operated side but restricted to day 0.5 and 1. These results 
indicate that TNF is produced at an early time point in the cascade of events 
resulting in hyperalgesia following peripheral nerve injury. This is in accordance 
with our TNF-inhibitor studies, showing that only prophylactic but not 
therapeutic treatment was efficientin pain relief. Funding: DFG So 328/2-1

599.10
THE EFFECT OF SITE VS TYPE OF NERVE INJURY ON GLIAL ACTIV-
ATION, SPINAL CYTOKINE EXPRESSION AND BEHAVIOR IN THE RAT. 
R.W, Colburn (a). J.A, DeLeo*(a,b), A.J, Rickman(b), Depts. of Pharmacology(a) 
and Anesthesiology(b), Dartmouth-Hitchcock Medical Center, Lebanon, NH 03756.

A number of rat peripheral neuropathy models have been developed to simulate 
human neuropathic pain conditions. The character and duration of resultant pain 
behaviors are largely dependent on the site and type of the lesion. We have shown 
previously that sciatic nerve cryoneurolysis results in delayed yet protracted 
mechanical allodynia, profound changes in glial activation and elevated cytokine 
expression at the related spinal cord level. The current study sought to determine the 
relative importance of site versus type of injury in eliciting mechanical allodynia, 
glial responses and spinal cytokine expression. Following baseline behavioral 
assessments rats received, under halothane/Cb anesthesia, one of six different surgical 
treatments: L5 spinal nerve cryoneurolysis (SPCN), L5 spinal nerve tight ligation 
(SPTL), L5 dorsal root cryoneurolysis (DRCN), L5 dorsal root tight ligation 
(DRTL), L5 ventral root tight ligation (VRTL) or L5 laminectomy/dural incision 
sham (SHAM). Footlift response frequency to mechanical stimulation (2g & 12g 
von Frey filaments) of the ipsilateral hind paw was assessed post lesion on days 1, 
3, 5, and 7. L5 spinal cords and dorsal root ganglia (DRG) were harvested for 
immunohistochemical analysis of microglial (OX-42) and astrocytic (GFAP) 
responses and spinal cytokine levels. Both SPCN and SPTL produced rapid and 
profound mechanical sensitization with intense glial responses. Dorsal root lesions 
resulted in even earlier and more intense mechanical sensitization while eliciting 
primarily an astrocytic response. VRTL and SHAM provoked no marked behavioral 
changes and only sporadic glia responses. Evaluation of spinal IL-1 3, IL-6, and 
TNF-a levels is currently underway. These results imply that: 1) induced production 
of neuroactive substances by the DRG is not a critical factor in early pain behaviors, 
since complete dorsal root lesion produced rapid and profound behaviors, 2) astrocytic 
responses appear to correlate with behavioral outcomes. [NIH DA05731 / DA10042]

599.11
THE CHANGES OF NEUROTRANSMITTER AND C-FOS 
PROTEIN IN EXPERIMENTAL NEUROPATHIC RAT MODEL. 
K.A.Park*, M.K.Sohn, K.S.Chung and W.T.Lee. Dept. of Anatomy, 
Yonsei Univ. College of Medicine, Seoul 120-752, Korea

Recently animal models for human chronic pain syndromes were 
developed and widely used for pain research. One of these neuropathic 
pain model by Kim and Chung(1992) have many advantages for operation 
and pain elicitation. We have examined the c-fos protein, substance P, 
CGRP immunoreactivity in dorsal root ganglia and dorsal horn in this 
neuropathic model.

About 50 Sprague-Dawley rats were used for this study. L5 and L6 
spinal nerve were ligated tightly to produce neuropathic pain model. After 
2, 4, 8, 16, 24 hrs and 1 week of surgery, rats were killed and processed 
for immunohistochemistry. The results are as follows.

1. The number of c-fos protein immunoreactive neurons in the 
superficial layer of dorsal horn were increased markedly at 2 hrs after 
operation, gradually decreases to normal level at 1 week after operation.

2. The number of c-fos protein immunoreactive neurons in the deep 
layer of dorsal horn were gradually increased to the peak at 24 hrs after 
operation, decreases to normal level at 1 week after operation.

3. The number of substance P and CGRP immunoreactive L5 and L6 
dorsal root ganglion neurons were decreased markedly at 1 week after 
pain model operation.

4. Some degenerative profiles were found in electron microscopy
In conclusion, after neuropathic pain model operation, c-fos protein were 
immediately expressed in the superficial layer of spinal dorsal horn, 
thereafter c-fos protein in the deep layer of spinal dorsal horn were 
expressed. CGRP and substance P immunoreactive neurons were 
decreased markedly at I week after neuropathic pain model operation.

599.12
CHANGES IN EXPRESSION FOR GLUTAMIC ACID 
DECARBOXYLASE (GAD) mRNA AND NITRIC OXIDE 
SYNTHASE (NOS) IN RAT SPINAL CORD DORSAL HORN 
FOLLOWING SCIATIC NERVE INJURY. X-W, Mens*. S. 
Canchola, D.P. Ralston. H.J. Ralston, III. Dept. Anatomy and Keck 
Foundation Center for Integrative Neuroscience, UCSF, San Francisco, 
CA 94143

We have previously demonstrated decreases in dorsal horn GABA 
immunoreactivity (GABA-ir) following chronic constriction injury (CCI) 
of the sciatic nerve. Because nitric oxide also plays an important role in 
the GABA circuitry of superficial laminae, we asked whether there is a 
decrease in the number of NOS-ir neurons that are also GABA-ir, and 
whether the reduction is associated with down-regulation of GAD 
mRNA expression in CCI rat.

Female rats with CCI-induced mechanical allodynia and hyperalgesia 
survived for 2-3 weeks after nerve injury, and the spinal dorsal horns 
were compared with those of normals after the lumber spinal cords were 
processed for immunocytochemistry and in situ hybridization. In 
controls, NOS-ir cells are most abundant in lamina II inner layer, all 
coexpress GABA and none exhibited calbindin-ir. In CCI rats, there was 
a significant decease in the number of NOS-ir and GAD mRNA- 
expressing lamina II neurons on the ligated side compared with the 
sham-operated side. These data indicate that reductions of NOS-ir 
GABAergic cells and GAD mRNA expression contribute to behavioral 
manifestations of neuropathic pain in CCI rats and support our previous 
reports that spinal GABA circuitry, based on GAD gene transcription, 
plays a fundamental role in modulation of chronic noxious afferent 
activity. (Supported by NIH NS-21445).
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599.13
LONG TERM CHANGES IN GABA IMMUNOREACTIVITY 
(GABA-ir) IN A RAT MODEL OF PERIPHERAL 
MONONEUROPATHY. D.D, Ralston*. P.E. Coyle. C.S. Tedesco 
A.M. Milroy and H.J. Ralston. III. Dept. Anatomy and Keck Center for 
Neuroscience, U.C.S.F., San Francisco, CA. 94143 and Dept. of 
Anesthesia, University of Cincinnati, OH, 45267.

We have previously shown that GABA-ir axodendritic synapses in 
the superficial dorsal horn are reduced by more than 50% in rats 
surviving 4-6 weeks following partial sciatic nerve ligation (Coyle et al, 
Neurosci. Lett. 186: 135, 1995). In this present study, we examined the 
superficial laminae of 4 rats surviving 12-17 months post ligation. Two 
of the animals had variable withdrawal responses to Von Frey Hair 
(VFH) stimulation. Two others exhibited notable mechanical allodynia 
throughout the 17 month survival period. "Mirror image pain" was 
absent in all animals.

Serial thin sections of the dorsal horn were stained for GABA-ir 
using a post embedding method. Electron microscopic analysis of 
several hundred GABA-ir profiles in laminae I and II revealed a 
reduction of GABA-ir axodendritic synapses in 3 of the 4 animals, 
although the differences between the ligated and nonligated sides were 
not as substantial as those of short survival times. The greatest 
difference between the two sides was seen in the animal having the 
lowest withdrawal threshold to VFH stimulation. We conclude that the 
reduction in GABA-ir synapses can persist for much of the lifetime of 
the animal, albeit the correlation between pain-related behaviors and this 
inhibitory transmitter is more variable than at shorter survival times. 
Supported by NS 21445 from the NIH and ASRA Carl Koller Award.

599.14
SPINAL GABAERGIC NEURONS INVOLVED IN THE PROCESS OF 
NEUROPATHY AND THERAPEUTIC EFFECTS OF ADRENAL MEDULLARY 
TRANSPLANTATION
T. Ibuki,12*A.T. HamajG.D. Pappas.'and J. Sagen.1 Anatomy and Cell Biology, Univ. 
Illinois at Chicago, Chicago, 606121, Anesthesiology, Kyoto Pref. Univ. Med., Kyoto, 
602 Japan2

In order to examine the involvement of spinal GABAergic neuronal systems which 
may be vulnerable to excitotoxic damage in the process of neuropainy development, and 
to explore the therapeutic utility of adrenal medullary transplantation, we performed 
GABA immunohistochemical quantification and behavioral assessments of 
hyperalgesia and allodynia on rats with chronic constriction injury (CCI) of the sciatic 
nerve. Results showed an ipsilateral decrease in GABA positive neurons in lumbar 
dorsal horn (laminae I-III) by 3 days following CCI. At 2 weeks GABA positive 
neurons could be observed neither on the ipsilateral nor contralateral side. By 7 weeks 
following CCI, injured or transiently down-regulated GABAergic neurons began to 
recover, with almost complete recovery contralateral to the CCI, but only partial 
recovery on the ipsilateral side. Recovery was promoted at all observed time points by 
adrenal medullary transplantation in the spinal subarachnoid space one week following 
CCI, with complete recovery resulting even on the ipsilateral side by 5-7 weeks. 
Furthermore, very good correlation could be seen between GABA positive 
immunoreactivity and the behavioral hyperalgesia and allodynia. These observations 
suggest that the GABAergic inhibitory neuronal system is involved in the development 
of abnormal sensory processing following CCI, and that adrenal medullary transplants 
can aid in the recovery of injured spinal GABAergic neurons in parallel with attenuating 
behavioral hyperalgesia and allodynia. Supported by NS 25054.

599.15
THE "DARK NEURON" REVISITED: LACK OF EVIDENCE FOR 
TRANSNEURONAL DEGENERATION IN THE DORSAL HORN IN 
A RAT MODEL OF NEUROPATHIC PAIN. H, J, Ralston*, X-W, 
Mens. A, M. Milroy. S, Canchola and D. D. Ralston. Dept. Anatomy 
and Keck Center for Neuroscience, UCSF, San Francisco CA 94143

The chronic constriction injury (CCI) model (Bennett and Xie, Pain 
33:87, 1988) of neuropathic pain has been widely used by many 
investigators, some of whom have reported transneuronal degeneration 
of neurons in the superficial dorsal horn following sciatic nerve 
constriction, described as "dark neurons", both ipsilateral and 
contralateral to the side of CCI. Other laboratories, including our own, 
have not found dark neurons to be a prominent feature of CCI.

We have observed changes in neural circuitry, including the 
sprouting of large diameter afferent axons into the superficial laminae, 
marked reductions in GAD mRNA expression and GABA 
immunoreactive neurons and reductions of NOS-ir GABAergic cells in 
CCI rats. We have examined serial semithin sections of the dorsal horn 
in 24 animals with mechanical allodynia surviving for 7 to 60 days after 
sciatic nerve constriction and found no necrotic neurons. We have used 
the double-stranded DNA break end-labeling method (TUNEL) to 
search for apoptotic neurons in the superficial dorsal horn and have 
found none at 7 and 14 days post CCI. We conclude that transneuronal 
degeneration, including that of GABA-ir neurons, is not a major 
component of the changes in GABA expression found in CCI rats. 
Supported by NS-21445 from NIH.

599.16
NEURONAL ACTIVITIES OF LUMBAR DORSAL HORN CELLS 
IN RATS WITH SCIATIC NERVE COMPRESSION.
T, Ushida*. T. Tani, M. Kawasaki, O. Iwatsu and H. Yamamoto. Dept.
of Orthopedic Surgery, Kochi Medical School, Kochi, 783, Japan 

To investigate abnormal sensation such as hypesthesia,
paresthesia, etc. observed in patient with peripheral nerve 
compression injury, we produced animal nerve compression model 
and observed the reactions of dorsal horn neuronal responses. 
Experiments were done in anesthetized male Sprague-Dawley rats. 
Responses of wide dynamic range (WDR) cells (n=6) in the lumbar 
dorsal horn to cutaneous stimuli (Brush, Pressure, Pinch) were 
recorded before and during nerve compression and after releasing 
of the compression. Depths of the neurons were 500 - 1 200 pm 
from the dorsal surface of the spinal cord. Nerve compression was 
produced by sciatic nerve applied small vessel cramp (1 20g of 
pinch force). The cramp was attached 30 min. of duration. The 
results obtained so far, indicate that after the nerve compression, 
responses to the innocuous stimuli (brush) were decreased but 
responses to the noxious stimuli (pinch) were not affected. Hve 
min. after detachment of the nerve cramp, 4 neurons 
demonstrated increased brush responses temporarily.

Present results suggest that in dorsal horn WDR neurons, 
responses to innocuous stimuli (A[3)were more likely to decreased 
by the nerve compression than it to noxious stimuli (A8/C).

599.17
ELECTROPHYSIOLOGICAL EVIDENCE OF NOVEL RECEPTIVE FIELDS 
FOLLOWING CHRONIC T7/8 SPINAL CORD INJURY. C.H. Hubscher* and 
R.D. Johnson. Departments of Physiological Sciences and Neuroscience, 
University of Florida, Gainesville, FL 32610-0144.

A vast array of sensory disturbances develop following traumatic spinal cord 
injury (SCI), including chronic pain. An electrophysiological model was recently 
developed to examine potential changes at supraspinal sites following chronic 
SCI. Recent single unit recordings in the medullary reticular formation (MRF) 
of the uninjured male rat (Hubscher and Johnson, J. Neurophysiol. (76}, 1996) 
revealed many bilateral responses to tow (LT) and high (HT) threshold 
stimulation of the penis, with convergent HT bilateral inputs confined to other 
pelvic structures and several distant cutaneous regions (i.e., the toes of the 
forefoot and hindfoot, and ears). In the present study, MRF neuronal 
responsiveness was examined in 26 urethane-anesthetized male rats 30-60 
days following T7/8 dorsal (DHX) or lateral (LHX) hemisection, or contusion 
(CX) injury. All MRF neuronal responses were tost to stimulation of the penis 
and other pelvic structures following CX and DHX, but not LHX injury. 
Responses remained for bilateral stimulation of the forefoot and ears (many 
responses now LT). In addition, novel receptive fields were found bilaterally 
on the dorsal and lateral trunk of the body (upper thoracic territory) as well as 
the face (for all lesion types). Differences in neuronal response properties in 
the HX vs CX groups of rats were also found. MRF neurons in HX rats 
responded to mostly HT levels of stimulation of these novel territories, whereas 
both LT and HT responses were found following severe CX. Also, a greater 
proportion of neuronal responses to stimulation of the trunk following CX injury 
were inhibitory. These data demonstrate that neurons at supraspinal sites 
undergo changes following SCI that may differ depending on the severity of the 
lesion. These and other changes are likely responsible for the multitude of 
sensory disturbances that surface following SCI. Supported by the American 
Paralysis Association & The Florida Brain & SCI Rehabilitation Fund.

599.18
ULTRASTRUCTURAL LOCALIZATION OF INCREASED NEUROPEPTIDE 
IMMUNOREACTIVITY IN THE AXONS AND ASTROCYTES OF THE GRACILE 
NUCLEUS FOLLOWING CHRONIC CONSTRICTION INJURY OF ADULT RAT 
SCIATIC NERVE. W. Ma* and M.A. Bisbv. Dept. of Physiology, Queen’s University, 
Kingston, Ontario, Canada K7L 3N6

The plasticity of afferent projection to the gracile nucleus may play a role in the 
development of neuropathic pain following peripheral nerve injuiy. Previously, we found 
that 2 weeks after chronic constriction injuiy (CCI) of adult rat sciatic nerve, galanin 
(GAL), neuropeptide Y (NPY) and calcitonin gene-related peptide (CGRP) 
immunoreactivities were increased in fibers and cells in the gracile nucleus on the injured 
side. Using electron microscopic immunocytochemistry, we now describe the 
ultrastructural localization of these peptides. Gal, NPY and CGRP immunoreactivities 
were localized in both large- and small-diameter myelinated axons fibers as well as 
boutons. Some Gal-, NPY- and CGRP-immunoreactive (ir) boutons were presynaptic to 
dendritic profiles or other boutons. We also observed some astrocytes which were Gal-, 
NPY- and CGRP-ir. Immunoprecipitates was found in both cytoplasm and nuclei. Gal-, 
NPY- and CGRP-ir boutons were frequently apposed to or occasionally presynaptic to 
these ir astrocytes. By combining pre-embedding DAB based immunostaining and 
post-embedding immunogold staining, we detected the co-localization of these three 
peptides in some axonal boutons and astrocytes. Our data suggest that astrocytes in the 
gracile nuclei are affected by CCI of adult rat sciatic nerve: they might produce their own 
neuropeptides, or take up those secreted from the afferent terminals. In situ hybridization 
study should distinguish between these possibilities. (Supported by the MRC of Canada. 
W. Ma receives a fellowship from the Rick Hansen Man in Motion Legacy Foundation.)
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599.19
THE EFFECTS OF ADRENERGIC BLOCKERS ON NEUROPATHIC 
PAIN IN AN EXPERIMENTAL ANIMAL MODEL. D. IL Lee* and J. M. 
Chung. Marine Biomed. Inst., Depts. of Anat. & Neurosci. and Physiol. 
& Biophys., Univ. Texas Med. Br., Galveston, TX 77555.

The aim of this study was to determine the effects of a-adrenergic 
blockers on pain behaviors and on ectopic discharges of DRG neurons 
in spinal nerve ligated neuropathic rats.

Neuropathic injury was produced by tight ligation of the left L5-L6 
spinal nerves in Lewis rats. One week after neuropathic injury, 
mechanical thresholds for foot withdrawals were measured in some of 
our experiments. In others, single unit activity was recorded from L5 
dorsal root fascicles.

Intraperitoneal injection of phentolamine (5 mg/kg; a mixed ar 
and a2-adrenergic receptor blocker) produced an increase in the 
withdrawal thresholds. Injection of phentolamine also produced a 
reduction in the rate of ectopic discharges. Terazosin, an aj blocker, 
mimicked the effect of phentolamine while idazoxan, an a2 blocker, did 
not have any effect.

These results suggest that the sympathetic dependencies of 
neuropathic pain behaviors and ectopic discharge generator 
mechanisms in Lewis rats are mediated by aj-adrenergic receptors. 
(Supported by NIH grants NS31680 and NS 11255)

599.20
DOSE RESPONSE EFFECTS OF INTRAVENOUS LIDOCAINE IN 
ALLEVIATING MECHANICAL HYPERREFLEXIA. C.J. Sinnott J.M. Garfield, 
and G.R. Strichartz*. Pain Res. Group, Dept. of Anesthesia, Harvard Med. Sch., 
Brigham and Women’s Hospital, Boston MA 02115.

8 rats with left L5 and L6 spinal nerve ligation developed mechanical 
hyperreflexia (MHR) to von Frey hair stimulation. The force eliciting withdrawal 
of the left hindpaw (PWF) was 0.9 g, significantly lower than PWF in unoperated 
rats (10.4 g). Rats also developed MHR in the contralateral limb, (PWF = 4.2 g). 
Pronounced neurological deficits as a result of nerve root ligation, including a 
deformity in the ipsilateral hindpaw and inhibition of the nocifensive response to 
deep pinch of the fifth metatarsal, were observed in all rats. We confirmed that i.v. 
lidocaine (lido), at programmed pseudo steady-state plasma concentrations, 
produces prolonged alleviation of MHR (allodynia) in the ipsilateral hindlimb 
(Chaplan et al. 1995, Anesthesiology 83: 775), but found that it does not alleviate 
MHR in the contralateral limb. We also determined the specific dose-response 
relationship between i.v. lido and the reversal of MHR in the ipsilateral hindlimb. 
Eight rats each received 5 successive incrementally increasing infusions at two day 
intervals. Plasma levels were maintained at 0.75,1.1, 1.5, 1.8 and 2.2 pg/mL (8.1 
pM) over a 30 minute infusion period. (The minimum [lido] needed to abolish 
conducted nerve impulses in rat is 0.1 mM (Huang et al, 1997, JPET; in press), 12 
times greater than the highest plama level). In all 8 rats, complete but transient 
suppression of MHR (the return of withdrawal threshold to the pre-operative value) 
occurred during infusion at plasma levels of 1.8 and 2.2 pg/mL. Sustained but 
partial reversal of MHR occured at 1.5 pg/mL. Higher plasma levels resulted in a 
mean sustained reversal of 74.2% ± 13.4% of the maximum posssible effect (MPE), 
where 100% denotes complete reversal of MHR. Of the 8 rats, 3 showed complete 
sustained reversal, and 5 showed sustained reversal of 50% or less. We conclude 
that i.v. lidocaine produces concentration-dependent suppression of MHR during 
infusion as well as sustained but often limited reversal of MHR up to 10 days after 
infusion. Supported by the NIH grant GM35647.
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600.1
CARDIOVASCULAR AND ANTINOCICEPTIVE RESPONSES TO ARGININE-VASOPRESSIN 
INJECTED INTO THE LATERAL VENTRICLE. J. S. Park1. K. H. Oh1. D K 
Ahn2 & M, J, Park*. Department* of Physiology1, Oral Physiology & 
Anatomy , School of Medicine1'* & Dentistry2, Kyungpook National 
University, Dong-In-Dong 2 Ga, Taegu 700-422, Korea

Recently, it is suggested that central AVP has function in both 
blood pressure and pain control and that close relationship exists 
between two functions, but limited data are available on interaction 
between the two. So this study was undertaken to test the actions of 
cerebral AVP in mediating both antinociception and cardiovascular 
regulation. Male Sprague-Dawley rats weighing 300-350 g were used. 
For intracerebroventricular(icv) injections, a 23-gauge guide 
cannula was implanted stereotaxically into the lateral ventricle. 
Jaw opening reflex was elicited by a noxious electrical stimulation 
in the palatal mucosa and assessed by a subsequent recording of 
digastric electromyogram (dEMG). Icv AVP produced an increase in 
mean arterial pressure, heart rate and the antinociception. Prior 
administration of a Vi-specific vasopressin antagonist completely 
blocked the pressor and antinociceptive response to icv AVP. 
Pentolinium given intravenously to block the change of blood 
pressure produced by icv AVP did not affect the dEMG response. Icv 
administration of naloxone, methysergide and phentolamine inhibited 
the antinociception produced by icv AVP. These results suggest that 
icv administration of AVP produces increment of blood pressure and 
antinociception without showing an interaction between the two in 
anesthetized rats. The cardiovascular and antinociceptive responses 
to central AVP are mediated mostly by Vi-receptors and the 
antinociceptive action seems to be mediated by opioid, serotonin and 
a-adrenergic pathways. This study was supported by a grant (Grant 

No. is 961-0701-009-1) from KOSEF in 1996-1997

600.2
THE ROLE OF GALANIN IN MEDIATING SPINAL FLEXOR REFLEX 
EXCITABILITY AFTER CARRAGEENAN INFLAMMATION Z. Wiesenfeld- 
Hallin.* I.S. Xu, S. Grass and X.-J. Xu. Department of Clinical Neurophysiology, 
Karolinska Institute, Huddinge Univ. Hospital, S-141 86 Huddinge , Sweden

The role of galanin in mediating excitability of the spinal flexor reflex after 
peripheral inflammation in rats was examined. The flexor reflex was elicited by 
electrical stimulation of A- and C-fibers in the sural nerve in decerebrate, spinalized, 
unanesthetized untreated rats or 1-6 d after induction of peripheral inflammation by 
subcutaneous injection of X carrageenan into the sural nerve innervation area.

In normal rats, conditioning stimulation (CS) of A- and C-fibers (20 shocks, 1/sec) 
generated a gradual increase in reflex magnitude during the CS train (wind-up) and 
facilitation of the flexor reflex after the CS. In rats without inflammation intrathecal 
(i.t.) galanin dose-dependently blocked the reflex facilitation induced by the C-fiber 
CS. I.t. M-35, a high affinity galanin receptor antagonist, moderately potentiated reflex 
facilitation. The reflex discharge became more prolonged 1-3 d after the induction of 
inflammation. However, the magnitude of wind-up and reflex facilitation was 
significantly reduced. Furthermore, the CS train often generated reflex depression, 
which was rarely observed in normal rats. At 1-3 d after inflammation, M-35 enhanced 
wind-up and reflex facilitation, similarly to normal rats. I.t. galanin also reduced the 
reflex facilitation in inflamed rats, although the effect was weaker compared to 
normals. The baseline flexor reflex, wind-up and CS-induced facilitation were 
normalized 4-6 d after injection of carrageenan. However, i.t. galanin and M-35 failed 
to influence reflex facilitation as was observed in normals.

The present results suggest a complex functional plasticity in the role of galanin in 
mediating spinal reflex excitability during and after inflammation. There appears to be 
an enhanced endogenous inhibitory control by galanin on nociceptive input during the 
peak of inflammation. After recovery, there may be a reduction in galanin receptors 
which could impair both the action of endogenous and exogenous galanin. These 
results support that galanin is an endogenous inhibitory peptide in nociception.

Supprted by the Swedish MRC, the European Commission and Astra Pain Control.

600.3
ATP ENHANCES THE EVOKED RELEASE OF NEUROPEPTIDES 
FROM RAT SENSORY NEURONS. X. Wu. G.P, Nicol. S.T, Meller 
and M.R. Vasko*. Dept of Pharmacol and Tox, Indiana U Sch Med, 
Indianapolis, IN 46202; Procter & Gamble, Cincinnati, OH 45239.

Adenosine-5'-triphosphate (ATP) is released during tissue damage 
or inflammation and excites sensory neurons. Thus, ATP may be 
an important mediator of neurogenic inflammation. Since this 
process is mediated, in part, by an enhanced peptide release, we 
examined if the capsaicin-evoked release of substance P (SP) and 
calcitonin gene-related peptide (CGRP) is modulated by ATP or it's 
analogues. Neuropeptide release was measured from embryonic 
rat sensory neurons grown in culture for 9-10 days. Release was 
evoked by exposing neurons to 30 nM capsaicin and peptides 
assayed by RIA. Exposing neurons to 10 pM ATP for 10 min, did not 
significantly alter resting release, but augmented the capsaicin- 
evoked release of SP and CGRP from 148 ± 7 to 267 ± 12 
fmol/well/10 min (n=41-60) and from 779 ± 40 to 1366 ± 50 
fmol/well/10 min (n=44-60), respectively. The effect of ATP was 
concentration dependent. The P2 receptor agonists, p, y-ATP and 
2-methylthio-ATP also significantly enhanced the capsaicin-evoked 
peptide release (n=8). Pretreating with 30 pM suramin, a P2 
receptor antagonist, attenuated the ATP-induced increase in release 
by -85%. These results suggest that ATP is a proinflammatory 
agent that can alter peptide release from sensory neurons, thereby 
contributing to neurogenic inflammation. (Supported by Procter & 
Gamble, NS 34159, and NS 30527)

600.4
CGRP induces mechanical hyperalgesia in rats which is reduced by IL-lra, 
kinin BI and B2 receptor antagonists but not a selective NK1 receptor

Novartis Institute for Medical Sciences, Gower Place, London WC1E 6BN, UK.
Previously, we have showed that capsaicin-induced neurogenic hyperalgesia could 

be blocked by both kinin BI and B2 receptor antagonists (Davis & Perkins 1996). 
We have now studied the role of CGRP in capsaicin-induced hyperalgesia as well as 
the hyperalgesia induced by intra-articular injection of CGRP alone.
The method used for assessment of mechanical hyperalgesia was as described 

previously (see Davis & Perkins 1996). Female rats were injected with either 
capsaicin or CGRP into a single knee joint and the load tolerated by that joint was 
assessed at various time points after treatment.

Capsaicin (lOnmol) caused a hyperalgesia which was prevented when 
coadministered with 0.5nmol CGRP(8-37); Capsaicin alone produced a 40±4% 
reduction in load tolerated by the treated joint 4 hr post administration, which was 
reduced to 9±1% with CGRP(8-37). CGRP (0.001-lnmol) administered to naive 
joints induced a dose dependent hyperalgesia of up to a 41±1% reduction in 
tolerated load 1 hr after administration. The hyperalgesia-induced by 0.1 nmol CGRP 
was antagonised by 0.5nmol CGRP(8-37), 0.5nmol desArg9Leu8BK, 5pmol 
icatibant and 0.1 pg IL-lra. The NK1 receptor antagonist RP 67580 (lnmol) had no 
effect.
In this model, the neurogenic hyperalgesia caused by capsaicin can be blocked by a 

CGRP receptor antagonist and CGRP alone can cause hyperalgesia. This suggests a 
role for CGRP in the generation of kinins and IL-1 which can activate and sensitise 
peripheral nocieptive afferents, resulting in hyperalgesia.
Davis and Perkins (1996). Br. J. Pharmacol., 118, 2206-2212.
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600.5
BRADYKININ EVOKES iCGRP RELEASE FROM BOVINE DENTAL 
PULP. H.E. Goodis*, W.R. Bowles, C.A. Harding-Rose, and K.M. Hargreaves 
Schs. of Dentistry, Univ. of Calif, SF, CA and Univ. of Minn, Mpls, MN.

Bradykinin (BK) has been shown to be involved in acute inflammation and 
most biological effects are mediated through the B2 receptor (Regoli et.al, Can. 
J. Physiol. Pharmacol. 71:556, 1993). To examine the neurosecretory effect of 
BK in pulp, we stimulated bovine dental pulp with BK and measured the release 
of immunoreactive calcitonin gene-related peptide (iCGRP) in an in vitro 
superfusion model. The superfusion system allows for stimulation of receptor 
sites by applying different concentrations of drugs at varying time periods and 
collection of superfusate. Bovine dental pulp was harvested from freshly 
extracted mandibular incisors, sectioned into 200 gm slices and placed into 1 cc 
superfusion chambers. Oxygenated Krebs buffer (pH 7.4 @ 36°C) was pumped 
through the chambers at 300 (iL/min. The amount of iCGRP released into the 
superfusate was measured using a previously validated radioimmunoassay (RIA). 
After a baseline recovery period, treatment with BK for 21 minutes dose 
dependently evoked iCGRP release. BK (lpM) evoked a 63.0 ± 13.2% increase 
in iCGRP release over basal levels compared to vehicle (p<0.05). Data was 
examined by repeated measures ANOVA. Tissue from the superfusion chambers 
was collected and examined by RIA for total content of iCGRP. Under these 
conditions, BK-evoked release of iCGRP was 1 - 2 % of total content. To 
evaluate expression of kinin receptors, fresh bovine dental pulp was 
homogenized, and proteins were separated by SDS-PAGE and transferred to 
nitrocellulose. Blots were probed with anti-B2 (Transduction Labs, Lexington, 
KY) and immunoreactivity visualized and quantitated using an imaging 
densitometer (BioRad, Hercules, CA). B2 immunoreactivity was detected in 
bovine dental pulp and positive controls, but not in negative controls. 
Collectively, these data indicate that BK can modulate neuropeptide secretion 
from dental pulp and that the bradykinin B2 receptor can be detected in this 
tissue. Supported by NIH DE9860, T32 DE7288 (KMH), & Lasby Visiting 
Professorship (HEG).

600.6
EVALUATIONS OF AMPA-EVOKED iCGRP RELEASE IN BOVINE 
DENTAL PULP. D.L, Jackson*1 and K.M. Hargreaves2. H^ept. of Oral Med., 
Univ. of WA, Seattle, WA 98195; ^Univ. of MN, Dept. of Rest. Sci., Mpls, MN.

The results of pharmacologic and biochemical studies suggest that the activation of 
excitatory amino acid (EAA) receptors in peripheral tissue may contribute to 
hyperalgesia and neurogenic inflammation. We have previously reported that the 
glutamate analogue kainate evokes the release of iCGRP from bovine dental pulp 
(Jackson et al., Abs. Soc. Neurosci. 19:996, 1993). In vitro superfusion of bovine 
dental pulp, as described by Hargreaves et al. (J. Endod. 18: 597-600, 1992), was used 
to evaluate whether the activation of a-amino-3-hydroxy-5-methylisozazole-4-propionic 
acid (AMPA) receptors in dental pulp evoked the release of iCGRP. Following the 
collection of baseline superfusate, pulp tissue was treated with either the receptor 
selective agonist AMPA or the modified Kreb’s buffer vehicle for 14 minutes (n=4-6 
chambers/group). The AMPA receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione 
(CNQX) was co-administered with AMPA in a seperate group of experiments (n=13-27 
chambers/group). Superfusate was analyzed with a validated radioimmunoassay for 
iCGRP. Data was analyzed by an ANOVA with Duncan's Multiple Range Test for 
post hoc comparisons, and results are presented as the mean ± s.e.m. EC50 values and 
the corresponding 95% confidence intervals were determined using statistical software 
designed for pharmacology studies (Pharm/PCS; Tallarida and Murray, 1987). The 
administration of AMPA (0.01-10.0 nM) resulted in a concentration-dependent increase 
in iCGRP release relative to baseline (EC50 = 0.27 ± 3.3 nM). While the treatment of 
pulp tissue with AMPA (1 nM) resulted in a significant increase in iCGRP release 
(48.5 ± 7.4% increase relative to baseline; ANOVA: F2,57=12.74; p<0.01), the co-
administration of the this same concentration of AMPA with the antagonist CNQX (10 
nM) resulted in an attenuation of the AMPA-evoked release which did not differ from 
vehicle treated chambers (16.9 ± 3.6% vs. 6.9 ± 4.6% increases, respectively). These 
results support the hypothesis that the activation of AMPA receptors in bovine dental
pulp contributes to the regulation of a subpopulation of peptidergic afferent neurons.
This research was supported by NIDR/NIH grants ROI DE12299 and K16 DE0027.

600.7
ARACHIDONIC ACID INCREASES RAT DORSAL HORN NEURON RESPONSES TO 
NOXIOUS AND INNOCUOUS PERIPHERAL STIMULI AND TO APPLICATION OF 
SUBSTANCE P, NMDA, AMPA AND QUISQUALATE.
G.M. Pitcher, P. Clarke* and I.L. Henry, Depts. of Physiology, Pharmacology & 
Psychiatry, McGill University, Montreal QC H3G 1Y6.

Arachidonic acid has been implicated in presynaptic transmitter release 
mechanisms, but little is known about possible postsynaptic effects, particularly in the 
spinal dorsal horn. This electrophysiological study was done to examine the effects 
of direct administration of arachidonic acid, via iontophoresis, on spinal dorsal horn 
neurons and to determine effects on responses to synaptic inputs as well as to 
substance P and EAA receptor agonists. Single unit activity was recorded 
extracellularly from dorsal horn spinal segments L,-L2 using multibarrelled electrodes 
in nembutal-anesthetized male Sprague Dawley rats. The spinal cords were 
transected at T9. Neurons were classified functionally on the basis of their responses 
to natural cutaneous stimuli. Responses to these stimuli and to iontopnoretic 
application of chemicals were similar to those reported previously. Generally, 
arachidonic acid (-40-60 nA) did not affect on-going activity. The excitatory effects 
of substance P (n=5; WDR and nociceptive specific neurons) were increased by 
arachidonic acid by 80% (mean % increase) for up to 10 min. The excitatory 
responses to iontophoretic application of NMDA (n=7), AMPA (n=17) and Quis 
(n=4) were increased by arachiaonic acid by 43%, 64% and 56% respectively (WDR 
and non-nociceptive neurons). In some cases (n=7), the effects of arachidonic acid 
on AMPA responses were biphasic in nature in which the increase was followed by 
a decrease. Tne effects of noxious thermal stimulation (n=3; WDR) and pinch (n=6) 
were increased by arachidonic acid by 50% and 17% respectively. The pinch 
afteidischarge (n=5) was increased by 4/% by arachidonic acid. Interestingly, some 
of the increased pinch responses were followed by a decrease of both tne initial 
response (19%, n=3) and the afterdischarge (40%, n=1). The excitatory responses 
of 13 neurons to innocuous pressure were increased (29%) by arachidonic acid, while 
the responses of 4 neurons were decreased (35%). The data indicate that 
arachidonic acid generally increases the responses of spinal dorsal horn neurons to 
the excitatory effects of substance P, EEA's and to both noxious and non-noxious 
peripheral stimulation-induced synaptic input, and thus may be involved in sensory 
processing at the spinal cord level. (Supported by the Canadian MRC, the 
FRSQ/FCAR and the Royal Victoria Hospital Research Institute)

600.8
SENSITIZATION OF RAT SENSORY NEURONS INDUCED BY cAMP 
REQUIRES CONTINUOUS ACTIVATION OF THE TRANSDUCTION 
CASCADE. L. A. Bolyard*, J. W. Van Looy, M. R. Vasko. Dept. of Pharmacol, 
and Toxicol., Indiana Univ. School of Medicine, Indianapolis, IN 46202.

Activation of the cAMP transduction cascade by a variety of agents produces 
sensitization in rat sensory neurons. The question remains whether this 
sensitization depends on the continuous activation of the cAMP pathway or 
whether the sensitization persists once the sensitizing agent is removed. To 
address this issue, we examined whether acute or chronic activation of the cAMP 
pathway augments bradykinin-stimulated release of immunoreactive substance P 
(iSP) and calcitonin gene-related peptide (iCGRP) from embryonic rat sensory 
neurons grown in culture. The cAMP pathway was activated by exposing cells to 
1 |iM forskolin for 20 min (acute) or 24 hr (chronic); cAMP content and 
neuropeptide release were measured by RIA at various times during and after 
forskolin treatment. Acute exposure of cells to 1 pM forskolin increased cAMP 
content from 11 ± 2 pmol/well to 41 ± 1 pmol/well. cAMP content remained 
elevated in cells exposed to forskolin for 24 hr prior to and throughout the assay. 
In contrast, cAMP content was not elevated above control levels in cells assayed 1 
and 24 hr after chronic forskolin treatment. Forskolin also augmented bradykinin- 
induced release of iSP and iCGRP 2-fold and 1.7-fold, respectively, but did not 
effect the resting release of either neuropeptide. Bradykinin-induced release of 
iSP and iCGRP remained elevated in cells assayed immediately following the 24 
hr forskolin pretreatment, but returned to control levels 1 and 24 hr after forskolin 
removal. Dideoxyforskolin at 1 pM did not increase intracellular cAMP nor did it 
enhance bradykinin-induced release of iSP and iCGRP. These data indicate that 
increased intracellular cAMP results in a sensitization that is not sustained once 
the cAMP levels have returned to normal. Supported by NS34159.

600.9
NEUROTROPHIN-3-INDUCED INHIBITION OF EVOKED SUBSTANCE P 
RELEASE FROM THE RAT SPINAL CORD IN VITRO'. REVERSAL BY 
NALOXONE BUT NOT THE GABAb ANTAGONIST, CGP 36742. M,
Malcanaio, N.G, Bowen * and D.R. Tomlinson Depts. of Pharmacology, Queen 
Maty and Westfield College, London El 4NS and *Medical School, Edgbaston, 
Birmingham, B15 2TT. UK

Neurotrophin 3 (NT-3) is expressed in skin and muscle and supports the 
phenotype of trkQ expressing neurons within the dorsal root ganglia which 
comprise neurons of the proprioceptive and mechanoreceptive type. The 
non-nociceptive low threshold mechanoreceptors terminate in laminae III-V of the 
spinal cord and are implicated in the structural reorganization in the spinal cord 
associated with allodynia in neuropathic pain. We have previously shown that 
NT-3 superfusion through the hemisected rat lumbar spinal cord slice (350 pm 
thick) with dorsal roots attached, dose-dependently (1-100 ng/ml) inhibited the 
release of the nociceptive peptide substance P (SP) evoked by 8 min-electrical 
stimulation (20V, 0.5 ms at 1Hz) of high threshold fibres in the dorsal roots. SP 
content in the superfusates was determined by radioimmunoassay. In this study, in 
order to functionally block the effect of NT-3, spinal cord slices were superfused 
with NT-3 and either naloxone or the GABAb antagonist, CGP 36742 during the 
8min-fraction before stimulation and throughout the stimulation period. In control 
slices, stimulation of the dorsal roots induced a significant 2 fold-increase in SP 
over basal outflow (10.2 ± 2.4 fmol/8ml-fraction, zz=3). Superfusion with NT-3 (10 
ng/ml) alone inhibited the evoked release of SP by 42±1.5% (n=6) and this effect 
was completely reversed by naloxone (0.1 pM) but not CGP 36742 (100 pM).

These findings show that NT-3 can modulate SP release via activation of the 
spinal cord opioid system and provide a mechanism for previously reported NT-3 
antinociceptive effect despite the fact that NT-3 is not an agonist at opiate receptors.

We thank Regeneron for NT-3 and Novartis Pharma, for CGP 36742

600.10
THE EFFECT OF NEUROKIN RECEPTOR ANTAGONISTS ON 
RESPONSES TO COLORECTAL DISTENSION (CRD) IN 
TRINITROBENZENESULFONIC ACID (TNBS) TREATED RATS. E 
H. Kamp, E. Kostarczyk*, and G.F. Gebhart. Dept Pharmacol, Univ 
of Iowa, Iowa City, IA 52242.

The release of substance P (SP) in the spinal cord is believed to 
contribute to the production of hyperalgesia in response to peripheral 
tissue injury. Since less is known of its role in maintaining visceral 
hyperalgesia, these studies utilize neurokinin (NK) receptor 
antagonists (SP-binding receptor antagonists) to reduce the colonic 
hyperalgesia induced by trinitrobenzenesulfonic acid (TNBS). Four 
days after the induction of inflammation, the visceromotor response 
(VMR) to a staircase distension paradigm (10 mmHg stepwise 
increase every 10 sec, 0 - 80 mmHg) of colorectal distention (CRD) 
was recorded in awake Sprague-Dawley rats. Intrathecal (i.t.) 
administration of neither the NK1 receptor antagonist SR 140,333 (1, 
10, 100, 1000 ng) nor the NK2 receptor antagonist SR 48,968 (1000 
pg) had any significant effect on the VMR to CRD. In contrast, i.t. 
administration of the NK1 receptor antagonist CP 122,721 (100 but 
not 1000 fig) or the NK3 receptor antagonist SR 142,801 (30 but not 
10pg) significantly reduced the VMR to CRD to a non-noxious 
stimulus (20 mmHg) but did not affect the VMR to a noxious stimulus 
(80 mmHg). These data suggest that SP contributes to the 
maintenance of visceral hyperalgesia.
Supported by NS19912.
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600.11
FORMALIN-INDUCED NOCICEPTION PRODUCES HYPERALGESIA AND 
INCREASES NEUROKININ-1 RECEPTOR GENE EXPRESSION IN INFLAMED 
RAT HINDPAW TISSUES. Kenneth E, McCarson* Dept. of Pharm./Tox./Therap., 
Univ. of Kansas Medical Center, Kansas City, KS 66160-7417 USA.

Formalin-induced nociception produces varied behavioral and biochemical responses, 
including increased neurokinin-1 (NK-1R) gene expression in the spinal cord. 
However, it has remained unclear whether hyperalgesia develops at late time points 
following a formalin stimulus, and if NK-1R mRNA levels are increased in inflamed 
tissues outside the CNS. This study was undertaken to assess behavioral responses 
and NK-IR mRNA levels in inflamed hindpaw tissues of rats receiving an injection of 
formalin as an inflammatory nociceptive stimulus. Therefore, acute pain thresholds 
(pinch withdrawal latency) of rats were measured before injection of lOOgl of 5% 
formalin into the right hindpaw. Hindlimb flinches were then counted for 10 min 
during the late-phase formalin response. Six hr after formalin injection, acute 
withdrawal threshold assays were repeated; both hindpaws were then removed, 
weighed, and plantar tissues dissected. Total RNAs were then isolated and assayed for 
NK-IR mRNA using solution hybridization - nuclease protection assays. Additional 
rats received a second injection of formalin into the contralateral hindpaw; hindlimb 
flinches were again counted during the late-phase response. The results of this study 
showed that paw withdrawal latencies were significantly shortened in both the 
inflamed (ipsilateral) and control (contralateral) hindpaws 6 hr after formalin injection. 
Formalin evoked significantly more hindlimb flinches when injected into the hindpaw 
6 hr after the initial (contralateral) formalin stimulus. Formalin-inflamed paws were 
edematous, weighed significantly more, and contained significantly more NK-IR 
mRNA than non-inflamed contralateral hindpaws. Thus, rats are hyperalgesic at a 
time after formalin when NK-IR mRNA levels are elevated in both the spinal cord and 
the inflamed paw, supporting the notion that increased NK-IR expression contributes 
to the development of behavioral hyperalgesia. It is not yet known if increased NK- 
IR mRNA expression in the paw reflects increased gene transcription in a fixed 
population of cells, phenotypic changes in additional cells, or infiltration by immune 
cells expressing NK-IR. Supported in part by Whitehall Grant-In-Aid #FA96-06.

600.12
AN ELECTROPHYSIOLOGICAL STUDY OF NEUROKININ RECEPTOR 
(NKR) AGONISTS IN THE SPINAL DORSAL HORN IN VITRO USING A 
MODEL OF ACUTE PERIPHERAL INFLAMMATION. M.A. Ackley, A.E. King* 
and A.U.R. Asghar. Dept. of Physiology, University of Leeds, Leeds, LS2 9NQ,
U.K.

The Neurokinin receptors, NK1R, NK2R and NK3R are implicated in the spinal 
processing of nociceptive information. We have used a model of peripheral 
inflammation along with electrophysiological intracellular recordings to assess the 
effect of acute pain on the responses to NKR agonists in the deep dorsal horn.

Carrageenan (0.05 ml, 0.5%) was injected subcutaneously into the plantar surface 
of the right hindpaw of 10-14 day old rats and inflammation developed over 18 
hours. Carrageenan-treated and untreated rats were irreversibly anaesthetised with 
urethane (2g.kg'f I.P.) and the spinal cords removed. Intracellular recordings were 
made from neurons in the deep dorsal horn (Laminae III-VI). The NK1R agonist 
[Sar9, Met(O2)n] Substance P (2pM), NK2R agonist [p-ala8’10]Neurokinin A (20pM) 
and the NK3R agonist Senktide (2pM) were applied via the superfusate.

In control rats, [Sar9, Met(O2)11 ]Substance P elicited depolarisations (5.8 ± 0.9 
mV; n=15) with cell firing, as did Senktide (4.6 ± 0.3 mV; n=16). Application of [P- 
ala8'10]Neurokinin A however, produced only subthreshold depolarisations (1.7 ± 0.5 
mV; n=9). In Carrageenan treated rats, the response to [Sar9, Met(O2)‘^Substance P 
was similar to the control rats (5.6 ± 0.9 mV; n=12) as was the response to [p-ala8’ 
10]Neurokinin A (2.1 ± 0.8 mV; n=3). The response to Senktide however, was 
markedly reduced in Carrageenan treated rats (1.7 ± 0.2 mV; n=13, p<0.005).

These data suggest that the excitation mediated by NK3R is modulated during 
acute inflammation. This has implications for the role of the NK-3R in the 
processing of nociceptive information. (Supported by The Wellcome Trust.)

600.13
SENKTIDE FACILITATES THE NOCICEPTIVE FLEXOR REFLEX 
VIA NK3 RECEPTORS AND PRODUCTION OF NITRIC OXIDE 
D.R. Linden, Y.-P, Jia and V,S. Seybold.* Dept. of Cell Biology and 
Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455.

Although neurokinin B (NKB) and senktide, agonists at the 
neurokinin3 receptor (NK3R), attenuate withdrawal responses to 
noxious thermal and mechanical stimuli, senktide causes ventral root 
depolarizations in spinal cords of neonatal rats. Since NK3R- 
immunoreactivity (ir) occurs on cell bodies and dendrites of neurons that 
also contain nitric oxide synthase (NOS)-ir in substantia gelatinosa, it is 
conceivable that modulation of motor responses by NK3R is mediated 
by the production of NO. The present study examined the effects of 
intrathecal administration of senktide on the nociceptive flexor reflex in 
decerebrate and spinalized rats. The reflex was evoked by stimulating 
the sural nerve at 1 mA for 0.5 ms and was measured by counting the 
number of compound potentials in the ipsilateral hamstring muscles. 
Senktide (1-30 nmol) dose-dependently facilitated the reflex reaching a 
maximum effect of 230% of the baseline reflex at 10 nmol. SR 142801 
(60 nmol), a nonpeptide NK3R antagonist, blocked facilitation of the 
reflex by 10 nmol of senktide, but not 7 nmol of neurokinin A, 
providing further support that the effect of senktide is mediated by 
NK3R. Pretreatment with NG-nitro-L-arginine methyl ester (L-NAME, 
30 nmol), a NOS inhibitor, attenuated the effect of senktide, indicating 
that facilitation of the reflex by senktide is also mediated by the 
production of NO. These data support the hypothesis that the NK3R is 
linked to the generation of NO in spinal neurons.
These studies were supported by NS 17702 and DA07234.

600.14
NEUROTENSIN RECEPTOR ANTAGONISTS, SR 48692 & SR 142948A, 
BLOCK NEUROTENSIN-MEDIATED PAIN FACILITATION TO 
POTENTIATE THE ANTINOCICEPTIVE EFFECT OF MORPHINE. LP. 
Smith*, A.A. Hawranko, D. Gully and P.J. Smith. Dept. of Pharmacology, 
Robert C. Byrd HSC, Morgantown WV 26506, & Sanofi Recherche, FR.

Neurotensin has a dose selective biphasic effect on pain modulation either 
to facilitate (pmol doses) or inhibit (nmol doses) pain responses following its 
injection into the rostroventral medial medulla (RVM) of rats (JPET. 
265:580, 1993). The pain facilitory action appears to oppose the 
antinociceptive effect of opioids (Smith et al., in press JPET, 1997), since it 
has been observed that systemically administered SR 48692 [EC5o value 
(95% CI) 0.03 (0.001-0.66) mg/kg] potentiates the antinociceptive action of 
systemically administered morphine (tail flick test). The effectiveness of 
high doses of SR 48692 diminished. The systemic administration of SR 
142948A [0.055 (0.002-1.68) mg/kg] also potentiated the antinociceptive 
action of morphine. However, its effectiveness does not diminish with 
increasing doses. Although the action of SR 48692 has been associated with 
blockade of the pain facilitory effect of neurotensin in the RVM, SR 
142948A does not appear to act through this mechanism. In support of this 
contention, a marked antinociceptive effect is produced by the concomitant 
micoinjection of SR 48692 and a low (pmol) dose of neurotensin into the 
RVM, while SR 142948A does not enhance the response to neurotensin. 
Thus, SR 142948A appears to potentiate the action morphine through an 
action at alternative sites involved in neurotensin mediated pain modulation.

Supported by Sanofi Recherche & NIH GM0076

600.15
EFFECT OF NEUROPEPTIDES ON DORSAL ROOT GANGLION 
NEURONS AFTER PERIPHERAL AXOTOMY Z.-Q. Xu*, X. Zhang, S. Grillner 
and T. Hokfelt, Department of Neuroscience, Karolinska Institute, S-171 77 
Stockholm, Sweden

Transection of a peripheral nerve in rat induces marked changes in 
expression of neuropeptides and their receptors on primary sensory neurons. 
Using intracellular recording, the effect of neuropeptides on dorsal root 
ganglion (DRG) neurons was investigated after peripheral axotomy. In 
normal rats, bath application of neurotensin (NT) induced an outward current 
in 29% of the tested C-type and in 3% of the tested A-type neurons, and an 
inward current in 52% of the tested A-type neurons. In contrast, NT only 
induced an inward current in 32% and 48% of the tested C-type and A-type 
neurons, respectively, from axotomized rats. Both galanin and sulphated 
cholecystokinin octapeptide (CCK-8S) did not change the membrane current 
significantly in all tested neurons from normal rats. However in axotomized 
rats galanin, as well as CCK-8S, induced an inward current in DRG neurons 
(44% and 36% of the tested C-type and A-type neurons, respectively, for 
galanin; 55% and 46% of the tested C-type and A-type neurons, respectively, 
for CCK-8S). Application of neuropeptide Y (NPY) caused an outward current 
in DRG neurons from both normal and axotomized rats (43% and 19% of the 
tested C-type and A-type neurons, respectively, for normal rats; 30% and 39% 
of the tested C-type and A-type neurons, respectively, for axotomized rats). 
These results indicate that peripheral axotomy causes significant changes in 
responses of DRG neurons to neuropeptides, correlating with the changes in 
expression of neuropeptides and their receptors. Such changes in peptidergic 
phenotype may reflect attempts of the DRG neurons to cope with, and to 
counteract the consequences of nerve injury. (Supported by Swedish MRC 04X- 
2887; EU BIOMED2 BMH4-CT95-0172; ASTRA PAIN CONTROL AB)

600.16
PERIPHERAL AXOTOMY DECREASES THE IN VTVO RELEASE OF CCK IN 
THE SPINAL DORSAL HORN - EFFECT OF CCKB RECEPTOR ANTAGONIST. 
1H. Gustafsson. ^-O. Stiller*. 2G.A, Lucas. TS, Schott. 2P. Alster.
2Z. Wiesenfeld-Hallin. and 1E. Brodin. Karolinska Institute, ‘Dept of Physiology 
and Pharmacology, Stockholm and 2DepL of Clinical Neurophysiology,
Huddinge University Hospital, Huddinge, Sweden.

An increased expression of cholecystokinin (CCK)-mRNA as well as CCKB 
receptor mRNA in dorsal root ganglion (DRG) cells following peripheral axotomy 
has previously been demonstrated.

In the present in vivo microdialysis study, the effect of unilateral sciatic nerve 
section on basal and potassium induced release of CCK-LI in the rat dorsal horn was 
investigated. In view of the very marked increase of expression of CCKB receptor- 
mRNA in primary sensory neurons following peripheral nerve injury, we also studied 
the possible effect of the CCKB receptor antagonist CI-988 (lmg/kg; i.v.) on basal 
and potassium stimulated CCK-LI release in unlesioned animals and axotomized 
rats. The antagonist was administered 15 min before stimulation.

Perfusion of the microdialysis probe with potassium (100 mM) induced a six-fold 
increase in the release of CCK-LI in control animals. However, following unilateral 
sciatic nerve section this potassium stimulation failed to evoke a release of CCK-LI 
ipsilaterally. Following systemic administration of CI-988 potassium stimulation 
induced a significant increase of the CCK-LI level in axotomized rats, similar to that 
observed in control animals. No effect of CI-988 on potassium stimulated CCK-LI 
release could be detected in control animals. CI-988 had no effect on basal CCK-LI 
levels in either nerve injured or control animals.

The present data suggest that axotomy reduced the release of CCK-LI in the spinal 
cord by a mechanism involving the CCKB receptor binding site.

Supported by the Swedish Medical Research Council and Astra Pain Control.
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600.17
THE CCKb RECEPTOR ANTAGONIST, L-365,260, PREVENTS MORPHINE 
TOLERANCE AND DEPENDENCE IN MONONEUROPATHIC RATS.
V, Kayser, J.J, Idflnpaan-Heikkila, J.P. Rivot* and G. Guilbaud. U 161 INSERM 2, 
me d’Alesia, 75014 Paris, France.

We have previously found that the effectiveness of systemic morphine and various 
opioid receptor agonists is increased in the vocalization threshold to paw pressure test 
(VTPP) on mononeuropathic rats. Further, in recent studies, we have showed a rapid 
development of tolerance and/or dependence after repetitive low doses of morphine in 
this model. The present experiments examined the ability of the cholecystokinin-B 
(CCKb ) receptor antagonist L-365,260 (0.2mg/kg s.c.) to prevent the development of 
these phenomena in mononeuropathic rats. Mononeuropathy was induced by placing 4 
loose ligatures around the common sciatic nerve. The 4-day pretreatment with 
morphine and the CCKB receptor antagonist was begun on postoperative day 12 and 
the experiments were done on day 16, when the pain-related behaviour has reached a 
maximum. The effects of an acute i.v. dose of morphine or the opioid antagonist 
naloxone were tested at 17 h after the last s.c. injection of morphine.
a) Following a pretreatment with relatively low doses of morphine alone (3mg/kg 
s.c.x2/day), dependence to morphine was evident in the mononeuropathic rats, 
although no tolerance to the antinociceptive effect of acute morphine was observed. 
Quantification of the withdrawal syndrome precipitated by naloxone (2mg/kg i.v.) 
showed that several signs of withdrawal (ptosis, teeth chattering, eye twitch and 
piloerection) were reduced in morphine and L-365,26O-pretreated rats in comparison 
with the morphine-pretreated rats. b)The pretreatment with a higher dose of morphine 
alone (10mg/kgs.c.x2/day) induced a complete tolerance to the antinociceptive effect 
of morphine (0.1-lmg/kg i.v.) in the VTPP test. Pretreatment with morphine and L- 
365,260 prevented the development of tolerance to the antinociceptive effect of acute 
morphine, but did not prevent the development of dependence.
Our findings indicate that CCK partially mediates opioid tolerance and/or dependence 
also in neuropathic rats.

600.18
THE RELEASE OF CHOLECYSTOKININ IN THE DORSAL HORN BY 
MORPHINE AND K+ IN RATS WITH INTACT AND AXOTOMIZED SCIATIC 
NERVES OR PERIPHERAL INFLAMMATION: A MICRODIALYSIS STUDY. 
•P. Alster*, •G.A. Lucas, 2E. Brodin and *Z. Wiesenfeld-Hallin. Karolinska 
Institute, •Department of Clinical Neurophysiology, Huddinge University Hospital, 
Huddinge and department of Physiology and Pharmacology, Stockholm, Sweden

Cholecystokinin (CCK) is a neuropeptide involved in a number of functions in 
the CNS, including pain modulation. CCK can interfere with the analgesic action of 
opioids and CCK mRNA and the CCK-B receptor are unregulated in dorsal root 
ganglion cells after peripheral nerve lesion, but not during inflammation.

We examined the extracellular level of CCK following 10 mg/kg i.v. morphine 
(MO) or K+-induced depolarization in the spinal cord dorsal horn with in vivo 
microdialysis in intact, halothane anaesthetized rats. We also investigated the effect 
of MO in rats that underwent unilareral sciatic nerve section 2-3 weeks before the 
experiments or were injected with carrageenan in one paw 1 d before the 
experiment. A microdialysis probe was inserted into the lumbar dorsal horn (L4-L6) 
ipsilateral to the injury and was perfused with Krebs-Ringer solution. Thirty min 
samples were collected for 270 min. In some experiments neurons were depolarized 
by 100 mM K+ in the perfusion medium for 30 min, starting 180 min after 
implantation of the probe. In other experiments MO was injected 180 min after 
insertion of the probe. Basal, MO- and K+-evoked levels of CCK were analyzed by 
radioimmunoassay using specific CCK antiserum.

In unlesioned rats, MO or 100 mM K+ similarly induced more than a 4-fold 
increase in CCK level. MO did not evoke a significant release of CCK in 
axotomized rats and no detectable CCK was released during inflammation. CCK 
levels were increased for a maximum of 90 min, after which they returned to basal 
level.

These results show a marked difference of MO- and K+-evoked release of CCK 
between unlesioned and axotomized or inflamed rats. Surprisingly, MO released 
more CCK in normal than axotomized animals.

Supported by the Swedish MRC, the European Commission, Astra Pain Control 
and Society for Neuroscience travel grant (GAL) .

600.19
MICROINJECTIONS OF CCK OR THE KAPPA OPIOID AGONIST, U69593, 
INTO THE ROSTRAL VENTROMEDIAL MEDULLA ATTENUATE MIDBRAIN 
PERIAQUEDUCTAL GRAY OPIOID ANTINOCICEPTION.
S.A. Tershner*, E. E. Bellocchio, Z. Z. Pan, & H. L. Fields. Departments of 

Neurology & Physiology and the Keck Center for Integrative Neuroscience, UCSF, 
San Francisco, CA 94143.

Neuronal projections from the ventrolateral periaqueductal gray (vlPAG) 
produce antinociception through a jj . opioid receptor mediated link in the 
rostral ventromedial medulla (RVM) (Roychowdhury & Fields, Neuroscience: 
74, 863-872, 1996). Both cholecystokinin (CCK) and theK opioid agonist 
dynorphin can oppose p, opioid antinociception and are known to be present in 
the RVM. The present experiment examined in vivo whether microinjections 
of CCK agonists or the k  opioid agonist U69593 into the RVM modulate 
antinociception produced by chemical activation of vlPAG neurons. Tail flick 
(TF) latencies were recorded in rats under constant barbiturate infusion. 
Guide cannulae for microinjections were positioned above the vlPAG and 
RVM. After a series of consistent TF latencies, either CCK8 or U69593 were 
microinjected into the RVM before injecting antinociceptive doses of the 
GABA receptor antagonist bicuculline or the p opioid agonist DAMGO into 
the vlPAG. Bicuculline (40 ng) produced an increase in TF latency which was 
attenuated by RVM injections of CCK8 (0.5 ng). The increase in TF latency 
produced by DAMGO (50 ng) was significantly attenuated by RVM injection 
of U69593 (178.2 ng). This U69593 attenuation was blocked by pretreating 
RVM with the k  opioid antagonist nor-binaltorphimine (0.367 ng). These 
data demonstrate that CCK and k opioid agonists can oppose vlPAG 
antinociception through actions within the RVM. Supported by DA 01949, NS 
21445, and HHMI.

600.20
EFFECTS OF THE CCK RECEPTOR ANTAGONIST PROGLUMIDE ON 
MORHINE ANALGESIC POTENCY IN VISCERAL PAIN. A.E. Friedrich and 
G.F. Gebhart.* Dept. of Pharmacology, University of Iowa, Iowa City, IA 52242.

Cholecystokinin (CCK) is thought to be involved in modulating nociceptive 
transmission. Previous studies suggest CCK receptor antagonists potentiate the 
effects of opiates in suppressing noxious cutaneous inputs. The present experiments 
were designed to determine if CCK is involved in the transmission of pain from the 
viscera and if the effects of CCK are altered with visceral inflammation. Colorectal 
distension (CRD) was used as a model of visceral pain in the rat, and the 
visceromotor response to CRD was measured by recording the electromyographic 
(EMG) activity in the external oblique musculature. The CCK receptor antagonist 
proglumide was applied intrathecally (ith.) 10 min. after administering ith. 
morphine, and the EMG response to staircase increases in CRD pressure from 0-80 
mmHg were recorded in both normal rats and rats with inflammed colons. Chronic 
colonic inflammation was produced by instilling 2,4,6-trinitrobenzenesulfonic acid 
(TNBS; 30 mg/kg) into the lumen of the colon. Morphine (0.2 pg) administered 
ith. in the absence of proglumide appeared to have a greater analgesic effect, 
particularly at higher pressures of distension (60-80 mmHG), in animals with 
inflamed colons than in healthy controls. Proglumide (0.02 pg) administered ith. 
prior to the submaximal dose of morphine appeared to potentiate the effects of 
morphine in healthy animals. However, proglumide had no effect in animals with 
TNBS-inflamed colons. These results indicate that CCK is involved in modulating 
the transmission of pain from the viscera. The analgesic potency of morphine 
appears to be greater in TNBS-inflamed rats than in uninflamed controls, and 
proglumide has a greater effect on morphine analgesia in rats with uninflamed 
versus inflamed colons. This suggests that the release and/or availability of CCK in 
the spinal cord may be decreased during chronic colonic inflammation. Supported 
by NS 19912.
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601.1
EFFECTS OF ADRENAL MEDULLARY CHROMAFFIN CELL 
TRANSPLANTS ON PAIN RELATED BEHAVIORS FOLLOWING 
EXCITOTOXIC SPINAL CORD INJURY. S Liu*, KL Brewer and RP 
Yezierski. The Miami Project to Cure Paralysis, University of Miami School of 
Medicine, Miami FL 33136.

Previous studies have shown that intraspinal injection of quisqualic acid 
(QUIS) produces excitotoxic injury with pathological characteristics similar to 
those associated with ischemic and traumatic spinal cord injury (SCI). 
Significant changes in the functional properties of sensory neurons adjacent to 
the site of injury have also been observed in this model. Additionally, following 
QUIS injections mechanical allodynia and thermal hyperalgesia combined with 
excessive grooming behavior have been shown to be key components of a 
syndrome believed to be the behavioral correlate of these pathological and 
physiological changes; changes believed to be related to the clinical condition of 
chronic pain following SCI. Given the therapeutic properties of adrenal 
chromaffin cell transplantation in conditions of neuropathic and cancer pain, it 
is proposed that the compounds released from chromaffin cells, i.e. 
catecholamines, norepinephrine and opioids, can alter or prevent the onset and 
progression of QUIS induced behavioral changes. To this end, the effects of 
adrenal transplants have been evaluated in male Long-Evans rats that received 
intraspinal injections of QUIS. Pain related behaviors, including the progression 
of excesisive grooming behavior and hypersensitivity to cold were significantly 
reduced following transplantation. These behaviors were not affected in animals 
receiving transplants of skeletal muscle. In conclusion, the results support the 
use of adrenal medullary transplants or a pharmacological equivalent as a 
treatment for pain following SCI. Supported by the Department of Defense, 
State of Florida, and The Miami Project.

601.2
INTRACISTERNAL ANTIDEPRESSANTS SUPPRESSED NOCICEPTIVE JAW 
OPENING REFLEX IN FREE MOVING RATS. D. K. Ahn, Y. S. Kim, B. J. 
Choi1*, J. S. Park2. Dept. of Oral Physiol. & Dental Pharmacol1., Sch. of Dent. & 
Dept. of Physiol2., Sch. of Med., Kyungpook Natl. Univ., Taegu, Korea.

This study was performed to investigate the mechanisms of antinociceptive action 
in response to injection of antidepressants into the intracisternal area. Sixty male rats 
were anesthetized with pentobarbital sodium (40 mg/kg, ip). Guide cannula and PE 
tube was implanted into the lateral ventricle and the cistema magna. Stimulating and 
recording electrodes were implanted into the incisor pulp and anterior digastric 
muscle. Electrodes were led sucutaneously to the miniature cranial connector sealed 
on the top of the skull with acrylic resin. Jaw opening reflex was used as a pain 
assessment method. The electromyogram of anterior digastric muscle (dEMG) was 
recorded in free moving rat to eliminate influences of anesthetic agents in pain 
perception. After 48 hours recovery from surgery, dEMG was recorded in free 
moving rats. Electrical shocks (200psec duration, 0.5-2mA intensity) were delivered 
at 0.5Hz to the dental pulp every 2 minute. Antidepressants, nortriptyline, 
immipramine, and despiramine (15pg or 30pg) was given in a volume 7 pi into the 
intracisternal area. Intracisternal injection of 15pg or 30pg nortriptyline and immi-
pramine suppressed dEMG to 30±4 or 75±6 % of the control. Intracisternal injection 
of 15pg or 30pg desipramine suppressed dEMG to 15±6 or 30±8 % of the control. 
Intracerebroventricular injection (30pg) of methysergide, phentolamine, or naloxone 
inhibited the antinoceiptive action of 30pg immipramine from 75±6 to 35±9 % of the 
control. These results indicate that intracisternal injection of antidepressants be able 
to modulate the pain transmission in orofacial area. Antinociception of intracisternal 
antidepressants seems to be mediated by multiple pathways such as serotonergic, 
adrenergic, and opioid pathways that are able to control to pain transmission.
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601.3
AMITRIPTYLINE DECREASES THERMAL HYPERALGESIA, BUT NOT 
MECHANICAL ALLODYNIA, IN A RAT MODEL OF NEUROPATHIC 
PAIN. M.J. Esser* and J. Sawvnok. Department of Pharmacology, 
Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4H7.

Neuropathic pain syndromes are characterized by a variety of pain qualities 
including allodynia, thermal hyperalgesia, and spontaneous pain. In an effort 
to alleviate these symptoms, the mechanisms underlying neuropathic pain are 
being examined. Current pharmacotherapy for neuropathic pain commonly 
involves the use of tricyclic antidepressants such as amitriptyline. In this 
study, we have examined the effect of amitriptyline on two manifestations of 
neuropathic pain, mechanical allodynia and thermal hyperalgesia, using the 
spinal nerve ligation model {Kim and Chung, 1992, Pain 50:355). Under 
halothane anaesthesia, male Sprague-Dawley rats (100-150 gm) were rendered 
neuropathic through tight ligation of the L5 and L6 spinal nerves with 6-0 silk. 
Behavioral tests of thermal hyperalgesia or mechanical allodynia were 
conducted 7, 12, and 17 days post-surgery. Using von-Frey filaments, the 
50% withdrawal threshold {Chaplan et al., 1994, J. Neurosci Methods 53:55) 
was determined for the ipsilateral ligated and contralateral non-ligated paws. 
After initial baseline value determinations, rats were injected with 
amitriptyline (1.5, 5, 10 mg/kg; i.p.) or saline, and the 50% paw withdrawal 
thresholds measured every 30 minutes for 2 hours. No significant anti-
allodynic effect was observed at any dose. However, a consistent prolonged 
hyperaesthetic effect was observed on the non-ligated (contralateral) side 
following 10 mg/kg. In contrast, 10 mg/kg of amitriptyline produced an anti- 
hyperalgesic response to a radiant heat stimulus with no effect on the non- 
ligated contralateral paw. These results suggest heterogeneous effects of 
amitriptyline on different manifestations of neuropathic pain.
{Supported by the Medical Research Council of Canada)

601.4
PRETREATMENT WITH DOPAMINE RECEPTOR
ANTAGONISTS IN THE NUCLEUS ACCUMBENS
ATTENUATES THE ANALGESIC EFFECTS OF AMPHETAMINE, 
MORPHINE, AND SUBSTANCE P IN THE FORMALIN TEST 
FOR TONIC PAIN. N. Altier * and J. Stewart. Center for Studies in 
Behavioral Neurobiology, Concordia University, Montreal, Canada.

There are several reasons to believe that amphetamine, morphine, and 
substance P (SP) inhibit tonic or persistent pain by enhancing 
dopamine (DA) release from terminals in the NAS of midbrain 
ascending neurons. To explore this idea, we examined the effects of 
blocking DA receptors in the NAS on the analgesic effects induced by 
intra-NAS infusions of amphetamine, and intra-VTA infusions of either 
morphine or the SP analog, DiMe-C7, in the formalin test for tonic 
pain. Rats received bilateral intra-NAS infusions of either the DA D-2 
receptor antagonist, raclopride (1.0, 3.0, or 5.0 pg/0.5 pl/side), the 
DA D-l receptor antagonist, SCH 23390 (0.1 |ig/0.5 jil/side; DiMe-C7 
only), or the mixed D-l and D-2 receptor antagonist, flupenthixol (1.5 
or 3.0 jxg/0.5 gl/side; DiMe-C7 only). Ten minutes later, they received 
bilateral infusions of either amphetamine (2.5 pg/0.5 pl/side) into the 
NAS, morphine (3.0 pg/0.5 pl/side) or DiMe-C7 (3.0 pg/0.5 pl/side) 
into the VTA. Immediately following these, tonic pain was induced by 
a formalin injection into one hind paw and pain responses were rated 
during 60 minutes. Intra-NAS pretreatment with raclopride, SCH 
23390, and flupenthixol attenuated all the drug-induced analgesic 
effects. These findings agree with those of previous studies 
implicating enhanced DA activity in the NAS and D-l and D-2 receptor 
subtypes in the suppression of tonic pain. Supported by the MRC 
(Canada) and FCAR (Quebec).

601.5
MODULATION OF NOCICEPTIVE DISCHARGES OF CMH UNITS TO 
NOXIOUS STIMULI UNDER THE ACTION OF AMINE DRUGS WITH 
USE-DEPENDENT EFFECT. L.V. Borovikova*, D.V, Borovikov.
V.V.Ermishkin.__ SAA__ Revenko, Dept. of Physiology, National
Cardiology Research Center, 121552 Moscow, Russia.

Use-dependent (UD) inhibition of excitation in afferent C-fiber 
termination may play an important role in modulation of signals in 
nociceptive fibers and analgesic effect of local anesthetics. The responses 
of feline cutaneous C-fiber mechano-heat-sensitive (CMH) units to series 
of repeated mechanical (0.5 N/mm2) and heat (50° C) stimuli have been 
studied under the action of subcutaneously applied Na channels blockers: 
local anesthetics lidocaine (Lid) and A/-propylajmaline (NPA). Applied 
amines caused transformation of discharge pattern of CMH unit responses 
to the ramp heat stimuli, which was characterized by the predominant 
suppression of the high-frequency (>2 Hz) nociceptive component of the 
response. Lid enhanced the thermal threshold of CMH-units responses to 
the ramp stimuli while NPA did not affect it. Both tertiary amine Lid (0.1%) 
and quaternary amine NPA (0.01%) produced marked use-dependert 
(UD) inhibition of discharges of CMH units evoked by press or heat step 
stimuli, manifested as an additional reversible decrease of discharge 
frequency evoked by the second and third stimulus in a series relatively to 
the first one. In this case the frequency of modulated responses proved to 
be in the subnociceptive range of excitation of CMH units. The recent 
clinical data upon analgesic effectiveness of systemic local anesthetics in 
subbiocking concentrations can be explained by inhibition of the high- 
frequency discharges in the nociceptive fine afferents due to UD-effect cf 
the drugs.

601.6
MIDBRAIN PAG INHIBITION OF NOCICEPTIVE NEURONS IN 
SACRAL DORSAL HORN: MEDULLARY p-OPIOID AND SPINAL 
a-ADRENERGIC LINKS. D. Budai,* I. Harasawa andHl. Fields. 
Departments of Neurology and Physiology and the Keck Center for 
Integrative Neuroscience, University of California, San Francisco, CA 
94143.
Single unit extracellular recordings were made from rat sacral dorsal 
horn (DH) neurons activated by noxious heat. Inhibition was evoked 
by bicuculline (BIC, 15ng) microinjection into the ventrolateral 
periaqueductal gray (PAG) which controls nociceptive DH neurons via 
the rostral ventromedial medulla (RVM). Following PAG-BIC 
applications, the total number of spikes per heat stimulation was 
significantly decreased. Peak inhibition was 64±18% of pre-BIC 
control (p<0.01, n=8) and occurred 15-30 minutes following PAG- 
BIC. This inhibition was significantly reduced by CTOP, a selective p- 
opioid receptor antagonist, injected bilaterally (2x20ng) into the RVM to 
8±19% (n=4, p<0.01 when compared to PAG-BIC inhibition of heat 
responses). Thus an opioid link in RVM is critical for PAG inhibition of 
nociceptive DH neurons. At the spinal level, heat-evoked responses were 
strongly inhibited by iontophoretically applied clonidine. lontophoresed 
idazoxan, a selective a2 antagonist, at doses which did not affect baseline, 
reversed both the clonidine and the PAG-BIC inhibition. The reduction 
of PAG-BIC inhibition to 19±22% was significant (p<0.01, n=15). 
Iontophoretically applied benoxathian, a selective at antagonist, was 
ineffective. Responses to iontophoretically applied excitatory amino acids 
were not consistently affected by clonidine or idazoxan suggesting that 
their effects may result from inhibition of afferents to DH nociresponsive 
neurons. Supported by PHS grant DA 1949.

601.7
THE a2A ADRENOCEPTOR («2A AR) IS CRITICAL TO THE 
DEVELOPMENT OF THERMAL, BUT NOT MECHANICAL 
NEUROPATHIC HYPERALGESIA. M.F. Davies*, W.S. Kingery, 
L.R. Poree,T.Z. Guo, and M. Maze. Anesthesiology Service, 
PAVAHCS, 3801 Miranda Ave., Palo Alto, CA 94304 USA, Stanford 
Medical School, Stanford, CA 94305, USA

The literature supports both an analgesic and hyperalgesic effect for 
0C2 AR agonists on neuropathic pain. We investigated the role of the 
(X2A AR on the development and maintenance of neuropathic 
hyperalgesia in mice. The tibial nerve was transected in wild type 
(WT) and transgenic mice (D79N) with nonfunctioning (X2A ARs. 
Heat and mechanical nociceptive thresholds were evaluated over the 
medial dorsum of the hindpaw in both groups and in matched controls, 
using a Peltier device and von Frey fibers. Both the WT and the D79N 
mice gradually developed (over 21 days) mechanical hyperalgesia, but 
only the WT developed thermal hyperalgesia. Neuropathic and control 
mice (WT and D79N) were tested for nociceptive thresholds and 
sedation (rotarod) after various doses of the ot2 agonist 
dexmedetomidine (DEX, 0.1-200 jxg/kg, i.p.). WT and D79N controls 
had no DEX analgesia, and only the WT had a dose dependent sedative 
response to DEX. WT neuropathic mice developed a dose dependent 
analgesia in the transected paw. The mechanical hyperalgesia in the 
neuropathic D79N mice was insensitive to DEX. The neuropathic mice 
are sensitized to the analgesic effects of 0C2 agonists, this effect is 
mediated by the CX2A subtype, and the a 2AAR is critical for the 
development, bat not the maintenance of heat hyperalgesia.

601.8
NEUROPATHIC PAIN BEHAVIOR DEVELOPS IN MICE THAT LACK ALPHA 
2A, 2B OR 2C ADRENERGIC RECEPTORS (ARs) BUT ITS REGULATION BY 
DEXMEDETOMIDINE REQUIRES THE 2A RECEPTOR. A.B. Malmberg1, L 
Hedley2, J.R. Jasper2*, J.C. Hunter2 and A.I. Basbaum1, 1 Depts. of Anatomy, 
Physiol, and W.M. Keck Center for Integrative Neurosci., UCSF, San Francisco, 
CA, and 2Centerfor Biol. Res., Roche Bioscience, Palo Alto, CA.

Neuropathic pain produced by peripheral nerve injury is characterized by 
spontaneous pain, an exaggerated response to painful stimuli and pain in 
response to normally innocuous stimuli (allodynia). The pain can be relieved by 
sympathectomy, presumably because it prevents noradrenaline-induced 
sensitization of nociceptive afferents. The latter pronociceptive effect is 
mediated via alpha 2 ARs, which also mediate an analgesic action in the spinal 
cord. Here we studied the contribution of the different alpha 2 AR subtypes, A, 
B and C to the development of neuropathic pain and also to the analgesia 
produced by the alpha 2 AR agonist dexmedetomidine (DEX). In mice that 
carry either a D79N point (2A) or null (2B, 2C) mutation in the gene encoding 
the alpha 2 AR, we partially ligated the sciatic nerve and assessed changes in 
thermal sensitivity in the Hargreaves model and mechanical allodynia with 
calibrated von Frey filaments. Baseline mechanical and thermal withdrawal 
thresholds were similar in all mutant and wild-type mice. After peripheral nerve 
injury, all mice developed comparable allodynia to thermal and mechanical 
stimulation. DEX, injected 10 to 14 days after the nerve injury, reversed this 
allodynia at low doses (3 pg/kg, s.c.) and produced analgesia at higher doses 
(10-30 pg/kg) in wild-type mice and in alpha 2B and 2C AR knock-out mice. In 
contrast, DEX was without effect in alpha 2A AR mutant mice even at a dose of 
100 pg/kg, which in wild-type mice produced sedation and motor incoordination. 
These results show that alpha 2A, B and C AR mutant mice develop "normal" 
neuropathic pain behavior after nerve injury and that the alpha 2A AR is 
essential for the analgesic effect of DEX. Supported by: NS 14627, 211445 and 
the PhRMA Foundation.
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601.9
THE DISTRIBUTION OF a2A- AND a2C-ADRENOCEPTORS IN RAT 
DORSAL ROOT GANGLION. B.Roberts & J.Connick*. Dept. of Pharmacology, 
Organon Laboratories, Newhouse, ML1 5SH, Scotland,UK

The aim of this study was to investigate the distribution of a2A- and a2C- 
adrenoceptors on classes of dorsal root ganglion cell, to discover which of these 
subtypes is likely to be involved in nociceptive processing. Antibodies were raised 
against portions of the rat a.2A(») and a2C receptors. After affinity purification, 
antisera were tested for specificity using immunocytochemical staining of 
recombinant cell lines. A strong signal, with no cross-reactivity, was obtained. 
The distribution of a2A and a2C receptor-like immunoreactivity (-LI) in sections of 
adult, male rat dorsal root ganglion was studied. Co-staining of sections for 
nuclear DNA and 200kd neurofilament protein allowed more detailed conclusions 
to be drawn about the distribution of the receptor-LI. a2A-LI was observed in all 
small (<30pm) neurofilament-negative cell bodies, but in few (<11%) of the large 
(>30pm) neurofilament-positive (NF+) cell bodies, distributed throughout the cell. 
In 45% of large- NF+ cells, a2A-LI was observed localised around the nuclear 
membrane. a2C-LI was observed in almost all cells (>98%), distributed 
intracellularly in dense clusters. It was concluded that the distribution of a2A and 
a2c receptor-like immunoreactivity in rat dorsal root ganglion cells could indicate 
the involvement of either or both subtypes in nociceptive processing and/or 
sympathetic nerve effects at the level of the primary afferent neurone. a2A and a2C 
receptor-selective agonists or antagonists may prove to be useful in the treatment of 
nociceptive and sympathetically-maintained pain respectively.

This work was performed at Zeneca Pharmaceuticals, Alderley Park, UK.

601.10
THE EFFECTS OF INTRATHECAL ct2-ADRENOCEPTOR AND 5-HT, 
RECEPTOR ANTAGONISTS ON THE NEURONAL RESPONSES TO 
FORMALIN IN THE RAT. G.M. Green* & A.H. Dickenson. Department of 
Pharmacology, University College London, Gower St., London WC1E 6BT, UK.

Evidence exists for increased monoaminergic descending inhibitory controls 
following peripheral inflammation. This electrophysiological study examined the 
effects of atipamezole, idazoxan and yohimbine, antagonists at the inhibitory a2- 
adrenoceptor, and ondansetron, an antagonist at the excitatory 5-HT3 receptor, on 
electrically-evoked responses of spinal convergent dorsal horn neurones, and 
responses to subcutaneous injection of formalin into the hindpaw, in the anaesthetized 
rat. Antagonists were administered intrathecally as a 20 min. pretreatment in both 
electrical and formalin experiments, and both phases of the formalin response were 
monitored.

The antagonists had little or no significant effect on electrically-evoked responses in 
normal animals. However, atipamezole (lOOpg, n=7), idazoxan (lOOpg, n=6) and 
yohimbine (lOOpg, n=6) all significantly increased the magnitude of the response to 
formalin (255%, 357% and 267% of control respectively), particularly the second 
phase, and considerably enhanced activity during the silent interphase period. 
Ondansetron significantly and dose dependently inhibited the formalin response to 
52%, 33% and 6% of control for lOpg, 50pg and lOOpg respectively (n=6 for each 
dose).

Our study provides electrophysiological evidence for increased noradrenergic 
inhibitory control at the spinal level during formalin-induced inflammation. In 
addition, activation of spinal 5-HT, receptors contributes to formalin, but not 
electrically, evoked activity of dorsal horn neurones. Thus, there is a complex 
monoamine contribution to the magnitude and duration of the formalin response.

Supported by Wellcome Trust, BBSRC and EEC Biomed II

601.11
INTRATHECAL DEXMEDETOMIDINE (DEX) AND ST-91 ACT 
SYNERGISTICALLY TO PRODUCE ANTINOCICEPTION IN THE 
RAT. B.A,Graham*1. D.L. Hammond1, and H.K. Proudfit2. ‘Dept. of 
Anesthes. & Crit. Care, Univ. of Chicago, Chicago IL 60637,2Dept. of 
Pharmacol., Univ. of Illinois at Chicago, Chicago, IL 60612.

Studies with selective antagonists suggest that DEX and ST-91 act at 
different subtypes of the a2-adrenoceptor in the spinal cord to produce 
antinociception in the rat (J. Pharmacol. Exp. Ther. 261:764,1992). The 
present study further examined this hypothesis. It examined whether DEX 
and ST-91 interact in a subadditive, additive or synergistic manner to 
produce antinociception after i.t. administration. Sprague-Dawley rats from 
Harlan or Sasco vendors were fitted with an i.t. catheter under anesthesia. 
Seven days later, baseline tail-flick and hot-plate latencies were determined. 
The rats were then injected i.t. with either DEX, ST-91, or a combination of 
DEX and ST-91 administered in the fixed dose ratio of 1:3, respectively. 
Response latencies were redetermined at fixed times thereafter. The - 
theoretical additive dose-response line for the combination of DEX and ST- 
91 was compared to the experimentally-obtained dose-response line by 
isobolographic analysis. If DEX and ST-91 act at the same subtype of a2- 
adrenoceptor, then an additive interaction was predicted. However, in both 
substrains, ST-91 and DEX interacted in a synergistic manner to produce 
antinociception in both the tail-flick and hot-plate tests. This finding provides 
further support for the idea that the antinociceptive effects of ST-91 and 
DEX are mediated by different subtypes of the a2-adrenoceptor in the spinal 
cord. This work supported by an award from FAER and Hoeschst Marion

601.12
HYPERALGESIA PRODUCED BY MORPHINE MICROINJECTION IN 
THE A7 CELL GROUP IS MEDIATED BY arADRENOCEPTORS IN 
THE RAT SPINAL CORD. J.E. Holder? and H.K. Proudfit2.1Dept. of 
Medical-Surgical Nursing, 2Dept. of Pharmacology, Univ. of Illinois at 
Chicago, Chicago, IL 60612.

Spinally-projecting A7 catecholamine cells in the dorsolateral pontine 
tegmentum are activated by substance P which produces anti-
nociception mediated by alpha-2 receptors in the spinal cord. We 
reported that methionine-enkephalin-immunoreactive (mENK) neurons 
in the ventromedial medulla project to areas adjacent to the A7 cell 
group and that microinjection of morphine in the A7 region produces 
hyperalgesia mediated by opioid receptors. To determine which 
receptors in the rat spinal cord dorsal horn mediate this hyperalgesia, 
we microinjected morphine (7.6 nmol) in the A7 region and then 
injected alpha adrenoceptor antagonists intrathecally. The alpha-2 
adrenoceptor antagonists yohimbine, phentolamine (30 nmol), and 
phentolamine (60 nmol) did not reverse the hyperalgesic response. 
However, the alpha-1 antagonist WB4101 (30 nmol) not only reversed 
the hyperalgesic response, but produced antinociception that lasted 
almost 30 minutes (two-way ANOVA, p < .05). Injection of the 
antagonists alone did not alter nociception. These experiments suggest 
that mENK neurons activate a subpopulation of spinally-projecting A7 
noradrenergic neurons that facilitates nociception by an action in the 
spinal cord that is mediated by alpha-1 adrenoceptors. This work was 
supported by USPHS Grant DA03980 from the National Institute on 
Drug Abuse.

601.13
TONIC ADRENERGIC DESCENDING INHIBITION IN THE RABBIT IS NOT 
THE PRODUCT OF SURGICAL PREPARATION. J. Ogilvie. R.N.B, Bhandari and 
R„W^.Qar.ke (sp qp ; Brain Research.Aas.nJ Dept. Physiology and Environmental 
Science, University of Nottingham, Sutton Bonington Campus LE12 5RD, U.K.

In the decerebrated rabbit, reflex responses of gastrocnemius medialis (GM) 
motoneurones to electrical stimulation of the sural nerve are tonically inhibited by 
noradrenaline acting at spinal a2-adrenoceptors. The present study examines the 
possibility that this inhibition is an epiphenomenon of the surgical preparation of 
animals. Six rabbits were prepared for hindlimb nerve recording under alphaxalone- 
alphadolone (Saffan) anaesthesia and decerebrated to the precollicular level. The left 
leg was clamped. Reflexes were evoked by electrical stimulation of the skin over the 
heel through percutaneous electrodes, and were recorded from the exposed GM muscle 
nerve. A further six rabbits were prepared and maintained under Saffan anaesthesia. In 
these animals all surgical procedures were performed after infiltration of tissues with 
2% lignocaine and reflexes to heel stimulation were recorded, through percutaneous 
electrodes, as full-wave rectified EMG signals from the GM muscle. In both groups of 
animals adrenergic tone was assessed by observing the effects of the selective a2- 
adrenoceptor antagonist RX821OO2, given intrathecally in doses from 0.3 to 100 pg. In 
decerebrated rabbits the mean stimulus intensity required to evoke reflexes in GM was
3.9 ± 0.6 mA, whereas in low-trauma anaesthetized animals it was 2.1 ± 0.4 mA. 
RX821002 increased reflex responses in both preparations (Friedman's ANOVA on 
ranks, P< 0.0001 for each), an effect which became significant (Dunn's test) at the 10 
pg dose in both groups. After the highest dose of antagonist, reflexes were median 
values of 471% (Inter-Quartile Range 275 - 701%) of pre-drug levels in decerebrates 
and 867% (IQR 317 - 1183%) in low-trauma anaesthetized rabbits. These values were 
not significantly different from each other. Thus, while surgical preparation does 
influence the excitability of hindlimb withdrawal reflexes, tonic adrenergic inhibition is 
not dependent upon the nociceptive inputs arising from surgery.

Supported by the Wellcome Trust

601.14
Facilitatory and inhibitory modulation of synaptic nociceptive transmission in 
dorsal horn neurons of the spinal cord in rats

Ping Li* and Min Zhuo, Dept. of Anesthesiol., Washington Univ., St. Louis, 
MO63110

Spinal nociceptive transmission receive descending biphasic modulation 
from supraspinal structures. Descending inhibition is mediated by spinal 
cholinergic, serotonergic and adrenergic receptors, and descending facilitation is 
mediated by serotonin (5-HT) receptors. To investigate cellular mechanisms of 
descending modulation, whole-cell patch clamp recordings combined with biocytin 
labeling were made from 92 dorsal horn neurons in thin slices of lumbar spinal cord 
in young rats (4-17 days). Neurons recorded were located in laminae I-III of the 
spinal cord. Monosynaptic excitatory postsynaptic currents (EPSCs), inhibitory 
postsynaptic currents (IPSCs) as well as polysynaptic EPSCs were recorded. In 49 
neurons, monosynaptic EPSCs were recorded: 26 of them were mediated by AMPA 
receptors and 23 were mediated by AMPA and NMDA receptors. In 15 neurons, 
electrical stimulation evoked an initial EPSCs followed by IPSCs. In another 12 
neurons, only IPSCs were induced. IPSCs were abolished by strychnine and 
bicuculline (or picrotoxin), Polysynaptic EPSCs were induced in the remaining 16 
neurons. Consistent with behavioral and pharmacological results, carbachol 
inhibited AMPA-receptor mediated EPSCs in a dose-dependent manner (ED50:
13.4 (5.1-58.6pM)). The ED50s for inhibition of morphine was 29.5 (12.3- 
94.6pM). 5-HT produced biphasic effects on AMPA-mediated EPSCs. 5-HT at 
50pM produced an inhibitory effect (n=7; 49.9±12.6%). However, at 5pM, 5-HT 
produced only facilitation (see Zhuo and Li, Soc Neurosci Abst 1997). These 
results support previous studies and demonstrate that synaptic nociceptive 
transmission in dorsal horn can be inhibited by cholinergic muscarinic receptor 
agonist and biphasically modulated by 5-HT (Supported by DA10833).
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601.15
ANTINOCICEPTIVE EFFECTS OF MICRODIALYSIS ADMINISTRATION OF 
5-HTiA AND 5-HT3 RECEPTOR AGONISTS AND ANTAGONISTS IN A 
MODEL OF ACUTE ARTHRITIS. P.M. Rosenstein and KN, Westlund* Marine 
Biomedical Institute, University of Texas Medical Branch, Galveston, TX. 77555- 
1069.

A model of acute arthritis in die rat, induced by intraarticular injection of kaolin and 
carrageenan, produced both behavioral and physiological manifestations typical of 
arthritis in the human, including increases in secondary heat hyperalgesia, joint 
circumference, and joint temperature. Heat hyperalgesia was prevented by 
pretreatment with both 5-HT]A and 5-HT3 receptor agonists (8-OH-DPAT and 1- 
phenylbiguanide, respectively) administered to restricted spinal segments by 
microdialysis. HPLC analysis of dialysate samples collected during behavioral 
experiments demonstrated that these drugs were also effective in preventing increases 
in GLU release witliin die dorsal horn. Posttreatment with these same receptor 
agonists reduced both the behavioral heat hyperalgesia and increases in joint 
temperature normally seen in this model, and also prevented late phase increases in 
GLU release within the dorsal horn. Surprisingly, both pretreatment and 
posttreatment with 5-HT]A and 5-HT3 receptor antagonists (WAY100,135 and 
ondansetron respectively) were effective in preventing or reducing the behavioral heat 
hyperalgesia, suggesting strong activation of descending inhibitory controls by 
excitation at the level of die spinal cord. Furthermore, posttreatment widi 
WAY100,135 reduced expected joint temperature increases. In summary, these 
studies show that putative serotonin agonists and die putative antagonists ondansetron 
WAY100,135 appear to be effective in attenuating glutamate release and behavioral 
heat hyperalgesia bodi prior and after induction, and joint temperature increases after 
induction, in this acute artliritis model. (Supported by NIH grant NS32778.)

601.16
INHIBITORY SEROTONERGIC MODULATION OF THE 
CARDIOVASCULAR AND ANALGESIC COMPONENTS OF PAG- 
EVOKED DEFENSIVE RESPONSES INVOLVES NITRIC OXIDE. 
T.A. Lovick and M.M. Hamalainen Dept. of Physiology, Univ. of 
Birmingham, Birmingham BI5 2TT, U.K. (SPON: Brain Research 
Association)

Aversive behaviour evoked by stimulating the dorsal periaqueductal 
grey matter (PAG) is subject to inhibitory modulation by 5-HT (eg 
Schutz et al, Psychopharmacol. 85, 1985 340-345). The present study 
was carried out to determine whether the analgesic and cardiovascular 
components of PAG-evoked aversion are also under serotonergic 
control.

In rats anaesthetised with alphaxalone/alphadolone, electrical 
stimulation (40-80pA, 80Hz for 10s) in the PAG lateral to the aqueduct 
evoked an increase in the latency of the tail flick reflex (from 3-5 s to 8- 
9s) together with a pressor response (20-55mm Hg), tachycardia (5-70 
bpm) and vasodilatation in the hindlimb (26-147% increase in vascular 
conductance). Microinjection of 15nmol 5-HT into the lateral PAG 
produced a significant reduction (by 43-97%, p<0.05) in the analgesia 
and in each component of the cardiovascular response. The effect of 
5-HT was blocked by i.c.v. administration of the nitric oxide synthase 
inhibitor L-NAME (370nmol) but not by the inactive isomer D-NAME.

These results indicate that 5-HT exerts inhibitory control over the 
cardiovascular and analgesic components of PAG-evoked aversive 
behaviour by a mechanism which involves nitric oxide.
Supported by the Medical Research Council (U.K.)

601.17
DRUG-INDUCED MODULATION OF DURAL NOCICEPTIVE NEUROTRANSMISSION. 
MJ Cumberbatch, FF Hefti*, RG Hill & RJ Hargreaves. Merck Sharp & Dohme, Neuroscience 
Research Centre, Harlow, Essex, CM20 2QR, UK.

Anti-migraine serotonin 5HT1B/1D agonists may have central sites of action in addition to their 
effects on the trigeminovasculature. Since many 5-HTjB/1D agonists also retain some activity at 5- 
HT1A receptors, we have investigated the specificity of this action by studying the relative 
contributions of 5HT1B/ID and 5HTjA receptors to central dural nociception and also the 
involvement of NMDA (/V-methyl-D-aspartate), NKt (neurokinin 1) and opioid receptors.

Under halothane anaesthesia male rats (n=23; 3OO-35Og) were surgically prepared for single 
unit recording from the caudal trigeminal nucleus and for noxious stimulation of the middle 
meningeal artery (MMA). Anaesthesia was transferred to a constant infusion of pentobarbitone 
(30mg/kg/hr). Single action potentials were recorded and counted in response to cycles of 20 
electrical stimuli applied to the MMA (l-3mA, 100-300ps). Drug effects are a percentage of the 
pre-drug control counts. The following drugs were applied intravenously in cumulative doses; 
the brain penetrant 5HT|B/iD agonist L-741,604, the 5HT1A agonist 8-OH-DPAT (8-hydroxy-2- 
(di-n-propylamino) tetralin); the 5HTIA receptor antagonist WAY 100,635; the receptor NMDA 
receptor antagonist ketamine; the NKt receptor antagonist GR 203040 and the opioid agonist 
morphine. Values are % of control ± sem.

L-741,604 (0.3, 1 and 3 mg/kg; n=4) reduced durally evoked nociceptive responses to 81±8%, 
40±14% and 30±10% whereas 8-OH-DPAT and WAY 100,635 (0.3, 1 & 3 mg/kg; n=4) had no 
effect (93+6%, 85±8% and 94±5% and 100±5%, 101 ±8% and 100±8% respectively). In contrast, 
ketamine, GR 203040 and morphine all reduced durally evoked responses dose dependently. 
Ketamine (2, 4 and 8 mg/kg; n=3) reduced responses to 104±l%, 62±11% and 15±8% of 
control, GR 203040 (1, 3 and 10 mg/kg; n= 4) to 73±16%, 52±20% and 15±8% and morphine 
(1, 3 and 10 mg/kg; n=4) to 79±11%, 66±4% and 35±2% of control.

These data indicate that 5-HT!B/|D receptors, but not 5-HT1A receptors, are involved in dural 
nociceptive processing. The marked inhibitory effects of morphine and the NK| and NMDA 
receptor antagonists suggests other approaches for discovery of novel centrally acting anti-
migraine therapies.

SUBCORTICAL VISUAL PATHWAYS III

602.1
TWO MAJOR EXCITATORY INPUTS ON dLGN NEURONES SHOW DISTINCT 
SYNAPTIC PROPERTIES. O. Paulsen*1’2, A. Kielland1, and P. Heggelund1.
*Dept. of Neurophysiology, Univ. of Oslo, Oslo, Norway, and 2MRC Anatomical 
Neuropharmacology Unit, Univ, Dept. of Pharmacology, Mansfield Road, Oxford 
OXI 3TH, U.K.

Neurones of the dorsal lateral geniculate nucleus (dLGN) receive two major excita-
tory input pathways, one from the retina, and another from visual cortex. In order to 
understand how signals are processed in these two pathways, we have compared the 
functional properties of two distinct types of monosynaptic excitatory postsynaptic 
currents (EPSCs) that can be recorded in dLGN neurones, evoked by electrical stim-
ulation in thalamic slices from guinea-pig.

Whole-cell patch-clamp recordings were made from neurones in the dLGN in the 
presence of 100 pM picrotoxin to block GABAa  receptor-mediated inhibition. The 
retinal input was activated by stimulation in the optic tract (Paulsen & Heggelund, 
1994). This input showed a dual-component EPSC consisting of AMPA and NMDA 
receptor-mediated components. The AMPA component had a rapid time course (rise- 
time2o-8o% < 0.6 ms), and demonstrated prominent paired-pulse depression. Another 
input to the same cells was activated by intrageniculate stimulation. Activation of this 
input also produced a dual-component EPSC, but could be distinguished from the 
retinal input by a considerably slower AMPA component. In contrast to the retinal 
input, this other input showed paired-pulse facilitation. Upon repetitive activation 
(2 - 100 Hz for 1 s), a prominent frequency facilitation became apparent. The proper-
ties of this other EPSC are consistent with it being due to activation of cortical input 
fibres, and could contribute to the augmenting phenomenon observed in thalamic 
neurones in vivo. This result suggests a mechanism by which the cortex can amplify 
thalamocortical transmission.
Supported by the Norwegian Research Council.

602.2
Late postnatal maturation of visual cortico-geniculate axons in the cat.
HOUZEL TC, KLOER IM, LOWEL S * AND SINGER W
Max Planck Institut for Brain Research, 60528 Frankfurt /Main, Germany.

The lateral geniculate nucleus (LGN) not only conveys inputs to primary visual 
cortical areas via precisely ordered projections but receives in turn massive feedback 
from layer VI cortical cells. An orderly pattern of extensive corticogeniculate terminals 
was recently described in adult cats1'1. Here, we study the development of this 
architecture in order to investigate some of its organizing principles.

Biocytin was injected extracellularly in deep layers of area 17 in cats aged between 
postnatal day 1 and adulthood. After 48 hours, the tracer was visualized in parasagittal 
sections via avidin-peroxidase histochemistry. Using a computer-coupled microscope 
with a final magnification of lOOOx, single axons were 3D-reconstructed from the 
optic radiations down to their terminal endings in the LGN.

Already at birth, arbors are typically enclosed within cylindrical volumes oriented 
parallel to the projection, columns, and the estimated visual space covered by an axon 
is constant throughout all ages examined. However, the arbors are quite immature in 
newborn animals; the number of branches into which each axon divides before enter-
ing the LGN, the number of ramifications within the LGN, the density of stalked 
boutons, and the total arbor length all gradually increase during the following weeks. 
Several days after eye opening, there is still a substantial number of growth cones in 
all LGN laminae, and the adult core/surround-like organization is not yet evident.

These results confirm previous degeneration!25 and proline-transport135 studies 
suggesting that this pathway is topographically organized from early on and does not 
undergo a period of transient overbranching. However, single fiber analysis reveals 
that corticogeniculate arbors are far from being fully mature at the time of eye 
opening, allowing for visual experience to influence their final architecture. This 
enables corticofugal axons to establish connections with precisely selected subsets of 
geniculate targets and hence puts them in a position to subserve a synchronizing 
function545 involved in the top-down selection of incoming stimuli555.
[1] Murphy & Sillito 1996, J Nsci 16:1180. 12] Anker 1977, J Comp Neurol 173:185. 13] Payne et al. 1988, Nsci 
Res 5:513. [4] Singer 1995, Science 270:758. [5J Sillito et al. 1994 Nature 369:479. Supported by the MPG.
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602.3
SYNAPTIC TARGETS OF CHOLINERGIC TERMINALS IN THE PULVINAR/LP 
COMPLEX OF THE CAT. NX.Patel*andM.Bickford. Dept. of Anatomical 
Sciences and Neurobiology, University of Louisville, Louisville, KY. 40202.

The pulvinar nucleus of the cat receives a cholinergic input from the brainstem 
parabrachial region (PBR), but little is known about the relationship of this projection 
with die intrinsic circuitry of the pulvinar. We stained PBR terminals with a monoclonal 
antibody directed against choline acetyltransferase (ChAT). Our goal was to describe 
the targets of these terminals within the pulvinar neuropil. Tissue from four cases was 
examined with an electron microscope, and 160 cholinergic synaptic contacts were 
photographed. The most common synaptic targets of the cholinergic terminals were 
dendrites (142/160 or 89%); the rest contacted vesicle-filled profiles (18/160 or 11 %). 
Most of these contacts (121/160 or 76%) were located within complex clusters identified 
as glomeruli. Within glomeruli, filamentous adhesions, or puncta adherentia, were often 
present between the postsynaptic dendrites and the surrounding terminals in the cluster 
(69/107 or 64%). A subset of 55 terminals was stained for gamma aminobutyric acid 
(GABA) to determine whether profiles postsynaptic to cholinergic terminals originate 
from thalamocortical cells (GABA-) or intemeurons (GABA+). The majority (44/55 
or 80%) of postsynaptic profiles were GABA- dendrites. The minority (11/55 or 20%) 
were GABA+ dendrites with vesicles. However, this proportion of cholinergic contacts 
on thalamocortical cells and intemeurons did not differ significantly from contacts in the 
surrounding neuropil, in which 83% (126/151) contacted GABA- profiles and 17% 
(25/151) contacted GABA+ profiles. This suggests that in the pulvinar nucleus, 
cholinergic terminals exhibit no preferential innervation of thalamocortical cells or 
intemeurons, but simply mirror the overall distribution of terminals that contact these 
two cell types. An analysis similar to that described above is currently being applied to 
die lateral posterior nucleus. (Supported by NINDS R29NS35377)

602.4
Distribution  of  muscarinic  type  2 receptors  in  the  pulvinar /LP complex

of Anatomical Sciences and Neurobiology, Univ. of Louisville, Louisville, KY. 40202.
The pulvinar nucleus of die cat is densely innervated by cholinergic terminals 

originating from cells in the region of the brachium conjunctivum. This input targets 
the dendrites of thalamocortical cells, and intemeurons in complex synaptic 
arrangements known as glomeruli. To begin to determine the influence of 
acetylcholine on these cell types, we examined the distribution of type 2 muscarinic 
receptor (M2) using immunocytochemistry. M2 was tagged with horseradish 
peroxidase reacted with diaminobenzidine and sections were prepared for electron 
microscopy. To identify thalamocortical cells and intemeurons, sections were 
additionally stained for gamma amino butyric acid (GABA) using postembedding 
immunocytochemistry. GABA was tagged with colloidal gold. From electron 
micrograph montages, a total of 1185 profiles from 2 cats were categorized based on 
their staining for M2, GABA, and vesicle content. The M2 antibody stained 45% of 
all profiles in the sampled tissue. Of M2 stained profiles, 47.5% also stained for
GABA. The majority of the M2+/GABA+ profiles also contained vesicles (82%) and 
thus can be identified as the dendritic terminals of intemeurons (F2 profiles). Of all 
M2+ profiles, 39.2% did not stain for GABA, did not contain vesicles, and thus can be 
identified as thalamocortical cell dendrites. Finally, 13.3% of M2 stained profiles did 
not contain GABA, but did contain vesicles. These profiles likely represent cholinergic 
terminals, and this is being explored with double-labeling techniques. Our data suggests 
that M2 receptors are found on both types of profiles that receive cholinergic input, and 
possibly the cholinergic terminals themselves. Since activation of M2 indirectly leads 
to opening of potassium channels, acetylcholine may hyperpolarize both 
thalamocortical cells and intemeurons in the pulvinar nucleus, and in addition, may 
act as an autoreceptor to decrease acetylcholine release. An analysis similar to that 
described above is currently being applied to the lateral posterior nucleus. (Supported by 
NINDS R29NS35377)

602.5
RELATION OF NEUROCHEMICAL SUBDIVISIONS WITH THE V2- 
AND MT-PROJECTING ZONES OF THE PULVINAR IN CEBUS 
MONKEYS. J.G.M. Soares; R Gattass; B.L. Brandao; A.P.B. Souza;
M.G.P. Rosa1 and M. Fiorani Jr*. ’-University of Queensland, Australia; 
Dep. of Neurobiology, Instituto de Biofisica Carlos Chagas Filho, U.F.R.J., 
Rio de Janeiro, 21949-900, Brazil.

The pulvinar nucleus of Cebus apella monkey was studied using 
immunohistochemistry for two calcium binding enzymes, calbindin and 
parvalbumin, and Nissl stain. In addition we studied the connections of the 
pulvinar with visual areas V2 and MT by means of retrograde fluorescent 
tracers injected into these areas. Based solely on chemoarchitectonic criteria 
the ventral portion of the pulvinar of the Cebus monkey can be subdivided 
into posterior, medial, central and lateral portions, similar to squirrel 
monkeys and macaques (Cusick et al.,1993, JCN 336:1). However, the 
pulvinar zones that project to areas V2 and MT do not have a homogeneous 
chemoarchitectonic pattern, instead each subdivision includes distinct 
immunocytochemical compartments. Injections in MT resulted in three 
regions of labeling in the pulvinar: one in the dorsal portion of pulvinar 
lateralis (PL), another region located laterally in pulvinar inferior (PI), and a 
third and main region located medially involving PL, PI and pulvinar 
medialis (PM). This last region includes the medial region which stains 
poorly for calbindin. However, it is not restricted to it, also including the 
adjacent posterior and central regions. Injections in V2 labeled cells in the 
centrolateral portion of PL, encompassing parts of the central and lateral 
immunocytochemical divisions.
Supported by CNPq, FINEP, FAPERJ, and CEPG.

602.6
DISTRIBUTION OF PARVALBUMIN AND CALBINDIN-D 28K IN THE 
SUPERIOR COLLICULUS (SC) OF NEWBORN AND ADULT CATS AND 
MONKEYS. K.K, Anstrom*, J. G. McHaffie and B. E. Stein. Dept. of 
Neurobiology & Anatomy, Bowman Gray School of Medicine, Wake Forest 
University, Winston-Salem, NC 27157.

The distribution of the calcium-binding proteins parvalbumin (PA) and calbindin D- 
28k (CB) was examined in the SC of newborn and adult cats and macaque monkeys 
using immunohistochemical techniques. At maturity, the distribution of PA- 
immunoreactive (IR) neurons in both species was similar, with a prominent band of 
small soma neurons present in the upper aspects of the superficial laminae and large- 
to-intermediate soma neurons scattered in the intermediate and deep laminae. Neuropil 
labeling was present in a decreasing superficial-to-deep pattern in the cat SC but was 
more homogeneously distributed in the monkey. At birth, however, the distribution 
of PA-IR neurons in these two species differed sharply: the superficial laminae of the 
newborn kitten were entirely devoid of label, and, although the deeper laminae 
displayed robust fibrous and neuronal PA-IR, large soma neurons were not yet 
evident. The pattern of PA-IR in the newborn monkey, however, was already adult-
like. In contrast, the pattern of CB-IR neurons was already close to the adult-like 
condition at the time of birth in both species, although its ventral extent in the 
superficial laminae extended beyond the region normally labeled in adults. The 
maturity of calcium-binding proteins in the newborn macaque SC is consistent with 
its relative physiological maturity (Stein et al., Soc. Neurosci. Abst. 22: 636, 1996) 
and is in contrast with the more altricial cat, whose SC requires a protracted period of 
postnatal maturation (Stein et al., J. Neurophysiol, 36:667-679, 1973). Supported by 
NIH grant EY06562

602.7
DEVELOPMENT OF SOMATOSENSORY RESPONSES, 
TOPOGRAPHY AND INTERACTIONS WITH OTHER SENSORY 
MODALITIES IN CAT SUPERIOR COLLICULUS (SC). M.T. 
Wallace* and B.E, Stein. Dept. of Neurobiology and Anatomy, 
Bowman Gray School of Medicine, Wake Forest University, Winston- 
Salem, NC 27157

Somatosensory inputs play a critical role in the orientation functions 
of the SC, both by mediating overt responses to somatosensory cues, 
and by influencing the processing of visual and auditory information. 
The present experiments explored the development of the 
somatosensory representation in the SC in cats from 3-135 days 
postnatal (dpn). The incidence of somatosensory-responsive neurons 
increased substantially during the first 7-8 postnatal weeks, during 
which time response latencies declined nearly 4-fold (from 71 ms to 19 
ms), and preferences for specific speeds of stimulus motion developed 
until >80% of neurons responded best to a rapidly moving stimulus. 
During the same period receptive fields (RFs) decreased in area by > 
400%, refining the crude somatotopy that was already evident at 3 dpn. 
Furthermore, many somatosensory neurons became responsive to other 
sensory modalities (multisensory) during this period. Initially, these 
multisensory neurons lacked the ability to engage in cross-modality 
integration, but developed this capacity at about the same time that their 
RFs achieved adult-like sizes. These results suggest that RF 
contraction and the appearance of adult-like cross-modality integration 
are likely precursors for the development of the somatosensory- 
influenced attentive and orientation functions of the SC. Supported by 
EY06562.

602.8
ELECTRICAL ACTIVATION OF CORTICOTECTAL REGIONS OF 
EXTRAPRIMARY SENSORY CORTEX MODULATES THE ACTIVITY OF 
NIGROTECTAL NEURONS. H. Jiang*. B. E, Stein. J, G. McHaffie. Dept. 
Neurobiol. & Anat., Bowman Gray Sch. Med., Winston-Salem, NC 27157.

The present experiments were an attempt to determine if several cortical sensory 
areas (i.e., lateral suprasylvian- LS, and anterior ectosylvian cortices- SIV, AEV, and 
Field AES), known to send direct projections to the deep superior colliculus (SC), can 
also affect the SC via a multisynaptic route through the striatum and substantia nigra. 
Nigral neurons (n=85) were recorded in cats (n=3) with chronic stimulating electrodes 
implanted in the ipsilateral LS and SC (n=l) and in SIV, AEV, and Field AES (n=2). 
Nigrotectal neurons (n=21) were antidromically identified, and their sensory 
responsiveness determined. In nearly all cases, nigral neurons had high rates of 
spontaneous activity and responded in the same fashion to natural and cortical 
stimulation. Thus, the majority (n=ll, 53%) of nigrotectal neurons that were either 
inhibited by electrical stimulation of cortex or responded with brief excitation 
followed by long duration inhibition, showed the same response pattern when 
presented with natural stimuli. Similarly, those neurons only excited by cortical 
stimulation (33%) were also only excited by natural stimuli. The overwhelming 
majority of the neurons encountered were visual (n= 14, 67%); fewer were 
somatosensory (n= 1, 5%), multisensory (n= 4, 19%), or unresponsive (n= 2, 9%). 
No purely auditory neurons were found. Generally, there was a positive match 
between the natural sensory stimulus influencing a neuron (e.g., visual) and the 
effective site(s) of cortical stimulation (e.g., LS & AEV). The orthodromic latencies 
from cortical stimulation to nigral excitation ranged from 2.23-14.4 ms and to nigral 
inhibition from 6.47- 29.3 ms, indicative of multisynaptic inputs. These data provide 
the first physiological demonstration of a ‘indirect’ corticotectal pathway that links 
sensory cortices with the deep SC via the basal ganglia. NIH grant NS35008
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602.9
MULTISENSORY FACILITATION MAY BE DUE TO NON-LINEARITIES 
IN THE NEURON’S RATE-INTENSITY FUNCTION. J. W. H. Schnupp*, J. 
D. Giles, R. J. Baddelev and A. J. King. University Laboratory of Physiology, 
Parks Road, Oxford 0X1 3PT, UK.

Many neurons in the superior colliculus (SC) receive converging visual, 
auditory and somatosensory inputs. When presented with two stimuli of different 
modality, these neurons may give an enhanced response that is greater than the 
sum of the responses to each stimulus alone. The mechanisms underlying this 
multisensory facilitation are unknown, but the enhancement tends to be greatest 
when the two stimuli presented concurrently are weak. Sensory neurons, 
including those in the SC, usually have sigmoidal rate-intensity functions. 
Consequently, a neuron stimulated at near-threshold levels might produce a 
disproportionate increase in its response when presented with an additional input.

In order to investigate whether such non-linearities in the rate-intensity 
function could account for multisensory facilitation, we recorded “visual-auditory 
rate-intensity surfaces” from multimodal neurons in the SC of anaesthetised 
ferrets. Light stimuli of various contrasts and noise bursts of varying intensity 
were presented in a randomly interleaved fashion. In all cases, the observed 
responses could be fit adequately with a simple mathematical model that predicts 
the response from a linear combination of the visual and auditory input, followed 
by a sigmoidal transformation. We also performed a residual analysis, pooling 
deviations between model and observed response for all the neurons recorded 
after appropriate normalisation. This revealed no systematic deviations between 
the model and the recorded response-surfaces. We conclude that multisensory 
facilitation may result simply from the linear combination of unimodal inputs 
converging onto a neuron with a non-linear transfer function.
Supported by the Wellcome Trust & the MRC Centre for Cognitive Neuroscience

602.10
MULTIPLE CELL TYPES EXPRESS NR1 IMMUNOREACTIVITY IN 
THE ADULT FERRET SUPERIOR COLLICULUS. T.P. Doubell*, J. 
Baron, R.J. Adams and A.J. King. University Laboratory of Physiology, Parks 
Road, Oxford, 0X1 3PT, UK.

The superior colliculus (SC) contains neural representations of visual, 
auditory and somatosensory space which are topographically aligned with 
each other. Previous studies have indicated that NMDA receptors may 
contribute to both unimodal and multimodal responses in the SC (Binns and 
Salt, J. Neurophysiol. 75:920-30, 1996). We have shown that chronic NMDA 
receptor blockade disrupts the development of the auditory space map in the 
deeper layers of the SC and its alignment with the visual map in the 
superficial layers (Schnupp et al., J. Neurosci. 15:1516-31, 1995).

In order to investigate further the role of NMDA receptors, we have 
localized the NR1 subunit using pre-embedding immunocytochemistry at the 
light and electron microscope level. The superficial layers contained many 
small labelled cells and dense punctate neuropil, whereas both small and large 
labelled neurons were found in the deeper laminae. Numerous stained axons 
and dendrites could be seen throughout the SC. After injections of the 
anterograde tracer biotinylated dextran-amine into the superficial layers, 
axons could be seen making contact with NR1 labelled neurons located in the 
deep laminae. These results reveal a possible circuit by which visual input, 
mediated by the superficial layers, could directly shape the polysensory 
responses or premotor activity of deep layer neurons.
(Supported by the Wellcome Trust and the Oxford MRC Centre for Cognitive 
Neuroscience.)

602.11
VISUAL AND AUDITORY REPRESENTATIONS IN THE NORMAL 
AND NEONATALLY-LESIONED HAMSTER SUPERIOR COLLICULUS. 
R. G. Lanyon, J. W. H. Schnupp, I. D. Thompson and A. J. King*. University 
Laboratory of Physiology, Parks Road, Oxford 0X1 3PT, UK.

The development of the auditoiy space map in the superior colliculus (SC) 
appears to be calibrated by visual experience via a mechanism that may 
involve hebbian synaptic plasticity. Because its retinocollicular projection is 
immature at birth and capable of reorganising following partial, neonatal 
lesions of the superficial layers of the SC, the hamster provides a potentially 
useful species for assessing the role of retinal inputs in the development of 
the auditory topography in the underlying deeper layers.

Auditory units recorded in normal, adult hamsters, which were both 
anaesthetised and paralysed, typically exhibited rather broad spatial tuning. 
About 50% responded best to broadband noise bursts presented from 
particular azimuthal angles. The auditory azimuth tuning varied 
systematically with unit position along the rostrocaudal axis of the SC and 
showed a weak, but significant, correlation with the visual receptive fields 
mapped in the superficial layers. Recordings were made from two adult 
hamsters following unilateral aspiration of up to one third of the superficial 
layers 2 days after birth. In these animals, the full, normal range of auditory 
azimuths was represented in the caudal region of the SC where the superficial 
layers were intact. In particular, units tuned to anterior sound locations were 
found more caudally than is the case in normal hamsters. These data suggest 
that the auditory representation in deep SC may reorganise in response to 
superficial layer lesions.
(Supported by the Wellcome Trust)

602.12
IMMUNOCYTOCHEMCAL LOCALIZATION OF NMDA- AND NON -NMD A- 
TYPE GLUTAMATE RECEPTORS WITH CALCIUM BINDING PROTEINS IN 
THE NUCLEUS OF THE OPTIC TRACT OF THE RABBIT
Bob Nunes Cardozt? and Willem Kamphuis (SPQN; European Neuroscience
Association). Department of Morphology, The Netherlands Ophthalmic Research 
Institute, PO Box 12141, 1100AC Amsterdam, The Netherlands

In the visual system, NMD A-type glutamate receptors (GluR) as well as non- 
NMDA-type GluRs play an important role in synaptic transmission. Recently, it was 
established that the NMDA- as well as the non-NMD A-type GluRs (including certain 
AMP A-type GluRs) contribute to the calcium influx during sustained synaptic 
transmission. Calbindin-D 28K (CB) and Parvalbumin (PV) are calcium binding 
proteins (CaBPs) that play an important role in cellular calcium homeostasis and 
identify populations of functionally distinct neurons in the CNS. It was suggested that 
the presence of CaBPs may provide a protective mechanism against cytotoxicity caused 
by an excessive influx of calcium. The primary visual nuclei, the nucleus of the optic 
tract (NOT) and the adjacent dorsal terminal nucleus (DTN) of the accessory optic 
system, contain neurons that mediate the horizontal optokinetic nystagmus (hOKN). 
In the present study it was immunocytochemically shown that NMDA- and non- 
NMD A-type GluRs and CaBPs have strikingly matching expression patterns in those 
areas of the NOT and DTN where neurons mediating the hOKN are situated. 
Moreover, retrogradely transported CTB-gold from the inferior olive (IO), showed 
that NOT-IO and DTN-IO neurons were immunocytochemically labelled for CB or PV 
as well as the NMDA- receptor subunit NMDAR1 and the AMPA-receptor subunit 
GluRl. The high expression of NMDAR1, the AMP A-type GluRl and GluR4 
subunits in combination with a relative absence of GluR2 subunits, supports the 
hypothesis that the presence of CaBPs in NOT-IO and DTN-IO neurons may function 
as a protective mechanism against large calcium influx during sustained glutamate 
transmission.

602.13
RESPONSE LATENCIES OF COLOR CODED UNITS IN THE 
OPTIC NERVE AND TECTUM OF RAINBOW TROUT. C.G. 
McDonald, P.J. Coughlin, L. Beaudet and C.W. Hawryshyn*. Dept. 
of Biology, University of Victoria, Victoria, British Columbia V8Y 
3N5

We used extracellular recording techniques to study response 
latencies of color coded units in the optic nerve and tectum of the 
rainbow trout, Oncorhynchus mykiss. Color coded units in both the 
optic nerve and tectum typically displayed a triphasic response pattern, 
with most units exhibiting an ON response to long (red) and short 
wavelength (blue) light and an OFF response to middle wavelength 
(green) light. The green OFF response of some triphasic tectal units 
exhibited a shorter response latency than either the red or blue ON 
response. This latency difference persisted under different chromatic 
adaptation conditions, although its magnitude (up to ~50 milliseconds) 
varied as a function of adaptation state. Latency of the red and blue 
ON components appeared to be solely dependent on the adaptation 
state of the red and blue cone mechanisms, respectively. Interestingly, 
we did not encounter units in the optic nerve with a ‘fast’ green OFF 
component, suggesting that ON and OFF responses of color coded 
units become temporally separated at the level of the optic tectum. 
Supported by NSERC.

602.14
CYTOCHROME OXIDASE HISTOCHEMISTRY REVEALS DISTINCT 
EFFECTS OF MONOCULAR ENUCLEATION IN THE NUCLEUS OF THE 
OPTIC TRACT (NOT) AND DORSAL TERMINAL NUCLEUS (DTN) OF 
YOUNG AND ADULT OPOSSUMS. C.D. Vargas*, A.O. Souza, C.M. Santos, R.F. 
Bemardes, C.E. Rocha-Miranda and E. Volchan. Lab. of Neurobiology II, Institute 
of Biophysics CCFo, CCS BI. G, UFRJ, Rio de Janeiro, 21949-900, Brazil.

In a previous work (Vargas et al., IBRO Abstr., p.279, 1995), by employing the 
cytochrome oxidase histochemistry (COH) to evaluate the levels of metabolic activity 
on neurons of the nucleus of the optic tract (NOT) and dorsal terminal nucleus 
(DTN), we have shown that the monocular enucleation in adult animals (9-12 
months) produces a significant reduction on the reactive neuropil but not on the 
number of CO labeled cells in the NOT-DTN contralateral to the enucleated eye. In 
the present study we compare the pattern of CO labeling in the NOT-DTN of young 
(4 months old) and adult, normal and monocularly enucleated animals. Opossums 
open their eyes two months after birth and become sexually mature at around six 
months. Five young animals were monocularly enucleated under deep anesthesia. 
Four months later, these and three normal young animals were perfused with 4% 
paraformaldehyde during 30 min. Frozen coronal sections were reacted for COH. 
Young and adult animals have a similar distribution of CO labeled cells in the 
anteroposterior axis of the NOT-DTN. The number of labeled cells and the density of 
labeled neuropil is however much higher in the youngsters. Contrary to what was 
reported for adults, besides the fainter neuropil, monocular enucleation in young 
animals yield to a systematic reduction on the number of CO-labeled cells in the 
NOT-DTN contralateral to the enucleated eye. In conclusion, we showed that the 
NOT-DTN of young opossums has higher metabolic levels and is more susceptible to 
enucleation than adults. The hypothesis that monocular enucleation could be 
inducing cell loss in the deafferented NOT-DTN is now under investigation.
Financial support: CNPq CEPG, FINEP.
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602.15
PARABIGEMINO-GENICULATE PROJECTION IN AGOUTI AND ALBINO 
GOLDEN HAMSTERS. K. Turlejski*, R. Djavadian, E. Sobiecka. Nencki Institute 
of Experimental Biology, 3 Pasteur st., 02-093 Warsaw, Poland.

In some rodents (rat, squrrel, gopher) and opossum projection of the 
parabigeminal nucleus (PBG) to lateral geniculate nucleus (LGN) is mainly 
contralateral, whereas in the cat it is bilateral, and in the primates primarily 
ipsilateral. It was not described in the hamster. We have previously shown, that in 
the albino rats the projection is reduced, especially in the rostral part of PBG, 
representing central field of view. Here we describ this projection and the influence 
of the albino mutation in the golden hamster. LGNs of five agouti and three albino 
hamsters were stereotaxically injected with retrogradely transported fluorescent dyes, 
Fast Blue on one side and Diamidino Yellow on the other. After four days of 
survival, hamsters were perfused transcardially with 4% paraformaldehyde in 
phosphate buffer. Retinae were whole-mounted and brains cut in cryostat at 40 /xm. 
Both retinae and sections were evaluated in a fluorescent microscope, their pictures 
taken with a videocamera and stored in a computerized system. Retrogradely labeled 
neurons in PBG on both sides were counted from videoframes.

We found 1700 - 2100 labeled neurons in each PBG, of which 96 - 97% were 
labeled by the contralateral injection and the remaining by the ipsilateral one. There 
was no double-labeled neurons. The highest density of labeled neurons was 
observed in the rostral part of the nucleus. The projection in hamster is similar to 
that in the rat. In the albino mutants the population of PBG neurons projecting to 
LGN was reduced to 1000 - 1200 neurons (by 40 - 45%). The largest reduction was 
found in the rostral third of the nucleus. Ipsilaterally projecting neurons (1,5 - 2.5%) 
were found only in the caudal third. Therefore, the PBG-LGN projection in the 
hamster is typical for animals with small bilateral field of view, and reduction of this 
projection in albino mutants is a general phenomenon.
Supported by the Polish Government grant KBN 4P05A 081.11.

602.16
THE “SIGN” AND “FOOTPRINT” OF SHUNTING SYNAPSES DRAMATICALLY 
AFFECT RECRUITMENT SPEED AND ACTIVITY PATTERNS IN NEURONAL 
NETWORKS J. Rinzel *, D. Terman, G. B, Ermentrout, and X.-j. Wang. Math Re-
search Branch, NIDDK, NIH, Bethesda, MD 20892; Math Dept, Ohio State Univ, 
Columbus, OH 43210; Dept of Math, Univ Pittsburgh, Pittsburgh, PA 15260; 
Center for Complex Systems, Brandeis Univ, Waltham, MA 02254.

Mutual synaptic inhibition can recruit and synchronize GABAergic neurons into 
collective activity in some networks [eg, in thalamic slices: von Krosigk et al, Sci-
ence 261(1993)361; and in hippocampal/neocortical slices: Whittington et al, Na-
ture 373(1995)612]. We have studied propagation and activity patterning in a 
network of locally connected model inhibitory neurons that are coupled by GABA>i 
synapses and have postinhibitory rebound capability, but that do not oscillate when 
isolated for any maintained input. A localized stimulus to the network can initiate 
activity that recruits successive neighboring cells in a very slow continuous manner 
or slowly in discrete groups, cyclically to give the wave a lurching appearance. The 
slow wave speed (which we predict analytically) depends critically upon the time 
constant of the rebound mechanism. In the wake of the recruitment wavefront, 
the network can return to rest (a solitary event) or show sustained oscillatory ac-
tivity, depending on parameters and stimulus properties. The oscillations typically 
display unsynchronized but steady or transient wavelike structure, and vary depend-
ing on whether the network inhibitory connectivity is on-center or off-center. If the 
shunting synapses are depolarizing rather than hyperpolarizing, say, with reversal 
potential 10-15 mV above rest, recruitment spreads smoothly and orders of mag-
nitude faster. These synchronization and recruitment properties have implications 
for frequency control and spatio-temporal patterning in networks in which shunting 
synapses change sign in response to modulatory influences, say during development 
or driven by the circadian cycle.

VISUAL CORTEX: STRIATE VI

603.1
FIGURE-GROUND SIGNALS IN VI DEPEND ON CONSCIOUSNESS AND 
FEEDBACK FROM EXTRA-STRIATE AREAS. V.A.F. Lamme*1, K. Zipser2 
& H. Spekreiise1, ‘Graduate School of Neurosciences, AMC, Dept Medical Physics, 
University of Amsterdam & The Netherlands Ophthalmic Research Institute, P.O. 
Box 12141, 1100 AC Amsterdam, The Netherlands; 2Dept. Cognitive Sciences, 
University of California San Diego, USA

Introduction It has been shown that figure-ground segregation is represented 
by a delayed modulation of responses in VI (Lamme 1995, Zipser 1996). To 
elucidate the mechanisms underlying this modulation, we recorded VI multi-unit 
activity with implanted microwire electrodes in monkeys that were trained to view 
textured figure-ground displays, and investigated both the effects of anaesthesia and 
extrastriate lesions.
Results Detailed spatio-temporal profiles of the figure-ground modulation
show that for oriented textures, modulation starts at the boundary between figure 
and ground and subsequently evolves for the figure surface. For moving random dot 
figures, modulation is equally fast for boundary and surface. When the animals are 
anaesthetized, and recording is repeated under exactly the same conditions as in the 
awake, both the modulation pertaining to figure-ground edges and surfaces is 
strongly suppressed (fentanyl) or abolished (isoflurane). Recording was also 
repeated after the monkeys sustained a unilateral lesion to the extra-striate cortex 
of the peri-striate belt. This also strongly affects the figure-ground modulation. 
Receptive field tuning properties are largely unaffected either by the anaesthesia or 
by the extra-striate lesions.
Conclusion The segregation of figure from ground is reflected in feedback- 
dependent modulatory activity in VI that is only fully expressed in the awake and 
perceiving animal.
(Funded by a Royal Dutch Academy of Sciences award to V.L.)

603.2
ATTENTION MODULATES THE INFLUENCE OF CONTEXT ON 
SPATIAL INTEGRATION IN VI OF ALERT MONKEYS. M. Ito*. G. 
Westheimer and C.D. Gilbert. The Rockefeller University, NY, NY 10021.

The response specificity of cells is highly dependent on context. This is 
observed in the modulatory effects of stimuli lying outside of the classical 
receptive field (RF). Similarly, visuospatial attention can have profound 
effects on the response properties of cells at early stages in the visual cortical 
pathway. We examined the interaction between these two influences on cells 
in area VI. In alert primates, a cell’s response to an optimally oriented line 
within the RF can be greatly enhanced by the presence of a collinear, iso- 
oriented line lying outside the RF. This effect is thought to underlie contour 
integration and saliency. To determine the effect of attention on this 
contextual modulation, we presented a set of 4 pairs of target and flanking 
lines distributed radially about the fixation point. In each stimulus 
presentation, one of the four target lines was brighter or dimmer than a 
reference line, and the animal was required to discriminate the brightness of 
the odd line. In some trials the animal had to distribute his attention to all four 
stimulus locations, and in others he was cued to the position of the odd target. 
The facilitatory effect of the flanking line was strongest under distributed 
attention, and was attenuated when the animal attended to the stimulus within 
the RF. In effect, focal attention substituted for the stimulus characteristics 
producing contour saliency, which is consistent with our psychophysical 
results. These results suggest that in early visual processing there is an 
interaction between feedforward mechanisms, as represented by intrinsic long- 
range interactions within VI, and feedback connections from higher order 
cortical areas. Supported by NIH grant EY07968.

603.3
TASK DEPENDENT CONTEXTUAL INTERACTIONS IN THE PRIMARY 
VISUAL CORTEX OF PRIMATES TRAINED IN HYPERACUITY 
DISCRIMINATION. R.E. Crist, M. Ito, G. Westheimer*, and C.D. Gilbert, 
The Rockefeller University, New York, New York 10021.

Our perception of complex visual patterns is in part dependent on the 
contextual sensitivity of cortical receptive fields (RFs). Understanding the 
physiological basis of perception, however, requires doing electrophysiology 
while the experimental subject is actively interpreting the visual environment. 
Macaque monkeys were trained on a bisection task which requires 
discriminating the relative positions of three parallel lines. We recorded from 
cells in area VI, comparing neuronal responses when the animal was 
performing the bisection task with responses when the animal was merely 
fixating. A cell’s response to a stimulus within the RF can be modulated by the 
presence of additional stimuli inside and outside the RF, and this modulation 
is dependent on their relative positions. We explored the tuning of cells to 
shifts in the lateral placement of two parallel lines, analogous to the position 
of lines in the bisection task, and found the tuning to be very different when 
the animal was fixating than when it was performing the bisection task. The 
tuning of neuronal responses for contextual patterns present in the trained 
stimulus suggests a cellular mechanism for perceptual learning which could 
account for the specificity for stimulus configuration observed in 
psychophysical studies. These results further suggest that mechanisms 
operating in the primary visual cortex may be involved in perceptual learning 
and that some of the underlying cortical changes may be manifest only during 
performance of the trained discrimination.
Supported by NIH grants EY07968 and EY07138.

603.4
VISUAL SEARCH AND SHAPE FROM SHADING MODULATE CONTEX-
TUAL PROCESSING IN MACAQUE EARLY VISUAL CORTICES. T.S. Lee*’1, 
D. Mumford2, R. Romero1, A. Tolias3 and T. Moore3. Ctr for Neural Basis of 
Cognition and Dept of Computer Science, Carnegie-Mellon University.1, Dept of 
Applied Math, Brown University2, Dept of Brain and Cognitive Sciences, MIT3.

This study shows that the contextual processing of VI and V2 neurons in macaque 
are sensitive to 3D shape from shading information and the sensitivity is task 
dependent. When the monkeys performed a fixation task, the cells responded 
more when their receptive fields were centered on and covered by an odd stimulus 
(a) than when they were covered by one of the distractors (a1). The difference 
emerged 110 msec post stimulus onset and was much stronger for the convex 
‘pop-out’ stimulus (a) than for the concave ‘pop-in’ stimulus (a) or other stimuli 
with 2D or conflicting 3D interpretations such as (6, c) and their reflected images 
(6,c). Hole stimulus (a/,) elicited negligible responses from the cells.
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The asymmetry between the response enhancements of the ‘pop-out’ stimulus and 
the ‘pop-in’ stimulus might be related to the subjective percept of figure versus 
background, suggesting that VI is participating in high-level figure-ground com-
putation using shape from shading information. When the monkeys performed a 
visual search task, i.e. they had to make a saccade to the odd target, the ‘figure- 
ground’ signals were not changed in compelling 3D figure-ground stimuli (a, a), 
but were significantly modified for stimuli with a less obvious figure-ground in-
terpretation (b, b, c, c). This evidence suggests that attentional and task demands 
can alter V1/V2 responses, and potentially the related subjective percept. 
Supported by JSMF 96-19, NSF DMS-93-21266 and NIH EY00676
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603.5
EXCITATORY DOMINANT FEEDFORWARD WITH FEEDBACK NOR-
MALIZATION ELUCIDATES TEMPORAL RESPONSE MODULATION BY 
ATTENTION. M. Nomura*. NEC Fundamental Res. Labs., Tsukuba, JAPAN.

Dlusory line motion are explained with a gradient model that assumes signal propa-

gation from sensors to motion detectors are speeded up by attention potential. How-

ever, physiological basis of the psychological explanation is unclear. The author 

proposes a physiological model for the psychophysical hypothesis. The model is a 

cortical neural network to control gain and response delay by attention. The model 

incorporates feedback response normalization (D. Heeger, 1992) and the positive 

feedback amplification (R. J. Douglas et al., 1995). Adding to GABA-B inhibition 

for the response normalization, GABA-A inhibition is assumed to deep layer pyra-

midal cells for voluntary attention effect; response is magnified and delay is re-

duced. The model is consistent with canonical microcircuit (R. J. Douglas, 1989). 

The model incorporated with two-stage motion energy model brings a physiologi-

cally plausible understanding of a wide variety of illusory line motion. Moreover, 

the model is consistent with recent physiological evidence. The model cell response 

can be suppressed at high contrast by two Gabor-patches presented in colinear con-

figuration to the target (K. Mizobe et al., ARVO*96). Response delay estimation 

can be very small using sine-wave contrast modulation (I. Ohzawa et al., ARVO*96). 

Single-trial response prediction by the summation of reproducible response and on-

going activity (A. Arieli et al., 1996) is also explained with the model.

603.6
PERCEPTUAL LEARNING CAN SELECTIVELY ALTER NEURAL 
RESPONSES IN PRIMATE Vl. G.M. Ghose. and J.H.R. Mannsell* Baylor 
College of Medicine, Div. Of Neuroscience, Houston, TX 77030

We have investigated the neural bases of perceptual learning by training an 
adult macaque in a discrimination task suited for the study of early cortical visual 
areas. The monkey learned an orientation match-to-sample task. Stimuli were 
temporally modulated Gabor patches that were always oriented near 45° and 
appeared at a fixed parafoveal location. To control for effects of repeated 
presentation, the monkey was trained to attend to changes in orientation while 
ignoring changes in spatial frequency, which changed from 1 cyc/° to 4 cyc/° or 4 
cyc/° to 1 cyc/° between the match and sample presentations. Over a period of 6 
months, the monkey successfully performed over 80,000 trials and his orientation 
discrimination threshold (as judged by at least 90% correct trials in a day) went 
from 30° to 5°. Performance levels were unchanged after 2 week periods without 
training, suggesting that long-term learning had taken place.

Receptive field properties of single cells in area Vl were measured while the 
monkey performed a foveal orientation discrimination task. Randomly interleaved 
presentations of Gabors were used to evaluate orientation and spatial frequency 
selectivity for 108 cells in the region of Vl representing trained visual space and 
71 cells in the untrained hemisphere. In the trained region responses to 45° 
stimuli were 12% lower than the responses to other orientations (14.1 spk/sec vs. 
16 spk/sec). The suppression was centered on 45° and had a bandwidth similar to 
the typical orientation bandwidth of Vl cells. Spatial frequency selectivity at 45° 
did not differ from that for other orientations, indicating the suppression was 
specific for orientation and cannot be explained simply by repeated stimulus 
exposure. No such orientation specific suppression was seen in the control 
hemisphere.

These results indicate that perceptual learning can have physiological correlates 
at the earliest level of cortical visual processing.
(F32-EY06568 and R01-EY05911)

603.7
TEMPORAL EVOLUTION OF CONTEXT DEPENDENT EFFECTS IN PRIMATE 
VI. H.E. Jones*. S.J. Claxton & A.M, Sillito. Dept. of Visual Science, Inst, of 
Ophthalmology, University College London EC IV 9EL, UK.

The stimulus context dependent modulation of the responses of cells in primate VI 
suggests an interplay between local mechanisms underlying the classical receptive field 
(CRF) and longer range processes possibly in part mediated by feedback. In particular 
as some of the effects are exquisitely sensitive to direction of motion and elicited from 
areas many degrees beyond the boundaries of tire CRF (Sillito & Jones, Soc Neurosci Abs. 
22:376.7. 1996) it is tempting to consider the feedback from MT. From this viewpoint 
it is clearly important to know how the temporal evolution of context dependent effects 
compares to effects that can be linked to stimulation of the CRF. We have examined this. 
Most cells in primate Vl are strongly patch suppressed. Interestingly, when stimulated 
with an optimally oriented patch of drifting grating of varying diameter, their earliest 
responses [range 40-80 msecs] were to larger diameter stimuli, with bigger responses to 
the smaller diameter stimuli that approximated the CRF emerging from 10 to 105 msecs 
later. This suggested the early orientation tuned response depended on longer range 
interactions across visual space and that the optimal response to stimulation of the CRF 
with small diameter stimuli consolidated later. The full magnitude of 
orientation/direction context effects elicited by an adjacent patch or surrounding annulus 
of drifting grating took some time to develop with a variable representation of response 
components that might link to the CRF or the context at the earliest phase. For all cells 
driven by moving stimuli, larger stimulus configurations, whether iso-oriented (as in a 
larger patch) or cross-oriented or counter direction, brought in the earliest responses. 
Paradoxically, the latency of the response to these large stimuli was similar to that for 
small stimuli flashed (as opposed to drifting) over the CRF. These effects seem 
compatible with the view that the responses to moving stimuli depend on network 
interactions, and given the short latency responses observed for cells in MT (Raiguel et 
al.. Brain Res 493: 155-159,1989), should not be considered to exclude feedback effects.

Supported by the MRC

603.8
ATTENTIVE RESPONSE MODULATION IN AREA Vl OF THE 
MACAQUE DURING THE DETECTION OF CONNECTED OBJECTS P.R. 
Roelfsema* V.A.F. Lamme and H. Spekreiise Graduate School Neurosciences 
Amsterdam, dept. Medical Physics, University of Amsterdam, and The 
Netherlands Ophthalmic Research Institute, AMC, P.O. Box 12141, 1100 AC 
Amsterdam, The Netherlands
The neuronal processes underlying the analysis of a visual scene are generally 

subdivided in a pre-attentive system that operates autonomously in order to 
segregate figure from ground, and an attentive system that picks out one of the 
objects provided by the pre-attentive system. Earlier studies have demonstrated 
that pre-attentive selection in area Vl is associated with an enhancement of visual 
responses. Other studies showed that attentive selection is also characterized by 
a response enhancement, albeit most studies only found attentional modulation 
in higher areas of the visual cortex.
In the present study we investigated response modulation in area V1 of macaque 

monkeys that were trained to select one of two connected figures. The task 
required the monkeys to group contour segments belonging to one of these 
figures and to select the figure for a behavioral response.

The responses of V1 neurons at a large proportion of the recording sites were 
enhanced by the selection process. This response modulation was not due to a 
difference in visual fixation between conditions. The remarkable similarity of 
attentive and pre-attentive selection at the level of area Vl indicates that cortical 
mechanisms responsible for the two types of selection overlap substantially, at 
least at the earliest levels of the cortical processing hierarchy. (Funded by a grant 
of the Royal Academy of Sciences of the Netherlands)

603.9
FUNCTIONAL CONNECTIONS FROM THE M AND P PATHWAYS TO 
INDIVIDUAL LAYER 2/3 NEURONS IN MACAQUE Vl A. Sawatari* and E.M 
Callaway. Systems Neurobiology Laboratories, The Salk Institute for Biological 
Studies, La Jolla, CA 92037.

Anatomical studies have shown that cells in layers 4Ca and 4B, associated with 
magnocellular or M stream input to Vl, have axons that tend to target cytochrome 
oxidase (CO) blobs in layer 2/3, while 4CP neurons, recipients of parvocellular or P 
stream input, have less specific projections to the superficial layers. Does input from 
the M and P streams segregate along CO blob-interblob borders, or is functional 
input distributed more gradually such that cells receive different degrees of influence 
from the two streams depending on their location with respect to blob centers?

To address this issue, we determined the sources of local excitatory input to 
individual layer 2/3 neurons using laser scanning photostimulation. Whole-cell, 
voltage-clamp recordings were made from individual cells in macaque Vl brain 
slices bathed in ACSF containing “caged” glutamate. Monosynaptic, excitatory 
postsynaptic currents were recorded following stimulation with brief flashes of UV 
laser light to uncage the glutamate. The noninvasive nature and high spatial 
resolution (~50pm radius) of photostimulation allowed us to stimulate many sites 
(typically 100+) within the slice and thus “map” the locations of neurons making 
direct excitatory connections to the recorded cells. Recorded cells were 
intracellularly labeled with biocytin to reveal axonal and dendritic morphology. 
Slices were also stained for CO to determine the locations of labeled cells and 
stimulation sites with respect to blobs and layers.

Preliminary results from a limited sample suggest that input from the two 
functional streams is distributed in a gradual manner, with cells near blob centers 
receiving more balanced input from both streams, cells farthest from blob centers 
receiving mostly P stream input, and cells at intermediate distances receiving 
intermediate contributions. For example, one cell located 40pm from a blob center 
received nearly equivalent input from both layers 4Ca and 4C|3, while a second cell 
located 90pm from a blob center received greater input from the middle of 4C and 
4CP compared to 4Ca. A third cell located 300pm from a blob center received input 
from the middle of layer 4C and 4CP but not 4Ca. Further data acquisition and 
analysis will be required to determine the extent of this trend.

This research is funded by NIH Grant#EY 10742.

603.10
Dynamics  of  Excitatory  and  Inhibitory  Mechanisms  Shaping  the  
Orientation  Tuning  of  Neurons  in  Vl. D. L. Ringach*, M. J. Hawken 
and R. Shapley. Center for Neural Science, New York University, New York, NY 
1000T

We applied the technique of reverse correlation in the orientation domain (Ringach 
et al, Nature, 1997) to study excitatory and inhibitory mechanisms shaping orien-
tation tuning of cells in monkey Vl. For each cell, a set S of sinusoidal gratings of a 
fixed spatial frequency but different orientations and spatial phases was generated. 
The orientation domain was sampled in steps ranging between 3° and 12°. For 
each orientation, sinusoidal gratings at eight equally spaced spatial phases were 
included in the set. In addition to these oriented patterns, eight spatially uniform 
images (blanks) were included in 5. A stochastic image sequence (the stimulus) 
was generated by randomly selecting, at each video refresh time, a new image from 
5. This was done at a rate of 60 frames/sec for a period of 15 min. The data were 
analyzed by estimating the probability that a particular orientation, or a blank, 
preceded a spike by t  ms. We observe that in the initial phase of the response (on 
average, across cells, t  fs  30 - 55 ms) orientation tuning is broad and all orienta-
tions are excitatory; the probability that any particular oriented pattern appeared 
was larger than that of a blank. Later in the response (for r ~ 55 — 120 ms), 
however, the off-optimal orientations in some cells appear actively inhibited; the 
probability of an off-optimal oriented pattern is smaller than that of a blank. This 
is evidence that a delayed inhibitory mechanism and an initial excitatory volley 
are responsible for shaping the orientation tuning of cortical cells. Modeling stud-
ies suggest that simple feedforward models may be insufficient to account for our 
findings.

Supported by NIH-EY01472 and a Sloan Foundation Fellowship.
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603.11
Computational  Modeling  of  Orientation  Tuning  Dynamics  in  VI neu -
rons . M. Pugh, M. J. Shelley, D. L. Ringach, and R. Shapley*. Courant Insti-
tute for Mathematical Sciences, New York University; Center for Neural Science, 
New York University; NY 10003.

Orientation tuning of neurons is one of the chief emergent characteristics of the 
primary visual cortex. LGN cells that comprise the thalamic input to VI are not 
orientation tuned, but the majority of VI neurons are quite selective. Two main 
classes of theoretical models have been offered to explain orientation selectivity: 
feedforward models, in which inputs from spatially aligned LGN cells are summed 
together by one cortical neuron; and feedback models, in which an initial weak 
orientation bias due to convergent LGN input is greatly sharpened by intracorti- 
cal feedback. To test these models we first measured the dynamics of orientation 
tuning in macaque VI using reverse correlation in the orientation domain (Ringach 
et al, Nature, in press). Then, we simulated the experimental protocol on vari-
ous types of feedforward receptive field models, including a simple Hubel-Wiesel 
type feedforward model: a cascade of a feedforward spatio-temporal filter and an 
integrate-and-fire spike generator. The computational study reveals that simple 
feedforward models may account for some aspects of the experimental data, but 
fail to explain many salient features of orientation tuning dynamics in VI cells, 
including the Mexican-hat profile of the orientation distributions, the “inversions” 
of orientation distributions, the large drifts in the preferred orientation of cells 
with time, and the active inhibition seen at off-optimal orientations. The findings 
suggest that a linear spatio-temporal separable filter followed by an integrate-and- 
fire spike generator may be insufficient to account for the measured orientation 
tuning dynamics of VI neurons.

Supported by NIH-EY01472, a Sloan Foundation Fellowship, and an NSF post-
doctoral Fellowship.

603.12
EFFECTS FROM BEYOND THE CLASSICAL 

RECEPTIVE FIELD EMERGE FROM LOCAL INTERACTIONS 
WITHIN MACAQUE VI 

Tames R. Muller^, Andrew B. Metha^.
Tohn Krauskopf^, Peter Lennie*^

Center for Visual Science, University of Rochester^;
Center for Neural Science, New York University^

Most VI neurons show powerful inhibitory and excitatory 
interactions between stimuli of contrasting structure falling in the 
classical receptive field and in a surrounding region. We measured 
the latencies of these interactions, for a number of different 
surrounding stimuli, to evaluate feedback models of some surround 
interactions.
From anesthetized m. fascicularis we recorded responses of VI 
neurons to drifting sinusoidal gratings of optimal orientation, 
spatial frequency, position, and size. We then added enclosing or 
nearby gratings that varied in orientation, spatial frequency, 
position, or size. Within a single block of measurements, latencies 
of experimental and control responses were compared to derive 
latencies of response to individual gratings in compound stimuli. 
Many stimuli falling in the surround exert effects on the response 
just as fast as stimuli falling within the classical receptive field. 
This is inconsistent with a feedback model. It suggests that these 
effects of surrounding stimuli arise locally within VI.

Supported by NIH EY04440, EY07125, EY01319, and EY06638.

VISUAL CORTEX: EXTRASTRIATE VIII

604.1
ENCODING OF HEADING DIRECTION DURING SIMULATED SELF- 
MOTION IN THE MACAQUE VENTRAL INTRAPARIETAL AREA (VIP).
J.-R. Duhamel. F. Bremmer. S, Ben Hamed and W. Graf*, Lab. Physiol. Percep. 
Action, CNRS-College de France, 75005 Paris, France.

Most neurons in the macaque ventral intraparietal area (VIP) respond 
selectively to visual stimuli moving in the frontoparallel plane. Many neurons are 
also driven by optic flow patterns mimicking translational forward and backward 
self-motion. In the present study, we investigated further the responses of area 
VIP neurons to optic flow stimuli in two awake macaque monkeys. During the 
experiments the monkeys had to fixate the center of a projection screen 57 cm 
away. The location and extent of visual receptive fields were mapped with a small 
bar segment moving in a neuron’s preferred direction for 100ms and appearing at 
a randomly selected new location every 300ms. Cells were also tested with optic 
flow stimuli always covering the central 70 by 70 degrees of the visual field. Self- 
motion direction (heading) was simulated by positioning the singularity of the 
optic flow (SOF) at either the center of the screen or at one of eight different 
locations 25 degrees away from the center. The response of the majority of cells 
was influenced by the type of optic flow (expansion or contraction) and by the 
SOF position. Frequently, neither the preferred direction of frontoparallel motion 
nor the structure of the receptive field as defined in the mapping paradigm, 
explained a given neuron’s responses to optic flow stimuli. This suggests that 
higher-order interactions between the receptive field and its surround can 
determine response selectivity to large field stimuli. Analysis of the SOF effects 
also showed that 2D regression planes provided a good fit to the neuronal 
discharges, and actual heading directions could be detected from the ensemble 
activity using an isofrequency encoding algorithm. The results indicate that area 
VIP may be a critical relay for the detection and analysis of self-motion.

Supported by grants form the European Community (HCM: ERBCHRXCT- 
9930267) and the Human Frontier Science Program (RG71/96B).

604.2
POPULATION REPRESENTATION OF THE VISUAL FIELD IN THE LATERAL 
INTRAPARIETAL AREA (LIP). S. Ben Hamed*, J.-R. Duhamel. F. Bremmer, and 
W, Graf. Lab. Physiol. Percep. Action, CNRS-College de France, 75005 Paris, France.

The receptive field of a visual neuron is defined as the portion of the retina which 
elicits a response from this cell when stimulated. Although stimuli at different 
locations within the RF produce different levels of discharge, this information is not 
sufficient to determine the precise position of the stimulus on the retina. The 
alternative is that position is not extracted by a single neuron but by a population. This 
hypothesis was tested in 105 neurons recorded in parietal area LIP in the two 
hemispheres of an awake macaque monkey. RFs were mapped quantitatively using 
rapid sequences of computer-generated stimuli under two different conditions : (1) 
while the monkey was fixating a central spot and responded to a change in color by 
releasing a hand-held bar; (2) while the monkey was not engaged in any task and was 
allowed to move its eyes freely. The cumulative response of the whole population was 
analysed: the response of each neuron to a given stimulus was calculated and was 
assigned to the location of its RFs center of mass. The center of mass of the computed 
'population' RF shifted in conjunction with stimulus position. This shift was not 
isometric to stimulus distance from the fovea, but proportional to it, i.e., error about 
radial eccentricity estimate was constant. The error seems to depend in large part on an 
important foveal magnification factor in area LIP. The major difference between the 
population RFs constructed from data sets obtained in the fixation and free gaze 
conditions was a weaker level of activity in the visual periphery under the former than 
under the latter condition, thus showing evidence of attentional modulation of visual 
field representation at the population level. This indicates that internal representation 
of space is non-isometric but proportional to sensory input and, furthermore, that this 
factor is dependent on the behavioral state.

Supported by grants form the European Community (HCM: ERBCHRXCT- 
9930267) and the Human Frontier Science Program (RG71/96B).

604.3
TIME COURSE OF THE EYE POSITION SIGNAL IN POSTERIOR PARI-
ETAL CORTEX B. Breznen #1 , C.-S. R. Li2 , and R. A. Andersen1. 1 Division 
of Biology, 216-76, Caltech, Pasadena, CA 91125, U.S.A. 2Dept. Brain & Cog. 
Sci. MIT, Cambridge, MA 02139, U.S.A.

Approximately 20 % of posterior parietal cortical neurons code the position 
of the eyes in the orbit. In the current study we compared the time course 
of the eye position cells’ activity during saccades to visible targets and during 
memory saccades, both performed in darkness. For visual saccades, the pooled 
activity of the eye position cells begins to rise 189 ms before the eye movement. 
In individual cells, 52 % show an activity increase before the beginning of the 
saccade. In these cells the response often consists of a transient component 
superimposed on sustained tonic activity associated with the new position of the 
eyes in orbit. In contrast, for the memory saccades the increase of the eye position 
cells’ activity is aligned with the beginning of the eye movement. The cells show 
very little or no transient response to the presentation of the target cue. They 
are also not active during the memory period. Their pooled activity begins to 
rise 2 ms before the beginning of the eye movement. Thus eye position cells 
in posterior parietal cortex show task-dependent behavior: in visual saccades, 
a target that cues saccades towards the preferred orbital eye position of the 
cell also primes that cell’s response; in memory saccades the appearence of the 
visual target has no effect on cell activity; rather, the increase of the activity is 
aligned with the movement. The fact that the eye position signal does not lag 
behind the eye movement for memory saccades suggests that at least the early 
component of the eye position signal is computed using corolary discharge of the 
saccade command. The even earlier appearence of the eye position signal for 
visual saccades suggests the visual signal may also contribute to computing the 
new eye position,-perhaps using a gain field mechanism. Sponsored by NEI 
grant # EY05522

604.4
LARGER SACCADIC EYE MOVEMENTS CAUSE INCREASED 
ACTIVATION IN CORTICAL FRONTAL AND PARIETAL EYE 
FIELDS USING BOLD fMRL J.F.X. DeSouza*, S.P. Dukelow, J.S. Gati, 
RS. Menon and T, Vilis. Neuroscience Program, Department of 
Physiology, Robarts Research Institute, University of Western Ontario, 
London, Ontario, Canada N6A 5C1.

This study examined whether increasing the amplitude of saccades cause an 
increase in area of activation and signal intensity in cortical eye movement 
regions in the frontal eye fields (FEF) and parietal eye fields (PEF) using fMRL 
Subjects were imaged in a 4 Tesla magnetic resonance imaging scanner using 
BOLD based segmented EPI acquisition. Slices were collected encompassing 
visual cortex, parietal cortex and the posterior regions of the frontal cortex 
including Brodmanns Area 8. (FEF). Only voxels that were significantly 
different between the two subtracted states (p<0.05) were selected as regions of 
interest (ROI). The frontal and parietal ROI’s that were selected were based on 
anatomical location and a functional localization of motor activation during a 
finger sequencing motor task. The 3 functional states were: (i) large amplitude 
saccades (28°), (ii) small amplitude saccades (3°) and (iii) center fixation. Each 
saccade state was subtracted from the fixation state. There were more activated 
voxels and their signal intensity was significantly greater for large saccades 
than for small saccades in the FEF and PEF (p<0.025). In contrast fewer 
voxels were activated during small saccades, and their averaged signal intensity 
was equal to or less than that during large saccades. These results are 
consistent with the reported hills of neural activity moving across the superior 
colliculus maps (Munoz and Wurtz, 1995). Supported by the NSERC, Human 
Frontiers in Science and MRC of Canada.
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604.5
NEURONAL OBJECT-CENTERED REPRESENTATIONS: MAP OR GAIN 

MODULATION? S. Deneve* and A. Poueet. Institute for Cognitive and 
Computational Sciences. Georgetown University. Washington DC. 20007.

We present a neural model that can perform eye movements to a particular side of an 
object (right or left side, depending on a cue) regardless of the position and orientation 
of the object in space. This is an extension of a task recently used by Olson and 
Gettner (Nature. 269. 1995) to investigate the neural structure of object-centered 
representations in monkey. Our model uses an intermediate representation in which 
units have oculocentric receptive fields -just like collicular neurons- whose gain is 
modulated by the side of the object to which the movement is directed, as well as the 
orientation of the object. For instance, a cell may respond maximally when the next 
eye movement is 20° right, toward the left side of the object and when the object is 
tilted 45° clockwise, but less so for the same eye movement directed to the right side 
of the object when it is tilted -45°. We show that the gain modulation with the side of 
the object is consistent with the results Olson and Gettner obtained in the 
supplementary eye field. We also predict that a gain modulation with orientation will 
be found if a monkey is trained to perform the task for arbitrary orientations of the 
object.

This model demonstrates that it is possible to perform an object-centered task 
without a representation involving an object-centered map, viz., without neurons 
whose receptive fields are defined in object-centered coordinates. We argue that such 
explicit object-centered representations are neither consistent with the 
neurophysiological data nor with the computational demand of the task. We also show 
that several other experiments dealing with object-centered representations can also be 
explained with gain modulation hence raising the possibility that gain modulation -as 
opposed to a map- is the dominant mechanism for object-centered representations at 
the neuronal level. (Supported by a DOD grant #DAMD17-93-V-3018)

604.6
TEMPORAL PROPERTIES OF NEURONAL FIRING IN POSTERIOR PARIETAL 
CORTEX. C. Constantinidis*, M. Xu, R, N. Habib, J. R. Dishon and M.A. 
Steinmetz, Krieger Mind/Brain Institute and Department of Neuroscience, Johns 
Hopkins University, Baltimore, MD 21218

The temporal characteristics of neuronal firing were studied in area 7a of the 
posterior parietal cortex. Recordings were analyzed from awake monkeys, trained 
in a visual attention task. We sought to identify synchronous and rhythmic firing in 
area 7a neurons. Typically less than 10 trials were recorded for each stimulus 
condition, so trials were pooled from many stimulus conditions to allow statistical 
testing. This procedure enabled us to identify neurons with clear oscillatory or 
synchronous firing and study their properties, but most likely underestimated the 
frequency of their occurrence in the posterior parietal cortex.

We analyzed responses from 676 neurons that responded to at least one 
stimulus condition in the task, as judged by a significant increase of mean firing 
rate above baseline. Our database included 299 pairs of these neurons recorded 
simultaneously. Cross-correlation analysis, after subtraction of the shift predictor, 
revealed that 27 pairs of neurons exhibited statistically significant peaks. Three 
quarters of these pairs were recorded from the same electrode and the rest from 
electrodes spaced 1 to 4 mm apart. Neurons recorded from the same electrode 
exhibited precisely correlated firing with 0-3 ms lags and 1-2 ms widths of the 
cross-correlogram peak. Neurons from different electrodes with significant cross-
correlation peaks exhibited rhythmic firing ranging from 10-20 Hz. The central 
peak of the cross-correlation histograms was centered at 0 ms lag. Autocorrelation 
functions were also computed for all the visually responsive neurons. Seventeen 
neurons were identified with rhythmic activity, all in the 10-20 Hz range (mean 
frequency: 18 Hz).

These results suggest that a small population of neurons in area 7a exhibits 
rhythmic firing patterns during the presentation of visual stimuli.

604.7
REPRESENTATION OF 3D VISUAL FEATURES BY NEURONS IN 
MONKEY CAUDAL INTRAPARIETAL SULCUS. K. Tsutsui* M, 
Taira, M, Jiang. H, Sakata. 1st Dept. of Physiology, Nihon Univ. Sch. 
of Med.. Tokyo. Japan, 173.

Recent single unit studies suggest that neurons in the caudal part 
of the intraparietal sulcus region (cIPS) code three-dimensional (3D) 
features of visual objects such as axis and surface orientation in depth. 
To further investigate the properties of cIPS neurons, we recorded 
single unit activities in cIPS while a monkey performed a go/no-go 
delayed matching-to-sample task of 3D figures. Computer-generated 
3D figures with contours or in random dot stereogram (RDS) were 
presented on a stereoscopic display. A group of cIPS neurons showed 
response selectivity to surface orientation of 3D figures with 
monocular and binocular depth cues, and some of these neurons 
showed same response selectivity to 3D figures with only binocular 
depth cues such as cyclodisparity or in RDS. When 3D figures were 
presented with only monocular depth cues such as linear perspective, 
many of these neurons did not respond, but a few of them showed the 
same response selectivity. These results suggest that visual neurons 
in area cIPS represent 3D features of objects by integrating binocular 
disparity signals including disparity gradient, and some of them also 
integrate binocular and monocular depth cues.

604.8
EARLY AND LATE EFFECTS OF ATTENTION ON RECEPTIVE FIELD 
PROPERTIES IN PARIETAL AREA 7A OF THE BEHAVING MONKEY. S.A. 
Quraishi and R.M. Siegel*. Center for Molecular and Behavioral Neuroscience, 
Rutgers University, NJ 07102.

Previous studies have shown that attentional state can influence the responses of 
posterior parietal neurons to visual stimuli. We examined the classical receptive field 
(RF) properties of parietal area 7a neurons at early and late phases during two visual 
tasks. These tasks provided identical retinal input, but has different attentional 
demands. In both tasks, a 5° square luminant bar was presented at one of 25 locations 
in a 40°x40° grid of visual space while the animal continually fixated a central target. 
In one block (FIX), attentional focus remained fixed as the animal responded solely to 
the dimming of the central fixation point. In the other block (SHIFT), the animal 
attended to the dimming of the bar stimulus. The responses of 50 neurons from two 
hemispheres of a Macaca mulatto were probed during both tasks. RF shapes were 
modeled by a quadratic surface to the neuron’s firing rate as a function of bar position. 
Surfaces were generated for each neuron at an early phase (bar-onset), and at a late 
phase (prior to the dimming event) during both trial types. Under the FIX condition, 
64% of the neurons had spatially selective RFs in the early phase. Of these, 63% were 
best described as having curvilinear shapes, whereas 37% were observed to have tilted 
planar surfaces. At the late phase, these proportions shifted such that only 30% of the 
neurons remained spatially selective (67% curved, 33% tilted planar). In the SHIFT 
task, 52% of the population were spatially-selective in the early phase (50% 
curvilinear, 50% tilted planar). In the late phase of this task, only 28% remained 
spatially selective (29% curved, 71% tilted planar). When RF properties were 
compared on a cell-by-cell basis, it was found that 78% of the neurons had different 
early RF shapes in the SHIFT and FIX tasks, whereas only 46% had different late RF 
shapes. These data suggest that attentional mechanisms modulate RF shape beyond 
simple gain changes, and that these effects may be more pronounced during early 
perceptual events. Moreover the strong early differences of RF shape in the SHIFT 
and FIX tasks seem to diminish at the late phase, which may reflect a dynamic or 
ballistic phase of the attentional shift. (Supported by NIH EY-09223.)

604.9
CELLS IN MACAQUE AREA 7A ARE SENSITIVE TO RETINAL DISPARITIES 
EMBEDDED IN OPTIC FLOW STIMULI. R. E, Phinnev* and R, M, Siegel. Center 
for Molecular and Behavioral Neuroscience. Rutgers University. Newark, NJ 07102

In this preliminary study, four optic flows (expansion, compression, clockwise 
rotation and counterclockwise rotation) were presented at each of three fusible 
disparities (0.5° crossed, 0.5° uncrossed, and 0° disparity). Stimuli consisted of 128 
limited lifetime (533 ms) red-green dot pairs displayed in a 58° diameter aperture at 
a viewing distance of 57 cm. Dot size was 0.1° and dot speed varied with distance 
from the center of the stimulus for all stimuli. Average speed was 12°/s. On each 
trial the monkey pulled back a lever and viewed the zero disparity (1° x 1°) fixation 
square. Two seconds after fixation, the optic flow stimulus onset and the monkey 
released the lever when motion vectors were shuffled at a random time between 
1,500 and 4,000 ms after onset. Firing rate for a 500 ms period prior to stimulus 
onset was subtracted from that 500 ms immediately following stimulus onset. 
Neurons were found that modulated their firing rate as a function of disparity. 
Selectivity for optic flow type and for disparity plane were quantified with a two 
way ANOVA. 52% of cells exhibited some type of selectivity. Pure optic flow 
selectivity was observed in 28% percent of all cells, pure disparity selectivity was 
observed at chance levels (4% of all cells) and 20% of all cells exhibited both optic 
flow and disparity selectivities. Previous studies (Sakata 1990; Gnadt and Mays,
1995) have demonstrated the presence of fixation cells in 7a and LIP, which are 
sensitive to extra-retinal eye position signals rather then disparity per se. In the 
present study, eye position was held constant across all trials - the fixation square 
had zero disparity and only stimulus disparity changed. These results seem 
consistent with the possibility that 7a may support true depth perception since it 
contains cells sensitive to fusible retinal disparities and cells sensitive to fixation 
position. Fixation position information can be used to scale the disparity ratios to 
recover absolute depth judgments.

(Support NIH EY09223, NEIEY06738)

604.10
EXTRACELLULAR RECORDING FROM ADJACENT NEURONS: I. 
A MAXIMUM-LIKELIHOOD SOLUTION TO THE SPIKE SEPARA-
TION PROBLEM. M. Sahani*, J. S. Pezaris fc R. A. Andersen. Compu-
tation and Neural Systems, 216-76 Caltech, Pasadena, CA 91125, USA.

We present a two-stage solution to the problem of spike separation in ex-
tracellular recordings and apply it to data collected using tetrodes in macaque 
cortex. The process is optimal in the maximum-likelihood sense, resolves spike 
superpositions, and can be executed on-line.

In the first stage, we identify the probability densities of spike shapes gener-
ated by different neurons in the recording. Spike waveforms are extracted from 
the first few minutes of the recording using a simple threshold. The set of wave-
forms is modeled by a hierarchical mixture of multi-dimensional Gaussians using 
an Expectation-Maximization algorithm (Dempster et al. 1977). Suitable pri-
ors can be introduced into the gating functions of the hierarchy to reflect the 
constraints of refractory period and spike-shape variability.

In the second stage, we detect events on-line and resolve superposed spikes 
using a multiple matched linear filtering scheme based on the the density pa-
rameters identified as above. The detection of overlapping spikes is achieved by 
adaptive thresholds that model the interaction between spike waveforms. This 
method is optimal for Gaussian mixture densities, does not depend on orthogo- 
nalization of the space of waveforms, and can be run in real-time.

The new technique improves on previous algorithms in that it makes only 
weak assumptions about the distribution of spikes, runs automatically in real-
time, and resolves overlapped spikes.

Supported by NIH, the Alfred P. Sloan Foundation, the NSF, and the ONR.
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604.11
EXTRACELLULAR RECORDING FROM ADJACENT NEURONS: II. 
CORRELATIONS IN MACAQUE PARIETAL CORTEX. J. S. Pezaris,
M. Sahani, and R. A. Andersen? Computation and Neural Systems, Cal-
tech, M/C 216-76, Pasadena, CA 91125, USA.

Multiple single unit extracellular recordings were made using tetrodes in 
macaque posterior parietal cortex while the animal was performing a visual 
memory saccade task. Recordings were made over a 4x4 mm area at both 
superficial and deep locations in one hemisphere. Signals were analyzed using 
an Expectation-Maximization algorithm for spike separation based on spike peak 
height or the first two principle components of spike shape. 25 sites were selected 
For analysis based on clarity of separation, yielding 64 total pairs of neurons with 
a mode of 3 cells per site.

Crosscorrelograms of spike times were computed for each pair of isolated cells 
at each site, normalized by subtraction of the shuffle predictor, and classified 
according to features discovered. 10 pairs (16%) showed broad peaks (5 ms or 
greater) spanning zero delay consistent with distant common input. 13 pairs 
(20%) showed medium peaks (2-5 ms) either spanning zero delay or at small 
offsets consistent with nearby, unrecorded, common input. 10 pairs (16%) showed 
narrow peaks (1-2 ms) at non-zero delay consistent with an intrapair excitatory 
connection. 3 pairs (5%) showed troughs (3-5 ms) consistent with an intrapair 
inhibitory connection. 28 pairs (44%) showed no reliably detected feature.

Autocorrelograms were also computed for each of the 69 neurons used in 
the crosscorrelation analysis and examined for oscillatory activity. 2 cells (3%) 
showed strong peaks consistent with oscillation, both at 12 Hz. 3 cells (4%) were 
found with weak peaks, two at 12 Hz and one at 25 Hz. The balance (93%) 
showed no evidence for oscillation.

Supported by NIH, the Alfred P. Sloan Foundation, NSF, and ONR.

604.12
FRAMES OF REFERENCE IN PRIMATE PARIETAL CORTEX: SEPARATION 
BETWEEN 7A AND LIP; PHYSIOLOGY AND SIMULATION. K.L. Grieve* L.H. 
Snyder, J. Xing and R A, Andersen. Div. of Biology, Caltech, Pasadena, CA 91125

It has been shown that proprioceptive and vestibular signals can modulate responses 
of posterior parietal neurons in macaques undertaking visual tasks (Snyder at al. Soc. 
Neurosci. Abst. 20 525.1). We have investigated the extent to which these influences 
are separated in parietal cortex, by unit recordings in monkeys undertaking saccadic 
tasks with either rotation of body under head (proprioceptive: body centred 
coordinates) or body and head (vestibular world centred coordinates) prior to the task. 
Rotations were carried out in the dark. Between tests the animal was rotated to 
body/head at zero, and room lights briefly turned on. Cells were assigned to parietal 
fields 7a or LIP on the basis of the position of the track in the chamber, depth of the 
electrode within a track and response type elicited in the saccadic tasks. Of 31 7a cells, 
22% showed response modulation by vestibular input, with only 2% showing 
proprioceptive modulation. Of 59 LIP neurons, 34% showed modulation by 
proprioceptive input, and only 3% by vestibular input. Mixed responses were seen in 
only 3 and 2% respectively.

A three-layered neural network was trained to modulate "retinotopic" responses by 
"proprioceptive" or "vestibular" signals to provide separate "body-centred" and world 
centred" maps. Hidden units of this network, trained with equal inputs from both 
sources, showed, after training, near complete separation closely matching the grouping 
of the parietal cells above.

We suggest that such separation of influences provides an economic means by which 
different inputs modulate visual function, resulting in different coordinate frames. 
These areas can thus provide distinct inputs to other cortical areas subserving different 
functional roles; LIP feeding to the FEF, involved in control of ongoing saccadic eye 
movements; and 7a to parahippocampus, involved in construction of spatial memory.

Supported by NIH and the Alfred P. Sloan Foundation.

604.13
VISUAL TOPOGRAPHY AND CORTICAL DISTRIBUTION OF NON-VISUAL 
ACTIVITIES IN AREA V6A OF MACAQUE SUPERIOR PARIETAL LOBULE,
C. Galletti*, P. Fattori, D.F. Kutz and M. Gamberini. Dip. di Fisiologia umana e 
generate, Univ. di Bologna, Piazza di Porta S. Donato 2,40127 Bologna, Italy.

Area V6A is located in the medial area 19, in the caudalmost region of the 
monkey superior parietal lobule (SPL). The aim of this work was to study the 
cortical distribution and functional organization of V6A neurons, Extracellular 
recordings were carried out in two awake Macaca fascicularis performing fixation 
tasks as well as visually-guided saccades and arm movements with the head restrained. 
Out of a total of 643 cells recorded from area V6A, 383 were visual and 260 non-
visual in nature. The location of each cell was reported on layer IV of brain sections 
containing the reconstructed microelectrode penetrations, and then on 2D maps of the 
SPL. An appropriate software assigned to each cell location on the 2D maps the cell’s 
characteristics stored in a data-base. This procedure produced a series of functional 
maps of area V6A useful to understand its functional organization. It was found that 
the receptive fields of V6A visual neurons covered almost the entire visual field. 
Although the contralateral hemifield was more represented, large extents of the 
ipsilateral one were also present. A coarse retinotopy was observed, with the central 
field representation located dorsally and the peripheral one ventrally in the caudal 
SPL. Large receptive field scatters were present all over V6A. The visual cells were 
in many cases affected by oculomotor activity (63%) and rarely by somatomotor 
activity (9%). Non-visual cells were often affected by somatomotor (60%) and/or 
oculomotor (45%) activities. The somatomotor activity involved quite exclusively 
arm movements. Arm-reaching neurons turned out to be segregated in the dorsal part 
of V6A. The functional organization of V6A suggests an involvement of this cortical 
area in the visuomotor control of arm-reaching movements towards visual targets in 
the peripersonal space.
Supported by Grants from European Community and from MURST and CNR (Italy).

604.14
DISRUPTION OF GAZE-HOLDING AFTER PARIETAL LESION IN 
MONKEYS
C.-S.R. Li* Division of Biology, 216-76, California Institute of Technology, 
Pasadena, CA 91125.

Neurons in the primate posterior parietal cortex (PPC) are active during 
sustained visual fixation. Furthermore, this fixation activity varies with eye 
position. The activity of most neurons increases when the monkey fixates in 
the contralateral field. This eye position effect could either be a result of 
proprioceptive modulation or reflect the central neural command to hold the 
eyes at a desired position. The existence of both of these neural signals has 
been supported to an extent by physiological and psychophysical experiments. 
Here I report the oculomotor behaviors of monkeys who sustained some PPC 
damage as a result of chronic recording and muscimol reversible lesion 
experiments. Three parietal monkeys were tested with a memory saccade 
paradigm in which they were required to hold their gaze at the end of a 
saccade for up to 1.2 seconds in complete darkness. Compared to normal 
monkeys, the eye of the parietal monkeys consistently drifted toward the 
ipsilesional side at the end of the saccade. The direction of the drift was the 
same no matter in which direction the saccade was made. The velocity of the 
drift was 2 to 3 deg/sec and remained constant throughout the entire "hold" 
period. Centripetal drift had a higher velocity (and thus magnitude) than 
centrifugal drift. In one monkey tested, the magnitude of the drift was found to 
depend on the duration of the delay in the memory saccade paradigm; the 
longer the delay, the larger the drift. No such drift was seen when the 
monkeys performed a visual saccade task or the memory saccade task in the 
presence of a visual background. This gaze-holding problem was unlike that 
observed after lesioning of the neural integrators in the brain stem or the 
saccadic dysmetria as a result of lesioning of some cerebellar structures. The 
eye position drift may be attributed to the damage of the gaze-holding 
capacities of the fixation neurons in the PPC. Supported by a grant from the 
NEI.

604.15
VISUOMOTOR FIELDS IN MACAQUE AREA LIP. H, Misslisch, 
T. Dinklo, A.J. van Postal, D. Tweed* and J.A.M. van Gisbergen.
Department of Medical Physics and Biophysics, University of Nijmegen, 
6525 EZ Nijmegen, The Netherlands, Department of Physiology, University 
of Western Ontario, London, N6A 5C1, Canada.

Previous work in saccade-related brain centres such as the frontal eye 
fields (FEF) and the superior colliculus (SC) has described cells that 
discharge maximally before and during saccades with a certain direction and 
amplitude. For non-optimal saccades, such neurons still fire but with a lower 
frequency. These movement fields have been examined thoroughly in the 
SC and, to a lesser extent, in the FEF. In this study, we determined the size 
and shape of visuomotor fields of lateral intraparietal area (LIP) neurons 
during normal, visually-guided saccades.

We recorded from single-units in area LIP of the awake, behaving rhesus 
monkey. The monkeys were trained to fixate a central visual target. When 
this was switched off, another eccentric target appeared at one of a number 
of locations on a frontal plane varying both in direction and amplitude. 
Spike data were analysed only for saccades with normal latencies and 
normal main sequence properties. We found neurons that discharged briskly 
before and during. saccades. Most of these neurons showed directional 
preference, usually for saccades towards the side contralateral to the 
recording chamber. We described the neuron's mean firing rate as a function 
of both saccade direction and saccade amplitude, using a Gaussian function 
to describe the former and a log-Gaussian function to describe the latter. 
Preliminary results show high correlations between these fits and the actual 
firing rates, with correlation coefficients as high as r2 = 0.85. These results 
are similar to those obtained in SC and suggest that area LIP may use a 
similar, coarse code in localizing visual stimuli and programming saccadic 
eye movements.

Supported by European Community HCM grant ERB-CHBG-CT93-0472.
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605.1
THE EFFECTS OF BREVITAL ON THE RESPONSE PROPERTIES OF TYPE III 
UNITS IN GERBIL DORSAL COCHLEAR NUCLEUS (DCN). H. Fan1 and H. F. 
Voigt*. ’Dept. of Biomedical Engineering, Center for Hearing Research and Dept. of 
Otolaryngology, Boston University, Boston, MA 02215-2407

Barbiturate anesthetized and decerebrate preparations have been widely used 
in electrophysiological studies of the cochlear nucleus. Barbiturates, however, are 
reported to have profound effects on dorsal cochlear nucleus (DCN) type IV units in 
cats (Evans and Nelson 1973; Young and Brownell 1976) and gerbils (Fan and Voigt 
1997). In order to investigate the effects of barbiturates on the response properties of 
gerbil DCN type HI units, an ultrashort-acting barbiturate, Brevital, was used to study 
changes in DCN response properties with anesthesia. Half anesthetic-level doses were 
injected IP into decerebrate gerbils after sets of response properties were recorded from 
DCN units. The response data were recorded repeatedly, beginning three minutes after 
the injection, until the unit’s response properties recovered to its original state or the 
unit was lost. Twenty-nine type III (including 14 type Ill-i) units were recorded in 21 
gerbils. Spontaneous activity decreased significantly from an average of 24.6 (±16.4) 
to 4.7 (±7.7) spikes/s for type Ill-i units (p<0.001), and from 18.6 (±13.0) to 4.0 (±7.0) 
spikes/s for type III units (p<0.00005) following Brevital injection. Twenty-one units 
turned into low spontaneous rate units (5 type II and 16 type I/III units) after Brevital 
administration. The relative noise index for type III and type Ill-i units also decreased 
significantly from 0.53 (±0.20) to 0.43 (±0.22) following Brevital injection (p<0.001). 
Fourteen Pa, 4 BU, 1 CL, 1 CT+, 1 On, and 8 Unknown PSTH patterns were observed 

before Brevital. Three Pa-CL, 1 Pa-BU, 1 BU-Pa, 1 On-OS, 1 Unknown-CL, 1 CL-Pa, 
3 Unknown-Pa transition PSTHs were found following Brevital injection. The PSTH 
types of 17 type III and type Ill-i units were not affected by Brevital. Other changes 
in response properties were observed but these were inconsistent, suggesting that type 
III units in gerbil DCN may correspond to heterogeneous morphological cell types, and 
/or may have different synaptic connections.

Work supported by NIDCD and Boston University.

605.2
TRANSIENT POTASSIUM CURRENTS IN DORSAL COCHLEAR NUCLEUS 
PYRAMIDAL CELLS. P.O. Kanold* and P. B. Manis. Depts. of Otolaryngology- 
Head and Neck Surgery and Biomedical Engineering, The Johns Hopkins 
University School of Medicine, Baltimore, MD 21205

Pyramidal cells in the dorsal cochlear nucleus (DCN) show three distinct 
temporal discharge pattern: pauser, buildup and regular firing. The discharge 
pattern of pyramidal cells depends on the potential from which the cell is 
depolarized, and it was reasoned that a single transient A-type K-current (IA) might 
provide the explanation of the pauser/buildup behavior. The present study 
investigated the presence and the properties of IA in DCN pyramidal cells. Acutely 
isolated cells and slice preparations from rat DCN (PI 1-P17) were used for whole-
cell recording under voltage and current clamp. A fast IA was present in all cells 
studied. The current was relatively insensitive to 1 mM extracellular 4-AP. Acutely 
isolated cells (N=25) showed, at 25°C, a half-activation voltage of -35 mV and a 
half-inactivation voltage of -78 mV. The activation showed a sigmoidal rise with 
time constants of 1-5 ms. Inactivation was best described by a single-exponential 
decay with time constants of 10-40 ms. Recovery from inactivation was described 
by a single exponential with a time constant of 18 ms. We also confirmed that 
morphologically identified pyramidal cells in slices from rats at these ages exhibit 
the 3 different discharge patterns (N=8). IA in these cells showed, at 35°C, a half- 
activation voltage of -40 mV and a half-inactivation voltage of -45 mV. The 
activation showed a sigmoidal rise with time constants between 0.5-2 ms. 
Inactivation was best described by an exponential decay with time constants 
between 6 and 30 ms. Recovery from inactivation was described by a single 
exponential with a time constant of 5 ms. The properties of IA in pyramidal cells 
are consistent with the proposed role of transient K-currents in shaping the 
discharge patterns of DCN pyramidal cells. Supported by NIDCD grant ROI 
DC00425.

605.3
TIME COURSE OF TRANSCRIPTIONAL CHANGE OF A GLYCINE SYNAPTIC 
TRANSPORTER, GLYT2, IN THE DORSAL COCHLEAR NUCLEUS OF RAT 
FOLLOWING UNILATERAL EIGHTH NERVE DEAFFERENTATION. H. Guo*, 
H.J. Kim and N.H, Barmack. R.S. Dow Neurol. Sci. Inst., Portland, OR 97209.

The glycinergic synaptic transporter, GLYT2, is expressed in neurons of the dorsal 
cochlear nucleus (DCN). Hybridization histochemistry demonstrates that GLYT2 
mRNA is regulated by the activity of the DCN neurons in which it is found. A 
decrease in DCN activity is caused by a unilateral deafferentation of the ipsilateral 8th 
nerve, resulting in a decreased transcription of GLYT2 mRNA. Conversely, selective 
pure tone stimulation, causes increased transcription of GLYT2 mRNA in the region of 
the DCN where the tone is tonotopically mapped.

In the present experiment we have used a quantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) technique to measure the time course of 
decreased GLYT2 expression following a unilateral 8th nerve deafferentation. Total 
RNA from both the left and right DCNs in rats that received left 8th nerve 
deafferentation were isolated at different times following the operation (6 - 250 hrs). 
Each DCN weighted 1.5-2.0 mg. Following a reverse transcriptase reaction, 
oligonucleotide primers were selected to amplify a 400 bp sequence of GLYT2 and a 
589 bp sequence of a control gene product, cyclophilin, an abundant ‘house keeping 
gene.’ The linear range of PCR cycles was determined for these combined pairs of 
oligonucleotide primers. The PCR products were separated on a 1.5% agarose gel, 
stained with ethidium bromide and quantified with a densitometric scanning program.

The maximal difference in GLYT2 mRNA for the deafferented and intact DCNs 
appeared 48 hours after the unilateral 8th nerve deafferentation. Differences between 
the two DCNs disappeared 240 hours following deafferentation. The earliest 
detectable difference between the two sides occurred 6 hours after the deafferentation. 
These data suggest that the transcriptional regulation of GLYT2 has a time course that 
is similar with other mechanisms associated with vestibular compensation following 8th 
nerve deafferentation. Supported by NIDCD DC02557.

605.4
SOMATOSENSORY INHIBITION OF DORSAL COCHLEAR NUCLEUS (DCN) 
PRINCIPAL CELLS IS MEDIATED BY GLYCINE. K.A. Davis and E.D. Young*. 
Dept. of Biomed. Eng. and Center for Hearing Sciences. Johns Hopkins University, 
Baltimore, MD 21205.

Stimulation of the inputs to DCN from the somatosensory dorsal column nuclei 
activates the granule cell-associated circuitry in superficial DCN; activation of this 
circuitry inhibits the spontaneous activity of DCN principal cells (e.g. type IV units). 
Using a pulse-train paradigm, this inhibitory response can be decomposed into three 
components: 1) a short-latency inhibitory component that precedes the onset of the 
evoked potential (EP) produced in DCN by somatosensory electrical stimulation; 2) a 
transient excitatory response that occurs at the onset of the EP; and 3) a long-lasting 
inhibitory component that follows the excitatory component. The source of the short- 
latency inhibitory component is unknown; the excitatory component likely reflects 
direct input to DCN principal cells from parallel fiber axons of granule cells; and we 
have shown that the long-latency inhibitory component reflects delayed input from 
cartwheel cells. The goal of this work was to use pharmacological manipulations to 
gain further information about the nature of the inhibitory inputs.

Here, we report on the effects of iontophoretic application of the GABAa  and 
glycine receptor antagonists, bicuculline and strychnine, on the responses of principal 
cells to somatosensory stimulation. Consistent with the results of Evans and Zhao 
(1993) and Caspary et al. (1987), bicuculline tended to increase the spontaneous 
firing rate of type TV units without changing the non-monotonic shape of their best 
frequency (BF) rate-level functions, while strychnine eliminated their central 
inhibitory areas resulting in monotonic BF rate-level curves. Bicuculline had little or 
no effect on the inhibitory components of principal cell responses to somatosensory 
stimulation; in contrast, strychnine abolished both the short- and long-latency 
inhibitory components. The former result appears to rule out stellate cells as a 
possible source of the short-latency inhibition because these cells are thought to be 
GABAergic (Osen et al. 1990); the source of this inhibition remains unknown. The 
latter result is consistent with the hypothesis that the long-latency inhibition is 
mediated by cartwheel cells. Supported by NIDCD grants DC00979 and DCOOO23.

605.5
GABA-EVOKED CONDUCTANCE IN THE AVIAN COCHLEAR 
NUCLEUS. Tao Lu. Donate Oertel*. and Larry Trussell. Dept. of 
Neurophysiology, University of Wisconsin - Madison, WI 53706.

Neurons of the nucleus magnocellularis (NM) receive somatic GABAergic 
synaptic inputs. Hyson et al (1995) have shown that responses to GABA in NM, 
in contrast with those in mammalian bushy cells, are depolarizing, suggesting 
either that the Cl' reversal potential is elevated in these neurons or that the GABA 
conductance is not Cl' selective. To understand the role of GABAergie innervation 
in NM, we have studied the responses to GABA and to stimulation of GABAergic 
inputs in slices of NM using patch clamp techniques. Patch pipettes contained Cs+ 
as the major cation, and [Cl"]i was varied by replacement with methanesulfonate.

GABA (10 pM) was applied by pressure ejection directly to the neurons. 
Varying the internal Cl' concentration from lOmM to 140 mM produced large 
shifts in the GABA reversal potential. The reversal potential - log[Cl']i plot had a 
slope of 53 mV, indicating that the GABA-activated channel is predominantly Cf 
selective. The GABA-activated Cl’ conductance was blocked by 10 pM 
bicuculline or by 10 pM SR95531.

Stimulation of presynaptic fibers in the presence of AMPA, NMDA, and 
glycine receptor antagonists evoked a rapidly rising (<lms), slowly decaying (t  30- 
50 ms at room temp.) synaptic current which was blocked by SR95531. These 
data indicate that the depolarizing effect of GABAergic inputs results from a 
relatively higher intracellular [Cf] in avian cochlear nucleus. The independent 
activation of excitatory and inhibitory inputs to NM should allow an analysis of 
the roles of inhibition in signal processsing in the cochlear nucleus.

Supported by DC02004.

605.6
GABA BOTH INCREASES AND DECREASES EXCITABILITY OF 
NEURONS IN THE AVIAN BRAINSTEM AUDITORY SYSTEM. 
R, L. Hyson* and J. M. Krane Program in Neuroscience, Florida State 
University, Tallahassee, FL 32306.

Neurons in the cochlear nucleus, n. magnocellularis (NM), of the 
chick receive strong excitatory input from auditory nerve fibers, but are 
also contacted by terminals containing the inhibitory neurotransmitter, 
GABA. NM neurons display an unusual depolarizing response to 
GABA. Although this response is relatively insensitive to bicuculline, 
pharmacological and anatomical investigations suggest that these neurons 
possess GABAa  receptors. In the present experiments, both excitatory 
and inhibitory effects of GABA are observed in the same cells.

Brain slices containing the auditory nerve and NM were obtained 
from 1-2 week old chickens. The auditory nerve was stimulated and 
either field potentials or intracellular recordings from NM neurons were 
analyzed. Field potential recordings during bath application of GABA 
suggest that low GABA concentrations increase the excitability of NM 
neurons (larger postsynaptic fields), while higher concentrations have 
inhibitory effects. A mixture of increased and decreased excitability was 
also observed in intracellular recordings of single NM neurons when 
GABA was applied by pressure injection into the bath. In most cells, 
there was an early and transient increase in excitability followed by 
inhibition. GABA alone did not produce action potentials but 
subthreshold EPSPs became suprathreshold during the early phase of 
GABA application. In the later phase of GABA application, GABA 
typically inhibited action potentials. These data suggest that GABA may 
dynamically regulate the sensitivity of brain stem auditory neurons.

(Supported by NIH grant DC 00858).
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605.7
DEVELOPMENTAL CHANGES IN THE FIRING PROPERTIES OF 
NUCLEUS MAGNOCELLULARIS NEURONS FROM THE CHICK.
C. Griguer and W. J. Spain*. Depts. of Neurology and Physiology & Biophysics, 
Univ. of Washington and VA Puget Sound Health Care System, Seattle, WA 98108.

Nucleus magnocellularis (NM) neurons relay information about the temporal 
characteristics of an acoustic stimulus from the VUIth nerve to higher centers. In 
adult NM neurons, a long depolarizing current step evokes a single action potential 
(AP) at the start of the step followed by a plateau, whereas a train of brief current 
pulses evokes a train of APs phaselocked to the frequency of the stimulus cycle. This 
firing behavior is typical of neurons in which APs code precise temporal informa-
tion. A major mechanism underlying these properties is the presence of a large 
potassium current that rapidly activates at voltages subthreshold for AP generation. 
The potassium current shortens the membrane time constant (which limits temporal 
summation of EPSPs) and shortens AP duration. In this study we examined the 
acquisition of adult firing properties during development to gain insight into the 
membrane properties that are required for phaselocking. Whole-cell current-clamp 
recordings were performed on visualized NM neurons in brainstem slices from 13 to 
21 day old chick embryos (E13 to E21). During development, resting potential does 
not change but there is a progressive decrease in input resistance, membrane time 
constant and AP duration and an increase in rheobase. Firing properties showed 
dramatic changes: at E13 to E15, NM neurons fire repetitively to a long current step 
with rates up to 300 Hz, whereas, E18 neurons have adult-like firing behavior. At 
E16 to E17, we recorded NM neurons in the same preparation with either repetitive 
firing or adult-like firing patterns. In response to trains of brief current pulses, we 
observed an improvement of phaselocking which paralleled the above changes in 
membrane properties. These data provide a basis for studies of the development of 
conductance mechanisms which underlie the ability of neurons to phaselock to an 
input. Supported by NIDCD grant DC02254 and a VA Merit Review.

605.8
RESPONSES OF NEURONS IN THE NUCLEI OF THE LATERAL 
LEMNISCUS OF THE BIG BROWN BAT TO TIME-VARYING AND 
STEADY-STATE STIMULI. B, Boatright and E, Covey.* Dept. of Psychology, 
University of Washington, Seattle WA, 98195.

Sinusoidally amplitude modulated (SAM) and sinusoidally frequency modulated 
(SFM) signals provide a means of testing neural responses to sounds similar to those 
in the natural environment, such as biosonar signals used by echolocating bats. 
Previous studies have shown that neurons in the nuclei of the lateral lemniscus 
(NLL) of the big brown bat, Eptesicus fuscus, phaselock to SAM and SFM at rates 
up to 1000+ Hz and that spike distribution as a function of phase is correlated with 
discharge pattern in response to pure tones. This finding raises the question of 
whether the response to SAM and SFM signals is predictable from rate-intensity and 
rate-frequency functions or whether it is influenced by other factors. In the former 
case, phase histograms should fit patterns predicted from responses to unmodulated 
signals. To test this hypothesis, we recorded extracellularly from single neurons in 
the NLL and measured rate-intensity and rate-frequency functions in response to 
pure tones. For SAM, spike distribution as a function of phase did not strictly match 
patterns predicted from rate-intensity functions. This discrepancy held for both 
transient and sustained responders. For SFM, phase histograms resembled spike 
distributions predicted from rate-frequency functions at low (<100 Hz) modulation 
rates. At higher modulation rates, phase histograms were broad and attenuated 
relative to the predicted response for sustained units, but narrowly tuned to phase 
and enhanced for transient responders. As the SFM rate increased, transient units 
switched from responding twice per cycle to once per cycle, to the upward or 
downward FM component. These findings suggest that NLL neurons do not simply 
respond to absolute frequency and amplitude parameters of a sound but perform 
further processing such as enhancement of specific patterns of frequency and 
amplitude change. Supported by research grant DC-00607from the NIDCD, NIH.

605.9
INFLUENCE OF THE DORSAL NUCLEUS OF THE LATERAL LEMNISCUS 
ON BINAURAL RESPONSES IN THE CONTRALATERAL DORSAL 
NUCLEUS OF THE LATERAL LEMNISCUS: EFFECTS OF 
PHARMACOLOGICAL BLOCKADE. J.B. Kelly* and S.A. Kidd. Lab. of Sensory 
Neurosci., Institute of Neurosci., Carleton Univ., Ottawa, Ontario, Canada K1S 5B6.

Previous studies have shown that pharmacological blockade of the dorsal nucleus 
of the lateral lemniscus (DNLL) by local injection of the excitatory amino acid 
antagonist, kynurenic acid, alters binaural response properties of neurons in the 
contralateral central nucleus of the inferior colliculus (ICC) of the rat (Li and Kelly, 
1992; Kidd and Kelly, 1996). There is a reduction in the strength of the inhibition 
normally produced by acoustic stimulation of the ear ipsilateral to the recording site 
with the consequence that both interaural time and intensity difference functions are 
compromised. Pharmacological blockade of synaptic excitation in DNLL reduces 
both early and long lasting inhibition of neurons in the ICC (Kidd and Kelly, 1996). 
Thus, the DNLL exerts an inhibitory influence on the contralateral inferior colliculus 
via crossed projections in the commissure of Probst and shapes binaural responses in 
ICC. Tract tracing studies have shown that the crossed projections from DNLL 
target neurons not only in the ICC but also in the contralateral DNLL. The purpose 
of the present study was to determine the effects of pharmacological blockade of 
synaptic excitation in DNLL on binaural responses in the contralateral DNLL. 
Single unit recordings were made from the rat’s DNLL before and after local injection 
of kynurenic acid into the contralateral DNLL. Action potentials were elicited by 
clicks presented separately to the two ears, and binaural responses were characterized 
by manipulating the time difference between dichotic click pairs. Most DNLL 
neurons were strongly inhibited by ipsilateral stimulation and were sensitive to 
binaural time differences. The duration of the inhibitory effect was explored by 
increasing ipsilateral lead times for paired clicks over a range from 0-30 ms. 
Injection of kynurenic acid into the contralateral DNLL reduced both early (0-1 ms) 
and long lasting (1-30 ms) binaural inhibition in the rat’s DNLL. The effect was 
similar to that reported previously for neurons in the rat’s inferior colliculus.

Supported by the Natural Sciences and Engineering Research Council of Canada.

605.10
EXCITATORY AND INHIBITORY SYNAPTIC RESPONSES IN THE RAT'S 
VENTRAL NUCLEUS OF THE LATERAL LEMNISCUS STUDIED IN BRAIN 
SLICES. S.H, Wu*. Laboratory of Sensory Neuroscience, Institute of Neuroscience, 
Carleton University, Ottawa, Canada K1S 5B6.

Transverse brain slices (400 pm) were obtained through the ventral nucleus of the 
lateral lemniscus (VNLL) of young Wistar rats using a Vibratome. The slice was 
submerged in a small recording chamber, where a warm, oxygenated saline solution 
continuously circulated. The fibers of the lateral lemniscus ventral to the VNLL 
were stimulated by current pulses delivered through bipolar tungsten electrodes. 
Intracellular recordings were made with 4 M potassium acetate filled glass 
micropipettes inserted into the VNLL under direct visual control. Numerical values 
are presented below as means+SE.

Synaptic potentials were recorded from 83 VNLL neurons. The average resting 
potential of the VNLL neurons in this study was -57.0±5.7 mV. Electrical 
stimulation ofthelemniscal fibers elicited short-latency EPSPs (1.2±0.4 ms, n=50) 
and IPSPs (l.l±0.4 ms, n=44). In 29.7 % of the neurons that responded to 
stimulation of the lemniscal fibers both EPSP and IPSP could be recorded in the 
same neuron. In 9.5 % of the neurons longer-latency EPSPs or spikes (ranging from 
2-10 ms) were observed. The AMPA receptor antagonist, CNQX (10-20 pM), 
completely blocked the short-latency EPSPs (8/8). The NMDA antagonist, APV (50 
pM), had no effect on the short-latency EPSPs (3/3), but blocked the longer-latency 
EPSP in one neuron. The glycine receptor antagonist, strychnine (1 pM), 
completely blocked the IPSPs (6/6). The GABA receptor antagonist, bicuculline 
(25-50 pM), blocked the IPSP in one neuron, but had no effect on the IPSP in 
another neuron. The results suggest that in the VNLL the synaptic excitation is 
mainly mediated by AMPA receptors, while the synaptic inhibition is mainly 
mediated by glycine receptors. This study is supported by NSERC (Canada).

605.11
DEVELOPMENT OF THE CHOPPER RESPONSE IN RAT 
LATERAL SUPERIOR OLIVARY (LSO) NEURONS. T.J. Adam.
D.W.F. Schwarz, and P.G. Finlayson*. Dept. of Surgery (ENT), 
University of British Columbia, Vancouver, B.C., Canada. V6T 2B5.

LSO neurons were examined in the rat brainstem slice preparation 
between P6 and Pl5. Developmental changes in intrinsic membrane 
properties and discharge characteristics were observed between P7 and 
Pl2. Input resistance, membrane time constant, and spike duration 
gradually decreased with age up to Pl3. Between P9 and Pl2, 
suprathreshold current steps evoked sodium spikes followed by broad 
depolarizations which frequently produced a second sodium spike 
(doublet). These broad depolarizations were likely high threshold 
calcium spikes (HTS) due to their sensitivity to calcium substitution and 
blockade. A fast afterhyperpolarization (AHP) separated the sodium 
spike and subsequent HTS in voltage responses. Each HTS was 
followed by a slow AHP. Both the HTS and slow AHP grew during 
repetitive firing. At Pl2, the HTS was not evident in voltage traces, and 
a multicomponent AHP followed each sodium action potential. Spike rate 
accomodation occurred at all ages examined. Prior to P9, the PSTH of 
discharge to depolarizing current pulses exhibited multiple peaks, with 
pronounced variability in spike timing which increased during repetitive 
firing. After P9, discharge regularity was high (CV<0.3); comparable to 
Pl5 neurons. This coincided with the development of the HTS and 
doublet firing between P9 and P12. Spike timing was precise and stable 
during depolarizing current pulses, regardless of current amplitude. The 
timing of developmental events described here corresponds well with ear 
canal opening and the maturation of hearing thresholds by P13.
Support: MRC, BCHRF, DRF, and Lion’s MD19 Hearing Fdn.

605.12
A SHIFT FROM GABAERGIC TO GLYCINERGIC TRANSMISSION 
IN THE DEVELOPING LSO. V. C. Kotak* and D.H. SaneS. Center for 
Neural Science, New York University, NY, NY, 10003.

Glycinergic and GABAergic circuits are known to exist both in 
neonatal anti adult auditory brainstem & midbrain nuclei including the 
superior olivary complex. Whereas glycinergic transmission is well- 
established in the lateral superior olive (LSO), little is known about the 
role of GABA. Therefore, we examined inhibitory synaptic function in 
the gerbil LSO from P3-16. Whole cell voltage-clamp recordings (Cs 
and QX-314 in the pipet solution) were obtained from LSO while stimuli 
were applied to the medial nucleus of the trapezoid body (MNTB). 
Maximum amplitude inhibitory postsynaptic currents (IPSCs) were 
analyzed in the presence of 20 li M CNQX & 50 pM AP-5. The relative 
contribution of glycinergic ana GABAergic mechanisms were assessed 
by first treating slices with strychnine (SN, 2 pM), and then with 
bicuculline (Bic, 10 pM). In each neuron tested, SN and Bic eliminated 
the entire IPSC.

There was a very large decrease of GABAergic component of the 
IPSC, changing from 83% at P3-5 (N=8), to 43% at P8-11 (N=7), and to 
13% at P12-16 (N=5). An analysis of variance demonstrated a 
significant change across age groups (p<0.0001; df=2, F=30.2). This 
was accompanied by a complementary increase in the glycinergic IPSC 
component. Although Ejpsc also changed with age (-31 ±2 at p3-5 
(N=7); -37 ± 2 at P8-11 (N=l 1), -65 ± 2 at P12-16 (N=3), there was no 
apparent difference between the glycinergic and GABAergic 
components. These data demonstrate a dramatic transition in inhibitory 
function in the LSO during synaptic maturation, and suggest a transient 
influence of GABAergic transmission, possibly from the MNTB (Henkel 
and Brunso-Bechtold, ‘96). (Supported by NIH and NSF.)
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605.13
GLYCINE EVOKES A BIPHASIC INTRACELLULAR pH RESPONSE 
IN THE DEVELOPING LSO. J. S. Green. V. C, Kotak and D. H. 
Sanes*. Center for Neural Science, New York University, NY, NY, 10003.

Glycinergic transmission influences neural development in the 
gerbil lateral superior olive (LSO), and the present experiments examine 
whether glycine could affect these changes is by altering intracellular 
pH. Toward this end, fluorescence imaging was performed using the 
ratiometric dye, BCECF-AM (emission, 530nm; excitation, 490nm & 
440nm), in 300 pm brain slices at P7-13. Slices were superfused with 
HCO3-buffered ACSF (pH 7.3). Glycine superfusion (5mM, 1 min) 
typically produced and initial alkalinization (54+36 s) followed by an 
acidification (210±95 s). To determine the role of HCO3, 3 slices were 
superfused with glycine in HEPES-buffered ACSF and this ablolished 
the evoked alkaline shift. Sequential applications of glycine were 
controlled for. Strychnine produced an alkaline shift, and could not be 
used to test for glycine receptor involvement. However, the GABAa  
agonist, muscimol (50 pM), produced a biphasic response, that suggested 
that reuptake was not solely responsible for these results. A similar 
glycine treatment (5mM lmin) or direct bath application (20-50 pi IM) 
in the presence of CNQX (20 pM) and AP-5 (50 pM) produced an 
initial transient hyperploarization (2-5 mV) for 6-12 sec followed by 
depolarization (5-12 mV) for 1-5 mins with decreased input resistance 
during both phases (N=9). Our results suggest that exogenous glycine 
can influence membrane properties, and intracellular pH whose alkaline 
phase is HCO3-dependent. The ability of glycinergic terminals to evoke 
this response remains to be tested. (Supported by NSF.)

605.14
SYNAPTIC RESPONSES TO STIMULATION OF LEMNISCAL AND 
COMMISSURAL PATHWAYS IN THE GERBIL INFERIOR 
COLLICULUS. D.R?Moore*. V.C Kotak and D.H, Sanes. Center for 
Neural Science, New York University, New York, NY 10003.

The inferior colliculus (IC) is an obligate relay nucleus that integrates 
ascending auditory pathways. However, little is known about the 
synaptic physiology of the IC and, in particular, the role of commisural 
afferents (CIC) that interconnect the left and right IC. Using whole-cell 
voltage clamp, we recorded synaptic currents in 300pm frontal slices 
from the IC of gerbils aged P9-P19. Stimulating electrodes were placed 
on either or both of the lateral lemniscus (LL) and the CIC. Recordings 
were made from 48 neurons in 36 slices. Biocytin reconstruction 
showed that the majority of these neurons were in the ventral, lateral 
and rostral IC. Of the 26 neurons examined with both LL and CIC 
stimulation, 21 received input from both sources. Bath application of 
the glutamate receptor antagonists CNQX (20 pM) and AP5 (50 pM), 
or Kynurenic acid (1-3 mM), and of the inhibitory antagonists 
bicuculline (BIC, 10 pM) and strychnine (SN, 2 pM), showed that most 
neurons received excitatory and inhibitory inputs from either (9/14) or 
both (1/14) the LL and CIC. For LL stimulation, inhibitory currents 
(IPSCs; 10-300 pA at VH = -80 mV) were recorded in 10/17 neurons 
and IPSCs in 5/10 of those neurons were blocked only by application 
of both BIC and SN. IPSCs in 4/10 neurons were completely blocked 
by BIC. For CIC stimulation, IPSCs were recorded in 13/14 neurons and 
BIC completely eliminated the IPSCs in 11/13 of those neurons. These 
results show that inhibition provides a dominant input to IC neurons 
and that the influence of the CIC is mainly inhibitory, acting through 
GABAa  receptors. (Supported by NIH)

605.15
SEROTONERGIC MODULATION IN GERBIL LATERAL SUPERIOR 
OLIVE: EFFECTS OF 5-HT AGONISTS. K, K, Fitzgerald* and D. H. 
Sanes. Center for Neural Science, New York Univ., New York, NY 10003.

The synaptic inputs to the lateral superior olive (LSO), a brainstem 
auditory nucleus involved in binaural level processing, include ipsilateral 
excitation from the cochlear nucleus and contralateral glycinergic inhibition 
via the medial nucleus of the trapezoid body (MNTB). We have previously 
reported that serotonin (5-HT) modulates these inputs, suppressing evoked 
EPSCs and eliciting spontaneous IPSCs (Fitzgerald and Sanes, 1996).

In the present study, we further examine the 5-HT receptor types 
mediating these effects by using specific 5-HT agonists in whole-cell voltage- 
clamp recordings from LSO neurons in brain slices from P6-9 gerbils 
(Meriones unguiculatus}.

The 5-HT2 receptor agonist a-methyl-5-HT (10-100 piM) reproduced both 
of the actions of 5-HT, producing substantial suppression of the evoked EPSC 
(N=9, mean decrease 51.2 + 8.6%, p< .001) and eliciting an increased rate 
of spontaneous IPSCs (8 of 11 cells). In contrast, the 5-HT, agonist 5- 
carboxamidotryptamine (1-10 //M) produced EPSC suppression (N=5, mean 
decrease 58.7 ± 8.7%, p<.005), but increased the rate of spontaneous 
IPSCs in only 1 of 5 cells. Thus, 5-HT2 receptors appear to modulate 
inhibitory transmission in LSO, while both 5-HT, and 5-HT2 receptors 
contribute to EPSC modulation. We are currently examining the effects of 
specific 5-HT antagonists to further define the role of 5-HT receptor types in 
synaptic modulation in LSO.
(Supported by NIH)

605.16
QUANTIFYING NEURAL ENCODING OF AUDITORY FEATURES 
C. M. Gruner, D. H. Johnson, and C. Tsuchitani*1 Computer and Informa-
tion Technology Institute, Dept. of Elec, and Computer Eng., Rice Univ. 
Houston, TX 77005 1 Neurobiology and Anatomy, Sch. of Medicine, The 
University of Texas Health Science Center at Houston, Houston, TX 77030

The lateral superior olive (LSO) in cat is one of the first structures in the 
auditory pathway to receive binaural inputs. Traditionally, the major role of 
the LSO is considered to be the extraction of azimuthal angle information 
for high frequency signals. While LSO processing resembles that of an opti-
mal angle-extraction system, there are significant differences— most notably 
the LSO’s observed sensitivity to sound level. To further examine encoding 
of signal source angle and level by the LSO, we have developed a method 
to quantify the degree to which stimulus parameters encoded in the input 
to a neural system, i.e., to the LSO, are retained by the system output. 
Our method, based on modern information theory, makes few assumptions 
about the underlying neural encoding, and is able to determine the aspects 
of the neural discharges critical to encoding. We applied this technique to a 
Hodgkin/Huxley-based single neuron LSO model and to the optimal angle-
encoding system to examine the extent to which these models of the LSO 
neurons extract both level and angle information. Our results suggest that 
the LSO may be multiplexing information, that is, encoding both source az-
imuthal angle and level information.
Supported by NSF grants NCR9628236 and IBN-9309263 and NIMH grant 
MH46453.

605.17
CLONIDINE HYDROCHLORIDE DOSE-DEPENDENTLY DECREASES PEAK 2 
AMPLITUDE OF THE AUDITORY EVOKED POTENTIAL IN THE ALBINO RAT. C.M. 
Specht* & D.W, Shucard. Departments of Neurology and Psychology, SUNY @ Buffalo, 100 
High Street (D-6), Buffalo, NY 14203.

Fast Habituation (FH) is defined as the reduction in the auditory evoked potential (AEP) 
amplitude in response to the second tone of a tone-pair separated by a relatively short interval 
(e.g. 2 s). Our laboratory has been studying FH in the context of an index of 
attention/cognitive processing. Specifically, we have found a task-dependent decrease in FH 
across tones when human subjects are simultaneously engaged in a variety of cognitive tasks. 
We have developed an animal model of this phenomenon in order to investigate the underlying 
anatomical/physiological and functional mechanisms of FH.

Since brain stem catecholamines are implicated in attention and arousal and are involved in 
a number of neuropsychiatric conditions, we began investigating the role of these systems in 
Peak 2 AEP FH. Specifically, we have been investigating whether FH is noradrenaline- 
modulated by researching the effects of locus coeruleus manipulation, since this nucleus 
produces nearly half of the CNS noradrenaline and has the widest trajectory of all of these 
systems.

Male Sprague-Dawley rats were injected with 4 counterbalanced doses of the specific a2- 
agonist clonidine hydrochloride (0, 5, 10, and 20 gg/kg, i.p.) which inhibits locus coeruleus 
unit firing and reduces norepinephrine release at low concentrations. Treatments were 
separated by 1 week intervals. AEPs in response to 100 ms pure tone stimuli (70 dB SPL, 2 
s interstimulus interval and 10 s interpair interval) were obtained to 60 pairs of stimuli and 
subsequently averaged. Amplitudes of Peak 2 (N1-P2) of the middle latency AEP were 
calculated and compared across tones and drug dose. Results showed that clonidine 
hydrochloride decreased the amplitude of Peak 2 across both tones in a dose-dependent 
manner. These results substantiate our hypothesis that FH is an index of attention and 
cognitive processes.
Supported in part by the Mark Diamond Research Fund (38-F-96) and the Department of 
Neurology Research Fund.

605.18
PREPULSE INHIBITION OF THE P13 MIDLATENCY AUDITORY EVOKED 
POTENTIAL AND OF THE STARTLE RESPONSE IN THE RAT. j± 
Miyasato*. R P- Skinner and £• Qarcia-Rill, Dept. of Anatomy, University of 
Arkansas for Medical Sciences, Little Rock, AR 72205

The P1 (or P50) midlatency auditory evoked potential and the acoustic 
startle response have been used in testing sensory gating. We developed 
the rodent equivalent of the P1 potential, the P13 potential, which meets 
the same criteria namely, sleep state dependence, rapid habituation and 
blockade by the cholinergic antagonist, scopolamine (Brain Res. Bull. 37,
1995) . We also demonstrated that the P13 potential had a lower threshold 
but shared neurological substrates with the startle response (Neurosci. 75,
1996) . These studies were undertaken to determine the effects of pre-
pulse inhibition on the P13 potential and the startle response. Adult male 
Sprague-Dawley rats (n=6) were implanted under anesthesia for vertex 
recordings and for EMG recordings of startle. Two weeks after surgery, they 
were placed in a sound-attenuating chamber (50dB background noise) and 
paired auditoiy stimuli (rarefied clicks of 3msec duration, 100msec 
interstimulus interval) were delivered in five combinations consisting of a 
prepulse of 0,60, 70,80 or 90dB, each followed by a test stimulus of 
103dB. Pairs of stimuli were delivered at 20sec intervals until 16 responses 
were averaged for each combination. Using a pre-pulse of 60dB, no 
significant reductions were observed in the amplitudes of the P13 potential 
or startle response produced by the test stimulus. However, pre-pulses of 
70,80 and 90dB significantly reduced P13 potential amplitude by 44% 
(p<0.05), 74% (p<0.01) and 82% (p<0.01), respectively, while startle 
response amplitude was also significantly reduced by 69% (p<0.01), 74% 
(p<0.01) and 86% (p<0.01), respectively. These results demonstrate the 
presence of pre-pulse inhibition of the P13 potential and the startle 
response in a parallel manner. Supported by PHS grant NS20246.
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606.1
TIME-FREQUENCY COHERENCE OF MULTIREGIONAL CORTICAL 
FIELD POTENTIALS DURING A VISUOMOTOR TASK IN MACAQUE 
MONKEY, G. Viana DI Prisco7*, R. Coppola2. R. Nakamura3 and S. Bressler7.
Center for Complex Systems, Florida Atlantic University, 777 Glades Rd, Boca 
Raton, FL 33431, 2NIMH Neuroscience Center, St. Elizabeths, Washington, DC 
20032, ^Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892

Coordinated processing during sensorimotor behavior in primates involves distributed 
activity in many cortical areas. Time-frequency analysis of local field potential (LFP) 
coherence allows us to characterize the activity of multiple cortical regions during a 
visuomotor task. Transcortical LFPs were previously recorded (Bressler et al, Nature 
366:153, 1993) from up to 16 chronically implanted bipolar electrodes in adult rhesus 
macaque monkeys. The animals were trained to discriminate 2 visual patterns (diamond 
or line) formed by 4 dots. Each pattern could be either right- or left-slanted. In the GO 
condition the monkey had to release a key when one of the two patterns was presented, 
and to keep it depressed 0.5s (NO-GO) for the other pattern. Each 45 min session 
consisted of about 1000 equiprobable GO and NO-GO trials randomly interspersed. 
Thus activity could be analyzed in three dimensions. [1] response type (GO vs NO- 
GO); [2] stimulus category (line vs diamond); and [3] stimulus direction (right vs left). 
We pooled 4-8 sessions in order to test differences in one dimension while balancing 
the number of trials for the other two. Coherence and power spectra time series were 
calculated using a 80-ms time window. Interareal coherence was computed for seven 
frequency bands for all pairwise combinations of recording sites. We found significant 
differences for stimulus direction in striate pairs during early poststimulus intervals 
which may be associated with feature extraction. Similarly, in the ventral visual stream 
sites (striate, prestriate and inferotemporal pairs) for stimulus category, in mid latency 
intervals, reflecting pattern recognition. Finally, as expected from previous results 
(Bressler et al, 1993), significant differences in motor, premotor and frontal pairs for 
response types, just before and after response onset. These results demonstrate 
functional spatiotemporal dynamics among large-scale cortical networks during the 
processes of pattern recognition and response choice involved in a visuomotor task. 
Funded by NSF Grant IBN9511804 and NIMH Grant MH42900

606.2
PEAK AND SPONTANEOUS NEURAL ACTIVITY IN SENSORY AND 
MOTOR CORTEX OF THE MONKEY DURING AN ERROR TRIAL OF 
A SENSORY-MOTOR TASK. M. Akamatsu1. H. Kaneko'.I. Mouret2. U 
Hasbroucq2, J. Seal2 and M. Ogurf*. National Institute of Bioscience and 
Human-Technology, AIST, Tsukuba, 305, Japan1 and Cognitive 
Neuroscience Research Center, CNRS, Marseille, 13009, France2 and Dept 
Biometrics, Toho Univ, Chiba, 274, Japan3

In order to investigate how the neural activity changes when an animal 
makes an error for a task, single neuron recordings were made in the 
cerebral cortex of a rhesus monkey during the performance of a choice 
reaction time task in which pairing of digit/s stimulated and digit/s to 
respond was manipulated. The stimulus was a brief vibration delivered to 
either the thumb (Th) or the non-opposable fingers (NopF) and the 
behavioural response was a button press by Th or NopF. The ambient 
lighting signaled the condition of stimulus-response compatibility (SRC): 
white light; the compatible condition (C), digit/s stimulated-same digit/s 
respond and red light, the incompatible condition (IC), digit/s stimulated- 
the other digit/s respond. An error trial was defined as a trial in which the 
animal performed a task for non-required condition instead of that for 
the required condition. The effect of SRC on amplitude of peak activity 
was tested and if difference between C and IC condition was statistically 
significant, the neuron was regarded as a sensory-motor neuron. Two- 
third of the sensory-motor neurons in SI and half of those in Ml 
changes its peak amplitude when the animal made an error. Among them, 
there were neurons which exhibited the same activity as that for the non- 
required task in the error trial. Analysis of frequency of spontaneous 
activity revealed there were neurons which showed different frequency 
depending on the SRC condition. For some of them, when the animal 
made an error, the frequency was reversed as if the neuron changed its 
state to that for the non-required task before the stimulus was given.

606.3
THE DYNAMICS OF NEURONAL REPRESENTATION OF MOVEMENT 
DIRECTION IN MOTOR CORTICAL AREAS OF THE MONKEY.
Annette Bastian1, Alexa Riehle1, Wolfram Erlhagen2, Gregor SchOner*1, ’Center 
for Research in Cognitive Neuroscience, CNRS, Marseille, France; 2Inst. for Neuro-
informatics, Ruhr University, Bochum, Germany

The combination of neurophysiological methods with paradigms from the field of 
cognitive psychology has in the past provided new insights into the neural basis of 
motor programming. The population activity of motor cortical neurons has been 
shown to reflect aspects of movement tasks such as force direction or movement 
direction. These representations evolve in motor cortex well before movement onset 
and are likely to contribute to the final motor output. The aim of the study was to 
investigate the time course of the neuronal representation of movement direction 
during the preparatory period, and to establish how the task constraints shape this 
representation.

Monkeys performed a pointing task into 6 different directions. During each trial, a 
preparatory signal provided prior information about 1, 2 or 3 possible contiguous 
targets. The response signal applied after a preparatory period of 1000 ms specified 
one of the precued targets. Single-cell activity was recorded in motor cortical areas. 
Reaction time increased with increasing angular range of precued movement 
directions. The representation of the movement parameter "direction", by populations 
of neurons was estimated based on their tuning to this parameter. Because the 
temporal evolution of such population representations can be observed also during the 
preparatory period, these data could be compared with a theoretical model that 
predicts how prior information preshapes the representation and how this preshaping 
determines the further temporal evolution of the representation. The principle 
experimental findings were: (i) The mean value of the "preshaped" population 
representation indicates the precued movement direction, (ii) The sharpness of the 
distribution covaries with the width of the precued range of movement directions, (iii) 
The total activation of the population correlates with reaction time, as predicted by the 
theory.

606.4
A METHOD FOR QUANTIFYING COVARIATION OF NEURONAL AND MUSCLE ACTIVITY 
DURING VOLUNTARY MOVEMENT. M. C. Park, B. J. McKieman, A Belhaj Sail and P. D. 
Cheney.* Dept. of Mol. and Integ. Physiol, and Smith MRRC, Kansas Univ. Medical Center, 
Kansas City, KS 66160.

Understanding the functional contribution of individual premotor output neurons to a 
movement task is aided by knowledge of the degree to which their activity covaries with 
that of muscles involved in the task. A common approach to characterizing this covariation 
is to compute rasters of single trials or ensemble averages of neuronal and muscle activity 
referenced to specific movement events. Studies in our lab involve recording the activity of 
motor cortex and red nucleus cells along with the EMG activity of 24 muscles of the arm 
and hand during a reach and prehension task in the rhesus monkey. This task 
fractionates the activity of different muscles into a rich variety of different coactivation 
patterns. The purpose of this study was to develop techniques for identifying and 
quantifying periods of covariation between neuronal and muscle activity during these 
relatively unrestricted, multi-joint movement tasks. EMG and an analog version of cell firing 
rate were filtered and digitized at 1KHz and captured by a data acquisition program as 
single trials and ensemble averages. The data was then saved in a format that could be 
easily imported by standard spreadsheet and statistical analysis programs. To represent 
covariation graphically, cortical or red nucleus cell firing rate was plotted against the level 
of muscle activity at 1KHz resolution over the duration of the reach and prehension 
movement cycle. Examination of the resulting Lissajou style diagram allowed us to identify 
segments of the task where neuronal and muscle activity was tightly correlated as well as 
periods where cell and muscle activity modulated independently. Strong correlations 
present during some segments of the task could become eroded by segments where 
changes in neuronal and muscle activity did not parallel each other. Movement segments 
showing strong correlations could then be examined specifically and the strength of 
correlation for these segments could be quantified using a Pearson product moment 
correlation. In conclusion, we describe a simple and versatile method that can be used to 
investigate functional relations between premotor neurons and muscles involved in 
movement tasks. (Supported by NIH grants NS25646 and HD02528)

606.5
SPECTRAL COMPOSITION OF CORTICAL FIELD POTENTIAL 
INTERDEPENDENCY DURING A VISUOMOTOR TASK IN MACAQUE 
MONKEY. S.L. Bressler1*, G. Viana Di Prisco1, R. Coppola2 and R. Nakamura3.
‘Program in Complex Systems & Brain Sciences, Florida Atlantic U„ Boca Raton, 
FL 33431, 2NIMH Neuroscience Ctr., St. Elizabeths, Washington, DC 20032, 3Lab. 
of Neuropsychology, NIMH, Bethesda, MD 20892. The discovery (Bressler et al. 
1993) that episodes of increased functional interdependency between local field 
potentials (LFPs) from different sites in the cerebral cortex of macaque monkeys 
occur over a broad frequency band during visuomotor task performance was based 
on measurements of spectral coherence. Because the coherence measure is derived 
from a large ensemble of trials, this discovery has two possible interpretations: either 
single trial interdependencies are similarly broad-band, or they are narrow-band but 
cover a broad range of frequencies from trial to trial. Spectral entropy, indexing the 
relative dispersion of energy in a frequency distribution, was measured on inter-site 
LFP cross spectra from individual trials using the same sliding time window used to 
compute coherence, and was then averaged over trials. Mean spectral entropy was 
found to decrease during episodes of elevated coherence, indicating that the cross-
spectra become more concentrated, or organized. This suggested that when two 
cortical sites become functionally interdependent, a small number of spectral peaks, 
or resonances, may appear. Next, the number of trials having at least one significant 
spectral cross-power value was found to increase during episodes of elevated 
coherence. A plot of the breakdown of these trials according to how many frequencies 
were significant showed that trials having just one significant cross-power value were 
most common, suggesting a tendency for single-trial interdependency to be narrow- 
band (resonant). However, the numbers of trials having all other numbers of 
significant cross-power values were also elevated, indicating that in general 
interdependency is highly broad-band or aperiodic, with multiple resonances. 
Supported by NSF Grant IBN9511804 and NIMH Grant MH42900.

606.6
STABILITY OF CHRONICALLY-IMPLANTED INTRACORTICAL 
ELECTRODES BASED ON MULTI-UNIT RECORDING AND SORTING.
X.D. Liu, D.B. McCreery*. R.R. Carter. L.A. Bullara, and W.F, Agnew,
Neurological Research Laboratory, Huntington Medical Research Institutes, 
Pasadena, CA 91105.

The stability of chronically-implanted electrodes is very important in both serial 
studies of CNS mechanisms and in the control of neuroprosthetic devices.

Intracortical microelectrodes or microelectrode arrays were implanted into the 
peri-cruciate gyrus of adult cats and multi-unit recordings were obtained 
periodically for several months. A clustering algorithm, with a dynamic procedure 
to choose an uncorrelated feature set, was developed to sort the extracellular action 
potentials into single units which correspond to different cortical neurons, and the 
templates (i.e., average spikes) for each neuron were obtained. The templates from 
different recording sessions, along with the unit’s pattern of discharge in response 
to somatic stimulation or a particular movement of the animal, were compared to 
determine stability (correlation between sessions) and longevity (correlation over 
time) of the unit’s responses.

Our results indicate that the present sorting method agrees well with standard 
principal component analysis and parameter sorting methods, and the lower 
computational overhead allows it to be performed in real-time. Following 
implantation, templates varied day-to-day over the first 1-2 weeks, week-to-week 
until about 2 months, and demonstrated quite stable patterns thereafter. This 
variation was attributed to electrode movement. One surprising result was the 
length of time after implantation of the electrodes that was required for them to 
stabilize. To date we have tracked what we believe to be the same unit for more 
than 60 days and this experiment is ongoing.
Supported by NIH Contract NO1-NS-5-2324 and the James G. Boswell Fellowship
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606.7
SOFTWARE INSTRUMENTS FOR QUANTIFYING DIGITAL VIDEO SPIKE 
TRAINS. D. Debowy. S. Lu. I.Y. Ro and E.P. Gardner* Department of 
Physiology and Neuroscience, NYU Medical Center, New York, NY 10016.

Digital multimedia techniques allow simultaneous recording of spike trains 
from the cerebral cortex and imaging of hand movements while monkeys 
perform a prehension task (Gardner et al. (1996) SNA 22: 12). They allow a 
frame-by-frame analysis of hand movements and the corresponding spike 
activity by matching the precise time codes in the video and spike records. We 
have now developed analysis instruments using GWI Superscope II software 
to quantify neuronal firing patterns during prehension, and to compare 
responses on successive trials using raster and PSTH displays. Spike trains 
from digitized video clips are imported as AIFF files (sample rate, 22.4 KHz), 
and scanned with an intelligent spike detection instrument that distinguishes 
neuronal action potentials from noise by pulse analysis. Spike waveforms of up 
to three different neurons recorded on the same trace are separated into 
individual waves based upon objective amplitude and duration criteria set by 
the user from on-screen displays of frequency distribution histograms and x-y 
plots. Color coded superimposed traces of individual pulses provide visual 
verification of spike differentiation. Another instrument links each neuron's 
firing patterns to the onset times of specific behaviors visualized in the clip. 
The start time of each stage of the task (contact, grasp, lift, hold, lower and 
relax) is imported from a spreadsheet that converts the the time code of the 
video frames to real time in the clip. Spike times within a 2 sec interval 
bracketing each event are stored as a numbered list for raster display, and as 
PSTHs. Timing marks of other phases of the task with respect to the trigger 
event overlay the spike rasters. These techniques reveal functional classes of 
cortical neurons signalling specific stages of the prehension task (Ro et al. 
(1997) SNA this vol.). (Supported by Research Grant NS11862 from NINDS).

606.8
FUNCTIONAL CLASSES OF NEURONS IN PARIETAL CORTEX SIGNAL 
SPECIFIC STAGES OF PREHENSION. J.Y, Ro*. S, Ghosh* and E.P. Gardner, 
Dept. of Physiol. & Neuroscience, NYU Medical Center, New York, NY 10016, 
and + Australian Neuromus. Res. Inst. QEII Med. Cent. Nedlands, WA Austral.

Software instruments described by Debowy et al. ((1997) SNA this vol.) 
quantified the firing patterns of 40 parietal cortex neurons recorded during a 
prehension task monitored by digital video. Monkeys are trained to grasp, lift 
and lower knobs (spheres, cylinders, and blocks) using visual cues. Six stages 
are delineated by event markers-contact, grasp completion, lift, hold, lower 
and relax. Hand positioning neurons (20/40) fire bursts of impulses triggered by 
hand contact with the knob. Firing drops below rest levels when grasp is 
completed and the knob is lifted; the hand and the grasped object move as a 
unit at this time. 13/20 neurons fire a second weaker burst as the knob is 
lowered and grasp relaxed; the others return to the resting firing rate. 6/20 
neurons increase firing 100-200 ms prior to hand contact, and show peak 
activity at the moment of impact upon the object, suggesting that they may 
monitor the preshaping of the hand prior to grasp. Grasp and lift neurons 
(13/40) fire most intensely as grasp is completed and the knob is lifted. Firing 
drops as the knob is held elevated, and returns to baseline as it is lowered and 
the grip relaxed. 3/13 suppress firing during hand positioning, and show a 
sharp rise in firing as lift is initiated. Hand relaxation neurons (5/40) suppress 
their tonic activity upon contact, and do not resume firing until the knob is 
lowered, and the grasp relaxes. 2/5 fire a brief burst upon release of grasp. 
Only 2/40 neurons failed to modulate firing during prehension. Dynamic 
interplay between these cortical populations, often within the same track, may 
play a significant role in timing of specific phases of prehension.
(Supported by Research Grant NS11862from NINDS).

606.9
THE RELATIONSHIP BETWEEN RECORDED SPIKE AMPLITUDE AND 
MICROELECTRODE SURFACE AREA. EM. Schmidt*. W.J. Heetderks and
F.T. Hambrecht. Lab. of Neural Control (EMS), and Neural Prosthesis 
Program, DSTND (WJH & FTH), NINDS, NIH, Bethesda, MD 20892.

Precisely defined recording surfaces located along the shanks of penetrating 
microelectrode probes have been produced by the Center for Neural 
Communication Technology at the University of Michigan. Early experiments 
have demonstrated that recording sites located along the shank of a 
microelectrode are capable of recording neural spikes. In this report we describe 
the results of recording with surfaces areas of 100 to 2000 pm2, placed 100 pm 
from the tip of the probe. The larger sites are arranged around the smallest site 
on the probe.

In in-vitro experiments, a second probe delivering controlled current or voltage 
pulses through a 100 pm2 stimulating surface was moved in 10 pm steps past 
the recording sites of the microelectrode. The amplitude of the of the recorded 
waveform as a function of distance between the stimulation site and the 
recording sites was measured for the different site sizes. In acute in-vivo 
experiments, the microelectrodes were used to record from cells in the rat barrel 
cortex in response to stroking of the contralateral whiskers. The simultaneously 
recorded neural activity obtained with the different size sites was similar 
although some spikes were slightly larger on one or another microelectrode site.

Microelectrode areas were chosen with the expectation that the smallest 
recording site would provide greater selectivity than the larger sites. The results 
indicate that this selectivity is small at best for this microelectrode configuration. 
We speculate that this may result from a local shunting of the electrical 
potentials by fluid accumulation around recording sites secondary to tissue 
damage that can occur when a penetrating microelectrode is inserted into the 
brain.

606.10
NEURAL CORRELATES OF A VISUAL DECISION IN THE FRONTAL EYE 
FIELDS AND DORSOLATERAL PREFRONTAL CORTEX. J.-N, Kim* and 
M.N. Shadlen. Dept. of Physiology and Regional Primate Research Center, 
University of Washington, Seattle, WA 98195.

We recorded from neurons in the dorsolateral prefrontal cortex (areas 8a and 
46) of the rhesus monkey while it discriminated the direction of motion in a 
random dot kinematogram (Newsome et al, 1989). We studied neurons that 
exhibited sustained (mnemonic) activity in a delayed saccade task. These 
neurons are felt to participate in working memory or saccade planning (Bruce 
and Goldberg, 1985; Funahashi et al, 1989). We tested the hypothesis that such 
neurons reflect the formation of the monkey's decision in a forced-choice task. 
The monkey indicated its judgment of direction by making an eye movement to 
one of two targets placed near the random dot stimulus, along the axis of motion; 
one of the targets was in the neuron's movement field. The monkey viewed the 
motion for 1-1.5s, and then held fixation for a delay period (0.5-Is) before 
indicating its judgment. For many neurons, the response predicted the monkey's 
decision early in the trial, as it viewed the random dot motion. These neurons 
increased their discharge when the monkey judged motion toward the movement 
field and planned an eye movement there. The response was attenuated for 
judgments away from the movement field. This pattern held for correct choices 
and errors, suggesting that these neurons simply indicate a plan to make a 
saccade to the movement field or away from it. However, the response also 
varied with the strength of visual motion (percentage of coherently moving dots). 
For strong (easy) motion, the response was more profoundly augmented or 
suppressed, and modulated earlier in the viewing period. This observation is 
surprising since the monkey makes stereotyped eye movements to indicate its 
choice. As in area LIP (Shadlen and Newsome, 1996), these neurons appear to 
encode both sensory and motor components of the task and therefore reflect the 
ontogeny of the monkey's decision.
Supported by EY11378, RR00166 and the McKnight Foundation.

606.11
SINGLE CELL RESPONSES IN DORSOMEDIAL FRONTAL CORTEX 
(DMFC) TO EYE AND ARM MOVEMENTS. I. Chou* and P.H. Schiller. 
Department of Brain and Cognitive Sciences, M.I.T., Cambridge MA 02139.

We investigated whether individual neurons in DMFC that are active during 
visually-guided reaching are reponding to individual components of the move-
ment, (i.e. saccades or reaching) or to both. We recorded from single cells 
in DMFC (n=30) while a monkey made dissociated eye and arm movements 
to a panel of push buttons illuminated by LED’s. Each trial was initiated by 
the monkey pressing a start lever, which led to a button being illuminated by 
one of three randomly determined colors, which cued him as to the trial type 
he had to perform: (l)The monkey had to fixate the LED for 300 ms, then 
make a saccade to a peripherally presented target, while keeping the start lever 
depressed. (2)The monkey had to both fixate the LED and depress the button. 
When the peripheral target was presented, he had to keep his eyes fixated on the 
first LED, but reach to depress the target button. (3)The monkey had to both 
fixate and press the first LED, and when the target was presented, he had to 
make a conjoint eye and arm movement to it. In the rostral portion of DMFC, 
54% of task-related neurons were modulated by both saccades and reaching, 
40% responded solely to arm movements, and only 6% fired preferentially for 
eye movements. Of the neurons modulated by both eye and arm movements 
(n=15), 8 were tuned for either eye or arm only, 6 were omnidirectional for 
both, and only 1 neuron showed directional tuning for both eye and arm. The 
results show that in DMFC there are neurons that do not respond exclusively 
to eye or arm movement, but fire for either or both .
Supported by NIH Grant EY08502

606.12
MODULATION OF DISCHARGES OF NEURONS IN VENTRAL 
PREMOTOR CORTEX DURING GRASPING AND LIFTING AN 
OB JET IN THE MONKEY. Marie-Josee Boudreau. Thomas Brochier. 
Michel Pare and Allan M. Smith* Centre de Recherche en Sciences 
Neurologiques, Universite de Montreal, Quebec, Canada, H3C 3J7

A monkey was trained to grasp, lift and hold an instrumented object 
within a narrow position window for 2.5 seconds. Single units were recorded 
from the hand representation region of the inferior limb of the arcuate 
premotor area (APAv). The neural activity recorded during an unperturbated 
control condition was compared to activity elicited on trial blocks in which a 
predictable force-pulse perturbation was applied to the object during the 
holding phase. When possible, different combinations of object weight and 
texture were also tested. A total of 35 cells were modulated during task 
performance. Of 14 neurons tested for receptive fields, 8 had proprioceptive 
fields located in wrist or finger muscles. The majority of cells (22/35, 63%) 
had peak activity during grasping and lifting with less activity associated with 
static holding. Five cells had activity only during the dynamic phase of the 
task. Forty three percent (15/35) of the cells increased their firing rate before 
the grip onset. Eighteen cells were tested with the perturbation and two types 
of responses were observed : a reflex-like response to the perturbation 
stimulus which appeared in 10 neurons and an anticipatory increase in 
discharge which appeared about 250ms prior to the onset of the perturbation 
in 2 neurons. Four cells modulated their activity in relation changes in the 
object texture or weight. These results indicate that cells in the APAv are 
directly involved in controlling the parameters of prehension. Research 
supported by le Fonds FCAR du Quebec and MRC of Canada.
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606.13
EFFECT OF SPATIAL RULE ON INSTRUCTED-DELAY PERIOD 
ACTIVITY RECORDED IN PRIMATE PREMOTOR CORTEX 
PRIOR TO SEQUENTIAL REACHING MOVEMENTS.
D. J. Crammond* Laboratory of Neurophysiology, NIMH,
Poolesville, MD 20837.

A rhesus monkey was trained to sequentially reach to two of eight target locations 
arranged in a circle after illumination of a non-spatial GO signal. The two locations 
which were to serve as movement targets and the correct movement sequence were 
indicated to the monkey by the illumination of instruction cues at each location during 
each of two delay periods (IDP1 and IDP2, mean 2.25 sec) which were followed by a 
third memory delay period (MEM, mean 2.25 sec) during which instruction cues were 
extinguished. Following MEM, the monkey had to respond to the GO signal by 
correctly moving to and holding at each target for 500 ms, according to the instructed 
sequence. Monkeys performed two task designs which were each comprised of 80 
trials: In the opposite rule task (OPP), the two movement targets were always opposite 
to each other. In the random rule task (RAN), two different targets were selected 
randomly. In both tasks, the IDP1 and IDP2 instructions were illuminated at each 
target location in an equal number of trials.

The effect of spatial rule on IDP activity was studies in 21 cells recorded during 
performance of both tasks. IDP1 activity was significantly modulated by target 
location in 18 (86%) cells and by task rule in 10 (48%) cells. IDP2 activity was 
modulated by target location in 10 (48%) cells and by task rule in 11 (52%) cells.
In RAN trials, PMd cells have different responses to illumination of the same target 
location serving as the IDP1 or IDP2 cue and preferentially discharge in association 
with the IDP1 cue. In OPP trials, both IDP1 and IDP2 activity is recorded. However, 
the latter activity is often opposite to the IDP1 response. Thus, IDP activity predicts 
the initial motor response and is modulated by the spatial rule in effect.

Supported by the NIMH intramural research program.

606.14
PROGRESSIVE PROCESSING OF FORCE-RELATED PARAMETERS IN THE 
DORSAL PREMOTOR AND MOTOR CORTICES OF THE MONKEY £_ 
Fukushi* and T, Sawaguchi. Dept. of Psychology, Hokkaido Univ., Sapporo 060, 
Japan.

To investigate the neuronal mechanisms of the motor cortices in the exertion of 
isometric force, we recorded neuronal activity from the motor cortex (MI) and dorsal 
premotor cortex (PM), and examined neuronal correlations with several parameters 
of isometric force (peak force, duration, peak force acceleration, peak force 
deceleration, peak force time and impulse) in an isometric wrist-flexion task. In this 
task, a monkey was required to exert one of two magnitudes of force ( “larger”, 3.6-
5.6 N, “smaller”, 1.3-3.3 N) by isometric wrist flexion after a fixed preparatory 
period (3 s); the target magnitude was instructed by a visual cue throughout the 
preparatory period. The movement-related activity of neurons in the dorsal PM 
(n—165) and MI (n=l 21) showed single or multiple correlation(s) with the force- 
related parameter. The percentage of neurons that correlated with multiple 
parameters (multiply-correlated neurons) among movement-related neurons gradually 
increased from the rostral to the caudal parts of the recorded area (31% in the rostral, 
42% in the intermediate, and 51% in the caudal part). Furthermore, the combination 
of correlated parameters for multiply-correlated neurons was biased for the peak 
force/duration (20%) and duration/peak force acceleration (20%) in the dorsal PM, 
whereas no obvious bias was observed for the combination in MI neurons (5—12 % 
for all combinations). These results suggest that the integration of information related 
to isometric force proceeds from the rostral to the caudal part of the dorsal PM and 
MI. Dorsal PM neurons may represent preferentially specific parameter(s) of 
isometric force, whereas MI neurons appear to represent more integrated, multiple 
parameters required for actual force-exertion during isometric wrist flexion.

606.15
ENCODING OF TARGET DIRECTION, SPEED, AND VELOCITY IN THE 
DISCHARGE OF PREMOTOR AND PRIMARY MOTOR CORTICAL 
NEURONS. M.T.V. Johnson*, J.D. Coltz, T.J. Ebner. Depts. of Neurosurgery, and 
Physiology, University of Minnesota, Minneapolis, MN 55455.

The encoding and demodulation of multiple movement parameters at the 
motor cortical neuronal level was studied using a two-dimensional tracking task in 
which direction and speed were independently manipulated. The task consisted of an 
instructed delay period in which the primate viewed a target that appeared at the 
periphery of the workspace and moved to intersect a central start box 5 cm distant 
(Cue period). As the target continued to move at the same speed and direction away 
from the start box, the primate tracked the target box with the arm for 5 cm (Track 
period). This task sequence was performed over 8 directions and 4 constant speeds.

The correlations of neuronal firing to target speed and direction during the 
Cue and Track periods were evaluated using simple linear regressions over these 
epochs. Significant correlations to direction were more frequent in the Track period 
(186/240) than in the Cue period (158/240). Correlations to speed were more 
common in the Cue period (26/240) than in the Track period (8/240). Correlations 
to both speed and direction (i.e., velocity) were also more common during the Cue 
period (53/240) than during the Track period (38/240).

To evaluate the temporal evolution of the correlation of firing to speed and 
direction, multiple regression analysis was performed every 20 ms over the trial 
sequence. Speed was encoded initially during the Cue period when there was no 
hand movement and returned to baseline prior to the end of the Cue period.
Encoding of direction occurred just prior to movement onset and continued through 
the Track period. Thus, the encoding of speed and direction parameters occurred in 
a temporally segmented manner. Supported by NIH grants 5R01-NS31530 and T32- 
NS07361, and a grant from the Human Frontier Science Program.

606.16
REVERSIBLE BLOCKADE OF SUPPLEMENTARY MOTOR 
AREA (SMA) OR PRE-SMA PREVENTS SEQUENTIAL 
PERFORMANCE OF MULTIPLE MOVEMENTS. K. SHIM/f, E. 
HOSHI AND J. TANJI , Dept of Physiol, Tohoku Univ. Sch. of 
Med., Sendai 980, JAPAN

To examine the role of the supplementary motor area (SMA) and 
pre sup pie me nary motor area (pre-SMA) in sequential 
performance of multiple movements, we injected muscimol, GABA 
agonist, bilaterally into forelimb representation areas of the SMA 
and pre-SMA. Monkeys were trained to perform sequences of 
three movements using a handle that could be turned, pulled or 
pushed. Each sequence was first learned during five trials 
guided by three LEDs that indicated correct movements. 
Monkeys subsequently executed the memorized sequence of 
movements six times without visual guidance. By injections of 
muscimol into the SMA and pre-SMA (5pg/lpl inlOmin), the 
sequential performance of multiple movements on the basis of 
memory was strongly disturbed. In contrast, performance of 
three different movements under visually guidance was not 
influenced by muscimol injections. These results support a 
hypothesis that both SMA and pre-SMA are crucial for sequencing 
of multiple movements, but neither are crucial for association of 
visual information with motor performance.

606.17
BILATERAL ACTIVATION IN PRIMARY MOTOR AND PREMOTOR 
CORTEX DURING UNILATERAL COMPLEX HAND MOVEMENTS.
R. Kawashima1 *, M.Matsumura2. N.Sadato3, E.Naito4, A.Waki3
S. Nakamura3, K.Matsunami4, H.Fukuda1. Y.Yonekura3. 11DAC, 
Tohoku Univ., Sendai, Japan, 2Faculty Humam Study., Kyoto 
Univ., Kyoto, Japan, 3Biomedical Image Res. Center, Fukui 
Medical Sch., Fukui, Japan, 4Gifu Univ. Sch. Med., Gifu, Japan.

The purpose of this study was to investigate which cortical 
motor areas are active in relation to unilateral complex hand 
movements and motor skill learning. Eight right-handed male 
normal volunteers measured regional cerebral blood flow 
(rCBF) using positron emission tomography during a two balls 
rotation task using right hand, the same task using left hand 
and two control tasks. In the two balls rotation tasks, subjects 
had to rotate the same two iron balls in their palm of the right 
or left hand. In the control task, subjects had to hold two balls 
in their palm but not to move. The primary motor cortex (MI), 
the premotor cortex (PMC) and the cerebellum were 
bilaterally activated by each unilateral movements when 
compared with control. In contrast, the supplementary motor 
area proper was activated only by contralateral movements. 
In addition, we found significant positive correlation between 
rCBF of the ipsilateral PMC and degree of skill improvement 
during training of the motor tasks. The results indicate that 
complex hand movements are organized bilaterally in the MI, 
the PMC and the cerebellum, and that the ipsilateral PMC may 
play important role in motor skill learning.

606.18
NEURONAL ACTIVITY RELATED TO BIMANUAL COORDINATION IN 
MOTOR CORTICAL AREAS AND BASAL GANGLIA IN MACAQUE MONKEYS, 
MAPPED WITH FOS-LIKE IMMUNOREACTIVITY. Y. Liu. I, Kermadi V, Moret 
and E.M. Rouillei* Institute of Physiology, University of Fribourg, 1700 Fribourg, 
Switzerland.
The induction of the immediate-early gene c-fos was used to map neuronal activity in 
the primary (Ml), supplementary (SMA) and cingulate (CMA) motor cortical areas, as 
well as in the striatum and pallidum, of monkeys performing motor acts. The protein 
Fos was detected immunocytochemically on brain sections derived from two monkeys, 
one performing a bimanual reach and grasp sequence of movements, while the second 
animal performed a comparable motor task, but unimanually. The same two animals 
were used before for extensive single unit recording and transient inactivation sessions. 
The density of Fos-like immunoreactivity (FLI) was compared between these two 
monkeys to establish the location of an activity possibly reflecting bimanual 
coordination, and with FLI obtained in a control monkey not performing any particular 
motor task before sacrifice. As compared to the control animal characterized by a low 
spontaneous FLI, both experimental monkeys exhibited a significant increase of FLI in 
Ml, SMA, CMA, putamen (Put) and caudate nucleus (Cd). When comparing the two 
experimental monkeys, the animal performing the bimanual sequence of movements 
showed an FLI density significantly higher in Ml, SMA, CMA, Put and Cd than the 
other monkey performing the task unimanually. This difference was systematic along 
the rostrocaudal extent of all of these structures. For the hand representation of Ml, the 
monkey performing the bimanual task exhibited an FLI increase of about 100%, as 
compared to the monkey performing the task unimanualy with the contralateral hand. 
For the motor areas SMA-CMA taken together, the FLI increase ranged from 100 to 
200%, while subcortically an FLI increase of 50 to 100% was observed in the Cd and 
Put. The present data support observations from single unit recordings indicating that 
the control of bimanual coordination is not restricted to a unique highly specialized 
motor area, but rather distributed across several brain regions working in a cooperative 
mode. Supported by Swiss National Science Foundation, grants No 31-43422.95
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606.19

DIFFERENTIAL ACTIVITION OF PREMOTOR AND PARIETAL AREAS 
DURING BIMANUAL COORDINATION IN TIME AND SPACE K.M, Stephan. F, 
Binkofski. C. Dohle. P. Tass. A, Schnitzler, M. Schuller, S. Posse. H. Herzog, H.-W.
Mttller-Gartner. R.J, Seitz and H.-J. Freund* Department of Neurology, University of 
Diisseldorf and Institute of Medicine, Research Center Jtilich, Germany

Bimanual coordination was studied in two groups of normal subjects during temporal 
synchronization conditions in a MR scanner (n=6) and during visuospatial control 
conditions in a PET scanner (n=5). In the temporal synchronization tasks index-finger 
thumb opposition movements were performed bimanually in-phase, bimanually anti-
phase (constant phase shift of half a period between both hands) and at (attempted) 
rates of 2:3 and 3:2. Kinematic recordings showed regular finger opposition 
movements for the in-phase and anti-phase condition, however, only one subject was 
able to produce a ‘true’ 3:2 rhythm. In addition to bilateral activations of primary 
sensori-motor areas in all conditions, anti-phase movements led to a stronger activation 
of medial premotor areas than in-phase movements, while the more complex rhythms 
activated additional lateral premotor areas without further increase of midline 
activations. In the spatial coordination task, a figure-of-eight was displayed on the 
screen and a cursor could be moved only into the x-direction with the right and only 
into the y-direction with the left joy-stick. Subjects were asked to draw the figure-of- 
eight using both joy-sticks with visual feedback of the cursor position. Compared to 
the finger to thumb opposition scans, we observed not only additional inferior and 
superior parietal activations but also activity of medial parietal areas. Presumably these 
posterior medio-parietal areas are of special importance for the bi-lateral integration of 
spatial aspects of movements. Such a functional distinction between more anterior and 
more posterior medial areas is supported by a recent observation in two patients with 
lesions of anterior (mid-) cingulate areas who showed a marked deficit of phase- 
coordination and timing of interdependent finger-movements during a bimanual 
grasping act, but had completely normal spatial trajectories of both hands.

606.20
How Do SMA and  MI contribute  to  Bimanual  Coordination : Evidence  
From  Simultaneous  Recordings  of  Single  Unit  Activity  and  Local  
Field  Potentials  in  the  Two  Hemispheres  of  a  Behaving  Monkey . O. 
Donchin. A. Gribova, O. Steinberg, H. Bergman and E. Vaadia*. Dept. of 
Physiol., Hebrew Univ. - Hadassah Med. Sch., Jerusalem, ISRAEL 
We addressed the question of bimanual coordination by recording multiple spike 
trains and local field potentials (LFP) from eight microelectrodes (four in each

hemisphere) during performance of a bimanual reaching task. 
Last year we reported that many single neurons in MI and SMA exhibited 
bimanual specific modulation of their firing rates. These results proved robust 
even when trials with the same target were selected for analysis on the basis of 
similar or different movement kinematics. To pursue the source of bimanual 
specific components in single unit responses, we examined the relations between 
LFP and multi-unit spike activity (MUA) on each electrode and across electrodes. 
Like single neurons, the evoked activity in the LFP and MUA was also 
symmetrically tuned around a preferred direction and could be evoked in relation 
to movements of the contralateral and ipsilateral arms. MUA reflected the activity 
of single spikes in that bimanual responses could be facilitated, suppressed, or 
involve additional components LFP responses on nearly all electrodes were 
greater during bimanual movements than during unimanual movements. Analysis 
of cross-electrode covariance in response strengths revealed that in many cases a 
significant correlation existed between the evoked activities in different cortical 
sites, even when the sites were located in different hemispheres. Along with 
additional data these results constitute a first step towards understanding how

interactions in MI and SMA allow for bimanual coordination.
Supported by grants from the Is. Acad. Sci. and the US Is. BSF

CORTEX: MOTOR

607.1
A COMPARATIVE STATISTICAL APPROACH TO MULTICHANNEL 
NEURONAL DATA ANALYSIS IN PRIMATE MOTOR CORTEX.
P. D. Perepelkin*Arizona State University, Tempe, AZ 85287

When we using any multichannel neuronal acquisition processor for recording up 
to 96 channels spike activity simultaneously, we have observed during the recording 
of neuronal spike activity the same form of spikes from different electrodes. 
Therefore, the question is: How many channels, and what channels do record spikes 
from the same neuronal unit? For the answer on this question we cannot use usual 
correlation methods. More reliable is the novel method of using the spike 
conjunctions /spike coincident/ in all registered channels - when analyzing we can 
use several combinations of two channels of neuronal activity. After analyses of the 
experimental data we can calculate: i) the practical probabilities of the spike 
appearance in any channel ii) the practical probabilities of coincident spikes in any 
pair of channels iii) the theoretical probabilities of coincident spikes in any pair of 
channels. For comparison of the theoretical and experimental probability of the 
coincident spikes in a pair of channels we can use the formula for Chi square. So, as 
a result of this analysis we will have two matrices of (N by N) channels. One matrix 
of the experimental probability of the coincident spikes in a pair of channels, and 
another matrix of the theoretical probability of the coincident spikes in a pair of 
channels. Practically we have one asymmetric matrix which include both matrices, 
and mark reliable value. If any two or more electrodes do record spike activity from 
the same neuron, we can see reliable value of coincident spikes between those 
channels. A new approach for control of the record of multi-single-unit of neuronal 
activity from multichannel microelectrode arrays is new small part of the technique 
for simultaneous analysis of multichannel single spike or ensemble activity in the 
primate brain - Spike Space Synchronization (SSS). This technique can be used for 
analysis of interactions between unlimited number of parallel recordings of the 
neur onal ensembles or single cells in deep structures or cortical areas of the brain.

607.2
THE EFFECT OF ARM POSTURE ON Ml CELL DISCHARGE DURING ISOMETRIC FORCE 
GENERATION IN CONSTANT SPATIAL DIRECTIONS. L, Sergio* & J, Kalaska, 
CRSN,Dept. Physiologie, U. Montreal, Canada.

The planning of the forces and muscle activity required to produce multiarticular movements 
is presumably complicated by various mechanical factors. While it is well documented that 
EMG patterns vary with limb posture due to these factors, the possible involvement of central 
structures in the posture-dependent adjustment of EMG is less well-known. We have 
examined the activity of 46 proximal-arm-related cells in the primary cortex during a task in 
which a monkey uses its arm to exert isometric forces at the hand in constant spatial 
directions, while the hand is in one of nine different spatial locations on a plane. The discharge 
rate of all 46 was significantly affected by both direction of static force and hand location. 
The preferred direction of the cells shifted systematically with hand location, even though the 
direction of force output at the hand remained constant. These effects of hand location 
indicate that the discharge of single Ml cells does not covary uniquely with the level and 
direction of force output at the hand. Sixteen proximal-arm-related muscles showed similar 
effects in the task. The similar manner in which hand location modulates both Ml cell activity 
and muscle activity for static force production at different hand locations provides further 
evidence of an Ml involvement in the transformation between extrinsic and intrinsic 
representations of limb movement. (Supported by the Medical Research Council Group Grant 
in Neurological Sciences, and by a Fonds de la Recherche en Sante du Quebec postdoctoral 
fellowship to LS.)

607.3
CHANGES IN Ml CELL ACTIVITY BETWEEN ISOMETRIC AND MOVEMENT TASKS. 1 
Kalaska* & L, Sergio, CRSN, Dept. Physiologie, U. Montreal, Canada.

We compared the activity of 94 proximal-arm-related Ml cells while a monkey performed 
isometric-force and limb-movement tasks. In both tasks, the animal displaced a cursor on a 
monitor (showing either force or position feedback) from a central to one of 8 peripheral targets. 
In the isometric task, the monkey exerted planar horizontal forces at the hand in 8 directions 
against an immobile force/torque transducer. In the second task, the animal produced 
movements in the same 8 directions and from the same starting position as in the isometric task 
by moving a pendulum instrumented with a force transducer. The force profile in the isometric 
task consisted of a ramp increase in the direction of the target force level, while in the 
movement task there was first an accelerative pulse, then a decelerative pulse, and finally 
maintenance of a static force level required to hold the pendulum over the target. EMG activity 
of prime mover proximal arm muscles showed comparable patterns; there was a ramp increase 
in activity during the isometric task, and a classic reciprocal triphasic burst pattern in the 
movement task. Many cells in Ml showed corresponding changes in activity between the two 
tasks. In the isometric task, cells showed a ramp or step increase in their discharge, often with 
an initial dynamic overshoot. In contrast, activity from the same cells in the limb movement task 
often displayed a burst-pause-tonic pattern in the cell's preferred direction, and a reciprocal 
pattern in the opposite direction.Thus, many Ml cells show changes in the temporal profile of 
their activity that parallel changes in the dynamics and EMG activity observed between the two 
tasks. Nevertheless, directionality of the cells during the force ramp of the isometric task and 
the initial accelerative force pulse in the movement task was typically similar.(Supported by the 
MRC Group Grant in Neurological Sciences, and by an FRSQ postdoctoral fellowship to LS.)

607.4
INTERACTION BETWEEN DIRECTION AND SPEED ON MOTOR 
CORTICAL ACTIVITY: THE EFFECT ON PREFERRED DIRECTION AND 
POPULATION VECTORS. P.W. Moran*, A. Kakavand, E.D. Lumer and A B. 
Schwartz. The Neurosciences Institute, San Diego, CA 92121

We explored the way in which direction and speed were encoded simultaneously 
in the activity of motor cortical cells during center->out reaching in 8 different 
directions. Movements in different directions were made with speed profiles that were 
nearly identical. Discharge rate and direction were related by a cosine function. 
Because of the tuning function and the radial design of the task, addition of discharge 
profiles across the 8 directions removed the directional component from the resulting 
sum. The resultant profile was highly correlated (r> .9) to the mean speed profile 
across all trials. A similar result was found using a principal component analysis on 
activity recorded in a 3D task where the first component was highly correlated to 
direction and the second to the speed profile.

We sorted trials by direction and mean trial speed and performed a regression of 
speed on discharge rate for each direction. A particular cell responded most to speed 
when movements were in its preferred direction and was less sensitive as direction 
approached the anti-preferred target. In the primary motor cortex, this effect could be 
explained by a speed term acting as a multiplier to the directional cosine function.

This interaction is important when determining a cell’s preferred direction. If, 
within the center->out task, movements are not made at the same speed in different 
directions, a cell’s preferred direction will be calculated erroneously. This is especially 
problematic if the speed changes between experiments, because the preferred direction 
will appear to shift. Population vector direction, however, will remain constant in this 
situation but the length of each vector will be proportional to the speed of the 
corresponding movement (Supported by Neurosciences Research Foundation).
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607.5
DIRECTIONAL TUNING ROTATIONS IN MOTOR CORTICAL NEURONS 
DURING RADIAL ARM MOVEMENTS J.T. Baker, M. Fellows, and J.P. 
Donoghue*. Dept. of Neuroscience, Brown University, Providence, RI02912.

Neuronal activity in monkey motor cortex (MI) is correlated with the 
direction of arm movements. Estimates of movement direction based on 
population activity typically assume that the preferred direction (PD) of 
constituent cells is a stationary property. However, arm configuration, initial 
position, or force appear to influence directional tuning properties. Here we 
demonstrate that the directional tuning of MI neurons undergoes systematic 
shifts that evolve in time.

We recorded simultaneously from multiple MI neurons of a monkey 
trained to perform an 8-direction planar reaching task with a pre-movement delay 
period. Recordings were made using chronically-implanted 100-channel 
electrode array (Bionic Technologies, Inc.). For each neuron, we calculated a 
directional tuning function in successive 50 msec bins (40 trials/direction) 
throughout the preparatory, reaction, and movement periods. The tuning 
function maximum corresponds to the PD in each time step.

For most cells (12/15), the PD rotated either during the reaction or 
movement period; only 3/15 were stable throughout reaction and movement 
periods. The timing, extent, and velocity of rotations varied across neurons. Of 
cells with tuning instabilities (6/15), all showed unstable PDs during the 
preparatory period. By contrast, the majority of cells (8/15) showed the same 
PD throughout the preparatory period. Two cells showed an abrupt and large 
(>90°) jump in their PD. Tuning properties for individual cells appeared to be 
consistent on two recording sessions separated by a month. These data suggest 
that directional tuning is a dynamic property in MI. The systematic rotation of 
the PD around the time of movement is a characteristic feature of MI neurons. 
Supported by NS25074.

607.6
MOTOR CORTICAL ORGANIZATION OF PREFERRED DIRECTIONS. B. 
Amirikian*, A. P. Georgopoulos. Brain Sciences Center, VAMC, Minneapolis, MN

Single cell recordings in the arm area of the motor cortex of behaving monkeys 
provided evidence that the preferred direction (PD) of movement is probably organized 
in columns and that a particular PD is multiply represented on the cortical surface 
(Georgopoulos et al., in: Dynamic aspects of neocortical function, Edelman et al., eds., 
p. 501-524,1984). In this study, we analyzed data from 256 pairs of directionally tuned 
cells recorded at a distance from 0 (i.e. the same electrode tip) to 200 pm while 
monkeys made 3D reaching movements. We found that cells with approximately the 
same PD were distributed at regular spatial intervals of approximately 50 pm which 
suggests that the presumed columns are minicolumns. For cells pairs recorded from the 
same tip, the distribution of the angle between the two PDs had two major peaks at -0 
and -180 deg (and a minor peak at -120 deg), which suggests a non-random local 
mapping of PDs. Indeed, we tested the null hypothesis of a random PD distribution by 
modeling a layer of motor cortical cells parallel to the pial surface as a plane lattice of 
equilateral triangles and repeating this structure along the vertical axis to produce a 3D 
model of the whole cortical area. Parameters of this model (e.g. number of cells in an 
“anatomical” column, packing density, etc.) were derived from the literature (Sloper et 
al., Phil. Trans. R. Soc. Lond B 285: 141-171,1979). In this model, directionally tuned 
cells were located at vertices of the lattice and the PDs were uniformly distributed in 3D 
movement space. In the simulations, the probability that a given cell will be “recorded” 
decreased with increasing distance from the “electrode tip” according to a spherically 
symmetric exponential distribution. Our simulations showed that (a) random 
arrangement of PDs in cortical space cannot explain the observed distribution of the 
angles between PDs, (b) a simple columnar arrangement of PDs could account for the 
peak at the -0 deg bin but not for the peak at -180 deg, but (c) a columnar arrangement 
in which a specific PD and its opposite are present in the same column in an alternating 
fashion yielded both of these peaks. These results suggest that the PDs may be mapped 
as axes rather than as individual directions. (Supported by USPHS grant NS 17413.)

607.7
POPULATION VECTOR ROTATION WITHOUT MENTAL ROTATION.
Stephen H. Scott* and Paul Cisek. Dept de Physiologie, University de Montreal, 
Montreal (Quebec), H3C 3J7, Canada.

The concept of mental rotation has been useful in explaining why human reaction 
times (RTs) increase with increasing angular separation between the directions of an 
instructional stimulus and the intended movement. In order to understand the neural 
basis of this phenomenon, Lurito et al. (1991, EBR 87:562) recorded cell activity in 
motor cortex when monkeys made movements directly to a stimulus (direct task) and 
at 90° to it (transformation task). The population vector rotated from the stimulus 
direction to the movement direction during the RT of the transformation task. It has 
been proposed that this rotation is the direct neural correlate of the cognitive process 
of mental rotation. Further support for a rotation process is provided by the tendency 
of cells with preferred directions (PDs) intermediate between the stimulus and 
movement directions to be recruited during the middle of the RT. However, the 
expected increase in the RT from direct to transformation tasks was not observed, 
motivating consideration of alternative explanations for the neural data.

Using a simple model of cell activity changes, we demonstrate that the population 
vector rotates and that cells with intermediate PDs are recruited in the middle of this 
rotation, as long as three assumptions hold: cells have broad directional tuning; 
signals related to the direction of the instructional stimulus are replaced by signals 
related to the direction of the movement; and magnitude and onset time of cell 
activity changes are at least weakly coupled. Other reproduced features of the data 
include gradual lengthening of the population vector, its initial deviation from the 
direction of the stimulus, and modest changes in RT with different angular offsets. 
Thus, the model suggests an alternative interpretation for the neural data during this 
transformation task.

Supported by Medical Research Council of Canada grant MT-13462.

607.8
RESPONSES OF PRECENTRAL CORTICAL NEURONS DURING 
WHOLE HAND GRASPING. J.E. Gomez*, C.R. Mason, and T.J.
Ebner. Depts of Neurosurgery & Physiology, Univ. Minnesota, 
Minneapolis, MN 55455.

While much is known about the encoding of arm movements in the 
motor cortex, much less is known concerning potential hand movement 
representations such as grasp size, shape, orientation, and force. We have 
trained two monkeys to perform a grasping task in which the size, shape, 
and orientation of grasped objects and target force window were varied. 
The task required the monkeys to squeeze a start object for a variable 
hold period (1-1.5 s); after which, the go cue was displayed and one of 
five force windows specified on a vertically oriented monitor in view of 
the monkey. The monkey then moved its hand to one of 16 target 
objects, grasped it, and exerted a force to maintain the requisite level.
The objects were presented in a block design, while the force windows 
were pseudorandomly presented for a specific object.

The mean discharge of cells recorded was analyzed using a three-way 
ANOVA using the variables: object, force, and task period. We analyzed 
four behavioral periods: a hold period (while the monkey held the start 
object), a transport period (during the move to the target), a dynamic 
force period (while exerting force to get into the window), and a static 
force period (while maintaining the requisite force). The preliminary 
results show modulated discharge to all three analyzed variables.

Thus precentral cortical neurons represent multiple aspects of hand 
action. Supported by NIH grants NS-18338, NS-31530, and GM-15595.

607.9
POST-SPIKE EFFECTS PRODUCED BY CORTICAL NEURONS IN FINGER 
AND WRIST MUCSLES DURING INDIVIDUATED FINGER MOVEMENTS. 
A. V.Poliakov* and M.H. Schieber, Department of Neurology, University of 
Rochester, Rochester, NY 14642.

We studied the role of cortical neurons in performing skilled finger movements. 
The spike trains of cortical neurons and the EMGs of forearm muscles were 
recorded while a rhesus monkey produced visually cued individuated finger 
movements. Neurons in the primary motor cortex (Ml) hand area that produced 
post-spike effects (PSEs) in the averages of rectified EMG were identified as 
corticomotoneuronal (CM) cells. We developed a multifragment method of 
statistical analysis, based on dividing the data into a large number of equal, non-
overlapping fragments, to identify significant effects in spike-triggered averages.

Many of the observed PSEs were compact peaks or troughs at a short latency, 
and therefore were likely to be mediated by mono- or di-synaptic projections from 
the CM neuron onto spinal motoneurons. Broader, less sharply defined PSEs 
may have resulted from synchronization between the recorded cortical neuron and 
other neurons that had direct projections onto spinal motoneurons (synchrony 
effects). In rare cases more complex effects appeared in the spike triggered 
average, such as oscillations around, or peaks preceding, the triggering spikes of 
the cortical neuron. These more complex modulations presumably could have 
reflected (i) neuronal network group effects (e.g. oscillations), (ii) common input 
to the triggering cortical neuron and spinal motoneurons, and/or (iii) feedback 
loops. As the accompanying presentation from this laboratory indicates, 
individuated finger movements appear to be controlled by a distributed network of 
CM neurons. We attempt to incorporate the magnitude of statistically significant 
PSEs into a quantitative physiological model of how finger muscles might be 
controlled by a network of CM neurons.

Support: NINDS R01 NS27686

607.10
NETWORKED CORTICOMOTONEURONAL CONTROL OF MUSCLES 
DURING INDIVIDUATED FINGER MOVEMENTS. M, H. Schieber* and A.V, 
Poliakov. Department of Neurology, University of Rochester, Rochester, NY, 
14642.
We have shown previously that many Ml neurons discharge during individuated 

movements of more than one finger; however, a subpopulation of Ml neurons 
discharge during only one finger movement. Because our previous studies did not 
identify which Ml neurons had spinal connections, the neurons discharging 
during multiple finger movements might have been local intracortical neurons, 
while those neurons discharging with only one finger movement might have been 
corticospinal neurons. Preliminary results now obtained with spike-triggered 
averaging of forearm muscle EMG activity, however, show that this is not the 
case. Ml corticomotoneuronal (CM) neurons active during individuated finger 
movements typically discharge during individuated movements of several 
different fingers. Like those studied by other investigators, these CM neurons 
typically have post-spike effects (PSEs) in multiple muscles. Furthermore, the 
discharge of a CM neuron is not simply an upstream replica of EMG patterns in 
its target muscles with PSEs. CM neurons may discharge during a movement for 
which a particular target muscle is quiescent, and may be silent during a 
movement for which the target muscle is active. Conversely, the EMG activity of 
some muscles (but not others) can be explained as the weighted sum of dfferent 
inputs from CM neurons. These findings suggest that each individuated finger 
movement is controlled by a distributed network of CM neurons, many of which 
i) influence multiple muscles, and ii) are active during individuated movements of 
different fingers.

Support: NINDS R01 NS27686.
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607.11
CORRELATIONS BETWEEN THE MAGNITUDE OF CORTICOMOTONEURONAL (CM) 
CELL POSTSPIKE EFFECTS AND THE STRENGTH OF CELL-TARGET MUSCLE 
COVARIATION DURING A REACH AND PREHENSION MOVEMENT. B.J. McKiernan*, 
J.K Marcario, J.H. Karrer and P.D. Cheney. Dept. of Mol. & Integrative Physiol, and Smith 
MRRC, Univ. of Kansas Med. Ctr., Kansas City, KS 66160.

Spike-triggered averaging of rectified EMG activity has proven to be an effective means 
of identifying motor cortex cells with anatomical linkages to motoneurons. The magnitude 
of postspike facilitation (PSpF) or postspike suppression (PSpS) can be used as a measure 
of the strength of the cell’s synaptic coupling with motoneurons of its target muscles. 
Similarly, the degree of covariation in the activity of neurons and muscles related to a 
particular movement task can be quantified using a long time scale analog cross-correlation 
(Miller et al, J. Physiol., 469:213, 1993). The purpose of this study was to investigate the 
extent to which the strength of synaptic coupling between CM cells and target muscles 
correlates with the strength of their covariation during active movement. We compiled 
concurrent spike-triggered averages for 22-24 forelimb muscles during a reach and 
prehension task. Eighteen cells, yielding 49 PSpF and 12 PSpS effects, were selected for 
evaluation. Peak percent increase (PPI) and mean percent increase (MPI) were measured 
to quantify postspike effects. Analog cross-correlations for 380 cell-muscle pairs were 
computed to quantify the extent of cell-muscle pair covariation during the movement task. 
PSpF was associated with positive going peaks in the analog cross correlation, whereas 
PSpS was associated with negative going troughs usually superimposed on broader positive 
peaks. While there was no correlation between PPI or MPI and the magnitude of the analog 
cross-correlation peak when all 49 PSpF effects were included in the analysis, the strength 
of PSpF and analog cross-correlation magnitude did tend to be positively correlated for 
moderate and strong PSpF effects (p = 0.09). Furthermore, there was clear evidence that 
within an individual cell’s muscle field, the cell-muscle pair with the largest PPI also showed 
the strongest or second strongest covariation in activity based on the analog 
cross-correlation analysis. The results of this study show that the strength of synaptic 
coupling between a CM cell and motoneurons is a weak predictor of the strength of 
cell-target muscle covariation during a complex movement task. Supported by NIH grants 
NS25646 and HD02528.

607.12
NEURONAL ACTIVITIES IN MI OF A MACAQUE MONKEY DURING 
REACHING MOVEMENTS IN A VISCOUS FORCE FIELD B.J. Benda, F, 
Gandolfo, C.-S.R. Li, M.C. Tresch, D. DiLorenzo, and E. Bizzi*, Dept. of 
Brain and Cognitive Sciences, MIT, Cambridge, MA 02139

Human psychophysical experiments in our lab suggest that motor learning is 
related to the development of an adaptable, internal model of the dynamics of a 
motor task. To establish a neural correlate, we recorded single unit cell activity 
in the primary motor cortex of a macaque monkey {Macaca nemestrina) while he 
executed a well-learned reaching task. The monkey was trained to move a 
manipulandum in the horizontal plane such that a computer-displayed cursor 
moved from a center to a peripheral target. The location of the peripheral target 
was randomly selected from a set of eight positions spaced at 45° intervals. 
Motors attached to the manipulandum produced a velocity-dependent, curl force 
field that altered the dynamics of the reaching task.

We recorded the activity of over 50 cells while the monkey performed the task 
first in the null field (no forces) and then in the velocity-dependent curl field. 
Changes in cell activity between the null field and the force field can be 
summarized as 1) 30% of cells increase their mean firing frequency with no 
change in directional tuning, 2) 25% change their dynamic range with no change 
in tuning, 3) 16% of cells develop or lose their directional tuning, 4) 7% change 
their preferred direction, 5) 9% of cells have no change in activity, and 6) 48% 
showed no directional tuning in any epoch. These changes in activity, for 
example, cells that develop or lose directional tuning, are consistent with the 
hypothesis that the CNS responds to an altered force environment by retrieving a 
different internal representation for each environment. This research was 
supported by ONR grant N0014/95/1/0445 and NIH grant MH481185.

607.13
REAL-TIME, OFF-LINE CONTROL OF A ROBOT WRIST FROM MACAQUE 
MI RECORDINGS. P.J, Reed*, L.R. Hochberg, M,F- Burrow, J. Dugger, and D,R, 
Humphrey. Dept. of Physiology, Emory Univ. School of Medicine, Atlanta, GA, 
30322; Bioengineering Research Center, GA Inst, of Technology, Atlanta, GA 30332.

A rhesus monkey {Macaca mulatto) was trained to perform a visually-guided step 
tracking task in which he flexed and extended his wrist while holding a manipulandum. 
Once the animal was trained, 36 Pt (0.002") wire electrodes were implanted chronically 
into the arm-hand area of the contralateral primary motor cortex (MI). During task 
performance, multi-unit signals from up to 24 of these electrodes were recorded 
simultaneously and saved to tape, along with the position of the manipulandum 
(wrist).

Activity in two of the 36 electrodes was related clearly to wrist flexion and 
extension. Using a feed-forward, back-propagation protocol, an artificial neural 
network (ANN) was trained to predict wrist position using filtered, rectified, integrated 
activity from these two electrodes as the "input" and the manipulandum position as the 
"output". Once the network was trained, novel data from the two electrodes were fed 
into the network, the predicted output of which was used to control the "wrist" of an 
Alpha II robot. The ANN output was compared to the animal's true wrist position. 
The robot wrist moved in real time with the animal's recorded wrist position, 
maintaining 80-90% accuracy. A video will be shown.

These results support our and others' efforts to design a cortically-controlled 
prosthesis for amputees or persons with high spinal cord injury. Future studies will 
focus on improving the accuracy of the predicted limb position, exploring more 
complicated movements (e.g., reaching), and controlling the robot arm with on-line 
cortical recordings. (Supported in part by Contract# N01-NS-1-2308 from the Neural 
Prosthesis Program of NINDS; DRH, Principal Investigator.)

607.14
CORTICAL EXCITABILITY DECREASES AND MI FORELIMB MUSCLE 
MAPS FRACTIONATE WITH ACQUISITION OF A MORE PRECISE MOTOR 
TASK. D.R. Humphrey*, L.R. Hochberg, and P.J. Reed. Dept. Physiology, Emory 
University School of Medicine, Atlanta, GA 30322.

Maps of the forelimb representation in MI motor cortex change subsequent to the 
learning of new arm-hand movements (Nudo et al. ‘96; Suner et al. '93). To date, 
maps showing these changes have been obtained under anesthesia, or they have been 
obtained in the alert animal during primary task performance, raising the possibility 
that some observed changes were set related and not due to more enduring changes in 
synaptic excitability. In this study, we asked: (1) if changes in MI single muscle 
representations can be seen when the animal learns a more precise task involving 
previously “trained” muscles; and (2) if so, do changed maps persist outside of the 
experimental task when assessed in the alert animal.

The monkey was first trained to perform a visually-guided step tracking task, 
requiring wrist flexion or extension into various target zones. Bipolar EMG electrodes 
were then implanted chronically into four forelimb muscles, and 36 Pt (0.002”) wire 
electrodes were implanted into the arm-hand area of the contralateral MI cortex. Using 
both ICMS thresholds and stimulus-triggered EMG averages, we then obtained two 
control maps. These and all subsequent maps were obtained while the monkey simply 
held the manipulandum in a fixed position; i.e., no tracking was required. The 
animal’s task was next changed to one of smooth pursuit, in which he continuously 
tracked a pseudo-randomly moving visual target. As soon as he reached criterion for 
task acquisition, his MI cortex was again mapped. Significant changes in ICMS 
thresholds were observed across all muscle maps. For 75% of the changed sites, the 
threshold for evoked EMG responses increased. Moreover, the spatial extent of each 
map decreased, due to fractionation into two or more submaps. Thus, MI maps for 
single muscles do change when required task precision is increased; these changes 
persist under non-task conditions; and they differ significantly from those reported 
previously, where map expansions and increases in motor cortical excitability have 
been emphasized. (Supported by NIH Grant NS-2-885802 and Contract NS-1-2308).

607.15
MI FORELIMB MUSCLE MAPS CHANGE WITH ACQUISITION OF A TASK 
WHICH REVERSES A LEARNED VISUOMOTOR RELATIONSHIP. LjL 
Hochberg*, DJ, Reed, and D.R, Humphrey, Department of Physiology, Emery 
University School of Medicine, Atlanta, GA 30322.

In the accompanying abstract (Humphrey, etal.), we report changes in MI maps 
after an animal proficient in a visuomotor step tracking task acquired a smooth pursu't 
task. While both tasks involved flexion and extension about the wrist, the smooth 
task required additional movement precision and velocity ct ntrol.

In this study, a rhesus monkey aheady proficient lit this visually-guided, smooth 
pursuit task was suddenly exposed to a change in task conditions: the relationship 
between wrist and cursor movement direction v/as reversed, thus reversing the prior 
relationship between direction of target movement and direction of wrist movement. 
Using EMG electrodes implanted chronically into 4 forelimb muscles, and 36 Pl 
(0.002") wire electrodes implanted in the arm-hand area of the contralateral MI. we 
determined the thresholds for activation of each muscle at each cortical electrode; 
stimulus-triggered averages were also collected. Prior to introduction of the new 
tracking task, a control map was obtained while the alert animal simply held the 
manipulandum in a neutral position (no tracking required). A second map. derived 
under the same neutral condition, was obtained on the day after the animal had reached 
criterion on the "reversed" task. This map showed significant changes from the control 
map in thresholds for muscle activation, with spatial reorganization seen in four 
different muscle maps. Significant changes in threshold were observed in one-th’rd of 
the cortical electrodes. As in the accompanying study, increases in threshold were seen 
most commonly (66% of the changed sites). In contrast, however, two of the four 
muscle maps expanded slightly.

These data suggest that changing the coupling between the visual stimulus and the 
required response may be sufficient to drive changes in motor cortical representations. 
These changes can occur even when the speed of movement and other movement 
parameters appear to be unchanged. (Supported in part by NIH Grant# R01-NS-2- 
885802 and a training grant from the Southern Medical Association).

607.16
FUNCTIONAL COUPLING AMONG MONKEY MOTOR CORTICAL 
NEURONS IN RELATION TO REACTION TIME. Alexa Riehle* & Franck 
Grammont Cntr. for Research in Cognitive Neuroscience, CNRS, Marseille, France

Cognitive functions of the neocortex are based on distributed processes in 
which neurons do not act in isolation, but rather are organized into "cell assemblies". 
Cell assemblies, defined on the basis of simultaneity in the firing of their participating 
elements, are commonly viewed as dynamically coupled ensembles of neurons, which 
depend on the momentary computational demand. Each neuron could, thus, participate 
in different functional groups at different times. If cell assemblies are involved in 
cognitive processes, not only the occurrence of spike synchronization, but also its 
strength should be correlated with information processing and reaction time.

Monkeys were to perform a pointing task in 6 directions. During one trial, the 
first, preparatory signal (PS) provided information about 1, 2 or 3 possible targets, 
which was specified, after a preparatory period (PP) of 1000 ms, by the second, 
response signal (RS). Reaction time (RT) increased with the increasing number of 
precued targets, i.e. with increasing uncertainty. Multiple single-cell activity was 
recorded in the motor cortex using a microdrive with 7 independently driven 
microelectrodes, spaced 330 pm apart. Dynamics of interactions between the activity 
of pairs of neurons was studied by analyzing, trial by trial, individual epochs of 
synchronized firing ("Unitary Events", UEs; Griin, 1996). UEs were defined as 
activity constellations that occur significantly more often than expected by chance on 
the basis of the firing rates of the neurons. After PS occurrence, 22% of the neuron 
pairs synchronized their activity independently of the signals information content. 
However, between 400 and 800 ms after PS, the number of pairs being significantly 
synchronized decreased (from 19 to 12%) with increasing uncertainty. At the end of 
the PP, only about 11% of the pairs synchronized significantly their activity, 
independently of prior information. Finally, after RS occurrence, the number of pairs 
with UEs increased strongly (from 8 to 24%) the more information remained to be 
processed. Synchronized neuronal activity seems, thus, to be an effective mechanism 
underlying selective information processing which helps to speed up reaction time.
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607.17
CORTICAL MAPPING OF POTENTIALS EVOKED FROM 
LAYER V. Pierre A. Fortier*. Department of Cellular and Molecular 
Medicine, Faculty of Medicine, University of Ottawa, Ottawa, 
Ontario, K1H 8M5 Canada.

Anatomical studies of the cerebral cortex have provided detailed 
information about its connectivity. The general organization consists 
of a layered organization of cells with local axon terminals forming a 
functional columnar network of cells. It would seem logical for the 
association fibers to specifically link functionally related areas. 
However retrograde labeling from reciprocal and synergist motor 
output zones of the forelimb and hindlimb motor cortex in the rat 
failed to reveal any specific pattern of connectivity. Since connectivity 
is only part of the mechanism of information transmission, the present 
study examined the magnitude of postsynaptic potentials evoked in 
different areas of the rat cortex. Four micro wires were stereotaxically 
placed into layer V of the sensorimotor cortex of the rat to 
electrically evoke postsynaptic potentials. Current injection caused a 
stimulus artifact that was distinguished from the evoked potentials by 
repeating the recordings in the dead animal. Preliminary results 
revealed short (approximately 3 ms) and long latency (approximately 
7 ms) responses that were similar in the cortical tissue near the 
stimulation microwire but appeared to specifically link more remote 
cortical areas. [Funded by the MRC of Canada]

607.18
MEG ANALYSIS OF MOTOR ACTIVITY EVOKED BY AN EXTERNAL 
INSTRUCTION. H, Endo*, T. Takeda, T, Kizuka and T. Masuda. Dept. of 
Human Informatics, National Inst, of Bioscience and Human-Tech., 1-1 
Higashi, Tsukuba, 305 JAPAN.

A response to an external stimulus is a basis of human behavior. Its 
control mechanism offers an important clue to know the behavior control 
system. In order to reveal the dynamic characteristics in the sensorimotor 
cortex, brain activities under reaction time task conditions with visual 
stimuli were investigated by means of magnetoencephalography (MEG).

The experiments were performed on 6 subjects (male, aged 23-33 years). 
Subjects were asked to move a right/left index finger briskly toward the 
abductional direction to react to a stimulus. The movement onset conditions 
were: 1) Go task with an LED Go-stimulus presented at randomized 
intervals around 6 s, 2) Go/NoGo task with 2 kinds of LED stimuli (different 
position), 3) Go/NoGo task with 2 kinds of LED stimuli (different color). 
Magnetic fields were recorded using a whole-head type MEG system. Data 
were acquired at a rate of 250 Hz. EMG was also recorded from the first 
dorsal interosseous muscle. A hundred movements were performed. 
Averaging was done after off-line elimination of artefact-contaminated trials. 
The onset of rectified EMG burst and the LED onset were used as a trigger 
to synchronize the average. The data were filtered with 30 Hz low-pass filter. 
Equivalent current dipoles were used for activity estimation.

It was found that there was a motor activity synchronizing with LED 
stimulus. This activity started at same latency in spite of the reaction time 
and the movement onset condition. This result show the direct information 
transmission from the stimulus reception to the motor control.

OCULOMOTOR SYSTEM: ACCOMMODATION, VERGENCE AND PURSUIT

608.1
THE DORSALATERAL PONTINE NUCLEUS OF THE PRIMATE: 
NEURONS RELATED TO VERGENCE AND ACCOMMODATION. 
H.Y. Zhang* and P.D.R. Gamlin. Vision Science Research Center, 
University of Alabama at Birmingham, Birmingham, AL 35294.

Recently, we reported that neurons in the fastigial nucleus of the alert 
monkey exhibit activity related to vergence and ocular accommodation. 
One source of input to this nucleus is the dorsolateral pontine nucleus 
(DLPN), which is considered part of a cerebro-ponto-cerebellar pathway 
involved in smooth pursuit and saccadic eye movements. Based on this 
information, we have explored the possibility that the DLPN plays a similar 
role for vergence and ocular accommodation as for conjugate eye 
movements.

Single-unit recording from the DLPN was carried out in two alert, 
trained rhesus monkeys. Ocular accommodation was measured with an 
infrared optometer and eye movements with the scleral search coil 
technique. The animals viewed an optical display which could elicit 
vergence, accommodation, and conjugate eye movements. We encountered 
both near-response and far-response neurons within the DLPN. Many 
neurons displayed tonic firing rates that either increased (near-response 
neurons) or decreased (far-response neurons) as a function of steady-state 
increases in convergence and accommodation. Some neurons displayed 
burst-tonic characteristics with firing rates that were higher during the 
movement than at its completion.

These results suggest that some neurons in the DLPN form part of a 
cerebro-ponto-cerebellar pathway involved in controlling or modulating 
vergence and ocular accommodation in the primate. (Supported by NIH 
grants EY07558 and EY03039).

608.2
DISSOCIATION OF VOLUNTARY AND INVOLUNTARY CONTRIBUTIONS 
TO BINOCULAR REFIXATIONS IN 3-D VISUAL SPACE.
V. Chaturvedi. G. Muitjens and J.A.M. Van Gisbergen*. Department of Medical 
Physics and Biophysics, University of Nijmegen, 6525 EZ Nijmegen, The Netherlands.

Although it is known that the latencies of the saccadic and vergence contributions to 
binocular refixations are strongly coupled, it is not clear whether the two subsystems 
are initiated by a common timing command. It has been observed that the eyes may 
already start moving in depth prior to saccade onset, but the question arises whether this 
is indicative of a separate timing mechanism for the vergence system. We have studied 
these early movements to explore the alternative hypothesis that they may be related to 
the presaccadic slow drift in direction, described earlier by Kowler & Steinman (1979).

Binocular eye movements were recorded in six human subjects using the 2-D scleral 
coil technique. LEDs were located at the four comers of an array in the horizontal plane 
of regard. Each target required a combined 10 deg saccade (left/right) and a 5 deg 
vergence (near/far) response from the central fixation point. In an attempt to dissociate 
the presaccadic response from the visually guided refixation that followed we employed 
three different paradigms. In the first, each target was presented predictably in the same 
location, at a random time, after the fixation LED was extinguished while in the second, 
targets were shown in a fully random fashion. The third paradigm required subjects to 
make anti-responses, in direction and depth, away from a cue stimulus at a predictable 
location.

Our results show that presaccadic responses are not limited to the vergence system, 
it reveal a combined slow movement in direction and depth in all three paradigms.

. _us, apparently involuntary drift, is notably greater when the targets are predictable. 
Interestingly, in the anti-task the presaccadic response drifts towards the visual cue, in 
opposite direction to the later response which is directed away from the LED. These 
results suggest that the presaccadic and intrasaccadic responses reflect different neural 
mechanisms.
This work was supported by SLW (NWO).

608.3
ON THE NEURAL ORIGIN OF BINOCULAR FIXATION 
DISPARITY. (Saumil Patef, Bai-chuan Jiang and Haluk Ogmen) College 
of Optometry and Dept. of Electrical and Computer Engineering, 
University of Houston, Houston, TX-77204

The neural origin of the steady-state vergence eye-movement error, 
called binocular fixation disparity, is not well understood. We investigate if 
fixation disparity can be related to the dynamics of opponent convergence 
and divergence pathways, rather than to passive neural leakage.

Experiments were conducted on five subjects with normal binocular 
vision. Subjects were presented with steps of crossed and uncrossed 
disparity (period: 10s, peak-to-peak amplitude: 2 deg) around three 
different symmetrical convergence pedestal demands: 2, 5 and 8 deg. 
Each pedestal demand was reached by a staircase of smaller (max 2 deg) 
steps of 5 sec duration. The binocular target, was a pair of vertical lines (9 
deg in height and 0.35 deg in width) was presented haploscopically using 
two computer monitors and mirrors. Binocular eye movements were 
measured by a pair of dual Purkinje-image SRI eye-trackers and the 
signals were digitized at 60 Hz. The fixation disparity and peak vergence 
velocity were computed from the recordings in the staircase and square- 
wave conditions.

We find that opponent convergence and divergence pathways exhibit 
asymmetric posture-dependent gains. We have developed a moment model 
of ocular vergence that combines distributed disparity coding with the 
asymmetric gain properties of the opponent pathways. Quantitative 
analysis of the moment model using our experimental data implies that 
fixation disparity arises when the distributed disparity code from a 
binocular stimulus drives the asymmetric opponent vergence pathways. 
Using linear sensorimotor transformation functions and exponential 
motor gain functions, three of the four types of fixation disparity curves 
are predicted by- the moment model. Supported by NIH grants EY08862 
and MH49892.

608.4
SHORT-LATENCY DISCHARGES IN MEDIAL SUPERIOR TEMPORAL AREA OF 
ALERT MONKEYS TO SUDDEN CHANGES IN THE HORIZONTAL DISPARITY. 
A. Takemura1, Y. Inoue1, K. Kawano1* and F. A. Miles2. 'Neuro-science Section, 
Electrotechnical Lab., Tsukubashi, Ibaraki, 305, Japan, and 2Lab. of Sensorimotor 
Research, National Eye Institute, Bethesda, MD 20892, USA.

Sudden changes in the binocular disparity of large textured patterns evoke vergence 
eye movements at ultra-short latency (Busettini et al., J. Neurophysiol., 1996). We recorded 
neuronal activity in the medial superior temporal area (MST) of 2 behaving monkeys 
during horizontal disparity steps that evoked these vergence responses. Animals faced a 
tangent screen (distance, 50cm) onto which two identical, random dot patterns subtending 
90° x 90° were backprojected. Orthogonal polarizing filters in the two projection paths 
and in front of each eye ensured that each pattern was visible to only one eye. Mirror 
galvanometers controlled the horizontal disparity of the two images. Disparity steps 
(crossed and uncrossed, amplitude 1-6°) were applied 50ms after a centering saccade to 
take advantage of post-saccadic enhancement.

11% (19/171) of the neurons recorded modulated their discharges in relation to the 
disparity steps, many increasing their firing before the associated vergence eye movements, 
some by up to 20 ms. 73% (14/19) of the disparity-sensitive neurons showed increased 
firing with small crossed-disparity steps and decreased firing with small uncrossed- 
disparity steps, the remainder showing the reverse modulation. Disparity tuning curves 
based on the initial change in vergence eye movement had the characteristic S-shape and 
non-zero asymptote described by Busettini et al. Thus, vergence responses were selective 
only for steps <1° or so (crossed steps producing increased convergence and uncrossed 
steps the converse), and responses to large steps were idiosyncratic asymptoting at 
convergence levels that were higher than the starting value in one monkey and lower in 
the other. Disparity tuning curves based on the initial change in unit discharge rate showed 
the exact same form, lending support to the hypothesis that MST neurons have some role 
in producing these ultra-short latency vergence responses. (Supported by the Human 
Frontier Science Program, the Japanese Agency of Industrial Science and Technology, 
CREST of Japan Science and Technology Corporation, and The National Eye Institute.)
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608.5
FACILITATION OF ACCOMMODATION BY SACCADES. C.M, Schor*.
L.A, Lott, and D. Pope. Vision Science Group, School of Optometry, 
University of California, Berkeley, CA 94720.

Saccades and accommodation were stimulated monocularly to 
investigate their interactive affects on latency and velocity of 
accommodation and vergence responses. An SRI Dual Purkinje Eye 
Tracker was used to measure left and right eye movements, and the 
accommodative response of the left eye, during monocular viewing 
conditions. While subjects made saccades between targets separated by 
2-6 degs, a stimulating optometer was used to change the dioptric power 
of the accommodative stimulus (over a range of +2 to -2 diopters).

Latencies and peak velocities of accommodation and accommodative 
convergence were compared for saccade trials and trials where no 
saccades were made. When accompanied by saccades, latencies of 
accommodation and accommodative vergence were reduced by 15% 
and 11%, respectively. The peak velocities increased with saccade 
amplitude up to 20% for accommodation and 100% for accommodative 
vergence. The magnitude of accommodative vergence was 17 % greater 
when associated with saccades as predicted by the phasic nature of 
accommodative vergence (Schor and Kotulak Vis Res 1986,927-42).

Because saccades and accommodation utilize separate plants and 
final common pathways, the enhanced velocity of accommodation and 
accommodative vergence must occur at a more central site such as the 
near response cells of the mesencephalic reticular formation which 
represents both accommodation and vergence (Zhang and Mays J. 
Neurophysiol 1992, 944-60). The synchronization of saccades and the 
near response could be gated by omnipause neurons (Zee Fitzgibbon 
and Optican J. Neurophysiol 1993,1624-41).
Supported by NEI EYO-3532

608.6
USING A SYNOPTOPHORE TO TEST LISTING’S LAW DURING 
VERGENCE IN PATIENTS. R. Somani, C. Hutnik, J.F.X, DeSouza, D. 
Nicoile, T, Vilis*. Dept of Physiology, Opthalmology & Graduate 
Neuroscience Program, University of Western Ontario, London ON 
Canada N6A5C1.

During vergence the eye undergoes an elevation dependent cyclotorsion. This 
cyclotorsion is produced because Listing’s plane (LP) turns temporally during 
convergence. Recently, we developed a simple visual test to measure the 
rotation of LP as a function of the vergence angle. Consistent with our previous 
search-coil measures we found that the LP’s of the two eyes rotates through an 
angle somewhat less than the vergence angle. Based on these findings we 
decided that our visual test may be a useful clinical tool for measuring the 
relative orientations of the two eyes’ LPs in patients with strabismus. Twenty 
subjects participated in this study, consisting of ten controls and ten patients: 
three with esodeviations and seven with exodeviations. Using a synoptophore 
we measured the elevation-dependent torsional disparity for horizontal and 
vertical lines. At zero vergence, the torsional disparity across different eye 
elevations was larger for patients than for normals. In patient’s how much LP 
was shifted was inversely related to how much it was turned temporally. Van 
den Berg et al. (1995) has suggested that patients with exodeviations, have their 
LPs turned temporally even when viewing a target in the distance. LP, as a 
result, undergoes an increased rotation when converging on a near target. In 
this study patients who showed a large initial temporal rotation of LP at zero 
vergence, exhibited a smaller increase in rotation during convergence. 
Consistent with our previous measures, this test also provides independent 
support for the view that the change in interplane angle between the LP’s of the 
two eyes is smaller than the vergence angle.
Supported by the Medical Research Council of Canada.

608.7
INTEGRATION OF VISUAL SIGNALS FOR BINOCULAR PURSUIT OF TARGET 
MOTION IN THREE DIMENSIONS. Gal A. Cohen* and Stephen G. Lisberger, 
Department of Physiology and W.M. Keck Foundation Center for Integrative 
Neuroscience, UCSF, San Francisco, CA 94143.

A pursuit target moving in depth can induce different image motions on the two 
eyes. We asked whether pursuit of such targets is organized 1) separately for each 
eye, or 2) into independent vergence and version systems. Rhesus monkeys pursued 
virtual reality target motion, in the absence of looming cues. In each trial, one of 
five possible horizontal target velocities was observed by each eye, thus 5x5 
different virtual trajectories were presented on an interleaved basis. We first 
examined interaction between the visual inputs from the two eyes. When visual 
input to one eye was held constant, the initial pursuit velocity of that eye was 
influenced by what the other eye saw. The data were fitted by a linear model where 
one eye's acceleration was described as a weighted combination of visual inputs 
from the two eyes. For 3 monkeys, the visual input to a given eye influenced its 
own pursuit 3.5, 3.1, and 2.4-fold more than it influenced the other eye, on average. 
Next, we tested for cross-talk between the version and vergence pursuit systems. 
When the version component of the visual input was held constant, the version 
pursuit velocity varied as a function of the vergence visual input. Likewise, 
vergence pursuit was influenced by version visual input. These data suggest that the 
left and right eyes do not pursue independently of one another, and that vergence 
and version pursuit are also not independent. This type of cross-talk is consistent 
with the possibility that disparate visual input signals are integrated by the pursuit 
system into an internal representation of 3D target motion. Our model also suggests 
these constraints on Hering's law: under some conditions, the vergence and version 
pursuit systems 1) have different gains, and 2) have cross-talk between one another. 
Supported by ONR grant N00014-94-1-0269 and NIH grant R37-EY038078

608.8
SEPARATE DEFICITS IN THE INITIATION AND MAINTENANCE OF 
PURSUIT IN MONKEYS REVEALED BY THE USE OF APPARENT 
MOTION STIMULI M. Churchland and S. G. Lisberger.* Dept. of Physiology 
and Keck Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.

We probed the visual inputs that guide the initiation and maintenance of 
pursuit by varying the spatial and temporal separation between the flashes of an 
apparent motion stimulus. Eye acceleration at the initiation of pursuit was related 
in a consistent manner to the spatial and temporal interflash intervals. In general, 
eye acceleration was as good for small intervals as it was for real motion, but 
declined as a function of increases in either the spatial or temporal interflash 
interval. This decline typically began abruptly when a limiting spatial or 
temporal interval was exceeded. The values of the spatial and temporal limits on 
pursuit initiation are consistent with similar limits reported for single cells in area 
MT. Eye velocity during the maintenance of pursuit showed a different 
relationship to the spatial and temporal properties of the stimulus. For the 
longest temporal intervals, steady-state eye velocity was substantially below 
target velocity, and pursuit gains near 0.5 were common. This was true even 
when the residual difference between target velocity and eye velocity yielded 
combinations of spatial and temporal intervals that produced significant 
acceleration when present during the initiation of pursuit. Thus, eye acceleration 
was not determined solely by the nature of the retinal image, but also depended 
on extraretinal signals. We interpret the maintenance deficit not as a failure of 
visual motion processing, but as a failure of apparent-motion stimuli with long 
temporal intervals to fully activate a 'switch' that controls the gain of the visual- 
motor response. The maintenance deficit seen under conditions of long temporal 
intervals is reminiscent of the directional deficits found with lesions of MST and 
raises the possibility that lesions of MST interfere with the operation of the 
sensory to motor 'switch,' rather than with the control of pursuit via visual 
feedback. (Supported by EY03878from the NIH)

608.9
OFFSET OF SMOOTH PURSUIT: PURSUIT OR FIXATION. J. Pola* and H. J. 
Wyatt. SUNY College of Optometry, New York, NY 10010.

Onset of smooth pursuit often involves oscillations of eye velocity while, in 
contrast, offset of pursuit involves an "exponential" decrease in velocity. One 
explanation for this asymmetry is that the onset comes from smooth pursuit 
dynamics while the offset arises from a fixation system with different dynamics 
(Robinson et. al., 1986; Huebner et. al., 1992). We suggest an alternate account. 
Methods. Subjects pursued a target moving horizontally at 15 deg/sec. After 
pursuit for 1 sec, the target stepped 3 deg ahead of the fovea, its velocity 
became 0, and feedback assumed a value of either 0 (target stabilized 3 deg 
ahead of the fovea) -0.2, -0.4, or -1 (target fixed in space). Results. With 0 
feedback the eye continued at moderate velocity, a response to target position 
(since target retinal velocity was 0). With negative feedback, however, the eye 
decelerated. At -0.2 and -0.4 feedback, this deceleration was not a simple 
exponential, but often consisted of initial fast deceleration followed by slower 
deceleration. At -1, the eye quickly decelerated and stopped. Modeling and 
Conclusions. We simulated smooth pursuit offset using a model of the pursuit 
system with target velocity and position input channels, and an internal positive 
feedback loop. Key features of the model are: (a) the velocity channel signal 
decreases with target offset from the fovea; (b) the position channel signal 
saturates at some target offset (1-3 deg); and (c) during pursuit offset the gain 
of the velocity channel switches from high to low at a threshold target velocity (1- 
5 deg/sec). The position channel and non-linearity in the velocity channel are 
essential to simulate the features of pursuit offset with -0.2 and -0.4 feedback. 
The fact that this model can account for our results suggests that smooth pursuit 
offset comes from the pursuit system by itself and does not require the presence 
of a "fixation system" with different dynamics.

(Supported by SIVR grant #91-92-020)

608.10
OCULO-MANUAL TRACKING OF PSEUDO-RANDOM TARGET 
MOTION STIMULI R. Xia, G. R, Barnes and J. F. Ashmore* MRC Human 
Movement & Balance Unit, Institute of Neurology, Queen Square, London, U.K.

Predictive mechanisms have been generally accepted to be involved in ocular pursuit 
of a visual target. The break-down of the predictive mechanisms underlying this 
performance has been studied in ocular pursuit of pseudo-random targets. In this 
study, we examined the predictive features in eight healthy subjects during oculo- 
manual co-ordinative tracking of pseudo-random motion stimuli. The horizontally 
moving targets were created by summation of four sinusoids. The three lower 
frequency components were maintained constant at-0.11, 0.24, 0.37 Hz, whereas the 
highest frequency varied by taking one of the values 0.39, 0.78, 1.56, 2.08 Hz, 
respectively. Eye movements were recorded using an infra-red reflection technique 
and hand position was monitored by a potentiometer. To assess the eye and hand 
motor responses, the gain and phase of overall displacement (including saccadic eye 
movement components) were measured and the correlations between the two 
responses were calculated. Comparable patterns were observed between the eye and 
hand performances. Dynamic analyses show that the gain of eye and hand responses 
averaged across all frequencies remained close to 1 for all target frequency 
combinations and no significant difference was found between the eye and hand. Both 
average eye and hand phase lag for each frequency combination increased 
progressively with increase of the highest frequency. The hand response displayed a 
significantly higher phase lag than the eye. Significant correlations were found 
between ocular and manual responses, with overall correlation coefficients of 0.74 for 
gain and 0.99 for phase. The results demonstrate a certain degree of predictability in 
tracking of these randomized targets and suggest that the predictive mechanisms exist 
in both eye and hand systems. Highly correlated relations between the eye and hand 
motor responses imply that the two systems are governed by a common program in 
performing optimal pursuit of pseudo-random motion stimuli. (Funded by MRC, UK).
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608.11
SUDDEN MOVEMENTS OF THE PERIPHERAL SCENE MODULATE THE 
VELOCITY OF SMOOTH PURSUIT EYE MOVEMENT IN MONKEYS.
Y. KODAKA*, K, SUEHIRO. Y. INOUE, A. TAKEMURA, and K. KAWANO.
Neuroscience section, Electrotechnical Lab., Umezono, Tsukuba, Ibaraki 305 Japan.

We studied the effects of sudden movements of the peripheral scene on smooth pursuit 
eye movements. Monkeys faced a large tangent screen that was partitioned into central 
(3° x 90°) and peripheral regions. The monkeys were trained to fixate on a target spot 
(by the LED projector) in the central region of the screen and to pursue it as the spot 
moved horizontally. A random dot pattern was back-projected onto the remaining 
peripheral regions. Mirror galvanometers were used to control the horizontal movements 
of the target spot and peripheral images.

A brief movement (40 ms, 60°/s) of the peripheral scene was introduced during the 
smooth pursuit eye movements (at 10, 20, and 307s). When the peripheral scene was 
moved in the same direction as the smooth pursuit, the eye velocity increased transiently. 
The magnitude of the modulation was dependent on the velocity of the current smooth 
pursuit. The strongest modulation (up to 50% at peak velocity) was observed during 
smooth pursuit at 307s. On the other hand, when the peripheral scene was moved in the 
opposite direction as the smooth pursuit, only a small modulation (less than 5%) was 
observed. The latency of the transient modulation of eye velocity was very short (~50 
ms), and increased as the luminance of the peripheral scene decreased. In order to 
introduce binocular disparities in the peripheral scene, we used crossed polarizers in the 
projection paths of two identical random dot patterns, ensuring that each eye saw only 
one of the peripheral scenes. When the peripheral scene was placed in front of the 
pursuit target (0.2 - 1.6° disparity), enhanced modulation was observed, similar to that 
observed when the peripheral scene was on the target plane. When the peripheral scene 
was placed just behind the target (0.8 - 1.6° disparity), the magnitude of the modulation 
was small.

The results suggest that the vision system’s sensitivity to motion in the same direction 
as eye movement is enhanced during smooth pursuit. The selectivity of such enhancement 
in the depth plane suggests that this effect must occur at a site that receives input from 
both eyes and, hence, must be mediated by the CNS.

Supported by the HFSP, the Japanese Agency of Industrial Science and Technology, 
and by CREST of the Japan Science and Technology Corporation.

608.12
EFFECTS OF KETAMINE ON EYE TRACKING IN NORMAL CONTROLS.
M.A. Weiler*, G.K. Thaker, A.C. Lahti. D.E. Ross, C.A. Tamminqa.
Maryland Psychiatric Research Center, University of Maryland School of 
Medicine, P.O. Box 21247, Baltimore, MD 21228

Recent studies have suggested that inhibitors of excitatory amino acids 
such as ketamine exacerbate specific symptoms of schizophrenia. Studies 
of working memory as measured by Wisconsin Card Sorting in normals 
have also shown disruption with subanesthetic doses of ketamine. Smooth 
pursuit eye movement abnormality has been consistently observed in 
schizophrenia. Recent studies evaluating individual components of smooth 
pursuit support defective processing of extra-retinal target motion signal in 
schizophrenia. Working memory of the previous target motion is the main 
source of extra-retinal motion information. In the current placebo controlled 
study we will present effects of low dose, bolus injection of ketamine (0.1 
mg/kg) on smooth pursuit.
We have tested eight normal controls during low dose ketamine for effects 
on smooth pursuit. Preliminary results in normal subjects showed a 
deterioration during peak drug effect in eye tracking performance as 
measured by traditional measures of pursuit gain and by a measure of 
target masking that involves efferent copy of target trajectory. Measures 
of working memory of target trajectory were not impaired by ketamine. The 
findings support the involvement of excitatory amino acid transmitters in 
eye tracking and in a measure of efferent copy but not working memory.

608.13
TRANSCRANIAL MAGNETIC STIMULATION OF THE POSTERIOR 
VERMIS DURING SMOOTH PURSUIT EYE MOVEMENTS.
K. Ohtsuka,* and T, Enoki. Dept. of Ophthalmology, Sapporo Medical 
Univ. Sch. of Med., Sapporo, Hokkaido 060, Japan.

Recent intensive neurophysiological experiments in the monkey have 
demonstrated the function of the posterior vermis in the control of 
saccadic and smooth pursuit eye movements (SPM). Recently we have 
indicated that dysmetric saccades were elicited by focal tarnscranial 
magnetic stimulation (fTMS) over the posterior vermis in man (Hashimoto 
and Ohtsuka, Brain: 1995). In the present study, we stimulated the 
posterior vermis with fTMS duringSPM in man, to clarify the function of 
the posterior vermis in the control of SPM.

The experiment was conducted in four healthy volunteers. Horizontal 
eye positions were recorded by infrared reflection devices. The target for 
SPM was a laser spot projected onto the target board. A light-emitting 
diode embedded in the target board was used as the central target. SPM 
was elicited by step-ramp stimulation. Focal TMS was delivered with a 
peak flux density of 1.0 Tesla through a "figure-8" magnetic coil. TMS 
pulses were triggered after the onset of SPM with a latency of 60 or 300 
ms. According to our previous study, we stimulated the left or right side 
of the posterior vermis.

The velocity of SPM was markedly affected following fTMS of the 
right or left side of the posterior vermis, irrespective of the latency of 
stimulation. Ipsiversive SPMs were accelerated following fTMS. On the 
other hand, contraversive SPMs were decelerated, and sometimes the 
direction of SPM was inverted momentarily. These findings suggest that 
the posterior vermis accelerates ipsiversive SPM and decelerates 
contraversive SPM.

OCULOMOTOR SYSTEM: MODELS

609.1
AN OCULAR SELECTIVITY MODEL OF EYE MOVEMENT CONTROL: 
IMPLICATIONS FOR STRABISMUS. W. M. King* and Wu Zhou. Departments 
of Neurology and Anatomy, Univ. of Mississippi Medical Center, Jackson, MS 39216

Eye movements are traditionally believed to result from addition of identical 
conjugate and vergence premotor commands to each eye (Hering’s Law). These 
commands are generated by separate neural systems located in the paramedian pontine 
reticular formation (PPRF) and mesencephalon respectively. Recent studies of single 
unit activity in the PPRF during disjunctive eye movements, however, show that 
excitatory burst neurons (EBNs) encode a monocular signal related to the amplitude of 
the saccadic movement of one eye (Zhou and King, Soc. NS Abstr. 1997). Thus PPRF 
units generate a monocular eye movement command rather than a conjugate eye 
movement command. Furthermore, premotor neurons in the vestibular nuclei (PVP 
cells) and propositus nucleus (burst-tonic cells) encode a monocular signal related to 
the position and speed of one eye. Abducens neurons, however, encode a signal that 
may be monocular or binocular, and can be assessed by an index called ocular 
selectivity. Ocular selectivity is a quantitative measure of a unit’s response to 
movements of each eye, and is 0 for conjugate units, +1 for ipsilateral and -1 for 
contralateral eye monocular units. To account for these data, a new model of 
brainstem circuitry has been developed that explicitly includes the monocular character 
of premotor inputs and the distribution of ocular selectivity found among abducens 
neurons. An emergent property of this model is that an adaptation for weakness of a 
single extraocular muscle can be accomplished for any eye position by rescaling the 
monocular output of the motoneuron pool, perhaps Ly modifying its distribution of 
ocular selectivity or by strengthening the output of monocular motoneurons. In 
contrast, models based on Hering’s Law require eye position dependent changes in 
both vergence and conjugate premotor commands. These results have important 
implications for understanding the causes of strabismus because the ocular selectivity 
model suggests novel hypotheses for adaptive plasticity and calibration of ocular 
alignment Supported by NEI R0104045 and ONR N00014 to W. M. King.

609.2
THE COORDINATES OF THE BINOCULAR MOTOR SYSTEM.

A. A. Handzel, T. Flash*. Department of Applied Mathematics and 
Computer Science, Weizmann Institute of Science, Rehovot, 76100, Israel.

The increasing attention given in recent years to the binocular motor system 
necessitates the use of an appropriate mathematical framework with which to 
analyse it. While the use of quaternions and rotation vectors has become 
standard in the analysis of single eye rotations, there is not yet agreement 
regarding a suitable mathematical binocular formalism, and several models 
have been suggested to date (Mok et al 1992, Van Rijn & Van den Berg 1993, 
Minken et al 1995).

Based on anatomical structure and as an extension of previous work on 
the single eye (Handzel & Flash 1995), we propose a unified mathematical 
framework for coordinate systems which represent the position and movements 
of the two eyes combined. As each eye rotates approximately as a rigid body 
about a fixed point, this motion is described by the rotation group SO(3) 
and its Lie algebra so(s). Since the two eyes are anatomically independent, a 
binocular description of position and rotations can be taken to be the direct sum: 
b = 50(3) © 30(3). The key point here is in defining how the six coordinates 
of the two eyes are related, and this is expressed through the commutation 
relations of the Lie algebra. The “binocular algebra”- b - is equivalent to 
30(4), the Lie algebra of rotations in four dimensions, which in turn can be 
written as 4 x4 orthogonal matrices. Different bases of #0(4) represent single 
eye movements, conjugate and vergence movements, or combinations thereof. 
Finally, this formalism may help in examining questions regarding binocular 
motor control, such as whether saccades with vergence are performed as single 
generator rotations - in analogy with single axis rotations of one eye.

Society  for  Neuroscience , Volume  23,1997



1560 OCULOMOTOR SYSTEM: MODELS TUESDAY PM

609.3
A MODEL FOR PROGRAMMING SACCADES TO REMEM-
BERED LOCATIONS.
J. F. Mitchell* and D. Zipser. Department of Cognitive Science, University 

of California, San Diego. La Jolla, CA 92093-0515.

Saccades to remembered visual locations are invariant to changes in the 
eye position from the time of observation. Two explanations have been pro-
posed for this invariance. In the spatial hypothesis, the location of the stim-
ulus is abstracted from retinal coordinates into spatial coordinates which 
remain invariant to further changes in eye position. In the vector subtrac-
tion hypothesis, the location is remembered in oculocentric coordinates that 
are remapped each time the eyes move. Memory related activity of cells in 
the lateral intraparietal area (LIP) is believed to code for remembered sac-
cade locations. It has been debated whether this activity reflects a spatial or 
oculocentric representation.

A recurrent neural network trained to remember a spatial location while 
saccades are performed yeilds a solution which is consistent with both expla-
nations. It uses feedback from eye velocity and eye position to update spatial 
and oculocentric information. Spatial information is distributed across the 
hidden units through retinotopically organized activity which is modulated 
by the eye position. When saccades are performed, memory related activity 
is remapped to a new retinal position consistent with where the stimulus 
would appear if. it were visible. At the same time, modulation due to eye 
position also changes in accord with the new fixation such that spatial infor-
mation is retained during the oculocentric remapping. The hidden units are 
similar to cells in LIP.

Supported by NSF Graduate Fellowship to JFM.

609.4
A MODEL FOR TRANSFORMING SIGNALS FROM A PLACE CODE TO A 
RATE CODE. J. M. Groh*. Program in Cognitive Neuroscience and 
Department of Psychology, Dartmouth College, Hanover, NH 03755

Sensory (and some premotor) signals are often encoded by neurons whose 
responses are tuned for a preferred stimulus type or location. Arrays of neurons 
tuned to slightly different values of a stimulus parameter form maps or place 
codes in which the precise value of that stimulus parameter is represented by the 
locus of activity in the place code. In contrast, motor commands more typically 
encode movement parameters using a rate code: for any movement, a large 
proportion of the motoneuron pool will be active, and the desired force is 
specified by the aggregate rate of discharge across all the motoneurons. 
Transforming from place coding to rate coding is therefore a critical problem in 
sensorimotor integration.

I present a model for how this type of transformation may be accomplished 
by the brain. The input to the model consists of a place code, and the output 
produces a rate coded signal of the location of activity in the place code. A 
portion of the circuit performs normalization to prevent variations in the level of 
discharge of the units in the place code from influencing the output value. 
Because of this normalization, if more than one site of activity exists in the place 
code, the output represents the average location of that activity. This averaging 
is consistent with a wide range of experimental results from the saccadic system 
as well as with the recently reported effects of microstimulation in visual area 
MT on smooth pursuit eye movements (Groh et al., J. Neurosci, in press). 
Furthermore, the normalization is implemented using a combination of 
summation and saturation, providing an attractive explanation for the limitations 
on normalization apparent in a recent study of microstimulation in the superior 
colliculus (Stanford et. al. J. Neurophysiol. 76:3360-3381, 1996). In addition, 
the normalization mechanism has temporal properties that can account for the 
dependence of saccade latency and velocity on the frequency of collicular 
microstimulation. (Supported by the H. H. Whitney Foundation.)

609.5
A POPULATION MODEL OF THE ACTIVITY OF EXCITATORY BURST 
NEURONS DURING SACCADES. T, R, Hazel and P. Dean*. Dept. of 
Psychology, University of Sheffield, Sheffield, UK, S10 2TP, England

The saccade-related firing of ocular motoneurons (OMNs) consists of a high 
frequency burst of activity that declines gradually (slide) to a new steady state 
(step). How these saccadic activity traces are generated from inputs to the OMNs 
is a fundamental question for understanding die saccadic control system. The 
burst of OMN activity originates from short-lead excitatory burst neurons 
(EBNs) which project directly to OMNs. Typically, models of saccadic 
production use a single EBN to represent the activity of the whole population. 
The present study simulates a population of EBNs in order to clarify their role in 
the saccadic control system.

A population of 100 EBNs was simulated, each EBN being characterised by 
three parameters; latency, frequency as a function of saccade velocity, and 
duration as a function of saccade duration. Variation in these parameters between 
EBNs was derived from experimental data (e.g. Strassman et al 1986a).

The time-course of the summed output of the EBN population was clearly 
different from that of a single EBN saccadic burst. In particular, the high 
frequency burst of activity was followed by a gradual decrease that continued 
after the termination of the saccade. Simple addition of a plausible position- 
related ramp of OMN activity produced traces that were qualitatively very 
similar to observed OMN firing rates for saccades starting close to the primary 
position (Goldstein & Robinson 1992).

These results indicate that the EBN input to the OMNs may be at least 
partially responsible for the decreasing slide observed in OMN firing rates. The 
fact that the output of a population model of the EBNs differs from the output of 
a single EBN burst suggests that models of the saccadic control system may 
benefit from considering neuronal populations. (Supported by EPSRC)

609.6
A SIMULATION SYSTEM FOR VERTICAL OCULAR FOLLOWING 

RESPONSES WITH THE SIMPLE SPIKE FIRING RATE OF PURKINJE CELLS 
IN THE CEREBELLUM K.Yamamoto*1*2. Y.Kobayashi3’4 A.Takemura4’5,
K.Kawano4*5 and M.Kawato 1 ^ATR Human Info. Proc. Res. Labs., Kyoto 
^Niigata univ. school of medicine, Niigata 3Natl. Inst. Physiol. Sci., Aichi 
4CREST, JST 5Electrotechnical Lab., Ibaraki, Japan

Previous models of the entire control system for smooth pursuit eye movement, 
which presumably overlaps the system for ocular following responses (OFR), did not 
attempt to reconstruct both intermediate neural signals and eye movement. Recently, 
Kobayashi et al. (1995,1997) reported that simple spike firing rates in cerebellar 
ventral paraflocculus (VPFL) have both the visual and motor aspects of OFR. We 
constructed a vertical OFR simulation system by combining two systems. One is a 
non-linear simulation system that relates retinal slip to VPFL simple spike firing 
rate. The other is a linear simulation system that relates simple spike firing rate to 
eye movement. The simple spike firing rate is produced by summing the retinal slip 
velocity and acceleration, each first saturated by a non-linearity (continuous 
combination of a linear and a logarithmic function) and then temporally filtered. The 
eye movements can be reconstructed from the simple spike firing rate through a 2nd- 
order filter derived from inverse dynamics analysis (Shidara et al.,1993). Different 
filters are needed for downward and upward eye movement transformations from 
retinal slip. The entire simulation system can reconstruct the simple spike firing rates 
and ocular responses from the velocity-step visual stimulations used in physiological 
experiments: the squared correlation coefficients between the results of physiological 
experiments and of the simulation are 0.81 for simple spike firing rate and 0.95 for 
eye movement velocity. As a part of the physiological basis of the 2nd-order filter 
that transforms simple spike firing rate to eye movement, we propose a recurrent 
neural network which produces the slow motor command, complementary to the fast 
cerebellar motor command, from the efference copy of the final motor command. This 
functions like the neural integrator (Robinson, 1968) but is different from it in its 
input, output and hardware. (Supported by HFSP and CREST-JST)

609.7
TESTING THE LEAKY-INTEGRATOR HYPOTHESIS: SIMULATIONS OF 
CORRECTIVE, DOUBLE-STEP, INTERRUPTED, AND LARGE-AMPLITUDE 
SACCADES. M,A. Brown, A, Handel, and P.W. Glimcher*. Center for 
Neural Science, New York University, New York, NY 10003.

We modified the saccadic brainstem model of Jurgens and colleagues (1981; 
Biol. Cybern., 39:87) to include a "leaky" displacement integrator whose 
value decayed exponentially with a 45 ms time-constant, as suggested by 
Nichols and Sparks (1995; J. Neurophysiol., 73:431). We implemented the 3 
leaky-integrator model classes that do not require significant modifications 
of the Jurgens model. These were (1) a continuous model, whose integrator 
leaked at all times, (2) a delayed model, in which the integrator's leak 
was delayed to begin at a fixed time after saccade onset, and (3) a gated 
model, in which the integrator's leak was gated by omnipause neuron 
(OPN) activity, so as to begin only at the end of a saccade.

We then tested each model in simulations of several key experiments: (1) 
an amplitude-series experiment that probed the ability of the system to 
produce normometric saccades, (2) the stimulation double-step experiment 
of Nichols and Sparks (1995), in which a visually guided saccade was 
followed at short latency by a stimulation-evoked saccade, (3) the 
interrupted-saccade experiment of Keller and Edelman (1994; J. 
Neurophysiol., 72: 2754), in which saccades were interrupted by electrical 
stimulation in the brainstem OPN region, and (4) a corrective-saccade 
experiment of our own, in which monkeys made large-amplitude primary 
saccades followed by short-latency corrective saccades. No single model of 
these classes could successfully replicate this constellation of experiments.

In response to these observations, we developed a new leaky integrator 
model which successfully reproduced the experiments described above, but 
which required the addition of several non-linear components that have 
not been identified physiologically.
Supported by EY10536-02 and a NSF Graduate Fellowship to MAB.

609.8
SIX D.O.F. HOMEOMORPHIC EYE MOTOR CONTROL MODEL FOR 
THREE DIMENSIONAL SACCADE DYNAMICS. S.B. Bortolami*, 
P. DiZio, and J.R. Lackner. Ashton Graybiel Laboratory, Brandeis 
University, Waltham, MA 02254.

Previous motor control dynamic modeling of eye saccades focused on 
one-dimensional movements in either the horizontal or vertical direction. 
Static modeling work for strabismus surgery has described well the six 
degrees of freedom (d.o.f.) positioning of the eye in relation to current 
knowledge about muscle and connective tissue properties. We developed a 
six d.o.f. computer model, which embodies up-to-date knowledge of eye 
kinematics and anatomy in a full size eye dynamics simulator. The model 
accounts for the majority of active, passive, and inertial forces exerted upon 
the eye ball. We retrieved the muscle force model and anatomical 
information about the fascial connective tissues from the literature. The 
muscle forces are applied on the anatomical muscle insertions on the eye 
ball and their planes of action change in orientation as the eye moves, in 
agreement with the findings of Miller et al. (1993) about muscle pulley 
actions for static positioning. We investigated off-axis dynamics of the eye 
during vertical and horizontal saccades. The model can be calibrated on the 
horizontal or vertical axis and then make predictions about the three- 
dimensional angular motion. The model pinpointed the presence of 
transitional off-axis deviation during saccades also noticeable in 
experimental data. Supported by NASA grant NAGW-4375.

Miller J.M. et al. Effect of Transposition Surgery on Rectus Muscle 
Paths by Magnetic Resonance Imaging. Ophthalmology 1993; 100:475-87.
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610.1
I’HB EFFEC'l'S OF CHANGES IN THE SIZE OF THE BASE OF SUPPORT 
AND TARGET DISTANCE ON ANTICIPATORY POSTURAL 
ADJUSTMENTS DURING REACHING MOVEMENTS. T.R. Kaminski* and 
S. Simpkins. Dept. of Biobchavioral Sciences, Teachers College, Columbia 
Univ., New York, N.Y. 10027

Postural stability during voluntary mov ements was varied by altering the size of 
the base of support (BOS) or the amplitude of the reaction forces generated by the 
movement (reaching distance). We examined the effects of both perturbations on 
anticipatory postural adjustments (APA's).

Seven subjects stood on a force plate and performed reach and grasp 
movements as fast as possible to a go signal. Subjects reached to four target 
locations (two within and two greater than arm’s length requiring incorporation 
of trunk movement). BOS was varied by having subjects stand with feet parallel 
or feet apart. Center of pressure changes were calculated and used to estimate 
latency, amplitude and duration of APA’s.

The level of postural stability provided by the BOS had no effect on the 
occurrence of APAs: they7 were present on 97% of the trials. Furthermore, the 
direction of the APA was always the same as that required to achieve the target. 
Target distance and BOS had no effect on the APA latency which averaged 199 
+\- 70 ms across subjects and conditions. In contrast, amplitude and duration of 
APA’s increased linearly with target distance and amplitude was always greater 
during the more posturally stable condition. These results suggest that changes 
occurring in the trunk and lower extremities pnor to initiation of arm movement 
sem not only to stabilize the body, but arc also used to initiate and assist the 
transport of the hand to the target.

610.2
EFFECT OF VOR GAIN CHANGES ON BALANCE. RA Clendaniel*. SA 
Holthaus and MM Pitterle. Div OHNS, Duke Univ Med Ctr, Durham, NC, 27710

Previous work has demonstrated that there is specificity to changes of vestibulo- 
ocular reflex (VOR) gain depending upon the contextual cues of the situation.
However, patients treated with VOR adaptation exercises following acoustic neuroma 
resection displayed improved balance function as measured with computerized dynamic 
posturography (CDP) as compared to similar patients who did not perform VOR 
adaptation exercises. The present study was conducted to determine if changes in 
VOR gain in normals led to changes in postural stability, or were specific to the VOR.

Twenty-one normal subjects (ages 21-36) participated in this study; subjects were 
randomly assigned to the increase gain, decrease gain, or control groups. Pre-training 
postural stability was assessed through CDP sensory organization tests (SOT). Pre-
training horizontal VOR gain was measured through rotary chair testing. Subjects in 
the increase gain group were fitted with +8 diopter lenses, while subjects in the 
decrease gain group were fitted with -8 diopter lenses. The control group wore no 
glasses. All subjects underwent 1 hour of VOR training. For the VOR training, the 
optokinetic stimulus in the rotary chair enclosure was turned on, but was stationary. 
The chair rotated at a range of frequencies (0.04 to 0.32 Hz), and the subjects were 
instructed to track the visual targets. Following VOR training, the glasses were 
removed and VOR gain was again determined . Following the VOR testing, the 
subjects’ postural stability was again measured by CDP.

All subjects who wore either the +8 or -8 diopter lenses demonstrated changes in 
VOR gain in the expected direction. The control group had no change in VOR gain. 
Postural stability measures showed no difference among the three groups on SOTs 1 - 
5 following VOR training. Both the increase gain group and decrease gain group 
showed a significant (p<.05) increase in postural sway on the initial trial of SOT 6, in 
which visual and somatosensory cues were perturbed. These results suggest that 
horizontal VOR gain changes have no effect on vestibular control of balance as 
measured by CDP. The increased sway under conditions where somatosensory and 
visual cues are perturbed may be explained by increased reliance on visual stimuli.

610.3
SAFETY MARGINS RELATIVE TO FEASIBLE POSTURAL DYNAMICS: ADAPTATION AND LEARNING 
IN A STANDING TASK INVOLVING SELF-GENERATED PERTURBATIONS. J. L Patton1^ & W.A Lee*3 
1Bioengineering, 2Physical Therapy, 3lnst Neurosci, Northwestern U., Chicago, IL 60611.

Defining dynamic postural stability and how it changes with experience is a difficult problem in the 
study of balance. One approach is to identify mechanical conditions beyond which a fall must occur, 
called the feasible dynamics (FD). It is likely that the actual behavioral dynamics (BD) that subjects use 
to perform actions are generally well inside the boundaries of the FD, yielding a safety margin (SM). 
With experience, subjects might adopt larger SMs to provide space and time to correct for inaccuracies 
or perturbations. For a pendulum model of center-of-mass (CM) motion, the FD are limited by the 
restriction that the center of pressure (COP) must always reside under the foot (Pai & Patton 1997, J. 
Biomech. 30:347-354). If this model adequately characterizes balance dynamics, SMs derived from the 
COP would be valid measures of dynamic stability. This study evaluated how practice influenced SMs 
on a standing task involving self-generated perturbations. We hypothesized that model-predicted and 
COP SMs would agree, and that SMs would increase with adaptation and learning.

Freely standing subjects made 120 brief, horizontal pulls on a handle to varying target forces each 
day for 5 days. Subjects typically developed posterior momentum, made a brief pull that reversed CM 
motion, and then recovered balance. We recorded kinematics and force data, and estimated CM 
motion with an 8 segment sagittal model. We defined adaptation as changes within 1 day’s practice, 
and learning as changes over 5 day’s practice. Three SMs were defined: COP-minimum-distance-to- 
edge (spatial SM), COP-minimum-time-to-edge (temporal SM), and model-predicted-torque-to-edge 
(model SM).

Model and spatial SMs were highly correlated (mean r = 0.92), demonstrating that dynamics are 
well characterized by the pendulum model. Median COP was 46% from toe to heel. The average SM 
range (17%) did not change with experience. Subjects developed larger spatial SMs with adaptation 
and larger spatial and temporal SMs with learning, with the median COP shifting toward the foot center. 
These results suggest that more experience is needed to control temporal SMs (which require 
prediction) than spatial SMs. Persistent motor variability suggests that a "safety margin control 
strategy," in which movements are organized to remain in a safe operational range, may be a robust 
alternative to strategies that optimize to a single trajectory. Support by NSF IBN-9319601

610.4
VISION AND PRACTICE INCREASE MUSCULAR COMPENSATION FOR 
HEAD-DESTABILIZING INTERACTION TORQUES DURING VOLUNTARY 
STANDING PULLS. D.F. Bedford*, J.W. Steege, W.A. Lee, Phys. Ther. & Inst. 
Neurosci., Northwestern Univ. Med. Sch., Chicago, IL 60611-2814.

Reflexes, visually mediated and otherwise, and learning both might contribute to 
head stabilization in space (HSS) during voluntary trunk movements. This study 
evaluated how well the CNS achieves pitch-plane HSS against potentially 
destabilizing inertial torques, due to trunk movements during voluntary standing 
pulls. We hypothesized that vision and several days’ practice would improve HSS by 
enhancing muscular compensation for inertial torques.

In Expt.l, 9 healthy adults practiced making impulse-like pulls (90 trials) on a 
bilaterally held handle, to a peak-force target (35% of estimated maximum), with 
vision and feedback about peak force. They then made 20 more pulls to the target 
with and without vision. In Expt. 2, 9 other subjects made pulls for five days (20- 
80% est. max., always with vision). A motion analysis system tracked head, neck and 
trunk motion. Inverse dynamics was used to estimate the total torque acting on the 
head Tnet and its gravito-inertial Tgi and muscle Tmus components. A compensation 
ratio (CR) was used to quantify Tmus cancellation of Tgi- Trials were grouped by 
peak force (±5%) before analysis with repeated measures ANOVAs (alpha = .05).

RMS head angular velocity was significantly lower with vision: a change partly 
effected by significantly larger CRs when the eyes were open. However, CRs were 
never very large («.35); inspection of individual trials suggests that Tmus dominates 
head control, except during the pull itself, when the Tgi tends to dominate. In 
Expt. 2, the accuracy of the pulls improved and CRs increased significantly, 
especially for pulls of intermediate force. We hypothesize that as subjects become 
expert in the primary task, the CNS is able to give greater priority to secondary goals 
such as compensation for interaction torques.

Supported by NSF grant IBN-9319601

610.5
THE EFFECT OF SWAY UPTRAINING ON SWAY MAGNITUDE AND 
CLINICAL TESTS OF BALANCE. S.L. Wolf, P.A, Catlin. E.M. Bonner, E.M, 
Marks, and M.S. Weston. Emory University, Department of Rehabilitation 
Medicine, Division of Physical Therapy. Atlanta, GA 30322.

This study examined the effect of sway magnitude uptraining on sway magnitude 
responses and on scores of four, common, clinical tests of balance (Falls Efficacy 
Scale, Timed Up-and-Go, Functional Reach, and One-Leg Stance) in older 
individuals. Eleven community ambulators, > 65 years, with no recent history of 
falls were recruited by convenience sampling. All subjects met inclusion criteria and 
were asymptomatic for falls. Each group received six baseline sessions and six 
control/training sessions, followed by one posttest session. Subjects attended 
between two and four sessions per week for four to six weeks. All sessions included 
notification of stance equilibrium followed by randomly-timed, toes-up perturbations 
(8°, 66°/sec) delivered by a NeuroCom® Smart Balance Master System. Training 
consisted of verbal instructions with visual feedback to shape increases in sway 
magnitude in response to these perturbations. Absolute sway magnitude in response 
to each toes-up perturbation was recorded by the NeuroCom® system. Scores on 
clinical balance tests were measured prior to the first session and prior to the 
thirteenth session. A significant decrease in the response window average sway, 
specifically during the T3 time bin, for the last four training sessions was observed 
among trainers when compared to their own baseline values, the baseline values of 
the control group, and the last four sessions of the control group. No correlation was 
found between any of the sway values and change in performance on clinical balance 
tests. The results of this study suggest that older individuals tend to constrain their 
sway in response to dy namic perturbations delivered by a balance machine regardless 
of visual and verbal feedback encouraging increased sway strategies; however, 
uptraining does appear to decrease the overall response window duration and change 
the nature of the response window time bins. Supported by VA Grant #E723-RA.

610.6
HAPTIC STABILIZATION OF POSTURE: INFLUENCE OF FINGERTIP 
CONTACT LOCATION IN RELATION TO AXIS OF INSTABILITY. E. Rabin. 
P. DiZio, S.B. Bortolami, and J.R. Lackner*. Ashton Graybiel Spatial Orientation 
Laboratory, Brandeis University, Waltham, MA 02254.

Postural sway during quiet stance is attenuated by contact of the index finger on 
a stationary surface. Such contact stabilizes posture even when the applied force level 
(<1N) is inadequate to provide mechanical stabilization. Changes in force level at the 
fingertip lead changes in center of pressure (COP) by about 250 msec. This implies 
that contact of the fingertip with a stationary object combined with proprioceptive 
information about the arm behaves as a sensor of body's position relative to the point 
of contact. We compared the effectiveness of the finger-arm system in different 
orientations around the body by having subjects touch a laterally placed versus 
frontally placed surface. Both configurations were tested in two stances: the heel-to- 
toe tandem Romberg stance that reduces medial-lateral (ML) stability, and the heel-to- 
heel, toes-outward, knees-bent "duck" stance that impairs fore-aft (FA) stabilty. For 
both stances postural sway in the direction of reduced stability was most attenuated 
when the touch cue was oriented in the same vertical plane. For the tandem stance, 
touch forces on the laterally and frontally placed bar led by 250 ms the ML COP 
fluctuations, but lateral contact attenuated ML sway significantly better than frontal 
contact. In the duck stance, the same leads of touch force ahead of FA COP 
oscillations existed in both configurations, but the frontal configuration reduced FA 
COP amplitude more than lateral fingertip contact. This suggests 1) sensory 
stimulation of the finger tip correlates to body sway for any orientation of the contact 
point, but 2) the optimal use of this information can be made when fingertip forces in 
the direction of sway produce the least tendency to rotate the arm about the torso. This 
configuration enhances a position-dependent proprioceptive sensitivity of the arm and 
fingertip to forces at the fingertip arrising from postural sway.

Supported by NASA Grants, NAGW-4374, NAGW-4375
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610.7
DEVIATIONS AND RAPID ADAPTATION OF LEG MOVEMENTS PERTURBED 
BY CORIOLIS FORCES IN A ROTATING ROOM. P. DiZio*and J.R. Lackner. 
Ashton Graybiel Spatial Orientation Laboratory and Volen Center for Complex 
Systems, Brandeis University, Waltham, MA 02254.

When subjects reach forward during body rotation, transient lateral Coriolis forces 
are generated on the arm and movement endpoints and trajectories are deviated in the 
direction these forces act. Endpoint accuracy and straight line paths are regained 
within ~ 10 reaches without visual feedback, at 10 rpm. Mirror-image trajectory and 
endpoint errors occur when subjects reach when again stationary.

We studied Coriolis force perturbations and adaptation in the leg. Six subjects stood 
in the center of a darkened rotating room, supported themselves with their left leg and 
attempted to move their right great toe to a target light on the floor 40 cm straight 
ahead. The target extinguished at movement onset and was embedded in a smooth 
surface to prevent visual and tactile feedback about leg trajectory and endpoint. A chin 
rest and railing at waist level prevented displacement of the head and body center of 
mass. A WATSMART system monitored position of the toe. When the room was 
stationary the toe path had a slight (16 mm, average) rightward convexity and an 
average peak velocity of 1234 mm/s. The initial movements of all subjects during 10 
rpm counterclockwise rotation were deviated to the right in the direction of the Coriolis 
force generated, and subjects felt an external force deviating their movements. The 
average endpoint of these movements was 41 mm right of pre-rotation baseline and 
curvature was 26 mm greater. Baseline curvature and endpoint accuracy were regained 
on the 9th per-rotation movement, on average. After adaptation subjects perceived no 
external forces on the leg. When rotation stopped and subjects reached again, 
movements were deviated left in a mirror-image pattern relative to the initial per- 
rotation ones, and subjects perceived a leftward external force as the “cause”. These 
data are inconsistent with equilibrium point theories of motor control and indicate that 
detailed proprioceptive monitoring of trajectory is utilized for self-calibration.

Supported by NASA grants NAGW-4374 and NAGW-4375.

610.8
ATTRACTORS IN CENTER OF PRESSURE MEASUREMENTS DURING QUIET 
STANDING IN HEALTHY ELDERLY. F. Prince*, J.W. Blaszczyk, R. Hebert, D.A. 
Winter and A.E. Patla. Gait & Posture Lab, Sherbrooke Geriatric University 
Institute, Sherbrooke. QC, CANADA, J1H 4C4.

Decline of integrity of many physiological systems in the elderly has a profound 
effect on the range of stability during upright posture. This postural instability might 
lead to falls which can drastically affect life quality of elderly. Progressive 
impairments of their stability control is reflected by changes in tire net center of 
pressure (COPnet). Most of the research so far looked at the range of the COP as 
well as the path length. However, to have better insight of the postural control, we 
must look for tire preferred parameters of the COPnet. The purpose of this study was 
to find a COP attractor in healthy elderly. The COPnet was calculated for 10 healthy 
elderly (mean age: 70y. range 60-78y) while standing for 120s on two AMTI force 
platforms with eyes open. The three forces and the three moments were A/D 
converted at 20Hz Resultant position, velocity and acceleration of COPnet were 
calculated and their distributions were expressed as percentage of the total time (TT). 
The results showed that elderly mostly (81% TT) maintained their COPnet within a 
mean range of .5 cm from the mean position while they choose (89% TT) to move 
very little their COPnet (0.05 cm) from sample to sample. The mean range of their 
preferred COPnet velocity was 0.5 cm/s for 93 % TT while the mean range of their 
preferred acceleration was 0 in/s2 for 53% TT. These two last results mean that the 
elderly preferred to move their COPnet at a constant velocity. Despite the well 
documented increased of the COPnet range with age, our study showed that elderly 
are still able to maintain their COPnet within a very small area. This confirm the 
existence of an attractor during upright posture. Our data also supported the strong 
possibility of a stiffness control as the main mechanism for upright posture in healthy 
elderly. Funded by the Medical Research Council of Canada and Fonds de recherche 
en sante du Quebec.

610.9
DECREASED ADAPTATION TO REPEATED SURFACE PERTURBATIONS 
DURING WALKING IN OLDER ADULTS. P-F. Tang*, M.H. Woollacott, R.K.Y. 
Chong. Dept. of Exercise and Movement Science, Univ. of Oregon, Eugene, OR 97403.

Our previous work showed that healthy young adults adapt to repeated, although non- 
consecutive, surface perturbations during walking by reducing the number of muscles 
being activated, and shortening the duration and decreasing the magnitude of postural 
responses. Such an adaptation ability reflects the integrity of the central nervous system 
function which fine-tunes muscle responses to meet the task requirement (Horak, 1996). 
This integrity, however, may decline with age. This study tested the hypothesis that older 
adults have decreased adaptive ability. Thirty-two healthy older adults (mean = 74 yrs) 
underwent 48 walking trials on a walkway instrumented with movable force plates. 
Twelve normal walking trials were first given in block, followed by randomized trials of 
12 anterior and 12 posterior perturbation (plate moving 10 cm at 40 cm/s at right heel 
strike, midstance, or late stance phase with 4 trials for each phase), and 12 additional 
normal walking trials. Thus, each type of perturbation was repeated, but not necessarily 
consecutive. Activation rate, onset latency, burst duration, and burst magnitude of 4 
muscles on the perturbed side, the tibialis anterior (TA), rectus femoris (RF), gluteus 
medius (GM), and rectus abdominis (AB), were analyzed across the 4 trials of the 
anterior perturbation occurring at heel strike. The GM activation rate decreased from the 
first to the fourth trial by 44% in the young but only by 15% in the older. While young 
adults decreased the duration and magnitude of all muscles but the GM from the first to 
the fourth trial even when the same perturbation was not experienced consecutively, older 
adults decreased the duration and magnitude of only the TA and/or RF responses and 
only when the perturbation was given in consecutive trials. Onset latency of muscle 
responses did not change over trials in both groups. These results suggest that older adults 
have reduced ability to adapt postural responses to repeated yet unexpected perturbations 
during walking. This difficulty with adapting to balance threats might account for their 
increased risk of falling when walking in a hazardous environment. (Supported by NIH 
AG05317 and research fellowship from Geriatrics section of APT A).

610.10
ATTENTIONAL DEMANDS OF POSTURE CONTROL: THE EFFECT OF 
SENSORY CONTEXT AND COGNITIVE DEMAND. A. Shumwav-Cook*, 
Northwest Hospital, Seattle, WA. 98133. M. Woollacott, University of Oregon, 
Eugene, OR.

Previous dual task research has shown that postural stability can be affected by 
performance of concurrent cognitive tasks (Chen et al, Shumway-Cook et al, in 
press). We have suggested that this effect is complex and depends on many factors 
including the nature of both the cognitive and postural task, the age and balance 
abilities of the subject, the intended goal, and instructions given (Shumway-Cook et 
al, in press). In this experiment, we used a dual task design to further clarify the 
attentional demands of postural control by: 1) examining the attentional demands of 
maintaining balance under altered sensory conditions, 2) determining the effect of a 
cognitive task on the ability to maintain stance stability under altered sensory conditions. 
Methods. 12 young and 12 healthy older adults (>65) stood under six sensory 
conditions designed to change the availability of visual and somatosensory input for 
posture control. A cognitive task (a choice reaction time auditory tone task) was 
added for half the trials in each sensory condition. Response time and accuracy 
were used to quantify the attentional demand of each sensory condition. AP and 
ML displacement (RMS) were used to quantify the effect of adding a cognitive task 
for each sensory condition. Statistical analysis included repeated measures ANOVA. 
Results and Conclusions. Maintaining stability' under altered sensory context 
significantly affected reaction time, but not accuracy, suggesting that standing 
under altered sensory conditions is more attentionally demanding than standing 
when all senses are available for postural control. For both groups, the cognitive 
task significantly affected both ML and AP components of sway, but the effect was 
dependent on visual and surface condition. In addition, there was a significant tone 
by group interaction suggesting that age affects the influence of a cognitive task on 
stability7. These results suggests that the effect of a cognitive task on postural 
stability is dependent on sensory context, and this effect is further impacted by age. 
This work was supported by a grant from the Foundation for Physical Therapy.

610.11
USING DYNAMIC COMPUTATIONAL MODELS TO UNDERSTAND THE 
INFLUENCE OF GRAVITY ON HUMAN MOVEMENT. D, Kalakani^C.S, 
Layne, L, D, Abraham, A.P. Mulavara, P.V. McDonald, W?P. Huebner*1.J,
Bloomberg. Neuroscience Laboratory, Johnson Space Center, NASA, Houston, TX 
77058

Despite a near continuous presence in space during the previous 30 years, little is 
understood about how humans adapt their movement patterns in microgravity. 
Opportunities to investigate human movement during space flight have been 
limited. We have been using planar mathematical models to simulate the task of a 
rapid bilateral arm raise and to obtain minimum movement time solutions. Here we 
report the effect of gravity (G), ground reaction force (GRF) and center of pressure 
(COP) location on the solutions of a seven segment model. We modeled as separate 
rigid segments the feet, lower legs, upper legs, pelvis, torso, head and arms. All 
joints were modeled as revolute pin joints. Nonlinear rotational spring and dampers 
restrained the movement of the ankle and knee joints within physiological limits. 
The feet were free to move off and slide along the ground. Joint muscle torques 
were generated through six idealistic torque generators each controlled by eight 
evenly spaced nodes. The initial position was quiet erect stance with the arms 
pendant and the feet horizontal; the final position was with the legs-body-head 
upright and with the arms and feet perpendicular to it. A variable step integrator 
was used for the forward simulations. The parameterized torque histories were 
optimized using a nonlinear optimization algorithm. We compared solutions with 
G, without G (free floating or attached to the ground), and with the COP location at 
the initial and final state proscribed to be either below the ankle joint or at the 
middle of the feet. The initial and final orientation, the anthropometric parameters 
and strength limits of the model were held constant for all simulations. We will 
report the kinematic and kinetic results of the three simulated conditions which 
demonstrate changes in optimal coordination in the absence of gravity.
This work was supported by NASA Contract NAS9 18492-1210-J33.

610.12
THE IMPACT OF LONG DURATION SPACE FLIGHT ON UPRIGHT 
POSTURAL STABILITY DURING UNILATERAL ARM RAISES. *C.S. Layne, 
A.P. Mulavara. P.V, McDonald, C.J. Pruett. I.B. Kozlovskaya. J.J. Bloomberg.
Neuroscience Laboratory, Johnson Space Center, NASA, Houston, TX 77058

It has previously been reported that crewmembers returning from space flight 
experience a variety of postural control problems. The purpose of this investigation 
was to assess the degree of postural instability and associated neuromuscular activation 
characteristics accompanying an upright, rapid unilateral arm raise after extended 
exposure to weightlessness. The task allowed for the possibility that the subjects 
could “trade off’ between the degree of self-perturbation (i.e. arm acceleration) and 
postural stability based upon the perception of their postflight movement control 
abilities. Seven astro/cosmonauts who experienced 3-6 months of microgravity 
aboard the Mir space station served as subjects. During 15 eye-closed, subject- 
initiated, rapid, right arm raises from a bipedal stance position, surface 
electromyography (EMG) was collected from selected lower limb, trunk and shoulder 
muscles. Ground reaction forces and tangential arm accelerations were also obtained. 
Data was collected approximately 10 days prior to flight and 1 day after landing. The 
results indicated that center of pressure peak-to-peak motion and pathlength increased 
despite the fact that 5 of 7 subjects decreased their peak arm acceleration after space 
flight. After space flight, the phasic features of the initial bursts of EMG activity 
(associated with arm acceleration) were similar pre- vs postflight but the 
neuromuscular activity occurring after the completion of arm acceleration was 
disrupted relative to preflight. These findings suggest that despite the fact that the 
majority of subjects decreased the magnitude of the self-generated perturbation, 
postural stability was compromised after extended exposure to microgravity.
This work was supported by NASA Contract NAS9 18492-1210-J33.
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610.13
POSITION-SPECIFIC COUPLING BETWEEN SOMATOSENSATION AND 
HUMAN POSTURAL CONTROL. P.Ribeiro*, L. Depasquale, K. Oie & J. Jeka. 
Motor Control Lab., University of Maryland, College Park, MD 20742.

The present investigation analyzed the temporal coupling between 
somatosensory information and the human postural control system. When a 
standing subject lightly touches a rigid, stationary surface with a fingertip, body 
sway is reduced even when contact forces are inadequate for mechanical support 
of the body. Moreover, body sway entrains to an oscillating contact surface. The 
degree of entrainment is dependent upon spatial parameters, such as: position and 
movement direction of the contact surface relative to the body. In the present 
experiment we changed the position of the contact surface and kept the movement 
direction constant across conditions. The main question was to determine how the 
temporal coupling between somatosensation and postural control system is affected 
by the modification of the position of the stimulus. Six subjects stood on a force 
plate while touching a metal plate with their right index fingertip. The metal plate 
was instrumented with force transducers with a feedback circuit which set off an 
auditory alarm if more than 1 Newton 100 grams) of force was applied at the 
fingertip. Subjects were instructed to keep the alarm off. The plate moved 4 mm 
at 0.2 Hz. The touch plate was placed in seven different positions between the 
lateral and the sagittal planes of the subject: 0° (sagittal), 15°, 30°, 45°, 60°, 75° and 
90° (lateral). The results showed an approximately linear decrease in coherence 
from 0°-90P for medial-lateral body sway while anterior-posterior sway showed an 
increase in coherence over the same conditions. These pattern of results 
demonstrate that temporal coupling between body sway and touch plate movement 
is sensitive to the spatial position of a felt surface. Somatosensation play an 
important role in coding the spatial position of objects and surfaces in the 
environment to determine overall body orientation.

610.14
THE ROLE OF INTERNAL MODELS IN SENSORIMOTOR INTEGRATION 
FOR HUMAN POSTURE CONTROL. F, B, Horak*1 and A. D. Kuo2. ’R. S. Dow 
Neurological Sciences Institute, Portland, OR 97209 and 2Dept. Mechanical 
Engineering, University of Michigan, Ann Arbor, MI 48109-2125.

We developed a model for sensorimotor integration and control of posture which 
was tested with data from normal and vestibular loss subjects. The model employed a 
state estimator, which uses an internal model of the body and sensory dynamics to 
form a subjective perception of body orientation in space. This perception is 
continuously updated by comparing predicted and actual afference, with relative 
weighting between multiple sensors dictated by their signal-to-noise ratios. The 
model predicts multivariate changes in body sway for altered sensory conditions. We 
tested 14 normal human subjects using the clinical Sensory Organization Test 
(NeuroCom Inti., OR) which employs six combinations of inaccurate visual and 
somatosensory conditions. Using these data, we calibrated the model’s signal-to- 
noise ratios and demonstrated that subjects exhibited changes in postural 
coordination consistent with the model’s predictions. We also performed an 
independent test by removing the model’s vestibular system and comparing 
predictions with data from 3 vestibular loss subjects. The model correctly predicted 
instabilities under the most challenging sensory conditions, and demonstrated 
robustness to partial sensory loss. The results suggest that the CNS may employ the 
equivalent of internal models to integrate sensory signals for control.

We propose a physiological mechanism for learning the internal model. An array 
of neural integrators or tapped delay lines provides a record of past motor commands 
and sensory output, and predictions of body orientation are formed from weighted 
sums of these data, with weights adjusted via long-term adaptation mediated by the 
cerebellum.

This work was supported in part by NIH grants 1R29DC02312-01A1 and 
P60DC02072-03, NSF grant IBN-9511814, and the Whitaker Foundation.

610.15
INFLUENCE OF STANDING WITH DIFFERENT PELVIS TILT ON POSTURAL 
RESPONSES TO SURFACE TRANSLATIONS. H. Hirschfeld13 ♦. F. Malouin2-3 and F. 
Horak3. Karolinska Institute, Stockholm, Sweden1 , Laval Univ. Quebec, Canada2 and 
R.S. Dow Neurological Sciences Institute, Portland, OR3.

The effect of momentary change of body geometry on postural responses was 
studied by comparing the effect off different initial pelvis positions on response patterns 
to sudden surface translations in standing humans. Ten healthy adults were exposed to 
sudden platform forward translations (12 cm: 35 cm/s) while standing with anterior pelvis 
tilt (AT), or posterior tilt (PT), and the responses were compared to those obtained while 
standing with neutral pelvis tilt (NT). During testing, body kinematics and muscle 
activations (EMG) from trunk and leg muscles were recorded.

Baseline data indicated significant (p<0.05) changes in the spatial pelvis position 
during AT (9 deg) and PT (5.4 deg). Although initial trunk and leg joint positions of the 
body were modified with changes in initial pelvis position, the initial COM position did 
not change. In addition, the level of background EMG was significantly increased in the 
lumbar extensor muscle duringAT and in some leg muscles during PT. In response to the 
platform translations, first joint movement onset increased at the ankle, whereas during 
PT it often occurred at the pelvis. Despite these changes in body geometry and 
background EMG with pelvis tilts, and although platform perturbations induced a 
reorganization in joint movement onsets, both the muscle onset latency and the intensity 
of muscle activation (0-75 ms) of the postural response pattern did not differ significantly.

The results suggest that because voluntary change of pelvis tilt influenced body 
geometry so that COM position remained unchanged prior to surface perturbations, the 
postural response pattern was not altered between conditions. The results support the view 
that the CNS makes use of a control process capable of estimating and modifying output 
variables primarily on the basis of an internal model of upright stance as in the neutral 
pelvis condition and momentary changes in body geometry do not affect the response 
pattern. Supported by a grant from the NIA (AG06457) to Dr. Horak.

610.16
POSTURAL CONTROL OF WEIGHT-SHIFTING DURING LATERAL LEG 
RAISING. L. Mouchnino*, M-L. Mille. M. Cincera, A. Bardot. A. Delarque. A. 
Pedotti, J. Massion. Lab. Movement and Perception, Faculty of Sport Sciences, 
University of the Mediterranean, CP 910, F-13288 Marseille cedex 9, France.

The coordination between equilibrium control and lateral leg movement raises a 
specific problem due to the fact that the limb to be moved is initially involved in 
supporting the body. The leg movement is therefore preceded by a shift of the center 
of gravity (CG) towards the supporting side. This CG shift is initiated by a thrust 
exerted by the moving leg onto the ground which is shortly preceded by an activation 
of the gastrocnemius medialis in the moving leg. The aim of the present study was to 
identify the parameters involved in regulating the CG shift. While standing, subjects 
were instructed to raise one leg laterally as fast as possible to an angle of 45° and to 
maintain the final position. The initial CG position was modified (far from or near 
the supporting side). Two parameters were found to be controlled: the thrust duration 
increased when the CG was far from the supporting side and a coactivation of the 
antagonist ankle joint muscles was used to increase the joint stiffness to improve the 
efficiency of the thrust. By contrast, the amplitude was lower than in the case of a 
median initial CG position. This suggested that the amplitude was not involved in 
regulating the intensity of the thrust since it was limited by the width of the base of 
support. When the CG was initially close to the supporting side, no thrust was 
needed. However, the thrust was present with an amplitude equal to the one observed 
in the median CG position. In this case, the thrust may produce pressure 
informations in the moving leg to be used to increase the accuracy of the final CG 
position. In conclusion, no new strategy was built up by the CNS. Therefore, new 
optimal patterns depending on the support conditions were used suggesting a flexible 
organization of the postural control.

610.17
LATERAL DEVIATION FORCE DURING RISING FROM SITTING. B.R, 
Etnvre*. Laura Cannistra, Henry Dutchover. Anna Williams and LaraLvnn Van
Duren Rice University and Texas Woman’s University, Houston, TX 77005.

Rising from sitting is an essential movement for activities of daily living and a
prerequisite to ambulation, yet relatively few studies have investigated the 
characteristics of the sit-to-stand (STS) motion. The purpose of this study was to 
examine the lateral displacement of ground reaction force during STS. Twenty-four 
subjects performed the STS movement using each of four conditions for rising which 
included: arms FREE; arms CROSSed; hands on KNEEs; and hands on ARMrests. 
Each subject’s bare feet were positioned on a forceplate (AMTI) which recorded 
ground reaction forces. Maximum forces in the left and right directions and the time 
each peak occurred were identified for analysis. Every subject displayed a dominate 
lateral force to the right during initiation of standing which shifted toward the center 
as they completed the movement. No significant differences were observed in average 
normalized peak forces in either direction between the four conditions (p > 0.05). 
Comparison of normalized time to peak force resulted in a statistically significant 
difference toward both the right, F(2,92)=5.94, p < 0.001, and the left directions, 
F(2,92)=3.48, p ~ 0.02. Post-hoc analysis revealed the KNEE condition was 
significantly earlier than the other three conditions with no differences among the 
FREE, CROSS and ARM conditons. In an effort to determine why every subject 
initiated the standing movement with lateral force on the right, correlations between 
peak lateral force and times with handedness, footedness and history of injury were 
calculated. Resulting r values were all in the zero to moderately low positive range (r 
= 0.01 to 0.5). Although the correlations were not significant it was noted that 96% 
of the subjects were right-handed and 92% had a right-foot preference. The strongest 
correlation was observed between the side of the previously injured limb and direction 
of force (r = 0.5). Subjects with a history of right leg injury exerted less force on the 
right side than those with a previous history of left leg injury.

610.18
VOLUNTARY CONTROL OF UPPER LIMB CONTRIBUTIONS TO POSTURAL 
REFLEXES. K. L. Eiger, A. M. Wing*. M. Gilles & A, K. Datta MRC Applied 
Psychology Unit, Cambridge CB2 2EF U.K.

When balance is disturbed, muscles remote (RMus) from those stretched may be 
activated synchronously as part of a postural response, suggesting a central neural 
origin for the muscle synergy. In a task where the arm may (A) or may not (B) be 
used to assist the legs in resisting a balance perturbation, we ask two questions: Ql. 
Can Arm RMus activity be voluntarily suppressed ? Q2. Does Arm RMus activity 
alter the rest of the postural response? Seven healthy subjects (Age 22-49, 4 F) were 
studied with ethical committee approval. Subjects stood on a forceplate whilst 
maintaining steady grip on a load cell with their right hand Servo controlled pushes 
(4% body weight) were applied laterally to left hip. Subjects adopted strategy (A) or 
(B) to resist the push. Results from subject 4 shown in Figure 1: Load force on the 
hand (LF), grip force (GF), ground reaction force (GRF) and integrated EMG in 
gluteus medius (GlutM) & RMus first dorsal interosseous (FDI) are displayed. Most 
FDI activity could be voluntarily suppressed (Ql). Irrespective of FDI useage, GlutM 
activity is unchanged (Q2), at least for 200ms after push onset (dashed vertical line).

For the group, Mean+SD latency for FDI (A), GlutM (A) & GlutM (B) were 
106.1+13.5, 74.3+5.3 & 81.3+14.6 ms respectively. In 5/7 subjects, no significant 
change in GlutM latency was seen in the two strategies (Q2).

Medical Research Council
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610.19
POSTURAL READJUSTMENT IN THE DARK: A STUDY IN NORMAL 

AND PROPRIOCEPTIVE DEFECTIVE SUBJECTS.

F. M, Botti, M. Zampolini*, A. Reali, L. Costantino, M. Franceschini.
Department of Intensive Neuromotor Rehabilitation, 06039, Trevi, Italy

In order to evaluate postural readjustment in the dark, the oscillatory 
patterns of the human body in stance after visual input interruption in 12 
healthy persons (HP) and 6 patients with selective lesions of the central 
somatosensory pathways were analyzed. All the subjects were instructed 
to stand quietly on a dynamometric platform with their heels 2 cm. apart 
and their feet 30° abducted. Each test lasted 130 seconds; subjects were 
asked to look at a fixation point 5 meters in front of them, to close their 
eyes (vision-off) after 30" and, after 50", to open them again (vision-on). 
Centre of Pressure (CoP) time series were recorded on a personal 
computer using an ADC plug-in board .and off-line processed (absolute 
velocity, frequency content and oscillation area variations). Patients 
showed significantly higher values than HP both during vision-off and 
vision-on phases. During the vision-off phase a peak of oscillation was 
initially present, followed by a stabilization period. An opposite behavior 
was observed during the vision-on phase. Interestingly, in spite of the large 
increase in oscillation observed throughout the trials in the proprioceptive 
defective patients compared to HP, the duration of the transitory periods, 
which followed the changes in the visual input, (about 10 sec for the vision 
off phase and 15 sec for the vision on phase) was substantially similar. The 
instability of the patients found in all the phases of the test confirms the 
fundamental role of proprioception in the control of posture. However, the 
time course of the peak decay, in the vision-off and vision-on phases 
suggests that the recalibration process which takes place after the variation 
of the visual input, is unaffected by the spinal cord lesion.

610.20
COMPARISON OF STATIC STABILITY AND RECOVERY FROM 
POSTURAL PERTURBATION IN YOUNG AND ELDERLY SUBJECTS.
P.M. Koceja*, and R.G. Mynark. Motor Control Laboratory, and Program in 
Neural Science, Indiana University, Bloomington, IN 47405

It has been hypothesized that age may be related to the ability to maintain static 
stability. Although static stability is important, it appears that dynamic balance 
may be a more important aspect of balance control to elderly subjects. Inability to 
efficiently recover from acute postural perturbation will lead to a greater demand 
on the muscular system to compensate. Since it is well known that muscle 
strength decreases with age these added demands may not be met. Therefore, an 
attempt to quantify this recovery may elucidate differences in balance control due 
to age. The purpose of this study was to measure static stability and recovery 
from acute perturbation of balance. These were measured in 16 young subjects (9 
females/ 7 males; age = 24.9 ± 3.8) and 26 elderly subjects (16 females/10 
males; age = 72.3 ±5.1). Static stability was tested for 6 trials of 15 second 
duration during normal standing with eyes open on a Kistler force platform. 
Recovery from acute postural perturbation was tested under the same conditions 
with perturbation elicited by a bilateral supramaximal tibial nerve stimulation.
The following results were obtained: static stability testing yielded a mean sway 
area of 25.52 mm2/s in young subjects compared to 32.62 mm2/s in elderly 
subjects. The ratio of sagittal to lateral sway was 1.50 in young subjects, and 1.46 
in elderly subjects. Perturbation testing yielded a mean recovery duration of 2.57s 
in young subjects, which was significantly different than the 3.08 s it took for 
elderly subjects to recover. These results suggest that age does have a role in 
decreased static postural stability as well as in the increased time taken to recover 
from perturbation. These findings may provide evidence of a decreased ability for 
elderly subjects to maintain balance during situations requiring acute dynamic 
recovery. Supported by NIH AG13660-02.

CONTROL OF POSTURE AND MOVEMENT: DEVELOPMENT

611.1
ACQUISITION OF STEREOTYPIC ARM KINEMATICS DURING REACHING 
IN THE FIRST THREE YEARS OF LIFE J. Konczak1*, and J. Dichqans. Dept 
of Neurology, University of Tubingen, Germany.
This longitudinal study monitored the developing motor coordination of goal- 
directed reaching during the first three years of life. We recorded vertical 
reaching movements of nine infants between the ages of 5 to 36 months. 
Purpose of the current analysis was A) to determine when infants acquire 
consistent, adult-like patterns of multi-joint coordination within that three-year 
period, and B) to relate their hand trajectory formation to underlying patterns of 
proximal joint motion (shoulder, elbow). Results: First, infant motor systems 
strive to obtain velocity patterns with as few force reversals as possible (uni- or 
bimodal) at all three limb segments. Second, most kinematic parameters do not 
assume adult levels before the age of 2 years. At this time, 75% of the trials 
reveal a single peaked velocity profile of the hand. Third, consistent interjoint 
synergies between elbow and shoulder motion are not achieved within the first 
year of life. Stable patterns of temporal co-ordination across arm segments 
begin to emerge at 12 to 15 months of age and continue to develop up to the 
third year. Between the second and third year of life most kinematic 
“improvements" are only marginal. Discussion: The development toward adult 
forms of multi-joint coordination during reaching requires significantly more time 
than previously assumed. Although infants reliably grasp for objects within their 
workspace at the end of their first year, stereotypic kinematic patterns are not 
expressed before the end of the second year of life. The developmental process 
toward kinematic “invariance” continues beyond the age of three years. 
Supported by SFB 307/A3 of Deutsche Forschungsgemeinschaft.
Mow at University of Dusseldorf, Dept. of Psychology, Motor Control Unit

611.2
COORDINATION OF POSTURE AND REACHING IN EARLY CHILDHOOD 

A.Dettwiler@. J.R. Higgins*, AM. Gentile@ Department of Biobchavioral Studies, 
Teachers College, Columbia University, New-York, NY 10027; * Department of Kin-
esiology, San Fransisco State University, San Fransisco, CA 94132

Prior research suggests that onset of selfproduced locomotion serves as a predictor 
for cognitive and emotional development (Campos et al. 1982, 1989). We investiga-
ted how different amounts of prior standing experience influences the coordination of 
posture and reaching in 8-mos. old infants. Two groups of infants were studied based 
on the length of time that they had been standing independently (experienced standers: 
at least Imos.; inexperienced standers no more than 5-10 days). Infants were video-
taped using an overhead view at 30 frames per sec.,while reaching for a peg placed at 
near, middle and far distance (1/3, 3/3, and 4/3 arm length) in a sitting and a standing 
position. Kinematic analysis of the metacarpophalangeal joint was used to quantify the 
reach and a head marker was used as an indicator of postural control. Results suggest 
that, 8 mos. old infants divide their reach into three distinct phases: 1) preparatory 
phase (PP), 2) transport phase (TP), 3) homing phase. In PP, less experienced standers 
scaled movement time (MT) to displacement as expressed by significantly longer MT 
(p=0.02). In addition, they demonstrated significantly higher number of movement 
units (p<0.05) and their postural adjustment was greater as expressed by a lager head 
displacement than more experienced standers (p=0.05). Less experienced standers also 
scaled hand (p=0.03)/trunk(p=0.04) displacement to target distance in PP. In TP, ex-
perienced standers scaled their movement time to distance and both groups determined 
their hand (p<0.05)/trunk (p<0.05) displacement to target distance. In agreement with 
Campos (1982), these data indicate that standing experience influences the coordina-
tion of trunk and arm movement during this period of infant development. Less experi-
enced standers appear to specify organization of reach /posture during both, PP and TP. 
In contrast, experienced standers organize coordination of trunk/arm movement 
predominantly in TP.

611.3
IDENTIFYING MOTOR SKILL ACQUISITION IN CHILDREN WITH 
INTELLECTUAL DISABILITIES. L. Pelland and P. McKinley. McGill School of 
Physical and Occupational Therapy. Montreal. CANADA. H3G 1Y5.

Children with intellectual disabilities often present movement patterns that 
are poorly planned, slow, stereotyped, and tend to be unsuccessful in meeting task- 
environmental demands. A comprehensive assessment of these motor difficulties 
should address the problem-solving strategies that are selected to resolve a specific 
set of task constraints as well as on outcome of task execution The task of 
alternating stair descent was evaluated in 2 groups of pair-matched children (6-! 2 
years) with moderate to severe intellectual disabilities. The objectives of this study 
were: 1. To identify predictors of skill acquisition for stair descent in this population 
using movement analysis techniques that can be clinically implemented; 2. To develop 
a composite score that can measure change in task performance, and serve as a basis 
for formulation of a training strategy; and 3. To determine the relative efficacy of 
constant training in stair descent (CT) and a global motor program with varied tasks 
(VT) tor teaching alternating stair descent. Performance was assessed at 5 and 10 
weeks of training, and 5,10 and 52 weeks post-training. Results indicated that stair 
descent could be well characterized by four performance parameters: execution time 
(TR), movement form (MF), internal (PC,) and external (PCe) proprioceptive cueing. 
These parameters were coalesced into a behavioral composite score (BCS). The CT 
protocol was found to be more efficacious for teaching and maintaining the 
alternating stair descent skill in our population (p<.05 for BCS at weeks 10,15,20). 
Skill improvement was associated with a decrease in TR and PCi. For the VT group, 
there was an increase in PCi and TR values at the end of the training session (wk 10). 
By week 20 however, children in the VT group no longer relied on PCi during task 
descent. Thus the protocols differentially impacted on the performance parameters 
and overall level of skill acquisition and retention. These differences were reflected in 
differences in BCS values. Supported by b'RSQ (RRRMOQ).

611.4
DEVELOPMENT OF OSCILLATORY BOUNCING BEHAVIOR IN INFANTS.
L.A. Vallis and H. Sveistrup*, Faculty of Health Sciences, University of Ottawa, 
Ottawa ON Canada K1H 8M5

Temporal coordination of unharnessed jumping is stable from its inception 
although control (spatial) of the task differs between children (Jensen et al., Res. 
Quart. Exer. & Sport 65:258-68, 1994). Acquisition of kicking behavior in infants 
initiates with controlled incorporation of hip followed by knee and ankle joint 
motion into the movement pattern (Jensen et al,., J. Motor Behav. 27:366-74, 
1995). We are interested in determining the process of acquisition of oscillatory 
bouncing behavior in infants.

Seven infants (aged 6- to 12-months) were instrumented with surface electrodes 
placed over muscles of the lower limb of the right side of the body. The infants 
were placed in a harness attached to a spring and load cell system that was hooked 
into the ceiling. Infant bouncing behavior was recorded (60Hz) by one camera 
placed 90 degrees to the sagittal plane and video records were used to subjectively 
assign infants as less- (LS), moderately- (MS), and highly skilled (HS) bouncers. 
HS bouncers were characterized relative to LS bouncers by: i) increasingly stable 
lower limb joint angle-angle relationships and phase-plane trajectories; ii) the 
production of alternating contractions of antagonist muscle groups that were 
temporally coordinated with specific phases of the bounce; and iii) greater 
consistency in the movement patterns and ranges of motion at the ankle, knee and 
hip joints. Thus, contrary to unharnessed jumping recorded in young children, 
increasingly skilled bouncing behavior produced by infants was reflected by an 
increase in both temporal coordination and spatial control during bouts of bouncing 
behavior.

Supported by N.S.E.R.C. to H.S. and C.F.U.W. to L.A.V.. H.S. is a Career 
Scientist of the Ministry of Health, Ontario.
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611.5
COMPARISON .AND DEVELOPMENT OF POSTURAL MUSCLE 
ACTIVITY IN CHILDREN DURING STAND AND REACH FROM FIRM 
AND COMPLIANT SURFACES. S.L, Westcott* and C.A, Zaino. Department 
of Physical Therapy, Allegheny University of the Health Sciences, Philadelphia, 
PA 19102.

Postural muscle motor coordination patterns (MCPs) were monitored using 
surface EMG in children ages 6-12 years who were typically developing as they 
reached while standing on a firm floor surface and a compliant foam surface 
which was used to alter proprioceptive and cutaneous input. The objectives of 
the study were to identify and determine differences in the MCPs used during the 
two conditions and developmental differences between 6-8 and 9-12 year old 
children in both conditions. METHODS: Thirty-one children completed the 
reaching task in both conditions. Onset latencies of EMGs were determined 
using Lab VIEW software from unilateral recordings of anterior tibialis (AT), 
gastrocnemius, lateral quadriceps and medial hamstrings to determine postural 
MCPs, and anterior deltoid to signal activation of reach. RESULTS: A total of 
45 MCPs were identified across both conditions with slightly more variability 
(24) on the compliant surface than the firm surface (21). Proximal to distal 
MCPs occurred less frequently (20%) as compared to distal to proximal (80%) 
in both conditions. The AT was the muscle most frequently activated first (78%) 
and it activated prior to the deltoid 77% of the time in both conditions. The 9-12 
year olds showed less variability in number of MCPs and earlier activation of 
the AT in the firm surface condition than the 6-8 year olds. CONCLUSIONS: 
Children show a greater variety of MCPs during stand and reach on a compliant 
surface versus a firm surface; however, the specific MCPs between the two 
conditions appear similar. Older children show less variability and earlier 
anticipatory activation of postural muscles in both conditions as compared to 
younger children.
Sources of Support: 1) duPont Hospital for Children, A.I. duPont Institute, 
Nemours Foundation. 2) Section on Pediatrics, A.P T A.

611.6
THE SPEED-ACCURACY TRADE-OFF IN INFANT REACHING.
F.T.J.M. ZaaL & E. Thelen*. Department of Psychology, Indiana 
University, Bloomington, IN 47405.

One of the most well established phenomena in adult reaching is the 
speed-accuracy trade-off. For instance, in Fitts’ law, more severe end-
point accuracy demands (e.g., because of a smaller target) are associated 
with slower reaches. Here we show that infants at a young age already 
slow down their reaches for smaller objects. We studied 9-month old and 
11-month old infants who picked up either a small button, attached with 
a rubber band to a plastic plate for security reasons, or a larger toy 
puppet, presented on a similar plate. A Watsmart motion analysis system 
provided kinematics of the infants’ hand movements. Repeated measures 
ANOVAs revealed that reaches to smaller objects had longer movement 
durations (F( 1, 18) = 7.44; p < 0.05). The hand spent a larger portion of 
the movement near the smaller targets (F(l, 18) = 6.39; p < 0.05). 
Reaches to smaller targets were also more jerky, as indicated by a larger 
number of movement units (acceleration-deceleration sequences; F(l, 
18) = 5.71; p < 0.05) and less straightness (F(l, 18) = 5.63; p < 0.05). 
The ANOVAs revealed no significant age effects. By nine months, 
infants have just performed their first scissors grasps, picking up small 
objects with their thumb and index finger. The emergence of the speed- 
accuracy trade-off might well be related to their increasing proficiency at 
using thumb-index finger opposition.

Supported by NIH R01 HD 22830 12 to E.T.

611.7
THE DYNAMICS OF CHILDREN’S MEMORY FOR TARGET LOCATIONS. 
J.P. Spencer* & E. Thelen, Department of Psychology, Indiana University.

Previous studies have demonstrated that children make reaching errors following 
a delay in the absence of target information. Nevertheless, there has been no 
systematic study of the dynamics of these errors. Here we investigated the 
continuous evolution of six-year-olds’ and adults’ plans for movement direction. 
Following work by Ghez et al., we manipulated the angular separation between 
targets to determine if the metrics of the task influenced memory for target locations.

Twelve six-year-olds and 4 adults pointed to 1 of 3 hidden target locations on 
a horizontal table top with no visible landmarks. On each trial, a target appeared for 
2 s, disappeared, there was a variable delay, and then a "go" signal. After each trial, 
participants received target and timing feedback. Four children participated in one 
of three separation conditions (20, 40, 80 deg), and we used 5 delay times: no delay, 
5s, 10s, 15s, 20s. Adult participated in all conditions. We collected kinematic data 
(150Hz) from the tip of the index finger.

In the 20 deg condition, children showed a systematic shift of the constant 
directional error as a function of delay. Movements to the right or left targets were 
biased away from the center as the delay increased. Movements to the center showed 
little change in the constant error, but a marked increase in the variable error as the 
delay increased. By contrast, children in the 40 and 80 deg conditions showed few 
shifts in constant error as a function of delay. Adults were consistently accurate 
across the delay and target separation manipulations.

Data from the no delay condition demonstrate that children can plan an accurate 
movement. When target locations are close, however, this plan decays continuously 
and gradually as movement initiation is delayed. Thus, planning and remembering 
are continuous dynamic processes that shift relative to the metrics of the task.

♦♦Supported byNIH ROI HD22830 and NIMH KO5 MH01102

611.8
DEVELOPMENTAL CHANGES IN INFANT MUSCLE PATTERNS AS A 
FUNCTION OF LOCOMOTOR CONTEXT. R.M. Angulo-Kinzler*. B.D. Ulrich and
E. Thelen Departments of Kinesiology and Psychology, Indiana University, 
Bloomington, IN 47405.

The muscle patterns associated with adult locomotion are remarkably stable. Little is 
known about the development of muscle patterns as infants learn to walk, however. Here 
we describe the emergence of muscle patterns in three contexts, treadmill stepping, 
supported and independent walking, in four infants followed longitudinally from 8 to 14 
months. We collected EMG data from tibialis anterior, gastrocnemius, quadriceps, and 
hamstrings during swing phase and analyzed all possible states of single and multiple 
muscle activation. In all three contexts, muscle patterns became less variable with 
development. In general, infants used comparatively little co-activation on the treadmill, 
relying primarily on passive forces to swing the leg forward and tibialis activation to 
dorsiflex the foot. We observed many more states of co-activation involving all four 
muscles during supported and independent walking, likely to provide forward propulsion 
and to stabilize the leg in anticipation of weight support. Our data suggests that even at 
these early ages, the locomotor system flexibly adapts to the demands of the context. 
With development, stable locomotor muscle patterns are selected from many available 
options through infants’ experience with the dynamic, functional demands of upright 
locomotion.

Supported by NIH ROI HD 22830-12 to E.T.

611.9
KINEMATIC ANALYSIS OF HINDLIMB COORDINATION BEFORE 
AND AFTER MOTOR TRAINING IN THE RAT FETUS. S. R. Robinson*,
D. W. Peterson, and K. K, Gjerde. Department of Psychology, University of 
Iowa, Iowa City IA 52242.

Classic developmental studies have suggested that neural mechanisms 
of motor coordination can develop in the absence of movement, implying 
that sensory feedback plays no role in prenatal motor development. But 
recent evidence has emerged that fetal rats can alter interlimb coordination 
in response to changes in kinesthetic feedback. In this study, hindlimb 
activity of E20 rat fetuses was videotaped to measure changes in interlimb 
coordination. Fetal subjects were videotaped at 60 Hz in a 40-min session. 
Fetuses moved without restraint during an initial 5-min period. A stiff 
thread then was attached to both hindlimbs, creating an interlimb yoke. 
The yoke was cut 30-min later and fetuses moved without restraint for the 
final 5-min. Recordings from two camera views allowed reconstruction of 3D 
movement trajectories of both hindlimbs (PEAK). Kinematic analysis 
confirmed an increase in motor coordination after yoke training. The 
frequency and amplitude of hindlimb excursions did not differ before and 
after yoking, but limb positions in the sagittal plane became more highly 
correlated during yoke training and remained elevated after yoke removal. 
The distance between hindpaws was less variable after removal of the 
yoke, suggesting that the relative position of the hindlimbs was conserved 
during fetal activity. Profiles of hindlimb velocity and acceleration during 
individual limb excursions provided further evidence of lasting changes in 
fetal motor coordination. These findings suggest that fetuses are sensitive to 
changes in motor performance and can alter patterns of motor coordination in 
response to kinesthetic feedback during prenatal development.

This research was supported by grant HD 33862 to SRR.
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612.1
LIFTING UNKNOWN WEIGHTS: EVIDENCE FOR HIGH-LEVEL SERVO 
CONTROL. P.R. Burgess*, C.F. Buhler, T.A. Cooper and L.F. Jones. Dept. 
Physiol., Univ. Utah Sch. Med., Salt Lake City, UT 84108

Seated subjects raised an out-of-sight weight with the elbow flexors by means of 
a cable passing over a pulley, and then lowered it immediately. The subject lifted 
one of two weights without knowing which was present. When a force profile that 
gave accurate end-position targeting for a heavier weight was twice integrated after 
calculating the acceleration for a weight 10% less, a substantial overshoot occurred 
as required by the laws of mechanics. Since end-position accuracy was virtually 
independent of weight, the subject was not simply reproducing the same force profile 
from trial to trial. How sensory feedback was used to guide the movement could be 
seen from on-line correction of trial-to-trial variability in the acceleration profiles. 
These control characteristics were all load independent. Acceleration phase: The 
velocity as the acceleration fell through a fixed value was inversely correlated with 
the duration of the remainder of the acceleration phase but not its average value. 
The excursion of the load at this acceleration was inversely correlated with the 
average value of the remainder of the acceleration but not its duration. These 
inverse relationships have the effect of stabilizing both the velocity and the excursion 
as the acceleration phase ends. Deceleration phase: The laws of mechanics impose 
strict constraints on how the magnitude and shape of the deceleration must vary as 
a function of excursion at a fixed velocity if end-position accuracy is to be achieved. 
These requirements were met by appropriate adjustments in deceleration as the load 
moved toward the target position and required knowledge of impending excursion 
error. To deduce impending error, four pieces of information are required: (1) target 
position, (2) current position, (3) current velocity, and (4) current deceleration. The 
accurate correction of impending error means this information was compared with 
some internal standard (template), and the size and sign of the disparity regulated the 
generation of subsequent muscular force. Supported by NS21972 and FIHC.

612.2
IMPLICIT-EXPLICIT AND INTRA-INTERHEMISPHERIC FUNCTIONS IN 
BIMANUAL WEIGHT DISCRIMINATION. B. Preilowski and S, Hart 
(SPON: European Brain and Behaviour Society). Dept. of Psychology, 
Tubingen University, Christophstr. 2, D-72072 Tubingen, Germany.

Patients with complete neocortical commissurotomies have 
difficulties in simultaneous as well as successive bimanual weight 
discriminations. Patients in whom only the anterior two-thirds of the 
corpus callosum and the anterior commissure had been sectioned are 
able to do significantly better, but only if weights are lifted 
simultaneously. On the basis of other bilateral sensory-motor 
functions in partial and complete Split-brain patients, it was 
hypothesized that sensory information exchanged through the 
posterior one-third of the callosum and motor corollary information 
dependent upon anterior portions of the corpus callosum for 
interhemispheric transfer is crucial for bimanual weight 
comparisons. It was further assumed that movements of each hand 
during simultaneous bimanual lifting were more similar than during 
successive lifting, thus reducing the potentially harmful effect 
incurred when motor information could not be exchanged between 
hemispheres. Experiments with healthy participants similarly show 
better performance during simultaneous than during successive 
comparisons, although the former were judged to be more difficult 
than the latter. Lifting movements however were more similar during 
the successive than during the simultaneous condition. We conclude 
that sensory-motor interactions during intermanual weight- 
comparisons take place within each hemisphere, before bilateral 
comparisons are made, and that simultaneous comparisons involve 
more implicit processing than successive comparisons.

612.3
IN ALS, GLUTAMATE RELEASE FROM IA PRIMARY AFFERENTS TO 
MOTONEURONS IS NORMALLY MODULATED, AS INFERRED FROM 
NORMAL ATTENUATION OF H REFLEXES WITH MOVEMENT. J.D. 
Brooke*, G.F, Peritore, S.P. Dukelow, W.E. McIlroy, P.A. Anaerilli.
W.R, Staines. Neurophysiology Lab, Dept. Human Biology & Nutritional 
Sciences, University of Guelph, and Sunnybrook Health Sciences 
Center, Toronto, Canada

la release of glutamate onto motoneurons is presynaptically inhibited 
through sensory conditioning from limb movement in healthy humans, 
as evidenced by reduction of H reflex amplitude (Brooke et al. Prog. 
Neurobiol, 1997). We hypothesized that this presynaptic inhibition 
was not occurring in patients with amyotrophic lateral sclerosis (ALS). 
With four subjects in each of the groups of adult ALS, healthy young 
adult and healthy older adult, the subject's leg was passively moved in 
a pedalling motion at 30 rpm and the mean magnitudes of soleus H 
reflexes (n = 30) were compared to means taken at rest. Stable 
stimulation was inferred from stable M waves. Contrary to the 
hypothesis, in all ALS subjects the reflex magnitudes reduced with 
movement (mean fall to 55% of control, p<.05). As expected, they 
also fell substantially in the two healthy groups (p< .05). Because of 
the weak muscular status of the patient group, it was not possible to 
assess the movement effect during a tonic contraction. Nevertheless, 
the results suggest that defective proportional modulation of glutamate 
release at the la-motoneuronal synapse is NOT part of the aetiology of 
ALS. The assistance of Dr. Gawel of Sunnybrook Health Sciences 
Centre and the grant support of NSERC Canada and the Guelph 
Chapter of the ALS Society of Canada, are gratefully acknowledged.

612.4
DIFFERENTIAL MODULATION OF RELEVANT SENSORY INFORMATION AT 
A CORTICAL LEVEL AS MEASURED BY SEPs. W.R. Staines*, J.D. Brooke. W.E. 
McIlroy and G.F.Peritore. Dept. of Hum. Bio., Univ. of Guelph, ON, Canada, NIG 2W1.

Movement-induced receptor discharge attenuates initial somatosensory evoked potentials 
(SEPs) from cutaneous and muscle afferent origin. Sensory gating has been suggested to 
prevent irrelevant inputs from overwhelming primary cortical zones. To date, switching 
of sensory gating between inputs has not been shown, as transmission through different 
sensory channels becomes relevant for task performance. We hypothesized that SEPgain 
from cutaneous (sural nerve) and muscle afferent (tibial nerve) sources would be dependent 
on their relevancy to task performance. SEPs at Cz’ (2cm caudal to Cz, International 10-20 
System) were obtained by electrical stimulation of the tibial nerve at the popliteal fossa 
(TN) and of the sural nerve at the lateral malleolus (SN). Subjects wore dark goggles and 
sat with their feet placed on two footplates that rotated individually about the ankle joint. 
Mild cutaneous stimuli were applied across the surface of the left foot in all movement 
trials. SEPs were obtained at rest, during episodic passive movement of the left foot (~ 1-2 
s) which required no response, and during the following 3 response conditions: 1) Strategy 
Task - Subjects were instructed that the strategy for the correct response required the 
integration of information in the 2 sensory channels (cutaneous and proprioceptive inputs 
were both relevant). 2) Cutaneous Task - The correct response was dependent solely on the 
distribution of the cutaneous stimuli delivered to the foot (proprioceptive inputs were 
irrelevant). 3) Position Task - Subjects matched the passive movement about their left foot 
with their right foot (cutaneous inputs were irrelevant). Passive movement attenuated initial 
TN and SN SEPs to ~ 40% of the resting control (p<05). Versus passive movement, (1) 
when cutaneous inputs prov ided the relevant cue for the task, mean SN SEPs increased 
(+100%, p<05), (2) when the proprioceptive inputs provided the relevant cue for the task, 
mean TN SEPs increased (+90%, p<05), and (3) mean SEPs increased during the strategy 
task (+100%, p<05). We conclude that movement-induced sensory gating is alleviated 
when the sensory input is relevant to the task. Supported by NSERC.

612.5
FUNCTIONAL IMAGING OF SOMATOSENSORY EVOKED RESPONSES.
W.EMcIlroy*, S.EBlack, W.R.Staines, A.Chevrier, JDBrooke, MWood.
Sunnybrook Health Science Centre, Univ. Toronto, Ont, Canada, M4N 3M5 

Electrophysiologic enquiries focussing on somatosensory evoked potentials have
revealed robust activation of primary sensory regions of the cortex and profound 
modulation of this sensory representation under specific task conditions. The present 
work aimed to determine if similar modulation was measurable using functional 
imaging (fMRI) to represent these somatosensory responses. Echo spiral scans 
(interleaved 2-D multislice scans)were used to acquire fMRI images on a 1.5 Tesla 
signa magnet. There were 3 task conditions: 1) rest (no activation), 2) tapping of the 
end of the 3rd digit of the right hand at a rate of 1 Hz (using a customized mechanical 
tapping dev ice) and 3) tonic contraction of the right thumb and concurrent tapping of 
the 3rd digit. The hand was secured into a device which fixed the position of the 
hand, provided constant resistance to tonic contraction, and maintained the constancy 
of the intensity and location of the mechanical tap over the finger. Subjects repeated 
each of the three tasks in consecutive 30 second blocks eight times. Analysis of the 
images of the first five normal subjects involved averaging of appropriate frames per 
task and calculating power-adjusted t-scores between pixels. Initial analysis revealed 
activation of the parietal region approximating the location of the primary sensory 
cortex. There was no change in activation when tapping was performed in association 
with the conditioning task (thumb contraction), in contrast to the response scaling 
seen in electrophysiologic representation of somatosensory responses. Further 
methodologic investigations are underway on parameters influencing the amplitude of 
activation during fMRI trials, including frequency and amplitude of stimulation, the 
nature of the conditioning task, and method of post-processing, to determine whether 
the differences between the two methods of expressing somatosensory representation 
truly reflect differences between electrophysiologic and hemodynamic responses to 
such stimulus conditions. Supported by NSERC Canada

612.6
PASSIVE MOVEMENT ABOUT THE WRIST OR ABOUT THE ELBOW 
ATTENUATES HUMAN UPPER LIMB SOMATOSENSORY EVOKED 
POTENTIALS (SEPs) G.F, Peritore*. J.D. Brooke, W.E. McIlroy, W.R. Staines. 
Neurophysiology Lab, Department of Human Biology and Nutritional Science, 
University of Guelph, ON, Canada, NIG 2W1.

Most work on movement-induced upper limb somatosensory evoked potentials 
(SEPs) has been on finger movements with a stimulation site at the wrist. In the 
lower limb, movement about both the knee and hip elicits attenuation of SEPs 
evoked at the popliteal fossa. We hypothesized that upper limb SEP attenuation 
would remain with a more proximal stimulation site and more proximal limb 
movement. In six subjects the median nerve was stimulated at the elbow. 
Movements were of the forearm about the elbow, and of the hand about the wrist. 
Stable stimulation was inferred through maintaining stable flexor carpi radialis M 
waves. Stimulating during the extension phase of wrist movements, SEP 
magnitudes were attenuated (mean fall to 68% of control, p <0.05). Similar 
reduction in SEP gain was observed when stimulating during the extension phase of 
elbow movements (mean fall to 75% of control, p <0.05). Thus, both movement 
conditions supported the hypothesis. When the elbow movement was repeated but 
with the stimulus site moved to the wrist and flexor pollicis brevis M wave control, 
no significant attenuation was observed (p >0.05). Thus, more proximal movement 
can induce SEP attenuation in the upper limb. Further, the principle still applies, 
that the attenuation appears restricted to movement of limb segments served by the 
test pulse (Cohen and Starr 1987). Supported by NSERC Canada.
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612.7
THE ORGANIZATION OF POSTURAL ADJUS TMENTS IN CONJUNCTION 
WITH RAPID STEPPING ELICITED BY NOXIOUS STIMULI. LRBent*. W.E. 
McIlroy, J.A, Howey, JRPotvin, J.D. Brooke. Department of Human Biology and 
Nutritional Sciences, University of Guelph, CANADA NIG 2W1

Anticipatory postural adjustments (APA) typically precede execution of voluntary 
stepping movements. Their purpose is to minimize the instability created when 
lifting ones foot. Recent studies, however, have revealed an absence of APAs prior 
to compensatory' stepping in response to novel whole-body perturbations (McIlroy 
and Maki, Gait & Posture 1993). The current view suggests that the absence of an 
APA prior to compensatory stepping is due to the temporal constraints created by 
the rapid swing limb unloading. We presently explored the influence of temporal 
constraints on the organization of stepping reactions by quantifying flexor 
withdrawal responses to noxious stimuli applied during upright stance. Flexor 
withdrawal responses were evoked in nine healthy subjects using noxious stimuli 
(approximately 4-5 x PT, rate 300 Hz, duration 50 ms) applied to the plantar surface 
of the foot using plate electrodes affixed over a forceplate. Focus was placed on the 
initial response to the noxious stimuli. Withdrawal responses were compared to 
fast voluntary stepping reactions to a non noxious stimulus cue (1.5-2 x PT). 
Stepping responses were characterized utilizing ground reaction forces and limb 
trajectory data. APAs were characterized by the presence of mediolateral centre-of- 
pressure (COP) excursions towards the swing limb prior to unloading. Analyses 
showed seven of the nine subjects lifted their foot in response to the noxious stimuli. 
Six of those seven exhibited a shift of COP towards the lift leg (an APA). The 
average latency from the stimulus onset to the detection of a lateral excursion for 
the withdraw response was 127 ms ± 13 ms. These latencies were much shorter 
than those observed for fast voluntary forward stepping responses (189 ms ± 39 ms). 
The results indicate there is time to include an APA prior to limb movements 
which are more rapid than compensatory' stepping. Clearly there is a need for 
further investigation into organization of postural adjustments for stepping 
responses. Supported by NSERC.

612.8
CONTRIBUTION OF TACTILE CUES TO ARM PROPRIOCEPTION. A.K. 
Rao and A.M. Gordon*. Depts. of Biobehavioral Sciences, Teachers College and 
Rehabilitation Medicine, College of Physicians and Surgeons, Columbia 
University, New York, NY 10027

In the present study we examined the contribution of tactile information from 
the fingertip to the performance of a hand apposition task. Subjects were asked, 
with their eyes closed, to localize the position of the left (reference) hand and to 
bring the right (test) hand into apposition to its remembered location (cf. Helms 
Tillery et al., Neuroreport 1994). The reference hand was passively moved to 
one of 16 possible targets and then back to the starting position. The targets 
were arrayed in a rectangular planar grid. The task was performed under three 
conditions in a randomized order: Subjects were provided 1) only kinesthetic 
information, by holding the reference hand over the target, and then 
repositioning the test hand to the same location, 2) kinesthetic information 
supplemented with tactile cues from the reference hand, by touching the surface 
on which the target was arrayed, and then repositioning the test hand to the same 
location but holding the finger above the surface, and 3) kinesthetic information 
supplemented with tactile cues from the reference and test hands, by touching 
the surface on which the target was arrayed, and then repositioning the test hand 
to the same location again touching the surface. A local anesthetic was injected 
in the reference hand in several of these subjects, and the procedure was 
repeated. As previously shown, subjects produced idiosyncratic errors which 
were dependent on the location of the hand. The presence of tactile cues from 
the reference hand resulted in more accurate and consistent performance. The 
results suggest that tactile information from the reference hand may enhance 
information from proprioceptors, and are in agreement with the notion that 
tactile information can contribute to proprioception (e.g. Gordon & Soechting, 
Exp. Brain Res. 1995).

612.9
MUSCLE SENSE IS ATTENUATED DURING HUMAN ARM 
MOVEMENTS. D.F.CoIlins*, T.L.Cameron, P.G.Gillard and A.Prochazka, Div. 
of Neurosci., University of Alberta, Edmonton, Alberta, CANADA, T6G 2S2.

Human “muscular sense” has long been thought to rely on “specific sense 
organs in muscles, tendons, and joints” (Sherrington, 1900). The present study 
investigates the effect of movement on our ability to detect input from muscle 
receptors. Seated subjects were asked to report each time they perceived an 
experimentally-induced twitch of the right extensor carpi ulnaris muscle. Twitches 
were evoked via surface electrodes through anesthetized skin or fine wires inserted 
into the muscle. Twitch amplitude was monitored in two ways. 1. Surface EMG 
electrodes. 2. Accelerometers over the muscle. Kinematics were recorded using a 
motion analysis system (Skill Tech.) or length gauges. Twitch amplitude was 
increased until subjects detected the twitch 100% of the time during static trials. 
Subjects were instructed to report only when a twitch was positively identified. Tasks 
included active and passive movements of the ipsilateral wrist or fingers at 1, 2 and 3 
Hz. Tasks requiring precision (thread needle), attention (count backwards), goal 
directed movement (reach) and contralateral movement (wrist, reach) were also 
investigated. Twenty twitches were evoked randomly during a block of trials. Velocity 
dependent attenuation of muscle sense was observed during ipsilateral active 
movement in all subjects. The effect was large; in one subject only 10% of twitches 
were perceived during 3 Hz finger movements and in another only 5% were perceived 
during 3 Hz wrist movements. This attenuation was independent of movement 
direction. Passive movements always resulted in less attenuation than comparable 
active movements. Ipsilateral reaching reduced twitch perception in all subjects. This 
was most pronounced in one subject who detected the twitch only 15% of the time. 
Little or no attenuation was observed during contralateral movement or tasks requiring 
precision or attention. Results indicate that during movement our ability to consciously 
perceive muscle inputs is reduced. Funded by the MRC and a Killam Scholarship.

612.10
MOTOR DEFICITS FOLLOWING LARGE-FIBRE DEAFFERENTATION IN 
THE CAT. G.M. Bishop*, M.HulIiger, M. Djupsibbacka, A.Wojciechowski, & I. 
O’Callaghan. Dept. of Clinical Neurosciences, Calgary, AB, Canada T2N 4N1.

The role of sensory feedback in the control of movement can be gauged 
from motor deficits after deafferentation. The traditional method of dorsal rhiz-
otomy lacks selectivity (for modality and/or fibre size), and is complicated by 
surgical trauma. More recently, patients with peripheral neuropathies have been 
studied. Yet these are not easily defined electrophysiologically, they tend to 
develop gradually; thus motor deficits may be masked by compensation.

Overdoses of Pyridoxine cause selective degeneration of large sensory fibres 
in man, dog and rat. This is associated with ataxia, although motoneurones are 
not affected. However, the nature and magnitude of the motor disorder induced 
by such chemical deafferentation have never been examined in any detail.

Motor deficits due to Pyridoxine-mediated deafferentation were analyzed 
in cats, using kinematic recordings and reflex testing in chronic animals, as well 
as single unit and compound potential recordings in terminal acute experiments.

Following Pyridoxine treatment (3 x 350 mg/kg, i.p.), animals developed 
incapacitating ataxia, which precluded spontaneous walking and treadmill loco-
motion without weight support, while vestibular reflexes were not affected. Ten-
don tap reflex EMG responses and weight-supporting reflexes after falls were 
abolished in parallel with the development of ataxia. Further, inter-limb coord-
ination was disrupted during harness supported treadmill locomotion, as the 
phase locking between fore- and hindlimb step cycles was lost. Finally, acute 
electrophysiology revealed abolition of the early components of orthodromic 
sensory compound potentials in dorsal roots, both from skin and muscle nerves. 
In contrast, antidromic motor compound potentials (ventral roots) and tetanic 
muscle force were normal. In single unit recordings the complete absence of 
group I and fast group II muscle afferents was striking, while slowly conduct-
ing group II and group III fibres were responsive and readily isolated.

Thus, selective large fibre deafferentation, uncomplicated by trauma, elicits 
dramatic motor deficits, emphasizing the critical importance of sensory feedback 
for movement control. The observations further suggest a new role of sensory 
feedback in inter-limb coordination during walking. Supported by AHFMR.

612.11
PROCESSING OF KINAESTHETIC INPUTS IN PURSUIT MOVEMENTS 
§$P. Viviani* and 8G. Baud-Bovy §Faculty of Psychology and Educational Sciences, 
University of Geneva, Carouge, Switzerland and department of Cognitive Science, 
Vita-Salute S, Raffaele University, Milan, Italy.

The ability to estimate the extent of passive hand movements depends on whether 
the imposed displacement complies with the Two-thirds Power Law which constrains 
active movements (Viviani et al. JEP:HPP, 1997). It was argued that errors in the 
estimation of metric properties are due to ineffective processing of kinaesthetic 
inputs. Little is known, however, about the role of the reactive forces generated 
during passive displacements. Two experiments investigated this issue. A mechanical 
arm (Simens R15) was used to drive the dominant hand of blindfolded subjects 
through rectilinear or complex trajectories. In all cases subjects were instructed to 
follow the displacement smoothly, minimizing the effort felt at the handle. The three 
components of the reactive forces were measured by a high-accuracy force transducer 
mounted on the handle. In Exp. 1 we manipulated the kinematics of the movement 
by specifying the point of maximum velocity along the trajectory. Although movement 
extent and duration were kept constant, amplitude and distribution of the reactive 
forces demonstrated that smooth pursuit is possible only with velocity profiles similar 
to those observed in spontaneous active movements. In Exp. 2 the hand was driven 
along random smooth trajectories connecting two points 40 cm apart. At the and of 
the movement the subject had to move back actively the hand to the starting position. 
The accuracy of the homing movement was measured with the ELITE system. The 
main controlled variable was the distribution of velocity along the trajectory which 
was either constant, or varied according to the Two-Thirds Power Law. Accuracy in 
the second condition was much improved with respect to the constant-velocity control. 
Accuracy covaried with the distribution and total amount of reactive force exerted 
during pursuit, suggesting that accurate processing of kinaesthetic information is 
facilitated when muscular forces are coherent with the actual displacement of the 
limb.

612.12
SENSITIVITY OF DSCT NEURONS TO LIMB MOVEMENT PARAMETERS.
G. Bosco and R.E, Poppele*. Dept. of Physiology, University of Minnesota, 
Minneapolis, MN 55455.

Recent work has shown that, under passive conditions, neurons of 
the dorsal spinocerebellar tract (DSCT) may represent whole limb kinematic 
parameters; namely, limb posture and movement direction. Their marked 
directional sensitivity suggests that time-dependent movement parameters, 
like movement velocity and acceleration, may also be explicitly encoded by 
these cells. Movement velocity, for example, includes both a directional 
component in the movement direction and a scalar magnitude, the movement 
speed. We investigated this issue by recording DSCT activity in anesthetized 
cats while the hindfoot was passively moved through trajectories modeled 
after a step cycle with different speeds.

By comparing DSCT responses for the same foot path traversed at 
different speeds, we found that movement speed had only a small effect on 
response magnitude. In a population of 112 DSCT neurons, we estimated an 
average activity change of about 26% for a two-fold change in movement 
speed, and about 20% (22/112) of these showed no change.

We examined the relative contribution of each kinematic parameter 
in determining neuronal activity by means of a multivariate regression model 
that accounted for the effects of foot position, movement direction, speed and 
their interactions. Overall, position accounted for about 35% of the variance 
in activity across cells, while movement direction and speed accounted for 
45% and 10% of the variance respectively suggesting a separate processing 
of the speed and directional components of velocity. Preliminary results also 
suggest that some cells may be specifically sensitive to movement 
acceleration. Thus, DSCT neurons appear to encode limb kinematics with a 
separate and differential sensitivity to specific kinematic components.

This work was supported by N.I.H. grant NS21143.
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612.13
TIMING OF KINESTHETIC VELOCITY PERCEPTION IN HUMANS S.E. 
Grill*, W.F. Rosenberger K. Boyle, M, Cannon and M. Hallett. Human Motor 
Control Section, National Institutes of Neurological Disorders and Stroke, NIH, 
Bethesda, MD 20892.

Normal subjects use kinesthetic velocity information to generate motor 
responses in 200-300 ms. These responses are apparently carried out 
subconsciously since sensory stimuli probably do not reach consciousness for up 
to 500 ms. We used a psychophysical method to estimate the timing of perception 
of kinesthetic velocity stimuli.

Thirty normal volunteers were studied. The right index finger was attached to a 
torque motor. One to three seconds after a “get-ready” auditory signal, a flexion 
movement about the metacarpophalangeal joint at either 20,40 or 60 deg/s began . 
An auditory click lasting 1 ms occurred at a random time prior to or after the 
movement. In part I, subjects reported whether they perceived the movement or 
the click first. In part II, subjects reported whether they knew the movement 
velocity before or after the click. A randomized sequential design was used to 
choose the timing of the clicks so as to focus most of the data points at intervals 
where subjects had greatest uncertainty. The time at which there was a 50% 
chance that subjects reported movement (part I) or velocity perception (part II) 
after the click was taken as an estimate of the time subjects perceived the stimuli 
and the difference between the two as a kinesthetic velocity processing time.

The difference in time of perceived movement velocity and movement onset 
was only significant when the velocity was 20 deg/s (52 ms). This suggests that 
movement onset and velocity for the faster movements are perceived nearly 
simultaneously. These, psychophysical findings are compared to the responses of 
muscle spindle afferents and cutaneous mechanoreceptors.

612.14
PROPRIOCEPTIVE CONTROL OF CIRCLE-DRAWING
S, Verschueren. S. Swinnen. P. Cordo*
Motor Control Laboratory, Catholic University of Leuven, Belgium

Circle-drawing is a multijoint movement in which the muscles crossing 
the elbow and the shoulder are sequentially activated. The timing, 
duration, and intensity of activation must be precisely controlled to move 
the hand in a circular pattern within a fixed area of the workspace. We 
investigated whether proprioceptive input is important in the coordination 
of the elbow and shoulder movements underlying circle-drawing.

Normal blindfolded human subjects sat at a table with the dominant arm 
horizontal (wrist splinted) and drew approximately 8 cm radius circles 
counter clockwise on a digitizing tablet with a repetition rate of 1 Hz. 
Circles were drawn with and without vibration of the biceps brachii and 
anterior deltoid tendons. Vibration was applied to each muscle 
individually or both muscles. We measured the peak-to-peak amplitude 
and absolute position of the hand, elbow and shoulder angles, and EMG 
activity of biceps brachii, triceps brachii, anterior and posterior deltoid.

Vibration of the biceps brachii or the anterior deltoid produced a 
continuous and systematic drift of the circle-drawing movement across 
the work space. Vibration of both muscles resulted in a drift roughly 
equal to the summation of the individual vibration effects. Very little 
EMG activity was observed in the elbow muscles compared to the 
shoulder muscles. Nevertheless, vibration the biceps brachii—which 
was largely inactive in this task—changed the activity patterns of 
shoulder muscles, thereby distorting the metrics of circle-drawing. These 
results demonstrate that proprioceptive information from different 
muscles, both active and inactive, is integrated and used in the 
coordination of intersegmental movements such as circle-drawing.

612.15
STOCHASTIC RESONANCE—MECHANISM OF FUSIMOTOR 
ACTIVATION? P.Cordo, S.Verschueren, J. T. Inglis*, D. Merfeld
R.S.Dow Neurological Sciences Institute, Portland, OR 97209

Stochastic resonance is a mechanism by which noise can enhance the 
detection of weak signals in certain nonlinear systems. Recently it was 
shown that a mechanical noise stimulus, externally applied to a tendon, 
enhanced the signal-to-noise ratio of human muscle spindle afferents1. 
We hypothesized that the enhancement of muscle spindle output 
normally produced by fusimotor activity represents an "internal" use of 
stochastic resonance—fusimotor enhancement occurs by randomly 
"jiggling" the receptor rather than tonically stretching it.

The activity of muscle spindle afferents from the thumb, finger and 
wrist extensors was recorded using microneurography in normal human 
subjects. The wrist was passively rotated with a sinusoidal waveform 
(0.8 Hz; ±1-8°), sufficient to excite the afferent weakly. In trials lasting 
30 s, the subject contracted the muscle of origin at one of 16 constant 
levels using visual feedback of the EMG signal. It was presumed that 
the level of fusimotor activity was graded in proportion to the level of 
muscle contraction. The power spectrum of the spike train, which 
showed a peak at the wrist rotation frequency, was used to calculate the 
output signal-to-noise ratio (SNR), defined as the area under the peak 
above the noise level divided by the level of muscle contraction.

A majority of afferents showed stochastic resonance type behavior— 
the output SNR increased to a maximum and then decreased with 
increasing contraction level. This result is consistent with the hypothesis 
that normally occurring fusimotor activity sensitizes the receptor by 
jiggling it rather than tonically stretching it to a more sensitive length, 
^ordo et al. (1996) Nature 383: 769-770.

612.16
ALTERATION IN FIDELITY OF PROPRIOCEPTIVE INFORMATION 
TRANSMITTED IN ENSEMBLES OF PRIMARY MUSCLE SPINDLE 
AFFERENTS AFTER MUSCLE FATIGUE IN A SYNERGISTIC MUSCLE. 
S.J. Day*, J. Pedersen, M. Ljubisavljevic, M. Bergenheim and H. Johansson.
Dept. of Physiology and Technology, National Institute for Working Life, 
S-90713 Umea, Sweden.

The aim of the present study was to investigate the effects of chemosensitive 
muscle group DI and IV afferents, activated by muscle fatigue, on the encoding 
of proprioceptive information in ensembles of primary muscle spindle afferents.

The experiments were made on seven chloralose anaesthetised cats. The 
medial gastrocnemius (MG) muscle was subjected to electrical stimulation (40 
Hz, 1.3 times motor threshold) until the tension fell below 30% of initial level. 
Prior to, immediately following and five minutes after the electrical stimulation, 
the ipsilateral lateral gastrocnemius (LG) muscle was subjected to three 
repetitions of three different sinusoidal stretches (1 Hz, peak to peak amplitude; 
3, 4, 5 mm). During the stretches, the responses of 3-10 primary muscle 
spindle afferents from the LG muscle were recorded simultaneously. The 
ensemble responses were analysed with cluster analysis and an algorithm for 
measurement of cluster separation.

The results of the analysis showed that there was a significant reduction in 
the ability of the ensembles of primary muscle spindle afferents to discriminate 
between the muscle stretches of different amplitude after the MG muscle had 
been fatigued. These effects were probably caused by reflex effects from 
chemosensitive group Ul and IV afferents onto gamma-motoneurones projecting 
to the lateral gastrocnemius muscle. This study was generously supported by 
grants from The Swedish Council for Work Life Research

612.17
SENSORY SOURCE IDENTIFICATION WITH MULTI-CONTACT NERVE CUFF 
ELECTRODES. J,A, Hoffer *, Y. Chen, P,R, Christensen and K.D. Strange. Schools 
of Kinesiology and Eng. Science, Simon Fraser Univ., Burnaby, BC V5A 1S6, Canada

Prostheses for restoring the use of paralyzed limbs will benefit from sensory feedback 
from independent sources, e.g., from the finger pads. To resolve multiple sources using 
nerve cuff electrodes, one could either 1) implant several cuffs on small palmar digital 
nerve branches or 2) implant multi-contact cuffs on larger parent nerves in die forearm. 
Approach #1 may render selective signals but requires delicate surgery and has high risk 
of causing nerve damage. Approach #2 is surgically simpler, quicker and safer, but its 
utility will depend on whether multiple electrodes inside a cuff are sufficiently selective.

To test feasibility of approach #2 in an animal model, we implanted 4-channel multi-
contact cuff (MCC) electrodes on ulnar and median nerves of cats for over 4 mo. to date. 
To check nerves and electrodes under anesthesia, compound action potentials (CAPs) 
were evoked by tripolar recording and stimulating cuffs placed distal and proximal to 
each MCC. Implantation of the MCCs did not affect tripolar CAP amplitudes. Shapes of 
CAPs recorded by MCCs remained invariant. CAP amplitudes paralleled tripolar CAP 
fluctuations but declined somewhat (consistent with normal connective tissue ingrowth).

To measure the selectivity of MCCs we used CAP features to form vectors in a feature 
space. Euler distances were used to measure differences between normalized vectors. 
Selectivity was defined as the average Euler distance between all normalized feature 
vectors in the feature space. In experiments under anesthesia, we stimulated each of the 
five digits with surface electrodes and recorded eight channels of CAP data from MCCs 
on the two nerves. The Euler distance method resulted in maximum selectivity indices 
>60 (theoretical maximum= 100). In comparison, the maximum selectivity index using 
the two conventional single-channel tripolar cuffs implanted on the same nerves was 40.

To investigate the selectivity of MCCs to mechanical stimulation under anesthesia, a 
computer-driven probe either indented or slipped along each digit pad. Feature vectors 
were formed using features of electroneurographic (ENG) activity recorded with the 
MCCs. Selectivity for mechanical inputs had index values up to 60, almost similar to 
selectivity to electrical digit stimulation, although with largo- standard deviations.

These results suggest that multi-contact nerve cuffs may resolve several sensory 
signal sources and provide feedback applicable for control of multi-channel prostheses.

Funded by NIH (NO1-NS-6-2339) & Can. NeuroScience Netwk. (Thm. 6, Proj. A3).
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613.1
MEMBRANE POTENTIAL IMAGING IN EARTHWORM VENTRAL NERVE 
CORD INDUCED BY ELECTRICAL OR TACTILE STIMULATION. K. Oka.* _K, 
Suzuki, T. Inaba. H. Ogawaf and K. Tanishita. Dep. System Design Engin. Fac. Sci. 
Technol. Keio Univ., Yokohama, Kanagawa223, Japan and fKawachi Millibioflight 
Project, ERATO, JST, Meguro, Tokyo 153, Japan.

Although a ventral nerve cord is the segmental nervous system that controls various 
behavior of the earthworm, the functional role of distinct neurons located in each 
segmental ganglion is still unclear. We, therefore, visualized membrane potential 
response of the ventral nerve cord when tactile or electrical stimulation was applied on 
the earthworm, Eisenia foetida. The ventral nerve cord was incubated in an earthworm 
saline containing 0.5 mM RH414 for 90 min. Staining condition was checked with 
confocal laser scanning microscopy. Membrane potential change was visualized with a 
16 x 16 photo diode array based imaging system (ARGUS 50 /PDA, Hamamatsu 
Photonics, Japan). Electrical stimulation (4.5 V, 200 Hz) to the cut end of 1st lateral 
nerve depolarized neurons whose somata are located on the dorsal side of the ventral 
nerve cord. Eminent depolarization was observed at the membrane of the median giant 
fiber (MGF). Spatial and temporal patterns of this depolarization depended on the 
location of stimulation (1st, 2nd or 3rd lateral nerve). Tactile stimulation (stroke: 0.4 
mm; duration: 10 msec) at the anterior part of the body wall depolarized membrane 
potential of the MGF in posterior segments of the ventral nerve cord. After repetition of 
the single stimulus (100 times), depolarization of MGF induced by tactile stimulation 
was decreased. These observations imply that membrane potential imaging is a useful 
tool for mapping the functionally distinct neurons in the ventral nerve cord of the 
earthworm.

This investigation was partially supported by "research for the Future" program of 
Japan Society for the Promotion of Science (contract number JSPS-RFTF 96100102).

613.2
ENCODING OF TOUCH LOCATION BY THE MECHANOSENSORY P 
CELLS IN THE LEECH LOCAL BEND REFLEX. J.E. Lewis* and W.B. 
Kristan Jr., Biology Department., University of California, San Diego, 9500 
Gilman Dr., La Jolla, CA, 92093-0357.

Local bending in the leech, Hirudo medicinalis, is a body positioning 
reflex elicited by a mechanical stimulus to the body wall. The bend is achieved 
by the contraction and relaxation of longitudinal muscles on the same or the 
opposite side as the stimulus, respectively. This motor output produces 
behavioral output that is centered within 10% of the stimulus location. 
Mechanosensory input to the local bend network consists of six T cells and 
four P cells. The present study focuses on the role of the P cells. The peaks of 
the P cell tuning curves (the preferred stimulus locations) are distributed 
evenly around the body perimeter. The tuning curves overlap such that any 
given stimulus will activate just one or two P cells.

We consider two different models of stimulus location encoding by 
the P cells. The first model is the winner-take-all, in which the local bend 
output is centered at the preferred location of the P cell that is most active. 
The second model is the vector sum, in which the behavioral output is 
centered at a location that is the sum of the preferred locations weighted by the 
respective P cell spike counts. To test these models experimentally, we 
simultaneously monitored behavioral output and the activity of both activated 
P neurons on a trial-by-trial basis. In addition, we artificially induced spikes in 
a single P cell during a mechanical stimulus trial. The vector sum model best 
explains our results thus far.

Supported by NRSA Predoctoral Fellowship MH 10677 (JEL), NIH 
Training Grant GM08107 (JEL) and NIH Research Grant MH43396 (WBK).

613.3
PERIODIC OSCILLATIONS IN MEMBRANE POTENTIAL OF CRAYFISH 
OLFACTORY FOREBRAIN NEURONS ARE ORGANIZED BY SYNAPTIC 
INPUT. DeF. Mellon*Dept. Of Biology, Univ. Of Virginia, Charlottesville, VA 
22903

In crustaceans, antennular olfactory receptor neurons terminate upon 
interneuronal targets in the midbrain; processed olfactory information is then 
relayed by projection neurons to targets in the hemi-ellipsoid bodies in the 
eyecups.I have recorded from local intemeurons (LPIs) in the hemi-ellipsoid 
bodies of the crayfish Procambarus clarki, to determine the role these neurons 
play in olfactory-mediated behaviors. In isolated, cannulated head preparations, 
crayfish LPIs exibit ongoing depolarizing membrane potential oscillations with 
periods of 0.5-1.0 Hz at 18°C. I used electrophysiological and pharmacological 
techniques to investigate the origins of these periodic potentials, and this 
spontaneous activity is modified by odorants applied to the antennules. The 
amplitude of the depolarizations increases when the LPI membrane is 
hyperpolarized by injected current. Moreover, the sodium channel blocker TTX 
reversibly eliminates the periodic membrane potential depolarizations. 
Furthermore, bathing the preparations in zero calcium, high magnesium saline 
also reversibly eliminates the oscillations.Both treatments also blocked the 
excitatory postsynaptic potentials in LPIs generated by electrical stimulation of 
the antennules.I conclude that the periodic depolarizations are imposed upon the 
the LPIs by activity in presynaptic pathways. The most likely pathways for this 
action are axons of the olfactory projection neurons, in the olfactory-globular tract 
(OGT). This question is currently being addressed by obtaining simultaneous 
recordings from pairs of LPIs and by reversible blocking in the OGT. Supported 
by grant # IBN-9319406 from the National Science Foundation.

613.4
THE ROLE OF JOINT RECEPTORS IN SCORPION LOCOMOTION.
T. M. Root*. Department of Biology, Middlebury 
College, Middlebury, VT, 05753.

The structure and activity of scorpion leg 
receptors were examined for their role in joint 
movements and leg coordination during walking to 
study proprioceptive modification of motor function. 
The femur-patella and patella-tibia joint receptors 
were examined for surface receptors by scanning 
electron microscopy, and for internal receptors 
through histological sectioning. Identified 
receptors were monitored electrophysiologically 
while animals were videotaped during walking on 
smooth surfaces and as they adjusted to substrate 
texture changes, and leg movements were analyzed by 
a computerized tracking system.

The sensory neurons innervating the external slit 
sensilla and joint membranes are conspicuously 
located beneath nearby cuticular structures, and are 
comprised of only a few to dozens of cells. They are 
sensitive to minimal movements of the exoskeleton or 
articulating membrane, and show directional 
sensitivity to flexion or extension. When scorpions 
walked on highly variable substrates, the activity 
of specific receptor groups was enhanced. When 
receptors were selectively ablated, there were 
minimal effects upon leg coordination, but more 
pronounced changes in joint angles, suggesting their 
may control•local joint motions.

613.5
MODULATION OF THE SENSORY DISCHARGE OF A LEG 
PROPRIOCEPTOR BY ANTIDROMIC SPIKES IN CRAYFISH. M. Bevengut, 
F, Clarac and D. Cattaert*. CNRS, Lab. Neurobiologie et Mouvements, 
B.P.71,13402 Marseille ex 20, FRANCE

In the sensory neurons of the coxo-basal chortotonal organ (a leg 
proprioceptor in crayfish), orthodromic spikes convey the sensory 
information from the cell somata (located peripherally) to the output 
terminals (located in the central neuropil). During fictive locomotion, the 
primary afferent terminals receive presynaptic depolarizations (PADs). In 
40% of the primary afferents, the amplitudes of the PADs are large enough 
to elicit bursts of antidromic spikes which travel back to the periphery.

To determine whether the antidromic spikes modified the orthodromic 
activity of the sensory neurons, single identified primary afferent terminals 
of the proprioceptor were intracellularly recorded and stimulated in in vitro 
preparations of crayfish nervous system.

Depolarizing current pulses were delivered in trains whose frequency 
and duration were controlled, in order to reproduce bursts of antidromic 
spikes similar to those elicited during fictive locomotion by presynaptic 
depolarizations of the primary afferents.

According to their frequencies, these antidromic bursts reduce or 
suppress the orthodromic discharges in both position- and movement- 
sensitive neurons. They also induce a long-lasting silence and a gradual 
recovery of the orthodromic firing after their occurrences.

Neither the collision between the afferent and the efferent messages 
nor the release of 5HT by the sensory neurons can explain these results. 
We therefore conclude that antidromic bursts produce a peripheral 
modulation of the orthodromic activity of the sensory neurons, modifying 
their sensitivity by mechanisms yet unknown.

613.6
CORD STRETCH RECEPTORS OF THE AUSTRALIAN FRESHWATER 
CRAYFISH, CHERAX DESTRUCTOR. J.M. Drummond, D.L. Macmillan* 
Department of Zoology, University of Melbourne, Parkville Victoria 3052 Australia

Crayfish abdominal stretch receptors (SRs) provide information on segment 
position and external loads. The function of a second proprioceptive sy stem located 
entirely within the crayfish nerve cord, however, remains obscure. In contrast to the 
SRs, these cord stretch receptors (CSRs) are extension-sensitive, consisting of tonic 
and phasic cells that respond to cord stretch and hence monitor its length (Grobstein 
(1973) J. Comp. Physiol. 86: 331-348). Although CSR morphology and physiology 
are known (Savati, Macmillan (1993) J. Exp. Zoot. 265: 438-447), connectivity 
between the CSRs and the superficial extensor (SEMN) and flexor (SFMN) motor 
neurons remains unclear. In our laboratory, we have analysed this connectivity 
using isolated cord and extensor muscle preparations of Cherax destructor. 
Platinum pin electrodes recorded the activity of the SRs and motor neurons within 
the 2nd and 3rd nerves of A3. Stretch of the posterior connective activated the 
phasic and tonic CSRs within A3, monitored by a suction electrode recording from 
the CSR axons in the anterior connective. The CSRs and SEMNs were penetrated 
using intracellular electrodes containing Lucifer Yellow. Intracellular electrodes 
also recorded extensor muscle activity. Connectivity between the CSRs and the 
motor neurons was ascertained by simultaneous intracellular and extracellular 
recording and dye-filling. We found CSR activation consistently excited the 
peripheral inhibitor to the extensor muscles while increasing activity of the SFMN 
excitors. Thus, in contrast to the original findings in Procambarus (Kennedy et al. 
(1966) Symp. Soc. Exp. Biol. 20: 75-109; Grobstein (1973) J. Comp. Physiol. 86: 
349-358), the CSRs appear to function in a negative-feedback reflex during 
extension in a similar manner to the SRs during flexion. Supported by an Australian 
Research Council grant to DLM.
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613.7
BIOCYTIN LABELED ANTENNA I WITHDRAWAL
INTERNEURONS IN THE BLUE CRAB, CALLINECTES
SAPIDUS. C,M.Kikoy. J.M, Doyle, and P,B. Roys*. Dept. of
Biological Sciences, University of North Carolina at Wilmington, 
Wilmington, NC 28403.

Biocytin (4%, Sigma) was intophoretically injected into identified antenna I 
withdrawal intemeurons (IN’s) to determine their morphological distribution in the 
brain of Callinectes. Dissected brains were fixed for light or transmission electron 
microscopy, embedded in gelatin, and sectioned at 100 pm. The sections were reacted 
with Vectastain Elite ABC reagent (Vector Labs) in 0.3% Triton-X 100 and then 
reacted with diaminobenzidine. Sections used in TEM were post-fixed in osmium 
tetroxide, dehydrated, and embedded in Spurr’s resin. Biocytin was found to infiltrate 
small neurites in these cells more effectively than the fluorescent marker Lucifer 
Yellow (Molecular Probes) or Neurobiotin (Vector Labs). The somata of these 
morphologically similar cells reside in the anterior cluster and each sends a primary, 
decussating neurite down the contralateral esophageal connective. They possess 
secondary neurites that branch profusely in the lateral antenna I neuropil (LAN), the 
median antenna I neuropil (MAN), and in the case of IN23, the antenna II neuropil 
(AnN). Cells were identified on the basis of differences in the morphology and 
distribution of secondary neurites. Physiological data show that some of these IN’s 
mediate behaviors in addition to the withdrawal of the ipsilateral antenna I. TEM 
studies support the hypothesis that the recurrent branches from these IN’s synapse on 
elements (presumably motoneurons) in the LAN and AnN that control the withdrawal 
behavior of that particular appendage. This work was supported by NSF grants IBN- 
9214342 and IBN-9601063.

613.8
RELATION BETWEEN SPATIAL INTEGRATION PROPERTIES AND 
RECEPTIVE FIELD STRUCTURE OF LOBULA PLATE TANGENTIAL CELLS 
OF THE BLOWFLY. V. Gauck* and A. Borst, Friedrich-Miescher-Laboratory of the 
MPG, Spemannstr. 37-39, D-72076 Tubingen, Germany.
In the visual system of the blowfly lobula plate tangential cells (LPTCs) spatially 
integrate signals from retinotopically arranged neurons originating in the medulla and 
the lobula. Due to this input most LPTCs respond directionally selective to moving 
visual stimuli. All LPTCs are unique and identifiable by their branching pattern and 
their physiology. We recorded intracellularly from LPTCs sensitive for horizontal 
motion which had the particular property that they received inhibitory input from the 
contralateral eye. Their spatial integration properties were investigated, presenting 
moving patterns of different size (horizontal extend) in front of their ipsilateral eye. 
The neurons we recorded from fall at least into three distinct groups: i) Neurons of 
class I are activated by small patterns (12°) and are hyperpolarized by larger patterns 
(>=28°); ii) Neurons of class II also respond best to small patterns (12° or 28°) but 
their response to larger patterns is still positive, i.e. they are not hyperpolarized as are 
class I neurons; iii) Neurons of class III respond the stronger the larger the pattern size 
is. Neurons of class II and III receive bi-directional inhibitory input from the 
contralateral eye. We recorded from a bi-directional sensitive neuron which might 
mediate the inhibitory input of these two neuron groups. The neurons of class I and III 
and the bi-directional neuron have not jet been described. The neurons of class II might 
be identical to two figure detection cells (FD1- and FD4-cell: Egelhaaf, Biol. Cybern. 
52: 195-209, 1985). The optimal pattern size of class II neurons is not fixed but 
depends on the patterns position in the visual field. Therefore the mechanism 
underlying the selectivity of these cells for small patterns is probably based on their 
receptive field structure, that is similar to an on-center/off-surround organization.
This work was supported by the Max-Planck-Society and by the Deutsche:Forschungs- 
Gemeinschaft.

613.9
COMPUTER MODELS OF INVERTEBRATE PERCEPTIVE AND 
MOTOR SYSTEMS. E. G. Litvinov*, D. Sivashov, P. M. Balaban. 
Dept. Psychophysiology, Fac. Psychology, Moscow State 
University, Moscow.

A new algorithm is described which allows to represent Jive 
activity" of thousands of neurons on the computer screen, 
specify/change: synaptic connections effectivity, neuronal 
threshold, refractory period, synaptic delay, resting potential, 
waveform of spike and E/IPSP, external sensory inputs, etc. 
Jntracellular" activity of any neuron of the created network can be 
monitored independently.

Triggering of a butterfly flight by light and temperature rise is 
presented as a computer simulated neural network responding to 
changes in environment modelled by external inputs projecting on 
sensory neurons. The motor output in this network is triggered only 
in certain range of temperature and light.

A model of swimming behavior of pteropod mollusk Clione is 
presented. Switching of quiescent state swimming to escape 
swimming or alternative food-hunting swimming is achieved via a 
group of modulatory neurons and interconnections of groups of 
described in literature identified neurons.

New applications of presented approach are presented.

613.10
ACTIVITY-DEPENDENT PLASTICITY OF NOVEL SYNAPSES. IN 
THE INSECT CNS: ROLE OF THE TARGET CELL. K.A. Killian*. 
Dept. of Zoology and Center for Neuroscience, Miami University, 
Oxford, OH 45056.

The transplantation of leg sensory neurons (SN) to the abdomen was 
used to study, the neurotransmitter release properties of SN-to-giant 
intemeuron synapses in the cricket Acheta domesticus. When a meso- 
thoracic leg was transplanted to the position of a cercus, leg SNs grew 
and innervated modality-specific regions of the terminal abdominal 
ganglion. Intemeurons that normally receive synaptic input from 
cereal filiform hair SNs, including 8-la , 9-la and 9-3a, received input 
from SNs of ectopic leg campaniform sensilla while interneuron 7-la„ 
which synapses with cereal tactile SNs, received input from ectopic leg 
tactile hairs. To determine the release dynamics of these synapses, I 
recorded intracellularly from a giant intemeuron dendrite and 
extracellularly from a presynaptic SN. Synapses were tested with both 
paired-pulse and stimulus train paradigms.

Release properties of novel synapses were similar to those of control 
synapses. Both cereal and ectopic leg SN synapses with 7-la showed 
depression at all stimulus frequencies tested while ectopic 8-la 
synapses showed paired-pulse facilitation at 100 and 120 Hz. Filiform 
SN synapses with 8-1 a are known to exhibit facilitation (Davis and 
Murphey, J. Neurosci. 13:3827, 1993), however, unlike these control 
synapses, the facilitatory response of novel 8-la synapses decayed 
rapidly with repetitive stimulation. Novel synapses could also be very 
strong, with each SN action potential eliciting an action potential from 
the giant intemeuron. These results suggest that the release properties 
of synapses in this system are determined by the giant interneuron 
with which the synapse is formed. Supported by NIH NS32857.

613.11
ANALYSIS OF DESCENDING INFLUENCES ON MOTOR CONTROL OF 
COCKROACH ESCAPE. P.L. Schaefer*, A.J. Pollack and R.E. Ritzmann. 
Dept. of Biology, Case Western Reserve University, Cleveland, OH 44106.

The cockroach Peripianeta americana is an accessible system to study 
the neural architecture of a complex behavior. A tactile stimulus evokes an 
escape turn composed of stereotyped leg movements, orienting the animal 
away from the perceived threat. Electromyogram (EMG) recordings of the 
leg musculature during escape turns showed reproducible bursts of slow and 
fast motor neurons (MNs) that were consistent with the separate kinematics 
of each leg. Type A thoracic intemeurons (TIAs) make up a multisensory 
locus for control of the escape system. TIAs synapse to MNs that control leg 
movements both directly and indirectly via local intemeurons (Lis). In last 
year’s presentation, we demonstrated that decapitation alters both the 
kinematics and the EMG motor patterns of escape, with the largest effect in 
the prothoracic legs and no detected effect in the metathoracic legs.

To study the actual effect of descending influences on individually 
identifiable cells in the thoracic circuitry, we sought to identify appropriate TIA 
to MN targets and also to develop a reversible block that mimics 
decapitation. In a detailed study of connection patterns between identified 
TIa s  and specific MNs, we found that two omnidirectional TIAs (301 and 701) 
made connections with a wide range of MNs, making them excellent targets 
for studying the effect of descending influences. We also developed a 
sucrose block of the neck connectives that produces reversible changes in 
EMG motor patterns similar to those found in decapitation. We will utilize the 
reversible block to examine the effects of descending inputs on the pathway 
between TIAs 301/701 and the motor neurons to which they connect.

Supported by Whitehall Foundation Grant #J95-02 to RER and PHS 
Grant #AG-00105-11 to PLS

613.12
SOUND FREQUENCY SPECIFIC RESPONSES OF CRICKET OMEGA 
NEURON. Z. Faulkes* & G.S. Pollack. Dept. Biol., McGill Uni., 1205 Ave. Dr.- 
Penfieid, Montreal, QC, H3A 1B1. E-mail: zfaulkes@bio1 .lan.mcgill.ca

The cricket omega neuron (ON1) processes sounds from conspecifics 
(e.g. mating calls; ~4.5 kHz) and predators (i.e. bats, -30 kHz). ON1 is most 
sensitive to 4.5 kHz sounds, but responds to 4.5 kHz sound at a longer latency 
than 30 kHz sound (J. Comp. Physiol. A 174: 83). Here we further analyse the 
specificity of ON1 's response to differing sound frequencies.

We presented crickets (Teleogryllus oceanicus) with 20 ms sound pulses 
with a 0.2 ms rise and fall time, with sound frequencies ranging from 3-40 kHz 
and intensities from 40-100 dB. We used both extracellular and intracellular 
electrodes to record ON1 and auditory sensory neurons.

The longest latency occurs specifically at -4.5 kHz, ON1 ’s best frequency. 
This latency difference does not appear to result from differences in when 
sensory impulses arrive at ON1; the top conduction velocity of auditory sensory 
neurons is -2 m/s for all sound frequencies. Also, ON1 produces more spikes 
in response to 30 kHz sounds than to 4.5 kHz sounds at intensities > 80 dB. 
Both frequency specific effects persist when crickets are unilaterally deafened 
contralateral to the sound source, indicating that these differences are 
generated within the ipsilateral hemiganglion. Although the longer latency and 
reduced spike output at 4.5 kHz suggest frequency-specific inhibition to ON1, 
preliminary intracellular recordings of ON1 have not shown any IPSPs.

Thus, not only does ON1 ’s sensitivity vary with sound frequency, but the 
timing and strength of its output also depends on sound frequency.

Supported by NSERC and Whitehall Foundation grants to G.S.P.
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613.13
PHYSIOLOGICAL PROPERTIES OF AUDITORY RECEPTORS IN THE 
AUSTRALIAN FIELD CRICKET TELEOGRYLLUS OCEAN1CUS 
K. Imaizumi* and G. S. Pollack Department of Biology, McGill University, 
Montreal, Quebec, Canada, H3A 1B1

The cricket hears a wide range of frequencies from 2 up to 100 kHz with only 
70 receptors. However, the detailed physiological properties of receptors are not yet 
known. We are making single unit recordings to address the physiological properties 
of auditory receptors.

Single unit recordings from receptors show that most receptors are tuned to 
frequencies below 5.5 kHz, while some receptors are tuned to 10 kHz or ultrasound 
and a few to a mid range of frequencies, 12 to 18 kHz. Most receptors have multiple 
sensitivity peaks in addition to the characteristic frequency.

The physiological population of receptors is diverse in threshold, response 
slope in rate intensity function, the number of spikes, and spike firing rates.
However, low frequency receptors differ from ultrasound receptors. Receptors tuned 
to below 5.5 kHz have lower threshold than ultrasound receptors. Threshold ranges 
from below 30 to 75 dB for low frequency receptors, and from 45 to 80 dB for 
ultrasound receptors. By contrast, ultrasound receptors produce a larger number of 
spikes with higher firing rate than low frequency receptors. Ultrasound receptors 
show steeper response slope in rate intensity function than low frequency receptors. 
These results along with anatomical evidence (Imaizumi and Pollack, 1996, Soc. 
Neurosci. Abstr. 22: 1082) suggest that ultrasound receptors have stronger outputs 
on intemeurons than low frequency receptors.

Supported by NSERC Canada and Whitehall Foundation

613.14
BINAURAL AUDITORY INTERNEURONS IN AN ACOUSTIC DIPTERAN. 
M-L. Qshinsky* and R.R. Hoy.
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853-2702.

We are interested in the neural basis for sound localization in an acoustic 
parasitoid. Female flies (Ormia ochracea, Tachinidae, Diptera) localize singing male 
crickets (calling song = 5 kHz) using acoustic cues. The fly possess a novel 
mechanically coupled hearing organ. Sound localization is usually based on interaural 
time difference and interaural intensity differences which are vanishingly small in the 
fly. Previous studies have shown that the mechanical coupling of the tympanal 
membranes is essential for a directionally dependent difference in the amplitude of the 
movement of the tympanal membranes. (Robert et al., J. Comp. Physiol. 1996)

We have studied the interneurons in the fused thoracic ganglion of the fly to 
investigate how directional information is processed in the fly’s auditory system. We 
have identified local as well as ascending interneurons that show directional responses 
to sound presented at ± 90° or to an array of 5 speakers in front of the animal.

A local interneuron had a preference for sound ipsilateral to its cell body. This 
directional response was marked by a 15 dB threshold difference at the host’s calling 
song frequency and a distinct latency difference in the response of the interneuron to 
sound presented from different locations.

Another directional interneuron had an ascending axon contralateral to its cell 
body. The cell fired a burst of up to 5 spikes to each pulse of synthetic cricket calling 
song. The threshold for sound ipsi- and contralateral to the cell body was within 5 dB, 
but the latency of these spikes was delayed up to 3 ms 15 dB above threshold for 
sound ipsilateral to the cell body.

We have characterized the responses of 30 interneurons to sound presented from 
different locations and determined that direction is represented by 1) spike latency , 2) 
number of spikes , and 3) threshold of response.
Support: NIGMS-5T32GM07469 (MLO) and NINDCD-5R01DC00103 (RRH)

613.15
VISUAL INTERNEURONS INVOLVED IN FEEDING IN MANDUCA 
SEXTA (SPHINGIDAE, LEPIDOPTERA), M, Wicklein*. M.A. Willis and
N.J, Strausfeld. ARLDN, Tucson, Arizona, 85721, USA
A characteristic behavior of many Sphingid moths is their remarkably controlled 
hovering during feeding. We have performed a motion analysis of wild 
Manduca sexta to determine necessary and sufficient stimuli for this behavior. 
These stimuli were then used to identify cell types that could be crucial for the 
control of hovering. The visual parameters required for onset and maintenance 
of hovering are: the position of the image on the retina, the size or retinal 
expanse of the flower, and the velocities and accelerations of movement that 
trigger deceleration and the change from forward to hovering flight. Looming 
sensitive neurons were stimulated with computer-generated moving stripe 
patterns, rotating spirals, expanding/contracting discs, and concentric rings, all 
presented on a 160 Hz monitor. The stimuli were presented in different parts of 
the visual field. The size of the stimuli and the movement characteristics of the 
stimuli (velocity, acceleration) were varied. All looming sensitive neurons had 
receptive fields in the frontal dorsal region of the visual field, a position which is 
consistent with the behavioral data. M. sexta is able to visit a wide range of 
flowers of different size. Although most of the looming sensitive neurons show 
a peak response to an optimal retinal size, they respond well to a wide range of 
different object sizes and could therefore control flight in front of flowers of 
various size. When tested with different motion velocities and accelerations, the 
population of looming sensitive neurons fall into two groups, one sharply tuned 
to specific velocities and accelerations and another that is not influenced by 
these parameters. Supported by a Feodor Lynen Fellowship for MW and a grant 
from the National Center of Research Resources (NCRR), NIH RR08688 to NJS

613.16
AFFERENTS SUPPLYING INSECT MUSHROOM BODIES CARRY 
MULTIMODAL SENSORY INFORMATION Y.-S. Li* and N.J, Strausfeld. 
ARL Division of Neurobiology, University of Arizona, Tucson, AZ 85721.

Insect mushroom bodies (MBs) are paired brain neuropils that are believed to 
play an important role in olfactory learning and memory [Davis, R.L., Han, K.A. 
(1996) Curr. Biol. 6:146-148], In cockroaches, each MB consists of up to 2xl06 
intrinsic neurons (Kenyon cells), the dendrites of which form a distinct region called 
the calyces. The calyces are traditionally regarded as input regions supplied by 
terminals derived from projection neurons originating in the antennal (olfactory) 
lobes. The MB’s lobes, comprising parallel axons of Kenyon cells, are traditionally 
regarded as output regions, with extrinsic (efferent) neurons relaying information 
from networks of intrinsic neurons to premotor centers in the brain. Recordings 
demonstrate that the MBs are multimodal centers rather than exclusively olfactory. 
Intracellular recordings from MB extrinsic (efferent) neurons demonstrate their 
complex responses to combined olfactory, visual, acoustic, and tactile stimulation. 
How does the MB acquire this variety of sensory inputs if its main afferent supply is 
olfactory? Using intracellular recording with dye-filling and confocal microscopy, we 
have now identified input neurons, supplying the calyces and the MBs lobes, that 
convey combined olfactory, visual, acoustic, and mechanosensory information from 
regions of the lateral protocerebrum. These results suggest that the multimodality 
recorded from MB efferent neurons is not necessarily a consequence of multimodal 
processing within the MBs by networks of intrinsic neurons. Instead, multimodality 
is already processed by afferents supplying the MBs. These results demand a 
reevaluation of MB structure and function. Supported by grant IBN 9316729 from 
the National Science Foundation and an NIH training grant, NS07309.

613.17
BIOPHYSICAL IMPLEMENTATION OF A MULTIPLICA-
TION OPERATION IN AN INTERNEURON OF THE LO-
CUST. F. GabbianU, H. Krapp, C. Koch and G. Laurent, Div. of Biol., 
Caltech 139-74, Pasadena, CA 91125.

The lobula giant motion detector (LGMD) is a wide-field visual 
neuron responding preferentially to approaching objects on a collision- 
course with the animal. During approach, the instantaneous firing rate 
of LGMD is well fitted by a product of two terms proportional to the 
angular velocity and to an exponential of the size subtended by the ob-
ject at the retina, respectively (Hatsopoulos et al., Science, 270:1000- 
1003, 1995; but see Rind and Simmons, J. Neurophysiol., 77:1029-1033, 
1997). To investigate the biophysical implementation of this multipli-
cation operation, LGMD was stained with cobalt hexamine and Lucifer 
Yellow (n=14) and the morphology of the cell was reconstructed from 
stacks of images obtained by 1- and 2-photon confocal microscopy. The 
membrane time constant and input resistance at various locations in 
the dendritic tree were determined from current injections in discon-
tinuous current clamp mode. LGMD shows an anomalous rectification 
manifest as a sag in the membrane voltage trajectory during hyperpo-
larizing pulses and subsequent rebound excitation. Depolarizing pulses 
were used to investigate the dependence of the firing frequency on in-
jected current and time-averaged membrane potential. They revealed a 
strong firing frequency adaptation which is consistent with the presence 
of voltage and/or calcium activated K-conductances in the membrane 
of LGMD. Supported by NSF and ERC.

613.18
ON THE NATURE AND THE ROLE OF THE ELECTRICAL SYNAPSES 
OF THE R1-R6 FLY PHOTORECEPTORS. S. Gagne*, C. Gourdeau, and S. 
Comtois. Lab. of Comp. Vision and Systems, Universite Laval, Dept. of 
Comp. Sciences and Electr. Egn. Quebec, Canada, G1K 7P4.

It is well known that the fly photoreceptors R1-R6 are collecting the light 
from six contiguous facets while pooling their information in the first 
neuropile: the lamina. At the site of signal collection in a cartridge, the 
photoreceptor terminal axons make electrical synapses between each other 
before feeding the large monopolar cells (LMC) through chemical synapses. It 
can be shown that in normal conditions of illumination, the six photoreceptors 
receive the same light and consequently, provided their alignment and 
sensibility is the same, the electrical synapses play no electrical significant role 
in the processing of information. In order to better understand the possible role 
of these electrical synapses, we have stimulated individually with light each 
neighboring photoreceptor while recording intracellularly in a given 
photoreceptor. Great care has been taken in controlling the stray light such that 
only a single photoreceptor was stimulated. Furthermore, we have thoroughly 
tested that a stimulated neighboring photoreceptor, outside the R1-R6 group, 
gave no response. We have found unusual long delays and strong 
hyperpolarization responses in the neighboring photoreceptors. These results 
cannot be explained from a reconstructed linear electrical circuit which 
includes known values of the circuit elements such as the soma resistors, the 
axon resistors, the terminal resistors, the electrical synapse resistors, the barrier 
resistor and the capacitor values. Several hypotheses are being tested for trying 
to explain these unusual results.

Supported by NSERC of Canada (Grant: OGP0009731)

Society  for  Neuroscience , Volume  23,1997



1572 INVERTEBRATE MOTOR AND SENSORY SYSTEMS III TUESDAY PM

813.19
IONIC SELECTIVITY OF MECHANICALLY-ACTIVATED ION 
CHANNELS IN A SPIDER MECHANORECEPTOR. P.H. Torkkeli, U. 
Ho ger, E.-A. Sevfarth and A.S. French* Department of Physiology and 
Biophysics, Dalhousie University, Halifax, NS, B3H 4H7, Canada and 
Zoologisches Institut, J.W. Goethe Universitat, D-60054, Frankfurt am 
Main, Germany.

The patellar lyriform slit-sense organ VS-3 of the spider, Cupiennius 
salei, has 7-8 slits, each innervated by a pair of mechanically sensitive 
neurons. Mechanotransduction is thought to occur at the dendrite tips, 
which are surrounded by a Na+ rich receptor lymph. We studied the ionic 
basis of the receptor current, using voltage-clamp, replacement of 
extracellular cations, and application of blocking agents. The 
mechanically-activated current had an asymptotic inward conductance 
of ~4.5 nS, indicating that 50-230 channels of 20-80 pS each would 
produce the receptor current. Amiloride and Gd3+, known to block some 
mechanically-activated ion channels, also blocked the receptor current. 
The channels were not permeable to choline or Rb+, but partly permeable 
to Li+. Current was inward from -200 to +200 mV, indicating high 
selectivity for Na+ over K+, in contrast to insect mechanoreceptors, 
vertebrate hair cells and mechanically-activated ion channels in non- 
sensory cells, which are usually unselective for monovalent cations or 
selective for K+.

Supported by the MRC of Canada, the DFG and NATO.

613.20
THE CAPACITY FOR RECOVERY IN THE FLIGHT SYSTEM OF 
LOCUSTA MIGRATORIA FOLLOWING ABLATION OF THE 
TEGULAE. C.E, Gee*. and R.M, Robertson. Dept. of Biology, Queen’s 
University, Kingston, ON K7L 3N6.

In intact locusts, ablating the forewing tegulae has no effect on motor 
pattern timing of the locust flight system. Whereas, immediately 
following ablation of the hindwing tegulae, the flight motor pattern 
changes. With time, the motor pattern recovers due to- an increased role 
for the forewing tegulae1. When free flight ability was tested, however, 
the intact locusts maintained flight for a longer time than did locusts that 
had recovered from ablation of either the forewing or hindwing tegulae. 
Therefore, some deficit remains in the flight system despite the similarity 
of motor pattern timing in both control locusts and locusts recovered 
from ablation of the hindwing tegulae.

Surprisingly the flight ability of locusts recovered from ablation of the 
forewing tegulae was as poor as the flight ability of locusts that had 
recovered from hindwing tegular ablations. We have been investigating 
further what role the forewing tegulae may have in generation of flight 
that is independent of the basic timing of elevator and depressor muscle 
activity.
1. Biischges et. al (1992) J. Neurobiol. 23:31-43, 44-60.

This work has been supported by an NSERC PGSB and OGS awards to CEG, and 
an NSERC operating grant to RMR.
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614.1
RESPONSES OF CAROTID ARTERY TO ACETYLCHOLINE IN MICE 
DEFICIENT IN EXPRESSION OF THE GENE FOR ENDOTHELIAL 
NITRIC OXIDE SYNTHASE. F.M. Farad? E.G. Shesely, N. Maeda, and 
D.D. Heistad. University of Iowa, Iowa City, IA and University of North 
Carolina, Chapel Hill, NC.

In previous studies of mutant mice lacking the gene for endothelial 
NO-synthase (NOS III), responses to acetylcholine (an endothelium- 
dependent agonist) were absent in aorta but normal in cerebral arterioles. 
Previous studies have not examined responses in heterozygous NOS III 
mutant animals. We examined the hypothesis that relaxation of the carotid 
artery to acetylcholine is absent in carotid artery from mutant mice 
lacking the gene NOS III. We studied vessels in vitro from wild-type (+/+), 
heterozygous (+/-), and homozygous (-/-) NOS III mutant mice.
Following precontraction with PGF-2a, low concentrations of 
acetylcholine (10 and 30 nM) produced marked relaxation of carotid 
arteries that was similar in wild-type (43±4 and 68±4%) and heterozygous 
(41±2 and 69±2%) NOS III mutant mice. In contrast, these concentrations 
of acetylcholine caused no relaxation in carotid arteries from 
homozygous NOS III mutant mice (-1±1 and 2±1% relaxation, P<0.05 vs 
+/+ and +/-). Higher concentrations of acetycholine caused vasorelaxation 
in wild-type mice but transient contraction followed by relaxation in 
carotid arteries from heterozygous NOS III mutant mice. Nitroprusside 
produced almost complete relaxation of carotid arteries in all three 
groups, but the sensitivity to nitroprusside tended to be greater in both 
heterozygous and homozygous NOS III mutant mice. These findings 
indicate that in contrast to cerebral arterioles, relaxation of the carotid 
artery to acetylcholine is absent in homozygous NOS III mutant mice. 
Heterozygous NOS III mutant mice appear to have altered responses to 
acetylcholine suggesting a ‘gene-dosing’ effect. (Supported by NIH 
grants NS-24621 and HL-38901).

614.2
INHIBITION OF NITRIC OXIDE (NO) AND PROSTANOID (PG) SYNTHESIS 
BLOCKS HYPERCAPNIA (HQ-INDUCED CYCLIC NUCLEOTIDE IN-
CREASES IN BRAIN. O. Wang* and D.A. Pelligrino. Dept. of Anesthesiology, 
Univ. of Illinois-Chicago, Chicago, IL 60612.

In adult animals, there is considerable overlap in the ability of NO synthase (NOS) 
and cyclooxygenase (COX) inhibitors to attenuate HC-induced cerebrovasodilation 
(CVD), suggesting “cross-talk” among the pathways involved. NO, via cGMP, and 
vasodilating PGs, via cAMP, were reported to play permissive roles in HC-induced 
CVD. However, additional evidence suggested that cGMP may play a more active 
(i.e., obligatory) role in the response to hypercapnia. In the present study, we examined 
whether cGMP and cAMP have an obligatory function during HC. We used male adult 
Sprague-Dawley rats (300-450g), anesthetized with fentanyl/N2O, paralyzed and me-
chanically ventilated. A closed cranial window/intravital microscopy system was used to 
monitor diameter changes in 25-50 pm pial arterioles. In all studies, HC (PaCO2 = 60-65 
mmHg)-induced diameter changes were measured prior to and following administration 
of the neuronal NOS (nNOS) inhibitor, 7-nitroindazole (7-NI, 40 mg-kg'1, ip) or the 
COX inhibitor, indomethacin (INDO). Periarachnoid CSF was collected and the cGMP 
and cAMP content was measured by radioimmunoassay. HC induced a marked pial arte-
riolar dilation by (35 ± 5%). This increase in diameter was accompanied by significant 
elevations in cGMP (by 124.8 ± 38.5%) and cAMP (by 51.2+ 9.6%). Inhibition of 
nNOS significantly reduced HC-induced arteriolar dilation (by 67.2 ± 5.9%) and com-
pletely blocked HC-induced cGMP and cAMP increases. Inhibition of COX reduced 
HC-induced arteriolar dilation (by 71.8%) and attenuated the periarachnoid CSF cAMP 
increase (by 43%). The cGMP increase accompanying HC was completely blocked by 
INDO. The HC-associated increases in cyclic nucleotide production, coupled with the 
observed diminution in HC-induced CVD and cyclic nucleotide generation, following 
either nNOS or COX inhibition, suggests obligatory roles for cGMP and cAMP in hy-
percapnia-induced cerebrovascular relaxation. The considerable overlap in the abilities of 
nNOS and COX inhibitors to elicit those effects further implies interactions (cross-talk) 
between the cGMP and cAMP vasodilating pathways. Possible cross-talk mechanisms 
might include: 1) cGMP inhibition of the type III cAMP phosphodiesterase, leading to 
reduced cAMP loss via hydrolysis; and 2) cAMP-associated increases in NO/cGMP pro-
duction (or reduced cGMP hydrolysis). Supported by HL52594.

614.3
NEURONAL NITRIC OXIDE SYNTHASE (nNOS) INHIBITION AND THE LOWER 
UMIT (LL) OF CBF PRESSURE AUTOREGULATION. S.C. Jones*, C.R. 
Radinsky. Cerebrovascular Res Lab, Cleveland Clinic Fnd, Cleveland, OH 
44195.

We have shown previously that non-specific NOS inhibition with lengthy 
cortical superfusion raised the LL of CBF pressure autoregulation. To confirm 
our suspicion that endothelial NOS (eNOS) inhibition mediated this effect, we 
used a specific inhibitor of nNOS, 7-nitroindazole (7-NI), since a specific eNOS 
inhibitor is not available. Thirteen Sprague-Dawley rats were anesthetized (iso- 
flurane and N2O). A 10 mm cranial window was glued to the skull (no dura ma-
ter), and catheters were placed. Physiological variables (MAP, PaCO2, PaO2, 
and pH) were stabilized. CBF was determined using laser Doppler flowmetry 
(LDF). Animals with low CO2 (inhaled) or acetylcholine (ACh, superfused) reac-
tivity were excluded. Two determinations of the LL were performed in each ani-
mal. For the first determination during superfusion with aCSF, MAP was se-
quentially raised with norepinephrine and lowered by exsanguination to give 
130, 115, 100, 85, 70, 55, and 40 mmHg, followed by reinfusion. For the se-
cond determination, either 7-Ni (80 mg/kg, IP) or corn oil vehicle (8 ml/kg) was 
administered, and after 105 m the sequential pressure steps were repeated. 
The LL of autoregulation was visually determined at the change in slope of 
plots of LDF flow vs pressure averaged over 2 m from each pressure level.

CO2 reactivity dropped significantly (p<0.01) after 7-NI administration, 
compared to vehicle, whereas ACh reactivity did not change. Since CO2 reacti-
vity is mediated primarily by nNOS, the significant depression of CO2 reactivity 
functionally validates effective nNOS inhibition. No changes in LL between 
groups or from the 1st to the 2nd LL determinations were noted in the vehicle 
(81 ±6, 77±6, n=5) or 7-NI (89±5, 85±5, n=8) groups.

Thus nNOS inhibition has no effect on the LL This present result, 
combined with our previous result, suggests that eNOS, not nNOS, was the 
isoform that was inhibited by nitro-L-arginine in our previous study and caused 
a significant rise in LL.

614.4
MEASUREMENT OF NITRIC OXIDE IN THE RAT CEREBRAL 

CORTEX DURING HYPERCAPNEA. M, Harada*, A. Fuse and Y. Tanaka. 
Dept. of Anesthesiology, Kyoto Prefectural University of Medicine, Kyoto 
602, JAPAN

Several studies have suggested that cerebral vasodilation during 
hypercapnea is dependent on the formation of nitric oxide (NO). This 
conclusion is based on the finding that the increases in cerebral blood flow 
(CBF) during hypercapnea is attenuated by inhibitors of NO synthase 
(NOS). Thus far, however, there is no direct evidence that the NO 

concentration in the brain is increased during hypercapnea. In the present 
study, changes in the nitric oxide concentration and cerebral blood flow in 
the parietal cortex during hypercapnea were simultaneously measured in 
isoflurane-anesthetized rats (n = 8), with a NO-selective electrode and laser 
Doppler flowmetry. When hypercapnea was induced by inhalation of a 
mixture of 5% CO2 and 95% 02 for 10 min, both the NO concentration 
and CBF increased. After administration of a neuronal NOS (nNOS) 
inhibitor, 7-nitroindazole (80 mg/kg i.p.), both the basal NO and CBF 
decreased and the responses to hypercapnea were also significantly 
suppressed by 70.1 % and 73.2 %, respectively, compared to the control 
state. These results suggest that NO derived from nNOS is involved not only 
in maintaining resting cerebral circulation but also in regulating CBF 
response during hypercapnea.

Acknowledgement; This research was partly supported by Charitable 
Trust Fund of Marumo for Acute Medicine and Research.
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614.5
EFFECT OF CHRONIC NITRIC OXIDE INHIBITION ON CEREBRAL 
BLOOD FLOW IN THE NORMAL AND DEAFFERENTED SI BARREL 
FIELD CORTEX OF THE RAT. N.W. Sohn1, PJ, Hand*2, J.H. Greenberg1, 
Cerebrovascular Research Ctr., School of Medicine, 2Dept. of Animal Biology, 
School of Veterinary Medicine, Univ. of Pennsylvania, Phila., PA 19104

It has been reported that acute inhibition of nitric oxide synthase (NOS) 
significantly attenuates the cerebral blood flow response to somatosensory 
stimulation. The effect of chronic NOS inhibition has not been examined, nor has 
the blood flow response following deafferentation in NOS inhibited animals. 
Sprague-Dawley rats (n=12) received vibrissae deafferentation on postnatal day 
(PND) 1 (birthdate^PNDO) sparing C3 vibrissa (SC3) unilaterally. Half of the 
animals received daily intraperitoneal injections of the NOS inhibitor L- 
nitroarginine (20 mg/kg), while the remaining animals received saline. Six weeks 
later, following a three day drug washout period, local cerebral blood flow was 
measured autoradiographically using [l4C]isopropyliodoamphetamine while control 
C3 (CC3) and SC3 were stimulated with a yoked mechanical stimulator at 5 Hz. 
The sections were stained with cytochrome oxidase for localization of the C3 
barrel in first somatosensory (SI) cortex. In both the treated and control animals, 
the blood flow representation of SC3 as compared to CC3 in SI cortex was 
significantly enlarged following deafferentation (p<0.01). Compared to the 
untreated animals, the area of activation due to C3 stimulation was smaller in both 
the control (19%) and deafferented (32%) cortices of the treated animals (p<0.05), 
although treatment did not significantly affect the percent increase in size following 
deafferentation. The increase in blood flow rate was greater, however, on the 
deafferented side in both the treated and untreated animals. As opposed to acute 
inhibition of NOS, chronic inhibition does not attenuate the magnitude of the blood 
flow response to stimulation. (Supported by NIH grant NS33785)

614.6
SUPPRESSION OF SOMATOSENSORY EVOKED POTENTIALS BY 
NITRIC OXIDE SYNTHASE INHIBITION: METHODOLOGICAL 
DIFFERENCES. A.C. Ngai. J.R, Meno, M.A, Jolley and H.R, Winn*. Dept. of 
Neurological Surgery, Univ. of Washington, Seattle WA 98104.

We have previously demonstrated that nitric oxide synthase (NOS) inhibition by 
/'/’-nitro-L-arginine (L-NNA) suppressed both blood flow and neuronal responses to 
sciatic nerve stimulation (Am. J. Physiol. 269:H1803, 1995). These results were 
subsequently questioned by Lindauer et al. (Neurosci. Lett. 216: 207, 1996), who 
failed to detect a decrease in the positive (P,) component of somatosensory evoked 
potentials (SEPs) during topical L-NNA application. There are, however, significant 
methodological differences between the two studies. Lindauer et al. recorded SEPs 
during forepaw stimulation with an electrode placed longitudinally across the cranial 
window, immersed in fluid but without touching the cortex. In contrast, in our study, 
the electrode tip was in direct contact with the pial surface. We therefore conducted 
experiments to determine if differences in recording methods may account for the 
discrepancy in results. We stimulated the
hindpaws of chloralose-anesthetized rats 
(0.2mA, 5Hz, 20s), and recorded SEPs 
before and during 1 mM L-NNA 
superfusion. Our ‘contact’ electrode 
recorded a steady decline (p<0.01) of the 
P, wave during L-NNA application, 
whereas the ‘non-contact’ electrode did 
not detect a significant SEP change. The 
present results confirm the attenuation of 
SEPs by NOS inhibition, and suggest that
the lack of effect of L-NNA on SEPs in other studies may be related to the relative 
insensitivity of the recording method. (Supported by NIH NS-21076)
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614.7
STIMULATION OF ENDOTHELIAL P3. PURLNOCEPTORS DILATES 
THE RAT MIDDLE CEREBRAL ARTERY (MCA) BY RELEASING 
ENDOTHELIAL-DERIVED HYPERPOLARIZING FACTOR (EDHF) J.P 
You*, S.P. Marrelli, T P, Johnson, W.F. Childres, and R.M, Bryan, Jr. Dept. of 
Anesthesiology, Baylor College of Medicine, Houston, TX 77030

We previously reported that stimulation of P2u purinoceptors by UTP dilated the 
rat MCA by NO and an unknown mechanism. The purpose of this study was to 
determine if the unknown mechanism involves EDHF. Rat MCAs were isolated, 
cannulated, and pressurized. The MCAs were immersed in a bath (37° C) and 
luminally perfused. Resting outside diameter of the MCAs in one study was 213 ± 
6 pm (n=ll). The MCAs showed large concentration dependent, dilations when 
UTP was applied luminally. The maximum dilation was 30% and the EC50 
(concentration producing half the maximal response) was 0.42 ± 0.01 pM (n=13). 
L-NAME (10 pM), an inhibitor of NO formation, did not alter the maximum 
response to UTP (n=9) but did shift the EC5o to the right tenfold. Ouabain (0.5 
mM), a Na/K ATPase inhibitor, or KC1 (30 mM) abolished the L-NAME 
insensitive component to UTP. KC1 depolarized the vascular smooth muscle and 
negated any K channel involvement. TEA at concentrations sufficient to inhibit all 
K channels (10 mM) significantly reduced the L-NAME insensitive component by 
65% (p<0.01). Glibenclamide (10 pM), TEA (1 mM), 4 aminopyridine (3 pM), 
and BaCL (75 pM) had no effect on the L-NAME insensitive component of the 
UTP-mediated dilation. The above agents are selective or concentration selective 
inhibitors for ATP-sensitive, large conductance Ca-sensitive, delayed-rectifier, and 
inward-rectifier K channels respectively. However, apamine (1 and 3 pM) 
significantly reduced the L-NAME insensitive component by 45% (p<0.01). We 
conclude that stimulation of P2u purinoceptors on the endothelium of the rat MCA 
releases EDHF, in addition to NO, and dilates the rat MCA by opening low 
conductance Ca-sensitive K channels. (PHS grant PO1 NS 27616)

614.8
PERMISSIVE ROLE OF NITRIC OXIDE (NO) IN THE RELAXATION OF 
ISOLATED RAT MIDDLE CEREBRAL ARTERY TO ACIDOSIS: 
INVOLVEMENT OF ATP SENSITIVE K+ (KATP) CHANNELS. A.Kunz,
U.Dimagl, U.Lindauer*. Dept. of Neurology, Humboldt University Berlin. FRG.

The increase of cerebral blood flow (CBF) during hypercapnia in vivo is media-
ted by an increase of the proton concentration in the tissue. Blockade of the NO 
synthase reduces the CBF response to topical application of acidotic artificial cere-
brospinal fluid as well as to arterial hypercarbia, and NO plays a permissive role in 
this vasoreaction (Dirnagl et al Neurosci Lett 1993, Niwa et al J Cereb Blood Flow 
Metab 1993, Iadecola et al Am J Physiol 1994). The aim of this in vitro study was to 
further clarify the role of NO and a possible participation of K+ channels in the 
vasodilation during brain tissue acidosis. The MCA was isolated from the rat brain, 
transferred to a heated (37°C) organ chamber filled with circulating MOPS buffer, 
cannulated with small glas pipettes and pressurized to 75mmHg (intraluminal flow 
100 fil/mm, 1% albumin) (model: Bryan et al Am J Physiol 1995). The baseline 
vasodilation to extraluminal acidosis was recorded. NOS was inhibited by adding 
10'5 M L-NNA to the extraluminal bath. After recording the reaction to acidosis 
during NOS inhibition, SIN1 (10 s M) or 8-Bromo-cGMP (10‘5 M) were added du-
ring further NOS inhibition to reestablish baseline resting diameter. Extraluminal 
acidosis was induced again to test a possible permissive role of NO. In an additional 
study the influence of KATP channels to extraluminal acidosis was tested by adding

mean ± SD 
*,* p<0.05 to bl

baseline
(n=12)

L-NNA
(n=9)

L-NNA + SIN 1 
(n=5)

L-NNA + cGMP 
(n=4)

glibenclamide
(n=3)

resting (% of bl), * 100 65 ± 11* 117 ±29 103 ±21 118 ± 9
acidosis (% increase), * 23 ± 12 5 ±4* 14± 19 22 ± 13 12 ±9*

The data show that NO - via cGMP production - plays a permissive role in the vaso-
dilation of the isolated and cannulated MCA during extraluminal acidosis and that 
KATp channels seem to be involved in this vasoreaction. (Supported by the DFG)

614.9
EFFECTS OF SHEAR STRESS ON NITRIC OXIDE PRODUCTION BY 
HUMAN CEREBRAL ENDOTHELIAL CELLS. R.J, Boockk A. Kurtz*?, and
G.A. Mashourh2. 1 Cerebrovascular Laboratory, Surgical Neurology Branch, 
NINDS, NIH, Bethesda, MD, 20892; 2Dept. of Neurosurgery, Georgetown Univ. 
Sch. of Med., Washington, D.C., 20007.

Nitric Oxide (NO) is a potent vasodilator that has been shown to play a role in the 
basal tone, vasodilator-induced vasodilation, flow-induced vasodilation, and 
chemoregulation of the cerebral vasculature. It is presently unkown what role, if 
any, NO has in cerebral autoregulation. This has been a subject of controversy due 
to conflicting effects of NO synthesis inhibition on autoregulatory responses in 
vivo. Thus, effective in vitro models of autoregulation and NO monitoring need to 
be developed. The physical forces thought to trigger autoregulatory responses are 
shear stress, transmural stress, or both. We report a novel in vitro model of shear 
stress using human cerebral endothelial cells (HCE) cultured in a media-perfused, 
artificial capillary system modified with an electrochemical NO probe. After 
altering shear stress from 6.75 dynes/cm2 to 13.5 dynes/cm2, we observed a 
biphasic, oscillatory increase in NO production that peaked at 41.2% above control 
values. NO production increased immediately, peaked between 6 and 8 hrs, and 
returned to an elevated baseline 13% above control by 24 hrs. After decreasing shear 
stress from 13.5 dynes/cm2 to 6.75 dynes/cm2, we observed a monophsic, 
oscillatory decrease of NO production to 15.3% below the elevated baseline of the 
24 hr/13.5 shear level. This decrease generally occurred by 9.5 hrs, and returned NO 
concentrations to the original baseline conditions. These data indicate a complex 
shear stress response of HCE NO production, and support the involvement of NO in 
cerebral autoregulation.

614.10
ALTERED HEMODYNAMIC AND SYNAPTIC RESPONSES IN 
TRANSGENIC MICE WITH PURKINJE CELL DYSFUNCTION GL
Yang*1, R, Feddersen2, H.B, Clark2 and C. Iadecola1.1Dept. of Neurology, 
2Dept. of Lab. Med. and Pathology, Univ. of MN, Minneapolis, MN 55455.

Electrical stimulation of the cerebellar parallel fibers (PF) increases local 
blood flow (BFcrb), a response mediated by glutamate receptors, in part, 
through nitric oxide (NO). Transgenic mice in which a mutated form of the 
SV40 large T-antigen was targeted to Purkinje celis develop ataxia in the 
absence of Purkinje ceil loss (Mol. Cell. Neurosci., in press). We used PO3 
mice to study the role of Purkinje neurons in the increase in BFcrb produced 
by PF stimulation. Mice were anesthetized (halothane) and ventilated. Arterial 
pressure and blood gases were monitored. The PF were stimulated (100 pA- 
30 Hz; 40 sec) and the increases in BFcrb monitored by a laser-Doppler flow 
probe. In normal mice (FVB/N), PF stimulation (100 pA-30 Hz; n=10) evoked 
the typical field potentials and increased BFcrb by 60±4%. The response was 
attenuated by topical application of the non-selective glutamate receptor 
antagonist kynurenate (-84+3%; p<0.05; n=5), by the AMPA receptor 
antagonist NBQX (-62±6%; p<0.05; n=5) and by the NO synthase inhibitor 
nitro-L-arginine (-46±7%; p<0.05; n=5). In PO3 transgenics the increase in 
BFcrb produced by PF stimulation was substantially reduced (residual 
increase at 100 pA-30 Hz: 19±2%; n=6; p<0.001). The field potentials in 
PO3s lacked the late negative wave, a finding indicating absence of Purkinje 
cell activation. However, hypercapnia (paC02=50-60 mmHg) produced 
comparable increases in BFcrb in PO3 (106±23%; n=6) and wild-type mice 
(94±17%; n=6; p>0.05). The findings suggest that Purkinje cells are 
responsible for a sizable component of the flow response evoked from the 
PF. Molecular layer interneurons may mediate the remainder of the 
response. Mouse mutants with cerebellar abnormalities are a useful tool to 
study the cellular and molecular correlates of functional hyperemia in the 
central nervous system. (Supported by NS31318)
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614.11
FLOW RESPONSES TO FOREPAW STIMULATION IN 
NORMAL AND CAROTID OCCLUDED RATS. B.M.

Neurology, University of Pennsylvania School of Med., Philadelphia, 
PA 19104
We have characterized the blood flow response in the somatosensory 
cortex of rats (n=10) subjected to forepaw stimulation with and without 
ischemia induced by carotid occlusion.
Methods: Laser Doppler (LD) measurements were made through a 
thinned skull over the somatosensory cortex in response to a constant 
current of electrical stimulation to the contralateral forepaw in a- 
chloralose anesthesized rats. Alterations in LD blood flow, velocity, and 
volume were recorded in responses to parametric variations in stimulus 
frequency, duration, and amplitude with digital signal averaging used to 
reduce intertrial variations. Four rats underwent stimulation following 
remote, reversible unilateral and bilateral carotid artery ligation.
Results: Signal averaging markedly improved flow response 
reproducibility. Optimal stimulus parameters were 5 Hz and 1.0 mA. 
When the stimulus duration was greater than 4 sec there was an intitial 
blood flow peak followed by a plateau for the length of the stimulus. 
Changes in LD velocity and not volume were primarily responsible for 
the changes in calculated flow. Occlusion of one or both carotids resulted 
in characteristic spontaneous flow oscillations of about 0.1 Hz. With 
forepaw stimulation these oscillations could be entrained with a 
maximum oscillation amplitude occurring after each stimulation. 
Conclusion: An interaction between external stimulation and 
spontaneous oscillations induced by carotid occlusion suggests that the 
mechanisms for functional and ischemia-induced blood flow changes 
may be related. Source: NS01668. AHA

614.12
OBSERVATION OF THE THREE-DIMENSIONAL STRUCTURE OF 
SUBSURFACE BLOOD VESSELS IN RAT CEREBRAL CORTEX 
IN VIVO USING ULTRASOUND MICRSCOPY. N. Horimoto*1, 
K.Yamada1 and N. Okada2. Dept. of Physiology, Akita Univ. Sch. of 
Med., AkitaOlO1, Med. Div., Honda Electronics Co., Ltd., Toyohashi 
441-312, Japan.

Recently, there has been a growing interest in regional brain function in 
relation to blood flow and metabolism. Observation of the structure of 
small vessels in the brain tissue, however, has been limited to 
histological techniques and methods. In the present study, we described 
a high resolution ultrasound microscope which has been developed for 
brain tissue imaging in vivo. The goal of this experiment was to 
delineate the three-dimensional (3D) structure of subsurface micro vessels 
in the cerebral cortex. Animals used were adult Sprague-Dawley rats 
weighing 250-400g. Unilateral parietal craniotomy was performed to 
provide a window to the brain surface and ultrasound observation was 
then made through the dura mater. The ultrasound microscope used in 
this study employed standard pulse-echo techniques with a 25 - 100 
MHz ultrasound transducer. B- and C-mode images were transferred to 
a personal computer and the surface of blood vessels was reconstructed 
to produce a 3D configuration. As a result, blood vessels having 
diameters of 20-30 pm or more located between the brain surface and 
several hundred micrometers deep could be observed. This technique 
may provide a novel approach to the evaluation of changes in 
microregional hemodynamics in vivo.

This study was supported by JST.

614.13
Endothelium -dependent  Regulation  of  Cerebrovascular  Tone  by  
K(ATP) D. Janigro*. Dept. of Neurosurgery, University of Washington, Seattle, 
WA 98104.

ATP-sensitive K+ channels (KATP) are expressed in brain vascular smooth 
muscle (VSM) and endothelial cells (EC). While VSM K(Atp ) have been shown to 
mediate vasodilatations, the role of EC K(ATP) is virtually unknown1. In isolated, 
penetrating vessels, the K(ATP) opener nicorandil (1 pM) caused a NO-independent 
vasodilatation extraluminally and a NO-dependent response when applied 
intraluminally. Both responses were blocked by glibenclamide (5 pM). EC- 
mediated responses to nicorandil were prevented by blockade of guanylate cyclase 
by LY83583 (10 pM) and were mimicked by pinacidil (1-10 pM). Exposure of 
the endothelium to 500 pM cyanide and 0 mM glucose (in vitro ischemia1) caused 
a vasodilatation that was reduced by intraluminal exposure to glibenclamide (5 
pM). Blockade of nitric oxide synthase produced similar effects, suggesting that 
the ischemic dilation is mediated by EC K(ATP) and endothelial release of NO. 
Extraluminal glibenclamide attenuated potassium-induced vasodilatations (5-10 
mM KCI), but not constrictions (47 mM KCI). In contrast, intraluminal L-NA 
reduced both responses. These results suggest that both VSM and EC mediate the 
vascular responses induced by potassium channel openers. The endothelium- 
dependent component of the in vitro ischemic vasodilatation is mediated by 
opening of endothelial K(ATP) and subsequent release of nitric oxide. Interestingly, 
high potassium-induced vasodilatations were prevented by blockade of VSM 
K(ATP), suggesting a novel role for cerebrovascular ATP-sensitive potassium 
channels. Supported by the NIHLB 61-8403.

References 1. Janigro et. al., Am. Journal of Physiol. ,1993, 265 :C812-21.
2. Janigro et al., Am. Journal of Physiol., 1996, 270:H1423-34.
3. Janigro et al. Am. Journal of Physiol., 1997 in press

614.14
COMPARISON OF THE MYOGENIC RESPONSE IN RAT CEREBRAL 
ARTERIES OF DIFFERENT CALIBERS. E, M. Golding. C.S. Robertson. RG. 
Grossman*, and R. M. Bryan. Jr.1, Departments of Neurosurgery and 
Anesthesiology1, Baylor College of Medicine, Houston, Texas 77030 USA

The myogenic response was studied in rat cerebral arteries of different calibers. 
Middle cerebral arteries (MCAs), 2nd and 3rd order branches of the MCA, and 
penetrating arterioles were isolated from male rats and pressurized. The vessels 
were initially pressurized to 50 mmHg for 1 hour. Subsequently, changes in 
diameter were measured as the transmural pressure was changed between 20-100 
mmHg. During the 1 hour stabilization period, the MCA demonstrated the greatest 
development of spontaneous tone, constricting by 22 ± 6% (n=9). The MCA 
branches and arterioles constricted by 12 ± 4% (n=8) and 14 ± 4% (n=8), 
respectively. After the development of spontanous tone (50 mmHg), the mean inner 
diameter of rat MCA was 202 ± 10 pm (n=9), branches 118 ± 14 pm (n=8) and 
penetrating arterioles 58 ± 4 pm (n=8). The MCAs showed little or no myogenic 
response between 20-40 mmHg, a slight myogenic response between 40-60 mmHg, 
and a pronounced myogenic response between 60-100 mmHg (8% constriction, 
p<0.01). The penetrating arterioles showed the greatest myogenic response between 
20-40 mmHg (8% constriction, p<0.01) with a diminished myogenic response 
between 60-100 mmHg. Branches of the MCA showed a myogenic response over 
the entire pressure range (8% constriction over 20-100 mmHg, p<0.01). The results 
of the present study demonstrate the dependence of vessel caliber on responses to 
changes in transluminal pressure. This suggests that the myogenic response for 
cerebral vessels of smaller caliber (and thus location in the arterial tree) occurs at a 
lower pressure. It is suggested that the different mechanical characteristics of the 
cerebral arterioles compared with that of the MCA and branches may facilitate its 
role in controlling cerebrovascular resistance. (Supported by PO1 NS 27616)

614.15
ESTROGEN REDUCES MYOGENIC TONE AND INCREASES K+ 
CHANNEL ACTIVITY IN RAT CEREBRAL ARTERIES. G.G. 
Geary. D.N. Krause and S.P. Duckies*. Dept. of Pharmacology, 
College of Medicine, Univ. of California, Irvine, CA 92697, USA.

Estrogen (EST) replacement reduces the incidence of cardiovascular 
disease in postmenopausal women. In cerebral arteries of 
ovariectomized (OVX) rats basal myogenic tone increases and 
myogenic responsiveness decreases; therefore we investigated the 
effect of 4 weeks of EST replacement on myogenic reactivity in isolated 
pressurized middle cerebral arteries. Pressure was elevated in multiple 
steps (10 mm Hg) in either the presence or absence of the K+ channel 
blocker tetraethylammonium (TEA; 1 mM) or zero Ca++. Passive 
diameters (0 Ca++) were not different among the three groups.

Luminal Diameter (um)
mmHg Female OVX OVX + EST

Control 20
80

263 ±10
224 ±9

187 ±3
186 ± 12

263 ±7
261 ±8

+ TEA 20 183 ± 12 144 ±10 208 ±13
80 138 ± 16 179 ± 10 232 ± 23

0 Ca++ 80 282 ±9 302 ±4 302 ±2
Arteries from OVX animals possessed greater myogenic tone than
arteries from either intact or OVX + EST females. In contrast to either 
the intact or OVX + EST groups, OVX arteries contracted less to TEA 
at 20 mm Hg. EST replacement reversed the effects of OVX, reduced 
myogenic tone and increased sensitivity to K+ channel blockade, 
suggesting that EST may alter myogenic tone through activation of K+ 
channels. Supported by NIH HL50775

614.16
HOW MANY CAPILLARIES DOES IT TAKE TO MAKE A VENULE?
K, R. Davies*, W. Finnegan, G. Richardson, V. Acuff, J. D. Fenstermacher
Henry Ford Hospital, Detroit, Ml, 48202 and SUNY, Stony Brook, NY, 11794
Recent mathematical models of vascular structure have made the assumption 

that capillaries are size-invariant units because the cells in most species have 
roughly similar dimensions1. To test this assumption/hypothesis, we measured 
the microvessel diameter and inter-branching segment length of capillaries as 
they merge to form a venule in cerebral tissue from a Sprague-Dawley (SpD) rat.
One micron thick serial sections of globus pallidus tissue were obtained from a 

SpD rat, and scanned by an image processor developed by Imaging Research 
Inc. (St. Catherines, Canada). The junction of a capillary and a venule was 
identified and the capillary traced in a retrograde fashion. Each time the parent 
capillary branched, the two new offspring vessels were labeled as new capillary 
segments; a process that was repeated for six generations. For each capillary 
segment, diameter, length, surface area, volume, and tortuosity was determined. 
The marked vessel profiles were assimilated into a single three dimensional 
model with dimensions of 320pm x 240pm x 220pm.
Twenty-eight capillary segments were identified in the six generations of vessels 

as they merged to join a venule. This number would have been greater except 
that some segments- passed out of the tissue block. Diameters varied from 
2.3pm to 10.8pm without an obvious increase in size as the venule was 
approached. Segment length ranged from 13pm to greater than 244pm. 
Tortuosity (A) varied from 1.0 ( straight vessel) to 6.5 ( tortuous vessel). A 
tortuous vessel (high A) frequently merged with a straight vessel to form a new 
capillary. Initial calculations in spherical co-ordinates show a consistency of 
capillary branching angles. In opposition to the assumption/hypothesis, 
capillaries within one type of tissue from a single specimen do not appear to have 
uniform length or diameter.
1). West GB, Brown JH, Enquist BJ, Science 276:122-126,1997
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614.17
RAPID INDUCTION OF CEREBELLAR ANGIOGENESIS IN THE ADULT RAT 
FOLLOWING EXERCISE. R.A. Swain*, B.E. Theien, M.V. Dutka, E.C. Wiener, 
& W.T. Greenough. Neurosci. Prog., Depts. of Psych., Biol., Cell & Struct. Biol., 
Nucl. Engin., & Beckman Inst., Univ. of Illinois, Urbana, IL 61801.

The primary focus of morphological studies of brain plasticity has centered 
on changes in the quality or quantity of synaptic connections (Greenough et al.,
1994). Recent investigations, however, have observed that the growth of new 
blood vessels, or angiogenesis, also occurs as a consequence of behavioral 
manipulations that involve extensive physical exercise (Black et al., 1990; Isaacs 
et al., 1992). In these studies, rats were trained on a running wheel for 30 days 
and the density of capillaries in the paramedian lobule of the cerebellar cortex, 
a region known to be activated by physical exercise (Brodal et al., 1981), was 
determined. Capillary density increased approximately 25% in the exercised 
rats versus inactive controls.

In the present study, we examined the onset of experience-induced 
angiogenesis in 45 female Long Evans rats (3 mos.) that were allowed ad 
libitum access to a running wheel for 0,1, 3, 5, 7, 10, 20, or 30 days. Following 
training, the rats were euthanized and the paramedian lobule of the cerebellar 
cortex was immunolabelled with an antibody (Fll) against the ph subunit of the 
ctyPg integrin expressed in developing vessels. Capillaries undergoing active 
growth were then quantified using the cycloid grid, a nonbiased stereological 
procedure for determining surface area of structures (Gunderson et al., 1988). 
Onset of angiogenesis was extremely rapid, peaking within 3 days and then 
gradually declining to near basal levels. Interestingly, the distance run by 
animals in the later groups doubled or tripled following this 3 day peak in 
angiogenesis.

Supported by AG 10154, Retirement Research Foundation, Beckman Institute, 
Howard Hughes Foundation, and R29-CA61918-02.

614.18
DECREASED CORTICAL BLOOD FLOW AFTER INTRAVENTRICULAR 
ADMINISTRATION OF THE 192 IgG-SAPORIN IMMUNOTOXIN.
D.P. Holschneider, J.J. Waite, M.G. Li and O.U. Scremin*. Dept. of Psychiatry 
and the Behavioral Sciences, USC, Los Angeles, CA, Dept. of Neurosciences, 
UC San Diego, San Diego, CA, and Dept. of Physiology, UCLA School of 
Medicine, Los Angeles, CA 90095.

The immunotoxin 192 IgG-saporin (TX) selectively destroys neurons of the 
cholinergic basal forebrain and induces cortical cholinergic deafferentation. We 
tested the hypothesis that such lesion would alter the levels and distribution of 
cerebral cortical blood flow (CBF) measured with the lodo-14C-antipyrine 
method in young adult Fisher rats. Either physostigmine (PHY, 4.2 //g/kg/min) 
or saline (SAL) were infused intravenously (i.v.) before CBF measurements in 
animals that had received either TX (3.6 pg/rat) or its vehicle (PBS) in both 
lateral cerebral ventricles (i.c.v.) 6-8 weeks before. Four groups of animals 
were studied: TX i.c.v.+SAL i.v. (n=9), TX i.c.v.+PHY i.v. (n=6), PBS i.c.v.+SAL 
i.v. (n=6) and PBS i.c.v.+PHY i.v. (n=6). TX induced a decrease in choline 
acetyltransferase (ChAT), assayed with Fonnum’s method, of 80.4% to 83.6% 
in neocortex and 40% in piriform cortex when compared to PBS controls. CBF 
was decreased globally in TX+SAL, with the most severe depression in 
posterior parietal and temporal regions (24% to 40% decrease from PBS+SAL 
controls). Administration of PHY normalized CBF of the TX group to values 
statistically not different from those of PBS+SAL. In conclusion, the 
immunotoxin 192 IgG-saporin induced a severe cholinergic deafferentation of 
the cerebral cortex with a concomitant decrease of CBF in the posterior 
parietal and temporal regions, reminiscent of a similar topography of CBF 
decrease in Alzheimer’s disease. This phenomenon was reversed by 
physostigmine. Supported by Alzheimer’s Ass. FSA 94-019, NIH NS33371 and 
a Mentored Clinical Science Development Program Award #5-K12-00521.

614.19
EFFECTS OF PENYLETHYLAMINE ON CEREBRAL CORTICAL BLOOD 
FLOW OF MICE LACKING THE MONOAMINE OXIDASE B GENE.
O.U. Scremin, D. Holschneider. K. Chen. M.G. Li, and J.C.Shih*. Dept. of 
Physiology, UCLA School of Medicine, and Depts. of Psychiatry and the Behav. 
Sciences, Neurology, Cell and Neurobiol., USC School of Medicine, and Dept. Mol. 
Pharmacol. & Toxicol., USC School of Pharmacy, Los Angeles, CA.

Phenylethylamine (PEA), a specific substrate of monoamine oxidase B (MAOB), 
has been proposed to be a possible mediator in the regulation of cerebral blood flow 
(CBF) since it readily crosses the blood brain barrier and can elicit migraine attacks in 
susceptible individuals. We studied the effects of PEA on CBF measured with the 
autoradiographic Iodo-14C-antipyrine method in mice without the gene encoding for 
MAOB (MAOB-KO, n=12) and the corresponding wild type (WILD, n=12). PEA (8 
pmoles/kg/min) or saline (SAL) were inftised intravenously to 6 animals of each 
population. CBF did not differ between MAOB-KO and WILD mice. The response to 
PEA bn the other hand showed marked differences. None of the main cortical regions 
were affected by PEA in WILD mice in which CBF values (Mean ± S.E., ml/g/min) 
were; Motor: SAL= 1.82 ± 0.28, PEA= 1.41 ± 0.29 (ns); Somatosensory: SAL= 
1.84 ± 0.27. PEA= 1.44 ± 0.31 (ns); Barrel Field: SAL= 1.88 ± 0.26, PEA= 1.59 ± 
0.35 (ns); Visual: SAL= 1.37 ± 0.37, PEA= 1.40 ± 0.29 (ns); Auditory: SAL= 1.67 
± 0.30, PEA= 1.22 ± 0.28 (ns); Allocortex: SAL= 1.64 ± 0.22, PEA= 1.38 ± 0.32 
(ns). In contrast, significant CBF decreases following PEA were observed in MAOB- 
KO mice in most regions as follows. Motor: SAL= 1.63 ± 0.19 , PEA= 0.97 ± 0.09 
(p=0.017); Somatosensory: SAL= 1.56 ±0.22, PEA= 1.01 ± 0.08 (ns); Barrel Field: 
SAL= 1.64 ± 0.20, PEA= 1.03 ± 0.07 (p=0.029); Visual: SAL= 1.58 ± 0.18, PEA= 
0.94 ±0.12 (p=0.019); Auditory: SAL= 1.22 ± 0.20, PEA= 0.84 ± 0.07 (p=0.034); 
Allocortex: SAL= 1.36 ± 0.18, PEA= 0.92 ± 0.16 (ns). In conclusion, MAOB may 
regulate the CBF response to PEA in vivo. Low levels of MAOB may represent a risk 
factor in vasospastic syndromes including migraine. Supported by a Mentored 
Clinical Science Development Program Award #5-K12-00521, NIMH grants ROI 
MH37020, R37 MH39085 (MERIT Award), Research Scientist Award K05 
MH00796, and The Boyd and Elsie Welin Professorship.
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615.1
LINEAR VERSUS NON-LINEAR WARPS OF NEUROIMAGES. 
J.W. Haller*. J.R. Simpson. Jr., R.P. Woods. M.E. Raichle. Departments of 
Psychiatry, Radiology, Neurology and Neurological Surgery, Mallinckrodt 
Institute of Radiology and Washington U. School of Med., St. Louis MO USA 
Dept. of Neurology, UCLA School of Med., Los Angeles CA, USA

Subject-to-atlas image registration (e.g. PET to Talairach Atlas) can be 
reduced to the problem of removing anatomic variability. A more accurate warp of 
a subject's image to a target atlas results in more precise localization of function, 
and an increase of signal to noise in averaged images. Linear 9-12 parameter warps 
of PET are often used, but do not account for local shape variations. Thus, error in 
defining the locus of PET activity may be due to residual anatomic variability 
between subjects which remains after the warp. This error may be compounded in 
unpaired comparisons of different subject groups, e.g. between normals and 
psychiatric patients. In order to overcome these limitations, and test a nonlinear 
warp, we compared a 12 parameter linear warp with a 168 parameter nonlinear 
transformation of brain images to a target-atlas.

3D MR images (1mm voxels) were acquired from 17 normal subjects. 
MR images were scaled to 8 bit and non-brain voxels removed. Each MRI brain 
was mapped to a target-atlas MRI brain using automated image registration (AIR 
version 3.0; Woods RP, et al., JCAT1993;17:536-546.) Simulated PET images 
were also mapped to the atlas. A linear 12 parameter warp was compared to the 
nonlinear 168 parameter warp with the same images and default parameters in AIR.

The 12 parameter warps of 5 of 17 subjects individual MR images were 
inadequately matched to the atlas. In these subjects there was >5mm mismatch of 
orbital frontal cortex (OFC). By comparison, the same subjects' images warped 
using a 168 parameter warp showed no significant misregistration of the OFC. 
Differences in the simulated PET loci between the two warps varied by as much as 
8 mm after the warp to atlas space. These data suggest that non-linear warps 
provide a distinct advantage over linear warps of functional images.
Supported by the Dana Foundation and NIH fellowship NS10196-02.

615.2
MULTI-TIME-SCALE ANALYSIS OF FLUCTUATIONS IN BOLD 
fMRI C.M. Anderson1*. L.C. Maas2. M.H, Teicheri. P.F, Renshaw?.
^Developmental Biopsychiatry Research Program & 2Brain Imaging Center, Dept. of 
Psychiatry, Harvard Medical School & McLean Hospital, Belmont MA, 02178.

In the absence of stimuli, blood oxygenation level dependent (BOLD) fluctuations 
may contain a wealth of information relevant to functional connectivity among 
multiple brain regions. Although distinguishing these signals from physiological 
noise is a difficult fMRI problem, many biological time series have been found to have 
multi-scale, i.e., fractal, correlations over both long and short time scales. We explored 
fractal fluctuations in resting state BOLD fMRI data using Hurst’s (H) rescaled range 
analysis (Range normalized by S.D.), which affords comparisons among time series 
over many time scales. H can be intuitively understood as a probability directional 
change—how increases in the sequence are likely to be followed by increases and 
decreases by decreases over various time scales. H = 0.5 indicates an uncorrelated 
sequence of signal intensity values; H > 0.5 is called “persistence” since signal changes 
tend to be in the same direction. Methods-, A 36-year old male volunteer remained 
motionless while imaging was performed on a 1.5-T GE Signa system equipped with a 
whole-body echo planar gradient set and a quadrature head coil. 640 images (gradient 
echo, TE=40ms, TR=ls,flip angle=66°, thickness=5mm; in-plane resolution=3.125 x 
3.125 mm) were collected in two axial planes through the caudate. Images were 
corrected for ffame-to-frame motion with the DART registration algorithm.

Results: Local clustering of persistent H values (H > 0.5) was observed bilaterally in 
the frontal cortical regions. As expected, H values < 0.5 dominate regions outside the 
head. Although the interpretation of H in this context is not yet clear, common fractal 
characteristics may reflect functional relationships. Whether clusters of persistent H 
values originate primarily from neuronal or other physiological processes (e.g. 
respiration, pulsatile flow, vasomotor oscillations) or a combination remains to be 
investigated. (Supported by MH-53636-01 A1 & MH-48343-05)
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615.3
A COMPARISON OF OXYGEN-15 LABELED WATER AND BUTANOL IN A 
SOMATOSENSORY ACTIVATION PARADIGM WITH PET A.K. MacLeod*. H. 
Burton, M.E. Raichle. A.Z. Snyder, S.M. Moerlein, M.J. Welch, Department of 
Radiology, Anatomy and Neurobiology and Neurology, Washington University School 
of Medicine, St Louis MO 631110.
Measurements of blood flow with PET require the use of a freely diffuseable, 
metabolically-inert tracer. Traditionally, oxygen-15 labeled water has been used 
although this tracer does exhibit some blood brain barrier (BBB) permeability limitation 
leading to an underestimation of blood flow (Quarles et al, JCBF&M 13:733-747,1993). 
Butanol, because it does not exhibit a BBB permeability limitation, has been suggested 
as an alternative. In this study we made a direct comparison of butanol and water as 
blood flow tracers for use with PET in functional brain activation studies. Eight normal, 
right-handed subjects (mean age 20.6; 4 females) were studied in a somatosensory 
activation paradigm in which the finger tips of 3 to 5 digits of the right hand were 
stimulated with a Ling vibrator at 75Hz, alternating 800 msec on, 200 msec off, 
beginning 30 sec before the PET scan (duration 40 sec) and continuing for 30 sec after. 
Ten minutes elapsed between scans. Every subject had 5 water and 5 butanol scans. 
Three of each set of five scans involved vibratory stimulation and two involved no 
stimulation (control scans). Normalized difference images were created between the 
control and stimulated states. These data were collapsed across tracers to establish a 
spherical region of interest in primary somatosensory cortex. The data for butanol and 
water were then analyzed separately and the magnitude of the increases compared. No 
statistically significant difference was observed between the two tracers. These data 
suggest that butanol does not have an advantage over water for functional activation 
studies with PET. Furthermore, they may reflect an alteration in brain water 
permeability during functional brain activation.
Supported by NIH grants NS 06833 and HL13851 and the McDonnell Center for Studies 
of Higher Brain Function.

615.4
ECHO-TIME DEPENDENCE OF THE EARLY NEGATIVE RESPONSE IN 
FUNCTIONAL MRI. E. Yacoub. ERCohen. and X. Hu*. Center for Magnetic 
Resonance Research, University of Minnesota, Minneapolis, MN 55455

An early negative response has recently been observed in functional magnetic 
resonance imaging (fMRI) of the human brain. The fMRI results are consistent with 
the results of optical imaging studies performed in cats and monkeys. The exact 
physiological origin of this early response, which is important for understanding the 
metabolic basis of neuronal function, is still under debate. To address this issue, we 
examined the echo-time (TE) dependence of the amplitude of this initial signal 
decrease. T2*-weighted EPI images (matrix size: 64x64, FOV: 20x20 cm2, slice 
thickness: 5 mm, TR: 0.3 s) of a sagittal slice were repeatedly acquired while a brief 
(3.6 s) binocular visual stimulus, consisting of a flashing checkerboard display, was 
presented every 45 seconds. Three TEs (21, 30, and 45 ms) were used in this study. 
The dip in the fMRI signal was modeled with a function that represented ideal 
physiological data. The time-course of the actual signal, averaged over the region of 
interest, was then examined for its fit to this model using a cross-correlation 
equation. With this method, the initial signal change was found to be statistically 
significant for all TEs in 4/5 subjects. In these subjects, the amplitude of the early 
response was found to be linearly dependent on TE. This is consistent with the 
hypothesis that the initial signal change follows a blood oxygenation level-dependent 
(BOLD) contrast mechanism. That is, it appears to arise from an immediate local 
elevation in oxygen consumption which is initially not compensated by the lagging 
increase in cerebral blood flow.

Work supported by NIH (grants RR08079 and R01MH55345).

615.5
REGIONAL DECREASES IN GLUCOSE METABOLISM WITH 1 HZ 
PREFRONTAL TRANSCRANIAL MAGNETIC STIMULATION (TMS): A 
NEW TECHNIQUE FOR TRACING FUNCTIONAL NETWORKS IN THE 
HUMAN BRAIN. Timothy A. Kimbrell, Robert T. Dunn, Eric M. 
Wassermann.*, Mark S, George.. Aimee L, Danielson, Brenda E. Benson-
Peter Herscovitch.t Robert M, Post. NIMH, ‘NINDS, and tPET Dept., NIH, 
Bethesda, MD 20892.

Low-frequency TMS of the primary motor area (M1) produces local 
decreases in neural excitability and metabolism as well as transsynaptic 
effects. Prefrontal TMS can affect mood and implicit learning. We used 
split 18-fluorodeoxyglucose (FDG) PET to explore the network underlying 
these effects. 15 normal subjects received 3 mCi of FDG while performing 
an auditory recognition task for 30 min and were then scanned 
(CONTROL). 8 subjects then received another 5 mCi while performing the 
same task for 30 min, this time with continuous 1 Hz TMS 5 cm anterior to 
Ihe left M1 (STIM). 7 subjects received another 5 mCi and had sham 
stimulation under identical conditions (SHAM). Al, were then rescanned. 
Comparison of STIM vs CONTROL showed decreased absolute and 
normalized metabolism in bilateral prefrontal and cingulate regions, 
bilateral medial temporal lobes and cerebellum. Increased normalized 
metabolism occurred in occipital regions. SHAM vs CONTROL revealed 
increased absolute metabolism in bilateral prefrontal, lateral temporal, 
cerebellar and occipital regions and decreased normalized metabolism in 
right cingulate, left putamen and left thalamus. Comparison of the STIM 
and SHAM effects revealed decreased absolute and normalized 
metabolism in bilateral prefrontal and cingulate areas, left and right 
lenticular nuclei and right cerebellum during STIM. Prefrontal 1 hz TMS 
deactivates a network of related sites and may be clinically useful in 
neurobehavioral disorders. Supported by NIMH intramural funding.

615.6
Reproducibil ity  of  cerebral  perfusion  response  to  acetazolamide  as  
EVALUATED WITH TECHNETIUM-99M-BICISATE SPECT. J.P. Soucy*. N.G. Hartman. 
A. Roussin, C. Janicki, L. Laflamme. F. Lamoureux, S. Danais. C.H.U.M.-HND, 
University de Montreal, Montreal, Canada; H2L 4M1

Regional cerebral blood flow, generally closely regulated to support local metabolic 
needs of the neural tissue, is easier to assess in a clinical setting than is the latter, using 
for instance SPECT imaging of tracers such as Technectium-99m bicisate (99mTc- 
ECD), locally taken up and retained by the brain in proportion to blood flow after IV 
injection. However, a regional decrease in tracer uptake can be afforded either 
through a primary vascular abnormality or a physiological down-regulation of 
perfusion in a metabolically hypoactive area. To resolve this ambiguity, 
administration of a cerebral vasodilator such as acetazolamide (ACTZ) has been 
suggested: a region hypoperfused because of vascular insufficiency (its vasodilatory 
reserve already exhausted) should show no increase in perfusion; one with decreased 
metabolic activity should display at least normal reactivity. Still, the normal increase 
in "mTc-ECD uptake brought about by ACTZ is unknown, and reproducibility of 
cerebral perfusion response to this agent remains to be established. We enrolled 9 
non-smoking males aged 23-39 (screened for cerebro-vascular normalcy with a 
standard questionnaire, measurements of blood pressure, glycemia, cholesterolemia, 
and a cerebral Doppler study) in a study where on 2 different occasions 10 days apart 
they received a baseline "mTc-ECD study, followed by 1 g IV Of ACTZ and re-
injection of 99mTc-ECD; paCO2, a potentially major confounding variable, was stable 
over each series. Total cerebral counts were measured after appropriate corrections 
using an automatically defined mask over the brain area on each reconstructed slice. 
There was no significant difference in reactivity between the 2 series (p=0.86), but it 
varied from -2.87 to 12.94% for different patients; one patient showed a reactivity 
variation of 140% between the 2 series. No regional variation was observed. Clinical 
interpretation of an isolated ACTZ test appears subject to significant uncertainties.

(Supported by Fonds de M.N.-HND)

615.7
A COMPARISON OF SOME ANALYTIC STRATEGIES FOR FMRI
Z.Zhao, J.E.Desmond, J.D.E.Gabrieli, A.Cronin-Golomb*.Dept. of 
Psychology, Stanford University,Stanford, CA 94305
The increasing use of fMRI as a brain mapping tool presents new 
challenges to data analytic techniques; therefore, different 
statistical approaches have been proposed for the analysis of fMRI. 
In this study, we compared several commonly used data analysis 
strategies for fMRI data. The strategies were assessed by using 
simulated data with similar signal-to-noise ratio (SNR) as fMRI, 
and validated by a real fMRI data in cognitive memory tasks. Four 
statistical tests were evaluated - (1) independent T-test; (2) 
correlation coefficient of the input function; (3) Kolmogorov- 
Smirnov (K-S) test; and (4) percent change by using 
nonparametric randomization and permutation test (Holmes). In 
the simulated data, false-positive rate and statistical power were 
calculated. In the real data, activation rates were compared. 
Concordance correlation coefficients for reproducibility (Lange) 
were calculated for both simulated and real data to quantitatively 
compare the similarity of the spatial activation pattern derived 
from different data analytic strategies. We found that the 
randomization and permutation test is most flexible and least 
conservative, but most time consuming. The K-S test is most 
conservative. T-test and correlation coefficient test have similar 
performances. We also assessed the effects of linear drift removal, 
hemodynamic response parameters (Friston) and modified 
homodynamic response parameters (Sorenson) on detecting 
activation. Supported by NIA (AG 12995)

615.8
fMRI IN CONSCIOUS RATS. K.M, Lahti*1. C, F, Ferris2, C. H. Sotak13, and 
J, A. King2 ‘Dept. of Biomed. Eng., Worcester Polytechnic Inst., Worcester, MA 
01609,2Behavioral Neuroscience Program, Depts. of Psychiatry and ’Radiology, 
Univ. of Mass. Med. Ctr., Worcester, MA 01655.

fMRI is becoming a valuable tool with countless possibilities for neuroscience 
research. Mapping behavior to changes in specific neuronal activity in real time 
has heralded the emergence of fMRI in conscious animals.

Animals were placed into the restriction device. Axial T2*-weighted, BOLD 
images of the selected slice were acquired using a 2D gradient-echo imaging 
sequence (repetition time, TR=200 ms; echo time, TE=20 ms; 2-mm slice 
thickness; 128x128 data matrix). After baseline datasets were acquired, an 
electrical stimulation was applied to the hind paw of the animal. The regions of 
greatest activation on the contralateral (to stimulated hind-paw) somatosensory 
frontal and parietal cortices were determined from the subtraction image by 
integrating pixels ±2 SD above the signal-to-noise threshold. The corresponding 
region of the baseline and stimulated datasets were demarcated and the relative 
signal intensity was calculated on a pixel-by-pixel basis.

This is the first data to demonstrate correlation between behavioral changes and 
neuronal activation in conscious animals. fMRI can be performed in conscious 
animals using a novel stereotaxic restraint. The signal in subtracted baseline 
images was on the background noise level. A mean increase in signal intensity of 
12±1 % (mean, SE, n=3), with a 2.6 mA stimulation was seen on the cortical 
region. These new developments will allow repeated preclinical studies linking 
neuronal circuitry with different behaviors in the same animal. (Supported by MH- 
52280 to CFF)
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615.9
QUANTITATION OF PET FDG ACTIVATION STUDIES. F.H. Fahey. F.B, 
Wood, D.L. Flowers, B.A. Harkness, C.G. Eades, LJ, Porrino* Bowman Gray 
School of Medicine, Winston-Salem, NC 27157-1061

Using FDG positron emission tomography (PET) to evaluate the activation 
associated with performing of a cognitive task. We developed a tool (Gemini) for 
the quantitation of our PET to MRI registered data that allows for definition of 
spherical regions of interest (ROIs) placed on one image to be mirrored onto the 
other PET or MRI study in the same location. A variety of ROI statistics are 
reported including the ROI pixel value maximum, average, median and 95th 
percentile (%) values. We sought to validate this tool through phantom, simulation, 
and human studies. Hot spheres in a warm background in the Data Spectrum 
phantom were imaged with both a 4:1 and 10:1 target /nontarget ratio. The local 
maximum in the sphere gave the most accurate reflection of true activity, 
notwithstanding that the mean had lower variance than the local maximum. The 
95th% afforded a reasonable compromise between low variance and high accuracy. 
The computerized 3D Hoffman brain phantom was used to simulate our human 
brain studies. The gray matter-to-white matter ratio was modified to 5:1. Two 
spherical activations of 2 sizes (4 & 10 mm) and intensities (5 & 15% increase) 
were added to the data in the right thalamus and right Brodman’s cortical area 37. 
The data were reprojected into sinograms, blurred with a 7 mm gaussian and 
Poisson noise was added. The simulation also suggests higher accuracy when local 
maximia are used, and this was tested when N=6 human subjects were imaged 
while blindfolded (baseline) and performing a visual task (identifying letters). 
Bilateral calcarine fissure and left inferior posterior temporal activation was 
demonstrated with the Gemini method, which gave more significant results than 
obtained with statistical parametric mapping (SPM). In summary, this tool 
specifically designed for quantitation of registered activation studies yields 
improved accuracy and precision. (Supported by NICHD grant # 5PO1HD21887)

615.10
HEMODYNAMICS OF RBC VELOCITY AND VOLUME 
EVOKED BY MICRO ELECTRICAL STIMULATION OF 
RAT BRAIN. T. Matsuura*. H, Fujita. C. Seki. K, Kashikura and 
I, Kanno**. Akita Lab., Japan Science and Technology Corp, and 
**Akita Research Institute of Brain and Blood Vessels, Akita, Japan.

The aim of this study was to estimate the hemodynamics of RBC 
velocity and volume, and the magnitude of response in CBF (velocity x 
volume) for neuronal activation. We used five SD rats anesthetized with 
a-chloralose, and maintained PaCO2 within 32-36 mmHg. The probe of 
the laser-Doppler flowmetory (LDF; Periflux 4001 Master) was set on 
the thinned skull above the barrel cortex. The stimulus electrode was 
inserted into the cortex at the same location with LDF probe. Electrical 
stimuli were 2, 5, 10 and 50 Hz of 1 ms x 10 pA, for 5 seconds. LDF 
outputs were accumulated 20 times with 80 second intervals. In this 
experiment, we obtained the following results: 1) CBF rised at about
0.5 s (0.3-0.6s) after onset of stimulation, regardless its frequency; 2) 
significaut time lag between velocity and volume was not found; and 3) 
the area under the CBF response curve was nearly proportional to 
stimulus frequency. This is the first report which independently 
recorded in vivo dynamics of velocity and volume using LDF. 
Hemodynamics observed in this experiment did not confirm the findings 
by Malonek and Grinvald using optical spectrum method {SCIENCE, 
272 (1996): 551-554) which suggested that the onset of CBV was prior 
to that of CBF. These results also suggested that the amount of increase 
in oxygen supply reflected the frequency of stimuli.

615.11
WHISKER-BARREL CORTICAL BLOOD FLOW INCREASES 
LINEARLY WITH FREQUENCY OF WHISKER MOVEMENT. R.J. 
Gerrits2, E.A. Steinb, A.S. Bloom* and A.S. Greene2. Department of 
“Physiology, bPharmacology and ‘Psychiatry. Medical College of 
Wisconsin, Milwaukee, WI, USA.

Although it has long been known that local changes in neuronal 
activity are tightly coupled to changes in regional cerebral blood flow, the 
precise relationship and mechanisms of action of such coupling are poorly 
understood. Utilization of rat primary somatosensory cortex together with 
laser-Doppler flowmetry (LDF) allows for real time, repeated blood flow 
measurements elicited by sensory activation. In the present experiments, 
we investigated both the magnitude and temporal characteristics of the 
LDF response in somatosensory cortex following varying frequencies of 
whisker activation. The full whisker pad was repeatedly moved for 13 
seconds every 30 seconds at frequencies of 1.5, 2, 3, 4, 6, 8, and 10.5 Hz 
using an electrically driven arm triggered by a timing circuit. At all 
frequencies of activation, LDF responses followed a characteristic pattern 
in which blood flow increased immediately upon stimulus onset, reached a 
peak value, dropped slightly during sustained activation (plateau level), and 
returned to baseline following the offset of activation. Both peak and 
plateau magnitude parameters increased in a linear fashion with increasing 
frequency of activation (p<.005); LDF plateau levels increased above 
baseline levels across the frequency range from a 2% change at 1.5 Hz to 
10% at 10.5 Hz (r2 = .96). Peak levels changed from a 6.6% change above 
baseline at 1.5 Hz to 17% at 10.5 Hz (r2 = .95). The temporal parameters 
of time to half maximum value and time to return halfway to pre-stimulus 
baseline did not change significantly across the frequency range and were
2.6 0.16 seconds and 2.5 0.12 seconds respectively. In conclusion,
increases in neuronal activity in the rat whisker-barrel cortex are coupled 
with increases in the magnitude of the blood flow response but not changes 
in the temporal parameters. (Supported by NIH HL29587 and MH51358).

615.12
OPTICAL IMAGING OF V-SIGNAL OSCILLATIONS IN THE 
MICROCIRCULATION OF RAT CEREBRAL CORTEX AND TESTES.

S.J.OWhitelev4* 'AIVRU., Univ Sheffield. 2ACSE„ Univ Sheffield. 'Dept 
Psychol., Univ Sheffield, Sheffield, U.K. 4*Dept Pathology., Institute of 
Ophthalmology, London, UK.
Optical imaging and dual wavelength spectroscopy were used to investigate 
oscillations in the microcirculations of the cerebral cortex and testes of the rat. 
Two wavelengths of illumination; 660nm (red) and 565nm (green) were used. 
Oximetry analysis transformed the data into estimates of changes of volume 
and saturation. Time series data has previously revealed an oscillation centred 
at 0.1 Hz termed V-signal. This V-signal is comparable to vasomotion 
monitored in both central and peripheral capillary beds using Laser Doppler 
Flowmetry (LDF). Results show that the oscillations contain two frequency 
peaks at 0.1Hz and 0.03Hz. The modulations in blood saturation were much 
greater than volume. There were consistent phase differences. The volume 
changes always led the saturation changes. Experiments using LDF and optical 
imaging concurrently show that the flux/flow LDF oscillation has a phase in 
between that of volume and saturation. It was found in all cortical experiments 
that volume oscillations in the venules led those in the arterioles by nearly a 
second suggesting that there are mechanisms acting post-capillary to regulate 
blood flow. Spatial maps produced illustrate volume changes are greatest in the 
arterioles and conversely show saturation changes greatest in venules. The 
major differences between the testes and cortex was that volume changes were 
reliably greater in the testes, whereas the saturation changes in cortex tended to 
be greater though only at 0.1 Hz. Funded by UNISHEFF and Foundation for 
Fighting Blindness, USA.

615.13
HIGH TEMPORAL/SPATIAL INTRAOPERATIVE HUMAN BRAIN MAPPING 
REVEALED BY OPTICAL INTRINSIC SIGNALS AND WARPING 
ALGORITHMS. A.F, Cannestra*. R. Woods, and A.W. Toga. Lab. of Neuro 
Imaging, Division of Brain Mapping, Department of Neurology, UCLA School of 
Medicine, Los Angeles, CA 90095

Intraoperative optical imaging of intrinsic signals (iOIS) and warping 
algorithms were employed to investigate neurovascular responses for human brain 
mapping. z'OIS was performed over sensori-motor cortex in patients undergoing 
resection of parietal tumors utilizing techniques previously published. Warping 
algorithms (AIR) were then applied to the 2D data set to control for cortical movement 
and increase temporal/spatial resolution.

Sensitivity and discriminatory capacity increased greatly. High temporal 
resolution (250ms acquisition) experiments yielded neurovascular response curves 
identical to previously reported animal responses. A two second stimulus response 
began by Is post-stimulation, peaked at 2.5s and returned to baseline by 5s. Large 
areas of activation were observed indicating the increased sensitivity of the applied 
techniques. To investigate discriminatory capacity and cortical representations, 
individual finger were stimulated with 110Hz vibratory stimulation. Individual cortical 
representations overlapped, however distinct foci for each finger was observed.

The significance of this work lies in the characterization of human 
neurovascular physiology with very high temporal and spatial resolution. External 
stabilization or synchronization paradigms were not necessary to obtain iOIS brain 
maps. The improved spatial and temporal resolution, and resultant increased 
sensitivity and discriminatory capacity of the technique may allow in-depth 
intraoperative mapping and investigation of higher cortical function. AFC is 
supported, in part, by the Training Program in Neuroimaging grant (MH19950). 
Funding was provided by NIMH (MH/NS52083).

615.14
MODULATION OF NEUROVASCULAR RESPONSE AS INFLUENCED BY 
STIMULUS NOVELTY N. Pouratian*, A.F. Cannestra, A.W. Toga Laboratory of 
Neuro Imaging, Division of Brain Mapping, Department of Neurology, UCLA School 
of Medicine, Los Angeles, CA 90095.

Most perfusion-based functional neuroimaging techniques assume tight coupling 
of cerebral perfusion and neuronal activity. Characterization of neurovascular response 
is therefore essential for proper interpretation of perfusion-based functional 
neuroimaging. Optical imaging of intrinsic signals (OIS) was utilized to investigate 
the effect of qualitative stimulus change (stimulus novelty) on the neurovascular 
response. We observed OIS responses over rodent somatosensory cortex to Cl whisker 
deflection focusing on intra-stimulus frequency change and stimulus termination 
events.

As previously reported, optical responses to sustained stimulation respond with an 
initial peak followed by the maintenance of a steady state. Increasing whisker 
deflection frequency from 10 Hz to 20 Hz during sustained stimulation induced a 
secondary peak analogous to the initial peak, consistent with stimulus-response 
literature. Surprisingly, we also observed this secondary peak when whisker deflection 
frequency was decreased from 10 Hz to 5 Hz. This suggests that cortical vasculature 
responds to changes in stimulus quality. Interestingly, in approximately 75% of the 
animals studied, we also observed a peak coinciding with stimulus termination, 
consistent with this hypothesis.

Our results suggest neurovascular response may preferentially respond to the 
differential (change) of stimulation. Novelty of stimulation should therefore be 
considered when designing and interpreting perfusion-based neuro-imaging paradigms. 
AFC is supported, in part, by the Training Program in Neuroimaging grant 
(MH 19950). Funding was provided by NIMH (MH/NS52083).
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615.15
OPTICAL INTRINSIC SIGNAL IMAGING OF NEUROVASCULAR RESPONSE 
DURING CORTICAL SPREADING DEPRESSION. D.E. Rex, A.F. Cannestra, and 
A.W. Toga*. Laboratory of Neuro Imaging, Division of Brain Mapping, Department 
of Neurology, UCLA School of Medicine, Los Angeles, California 90095.

Cortical spreading depression (CSD) is a propagating excitation followed by 
suppression of cortical electrical activity. CSD is associated with cerebral trauma, 
ischemia and migraine. We used optical imaging of intrinsic signals (OIS) to 
characterize optical physiology of CSD and neurovascular responsiveness before and 
after CSD induction. OIS measures cortical reflectance changes due to vascular and 
metabolic factors. A craniotomy was performed over rodent somatosensory cortex and 
mannitol administered to suppress herniation. Optical signals (850nm) were recorded 
in response to Cl whisker stimulation at 10Hz and of varying duration. A cortical 
pin-prick was utilized to induce CSD.

Before CSD was induced, a two second whisker stimulation produced optical 
responses which began Is post-stimulation, peaked at 3s, and returned to baseline by 
5s. CSD was then initiated. Optical measurements of CSD indicated a spread rate 
near 3mm/min, consistent with the literature. After CSD induction, the same whisker 
stimulation (2s) produced optical responses with a time course identical to pre-CSD 
responses. However, the magnitude of post-CSD optical changes was reduced 90% 
from pre-CSD optical changes. The decreased magnitude of response was observed for 
30-180 minutes after the initiation of CSD and correlated to the degree of traumatic 
injury.

The observation that temporal measurements were indistinguishable before and 
after CSD may indicate neurovascular coupling mechanisms are not disturbed by CSD 
induction. DER is supported, in part, by the Medical Scientist Training Program grant 
(GM08042). AFC is supported, in part, by the Training Program in Neuroimaging 
grant (MH19950). Funding was provided by NIMH (MH/NS52083).

615.16
IN VIVO CONFOCAL MICROSCOPY FOR INVESTIGATING CORTICAL 
MICROCIRCULATION DURING RAT MEYNERT'S NUCLEUS STIMULATION. 
L. Thomas, R. Charbonnc, D, Von Euw, J. Borredon, N. Gal, J. Sevlaz and P.
Lacombe*. Laboratoire de Recherches Cerebrovasculaires, CNRS URA 641, 
Universite Paris 7, IFR 6,75010 Paris, France.

We sought to determine whether stimulation of the rat nucleus basalis of 
Meynert (NBM), the origin of cholinergic projections to cortical microvessels 
(1), induces intraparenchymal microcirculatory changes using confocal 
microscopy. Sprague-Dawley rats were anesthetized and implanted with an 
electrode for electrical stimulation of the NBM. A closed cranial window was 
then placed over the parietal cortex, and the animal was installed under the 
confocal microscope (Viewscan 250 Bio-Rad). The velocity of fluorescent 
(FITC-dextran incubated) red blood cells (RBC) and the diameter of individual 
microvessels (visualized by i.v. fluorescein) were measured (analysis by 
Optimas). NBM stimulation significantly increased RBC velocity in both 
capillaries (65%) and venules (110 %), (increases not measurable in arterioles). 
Unlike these changes which were widespread, only scarce and localized 
diameter increases were observed (60 %) in arterioles but not venules. These 
responses occurred in less than 2s and returned to baseline 5s after the end of 
stimulation. Comparatively, hypercapnia tests elicited comparable increases in 
velocity, and greater (130%) and more widespread changes in arteriolar 
diameter. Thus, with this technique we could differentiate the circulatory 
responses to different tests at the level of the intraparenchymal arterioles. The 
results provide a first direct anatomo-functional support for the involvement of 
the cortical NBM projections in the control of the cortical microcirculation.
(1) Vaucher and Hamel, J Neurosci 15: 7427-7441, 1995.

615.17
HUMAN INTRAOPERATIVE FUNCTIONAL BRAIN MAPPING USING 
OPTICAL INTRINSIC SIGNALS A.W. Toga, A.F. Cannestra, K.L, Black, T. 
Cloughesv, J.S. Burton, E. Rubinstein, J.C. Mazziotta* Lab. of Neuro Imaging, 
Division of Brain Mapping, Departments of Neurology, Surgery and , UCLA School 
of Medicine, Los Angeles, CA 90095.

The goals of this study were to examine the temporal and spatial 
characteristics of vibratory and electrical stimulation induced responses intraoperatively 
using an optical technique. Optical intrinsic signal imaging (OIS) within the surgical 
setting provides intraoperative functional mapping technique that may overcome 
current intracranial functional mapping limitations. We used OIS as a non-contact, 
repeatable, intraoperative method for observing functionally active brain regions in 
thirteen anesthetized patients undergoing surgical resection for fronto-parietal tumors. 
Intraoperative optical signals were recorded, analyzed, and compared with cortical 
evoked potentials. Stimulus parameters (amplitude, frequency, and duration) were 
varied to investigate their effect on neurovascular responses.

We found the responses to be temporally dynamic and sensitive to stimulus 
parameters. Vibratory versus transcutaneous median nerve electrical stimulation 
resulted in temporally similar responses. Optical signals colocalized with cortical 
surface evoked potentials. Evidence for dose-response relationships and a post-
response reduction in sensitivity, termed vascular refractory periods, also was observed.

The significance of this work lies in the characterization of human 
neurovascular physiology with very high temporal and spatial resolution and the 
development and implementation of a non-contact, repeatable, intraoperative tool for 
functional mapping. In addition to providing a practical method for intraoperative 
mapping, these observations have significant implications for other perfusion 
dependent functional brain imaging techniques. AFC is supported, in part, by 
MH 19950. Funding was provided by NIMH (MH/NS52083).

615.18
METABOLISM OF A RAT BRAIN SUBJECT TO MAGNETIC 
RESONANCE IMAGING (MRI). K. Hvodo* and K. Momma. 
Biomechanics Div., Meeh. Eng. Laboratory., Agency of Industrial 
Science and Technology, Tsukuba, 305 JAPAN

In vivo microdialysis and in vivo near infrared spectroscopy 
(NIRS) were used to detect rapid influence which MRI has upon 
brain metabolism. The influence of MRI on living body may 
consists of three factors, a strong static magnetic field, a dynamic 
magnetic field and a radio wave. Monoamines (dopamine, 
noradrenaline) in a rat hypothalamus were monitored by means 
of in vivo microdialysis, during the application of gradient-echo 
sequences by a 2 Tesla MRI apparatus. Brain oxygenation during 
MRI was also measured using in vivo near infrared spectroscopy 
(NIRS wave length: 780 nm, 805 nm and 830 nm). Male Wistar 
rats (15-20 week old) were anesthetized by isoflurene while 
monitoring. Microdialysis samples were collected every 5 
minutes and determined by electrochemical detector. NIRS 
spectrums were recorded continuously during the experiment 
During the application of the gradient-echo sequences, the 
monoamine levels and NIRS spectrums continuously changed. 
But the changes were not significant when compared to normal 
changes in the absence of the sequence. The monitoring was 
continued another one hour after the MR Imaging. The tendency 
of the change was almost the same as during the MR imaging. 
Supported by AIST, Japan.

615.19
DYNAMICS OF LCBF, POz, ELECTRICAL IMPEDANCE (EIM) AND 
INTRINSIC OPTICAL SIGNAL (IOS) IN RAT BARREL CORTEX DURING 
WHISKER STIMULATION. Yu. E, Moskalenko*. T.A Woolsevt, C. Rovainent. 
J. Erinjerit, D. Liut, G.B. Weinstein, V.N. Semernia. I.M. Sechenov Inst. Evolut. 
Physiol. & Biochem., Russian Academy of Sciences, St. Petersburg, Russia, and 
fWashington University School of Medicine, St. Louis, MO 63110.

We tested correlation of local cerebral blood flow (LCBF) with parameters 
which reflect vascular responses to neuronal activity in somatosensory cortex. 
Whisker evoked changes in LCBF, O2 availability (PO2), EIM and IOS were 
measured sequentially in the same region of rat barrel cortex. Three Pt electrodes 
separated by ~ 300 pm, sharpened to 40-60 pm tips, were inserted at 30-40° to the 
surface of the somatosensory cortex identified through a cranial window with IOS in 
urethane (lg/kg i.p.) anesthetized rats. The middle electrode generated H2 and flanking 
electrodes monitored PH2 (LCBF) or PO2 by polarography with the Physioblock-01. 
EIM was measured at 60kHz. IOS were taken from the cortical surface over the 
electrodes. All whiskers were mechanically stimulated in the front to back at 3-5 Hz 
for 60s. Recording sites were confirmed by post mortem histology. LCBF increases 
to whisker stimulation can vary during the same and in different experiments. 
Dynamic IOS changes were similar to PO2 for the superficial electrode and similar to 
LCBF for the deep electrode. Changes in EIM paralleled LCBF. Initial (3-8s) local 
decreases in LCBF, EIM and PO2 were observed in 25-30% of experiments and were 
related in part to depth in the cortex and to electrode position relative to the 
whisker/barrel map. Concurrence in timing of four different measurements related to 
cerebral blood flow indicates that one can serve as a reasonable indicator of the others. 
Supported by grants from the James S. McDonnell Foundation (95-61), RFFI (95-04- 
11190) and the Spastic Paralysis Foundation of the Illinois-Eastern Iowa District of the 
Kiwanis International.

615.20
MEG and EEG Correlates of Spreading Cortical Depression (SCD) in 
Gyr- and Lissencephalic Animals. Bowyer. S.M.1*2. Papuashvili. NA Teplev.

Hosp., Detroit, MI 48202; 2Dept. Physics, Oakland Univ., Rochester, MI 48307; 
3Depts. Neurol. & Physiol., Univ. New Mexico, Albuquerque, NM 87131

Magnetoencephalography (MEG) has emerged as an interesting tool for detection of 
phenomena related to migraine. Since SCD is believed to play an important role in the 
pathogenesis of migraine, MEG studies of SCD in animals may provide further insights 
into this disease. We studied dc-MEG signals associated with SCD in a gyr- and 
lissencephalic species (farm swine 4-11kg; New Zealand White rabbits 3-5kg). Under 
sodium thiopental (Initial dose: 40-50 (pig) and 15-30mg/kg (rabbit), maintenance dose: 
9-11 and 5-9mg/kg/hr, respectively), the trachea, femoral artery and vein were cannulated 
and craniotomy was performed in the dorsal part of the skull. The dura was resected and a 
rectangular strip of cortex (5x8mm) was isolated by suction. The brain was continually 
bathed in physiological saline (Na prop. 70, NaCl 30, KCI 7, NaHQb 35, CaCb 2.5, 
MgCb 1.3, Glucose 20 in mM) to condition for SCD. SCD was induced in the strip by 
stimulating the grey matter (20-40Hz, 20-40s, 1.3-3mA, 100-150ps). In the pigs, SCD 
was initiated either from the lateral or medial side of a sulcus. Occurrence and direction of 
propagation of SCD were monitored with dc-ECoG. We hypothesized that the MEG sig-
nal would be detected as SCD propagated into and out of die sulcus and that direction of 
the signal should be reversed as SCD propagation was reversed. In the rabbits, SCD was 
initiated at the lateral edge of the strip to propagate medially. Here we hypothesized that 
the MEG signal should be observed as SCD entered into the longitudinal fissure and that 
the direction of the signal should be reversed for SCDs initiated in the left and right hemi-
spheres. Dc-MEG signals were measured with a 4-channel magnetometer with the detec-
tion coils located direedy over the sulcus or the fissure within the strip. As predicted, the 
maximum MEG signal was observed as SCD propagated into the sulcus of the pig or the 
longitudinal fissure of the rabbit with the opposite polarity for SCDs propagating toward 
the opposite directions. In contrast, the ECoG from the sulcus or fissure was negative, 
independent of the direction of SCD. We have shown that MEG provides a characteristic 
signature of SCD. Supported by NIH grants P50-NS32399 and RO1-NS3Q914,
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616.1
HERA AND THE SPLIT-BRAIN. Michael B, Miller1, Alan 
Kingstone2, & Michael S. Gazzaniga*1. ’Program in Cognitive 
Neuroscience, Dartmouth College; 2University of Alberta

Semantic processing during encoding increases word 
recognition relative to perceptual processing during encoding. 
Neuroimaging studies have shown that when encoding level is 
manipulated, activation occurs in the left dorsolateral prefrontal cortex 
(Gabrieli, et al, 1996). Such neuroimaging studies have been the 
basis of the episodic encoding asymmetry in the HERA (hemispheric 
encoding/retrieval asymmetries) memory model which states that 
semantic retrieval and episodic encoding is predominantly a left 
hemisphere activity, while episodic retrieval is predominantly a right 
hemisphere activity (Tulving, et al., 1994). The present study 
attempts to demonstrate behaviorally this levels of processing 
phenomenon in a single callosotomy patient. Patient J.W. studied a 
list of words while performing a perceptual task (judge if the word 
contains an “a”) or a semantic task (living/nonliving judgment). If 
“deeper” encoding improves recognition, and encoding processes are 
preferentially lateralized to the left hemisphere, we hypothesized that 
the left hemisphere of a split-brain patient would benefit more from 
deeper encoding than the right hemisphere. We tested patient J.W. 
across several sessions and found that the left hemisphere indeed 
benefited from semantic versus perceptual processing during 
encoding, whereas the right hemisphere did not. This research has 
been funded by a grant from the NIH #RO1 NS22626-011 and by the 
McDonnell Pew Foundation.

616.2
IMPAIRED MEMORY RETRIEVAL IN FRONTAL LOBE PATIENTS, 
DESPITE INTACT SEMANTIC SPACE. J.V, Baldo*, C.Y, Chen and 
A.P, Shimamura, Department of Psychology, University of California, 
Berkeley, CA 94720.

Patients with frontal lobe lesions were tested on two tests involving 
retrieval from semantic memory, letter fluency (the FAS task) and 
category fluency (“animals,” “fruits,” and “occupations”). On these 
tasks, subjects were given one minute to retrieve as many items belonging 
to the category as possible. Repetitions or otherwise inappropriate 
responses were counted as errors. Frontal lobe patients were impaired on 
both letter and category fluency, compared to a group of normal, age- 
matched controls. To confirm that the impairment in category fluency 
was not due to a disrupted semantic space or organization, a 
multidimensional scaling task was given to assess the structure of 
semantic memory. Subjects were presented with three animal names on 
each trial and asked to choose the two animals that they felt “go 
together.” Using a multidimensional scaling technique (INDSCAL), we 
derived a metric of each subject’s semantic space. Frontal lobe patients 
and controls exhibited similar responses in this task. Taken together, 
these findings suggest an intact semantic network with impaired memory 
retrieval in patients with frontal lobe lesions. We conclude that this 
pattern of deficits stems from patients’ inability to develop and use 
retrieval strategies.

This research was supported by National Institutes of Health Grants, 
MH48757 and NS17778, and a National Science Foundation pre- 
doctoral fellowship.

616.3
DIFFERENTIAL EFFECTS OF FRONTAL LOBE LESIONS ON 
VISUAL SEGREGATION AND INTEGRATION TASKS. C.Y. Chen*, 
and A.P. Shimamura. Department of Psychology, University of 
California, Berkeley, CA 94720

Patients with frontal lobe lesions have been reported to show 
inhibitory deficits on many cognitive tasks such as those of memory 
and attention. This study investigated whether the inhibitory effects 
exerted by the frontal lobes also extend to more basic sensory processes 
such as vision. Two visual tasks were employed in this study: one 
required temporal segregation of stimuli (backward masking) and the 
other required temporal integration of stimuli. On the segregation task, 
subjects were presented two stimuli in rapid succession and were 
required to report on the first stimulus, after the display of a second 
masking stimulus. On the integration task, subjects were required to 
combine information from two stimuli separated by an interstimulus 
interval, and report on the integrated image. If the frontal lobes exert 
an equal effect on both tasks, it was expected that patients with frontal 
lobe lesions would be worse than normal, age-matched controls at 
segregating the images on the segregation task due to a failure to 
inhibit processing of the masking stimulus. Conversely, on the 
integration task, patients were expected to perform better than controls 
since a deficit in the ability to inhibit sensory information might allow 
information to persist longer and thus facilitate temporal integration. 
The results showed that while patients were impaired on the segregation 
task, they were no different from controls on the integration task. These 
findings suggest that the integration and segregation tasks are mediated 
by different aspects or stages of visual processing.

Supported by National Institutes of Health Grants, MH48757 and 
NS 17778 to APS, and a National Science Foundation pre-doctoral 
fellowship to CYC.

616.4
IMPAIRED CONCEPTUAL SHIFTING IN FRONTAL LOBE 
PATIENTS. M.A. Ciranni*, R.R. Rule and A.P. Shimamura. Department 
of Psychology, University of California, Berkeley, CA 94720 
Patients with frontal lobe lesions were given a discrimination learning 

task. In this task, participants are reinforced to determine one of two 
stimuli (e.g. red square, blue circle) containing a critical feature (e.g., 
red). After participants learn to discriminate the critical feature, they were 
confronted with one of two types of shifts. In one shift (Control 
condition), both the critical feature (e.g., large item) and the stimuli 
changed (two large diamonds, three small diamonds). In the other 
condition (Perseverative condition), the critical feature changed (e.g., 
square), but the stimuli remained the same (e.g. red square, blue circle). If 
frontal lobe impairment only affects the ability to overcome responding 
to a recently learned feature, then the should perform poorly only in the 
Perseverative shift condition. The results suggest that patients with frontal 
lobe lesions have impairments in initial learning of a discrimination and in 
both shift conditions. These findings suggest that the frontal lobes may 
contribute to many aspects of discrimination learning, not just in 
overcoming perseveration.

This research was supported by National Institutes of Health Grants, 
MH48757 and NS 17778, a National Science Foundation pre-doctoral 
fellowship to MAC, and an American Psychological Association MFP 
fellowship to RRR.

616.5
ERRORLESS LEARNING IN THE COGNITIVE REHABILITATION OF 
MEMORY IMPAIRED SCHIZOPHRENIC PATIENTS RE, O'Carroll*. H. 
Russell. S. Lawrie. & E.C. Johnstone Dept. of Psychology, Stirling University, FK9 
4LA, and Dept. Of Psychiatry, Edinburgh University, EH10 5HF, Scotland, U.K.

A significant proportion of schizophrenic patients (even young, unmedicated 
patients) demonstrate marked memory impairment. The neuropsychological profile 
of schizophrenia appears to resemble that of the classic amnesic syndrome, with 
impairment of long term explicit memory but preserved intelligence, short term and 
implicit memory. Baddeley and Wilson (Neuropsychologia, 1994,32,53-58) have 
shown that patients with the classic amnesic syndrome benefit substantially from an 
"errorless learning" approach, and propose that individuals require intact explicit 
memory in order to benefit from past mistakes in learning. In the present study, 18 
memoiy impaired DSM-IV schizophrenic patients (MIS) were compared with 19 
memoiy unimpaired schizophrenic patients (MUS) and 18 healthy control subjects 
(HCS). The three groups were matched for age, sex, years full time education and 
current intellectual level. A comparison of errorful versus errorless learning was 
carried out across the groups, using the method of Baddeley & Wilson (1994). 
Results showed that in the traditional "trial and error" errorful learning condition, 
MIS performed significantly more poorly than the other two subject groups (Group 
by Trial interaction, F=1.76, p=O.O35). However, in the errorless learning condition, 
the memory impaired schizophrenic subjects performed just as well as the other two 
groups. Mean % correct across the 9 trials in the errorful condition were: MIS=83.5, 
HCS=94.9, MUS=92.1, ANOVA F=4.64, p=0.01; in the errorless condition, 
MIS=92.8, HCS=97.2, MUS=96.3, F=2.08, p=0.14. The results suggest that 
errorless learning principles may have potential for the cognitive rehabilitation of 
memoiy impaired schizophrenic patients.

This work was funded by a grant from the Dept. of Health of the Scottish Office.

616.6
SCHIZOPHRENIA-RELATED DIFFERENCES IN THE PATTERN OF 
rCBF UNDERLYING SEMANTIC MEMORY RETRIEVAL. J.M. 
Jennings*. S, Kapur. A.R. McIntosh. B. Zipursky. & S. Houle. Rotman 
Research Inst., Baycrest Centre; Clarke Inst.; Univ of Toronto, ON, Canada, 
M6A 2E1.

Previous research has identified semantic memory deficits in schizophrenia. 
However, the neural basis of this problem remains unclear. To investigate 
semantic retrieval, 8 chronic, medicated schizophrenics and 8 matched 
controls underwent PET sfcanning while performing a letter-checking task and 
a semantic categorization task. A Partial Least Squares analysis of the rCBF 
patterns underlying performance revealed a main effect of semantic 
processing: both groups showed increased rCBF to the left inferior frontal 
gyrus (BA45) and left middle temporal gyrus (BA21) during the semantic task 
relative to the letter task. However, there was also a group by task interaction. 
The control subjects showed greater activity in the right middle frontal gyrus 
(BA9) and anterior cingulate (BA32) during the semantic task, while the 
patient group demonstrated increased rCBF in the left superior frontal gyrus 
(BA 10). To shed light on these group effects we examined the functional 
connectivity between left BA45 (active for both groups) and the rest of the 
activated brain by calculating reference pixel correlations. The two groups 
showed very different patterns of connectivity. Control subjects showed a 
strong positive correlation between rCBF in left BA45 and left BA21, and 
between left BA45 and right BA9, with a negative correlation between left 
BA45 and left BA 10, whereas the patient group showed a completely reversed 
pattern of correlations. Despite the main effect seen in the left inferior frontal 
and middle temporal gyrus, the two groups rely on different semantic 
networks to attain nearly equivalent task performance.

EJLB Foundation
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616.7
VERBAL MNEMONIC STRATEGIES IN PATIENTS WITH 
FRONTAL OR TEMPORAL LOBE EXCISIONS, 
PARKINSON’S DISEASE OR SCHIZOPHRENIA
JL Iddon*, BJ Sahakian, CE Polkey, B Summers, PJ McKenna & TW
Robbins. * Department of Experimental Psychology, Cambridge, UK. 
Some of our previous work has shown that patients with frontal lobe 
excisions or Parkinson's disease (PD) are impaired at generating an 
efficient strategy to complete a visuospatial cognitive task. In this 
study, a new task was devised to test strategy use in the verbal 
domain. Verbal strategy learning was assessed in patients with frontal 
or temporal lobe excisions, medicated PD and IQ preserved 
schizophrenic patients. The results were compared to age and IQ 
matched controls. All subjects were under 55 years of age. The 
verbal strategy task, which was given to 50 patients, required the self - 
generation of an efficient strategy and its implementation. It was 
administered in two stages with semi-cued semantic training trials in 
the middle. A double dissociation was found: whereas the frontal 
excision and PD patients were found to be impaired in generating a 
semantic strategy, they were not impaired in their ability to verbally 
recall words. In contrast the temporal lobe patients were unimpaired 
in their ability to generate a strategy but were impaired in the recall of 
semantically related words. Schizophrenic patients were impaired on 
both strategy and memory scores. This work was supported by a 
Programme Grant from the Wellcome Trust.

616.8
COGNITIVE FUNCTIONING IN PARKINSON’S DISEASE WITH AND 
WITHOUT VERY MILD DEMENTIA. William P. Goldman. Jack D, Batv. 
Virginia D, Buckles. Shirley Sahrmann and John C. Morris*. Department of 
Neurology and the Alzheimer’s Disease Research Center, Washington Univ. 
Medical Center, St. Louis, MO 63108.

A substantial number of patients with Parkinson’s Disease (PD) develop 
dementia. The possibility of preclinical dementia suggests that cognitive function 
in patients with PD who are not overtly demented will be impaired relative to 
healthy aging. The nature of cognitive performance in nondemented PD is 
controversial, however, perhaps because methodological problems and differences 
restrict comparability of data and thus limit conclusions. We addressed some of 
these problems by examining subjects in whom dementia was carefully diagnosed 
and staged and by excluding healthy elderly control subjects with extrapyramidal 
signs. Three subject groups were identified and studied for performance on 
neuropsychological measures: healthy elderly control (N = 43), nondemented PD 
(N = 58), and very mildly demented PD (N = 22). With respect to the 
nondemented PD group, the very mildly demented PD group was impaired on 
Block Design, Digit Symbol, and Trailmaking A. The nondemented PD group 
was impaired with respect to the healthy elderly control group on all measures 
examined except for Digit Span: Logical Memory, Associate Learning, 
Information, Block Design, Digit Symbol, Trailmaking A, Crossing-off, Boston 
Naming Test, Word Fluency. These findings suggest that the earliest stages of 
dementia in PD are most associated with impairments in tasks involving both 
cognitive and motor systems, and even nondemented PD is associated with a 
range of subtle cognitive impairments in the absence of overt dementia.

Supported by NIA grant AG 03991.

616.9
CLASSIFICATION LEARNING AND RECOGNITION MEMORY FOR 
PROTOTYPE DOT PATTERNS IN ALZHEIMER’S DISEASE. R, Sinha. W. 
Heindel*, and B. Ott. Depts. of Psychology and Clinical Neuroscience, Brown 
University, Providence, RI 02912
Amnesic patients have been found to display normal performance on a variety of 
classification learning tasks such as dot pattern classification, artificial grammar 
learning and probability learning, suggesting that these forms of learning depend 
upon neurological substrates other than the medial temporal lobe structures 
typically damaged in amnesia. The purpose of the present study was to examine 
the status of classification learning of prototype dot patterns in patients with 
Alzheimer’s disease (AD), whose pathology extends beyond the limbic 
diencephalic structures compromised in amnesia to include temporal, parietal and 
frontal association cortex. Stimuli for this study were stochastic distortions of 
random dot prototypes. Groups of AD patients and elderly control subjects were 
administered either: (1) a classification learning task in which subjects were 
exposed to forty exemplars of one category and later asked to discriminate between 
new exemplars from the same category and random dot patterns; or (2) a 
recognition memory test in which subjects were given eight exposures to five 
different random dot patterns and later asked to distinguish the five old patterns 
from five new patterns. AD patients were found to display intact classification 
learning ability despite impaired recognition memory. These results extend those 
previously obtained in amnesic patients by suggesting that, in addition to medial 
temporal lobe structures, classification learning of random dot patterns is also not 
dependent upon the integrity of temporoparietal regions thought to underlie the 
lexical/semantic deficits seen in AD patients. Rather, dot pattern classification 
may involve changes within posterior perceptual representation systems which are 
relatively intact in AD patients, and which are thought to underlie these patients’ 
intact perceptual priming ability.

616.10
THE CONTRIBUTION OF RECOLLECTION AND FAMILIARITY TO 
RECOGNITION MEMORY IN NORMALS AND AMNESICS. N. E. A. 
Kroll, and A. P. Yonelinas, Department of Psychology, UC Davis,Davis, 
CA 95616, and R, T. Knight*, Department of Neurology & Center for 
Neuroscience, UC Davis, VAMC, 150 Muir Road, Martinez, CA 94553.

Recognition memory judgments can be based on both conscious 
recollection and on the assessment of feelings of familiarity. Familiarity 
judgments are well described by a signal detection process with a 
symmetrically curved Receiver Operating Characteristic (ROC) which 
relates correct responses (hits) to errors (false alarms) as a function of 
response confidence. However, recollection appears to be best modeled 
by a threshold process with a resultant linear ROC. A model combining 
these two observations predicts that under most recognition memory 
conditions, the resulting ROCs will yield an asymmetric curve which is 
the composite of the symmetrically curved familiarity function and the 
linear recollection function. We assessed this prediction in controls and 
neurological patients with unilateral damage in the hippocampal formation 
due to infarction of the posterior cerebral artery. The subjects first heard a 
list of words, making semantic or structural judgments on each, and were 
then given a recognition test where they both responded "old" or "new" 
and rated their confidence in their decision. Anterograde amnesic subjects 
produced only the curved symmetric (familiarity) ROC, suggesting that 
familiarity is relatively preserved in amnesic subjects, whereas conscious 
recognition is impaired. We then developed an experimental condition 
which removes the usefulness of familiarity as a discrimination cue, and, 
under this condition, normal subjects produced only the linear 
(recollection) ROC. These data support the two-component model of 
recognition and have implications for the assessment of memory 
impairments.

Supported by NS 17778 and NS21135

616.11
ACQUISITION OF POSTMORBID VOCABULARY AND 
SEMANTIC FACTS IN THE ABSENCE OF EPISODIC 
MEMORY. E.G. Kitchener1, D.P. Carey2* and J.R. Hodges3. 
'Dept. Experimental Psychology, University of Cambridge, UK 
CB2 3EB, 2*Dept. Psychology, University of Aberdeen, UK and 
3MRC Applied Psychology Unit, Cambridge, UK.

Disagreement exists in die literature over whether it is possible 
for new semantic (factual) information to be learned in the absence 
of episodic (event) memory. We report the case of RS/a 49 year- 
old amnesic man, who we found to have acquired information 
about famous people, public events and new vocabulary during the 
13-year period since he became amnesic, despite having no 
measurable anterograde episodic memory function and a profound 
loss of autobiographical memory. These data suggest that at least 
some severe amnesics are able to acquire new semantic knowledge, 
provided that critical temporal neocortical regions are spared. We 
discuss these findings in the context of recent connectionist models 
of memory.

EK’s research was supported by NSERC (Canada) and BBSRC 
(UK) graduate awards, and by Gonville and Caius College, 
Cambridge.

616.12
EFFECT OF AUDITORY CORTEX EXCISION ON PERCEPTION AND 
REPRODUCTION OF TEMPORAL SEQUENCES. VB Penhune*, RJ 
Zatorre, W Feindel, DL Collins and AC Evans. Neuropsych Cog Neurosci Unit 
& McConnell Brain Imaging Centre, McGill Univ & Montreal Neurol Inst

Encoding of the temporal parameters of sensory stimuli is a little understood 
function of the human brain. Studies with auditory stimuli have linked temporal 
perception to the auditoiy cortices of the temporal lobe, but have not 
demonstrated a more precise localization within auditory cortex. This study 
examined perception and reproduction of auditory and visual temporal 
sequences in patients with unilateral temporal lobe (TL) removals for 
intractable epilepsy. The surgical excisions included portions of the region of 
primary auditory cortex, but minimal hippocampal removals. The stimuli were 
6-element rhythmic sequences made up of short and long elements with a 
constant ISI. Ss reproduced the sequences by tapping on the computer 
keyboard to indicate the duration and order of elements. Performance was 
assessed as percent correct across trials for each element in the sequence, and 
across the sequence as a whole. Preliminary results show that patients with 
both left and right TL removals were significantly impaired compared to 
normals in reproducing the auditory and visual sequences, particularly the final 
2 elements. Only patients with right TL removals were impaired across the 
entire sequence. These deficits may result from disturbance in the function of 
sensory-based, short-term memory systems located in temporal neocortex.

To further specify these behavioral results, groups of patients with right and 
left TL excisions which include hippocampus, but not auditory cortex have also 
been tested. In addition, the location and extent of removal in primary auditory 
cortex will be quantified from post-op MRI scans using a probabilistic map of 
the region in stereotaxic space based on normal subjects.

Supported by: MRC, McDonnell-Pew and NIH/NIMH
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616.13
METABOLIC AND ANATOMIC NEUROIMAGING OF THE MEDIAL TEMPORAL 
LOBES PREDICTS RESULTS OF SODIUM AMOBARBITAL MEMORY TESTING. 
Z. Caramanos*, F. Cendes, M. Jones-Gotman, D.L. Arnold, and M. Petrides.
Montreal Neurological Institute and McGill University, Montreal, Canada, H3A 2B4.

Previously, we found that: 1) hippocampal volumes and medial temporal-lobe (MTL) 
levels of the neuronal marker N-acetylaspartate (as determined by proton magnetic resonance 
spectroscopy) could predict the side of predominant seizure origin as determined by extensive 
clinical electroencephalographic investigation; 2) performance on the most widely-used 
clinical neuropsychological tests of verbal and figural memory could not do so; and 3) results 
on these neuroimaging measures were highly interrelated, but they were not related to the 
patients’ memory test scores in a modality-specific way (SFN '95, 757,14), Those results 
suggested that, in unoperated temporal-lobe epilepsy (TLE) patients, performance on those 
memory tests could not be considered indirect measures of left and right MTL integrity.

In the present study, we examined the relationship of individual TLE patients' MTL 
neuroimaging findings to their memory for simple stimuli that were presented after unilateral 
intracarotid injection of sodium amobarbital1. This is a crude, yet direct, measure of the 
ability of the individual cerebral hemispheres to acquire new information. The results of 25 
such procedures performed on 14 unoperated TLE patients were examined: 11 of these 
hemispheric memory tests were classified as ‘Failures’ and 14 were classified as ‘Passes.’

As might be expected, measures of medial temporal-lobe metabolic neuronal integrity were 
lower, on average, in the hemispheres that failed memory testing than in those that passed (p 
< 0.05 on 1-way MANOVA). A similar trend was shown in terms of hippocampal volume (p 
= 0.10 on 1-way MANOVA). Moreover, ‘leave-one-ouf linear discriminant analyses based 
on these neuroimaging values correctly predicted the memory-testing success or failure of the 
ipsilateral, non-injected hemisphere in 18 of 25 cases (Fisher’s Exact Test = 0.047) - 
showing fair agreement with the actual memory-testing results (Cohen's Kappa = 0.437). 
These results suggest that neuroimaging measures of medial temporal-lobe integrity are 
indeed related to the individual mnemonic abilities of the two human cerebral hemispheres 
and that this relationship can be examined when these abilities are measured directly.
1 Jones-Gotman, M. (1987). In Surgical Irealnienl <>/ the epilepsies. J. Engel Jr., Ed., 203-211, Raven Press: New York

616.14
KNOWING AND REMEMBERING: TOWARD THE NEURAL MECHANISMS 
OF SIMILARITIES AND DISTINCTIONS. Yalchin G. Abdullaev * and Konstantin 
V, Melnichuk. Dept. Psychiatry & Behav. Sci., University of Louisville School of 
Medicine, Louisville, KY 40292, and Brain Center, St. Petersburg 197376, Russia.

Neuronal activity recorded from chronically implanted depth electrodes in 
neurosurgical patients was studied while performing two tasks with visual letter 
strings: lexical decision and recognition memory. In a lexical decision task, subjects 
made a simple yes/no discrimination of visual words and phonologically similar 
pseudowords. In a recognition memory task subjects first studied a list of words until 
perfect recall, and 24 hours later made a simple yes/no discrimination of old and new 
words. We compared the activity of the same cells in these two tasks. One type of 
neurons responded in lexical decision with a significant difference between firing 
responses to words and nonwords, but did not respond in recognition memory task. 
This type of neuronal responses were found in the head of the left and right caudate 
nuclei, in the right cortical area 4. A second type of neurons exhibited significant 
firing responses in a recognition memory task with significant differences between 
responses to old and new words, but did not respond in lexical decision task. These 
were found in the left perirolandic areas 1-4, and in the ventrooral anterior nucleus of 
the right thalamus. A third type of neurons revealed significant firing responses and 
similar response differences both in word-nonword comparison of the lexical decision 
task and in old-new comparison of the recognition memory tasks. We found them in 
the left frontal areas 6 and 8, in the right cortical area 1, and in the right putamen. 
Only in the hippocampus we observed a fourth type of cells with stronger responses 
to novel stimuli. These cells responded stronger to pseudowords in lexical decision 
and to new words in recognition memory tasks. Comparison of neuronal firing 
responses, as well as the neuroanatomy and the time course of the responses indicate 
that semantic, knowledge-based memory and explicit recognition memory have both 
shared and separate components in their underlying neurocircuitry.

616.15
MEDIAL TEMPORAL LOBE NEURONAL ACTIVITY DURING 
VISUAL-VERBAL PAIRED ASSOCIATE LEARNING IN HUMANS.
K. A. MacDonald*. I. Fried. C. L. Wilson. Division of Neurosurgery, 
Departments of Neurology and Psychiatry & Biobehavioral Sciences, 
UCLA School of Medicine, Los Angeles, C A 90095

Bilateral damage to medial temporal lobe areas in humans causes 
profound amnesia characterized by deficits in declarative memory. 
Paired associate learning is sensitive to declarative memory impairment, 
and is markedly impaired in amnesic patients. Here we report on 
neuronal activity in medial temporal lobe areas during a paired associate 
task in awake human subjects. Bilateral electrode implantation in 8 
patients with intractable epilepsy undergoing intracranial electro-
physiologic monitoring to identify a resectable seizure focus yielded 
extracellular recordings of single unit activity in the amygdala (10), 
hippocampus (37), and entorhinal cortex (24). Magnetic resonance 
imaging and angiographic stereotaxic techniques were used to place 
electrodes. Patients were shown 20 word pairs to study; 10 related (e.g., 
tennis-ball) and 10 unrelated (e.g., light-camp). They were later tested 
for recall of the second member of each pair following presentation of 
the first, for 7 study/test trials. The activity of 71 units during paired 
associate study revealed neurons which responded preferentially to 
related or unrelated pairs. In test trials neurons showed preferential 
responses during correct or incorrect recall. These responses were found 
either during or following stimulus presentation. There were also 
changes in neuronal responses along the behavioral learning curve. 
These results suggest that single neurons in the medial temporal lobe 
alter their activity with learning. This research was supported by an 
Epilepsy Foundation of America grant and by NIH grants NS-33221 and 
NS-02808.

616.16
THE CEREBELLAR COGNITIVE AFFECTIVE SYNDROME. Jeremy D. 
Schmahmann* and Janet C. Sherman. Department of Neurology, Massachusetts 
General Hospital and Harvard Medical School, Boston, MA 02114.

Do lesions of the cerebellum cause disturbances of behavior and 
cognition? To test this question we performed neurological examinations, mental 
state evaluations, and neuropsychological studies in 20 patients with diseases 
confined to the cerebellum. Thirteen had stroke, 1 had excision of a vermis tumor, 3 
had postinfectious cerebellitis, and 3 had cerebellar cortical atrophy. Behavioral 
changes were characterized by: 1. Disturbances of executive function including 
impaired planning, set-shifting, abstract reasoning, and verbal fluency, often with 
perseveration, distractibility or inattention. 2. Visual-spatial disorganization and 
impaired visual-spatial memory. 3. Personality change with flattening or blunting 
of affect, or disinhibited and inappropriate behavior reminiscent of "witselzucht". 4. 
Difficulties with language production including dysprosodia, agrammatism and 
mild anomia. 5. Difficulty with sequential thinking, demonstrated by impaired 
ability to perceive relationships between events. The net effect of these disturbances 
in cognitive abilities was a general lowering of intellectual function. This cerebellar 
cognitive affective syndrome (CCAS) was more pronounced in patients with 
bilateral and acute disease, and was less evident when the pathology was chronic or 
more restricted. Posterior lobe lesions were particularly important in the generation 
of the CCAS. The vermis was consistently involved in patients with pronounced 
affective presentations. Lesions of the anterior lobe produced only minor changes in 
executive and visual-spatial functions. The constellation of deficits is suggestive of 
disruption of the cerebellar modulation of neural circuits that link frontal, parietal, 
temporal, and limbic cortices with the cerebellum. The correlation of each 
component of the CCAS with the precise region of the cerebellum destroyed will 
depend on the analysis of a larger group of patients. (Supported in part by the 
Milton Fund of Harvard University).

616.17
EXPLICIT MEMORY IMPAIRMENT IN PREGNANT WOMEN. P.A. 
Keenan*. D, Yaldoo, M.Stress, and D. Fuerst. Dept. Of Psychiatry, 
Wayne State Univ. School of Medicine, Detroit, Mi. 48201

The study utilized a longitudinal design to investigate explicit 
memory in pregnant women across the three trimesters of their 
pregnancy as well as the postpartal period. A group of closely 
matched non-pregnant women were similarly studied. There was 
a significant time X group interaction (p<.01) for both WMS 
immediate and delayed recall. Contrasts showed no group effect 
from the first to the second trimester, but a significant group 
effect from the second to the third trimester (p < .01) with the 
pregnant group showing a significant decline in performance 
relative to the control subjects who improved. There were no main 
or interaction effects for implicit memory. Results support the 
anecdotal reports of diminished memory during pregnancy to a 
limited degree. While we did find that explicit memory was 
impaired in the pregnant women, this phenomenon was limited to 
the third trimester. The underlying mechanism behind this relative 
impairment in memory is not easily understood. All previous 
reports indicate an association between hypo- rather than hyper- 
estrogenic states and impaired memory. While the pregnant 
women reported more depression and anxiety than did the control 
group, scores did not vary throughout pregnancy.

616.18
RECIPROCAL DISSOCIATION BETWEEN HYPERMNESIA AND 
SUBJECTIVE ORGANISATION (SO). V. M. Solis-Macias, S. Diaz- 
Cintra*. Centro de Neurobiologia, Campus UNAM-UAQ Juriquilla, AP
1-1141Queretaro CP 76001 Qro., MEXICO.

The relation between hypermnesia (incremental retrieval following one 
single study trial) and SO (output consistency across recall trials for 
nominally unrelated stimuli) was investigated in an experiment that 
analysed the free-recall (FR) of pictures or words across four trials. Picture 
(p-FR) and word (w-FR) groups of adult human subjects (n = 10) were 
tested 4 times in succession. The stimuli were 40 common concrete nouns 
or their pictorial representation. The main results were: (a) highly 
significant hypermnesia for the p-FR group; (b) no evidence of 
hypermnesia in the w-FR group. Conversely, there were, (c) non-
significant levels of SO for the p-FR group coupled with, (d) highly 
significant SO in the w-FR group. It is suggested that: (1) p-FR 
hypermnesia emerged mainly due to relevant input-output modality 
transformations (i. e., pictorial to verbal recording); (2) SO is not a 
necessary or sufficient condition for hypermnesia; (3) functionally, pictures 
and words tend to be processed differently (usually by means of item- 
specific and relational processing, respectively). This last factor partially 
explains the distinct levels of final recall and SO observed between the two 
kinds of stimuli.

This research was supported by grant 2122-.PH from Mexico's National 
Council of Science and Technology (CONACYT).
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616.19
IMPAIRED DECLARATIVE MEMORY FOR EMOTIONAL STIMULI 
FOLLOWING DAMAGE TO THE HUMAN AMYGDALA. K. Kinsey*, R. 
Adolphs, D. Tranel. Dept. of Neurology, University of Iowa, Iowa City, ,A 
52242.

Studies in animals and humans have shown that the amygdala is a key 
component of the neural systems that process emotion, and that it is a 
necessary structure for the acquisition of behavioral and autonomic 
responses to stimuli that have been paired with strong emotional arousal. 
However, very little is known about the human amygdala's role in learning 
declarative knowledge related to emotion (e.g., knowledge of facts that 
may be assessed verbally). We investigated the declarative memory of a 
patient with focal bilateral amygdala damage, SM, and compared her 
performances to those of 5 brain-damaged and 7 normal controls. 
Subjects were shown a short audiovisual story, parts of which were 
emotionally arousing. Declarative memory for the material was assessed 
24 hours later, using a standardized multiple-choice questionnaire. SM 
endorsed normal subjective emotional responses'to the story, and had no 
visuoperceptual impairment. However, SM showed memory impairments 
specific for the emotionally arousing material, while performing normally 
in regard to emotionally neutral material. Follow-up experiments 
indicated that SM showed normal effects of the level of processing 
("deep", e.g. semantic processing of a word, versus "shallow", e.g. 
counting the number of letters in a word) related to memory for lexical 
and non-lexical visual stimuli. The data support the proposal that the 
human amygdala normally enhances acquisition of declarative 
knowledge for emotionally arousing stimuli, and that the impairments 
seen following amygdala damage may be due to a failure to link 
emotional arousal with attentional and mnemonic processes. Supported 
by NINDS grant NS 19632.

616.20
BILATERAL DAMAGE TO THE HUMAN AMYGDALA EARLY IN LIFE 
IMPAIRS KNOWLEDGE OF EMOTIONAL AROUSAL. R. Adolphs1*.
G.P. Lee2 D. Tranel1, A.R. Damasio1. 1Dept. of Neurology, University 
of Iowa, Iowa City, IA 52242 and 2Dept. of Surgery, Medical College of 
Georgia, Augusta, Georgia 30912.

Bilateral damage to the human amygdala can impair the recognition of 
emotion in visual and auditory stimuli, especially in the case of fear and 
anger, but the underlying mechanisms of the impairment remain unclear. 
We examined the amygdala's possible role in recognizing the valence 
(pleasantness/unpleasantness) or the arousal signalled by emotional 
stimuli. We asked 5 subjects with bilateral amygdala lesions and 24 
normal controls to rate facial expressions, words denoting emotions, and 
short stories depicting emotions, on the attributes of valence and arousal. 
Three of the subjects had sustained amygdala damage early in life, and 
were impaired in judging the arousal signaled by all types of stimuli 
denoting unpleasant emotions (ANOVA, interaction of subject group and 
emotion type: F=11.1, p<0.0001; Scheffe tests: p<0.001 for all negative 
emotions, p=n.s. for all positive emotions). By contrast, two subjects who 
had sustained amygdala damage late in life showed no such impairment. 
All five subjects judged the valence of all emotions normally. The 
findings support the idea that the human amygdala is essential to acquire 
knowledge of the arousal associated with unpleasant emotions during 
development, a process that would have been compromised in subjects 
who had damaged amygdalae early in life. This interpretation is 
consonant with the amygdala's demonstrated role in learning and 
memory associated with high emotional arousal. Supported by NINDS 
grant NS 19632.

COGNITION: LEARNING AND MEMORY—HUMANS: DECLARATIVE MEMORY—OTHERS

617.1
REPRESENTATIONS OF COMPLEX AUDITORY PATTERNS IN THE 
HUMAN BRAIN. C. Alain*. F. Cortese. & T. W. Picton. Rotman Research 
Institute, Baycrest Centre and Department of Psychology, University of 
Toronto, Canada.

The perception of complex auditory signals such as speech and music 
depends upon the listener’s ability to extract temporal patterns and encode 
them in memory. The representation of complex auditory patterns in the 
human brain was investigated with the mismatch negativity (MMN), a 
component of event-related brain potentials elicited by sounds that deviate 
from the perceptual stream. Twelve participant were presented with rare 
deviant sounds embedded in a repeating sequence of four standard tones (i.e., 
2000, 1000, 1600, and 800 Hz). The stimuli were 40 ms in duration (5 ms 
rise/fall time) and were presented at a 200 ms interstimulus interval (ISI). 
Two types of pattern-deviations occurred: (1) spectral, in which the pitch 
transition between two consecutive tones was reduced by 25 or 75 % and (2) 
time, in which the standard 200 ms ISI between two consecutive tones was 
reduced by 25 or 75%. Both spectral- and time-deviant sounds generated an 
MMN wave that peaked at midline central sites and inverted in polarity at 
inferior temporal and occipital sites. The MMN scalp topography was 
similar for the spectral- and time-deviant stimuli, suggesting that both 
spectral and temporal transitions among elements of an auditory pattern are 
encoded in a single memory trace. The scalp amplitude distributions were 
consistent with brain activation along the supratempora, plane.

617.2
ERP CORRELATES OF RECOLLECTION IN YOUNG AND OLDER 
ADULTS. R. E. Mark and M. D. Rugg*. Wellcome Brain Research Group, 
School of Psychology, University of St. Andrews, KY16 9JU, Scotland, UK.

Electrophysiological correlates of recollection, as identified in a source 
memory paradigm and with the Remember/Know procedure, were compared in a 
young (18-30 years) and an older group (62-79 years) of healthy volunteers (16 
subjects per group). There were 4 study-test blocks administered in an ABBA 
design. At study, subjects listened to words spoken in either a male or a female 
voice, and were instructed to perform one of two study tasks (‘pleasantness’ or 
active-passive’ rating) depending on the voice in which the item was spoken. At 

test, subjects made initial old/new judgments to visually presented words and, for 
words judged old, indicated in which voice they had heard the word at study 
(source task), or whether they ‘remembered’ or ‘knew'’ they had heard the word 
at study (R/K task). On the initial recognition decision there were no significant 
differences in accuracy between the two groups. However, young subjects were 
significantly more accurate in their source judgments than the older group. The 
magnitudes and topographical distributions of differences between ERPs to 
successfully recollected and new' words were indistinguishable for the two tasks, 
supporting the view that recollection defined by the ability to make accurate 
source judgments, and recollection defined as the subjective experience of 
remembering, are neurally and functionally equivalent. These ERP effects were 
also equivalent in magnitude and scalp topography in the two groups; the only 
group difference involved a relative delay in the onset of the effects over left 
parietal scalp in the older subjects. These findings are consistent with the view' 
that successful episodic retrieval is supported by similar processes in young and 
older people.

617.3
NOVELTY P300 AMPLITUDE PREDICTS RECOGNITION MEMORY 

PERFORMANCE 
V.E. Stevens* and R.T. Knight

Dept. of Neurology and Center for Neuroscience, UC Davis, VAMC, 150 
Muir Rd. Martinez, CA 94553.

Task-relevant, detected target stimuli elicit a parietal maximal P300 
(P3b), whereas unexpected, novel stimuli elicit an earlier latency P300 
(P3a), maximal over fronto-central regions. The P3a has been proposed to 
be a central marker of the orienting response. In intentional memory 
paradigms, stimuli that are subsequently recalled elicit larger parietal P3bs 
at encoding than those not recalled. Behavioral studies have demonstrated 
that subjects also exhibit enhanced recall for novel stimuli (von Restorff, 
1933). We employed an auditory signal detection paradigm to investigate 
the relationship between the novelty P3a and subsequent recognition 
memory performance. Event-related potentials (ERPs) were recorded from 
young subjects during both encoding and recognition. Subjects were 
instructed to press a key only in response to randomly presented target 
tones (1.5 kHz, p = 0.10) embedded in trains of background stimuli 
(standards, 1.0 kHz, p = 0.80). Novel, task irrelevant complex sounds were 
also randomly presented during the detection task (700 ms duration, p = 
0.10). In the recognition phase, subjects made yes/no recognition 
judgments for novel sounds [p(old) - 0.50], Upon initial presentation, 
novel stimuli generated a P3a response maximal over the right hemisphere. 
During the encoding phase, stimuli subsequently recognized generated 
larger P3a responses than stimuli not subsequently recognized. These data 
suggest that the degree of orientation to novel stimuli enhances memory 
storage and subsequent recognition and further indicate that the right 
hemisphere is dominant for orientation to novel auditory events. 
Supported by NS21135.

617.4
Brain potentials dissociate recency and recognition memory 
I.Tendolkar* and H.D.Rugg.School of Psychology, Univ. of

St Andrews, St Andrews,Fife KY9 6JU, Scotland, IK.
Event-related brain potentials (25 channels, mastoid reference)

were recorded while healthy subjects (n=16) made recency judgements 
to three classes of test item. At study, words were presented visu-
ally in two distinct lists. At test, subjects judged which of two 
simultaneously presented words had been prsented most recently.
Ihe word pairs were cai^josed of two previously studied words (01d+- 
Old), one studied and one unstudied word (Old+New) or two unstudied 
words (Newri\ew). Whereas a frue' recency judgement mist be made 
for Old+Old pairs, judgements for Old+New pairs can be made on 
the basis of recognition memory alone, and those for Newt-New pairs 
must be based on a guess. At centroparietal electrodes, ERPs to 
Old+Old and Old+New pairs both differed reliably from those to 
New+New pairs. By contrast, at frontopolar electrode sites, only 
ERPs to Old+Old pairs differed reliably from any other class of 
item. For Old+Old pairs attracting a correct response, this effect 
onset<30Qnsec post-stimulus, and continued for almost a second.
A subsequent control experiment indicated that the effect was not 
nerely a consequence of recognizing two rather than a single word 
frcm the study phase. In line with neuropsychlogical data from 
human lesion studies, our findings therefor suggest that the tenpo- 
ral structuring of the past depends upon processes additional to 
those that underlie recognition memory, and that these pmrassps 
are supported by the prefrontal cortex.
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617.5
HUMAN TEMPORAL LOBE DEPTH EEG SHOWS EVOKED MEDIAL 
SYNCHRONIZATION AND LATERAL DE-SYNCHRONIZATION DURING 
DELAYED RECOGNITION TASKS IN ALPHA AND GAMMA FREQUENCY 
BANDS. J. C. KLOPP*1'4, E, HALGREN2,3, K. MARINKOVIC2,3, V. I. NENOV12 
1)Brain Monitoring and Modeling Laboratory, Div. Neurosurgery 2)Brain 
Research Institute, UCLA 3)INSERM U97, Paris, France 4)UCLA Neuroscience 
Ph.D. Program, Los Angeles, CA 90095.

Intracranial EEG (iEEG) was analyzed from 12 epilepsy patients implanted 
with depth probes for localization of seizure onset. Face or word stimuli were 
presented during delayed recognition tasks. iEEG was digitized at 166 Hz 
with a bandpass filter of 0.1 to 50 Hz. Local evoked potentials were highly 
specific for faces in the fusiform gyrus from 160-220 msec post-stimulus onset.

Five iEEG contacts from each patient, placed from medial to lateral 
occipitotemporal cortex were chosen for a best anatomical fit between 
patients. iEEG data was filtered for alpha (8-12 Hz) and gamma (35-45 Hz) 
frequency bands and averaged between trials and patients. The peak face 
response was larger (73% increase), earlier (at 180 msec) and more lateral 
(fusiform g.) than the word response (19% increase at 320 msec in lingual g.). 
Bootstrap resampling statistical methods showed the power increase at 
medial contacts to be significant (P<0.0005) for both word and face tasks. 
Lateral neocortex displayed a non-specific evoked de-synchronization in both 
frequency bands from 400-700 msec post-stimulus onset (P<0.0001).

A sharp early increase in gamma power correlates well with the ERP P180 
component. However, evoked synchronization and de-synchronization 
components of the power density maps after 250 msec post-stimulus onset are 
not clearly associated with ERP phases. Early gamma synchronization may 
facilitate specific stimulus encoding. Subsequent lateral de-synchronization 
may reflect a neural search mechanism to identify the stimulus.
Funding from NIH NS18741, ONR, HFSPO INSERM and UCLA Div. Neurosurgery

617.6
ELECTROPHYSIOLOGICAL CORRELATES OF MEMORY FOR VOICE AND 
TASK INFORMATION. E.L. Wilding*. MRC-IRC for Cognitive Neuroscience, 
Dept. of Psychology, Oxford Univ., Oxford, OXI 3UD, UK.

Previous event-related potential (ERP) studies of source memory have identified at 
least two ERP modulations which appear to play a functional role in mnemonic 
judgements. However, little attention has been paid to the sensitivity of these 'ERP 
old/new effects' to different forms of source information. In this study event-related 
potentials were recorded from 54 scalp electrodes during two different test phases of a 
source memory task. In one phase subjects discriminated (via one of three key-
presses) between words presented at test for the first time (new words), and between 
words that had previously been spoken in a male or a female voice. In a second 
phase subjects discriminated between new words and between words that had 
previously been encountered during the performance of one of two tasks. The results 
of the comparisons of the ERPs to words correctly assigned to source (either task or 
voice) with those to words correctly judged to be new were consistent with previous 
findings. The only differences revealed by the direct comparison of the ERPs 
associated with correct voice and task judgements were at right fronto-central electrode 
locations, where the ERPs to correct task judgements were markedly more positive 
than those to correct voice judgements. These findings suggest that memory-related 
ERP effects over frontal scalp are sensitive to the nature of source information that is 
retrieved. ERPs were also formed for words that were judged correctly to be old, and 
assigned to the incorrect source. In keeping with previous findings, these ERPs were 
qualitatively similar to those associated with correct source judgements. The findings 
of the experiment are consistent with the view that multiple processes contribute to 
successful memory for source, and suggest that the distinction between memories for 
old words that are accompanied or unaccompanied by accurate memory for source is 
one of degree rather than one of kind.

617.7
A MAGNETOENCEPHALOGRAPHY STUDY OF RELATIONAL AND 
NON-RELATIONAL VISUAL DISCRIMINATION LEARNING IN 
HUMANS. Weisend*M.P., Astur, R.S., Davis, J.T., Lewine, J.D., 
Orrison, W.W., Paulson, K.M., and Sutherland, R.J. Departments of 
Psychology, Neuroscience, and Radiology at the University of New 
Mexico and the Neuroradiology Section of the Veterans Administration 
Hospital, Albuquerque, NM.

Across mammalian species damage to the medial temporal lobe causes a 
selective anterograde amnesia for relational tasks. This finding suggests 
that the intact medial temporal lobe, especially the hippocampus, is 
selectively involved in the information processing necessary for the 
solution of relational tasks. We examined this by having subjects learn 
intermixed trials of relational (A+ZB-, B+/C-, C+/A-) and non-relational 
(U+/V-, W+/X-, Y+ZZ-) discriminations while brain activity was measured 
with a 122-channel, whole-head, biomagnetometer. In all 11 subjects (3 
male, 8 female; 22-46 y.o.) the pattern of activity over the temporal lobes 
during discrimination learning was distinct from that evoked by either 
auditory or simple visual stimulation. In 7 subjects source activity 
between 190 and 220 ms after stimulus presentation localized to deep, 
middle temporal regions for both types of discriminations. In 6 of these 7 
cases, these right temporal dipoles were stronger for the relational 
discrimination condition. All 11 subjects showed posterior parietal dipoles 
for both types of discriminations during this 190-230 ms time period. The 
data indicate that both relational and non-relational visual discriminations 
activate the temporal and parietal lobes. However, only the temporal lobe 
activation is stronger for relational discriminations. Further, 
magnetoencephalography can be a useful tool to study complex cognitive 
functions. Supported by BRINM and UNM’s Quad-L Trust.

617.8
THE TOTAL NUMBER OF NEURONS IN THE MAJOR LAMINAE OF 
ENTORHINAL CORTEX: AN OPTICAL FRACTIONATOR ANALYSIS 
M, J. West* and L. Slomianka, Department of Neurobiology, University of Aarhus, 
Denmark; Department of Anatomy and Human Biology, University of Western 
Australia
The total number of neurons in the major laminae of the human entorhinal cortex 
were estimated with an unbiased stereological technique, the optical fractionator. 
Detailed descriptions of the laminar organization and the cortical limits of the 
region required for the analysis are provided, along with detailed descriptions of the 
sampling scheme employed. The individual, mean values, and variances for 
estimates made in layers II, III, V, and VI are presented and discussed in terms of 
the precision of the estimation procedure and the results of other studies. Combined 
with data from a similar study carried out in the human hippocampus, the data 
presented represents the first evidence of divergence in the perforant path based on 
unbiased estimates of total numbers of neurons in the entorhinal cortex and 
hippocampal regions.

Total Number of Neurons in Layers of Human Entorhinal Cortex (millions)
Laver II III V VI Total

group mean 1.10 6.09 2.06 4.25 13.6
CFfgroup) 0.16 0.16 0.11 0.14
mean CE 0.09 0.08 0.07 0.08

Support: NIH Grant #2 P50 AG05146-12, The Stanley Foundation, The Raine Foundation.
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618.1
MAGNETIC FIELD RESPONSES IN AUDITORY AND SOMATOSENSORY CORTICES 
OF AWAKE HUMANS PERFORMING INTERVAL DISCRIMINATION, Nagaraian 
S.SA Mahncke, H,M„ Poeppel D„ Roberts T.P.L,. Rowley H.A.. and Merzenich M.M..
University of California, San Francisco, CA 94143-0732.

Auditory and somatosensory cortical magnetic field impulse responses are 
comprised of low-frequency (5-15 Hz) osculations that last for 100-300 ms. 
The role of these oscillations in the processing and representation of temporal 
information on this time-scale is unclear. Moreover, the effect of task demands 
and attentional requirements on the impulse responses have not been studied. As 
a first step in a series of experiments to determine the physiological correlates of 
plasticity and representation of temporal intervals, we studied (1) the impulse 
response characteristics when subjects performed tasks that involved temporal 
processing, and (2) the effect of the cross-modal attention on the evoked 
response.

Subjects were presented with two pairs of brief suprathreshold auditory and 
somatosensory stimuli for each trial of a two alternative forced choice procedure. 
In a given block of trials, subjects attended to stimuli in one modality and 
ignored stimuli in the other modality. Subjects indicated which pair of stimuli, 
within the attended modality, was separated by a longer interval. Both the order 
and time of presentation of stimuli in either modality were randomized, 
uncorrelated and jittered. We recorded magnetic fields (2x37-channel 
biomagnetometer, Biomagnetic Technologies Inc.) simultaneously above the left 
somatosensory and right auditory cortices of four human subjects. Single trial 
epochs triggered around each stimulus were averaged to obtain evoked magnetic 
field responses for both somatosensory and auditory inputs for attended and 
unattended conditions.

In both attended and unattended conditions, we observed significant coherent 
low-frequency evoked power in auditory and somatosensory cortices. Latencies 
between the peaks of the evoked response were linearly related to the intervals 
between stimuli, reflecting high fidelity representation of stimulus intervals in 
both primary cortical areas. Cross-modal attention did not modify the latencies 
but modifed the response amplitudes. However, the magnitude and direction of 
change in the evoked response was not consistent across the four subjects. 
Further studies are intended to more definitively determine the effect of cross- 
modal attention and physiological correlates of interval discrimination. 
[Supported by HHMI? NIH Grant NS-10414, HRI, the Coleman Fund and 
Biomagnetic Technologies Inc.]

618.2
IS AUDITORY GATING A FORM OF HABITUATION? KB, 
Austin* and G M. Rose. Dept. of Pharmacology, UCHSC and Medical 
Research Service, VAMC, Denver, CO 80262

Auditory information processing is altered in schizophrenia, as can be 
demonstrated using the “auditory gating” paradigm. This paradigm involves 
the presentation of two auditory stimuli in close temporal proximity (< 2 sec 
apart). Auditoiy evoked potentials (AEPs) recorded to the second stimulus are 
significantly reduced in normal humans and in control rats. Because the two 
auditoiy stimuli are identical, it is not clear whether this response diminution 
should be classified as habituation instead of gating. In the present 
experiments we employed dissimilar auditory stimuli to further investigate this 
issue. Male Fischer 344 rats were chronically implanted with epidural 
electrodes placed over several cortical regions. AEPs were recorded with 
respect to a skull screw located just caudal to lambda over the cerebellum. 
Groups of three tone bursts were presented in either H-H-H or H-L-H 
configurations, where H = 6 kHz and L = 3 kHz. In this paradigm, response 
decrements due to habituation should not be observed for the H-L combination. 
Further, the third response elicited by the H-L-H paradigm should be larger 

than the corresponding response elicited by the H-H-H paradigm, indicative of 
dishabituation. Substantial decrement of the second response was observed in 
the H-L paradigm, but evidence for partial dishabituation was also observed. 
However, the response to the “L” tone needed to be substantially larger that 
elicited by the “H” tone for dishabituation to occur. Thus, while auditory gating 
shares some features of habituation, it also has unique properties. Supported 
by USPHS Grant MH44212 and the VA Medical Research Service.
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618.3
PROCESSING OF NOVEL SOUNDS AND FREQUENCY CHANGES IN 
THE HUMAN AUDITORY CORTEX AS REVEALED BY 
MAGNETOENCEPHALOGRAPHY. K. Alho*1’2,I. Winkler1,3, C. Escera2, 
M. Huotilainen1,4, J. Virtanen1,4,5, I.P.~jaaskelainen1,4, E. Pekkonen1,4,0, and
R.J. Ilmoniemi4. Cognitive Brain Research Unit, Dept. of Psychology. Univ.
of Helsinki, FIN-00014 Helsinki, Finland1, Neurodynamics Lab., Dept. of 
Psychiatry and Clinical Psychobiology, Univ. of Barcelona, Barcelona, 08035 
Catalonia, Spain2, Institute for Psychology, Hungarian Academy of Sciences, 
H-1394 Budapest, Hungary3, BioMag Lab., Medical Engineering Centre4 and 
Dept. of Radiology5, Helsinki Univ. Central Hospital, FIN-00290 Helsinki, 
Finland, and Dept. of Neurology, Univ. of Helsinki, FIN-00014 Helsinki, 
Finland6.

Magnetoencephalographic (MEG) responses and event-related brain 
potentials (ERPs) to frequent "standard" tones and to infrequent, slightly 
higher "deviant" tones and complex "novel" sounds were recorded in 8 
subjects instructed to attend to the sounds or to ignore them. Even in the latter 
condition, deviant tones and novel sounds elicited the mismatch negativity 
(MMN) and P3a components of the ERP and their MEG counterparts. 
Generators of these MEG responses were located in the supratemporal 
auditory cortex, which therefore appears to be involved in preattentive 
auditory processing and involuntary attention switching to changes in the 
acoustic environment. Supported by The Academy of Finland, The Finnish 
Foundation for Alcohol Studies, The National Scientific Research Fund of 
Hungary (OTKA T022681), and The Spanish Ministry of Education and 
Science (DGES UE96-0038).

618.4
SENSITIVITY OF SACCADIC AND SMOOTH PURSUIT EYE TRACKING TO 
PROCESSING DEMANDS ASSOCIATED WITH CONCURRENT 
PERFORMANCE OF AN AUDITORY DISCRIMINATION TASK. L.D. Baker, 
J.A. Stem, L. Wang*. Washington University, Dept. of Psychology, St. Louis, MO 
63130.

The visual attention literature suggests that saccadic eye movements are 
necessarily accompanied by shifts of attention. In addition, results of single cell 
microstimulation studies indicate that the threshold for saccade production is 
substantially increased during active fixation. These findings suggest that saccade 
production and attentive processing may be serially queued. The present study 
investigated whether saccadic and pursuit eye tracking were disrupted by 
concurrent performance of an auditory discrimination task. A total of 8 dual task 
conditions were administered to 20 subjects. These conditions were described by 
all combinations of 2 tracking difficulty levels and 2 discrimination difficulty 
levels, for each type of eye movement. The results indicated that increasing task 
load disrupted tracking performance for both saccades and smooth pursuit. In the 
saccade task, tracking performance differentiated both auditory task difficulty and 
auditory task performance (hit, miss). In addition, when the discriminating feature 
of the auditory stimulus was presented, the corresponding eye fixation was 
significantly longer than fixations occurring at other times in the trial. These results 
suggest that the processes underlying saccade and smooth pursuit production are 
attention-demanding; tracking performance was disrupted during dual task relative 
to single task performance. Furthermore, saccadic tracking, in particular, competes 
for processing resources with operations involved in the evaluation of complex 
auditory stimuli. Differences in the oculomotor systems supporting the two types 
of eye movements may account for the differential sensitivity of saccades and 
smooth pursuit to the more subtle differences in auditory task demand. Supported 
by a fellowship award, School of Arts & Sciences, Washington University.

618.5
THE FUNCTIONAL ANATOMY OF SOUND INTENSITY 
CHANGE DETECTION. P. Belin, B. Smith, L. Thivard, S. 
Savel, S. Samson, Y. Samson* and S. MacAdams. SHFJ-CEA, 
Orsay, IRC AM, Paris and Urgences Cerebro-Vasculaires, La 
Salpetriere, Paris, France.

The functional anatomy of the detection of changes in sound 
intensity is still largely unknown in humans. In order to examine the 
neural structures involved in this ability, we performed a PET-H215O 
activation study in 8 normal subjects. Subjects were trained in a 
go/nogo paradigm to detect deviant sounds presented with a slightly 
higher intensity than a standard harmonic sound (75dB SPL, inter-
onset-interval Is, duration: 300 ms, fO: 200 Hz). Individual 
psychometric curves were assessed. Subjects were scanned while 
passively listening to the standard sound, and actively detecting 
deviants in intensity (25%) at an equivalent performance level (d'). 
PET data were analysed with SPM software. Compared to the 
pasive baseline, active detection yielded activation in the posterior 
part of the superior temporal gyrus (56,-34,6 in Talairach's space) 
and two foci in the inferior frontral gyrus, in the precentral sulcus 
(32,0,38) and in BA 45 (42,28,4). The results show that detection of 
changes in sound intensity activates a complex perisylvian cortical 
network that involves right homologue of Broca's and Wernicke's 
areas. The fact that all activated regions were found in the right 
hemisphere was unexpected, and points to the high functional 
lateralization in auditory function. Supported by GIS-Sciences de la 
Cognition.

618.6
AGE EFFECTS ON EARLY EVENT-RELATED POTENTIAL 
COMPONENTS IN AN INTERSENSORY SELECTIVE ATTENTION 
TASK. K.V. White* and D. Goldman. Lab. of Neurogenetics, Natl. Inst, 
on Alcohol Abuse and Alcoholism, Natl. Insts. of Health, Rockville, MD 
20852.

Recent evidence has suggested that human subjects are able to 
effectively alter cortical responses as early as 50 or 100 milliseconds (ms) 
following a stimulus, as a function of focused attention. Few studies, 
however have examined these early effects across the lifespan.

As part of a larger study on genetic transmission of event-related 
potential (ERP) component variants in families, the effects of age on 
selective attention and performance were examined using an intersensory 
speeded response task. Two groups of 15 adults served as subjects, with 
ages ranging from 18-28 and 63-73 years, respectively. The groups did 
not differ significantly in education, sex, or I.Q., and all subjects were in 
good health.

Standard stimuli were centrally presented 50dB SL pips (750 HZ, 5 ms 
cosine taper). Several measures of amplitude were used to characterize 
the Pa and Nl components, including an "adaptive" area algorithm, which 
is described in detail. Both age and attention effects were observed in the 
magnitude of these components. These results provide additional evidence 
that intentional, focused attention can significantly influence early filtering 
and selection of stimuli. The implications for population and psychiatric 
studies of attention-related ERP components are discussed.

618.7
FUNCTIONAL ANATOMY OF AUDITORY ATTENTION. R. H. B. Benedict? D. W. 
Shucard, J. L. Shucard, B. Murphy. D. Wack. A. H. Lockwood. Department of Neurology, 
SUNY @ Buffalo, 100 High Street (D-6), Buffalo, NY 14203.

Existing neuroanatomic models of attention are based, in large part, on experiments in the 
visual modality. We developed an auditoiy version of the continuous performance test (A- 
CPT) which included engaging prose and poetry as distraction. These materials were used 
to generate simple-, focused-, and divided-attention A-CPT conditions. Seven healthy 
volunteers performed the A-CPT during acquisition of positi on emission tomographic (PET) 
scans. The PET data were then submitted to statistical parametric mapping (SPM) analysis. 
Task performance data demonstrated that subjects were fully attentive during simple 
attention, ignored simultaneously presented text during focused attention, and processed both 
text and the A-CPT during divided attention. Using a passive auditoiy perception condition 
as the reference scan, the simple-attention A-CPT was associated with increased rCBF in the 
anterior cingulate gyrus, right anterior frontal lobe, tectum, left putamen, and the left inferior 
parietal lobule (Brodmann area 40). The focused- and divided-attention conditions were 
analyzed using the simple-attention A-CPT as the reference task. Both were associated with 
increased activation of the left and right superior temporal gyri, as was expected, due to the 
increase in auditory stimulation when the A-CPT was combined with auditoiy distraction. 
Increased rCBF was also demonstrated in the left superior frontal lobe during focused 
attention. While this same region of activation was found in the divided-attention A-CPT 
minus simple-attention contrast, this condition was also associated with activation of a 
similarly located region in the right frontal lobe, and the right precuneus. The latter region 
may represent the activation of memoiy systems during divided attention. The results 
demonstrate that a previously described anterior attention network involving the cingulate 
gyrus plays a substantial role in human auditoiy attention processes.
Supported by an Intramural Multidisplinaiy Research Grant from SUNY Buffalo

618.8
BRAIN ACTIVATION DURING VISUAL AND AUDITORY PACING OF 
MOTOR BEHAVIOUR AT IDENTICAL AND INTERFERING RATES 
A. Kleinschmidt*1'2. O. Gruber12. H.-W. Muller-Gartner2. H, Steinmetz1. L,
Jancke2. ’Dept. of Neurology. Heinrich-Heine-University. POB 101007. D- 
40001 Diisseldorf. 2Research Center Julich. D-52425 Jtilich. FRG.
Recent functional neuroimaging studies have underlined the role of selective 
attention for processing strength in primary sensory cortices. Here, we in-
creased the attentional demand by requesting a behavioural response: Auditory 
and visual stimuli were presented at identical (2Hz) and interfering frequencies 
(2Hz for the attended. 2.3Hz for the distracting stimulus). Either were used to 
pace right-hand finger tapping in 8 healthy subjects undergoing functional 
magnetic resonance imaging by echoplanar imaging sensitized to blood oxygen-
ation changes (Siemens Vision. 1.5T). Data were analysed using the SPM96b 
software. All conditions yielded robust responses in visual, bilateral auditory, 
and left primary motor cortex. Attending either cue enhanced activation in either 
visual or auditory cortex. However, in visual cortex, activation was constant 
during attended auditory pacing for both the identical and interfering visual 
frequency, whereas when attending visual pacing, auditory response strength 
was enhanced for the interfering relative to the identical frequency to a level 
close to attended auditory pacing. By contrast, response strength in motor 
cortex was enhanced for auditory pacing with interfering visual stimuli, but 
depressed for visual pacing with interfering auditory stimuli. These findings 
suggest a differential linking of motor behaviour to auditor} and visual input. 
Furthermore, the way in which sensory input processing can be modulated by 
attention and conflicting input to other modalities is reflected by the synaptic 
effort for the motor output. [Support: DFG. H.&L. Schilling Foundation]
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618.9
SELECTIVE ATTENTION TO TACTILE STIMULI DURING HYPNOSIS 
AND WAKING CONDITIONS. B. Z. Allison * A. Vankov, J. Overton, M. 
Cassarino, and J. A. Pineda. Dept. Of Cognitive Science, University of 
California, San Diego, La Jolla, CA 92093.

This study explored behavioral and EEG correlates of selective attention to 
target airpuffs presented to either hand in waking and hypnosis conditions. 
Subjects were first screened for hynoptic susceptibility using the Stanford 
Hypnotic Susceptibility Scale, Form C. Those who scored either high (9-12) or 
low (0-2) were used in the actual study. Air hoses were then attached to the 
subjects' thumbs and each subjects detectability threshold was determined. 
Three types of airpuffs- standard, target, and novel- were presented alternately 
to both hands with a ratio of 80:10:10, varied pseudorandomly. Target airpuffs 
were presented at an air pressure slightly above each subject's discrimination 
threshold, standards were considerably higher, and novels consisted of two 
brief, low pressure airpuffs presented in rapid succession. Subjects were asked 
to count the number of target airpuffs on one hand while ignoring the other. 
Before this task, subjects were played a digitized script in the same voice which 
contained either a hypnotic induction or a short story.

Preliminary analysis showed that subjects which tested as highly susceptible 
showed an expected increase in synchronized activity after hearing the hypnosis 
script compared to either themselves after hearing the story or less susceptible 
individuals after hearing the hypnosis script. After hearing the story, subjects 
showed classic attention affects such as an enhanced Nl and P3 to target 
airpuffs in the attended hand as opposed to the unattended hand. The P3 and 
Nl effects were less apparent during the hypnosis condition, especially for 
highly susceptible individuals. However, the target airpuffs were being detected 
because subjects could still accurately count the number of targets.
J. A. P. was supported by NIMH (MH 54231-02).

618.10
GRASPING FOR PERCEPTION: A MOTOR VISUAL ATTENTIONAL EFFECT 
L Craighero, L Fadiga, G Rizzolatti, C Umilta°. Istituto di Fisiologia Umana, 
Universita di Parma, 1-43100 Parma, Italy; Dipartimento di Psicologia Generale, 
Universita di Padova, 1-35131 Padova, Italy (SPON: European Brain Behaviour 
Society).

The aim of the present study was to examine whether the preparation of a grasping 
movement affects the detection and discrimination of visual stimuli. Normal subjects 
were required to grasp a plastic bar randomly oriented either 45° to the right or 45° to 
the left. The bar was placed out of the subjects’ sight. Before each trial the subjects 
were informed on bar orientation. They were required to grasp it as fast as possible at 
the occurrence of a visual bar (presented on a computer screen) whose orientation 
was either congruent or incongruent with that of the plastic bar. The results showed 
that, although the orientation of the visual bar was immaterial for task execution, the 
responses (RTs) to visual stimuli congruent with the manipulandum orientation were 
significantly faster than the RTs to incongruent stimuli. In order to find out whether 
the facilitation of RTs to congruent stimuli was limited to grasping responses 
(visuomotor grasping circuit) or extended to responses made with other effectors, a 
second experiment was carried out. As in the first one, the subjects had to grasp a 
plastic bar differently oriented, but in some unexpected trials, randomly occurring, in 
place of hand grasping, they had to press a switch with the right foot. Foot responses 
were instructed by stimuli which differed from those of hand grasping only by size. 
The results showed that, as in the case of hand movements, foot RTs were faster when 
the bar orientation was congruent with the prepared hand movement. These results 
extend the premotor theory of attention, originally proposed for spatial attention, to 
object features. The activation of a pragmatic map (oculomotor, for reaching, for 
grasping, etc.) selectively enhances the perceptual salience of the target of the 
impending action.
(Supported by grants CNR and MURST to G.R. and C.U.).

618.11
EFFECTS OF AUDITORY DEPRIVATION ON THE PROCESSING OF 
MOTION AND COLOR. T. V, Mitchellt, B, A, Armstrong, S, A. Hillyardj, &
H. I. Nevillet*. tBrain Development Lab, Univ. of Oregon, Eugene, OR 
97403; ^University of California at San Diego, San Diego, CA.

Normally hearing and deaf adults participated in behavioral and event- 
related potential (ERP) studies designed to test the hypothesis, raised in 
previous work (Neville, 1990), that processing within the dorsal visual 
pathway is altered more by auditory deprivation than is processing linked to 
the ventral visual pathway. In the behavioral study, 8 hearing and 8 deaf 
participants searched for a target of unique form in the presence of irrelevant 
motion or irrelevant color; reaction time was measured. The impact of 
irrelevant color on target search was similar for deaf and hearing 
participants, while search in the presence of irrelevant motion was disrupted 
for deaf participants only. In the ERP study, 11 hearing and 11 deaf 
participants were presented with two types of stimuli: isoluminant, blue and 
red high spatial frequency gratings ("parvo" stimuli) and low spatial 
frequency gratings of dark and light gray bars with low luminance contrast 
("magno" stimuli). ERPs were elicited to a transverse movement of the 
"magno" stimuli and to a color change of the "parvo" stimuli. ERPs to the 
color change in the "parvo" stimuli were similar in deaf and hearing groups, 
while ERPs to the "magno" stimuli were larger and faster in deaf than in 
hearing participants. The distribution of these waveforms was also different 
across groups, suggesting the existence of unique generators in the deaf 
participants. Together, these results suggest that the dorsal visual pathway is 
modified to a greater extent than the ventral pathway by early auditory 
deprivation.
Supported by grants #PHS T32 HD07475-01 (to TM), NIH DC00128 (to HN), 
NIMH MH-25594 & ONR N00014-93-1-0942 (to SH).
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619.1
BRAIN ELECTRICAL ACTIVITY DURING SELECTIVE ATTENTION 
TO SPATIAL FREQUENCY. A. Martinez.1 L, Anllo-Vento,2* and S.A. 
Hillyard.2 Dept. of Psychology1 and Dept. of Neurosciences2, Univ. of California, 
San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0608

This study characterized and localized patterns of cortical activity obtained as 
young adult subjects selectively attended to the spatial frequency (SF) of a visual 
stimulus. Multichannel event-related brain potentials (ERPs) were recorded while 
subjects viewed Gabor patterns with high (5 cpd) or low (0.8 cpd) spatial 
frequency content, presented at a rapid rate (400-650 ms SOA) in the center of the 
screen. Subjects were required to attend to the high or the low SF stimuli on each 
separate run and to press a button every time they detected a small and infrequent 
(p=.07) change in the attended SF.

The ERPs elicited by high SF stimuli included an early negative component (Cl) 
with an onset latency of about 50 ms post-stimulus and a focal distribution over 
occipital cortex that was not elicited by low SFs. The Cl did not vary as a function 
of attention nor did a lateral occipital-temporal positive component (Pl) with a 
latency of 80-i40 ms. Stimuli of both frequencies elicited a broad negative 
component ("selection negativity" or SN) when they were attended, which 
indicated that selection of SF begins about 125 ms after stimulus onset. The SN 
showed a clear lateral asymmetry over ventral-lateral occipito-temporal scalp 
areas; larger SN amplitudes over the right hemisphere were observed in response 
to attended low SFs, while attended high SFs elicited larger SN amplitudes over 
the left hemisphere. These ERP data thus reveal the time course of 
frequency-specific stimulus selection processes and hemispheric lateralization 
patterns associated with attention to spatial frequency.
Funded by grants from NIMH (MH-25594), HIH (NS 1 7 7 7 8), ONR 
(N00014-93-1-0942), and NICHD (HD 25077)

619.2
PET ACTIVATIONS DURING VISUAL POPOUT AND OBJECT 
ENUMERATION G. A. Patel*1, T.J. Simon4, S. Peterson4, J. M. 
Hoffman2,3, S.T. Grafton2’3, K. Sathian3 Neuroscience Program1, 
PET Imaging Center2, Neurology Dept3, Emory University; School 
of Psychology4, Georgia Institute of Technology; Atlanta, GA.

To investigate whether subitizing (rapid, accurate enumeration of 
4 or fewer items) and counting (slow, error-prone enumeration of 
over 4 items) depend on distinct neural processes, we used 15O PET 
imaging to study changes in regional cerebral blood flow in 8 young, 
healthy, right-handed males. Subjects viewed displays consisting of 
bars that were either horizontal or vertical and enumerated the 
number of vertical bars, which varied among displays: 0 (Absent), 1 
(Popout), 1-4 (Subitizing) or 5-8 (Counting). Subtraction images 
revealed significant activations as follows. P-A (representing 
popout): right occipital cortex and left superior parietal lobule; S-P 
(subitizing compared to popout): bilateral occipital cortex and right 
cerebellum; C-S (counting compared to subitizing): large areas 
bilaterally in occipital and superior parietal cortex, right frontal and 
anterior cingulate cortex and midline cerebellum. Subitizing and 
popout are both preattentive phenomena. Consistent with this, foci 
of right occipital activation associated with these two processes 
were close to each other. Counting demands serial shifts of attention 
and gaze. This is in keeping with the more extensive activation in 
this task, including many brain regions implicated in attention. 
(Supported in part by an Emory/Georgia Tech Biomedical Research Grant).
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619.3
FMRI IN VISUAL SEARCH INDICATES THAT AUTOMATIC 
PROCESSING MODULATES ACTIVITY OF LATERAL OCCIPITAL 
CORTEX. G. P. Vaughn, M. Worden, T. Smith, and W. Schneidei* Center for 
the Neural Basis of Cognition, University of Pittsburgh, 3939 O’Hara St., PA 15260

Behavioral studies have shown that subjects can switch from 
controlled to automatic processing in visual search tasks with consistent 
practice. We examined the hypothesis that practice alters visual areas to 
enable unattended processing. These changes might occur in early or late 
visual areas. Subjects were trained to search for letters or icons using 
consistent and varied mapping over four one-hour sessions. Consistent 
mapping (CM) produced fast search, reducing processing time from 400ms 
to 150ms for two character searches. Behavioral testing showed obligatory 
processing of CM characters placed as foils within a varied mapping search. 
The CM foils reduced controlled search accuracy by 35% indicating 
obligatory processing had developed.

FMRI scanning of occipital cortex showed that CM foils produced 
activation in Lateral Occipital cortex both in CM search, and in Fixation 
monitoring when the CM characters were to be ignored. We did not see 
activation due to CM foils in earlier visual areas. This modulation of 
activity could be due to increased preattentive processing, an automatic 
allocation of attention to this area, or a combination of these two factors. 
The lack of VI and V2 activation suggest automatic activation starts at 
higher level visual regions for large character stimuli. Future studies will 
attempt to modulate the visual area in which this attentional effect is seen, 
by varying the size and features of the characters. This work was sponsored 
by NIH grant R0132395-01A2 see http://neurocog.lrdc.pitt.edu/lab/

619.4
A PET STUDY OF VISUAL CONDITIONAL ASSOCIATIVE FORM AND 
POSITION DISCRIMINATION. Z. Vidnvanszky’2*, B, Gulyas’, P E. Roland1, T, 
Klingberg1 and A Ledberg1. ’Div. of Human Brain Res., Dept. of Neurosci., 
Karolinska Inst., Stockholm, Sweden; 2Lab. of Neurobiology, United Res. Org. of the 
Hungarian Acad, of Sci. and Semmelweis Univ. Med. Sch., Budapest, Hungary

Recent imaging studies on working memory, planning and execution of self-ordered 
and conditional associative operations have shown that different parts of the prefrontal 
cortex are activated depending on the cognitive requirements of the tasks. The goal of 
the present study was to test whether the posterior part of the prefrontal cortex plays a 
critical role in the visual conditional association tasks, as suggested by previous 
results. We used visual form and position discrimination paradigms, which in 
addition allowed us to explore whether the presumed prefrontal activations show 
specificity for the spatial or non-spatial character of the visual discrimination task.

In all four test conditions the stimuli were identical and only the task instructions 
were different. The luminance of the stimuli, used as the cue, was varied randomly 
between two values. During the training session, test specific discrimination tasks 
were conditioned for the luminance cues. In the first test (FD), subjects had to select 
between two form discrimination task; in the second test (PD) between two position 
discrimination task and in the third test (FPD) between a form and position 
discrimination task. The luminance discrimination task alone was the control 
condition. Regional cerebral blood flow (rCBF) was measured with PET. All three 
discrimination tasks gave rise to bilateral activations in the posterior mid-frontal 
gyrus (PMFC) and in the posterior parietal lobe (PPC) compared to control. The 
activation of the PMFC during FD and PD tests was not equally strong in the two 
hemispheres. In the FD condition prefrontal activation on the right side was larger 
than on the left while in the PD test the left PMFC was more activated than the right. 
These results confirm the role of the posterior frontal cortex in the execution of visual 
conditional associative operations and indicate a tendency of task specific hemispheric 
lateralization of these processes.
Supported by the Swedish Medical Council, grant B96-14X-11586

619.5
RIGHT CEREBRAL LESIONS PRODUCE CHRONIC DYNAMIC 
CONTRALESIONAL VISUAL SEARCH DEFICITS. M. Mapstone*,
S. Weintraub. N.A, Johnson. D.R. Gitelman. Z.M. Gruiic. J.R. Meyer. A.K. Hays,
M-M, Mesulam. Departments of Psychiatry and Behavioral Sciences, Neurology, and 
Radiology, Northwestern University Medical School, Chicago, IL 60611.

Unilateral right-sided cerebral lesions give rise to severe contralesional and less 
severe ipsilesional inattention in the acute phase of stroke. We investigated visual 
search in unselected patients with single unilateral cerebrovascular lesions to 
determine whether biases in spatial attention exist beyond the acute phase and 
whether these are limited to right cerebral damage. Subjects with lesions in the left 
(n=10) or right (n=14) cerebral hemisphere and age- and education-matched 
neurologically intact controls (n=20) were studied. Eye movements were recorded 
with an infrared based instrument while subjects searched a computerized visual array 
of letters for a target stimulus. The number of pixels (a measure of the area covered) 
and the time spent in each visual hemispace were recorded. In order to examine the 
relative difference between the two hemispaces for each group, we computed the 
left/right ratio for both the pixel and time variables. Within group comparisons 
showed that right lesion subjects covered fewer pixels (pc.OOl) and spent less time 
(p<.01) in the contralesional than in the ipsilesional hemispace while left lesion and 
control subjects showed no hemispatial biases. A MANOVA with L/R pixels and 
L/R time as the dependent variables and subject group as the independent variable 
showed a significant difference between the groups for both the pixel ratio (pc.OOl) 
and the time ratio (pc.01). Scheffe post-hoc analyses revealed that the main effect is 
due to a right hemispatial bias in the right lesion group on both the pixel ratio 
variable (p<01) and the time ratio variable (pc.01). There was no significant 
difference between the left lesion group and the controls on either variable. These 
results indicate that only right cerebral lesions result in long-term effects on visual 
exploration, consistent with predictions from theories of right cerebral dominance in 
the control of the spatial distribution of attention.
This work supported by grant NS30863-03 from NINDS to Dr. Mesulam.

619.6
EVENT-RELATED DIFFERENCE IN SPECTRAL POWER (ERDISPs) 
DURING VISUAL SELECTIVE ATTENTION. D.L. Woods,* S.J. 
Thomas, S. Han, E. W. Yund, and A. Wang. Dept. of Neurology and 
Neurosciences Center, UC Davis and Northern California System of 
Clinics, Martinez, CA 94553.

EEG rhythms were 
examined in a high-rate 
visual selective attention 
task. Subjects responded 
to targets defined by the 
conjunction of color and 
orientation features. 
Changes in the EEG were 
isolated as Event-Related 
Differences in Spectral 
Power (ERDISPs) over 
fourteen 250 ms intervals
(latency range -75ms to 1550ms). Difference (D-)ERDISPs were obtained by 
subtracting ERDISPs to stimuli with no target features from ERDISPs to the 
same stimuli when they shared target color, orientation, or both features. 
Conjunction-specific D-ERDISPs were obtained by subtracting D-ERDISPs to 
stimuli with each target feature from D-ERDISPs to targets. Long-lasting 
alterations in power in multiple frequency bands were associated with single 
feature processing and feature conjunction (shown above). ERDISPs are a new 
tool for functionally imaging visual selective attention. Supported by NS32893.

619.7
ELECTROPHYSIOLOGICAL MEASURES OF BRAIN FUNCTION: A 
COMPARISON OF EVENT-RELATED BRAIN POTENTIALS (ERPs) 
AND EVENT-RELATED DIFFERENCES IN EEG SPECTRAL POWER 
(ERDISPs) S, J. Thomas1, D. L, Woods1, E, W. Yund1, D. L. Rhodes2* ‘Dept. of 
Neurology and Neurosciences Center, UC Davis and Northern California System 
of Clinics, Martinez, CA 94553,2Reed College, Portland, OR 97202.

Real and simulated EEG data were used to compare the sensitivity of two 
different electrophysiological measures of stimulus processing: Event-Related 
Brain Potentials (ERPs) and Event-Related Differences in Spectral Power 
(ERDISPs, Woods et al, Soc. Neuro, 1994). ERDISPs were obtained by subtracting 
mean power spectra in control EEG epochs from mean power spectra time-locked 
to stimulus delivery. ERDISPs revealed the presence of high frequency components 
at long latencies in real EEG data. Simulated data were generated using a model 
which assumed multiple processing stages (components), each producing a 
characteristic EEG signal. Trial-by-trial latencies of each component were varied, 
with larger variance for components of longer mean latency. During time-domain 
averaging, the temporal variability acted as a latency-dependent, low-pass filter, 
reducing the contribution of high-frequency, long-latency components to the ERP. 
In frequency-domain averaging, the ERDISP accurately extracted high-frequency 
components regardless of temporal asynchrony. The characteristics of the latency 
dependent low-pass filtering of the ERP averaging process were quantified as a 
function of component latency, temporal variability, and frequency. The results 
suggest that standard ERP analysis may be insensitive to significant brain evoked 
activity. Supported by NS32893 and the VA Research Service.

619.8
FEATURE NEGATIVE PRIMING ACROSS THE LIFE SPAN, P. M, Simone* 
and E. McCormick. Psychology Department, Santa Clara University, Santa Clara, 
CA 95053.

One prominent theory of negative priming, a paradigm for the study of 
selective attention, suggests that negative priming is the result of sustained 
inhibition, a cognitive mechanism which actively inhibits ignored information 
(e.g., Tipper, 1985). Our study examined the development of inhibition in 
children (6-11 years), young adults (18-22 years), and older adults (60-82 years). 
Inhibition in young adults is associated with the reported feature of a stimulus 
(Milliken, Tipper, & Weaver, 1994). Inhibition can also be seen to a defining 
feature of a stimulus (Simone, Carlisle, & McCormick, 1996). Previous studies 
have shown that neither children (Tipper et al., 1989) nor older adults (Connelly 
& Hasher, 1993) show significant inhibition to the reported feature, suggesting a 
development of inhibitory processing. Our current study demonstrated that the 
development of defining and reported feature inhibition is different in children 
before the age of eight. Young and older adults inhibited both the defining and 
reported feature of the stimulus. Neuroanatomical correlates of inhibition have 
been proposed by Connelly and Hasher (1993), suggesting that information is 
inhibited via dorsal or ventral streams of visual processing. The dorsal projection 
processes location information through a parietal pathway while ventral 
projections process identity information through a temporal pathway 
(Ungerleider & Mishkin, 1982). Frontal lobe, projects back to these pathways 
suggesting the role of frontal lobe in inhibition. Frontal lobe development is not 
complete until age 12 (Harnishfeger & Bjorklund, 1994), and is sensitive to the 
aging process (Parkin & Walter, 1992).
Research supported by Santa Clara University Fellowship awarded to
P.M.Simone.
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619.9
TIME-LOCKED BINOCULAR RIVALRY INDUCES ROLANDIC MU- 
RHYTHM ENHANCEMENT. S. Vanni*, K. Portin, V. Virsu1, and R. 
Hari. Brain Res. Unit, Low Temp. Lab., Helsinki Univ. of Tech., P.O.Box 
2200, FIN-02015 HUT, Finland, JDept. of Psychol., Helsinki Univ., FIN- 
00014 Helsinki University, Finland

In binocular rivalry, when different images are presented 
simultaneously to the two eyes, the perception alternates between the 
images. The perception can be time locked with an abrupt luminance 
change (Sheinberg et al. Soc Neurosci 1995, 21: 19) or, as in this study, 
with a motion of the competing stimulus. We recorded cortical magnetic 
fields with a whole-scalp neuro-magnetometer while the observers were 
looking through a haploscope and viewed, with their two eyes, different 
but overlapping images. The stimuli, presented to the lower visual fields, 
were perceptually unequal; the dominant stimulus was a 89% contrast, 2.5 
c/deg horizontal square-wave grating and the weak stimulus a 6% 
contrast, 0.4 c/deg vertical sine-wave grating. When the display was 
stationary, only the dominant stimulus was perceived. Once every 2.7-
3.3 s the weak stimulus moved for about 80 ms rightwards (32 deg/s) and 
induced a sudden disappearance of the dominant stimulus.

Five out of eight observers displayed rolandic mu rhythm. Within 1.5 s 
after each time-locked rivalry, the 10-Hz mu rhythm increased (11 ±4% 
left, 15 ± 4% right hemisphere, p < 0.05) while smaller changes were 
noted with the control conditions (weak stimulus alone to one or two 
eyes, or real disappearance of the dominant stimulus). Although the 
parieto-occipital alpha rhythm level was lowest when competing stimuli 
were presented, its reactivity was similar in the rivalry and control 
conditions. The results indicate that sudden changes in visual perception 
induced by time-locked binocular rivalry effectively increase the 10-Hz 
activity of the sensorimotor cortex. The stimuli will be presented on a 
video. (Supported by Academy of Finland).

619.10
FACTORS MODULATING INTERHEMISPHERIC INTERACTION
J.I. Shenker,* M.P. Milham and M.T. Banich. Neuroscience Program, University of 
Illinois at Urbana-Champaign, Urbana, IL 61801.

The present study used a priming paradigm to investigate communication be-
tween the cerebral hemispheres. Participants performed one of two tachistoscopic 
letter matching tasks in which they either decided if letters were physically-identical 
(AA) or shared the same name (Aa). Furthermore, the information critical for the 
decision was either divided between the visual fields, requiring interhemispheric in-
teraction (across-hemisphere trials) or were presented to the same visual field so 
that no interaction was required (within-hemisphere trials). We compared these two 
tasks as prior work (Banich & Belger, 1990) indicates that the more computationally 
complex name-identity task benefits more than the physical-identity task from inter-
hemispheric interaction. In the present study, couplets of trials were presented with 
a 250 ms SOA between the response to the initial display (the prime) and the subse-
quent display (the probe). We manipulated three factors: 1) whether the items in the 
prime and probe were identical (item redundancy) or not (item non-redundancy); 2) 
whether similar trial types appear in the prime and probe (e.g., within and within) 
or not (e.g., within and across); and 3) whether the same hemisphere was needed to 
make the match decision (e.g., right and right) or not (e.g., right and left).

The data indicate that whenever the prime and probe were redundant with re-
spect to any of the manipulated factors (which has the effect of lessening task com-
plexity), there is a shift towards within-hemisphere processing. When the trial type 
of the prime and probe differed, there was an asymmetry such that a switch from 
within- to across-hemisphere processing elongated RT relative to across- to within- 
hemisphere processing. This finding suggests that completion of a within trial may 
bias the hemispheres away from the distributed processing required to complete across 
trials. Furthermore when a left hemisphere decision followed a right hemisphere de-
cision, a disproportionate increase in reaction time was observed with respect to the 
converse. These two latter effects were found for both the physical- and name-identity 
task, but were modulated differently by item redundancy vs. item non-redundancy. 
These results may suggest that the degree of communication across the callosum 
might be modulated by direction of interhemispheric transfer (r-to-1 or 1-to-r) and by 
whether prior task demands require the hemisphere to communicate or not.
(Funds from Beckman Institute and the University of Illinois)

619.11
PREDICTABILITY OF NOVEL STIMULI INFLUENCES VISUAL ATTENTION.

S. Suwazono, L. Machado. D. Scabini* and R. T. Knight.
Department of Neurology and Center for Neuroscience, Univ of California Davis., 

Veterans Medical Center, 150 Muir Rd , Martinez, CA 94553.
We examined whether novel stimuli's predictability of occurrence of subsequent 

targets influences event-related potentials (ERPs) and reaction times (RTs) to both the 
novel and target events. Visual stimuli including standards (70%), targets (20%) and 
novels (10%) were presented 2 degree from central fixation in three experiments. Novel 
and target stimulus onset asynchronies (SOAs) were either 200 or 900 msec and novel- 
target (N-T)pairings could occur in the same or opposite visual field. In experiment 1 ,all 
novel stimuli were followed by a target (Expt 1, fiilly predictive). In experiment 2, 40% 
of novel stimuli were followed by a target (Expt 2,partially predictive). In experiment 3, 
N-T pairing was completely random (Expt 3, unpredictive). Subjects were not 
instructed about the degree of N-T pairings and different subjects participated in each 
experiment. Exptl. As previously reported, RTs to targets following predictive novels 
were shorter than those to targets occurring after standard stimuli, independent of the 
spatial location or SOAs of N-T pairings. ERPs to novels were characterized by a 
centrally distributed negativity peaking in amplitude around 300 msec (N300). 
Coupled with the reaction time effects, this potential appears to index a general alerting 
system globally facilitating subsequent behavioral response over the ensuing several 
hundred milliseconds. Expt 2&3: RTs to targets following non-predictive novels were 
prolonged. This effect occurred only when both novel and target stimuli were presented 
in the same visual location at short SOAs (200 msec). TheN300 to novels in Expts 2 and 
3 had a reduced amplitude and an earlier latency in comparison to Expt 1. These data 
suggest that unpredictive novel stimuli impair behavioral response for a few hundreds 
milliseconds in a restricted portion of visual space due to transient capture of visual 
attention. Normal subjects are able to develop probabilities of novel-target pairings and 
use this information to alter both the physiological response to and behavioral influence 
of a novel event. Supported by NINDS grant 21135

619.12
LOCAL CHEMOMANIPULATIONS OF LOCUS COERULEUS (LC) ACTIVITY 
IN MONKEYS ALTER CORTICAL EVENT-RELATED POTENTIALS (ERPs) 
AND TASK PERFORMANCE. S, Ivanova*, J. Raikowski, V. Silakov, T. 
Watanabe and G. Aston-Jones. Dept. Psychiatry, Allegheny University, 
Philadelphia, PA 19102.

Previously we found that systemic clonidine improved performance of 
an apparently 'hyperactive' monkey in a visual discrimination task (Rajkowski 
et al., Soc. Neurosci. Abstr., 1995). Additional analyses of these results reveal 
that effects of clonidine on task performance and ERP responses to target 
stimuli were dose-dependent: 5 pg/kg (i.m.) had no effect on task performance 
but increased the magnitude of ERPs, while 10-20 pg/kg augmented ERPs 
and improved performance (increased B and d’) in the hyperactive monkey. 
We also found that poor task performance and small ERPs were associated 
with high tonic LC activity, while good performance and larger ERPs after 
clonidine were associated with more moderate tonic LC discharge. To 
determine if altered LC activity actively contributes to these cortical and 
behavioral effects, local microinjections of clonidine or pilocarpine were made 
into LC to decrease or increase tonic activity in LC neurons, respectively. 
Sixteen intra-LC clonidine injections (7 bilateral, 9 unilateral) were made in the 
hyperactive monkey during poor performance. Intra-LC clonidine increased 
ERPs at doses (50-300 ng in 50-300 nl) which were ineffective in changing 
task performance. Larger clonidine microinjections (4 pg in 50 nl) improved 
task performance and also increased ERPs. In 2 normal monkeys, unilateral or 
bilateral pilocarpine microinjections in LC (1 mM, 50-200 nl) increased LC tonic 
activity and induced poor performance with decreased ERP magnitudes. 
These data support the hypothesis that alterations in LC tonic activity may 
modulate behavioral performance and cortical cognitive processes reflected in 
ERPs, proposed to involve attention-related activity. Supported by AFOSR 
grant F49620-93-1-0099, PHS grant MH 55309 and the Human Frontiers 
Science Program.

619.13
MONKEY LOCUS COERULEUS (LC) NEURONS PREFERENTIALLY 
RESPOND TO APETITIVE CLASSICALLY CONDITIONED STIMULI. GL
Aston-Jones*, J. Raikowski, S, Ivanova, and V. Silakov. Dept. Psychiatry, 
Allegheny University, Philadelphia, PA 19102.

We reported previously that LC neurons are selectively activated by 
target stimuli in a discrimination task, and by stimuli that are the earliest 
predictors of reward in a classical conditioning task. Here, we report that LC 
neurons fail to similarly respond to classically conditioned aversive stimuli.

One monkey was trained in a task in which a vertical rectangle was 
displayed on the screen for 1 sec, immediately followed by a drop of juice. 
Intermixed with these stimuli, horizontally oriented rectangles similarly 
preceded air puffs to the forehead. LC activity was recorded extracellularly, 
along with head movements and tongue-induced pressure on the juice spout. 
LC neurons were activated at a short latency (~ 100 ms onset) by the CS 
indicating juice delivery whether or not the animal approached the juice spout. 
When preceded by its CS, juice delivery invariably failed to elicit an LC 
response. In contrast to these results for appetitive events, the CS indicating 
air puff produced only a small activation of LC neurons, followed by a robust 
phasic response to the air puff itself. Reversal of CS meaning rapidly reversed 
the LC response profile, indicating that LC responses were associated with CS 
meaning.

Our results indicate that LC neurons are markedly more responsive to 
apetitive than to aversive conditioned stimuli. This difference is particularly 
striking in view of the fact that the response to the aversive US (air puff) 
exceeds the response to the appetitive US (juice) by several-fold. Note, 
however, that the CS for juice elicits an approach movement, whereas the CS 
indicating unavoidable puff elicits no behavioral reaction. Additional studies 
using an active avoidance paradigm are underway. Supported by NIMH grant 
MH55309 and the Human Frontiers Science Program.

619.14
CORRELATED IMPULSE ACTIVITIES OF LOCUS COERULEUS (LC) 
NEURONS IN MONKEY: DEPENDENCY ON LEVEL OF TASK 
PERFORMANCE. V. Silakov*, J. Raikowski, S. Ivanova, T. Watanabe, J. 
Cohen1, M. Usher2 and G. Aston-Jones. Dept. Psychiatry, Allegheny 
University, Philadelphia, PA, 1 Dept. Psychology, Carnegie Mellon University, 
Pittsburgh, PA., and 2Dept. Psychology, University of Kent.

We previously reported that tonic impulse activity and phasic 
responsiveness to CS+ stimuli in monkey LC neurons vary with the level of 
performance on a discrimination task (Aston-Jones et al., J. Neurosci., 1994). 
Our recent modeling efforts (Usher et al., Soc. Neurosci. Abstr. 1996) 
indicated that alterations in electrotonic coupling among LC neurons may 
underlie these relationships, with increased coupling giving rise to decreased 
tonic LC discharge, increased LC responses to CS+ stimuli, and to improved 
task performance. One prediction of this is that increased coupling during 
periods of good performance may increase the correlation of activities among 
LC neurons. Here, we tested this prediction with recordings from LC neurons 
(n=68 in 4 cynomolgus monkeys) during epochs of good (< 2% of errors) and 
poor (> 2 - 5% of errors) task performance. As we previously reported, the 
magnitude of LC response to CS+ stimuli was higher, and tonic activity was 
lower, during periods of good compared to poor performance. Analyses of the 
tonic discharge of 22 simultaneous pairs of LC recordings revealed 20 positive 
correlation coefficients and only 2 negative correlations, indicating a tendency 
for similar changes in activity across LC neurons. In 7 pairs of LC recordings 
with the most strongly correlated activity (r>0.5), correlations were significantly 
greater during epochs of good compared to poor performance (p<0.05). These 
results support the hypothesis of modulated electrotonic coupling among LC 
neurons proposed in our model. Supported by PHS grant MH 55039 and the 
Human Frontiers Science Program.
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620.1
PUPILLARY CORRELATES OF ATTENTION AND HABITUATION. D. Q. 
Beversdorf*. M. Kim. B. Haws, and K.M, Heilman. Dept. of Neurology, Box 
100236, U. of Florida Coll, of Med., Gainesville, FL 32610-0236.

A previous study demonstrated greater pupillary dilation associated with 
lateral saccades to the right than to the left. It was proposed that these 
asymmetries were associated with attentional mechanisms. The purpose of 
this study is to examine this pupillary dilation to learn if it is related to 
attentional mechanisms. Sixteen right-handed healthy volunteers were 
subjects. Changes in pupillary diameter were recorded using infrared 
pupillography while the subjects were observing stable and spinning stimuli in 
the right and left visual hemifields. Initial pupillary dilation was greater for 
stimuli presented to the left hemifield than for stimuli presented to the right. 
There were no differences in amplitude between spinning and stable stimuli. 
As previously noted, after this initial dilation the pupils constricted and then 
dilated again. Pupillary dilation after maximal constriction was significantly 
greater for spinning stimuli than for stable stimuli. No hemifield asymmetry in 
this late dilation was detected. Our results suggest that the early pupillary 
dilation represents orienting attention to a stimulus, and the right hemisphere 
seems dominant for this function. Novel (moving) stimuli appear to maintain 
attention stronger than do stable stimuli, but there are no hemispheric 
asymmetries. The post-constriction dilation may be related to sustained 
attention, which does not reveal hemispheric dominance.

Supported by the Medical Research Service of the Department of
Veterans Affairs. Equipment supplied by Stoelting, Inc., Wood
Dale, IL

620.2
VISUAL ATTENTION SWITCHING IN YOUNG AND 
ELDERLY POPULATIONS EXAMINED WITH FMRI,
R.L. Wellington*. C. Popowicz. T, W, Smith. M.S, Worden.
and w. Schneider. Dept. of Psych. U. of Pittsburgh, Center for 
the Neural Basis of Cognition, Pittsburgh, PA 15260 
The goal of these experiments was to determine the specialization of 
attentional control regions when switching attention across age groups. 
Subjects monitored multiple frames wherein the letters were presented 
in standard alphabetic sequence and responded to an error in the 
sequence (e.g. A,B,C,D,E,R,G,H....where the “R” is a target). The 
characters occurred in the lower-left visual field, or lower-right visual 
field. The to-be-monitored sequence could occur in one location, (e.g. 
left visual field) or it could switch between two locations, (e.g. between 
left and right visual fields). The to-be-ignored channels included 
occasional foils to ensure task performance. Behavioral studies were run 
to practice subjects and determine the stimulus rate which provided 
good target detection (75%) in all conditions. FMRI was performed 
using a conventional GE 1.5Tesla scanner with a BOLD contrast 
imaging sequence using a multi-slice spiral k-space pulse sequence and 
utilizing an oscillatory paradigm. Results indicate a performance 
decrement when switching between locations (versus maintaining 
attention in one location). Correspondingly, there was increased 
activation in the parietal lobe in switching conditions.

This research is supported by NIH grant R0132395-01A2.

620.3
NICOTINE REDUCES THE EFFECT OF SPATIAL, BUT NOT NON- 
SPATIAL, EXPECTANCIES IN A VISUAL ATTENTION TASK 
R. M. Klein, F. Murphy and D. E. Mitchell* Dept of Psychology, Dalhousie 
University, Halifax, NS. Canada B3H 4J1

To generate a spatial expectancy, a peripheral luminance increment was 
used to draw attention to die location where the size of an object was likely 
(75% vs 25%) to change and human observers made a speeded size disc-
rimination. Compared with a neutral cue condition, performance improved 
at the cued location (benefits) and worsened at the uncued location (costs). 
Because Alzheimer's patients and monkeys with lesions of the basal fore- 
brain cholinergic system show an increase in this spatial cuing effect, we 
hypothesized that nicotine, a cholinergic agonist, would have the opposite 
effect. To generate a non-spatial expectancy, one size change (expansion or 
contraction) was more likely (75% vs 25%) than the other. 3 nicotine levels 
were achieved, in a within-subject design, by testing casual smokers at each 
of three delays after smoking one cigarette (immediately, 1 hr and 24 hrs). 
Using a composite performance score (incorporating speed and accuracy) we 
found that the effect of the spatial precues was smallest when nicotine 
levels were presumably highest (in sessions run immediately after 
smoking). The absence of costs in this condition suggests that nicotine may 
increase the ease with which attention can be disengaged from a cued 
location. This finding converges with other research supporting a role for 
the basal forebrain cholinergic system in visuo-spatial attention. 
Performance was better for the likely, than for the unlikely size change, an 
effect that did not vary with delay. That nicotine affects a spatial but not 
a non-spatial expectancy provides psychopharmacological evidence for the 
distinction between space-based attention and other forms of selection.

Supported by an NSERC (Canada) grant to R. M. Klein.

620.4
THE NEURONS OF THE MONKEY CAUDATE NUCLEUS ARE INVOLVED IN 
THE PROCESS OF SPATIAL SELECTIVE ATTENTION. V.T.Shuvaev* and 
V.I.Shefer. Lab.of Higher Nervous Activity, Pavlov Institute of Physiology, 
St.Petersburg, Russia.

The goal of the present study was to investigate the neuronal mechanisms of 
caudate nucleus involvement in processes underlying the performance of the spatial 
selective attention tasks in alert behaving monkeys. For this purpose we used 
experimental paradigms similar to ones developed for humans (Mandun and 
Hillyard, 1988; Clark and Hillyard, 1996).

All left hemisphere neurons, that changed the activity at the instruction stage of the 
test, can be divided into two groups. Unit activity of the neurons included in the first 
group reflected the location of the visual stimulus. 65% of these changed firing 
patterns during stimulus presentation on the right side of control panel, whereas the 
remaining 35% were active during stimulus presentation on the left side. The 
neurons of the second group (38% of total) were active in both cases. The pattern of 
variations in the right hemisphere was akin to the left one, but less pronounced. 
Furthermore, some neurons showed unspecified two-phase reactions (activation- 
inhibition) to signals on both sides. In more complex tasks, if motor reaction did not 
coincide with stimulus position, neurons in both hemispheres which reacted to left 
and right signals non-specifically and changed their activity to a subsequent 
movement became selective to the signal associated with the direction of the 
subsequent motor response. The firing rate of spatially selective neurons, whose 
activity was related to the position of the stimulus, decreased to the background level 
(200-800 ms) prior to motor reaction. Consequently, during the performance of 
spatial selective attention tasks, the caudate nucleus neurons were involved in 
processes related to a conjunction of sensory, mnemonic and motor information. We 
conclude that these mechanisms determine the vector of a goal-directed behavior. 
G.R.F.F.I. 97-04-49598.

620.5
CEREBELLAR AND PARIETAL ACTIVATION DURING ORIENTING OF 
SPATIAL ATTENTION. J. Townsend* L2 m . McKeown3, J. Covington2 & G. 
Allen.2,4 iDept. of Neurosciences, UCSD, La Jolla, CA; 2 Lab. Res. Neurosci. of 
Autism, Children’s Hospital Res. Cntr.; 3Computational Neurobiology Lab, Salk Institute; 
4UCSD/SDSU Jt. Doc. Prog, in Clinical Psychology

Evidence suggests the involvement of the cerebellum in the rapid modulation of 
attentional resources. Patients with developmental or acquired damage to the 
cerebellar hemispheres and posterior vermis are slow to shift attention spatially 
and between or within sensory modalities. Using functional magnetic resonance 
imaging (fMRI), Allen et al. (Science, 1997) have demonstrated that attention and 
motor operations activate anatomically distinct regions of the cerebellum. We 
have examined functional activation in these same regions using a spatial orienting 
task that is sensitive to patterns of attentional dysfunction in patients with 
cerebellar damage (Townsend et al., JINS, 1997). Six normal right-handed 
subjects performed covert and overt attention orienting tasks and motor control 
tasks. Five minute trials were arranged as alternating 40-sec “task-on” and “task- 
off” blocks during which five coronal EPI slices were recorded every 2.5 seconds. 
The fMRI data were analyzed by independent component analysis (ICA), which 
finds spatially independent areas with differing time courses of activation, and by 
standard correlational analysis using pre-defined regions of interest (ROI). Both 
techniques found significant activation during the covert attention task in the left 
superior posterior cerebellum, the cerebellar vermis and bilateral (greater right than 
left) superior parietal cortex. During the motor task, correlational analysis 
detected activation in the right anterior cerebellum. ICA found additional task- 
related areas of activation in the superior parietal cortex and areas in the 
cerebellum and parietal cortices that were transiently time-locked to the trial block 
design. These studies suggest concerted action between the cerebellum and 
parietal regions during orienting of spatial attention. Supported by NINDS 1RO1- 
NS34155; NIMH 1RO1-MH36840; Heart & Stroke Foundation of Ontario.

620.6
CONTRIBUTION OF POSTERIOR ASSOCIATION CORTEX TO 
VISUOSPATIAL ATTENTION SHIFT. S, Yamaguchi*. S. Yamagata. J, Xu 
and S. Kobavashi. Internal Med. Ill, Shimane Med. Univ., Izumo, 693, Japan.

Spatial attention can be moved under voluntary or involuntaiy control. Recent 
brain functional mappings have revealed distributed cortical and subcortical 
network involvement in spatial attention. We assessed the contribution of 
posterior association cortex to voluntary and involuntary visuospatial attention 
shift using behavioral and electrophysiological techniques in patients with focal 
lesions in temporal-parietal (area 22 and 39) or parietal cortex (area 7). Event- 
related evoked potentials (ERPs) were recorded during a cued priming task 
with central or peripheral cues. The cues are postulated to generate voluntary 
and automatic attentional shift, respectively. Patients with temporal-parietal 
lesions showed extremely slow RTs to targets presented contralateral to the 
lesion side in both the central and peripheral cue experiments. Cue validity 
effects were reduced in the central cue experiment. Parietal patients showed 
mild disturbance in the central cue experiment, while RTs to targets following 
peripheral cues were as slow as in the temporal-parietal patients. The ERPs 
showed that temporal-parietal lesions reduced attention shift-related negativity 
and posterior sustained negativity during the cue-target interval and abolished 
the P3 potential to the contralateral targets, while these potentials were relatively 
preserved in the parietal patients for the central cue experiment. Both the 
temporal-parietal and parietal lesions caused reduction of the contralateral N1 
enhancement in the peripheral cue experiment compared with control subjects. 
These results support the notion that distinct posterior cortical networks involve 
in voluntary and automatic attention shift.
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620.7
MODELING STIMULUS-DRIVEN SELECTIVE VISUAL ATTENTION USING 
THALAMOCORTICAL AND INTRATHALAMIC CELL PROPERTIES AND 
CONNECTIVITIES M. Bernstein. J. Bickle, L. Means?G. Boyd and C. Worley. 
Focused Research Program in Computational Neuroscience, East Carolina Univ., 
Greenville, NC 27858-4353

Using software for implementing interactive activation and competition (IAC) 
parallel networks in computer simulations, we have modeled an intriguing neural 
mechanism for 'nonvoluntary,' stimulus-driven selective visual attention. An LAC 
network involves segregated pools of units with bidirectional excitatory connections 
between units across pools and inhibitory connections within pools. The thalamic 
lateral geniculate nucleus (LGN)-thalamic reticular nucleus (RN)-primary visual 
cortex (VI) system exhibits similar connectivities.

Our computer simulation involves 60 thalamic projection column (TPC) units and 
12 cortical vertical column (C VC) units. A TPC unit has an excitatory bidirectional 
connection with a CVC unit just in case the receptive field of the TPC unit (a point in 
the simulated visual field) overlaps with the receptive field of the CVC unit (a bar of 
light at a particular location and orientation). All TPC units have inhibitory 
connections with all others, simulating the effects of the RN-LGN circuits. We use 
CVC unit activation as a measure of attention to visual stimuli across the simulated 
visual field. After only a few processing cycles, activity in the CVC units whose 
receptive fields include the strongest stimulus is significantly greater than activity in 
the CVC units whose receptive fields include even moderately strong stimuli. This 
enhanced activity resulting from the thalamocorticothalamic system enables higher 
areas of the visual streams to process ('attend to') stronger stimuli at the expense of 
weaker ones. We hypothesize that a large amount of 'nonvoluntary,' stimulus-driven 
selective attention results from the cell properties and connectivities at earliest stage 
of cortical visual processing.

620.8
MODELING A 'VOLUNTARY' SELECTIVE VISUAL ATTENTION
MECHANISM USING PARIETO-FRONTAL CELL PROPERTIES AND 
CONNECTIVITIES. J. Bickle, R. Graham* and M. Bernstein. Focused Research 
Program in Computational Neuroscience, East Carolina Univ., Greenville, NC 
27858-4353

Vision provides an excellent sensory modality for exploring mechanisms of 
selective attention using neural network computer simulations. The task in this study 
involves our capacity’ to 'voluntarily' redirect attention to a portion of visual space 
after a strong distracting peripheral stimulus.

In tasks like this, the control of visual attention is the control of saccadic eye 
movements. Cortically, the frontal eye fields (FEFs) of premotor cortex and the 
lateral intraparietal area (LIP) of posterior parietal cortex are part of this control 
system. During the past decade, electrophysiological recordings from single neurons 
in these areas reveal both presaccadic and postsaccadic activity coded in oculomotor, 
rather than retinal coordinates. LIP projects to FEF and receives extensive feedback 
projections. Both LIP and FEF project to intermediate layers of superior colliculi, 
which in turn projects directly to burst circuits in brain stem saccade generators.

Using Genesis, a popular program for implementing biologically plausible neural 
networks on digital computers, we have incorporated these findings into a neural 
network capable of redirecting attention to an initial fixation point after a strong 
distracting peripheral stimulus. Pre- and postsaccadic activity in simulated FEF and 
LIP circuits provide input to a vector subtraction mechanism that computes the next 
appropriate saccade during a sequence of movements from an initial fixation point. 
Our model suggests an intriguing mechanism for the 'decision' to redirect or continue 
exploring the peripheral stimulus, based upon a variable threshold on the 'redirect' 
input to the vector subtraction mechanism. Using resources of computational 
neuroscience, we are here hypothesizing nothing less than a biologically plausible 
neural mechanism for the 'voluntary control of attention.'

620.9
A PARIETAL NEURAL NETWORK MODEL SIMULATING 
HEAD CENTERED OJBECT REPRESENTATION. K, Nakamura*, 
S. Miyamoto, N. Kinoshita and K. Ohzawa. Dept. Electronics and 
Informatics, Toyama Prefectural Univ., Toyama 939-03, Japan.

Recent studies showed that parietal cortex (PG) was involved not 
only in spatial recognition but also in pragmatic object shape 
recognition. It is still not clear, whether or how the retinotopic spatial 
representation can be transformed to head centered (egocentric) spatial 
representations in PG. In the present study, a neural network model 
(SSA net) simulates the head centered spatial object representation in 
PG. The SSA net hypothesizes to spread the information of position 
and axis orientation of an object (e.g., a face) on surrounding space by 
the spreading neural layer that has similar tuning characteristic to 
visual fixation and axis orientation neurons in PG. The SSA net uses 
the population vector method to recognize the egocentric spatial 
factors. The SSA net not only recognizes the egocentric position and 
axis orientation of the object irrespective of its shape, but also 
recognizes its shape irrespective of its position and axis orientation in 
the input image. The invariant positional, orientation and shape 
recognition depend on tuning width of the spreading weight of 
spreading neural layer which has Gaussian curve like function. When 
several objects are in the input image, the SSA net recognizes the 
position and shape of each object by selective attention to respective 
object. When several face view directions (e.g., 0°, ± 30° and ± 60°) 
are memorized in the SSA net, the population vector output of face 
view recognition neurons recognizes the unfamiliar face view direction 
(e.g., ± 45°), irrespective of its position. Thus, the model represents 
the head centered space by spatial spreading and population coding.

620.10
THE LARGE-SCALE NEURAL NETWORK FOR SPATIAL ATTENTION 
DISPLAYS MULTI-FUNCTIONAL OVERLAP Y.-H. Kimt D.R. Gitelman^*, A.C. 
Nobre^£, T.B. ParrishL E.J. Russellt M.-M. Mesulamt Northwestern Univ. Med. 
SchT, Chicago, IL 60611, and Oxford Univ.£, Oxford, OXI 3UD UK

Patients with focal lesions and functional imaging experiments show that the 
allocation of spatial attention is regulated by a network containing three interconnected 
epicenters in posterior parietal, premotor, and cingulate cortices.

We wanted to see if these three areas were differentially engaged by two distinct 
attentional tasks, one based on peripheral spatial priming and the other on foveally 
generated directional expectancy. Five subjects were tested using a task of covert 
attentional shifts, in which the cue (a central arrow or a peripheral priming cue) and the 
predictability of target location (80% or 50%) were manipulated in a factorial design. 
The cue was followed by a peripheral target or foil. The task was to respond to the 
target. Subjects were imaged if prior testing confirmed maintenance of central fixation, 
and reaction times reflected attentional shifts, i.e., faster responses to valid cues. 
Performance in the magnet replicated these effects. For fMRI, active tasks alternated 
with periods of rest. On a Siemens 1.5 T unit, 32, 4 mm slices were obtained using 
single shot EPI (TR/TE 4360/40 ms, oc=90°, FOV=220, 64x64 matrix). Data were 
analyzed using SPM-96. The final resolution was about 8x8x8 mm.

Activations were seen in the 3 core cortical areas of the attentional network 
(intraparietal sulcus, frontal eye fields, and anterior cingulate cortex) in all tasks. No 
significant task-related differences were seen in the distribution of activation. 
Additional activations were seen in the insula, posterior lateral temporal cortex, 
precuneus, thalamus and cerebellum.

At this level of resolution, the attentional network based on three epicenters in the 
intraparietal sulcus, frontal eye fields and the anterior cingulate gyrus displays robust 
multiple affiliations which encompass spatial priming as well as spatial expectancy. It 
will be of interest to determine whether a finer anatomical resolution will reveal task- 
specific fractionations of these epicenters into subsectors with individual behavioral 
specificities. Supported by KSEF/CBNU (Korea), NIH and the McDonnell-Pew Foundation.

620.11
fMRI REVEALS DISTINCT NEURONAL NETWORKS FOR ATTENTION TO 
TIME OR SPACE. JT Coull**, CD Frith 1 and AC NobreU lWellcome Dept. 
Cognitive Neurology, Inst, of Neurology, Queen Square, London WC1N 3BG, UK; 
2Dept. of Exp. Psychology, University of Oxford, Oxford, OXI 3UD, UK.

Although, attention is distributed in time as well as space, the temporal allocation 
of attention has been less well researched than its spatial counterpart. Recent results 
of our own suggest that right parietal cortex may be recruited for non-spatial 
attentional tasks as well as spatial ones, suggesting that this brain area may be 
recruited for a fundamental (amodal) type of attention. Using a modification of a 
paradigm traditionally used to measure the spatial allocation of attention (Posner 
task), we ask whether right parietal cortex is involved in temporal, as well as spatial, 
distribution of attention? We measured brain activity in six healthy volunteers (3M & 
3F) using functional Magnetic Resonance Imaging (fMRI). A 2 Tesla MRI system 
acquired each image in 32 slices (3mm thick), with an inter-scan interval of ~3.5s. 
In a factorial design, four experimental conditions required the subjects to attend to 
either spatial cues (attend left or right), temporal cues (attend in 300ms or 1500ms). 
cues containing both spatial and temporal information, or cues containing neithei 
spatial nor temporal information (neutral cue). Each of these conditions were 
presented in counterbalanced order, and in alternation with a resting baseline. 
Behavioural data showed an invalidity effect for temporal cueing, similar to that 
previously established for spatial cueing. In comparison to the neutral cue condition, 
there was activation of right inferior frontal gyrus and right parietal cortex (extending 
down into superior temporal gyrus) for attention to space, and of bilateral insula (left 
more than right) for attention to time. Attention to both spatial and temporal cues 
activated anterior and posterior cingulate and right dorsolateral prefrontal cortex. 
These results are the first to indicate a role for the insula in attention to time. 
Research supported by The Wellcome Trust and Medical Research Council.

620.12
ERP EVIDENCE FOR A GENERAL-PURPOSE VISUAL DISCRIMINATION 
MECHANISM. Edward K, Vogel and Steven J, Luck*. University of Iowa

A large number of electrophysiological studies of attention have emphasized 
the role of early visual ERP components in location-based selective 
processing. These studies typically find enhancements of the Pl and the N1 
components for stimuli at attended locations compared to stimuli at unattended 
locations. Further studies have suggested that the Pl and N1 attentional 
modulations can be dissociated and reflect qualitatively different mechanisms of 
attention. In particular, previous studies of the N1 effect have found that it is 
present only for tasks involving a discrimination of stimuli that are presented 
within the area of focused attention, suggesting that this effect reflects a 
discrimination process. In the present study, we attempted to determine the 
nature of this process by examining the N1 component elicited by attended 
stimuli under different discrimination conditions. We compared the N1 elicited 
for foveal stimuli during a choice RT task with that elicited during a simple 
RT task and found a larger posterior N1 elicited during the choice RT 
conditions even when several potential confounds were eliminated (e.g., 
arousal and motor preparation). More specifically, we found that this effect 
generalizes for discriminations of color, form and direction of motion, thereby 
suggesting that it is not a process that is specifically linked to either the dorsal 
or ventral processing streams. In addition, we found that this effect occurs only 
for stimuli presented at locations that are attended prior to stimulus 
presentation. This combination of results provides preliminary evidence for the 
presence of a general-purpose visual discrimination mechanism that is applied 
to a location in space prior to the onset of a stimulus. This study was 
supported by grant 95-38 from the McDonnell-Pew Program in Cognitive 
Neuroscience.
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620.13
THE GRADIENT OF SPATIAL AUDITORY ATTENTION IN FREE-FIELD. AN 
EVENT-RELATED POTENTIAL (ERP) STUDY. W. A. Teder-Saleiarvi* & S.A. 
Hillyard. Department of Neurosciences 0608, University of California, San Diego, La 
Jolla, California.
The spatial allocation of auditory attention in free-field was investigated using combined 
behavioral and electrophysiological techniques. The time course and spatial gradients of 
attentional focussing were studied through multichannel recordings of ERPs in twelve 
young adult subjects. Using a horizontal array of 7 loudspeakers (spanning 54 degrees of 
angle) and a randomized fast-paced sequence of noisebursts, the subjects’ task was to press 
a button to infrequent target stimuli of increased bandwidth at one location in three separate 
conditions (attend to the leftmost, center, or rightmost speaker) and to ignore stimuli from 
adjacent locations.
In all three conditions, the distribution of behavioral detection responses confirmed a sharp 
focus of spatial attention with a steeper fall-off for central than lateral stimuli and shortest 
reaction times to stimuli coming from the designated locations. The Nl component of the 
ERP at 120-180 ms was highest in amplitude to stimuli from attended locations with a 
pronounced fall-off across adjacent sources and a steeper gradient for central than for 
lateral stimuli. The P3 component at 250-500 ms was elicited almost exclusively by target 
stimuli appearing at the designated locations and showed a very steep fall-off across 
adjacent locations (more pronounced for central than lateral stimuli). P3 amplitudes 
correlated almost perfectly with the behavioral detection response rates.
These data support gradient models of auditory attention in which the density of resource 
allocation declines progressively as a function of distance from the attended locus. A time- 
course analysis of ERP amplitudes revealed that spatial selectivity is established by 
consecutive stages of progressive fine-tuning over the time range 80-500 ms poststimulus. 
Supported by grants: NIMH (MH25594), ONR (N00014-93-1-0942), and NIH (NS I7778)

620.14
AUDITORY-SPATIAL TUNING IN SIGHTED AND BLIND ADULTS: 
BEHAVIORAL AND ELECTROPHYSIOLOGICAL EVIDENCE. B. ROder1-2: W, 
Teder-Saleiarvi3. A. Sterr4, F. Rbsler2, S, A, Hillyard3*, & H. J, Neville1. ’U of Oregon, 
Eugene; 2U of Marburg (Germany); 3U of California, La Jolla; 4U of Konstanz.

Experimental studies to date have provided inconsistent evidence regarding possible 
alterations in auditory localization abilities in blind animals and humans. The present 
study was designed to assess and compare properties of auditory spatial attention in 
sighted and blind adults in a free field situation. Short noise bursts were presented at a 
high rate from speakers placed at central and right lateral positions. Speakers were 
separated by 6 degrees azimuth. The EEG was recorded from 41 scalp sites as 
participants (Ps, 8 congenitally blind and 8 sighted controls) attended either to the frontal 
(0 degree) or to the most peripheral (90 degree) speaker in order to detect a rare noise 
burst the. Behavioral data revealed that blind participants were more accurate than 
sighted participants when sounds in the auditory periphery had to be attended and 
localized. Furthermore, the blind showed narrower tuning of early sensory gating 
mechanisms (indicated by amplitude gradients of the early Nd of event-related potentials 
(ERPs). At the attended side, mismatch responses (N2) to rare sounds were more 
pronounced in blind than in sighted participants. Moreover, target evaluation, as 
reflected in the latency of the target P3, was faster in the blind than the sighted for targets 
at the 90 degree speaker only. Deviant sounds from unattended extreme azimuthal 
positions elicited an enhanced orienting response (P3a) in blind compared to sighted Ps. 
These findings together with distributional differences for some ERP-components (Nd 
and N2) are discussed as evidence for compensatory plasticity following blindness. It is 
hypothesized that a more precise tuning of neural nets representing auditory space and/or 
a reorganization of polymodal areas (e.g., a recruitment of neural units representing 
visual space in sighted people) leads to a higher spatial resolution and more efficient 
processing for sounds particularly at extreme azimuthal positions in the blind. 
Supported by grants: Ro 1226/1-2 (DFG; to B.R.), N.I.H. DC00128 (to H.N.), N.I.M.H. 
MH-25594 and O.N.R. N00014-93-1-0942 (to S.H.).

620.15
AUDITORY INATTENTION IN UNILATERAL SPATIAL NEGLECT: NEURO-
PSYCHOLOGICAL AND MORPHOMETRIC CT ANALYSES. C. Ocampo and
L. H. Hicks*. Department of Psychology, Howard University, 
Washington, DC 20059.

Unilateral spatial neglect (USN) manifests as a loss of 
awareness for stimuli and events in the contra!esional 
hemispace following brain damage. Although visual neglect 
is often its most salient feature, neglect of auditory 
stimuli has also been reported. A previous study suggest-
ed that due to a coupling between auditory and visual 
systems, presenting stimuli using the ventriloquist effect 
(deceiving subjects visually as to the source of sound) 
could ameliorate auditory neglect. In the present study, 
six subjects with acute right hemisphere lesions and six 
matched controls who were administered the Behavior 
Inattention Test to quantify visual neglect viewed a video 
tape which presented ecologically relevant (non-verbal) 
stimuli utilizing the ventriloquist effect. Computerized 
morphometric CT analyses were performed to document lesion 
volume and locus. Resulting correlations between scores 
on auditory and visual measures suggested that visual and 
auditory neglect co-occurred in this sample. Results also 
supported the occurrence of simultaneous extinction across 
modalities.
This research was supported by a grant from the
Association for Women in Science, and by a grant from 
Sigma Xi, the Scientific Research Society.

620.16
NEGLECT: A DEFICIT OF MODALITY NON-SPECIFIC ORIENTING 
MECHANISM? H. Hamalainen*, A. Honkasaari, J. Pirila, O. Tenovuo, S. Kallio,
H. Lang. Centre for Cognitive Neuroscience and Department of Psychology, 
University of Turku, FIN-20014 Turku, Finland

Nine right-brain damaged patients with neuropsychologically diagnosed 
visuospatial neglect partcipated in a sensory detection and ERP (Event Related 
Potential) study, where three sensory modalities: vision, audition and tactile sense, 
were investigated. The measurements were obtained in acute phase and within 3 
and 12 months after stroke.

The results from both sensory detection and ERP measurements showed that the 
patients with visuospatial neglect usually demonstrated symptoms in other 
modalities, too. Thus, the results suggest the multimodal nature of the unilateral 
neglect syndrome. The ERP results further revealed that, independent of the 
modality tested, it was the Nl deflection that was affected in neglect. The 
occurrence of neglect always coincided with distinct reduction in Nl amplitude, 
sometimes together with temporal delay of the deflection. Nl wave became normal 
while the clinical symptoms vanished during the recovery process. It is concluded 
that clinical features of neglect are due to deficits in orientation mechanisms, 
reflected in reduction and delay of Nl deflections in ERPs.

Supported by the Academy of Finland.

620.17
THE EFFECT OF EGOCENTRIC MIDLINE POSITION ON 
REACTION TIME TO LATERALIZED STIMULI IN NORMAL 
SUBJECTS: IMPLICATIONS FOR VISUAL SPATIAL NEGLECT.
M.M. Hasselbach and C.M. Butter*. Dept. of Psychology, 
University of Michigan, Ann Arbor.

It has recently been suggested that visuospatial neglect following 
right parietal lobe damage is due to a disturbance in transforming 
afferent information into egocentric coordinates (Karnath, Brain, 
116:383, 1993). Karnath argues that this disruption in coordinate 
transformation causes an ipsilesional displacement of the subjective 
body midline, and a resulting ipsilesional bias in the exploration of 
space. Normal subjects receive information about where their body is 
located in space from signals about the position of the head on the 
trunk, the position of the eyes in the head, and the position of the eyes 
in space. If a displaced body midline causes a bias in the exploration 
of space, one might expect that altering the head-on-trunk signal in 
normal subjects would result in performance changes similar to those 
seen in neglect patients. We investigated this by comparing reaction 
times to lateralized (30° to the right and left of fixation) visual stimuli 
in normal volunteers with the trunk facing straight ahead versus with 
the trunk rotated 30° to the right and 30° to the left. In all conditions, 
the subject's head and eyes were directed straight forward. We found 
that trunk rotation to the right slowed reaction times to left-sided 
stimuli, but not to right-sided stimuli. These findings suggest that the 
perceived location of body midline effects the exploration of space. 
Furthermore, they support the hypothesis that neglect is caused by an 
alteration in egocentric coordinate transformation. (Supported by UM)

620.18
REACHING AND ESTIMATION OF POSITION BY A PATIENT WITH 
BALINT'S SYNDROME.
Gordon C. Baylis*. Univ. South Carolina, Columbia, SC 29208 
and Leslie L. Baylis. Presbyterian College, Clinton, SC 29325.

Accounts of Balint's Syndrome typically include 
misreaching in depth as a cardinal symptom. Balint's 
patients typically also have poor appreciation of position in 
depth. We tested the ability of RM with Balint's Syndrome to 
reach to, vs describe, the position of visual targets.

In agreement with classic studies, we found that the 
errors made by RM were predominantly at different depths, 
rather than different locations at the same depth. However, 
we found that RM was more accurate at reaching to visual 
targets than he was in describing their visual location. This 
suggests that his primary deficit was in determining the 
visual location of objects in depth, rather than in reaching 
to those objects once their depth had been determined.

We also tested the ability of RM to reach to targets and 
ignore distractors. When targets and distractors were 
separated in the frontoparallel plane, RM showed normal 
susceptibility to distraction. However, when targets and 
distractors were separated only by depth, RM made errors 
that suggested he avoided reaching to the position in the 
frontoparallel plane occupied by both target and distractor. 
Thus, despite his impaired ability to distinguish the depth of 
target and distractor, RM was nonetheless able to inhibit 
responses to distractors.
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621.1
RESIDUAL SPATIAL LEARNING IN UNILATERAL AND BILATERAL 
HIPPOCAMPAL DORSAL MINISLAB ANIMALS. L. de Hoz1, E. Moser2 and 
R.G.M. Morris1. (SPON: European Brain and Behaviour Society), ^tre. for 
Neurosci., Edinburgh, Scotland. ^Dept. Psychol., Norw. Univ. of Sci. and Technol., 
Trondheim, Norway.

Rats with aspiration or ibotenate lesions sparing between 20 and 40% of 
hippocampal (HPC) volume bilaterally are capable of learning a spatial watermaze 
reference memory task provided the residua! "minislab" is located at the septal tip 
(Moser et al., J. Neurosci. 1993, PNAS 1995). The present study explored whether an 
equivalent unilateral tissue volume could also support normal learning.

Rats given partial ibotenate lesions sparing unilateral or bilateral minislabs of 
intact tissue at the septal tip of HPC were compared with a group given sham surgery. 
Both lesion groups had 30% of total HPC volume remaining (60+0% and 30+30%). 
Training on a reference-memory (RF) paradigm began 3 to 4 weeks later (48 trials, 
platform in a fixed location, 8 trials/day, 2 transfer tests -escape platform absent). 
Training on a separate delayed matching-to-place (DMP) task started 2 weeks 1 (new 
platform location each day, 4 trials/day, training for 5 days, then 6 days of testing 
with 20min or 2 hours interval between trial 1 and 2).

The RF task was learned by the 3 groups at the same rate and they all did 
equally well in the transfer tests. In the DMP task, the sham lesion group showed 
good performance on trial 2 of each day, reflecting memory of information acquired 
during trial 1. The unilateral and bilateral lesion groups also showed within-day 
memory on trial 2, but both were impaired relative to the sham group at the 20 min 
ITI and the bilateral group impaired also at the 2 hour ITI.

Spatial learning, therefore, can be achieved with unilateral hippocampal tissue. 
Both the volume and the location of the tissue are important in the efficacy with which 
a particular task is solved. Research supported by MRC, ESF and Norw.Res.Council.

621.2
MULTIPLE SUBSTRATES FOR SPATIAL LEARNING IN THE RAT
HIPPOCAMPUS. M.-B.Moser1*, A. Toilefsrud2. E.I. Moser*, and P. Andersen2. 
^Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway, ^Dept. 
Neurophysiol., Univ. Oslo, Norway.

Rats show adequate spatial learning in a water-maze when only 2-4 mm wide 
bilateral minislabs remain in the septal part of the hippocampus (Moser et al., 1995) 
Here, we explore whether spatial learning is possible with bilateral hippocampal 
lesions saving either the septal 1/3, the intermediate 1/3 or the temporal 1/3 of the 
longitudinal extent of the hippocampus. Residual hippocampal tissue in animals with 
such lesions measured 36+2% (septal), 30+5% (intermediate), and 38+3% (temporal) 
of the total hippocampal volume. Separate groups received complete hippocampal 
lesions (4+1% spared) or sham surgery. The animals were trained in a water-maze 
reference memory task (48 trials, fixed platform location, 8 trials/day) with a transfer 
test at the end of training.

Rats with septal or intermediate minislabs showed fast learning. Both groups 
searched extensively in the training quadrant on the transfer test (25+3% and 24+3% 
of total search time was spent within 20 cm from the platform) and did not differ 
from the sham group (20+3%). Animals with complete hippocampal lesions or 
ventral minislabs had longer escape latencies and reduced search in the platform area 
compared with the other three groups, albeit with some bias towards the training 
quadrant on the final transfer test (14+2% and 13+2%, respectively).

In conclusion, within the dorsal tw o thirds of the hippocampus, two different 
substrates independently allow adequate spatial learning, suggesting that several 
independent networks may be available for navigation in the normal rat. Supported 
by the Norwegian Research Council.

621.3
CIRCUMSCRIBED LESIONS OF DENTATE GYRUS IMPROVE 
PERFORMANCE IN THE WATER MAZE. M, Khurgel*, M.P. Murphy,
S.C. Barsoum and G.O. Ivy. University of Toronto, Scarborough, ON. Canada.

The goal of this experiment was to test for changes in the performance of rats in 
the Morris water maze following lesions of either astrocytes or the granule cells in 
the dentate gyrus (DG).

Adult rats were injected with a-aminoadipate (aAA, a gliotoxin), colchicin or 
vehicle solution (ACSF). The injections (2 p.1 total volume) were aimed at the 
dorsal leaf of rostral DG. Following 24 hr recovery, animals were trained to locate 
a visible escape platform, and subsequently tested for the acquisition and retention 
of a hidden platform's location.

Histological analysis revealed that some saline and most aAA injections resulted 
in a circumscribed loss of granule cells, primarily within the dorsal leaf of rostral 
DG. Further inquiry revealed that these lesions were likely the result of fluid- 
induced axotomy of granule cells, as previously described by Vietje and Wells 
(Exp. Neurol. 106:275; 1989). Injections of colchicine resulted in a complete loss 
of granule cells, as well as CAl and some CA3 pyramidal neurons.

As expected, colchicine-injected rats demonstrated severe deficits in the 
acquisition and retention of the task. In contrast, rats with limited granule cells loss 
performed as well, or better than unlesioned controls. In particular, rats with 
limited DG lesions showed a faster rate of acquisition. Surprisingly, the these 
animals also demonstrated an absence of the "forgetting" on the first two days of 
testing, which was evident in the control group in this and other studies.

These results support the hypothesis that granule cells of DG are involved in 
gating of information in certain behaviours.

Supported by NSERC

621.4
SPATIAL LEARNING FOLLOWING SATURATION OF DENTATE LTP BY 
MULTI-ELECTRODE TETANIC STIMULATION ACROSS THE ANGULAR 
BUNDLE. E.L Moser1#, K.A. Krobert^, M.-B. Moser1 and R.G.M. Morris .̂ 1 Dept. 
Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway, 2Dept.
Neurophysiol., Univ. Oslo, Norway, ^Ctre.Neurosci., Univ. Edinburgh, Scotland.

If spatial learning requires LTP-like synaptic changes in the dentate gyrus, rats 
should be impaired in hippocampal-dependent memory tasks after saturation of LTP in 
the hippocampus (HPC) or dentate gyrus (DG) (McNaughton et al., 1986). Tests of this 
prediction have mostly failed, possibly because only a small proportion of perforant- 
path (PP) synapses was saturated (Bliss & Richter-Levin, 1993). We have increased this 
proportion by inducing LTP through multiple electrodes across the angular bundle of 
rats with parts of the HPC/DG removed. The extent of saturation was measured.

Electrodes for field potential recording in PP-GC synapses were implanted in rats 
with ibotenic-acid induced unilateral HPC lesions (one pair of stimulation electrodes at 
each side of the angular bundle - AP 7.0, ML 3.0 & 5.0, DV 2.3 & 2.8 - and a separate 
pair in the centre, ML 4.0). These rats received repeated tetanic stimulation between the 
peri-pheral electrodes (400 Hz, 2 mA, anode and cathode on different sides, 4 anode/ 
cathode combinations, 1 min between each combination, 1 h between each series of 
combinations). Control rats (also implanted) received similar stimulation at low 
frequency (0.5 Hz). The extent of saturation at PP-GC synapses was tested by 
subsequently tetanizing a different subset of the angular bundle, namely those fibres 
activated by the naive central electrode.

In most cases, no further LTP was induced through the central electrode. Tetanic 
stimulation through the central electrode produced clear LTP in the control group.
Thus, maximal LTP may have been obtained in a substantial proportion of the PP-GC 
synapses by the cross-bundle stimulation protocol. Experiments are in progress to 
determine whether rats with this LTP occlusion can learn either a reference task or 
perform a delayed-matching-to-place task (with 2 h interval between trials 1 and 2) in a 
water-maze. Preliminary data suggest a small deficit in the high-frequency relative to 
the low-frequency group. Supported by the HFSP, MRC and Norw.Res.Council.

621.5
PERSISTENT DEFICITS IN ACQUISITION OF SPATIAL MEMORIES 
FOLLOWING REPEATED SEIZURES IN EARLY-LIFE. Chong L. Lee1*. 
H Julia Banpay2, Samiya RashidRighard HrashQyy.\ and John Swann \ ‘Cain
Foundation Labs., Dept of Pediatrics, and 3 Dept. of Neurology, Baylor College of 
Medicine, Houston, TX,, 77030, 2 Dept of Psychology, Univ. of Houston, 
Houston, TX 77204.

The effects that seizures in early-life have on cognitive functions remain unclear. 
The aim of this project was to determine if repeated seizures in infancy could alter 
acquisition of spatial memories in adulthood.

Tetanus toxin (2 ng, TT) was injected unilaterally into the hippocampal CA3 
subfield of 10 day old Wistar rats. Control littermates were injected with saline or 
were uninjected. At 57 days of age, animals from all three groups were tested in the 
Morris Water Maze (MWM). Animals with the worst performance in the MWM 
task were then implanted with electrodes for electroencephalographic (EEG) 
recordings.

Following TT injection, animals exhibited repeated episodes of severe behavioral 
wild running and jumping seizures. TT injected experimental animals displayed 
significantly longer platform escape latencies in the MWM task compared to saline 
injected and uninjected controls. The main effect of group was significant, F (2,63) 
- 13.71, p <0.001. Only 8 of 16 experimental animals (50 %) exhibited 
hippocampal interictal spikes, but no electrographic seizure activity was recorded.

These results suggest that, repeated seizures in early life can produce a deficit of 
cognitive functions tiiat persist into adulthood. This deficit is not correlated with the 
presence of chronic epilepsy.
Supported by NIH NS 18309, NS 11535 and a grant from the Epilepsy Foundation 
of America.

621.6
ANTEROGRADE ELECTROCONVULSIVE SHOCK (ECS) EFFECTS ON THE 
ELEVATED PLUS MAZE AND ON A TEST OF FOOTSHOCK (FS) 
SENSITIVITY M.G.M. Oliveira*, P.R.Morais, C. Chac ur. R.C.Peres, F.T.Silva. 
J.RLeite and O.FABueno. Departamento de Psicobiologia, Universidade Federal 
de S3o Paulo, Sao Paulo, Brasil, 04023-062.

Distinct amnestic treatments have differential effects on passive avoidance and 
classical fear conditioning to a discrete stimulus. When administered 4h before 
training ECS impairs only passive avoidance but when administered 2h before 
training it impairs both tasks. As these tasks use FS as motivation, any treatment 
having anxiolytic or analgesic effects could be misinterpreted as having an 
amnestic effect. The purpose of the present study' was to investigate the behavior of 
Wistar rats in the elevated plus maze and on a test of FS sensitivity after ECS 
(80mA/0.2s) or no ECS (CON) administration. To test the putative anxiolytic ECS 
effect 15 CON and 16 ECS animals were individually set in an elevated plus maze 
(composed of two closed and two open arms), during 5min, 2h after ECS. There 
was no difference between the two groups in the percentage of time spent inside 
the open arm and in the total number of arm entries. Two (CON n=12; ECS n=l 1) 
or 4 (CON n-12; ECS n=l 1) h after ECS the animals were individually set in a 
compartment with a grid floor through which FS could be delivered. The animals 
received several FS (Is duration each) 15 s apart until they displayed a startle 
response (shocks initiated at 0.1mA and were incremented by 0.1 mA per 
shock). The ECS animals received more FS before showing the startle response 
than CON animals only when ECS was administered 2h before testing. The ECS 
did not have anxiolytic effect in the plus maze but the ECS animals showed a 
transient decrease in reactions to FS. These data suggest that it is not possible to 
unequivocally interpret the anterograde effects of ECS in terms of learning or 
memory when training is conducted in the first 2h after ECS administration. 
Financial support: AFIP, CNPq, CAPES, FAPESP
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621.7
POLYCHLORINATED BIPHENYLS PRODUCE SELECTIVE LOSS 
OF HIPPOCAMPAL MOSSY FIBERS AND IMPAIR MAZE NAVIGATION. 
D.L, Pruitt* and V, P. Bingman. Bowling Green State University,
Bowling Green, OH 43403.

Timm’s silver sulfide staining was used to visualize the hippocampal mossy 
fibers in offspring of Sprague-Dawley rats gestationally exposed to 125ppm 
polychlorinated biphenyls (PCB) or untreated control food. Reduced hippocampal 
intra-and infra- pyramidal (II-P) mossy fibers were found in PCB treated rats as 
compared to controls. Additionally, the regio inferior of 30-day-old rats treated 
with PCB was increased in size, an effect not apparent in 16- or 60-day-old rats. 
No other hippocampal areas measured revealed differences nor did measures of 
cortical thickness. A separate group of PCB exposed rats (60-75 days of age) 
showed deficits in navigation of the Morris water maze, exhibiting longer 
latencies to the platform on daily trials. During probe trials PCB exposed rats 
spent less time in the appropriate quadrant of the pool than controls, performing 
at chance levels only. These same behaviorally tested animals were then analyzed 
anatomically. Morphometry revealed a reliable loss of II-P mossy fibers and an 
increase in the size of the caudate in PCB animals as compared to controls. II-P 
mossy fiber differences correlated highly with the behavioral variance in probe 
trials. No other hippocampal or control areas were correlated with the behavioral 
variance. Increases in the regio inferior of 30 day olds may indicate long-term 
changes in the cholinergic system; whereas an increase in the caudate of 75 day 
olds may reflect changes in either cholinergic or gabaergic neurons. These effects 
may be explained by hypothyroidism which is known to be induced by PCB 
exposure.
Research supported by Ohio Board of Reagents Grant # 0414375

621.8
PLACE NAVIGATION IN A VIRTUAL MORRIS WATER TASK BY 
NORMAL HUMANS AND HUMANS WITH TEMPORAL LOBE DAMAGE. 
R.S. Astur*. P.W. Kodituwakku. J. Dunean. S. Glover. M.L. Ortiz. L. Rickert.
A. Baca. T. Granado. & R.J. Sutherland. Depts. of Psychol, Psychiatr. & 
Neurosci., UNM, ABQ NM 87131.

Using virtual reality 3D graphics, 20 male and 20 female undergraduates 
were placed in a circular pool in a room with various distal cues but no local 
cues. Subjects were asked to escape from the water as quickly as possible by 
using a joystick to navigate to a platform hidden under the surface of the water. 
Subjects started from 4 different locations. Males were significantly faster and 
traveled shorter routes than females to navigate to the hidden platform. 
Moreover, during a probe trial in which the platform was removed from the 
water, males spent significantly more time swimming in the quadrant of the 
pool that previously contained the platform. The latency to swim to a visible 
platform was not different between males and females. These differences in 
navigation were apparent even after doubling the number of trials or using 
procedures intended to promote a spatial strategy. Navigation by an 18-year 
old female who suffered a gunshot wound that damaged her right medial 
temporal lobe including hippocampus revealed markedly longer escape 
latencies than controls. She displayed a strong tendency to stay near the walls 
of the pool and engaged in a looping swimming pattern. These data suggest 
that males and females prefer different strategies in learning to navigate to a 
hidden platform, and these differences are not due to motivational or computer 
graphics translation factors. Furthermore, this virtual Morris water task seems 
to be an effective diagnostic of damage to the human hippocampus and other 
brain structures involved in spatial/relational memory. Supported by UNM’s 
SRAC, RAC, QUAD-L, & MBRS funds.

621.9
SPRAGUE-DAWLEY RATS DO NOT USE SPATIAL ALLOCENTRIC 
STRATEGIES IN A MORRIS WATER MAZE TASK . J. Fey, J. L. Martinez. 
Jr.,and E.J. Barea-Rodriguez*. University of Texas at San Antonio 
Division of Life Sciences, San Antonio, TX 78249.

The Morris water maze is used extensively to investigate the neurobiology of 
learning and memory using rats (Morris et al., 1986) and mice (Silva et al., 1992). 
Animals may use two types of spatial learning strategies to find a hidden platform, 
either egocentric or allocentric . Using an allocentric strategy, navigation to find a 
hidden platform is guided by extramaze cues which are visible from the pool.
Because the location of the platform does not change over trials, it is assumed that 
rats learn to associate the location of the platform with the extramaze cues (Mojdeh 
and Bures, 1996). Using an egocentric strategy the animal does not use extramaze 
cues to find the hidden platform. Rather the subject forms a spatial relationship 
between itself and the platform or goal (Mojdeh and Bures, 1996). We were 
interested in investigating whether albino Sprague-Dawley rats, which are 
commonly used in this task, use allocentric or egocentric strategies to learn the 
location of the hidden platform in the Morris water maze. The maze was surrounded 
by curtains and salients cues were attached to compass point locations on the 
curtains. The rats were trained to find the platform for 6 consecutive days. On Day 
7, the rats were divided into three different groups; CONTROL , NO CUES (salient 
visual cues are removed), and REVERSAL (the platform location is reversed). In the. 
probe trials we find that no experimental manipulation impaired spatial performance 
either on Day 7 or Day 8. These findings suggest that under the experimental 
conditions used here albino Sprague-Dawley rats did not use distal visual cues to 
solve the Morris water maze problem and likely used an egocentric strategy. 
Supported by NIH Grants GMO7717 (MARC) , DA 04195 (JLM), and GM08194- 
17S1 and Faculty Research Award (EJBR)

621.10
AUTONOMOUS MEMORIES FOR ALLOCENTRIC AND IDIOTHETIC SPATIAL 
AVOIDANCE. B. Sacchetti.' M. Wesierska.2 A.A. Fenton? J. Bures3 (Spon: ENA) 
'Univ. Florence, Italy, 2Nencki Inst. Expt. Biol. Warsaw, 3Inst. Physiol. Prague.

Since space is defined by allocentric and idiothetic (self-motion) information, a place 
on an arena can be located in the allocentric reference frame of the room and in the 
idiothetic frame of the arena surface on which movements occur. Places in both frames 
only correspond if the arena is stable. Place avoidance on stable and rotating arenae was 
used to test if memories for allocentric and idiothetic space are separate. Rats learned to 
avoid shock from an unmarked room frame location while foraging on a circular arena. 
The rats were tracked in both the room and arena frames. Place avoidance was measured 
in 2 min. epochs as the percentage of time or distance spent in the shock area relative 
to the total time or distance spent in the equivalent quadrant areas. Sessions had 3 
phases: Acquisition in the light (AL) was followed by Extinction in darkness (ED) then 
light (EL). The arena was stable (S) or rotating at 0.5 rev/min. (R). This condition was 
the same for both EL and ED. AL ended when shock was avoided for 5 epochs. ED 
and EL each ended when 13% or more time and distance was spent in the shock zone 
for 3 consecutive epochs. Results are expressed as times to criterion excluding the 
criterion.

Although avoidance in both ALS and ALR was acquired in 2 min., separate room 
and arena frame memories were acquired during ALS since EDS took 46 min. and room 
and arena frame avoidance in EDR lasted 1 and 29 min., respectively. Extinction in 
EDS transferred to ELS (4 min.). Arena frame extinction in EDR transferred to ELR (2 
min.) but since room frame avoidance was not extinguished in EDR, room frame 
avoidance was good (27 min.) in ELR. Arena frame memory was not acquired during 
rotation (ALR) since avoidance was poor in both EDS (5 min.) and EDR (3 min., in 
both frames) while room frame avoidance was good in subsequent ELS (46 min.) as 
well as ELR (41 and 4 min., room and arena frames, respectively). Thus spatial 
memories based on allocentric and idiothetic information were formed and expressed 
separately. We also describe how these autonomous memories interact and how isolated 
arena frame place avoidance is learned during rotation in darkness. Support: GA CR 
309/97/0555.

621.11
A PROCEDURE THAT ESTABLISHES STIMULUS CONTROL OF SWIMMING 
DIRECTION IN THE MORRIS SWIM TASK. J. M. Potvin, G.P. 
Mitchell,_jLJLuJSalt,h* andM. Galizio. Dept. of Psychology, 
Univ. of North Carolina at Wilmington, Wilm., NC 28403

A critical weakness of the standard Morris swim task 
procedure is that the stimuli that affect the directions 
that subjects swim are not under experimental control. To 
establish stimulus control in the present study a 
swimming pool was encircled by a uniform white curtain 
and two visually distinguishable plastic extrapool towers 
were positioned in a fixed spatial relationship with a 
submerged escape platform. Three rats received six daily 
training trials during which the submerged escape 
platform and the two plastic towers were relocated in the 
pool on each trial while maintaining the fixed spatial 
relationship between the towers and escape platform, in 
the presence of the towers, each rat learned to escape to 
the platform using direct swim paths and achieved short 
escape latencies (M=6.2 sec,SEM=0.39). Stable
performances were maintained over three weeks. A control 
condition in which the towers were removed yielded much 
longer escape latencies (M=21.1 sec,SEM=3.58) and 
indirect escape paths. To determine whether multiple 
towers provided an advantage over a single tower, a 
condition in which one tower was removed was included. In 
this condition escape latencies (M=10.2 sec, SEM 1.69) 
and paths were intermediate between the no-cue and 
multiple-cue condition.

621.12
A NOVEL BEHAVIORAL TASK TO ASSESS DIRECTIONAL LEARNING IN 
RATS. E. Harris*, D. Hanono, B. Harris, Y, Kaplan, A.A, Fenton, and J.L.
Kubie. Depts. of Phys, and Anat. & Cell Biol., SUNY HSCB, Brooklyn, NY

The discovery of "place cells" and "head direction cells" in the rat 
hippocampal formation suggests that place and direction information are 
processed independently in the brain. We sought to develop a task for 
separating directional competence from other aspects of navigation.

The apparatus was a raised platform (56 crm) with eight food cups around 
the edge. Five rats were trained with a baited goal cup in a fixed compass 
direction. For rats trained with the apparatus in a fixed spot, it took, on 
average, 33 trials to reach a criterion of 3 consecutive correct trials. We then 
asked whether the rats were selecting location or direction by sliding the 
apparatus such that one cup corresponded to the original direction and 
another the original location. Rats chose the original direction.

Next, a series of “direction-location problems” were presented in widely 
scattered locations in the open room. The same direction was rewarded in 
each location. On the first trial in a new location performance was poor, but 
within one or two trials, rats learned to go in the goal direction, and could be 
returned to the familiar locations without substantial error.

The final set of studies was performed in a 6-foot diameter circular 
enclosure with a large white cue on the wall. After training in one location, the 
cue was rotated 90° counterclockwise. Using the cue as reference, the rat’s 
preferred choices were in the original direction. In this environment we also 
demonstrated that it takes a rat longer to reach criterion when the task requires 
learning a new direction from a novel location compared with learning the 
same direction from a novel location. Our findings suggest that rats have a 
sense of direction in that they can rapidly be trained to choose parallel vectors 
from diverse locations. (Supported by NIH grant 20686 to JLK)
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621.13
HOW UNILATERAL VESTIBULAR DEFECTIVE SUBJECTS PROCESS 
SPATIAL INFORMATION IN LOCOMOTOR VERSUS VISUAL NAVIGATION 
TASKS. P. Peruch1, L. Borel2, F. Gaunet1, C. Thinus-Blanc1, J. Magnan3, & M. 
Lacour1*. 'CRNC/CNRS, 2LNRF/CNRS/Aix-Marseille 1, 3SOCCF, Marseille, 
France.

Unilateral vestibular defective patients and controls were tested on their ability to 
perform purely locomotor or visual navigation tasks. Patients were tested before 
surgical treatment (unilateral vestibular neurotomy) and during the recovery time 
course. After visual or locomotor exploration of a spatial layout, spatial 
representation properties were assessed by measuring perfomances on the following 
tasks: subjects attempted to navigate between locations either by reproducing paths 
followed during exploration or by making spatial inferences (shortcuts). In the 
locomotor task, turn error in the reproduction of previously explored routes was 
higher in controls than in patients before surgery, suggesting compensatory 
processes. For both visual and locomotor exploration tasks, turn error was greater in 
patients than in controls for shortcutting in the acute stage after neurotomy. 
Impairment at making accurate rotations had disappeared by one month after 
neurotomy. These results are discussed with respect to the role of the vestibular 
system, in interaction with other sensory modalities, in integrating spatial 
information and for elaborating an accurate internal representation of the 
environment.

621.14
BLIND RATS ARE NOT PROFOUNDLY IMPAIRED IN THE 
REFERENCE MEMORY MORRIS WATER MAZE AND CANNOT BE 
CLEARLY DISCRIMINATED FROM RATS WITH COGNITIVE 
DEFICITS IN THE CUED PLATFORM TASK. PE McDermott*, MA 
Plone , T Schallert, DF Emerich, MD Lindner, CytoTherapeutics Inc., 
Four Richmond Square, Providence, Rl 02906

The Morris water maze is commonly used to test cognitive function in 
rodent models of neurological disorders including age-related cognitive 
deficits. It is often assumed that the most profoundly impaired aged rats 
may be blind due to retinal degeneration, and it has been reported that 
animals with visual sensory deficits can be identified based on their 
performance in a cued platform task. The results of the present study 
demonstrate that blind rats can perform surprisingly well in the 
reference memory version of the Morris water maze, and that blind rats 
cannot be selectively excluded based on performance in the cued 
platform task since atropine-treated rats also perform poorly in the cued 
platform task. Future studies may be able to develop screening 
procedures that help to eliminate subjects with non-cognitive deficits, 
but the present results do not support the use of the cued platform or 
straight swim task as screening procedures. Experimenters must be 
careful to consider the role that visual sensory function and other non- 
cognitive factors may play in performance of the spatial learning Morris 
water maze, and also the role that severe cognitive deficits may play in 
performance of the cued platform task.

Funded by CytoTherapeutics, Inc.

621.15
ARE THE EFFECTS OF SELECTIVE LESIONS WITHIN THE HIPPOCAMPAL 
FORMATION IN THE RAT SENSITIVE TO POSTOPERATIVE DIFFERENTIAL 
HOUSING CONDITIONS ? R. GALANI and C. KELCHE*. Laboratoire de 
Neurosciences Comportementales et Cognitives, URA 1939 CNRS, Univ. L. Pasteur, 
Strasbourg, France.

In contrast with reports concerning the implication of the hippocampus in spatial 
memory, the role of the entorhinal cortex remains controversial and the implication 
of the subiculum is poorly documented. Otherwise, physically and socially enriched 
postoperative housing conditions were shown to reduce some of the cognitive deficits 
induced by damage restricted to the hippocampus, but failed to demonstrate any 
beneficial effects after various hippocampal formation lesions.

The aim of our study was i) to compare the spatial learning and memory abilities 
of rats with selective bilateral lesions of the hippocampus, the subiculum or the 
entorhinal cortex and ii) to assess the effects of postoperative enriched housing 
conditions on lesion-induced deficits. Four groups of adult male rats sustained sham- 
operations, aspirative lesions of the entorhinal cortex, or ibotenate lesions of either 
the hippocampus or the subiculum. These rats were postoperatively housed for 30 
days either in enriched or in standard conditions and were tested thereafter in the 
water-maze for reference and working memory and in the eight-arm radial maze for 
working memory.

Among lesioned rats, only hippocampal rats showed spatial reference and working 
memory deficits in the two tasks. Our results (i) confirm the major implication of the 
hippocampus in spatial memory and (ii) suggest that the subiculum and the 
entorhinal cortex are also implicated in some aspects of spatial information 
processing. In the radial maze, enriched housing conditions mainly reduced the 
deficits induced by lesions of the hippocampus or the subiculum. However, in the 
water maze, any effect of postoperative enrichment on lesion-induced deficits was 
observed. It is suggested that the beneficial effects of postoperative enriched housing 
conditions on spatial memory deficits are both lesion- and task-dependent.

621.16
LESIONS OF THE HIPPOCAMPAL FORMATION, BUT NOT 
PERIRHINAL CORTEX, IMPAIR ACQUISITION OF AN 
ALLOCENTRIC SPATIAL WORKING-MEMORY TASK IN 
RATS. M.J. Glenn* and D.G. Mumbv, Dept. of Psychology, 
Concordia University, Montreal, QC, Canada H4B 1R6

We previously found that lesions of the perirhinal cortex 
(PRh) in rats with extensive presurgery training did not produce 
impairments on an allocentric spatial working-memory task, delayed 
matching-to-place (DMTP), in a water maze. Rats with lesions of the 
hippocampal formation were impaired. In the present experiment we 
assessed the effects of lesions of the PRh and HPC on acquisition of 
the DMTP task in rats without presurgery training. DMTP trials 
consisted of paired swims, and the hidden platform was moved to a 
new location on each trial. Rats with HPC lesions were impaired in 
acquisition of the DMTP task with a retention delay of 4 seconds 
between the first and second swim, and on subsequent training with 
retention delays of 30, 120, and 300 seconds. HPC lesioned rats 
had significantly longer latencies to escape onto the hidden platform 
than sham-lesioned controls. By contrast, the DMTP performance of 
rats with PRh lesions did not differ significantly from controls.
These results indicate that even without presurgery training the PRh 
is not critical for normal allocentric spatial working-memory. This is 
inconsistent with the idea that the HPC and PRh are serial 
components of a single temporal lobe memory system.

This research was supported by a grant from the Natural 
Sciences and Engineering Research Council.

621.17
CHRONIC CEREBRAL HYPOPERFUSION CAUSES MICRO VASCULAR 
DEGENERATION IN HIPPOCAMPAL CA1 BUT NOT DENTATE GYRUS AND 
INDUCES SPATIAL MEMORY IMPAIRMENT. P.G.M. Luiten*, G.I. De Jong, J.N. 
Keiiser and J.C, de la Torre. Dept. Animal Physiology, Univ. of Groningen, P.O.B. 14, 
9750 AA Haren, The Netherlands.

The cerebrovascular capillary system undergoes prominent alterations during aging, 
which may be associated with age-related cognitive impairment. With advancing age the 
capillary basement membrane is thickened (BMT), collagen fibrils are deposited within 
the basement membrane (fibrosis) and pericytes are degenerating. This microvascular 
degeneration has been hypothesized to create a state of chronic hypoperfusion and to be a 
risk factor for impaired neuronal functioning, cognitive failure and possibly also for 
Alzheimer’s disease.

Based on this hypothesis we investigated the ultrastructur e of hippocampal capillaries 
of rats chronically subjected (1 year) to cerebral hypoperfusion induced by bilateral 
carotid artery occlusion (2VO). Capillaries in the hippocampus CA1 but not dentate 
gyrus (DG) of 2VO rats displayed significantly (p<0.03) more BMT. This indicates (1) 
that chronic hypoperfusion accelerates the vascular aging process at the level of the 
endothelial cell; and (2) that the capillary bed of hippocampal CA1 vessels is 
differentially more vulnerable to hypoperfusion.

The same rats were tested in the Morris water maze up to 12 months after 2VO. The 
2VO rats revealed subtle impairment of spatial memory by delayed memory acquisition 
and hypersensitivity to muscarinic receptor blockade by scopolamine. Besides we found a 
negative correlation (r=0.74) between the percentage of capillaries with BMT in CA1 
and the performance in the water maze on the third day of training.

The results indicate that chronic hypoperfusion induces aging-like capillary 
degeneration in CA1 but not DG, which correlates with impaired spatial memory 
performance, suggesting an important role for cerebral capillaries in normal brain 
functioning. Supported by NWO/GpD grant 970-10-005 of the Neth Sci Found.

621.18
EFFECTS OF DIFFERENT DEGREES OF HYPOXIC-ISCHEMIC ENCEPHALOPATHY 
ON THE DEVELOPMENT OF SPATIAL MEMORY IN RATS. R.E. Hartman*, Y. Cheno, 
D.M. Holtzman, J.M. Gidday and C.R. Almli. Developmental Neuropsychobiology Lab., 
Center for the Study of Nervous System Injury, Washington Univ. Sch. of Med., St. 
Louis, MO 63108.

Perinatal hypoxic and/or ischemic (H/l) treatments result in varying degrees of 
hypoxic-ischemic encephalopathy in rats. H/l treatment can lead to severe brain injury 
(including the neocortex, hippocampus, and striatum) in some animals; whereas the 
same treatment may be associated with mild to moderate brain injury in other animals, 
while still other animals sustain no gross brain injury. This study examines the effects 
of different degrees of H/l brain injury on the development of spatial memory abilities 
in the rat. At postnatal (PN) day 7, rats were subjected to either: unilateral (left or right) 
carotid ligation, followed by 3 hours of hypoxia (8% O2), or 3 consecutive periods (20 
min average) of O2deprivation (separated by 30 min of room air). Treated and control 
rats were tested in the Morris water maze from PN 21-27 under 1 of 3 conditions: 
place/spatial (submerged escape platform - fixed location), cue (visible platform - fixed 
location), or random (submerged platform - variable location). Each test day consisted 
of 12, 60 s acquisition trials (escape latencies recorded), followed by a single 
retention/probe trial (no platform available - time spent searching “probe" quadrant 
recorded). From postmortem examination of the brains, treated rats were assigned to: 
no gross pathology, mild to moderate pathology, or severe pathology groups. The 
results show that al! 3 injury-level groups displayed spatial memory deficits, suggesting 
that even without gross brain pathology, developmentallearning and memory deficits 
may be manifest. Supported by NS35902 and the Center for the Study of Nervous 
System Injury.
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621.19
DIFFERENTIAL EFFECTS OF INSULAR CORTEX AND HIPPOCAMPAL 
LESIONS ON SPATIAL WORKING AND REFERENCE MEMORY 
V., Ramirez-Amava*, I. Ordufla and F. Bermudez-Rattoni. Depto. de 
Neurociencias, Instituto de Fisiologia Celular, UNAM, Mexico, D.F. 
04510.

The distinction between Working and Reference Memory has been 
useful to study the mechanisms underlying learning and memory processes. 
These two kinds of memory can be evaluated in the Morris Water Maze 
(MWM), using two different acquisition procedures. Rats can be tested 
with the platform in the same location (reference memory ) or with the 
platform in a different position each day (working memory). Several 
reports using the radial arm maze have suggested that the hippocampus 
(Hipp) is more important for working memory than for reference memory. 
Furthermore, we have previously demonstrated that the Insular Cortex 
(IC) is involved in the acquisition of spatial learning. The aim of the 
present work was to evaluate the effect of NMDA induced lesions into the 
IC and Hipp on both working and reference memory tasks in the MWM. 
Several groups of rats received NMDA induced lesions in either the 
Insular Cortex or CA3 region of the Hipp, and were trained in one of the 
aforementioned tasks. The results showed that animals with IC lesions 
presented a disruption in the reference memory task but not in the working 
memory task. Conversely, Hipp lesions disrupted the working memory 
task and did not produce any significant effect on the reference memory 
task. These results suggest that the IC is involved in reference memory but 
not in working memory, and as previously suggested, that the CA3 region 
of the Hipp, plays an important role in working memory.
Supported by DGAPAIN212996

621.20
THE EFFECT OF STREPTOZC.TOCIN-INDUCED MEMORY DEFICIT ON SPATIAL 
REFERENCE AND SPATIAL NAVIGATION MEMORY IN RATS. J.J. Jackson, C. 
White, M.R.I. Soliman and D. falm *. College of Pharmacy and Pharmaceutical 
Sciences. Florida A&M University. Tallahassee. FL 32307.

Diabetes Mellitus is the most common of the serious metabolic disorders of humans 
with a prevalence rate between 2 to 6% of the world population. In addition to the 
diabetic condition itself, numerous secondary medical complications attend to the 
illness. There is an increasing interest in the possibility that diabetes mellitus may be 
associated with a series of neurobehavioral or neuropsychological changes which 
include learning and memory deficits. In the present study, we examined the effects 
of streptozotocin on spatial memory. Male Sprague-Dawley rats were given a single, 
injection in the tail vein of streptozotocin (STZ/45 mg/kg), freshly prepared in citric 
acid buffer (pH 4.5). Control animals received a similar injection of vehicle in the tail 
vein. Blood glucose levels were determined to confirm the presence of diabetes post-
injection of STZ and only animals exhibiting blood glucose levels of 300 mg/d! or 
higher were used in the studies. The Morris Water Maze was used for spatial 
memory testing. In spatial reference memory testing, when STZ was induced pre-
training, a significant increase in latency period was seen on day 3 (48.4% increase), 
day 4 (40.5% increase) and day 6 (40.4% increase) as compared to controls. After 
the 5 day training period, when animals were injected with STZ, a significant increase 
in latency period (62.4% increase) was seen on day 6 as compared to control 
animals. In spatial navigation memory testing, distance traveled was evaluated. 
When STZ was induced before training and the single transfer test, a significant 
increase in distance traveled was seen on day 2 (26.6% increase), day 3 (24.3% 
increase), and day 4 (transfer test, 27.9% increase). When STZ was induced after 
the training period, a significant increase in distance traveled (37.61 % increase) was 
seen during the transfer test (day 4). The present findings clearly indicate that STZ- 
induced diabetes is associated with spatial memory deficits. (Supported by NIH 
grants GM08111 and RR03020)
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622.1
AUTOMATED VISUAL DELAYED NON MATCHING-TO-SAMPLE/ POSITION 
(DNMS/ DNMP) TASKS FOR RATS: attention, mediating strategies and test design.

A. Ennaceur*. J.P.AgglctoiV. P.J. Fray'2, Univ. Durham, Dept Psychol., UK*; Univ. Wales, 
School Psychol., UK; Paul Fray Ltd, Cambridge, UK2.

We tested rats in different versions of the DNMS/ DNMP procedure using a visual 
automated memory apparatus. The rats were able to perform both spatial and non spatial 
tasks in the condition where mixed delays of retention were introduced. However, the 
effects of delays did not compare to the usual performance trend observed in comparable 
tasks. In the DNMS tasks performance was inconsistent between delays whereas in the 
DNMP task there was a rapid and significant decrease of performance in the standard 
condition and a less consistent effect of delays when sustained attention was required. We 
suggested that in a two-choice memory paradigm the percent correct response 
measure is not a specific indicator of memory function and that the role of mediating 
strategies and attention may account for the delay dependent decrease of performance.

Three main factors (specific to our tasks) which may have contributed to the results 
obtained in the DNMS and DNMP tasks were examined: 1) DNMP with and without 
contiguity between stimulus, response and reinforcement: For one group of rats (Ctg) the 
reward for correct response was delivered in the location of the stimulus where the 
response was made whereas for the other group (NCtg) the reward was obtained in a 
central food cup situated between the two stimulus display panels. The Ctg learn very 
quickly the non matching to position task than the Nctg. 2) DNMP with and without 
adjacent side cue: one group of rats (AdjCue) has a Plexiglas door adjacent to one 
stimulus display panel whereas the other group (NCue) had no cue. Performance of the 
Adj Cue was higher at 4 and 8 sec compared to that of N Cue. 3) DNMP with variable 
inter trial intervals (ffls): The effect of various ITIs duration did not affect performance as 
the rats were able to discriminate between the sample phase and the choice phase. The 
lever was provided immediately with the presentation of the choice stimuli. In both the 
DNMS and DNMP tasks two identical stimuli were presented in each sample phase and 
only one remained (random) for few sec after rats’ responses. The Wellcome Trust M/90/3028

622.2
A BEHAVIOURAL ANALYSIS OF THE DELAYED NON-MATCHING TO 
POSITION TASK. Y. Chudasama* and J.L. Muir. School of Psychology, 
University of Wales Cardiff, CF1 3YG Wales UK.

The delayed non-matching to position task (DNMP) is a widely 
used automated test of spatial memory, yet its validity has been 
challenged by suggestions that animals use motor mediating 
behaviours which facilitate correct responding. This possibility 
was systematically studied by analysing video recordings of rats 
displaying delay dependent and delay independent deficits following 
lesions or drug manipulations. Rats were first trained to perform 
the DNMP task and whilst untreated, and from the video recordings 
a number of potential mediating behaviours were identified. Two 
independent raters recorded any apparent motor strategies and 
attempted to predict the response the animals made during the 
choice phase of the task by viewing only behaviour during the delay 
periods. Subsequently, the behaviour of the same animals was 
examined following scopolamine treatment and following lesions of 
the prelimbic cortex or of the fornix.

The results of this study confirm previous reports of delay 
dependent and delay independent deficits under the varying 
conditions (drug, lesions), but also revealed that rats use clearly 
identifiable mediating behaviours that appear to facilitate correct 
responding in the DNMP task. Consequently, apparent ’memory’ 
impairments in the DNMP task, may reflect a disruption of 
behavioural strategies used by the animal to assist in performing 
the task (Supported by Medical Research Council, U.K.).

622.3
MEDIAL SEPTAL LESIONS DO NOT IMPAIR SPATIAL REVERSAL LEARN-
ING IN REVERSAL-FAMILIAR RATS WHILE HIPPOCAMPAL LESIONS DO. 
J.J.Boitano*, K.Schock, P.Kumke, P.Weiss, and E.Vele.Neuro-
science Program, Fairfield University, Fairfield, CT.06430

Previous results from our Lab revealed that reversal- 
naive rats with electrolytic lesions of the medial septal 
area (MS) were significantly deficient compared with con-
trols in learning a reversal paradigm in a T-maze version 
of the Morris Water Task. In the present study, S-D rats 
had to locate a stable hidden platform in the NW or NE 
quadrants and avoid a collapsible, hidden platform in the 
adjacent NE or NW quadrants of a 1.5m pool from a fixed 
starting position (S). All Ss went through adaptation, 
acquisition and 3 reversals before sustaining either 
electrolytic destruction of the MS area (N=8), aspirated 
lesions of the dorsal hippocampus (N=9), or sham operations 
(N=8). Animals received 10 trials/day to a criterion of 9 
out of 10 correct. After recovery from surgery, all Ss 
went through four additional reversals. The reversal- 
familiar MS rats were indistinguishable from the control 
animals while the hippocampal Ss took significantly longer 
to locate the correct stable platform and committed more 
errors to the collapsible platform than either the MS or 
control Ss. Whereas these results extend the well-known 
hippocampal deficit to this reversal paradigm, they also 
suggest that the MS area does not modulate the output of 
the hippocampus in tasks which are familiar and well 
learned.

622.4
THE EFFECTS OF HIPPOCAMPAL NEUROTOXINS ON T- 
MAZE ACQUISITION BY RATS. R. H. Baisden and M. L. 
Woodruff. Dept. of Anatomy and Cell Biol., J. H. Quillen College of 
Medicine, East Tennessee State University, Johnson City, TN, USA, 
37614

To determine the relative contribution of trimethyltin-induced 
damage to the hippocampus to behavioral deficits the effects of 
damage to discrete components of the hippocampus caused by 
intrahippocampal injection of colchicine (dentate gyrus) or ibotenate 
(CA1-CA3) were compared to the effects of trimethyltin (TMT) using 
a modified T-maze that requires both trial-independent and trial- 
dependent memory. Two identical mazes placed in distinctive areas 
of a room were used. Ninety days following either surgery or oral 
gavage with 6 mg/kg TMT each rat was given 5 days of habituation 
to the mazes followed by 30 days of 8 trials per day of testing. All 
three treatments caused significant impairment in acquisition of the 
trial-dependent task and ibotenate produced the least impairment and 
the TMT the most. Only TMT produced a significant impairment in 
the trial-independent component of the task. The effects of TMT on 
the trial-independent part of this task may be attributable either to the 
unique pattern of hippocampal damage produced by TMT or to 
damage to other regions of the brain produced by this toxicant. 
(Supported by grant ES 0407003-08 from the NIEHS)
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622.5
ROLE OF HIPPOCAMPAL SUBREGIONS IN MEDIATING SPATIAL 
PATTERN SEPARATION. R.E, Gilbert and R.P. Kesner*, University 
of Utah, Salt Lake City, UT 84112.

A paradigm based on measuring short-term memory for spatial 
location as a function of spatial similarity among locations was used to 
examine the role of hippocampal subregions in mediating spatial 
pattern separation. A delayed-match-to-sample for spatial location 
task utilizing a cheeseboard maze was used to assess spatial pattern 
separation in rats. On the sample phase, animals were trained to 
displace an object which covered a baited food well in one of fifteen 
spatial locations along a row of food wells perpendicular to a start-box. 
On the ensuing choice phase, the animal was allowed to choose between 
two objects identical to the sample phase object. One covered the same 
baited food well as the object in the sample phase (correct), and 
another foil object (incorrect) covered a different unbaited food well 
along the row of wells. Five spatial separations were randomly used to 
separate the correct object from the foil object. After reaching a 
preoperative criterion, animals were given either colchicine lesions of 
dorsal dentate gyrus (DG), ibotenic acid lesions of dorsal CA1, or 
vehicle control injections. On postoperative trials, control and CA1 
lesioned animals matched their preoperative performance across all 
spatial separations. In contrast, DG lesioned animals displayed 
impairments across all separations with the exception of the largest 
separations. DG lesions may decrease efficiency in pattern separation 
resulting in impairments on trials with increased similarity among 
spatial working memory representations. NSF Grant BNS 892-1532.

622.6
ADAPTATION OF THE HIPPOCAMPAL MOSSY FIBER PROJECTION TO 
OUTDOOR LIFE IN MICE. H.-P, Lipp*1. D.P, Wolfer1. H. Scheffrahn1. M.G, 
Pleskacheva2.!.!. Poletaeva2. ‘Inst, of Anatomy, University of Zurich, CH-8057 Zurich, 
Switzerland; 2Dept. of Biology, Moscow State University, Moscow, Russia.

The extent of the intra/infrapyramidal mossy fiber projection (IIP-MF) in the hippo-
campus of mice is known to correlate positively with spatial learning abilities and ex-
ploration, but negatively with attack latencies in intruder paradigms. To understand 
whether such circuitry variations are of any importance for real life of mice, we con-
duct natural selection studies of feralized laboratory mice in outdoor pens in Russia.

Three founder populations of 36 F, hybrid mice of either sex were bred by means of a 
diallel cross between strains known for extended (C57BL/6J and CH3/J) and scanty 
IIP-MF projections (NZB/J and DBA2/J). Two founder groups were released in sum-
mer 1994 into large outdoor pens (18x18m) containing covered shelters. They were fed 
commercial mouse food ad libitum but otherwise exposed to natural selection. The 
third group was kept under normal housing conditions at Moscow State University, the 
mice being mated randomly. The feralized mice were caught in the following two sum-
mers, a sample of 18-20 mice from each pen randomly selected for hippocampal morpho-
metry, and the rest released again. Control mice from the laboratory included a sample 
of F2 and F3, and a sample of Fs animals. A total of 128 mice was analyzed.

Outdoor living entailed a significant increase in brain weight by 5% and overall size 
of the mossy fiber projection by 12%, particularly of the suprapyramidal projection 
(+17%). Concomitantly, the IIP-MF was reduced by about 10%. These changes were 
found in both pens, but occurred in one pen already after one year, in the other after two 
years. Factor analysis showed that outdoor living loaded moderately on a size factor 
increasing brain weight and all components of the mossy fiber projection, but indepen-
dently and much stronger on a factor associated with a reduced IIP-MF projection.

We conclude that hippocampal circuitry adapts to ecologically different lifestyles. At 
present, it is not clear whether the differential phenotypes reflect ontogenetic adapta-
tions or natural selection, although the latter is more likely. In addition, the extent of the 
(in die laboratory) behaviorally relevant IIP-MF projection appears to be a variable 
specifically affected by outdoor living, since it is reduced against a general trend for 
larger size of brain and hippocampus. Supp. by SNF 31-37497.93 and 31-46691.96

622.7
RADIAL MAZE LEARNING IN INBRED MICE: HIPPOCAMPAL 
INVOLVEMENT AND RELATIVE IMPORTANCE OF INTRA- AND 
EXTRA-MAZE CUES. W. E, Crusio1 and H. Schwegler2 (SPON: 
European Brain and Behaviour Society). ’Gtinetique, Neurogenetique 
et Comportement, UPR 9074 CNRS, 3b rue de la Ferollerie, 45071 
Orleans Cedex 02, France. 2Institut fur Anatomie, Universitat 
Magdeburg, Magdeburg, Germany.

At the age of three months, male mice from nine different inbred 
strains were tested in two 8-arm radial maze tasks. Only four out of 
eight arms contained food rewards, permitting independent assessment of 
working (WM) and reference memory (RM). In the first experiment the 
use of intra-maze cues was possible, because the position of the maze did 
not change over trials. In the second one the use of intra-maze cues was 
prevented by turning the maze 45° between trials. We used other 
animals from the same strains to estimate the strain-specific extents of 
the hippocampal intra- and infrapyramidal mossy fiber projections 
(IIPMF). Turning of the maze significantly decreased performance in a 
strain-dependent manner. The extents of the IIPMF correlated strongly 
with both WM and RM if the maze was turned between trials. Similar 
correlations were only found in the early phases of learning in the other 
condition. We conclude that the IIPMF are involved in spatial learning. 
Initially, mice appear to prefer using extra-maze spatial cues, but non- 
spatial within-maze cues may influence learning performance in some 
inbred strains in later stages of learning.

Supported by the Centre National de la Recherche Scientifique (UPR 
9074).

622.8
BLOCKING PROCEEDS WITHOUT DECREMENTAL ATTENTIONAL 
PROCESSING IN RATS WITH SELECTIVE LESIONS OF HIPPOCAMPAL 
CHOLINERGIC INPUT. M, G. Baxter1*, M. Gallagher2, andP. C. Holland3.
’Lab. Neuropsychol., NIMH, Bethesda MD 20892; *Dcpt Psychol., Johns Hopkins 
Univ., Baltimore MD 21218; 3Dept. Psychol., Duke Univ., Durham NC 27708.

Selective removal of hippocampal cholinergic input with the immunotoxin 192 
IgG-saporin fails to produce a generalized impairment in hippocampal-dependent 
learning but does result in disruptions of certain aspects of attention; specifically, 
the ability to reduce processing of a conditioned stimulus (CS) that is uninform-
ative, or whose consequences are already known (Baxter et al., J. Neurosci., in 
press). To characterize further the effects of removal of hippocampal cholinergic 
input on stimulus processing, male Long-Evans rats were tested in an appetitive 
Pavlovian conditioning procedure designed to produce blocking of a CS, i.e., less 
learning to a stimulus occurring simultaneously with a CS that already predicts 
reward. If rats with removal of hippocampal cholinergic input have a generalized 
inability to screen out irrelevant stimuli, we would expect the blocking effect to be 
attenuated. The rats were given 192 IgG-saporin lesions of the medial septum/ 
vertical limb of the diagonal band (MS/VDB) or control surgeries before training 
was initiated. Rats were first trained to discriminate two auditoiy CSs from each 
other (one was reinforced and the other was not). After acquisition of this discrim-
ination, reinforced presentations of two compound auditory CSs were given; each 
compound consisted of one element from the original discrimination (reinforced or 
nonreinforced) and one novel element. Following training with both compound 
CSs, responding to each of the novel elements alone was assessed. Both control and 
MS/VDB-lesioned rats demonstrated blocking, that is, less responding to the novel 
element that had been paired with the previously reinforced CS, compared to the 
element that had been paired with the previously nonreinforced CS. However, in a 
subsequent test of savings to assess additional learning when the added elements 
alone were reinforced on training trials, the MS/VDB-lesioned rats conditioned 
faster to the previously-blocked element than controls. This suggests that, although 
blocking occurred to the same extent in MS/VDB-lesioned rats as in controls, it did 
so without producing a loss of attention to the added element. These results have 
implications for theories of associative learning and for the modulation of attention 
during learning. Supported by NIH Grants R01-MH53667 and K05-MH01149.

622.9
DORSAL HIPPOCAMPAL LESIONS DISRUPT STIMULUS
DISCRIMINABILITY AS INDEXED BY DEFICITS IN GENERALISATION 
DECREMENT OF CONDITIONED FREEZING. I, Crannev*,
N.Kobinata, D. Lukes and M, Kiernan. University of New South Wales, 
Sydney 2052 and Charles Sturt University, Bathurst 2795, Australia.

Two groups of rats, one with sham lesions and the other with NMDA 
lesions of the CA1 area and dentate gyrus, were pre-exposed to the 
experimental context (E1) for 6 min 30s. The following day, rats 
received three tone (S1) - shock pairings (ITI=120s). Over the following 
three days, rats were placed in E1 for 5 min each day, so that by the 
final E1 session, neither group of rats were freezing for more than 20% 
of their time in E1. There were no group differences in E1 freezing. On 
the final day, rats were placed in a similar experimental context (E2) to 
E1, and 3 minutes later half of each group was presented with the 
training tone (SI), while the other half of each group was presented 
with a tone (S2) whose frequency differed form S1. The Sham rats 
displayed less freezing to S2 than to S1 (generalization decrement), 
while the hippocampal-lesioned rats displayed equivalent freezing to 
S1 and S2 (no discrimination). [Funded by the Australian Research 
Council.]

622.10
LESIONS OF THE MEDIAL OR LATERAL PERFORANT PATH HAVE 
DIFFERENT EFFECTS ON HIPPOCAMPAL CONTRIBUTIONS TO PLACE 
LEARNING AND FEAR CONDITIONING TO CONTEXT J.Ferbinteanu*. R, M. D, 
Holsinger, and R. J. McDonald Department of Psychology, University of Toronto, 
Ontario, Canada

The axons of the neurons in the medial/lateral components of the entorhinal cortex 
(MEC and LEC) form the medial/lateral perforant paths (MPP and LPP) and represent 
the major source of cortical input to the hippocampus. Anatomical, physiological, and 
pharmacological studies have shown that MPP and LPP are distinct. Unfortunately, 
assessment of the functional significance of damage to either of these pathways has not 
used tasks known to be sensitive to hippocampal function in the rodent. In this 
experiment, we performed dissociated lesions of MPP and LPP using a combined 
physiological and anatomical method. Rats with lesions of either the MPP or the LPP 
were tested on place learning in the water task and on a discriminative fear conditioning 
to context task. The results indicated that the MPP, but not LPP lesions were followed 
by impaired place learning. The context discrimination data revealed an amygdala-like, 
reduced fear effect with MPP lesions and an enhanced discriminative fear conditioning 
to context with LPP lesions. Consistent with a two-stage model of spatial learning 
proposed by Buzsaki, the impairment in the water task can be interpreted as reflecting 
the higher efficiency of the MPP synapses in activating hippocampal neurons. The 
context discrimination results can be explained by either a dissociation of sensory 
information that reaches the MEC and LEC, or alternatively, by a dissociation between 
the limbic nature of the MEC and the sensory nature of LEC.
This work is supported by an NSERC operating grant.
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622.11
COMBINED HIPPOCAMPAL PLUS AMYGDALA LESIONS BLOCK 
CONTEXT AVERSIONS BUT NOT THE ABILITY OF CONTEXTS 
TO SERVE AS OCCASION SETTERS. H.A, Clarke*. D.M, Skinner, and D, 
van der Koov. Neurobiology Research Group, Dept. of Anatomy and Cell Biology, 
University of Toronto, Toronto, Ontario, M5S 1A8.

An occasion setter is a discriminative cue (feature) that predicts whether or not a 
target stimulus is followed by a reinforced event (the US). We previously postulated 
that discriminative control of the occasion setter does not rest simply with Pavlovian 
associations between the feature and the US or between the feature and the target 
stimulus. We used an occasion setting task in which one context predicted that access 
to saccharin will be followed by an injection of LiCl while a second context predicted 
that saccharin will be followed by a saline injection. Past work has demonstrated that 
amygdala lesioned rats learned to suppress fluid intake in the first relative to the second 
context (occasion setting), however, they later failed to avoid the context associated 
with LiCl on a choice test after both Pavlovian and occasion setting training. In the 
present study, rats with combined ibotenic acid lesions of the amygdala and aspiration 
lesions of the dorsal hippocampus were compared to sham controls on a contextual 
occasion setting task. Both groups learned to suppress saccharin intake in the LiCl 
paired context (occasion setting). However, sham controls showed a significant 
aversion for the LiCl associated context, whereas lesioned rats showed no such 
aversion on a choice test. Both groups were tested on the Morris Water task. On a 
probe trial, lesioned rats spent significantly less time in the quadrant which previously 
contained the platform compared to controls, thus demonstrating a hippocampal deficit. 
The evidence showing that the amygdala plus hippocampal lesioned rats could acquire 
the occasion setting function of contextual cues in the absence of a context aversion 
further strengthens the suggestion that the Pavlovian aversive properties of the context 
are not necessary for acquisition of occasion setting. This anatomical dissociation 
supports previous behavioural data suggesting that simple Pavlovian conditioning and 
occasion setting learning are fundamentally different. Supported by NSERC Canada.

622.12
PATTERNS OF NEURONAL ACTIVATION IN THE RAT SEPTO- 
HIPPOCAMPAL AXIS SHIFT ACROSS STAGES OF ODOR 
DISCRIMINATION. U.S, Hess*. G. Lynch, and C.M. Gall. Dept. of 
Psychobiology, Univ. of CA at Irvine, 92697.

Expression of c-fos mRNA was used to assess relative levels of neuronal 
activity in lateral septum of rats engaged in odor learning. Previous work (Hess 
et al,, 1995; J Neurosci) has shown a differential involvement of the 
hippocampal subfields CA1 and CA3 across successive stages of the paradigm. 
In some groups, a pattern of "CAI dominance" was observed, where pyramidal 
cells in CAI had much greater c-fos mRNA levels than those in CA3. Other 
animals displayed the reverse pattern of "CA3 dominance". Since these subfields 
project topographically onto lateral septum, we tested whether regional patterns 
of hippocampal activation are functionally reflected in septum. Three groups 
were examined: 1) "Exploration" rats that explored the novel training apparatus 
and exhibited "CAI dominance", 2) "Initial learners" which for the first time 
acquired and performed the odor discrimination at learning criterion and displayed 
"CA3 dominance", and 3) "Overtrained" rats that performed the same, but well- 
leamed discrimination and showed "CAI dominance". In both cases of "CAI 
dominance", rostral aspects of lateral septum (LSr) were activated to a 
significantly greater degree than caudal portions (LSc). Exploration rats had 
approximately 45% greater labeling in LSr relative to LSc, while overtrained rats 
had -30% greater hybridization in rostral regions. In the case of "CA3 
dominance" (initial learning), the reverse was true. Activation of LSc was 
increased by ~ 35% compared to LSr. Given that CAI projects predominantly to 
LSr, while CA3 projects to LSc (Risold and Swanson, 1996; Science), these 
septal activation patterns seem to correspond to changes occurring in 
hippocampus. These findings suggest that distinct hippocampal-septal 
interactions may influence the performance of different classes of behavior. 
Supported by HD24236 and ONR00014-89-J-1255.

622.13
THE HIPPOCAMPUS AND PERIRHINAL-ENTORHINAL CORTICES IN 
SIMPLE OLFACTORY TASK RETENTION. R, W. Flint, Jr, *, K, P. Kaut 
and M. D. Bunsey. Dept. of Psychology, Kent State University, Kent, OH, 
44242.

The hippocampus is thought to be involved in the formation of complex 
relational or declarative forms of memory (Cohen & Eichenbaum, 1993). 
However, recent evidence indicates that animals with hippocampal system 
lesions are impaired in the retention of even simple information if very long 
retention intervals are employed (Vnek & Rothblat, 1996). The present study 
attempted to assess the contribution of 2 components of the hippocampal 
system, i.e. the hippocampus and perirhinal-entorhinal cortices, io this type of 
memory retention.

Male, Long-Evans rats receiving neurotoxic (ibotenic acid) hippocampal 
lesions (HIPP) or perirhinal-entorhinal aspirations (PRER) were compared to 
controls on a series of seven two-choice olfactory discrimination problems 
requiring them to dig through scented sand substrate to obtain a cereal reward. 
Problems differed in the number of daily learning trials (e.g. 10, 4, or 2), and 
the length of the intertrial interval also varied (e.g. 1 trial, 24 hrs., 5 days).

PRER and HIPP rats were impaired at both short and long retention intervals, 
although PRER rats demonstrated a more severe impairment at the short delay. 
The pattern of results obtained suggest the hippocampus itself plays a 
significant role in maintaining and/or consolidating information over extended 
periods of time, while the perirhinal-entorhinal cortex is especially critical as 
an intermediate-term buffer.

Research supported by NIH Grant #R03MH56184-01

622.14
THE ROLE OF THE HIPPOCAMPAL SYSTEM IN MEMORY 
CONSOLIDATION: EVIDENCE FROM TEMPORALLY GRADED 
RETROGRADE AMNESIA. K. P. Kaut, M. D. Bunsey*, and A. Belviso. 
Dept. of Psychology, Kent State Univ., Kent, OH, 44242.

A role for the hippocampus in memory consolidation has been suggested by 
studies using human (e.g. Scoville & Milner, 1957; Victor & Agamanolis, 
1990), non-human primate (Zola-Morgan & Squire, 1990) and rodent subjects 
(Kim & Fanselow, 1992). Recent computational models have incorporated 
these and related findings into a theoretical framework emphasizing the role of 
the hippocampus in memory consolidation over extended periods of time 
(McClelland, McNaughton & O’Reilly, 1995).

The present study examined the contribution of two components of the 
hippocampal system to memory consolidation. Male, Long-Evans rats were 
trained on a series of six two-choice olfactory discrimination problems, using a 
distributed practice format (e.g. day 1, 8 trials; days 2 and 7, 2 trials), requiring 
them to dig through scented sand to obtain cereal rewards. At the conclusion 
of training, rats received either neurotoxic (ibotenic acid) hippocampal lesions 
(HIPP), perirhinal-entorhinal cortical aspirations (PRER), or served as 
unoperated controls. Post-recovery, retention for each problem was measured 
via a single unbaited probe trial, with time spent digging in each odor acting 
as a preference index for reward odor memory.

Results reveal a temporally graded retrograde amnesia for HIPP and PRER 
groups relative to controls. Surgery groups showed impaired retention on 
problems learned just prior to surgery, with optimal retention evident at the 
most remote problems where performance was comparable to controls. 
Research supported by NIH Grant #R03MH56184-01

622.15
DIFFERING EFFECTS OF LESIONS RESTRICTED TO THE DORSAL 

AND VENTRAL HIPPOCAMPUS. B.J. Hock, Jr.* and M.P.
Bunsey. Dept. Of Psychology, Kent State University,

Kent, OH 44242.
Multiple studies have demonstrated that dorsal, but not 

ventral hippocampus is critical for spatial memory. 
However, the mnemonic role of ventral hippocampus remains 
unclear. The existence of relatively direct connections 
between the hypothalamus and ventral hippocampus suggests 
that one role of ventral hippocampus might be in the 
learning and memory for internal state cues (such as 
hunger).

Lesions, using the neurotoxin Ibotenic acid, were 
confined to either the dorsal or ventral portions of the 
hippocampus, or sham surgeries were performed, on 27 male 
LE rats. After a three week recovery, subjects were 
tested in delayed alternation in a T-Maze and in a task in 
which internal hunger state was used as a contextual cue 
(Davidson & Jarrard, 1993). Rats with dorsal but not 
ventral lesions were impaired in delayed alternation, 
consistent with previous findings, but both groups were 
impaired in the learning of the deprivation-cue task.
This latter task may recruit ventral hippocampus because 
of the involvement of internal state cues; the dorsal 
hippocampus may remain critical since external context 
modulates performance in this task (Davidson & Benoit,
1996). This research was supported by NIH Grant
#R03MH56184-01.

622.16
A ROLE OF THE HIPPOCAMPUS IN LEARNED COLD TOLERANCE. S. B. 
Harrod, M. M. Metzger, B. J. Hock, S. B, Fountain*. D. C. Riccio. and M,
Bunsey. Dept. of Psychology, Kent State Univ., Kent, OH 44242.

Rats exhibit tolerance to cold following daily exposure to cold water,
demonstrated as an increase in the rat’s colonic body temperature over 
successive cold exposures. Interestingly, this hypothermia tolerance involves 
associative processing, as exposure to a different context results in a context 
shift; animals previously made tolerant show a decrease in temperature i.e., a 
decrease in tolerance, when given an identical cold exposure in a new context. 
The present research examined the possible role of hippocampus in this type of 
contextual learning.

Long-Evans rats were administered ibotenic acid lesions either of the ventral 
(n = 7) or dorsal (n = 7) hippocampal regions; control animals ( n = 7) received 
an identical surgery, but were not injected with ibotenic acid. During 
acquisition, all animals were placed in a restraining tube and were immersed to 
their necks in cold water for 3.5 minutes. A Forma Scientific water tank kept 
the temperature constant at 0°C throughout the experiment. Following each 
cold exposure, subject’s rectal colonic temperature was recorded with a digital 
thermometer (Fisher). Cold exposures were given at the same time over five 
successive days. On day six subjects were given an identical cold exposure in 
the shifted context (i.e., a small room scented with lemon extract and dimly lit 
with a 7.5 watt light bulb). Controls developed tolerance by day 3 but showed 
no tolerance in the novel context on day 6. Both hippocampal groups were 
retarded in the development of tolerance, though their tolerance was associative 
as indexed by the context shift. Interestingly, hippocampals also showed some 
evidence of impaired thermoregulation, undergoing less tolerance on day 1.

Supported in part by NIMH 37535 and NIH #R03 MH 56184-01.
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622.17
Fimbria-Fornix Lesions impair Performance on a Configural Learning Task 
Formally Similar to Contextual Discrimination. A.C. Talk^C.D. Herzog, T. Otto , & 
L.P. Matzel. Psychology Department, Rutgers University, New Brunswick, NJ 08903

During associative conditioning, the hippocampal system participates in encoding the 
spatially and temporally diffuse training context, within which a contingency occurs 
between a CS and US. In an attempt to determine a specific involvement of the 
hippocampus in the temporal aspect of contextual conditioning, we removed spatial 
elements of the task by presenting contexts as temporally diffuse auditory cues against 
unchanging spatial background conditions. Differential conditioning occurred in which 
rats were exposed to alternating 10 min periods of white noise and tone as temporally 
diffuse occasion-setters analogous to a context. Randomly embedded within one of 
these auditory contextual cues, two pairings of a 20 sec light CS and 750 ms footshock 
US occurred, while in the other, rats received exposure to the light alone. Fear of the 
contextual cues and of the light presented within the cues was assessed as percent 
time freezing 24 hours after training. In the first of two experiments, intact animals 
discriminated, freezing 63% of the time spent in the reinforced context and 25% in the 
nonreinforced context. Additionally, they froze 90% of the time during the light CS 
when presented within the reinforced context and 49% when it was presented in the 
nonreinforced context. In a second study, sham lesioned rats discriminated normally, 
but rats that received electrolytic lesions of the fimbria-fornix did not discriminate 
between the reinforced and nonreinforced auditory contexts, freezing about equally in 
both contexts (reinforced: 35%; nonreinforced: 44%) and to the light CS within those 
cues (reinforced: 50%; nonreinforced: 62%). This freezing is at points somewhat 
intermediate relative to the discrimination seen in sham or intact animals, suggesting a 
failure to discriminate between reinforced and nonreinforced contexts rather than a 
failure to learn about them at all. These results indicate that temporally diffuse auditory 
stimuli serve effectively as contexts and that the hippocampal formation actively 
participates in encoding aspects of these explicitly nonspatial occasion-setting cues.

Funded by a Busch Foundation Grant to L.D.M.

622.18
ABOLITION OF THE ASSOCIATIVE MODULATION OF STIMULUS 
PROCESSING IN HIPPOCAMPAL RATS. R.C. Honey, A. Watt, and M. 
Good*. University of Wales, Cardiff CF1 3YG, U.K.

Normal rats will initially explore a small test context consisting of a 
distinctive pattern of walls. During the course of context exposure this 
exploratory activity habituates, but is restored when the walls are 
combined in a new way. Similarly, when rats are exposed to 
presentations of two serial compounds (Tone->Light1 and Click- 
>Light2) the orienting response (OR) that the lights initially elicit wanes, 
but can be restored when the elements of the compounds are 
combined in a new way (Tone->Light2 and Click->Light1). These 
results suggest that the processing of both contextual stimuli and 
simple stimuli declines when there is a match between what is predicted 
and what is experienced. Excitotoxic lesions of the hippocampus 
disrupt habituation in both of the procedures described above. More 
importantly, once habituated, the re-combination of the exposed 
elements did not restore habituated responding in hippocampal 
animals. We establish, using a conventional sensory-preconditioning 
procedure, that hippocampal lesions do not disrupt the formation of 
associations between the exposed elements. Instead, we suppose 
the deficits described above, and those described elsewhere, reflect 
the fact that hippocampal lesions disrupt the process of integrating 
acquired stimulus-stimulus associations with the current pattern of 
stimulation.

Supported by: BBSRC, Royal Society.

622.19
VICARIOUS TRIAL-AND-ERROR AND HIPPOCAMPAL 
METABOLIC ACTIVITY IN VISUAL DISCRIMINATION 

LEARNING IN RATS
D. Hu* F. Gonzalez-Lima and A. Amsel. Dept. Psychology & Inst, for 

Neuroscience, University of Texas, Austin, TX 78712
The effects of hippocampal lesions on simultaneous discrimination 

learning in rats have been mixed. Some have indicated that hippocampal 
damage impaired simultaneous discrimination learning, others have 
indicated that hippocampal lesion affected only discrimination reversal 
(Gray & McNaughton, 1983). Hippocampal function in discrimination 
learning has been linked to conflict and hesitation behaviors (Amsel, 1993). 
One measurement of these behaviors is vicarious trial-and-error (VTE) 
(Tolman, 1939), defined by head movements from one stimulus to another 
at a choice point. Adult intact rats show more VTEs at a choice point and 
learn faster than rats with damaged or immature hippocampus in 
simultaneous discrimination learning tasks (Hu & Amsel, 1995, 1997). This 
experiment compared hippocampal metabolic activity of hippocampal x- 
irradiated and sham-irradiated rats in simultaneous visual discrimination 
learning and VTE behavior. Sprague-Dawley rat pups were exposed to x- 
irradiation or to sham exposure between postnatal days 2 and 15, a period 
of strong neurogenesis of granule cells in the dentate gyrus. The rats were 
then tested in light-gray/dark-gray discrimination starting on postnatal day 
60. The 20-trial daily training lasted 18 days. Quantitative cytochrome 
oxidase (C.O.) histochemistry was used to detect brain metabolic activity. 
The results in the shams were that, (1) visual discrimination learning and the 
number of VTE were significantly positively correlated; (2) VTE and 
hippocampal C.O. activity were significantly negatively correlated; and (3) 
the outer blade of the dentate gyrus showed significantly greater C.O. 
activity in sham rats than in x-irradiated rats. (MH43353)

622.20
OBJECT RECOGNITION MEMORY IN THE DOG

H.M, Callahan* E. Head2. GE. Adam \ R.J. Sutherland \ B.A. Mueeenberg4.
L.J. Mvers \ C.W. Cotman2. & N.W. Milgram 5 University of Toronto,2 
University of California-Irvine, 3 University of New Mexico,4 Inhalation 
Toxicology Research Institute, Abq, NM., 5 Institute for Biological Detection 
Systems, Auburn University.

We have previously reported that dogs do poorly on a visual object recognition 
task. To determine whether poor performance on a delayed-non-matching-to- 
sample task was due to our using a 10 second delay during the initial training, we 
trained a second group of dogs on a subsequent experiment using a shorter delay 
period. Over a training period of 40 days with 20 trials per day, only 12 of the 19 
dogs were performing significantly greater than chance during their last 10 days of 
testing.

This finding was unexpected because previous studies have shown that both 
monkeys and rats are able to solve this type of task with 70-90% accuracy even at 
delays of 120 seconds. We have subsequently introduced another modification 
that takes into account the dog’s near point, which is estimated to be between 25 
and 30 cm. The object was presented to the dog at a distance of 30 cm for 5 
seconds. This simple modification dramatically improved the dog’s ability to 
perform accurately on the task. Two dogs trained with the modified procedures 
performed at accuracies greater than 85% at delays of 200 seconds. At a 5 minute 
delay, performance was at 75% - still better than all but one of the dogs tested at 
short delays using our previous procedures. These results indicate that dogs can 
perform extremely well on an object recognition memory task. They also point 
out the importance of understanding the sensory capabilities of an experimental 
subject in designing tests of cognitive function.
This research was supported by NIH grant # AG12694 to CWC, NWM, and 
BAM.

622.21

A COMPARISON OF THE EFFECTS OF FRONTAL CORTICAL 
(FC), HIPPOCAMPAL (HP), AND INTRALAMINAR (IL) 
THALAMIC LESIONS ON TWO DELAYED CONDITIONAL 
DISCRIMINATION TASKS. R.G. Mair*, J.A, Burk. J, Koch, 
M.C. Porter, B.M. Glode, & J.R, Pelletier. Dept. Psychol., 
Univ. New Hampshire, Durham, NH.

In rats, ,L lesions have been shown to affect two 
delayed discrimination tasks: place DMTS and 
olfactory continuous DNMTS. Two studies were carried 
out to compare the effects of IL, FC, and HP lesions on 
these tasks. The first compared the effects of HP and 
FC lesions on place DMTS. The second tested the 
effects of HP lesions on olfactory DNMTS. The FC 
lesion produced deficits on place DMTS comparable to 
the IL lesion. FC lesions have previously been shown to 
have no lasting effect on olfactory DNMTS. The HP 
lesion had no significant effect on either task. The HP 
and FC groups were comparably impaired when trained 
subsequently to perform a watermaze task. Taken 
together, these results suggest that FC and HP lesions 
have more selective effects on delayed conditional 
discriminations than do IL lesions. Supported by grant 
RO-1 NS26855 from NINDS.

622.22
DIFFERENTIAL PATTERNS OF IMPAIRMENT ON TASKS 
TRAINED IN THE RADIAL ARM MAZE (RAM) FOLLOWING 
LESIONS OF FRONTAL CORTICAL (FC), HIPPOCAMPUS 
(HP), OR THE INTRALAMINAR THALAMIC NUCLEI (SL).
M.C, Porter*, B.M. Glode, J.A, Burk, J.R. Pelletier & R.G.
Mair. Dept. Psychol., Univ. New Hampshire, Durham, NH. 

Rats were trained with a computer controlled 8
arm RAM task and then given lesions of HP, IL or sham 
surgery. After recovery they were trained on a series 
of tasks, including (1) a standard 8 arm task; (2) 2 
versions of a 4 forced choice procedure; and (3) 5 
versions of a 2 choice DNMTS task. The HP and IL 
groups exhibited impairments with all procedures, 
including DNMTS with 2 or 8 possible alternatives. The 
HP group exhibited delay-dependent whereas the IL 
group exhibited delay-independent impairments on all 
the DNMTS tasks . FC lesions have been shown to 
affect RAM DNMTS with the 2, but not the 8, 
alternative version of this task. These results 
suggest that FC, HP, and IL lesions have distinctive 
effects on measures of memory trained in the RAM. 
Supported by grant RO-1 NS26855 from NINDS.

Society  for  Neuroscience , Volume  23,1997



1598 LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS TUESDAY PM

622.23
PLACE DMTS PERFORMANCE IS IMPAIRED BY DISCRETE 
LESIONS OF THE INTRALAMINAR (IL) OR VENTROMEDIAL 
(VM) BUT NOT THE LATERODORSAL (LD) THALAMIC 
NUCLEI. J.A. Burk*. B.M, Glode, M.C. Porter, J.R,
Pelletier & R.G. Mair. Dept. Psychol., Univ. New 
Hampshire, Durham, NH 03824.

In rats, large lesions of thalamus centered on 
the IL and including portions of VM and LD disrupt 
place DMTS performance. In this study, rats were 
trained to perform a place DMTS task and then given 
excitotoxic lesions of: (1) IL with less involvement of 
other nuclei, (2) VM, (3) LD, or (4) sham surgery. The 
IL lesion caused severe deficits comparable to 
previous studies. The LD lesion had no effect on 
performance. The VM lesion produced an intermediate 
level of impairment. While this impairment was 
smaller than for the IL group this difference may 
reflect the smaller size of the VM lesion. Taken 
together, these results indicate that damage to both 
IL and VM may contribute to the DMTS impairments 
observed in rats with larger medial thalamic lesions. 
Supported by grant RO-1 NS26855 from NINDS.
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623.1
HIPPOCAMPAL REPRESENTATION OF CONTEXT IN FEAR CONDITIONING. 
P.W. Frankland*, V. Cestari, R.K. Filipkowski and A.J. Silva. Beckman Neuroscience 
Center, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY11724.

Contextual fear conditioning may be mediated by at least two different types of 
conditioning: an association between the US and (a) a complex representation of 
context (hippocampal-dependent) or (b) single cues within the context (hippocampal- 
independent). First, we tested the effects of pre- vs. post-training lesions of the dorsal 
hippocampus (DH) on contextual fear conditioning. C57B16 mice received DH 
lesions either one week prior to (Expt. 1; anterograde group), or one day following 
(Expt. 2A; retrograde group), training with a single 2 s, 0.75 mA footshock. One 
week following training mice were placed back in the same context and freezing was 
measured. Retro-, but not anterograde DH lesions abolished contextual fear 
conditioning. The retrograde group was subsequently retrained in a second context 
(Expt. 2B). In contrast with earlier, DH- and sham-lesioned control mice exhibited 
equivalent levels of freezing when tested one week later. These results show that the 
DH is not necessary for contextual fear conditioning. In the absence of the DH, 
conditioned freezing may be mediated by DH-independent learning such as single cue 
associations (Expts 1 & 2B). However, the DH normally mediates contextual fear 
conditioning since post-training lesions abolish conditioned freezing (Expt. 2A).

Second, we tested the effect of pre-training DH lesions in a contextual 
discrimination paradigm. During training mice received a single footshock in one 
context (A), and no footshocks in a second context (B). Contexts A and B comprised 
both unique cues (e.g., geometry of chamber) and shared cues (e.g., shock grid floor). 
While sham-lesioned controls froze significantly more in context A compared to B, 
DH-lesioned mice showed robust, but equal levels of freezing in both contexts. These 
results show that DH-independent mediated learning, such as single cue associations, 
produces conditioned freezing, but that the DH is necessary for discrimination 
between contexts. (Supported by NIH grant ROI AO 13622 to AJS).

623.2
INTERACTIONS BETWEEN THE PREFRONTAL CORTEX, 
VENTRAL STRIATUM AND MEDIAL-DORSAL THALAMUS MEDIATE 
DELAYED RESPONDING ON A RADIAL-ARM MAZE TASK Stan B 
Floresco*. Deanna N. Braaksma & Anthony G. Phillips Dept. of Psychology, Univ. 
of British Columbia, 2136 West Mall, Vancouver, B.C., V6T 1Z4, CANADA

The prelimbic region of the rat prefrontal cortex (PFC), the nucleus accumbens 
(N.Acc.) and the medial-dorsal (MD) thalamus are three anatomically connected 
regions that have been implicated in working memory processes. Specifically, the 
prelimbic region and the MD thalamus have been implicated in the use of previously 
acquired information to form a planned sequence of motor output, while the N.Acc. 
has been suggested to transform these plans into goal-directed behaviors (Floresco 
et. al., 1997). Previous research has demonstrated that reversible, lidocaine-induced 
lesions of either the PFC (Seamans et. al., 1995) the N.Acc. (Seamans & Phillips, 
1994) or the MD thalamus (Floresco et. al., 1996, Soc. Neurosci Absts) disrupt 
performance of a delayed spatial win-shift (SWSh) radial-arm maze task. In this 
task rats acquire information about the location of food during a training phase, and 
use it 30 min later during a test phase. The present study investigated the 
interactions between the PFC, the MD thalamus and the N.Acc. during delayed 
SWSh performance using a transient “disconnection” lesion procedure. Unilateral 
lidocaine-induced inactivations of the PFC in one hemisphere in combination with 
an inactivation of the MD thalamus in the contralateral hemisphere, transiently 
disconnected these two regions of the brain, and disrupted performance during the 
test phase of the delayed SWSh task. In a separate experiment, disconnections 
between the PFC and N.Acc. also disrupted delayed SWSh performance. These data 
indicate that efficient performance of a delayed radial-arm maze task requires an 
intact circuit linking the PFC to both the MD thalamus and the N.Acc.. When 
viewed in light of our previous data, PFC-MD thalamic interactions may be 
important for the generation of prospective foraging plan, while PFC-N.Acc. 
interactions may be required for fire transformation of such a plan into action. 
Funded by NSERC Canada

623.3
SELECTIVE MODULATION BY DOPAMINE OF HIPPOCAMPAL INPUTS 
TO THE PREFRONTAL CORTEX AND VENTRAL STRIATUM DURING 
PERFORMANCE OF WORKING MEMORY TASKS WITH OR WITHOUT 
A DELAY Anthony G. Phillips*. Stan B Floresco & Jeremy K. Seamans Dept. of 
Psychology, Univ. of British Columbia, 2136 West Mall, Vancouver, B.C., V6T 1Z4.

Hippocampal inputs to the prefrontal cortex (PFC) and the nucleus accumbens 
(N.Acc.) are important for specific aspects of spatially-guided behaviors in the rat. 
Performance of the delayed version of a radial-arm maze task is dependent on an 
interaction between the ventral subiculum (vSub) region of the hippocampus and the 
PFC, while performance during the non-delayed version of the task requires intact 
serial transmission between the vSub and the N.Acc. (Floresco et al., 1997). 
Furthermore, dopamine (DA) neurotransmission within the PFC and N.Acc. is 
required for delayed and non-delayed responding respectively. The present study 
investigated whether vSub inputs to the forebrain are selectively modulated by DA 
during performance of delayed and non-delayed tasks. This was accomplished by 
administering unilateral, lidocaine-induced reversible lesions of the vSub in 
combination with contralateral infusions of DA antagonists into either the PFC or 
the N.Acc. Unilateral inactivations of the vSub in combination with contralateral 
PFC infusions of the Di receptor antagonist SCH 23390 (O.5pg/O.5gl) disrupted 
performance during the delayed radial-maze task. Conversely, unilateral 
inactivations of the vSub in combination with contralateral N.Acc. infbsions of the 
D21 Di receptor antagonist haloperidol (0.25pg/0.5pl) disrupted performance during 
the non-delayed radial-maze task, while the DI antagonist had no effect. These 
results suggest that DA selectively modulates hippocampal inputs to the PFC in 
situations where previously acquired information is used to guide responding. In 
contrast DA selectively modulates vSub inputs to the N.Acc. during ‘on-line’ 
foraging. It appears that the involvement of specific DA receptor subtypes and the 
neural circuits they modulate is related to the task that the animal is trained to solve. 
Funded by NSERC, Canada

623.4
PERIRHINAL CORTEX STIMULATION EVOKES BOTH DIRECT AND 
INDIRECT HIPPOCAMPAL RESPONSES IN THE RAT. P.A. Naber12, HJ. 
Groenewegen M.P, Witter1 and F.H. Lopes da Silva2. 'Research Institute 
Neurosciences Vrije Universiteit, Dept. of Anatomy & Embryology, institute for 
Neurobiologv, University of Amsterdam, Amsterdam, The Netherlands.

The perirhinal (PER) and entorhinal (EA) cortices and the hippocampal 
formation (HF) are important structures of the medial temporal lobe memory 
system. Regarding the connectivity between these structures, we know that PER is 
the major source of cortical input to a lateral part of EA, which in turn is a major 
input-source of HF. Via the perforant path EA reaches all subfields of HF, the 
dentate gyrus (DG), areas CA3 and CAl, and the subiculum (Sub). Moreover, 
PER projects directly to CAl/Sub. In the present study we determined whether 
PER stimulation can evoke responses in HF. In ketamine/xylazine anaesthetized 
female rats in vivo, stimulation electrodes were positioned in PER and recording 
electrodes in the cortex above CAI or Sub. During PER stimulation, the recording 
electrodes were lowered through CAl/Sub and the underlying DG. This resulted in 
depth profiles which could be studied with the use of current source density 
(CSD) analysis. By moving the recording electrode along the rostro-caudal axis of 
the hippocampus the topographical specificity of PER-induced activity was 
determined. PER stimulation evokes two negative going field-potentials in HF, one 
with a short latency (7.9 nis ± 1.1) and one with a longer latency (19.2 ms ± 3.6) 
at restricted sites along the rostro-caudal axis of HF. CSD-analysis reveals that the 
short latency response results from activation of the molecular layer of CAl/Sub. 
The longer latency field-potential shows a sink, which indicates excitatory 
synaptic contacts, in the outer molecular layer of the DG. To determine whether 
the later response was the result of a polysynaptic input from PER via EA, 
synaptic transmission in EA was blocked by a local injection of Lidocaine or 
CNQX. This resulted in a decreased amplitude of especially the longer latency 
field-potentials. We conclude that, in line with our previous anatomical results, 
PER activation elicits a direct response in CAl/Sub, as well as a response in DG 
via a synaptic relay in EA. This latter response can subsequently activate the 
hippocampal processing route and may lead to convergence of the direct and 
indirect routes at the level of CAl/Sub. (Supported by grant 903-47-008 of the 
Netherlands Organization for Scientific Research).

Society  for  Neuroscience , Volume  23,1997



TUESDAY PM LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—RHINAL AND CHOLINERGIC 1599

623.5
TRANSIENT LIDOCAINE-INDUCED LESIONS OF THE RHINAL 
CORTEX, BUT NOT THE HIPPOCAMPUS, IMPAIR OBJECT- 
RECOGNITION MEMORY IN RATS. S.J. Barnes. S.B, Floresco. T.J. 
Komecook & J.P.J. Pinel*. Dept. of Psychology, University of British 
Columbia, Vancouver, British Columbia, Canada, V6T 1Z4.
Experiments on both rats and monkeys have consistently revealed major deficits 
in object-recognition memoiy following lesions of the rhinal cortex and minor 
deficits, or no deficits at all, following lesions of the hippocampus. 
Nevertheless, there has been a tendency to exaggerate the role of the 
hippocampus in object recognition. In this experiment, we compared the ability 
of transient lidocaine lesions of the rhinal cortex or hippocampus to disrupt 
object-recognition memory in rats. Ten, male Long-Evans rats were trained to 
criterion on the Mumby-Pinel version of the delayed nonmatching-to-sample 
(DNMS) task at a 4-s delay; then, they were trained at 4-, 15-, 60-, and 120-s 
delays. Following DNMS training, cannula guides were implanted in either the 
rhinal cortex (n=5) or the hippocampus (n=5). The rats were then retrained to 
criterion on the DNMS task. During the testing phase of the experiment, the 
rats were tested (eight trials per day, two at each delay) following either sham 
infusions or infusions of lidocaine (20 pgZ0.5pl for 1.2 min). Each rat received 
5 lidocaine-infusion days interspersed with 5 sham-infusion days. Lidocaine 
infusions to the rhinal cortex produced significant deficits in DNMS at all 
delays, whereas the hippocampal infusions produced no significant deficits. 
These results confirm the pre-eminent role of the rhinal cortex over the 
hippocampus in object-recognition memoiy, and they illustrate the utility of 
transient lidocaine lesions in studying the neuroanatomical basis of object- 
recognition memory. Supported by NSERC Canada.

623.6
RHINAL CORTEX LESIONS AS WELL AS HIPPOCAMPAL REMOVALS

DO NOT IMPAIR AUDITORY RECOGNITION MEMORY IN DOGS
D.M. Kowalska and P. Ku£mierek, (SPON: European Brain and 
Behaviour Society) Nencki Institute of Experimental Biology,

Pasteur St. 3, 02-093 Warsaw, Poland
Six male mongrel dogs were trained in auditory Delayed Matching-to- 

Sample (DMS) task with trial-unique stimuli and 1.5 s inter-stimulus 
delay. To reach a criterion of 90% correct choices in 100 consecutive 
trials, dogs required an average of 595 trials (T; range 300-1080) and 224 
errors (E; range 98-450). After a 2-week break, they were retrained to 
criterion (mean: T=22, E=3), and then they were given performance tests 
with delays 10, 30, 60 and 90 s in blocks of 100 trials (mean for all 
delays=73%, range across subjects 69%-78%). Next, they were retrained 
on the original 1.5 s delay (mean: T-102, E=20) and then 3 dogs were 
submitted bilateral rhinal cortex lesion (Rh) and 3 dogs hippocampal 
lesion (H). After surgery Gr. Rh reattained criterion immediately (T=0, 
E=0), whereas Gr. H in an average of 128T and 24E. Performance 
scores did not differ between groups (mean for all delays: Gr. Rh; 75%, 
Gr. H; 79%). Next, the Gr. H, again was retrained on the delay of 1.5 s 
(mean T=45, E=9) and then received the rhinal cortex surgery (H+Rh). 
After combined lesions dogs reached criterion in an average of 32T and 
5E. Mean scores for performance test was 76%.

The results indicate that both separate and combined bilateral removal 
of the rhinal cortex and the hippocampus do not impair performance on 
an auditory recognition DMS task with trial-unique stimuli.
Supported by Polish KBN Grant No. 6 6330 9203 p/Ol and US-Polish Joint 
MSC Found No. MZ/FIHS-93-124.

623.7
PERIRHINAL AND POSTRHINAL ASPIRATION LESIONS IMPAIR 
ACQUISITION IN THE MORRIS WATER MAZE. Y.R.J. Bureau* 
and D.C. McIntyre. Psychology Dept., Carleton University Ottawa, 
Ont., Canada, K1S 5B6

The perirhinal cortex is a multimodal association area that surrounds 
the rhinal fissure and, historically, extends anterior from the agranular 
insular cortex to the posterior pole of the entorhinal cortex. Based on 
cytoarchitecture and connectivity, the posterior extreme of that area 
recently has been renamed the postrhinal cortex (Burwell et al. 
Hippocampus, 5, 1995). Considerable effort currently is being directed 
to identify the mnemonic functions supported by the perirhinal and 
postrhinal cortices in both rats and primates. In our experiment, although 
bilateral aspiration lesions of either the perirhinal or postrhinal cortices in 
Long-Evans Hooded rats had no effect upon performance of cued escape 
responses to a raised, visible platform either before or after spatial 
learning in the Morris Water Maze, both lesions disrupted acquisition of 
the spatial learning component when the escape platform was submerged. 
Inspite of this spatial learning decrement, rotation of either intramaze or 
extramaze cues did not further alter the behavior of any group. In 
addition, there were no further performance decrement in any group 
when a retention test involving a one week training break was imposed. 
After the break, however, the submerged platform was moved to a new 
location, and as expected, there was in an initial performance decrement 
in the controls; but unexpectedly, the postrhinal group showed a similar 
decrement, while the perirhinal group showed no decrement. This result 
suggests different involvement of rhinal cortices in mnemonic flexibility.

Supported by a NSERC grant to D.C.M.

623.8
COMPARABLE MEMORY IMPAIRMENT FOLLOWING ELECTROLYTIC OR 
NEUROTOXIC LESIONS OF THE RAT PERIRHINAL CORTEX. K. A. Wiig*. 
M. F. Bear and R. D. Burwell. Departments of Neuroscience and Psychology, 
Brown University, Providence, RI, 02912, USA.

It is now well established that electrolytic lesions of the perirhinal cortex in the 
rat result in significant memory impairments on the delayed non-match-to-sample 
(DNMS) task. The following experiments were conducted in order to determine 
firstly whether this effect would generalize to a different experimental paradigm, and 
secondly, whether a similar deficit would be observed following neurotoxic (NMDA) 
lesions of the perirhinal cortex, which are known to destroy cells while leaving 
fibers of passage intact. In experiment one, rats received bilateral electrolytic lesions 
of the perirhinal cortex or sham operations. Following recovery from surgery, the 
rats were tested on a delayed non-match-to-position (DNMTP) task. On any given 
trial, one of two sample levers was presented to the rat. Following a response to 
this lever and a subsequent delay interval, both levers were presented and reward was 
contingent upon a response to the lever which had not been used during the sample 
period. Results indicated that lesions of the perirhinal cortex did not interfere with 
the animals' ability to learn the basic DNMTP task. The introduction of delay 
intervals, however, resulted in a striking memory impairment, where animals with 
lesions performed normally at short delay intervals, but were impaired relative to 
control rats at delay intervals of ten seconds or more. In experiment two, rats with 
electrolytic or neurotoxic lesions of the perirhinal cortex were tested on an object- 
gujded DNMS task. The results from this experiment demonstrated that animals in 
both lesion groups exhibited a comparable delay dependent memory impairment. In 
conclusion, these results demonstrate that the memory impairment induced by 
lesions of the perirhinal cortex extends to both spatial and nonspatial information 
and that these memory processes are mediated primarily by cells within the 
perirhinal cortex.

Supported by the Howard Hughes Medical Institute and NIMH.

623.9
TEMPORALLY-GRADED RETROGRADE AMNESIA FOR OBJECTS 
FOLLOWING LESIONS OF THE RHINAL CORTEX IN RATS. T.J. 
Komecook.* A, Anzarut. and J.P.J. Pinel. Dept. of Psychology, University of 
British Columbia, Vancouver, B.C., Canada. V6T 1Z4.

Bilateral medial-temporal-lobe (MTL) damage in humans has been shown to result 
in an amnesic syndrome characterized by both anterograde and retrograde memory 
deficits. Rat and monkey models of MTL amnesia have recently clarified the relative 
contributions of damage to various MTL structures to the anterograde component of 
this disorder; however, much less is known about the specific MTL damage that 
contributes to the retrograde memoiy impairment. Because rhinal cortex damage 
has been shown to be the main factor in the anterograde amnesia produced by MTL 
damage, we hypothesized that lesions restricted to the rhinal cortex would also 
produce significant retrograde amnesia.

In order to test our hypothesis, we first trained rats on five separate object- 
discrimination problems at different times prior to surgery: Object-discriminations 
#1, #2, #3, #4, and #5 were learned at 58, 37, 16, 9, and 2 days before surgery, 
respectively. Following surgery, retrograde amnesia was assessed by comparing the 
retention of rats with bilateral aspiration lesions of the rhinal cortex (n=6) and 
controls (n=8). The lesioned rats displayed impaired postsurgery retention of object- 
discriminations #4 and #5 and normal retention of object-discriminations #1, #2, and 
#3. The lesioned rats also displayed normal postsurgical acquisition of an unfamiliar 
object-discrimination problem.

These results indicate that damage to the rhinal cortex causes substantial 
retrograde amnesia for objects. The temporally-graded nature of the deficits suggests 
that the rhinal cortex plays a time-limited role in the consolidation of nonspatial 
information. Supported by a Canadian MRC scholarship to T.J.K. and a Canadian 
NSERC grant to J.P J.P.

623.10
THE EFFECTS OF SEPARATE AND COMBINED PREFRONTAL AND 
PERIRHINAL CORTICAL LESIONS IN SPATIAL REFERENCE AND WORKING 
MEMORY TASKS. P. Liu, W. C. Abraham* and D. K. Bilkey. Department of 
Psychology, University of Otago, P.O. Box 56, Dunedin, New Zealand.

Rats with bilateral electrolytic lesions of perirhinal cortex (PRC, n=15), medial 
prefrontal cortex (PFC, n=12) or combined perirhinal-prefrontal cortex (PRPF, n~12) 
and sham control animals (SHAM, n=12) were trained in a Morris water maze and 
radial arm maze task. Both PRC and PFC (but not PRPF) groups took longer to 
locate the hidden platform during initial place navigation acquisition but eventually 
exhibited performance equivalent to SHAM animals. The memory performance of 
fully trained animals was then tested by presenting four training trials with the 
platform present, followed by a probe trial during which the platform was removed. 
A delay of either 5 seconds or 5 minutes intervened between training and probe trials. 
There were no significant differences between SHAM, PRC and PFC groups on the 
time in correct quadrant measure at the 5 sec delay, however, the performance of 
PRPF animals was significantly better than PRC (p<0.05) and PFC (p<0.01) groups. 
At the 5 min delay, the performance of the PRC group was significantly worse than 
SHAM (p<0.05), PFC (p<0.05) and PRPF (p<0,01) groups. When the hidden 
platform was shifted to the opposite quadrant, all experimental groups were impaired 
relative to sham controls during initial acquisition of the new target location. In a 
second experiment all animals were trained on the standard radial arm maze working 
memory task, with 8 arms baited. All experimental groups were markedly impaired 
compared to controls. These data suggest that lesions of prefrontal cortex ameliorate 
a PRC lesion-induced deficit in spatial reference memory, but not working memory. 
One function of prefrontal cortex may be, therefore, to suppress the retrieval of well 
learned information. This proposal is consistent with a role of PFC in executive 
function. (Supported by the Health Research Council of New Zealand)
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623.11
RATS WITH LESIONS OF THE FORNIX OR RHINAL CORTEX CAN 
SOLVE THE NEGATIVE PATTERNING TASK. T.J. Bussey*. School of 
Psychology, University of Wales Cardiff, CF1 3YG, Wales, UK.

Several influential theories have suggested that the hippocampal formation 
participates in the solution of problems that require "configural" or "relational" 
representations for their solution. Sutherland and Rudy (1995), for example, 
propose that the hippocampus participates in “configural” learning by increasing 
the salience of configural representations, relative to elemental ones. One of the 
predictions of this theory is that hippocampal dysfunction should impair the 
acquisition of the negative patterning task: A+, B+, AB- The present study tested 
this prediction by examining the effects of fornix transection on the negative 
patterning task, as follows: (i) A Pavlovian version of the negative patterning task 
(Redhead & Pearce, 1995) was used, in which no intrumental response is required 
in order to obtain reward, (ii) Fornix lesions were used, which functionally 
disconnect the hippocampus and so mimic the effects of hippocampectomy, while 
avoiding damage to cortical regions adjacent to the hippocampus, (iii) Animals 
were also tested on an allocentric spatial task (T-maze alternation), to confirm the 
effectiveness of the lesions, and to test for possible dissociations between the 
mechanisms necessary for “configural” learning an those necessary for the 
acquisition of allocentric spatial tasks (e.g., Rudy & Sutherland, 1995).

It was found that, contrary to the predictions of Rudy and Sutherland (1995), 
animals with fornix lesions were able to acquire a Pavlovian negative patterning 
task. This suggests that previous impairments following hippocampal damage on 
intrumental versions of this task may have been related to over-responding 
(Davidson et al., 1993). Importantly, these lesions severely impaired acquisition of 
an allocentric spatial task in the T-maze, thus casting doubt on the popular notion 
that spatial learning is a special case of configural learning. Rhinal cortex lesions, 
which included perirhinal and postrhinal cortices (Burwell et al., 1995), and Area 
TE, had no effect on either of these tasks. (Supported by Wellcome U.K.)

623.12
DIFFERENTIAL EXPRESSION OF C-FOS PRODUCED BY NOVEL AND 
FAMILIAR ITEMS OR ARRANGEMENTS OF ITEMS IN THE RAT 
RHINAL AND HIPPOCAMPAL CORTICES. H Wan1, J.P, Aggleton2 and M.W. 
Brown1. (SPON: Brain Research Association)" Anatomy Department, Bristol 
University, Bristol, BS8 ITD, UK and 2School of Psychology, University College, 
Cardiff, CF1 3YG, UK.

Discriminating the relative familiarity of stimuli is crucial to recognition memory. 
The brain regions involved in discriminating the familiarity of visual stimuli were 
determined by immunohistochemically staining for the products of the immediate 
early gene, c-fos. Three experiments were performed, each using stimuli of a 
different type: individual items, complex scenes, or different spatial arrangements of 
three individual items. All stimuli were pictures displayed on computer monitors. In 
each experiment a sequence of 30 pairs of stimuli were presented so that one eye of a 
rat viewed a familiar stimulus while the other eye viewed a novel stimulus. This 
paired viewing procedure ensured that both familiar and novel stimuli were seen 
under the same conditions of alertness and eye movements. In both of the first two 
experiments, in which pictures of either single objects or complex scenes were used, 
novel stimuli activated a significantly greater number of neurones than familiar 
stimuli in perirhinal cortex and area TE of temporal cortex. Within perirhinal cortex 
the difference was restricted to area 36. In the hippocampal formation only small 
numbers of neurones were activated and there was no significant differential 
expression for the novel and familiar stimuli. Complex scenes evoked greater 
expression than did individual items in postrhinal cortex, but again no effect of the 
familiarity of the stimuli was found. In the third experiment, novel arrangements of 
familiar items evoked significantly greater expression of c-fos in postrhinal cortex 
than did familiar arrangements. In contrast, more neurones were activated by 
familiar than by novel arrangements in the ventral (though not the dorsal) hippo-
campal formation, the effect being greatest in the dentate gyrus. Thus postrhinal 
cortex and the hippocampal formation are involved in processing the relative 
familiarity of arrangements of items: perirhinal cortex and area TE are differentially 
activated by novel and familiar individual items. Supported by the MRC.

623.13
COMPARATIVE ANALYSIS OF BASAL FOREBRAIN NEURONS 
CONTAINING GABA, CHAT, AND CALCIUM BINDING PROTEINS 
IN HOMING PIGEONS AND RATS L A. McConkey, C. A.
Budzynski, V. P. Binqman & K. Pang*, Bowling Green State 
University, Department of Psychology, Bowling Green, Ohio 43403.

The basal forebrain (BF) is an area important for learning and memory 
and one of its targets is the hippocampus, which receives its projection 
from the medial septum. The importance of the septohippocampal 
pathway for spatial learning in homing pigeons and rats suggests a 
functional similarity. The present study examined the possibility of 
anatomical homologies in avian and mammalian BF regions by 
comparing different populations of neurons in homing pigeons and rats. 
Immunocytochemical techniques were used to identify co-distribution 
and co-localization of those BF neurons immunoreactive for GABA, 
choline acetyltransferase (ChAT), parvalbumin (PV), calretinin (CR), 
and calbindin (CB). In rats ChAT, GABA, PV, CR and CB containing 
neurons were differentially distributed among the various BF areas. PV, 
ChAT and GABA were co-distributed in the medial septum, especially 
along the midline. In the vertical limb of the diagonal band, CR, ChAT 
and GABA were present together. In the ventral pallidum, PV, GABA 
and ChAT were co-distributed, whereas in the substantia inominata 
PV, ChAT and GABA were co-distributed. Co-localization is being 
examined in rats among these neuronal populations. The distribution of 
ChAT, GABA, PV, CR, and CB immunoreactive neurons are currently 
being examined in the avian BF regions. Comparative studies of the 
BF may help our understanding of the basic mechanisms of learning 
memory and may also provide insight as to the evolution and 
similarities between learning and memory systems.
Supported by PHS Grants #NS35389 and #MH52315

623.14
EFFECTS OF INFUSIONS OF ANTISENSE OLIGONUCLEOTIDES FOR 
GLUTAMIC ACID DECARBOXYLASE INTO THE NUCLEUS 
ACCUMBENS ON BEHAVIORAL VIGILANCE. L.A.H. Miner* and M. Sarter. 
Department of Psychology & Neuroscience Program, The Ohio State University, 
Columbus, OH 43210.

Benzodiazepine receptor (BZR) ligands have been shown to impair vigilance 
performance following infusion into the basal forebrain of the rat. It has been 
proposed that the GABAergic neurons mediating these effects arise from the nucleus 
accumbens. Therefore, in an attempt to decrease the amount of GABA released from 
these neurons and to assess the attentional effects of such a manipulation, antisense 
oligodeoxynucleotides (ODNs) for the two isoforms of glutamic acid decarboxylase 
(GAD), the synthetic enzyme for GABA, were infused into the nucleus accumbens of 
rats, and the effects on performance in an operant vigilance paradigm were observed. 
Infusions of scrambled sequence ODNs or ODNs for the GAD67 isoform did not 
affect vigilance performance. However, infusions of the ODNs for GAD65 selectively 
impaired the animals' ability to detect visual signals. Multiple infusions of ODNs for 
both forms of GAD (GAD65+GAD67) resulted in a similar deficit in signal 
detection along with an increase in the number of false-positive signal detections 
(false alarms). Infusion of the BZR agonist chlordiazepoxide (CDP) into the basal 
forebrain following the ODN treatment further disrupted the animals' ability to 
detect the signals and alleviated the increase in the number of false alarms following 
the combined GAD65+GAD67 ODN administration. These findings indicate a 
specific attentional effect of ODNs for GAD65 and demonstrate that ODNs represent 
valuable tools in the determination of the role of neuronal circuits in cognitive 
functions.
Supported by PHS Grants NS32938 and MHO 1072.

623.15
THE DEVELOPMENT OF YOUNG RATS’ ALLOCENTRIC MAZE 
PERFORMANCE IS MODERATED BY ACH AVAILABILITY. K 
Schultz*, A. Wintink, & M. Roberts. Psychology Department, University 
of Winnipeg, Winnipeg, MB, Canada R3B 2E9

The effects of pre- and postnatal choline supplementation on the 
development of allocentric performance in the Morris water maze were 
examined in male and female Long-Evans rats. Half of the animals had 
been exposed to enhanced choline levels throughout gestation and for 21 
days after birth. Equal numbers of choline treated and control males and 
females were tested at each of seven ages between 18 and 50 days of age. 
Animals completed two blocks of four trials each on three successive test 
days. Prior to the final trial block, one half of the animals in each 
condition were injected with scopolamine. Overall, escape latencies 
decreased with age however, escape latencies in both the cued trials and 
the first block of allocentric testing decreased markedly between age 28 
and 32 days of age. Twenty-four hour retention for platform location was 
significantly enhanced between 20 and 24 days and again between 28 and 
32 days of age. Performance following scopolamine adminstration varied 
with both animals’ sex and choline exposure. Further, overall differences 
in performance were related to the size of the dentate gyrus. Thus, 
patterns of developmental enhancement of allocentric performance and DG 
development are influenced by age but also by sex and choline 
supplementation.
Supported by the University of Winnipeg

623.16
ACETYLCHOLINE RELEASE IN THE HIPPOCAMPUS CORRELATES 
NEGATIVELY WITH GOOD PERFORMANCE ON AN AMYGDALA- 
DEPENDENT TASK. C.K. McIntyre*, S.N. Pal, L.K. Marriott, and P.E. Gold. 
Department of Psychology, University of Virginia, Charlottesville, VA 22903.

Lesions of the amygdala impair performance on a conditioned place preference 
(CPP) task while lesions of the fornix enhance performance on the same task (White 
and McDonald, 1993). Therefore, it appears that an intact hippocampal system 
interferes with learning or memory of this amygdala-dependent task. Our recent 
findings suggest that acetylcholine (ACh) release in the hippocampus is positively 
correlated with performance of rats in a hippocampus-dependent spontaneous 
alternation task. To the extent that ACh output in the hippocampus reflects activation 
of that brain area in learning and memory, the results of the lesion studies above 
suggest that ACh release in the hippocampus would be negatively correlated with 
learning on a CPP task. On a habituation trial, food-deprived rats were allowed to 
explore two arms of an unbaited 8-arm maze for 10 min; the less preferred arm was 
selected for baiting during training. For 30 min on each of 8 days, rats were placed 
in either an unbaited arm or an arm baited with 14 g of wheat puffs. On a retention 
test with no food present, both arms were open while performance and hippocampal 
ACh output were measured. With these procedures, 6/11 rats exhibited a CPP, i.e. 
they spent more than 50% of their time in the arm previously paired with food. 
Hippocampal ACh release was significantly higher in rats that did not show a CPP. 
Thus, while increases in ACh release in the hippocampus are positively correlated 
with good performance on a hippocampal-dependent spontaneous alternation task, 
increases in hippocampal ACh release are negatively correlated with good 
performance on an amygdala-dependent CPP task. These findings complement those 
obtained with lesions and suggest that, in individual rats, ACh release in the 
hippocampus reflects activation and participation of that brain area in learning and 
memory, but in a manner that can be detrimental to behavioral performance in a task 
dependent on other brain areas. Supported by NIA (AG07648) and NINDS 
(NS32914).
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623.17
COMBINED NEONATAL CHOLINERGIC AND NORADRENERGIC 
FOREBRAIN LESIONS. N. Sherren. B.A. Pappas*. C.M. Davidson. B. 
Brownlee. D. Tanasoiu. T, Nguyen and T. Fortin. Inst, of Neuroscience, 
Carleton Univ., Ottawa, Ont. KlS 5B6.

Intraventricular injections of the cholinergic (ACH) immunotoxin IgG-192 
saporin (IgG-S) in 7 day old rat pups profoundly reduces (~90%) choline 
acetyltransferase activity in the hippocampus and causes lesser reductions in 
cortex (~50%) and caudate (~30%). These neonatal forebrain ACH lesioned 
rats do not show a spatial leaming/memory impairment as assessed at 45 days 
or 90 days of age with the Morris water maze. Ectopic noradrenergic (NE) 
varicosities are apparent in the hippocampus and cortex of these rats. These 
NE varicosities may functionally compensate for the loss of ACH innervation, 
thus preventing spatial leaming/memory impairment. To test this possibility, 
we examined the effects of singular and combined IgG-S and neonatal 
systemic 6-hydroxydopamine induced lesions of forebrain ACH and NE 
terminals respectively. Rats with combined lesions were unimpaired on the 
Morris water maze. ACH lesioned rats showed increased working but not 
reference memory errors on the radial arm maze. However, this effect was not 
exacerbated by concomitant NE lesion. We conclude that (1) NE 
hyperinnervation does not functionally compensate for neonatal cholinergic 
forebrain lesions (2) forebrain NE depletion does not exacerbate the effect of 
an ACH lesion and (3) neonatal ACH lesions impair working memory. 
(Supported by NSERC and Scottish Rite Foundation).

623.18
THE BEHAVIORAL EFFECTS OF IMMUNOTOXIN INDUCED CHOLINERGIC 
BASAL FOREBRAIN LESIONS: A DOSE RESPONSE STUDY. C. C, Wrenn*.D. A, 
Lappi, and R. G. Wiley. Department of Pharmacology, Vanderbilt University, Nashville, 
TN 37232.

The cholinergic basal forebrain (CBF) is a diffusely projecting system of the brain 
that regulates cortical and hippocampal excitability. This physiological role is 
consistent with the notion that the CBF is an important component of cognitive systems. 
Moreover, the CBF degenerates in Alzheimer’s Disease, and the degree of degeneration 
correlates with the degree of dementia. In order to investigate the role of the CBF in 
cognitive processes, we lesioned this system by injecting various doses (0, 1,2, 4 pg) of 
the immunotoxin 192-saporin (192-sap) into the left lateral ventricle of rats and then 
tested the rats ability to perform in a variety of behavioral paradigms of learning and 
memory. 192-sap consists of the monoclonal antibody 192 IgG, which recognizes the 
low affinity neurotrophin receptor (p75), conjugated to the ribosome inactivating toxin 
saporin. 192-sap has been shown to be selective for the p75 expressing neurons of the 
CBF and Purkinje cells of the cerebellum after intraventricular (i.c.v.) injection and is 
highly superior to the mechanical and excitotoxic techniques of producing CBF lesions. 
The behavioral paradigms used to study rats injected with 192-sap included the six-arm 
radial maze, passive avoidance, active avoidance, and contextual conditioned fear. In 
the radial maze, only the 4 pg dose group showed a statistically significant increase in 
arm re-entries. This increase in errors of comission shows that the CBF is essential for 
the functioning of spatial working memory. Passive avoidance, active avoidance, and 
contextual conditioned fear were unaffected at all immunotoxin doses studied. The lack 
of effect in these paradigms may be due to incomplete lesioning of the CBF. Planned 
anatomical work using immunohistochemistry for p75 and histochemistry for 
acetylcholine esterase will correlate lesion extent with behavioral performance. This 
work was supported by Advanced Targeting Systems, The Center for Molecular 
Neuroscience, Vanderbilt University, and the Department of Veterans Affairs.

623.19
MUSCARINIC CHOLINERGIC RECEPTOR BLOCKADE 
IMPAIRS LEARNING OF ODOR PAIRS IN RATS.
E. DeRosa* and M. E. Hasselmo. Department of Psychology, Harvard 
University, Cambridge MA 02138

This experiment tested the effect of the muscarinic antagonist 
scopolamine on learning of overlapping and nonoverlapping odor 
pairs. Two different odor cues were simultaneously presented from 
two separate sniff ports in a 16-channel flow dilution olfactometer. 
Sprague-Dawley rats were required to respond to a specific odor 
component of each odor pair in order to receive reinforcement. In the 
first task the animals were trained to criterion on one odor pair, AB. 
When AB was presented the animal was required to nose poke A for 
reinforcement. In the second task, the animals were then trained on 
three different odor pairs that were all presented in a pseudorandom 
fashion in one session - AB respond to A, AC respond to C and DE 
respond to D. Rats injected with saline acquired the new odor pairs 
more accurately than those receiving methyl-scopolamine (0.5 mg/kg), 
and rats receiving methylscopolamine acquired the new odor pairs 
more accurately than those receiving scopolamine (0.5 mg/kg). These 
results support the hypothesis that ACh may prevent previously stored 
odor pairs from interfering with the learning of new odor pairs 
(Hasselmo et al. . J. Neurophys.. 67, 1230). This may be due to 
cholinergic suppression of intrinsic but not afferent fiber synaptic 
transmission in the piriform cortex (Hasselmo & Bower, J. 
Neurophys.. 67, 1222). In addition, computational models of the 
piriform cortex predict that scopolamine should slow the learning of 
new odor pairs, with a selective impairment of overlapping odor pairs 
(AC). Supported by a Sackler pre doctoral fellowship to Eve DeRosa.

623.20
MUSCIMOL MICROINFUSION INTO THE MEDIAL SEPTUM AND 
AMYGDALA-HIPPOCAMPUS INTERACTIONS IN MEMORY STORAGE.
C. W. Spanis1,2, M. Bianchin2,3, and J.L.McGaugh*3,4. (1) University of San Diego, 
San Diego, CA (2) Center for the Neurobiology of Learning and Memory, 
University of California, Irvine, CA (3) Universidade Federal do Rio Grande do 
Sul, Brazil (4) Departments of Psychobiology and Pharmacology, University of 
California, Irvine, CA.

Extensive evidence suggests that the cholinergic system of the hippocampus is 
involved in the learning and memory of spatial tasks. Further studies have shown 
that the medial septum GABAergic neurons modulate the cholinergic projections 
to the hippocampus. Muscimol, a GABAergic agonist, when perfused repeatedly 
into the medial septal area impairs spatial learning and memory. This effect is due 
to inhibition of the septohippocampal cholinergic pathway. Recent evidence from 
our laboratory has shown that the basolateral nucleus of the amygdala (BLA) plays 
an important role in memory storage mediated by the hippocampus. An intact BLA 
is required, at least, for some memory-modulating processes mediated by the 
hippocampus. The objective of our work is to test and extend this concept to a 
more general model for amygdala-hippocampal correlates in memory mechanisms. 
Muscimol was infused into the medial septal area in order to impair learning and 
memory of a water-maze task. In contrast to previous more complex designs, we 
obtained the same effect using a simpler method. A single injection of muscimol 
(lnmol/0.5gL) was infused into the medial septal area 5 minutes prior to training. 
The animals received only a single session of six trials and then given three test 
trials 48 hours later. Animals that received muscimol showed learning and memory 
deficits when compared with controls. This model is used to test whether the baso-
lateral amygdala nucleus influences learning and memory processes mediated by 
the hippocampus.

This research supported by USD (CWS), CNPq/Brazil (MB), and NIMH and 
NIDA (JLM).
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624.1
IMPLICATIONS OF ATTRACTOR NETWORKS FOR CUE CONFLICT 
SITUATIONS. A.D. Redish* and D.S. Touretzky, Comp. Sci. Dept. and Center 
for the Neural Basis of Cognition, Carnegie Mellon Univ., Pittsburgh PA 15213.

Recent theories of rodent navigation have suggested that representations of 
spatial parameters are maintained by attractor networks. In these networks, 
neurons show' unimodal tuning curves with a preferred value and monotonic 
fall-off. A coherent representation is defined as one in which the firing rates of 
the component neurons are all compatible with a single parameter value. If the 
component neurons are laid out topologically, then a coherent representation 
consists of a “hill” of activity on the neural sheet. Possible examples of this kind 
of network are head direction neurons found in the postsubiculum and anterior 
thalamic nuclei and place cells found in the hippocampal formation.

In models of these networks, neurons with nearby preferred values are prefer-
entially connected by excitatory synaptic connections. Combined with nonspe-
cific inhibition, this makes coherent representations stable states of the network. 
When weak excitatory drive is input near the peak of a coherent representation, 
the peak precesses to align itself with the offset drive. Similarly, if strong ex-
citatory drive is input offset from the peak, the peak jumps to align itself with 
the offset drive. However, if weak excitatory drive is input offset distally from 
the peak, then the peak does not move.

This makes a prediction in cue conflict situations where external cues conflict 
w’ith internal representations. If the external cues suggest a candidate location 
near the currently represented location, the representation will shift to match 
the cues. If all candidates are distant from the current representation, the rep-
resentation will not change. Near and distant can be quantitatively defined as 
a function of the breadth of the tuning curve of the component cells. We show 
simulations of these effects in models of head direction and place cells. 
Supported by National Science Foundation grant IBN-9631336.

624.2
TOPOGRAPHIC CONNECTIVITY IN A MODEL OF THE SCHAF-
FER COLLATERALS.
S. Schultz* &: E.T. Rolls Department of Experimental Psychology, Univ. 
of Oxford, OXI 3UD, UK.

The mutual information conveyed by a pattern of firing of CAl pyra-
midal cells about a pattern of firing of CA3 pyramidal cells through 
the Schaffer collaterals was calculated using a formalism introduced by 
Treves (J Comput. Neurosci. 2:259-272, 1995). This method for net-
work analysis has allowed the quantitative effects of a number of aspects 
of the anatomical organisation of these projections to be investigated 
(Schultz et al. in Information Theory and the Brain, Baddeley et al. 
Eds., Cambridge University Press, 1997), including the gradient of con-
vergence and preservation of topography in the projections from CA3 
to CAl. Partially overlapping topography in the connectivity found in 
the transverse plane of the hippocampus (Amaral and Witter 1989) was 
incorporated in the calculation analytically and numerically, by using a 
finite number of topographic subregions. When the patterns of firing 
in the topographic subregions are taken to be uncorrelated with each 
other, the results support the intuition that the information conveyed 
should be approximately the same regardless of the degree of spread of 
connections between topographic elements, as long as the total num-
ber of synapses each cell receives is held fixed. With a spatial scale of 
correlation, this is not the case.

Supported by the Oxford McDonnell-Pew Centre for Cognitive Neu-
roscience.
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624.3
HIPPOCAMPAL MODEL OF RAT SPATIAL ABILITIES USING TEMPORAL 
DIFFERENCE LEARNING. D.J. Foster*, R.G.M. Morris and P, Dayan.
Centre for Neuroscience, Univ Edinburgh EH8 9LE, U.K. and E25-210, MIT, 
Cambridge MA 02139.

A neural network simulation of the hippocampus has been developed that 
accounts for two key results from the rodent spatial learning literature: (1) 
standard place learning in the watermaze, and (2) delayed match-to-place 
(DMP) learning in the watermaze. The simulation uses place cells but does 
not assume that the brain has any a priori knowledge of place field position or 
shape. It uses a local, optimising learning rule known as temporal difference 
learning that learns predictions of distal rewards by comparing successive 
predictions of reward.

The standard place task requires finding a hidden platform, always in a fixed 
position, with different trials starting from unpredictably different positions. Our 
simulation shows that place cells offer an ideal representation for the solution 
of this task, which is solved in exactly similar numbers of training trials to 
those of real rats. The DMP task is more challenging, as the platform position 
is moved every day, with four trials each day. Rats change their learning 
pattern from gradual learning on the first day to one-trial learning by the fifth 
day, taking direct paths on the second trial. The task is solved by forcing the 
simulated rat to learn coordinates in the environment, using place cells and 
the same learning rule, but incorporating self-motion information. Notably, the 
issue of coordinate learning is largely neglected by many current models of 
spatial learning which assume it to be equivalent to path integration. The 
simulation shows the same pattern of performance as real rats. This work 
complements ongoing experimental work investigating the extent to which rats 
can choose optimal paths and show one-trial learning in the presence of 
barriers. Supported by an Edinburgh University Holdsworth Scholarship to DJF, 
and the McDonnell-Pew Foundation.

624.4
PATTERN SEPARATION IN A COMPUTATIONAL MODEL OF THE DENTATE GYRUS 

AND CA3. P, JOHNSTON 13 J, C. KLOPP E, HALGREN N, GODDARD * G, HOOD * & 
V. I, NENOV *t21 )Brain Monitoring and Modeling Laboratory, Div. Neurosurgery, UCLA 
2)Brain Research Institute, UCLA. 3)Div. Psych.,Univ. of Northumbria, Newcastle, UK. 
4)UCLA Neuroscience Ph.D. Program 5JINSERM U97, Paris, Fr. 6)Pittsburgh 
Supercomputing Center

A computational simulation of the hippocampus was implemented in PGENESIS on a 
massively parallel CRAY-T3D supercomputer. The model consists of two regions. A 
population of 20736 spike producing elements represent the Dentate Gyrus, and 
compartmental representations of 5184 pyramidal neurons and 576 interneurons of an 
intermediate degree of complexity represent the CA3 region. Principle connections include 
sparse projections from the granule cells to CA3 pyramidal and intemeurons, sparse, fast, 
recurrent excitatory and inhibitory connections within the CA3 region, and recurrent 
inhibitory connections with a slower time-course representing GABAb inhibition. The 
pyramidal neurons generated a variety of firing patterns including complex bursts.

Recent theorists have speculated that the sparse mossy fibers connections to CA3 may 
perform pattern separation. In these simulations a pattern of activation was presented at 
the DG, by giving a random subset of 6% of the DG units continuous firing rates (mean 80 Hz, 
S.D. 20 Hz). CA3 unit activity was concurrently recorded for 100 msec. This was repeated 
for patterns of activation at the DG, which "overlapped" with the original pattern by varying 
amounts (normalized dot products of 0.75, 0.51, 0.26 and 0.06), and consisted of the same 
overall level of activation. The resulting patterns of activation at the CA3 showed a much 
lower degree of overlap. Respectively the dentate patterns yielded normalized dot product 
values of 0.55, 0.25, 0.04 and 0.05 in CA3 Pyramidal cell activity. The degree of pattern 
separation resulting from the mossy fiber input is likely to enhance the information storage 
capacity of the CA3 recurrent collateral system, but at the same time reduces this pathway's 
ability to subserve effective cueing of the hippocampal system for pattern reconstruction. 
Rather it is more likely that direct entorhinal connections to CA3 or CA1 underlie this 
function and that the DG->CA3 helps to select a sparse activation pattern to be encoded. 
Supported by the National Science Foundation under PSC grant # ASC960010P & UCLA Div. Neurosurgery, & 
HFSPO, NIH NS18741 & ONR 999

624.5
“RULE GENERALIZATION” BEHAVIOR CAN BE SIMULATED BY AN 
ASSOCIATIVE COMPUTATIONAL MODEL. D, G. Wallace* and S. B. 
Fountain. Kent State Univ., Kent, OH 44242.

Debate has centered on the mechanism(s) responsible for how rats learn serial 
patterns, for example, when they learn to anticipate sequences composed of 
various food quantities. Structural Complexity theory suggests that rats, like 
humans, learn serial patterns by encoding formal rule structure (Hulse & 
Dorsky, 1977). The Generalized Reward Signal Capacity (GRSC) theory posits 
that serial patterns are learned by multiple associations between memories of 
food reward, and subsequent performance is influenced by generalization 
between memories (Capaldi & Molina, 1979). A general theory that can account 
for data generated from both theoretical camps has yet to emerge.

SPAM (Sequential Pair-wise Associative Model) is a formal instantiation of 
the GRSC theory, where item representation, association, and retrieval are 
accomplished by vector representation, convolution, and correlation, 
respectively. Simulations were undertaken for various data sets drawn from 
the literature on serial pattern learning of food quantity: serial pattern 
extrapolation (Fountain & Hulse, 1981; Haggbloom & Brooks, 1985) and 
positive/negative rule transfer (Hulse & Dorsky, 1979).

In general, results of SPAM simulations qualitatively matched rats’ 
behavioral results reported in the literature. Simulated serial pattern 
extrapolation was best with sequences of high discriminability and low 
structural complexity as observed in rat behavioral studies. Previous item 
associations were found to bias subsequent pattern learning as in behavioral 
positive/negative rule transfer. These results extend earlier work indicating that 
SPAM and, therefore, GRSC may be able to account for a broad range of serial 
pattern learning phenomena.

Supported in part by NIMH MH48402.

624.6
FORMATION OF MEMORY FIELDS FOR OCULOMOTOR 
DELAYED-RESPONSE PERFORMANCE: A MODEL OF 
THE PREFRONTAL CORTICAL CIRCUIT.
Shoit Tanaka*. Dept. of Electrical Eng., Sophia U., Tokyo 102, Japan.

In the research of higher brain functions such as thought processes, 
working memory has been attracting much attention. Working memory 
is active for a short period of time, usually for seconds. Considering 
that the working memory processes are dynamic and synergetic 
phenomena of the prefrontal cortical circuit, I aimed, in the present 
research, to construct a circuit model that simulates the mnemonic 
processing during oculomotor delayed-response performance.

The modeled prefrontal cortex is multilayered and has a modular or 
columnar structure. Besides local and horizontal connections, the circuit 
model contains paralleled closed-loop circuits (a model of 
‘reverberating’ circuits) and nonspecific afferents to all the cortical cells 
(a model of the mesocortical dopamine system).

After receiving a transient cue-related signal, the cortical cells in the 
circuit model (both excitatory and inhibitory) are shown to form and 
maintain ‘memory fields’ during the delay period. The computer 
simulation further shows that formation, maintenance, and elimination 
of the memory fields are controlled by the nonspecific afferent inputs. 
The simulation found interesting cases in which the memory fields 
disappeared in the midst of the delay period. In those cases, the subject 
generally makes an error (Funahashi et al. 1989). In conclusion, the 
present circuit model has the dynamics that simulates the synergetic 
activity of a population of prefrontal cortical neurons during oculomotor 
delayed-response performance.

624.7
HOW TO DETOUR BASED ON LEARNED INTERNAL MODELS. F, J. 
Corbacho*. M. A. Arbib. Ctr. Neural Eng., U. S. C., Los Angeles, CA 90089.

Ingle (1980) and Collett (1982) have observed that a frog/toad's approach to 
prey or avoidance of a threat are also influenced by the stationary objects in the 
animal's surround. Collett (1982) presented toads with different prey-barrier 
configurations and analyzed the number of trials in which toads elected to head 
directly towards the prey versus the number of trials in which they elected to 
detour around either of the fence ends. We address the further question: "How does 
the probability of detouring change with experience for a given width of barrier?" 
and "Can the animal generalize from one configuration to another?" Corbacho et 
al. (1995) experimental results with frogs suggest that for certain prey-barrier 
configurations, the detour behavior is acquired through refinement and extension 
of an innate behavioral repertoire. We have constructed a biologically constrained 
computer model that can reproduce the behavioral observations based on learning 
an internal forward model. We also provide biologically plausible mechanisms 
that could account for the forward model. The system is able to construct 
expectations based on its past experiences by building internal models. In 
preparation to taking certain actions, changes in patterns of activity take place in 
many layers across many different structures. This relates to the physiological 
data on saccades in monkeys, both dynamic remapping in superior Colliculus 
(Munoz et al., 1991) and "anticipatory" responses in parietal cortex (Duhamel et 
al., 1992). We hypothesize that there is a signal from "motor space" back to a 
sensorimotor integrative space (see Grobstein, 1992 for initial data on this), such 
that the pattern in this intermediate space is shifted before the system actually 
makes the corresponding sidestep movement (cf. Droulez & Berthoz, 1991). To 
conclude the model predicts the existence of anticipatory responses in midbrain 
tegmentum coding where the end of the barrier is expected to be.
(Supported by NSF grant IBN-9411503 to M. A. Arbib & A. Weerasuriya)

624.8
A SOFTWARE FOR THE STUDY OF SPATIAL MEMORY IN 
RAT EXPLORATORY BEHAVIOR. D. Drai. I. Golani and Z 
Wollberg*. Dept. of Zoology, George S. Wise Faculty of Life 
Sciences, Tel-Aviv 69978, Israel.

Rat exploratory behavior consists of a quick succession of bouts of 
moving and stopping. In previous work it has been shown that for 
each rat there exists a location, termed a home base, from which it 
performs regular excursions into the environment. These excursions 
have a typical velocity profile. As exploration progresses the home 
base loses its exclusive role in the partitioning of the rat's path into 
excursions, and the velocity profile changes. In this paper we present 
a software environment for the visualization and analysis of all the 
rat's operational places, connections between them, paths, and 
velocities. The software enables a visualization of a three 
dimensional phase space in which both the path and the absolute 
speed are represented. The path, partitioned into natural segments, 
can be displayed on the background of past behavior such as past 
operational places and cumulative path. The software also allows the 
visualization of any subset of the data defined in terms of all the 
previously mentioned constructs. For example, one can extract the 
set of paths which connect the home base to a significant location 
and visualize the unfolding of their phase space representations as an 
animation. The use of this tool reveals new patterns in free 
exploration.

This research was supported by a grant from the Israel Science 
Foundation administered by the Israel Academy of Sciences and 
Humanities.
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624.9
IN VITRO NETWORK PHYSIOLOGY COMES OF AGE. H. Sugihara, H. Oka,
R. Ogawa, K. Shimono and M. Taketani*. Health & Medical Care Planning Office, 
Matsushita Electric Industrial Co., Ltd., Kyoto 619-02. JAPAN

In order to increase our understanding of brain development and function, it is 
useful to examine how brain circuitry responds to external stimuli. Because of the 
intricacy of this circuitry, much can be learned by recording data simultaneously 
from various points on the circuit over a certain period of time which would allow for 
changes to occur and to be monitored. In a previous study, slices of rat visual cortex 
were cultured on a collagen gel coated multi-electrode dish (MED) which has 64 
embedded electrodes on the glass plate, and both spontaneous discharges and 
stimulus-evoked responses of these slices were recorded for a period of about two 
weeks (Soc. Neurosci. Abstr.. 20, 466, 1994).

The present study focused on measurements made with other preparations 
including acute slices and dissociated neuronal cultures. Hippocampal slice cultures 
were prepared from a 2-day-old postnatal rat and maintained on the collagen gel 
coated MED for five days. Schaffer-collateral axons in region CA3 were stimulated 
by a pair of micro-electrodes in the MED with a bi-phasic constant current pulse, and 
the evoked potentials were recorded from 51 sites. The potentials were mainly 
observed in the stratum radiatum in CAl but not in the dentate gyrus. As for the 
acute slices and dissociated neuronal cultures, the MED surface was first coated with
0.1 % polyethyleneimine and then with DMEM/F-12 medium containing 10% FCS 
and 10% HS. The rat brain was rapidly removed following decapitation and 
immersed in ice-cold pre-oxygenated Krebs-Ringer solution. Cortical slices were 
cut at 300 pm and placed on the coated MED. The evoked responses were 
observed from one hour after the preparation. The dissociated neuronal cultures 
were prepared from the cortical slices. Each slice was microdissected and then 
further dissociated by pipetting with a Pasteur pipette. The suspension was plated 
on the MED and the evoked responses were observed. Our observations indicated 
that the MED is an excellent tool for studying the interactions between large numbers 
of neurons in brain slices and for extending examinations over several days of testing. 
These advantages should allow for the assessment of the immediate and long term 
effects of carrying out a wide variety of manipulations.

624.10
CHARACTERIZATION OF THE DYNAMICS OF A NEURONAL CULTURE 
FROM NEONATAL RAT BRAIN. V. Torrc*l, P.Parodi-L J. Jimbo3-& A. 
Kawana -̂ 1 ISAS, Via Beirut 2-4, 34014 Trieste (Italy). 2 NTT Basie Research & 
Telephone Co. 3-1, Morinosato Wakamtya, Atsugi-Shi,Kanagawa Pref.., 243-01 
Japan.

A planar 64-hiultieleetrode array was used to investigate the dynamics of a neuronal 
culture obtained from dissociated cortical neurons from neonatal rat brain. Neurons 
were cultivated for 3 or 4 weeks and electrodes were used both for recording the 
electrical activity and for stimulating the neuronal culture. Each electrode typically 
recorded the extracellular activity of 1 to 4 neurons so that the simultaneous activity 
of about 100 neurons could be obtained from each neuronal culture. Neurons were 
detected using two alternative approaches: spikes were classified as belonging to one 
of the different neurons both deterministically and using fuzzy logic criteria. The 
activity evoked by stimulation with an electrode was highly reproducible at early 
times and the latency of the first evoked spike was ~ 10 ± 2 ms. At later times, 
30 ms after the stimulation, the evoked electrical activ ity was highly irregular and 
poorly reproducible. The early activity might be the direct response to stimulation, the 
latter a stimulus-induced burst. To analyze this and other aspects of the network 
dynamics at different time scales, a multi resolution approach was adopted. When two 
or more electrodes were used for stimulation, cases of linear summation ot the 
effects of the individual stimulations were observed, as well as cases of nonlinear 
inhibition. The electrical activity of different neurons exhibited some coarse- 
scale correlation (50 ms time-window), but decreased at finer time scales. For the 
case of multiple-electrode stimulation the mutual inf ormation between the evoked 
electrical activity and the stimulus was computed. The network was able to 
efficiently process at early times the information present in the different 
stimuli. It is concluded that the dynamics of these neuronal cultures is rather 
sophisticated and require different theoretical toils for their analysis.
Fundings: NTT Basic Research A Telephone Corporation, BioTech Parallel

624.11
FABRICATION AND ANALYSIS OF PATTERNED NEURONAL NETWORKS. 
M.S. Ravenscroft, K.E. Bateman. K.M. Shaffer. J.J. Pancrazio. O.Y. Lut. J.L.
Barkerf. A.E. Schaffnert and J.J. Hickman*. Science Applications International 
Corp., Biotechnology Research Applications Division, 6 Taft Court, Suite 300, 
Rockville, MD 20850. fLaboratory for Neurophysiology, National Institute of 
Neurological Disorders and Stroke, NIH, Bethesda, MD 20892.

Information processing by neuronal networks is dependent on the intrinsic 
biophysical properties of the neuronal elements as well as the strength and inhibitory 
or excitatory nature of the synaptic connections. We are exploring the utility of 
neuronal patterning as a reductionist means of understanding neuronal network 
processing. High resolution deep UV excimer laser lithography (193 nm) has been 
employed to fabricate circuit patterns consisting of cell permissive and repulsive self- 
assembled monolayers; the resulting pattern induces neuronal adhesion and promotes 
neurite outgrowth in a geometrically controlled manner. Hippocampal neurons were 
dissociated from embryonic 19 rats in serum-free defined media at a density of 115- 
230 cells/mm2 depending on the pattern. Morphological assessment of cell adhesion 
and process development was monitored using a time-lapse system. We also 
conducted parallel experiments using the dual patch-clamp technique to examine the 
functional development of both spontaneous and evoked neurotransmission in the 
fabricated neuronal circuit. Protonation of the primary amine of DETA significantly 
enhanced pattern fidelity and appeared to have a trophic effect on neurite extension, 
consistent with previous work (Stenger et al., 1993, Brain Res. 630: 136). After day 
7 in culture, both spontaneous and evoked GABAergic neurotransmission was 
observed on the control unpattemed cell permissive surface, however only 
spontaneous release was detected on the patterned substrate. Consequences of these 
results for neuronal development will be discussed.

This work supported by the Department of Energy and the Office of Naval 
Research.

624.12
FURTHER TESTS OF HIPPOCAMPAL-DEPENDENT MEMORY 
CONSOLIDATION. A. Koerner*. M.J. Thomas, M P. Weisend. & R.J. 
Sutherland. Depts. of Psychology and Neuroscience, University of New 
Mexico, Albuquerque, NM 87131.

Temporally-graded retrograde amnesia is thought to be caused by damage 
to the hippocampus interrupting a long-lasting memory consolidation 
process. We examined 3 factors that may influence this consolidation 
process, and thereby modify the magnitude or extent of retrograde amnesia: 
Time, practice, and memory load. We systematically varied training 
experience in the hidden platform version of the Morris water task before 
the hippocampus was damaged in order to examine each factor. After 
training and surgery, each group of rats was retested in the task. A time- 
alone group was provided 24 training trials followed 10 weeks later by 
surgery. The effect of practice was evaluated by extensive overtraining in 
the task before surgery. The memory load factor was evaluated by 
providing prelesion training in pools in 10 different rooms. Hippocampal 
damage was produced with multiple microinjections of kainate/colchicine. 
Rats in all training conditions showed equivalent, severe retrograde amnesia 
for the original pool problem after hippocampal damage. These results 
offer little support for the idea that extensive hippocampal damage produces 
temporally-graded retrograde amnesia. Anterograde amnesia was also 
severe and not affected by prelesion experience. This study provides no 
evidence for a long-lasting, hippocampal-dependent memory consolidation 
process.

624.13
ANTEROGRADE DEFICITS OF SPATIAL WORKING-MEMORY AND 
INTACT RETROGRADE MEMORY AFTER THALAMIC DAMAGE 
CAUSED BY THIAMINE DEFICIENCY IN RATS. D. G. Mumbv*. L, 
Cawli, 4hd M.J. Glenn. Dept. of Psychology, Concordia 
University, Montreal, Quebec H4B 1R6.

Pyrithiamine-induced thiamine deficiency (PTD) in rats 
produces thalamic lesions and deficits on various memory 
tasks. There have been few studies of retrograde memory in 
PTD rats, but evidence suggests that damage to the internal 
medullary laminae (IML) may underlie PTD-induced 
anterograde deficits of spatial memory. We tested rats on an 
allocentric-spatial working-memory task — delayed matching- 
to-place (DMTP) in a water maze — before and after either PTD 
or electrolytic IML lesions. DMTP trials consisted of paired 
swims, and the hidden escape platform was moved to a new 
location on each trial. PTD rats performed normally on DMTP at 
retention delays of 4 or 60 sec, but were impaired at delays of 
300 sec. IML-lesioned rats performed normally on DMTP at all 
delays. We assessed retrograde memory by training the rats on 
three object-discrimination problems, one at 5 wks., another at 
3 wks. and one at 1 wk. before treatment, with a retention test 
after recovery. PTD and IML-lesioned rats displayed normal 
retention of these problems. The results suggest that PTD does 
not produce a generalized retrograde amnesia, and that IML- 
damage may not be the cause of PTD-induced deficits in spatial 
working-memory. (Supported by a grant from the Natural 
Sciences and Engineering Research Council of Canada).

624.14
EXPOSING RATS TO A PREDATOR PRODUCES RETRO-
GRADE AMNESIA FOR SPATIAL WORKING MEMORY. P.M. 
Diamond*. Dept of Psychology, Univ. of South Florida, Tampa, FL

My colleagues and I have shown that stress blocks hippocampal 
primed burst potentiation and impairs working memory in the radial arm 
maze. However, Warren etal. reported that stress had no effect on spatial 
learning in the water maze (see Beh. Neurosci.,110:661,1996 for review). 
This study assessed the hypothesis that the capacity for stress to affect 
cognition is dependent on: 1) The level of difficulty of the task; and 2) 
Whether acute stress occurs before learning (test of anterograde amnesia) 
or during retention testing (test of retrograde amnesia).

Subjects were 30 male Sprague-Dawley rats trained in a tank of 
water containing 4 arms. A submerged escape platform was at the end of 
one arm. The location of the platform was constant across trials within a 
day, but was different across days. Each day subjects were given 4 trials 
to learn which arm contained the platform that day. After the 4th trial the 
subjects were removed from the maze for a delay period (30 min) and 
then they were returned to the maze for a 5th (retention test) trial. When 
rats were exposed to a cat during the delay period their performance 
on trial 5 was impaired. Hence, stress produced retrograde amnesia.

That stress impaired memory in this study may be attributable to two 
factors: 1) The 4-arm water maze places a greater load on working 
memory capacity than the conventional Morris water maze; and 2) stress 
produces retrograde, rather than anterograde, amnesia.

Supported by the Office of Naval Research and the Veterans Administration
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624.15
RECONSOLIDATION AFTER REACTIVATION OF MEMORY: ROLE OF 0 
NORADRENERGIC RECEPTORS Susan J. Sara , Pascal Roullet, Jean 
Przybyslawski. (SPON: European Brain & Behaviour Society) Institut des 
Neurosciences, UPMC, 9 quai St Bernard, 75005, Paris, France

Memory is reactivated by cues associated with the initial acquisition of information. 
Little is known about the physiological events underlying the retrieval processes 
involved, but we do know that the memory in its active form is labile and undergoes a 
post reactivation, time-dependent reconsolidation process, which is dependent upon 
NMDA receptors. The present study addressed the question of the role of p 
noradrenergic receptors in post reactivation reconsolidation in rats, as it has been 
recently shown that the beta receptor antagonist, propranolol, (prop), can induce 
amnesia when administered to human subjects.

Rats are trained, 3 trials/day, in an 8 arm radial maze, to choose the same 3 baited 
arms, to a criterion of 3 consecutive trials with a maxium of one error per trial. The 
day after criterion, the rat runs 1 trial to activate the memory and is injected with prop 
(lOmg/kg) or saline 5min, 2h or 5h after the trial. Twenty-four hours later retention is 
tested with 3 trials, as during training. Prop injected at 5min or 2h, but not 5h after 
the reactivation trial, induced amnesia, as measured by the number of errors on the 3 
test trials. To control for the specificity of action of prop on a reactivated memory, 
we performed a replication with the addition of a group which did not have the single 
reactivation trial, but received its injection in the animal vivarium. When tested 24h 
later, only those rats which had the reactivation before drug treatment showed 
amnesia. In both experiments, the amnesia Was transient, with animals relearning the 
task within the test session, suggesting that the effect of the drug treatment was not 
proactive on performance. These results confirm the importance of p receptors in long 
term memory formation, up to 2h after acquistion and lend further support to the idea 
that reactivated memory is labile and triggers a reconsolidation process which may 
involve a recapitulation of the intracellular cascade involved in initial formation of 
long term memory.
Supported by CNRS (URA 1488) and European Neuroscience Programme (ESF).

624.16
REORGANIZATION ACROSS TIME OF THE BRAIN CIRCUITRY 
INVOLVED IN THE RETRIEVAL OF A SPATIAL DISCRIMATION IN 
MICE : A METABOLIC STUDY USING 2-DEOXYGLUCOSE.
R. Jaffard, B. Bontempi, C. Laurent-Demir and C. Destrade* LN2C, CNRS 
URA 339, Univ. Bordeaux 1,33405 Talence, France.

Both clinical and experimental data have, in several species, provided 
evidence for extended temporally graded retrograde amnesia (RA) 
following lesions of the hippocampus and related structures, suggesting 
thereby that the hippocampal formation (HF) has a time-limited role in 
memory. Using mice as subjects, we previously observed that entorhinal 
cortex lesions produced a graded RA extending back about 4 weeks 
following initial acquisition of a spatial discrimination (radial maze) task 
(Cho et al., J. Neurosci., 1993, 13, 1759). The main objective of the present 
experiment was to determine whether, as time passes following initial 
acquisition there would be, in normal mice, an attenuation of test-induced 
metabolic activation (2-deoxyglucose uptake) of the HF during retention 
testing. Results showed that 16 brain structures (among 80) discriminated 
(p < .001) between the last acquisition session or retention testing at 5 days 
post-acquisition, and retention testing at 25 days post-acquisition. 
Specifically, we observed a highly significant attenuation of relative 
metabolic activity (rMA) in the hippocampus, entorhinal cortex and 
subiculum in the 25-day group with respect both to the acquisition (last 
training session) and 5-day groups. Concomitantly, there was a significant 
increase in rMA in the frontal and temporal cortices and in the NBM. In 
addition, mice that were confronted with a situation that was different from 
the one they had learned 25 days earlier (i.e., position of food and/or 
spatial layout of the maze) displayed a strong reactivation of the HF. 
Finally, factorial analysis performed on these data suggest that retention 
testing involved a accumbens-striato-pallidal «effector» system which, 
initially linked to the HF (5 days) would, later on (25 days), be linked to 
frontal regions.
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625.1
CENTRAL AND POSTERIOR INSULAR CORTICES ARE 
DIFFERENTIALLY INVOLVED IN THE ACQUISITION 
AND RETENTION OF AVERSIVE CONDITIONINGS.
C.E. Ormsby*, C.L. GonzAlez-Rodriguez, & F. Bermudez-Rattoni, Dpto. Neuro- 
ciencias, Inst. Fisiologia Celular, UNAM, Mexico, D.F. 04510 MEXICO.
The insular cortex (IC) of the rat is a structure that mediates several 
aversive conditionings. Lesions of the IC impair the acquisition and 
retention of conditioned taste aversions (CTA), Morris water maze (WM), 
and inhibitory avoidance (IA), suggesting this is an associative area for 
aversively motivated learning. These experiments were made in order to 
examine the role that different portions of the IC have on the WM, CTA 
and IA. Wistar rats were bilaterally lesioned in either central or posterior 
portions of the IC and one group remained as an unoperated control. Half of 
the animals were trained before lesioning to examine retention, and the 
other half were lesioned before and then trained and tested, to examine 
acquisition. Results showed that central lesions impaired the retention 
and acquisition of CTA, and the retention of the WM, but did not affect the 
acquisition of this task nor any aspect of the IA. Posterior lesions impaired 
the retention and acquisition of IA and WM, but did not affect any aspect 
of CTA. Retrograde neural tracer (Fluorogold) was injected into the 
lesioned area and afferent connectivity was studied. Both types of lesion 
decremented the number of labeled cells in the contra lateral cortex and 
nucleus basalis magnocellularis, but the posterior lesions had less labeled 
cells in the amygdala than the central lesions. These results suggest that 
posterior portions of the IC and its connections are necessary for acquisition 
and retention of IA and WM, whereas the central portions are essential 
only in the memory aspects of the WM, and in the acquisition and 
retention of CTA. Supported by CONACyT 3260P-N9608.

625.2
PREFRONTAL CORTEX DAMAGE DELAYS THE ACQUISITION OF 
OVERLAPPING ODOR DISCRIMINATIONS, BUT DOES NOT AFFECT THE 
EXPRESSION OF TRANSITIVE INFERENCES. J. Dusek*, A, Sadalge. B, 
Kirchhoff & H. Eichenbaum. Dept. Psych, Boston Univ., Boston, MA 02215

The transitive inference task provides a metric for testing the relational 
memory abilities of animals. Rats are presented with a set of four overlapping 
odor discriminations (A+B-, B+C-, C+D-, D+E-) that can be encoded either 
separately or as a single representation of orderly relations among the odor stimuli 
(A>B>C>D>E). After training, rats are presented with the critical non adjacent 
pair B vs D to assess their capacity for transitive inference. In previous work 
(Dusek & Eichenbaum, PNAS in press) we reported that normal rats acquire the 
series of overlapping problems and demonstrate a relational memory organization 
through the appropriate transitive inference. By contrast, rats with hippocampal 
region damage successfully acquired the problems but failed to demonstrate the 
transitive inference, indicating a selective deficit in flexible memory expression.

To determine the role of cortical areas in learning the overlapping 
discriminations, we examined the effects of ablation of the orbital frontal cortex 
(OF), a neocortical area that receives olfactory input and is strongly connected with 
the hippocampal region. OF rats were able to acquire each of the series of 
problems when they were initially presented in large blocks of trials, but were 
significantly impaired when presented with single trials or random ordering of the 
problem series. However, once they succeeded at the problems in random order, 
OF rats demonstrated appropriate transitive inferences. Ongoing work is 
comparing these findings to the effects of damage to the medial prefrontal area. 
Together these findings indicate that parts of the prefrontal cortex play an 
important role in the acquisition of the orderly odor representations, whereas the 
hippocampus mediates the capacity for its flexible expression. Supported by 
NIMH, ONR, NIA, NSF.

625.3
FRONTO-STRIATAL SUBSTRATES OF CONDITIONAL DISCRIMINATION 
LEARNING IN THE RAT RKOuirk, B, J.Everitt and T.W.Robbins* Dept. of 
Experimental Psychology, University of Cambridge, Cambridge, CB2 3EB, UK.

Reading et al. (Beh. Br. Res., 1991 45 147-171) showed dissociable roles for 
subregions of the striatum in the acquisition and performance of a visual stimulus 
response (SR) habit involving a sucrose-reinforced discrimination of temporal 
frequency. Lesions to ventral striatum and ventrolateral striatum severely impaired 
SR habit acquisition, whereas lesions to medial caudate putamen did not.

These experiments examined the effects of quinolinate lesions of the lateral dorsal 
striatum (LSt) and its cortical afferents, from the anterodorsolateral cortex (ADL), on 
acquisition and performance of the same conditional visual discrimination (CVD) 
task. LSt animals showed a significant impairment in accuracy of post-surgical 
performance which recovered only slightly during post-surgical testing. In contrast, 
LSt animals showed unimpaired early learning of the CVD task despite a significant 
perseverative deficit on performance of a preoperatively acquired, continuously 
reinforced instrumental response. LSt animals showed global and persistent slowing 
of responding and were particularly slow to collect the reward. ADL-lesioned animals 
were unimpaired on performance of the preoperatively acquired CVD.

Feeding prior to testing increased omissions in all animals, but to a greater extent 
in LSt animals. Under conditions of non-reinforcement LSt animals showed a trend 
towards faster extinction of responding. Attentional manipulations did not differ in 
their impact on the groups.

These results suggest that (i) the basis of the LSt impairment is motivational; (ii) 
responding in LSt animals is less 'habitual', perhaps remaining under the influence of 
internal motivational state even after extensive training of the SR habit; (iii) 
behaviour of LSt animals is also, paradoxically, characterised by an inflexibility of 
responding reminiscent of the deficits seen iri patients with basal ganglia disorders.

Supported by the Medical Research Council and Wellcome Trust.

625.4
THE EFFECT OF PRELIMBIC CORTEX AND THALAMIC NUCLEI LESIONS 
ON VISUAL DISCRIMINATION LEARNING AND REVERSAL AND ON 
VISUOSPATIAL CONDITIONAL DISCRIMINATION. J.L, Muir*, T.J. 
Bussey and Y. Chudasama. School of Psychology, University of 
Wales, Cardiff, CF1 3YG, Wales, UK.

Bussey et al. (Behav. Neuroscience, in press) have reported a 
triple dissociation between medial prefrontal (prelimbic and 
pregenual anterior cingulate), anterior cingulate and posterior 
cingulate cortices on tasks including non-spatial reversal learning 
and visuospatial discrimination. It has been shown that thalamic 
nuclei project differentially to these cortical regions, and that 
theses distinct cingulo-thalamic circuits have dissociable roles in 
learning and memory (Gabriel et al., Exp. Brain Research. 86: 
585-600 1991). It was therefore of interest to examine the effect 
of lesions of the mediodorsal and anterior thalamic nuclei on these 
tasks, as well as a more selective frontal lesion which included 
damage to the prelimbic region only.

A novel computer automated touchscreen testing procedure for 
rats was used, which involves the presentation of computer 
generated visual stimuli (Bussey, Muir & Robbins, Neurosci. Res. 
Comm. 15: 103-110 1994). This procedure confers many 
advantages including the nature of the response, the rat interacts 
directly with the stimuli by nose poking the VDU screen, the ease 
with the rats can be trained and the wide range of performance 
measures that can be obtained.

The results provide further evidence for the role of distinct 
thalamo-cortical circuits in learning and memory. (Supported by 
the Wellcome Trust, U.K.).
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625.5
SELECTIVE LESIONS OF THE PREFRONTAL CORTEX IN THE MARMOSET 
PRODUCE DISSOCIABLE EFFECTS ON THE OBJECT RETRIEVAL TASK. 
J.D.Wallis, P.CoIlins, B.J.Everitt, T.W.Robbins and A.C.Roberts (SPON: European 
Brain and Behaviour Society). Dept of Anatomy, Cambridge Univ, Cambridge, UK

The object retrieval task, which consists of a perspex box open at one side, 
requires the monkey to make a ‘detour reach’ around the transparent front wall of 
the box to retrieve a food reward from within. Monkeys with lesions of the 
dorsolateral prefrontal cortex (PFC) try to reach through, rather than around, the 
transparent front of the box (Diamond & Goldman-Rakic, 1985). This behaviour, 
called ‘barrier reaching’, was explained as a difficulty in inhibiting the tendency to 
reach directly for a visible reward. In experiment 1 of the present study we 
demonstrate that barrier reaching on the object retrieval task is seen after lesions of 
both the lateral or the orbital PFC of the marmoset. Since we have previously shown 
that these two regions of PFC in the marmoset are involved in the inhibitory control 
of different cognitive processes it is possible that success on the object retrieval task 
requires inhibition of more than one cognitive process. For example, the task may 
require inhibition of both the predominate response action of reaching straight 
through the front of the box towards the food, as well as the attentional bias 
(induced by the visual presence of the reward) towards the side of the box through 
which the food can be seen. This proposal is supported by the finding from 
experiment 2 that training on an opaque version of the box, ensuring that responses 
to all three sides of the box are equally well-established, abolishes barrier reaching 
in orbital lesioned marmosets but not lateral lesioned animals. Thus monkeys with 
orbital PFC lesions are impaired only when there is a predominant response action, 
and are unimpaired when responses to all three sides of the box are equally well 
established. Monkeys with lateral PFC lesions are impaired in both experiments, as 
they have difficulty inhibiting the attentional bias to respond to the sides of the box 
through which the food is visible. (Supported by The Wellcome Trust).

625.6
THE ROLE OF DOPAMINE IN COGNITION: CONTRASTING EFFECTS OF 
DOPAMINE DEPLETION FROM THE PREFRONTAL CORTEX AND 
CAUDATE NUCLEUS ON ACQUISITION OF AN ATTENTIONAL SET IN THE 
MARMOSET. P, Collins, A. Del Veccbio, J. C. M. Van Denderen, B.J. Everitt, T.W. 
Robbins & A.C. Roberts*. Departments of Experimental Psychology and Anatomy, 
University of Cambridge, Cambridge, UK.

Patients with Parkinson's disease (PD) are impaired on a range of cognitive tasks 
which are sensitive to damage to the prefrontal cortex (PFC). Thus, patients with PD 
are impaired on a visual discrimination learning paradigm in which the subject must 
acquire and then shift an attentional set. A specific role for dopamine in the 
acquisition of an attentional set is suggested by the finding that this process is 
impaired very early on in the course of the disease, prior to L-dopa therapy, but is not 
impaired later in the course of the disease unless L-dopa treatment is withdrawn 
(Owen et al, 1992, Brain 115, 1727-1751; Lange et al, 1992, Psychopharmacology 
107:394-404). Since dopamine afferents to the PFC and the striatum are known to 
degenerate in PD the precise locus of this effect remains unclear. This experiment 
evaluated the contribution of the dopamine systems innervating the PFC and the 
caudate nucleus to the acquisition of an attentional set in the marmoset using an 
analogue of the visual discrimination paradigm that was used in the clinical studies.

While focal administration of 6-hydroxydopamine into either the PFC or the 
caudate nucleus had no effect on the performance of a simple uni-dimensional 
discrimination and reversal, dopamine depletion from the PFC disrupted the 
performance of a subsequent series of novel compound discriminations (bi- 
dimensional) in which the same perceptual dimension was relevant throughout. The 
lesion also disrupted performance on a previously learned compound discrimination 
when the exemplars from the irrelevant perceptual dimension were changed 
unexpectedly. Together, these results suggest that dopamine within the PFC is 
required for the efficient acquisition of an attentional set and will be discussed in the 
light of the effect of these lesions on shifting an attentional set as well as other tests of 
prefrontal function. (Supported by the Wellcome Trust).

625.7
SUBCORTICAL AND CORTICO-CORTICAL CONNECTIONS OF THE 
PREFRONTAL CORTEX IN THE MARMOSET: AN ANTEROGRADE AND 
RETROGRADE TRACT-TRACING STUDY. D.L.Tomic*, D.J.Cutter, C.H. 
Morrison, T.A. Roeling, T.W.Robbins, B.J. Everitt and A.C. Roberts. Depts. of 
Anatomy and Experimental Psychology, University of Cambridge, Cambridge, UK.

Previous work in the marmoset has uncovered an important principle governing the 
functional organisation of the prefrontal cortex (PFC). This work suggests that damage 
to the orbital PFC causes a loss of inhibitory control in affective processing, whilst 
damage to lateral PFC causes a loss of inhibitory control in attentional selection (Dias 
et al. Nature 380, 69-72). In order to develop these findings further it is important to 
determine the connectivity of these functionally distinct areas as well as to relate them 
to possible homologous areas in the macaque in which most of the experimental 
studies of the PFC have been performed. Until now, anatomical studies have divided 
the marmoset PFC into a number of distinct regions based solely on neuronal 
architecture. The present study extends these findings by examining the afferent and 
efferent projections of the PFC including lateral (Brodmann's area 9) and orbital (11, 
13) regions as well as adjacent medial (25, 32) and dorsal (8) regions using the 
anterograde tracer, BDA and the retrograde tracer, choleratoxin.

All four areas projected to the caudate nucleus, forming discrete, non-overlapping 
terminal fields in the head and rostral part of the body, with far fewer terminals in the 
caudal part of the body and in the tail. Fibres originating from the medial PFC 
extended ventrally into the core of the nucleus accumbens. All areas were also 
connected reciprocally to the mediodorsal (MD) and ventroanterior thalamic nuclei, 
there being a marked topographical distribution within the MD. Apart from the dorsal 
area all other areas were also reciprocally connected with the amygdala and 
hippocampus. In contrast, only the lateral area had reciprocal connections with 
posterior parietal cortex while both the dorsal and lateral area sent projections to the 
superior colliculus. Findings from this anatomical study will be compared to the 
prefrontal connectivity in old world primates and will be discussed in relation to the 
aforementioned functional studies. (Supported by the Wellcome Trust)

625.8
MEDIAL PREFRONTAL NEURONAL LOSS AND IMPAIRMENTS OF 
SUSTAINED ATTENTION: IMPLICATIONS FOR ATTENTION DEFICIT 
HYPERACTIVITY DISORDER. J.Turchi* and M. Sarter. Department of 
Psychology & Neuroscience Program, The Ohio State University, Columbus, 
OH 43210.

The clinical symptoms of attention deficit hyperactivity disorder (ADHD) 
include hyperactivity, impulsivity, and impairments of sustained attention. The 
present experiment utilized a task previously validated for the assessment of 
sustained attention in rats (Psychopharmacology 117:340-357). This task 
requires the animals to discriminate between visual signals (of 25, 50 or 500 
msec duration) and non-signals. Signals and non-signals are presented 
unpredictably and in semi-random order. The performance of intact animals is 
characterized by a signal length-dependent hit rate, a correct rejection rate of 
about 70 - 80 %, and a decrease in performance over time on task (i.e., a 
vigilance decrement). Furthermore, this task generates additional, secondary 
measures of performance which reflect responsivity and impulsivity. Employing 
this sustained attention paradigm, the effects of bilateral ibotenic acid produced 
lesions (5 pg/0.5 pl/hemisphere) of the medial prefrontal cortex were examined. 
Furthermore, the effects of methylphenidate on the attentional performance in 
lesioned and sham-lesioned animals were assessed. The data from these 
experiments provide information concerning the role of medial prefrontal areas 
in sustained attention performance. Moreover, the findings allow for an 
evaluation of the attentional impairments produced by medial prefrontal cortical 
lesions as an animal model of ADHD.
Supported by PHS Grants NS32938 and MHO 1072.

625.9
DIFFERENTIAL INVOLVEMENT OF THE RODENT
PRELIMBIC/INFRALIMBIC CORTICES AND ANTERIOR 
CINGULATE CORTEX IN STRATEGY SWITCHING. MJL 
RaQQzzinp*. C, Wilcox. M. Raso and R,p , Kesner, Department of 
Psychology, University of Utah, Salt Lake City, UT 84112.

The present experiment determined whether inactivation of the 
prelimbic/infralimbic areas or anterior cingulate area impairs 
strategy switching on the cheeseboard task (dry land version of the 
water maze). After implantation of a cannula in either the anterior 
cingulate or prelimbic/infralimbic areas, each rat was trained on a 
spatial version and a visual object version of the task. Half the rats 
received the spatial version first followed by the visual object version. 
The procedure for the other half of the rats was reversed. On each 
version, rats were tested for 8 trials/day for a total of 3 days. Three 
minutes prior to each test session, a rat received an intracranial 
infusion of the local anesthetic, tetracaine (2%) or water in a volume 
of 0.6 ul. Inactivation of the anterior cingulate or 
prelimbic/infralimbic areas did not impair learning when tested on 
either the spatial or visual object version first. When rats were 
switched to a different version of the task, inactivation of the 
prelimbic/infralimbic areas, but not the anterior cingulate area, 
impaired learning as exhibited by longer latencies to locate a food 
reinforcer. These findings suggest that the prelimbic/infralimbic 
areas, but not the anterior cingulate area, are involved in the flexible 
use of spatial- and object-based strategies. This research was 
supported by NIH RO1 NS2077-12.

625.10
EFFECTS OF PREFRONTAL QUINOLINIC ACID LESIONS ON 
OBJECT-BASED VISUAL SCENE MEMORY. W.E. DeCoteau*,
R.P. Kesner and H, DeMuth. University of Utah, Salt Lake 
Cty, UT 84112.

It has been suggested that certain prefrontal areas contribute to a 
neural circuit that mediates visual object memory. Using a successive 
go/no-go visual scene discrimination task, object-based memory was 
assessed in two rodent prefrontal regions. Rewarded trials consisted of a 
standard scene of four toy objects placed over baited food wells. The 
objects and their locations composing the standard scene remained 
constant for the duration of the study. Trials in which one of the standard 
scene objects was replaced with a novel object were not rewarded. 
Following the establishment of a significant difference between latency to 
approach the rewarded standard scene compared to latency to approach 
non-rewarded scenes, quinolinic acid or control vehicle was infused into 
either the pre- and infralimbic or anterior cingulate cortex. Following a one 
week recovery period, subjects were re-tested. Pre- and infralimbic cortex 
lesioned animals displayed a profound and sustained deficit, whereas, the 
anterior cingulate cortex lesioned animals showed a slight initial impairment 
but eventually recovered. Both lesion groups acquired a new simple object 
discrimination task as quickly as controls indicating that the deficits on the 
original scene discrimination task were not due to motivational, response 
inhibition or perceptual problems. Supported by NIH RO1 NS2077-12.
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625.11
EFFECTS OF RADIOFREQUENCY VS NEUROTOXIC POSTERIOR 
OR ANTERIOR CINGULATE LESIONS ON SPATIAL REVERSAL 
LEARNING IN MICE. M. Meunier* and C. Destrade. Laboratoire de 
Neurosciences Comportementales et Cognitives, CNRS URA 339, 
Universite de Bordeaux I, 33405 Talence, France.

Mice with radiofrequency (RF) lesions of the posterior (PC) or anterior 
(AC) cingulate cortex were trained on spatial discrimination reversal 
learning in a T-maze. Their performance was compared with that, 
observed in an earlier study, of mice with ibotenic acid (IBO) cingulate 
lesions. The two types of lesions yielded effects that differed strikingly. 
The initial discrimination and first reversal were retarded by PC-IBO 
lesions, but were facilitated by PC-RF lesions. On subsequent daily 
reversals, PC-IBO lesions had no effect, while PC-RF induced an 
impairment. The only effect common to the two types of lesions was a 
deficit on long-term (10 days) reversal. AC-IBO lesions selectively 
prevented the formation of a learning set across the successive reversals, 
whereas AC-RF lesions failed to produce any reliable effect. No 
substantial variance appeared in the amount of damage to cingulate 
neurons induced by the two types of lesions that could account for the 
above discrepancies. These data thus suggest that cingulum transection, 
which accompanies RF but not IBO lesions, can mask or even antagonize 
the specific effects of cingulate damage. Consequently, they warrant 
caution when interpreting the effects of conventional lesions as indicative 
of the specific contributions of the cingulate areas to learning and memory 
functions. Supported by the CNRS and the University of Bordeaux I.

625.12
MEDIAL FRONTAL CORTEX LESIONS: PLACE & RESPONSE LEARNING 
ON AN 8-ARM MAZE IN RATS. A, M. Campbell and W. L. Isaac*. 
Psychology, East Tennessee St. Univ., Johnson City, TN. 30614.

The use of spatial and kinesthetic cues by male Sprague-Dawley 
rats with medial frontal cortex (MF) lesions was examined on a 
radial 8-arm maze. Two tasks were used on the same apparatus; 
use of spatial cues was evaluated through a place learning (PL) 
task and use of kinesthetic cues was measured with a response 
learning (RL) task. The number of errors, number of criterion 
days, elapsed time to respond, and the rate of running were 
dependent variables in this lesion x task x blocks of days design. A 
repeated measures ANOVA indicated a significant task, blocks, and 
lesion x task effects on the number of errors. An ANOVA on number 
of criterion days indicated a task effect and a lesion x task 
interaction. A rate of running repeated measures analysis also 
showed a task effect, blocks effect, and task x blocks interaction. 
The analyses suggest that MF lesions do not impair PL.
Additionally, RL-controls relied upon an adjacent arm entry 
pattern to compensate for not being able to use spatial cues to 
solve the task while the RL-MF rats showed no spatial pattern of 
entries.
Departmental Funds

625.13
SELECTIVE LESIONS OF THE RAT’S MEDIAL PREFRONTAL 
CORTEX AND REVERSAL LEARNING. L. Li* and J. Shao 
Psychology Department, Peking University, Beijing, People’s Republic 
of China, 100781

Anatomical studies have shown that the medial prefrontal cortex of 
rats can be divided into several subportions that are different from each 
other in both cytoarchitecture and neural connectivity. In the present 
study, focal lesions of the medial prefrontal cortex of rats were made 
with a nickel-titanium wire, whose intracranial placement could be 
controlled stereotaxically. Lesions were made in either the anterior 
cingulate area (including the medial precentral area), the prelimbic area, 
or the infralimbic area. One week after surgery, rats were trained to 
discriminate light position in an aversively-motivated rotating T-maze 
task. After reaching the acquisition criterion, rats were trained in a 
reversal discrimination. No differences were found during acquisition 
between the sham-lesioned control rats and the rats with medial 
prefrontal cortex lesions. However, lesions of the prelimbic area or the 
infralimbic area produced a marked deficit in reversal learning, and this 
behavioral deficit was not found in the rats with lesions in the anterior 
cingulate area. The results suggest that the medial prefrontal cortex of 
rats is not essential for original discrimination learning but the ventral 
regions of the medial prefrontal cortex play an important role in reversal 
learning.

Supported by National Natural Sciences Foundation of China.

625.14
EFFECTS OF LOCAL APPLICATION OF D2 RECEPTOR AGONIST 
PPHT INTO MEDIAL PREFRONTAL CORTEX OF RATS IN DELAYED 
CHOICE TASK N. Kurzina*, M, Druzin, A. Kozlov, and E.Malinina, Dep. 
Psychophysiol., Ukhtomsky Physiol. Inst., SPb St. Univ., St. Petersburg, 
Pavlov Physiological Dep., Inst. Exp.Med., St. Petersburg, Russia

This study examined the effects of modulation D2-dopamine receptors 
sensitivity in the prefrontal cortex (PrFC) on two aspects of mnemonic 
processing: a) short-term storage of information; b) the control of flexible 
access to short-term memory which allows selective retrieval of adequate 
engramms in situations where proactive interference is prominent.

Rats were trained in delayed (delay interval 3 sec) and non-delayed choice in 
Y maze. The prominence of proactive interference was evaluated by sorting 
errors in current trial on the basis of animal reactions in preceding trial. The 
erroneous runs io the same arm of the maze as in the previous trial were 
identified as the repetitions (RE) and erroneous runs to the another arm in 
comparison with the previous trial were classified as alternations (AE). The 
behavioral performance was assessed after bilateral microinfusion of several 
doses of D2 receptor agonist PPHT (0.01, 0.1, 1 nmole) into medial wall of the 
PrFC. The local infusion of PPHT resulted in dose-dependent increase of errors 
rate in the delayed-response task and did not influence non-delayed choice. 
The most prominent deterioration of delayed behavior was observed at highest 
dose used (1 nmole ). PPHT infusion also results in increased susceptibility to 
proactive interference. Under delayed choice conditions the number of RE 
increased significantly greater than number of AE. Alternatively, PPHT 
infusion under non-delayed choice caused significant increase of the number of 
AE in comparison to saline and did not not influenced the number of RE.

Our results suggest that the DA-sensitive neuronal circuits in rat’s PrFC 
may be involved not only in working memory processes but also in mechanism 
of suppression of proactive interference.
Supported by Russian Academy uf Medical Sciences

625.15

A COMPARISON OF THE EFFECTS OF PRELIMBIC AND 
ANTERIOR CINGULATE CORTEX LESIONS IN THE RAT.
R. Dias* and J.P. Aggleton. School of Psychology, University of 
Wales Cardiff (UWC), Cardiff, CF1 3YG, UK.

The effects of excitotoxic lesions of two sub-regions of the rat medial 
prefrontal cortex were examined on a reinforced nonmatching- and a 
matching-to-place task in the T-maze. Lesions of neither the anterior 
cingulate (AC) nor the prelimbic (PL) cortex impaired acquisition of the 
nonmatching-to-place task, or disrupted performance when retention 
delays were increased. By contrast, PL lesions impaired acquisition of 
the matching-to-place task, indicative that the deficit is concerned not 
with the ability to remember spatial information but instead in learning 
to switch from the spontaneously preferred rule. Subsequently, having 
reached criterion on the matching-to-place task, the rule was reversed 
such that rats were required to spontaneously alternate for a food 
reward in the T-maze (i.e. to now nonmatch-to-place). Again, selective 
lesions of the PL cortex disrupted acquisition of this reversal. These 
findings suggest that the prelimbic cortex is critical in promoting 
behavioural flexibility. A further experiment was undertaken in which 
the potentially disruptive effects of lesions selective to either the PL or 
AC cortex were examined on an allocentric/egocentric dimensional shift 
task, whereby animals were required to shift both within and between 
dimensions. The results of this experiment further highlight the 
selective nature of the PL and AC contribution to the performance of 
tests of spatial working memory.

UWC Research Fellowship

625.16

INCENTIVE MEMORY: CELL BODY LESIONS OF THE 
GUSTATORY CORTEX ATTENUATE INSTRUMENTAL 
REINFORCER DEVALUATION. A. Dickinson , B. J, Everitt, 
Dept. of Experimental Psychology, Cambridge University, 
Cambridge, CB2 3EB, UK, and B. Balleine, Dept. of Psychology, 
UCLA, Los Angeles, CA 90095-1563. (SPON: European Brain and 
Behaviour Society).
Two studies investigated the effect of cell body lesions of the 
gustatory cortex on instrumental performance and reinforcer 
devaluation in rats. In the first study, the lesion had no effect on the 
acquisition and performance of lever pressing and chain pulling for 
food pellets and a starch solution. One of these reinforcers was then 
devalued by prefeeding to satiety prior to a test of instrumental 
performance in extinction. Performance of the action trained with the 
prefed reinforcer was selectively reduced in control animals, a 
reinforcer devaluation effect that was abolished by the lesions of the 
gustatory cortex. However, the lesion affected neither the ability of 
the animals to discriminate between the two reinforcers nor their 
sensitivity to the instrumental contingency. In the second study non-
contingent presentations of one of the reinforcers selectively 
depressed performance of the associated action to the same extent in 
both control and lesioned animals. These results suggest that the 
gustatory cortex forms an integral part of a memory system involved 
in encoding the incentive value of food reinforcers based upon their 
taste.(Supported by the European Commission, the UK 
Biotechnology and Biological Sciences Research Council, and the 
National Institute of Health).
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625.17
ANTISENSE SUPPRESSION OF c-FOS IN THE MEDIAL PREFRONTAL 
CORTEX BLOCKS AVERSIVE LEARNING, B.A, Morrow*. J.D. Elsworth.
F.M. Inglis. C.R, Zito, and R.H. Roth, Departments of Pharmacology and 
Psychiatry, Yale University School of Medicine, New Haven, CT 06520-8066

Previous studies in this and other laboratories have indicated that the medial 
prefrontal cortex (mPFC) is involved with the acquisition and extinction of fear 
conditioning. Recently, we have noted that increased Fos-li in the mPFC was 
associated with the acquisition, but not extinction, of fear conditioning. In this 
present study, an antisense oligonucleotide (ASO) directed against c-fos mRNA 
was used to suppress Fos activation during the learning session of a conditioned 
fear paradigm. After repeated habituation, rats were anesthetized with halothane 
and prepared for local injection of ASO or sense oligonucleotide (SO) in the 
prelimbic region of the mPFC. Ten to 12 hours after oligonucleotide injection, 
rats were subjected to the acquisition session (10 tones/10 footshocks), returned to 
their home cages. During acquisition, the extent of footshock-induced immobility 
was similar between the SO and ASO groups. Some rats were killed 2 hr after 
acquisition to verify ASO suppression of Fos-li. Prior treatment with ASO 
suppressed the number shock activated Fos-li nuclei in the 1 mm2 around the 
injections site to 14% of the SO controls. The remaining rats were tested for 
extinction (10 tones/no footshock) after a 48 hr interval to allow the 
oligonucleotides to be cleared. As expected, rats treated with the SO displayed 
fearful behavior when confronted with the tone-e.g. immobility and increased 
defecation. Treatment with ASO significantly decreased the fearful behavior of 
conditioned rats to 13% of SO controls over die 1 hour extinction session. This 
study demonstrates that ASO suppression of c-Fos can block aversive learning 
without altering the response to the training footshock.
Supported by US PHS MH-14092

625.18
FUNCTIONAL DISSOCIATIONS BETWEEN PRELIMBIC AND ANTERIOR 
CINGULATE PARTS OF THE MEDIAL PREFRONTAL CORTEX IN THE 
RAT. B. Delatour and P. Gisquet-Verrier. (SPON: European, Brain and Behaviour 
Society). Laboratoire de Neurobiologie de l’Apprentissage et de la Memoire 
(NAM), URA CNRS 1491, Universite Paris-Sud, 91405 Orsay Cedex, France.

The medial prefrontal cortex (mPFC) in rats has often been considered as a 
homogeneous structure. Anatomical studies, however, indicate that several 
subregions must be considered in the mPFC. The dorsal part, including the medial 
precentral as well as the dorsal anterior cingulate cortices (ACd), present the main 
features of a premotor type cortex while the ventral part, including the prelimbic 
(PL) and infralimbic cortices, is involved in the limbic circuitry. Effects of 
selective ibotenic acid lesions of PL and ACd area were first analysed in a spatial 
delayed alternation task, known to be sensitive to large medial prefrontal damage. 
The results indicated that ACd but not PL lesioned rats were impaired during the 
initial acquisition of the task. When the intertrial interval was increased from 10 to 
40 s, PL but not ACd lesioned rats exhibited difficulties to reacquire the task. 
Additional experiments, including conditional, delayed Go/No Go alternation, as 
well as spatial tasks, confirmed the original results in showing that (1) PL lesions 
generally do not affect the acquisition of a task but disrupt performance when a 
time delay is introduced between a given information and the required response 
while (2) ACd lesions disrupt the initial acquisition of some tasks, particularly 
those involving a patterning of responses, but do not affect delayed responses. In 
all, these experiments indicate clearly there are functional differences between two 
adjacent subregions of the mPFC and suggest that whereas ACd cortex is involved 
in fixed temporal organization of behavior, the PL cortex is implicated in some 
form of working memory. The separation of the mPFC at a behavioral level is in 
accordance with that already described at the anatomical level.
B. Delatour is supported by a Lily doctoral fellowship.

625.19
MEDIAL PREFRONTAL CORTEX LESIONS BLOCK CONTEXT- 
DEPENDENCE OF LATENT INHIBITION. R. J. Frohardt*, D. 
Powell, F. A. Guarraci, and S. L. Young. University of Vermont, 
Department of Psychology, Burlington, VT 05405.

Damage to the prefrontal cortex (PFC) causes cognitive deficits without 
altering the ability to acquire new information. Perhaps, the PFC filters 
irrelevant information to allow an individual to act on the most predictive 
stimuli present. To test this idea, we used a paradigm called latent 
inhibition. Rats received a phase of training in which nonreinforced tones 
were presented. Subsequently, rats received a phase of tone-footshock 
pairings. The tone is irrelevant since it predicts both non-reinforcement 
and reinforcement and fear acquisition to the ambiguous tone is retarded. 
Latent inhibition is context-dependent because changing the context 
between tone preexposure and acquisition disrupts the learning deficit. 
The context is a predictive cue that allows fear responding when 
reinforcement conditions change. If the PFC filters irrelvant out cues then 
PFC lesions should block context-dependence of latent inhibition.

Subjects were given PFC lesions or sham surgery before the tone 
preexposure phase. Half of each group received tone preexposure in the 
same context as fear acquisition training. The other half received 
preexposure in a different context. A control group was not preexposed 
to the tone. The critical measure was acquisition of fear to the tone. Our 
results indicated that our procedures produced a context-dependent latent 
inhibition and that the PFC lesions blocked the context-dependence of 
latent inhibition but not latent inhibition itself. This outcome is consistent 
with the idea that the PFC is important for filtering relevant cues from 
irrelevant cues to modify reponding. This research was supported by the 
University of Vermont Department of Psychology,

625.20
FAILURE OF INTER-OCULAR TRANSFER OF VISUAL LEARNING AND 
CEREBRAL ASYMMETRY OF MEMORY STORAGE IN THE NORMAL 
RABBIT. I. Steele Russell*, Anatomy, Texas A&M University Health Science 
Center, College Station, Tx 77843.
A conspicuous feature of the rabbit visual system is the extreme lateral siting of 
the eyes in the head, and the fact that it has only 22" of binocularity. Despite 
this limited binocular field, rabbits are able to solve visual discrimination tasks 
using binocular vision (van Hof & Steele Russell, Physiol & Behav 19, 121- 
128, (1977).
Rabbits were trained monocularly on both a visual intensity and orientation task 
using a standard 2-choice test. They were then tested for retention with the 
second untrained eye. No evidence was found of any interocular transfer of visual 
memory from the trained to the naive eye for either task. These findings suggest 
that in rabbits monocular training: (a) establishes a unilateral memory trace 
accessible only to the trained eye, and/or (b) that there is a complete absence of 
interhemispheric communication via the cerebral commissures.
To evaluate the first alternative, two groups of rabbits were visually trained 
using monocular vision and then tested for interocular transfer. Both groups 
showed memory retention only when tested with the trained eye, and a complete 
lack of memory when tested with the untrained eye. All animals then had the 
cortex of one hemisphere completely removed. In one group the 
hemidecortication was contralateral to the trained eye, and in the other it was 
ipsilateral. The animals were then tested for memory retention. Perf ect retention 
was found in all animals which had been hemidecorticated ipsilaterally to the 
trained eye; whereas a complete memory loss was seen in those animals with 
contralateral decortication. These results provide strong evidence that monocular 
training alone in the normal rabbit established a lateralized memory record 
restricted to one hemisphere.
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626.1
ASPIRATIVE LESIONS OF PERIRHINAL CORTEX 
IMPAIR ODOR-GUIDED FEAR CONDITIONING TO CS 
BUT NOT TRAINING CONTEXT. C.D. Herzog* & T. Otto.
Program in Biopsychology & Behavioral Neuroscience, Rutgers 
University, New Brunswick, NJ 08903

Anatomical studies suggest that the acquisition and retention of 
classically conditioned fear may be subserved by an interaction 
between the amygdala and a variety of cortical and subcortical 
regions coding for sensory aspects of both the CS and US. Since 
the perirhinal cortex (Pr) receives direct olfactory input, 
somatosensory input, and is reciprocally connected with the 
amygdala, the purpose of the present study was to examine the role 
of Pr in the acquisition or expression of conditioned fear to an 
odorant CS and to the training context. Male Sprague Dawley rats 
received discrete bilateral aspirative lesions of anterior- 
intermediate Pr and were allowed 10 days to recover. Following 6 
forward pairings of odor (20 sec CS) and footshock (2sec, 0.8 mA 
US), freezing to the CS in a novel context and freezing in the 
training context were assessed separately. Animals with Pr lesions 
froze significantly less upon CS re-presentation compared to 
Controls; however, no differences in freezing behavior were found 
between Pr lesioned and Control groups when animals were re-
exposed to the original training context. These data suggest a 
contribution of the Pr to the acquisition or expression of odor- 
guided fear conditioning. (Supported by NSF IBN9514526)

626.2
FOS EXPRESSION IN THE ANTERIOR OLFACTORY NUCLEUS AND 
PERIRHINAL CORTEX IN AN ODOR-GUIDED FEAR CONDITIONING 
PARADIGM L. F, Schettino* and T. A. Otto. Program in Biopsychology and 
Behavioral Neuroscience, Department of Psychology Rutgers, The State 
University of New Jersey, New Brunswick, NJ 08903.

Previous studies in our laboratory have revealed that odors serve 
effectively as CSs in a fear conditioning paradigm, and that acquisition and 
expression of these CS-US associations may depend critically on both the 
anterior olfactory nucleus (AON) and perirhinal cortex (PRh). The present 
experiment investigated the potential contributions of these areas to 
conditioned fear by examining the induction of the immediate-early gene c- 
fos in two groups of animals differing in their extent of pre-exposure to the 
odorant CS. Eight rats were pre-exposed to the CS (pyridine) over 4 days, 
seven other rats were treated similarly but exposed to 4 novel odorants (ten 
20s trials, 2min ITI). All subjects subsequently received 10 forward pairings 
of pyridine + 2s footshock (2min ITI) on the fifth day and were tested for 
freezing to the CS in a novel context on the sixth day. Forty fivemin after 
testing animals were sacrificed, perfused, and immunochemical staining was 
performed on selected brain slices. Cells expressing Fos were counted using 
standard light microscopy. Not surprisingly, animals pre-exposed to the CS 
exhibited significantly less freezing behavior (p<0.05). Fos expression in 
both the AON and Prh was significantly denser in animals not receiving pre-
exposure to the CS. Moreover, there was a significant positive correlation 
(r=0.67, p<0.01) between freezing behavior and Fos expression in the AON. 
These data are consistent with the notion that the AON and PRh are involved 
in the expression of odor-guided fear conditioning. (Supported by NSF 
IBN9512526)
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626.3
BASOLATERAL AMYGDALOID COMPLEX INVOLVEMENT IN THE 
EXPRESSION OF ODOR-GUIDED CONDITIONED FEAR. &
Cousens* and T, Otto. Program in Biopsychology and Behavioral 
Neuroscience, Department of Psychology, Rutgers, the State 
University of New Jersey, New Brunswick, NJ, 08903.

The enduring expression of conditioned fear elicited by 
auditory and contextual stimuli is thought to be critically dependent 
upon cells within the basolateral amygdaloid complex (BLC). 
However, it is not clear whether the BLC is also necessary for the 
expression of fear elicited by discrete olfactory conditional stimuli. 
The lateral amygdaloid nucleus, in particular, receives dense 
monosynaptic innervation from primary olfactory (piriform) cortex and 
may be a site of synaptic plasticity necessary for either the acquisition 
or the expression of odor-guided conditioned fear. In order to 
examine the possibility that nuclei within the BLC participate in the 
expression of odor-guided conditioned fear, the present study was 
undertaken to assess the effects of both pre- and post-training NMDA 
lesions of the BLC on freezing behavior elicited in rats upon re-
exposure to an odorant (pyridine) previously discretely paired with 
mild footshock (0.8mA; 2sec) across six forward conditioning trials. 
Preliminary data collected thus far suggest that the BLC may 
participate in some aspects of conditioned freezing behavior in this 
paradigm.
(Supported by NSF IBN9514526)

626.4
DIFFERENTIAL CONTRIBUTIONS OF THE HIPPOCAMPUS, AMYGDALA,
& DORSAL STRIATUM TO CONTEXTUAL AND CUED PAVLOVIAN FEAR 
CONDITIONING. J.A. Salinas*  ̂N.M, White2. Department of Psychology, 
University of Virginia, Charlottesville, VA 22903 USA1 and Department of 
Psychology, McGill University, Montreal, PQ H3A 1B1 CANADA2.

The present experiments examined the role of multiple memory systems in 
Pavlovian fear conditioning. Experiment One examined the role of the dorsal 
striatum in fear conditioning by comparing the performance of rats with electrolytic 
dorsal striatal-lesions and sham-lesioned rats. Lesioned rats did not differ from 
sham-lesioned rats in baseline activity detected by an infrared motion detecting 
system. Upon testing, lesioned rats displayed significantly more motor activity 
(i.e., less conditioning) to both the shocked context and a discrete auditory cue paired 
with shock suggesting that the dorsal striatum plays a role in Pavlovian contextual 
and cued fear conditioning. Experiment Two compared the effects of unilateral 
amphetamine or vehicle infused into the dorsal hippocampus, lateral amygdala and 
dorsal striatum immediately after tone/shock pairings. Upon testing, dorsal 
hippocampal-amphetamine rats exhibited significantly less motor activity (i.e., 
greater conditioning) than their vehicle-injected controls only to the context, not the 
cue. Lateral amygdala-amphetamine rats exhibited less activity than their vehicle- 
injected controls to both the context and the cue. Dorsal striatum-amphetamine rats 
also exhibited less activity than their vehicle-injected controls to both the context 
and tl;e cue. The findings suggest that the dorsal striatum plays an essential role in 
both expressing and consolidating the associations formed in contextual and cued ' 
Pavlovian fear conditioning.

Research supported by MRC grants to NMW and NSF postdoctoral fellowship 
BIR-9406853 to JAS.

626.5
A NOVEL, DISCRIMINATIVE FEAR CONDITIONING TO 
CONTEXT PARADIGM REVEALS THAT BEHAVIORAL, AS WELL 
AS PHYSIOLOGICAL MEASURES OF FEAR ARE CONTROLLED 
BY THE CONTEXT. E,A.Antomadis* and R.J.McDonald 
Department of Psychology, University of Toronto, Ontario, Canada.

There has been a renewed interest in the neural basis of fear conditioning to 
context. These current approaches are accompanied by some limitations including 
the use of short testing windows, non discriminative paradigms, and unitary fear 
response assessment. In an attempt to circumvent these limitations, a 
discriminative context procedure assessing multiple response measures of fear 
was used in the present study. Conditioning consisted of three training sessions 
and each session consisted of two days. On day one the animals were placed in 
the paired context and received three foot shocks. On the other day they were 
placed in the unpaired chamber in the absence of any aversive event. Animals 
were tested after each training session and the response measures of fear 
recorded included: ultrasonic vocalizations, freezing, heart rate, locomotion, body 
temperature, urination, defecation and preference. The results suggest that 
behavioral, as well as physiological changes evoked by fearful stimuli become 
associated with the context in which the aversive event occurred. In general, 
these findings also suggest that there are different learning rate parameters for the 
measures of fear examined in this paradigm. The effects of hippocampal, 
amygdala and fornix lesions are currently being examined. (Funded by NSERC 
grant to RJM).

626.6
DIFFERENTIAL EFFECTS OF HIPPOCAMPAL LESIONS ON FEAR 
CONDITIONING WITH CONTEXT CUES AND DISCRETE CUES AS 
OCCASION SETTERS. J. J. Kim* and Seth L. Altman. Department of 
Psychology, Yale University, New Haven, CT 06520-8205.

The hippocampus seems to be important for context-dependent learning, 
such as context conditioning (e g., Kim & Fanselow, 1992; Phillips & 
LeDoux, 1992) and context specificity of latent inhibition and conditioning 
(e.g.. Honey & Good, 1993; Penick & Solomon, 1991). We examined 
whether the hippocampus is crucial for occasion setting using context and 
light as occasion setters. In the first experiment, sham and hippocampal 
lesioned rats were placed in one of two different contexts (safe and 
conditioning) on alternating days for 10 consecutive days. In the safe 
context, animals were presented with ten episodes of 15-s tone with a 3 min 
inter-trial interval (ITI). In the conditioning context, animals were presented 
with ten episodes of 15-s tone coterminating with a 1-s footshock with a 3 
min ITI. When fear conditioning to the tone was assessed (via measuring 
freezing) in safe and conditioning contexts, it was observed that sham 
animals froze to the tone presented in the conditioning context but not in the 
safe context. In contrast, hippocampal lesioned rats exhibited freezing to 
the tone in both contexts. In the second experiment, sham and lesioned 
rats were presented on alternating days with 15-s tone or 15-s light followed 
by 15-s tone paired with 1-s shock, both with a 3 min ITI. After 10 days of 
tone-alone and light-tone-shock presentations in the same context, freezing 
to the tone was assessed by itself and in the presence of the light stimulus. 
The results indicate that both sham and lesioned rats froze to the tone only 
if it was preceded by the light stimulus. The animals did not freeze when 
tone or light was presented alone. These data support the view that the 
hippocampus is important for processing diffuse, but not discrete, stimuli.

‘"■'noorted by the Yale University, Social Science Research Fund.

626.7
SELECTIVE ENHANCEMENT OF EMOTIONAL, BUT NOT MOTOR, 
LEARNING IN MONOAMINE OXIDASE A-DEFICIENT MICE.
R. F. Thompson*1', J. J. Kim*, J. C. Shih*, K. Chen*, L. ChenL S. BaoT, S.
Maren§, S. G. Anaqnostaras§, M, S. Fanselow^, E. De Maeverti and I. Seifn.
Neuroscience Program, University of Southern California, Los Angeles, CA 
90089-2520; ^Department of Molecular Pharmacology and Toxicology, 
University of Southern California, Los Angeles, CA 90033; ^Department of 
Psychology, University of California, Los Angeles, CA 90024-1563; ^Centre 
National de la Recherche Scientifique, Unite Mixte de Recherche 177, 
Institut Curie, 91405 Orsay, France

Mice deficient in monoamine oxidase A (MAOA), an enzyme that 
metabolizes monoamines such as norepinephrine (NE) and serotonin (5- 
HT), have elevated NE and 5-HT levels in the frontal cortex, hippocampus 
and cerebellum, compared to normal wildtype mice. Since monoamines in 
these areas are critically involved in a variety of behaviors, we examined 
learning and memory (using emotional and motor tasks) in MAOA mutant 
mice. The MAOA-deficient mice exhibited significantly enhanced classical 
fear conditioning (freezing to both tone and contextual stimuli) and step- 
down inhibitory avoidance learning. In contrast, eyeblink conditioning was 
normal in these mutant mice. The female MAOA-deficient mice also 
displayed normal species-typical maternal behaviors (nesting, nursing and 
pup retrieval). These results suggest that chronic elevations of 
monoamines, due to a deletion of the gene encoding MAOA, lead to 
selective alterations in emotional behavior.

Supported by NIMH (R37 MH39085, MERIT Award, K05 MH00795 
RSAward, ROMH37020) and Welin Professorship Award to J.C.S., and 
NSF (BNS-8718300), NIH (AG05142), and Sankyo to R.F.T.

626.8
AGING AND THE HIPPOCAMPUS: IMPAIRMENTS ON FEAR 
CONDITIONING AND RADIAL MAZE TASKS. Jonathan A, Oler*.& 
Etan J. Markus. Behavioral Neurosciences Division, Department of 
Psychology, University of Connecticut, Storrs, CT 06269.

The memory for an aversive spatial context, as well as the ability to learn 
a spatial maze have been shown to depend on an intact hippocampus, while 
simple conditioning and the ability to learn a locally cued maze remain 
intact, even after the hippocampus has been lessened. (Fanslow, 1992; 
Jarrard, 1993).

Young adult (4 months), middle aged (10 months) and old (23 months) 
male Fisher 344 rats experienced three tone-foot-shock pairings in a 
distinctive chamber. Context retention was tested 10 days later in the 
original conditioning chamber with no tone or shock administered. 
Retention for the cued tone was tested the next day by placing the animals 
in a novel environment. These same rats were trained to run an 8-arm radial 
maze that combined both a cued reference memory task and a spatial 
working memory task. Retention for the aversive context and tone were 
tested again following radial maze training (two months after conditioning).

The results showed that while there was no significant age difference in 
short-term retention of the aversive environment, old animals showed a 
deficit in long term retention, exhibiting a marked decrease in the 
contextual fear response. There were no age or retention-duration effects 
for the conditioned tone. The results from the radial maze task showed no 
age differences in cued reference memory errors while the old animals 
displayed more spatial working memory errors. These findings support and 
expand on previous research showing an age related decline in hippocampal 
function. Supported by UConn Res. Found, grant #441713 to EJM.
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626.9
FEAR CONDITIONING: THE RELATIVE IMPORTANCE OF LOCAL AND DISTAL 
SPATIAL CONTEXTUAL ENVIRONMENT. Joel E. Brown, Kimberley Hunt, & Etan J. 
Markus*. Behav. Neurosci. Div., Dept. of Psychology, Univ. of Connecticut, Storrs, CT 06269

The Fear Conditioning paradigm has been used to show that the recognition of a 
spatial context is hippocampal dependent, while recognition of an explicit stimulus 
(tone) remains intact even in hippocampal lesioned rats (e.g. Phillips & LeDoux, 1992).

The current experiments examined which aspects of the spatial context are important 
for Fear Conditioning, the local spatial features of the shock chamber or more distal 
variables such as the characteristics of the conditioning room.
Exp. 1: 12 adult (9m) & 12 aged (24m), male Fisher 344 rats experienced two tone-foot- 
shock pairings. The animals were tested for retention 7 days and 2.5 months later. Half 
the rats were tested for retention in the same conditioning room and chamber. The other 
half were examined in a different chamber placed in the same room as the original 
conditioning. There were no age or “sameness” effects on contextual fear conditioning 
after 7 days. After the 2.5 month interval there were significant main effects, both the 
aged and the “different chamber” rats showed less retention of the conditioned context. 
Exp, 2: 24 female & 18 male middle aged CD rats (15-16m old) experienced two tone- 
foot-shock pairings in a distinctive chamber in a distinctive room. Context retention was 
examined in one of three conditions: 1) same room & chamber, 2) same room but 
different chamber, 3) different room & same chamber as the original conditioning event. 
While the female rats were in general more active than the males, there were no 
“sameness” effects on contextual fear conditioning after 14 days. We are currently 
examining the effects of a 2.5 month interval on retention.

These data imply that during Fear Conditioning animals condition to many different 
spatial contextual features of the environment. Over short intervals (days) any sub 
group of these features is sufficient to elicit the fear response. Results from the ongoing 
examination of the local and distal feature contribution to long term retention (months) 
will be presented. Supported by UConn Res. Foundation grant #441713 to EJM.

626.10
LESIONS TO THE HTOCAMPUS IN RATS DO NOT AFFECT CONOTIONINO TO 
CONTEXTUAL CUES IN CLASSICAL FEAR CONDIHONING. P. Gisquet-Verrier* and 
V. Doyere. Laboratoire de Neurobiologie de l’Apprentissage et de la Memoire 
(NAM), URA CNRS 1491, Universite Paris-Sud, 91405 Orsay Cedex, France.

There is a general tendency to consider that the hippocampus is involved in the 
processing of contextual cues. Contradictory results, however, have been reported 
even when conditioning to the context was studied with classical fear conditioning 
paradigms. The aim of this series of experiments was to test the hypothesis that the 
effects of lesions to the hippocampus might depend on the strength of 
conditioning.

The first experiment was designed to test the behavioral validity of two separate 
measures of context conditioning: the amount of freezing elicited by the context 
during each conditioning session, as well as the relative avoidance of the shock 
compartment during place preference tests performed at the end of fear 
conditioning. Rats received two tones and two footshocks in 5 daily sessions using 
either a paired or unpaired procedure. Rats in the unpaired condition tended to 
exhibit stronger conditioning to contextual cues than those in the paired condition, 
in both measures of context conditioning. Additional experiments investigated the 
effects of hippocampal lesions on context conditioning in rats trained with either 2 
or 10 paired trials per session. Hippocampal lesions resulted in an apparent lack of 
conditioning to contextual cues during early stages of learning, and a 
strengthening of contextual conditioning following extended training, supporting 
previous reports in the literature. The present results, however, provide strong 
evidence showing that these differential effects seem to result from a common 
source, i.e. a slight delay in the normal processing of contextual information. In 
all, the present set of experiments demonstrate that hippocampal lesions do not 
greatly alter conditioning to contextual cues but appear to affect information 
processing.

626.11
“Contextual Blocking” of Fear-Potentiated Startle: Evidence for 

Retention of Contextual Fear Following Dorsal Hippocampus 
Lesions. J.C. Gewirtz*, K.A. McNish, & M. Davis. Depts. of Psychiatry and 
Psychology, Yale University Sch. of Med., New Haven, CT 05508.

The view that the hippocampus is necessary for contextual fear conditioning is 
based primarily on evidence that hippocampal lesions disrupt context-elicited freezing. 
However, this laboratory has found that fear-potentiated startle, another measure of 
contextual fear, is not attenuated by electrolytic hippocampal lesions.

To investigate further this discrepancy between freezing and startle measures, we 
examined the effects of hippocampal lesions on “contextual blocking”. Conditioning to 
an explicit CS is retarded (i.e., “blocked”) when training occurs in a previously 
reinforced context. If the hippocampus is necessary for retrieval of contextual fear, then 
hippocampal lesions should prevent this retardation in explicit cue conditioning. Hence, 
a deficit in contextual fear would be indicated by stronger conditioned responding to an 
explicit cue, rather than by weaker conditioned responding to contextual cues.

Experiment 1 demonstrated contextual blocking of fear-potentiated startle. One 
group of rats was presented with 10, 0.6-mA footshocks on 2 consecutive days. A 
control group was treated identically, but was not shocked. Both groups were returned 
to the same context, for 5 presentations of a 3.7-s visual CS co-terminating with 
footshock. When later tested in a neutral context, the group that had received prior 
context conditioning showed significantly less fear-potentiated startle to the visual CS.

In Experiment 2, rats in each group received either electrolytic or sham lesions of 
the dorsal hippocampus after context conditioning. Significant contextual blocking was 
demonstrated by hippocampal, as well as by sham lesioned rats, even though freezing 
to the context that “blocked” explicit cue conditioning was impaired by the lesions.

Thus, despite the disruption of conditioned freezing, these data provide evidence that 
contextual fear may be retained following hippocampal lesions. [Supported by MH 
11370 to J.C.G., and by MH 47840, MH 00004 and AFOSR F49620 DEF to M.D.]

626.12
INHIBITION OF RNA SYNTHESIS IN THE AMYGDALA AND 
HIPPOCAMPUS SELECTIVELY BLOCKS ACQUISITION OF 
PAVLOVIAN FEAR CONDITIONING. D.J. Bailey1, W. Sun2, J.J. Kim3 
& F.J. Helmstetter1*, 1Dept. Psychology, University of Wisconsin- 
Milwaukee, Milwaukee, Wl 53201; 2Neuroscience Program, USC; 
3Dept. Psychology, Yale University.

Previous work has shown that cells in the basolateral amygdala and dorsal 
hippocampus contribute to both the acquisition and expression of fear 
conditioning in the rat. Since the functional plasticity which is presumed to 
occur at synapses within these structures after learning may require the 
synthesis of new proteins, we pretreated rats with bilateral injections of the 
RNA synthesis inhibitor actinomycin-D (act-D) in the amygdala or 
hippocampus prior to training with an auditory CS and shock in a distinctive 
context. Animals showed normal UCRs and post-shock reactions during 
training. However, 24 hrs after training rats that received act-D infusions into 
either site failed to show fear-related behavior in the context in which training 
occurred. Rats in the amygdala group also failed to respond normally to the 
auditory CS presented in a novel context while hippocampal injections did not 
affect the auditory CR. When animals were re-trained with vehicle one week 
later they showed normal acquisition and thus no evidence for long-term 
toxicity in these structures. [3H]-uridine incorporation into act-D treated brain 
sites indicated significant suppression of synthesis at the doses used. These 
results support the idea that fear conditioning requires the synthesis of new 
proteins within structures known to be critical for the expression of this form 
of learning. These data also support a selective role for the hippocampus in 
contextual processing, it is currently not clear if these are the only two sites 
in the fear conditioning circuit in which protein synthesis is critical.

Supported by NIMH MH50864 (F.J.H.)

626.13
AN AUDITORY CS OVERSHADOWS FEAR CONDITIONING TO 
A CONTEXT IN RATS GIVEN ACCUMBAL INFUSIONS OF 
MORPHINE. T. Haralambous*, R, F, Westbrook and G. Paxinos, 
School of Psychology, The University of New South Wales, Sydney, 
NSW, 2052, Australia.

A 1 fxl microinjection of morphine (15 pig/jul) into the 
accumbens nucleus (Acb) spared conditioning to an auditory 
conditioned stimulus (CS) paired with a shock (1-mA, 1-s) 
unconditioned stimulus (US). However, this microinjection of 
morphine impaired fear conditioning to the context where the CS-US 
pairing occurred, in a dose-dependent and receptor-specific manner. 
This impairment in conditioning was related to the level of fear 
conditioning accruing to the CS. Specifically, contextual fear 
conditioning was reduced in intra-accumbally infused rats exposed to 
a short (10-s) CS-US interval or to an intense (81-dB) auditory CS, 
but not in those rats exposed to a long (40-s) CS-US interval or a weak 
(70-dB) auditory CS. These findings suggest that intra-accumbal 
infusions of morphine disrupted the attentional, memorial or 
computational processes which distribute conditioned fear to both the 
CS paired with shock and to the context where the pairing occurred. 
Morphine infused into the Acb then, produces one-trial 
overshadowing of the context by an auditory CS.

Supported by an Australian Postgraduate Award.

626.14
LESIONS OF THE NUCLEUS ACCUMBENS ABOLISH AUDITORY AND 
CONTEXTUAL FEAR CONDITIONING IN MICE WITH A HIPPOCAMPAL 
DYSFUNCTION. B de Marsanich §. E, Passing and M, Ammassari-Teule * 1st. of 
Psychobiol. & PsychopharmacoL, IRCCS S. Lucia and § Dept of Genetics and 
Molecular Biol. Univ. Roma “La Sapienza”, Rome, Italy.

The contribution of the nucleus accumbens to auditory and contextual fear 
conditioning was assessed in C57BL/6 (C57) and DBA/2) (DBA) mice characterized 
by morphological and functional differences in the hippocampal formation. Mice 
from both strains with ibotenic acid lesions of the nucleus accumbens (N. Acc.) or 
sham lesions were introduced in a conditioning chamber and exposed twice to the 
pairing of a tone (2x8sec, 2000 Hz, 80 dB) with a shock (2sec, 0,7mA). Control 
groups were exposed either to unpaired stimuli or to the tone without any shock. On 
the following day, mice were first returned to the conditioning chamber (contextual 
cues) and, subsequently, exposed to the tone (auditory cue) in an other cage. Freezing 
behavior was scored in all situations. The results first confirm previous findings (I) 
showing baseline strain differences in contextual but not in auditory fear 
conditioning, with DBA showing both hippocampal alterations and less conditioning 
to the context. Also, they point out that N. Acc. lesions produced different effects 
according to the strain. That is, in mice with a functional hippocampus (C57), N. 
Acc. lesions produce a selective impairment of contextual conditioning i.e. an effect 
similar to that produced by hippocampal lesions (2). Conversely, in mice with a 
hippocampal dysfunction (DBA), N. Acc. lesions produce an impairment of both 
contextual and fear conditioning i.e. an effect similar to that produced by amygdaloid 
lesions (2). Taken together these data suggest that the control exerted by the N. Acc. 
on fear conditioning is directly related to the degree of functionality of projecting 
areas, namely the hippocampus and the amygdala.
(1) Paylor, R. et al., 1994, Behav. Neurosci., 108, 810- (2) Phillips, R.G. & 
LeDoux, J£., 1992, Behav. Neurosci., 106, 274-
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626.15
LPS ADMINISTERED AFTER FEAR CONDITIONING DISRUPTS 
CONTEXTUAL BUT NOT AUDITORY CUE FEAR 
CONDITIONING: A POSSIBLE ROLE FOR BRAIN CYTOKINES IN 
MEMORY CONSOLIDATION. C.R. Pugff M. Fleshlier, L.R. Watkins,
S.F. Maier & J.W. Rudy, Department of Psychology, University of 
Colorado, Boulder, CO 80309-0345

Contextual but not auditory cue fear conditioning depends upon a 
neural circuit that involves the hippocampal formation. We have recently 
demonstrated that (a) adrenalectomy impairs contextual but not auditory 
cue fear conditioning and (b) that this effect could be eliminated by 
exposure to the context before adrenalectomy. Adrenalectomized rats 
show increased levels of cytokines in the hippocampus, and this response 
is enhanced in rats that have experienced shock. In addition, Oitzl et al. 
(1993) reported that an ICV injection of IL-1 disrupts place learning, 
which is thought to depend on tl^e hippocampal formation. Thus, it is 
possible that the impaired contextual fear conditioning displayed by 
adrenalectomized rats is in part mediated by increased brain IL-1 
associated with the experience of shock. To address this hypothesis we 
conditioned rats by giving them 2 pairings of an auditory cue and shock. 
To increase brain IL-1 levels, rats were injected with Lipopolysaccharide 
(LPS) immediately after conditioning. Both juvenile and adult rats 
injected with LPS displayed impaired contextual but normal auditory cue 
fear conditioning 48 hrs after conditioning. Moreover, exposure to the 
context prior to conditioning eliminated the effects of LPS on contextual 
fear. Thus, LPS appears to affect contextual fear conditioning by 
interfering with the processes involved in consolidating a memory 
representation of the context in which shock occurs. This pattern of 
results is similar to that produced by adrenalectomy and suggests that they 
may have a common final pathway. Supported by NIH grants MH 45045 
& RSA MH 00314.

626.16
THE DOPAMINE AGONIST QUINPIROLE DECREASES STATES OF 
CONDITIONED FEAR: K. Nader* and J.E, LeDoux. Center for Neural Sciences, 
New York Univ., NY, NY, 10003.

Dopaminergic agonists have been demonstrated to be capable of 
facilitating aversive conditioned behaviors. In order to test whether these effects 
of dopaminergic agonists are due to an increase in states of conditioned fear, we 
challenged the acquisition of second order conditioning with increasing doses of 
the dopamine agonist quinpirole. Three groups of rats received 2 pairings of a 20 
second tone (CS1) that coterminated with a 0.5 mA, 0.5 sec. footshock each day 
for two consecutive days. The next day, all groups received 3 paired 
presentations of a second tone (CS2) and CS1, and were pretreated with an 
injection of either water, a low 0.05 mg/kg dose of quinpirole, or a high 0.5 
mg/kg dose of quinpirole. The following day, all animals were tested for 
freezing to CS2 in a drug free state. Quinpirole pretreatment dose dependently 
decreased the amount of time spent freezing to presentation of CS2. In order to 
control for any sensory, learning or consolidation impairments that could explain 
quinpirole's behavioral effects, the same experiment was conducted with another 
4 groups of rats. These animals were given the identical pretreatment and CS2- 
CS1 presentations, however, now they received these manipulations prior to fear 
conditioning. We predicted that if quinpirole's behavioral effects are due to an 
impairment in either the ability to sense the tones, form an association or 
consolidate a learned association, then quinpirole pretreatment should produce 
the same behavioral effects in this sensory preconditioning experiment. Neither 
high nor low dose quinpirole pretreatment during sensory preconditioning had any 
effect on the amount of freezing to CS2 on test day. Thus, quinpirole's 
behavioral effects on second-order conditioning cannot be the result of either a 
sensory, learning, or consolidation deficit. Rather, we suggest that quinpirole's 
blockade of second-order conditioning was specifically the result of a decrease 
in conditioned fear. These data suggest that the ability of dopaminergic agonists 
to facilitate avoidance behaviors may be the result from a decrease in competing 
defensive behaviors. Supported by grant #MH38774.

626.17
PRIOR CS EXPERIENCE ALTERS THE EFFECTS OF SEPTAL LESIONS ON 
AVERSIVE CONDITIONING. P. D. Sparks* and J, E, LeDoux. Dept. of Exp, 
Psych., NYU, NY, NY. 10003.

Lesions of the septum increase the expression of defensive behaviors 
(freezing) exhibited in the presence of contextual, but not phasic, conditioned 
stimuli using a classical conditioning paradigm (Sparks and LeDoux, 1995). In the 
present study, we examined the effect of septal lesions on aversive conditioning, 
when animals have been exposed to the phasic conditioned stimulus (CS) prior to 
conditioning. Two methods of CS pre-exposure were used; In experiment 1, on 
days 1 and 2, septal lesioned rats and sham operated controls were placed in a 
chamber (A) and presented twice with the CS (10kHz tone, 74dB). On day three 
the CS was presented alone but in a different chamber (B). After a delay (2 days), 
animals were placed back into chamber A, and presented with 2 tone-shock pairings 
(0.5 mA shock of 0.5 sec duration) on each of the next two days (days 6-7). On 
subsequent days, animals were presented with the CS alone (in chamber A, twice 
per day) until responses extinguished. In experiment 2, animals were treated 
similarly as above, except all days of pre-exposure and training occurred in single 
chamber (A), and there was no delay between pre-exposure and training. The time 
spent freezing during the tone and during a 20 sec period before the tone (freezing 
to the chamber cues) for the first 4 days of training were used as the measures of 
conditioning. As shown previously, animals with septal lesions exhibited higher 
levels of freezing behavior to the chamber cues, and this effect was seen in both 
experiments. In contrast, the effects of septal lesions on freezing to the CS was 
dependent on the method of CS pre-exposure. While in experiment 1, septal 
animals exhibited similar low levels of freezing to the CS, as compared to controls, 
in experiment 2, lesioned animals exhibited higher levels of freezing. These data 
indicate that while septal lesions cause animals to exhibit potentiated levels of 
freezing to the context, the effect on conditioning to a phasic cue is task dependent. 
The results are discussed in terms of stimulus ambiguity. Supported by MH46516, 
MH00956.

626.18
NMDA RECEPTOR ANTAGONIST MK-801 IMPAIRS LEARNING BUT NOT 
PERFORMANCE IN A CONDITIONED CUE PREFERENCE TASK. G. Tirado- 
Santiago* and M.L. Shapiro, Department of Psychology, McGill University, 
Montreal, Quebec H3A 1B1 Canada.

NMDA receptor antagonists can impair learning in spatial and in conditioned 
fear tasks. Here, we report the effects of MK-801, a non-competitive NMDA 
receptor antagonist, on a conditioned cue preference (CCP) task. The CCP of male 
LE rats was tested in an apparatus with 2 adjacent conditioning compartments that 
were connected by a start box. Each compartment differed from the others in color, 
smell, and floor texture. On the first day, each rat was allowed to explore freely the 
apparatus for 10 min. The following days, each rat was given food in one 
compartment (paired side) and no food in the other compartment (unpaired side). 
In a training trial, the rat was confined for 20 min in one of the compartments. The 
next day the rat was confined to the other compartment; a pairing trial consisted of 
2 such training trials. After 4 pairing trials (8 days), the rat was put in the start box 
and allowed to enter both compartments freely for a 20 min period. MK-801 or 
normal saline was injected either 60 min before training (250 jxg/kg, given i.p.) or 
before testing (125, 189, or 250 pg/kg, given i.p.). Rats given saline spent more 
time in the paired than in the unpaired side. Rats given MK-801 before training 
(n=8) showed less preference than controls (n=8) (ANOVA, F(l,14) = 5.29, p < 
0.05). However, no dose of MK-801 given before testing (n=8 per group) impaired 
the expression of the cue preference. Each dose of MK-801 produced hyperactivity. 
MK-801 given before testing produced hyperactivity compared to saline (MK-801 
125 pg/kg, F (1,14) = 9.96 p < 0.01; MK-801 189 pg/kg, F (1,14) = 14.78 p < 
0.005; MK-801 250 pg/kg, F (1,14) = 9.55 p < 0.01), but this hyperactivity did not 
impair the expression of the CCP. Thus, MK-801 impairs CCP learning, but not 
the expression of a preference. The effects of MK-801 on the CCP task are similar 
to its effects on spatial tasks. (Supported by the MRC and NSERC of Canada.)

626.19
ELEVATION OF NEUROCHEMICAL MARKERS ASSOCIATED WITH 
SYNAPTIC PLASTICITY AFTER A SINGLE CONTEXTUAL FEAR 
CONDITIONING TRIAL IN ADULT RATS. D.P. Savage*, L.L. Beyer Smith, E.J. 
Weeber, T.V. Isaacson, L.L. Paxton, K.K. Caldwell, A.M. Allan and N.l. Perrone-
Bizzozero. Department of Neurosciences, University of New Mexico Health 
Sciences Center, Albuquerque, New Mexico, 87131.

Multiple training sessions in classical conditioning paradigms produce a 
number of changes in neurochemical markers associated with synaptic plasticity 
including: 1) increased AMPA receptor binding and phosphorylation, 2) elevated 
GAP-43 levels and phosphorylation and 3) increased excitatory amino acid 
neurotransmitter release. We investigated the time course of these and other 
putative neurochemica! changes after a single fear conditioning experience.

Adult Sprague-Dawley rats were divided into three groups. A “tone/shock” 
group of rats were placed in a contextual chamber and, after acclimation, a 30 
sec. tone stimulus applied. A 1 mA foot shock was given during the last two sec. 
of tone stimulus. A second, “tone only,” control group received the tone stimulus 
without foot shock and a third group served as unhandled controls. Rats were 
sacrificed either 90 min., 1, 2, or 3 days after conditioning and six neurochemical 
assays were performed on hippocampal tissue. No differences were observed 
between the two control groups in any of the assays. However, compared to the 
control groups, significant increases were observed 90 minutes after tone/shock 
in ^Hj-fluorowillardiine binding to AMPA receptors, phospholipase CP1 and A2 
activities, GAP-43 levels and phosphorylation, and evoked [3H]-D-aspartate 
release. These changes persisted one day after conditioning and subsided back 
to control levels two to three days after the fear conditioning experience.

These results indicate that a single relatively mild fear conditioning trial 
elevates both postsynaptic and presynaptic markers of activity dependent 
synaptic plasticity for at least one day after the experience. Supported by 
AA06548, AA00176, NS30255 and UNM HSC Dedicated Research Funds.

626.20
FUNCTIONAL HETEROGENEITY AMONG AMYGDALAR NUCLEI AFTER
AVERSIVE CONDITIONING AS REVEALED BY C-FOS MAPPING
R.K, Filipkowski, A, Savonenko, J. Kogan. P. Frankland. T. Werka, K. Zielinski,
#A, J. Silva and L, Kaczmarek*. Nencki Institute, Pasteura 3, 02-093 Warsaw, Poland; 
#Cold Spring Harbor Laboratory, CSH, NY, USA

Amygdala is a complex forebrain structure, functionally involved in aversive 
conditioning. Multimodal inputs terminate predominantly in basolateral nuclei to 
reach the central nucleus which projects to various brainstem structures. According to 
electophysiological, neuropharmacological and lesion studies it is postulated that 
amygdala is a site of plastic events. To investigate amygdalar involvement in aversive 
learning we employed c-Fos mapping, often used as a marker of plasticity-prone 
neurons to map brain structures involved in various behaviors. Two behavioral 
paradigms were used: i. classical fear conditioning of mice and ii. instrumental 
conditioning of two-way active avoidance reaction of rats. Mice were first habituated 
to a shocking chamber (four sessions) and then shocked once. Rats were placed in a 
shuttle box apparatus. A small door allowed the subject to move from one 
compartment to the other. Darkness was a conditioned stimulus (CS), footshock was 
an unconditioned stimulus (US) and was provided 5 sec after the onset of CS. The 
subjects could avoid footshock by moving to the other side of the apparatus. There 
were two habituation sessions and one 50-trial experimental session. Control animals 
were not shocked. Two hours after the exposure to the aversive stimuli all the animals 
were anaesthetized, perfused and the expression of c-Fos was assessed on coronal 
sections with in situ immunocytochemistry. Control animals had very little level of 
c-Fos expression. However, a marked increase in c-Fos immunoreactivity was 
observed within the amygdalar complex following both kinds of training. Despite the 
species and the task differences the results were remarkably similar. The increase was 
especially evident in the medial nucleus and not observed in the central nucleus. The 
results indicate a functional heterogeneity within the amygdala the nuclei following 
aversive stimuli and raise the question of the role of the central nucleus in amygdalar 
plasticity.

KBN Grant (Poland) 6P04A00808
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627.1
A ROLE FOR THE RAS SIGNALING PATHWAY IN NEURONAL PLASTICITY 
AND AMYGDALA DEPENDENT BEHAVIOR.
R. Brambilla*. P.F. Chapman2, V, Cestari 4.H.-P. Lipp3 E. Sturani1 and R. Klein 
European Molecular Biology Lab., 69117 Heidelberg, Germany,1 Depart, of Biochem. 
and Gen. Physiol., Univ. of Milano, 20133 Milano, Italy, 2School Mol. Med. Biosc., 
Univ. Wales, Cardiff CF1 3US, UK, 3 Anatom. Inst., Univ. of Zurich, 8057 Zurich, 
Switzerland, 41st. Psicobiol. CNR, 00185 Roma, Italy.

Ras signaling can be activated in neurons by a variety of stimuli, including tyrosine 
kinase receptors, G protein coupled receptors and calcium influx. To study the 
function of this pathway in the intact nervous system, we have disrupted in the mouse 
the Ras-GRF gene, encoding a neuronal-specific exchange factor for Ras proteins. 
Homozygous null mutant mice are viable, fertile and the brain anatomy appears to be 
normal. Behavioral analysis reveals that Ras-GRF mutants show deficits in several 
conditioning tasks which require the function of the amygdala. Mutant mice do not 
learn to avoid foot shocks in the two-way avoidance test. The deficit is not due to 
inability to learn but rather to problems in memory consolidation. In three different 
tests, including one-trial inhibitory test, contextual and cued fear conditioning, 
learning and short term memory are normal whereas long term memory is 
dramatically reduced. Consistent with these results, induction of long term 
potentiation (LTP) in basolateral amygdala of Ras-GRF mutant mice is severely 
impaired. In contrast, hippocampal functions seem to be normal, both at the 
electrophysiological level (LTP in the CAI region) and at the behavioral level (see 
Rossi-Arnaud et al., 1997, Soc. Neurosci. abstract).
These findings define a new role for the Ras/MAP kinase pathway controlled by Ras- 
GRF in plasticity and memory formation.
Support comes from EMBL, HFSPO, AIRC, CNR, and the Swiss Nat. Found.

627.2
FEAR-POTENTIATED STARTLE AND CONDITIONED FREEZING TO A 
VISUAL CONDITIONED STIMULUS IS SIMILAR IN YOUNG AND OLD C57 
MICE. V.S, Sundin. S.A. Heldt. W.A. Falls*. & J.F, Willott, Department of 
Psychology, Northern Illinois University, DeKalb, IL. 60115

C57BL/6J mice possess a gene that results in progressive, high frequency hearing 
loss between 1 month and 6 months of age. Studies have shown that the loss of high 
frequency hearing is accompanied by enhanced neural responses to middle frequency 
tones in the inferior colliculus and auditory cortex, termed hearing-loss induced (HLI) 
plasticity. Earlier work using prepulse inhibition of the startle reflex has suggested 
that one consequence of HLI plasticity is to increase the behavioral salience of middle 
frequency tones. Consistent with this, we have recently shown that fear-potentiated 
startle (FPS) to a 12 kHz tone CS (i.e., middle frequency) was better in 6-month-old 
C57 mice than in 1-month-old C57 mice (Willott et al., Soc. Neurosci. Abstr., Vol. 
22, Part 3, p. 1821,1996). However, to conclude that the superior FPS in 6-month- 
old mice is a consequence of HLI plasticity, it is necessary to show that the superior 
FPS is not simply a consequence of better conditioning ability in older mice.

To this end we examined FPS to a visual CS in 1-month-old and 6-month-old C57 
mice. Mice of both age groups were given 10 light+shock pairings on each of 6 days. 
FPS was assessed after 2, 4 and 6 days of training. In the FPS tests, the acoustic 
startle response was elicited in the presence and absence of the light CS. FPS was 
defined as greater startle amplitude in the presence of the light than in its absence. 
Motor activity was also measured in the presence and absence of the light and 
conditioned freezing was defined a decrease in motor activity in the presence of the 
light. In both age groups the magnitude of FPS and amount of freezing gradually 
increased over the course of training. Importantly, there were no differences between 
the age groups in the rate or asymptotic level of FPS or freezing. In a control 
experiment, mice of both age groups that were given explicitly unpaired lights and 
shocks did not show either FPS or freezing.

These data suggest that 6-month old C57 mice do not simply condition better than 
1-month-old C57 mice. Hence, it is less likely that the superior FPS to a tone CS 
seen 6-month-old mice is a consequence of improved conditioning ability in these 
mice. Together with previous results, these data lend further support to the hypothesis 
that HLI plasticity can increase the behavioral salience of tones in fear conditioning, 
(supported by NIH grant R37 AGO7554 to JFW)

627.3
BASOLATERAL AMYGDALA INACTIVATION IMPAIRS PERFOR-
MANCE, BUT NOT MEMORY FOR A CONTEXTUAL FEAR CONDI-
TIONING TASK. Almira Vazdarianova-1 and James L. McGaughb2. 
1 Center for the Neurobiology of Learning and Memory and Departments of 
Psychobiology and ^Pharmacology, University of California, Irvine, CA 
92697-3800

Basolateral amygdala (BLA) lesions reduce the amount of time rats freeze 
when put in an environment where they had received a footshock . These 
studies leave open the possibility that the reduction in freezing is due to the 
inability of the animals to express fear, rather than to ablate the memory. 
To distinguish between these two possibilities, we used an apparatus that 
consist of 3 differently shaped and textured, but equal length arms. On Day 
1, rats with permanently implanted cannulae explored the maze for 8 min. 
On Day 2, the rats received 4 footshocks (1mA, lsec, ITI=60sec) in one arm 
("shock" arm) which was blocked off from the rest of the maze. On Day 3, 
the rats were injected in the BLA with 0.2 ul of either 2% lidocaine or 
saline. Then they were placed in one of the "safe" arms and allowed to 
move through the maze for 8 min. Consistent with previous studies, we ob-
served a significant reduction in the amount of time lidocaine treated ani-
mals spent freezing and a decrease in the latencies to enter the "shock" arm. 
However, the rats spent significantly less time in the "shock" arm than ei-
ther of the "safe" arms, or the "shock" arm on Day 1, a pattern which was 
similar to that of the saline controls. Furthermore, lidocaine treated animals 
had a significantly increased number of entries in all arms indicating in-
creased locomotion and/or reduced anxiety and hence, decreased freezing. 
These results argue that animals without a functional BLA at the time of test 
are impaired in performance, but still have a memory for the CFC training.

Research supported by NIMH and NIDA MH12526 (JLM).

627.4
NEUROTOXIC BASOLATERAL AMYGDALA LESIONS BLOCK THE 
EXPRESSION BUT NOT REACQUISITION OF CONTEXTUAL FEAR 
CONDITIONING IN RATS. S, Maren*. M. A. Kia. and L. M, Randazzo. Dept. of 
Psych, and Neurosci. Prog., Univ. of Mich., Ann Arbor, MI 48109-1109.

Neurotoxic lesions of the basolateral amygdala (BLA) prevent the expression and 
reacquisition of Pavlovian fear conditioning in rats given limited training before the 
lesion. However, it has been reported that posttraining amygdala lesions do not 
prevent the reacquisition of conditional fear after extensive pre-lesion training. In 
the present experiment, we assessed the influence of the degree of original training 
on the reacquisition of conditional freezing in rats with neurotoxic BLA lesions. On 
the conditioning day, rats were placed in observation chambers and given either 1 or 
25 unsignaled footshocks (1 mA, 2 s; 60-s intershock interval) three minutes after 
placement in the chambers. Two days after conditioning bilateral lesions were made 
in the BLA using NMDA (20 pg/(lL, 0.3 gL/side); control rats received sham 
surgery with no drug infusion. One week following surgery, fear to the context of 
the conditioning chamber was assessed by returning the rats to the chambers and 
measuring freezing during an extinction test. BLA lesions produced severe deficits 
in the expression of context fear in rats trained with either 1 or 25 conditioning 
trial(s), and the degree of training did not influence the magnitude of the freezing 
deficit in rats with BLA lesions. After testing, the rats received two days of 
reacquisition training, which • consisted of 5 unsignaled footshocks per day. 
Following reacquisition training, the rats were again returned to the conditioning 
chambers for a context extinction test. Rats with BLA lesions exhibited high levels 
of freezing that did not significantly differ from those in control rats, indicating that 
they had reacquired conditional freezing. Reacquisition was similar in rats receiving 
1 or 25 conditioning trial(s) prior to receiving BLA lesions. Thus, the degree of 
original training did not influence either the effect of BLA lesions on the expression 
of conditional freezing or the ability of rats with BLA lesions to reacquire 
conditional freezing. These results suggest that conditional freezing can be mediated 
by other brain structures in the absence of the BLA, and indicate that the BLA is not 
essential for the performance of conditional freezing. Supported by the U of M.

627.5
THE ROLE OF THE AMYGDALA AND ITS EFFERENT, 
THE PERIAQUEDUCTAL GRAY, IN DEFENSIVE FLIGHT 
RESPONSES ELICITED BY LEARNED AND UNLEARNED 
DANGER STIMULI. B. M. De Oca* and M. S. Fanselow. Dept. 
of Psychology, University of California, Los Angeles, CA 90095- 
1563.

The amygdala’s central nucleus (ACe) has been described as a 
generator of the different components of the defensive response. 
Behavioral defense is coordinated by an efferent of the ACe, the 
midbrain periaqueductal grey (PAG). Studies utilizing infusion of 
excitatory amino acids (eg. Bandler & Shipley, 1994) or GABA 
antagonists (Schmitt et al, 1986) suggest that defensive flight is 
mediated by the PAG. In the present experiment, rats with lesions 
of the PAG, the ACe or sham lesions were presented with a 
conditional fear stimulus (CS). Only sham-lesioned rats showed 
significant increases in brief, directed flight to a small enclosure or 
simulated burrow. Subsequently, these rats were tested with a cat in 
a runway apparatus. Neither PAG nor ACe lesions significantly 
altered the decrease in the amount of time spent in the area of the 
apparatus adjacent to the cat. However, ACe lesions abolished 
flight from the cat in the form of climbing along the sides of the 
apparatus and escapes from the apparatus. Lesions of the PAG 
resulted in moderate attenuation of escapes from the apparatus in 
response to the cat. Results indicate that the PAG and ACe are 
necessary for some forms of naturally occurring flight.

627.6
Reversible  inactivatio n of  the  basolateral  amygdala  prevents  
inflation  of  fear  conditioning  in  rats . Y, Akbari, R. Mongeau, S. 
Maren. M. S, Fanselow*. Dept. of Psychology, UCLA, CA 90095-1563.

The basolateral amygdala (BLA) is thought to be involved in the 
evaluation of fear memories. Alterations in the emotional value 
associated with conditional stimuli can be investigated using the inflation 
procedure: fear to a CS alone, generated by its prior pairing with a 
mildly aversive US, is increased when an animal is subsequently 
exposed to a stronger US in the absence of the CS. The aim of the 
present study was to determine whether temporary inactivation of the 
BLA with the GABAa  agonist muscimol would prevent the inflation of 
fear conditioning. On day-1, rats had 3 pairings of a tone (10 s, 85 dB, 2 
KHz) with a mild shock (0.5 mA, 1 s). On day-2, one group of rats was 
replaced in the same context in the absence of shock, while two others 
were inflated with 6 shocks of greater intensity (3 mA). One group had 
bilateral injections of 1 pg of muscimol into the BLA 40 min before this 
inflation procedure, while control rats had muscimol 3 hours after. Intra- 
BLA muscimol decreased rats' reactivity to the 3 mA shock, as 
assessed by the velocity of the activity burst. The next day conditional 
fear was assessed by measuring freezing to the tone in the absence of 
drug. The inflation procedure enhanced freezing in control rats, but not 
in muscimol pre-treated rats. These same animals, re-inflated days later 
without intra-BLA muscimol, displayed the same level of freezing as 
control-inflated rats. These data suggest that the neural processing that 
occurs in the BLA during the inflation procedure is essential for either 
the sensory, perceptual or memorial aspects of fear re-valuation.
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627.7
QUANTIFICATION OF THE UNCONDITIONAL RESPONSE TO 
FOOTSHOCK IN THE RAT: MEASUREMENT OF THE ACTIVITY 
BURST WITH THE USE OF COMPUTER-BASED IMAGE 
ANALYSIS.
B.P. Godsil*. J.R. Spooner. S.G, Anagnostaras. G.D, Gale, and M.S.
Fanselow. Dept, of Psychology and Brain Research Institute, Univ. of
California. Los Angeles. CA 90095.

The activity burst, or unconditional response (UR), of a rat elicited by a 
footshock during Pavlovian fear conditioning, can serve as an index for 
how an animal processes an unconditional stimulus (US). This activity 
burst was assessed by quantifying the distance, velocity, and acceleration of 
the animal during the shock. Using NIH image software, we measured the 
x,y coordinates of the rat from 20 successive 100-ms frames digitized 
during the 2-s footshock. In Experiment 1, Long-Evans rats received 
three 2-s unsignaled footshocks. Each experimental group was given one 
of six different shock intensities. In this experiment, the magnitude of the 
activity burst for all 3 measures increased with increasing shock intensity.
In Experiment 2, we examined the effects of opiate receptor analgesia on 
the activity burst. Three groups of Long-Evans rats were given 15 
unsignaled 2-s footshocks of 1 mA. Each of these groups were 
administered interperitoneal injections of either saline, naltrexone, or 
morphine. These groups all exhibited a modest decrease in the size of the 
activity burst over the course of the 15 shocks. Also, the magnitude of the 
activity burst for these animals was altered by the drug manipulations, 
thereby suggesting a relationship between the size of the UR and the 
animal’s perception of pain. In summary, we quantified the activity bursts 
of rats following footshock, by plotting the position of the animal over 
time during the shock; this method of accessing the activity burst (UR) can 
potentially be used as an index for how an animal processes an US, such as 
a footshock.

627.8
SYSTEMIC SCOPOLAMINE DISRUPTS PAVLOVIAN FEAR 
CONDITIONING IN RATS: DOSE-EFFECT ANALYSIS.
S. G. Anagnostaras*!. S. Maren0. & M.S. Fanselowt. fDept. of Psychology and 
Brain Research Institute, Univ. of California, Los Angeles, CA 90095, & 
°Psychology & Neuroscience Program, Univ. Of Michigan, Ann Arbor, MI 48109.

Muscarinic, cholinergic blockade is widely held to attenuate learning by disrupting 
hippocampal function. In this report, we examined the effects of systemic 
scopolamine on Pavlovian fear conditioning. Female Long-Evans rats were given 
saline, scopolamine methyl-Br, or scopolamine H-Br (0.01, 0.1, 1.0, 10, or 100 
mg/kg, i.p.) 15-min prior to a conditioning session that consisted of 5 tone (2-kHz, 
90-dB)-shock (2-s, 1-mA) pairings. One week later, the animals were given an off- 
drug test for hippocampal/amygdala-dependent contextual fear, followed by a test for 
amygdala-dependent tone fear. Scopolamine HBr, but not methylscopolamine, dose- 
dependently blocked both contextual and tone fear conditioning, although contextual 
fear was more readily and robustly disrupted. We also examined post-shock freezing 
(during training, on-drug) and found that scopolamine HBr blocked post-shock 
freezing, probably because it produced a large dose-dependent increase in activity. 
However, this effect during training was dissociable from the effects on conditioning 
when the animals were tested off-drug. Finally, we examined the effect of 
scopolamine on the footshock activity burst (UR) in order to determine if 
scopolamine blocked conditioning by blocking the nociceptive UR. Scopolamine did 
not affect the footshock UR (measured by velocity) or flinch-jump-vocalization 
thresholds at any dose. Thus, it is likely that systemic scopolamine blocks 
Pavlovian fear conditioning by blocking CS processing or CS-US association 
formation. Because systemic scopolamine blocked tone conditioning, it is unlikely 
that the only site of action is the hippocampus. At present, we are examining the 
effects of site-specific scopolamine on fear conditioning to determine the exact locus 
of these effects.

627.9
REMOTE CONTEXTUAL PREEXPOSURE PROTECTS AGAINST 
THE RETROGRADE AMNESIA FOR CONTEXTUAL FEAR 
PRODUCED BY HIPPOCAMPAL LESIONS: A WITHIN-SUBJECTS 
DESIGN. G. D. Gale*. S. G. Anagnostaras and M, S. Fanselow. Department of 
Psychology, University of California, Los Angeles, Los Angeles, CA 90095-1563.

Rats will show a conditional fear-induced freezing response to a place, or context, 
in which they previously received electric shocks. Hippocampal lesions made after 
training normally cause a severe loss of this contextual fear memory. The effect is 
time limited as the retrograde amnesia is for recently trained contexts but not those 
trained a considerable period before the lesion (old memory). The present experiment 
determined if hippocampal lesons affected a recent contextual fear memory when the 
memory for the context itself was old. All rats received one hour of safe preexposure 
to one of two contexts. Thirty-five days later they received fear conditioning to both 
the previously explored and a novel context. The next day the rats received either 
electrolytic lesions of the dorsal hippocampus or sham surgery. After a week of 
recovery, fear was tested in both contexts by measuring freezing. Rats with sham 
surgery showed equivalently high levels of fear in both contexts, that is, preexposure 
did not affect context fear in the intact animals. Hippocampal lesions produced a 
severe amnesia for contextual fear but only in the context that was not preexposed. 
Remarkably, the same lesioned rats that showed a strong loss of freezing to one 
context showed near normal levels of freezing to another context that was preexposed 
over a month earlier. This occurred even though fear conditioning happened at the 
same time, under the same parameters and was tested at the same training-to-lesion 
interval. It appears that once the representation of a context is consolidated by the 
hippocampus, even recent changes in the emotional value of that representation can 
be remembered without the aid of the hippocampus.

627.10
INVOLVEMENT OF THE BASOLATERAL (BL) AND CENTRAL 
AMYGDALA (CeA) IN FEAR CONDITIONING ASSESSED WITH 
FEAR-POTENTIATED STARTLE USING LOCAL INFUSION OF 
GLUTAMATE ANTAGONISTS. D. L. Walker* and M. Davis. Dept. 
Psychiatry, Yale University, New Haven, CT 06508.

Several lines of evidence suggest that the BL plays an important role 
in the acquisition of conditioned fear as judged by several fear-related 
behaviors. In contrast, the role of the CeA in fear learning is less clear. 
In the present study, we compare the involvement of both structures in 
fear conditioning, using local infusions of glutamate antagonists.

In Experiment I, the AMPA receptor antagonist NBQX (0.3 or 3.0 
ug/side in 300 nl), was infused into the CeA or BL immediately prior to 
training (5 light-shock pairings on each of 2 days). Previous findings 
suggest that this dose and volume allows for limited diffusion between 
the CeA and BL. 48 h later, rats were tested for fear-potentiated startle. 
Infusions of 3.0 ug/side into either structure totally blocked 
conditioning. Infusions of 0.3 ug/side into the CeA had no apparent 
effect, whereas 0.3 ug/side into the BL attentuated potentiated startle by 
45%. These results suggest that both structures are involved in fear 
conditioning, although the CeA may be slightly less sensitive to NBQX.

To verify and extend these findings, and to determine with greater 
precision the anatomical basis for these effects, we are now infusing 
NBQX or the NMDA antagonist, AP5, unilaterally, in rats with lesions 
of the contralateral amygdala. Preliminary data suggest that AP5 into the 
BL but not the CeA disrupts conditioning whereas NBQX into either 
structure is effective. If confirmed, these findings would suggest an 
unanticipated involvement of the CeA in fear conditioning. [Supported 
by MH 47840, MH 00004 and AFOSR F49620 DEF].

627.11
AMPA RECEPTOR BLOCKADE IN THE CENTRAL NUCLEUS OF 
THE AMYGDALA BLOCKS THE EXPRESSION OF CONTEXTUAL 
FEAR. K. A. McNish*, J C. Gewirtz, and M. Davis. Depts. of Psychiatry 
and Psychology, Yale Univ. Sch. of Med., New Haven, CT 06508.

The literature on fear conditioning suggests that there may be different 
neural substrates underlying conditioning to explicit and contextual cues. 
Significant progress has been made in delineating the contribution of 
various subnuclei of the amygdala to conditioned fear to explicit cues. 
However, many of the studies evaluating the role of the amygdala in 
conditioned fear to contextual cues have used relatively large lesions 
damaging a variety of amygdaloid nuclei, or electrolytic lesions which 
destroy both cell bodies and fibers of passage. The present studies 
evaluated the role of the central nucleus of the amygdala in the expression 
of contextual fear.

We previously reported the development of a paradigm for producing 
discriminable context conditioning using both freezing and enhancement 
of the acoustic startle reflex as measures of conditioned fear (McNish, 
Gewirtz and Davis, 1996). In Experiment 1, post-training electrolytic 
lesions of the central nucleus of the amygdala were found to block both 
conditioned freezing and enhancement of the startle reflex to a context 
previously paired with shock. In Experiment 2, post-training local 
infusion of the AMPA receptor antagonist NBQX (3.0 pg/side in 300 nl) 
into the central nucleus of the amygdala reversibly blocked both freezing 
and enhancement of the startle reflex. These data indicate that contextual 
and explicit cues mediate their effects via activation of AMPA receptors in 
the central nucleus of the amygdala. Studies are currently underway to 
evaluate local inactivation of other structures which may be involved in 
the expression of contextual fear. [Supported by MH 1.9951-01 to 
K.A.M., MH 11370 to J.C.G., and by MH 47840, MH 00004, and AFOSR 
F49620 DEF to M.D.]

627.12
ANATOMICAL TRACING AND LESION STUDIES OF PAIN PATHWAYS 
INVOLVED IN FEAR CONDITIONING MEASURED WITH FEAR 
POTENTIATED STARTLE. C-J Shi* & M. Davis. Dept. of Psychiatry & 
Psychology, Yale Univ., New Haven, CT06508

It is well established that the basolateral amygdala is critically involved in the 
association between an unconditioned stimulus(US), such as a foot shock, and a 
conditioned stimulus (CS), such as a light, during classic fear conditioning. However, 
little is known about how the US (pain) inputs are relayed to the basolateral amygdala. 
The present studies were designed to define potential US pathways to the amygdala 
using both anatomical tracing and lesion methods.

Following pressure injection of biotinylated dextran amine (BDA) into the dorsal 
horn of the spinal cord in rats, anterograde labeling was observed in the posterior 
thalamic nucleus, including the triangular subarea (PoT). After iontophoretic injections 
of BDA into the PoT, heavy anterograde labeling was differentially present in the 
dorsolateral part of the lateral nucleus, anterior basomedial nucleus and medial part of 
the central nucleus of the amygdala, as well as in the caudal insular cortex (IC).The 
insular labeling was specifically distributed in the dorsal bank of the rhinal sulcus, 
i.e., granular and dysgranular areas, which also receive cortical projections from 
somatosensory cortices and, in turn, project to the amygdala.

Electrolytic lesions before or after training were placed in caudal 
granular/dysgranular, or PoT or both and the effects on fear conditioning were 
examined. Pre-training lesions of both IC and PoT, but not lesions of IC or PoT 
alone, blocked the acquisition of fear potentiated startle. However, post-training 
combined lesions of IC and PoT did not prevent expression of conditioned fear. These 
results suggest two parallel cortical(insula-amygdala) and subcortical (PoT-amygdala) 
pathways involved in relaying shock information to the basolateral amygdala during 
fear conditioning. [Supported by MH47840, MH000W and AFOSR F49620DEF]
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627.13
DOUBLE LABELING, RETROGRADE TRACING STUDIES OF THE 
BASOLATERAL AMYGDALOID NUCLEUS PROJECTIONS TO THE 
LATERAL BED NUCLEUS OF THE STRIA TERMINALIS AND 
CENTRAL AMYGDALOID NUCLEUS. R. Deasy, C-J Shi & M. Davis*, 
Dept. of Psychiatry & Psychology, Yale Univ., New Haven, CT 06508

Previous anatomical studies demonstrate that the lateral bed nucleus of 
the stria terminalis (BNST1) and the central amygdaloid nucleus (Ce) are 
similar structures based on their connections, cytoarchitectonics, and 
immunohistochemical characteristics. However, behavioral studies suggest 
that these two structures subserve different functional roles in conditioned 
fear and anxiety. Local infusion of the AMPA antagonist NBQX into the 
BNST blocks light-enhanced startle, an animal model of anxiety, but not 
fear-potentiated startle, whereas NBQX in the Ce blocks fear-potentiated 
startle but not light-enhanced startle. Interestingly, NBQX in the basolateral 
amygdala, which projects heavily to both the Ce and BNST1, disrupts both. 
It is of theoretical interest to determine if the basolateral amydala provides 
different information to these two structures.

To evaluate this, we have used a double labeling, retrograde tracing 
technique to investigate whether the projections to BNST1 and Ce originate 
from different neurons within the basolateral amygdaloid nucleus (BL) or 
if these projections are collaterals from the same neurons. Following 
iontophoretic or pressure injections of Diamidino Yellow and Fluoro-Gold 
into the BNST1 and Ce respectively, labeled cells were observed in the BL, 
predominantly in the posterior subdivision. Although cells containing each 
label were intermixed, only a few cells were double labeled. To confirm 
these results, we have recently made small iontophoretic injections of the 
anterograde tracer, biotinylated dextran amine, into the BL. Axonal 
reconstructions are in progress to reveal how BL neurons project to these 
two areas. [Supported by MH47840, MH00004 and AFOSR F49620 DEF]

627.14
STIMULATION OF STARTLE MODULATING MIDBRAIN AREAS HAS 
DIFFERENT EFFECTS ON THE ACOUSTIC STARTLE RESPONSE. 
M. Fendt*. Tierphysiologie, Universitat Tubingen, Auf der Morgenstelle 28, 
D-72076 Tubingen, Germany.

The acoustic startle response (ASR) is mediated by an oligosynaptic path-
way including the cochlear root neurons, the caudal pontine reticular nucleus 
(PnC) and spinal motoneurons. The PnC is the recipient of modulatory inputs, 
such as fear-potentiation or prepulse inhibition. Previous lesion studies of our 
laboratory showed that the superior colliculus (SC) is an important part of the 
pathway mediating prepulse inhibition of the ASR, whereas the midbrain cen-
tral gray (CG) is involved in the potentiation of the ASR by conditioned anti 
unconditioned fear. Further studies suggested that the different parts of the 
CG may differently influence fear-potentiated startle. The present stimulation 
study should provide further information drawing on these results.

Moderate electrical stimulation of the SC and the dorsal or ventrolateral CG 
decreased the tone-evoked activity of PnC neurons of anaesthetized rats, 
whereas stimulation of the lateral CG enhanced the tone-evoked activity of 
PnC neurons. For chemical stimulation, we used Picrotoxin (PTX), a GABA 
chloride channel blocker in order to disinhibit neurons. Microinjections of PTX 
into the SC of awake rats facilitated the prepulse inhibition of the ASR without 
affecting the baseline ASR amplitude. Injections of PTX into the lateral CG in-
creased the fear-potentiation of the ASR, whereas injections of PTX into the 
ventrolateral CG tended to attenuate fear-potentiated startle. The baseline 
ASR amplitude were nor affected by stimulations of the SC or the CG.

The results of the present stimulation study confirmed the hypotheses, that 
the SC is an important part of the neuronal pathway mediating prepulse inhi-
bition and that the different regions of the CG differently influence fear- 
potentiation of the ASR: the lateral region of the CG is involved in the media-
tion, whereas the ventrolateral region of the CG is involved in the inhibition of 
fear-potentiated ASR. Supported by DFG (SFB 307 / C2).

627.15
INHIBITION OF FEAR-POTENTIATED STARTLE USING AN AUDITORY 
CONDITIONED INHIBITOR: THE EFFECT OF AUDITORY THALAMIC 
LESIONS. S.A. Heldt* & W.A. Falls. Dept. of Psychology, Northern Illinois 
University, DeKalb, IL 60115.

Although much is known about the neural systems responsible for the acquisition 
and expression of conditioned fear, little is known about the neural systems 
responsible for the inhibition of fear. One procedure well suited for the investigation 
of inhibition of fear is conditioned inhibition of fear-potentiated startle (Falls & Davis, 
1995, Beh. Neurosci. vol. 109, p.379-387). The purpose of this study was to examine 
the effects of auditory thalamic lesions on the acquisition of conditioned inhibition to 
an auditory conditioned inhibitor.

Rats were given either complete electrolytic auditory thalamic lesions or sham 
lesions prior to conditioned inhibition training. The training consisted of 15 
light+shock pairings on each of 2 days followed by 5 light+shock trials intermixed 
with 15 noise-»light no shock trials on each of 5 days. This training procedure was 
designed to establish the noise as a conditioned inhibitor. Both the lesion and sham 
groups showed equivalent levels of conditioned inhibition of fear, defined as a reduction 
in fear-potentiated startle to the light when accompanied by the noise. These data 
suggest that the auditory thalamus is not critical for the acquisition of conditioned 
inhibition of fear-potentiated startle to an auditory conditioned inhibitor. Because 
lesions of the auditory thalamus have been shown to prevent the acquisition of fear- 
potentiated startle to an auditoiy CS, we evaluated whether our lesions would prevent 
acquisition of fear-potentiated startle to an auditory CS. The lesioned and a subset of 
sham animals were given 10 noise+shock pairings on each of 2 days. Lesioned rats 
showed significantly less fear-potentiated startle than sham animals, suggesting that 
the lesions were sufficient to prevent acquisition to an auditory CS.

These results indicate that although the auditory thalamus may be important for the 
acquisition of fear to a noise CS, it is not critical for the acquisition of conditioned 
inhibition to a noise inhibitor. (Supported by NIH grant MH54290 to WAF)

627.16
NMDA RECEPTOR ANTAGONISM IN THE BASOLATERAL, 
BUT NOT CENTRAL, NUCLEUS OF THE AMYGDALA 
REDUCES THE STRESS-INDUCED FACILITATION OF 
ASSOCIATIVE LEARNING IN THE MALE RAT. T.J.Shors*.
P.R.Matfaew and M.E.Chachich. Program in Neuroscience, Dept. of 
Psychology, Princeton University, Princeton, NJ-08544.

Exposure to a stressor of brief intermittent tailshocks (30, 1mA, Is) 
persistently facilitates classical eyeblink conditioning in the male rat (Shors 
et al., 1992) and is dependent on NMDA receptor activation (Shors & 
Servatius, 1995). To determine the critical site of activation, we injected the 
competitive antagonist AP5 into the basolateral and central nucleus of the 
amygdala bilaterally (5ugZuL; 0.5uL/side) just prior to stressor exposure.
24h later, rats were classically conditioned with a 320 ms white noise (CS) 
overlapping with an 80 ms, 0.7 mA periorbital eyeshock (US). NMDA 
receptor blockade in the basolateral amygdala prior to stressor exposure 
reduced the stress-induced facilitation of learning, whereas NMDA receptor 
blockade in the central nucleus did not alter the facilitated learning. Finally, 
we determined that the critical time of NMDA receptor antagonism in the 
basolateral nucleus was dining stressor exposure; rats injected with the 
antagonist immediately after stressor exposure still exhibited facilitated 
acquisition of the conditioned response. These results suggest that the 
stress-induced facilitation of associative learning is induced by NMDA 
receptor activation during the stressor and the necessary site of activation 
resides within the basolateral nucleus of the amygdala.
[supported by NSF, Whitehall Foundation, McDonnell-Pew Foundation to 
TJS]

627.17
EFFECTS ON DRINKING PASSIVE AVOIDANCE (dPA) OF LESIONS 
WITHIN THE BASOLATERAL, CORTICAL OR CENTRAL AMYGDALA, 
OR WITHIN PERIRHINAL OR PIRIFORM CORTEX OF THE RAT. 
G, D. Coover*. S. A, Heldt and S. Webster. Dept. of Psychology, Northern 
Illinois University, DeKalb, IL 60115.

Electrolytic lesions of the rostral third of the central nucleus of the amygdala 
(ACe) produce deficits in dPA that are greater in magnitude than the deficits 
produced by lesions of the rostral portions of the lateral or basolateral 
amygdala, or middle third of ACe or basolateral amygdala. Lesions placed 
caudally in ACe or basolateral amygdala didn’t produce any deficit (Coover, 
Soc, Neurosci, Abstr. 12:473; 1991; Coover, Murison & Jellestad, Physiol, 
Behav, 51:795-803.1992; Oakes & Coover. Physiol. Behav. 61:45-55. 1997).

In the present experiment electrolytic lesions (1 ma anodal for 15 sec) were 
aimed at sites located 2.6 mm caudal to bregma (i.e., at the middle rostrocaudal 
level of the amygdala), in the lateral nucleus (AL), ventral aspect of the 
basolateral nucleus (ABL), ventral perirhinal cortex (vPrh), lateral piriform 
cortex (lPir), medial piriform cortex (mPir), or cortical amygdala (ACo). 
Additionally, lesions were placed rostrally in perirhinal cortex (rPrh: at -1.7 
mm to bregma) or rACe (-1.9 mm). The lesion groups included 9 to 11 
subjects, and the sham operated control group included 17 of the male, Long 
Evans rats.

The lesions of rACe produced the expected very marked deficits in dPA 
(Mean ± Standard Error = 36 ± 2 footshocks) compared to the controls (17 ± 1) 
and all other lesion groups. However, the AL group had an intermediate dPA 
deficit (26 ± 2), while mild, very marginal deficits were exhibited by the mPir 
(21 ± 1) and ABL (21 ± 1) groups.

627.18
THE ROLE OF NOVELTY FOR THE FOS PRODUCTION OF 
FEAR-CONDITIONED MICE. Jelena Radulovic*. Jens Kammermeier and 
Joachim Spiess. Dept. Mol. Neuroendocrinology, Max Planck Inst. Exp. Med., 
37075 Goettingen, Germany.

The present experiments were carried out with the objective to evaluate the effects 
of a single preexposure to context (conditioned stimulus, CS) and shock 
(unconditioned stimulus, US) on subsequent fear conditioning of male C57BL/6N 
mice tQ the same or novel CS (tone). Contextual preexposure was performed by 
exposure of the mice to context 1 on day 1, and to a different context (context 2) from 
days 2-5. On day 6, mice were placed into context 1 for 3 min and then given an 
electric footshock (0.7 mA, 2s) alone or paired with a tone. Contextual retention was 
tested on day 7 by placing the mice into context 1. Tone-dependent retention was 
assayed by exposure of the mice to a tone in a context different from contexts 1 or 2 
(context 3). US preexposure was performed identically as described above except that 
on day 1 mice placed into context 1 (CS) received an electric footshock (US). Control 
mice were not preexposed to CS alone or to CS and US. FOS production in the brain 
was determined in all experimental groups 1 hr after the first exposure to context only 
or context paired with shock (day 1), and 1 hr after the conditioning to context and 
tone (day 6).

The first exposure to contextual stimuli induced the highest FOS production in the 
parietal cortex, hippocampus and numerous amygdaloid nuclei, and this effect was 
completely absent after contextual preexposure. Exposure to electric shock increased 
the FOS level in the central amygdala of mice preexposed to context, but not in mice 
preexposed to both context and shock. Tone induced an increase in FOS levels in the 
lateral amygdala of mice preexposed to context and shock. The effect of different CS 
and US was not additive. Pre-exposure of mice to the CS and the US that resulted in 
decreased FOS production in the brain, also prevented or decreased the acquisition of 
contextual and tone-dependent fear responses. The results demonstrated that the 
intensity of FOS staining in the brain was primarily related to the novelty of the 
stimuli employed as CS and US. (Supported by the Max Planck Society)
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627.19
CONTEXTUAL FEAR CONDITIONING ALTERS GAP-43 
PHOSPHORYLATION AND PROTEIN LEVELS IN C57BL/6 MICE. 
Elizabeth A. Young*, Karina F. Meiri° and Jeanne M. Wehner.
Institute for Behavioral Genetics, University of Colorado, Boulder, 
CO 80309 and °Department of Pharmacology, SUNY, Syracuse, NY 
13210

C57BL/6 mice display freezing behavior when tested 24 hrs 
following contextual fear conditioning. Hippocampal protein kinase 
C (PKC) is thought to be involved in the learning process, however, 
little is known about the involvement of PKC substrates. GAP-43 is 
a pre-synaptic membrane associated PKC substrate highly expressed 
in the hippocampus which has been shown to modulate 
neurotransmitter release. Therefore, it was of interest to investigate 
changes in its levels and phosphorylation state following contextual 
fear conditioning. Total GAP-43 and phosphoserine4i-GAP-43 were 
quantified using Western blots from hippocampal membrane 
fractions of naive mice, shock control mice, and mice demonstrating 
contextual fear conditioning. GAP-43 phosphorylation rapidly 
increased (within 5 min) to 27% over naive in the contextual fear 
conditioned mice and returned to baseline at 45 min. In the shock 
control mice, GAP-43 phosphorylation was transiently decreased to 
-80% of the levels in naive mice. GAP-43 protein levels were 
increased by 3 hrs (39% over naive) and remained elevated at 24 hrs 
(53% over naive). GAP-43 had returned to basal levels by 48 hr. No 
changes in protein levels were observed in the shock control mice. 
These results suggest that GAP-43 may be involved in contextual 
conditioning. Supported by NIMH grants MH-48663 and AA-00141

627.20
DIFFERENTIAL EFFECT OF PROTEIN SYNTHESIS INHIBITION ON 
CONTEXT- AND TONE-DEPENDENT FEAR CONDITIONING IN MICE. 
O, Stiedl*. M, Palve. K, Birkenfeld and J. Spiess. Department of Molecular 
Neuroendocrinology, Max Planck Institute for Experimental Medicine, 
Hermann-Rein-Str. 3, D-37075 Goettingen, Germany

Protein synthesis inhibitors, such as anisomycin (ANI) and cycloheximide 
(CHX), have been described to impair long-term memory only if applied 
within defined time windows. A paradigm of one-trial fear conditioning was 
used to investigate the dose- and time-dependent effect of a single 
intraperitoneal CHX injection on context- and tone-dependent fear 
conditioning tested 24 hr after acquisition in male mice (C57BL/6N). Under 
these conditions, the context served as background stimulus. Due to the 
involvement of different neuronal pathways for the different forms of 
conditioning, a differential effect of CHX treatment was expected. Freezing 
behavior and activity were measured as behavioral parameters in the 
contextual memory test. In addition, heart rate (HR) which recently has been 
shown by us to be a specific physiological parameter indicating associative 
learning under these conditions, was measured during the tone-dependent 
memory test performed in the homecage of freely moving mice implanted with 
ECG transmitters.

Injection of CHX 15 min before training, dose-dependently affected both 
context- and tone-dependent memory, whereas CHX injection immediately 
after training affected significantly tone-dependent memory, but not contextual 
memory. CHX treatment 15 min before the memory test did not affect 
retention or expression of fear in either of both memory tests. However, CHX 
injection after contextual foreground conditioning, without tone presentation 
during acquisition, significantly impaired contextual memory.

Intracerebral injections of ANI are currently being carried out to investigate 
the contribution of the hippocampus for contextual memory with the context 
serving either as background or foreground stimulus.

(Supported by the Max Planck Society)

LEARNING AND MEMORY: PHYSIOLOGY—CORTEX AND OTHER

628.1
AN EXAMINATION OF THE RELATIONSHIP BETWEEN CORTICO- 
CORTICAL EVOKED POTENTIALS AND SPATIAL TRAINING IN 
THE WATER MAZE. J. Beiko* and D.P. Cain Program in Neuroscience 
and Department of Psychology. University of Western Ontario. London, 
Ontario, CANADA N6A5C2.

Long term potentiation (LTP) is the principal model of synaptic plasticity 
often used to explain the changes that occur in the brain as a result of 
learning and memory. In this experiment the relationship between cortico- 
cortical evoked potentials and spatial training in the water maze was 
examined to determine if changes in neocortical field potentials occur as a 
result of spatial training. Chronic bipolar recording and stimulating 
electrodes were placed in mirror sites of the posterior parietal cortex (PPC) 
using standard surgical procedures. After a two-week recovery period, the 
rats (Long-Evans, n=7) were given a series of 5 baseline recordings in order 
to establish an I/O profile. After a stable baseline had been established the 
animals were trained in the water maze. Training consisted of 10 trials per 
day over 10 consecutive days. The location of the hidden platform was 
changed every second day to ensure acquisition of several different platform 
positions. Evoked potential recordings were taken 1 hour and 23 hours 
after each day of water maze training. Upon completion of water maze 
training, the animals were administered LTP-inducing trains to ensure that 
the recording arrangement was capable of detecting LTP. The results 
showed that the rats quickly acquired the water maze task and that the 
recording arrangement was capable of detecting LTP. However, despite 
robust place learning, the results showed that the field potentials taken 
before water maze training did not differ from those taken after water maze 
training. Thus, the results suggest that LTP-like changes in the PPC are not 
necessary for spatial learning to occur. Supported by NSERC.

628.2
HIGH-FREQUENCY TRANSITIONS OF NEURONAL ACTIVITY IN 
SHORT-TERM MEMORY. Yong-Pi Zhou, Mark Bodner and Toaqum M. 
Fuster*. Department of Psychiatry and Brain Research Institute, UCLA 
School of Medicine, Los Angeles, CA 90024.

Single-unit spike trains recorded from parietal cortex of monkeys 
performing a tactile short-term memory task show characteristic 
fluctuations in their firing frequency that are related to memory. These 
fluctuations are often obscured in the analysis of average frequency, but 
become apparent by binary mapping and transition analysis (Bodner et 
al., I. Neurophysiol. 77: 2219, 1997); this procedure resembles the 
application of a nonlinear low-pass filter to the spike train. Spike 
trains recorded during the memory period, when the animal must retain 
information for the short term, show a higher rate of frequency 
fluctuations than spike trains recorded during intertrial baseline 
periods. An analysis of temporal resolution reveals that the memory- 
related fluctuations occur predominantly in the 30-50 Hz range. It has 
been proposed that activity in that range is critical for the binding of 
stimulus features in perception. Experimentally, such activity has been 
observed in studies of higher cognitive functions. In the present study, 
we report for the first time evidence of that kind of activity in working 
memory of sensory stimuli. A possible interpretation of this evidence is 
that high-frequency fluctuations represent local network shifts in 
fixed-point frequency attractors, as proposed in recent models of active 
short-term memory (Zipser et al., I. Neurosci. 13: 3406,1993).

Supported by NIMH grants MH51697 and K05 MH25082

628.3
CONTEXT DEPENDENT NEURONAL RESPONSE IN MONKEY 
PREFRONTAL CORTEX UNDER MULTI-DIMENSIONAL 
DISCRIMINATION. M. Sakaqami*1 and K. Tsutsui Dept. of 
Psychology, Univ. of Tokyo, Tokyo, 113, Japan. 1Present address: 
Dept. of Physiology, Juntendo Univ. Sch. of Med., Tokyo, 113, Japan.

Clinical and non-invasive studies indicate the importance of the 
prefrontal cortex (PFC) for the context dependent recognition of the 
multi-dimensional stimuli, such as used in the Card Sorting Test. To 
investigate its functional role we recorded prefrontal neuronal activity 
while monkeys (Macaca fuscata) performed a go/no-go selective 
attention task with compound visual stimuli (colored random dots). Of 
253 visually responsive neurons, 168 showed differential activity for 
go and no-go stimuli. About 55 % of them specifically coded the 
behavioral meaning based on the color or motion aspects of a 
stimulus, showing differential go/no-go activity only when the monkey 
attended to that neuron's preferred visual dimension (color-preferred; 
83/168, motion-preferred; 9/168). The remaining 45 % (76/168) of the 
neurons showed the differential go/no-go activity regardless of the 
attended visual dimension. These results indicate primate PFC has 
multiple processing stages to decide an appropriate response for the 
complex task situation.

We examined the distribution of the three types of the neurons as 
well as analysing the latency of their activity changes. It was 
suggested that subareas of the prefrontal cortex which subserve 
different sensory dimensions were hierarchically organised.

Supported by grants from the Ministry of Education, Science and 
Culture of Japan

628.4
ACTIVITY OF NEURONS IN MONKEY PREFRONTAL (PF) CORTEX 
DURING LEARNING OF OBJECT-SPATIAL ASSOCIATIONS. W.F. Asaad,
G. Rainer, and E.K. Miller*. Dept. of Brain and Cog. Sci. and Cntr. for Learning and 
Memory, MIT, Cambridge, MA 02139

The PF cortex is critical for associative learning and for the ability to shift strategies 
in response to changing behavioral demands. To study the neural basis of these 
processes, we trained a monkey to learn new conditional visuomotor associations.
For each experiment, the monkey had to learn to associate each of 4 novel objects 
with either a saccade to the right or to the left. For example, object "A" might require 
a rightward saccade and object "B" a leftward saccade. The monkey learned these 
pairings by trial and error. After learning the initial object-spatial associations, the 
rewarded pairings were reversed (e.g., A-go left, B-go right). This required the 
monkey to abandon the previous associations and learn new ones. Each trial began 
with brief presentation of a sample object at the center of gaze. Then, after a one 
second delay, the monkey chose a direction in response to a "go" signal. Thus, this 
task required working memory to bridge the delay so that the object-spatial 
associations could be formed.

We have preliminary data from 27 lateral PF neurons. The initial learning and 
reversal of the object-spatial associations revealed that the delay activity of some 
neurons (6/27, or 22%) was selective for both the sample object and the saccade 
direction. During initial learning, their level of delay activity was determined by both 
the object and the currently associated direction. When the associations were 
reversed, the delay activity changed to reflect the new object-spatial associations. 
Some neurons (7/27, or 26%) showed similar effects in their visual responses to the 
sample objects. These responses reflected both the sample object and the currently 
associated direction. This suggests that PF neurons are involved in the learning of 
visuomotor associations.

Supported by the NINDS and the Pew Charitable Trusts.
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628.5
SELECTIVE ATTENTION GATES WORKING MEMORY FOR OBJECTS IN 
THE MONKEY PREFRONTAL (PF) CORTEX
S.C. Rao*, G. Rainer, W.F, Asaad, E.K. Miller Dept. of Brain and Cog. Sci. and Cntr. 
for Learning and Memory, MIT, Cambridge, MA 02139

Working memory is an active process in which behaviorally relevant stimuli are 
selectively encoded and retained. Neurophysiological studies have examined how the 
contents of working memory can be used to select an object for focal attention. In this 
study we examined the reverse; that is, how a single object from a cluttered scene can 
be selected for representation in working memory. The task was a modified version of 
delayed match-to-sample. The trial began with the brief presentation of a sample array 
of three objects. Only one of the objects was behaviorally relevant. After a one second 
delay, test arrays of the same three objects were presented. The monkey was required 
to release a lever if the relevant object appeared in the same location as in the sample 
array. Thus, the task required the animal to retain the identity and location of only the 
relevant object. Each of the three objects was relevant during different blocks of trials.

For many neurons (42/69, 61%), the level of delay activity depended on which 
object was relevant. In fact, for most of these neurons (33/42, 78%) the delay activity 
following a given array was identical to trials in which only the relevant object was 
presented. This indicates that the relevant object was selectively represented in 
working memory. In addition, many neurons showed delay activity selective for the 
location of the relevant object (37/69, 53%), and for both the object and its location 
(11/69, 16%). These findings illustrate how PF neurons selectively retain relevant 
information in working memory.

Supported by the NINDS and the McKnight Foundation.

628.6
POTENTIATION OF NEURONAL RESPONSES TO WELL-LEARNED CUES 
IN THE INFERIOR PREFRONTAL CORTEX DURING CONDITIONAL 
VISUOMOTOR LEARNING. B.-M. Li, M. Inase*, T. Takashima and T. Iiiima. 
Molecular and Cellular,Neuroscience Sect., Electrotechnical Lab., Tsukuba, Ibaraki 
305, Japan, and Shanghai Inst, of Physiology, Chinese Acad, of Sci., China.

We have recently reported that a group of neurons in the inferior prefrontal cortex 
showed learning-related changes in activity on new-cue trials during conditional 
visuomotor learning (Jpn. Neurosci. Meeting, 1997). In this study we investigated 
modulation of neuronal responses to well-learned cues during the learning in the 
same area. Two monkeys performed a delayed visuomotor task. In a control block 
the monkeys made three well-trained arm movements in response to three well- 
leamed visual patterns (cues). In a learning block one of the well-learned cues was 
replaced with a new cue and the monkeys learned to select one movement in 
response to the new cue, which instructed the same movement as the replaced one 
did. We found two types of modulations: 1) some neurons, which showed no 
response to the well-learned cues in the control block, responded dramatically to the 
same cues in the learning block. These neurons did not respond, or responded very 
weakly to .a new cue; 2) other neurons, which responded to each of the well-learned 
cues in the control block, showed further enhanced responses to the same cues in 
the learning block. These neurons also responded strongly to a new cue. The two 
modulations were observed in the cortical area both contralateral and ipsilateral to 
the performing arm. Our results suggest that the neural mechanism underlying 
well-leamed visual stimulus-response association may be facilitated during 
conditional visuomotor learning in the inferior prefrontal cortex. (Supported by the 
Japanese Agency of Industrial Science and Technology, and Japan Science and 
Technology Corporation)

628.7
Attenuation of Memory Fields in Primate Prefrontal Cortical Pyramidal 
Cells and Interneurons by Selective 5-HT2 Antagonists.
G, V, Williams*, S. G. Rao, & P, S, Goldman-Rakic. Section of Neurobiology,
Yale University School of Medicine, New Haven, CT 06510.

We have previously shown a selective enhancement of the memory fields of 
prefrontal pyramidal cells by highly selective DI antagonists, whereas less-specific 
compounds, which also block 5-HT2 receptors, accentuated memory fields indirectly 
by reducing overall pyramidal cell activity and improving signal-to-noise ratio. In 
data obtained from 2 monkeys performing an oculomotor delayed-response task, we 
have further investigated the action of 5-HT2 antagonists on prefrontal pyramidal 
cells (regular-spiking) and intemeurons (fast-spiking).

In contrast to selective DI antagonists, iontophoresis of the 5-HT2 antagonists, 
MDL100907, LY53856 and ritanserin, dramatically reduced the spatial-tuning of 
delay activity, i.e. memory fields, of both pyramidal cells and intemeurons. We have 
identified two mechanisms by which 5-HT2 blockade could produce this diminution 
in tuning. The first mechanism is disfacilitation, resulting in the direct reduction of 
both spontaneous and task-related activity of intemeurons and pyramidal cells in 
particular. The second mechanism is disinhibition, resulting from disfacilitation of 
local inhibitory intemeurons and indirectly leading to an increase in cell activity, 
particularly during the delay period of the task.

Thus 5-HT2 antagonists may attenuate the spatial tuning of prefrontal pyramidal 
cells by both direct, inhibitory and indirect, excitatory influences. This form of 
neuromodulation contrasts with the previously reported direct action of dopamine 
on DI receptors located on pyramidal cells and locally modulating their spatially- 
tuned inputs.
Supported by NIH grant MH44866.

628.8
FRONTAL LOBE ACTIVITY ON MANUAL (MDR) AND OCULOMOTOR (ODR) 
DELAYED RESPONSE TASKS. S. Carlson*, S.P. <5 Scalaidhe, M.V. 
Chafee, and P.S. Goldman-Rakic. Section of Neurobiology, 
Yale Univ. Sch. Med., New Haven, CT 06510.

Single neuron activity was recorded in the dorsolateral 
prefrontal (PFC) and premotor (PM) cortices in two monkeys 
(Macaca mulatta) trained to perform an ODR and a MDR task 
to an array of 8 LEDs surrounding a central fixation point 
and a touch bar. They were required to respond to the 
location of a visual cue at the end of a delay period with 
either a manual response (MDR) while maintaining central 
visual fixation or with a saccadic eye movement (ODR).

Over 150 neurons were recorded. Of them 117 were in the 
PFC and 35 were in the PM. 122 neurons were recorded in 
both tasks, 25 only in ODR and 5 only in MDR. The number of 
neurons selectively responding in the cue period was 33, in 
the delay period 24 and in the response period 25. Almost 
all (>90%) task related neurons were spatially selective 
and the majority of those responding on both tasks had the 
same preferred direction for one or more epochs of the 
tasks (70%; 26/37). Neurons sometimes had similar responses 
in the MDR and ODR tasks during the cue periods, responded 
preferentially (more to one task than another) during the 
delay periods, and typically responded exclusively on one 
task in the movement periods.

The results suggest that 1) neurons are tuned for 
spatial location on both MDR and ODR tasks, 2) the motor 
modality specificity of the neurons becomes sharper as the 
monkey advances from registration of visual information 
(cue period) through on-line memory (delay period) to 
movement initiation (response period) in the delayed 
response trial.

628.9
DYNAMIC INTERACTIONS AMONG PREFRONTAL NEURONS 
IN RELATION TO WORKING MEMORY PROCESSES.
S. Funahashi*. S. Hara, and M. Inoue. Fac. of Integrated Human 
Studies; Grad. Sch. of Human and Environmental Studies, Kyoto 
Univ., Kyoto 606-01, Japan; PRESTO, JST.

To examine whether dynamic changes in interactions among 
prefrontal neurons exist during working memory processes, multiple- 
neuron activities were recorded while monkeys performed an 
oculomotor delayed-response task with 8 peripheral cues. We isolated 
2 or 3 single-neuron activities from the multiple-neuron activity, 
determined each neuron's function in relation to the task events, and 
made cross-correlograms between pairs of isolated neurons to 
determine input-output relationships.

Among title 168 neuron pairs isolated, 41 had a common input-type 
of interaction and 43 had serial interactions. We constructed cross- 
correlograms using a pair of single-neuron activities collected from 
cue-presentation to reward-delivery for each cue condition. The 
strength of the correlation varied with the cue conditions in about half 
of the neuron pairs. These changes were observed in neuron pairs with 
common input-type as well as serial-type interactions and even in 
neuron pairs with no task-related activity.- These results indicate die 
existence of dynamic interactions among prefrontal neurons that 
depend upon the task conditions and suggest that the dynamic change 
in these interactions is important for integrating and manipulating 
information in working memory processes.
(Supported by the Japanese Ministry of Education Grant No. 
07680871,08279225 and by the Inamori Foundation)

628.10
CINGULATE NEURAL ACTIVITY AND ORGANIZATION OF 
SEQUENTIAL BEHAVIOR IN THE MACAQUE MONKEY.
E, Procyk.Y.L. Tanaka and J.-P. Joseph*. INSERM U94, 16 av.du doyen 
Lepine, 69500 Bron, FRANCE.

According to imaging studies in man anterior cingulate cortex (AC) 
plays a important role in cognitive tasks and in motor learning. Few 
electrophysiological studies in monkeys have focused on AC activities and 
motor behaviour.

We used a spatial problem solving task (Procyk and Joseph, 1996, BBR, 
82:67-78) in which the monkey, feeing a touch-screen monitor, had to 
search for the touching order (chosen in a set of 6 by a computer) of 3 
fixed spatial targets illuminated on the screen. After an incorrect touch, all 
targets were extinguished and the monkey had to start another trial from 
the very beginning. After a correct touch, all targets remained illuminated 
and the monkey could choose the next from among the other targets 
(search period). When the correct order was repeated 4 times 
(consolidation period), a new search was initiated. Unit activities were 
recorded from anterior cingulate cortex (AC) in 1 rhesus monkey.

Preliminary data show 2 main results: 1) Nearly all cells related to 
execution of sequence .were rank-selective. They were active for the first, 
second and/or third movements (saccade or arm movement) in all 
sequences. Cell activities were independant of target position and 
movement direction. 2) 40% of cells presented dramatic discharge 
variations between search and consolidation periods.

These preliminary data show that AC is involved in selection and 
execution of serial behaviours.
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628.11
PLASTICITY OF SINGLE UNIT AND CONJOINT ACTIVITY IN ORBITO- 
FRONTAL CORTEX (OF) AND BASOLATERAL AMYGDALA (ABL) DURING 
OLFACTORY LEARNING. G. Schoenbaum*, A.A. Chiba and M. Gallagher. 
Psychology Department, University of North Carolina, Chapel Hill, NC 27599.

Rodent OF and ABL are crucial to adaptive behavior based on the learned 
significance of environmental cues. Multineuron recordings were made from 
each of these areas during an odor discrimination and reversal task using 
novel sets of odors paired with either sucrose or quinine. Neural activity was 
examined in several event-related time windows for the influence of both odor 
identity and associative significance both pre and post-acquisition and after 
reversal. Task-related and stimulus selective activity was found in each time 
window in each region, but specific characteristics differed between regions. 
Selective activity in OF during odor sampling and a post-sampling interval 
preceding response was more frequently correlated with learned performance 
of the task, both during acquisition and after reversal, whereas selective 
activity in ABL during these time windows more frequently emerged prior to 
behavioral evidence of learning. Selective activity in ABL reflecting behavioral 
acquisition appeared during the responding and reinforcement, particularly 
after sampling of negatively-reinforced odors. Neurons in OF were similarly 
active during these time windows but exhibited a less pronounced bias than 
ABL for responding in conjunction with negatively-reinforced odors.
Acquisition of novel discriminations and subsequent reversal was also 
accompanied by changes in coincident and near-coincident firing in neuronal 
pairs, primarily in OF, suggesting the dynamic reorganization of neural 
ensembles there in response to changing task demands. We propose 
complementary roles for OF and ABL in which information regarding the 
significance of cues encoded in circuits involving ABL is utilized transiently by 
networks in OF to guide olfactory behaviors, (supported by NIMH Grant R01 
MH53667 and K05 MH01149)

628.12
LEARNING-INDUCED CHANGES IN SYNCHRONIZATION 
BETWEEN OLFACTORY AREAS IN RAT. N. Ravel*. P. Chabaud. 
A.M. Mouly. D.A.Wilson- and R. Gervais. CNRS Institut des Sciences 
Cognitives, Lyon, France. * Depart. Zoology, Univ. Oklahoma, Norman, 73019 
USA.

The present study investigated to what extent olfactory learning modifies 
odor-induced synchronization of oscillatory activities between olfactory 
areas. Simultaneous local field potential activities were obtained from 
structures including the olfactory bulb (OB), the anterior and posterior parts 
of the piriform cortex (APC and PPC) and the entorhinal cortex (EC). Freely 
moving rats had to learn a go no-go task using 2 olfactory and 2 auditory 
stimuli. In each sensory modality, only one stimulus was consistently 
associated with the reward. Recordings were obtained on day 1 of 
conditioning and 5 to 6 days later when rats reached the learned criterion. 
For each stimulation, dynamic coherence between each pair of electrodes 
and for 6 frequency bands (15 Hz bandwidth each) was computed for a 6 
sec period centered on stimulus onset. In naive rats and during spontaneous 
activity (SP) the results revealed a functional dissociation within the PC. 
Indeed, the coherence is higher between PPC and EC than within the PC 
itself for all bands. APC rather interacts with OB in the 45-90 Hz band. 
Even during SP activity, learning enhanced functional coupling between 
PPC and EC in all bands. OB interaction with PPC and EC was selectively 
enhanced in the 75-90 Hz and 45-60 Hz bands respectively. Analysis of 
stimulus-induced activity revealed to what extent learning modifies 
processing of sensory information.

628.13
SYNAPTIC MODULATION IN PIRIFORM CORTEX PYRAMIDAL NEURONS 
ASSOCIATED WITH ODOR-DISCRIMINATION LEARNING 
D. Saar1, D. Lebel1, Y. Grossman1, G. Benshalom*2 and E. Barkai1 Dept. of 
Physiology1 and Morphology2, Faculty of Health Sciences and Zlotowsky Center for 
Neuroscience, Ben-Gurion University, Beer-Sheva 84105, Israel.

Learning-related cellular modifications were studied in the rat piriform cortex. 
Water-deprived rats were divided into 3 groups: a 'trained' group was trained in a 4- 
arm maze to discriminate positive cues in 35-50 pairs of odors ('extensive training'), a 
'control' group was 'pseudo-trained' by random water rewarding, and a 'naive' group 
was not exposed to training. The kinetics of single EPSPs recorded in layer II 
pyramidal neurons from brain slices of the three groups (7 animals in each group) were 
similar. However, paired-pulse facilitation (PPF) was significantly smaller in neurons 
from the ‘trained’ group, at inter-stimulus intervals ranging between 50-150 ms (e.g. at 
50 ms: 1.19 ± 0.17, mean ± SD, n = 20 in ‘trained’ group, vs. 1.37 ± 0.25 in ‘control’, 
and 1.32 ± 0.2 in ‘naive’ group, p<0.02). The PPF remains reduced for at least 6 days 
after cessation of training. Furthermore, post-tetanic potentiation (PTP) -induced by 2 
min repetitive theta stimulation at 50 Hz, attained the value of 1.29 ± 0.19 (n=9) and 
lasted for about 5 min in slices of ’control’ animals, but was reduced to 1.15 ± 0.12 
in ‘trained’ animals (n = 8). Similar experiments in animals trained for only 1-2 pairs 
of odors (’mild training’) revealed also that PPF was reduced in cells from ‘trained’ 
animals (1.22 ± 0.14, n = 19) as compared to ’control’ animals (1.33 ± 0.15, n = 10, p 
< 0.06). LTP induced by 50 Hz stimulus attained after one hour the value of 1.3 in 
50% of the attempted slices, but to the same extent in all three groups. LTP induced by 
100 Hz stimulus attained 1.6 magnitude in 75% of the slices, yet LTP magnitude was 
similar for all groups. Our data imply that cellular modifications induced by olfactory 
learning entail long-lasting modification of short-term synaptic modulation (PPF and 
PTP) in pyramidal neurons in the piriform cortex. Supported by grants from the 
National Institute for Psychobiology in Israel and the Israeli Ministry for the Arts and 
Science.

628.14
AUDITORY CORTICAL FIEl D POTENTIALS REVEAL MEMORY TRACE 
FORMATION TO REPEATED TONES IN RATS T. RuusuvirtaX M. 
Penttonen^, & T. Korhonenl. [Univ. of Jyvaskyla, Dept. of Psychology, 
Jyvaskyla, Finland; 2A.I. Virtanen institute, Univ. of Kuopio, Kuopio, Finland.

To study memory trace formation for repeated tones occurring at short 
intervals, field potentials were recorded from the auditory cortex with electrodes 
placed over the dura in anesthetized rats. The stimulus paradigm was similar to 
that used in a vast amount of human studies. Pitch deviant tones (2000 or 2500 
Hz) were presented at 5 per cent probability in a continuous sequence of standard 
tones of other frequency. The deviant and standard tone pitches were 
counterbalanced over the animals. Tone duration was 50 ms with a 500 ms 
interval between tones. The preliminary results revealed an increased positivity in 
the auditory cortex field potentials from about 65 ms up to 240 ms in response to 
the pitch change. As a very simple paradigm with highly reliable response 
measurement this memory model is potentially useful for studying memory 
degrading factors or the effect of memory enhancers. It also allows a fruitful 
integration of animal and human data. Supported by the Academy of Finland.

628.15
AUDITORY-SOMATOSENSORY CONDITIONING IN RATS CAUSES 
SYNAPTIC PLASTICITY IN SINGLE SOMATOSENSORY CORTICAL 
NEURONS REPRESENTING THE PRINCIPAL VIBRISSA BUT NOT 
DISTANT VIBRISSAE. A.E. Butt*, A.A. Myasnikov, & R.W. Dykes. Dept 
de Physiologie, University de Montreal, Quebec, H3C 3J7, Canada.

Previously we found that pairing a tone with the vibratory stimulation of a 
single vibrissa in awake rats produced a conditioned response to the tone in single 
somatosensory cortical neurons representing the trained vibrissa, whereas truly 
random control procedures did not produce a conditioned response (Soc. 
Neurosci. Abst., 22,442). The current experiment tests the hypothesis that this 
associatively-induced cortical synaptic plasticity occurs within the barrel for the 
principal vibrissa but not in barrels for distant, non-trained vibrissae. Rats were 
implanted with a frame attached to the skull and allowed 24 hrs of recovery prior 
to habituation to fixed-head restraint. Rats then received bilateral craniotomies 
over the somatosensory cortices and received bilateral transections of the facial 
nerves innervating the vibrissae pad to prevent spontaneous vibrissae movement 
during electrophysiological recording. Upon recovery, rats were restrained, and 
a high-impedance electrode was lowered into the vibrissae region of the 
somatosensory cortex until a single neuron that responded to vibrissa stimulation 
was isolated. Rats then received 100 tone-vibrissa stimulation pairings using a 
vibrissa distant to the principal vibrissa for the recorded neuron, followed by an 
additional 100 tone-vibrissa stimulation pairings using the principal vibrissa 
itself. Results showed that out of 8 cells, only 1 developed a conditioned response 
to the tone during distant vibrissa pairings but 5 cells showed a conditioned 
response during subsequent principal vibrissa pairings. Data suggest that 
auditory-somatosensory conditioning produces a stimulus-specific conditioned 
response in single neurons in the somatosensory cortex of rats, consistent with 
Hebbian rules of covariance. (Support: National Institute of Health, NINDS, 
National Research Service Award 1F32NS1022801, and the Canadian MRC).

628.16
GATING OF THE ELECTRICAL ACTIVITY WITHIN RAT BARREL CORTEX 
DURING SENSORY MANIPULATIONS A. Wrobel*, E. Kublik and P. Musial. 
Dept. of Neurophysiology, Nencki Institute, 3 Pasteur Str., 02-093 Warsaw, Poland.

To reveal the dynamics of sensory processing in the barrel cortex of the conscious 
rat we recorded evoked potentials (EPs) to stimulation of a single vibrissae and the 
local field activity (LFPs) during a classical conditioning procedure. After animals 
became accustomed to the restraining apparatus, 2-3 electrodes were implanted into the 
barrel cortex. The vibrissa, stimulation of which evoked the biggest EP, was then glued 
to and stimulated by a piezoelectric device. Following a habituation period, the mild 
electric shock (US) applied to the rat’s ear was paired with each vibrissa stimulation. 
Immediately after the first US, amplitude of the negative component (Nl) of EPs on 
the conditioned side of the cortex grew in relation to the same component of control 
potentials, evoked by stimulation of symmetrical contralateral vibrissa. The EPs were 
classified according to the contribution of their consecutive components to the integral 
of the whole waveform. This approach clustered all EPs into two classes for which 
relative incidence changed significantly after reinforcement. The conditioned EPs had 
greater amplitude of the late Nl subcomponent which could be ascribed to enhanced 
excitation of the supragranular layers. The second positive component (P2) of EP grew 
simultaneously with Nl and this change also encompassed the surrounding barrel 
responses. Both effects were observed only in the conditioned hemisphere. Similar 
changes were produced by random aversive stimuli, such as fixation of the 
experimental vibrissa or mounting of the stimulating electrode. The EP changes were 
accompanied by a latent decrease in spectral power of the LFP within the a and J3 
frequency bands in both hemispheres. All electrophysiological signs of enhanced 
activity ceased after 1-2 sessions of conditioning.

We hypothesize that rapid increase of the EP amplitudes reflects opening of cortical 
pathway which allows further processing of sensory signals when previously habituated 
stimuli are presented within a novel context. The declining effects might correspond 
to cortical mechanisms of active habituation to unavoidable aversive stimuli.

[Supported by grants from State Committee for Scientific Research.]
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628.17
ACTIVITIES OF MONKEY STRIATAL NEURONS DURING ACQUISITION 
AND RETRIEVAL OF MOVEMENT SEQUENCES. S. Miyachi CO. Hikosakaand
X. Eu. Dept. of Physiol.. Juntendo Univ. Sch. of Med.. Tokyo, 113. Japan

Previously, we found that the reversible blockade of the monkey striatum produced 
deficits in leaming/memory of movement sequences (Miyachi et al.. Soc Neurosci 
Abstr 20: 357. 1994). This result prompted us to examine single unit activities in the 
striatum in relation to learning and memory. We trained two monkeys to perform a 
sequential button press task (2x5 task). The monkey was retpjired to press 10 LED 
buttons (2x5) in the correct order (Hikosakaet al.. J Neurophysiol 74: 1652-1661.
1995). The monkeys had learned 10-20 sequences extensively. For each neuron recorded, 
we asked the monkey to perform 2-3 learned sequences and. in addition, new sequences 
that the monkey experienced for the first time. We recorded single unit activities in the 
anterior part (anteriorto the anteriorcommissure. AC) and the posterior part (posterior 
to the AC), both in the caudate and putamen. We focused on striatal neurons with low 
spontaneous activities which are considered to be projection neurons. We categorized 
the neurons into three groups: learning-related (activated preferentially during learning 
of new sequences), memory-related (activated preferentially while performing learned 
sequences), and non-selective neurons. The number of memory-related neurons was 
greater than that of learning-related neurons in both regions. How ever, the ratio of these 
two types was greater in the posterior striatum: 31 memory-related and 22 learning- 
related in the anterior striatum, while 25 and 8 in the posterior striatum. The 
anterior-posterior difference is consistent with the results of the blockade experiments: 
the blockade of the middle-posterior putamen caused selective deficits in retrieval of 
learned sequences, while the blockade of the anterior striatum caused deficits 
preferentially in learning of new sequences.
Supported by JSPS Research for the Future Program.

628.18
MOTOR CORTICAL ACTIVITY DURING ENCODING AND 
PROCESSING OF TASK PARAMETERS IN MEMORY-SCANNING. 
A.F. Carpenter*, G. Pellizzer and A.P. Georgopoulos. Brain Sciences Center, 
VAMC, Minneapolis, MN 55417.

In previous studies we investigated the activity of cells in the monkey motor 
cortex in a context-recall memory-scanning task with a list length of 3 stimuli 
(Pellizzer et al., Science 269: 702-705, 1995) and the behavioral performance 
with list lengths of up to 5 stimuli (Carpenter et al., Soc. Neurosci. Abstr. 22, 
1382, 1996). In the present study we investigated the motor cortical mechanisms 
in this task with list lengths of 3, 4 and 5 stimuli. We recorded the impulse 
activity of 425 neurons in the arm region of the motor cortex while sequences 
of 3-5 visual stimuli on a circle were presented in a randomized block design. 
The stimuli were presented every 650 ms, and stayed on the screen. At the end 
of the sequence, one of the stimuli (except the last) changed color (test stimulus) 
instructing the monkey to move a force-feedback cursor toward the stimulus that 
followed the test stimulus in the original sequence. Most cells changed activity 
during the presentation of the stimuli and/or during the response time. Cell 
activity during the presentation of the sequence was analyzed with respect the 
list length, the time of presentation of individual stimuli, and the location of the 
stimuli, using a repeated measures ANOVA and multiple linear regression. A 
rich variety of cell responses was observed, including significant relations to the 
list length, the serial position of a stimulus in a sequence, and the location of the 
stimulus. Importantly, significant interactions among these factors were 
prominent. These results provide a basis for the neural encoding and processing 
of crucial sequence parameters and their interrelations, leading to the selection 
of the appropriate response. (Supported by NIH grant NS 17413).

628.19
RESPONSES OF LATERAL SEPTAL NEURONS DURING 
PERFORMANCE OF SPATIAL TASKS IN RATS. T. Ono*, R. 
Tamura, Y. Takamura and H. Nishijo. Dept. Physiol., Fac. Med., 
Toyama Medical and Pharmaceutical University, Toyama 930-01, 
Japan.

To determine place and behavioral correlates of neurons in the 
lateral septum (LS) that receives massive projections from the 
hippocampal formation (HF), neuronal activity was recorded from rats 
during performance of 2 types of place tasks in a circular open field: the 
rat was rewarded 1) when it entered an experimenter-determined 
reward place within the open field, and this place was randomly varied 
in subsequent trials; and 2) when it alternatively visited 2 places set 
diametrically in the open field. Of total 204 neurons recorded in the LS, 
50 showed place-related activity in the 2 tasks, 22 showed only in the 
second task, and none showed only in the first task. Activity of these 
neurons, more or less, displayed behavioral (movement speed, 
direction and turning angle) correlates. In many of the place-related 
neurons tested (45/55), activity was modulated by changing spatial 
relations between environmental cues (i.g., rotation of intra- and/or 
extra-maze cues). In some place-related neurons, activity was also 
modulated when session was repeated in the same task. Behavioral 
correlates of place-related neurons in the LS were compared with 
those of place neurons in the HF determined in our previous study; 
direction correlate was lower, and speed and turning angle correlates 
were higher in the LS than in the HF. These results suggest that 
responses of LS neurons partially reflect hippocampal outputs which 
represent spatial information about various environmental cues; this 
may contribute to efficient performance of the tasks.

628.20
SPATIAL AND BEHAVIORAL CORRELATES OF TONICALLY FIRING 
NUCLEUS ACCUMBENS NEURONS IN FREELY MOVING RATS.
A.B. Mulder*, R. Shibata, O. Trullier, D. Raballand, S.I. Wiener.
College de France-CNRS, LPPA, 11 place Marcelin Berthelot, 75005 Paris, France.

In order to determine how discharges of tonically firing neurons in the nucleus 
accumbens (Nacb) are correlated with reward, as well as their dependence upon 
environmental reference cues, we trained five male Long-Evans rats to perform two 
tasks on a rotatable 1.8m diameter elevated platform centered in a 3m X 3m cue- 
controlled chamber enclosed by black curtains. Four identical alcoves were equally 
spaced along the edge of the platform; each contained a visual cue which could be 
illuminated, as well as a water trough under automated control. The thirsty rats ran 
between diametrically opposite alcoves. The rats alternated between a visual and a 
landmark cue task (Shibata et al., 1996, SN Abst. 22, 911). Advanceable, multiple 
fine wire electrodes were stereotaxically implanted in the medial shell and core of 
the Nacb (AP: 0.7-1.6; ML: 1.0-1.4; DV: 5.4.-7.4; Paxinos and Watson, 1986). Data 
were recorded on a DataWave system and analyzed by MANOVA and post-hoc tests.

Of 260 neurons, 70 were classified as tonically discharging (i.e., overall average 
firing frequency greater than 0.5 Hz with no silent periods exceeding 2s). The group 
overall firing frequency was 3.8 ± 0.5 Hz (SEM). Significant changes in firing rate 
occurred (N = 29), either in the Is period prior to (Excit: N = 1; Inhib: N = 7) or 
following reward delivery' (Excit: N = 10; Inhib: N = 12), or during initiation of 
approach to another alcove (N = 3). Four neurons had double correlates. No 
significant changes in discharges were found when the rat shifted between the two 
tasks. Interestingly the behaviorally correlated discharges of 11 neurons were 
significantly modulated by the position of the rat with reference to landmark cues.

We hypothesize that the tonically active neurons in the Nacb may integrate signals 
from the amygdala, VTA and the hippocampus resulting in location and reward 
related firing. These neurons could play a role in behaviors like conditioned place 
preference in which the place learning is dependent on the presentation of rewards. 
Support: Canon Fdn, CNRS, Human Frontiers, EC HCM, EC ESPRIT 6615, French 
Ministere des Affaires Etrangeres.
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629.1
THE ROLE OF NMDA RECEPTORS AND MUSCARINIC CHOLINERGIC 
RECEPTORS IN THE EXECUTION OF THE INSTRUMENTAL PLACING 
RESPONSE IN CATS. B.V.Chemyshev*, AAMoskvitin, VIMaiorov, Dept of 
Higher Nervous Activity, Lomonosov Moscow State Univ., Moscow 119899, Russia.

Previous research has demonstrated that during the execution of the instrumental placing 
response by cats (conditioned to the electric stimulation of the parietal cortex, which 
monosynaptically projects to the motor cortex) die response of the motor cortex neurons 
consisted of 3 components (Maiorov, Chernyshev, 1994,1995). In the presort study we 
attempted to characterize their pharmacological properties. Cats of both sexes (n=9) were 
trained to perform an instrumental placing response to the electric stimulation of the parie-
tal cortex. Single units and small neuronal clusters were recorded from the motor cortex, 
which is known to be critical for the placing response. NMDA-receptor antagonist d,l-2- 
amino-5-phosphonovalerate (APV), acetylcholine and muscarinic receptor antagonist at-
ropine were applied lontophoretically (10 -100 nA) via multibarrel micropipettes.

The most prominent effect of APV was the suppression of the second component of the 
response with mean latency to peak 65 ms, presumably generated within the recurrent 
loops in the motor cortex itself (the proportion of cells with marked facilitation / suppres-
sion: 2% / 44%, n=73, p<0.001); and the suppression of the background activity (0% I 
46%, n=76, p<0.001). Any change of the earliest, presumably monosynaptic component 
of the response by APV was very uncommon (2% 16%, n=63, p>0.05). Acetylcholine 
caused the increase in the background rate (49% 13%, n=l 56, p<0.001) and of all die 
three components of the response, although suppression of die latest component of the re-
sponse, supposedly linked to the execution of die movement, could be seen relatively 
more often (component 1: 31% / 3%, n=90, p<0.001; component 2: 43% / 5%, n=105, 
p<0.001; component 3: 25%/12%,n=114, p<0.05).

We hypothesize that die execution of the learned instrumental response is initiated via 
NMDA-dependent mechanism in recurrent loops in the motor cortex. Cholinergic activa-
tion changes die state of the local circuitry, thus permitting the execution of die response. 
Supported by "Universitety Rossii" 261 .IR. 10.

629.2
LIMBIC THALAMIC LESIONS, APPROACH LEARNING AND 
CINGULATE CORTICAL NEURONAL ACTIVITY IN RABBITS. D. M. 
Smith*, J. H. Freeman, Jr., D. Nicholson, M. Boule, and M. Gabriel. Dept. of 
Psych, and Beckman Institute, Univ. of Illinois, Urbana, 61801

Previous studies using combined lesions and multi-site neuronal recording 
have established the critical involvement of the anterior and posterior 
cingulate cortex and the limbic (medial dorsal and anterior) thalamic nuclei 
in discriminative avoidance learning, wherein rabbits learn to avoid a foot-
shock by stepping in an activity wheel after one tone (CS+) and to ignore a 
different tone (CS-), (Gabriel, M., in Neurobiology of Cingulate Cortex and 
Limbic Thalamus, 1993, Birkhauser: Toronto, 478-523). In order to determine 
whether the cingulothalamic circuitry is also involved in the mediation of 
discriminative instrumental approach learning we recorded neuronal activity 
in cingulate cortex during learning in rabbits given bilateral electrolytic or 
sham lesions of limbic thalamus. The rabbits learned to obtain water by 
making oral contact with a drinking spout inserted into the conditioning 
chamber following a reward-predictive tone (CS+) and they learned to ignore 
a different tone (CS-) followed by spout insertion but no water. Although not 
as severely impaired as in avoidance learning, rabbits with lesions required 
significantly more training sessions to reach the learning criterion (P < .005). 
Lesion-related attenuation of posterior (but not anterior) cingulate cortical 
training-induced neuronal activity approached significance (P < .07), whereas 
activity in both areas was severely attenuated during avoidance learning. 
These preliminary findings suggest that the cingulothalamic circuitry may 
make a more important contribution to aversively motivated learning than to 
appetitively motivated learning. (Support: NIH NS26736 and NSF BIR- 
9504842 to MG).
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629.3
CONTEXT-DEPENDENT MODULATION OF LOCAL FUNCTIONAL 
CONNECTIVITY IN THE FRONTAL CORTEX OF THE DOG.
A.P. Kozlov* and V.V. Shabaev. Pavlov Physiological Dep., Inst. Exp.Med., St. 
Petersburg, 197376,Russia

Single and multiple unit activity were recorded in frontal cortical areas of 
the behaving dog using moveable bundles of microwires. In the behavioral task 
the dog should differently respond (by pressing left or right lever) to the 
trigger stimulus (TS) depending on the outcome of the preceding trial (reward vs. 
nonreward of motor reaction). During a single session periods of behavioral set 
maintenance alternated with situations where reward contingency was 
switched. To study the dynamics of correlated firing we employed the technique 
of extracting the "coupled spikes" from simultaneously recorded impulse trains. 
(Frostig et al., Brain Res., 1984, 322: 67-74, Pirogov et al., Neurophysiology- 
Engl.trans. 1986, 18: 136-144). The extended version of this technique included 
the following procedures: a) adjustment the time window for selection the 
"coupled spikes"; b) correction the stimulus effects in cross-correlation function; 
c) classification of temporal patterns of correlated firing.

The correlated activity was predominantly expressed in local range 
interactions (short-delay asymmetrical peaks in correlograms revealed in 
neuron pairs recorded from the same electrode or from the different wires 
within the bundle). Analyzing the changes in this local functional connectivity in 
relation to behavioral events we found that: 1) the level of correlated firing in 
periods preceding TS influenced the magnitude of unit reactions and 
characteristics of behavioral performance during execution of the task; 2) 
dynamics of the correlated firing depended on behavioral context and differed 
between two situations: stereotyped responding and conditioned response shift; 
3) in the trials where the conditioned response was altered against previous type 
of behavioral reactions the modulation of the correlated firing was most 
prominent in relation to reward delivery or after a cue indicating the reward 
omission. Supported by Russian Academy of Medical Sciences.

629.4
OMITTED STIMULUS ERPs TO AUDITORY, SOMATOSENSORY AND 
BRAIN STIMULATION TRAINS IN RABBITS DURING SERIAL 
STIMULUS PRESENTATION. T. Korhonen* J. Arikoski, E. Pihko, .T. 
Ruusuvirta and P. Asti'amen. Dept. of Psychology, Univ. ofJyvaskyla,
P.O.Box 35, 40351 Jyvaskyla, Finland.
Stimulus repetition at regular intervals results in habituation of behavioral 
response and decrease in the neural responses. Repetitive stimulus 
presentation can result in learning of the temporal pattern of stimulus 
series. Such time interval learning has been known as time conditioning 
in behavioral responses studies. In neural responses similar 
phenomenon has been called e.g. “assimilation of rhythm”. On the other 
hand, replacing some of the stimuli presented at regular intervals 
("standards”) with a stimulus slightly deviating from the sensory 
characteristics the standard has been shown to evoke a specific ERP 
component, called mismatch negativity (MMN), which is said to to 
indicate the result of a comparison process between these two types of 
stimuli. The deviancy can be in intensity, frequency etc. Also omission of 
a stimulus in a series regularly repetitive stimuli can evoke the MMN.
How an event which does not actually occur, can elicit neural response 
potential? In the present study the cortical (somatosensory area), 
subcortical (hippocampal CA1) and cerebellar ERPs to omitted auditory, 
somatosensory stimuli or brain stimulation train has been studied in 
rabbits during oddball type of experiment The results show that the time- 
amplitudes during the periods of omitted stimulus can show similar 
characteristics as the ERPs to standard stimuli. In addition, stimulus 
presentations the same frequency (’’deviant alone”) as the omitted stimuli 
during oddball sessions after oddball sessions showed the ERPs 
indicated learning (i.e. memory trace) of serial connection between 
regularly timed events. These results and results of our earlier studies 
support an assumption of time interval learning during oddball treatment. 
A memory trace from a sequential presentation of stimuli may also play 
some essential role in the time amplitudde characteristics of the specific 
ERP change identified usually as the MMN.
Supported by the Academy of Finland

629.5
AGING-RELATED CHANGES IN SINGLE NEURON ACTIVITY IN 
CAl HIPPOCAMPUS DURING TRACE EYEBLINK 
CONDITIONING. M.D. McEchron*, A.P. Weible, and J.F. Disterhoft, Cell and 
Molec. Bio., Northwestern Univ., 303 E. Chicago Ave., Chicago, IL 60611 USA.

Aging produces deficits in the ability to learn hippocampally-dependent tasks such 
as trace eyeblink conditioning. Young animals acquire this task reliably and show 
learning-related changes in neuronal activity in the CAl hippocampus during 
acquisition (McEchron & Disterhoft, J. Neurophysiol., in press). A number of 
studies have shown that the firing properties of CAl neurons are altered by aging, 
however, it is unknown how aging affects the learning-related pattern of CAI single 
neuron activity during trace eyeblink conditioning. The present study used surgically 
implanted stereotrodes to examine extracellularly the activity of CAl pyramidal 
neurons in young (3-5 mo) and aged (29-31 mo) albino rabbits during 12 daily 
sessions (80 trials/session) of trace eyeblink conditioning. Each trial consisted of a 
tone conditioned stimulus (CS; 100 ms duration) followed by a 500 ms empty trace 
period, followed by a corneal airpuff unconditioned stimulus (US; 150 ms). 
Pyramidal cells were held for at least one session. Changes in activity were measured 
for each cell using standard scores which compared activity during the trial to pretrial 
activity. Aged animals showed low levels of conditioned eyeblink responses (CRs) 
compared to young animals. Similar to our previous findings, the individual and 
average single neuron activity of young animals increased following the CS and US 
early in training when CRs initially emerged, and decreased following the CS and US 
later when CRs became asymptotic. The individual and average neuronal activity of 
aged animals showed similar increases following the CS and US early in training, 
however, unlike young animals these increases persisted throughout training. This 
suggests that aging-related deficits in trace eyeblink conditioning may in part be due to 
the persistence of excitatory and absence of inhibitory CAl neuronal responses during 
the later stages of conditioning. Supported by NIH MH47340, AG05711, AG08796.

629.6
DIFFERENT DISCHARGE PROPERTIES OF DORSOLATERAL FACIAL 
NUCLEUS MOTONEURONS: INTRACELLULAR IN VITRO RECORDINGS. C. 
Magarinos-Ascone1, A. Nunez*2 and J.M. Delgado-Garcia3. 'Neurologia 
Experimental, Dpto. de Investigacion, Hospital Ramon y Cajal, Madrid; 2Dpto. de 
Morfologia, Fac. de Medicina, Universidad Autonoma de Madrid, Madrid, and 
’Laboratorio de Neurociencia, Universidad de Sevilla, Sevilla, Spain.

Eyelid motor responses in alert cats tend to display a dominant frequency of 20-25 
Hz, suggesting to be a property of the neural circuit controlling blinks. In order to 
study the firing properties of facial motoneurons, intracellular activity was obtained 
from 35 cells in the rat brain-slice preparation. Cell recordings were only confined 
within the dorsolateral region of the facial nucleus. Intracellular recordings were 
performed with potassium acetate (3M) filled micropipettes. Results demonstrated 
the presence of two types of putative motoneuron according to their different firing 
rate adaptation to the injection of prolonged depolarizing current pulses. Phasic facial 
motoneurons were characterized by discharging an initial burst followed by a rapid 
adaptation and a total silence. A long lasting afterhyperpolarization (200-600 ms in 
duration) could be observed at the end of the current pulse. Tonic facial 
motoneurons reached a stable high firing rate after the initial first or second interval. 
A short lasting afterhyperpolarization (50-200 ms) followed the end of the current 
pulse. Rhythmic subthreshold membrane oscillations (5-15 Hz) were observed in 
both types of putative facial motoneuron when the cell membrane was depolarized 
above -60 mV, or during the silence which followed spike adaptation (phasic cells) 
when prolonged depolarizing current pulses were applied. These oscillations were 
blocked by bath administration of TTX (1 pM) indicating a voltage-gated Na+- 
mediated conductance activation. The different firing rate responses and subthreshold 
membrane oscillations are consistent with the proposal (Gruart et al., J. 
Neurophysiol., 74: 227-248, 1995) of a basic neural oscillator underlying 
unconditioned and conditioned blink responses. (Supported by DGICYT PB93 -1175).

629.7
DISCHARGE PROPERTIES OF ABDUCENS, ACCESSORY ABDUCENS AND 
ORBICULARIS OCULI MOTONEURONS DURING UNCONDITIONED AND 
CONDITIONED EYE BLINKS IN THE ALERT CAT. J.A. Trigo, A. Gruart and 
J.M. Delgado-Garcia*. Laboratorio de Neurociencia, Universidad de Sevilla, 41012- 
Sevilla, Spain.

Eyelid conditioned responses present kinetic properties significantly different from 
those lid movements evoked reflexively by the presentation of air puffs, tones or 
light flashes (Gruart et al., J. Neurophysiol., 74: 226-248, 1995). Moreover, eyelid 
movements (both reflex and conditioned) seem to be generated by an underlying « 
20-Hz oscillator (Domingo et al., Soc. Neurosc. Abstr., 22(3): 735.9, 1996). 
Experiments were carried out in alert cats implanted with stimulating electrodes on 
the ipsilateral Vlth and supraorbitary (trigeminal) nerves for identification of 
recorded units. Lid movements were recorded with the magnetic search coil 
technique. Unitary activity was recorded with glass electrodes using a transcerebellar 
approach. Animals were presented with different stimuli able to evoke lid reflex 
responses, and conditioned with pavlovian procedures to close the lids in response 
to tones or weak air puffs used as a CS. The US was always a 100 ms, strong air 
puff. Main results indicate a selective involvement of abducens, accessory abducens 
and orbicularis oculi motoneurons in the performance of particular eyelid responses. 
Each group of brainstem motor neurons contribute with different latency and gain 
to each reflex and conditioned lid movement. Accessory abducens motoneurons were 
mostly involved in air puff reflex blinks, but only eventually in reflex responses 
evoked by flashes or tones or in eyelid conditioned responses. Phasic facial 
motoneurons seemed to be the responsible of the « 20-Hz oscillation observed in 
actual lid displacements. Phasic facial motoneurons were more directly involved in 
eyelid conditioned responses evoked by CSs using trigeminal pathways (i.e., air 
puffs), while tonic facial motoneurons were mostly activated during CS presentations 
by the auditory pathway (i.e., tones). (Supported by DGICYT PB93-1175).

629.8
KINEMATIC, TIME-DOMAIN AND FREQUENCY-DOMAIN ANALYSES OF 
UNCONDITIONED AND CONDITIONED EYELID RESPONSES IN THE ALERT 
BEHAVING RABBIT. A. Gruart*1, B.G. Schreurs2, E. Dominguez del Toro1, D.L. 
Alkon2 and J.M. Delgado-Garcia1. 'Lab. de Neurociencia, Univ. de Sevilla, 41012- 
Sevilla, Spain, and 2Lab. of Adaptive Systems, NINDS, NIH, Bethesda, MD 20892.

The rabbit nictitating membrane response has been used for many years as a 
suitable paradigm to the study of motor learning. Nevertheless, nictitating membrane 
displacement is a passive movement following the eye retraction accomplished 
mainly by the retractor bulbi muscle. The kinematics (Gruart et al., J. Neurophysiol., 
74: 226-248, 1995) and the frequency-domain properties (Domingo et al., Soc 
Neurosci. Abstr. 23(3): 735.9, 1996) of actual eyelid movements in alert behaving 
cats have been reported recently. For comparative purposes, albino rabbits (n = 10) 
were implanted with a stimulating electrode on the superior branch of the trigeminal 
nerve and an EMG recording electrode in the orbicularis oculi muscle. Rabbits were 
also provided with an eyelid coil for the precise recording of eyelid position and 
velocity with the coil-in-a-magnetic field technique. Animals were presented with air 
puffs, flashes and tones. They were also classically conditioned with tones or short, 
weak air puffs as a CS, followed 250 from CS beginning by a long, strong air puff 
as a US. Main results indicated that eyeblinks in the rabbit have a (50-80%) longer 
latency, a slower building-up and a different profile than air puff-evoked blinks in 
the cat. The latency period of the rabbit orbicularis oculi muscle was «50% longer 
than in cats. A Fourier analysis indicated that the dominant frequency of rabbit 
unconditioned and conditioned eyelid responses (12-16 Hz) was slightly lower than 
that described for cat blinks (« 20 Hz). Number of trials to criteria (90%) was also 
larger in rabbits than in cats. Eyelid CRs evoked following air puffs or tones used 
as a CS in rabbits were of a longer latency and presented a different profile than 
those described for the same CSs in cats. (Supported by NATO CRG Program SA.5-
2-05, 951197, 1645/95/JARC-501).
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629.9
HYPOTHALAMIC AND GLABELLAR UNCONDITIONED STIMULI ELICIT 
ACTIVITY IN CELLS OF THE COCHLEAR NUCLEUS OF CATS. A.C. 
Chen*, C. Woody, and E. Gruen. UCLA Med. Ctr., Los Angeles, CA 90024.
Cells of the dorsal (DCN) and ventral cochlear nucleus (VCN) undergo 

conditioning when a click is paired as a CS with electrical stimulation of the 
lateral hypothalamus (HS) and glabella tap. Hebbian rules predict that cells 
of this auditory relay nucleus should respond to these stimuli. Thirty-six cells 
of DCN and 31 of VCN were examined for effects of HS. In DCN, 32 cells 
(89%) demonstrated a short latency response to HS. Of these, 29 (91%) 
showed an increase in firing characterized by a cluster of spikes 10-20 ms 
after the delivery of one or more HS pulses. Three cells (9%) showed a 
pattern of single or doublet spikes occurring in the same 2-3 ms within the 
10-20 ms post-HS period. There was an indication of a late response in 13 
(65%) of 20 cells in which the presence or absence of that response could 
be clearly distinguished from the short latency response. The late response 
was characterized by an increase in activity >20 ms after the second or third 
train of HS. In VCN, 21 (68%) of the 31 cells demonstrated a short latency 
response, with 19 (90%) showing the clustered firing pattern, and two (10%) 
with single or doublet spike activity. Of the 17 cells that could be evaluated 
for the late response, nine (53%) showed it. There was a greater incidence 
of short latency responsive cells in DCN (p < 0.03) than VCN. Decreases as 
well as increases in activity were observed in response to glabella tap. The 
results supported Hebb’s hypothesis which predicted a response of these 
acoustic relay nuclei to the non-acoustic UCSs used for conditioning. The 
findings suggest that the hypothalamus as well as the somatosensory sys-
tem (c.f., Young et al. J, Neurophysiol. 1995) may have an influence on 
hearing by altering activity of the dorsal and ventral cochlear auditory relay 
nuclei. (Supp. in part by the Deafness Research Foundation)

629.10
CELLULAR CONDITIONING OF UNIT ACTIVITY BY PAIRING A CLICK AS 
A CS WITH MICROIONTOPHORETIC APPLICATION OF GLUTAMATE 
PRODUCES CHANGES RESEMBLING THOSE AFTER BEHAVIORAL 
CONDITIONING. C. Woody* and E. Gruen. UCLA Med. Ctr., Los Angeles, 
CA 90024

We tested the hypothesis that conditioning could be produced in the 
cochlear nucleus by pairing click with local microiontophoresis of glutamate. 
Averages of click-evoked activity were compiled from single units before 
and after ten serial presentations of 70 dB click plus glutamate. Responses 
to click and a backward paired hiss DS were compared in two groups of cells 
from the cochlear nucleus. Unit activity was recorded extracellularly through 
the same electrodes used to apply 0.5 M glutamate (90nA, 300 ms) or 
intracellularly through an electrode glued to the drug micropipette. One 
group of cells (DCN) was from the upper 2 mm of recordings (dorsal 
cochlear nucleus); the other (VCN) was from the lower 2 mm of recordings 
(ventral cochlear nucleus). Cells in DCN tended to develop responses to the 
CS instead of the DS, and cells in VCN tended to develop responses to both 
the CS and DS (X2 = 8.73, p <0.005). The difference between cells of DCN 
and VCN after cellular conditioning resembled that found after behavioral 
conditioning. After behavioral conditioning DCN developed enhanced 
responses to click CS » hiss DS, paralleling the discriminative elicitation of 
the behavioral CR by the CS. In VCN responses to the DS were potentiated 
nearly as much as those to the CS, and the largest responses to click were 
found after sensitization. A comparable degree of relatedness has not been 
established between LTP and behavioral conditioning. (Supported by 
Deafness Research Foundation and HD 05958.)

629.11
EXPERIMENTALLY-INDUCED CHANGES IN SYNAPTIC EFFICACY OF 
THE AUDITORY INPUTS TO THE MEDIAL SUBDIVISION OF THE MEDIAL 
GENICULATE NUCLEUS. T.J, Webber, E.J. Green, N. Schneiderman and P.M. 
McCabe*. Dept. of Psychology, University of Miami, Coral Gables, Florida 
33124.

Previous work from this laboratory (McEchron et al., J. Neurosci., 16, 1273-83, 
1996) has shown that monosynaptic inputs from the brachium of the inferior 
colliculus (BIC) to the medial subdivision of the medial geniculate nucleus (mMG) 
increase in strength as a result of associative conditioning with an acoustic 
conditioned stimulus. In that experiment, most of the conditioning-related changes 
of synaptic efficacy at the BIC inputs diminished 1 hr after training. In a related 
study of neuronal plasticity within the mMG, Weinberger (Brain Research, 265, 
138-42, 1983) demonstrated that monosynaptic responses elicited in mMG by 
stimulation of the BIC developed significant increases in amplitude and decreases in 
latency which were maintained for at least 1 hr following brief high frequency 
stimulation of BIC. These findings provide a possible link between learning- 
induced physiological plasticity and long term potentiation (LTP). The purpose of 
the present study is to examine single-cell responses in the mMG and determine 
whether these neurons can support experimentally-induced changes in synaptic 
efficacy for more than 1 hr.

Bipolar stimulating electrodes were stereotaxically implanted in BIC and tungsten 
recording electrodes in mMG of New Zealand albino rabbits. Test stimuli 
consisting of 50 biphasic pulses (>250|J.A, 150ps, 3s ITI) resulted in short latency 
(<5ms) responses in mMG. Changes in spike frequency, reliability, and latency 
were taken as measures of synaptic efficacy. These 3 measures were analyzed before 
and every 20min after 1-3 high frequency trains were delivered to BIC. Control 
animals received the same test stimuli, but did not receive the high frequency trains.

High frequency stimulation of BIC inputs to mMG resulted in increased synaptic 
efficacy on one or more of the three measures which lasted more than 15 minutes. 
The time course of onset and duration of the increased efficacy is currently being 
evaluated. Supported by NSF IBN 9222194 and NIH HL07426.

629.12
EXCITOTOXIC MEDIAL GENICULATE LESIONS: STARTLE 
AMPLITUDE AND FREEZING IN AN ACOUSTIC STARTLE 
PARADIGM. F. H. Brucato and R. N. Leaton*. Dept. of 
Psychology, Dartmouth College, Hanover, NH 03755.

Startle stimuli induce fear, indexed by freezing, in a standard acoustic 
startle paradigm (Borszcz, Cranney & Leaton, 1989). This fear 
elevates startle amplitudes and attenuates apparent habituation. 
Amygdala lesions attenuate freezing in this paradigm (Leaton &
Supple, 1987). The medial geniculate nucleus (MG) projects to the 
amygdala, and we have shown previously that large electrolytic lesions 
of MG reduce startle-stimulus induced freezing but increase startle 
amplitude. However, lesions of the brachium of the inferior colliculus 
(BIC), the primary auditory pathway to MG, increase both startle 
amplitude and freezing. The present experiment tried to separate the 
freeze-reducing and amplitude-increasing effects of MG lesions by 
employing axon-sparing excitotoxic (NMDA) lesions of the MG.

Acoustic startle was measured in 9 rats with bilateral, NMDA lesions 
of the MG and 9 vehicle-injected controls. Startle was measured in 
daily sessions to 20 presentations of a 117-dB, 100-ms, white-noise 
stimulus on a 20-sec ISI. Freezing was measured using an 
observational time-sampling procedure every 15 sec throughout the 
session. MG-lesioned rats froze significantly less than controls and 
showed slight, but statistically significant, increases in startle amplitude 
on the first test day only. It appears that the amplitude-increasing effect 
of electrolytic lesions to MG results primarily from damage to fibers of 
passage, not from damage to neurons in MG itself.

Supported by Dartmouth College

629.13
THE IMPORTANCE OF THE TRIGEMINAL COMPLEX IN THE EXPRESSION OF 
CONDITIONED EYEBLINKS. E.J. Schicatano*. V.M Henriquez, and C, Evinger. Dept. 
of Neurobiology and Behavior and Ophthalmology, State University of New York, Stony 
Brook, Stony Brook, NY 11794-5230.

It is unclear why eyeblink conditioning of rats requires such an intense unconditioned stimulus 
(UCS). Such aversive periorbital shocks may be necessary to form the association between 
the UCS and an innocuous conditioned stimulus (CS). It is possible that the aversive UCS 
is not necessary for the acquisition of the learned response, but rather serves to "sensitize" 
the trigeminal blink circuits to allow expression of the conditioned response (CR). We tested 
these two possibilities by using an innocuous UCS for conditioning, and by artificially raising 
the excitability of the trigeminal complex.

We implanted EMG electrodes to record lid-closing orbicularis oculi muscle activity, and 
a nerve cufi around the supraorbital branch of the trigeminal nerve (SO) to evoke reflex blinks. 
To elevate the excitability of the trigeminal complex, we unilaterally lesioned dopamine neurons 
in the substantia nigra pars compacta with 6OHD A. In another group of rats, we implanted 
a guide cannulae over the substantia nigra pars reticulata, through which we could microinject 
the GABA antagonist, bicuculline. Rats were conditioned using a 200 ms 10 kHZ tone that 
terminated with a <lOOpS, 2.5 X threshold SO stimulus. Rats were conditioned for 3 days 
receiving 3 blocks of 20 trials/day.

Elevating trigeminal excitability dramatically enhanced the frequency of CRs. Rats with 
6O7IDA lesions developed a mean CR frequency of 45% within the first day. Normal rats 
receiving the same conditioning paradigm exhibited <15% CRs after 3 days of training. The 
rats with cannulae were trained for 1 day, and then on the 2nd day, bicuculline was injected 
to acutely elevate trigeminal excitability. Five min after injection, these rats exhibited a CR 
frequency similar to that seen in 6OHDA rats. The next day, however, these rats showed 
few CRs, as with normal rats. Thus, an innocuous UCS is sufficient to acquire a CR, but 
increased trigeminal excitability is necessary for the expression of CRs.

This work was supported by EY06808 (EJS) and EY07391(CE).

629.14
CONDITIONING-INDUCED REFLEX FACILITATION IN RABBITS 
WITH MEDIAL PREFRONTAL DAMAGE. Joselvn McLaughlin*, 
Frank Beylotte, HI, John Churchwell. & D.A, Powell. VA Medical Center 
and University of South Carolina, Columbia, SC 29209.

Conditioned reflex facilitation occurs when the amplitude of the eyeblink 
(EB) unconditioned reflex (UR) is increased as a result of prior Pavlovian 
conditioning. This study examined conditioned reflex facilitation in animals 
with either medial prefrontal lesions or sham lesions. Half the rabbits in 
each lesion group received 3 sessions of 60, 1200 Hz, 75 db tones paired 
with a 25 msec, 3 mA periorbital electrical shock. The remaining animals 
received explicitly unpaired presentations of the tone and shock. Prior to 
training a pre-test was administered, in which 5 trials of periorbital shock 
and 5 trials of white noise were randomly presented unpaired with the tone. 
Five trials of each stimulus, preceded by the tone to be later used as the 
conditioning stimulus, were also presented. Immediately after the last 
conditioning session, a post-test was administered in which the same 
stimuli were again presented. Reflex facilitation was assessed by 
comparing EB UR amplitude during the pre- and post-tests. Both paired 
groups, but neither unpaired group, showed evidence of reflex facilitation. 
Moreover, the increase in EB UR magnitude was smaller in response to the 
signaled periorbital shock and white noise in animals with medial prefrontal 
lesions, compared to those with sham lesions.

Supported by DVA Institutional Research Funds
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629.15
SPONTANEOUS RECOVERY OF THE BRANCHIAL DEFENSIVE 
REFLEX UNDER DIFFERENT HABITUATION LEVELS IN THE 
GOLDFISH CARASSIUS AURATUS. A, C. Kalwat, E, G. 
Antzoulatosi, P. Angelogianni*2 and M. M. Nikoletseasi. 1 The 
American Coll, of Greece, A. Paraskevi, GR-15342; zDept. of Exp. 
Physiol., Med. Sch., Univ. of Athens, GR-11527, Greece.

Muscle potentials from the gill cleft of the goldfish show a 
decrease in amplitude and frequency upon the presentation of a 
novel stimulus. This response characterizes the Branchial 
Defensive Reflex (BDR), In the present study the spontaneous 
recovery of the BDR was observed. There were two conditions: 
group 1 received a weak stimulus (flashing light, 29Hz, 5s, 
20x106 lumens) 10 times while group 2 received the same 
stimulus 50 times. The interstimulus interval (ISI) was 90s for 
both conditions. Three hours after training both groups were 
tested for spontaneous recovery. Both conditions showed 
considerable response decrement by the 10th trial. Spontaneous 
recovery was greater in group 1 (p<.05), when recovery level was 
compared to the a-response. When spontaneous recovery was 
compared to habituation asymptote only group 1 showed 
significance (£><.05), suggesting that recovery diminishes with 
overtraining. A second finding of this study was that habituation 
is a necessary precondition for recovery to occur; animals that 
do not habituate do not show recovery. This conclusion is 
supported by a good correlation that exists between the degree 
of habituation (percent decrease from the a-response) and 
recovery scores (r=0.7). These results are consistent with other 
studies on dishabituation of the BDR (unpublished data). 
(Supported by American Coli. of Greece funds)

629.16
PAVLOVIAN CONDITIONING OF THE BRANCHIAL DEFENSIVE 
REFLEX AS A FUNCTION OF THE INTERSTIMULUS INTERVAL 
IN THE GOLDFISH, CARASSIUS AURATUS. M.M, Nikoletseas*.
E.G, Antzoulatos, and A. C. Kalvva. The American Coll, of 
Greece, A. Paraskevi, GR-15342, Greece.

Muscle potentials from the gill area show changes in 
topography in response to stimulation. We have defined these 
changes as Branchial Defensive Reflex (BDR). In a previous 
communication we have reported classical conditioning of this 
response system (E.G. Antzoulatos et.al., Soc.Neursci.Abstr., 
Vol. 22, Part 1, p. 145,1996). In this experiment we examined 
the effects of interstimulus interval (ISI) on acquisition of the 
conditioned response (CR). There were five conditions: 2s, 5s, 
10s, 20s, and 30s ISI. The conditioned stimulus (CS) was 
flashing light (2s duration, 6Hz, 20x106 lumens); unconditioned 
stimulus (UCS) was a 5-ms constant current shock of 50mA 
delivered subcutaneously via silver electrodes. Fish were 
restrained and received 10 presentations of CS-UCS on day1 
and 5 presentations on day2 at an intertrial interval of 5min. 
BDR was recorded through tungsten electrodes inserted in the 
gill cleft. CR strength was measured on a CS alone trial. CR 
consisted of amplitude decrease and/or spike broadening 
reflecting deceleration of breathing rate which at times reached 
total suppression for the entire ISI. Stronger conditioning 
occurred in the 5s and 10s ISI groups; considerable 
conditioning was evident in the 2s ISI group; little or no 
conditioning was observed in the 20s and 30s ISI groups. 
(Supported by Deree College funds).

629.17
RESPONSE TOPOGRAPHY OF CONDITIONED AND UNCONDITIONED 
BRANCHIAL DEFENSIVE REFLEX IN THE GOLDFISH. GJ. Rovce1*. 
E.G. Antzoulatos2, A.C. Kalvva2, and M.M. Nikoletseas2. 'Dept. of Anatomy, 
Univ. of Wisconsin Med. Sch., Madison, WI 53706; 2The American Coll, of 
Greece, A. Paraskevi, GR 15342, Greece.

Muscle potentials recorded from the gill area of the goldfish, Carassius 
auratus, show changes in response topography as a result of stimulation. These 
changes constitute the Branchial Defensive Reflex (BDR). In the present study 
BDR was recorded in a computerscope and its topography determined. 
Stimulus presentation was rigidly controlled by programmable stimulators. In 
response to a light stimulus (30Hz flashing rate, 2-5s duration, 20x106 lumens) 
BDR consists of a decrease in spike amplitude which often reaches zero; an 
alternative response is spike broadening. These topographies reflect a slowing 
down of respiratory rate. The BDR topography in response to shock is spike 
narrowing with a variable effect on spike amplitude which, however, is never 
dramatic enough to approach total suppression. These changes reflect increase 
in respiratory rate. The topography of unconditioned response (UR) to a shock 
changes as the conditioned response (CR) develops; this new UR topography 
resembles that of the CR, i.e. spike broadening and even total suppression. In 
summary, conditioned BDR is not a copy of unconditioned BDR. Interestingly, 
the emergence of the CR influences the topography of the UR. Support for this 
claim comes from CR alone tests in which CR duration extends into the regions 
of the sweep where the UR would be expected, i.e. it extends beyond the limits 
of the interstimulus interval.
Supported by American College of Greece funds.

629.18
DISHABITUATION OF THE BRANCHIAL DEFENSIVE REFLEX IN 
GOLDFISH, CARASSIUS AURATUS, IN RELATION TO SENSITIZATION 
AND DIFFERENT LEVELS OF PRIOR HABITUATION. E.G. Antzoulatos1, 
A.C. Kalyva1, C.F. Flaherty2*, and M.M. Nikoletseas1. qThe American 
College cf Greece, A. Paraskevi, GR-15342, Greece, 2Rutgers University, 
New Brunswick, NJ.

When goldfish are presented with a novel, weak stimulus they respond 
with deceleration or complete suppression cf breathing (Branchial 
Defensive Reflex). In the present study a weak stimulus (WS) was 
initially presented once, 10 times, or 50 times, at an interstimulus 
interval (ISI) of 1OOs. Twenty seconds after the last exposure to WS, a 
strong stimulus (SS) was presented. The test for dishabituation was 
given by presenting the WS 80s after the SS; no disruption of the ISI 
was introduced. The WS was a 5-s flashing light and the SS was 10ms 
constant current shock delivered on the animals' trunk. Both the 10- and 
50-trial groups habituated to the WS, but the 10-trial group 
dishabituated significantly more than the 50-trial group. The 1-trial group 
(sensitization control) failed to show response increment after the SS 
presentation. Our resuits suggest that; (i) dishabituation is not identical 
to sensitization: the same stimulus (SS) may result in dishabituation but 
not sensitization; (ii) habituation is a necessary precondition for 
dishabituation to occur; (iii) dishabituation decreases with overtraining. 
Supported by American College of Greece funds.

NEUROPEPTIDES AND BEHAVIOR: CCK

630.1
Antagonism  of  the  Cholecystokinina  Receptor  
Reduces  Hyperlocomotion  Induced  by  Phencyc -
lidine . C, Broberger*, L._ Gimenez-Llort, S.-Q. Ogren and T. Hokfelt, 
Dept. of Neuroscience, Karolinska Institutet, 171 77 Stockholm, Sweden.

Cholecystokinin (CCK) is one of the most abundant neuropeptides 
in the CNS, and to date, two receptors (CCKa  and b ) have been 
cloned and localized in the brain. We have recently shown that hyper-
locomotion elicited by treating animals with the non-competitive 
NMDA-receptor antagonist phencyclidine (PCP) can be potentiated 
by blockade of the CCKb  receptor, suggesting increased endogenous 
release of CCK under these circumstances. To investigate if also the 
CCKa  receptor is involved in modulating the behavioural response to 
PCP, adult male Sprague-Dawley rats were habituated in motor activ-
ity boxes. The animals were then injected with the CCKa  antagonist 
L-364,718 (1 mg/kg i.p.) or vehicle, and 15 min later injected with 
PCP (2 mg/kg s.c.) or saline. The activity was subsequently recorded 
for a 75 min period. Animals pretreated with L-364,718/saline 
showed a similar low motor activity pattern as the vehicle/saline 
group. However, L-364,718/PCP-treated animals displayed a signifi-
cantly reduced motor activity compared to the hyperactivity seen in 
vehicle/PCP-treated animals. This reduction was mainly evident 
during the interval of maximal PCP-induced activity and a similar 
trend could also be seen using a higher dose of L-364,718 (10 mg/kg). 
These results give further support for a PCP-induced release of en-
dogenous CCK, and indicate that CCKa - and B-receptors have op-
posite effects in modulating PCP-induced behaviour. (Supported by 
Swedish MRC 04X-2887 and Spanish MEC.)

630.2
THE EFFECTS OF NUCLEUS ACCUMBENS CCKB RECEPTOR 
ACTIVATION: A BEHAVIORAL DISSOCIATION. NJ DeSousa1*, PEA 
Bush1, MA Smith1, and FJ Vaccarino1,2 Depts. of Psychology5 and Psychiatry2, 
Univ. of Toronto, Toronto, Canada; and Clarke Inst. Psychiatry2, Toronto, Canada.

We have shown recently that intravenous (i.v.) amphetamine (AMPH) self-
administration under a fixed ratio schedule is potentiated by nucleus accumbens 
(NAcc) microinfusion of pentagastrin, a CCKB receptor antagonist. The present 
studies were conducted to further delineate the behavioral effects of NAcc 
pentagastrin using the self-administration (SA), exploratory locomotor activity 
(ELA) and acoustic startle response (ASR) paradigms.

In experiment 1, fifteen male Wistar rats were surgically implanted with 
indwelling catheters into the jugular vein, and bilateral guide cannulae aimed at the 
NAcc. Following recovery, rats were trained to lever press for infusions of AMPH 
(50 pig/kg/100 pi; i.v.) under a progressive ratio schedule. Rats received bilateral 
intra-NAcc pentagastrin (0.5 pi; 0, 0.1, 1, and 10 nM) in randomized order 
following 3 day periods of stable responding. In experiments 2 and 3, sixteen rats 
were surgically implanted with bilateral guide cannulae aimed at the NAcc. 
Following recovery, rats received bilateral intra-NAcc pentagastrin (0, 1, and 10 
nM) followed by AMPH (0 and 0.5 mg/ml; i.p.) in randomized order. Following 
treatment, ELA and ASR’s were assessed in experiments 2 and 3, respectively.

SA results showed that NAcc pentagastrin infusions (1 and 10 nM) 
significantly decreased the break point values for i.v. AMPH in a dose dependent 
manner. This compensatory decrease in SA is consistent with our previous data. 
ELA and ASR results from experiments 2 and 3 failed to demonstrate behavioral 
effects. These results suggest that NAcc CCKB receptor activation, within relevant 
physiological dose ranges, selectively attenuates dopamine-mediated reward without 
altering the expression of either exploratory activity or anxiety-related behaviors.

Supported by a Medical Research Council of Canada grant to FJV
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630.3
MICROINJECTION OF PD-140,548, A CCKA ANTAGONIST, INTO THE 
CAUDAL NUCLEUS ACCUMBENS ATTENUATES THE LOCOMOTOR 
RESPONSE TO AMPHETAMINE IN AMPHETAMINE-SENSITIZED 
ANIMALS. G.R. Wunderlich*1, N.J. DeSousa1, and F.J. Vaccarino1,2. Depts. of 
Psychology1 and Psychiatry2, Univ. of Toronto, Toronto, Canada; and Clarke Inst, 
of Psychiatry2, Toronto, Canada.

Repeated amphetamine (AMPH) administration results in both augmented 
extracellular levels of dopamine (DA) in the nucleus accumbens (NAcc) and 
augmented locomotor activation in response to a subsequent AMPH challenge. The 
neuropeptide cholecystokinin (CCK) is co-localized with DA in a significant 
subpopulation of mesolimbic DA neurons projecting predominantly to the caudal 
NAcc (c.NAcc). Stimulation of CCKA receptors in the c.NAcc is known to 
potentiate DA release and DA-mediated behaviors. We have previously shown that 
systemic injection of the CCKA antagonist devazepide attenuates the sensitized 
locomotor response to AMPH. The present study examined whether endogenous 
stimulation of c.NAcc CCKA receptors contributes to AMPH-sensitized locomotion.

Rats were surgically implanted with bilateral guide cannulae aimed at the 
c.NAcc. Following recovery, rats were injected with AMPH (1.5 mg/kg) in their 
home cage once per day for seven days. Following a 10 day withdrawal period, 
Animals were placed in activity chambers and given a 60 min habituation period. 
At 60 min, animals were removed and given bilateral intra-c.NAcc microinjections 
of the CCKa  antagonist PD-140,548 (0 or 10pg/0.5pl) and systemic AMPH (0.75 
mg/kg; i.p.). Animals were then returned to the activity boxes and their locomotor 
behavior monitored for the ensuing 90 min.

Results showed that intra-c.NAcc microinjection of PD-140,548 attenuated the 
sensitized locomotor response to systemic AMPH. These results suggest that 
endogenous stimulation of c.NAcc CCKA receptors is an important component of 
the exaggerated behavioral response to AMPH seen in sensitized animals.

Supported by a Medical Research Council of Canada Grant to FJV.

630.4
THE EFFECTS OF CCK„ RECEPTOR BLOCKADE ON

BEHAVIORAL WITHDRAWAL FROM AMPHETAMINE. PEA 
Bush1*, NJ DeSousa1, FJ Vaccarino1,2 Depts, of Psychology1 and 
Psychiatry2, Univ. of Toronto, Toronto, Canada; and Clarke Institute of 
Psychiatry2, Toronto, Canada.
Withdrawal from psychostimulant drugs is associated with symptoms 

including behavioral depression, anhedonia, and anxiety. Interestingly, CCKB 
receptor blockade has been shown both to potentiate locomotion and reward- 
related behaviors, and also to attenuate anxiety-like behaviors. Given this 
profile of activity, the present study examined the effects of systemically 
administered L-365,260, a potent and selective CCKB receptor antagonist, on 
animals undergoing amphetamine (AMPH) withdrawal using the exploratory 
locomotor activity (ELA) and acoustic startle reflex (ASR) paradigms.
During the binge phase, two groups of rats (n=24) were given eight systemic 

injections of AMPH (0 or 2.0 mg/kg/2 hrs; i.p.). Eight hours following the 
final AMPH injection, animals were treated with four systemic injections of L- 
365,260 (0 or 2.0 mg/kg/2 hrs; i.p). Thirty minutes following the third and 
fourth L-365,260 injections, each animal was placed in ELA and ASR 
chambers in counterbalanced order and tested for a period of one hour.
Results showed that AMPH withdrawal significantly decreased ELA and 

increased ASR relative to saline controls. L-365,260 reversed withdrawal- 
induced increases in the ASR, but L-365,260 did not affect withdrawal- 
induced hypolocomotion. These results suggest that increased CCKB receptor 
activation in part mediates psychostimulant-withdrawal induced anxiogenesis.

Supported by a Medical Research Council of Canada Group Grant to FJV.

630.5
CHOLECYSTOKININ ATTENUATES SKF 38393-INDUCED BEHAVIOURS 
VIA CENTRAL SITES OF ACTION. A. Jon Stoessl* and J.M. Van Kampen 
Neurodegenerative Disorders Centre, Univ. British Columbia, CANADA.

The neuropeptide cholecystokinin (CCK) is known to have various 
interactions with dopamine in the central nervous system (CNS). We have 
demonstrated a modulatory role for peripherally administered CCK-8S on 
dopamine D] receptor-mediated vacuous chewing movements (VCMs) 
ana grooming. However, CCK is not thought to cross the blood brain 
barrier to any significant degree making these observed effects on 
centrally-mediated behaviours somewhat puzzling, yagotomy studies have 
implicated the vagal afferent system as the initial site of action for 
peripherally administered CCK suggesting that CNS effects are the 
indirect result of action at more peripheral sites. Our own work with 
vagotomized animals indicates that CCK may act at both peripheral and 
central sites to influence dopamine D, receptor-mediated behaviours. To 
verify the existence of central sites of action, we examined the effects of 
direct infusion of CCK agonists into the ventrolateral striatum (VLS). 
Infusion of CCK-8S (20ng/pl) into the VLS significantly attenuated both 
VCMs and grooming induced by SKF 38393 (5 mg/kg s.c.). Attenuation 
of VCMs was blocked by peripheral administration of the CCKA 
antagonist MK-329 (100 pg/kg ijp.) while attenuation of grooming was 
blocked by peripheral administration of the CCKB receptor antagonist L- 
365,260 (100 pg/kg i.p.). Infusion of the selective CCKB receptor agonist 
CCK-4 (10 ng.pl) into the VLS significantly attenuated SKF 38393- 
induced grooming but did not affect VCMs. Attenuation of grooming was 
blocked by L-365 260 (20? 100 pg/kg i.p.). These findings suggest that 
CCK is capable of influencing dopamine D, receptor-mediated behaviours 
through action at both CCKA and CCKB sites in tne VLS.
Supported by the Medical Research Council of Canada and the Ontario 
Mental Health Foundation.

630.6
DIFFERENTIAL MODULATION OF FELINE AGGRESSIVE 
BEHAVIOR ELICITED FROM THE HYPOTHALAMUS BY 
CHOLECYSTOKININ RECEPTORS IN THE MIDBRAIN 
PERIAQUEDUCTAL GRAY. B, Luo*. M.B. Shaikh and A. Siegel, Lab, 
of Limbic System & Behav. Dept. of Neurosciences, N.J. Medical Sch. and 
Graduate Sch. of Biomedical Sciences, UMDNJ, Newark, N.J. 07103.

This study identified the role of cholecystokinin (CCK) receptors in the 
midbrain periaqueductal gray (PAG) in modulating feline defensive rage 
(DR) and predatory attack (PAB) elicited from medial (MH) and lateral 
hypothalamus (LH), respectively. Exp. I: Microinjections of the CCKB 
antagonist, LY288513 (1.05-17.0 nmol/0.25|ul), into the PAG suppressed 
DR, but facilitated PAB. However, microinjections of the CCKA antagonist, 
PD 140548, into the PAG had no effect upon either form of aggression. Exp. 
II: Microinjections of the CCKB agonist, pentagastrin (0.5-2.0 nmol/0.25pl) 
into the PAG facilitated DR. Exp. Ill: Following Fluoro-Gold (8% in 0.5 
pi) microinjections into PAG, animals were sacrificed 4-7 days, 
postinjection, and brain tissue was processed for immunocytochemical 
analysis of CCK neurons. Neurons labelled for both CCK and Fluoro-Gold 
were observed in the lateral tegmentum and basal amygdala, suggesting that 
either or both of these regions could modulate DR and PAB by activating 
CCKb receptors in the PAG. The overall data indicates that activation of 
CCKB receptors in the PAG differentially modulate DR and PAB. 
[Supported by NIH Grant NS 07941-27].

630.7
INFLUENCE OF TYPE A BEHAVIOUR PATTERN ON RESPONSE TO CCK-4. 
Le Melledo J-M*. Arthur H. Bradwein J. Dalton J. Lipson N, Woo C, Koszycki D,
Bellavance F, Boulanger J-P. Cadieux A. Lizotte M-E. Jolicoeur F. Bichet D.G,
Psychobiology and Clinical Trials in Anxiety Research Unit, Clarke Institute of 
Psychiatry.

Both subjects with Type A behaviour pattern (TABP) and patients suffering 
from panic disorder exhibit an increased cardiovascular risk. The objective of this 
study was to assess whether Type A and Type B subjects would differ in their 
behavioural, cardiovascular and neuroendocrine response to challenge with the 
panicogenic agent, cholecystokinin-tetrapeptide (CCK-4). We also assessed 
whether pre-treatment with propranolol would effect Type A and Type B subjects’ 
reactivity to CCK-4 in a different manner. Additionally, we hypothesized that the 
CD25 (the dose of isoproterenol necessary to increase the heart rate of 25 
beats/minute) would be reduced in TABP healthy male volunteers. Methods: 
Behaviour pattern was assessed using a Videotaped Structured Interview. The study 
was double-blind and subjects were randomly assigned to either propranolol and 
CCK-4 (Type A: n= 8, Type B: n=6) or placebo and CCK-4 (Type A: n=7, Type 
B: n=6). Results: Type B's CD25 was greater than Type A's CD25 (p=0.007). The 
maximum heart rate change from baseline following CCK-4 plus placebo was 
greater in TABP subjects (p=0.009) but this difference did not exist when subjects 
were pre-treated with propranolol (p=0.479). Our results suggest that P-receptor 
sensitivity is increased in TABP and that a link may exist between the 
cardiovascular risk of TABP subjects and their cardiovascular reactivity to 
anxiogenic situations. We will also present our results regarding differences in 
arginine vasopressin, oxytocin, neuropeptide Y and catecholamine plasma 
concentrations between Type A and Type B subjects.

Medical Research Council of Canada

630.8
CCKb RECEPTOR ACTIVATION AND ANXIOGENIC BEHAVIOR: A 
NEUROANATOMICAL ANALYSIS. F.J. Vaccarino1’2*. A.I Arifuzzaman1 
S.M. Sabiian1, G.R, Wunderlich1. N.J, DeSousa1. D.E.A. Bush1. J, Bradwein2’
Depts. of Psychology1 and Psychiatry2, Univ. of Toronto, Toronto, Canada; and
Clarke Institute of Psychiatry2, Toronto, Canada.
Cholecystokinin (CCK), a peptide occurring naturally in the brain and periphery, 
has been reported to induce panic attacks in humans following intravenous 
administration. Similarly, animal research has extended these findings by 
showing that injections of CCKB receptor agonists induce anxiety-like responses 
in both primates and rodents. However, the neuroanatomical basis for the 
anxiogenic effects of CCK is not well understood. The acoustic startle reflex 
(ASR) is reliably potentiated by fear, and systemic CCKB receptor antagonists 
have been found to attenuate fear-potentiated startle. In an effort to identify 
CCK-sensitive brain regions, the effects of microinjections of CCKB agonists 
(CCK, or pentagastrin) into several brain structures on ASR were examined.
Male Wistar rats were surgically implanted with guide cannulae aimed at the 
basolateral amygdala (BLA), periaqueductal gray, hippocampus, prefrontal 
cortex, nucleus accumbens and intracerebral ventricles (icv). Animals were 
habituated to the ASR chambers for a period of one hour over three days. 
Immediately prior to testing animals were given microinfusions (0.5 pi; 5.0 pi 
icv) of CCK, (0, 0.25, 2.5, & 25 nM; 0, 2.5, 25, & 250 nM icv) and subsequently 
presented 200 acoustic startle stimuli (500 ms; 83, 85, 90, 100, and 120 dB; VI- 
15sec).
Preliminary data show that both icv and intra-BLA CCK, microinjections 
augment the ASR. Consistent with other studies, these results suggest that the 
anxiety provoking effects of systemically injected CCK, are mediated centrally, 
and that the BLA plays a prominent role in CCK mediated anxiety-like responses. 
Further studies examining other brain regions are currently underway.

Supported by a Medical Reseafch Council of Canada Group Grant to FJV.
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630.9
INTRAVENOUS CAFFEINE ELEVATES PLASMA CCK LEVELS IN 
HEALTHY ADULTS AND IN VERVET MONKEYS. S Merani. J, 
Gutkowska, F.R. Ervin; J. Bradwein, F. Vaccarino, R.M. Palmour*.
Depts of Psychiatry and Biology, McGill University Faculty of Medicine, 
Montreal QUE H3A 1A1 CANADA

Caffeine is known to increase symptoms of anxiety and panic in both 
normal individuals and in those suffering from anxiety disorders. We 
tested the hypothesis that caffeine might act, at least in part, by increasing 
plasma levels of cholecystokinin (CCK), a peptide implicated in panic 
disorders by experimental studies in man and monkey.

In the present study, caffeine or was administered orally in capsule form 
to 12 healthy human volunteers in a counter-balanced crossover study. 
Blood was drawn (through an indwelling venous catheter) before and 10, 
20 and 30 min after capsule ingestion for the measurement of plasma 
CCK. In a parallel study, caffeine or placebo was administered 
subcutaneously to 24 young adult male vervet monkeys, previously 
characterized as to behavioral phenotype (calm vs anxious). CCK was 
measured by a sensitive radioimmunoassay, after extraction of plasma on 
ODS-SepPak cartridges and separation of peptide subforms by HPLC.

In human subjects, plasma CCK levels were significantly increased 
(2.2-fold) 10 min after caffeine ingestion, and gradually returned to 
baseline over 30 min. A similar pattern was seen in vervet monkeys, with 
a mean increase of 2.15-fold at 20 min. Anxious monkeys showed 
significantly lower baseline values, with considerable individual variability 
of baseline values and extent of increase in both man and monkey.
Further work will be required to determine whether these findings are 
reliably correlated with behavioral indices of anxiety and panic.

Supported by a Group Grant from Medical Research Council of Canada

GENE TARGETING/GENE THERAPY

631.1
AN ADENOVIRUS VECTOR EXPRESSING LACZ FOR GENE TRANSFER INTO THE 
HIPPOCAMPUS AND STRIATUM. J.R.McLaughliri*Q,Y.Ho, R.M.Sapolskv Dept of Biological 
Sciences, Stanford, CA 94305

Adenovirus is currently being considered as a vector for gene transfer into the brain. We 
have studied the patterns of expression of a LacZ-expressing adenovirus under control of a 
CMV promoter in the hippocampus and striatum as a potential alternative to herpes simplex 
virus (HSV) vectors. Adenovirus has an advantage over HSV in that it will infect a greater 
variety of cell populations including both neurons and glia in various areas of the brain and 
appears to cause less cytotoxicity than HSV for an equivalent number of infected cells. We 
have studied the results of stereotaxic injections into the striatum and CA1, CA2, and the 
dentate gyrus of the hippocampus in Sprague-Dawley rats weighing between 250-300grams. 
Using concentrations of adenovirus ranging from 3x10® to 1.8x10s pfu suspended in 3.0ul of a 
3% sucrose in Hepes buffer we find that 9x10® pfu in 3.0ul has an optimal ratio of expression 
to observable cytotoxicity. In the striatum and hippocampus both neurons and glia expressed 
LacZ with glia predominating. Robust expression was observed in all of the above mentioned 
areas of the hippocampus with the greatest in the dentate gyrus and the hippocampal fissure. 
This is in contrast to previous studes using HSV, which almost exclusively expresses in the 
dentate gyrus.

A time course study using 9x10® pfu per injection site was performed with time points of 
sacrifice at 4, 7, and 14 days. In the striatum, as observed with X-gal histochemistry, 
expression was highest at 4 days, with an average of over 3x102 X-gal positive cells in 33um 
coronal sections, and steadily decreased to less than 50 cells per section at 14 days. In the 
hippocampus expression went from about 1x102 cells pier section at four days to zero at 14 
days.

In comparison to our previous studies using a LacZ-expressing HSV vector with a CMV 
promoter, adenovirus infected a larger variety of celt typoes and persisted in vivo for a longer 
period of time. We have found though that the vast majority of cells expressing LacZ eitlier die 
or stop LacZ expression in a time period only roughly twice as long as HSV.

Funded by NIH ROI NS32848.

631.2
USE OF MURINE & HUMAN NEURAL PROGENITORS FOR CROSS- 
CORRECTION & ENZYME REPLACEMENT IN NEURAL CELL 
CULTURE FROM MOUSE MODELS OF THE NEURODEGENERATIVE 
GANGLIOSIDOSES (TAY SACHS DISEASE).
Sanjay Aurora &*, S.U. Kim@, H. Daniel Lacorazza#, Moncef Jendoubi#, Evan Y
Snyder &. & Joint Program in Neonatology & Division of Neuroscience, Children’s 
Hospital, Harvard Medical School, Boston MA. @Div. Of Neurology, Univ. British 
Columbia, #NEI, NIH.

Stable clones of murine multipotent, progenitor cell lines have previously been 
characterized & shown to express therapeutic genes in vivo in a neurodegenarative 
disease, MPS VII (Snyder et al, 1992,1995). Tay Sachs (TS) disease is the prototype 
of a GM2 gangliosidosis characterized by an absence of (5-hexosaminidase A (HexA) 
resulting in a catastrophic, neurodegeneration with no cure. Recently murine models 
for this disease have become available. Two murine neural stem-like cell clones were 
used for cross-correction in this mouse model. They are “Cl7.2”, which constitutively 
expresses HexA, and a subclone of Cl7.2 stably transfected to overexpress the 
a subunit of HexA, called C17.2 H a (Lacorazza et. al, 1996). In addition to the 2 
murine clones, human fetal neural progenitors were also tested. Primary neural 
cultures from TS mouse brains were established in defined, HexA free medium. 
These 3 types of progenitors were then overlaid in a 0.4p transwell system over the 
TS cells. The pores permitted free flow of molecules but not cells. Following a period 
of 10 days, enzyme assays were done. The results show a significant (p<0.001) 
increase in the number of Hex positive cells compared to primary TS neural cultures. 
All neural cell types (neurons, glia & precursors) were cross-corrected. Correction of 
storage was examined by immunoflorescence fur GM2. There was a corresponding 
significant (p<0.001) decrease in cells with an excess of GM2 in cross-corrected cells. 
These results lay the groundwork for use of these neural progenitors, both murine & 
human for transplantation into this mouse model. Human neural progenitors appear to 
be as effective as murine cells. (Funding: LOTS,NS33852,T32HD07466)

631.3
GENE-TARGETED MICE CARRYING AN ARGININE CODON AT THE
Q/R SITE OF THE AMPA RECEPTOR GLUR-B GENE
K, Kask, R, Brusa, M. Higuchi, T, Bartfai*, R, Sprengel, P.H, Seeburg
Max-Planck-Institute for Medical Research, 69120 Heidelberg, Germany 
and * Stockholm University, 10691 Stockholm, Sweden

AMPA receptors (AMPAR) mediate the fast component of excitatory 
postsynaptic currents at the majority of central synapses. Heteromeric 
AMPAR channels containing GluR-B are nearly impermeable to Cat-
ions. The characteristically low Ca2+-permeability of AMP ARs in principal 
neurons is essential for the physiology of the central nervous system, as 
gene-manipulated mice expressing in principal neurons AMP ARs with 
elevated Ca2+-permeability suffer from epileptic seizures and die early. 
The molecular determinant in the GluR-B subunit underlying the low 
Ca^+-permeability of heteromeric AMPAR channels is an argimne (R) 
residue in the channel lining segment M2. The GluR-B gene, however, 
contains a glutamine (Q) codon at this site. The R codon found in the 
GluR-B mRNA is created by nuclear editing of GluR-B pre-mRNA, a 
process requiring an RNA-dependent adenosine deaminase and an intronic 
sequence complementary to the exonic editing site. In the rodent brain the 
gene-specified codon for Q is nearly completely (>99%) edited to a codon 
for R. To investigate into the requirement for this editing event, we 
constructed gene-targeted mice in which the glutamine codon at this 
critical channel site is substituted by an arginine codon.

Supported by SFB grant f317 to P.H.S. and an EMBO postdoctoral 
fellowship to K.K.

631.4
QUANTIFICATION OF BA4 LEVELS IN TARGETED TRANSGENIC 
MICE BEARING THE FAD APP “SWEDISH”, “LONDON” AND 
COMBINED “SWEDISH/LONDON” MUTATIONS.
P. Graham, S. Reuter, K. McMonagle-Strucko, C. Unsworth, K. Bausch,
C.-M Lee, R.Fanelli* and G. Konig. Bayer Corp. , Institute of Dementia
Research, West Haven, CT 06516.

A novel gene-targeting strategy was used to introduce sets of 
mutations into the mouse APP gene. Three transgenic lines were created 
which encode the FAD APP670/671 “Swedish” KM/NL double 
mutation (line 5007), the APP717 V/I “London” mutation (line 5403) 
or both in combination (line 5103). In addition to the introduction of 
FAD APP mutations, the mouse BA4 region of the APP sequence was 
humanized. To measure the BA4 peptide levels in brains of these mice, 
cortical and hippocampal tissues were extracted with 70% formic acid. 
These brain extracts were then separated by high-resolution Bis/Bicine 
gels and quantified by Western blotting with monoclonal anti-BA4 
antibodies. The introduction of human FAD mutations and a 
humanized BA4 region into the mouse APP gene, altered the APP 
processing in a manner similar to that in cells transfected with human 
FAD APP mutations. Additionally, the combination of the two 
independently occurring FAD APP mutations (“Swedish” and 
“London”) was additive on the BA4 levels in mouse brains. Data is 
presented which shows the effect of these mutations on APP processing 
and age related changes in brain BA4 levels.
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631.5
"A NOVEL GENE-TARGETING TECHNIQUE: INTRODUCTION OF 

"SWEDISH" AND “LONDON” FAMILIAL ALZHEIMER'S DISEASE (FAD) 

MUTATIONS INTO THE MOUSE GENE FOR THE AMYLOID PRECURSOR 

PROTEIN (APP)" R. A. Altman*, K. B. Cahill. A. C. Davis, T. E. Donaldson, 

S. B, Rocks, M, K. Tvler-Bauchman, and D. O. Wirak. Bayer Corp. West Haven, 

Ct. 06516

We developed a novel "one-step" gene-targeting technique that has allowed us to 

mutate the mouse APP gene at multiple sites. The mutations include the 

Swedish-FAD double missense mutations, London-FAD missense mutation as 

well as three amino acid substitutions that "humanize" the amyloidogenic domain 

of the protein. Using homologous recombination, the "one-step" gene-targeting 

procedure can facilitate the introduction of a single or multiple missense 

mutation(s) into any mouse gene. Multiple mutations can be introduced into 

codons that are located on different exons separated by large stretches (i.e., 

kilobases) of DNA. We found that the level and pattern of expression of the 

targeted FAD-APP gene locus closely resembled that observed for the non-mutated 

APP gene in mouse. In the mouse CNS, the Swedish FAD mutation was found to 

significantly alter the proteolytic processing of APP thereby elevating the 

production of C-terminal fragments (CTFs) bearing a complete PA4 domain.

631.6
HISTOLOGICAL EFFECTS OF AN EXPANDED CAG-REPEAT 
INSERTION INTO THE MOUSE Hprt GENE. S.J. Tallaksen-Greene* J. 
Ordwav2, P, Detloff2 and R.L. Albin*,3, department of Neurology, 
University of Michigan, Ann Arbor, MI 48109, department of Biochemistry and 
Molecular Genetics, University of Alabama at Birmingham, Birmingham, AL 
35294, 3VAMC GRECC, Ann Arbor, MI 48105.

CAG trinucleotide expansion has been associated with several human 
genetic neurological diseases. We compared the effects of a specific gene 
deletion to the effects of a genetic mutation induced by the insertion of a 
CAG repeat fragment. We used transgenic mice with a targeted 
interruption of the Hprt gene, an X-linked gene coding for the enzyme 
hypoxanthine-guanine phosphoribosyltransferase (HPRT). HPRT- 
deficient mice appear to be phenotypically normal. HprtICAGiso mice 
are normal until ~4 months, when they develop seizures and progressive 
behavioral abnormalities. We examined the brains of hemizygous males 
lacking the Hprt gene (Hprt -), heterozygous females lacking the Hprt 
gene (Hprt -/-) and mutant males with the Hprt gene disrupted by 
insertion of an expanded CAG tract with ~150 repeats (HprtICAGiso). 
The groups were compared using Cresyl violet staining (to detect gross 
anatomical differences), Glial Fibrillary Acidic Protien (GFAP) 
immunohistochemistry (to identify gliosis), cytochrome oxidase 
histochemistry (an index of oxidative metabolism) and a silver staining 
method for neurodegeneration. We observed no difference between 
groups in the pattern of Cresyl violet staining or GFAP immunoreactivity. 
However, whole brain cytochrome oxidase staining was reduced in 
HprtICAGiso mutants by approximately 25% as compared to either Hprt 
-/- females or Hprt - males. In all three groups we observed degenerating 
nerve fibers in the cerebellar white matter. Supported by AG08671.

631.7
REDUCED STABILITY OF MYELIN, AXONAL SWELLINGS AND 
DEGENERATION IN MICE LACKING PROTEOLIPID PROTEIN. 
M.Klugmann, I.R, Griffiths, M.H. Schwab, T. Anderson, M. Jung,
S. Forss-Petter*. and K.-A. Nave ZMBH, University of Heidelberg, 
D-69120 Heidelberg, Germany and University of Glasgow, Scotland. 
Proteolipid protein (PLP) and its isoform DM20 are major membrane 
proteins of CNS myelin. Mutations of the X-linked PLP/DM20 gene 
cause severe dysmyelination in mouse (jimpy, rumpshaker) and man 
(Pelizaeus-Merzbacher Disease, Spastic Paraplegia). We have generated 
mice which completely lack expression of PLP or PLP-related 
polypeptides. Surprisingly, PLP k.o. mice assemble compacted myelin 
sheaths and have a normal motor development. However, in the 
absence of PLP the physical stability of myelin is reduced, as evidenced 
by numerous fixation artefacts in preparations for electron-microscopy. 
The intraperiod line of myelin is abnormally condensed, suggesting that 
PLP provides a structural component at the extracellular surface of 
adjacent membranes. A novel phenotype of PLP-deficient mice is the 
development of widespread axonal swelling in the CNS and frequent 
signs of axonal degeneration. These swellings which contain 
membranous organelles and phosphorylated neurofilaments are 
associated predominantly with small caliber myelinated fibres. Similar 
swellings are absent in shiverer mice, suggesting that they are not 
related to a myelin defect per se. Complementation of mutant mice with 
a wild-type PLP/DM20 transgene completely prevents axonal changes. 
This novel axonopathy, which is most likely associated with a defect of 
axonal transport, suggests that PLP function is required for the normal 
communication between oligodendrocytes and myelinated CNS axons. 
(Supported by grants from Action Research to IG and the DFG to KN)

631.8
BEHAVIORAL PHENOTYPE OF FIBROBLAST GROWTH 
FACTOR RECEPTOR 3 KNOCKOUT MICE. J, N, Crawley*1. M. 
P. McDonald1. M. Zhang2. & C. Deng3. 1 Section on Behavioral 
Neuropharmacology, ETB, NIMH, 2NIDCD, and 3NIDDK, NIH, 
Bethesda, MD 20892.

Mutation in the fibroblast growth factor receptor-3 gene results in 
mice with severely enhanced bone growth and skeletal defects 
(Deng et al., Cell 84:911-921, 1996; Colvin et al., Nature Genetics, 
1996). To evaluate the functional outcome of FGFR-3 deletion, Fgfr-3 
knockout mice were tested on behavioral measures of motor and 
sensory functions.

At thirteen weeks of age, Fgfr-3 homozygous knockout mice 
showed significantly reduced exploratory activity in the Digiscan 
open field, and significant deficits in motor strength and coordination 
as measured by the hanging wire and rotorod tests, as compared to 
heterozygote and wild type littermate controls. At six to nine weeks 
of age, knockouts were impaired on the hanging wire test, but normal 
on rotorod and exploratory activity, and normal on passive 
avoidance and acoustic startle, indicating no gross deficits in vision or 
audition. Prepulse inhibition of acoustic startle was significantly 
impaired in the knockouts, prompting further analysis of acoustic 
acuity.

The motor behavior deficits detected in Fgfr-3 knockout mice are 
consistent with the skeletal abnormalities associated with this 
mutation, and may serve as a marker for therapeutic approaches to 
treating human genetic disorders associated with skeletal dysplasias.

631.9
PROGRESS TOWARDS THE ANALYSIS OF PRESENILIN 1 FUNCTIONS 
VIA THE SYNTHESIS OF MURINE M146V MUTANT AND 
CONDITIONAL KNOCK-OUTS M.W. Miller, B.L. Sopher, C B Ware1, RS. 
Morrison2* and G.M, Martin. Department of Pathology, Comparative 
Medicine or 2Neurological Surgery, University of Washington, Seattle, WA 
98195-7470.

The presenilin 1 (PSI) gene was discovered on the basis of its involvement 
with early onset familial Alzheimer’s Disease (EOFAD). Mutations within the 
P-amyloid precursor protein (pPP) are responsible for less than 5% of EOFAD, 
but PSI mutations are responsible for the vast majority of patients with 
EOFAD.

To date most mouse modeling efforts in AD have focused on ectopically 
overexpressing mutant forms of the human disease genes. In contrast, we have 
targeted a human PSI mutation (M146V) to the corresponding position of the 
murine locus. Targeted embryonic stem cells have been isolated and chimeric 
mice have been generated. Seven of the chimeric mice, generated from five 
different RI ES cell lines, are 100% transgenic as judged by coat color.

We are also developing a conditional knock-out transgenic line of mice for 
the murine PSI locus. We have generated a targeting vector which will 
introduce loxP sites on both sides of exon 4. In a time/tissue dependent 
manner, cre-mediated deletion of exon 4 should lead to the inactivation of the 
PSI locus in a regulated manner. These mouse models should complement the 
ongoing ectopic overexpression studies by providing investigators with a 
valuable new tool to address questions related to: 1) loss vs gain of function, 2) 
protein expression/ localization, and 3) physiological actions of PSI which are 
related to or dependent upon regulated expression. Supported by NIH grants 
R35AG10917, T32AG00057.
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632.1
THE EFFECTS OF OCULOMOTOR TRAINING ON AIMED 
MOVEMENTS IN CEREBRAL PALSIED ADULTS. M.LeGare* and
D.Hunt. Dept. of Psychology, Biomedical Engineering Program, 
California State University, Sacramento, CA 95819-6007.

Can adaptive control be demonstrated in oculomotor behavior of 
cerebral palsied (CP) adults and if so, does this skill contribute to 
improving aimed movements? Two CP adults (S1: mildly disabled, 
43yo; S2: severely disabled, 68yo) completed 24 steps of increasing 
target duration and decreasing target size usings corneal reflection 
method and scene camera to measure saccadic latency and maximum 
velocity, fixation duration and number of fixations within target 
boundaries in reinforcement learning. Reaction and movement times 
(RT,MT) in aimed movements were tested pre- and post-training with 
12 targets. Regression analyses of correct trials (SI) showed increased 
duration of the longest fixation/trial (PstepMi=--63>Pst«,ii-2o=-84;R2stepll. 
20=.64,p< 03) which improved during the accuracy phase (ps,ep2i-24=-93) 
with fewer separate fixations (Pstep2i-24=-96>B2st5p2i-24=-89> £<.04).
S2's performance was inconsistent across training steps. Post-training, 
RT and MT were more linearly related to target difficulty for SI 
(PRTpre~-64,R2RTPre=-36,£<. 02;pMT_re=. 79,R2M^=. 79, £<.002; 
PRt po>.87,R2rt ^1=.73,p<.0002; SMT = .95,#*= .90,p< 0001). For 
S2, MT only was more linearly related ( PMTpte=-79, R MTpre=.44; 
P\frp<^t= 97,R2MT„<)st= 90, n<03). The data indicated changes in saccadic 
velocity but not latency (S1,S2). We conclude that motor learning 
occurred in SI and that training in saccadic movement and fixation 
using reinforcement learning contributed to movements which were 
apparently more visually guided for both SI and S2.
Supported by NSF BCS-9107276; United Cerebral Palsy Education & 
Research Foundation; CSU S/CA Award; CSUS Reseach Award.

632.2
BRAIN GLUCOSE METABOLISM IN INFANTILE SPASTIC HEMIPARESIS : 
PET STUDY. A.G. De Voider. J.M. Bodart. E. Olivier. A, Coppens, M, 
Sibomana, G. Ferriere, C, Michel. M, Meulders*. University of Louvain, 
Positron Tomography Laboratory, B-1348 Louvain-la-Neuve, Belgium

Brain glucose metabolism was investigated in children with congenital spastic 
hemiparesis of subcortical origin by using positron emission tomography (PET) 
with fluorodeoxyglucose. Studies were carried out at rest, without premedication, 
in five hemiplegics between 19 months and 8 years of age. CT-scans and MRI 
showed unilateral subcortical white matter necrosis (n=3) or a ventricular 
asymmetry without structural defects (n=2).

When compared to data from healthy volunteers aged between 18 and 24 years 
(n=l3; 2 SD criterion), glucose metabolic rates were in the high normal range in 
most cortical regions, including sensorimotor and premotor areas, in all patients. 
Metabolism was lower in the thalamus of the affected hemisphere and normal or 
moderately reduced, without asymmetry, in the cerebellum. The regional 
distribution of glucose utilization in the cortical areas appeared devoid of 
hypometabolic foci in all cases. There was no correlation between metabolic 
activity found in the sensorimotor areas and patient age or lesion size.

The present analysis shows that overall brain glucose metabolism is preserved or 
even higher in children affected by congenital spastic hemiparesis than in control 
volunteers. The cortical metabolic depression and crossed cerebellar diaschisis 
commonly observed in adults with similar acquired lesions were not seen in the 
hemiplegic children. This preserved metabolism in the sensorimotor cortex of 
congenital hemiplegics, as previously shown in the deafferented visual areas of 
congenital blind subjects, could be attributed to the local reinforcement of 
supranumerary synapses and of exuberant projections present early in life. This 
might represent a general adaptative process of the developing human brain. PET 
activation studies in hemiplegic children performing motor tasks should allow us 
to assess further the functionality of those highly active sensorimotor areas. 
Funded by FMSR Grant 3.4520.94.

632.3
H-MRSI STUDIES OF CREATINE, CHOLINE AND NAA REGIONAL 
DISTRIBUTIONS IN NORMAL BRAIN OF CHILDREN WITH LOW- 
GRADE GLIOMAS. J. A. Lazareff Ch. E. Olmstead. J. P. VerHalen,
S. W. Chung, J. Abraiano, J. M. Kelly. K. H. J. Bockhorst, J. R. Alger,
R, S. Fisher, and W. J. Peacock. Neurological Surgery, Radiological 

Sciences, Neurobiology. UCLA Sch. of Med., Los Angeles, CA 90095

Low grade astrocytomas are slow growing tumors that are not thought 
to impact the growth or metabolism of the remaining brain. In this study we 
have used H-MRSI as previously described (Child's Nerv 
Syst. 1996,12:130-135) to evaluate the spatial distribution of choline 
compounds (Cho), creatine (Cre) and N-acetyl aspartate (NAA) signal 
amplitudes in every voxel ( 7.5 x 7.5 x 15mm) of 47 scans of normal 
brain from 21 patients (4 to 10 years of age) with pediatric supratentorial 
low-grade astrocytomas. We observed nonrandom distributions of all three 
measured compounds in each of the patients ( X2 = 65.4, df = 14, p < 

.001). Cho was highest in the internal capsule and corpus callosum as well 
as the hippocampus and amygdala. Cre was highest in cerebellar and 
cerebral cortices and the basal ganglia. NAA was highest in all areas of 
the cerebral cortex, but most noticeably in the midline visual cortex. The 
lowest values of NAA were seen in white matter, primarily internal capsule 
and cerebral peduncles. Our results confirm the utility of NAA as a 
neuronal marker. The increases of CHO in the limbic structures and CRE 
in the basal ganglia expand the role of compounds as markers of cerebral 
metabolism. Our results also show that the population of cortical neurons 
is not affected by the growth of low-grade gliomas in the pediatric 
population. ( Supported by Operation Brainchild)

632.4
FRONTAL LOBE VOLUME CORRELATES WITH HYPOPLASIA OF 
CEREBELLAR VERMIS IN YOUNG AUTISTIC PATIENTS.
R. A. Carper*l§, E. CourchesnelS, & H. J. Chisum$. Wept, of Neurosciences, UCSD; 
§ Autism and Neurodevelopment Research Lab., Children's Hospital, La Jolla, CA.

Autopsy studies reveal a substantial reduction in the number of Purkinje neurons in 
the cerebella of patients with autism. Similarly, quantitative MRI studies show a re-
duction in the size of the cerebellar vermis and hemispheres (hypoplasia). While a 
number of brain regions have been implicated as possible sites of abnormality in 
autism (e.g. frontal lobes, parietal lobes, hippocampus), only the cerebellum has 
shown clear abnormality in all autopsy cases. We have previously proposed that this 
loss of inhibitory Purkinje cells, which may occur as early as pre-natal development, 
could lead to a net increase in neural activity in regions receiving cerebellar input (e.g. 
frontal lobes). As evidenced by animal studies, such enhanced neural activity can 
increase the growth and arborization of axons and dendrites, and can rescue axons and 
cell bodies which would otherwise be lost during developmental regression. Such 
effects could then result in dysfunction and increased volume of the affected areas. It 
is therefore expected that quantitative MRI will reveal an inverse correlation between 
vermis size and frontal lobe size.

We examined MR brain images of 23 patients with autism and 17 normal controls 
(males, age 3.4 - 8.5 years). Images were segmented into gray matter, white matter 
and CSF pixels using an automatic algorithm. Boundaries of the frontal lobes and of 
vermis lobules VI-VII were marked by the authors while blind to subject diagnosis. 
Analyses showed a significant inverse correlation between the area of lobules VI-VII 
and frontal lobe gray matter volume in autistic patients younger than 6.5 years. No 
significant correlation was found in autistic patients over 6.5 or in the control group.

This study showed the predicted inverse correlation in the youngest autistic sub-
jects. This correlation was not seen in older autistic children. The differential effects 
seen in the two age groups may be due to: compensatory effects (abnormal influence 
of cerebellum may be slowly overridden by later experience); inhibited development 
(abnormal activity of cerebellum may inhibit the ability to take advantage of experi-
ence thereby limiting continued growth); sampling effect (perhaps only the more se-
vere cases of autism are detected in the youngest subjects). Some of these issues will 
be examined by considering cognitive data, broadening the age range, and repeating 
the analyses in a longitudinal format. Supported by NIH/NINDS grant NS 19855-12.

632.5
ABNORMAL CORPUS CALLOSAL SIGNAL INTENSITY IN PEDIATRIC 
OBSESSIVE COMPULSIVE DISORDER. F.P. MacMaster. D.R, Rosenberg, M.S. 
Keshayan, E.L. Djck..and_W,Wt_ BagweH*. Dept. Of Psychiatry & Behavioral 
Neurosciences, Wayne State Univ. Sch. of Med., Detroit, MI 48201.

Obsessive compulsive disorder (OCD) is increasingly recognized as a highly 
prevalent and chronically disabling disorder, emerging during childhood in as many as 
80% of cases. We previously found significant abnormalities in the region of the corpus 
callosum (CC) connecting ventral prefrontal cortex (VPFC) and striatum in pediatric 
OCD patients compared to controls that correlated significantly with OCD symptom 
severity. We speculated that this abnormality might reflect aberrant myelinization in 
OCD patients. In order to better characterize the abnormality, we examined CC signal 
intensity (SI), believed to be a reliable index of myelinization of the CC. Method: We 
compared the SI from midsagittal magnetic resonance images of 21 treatment-naive 
OCD patients, 7.2-17.7 years, and 21 case-matched healthy controls to examine regional 
CC signal intensity of the anterior, middle and posterior genu, body, isthmus, and the 
anterior, middle and the posterior splenii. Results: Mean total genu SI for the patient 
group (.993+.006) was significantly less than the total genu SI of controls (.994+.006) 
at F(1>37)= 4.73; p = .036. This abnormality in SI was localized to the anterior genu for 
the OCD group (.991+.007) which was also less than control (.995+.007) at F(137)= 5.47; 
p = .025., with no abnormality observed in middle or posterior genu regions. Genu SI 
was also inversely correlated with OCD symptom severity (r = -.55, p = .013) but not 
with duration of illness, anxiety or depression. Genu SI also correlated positively with 
genu area (r = .52, p = .020) in the patient group but not in controls. Conclusions: These 
findings lend support to our hypothesis that developmental abnormalities in size of the 
genu, the cc region connecting VPFC-striatal circuits, regions of suspected 
abnormalities in OCD may arise from abnormalities in myelination in early onset OCD 
patients. The aberrant myelination shown in the genu of OCD patients may adversely 
affect signal transduction and the function of the VPFC and striatal association circuits.

632.6
EARLY COGNITIVE/NEUROLOGICAL DEVELOPMENT IN INFANTS 
OF ADOLESCENT MOTHERS. A. Chicz-DeMet* and B. Simon. 
Depts. Psychiatry & Human Behav. and Pediatrics. UC Irvine, CA 
92697.

Infants born to adolescent mothers have been shown to be at risk for 
cognitive and neurological development within the first year of life. 
Infant assessments were performed at 4 and 12 months of age for 
thirty-eight adolescent (<18 yr of age) and at 4 months for twenty-two 
adult (19-42 yr) mother/infant pairs. Evaluations included response to 
sensory-perceptual activity (Bayley Scale of Mental Development; 
MDI), body coordination and control (Bayler Scale of Psychomotor 
Development; PDI), neurologic assessment on motor tone and posture 
(Amiel-Tison) and knowledge acquisition based on novelty testing 
(Fagan Test of Infant Intelligence; Fagan). Birth outcomes were 
assessed by the Pediatric Complications Scale and demographic 
information was collected from all mothers. At 4 months of age, PDI 
and MDI mean scores were increased in infants born to adolescent 
mothers compared to infants born to adult mothers. However, PDI 
mean scores declined from 4 to 12 month of age in infants born to 
adolescent mothers while MDI mean scores remained unchanged. 
This deficiency in the degree of body control, muscle coordination, 
finer manipulatory skills, motor tone, and posture may be associated 
with the higher incidence of prenatal anomalies and complications at 
birth in infants born to adolescent mothers.
Support: State Dev. Res. Inst, and Fairview Dev. Ctr., Costa Mesa, CA

Society  for  Neuroscience , Volume  23,1997



TUESDAY PM DEVELOPMENTAL DISORDERS III 1625

632.7

WITHDRAWN

632.8
BRAINSTEM 3H-NICOTINE RECEPTOR BINDING IN THE SUDDEN INFANT 
DEATH SYNDROME. D. Nachmanoff, A. Panigrahv, S.C. Reddy, J.J. Filiano, L.A. 
Sleeper, F. Mandell, M. Valdes-Dapena, H.F. Krous, LA. Rava F.W. White, and
H.C. Kinney*. Dept. of Neurology and Pathology, Children’s Hospital, Boston, MA 
02115.

The sudden infant death syndrome (SIDS) is defined as the sudden death 
of an infant under 1 year of age that remains unexplained after a thorough case 
investigation, including an autopsy. Maternal cigarette smoking during pregnancy 
has been shown to be a major epidemiologic risk factor for SIDS. We hypothesized 
that SIDS is associated with altered ^-nicotine binding to nicotinic receptors in 
brainstem nuclei related to respiratory and autonomic control and/or arousal. We 
analyzed 3H-nicotine binding in 14 regions in SIDS and control brainstems using 
quantitative tissue receptor autoradiography. Three groups were analyzed: SIDS 
(n=42); acute controls (n=15); and a chronic group with oxygenation disorders 
(n=18). The arcuate nucleus on the ventral medullary surface contained negligible 
binding in all cases and binding was not measured at this site. We found no 
significant differences among the 3 groups in mean ^-nicotine binding in the 
brainstem sites analyzed. The only difference we have found between SIDS and 
acute controls is a decrease in 3H-QNB binding to muscarinic cholinergic receptors 
(Kinney et al., Science 269; 1446-50, 1995} and 3H-kainate binding (Panigrahyet 
al., Soc. Neurosci. abs.,1996} in the arcuate nucleus in alternate sections of this 
same database. This study suggests that there may not be a defect in nicotinic 
receptor binding in SIDS brainstems. Supported by J.B. Esser Fellowship (DN), 
Howard Hughes Medical Student Research Training Fellowship (AP), SIDS Alliance 
(HCK), and HD-20991 (HCK).

632.9
FETAL SURVIVAL FACTORS AND THE EPIDEMIOLOGY OF 
DOWN’S SYNDROME. Steven D. Edland*. Laura Gibbons, and 
Robert L. Davis. Dept. of Epidemiology, U. of Washington, Seattle, WA 98195.

The Down’s syndrome conceptus is more likely to be spontaneously 
aborted than the non-Down’s syndrome conceptus. Many factors may 
contribute to this lower viability, including congenital malformations of 
the heart and decreased fetal weight for gestational age. We 
hypothesized that factors associated with increased fetal weight would 
be especially beneficial to the Down’s syndrome fetus, increasing the 
probability of the fetus being carried to term. To test this hypothesis, we 
identified 290 mothers with Down’s syndrome births in the Washington 
state birth certificate registry for whom a prior birth was also recorded in 
the registry. A total of 2900 prior births of mothers of non-Down’s 
syndrome births were identified as a control group. Cases and controls 
were matched on maternal age and parity at the time of the prior birth, 
and on gender of the prior birth. Prior births to mothers of Down’s 
syndrome infants were on average 71 grams heavier (p=0.04). Prior 
macrosomic birth (birthweight > 4500 grams) was associated with a 2.2 
fold increased odds of a subsequent Down’s syndrome birth (95% 
confidence interval (CI) 1.3 to 3.7). In a subset analysis of women over 
the age of 35, the odds ratio was 4.9 (95% CI 1.8 to 13.7). These data 
suggest that factors associated with increased fetal weight at birth are 
important to the epidemiology of Down’s syndrome.
Supported by NIA grant number AG 05136-13.

632.10
ALTERED BRAIN DEVELOPMENT FOLLOWING GLOBAL NEGLECT IN 
EARLY CHILDHOOD. B.D. Perry*, R. Pollard. CIVITAS ChildTrauma 
Programs, Baylor College of Med., Houston, TX 77030.

Altered brain development, including decreased size and weight, has been 
reported in animals reared in sensory impoverished settings. Each year in 
the U.S., over 300,000 children under age four are neglected. The most 
extreme (and most rare) neglect involves profound social isolation and a 
related emotional, tactile, verbal and cognitive impoverishment (Global 
Neglect: GN). More common is neglect in chaotic settings, with neglect (N) 
occurring within a specific domain (e.g., physical, emotional, cognitive). 
METHOD. Frontal-occipital circumference (FOC) was measured in children 
with GN (n = 28) and N (n=26) occurring during the first three yrs. 
Available MRI or CT images, and independent neuroradiology reports, were 
reviewed in each group (GN = 13; N = 18). Groups had comparable pre-
natal risk and nutritional status. RESULTS. FOC values in the GN were 
significantly lower than the N, out of proportion to height and weight when 
compared to standardized norms (FOC: GN: 8±7; N: 56±10 ; values in % tile 
±SEM). In 8 of 13 CT or MRI from the GN group, abnormal findings were 
reported, typically enlarged ventricles and diffuse or cortical atrophy. Only 
1 of 16 scans were 'read' as abnormal in the N group. CONCLUSIONS. 
These findings suggest that extreme neglect in early childhood alters brain 
development and may manifest as even grossly observable changes in brain 
size and structure. Functional impairment is likely related to impoverished 
and disorganized somato-sensory experience, and the resulting altered 
neurodevelopment occuring during early childhood. Supported by CIVITAS 
Initiative, E.F Fondren Trust, and The 4C's Project of Harris County

632.11
VISUALLY GUIDED REACHING IS ASSOCIATED WITH PERINATAL 
HYPOXIC RISK: AN INFANT TWIN STUDY. B.K. GLOGOWSKI- 
KAWAMOTO*, A.W, YU. S. RAZ. AND C.J. SANDER Developmental 
Neuropsychology Lab, Univ. of Memphis, Memphis, TN 38152.

In a previous study of 28 twin pairs discordant for perinatal hypoxic risk (Raz et al. 
Neuropsychology, 1996,10:429), we found tiiat the performance of the twin 
considered to be at higher risk for hypoxic insult fell short of that exhibited by the 
lower risk co-twin on the Mental Development Index (MDI) of the Bayley Scales of 
Infant Development (BSID). Twin discordance was established on two indices: the 
Apgar score and the degree of need for neonatal supplemental oxygen support. 
Following content analysis of the MDI items for the same set of 56 infant twins, we 
were able to examine the relative contribution of visually guided reaching and 
expressive language skills to previously observed intra-pair discrepancies on the 
MDI. Univariate analyses, preceded by MANOVA with twin pair membership and 
relative rank within-pair for risk level as predictors (Wilks A = 0.77, F [2,26] = 3.99, 
p < .05), revealed that the lower risk twins completed a significantly greater number 
of items requiring reaching than their higher risk co-twins (F[ 1,27] = 8.04, p < .01). 
No significant intra-pair differences were observed in the number of expressive 
language items (F[l ,27] < 1, n.s.). Group differences remained nonsignificant when 
receptive language items were added to obtain an index of global language 
performance (t[54] = 0.78, n.s.). We conclude that previously documented intra-pair 
differences on the MDI are due to a relative deficit exhibited by the higher risk co-
twin in visually guided arm movement, a skill that may be particularly vulnerable to 
perinatal hypoxic risk.
Supported by grant R29 HD-32244 from the National Institutes of Health and the 
Center for Applied Psychological Research at the Department of Psychology, The 
University of Memphis

632.12
ESTIMATES OF MALE VULNERABILITY TO READING 
DISORDER VARY ACCORDING TO METHOD OF 
EVALUATION, RACE AND IQ STRATA 
K. A. Flannery* 1, J. Liederman2, and L. Daly2. 
Psychology Department, Saint Anselm College, 100 
Saint Anselm Drive, Manchester, NH 03102,2Brain 
Behavior and Cognition Program, Boston University, 64 
Cummington Street, Boston, MA 02215.

There has been considerable debate in the literature 
regarding male vulnerability to reading disorders both on 
theoretical and methodological grounds. The National 
Collaborative Perinatal Project (N=40,705) was utilized to 
examine sex ratios for reading disorder for Caucasians 
and Blacks. Children included in the study were present 
for psychological testing at seven years. Children were 
excluded from the study if they were blind, deaf, or 
experienced severe behavioral problems. Sex 
differences in reading disability were evaluated using the 
following methods: IQ-discrepancy regression 
techniques, hierarchical regression techniques, 
grade-level deviations, and placement in special classes. 
Sex ratios for reading disorder varied by method of 
evaluation, race and IQ strata.
Supported by NIMH # RO3 MH47409.
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623.13
EXTREME PREMATURITY IS ASSOCIATED WITH AN 
INCREASED INCIDENCE OF NON-RIGHT HANDEDNESS IN 
MALES BUT NOT FEMALES: An example of the "toxicity of 
plasticity" in the premature male brain? 1, Liederman*1 and K. A. 
Flannery2.1 Brain Behavior and Cognition Program, Boston University, 
64 Cummington St., Boston, MA 02215,2Psychology Department 
Anselm College, 100 Saint Anselm Drive, Manchester, NH 03102.

Caucasian offspring from the National Collaborative Perinatal Project 
(N = 16,663) were classified in terms of gestational age into 3 groups: 
Extremely Premature (EP) 23-32 WG (N = 219); Moderately Premature 
(MP) 33-37 WG (N = 2076); and Full Term (FT) 38-43 WG (N = 14,368). 
Hand preference was classified on the basis of both observed and 
reported hand preference at age 7 years. Right handers were those 
who consistently preferred the right hand in terms of both observed 
behavior and self report. Non-right handers were those who were 
either observed or reported to be left handed, mixed, or ambidextrous. 
Extreme prematurity was associated with a significant increase in 
non-right hand preference in males but not females. The incidence of 
non-right hand preference was almost double in EP boys as compared 
to FT boys. Extreme prematurity did not raise the incidence of 
non-right hand preference in girls. These data are interpreted in terms 
of a) the "toxicity of plasticity" in males; and b) perinatal antecedents 
and cognitive outcomes that occurred differentially in EP males and 
females. Supported by NIMH # RO3 MH47409.

623.14
EVIDENCE FOR AN ANATOMICAL DIFFERENCE WITHIN THE 

OLIVO-CEREBELLAR PATHWAY OF DYSLEXIC BRAINS. A.J.Finch1. 
R.I.Nicolson1. A.J.Fawcett'. and P.R.Heath2*. 'Dept. Psychology, 2Dept. 
Biomedical Science, University of Sheffield, Sheffield, UK.

Recent behavioural evidence indicates that the cerebellum is a plausible 
candidate for the underlying cause of dyslexia (Fawcett et al,Ann.Dys. 46:259 - 
283, 1996). Work done at the Beth Israel hospital in Boston on the Orton Society 
brain bank has shown the presence of cerebral anomalies within the brains of 
dyslexics (Galaburda et al, Ann.Neurol 18: 222-233, 1985; Galaburda, 
Neurol.Clin 11: 161-173, 1993). The aim of this study was to undertake 
equivalent analyses on the cerebella of the brain bank specimens.

Cross sectional areas, cell packing densities and total cell numbers of 
Purkinje cells in the cerebellar cortex of 4 dyslexic and 4 control brains were 
measured using the dissector method (Wiliams and Rakic, J.Comp.Neurol 278: 
344-352, 1988). A significant difference in mean cell area in the posterior 
cerebellar cortex was identified (p < 0.5), attributable to an increased number of 
large neurons, and fewer small neurons for the dyslexics. No other between 
group differences in cerebellar cortex.

A further study investigated the inferior olivary and dentate nuclei. There 
were no significant differences seen within the dentate nucleus. However, 
differences were found within the inferior olive. Analysis of the distribution of 
neuronal sizes indicated a similar pattern of abnormality to the posterior 
cerebellar cortex with more larger neurons and fewer smaller ones in the 
dyslexics, and this was seen bilaterally throughout its full rostro-caudal extent.

These results provide further support for the dyslexia cerebellar deficit 
hypothesis.

Supported partly by a studentship from the Medical Research Council, and a 
grant from the Orton Society.

623.15
TOWARD THE IDENTIFICATION OF A DYSLEXIA GENE: DEFINING 
MAGNOCELLULAR LAYER-SPECIFIC GENES WITHIN THE 6P21.3 REGION 
OF HUMAN CHROMOSOME 6. S.S.Prasad*'A. Chaudhuri2 and M.S, Cynader1. 
’Dept. of Ophthal., Univ. of Brit. Columbia., Canada,2 Dept. of Psych., McGill Univ., 
Canada

Developmental dyslexia is a problem that affects from 2 to 8% of the population and it has 
now been established that the magnocellular visual pathways, which convey transient 
information, are impaired in dyslexia (Galaburda and Livingstone, 1993). Another important 
finding comes from quantitative genetics. A genetic component in dyslexia has long been 
suspected since dyslexia is more common in some families. This has been confirmed in 
recent reports by Cardon et al. (1994) and Grigorenko et al. (1997) who have shown that a 
single gene, localized to the 6p21.3 region of human chromosome 6, accounts for much of 
the heritability.

Our overall strategy has been to combine both of these breakthroughs towards the 
identification of a Dyslexia gene. In order to apply our strategy towards this goal, the two 
magnocellular layers and four parvocellular layers of the LGN were microdissected and 
corresponding mRNAs were utilized for constructing cDNA libraries. Using these libraries, 
we have prepared two subtracted cDNA libraries representing mRNAs enriched for the 
magnocellular and the parvocellular layers of the LGN. These subtracted libraries were used to 
prepare probes to screen a flow-sorted chromosome 6 genomic library. Twelve single copy 
clones which were both chromosome 6-specific and magnocellular LGN layer-specific were 
isolated. So far four of these clones have been subjected to radiation hybrid mapping 
experiments to determine whether any of them map to the 6p21.3 region. One of these clones 
has been found to map within the 6p21.3 region within which the Dyslexia gene has been 
mapped. We are currently mapping the other eight genomic clones with respect to their 
position on chromosome 6, Clones that are found to map within the 6p21.3 region and are 
magnocellular LGN layer-specific become strong candidates for the chromosome 6 Dyslexia 
gene. Ref.:Galaburda and Livingstone (1993) Annals New York Acad. Sci., 70-82;Cardon et 
al. (1994) Science. 266:276-279; Grigorenko et al. (1997) Am. J. Hum. Genet. 60:27-39. 
This work was supported in Part by Social and Behavioral Sciences Research Grant # 12- 
FY97-0101 from the March of Dimes Birth Defects Foundation.
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633.1
SYNERGISTIC EFFECTS OF 6-AMYLOID(25-35) PEPTIDE WITH 
GLUTAMATE AND SEROTONIN ON INTRACELLULAR CALCIUM IN 
RAT CULTURED ASTROCYTES. T. O. Jalonen*12. C. J. Chamipa2 and A. 
Nahata2 'Medical School, University of Tampere, 33101 Tampere, Finland, 
division of Neurosurgery A-60, Albany Medical College, Albany, N.Y, 12208.

Increased amounts of various B-amyloid peptide fragments (fi-APs) are found 
in the brain in Alzheimer’s disease (AD). Not mueh is known about the effects 
of these peptides on the neurotransmitter-mediated calcium signalling systems in 
astrocytes. In this study, changes in intracellular calcium concentrations, Ca,, 
were measured in fura-2AM-loaded rat cortical astrocytes following additions of 
50 pM glutamate (Glu) or 10 pM serotonin (5-HT), or the additions of either of 
these transmitters together with 1 pM B-AP(25-35). Astrocytes were also 
incubated with 10 and 200 nM of the peptide for 48 h. prior to adding the 
transmitters. Only 25% of the astrocytes responded by a transient Ca, increase to 
Glu alone, but the response was seen in 50% of the cells when pre-treated with 
B-AP(25-35), and in 100% of the cells after simultaneous application of Glu with 
B-AP(25-35). All tested astrocytes responded to 5-HT, but pre-treatment with B- 
AP(25-35) for 48 h. increased the amount of 5-HT-induced Ca2+ release from 
intracellular stores by 75%, and simultaneous addition of the peptide and 5-HT 
increased the Ca, transient by 163%. When a competitive substance P antagonist, 
N-acetyl-L-tryptophan 3,5-bis(trifluoromethyl)benzyl ester, was added together 
with 5-HT and B-AP(25-35), a 77% decrease in Ca, from the values obtained by 
the joint application of fi-AP(25-35) and 5-HT was detected. These results 
indicate an interesting synergy of 6-APs with transmitters, and a possible 
existence of a B-AP sensitive receptor, which could be involved in modulating 
the Ca2+ signalling in astrocytes in AD. We thank Dr, A. J. Popp and Dr. H. K. 
Kimelberg for financial support (H. Schaffer Foundation and NINDS Grant 
NS 19492, respectively).

633.2
Alzheimer's B-amyloid protein causes the increase of 
intracellular calcium followed by degeneration in neuronal 
cells
M. KA W A HARA* and Y. KURODA. Department of Molecular & 
Cellular Neurobiology, Tokyo Metropolitan Institute for Neuroscience, 
2-6 Musashidai, Fuchu-shi, Tokyo 183, Japan.

Alzheimer's B-amyloid protein (ABP) and its neurotoxicity is 
supposed to be involved in the pathogenesis of Alzheimer's disease, 
although the mechanism has remained elusive. However, ABP [1-40] 
incorporates into planar lipid membranes and forms cation-selective ion 
channels (Arispe N, et al., PNAS, 90, 10573, (1993)). Furthermore, 
we have revealed that ABP [1-40] also incorporated into membranes of 
immortalized neurons (GT 1-7 cells) and formed Ca2+-permeable 
channels (Kawahara M et al., Biophycs. J, in press (1997)). To 
investigate the effects of ABP on GT 1-7 cells, temporal changes of 
intracellular Ca2+ ([Ca2+]jn) were observed by video-assisted, multi-site 
fluorometry using fura-2. GT 1-7 cells were plated on polyethylenimine- 
coated coverslips and cultured in serum-free Dulbecco's MEM. In this 
culture condition, GT 1-7 cells developed MAP2-positive processes. 
Approximately 50% of GT 1-7 cells showed the remarkable increase of 
[Ca2+]in after the application of ABP [1-40] (10 pM). The ratio of ABP- 
sensitive cells was dose-dependently increased. Furthermore, the 
viability observed by MTT assay was decreased to 60% by the exposure 
of the same concentration of ABP [1-40] for 1 day. These results 
provide strong evidence that abnormal increase of [Ca2+]jn caused by "8- 
amyloid channels" is the molecular basis of the neurodegeneration 
observed in Alzheimer's brain.
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633.3
Ca2+-MEDIATED MECHANISMS OF p-AMYLOID-INDUCED BRAIN INJURY.
T..Harkany', I. Abraham1, W. Timmerman2, T, Sebens3, J.L. Varga4, G. Laskay4, M.
Zarandi4, B. Penke4, G.I. De Jong1, B. Buwalda1* and P.G.M, Luiten1. 'Dept. of Animal
Physiology, Univ. Groningen, 9750 AA Haren, The Netherlands; 2Depts. of 
Pharmacology and Psychiatry, Univ. Med. Sch. Groningen; 4Dept. of Med. Chem., 
Szent-Gydrgyi A. Med. Univ., Szeged, Hungary

Ample in vivo and in vitro evidence indicates a critical role for neuritic plaque-
forming P-amyloid peptides ((3A) in the pathomechanisms of Alzheimer’s disease. 
Whereas several possible molecular cascades of PA neurotoxicity were suggested in 
vitro, only fractions of in vivo PA action are identified. In the present report we propose 
a Ca2+-mediated neurotoxic pathway of PA-induced brain injury.

PA(i.42) (0.2 nmol/pl) was either microdialysed (2 pl/min) in freely moving rats or 
pressure injected (1 p.1) into the magnocellular nucleus basalis (MBN). In microdialysis 
studies PA(,.42)-induced alterations in the release of excitatory amino acids (EAA) were 
measured in correlation with behavioral activation. 45Ca2+ accumulation, neuroprotection 
by MK-801 and behavioral changes in the small open-field paradigm were determined. 
Damage to MBN was assessed by means of acetylcholinesterase (AChE) histochemistry 
using 3-21 day survival periods. Potential-sensitive fluorescent probes were applied to 
prove membrane potential changes in primary rat astrocyte cultures.

PA(1.42) elicited significantly increased releases of EAA and a postponed behavioral 
activation. 45Ca2+-imaging showed enhanced Ca2+ accumulation surrounding the PA(i.42) 
injection. Persistent behavioral alterations were observed from day 3 post-surgery on 
which correlated with cortical AChE-positive fiber loss. MK-801 pretreatment provided 
an almost complete neuroprotection against the neurotoxic injury. Decreased steady- 
state fluorescence intensity indicated a lower trans-membrane potential of astrocytes.

Our data indicate the involvement of Ca2+-mediated mechanisms in PA(|.42) neuro-
toxicity involving induction of glutamate release and activation of NMDA receptors.

Supported by grants of NWO-OTKA (#48-11-006) and OTKA (#F023865)

633.4
[CA2+]i - RESPONSES IN CULTURED RAT ASTROCYTES AND RAT GLIOMA 
CELLS CONTROLLED BY THE ALZHEIMER-RELATED PEPTIDE p-AP 25-35 
B. Stix and G. Reiser* Institut fur Neurobiochemie, Medizinische Fakultat der Otto- 
von-Guericke Universitat Magdeburg, Magdeburg, F.R.G.

Senile plaques and neurofibrillary tangles characteristic for the Alzheimer disease 
contain as a major constituent the P-amyloid peptide 1-40 (P-^P 1-40}. fi-AP 1-40 and 
P-JP 25-35 affect the Ca2+- homeostasis in different cells. However, the exact 
mechanism of action of the peptide is still unknown. Here we compare the effects of 
P-JP 25-35 on the intracellular free Ca2+- concentration ([Ca2+];) in rat astrocytes and 
rat glioma cells (C6-4-2) loaded with Fura-2/AM. Before use P-JP 25-35 is stored as 
a stock solution at -20°C for at least 7 days and diluted freshly. In some rat glioma 
cells, in the presence of 1.8 mM extracellular Ca2+ fi-AP elicited [Ca2+]j oscillations, 
which were reversibly interrupted by a reduction of the extracellular Ca2+ 
concentration. In rat astrocytes, however, [Ca2+]j oscillations induced by ATP were 
reversibely inhibited by the simultaneous application of fi-AP 25-35. A transient 
[Ca2+]; rise could not be induced by P-JP in astrocytes, but in a small percentage of 
the glioma cells. Interestingly, by reducing the extracellular Ca2+ concentrations the 
percentage of responding cells (both glioma and astrocytes) raised up to twofold. In 
both cases the time course of the Ca2+ signal was not affected by the concentrations of 
P-JP used. To analyze the source of Ca2+ responsible for the signal in nominally Ca2+- 
free medium thapsigargin (Tg), an inhibitor of endoplasmic reticulum Ca2+ ATPase 
was applied before or after the addition of fi-AP to the glioma cells. The Ca2+ signal 
induced by 1 pM thapsigargin after fi-AP addition was significantly smaller than the 
Ca2+ rise induced by thapsigargin itself before or after fi-AP application. In conclusion 
we demonstrate that fi-AP leads to the release of Ca2+ from intracellular stores of both 
cell types. A possible interaction of p-JP with extracellular divalent cations might 
affect the responsiveness of the cells.
Supported by Deutsche Forschungsgemeinschaft (DFG) and Land Sachsen-Anhalt

633.5
CALCIUM MOBILIZATION EVOKED BY AMYLOID BETA- 
PROTEIN IN HUMAN PLATELETS IS INCREASED IN 
ALZHEIMER'S DISEASE H. Ishikawa*, H. Ozawa.T. Yamaguchi,
S. Shichinohe H. Takemura^T. Saito,H. Ohshika1, N. Takahata.
Depts. of Neuropsychiatry and Pharmacology1, School of Medicine, 
Sapporo Medical University, 060 Sapporo, Japan.

Recent studies link amyloid beta-protein (Ap) to disruption of 
neuronal Ca2+ dynamics and the neurotoxic action in terms of 
Alzheimer's disease (AD) pathology. Furthermore, it has been shown 
that platelets are the primary source of Ap in human blood, indicating 
that these cells may be a potential source for the amyloid deposits in 
the vessels and brain Recently we reported that cytosolic calcium 
enhancement directly induced by Ap is due to both extracellular 
influx and the release of intracellular Ca2+ stores involving IP3 signal 
cascades in platelets. (Ishikawaetal. Soci. Neurosci. 1996)

In the present study, using the fluorescence indicator fura-2/AM, 
we examined effects of Ap on Ca2+ mobilization in human platelets of 
patients with AD and age-matched controls. The baseline intracellular 
free calcium concentration was similar in patients with AD and 
controls. However, the intracellular free calcium concentration after 
stimulation with Ap was significantly higher in patients with AD than 
in controls, whereas after thrombin or thapsigarsin (a microsomal 
Ca2+ -ATPase inhibitor) stimulation it was unchanged. These 
findings suggest that Ap induced Ca2+ mobilization in platelets may be a 
promising candidate for a peripheral marker of AD and can contribute 
to understanding of the disease process.

633.6
NEUROTOXIC INTERACTIONS OF INTERLEUKIN-6, P-AMYLOID PEPTIDE 
AND NMDA IN RAT CORTICAL NEURONS. Z, Qiu* and D.L, Gruol. 
Department of Neuropharmacology & AIDS Research Center, The 
Scripps Research Institute, La Jolla, CA 92037.

The neurotoxicity associated with Alzheimer's disease (AD) is not 
fully understood and may involve several factors including p-amyloid 
peptide (PAP), the neurotransmitter glutamate acting through NMDA 
receptors, and the cytokine interleukin-6 (IL-6). To gain a better 
understanding of how these factors could contribute to AD we have 
examined their ability to induce neurotoxicity alone and in combination 
using a rodent cortical neuron culture model and standard LDH assay 
for cytotoxicity and MTT assay for cell survival. The cultures were 
prepared from 20 day old embryonic rat cortex and chronically treated 
with IL-6 (500 U/ml) and/or synthetic pAP (25-35; 20 pM ) 
starting at 6 days in vitro. IL-6 and/or pAP effects were assessed after
4-5 days of treatment. NMDA (200 pM) exposure was for 5 min and 
delayed toxicity was assessed after 24 hrs. Results show that: (a) both 
NMDA and pAP increase LDH levels and decreased cell survival, effects 
that were more pronounced with the combined treatment, and (b) IL-6 
alone had little or no effect on LDH levels and cell survival, but 
enhanced NMDA-induced changes in LDH levels. Excess activation of 
NMDA receptors produces excitotoxicity, and Ca2+ overload is known to 
be involved in this process. Therefore, effects of IL-6/pAP treatment 
on Ca2+ responses to NMDA were also tested. The Ca2+ response to NMDA 
was enhanced in IL-6 and PAP treated neurons, but this effect was not 
enhanced further when the combined treatment was used. These results 
suggests that interactions between these factors may contribute to 
underlying mechanism of AD neuropathology. Supported by MH47680

633.7
AMYLOID-INDUCED AND NGF WITHDRAWAL-INDUCED 
NEURONAL DEATH IN DIFFERENTIATED PC 12 CELLS: 
COMMON MECHANISMS? F. Wirtz-Brugger and A. Giovanni* 
Hoechst Marion Roussel, Neuroscience, Bridgewater, New Jersey 
08807.
Amyloid-p-peptide (AJ3) containing plaques are a hallmark of 
Alzheimer’s Disease (AD). There is growing evidence for apoptosis 
in AD. In vitro AP 1-40 and 1-42 can induce neurodegeneration via 
an apoptotic pathway. In these studies we have established a model 
system of amyloid-induced cell death utilizing Ab 1-40 and 1-42 in 
differentiated PC 12 cells by monitoring the redistribution of cellular 
LDH. With this system we can demonstrate neuroprotection with 
compounds that alter Ap aggregation. Further, we have studied 
NGF-withdrawal in this system as a means for inducing apoptosis and 
can demonstrate protection with the NO-generator SNAP and with 8- 
Br-cGMP as reported by others. We have used amyloid and NGF- 
withdrawal in combination and demonstrate an additive effect on 
neurodegeneration. In addition, SNAP can block amyloid-induced 
neurodegeneration in this model. Thus, there may be a significant 
similarity between amyloid-induced and trophic factor withdrawal- 
induced neurodegeneration. We hypothesize that amyloid-P-peptides 
possess "de-differentiating" properties which alter the response of 
cholinergic cells to NGF, decreasing the ability of the neurons to 
function and rendering them vulnerable to apoptosis. Funding 
provided by HMR, Inc.

633.8
HCHWA-D ARi-4o  INDUCES APOPTOSIS IN CULTURED HUMAN 
CEREBROVASCULAR SMOOTH MUSCLE CELLS.
J, Davis and W. E, Van Nostrand*. Departments of Medicine 
and Pathology, Health Sciences Center, State University of 
New York, Stony Brook, NY 11794-8153.

Cerebrovascular amyloid E-protein (AE) is a prominent 
feature of Alzheimer's disease, Hereditary Cerebrovascular 
Hemorrhage with Amyloidosis-Dutch type (HCHWA-D) and 
related disorders. The condition of HCHWA-D arises from a 
Glu to Gin substitution at position 22 within the AE peptide. 
Cerebrovascular AE deposition in these disorders is associated 
with smooth muscle cell death within the vessel wall. 
Previous studies in our laboratory have shown that HCHWA-D 
AEi-40, but not wild type AE1-40, induces a robust cytotoxic 
effect in primary human cerebrovascular smooth muscle 
(HCSM) cell cultures. Presently, we are investigating the 
pathway of HCSM cell death induced by this pathologic form 
of AE peptide. HCSM cells treated with HCHWA-D AEi-40 
exhibit morphological changes consistent with apoptosis 
including retraction of cellular processes and cell body 
rounding. A pronounced disruption of actin filaments and 
proteolytic degradation of a-actin were also detected. In 
addition, chromosomal condensation and apoptotic bodies 
were observed using nuclear staining techniques. These 
findings suggest that HCHWA-D AEi-40 induces an apoptotic 
mechanism in cultured HCSM cells.
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633.9
CASPASE MEDIATION OF Ap NEUROTOXICITY IN VITRO. D. Bozvczko- 
Coync, B.A. McKenna and R. Siman*. Cephalon, Inc., West Chester, PA 19380.

The Alzheimer amyloid Ap peptide is toxic to cerebral cortical neurons in 
culture through a mechanism with morphological and biochemical characteristics of 
apoptosis. The caspase family of cysteine proteases, comprised of interleukin ip- 
converting enzyme (ICE) and at least 9 human homologs, has been identified as a 
key intracellular mediator of apoptosis for a variety of neuronal and non-neuronal 
cells, but its involvement in the neuronal degeneration of Alzheimer’s disease is 
unknown. Here, we have used caspase inhibitors to investigate the importance of 
caspase activity for Ap neurotoxicity, and antibody-based detection of caspase- 
mediated proteolysis to identify proteins whose degradation may contribute to the 
toxicity. Cerebral cortical cultures were prepared from E18 rats and maintained 
under serum-free conditions to enrich for neurons. Following challenge with APi_ 
40, neurons were assessed by visual inspection and their survival quantified using a 
fluorescent marker of membrane integrity. An active site-directed inhibitor of 
caspases with broad specificity, Boc-Asp(OMe)-fluoromethylketone (BAF), blocked 
Ap neurotoxicity in a dose-dependent fashion. Western blotting with Ab 127, an 
antibody which reacts specifically with a preferred caspase cleavage domain, 
revealed that Api^w stimulates caspase-mediated proteolysis with a time course that 
parallels its effects on neuronal viability. Ap-induced caspase activation generated 
immunoreactive polypeptide fragments of ~45 kDa, 37 kDa, 35 kDa, 25 kDa, and 
21 kDa, a similar pattern to that produced by other pro-apoptotic agents. BAF 
completely prevented the proteolysis. The results indicate that caspase activation 
mediates the neurotoxicity of Ap for cultured cortical neurons, and is temporally 
correlated with the neuronal death triggered by Ap. The immunochemical 
detection of protein fragments generated by Ap-induced caspase activation provides 
a means of evaluating the contributions of Ap and of caspase-mediated proteolysis 
to the neuronal degeneration of Alzheimer’s disease.

633.10
CO-INJECTION OF P-AMYLOID PROTEIN AND IBOTENIC ACID 
PRODUCES NEUROTOXICITY IN RAT HIPPOCAMPUS.
K. Morimoto, T. Oda*, N. Yamada and I, Kaneko.
Neuroscience Research Labs., Sankyo Co., Ltd., 1-2-58 Hiromachi, 
Shinagawa, Tokyo 140, Japan.

Deposition of senile plaques is a pathological hallmark of Alzheimer’s 
disease (AD). The major component of the senile plaques is P-amyloid 
protein (AP) which may represent the underlying cause of AD. In vitro, AP 
has been shown either to be directly neurotoxic or to potentiate neurotoxic 
effects of excitatory amino acids. However, AP toxicity in vivo has not 
always been reproducible. In this study we injected AP in combination 
with a small amount of ibotenic acid, an excitatory amino acid, into the 
hippocampus of male rats, and examined the histological and 
immunohistochemical changes two weeks after injection.

Although Ap alone or ibotenic acid alone exerted only minimal 
degenerating effects on hippocampal neurons, co-injection of AP with 
ibotenic acid produced a dramatic neuronal loss. Most neurons not only 
around the injection site but also in distant areas including CAl, CA3 and 
dentate gyrus in the hippocampus were depleted when assessed by 
hematoxilin eosin staining and MAP2 immunostaining. Apoptosis was 
observed in some of the neuronal cells. Co-injection of MK-801, an 
antagonist for an excitatory amino acid receptor, under these conditions 
completely inhibited the neuronal loss. The co-injection system may be 
useful as a model to study the role of AP in AD.
Supported by Sankyo Co. Ltd.

633.11
COMPARISON OF ALTERED GENE EXPRESSION IN RAT AND HUMAN 
FETAL NEURONS DURING NEURONAL DEATH INDUCED BY AMYLOID-p 
PROTEIN TREATMENT. S, Estus1. H. M. Tucker1, S. Bose1, J. Caldwell1, S. 
Wright2, E, F, Brigham2, M. Wogulis2, and R. E. Rvdel2*. 1Dept. of 
Physiology, Sanders-Brown Center, University of Kentucky, Lexington, KY 
40536, and 2Athena Neurosciences, Inc., South San Francisco, CA 94080.

To gain clarity into the neurotoxic actions of amyloid-p protein (AP), we are 
comparing Ap effects on gene expression in fetal rat and human cortical 
neuron preparations maintained in vitro. In both models, neurons dying 
after Ap-treatment manifest hallmarks of apoptosis. By using quantitative 
RT-PCR, as well as in situ hybridization, we are evaluating temporal 
changes in the expression of several gene classes. Rrst, the majority of 
mRNAs, including those encoding neuronal “markers”, decline during Ap 
treatment in both models. Second, immediate early and cell cycle-related 
genes, e.g., c-jun, c-fos, and cyclin D1, induced in other models of 
apoptosis, are induced in Ap-treated rat and human neurons, although the 
c-jun induction occurs later in the human neurons. Third, a broad group of 
genes associated with oxidative stress, such as ikappaB and hsp-27, are 
induced by Ap-treatment in rat neurons. Preliminary data suggest that such 
genes are induced to a much lesser extent in the human fetal neurons. In 
summary, these results contrast changes in gene expression induced by 
Ap-treatment in rat and human neurons, and are suggestive that the 
neuronal genetic oxidative stress response may be species dependent. 
Supported in part by NIA grant T32AG00242, by a pilot grant from the 
Alzheimers Association, and Athena Neurosciences, Inc.

633.12
ROLE OF PHOSPHOLIPASE D ACTIVATION IN AMYLOID 
B-INDUCED NEUROTOXICITY IN RAT HIPPOCAMPAL 
CELLS. D.A. Cox and M.L. Cohen*. Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, IN 47628

Amyloid 8 (A8) peptide is the primary component of the 
filamentous protein deposits characteristic of Alzheimer’s 
disease, and causes neurotoxicity in cultured neuronal cell 
preparations. The role of phopholipase D (PLD) in AB-induced 
neurotoxicity was studied by assessing the effects of A8 (1-40) 
on PLD activity and release of lactate dehydrogenase (LDH) in 
cultured rat hippocampal cells. A8 (50 pM), aged for 3 days to 
allow for peptide aggregation, acutely (1 hr) stimulated PLD 
activity by 58.6 ± 28.8% (n=3). Unaged A8 (50 pM) had no 
acute (1 hr) effect on PLD activity, but significantly stimulated 
PLD activity by 87.0 ± 6.7% (n=3) when incubated with cells 
for 3 days. These data indicate that AB-induced PLD activation 
was dependent upon peptide aggregation. Over a time course 
of 1-3 days, AB (50 pM) stimulated PLD activity and LDH 
release in a parallel manner. The magnitude of AB (50 pM)- 
induced PLD activity was closely correlated (r2 = 0.902) with 
the extent of AB (50 pM)-induced LDH release. Together, 
these data suggest that PLD activation is involved in AB- 
induced neurotoxicity in vitro, and may have a role in the 
neurodegeneration observed in vivo in patients with 
Alzheimer’s disease.

633.13
TOXIC EFFECTS OF B-AMYLOID(25-35) AND B-AMYLOID(l-42) 
ON CEREBELLAR GRANULE CELLS. J.W. Allen*, B.A. Eldadah, and
A.I. Faden. Georgetown Institute for Cognitive and Computational Sciences, 
Georgetown University Medical Center, Washington, D.C. 20007

6-Amyloid (AB) has been shown to be toxic to a variety of cell types, including 
neuronal cultures. Cell death induced by AB peptides has been characterized by 
necrotic or apoptotic mechanisms, depending upon cell type and investigator. A 
small number of studies have demonstrated toxic effects of AB(25-35), a particularly 
toxic fragment of AB not found in vivo, on cerebellar granule cells (CGC). 
However, most of these studies combined AB with other challenges, such as serum 
deprivation, which alone produce significant cell death. Moreover, it has been 
demonstrated that increases in relative levels of AB(l-42) compared with AB(l-40) 
may play a significant role in Alzheimer’s disease, and the possible toxic effects of 
AB(l-42) have not been studied in CGC cultures.

5 DIV rat CGC were incubated with AB peptides. Both AB(25-35) and aggregated 
AB(l-42) produced dose-dependent significant increases in TUNEL staining at 48h 
and significant decreases in cell viability, as measured by calcein fluorescence, at 3 to 
5 days. AB(l-42) was approximately 2.5 times more potent than AB(25-35). DNA 
fragmentation was not detected with AB(25-35) nor A8(l-42) by agarose gel 
electrophoresis at 48h or 72h. Recent work by our laboratory has suggested that 
both potassium- and combined serum/potassium deprivation-induced CGC apoptotic 
cell death is mediated, at least partly, through induction of the cysteine protease 
CPP32. Increases in CPP32 activity or ICE, another cysteine protease postulated to 
induce apoptotic changes in some cell types, were not seen after AB(25-35) 
administration, as measured by a fluorescent substrate assay. Because neither DNA 
fragmentation nor increases in CPP32 or ICE activity were detected after AB 
incubation, our data suggest that AB alone most likely induces a necrotic-type cell 
death in CGC, and AB-induced increases in TUNEL staining more likely represent 
necrosis than apoptosis.

Supported by CDC R49 CCR306634-07 and DOD DAMD 17-93-V-3018.

633.14
LOW AMOUNTS OF Ap ACTIVATE TRANSCRIPTION 
FACTOR NF-k B IN CEREBELLAR GRANULE CELLS AND 
PROTECT THEM AGAINST Ap NEUROTOXICITY.
B. Kaltschmidt and C. Kaltschmidt*. Molecular Neurobiology 
Lab., Institute of Anatomy, Univ. of Freiburg, D-79104 
Freiburg, Germany.

One mechanism leading to neurodegeneration during 
Alzheimer disease (AD) is Amyloid p peptide (AP) 
neurotoxicity. We tested if pre-activated transcription factor 
NF-k B specifies neurons as protected against a neurotoxic 
dose of Ap. Pretreatment of neuronal cultures with 0.1 pM 
Ap (1-40) activates the NF-k B subunit p65 (RelA) and 
protects against neurotoxicity of 10 pM Ap (1-40). This 
neuroprotection is dose dependent, as also found for tumor 
necrosis factor a. These data suggest NF-k B p65 as an 
important regulator, directing a gene-expression program 
with neuroprotective function.
Supported by the Deutsche Forschungsgemeinschaft (SFB 
505) and the Volkswagen-Stiftung.
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633.15
ESTROGEN BLOCKS A £ ^-INDUCED NEUROTOXICITY IN B103 CELLS.
I. Mook-Jung*’1, I. Joo1, S. Sohn2, H.J. Kwon2, H.Y. Cheon1, K. Huh1, M.W. Jung2-
Dept. of Neurology1, Institute for Medical Science2, School of Medicine. Ajou 
University, Suwon, 442-749, Korea.

Clinical trials have shown that estrogen administration delays the onset and progress 
of Alzheimer's disease (AD) for post-menoapusal female subjects. Little is known, 
however, about the underlying mechanisms of estrogen effects. Since A/? 1-42 is closely 
associated with AD pathogenesis, we tested whether or not estrogen can protect cells 
from neurotoxic effects of A £1-42. Neurotoxic or neuroprotective effects were assessed 
by electron microscopic examination of cell death patterns and measuring neurite 
number of BI03 cells, which are rat brain-derived neuroblastoma cells, after treating 
estrogen and/or A £1-42 for 18 hours.. A £1-42 (IpM) induced neurite retraction and 
typical necrotic cell death, as identified by cytoplasmic membrane swelling and rupture, 
hi contrast, estrogen (17- (3 -estradiol) increased neurite outgrowth and cell survival 
compared to control at a physiological concentration (1.8nM). A 1.42-induced 
neurotoxicity was also blocked by co-treated estrogen; both necrotic cell death and 
neurite retraction were blocked by estrogen. We have examined 3 different co-treatment 
groups: 1) simultaneous estrogen and A $1-42 treatment, 2) estrogen pretreatment for 1 
day followed by A #1-42 treatment, and 3) A £1-42 pretreatment for 1 day followed by 
estrogen treatment Of the 3 co-treatment groups, the estrogen pretreatment group 
showed the highest neurite outgrowth, comparable to estrogen alone treatment and the 
healthiest cell survial state similar to the control. The simultaneous treatment group also 
showed a high level of neurite extension but some necrotic changes were observed. 
The progress of cell death was at a very initial stage, however. The A £1-42 
pretreatment group showed an intermediate level of neurite outgrowth and necrotic cell 
death was observed. Estrogen, however, delayed the progress of cell death compared to 
Ay3i-42 alone group. These results demonstrate that estrogen both prevents and delays 
A # 1-42-induced neurotoxicity, which may be an underlying mechanism of clinical 
effects of estrogen in Alzheimer’s disease.. This work was supported by the Dementia 
Research Grant from Dae Woo Foundation.

633.16
6-AMYLOID PEPTIDE IS NEUROTOXIC TO BASAL FOREBRAIN BUT 
NOT TO STRIATAL CHOLINERGIC NEURONS . L.L.Butcher*'1, F.M.

Psychology, UCLA, Los Angeles, CA 90095; 2Dept. of Neurology, 
UCSF/VAMC, San Francisco, CA 94121; 3Program on Aging, Tire 
Burnham Institute, La Jolla, CA 92037.

Cholinergic neurons in the basal forebrain, in particular those in the 
nucleus basalis, are among the most vulnerable to Alzheimer's neural 
degeneration. In contrast, cholinergic neurons in the striatum are 
largely spared. To examine whether this discrepancy is attributed to 
differential 6-amyloid neurotoxicity, synthetic 6-amyloid peptide (1-40) 
was injected into either the nucleus basalis or striatum and its effect on 
cholinergic neuron number and size was assessed. Injection of 6- 
amyloid peptide into the nucleus basalis caused a significant decrease in 
both the number and size of neurons stained for cholinergic marker 
choline acetyltransferase (ChAT) in the nucleus basalis but caused no 
profound change in the number or size of adjacent striatal cholinergic 
neurons. Direct injection of 6-amyloid peptide into the striatum also did 
not have a significant effect on the number or size of ChAT-positive 
neurons. A similar decrease in the number and size of neurons stained 
for the p75 neurotrophin receptor (p75NTR) was also observed in the 
nucleus basalis after 6-amyloid injection. This study suggests that 
differential neurotoxic effects of 6-amyloid peptide may contribute to 
the vulnerability of cholinergic neurons in Alzheimer's Disease.
[Grant support: French Foundation for Alzheimers Research (TY), 
Retirement Research Foundation, UCLA Center on Aging (LB), 
American Health Assistance Foundation (DB), NIA-AG09873 (FL).]

633.17
Ap INDUCES CELL DEATH IN PC12 CELLS AND TAU-TRANSECTED 
CHO CELLS, BUT ONLY TAU PHOSPHORYLATION IN PC12 CELLS 
L, Fiord-Larsen, J.D. Mikkelsen*, O.F, Olesen. Dept. of Neurobiology, H. 
Lundbeck A/S, Copenhagen, Denmark

Brains from patients with Alzheimer’s disease are characterised by extracel-
lular depositions of P-amyloid peptide (AP) and an intracellular accumulation 
of paired helical filaments consisting of hyperphosphorylated tau proteins. Ap 
peptides have been shown to induce cell death, but the connection between Ap 
and tau phosphorylation is not clear. To shed light on this issue, tau phospho-
rylation was studied in rat PC12 pheochromocytoma cells and Chinese hamster 
ovary (CHO) cells transfected with human tau-cDNA. Immunocytochemistry 
using the phosphorylation dependent antibodies AT8 and Tau-1 revealed a dif-
ferent phosphorylation pattern of tau in PC 12 and CHO cells. Tau protein in the 
transfected CHO cells was phosphorylated at the AT8 epitope during mitosis 
and unphosphorylated in interphase cells, whereas PC 12 cells, differentiated or 
undifferentiated, contained tau phosphorylated at the AT8 epitope as well as 
unphosphorylated tau. Incubation with AP25-35 was shown to decrease MTT re-
duction in both cell lines but induced an increase in tau phosphorylation only in 
PC12 cells. This indicates that the two cell lines contain different subsets of 
kinases. Immunocytochemistry and Western Blot revealed that the CHO cells 
expressed a lower level of ERK-1 and GSK-3P than PC12 cells. Incubation with 
inhibitors of phosphatase 1 and -2A increased the amount of phosphorylated tau 
protein in both cell lines, showing that they both possess pathways leading to 
tau phosphorylation. However, the Ap-induced tau phosphorylation cascade 
may be specific for neuronal cells, as seen only in PC12 cells, possibly due to 
the higher levels of GSK-3 and ERK-1.

633.18
B-AMYLOID-INDUCED ENHANCEMENT OF DELAYED RECTIFIER K* 
CURRENT AND ATTENUATION OF B-AMYLOID-INDUCED NEURONAL 
DEATH BY TETRAETHYLAMMONIUM. S.P. Yu*, Z.S. Farhangrazi, H.S. Ying, 
C-H. Yeh and P.W. Choi. Center for the Study of Nervous System Injury and 
Department of Neurology, Washington University School of Medicine, St. Louis, 
MO 63110.

B-amyloid peptide-induced neuronal death, which likely reflects apoptosis (Loo et 
al., Proc. Natl. Acad. Sci. 90:7951, 1993) has been postulated to participate in the 
pathogenesis of Alzheimer’s disease. We have demonstrated that an up-modulation 
of delayed rectifier K+- current (7K) is a key event in the cortical neuronal apoptosis 
induced by serum deprivation or exposure to staurosporine (Yu et al., Soc. Neurosci. 
Abstr. 22:1721, 1996). Here we tested the hypothesis that an up-modulation of 7K is 
a key event in B-amyloid peptide-induced apoptosis.

Cultured murine cortical neurons exposured to p-amyloid 25-35 (20 pM) or 1-42 
(20 pM) exhibited over the next 6-11 hrs a 60-80% enhancement of 7K as measured 
by whole cell recordings. This was due to an increase in maximal conductance as 
well as a shift of 7K channel voltage sensitivity towards hyperpolarized potentials. 
The 4-aminopyridine (4-AP)-sensitive transient K+ current (7A) was not affected by 
exposure to P-amyloid peptide. Addition of the K+ channel blocker, 
tetraethylammonium (TEA), or 25 mM K+ reduced P-amyloid peptide-induced 
neuronal death, whereas the inactive TEA analogue tetramethylammonium (TMA), 
4-AP, or the Cl’ channel antagonist anthracene-9-carboxylic acid were not protective. 
The protective effect of TEA or high K+ was not abolished by addition of nifedipine 
(5 pM) or gadolinium (5 pM). These data raise the possibility that blockade of K+ 
currents associated with neuronal apoptosis, perhaps in particular 7K, may be a useful 
approach to attenuating neurodegeneration associated with Alzheimer’s disease. 
Supported by NIH grants NS 30337 (DWC) and NS 32636 (DWC, SPY).

633.19
ROLE OF POTASSIUM CHANNELS IN AMYLOID-INDUCED CHOLINERGIC 
CELL DEATH. L,V, Colom1*, M. E. Diaz1. D. R Beers2. A. Neely3. W.J. Xie1, and 
S.H. Appel1. Departments of ’Neurology, and 2Molecular and Human Genetics, Baylor 
College of Medicine, Houston, TX 77030; 3Department of Physiology, Texas Tech 
University, Health Science Center, Lubbock, TX 79430.

Depletion of basal forebrain cholinergic neurons and accumulation of amyloid p 
peptides (AP) in senile plaques are two hallmarks of Alzheimer’s disease (AD) 
pathology. Despite data that indicate exposure to Ap alters potassium (K*) channel 
function, and that Ap appears particularly toxic to cholinergic neurons, the role of K+ 
channels in cholinergic cell death remains unknown. Since K+ channels may mediate 
Ap induced cholinergic cell death, we selected two septal hybrid cell lines, SN56 
(cholinergic) and SN48 (non-cholinergic), as our model to investigate this hypothesis. 
SN56 cells exhibited a well developed tetraethylammonium (TEA)-sensitive outward K+ 
current with delayed rectifier characteristics. SN48 cells did not display significant 
outward K+ currents. Following Ap exposure, SN56 cells were found susceptible to Ap 
toxicity whereas SN48 cells appeared resistant. In SN56 cells, there was an average 
increase of 40% in K+ current density (p<0.005) that developed 4-14 hours after the 
addition of Ap to the culture. Perfusion of SN56 cells with 10-20 mM TEA blocked 70- 
90% of the outward currents, increased depolarization times, elevated [Ca2^]^ and 
inhibited 76-97% of the Ap toxicity. Furthermore, high [K^o, which depolarizes the cell 
membrane and increases [Ca2+j„ also protected SN56 cells against Ap toxicity. Using 
another model of neuronal death, glucose deprivation of SN56 cells did not increase K+ 
current (tensity and TEA did not have a protective effect Therefore, we conclude that K+ 
channels mediate amyloid-induced neuronal death, and that the elevation of [Ca2*]; may 
underlie the protective effects of specific K+ channel blockade. We suggest that 
therapeutic approaches aimed toward specific K* channels may protect vulnerable 
neurons from AD neurotoxins. Supported by Methodist Hospital Foundation grant 
(LVC), ADRC pilot project grant (LVC and DRB) andADRC grant (LVC andSHA).

633.20
ROLE OF SPECIFIC POTASSIUM CHANNEL SUBUNITS IN AMYLOID- 
INDUCED NEUROTOXICITY. D.R Beers’*. ME, Diaz2, L.V, Colom2. E. Aguilar- 
Cordova’. and S.H. Appel2. Departments of ’Molecular and Human Genetics, and 
2Neurology, Baylor College of Medicine, Houston, TX 77030.

Amyloid P peptides (Ap) are neurotoxins from the brain of patients with 
Alzheimer’s disease. Ap are toxic to many cell types, particularly cholinergic neurons, 
and may exert their toxic effects through interactions with specific potassium (K4) 
channels. Ap have been demonstrated to selectively block a fast-inactivating (Ika ) 
current in cultured hippocampal cells; to increase a delayed-rectifier (Irdr ) current in a 
cholinergic septal cell line; and to be non-toxic to a non-cholinergic septal cell line that 
does not have apparent outward K+ currents. To investigate if the role of Ap in 
cholinergic neuronal death is mediated through the blockade of specific K+ currents, 
several different a-subunit cDNAs (provided Ity M. Criado and P. Pfaffinger) that form 
K+ channels with either Ika  or Ikdr  kinetics were separately transfected into cholinergic 
SN56 cells with Ikdr , but no Ika , and non-cholinergic SN48 cells that display no 
significant outward K+ currents. Each cDNA was placed between the hsp70 heat- 
shock promoter and the SV40 polyadenylation signal in a plasmid containing the 
neomycin resistance gene driven by the S V40 early promoter. Following transfection, 
stable clones were selected with G418 and expanded for further characterization. 
Transcriptional activation was accomplished Ity heat-shocking each clone for 2 hours 
at 42°C. Electrophysiological examination 6-8 hours after heat-shock activation 
revealed that SN56 cells stably transfected with an a-subunit that forms a K+ channel 
kinetically,similar to a Kv1.4 exhibited a novel fast inactivating outward current that 
was not observed in non-heat-shocked cells which served as internal controls. 
Transfected cells will be further studied to determine the role of specific K+ channels in 
AP-induced cell death. Supported by Methodist Hospital Foundation grant (LVC), 
ADRC pilot project grant (LVC aid DRB) andADRC grant (LVC and SHA).
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634.1
IL-1 POTENTIATES AB-INDUCED TOXICITY AT THE LEVEL OF 
SIGNAL TRANSDUCTION. M.O, Fagarasan. M, Knight and T.W. 
Moody*. Dept. Psychiatry, UCSD, San Diego, CA 92161; Peptide 
Technologies, Gaithersburg, MD 20877; and the Cell and Cancer Biology 
Department, MB, DCS, NCI, Rockville, MD 20850.

The effect of interleukin-IB (IL-1) on amyloid B (AB)-peptide induced 
cytotoxicity were investigated using rat pheochromocytoma PC 12 cells. 
The growth of PC 12 cells was inhibited in a dose dependent manner by 
AB using an MTT assay. The effect of AB was attenuated by 
nordihydroguiaretic acid, phospholipase A2 (PLA2) inhibitors and N- 
nitro-L-arginine methyl ester, a nitric oxide synthase inhibitor. Also, the 
effects of nitric oxide (NO) in the toxicity of AB were determined in 
PC 12 cells and hippocampal cultures. AB induced NO formation and the 
effect was increase 4-fold by IL-1. The effect was blocked by mepacrine 
a PLA2 inhibitor. Also, the NO donor, S-nitroso-N-acetyl penicillamine 
potentiated AB-induced toxicity. These data suggest that IL-1 may 
increase NO mediated toxicity. A high affinity binding site for AB was 
detected using rat brain homogenate. It remains to be determined if the 
AB effects are receptor mediated.

634.2
TRANSFORMING GROWTH FACTOR-p (TGF-p) INHIBITS APOPTOSIS 
INDUCED BY p-AMYLOID PEPTIDE FRAGMENT 25-35 (Ap) IN CULTURED 
NEURONAL CELLS. K.C. Flanders*, R.S, Kim. E.S. Kim and R.F. Ren. Lab of 
Chemoprevention, National Cancer Institute, NIH, Bethesda, MD 20892

Previously, we demonstrated that TGF-p pretreatment can protect several 
neuroblastoma cell lines, human hNT neurons and primary rat embryo 
hippocampal neurons (REHIP) from degeneration and cell death caused by 
incubation with Ap. Here we present several lines of evidence suggesting that 
TGF-p interferes with an apoptotic pathway induced by Ap. In the 
neuroblastoma cell lines SK-N-SH and CCL-N-2a, pretreatment with TGF-P for 
24 h can decrease the amount of DNA laddering seen following treatment with 
10 5 M AP for an additional 24 h when compared to AP treatment alone. RT- 
PCR shows that in REHIP cells, Ap decreases mRNA expression of Bcl-xL 
while increasing Bcl-Xg expression with little effect on mRNA expression of Bcl-2 
and Bax. These changes would be expected to promote apoptosis. However, 
when cells are preincubated with TGF-p before addition of Ap, Bc I-Xl  expression 
is maintained at higher levels while Bcl-xs expression remains low with no 
additional changes in Bcl-2 and Bax expression. This pattern of gene 
expression should function to decrease apoptosis. Western biots are being 
done to confirm these results. Similar changes in mRNA expression of Bcl-x,^ 
and Bcl-xs are seen in hNt cells following treatment with Ap and TGF-p. 
Additionally, in situ detection of apoptotic hNt cells shows that TGF-P decreases 
the number of positive cells following treatment with Ap as compared to 
treatment with AP alone. These results suggest that TGF-p may inhibit 
apoptosis in neuronal cells by regulating the balance of expression of some of 
the genes involved in the apoptotic pathway. TGF-P seems to promote 
expression of “anti-apoptotic” genes while inhibiting expression of “pro- 
apoptotic” genes.

634.3
Neuro -rescuing  properties  of  IGF-I against  Ap toxicity  in  vitro : brain  
region  and  trophic  factor  specificity  D.S. Auld*§\ C. Ramassamys, S. 
Kars* J. Poirier5**, P. Gaudreau1 and R. Quirion5** sDouglas Hospital Research 
Center, Departments of ^Neurology & Neurosurgery & ^Psychiatry, McGill 
University; fNotre Dame Hospital Research Center, Department of Medicine, 
University of Montreal, Montreal, Quebec, Canada.

P-amyloid (AP) is likely crucial to Alzheimer’s disease pathology and is directly 
neurotoxic in addition to increasing the vulnerability of neurons to other insults. 
Using a direct toxicity model, we reported that insulin-like growth factors (IGF-I 
and IGF-II) protect primary rat hippocampal neurons from Ap (30pM) with IGF-I 
being more potent than IGF-II. IGF-I was also shown to rescue a portion of these 
neurons when administered 1-4 days after Ap exposure (Dore et al., PNAS, in 
press). In the present experiments, we evaluated the ability of IGF-I to protect and 
rescue cells from another brain region using the MTT colourimetric indicator of 
cellular metabolism. We show that IGF-I (l-30nM) and IGF-II (30-100nM) protect 
primary rat cortical neurons against AP toxicity. Both IGF-I (10- lOOnM) & IGF-II 
(30-300nM) rescued cortical neurons when administered 2 days following AP 
exposure. IGF-I (lOnM) also protected rat primary cortical astrocytes from AP 
toxicity when co-administered with the mitotic inhibitor FDU (lOnM-lmM). To 
determine if the protection and rescue effects are specific to IGF-I, we evaluated 
several trophic factors against AP toxicity in primary rat hippocampal neurons. 
PNGF, GDNF & CNTF had modest or no protective capabilities and did not rescue 
neurons from Ap toxicity. However, bFGF, BDNF, NT3 & NT4, in addition to 
IGF-I, protected against AP toxicity. Moreover, these trophic factors, with varying 
degrees of potency, also had a rescue effect. Thus, our present work indicates that 
the protection and rescue effects of IGF-I against AP toxicity are not limited to 
hippocampal neurons, with both effects being observed in cortical neurons & a 
protective effect seen in cortical astrocytes. Furthermore, in addition to IGF-I, other 
trophic factors are capable of varying degrees of neuronal protection & rescue. 
Supported by Alzheimer Society of Canada & Medical Research Council of Canada

634.4
INHIBITORY NEURONAL ACTIVITY CAN COMPENSATE FOR ADVERSE 
EFFECTS OF 6-AMYLOID IN HIPPOCAMPAL NEURONS.
R, A, Graf and S, B, Kater4 *Department of Pharmacology, UCHSC,
Denver, CO 80262; department of Neurobiology and Anatomy,
University of Utah School of Medicine, Salt Lake City, UT 84132

The neurotoxic effects of P-amyloid peptides on excitatory hippocampal neurons 
have been well-characterized; however, a role for the inhibitory functional circuitry 
has not. In order to study this inhibitory component, the 25-35 p-amyloid amino 
acid fragment (Ap) was applied for forty-eight hours to embryonic day 18 rat 
hippocampal cells at six days in culture. Survival counts were performed on day 
eight. When Ap was the only treatment, survival counts were 76% of initial 
counts before treatment (n=9 cultures). When the general activity blocker 
tetrodotoxin was applied, survival percentages similar to AP only resulted (63%; 
n=8). This observation was unexpected, since the silencing of activity would be 
expected to reduce AP-induced excitotoxicity, thereby protecting neurons from 
death. Since tetrodotoxin blocks not only excitatory but also inhibitory activity, 
40 pM picrotoxin (or bicuculline; 25 pM) was applied to assess survival on 
neurons in hippocampal networks. Survival counts were significantly lower in 
Ap plus picrotoxin (42%; p<0.01 by ANOVA; n=4) or AP plus bicuculline (48%; 
p<0.005; n=3) treated cultures than in cultures treated with AP only. From these 
results, it is proposed that AP-induced neurotoxicity results from not just the 
excitatory component of electrical activity, but the balance between excitation and 
inhibition. By considering both components of functional cirucitry, new 
strategies for the treatment of Alzheimer disease may emerge. This work was 
supported by a grant from the Alzheimer Association to SBK.

634.5
DOES A 0 i-39 INDUCE ACUTE PHYSIOLOGICAL CHANGES IN 
SYNAPTIC TRANSMISSION IN HIPPOCAMPUS? S.H. Yun1, I. 
Mook-Jung2, K. Huh2, M.W. Jung1’*, Neuroscience Lab, Institute for Medical 
Sciences', Department of Neurology, School of Medicine2, Ajou University, 
Suwon 442-749, Korea.

Wu et al. (Neuroreport, 6:2409-13, 1995) have reported that bath 
application of A fl 1.40 induced an acute increase of NMDA receptor-mediated 
synaptic transmission in the associational/commissural projection system of 
the dentate gyrus, providing a new insight on a potential mechanism of A 0 
neurotoxicity. We tested whether or not A/? 1-39, one of several different 
forms of A/? found in vivo, also modulates synaptic transmission in the 
hippocampus. Transverse hippocampal slices were maintained in an interface 
chamber and evoked synaptic field potentials were recorded using glass 
micropipettes. A #1-39 was bath applied to the perfusion medium as droplets 
near the recording hippocampal slice.

We have so far tested the effect of A/? 1.39 in field CAl, CA3 and 
dentate gyrus. A/? 1-39 had little effect on both NMDA and non-NMDA 
receptor-mediated synaptic transmission at the Schaffer collateral/commissural 
fiber synapses in field CAl. A#1-39 failed to induce changes in the NMDA 
response of the associational/commissural synapses in the dentate gyrus, 
either. Likewise, synaptic responses of the mossy fiber projections to CA3 
were not altered by A/? 1.39. Although preliminary, the present results suggest 
that A /? 1.39 and A 01.40 have different physiological effects in the 
hippocampus. We cannot rule out the possibility, however, that the 
difference between the previous report and the present results are due to 
methodological differences.

Supported by Korean Ministry of Health and Welfare grant 
HMP-96-M-3-1044 and HMP-96-M-22-1046 to MWJ.

634.6
AGGREGATED VS SOLUBLE AMYLOID 0 PEPTIDE EFFECTS ON 

SYNAPTIC PLASMA MEMBRANE FLUIDITY: A FLUORESCENT STUDY.
N.A.Avdulov. S.V.Chochina. U.F.Igbavboa. P.E.Mason*f, R.P.Masonf & W.G.Wood
Department of Pharmacology, University of Minnesota Medical School; Geriatric 
Research, Education & Clinical Center, VA Medical Center, Minneapolis, MN 55417, 
and fLaboratory for Membrane Structure Studies, Neurosciences Research Center, MCP- 
Hahnemann School of Medicine, Allegheny University of the Health Sciences, 
Pittsburgh, PA 15212.

Amyloid p-peptide (Ap) aggregates are one of the key neuropathological 
characteristics of Alzheimer’s disease, but the mechanisms by which Ap aggregates alter 
neuronal function are not clear. We have recently reported that soluble Ap,_40 partitions 
into rat synaptic plasma membranes (SPM) and increases membrane fluidity, as 
measured by excimer formation of the fluorescent probe pyrene {J. Neurochem. 68:2086;
1997). This effect was due, in part, to induction of lipid peroxidation by soluble Ap,.4O. 
In the present study we tested the effects of ApM0 (incubated for 24 and 48 h at 37°C) on 
SPM fluidity and lipid peroxidation. Aggregation of the peptide was monitored by SDS- 
gel electrophoresis. Ap,.^ aggregates increased the fluidity of annular and bulk 
membrane lipids, as reflected by the increase in F excimer / F monomer ratio (p<0.001). 
However, no effect of Ap^ aggregates on lipid peroxidation in SPM was registered. Our 
data suggest that soluble and aggregated A0,^o increase SPM fluidity via different 
mechanisms. Soluble Ap,.4O induces lipid peroxidation, whereas aggregated 
Ap,.,, is located on the surface of the membrane (see Abstract by P.E.Mason et al.) and 
may interfere with lipid packing by extracting lipids from the bilayer.

Supported by NIH grant AG-11056 (W.G.W.), the Office of Research and 
Development, and the Geriatric Research, Education and Clinical Center of the 
Department of Veterans Affairs, and Allegheny-Singer Research Institute.
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634.7
POLYMERS OF BETA AMYLOID 1 -40 PROTEIN CROSS-LINKED BY PLASMA 
TRANSGLUTAMINASE ARE DISSOCIATED BY ISOPEPTIDASE ENZYMES
T.C. Baradet1, A. G. Loewy2. M, Mawal-Dewan2, P.M. Appell1 and B.J. Balm1 *,
department of Pathology, Allegheny University of the Health Sciences, Philadelphia, 
PA, 19102, and department of Biology, Haverford College, Haverford, PA, 19041

Isopeptidases (EC 4-3) are the only known enzymes capable of cleaving the N£-(y- 
glutamyl)lysine covalent bonds formed by transglutaminases. We present evidence 
suggesting that our isopeptidase preparations obtained from Bacillus cereits are 
capable of cleaving isopeptide bonds between p -amyloid and ECM proteins formed 
by plasma transglutaminase in vitro.

Earlier work in this laboratory has demonstrated that isopeptidase preparations from
B. cereus release polypeptide chains from neurofibrillary tangles isolated from 
Alzheimer’s disease brain tissue. These NFTs had been electrophoretically extracted 
to remove all traces of non-covalently bound protein and had been shown to be 
refractory to proteolytic digestion by a number of proteases. (Appelt, et. al., 1996) We 
have previously demonstrated the ability of coagulation Factor XUIa (plasma 
transglutaminase) to catalyze the cross-linking of P-amyloid protein 1 -40 to itself and 
to major components of extracellular basement membranes including fibronectin, 
laminin, and collagen. Data from in situ immuno-cytochemistry implicate Factor XUIa 
in the binding of P -amyloid peptides to the extracellular basement membrane of blood 
vessels. The resultant polymers are highly insoluble.

Isopeptidase enzymes have been identified in most eukaryotic cell types, (Loewy, 
1984) including an enzyme from red blood cells that cleaves ubiquitin-protein 
conjugates cross-linked b^-fa-glycyljlysine covalent bonds (Moskovitz, 1994), The 
presence of such enzymes could represent a possible mechanism for clearance of f- 
amyloid deposits in cerebral amyloid angiopathy. This work is supported by PHS 
Grant# AG-10160 to B. J.B.

634.8
CHOLESTEROL MODULATES BETA-AMYLOID EFFECTS ON HUMAN 
BRAIN MEMBRANES - SPECIFIC CHANGES IN ALZHEIMER'S DISEASE 
G.P. Eckert1'2, N.J.Cairns2 and W.E. Muller.‘,2* 'Univ. of Frankfurt, Dept. of 
Pharmacology, Biocenter, 60439 Frankfurt, Germany; 2Centr. Inst. Mental Health, 
Dept. Psychopharmacology, 68159 Mannheim, Germany; ?MRC Alzheimer’s Disease 
Bank, Institute of Psychiatry, London, UK.

The interaction of amyloid-beta proteins (AC) with neuronal membranes 
presumably contributes to its neurotoxicity. The hypothesis that AC causes alterations 
of membrane integrity is supported by previous in vitro findings from our laboratory 
indicating that rather low concentrations of biologically active AC-fragments 
significantly decreases the fluidity of neuronal membranes from the mouse, rat and 
human brain. In the present study, samples of human hippocampus were obtained 
from patients with neuropathologically confirmed AD and controls. Samples were 
incubated with the aggregated neurotoxic AC fragment AB25.35. Membrane fluidity 
was measured using two different fluorescent probes. Content of free cholesterol was 
determined enzymatically by the CHOD-PAP method. Hippocampus membranes 
from AD - patients showed a significant lower fluidity as membranes from controls. 
The cholesterol content of membranes from AD - patients were slightly decreased. 
The addition of AB25_35 to human brain membranes, decreased the fluidity, in a 
concentration depend manner. This effect was connected with the cholesterol content 
in the region of the phospholipid heads. Our findings of a significant correlation 
between the cholesterol content and the amyloid effect on membrane fluidity confirm 
several previous observations, indicating that a altered cholesterol homeostasis plays 
an important role in modulating the sensitivity of neuronal membranes for BA's 
toxicity. Very interestingly the cholesterol homeostasis might also represent a 
possibly link between Apo E polymorphism as a important genetic risk factor of AD 
and AB induced neurodegeneration. Although the mechanism of AB toxicity is not 
known, our findings strongly support the hypothesis of altered neuronai membrane 
properties as a major step in AD pathogenesis, (supported by a grant from the 
Deutsche Forschungsgemeinschaft, SFB 258 project K5).

634.9
STEREOSPECIFIC PATHOLOGIC EFFECTS OF R-AMYLOID PEPTIDE 
IN CULTURED HUMAN CEREBROVASCULAR SMOOTH MUSCLE 
CELLS.
J, P, Melchor* and W. E. Van Nostrand. Departments of 
Medicine and Pathology, Health Sciences Center, State 
University of New York, Stony Brook, NY 11794-8153.

Cerebrovascular deposition of the R-amyloid (AR) peptide 
is a key pathologic characteristic of Alzheimer's disease and 
other related disorders. We have previously shown that the 
all-L enantiomer of the ARi-42 peptide induces pathologic 
responses in cultured human cerebrovascular smooth 
muscle (HCSM) cells including cellular degeneration with a 
marked increase in the levels of cellular R-amyloid 
precursor protein (ARPP) expression and soluble AR 
production. (Davis-Salinas, J., Saporito-Irwin, S. M., Cotman,
C. W., and Van Nostrand W. E. (1995) J. Neurochem. 65, 931- 
934). Recently, we have found that the pathologic effects of 
all-L ARi-42 are intimately associated with its ability to form 
fibrils on the surfaces of HCSM cells. In contrast with the 
all-L ARi-42 peptide, the enantiomeric all-D AR1-42 peptide 
does not assemble into cell-surface fibrils or cause cytotoxic 
effects observed with the all-L ARi-42 on cultured HCSM cells. 
These findings suggest the possibility that cell-surface AR 
fibril formation and its accompanying cytotoxic effects 
involve a stereospecific interaction of the AR peptide with 
the surface of cultured HCSM cells.

634.10
THE ROLES OF CONFORMATION AND AGGREGATION IN TOXICITY OF 
BETA-AMYLOID PEPTIDE (1-40) CHARACTERIZED WITH CONGO RED. 
S.K. Brining*. X.G. Cheng, & A. Yergey§, NIA* & NICHD§, NIH, Bethesda MD 20892.

Beta-amyloid (PA) is the predominant protein in the neuritic plaques of 
Alzheimer’s disease. Solutions of synthetic p A that had been characterized 
with the Congo red assay were examined. This assay has been shown to 
differentiate toxic from nontoxic P A solutions in in vitro cell toxicity tests 
[S.K. Brining, Soc. Neurosci. 27:606, 1994], Electrospray ionization mass 
spectrometry (ESI-MS) was used to simultaneously assess aggregation and 
to infer conformational information of aqueous PA solutions [X.G. Chen 
et al., Soc. Neurosci. 22:1171, 1996]. Mass spectra of nontoxic solutions 
of P A contained ion envelopes of monomers, dimers, trimers and tetramers, 
i.e., aggregated forms of pA. In toxic solutions, these aggregated forms 
were decreased in intensity, presumably forming very high molecular weight 
aggregates beyond the m/z range of the instrument. There was a decrease 
in the average charge state in the toxic solutions, consistent with the 
interpretation of a more closed conformation in toxic relative to nontoxic 
solutions. In addition, ESI-MS was used to analyze PA mixtures in the 
presence and absence of Congo red. Estimations of protein concentrations 
showed that supernatants of toxic solutions contained no detectable protein 
signal, whereas supernatants of nontoxic solutions still contained pA 
peptide, consistent with results of Western blotting experiments. The 
binding affinity between Congo red and p A appears to be greater in toxic 
VS. nontoxic solutions. Suppori:NIH/NlA/NICHD

634.11
AFM STUDIES OF AMYLOID ^-DERIVED DIFFUS ABLE LIGANDS 
(ADDLS): SOLUBLE, POTENT NEUROTOXIC ASSEMBLIES OF 
Ap Brett Chromy.2 Carla Edwards.3 Caleb E. Finch, 1 William L. KlenU
and Grant A, Krafft3* !Dept. of Neurogerontology, Univ. of Southern 
California; 2Dept. of Neurobiology and Physiology, Northwestern 
Univ.; 3Dept. of Molecular Pharmacology and Biological Chemistry, 
Northwestern University Medical School; Chicago, IL 60611.

The amyloid p 1-42 peptide has been strongly implicated in the 
etiology of Alzheimer’s disease (AD). Genetic studies have 
demonstrated that mutations in the presenilin genes and APP gene give 
rise to elevated Ap 1-42 and are causative of AD. In vitro studies have 
shown that the Ap peptide can be neurotoxic, although this requires 
relatively high concentrations of Ap, assembled apparently into a fibrillar 
state. In this presentation, we describe atomic force microscope studies 
of globular Ap assemblies known as amyloid p-derived diffusable 
ligands (ADDLs). ADDLs are multimers of Ap that possess neurotoxin 
properties at nanomolar to sub-nanomolar concentrations. We also 
describe the results of studies defining factors and conditions that 
facilitate or impede ADDL formation, including several proteins known 
to be upregulated in Alzheimer’s disease, such as apolipoprotein J and 
butyrylcholinesterase.

(Supported in part by NIH and the Alzheimer’s Association)

634.12
VITAMIN E PROTECTS AGAINST Ap (25-35) INDUCED DAMAGE 
TO SYNAPTOSOMAL MEMBRANES. T, KOPPAL, R. 
SUBRAMANIAM, S, YATIN, M, GREEN, B, JORDAN, J. DRAKE, R.
PRASAD*1 and D.A, BUTTERFIELD. Dept. of Chemistry and Surgery1, 
University of Kentucky, Lexington, KY 40506.

The amyloid p-peptide (Ap), found in senile plaques present in the brains 
of Alzheimer’s disease (AD) patients, is associated with free radical 
oxidative stress. AP (25-35), a fragment of Ap, has provided insights into 
the molecular effects of this peptide. AP (25-35) is thought to cause protein 
and lipid oxidation in membranes through a free radical mediated event. If 
this is so, then a free radical antioxidant should modulate the Ap-induced 
damage. This study showed that vitamin E, an antioxidant and free radical 
scavenger, protected against Ap-induced membrane lipid peroxidation, 
protein oxidation and cell death. Electron paramagnetic resonance (EPR) 
results showed that the loss of paramagnetism of the lipid-specific spin label
12-NS (12-nitroxyl stearate) and protein oxidation, assessed by the protein- 
specific spin label MAL-6 (maleimide), induced by the Ap associated 
radical, were prevented by vitamin E. These results were confirmed by the 
vitamin E prevention of Ap-induced free fatty acid release, a marker of lipid 
peroxidation, and protein carbonly elevation, a marker of protein oxidation, 
respectively. Neuronal cell survival, assayed by the MTT reduction assay, 
was significantly enhanced in the presence of vitamin E after AP treatment. 
All of these results are consistent with the notion of AP-associated oxidative 
stress being mediated by free radical processes and provide significant 
insight into potential therapeutic interventions in this disorder. This work 
was supported by NIH (AG-05119).
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634.13
IMMUNOPHILIN-BINDING DRUGS BLOCK AMYLOID-MEDIATED 
OXIDATIVE STRESS. G.M. Pasinetti* and P.S. Aisen Dept. of Psychiatry, 
Brookdale Center for Molecular Biology and Fishberg Center for 
Neurobiology, The Mount Sinai School of Medicine, New York, NY 10029.

Both immunosuppressant drugs and neurotrophic agents are considered 
potential therapeutic candidates for Alzheimer's disease. Cyclosporin A 
(CsA) and FK506 are immunosuppressants that also show neurotrophic 
effects. The mechanism of immunosuppressive activity of these drugs is 
mediated by the formation of intracellular complexes with proteins called 
immunophilins. These complexes bind to calcineurin, a calcium-dependent 
phosphatase, inhibiting its activity and blocking the translocation of 
transcription factors to the nucleus. The neurotrophic effects of these drugs, 
which have recently been demonstrated in neuronal cultures and animal 
models of nerve injury, seem to be independent of this mechanism. We 
investigated the neuroprotective activity of CsA and ascomycine (AsC), an 
ethyl analogue of FK506, on B-amyloid neurotoxicity in vitro. Using the 
neuronal cell line SH-SY5Y (ATCC), we found that pretreatment of neurons 
with CsA or AsC (Calbiochem) at concentrations from 10~7 to 10‘6 M 
resulted in 70%-80% protection against AB40 neurotoxicity (30 pM, 48 hr 
exposure) as assessed by the MTT assay, an index of oxidative stress. Both 
CsA and AsC were toxic at concentrations greater than 10 4 M. We conclude 
that immunophilin ligand drugs, presumably via immunosuppressive and/or 
neurotrophic effects, are potential neuroprotective agents in Alzheimer's 
disease. Supported by AG13799, AG14239, AG05138 (pilot) to GMP.

634.14
ALZHEIMER’S AMYLOID P-PEPTIDE (25-35) FREE RADICAL OXIDATIVE 
MODIFICATION OF NEURONAL PROTEINS. S. Yatin, M, Aksenov, J, 
Camev1* and D.A. Butterfield, Depts. of Chemistry and Pharmocology and Center 
of Membrane Sciences, University of Kentucky, Lexington, KY 40506, and Centaur 
Pharmaceuticals1, Sunnyvale, CA. 94086

Alzheimer’s disease is accompanied by the presence of plaques which contain 
highly insoluble aggregates of amyloid P-peptide. Previously it was demonstrated 
that synthetic amyloid P-peptide and its active fragments can induce oxidative 
damage and toxicity in cultured hippocampal neurons. Confirming earlier studies 
from several laboratories, electron paramagnetic resonance (EPR) spin trapping 
studies with PBN showed the presence of free radicals in Ap (25-35) peptide 
solution in the presence of the metal chelator deferoxamine. Ap (25-35) was used 
to demonstrate ROS and carbonyl formation as a result of free radical induced 
oxidative damage in a hippocampal neuronal culture system. Protein carbonyls were 
detected by Western blot immunoassay, which is highly sensitive and does not 
require large amounts of disrupted cells and several washing steps. Proteins were 
derivitized with dinitrophenylhydrazine (DNPH) and separated by SDS-gel- 
electrophoresis. After the transfer of proteins on nitrocellulose a rabbit anti-DNP 
antibody was used as a primary antibody and anti-rabbit IgG conjugated with 
alkaline phosphatase was used as a secondary antibody. Proteins in neurons treated 
with amyloid P-peptide showed higher amounts of carbonyl with respect to 
untreated cultures. Neuronal survival after the treatment with AP(25-35) was also 
analyzed, using the MTT cell survival test. Amyloid peptide was found to be toxic 
to more than 50% of the neurons. This Ap-induced neurotoxicity was completely 
inhibited by the free radical scavenger, vitamin E. Taken together, our results show 
that amyloid P-peptide can induce free radical associated oxidative damage in 
hippocampal neuronal cultures. Supported in part by NIH grant (AG-05119).

634.15
CHARACTERIZATION OF 8-ISOPROSTANE AS A 
MARKER OF AMYLOID p-PEPTIDE INDUCED 
OXIDATIVE DAMAGE. Robert J. Mark*. Kimberly S. 
Fugpn, and Patrick C, May, CNS Research, Eli Lilly and 
Company, Indianapolis, IN 46285

The Amyloid p-peptide (Ap) is a major component of the 
neuritic plaques that are a defining histological characteristic 
of Alzheimer’s disease. Ap can be directly toxic and 
proinflammatory to cells in vitro. Numerous reports have 
shown that oxidative damage and reactive oxygen species 
play a role in Ap-mediated neurotoxicity. 8-isoprostane is a 
well characterized product of lipid peroxidation that is 
formed non-enzymatically in cell membranes following an 
oxidative insult. We report a time- and concentration- 
dependent increase in 8-isoprostane levels in rat hippocampal 
cultures treated with Ap(l-40). Interestingly, the levels of 
8-isoprostane induced by Ap were substantially greater than 
those induced by hydrogen peroxide. As evidence that 8- 
isoprostane production is part of an Ap toxic pathway, 
alkaline treated peptide, which shows minimal toxic activity, 
resulted in greatly attenuated 8-isoprostane production. 
While the increase in 8-isoprostane levels preceded cell 
death, as determined by LDH release, we are continuing to 
study whether 8-isoprostane is a mediator of Ap-induced 
neurotoxicity or whether it is just a good indicator of Ap- 
induced damage.

634.16
SODIUM NITROPRUSSIDE-MEDIATED NITRIC OXIDE RELEASE AND 
IIAPP PROCESSING. C, Ghosh* and D. K. Lahiri, Institute of Psychiatric Res., 
Dept. of Psychiatry, Indiana Univ. School of Medicine, Indianapolis, IN-46202.

The neurodegcnaralion in Alzheimer's disease (AD) is believed to be mediated by 
several events including neurotransmitter imbalance, beta-amyloid deposition and 
free-radical formation. Nitric oxide (NO) is mostly generated by a pathway 
involving the enzyme nitric oxide synthase (NOS). Here we report the effect of 
NO and NOS on the processing of beta-amyloid precursor protein (BAPP) using 
cell cultures and a NO donor, sodium nitroprusside (SNP). We measured the level 
of NO release in the conditioned medium from different cell types. We detected 
SNP-mediated NO release in a dose- and time-dependent manner in cell lines 
studied. The degree of release and/ or metabolism of NO was dependent on the 
cell-type used. Glioblastoma (U-138) released a greater level of NO in the medium 
than neuroblastoma (N1E-115) cells. An increased accumulation of NO for a 
prolonged period caused membrane damage in neuroblastoma cells. SNP-induced 
NO release in U138 cells was blocked by cotreatment with either carboxy-PTIO or 
superoxide dismutase-1. The cotrcatmcnt with either 8-bromo-cyclic GMP, 
melatonin or L-NAME did not consistently alter the level of NO. When the level 
of soluble BAPP was measured in the conditioned medium of SNP-induced cells, 
normal level of secretion of BAPP was decreased when there was a significantly 
high level of NO release. Measuring the level of NOS in different extracts indicated 
that the level of NOS was maximum in N1E-115 cells. The level of NOS was 
significantly reduced by SNP in N1E-115 cellular extract and in rat cerebellum 
extract. Our result suggests that in U138 cells, SNP-mediated NO release was 
mediated by superoxide ions and/ or free-radicals and probably not by the induction 
of NOS. An elevated release of NO with a concomitant decrease of secretion of 
BAPP makes cell vulnerable to injury. The role of lrcc-radicals and superoxide ions 
on BAPP processing is being investigated. Supported by N1H-RO1 grant (DKL).

634.17
CYCLOOXYGENASE-2 IN ALZHEIMER'S DISEASE BRAIN Y. Wef, P.S. 
Aisen, J, Freire-Moar, P. Whitelev, D.C. Swinney. A.Y, Mak and G.M.
Pasinetti Dept. of Psychiatry, Brookdale Center for Molecular Biology and 
Fishberg Center for Neurobiology, The Mount Sinai School of Medicine, One 
Gustave L. Levy Place, New York, NY 10029 and Inflammatory Diseases 
Unit, Roche Bioscience, Palo Alto, CA 94303

In this study we report that prostaglandin synthase/cyclooxygenase (COX)-2, 
a key enzyme in prostanoid biosynthesis and a potential target of anti-
inflammatory drugs, is elevated in Alzheimer's disease (AD) brain. We found 
nearly 2-fold elevation of immunoassayable COX-2 content in AD frontal 
cortex compared to non-AD controls (tissue specimens were obtained from the 
Mount Sinai and USC ADRC brain banks). Immunohistochemistry confirmed 
elevated COX-2 in AD grey matter with primarily neuronal distribution; some 
glial COX-2 immunostaining was present in white matter. COX-2 mRNA was 
elevated in AD cortex, while COX-1 mRNA was decreased compared to 
controls. Among AD cases COX-2 content correlated strongly with amyloid 
plaque density. Exposure of SH-SY5Y neuroblastoma cells to amyloid B- 
peptide (AB) caused induction of COX-2 expression. Based on the findings of 
COX-2 overexpression in AD brain, we tested the hypothesis that AB might 
influence COX-2 catalytic activity. Using in vitro assays, we found that co-
incubation of synthetic AB peptides with purified human holo-COX-2 (COX-2 
and heme-cofactor) resulted in a diminution of COX-2 dependent 
prostaglandin formation, but an increase in peroxidase activity. We interpret 
our results to suggest a role for COX-2 in the pathogenesis of AD, with novel 
functional interactions of AB with COX-2. Supported by NIA AG13799, 
AG14239, AG05138 (pilot) to GMP.

634.18
EXPOSURE TO HYPERBARIC OXYGEN INCREASES p-AMYLOID 
PRECURSOR PROTEIN (APPS) IN CEREBRAL SPINAL FLUID (CSF) OF 
RATS. S.T. Ahlers*1 W.C. Wallace2, C.R. Auker1, L.D. Acevedo2, C.M. Cortes1
and V. Haroutunian3.1Naval Med. Res. Inst., Bethesda. MD; 2Nat. Inst. Aging,
Baltimore, MD; 3Mt. Sinai Sch. Med., New York, NY.

Molecular oxygen (O2) is a ubiquitous factor that influences many physiological
processes. Exposure to hyperbaric O2 (HBO2) at relatively low pressures for a 
short period is a useful treatment for several disease states. However, sustained 
exposure to HBO2 can be toxic, producing a variety of neurological symptoms, 
including convulsions. Sustained exposure to
HBO2 has been shown to produce discrete 
neuropathology. Several lines of evidence suggest 
that O2 in the form of reactive oxygen species 
(ROS) may play a role in Alzheimer’s Disease, 
particularly in the toxicity of the Ap fragment from 
the larger p-APP molecule. The present study was 
designed to test the notion that either O2 itself, or 
subsequent ROS that result from an increased 
concentration of O2 in brain, may influence other 
steps in p-APP metabolism. Four groups of rats 
were exposed to 4 atmospheres absolute (ATA)
HBO2 for 0, 1, 10, or 40 min (Ns = 7-9).
Immediately after the exposure clear CSF was 
obtained by cisterna magna puncture and leve
measured. Analysis indicates that exposure to HBO2 produced increasing 
concentrations of APPS; the levels at 40 min were significantly higher than non- 
exposed controls (p < 0.05). The results demonstrate that treatments that induce 
oxidative stress can increase secreted p-APP in the brain. (Support: NMRDC 
work unit #62233MM33P30.005.1519 and DOD/VA grant JA432)
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634.19
OXIDATIVE DAMAGE OF MITOCHONDRIAL DNA IN PC 12 CELLS 
FOLLOWING EXPOSURE TO AN AMYLOID B-PROTEIN. P. Bozner1. G.L. 
Wilson1. S.P, Ledoux’, D. Miller2*, J, Chyan1, and M.A. Pappolla1.’-University 
of South Alabama, Mobile, AL; New York University, New York, NY.

Multiple lines of evidence suggest involvement of oxidative stress in the 
pathogenesis of Alzheimer's disease (AD). The finding that amyloid beta 
peptide (AB) has neurotoxic properties and that such effects are mediated in part 
by free-radicals, has provided an avenue to explore new therapeutic strategies. 
In this study, we showed that exposure of PC 12 neuroblastoma cells to an AB 
fragment induces oxidative damage of mitochondrial DNA. Cells were exposed 
for 24 hr to 50 piM Afl(25-35) or to 50 /xM of a control peptide with scrambled 
sequence KSGNMLGIIAG. Oxidative damage of mitochondrial DNA (mtDNA) 
was assessed using a Southern blot technique and mtDNA-specific probes. 
Treatment of DNA with NaOH was used to reveal abasic sites and single strand 
breaks. Treatment with endonuclease HI or FAPy glycosylase was used to detect 
pyrimidine or purine lesions, respectively. Cells exposed to AB exhibited marked 
oxidative damage of mtDNA as evidenced by characteristic changes on Southern 
blots. Cells exposed to the scrambled peptide did not show such modifications. 
Simultaneous addition of pineal hormone melatonin recently found to protect 
cells against AB toxicity (Pappolla et al.,1997. J. Neurosc. 17:1683-90) 
consistently prevented the mentioned mitochondrial lesions. Mitochondrial 
dysfunction in AD has been demonstrated by several laboratories. It remains to 
be seen whether the pattern of oxidative mtDNA damage produced in this study 
resembles that described in AD.
Supported by NIH Grant AG11130

634.20
SOME FRAGMENTS OF pAMYLOID PRECURSOR PROTEIN (PAPP) INHIBIT 
ASCORBATE-STIMULATED LIPID PEROXIDATION IN HUMAN BRAIN MEMBRANE 
FRAGMENTS WHILE OTHER pAPP FRAGMENTS ENHANCE THE LIPID 
PEROXIDATION. A. C. Andorn,*M. Franko and R. J. Kalaria. Dept. of Psychiatry, St. 
Louis Univ. Schl. Med. and St. Louis VAMC, St. Louis, MO 63125 and Dept. of 
Neurology, Case Western Reserve Univ. Schl. of Med., Cleveland, OH.

We have previously shown that pAPP fragments, including the Ap peptides 1-40,1- 
28, and 25-35, inhibit ascorbate-stimulated lipid peroxidation in membrane fragment 
preparations of postmortem human brain prefrontal and parietal cortical regions. We 
now report that this inhibition is apparently biphasic with IC5o for the Ap peptides 
ranging from nM to pM at the first component and from pM to 100 pM at the second 
component when prefrontal cortical membrane fragment preparations are used as the 
substrate. Api-40 incubated to toxicity still inhibited ascorbate-stimulated lipid 
peroxidation, but in a monophasic fashion with a plC5o of 4.6 ± 0.23 for an IC5o of 27 
pM (N=4). AP40-1 also inhibited, but also in a monophasic fashion with a pICso of 4.5 
± 0.14 for an IC50 of 36 pM (N=3). Further, other peptides such as insulin do not inhibit 
this lipid peroxidation in a biphasic fashion or with appreciable potency (ICso for insulin 
is > 10’4 M). Finally, some other fragments of pAPP do not clearly inhibit ascorbate- 
stimulated lipid peroxidation. PAPP319-335 initially enhances this lipid peroxidation to 
around 325% at 10'4 M and then drastically inhibits with 0% ascorbate-stimulated lipid 
peroxidation observed at 1 mM PAPP319-335 (N=2). The finding that different 
fragments of pAPP can be either pro-oxidant or antioxidant in this system of lipid 
peroxidation suggests that pAPP may function as one of the physiologic defenses to 
oxidative insult. This might explain the observations that messenger for and 
transcription of pAPP and some Ap peptides are increased in the presence of oxidative 
stress. Intriguingly, it is a portion of the Kunitz protease inhibitor like segment of 
PAPP that expresses some pro-oxidant capacity in this system. We can speculate that 
perhaps this could lead to altered processing of pAPP.
Supported by funds to A.C.A. from the Vanderventer Place Research Corporation of 
the St. Louis VAMC.

634.21
INJECTION OF FIBRILLAR A01-4O AND 1-42 INDUCES PHAGOCYTOSIS OF 

A0 BY MICROGLIA, ASTROCYTE HYPERTROPHY AND LOSS OF A 
SELECT POPULATION OF NEURONS IN THE RAT BRAIN: DISSECTING 

THE CELLULAR CASCADE THAT MEDIATES AB NEUROTOXICITY IN VIVO

D.T. Weldon. M.P, Finke. J.R, Ghilardi, S.D. Rogers. W.P, Esler. M.W,
Dvsken*, J.E. Maggio. P.W, Mantyh. Mol Neurobio, Lab and Geriatric 
Research Education and Clinical Center (GRECC), VAMC, Minneapolis, MN 
55417; Dept of Psychiatry, U of MN, Minneapolis, MN 55455; Dept of 
Pharmacol, University of Cincinnati, Cincinnati, OH 45221.

To determine the glial changes and neurotoxicity induced by 0- 
amyloid peptide (A0) in the CNS in vivo, single injections of fibrillar AB (fAB) 1- 
40 or 1-42 were made into the rat striatum, whereas control injections of 
soluble AB (sAB) 1-40, 1-42 or vehicle were made into the contralateral 
striatum. Injected fAB is stable in vivo for at least 30 days, whereas injected 
sAB is largely cleared within 1 day. Following injection of fAB, microglia avidly 
phagocytize fAB whereas astrocytes form a virtual wall around fAB-containing 
microglia, thereby forming a glial barrier between AB-containing microglia and 
surrounding neurons. Injection of fAB causes a significant increase in 
inducible nitric oxide synthase (iNOS) expression in nearby astrocytes and 
microglia as compared to injection of sAB or vehicle. Compared to sAB or 
normal (non-injected) striatum, injection of fAB results in a significant loss of 
parvalbumin+ and nNOS+ neurons around the injection site, whereas the 
number of ca,bindin+ neurons is not reduced. These data demonstrate that 
fAB is remarkably stable in the CNS in vivo. Additionally, since there appears 
to be very little direct physical contact between fAB and neurons in the 
present model, these data suggest that fAB neurotoxicity is mediated in large 
part by factors released from activated microglia and astrocytes, as opposed to 
direct interaction between AB fibrils and neurons.
Supported by NIA and VA Merit Review.

DEGENERATIVE DISEASE: ALZHEIMER'S—BETA-AMYLOID: INFLAMMATION

635.1
EFFECTS OF NSAIDS ON TOXIN PRODUCTION AND AB CLEARANCE IN 
A MURINE MICROGLIA CELL LINE. J.J, Sigel. C, Ngvuen. T, Chu. C.B, 
Gundersen*, and S.A. Frautschv. Depts. Medicine and Pharmacology, UCLA, Los 
Angeles, CA 90095 and GRECC, Sepulveda VAMC, Sepulveda, CA 91343

Non-steroidal anti-inflammatory drugs (NSAIDS) are associated with a decrease 
in the incidence of Alzheimer’s disease (AD). It is speculated that NSAIDS 
mitigate the inflammatory response commonly associated with AD. Amyloid-beta 
(AB) peptide has been shown to activate microglia. The inability of microglia to 
degrade the AB in plaques causes a toxic cascade of cytokines and other factors that 
contribute to the chronic inflammation seen in the disease. We have employed a 
cell culture model using murine microglia cells to assess the efficacy of various 
NSAIDS in suppressing toxin production. Cells were treated with AB(l-42), 
lipopolysaccharide (LPS), and mouse interferon gamma (mIFN-g), a pro- 
inflammatory cytokine, to induce an activated state. Nitrite, a stable end product 
of the nitric oxide radical, released into the medium was quantified by the Griess 
assay. Significant increases in nitrite production were observed with exposure to 
2pg/mL of AB(l-42) for 48hrs. AB-induced nitrite production is increased with co-
exposure to doses of mIFN-g between 10 and 40 U/mL at 24hrs. LPS exposure 
between 1 and 100 ng/mL also produced significant nitrite production in a dose- 
dependent manner. After successfully inducing an activated state in the microglia 
the effect of various NSAIDS was assessed. The effect of these drugs on AB 
clearance is also being studied. AB in the medium is measured via sandwich 
ELISA and intracellular AB levels by Western blot. This simple model allows for 
a rapid and cost effective means of screening new therapies as well as furthering 
our understanding of the etiology of AD. Supported by AG10685, VA Merit, and 
Bayer (SAF).

635.2
P-AMYLOID PROMOTES ACTIVATION AND CYTOKINE 
SECRETION IN PERIPHERAL MONONUCLEAR CELLS
F. Shalit1, M. Huberman2, G. Yadid1* and B. Sredni1. JCAIR Institute 
and Dept. of Life Sciences, Bar-Ilan University, Ramat-Gan, 2Dept. of 
Neurology, Meir Hospital, Kfar Saba, ISRAEL.

Activated mononuclear cells (MNC) have been reported to 
contribute to the circulating pool of the amyloid P peptide (PA4). In this 
study we investigate the interaction between PA4 and peripheral MNC 
obtained from normal donors and severe Alzheimer disease (AD) 
patients. Cytokine secretion was assessed using ELISA kits and 
activation marker expression by flow cytometry. Lymphocytes were 
loaded with Fura-2 and intracellular calcium ([Ca2+];) was determined. 
Our results show that PA4 enhanced the differentiation of normal human 
monocytes into macrophages and stimulated secretion of interleukin 
(IL)-l p and IL-6. Incubation of MNC with PA4 resulted in a fivefold 
increase in cellular proliferation, induction of HLA-DR and IL-2 
receptor expression and an increase in [Ca2+]j. Naive MNC from AD 
patients expressed increased proliferation, differentiation, activation 
marker expression and higher resting levels of [Ca2+]j. Our results 
suggest that increased in vivo exposure of MNC from AD patients to 
PA4, may be responsible for the highly activated state of these cells, 
contributing to the immunological abnormalities observed in AD. 
this work was partly sponsored by the Stanley Thomas Johnson 
Foundation.
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635.3
ENHANCEMENT OFELECTROGENIC GLUTAMATE
TRANSPORT IN THE MICROGLIA BY AMYLOID-P PEPTIDE. 
Mami Noda* *, Hiroshi Nakanishi^ and Norio Akaike1. 1 Dept. 
Physiol., Fac. Med., and ^Dept. Pharmacol., Fac. Dent., Kyushu 
Univ., Fukuoka 812-82, Japan.

Main functional role of glutamate (Glu) transport in nerve and glial 
cells is to maintain low Glu concentration in the extracellular space of 
CNS. Excess release of Glu from glial cells is thought to be one of key 
mechanisms of the neuronai death. In the Alzheimer's disease, 
amyloid-p peptide (Ap) is central to the pathology, and indirectly 
activate microglia. In the present study, the microglial cells obtained 
from the cerebral cortex of 3-day old Wister rats were positive for 
0X42 and Griffonia simplicifolia B4-isolectin (GSA-I-B4). The 
current measurements were made on microglia perfused with pipette 
solution containing 10 mM Glu and 100 mM Na+ by the conventional 
whole-cell patch-clamp method. Raising the external K+ concentration 
from 0 to 10 mM evoked an outward cunrent, resulting from 
coextrusion of Glu and Na+. A similar electrogenic current was 
observed in Muller cells of salamander retina1). In addition, the 
outward current activated by raising extracellular K+ was 3-fold greater 

in the microglia incubated with Ap25-35 for 4 days. The results 
suggest that the increased microglial activities by Ap might be involved 
in the pathogenesis of the neuronal dysfunction and death in 
Alzheimer's disease.
0 Szatkowski, B. Barbour & D. Attwell. Nature 348, 443-445 (1990).

635.4
AMYLOID-p PEPTIDE ACTIVATES CULTURED ASTROCYTES: 
CYTOKINE INDUCTION AND NITRIC OXIDE RELEASE. K.T. 
Akama*1. J. HuL and L.J. Van EldikL2»3 lDept Cell and Mol. Biol., 
Northwestern Univ. Medical School; 2Northwestem Inst. Neuroscience; 
3Northwestem Drug Discovery Program, Chicago, EL.

A common feature of many neurodegenerative disorders is an 
abundance of activated glial cells (astrocytes and microglia). In 
Alzheimer’s disease (AD), activated astrocytes are in close apposition to 
and surrounding the amyloid plaques. The mechanisms by which the 
astrocytes become activated in AD and the consequences of reactive 
astrocytosis to disease progression are only now being investigated. We 
examined the possibility that the amyloid p (Ap) peptide, a major 
constituent of the amyloid plaque, could act as a stimulus leading to 
activation. Treatment of rat cortical astrocyte cultures with aggregated 
fibrillar Api-42 or soluble Ap aggregates induces activation, as assessed 
by reactive morphological changes and upregulation of selective glial 
mRNA and proteins, such as the inflammatory cytokine interleukin-1 p. Ap 
also stimulates inducible nitric oxide synthase mRNA levels and release of 
nitric oxide, a molecule that can promote oxidative stress. We found that 
the activation activity of Ap is influenced by the peptide aggregation 
conditions and by the presence of plaque-associated components produced 
by glia. We are currently examining molecular mechanisms involved in 
Ap-induced astrocyte activation. Our results suggest that a key direction 
for the discovery of effective therapeutic agents is to target the glial 
activation pathway and the production or activation of glial proteins that 
enhance the formation of neurotoxic molecules.
(Supported in part by NIH grant AG 13939)

635.5
AP -INDUCES IL-1 release  from  human  monocytes  activated  with  
NEURON/ASTORCYTE CONDITIONED MEDIA. D. Lorton*, S. O’Barr, J. Schaller, and J. 
Rogers. Sun Health Research Institute, Sun City, AZ 85372.

We have previously shown that APl-42 stimulates release of IL-ip from 
LPS-primed THP-1 monocytes and LPS-primed rat microglia. Ap alone is insufficient to 
induce IL-1 release from these cells. It is unclear what activates microglia in the AD brain. 
The present study examines whether conditioned media (CM) from single and mixed cultures 
of human hNT neurons and adult human astrocytes or known activators of macrophages can 
prime monocytes to release IL-1.

THP-1 cells were incubated with CM from neuions, astrocyte and mix 
astrocyte-neuron cultures in the presence and absence of a P. After 48 hours the cells and 

supernatants were separated. Supernatant 1L-«P and intracellular pro-IL-lp levels were 
assessed using an ELISA and Western blots, respectively. Treatment of monocytes with 
neuron CM with and without Ap mimicked the effects of LPS and LPS/Ap. Monocytes 
cultured with neuron CM induced small amounts of IL-1P release, this effect was potentiated 
by addition of AP. The neuron CM, regardless of whether Ap was present or not, had no 
effect on intracellular pro-IL-1P levels.

Treatment of monocytes with astrocyte CM alone had no effect on IL-ip release. 

IL-1 B released from monocytes following the addition of CM from mixed cultures were 
similar to levels released with neuron CM alone. However, when monocytes were treated with 
mixed culture CM plus Ap. the ability of AP to potentiate IL-1 P release observed following 

treatment with both neuron CM and Ap were blocked. Treatment of monocytes with astrocyte 
CM alone did increase levels of pro-IL-ip. Addition of astrocyte CM plus Ap gave similar 
pro-IL-lP levels as treatment with astrocyte CM alone. Other activators of macrophages 

(IFN-y, IFN-p, TNF-Ot, and GM-CSF) did not prime monocytes to release IL-P.

This study demonstrates that factors released from neurons can prime 
monocytes/macrophages to release IL-1 and that astrocyte factors may be protective against the 
pro-inflammatory effects of a P by reducing IL-1 p release from activated macrophages. 
Supported by NNIMH #1R29MH49050-03.

635.6
AS- AND AMYLIN-INDUCED INCREASES IN PRO-INFLAMMATORY 
CYTOKINE PRODUCTION BY MONOCYTES AND MICROGLIA. K.R. 
Brunden*, J.-M. Kocsis, P.B. Embury. M.P. Doritv, L.H. Burgess, and S.L.
Yates. Gliatech Inc., 23420 Commerce Park Rd., Cleveland, OH 44122. 

Amyloid S (AS)-containing senile plaques are the hallmark of Alzheimer’s
Disease (AD). Activated microglia in the vicinity of these plaques 
synthesize increased amounts of cytokines that likely contribute to AD 
pathology, and our data and that of others suggest that AS is responsible 
for the induction of this inflammatory response. We have previously 
reported that fibrillar AS causes a dose-dependent increase in IL-1 S release 
from THP-1 cells (a human monocytic cell line). The present work extends 
these observations by evaluating the time-course of cytokine synthesis and 
processing after AS treatment. THP-1 cells were incubated with AS in the 
presence and absence of lipopolysaccharide (LPS) for 4 to 48 h, and 
cytokine production was assayed in the media and cell lysates. AS + LPS 
induced increased intracellular pro-lL-1S levels within 16 h relative to cells 
treated with LPS alone, and these levels continued to increase over 48 h. 
Under the same conditions, small amounts of mature IL-1 S were detectable 
in the media at 24 h, and by 48 h the levels were 5-to-10-fold greater than 
those seen after addition of LPS alone. A modest AS-induced increase in 
pro-IL-1S levels was seen in cell lysates in the absence of LPS at 4 h. A 
similar time-course was observed for AS-induced TNFa secretion from 
LPS-activated THP-1 cells. Fibrillar AS triggered comparable elevations of 
IL-1 S and TNFa secretion in LPS-treated mouse microglia, suggesting that 
most cells of monocyte lineage respond to AS. Amylin, another amyloid 
peptide, also induced increased IL-1 S and TNFa secretion from THP-1 cells 
and primary microglia. These studies provide further evidence that fibrillar 
amyloid peptides can induce inflammatory responses that contribute to 
disease pathology. (In collaboration with Janssen Research Foundation)

635.7
EVIDENCE THAT Ap-INDUCED CHANGES IN HUMAN MONOCYTE 
mRNA ARE RECEPTOR MEDIATED. L. H. Burgess*, J. M. 
Antal, A. M. Piotrkowski, S. L. Yates and K. R. Brunden. Gliatech 
Inc., 23420 Commerce Pk. Rd. Cleveland, OH 44122.
Microglia that are in the vicinity of senile plaques in Alzheimer’s 

disease (AD) brain become activated and express increased levels of 
the pro-inflammatory cytokine, IL-L We have previously 
demonstrated that LPS-treated THP-1 human monocytic cells, which 
resemble macrophage and microglia, secrete increased amounts of 
IL-1p in response to fibrillar amyloid p (Ap) peptide. This suggests 
that it is the presence of Ap fibrils within plaques that leads to 
microglial cytokine synthesis in AD. Here we have further 
characterized the response of THP-1 cells to Ap by examining for 
changes in the expression of various mRNA species. Fibrillar Ap 
elicits an increase of cellular IL-1 p mRNA within 6 hours in either the 
absence or presence of LPS, although total IL-1 p mRNA levels are 
much greater in the LPS-treated cells. Increased amounts of the 
immediate-early gene products, c-fos and junB, are seen within 30 
minutes of Ap treatment in LPS-free THP-1 cells. Likewise, a rapid 
increase in mRNA for the inflammatory cytokine, TNF-a, is observed 
after addition,of fibrillar amyloid peptide. Interestingly, the Ap-induced 
elevations of this cytokine’s mRNA are attenuated by treatment with 
pertussis toxin. These data thus suggest a possible role for a Go- or 
Gj-coupled receptor in mediating the monocyte/macrophage 
response to Ap. (In collaboration with the Janssen Research 
Foundation.)

635.8
NON-FIBRILLAR P-AMYLOID IS CAPABLE OF PRIMING THE 
RESPIRATORY BURST ACTIVITY OF RAT MICROGLIAL 
CELLS AND HUMAN MONOCYTES. F.L, Van Muiswinkel1. B.Y. 
Azizeh2. A.J, Tenner3*. D.H, Cribbs2 and C.W, Cotman2. 'Research Institute 
Neurosciences Vrije Universiteit, Amsterdam, The Netherlands, institute for 
Brain Aging and Dementia and the ^Dept. Molecular Biology and Biochemistry, 
Univ. of California, Irvine CA 92697.

Reactive microglia cells, that are found to be associated with neuritic P-amyloid 
plaques in the Alzheimer's disease (AD) brain, might contribute to the pathogenic 
process, e.g., by releasing neurotoxic reactive oxygen species. Previously, we 
reported that AP primes rat microglia cells for an enhanced respiratory burst 
activity. To determine whether the aggregation state of AP is a critical feature in 
this phenomenon, rat microglia cells were treated for 24h either with 10 pM non- 
fibrillar Api-40, fibrillar or a 1:1 mixture of both forms. Electron microscope 
examination revealed that, in contrast to the amorphous Api-40 which contained 
only a few short fibrils, pre-aggregated Api-40 exhibited a dense network of fibrils. 
After 24h, the spontaneous and phorbol-ester stimulated production of 02“ were 
determined by the cytochrome c reduction assay. It was found that, while the 
fibrillar form had only a modest effect on the phorbol-induced respiratory burst, 
priming was more pronounced upon exposure to the non-fibrillar form. 
Interestingly, a mixture of non-fibrillar and fibrillar AP showed the bioactivity. A 
similar behavior was found on human monocytes. The ability of non-fibrillar AP 
to influence the respiratory burst activity of phagocytic cells and its synergistic 
effect with fibrillar AP might be indicative for a pathogenic mechanism in the AD 
brain in which soluble AP may facilitate the AP-induced activation of microglial 
cells.
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635.9
OCCURRENCE OF AMYLOID p-PROTEIN(Ap)-CONTAINING GLIAL 
CELLS IN ALZHEIMER’S DISEASE BRAIN. H. Akiyama1 , H. Kondo1, H. 
Mori1, K. Ikeda1, T. C. Saido2 and P. L. McGeer3. 'Tokyo Institute of Psychiatry, 
2-1-8 Kamikitazawa, Setagaya-ku, Tokyo 156, Japan, 2Tokyo Metropolitan 
Institute of Medical Science, Tokyo, Japan, and ’Kinsmen Laboratory, University 
of British Columbia, Vancouver, B.C., V6T 1W5, Canada

Microglia and astrocytes which contained granules immunopositive for 
amyloid P-protein(Ap) occurred in brains of patients with Alzheimer's disease 
(AD). The immunohistochemical profile of AP in these glial granules was similar 
to those found in reactive microglia and macrophages in the ischemic lesions of 
AD cerebral cortex. AP in these granules lacked amino-terminal ly located 
epitopes recognized by such antibodies as 6E10(Ap4-9) and 6F/3D(AplO-15). 
The carboxy-termini of AP in glial granules coincided with those of AP deposited 
extracellularly around these glial cells. Occasionally, AP-containing glial cells 
clustered in areas of up to several hundred pm in diameter, associated with a 
particular type of diffuse AP deposits. The deposits were stained positively with 
an antibody specific to Ap ending at Val4°(AP40). Staining for AP ending at 
Ala42/Thr43(AP42) was weaker than that for AP40. These deposits were stained 
positively with an antibody specific to the amino-terminal pyro-Glu3 of AP and. 
less intensely, with antibodies to the amino-terminal Asp1 and to the amino- 
terminal pyro-Glu11.

Immunohistochemical analyses of adjacent sections revealed that the 
expression of monocyte/macrophage antigens by microglia was not upregulated in 
and around these AP40 positive diffuse deposits. Intraglial accumulation of Ap 
in areas with this type of diffuse AP deposits may not be related to events which 
activate microglia.
Supported by Grant-in-Aid from the Ministry of Education, Science and Culture of Japan.

635.10
ENDOTHELIUM FREE ENHANCEMENT OF ENDOTHELIN
VASOCONSTRICTION BY AMYLOID PEPTIDE . E, Guion*, Z. Suo, C. 
Fang, M. Mullan, F. Crawford. Roskamp Laboratories, Dept. of Psychiatry and
Cognitive Neuroscience, University of South Florida, Tampa, FL 33613

To explore the nature and significance of vasoactivity of AB peptides we 
have developed an experimental paradigm to observe the enhancement of endothelin- 
1 (ET-1) vasoconstriction by AB peptides. Enhancement is dramatic in the presence 
of ABmo , less so in the presence of AB^, and absent in the presence of AB25-35- Thus 
vasoactivity is inversely related to amyloidogenicity which has been primarily 
associated with cytotoxicity in cell culture. Furthermore, we show that the 
endothelium is not required for AP vasoactivity, and that calcium channel blockers 
have a greater effect than antioxidants in blocking enhancement of vasoconstriction 
by AB peptides. The observations that Ap must be freshly solubilised for vasoactive 
effects, that much lower doses are required for vasoactivity than those required for 
cell culture cytotoxicity and that the effects are immediate lead us to conclude that 
the mechanism of Ap vasoactivity is entirely distinct from that of cultured 
cytotoxicity. Given that Alzheimer’s disease pathology frequently includes cerebral 
amyloid angiopathy with degeneration of the media/adventia particularly of 
arterioles, and that the related hemorrhagic disease HCHWA-D (caused by a P-APP 
mutation) has similar pathology, our results lead us to suggest that AP vasoactivity is 
associated with novel degenerative mechanisms associated with vascular physiology. 
For instance, if AB has vasoactive effects in vivo then a potential pathogenic activity 
might occur if extra- or intra- vascular sources of AB produce excessive or sustained 
contraction of cerebral blood vessels leading to disturbed microcerebral flow and 
ischemia/hypoxia. In experimental animal models and in cell culture the latter is 
known to be associated with upregulation of PAPP expression which could 
eventually lead to accumulation and/or induction of amyloid in these regions 
contributing to the observed cerebral amyloid angiopathy.

FundPd by Private Donation

635.11
SLOW DEGRADATION OF AMYLOID p-PROTEIN 
MICROAGGREGATES BY MICROGLIAL CELLS. H. Chung*1. 
P.M. Paresce2. T.T. Soe2. R.N. Ghosh2, and F.R. Maxfield2. ‘Pathology, 
Columbia University-Col. of Physicians & Surgeons, New York, NY 
10032, biochemistry, Cornell Univ. Med. Col., New York, NY 10021.

Microglial cells are associated with senile plaques in 
Alzheimer’s disease (AD) pathology. Recent studies indicated that 
primary cultures of murine microglia internalize microaggregates of AP 
via scavenger receptor (SR). We found that after rapid internalization 
by microglia, the degradation of Apl-42 was much slower compared to 
two other internalized ligands, a2-macroglobulin or acetylated LDL. 
Microscopic analysis revealed that fluorescently labeled Apl-42 
microaggregates localized in lysosomes after 1 hour of chase in 
protein-free medium, as shown by co-localization with FITC-dextran. 
In this study, cultured microglia were briefly pulsed with 
microaggregates of 125I-labeled Apl-42 and chased for varying times to 
monitor the rate of long term degradation. After 12 days of chase, only 
20-30% degradation was observed as TCA soluble material. In 
addition, some of the 125I-labeled Apl-42 are released from cells as 
intact proteins. Thus, microglia are capable of degrading the 
microaggregates, but very slowly. Continuous uptake of the AP fibrils 
in vitro over a few days resulted in overwhelming intracellular 
accumulation of the undigested protein. Therefore, in patholgical 
conditions, mechanisms of degradation maybe altered by larger 
amounts of Ap and to a certain extent participate in Ap deposition. 
Supported by NS 34761.

635.12
MODULATION OF NITRIC OXIDE PRODUCTION IN HUMAN 
MACROPHAGES BY APOLIPOPROTEIN-E AND AMYLOID-BETA 
PROTEIN
C, Colton. J. Snell, H. Dawson. O. Chernyshev* and M. Vitek, Div. of 
Neur. Duke Univ. Med. Cntr., Durham, NC 27710; Dep’t. Physiol., 
Georgetown Univ. Med. Cnt. Washington DC 20007

Induction of oxidative stress has been implicated as a causative factor in 
chronic neurodegenerative diseases such as Alzheimer’s disease (AD). 
Both apolipoprotein-E and amyloid-beta peptide (Af3) are reported to alter 
the redox state of the brain, apolipoprotein-E by acting as an anti-oxidant in 
an isoform specific manner and Ap by acting to induce oxyradical 
production. Using human monocyte-derived macrophages (MDM) as a 
model of brain microglia, we have previously shown that amyloid beta 
peptide stimulates microglial and MDM production of superoxide anion 
(Colton et al, 1997). We now report that Ap treatment does not stimulate 
nitric oxide production in these human cells. In contrast, physiological 
levels of apolipoprotein-E and polyribonucleotide (Poly I:C) treatment 
stimulates more NO production than treatment with polyribonucleotide 
alone, apolipoprotein-E alone or no treatment. This increase was inhibited 
by the competitive NOS inhibitor, L—NMMA. The combination of Ap and 
apolipoprotein-E which have been reported to form stable complexes, was 
unable to stimulate NO production in polyribonucleotide-primed human 
macrophages. These results predict an isoform specific effect of 
apolipoprotein-E in modulating oxy-radical production.

635.13
AP-INDUCED CHANGES IN PROTEIN MARKERS OF APOPTOSIS AND 
INFLAMMATION IN AN ACTIVATED HUMAN MONOCYTE CELL LINE. &

♦Hoover Arthritis Laboratories, Sun Health Research Institute, 10515 W. Santa Fe 
Dr., Sun City, Arizona, 85351

A human monocyte cell line was used as a model to study macrophage/ 
microglial responses to Ap. Studies from our laboratory have shown that Ap 
induces IL-1 P release from activated monocytes and microglia. The present study 
assesses effects of Ap on levels of the apoptosis markers Bcl-2 and Bax in 
correlation with IL-1 production and release.

We found that AP alone induces pro-IL-ip production but not IL-1P release, and 
has no effect on Bcl-2 or Bax levels in unactivated monocytes. LPS increases pro- 
IL-ip production and IL-ip release, significantly decreases levels of Bcl-2, and 
does not change Bax levels. Co-stimulation of LPS treated cells with Ap 
significantly increases pro-IL-ip production, partially inhibits reduction in Bcl-2 
levels and induces IL-1P release 2.5 fold over LPS alone.

The Bcl-2 :Bax ratio has been used as a measure of cell viability. Although 
conditions which decrease the Bcl-2:Bax ratio stimulate IL-ip release as compared 
to control, there is no consistent relationship between Bcl-2 :Bax levels and amount 
of IL-ip release. There is, however, a relationship between the ratio of the 
production of pro-IL-ip:(Bcl-2:Bax) and IL-ip release. Increased pro-IL-ip and 
decreased Bcl-2 :Bax ratios may both be necessary for IL-1 P release.

These data do not support a direct role for altered Bcl-2 and/or Bax protein levels 
as a mechanism of Ap-induced IL-ip release in this human monocyte cell line. 
However, these data do suggest a possible role for the Bcl-2 :Bax ratio in 
intracellular events leading to the eventual release of IL-ip.

Supported by AGO 7367 JR and NIMH 1R29MH49050-03 DL

635.14
BETA-AMYLOID ACTIVATES PARALLEL MAP KINASE SIGNAL 
TRANSDUCTION CASCADES IN PRIMARY RAT MICROGLIA AND 
THP1 MONOCYTES. Maria E. Bamberger. Douglas R. McDonald, and Gary
E. Landreth.* Departments of Neuroscience, and Neurology, Case Western 
Reserve Unversity School of Medicine, Cleveland, Ohio 44106

The senile plaques of Alzheimer's disease are foci of local inflammatory 
responses, as evidenced by the presence of activated microglia, astrocytes, acute 
phase proteins and oxidative damage. Fibrillar forms of AB activate tyrosine 
kinase-dependent signal transduction cascades, resulting in inflammatory 
responses in microglia (J. Neurosci 17:7, p.2284, 1997). However, the 
signaling pathways mediating AB-induced inflammatory responses are 
incompletely understood.

We report that exposure of primary rat microglia and human THP1 monocytes 
to fibrillar AB results in the activation of two parallel signal transduction 
cascades involving members of the MAPK superfamily. AB stimulated the 
rapid, transient activation of the MAP kinases, ERK1 and ERK2, in microglia 
and THP1 monocytes. AB stimulation also resulted in the activation of a second 
parallel cascade leading to the activation of p38 MAPK with similar kinetics. 
Importantly, the stress-activated protein kinases (SAPKs) were not significantly 
activated in response to AB. Downstream effectors of the MAPK signal 
transduction cascades include MAPKAP kinases, such as RSK1 and RSK2, as 
well as transcription factors, such as CREB and Fos. Exposure of microglia and 
THP1 monocytes to AB resulted in the activation of RSK1 and RSK2, 
phosphorylation of CREB at Ser1^3> and stimulated the synthesis of Fos, 
providing a mechanism for AB-induced altered gene expression.

Support for this work was provided by grants from the National Institute on 
Aging (AG08012) and American Health Assistance Foundation to GEL.
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635.15
AMYLOIDOGENIC FRAGMENTS OF THE HUMAN PRION 
PROTEIN (106-126) ACTIVATE A TYROSINE KINASE SIGNALING 
RESPONSE IN A MONOCYTIC CELL LINE. C.K, Combs*. D.R. 
McDonald, and G.E. Landreth. Departments of Neurology and 
Neuroscience, Case Western Reserve University, School of Medicine, 
Cleveland, Ohio 44106.

Reactive microglial cells are a hallmark of the amyloid plaques found in 
the brains of both Alzheimer's disease and prion disorder patients. 
Considerable evidence implicates these cells as essential components of 
the inflammatory response common to both disease mechanisms. 
Recently, B-amyloid fibrils have been shown to activate a tyrosine kinase- 
dependent inflammatory signal transduction cascade in cultured rat 
microglia and the THP1 monocytic cell line (J. Neurosci 17:7, p.2284, 
1997).

We report that an amyloidogenic fragment of the human prion protein 
(106-126) also activates a tyrosine kinase-dependent signaling cascade in 
THP1 monocytes. Both prion and B-amyloid peptides induce rapid 
increases in the levels of protein tyrosine phosphorylation within five 
minutes of stimulation. In addition, exposure to either peptide leads to 
activation of the ERK1/ERK2 and p38 MAP kinase pathways in both 
THP1 cells and primary microglia. We are working to define additional 
components of the prion-induced signal transduction cascade in order to 
characterize the nature of the inflammatory response. Identification of 
signaling elements activated in common in response to prion and B- 
amyloid fibrils can address whether both Alzheimer’s disease and prion 
disorders share a common mechanism of pathophysiology.

This work was supported by a grant from the NIH AG08012.

635.16
TGFB ISOTYPES AND THE FORMATION OF ABir PLAQUE-LIKE 
DEPOSITS IN HIPPOCAMPAL SLICE EXPLANTS. M. E. Harris- 
White*, J. J. Sigel and S.A. Frautschv. Depts. of Medicine and Neurology, 
UCLA, Los Angeles, CA 90095 and VAMC Sepulveda, CA 91343.

We have previously developed a technique for the formation of 
plaque-like deposits of Amyloid -B-protein (AB) in hippocampal slice 
explants. These deposits are 42-68 pm in diameter and are characterized as 
diffuse. Early in AB treatment, AB immunoreactivity (ABir) colocalizes 
with microglial staining. Microglia then aggregate around ABir deposits, 
resulting in swelling and distortion of cellular processes. Addition of factors 
that modify microglial activity, like Transforming Growth Factor Beta 
(TGFB), can increase the number and the density of AB deposits. TGFBs are 
a family of growth factors with potent effects on immune function, 
increases in amyloid precursor protein and extracellular matrix proteins. 
Localization of TGFB isoforms to AD lesions suggests that TGFBs may 
influence AD pathology. We are testing the three isoforms of TGFB (1,2 
and 3) for differential effects on AB deposition and microglial reactivity in 
slice explapt cultures. In addition, nitric oxide production and cell death are 
monitored in these slice cultures. Preliminary data suggests that the TGFB 
isoforms, when coadministered with AB, are different in there ability to 
activate microglia and enhance AB deposition.

This work was supported by a French Foundation Fellowship and a 
L.A. Alzheimer’s Association Turken Fellowship and grants NS30195 and 
AG10685.
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636.1
EXPRESSION OF THE 650 KB GENOMIC HUMAN APP GENE IN 
TRANSGENIC RATS WITH THE SWEDISH ALZHEIMER MUTATION.
R. Folkessona. U. Kosciessa*3. T. Xiao-Lic. L. Lannfelta, H. UrataP, U.Ganten0’. K, 
PufA J. Hardyd, J, Turner*3. D, Gantenc. and B. Winblada. department of Clinical 
Neuroscience and Family Medicine, Division of Geriatric Medicine, Alzheimer’s 
Disease Research Center, Karolinska Institute, Huddinge University Hospital B 84, 
141 86 Huddinge, Sweden. bSchering AG, Institute of Cellular & Molecular 
Biology, Muller-Str 170-178, 133 53 Berlin, Germany. cMax Delbruck-Centre for 
Molecular Medicine, Robert-Rossle-Str 10, D-131 25 Berlin-Buch, Germany. 
^Birdsall Building, Mayo Clinic, Jacksonville, 4500 San Pablo Road, Jacksonville, 

Florida 32224, USA.
To get a more complete understanding of the mechanisms responsible for the 

amyloidogenesis in Alzheimer's disease (AD) there is a need for transgenic animal 
models. At present time a number of transgenic mice models exists. Of these, two 
transgenic mice models showing AD pathology have been generated by cDNA 
constructs containing APP missense mutations. Compared to cDNAs as transgenes, 
Yeast artificial chromosomes (YACs) have the advantage of expressing trans-
criptional regulatory elements required for proper spatial and temporal expression. 
However, a major disadvantage using YACs is their large size, and precautions have 
to be taken to avoid sheering of the DNA during the isolation procedure. For the 
successful generation of transgenes with YAC constructs, the YAC genomic DNA 
must be intact, sufficiently concentrated and pure enough to ensure a high frequency 
of integration to allow optimal survival of the oocytes. Here we describe a detailed 
method to obtain pure, intact and highly concentrated YAC DNA. For generation of 
transgenic rats pronuclear microinjection of a 650 kilobase (kb) YAC harbouring the 
Swedish 670/671 missense AD mutation was used. Analysis with RT-PCR followed 
by subsequent restriction cleavage showed expression of the human microinjected 
construct at the transcriptional level in one rat line. Supported by the Commission of 
the European Union GENE-CT and the Swedish Medical Research Council.

636.2
TRANSGENIC MICE OVEREXPRESSING THREE ISOFORMS OF HUMAN 
MUTANT AMYLOID PRECURSOR PROTEIN DRIVEN BY THE NEURON- 
SPECIFIC ELEMENTS OF THE THY-1 GENE PROMOTER, P, Malherbe*,
J.G, Richards, H, Bluethmann, J.R. Martin. Z. Bleuel, B. Thomas,
Ch, Fischer, C, Diener and G. Huber, Pharma Division, Preclinical CNS 
Research, F. Hoffmann-La Roche Ltd, CH-4070 Basel, Switzerland

Alzheimer's disease (AD) is a neurodegenerative disorder 
characterized by progressive loss of memory and cognitive functions, 
Both genetic and environmental factors play a role in AD aethiology. 
Genetic linkage for AD occurs with genes on chromosome 21 (BAPP), 
chromosomes 1 and 14 (presenilins 1,2) and the risk-gene for sporadic 
AD on chromosome 19 (ApoE4). In our efforts to develop mouse 
models of AD, a FADV717F mutant BAPP mini-gene with the exon 6,7,8 
and 9 and their flanking intron regions was engineered and placed 
under the control of a strong, neuronal specific mouse Thy-1 gene 
promoter. Among several transgenic mouse lines, AD124/line 16 
exhibits high transgene level. As assessed by in situ hybridization 
histochemistry, BAPPKPI mRNA in this line increased by ~ 4-5 fold with 
large imbalanced gene splicing resulting in substantially higher levels 
of BAPPKPI as compared to BAPP695. Similar to the in situ results, 
quantitative Western blot analysis of brain homogenate also showed 
a ~ 6-fold increase in BAPPKPI isoform. In addition, one transgenic line 
(AD71/line 50) expressing the ApoE4 at extremely high level under the 
control of GFAP promoter has also been developed. These mice are 
crossbred with BAPP mice (AD124/line 15). The progression of AD-type 
neuropathology in these various mice is under investigation.

636.3
INHIBITION OF p-AMYLOID (AP) PRODUCTION IN CONDITIONED MEDIA 
FROM MIXED BRAIN CULTURES OF APP-YAC MICE.
P.P, Baskin. J.J, Anderson. M, Turner, M, Kounnas, A, Buhain. B.T, Lamb++. B,
Munoz, and S.L, Wagner*. SIBIA Neurosciences, Inc., La Jolla, CA 92037; ++Case 
Western Reserve Univ., Cleveland, OH 44106.

Preliminary testing of a series of compounds which reduce Ap formation in 
human neuroglioma cells has been carried out in mixed brain cultures obtained 
from homozygous transgenic mice stably integrating the entire genomic sequence 
encoding human amyloid precursor protein (APP-YAC mice). These mice have 
been shown to produce levels of human APP comparable to the endogenous murine 
APP (Lamb et al., (1993), Nature Genetics, 5:22). In this study, cells were prepared 
from whole brains extracted from E16 APP-YAC embryos and plated in a defined, 
serum-free medium. Baseline levels of soluble human Ap, as measured by a 
sandwich ELISA, were evaluated in conditioned media obtained daily from days 3- 
10 post-plating. Relatively stable Ap levels were observed from days 7 through 10. 
When the peptidyl-aldehydes SIB-1281 and SIB-1405 were added on day 7, levels 
of AP were significantly reduced after 18-20 hr; IC50 values were 2.9 pM and 10.6 
pM, respectively.

Although additional testing is underway to fully characterize the effects of 
compounds on total sAPP, a-sAPP, and Ap levels in APP-YAC cell cultures, these 
preliminary results demonstrate that SIB-1281 and SIB-1405 inhibit formation of 
AP in a concentration-dependent fashion. The data also confirm that mixed brain 
cultures obtained from APP-YAC mice can be utilized for in vitro screening of 
compounds directed at APP proteolytic cleavage products, and suggest the potential 
usefulness of intact APP-YAC mice for in vivo testing.

636.4
BIOCHEMICAL CHARACTERIZATION OF TRANSGENIC MICE EXPRESS-
ING HUMAN AMYLOID PRECURSOR PROTEIN (APP). J.J, Anderson*.
G. Holtz. P.P, Baskin. M, Turner. S.G. Younkin#. C, Eckman#. B.T. Lamb+. and
S.L, Wagner. SIBIA Neurosciences, Inc., La Jolla, CA 92037, #Mayo Clinic, 
Jacksonville, FL 32224, and +Case Western Reserve Univ., Cleveland, OH 44106.

APP-YAC transgenic mice express a yeast artificial chromosome (YAC) 
containing human genomic APP and associated APP promoter allowing for proper 
spatial and temporal expression of human APP (Lamb et al., (1993), Nature 
Genetics, 5:22). These mice express levels of human APP similar to levels of 
endogenous APP in both brain and peripheral tissues. In this study, brain and 
plasma from homozygous APP-YAC transgenic mice from different age groups (2- 
3 months, 5-6 months, 8-9 months, and 12-18 months) were analyzed for human 
AP and other APP proteolytic fragments. Human Ap in brain tissue, as assessed by 
sandwich ELISA, was determined to be (mean ± SEM) 10.2 ± 0.4, 11.2 ± 0.5, 11.9 
± 0.4, and 12.5 ± 0.5 pmoles/g for the 2-3, 5-6, 8-9, and 12-18 month old APP- 
YAC mice, respectively. Brain AP was significantly higher (by 23%) in the 12-18 
month old mice compared to the 2-3 month old animals. Human AP in plasma for 
the four age groups was (mean ± SEM) 252 ± 53, 404 ± 195, 453 ± 386, and 265 ± 
205 finoles/ml, respectively. Levels of human a-sAPP and total sAPP in brain were 
not different between the different age groups. Likewise, levels of holo-APP and 
C-terminal APP fragments in brain extracts were similar in the APP-YAC mice 
from the different age groups. In summary, although APP-YAC homozygous 
transgenic mice of different ages contain comparable levels of human holo-APP and 
soluble APP proteolytic fragments, brain AP levels increase as the animals age. 
Since these mice express human AP both centrally and peripherally, they may serve 
as a useful biochemical model for developing novel therapies for the treatment of 
Alzheimer’s disease.
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636.5
MEMORY AND LEARNING IMPAIRMENT PRECEDE AMYLOID DEPOSITION 
IN THE V717F PDAPP TRANSGENIC MOUSE. J.C. Dodart1, H. Meziane1. C. 
Mathis1*. K.R. Bales2. S.M. Paul2 and A, Ungerer1, ]ULP URA 1295 CNRS, 
Strasbourg, France, 2Neuroscience Division, Lilly Res. Lab., Indianapolis, USA.

Transgenic mice which overexpress a mutated form of the human amyloid 
precursor protein gene (V717F) have been previously shown to develop age- 
dependent amyloid deposition, neurodegeneration and astrocytic activation; all 
characteristic features of Alzheimer's disease (AD). Here we report that 2-3 month 
old V717F PDAPP mice, which have elevated brain levels of the amyloid p peptides 
(Api-40 Api-42) but do not yet have demonstrable amyloid deposition manifest 
altered behavioral patterns when tested successively in an object recognition task, as 
well as a radial-arm maze and bar-press task. In the first task, mice were successively 
submitted to 3 sessions consisting of an habituation to the open field, a single object 
presentation and a two-object (familiar/new) presentation. No deficits were observed 
in recognition memory (PDAPP vs. wild-type p=NS). However, PDAPP mice showed 
reduced or absent habituation of locomotor activity throughout the sessions when 
compared to wild-type mice (p<0.01). In the radial maze test, mice had 6 daily 
sessions (for 8 days) to learn that 3 out of 8 arms were always baited. PDAPP mice 
made significantly more reference memory errors as'well as working memory errors 
than wild-type mice (p<0.01) and their performance did not improve across the 
testing period. During the 5-day training period in the bar press task, mice had to 
learn to press a lever in order to obtain a food pellet. PDAPP mice readily acquire this 
task. However, when retention memory was tested 21 days later, they showed a 
significant deficit compared to wild-type mice (p<0.05). It appears that young PDAPP 
transgenic mice have selective memory deficits and behavioral disturbances well 
before they develop amyloid deposition. Similar studies are underway in older 
animals with extensive amyloid deposition and should be informative as to the 
evolution of these behavioral deficits. This work is sponsored by Lilly.

636.6
BEHAVIORAL CHARACTERIZATION OF PDAPP TRANSGENIC 
ALZHEIMER MICE. A. Justice* and R. Motter. Athena Neurosciences, Inc., So. 
San Francisco, CA 94080.

Transgenic PDAPP mice overexpress the human amyloid precursor protein 
(hAPP) 717v .f  and exhibit P-amyloid (AP) deposition in their brains in an age- 
dependent manner (Games et al., Nature, 373, 1995, 523-527). In heterozygotic 
mice, senile plaques begin to form by six months of age in the neocortex and 
hippocampus, with widespread deposition by 9-10 months. We tested a cohort of 
two to eighteen month-old mice from the F5 generation in various cognitive and 
non-cognitive behavioral tasks. In two different spontaneous alternation tests of 
working memory (Y and radial arm maze), two to eight month-old transgenic (TG) 
mice were significantly worse than non-transgenic littermates (nTG). The TG mice 
were already performing at chance levels, so mice older than eight months old were 
not tested on these tasks. There was no difference in an inclined plane test of 
general strength between the TG and nTG groups. In the Morris water maze 
(reference memory), there was a significant impairment in the ability of TG mice to 
find the hidden platform. This deficit was present at two months old, and did not 
increase by eighteen months of age. There was also a deficit in a probe trial. There 
was no difference in the visible platform task, suggesting that swimming ability and 
motivation were equivalent. In a subsequent "less visible platform" version of this 
test, the performance of TG mice fell off to the same degree as the nTG mice, 
suggesting equal visual ability. Ongoing experiments include both additional 
functional measurements and longitudinal studies. These observations suggest that 
hAPP overexpression and elevated Ap production may have developmental 
consequences affecting cognitive performance.

636.7
CORRELATIVE ANALYSIS OF LEARNING DEFICITS AND 
HIPPOCAMPAL NEURON AND SYNAPTIC BOUTON NUMBER IN 
AGED APP-DEFICIENT MICE.
A.L, Phinney1. M.E, Calhoun1. D.P.Wolfer2, ILzEJLipp2, M. Rqggg3*, EL 
Zheng4. M.Jucker1. 1 Neuropathology, Institute of Pathology, Univ of Basel, Basel, 
Switzerland; institute of Anatomy, Univ of Zurich, Zurich, Switzerland; 3Biocenter, 
Univ of Basel, Switzerland, 4Merck Research Laboratories, Rahway, NJ, USA.

Young (2-3 mo old) APP-deficient mice (B6,129-App) exhibit astrocytosis in 
hippocampus and cortex, reduced forelimb grip strength and decreased locomoter 
activity (Zheng et al., Cell 81: 525-531). We have assessed spatial learning in 20-28 
mo old B6,129-App mice (n=12) and age-matched controls (n=l 1) in the Morris water 
maze. APP-deficient mice had impaired task acquisition as measured by a significant 
increase in swim path length compared to controls (p<0.02). Moreover, APP-deficient 
mice demonstrated an unexploratory swim path pattern indicated by an increased time 
swimming parallel to the pool walls (28% of total swim time for mutant and 16% for 
wildtpe, p<0.01). When the goal platform was removed from the original position, 
APP-null mice spent only 33% of the initial 60 seconds in the goal quadrant, while 
the wildtype mice spent 54% in the goal quadrant indicating a stronger memory 
retention of the goal location by the wildtype mice (p<0.05). In a subsequent cue 
version of the task (protruding platform) APP-null mice still demonstrated a longer 
mean swim path length compared to wild type mice, although this difference was 
smaller than in the place version of the task (hidden platform). In light of these 
results, unbiased stereological techniques are being used to quantify neuron and 
synaptic bouton number in CAI of the hippocampus and dentate gyrus. First results 
reveal approximately 0.6 x 109 synaptophysin-immunopositive synaptic boutons in 
the molecular layer of the dentate gyrus. Correlative analysis will show whether 
changes in neuron number or synapse number might be the structural correlate to the 
demonstrated impairment in learning and memory of APP-deficient mice, revealing 
clues about the normal function of APP.
Supported by the Swiss National Science Foundation

636.8
IMPACT OF AMYLOID PLAQUES ON NEURON NUMBER, SYNAPTIC 
BOUTON NUMBER, AND CHOLINERGIC FIBER LENGTH IN A 
TRANSGENIC MOUSE MODEL OF ALZHEIMER'S DISEASE
M.E, Calhoun1. D. Abramowski2. K,H- Wjederhold2, A,,Probst1, M. Stimfenbiel2, 
B, Sommer2. M, Jucker1*. 1 Neuropathology Laboratory, Institute of Pathology, 
University of Basel; and 2Novartis Pharma AG, Basel, Switzerland.

B6,D2-TgN(Thyl-APP75lK670N-M671L) mice express mutant human amyloid 
precursor protein and develop amyloid plaques predominantly in cortex and 
hippocampus progressively with age (Sommer et al., Soc. Neurosci. Abstr. 22: 25, 
1996). These plaques have characteristics of human Alzheimer's disease plaques 
including Congo red-positive AB cores and immunoreactivity for hyperphosphorylated 
tau, and are surrounded by dystrophic neurites, activated astrocytes, and microglia. To 
investigate the neurodegenerative effect of amyloid plaques on cortical structure, we 
used unbiased stereological techniques to quantify plaque load and its relation to 
neuron number, presynaptic bouton number, and cholinergic fiber length. In 14-18 
month old male heterozygous and homozygous transgenic mice, plaques occupy 0.4- 
25% of total cortex volume, and severely alter the characteristic laminar distribution 
of cortical neurons and neuropil. However, even in the most severly affected mice, no 
reduction in neuron number (12.7 x 106 +/- 4.8 x 105 in controls vs. 13.5 x 106 +/- 
4.6 x 105 in transgenics) or other evidence of neuronal death was observed. In 
contrast, a significant negative correlation was seen between plaque load and the 
number of synaptophysin-positive presynaptic boutons (P<0.02). Secondary to this 
finding, the total number of presynaptic boutons was higher in transgenic animals 
than controls (3.7 x 1010 +/- 1.7 x 109 in transgenics vs. 3.1 x 1010 +/- 1.7 x 109 
in control animals; P<0.05), indicating a developmental effect of APP overexpression 
on bouton number. Finally, although a negative trend in length of cholinergic fibers 
was observed with increasing plaque load, this change was not significant. By using 
correlative quantitative methods, we have shown that in vivo formation of amyloid 
plaques does not necessarily induce neuronal death, but induces synapse loss and other 
changes in cortical structure. Supported by the Swiss National Science Foundation.

636.9
NEUROBEHAVIORAL DEVELOPMENT, ADULT OPENFIELD ACTIVITY 
AND SWIMMING NAVIGATION LEARNING IN MICE UNDEREXPRESS-
ING pAPP AND IN MICE LACKING APLP1. Ph. Tremml1, U. Muller2, H.-P. 
Lipp1, D.P. Wolfer1*. rInst. of Anatomy, University of Zurich, Zurich, Switzerland;
2 MPI Brain Research, Dept. of Neurochemistry, Frankfurt, Germany

A targeted mutation resulting in low expression of a shortened pAPP protein 
(pAPr ) entails reduced learning abilities. Here, we investigate whether these effects 
were caused by postnatal developmental actions of the altered protein. We examined 
35 PAPPa /a  mice for somatic growth and sensorimotor development during the first 
four postnatal weeks and compared them with 31 wildtype litter-mates. The same mice 
were tested at about 10 weeks of age for openfield behavior and for swimming 
navigation learning. Later, somatic growth and sensorimotor development was 
similarly assessed in mice lacking the amyloid precursor like protein 1 (APLP V7 ).

In PAPF4^ mice, body weight deficit emerged at postnatal day (pd) 12 and lasted 
until postnatal week (pw) 33-37. Transient deficits during sensorimotor development 
were observed. Long-lasting effects were still manifest at pw 33-37. In adult mice, 
exploratory activity of pAPP mutants in the openfield arena was severely reduced. In 
the Morris' water maze task, mutant mice showed moderate escape performance 
deficits during the acquisition period but no impairment in spatial memory.

In APLPF mice, body weight deficit emerged at pd 3, body length, ear opening 
and hair growth was retarded. However, some of the observed deficits during 
sensorimotor development in this mice have not been detected in PAPP mutant mice.

We conclude that a defective PAPP gene impairs postnatal somatic development, 
associated with transient as well as long-lasting neurobehavioral retardation and 
muscular weakness. Comparison with earlier data suggests that early postnatal 
handling may attenuate some of the non-cognitive performance deficits in die water 
maze. Preliminary data of mice lacking APLP1 suggest that APLP1 contributes to 
early postnatal development and, possibly, to motor coordination, but not to muscular 
strength. Swiss NF 31-42374.94

636.10
MUSCLE WEAKNESS IN B-AMYLOID PRECURSOR PROTEIN DEFI-
CIENT KNOCKOUT MICE IS ASSOCIATED WITH ALTERED MOTOR 
NEURON NUMBERS AND MYOFIBER COMPOSITION. R.G, Perezla*. EL
Zheng2, A,W, SandG&k,..Jr,3, and W,A, LaFramboisc1*5. Neurosciences
Research Center3 and Division of Cellular and Molecular Myology*5, 
MCP^Hahnemann School of Medicine, Allegheny University of the Health 
Sciences, Pittsburgh, PA 15212; Merck Research Laboratories2; and 
Massachusetts General Hospital3.

B-amyloid precursor protein (BPP), the integral membrane glycoprotein that 
is the source of B amyloid (AB) in senile plaques of Alzheimer’s disease is a 
ubiquitously expressed protein that is important for normal embryonic devel-
opment. Mice selectively deficient for BPP (BPP-/-) have phenotypic changes 
including reduced forelimb grip strength (Zheng et al., Cell 81:525-31, 1995) 
which has yet to be characterized. To determine the source of myasthenia in 
BPP-/- mice we are comparing the number of motor neurons in spinal cord, the 
myofiber composition of the muscles, and neuromuscular transmission at the 
neuromuscular junction between age-matched BPP-/- and BPP+/+ wild type 
control mice. Initial results indicate that motor neuron numbers are increased 
on Nissl stained cervical spinal cord sections from BPP-/- mice. In addition, 
forearm flexor muscles analyzed immunohistochemically for myosin heavy 
chain types have revealed a marked increase in specific fast twitch myofibers 
(2B myofibers) in the BPP-/- mice relative to controls. The increase in 2B 
fibers was accompanied by a decrease in 2A and 2X myofibers in BPP-/- mice. 
We are currently analyzing neuromuscular transmission by electrophysiology 
for differences between BPP+/+ and BPP-/- mice. These preliminary data sug-
gest that BPP plays a major role in the maintenance of normal myogenic phe-
notypes that may stem from altered neuronal input to the muscle. (Supported 
by AUHS Award #97-017-3P to RGP)
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636.11
GFAP AS A MARKER OF PLAQUE PATHOLOGY IN THE PDAPP 
TRANSGENIC MOUSE. P.C. Mav*#.L.N. Boaas*. D. Calligaro*. P. 
Seubert* K.Johnson-Wooda.K.Chen°.D.Games°and D.Schenk*, *Lillv
Neuroscience, Eli Lilly and Co., Indianapolis, IN 46285, ^Athena 
Neurosciences Inc., So. San Francisco, CA 94080

The PDAPP transgenic mouse is an animal model of Alzheimer’s Disease (AD) 
which shows robust age-related accumulation of amyloid-8 (A8) deposits 
predominantly in the hippocampus and cerebral cortex. Sensitive 
immunocytochemical techniques have identified neuritic changes and glial 
activation around A8 deposits reminiscent of the plaque pathology observed in
AD. To complement ongoing quantitative image analysis of PDAPP brain 
sections, we have measured glial fibrillary acidic protein (GFAP) content of brain 
homogenates by ELISA. GFAP protein levels were measured in dilutions of 5M 
guanidine brain homogenates. GFAP levels increased progressively in both 
hippocampus and cerebral cortex from PDAPP mice as a function of age and A8 
burden compared to non-transgenic litter mate controls. Significant increases 
were observed in hippocampus by 9 months of age and cortex by 12 months of 
age, reaching a 2.2 fold elevation by 15-18 months. In contrast, GFAP levels 
were unaffected in cerebellum, a region with little A8 accumulation in PDAPP 
mice. Overall there was a strong correlation (p<0.001, r*=0.61) between GFAP 
levels and AB measurements determined across 4-18 months of age. These 
elevations in GFAP levels suggest a state of persistent glial activation in the 
aged PDAPP mouse. The observed glial activation may be due to the A8- 
mediated neuritic degeneration observed histochemically. Alternatively, the 
increase in GFAP may reflect an astrocytic response simply to the large 
accumulation of A8 deposits within the brain parenchyma of PDAPP mice. 
Regardless of the precise mechanism driving the astrocytic changes, GFAP 
measurements provide an additional simple efficacy marker to monitor plaque 
pathology in the PDAPP mouse model of AD. [Eli Lilly & Co.]

636.12
STAINING OF AD AND Tg2576 MOUSE BRAIN WITH X-34, A 
HIGHLY FLUORESCENT DERIVATIVE OF CHRYSAMINE G 
AND A POTENTIAL IN VIVO PROBE FOR p-SHEET FIBRILS.
WE Klunk1*, RL Hamilton2, SD Stvren1, G Stvren1, ML Debnath1, CA Mathis3,
K Mahmood3, & KK Hsiao4. 'Dept. of Psychiatry, WPIC, 2Dept. of Pathol., Div. 
OfNeuropathol., 3Dept. Of Radiol., PET Facility, Univ. of Pittsburgh, Pittsburgh, 
PA 15261; 4Dept. Of Neurology, Univ. Of Minnesota, Minneapolis, MN 55455.

Chrysamine G (CG) is a derivative of Congo red which binds to Ap fibrils with 
high affinity. It is 100-fold more lipophilic than Congo red and enters the brain much 
more effectively. Like Congo red, Chrysamine G prevents the aggregation of Ap in 
vitro, and prevents the neurotoxic effects of Ap in cell culture. Thus, suitable 
derivatives of CG have potential both as in vivo probes for Ap deposition in AD brain 
and as therapeutic agents. X-34 is a new derivative of CG which is not an azo 
compound. It binds to Ap with a similar affinity in vitro and is highly fluorescent. It was 
therefore studied as a potential indicator of Ap deposition in human and transgenic 
mouse (Tg2576) brain. X-34 demonstrated Ap and nuerofibrillary pathology in AD brain 
comparable to or better than Thioflavin S and anti-Ap antibodies. Double staining 
experiments showed co-localization of X-34 and anti-Ap staining. Interestingly, formic 
acid pre-treatment used to enhance anti-Ap antibody staining eliminated X-34 staining. 
Particularly remarkable was the staining of neuropil thread pathology. Cerebrovascular 
amyloid and neurofibrillary tangles also were intensely stained. In 12-month old 
Tg2576 mice, there was intense staining of the amyloid plaques. X-34 also clearly 
demonstrated previously unreported cerebrovascular amyloid in these mice, but no 
neurofibrillary pathology. Because X-34 is a lipophilic compound, it may be a good 
candidate for an in vivo probe of amyloid and neurofibrillary pathology.

(Support: Alzheimer’s Association & HMR, Inc.)

636.13
LIPOPROTEIN DEPENDENT A8 CLEARANCE IN V/VOAND IN VITRO. T, Chu1.

S.A, Frautschy1 F,Yang1, B.. Tetgr1 ,_P. Chen1„ W, Beech1, J. J. Sigel1 x
B.D. Howard*2, and G.M. Cole1. 1 Sepulveda VAMC, GRECC and Depts Med. 

& Neurol, 2Dept. Biol. Chem., UCLA, CA 90095
The mechanisms by which different CNS AB pools are cleared remain 

elusive, and we hypothesize that one pool may involve an ApoE dependent 
pathway. When picomolar quantities of AB-|_4o were injected 
stereotaxically into the brains of both wild type and ApoE knock out mice, 
the peptide level was rapidly reduced in brain within the first 3 h as assayed 
by sandwich ELISA. Duplicate experiments (n=8) showed a more rapid 
clearance in the brain of Apo E knock out mice, consistent with our 
hypothesis. Parallel in vitro studies are in progress.

An ApoE knock out mouse microglia and a human microglia cell line have 
been developed in our laboratory. After exposure of microglia cells to 
ABi-42, the remaining A8 in the cell medium was analyzed by sandwich 
ELISA. Microglia cell lines removed exogenous A8, and this clearance was 
strongly enhanced in the presence of HDL, indicating that lipoproteins can 
play a critical role in A8 removal at the cellular level. The role of different 
ApoE isoforms on AB clearance will be examined in the knock out cell line 
transfected with different alleles of ApoE. In addition, some but not all non-
steroidal anti-inflammatory drugs (NSAIDS) modulated lipoprotein-mediated 
AB clearance of both microglia cell lines by reversing the lipoprotein- 
mediated uptake. Since human microglia have been shown to differ from 
mouse microglia with regard to the inflammatory responses and sensitivity 
to anti-inflammatory agents, further characterization of different NSAIDs 
on AB clearance by these microglia cells will be carried out. Supported by 
AG10685, VA merit (SAF).

636.14
APOLIPOPROTEIN E ALTERS BRAIN AMYLOID DEPOSITION: 
RESULTS FROM THE PDAPP X APOE (PDapoE) TRANSGENIC 
MOUSE. K. R. Bales1* T. Verina2 B. Ghetti2, R, C, Dodel3, Y Du1,
L. Altstiel1, M, Bender1, D. Miller , P. Hyslop , and S. M. Paul1,3. 'Neuroscience 
Discovery, Lilly Research Labs, Indianapolis, IN 462852 Departments of 
Pathology and Laboratory Medicine, and3 Pharmacology, Toxicology, and 
Psychiatry, I.U. School of Medicine, Indianapolis, IN 46285.

Apolipoprotein E (apoE) appears to play a critical role in the pathogenesis of 
Alzheimer’s disease (AD) since the relative risk of developing SDAT is higher in 
individuals who inherit an apo e4 allele. In vitro experiments utilizing recombi-
nant apoE and synthetic Ap i.4O have shown that apoE promotes P-sheet structure 
and enhances Ap fibril formation. However, there is little to no in vivo data 
supporting a role for apoE in either Ap synthesis or clearance. To investigate the 
role of apoE on amyloid deposition in vivo we crossed an apoE knockout mouse 
(Science 258:468,1992) with a transgenic mouse strain overexpressing V717F P- 
amyloid precursor protein (PDAPP transgenic mouse; Nature 373:523,1995). The 
PDAPP mouse has been shown to deposit AP protein in a region-specific and 
temporal fashion similar to that observed in AD. Mice which were heterozygous 
for the PDAPP transgene and apoE deficient, exhibited a significant decrease 
(p<0.001, Fisher’s exact test) in the total amount of AP as determined by sand-
wich ELISA measurements of brain homogenates from both hippocampus and 
cerebral cortex. Similarly, mice which were homozygous for the PDAPP trans-
gene and apoE deficient had a significant reduction, in the amount of total AP 
when examined at 11 months of age. Additionally, immunoreactivity to 10D5 was 
significantly reduced in cortex, hippocampus, corpus callosum, and septum of 
apoE deficient mice homozygous for the PDAPP transgene at 6 months of age. Our 
results suggest that apoE contributes to AP deposition and plaque formation 
perhaps by stabilizing the pathological secondary structure of the AP peptide 
itself or by influencing the generation or clearance of amyloidogenic fragments.

636.15
AGGREGATION STATE OF ALZHEIMER’S AMYLOID BETA-PROTEIN DE-
TERMINES BEHAVIORAL ABNORMALITIES IN AN ANIMAL MODEL.
N JHayward*1. SMMoIineaux1 J JXeeL&S .Richardson2, and B.A,,Tats.2..
‘Praecis Pharmaceuticals, Inc., Cambridge, MA 02139, and 2Miriam Hospital and 
Brown University, Providence, RI02906.

Aggregation of die AJ3 protein of Alzheimer's disease (AD) is hypothesized to be 
critical to its toxicity. In a rat model, chronic intraventricular infusion of Api-40 
disrupts both sleep and circadian activity patterns in a manner similar to that seen in 
AD patients. The aggregation state and neurotoxic potential of the Apl-40 peptide 
used in rats was evaluated using an NT2 cell based assay to quantitate toxicity and a 
thioflavin-T binding assay to measure the formation of p-sheet fibrils. Api-40 pep-
tide was either pre-treated (1 mg/ml in water, dialyzed against P-mercaptoethanol and 
re-lyophilized) or resuspended directly at 2 mg/ml in 5% glucose, pH 9. Pretreated 
peptide was maximally toxic at 280 nM monomeric peptide equivalents. During a 15 
day incubation under the conditions used for pump infusion into animals, peptide 
toxicity remained unchanged. No toxicity (at a 1000-fold higher concentration) was 
seen with monomeric AP peptide [464 pM] prepared directly from lyophilized powder 
in PBS buffer pH 7. This peptide became toxic when allowed to aggregate over 15 
days. Incubation of this peptide in 5% glucose, pH 9 buffer accelerated the formation 
of toxic aggregates. Toxic peptide had a four-fold or greater thioflavin-T fluorescence 
signal than freshly prepared monomeric peptide solution. The third ventricle of Long 
Evans rats was perfused via a subcutaneous osmotic minipump containing either: 
preincubated peptide; monomeric peptide or vehicle. Circadian activity was monitored 
continuously under constant dim red lighting for the next two weeks and analyzed by: 
(i) chi-square periodogram analysis. A moving average with a twelve hour window 
was calculated across the data set and the highest and lowest average activity values 
were calculated and expressed as a consolidation index: (ii) blindly rated on a scale of 
1-10 for stability of the circadian activity rhythm. Animals receiving pretreated amy-
loid infusion had more disrupted circadian cycles compared to vehicle or monomeric 
amyloid treated animals. We conclude that the Apl-40 peptide solutions most effec-
tive in disrupting circadian rhythm behavior when infused into the ventricle of rats 
are in an aggregated and highly toxic physical state prior to infusion and that this 
toxicity is preserved during the infusion period. Support by a grant from PPI.

636.16
BEHAVIORAL AND CNS RESPONSE TO AGGREGATED AB INJECTIONS 
IN RATS. J.P, Cleary*. E. O’Hare. D.T, Weldon. W.P. Esler. J.R. Ghilardi. S, 
Rogers. J.E. Maggio and P.W, Mantvh, Behav Pharmacol Lab and Mol Neurobiol 
Lab, VA Medical Center and University of Minnesota, Minneapolis, MN 55417; 
and Department of Biological Chemistry and Molecular Pharmacology, Harvard 
Medical School, Boston, MA 02115.

Rats were trained under a 2-link chain schedule. In the first link, the first lever 
press to occur after a 15 sec delay produced entry into Link 2, under which food 
reinforcement is delivered for the first press after 15 sec (Chain FI 15, FI 15). 
When animals could complete 40-60 chains per 45 min session, but had not 
learned to respond efficiently under the timing contingency, they were anesthetized 
and injected bilaterally, with AB aggregates (n=5) or saline (n=5), into the CA3 
area of the anterior dorsal hippocampus. Aggregate injections were 10 y.1, 
containing approximately 2400 synthetic fibrillar AB aggregates ranging from 2-90 
pn in diameter. Bilateral CA3 saline injections were also lOgl. Rats were tested 
for 90 sessions post-injection. Typically, rats under this reinforcement schedule 
slowly learn to respond more efficiently, such that their response rate decreases 
across time, without any loss of reinforcement. Rats injected with saline showed 
this characteristic pattern, learning to delay responding until near the end of the 15 
sec waiting period and significantly reducing their response rate across sessions. 
However, rats that had been injected with aggregated AB showed no improvement 
in response-per-reinforcer efficiency and did not appear to learn the time-based 
contingencies of the reinforcement schedule during the 90 day period. After the 
90th post-injection session, animals were sacrificed under pentobarbital anesthesia. 
In the AB group, we found substantial positive anti-AB immunofluorescence and 
Thioflavin S positive AB deposits. The deposits produced gliosis, specific to glial 
cell type, that was similar to that found in AD. Astrocytes appeared to ’wall off 
the aggregates and microglia phagocytized the aggregates.
Supported by: Alzheimer's Association; NIH; VA Merit Review
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636.17
CHOLINERGIC PHARMACOLOGY OF SECRETED ALZHEIMER'S 3- 
AMYLOID PRECURSOR PROTEIN LEVELS IN THE CSF OF RATS. V, 
Haroutunian*, S.T. Ahlers, N. Greig, L. D. Acevedo, T. Utsuki, R. Gluck, K.L.
Davis and W.C. Wallace. Dep. Psychiatry, The Mount Sinai Sch. of Med., New 
York, NY; Naval Med. Res. Inst., Bethesda, MD; and Lab. Cell, and Mol. Biol., 
Gerontology Res. Cent., NIA, Baltimore, MD.

In rat model systems, lesion-induced forebrain cholinergic deficits (nbM) are 
accompanied by significant induction of cortical P-amyloid precursor protein 
(P-APP) mRNAs and increased levels of secreted p-APP in the CSF. We 
studied whether p-APP secretion from cholinergic targets could be altered 
pharmaco-logically. Phenserine, a cholinesterase inhibitor with high specificity 
for acetylcholinesterase (3.0 mg/kg/bid), a related cholinesterase inhibitor with 
high specificity for butyrylcholinesterase (3.0 mg/kg/bid), or vehicle was 
administered to groups of nbM lesioned and sham operated rats (Ns=8-9) for 
one week. CSF was obtained at the end of the treatment period and the levels of 
secreted APP were measured. In a separate experiment, the acute effects of 
these and other cholinomimetics (physostigmine and AF102B) were studied in 
non-lesioned rats sacrificed one hour after acute drug treatment. Lesions of the 
nbM raised CSF levels of secreted APP by approximately 24%. Treatment of 
lesioned rats with phenserine and an analogue lowered the CSF levels of APP 
by 18% and 57% respectively. Acute treatment of non-lesioned rats also 
lowered CSF levels of APP significantly with 0.3 mg/kg physostigmine being 
most effective (55% decrease, p<0.01). These results show that CSF levels of 
APP can be modulated by cholinomimetic agents and that this modulation can 
occur as rapidly as one hour after treatment. Support: RO1-AG1O138 and 
DOD/VA grant JA432 to V.H. and S.T.A.

636.18
Intraventricular infusion of okadaic add induces mild changes in tau and APP, but fails to 
produce AD-like neuropathology in adult rats. Brian 1, Cummings*1, Neil Hayward? . Sarah 
StoltznerL Susan Molineaux2. and Ralph A, Nixon1 1 Department of Psychiarty, Harvard 
Medical School, 115 Mill, Belmont, MA and2 Praecis Pharmaceuticals Inc., Cambridge, MA.

Despite success with transgenic models of AD, there is still a need to explore other models of 
aging and neurodegeneration. An initial report suggested that the intraventricular infusion of 
okadaic acid (OA), an inhibitor of protein phosphatases 1 and 2A, leads to severe memory 
impairments, increases in hyperphosphorylated tau protein and C-terminal fragments of APP, 
and the deposition of AB immunopositive plaques within 2 to 4 weeks (Arendt et al. • 995). 
However, a number of groups have had difficulty in reproducing reliable AB plaques. We 
infused OA (70ng/day) for 2, 4, 6 and 8 weeks into Wistar and Sprague-Dawley rats (n~38). 
Control animals received PBS infusions. Two of the OA infused rats died and four additional 
rats were sacrificed early due to poor health. No control animals died. Upon sacrifice, nearly all 
OA infused animals exhibited necrotic lesions near the cannula tip (e.g. head of the 
caudate/ edge of the lateral ventricle). There was a trend for larger lesions with greater infusion 
times. In several animals, most of the caudate was destroyed. Immunocytochemistry for 
hyperphosphorylated tau (AT8 and PHF-1), APP (2201, C7) and AB (polyclonals 1282 and 
AB42, and monoclonals 4G8 and AB from Boehringer and Dako) was used. Increases in AT8 
immunoreactivity was observed in the four week animals (n=9). AT8 intensity was higher in 
eigHt week animals (n=lO). No PHF-1 staining was detected. Neuronal APP immunoreactivity 
was elevated by 4 weeks and persisted through 8 weeks. Occasionally, APP was observed in 
swollen, bulbous fibers and/or terminals, usually in periventricular neuropil. Using monoclonal 
AB antibodies, small (<5Qgm) diffuse "plaques” and neuronal AB were detected in 6 animals. 
The "plaques" looked similar to early diffuse plaques seen in canine brains. AB deposits were not 
observed using polyclonal AB antibodies. In additional control experiments, the use of affinity 
purified (against rat IgG) secondary antibodies from Chemicon® completely abolished the 
detection of parenchymal “AB plaques" by the monoclonal antibodies. These data suggest that 
the memory impairments and neuropil AB plaques previously reported may be the result of 
non-specific necrotic damage and leakage of IgG into the compromised brain. [Supported by a 
grant from the Alzheimer’s Association and Praecis Pharmaceuticals to B.J.C. and a LEAD 
Award, AG10916, to R.A.N.]

636.19
BEHAVIORAL ALTERATIONS AND BETA-AMYLOID ACCUMULATION IN 
AGED CANINE BRAIN.
M.A. Colie, C. Duyckaerts, T. Uchihara. F. Dessi, F. Crespeau I D. Seilhan* and
J.J. Hauw,
Laboratoire de neuropathologie R. Escourolle, hopital de la Salpetriere, Paris.
1 laboratoire d'anatomo-pathologie, Ecole Nationale Veterinaire d'Alfort, Maisons- 
Alfort.

The relationship between cognitive deficit, age and Abeta-peptide accumulation 
was studied in dogs. Neurobehavioral changes were sought in 25 dogs (< 8 years of 
age: 4; >11 years:21). The cognitive status was quantitatively assessed through an 
interview with the owner gathering information concerning food and water intake, 
sleep-wake cycle, daily activities, washing and social behavior. The samples were 
stained by haematoxylin and eosin technique as well as by silver impregnation. Beta 
A4 immunoreactivity was studied in the temporal cortex , using antibodies to A(3 8- 
17 (Dako), A3 17.31 (E50, gift from H. Akiyama), A3 40 and A3 42 (FCA 40 and 
42, gift from F. Chccler). The density of the diffuse and vascular deposits were 
evaluated in four areas (parahippocampa gyrus- Brodmann area 28, the crest of the 
lateral occipital temporal sulcus, the middle temporal gyrus- area 21 and the inferior 
temporal gyrus- area 20) . No neuritic plaques were found. Diffuse deposits were 
predominantly immunostained by E50 and FCA42, whereas they were not labelled 
by FCA 40. Vascular deposits were immunolabelled by all the antibodies. Age was 
the major correlate of cognitive deficit(r=0,82,p<0,0001), explaining 70% of the 
variance of the clinical testing. Diffuse deposits explained 10% of the variance 
whereas the other variables were not included in a step by step multivariate analysis. 
There was no correlation between the cognitive status and the topographical 
distribution of the alterations. One case with numerous A3 deposits was cognitively 
normal. The A3 deposits do not appear to be to direct cause of age associated 
cognitive deficit, although they are statistically linked with it.
Supported by Fondation IPSEN .

636.20
COGNITIVE DECLINE AND 3-AMYLOID ACCUMULATION IN THE DOG: A 
DISSOCIATION BETWEEN TASK AND BRAIN REGION. E. Head*1, H. 
Callahan2, B.J. Cummings3, B. A. Muggenberg4, C.W. Cotman1, & N.W.
Milgram2.1nstitute for Brain Aging & Dementia. UCI. Irvine. CA. 92697-
4540,2 University of Toronto, Scarborough College, Toronto, Canada, M1C 
1A4,3 Harvard Med. School, Belmont, MA, 02178, 4 Inhalation Toxicology 
Research Institute, Albuquerque, NM, 87185.

Twenty-four purebred beagle dogs ranging in age from 2.4 to 13.3 years 
were tested on several visual discrimination learning tasks including reward 
and object approach learning, object discrimination and reversal, retention of 
a reversal problem over a 2 year interval and a size discrimination learning 
task. After completing cognitive testing, amyloid accumulation in the 
entorhinal and prefrontal cortices was quantified using immunohistochemical 
and imaging techniques.

Aged dogs, as a group, showed impairments on size discrimination but did 
not differ significantly from the younger dogs on any other task. However, a 
subset of aged dogs was impaired relative to similarly aged dogs on each of 
the tasks. While amyloid accumulation in the prefrontal cortex was positively 
correlated with age, only a subset of dogs showed significant amyloid 
accumulation in the entorhinal cortex.

Amyloid accumulation correlated with cognitive test scores in a brain region 
dependent manner. High beta amyloid accumulation in the prefrontal cortex 
was linked to reversal learning deficits. On the other hand, procedural and 
size discrimination learning deficits were linked to amyloid accumulation in 
the entorhinal cortex. Error scores obtained from 2 year retention of a 
reversal problem were not correlated with amyloid pathology in either brain 
region. The results of these studies provide evidence for a dissociation 
between cognitive test and location of amyloid pathology. Supported by NIA 
grant #AG12694 to CWC, NWM, BJC and BAM.
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637.1
OXIDATIVE LOW DENSITY LIPOPROTEIN INDUCED OXIDATIVE 
STRESS IN PC12 CELLS. B.D, Lusiak. Y.M. Chen and A.Y. Sun*. 
Dept. Pharmacol., Univ. Missouri, Columbia MO 65212.

Low density lipoprotein (LDL) contributes to the transport and 
metabolism of cholesterol and phospholipids to the cells. In brain, it is 
involved in membrane remodeling associated with synaptic plasticity and 
compensatory synaptogenesis. Impairment of the ApoE/LDL receptor 
activity may lead to poor reinervation capacity as observed in Alzheimer’s 
disease patients. The purpose of this research project is to test the 
hypothesis that LDL may induce oxidative stress in neurons leading to 
apeptosis and cell death. The isolated LDL and very low density 
lipoprotein (VLDL) were readily oxidized in the presence of heavy metal 
ions (Cu2+ or Fe3’). Both oxidized VLDL (oxVLDL) and oxLDL were 
cytotoxic in a dose dependent manner. Antioxidants, such as vitamins C 
or E and resveratrol showed protection against the toxicity elicited by 
oxVLDL and oxLDL. Furthermore, these oxidized lipoproteins 
significantly increased nitric oxide production and binding activity of 
transcription factors AP-1 and NF-k B. These results show that oxVLDL 
and oxLDL can inititate apoptotic cell death through a complicated 
signaling cascade pathway and may have significant implications for the 
involvement of oxidized lipoproteins in neurodegenerative diseases. 
(Supported by NIH AA02054 and Alzheimer’s Disease and Related 
Disorders Program in Missouri)

637.2
REGULATION OF MITOCHONDRIAL DNA-ENCODED CYTOCHROME 
OXIDASE SUBUNIT GENE EXPRESSION IN DIFFERENTIATED PC12 
CELLS. K. Chandrasekaran*, L Liu, K. Hatanpaa and S. I. Rapoport Dept of 
Anatomy and Cell Biology, USUHS, Bethesda, MD 20814 and Lab of 
Neurosciences, National Institute on Aging, NIH, Bethesda, MD 20892.

Levels of mRNA for mitochondrial DNA (mtDNA)-encoded genes, such as 
cytochrome oxidase subunits l-lll (COX l-lll), are decreased in vulnerable 
brain regions in Alzheimer disease, whereas there is no decrease in 
mtDNA-encoded ribosomal RNA and mtDNA. These results suggest 
regulatory mechanisms operating at the level of transcription and/or turnover 
of mRNA. We postulated that ions may play a role in these regulatory 
mechanisms, because ATP in the brain is used primarily for ionic pumping 
during repolarizations. To examine the mechanism(s), we have developed a 
cell culture system in which levels of mtDNA-encoded mRNA can be 
downregulated by inhibiting ionic pumping. Differentiated PC12 cells were 
treated with ouabain (final concentration 1 mM), an inhibitor of the sodium 
pump. After various periods of treatment, total RNA was isolated and levels 
of COX lj| mRNA (normalized to p-actin mRNA) were measured. Ouabain 
caused a 50 % decrease in COX III mRNA within 6 h. Inhibition of the sodium 
pump increases [Na*j, and induces depolarization. However, depolarization 
was not crucial because increasing extracellular [K*]o from 5 mM to 50 mM did 
not affect COX III mRNA levels. In contrast, monensin (final concentration 10 
pM), a sodium ionophore, totally abolished COX III mRNA within 6h. No 
significant changes were found in mtDNA levels. These results indicate that 
[Na*! is involved in the regulation of mtDNA transcription. The roles of 
calcium, ADP/ATP ratio and turnover of COX III mRNA are being studied to 
further understand regulation.
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637.3
HYDROGEN PEROXIDE-INDUCED TOXICITY IS INHIBITED IN 
PC-12 CELLS BY PRETREATMENT WITH MICROGLIA 
CONDITIONED MEDIA. R.T. Carroll*. M.P. Kane. C.A. Helmer and
K.K. Kopec. Neuroscience Therapeutics, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert, 2800 Plymouth Road, Ann 
Arbor, MI 48105-1047.

There is a relative sparing of NADPH-diaphorase positive, nitric oxide 
synthase (NOS) containing, hippocampal and striatal neurons in the 
brains of Alzheimer’s diseased (AD) patients. These neurons appear to 
be increased in both intensity and density in AD brains when compared to 
age-matched controls. The environmental factors leading to the induction 
of NOS in neurons is poorly understood, but it is thought that oxidative 
stress and inflammatory mediators may play a role. To determine if 
products generated by microglia are involved in NOS induction, we 
exposed differentiated PC-12 cells to microglia (BV-2) conditioned 
media. The PC-12 cells responded with a large induction of nitric oxide 
synthase-n (NOS-II) as identified by western blot analysis and RT-PCR. 
To determine if the PC-12 cells pretreated with BV-2 conditioned media 
exhibited protection against oxidative stress, cells were treated with 
hydrogen peroxide and cell viability was measured by MTT dye 
conversion and LDH release assays. The treated PC-12 cells showed 
significant protection against hydrogen peroxide induced toxicity. These 
data suggest that increased NOS-II expression observed in neurons might 
be stimulated by reactive microglia. Induced NO production could benefit 
neurons by reducing oxidative damage, but the overproduction of NO 
might also compromise mnemonic processes.
Supported by Warner-Lambert Co.

637.4
IRON CONTAINING "PLAQUES" IN 6 MONTH OLD RATS 
FOLLOWING NEONATAL HYPOXIC/ISCHEMIC INSULT. _C 
Palmer*, S. Menzies, R.L, Roberts and J.R. Connor. Depts. of 
Pediatrics, Neuroscience & Anatomy, Penn State University College of 
Medicine, Hershey PA 17033

Iron is a potent inducer of oxidative injury and likely contributes to 
neuronal damage associated with hypoxic/ischemic (HI) brain injury. 
Immunostainable iron is abnormally high and the cellular distribution 
pattern is altered in neonates following HI. The long term effects of HI 
on cellular iron staining was examined in this study in 6 month old adult 
rats. These rats had received a hypoxic/ischemic (HI) insult (Rice- 
Vannucci model) at 7 days of age. Iron staining was performed on 
brain sections from 4% paraformaldehyde perfused rats. In the HI 
animals, intensely labeled iron positive pyramidal neurons are seen in 
both layers HI and V. In the hippocampus and corpus striatum the 
predominant iron positive cells are microglia. In the hippocampus and 
corpus striatum numerous iron positive cells were clustered around a 
lightly iron stained central area or core. This staining pattern closely 
resembles that seen in neuritic plaques in Alzheimer's Diseased brains. 
These "plaques" only occurred on the side of the brain which had been 
made ischemic in addition to the hypoxia. These "plaques" were not 
observed in animals under PND 30, but some may be present as early as 
2 months of age. Plaques are only seen in animals which were made 
HI. The "plaques" are surrounded by microglia and astrocytes. 
Supported by NIH grant HD 30704.

637.5
OXIDATIVE ENZYMES IN ALZHEIMER’S DISEASE NEURODEGENERATION 
G.E. Gibson*1, H. Zhang1, K.F-R. Sheu1. N. Bogdanovich2, L. Lannfelt2, M.
Vestling2, R.F Cowbum2. ’Cornell Univ. Med. Coll., Burke Med. Res. Inst., White 
Plains, NY 10605,2Karolinska Inst., Dept. Geriatric Medicine, S141 86, Huddinge, 
Sweden

Mitochondrial dysfunction in Alzheimer’s disease (AD) is associated with a 
striking reduction in the activity of a-ketoglutarate dehydrogenase (KGDHC). The 
deficiency of KGDHC is consistently present in brains from sporadic AD patients, 
and in fibroblasts from many sporadic and familial AD cases. However, fibroblasts 
bearing the APP670/671 mutations have normal KGDHC activities. To assess the 
significance of the abnormality of KGDHC in AD, KGDHC was measured in three 
autopsied brains from patients from the Swedish family with the APP670/671 
mutation and in eight control brains. KGDHC activities (mU/mg protein) were 
reduced by 63% in AD medial temporal cortex compared to control values 
(1.21±0.52 as compared to 3.31±0.45; p=0.013). The reduction in AD frontal 
superior cortex was 57% (1.67±0.26 as compared to 3.86±0.55; p=0.0037). 
Although variations in enzyme activities in the controls were large, the fluctuations 
were not correlated to either tissue pH nor postmortem times (r<0.35 for each 
measure). Glutamate dehydrogenase, another mitochondrial enzyme, did not differ 
between the control and AD patients. Thus, decreased cerebral KGDHC activity 
occurs even in patients with an hereditary defect in APP processing that causes
AD. The results indicate that mitochondrial dysfunction, as exemplified by the 
decline in KGDHC, is pathophysiologically important even when the primary 
pathogenic cause is non-mitochondrial. The results are consistent with the notion 
that the KGDHC defect is as common in AD brain, as are abnormalities in 
amyloid, tau or choline acetyltransferase. These results further support the 
suggestion that alterations in key enzymes of energy metabolism are important in 
the pathophysiology of AD. Supported by NIH grants AG14600 &AG11921

637.6
AN ANTIBODY TO THE ND-1 SUBUNIT OF MITOCHONDRIAL 
COMPLEX I: CHARACTERIZATION AND BRAIN
DISTRIBUTION. E. H. Pettus* B. Cottrell, D. Wallace and J.T. 
Greenamyre. Departments of Neurology, Pharmacology, and Genetics, 
Emory University, Atlanta, GA 30322.

Defects in complex I of the electron transport chain have been 
described in Parkinson, Alzheimer, and Huntington diseases, as well as in 
primary mitochondrial cytopathies. We raised antibodies against epitopes 
of the mitochondrially-encoded ND-1 subunit of complex I, the putative 
site of rotenone and MPP+ inhibition. Antibodies were raised against 
synthetic peptides conjugated to a carrier protein. Design sequences for 
the synthetic peptides were based on computer-assisted assessment of 
human ND-1 and regions therein. Sera and purified antibodies to the 
conjugate ND1-1 have been immunologically tested for recognition of 
the specific antigen in several organ systems and animal species. Western 
blots of rat brain, liver, heart, kidney, and spleen show a predominant 
33kD band, labeling intensity being related to relative mitochondrial bulk 
in the organ. Mouse, rat, and monkey brain homogenates all showed a 
33kD band, and sub-fractionation of monkey brain showed enhanced 
band intensity was associated with mitochondrially enriched fractions. 
Immunocytochemistry using the ND1-1 antibody, performed in control 
rat brain, showed somal and dendritic labeling with clear (ghost) nuclei 
throughout the brain. Staining was heterogeneous in terms of cell type 
and region; neurons were stained more intensely than glia. Higher 
magnification revealed punctate labeling throughout the cytoplasm. We 
conclude that the antibody ND1-1 specifically recognizes a conserved 
epitope of the 33kD ND-1 subunit of complex I. This antibody should 
provide a useful reagent with which to investigate the role of complex I in 
normal brain function and in neurodegenerative disease. (Supported by a 
Mallinckrodt Scholar Award and AG11755)

637.7
NADPH OXIDASE IN ALZHEIMER DISEASE. E. H. Bigio, A. McMahon*, R. C. 
Risser, C. L. White III. Neuropath. Lab., UTSW Med. School, Dallas, TX 75235

p47 is a component of the NADPH oxidase system which plays a major role in 
neutrophil phagocytosis. Although present in microglia, and despite intensive 
investigation into oxidative damage in the central nervous system, the NADPH oxidase 
system has not previously been studied in the brain. P-amyloid (AP) may be central to 
the cause of Alzheimer disease (AD), and has been shown to cause injury via free 
radical formation. We hypothesized that the mechanism of Ap injury might involve the 
NADPH oxidase system, and that p47 positive neurons or glia would correlate with 
Ap. We immunohistochemically studied cortical sections of human brain from 6 AD 
patients and 5 controls. We compared sparse versus frequent p47 (as a marker for the 
NADPH oxidase system) positive neurons or astrocytes, to sparse vs. frequent amyloid 
angiopathy (AA), AP positive senile plaques (SP), and thioflavin-S (thio-S) positive 
SP. We found no correlation between AA or either AP or thio-S positive SP and p47 
positivity in neurons. p47 positive astrocytes were more frequent when AA as well as 
AP and thio-S positive SP were frequent (see table below). However, while statistical 
analysis using Fisher's exact test showed a trend between thio-S SP and p47 positive 
astrocytes (p=0.08), neither AA or AP SP did. This trend may reach greater 
significance with larger numbers of patients. It may indicate increased activity of the 
NADPH oxidase system in astrocytes in the presence of P-A, and suggests another 
possible mechanism for free radical formation and subsequent oxidative damage in the 
CNS in AD, possibly involving the potential phagocytic function of astrocytes.

frequent AA sparse AA frequent Ap SP sparse Ap SP frequent thio-S SP sparse thio-S SP

p47astros 100% 37.5% 71.4% 25% 83% 20%

Supported in part by NIH grant 12300

637.8
THE GLIAL-DERIVED PROTEIN SlOOp INDUCES NEURONAL 
CELL DEATH THROUGH NITRIC OXIDE RELEASE FROM 
ASTROCYTES. J. Hu* l and L.J, Van Eldik L2.3 lDept Cell and Mol. 
Biol., Northwestern Univ Med.Sch.; 2Northwestern Inst. Neuroscience; 
3Northwestern Drug Discovery Program, Chicago, IL 60611.

The glial-derived neurotrophic protein SlOOp has been implicated in 
development and maintenance of the nervous system. SlOOp may also play 
a role in mechanisms of neuropathology because of its specific localization 
and selective overexpression in Alzheimer’s disease, but the relationship 
between SlOOp overexpression and neurodegeneration is unclear. We have 
recently demonstrated (Hu and Van Eldik, 1996a, JBC 271:2543-2547; 
1996b, BBA 1313:239-245) that treatment of cultured rat astrocytes with 
high concentrations of SlOOp results in a potent activation of inducible 
nitric oxide synthase (iNOS) and a subsequent generation of nitric oxide 
(NO), which can lead to astrocytic cell death. To investigate whether 
SI OOp-induced NO release from astrocytes might influence neurons, we 
studied SlOOp effects on neuroblastoma B104 cells co-cultured with 
astrocytes. We report that SlOOp treatment of astrocyte-B 104 co-cultures 
resulted in neuronal cell death by both necrosis and apoptosis. Neuronal 
cell death induced by SlOOp required the presence of astrocytes and 
depended on activation of iNOS. Cell death correlated with the levels of 
NO, and was blocked by a specific NOS inhibitor. We also examined the 
effects of SlOOp on NO production under conditions where astrocytes are 
activated by other stimuli, such as amyloid-p or cytokines. We found that 
addition of SlOOp in combination with these factors induced a synergistic 
effect on NO production. Our data support the idea that overexpression of 
SlOOp may be an exacerbating factor in the neurodegeneration of 
Alzheimer’s disease. (Supported in part by NIH grant AG 13939)
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637.9
NOS-I IMMUNOCYTOCHEMISTRY OF THE HIPPOCAMPAL 
FORMATION AND ENTORHINAL CORTEX IN NORMAL AGING 
AND ALZHEIMER'S DISEASE. G. Simic, H. Lovric, I. Kostovic. B. 
Winblad2 and N. Bogdanovic2*. Sect, of Neuroanatomy, Croatian Inst, 
for Brain Res., Sch. of Med. Zagreb, 10000 Zagreb, CROATIA; 2Dept. 
Clin. Neurosci. and Family Med., Geriatric Sect., Karolinska Inst., 
Huddinge Univ. Hosp., S-14186 Huddinge, SWEDEN.

The systematically sampled 25 pm thick sections of hippocampus and 
entorhinal cortex (EC) of 12 Alzheimer's disease (AD) brains and 12 
normal control brains were, after deparafmization, incubated in the 
primary NOS-I antibody (dr. I. Grkovic, Auspep, Melbourne) and 
visualized using the anti-rabbit IgG Vectastain ABC kit. Adjacent 
sections were stained using Nissl and modified Bielschowsky stain.

The most interesting findings were: 1. The control and AD brains 
(especially the most severely affected, which had total loss of CAl and 
heavy loss of CA3 neurons of the stratum pyramidale with selectively 
spared CA2 neurons) had enhanced NOS-I-immunoreactivity (-ir) of 
CA2 neurons, what may be related to their resistance to degeneration, 
and 2. The islands of layer II EC neurons were in several AD cases 
almost completely devoid of both neurons and neurofibrillary tangles, 
while intensive NOS-I-ir in the reactive astroglial cells was observed. 
These data suggest that astrocytes can play a role in neuronal 
cytotoxicity in AD. Supported by the Ministry of Science of the Republic of 
Croatia grant no. 3-018, US-Croatian Joint Board JF183 (N.I.H.), and 
contract grant sponsor: Gun and Bertil Stohnes Stiftelse, Stockholm, Sweden.

637.10
BLOOD HEME OXYGENASE-1 LEVELS ARE DECREASED IN 

ALZHEIMER’S DISEASE. H.M. Schipper. H, Bergman. H, Chertkow*. 
Bloomfield Centre for Aging, Lady Davis Institute, Jewish General Hospital; Dept. 
of Neurology, Neurosurgery & Medicine (Div. Geri. Med.), McGill University. 
Montreal, QCH3T-1E2

Heme oxygenase-1 (HO-1), an enzyme catalyzing the degradation of heme to 
biliverdin, is a cellular stress protein expressed in brain and other tissues in 
response to oxidative challenge. We previously demonstrated that HO-1 is over-
expressed in neurons and astrocytes of Alzheimer-diseased (AD) temporal cortex 
and hippocampus relative to age-matched controls (Schipper et al. Ann Neurol 
37:758-768). In the present study, a competitive ELISA was used to determine HO- 
1 protein levels in plasma and blood lymphocytes derived from subjects with AD 
(n=28), subjects with mild memory impairment meeting criteria for age-associated 
cognitive decline (AACD; n=18) and normal, age-matched controls (n=l 1). Mean 
plasma (0.715 ± 0.113 mg/ml) and lymphocyte (1.16 ± 0.15) HO-1 concentrations 
in AD subjects were significantly lower than those observed in normal controls [1.8 
± 0.41 (p=0.0012) and 2.23 ± 0.56 (p<0.05) respectively]. Mean plasma (1.01 ±
0.35) and lymphocyte (1.76±0.46) HO-1 levels in the AACD group exhibited 
values intermediate between AD and normal subjects (p>0.05) for each 
comparison). Within the AD cohort, there was a significant negative correlation 
between HO-1 levels and rate of cognitive decline (r=0.47; p<0.05). Six of the 
AACD subjects exhibited plasma HO-1 levels below the lowest value seen in 
normal controls. Longitudinal follow-up of the latter is in progress to determine 
whether suppressed peripheral HO-1 levels may serve as a prognostic marker of 
incipient AD in subjects with AACD. Possible implications of HO-1 dysregulation 
for the pathogenesis of AD will be discussed. (Supported by MRC)

637.11
Neuronal DNA damage precedes tangle formation and is 
associated with up-regulation of nitrotyrosine in Alzheimer's 
disease brain. G. Deng*. J, H, Su and C. W. Cotman. Brain Aging and 
Dementia Institute. University of California, Irvine. Irvine, CA 92697-4540 
USA

Neuronal cell death is a prominent feature of Alzheimer's disease (AD). It is a 
widely held belief that neurons degenerate in AD primarily by the formation of 
tangles. However, we have shown that many neurons exhibit DNA damage, but 
do not show indications of tangle formation. Furthermore, clear signatures of 
apoptosis are not uncommonly observed in neurons devoid of tangles (Su '94, 
'96, '97). Oxidative injury has been implicated in the pathogenesis of AD. 
Recent evidence suggests that peroxynitrite induces nitration of tyrosine and 
forms nitrotyrosine (NT). Nitration of proteins can disturb their functions and 
result in various pathological processes (Beckman '94; Crow '95). Consequently, 
we examined DNA damage, neurofibrillary tangles (NFTs) and nitrotyrosine 
expression in visual cortex of AD patients with mild dementia. While no or few 
tangle-bearing neurons were seen, many strong TdT-positive neurons were 
detected in visual cortex of mild AD brain. The majority of strong TdT-labeled 
neurons lacked evidence of neurofibrillary changes. Immunoreactivity for NT was 
primarily seen in neurons, and was elevated in AD cases as compared with 
control cases, consistent with western blot results. Most TdT-labeled nuclei also 
showed strong NT immunoreactivity, while a subset of neurons with strong NT 
immunoreactivity was not TdT-positive. Most strong NT positive neurons did 
not colocalize with tangle-bearing neurons, although weak NT immunoreactivity 
was seen within some tangles. These findings suggest that in some neurons, 
there is DNA-damage in the absence of tangle formation, and thus these neurons 
may degenerate by tangle-independent mechanisms. Furthermore, oxidative 
damage may contribute to such mechanisms in AD. Supported by NIA AG 
13007.

637.12
PATTERNS OF NEURONAL CELL DEATH ASSOCIATED WITH 
NEUROFIBRILLARY TANGLE FORMATION IN ALZHEIMER'S 
DISEASE. J.G. Sheng*, R.E. Mrak and W.S.T. Griffin. Geriatrics 
and Pathology, U. Ark. Med. Sci.; DVAMC, Little Rock AR 72205

Tau2 immunohistochemistry was combined with in situ Tdt-mediated 
dUTP-X-nick end labelling (TUNEL) to study relationships between 
neurofibrillary tangle formation and neuronal cell death in 12 
Alzheimer patients. Structures were classified and quantified as 
TUNEL+/tau2+, TUNEL+/tau2‘, TUNEL7tau2+, and TUNEL7tau2‘. 
Tau2+ structures were subclassified into four stages (0-3) of 
neurofibrillary tangle morphology. The number of TUNEL+/tau2+ 
neurons was less than that of TUNEL7tau2‘ neurons or TUNEL+/tau2‘ 
neurons in the same fields (P < 0.0001). TUNEL7tau2+ structures 
were fewer in number, a third representing acellular 'ghost tangles' 
(stage 3). Tau2+ neurons were more likely than tau2‘ neurons to be 
TUNEL+ (P < 0.01), but TUNEL positivity was not uniformly 
distributed among tangle stages. TUNEL positivity was less common 
among early (stage 0) tangles than in tau2‘ neurons (P < 0.001), but 
this rose to 53% among intermediate (stage 1) tangles, and to 87% 
among late (stage 2) tangles; 5% of ghost tangles were TUNEL+. We 
suggest that early stages of neurofibrillary tangle formation occur in a 
subpopulation of relatively healthy (TUNEL') neurons, and that tangle 
progression is accompanied by increasing neuronal morbidity. 
Supported by NIH AG10208 and AG12411.

637.13
PATTERNS OF NEURONAL CELL DEATH ASSOCIATED WITH 
AMYLOID PLAQUE PROGRESSION IN ALZHEIMER’S DISEASE. 
J-Z. Wang*, J.G. Sheng. S.G. Zhu, R.E. Mrak and W.S.T. Griffin.
Depts. of Geriatrics and Pathology, Univ. Ark. Med. Sci., and Dept. 
Vet. Affairs Med Ctr., Little Rock AR 72205

Neuronal cell injury and death associated with amyloid plaque 
progression in Alzheimer's disease was examined using in situ Tdt- 
mediated dUTP-X-nick end labelling (TUNEL) combined with amyloid 
immunohistochemistry in tissue sections from temporal lobe of 7 
Alzheimer patients. Plaques were classified as diffuse (DP), diffuse 
neuritic (DNP), dense-core neuritic (DCNP), and 'burnt out' dense- 
cores (BOP). We counted neurons in individual plaques and 
categorized them as TUNEL+ or TUNEL'. The number of plaque- 
associated neurons decreased across a hypothesized sequence of plaque 
progression from 4.3 to 1.3 to 0.7 to 0.4 for DP, DNP, DCNP, and 
BOP, respectively. Only 18% of the neurons in diffuse plaques were 
TUNEL+ while 74% and 63% of neurons in DNP and DCNP, 
respectively, were TUNEL+. Of the infrequent neurons associated with 
'burnt out' plaques, only 14% were TUNEL+. This suggests that 
neuronal cell death occurs in concert with the complex molecular and 
cellular events associated with plaque progression. Our findings also 
suggest a role for plaque-neuronal interactions in the spread of 
neuropathological changes across brain regions in Alzheimer's disease. 
Supported by NIH AG10208 and AG12411.

637.14
NEURONAL CELL SUSCEPTIBILITY TO DIFFERENT INSULTS 
SUGGESTS ALTERNATE PATHWAYS FOR APOPTOSIS. J.P. SharpL2. 
K.J. Ivins^A B.A, Paul1, C.W. Cotman*L2. Dept. of Psychobiology1 and Inst, for Brain 
Aging and Dementia2, Univ. of Cal., Irvine, CA 92697.

Members of the bcl-2 proto-oncogene family have been shown to block apoptotic 
cell death produced by various insults, including oxidative stress and exposure to UV 
radiation. Our laboratory has demonstrated that Bcl-2 levels are increased in neurons 
localized to regions of pathology in Alzheimer's disease (AD) brain. However, it is not 
clear to what extent Bcl-2 may protect neurons from apoptosis induced in AD. 
Previous studies have shown that Bcl-2 is able to protect cells from staurosporine and 
oxidative apoptotic inducers, but not from insults that cross-link cell surface receptors 
such as the Fas ligand (i.e., activation-induced cell death). In order to clarify 
mechanisms by which Bcl-2 can be protective, we have generated PC 12 cell lines 
stably transfected with bcl-2 cDNA. As anticipated, cells overexpressing bcl-2 are 
protected from apoptosis produced by UVC exposure, hydrogen peroxide, and 
staurosporine. In vector-transfected control cells, UVC radiation led to an increase in c- 
Jun levels measured 5 hrs post-irradiation and to massive cell death 24 hrs post-
irradiation. The increase in c-Jun following UVC exposure is assumed to predetermine 
apoptotic death. Importantly, no induction of c-Jun occurred in irradiated bcl-2 
transfectants, indicating that bcl-2 overexpression acts very early in the apoptotic 
pathway activated by UV exposure. Previous studies have suggested that Bcl-2 may 
prevent a rise in intracellular calcium released by intracellular stores. Using the 
calcium sensitive fluo-3, we found that UVC exposure led to a rapid increase in 
intracellular calcium levels in control cells, but was attenuated in bcl-2 transfectants. 
Although Bcl-2 protected these cells from staurosporine and oxidative insults, they were 
susceptible to concanavalin A (ConA)- and AB-induced apoptosis. This suggests that 
these insults may select for cellular pathways involved in activation-induced cell death 
(AICD) which are relatively insensitive to Bcl-2. This finding supports data that 
suggest ConA and AB induce cell death via a Fas-like mechanism. Thus, protection by 
Bcl-2 may afford better protection to apoptotic insults that do not involve AICD 
pathways. This research is supported by grant # NIH AG12663.
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637.15
A TRUNCATED FORM OF TAU ENCOMPASSING THE ALZHEIMER’S PHF 
CORE FRAGMENT INDUCES APOPTOSIS. LJasulo1. M. Visintin1. M. 
Novak1,2, and A. Cattaneo1* international School for Advanced Studies (SISSA), 
34013 Trieste, Italy and institute of Neuro-immunology, Slovak Academy of 
Sciences, 84246 Bratislava, Slovakia.

Recent evidence shows that tau is endogenously truncated in Alzheimer’s Disease 
(AD) neurons. A pronase-resistant core of paired helical filaments (PHF), made of 
a group of 12 kDA fragments of tau, has been used to raise the monoclonal 
antibody 423, a tau-truncation specific antibody (Novak et al. (1993) EMBO J. 12, 
365-370). Mab 423 recognizes tau truncated at Glu 391 and decorates all main 
neuropathological hallmarks of AD brains but does not stain normal age-matched 
brains. In order to study the relevance of this abnormal post-traslational 
modification of tau for the cell degeneration occurring in AD, we expressed in COS 
cells a set of truncated forms of tau ending at Glu 391. We found that the tau 
fragment kappal7, extending from residue 151 to Glu 391, and encompassing the 
proline rich region (P1P2) as well as the microtubule binding repeats (R1-R4), 
induces apoptosis in almost 50% of the transfected cells. Apoptosis was identified 
ot the basis of in situ DNA fragmentation and PARP processing. Fragments 
lacking either the P1P2 or the R1-R4 domains do not induce cell death. Since 
apoptosis has been shown to occur in AD brain, these results suggest that truncated 
tau might cooperate in promoting apoptosis in AD neurons.
The work was supported by HFSPO (93/93) and Howard Huges Medical Institute 
(75195-54701).

637.16
A NEW ANTIBODY TO AN ACTIN NEOEPITOPE GENERATED DURING 
APOPTOSIS LABELS PLAQUE-ASSOCIATED NEURONS AND 
MICROGLIA IN ALZHEIMER'S BRAIN.
F. Yang\.X, Slip,—B» Jefer, S-A. Frautschy_,and G-M- Cole.
Sepulveda VAMC, GRECC 11E, Sepulveda, CA 91343 and UCLA Depts. 
Medicine and Neurology, Los Angeles, CA 90095

Actin cleavage at Asp244 by ICE-related "CASPase" protease has 
been reported in cell extracts of apoptotic cells. An antibody to detect a 
neoepitope in the cleavage product was developed which labeled human 
neuroblastoma cells induced to apoptose with colchicine, hydrogen peroxide 
or okadaic acid (confirmed with DNA laddering data). The antibody labeled 
cell blebs and cytoskeleton in cells and processes at early stages after 
induction of apoptosis. Actin cleaving activity rose in parallel with CPP32 
protein and was inhibited by DEVD-CHO. The antibody labeled a 32KD band 
and smaller fragments from apoptotic but not necrotic cells. In animal 
models with mixed necrotic and apoptotic cell death, a subset of TUNEL 
positive cells were labeled. Alzheimer brains with TUNEL positive cell, but 
not normal control brain, showed plaque-associated microglia and neuron 
labeling. TUNEL and actin fragment immunostaininig were most prominent in 
amyloid-laden regions of a probable presenilin case with onset at 38 years. 
Actin fragment immunostaining is more specific than TUNEL and in 
neurodegenerative conditions allows detection of cell death protease 
activation in axons, dendrites or synapses. Data from quantitative assays 
and confocal double labeling studies on activation of ICE-related protease in 
AD brain will be presented.
Supported by grants from VA Merit, NIA and Amgen.

637.17
COMPARISON OF APOPTOTIC GENE EXPRESSION IN ALZHEIMER'S 
DISEASE AND LEWY BODY DISEASE . J.M.Wells * , S. Lynch1 
^Bedford VAMC, Bedford MA 01730. Boston University 
Alzheimer's Disease Core Center. Department of Neurology, 
Boston University School of Medicine. xDepartment of 
Biology, Merrimack College.

It has been suggested by some that Alzheimer disease 
(AD) and Lewy Body disease (LBD) are part of a spectrum of 
one neurodegenerative disease. There have been reports 
that neurons in both disease undergo apoptotic cell death. 
To further understand the relationship between the two 
diseases, we compared the expression of a number of genes 
involved in apoptosis.

Using reverse transcription PCR, we analyzed gene 
expression using RNA isolated from the frontal lobes of 
either AD patients or LBD patients. Samples were 
normalized using Beta Actin and GPDH expression. Among the 
primers tested were ICE, Bel family members, SGP-2, BAX, 
and NFkappa B. Two genes, bcl-x and SGP-2, were found to be 
increased in LBD relative to AD. We are currently testing 
whether other genes are differentially regulated. This 
study is part of our overall effort to characterize 
neurodegenerative diseases at the level of gene expression.

Supported by a grant from the Department of Veterans 
Affairs and a Pilot grant from the Boston University 
Alzheimer Disease Core Center.

637.18
EVIDENCE FOR CLUSTERIN-MEDIATED NEUROPROTECTION IN 
ALZHEIMER’S DISEASE: A QUANTITATIVE IMMUNOCYTOCHEMICAL

BourasL I Department of Psychiatry, HUG Belle-Idde, 1225 Chene-Bourg, 
Geneva, Switzerland; 2Neurobiol. Aging Labs, Mt Sinai Sch. Med., New York, 
NY 10029; ^Department of Dermatology, HUG, 1211 Geneva 14, Switzerland.

Clusterin is a secreted glycoprotein which is highly expressed in response to 
tissue injury in both peripheral organs and brain. Recent studies have shown a 
substantial increase in clusterin mRNA in pyramidal neurons of the 
hippocampus and entorhinal cortex in Alzheimer's disease, and clusterin 
immunoreactivity has been found in neuropil threads, neurofibrillary tangles, and 
senile plaques. In order to elucidate the role of this protein in the degenerative 
process, a quantitative study of its distribution in the cerebral cortex of non- 
demented and Alzheimer’s disease patients, all older than 85 years of age, was 
performed using immunocytochemistry. Using a stereological approach, we 
found that in cortical areas affected in Alzheimer's disease such as entorhinal 
cortex, and inferior temporal and superior frontal cortex, the percentage of 
neurofibrillary tangle-free neurons displaying clusterin immunoreactivity was 
significantly increased compared to non-demented cases. No such increase in the 
density of clusterin-immunoreactive neurons was seen in cortical areas that were 
less affected in the disease process. Furthermore, clusterin immunoreactivity was 
rarely observed in NFT-containing neurons. In conjunction with previous 
observations in peripheral tissues, these data imply that clusterin may have a 
neuroprotective role, and that in Alzheimer’s disease, low cellular expression of 
this protein may be associated with neuronal degeneration and death.
Supported in part by NIH grant AGO5138, and FNRS grant 31.45960.95.
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638.1
MOLECULAR MECHANISMS REGULATING GSK-36 MEDIATED 
PHOSPHORYLATION OF TAU. N.G. Irving*, U. Wagner and C.C.J 
Miller. Dept of Neuroscience, Institute of Psychiatry London SE5 8AF UK.

Hyperphosphorylation of the microtubule associated protein tau in paired 
helical filaments (PHF) is one of the hallmarks of Alzheimer’s disease 
neuropathology. Glycogen synthase kinase-313 (GSK-313) is a tau kinase that 
will phosphorylate tau so as to generate epitopes for antibodies that 
recognise PHF-tau. GSK3-13 is a component of the wingless signalling 
pathway and stimulation of wingless is predicted to decrease GSK3-13 
activity. The molecular mechanisms whereby wingless mediates GSK-313 
activity are not fully understood. However there is evidence of crosstalk 
between the wingless and Notch signalling pathways via dishevelled a 
cytoplasmic protein downstream of the wingless receptors and upstream of 
GSK-313. Interestingly, genetic studies indicate that Sel-12, a C. elegans 
homologue of Presenilin-1 (Ps-1), is involved in Notch signalling and this 
suggests a possible connection between Ps-1 and tau phosphorylation by 
GSK-313. In order to investigate this putative connection further, we studied 
the effect of manipulating Ps-1 expression on GSK-36 mediated 
phosphorylation of tau. However, we found no significant effect of Ps-1 on 
tau phosphorylation in transfected cells. Since dishevelled is believed to be 
upstream of GSK-36 in the wingless pathway, we also studied the effect of 
manipulating Dvl-1 (the mouse homologue of dishevelled) expression on 
GSK-36 mediated phosphorylation of tau. In transfected cells, we found that 
overexpression of Dvl-1 inhibits tau phosphorylation by GSK-36. A more 
complete understanding of dishevelled function might therefore enhance our 
understanding of the mechanisms controlling tau phosphorylation in 
Alzheimer’s disease. This work was supported by Wellcome grants to
C.C.J.M.

638.2
IMMUNOAFFINITY PURIFICATION OF A SOLUBLE POOL OF
ABNORMAL TAU FROM ALZHEIMER’S DISEASE AND ALZHEIMER-LIKE

Departments of Pathology 1 and Neuroscience^, Albert Einstein College of 
Medicine, Bronx, NY 10461 and ^Dept of Pathology, Indiana Univ Sch Med, 
Indianapolis IN 46202

The recently characterized IgGl monoclonal antibody MCI, which recognizes a 
conformational epitoe on tau, has been used to immunoaffinity purify abnormal tau 
fr om gray matter from cases of sporadic Alzheimer's disease (AD), Pick's disease, 
Amyloid Precursor Protein 717 mutations, and Presenilin 1 (PSI) familial AD. 
Immunoblotting with the monoclonal antibodies Alz-50, PHF-1, TG3, TG4, MN- 
37, and Tau-46 revealed that PHF efficiently purified from all cases, with similar 
recoveries of immunoreactivity. Electron microscopy of proteins purified in this 
fashion revealed abundant Paired helical filaments (PHF) from cases of AD. PHF 
purified from AD brains were subjected to ultracentrifugation at 100,000 X g, and 
this pelleted 85-90% of the protein, while leaving 10-15% in the supernatant. 
Electron microscopy of the soluble pool failed to reveal the presence of PHFs, 
although the major proteins of the PHF were present. However, concentration by 
ultrafiltration of the supernatant fraction resulted in the assembly of PHFs. These 
PHFs displayed similar dimensions to those purified by other methods. A variety of 
agents including B-mercaptoethanol, dithiothreitol (DTT), pyrophosphate (PPi), 
non-ionic detergents, and SDS have been used to examine die nature of the 
molecular interactions that participate in assembly of PHF. Hydrophobic and 
elecu ostatic interactions both appear to be important as Triton X-100 prevented 
PHF assembly, while a Triton X-100/PPi combination or SDS both prevented 
filament assembly and destroyed the MCI epitope. Similar strategies are being used 
to purify abnormal tau from familial cases which do not appear to involve 
neurofibrillary tangle foimation. Supported by NIH training grants T32GM07288 
and NS07098.
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638.3
SITE SPECIFIC REGULATION OF TAU PHOSPHORYLATION BY A 
SYNTHETIC APOLIPOPROTEIN E (APOE) PEPTIDE. Xiao-shu Wang*#, 
Patricia Luebbe, Eric Gruenstein #, Frank Zemlan#. # Neuroscience 
Graduate Program, Department of Molecular Genetics, Biochemistry, and 
Microbiology, University of Cincinnati College of Medicine, Cincinnati, OH 
45267-0524.

ApoE polymorphism is a significant risk factor for Alzheimer’s disease (AD). 
Much of the current research on apoE has focused on its direct interaction 
with AD pathogens such as Ap and tau. The present study suggests an 
alternative mechanism in which apoE may affect AD pathology via signal 
transduction. The effect of a bioactive synthetic apoE peptide, apoE^i.^, on 
tau protein phosphoiylation was examined in rat cultured cortical neurons. 
Tau phosphorylation at thr231, ser235 and ser396 was quantified by ELISA 
using monoclonal antibodies specific for the phosphorylated or 
dephosphorylated epitopes. ApoE(i4U49)2 produced concentration dependent 
dephosphorylation of tau at all three sites, but this was mediated by two 
independent signaling pathways. The apoE(i4i-i49)2 induced dephosphorylation 
at thr231 and ser235 could be inhibited by withdrawing extracellular Ca2* or 
by cyclosporin A, suggesting the involvement of protein phosphatase 2B 
(calcineurin). On the other hand, apoE(i4U49)2 induced dephosphorylation at 
ser396 was insensitive to both Ca2* removal and cyclosporin A but could be 
inhibited by pertusis toxin and okadic acid, consistent with a G-protein linked 
activation of protein phosphatase 2A. These data suggest that apoE may 
influence cytoskeleton stability by modulating the phosphorylation of tau in a 
site specific manner. Supported by NIH AG 12572

638.4
TAU: OXIDATION, ARGINYLATION AND UBIQUITINATION, D.J. 
Steinberg and N.A. Ingoglia*. Dept’s. of Physiology and Neuroscience, 
UMDNJ-New Jersey Medical School, Newark, NJ 07103

Tau, ordinarily a microtubule-associated protein, forms the major 
component of neurofibrillary tangles (NFTs) in Alzheimer's brains. NFTs 
have been shown to be stained by antibodies against ubiquitin, a 76- 
residue polypeptide that marks proteins for degradation, and one study 
has sequenced ubiquitin directly linked to NFT-associated tau. The 
signals for ubiquitination are largely unknown, but some proteins appear 
to become conjugated to ubiquitin after their N-terminus is arginylated. In 
the present study, we investigated whether recombinant human tau (441 - 
residue isoform) could be arginylated and subsequently ubiquitinated in 
vitro. A subsidiary question was whether the oxidation of tau would 
enhance its arginylation and ubiquitination. (According to recent 
immunocytochemical studies, NFTs in Alzheimer’s brains display strong 
oxidative damage.) Metal-catalyzed oxidation of tau resulted in its 
cleavage, apparently in the microtubule-binding region. When tau was 
incubated with a rat-brain extract capable of N-terminal arginylation, 
oxidation-generated tau fragments were arginylated, as was oxidized and 
non-oxidized monomeric tau. Western blots of incubated tau were 
probed with an antibody against tau, and the presence of high molecular- 
weight immunoreactivity in the presence of ATP suggested that tau was a 
substrate for ubiquitination, an ATP-dependent reaction. A causative link 
between arginylation and ubiquitination could not be demonstrated, 
however, due to low levels of arginylating activity in the system. 
(Supported by an Investigator-Research grant from the Alzheimer’s 
Association.)

638.5
INSULIN, IGF-1, AND LITHIUM INDUCE DEPHOSPHORYLATION 
OF TAU AND AFFECT MICROTUBULE ASSEMBLY THROUGH 
REGULATION OF THE PI(3)K-PKB-GSK-3 PATHWAY IN CULTURED 
HUMAN NEURONS. M, Hong and V. M.-Y, Lee*, Center for 
Neurodegenerative Disease Research, University of Pennsylvania, 
Philadelphia, PA 19104

Hyperphosphorylated tau is the major component of paired helical 
filaments (PHFs) in neurofibrillary lesions associated with Alzheimer's 
disease (AD). Hyperphosphorylation reduces the affinity of tau for 
microtubules and is thought to be a critical event in the pathogenesis of AD. 
Recently, glycogen synthase kinase-3 (GSK-3), a serine/threonine protein 
kinase has been shown to phosphorylate tau in vitro and in non-neuronal 
cells transfected with tau. However the regulation of tau phosphorylation 
by GSK-3 remains unknown. In non-neuronal cells, the activity of GSK-3 
can be downregulated in response to insulin or IGF-1 stimulation through 
the activation of the phosphatidylinositol-3 kinase (PI(3)K)-protein kinase B 
(PKB) signaling pathway. We therefore hypothesize that insulin or IGF-1 
may affect tau phosphorylation through the regulation of GSK-3 activity. 
Using cultured human neuronal NT2N cells, we demonstrate that GSK-3 
phosphorylates tau and reduces its affinity for microtubules, and that 
insulin and IGF-1 stimulation reduces tau phosphorylation and promotes its 
binding to microtubules. We further demonstrate that the effects of insulin 
and IGF-1 on tau phosphorylation are mediated through the inhibition of 
GSK-3 via the PI(3)K-PKB signaling pathway. We also show that lithium 
mimics the effects of insulin and IGF-1 on tau phosphorylation by direct 
and reversible inhibition of GSK-3, and promotes microtubule assembly. 
Supported by NIH AG10210.

638.6
MODULATION OF THE EXPRESSION AND ACTIVITY OF TISSUE 
TRANSGLUTAMINASE IN HUMAN NEUROBLASTOMA SH-SY5Y CELLS. 
J. Zhang and G.V.W.Johnson*. Dept. Psychiatry, University of Alabama at 
Birmingham, Birmingham, AL 35294-0017

Tissue transglutaminase (tTG) catalyzes a Ca** dependent acyl transfer reaction 
resulting in the formation an isopeptide bond, or the incorporation of polyamine 
into a protein to form a (y-glutamyl)polyamine bond. In vitro GTP potently inhibits 
tTG activity. It has been hypothesized that tTG may be involved in the formation of 
the insoluble neurofibrillary tangles found in Alzheimer’s disease (AD) brain given 
that tTG activity and levels of are elevated in AD brain compared to age-matched 
controls. In this study the in vitro and in situ activity, as well as expression levels, 
of tTG were examined using human neuroblastoma SH-SY5Y (SH) cells that 
differentiated into a neuronal phenotype when treated with retinoic acid (RA). 
Immunoblots showed that the expression levels of tTG in SH cells increase in 
response to RA with maximal tTG expression occurring after 6d. In vitro tTG 
activity correlated with expression levels of tTG, after 6d of RA tTG activity was 
approximately 10 fold higher than the activity in untreated control cells. A 
quantitative assay was developed using a membrane-permeable biotinylated 
polyamine to measure tTG activity in situ. Although the in situ basal activity of tTG 
was not significantly increased by RA treatment, when the SH cells were stimulated 
with Maitotoxin (MTX), a Ca**-mobilizing drug, in situ tTG activity was 
significantly greater in the RA-treated cells compared to control. To examine the 
role of GTP in modulating the in situ activity of tTG, tiaziofurin(TZ), a drug that 
selectively inhibits the synthesis of GTP, was used. TZ stimulated in situ tTG 
activity in RA-treated SH cells in a dose-dependent manner. When RA-treated cells 
were stimulated with both MTX (1 nM) and TZ (12.5 pM), there was an additive 
increase in in situ tTG activity. These data indicate that Ca** and GTP modulate 
tTG via two independent mechanisms. This work was supported by NIH grant AG 12396.

638.7
MODIFICATION OF TAU IN SITU BY ACTIVATION OF 
TRANSGLUTAMINASE. M.L. Miller*, J. Zhang, and G.V.W. 
Johnson. Dept. Pharmacology, University of Alabama at Birmingham, 
Birmingham, AL 35294.

Tissue transglutaminase (TG) is a multifunctional, calcium-activated 
enzyme which can catalyze both the crosslinking of proteins and the 
incorporation of polyamines into specific protein substrates. One 
substrate of TG in vitro is the tau protein, a microtubule-associated 
phosphoprotein which is aberrantly localized and modified in 
Alzheimer’s disease. To determine whether tau is a substrate of TG in 
situ, SH-SY5Y human neuroblastoma cells (SH cells) were 
differentiated into a neuronal phenotype with retinoic acid, a treatment 
which strongly induces the expression of TG in these cells. Following 
preincubation of the differentiated SH cells with a membrane-permeable 
biotinylated polyamine, TG was activated by treatment with maitotoxin, 
a compound which acts upon calcium channels in the plasma 
membrane. Immunoprecipitation of biotinylated proteins with 
streptavidin-conjugated agarose revealed that several proteins can be 
modified by TG in response to increased intracellular calcium 
concentrations. These modified proteins were then separated by SDS- 
PAGE and immunoblotted with antibodies to tau. Results indicate that 
the tau protein is a substrate of transglutaminase in situ. This may have 
relevance to Alzheimer’s disease, in which tau may become aberrantly 
modified by the enzyme under pathological conditions. This work 
supported by NIH grant AG12396.

638.8
TAU PROTEIN KINASE VGLYCOGEN SYNTHASE KINASE-3J3 
INACTIVATES PYRUVATE DEHYDROGENASE IN RAT PRIMARY 
CULTURE AFTER AM YLOID-p TREATMENT. M.Hoshi*,A. 
Takashima, K. Ichiguro and K. Imahori. Mitsubishi Kasei Institute of 
Life Sciences, 11 Minamiooya, Machida-shi, Tokyo 194, Japan.

Accumulating evidence indicates a critical and central role for Api.42 
in amyloid plaque formation in Alzheimer’s Disease (AD). Using a 
primary’ culture from rat brains, which include septal and basal forebrain 
cholinergic neurons, we found that Api.42 freshly dissolved in water 
(non-aged Api-42) impaired acetylcholine synthesis without affecting 
neuronal survival. Non-aged Api-42 inhibited pyruvate dehydrogenase 
(PDH) activity, which resulted in reduced acetylcholine synthesis through 
shortage of acetyl-CoA, as judged from that neither choline acetyltransferase 
activity nor choline metabolism was affected. PDH was phosphorylated 
and inactivated by tau protein kinase I/glycogen synthase kinase-3p 
(TPKI/GSK-3P), which was recovered in the inner membrane and matrix 
fraction of mitochondria like the case of PDH. After Api-42 treatment, 
the content of mitochondrial TPKI/GSK-3P did not change, but the specific 
activity was increased. Thus, non-aged Api.42 through some signal 
cascades activates TPKI/GSK-3P, which in turn phosphorylates and 
inactivates PDH. Considering a report about specific increase of soluble 
Api-42 in AD brain, soluble APi-42 may disturb cholinergic function 
through PDH inactivation. To address this hypothesis, further studies 
are in progress to clarify the mechanism of PDH inactivation after Api- 
42-treatment.
The funding source: Mitsubishi Kasei Institute of Life Sciences.
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638.9
Lithium induces dephosphoryiation of tau in primary neuronal cultures 
through inhibition of glycogen synthase kinase 3p. D.R.Davis*,
B.H.Anderton, 1J-P.Brion, T.Mach, M-T, Webster and S.Lov estone.
Department of Neuroscience, Institute of Psychiatry, De Crespigny Park, 
Denmark Hill, London, SE5 8AF and 1Untversite Libre de Brussels, 
Faculte de Medicine, 808 Route de Lennik, Bldg C-10. B-1070 Bruxelles, 
Belgium.

The diverse actions of the anti-bipolar disorder drug lithium have been 
of interest to researchers for sometime. The favoured mechanism is 
through the inhibition of inositol monophosphatase (IMPase), although 
more recently lithium has been shown to potently inhibit the 
serine/threonine protein kinase glycogen synthase kinase 3(3 (GSK3(3) in 
vitro and mimic wingless signalling in intact cells. GSK3(3 is a candidate 
kinase for the phosphorylation of the microtubule-associated protein tau in 
the pathogenesis of Alzheimer’s disease, and so we investigated the 
effects of lithium on tau in living neurones. Lithium induced a dose 
dependent decrease in the phosphorylation state of tau in primary cortical 
cultures, as determined through the use of a range of phosphorylation 
sensitive monoclonal antibodies. This effect occurred in the absence of 
toxicity and was reversible. The effect was accompanied by an increase in 
p-catenin, suggesting that lithium can mimic wingless signalling in living 
neurones. These results give further evidence for the molecular 
mechanism of lithium action in neuronal cells and also supports the theory 
that GSK3p is a key kinase for the regulation of tau phosphorylation in the 
developing nervous system. Finally, this work highlights a possible novel 
target for the treatment of bipolar disorder.
Supported by the Wellcome Trust.

638.10
A NEW PROTEIN 4.1 FAMILY MEMBER; ASSOCIATION WITH 
DEVELOPMENT OF TAU PATHOLOGY IN ALZHEIMER'S DIS-
EASE. T, Jons. C, Jacobi. O, Ninnemann. R. Zarski. R.W. Veh* and T.G. 
Ohm. Institute for Anatomy, Charite - Humboldt University Hospital, 
D-10098 Berlin, FRG.

The formation of paired-helical filaments (PHFs) is a major hallmark of 
Alzheimer's disease (AD) and reflects a major disorganization of the cyto-
skeleton. The P4.1-family members are multifunctional linkage proteins of 
the cytoskeleton. In AD, Sihag et al. (1994) reported colocalization of a 50 
and 68 kD P4.1-like protein with PHFs and a staining of soma and neurons 
in control and AD brains. Our antibody only detects a 115 kD P4.1-like pro-
tein in hippocampal homogenates and none of the proteins described by 
Shiag et al.. In immunostained tissue sections of AD brains our antibody dis-
played staining of soma and dendrite compartments. Interestingly, control 
brains (up to stage II of Braak's classification) and cerebella - which never 
display PHF formation even in severe AD cases - remained unlabeled. 
Double immunofluorescence studies with antibodies against NFTs and 
P4.1 detect a colocalization. Our data suggest that we may have detected a 
new protein of the protein 4.1 family, which we see in tissues related to the 
formation of PHF.

This work was supported by the Deutsche Himliga, Hertie-Stiftung, 
DFGOh48/l-3, and the Forschungskommission of the Charite.

638.11
MICROTUBULE-ASSOCIATED PROTEIN TAU INTERACTS WITH 
PHOSPHOLIPASE C-GAMMA IN SITU: POTENTIAL ROLE FOR TAU IN 
SIGNAL TRANSDUCTION. S. M. Jenkins*and G, V, W, Johnson. Department 
of Psychiatry, University of Alabama at Birmingham, Birmingham, AL 35294.

Alzheimer’s disease (AD), the most common form of human dementia, is 
characterized by multiple pathological markers including deficits in signal 
transduction and abnormalities in the neuronal cytoskeleton. Although these 
events have been hypothesized to be interrelated, the elucidation of specific 
mechanisms of interaction has proved difficult. However, recent findings that in 
the presence of arachidonic acid, the microtubule-associated protein tau activates 
phospholipase C-gamma (PLC-y) in vitro indicate a potential point of interaction 
between signal transduction and the cytoskeleton.

In the present study, we have extended previous findings by 
demonstrating an association between tau and PLC-y in situ using a human 
neuroblastoma cell line differentiated to a neuronal phenotype. Using antibodies 
specific for both tau and PLC-y, we show that tau and PLC-y co- 
immunoprecipitate from differentiated SH-SY5Y cells and that the PLC-y 
immunoprecipitating with tau is active. Association with tau appears to be 
specific for PLC-y, as antibodies to PLC-(3 and PLC-5 failed to co-precipitate tau. 
PLC-y antibodies preferentially co-precipitate tau in a lower phosphorylation state 
indicating that the association between tau and PLC-y may be modulated by tau’s 
phosphorylation state. Because PHF tau is hyperphosphorylated in AD brains, the 
interaction between tau and PLC-y may be altered in the disease state potentially 
contributing to the observed neurodegeneration. These results expand the role 
traditionally ascribed to the microtubule-associated protein tau and provide a 
potential link between cytoskeletal abnormalities and signal transduction deficits 
associated with AD. Supported by NIH grant NS27538.

638.12
GLYCOSYLATION OF MICROTUBULE-ASSOCIATED TAU PROTEIN IN 

ALZHEIMER'S DISEASE. M. Takahashi, T, Yamada*, Y. Tsuboi. H, Okada and T. 
Yamamoto. Dept. of Int. Med. & Health Care, Sch. of Med., Fukuoka Univ., 7-45-1 

Nanakuma, Jonan-ku, Fukuoka 814-80, Japan.
The presence in brain of numerous neurons with neurofibrillary tangles of paired helical 

filaments (PHFs) is one of the pathological hallmarks for Alzheimer’s disease (AD). The 
microtubule-associated protein tau in abnormally hyperphosphorylated form is the major 
subunit of PHF. A recent in vitro study showed that PHF tangles from AD brains are 
highly glycosylated, whereas no glycan is detected in normal tau. Deglycosylation of PHF 
tangles converts these tangles into bundles of straight filaments and restores their 
accessibility to microtubules. We have now shown that PHF tangles from AD brain tissue 
sections were associated with specific glycan molecules using the methods of double 

immunostaining with peroxidase- and alkaline phosphatase labeling, double immuno- 
fluorescent staining and immuno-electron microscopic staining with gold-sliver 

enhancement. Intracellular tangles with abnormally hyperphosphorylated tau (AD P-tau) 

detected by the monoclonal antibodies AT-8 and anti-tau-2 were also positive for lectin 
GNA which recognizes both the N-glycosidically linked and O-glycosidically linked 
saccharides. Confocal laser microscopy could augment the co-localization of these two 
molecules. PHF tangles of AD brain tissue embedded in a hydrophilic material were 
somewhat speckled with granules stained by lectin GNA with gold-silver intensification. 
Thus, although the abnormal phosphorylation might promote aggregation of tau and 
inhibition of the assembly of microtubles, glycosylation mediated by a GNA-positive glycan 

appears to be responsible for the maintenance of the PHF structure in vivo.

638.13
PATHOLOGICAL TAU PROTEINS DISTINGUISH SIX SUBTYPES OF NEURO-
FIBRILLARY DEGENERATION N. Sergeant! y Robitaille2, P. VermerschL L. 
Buee-.V, Buee-ScherrerL A. Wattez-.C, Tranchant-, D. Gauvreau2, PR. Hof^ , A.
Delacourte*-. 1 INSERM U422, F-59045, Lille, France. 2 Projet Image. Hop. Cote des neiges, 
Montreal, Canada. JService de Neurologie, CHU., Strasbourg, France. Fishberg Center for 
Neurobiology. Mount Sinai Hospital, New York, USA.

Tau positive neuronal inclusions are observed in numerous brain disorders, 
including Alzheimer’s disease (AD), progressive supranuclear palsy (PSP), corticoba- 
sal degeneration (CDB), Pick's disease (PiD), post-encephalitic parkinsonism (PEP), 
myotonic dystrophy (DM) and sometimes Gerstmann-Straussler-Scheinker syndrome 
(GSS).Tau proteins that aggregate into degenerating neurons are referred to as 
Pathological Tau proteins (PTP). Biochemical analyses of PTP enable to distinguish 
six different electrophoretic profiles which are disease-specific. In AD, a major triplet 
is well detected (PTP 69, 64, 55), associated with a minor 74 kDa band (corresponding 
to the longest Tau isoform) which is more easily detected in early onset AD. A major 
doublet is found in PSP and CBD (PTP 69, 64); another major doublet is observed in 
PiD (PTP 64, 55); a major band (PTP 55) is detected in DM. In GSS, all PTP are agre- 
gated and migrate into a huge smear. Interestingly, PTP from PEP had the «AD» pro-
file. We are also able to distinguish a subgroup of frontal lobe dementia (non-AD, non- 
PiD) with a soluble PTP triplet specifically found in frontotemporal regions.'

To further characterize PTP, we have used two-dimensional western blot ana-
lyses and phosphorylation-dependent immunological probes such as AD2. PTP from 
AD were by far the most acidic (isoelectric point of 5.5), because of their hyperphos-
phorylation. PTP in CBD were more acidic (pi 5.9) than those found in PSP (pi 6.2). 
Therefore, it is possible to distinguish these two brain disorders. PTP from PiD were 
less phosphorylated (pi 6.4). DM was characterized by a major and highly phospho- 
rylated component at 55 kDa (pi 6.2). In GSS, PTP were almost totally engaged in the 
formation of a huge smear of SDS insoluble-Tau aggregates.

Together, we show that PTP are outstanding biochemical markers that can be 
used for the diagnosis of neurodegenerative disorders.
This work was supported by INSERM, CNRS and Association FRANCE ALZHEIMER (N.S)

638.14
PRESENCE OF PHOSPHORYLATED SERINE 422 ON TAU PROTEINS IS 
COMMON FEATURE AMONG NEURODEGENERATIVE DISORDERS. D.P, 
Perl*1, C. Soulifr*. T, Bussifcre3. C. Brown2, T, Valloton2. P, Hof2 and A,
Delacourte3, ‘Dept of pathology, and 2Neurobiology of Aging Laboratories, Mount 
Sinai School of medecine, New York, NY 10029; ’INSERM U422, Lille, France F59045.

In Alzheimer’s disease (AD), neurofibrillary tangles (NFT) result from the 
aggregation of paired helical filaments (PHF) made of microtubule-associated tau 
proteins. Hyperphosphorylation of tau proteins is characteristic of aggregated tau- 
PHF. However, most of the phosphorylation sites found in tau-PHF are also 
detected in tau proteins derived from biopsy-derived brain materials. A specific 
phosphorylation site at Ser422 (according to the longest tau isoform, 441 amino 
acids) was recently demonstrated on tau-PHF. This epitope is nearly absent on tau 
proteins recovered from biopsy materials. In the present study, we investigated the 
presence of this epitope on tau proteins in neurtxlegenerative disorders including 
AD, Down Syndrome (DS), amyotrophic lateral sclerosis/parkinsonism dementia 
complex of Guam (ALS/PDC), corticobasal degeneration (CBD), postencephalitic 
parkinsonism (PEP), Pick’s disease and progressive supranuclear palsy (PSP) using 
a antibody (988) specific of phosphorylated Ser422 epitope. In all neurodegenerative 
disorders, the antibtxly clearly labelled NFT and dystrophic neurites. In Pick’s 
disease, Pick bodies were also immunodetected. Double labelling experiment with 
antibody AD2 that detects phosphorylation sites at SER 396 and 404, revealed that 
antibody 988 labels a larger population of NFT than did AD2. By western blotting, 
tire antibody labelled the characteristic tau triplet in AD, DS, ALS/PDC and PEP, 
tau 55 and 64 doublet in Pick’s disease, tau 64, 69 in PSP and CBD. These data 
indicate that phosphorylation at Ser 422 is a common feature among 
neurodegenerative disorders ;md is therefore not specific to AD. supported by NIH 
grants (AG05138 and AG08802). CS is a recipient grant from Servier.
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638.15
CSF TAU-PROTEIN DIFFERENTIATES HIGHLY SIGNIFICANT BETWEEN 
ALZHEIMER’S PATIENTS AND CONTROLS: NO CORRELATION WITH 
APOE GENOTYPE AND DEGREE OF COGNITIVE DECLINE. K, Buch1, M, 
Riemenschneider2. A. Kurz3. F. Padberg1. U. Muller4, T. Sunderland5, D.
Schoen1, W.G, Guder2, H.-J. Moller1. A, Erfurth*1 and H, Hampel1, 'Dept. of 
Psychiatry, Geriatric Psychiatry Branch, Ludwig-Maximilian University, 80336 
Munich. 2Dept. of Clinical Chemistry, Bogenhausen Hospital, 81925 Munich. 
3Dept. of Psychiatry, Geriatric Psychiatry Branch, Technical University, 81675 
Munich, institute of Human Genetics, Justus-Liebig University, Giessen, 
Germany. National Institutes of Health, National Institute of Mental Health, 
Geriatric Psychiatry Branch, Bethesda 20892, USA.

In Alzheimer’s disease (AD), the neurodegenerative processes lead to neuronal 
damage and cause the release of intraneuronal proteins like the microtubuli- 
associated tau-protein into the cerebrospinal fluid (CSF). To answer the question 
whether CSF-tau is elevated in cognitively very mildly impaired AD-patients and 
to examine the correlation between tau, APOE genotype and degree of cognitive 
impairment, we determined CSF-tau in 75 patients who met NINCDS-ADRDA 
criteria for probable AD (40 early onset, 35 late onset AD) and 56 age-matched, 
cognitively healthy controls. We found CSF-tau to be elevated highly significant 
in AD-patients compared to controls (p < 0.0001). Mean tau-levels were 
significantly increased even in 31 very mildly demented AD-patients [ >24, Mini 
Mental Status Examination (MMSE)] compared to controls (p < 0.0001). There 
was no correlation between CSF-tau in AD and age, gender, apoE genotype and 
degree of cognitive impairment [ MMSE, CAMCOG (Cambridge Mental 
Disorders of the Elderly Examination)]. Tau has proven to be a non-specific 
marker of neuronal damage, however, our data indicate tiiat CSF-tau may be a 
useful tool in the diagnosis of AD even in mildly impaired patients.

638.16
DETECTION OF PHOSPHORYLATED TAU (t ) PROTEIN IN 
CEREBROSPINAL FLUID OF ALZHEIMER'S PATIENTS. T, Campbell1, 
F, Zemlan2 and G, Dean2*. 'Isolab Inc., Norton, OH 44321, and 
2Alzheimer's Research Center, University of Cincinnati Medical School, 
Cincinnati, OH 45267.

Studies have demonstrated that the levels of the neuronal structural protein 
tau are elevated in the cerebrospinal fluid (CSF) of individuals with 
Alzheimer's disease (AD). However, the overlap observed between AD and 
control patients raises doubt as to the use of tau levels as a diagnostic for
AD. Several researchers have shown that PHF-tau is hyper-phosphorylated 
in AD. To that end, we have developed sandwich ELIS As capable of 
detecting phospho-tau in AD CSF. Monoclonal antibodies (MAbs) were 
raised to synthetic phosphopeptides corresponding to phospho-ser262 or - 
ser404 of tau. These two MAbs, designated P262-7 and P404-10, were used 
as capture antibodies and horseradish peroxidase-conjugated anti-whole tau 
MAbs were used as detectors. Using this format, phospho-tau levels over 50 
pg/ml CSF were observed in a greater number of AD patients when 
compared to control patients. Even greater sensitivity was obtained when 
PHF-1, which recognizes phospho-ser396, was added to the capture mixture. 
The number of positive phospho-tau samples increased with the sequential 
addition of the three anti-phospho tau MAbs. More importantly, these 
phospho-tau ELISAs appear to be more specific to AD, detecting little or no 
phospho-tau in control patient samples whose tau levels were greater than 
tau levels observed in AD patients. Funded by a Phase 1 SBIR grant from the 
National Institute of Aging.

638.17
HIGH LEVELS OF CSF TAU PREDICT SEVERE NEURO-
FIBRILLAR PATHOLOGY IN ALZHEIMER’S DISEASE. T, Tapiola. 
M. Overmver. M, Lehtovirta. S. Helisalmi, J, Ramberg. I. Alafuzoff. R 
Riekkinen Sr. and H. Soininen*. Department of Neuroscience and 
Neurology, A. I. Virtanen Institute, Unit of Clinical Genetics of the 
Department of Gynecology and Obstetrics, University Hospital and 
University of Kuopio, Finland and Orion Diagnostica, Oulunsalo, Finland.

Tau levels are elevated in the cerebrospinal fluid of Alzheimer’s disease 
patients, but the mechanism of this increase is unclear. The purpose of this 
study was to investigate whether or not the increase in CSF tau was related to 
increase in degenerative changes in tissue or influenced by glial GFAP 
expression. We analysed CSF tau levels from 43 patients with dementia of 
Alzheimer type using an ELISA test (Innogenetics). The grading of 
degenerative changes was set using the criteria of CERAD. We found a high 
variation in CSF tau in AD cases with CERAD class of definite AD: 23% of 
these patients had CSF tau under 300 pg/ml, while the mean±SD CSF tau 
was 580±320. The CSF tau values of AD patients showed a significant 
positive correlation with neocortical NFT scores (r=0.44, p<0.005), while 
hippocampal NFT scores did not correlate with CSF tau. In contrast to NFT 
scores, fibrillary and protoplasmic astrocytosis as assessed by GFAP did not 
correlate with CSF tau levels. In conclusion, our data indicates that elevated 
levels of CSF tau predict severe neurofibrillar pathology in AD. (Supported 
by Kuopio University Hospital)

638.18
TAU DYNAMICS IN CHLOROQUINE MYOPATHY 
SUGGESTS THAT TAU IS DEGRADED IN 
LYSOSOMES. F. Oyama*1, N. Murakami2. Y, Gu1, I. Nonaka2, 
and Y. Ihara1
!Dpt of Neuropathology, Fac of Med, Univ of Tokyo, Tokyo 113, 
Japan; and 2Dpt of Ultrastructural Res, National Center of Neurology 
and Psychiatry (NCNP), Kodaira, Tokyo 187, Japan

The presence of tau-immunoreactive, paired helical filament (PHF)- 
like fibrils was reported in the muscle affected by inclusion body 
myositis (IBM), and amorphous tau deposits were recently found in 
chloroquine myopathy (CM), an experimental model for IBM. Using 
this experimental model in rat, we determined precise profiles of the 
tau dynamics in vivo to learn about how and why tau is deposited in 
CM. tau mRNA synthesis was transiently upregulated in the early 
phase of CM, and then returned to the normal level in the late phase.
In contrast, tau immunoreactivities appeared not to change to a 
significant extent immediately after the start of chloroquine treatment, 
but increased markedly in the late phase. The temporal profiles of tau 
mRNA and tau levels were very similar to those of B-amyloid protein 
precursor (APP) in CM. Since APP and its carboxyl-terminal 
fragments are known to be degraded in lysosomes, this finding 
suggests that the accumulation of tau in CM is due to defective tau 
degradation in lysosomes in muscle. In addition, the lysosomal 
fraction purified from rat brain indeed contained tau. All of these 
strongly suggest that tau is degraded in lysosomes.

This work was supported by CREST of the Japan Science and 
Technology Corporation (JST).

638.16
Further characterization of the paired helical filament protein kinase 
from Alzheimer brain. Gregory A. Jicha* and Peter Davies. Department 
of Pathology, Albert Einstein College of Medicine, Bronx, NY 10461

It has previously been shown that immunoaffinity purified paired helical 
filaments from Alzheimer brain homogenates contain an associated 
protein kinase activity that is able to phosphorylate recombinant tau that 
has been pretreated with cAMP-dependent protein kinase. Phosphopeptide 
mapping and deletional analysis demonstrated that this phosphorylation 
occurs in the extreme C-terminus of the tau molecule between amino acids 
396-433. Further studies using a panel of site-directed mutants positively 
identify the paired helical filament kinase phosphorylation sites and the 
cAMP-dependent protein kinase sites that direct this phosphorylation. 
Previous studies on brain derived tau have demonstrated that these sites are 
uniquely phosphorylated in Alzheimer tau, but not in normal adult or fetal 
tau. Monoclonal antibodies are currently being raised against these unique 
phosphorylations and will allow for further characterization of the role of 
both cAMP-dependent protein kinase and paired helical filament protein 
kinase phosphorylations play in the pathogenesis of Alzheimer's disease.
In addition, analysis of these phosphorylation sites demonstrate that these 
kinases are involved in the conformational alteration of tau that is 
responsible for the retarded migration of PHF-tau seen by SDS-PAGE 
analysis. Identification of the cAMP-dependent protein kinase and paired 
helical filament protein kinase phosphorylation sites suggest that the 
paired helical filament protein kinase shares similarities with casein kinase 
I as has been shown previously. Further studies reveal that these kinases are 
not identical providing further support for the hypothesis that the paired 
helical filament protein kinase is both novel and unique to Alzheimer's 
disease.
This research was supported by NIH training grant T32GM07288 and NIMH 38623.

638.20
SYNAPTOPHYSIN MESSAGE DOWNREGULATION IN IMMUNOCYTO-
CHEMICALLY DEFINED ALZHEIMER'S DISEASE NEURONS. L. M, 
Callahan*, W. Vaules, W. L. Chen, L. Guo, P. D, Coleman. University of 
Rochester Medical Center, Neurobiology and Anatomy, Rochester, NY 14642.

We hypothesize that individual neurons within Alzheimer’s disease (AD) 
microenvironments are at different stages of disease, and functional deficit in these 
neurons is indicated by synaptic message downregulation.

Initial analysis focused on neurofibrillary tangle (NFT) vs. nontangle AD neuronal 
populations using a single immunocytochemistry (ICC)/m situ hybridization (ISH) 
procedure. Quantitative data, performed as a blind analysis of 11 AD cases, showed a 
50% decrease of synaptophysin message in NFT neurons relative to NFT-free 
neighbors (99 neuronal pairs counted). Poly A+ message decreased only 25% while 
cathepsin D message increased 33%. Therefore, NFT-neurons selectively 
downregulate synaptic message.

To determine whether phosphorylation of key tau epitopes is associated with 
downregulation of synaptophysin message in the absence of frank tangle formation, 
double ICC for NFT-free phosphorylated tau positive neurons was combined with in 
situ hybridization. One epitope chosen was serine 396/404 (PHF-1 epitope) of the 
jaws region of tau (Gustke et al., 1994). In a quantitative study by Vaules, no 
difference existed in synaptophysin message levels in NFT-free neurons diffusely 
positive for PHF-1 compared to PHF-1 negative neurons. To continue this analysis, 
we used the double ICC/ISH procedure to identify NFT-free neurons containing tau 
phosphorylated at serine 262. Evidence from Mandelkov et al., 1995, indicated that 
phosphorylation of tau serine 262 led to decreased tubulin binding by tau. NFT-free 
neurons diffusely positive for phosphorylated serine 262 of tau show extreme 
variability of synaptophysin message levels relative to NFT-free, 262-negative 
neighbors. Grain counting analysis is underway. (Support: LEAD AG09016, 
NRSA 5T32 AG00107, ROI AG01121, ADC AG08665, the Lucille P. Markey 
Charitable Trust, and the American Health Assistance Foundation.)
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639.1
Synaptic, Behavioral, and Electrophysiological Alterations in 
Apolipoprotein E Deficient Mice. I. Veinbergs. M. Jung. S. J. Young.
E. Van Uden, W. Samuel*. P. M. Groves. E, Masliah. Departments of 
Neurosciences and Pathology, UCSD, School of Med., La Jolla, California 
92093-0624

Increased risk of Alzheimer’s Disease is related to the presence of allele 4 of 
apolipoprotein E (apoE). Recent studies suggest that apoE plays a neurotrophic 
function in the central nervous system and that altered functioning of this 
molecule could result in neurodegeneration. Supporting this notion, apoE 
deficient mice show neurodegenerative and cognitive alterations which are 
reversed by intracerebroventricular infusion of apoE. To characterize 
physiological changes associated with synaptic damage in apoE deficient mice, 
we investigated synaptic plasticity in the hippocampus. Electrical stimulation 
was delivered to the perforant path and the resulting evoked field EPSP and 
population spike were recorded in the hilus. Following baseline measures, an 
attempt was made to induce long-term potentiation (LTP). Preliminary results 
indicate that an increased current is necessary to evoke a equivalent population 
spike in the apoE deficient mice as compared to the wild type controls. Induction 
of LTP in the apoE deficient mice typically required more high frequency 
stimulus presentations than controls. In addition, the magnitude of LTP, 
measured as an increase in EPSP slope, appeared lower in apoE deficient mice. 
These findings are consistent with our previous observations of synaptic and 
dendritic degeneration in apoE deficient mice. This suggest that cognitive 
impairments in these animals may be associated with decreased synaptic efficacy 
or excitability and the ability to induce long-term changes in hippocampal 
neurons. Further studies are underway to correlate synaptic changes, LTP, and 
cognitive impairments in apoE deficient mice. Supported by NIH A610869, 
DA02854, The Alzheimer’s Foundation and the Broad Foundation.

639.2
COGNITIVE IMPAIRMENT IN RAP-DEFICIENT MICE 
CORRELATES WITH DECREASED SOMATOSTATIN EXPRESSION: 
IMPLICATIONS FOR ALZHEIMER’S DISEASE. E. Van Uden. I. 
Veinbergs, M, Mallory, R, Orlando, and E. Masliah*. Dept. of 
Neurosciences, Sch. of Med., UCSD, La Jolla, California 92093-0624.

Receptor-associated protein (RAP) appears to play an important 
role in low density lipoprotein receptor-related protein (LRP) 
trafficking. Since LRP ligands have been implicated in Alzheimer's 
Disease (AD) and normal LRP functioning is indispensable for central 
nervous system development, deficient RAP expression may result in 
CNS alteration. In this study, RAP-knockout (RAP-KO) mice were 
behaviorally tested and nervous system integrity was assessed via 
immunocytochemical/laser confocal microscopy. RAP-KO mice were 
found to be cognitively impaired in the Morris water maze relative to 
controls. In wild-type mice, RAP was found to be highly coexpressed 
with somatostatin in hippocampal and neocortical inhibitory neurons. 
RAP-KO mice, however, showed a significant decrease in number of 
somatostatin-expressing neurons of the hippocampal CA1 region and 
somatostatin expression within these neurons. The decreased number 
of somatostatin-immunoreactive neurons significantly correlated with 
cognitive impairment observed in the RAP-KO mice. This has 
implications for AD pathogenesis in which altered regulation of both 
somatostatin and the known LRP ligands are a consistent finding.
This work was suported by the Alzheimer Foundation, the Broad 
Foundation, the Stein Institute, and the Markey Charitable Trust.

639.3
SCREENING FOR P-AMYLOID- AND AT8-IMMUNOREACTIVITY AND 
ITS RELATIONSHIP TO SPECIALIZED FORMS OF EXTRACELLULAR 
MATRIX IN OLD ANIMALS. W.Hartig*. C.Schmidt. K.Brauer, K.-F.Schuppel1.
T.Arendt, V.Bigl, GBriickner, Paul Flechsig Institute for Brain Research and ’in-
stitute of Veterinary Pathology, University of Leipzig, D-04109 Leipzig, Germany.

P-amyloid(Ap)-containing senile plaques and neurofibrillary tangles are not only 
hallmarks of Alzheimer’s disease (AD), but are also found in old individuals of 
several animal species which have been previously shown to be useful models for 
the investigation of neuropathological events. The main goals of the present study 
were the screening for such pathological alterations in several aged animals and the 
search for their spatial relationships to extracellular matrix components presumably 
involved in these processes. The latter part of the investigation was focused on peri-
neuronal nets (PNs) characterized by chondroitin sulphate proteoglycan-ir and 
binding sites for the N-acetylgalactosamine-specific Wisteria floribunda agglutinin 
(Bruckner et al., Glia 8:183,1993).

Ap-iminunoreactivity (ir) was initially detected in frozen sections in five of six 
28-years-old macaques {Macaca mulatto). A more detailed characterization of Ap- 
deposits in the cortex of macaques (Hartig et al., Brain Res. 751:315, 1997) revealed 
also some plaques containing the p3-fragment confirming recent findings in cases 
with AD. Further carbocyanine double fluorescence labelling demonstrated the 
association of apolipoprotein E as well as glial and vascular markers with Ap. Sub-
sequently, Ap-deposits were shown in the cortices of baboon, Campbell’s guenon, 
polar bear, Indian bear, and snow leopard. In parallel, pathologically altered neuro-
filaments were detected by using the sensitive marker AT8 (Innogenetics, Belgium) 
in the brains of two American bisons and one reindeer. Double staining experiments 
revealed the occurrence of AT8-ir in neurons devoid of PNs. Thus, our findings 
indicate that neurons ensheathed by PNs show a low degree of vulnerability. 
Supported by the BMBF, grant 0311037.

639.4
STRESS INDUCED RAPID PHOSPHORYLATION OF MOUSE BRAIN TAU PROTEIN IS 
STRAIN DEPENDENT. A. Y. Korneyev*, Floraleads GR, Lake Forest, IL 60045

Effect of cold water stress (CWS) on the phosphorylation of brain tau pro-
teins was compared in C57BL/6J ob/ob (fat) and C57BL/6J ob/+ (lean) female 
mice. Immediately, or 20 and 60 min following the CWS (4 min) mice were de-
capitated and the abundance of PHF-tau, nonphosphorylated tau and several 
other antigens was analyzed in brain supernatants by quantitative Western 
Blot. Control animals were kept in home cages and sacrificed at the same time 
points. No significant difference was detected between fat and lean mice in 
the signal revealed with antibodies to PHF-tau, however in several experi-
ments the level of the signal in the brain of fat animals was 20 - 40 % higher. 
No dissimilarities between fat and lean mice were seen in the level of non- 
phosphorylted tau, phosphorylated neurophylaments, PKCe, PKCt, PKCy.

CWS induced rapid (within 1 min), significant (up to 6 - 8 folds) and con-
tinuous (at least 60 min) accumulation of highly phosphorylated Alzheimer's 
like forms of tau (PHF-tau) in mouse brain. The response was strain depen-
dent with considerably (2-3 fold) higher increase in fat as compared to lean 
mice. No effect of CWS on the abundance of the signal revealed with antibo-
dies to nonposphorylated tau was detected immediately after CWS. However 
25 - 40 % decrease of non-phosphorylated tau was detected in the brain su-
pernatants of animals, sacrificed 1 h after the CWS. No effect of CWS was 
observed on the abundance of several other antigens, including antibodies to 
phosphorylated neurophylaments, PKCe, PKCi, PKCy.

Available data suggest that tau phosphorylation regulates microtubule stabi-
lization and is involved in the rearrangements of cytoskeleton. Present results 
are in good agreement with data obtained on rats and imply that stress- 
induced tau phosphorylation may represent a part of adaptive rearrangements 
of neuronal cytoskeleton in response to external stimuli. Funded by Floraleads GR

639.5
REGULATION OF FYN PROTEIN-TYROSINE KINASE EXPRESSION 
FOLLOWING LESIONS IN RAT BRAIN. J.T. Chun*. T.E, Morgan. A.-S, Lanzrein. 
W.L. Klein1, and C.E. Finch. Andrus Gerontology Center and Dept. Biological 
Sciences, Univ. Southern California, Los Angeles, CA 90089. 'Dept. Neurobiol. 
Physiol. Northwestern Univ. Evanston. IL 60208.

The fyn proto-oncogene encodes a 59 kDa non-receptor type protein-tyrosine kinase. 
Recent studies with transgenic animals indicated that fyn plays key roles in cell 
differentiation, neurite outgrowth, long-term potentiation, and apoptosis. With its wide 
substrate specificity, fyn is believed to mediate diverse cell signaling pathways. 
Interestingly, fyn immunoreactivity is elevated in the neurons of AD, especially the 
ones showing aberrant phosphorylation of tau. Moreover, it was recently found that 
neurons from the fyn-null mice have intrinsic resistance to AJ3 cytotoxicity (Lambert 
et al., Soc. for Neurosci. Abs. 22:2114). These observations suggest that it would be 
of value to further characterize the changes of fyn expression during neurodegenerative 
processes. To evaluate its neurodegenerative roles in vivo, we are examining the 
expression of fyn in animal lesion models, i.e. cranial AP injection and the perforant 
path transection of the rat brain. Toward this end, a cDNA fragment of mouse fyn was 
subcloned by RT-PCR (nucleotides 491-1230, Cooke et al., New Biol. 1:66-74), and 
used as a probe for in situ hybridization analysis. Pilot data with the perforant path 
lesion model indicated that fyn mRNA is increased in CAl-3 regions (21%), dentate 
gyrus (23%), and molecular layers (51%) of the ipsilateral side of the hippocampus, 
as well as around the site of the lesion. Fyn immunoreactivity is also localized in these 
regions. In vitro, fyn mRNA (two different species: 2.6 and 3.5 kb) is expressed in 
both primary cultured neurons and glial cells (Northern blot hybridization). Further 
work may show how these two different fyn mRNA species are differentially regulated 
in neurons and glial cells following lesions. Supported by grants to CEF (AG-13499), 
WLK (Alzheimer’s Association), and TEM (AA/Estate of A.C. Hobson, FSA-95-033).

639.6
LYSOSOMAL INHIBITION AND EXCITOTOXICITY: IMPLICATIONS FOR 
AN ANIMAL MODEL OF ALZHEIMER’S DISEASE I. NEURO-
PATHOLOGY. M.P. Murphy*, J.G. Mielke, S.C Barsoum, and G.O, Ivy. 
University of Toronto, Scarborough College, 1265 Military Trail, Division 
of Life Sciences, Scarborough, Ontario, Canada M1C 1A4.

Lysosomal dysfunction is a normal correlate of the aging process 
modelled by lysosomal inhibitors, and /3-amyloid (A/3) containing fragments 
of the amyloid precursor protein (f/3APP) have been shown to accumulate 
following this treatment in vitro. Also, A/3 has been shown to increase 
neuronal vulnerability to excitotoxic damage, and this may be a mechanism 
of cell death in Alzheimer’s disease (AD). The significance of these findings 
in vivo are unknown. Hence, male Sprague-Dawley rats were implanted s.c. 
with an osmotic minipump (Alzet) containing either 0.9% saline (SAL; n=5) 
or 30 mg/ml chloroquine (CHL; n = 13), delivered into the left lateral 
ventricle. One week later, rats experienced mild kainate-induced seizures 
(KA; 12 mg/kg i.p., 30 min. of status epilepticus: 3 SAL, 8 CHL) or SAL. Half 
of the subjects were allowed to survive the remaining infusion period, 
whereas the others were sacrificed immediately. Chloroquine treatment 
resulted in an intracellular accumulation of f/3APP and astrogliosis within the 
hippocampus. Further, CHL treated animals showed greater neuronal loss 
in response to KA, and a non-amyloid glycoprotein deposition in the 
damaged areas. Reactive hippocampal astrocytes were /3APP positive on 
the CHL treated side, and negative on the other. Therefore, age-related 
lysosomal inefficiency leading to the accumulation of potentially 
amyloidogenic fragments of/3APP may be connected to neuronal death in 
AD. Supported by NSERC, Canada.
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639.7
LYSOSOMAL INHIBITION AND EXCITOTOXICITY: IMPLICATIONS FOR 
AN ANIMAL MODEL OF ALZHEIMER’S DISEASE II. BEHAVIOR. S.C. 
Barsoum, M.P. Murphy, J.G. Mielke, L. Shannon, L. Chebaro, and G.O.
Ivy*. Univ. of Toronto, Scarborough College, 1265 Military Trail, 
Division of Life Sciences, Scarborough, Ontario, Canada M1C 1A4.

We have demonstrated that lysosomal inhibitor treatment results in an 
intracellular accumulation of amyloidogenic fragments and increased 
vulnerability to excitotoxic damage in vivo, and that this may be related to 
neurodegenerative processes in AD. We next determined if this treatment 
could result in corresponding behavioral deficits. Male Sprague-Dawley rats 
(n=64) were given daily doses of chloroquine (0, 15, 30 or 45 mg/kg orally, 
by gavage; n=16/group). Following 1 week of treatment, half of the animals 
in each group experienced controlled KA-induced seizures (30 min. of 
status epilepticus). Some animals (2/dose) were sacrificed prior to KA 
administration to verify the effectiveness of the drug, and the others were 
allowed to survive for an additional week. Animals were evaluated at several 
time points for sensorimotor function (wire suspension and inclined plane), 
locomotor/exploratory behavior (modified open-field), and spatial learning 
and memory (Morris watermaze). Chloroquine and KA combined to 
produce a dose-dependent deficit in the watermaze that corresponded to 
degenerative changes in the piriform/entorhinal cortex, an area considered 
to be susceptible to dysfunction in AD. Importantly, these doses of CHL 
caused an increase in intracellular f/3APP prior to the administration of KA. 
Hence, this treatment combination may mimic a pathological process in AD, 
and should be pursued in the development of appropriate animal models. 
Supported by NSERC, Canada.

639.8
KAINIC ACID INDUCED NEURONAL APOPTOSIS AND 
AMYLOID PLAQUES IN THE HIPPOCAPMPUS OF THE GUINEA 
PIG BRAIN: A POTENTIAL ANIMAL MODEL FOR 
ALZHEIMER’S DISEASE. L. Zhang* and D.T, Yew. Dept. of 
Anatomy, the Chinese Univ. of Hong Kong, Shatin, Hong Kong

Loss of memory is one of the major clinical symptoms of Alzheimer’s 
disease (AD), neuronal apoptosis and amyloid plaques were found in 
many regions of AD brain including hippocampus complex which is the 
center in charge of memory. Therefore, we have been trying to establish 
an animal model for AD which would closely mimic some of its clinical 
and pathological features. Kainic acid 7.5mg/kg was injected 
peritoneally into male guinea pigs of 1 month old. The animals were 
sacrificed after 1 day, 3 days and 4 weeks treatment. Their brains were 
then sampled for TUNEL staining and anti-AP immunocytochemistry. 
Our preliminary results suggested that kainic acid specifically induced 
neuronal apoptosis in the hippocampus of the guinea pig just after one 
day treatment. Occasionally, a few TUNEL positive neurons were also 
found scattered in the cortex and striatum, which was quite different 
from the massive neuronal apoptosis in the hippocampus. After 3 days 
treatment, amyloid plaque like structures were detected in the 
hippocampus by anti-AP antibody, but were quite fewer in number 
when compared with the TUNEL positive neurons. There was no 
visible behavioral changes during the time course examined. A memory 
test is under way to evaluate the possible behavioral dysfunction which 
is essential in the establishment of an animal model for AD.

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: PATHOLOGY

640.1
AGE-RELATED NEUROPATHOLOGY IN TRANSGENIC MICE WITH 
HUMAN MUTANT APP. K, K, Hsiao*, L, Poqemiller. and H.B, Clark. 
University of Minnesota Medical School, Minneapolis, MN 55455.

Tg(HuAPP695.K670N/M671L)2576 mice (Science 274:99, 1996) 
expressing the 695 amino-acid isoform of the human amyloid precursor 
protein (APP) with the "Swedish" mutation can exhibit cognitive decline 
and amyloid plaques as early one year of age depending upon the mix of 
background strains. We extended our original histopathological 
observations to include a broader age range (4 to 24 months) and more 
diverse methods (Bielschowsky silver and Congo red stains, 
immunohistochemical detection of AB [4G8], gliosis [GFAP], abnormally 
phosphorylated tau at serine 202 [AT81, and synapses [synaptophysin]). 
Mice examined were either one (N1) or two (N2) generations removed 
from the founder (C57BI6/SJL F2 hybrid mated with C57BI6 breeders). 
4G8 and Congo red staining of sagittal sections revealed increasing 
numbers of neocortical plaques with age: 2-12 per section in N2 mice at 
13-14 months (mo); 25-30 in N2 mice at 16 mo; and >80 in an N1 
mouse at 24 mo. Previous studies of N1 mice revealed plaques at 12 
mo, but none at 8 mo. GFAP antibodies (Ab) revealed astrocytic gliosis 
surrounding plaques. Silver staining revealed dystrophic neurites 
surrounding plaques. AT8 Ab revealed rare punctate staining around 
the perimeter of a few plaques in 13 mo N2 mice and more pronounced 
punctate staining around the majority of plaques in a 24 mo N1 mouse. 
Co-localization studies with AT8 and synaptophysin Ab are in progress. 
Silver and AT8 stains revealed no neurofibrillary tangles.

Supported by the NIH (KH).

640.2
THE OREGON BRAIN BANK: HUMAN TISSUE REPOSITORY FOR NEURO-
DEGENERATIVE RESEARCH STUDIES. M.J. Ball*, G.H. Murdoch,
H.D. Benson, D.S. Clark and J.A. Kaye. Pathology, LI 13, 
Oregon Health Sciences University, Portland, OR 97201.

The Oregon Brain Bank program, established in 1990 
with the assistance of the Alzheimer Research Alliance of 
Oregon serves three main purposes: (1) to provide Neuro-
pathological Diagnoses of organic dementias in a cohort of 
NIH-Sponsored research subjects; (2) to provide Neuropatho-
logical Diagnoses to families of demented patients among 
the general community of the Pacific Northwest; and (3) to 
harvest suitably collected postmortem tissue-samples in 
support of the "BRAINS for Oregon" program (Brain Exposi-
tory for Academic investigations in the NeuroSciences). 
Since its inception, 669 cases have been accessioned, of 
which half have been banked in the frozen state. Of these 
frozen cases, 50% have a postmortem interval of less than 
6 hours. Specimens include Creutzfeldfe-Jakob disease, 
encephalitis, Alzheimer's disease, Amyotrophic lateral 
sclerosis, Huntington's disease, Parkinson's disease, 
Multiple Sclerosis and control cases. The brain bank 
accessions approximately 100 new cases of demented and 
aged control subjects per year. Cases are well documented 
pathologically, and samplesmade available to interested 
laboratories. Requests are submitted to the Tissue Distri-
bution Committee for approvals Pathology, L113, Section of 
Neuropathology, OHSU. (Supported in part by NIH #AG08017).

640.3
ALZHEIMER’S PATHOLOGY AFTER THE CERAD THRESHHOLD: a role 
for grading, as in Huntington’s disease? B Quinn,* E Franssen, L Conklin, & B 
Reisberg. Silberstein Aging & Dementia Research Center, NYU Med Center, New 
York NY 10016.

Molecular and biochemical Alzheimer’s research using brain bank tissue 
requires certain clinical and pathologic information. CERAD criteria use age- 
weighted neuritic plaque density (NP1-D) and a diagnosis of “dementia” (mild or 
severe) to categorize “probable AD” or “definite AD”. But in AD the brain may 
exhibit a wide range of severity after the NP diagnosis is “definite.” One case may 
have mild dementia, a near-normal brain on gross exam and Nissl stain, with 
moderate NP1-D, validating “CERAD Definite AD”. The next case may have 
profound incapacitation and a severely atrophied brain with florid AD histology and 
neuronal loss; this is also “CERAD Definite AD”. Mixing such cases in unknown 
proportions may lead to intra- or inter-laboratory divergence of data. Clinical 
classification for brain bank distribution is problematic; patients may have little 
systematic neuropsych data, or may have detailed data from several years 
antemortem, or data from tests that “bottom out” in the last half of clinical AD. 
Pathologic classification is also problematic. In 1985, Vonsattel made a widely used 
classication of Huntington’s disease in four grades after the definite diagnosis of HD 
(J Neuropath Exper Neurol 44:559). However, grading an array of actual cases in 
AD brain banking is not straightforward: should plaque burden, neurofibrillary 
pathology, neuronal loss, brain atrophy, or other factors be the main parameter?

In addition to longitudinal testing, our center obtains an end-of-illness clinical 
dementia rating by caregiver interview for the Functional Assessment Staging Test 
(FAST). This test can be assigned retrospectively with accuracy and does not 
bottom out in late AD. We are developing a pathologic grading system in which 
Grade 1 of 4 is mild AD changes, less than CERAD “definite” criteria, while FAST 
rankings will help validate criteria for Grades 2-4 of 4 (2=at, and 3,4= clearly above 
the CERAD threshhold.) In this approach, two cases which are both “CERAD 
definite AD” might be quickly categorized as FAST stage 5, Alzheimer’ pathologic 
grade 2, versus, FAST Stage 7f, Alzheimer’s pathologic grade 4. NIH P30AG08051.

640.4
A NOVEL INDEX OF ALZHEIMER’S-RELATED PATHOLOGY IN 
THE TEMPORAL LOBE OF RELIGIOUS STUDY SUBJECTS: 
STATISTICAL VALIDATION. E. J. Cochran*. D. A. Bennett. E. J. Mufeon.
L. A. Beckett, Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL 
60612.

The goal of this study was to validate the temporal lobe index (TLI), a 
structured semiquantitative method of scoring neurofibrillary pathology, based 
upon the Break staging system. To determine the TLI, estimates (scale 0-4) of 
PHF-1 immunoreactive (ii) neurofibrillary tangles (NFT), neuritic pilaques (NP), 
and neuropil threads (NT) were obtained in the following regions: 
transentorhinal cortex, entorhinal cortex (layers 2, 3, and 5), subiculum, 
hippocampus (CA1, 3& 4, and fascia dentata), and temporal neocortex 
(superior, middle, and inferior gyii). The TLI was then calculated from the sums 
of the estimates of NFT, NP, and NT in each region, equally weighted. We 
examined the psychometric properties of the TLI in 40 subjects in the 
Religious Study, 58% male, 11 with AD and 29 without AD, with an average 
age of 83 years. Neurofibrillary pathology within each of the five regions was 
highly related, with pairwise correlations ranging from 0.52 to 0.82, and 
correlations between each region and the average of the other four regions 
ranging from 0.50 to 0.83. Factor analysis supported using a single 
composite score by demonstrating that 74% of the variance was accounted tor 
by a single factor with nearly equal loadings from al five regions. Region 
analysis showed a clear ordering of means for four of the five regions. These 
data suggest that the TU has excellent internal consistency across a range of 
AD-related pathology and can be used as either a global, or region-specific 
summary measure of neurofibrillary pathology for clinical-pathologic studies of 
aging and AD. (Support: AG10668, AG10161, AG09466).
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640.5
IMPROVED DETECTION OF NEUROFIBRILLARY PATHOLOGY IN 
THE SUBSTANTIA NIGRA [SN] IN ALZHEIMER’S DISEASE [AD]. 
J A, Schneider. P.W. Gilley. RS. Wilson*, D.E, Kvamberg. and D.A,
Bennett, Rush Alzheimer’s Disease Center, Rush-Pres-St. Luke’s Med 
Center, Chicago, IL, 60612.

Parkinsonian signs, which predict increased morbidity in persons with AD, 
are often, but not invariably, associated with Parkinson’s disease-related 
pathology. Because neuromelanin may obscure visualization of potentially 
important neurofibrillaiy changes, we compared the numbers of 
neurofibrillary tangles (NFT) and semiquantitative estimates of neuropil 
threads (NT) in 30 cases of pathologically confirmed AD with five methods 
rated blind to one another: standard silver impregnation (modified 
Bielschowski and Galiyas) and immunohistochemical (paired helical filament 
(PHF) immunostain), and both the Galiyas and PHF stains after the bleaching 
of melanin (Uchihara et al., J Neurol 1995;242:485-489). We also compared 
Hematoxylin and Eosin (H&E) stain and ubiquitin immunostain in the 
detection of and Lewy bodies (LB). Compared to die modified Bielschowski, 
both unbleached and bleached Galiyas and PHF identified more cases with 
NFT (p<.01); in addition, the bleached Galiyas and PHF identified 3-4 times 
more NFT than the unbleached (p< 001). The bleached PHF staining was 
more sensitive to NT than all other methods (p< 001). Ubiquitin immunostain 
showed a modest increase in die detection of LB compared to H&E, but the 
number of cases was small. Clinical correlation will be required to understand 
the significance of these abundant nigral neurofibrillary changes in AD. 
Supported by the NIA AGIO 161 and the Heller Fund.

640.6
Immunohistochemical evidence for anterograde transneuronal 
degeneration in the hippocampal formation of Alzheimer’s disease 
brain. j, H, $u*, Q, Dfing jnj C-]Kx..Cfi.tman., Brain Aging and Dementia 
Institute. University of California, Irvine. Irvine, CA 92697-4540 USA

Neurofibrillary tangles (NFTs) and dystrophic neurites (DNs) appear to develop 
in a highly characteristic spatial and temporal sequence in Alzheimer's disease 
(AD) that begins in the limbic system and then progressively affects the 
neocortex. In AD brain, the initial site or one of the earliest sites to show 
degenerative changes is the entorhinal cortex (Braak 1991). It is generally 
considered that the microtubule associated protein tau is the major constituent of 
Alzheimer's paired helical filaments (PHFs) and when tau is hyperphosphorylated, 
the modified tau is known as PHF-tau (Lee et al., 1991). PHF-tau is present in 
NFTs and DNs, but also in presynaptic terminals in some cases (Gonatas et al., 
1967; Masliah et al., 1991). We and others reported previously that AT8 labels 
abnormal terminal boutons (Su 1994; Braak 1994). In order to further examine 
the nature of the cell progression, we studied the trisynaptic entorhinal, dentate 
gyrus, CA3/4 circuit. In the molecular layer of dentate gyrus in early AD cases, 
we found that AT8 stained boutons that double labeled with synaptophysin and 
thus represented synaptic boutons in an early state of degeneration. Since the 
labeled boutons were apposed to or clustered around dendrites or soma lacking 
PHF/tau, or with less intense PHF/tau, AT8 staining of bouton preceded 
postsynaptic neurofibrillary tangle formation. Furthermore, the pattern progressed 
through the circuit as a function of disease progression. These results suggest that 
AT8 may be used as a marker for neurofibrillary terminal degeneration and may 
explain why a restricted degeneration may lead to secondary degeneration in 
postsynaptic neuronal populations. Our observations support the hypothesis that 
the presynaptic terminal changes may promote the formation of initial 
neurofibrillary pathology in the postsynaptic neurons via anterograde transneuronal 
mechanisms. Supported by NIA AG 13007.

640.7
REGIONAL SPECIFICITY OF ALZHEIMER'S DISEASE-RELATED 
NEUROPATHOLOGY IN VISUAL THALAMUS. M. Cola, D. Gray, B. 
Seltzer*, F. Aydin, and C.G.Cusick, Depts. of Anat., Neurol. & Psych., 
and Path., Tulane Med. Sch.; V.A. Med. Ctr., New Orleans, LA 70112.

The pulvinar nucleus of the thalamus has been implicated in visual 
attention and in control of eye movements. Disruption of functions 
mediated by the pulvinar may contribute to visual and non-visual 
deficits in patients with Alzheimer’s disease (AD). Classical vision- 
related divisions of the pulvinar include the lateral, medial, and inferior 
(PL, PM, PI) nuclei. More recent studies (Gutierrez et al., 1995; Gray et 
al., 1996) have further divided the inferior pulvinar (PI) into five 
neurochemically and presumably functionally distinct regions: lateral 
(PIL), lateral shell (PIi sX central (PIC), medial (PIM), and posterior 
(Plp). The goal of the present study was to determine if AD related 
neuropathology shows regional specificity within the thalamus, and 
which areas, if any, of the inferior pulvinar are preferentially affected. 
Brains of patients clinically diagnosed with AD were post-fixed in 4%- 
6% paraformaldehyde with 10%-20% sucrose, and sectioned at 30 Jim 
on a freezing microtome. Thioflavin-S histochemistry and 
immunocytochemistry for beta-amyloid were employed to identify AD 
neuropathology. AChE histochemistry and calbindin immunostaining 
were used to identify pulvinar subnuclei. Presumably due to differences 
in the progression of the disease process, the extent of pathology varied 
in different AD cases. However, amyloid plaques were visualized in all 
subnuclei of inferior pulvinar, predominantly within PIL and PII S, 
Plaques were also identified, to a lesser degree, within PL, PM, and the 
lateral geniculate. Supported by the Pine Foundation and V.A.M.C., 
New Orleans, LA.

640.8
DORSAL MOTOR NUCLEUS OF VAGUS AND PARABRACHIAL 
NUCLEUS IN ALZHEIMER’S DISEASE. J, Parvizi1, G. W. Van Hoesen1’2,
A. R. Damasio1*. Departments of Neurology1 and Anatomy & Cell Biology2, The 
University of Iowa College of Medicine, Iowa City, IA 52242.

The hallmark of Alzheimer’s disease (AD) is an impairment of cognitive 
processes such as memory, but there is evidence that the natural disease process of 
AD also affects cortical and subcortical systems related to emotion and autonomic 
control. Here we present a study of neurofibrillaiy tangles (NFT), neuropil threads 
(NT) and neuritic plaques (NP) in parabrachial nucleus (PBN) and dorsal motor 
nucleus of vagus (DMNV) in brainstem sections (stained with Thioflavin), from 6 
early onset patients (3 female & 3 male, mean age of onset 54.3, mean age of death 
63.7), 6 late onset patients (3 female & 3 male, mean age of onset 73, mean age of 
death 83.9), and 3 normal controls (mean age of death 86.3, 2 male and 1 female). 
Selected sections were also examined after immunostaining with ALZ 50.

Our preliminary findings indicate: 1) a high quantity of NFT/NTs & ALZ 50 
immunoreactive neurons (ALZ50-IRN) in PBN in all AD cases, 2) moderate to 
high quantity of NT/ALZ50-IRNs in DMNV of all late onset cases, and low to 
moderate quantity of NFTs/ALZ50-IRNs in DMNV of 1/3 of early onset patients, 
3) an absence of NFTs, NTs & NPs in controls, and 4) the intermediate division of 
DMNV, medial PBN and the Kolliker-Fuse subnucleus were the most affected 
subnuclei.

The above mentioned subnuclei of DMNV and PBN are involved in the 
autonomic control of heart and lungs, processing taste and relaying autonomic 
information to the spinal cord. It is likely that dysfunction in these nuclei 
contribute to cardiopulmonary and gastroenteric disease in AD patients.
(Supported by the Scottish Rite Foundation of Iowa and NS-14944).

640.9
BRAAK STAGE AND SYNAPSE DENSITY IN LEWY BODY VARIANT OF 
AT.7.HF.TMFR DISEASE D.F. Brown, K.P. Eagan. E. H. Bigio, and C.L. White. III*. 
Department of Pathology, University of Texas Southwestern Medical School, Dallas, 
TX, 75235-9072.

Approximately one quarter of patients with sufficient histopathologic changes for a 
neuropathologic diagnosis of definite Alzheimer disease (AD) also have substantial 
numbers of cortical and subcortical Lewy bodies as seen in idiopathic Parkinson 
disease. Clinically, however, many of these patients do not show evidence of 
parkinsonism. This subset of cases has been named the Lewy body variant of AD 
(LBV). Despite comparable dementia and the presence of neocortical senile plaques 
in LBV patients, the overall burden of neuropathologic changes, in particular 
neurofibrillary tangles (NFT), is less than in classic AD. The Braak staging method 
is based upon the distribution and severity of neurofibrillary changes, and one 
therefore would expect LBV cases to be assigned to lower Braak stages. NFT 
frequency shows strong correlation with dementia severity in classic AD. The cognitive 
impairment in patients with LBV cannot, however, be completely explained by such 
changes. Several studies suggest a role for synapse loss in relation to dementia severity 
in classical AD. We undertook the present study to evaluate synapse density in LBV 
cases compared to uncomplicated AD cases. We assigned a Braak stage to 17 LBV 
cases and a control group of 40 classic AD cases and compared the two groups 
relative to severity of synapse loss as determined by ELISA immunoassay for 
synaptophysin, and Braak stage. Our results demonstrate comparable synapse density 
in LBV and AD despite significantly lower Braak stages in the LB V cases. Further they 
suggest that the loss of synapses might be the substrate of cognitive impairment in LBV 
rather than NFT.

640.10
LIMBIC AND NEOCORTICAL SUBGROUPS IN ALZHEIMER’S DISEASE 
WITH LEWY BODIES BASED ON BRAAK & BRAAK PLAQUE STAGING. 
A. Y. Wang, M, S, Mega. S. Pourrabbani, H. V. Vinters, J. L. Cummings.*
Alzheimer's Disease Center, UCLA School of Medicine, Los Angeles, CA 90024. 

Objectives: To determine the relationship between Alzheimer disease (AD)
Braak & Braak (B&B) plaque staging and deposition of Lewy Bodies (LBs) in 
limbic and neocortical areas. Background: The pathological relationship 
between AD and dementia with Lewy bodies (DLB) is not clearly understood. AD 
pathology and Lewy body deposition have been reported to diverge. The pattern of 
divergence is unknown. Methods: Neurofibrillary tangles (NFTs), and LBs per 
mm2 were determined from frontal, parietal, anterior cingulate, and hippocampal 
sections on Bielschowsky and double labeled anti-tau/anti-ubiquitin immunostained 
preparations of 11 AD patients (mean age of 77 years, 5 males and 6 female). 
Correlations between LB burden and B&B plaque staging in each brain area were 
calculated. Results: In the hippocampus LB burden correlated with B&B plaque 
staging with an r = 0.58; in neocortical areas the correlations were negative. In the 
anterior cingulate LBs vs B&B plaque staging had r values of -0.80, in the parietal 
cortex: r = -0.62, and in the frontal cortex: r = 0.00. Conclusion: In the 
hippocampus, there is a positive correlation between LB burden and B&B plaque 
stages in contrast to the negative correlations found in more phylogenetically 
recent cortex. These preliminary findings support the presence of divergent DLB 
subpopulations. We previously found that NFTs also follow this pathological 
subdivision. Further studies of more patients, with detailed clinical data, are 
necessary to determine if clinical subtypes correspond to this pathological 
subdivision. Support: VA Neuroscience Fellowship (MSM), an NIA 
Alzheimer's Disease Center grant: AG 10123 (HVV, and JLC).
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640.11
Quantitative cytophotometric analysis of RNA and protein changes in the cingulate 
cortex of Alzheimer’s disease. R.K. Kan*. J,A. Strauss. R.B, Mitchell, and A. 
Anthony, Department of Biology, Pennsylvania State University, University Park, 
PA 16802.
Alzheimer's disease (AD) is the leading cause of senile dementia with unknown 
etiology. Clinical manifestations of AD include severe short-term memory loss and 
impairment of other cognitive functions. The cingulate cortex has been found to 
have important roles in short-term memory and recency judgment. While a great 
deal of information regarding the involvement of the hippocampus and basal 
forebrain in the clinical expression of AD has been reported, few studies have 
focused on the role of cigulate cortex. The present study was conducted to examine 
neuronal activity in the cingulate cortex by using RNA and protein contents as 
indicators. Cingulate cortices from 9 AD patients and 8 age-matched, nondemented 
controls were removed at autopsy, formalin-fixed, paraffin-processed, serially 
sectioned at 5pm. Adjacent sections from each patient were stained with analytical 
stoichiometric staining, i.e., azure B reaction for total neuronal RNA and 
Coomassie brilliant blue reaction for total protein. Cytophotometric analyses of 
total neuronal RNA and protein content were made using a Vickers m85a scanning-
integrating microdensitometer. Mean neuronal RNA and protein levels were 
significantly lower than control counterparts (p<0.05). Specifically, mean neuronal 
RNA and protein values of AD patients were reduced by 29% and 20%, respectively. 
Analysis of frequency distribution profiles revealed marked increases in the 
proportions of low RNA and protein containing cells and a concomitant decrease in 
the frequency occurrence of neurons with high RNA and protein. In addition, this 
brain region also showed extensive GFAP, tau and beta-amyloid protein 
immunoreactivity. Decreased functional capacity of neurons in this brain 
compartment as indicated by reductions in neuronal RNA and protein metabolism 
may contribute to the cognitive impairments observed in AD. This research was 
funded by The Biology Department at Pennsylvania State University.

640.12
PYRAMIDAL NEURON LOSS IS MATCHED BY INCREASING NUMBERS 
OF GHOST TANGLES IN PARKINSON DEMENTIA OF GUAM.
C. Schwab *J, J.C. Steele2 and P.L. McGeer1
1Kinsmen Lab. of Neurological Research, Dept. of Psychiatry, University of 
British Columbia, Vancouver, B.C. Canada, V6T 1Z3,
2 Guam Memorial Hospital, Agana, Guam

The parkinsonism dementia complex of Guam (bodig disease) is 
characterized by severe neurofibrillary tangle development without the 
senile plaques which characterize Alzheimer's disease. Here we analyze 
seven cases of bodig and three control cases from Guam, for the numbers of 
unaffected pyramidal neurons, intracellular neurofibrillary tangles 
(iNFTs), and extracellular neurofibrillary tangles (eNFTs) in hippocampal 
sectors CAl and CA4, the transentorhinal cortex, and the midtemporal 
cortex. Bielschowsky silver staining and immunostaining with Alz50 and 
amyloid P were used to identify iNFTs and eNFTs, and Cresyl violet 
staining to identify the surviving pyramidal neurons. In all the cases, the 
total population of pyramidal neurons, iNFTs and eNFTs was found to be 
relatively constant in the regions studied. The density of eNFTs correlated 
significantly and negatively with the density of surviving neurons. The most 
affected area was CAl. Less severely affected areas were CA4 and the 
transentorhinal cortex, while the midtemporal cortex was relatively 
mildly affected. Our results suggest that in the hippocamus and cortex areas 
studied, loss of pyramidal neurons is directly proportional to the 
appearance of eNFTs. The eNFTs accumulate, without evidence of 
disappearance through phagocytosis.
Supported by the MRC of Canada and the Jack Brown and Family AD 
Research Fund.

640.13
Parvalbumin and calbindin-immunoreactive neurons in normal human temporal, 
frontal cortices and in Alzheimer’s disease. N. Radenahmad*'1 RCA Pearson1 
J.W.Neal2, G.K.Wilcock3
’Dept. of Biomedical Science, University of Sheffield, Sheffield S10 2TN, England. 
2Dept. of Histopathology, University Hospital of Wales, Heath Park, Cardiff CF4 
4X,UK

’Departmental Care of Elderly Frenchay Hospital, Bristol, UK
In the cerebral cortex, it has been shown that parvalbumin(PV), and

calbindin(CB) are present in essentially different subsets of GABAergic neurons. 
These calcium-binding proteins, which are members of the EF-hand family, are 
widely distributed throughout the central nervous system, label specific neuronal 
populations and are reliable neuro-anatomical markers for studying the complex 
organization of intracortical GABAergic systems; In the present study, we applied 
these markers in the human cerebral cortex to study neuronal changes in normal 
temporal, frontal cortices Alzheimer’s disease(AD) compared with normal controls. 
Brain tissues were fixed with 10% formalin, embedded in paraffin wax. Ten pm 
sections were processed for the immunocytochemical demonstration of parvalbumin 
(PA-235, Sigma) or calbindin(CL-300, Sigma). The number of PV-positive and 
CB-positive cells was counted in temporal and frontal cortex of 8 normal and 
17 AD brains, using a squared eyepiece and a 10.x objective. The distribution and 
general features of PV-immunoreactive and CB-immunoreactive elements were 
roughly similar in control and AD brains. Cell counts reveal significant differences 
(p < 0.01) in the number of both cell types in temporal and frontal cortices in AD. 
Loss was more severe for calbindin immunoreactive neurons and was greatest in 
inferior temporal rather than middle or superior temporal cortices. Severity of 
pathological involvement of the same cortical areas was assessed using antibody 
directed against beta-amyloid.

Thai Gcxerrrrmt

640.14
PARVALBUMIN, CALRETININ AND CALBINDIN-D28k 
IMMUNOREACTIVITY IN THE ENTORHINAL CORTEX IN 
ALZHEIMER’S DISEASE: DIFFERENCES IN NEURONAL 
DEGENERATION BETWEEN SUBFIELDS. M. Mikkonen.
R. Miettinen*. I. Alafuzoff, T. Tapiola and H. Soininen. Department of 
Neuroscience and Neurology, University Hospital and University of Kuopio, 
Finland.

The entorhinal cortex (EC) is selectively degenerated as an early sign of 
Alzheimer’s disease (AD). Here we studied the neuronal loss in different 
subfields of EC in 14 AD and 6 control cases using thionin staining and 
parvalbumin (PV), calretinin (CR) and calbindin-D28k (CB) 
immunostainings. Thionin staining revealed that the typical degeneration of 
layers II and V in AD was largely present in caudolateral subfields. The 
rostromedial subfields, which are devoid of PV-immunoreactivity, but have 
CR in large pyramidal shaped neurons in layers V and VI and CB in 
pyramidal shaped neurons in layer II, preserve generally better than other EC 
subfields in AD. In contrast, PV- and CB-ir intemeurons, which are abundant 
in the cellular clusters of layer II of other EC subfields, were lost in the 
lateral, intermediate and caudal subfields. The CR-ir intemeurons in layer II 
were, for the most part, better preserved than those containing PV-ir. 
However, both PV- and CR-ir neurons exhibited frequently morphological 
changes such as reduced somal size and destruction in dendritic tree. Our 
findings indicate that various subfields of the entorhinal cortex and the 
neurons containing different calcium-binding proteins in distinct subfields 
are differentially vulnerable in AD. This may be related to differences in 
input-output relationships of various subfields and distinct neuron types of 
the entorhinal cortex. (Supported by Kuopio University Hospital)

640.15
DIFFERENTIAL EXPRESSION OF IMMUNE FACTORS IN TEMPORAL 
CORTEX AND CEREBELLUM
S. D, Styren*, G. C. Styren and S.T. DeKoskv, Departments of Psychiatry & 
Neurology and Western Psychiatric Institute and Clinic, University of 
Pittsburgh, Pittsburgh, PA 15213

Alzheimer's disease (AD) is characterized by regional cell loss, 
neurofibrillary tangles, fibrillar amyloid deposits and reactive gliosis. Reactive 
microglia secrete interleukin-1 which stimulates astrocytes to release alpha-1- 
antichymotrypsin (ACT) and apolipoprotein E in affected brain regions. It has 
been suggested that ACT and APOE bind to soluble amyloid and mediate its 
conversion to the fibrillar amyloid found in neuritic plaques (NP). We 
examined the regional distribution of ACT, APOE and reactive glia in temporal 
cortex and cerebellum to examine the role of these markers in the deposition 
of beta amyloid (A3). Autopsy tissue from 9 AD subjects was obtained from 
the University of Pittsburgh Alzheimer's Disease Research Center and 
processed for ACT, APOE, AB, GFAP and HLA-DR immuno-histochemistry. 
AB positive plaques and blood vessels were found throughout temporal 
cortex, while ACT and APOE staining was localized to NP, reactive astrocytes 
and blood vessels. HLA-DR and GFAP staining revealed focal clusters of 
reactive microglia and astrocytes throughout temporal cortex. In cerebellum, 
AB was localized to diffuse deposits in the molecular layer (ML) in 6 of the 9 
cases; none of the AB deposits were thioflavin positive. ACT and APOE 
immunoreactivity was never seen in focal clusters in cerebellum but was 
weakly localized to unreactive astrocytes; weak HLA-DR immunoreactivity was 
present on quiescent microglia throughout the cerebellum. Paucity of NP in 
cerebellum may result from 1) differential glial reactivity in response to altered 
amyloid processing or 2) the lack of heparin sulfate proteoglycans or other 
surface molecules that might incite an inflammatory response.

640.16
IS SPECTRIN DEGRADATION AN EARLY MARKER OF NEURODEGENERAT-
ION IN ALZHEIMER’S DISEASE? R, K. Sihag*. Laboratory of Neurobiology, 
NINDS, NIH, Bethesda, MD 20892 and McLean Hospital, Belmont, MA.

Spectrin, an a[3 heterodimer, is a major constituent of the neuronal membrane 
skeleton. Increased proteolysis of spectrin has been identified as an early neurodegenera-
tion marker following glutamate excitoxicity, denervation, hypoxia, ischemia, 
apoptosis and possibly Alzheimers disease (AD). To test the hypothesis that the 
increased degradation of spectrin may be an early marker of neurodegeneration in AD, I 
used isoform and domain-specific anti-spectrin antibodies (Sihag and Cataldo, 1996, 
Brain Res. 743:249) to determine the levels of spectrin and its degradation products in 
the post-mortem brain tissues (PMI 2.9-26 h) from young, adult, aged and AD brains. 
The prefrontal cortex or cerebellum tissues were fractionated into Triton-x-100-soluble 
and -insoluble fractions or were directly solubilized in SDS-buffer preheated to 95° C. 
The proteins were separated on 5% SDS-polyacrylamide gels and electroblotted to 
PVDF-membrane. The immunoblot analyses with the N-terminal domain-specific anti- 
P-spectrino&R, two C-terminal domain-specific anti- p-spectring, and two a spectrin q  
antibodies showed no significant differences in the levels of a and p spectrin in the 
cerebellum or in the prefrontal cortex of young, adult and old brains. The a or p 
spectrin levels did not change in AD brains as compared to the age-matched controls 
with no known neurological symptoms. Measurable amounts of the a and P spectrin 
degradation products ranging in molecular weights from 60 kDa to 160 kDa were 
detected only if the tissues were not directly solubilized in SDS-buffer. However, no 
significant differences in the accumulation of any specific a or P spectrin degradation 
products were identified in the Triton x 100- soluble and -insoluble fractions prepared 
from the age-matched control or AD brain tissues. The results suggest that spectrin 
degradation is not an early marker for neurodegeneration in AD. Supported by NIH, 
AFAR and AHAF.
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640.17
DISTRIBUTION OF PRESENILINS 1 AND 2 IN THE CEREBRAL CORTEX

of Psychiatry, Univ. of Geneva, Switzerland, 2Neurobiol. Aging Labs, and 
3Dept of Psychiatry, Mt Sinai Sch. Med., New York, NY 10029.

Pick's disease (PiD) is a focal cortical degeneration characterized clinically by 
frontal symptoms including mood disturbances, aggressiveness, aberrant behavior 
and marked language deficits, and neuropathologically by a lobar atrophy of the 
frontal and anterior temporal lobes, gliosis, severe neuronal loss, ballooned 
neurons and neuronal eosinophilic inclusions referred to as Pick bodies (PB). 
Recent studies suggest that PiD may share etiopathogtnetic mechanisms with
AD. Mutations in two related genes, presenilin 1 (PSI) and 2 (PS2), are the 
most common genetic factors underlying the development of early-onset familial
AD. Although the role of these genes in the development of AD pathologic 
changes is poorly defined, we have reported that neuronal populations expressing 
low levels of PSI have increased vulnerability in AD. To explore the role of 
PSI and PS2 in PiD, we analyzed the distribution of these proteins in the 
cerebral cortex of nondemented individuals and patients with PiD. Stereologic 
analyses revealed that PiD brains show a marked neuronal loss in the CAl field 
of the hippocampus, subiculum and entorhinal cortex, and areas 20 and 9. In 
these areas however, the fraction of PB-free neurons showing PS I or PS2 
immunoreactivity was higher than in nondemented controls. Thus, the fraction of 
PB-free neurons which contained PSI or PS2 varied from 0.41 to 0.77, whereas 
this fraction in control cases varied from 0.36 to 0.64. In contrast, cortical areas 
which displayed no neuronal loss had no significant increase in the fraction of 
PSI- or PS2-positive neurons. In agreement with our observations in late-onset 
AD, these data suggest that presenilins may have a neuroprotective role, and that 
in PiD, their low cellular expression is associated with increased neuronal loss. 
Supported by NIH grants AG08200, AG05138, AG07038, and FNRS grant 
31.45960.95.

640.18
ESTIMATION OF POSSIBLE AGE-RELATED CHANGES IN SYNAPTIC 

DENSITY IN THE HUMAN FRONTAL CORTEX (BRODMANN AREA 9). 
S.W.Scheff*, D.A. Price, J. Hamrick, C.T. Callihan, D.L. Sparks. Sanders-Brown 
Center on Aging, University of Kentucky, Lexington, KY 40536.

Numerous morphological alterations have been described in the brains of patients 
with Alzheimer’s disease. Several studies have reported a significant loss of dendrites 
and dendritic spines and a significant loss of synaptic contacts in various cortical 
regions. We have previously reported a significant loss of synaptic numbers in two 
different lamina of the frontal cortex in AD patients. In those studies, the AD brains 
were compared to material from aged-matched neurologically normal controls. It is 
unclear if this synapse loss is a result of some AD-related accelerated aging, and how 
much loss is the result of normal aging alone. To examine these possibilities, we 
quantitated the density of synaptic contacts in the frontal cortex throughout the human 
lifespan.

Brain tissue was obtained at autopsy from neurologically normal individuals (20- 
100 years of age) within ten hours of death. All tissue was immersion fixed in 
paraformaldehyde/ glutaraldehyde. Three different regions of frontal cortex were 
prepared for ultrastructural analysis using standard osmium tetroxide post-fixation. 
Modern stereological methodology (physical disector) was used to determine synaptic 
numbers in the frontal cortex (Brodmann area 9). Photographic montages were assessed 
blind with respect to subjects’ age at time of death. Results indicate no age-related 
change in the density of synapses in this region of the human cortex. These results 
indicate that the loss of synapses observed in the frontal cortex of patients with AD is 
primarily the result of the disease process, which does not appear to be accelerated 
aging. Supported by NIH AG12138

640.19
FAC1 IMMUNOLOCALIZATION TO HIRANO BODIES IN 
ALZHEIMER’S DISEASE HIPPOCAMPUS. R. Bowser*, K, Jordan- 
Sciutto and D. Walcott. Dept. of Pathology, Univ. of Pittsburgh 
Medical Center, Pittsburgh, PA 15261.

FAC1 is a novel, developmentally regulated gene that is expressed at 
high levels during human brain development, lower levels in adult 
control brain and is re-expessed in Alzheimer’s disease (AD) brain. The 
FAC1 protein is localized to the cytoplasm and nuclei in developing 
neurons and predominately to nuclei in adult control brain. In AD brain 
FAC1 protein is observed in a subset of plaques and activated glial 
cells. We also observe FAC1 protein within swollen dendritic 
structures in AD hippocampus and examined Hirano bodies for the 
presence or absence of FAC1. For this study we utilized hippocampal 
tissue from 12 AD, 10 non-demented age matched controls and 4 Lewy 
body variant of Alzheimer’s disease (LBVAD) patients. 
Immunohistochemical analysis revealed the presence of FAC1 in the 
nucleus and cytoplasm of neurons throughout the hippocampus and 
within Hirano bodies in AD and LBVAD. The presence of Hirano 
bodies within these regions was confirmed by H&E staining. Double-
label confocal laser microscopy demonstrated the presence of FAC1 in 
actin andMAP2 positive Hirano bodies, though FAC1 positive Hirano 
bodies often outnumbered actin positive Hirano bodies. 
Immunoelectron microscopy also confirmed the presence of FAC1 in 
Hirano bodies. In control non-demented patients few to no Hirano 
bodies or FAC1 immunoreactive Hirano body-like structures were 
observed in the hippocampus. We conclude that FAC1 protein is 
present in Hirano bodies within the hippocampus of AD patients. 
NIH AG13208; Alzheimer’s Assoc./Edward K Nesbitt Pilot Res Grant.

640.20
IMMUNOREACTIVITY FOR DREBRIN, A MARKER OF DENDRITIC 
PLASTICITY, IN HUMAN CEREBRAL CORTEX IN NORMAL AGING AND 
ALZHEIMER'S DISEASE. K, Hatanpga*1, T. Shirao2, D.R. Brady1, K. 
Chandrasekaran1 and S.l. Rapoport1. laboratory of Neurosciences, NIA, 
Bethesda, MD 20892, department of Neurobiology and Behavior, Gunma 
University School of Medicine, Maebashi, Japan.

Drebrin, an actin-binding protein, is highly expressed in neurons during 
development. In adult brain, drebrin is mainly localized in dendritic spines. 
Recently, drebrin levels were reported to be dramatically decreased in the 
hippocampus of early-stage Alzheimer's disease (AD) patients compared 
with controls. We studied drebrin immunoreactivity in cerebral cortex of 7 
AD brains (mean age 79), 6 age-matched (old) controls (79), 3 young 
controls (33), and 1 brain with dementia due to Parkinson's disease (PD) 
(76). In control brains, drebrin immunohistochemistry produced punctate 
neuropil staining. Immunoreactivity (staining density and intensity) was 
evaluated qualitatively on coded slides. Results were consistent between 
experiments. In midtemporal cortex, drebrin immunoreactivity was strong in 
4 controls, moderate in 2, faint in 1, and absent in 2. Results were similar 
for primary motor cortex. In contrast, no cortical drebrin immunoreactivity 
was detected in any of the 7 AD brains (old controls vs. AD midtemporal 
p<0.02, Mann-Whitney U test). Interestingly, the PD brain exhibited 
moderate drebrin immunoreactivity. All AD and control brains showed 
moderate to strong synaptophysin immunoreactivity, and the ranges of 
synaptophysin immunoreactivity in AD and control brains overlapped. In 
control brains, quantitative immunoblotting demonstrated a decrease in 
drebrin levels with aging (p<0.03). Thus, dendritic plasticity may be impaired 
in aging and AD. (Prof. T.S. is supported by Grant in Aid for Exploratory 
Research, Ministry of Education, Science, Sports and Culture, Japan).
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641.1
UPTAKE OF SERUM AMYLOID P COMPONENT (SAP) BY 
hNT NEURONS IN VITRO. P.J. Acton* and T. Duong. Terre 
Haute Center, Indiana University School of Medicine, Terre 
Haute, IN 47809.

Amyloid P component, derived from SAP, has been localized to 
neurons and neurofibrillary tangles in Alzheimer’s disease. It is 
not known whether SAP can be internalized by neurons and 
whether it has a toxic effect. We studied the interaction of purified 
human SAP with the human-derived hNT neuronal cell line 
(Stratagene). At day 6 after plating (minimum cell density of 2 x 
104 cells/cm2), the neurons were exposed to either 8,4, 2, 1 or 0.5 
pg/ml of SAP. Four days later, the cells were fixed with 
paraformaldehyde for 15 minutes and immunolabeled using a 
polyclonal antibody to human SAP. SAP immunoreactivity in 
hNT neurons was seen at all concentrations of SAP exposure. The 
possible toxic effect of SAP was tested using culture medium 
sampled every 24 hours and a lactate dehydrogenase assay kit 
(Sigma). No toxic effect due to SAP exposure was seen at all SAP 
concentrations. This study showed that uptake of human 
SAP by hNT neurons is possible but that a toxic effect 
of SAP on neurons in vitro was not observed using our 
parameters. Further studies will determine the neuronal uptake 
mechanism of SAP and its long-term consequences.

This work was supported by NIH NINDS grant NS31524.

641.2
SECRETORY FORM OF AMYLOID PRECURSOR PROTEIN 
MODULATES THE SYNAPTIC ACTIVITY IN XENOPUS 
NEUROMUSCULAR SYNAPSES. T. Morimoto*. I. Ohsawa. 
C. Takamura. and S. Kohsaka. Div. of Neurochem., Natl. 
Inst, of Neurosci., Kodaira, 187, Japan.

Effect of secretory form of amyloid precursor 
protein (sAPP) on synaptic activity was examined 
using cultured neuromuscular synapses prepared from 
Xenopus embryos. Spontaneous and evoked post-
synaptic currents (SSC and ESC) were recorded from 
the innervated muscle cells. The mean frequency of 
SSC was reduced to 60 % by extracellularly applied 10 
nM sAPP. However, the distribution of amplitude of 
SSC was not significantly affected. By contrast, the 
mean amplitude of ESC was slightly increased by 
sAPP. It was reported that sAPP decreased the basal 
level of intracellular calcium concentration ([Ca2+]i) in 
cultured hippocampal neurons. The present finding 
therefore may suggest that sAPP reduced the 
frequency of SSC through the reduction of [Ca2+]i. 
Reduction of SSC frequency by sAPP may result in 
modulation of synaptic activity. (Supported by COE Grant 
from the Science and Technology Agency, Japan.)
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641.3
Sloop INCREASES P-AMYLOID PRECURSOR PROTEIN (P-APP) 
mRNA LEVELS IN RAT NEURONAL CULTURES. Y-K. Li, J-Z. 
Wong, J.G. Sheng, R.A. Jones, R.E. Mrak* and W.S.T. Griffin.
Depts. Geriatrics and Pathology, Univ. Ark. Med. Sci. and DVAMC, Little 
Rock, AR 72205

SlOOp is an astrocyte-derived cytokine that promotes neuronal survival, 
stimulates neurite growth, and modulates intraneuronal calcium levels in 
vitro. SlOOp derived from plaque-associated, activated astrocytes has been 
implicated in the pathogenesis of the dystrophic neurites found in amyloid 
plaques in Alzheimer's disease. These dystrophic neurites overexpress p- 
APP, a membrane protein associated with neurite growth. To determine if 
SlOOp has a direct effect on neuronal PAPP expression, we used in situ and 
Northern hybridization to assess SlOOp effects on PAPP mRNA expression 
in neuron-enriched primary cultures from rat cerebral cortex. Low 
concentrations of SlOOp (0.1 to 10 ng/ml for 24 h) promoted neurite growth 
and progressively enhanced neuronal viability (increased mitochondrial 
activity and decreased lactic acid dehydrogenase release from cells). This 
effect declined at higher SlOOp levels (50 to 100 ng/ml). Neuronal PAPP 
mRNA expression increased in response to both 10 and 100 ng/ml SlOOp 
over a time course of 12 to 48 h, with greatest response at 48 h and 100 
ng/ml SlOOp. These results provide the first direct evidence of SlOOp 
induction of neuronal pAPP overexpression. This, together with bur 
demonstration of increased neurite growth in these SlOOP-treated cultures, 
supports our previous suggestion that astrocytic overexpression of SlOOp 
contributes to dystrophic neurite formation in amyloid plaques in Alzheimer's 
disease. Supported by AG10802 and AG12411.

641.4
PHOSPHORYLATION OF APP IN NEURON. Y, Satoh*1, T. Seki2, Y, 
Kirino1, T, Suzuki1 " ’Laboratory of Neurobiophysics, School of 
Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, Tokyo 113, 
Japan; department of Anatomy, Juntendo University School of Medicine, 
Hongo 2-1-1, Bunkyo-ku, Tokyo, 113 Japan

Amyloid precursor protein (APP) is an integral membrane protein with a 
receptor-like structure. We have previously reported that one of three sites in 
the APP cytoplasmic domain, Thr668 (numbering for APP695 isoform), is 
phosphorylated by cdc2 kinase during the G2/M phase of cell cycle in cultured 
cells. The present study utilizing a phosphorylation state-specific antibody 
raised against phosphoThr668 of APP has demonstrated that APP is 
phosphorylated specifically in brain though the expression of APP is 
ubiquitous. In primary cultures of rat hippocampal neuron, we found that the 
phosphorylated form of APP is localized in somatic plasma membranes and on 
neurites, though APP itself distributes in somata as well as neurites. Because 
the phosphorylation of APP at Thr668 is a major difference in APP 
metabolism between neuronal and non-neuronal tissues, the phosphorylation 
of APP may play an important role in APP metabolism in neurons, [supported 
by LIFE SCIENCE FOUNDATION OF JAPAN (TS), by Grants-in-Aid for 
Scientific Research from The Japanese Ministry of Education, Science, Sports 
and Culture to Y.K, and T.S., and by a Grant from Program for Promotion of 
Basic Research Activities for Innovative Biosciences.]

641.5
PROTEASOME PARTICIPATION IN THE DEGRADATION OF 
THE APP TRANSMEMBRANE DOMAIN WHILE ASSOCIATED 
WITH THE ER MEMBRANE. W. L. Bunnell*, H. V. Pham, C. G. 
Glabe Dept. of Mol. Biol. & Biochem., Irvine, CA. 92697.

We have examined the proteolytic processing and degradation 
of the transmembrane domain (TMD) of the amyloid precursor 
protein using a probe molecule containing the TMD flanked on 
each side by unique epitope tags. This probe facilitates the 
detection of any proteolytic event occurring from either side of 
the membrane including the intramembrane cleavage by y- 
secretase. Degradation of the probe occurs rapidly in the ER 
membrane with no detectable intermediates. The proteasome 
inhibitors, ALLN, MG132 and iactacystin inhibit the degradation 
of the probe and cause an increase in the steady-state amount 
of the probe in the membrane fraction. This is distinct from the 
effect of these inhibitors on the turn over of other membrane 
proteins, which accumulate as soluble ubiquitin conjugates in the 
cytosol. In addition, these inhibitors increase the secretion into 
the media of a fragment resulting from y-secretase cleavage 
within the TMD. These results suggest that the increased 
secretion of the y-secretase cleavage product is due to an 
increase in substrate availability by inhibiting degradation of the 
probe by the proteasome in the ER. (NS 31230)

641.6
A NOVEL 65 kDa ANTIGEN IN PAIRED HELICAL FILAMENTS.
H.Yoshida1, A, Watanabe2. K. Muravama3>*. and Y. Ihara.1 '‘Department of 
Neuropathology, Faculty of Medicine, University of Tokyo, Tokyo 113, Japan. 
2Division of Biomolecular Characterization and Biodesign Research Group, The 
Institute of Physical and Chemical Research (RIKEN), Saitama 351-01, Japan. 
3National Rehabilitation Center for Disabled Children, Tokyo, Japan.

The intracellular accumulation of paired helical filaments (PHF) appears to be 
closely related to the neuronal loss found in the brain affected with Alzheimer's 
disease. In the early stage of their formation, hyperphosphorylated full-length tau 
is the only major component.

To obtain more information about early-staged PHF, we fractionated crude PHF 
into “light” PHF and “heavy” PHF using CsCl isopycnic density gradient 
centrifugation. The “heavy” PHF fraction contained exclusively full-length tau 
and was used for immunization in the search for particular molecules providing a 
clue to the initial stage of PHF formation. Based on the stainability of isolated 
tangles, one monoclonal antibody (mAb), 3F4, was selected and cloned. This 
mAb labeled a 65 kDa band on an immunoblot of human brain extract, and 
immunoprecipitated the same protein, but not tau. The 65 kDa protein, purified 
by immuoaffinity chromatography, was digested with API (Achromobacter lytius 
protease 1) on a PVDF membrane. The peptides released were fractionated on a 
reverse phase column, and major peaks were analyzed for amino acid sequences and 
molecular masses. All of the obtained sequences matched those from a new 
protein identified recently, human collapsin response mediator protein (hCRMP).
To confirm that this molecule is indeed present in tangles, we raised polyclonal 
antibodies against several portions of the molecule, and some of them stained 
isolated tangles. These results strongly suggest that hCRMP or its related protein 
is a novel antigen in PHF.

(Research supported by JSPS Research Fellowships for Young Scientists and CREST).

641.7
P140 TRKA RECEPTOR PROTEIN WITHIN THE 
NUCLEUS BASALIS AND CORTEX IS REDUCED IN

Douglas Hosp., McGill Cancer Ctr., Montreal, Canada H3G 
Dept. NeuroL Sci., Rush Medical Center, Chicago, IL 60612

It has been hypothesized that a defect in the production and or 
utilization of NGF's high affinity trkA receptor underlies cholinergic 
basal forebrain (CBF) degeneration in AD. We used an anti-human 
trkA specific monoclonal antibody (mAb 5C3) which recognizes the 
NGF docking site, combined with quantitative optical densitometry, to 
determine whether the expression of the trkA protein is altered within 
the nucleus basalis and its cortical projection zones in AD. In normal 
aged humans, trkA immunoreactivity revealed a continuum of positive 
neurons extending throughout all CBF subfields. In addition, trkA 
positive neurons were scattered throughout the olfactory tubercle and 
striatum. These regions also displayed intense trkA neuropil staining. 
Although fewer in total number, remaining nucleus basalis neurons in 
AD displayed a significant decrease relative to aged controls. 
Quantitative biochemical analysis revealed a significant reduction in 
trkA protein (~50%) within the nucleus basalis and frontal cortex in AD 
relative to aged controls. In contrast, trkA levels in the caudate nucleus 
were unaffected. The decrease in trkA protein in conjunction with our 
recent observations that the message for trkA is reduced within 
individual nucleus basalis neurons in AD, supports the concept that a 
defects in the trkA receptor may be a key event mediating degeneration 
of NGF responsive CBF neurons in this disease. Supported by the 
AG10688, AG10161, AG09466, ADRDA, MRC and FDLR.

641.8
EXPRESSION OF TIMP-1 AND TIMP-2 IN THE CNS OF ALZHEIMER’S 
AND AMYOTROPHIC LATERAL SCLEROSIS PATIENTS. G.P. Lim, I. G. 
Lin, and Z.A, Tokes* Depts of Cell and Neurobiology and Biochemistry and 
Molecular Biology, USC School of Medicine, Los Angeles, CA, 90033.

Matrix metalloproteinases (MMPs) are elevated (3-4-fold) in the 
Alzheimer (AD) hippocampus and in the CNS of amyotrophic lateral 
sclerosis (ALS) patients (Backstrom et al., J of Neurosci., 1996; Lim et al., J 
of Neurochemistry, 1996). Since uncontrolled MMP activity could disrupt 
tissue architecture, we studied whether corresponding changes in the 
expression of two tissue inhibitors of metalloproteinases (TIMPs), TIMP-1 
and TIMP-2, were present in AD and ALS specimens. ELISAs were used to 
measured TIMP expression while immunohistochemistry was performed 
TIMP-specific monoclonal antibodies In AD hippocampal specimens, TIMP- 
1 was elevated 1.9-fold; no change in the level of TIMP-2 was observed 
when compared to controls. In ALS tissue, there was a 2-fold TIMP-1 
increase in spinal cord specimens, but levels were unchanged in motor 
cortex. TIMP-2 expression was unchanged in ALS motor cortex and 
cervical cord specimens, but was decreased 56% in ALS thoracic and 
lumbar spinal cord specimens. Regression analyses revealed a strong 
positive correlation between TIMP-2 and MMP-9 in control specimens 
(r=0.93, p=0.0001), but not in ALS specimens. Immunoreactive TIMP-1 
was present in neurons, astrocytes, and perivascular regions while TIMP-2 
was localized to nuclei of neurons and glial cells. These results are 
consistent with the hypothesis that an imbalance between MMP-9 and its 
inhibitors may contribute to the pathogenesis of neurodegenerative 
diseases. Supported by ALS Association and NIA R01-AG09681.
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641.9
PHOSPHOLIPID CATABOLIC ENZYMES IN ALZHEIMER’S DISEASE. 
A. Moszczvnska*. S.J, Kish, and B.M, Ross. Human Neurochemical 
Pathology Laboratory, Clarke Institute of Psychiatry, Toronto, Ontario, 
Canada, M5T 1R8.

Much evidence suggests that membrane phospholipid metabolism is altered 
in patients with Alzheimer’s disease (AD). In vitro and in vivo 31P magnetic 
resonance spectroscopy (MRS) studies have demonstrated elevated brain 
levels of phosphomonoesters (PME) in early stages of the disease followed by 
elevations in phosphodiesters (PDE) in later stages. These alterations in PME 
and PDE may reflect changes in catabolic and/or anabolic pathways of 
phospholipid metabolism. We measured activities of several enzymes of 
phospholipid catabolism, namely phospholipase A2 (PLA2), acyl transferase 
(AT), lysophospholipase (LPL), and glycerophosphocholine phosphodiesterase 
(GPCPD), in the autopsied parietal, temporal, and occipital cortices, 
hippocampus, and cerebellum of 10 AD patients, and in 10 age-matched 
control subjects. In AD, activity of PLA2 was significantly decreased by 30- 
40% (p<0.05) in parietal, temporal, and occipital cortices, whereas activity of 
GPCPD was significantly increased by 32-52% (p<0.05) in these brain regions, 
as compared to control brains. Activity of AT was found to be significantly 
(p<0.05) increased in two cortical regions, parietal (by 51%) and temporal (by 
47%) cortex. There was no apparent difference in the activity of LPL in 
assessed regions between AD brains and controls. Our data indicate that 
degradation of phospholipids is decreased and re-synthesis is increased in 
affected regions, which may act to ameliorate the loss of membrane 
phospholipids in AD. Supported by US NIH NINDS NS26034.

641.10
MAMMALIAN SEPTIN FILAMENT I:
A NOVEL CYTOSKELETON
M. Kinoshita, S. Kumar, A. Mizoguchi, C. Ide, N. Mizuno*, T.
Haraguchi, Y. Hiraoka, and M. Noda. Dept. of Molecular 
Oncology, Kyoto Univ. Grad. Sch. of Med., Kyoto 606 Japan

We have been characterizing mouse genes which exhibit high 
expression in the embryonic brain in contrast to their down- 
regulated expression in the adult brain. One such gene, Nedd5, 
encodes a 41.5 kD GTPase similar to the yeast and fruitfly 
septins some of which are essential for cytokinesis. We show 
that the localization and the possible function of the three 
mammalian septins, Nedd5, H5 and Diff6, in cytokinesis are 
similar to the above homologs.

In interphase cells, Nedd5 is in a dynamic equilibrium, forming 
fibrous and granular structures depending on the growth 
condition. The septin filaments are disrupted by GTPyS and by 
GTPase-defective Nedd5 mutants, suggesting that GTP- 
hydrolysis is essential for its assembly. We also found that the 
septin filaments appear to contact actin bundles which is typically 
shown in the stress fibers and neurites, and that cytochalasin D, 
C3 toxin and serum starvation disrupt the septin filament; 
suggesting a functional interaction with the actin filament.

In summary, the septin filament forms a novel, actin-dependent 
cytoskeletal network in most of the cell-lineages including 
neurons, the functions in which are being studied.

This work is supported in part by Grant-in-Aid from the 
Ministry of Education, Scinece and Culture of Japan.

641.11

MAMMALIAN SEPTIN FILAMENT II:
ESSENTIAL COMPONENTS OF ALZHEIMER'S 
NEUROFIBRILLARY TANGLES ?
A. Kinoshita, M. Kinoshita, H. Akiyama, H. Tomimoto, S.
Nakamura*, I. Akiguchi, S. Kumar, M. Noda and J. Kimura.
Dept. of Neurology, Fac Med, Kyoto Univ., Kyoto 606 Japan 

Septins are novel cytoskeletal proteins which are essential for
cytoplasmic division and are the constituents of fibrous structures 
in interphase and postmitotic cells. We have been investigating 
pathophysiological roles of the mammalian septins, using human 
brains of normal and several pathological conditions.

By immunohistochemistry, the three human septins, Nedd5, H5 
and Diff6, were identified in the neurofibrillary tangles (NFT) 
including pretangles, neuropil threads, and dystrophic neurites of 
senile plaques in Alzheimer's disease (AD). In contrast, the septins 
could not be identified in the control brains. Double 
immunohistochemistry showed co-licalization of the Nedd5, H5 
and Diff6 in NFTs. Expression levels of the three septin mRNAs 
and the proteins exhibited no significant increase in the AD brains, 
compared with the age-matched controls.

Immunoelectron microscopic studies revealed that Nedd5- 
immunoreactivity was identified on the paired helical filaments 
(PHFs), suggesting that septins are the components of PHF or at 
least closely associated with the only known, major PHF 
component, the tau protein.

This work is supported in part by Grant-in-Aid from the 
Ministry of Education, Science and Culture of Japan.

641.12
CATHEPSIN SUPPRESSION CAUSES INCREASED GENE EXPRESSION
OF CATHEPSIN D, LYSOSOMAL PROLIFERATION, AND MEGA-
NEURITE FORMATION. E, Bednarskjl*. C.E, Ribak2. I, Pinkstaff2. C.M.
Gall2 and G.Lvnch1. !Ctr. for Neurobiol. of Learning & Memory, and 2Dept. 
of Anat. & Neurobiol., Univ. of Calif., Irvine, CA 92697.
Studies were conducted to examine the sequence of events set in motion by 

cathepsin inhibition. One day of exposure of cultured hippocampal slices to 
N-CBZ-L-phenylalanyl-L-alanine-diazomethylketone (ZPAD), an inhib-
itor of cathepsins B and L, elevated cathepsin D mRNA levels 98% in 
stratum pyramidale of CA3. Electron micrographs demonstrated an 
approximately 9-fold increase in the number of lysosomes in CA3 pyrami-
dal cells after one day. After six days of treatment, a greater increase in the 
number of lysosomes was observed in neurons and glia throughout the 
hippocampus (Bednarski et al., J. Neurosci., 1997). In slices maintained in 
culture for one week after 6 days of ZPAD exposure, CA1 neurons exhibited 
meganeurites, lysosome-laden expansions of the axon hillock region. Also, 
groups of membrane-bound profiles filled with compacted lysosomal bodies 
(neurites) were found associated with astrocytes in these preparations. 
Meganeurites could be transient structures formed during an attempt to 
eliminate nonhydrolyzable material from neurons. This process would 
generate profiles very similar in appearance to neurites found within senile 
plaques. Reduced levels of cathepsin L activity, overexpression of 
cathepsin D mRNA, lysosomal hyperplasia, and meganeurite formation 
are all reported to occur during brain ageing. Thus, it is possible that ZPAD 
initiates processes reminiscent of accelerated ageing. (Supported by NIA 
grant AG00538)

641.13
Rel A (NF-kappa B p65) expression in neurones and microglia in post 
mortem tissue of patients with neurodegenerative disorders

Sigrid C. Schwarz, Susanne Liptay, Roland Schmid, Thomas Seuferlein, Oliver 
Foster1, Anja K. E. Hom*2, Johannes Schwarz

University of Ulm, Department of Neurology and Internal Medicine, Oberer Eselsberg 
45, 89081 Ulm,FRG;' University of London, Institute of Neurology, 1 Wakefield 
Street, London WclN 1PJ, GB; 2 Institute of Physiology, University of Munich (LMU), 
Munich, FRG

In the CNS, nuclear transcription factors such as Rel A (NF-kappa B p65) are 
localized in neurones as well as in glial cells. In experimental allergic 
encephalomyelitis a nuclear translocation of Rel A in microglia may play a role in 
cytokine secretion of these cells. The toxicity of excitatory amino acids which may 
also be involved in various neurodegenerative disorders, can be reduced by blockage 
of Rel A activation using antiinflammatory drugs. The expression of such transcription 
factors in neurodegenerative disorders is not known.
We used a specific antibody against Rel A (Pharmingen 14631 mAb) to analyse the 
immunoreactivity for Rel A and its subcellular localization in post mortem tissue of 
patients with Alzheimer’s disease, Parkinson’s disease and multiple system atrophy. 
In all affected brain areas, we detected a massive expression of Rel A with nuclear 
translocation in the majority of cells. Cells positive for Rel A were found to be 
microglia (costaining with CR 3/43 mAb) and neurones (costaining with NSE mAb). 
In non affected brain areas (e.g. striatum of controls), there was a minimal Rel A 
expression.
Our data show that nuclear expression of Rel A occurs in brain areas with 
neurodegeneration. The mechanism underlying this activation is not clear as well as its 
function. The high expression of Rel A may lead to speculations about a potential 
neuroprotective effect of drugs that are able to downregulate activation of nuclear 
transcription factors.
S.C.Schwarz is supported by a grant of the University of Ulm, FRG.

641.14
DIFFERENCES IN BASAL PLASMA CATECHOLAMINES LEVELS AND 
HYPOTHALAMUS-PITUITARY-ADRENAL AXIS BETWEEN EARLY 
ONSET AND LATE ONSET ALZHEIMER’S DISEASE. H.Ikari(i)\
H.Nakahata(2), T.Yamamoto(2), Y.Suzuki(i), T.Tajima(i), O.Ogawa(i),
H.Umegaki(i), Y.Masuda(i), R.Yamamoto(i), N.Mogi(i), J.Yoshimura(i),
A.Iguchi(i). (l)Department of Geriatrics, Nagoya University School of Medicine, 
Nagoya, 466 Japan. (2)Fukushimura Hospital, Toyohashi, 441 Japan.

Various studies indicate that the hipothalamus-pituitary-adrenal (HPA) axis is 
activated in aging and more so in dementia, and that increased brain noradrenergic 
activity may contribute to the cognitive deficits of patients with advanced 
Alzheimer's disease. A total of 133 patients meeting DSM-IV criteria for primary 
degenerative dementia of the Alzheimer type and NINCDS criteria for probable 
Alzheimer's disease, and of 31 normal aged people staying nursing home were 
studied. The early and late onset were discriminated by the age of onset at 65 
years old. The mean ages between the three groups had no differences. The mean 
scores on MM$E were 2.46, 8.31, 24.6 in 28 patients of early onset Alzheimer's 
disease (AD), 105 patients of late onset Alzheimer's disease (SDAT), 31 normal 
aged as a control (C), respectively. Epinephrine (E), norepinephrine (NE), 
dopamine (D), ACTH, cortisol were analysed on bloods drawn from the all 158 
subjects at fast conditons in the early morning. E, NE, D levels were heigher in 
AD and lower in SDAT than C (E: 33.4, 19.4, 29.0, NE: 384, 343, 371, D: 
27.1, 9.01, 18.2, AD, SDAT, C, respectively). ACTH and cortisol levels were 
higher in AD and SDAT than C (ACTH: 47.1, 47.4, 41.6, cortisol: 15.7, 15.3, 
12.9, AD, SDAT, C, respectively). The differences on the basal catecholamines 
levels and the HPA axis activity in AD and SDAT may contribute to a decision 
of diagnosis in this disorder.
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641.15
HIPPOCAMPUS OF ALZHEIMER’S DISEASE (AD) PATIENTS 
DEMONSTRATES A SELECTIVE ELEVATION OF GAP-43 
IMMUNOREACTIVITY (IR) IN STRATUM LUCIDUM AND DECREASED 
BINDING OF BASIC HELIX-LOOP-HELIX (bHLH) TRANSCRIPTION 
FACTORS. W.K. Kinney1.1. Cantallops1. P.A Rangsithienchai1. M. Mesulam*2 and 
A Routtenberg1/Cresap Laboratoiy, Northwestern University Institute for Neuroscience 
(NUIN), Evanston, IL 60208.2NU Medical School, NUIN, Chicago, IL 60611.

Converging lines of recent evidence from our laboratory implicate hippocampal hilar 
cells in synaptic plasticity underlying learning (Namgung et al., Soc. Neurosci. Abs., 
1996; Serrano et al., this meeting). Since hilar cell loss occurs in AD, might this be 
important for memory loss? Such cell loss in animals leads to sprouting of granule 
cell axons, the mossy fibers, propelled by the growth- and plasticity-associated 
GAP-43, the protein formerly known as FI (Cantallops and Routtenberg, J. Comp. 
Neurol., 1996). To determine if sprouting mediated by GAP-43 occurs in AD, 
immunohistochemistry was carried out in post-mortem hippocampal tissue. AD 
cases showed selectively higher levels of IR than controls in the stratum lucidum, 
the mossy fiber projection zone in the CA3 area, suggestive of mossy fiber 
sprouting. Moreover, preliminary in situ hybridization results suggested increased 
GAP-43 mRNA in granule cells. In hippocampus, including stratum lucidum, 
GAP-43 IR was also found in morphologically distinctive neuritic plaques 
associated with AD, linking AD pathology with GAP-43 expression. Since bHLH 
protein binding to E-box elements of the GAP-43 promoter negatively regulates 
transcription, we predicted and found, using electrophoretic mobility shift assays, a 
decrease in binding of bHLH protein to E-box in AD tissue. We propose that 
increased GAP-43 expression in AD causes granule cells to sprout as a 
consequence of hilar cell loss. Therefore, such sprouting leading to both aberrant 
connections and hilar cell loss could jointly contribute to memory dysfunction. 
(Supported by NUIN, Fundacion Barcelo, NU AD Center grant and MERIT Award)

641.16
CREATINE KINASE IN ALZHEIMER'S BRAIN: CORRELATION OF REDUCED 
ENZYME ACTIVITY AND ACTIVE SITE PHOTOLABELING WITH 
ABERRANT CYTOSOL-MEMBRANE PARTITIONING
S.S, David. J. C. Pendergrass, M. Shoemaker and B. E. Haley*. Department of 
Chemistry, University of Kentucky, Lexington, KY 40536-0082.

Previous research has shown that [Y32P]8N3GTP-p-tubulin interactions are aberrant 
in Alzheimer’s disease (AD) brain: reduction in P-tubulin photolabeling was 
accompanied by decreased copy numbers in the supernatant fraction with a 
concomitant increase of p-tubulin in the pellet fraction. Herein, it is shown that AD 
brain creatine kinase (CK) exhibits the same pattern of aberrance as AD p-tubulin. 
CK activity in control brain homogenates was found to be 7.5 times that of AD 
representing an 86% decrease of CK activity in AD samples. Western blot analysis 
showed that CK copy numbers in the AD homogenate were decreased by only about 
14% in comparison to controls. Fractionation of control and AD homogenates into 
supernatant and pellet followed by Western blot analysis showed that: (I) Control 
supernatant contained 10.3 times the CK copy number found in AD supernatant. (II) 
AD pellet contained 2.5 times the CK copy number of control pellet. (Ill) Of the total 
AD CK activity 39% was in the supernatant which contained only 6.3% of the total 
AD CK copy numbers. (IV) Over a 23.5 fold greater 32P incorporation was observed 
into CK of control vs AD when photolabeled with [a32P]8N3ATP. (V) A 7.4 fold 
increase of 32P incorporation into CK was observed in controls by incubation with [a 
or y32P] ATP. (VI) 32P incorporation by both procedures followed CK activity and not 
CK copy number. These results indicate that AD CK is modified, blocking the 
nucleotide binding site and causing abnormal partitioning between supernatant and 
pellet indicating that a common chemistry is affecting both CK and p-tubulin in AD. 
Further, a mechanism different from y-phosphoryl transfer is involved in the 
enzymatic incorporation of 32P into CK. (Supported by the Wallace Research 
foundation & NIH grants 5R01-GM35766-10).

641.17
RELATION BETWEEN UBIQUITIN-PROTEIN DEPOSITS WHICH 
ACCUMULATE IN DEGENERATING NEURONS AND OXIDATIVE 
STRESS. Maria E, Figugrogdo-Pgi^ra*1, Svetlana Yakighin2, and-GefrMd CqW- Depts. of 
Pharmacology1 and Neurology2, Mount Sinai School ofMedidne of CUNY, N.Y., N.Y. 10029.

One of the hallmarks of neurodegeneration is the appearance of 
intraneuronal inclusions consisting of ubiquitin-protein conjugates. The 
mechanisms generating such abnormal inclusions remain unknown. In 
general, ubiquitinated proteins do not accumulate in healthy cells, as they 
are rapidly degraded by the 26S proteasome, a ubiquitin/ATP dependent 
proteinase. Failure to eliminate the ubiquitin-protein deposits in 
degenerating neurons may result either from malfunction of the 
ubiquitin/ATP-dependent proteolytic pathway or from structural changes 
in protein substrates rendering them inaccessible to the proteolytic 
machinery. We previously showed that cadmium-induced oxidative stress 
increased the levels of both protein-mixed disulfides (Pr-SSG) and 
ubiquitin-protein conjugates in mouse neuronal (HT4) cells. These findings 
raised the possibility that the ubiquitin/ATP-dependent proteolytic 
pathway is recruited by the cell to overcome the proteotoxic insults 
resulting from the disruption of the sulfhydryl homeostasis by cadmium. 
Our new studies support this hypothesis. We found that the reducing 
agent dithiothreitol (DTT) prevents the increases in both Pr-SSG and 
ubiquitin-conjugate levels induced by cadmium. To impede interaction of 
both compounds in the HT4 cell culture media, cadmium (10 pM) was 
added one hour prior to 10 mM DTT. Like cadmium, higher concentrations 
of zinc (100 pM) increased the levels of Pr-SSG and ubiquitin-conjugates in 
the mouse neuronal cells. However, one hour incubations with 5 mM H2O2, 
increased the levels of Pr-SSG without significantly affecting ubiquitin- 
protein conjugates. Our data suggest that Pr-SSG formation is closely 
associated with ubiquitination but that not all conditions which induce 
oxidative stress result in the accumulation of ubiquitin-protein deposits. 
(NIH grants NS34018 & NS23017).

641.18
A SYNERGISTIC INTERACTION BETWEEN ESTRADIOL AND 
GLUTATHIONE IN PRIMARY RAT CORTICAL NEURONS AND 
SK-N-SH CELLS IN THE PROTECTION AGAINST B-AMYLOID 25- 
35-INDUCED TOXICITY. Kelly E. Gridley*. Pattie S. Green and James W. 
Simpkins. Dept. of Pharmacodynamics and Center for Neurobiology of 
Aging, College of Pharmacy, University of Florida, Gainesville, FL 32610.

We have recently demonstratecfthat physiologically relevant concentrations of 
estradiol reduce PAP 25-35 induced-toxicity, and this correlates with a decrease in 
lipid peroxidation. We hypothesized that estrogens may serve an antioxidant role by 
donating a proton from the phenolic A ring, and that endogenous antioxidants may 
regenerate estrogens by interacting with the steroid to protect neurons. Because 
reparation of lipid membranes relies on the glutathione peroxidase enzyme system, 
we targeted glutathione as a likely candidate for this interaction. The present studies 
were undertaken to investigate the possibility of an interaction between estradiol and 
glutathione in protecting cells against the presence of pAP 25-35. We demonstrated 
that when evaluated individually, high concentrations of either 17 p-estradiol or 
reduced glutathione (GSH) can protect SK-N-SH human neuroblastoma cells from 
pAP 25-35 (20 pM) toxicity. By contrast, in the presence of low concentrations of 
GSH (3.25 pM), the neuroprotective potency of estradiol was increased by 
approximately 1000-fold, from 200 nm to 0.2 nm. To ensure this phenomena was not 
dependent on cell origin or tumorigenicity, we evaluated this interaction in primary 
rat cortical neurons. Again, addition of GSH increased the potency of 17 P-estradiol 
against PAP toxicity. Other thiol containing compounds did not interact 
synergistically with estradiol, nor were there any synergistic interactions between 
estradiol and ascorbic acid or a-tocopherol. Based on these data, we propose a 
synergistic interaction between glutathione and estradiol that dramatically increases 
the neuroprotective potency of the steroid. Supported by AG 10485.

641.19
MICROGLIAL APOE IS REGULATED BY ESTROGEN AND
TGFB-1: ROLE OF CELL-CELL INTERACTIONS. I.Rozovsky*,
D.J, Stone, T.b. Morgan, H.Haiian. and C.E.Finch. Andrus
Gerontology Center and Department of Biology, University of
Southern California, Los Angeles, CA 90089.
Apolipoprotein E (ApoE) is hypothesized to direct lipid transport and 

uptake in the brain and other tissues and has a significant role in synaptic 
remodeling. The ApoE-4 isoform is also a major risk factor in 
Alzheimer's disease (AD). Until recently astrocytes were postulated to 
be the main cell source of ApoE in the brain. Our lab and others showed 
ApoE mRNA in microglia in vitro and in vivo in rat brain. Moreover, 
we reported the first evidence of the estrogen-mediated increase of ApoE 
expression in microglia and astrocytes in vivo and in vitro (Stone et al., 
1997). Furthermore, the estrogen-mediated control of ApoE expression 
in microglia requires cellular interactions of microglia with astrocytes 
that involve membrane contacts and do not involve any soluble factors. 
Estrogen-mediated increase of ApoE mRNA in microglia was blocked 
by the estrogen antagonist, tamoxifen, thus is likely to be mediated by 
DNA binding estrogen receptor.

ApoE expression was also regulated by microglial cytokine, TGF-B1. 
In contrast to estrogen-mediated increase of ApoE expression, TGF-61 
causes a 50% decrease of ApoE mRNA in pure microglial cultures as 
well as mixed glia. Moreover, we demonstrated the estrogen-mediated 
decrease of TGF-B1 mRNA in mixed glial cultures. Differential 
regulation of ApoE expression in microglia by estrogen and TGF-B1, 
and estrogen control of TGF-B1 expression are of great interest with 
respect to functional activity of microglia and the role of microglia in 
pathogenesis of AD. (Supported by AG 13499-01 to C.E.F).

641.20
ESTROGEN REGULATION OF APOLIPOPROTEIN E IN MICROGLIA 
AND IN RELATION TO NEURONAL SPROUTING.
B. Teter*, N. Soorva, W. Beech, M. E. Harris-White, S.A. Frautschv. and
G.M. Cole. Sepulveda VAMC, GRECC 11E, Sepulveda, CA 91343 and UCLA 
Depts. Medicine and Neurology, Los Angeles, CA 90095

Apolipoprotein E (ApoE), as a major risk factor for Alzheimer's Disease 
(AD), may act through its effects on lipid and cholesterol metabolism 
associated with compensatory sprouting and synaptic remodelling. ApoE is 
expressed by astrocytes. We show that ApoE is also expressed by microglia 
in primary cultures and in cell lines. This expression may be functionally 
important for the local production of ApoE by microglia associated with 
amyloid plaques and degenerating neurons in AD. Regulation of ApoE 
expression may be important in modulating both AD risk and the efficacy of 
therapeutic drugs that target ApoE or microglia activation. Estrogen 
replacement therapy reduces AD risk and improves cognition. We show that 
estrogen increases ApoE expression in primary microglia and in a mouse 
microglial cell line; this is being tested in our human microglial cell line. A 
recent report of similar results by Stone and Rozovsky et al. (1997) showed 
that ApoE is also increased by estrogen in vivo during the estrous cycle in 
brain regions that undergo cycle-dependent synaptic remodelling. We are 
evaluating the roles of estrogen and ApoE in neuronal sprouting in the 
hippocampal slice culture system which shows mossy fiber sprouting in 
response to the deafferentation of the entorhinal cortex projection. 
Preliminary results suggest that estrogen treatment increases sprouting. 
The role of ApoE in this effect is being tested using slice cultures from ApoE 
knockout mice. Supported by grants from VA Merit, NIA, and UCLA 
Alzheimer's Disease Center.
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642.1
DIFFERENTIAL DISPLAY IN PC 12 CELLS EXPOSED TO 
MPP+
Michael Neystat, Carol Milroy, Timothy Lynch, Tuan Vu*, Serge
Przedborski Department of Neurology, Columbia University, New 
York, NY 10032

MPTP causes damage to the dopaminergic systems similar to that 
found in Parkinson's disease (PD). We examined the effects of 
MPP+, the active metabolite of MPTP, on gene expression in clonal 
monoaminergic PC 12 cells using differential display. We incubated 
PC 12 cells with MPP+ or vehicle as controls. We harvested cells at 
sequential time intervals; extracted RNA, reverse transcribed and 
amplified the resulting cDNA with random primers. We found 98 
fragments differentially displayed between MPP+ and vehicle- 
incubated PC 12 cells; 37 originated from the mitochondrial genome 
including subunits of complex I, complex IV and ATPase; others 
included heat shock proteins, calmodulin-protein and protein kinase 
C. We demonstrated, by quantitative RT-PCR, a 5 to 20 fold 
increase in transcription of some mitochondrial fragments in MPP+ 
incubated cells; confirmed by northern blot hybridization. 
Differential display can be used to identify the expression of genes 
following incubation of PC 12 cells with MPP+; such an approach 
may provide insight into the cause of PD. Supported by: 
Parkinson's Disease Foundation, Lowenstein Foundation.

642.2
AGE RELATED DOPAMINE DEFICIENCY IN THE 

MESOSTRIATAL DOPAMINE SYSTEM OF ZITTER MUTANT 
RAT. S.Ueda* , M. Aikawa, S. Yamaoka and K. Yoshimoto.
Dept. of Histology and Neurobiology, and Physiology, Dokkyo 
Univ. Sch. of Med., Tochigi 321-02, Japan, Dep. of Legal 
Medicine, Kyoto Pref. Univ. of Med., Kyoto 602, Japan.

Oxidant stress have been implicated in the pathogenesis of Parkinson's 
disease. In the present study, to test the oxidant stress hypothesis of 
dopaminergic cell death the vulnerability of mesostriatal dopamine neuron 
system in the zitter mutant rat which has abnormal metabolism of oxygen 
species in the brain were studied. Biochemically, dopamine contents in the 
caudate putamen (CPU), nucleus accumbens and olfactory tubercle of zitter 
rat were significantly decreased. Immunohistochemically, the reduction of 
TH-immunoreactive fibers in the CPU and TH- immunoreactive neurons in 
the zitter rat. The decrease of TH-immunoreactive neurons in the substantia 
nigra pars compacta was prominent in the dorsal tier part which was so far 
considered to resistant in several Parkinson model. The present results 
provide the support for oxidant stress hypothesis of dopaminergic cell 
death.

642.3
LOSS OF DOPAMINERGIC COMPENSATION WITH AGING IN THE 
SUBSTANTIA NIGRA OF MPTP-LESIONED MOUSE P. Chan*. J.W. Langston 
and A.M, Janson+. The Parkinson’s Institute, Sunnyvale, CA 94089, USA: +Dept. 
of Neuroscience, Karolinska Institute, Stockholm, Sweden.

While the acute effects of MPTP have been extensively studied, its long-term 
toxicity and the aging effects on the compensatory recovery have been less well 
characterized. In mice, systemic administration of MPTP induces rapid loss of 
dopamine content and nigral neurons in about one to two weeks, but dopamine 
levels in both striatum and nigra start to recover soon afterwards and return almost 
to control values within a year. However, the effects of MPTP beyond one year 
remain largely unexplored. To study these effects of MPTP, C57BL/6 mice were 
treated with a single injection of MPTP (40 mg/kg, s.c.) or saline when they were
7-week old and killed in two years and eight months later following the MPTP 
exposure. The levels of dopamine and metabolites were measured in striatum and 
ventral mesencephalon. The number of dopaminergic neurons in the substantia 
nigra pas compacta (SNc) were determined using double TH and Nissl staining 
with an unbiased stereological method. A slight but not significant depletion of 
striatal dopamine concentration was found in MPTP-treated mice as compared to 
controls. In the ventral mesencephalon of MPTP-treated mice, however, dopamine 
levels were significantly decreased to about 50% of the control values. When the 
total number of TH and Nissl staining neurons was estimated, MPTP caused a 42% 
loss of dopamine neurons in the SNc as compared to controls. A good correlation 
between nigral dopamine depletion and neuronal loss was also found. Our data 
suggest that MPTP can cause a long-term injury to the nigrostriatal system of mice 
and aging may undercut the dopaminergic recovery set in motion soon after the 
initial insults. This work was supported by the Parkinson’s Institute (P.C) and the 
Swedish Medical Research Council (#10816 for AMJ).

642.4
A NEW CHRONIC MPTP MODEL: VALIDATION IN MONKEY 
AND MOUSE C. Imbert, E. Bezard. B. Bioulac, B. Dufy* and C.E. Gross. 
CNRS UMR 5543, Universite de Bordeaux II, 33076 Bordeaux Cedex France.

l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) has been shown to 
induce parkinsonism both in man and non-human primates. Several models have 
now been developed, but acute MPTP administration does not consistently 
reproduce all the clinical features of the disease. To mirror the slow evolution 
observed in human pathology, a chronic model of intoxication is necessary. The 
present study describes its validation in monkey (behavioural study) and in mouse 
(kinetics of nigral degeneration).

6 monkeys received daily injections of MPTP (0.2mg/kg, i.v.) until 
they reached a score over eight on the clinical rating scale (15.5 days ± 1.1). Full 
parkinsonism was first obtained on the 22nd day. Levodopa testing (20 mg/kg, per 
os) alleviated motor abnormalities (51%), proving the parkinsonian nature of these 
disturbances. Histological lesions reproduced those observed in Parkinson's disease 
with a decrease in TH-immunoreactivity of 90%.

90 mice were treated daily with low doses of MPTP for twenty days in 
order to investigate the progressive destruction of tyrosyne hydroxylase - 
immunoreactive neurones. Our results show that the neuronal death rate is initially 
high, subsequently decreases, and stabilizes.

This model so could be of great interest for study of the dynamic 
physiopathological changes which occur in Parkinson’s disease and consequently 
for research on new neuroprotective therapies.

-CNRS and IFR Neurosciences-

642.5
IMPACT OF PATTERN OF MPTP ADMINISTRATION ON 
DOPAMINERGIC NEURONAL DEATH S, Dovero, E, Bezard*, B. 
Bioulac, and C.E. Gross. CNRS UMR 5543, Universite de Bordeaux II, 33076 
Bordeaux Cedex France.

Despite the fact that valuable l-methyl-4-phenyl-1,2,3,6- 

tetrahydropyridine (MPTP) animal models of human Parkinson's disease have been 

developed, our knowledge of the pattern of nigral degeneration remains fragmentary 

in such model. Experimental factors which can influence the destructive process 

must be taken into account. To evaluate the impact of experimental design, we 

compared different rhythms of injection of the same cumulative dose of MPTP, in 

mice, by measuring tyrosine hydroxylase immunoreactivity in the Substantia 

Nigra pars compacta. Massive injections of the total dose in one day (4 injections 

of 20 mg/kg) destroyed more dopaminergic neurones than the long-term daily 

injections of low doses of MPTP (20 injections of 4 mg/kg). This could indicate 

that different rhythms of administration of MPTP can induce different mechanisms 

of neuronal death. We need to understand these mechanisms better if we are to 

develop chronic models of intoxication capable of reproducing more precisely the 

evolution of human Parkinson's disease. _CfJRS and IFR Neurosciences

642.6
THE ROLE OF GENOTYPE AND SEX ON MPTP-INDUCED DEGENERATION 
IN THE SUBSTANTIA NIGRA OF MICE. K.M. Hamre*, R, Tharp. A, Fernandez- 
Gonzalez & R.J. Smevne, Dept. of Anat. & Neurobiol., Univ. of Tenn., Memphis; 
and Devel. Neurobiol., St. Jude Children’s Res. Hosp., Memphis, TN 38105.

Idiopathic Parkinson’s disease (PD) affects approximately 1% of the human 
population over 50 years of age. However, the factor(s) responsible for its etiology 
remain unknown. In this study, we are using the murine MPTP model that 
phenocopies the neuronal toxicity seen in humans with PD. Since a single genetic 
cause of PD accounts for only a minute proportion of the PD population, it is 
thought that there must be multiple genes that confer susceptibility or resistance to 
agents such as toxins or viruses. In this study we examined several variables, 
including strain and sex, for their affect on MPTP-induced neuronal loss. We 
examined a minimum of 3 males and females of AKR, DBA/J, DBA/2J, C3H/HeJ, 
C57BL/6J, Swiss-Webster, C57L/J and ICR mouse strains. Experimental animals 
were exposed to a cumulative total of 80mg/kg of MPTP. All mice were allowed to 
survive one week post-injection. Dopaminergic cells were labeled using an antibody 
against tyrosine hydroxylase and counted throughout the substantia nigra pars 
compacta (SNpc) on each side of the brain. Strain differences were observed in both 
the initial numbers of SNpc cells and in the percentage of cells lost following 
MPTP. Additionally, we observed that both sides of the brain were not equally 
affected, suggesting that differences such as blood flow or “handedness” of the animal 
may be contributing factors to the PD pathology. In addition, three mice of each sex 
and genotype were used as controls to determine the initial variability both between 
and within each strain. The long-term goal of this research is to identify genetic loci 
and ultimately the individual genes that impact the incidence of idiopathic PD.
This work is supported by the NIH Cancer Center Support CORE Grant P30 
CA21765 and by the American Lebanese Syrian Associated Charities (ALSAC).
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642.7
MONOAMINE OXIDASE (MAO)-MEDIATED FLUORESCENCE OF AN 
MPTP ANALOG IN MOUSE STRIATAL SYNAPTOSOMES: A POTENTIAL 
VISUAL MARKER FOR SUSCEPTIBILITY TO MPTP-INDUCED
NEUROTOXICITY. B.jg.„.KlshL\. M.L- . Kirby, N. Cagtagopli,.. .aod-X.R,
Bloomquist. Dept. of Biomedical Sciences and Pathobiology, Dept. of 
Entomology, and Dept. of Chemistry, Virginia Tech, Blacksburg, VA 24061.

Many questions remain regarding mechanisms of MPTP-induced Parkinsonism. 
Better visualization of cells involved in the bioconversion and uptake of 
neurotoxic MPTP metabolites would greatly facilitate identification of cellular 
characteristics underlying this tetrahydropyridine-induced syndrome. In attempting 
to identify such a visual marker for future in vivo use, we examined the ability of 
an MPTP analog, trans-1 -methyl-4-[4-dimethylaminophenylethenyl]-1,2,3,6- 
tetrahydropyridine (t-THP), to produce MAO-mediated fluorescence in freshly 
isolated nerve terminal synaptosomes from corpus striata of, male ICR albino 
mice. In the presence of MAO, f-THP was previously shown to be converted to 
die fluorescent pyridinium species, trans-1 -methy 1-4- [4-dimethylamino-
phenylethenyl] (t-P+). In the present experiment, formation of fluorescent 
species was measured by flow cytometry at excitation/emission wavelengths of 
488/620 nm. A fluorescence index for each sample was calculated from the 
product of mean channel fluorescence and the percentage of synaptosomes 
exhibiting fluorescence above background. f-THP loading of striatal synaptosomes 
was concentration-dependent and saturable at 3 mM, with an EC50 of 0.74 mM. 
The development of fluorescence at 0.05 mM r-THP was 97% inhibited by 30 
mM of the MAO inhibitor pargyline, with an IC50 of 2.7 mM pargyline. The 
near complete inhibition of t-THP-induced fluorescence by pargyline suggests a 
selectivity of r-THP for MAO-mediated oxidation, while the relatively high IC50 
probably reflects the necessity for pargyline to penetrate the synaptosomal 
membrane. This work suggests Z-THP may be useful for in vivo visualization of 
cells capable of converting tetrahydropyridine derivatives to neurotoxic species. 
Support: VMRCVM Targeted Research Award Fund.

642.8
ATP depletion preceeds cell death in salsolinol treated dopaminergic 
neuroblastoma cells
Alexander Storch, Anne Kaftan, Maren Eisele, Florian Kolb*’1, Albert C. 
Ludolph, Johannes Schwarz

University of Ulm, Department of Neurology, Oberer Eselsberg 45, 89081 
Ulm; 1 Institute of Physiology, University of Munich (LMU), Munich, FRG

Mitochondrial complex I deficiency may be relevant to the pathogenesis of 
Parkinson’s disease (PD). The endogenous neurotoxin 6,7-dihydroxy-l- 
methyl-l,2,3,4-tetrahydroisoquioline (salsolinol) and l-methyl-4-phenyl- 
pyridinium ion (MPP+) also reduce complex I activity. However, it is not clear 
whether the reduction of mitochondrial ATP production is the cause of 
salsolinol induced cell death.
Effects of the endogenous neurotoxin salsolinol and MPP+ on intracellular 
ATP content and cell viability were studied using the dopaminergic 
neuroblastoma cell line SH-SY5Y. Intracellular ATP was measured by a 
HPLC detection method in cell extracts.
Salsolinol and MPP+ produced a depletion of intracellular ATP in SH-SY5Y 
cells. This effect was dose-dependent for both toxins with an EC50 of 80 pM 
(salsolinol) and 60 pM (MPP+) and consistantly occured prior to cell death. 
Both (ATP depletion and cell death) were reduced by D-glucose (5-15 mM) 
but not by niacinamide (3 mM).
Our results showed ATP depletion in the dopaminergic SH-SY5Y cell line by 
salsolinol followed by neuronal cell death. We conclude that impairement of 
ATP production, possibly via inhibition of mitochondrial complex I, plays a 
crucial role in toxicity of the endogenous substance salsolinol.
Supported by grants of the University of Ulm, FRG.

642.9
ACTIVITY OF A (R)SALSOLINOL N-METHYLTRANSFERASE 
INCREASES IN PARKINSONIAN LYMPHOCYTES M. Naoi1* and W, 
Maruyama^ iDept. Biosciences, Nagoya Inst. Technol., Nagoya, Japan and 
^National Inst., Longevity Sci., Obu, Japan,

In un-treated parkinsonian (PD) cerebrospinal fluid an endogenous 
dopaminergic neurotoxin, l(/?),2(N)-dimethyl-6,7-dihydroxy-l,2,3,4- 
tetrahydroisoquinoline [N-methyl(R)salsolinol, NM(/?)Sal] was found to 
increase significantly. To elucidate the biochemical mechanisms underlying 
the increase, the enzymes related to the metabolism of NM(R)Sal were studied 
in human brain and lymphocytes prepared from PD patients. In human brain, 
only (R)enantiomer of Sal was detected, which is relevant with the isolation of 
a (R)salsolinol synthase from human brain. This enzyme catalyzes the 
enantio-selective synthesis of (R)Sal from dopamine and acetaldehyde. NMSal 
is synthesized by N-methylation of Sal in the brain, and NM(R)Sal is oxidized 
into l,2-dimethyl-6,7-dihydroxyisoquinolinium ion by an oxidase.

Lymphocytes were prepared from fresh heparinized blood of PD (n=56) 
and control patients (n=24) and the activities of these enzymes were examined. 
All the patients were fully informed the propose of the examination. 
(R)Salsolinol synthase activity was not detected. NM(R)Sal oxidase activity 
was almost the same between control and PD. The activity of N- 
methyltransferase (NMT) was examined with 1 mM (R)Sal and 10 pM S- 
adenosyl-L-methionine, and the produced N-methylated Sal was quantified by 
HPLC-ECD. The activity was detected with two optima] pH values. The 
activity of neutral NMT with optima] pH at 7.0 was found to increase 
significantly in PD patients from control; 100.2 ± 81.8 and 18.9 ± 15.0 
pmol/min/mg protein, respectively. The activity of an alkaline NMT at pH 
8.0 was almost the same in PD and control; 41.8 ± 17.3 and 25.0 ± 23.0 
pmol/min/mg protein. The increased activity of a neutral NMT accounts for 
the increased synthesis of a neurotoxin, NM(/?)Sal and may be an endogenous 
factor in the pathogenesis of PD.

642.10
EVALUATION OF METALLOTHIONEIN I+II AFTER 1- 
METHYL-4-PHENVLPVRIDINIUM ADMINISTRATION. 
P.Roias* (1), J. Hidalgo (2) and C. Rios (1). 1) National Institute 
of Neurology and Neurosurgery, Insurgentes Sur 3877, Mexico 
city 14269,2) University of Barcelona 08193 Bellaterra, Spain.

l-methyl-4-phenylpyridinium (MPP+) is the major metabolite 
of l-methyI-4-phenyI-l,2,3,6-tetrahydropyridine (MPTP) a drug 
that induces a Parkinson-like damage in several species. Free 
radicals are thought to be involved in its mechanism of action. 
Recently, the participation of metallothionein as scavenger of free 
radicals has been proposed. We studied the effect of MPP+ in 
metallothionein I+II content. Adult male NIH mice (25-30 g) 
were injected into right lateral ventricle with MPP+ (4.5, 9 or 18 
pg/3pl) and 24 h after they were killed by decapitation. Corpus 
striatum, cerebellum, midbrain, frontal cortex and hippocampus 
were dissected out and metallothionein concentration was 
analyzed by radioimmunoassay. MPP+ only reduced striatal 
metallothionein concentration (38%). This increase was dose- 
dependent. Result suggest that MPP+ decreased thiol-related 
defenses against free radicals, associated to MPP+ action. 
Supported by CONACyT grant 0044P-M9506.

642.11
INVOLVEMENT OF A CASPASE-3-LIKE PROTEASE IN MPP+ MEDIATED 
APOPTOSIS OF CULTURED CEREBELLAR GRANULE CELLS.
R, C. Dodel, Y. Du. K.R. Bales*, E. Hamilton-Byrd, S.M. Paul; Neuroscience 
Discovery Research, Eli Lilly, Indianapolis, Indiana 46285, USA.

Exposure of various neuronal cells or cell lines to high concentrations of MPP+, 
the active metabolite of MPTP, results in cell death. Recently, it has been reported 
that low concentrations of MPP+ induce apoptosis in susceptible neurons. As 
members of the caspase family of cysteine proteases have been reported to be 
mediators of apoptotic death in various cell types/tissues, we evaluated their 
possible role in mediating MPP+ induced apoptosis of mammalian neurons. Cere-
bellar granule neurons (CGN) were prepared from 8-day old rat pups and cells 
were utilized after 12-14 days in vitro. Concentrations of MPP+ in the range of 40- 
300 pM induced apoptosis in CGN as previously reported. Cell death induced by 
higher concentrations of MPP+ (>500 pM) was primarily necrotic in nature. Low 
concentrations of MPP+ induced a caspase-3-like protease activity cleaving the 
proenzyme of caspase-3 into pl2/pl7. This activation followed the release of 
cytochrome c, which was increased after MPP+-treatment compared to control. 
The enzyme activity of caspase-3-like protease was 6 fold higher in MPP+ (60 pM) 
treated CGN compared to control. Cleavage of PARP was also seen in MPP+- 
treated CGN but not in controls. In addition, the caspase-3-like inhibitor Ac- 
DEVD-CHO, but not the caspase-1-like inhibitor Ac-YVED-CHO, antagonized 
the neurotoxicity of MPP+. Our data confirm that neurotoxicity of MPP+ occurs 
via both necrosis and apoptosis and suggest that the latter is mediated by activa-
tion of an ICE/CED3-related caspase-3-like protease.

642.12
l-METHYL-4-PHENYL-I,2,3,6-TETRAHYDROPYRIDINE (MPTP)-
INDUCED INJURY IN GOLDFISH CEREBELLUM IS ASSOCIATED WITH 
INCREASES OF GLIAL FIBRILLARY ACIDIC PROTEIN A, Poli* R. 
Lucchi, S. Notari, S. Pierantozzi, F. Caciagli , P. Di IOrio* and O. GandolfU.
Dept Biology, Univ. Bologna, Italy, Inst. Pharmacology, Univ. Chieti, Italy. 
ADept. Pharmacology, Univ.Bologna, Italy.
Our previous findings showed that MPTP injected in goldfish caused a marked 
disappearance of tyrosine hydroxylase immunoreactivity and degeneration of 
neurons in telencephalon, diencephalon and medulla, with concomitant 
depletion of DA and NE levels. The effect appeared specific for 
catecholaminergic neurons and reversible. Since the cerebellum has been 
recently recognized as a primary target for MPTP neurotoxicity where cause a 
loss of glutamatergic neurons, we have examined the effects of the toxin on 
cerebellar neurons of goldfish. In addition to the catecholamine depletion, 
MPTP administration caused cerebellar disappearance of BDH 
immunoreactivity with concomitant increase of immunostaining for GFAP. A 
significant reduction of glutamate and GABA contents was observed, whereas 
glutamine was strongly increased. Specific liigh affinity uptake of I^CJ- 
glutamate and pH]-GABA was reduced whereas glutamine sinthase activity 
was increased. All these modifications were largely prevented either by the 
monoamine oxidase inhibitor pargyline or the catecholamine uptake blocker 
mazindol, whereas the NMDA-sensitive glutamate receptor uncompetitive 
antagonist MK-801 failed to protect against MPTP-induced neurotoxicity. In 
conclusion, our results show that in goldfish cerebellum the neurotoxicity was 
not specific for catecholaminergic neurons. Moreover, increases in GFAP 
caused by MPTP were linked to depletion in DBH and this suggests that factors 
originating in the dameged catecholaminergic terminals initiate the astrocytic 
reaction to the neuroloxin. Supported by University grant-Bologna
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642.13
LACK OF EFFICACY OF AN ANTIOXIDANT IN PREVENTING BEHAVIORAL 
AND BIOCHEMICAL DEFICITS IN A SUBCHRONIC MPTP PRIMATE MODEL 
OF PARKINSONISM. P.J, Blanche!*, S, Konitsiotis, K Hyland*. L.A, Arnold* and 
T.N. Chase. Exper. Therap. Branch, NINDS, Bethesda, MD 20892-1406; institute 
of Metabolic Disease, Baylor Univ. Medical Center, Dallas, TX 75226.

No experimental primate model of Parkinson’s disease has been validated to reliably 
screen drugs of neuroprotective potential. We exposed 14 cynomolgus monkeys 
(control group) to a weekly dose of MPTP (0.5 mg/kg sc) for 10 weeks interrupted 
whenever definite parkinsonism was apparent. Four other MPTP-exposed animals 
were co-treated with a single daily dose (0.6 g/kg po) of the potent antioxidant 7- 
hydroxy-1 -[4-(3-methoxyphenyl)-1 -piperazinyl] acetylamino-2,2,4,6-tetramethylindan 
(OPC-14117) (OPC group) initiated 2 weeks before the first MPTP dose. Motor 
responses were assessed with a rating scale. In 6 animals (2 controls/4 OPC-treated), 
a portable activity monitor (PAM) was also used. CSF dopamine metabolites and 
plasma OPC levels were obtained.

The cumulative ED50 for induction of parkinsonism for the control group and OPC 
group was equivalent (3 and 1.5 mg/kg, respectively). Ten controls and 3 OPC 
animals showed definite parkinsonian signs. PAM counts were slightly better in 2 
control animals during the first 5 weeks but decreased by 70-80% in both groups 
compared to baseline thereafter. CSF HVA and DOPAC values were profoundly 
decreased after 5 weeks in both groups with no further drop at the end of the protocol. 
Plasma OPC levels were still within the expected antioxidant range (^ 1 /xM) 24 hrs 
after dosing.

Subchronic MPTP exposure induced parkinsonism in 72% of all animals. The short 
asymptomatic window in this experimental model may allow rapid screening of drugs 
interfering with mechanisms contributing to neuronal death. Oxidative stress may not 
play a significant role in MPTP toxicity. [Supported by Otsuka Pharmaceutical Co., 
Ltd., The Parkinson Foundation of Canada and the Onassis Foundation]

642.14
THE NEUROTOXIN MPP+ IS ACCUMULATED WITHIN NEURONS THAT 
CONTAIN THE VESICULAR MONOAMINE TRANSPORTER. S.G, 
Speciale*, P.K, Sonsalla, L, Manzino. C-L, Liang, and D.C, German, Dept. of 
Psychiatry, Univ. of Texas Southwestern Med. Cntr., Dallas, TX 75235-9070, and 
Dept. of Neurology, UMDNJ Robert Wood Johnson Med. Sch., Piscataway, NJ 
08854.

The neurotoxin MPTP produces a Parkinsonian syndrome in man, and has been 
used to create a model of Parkinson’s disease in animals. The toxic metabolite of 
MPTP, MPP+, is formed within minutes in brain by the enzyme MAO-B. Studies 
in both monkey (Herkenham et al., 1991) and mouse (Lyden et al., 1985) indicate 
that MPP+ is accumulated within several regions which contain monoaminergic 
neurons. The purpose of the present study was to determine whether the brain 
regions which accumulate MPP+ correspond to those which contain the central 
vesicular monoamine transporter (VMAT2). Adult C57BL/6 male mice were 
injected systemically with3H-MPTP (100 pCi; 10 pg/kg), and sacrificed 1, 3,7,24, 
or 48 hours later. Frozen sections were cut through the rostrocaudal extent of the 
brain, and opposed to Hyperfilm for 6 weeks. Formalin-fixed mouse brains were 
sectioned through the rostrocaudal extent of the brain, and immunostained with an 
antibody against VMAT2. The density of MPP+ autoradiographic grains was 
similar to the intensity of VMAT2 immunoreactivity within monoaminergic cell 
body regions such as the noradrenergic locus coeruleus and paraventricular nucleus, 
dopaminergic substantia nigra and ventral tegmental area, serotonergic dorsal and 
median raphe nuclei, and histaminergic hypothalamic neurons. These data are 
consistent with the hypothesis that low doses of MPP+ are accumulated within 
synaptic vesicles in monoaminergic somata which can protect the neurons from the 
neurotoxin. Supported by NS30406 and AG08479.

642.15
IN VIVO PET STUDIES OF THE DOPAMINE TRANSPORTER IN NORMAL 
AND MPTP-LESIONED RHESUS MONKEYS. D.J. Doudet*, G.L.Y, Chan. J-M. 
Lu, J. Huser, C. English, T.A. Aigner and T, Ruth. Div. of Neurology, Univ. 
British Columbia and UBC/TRIUMF PET program, Vancouver, BC, Canada

Post mortem studies suggest that markers of the dopamine transporter (DAT) may 
provide sensitive measure of DA presynaptic integrity. We used ["C] A-threo- 
methylphenidate (MP) and positron emission tomography in normal monkeys and 
monkeys with MPTP-induced clinical and subclinical lesions of the DA nigro-striatal 
patliway to investigate the sensitivity of MP to changes in DAT.

Normal and age matched MPTP-treated monkeys grouped as neurologically 
normal (ASYMP) or symptomatic (SYMP) (bradykinesia and hypokinesia) were 
scanned for 60 min after injection of 3-5 mCi of MP in an ECAT 953-3 IB. 
Metabolite analysis was performed with a solid phase extraction procedure. Logan 
graphical analysis of the data yielded the total distribution volume (DV) for striatum 
(specific binding region) and cerebellum (region of non-specific binding) and the 
ratio of striatal to cerebellar DVs was calculated. ANOVA followed by unpaired 
t-tests were used for statistical comparison.

Striatal data are summarized in the Table: *: P< 0.001 MPTP compared to 
normal, #: P<0.01 ASYMP compared to SYMP. Date are mean ± stdev.

“C-MP Normals N=7 ASYMP N=5 SYMP N=4 1

DV^/DV^ 2.44 ± 0.21 1.73 ± 0.13*# 1.27 ± 0.13* 1

presynaptic function in subjects with subclinical lesions of the DA nigro-striatal 
pathway. MP may be a more sensitive marker of DA presynaptic integrity than the 
routinely used ligand 6-[18F]fluoro-L-DOPA.

This work was supported by the Medical Research Council of Canada.

642.16
STRACTURAL SIGNIFICANCES OF AZAHETEROCYCLIC AMINES 
RELATED TO PARKINSON'S DISEASE FOR THE DOPAMINE 
TRANSPORTER MEDIATED INFLUX INTO STRIATAL SYNAPTOSOMES. T\ 
Uezono1, K. Matsubara^*, Y. Kobayashi1, T. Senda1, S. Ohta2, K. Igarashi3, M. 
Naoi4 and K. Kimura1 JNeurosci. & Sense Organs, Shimane Med. Univ., Izumo, 
2Pharm. Inst., Hiroshima Univ., Hiroshima, 3Kobegakuin Univ., Kobe and 4Dept. of 
Biosci., NIT, Nagoya, Japan.

We have evaluated the neuronal uptake of 12 neutral and quaternary azaheterocyclic 
amines, that are possible candidates for idiopathic Parkinson's disease, via the 
dopamine transporter (DAT) of striatal synaptosomes prepared from Wistar rat and 
C57BL/6 mouse. The double-reciprocal plots for DAT obtained from rat and mouse 
synaptosomes with MPP+ as a substrate were identical to each other. Neutral B- 
carbolines and tetrahydroisoquinolines (TIQs) were unfavorable substrates for DAT. 
The quartemization of these compounds strikingly increased the affinity for DAT. B- 
Carbolinium cations were transported with 2-4 times greater Km values and 10 times 
smaller Vmax values than MPP+. However, the Km and Vmax values of 2- 
methylated isoquinolinium cation were 10 times less potent than those of MPP+. 
Catechol TIQs were weak substrates for DAT with 15-100 times greater Km values 
than MPP+; and their quartemization further reduced their original properties as 
substrates for DAT, probably due to the inadequate charge of the compounds as 
substrates. Tetrahydropapaveroline and 4-(4-chlorophenyl)-l-[4-(4-fluorophenyl)-4- 
oxobutyljpyridinium ion derived from haloperidol were not taken up into the 
synaptosomes by DAT. The present results indicated that the quartemization of 
neutral 8-carbolines and TIQ would confer suitable electrogenic properties for DAT- 
mediated transport. These results also revealed both topographic and electrogenic 
information for DAT-mediated influx into dopaminergic neurons. The intramolecular 
distance of azaheterocyclic amines between the N-atom and the centroid of the benzene 
ring would be an important factor for the recognition of binding site of DAT, and 
adequate net charge similar to dopamine would be also required for translocation into 
the cells.

642.17
ALLOGENEIC LYMPHOCYTES CONTRIBUTE TO APOPTOTIC DEATH OF 
VENTRAL MESENCEPHALIC NEURONS IN CULTURE, L, A, Friel*, C. E. 
Sortwell, B, Blanchard, T, J, Collier, J, D, Elsworth. J, R, Taylor. R.
H, Roth, D, E, Redmond, Jr., and J, R, Sladek, Jr. Department of 
Neuroscience, The Chicago Medical School, North Chicago, IL 60064.

Low cell survival confounds efforts to utilize fetal tissue 
transplantation as a replacement therapy in Parkinson's disease. 
Neuron death in ventral mesencephalic (VM) grafts was assumed to be 
necrotic until recent efforts revealed that these cells also undergo 
apoptotic death. Cytotoxic T-lymphocytes (CTL), primary effectors 
in allograft rejection, can kill by inducing their targets to undergo 
apoptosis. This suggests that apoptosis observed in VM grafts may 
result from a number of possible signals; e.g. action of cytotoxic T- 
cells, loss of matrix attachment, and growth factor withdrawl. To 
determine the contribution of CTL to apoptotic death of VM, 
concentrations of allogeneic lymphocytes from Lewis rats or 
syngeneic lymphocytes from Dark Agouti rats were cultured with 
Dark Agouti VM. Addition of 25,000, 50,000, or 100,000 allogeneic 
lymphocytes lead to statistically significant increases in the number 
of apoptotic cells in VM cultures (66.0 +/- 14.9, 121.6 +/- 10.8,
151.3 +/- 8.7, respectively) in a dose-dependent manner compared to 
the addition of identical concentrations of syngeneic lymphocytes 
(29.0 +/- 5.2, 32.7 +/- 3.0, 42.0 +/- 5.2, respectively). Survival 
of dopaminergic neurons also was found to be decreased upon addition 
of allogeneic compared to syngeneic lymphocytes. Since the immune 
response may contribute to the death of transplanted neurons, 
utilization of knowledge gained in detailed studies of this response may 
increase long-term survival.
Supported by NIH grants PO1 NS 24032 and RSA MH 00643 (DER).

642.18
INFLAMMATORY MEDIATORS IN THE SUBSTANTIA NIGRA OF PATIENTS 
WITH PARKINSON'S DISEASE. S. Hunot1. N, Dugas2, B, Dugas3, B, 
Faucheux1. Y. Agid1 and E.C. Hirsch1*. ’INSERM U.289, Salpetriere hospital, 
75013 Paris; 2INSERM CRI U.012B, Bicetre hospital, 94270 Le Kremlin-Bicetre; 
3Fractales Biotech, St. Joseph hospital, 75674 Paris, France.

Reactive gliosis, involving both activated microglia and astroglia, has been 
described in the substantia nigra of patients with Parkinson's disease (PD). 
Recently, we have shown that the number of glial cells that express inducible nitric 
oxide synthase (iNOS) was increased in the mesencephalon of parkinsonian 
patients, suggesting that excessive NO production could have a deleterious effect on 
dopaminergic neurons. The mechanism by which iNOS is activated in PD remains 
unknown however. Studies on human macrophages have shown that the expression 
of typell-IgE receptor (CD23) is under the control of cytokines such as IFN-y, and 
that its activation leads to iNOS and TNF-a expressions. This study was therefore 
designed to determine whether this pathway may participate in iNOS and TNF-a 
expression in PD.

The expression of IFN-y, IL-1P and CD23 were analyzed in the substantia nigra 
of parkinsonian patients. Tissue blocks, fixed in a mixture of 4% 
paraformaldehyde/ 15% saturated picric acid or 2.5% glutaraldehyde, were 
sectioned for immunohistochemistry using specific antibodies directed against 
human IFN-y, IL-1P (Genzyme, UK) and CD23. IFN-y- and IL-l{3-immunoreactive 
cells, with the morphology of microglia, were detected in the substantia nigra of 
PD patients. CD23 immunoreactivity was also detected in microglial cell and in a 
few cells presenting the characteristic features of astrocytes.

These results indicate that immune system mediators are expressed in the 
immediate vicinity of dopaminergic neurons and could participate directly or 
indirectly in their degeneration during PD by inducing a synthesis of iNOS. 
Supported by INSERM, Ministere de la Recherche et de l'Enseignement, 
Association Claude Bernard, CNRS and National Parkinson Foundation.
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642.19
NITRIC OXIDE (NO) AND THE PLASTIC CONSEQUENCES OF THE 
INTRANIGRIC MICROINJECTION OF MnCI2, A MODEL OF PARKINSON 
DISEASE (PD). S. Ponzoni, 1F. S. Guimaraes, 1N. Garcia-Cairasco* and 
^Elaine Del Bel. State University of Londrina. Ribeirao Preto School of 
1Medicine and 2Dentistry. University of S3o Paulo, Brazil.

Manganese chloride (MnCI2) microinjection into substantia nigra 
compacta (SNc) is a model of PD. MnCI2 induces in rats neuronal cell 
death, with extra-pyramidal symptoms, such as ipsilateral rotational 
behavior. Because NO has been related to neurotoxicity, the objective 
of this study was to verify if inhibition of NO formation is related with 
MnCI2 effects. Wistar rats (n=12 per group; 220-250 g), were 
microinjected in SNc (0.5pJ/ 2 points) with either saline (1 jxl) or MnCI2 
(50pg/pl). Rotational behavior was evaluated after apomorphine 
injection (0.75 mg/kg; i.p.) 15 and 30 days after the lesions. NO effects 
were evaluated by L-NOARG (40 mg/kg, i.p. twice a day, during 4 days; 
MnCI2 in the second day). Nissl staining revealed neuronal loss in SNc 
in MnCI2 microinjected animals. MnCI2 induced apomorphine- 
dependent rotational behavior, with no differences between 15 and 30 
days after the lesions. This effect was increased (172%) by 
concomitant L-NOARG treatment. Intranigral MnCI2 injection produced 
an increase in NADPH diaphorase cell number in ipsilateral striatum 
(456%) and SNc (244%). These effects were prevented by L-NOARG. 
These results suggest that the nigric MnCI2 is a reliable model of PD 
and that the inhibition of NO formation during MnCI2-induced lesion in 
SNc may interfere with subsequent dopaminergic supersensitivity. 
Financial Support: CNPq and FAPESP, Brazil.

642.20
ESTABLISHMENT OF A PROTOCOL FOR THE ENDOGENOUS 
MANIPULATION OF URIC ACID IN THE GUINEA PIG BRAIN.
G.Rappolt, R. Goldsmith, J, Garritt and W.H, Church* Neuroscience 
Department, Trinity College, Hartford, CT 06106

Uric Acid has been suggested as a component of the endogenous 
antioxidant mechanisms in the Central Nervous System and may 
impact on neuronal cell death. As the initial phase of a project 
investigating the relationship between uric acid and neuronal cell 
death, this study establishes a protocol for the endogenous 
manipulation of uric acid levels in the male guinea pig brain 
Allopurinol (250mg/kg), a xanthine oxidase inhibitor, and 
allantoxanimide (200mg/kg), a uricase inhibitor, were administered 
i.p. once a day for four days. Following treatment, tissue samples 
from the frontal cortex, striatum, substantia nigra, and cerebellum 
were analyzed for ascorbic acid, uric acid, dopamine, norepinephrine, 
and DOPAC using high performance liquid chromatography and 
glutamate was assayed by NDA/CN derivitization with LiF/CE.

Allopurinol significantly decreased and allantoxanimide 
significantly increased uric acid levels (p<-05) in both the substantia 
nigra and striatum. Striatal DOPAC levels were significantly 
decreased in both drug groups. Striatal norepinephrine levels were 
significantly increased in the allantoxanimide group. These results 
suggest a potential link between uric acid and catecholamine activity 
in the nigro-striatal system.

NEUROPSYCHIATRIC DISORDERS: DEPRESSION II

643.1
ASSOCIATION STUDY BETWEEN DOPAMINE-RELATED 
GENES AND BIPOLAR AFFECTIVE DISORDER. M, Del Zompo*, 
A, Bocchetta, G. Severing, M.A. Palmas. MP. Piccardi. Department 
of Neurosciences "B.B. Brodie", University of Cagliari, 1-09124 
Cagliari, Italy.

Association studies using polymorphic candidate genes can detect 
genes contributing a small proportion of the overall susceptibility to 
develop genetically complex diseases, such as bipolar affective disorder 
(BPAD). Genes involved in dopaminergic transmission may be 
considered good candidate genes in this case. We studied 
polymorphisms of the dopamine D4 receptor gene (DRD4) and the 
gene for tyrosine hydroxylase (TH) in a sample of bipolar patients with 
available parents, using a family-based association approach. The 
results from the overall sample indicate that the DRD4 and TH genes 
do not appear to play a major role in BPAD. However, data from the 
subsample of families with affected parents suggest a potential excess 
of a DRD4 allele, namely, that with a higher number of a 48-base-pair 
repeats (7) in the 3rd exon, in chromosomes from the probands with 
BPAD compared to not-transmitted parental chromosomes, which 
serve as controls. Replication in an independent sample is warranted.

This study was supported by Italian M.U.R.S.T. and C.N.R.

643.2
A possible effect of L-Fucose, an inositol uptake blocker, on lithium- 
pilocarpine induced seizures. Einat H*, Kofman O, Itkin O, Vinnitski I. 
Lewitan JR Belmaker RH, Beer Sheva Mental Health Center and Ben Gurion 
University of the Negev, Beer Sheva, Israel.

Lithium (Li) inhibits inosotol monophosphatase in the cell and consequently 
reduces intracellular inositol levels. This process is postulated to be the 
mechanism of action of the therapeutic effects of Li in bipolar disorders. Since 
some of the cell’s supply of inositol comes from the extracellular matrix, a 
series of experiments was designed to test the possibility that inhibition of 
inositol uptake into the cell may have similar behavioral effects as Li 
treatment. L-Fucose (but not its isomer D-Fucose) is a sugar which had been 
reported to inhibit the transport of inositol into the cell, an effect that was 
reversed by inositol supplementation. A behavioral model of Li-pilocarpine 
induced seizures was utilized to examine whether L-fucose, acute or chronic, 
can replace Li in the induction of this behavior, or to augment Li’s activity. 
Results indicate that for the acute treatment, compared with either vehicle or 
D-Fucose controls, 20 (but not 10) mg L-Fucose given ICV augment Li effects 
on behavior, but does not induce the same effects alone. For chronic 
treatment, 3 or 4 ICV injections of 10 mg L-Fucose did not seem to have an 
effect. The results suggests that at a high dose, L-Fucose may enhance Li’s 
effects on behavior. If so, inositol uptake inhibitors may provide a novel 
approach to the treatment of bipolar disorders.
Supported by Israeli Ministry of Health grant # 3627 to O.K.

643.3
CHRONIC DIETARY MYO-INOSITOL INCREASES LOCOMOTOR 
ACTIVITY IN RATS AND ELEVATES CORTICAL INOSITOL LEVELS. O 
Kofman*, G. Agam, J, Shapiro, and A. Spencer. Departments of Behavioral 
Sciences and Biochemistry, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel.

mjo-Inositol, the precursor to the phosphatidylinositol (PI) derived second 
messengers, inositol trisphosphate (IP3) and diacylglycerol (DAG) is highly 
regulated in the CNS. In vitro, mvo-inositol has been found to alter serotonergic 
and cholinergic transmission. Lithium lowers inositol levels in hypothalamus, 
and some behavioural effects of lithium are reversible by intracerebroventricular 
inositol. High doses of chronic inositol in patients was found to be an effective 
agent against depression, OCD and panic disorder, but its behavioral effects have 
not been studied systematically in the lab. In order to administer chronic inositol 
in high doses, rnyo-inositol (5 gm/kg) or an equivalent weight of 
mannitol/glucose (3:1) was administered in moist lab chow for three weeks to 
male Sprague-Dawley rats. Inositol significantly increased locomotor activity 
and rearing in an automated activity meter, but did not affect amphetamine 
induced hyperactivity or the amount of immobility following swim stress. Brains 
from inositol treated and control rats were dissected and levels of myo-inositol 
were analyzed by gas chromatography. There were significant increases in 
inositol levels in cerebral cortex (36.5%) and hippocampus (27%), but not in the 
caudate or cerebellum. These data suggest that inositol alone affects behaviour 
even in rats that are not inositol-depleted by lithium. Supported by the Chief 
Scientist of the Ministry of Health of Israel, grant 3627 to OK.

643.4
AN ERP STUDY OF MOOD PROVOCATION IN REMITTED DEPRESSION.
M. Lioiti*, H.S. Mavhcrg, K, Ryder. S.K. Brannan, M.G, Woldorff.' Research 
Imaging Center, UTHSCSA, San Antonio, TX 78284.

Neuropsychological studies in depression have reported deficits suggesting right 
hemisphere dysfunction. In previous research we found selective Left Visual Field 
reaction time slowing in clinical depression (Biol Psychiat, 1991) and in induced 
sadness in normals (Brain Cognition, 1992). One proposed interpretation is that 
depressed mood affects a right-hemisphere attentional subsystem regulating vigilance/ 
alertness. In support of this hypothesis, in a recent 15O-water PET study of induced 
sadness in normals relative to baseline mood rest, we found striking right-lateralized 
rCBF decreases in frontal and parietal cortex (Human Brain Mapping 1995). The 
present study investigated the electrophysiological correlates of transient mood 
changes in 7 medicated unipolar depressed patients in remission. Subjects performed a 
laleralizcd visual vigilance task at the baseline mood, and alter acute sadness induced 
using an autobiographical memory method. We predicted smaller amplitude late ERP 
components to left visual field stimuli during sadness relative to the baseline 
cuthymic state. Subjects viewed a rapid stream of unilateral or bilateral letters (Xs or 
Os) while fixating a central crosshair. They detected infrequent targets (20%, X) 
among frequent standards (80%, O) and pressed a response key. 64 channels of EEG 
were simultaneously recorded. Mood ratings were collected before each of 18 blocks. 
AIF patients became sad with provocation and returned to eulhymic baseline before 
the next control block. The most significant ERP changes during sad mood involved 
the P3 to targets (350-600 ms). Smaller P3 amplitudes were observed after mood 
challenge, with a striking and significant visual field asymmetry in the expected 
direction (LVF<RVF). The voltage decrease was greater over frontal and centro- 
parictal sites. Topographic maps showed asymmetry of effects over the right 
hemisphere. These results support the hypothesis that both transient and sustained 
mood shills in depression affect right hemisphere function by interacting with a right 
hemisphere vigilance/alcrtncss system. Supported by grants from the McDonncll- 
Pcw Foundation and the Charles A. Dana Foundation.
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643.5
SHIFTING ATTENTION TO EMOTIONAL STIMULI IN UNIPOLAR 
DEPRESSION AND MANIA. F.C. Murphy*, B.J. Sahakian, A. Michael, J.S. 
Rubinsztein, R.D. Rogers, T.W. Robbins, E.S. Paykel. Departments of Psychiatry 
and Experimental Psychology, University of Cambridge, Cambridge, U.K.

The symptoms of major depression include persistent ruminations of guilt, failure, 
and inadequacy which patients often describe as intrusive and very difficult to 
discontinue. These symptoms are interesting in light of recent PET studies which 
demonstrate altered metabolism in the left prefrontal cortex of depressed 
individuals and findings that patients with damage to the prefrontal cortex often 
perseverate and persist in strategies which are no longer appropriate. Perhaps a 
dysfunctioning left prefrontal cortex also interferes with the ability of depressed 
individuals to shift emotions and thoughts.

In the present study, patients with unipolar depression and age and IQ-matched 
controls were required to shift both attention and response set from words which 
were positive to words which were negative in affect and vice versa. Subjects 
responded to targets (e.g. positive words) by pressing a key as quickly as possible 
while inhibiting responses to words of the competing affective category (e.g. 
negative words). Half of the subjects were presented with positive targets first and 
half of the subjects with negative targets first.

Depressed patients were not found to have a generalised shifting deficit. Relative 
to controls, however, depressed patients were slower to respond to positive but not 
to negative targets and preliminary data suggest that manic patients are slower to 
respond to negative but not to positive targets. In addition, whether a subject is 
initially primed with positive or negative targets affects shifting performance, 
suggesting that the emotional set a person is in when beginning a task influences 
task performance.

This research was funded by a Programme Grant from the Wellcome Trust.

643.6
CATECHOLAMINE DEPLETION IN UNMEDICATED, EUTHYMIC 
SUBJECTS WITH A PAST HISTORY OF MAJOR DEPRESSION. R, M. 
Berman, D. Oren, hL L- Miller, A- Anand, A- Cappieflo, D- S- Charney*
Affective Disorders Program of West Haven VA Medical Center, Yale 
University School of Med, West Haven, CT 06516.

This study explores the role of catecholamine function in euthymic 
unmedicated subjects with a remote history of major depression, employing 
a methodology to deplete brain catecholamines via administration of 
alpha-methyl-para-tyrosine (AMPT), a potent inhibitor of the rate 
limiting step in catecholamine synthesis. Subjects underwent two sets of 
studies days in a double-blind, random-ordered, crossover design. They 
received either active catecholamine depletion (via administration of 5 
mg of AMPT) or sedation-controlled, sham catecholamine depletion (via 
administration of 250 mg of diphenhydramine), over a 28-hour 
observation period. Behavioral ratings included the 25-item Hamilton 
Depression Rating Scale (HDRS).

To date, 8 subjects have completed the protocol and two completed only 
one study condition. When undergoing active depletion, subjects commonly 
experienced marked increases in HDRS scores (mean AHDRS=18.4, 
SD=10.2); whereas, during control depletion, subjects did not typically 
experience significant HDRS increases from baseline (mean AHDRS=7.1, 
SD=11.41). Five of 8 subjects undergoing active depletion experienced 
greater than a 15 point increase in HDRS scores, as compared to one of 8 
undergoing sham depletion. Depressive reaction to catecholamine 
depletion may represent a phenotypic marker for a history of prior 
depression. Further work is underway to clarify the significance of this 
finding.

(Funded in part by VA Merrit Grant; H.L.M.)

643.7
CANDIDATE NEUROANATOMIC SUBSTRATES UNDERLYING DELU-
SIONAL THOGHT DISORDER IN OLD-AGED DEPRESSION. D, K, Kim*. 
S. W. Kim, C. H. Paik, H. S. Byun, S. P. Kim, K, R, R, Krishnan. B. J, Carroll,
Department of Psychiatry, Samsung Medical Center, Seoul 135-230, Korea.

We investigated the candidate neuroanatomic substrates underlying delusion-
al thought disorder in old-aged depressed patients by using magnetic resonance 
imaging (MRI), and examined the relationship between volumes for individual 
structures and clinical correlates of particular relevance to depression: cognitive 
impairement and global severity of depression.

MR morphometry was performed on 11 deluded depressed patients (65.4 ± 
7.9 years) compared with 11 age- (64.9 ± 8.1 years) and sex-matched non- 
deluded depressed patients. Quantitative image analysis was conducted on a ISG 
Digital Image Workstation accelerated with parallel processors which allowed 
faster implementation of operations such as image registration, segmentation of 
image slices and 3-dimensional reconstruction. Tissue description is based on 
semiautomated segmentation of slice determined volume of interest. Subjects 
were also administered neuropsychological test and measures of depression.

There was a significant difference between the deluded and non-deluded group 
in the mean of whole brain volume. This difference was especially localized to 
prefrontal cortex (PFC, p<0.01), not to superior temporal gyrus (STG). The 
volume of PFC correlated significantly with that of whole brain (r=0.84, 
p<0.001) and index of Wisconsin Card Sorting (WCS) performance (r=0.79, 
p<0.005) in both group. The volume of PFC and index of WCS performance 
were significant contributory factors to the distinction of deluded vs. non- 
deluded depression. Additional data is being collected and will be presented.

Supported by a Clinical Research Grant (C950332) from Samsung Biomedical 
Research Institute, Seoul, Korea.

643.8
PRELIMINARY EVIDENCE FOR A THREE-YEARS WAVE-CYCLE OF 
CORTISOL SECRETION IN ELDERLY HUMAN SUBJECTS: RELATIONSHIP 
WITH EXPLICIT AND IMPLICIT MEMORY FUNCTION, S. Lupien*, M. Thakur, 
J.Y, Friaon, B.S. McEwen. N.P.V. Nair and M.J. Meanev. Douglas Hospital 
Research Center, Montreal, Canada, 6875 Bid. Lasalle, Verdun, Qc, H4H-1R3.

In a previous 4-year longitudinal study of cortisol secretion in later life in 
humans, we reported the existence of a negative linear relationship between 
increase in cortisol levels with years, and lower explicit memory performance 
(Lupien et al., 1994). We now report data on 8-year cortisol secretion in 12 
healthy elderly human subjects showing that the function relating cortisol 
secretion and time in elderly subjects is not linear as originally postulated by the 
glucocorticoid-cascade hypothesis (Sapolsky et al., 1986), but rather fits a 
curvilinear function with a three-years wave-cycle of cortisol secretion (r= 0.40; 
p<0.003), that slowly increases with each cortisol/year peak. Four-years data 
obtained on explicit and implicit memory performance in these subjects were 
correlated with individuals' cortisol changes for this particular timeframe. A 
Kendall-Tau correlation analysis revealed the existence of a significant negative 
relationship (rc=-1.00; p<0.05) between changes in cortisol secretion and 
changes in explicit memory performance in these elderly individuals, with no 
significant correlation with implicit memory performance. These results show 
that the curvilinear increase observed in cortisol secretion in later life is closely 
related to a curvilinear decrease in explicit memory function, which may explain 
the important inter- and intra-subject variability observed in cortisol secretion 
and memory function in human aging. These data, still in agreement with the 
glucocorticoid-cascade hypothesis, further suggest that, during an individual's 
lifetime, the detrimental effect of corticosteroids upon hippocampal-dependent 
memory tasks may be counteracted by a process of brain plasticity that 
decreases in efficiency as an individual grows older. [Supported by the American 
Alzheimer's Association, the National Institute of Aging (AG0948) and the Fonds de la 
recherche en sante du Quebec.]

643.9
NEUROPSYCHOLOGICAL DEFICITS IN OBSESSIVE-COMPULSIVE 
DISORDER: A COMPARISON WITH UNIPOLAR DEPRESSION AND 
PANIC DISORDER. Rosemary Purcell, Paul Maruff, Michael Kyrios and Christos 
Pantelis*. Depts. of Psychiatry & Psychology, University of Melbourne, & Mental 
Health Research Institute, Parkville, Victoria, Australia, 3052

The neuropsychological dysfunction associated with Obsessive-Compulsive 
Disorder (OCD) has similarities to the deficits reported in patients with affective or 
anxiety disorders. This study directly compared neuropsychological function in 
OCD patients and matched patients with unipolar depression and panic disorder, in 
order to assess the specificity of cognitive deficits to OCD.

Thirty patieftts with OCD, 30 patients with Panic Disorder, 20 patients with 
Depression and 30 normal controls completed a computerized neuropsychological 
battery that assessed executive and visual memory function and response speed. 
The groups did not differ according to age, education or estimated IQ. However, 
group differences in cognitive performance were found. The OCD patients were 
impaired on tasks of spatial working memory (p<0.001), spatial recognition 
(p<0.01) and the speed of motor initiation and execution (p<0.001) compared to 
normal controls. In contrast, patients with panic disorder and depression did not 
differ from controls on these tasks. There were no group differences for 
performance on measures of planning, cognitive speed, pattern recognition and 
delayed matching to sample, although patients with depression were impaired for 
attentional set shifting.

This study demonstrated specific neuropsychological deficits in patients with 
OCD that were not observed in patients with panic disorder and depression. The 
cognitive dysfunction associated with OCD therefore appears to reflect the specific 
clinical disease processes associated with the disorder.
(This study was supported by the NH&MRC of Australia)

643.10
EFFECTS OF YM992 ON EXTRACELLULAR SEROTONIN 
AND NORADRENALINE LEVELS IN THE RAT FRONTAL 
CORTEX. K. Hatanaka, S. Yatsugi and T. Yamaguchi*. Institute 
for Drug Discovery Research, Yamanouchi Pharamaceutical Co., Ltd., 
21 Miyukigaoka, Tsukuba, Ibaraki 305, Japan.

YM992 ((S)-2-[[(7-fluoro-4-indanyl)oxy]methyl]morpholine mono-
hydrochloride) is a novel compound with both selective serotonin (5- 
HT) reuptake inhibition and 5-HT2a  antagonistic activity in vitro and in 
vivo. In our in vivo microdialysis study, YM992 produced a large 
increase (5-6-fold) in the both extracellular 5-HT and noradrenaline 
levels at 30 mg/kg ip in the rat frontal cortex. On the other hand, the 
increase of both 5-HT and noradrenaline induced by fluoxetine was
2-3-fold at 30mg/kg ip. The potency and selectivity of YM992 for 
inhibition of 5-HT and noradrenaline uptake into rat brain 
synaptosomes was similar to that of fluoxetine in vitro. Thus, the 
larger increase of extracellular 5-HT and noradrenaline levels induced 
by YM992 than fluoxetine may be caused not only by inhibition of the
5-HT and noradrenaline uptake but also by other mechanisms. A 
part of clinical efficacy of some antidepressants might consist of the 
increase of noradrenaline brain levels. Although further 
investigations should be needed, the results of this study suggests 
that YM992 has a more potent clinical antidepressive efficacy than 
fluoxetine.
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643.11
RATS SELECTIVELY BRED FOR DIFFERENT 5-HT1A AGONIST SENSITIVITY 
DIFFER IN THE SOCIAL INTERACTION, BUT NOT THE ELEVATED PLUS- 
MAZE, TEST OF ANXIETY. Luis E.; Gonzalez, Sandra E,. File*, David Ha Overstreet 
Psychopharmacology Research Unit, Guy’s Hospital, London SE1 9RT, U.K.

The HDS and LDS lines of rat have been selectively bred for high and low 
sensitivity for the hypothermic response to the 5-HT1A receptor agonist, 8-OH-DPAT. 
The lines differ in 5-HT,A receptor binding in post-synaptic, but not in pre-synaptic, 
brain regions and it has been proposed that they provide a model for a genetic 
predisposition to depression. With the comorbidity of anxiety and depressive 
disorders it was possible that they would also differ in animal tests of anxiety, but no 
differences have been found in the elevated plus-maze. Factor analysis has shown that 
the social interaction and plus-maze tests are measuring different types of anxiety and 
a recent study has shown that the two tests are differentially sensitive to the effects of
8-OH-DPAT microinjections into specific brain regions. Thus the social interaction 
test, but not the plus-maze, was sensitive to anxiolytic effects of 8-OH-DPAT in the 
dorsal raphe nucleus and anxiogenic effects after injection into the post-synaptic 
regions of dorsal hippocampus and amygdala. We, therefore, hypothesized that the 
strains might show baseline differences in the social interaction test. This test 
manipulates the light level arid familiarity of the test arena to generate different levels 
of anxiety from the lowest level in a low light, familiar (LF) arena to the highest in a 
high light, unfamiliar (HU) arena. The HDS line spent significantly less long in active 
social interaction than the LDS line in the HU, HF and LF test conditions. This 
decreased social interaction was not accompanied by changes in locomotor activity 
and is therefore indicative of increased anxiety in the HDS line, compared with the 
LDS line. No differences between the lines were found on any of the measures of 
anxiety or activity in the elevated plus-maze. In conclusion, the differences in social 
interaction found between the lines may be an important factor reflecting the 
differences that contribute to differing predispositions to depression.

643.12
REDUCTION OF 3,4-DIAMINOPYRIDINE-INDUCED BIOGENIC AMINE 
SYNTHESIS AND RELEASE IN RAT BRAIN BY GABAPENTIN (GP). S. Z. 
WHETZEL, D. J. DOOLEY*, T. A. PUGSLEY. Therapeutics Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann Arbor, MI 
48105.

GP(l-[aminomethyljcyclohexaneacetic acid) is a anticonvulsant drug that 
prevents complex partial seizures in refractory patients and prevents seizures 
caused by electroshock in mice and rats. In vitro studies have indicated that GP 
inhibits the electrically and potassium-stimulated release of biogenic amines. This 
study examines the effects of GP on the synthesis of norepinephrine (NE), 
dopamine (DA) and serotonin (5-HT) in rat brain and the release of tritiated NE 
from rat hippocampus (HI) slices both in the presence and absence of the 
depolarizing agent 3,4-diaminopyridine (DAP). GP (30 and 100 mg/kg, i.p.) dosed 
alone did not alter the synthesis of NE and DA (DOPA accumulation) in a NE- 
enriched area (HI) or DA-enriched regions such as striatum (ST) and mesolimbic 
(ML); nor did it alter 5-HT synthesis. DAP (2 mg/kg, i.p.) induced an increase in 
DOPA accumulation in HI, ML and ST regions. This DAP-induced increase in 
DOPA accumulation was antagonized significantly in HI and ML areas by GP at 30 
and 100 mg/kg and in ST by 100 mg/kg of GP; a 10 mg/kg dose was inactive. DAP 
increased 5-HT synthesis in hippocampus that was blocked by GP. GP inhibited 
the DAP-induced release of tritiated NE from rat HI slices, consistent with the vivo 
findings. The mechanism of these effects is not clear. GP has been shown to 
interact with the alpha-2/delta subunit of calcium channels and to increase the 
turnover of GABA. These effects may possibly explain the inhibitory effects of GP 
on neurotransmitter turnover. In conclusion, the present findings indicate that GP 
has modulatory inhibitory effects on several neurotransmitter systems that may be 
of importance in explaining the CNS effects of GP. Supported by Warner-Lambert.

643.13
NEONATAL CLOMIPRAMINE EFFECTS ON ADULT ACOUSTIC 
STARTLE, PLUS MAZE, ADRENAL AND CRF MEASURES IN 
A DEPRESSION MODEL. L.L Beelen D.L Birkle and I.J.Goodman* 
Depts. of Psychology and Pharmacology, West Virginia University, 
Morgantown, WV 26506.

An animal model of endogenous depression (Vogel et al, 1990) and 
adult stress were studied, using measures of behavior (acoustic startle 
(AS) and plus maze (PM)), brain (CRF) and adrenal function. Neonatal 
rats (8-2Id olds) were injected daily with clomipramine HC1 (CLO, 
30mg/kg, sc) or saline (SAL) and were later footshocked (Sh) over a 4 
day period or handled without shock (nS) at 2,4 and 6 mo. of age, 
providing 4 treatment groups (CLO/nS, SAL/nS, CLO/Sh, SAL/Sh). 
Behavior tests occurred 24h after each Sh or nS period, and biological 
tests occurred in rats sacrificed 24-48h after 6 mo. behavior tests.

Results of 6 mo. AS and PM testing and biological measures are 
reported. AS response amplitude was greater for CLO than SAL rats 
with no latency differences found. PM performance revealed fewer open 
arm entries by CLO/nS and Sal/Sh than either CLO/Sh or SAL/nS rats. 
Consistent with a prior report (Goodman et al, 1994), body wt. and 
adrenal wt were lower for CLO than SAL rats. SAL/Sh rats had greater 
adrenal wts and plasma corticosterone levels than controls. Amygdala 
CRF levels were lower in Sh than nS rats, whereas hypothalamic CRF 
tended to be greater in CLO/Sh than SAL/nS rats. Consistency of these 
findings with depression model expectations are discussed.

643.14
EFFECT OF A LIGHT PULSE IN THE DARK PHASE OF AN L:D 
CYCLE ON PERFORMANCE OF RATS IN THE FORCED SWIMMING 
TEST.T.Celikel, E.Yurdakos*. O.Akin & R.Canbeyli. Bogazigi University 
and Cerrahpa$a Medical School, University of Istanbul, Istanbul, Turkey.

The present study investigated the effect of a 2-hr light pulse presented at 
different stages of the dark phase on forced swimming test (FST). Female 
Wistar rats (n=8 per condition) were kept on an LD 12:12 hr cycle (light 
phase starting at 7 AM) in a vivarium except for a 12 hr manipulation in a 
light-insulated and sound-attenuated box. Subjects were placed in the box at 
the beginning of the dark phase and either spent the entire period in the dark 
without further manipulation (control group) or were subjected to a single 2 
hr light exposure either 2 1/2, 5 or 7 1/2 hr after onset of the dark phase. At 
the beginning of the light phase, animals were returned to their regular 
housing and were exposed to a 15 -min swim (pre-test) 8 hr later. A 5 min 
swim test followed 24 hr later. Control animals exhibited the well- 
documented depressant effect of the pre-test by a significant increase in the 
total immobilization time in the 5 min swim test compared to the first 5 min 
of the pre-test. Similarly, latency to become immobilized for the first time 
(for at least 5 consecutive sec) was shorter in the second swim test. 
Compared to controls, all 3 experimental groups exhibited an additive 
depressant effect of the light pulse, but only the 2 1/2 group became 
immobilized significantly earlier and stayed immobilized longer than the 
controls in both the pre-test and the second swim test. (Supported by 
Bogazigi University Research Grants 96B0958 and 97B0703 to RC).

643.15
DEPRESSANT EFFECT OF BILATERAL LESIONS OF SUPRACHIASMATIC 
NUCLEI IN RATS AS MEASURED BY THE' FORCED SWIMMING TEST.
R.S. Canbeyli *, T. Qelikel, A. Hasanoglu, D. Schulz &
A.E. Geissler. Dept. of Psychology, Bogazigi University and
Cerrahpa§a Medical School, University of Istanbul,Istanbul, 
Turkey.

Potentially depressant effect of disrupting the function-
ing of the suprachiasmatic nuclei (SCN) in male Wistar rats 
was investigated by bilateral lesioning of the nuclei.
Adult rats were kept on a 12hr light-12hr dark cycle (light 
phase starting at 7AM). Forced swimming was conducted in 
two sessions: a 15 min pretest swim followed 24hr later by 
a 5 min swim test. Compared to sham controls (n=12), 
discrete SCN lesions (n=10) significantly increased total 
immobilization time while decreasing the latency to become 
immobilized for the first time (for at least 5 sec consecu-
tively) in the first 5 min of the pretest and during the 
second swim test. Activity measures indicated that this re-
sult was not due to reduced mobility of the SCN-lesioned 
animals. Ongoing work with control and amygdala lesions 
point to the specific depressant effect, of SCN lesions. Pre-
liminary work with lesions placed posterior to the SCN, in 
the retrochiasmatic area, suggests that interference with 
the caudal neural connections of the SCN may also have a 
depressant effect as measured by forced swimming test. 
(Supported by Bogazigi Uhiversity Research Grants 
96B0958 and 97BO7O3 to RC).

643.16
THE ANTIDEPRESSANT AZAPHEN IS A PARTIAL GABAa  
RECEPTOR BLOCKER. R.F, Squires3*, VI. Shvedov2. E, Saederup3 
and A.E, Medvedev1,
‘institute of Biomedical Chemistry, Russian Academy of Medical 
Science, Moscow, Russia, 2Centre of Drug Chemistry-Institute of 
Pharmaceutical Chemistry, Moscow, Russia, 3Nathan S. Kline 
Institute, Orangeburg, NY 10962
Azaphen is used clinically for the treatment of various kinds of 

depression in Russia. We recently found that Azaphen, like several 
other antidepressant and antipsychotic drugs, partially reverses the 
inhibitory effect of 1 pM GABA on 35S-TBPS binding (ECso = 40 ± 
14 pM, ABOpt = 80 ± 4%, n = 3). Like many other GABA antagonists, 
Azaphen is an N-aryl piperazine. It is also a phenoxazine, some of 
which are GABA antagonists in their own right. For example, the 
phenoxazine dye Brilliant Cresyl Blue (Aldrich) has EC50 = 8.8 ±
0.76 pM, ABopt = 85 ± 13%, n=3. Nile Blue, Darrow Red, and 
Rhodanile Blue are also GABA antagonists, but scintillation 
quenching by these compounds has prevented accurate determination 
of their potencies and selectivities. Our results with Azaphen provide 
further support for the notion that many antidepressant and 
antipsychotic drugs exert their clinical effects by selectively blocking a 
sub-set of GABAa  receptors.
Funding: Russian State Program “Design of New Drugs” (Grant No. 
040103), and New York State Office of Mental Health.
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643.17
ANXIOLYTIC PROFILE OF RWJ-53050, A PARTIAL AGONIST GABAa  
RECEPTOR MODULATOR. B. Dubinsky*, A.H. Vaidya, C.B. Davis, D.I. 
Rosenthal, C.T. Cheo-Isaacs, J.J. Crooke, J.J. McNally, P. Sanfilippo, A.B. Reitz, and 
R.P. Shank. The R.W. Johnson Pharmaceutical Research Institute, Spring House, PA 
19477.

Most, if not all, highly effective anxiolytic drugs potentiate the action of GABA at 
the GABAa  class of receptors. In vitro receptor binding studies have shown that RWJ- 
53050 binds with high affinity to benzodiazepine (BZD) sites on some GABAa  
receptor subtypes (IC5o*0.4 nM). Based on the GABA-shift, an indicator of intrinsic 
modulatory activity, it appears to fit into the class of GABAa  receptor modulators 
termed "partial agonists". Theoretically, such compounds should be less prone to 
cause unwanted CNS effects than "full agonist" BZDs. This compound is a member 
of a novel class of pyrido[ 1,2a]benzimidazoles. RWJ-53050 blocked convulsions in 
mice (ED5O=0.3 mg/kg p.o.) induced by pentylenetetrazole, but did not cause motor 
impairment at doses up to 1000 mg/kg p.o. It also antagonized BZD-induced motor 
impairment in mice. After subchronic administration (up to 100 mg/kg p.o.), no CNS 
signs of physical dependence were observed in flumazenil-treated mice. RWJ-53050 
had anxiolytic efficacy in two tests in rats, Vogel conflict (0.3 mg/kg p.o.) and the 
elevated plus-maze (1 mg/kg). Motor impairment (rotarod), sedation (spontaneous 
motor activity) and ethanol-interaction (potentiation of narcosis) in rats occurred only 
at doses higher than that required for efficacy (~3 mg/kg p.o.). In dogs, neither 
sedation nor ataxia were observed at oral doses up to 30 mg/kg. In efficacy and side- 
effect tests the slope of the dose-response curves were lower, and the severity of 
unwanted effects milder, than for lorazepam. RWJ-53050 had anxiolytic activity at
0.3 mg/kg p.o. in a test in squirrel monkeys in which food-rewarded responding was 
suppressed by fear of a mild tail-shock. It was devoid of unwanted CNS effects in 
monkeys at oral doses up to 10 mg/kg, and only a slight decrease in ambulatory speed 
was observed at 20 or 40 mg/kg. These data suggest that RWJ-53050 has a “partial 
agonist” profile in mice, rats and monkeys and might be less likely to produce 
unwanted CNS effects than “full agonist” BZD anxiolytics.

643.18
IPSAPIRONE MODULATES GABA0-MEDIATED NEUROTRANS-
MISSION J, von Wegerer and J. Walden (SPON: European Neuro-
science Association) Dept. of Psychiatry, University Freiburg, Germany

Ipsapirone (IPSA) is a 5-HT1A agonist which displays anxiolytic and 
antidepressive properties. Moreover, antiepileptic actions could be shown 
in vitro. We examined the effects of IPSA on the GABAergic system, 
since its participation is discussed in depression and epilepsies.

Extracellular recordings were carried out from the area CAl of the 
hippocampal slice (guinea pig). Field potential changes (FP) were induced 
by local pressure application of GABA and its subreceptor analogues. 
IPSA was systemically administered. Only positive deflections of the FP 
were evaluated.

Application of 20 pmol/1 and 50 pmol/1 IPSA led to a reduction in 
amplitude of GABA-induced FP of maximally 14.2 ±6.8 % and 24.9 ±
11.6 %, respectively. FP induced by the GABAa  agonist muscimol were 
not affected by 50 jimol/1 IPSA. FP induced by the GABAg agonist 
baclofen were reduced by 50 gmol/1 IPSA by 15.3 ± 10.2 % in amplitude.

It is concluded that the effect of IPSA on GABA-induced FP is 
mediated by an interaction with GABAb  mediated neurotransmission. The 
blocking effect may be due to a direct or modulating action on GABAb  
receptors, or to an interaction with second messenger systems. Since 
GABAg and 5-HT1A receptors share the same G protein, by which they 
are coupled to a potassium channel, activation of 5-HT,A receptors might 
lead to reduced responsitivity to GABAb  mediated activation.

643.19
DOWN-REGULATION OF TYROSINE HYDROXYLASE IN THE RAT LOCUS 
COERULEUS FOLLOWING CHRONIC TREATMENT WITH M100907. G.A. 
Ordway*. M.-Y. Zhu, V, Klimek, and S.J, Offord. Department of Psychiatry and 
Human Behavior, University of Mississippi Medical Center, Jackson, MS 39216; 
Department of Clinical Pharmacology, Hoechst Marion Roussel, Inc., Branchburg, NJ.

Tyrosine hydroxylase (TH, tyrosine 3-monooxygenase) is rate-limiting in the 
biosynthesis of norepinephrine in the brain. The expression of TH in the locus 
coeruleus is up-regulated in human suicide victims and in human subjects with major 
depression as compared to normal control subjects. In rats, the expression of TH is up- 
regulated by agents which deplete norepinephrine and by chronic stress. In contrast, TH 
in the locus coeruleus is down-regulated by repeated treatment with drugs that have 
antidepressant efficacy, but not by repeated treatment with other psychoactive 
substances. In fact, stress-induced increases of TH in the locus coeruleus are blocked 
by antidepressant drugs. Thus, the down-regulation of TH in the locus coeruleus by a 
drug reverses at least one of the pathophysiological manifestations of depression and is 
predictive of antidepressant efficacy. In this study, the potential of the novel 
psychotherapeutic compound, Ml00907, for antidepressant efficacy was evaluated by 
determining whether repeated treatment with Ml00907 would down-regulate TH in the 
rat locus coeruleus. Rats were administered vehicle, 0.3 mg/kg Ml00907, or 
imipramine 15 mg/kg by i.p. injection once daily for 21 days (n= 11 per group). TH was 
measured in cylindrical punches (2 mm diameter x 1 mm) of the locus coeruleus by 
quantitative Western immunoblotting. TH in locus coeruleus from M100907-treated 
and imipramine-treated rats was significantly lower than TH in rats treated with vehicle. 
Thus, repeated treatment with Ml00907 down-regulates TH in the rat locus coeruleus 
and this effect indicates that Ml00907 may have antidepressant efficacy in humans. 
(Supported by a grant from Hoechst Marion Roussel, Inc.)

643.20
THE EFFECT OF IMIPRAMINE ON THE LEVEL OF mRNA CODING FOR 
DOPAMINE D2 AUTORECEPTORS IN THE RAT BRAIN. M. Dziedzicka- 
Wasylewska* and Z. Rogoz. Inst, of Pharmacol., Pol. Acad, of Sci., 12 Smetna 
St., 31-343 Krakow, Poland.

Several reports have investigated the possibility that chronic antidepressant 
treatment alters dopamine autoreceptors. In the present study the level of mRNA 
coding for dopamine D2 autoreceptors (D2 mRNA) in the rat brain was analyzed 
following acute and repeated treatment with imipramine (IMI), the most widely 
used antidepressant drug. No significant changes in the level of D2 mRNA were 
observed in the substantia nigra of the rat, neither after the acute administration 
of IMI (10 mg/kg p.o.) nor following the repeated treatment (14 days, twice daily). 
In the A10 nucleus repeated treatment with IMI increased the level of D2 mRNA 
in the lateral part of this brain region (containing n. paranigralis and n. 
parabrachialis pigmentosus) without any significant changes in the more medial 
part (n. interfascicularis and n. linearis). The increase in the level of D2 mRNA in 
the A10 nucleus started to be significant at 72h after the acute IMI. Moreover, 
this increase was also observed after 14 drug-free days following acute 
administration of the drug. Behavioral study indicate that IMI, both repeated as 
well as single dose of the drug followed by 14 drug-free days, prevented the 
hypomotility induced by apomorphine (50 pg/kg s.c). The results obtained in the 
present study indicate the different sensitivity of neurons synthesizing D2 
autoreceptors for IMI. Moreover, acute treatment with IMI seems to be sufficient 
to trigger the changes as a function of time regardless of whether it is again 
administered, providing possible explanation of the delayed therapeutic onset of 
this antidepressant drug.

643.21
EXPRESSION OF CYTOCHROME b IN CEREBRAL CORTEX IS INCREASED 
AFTER CHRONIC ANTIDEPRESSANT TREATMENT. M. I, Strakhova. N.-Y, 
Huang, R. T. Layer. A.A, Kustov* and P. Skolnick, Laboratory of Neuroscience, 
NIDDK, and Laboratory of Sensorimotor Research, NEI, National Institutes of Health, 
Bethesda Maryland 20892.

Antidepressants are structurally and functionally diverse, and include monoamine 
oxidase (MAO) inhibitors, selective serotonin reuptake inhibitors and electroconvulsive 
shock (ECS). In order to identify possible common pathways of action among these 
agents, we used a PCR-based differential display technique in tissues obtained from 
mice administered chronic (14 days) antidepressant treatments. A number of candidate 
genes whose expression was altered upon treatment with both the tricyclic 
antidepressant imipramine and ECS were identified, and the corresponding cDNA 
fragments were subcloned. Reverse Northern blots were performed to further confirm 
differential expression of these genes. One of these products, A87S, was found to be 
differentially increased following both imipramine and ECS. Sequencing of the 
corresponding subcloned cDNA identified this product as cytochrome b. 
Antidepressant-induced increases in mRNA level were confirmed with Northern blot 
analysis. In contrast to the effects observed in cerebral cortex, no changes in 
cytochrome b mRNA levels were observed in cerebellum, hippocampus or liver 
following these antidepressants. Moreover, chronic treatment with morphine (an 
analgetic) and haloperidol (a neuroleptic) did not produce any changes in levels of 
cytochrome b mRNA, whilst diazepam (an antianxiety agent) did produce a significant 
change in cerebral cortex. These findings suggest that alterations in oxidative 
phosphorylation within circumscribed areas of the central nervous system may be a part 
of the general pathway of antidepressant action.

643.22
CONGENITAL LEARNED HELPLESS RATS SHOW ALTERATIONS 
OF CYTOCHROME OXIDASE METABOLISM IN CINGULATE 
CORTEX. F. Gonzalez-Lima1*, A. Poremba1, J.L. Humm1, and E. Edwards2, 
!Psych. Dept & Inst, for Neurosci., Univ. of Texas, Austin, TX, 78712. 
Pharmaceutical Sciences Dept., Univ. of Maryland, Baltimore, MD, 21201.

Quantitative histochemistry of cytochrome oxidase (C.O.), a rate-limiting 
mitochondrial enzyme of oxidative metabolism, was used to evaluate baseline 
differences in brain metabolic capacity in rats with congenital learned 
helplessness, a model of depression. Learned helpless (LH) rats having been 
subjected to inescapable shock, subsequently fail to escape from avoidable shock. 
We used untreated rats from strains systematically bred to foster either increased 
susceptibility (congenital, cLH) or resistance to develop learned helplessness 
(cNLH). The limbic system, including the cingulate cortex, is believed to be 
involved in depression. The anterior and posterior cingulate and retrosplenial 
cortices were divided into three equal divisions (inner, middle, and outer cell 
layers). Elevated levels of C.O. activity for the cLH Group in the outer layers of 
the anterior cingulate cortex were evident when compared with the cNLH Group 
(p<0.05). The posterior cingulate cortex also exhibited elevated levels of C.O. 
activity in the cLH group, specifically in the inner layers (p<0.05). There were no 
group differences for retrosplenial cortex. These results indicate that brain 
alterations in congenital learned helpless rats include an increase in the capacity 
for oxidative energy metabolism in the cingulate cortex, a limbic system structure 
implicated in endogenous depression. Based on these results, C.O. histochemistry 
could be used to further examine local neural metabolic substrates of this model 
of depression at the cellular level. (Supported by NIH grant MH43353 and NSF 
grant EBN9222075 to F.G.L. & UMAB School of Pharmacy DRIF Grant to
E.E.).
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643.23
ROLE OF BRAIN DERIVED NEUROTROPHIC FACTOR 
(BDNF) IN CHRONIC ELECTROCONVULSIVE SEIZURE (ECS) 
INDUCED MOSSY FIBER SPROUTING. V. A. Vaidva*. J. A. 
SiuciakL F, Du2, and R. S. Duman, Lab of Mol. Psychiatry, Depts. of 
Psychiatry and Pharmacology, Yale Univ. Sch. of Med., New Haven, CT 06508; 
1 Regeneron, Tarrytown, NY; 2FD Neurotechnologies, Gaithersburg, MD.

Previous work has shown that chronic ECS leads to a dramatic increase in the 
expression of BDNF mRNA and protein in the hippocampus. BDNF has a 
profound influence on morphology and synaptic function of hippocampal 
neurons. In particular, BDNF leads to axonal, but not dendritic sprouting, of 
dentate gyrus granule cells in vitro. This raises the possibility that chronic ECS, 
through an increased expression of BDNF, may also influence sprouting and 
synaptic reorganization of the mossy fiber pathway. We have shown using 
Timm histochemistry that chronic ECS administration induces mossy fiber 
sprouting. Two weeks following 10 daily chronic ECS treatments Timm scores 
were significantly higher (2.330 ± 0.11) as compared to sham treatment (0.598 +
0.10). The role of BDNF in this form of seizure induced plasticity was examined 
using BDNF heterozygous (+/-) knockout mice. BDNF +/- mice have 
significantly diminished seizure induced levels of BDNF mRNA and show 
significantly attenuated mossy fiber sprouting relative to wildtype mice. 
However, intrahilar infusions of BDNF (12 pg/d, 14 d) did not induce mossy 
fiber sprouting. These results suggest that BDNF is necessary, but not sufficient, 
for induction of sprouting. In addition, preliminary cell counting analysis and 
silver staining experiments suggest that chronic ECS does not produce any 
obvious cell death. These results indicate that ECS-induced sprouting does not 
occur in response to hilar neuronal loss, which underlies excitotoxin and 
kindling-induced sprouting. Rather, the results suggest that seizure activity, as 
well as increased neurotrophin expression, mediate ECS-induced sprouting. 
(Supported by MH45481)

643.24
ESTRADIOL AND A 5-HT2A RECEPTOR AGONIST 
REGULATE THE EXPRESSION OF BDNF mRNA IN THE 
HIPPOCAMPUS. I. Cavus* and R. S. Duman. Lab of Molecular Psychiatry, 
Depts. of Psychiatry and Pharmacology, Yale Univ. School of Medicine, New 
Haven, CT 06508.

Estrogen is thought to play a profound role in the course of some mental 
disorders. Estradiol administration increases the expression and density of 5- 
HT2A receptors (Fink and Sumner 1996) and these receptors may be involved in 
the actions of antipsychotic and antidepressant drug treatments. Recently, 5- 
HT2A receptor activation was reported to regulate the expression of brain-derived 
neurotrophic factor (BDNF) in the neocortex and hippocampus of male rats 
(Vaidya et al. 1997). Estradiol may be another factor in the regulation of BDNF 
expression in these areas, since a putative estrogen response element on the 
BDNF promoter has been described (Sohrabji et al. 1995). Therefore, we 
examined the effect of estradiol on 5HT2A-mediated regulation of BDNF. 
Estradiol treatment (10 pg/rat, 24 hr apart, 2 days) of overectomized adult female 
rats caused an increase in BDNF mRNA expression in the hippocampus and 
neocortex when measured two days after the last treatment day. However 
estradiol pretreatment did not alter the effect of the 5-HT2A receptor agonist DOI 
(4-iodo-2,5-dimethoxyphenylisopropylamine) on BDNF mRNA expression. As 
in male rats, DOI administration caused a decrease in BDNF mRNA in the 
dentate gyrus granular cell layer and increased BDNF expression in the frontal and 
parietal cortex. These results suggest that estradiol and DOI regulate the 
expression of BDNF through separate mechanisms.

The influence of estradiol on the stress-induced down-regulation of BDNF is 
currently being examined. These studies may help elucidate the mechanisms 
underlying CNS disorders such as depression, which may result from the 
dysfunction of gonadal hormone systems. (Supported by MH45481)

643.25
ANTIDEPRESSANT EFFECTS OF A STABLE ANALOGUE OF 
THYROTROPIN RELEASING HORMONE IN A RODENT MODEL OF 
DEPRESSION. Robert L, Lloyd*. A, Eugene. Pekary, and Albert Sattin. 
Psychology Dept. University of Minnesota, Duluth 55812 and Endocrinology 
Research Lab and Psychiatry Service West Los Angeles, VA and UCLA 
90073.

The antidepressant effects of the tripeptide pyro-Glu-Glu-Pro-amide (EEP), 
a stable analogue of thyrotropin releasing hormone (TRH), were assessed in a 
modified version of the Porsolt Swim Test. Immobility during a 5min swim 
test was significantly reduced by three injections of 0.5mg/kg sc of EEP, given 
immediately following the initial 15min pre-swim, again 5 hours following 
pre-swim, and one hour before the swim test, on the following day. Previous 
work has demonstrated that TRH (and its precursor) in limbic brain regions is 
negatively correlated with immobility in the Porsolt Test, and that both swim 
times and TRH are elevated by electroconvulsive shock. In an accompanying 
paper (Pekary et al.), we demonstrate that electroconvulsive shock elevates 
levels of EEP in limbic, but not extra-limbic, regions, and that levels of EEP 
and TRH are highly correlated in three of four limbic areas. Serum and brain 
chemistry data are presented for the present data.
Supported by a grant from the University of Minnesota

643.26
LAMOTRIGINE INHIBITS 5-HT UPTAKE IN VITRO AND MODULATES 
THE PCA-INDUCED 5-HT SYNDROME IN RATS. E. Southam, D. Kirkbv, 
G.D. Pratt*, G. Higgins and R.M. Hagan. Neuroscience Unit, Glaxo Wellcome 
Medicines Research Centre, Stevenage, SGI 2NY, U.K.

Lamotrigine is believed to mediate its anticonvulsant properties by inhibiting 
brain Na+ channels in a dose-dependent manner (Xie, 1995). We now report that 
lamotrigine also inhibits 5-HT uptake.

Synaptosomes (rat cortex) or platelets (human) were incubated (10 min., 37 °C) 
with either the selective serotonin reuptake inhibitor fluoxetine (100 pM - 1 pM) or 
lamotrigine (1 (xM - 3 mM) in the presence of 20 nM [3H] 5-HT. Both fluoxetine 
and lamotrigine inhibited 5-HT uptake into synaptosomes (IC50s 20 nM and 480 
pM, respectively) and platelets (7 nM and 270 pM) in a concentration-dependent 
manner. In contrast, 5-HT uptake into platelets was not inhibited by the 
anticonvulsant Na-valproate (< 1 mM). When tested in vivo, both fluoxetine (10 
mg/kg, i.p.) and lamotrigine (20 mg/kg, i.p.) were found to inhibit the fore-paw 
treading, head weaving, and body tremor components of the parachloramphetamine 
(pCA)-induced 5-HT behavioural syndrome in adult male Lister-hooded rats.

These data indicate that lamotrigine inhibits 5-HT uptake in preparations of both 
rat and human tissues. Furthermore, because lamotrigine modulated the 5-HT 
syndrome in rats, it appears likely that an anticonvulsant dose also inhibits 5-HT 
uptake in vivo. These effects probably reflect affinity for lamotrigine at the 5-HT 
transporter and may, when combined with its Na+ channel blocking activity, 
contribute to the observed mood stabilising properties in bipolar disorder 
(Calabrese, 1996).
Xie, X. et al., 1995, Pflugers Arch., 430: 437-446.
Calabrese et al., 1996. American. Psychiatric. Assoc. Abstr., 15.

WEDNESDAY AM SYMPOSIA

644
SYMPOSIUM: SENSORIMOTOR INTEGRATION: A POPULATION-
CODING PERSPECTIVE. W.B, Kristan. Univ. California, San Diego 
andD.L. Sparks. Baylor (Co-Chairpeople); C.M. Comer. Univ. Ill., 
Chicago; J.R. Fetcho. SUNY Stony Brook; C. Lee. Seoul Nat. Univ.

This symposium addresses the question: How are the signals that 
select, initiate, guide, and control movements extracted from the spatial 
and temporal activity patterns of large populations of widely distributed 
and coarsely tuned neurons? David Sparks will introduce the general 
issues faced in studying population coding and outline the experimental 
and analytical approaches token. Bill Kristan will then show that the local 
bending response in leeches is produced by a neuronal circuit that 
implements a continuous (e.g., vector averaging or vector summation) 
rather than categorical (e.g., winner-take-all) strategy for producing 
directional responses to localized mechanical stimuli. Chris Comer wall 
describe the neuronal mechanisms underlying the initial directed turn made 
by cockroaches, as they prepare to run from predators. A simple 
populations code, using weighted spike numbers, accounts for many 
experimental results. Joe Fetcho will describe escape and swimming 
behaviors of fish, as measured using Ca++ imaging to monitor activity in 
identifiable populations of reticulospinal and spinal intemeurons. Deleting 
neuronal subsets produce dramatic changes in these behaviors. Choongkil 
Lee will present the evidence that the mechanism specifying parameters of 
eye movements among the active population of neurons in the primate 
superior colliculus is vector averaging. The talks will show that the 
artificial way we divide the sessions in these meetings (neuroethology, 
sensorimotor integration, cortex, etc.) does not represent fundamental 
differences in how different nervous systems confront similar problems.

645
NEURAL-IMMUNE INTERACTIONS IN HEALTH AND DISEASE E.M. 
Sternberg NIH-NIMH (Chairperson); C.B. Saper. Harvard Medical 
School and Beth Israel Deaconness Med. Ctr.; J. Licinio. NIH-NIMH; 
NJ. Rothwell, Univ. of Manchester, UK.
Peripheral cytokines signal the CNS; cytokines and their receptors are 

also expressed within the central nervous system (CNS). Cytokines in 
the peripheral and central compartments have different functional 
effects and play distinct roles in the pathophysiology of inflammatory 
disease and neurodegeneration. In the CNS IL-1 affects essential brain 
functions and modulates neuronal survival. This symposium will 
provide an overview of the field of neuroimmune interactions (Dr. 
Sternberg), with a focus on cytokines, particularly IL-1, and the CNS. 
The mechanism by which circulating interleukin-1 gains access to the 
brain is a subject of intense investigation. Dr. Saper will show that 
during inflammation cytokine expression is detected first in areas of 
the brain without a blood-brain barrier, then in areas of the brain with 
an intact blood-brain barrier. This is of particular relevance to the 
central actions of cytokines and to the neurobiology of fever. Dr. 
Licinio will present data demonstrating that IL-1 mRNA is expressed 
in the brain during systemic inflammation, causing inducible nitric 
oxide synthase (iNOS) production and release of high levels of nitric 
oxide (NO), followed by the spillover of nitrite into cerebrospinal fluid 
(CSF). The roles of IL-1 molecules on neurodegeneration and 
neuroprotection will be discussed by Dr. Rothwell. A number of 
distinct sites and mechanisms of action have been proposed to explain 
the diverse effects of IL-1 in the brain, probably involving multiple 
receptor subtypes and complex interactions with neuropeptides.
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648.1
CYTOTOXIC AMYLOID PEPTIDES INHIBIT CELLULAR MTT 
REDUCTION BY ENHANCING MTT FORMAZAN 
EXOCYTOSIS. Y. Liu* and D. Schubert. Cellular Neurobiology 
Lab., The Salk Institute, San Diego, CA 92186-5800.

Amyloid p peptide (Ap) neurotoxicity is believed to play a central 
role in the pathogenesis of Alzheimer’s disease. A specific, early 
indicator of Ap toxicity is the inhibition of cellular 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
reduction, a widely used assay for measuring cell viability. In this 
report we show that Ap and other cytotoxic amyloid peptides such as 
human amylin dramatically enhance MTT formazan exocytosis, 
resulting in the inhibition of cellular MTT reduction. The cytotoxicity 
of the amyloid peptides is strictly correlated with their ability to 
enhance MTT formazan exocytosis. MTT formazan exocytosis as 
well as the enhanced MTT formazan exocytosis by amyloid peptides 
are blocked by the several drugs which include the tyrosine kinase 
inhibitor genistein. These and other findings in our study suggest that 
AP and other cytotoxic amyloid peptides enhance MTT formazan 
exocytosis and induce cytotoxictiy through an intracellular signal 
transduction pathway.
(Supported byNIH grants RO1NS9658-25 and 1F32NS10279-1)

648.2
NEUROTOXIC MECHANISM OF A CARBOXYL TERMINAL 
PEPTIDE FRAGMENT OF THE AMYLOID PRECURSOR PROTEIN; 
IMPLICATION IN THE PATHOGENESIS,OF ALZHEIMER'S DISEASE.
Y. H. Sufr , S.H. Kim1 and D. K, SongT^Dept of Pharmacol., College 
of Medicine and Dept. of Mol. Biol., Neurosci. Res. Inst., Seoul National 
University, Seoul, ?Dept. of Pharmacol., College of Medicine, Hallym 
Univ.. Cluncheon, Korea

We l ave previously shown tiiat tlie recombinant carboxyl-terminal 105 
arniiKi acid containing fragment(CT105) of the amyloid precursor 
prete-n(APP) had potent neurotoxic activity. The toxic effect of CT105 is 
probably lelated with the ron-selective pore-forming activity of the 
peptide which was observed in artificial lipid bilayer, Xenopus oocytes, 
and cultured cerebellar neurons. Interestingly pretreatment with 
cycloheximide or actinomycin D significantly attenuated the cytotoxicity of 
CT105 indicating the necessity of the expression of specific gene 
preduct(s). Howe'er both morphologically and biochemically cell death 
induced by CT105 was not apoptotic but necrotic. Thus there could be 
some receptors or downstream signalling molecules that are essential in 
the CTJ05 induced cell death. Protective effect against CT105 was also 
observed wih physiological concentration of zinc(II) chloride. Since 
Cf 105 contains zinc binding histidine residue at position 13(AP 
number:* g) this effect might be due to the sequestration of CT105 by 
zinc pre.enting the peptide from interacting with the cells. In addition we 
found that intracerebral injection of CT105 was also significantly toxic to 
animals. Whfte higher dose indeed killed the animals, lower dose of 
CTI05 induced tire impairments of learning and memory in passive 
avoidance test and extensive gliosis in hippocampal region. These results 
haply tiiat CT105 peptide can damage the neurons both in vitro and in 
vivo and the toxic effect requires the new gene expression. Thus it is 
thought that both CT and Aji which are formed during the processing of 
APF may participate in tlie neuronal degeneration in Alzheimer's disease 
by different mechanisms.
Srypoited bv Seoul National University Hospital.

648.3

MECHANISM AND PREVENTION OF NEUROTOXICITY BY 8- 
AMYLOID PEPTIDES: RELATION TO ALZHEIMER’S DISEASE. 
V.M.Ingram*,B.J.BlanchardJ.Butler.C.H.Chen,A.Hiniker.G.Konopka,
N. Rafizadeh., Dept. Biology, M.I.T., Cambridge, MA 02139.

Aggregates [fibrils] of the B-amyloid peptides A825-35 and 
A81-42 act on human neuronal hNT cells to cause a dramatic influx of 
external calcium, a likely major factor in neuronal dysfunction and cell 
death in Alzheimer’s disease. Calcium influx caused by aggregated 
A625-35 is not observed when Mg2+ or the specific non-NMDA 
blockers CNQX or DNQX are present, while DL-AP5, a specific 
inhibitor of NMDA channels, is ineffective. We propose that non- 
NMDA channels mediate-the neurotoxic calcium imbalance caused by 
B-amyloid peptide aggregates.

Certain short “decoy” peptides (DPs), selected from a 
combinatorial library of D-amino acid hexapeptides for their ability to 
complex AB25-35, render the AB25-35 and AB 1-42 fibrils innocuous 
and abolish the calcium influx usually caused by the aggregated 
peptides; at least one of the decoy peptide also suppresses aggregation.

In our studies the rise in cytosolic calcium levels is measured by 
fura-2 ratiometric analysis. Aggregation of B-amyloid peptides is 
studied by light scattering and by negative staining in the EM. Our 
findings illustrate the potential of our decoy peptides, as well as of non- 
NMDA channel antagonists, for therapeutic use and as tools for further 
study of the molecular mechanism of B-amyloid neurotoxicity.

[Supported by the Baum Fund, the Immerwahr Fund and MIT’s 
Undergraduate Research Opportunities Fund.]

648.4
A TIMECOURSE OF METABOLIC AND MEMBRANE CHANGES ASSOCIATED WITH 
INJECTIONS OF HIGHLY TOXIC DIFFUSABLE AMYLOID-p LIGANDS. M.T. Caserta1' 4\
F.S, Yao4. C.M, Edwards2. G. A, Krafft2-4, A.M. Wvrwicz3'4. ’Dept. Psych, and 2Dept. Mol. 
Pharm. & Biol. Chem., Northwestern Univ. Med. Sch., Chicago, IL 60611 and 3Ctr. for M.R. 
Rsrch., Evanston Hosp., and Northwestern Univ. Inst, for Neuroscience, Evanston, IL 60201

Alterations in membrane phospholipids have been suggested to play a role in Alzheimer 
Disease (AD) in which patients show decreased amounts of key membrane components. To 
determine what early changes may occur in metabolite and phospholipid levels, we use a rat 
model of Ap deposition. Adult male Sprague-Dawley rats were injected in the deep frontal 
cortex and hippocampus of the left hemisphere with a novel, toxic form of Ap called 
amyloid-derived dittusable ligands (ADDLs), a gift of G. Krafft. The right hemisphere was 
injected with a modified F12 media as a control. After 8, 24, and 72 hours, animals were 
decapitated and their heads frozen in liquid nitrogen. Brain tissue was extracted with a 2:1 
chloroform-methanol solution. The phases were separated and washed so that the aqueous 
phase was prepared for analysis using 1H spectroscopy on a GE 500 MHz spectrometer. The 
organic phase was prepared for analysis using 31P NMR spectroscopy on a Bruker 400 MHz 
spectrometer. Proton NMR spectroscopic results demonstrate an early trend, between 8 and 
24h, towards decreased levels of myo-inositol, taurine, choline, creatine, aspartate, glutamate, 
GABA, and NAA on the Ap side compared to the vehicle side. Phosphorus NMR 
spectroscopic results also show an early trend, between 8 and 24h, towards decreased levels 
of major phospholipid membrane components such as phosphatidylcholine. At 72h, 
differences between amyloid- and vehicle-injected hemispheres are less dramatic, suggesting 
that continuous peptide presence is necessary for long-lasting changes to occur in cell 
metabolism and membranes. Since metabolic changes and membrane damage have been 
implicated in AD pathogenesis, our NMR findings are consistent with these hypotheses and 
also suggest these changes may occur very early in the disease process. (Supported by 
NIMH K07-01056 and the Buehler Center on Aging, Northwestern Univ.)

648.5
"ADDLS" - SOLUBLE AP OLIGOMERS THAT CAUSE BIPHASIC 
LOSS OF HIPPOCAMPAL NEURON FUNCTION AND SURVIVAL. 
WL Klein^A A, Barlow1. B, Chromy1. C, Edwards1. R. Freed1, MP Lambert1. 
TE Morgan2. I Rozovsky2. B, Trommer1. KL Viola1. P Wals2. C. Zhang1. CE 
Finch24. and GA Krafft14. ‘Northwestern University, Evanston IL 60208, 
University of Southern California, Los Angeles, CA 90089, and 3 Acumen 
Pharmaceuticals, Inc., Glenview, IL 60025.

A new class of soluble, neuroactive AP oligomers has been discovered. 
These molecules {referred to as ADDLs, for M-derived diffusable ligands} are 
formed in vitro by conditions that block fibril formation. ADDLs are remarka-
bly toxic, selectively killing hippocampal neurons in organotypic CNS cultures 
at nanomolar doses. Cell death is tyrosine kinase- and receptor-dependent. 
ADDL-evoked cell death is completely inhibited by germline knockout of Fyn, 
a PTK known to be elevated in AD and linked to mechanisms of apoptosis and 
LTP. ADDL receptors, detectable at the cell surface by FACScan and fluores-
cence microscopy, are eliminated by brief trypsinization, and tryptic peptides 
from cell surfaces act as antagonists in assays of ADDL binding and toxicity. 
In tests of hippocampal function, ADDLs rapidly block long-term potentiation. 
Inhibition of LTP occurs significantly before cell death or overt cytodegenera- 
tion. Overall, the data suggest that ADDLs, acting as potent diffusable toxins, 
could account for the imperfect correlation between AD-dementia and insoluble 
deposits of amyloid fibrils. We propose that ectopic stimulation of key signal 
transduction molecules by ADDLs could selectively impair synaptic plasticity 
and associated memory functions during the early stages of Alzheimer's disease, 
and cause severe cellular degeneration and dementia during its final stage. 
(Supported by NIH grants to WLK, BT, CEF, and GAK, by a Buehler Founda-
tion grant to AB, and by Boothroyd Foundation and Alzheimer's Association 
grants to WLK.)

648.6
AGGREGATED AMYLOID P ALTERS SYNAPTIC PLASMA MEMBRANE 
STRUCTURE. PE, Mason. M.F, Walter. N.A, Avdulovf. S.V. Chochinaf. U.F. 
Igbavboaf. W.G, Woodf. and R.P. Mason.* Laboratory for Membrane Structure 
Studies, Neurosciences Research Center, MCP* Hahnemann School of Medicine, 
Allegheny University of the Health Sciences, Pittsburgh, PA 15212 and f Geriatric 
Research, Education and Clinical Center, VA Medical Center, Minneapolis, MN 
55417.

It has been demonstrated that aggregated amyloid p (AP) is neurotoxic due to its 
interactions with the plasma membrane, independent of classic receptor binding 
mechanisms {JBC 272:7431; 1997), although these interactions have not been well 
characterized. The objective of this study was to use small-angle x-ray diffraction 
approaches to directly determine the molecular location of aggregated AP(l-40) in 
rat cortical synaptic plasma membranes (SPM) and to assess its effect on membrane 
structure. The peptide was aged in buffer for 48 h (20°C) to form aggregates. 
Electron density distribution data (A versus electrons/A3) collected at 20°C 
demonstrated that the control SPM bilayer width, including surface hydration, was 
72 A and the hydrocarbon core width was 47 A. Aggregated AP(l-40) intercalated 
into the phospholipid headgroup region of the SPM sample, altering the overall SPM 
structure, as evidenced by a broad increase in molecular volume associated with the 
SPM hydrocarbon core. By contrast, soluble AP(l-40) intercalated into the SPM 
hydrocarbon core and was located ±0-20 A from the membrane center, but did not 
increase the molecular volume of this region. These data demonstrate that 
aggregated Ap has strong physico-chemical interactions with the neuronal plasma 
membrane, resulting in pronounced changes in membrane structure, which may 
underlie alterations in signal transduction and calcium homeostasis, independent of 
specific receptor binding.
[Supported by Allegheny-Singer Research Institute; the Office of Research and 
Development and the GRECC, Department of Veterans Affairs; and NIH grant 
AG 11056 to WGW.]
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648.7
ALZHEIMER AB PEPTIDES SIMULTANEOUSLY REDUCE 
METALS AND PRODUCE REACTIVE OXYGEN SPECIES
X. Huang*, C.S. Atwood, L.E, Goldstein, M.A. Hartshorn, R.D. Moir#, G.
Multhaup, R.E^Tanzi# and A.I. Bush. Genetics & Aging Unit, and Departments
of Neurology* and Psychiatry, Harvard Medical School, Massachusetts 
General Hospital, Charlestown, MA 02129.

Abnormal AB metabolism is seminal to the neurodegeneration seen in Alzheimer’s disease 
(AD). Oxidative stress has been implicated as a mediator for AB neurotoxicity, and several 
markers of oxidative stress have been reported to be found in AD-affected brain tissue. 
However, the underpinning mechanisms linking AB accumulation to oxidative stress in AD are 
poorly understood. We have previously found that AB specifically binds Cu(ll), a redox -active 
metal ion.

We now report that AB peptides generate reactive oxygen species (ROS) through metal-
and oxygen-dependent mechanisms mediated by pH. Specific detection agents for Cu(l) and 
Fe(ll) indicated that AB avidly reduces the oxidized forms of these metal ions. We also found 
that AB species simultaneously produce hydrogen peroxide, so setting up the necessary 
preconditions for the Fenton-type reaction. This possibility was confirmed, by demonstrating 
the presence of the hydroxyl radical as a product of the incubation of AB species with Fe(lll) 
or Cu(ll) using 2-thiobarbituric acid (TBA) test. Trace quantities of these metals are 
sufficient to engender hydroxyl radical formation. The source of the O2' for dismutation 
appears to be the peptide itself reacting with dissolved O2 in solution. The facility of AB 
species to produce these reaction products is described by a relationship that correlates with 
the peptides’ predicted role in the pathogenesis of Alzheimer’s disease, viz. 1-42»1- 
40>rat1-40=scrambled 1-40. The heightened ability of AB1-42 to produce ROS may explain 
why AB1-42 is more neurotoxic than AB40. These results could account mechanistically for 
increased polymerization of AB1-42 vs. AB1-40 in vitro. Interestingly, it would appear that 
AB1-42 cannot distiguish between O2 and O2' as substrates for redox activity. The 
possibility that AB possesses SOD-like reactivity cannot yet be excluded .
Supported by NIA Fellowship (1F32AG05782) to X.H.; and NIA grant (1R29AG12686), 
Alliance for Aging Research (Paul Beeson Award), Alzheimer’s Association (IIRG-94110), 
International Life Sciences Institute (ILSI) to A.I.B.

648.8
Abnormal Sequestration of Lysosomal Hydrolases in AB Mediated 
Neurotoxicity.
A. J Yang*. D, Chandswangbhuvana, L. Margol and C. G Glabe. Depart 
of Mol. Bio. and Biochem, University of California, Irvine, CA 92697.

The dysfunction of lysosomes, as determined by alternations of the 
enzymatic activities or compartmentalization of lysosomal hydrolases, is a 
key feature in aged brain and several neurodegenerative diseases. Recent 
reports indicate that AB induces the production of hydrogen peroxide and 
accumulation of lipid peroxides in cultured CNS neurons and several cell 
lines. We have investigated the relationship between AB induced lipid 
peroxidation and loss of lysosomal membrane integrity in AD. Our results 
indicate that the production of lipid peroxidation products peaks within 2 
hours of AB1-42 treatment in comparison to cells that have not been 
exposed to AB or treated with freshly dissolved AB1-40. In parallel 
experiments, the upregulation of lysosomal hydrolase activity occurs at 6 
hour after AB 1-42 addition. Subcellular fractionation analysis of several 
lysosomal matrix enzymes reveals that there is an increase amount of 
hydrolases in the soluble cytosolic compartment in AB 1-42 treated cells 
suggesting that there is a loss of the impermeability of the lysosomal 
membrane. The release of lysosomal hydrolases into the cytosol was 
partially blocked when cells were treated with AB 1-42 in the presence of 
antioxidants. Taking together, these observations suggest that the 
lysosomal membrane is a primary target of lipid peroxidation and that the 
loss of lysosomal membrane integrity is a key event in AB 1-42 mediated 
cytotoxicity and AD pathogenesis. (AGOO58, AHAF-22845)

648.9
THE ALZHEIMER’S AMYLOID P-PEPTIDE-INDUCED LIPID
PEROXIDATION PRODUCT, 4-HYDROXY-2-TRANS-NONENAL, ALTERS 
THE CONFORMATION OF CORTICAL AD SYNAPTOSOMAL MEMBRANE 
PROTEINS: RELEVANCE TO AND NEUROTOXICITY. D, Allan Butterfield*, 
Ram Subramaniam, Michael Green, Brand Jordan, and Fred Roediaer, Department 
of Chemistry, and Center of Membrane Sciences, and Sanders-Brown Center on 
Aging, University of Kentucky, Lexington, KY 40506-0055.

p-amyloid peptide (AP)-associated free radical oxidative stress is toxic to 
neurons and glia, causes membrane lipid and protein oxidation, and lead to loss of 
calcium homeostasis and subsequent cell death. An AP-associated free radical 
model to account for neurotoxicity in Alzheimer’s disease (AD) brain was 
developed, and many different predictions of the model have been borne out by 
experiment in rodent and human brain. AP causes brain membrane lipid 
peroxidation and leads to formation of the major lipid peroxidation product, 4- 
hydroxy-2-trans-nonenal (HNE). Both Ap and HNE lead to inhibition of ion- 
motive ATPase activities, loss of Ca2+ homeostasis, and neuronal death. To address 
the possibility that these HNE-induced membrane alterations are associated with 
conformational changes of membrane proteins, we used electron paramagnetic 
resonance methods in conjunction with a protein-specific spin label. The results 
showed that low micromolar, physiologically relevant concentrations of 4-HNE 
markedly altered the conformation of neocortical synaptosomal membrane proteins 
(p <0.00002). Glutathione ethyl ester (GEE), known to protect neurons against 4- 
HNE toxicity, completely inhibited the effect of 4-HNE on neocortical 
synaptosomal membrane protein conformation. These results are consistent with 
the AP-associated free radical model of AD neurotoxicity and support the notion 
that a key role in AD neurotoxicity may be played by this lipid peroxidation 
product. Supported by NIH (AG-10836; AG-05119).

648.10
INCREASED ACTIVITY OF THE TRANSCRIPTION FACTOR NF-k B IN 
AMYLOID B PROTEIN-RESISTANT CELLS: REVERSAL OF RESISTANCE BY 
SUPPRESSION OF NF-k B ACTIVITY. F, Lezoualc'h, Y. Sagara and C. Behl*. Max 
Planck Institute of Psychiatry, Clinical Institute, 80804 Munich, Germany and The 
Salk Institute for Biological Studies, San Diego, CA 90370, USA.

One transcription factor, which can be activated by oxidative stress, is the nuclear 
factor-kappa B (NF-k B). Recently some reports have pointed out a close association 
of NF-k B activity with neurodegenerative processes and neuronal cell death. However, 
it is still unclear whether NF-k B activation participates in neurotoxicity or whether it is 
a compensatory response involved in a cellular defensive program. To better 
understand the role of NF-k B in these cellular processes, we used a sympathetic 
precursor-like rat pheochromocytoma PC 12 cell clone (rC18) that is resistant against 
the Alzheimer’s disease-associated amyloid B protein (AB) and other oxidative 
stressors including hydrogen peroxide (H2O2). Interestingly, we found that rC18 
express a higher activated NF-k B level compared to non-resistant parental PC 12 cells 
(PC12p) and consequently exert an increased DNA binding and also increased 
transcriptional activity of NF-k B. In addition, while AB and H2O2 induced NF-k B 
activity in PC12p cells, no further increase of the NF-k B baseline activity was seen in 
rC18 cells as measured by transfection and electromobility shift assays. Therefore, we 
speculate that an increased baseline of NF-k B’s  transcriptional activity might account 
for the resistant phenotype of these oxidative stress-resistant cells. To further support 
this hypothesis, we suppressed the activation of this transcription factor in order to 
reverse the resistance of rC18. Indeed, introducing a mutant form of Ik B that acts as a 
NF-k B "super-repressor" or the treatment of these cells with glucocorticoids, which 
block NF-k B activity, partially reversed the resistance of rC18. Taken together, these 
results indicate that high NF-k B activity in oxidative stress-resistant cells can drive a 
transcriptional program that may account for their resistance to oxidative stressors.

648.11
CHRYSAMINE G INHIBITS LIPID PEROXIDATION AND THE INSER-
TION OF AMYLOID p INTO MODEL MEMBRANES. M.F. Walter*. W.E. 
Klunkf, A, Giovanni§ and R.P; Mason. Laboratory for Membrane Structure 
Studies, Neurosciences Research Center, MCP* Hahnemann School of Medicine, 
Allegheny University of the Health Sciences, Pittsburgh, PA 15212; f Department of 
Psychiatry, Western Psychiatric Institute and Clinic, University of Pittsburgh, 
Pittsburgh, PA 15261; and §Hoechst Marion Roussel, Inc., Bridgewater, NJ 08807.

Chrysamine G (CG), a derivative of Congo red, binds Ap and inhibits its 
aggregation and neurotoxicity in vitro. Since free radical generation/oxidation has 
been proposed as a necessary step in Ap aggregation and membrane binding, we 
tested the antioxidant activity of CG along with certain derivatives, including “half- 
CG", decarboxy-CG and tetramethyl-CG (TMCG), using a lipid peroxidation assay. 
While CG and TMCG bound to Ap with similar affinity (K; ~ lpM), “half-CG” and 
decarboxy-CG had low binding affinity for Ap (K; > 200p.M). At 10 pM, CG 
inhibited lipid peroxidation by 76% (p < 0.001). The order of antioxidant activity 
was CG » "half-CG" > decarboxy-CG » TMCG, with TMCG showing no 
significant activity at 10 pM. X-ray diffraction analysis demonstrated that CG and 
AP(25-35) each intercalated deep into the membrane hydrocarbon core. However, 
when added together, CG blocked the insertion of AP(25-35) into the membrane, 
and the CG/AP(25-35) complex remained on the surface of the membrane. Like 
CG, TMCG inserted into the membrane hydrocarbon core, but unlike CG, TMCG 
did not alter the membrane insertion of AP(25-35). These results indicate that the 
ability of CG to inhibit Ap aggregation and neurotoxicity may not be solely related 
to Ap binding, but may also be related to its antioxidant activity and the inhibition of 
Ap membrane insertion.
[Supported by grants from Allegheny-Singer Research Institute, the Alzheimer’s 
Association, and Hoechst Marion Roussel, Inc.]

648.12
ENHANCED VULNERABILITY TO PROGRAMMED CELL DEATH IN 
ALZHEIMER’S DISEASE. A. Eckert*jj,& C.W. Cotman#, R. Zerfassg, M. 
Hennerici! and W.E. Mullert?,&. Centr. Inst. Mental Health§ and Dept. 
Neurology!, Med. Fac. Univ. of’Heidelberg, 68159 Mannheim, Germany; Inst. 
Brain Aging and Dementia#, Univ. of California, Irvine, CA 92717; Univ. of 
Frankfurt&, Biocenter, 60439 Frankfurt, Germany.

Recently, programmed cell death (apoptosis) has received specific attention as a 
mechanism of cell death contributing to Alzheimer’s disease (AD) or ischemia. In 
a wide range of cell types common morphological and molecular events occur 
during apoptosis Particularly in lymphocytes, apoptosis plays an important 
physiological role. Recently, we could demonstrate that the same oxidative stress 
(H2O2, 2-deoxy-D-ribose) and B-amyloid peptide induced apoptosis in mature 
human lymphoctes as well as in neurons. In addition, susceptibility to apoptosis of 
lymphocytes from AD patients and from non-demented controls was investigated. 
Nuclear DNA fragmentation was quantitatively detected by sandwich enzyme 
immunoassay. Our results indicate that the susceptibility to apoptosis is altered in 
lymphocytes from AD patients compared to non-demented controls. Quiescent 
and cultured lymphocytes from AD patients are shown to accumulate apoptosing 
cells to an abnormally high extent in spontaneaously and in activation-induced 
apoptosis. Susceptibility to apoptosis of lymphocytes from patients with vascular 
dementia is currently under investigation to asses if there excist distinct 
differences in vulnerabilty to apoptosis between AD patients and patients with 
dementia of other pathogenesis. The parallel findings of a higher extent of 
apoptotic features in the brain of AD patients and in peripheral blood cells of 
AD patients appears to be remarkable, even the physiological importance of this 
observation is unknown. Considering the fact that nervous and immune system 
interact at various levels, it is tempting to speculate that the pattern of apoptotic 
cell death is not only disturbed in brain cells, but is also present in peripheral 
cells. These studies might provide an approach to establish the lymphocte as 
possible prediagnostic marker for AD. (supported by grants from the Deutsche 
Forschungsgemeinschaft, SFB 258 project K5, the Forschungsfond Fakultat 
Mannheim, and a Boehringer Ingelheim Fonds fellowship to A.Ef
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649.1
DIFFERENTIAL REGULATION OF NEUROFILAMENT TRIPLET 
PROTEINS UNDER MONOCULAR DEPRIVATION IN ADULT MACAQUE 
VI. T, Yoshioka*. Krieger Mind/Brain Inst., Johns Hopkins University, 
Baltimore, MD 21218

Lesions of the retina alter the connectivity of neurons in adult primary visual 
cortex (Darian-Smith and Gilbert, 1994, Nature, 368:737). Such changes in 
neuronal wiring are likely to result from the modification of cytoskeletal 
elements, of which neurofilament proteins are major determinants of axonal 
morphology. Area VI of macaque monkeys was examined for evidence of such 
rearrangement, by immunocytochemical staining for each of several epitopes of 
the neurofilament (NF) triplet proteins (L, M, H) under monocular visual 
deprivation through intravitreous TTX injection lasting for either 1, 8, or 40 
days. In layer II/III, short term deprivation up to 8 days produced a pattern of 
alternating dark stripes and pale stripes of immunostaining for all NF epitopes. 
These intensely immunostained stripes corresponded to the rows of cytochrome 
oxidase-rich blobs in both deprived and intact eye columns. In contrast, long term 
deprivation (40 days) produced a reticular pattern of dark immunostaining for NF- 
L and -M proteins which corresponded to interblob regions. In layer IVC of short 
term deprived VI, a pattern of alternating wide dark bands and narrow pale bands 
of immunostaining was seen in all epitopes, a pattern similar to ocular 
dominance columns visualized by Liesegang myelin staining. The intensity of 
NF-H immunostaining, however, began declining in one set of dark bands after 8 
day TTX injection. These observations suggest that neurofilament triplet 
proteins are regulated differentially in different laminae and separate functional 
compartments, indicating the unique role for each NF subunit in reorganizing 
cortical networks, (supported by NIH grant EY06432 to S. Hendry.)

649.2
SYNAPTIC DENSITY IN GENICULOCORTICAL AFFERENTS REMAINS 
CONSTANT FOLLOWING MONOCULAR DEPRIVATION IN CAT. M.A. 
Silver* and M.P. Stryker. W.M. Keck Center for Integrative Neuroscience and 
Neuroscience Graduate Prog., Univ. of California, San Francisco, CA 94143-0444.

Monocular lid suture during a critical period produces both physiological plasticity 
as indicated by a loss of responsiveness of visual cortical neurons to the deprived eye 
(Hubei and Wiesel, 1963) and morphological plasticity as demonstrated by. a 
decrease in the total length of individual geniculocortical axon arbors representing 
the deprived eye (Antonini and Stryker, 1993). While the physiological plasticity is 
complete after 2 days of monocular deprivation (Hensch, et al., 1995), the shrinkage 
of deprived eye geniculocortical arbors is not complete until 6-7 days of deprivation. 
To better understand the mechanisms underlying these types of ocular dominance 
plasticity, we identified presynaptic terminals with synaptic vesicle markers and 
measured their density in deprived and nondeprived geniculocortical afferents to 
primary visual cortex of the kitten following 2 or 7 days of monocular deprivation.

Geniculocortical afferents were labeled by injection of the anterograde neuronal 
tracer Phaseolus lectin (Pha-L) into lamina A of the LGN of each hemisphere. 
Using an antibody against Pha-L and one of a panel of antibodies that recognize 
synaptic vesicle proteins (synaptophysin, synaptotagmin, or SV2), double label 
immunofluorescence allowed the identification of presynaptic terminals made by the 
labeled afferents in layer IV of primary visual cortex. Localization of presynaptic 
terminals of labeled afferents required confocal microscopy of serial optical sections.

The number of synapses per unit length of axon was the same for both deprived 
and nondeprived afferents. This was true both after 2 days of monocular deprivation 
(after physiological plasticity has occurred but before major pruning of deprived 
arbors) as well as after 7 days of monocular deprivation (after deprived arbors have 
shrunken by -50%). These results suggest that although monocular deprivation 
alters the number of synapses per geniculocortical arbor, the synaptic density of 
these arbors remains constant even while the arbors are undergoing extensive 
morphological change. Supported by NIH EY02874. M.A. Silver is a Howard 
Hughes Medical Institute Predoctoral Fellow.

649.3
MATCHING ORIENTATION MAPS DEVELOP IN CAT VISUAL 
CORTEX WITHOUT VISUAL EXPERIENCE BUT MAINTAINED 
RESPONSIVENESS REQUIRES EXPERIENCE. M.C. Crair*, P.C. 
Gillespie, E.S, Ruthazer and M.P. Stryker. W.M. Keck Foundation Center for 
Integrative Neuroscience, Dept. of Physiology, Univ. of California, San 
Francisco, CA 94143-0444

Using imaging of intrinsic optical signals and single unit microelectrode 
recordings, we studied the development of orientation maps and 
responsiveness in the primary visual cortex of 10 normal and 9 visually 
deprived cats. In both nomial kittens and those deprived of patterned visual 
experience by binocular lid-suture from before the time of eye-opening (BD), 
maps of stimulus orientation formed before the end of the second postnatal 
week (P14). Stimulation of one eye produced orientation maps that matched 
those produced by stimulation of the other, revealing a single orientation map 
common to the two eyes despite the absence of pattern vision.

The strength and selectivity of visually evoked responses in BD animals 
was similar to that in normal cats from the time of their first appearance until 
P21. Responsiveness in BD cats continued to increase until about P28, by 
which time, however, responses in BD animals were much weaker and less 
selective than in normals. Thereafter, responses in BD cats became 
progressively weaker through P65, for as long as we tested. All of the 
findings were confirmed with both imaging and microelectrode recordings.

These results show that visual experience is not necessary for the 
development of matched orientation maps through the two eyes or for the 
increase in responsiveness of visual cortex during the first four weeks of life. 
Experience is necessary for the maintenance of responsiveness and selectivity 
beyond the fourth week.
Supported by NIH EY09760 and fellowships from the NEI and NIMH.

649.4
EARLY OCULAR DOMINANCE PATTERNS AND PERSISTENT 
CONTRALATERAL BIAS IN VISUAL CORTEX OF DEPRIVED CATS. 
M.P. Stryker*, P.C. Gillespie, E.S. Ruthazer and M.C. Crair. W.M. Keck 
Foundation Center for Integrative Neuroscience, Dept. of Physiology, Univ. 
of California, San Francisco, CA 94143-0444

Using imaging of intrinsic optical signals and single unit microelectrode 
recordings, we studied the development of responses to the two eyes in the 
visual cortex of 10 normal cats and 9 cats deprived of patterned visual 
experience by binocular lid-suture from before the time of eye-opening (BD).

Responses to stimulation of the contralateral eye were markedly stronger 
than those to the ipsilateral eye in kittens younger than Pl 8. By Pl8 or 
somewhat earlier, a strong ocular dominance pattern had become evident in 
the images and was confirmed by microelectrode recordings. In normal 
kittens, ipsilateral-eye responses then rapidly increased in strength to the 
point that responses to the two eyes became similar, and the ocular 
dominance pattern became more distinct. In BD kittens, ipsilateral-eye 
responses never became strong or widespread, and visual responses remained 
strongly biased toward the contralateral eye for as long as we tested, 
throughout the period of increase in responsiveness up to P28 and its 
subsequent decline.

Visual experience is not necessary for the emergence of strong 
contralateral-eye responses or for the initial appearance of ocular dominance 
patterns. Experience is necessary for ipsilateral-eye responses to increase to a 
level that balances those of the other eye and removes the contralateral bias 
present in very young kittens. Functional ocular dominance patterns are 
evident at an age younger than that at which they have been detected by 
previous anatomical techniques.
Supported by NIH EY02874 and fellowships from the NEI and NIMH.

649.5
DEVELOPMENT OF VISUAL SYSTEM FUNCTIONAL
ARCHITECTURE IN THE ABSENCE OF RETINAL INPUT. J, C. 
Crowley* and L. C, Katz. Howard Hughes Med. Inst, and Dept. of Neurobiol., 
Duke University, Durham, NC 27710.

Spontaneous activity in the developing visual system has been strongly 
implicated in the formation of ocular dominance and orientation columns. To 
assess whether retinal spontaneous activity is required for the formation of cortical 
functional architecture, ferrets were enucleated at P8 and PI5 (n=4). At P8, LGN 
afferents have not yet reached layer 4, while at P15 they have just arrived. Animals 
survived until P70, well after both ocular dominance and orientation systems have 
reached their adult organization. Micro-injections (<100 pm diam.) of fluorescent 
microspheres into visual cortex allowed determination of the cortical and thalamic 
connectivity to a well defined cortical site.

Consistent with previous findings following enucleation at P21 (Ruthazer and 
Stryker, 1996) we observed surprisingly well-organized clusters of horizontal 
connections in the supragranular layers of visual cortex, even in animals enucleated 
at P8, which is prior to thalamic innervation of layer 4 and before layer 2/3 has 
migrated into position. In addition, we analyzed the extent of retrograde label in 
eye-specific LGN laminae. In normal animals, focal cortical injections result in 
label confined to one eye-specific LGN layer, a consequence of the normal geniculo- 
cortical anatomical substrate of ocular dominance. Remarkably, enucleated animals 
demonstrate a similar bias in the pattern of retrograde labeling, implying that even 
in the absence of any retinal input, geniculate axons can segregate into cortical 
territories with little overlap. These data indicate a limited role for the retina in 
patterning several basic features of striate cortex organization. As these interactions 
do seem to require activity, our results suggest that spontaneous activity in the 
LGN, the cortex, or a geniculo-cortical circuit is sufficient to at least partly pattern 
the developing cortex. Supported by NIH (NEI) EYO7690.

649.6
THE ROLE OF NOISE IN VISUAL DEPRIVATION: A
COMPARISON BETWEEN MODELS AND EXPERIMENTAL 
RESULTS IN VISUAL CORTEX. B. S. Blais, H. Shouval,
L. N Cooper*. Inst, for Brain and Neural Systems, Brown Univ., 
Providence, RI, 02912.

Monocular Deprivation (MD), Reverse Suture (RS) and Binocular 
Deprivation (BD) provide us with robust examples of cortical plasticity. 
Models of cortical plasticity that can account for some of the results of 
these experiments fall into two main categories. The first uses learning 
rules with a synaptic competition mechanism, that on the cellular level is 
similar to heterosynaptic LTD. PCA and many other Hebb-based rules 
are of this type. The second category employs a homosynaptic mechanism, 
where the apparent synaptic competition is driven by a competition 
between patterns. BCM is an example of this type of rule. Comparisons 
between the rules can be made by noting the contrasting effects of the 
noise level on the dynamics of the activity during deprivation. This can be 
used to propose straightforward experiments to test the learning rules. For 
example, heterosynaptic learning rules imply that decreasing the noise to 
the deprived eye in MD using, say, TTX in the retina would lead to a 
general speed up in the .Ocular Dominance (OD) shift. The BCM 
homosynaptic learning rule, however implies a slow down of this shift. 
This work uses a combination of simulations using natural scene inputs, 
and analysis to explore possible ways of experimentally distinguishing 
between the different learning rules using the known data from the 
deprivation experiments.
Supported by the Charles A. Dana Foundation, the Office of Naval Research, and the 
National Science Foundation.
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649.7
A ROLE FOR ACTIVITY IN GENICULOCORTICAL AXON TARGET 
FINDING DURING EARLY DEVELOPMENT S. M. Catalano* and C, J, Shatz. 
HHMI and Dept. of Molecular and Cell Biology, University of California, Berkeley, 
94720

The processes by which thalamocortical axons grow to their appropriate 
target regions of cortex are generally not thought to be activity-dependent. However 
during early development, LGN axons traveling within the intermediate zone emit 
branches that reach the subplate under both target and non-target areas • <r cortex 
(Ghosh and Shatz ’92). In visual cortex, these branches have been shown to form 
functional synaptic contacts with subplate cells (Friaf et al '90, Herrmann et al '94). 
Since these branches form a potential substrate for activity-dependent interactions 
during LGN axon cortical target finding, we examined whether activity is involved 
in this process. Tetrodotoxin (TTX, 3mM) or citrate vehicle was infused into the 
brain of cat fetuses aged E 42-E 56 and then crystals of Dil were placed into the 
presumptive visual cortex in order to label neurons retrogradely within the LGN. 
The LGN in the TTX-infused animals appear grossly normal, and dendritic 
development in LGN is known to proceed normally (Dalva et al '94). In all cases the 
majority of retrogradely labeled cells were found in the lateral geniculate nucleus, 
indicating that there is no large scale misprojection of other dorsal thalamic nuclei 
into VI that is induced or persists during blockade of action potential activity. 
However, in the brains of TTX infused fetuses, substantially fewer LGN cells 
projected to the visual cortex versus citrate control littermates (74%-96% fewer). 
This result suggests that either later arriving populations of LGN axons are unable 
or are prevented from reaching the vicinity of visual cortex, or that maintenance of 
branches in the vicinity of visual cortex is disrupted in the absence of activity. 
These observations suggest that, while the major guidance cues in thalamocortical 
targeting are activity-independent, activity-dependent interactions within the subplate 
are likely to play a role in the initial establishment of thalamocortical targeting. 
Supported by grants from the NEI to CJS (EY02858) and SMC (EY06491).

649.8
VISUAL DRIVING OF CORTICAL NEURONS THROUGH THE 
UNOPENED EYES OF NEONATAL FERRETS. Kristine Krug and Ian D, 
Thompson*. University Lab. of Physiology, Parks Road, Oxford OX1 3PT, 
UK.

Visual experience is a crucial factor in the postnatal development of 
many structural and functional features of visual cortex. In ferrets, 
experiments have investigated the role of vision in the formation of ocular 
dominance columns or maps of orientation selectivity after the eyes open, 
at around postnatal days 30-34 (P30-P34). However, if eyes are artificially 
opened, visual responses can be detected earlier (Chapman & Stryker, 
1993). We were interested in what, if any, visual stimuli might reach the 
brain through the yet unopened eyelid.

Ferrets between 3 and 4 weeks old were anaesthetised and paralysed. 
Recordings were made with tungsten micro-electrodes from area 17. As 
early as P21 we could drive cortical neurons by flashing light onto the 
closed eyelid. Orientation selectivity was tested with high contrast gratings 
at ages P23 to P28. We found that despite low general responsiveness, 
individual neurons showed clear preferences for different orientations or 
directions of moving gratings. To obtain optimal responses we used low 
spatial and low temporal frequencies. Spikes were often tightly modulated 
with the phase of the grating. Thus, around a week before eye-opening, 
information about the orientation of a visual stimulus can reach the cortex 
of a ferret through the still closed eyes.

These results suggest that onset of visual experience is not equivalent 
to eye-opening. In the ferret, coherent visual information can reach 
primary visual cortex a week earlier and could therefore play a role in the 
early maturation of the visual system.

This work was supported by the Wellcome Trust, UK.

649.9
EMERGENCE OF TOPOGRAPHIC SPECIFICITY IN FORWARD 
AND FEEDBACK PATHWAYS OF RAT VISUAL CORTEX. R. 
Knutsen, D.L. Stanton and A. Burkhalter*, Dept. of Anatomy & Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

Rat visual cortex is composed of distinct areas that are linked by reciprocal 
connections to form a multilevel hierarchy (Coogan and Burkhalter, 1993). It is 
unclear how topographic maps develop in different areas. Specifically is not known 
whether interactions between forward and feedback connections play a role in the 
development of topographically precise reciprocal circuits.

To test this hypothesis we have studied the sequence of development of 
reciprocal pairs of forward and feedback connections between area 17 and the 
extrastriate visual areas LM and AL. For this purpose connections to and from area 
17 were labeled at different postnatal (P) ages by retrograde tracing with gold- 
conjugated Cholera toxin B subunit (CTB-G) and anterograde tracing with 
biotinylated dextran amine (BDA) from area 17.

At P2 BDA labeled forward and feedback fibers made contacts to deep 
layers. By P4 both pathways simultaneously invaded the cortical plate. At P6 
connections to LM and AL appeared as two distinct clusters of BDA labeled 
terminals. By P9 forward connections resembled in shape, size and location those 
seen in P42 rats. In contrast at P9 CTB-G labeled feedback projecting neurons in 
LM and AL were more widely distributed and occupied a single region that covered 
most of LM and AL. By P20 labeled cells in LM and AL were segregated into two 
distinct clusters representing the correct topographic location.

The finding that topographic precision in forward connections precedes that 
in feedback pathways suggests that forward connections play an instructive role in 
the development of topographically specific feedback connections.

Supported by HSFP grant RG93/93.

649.10
PRE- AND FULLTERM INFANTS: VISUAL

To compare parameters reflecting visual acuity (VA) and 
binocular vision between pre- (RT) and fullterm (FT) 
infants, we investigated 79 FT (mean gestational age 
40 weeks) and 18 PT infants (33.5 weeks; birth weight > 
1250g, mean 2019 g). Infants were tested biweekly for VA 
ar.d OKN by infrared eye movement recordings, ocular 
alignment (Hirschberg and cover tests), convergence 
(illuminated toy approaching infant’s face), and fusion (4 
prisms test). The mean postnatal ages of onset of ocular 
alignment, convergence, fusion, grating VA to 1.6 cpd, OKN 
(temporal to nasal), and OKN (nasal to temporal) were, 
respectively: 5.4, 7.4, 7.4, 11.2, 6.2 and 9.3 weeks for FT 
and 12.1, 13.2, 14.1, 17.9, 13.3 and 16.1 weeks for PT 
infants. Mean post men strual ages for the same parameters were 
45.6, 47.5, 47.6, 51.4, 46.5 and 49.5 weeks (FT) and 45.7, 
46.8, 47.6, 51.5, 46.6, and 49.3 weeks (PT). There were no 
statistical, differences when parameters were compared at 
postmefistrual ages. Thus, additional visual experience gained 
by FT infants does not influence the development of VA or 
binocular vision measured from the time of conception.

Supported by Swiss National Science Foundation (Grants 32- 
31317-91, 32-43233-95) and the OPOS Foundation.

649.11
TREATMENT-INDUCED RECOVERY OF VISUAL FIELDS IN 
STROKE PATIENTS. F.Schmielau*.Inst.Med.Psychology 
Medical University Luebeck,23538 Lubeck,Germany. 
The high prevalence of stroke patients with visu-
al field (VF)defects and the lack of any restitu-
tion therapy resulted in the development of en 
automatictraining perimeter (Lubeck Reaction 
Perimeter0(LRP), US patent # 5.534.953, 07-09-96). 
Using the LRP after the end of spontaneous reco-
very (x= 19 months post traumatic interval), self 
adaptive training at the border of the homonymous 
anopic VF under conditions of selective spatial 
attention led to stable VF enlargements and im-
provements of daily visual performance within 50- 
100 training sessions.
Treatment was successful in 28 of 30 unselected 
patients (age x= 54 yrs).
This restitution is apperently based on functional 
recovery of visual cortex neurons in a partially 
damaged brain area due to repetitive stimulation 
and concomitant retinotopical high selective at-
tention .
Presentation of high-contrast stimuli at scotopic
adaptation level reveals the degree of neuronal
damage and thus may serve as a predictor of treat-
ment effectiveness.
LRP is manufactured by ELWA 79733 Gorwihl GERMANY.
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650.1
KAINATE STIMULATED Zn2* UPTAKE LABELS NEURONS WITH Ca2* PERMEABLE 
AMPA/KAINATE CHANNELS AND DISTINCT AMPA RECEPTOR IMMUNOREACTIVITY. 
J.H. Weiss*, H.Z. Yin, D.H. Ha and S.G. Caniedo. Depts. of Neurology, Anatomy and 
Neurobiology, and Psychobiology, U.C. Irvine, Irvine CA 92697-4290.

Neurons possessing Ca2* -permeable AMPA/kainate channels (Ca-A/K) can be identified 
by a histochemical stain based on kainate stimulated Co2* uptake (Co2*(+) cells), and are 
unusually vulnerable to AMPA/kainate receptor-mediated injury. The divalent cation, Zn2*, is 
synaptically released at many excitatory synapses, and may translocate to postsynaptic 
neurons during seizure activity or ischemia, likely contributing to resultant neuronal injury. In 
prior studies using fluorescent imaging of intracellular Zn2* combined with Co2* staining, we 
found that Zn2* appears able to permeate Ca-A/K with relative ease (NeuroReport 6: 2553- 
2556,1995).

We now report that substitution of Zn2* for Co2* during kainate stimulated uptake, followed 
by Timm’s staining to visualize intracellular Zn2*, resulted in distinct labeling of 
subpopulations of neurons in cortical and hippocampal cultures (Zn2*(+) neurons) that by 
several criteria appear to be the same as the Co2*(+) neurons. Neither NMDA nor high K* 
triggered comparable Zn2* accumulation, indicating substantially greater permeation through 
Ca-A/K than through NMDA channels or VSCC. Like Co^+j neurons, the Zn2*(+) neurons 
displayed distinct patterns of AMPA receptor immunoreactivity (often lacking expression of 
GluR-2/3 and strongly expressing GluR1 or GluR4) and are unusually vulnerable to injury 
caused by brief kainate + Zn2* exposure. Most GAD or SMI-32 (non-phosphorylated 
neurofilament; a marker of pyramidal neurons in vivo) immunoreactive neurons were Zn2*(+), 
and in slice, many hippocampal intemeurons and pyramidal neurons showed Co2* or Zn2* 
labeling. Kainate stimulated Zn2* uptake may reveal sites of highly Zn2* permeable 
AMPA/kainate channels. Rapid Zn2* permeation through these channels may trigger 
neuronal injury in disease, and may subserve physiological signaling functions. Supported 
by NIH grant NS-30884 and by the Pew scholars program in the biomedical sciences.

650.2
INCREASED IgG IMMUNOREACTIVE LABELING OF CORTICAL NEURONS 
IN A GluR3-INDUCED ANIMAL MODEL OF RASMUSSEN’S ENCEPHALITIS. 
M. Patel.1*, X.P. He2, K.D. Whitney3, S. Janumpalli2 and J.O. McNamara2-3'4. 
Departments of Medicine2, Pharmacology3, and Neurobiology4, Univ. of Colorado1 
and Duke University Medical Center, Durham, NC 27710.

Rasmusssen’s encephalitis, a catastrophic disease of childhood, is an autoimmune 
disease in which one of the autoantigens is a glutamate receptor of the AMPA 
subtype, GluR3. A subset of rabbits (2/5) immunized with a GluR3 fusion protein 
develop a neurological disorder manifested by epileptic seizures and motor 
incoordination. Anti-GluR3 IgG isolated from GluR3 immunized rabbits promotes 
the death of cultured cortical cells by a complement-dependent mechanism, 
suggesting that GluR3 IgG in the systemic circulation might contribute to the 
neurological disease observed in the ill rabbits in vivo. We therefore asked whether 
IgG was detectable in the brains of the GSTGluR3-immunized ill rabbits. 
Immunocytochemical analyses disclosed the presence of robust IgG-like 
immunoreactivity in neocortex and hippocampus but not thalamus of the two ill 
rabbits; the IgG-like immunoreactivity labeled a subset of neuronal cell bodies in 
deep cortical layers and their neurites. By contrast, IgG-like immunoreactivity was 
virtually undetectable in cortex and hippocampus of three healthy GSTGluR3- 
immunized rabbits and in nine control rabbits. Western-blot analysis of cortical 
extracts revealed increased amounts of IgG as well as anti-GluR3 IgG in ill 
GSTGluR3-immunized rabbits. The association of the neurological disease with the 
presence of increased amounts of IgG in the cortex was significant (p<0.0005, 
Spearman rank order correlation).

The deleterious properties of the anti-GluR3 IgG in vitro together with the 
increased IgG immunoreactivity decorating cortical and hippocampal somata and 
dendrites in the brains of the ill rabbits support the proposal that the IgG contributed 
to the neurological disease observed in the rabbits.
Supported by NIH grant NS17771 (J.O.M.), EFA (M.P.) and HHMI (K.D.W.).

650.3
PRODUCTION OF REACTIVE OXYGEN SPECIES AND GLUTAMATE 
NEUROTOXICITY IN RAT ORGANOTYPIC HIPPOCAMPAL 
CULTURE. Yamamoto1*, S^Ierakawa2, L_Sakurai2, $• Matgumpra2, K, 
Uemura1. ‘Department of Neurosurgery and 2Photon Medical Research Center, 
Hamamatsu University School of Medicine, Hamamatsu, 431-31, Japan

The facts that antioxidants reduce some types of brain damage mediated by 
glutamate receptors suggest that reactive oxygen species (ROS) may have a role 
in neuronal death. We sought to determine whether ROS could increase in the 
event of glutamate neurotoxicity in rat organotypic hippocampal cultures.

We examined: 1) morphological changes of the neurons in the slice following 
glutamate (1 mM) exposure under the video-enhanced differential interference 
contrast (VEC-DIC) microscope; 2) production of ROS elicited by glutamate (1 
mM) in the cultured slice. Lucigenin is well recognized for its ability to react with 
ROS, yielding a product that emits chemiluminescence (CL). Using lucigenin 
(300 pM)-induced CL measured with photomultiplier, the production of ROS was 
continuously analyzed.

Under the VEC-DIC microscope, the nuclei in the slice developed granularity 
within 20 min following glutamate exposure, showing the early process of 
glutamate neurotoxicity {JNeurosci Res 43:613-622 1996). The basal production 
of ROS was measured in living slices and partially reduced by superoxide 
dismutase. However, ROS did not increase but decrease following exposure to 
glutamate during the same period in which we could observe morphological 
changes in the slice.

Early change in morphological property of the nucleus exposed to glutamate is 
independent of production of ROS in rat organotypic hippocampal cultures.

(Supported by the Research Grant of Hamamatsu University)

650.4
COX-2 CONTRIBUTES TO NMDA-INDUCED NEURONAL DEATH IN 
CORTICAL CELL CULTURES. S.J. Hewett* and J .A. Hewett Department of 
Pharmacology and the Program in Neuroscience, University of Connecticut 
School of Medicine, Farmington, CT 06030.

Both isoforms of cyclooxygenase (COX-1 and COX-2) are found to be 
constitutively expressed in rodent brain neurons with neuronal expression of 
COX-2 in vivo being rapidly induced by NMDA-dependent synaptic activity. 
Additionally, production of COX-associated reactive oxygen species has been 
demonstrated in injured brain, and following NMDA-receptor stimulation in 
vitro. We reported previously that a dual cyclooxygenase inhibitor, 
meclofenamate, attenuated NMDA-receptor mediated neurotoxicity in mixed 
murine cortical cell cultures (Hewett et al., Soc. Neurosci. Abs. 22: 1274). In 
the present study, we set out to determine the relative contribution of COX-1 
and/or COX-2 to this excitotoxic neuronal injury.

Using reverse transcriptase PCR analysis, we demonstrate that murine 
mixed cortical cell cultures constitutively express COX-1 and low levels of 
COX-2 mRNA. After brief exposure to NMDA (100 pM; 5 min), COX-2 mRNA 
was rapidly elevated (30 min) and maintained for at least 4 hr. This NMDA- 
induced rise in COX-2 mRNA levels was blocked by concurrent exposure of 
cultures to MK-801 (10 pM). In contrast, COX-1 mRNA expression remained 
relatively unchanged over the same time frame. To determine whether COX-2 
expression contributed to neuronal injury following NMDA exposure, we used 
the relatively specific COX-2 inhibitor, NS-398. Neuronal death induced by 
NMDA (200 pM, 5 min) was concentration-dependently decreased by the 
addition of NS-398 (1-30 pM) during and for 24 hr following NMDA exposure. 
In contrast, the more selective COX-1 inhibitor, valeryl salicylate (3-300 pM), 
had no effect. Present results support the possibility that COX-2 activation 
may contribute to neuronal damage in neurological diseases associated with 
excessive NMDA receptor activation.

Supported, in part, by a PhRMA Foundation grant to SJH.

650.5
RELEASE OF INTRACELLULAR Ca3+ BY 2,2’-DITHIODIPYRIDINE IS 

NEUROTOXIC: IMPLICATIONS IN OXIDATIVE STRESS.
E. Aizenman*. A.K, Stout K.A. Hartnett. I, J, Reynolds, Depts of Neurobiol. 
and Pharmacol., Univ. Pittsburgh Sch. of Med., Pittsburgh, PA 15261.

It has been proposed that a significant component of the rise in intracellular 
Ca2+ that accompanies an excitotoxic insult in neurons is due to the release of 
this ion from intracellular stores (rev. Mody and MacDonald, TIPS 16:356;
1995). Membrane-permeable thiol oxidants such as 2-2’-dithiodipyridine 
(DTDP) can directly mobilize both IP3 and ryanodine-sensitive Ca2+ stores in a 
variety of cell types (e.g. Islam et al., Biochem. J. 321:347; 1997). Treatment of 
rat cortical neurons in vitro with 100 pM DTDP produces an increase in free 
intracellular Ca2+, as measured with Fura-2 imaging. This rise in Ca2+ appeared 
to plateau after a 3 min incubation with the oxidant and did not spontaneously 
reverse, even after long (>10 min) wash periods. Five mM dithiothreitol, 
however, could rapidly and completely reverse the effects of DTDP. Incubation 
of neurons with 30-300 pM DTDP produced a time- and concentration- 
dependent decrease in cortical neuronal viability in vitro. The longer incubation 
periods and the highest concentrations used also appeared to produced non-
neuronal cell death. We determined that a 1 hr incubation with 100 pM DTDP 
produced a reproducible and wide-spread neuron-selective injury, as assayed 24 
hr post-exposure. DTDP neurotoxicity could be significantly attenuated by 20 
pM dantrolene and 3 pM BAPTA-AM, but not by 10 pM MK-801, suggesting 
that possible release of glutamate was not indirectly mediating the cell damage. 
Glutamate receptor stimulation has been linked to intracellular free radical 
production, and these reactive species have been shown to oxidize protein thiol 
groups. Hence, the present results suggest that oxidative stress during 
excitotoxicity may further enhance Ca2+-mediated cellular damage via release 
from intracellular stores. American Heart Association, West. Penn. Affiliate.

650.6
GLUTAMATE-INDUCED NEURONAL CELL DEATH IS BLOCKED BY 
INHIBITION OF MITOCHONDRIAL CALCIUM UPTAKE WITH FCCP. A2L

of Pittsburgh, Pittsburgh, PA 15261.
In order to investigate the role of mitochondrial Ca2+ buffering in excitotoxic cell 

death, we used the low-affinity fluorescent indicator Mag-fura-2 to compare 
glutamate-induced (100 pM, 5 min) increases in intracellular free Ca2+ 
concentrations ([Ca2*],) in cultured rat forebrain neurons in the presence and absence 
of mitochondrial inhibitors. Concurrent application of the mitochondrial uncoupler 
FCCP (750 nM) significantly enhanced glutamate-stimulated increases in Mag-fura-2 
fluorescence ratios. Glutamate-induced peak Mag-fura-2 signals were also 
significantly enhanced in the presence of rotenone + oligomycin (5 pM +10 pM, 
inhibitors of the electron transport chain and ATP synthase, respectively), but these 
values were significantly less than those obtained in the presence of FCCP. We have 
also shown that glutamate stimulations which normally reduce cell viability by 
approximately 50% (100 pM, 10 min, assessed by calcein loading) do not cause 
significant neuronal loss in the presence of 750 nM FCCP. In contrast, inclusion of 
oligomycin + rotenone potentiated glutamate-induced cell injury. These results 
suggest that very high [Ca2+]j are not necessarily toxic to forebrain neurons and that 
potential-driven uptake of Ca2+ into mitochondria may be required to trigger 
excitotoxic processes. However, we have demonstrated that glutamate-stimulated 
free radical production (as measured using the fluorescent superoxide indicator 
dihydroethidium) is not blocked by FCCP, suggesting that some other Ca2+-activated 
intramitochondrial process may be responsible for glutamate toxicity. Supported by 
the American Heart Association and NIH grants NS 09998 and NS 34138.
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650.7
THE NEURONAL MITOCHONDRIAL PERMEABILITY
TRANSITION. Janet M, Dubinskv*. Dept. of Physiology, University of 
Minnesota, Minneapolis MN 55455.

Elevations in cytosolic calcium and production of reactive oxygen species 
are hypothesized to contribute to glutamate excitotoxicity by inducing the 
mitochondrial permeability transition (mPT). The mPT is a nonspecific 
putative pore in the mitochondrial inner membrane with a nS conductance. 
MPT induction by calcium, inorganic phosphate, oxidant, or combinations 
of these is characterized by mitochondrial swelling, mitochondrial 
depolarization, and inhibition by cyclosporin A (CsA). To provide 
independent evidence for the existence of the mPT, cultured hippocampal 
neurons were stained with JC-1 and pretreated with the calcium ionophore, 
4Br-A23187. When a high calcium-containing solution replaced the 
pretreatment high magnesium-containing solution, neuronal mitochondria 
changed from rod-like structures to very rounded forms, observed with a 
Leica confocal microscope. Comparable swelling was observed following 
toxic glutamate treatments (500pM for 5 min). Glutamate-induced 
swelling was prevented when Ba2+ was substituted for Ca2+ or when lyM 
CsA was added to all solutions. Glutamate-induced neuronal death was 
ameliorated by lpM CsA. Dose response curves were shifted to higher 
doses but the shift in log ED50 did not achieve significance (p=0.052). 
Higher doses of CsA were themselves toxic. Thus the mPT exists in 
neurons and may contribute to excitotoxic neuronal death. Supported by 
NIA AG10034 and the Minnesota affiliate, American Heart Association.

650.8
ROLE OF CASPASES IN NMDA-INDUCED APOPTOSIS OF 
CEREBROCORTICAL -NEURONS. Lalitha Tenneti.*1 Danielle DTmiliaL 
Carol M. Trov2 and Stuart A. Lipton1. 1Dept. of Neurology, Children's Hospital; 
Program in Neuroscience, Harvard Med. Schl, Boston, MA 02115, and 2Dept. 
of Pathology, Columbia University, NY 10032.

Excessive activation of glutamate receptors is an important mediator of cell 
death in a number of acute and chronic neurodegenerative diseases. The 
intracellular processes that mediate this neuronal death are poorly 
understood. Following mild insults to neurons, N-methyl-D-aspartate (NMDA) 
receptor activation induces apoptosis but with fulminant insults such as high 
concentrations of NMDA necrosis will intervene (Bonfoco etal., PNAS,1995). 
Members of the caspase family of cysteine proteases are necessary for 
neuronal apoptosis both in vivo and in vitro. To determine the possible role of 
caspases in NMDA-induced apoptosis, we have utilized two functionally 
distinct approaches. One is to use a novel peptide (V-ICEjnh) that contains 
the catalytic site of caspases and appears to act as a pseudoenzyme that binds 
caspase substrates and prevents their cleavage. The other is a peptide (Z- 
VAD) that inhibits caspase activity. Pretreatment with either V-ICEjnh or Z-VAD 
protects cultured rat cortical neurons from NMDA-induced apoptosis, but not 
from necrosis, indicating a selective role for caspases in NMDA-induced 
apoptosis. Pretreatment with either V-ICEjnh or Z-VAD did not affect NMDA- 
induced Ca2+ influx or mitochondrial membrane potential. In contrast, 
formation of reactive oxygen species (ROS) and lipid peroxidation during 
NMDA-induced apoptosis were blocked by both V-ICEjnh and Z-VAD. Our 
results suggest that while Ca2+ influx through NMDA receptors occurs 
upstream of caspase activation, ROS formation and lipid peroxidation may be 
downstream events in the pathway leading to neuronal apoptosis. [Funded by 
NIH grant PO1 HD29587 (S.A.L.) and MDA; APDF grants (C.M.T)].

650.9
ERYTHROPOIETIN PROTECTS RAT CENTRAL NEURONS 
FROM NMDA- AND NO-INDUCED APOPTOSIS. Havdar M. 
Digicavlioglu, Stuart A, Lipton*. Department of Neurology, Children's Hospital 
and Program in Neuroscience, Harvard Medical School, Boston, MA 02215.

Erythropoietin (EPO), which was recently detected in the mammalian brain, 
is produced predominantly by astrocytes. EPO receptors (EPO-R) have been 
demonstrated on cortical and hippocampal neurons. Additionally, human 
astrocytes induced by cytokines, as well as neurons stimulated by NMDA 
produce nitric oxide (NO), which can contribute to neuronal damage mediated 
by formation of peroxynitrite (ONOO"). Erythropoietin production in HepG2 
cells has been shown to decrease in the presence of NO donors, implying the 
existence of an autocrine feedback loop. Conversely, we hypothesized that 
EPO might feedback in a paracrine manner to protect neurons from NO- 
related toxicity. To test this, we studied NO-induced apoptosis in cultured rat 
cerebrocortical neurons in the presence or absence of EPO, and verified 
apoptosis by a variety of techniques including morphology and propidium 
iodide staining of permeabilized cells (Bonfoco et al., PNAS 1995). Incubation 
with 300 pM NMDA for 20 min resulted in apoptosis of 47 ± 4.5% of the 
neurons, but incubation with 5U (0.55 pM) human recombinant EPO 
decreased this to 20 ± 5%. EPO also decreased neuronal apoptosis due to 
the NO donors spermine/NO (200 pM) or S-nitrosocysteine (SNOC, 200 pM). 
An 18 hr incubation in spermine/NO resulted in apoptosis of 42 ± 6.6% of the 
neurons, and SNOC induced apoptosis in 45 ± 2.2%. Coincident exposure to 
EPO decreased apoptosis ~2-fold, to 21 ± 1.7% (spermine/NO) and 20 ±
0.6% (SNOC). These findings suggest that EPO may represent an 
endogenous protective mechanism from NMDA receptor-mediated and NO- 
related neuronal injury in the mammalian CNS. Supported by NIH grant P01 
HD29587 (to S.A.L.).

650.10
NEUROPROTECTION BY RECOMBINANT PLATELET-ACTIVATING 
FACTOR ACETYLHYDROLASE (rPAF-AH) ON NMDA-INDUCED 
EXCITOTOXICITY IN HIPPOCAMPAL NEURONS. F. Ogden, M.A, 
DeCoster. and N.G, Bazan*. LSUMC Neuroscience Center, New Orleans, 
LA 70112

The bioactive lipid, platelet-activating factor (PAF) is generated in brain 
during seizures and ischemia. Plasma-type recombinant PAF-AH (ICOS, 
Corp., Inc. Bothell, WA) was used to test the hypothesis that PAF is involved 
in early events leading to apoptosis in neurons during injury to the brain. 
Treatment of primary hippocampal neuronal cultures with NMDA (50 pM) 
for two hours caused a 2-fold increase in apoptosis and a 3-fold increases in 
excitotoxicity (lactate dehyrdrogenase release). Apoptosis was quantified 
with TUNEL-Fluorescein and Propidium Iodide staining, fluorescence 
microscopy, a 3CCD color camera, and 2D graphics analysis software. 
rPAF-AH (20 pg/ml) was added exogenously to the cultures up to two hours 
at 37°C prior to treatment with NMDA. NMDA (50 pM) was then added for 
two hours at 37°C. Following NMDA treatment, the media was changed to 
remove any exogenous NMDA and rPAF-AH, and the cells were incubated 
in replacement media containing rPAF-AH (10 pg/ml) for 22 hours. rPAF- 
AH treatment decreased excitotoxicity by 50% at 30 minutes, 52% at 1 hour, 
and 45% at two hours of pretreatment time. Apoptosis was decreased by 
21%, 42%, and 45%, respectively. Interestingly, rPAF-AH was protective 
against injury mediated by both NMDA and glutamate treatments, but not 
against that mediated by kainic acid induced toxicity. Neuroprotection 
provided by rPAF-AH suggests the involvement of PAF as an injury mediator 
in excitotoxicity via the NMDA receptor (NIH/NS23002).

650.11
BRAIN DERIVED NEUROTROPHIC FACTOR MEDIATES THE 
NEUROPROTECTIVE EFFECT OF NMDA IN RAT CEREBELLAR GRANULE 
CELLS. A. M. Marini*, S. J, Rabin, R. H. Lipsky and I. Mocchetti. Dept. of 
Neurology and Clinical Investigation, Walter Reed Army Med. Center, Washington, 
DC, 20307, Depts. of Neurology and Pathology, U. S. U. H. S., Bethesda, MD 
20814, and Dept. of Cell Biology, Div. of Neurobiology, Georgetown Univ., Sch. of 
Med., Washington, DC 20007.

Cerebellar granule cells in culture are vulnerable to glutamate or N-methyl-D- 
aspartate (NMDA). Paradoxically, pretreatment of these cells with subtoxic 
concentrations of NMDA (lOOpM) markedly blocked the neurotoxicity resulting 
from subsequent exposure to glutamate or NMDA. The NMDA-mediated 
neuroprotection is antagonized by pretreatment of these cells with protein synthesis 
inhibitors, suggesting an involvement of protein(s) with neuroprotective properties, 
most likely neurotrophic factors. This study was undertaken to characterize which 
trophic factor(s) plays a role in the NMDA-mediated neuroprotective activity. 
Among the neurotrophins, only brain derived neurotrophic factor (BDNF) prevented 
glutamate-mediated cell death in cultured cerebellar granule cells (DIV8). Exposure 
of neurons to subtoxic concentrations of NMDA resulted in an increase in BDNF 
mRNA beginning at 1 hr, peaking at 3-8 hr and declining by 24 hr. The 
accumulation of BDNF mRNA, NMDA-mediated, was followed by an increase in 
trkB tyrosine phosphorylation by 3 hr. Because the effect of BDNF occurs via 
activation of its high affinity receptor trkB, we examined whether the NMDA- 
mediated neuroprotection could be blocked by K252a, an inhibitor of trk receptor 
signal transduction. K252a (5nM) inhibited completely the neuroprotective 
properties of NMDA. Thus, NMDA, by enhancing synaptic activity, activates an 
autocrine BDNF loop promoting neuronal survival. Supported by Research Career 
Development Award NS 01675 and H.H.S. grant NS 29664 to I.M., and DCI 7163 
and USU RO9276 to A.M.M.

Society  for  Neuroscience , Volume  23,1997



1668 VISUAL CORTEX: STRIATE VII WEDNESDAY AM

651.1
LATERAL INTERACTIONS MAY CHANGE RESPONSE RELIABILITY 
OF SINGLE CELLS IN CAT AREA 17. U. Polat* T. Kasamatsu, K. Mizobe, 
M.W. Pettet, and A.M. Norcia. Smith-Kettlewell Eye Research Institute San Fran-
cisco, CA. 94115.

It is commonly observed that the response variance of cells in striate cortex is pro-
portional to their mean firing rate — that is, there is a simple proportionality con-
stant (k) for a given cell that is the same across all stimulus dimensions to which the 
cell responds (Geisler & Albrecht, 1995; Tolhurst, Movshon & Dean, 1983). We 
note here that stimuli placed outside the classical receptive field can not only 
modulate firing rate (Mizobe, Kasamatsu, Polat & Norcia, SNA 1996), but also k. 
We measured response functions for contrast reversing Gabor patches optimally 
fitted to the CRFs of isolated single units recorded in area 17 of anesthetized and 
paralyzed cats. Response amplitude, phase and variability were determined at the 
first and second harmonics of the stimulation frequency. We compared the response 
to the isolated Gabor patch with that obtained in the presence of 2 identical flanks 
positioned outside the CRF. Currently we have sampled 30 cells from 5 cats, each 
over a range of contrasts, to calculate the proportionality index (k=response vari- 
ance/mean). We found: 1) k decreased as the cell’s response to an isolated Gabor 
patch increased. The magnitude of k was always bigger (less reliable) near contrast 
threshold and smaller (more reliable) at suprathreshold contrasts. 2) When collinear 
flanks facilitated and suppressed the cell's response, k decreased and increased by 
about factor of two respectively. Modulation of k by stimuli from outside the CRF 
suggests that response reliability is not an internal property of a particular single cell 
but rather a network property of cells responding to the same object. Thus, long- 
range interactions may contribute to enhanced grouping of near threshold collinear 
configurations by increasing both response amplitude and reliability. Supported by 
NEI EY11711-01.

651.2
RELATIONSHIP BETWEEN ORIENTATION AND OCULAR 
DOMINANCE MAPS IN VISUAL CORTEX OF NORMAL AND 
MONOCULARLY DEPRIVED CATS. D.C. Gillespie*, M.C. Crair, E.S. 
Ruthazer and M.P. Stryker. Keck Center for Integrative Neuroscience, Dept. of 
Physiology, Univ. of California, San Francisco, CA 94143-0444

We used imaging of intrinsic optical signals confirmed by single-unit 
recording to study the relationship between maps for preferred stimulus 
orientation and ocular dominance in primary visual cortex of 7 normal and 13 
monocularly deprived juvenile cats. Automated methods were used to 
determine locations of the pinwheel-center singularities in orientation maps 
and the center lines and peaks (local extrema) of ocular dominance bands. 
Ocular dominance peaks had a highly significant (p < 0.0001) tendency to lie 
on or near the pinwheel-center singularities of the orientation map, predicting 
but not predicted by the much weaker tendency for the pinwheels to lie near 
the center lines of ocular dominance bands.

In 9 cats deprived of patterned visual input through one eye for 2 days at 
the height of the critical period (and in 4 other cats subjected to more severe 
forms of monocular deprivation), optical maps revealed strong responses to 
the deprived eye only in restricted patches, within which neurons responded 
well and nearly equally to all stimulus orientations. About 80% of these 
deprived eye patches were precisely superimposed on pinwheel centers, with a 
median separation for the whole population of about half that of the separation 
between ocular dominance peaks pinwheel centers in normal animals. Outside 
the deprived eye patches, responses to the deprived eye were much weaker but 
much more selective for orientation. These findings reveal a close relationship 
between ocular dominance and orientation columns and provide the first 
evidence of a role for pinwheel singularities in development and plasticity.

Supported by NIH EY09760 and fellowships from the NEI and NIMH.

651.3
CONNECTIVITY BETWEEN SIMPLE CELLS AND COMPLEX CELLS 
IN CAT VISUAL CORTEX Jose-Manuel Alonso* and Luis Martinez. 
Laboratory of Neurobiology, The Rockefeller University, New York, NY 10021.

In cat striate cortex, layer II-III complex cells are presumed to be generated 
from the convergent inputs of layer IV simple cells with similar orientation 
preference (Hubei and Wiesel, 1962). We have examined the connectivity 
predicted by this model by using cross-correlation analysis in simultaneous 
recordings from layer IV simple cells and overlying layer II-III complex cells 
(n=115; average orientation difference: 33.6 deg.). A positive peak displaced 
from zero in the correlogram was interpreted as a direct excitatory connection. 
As expected, excitatory connections were observed only in the direction from the 
simple to the complex cell (n=26), being strongest when the preferred 
orientations differed in 22 degrees or less.

Simple and complex cells also appeared to share inputs from a common source 
(n=33), as indicated by a peak centered at zero in the correlogram. These shared 
inputs were stronger and more frequently found in complex cells deep in layer 
III, which suggests a thalamic origin (deep layer III: 22/26; superficial II-III: 
11/27). To test this idea, we correlated geniculate multiunit activity (layer A) 
with the activity recorded from pairs of simple and complex cells (n=14). In all 5 
cases in which the simple-complex cell correlation showed a strong common 
input, we were able to identify a direct geniculate connection to both the simple 
cell and the complex cell. However, when the simple-complex cell correlogram 
indicated excitatory connections with weak or absent common input, only the 
simple cell appeared to receive a direct geniculate connection (n=8/9). Our 
results suggest that complex cells in the superficial layers of the cortex, which do 
not receive layer A input, are strongly driven by layer IV simple cells. (NIH 
EY05253).

651.4
DIFFERENCES BETWEEN THE SYNAPTIC RESPONSES OF FIRST AND 
SECOND ORDER COMPLEX CELLS IN CAT STRIATE CORTEX. Judith 
A. Hirsch*, Jos6-Manuel Alonso. R. Clay Reid and Luis M. Martinez.
Laboratory of Neurobiology, The Rockefeller University, New York, NY 10021.

We are interested in the synaptic mechanisms involved in the sequential 
processing of visual information. Thus, we have compared responses of 
complex cells at the borders of layer 4, within reach of the main projection 
from the thalamus, to those of cells in the upper tier of layer 2+3, outside 
that range— presumed first and second order neurons. The approach was to 
record intracellularly with patch electrodes from cat area 17 in vivo. Stimuli 
were flashed light and dark squares (Jones & Palmer, 1987, J. Neurophys.
58:1187); laminar position was established by intracellular labeling.

First order complex cells, like simple cells, were well driven by the flashed
stimuli. Further, the envelope of their postsynaptic response was shaped as 
one would predict from the firing patterns of presynaptic thalamic and simple 
cells. Second order complex cells were far less responsive to the same 
stimuli, even though these neurons receive a dense projection from simple 
cells in layer 4. This diminished sensitivity was not just manifest by a 
reduced amplitude of the postsynaptic potential, but also by a difference in 
response structure. That is, responses of the second order cells were far 
briefer and more variable and than those of the first order cells, even in the 
absence of visible inhibition. Hence, it seems that the reduced efficacy of the 
stimulus in driving neurons at later stages of cortical integration involves 
processes more subtle than thresholding or inhibition. (Supported by NIH 
grants EY09593 and EY05253, and by the Klingenstein Fund)

651.5
RECIPROCAL INTERACTIONS BETWEEN LAYER 4 AND LAYER 6 
CELLS IN FERRET VISUAL CORTEX. L. L. Wittmer*. M. B. Dalva, 
and L. C. Katz. Howard Hughes Med. Inst, and Dept. of Neurobiology, 
Duke University, Durham, NC 27710.

Intracortical circuits shape cortical excitation and response properties in 
the visual cortex. The layer 6 to layer 4 connection has been implicated in 
generating end-stop inhibition and/or recurrent excitation. Some electron 
microscopy studies suggest that layer 6 cells synapse preferentially onto 
layer 4 inhibitory intemeurons, providing a putative mechanism for end- 
stop inhibition, while other studies suggest no preferential targeting. We 
examined the layer 6 to 4 intracortical circuit by mapping the synaptic 
inputs onto both layer 6 and layer 4 cells using scanning laser 
photostimulation. This technique involves photo-release of caged 
glutamate, allowing for a precise temporal and spatial mapping of synaptic 
inputs onto a given cell. The maps of synaptic input for spiny stellate cells 
in layer 4 contain clusters of inputs from layer 6, indicating layer 6 cells 
synapse onto excitatory cells in layer 4. The lateral extent of layer 6 inputs 
to these layer 4 cells appears to be columnar and similar to that of local 
inputs. This lends anatomical and physiological support to the proposal 
(Douglas and Martin, 1991) that the layer 6 to 4 connection provides an 
anatomical substrate for recurrent excitation which drives intracortical 
amplification. Also, layer 6 cells receive excitatory input from layers 2/3 
and 4, indicating that reciprocal connections may influence intracortical 
processing.

Supported by the Howard Hughes Medical Institute and NIH EY07690.

651.6
ORGANIZATION OF OCULAR DOMINANCE AND ORIENTATION 
PREFERENCE IN AREAS VI AND V2 OF THE FERRET L.E. White*, S.M. 
Williams, W.H. Bosking, A. Richards, D. Purves & D. Fitzpatrick. Department of 
Neurobiology, Duke University Medical Center, Durham, NC 27710.
We used a combination of anatomical and physiological techniques to explore the 
spatial arrangement of ocular dominance domains and their relationship to the map 
of orientation preference in areas VI and V2. Optical imaging of intrinsic signal 
showed an orderly map of orientation preference that appeared uniform in structure 
throughout its extent. In contrast, ocular dominance maps demonstrated by optical 
imaging suggested a marked difference in the size and organization of eye-specific 
domains in the rostral and caudal parts of this same territory. To reveal the 
arrangement of ocular dominance domains more definitively, geniculocortical 
afferents were labeled by transneuronal transport of WGA-HRP following 
intraocular injection. Serial reconstructions of flattened visual cortices showed 
striking patterns of eye-specific inputs (Figure; see also Redies et al., 1990, J. of 
Neurosci. 10:2791-2803). Whereas small islands of label were distributed across 
the posterior portions of the occipital region, much larger bands of label occurred 
more anteriorly. Receptive field mapping experiments indicated that the 
representation of the vertical meridian lies near the junction of these two distinct 
regions. The fact that ocular dominance patterns can vary so dramatically between 

VI and V2 without a 
corresponding change in the 
orientation preference map 
challenges the generally 
accepted rules that govern the 
relationships among feature 
maps.

Supported by EY06729, 
EY11488 &NS29187

Reconstruction of left visual cortex ipsilateral to 
intraocular WGA-HRP injection; scale bar = 1mm.
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651.7
A CIRCUIT FOR AMPLIFICATION OF EXCITATORY FEEDBACK INPUT 
FROM RAT EXTRASTRIATE CORTEX TO PRIMARY VISUAL CORTEX. 
R.R. Johnson* and A. Burkhalter. Dept. Anatomy & Neurobiology, Washington 
University, School of Medicine, St. Louis, MO 63110.

Feedback connections from extrastriate cortex to primary visual cortex (VI) 
provide ‘top-down’ information that plays a role in visual attention and object 
recognition. Our work demonstrates that feedback pathways synapse preferentially 
with pyramidal cells in VI (Johnson and Burkhalter, 1996) and favor excitation over 
inhibition in cortical microcircuits (Shao and Burkhalter, 1996). How this is 
accomplished is not clear, however, since the 'majority of connections within VI 
originate locally and provide balanced input to excitatory and inhibitory circuits.

We therefore studied chains of neurons postsynaptic to feedback connections using 
a combination of axonal tract tracing and anterograde degeneration to independently 
label local collaterals of forward projecting neurons in VI and feedback connections 
from extrastriate visual areaLM to VI. Postsynaptic targets were identified in the 
electron microscope following retrograde transport of biotinylated dextran amine 
(BDA) and pre-embedding labeling to identify dendrites of forward projecting neurons 
(i.e., from VI to LM) and post-embedding immunogold labeling to identify 
GABAergic interneurons.

We found that feedback connections provide strong monosynaptic input to forward 
projecting neurons in VI, and that local connections of forward projecting neurons 
are made predominantly with other pyramidal cells (*97%), many of which are 
identified as forward projecting neurons. This indicates that feedback pathways 
provide input directly to neurons which make the reciprocal forward connections, and 
that feedback-recipient forward projecting neurons are strongly interconnected. The 
function of these excitatory networks within VI may be to amplify feedback activity 
and provide a circuit for modulation of striate cortical activity by top-down 
influences. Supported by NEI grant EY05935 and The McDonnell Foundation.

651.8
DIFFERENTIAL SUBCELLULAR LOCALIZATION OF FORWARD AND 
FEEDBACK INPUT TO PARV ALBUMIN-EXPRESSING GABAERGIC 
NEURONS IN RAT VISUAL CORTEX. Y.Gonchar* and A. Burkhalter. Dept. 
Anatomy & Neurobiology, Washington Univ. School of Med., St. Louis, MO 
63110.

Activation of forward and feedback pathways between primary and secondary 
areas of visual cortex has shown that putative disynaptic inhibition in feedback 
circuits is less powerful than in forward circuits (Shao and Burkhalter, 1996). This 
may allow feedback inputs unopposed access to amplification circuits whose activity 
may enhance coincident retinal input under conditions of selective attention.

To test whether the imbalance of excitation and inhibition is due to distinct 
GABAergic cell types (Gonchar and Burkhalter, 1997) incorporated into forward and 
feedback circuits we have studied in the EM forward and feedback inputs to cells that 
express parvalbumin (PV). Connections between areas 17 and LM were traced 
anterogradely with biotinylated dextran amine. Pre-embedding immunocytochemistry 
was used to identify PV neurons. Colocalization of GABA in PV+ neurons was 
tested by post-embedding immunogold labeling.

We found that -10% of both forward and feedback connections form synapses 
with PV neurons. Unlike forward inputs which terminated on proximal dendrites, 
feedback axons preferred distal dendrites of PV+ neurons. Although all PV neurons 
are GABAergic most distal PV+ dendrites were GABA’. Forward terminals were 
larger than feedback synapses, contained more mitochondria and formed contacts 
with a narrower synaptic cleft. These results suggest that the inequality in inhibitory 
strength in forward and feedback circuits may be due to the distinct subcellular 
localization of inputs to inhibitory neurons. This explains why based on GABA 
immunogold staining alone Johnson and Burkhalter (1996) have underestimated 
feedback inputs to GABAergic neurons. Supported by NIH grants EY05935 and 
AG 11455.

651.9
INTEGRATION OF THALAMOCORTICAL RESPONSES WITH INPUT FROM 
INTRACORTICAL FEEDBACK AND LONG-RANGE HORIZONTAL 
CONNECTIONS IN RAT VISUAL CORTEX. Z. Shao* and A. Burkhalter. Dept. 
of Anatomy & Neurobiology, Washington University School of Medicine, St. 
Louis, MO 63110.

Receptive field properties of striate cortical neurons depend on both the context in 
which a stimulus occurs and its behavioral relevance. It is thought that these effects 
are mediated by long-range horizontal connections within area 17 and feedback 
connections from higher cortical areas, respectively. Little is known how striate 
cortical neurons integrate these modulatory influences with thalamocortical input.

To address this question we have performed intracellular recording in slices from 
rat visual cortex. Integration of postsynaptic responses of neurons in upper layers of 
area 17 were studied by stimulating three convergent pathways with weak electric 
shocks: 1) thalamocortical (TC), 2) local horizontal (LC) and 3) feedback (FB) from 
the secondary visual area LM.

When TC and FB were co-activated the amplitude of the early EPSP (peak latency 
<10ms) was equal to the sum of the EPSPs evoked by each pathway alone. In 
contrast after co-activation of TC+LC, EPSPs were always smaller than the sum of 
TC+LC. Simultaneous activation of TC and FB had little effect on the early IPSP 
but a slight enhancement was seen when TC and LC were co-activated. The biggest 
effect was found on the late EPSP (peak latency ~100ms). In all cases its amplitude 
was less than the sum of the responses evoked by each input alone. However when 
TC+FB was co-activated it was twice the size of that seen in tests of TC+LC.

These results indicate that FB and LC pathways have different effects on TC 
input. While FB inputs are generally enhancing, the augmentation via LC is much 
weaker even at stimulus intensities that produce minimal activation of inhibitory 
circuits.

Supported by NIH grant EY 05935.

651.10
BINOCULAR DISPARITY TUNING IN CORTICAL ‘COMPLEX’ 
CELLS: YET ANOTHER ROLE FOR INTRADENDRITIC 
COMPUTATIONS?

B. W. Mel*, Dept. of Biomedical Engineering, USC, MC 1451, Los Angeles, 
CA 90089, D. L. Ruderman, The Salk Institute (SNL-D), P.O. Box 85800, 
San Diego, CA 92186-5800, & K. A. Archie, Neuroscience Program, USC, MC 
2520, Los Angeles, CA 90089.

Hubei and Wiesei (1962) proposed that complex cells in visual cortex are 
driven by a pool of simple cells with the same preferred orientation but dif-
ferent spatial phases. However, a wide variety of experimental results over 
the past two decades have challenged the pure hierarchical model, primarily 
by demonstrating that many complex cells receive monosynaptic input from 
unoriented LGN cells, or do not depend on simple cell input. We recently 
showed using a detailed biophysical model that nonlinear interactions among 
synaptic inputs to an excitable dendritic tree could provide the nonlinear sub-
unit computations that underlie complex cell responses (Mel, Ruderman, &; 
Niebur, Soc. Neurosci. Abst. 633.7, 1996). Our present work extends this 
result to the case of complex cell binocular disparity tuning, by demonstrat-
ing in an isolated model pyramidal cell (1) disparity tuning at a resolution 
much finer than the the overall dimensions of the cell’s receptive field, and 
(2) systematically shifted optimal disparity values for rivalrous pairs of light 
and dark bars—both in good agreement with published reports (Ohzawa et 
al., J. Neurophysiol., 1997). We find a close connection between active den-
dritic biophysics and systems-level “energy” models. Our results reemphasize 
the potential importance of intradendritic computation for visual neurophys-
iology, and suggest new experimental approaches relating to the role of the 
individual neuron in neocortical information processing. Supported by NSF 
and ONR.

651.11
SPATIAL POOLING OF SUBUNITS IN COMPLEX CELL RECEPTIVE 
FIELDS. I. Ohzawa*. and R.D, Freeman. Group in Vision Science, School of 
Optometry, University of California, Berkeley, CA 94720-2020.

It has been shown that receptive fields (RFs) of complex cells in the visual 
cortex are constructed from multiple subunits. However, the exact manner by 
which subunits are pooled within the complex cell RF is not known. 
Specifically, how are the subunits distributed over the length (parallel to the 
preferred orientation) and width dimensions of the overall complex cell RF? 
This is important for determining the number of subunits that converge onto a 
complex cell, which in turn affects the performance of the cell in signal 
transmission and encoding.

Responses of single well-isolated complex cells were measured extracellularly 
from the striate cortex of anesthetized paralyzed cats. A reverse correlation 
technique was used to determine the RF width and length. The width of RF 
subunits was determined from the spatial frequency bandwidth for drifting 
grating stimuli. The length of RF subunits was measured from responses to 
multiple strips of drifting grating stimuli (narrow in the length dimension) whose 
spatial phases were inverted between neighboring strips. This allows a 
measurement of spatial frequency tuning in the length dimension, where the 
subunit length determines the low-pass cut-off frequency.

The degree of pooling determined by the ratio of RF size to subunit size 
varied widely from 1 to 5. Generally, cells that pooled extensively in the width 
dimension also tended to pool along the length dimension to a similar degree. 
However, cases were also found where the spatial pooling was limited to the 
width dimension. An analysis of the aspect ratio of the RFs shows that overall 
RFs of complex cells are nearly always circular. On the other hand, the aspect 
ratio (length/width) of the subunit RFs varied from 1 to 4.

Complex cells exhibit a varying degree of spatial pooling of subunits. 
However, the pooling may be anisotropic in the width and length dimensions 
depending on the aspect ratio of the underlying subunit RFs. This serves to 
maintain a circular overall RF profile. (EY01175)

651.12
PHARMACOLOGY OF VISUAL DIRECTIONAL SELECTIVITY AND THE TIME 
COURSE OF INHIBITION IN CRAYFISH TAN1 NEURONS. R. M. Glantz* Dept 
Biochem. and Cell Biology. Rice Univ., Houston Tx, 77005.

A substantial body of evidence indicates that directionally selective motion detect’o 4 
(DS) depends upon the sy naptic interaction of excitation and spatio- temporal/ 
asymmetric inhibition. Despite extensive pharmacological and structural studies 
however, many details of the synaptic mechanism(s) remain elusive.

Previous studies (Glantz, 1994, J. Neurophysiol. 72:180-193) in the crayfish medulla 
externa (second optic neuropile) revealed that the nonspiking tangential cells Tanl) 
exhibit DS expressed in the amplitude of the oscillatory response to a drifting 
sinewave grating. Receptive field analysis revealed a delayed inhibitory input from 
a spatially asymmetric receptive subfield. Pharmacological studies (P'nffer-Linn and 
Glantz, 1989, Science 245:1249-1251) indicate that Tanl excitation is mediated by 
acetylcholine (ACh) and inhibition is mediated by abicuculline-sensitive GABAergic 
mechanism. This report shows that bicuculline reduces the directional index (DSI) by 
87±13% (SD, n=12). Diminished directionality is accompanied by a 73±19% (SD) 
increase in the null-direction response. The magnitude and time course of inhibition 
relative to excitation was estimated by subtracting the pulse-elicited PSP obtained in 
the presence of bicuculline from the control PSP. Inhibition is delayed relative to 
excitation by 40 to 120 ms (mean is 85±58 ms) which is consistent with the range of 
drift velocities (15 to 1207s) eliciting DS. Three of 4 cells which did not exhibit DS 
exhibited no inhibitory delay. The magnitude of inhibition relative to excitation (I/E) 
was 48±18% (SD, n = 6) which compares favorably to an I/E ratio of 0.50 computed 
from a linear model for the DSI observed in this sample. These results support the role 
of a bicuculline-sensitive, GABA mediated inhibition in Tanl DS. Bicuculline had no 
effect on orientation selectivity in the same cells.
Supported by NSF grant # X8V 94*0 7 y
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652.1
SEROTONERGIC REPRESSION OF CALCITONIN GENE- 
RELATED PEPTIDE EXPRESSION: ELUCIDATION OF 
MOLECULAR MECHANISM.
PL Durham and AF Russo*. Dept of Physiology and Biophysics, 
Univ of Iowa, Iowa City, IA 52242.

We have begun to study the molecular mechanism by which 
serotonergic antimigraine drugs regulate CGRP gene expression. We 
found that the 5-HTib -specific receptor agonist CGS can directly act 
on the neuronal-like CA77 cell line to decrease CGRP mRNA levels 
and promoter activity. Two distinct regulatory regions were 
responsible for the inhibitory effect of CGS on CGRP gene 
transcription, a CRE and the cell-specific enhancer. Activation of 5- 
HTjb  receptors has been reported to decrease cAMP levels and 
increase [Ca2+]j. To begin to elucidate the mechanism of CGS 
repression of CGRP promoter activity, we investigated the effect of 
CGS on adenylate cyclase activity, cAMP levels, and [Ca2+]i. 
Surprisingly, we found that CGS had little or no effect on forskolin- 
stimulated cyclase activity and cAMP levels. However, CGS and the 
antimigraine drug sumatriptan caused a significant increase in 
[Ca2+]i. in CA77 cells and cultures of trigeminal neurons. These 
data provide evidence for a potential mechanism for the inhibition of 
CGRP gene transcription. Based on our data, it is possible that the 
effectiveness of currently used antimigraine drugs that bind 5-HTjb  
receptors may be at least partly due to their ability to decrease CGRP 
synthesis in trigeminal ganglia neurons. Supported by NIH 
HD25969, AHA 96013860, and Research Fellowship HL07121.

652.2
IDENTIFICATION OF G PROTEIN-COUPLED RECEPTOR-INDUCED GENES 
BY DIFFERENTIAL DISPLAY. M. Mayhaus, C. Albrecht, J. Klaudiny, 
H. von der Kammer and R. M. Nitsch*. Center for Molecular Neurobiology, and 
Alzheimer's Disease Research Group, University of Hamburg, Martinistr. 52, 
20246 Hamburg, Germany

Muscarinic acetylcholine ml receptors are G protein-coupled receptors that are 
present postsynaptically on the surface of cortical and hippocampal neurons. They 
promote neuronal plasticity, and are involved in attention, learning and memory. We 
analyzed mRNA derived from 293 cells overexpressing ml receptors stimulated with 
carbachol (lhour) by using a differential display comparison to unstimulated controls. 
We identified the previously unknown human genes gig-1 and gig-2 (for G protein 
coupled receptor-induced genes). Gig-1 displayed homology to the murine cyr61 gene 
that encodes a secretory protein with possible roles in cellular interaction with the 
extracellular matrix. No homology with any known gene was found for gig-2.
In addition we found a set of known transcription factors including c-jun, egr-1 and 
egr-3. As confirmed by Northern blotting, these nuclear proteins were induced within 
15 minutes of receptor stimulation, and maxima were reached within 50 to 60 minutes. 
Induction of EGR-1 protein in response to ml-receptor activation was shown by 
mobility shift assays, and by Western blotting. In contrast, induction of EGR-1 protein 
by m2, m3 and m4 receptor subtypes was only marginal. The increase in EGR-1 
protein was mimicked by phorbol myristate acetate (PMA), but it was only partially 
blocked in the absence of protein kinase C (PKC). This suggests both PKC-dependent 
and PKC-independent signalling events in coupling of ml receptors to egr-1 
transcription. The functional activity of the induced EGR-1 protein was confirmed 
with an EGR specific promotor fused to a luciferase reporter.
Ml receptors may contribute to the pathophysiology of Alzheimers's disease, in as 
much as they can regulate both the amyloid precursor and the presenilin 1 protein. Our 
results will help to understand the molecular targets and the physiological effects of 
ml receptor activation.

652.3
MOOD STABILIZERS AND IMMEDIATE EARLY GENE EXPRESSION.
V. Asghari, J. F. Wang, L.T. Young*. Departments of Psychiatry and 
Biomedical Sciences, McMaster University, Hamilton, Ontario, Canada, L8N 3Z5

Lithium and sodium valproate (VPA) are effective in the treatment of bipolar 
disorder (BD) and may function through regulation of signal transduction 
pathways including adenylyl cyclase and protein kinase C (PKC). These pathways 
regulate transcription factors including c-Fos, c-Jun and CREB which in turn 
results in changes in gene expression. The longterm efficacy of Li and VPA in 
BD suggests that regulation of gene expression may be an important target for 
these drugs. Preliminary evidence suggests that c-Fos levels and AP-1 binding 
may be regulated by Li and VPA but the results are inconclusive. The aim of the 
present investigation was to study the effects of these two agents side by side in 
cultured neuronal cells after both acute and chronic (one week) treatment. SY5Y 
cells were treated for various time points (2, 6, 24 hrs, 7 days) with LiCl (1 mM) 
or VPA (0.6 mM). Both drugs acutely increased basal levels of AP-1 binding 
(LiCl 298%, VPA 258%) but only VPA increased basal AP-1 binding after 
chronic treatment (53%). The AP-1 complex after VPA treatment could be 
supershifted with anti-c-Fos antisera. Furthermore, chronic VPA but not LiCl 
lead to a marked increase in basal c-Fos levels (147%). In contrast, when VPA- 
treated cells were stimulated with TPA for 2 hrs, the c-Fos response was blunted 
(24%) and no change in AP-1 binding was evident. LiCl treatment had no effect 
on TPA-stimulated measures. Moreover, chronic VPA but not LiCl decreased 
basal and TPA-stimulated levels of the 35 kDa chronic FRAs. These results 
support an effect of chronic VPA treatment to regulate c-Fos expression and its 
induction by PKC which may be relevant to the drug’s longterm efficacy in BD.

This study was supported by a grant from NARSAD (L.T. Y). L.T.Y is a career 
scientist of the Ontario Ministry of Health and J.F. W is a CPRF research fellow.

652.4
CREB IS A GENERAL MEDIATOR OF STIMULUS - DEPENDENT 
TRANSCRIPTION OF c-fos. S.AhnL M.Olive2, S.AggarwalL D.Krvlov2,
C.Vinson2, and D.D.Gintv1*. ’Dept of Neuroscience, Johns Hopkins Univ. Sch. of 
Med., Baltimore, MD 21205. 2Lab. of Biochem., NCI, NIH, Bethesda, MD 20892.

c-fos is an immediate early gene (IEG) that is activated by a variety of extracellular 
stimuli at the transcriptional level. Several transcription factors have been implicated 
in stimulus-dependent transcription of c-fos and other IEGs. In order to identify the 
transcription factor(s) important for stimulus-dependent transcription of c-fos. a family 
of dominant negatives (D-Ns) that prevents DNA binding of specific bZIP proteins in 
a dimerization domain-dependent manner was generated and characterized. A D-N which 
contains CREB leucine zipper (LZ) domain (A-CREB) completely inhibited DNA 
binding activity of wild-type CREB to CRE in gel mobility shift assay, but had no 
effect on binding of other bZIP transcription factors to their- cognate DNA binding 
elements. When expressed in PC12 cells, A-CREB, but not D-Ns of Fos, Jun, 
C/EBP, ATF-2, or VBP, completely blocked activation of a minimal promoter 
containing a single CRE by agents that increase intracellular cAMP, membrane 
depolarization and calcium influx, and nerve growth factor (NGF). A-CREB had no 
effect on NGF-induction of SRE-mediated transcription. A-CREB completely inhibited 
cAMP and Ca2+-mediated transcription, but only partially blocked NGF-induction of a 
reporter gene containing 750bp of the native human c-fos promoter. Moreover, 
glutamate induction of c-fos transcription in primary cultures of cortical neuron was 
dependent on CREB. In contrast, CREB DNA binding activity was dispensible for UV 
light-induced c-fos transcription. Lastly, A-CREB attenuated NGF induction of 
morphological differentiation of PC 12 cells. These results suggest that CREB is a 
general mediator of stimulus-dependent transcription of c-fos, and CREB-dependent 
transcription is critical for at least some of the long term effects of neurotrophins. 
Supported by NIH N534814 and a Pew Scholars Award.

652.5
PERSISTENT PHOSPHORYLATION OF CREB-la BY THE AUTONOMOUS 
cAMP-DEPENDENT PROTEIN KINASE IN LONG-TERM FACILITATED 
SENSORY NEURONS OF APLYSIA. D.G. Chain*. A. Casadio. A.N. Hegde. D. 
Bartsch, W, Pei, E.R. Kandel and J.H. Schwartz. Center for Neurobiology & 
Behavior, Columbia University, New York, NY, 10032.

The cAMP-dependent protein kinase plays a key role in initiating and maintaining 
the molecular cascade underlying long-term facilitation (LTF) in Aplysia. We 
previously observed a 20% reduction in the amount of regulatory (R) subunit 24 h 
after sensitization training, which accounts for the persistent activation of the kinase 
at basal cAMP concentrations. We now find that R is downregulated rapidly. Pulse- 
chase experiments show that R subunits are stable in naive neurons with a half-life of 
more than 200 h. Thus, the 20% reduction we observe in 2 h is a dramatic increase 
in turnover. R subunits are degraded by the ubiquitin system (Hegde et al., PNAS 
90:7436, 1993; Chain et al., J. Neurosci. 15:7592, 1995; Hegde et al., Cell 89:115- 
126, 1997). What targets R for degradation? We find that R ubiquitination is 
dependent on a critical change in conformation that occurs when cAMP binds. By 
site-directed mutagenesis, we show that occupancy of cAMP-binding site B is 
essential for the efficient degradation of R by the ubiquitin system. Since cAMP 
concentrations remain elevated only transiently, the strict conformational 
requirement explains both the selectivity of R degradation and also the abrupt but 
limited loss of R. The persistent activation of PKA as an early event'during 
induction of LTF led us to address its possible function. Since CREB-la 
phosphorylation is essential for new gene expression in LTF, we tested whether the 
transcriptional activator continues to be phosphorylated by the protein kinase in the 
maintenance phase. We find that CREB-la is phosphorylated up to 24 h following 
sensitization. Thus, the persistent activation of PKA can provide a reiterative 
mechanism for the induction of gene expression, possibly initiating the synthesis of 
late effector and structural proteins. (Supported by NIH grants NS29255 and 
MH00921, and HHMI)

652.6
MAP KINASE PHOSPHORYLATION OF SP1 PROTEIN MEDIATES 
NGF UPREGULATION OF THE NMDAR1 PROMOTER IN PC12 
CELLS. G, Bai*, L, Mei1, D.P, Norton. M.S, Prenger and J.W. Kusiak. Mol. 
Neurobiol. Unit, LBC, NIA, NIH, Baltimore, MD 21224 and ’Dept. 
Pharmacology, Univ. of Virginia Sch. of Med., Charlottesville, VA 22908

Growth factors mainly utilize the Ras/MAP kinase pathway to modify 
transcription factors and regulate gene expression at the promoter level. We 
previously reported that NGF up-regulates the promoter of the NMDAR1 
gene encoding a key subunit of die NMDA subtype of ionotropic glutamate 
receptors (JBC 272:5936, 1997). Our present studies demonstrated that the 
NGF effect on an NMDAR1 promoter/Luciferase fusion gene in a stable 
transfectant of PC 12 cells is sensitive to a MEK (MAP kinase kinase) 
inhibitor, PD 98059. Co-transfection experiments showed that over-
expression of active forms of Ras, Raf or MEK1 robustly enhanced the 
activity of the NMDAR1 promoter more than 100-fold, while dominant 
negative mutants of each did not significantly change the activity. Co-
transfection with either Spl, Sp3, or Sp4 cDNAs led to a 7-, 1.9-, or 1.2-fold 
increase in promoter activity, respectively. Site-directed mutation revealed 
that two proximal Spl elements in the promoter act synergistically in 
regulating MEK-stimulated activity. Application of a PI3 kinase inhibitor, 
Wortmannin, strongly blocked the NGF effect. However, inhibition of S6 
kinase with Rapamycin, a downstream effector in a branch of the PI3 kinase 
pathway, failed to alter the NGF effect. Incubation in vitro of recombinant 
Spl protein with recombinant MAP kinase (Erk2) in the presence of y-32P- 
ATP resulted in phosphorylation of Spl protein visualized with 32P 
radioactivity and an Spl antibody on a Western blot. Our results strongly 
suggest that Ras/MAP kinase pathway participates in NGF signal 
transduction to the NMDAR1 promoter, but not in die basal activity of the 
promoter, via a direct regulation of Spl protein and that the PI3 kinase 
pathway also mediates NGF effect. Supported by IRP, NIA/NIH.
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652.7
A NOVEL MECHANISM REGULATING EXPRESSION OF GFAP 
MEDIATED BY PI3K-MAPK SIGNALING PATHWAY IN MULLER 
CELLS IN RESPONSE TO a2-ADRENERGIC AGONISTS. Min Peng, 
Yiwen Li, Zhijun Luo, Changdong Liu, Alan M. Laties*, and Rong Wen.
Depts. of Ophthalmology, Cell & Developmental Biology, and Neurology,
Univ. of Pennsylvania, and Diabetes Unit, Massachusetts General Hospital. 

Upregulation of GFAP in the rat retina was observed after
intramuscular injection of a2-adrenergic agonist xylazine. To explore the 
signaling pathway that mediates this response, we examined activation state 
of MAPK and found a correlated increase in MAPK 
phosphorylation/activation, as demonstrated by anti-phospho-MAPK 
immunoblotting. The increase lasted up to three hours and was highly 
selective, as no such change was found in the brain under the same 
treatment. A similar increase was observed following injection of 
clonidine, another a2-adrenergic agonist. Pre-injection of yohimbine, a 
specific a2-adrenergic antagonist, completely prevent the effect of 
xylazine. Intraocular injection of xylazine also induced MAPK 
phosphorylation/activation, which was also blocked by yohimbine, 
indicating that the induction was a direct result of xylazine binding to a2- 
adrenergic receptors in the retina. Immunocytochemical studies 
demonstrated that the induced MAPK phosphorylation occurred almost 
exclusively in retinal Muller cells. Wortmannin, a selective inhibitor of 
PI3K, blocked the xylazine induced MAPK phosphorylation and GFAP 
expression. In addition, the induced MAPK activation and GFAP 
upregulation were inhibited by PD-98059, a specific inhibitor of MAPK 
kinase. Our results indicate a unique signaling mechanism in Muller cells 
in response to a2-adrenergic agonists through PI3K and MAPK, which 
apparently is not shared by the rest of the CNS.

Supported by Foundation Fighting Blindness. RW is a recipient of a 
Research to Prevent Blindness Career Development Award.

652.8
OBESITY GENE TUBBY INTERACTS WITH A STRESS ACTIVATED 
PROTEIN KINASE. P. Zheng*, Z. Liu, J. Ng, J. Wang, F, Lee, C. Kadia, and S,
F. Leibowitz, The Rockefeller University, New York, New York 10021.

Mutation in the gene tub generates slowly developing (maturity-onset) 
obesity and retinal degeneration-5 phenotypes in mouse. However, cloning of 
tub has revealed no further evidence for the functions of TUBBY, except for the 
site of mutation and its moderate similarity to a putative phosphodiesterase. The 
rat wild-type tub was cloned by PCR and used in a Two Hybrid System to 
isolate other genes that interact with TUBBY. One protein was found to bind to 
TUBBY in yeast. The protein-to-protein interaction was confirmed in vitro with 
purified proteins after cloning and expression of the cDNA encoding this 
protein. Sequence analysis of this cDNA revealed that it is over 88% 
homologous with SEK1 and, to a lesser degree, MKK4 and JNKK1. These are 
protein kinases involved in the Stress/Mitogen Activated Protein Kinase 
(SAPK/MAPK) signal transduction pathways. Since TUBBY has a functionally 
unknown N-terminal domain and a phosphodiesterase-like C-terminal domain, 
the interactions of this kinase with these domains was also explored. Using in 
situ hybridization, this kinase was found to be expressed in specific regions of 
hypothalamus known to be involved in feeding and body weight regulation. 
These regions include the arcuate, ventromedial, dorsomedial, and 
paraventricular nuclei, as well as other areas of brain. These expression sites 
overlap with those of TUBBY, suggesting that both proteins associate closely in 
vivo. This evidence strongly suggests that TUBBY may affect energy balance 
through a SAPK signal transduction pathway. (Supported by NIH grant MH 
43422 and a grant from the Price Foundation).

652.9
HYPOXIA SIGNALING PATHWAY IN HUMAN GLIOMA CELLS 
Robert A. Forbes. Allison White. Aiav Verma*. Depts. Of Neurology and 
Neuroscience, Uniformed Services univ. Of the Health Sciences. Bethesda, MD

Hypoxia is an important regulator of several physiological phenomena. These include 
erythropoeisis, ventillatory drive, angiogenesis, vascular tone, and enhancement of 
glycolysis. Hypoxia is also important in cancer biology with effects on cell

?roliferation, programmed cell death, and tumor neovascularization (Bunn HF and 
oyton RO, Physiol. Rev. 76(3), 839-885 (1996)). Activation of several genes such as 

erythropoietin (EPO) and vascular endothelial growth factor (VEGF) by hypoxia has 
recently been shown to involve induction of hypoxia-inducible transcription factor 
(HIF-1). Induction of HIF-1 binding to its DNA recognition sequence in a variety of 
cell types is a major event in the adaptation of mammalian cells to hypoxic insult. The 
mechanisms by which hypoxia is sensed, and the signal transduction events linking 
hypoxia to HIF-1 activation in mammalian cells are still unknown. Studies in bacteria, 

east, and some mammalian cell lines have implicated the involvement of 
emoproteins, changes in ATP levels, or changes in cellular redox status in the 

hypoxia sensing mechanism. We have evaluated the mechanisms responsible for 
sensing hypoxia in the U87 human astrocytoma cell line by monitoring HIF-1 binding 
activity in nuclear extracts. While exposure of U87 cells to either 1% oxygen or 2mM 
potassium cyanide for 2 hr led to a 90% decline in ATP levels, HIF-1 induction was 
selectively activated by hypoxia implicating a direct sensing of molecular oxygen. 
Treatment of cells with 10% CO reversed hypoxic HIF-1 induction suggesting a 
sensing mechanism involving a heme containing protein. To explore the possibility 
that reactive oxygen species, potentially generated by a hemoprotein, are involved in 
the oxygen sensing mechanism we examined the ability of free radical scavengers and 
antioxidants to modulate HIF-1 induction. Catalase was found to activate HIF-1 
suggesting H2O, as an important interm ediaiy. Indeed, H2O2 additions prevented HIF- 
1 activation by hypoxia or catalase. Desferrioxamine and'cobalt chloride also induced 
HIF-1. This was not blocked by H2O2 addition but was reversed by exogenously 
added iron. HIF-1 activation by hypoxia, catalase, desferrioxamine, and cobalt was 
blocked by the general protein kinase inhibitor 2- Aminopurine. These observations 
delineate a potential sequence of events involved in sensing hypoxia by U87 cells. We 
propose that a normoxic production of free radicals by a heme requiring mechanism 
exerts an iron-catalyzed inhibitory influence on a protein kinase. Hypoxia is thus 
proposed to disinhioit this kinase leading to HIF-1 activation.
Funding: USUHS-RO9271; DVHIP

PEPTIDES: BIOSYNTHESIS, METABOLISM AND BIOCHEMICAL CHARACTERIZATION

653.1
REGULATION OF K AND CA CHANNELS BY NEUROPEPTIDE Y 
RECEPTORS IN ACUTELY DISSOCIATED ARCUATE NEURONS, L. Sun*1, 
L.H. Philipson2 and R.J. Miller1. Dept. Phramacol. and Physiol. Sci.1 and 
Medicine2, University of Chicago, Chicago, IL 60637.
Neuropeptide Y (NPY) is a 36 amino acid peptide neurotransmitter member of the 
pancreatic polypeptide family that is widely distributed in both the central and 
peripheral nervous systems. NPY has frequently been shown to produce 
presynaptic inhibition, an effect which may involve its ability to regulate neuronal 
Ca+2 and K+channels. In our previous studies NPY receptors, including Yl, Y2 
and Y4, were all shown to be capable of increasing G-protein-linked K+ channels 
(GIRK1/CIR) in Xenopus oocytes and of decreasing N-type Ca+2 channels in HEK 
293 cells. We now demonstrated that activation of NPY receptors can produce both 
of these effects in acutely isolated neurons from the rat arcuate (ARC) nucleus of 
the hypothalamus. NPY, PYY, NPY 2-36, NPY 13-36, [Leu31Pro34] NPY, D-Trp32 
NPY and PP all decreased Ca+2 currents in these cells. Different NPY analogs 
varied in the amount of inhibition produced in each neuron. These results indicate 
that regulation of Ca+2 channels in arcuate neurons may occur through activation 
of different types of NPY receptors. NPY, PYY, NPY 2-36, NPY 13-36 and 
[Leu31 Pro34] NPY also increased an inwardly rectifying K+ current in acutely 
isolated ARC neurons, also indicating that activation of several NPY receptors 
could produce these effects. Interestingly, only the stimulation of Yl receptors 
produced activation of K+ currents in recordings from arcuate neurons in 
hypothalamic slices (Rhim, et al., J Neurosci, May, 1997). The ability of NPY 
receptors to both inhibit Ca+2 channels and activate K+ channels in the arcuate 
neurons may underlie the effects of NPY on synaptic transmission in this nucleus. 
(This work was supported by PHS grants DA-02575, DA-02121, MH-40165 and 
NS-33502 to R.J.M. and 5T32GM07151-22 to L.S.)

653.2
CNS EXPRESSION OF A NOVEL RAT GALANIN RECEPTOR: GALR2.
K. Nichol', Z. Fathi2, M. Goldstein2, B. Depczynski1, K. Pine1, T. Iismaa*
and A. Cunningham1.* Neurobiology Program, The Garvan Institute of
Medical Research, St. Vincent’s Hospital, Sydney NSW 2010, Australia, 
2CNS Drug Discovery Group, Bristol-Myers Squibb Pharmaceutical 
Research Institute, Wallingford, CT 06492.

The neuropeptide galanin mediates its diverse spectrum of biological 
activities by interacting with specific G protein-coupled receptors and the 
human and rat GALR1 receptors have been cloned. Through homology 
screening a novel rat galanin receptor subtype, GALR2, has recently been 
identified.

In this study, a 455 bp PCR-generated fragment corresponding to 
transmembrane domain 6 to the C-terminus of the GALR2 receptor was 
used as a template for generation of digoxigenin-labelled riboprobes. In 
situ hybridization of sagittal and coronal sections of adult rat brain showed 
GALR2 mRNA was highly expressed in the hypothalamus (supraoptic, 
retrochiasmatic and lateral mamillary nuclei), in the hippocampus, in some 
Purkinje cells of the cerebellum, in pontine nuclei and specific cranial 
nerve nuclei of the brainstem. Lower levels of expression were observed 
in the paraventricular nucleus of the hypothalamus and the amygdala. 
Examination of the pituitary gland showed high expression of GALR2 
mRNA by a population of anterior pituitary cells and we are currently 
characterizing their hormonal phenotype using double labelling in situ 
hybridisation and immunohistochemistry techniques.

The high levels of GALR2 mRNA expression in the hypothalamic- 
pituitary axis suggests this receptor may mediate galanin’s regulation of 
pituitary hormone secretion as well as possibly being involved in central 
control of food intake.
Supported by the Bristol-Myers Squibb-Garvan Institute Research Collaboration, the 
NH&MRC & the Garnett Passe and Rodney Williams Memorial Foundation.
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653.3
STUDY ON DISTRIBUTION OF NPY IMMUNOREACTIVE NERVES IN 
HUMAN JEJUNUM Jia Yousu,Jia Xueinei5Qi Weiqin5Waiig HuizhitShou 
Tiande*.Department of Histology &Embryology,Anhui Medical 
University,Hefei,P.R.China 230032

Neuropeptide Y (NPY) is widely distributed in the central and peripheral 
neivous system of many different animals including humans. In this study 
immune histochemical tecluuque was applied to observe the distribution of 
neuropeptide Y immunoreactive (NPY-IR) nerves in human jejunum. Five 
specimens of human jejunum were obtained from the surgical patients,were 
processed for paraffin sections( 5 -10 u m thick). The sections were processed 
tor immunohistochemistry using ABC method. Obseivations found that NPY-IR 
nerve fibers and cells show a deep brown color.NPY-IR nerve fibers distributed 
in all layers in the wall of the jejunum.There were extreme abundant NPY-IR 
fibers in the lamina propria,that form a woven network. Positive fibers can also 
be observed on the vascular walls in submucosa NPY-IR neurons seen in die 
myenteric and submucous pleuses,mainly in the submucous plexus.We also 
found NPY-IR neurons in the mucosa that abjacent to Lieberkuhn’s crypts and 
resemble die submucosal plexus neurons. Recent report on die innervation 
suggested that neurons had beed observed in die mucosa of the small 
intestine. We found the NPY-IR neurons in the mucosa of human jejunum.The 
existence of neurons in the mucosa has broad implications in die understanding 
of mucosal neurobiology.NPY is an important modulating peptide, wliich plays 
a complicated role in the central and peripheral nervous 
system. Physiologcally NPY results in smooth muscle contraction,so it has 
relation to smooth muscle and vascular smootii muscle contraction. In 
addition, we diink tiiat NPY-IR neurons in die mucosa of human small intestine 
may contribute to die regulation of glandular secretion of intestinal canal.

653.4
DIFFERENTIAL EFFECTS OF AGING ON THE NEUROKININ-B SYSTEM: 
NEURONS VERSUS ASTROCYTES. D, Mileusnic*. S.A, Lorens and J.lVLLee. The 
Neuroscience Program, Loyola Univ. Chicago Stritch School of Med., Maywood iL 
60153.
The effects of aging on the number and size of neurokinin B (NKB) and neurokinin-3 
receptor (NK-3R) containing neurons were examined in Fisher-344 male rats. 
Antibodies aiiected against rat prepiotachykinin-B (P2; courtesy Dr. J Krause) and 
NK-3R sequences were used. Three age groups of animals were studied: young (5 
months), middle age 115 months) and old (>23 months). P2-and NK-3R-positive 
neurons were counted and cell size measured systematically in brain areas which 
contained the highest concentration of either NKB or NK-3R. There was no effect of 
age on either P2-posit ve or NK-3R-positive neuronal number in any of the specific 
examined areas. However, a significant increase in NK-3R positive neuronal size was 
seen in the magnocellular neurons of the hypothalamic paraventricular nucleus of old 
animals (20% compared to young or middle age groups; p<0.01). In addition, we 
observed that the number of NK-3R positive astrocytes increased with age in four 
areas of the rat brain: sensory-motor cortex, basal ganglia, hippocampus and cerebral 
white matter. Overall, there was a twofold increase in number of NK-3R 
immunoreactive asirocytes when the old group was compa. ed to the young group 
(p<0.01). These data show that the neuronal NKB/NK-3R system is relatively stable 
with age. However, there is an upregulation of astrocytes expressing NK-3R. This 
suggests a possible role of NKB in reactive processes associated with aging and 
neurodegenerative diseases. (Supported in part by a grant from Servier 
Pharmaceuticals).

653.5
PURIFICATION OF NOVEL CALCITONIN-LIKE PEPTIDES FROM RAT 
BRAIN AND PITUITARY. J. M. Hilton, K. I. Mitchelhill, G. Pozvek, M. 
Dowton, M. Quiza, ]S. Y, Chai* and P. M. Sexton. Neurobiology Unit, St. 
Vincent's Institute of Medical Research, 41 Victoria Parade, Fitzroy, Vic. 3065, 
Australia; ‘Howard Florey Inst., Parkville, Vic. 3052, Australia.

Accumulating evidence supports the existence of non-thyroidal calcitonin (CT)-like 
peptides, more similar to fish CTs, which may act as endogenous regulators of CT 
receptors in brain and other tissues. In this study, we have carried out large scale 
extractions from Sprague Dawley rat brain diencephalon and pituitary, and purified 
novel, biologically active, CT-like peptides. Monitoring of the calcitonin-like 
activity from rat brain and pituitary required different detection systems. While the 
brain CT cross-reacted to C-terminally directed salmon CT-specific antisera, the 
pituitary CT did not. However, the pituitary CT was biologically active, exhibiting 
specific interaction with CT receptors to activate adenylate cyclase. Conventional 
chromatographic techniques were employed to purify the CT-like peptides. While 
the brain CT was not purified to homogeneity, size exclusion chromatography 
revealed the presence of multiple molecular weight forms of immunoreactive CT. 
Only the lowest molecular weight form was biologically active. Purification from the 
pituitary resulted in the isolation of a biologically active peptide with a mass of 
3267. This mass differs from the mass of both salmon and rat CT. Initial amino acid 
sequencing of the pituitary CT indicated that it was N-terminally blocked. Following 
aminopeptidase digestion, a unique six amino acid sequence, EKSQSP, was 
identified. Elucidation of the amino acid composition provided supporting evidence 
that the peptide was novel and was consistent with a full length peptide of 32 amino 
acids. These data support the existence of novel, non-thyroidal, CTs which are 
potential regulators of CT receptor-mediated functions.

This work was supported by grants from the National Health and Medical 
Research Council of Australia and Glaxo Wellcome Australia.

653.6
DIFFERENTIAL EXPRESSION OF PROHORMONE 
CONVERTASE GENES IN NEUROENDOCRINE TUMORS. 
Matthew P, Rounseville* and Thomas P. Davis. Department of 
Pharmacology, College of Medicine, The University of Arizona, Tucson, 
AZ 85724.

Neuroendocrine tumors of the lung are characterized by the expression 
of autocrine growth factors which bind to cellular receptors and stimulate 
growth. These factors, which include beta endorphin, neurotensin, and 
bombesin/gastrin-releasing peptide, are initially synthesized as biologically 
inactive prohormones. Prohormones are cleaved to their active form by a 
family of enzymes called the prohormone convertases (PCs). PCI (also 
known as PC3) and PC2 are present exclusively in endocrine and 
neuroendocrine tissues where they process precursor proteins that are in 
transit through regulated secretory pathways. We have used an RNase 
protection assay to examine the expression of PCI mRNA in normal small 
airway epithelial cells, in normal lung fibroblasts, and in a panel of lung 
cancer cell lines. We have found that whereas PCI is not expressed in 
normal lung epithelial cells or in fibroblasts, it is highly expressed in some 
types of small cell (NCI H69, NCI 146) and carcinoid tumors (NCI 727) of 
the lung. The differential expression of PCs may account for file increased 
expression of autocrine growth factors in neuroendocrine tumors and may 
provide a novel target for the treatment of these cancers.

Research funded by the Arizona Disease Control Research Commission, 
ID No. 1-046.

653.7
IS PRECURSOR OF PITUITARY ADENYLATE CYCLASE ACTIVATING 
POLYPEPTIDE (PACAP) A SUBSTRATE FOR ENDOPROTEASES PC2, PC3/PC1 
OR PC4? M. Li and A. Arimura*. Dept. of Medicine and U.S.-Japan Biomed. Res. 
Labs, Tulane Univ. Med. Ctr., Belle Chasse, LA 70037.

The proprotein convertases (PC) are processing enzymes which cleave prohormones 
and generate active matured hormones. PC2 and PC3/PC1 are expressed specifically in 
neuroendocrine cells. PC3/PC1 mRNA is expressed in PVN and SON magnocellular 
neurons, while PC2 mRNA is found in both magnocellular and parvocellular PVN as 
well as magnocellular SON neurons. PC4 is expressed only in the testicular germ cells. 
Pituitary adenylate cyclase activating polypeptide (PACAP), a new member of the 
secretin/VIP family, is distributed not only in the hypothalamus, but in 
extrahypothalamic areas of the brain and peripheral tissues, and is particularly abundant 
in the testis. Immunohistochemistry has shown that PACAP neurons in the 
hypothalamus are abundant in both the magnocellular and parvocellular PVN and the 
magnocellular SON, with distributions similar to that of PC2. PACAP in the testis is 
expressed in haploid spermatids in cap and acrosomal phases, but not in the mature 
spermatozoa. PC4 is also expressed only in spermatids, but neither PC3/PC1 or PC2 is 
expressed in the testis. This suggests that PACAP precursor in the hypothalamic 
neurons is processed by PC3/PC1 and/or PC2, while testicular PACAP precursor is 
processed by PC4. To examine this hypothesis, GH4Ci cells were stably transfected 
with human PACAP cDNA, and some of these cells were further co-transfected with 
either PC4, PC3/PC1 or PC2 cDNA. The membranes of these cells were subjected to 
Western blotting analysis using antisera which recognize PACAP precursor, PACAP38 
and/or PACAP27. The intact GH4Cj cells did not express any PACAP related peptides, 
but cells transfected with PACAP cDNA showed two immunoreactive bands of 20 kDa 
(corresponding to preproPACAP) and 15 kDa (probably representing partially 
processed product). Extracts of these cells showed no bioactivity as measured by their 
ability to produce cAMP in rat pituitary cell cultures. However, immunoreactivities 
from PC4/PACAP co-transfected cells, when eluted from HPLC, displayed retention 
times corresponding to PACAP38 and PACAP27, respectively, and also showed 
distinct bioactivities. These results show that PACAP precursor is a substrate for PC4.

653.8
CHARACTERIZATION OF NOVEL ARGINYL AND LYSYL 
AMINOPEPTIDASES IN NEUROSECRETORY VESICLES: 
ESSENTIAL ELEMENTS IN THE NEUROPEPTIDE PRECURSOR 
PROCESSING PATHWAY. S. Yasothornsrikul* and V. Hook. Dept. of 
Medicine, Univ. of Calif., San Diego, La Jolla, CA 92037-0822.

Specific cleavages of neuropeptide precursors are essential to 
generate biologically active peptide neurotransmitters. In general, 
these cleavages occur at the paired basic residues, therefore, creating 
peptide intermediates with NH2- and COOH-termini extended with Lys 
or Arg residues. These terminal residues are then removed by 
aminopeptidase and carboxypeptidase activities. Unlike endopeptidases 
responsible for processing at paired basic residues, aminopeptidases 
involved in the processing pathway have not yet been well- 
characterized. Herein we report Arg- and Lys- aminopeptidase 
activities observed in neurosecretory vesicles of bovine adrenal 
meduila with fluorogenic substrates. These aminopeptidase activities 
are stimulated by reducing agents and inhibited by ion chelators and 
aminopeptidase inhibitors. Optimal pHs of the Arg- and Lys- 
aminopeptidases are 6.8 and 7.0, and their Km(app) values are 104 and 
160 pM, respectively. However, some prominent differences between 
these two aminopeptidase activities should be noted. NaCl and Co2+ 
stimulated the Arg-aminopeptidase, whereas they have little influence 
on the Lys-aminopeptidase. On conA-Sepharose, most of Arg- and 
Lys-aminopeptidases were unbound. Further fractionation by DEAE- 
Sepharose yielded two aminopeptidases eluting at 250 and 320 mM 
NaCl. These resulis illustrate relevant arginine and lysine thiol 
metallo-aminopeptidases in secretory vesicles that may be involved i n 
processing neuropeptide precursors. (NINDS and NIDA of NIH).
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653.9
MOLECULAR CLONING OF NOVEL NEUROENDOCRINE ISOFORMS 
OF BOVINE ALPHArANTICHYMOTRYPSIN: POTENTIAL ROLE IN 
NEUROPEPTIDE PRECURSOR PROCESSING. S.R. Hwang, C.A. Sei* 
and V.Y.H. Hook. Dept. of Medicine, University of California, San Diego.

Peptide neurotransmitters are synthesized as large precursors that 
require proteolytic processing to generate active neuropeptides. 
Evidence for incomplete in vivo processing of proenkephalin and other 
neuropeptide precursors implicates involvement of protease inhibitors 
in the processing pathway. The presence of alpha,-antichymotrypsin 
(ACT) in neuronal tissue, including Alzheimer’s brains, suggested ACT 
as a candidate inhibitor of neuropeptide precursor processing. Indeed, 
we find tnat ACT (human) hr. is colocalized in bovine neurosecretory 
vesicles with the novel cysteine protease ‘prohormone thiol protease’ 
(PTP), a major proenkephalin and neuropeptide precursor processing 
enzyme. Furthermore, ACT is a potent inhibitor (nM levels) of PTP. To 
characterize the identity of the bovine ACT-like protein coexpressed 
with PTP, molecular cloning isolated three cDNAs that represent 
neuroendocrine isoforms of ACT. These forms were obtained from 
adrenal medulla (AM), pituitary (pit), and liver (L2) cDNA libraries. 
Importantly, the reactive site loop domains of the AM and pit forms of 
ACT predict arginine as the P, residue, consistent with the cleavage 
specificity of PTP. The Ser-Ser of the predicted PfP,’ of the L2 ACT 
suggest that it may inhibit cysteine proteases, since the human SCCA1 
serpin with the Ser-Ser P,-Pi’ residues inhibits a cysteine protease. 
The AM ACT and L2 ACT cDNAs have been expressed in E. coli and testing 
of potential target proteases will be examined. (NINDS, NIH).

653.10
A TYROSINE RESIDUE ESSENTIAL FOR CATALYTIC ACTIVITY IN 
AMINOPEPTIDASE A. Q, Vazgyx, X, Iturripz, P, Cprvpl, and C, Llprgns- 
Cortes* INSERM U36, College de France, 75005 Paris, France
Aminopeptidase A (EC 3.4.11.7, APA) is a 130 kDa membrane-bound zinc 

enzyme which contains the consensus sequence HEXXH (385-389) 
conserved among the zinc metalloprotease family. In this motif, both 
histidines and the glutamate were shown to be involved respectively in zinc 
coordination and catalytic activity. Treatment of APA with N-acetylimidazole 
results in a loss of enzymatic activity, which is prevented by the competitive 
aminopeptidase inhibitor amastatin, suggesting the presence of an important 
tyrosyl, lysyl or cysteyl residue at the active site of APA. A tyrosyl residue 
was previously proposed to be involved in aminopeptidase N enzymatic 
activity. Furthermore, sequence alignment of mouse APA with other 
monozinc aminopeptidases indicates the presence of a conserved tyrosine 
(Tyr-471 in APA). The functional role of Tyr-471 in APA was investigated 
by substituting this residue for a phenylalanine (Phe-471) or a histidine (His- 
471) residue by site-directed mutagenesis. Kinetic studies showed that the 
Km values of both mutants were similar to that of the wild type enzyme, 
whereas kcat values were decreased by three orders of magnitude, and 
corresponded to a variation in free energy of the rate-limiting step by 4.0 and
4.2 kcal/mol for Phe-471 and His-471, respectively. The mutation did not 
modify the inhibitory potency of a thiol-containing inhibitor that strongly 
chelates the active site zinc ion, while that of a putative analogue of the 
transition state presumed to mimic the reaction intermediate was reduced. 
Taken together, these results strongly suggest that the Tyr-471 hydroxyl 
group participates in catalysis by stabilizing the transition state complex 
through electrostatic interaction with the oxyanion.

653.11
THE EFFECTS OF SUBCHRONIC ANTIPSYCHOTIC DRUG ADMINISTRAT; ON 
ON NEUROTENSIN CONCENTRATIONS IN THE RAT BRAIN. B, Kinkead*. M.J 
Owens and C.B, Nemeroff Lab, of Neuropsych:‘pharmacology, Dept. of Psych; try 
and Behavioral Sciences. Emory Univ. Sch. of Med., Atlanta. GA 30122.

Neurotensin (NT), an endogenous neuropeptide, is implicated in both die 
pathophysiology' of schizophrenia and the mechanism of action of antipsychotic 
drugs. Numerous studies have examined the effects of antipsychotic (itig 
administration on the NT system and found that in contrast to typical antipsycl otic 
drugs which increase NT concentrations in the nucleus accumbens and cau -ate 
nucleus, the atypical antipsychotic drug clozapine specifically increases VT 
concentrations only in the nucleus accumbens f the rat. This difference between 
atypical and typical antipsychotic dnigs coaid possibly explain the lack of 
extrapyramidal side effects observed following atypical antipsychotic dnig treatment.

In order to test this hypothesis, the effects of subchronic antipsychotic thug 
administration on NT concentrations were examined. Osmotic minipumps contain ng 
either vehicle, haloperidol (2.0 mg/kg/day), clo;apine (10.0 or 40.0 mg/kg/day-. or 
sertindole (2.0 or 10.0 mg/kg/day) were implanted .n adult male Sprague-Dawley its. 
Rats were killed after 14 days and NT concentrations were determine by 
radioimmunoassay in the prefrontal cortex, nucle. j  ac. uinbens. anterior and poster.or 
caudate, substantia nigra, ventral tegmental a^.. md hippocampus. Subchroaic 
administration of haloperidol and sertindole (10.0 mg/kg/day) significantly mere., ed 
NT concentrations in the nucleus accumbens and caudate nucleus of the at. 
Sertindole (2.0 mg/kg/day) increased NT concent- itions only in the posterior caudate 
nucleus. Rats treated with clozapine (10 mg/kg/day or 40 mg/kg/day) are currently 
being analyzed. These data may provide fiirtlier insight into the role of the NT svs'em 
in both the pathophysiology of schizophrenia and the mechanism of action of
antipsychotic drugs. (Supported by NIH MH-39415)

MEMBRANE STRUCTURE AND CYTOSKELETON II

654.1
TRANSPORT AND TURNOVER OF MICROTUBULES IN FROG 
NEURONS DEPEND ON THE PATTERN OF AXONAL GROWTH. _S, 
Popov* V. Rodionov 1, G.G.Borisy1 and S. Chang. Dept. of Physiology 
and Biophysics, University of Illinois at Chicago, Chicago, IL 60612; 
^Laboratory of Molecular Biology, University of Wisconsin, Madison, WI 
53076.

The transport of axonal microtubules in growing neurites has been a 
controversial issue because of clear but discordant results with fluorescence 
marking techniques. We have attempted to resolve the controversy through 
analysis of the relationship between apparent microtubule translocation and 
cell adhesion. Neuronal cultures were prepared from Xenopus embryos 1 day 
following injection of Cy3-conjugated tubulin into one of the blastomeres 
of 2-cell stage embryos. In agreement with previously published data, 
anterograde translocation of axonal microtubules was observed in neurons 
cultured on laminin-coated surface. However, when neuronal cultures were 
prepared on Con A-treated surface, the axonal microtubules were stationary. 
Moreover, neuronal cultures prepared on laminin- and Con A-coated surfaces 
demonstrated dramatic differences in the pattern of axonal growth, dynamics 
of axonal microtubules and response to brefeldin A treatment. These results 
indicate that no fundamental differences exist in the pattern of microtubule 
transport between frog and mammalian neurons. Our findings suggest that 
under certain conditions movement of axonal microtubules may be directly 
controlled by the mechanical tension produced by growth cone activity. 
Supported by NIH grant NS33570.

654.2
THE AXON AS A METABOLIC COMPARTMENT: 
PROTEIN DEGRADATION, SLOW TRANSPORT, 
AND THE MAXIMUM LENGTH OF AN AXON.
K. E. Miller* and D, C, Samuels. Dept. of Anatomy 
and Cell Biol, and Dept. of Physics, Emory Univ. 
Atlanta, GA 30322.

We present a model that predicts the maximum 
axonal length from the apparent velocity of slow axonal 
transport and cytoskeletal protein half-life. The model 
assumes that in mature axons the apparent velocity of 
slow transport varies with position, but that the density 
of cytoskeletal proteins and protein degradation are 
uniform. The model predicts that the apparent transport 
velocity of cytoskeletal proteins is highest near the cell 
body and decreases linearly along the axon, and that 
when axons branch the apparent velocity of transport 
decreases across the branch point. The predictions of 
this model are shown to be consistent with experiments. 
These results explain the variation in the these 
fundamental metabolic parameters in different axons 
and species. Funded in Part by Grants from the 
American Cancer Society to H. C. Joshi.
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654.3
EXPRESSION AND REGULATION OF NEUROFIBROMIN IN 
EMBRYONIC CORTICAL NEURONS Y. Cheng, D. Mangoura*. 
Pediatrics & Neurobiology, The Univ. of Chicago, Chicago, IL 60637.

Neurofibromin (NF1), the protein product of the NF-1 gene is 
abundantly expressed in the CNS during embryonic development, 
particularly in the cerebral cortex. While mutations in NF-1 are a common 
cause of learning disabilities, the physiological function of the NF1 in the 
cortex remains unknown. We have undertaken studies on the expression, 
subcellular localization, and regulation of NF1 in the developing cortical 
neuron. As a model we have used neuronal cultures derived from 6-day- 
old chick embryo cerebrum (E6CH), which resemble the in vivo transition 
from a neuroblast to a differentiated neuron. We used the WA15 antibody 
against NF1 for Western blot analysis, immunofluorescence staining and 
confocal microscopy. These studies revealed that the protein is highly 
expressed during a period of extensive neuronal surface growth, which is 
characterized by acquisition of the characteristic neuronal morphologies 
(primarily pyramidal in E6CH). NF1 was not detectable in the absence of 
detergents; a 2% Triton released over 80% of the protein into the 
extractable fraction. In addition, confocal microscopy of immunostained 
neurons revealed intense staining in close association with the inner 
plasma membrane and the cortical cytoskeleton, in particular at the soma 
and major processes. Similarly, NF1 expression in a human neuroblasto 
ma cell line IMR32, increased with days in culture, or treatment with 
forskolin. Forskolin induces both morphological and secretory apparatus 
differentiation in IMR32. The physiological agonist and strong secretago- 
gue histamine, also induced significant increases in NF1 abundance. Our 
data suggest that NF1 may have a role in the differentiation of the 
neuronal cortical membrane (supported by NF1 Inc., IL and HD09402).

654.4
STRUCTURE-FUNCTION RELATIONSHIPS OF NEUROFILAMENT 
ASSEMBLY, STABILITY AND TRANSPORT PROBED IN NFH TRANSGENIC 
MICE. J, Ever(l)* and A, C. Peterson(2) LINSERM U298, CHRU, 49033 Angers, 
France. 2: McGill, RVH (H5), 687 Pine Avenue West, H3A 1A1 Montreal, Canada.

To investigate the molecular mechanisms through which neurofilaments interact 
and are transported, we derived transgenic mice bearing mutated neurofilament genes. 
First, mice were derived bearing an NFH-lacZ construct encoding the complete 8- 
galactosidase monomer ligated to an NFH protein partially truncated in its carboxy 
terminus. While this fusion protein was expressed to only low levels in projection 
neurons it nonetheless lead to the formation of massive perikaryal aggregates that 
include all neurofilament, peripherin and internexin proteins (Neuron 1994, 12: 389). 
To test directly if the filament aggregation and/or their failure to be transported into 
the axon is mediated through B-galactosidase or neurofilament interactions, we 
derived further lines of transgenic mice expressing a modified NFH-6-galactosidase 
fusion protein. While otherwise identical, this new construct lacks the amino acid 
sequence of B-galactosidase responsible for B-galactosidase dimerization. Rather than 
leading to perikaryal filament aggregation, this further deleted fusion protein is 
transported within an apparently normal neurofilament axoskeleton. This result 
demonstrates that B-galactosidase interactions mediate the perikaryal aggregation of 
filaments observed in the original mice and that the carboxyl terminal NFH 
sequence, deleted in both fusion proteins, is not essential for filament assembly, 
long term stability or transport. In our current model of aggregate formation, rare 
fusion proteins assemble into neurofilaments through their NFH domain and 
subsequently interact through B-galactosidase containing side arms to generate unique 
inter-filament cross bridges. This likely mechanism would require further that once 
assembled into filaments, neurofilament proteins cannot readily dissociate and 
reassemble to form normal filaments lacking the fusion protein. Despite their long 
term residence in the perikarya, neurofilament proteins remain poorly phosphorylated 
suggesting that the relevant kinase activity is localized to the axonal compartment. 
Supported by AFM (J.E) and MDAC (A.C.P.).

654.5
COMPUTER GENERATION OF SETS OF ANATOMICALLY PLAUSIBLE 
NEURONS FOR MODELING. G, A, Ascoli, I, L. Krichmar, T, L. Olds, L. 
Hunter*, Krasnow Inst, for Advanced Studies, G. Mason Univ. Fairfax V A 
22003 (source of support) and *Nat. Library of Medicine, Bethesda MD 20892.

The cytoarchitecture of neurons plays a prominent role in the integration of 
complex sets of inputs. For instance, the relative location of dendritic spines 
and branches is critical to determine the non-linear interactions necessary for 
learning mechanisms. In contrast, little attention is traditionally given to 
cellular anatomy in brain network models. Such modeling efforts would 
require a library of anatomically plausible neurons and connection schemes, 
and a formalism to represent the relevant information and details in the 
dendrites. Here we introduce a new approach to this issue, L-neurons (LN). 
LN combines a recent mathematical formulation of spine indexing with the 
Lindenmayer formalism used in computer graphics to build models of plants. 
The relative location of dendritic branches is expressed in somatocentric 
coordinates, which allow the definition of weighted distances between 
synapses. LN describes complex neurite arborizations with a small number of 
parameters and is computationally inexpensive, allowing the stochastic 
generation of large sets of neurons in each cytoarchitectural family. The 
variation and distribution of parameters such as number of dendritic 
processes, frequency of bifurcation and extension of branches were derived 
from available neuroanatomical data. Plausible connections can be generated 
for networks of LN by distance geometry calculations, which may include 
other factors influencing synaptic formation. LN-generated pyramidal and 
Purkinje cells were used with the Qualitative Reasoning Neuron model to 
assemble a computationally tractable model of the cerebellum that is 
biologically accurate in anatomy and physiology to the molecular level. The 
3-D models generated by LN also facilitate related scientific visualization.

654.6
PARANODIN A NEURONAL GLYCOPROTEIN ENRICHED IN 
PARANODES AND BINDING PROTEIN 4.1. J.-A, Giraulf, M, 
Menegoz, M. Le Bert, T. Galvez, F. Burgava, F. Arnos. C. Palfrey0,
P, Ezan§, and P, Gaspar5 INSERM U114, College de France, Paris, 
France, “University of Chicago, §INSERM U106 Pitie-Salpetriere.

We have partially purified, cloned and sequenced a major 180 kDa 
neuronal glycoprotein, that we have named paranodin because of its 
enrichment in the paranodal region of Ranvier nodes. Paranodin is 
a transmembrane protein with a large extracellular region containing 
a factor Vlll/discoidin domain, two neurexin domains (laminin G-EGF- 
laminin G), and a unique Pro-Gly-Tyr repeat. The intracellular region 
of paranodin contains a carboxy-terminal proline-rich region, and a 
short sequence homologous to a peptide in glycophorin C, a red 
blood cell protein which is known to bind protein 4.1. Using GST- 
fusion proteins, we found that this region of paranodin was able to 
bind protein 4.1 from erythrocytes or from brain. Paranodin mRNA 
and protein were detected in neurons in post-natal rodent brain. 
During development, paranodin immunoreactivity was first expressed 
diffusely over cell bodies and neurites, and then became highly 
enriched in the paranodal regions, in myelinated axons from central 
and peripheral nervous system. We propose that paranodin is a 
component of the multiproteic complexes of axonal membrane which 
may interact tightly with myelinating glial cells, and with cytoskeletal 
components, as well as with signaling proteins.

654.7
IDENTIFICATION OF THE NOVEL NEURAL-SPECIFIC CALCIUM-BINDING 
PROTEIN CALP. C.l. Seidenbecher1'2*, K. Lanqnase1, L, Sanmarti-Vila1, B.A. 
Sabel2, E.D, Gundelfinger1 and M.R, Kreutz2. institute for Neurobiology, Dept. 
Neurochemistry, P.O. Box 1860, 39110 Magdeburg; 2Otto-v.-Guericke-Univ., 
Inst. Med. Psych., AG Ret. Schadigungsplastizitat, 39120 Magdeburg, 
Germany.

Calcium-binding proteins (CaBPs) are key mediators and/or modulators of 
calcium signaling in neurons. A great variety of intracellular CaBPs harbors so- 
called EF-hand structures capable of binding the calcium ion. Some of these 
CaBPs are thought to be involved in neuronal vulnerability after toxic events and 
trauma. From an approach to identify novel synase-associated proteins 
(Langnase et al., Mol. Brain Res. 42, 118-122, 1996) we cloned a new putative 
CaBP with two EF-hand structures in the C-terminal part displaying strong 
sequence homology with calmodulin but no obvious structural features in the N- 
terminal half. Therefore, the protein was called CALP for calmodulin-like 
protein. On Northern blots a CALP-transcript of 1.8 kb is detectable in brain, but 
not in non-neur‘al tissue nor in C6 glioma cells. The CALP mRNA is enriched in 
the cerebral cortex, retina, hippocampus and cerebellum. Expression appears 
to be restricted to neurons. During ontogenesis transcript levels increase from 
postnatal day 10 to adulthood. A fusion protein generated of the CALP-C 
terminus and GST was constructed to raise polyclonal antibodies. This fusion 
construct is able to bind calcium as deduced from a Ca2+-induced migration shift 
on SDS-PAGE. The antisera recognize a brain-specific protein doublet with 
apparent molecular masses of 33 and 36 kDa. Most of the immunoreactivity is 
detectable in cytoskeletal preparations indicating a possible association with the 
membrane cytoskeleton.
Supported by grants from BMBF Neurotrauma Magdeburg-Berlin, TPA2.

654.8
MOLECULAR CLONING OF A NOVEL NEURON-SPECIFIC HOMOLOGUE OF 
THE ERYTHROCYTE MEMBRANE SKELETAL PROTEIN 4.1.
L.D, Walensky*§, S. Blackshaw§, J.G. Conboyt, N, Mohandast, and S.H. Snyder§.
Department of Neuroscience^, The Johns Hopkins University School of Medicine, 
Baltimore, MD 21205 and Life Sciences Division^, Lawrence Berkeley National 
Laboratory, University of California, Berkeley, CA 94720.

The red blood cell protein 4.1 (4.1-R) plays a critical role in maintaining the 
morphology and mechanical stability of erythrocytes through its interactions with 
membrane and cytoskeletal targets including spectrin, band 3, glycophorin, and actin. 
Mutations in protein 4.1 can cause hereditary elliptocytosis, a condition characterized 
by a loss of the normal discoid morphology of red blood cells resulting in hemolytic 
anemia. We report here the cloning of a neuronal homologue of protein 4.1 (4.1-N) 
that has similar structural organization to 4.1-R with strong conservation in the 30 
kD membrane binding domain and the 24 kD carboxy terminus. The novel 
homologue has a unique amino terminus and replaces the spectrin-actin binding 
domain of 4.1-R with a distinct motif, suggesting that 4.1-N may interact with 
different membrane and cytoskeletal targets in neurons. In situ hybridization studies 
in the newborn and adult mouse using a 4.1-N specific riboprobe reveals exclusive and 
high level expression in neurons throughout the brain and peripheral nervous system. 
In contrast, 4.1-R expression is confined to the granular cell layer of the cerebellum 
and the dentate gyrus of the newborn and adult brain. Specific high level expression 
of 4.1-R is also found in the newborn spleen, liver, bone marrow, and olfactory 
epithelial basal cells. Like 4.1-R, 4.1-N undergoes alternative splicing as evidenced 
by the isolation of several cDNA clones that contain discrete deletions.

In this work, we report the cloning of a novel neuronal homologue of protein 4.1 
that is exclusively expressed in central and peripheral neurons throughout the nervous 
system. The localization and abundant expression of 4.1-N suggests that this protein 
may serve important structural and other neuron-specific functions.

This work is supported by NIH MSTP grant GM 07309 and NIH PHS grant MH-18501.
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654.9
RETROGRADE ACTIN DEPENDENT TRANSPORT OF LISTERIA 
MONOCYTOGENES - A NEW MECHANISM OF BACTERIAL 
NEUROINVASION? Ellen-Ann Antal, Else Marit Lefoerg, Paula Bracht, Vegard 
Bruun Wyller, Kjetil Melbye, Arild Nja* and Jan Maehlen. Departments of 
Pathology and Microbiology, Ulleval Hospital & *Department of Neurophysiology, 
University of Oslo, Oslo, Norway.

In human and veterinary medicine the bacterium Listeria monocytogenes causes 
a foodbome infection that is often complicated with brainstem encephalitis. 
Findings at autopsy have suggested that the bacillus may spread from the oral 
cavity to the brainstem inside axons of cranial nerves (Otter & Blakemore, Acta 
Microbiol. Hung 36:125,1989). In non-neuronal cells, it is known that the 
bacterium is able to move in the cytoplasm at speeds up to 1 um/s by 
polymerization of actin molecules to comet-like "tails" (see NEJM 334: 770,1996).

We here ask whether Listeria is transported in axons and whether the transport 
mechanism is actin based. In young adult female ICR-mice symptoms of ipsilateral 
brainstem infection was observed 5-7 days after exposing the proximal end of the 
cut facial nerve to Listeria. Brainstem encephalitis was prevented by section of the 
nerve proximal to the application site. Thus invasion of the central nervous system 
by Listeria monocytogenes depends on intact axon sylinders. Light- and 
electronmicroscopical examination of ipsilateral nerve trunks showed bacteria 
within axon sylinders. Structures resembling actin tails were associated with the 
intra-axonal bacteria. Our observations indicate that Listeria monocytogenes 
reaches the brain by an intra-axonal route. Experiments in progress test the 
hypothesis that the transport of bacteria is based on polymerization of neuronal 
actin.

(Funded by the Norwegian Research Council)

NEUROPSYCHIATRIC DISORDERS: POSTMORTEM I

655.1
EXPRESSION OF COMPLEXINS I AND II IN HUMAN BRAIN: FURTHER 
EVIDENCE OF SYNAPTIC PATHOLOGY IN SCHIZOPHRENIA. P.J. Harrison* 
and S.L.Eastwood. Univ. Dept. Psychiatry, Wameford Hosp., Oxford 0X3 7JX, UK.

In schizophrenia, studies of presynaptic proteins and their mRNAs indicate a loss 
of synaptic terminals from some hippocampal and cortical neuron populations. 
Complexin (ex) I and II are presynaptic proteins which in the mouse are 
preferentially localised to axosomatic and axodendritic synapses respectively 
(Takahashi et al, FEBS Letters 1995;368:455-460). We have investigated whether a 
similar pattern in seen in normal human brain, and in schizophrenia to see if the 
neuronal and synaptic populations delineated by ex I and ex II are differentially 
affected in the disease.

Northern analysis with 32P-oligonucleotides confirmed single transcripts of 2.5kb 
(ex I) and 5kb (ex II). In situ hybridization with 35S-oligonucleotides showed the 
mRNAs to be abundant in neurons in hippocampus, neocortex and cerebellum. Cx 
II but not cx I mRNA was present in dentate gyrus; the two mRNAs also differed in 
their cortical laminar distribution. Immunocytochemistry with murine monoclonal 
antibodies (mAb) revealed a similar pattern as in the mouse. For example, the soma 
of hippocampal neurons and Purkinje cells was strongly labelled by the cx I mAb, 
whereas the cx II mAb avoided cell bodies and gave a punctate neuropil staining.

Cx expression in 12 subjects with DSM-IIIR schizophrenia is being compared with 
a matched control group. A significant reduction of cx II mRNA has been found in 
the hippocampus and neocortex in the schizophrenics, suggesting an involvement of 
axodendritic synapses; since these synapses are primarily excitatory, the data are in 
keeping with the proposed glutamatergic impairment in schizophrenia. Studies of cx 
II protein, and equivalent analyses of cx I expression, are in progress.

Funding: Wellcome Trust (UK). We thank S. Takahashi, Kochi Medical School, 
Japan, for the antibodies, and H McMahon for the human cx I cDNA sequence.

655.2
MARKED DECREASE OF REELIN (RL) mRNA EXPRESSION IN THE PREFRONTAL 
(PF) CORTEX AND HIPPOCAMPUS OF POSTMORTEM (PM) SCHIZOPHRENIC 
BRAINS*. F, Impagnatiello*. E. Costa and A. Guidotti. Psychiatric. Institute., Dept. 
of Psychiatry, UIC College of Medicine, Chicago IL, 60612.

RL, a 400 kDa protein, is almost exclusively transiently expressed during 
development in the Cajal-Retzius cells in the marginal zone of the telencephalon and 
disappears with the apoptosis of these cells in early post natal life. RL mRNA is also 
transiently expressed in cerebellar granule cells during early post natal development; 
however, we found that the expresssion of RL mRNA and its translation protein are 
not restricted to neurodevelopment because significant amounts of mRNA and protein 
are also found in the adult mammalian (including human) brain. Since RL serves an 
important role in corticogenesis, we examined whether in schizophrenia the reduced 
cortical thickness is associated with a deficit in RL mRNA expression. RL mRNA was 
measured quantitatively by competitive RT-PCR assay using an internal standard that 
utilizes the same primer pair as the canonic sequence but contains a restriction enzyme 
(BanI) cleavage site midway through the target sequence. RL is non-uniformly 
expressed in various structures of the PM adult CNS (cerebellum > PF 
cortex>hippocampus > striatum > spinal cord^bram stem). We determined the RL 
mRNA content in the PF cortex and hippocampus of 8 control and 10 schizophrenic 
PM brains; we found that the RL mRNA content in these brain areas was decreased by 
approximately 40% (p<0.01, ANOVA); covariance analysis revealed that the 
observed changes are independent of age, sex and PM interval. Ongoing in-situ 
hybridization studies with specific oligoprobes seek to identify whether the decrease in 
RL mRNA is due to decreased density in the expression of specific cell types rather 
than a more generalized down regulation of RL expression. Grant MH 56500. ^Tissue 
specimens obtained from the N. N. R. S. B., VAMC, LA, CA 90073, which is 
sponsored by NINDS/NIMH,National Multiple Sclerosis Society, Hereditary Disease 
Foundation, and Veterans Health Services and Research Administration, Dept. of Vet. 
Affairs.

655.3
THE DISTRIBUTION OF GLUTAMATE DECARBOXYLASE65- 
IMMUNOREACTIVE TERMINALS (GAD65-IRT) ON PYRAMIDAL (PN) 
AND NONPYRAMIDAL (NP) NEURONS IN CINGULATE CORTEX OF 
SCHIZOPHRENICS (SZs) AND MANIC DEPRESSIVES (MDs).
F.M. Benes*, M.S. Todtenkopf, P. Loqiotatos, M. Williams, Laboratory 
for Structural Neuroscience, McLean Hospital, Belmont, MA.

Recent postmortem studies have suggested that a defect of 
GABAergic transmission might be present in layer II of the anterior 
cingulate cortex (ACCx-ll) in SZs and MDs. To explore this possibility, 
an immunoperoxidase method for localizing GAD65 was applied to 12 
normal controls (CON) and 12 SZs matched for age and postmortem 
interval (PMI), as well as 5 MDs matched for age alone. SZs showed no 
difference in the density of GAD65-IRt  on either cell type in any of the 
layers examined; however, neuroleptic-free SZs showed a significantly 
higher density of GAD65-IRt  on PNs ( p = 0.042) and NPs (p = 0.035) in 
layer II and, to a lesser extent, layer III, but not V and VI. MDs both with 
and without neuroleptic exposure showed a significant reduction of 
GAD65-IRt  on both cell types, but the changes were only significant for 
NPs in layers II, III and VI (p = 0.006, p = 0.011 and p = 0.02, 
respectively) of the neuroleptic-free patients. No differences in the 
density of GAD65-IRT_was found in the prefrontal cortex of either patient 
group. Overall, the results of this study are in agreement with the 
general view that defective GABAergic modulation may play a role in 
ACCx of SZs and MDs; however, the nature of the changes and their 
sensitivity to antipsychotic medication may be quite different in the two 
disorders. Supported by MH00423, MH42261, MH31154 and MH31862.

655.4
G PROTEIN IN THE POSTMORTEM BRAIN OF SUICIDE VICTIMS. G.N. 
PandeyAY, Dwivedi, R. Kumari, R.R, Conley. R.C. Roberts, and C.A. Tamminga.
Psychiatric Institute, University of Illinois at Chicago, Chicago, IL 60612

Several studies show alterations in neurotransmitter receptors and receptor-
mediated signal transduction systems in the postmortem brain of suicide victims; 
however, sites distal to receptors in the transduction cascade have not been 
extensively studied. We previously reported a decrease in the expression of protein 
kinase C (PKC) in the postmortem brain of teenage suicide victims. These studies 
are now extended by measuring the content of G protein, another component of this 
signaling system. Samples were obtained from the Brain Collection Program of the 
Maryland Psychiatric Research Center. We determined Gs a, Gil/2 a, Go a, and 
Gq/1, a in Brodmann’s areas 8 and 9 of the brain from suicide victims and control 
subjects by immunolabeling using the Western blot technique. When we compared 
the total suicide population with the total control population, we did not find any 
significant differences in any of the G proteins, although there appeared to be a 
trend of a decrease in Gil/2a. When we grouped the suicide victims and control 
subjects into teenage versus adult populations (13 to 19 years, and 20 years and 
above). We observed that Gil/2 a and Go a were significantly decreased in the 
postmortem brain of adult suicide victims compared to adult control subjects. No 
significant differences were observed in any of G proteins studied between teenage 
suicide victims and teenage control subjects. Our results thus show an abnormality 
of two of the G proteins in the postmortem brain of adult suicide victims but not in 
the postmortem brain of the teenage population. The reason for this difference 
between adult and teenage suicide victims is unclear.
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655.5
INCREASE IN SEROTONIN-1A AUTORECEPTORS IN THE MIDBRAIN OF 
SUICIDE VICTIMS WITH MAJOR DEPRESSION - POSTMORTEM EVIDENCE 
FOR DECREASED SEROTONIN ACTIVITY? C.A. Stockmeier*. G.E. Dillev. L.A. 
Shapiro. I,,N..KoUi, P.»A, Thompson aad <J, Raitoska. Department of Psychiatry, 
Case Western Reserve University, Cleveland, OH 44106.

Major depression and suicide may be related to diminished activity of serotonin 
neurons within the midbrain dorsal raphe (DR). To test this hypothesis, midbrains 
were collected at autopsy from 12 psychiatrically-normal control subjects and 12 age- 
matched suicide victims with major depression (DSM-HI-R). There were no current 
comorbid psychiatric diagnoses in the 24 subjects. Three of the depressed subjects had 
a prescription for an antidepressant drug within the last month of life, but these 
medications were not detected in their blood samples. Serotonin-1A receptors were 
autoradiographically measured with [3H]8-OH-DPAT (2 nM) in serial sections of the 
entire midbrain taken at 0.5 mm intervals. Subnuclei in DR were identified using 
TrpOH immunohistochemistry. An unbalanced repeated measures statistical approach 
was used in matched pairs with age and postmortem interval as covariates. When 
considering all anatomically-corresponding rostral to caudal levels, serotonin-1A 
receptors were significantly increased by 20% in the entire DR in suicide victims with 
major depression (p=0.0001). Assessing DR subnuclei, serotonin-1 A receptors were 
significantly increased in suicide victims with major depression in the dorsal 
(p=0.0001) and ventrolateral (p=0.0037) subnuclei, marginally increased in the 
interfasicular and ventral subnuclei, and not significantly increased in the caudal 
subnucleus. In depressed suicide victims, enhanced inhibitory serotonin-lA 
autoreceptors in the DR may have diminished the activity of serotonin neurons. The 
therapeutic effect of some antidepressant treatments may be linked to these receptors 
since repeated administration of SSRI’s or monoamine oxidase inhibitors desensitizes 
serotonin-lA autoreceptors in rat midbrain (Blier & de Montigny, 1994). The authors 
gratefully acknowledge the work of James C. Overholser, Ph.D., and Herbert Y. 
Meltzer, M.D., in retrospectively assigning psychiatric diagnoses. Supported by 
NIMH (MH45488) and The American Foundation for Suicide Prevention.

655.6
ALTERED ADP-RIBOSYLATION OF POSTMORTEM TEMPORAL CORTEX Gas 
IN BIPOLAR DISORDER BRAIN. S. Andreopoulos, K. P. Siu, P. P. Li, and J. J. 
Warsh*. Clarke Institute of Psychiatry, University of Toronto, Toronto, ON, Canada.

Findings of increased levels of the stimulatory guanine nucleotide (G) protein 
a subunit, as, elevated forskolin-stimulated cAMP production, and altered [3H]cAMP 
binding to cytosolic protein kinase A (a downstream target of cAMP action) in autopsied 
cerebral cortical regions from bipolar disorder (BD) brain support the notion that as- 
mediated hyperfunctionality occurs in this disorder. Lack of altered as mRNA levels, and 
negative evidence of linkage between the gene encoding as and BD, suggest 
hyperfunctional as may occur consequent to changes in posttranslational mechanisms 
governing as turnover, such as adenosine-diphosphate (ADP)-ribosylation. To test this 
hypothesis, endogenous and cholera toxin (CTX)-catalyzed ADP-ribosylation products 
of as were measured in postmortem temporal cortex (n=7) of BD, and age and 
postmortem delay-matched controls. Endogenously ADP-ribosylated as.L (long form) was 
nonsignificantly higher in BD compared to control subjects (0.99 ± 0.24, mean ± SD 
Relative Optical Density, vs 0.78 ± 0.24; p=0.18) whereas CTX-catalyzed ADP- 
ribosylated as.L was not different. However, as.L immunolabeling correlated inversely (r= 
-0.75, p=0.05) with endogenously ADP-ribosylated as.L in BD cortex. Endogenous ADP- 
ribosylation of as.s (short form) did not differ in temporal cortex of BD compared to 
controls, whereas CTX-catalyzed ADP-ribosylation of as.s showed a trend towards a 
decrement (BD: 0.51 ±0.18 vs control: 0.64 ± 0.18; p=0.07). More importantly, both 
endogenous and CTX-catalyzed ADP-ribosylation of as.L were significantly higher 
relative to a5.s in BD compared with controls (1.03 ± 0.15, [ratio ± SD] vs 0.91 ± 0.17; 
p=0.05 and 2.04 ± 0.58 vs 1.33 ± 0.26, p=0.04, respectively). The ratio of as.L/as.s 
immunolabeling also tended to be higher (BD: 4.42 ± 1.39 vs control: 3.34 ± 1.04; 
p=0.06). These preliminary observations suggest that alterations may occur in the 
disposition of as isoforms and/or the mechanism(s) regulating their ADP-ribosylation in 
BD temporal cortex. Such disturbances may account for the enhanced levels and apparent 
hyperfunctionality of as seen in BD brain. (Supported by the OMHF and MRC Canada.)

655.7
MORPHOMETRY OF DORSAL RAPHE NUCLEUS SEROTONERGIC 
NEURONS IN SUICIDE VICTIMS. M.D. Underwood*, J.J, Mann, A, Khaibulina,
S.P, Ellis, N. Paykina, A. Moran, V.V. Arkhipov, R. Cotton, D.A. Brent and V.
Arango. New York State Psychiatric Inst., Columbia Univ., New York, NY 10032

Serotonergic innervation of the cortex arises predominantly from the dorsal 
raphe nucleus (DRN). Because of the extensive serotonergic receptor alterations 
in suicide, we sought to determine whether the number or morphometry of DRN 
serotonergic neurons differed in suicide victims (n=7) compared to controls (n=6).

Brainstems were collected at autopsy, fixed and cryoprotected. Tissue was 
sectioned in a sliding microtome at 50/zm (-25°C). A series of 1:10 was 
immunoreacted with antisera to phenylalanine hydroxylase (PH8) which, in 
humans, cross-reacts with tryptophan hydroxylase, the rate-limiting enzyme in the 
biosynthesis of serotonin. Using a video-based imaging system attached to a 
microscope, all serotonin neurons every 1000/2m in each brainstem were 
manually identified, counted and analyzed.

Mean cell density was 1,349 ± 68 and 1,780 ± 127 neurons/mm3 for controls 
and suicides, respectively (p<0.05). The volume of the DRN did not differ 
between groups (66 ± 9 mm3 for controls vs. 67 ± 5 mfrf for suicides). Mean 
neuronal area did not differ between groups (501/2m2 for controls vs. 479/^m2 for 
suicides). Neuron sphericity, which takes into account perimeter and area, was
0.60 for controls and 0.56 for suicides (p>0.05). Controls and suicide victims had 
decreased neuronal density with increasing age (p<0.05), but did not differ in the 
rate of decrease (p>0.05).

Results from this study suggest that the serotonergic alterations in suicide 
victims extend to the DRN. The increased density of neurons may be a 
developmental response to impaired serotonergic transmission.

Supported by AA09004, MH40210, MH46745, MH47097, CA54852 and the 
American Foundation for Suicide Prevention.

655.8
5-HT1A BINDING ALTERATIONS ARE MORE PRONOUNCED IN YOUNG 
SUICIDE VICTIMS AND ALCOHOLICS. V. Arango*, M.D. Underwood, S.A. 
Kassir, D.A, Brent, S.P, Ellis, M.J. Bakalian, V.L, Johnson, Y. Wang and J J.
Mann, Dept. of Neuroscience, NYSPI, Columbia University, NY, NY 10032. 

Serotonin alterations are associated with suicidal behavior and alcoholism.
We previously reported increased 5-HT1A binding in the ventrolateral prefrontal 
cortex of suicide victims. Using quantitative autoradiography, we compared 
5-HT1A binding in the prefrontal cortex (PFC) of suicide victims (alcoholic and 
nonalcoholic), alcoholic nonsuicides and normal controls with negative 
toxicological screens for other drugs. A total of 118 subjects were included in 
the study. Coronal sections (20/zm) were incubated with 2nM 3H-8-OH-DPAT 
as described previously (Arango et al., Brain Res., 1995). The nonalcoholic 
suicide group has approximately 20% more binding than controls in 
ventrolateral PFC, whereas the alcoholic groups have 20% less 5-HT1A binding 
than controls in the same region. Binding significantly correlates with age. We 
therefore dichotomized the sample into adult (>25y) and youth (<25y) groups 
and reexamined the comparisons. In the adult group (n=82) suicide victims 
have increased binding in the lateral PFC and decreased binding in the orbital 
cortex. In the young group (n=36) nonalcoholic suicide victims have more 
binding than controls in lateral, medial and orbital PFC. Thus, alterations in 5- 
HT1A binding are much more striking and widespread in young suicide victims 
than in adults. Alternatively, whereas adult alcoholics have less binding than 
controls in lateral and medial PFC, young suicide alcoholics have more binding 
than controls in orbital PFC. Marked changes in the serotonergic system 
during development are increasingly reported, suggesting that serotonergic 
markers do not become “stable” until post-puberty. This neurodevelopmental 
aspect of the serotonergic system may be particularly affected in suicide and 
alcoholism with more pronounced effects in youthful populations.

Supported by PHS grants AA09004, MH40210, MH47097 and MH46745.

FORMATION AND SPECIFICITY OF SYNAPSES III

656.1
TOPOGRAPHICAL ORGANISATION OF THE OLIVOCEREBELLAR 
PROJECTION IN THE HYPOGRANULAR RAT CEREBELLUM M, Zagrebelsky.
P. Strata, and F, Rossi* Dept. of Neuroscience, Univ. of Turin, I-10I25, Turin, Italy

The adult rat olivocerebellar system shows a precise topographical organisation 
which is established during development through two different phases. The first one 
leads to the formation of a redundant broad map, which is then refined through 
secondary remodelling processes. The latter phase is coincident with the regression 
of transient climbing fibre multiple innervation of Purkinje cells and leads to the 
mature one-to-one relationship. This process is known to be dependent on granule 
cell activity. In this study, we have investigated whether the establishment of the 
mature alignment of climbing fibre subsets to Zebrin Il-defined Purkinje cell 
compartments is also dependent on granule cells. To this aim, granule cell 
degeneration was induced by subcutaneous administration of the antimitotic agent 
Methylazoxymethanol (MAM) either in P1-P2 or in P4-P5 neonatal rats. In both 
conditions the treated cerebella developed severe foliation defects and cortical 
layering alterations. Despite these structural abnormalities, all MAM treated 
cerebella showed a normal pattern of zebrin II+//" Purkinje cell compartments. In 
addition, different olivocerebellar axon subsets were properly aligned to the cortical 
modules defined by zebrin II expression. However, within the zebrin Il-defined 
compartments, climbing fibre arbours were not confined to individual Purkinje cell 
dendritic trees, but contacted restricted regions of the proximal dendritic domain of 
several neighbouring Purkinje cells. These results show that also when 
polyinnervation regression is incomplete, the strict correlation between climbing 
fibre subsets and zebrin Il-defined Purkinje cell bands is established as in the normal 
cerebellum. Thus, granule cells are not necessary for the development of the correct 
olivocerebellar projection map, though they are required for the establishment of the 
normal distribution of climbing fibres over Purkinje cell dendrites. Funded by EC 
grant (ERBBIO-CT96-0774).

656.2
INNERVATION SPECIFICITY OF TRANSPLANTED EMBRYONIC 
PURKINJE CELLS BY ADULT CLIMBING FIBRES. F. Rossi, M, Fronte. R, 
Hawkes. P. Strata*. Dept of Neuroscience, Univ of Turin, 1-10125, Turin, Italy.

Functional recovery following adult brain injury requires connection rewiring 
according to the original projectional map. To address this issue we have 
examined the olivocerebellar system, where clusters of inferior olive (IO) 
neurons project to distinct Purkinje cell (PC) compartments defined by anti- 
zebrin immunoreactivity. Following subtotal olivocerebellar lesions in newborn 
or adult rats, reinnervation of deafferented Purkinje cells by surviving climbing 
fibres (CF) respects the boundaries of zebrin Il-defined compartments, 
suggesting that positional cues direct these reparative processes. To assess 
whether specific innervation occurs when adult CFs are confronted with 
embryonic targets, we grafted E14 cerebellar anlagen onto the surface and inside 
the adult rat cerebellum. PCs were labelled with calbindin and zebrin-II 
antibodies. CFs were visualised by BDA axonal tracing. Zebrin 11+/- PCs 
migrating into the recipient molecular layer from extraparenchymal grafts 
showed no clear preference for host PC compartments. In addition, these 
transplanted cells could be innervated by CFs contacting adult PCs of the other 
category. By contrast, olivocerebellar axons, which invaded intraparenchymal 
grafts, terminated in discrete CF clusters aligned to distinct groups of zebrin II + 
or - PCs. These results show that specific innervation can be obtained by axons 
growing into the grafts, but it is not strict for those innervating individual grafted 
cells migrated into the host parenchyma. It is suggested that specific innervation 
is not only due to axon-target interactions, but it is mediated by other cues which 
are available in the grafted tissue, but not in the host molecular layer. Funded by 
EC grant ERBBIO-CT96-0774.
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656.3
POSTNATAL X-IRRADIATION MAINTAINS IMMATURE HYPER-
EXPRESSION OF PROTEIN KINASE C-y AND MULTIPLE INNERVATION OF 
PURKINJE CELLS IN THE ADULT RAT.
Y. Baillv, J. De Barry. C. Ribaut G. Bombarde & A. Feltz*.
Lab. Neurobiologie Cellulaire UPR 9009 CNRS, 67084 Strasbourg France.
The brain-specific y isoform of protein kinase C (PKC-y) is implicated in synaptic 
plasticity during development and adulthood. Its expression by Purkinje cells (PC) 
increases transiently during postnatal synaptogenesis in the rodent cerebellum when 
synaptic elimination of redundant climbing fibers (CF) establishes the PC mono-
innervation in the olivocerebellar circuit. Destroying GC precursors by a single post-
natal X-irradiation (500 rads on day 5) induces the maximal degree of CF redundancy 
(3.5 CF/PC) to persist in the adult by blocking the GC-dependent triggering of CF 
elimination upstream in the signaling cascade. The high PKC-y protein expression of 
the immature PC is maintained in the adult irradiated postnatally as shown by 
immunohistochemistry and immunoblotting. In the adult control rat isoform-specific 
PKC immunohistochemistry shows differential expression of PKC-y by parasagittal 
subsets of PC. These results could explain the different sensitivity of the PC to the 
effect of PKC-y KO on the synapse elimination mechanism. The cerebellum of PKC-y 
KO mice displays normal synaptic contacts between parallel fibers of granule cells 
(GC) and PC, showing that the initial GC-dependent triggering of synapse elimination 
is not impaired and allows most of the redundant CFs to disappear (Kano et al., Cell 
1995). However, the last redundant CFs to be eliminated normally at the end of the 
regressive process persist in the adult KO. The elimination of CF could thus be a two- 
phases process terminating by a PKC-y-dependent phase. Numerous PC achieve the 
CF synapse elimination completely and are monoinnervated in the cerebellum of the 
adult PKC-y-deficient mice indicating that the elimination process is not PKC-y- 
dependent in all PC. The achievement of the GC-dependent phase is probably a 
prerequisite to the intervention of PKC-y downstream in the elimination process since 
both phases are not completed in the GC-deprived models.

656.4
Developmental regulation of connexin expression in motor neurons.
Q, Chang & R. I Balice-Gordon*. Dept. of Neuroscience, Univ. of 
Pennsylvania School of Medicine, Philadelphia, PA 19104

We are interested in understanding the regulation of gap junctional 
coupling among spinal motor neurons. As a first step, the repertoire of 
connexins expressed in the spinal cord and in motor neurons was 
determined. RT-PCR analysis was performed on mRNAs isolated from 
El6, PI and P14 rat spinal cord using primers homologous to unique 
regions within the cDNA of twelve known rodent connexins. Cx26, 
Cx31, Cx31.1, Cx32, Cx37, Cx40, Cx43, and Cx45 were detected. To 
determine which connexins are expressed in motor neurons, E15 rat 
motor neurons were purified and total RNA was isolated. RT-PCR 
analysis showed that Cx37, Cx40 and Cx45 are expressed by motor 
neurons during embryonic development. Immunohistochemical 
staining with antibodies against Cx45 and Islet-1 revealed a striking 
change in the cellular localization of Cx45 in developing motor 
neurons. From El5 until around the time of birth, confocal analysis of 
spinal cord sections showed that Cx45 is localized to the cell membrane 
and at late embryonic stages to the perinuclear region. After birth, 
Cx45 immunoreactivity is absent from the cell membrane and remains 
in the perinuclear region. Some motor neurons lose Cx45 
immunoreactivity after P14, while other subpopulations of motor 
neurons in the ventral horn retain perinuclear immunoreactivity 
throughout adulthood. Cx45 immunoreactivity was also observed in the 
dorsal root entry zone, near the floor plate, and in a subpopulation of 
dorsal root ganglia (DRG) neurons. Taken together, these results 
suggest that Cx45 and other connexins are developmentally regulated 
in their pattern of expression and their cellular localization. We are 
presently evaluating how connexin expression relates to dye- and 
electrical coupling among developing motor neurons.

Supported by NIH(NS34373) and S.C.R.F.

656.5
CO-LOCALIZATON OF CALCINEURIN AND F-ACTIN IN DENDRITIC 
SPINES. S. Halpain*, A. Hipolito, A. Batinica, N. duPont, and L. Saffer. 
Department of Cell Biology, The Scripps Research Institute, La Jolla, CA 92037.

Calcineurin (CN) is a protein phosphatase regulated by calcium/calmodulin and 
highly enriched in neurons. We used immunoblotting and immunocytochemistry to 
examine the expression and subcellular distribution of CN in rat neurons over the 
course of neural development. In agreement with earlier studies, immunoblot 
analyses revealed that CN levels in forebrain were extremely low at the time of 
birth, and increased steadily over the ensuing weeks, reaching maximal expression 
by the fourth postnatal week. In primary cultures of neurons from embryonic rat 
hippocampus, CN immunoreactivity was detectable within hours after plating. CN 
was present in the cell body and minor processes, but highly enriched in growth 
cones of neurons cultured for 1-7 days in vitro (DIV), after which time growth 
cones are reduced in number as synaptogenesis begins. Over the next several days 
in culture, CN immunorectivity increased throughout the neuron and gradually took 
on a punctate appearance. By 20 DIV CN immunoreactivity was enriched in foci 
distributed along dendrites. Double-labeling for CN and the presynaptic marker 
synapsin-1 indicated that the CN puncta were almost always associated with 
synapses; however, some synapsin-positive terminals did not have an associated CN 
“hot spot.” The CN puncta also co-localized very precisely with the puncta 
observed for F-actin, as seen by double-labeling with rhodamine-phalloidin. 
Incubation of cultures with the actin depolymerizing drug cytochalasin D induced a 
loss of the punctate staining for both F-actin and CN. Together these data suggest 
that calcineurin is highly enriched in dendritic spines, perhaps via anchoring to the 
actin cytoskeleton. Spine-associated calcineurin may serve to dephosphorylate 
specific protein targets, such as NMDA receptors or the microtubule-associated 
protein MAP2, in response to local increases in postsynaptic calcium. Supported by 
NIH grant MH50861.

656.6
KINESIN KNOCK-DOWN PREVENTS TRANSPORT OF DENRITIC MESSENGER 
RNAS. WL SeverffR. J. DeLorenzo. and E.R. Jakoi. Department of Neurology. Medical 
College of Virginia, Richmond, VA 23298

Synthesis of select proteins at post-synaptic sites of neurons may represent a molecular 
mechanism for effecting the physiological changes, such as long-term potentiation, 
observed after high levels of synaptic activity. Such ‘on-site’ synthesis requires the 
presence of translational machinery (polyribosomes) and messenger RNAs at the synapse. 
Polyribosomes have been observed at the bases of dendritic spines, and the mRNAs for the 
a subunit of Cam kinase H, MAP2, ligatin, and others show dendritic distributions. 
Targeted mRNAs must contain information within their sequences (c/s-elements) to direct 
their transport, as well as cellular cofactors (trans-elements) to confer stability and provide 
the mechanism of transport. We have investigated the kinesin family of microtubule- 
associated motor proteins as candidates for the transport of dendritically targeted mRNAs. 
Inhibition of specific members of this family with antisense technology has been reported, 
and we have combined this technique with fluorescence in situ hybridisation to visualise 
the effects of removal of kinesins on dendritically localised mRNAs.

Primary cultures of rat hippocampal neurons received an antisense oligonucleotide 
spanning the translation initiation site of the mRNA for a member of the kinesin 
superfamily to knock-down expression of the protein. Other cultures received sense 
oligonucleotide at identical concentrations and time points as positive controls.

Treatment with antisense to the kinesin protein diminished labeling of the mRNAs 
encoding a CaM kinase II and ligatin in dendrites of cultured neurons. In antisense-treated 
neurons, levels of mRNA for a CaM kinase II decreased throughout the somata and 
dendrites, whereas ligatin mRNA levels increased within the somata, but decreased within 
the dendrites. These data implicate the kinesin protein in transporting two dendritically 
localized mRNAs to their subcellular target sites, and show that suppression of this 
process can cause messages either to accumulate in the soma (ligatin) or to suffer 
degradation in the neuroplasm (a CaM kinase II).

Support: AD Williams (ERJ); NIH ROI 25630 & NS 23350 (RJD)

656.7
DISRUPTION OF DENDRITIC mRNA TARGETING BY ANTISENSE TO THE 
TESTIS/BRAIN RNA-BINDING PROTEIN MOTIF. E.R. Jakoi*. R.J. DeLorenzo. WL 
Severt. Department of Neurology. Medical College of Virginia, Richmond, VA 23298.

Dendritic growth and synaptic remodeling require the differential distribution of 
proteins to specific regions within neurons. Localization of protein can be accomplished 
by directed transport or by targeting mRNAs for local synthesis of cognate proteins. The 
findings of ribosomes and select mRNAs within distal dendritic compartments and post-
synaptic areas of CNS neurons provide support for the concept of localized protein 
synthesis underlying membrane specialization at the synapse. To investigate whether local 
translation of targeted mRNAs contributes to neuronal restructuring, we used antisense 
oligonucleotides(ODNs) (luM daily for 3-5 days) to redirect mRNAs in cultured 
hippocampal neurons. Fluorescence in situ hybridization (FISH)/confocal microscopy and 
immunocytochemistry were used to assess the effects of the ODN treatment.

Because 3' untranslated regions (3'UTR) of messages have been implicated in 
targeting mRNAs, we examined whether ODN complementary to a 3 UTR cis element 
could alter the cellular distribution of two targeted mRNAs and their cognate proteins 
(CAMKII and ligatin). Since these mRNAs are associated with microtubules in 
hippocampal neurons and the 3’UTR of the ligatin message contains a sequence with >80% 
homology to a motif known to mediate binding of mRNAs to the microtubule-associated 
testis/brain (T/B) RNA binding protein, we asked whether ODNs complementary to this 
motif could disrupt the intracellular targeting of these mRNAs. Using FISH/confocal 
microscopy, we found that antisense ODNs to the T/B motif markedly reduced levels of 
CAMKII mRNAs within the somato-dendritic compartments; while ligatin mRNAs were 
decreased within dendrites but increased in the somata. Immunocytochemistry of these 
treated neurons corroborated our FISH data. Our results show that mRNA targeting is 
involved in establishing and/or maintaining dendritic levels of CAMKII and ligatin protein. 
The data implicate the T/B RNA binding protein as a trans element important in targeting 
mRNAs to dendritic post-synaptic regions of CNS neurons. Support: AD Williams (ERJ); 
NIH ROI25630 & NS 23350 (RJD)

656.8
IS APPROPRIATE PRESYNAPTIC INPUT NECESSARY FOR THE 
FORMATION OF POSTSYNAPTIC RECEPTOR CLUSTERS?
A. Rao* , E. M. Cha and A.M. Craig. Dept. of Cell and Structural Biology, 
University of Illinois, Urbana, IL 61801.

In hippocampal neurons in culture, AMPA-type glutamate receptors cluster 
appropriately opposite glutamatergic terminals and GABAa  receptors cluster 
opposite GABAergic terminals (Craig et al., 1994, Proc. Natl. Acad. Sci. USA , 
91:12373-7). Synaptic vesicle clusters can be observed earlier than 
postsynaptic receptor clusters, suggesting the hypothesis that appropriate 
input induces clustering. We used hippocampal neurons isolated in micro-
island cultures (as modified from Segal and Furshpan, 1990, J. Neurophys. 
64:1390-9) to test this hypothesis. Axons, dendrites and presynaptic 
terminals developed in isolated neurons, as indicated by tau, MAP2 and 
synaptophysin immunostaining respectively. Isolated pyramidal neurons were 
identified by the absence of glutamic acid decarboxylase (GAD) 
immunolabeling and the presence of AMPA receptor clusters on spines. 
These isolated neurons formed GABAa  receptor clusters in the absence of 
GABAergic input (153/171 isolated cells with GABAa  receptor clusters versus 
69/77 control innervated cells from the same coverslips). However, in isolated 
neurons GABAa  receptor clusters were innappropriately apposed to 
synaptophysin clusters indicating presumptive glutamatergic input. 
Innervated cells had large clusters of the putative receptor clustering molecule 
gephyrin at sites of GABAergic innervation, while isolated cells had no such 
gephyrin clusters, suggesting that gephyrin is not necessary for GABAa  
receptor clustering. Isolated GABAergic neurons (identified by the presence 
of GAD and GABA immunostaining) did not form clusters of AMPA-type 
glutamate receptor (0/27 isolated cells with AMPA receptor clusters versus 
44/75 control innervated cells). These results suggest that in the absence of 
appropriate input GABAa  receptors will cluster opposite glutamatergic 
terminals while AMPA-type glutamate receptors will not form clusters. 
Supported by NIH and the Markey Charitable Trust.
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656.9
NEUREGULIN (ARIA) REGULATES EXPRESSION OF NMDA 
RECEPTORS IN CEREBELLUM. A. Buonanno1* M. Ozaki2, R. Yano2> 
H.S. Lu3 and M. Sasner^. ^Unit on Molec. Neurobiol., NICHD, Bethesda, MD 
20892; 2LCIP, RIKEN,Saitama, Japan 351-01; 3 Amgen, Thousand Oaks, CA 91320.

The expression of NMDA receptor (NR) subunits is differentially regulated 
during cerebellar development. Shortly after neurons migrate into the internal 
granule cell layer, levels of NR2C subunit increase dramatically whereas 
NR2B subunit expression is down-regulated to undetectable levels. The 
potential role of Neuregulin (Nrg; also known as ARIA, GGF, NDF, 
heregulin) in regulating NR expression during granule cell maturation has 
been investigated using RT-PCR to measure NR2B and NR2C levels in 
cultured cerebellar slices. We found that levels of NR2C are greatly increased 
in slices treated with full-length (3-Nrg (5nM). This response to (3-Nrg is 
specific because treatment with full-length a-Nrg (5nM),or (3- and oc-Nrg 
peptides (5nM) extending the functional EGF domain, failed to change NR2C 
levels. In addition, expression of NR2B transcripts in the slices did not 
require Nrg. The effects of Nrg also require activity, since removal of KC1 or 
addition of TTX to the slices prevented increases in NR2C expression. The 
effects of activity are mediated specifically by activation of NRs, since 
removal of glycine from the media or addition of AP-5 prevent the Nrg- 
dependent up-regulation of NR2C levels; blocking AMPA receptors with 
CNQX had no effect. Further support for the idea that Nrg regulates NR2C 
levels comes from our Northern, Western and in situ hybridization analysis 
showing that granule cells express Nrg receptors (erbB2 and erbB4) at the 
time that NR2C expression is initiated. These findings strongly support our 
hypothesis that, similar to its function at the neuromuscular junction, Nrg 
leads to the increased expression of mature forms of ligand-gated receptors in 
cerebellar granule cells during development.

1 Suppoted by the NICHD imtramural program.

656.10
CENTAURIN a, A NOVEL PHOSPHOINOSITIDE TARGET IN 
MAMMALIAN BRAIN. I.J. Blader*. T.R, Jackson*, A, Greenwood and A.B, 
Theibert. Dept. of Neurobiology, University of Alabama at Birmingham, 
Birmingham, AL 35294 and ABabraham Institute of Molecular Signalling, 
Cambridge CB2 3ES.

Inositol lipids function as substrates, second messengers, and cofactors for a 
variety of cellular activities stimulated by growth and trophic factors, hormones, 
and neurotransmitters. We have identified and cloned a brain enriched protein 
which binds the inositol lipid, phosphatidylinositol 3,4,5-trisphosphate 
(PtdInsP3), with high affinity and specificity. This candidate PtdInsP3 receptor, 
named centaurin a, contains a PH domain, a putative zinc binding domain, 
numerous ankyrin repeats, and homologies to the C2B domain of synaptotagmin 
and to an Arf GTPase activating protein. Immunological analysis indicates that 
centaurin a is expressed in both neurons and glia, that it is enriched in growing 
processes in both cell types, and that it associates with synaptic structures in 
primary cultured preparations. Centaurin a immunostaining is also detected in 
the nucleus in primary cultured neurons and glia, the levels of which decrease as 
the cells mature in culture. Immunohistochemical analysis shows centaurin a is 
expressed in the cell bodies and some processes of a wide variety of neurons and 
glia, with specific enrichment in the hippocampus. Biochemical studies are 
underway to determine if centaurin a interacts with the small GTPase Arf and to 
identify other downstream targets of centaurin a. The potential role of centaurin 
a and PtdInsP3 in neuronal and glial development will be addressed.
This work was supported by National Institutes of Mental Health Grant 
R29MH50102 to ABT.

656.11
JUNCTIONAL COMMUNICATION BETWEEN NEURONS AND 
ASTROCYTES IN PRIMARY CNS CULTURES. MM. Froes Ferrao1*. 
A.HP, Correia2, J. Garcia-Abreu1, D.C. Spray3, A.C. Campos de Carvalho1
and V. Moura Neto2. 1 Institute de Biofisica Carlos Chagas Filho, UFRJ, RJ 
21949-900 Brazil; 2 Institute de Ciencias Biomedicas, UFRJ, RJ 21949-900 
Brazil; department of Neuroscience, Albert Einstein College of Medicine, 
New York, 10461 USA.

This work describes the presence of gap junction-mediated communication 
between neurons and astrocytes in primary CNS cultures. Coupling was 
detected by a combination of dye (LY microinjection) and electrophysiological 
(double whole cell voltage clamp) assays in cocultures of embryonic neurons 
and postnatal astrocytes as well as in embryonic and postnatal 
neurons/astrocytes mixed cultures, all derived from rat cerebral hemispheres. 
Strong coupling was present in cocultures at the first 24h intervals, up to 72h 
after plating neurons, followed by a gradual uncoupling until 1 week. 
Decrease of junctional coupling between neurons and astrocytes was correlated 
with neuronal maturation, as revealed by morphological measurements in 
camera lucida drawings. Similarly, such heterocellular coupling was also 
present in embryonic mixed cultures, but barely detectable in postnatal mixed 
preparations. Coupling was reversibly abolished in presence of octanol and 
cellular identity was confirmed in these cultures by antigenicity. These data 
strongly suggest that gap junctions may intimately interconnect glial and 
neuronal networks at early stages of neuronal differentiation.
FINANCIAL SUPPORT; CNPq/CAPES/FAPERJ (Brazil); NIH (USA)
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657.1
TRACKING THE DYNAMICS OF FMRI ACTIVATION IN HUMANS UNDER 
MANIPULATIONS OF DURATION AND INTENSITY OF WORKING 
MEMORY PROCESSES. J.D. Cohen*. L.E, Nystrom. F.W, Sabb. T.S. Braver 
and D.C, Noll. Departments of Psychiatry and Radiology, University of Pittsburgh 
Medical Center, Pittsburgh, PA 15213.

Previous research has begun to exploit the temporal resolution of fMRI to 
functionally dissociate brain regions based on the dynamics of observed activity. 
For example, in a recent study (Cohen, et al., 1997, Nature) we found sustained 
load-sensitive activity in dorsolateral prefrontal cortex during working memory 
(WM) performance. However, a more complex pattern was observed in Broca's area, 
showing transient increases in signal with both increased amplitude and more 
prolonged duration for higher levels of memory load. Without better knowledge of 
the response dynamics of the fMRI signal in these regions, we cannot determine 
whether such activation dynamics reflect an underlying process that a) lasts the same 
amount of time but is more intensely engaged by higher memory loads; or b) is 
equally engaged but lasts longer with higher loads. The current study was performed 
to help characterize the impulse-response function for the fMRI signal in prefrontal 
regions, similar to what has been done in sensory regions (Boynton et al., 1996; 
Vazquez & Noll, 1996). Subjects performed a Sternberg memory task, viewing a 
briefly-flashed memory set of letters and, after a retention interval, making a yes-no 
response to a single-letter memory probe to indicate whether it was in the memory 
set. We manipulated the duration of WM processes by varying the retention interval 
between 2 and 10 seconds; we manipulated the intensity of WM processes by 
varying the memory set-size between 2 and 5 letters. Functional scans covering the 
frontal cortex were obtained every 2 seconds. While the activation of some regions 
within frontal cortex were sensitive to changes in the retention interval or set-size, 
the results suggest that there is a complex, and non-linear, relationship between the 
fMRI signal and manipulations of duration and intensity in working memory. 
(Supported by NIMH grant RO1 MH52864.)

657.2
AGE-RELATED CHANGES IN CEREBRAL ACTIVITY DURING A 
WORKING MEMORY TASK. B. Rypma, J.D.E. Gabrieli, 
V. Prabhakaran, M.W. Prull, J.E. Desmond, G.H. Glover, and
M. Beeman*. Depts. of Psychology and Radiology, Stanford
University, Stanford, CA 94305.

We used fMRI to measure brain activity in younger and older adults 
while they performed a Sternberg-type working memory task. On 
each trial, subjects viewed 6 letters for 1.5 seconds. Letters to be 
remembered were enclosed in parentheses. Following a 5-second 
unfilled retention interval, subjects decided whether a single probe 
letter matched one of those originally enclosed in parentheses. Prior 
to scanning, we determined a "matched load" for older adults, the load 
at which older adults' RT performance most closely matched that of 
the young when the young were tested with a 6-item load. Brain 
images were collected in 8 axial planes parallel to the AC-PC plane. 
Younger adults were tested with 1, 3 and 6-item loads while being 
scanned in a GE 1.5 T magnet using a gradient echo spiral pulse 
sequence, with TR=720, TE=40, and flip angle=65°. Older adults 
were similarly scanned but tested with the 1 and 6-item loads as well as 
their matched load. For the young adults, significant activation was 
observed with increasing memory loads in bilateral frontal and 
parietal regions, as well as left temporal regions. For the older adults, 
signal was diminished overall relative to the young adults. Significant 
activation in the older adults was observed with increasing memory 
loads in left frontal, right parietal and left temporal regions. The 
results suggest age-differential effectiveness in recruiting bilateral 
neural substrates with increasing memory loads.
This research was supported by grants from the NIA.
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657.3
MAINTENANCE AND MANIPULATION OF INFORMATION HELD 
IN WORKING MEMORY: A FMRI STUDY. M D’Esposito*. D Ballard. 
J Tang, J Lease, E Zarahn, G Aguirre. Department of Neurology, University 
of Pennsylvania, Philadelphia, PA 19104

Non-human primate studies have suggested that lateral prefrontal 
cortex (PFC) is organized in a dorsal/ventral fashion subserving spatial 
versus object working memory. Alternatively, based on a literature review of 
functional neuroimaging studies, we have proposed that a dorsal/ventral 
subdivision of human lateral PFC depends not on the material held in 
working memory, but instead upon the type of processing performed upon 
the remembered information. We tested this hypothesis using a trial-based 
functional MRI methodology that can discriminate functional changes 
occurring during temporally separated behavioral sub-components within a 
single trial. Subjects were presented two types of trials in a pseudo- 
randomized order in which they were required to either (1) maintain a 
sequence of seven numbers across a delay period or (2) manipulate this 
sequence during the delay period in order to respond correctly to a probe. 
Multiple runs were performed and combined for analysis, allowing 
observation of significant activity within each individual. A general linear 
model for correlated observations was used to assess the effects of three 
independent variables: stimulus presentation, delay, and response. Activity 
during the delay period was found in both dorsal (middle frontal gyrus) and 
ventral (inferior frontal gyrus) PFC in both types of trials. However, dorsal 
PFC activity was greater in trials during which information held in working 
memory was manipulated. These findings suggest that dorsal PFC may 
exhibit greater recruitment during conditions where additional processing of 
information held in working memory is required. In addition, this trial-based 
fMRI method of analysis can eliminate many of the confounds of the 
“cognitive subtraction” method, and seems to be suitable for testing other 
questions regarding the neural basis of working memory processes.

Supported by NIH grants NS01762 and AG13483.

657.4
COMMON RIGHT PREFRONTAL PROCESSES INVOLVED IN EPISODIC 
RETRIEVAL, WORKING.MEMORY, AND REASONING. J.D.E. Gabrieli*. B. 
Rypma, V, Prabhakaran, A.D, Wagner. J.E, Desmond, and G.H. Glover. Depts. of 
Psychology and Radiology and Neuroscience Program, Stanford University, 
Stanford, CA 94305.

Functional neuroimaging studies have revealed robust activations in several right 
prefrontal cortical regions during intentional retrieval of episodic memories. These 
activations were unexpected due to the limited deficits of episodic memory retrieval 
observed after right prefrontal lesions. The present study tested the hypothesis that 
at least some of the right prefrontal activations that occur during episodic retrieval 
reflect working memory processes that are utilized across a wide range of mnemonic 
and nonmnemonic tasks. In a functional magnetic resonance imaging (fMRI) study, 
young healthy subjects participated in three scans. In the Episodic Memory scan, 
participants made recognition memory judgments on words in one condition, and in 
the other condition made case judgments on words appearing in upper or lower case. 
In the Working Memory scan, participants responded to each word that was identical 
to the word presented two trials earlier (2-back task) in one condition, and in the 
other condition made case judgments. In the Reasoning scan, participants solved 
problems drawn from the Raven’s Progressive Matrices Test in one condition, and 
matched patterns in the other condition as a perceptual-motor control. The two 
conditions alternated in each scan. Imaging was performed with a T2* sensitive 
gradient echo spiral sequence (1.5T, TR = 720 msec, TE = 40 msec, flip angle = 65 
degrees). All three scans yielded robust right prefrontal activations for episodic 
memory retrieval, working memory performance, and reasoning relative to easier 
control conditions. Activations in the Episodic Memory scan occurred in identical 
right prefrontal loci as those obtained in the Working Memory and Reasoning scans. 
These results suggest that at least some right prefrontal activations that occur during 
episodic retrieval do not reflect long-term memory processes per se, but rather high- 
level working memory processes that are engaged by mnemonic and nonmnemonic 
tasks that tax judgment capacities. Supported by grants from the NIA.

657.5
NEURAL ACTIVITY ASSOCIATED WITH MATHEMATICAL 
REASONING USING FMRI. J.A.L. Smith*, V. Prabhakaran, B 
Rypma, J.D.E. Gabrieli, J. E. Desmond and G.H. Glover. Depts. of 
Psychology and Radiology, Program in Neurosciences, Stanford 
University, Stanford, CA 94305. We examined brain activation, as 
measured by functional magnetic resonance imaging, during 
mathematical problem solving in six young, healthy participants. 
Participants solved problems selected from the Necessary Arithmetic 
Operations Test (NAOT) which is known to correlate with fluid 
reasoning tasks. Brain images were collected in 8 axial planes 
parallel to the AC/PC plane. FMRI was obtained with a T2*- 
weighted gradient echo spiral pulse sequence (1.5T, TR=720, 
TE=40ms, flip angle=65 degrees, slice thickness= 6mm, interslice 
spacing= 1.5mm). In three conditions participants solved problems 
requiring (1) one operation (Easy problems), (2) two operations 
(Hard problems) or (3) simple reading and matching of words 
(Match problems) a control for perceptual, motor and text reading 
demands of the NAOT problems. Major bilateral frontal activation 
and minimal posterior activation was observed while subjects solved 
Easy problems relative to Match problems. Minor bilateral frontal, 
temporal and lateralized activation of left parietal regions was 
observed in the Hard problems relative to Easy problems. All of 
these regions were activated more by Hard than by Match problems. 
Many of these activations occurred in regions associated with 
working memory. These results suggest that fluid reasoning is 
mediated by a composite of working memory systems that include 
central executive and domain specific numerical and verbal working 
memory. This research was supported by grants from NIH.

657.6
DIFFERENCES IN TRANSIENT FMRI RESPONSES DURING FACE 
ENCODING AND RECOGNITION IN A WORKING MEMORY TASK. S. M. 
Courtney*, L. G, Ungerleider, J. M, Maisog. J. V. Haxbv. Lab. of Brain and 
Cognition, Nat’l Inst, of Mental Health, NIH, Bethesda MD 20892-1366.

Differences between the neural systems for encoding and recognition within the 
context of working memory (WM) were investigated using functional magnetic 
resonance imaging (TR 3s, TE 40ms, FA 90°). Six healthy volunteers performed an 
alternating series of face WM and sensorimotor control trials. Each WM trial consisted 
of 3 sample face pictures, shown one at a time, followed by a 9 sec delay, which was 
then followed by a single test face. Subjects indicated whether the test face was the 
same as one of the three sample faces. The faces were from a set of 24 familiar 
pictures. Differences between the transient responses to sample stimuli (encoding) and 
those to test stimuli (recognition) were determined using multiple regression time 
series analysis. Ventral occipitotemporal cortex along the fusiform gyrus showed 
greater responses during encoding while areas in prefrontal cortex showed greater 
responses during recognition. In addition, for 4 subjects the prefrontal activation for 
recognition was greater on the right than on the left. Although activation of prefrontal 
cortex was less during encoding, 3 of the 4 subjects that did show prefrontal activation 
had more activation on the left. These transient encoding and retrieval responses were 
in regions of prefrontal cortex that mostly differed from those that showed sustained 
activity during the WM delay. The anterior cingulate showed greater activity during 
recognition than during encoding, which may reflect response selection processes. 
These results indicate a greater role for ventral extrastriate cortex in encoding and and a 
greater role for prefrontal cortex in working memory recognition, consistent with 
single cell recording results from monkeys. In addition, they suggest that the 
hemispheric encoding/retrieval asymmetry model (1) may apply to working as well as 
long-term memory.
(1) Tulving E. et al., (1994) PNAS, 91:2016-20. (Supported by NIMH IRP)

657.7
FRONTAL SPATIAL WORKING MEMORY AREAS ANTERIOR TO THE 
FRONTAL AND SUPPLEMENTARY EYE FIELDS STUDIED WITH fMRI IN 
HUMANS. L. Petit*, S. M. Courtney, J, M, Maisog, L.G, Ungerleider, and J.V. 
Haxbv, Laboratory of Brain and Cognition, NIMH, Bethesda, MD 20892.

The locations of the frontal areas underlying spatial working memory (WM) and 
saccadic eye movements (SAC) were investigated using functional magnetic 
resonance imaging in four healthy humans. The spatial WM task consisted of an 
alternating series of WM and sensorimotor control trials. Each WM trial consisted of 
3 face pictures, shown one at a time, each in a different location on the screen, 
followed by a 9 sec delay, which was then followed by the presentation of a single 
test face in a single location. Subjects indicated whether the test face appeared in one 
of the three locations. The SAC task consisted of alternating horizontal visually 
guided saccades (2 Hz) and control trials, i.e eyes open in total darkness. Brain 
volumes of 21 contiguous axial images, each 5 mm thick, were obtained in 10 series 
of 70 to 88 gradient echo echoplanar images each (TE 40 ms, TR 3 sec, flip angle 
90°) on a GE Signa 1.5 Tesla magnet. Time series data were analyzed using multiple 
regression to determine the relative contributions of activity related to WM and SAC 
performance. During the spatial WM task, sustained memory delay-related activity 
was observed laterally in the posterior part of the superior frontal sulcus, just anterior 
to the frontal eye field (FEF) activation observed during the SAC task. Similarly, 
sustained memory delay-related activity was observed in a medio-dorsal frontal region 
anterior to the supplementary eye field (SEF) activation detected during the SAC task. 
These findings suggest that the topological relationship between the frontal eye field 
and a cortical area for spatial working memory has been preserved between the 
monkey and the human, although the Brodmann areas appear to have changed from 
areas 8 and 9/46 in the monkey to areas 6 and 8, respectively, in the human. They 
also suggest a similar topological relationship for the medio-dorsal frontal cortex.

(Supported by the NIMH IRP)

657.8
fMRI OF SPATIAL AND NONSPATIAL VISUAL WORKING 
MEMORY REVEALS DIFFERENCES IN POSTERIOR, BUT NOT 
PREFRONTAL, CORTEX B.R, Postle*1. C.E, Stern2. B.R, Rosen2, &S. 
Corking ^Dept. of Brain & Cog. Sci. & Clin. Res. Cntr., Mass. Inst, of Tech. 
Cambridge, MA ; 2Mass. Gen. Hosp.-NMR Cntr., Charlestown, MA.

Behavioral evidence indicates that spatial and object visual working memory 
(VWM) are computed by dissociable systems, but neuroimaging studies have 
produced equivocal results. Some groups have reported impressive dissociations 
between anatomical regions supporting spatial and object VWM, whereas others have 
failed to find material-specific differences. Our experiments used several variants of 
the n-back task to test the hypothesis that VWM for spatial stimuli and for object 
stimuli recruits discrete neuronal networks. The imaging methods were: whole brain 
fMRI using BOLD contrast, 1.5 Tesla GE scanner with ANMR EPI upgrade, 
3x3x7mm voxels, and 20 coronal slices. Data were collected during 4-min scans, and 
analyzed using the K-S test.

N-back vs. control task analyses revealed considerable variability in prefrontal 
cortex (PFC; BA 9, 46) activation across subjects, with middle frontal gyrus 
activated in most subjects; within subjects, the same regions of PFC tended to be 
activated in both conditions. These analyses also revealed activation of premotor 
cortex (BA 6, 8), bilaterally, and of left inferior parietal lobule (BA 40) in both 
conditions. Direct spatial vs. object n-back statistical comparisons did not show a 
systematic difference in PFC activation between the two conditions, but did show 
greater activation of superior parietal lobule (BA 7) bilaterally in the spatial 
condition, and of left posterior inferior frontal gyrus (BA 44, 45) and inferior 
temporal and fusiform gyri (21, 37) bilaterally in the object condition. These results 
suggest that the pattern of PFC activation is not a good predictor of VWM test 
condition, and that material-specific VWM computations may be supported by 
posterior cortex. Our fMRI methods may not have been sensitive to subcortical 
regions, such as the basal ganglia, that may contribute differentially to spatial and 
object working memory. Supported by the Charles A. Dana Foundation.
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657.9
PREFRONTAL AREAS SHOW TASK-DEPENDENT DIFFERENTIAL ACTIVA-
TION DURING VISUO-SPATIAL SHORT-TERM MEMORY. M.H.J.Munk*, D.E.J. 
Linden, H.Lanfermann, F.E.Zanella, W.Singer, R.Goebel, Max-Planck-Institut fur 
Himforschung and Johann Wolfgang Goethe-Universitat, 60528 Frankfurt, Germany 
Short-term memory (STM) is classically located in prefrontal cortex (PFC). Recently, 
several groups have shown that memory related activity is distributed over many areas 
of the cortex including parietal and temporal regions. If the hypothesis is correct that 
visual objects are represented by assemblies of cortical neurons, then increasing the 
amount of items to be memorized (load) requires a larger number of active assemblies 
and therefore should reflect in increased metabolic demand, measured by the fMRI 
technique. To investigate task specificity and functional specialization within PFC, we 
asked 14 subjects to memorize 1,2,3 or 4 visual sample stimuli and/or their 4 or 8 
locations in the parafoveal visual field. Subjects had to memorize both identity and 
location in the 'what-and-where' task, only object features in the exclusive 'what'-, and 
only the location in the 'where'-task. FMRI was performed at 1.5T using a gradient 
echo EPI sequence. Averaging the time course of the MR-signal across increasing 
numbers of significantly 'what-and-where'-activated areas, we observed a surprisingly 
reliable increase of load-dependent signal intensity, implying that information is 
processed in a widely distributed architecture. In order to investigate whether 
information about object features and locations is processed in different regions of the 
cortex, we used the exclusive tasks in 7 subjects: as reported by others, ventral and 
parietal regions were activated preferentially (although not exclusively) by 'what' and 
'where' tasks respectively. In PFC, activations were found in Areas 46, 45 and 9 
However, in most subjects we found that more anterior PF areas were activated by the 
'what'-paradigm whereas more posterior regions by the 'where'- task. We believe that 
this is a significant finding because the MR-signal contained much stronger load-de-
pendent modulations in posterior loci during the 'where'-task and none or much less 
during the 'what'-task. If subjects used language as strategy, we also observed load- 
modulated signals in A44. In summary, STM-related activity is not restricted to pre-
frontal areas and shows task-dependent modulations in ventral and parietal cortices. 
Within prefrontal cortex, different areas respond preferentially to positional or object- 
related information, the degree of activation depending on the memory-load. We con-
clude that despite its distributed character, information processing related to short-term 
memory shows task-dependent regional and areal specificity within prefrontal cortex. 
Supported by the Max-Planck-Gesellschaft.

657.10
CAPACITY CONSTRAINTS IN WORKING MEMORY: DISSOCIATING 
CORTICAL ACTIVATION FROM TASK PERFORMANCE JH Callicott*, A 
Bertolino, VS Mattav, AKS Santha, K Finn, RC Coppola, TE Goldberg, JA Frank,
DR Weinberger.Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892.
The neuropsychological literature has suggested that working memory is capacity- 

limited - reflected in decreasing performance as memory load increases (Just and 
Carpenter, Psychol Rev, 1992;99:122-149.). Paradoxically, the functional 
neuroimaging literature has demonstrated that increasing memory load produces 
increasing activation (Braver et al., Neuroimage 1997;5:49-62). We propose that the 
ability to activate (reflected in the magnitude of activation or % signal change) key 
nodes in the putative network underlying working memory is limited. Once this 
capacity is reached, the spatial extent of activation increases as subjects struggle to 
recruit more cognitive resources. Thus, in these key nodes, there should be a point 
at which magnitude and spatial extent of activation become dissociated. We studied 
8 healthy controls with a whole brain echo planar imaging (EPI) protocol (Mattay et 
al., Radiology 1996;(201):399-404) while they performed a novel version of the “n” 
back working memory task at several working memory loads (no back NB, one back 
IB, two back 2B, and three back 3B). Data were assessed for both magnitude of 
signal change in individual voxels (voxel-wise repeated-measures ANOVA, omnibus 
p<.05) and spatial extent of activation (stringently-thresholded, voxel-wise student’s 
t test maps quantified with blindly-drawn regions of interest ROIs). In the left 
prefrontal cortex (Broadman’s areas 10-46), signal magnitude increased from IB to 
2B, but not 2B to 3B (0.32% vs. 0.05%; F(l,7)=30,p<.001). At the same time, the 
extent of activation across a larger ROI (all PFC) tended to increase (0.13 vs. 0.28; 
F(l,7)=2,p=0.2). In addition , an alteration in the relationship between performance 
and extent of activation as load increased (positively correlated from IB to 2B 
(Spearmans R=O.83,p=.Ol) but not correlated from 2B to 3B (Spearmans R=-.O2, 
n.s.)) also suggests capacity limitation. These data demonstrate the particular power 
of fMRI brain mapping in moving beyond simply localizing cognitive functions 
towards defining the mechanics of the neurophysiology underlying observable 
behaviors like working memory capacity.

657.11
CHOLINERGIC ENHANCEMENT IMPROVES PERFORMANCE ON WORKING 
MEMORY BY MODULATING A SET OF INTER-CORRELATED BRAIN 
REGIONS. M.L. Furey*, B. Horwitz, P. Pietrini, G.E. Alexander, M.J. Mentis, U. 
She,tty, U. Freo, S-L Rapoport, M,B. Schapiro. Laboratory of Neurosciences, 
National Institute on Aging (NIA), NIH, Bethesda MD 20892, USA

We reported that physostigmine (physo) reduces task specific regional cerebral blood 
flow (rCBF) in right prefrontal cortex during performance of a working memory for 
faces task. The reduction in rCBF correlates with a reduction in task reaction time 
[(RT); Furey et al., PNAS, in press]. To investigate the relation between the effects of 
physo on task performance and task-specific functional brain response throughout the 
cortex, we correlated physo-induced changes in RT and rCBF. Two positron emission 
tomography scans obtained 80 min apart as a part of a larger study were compared. 
rCBF was measured using H2^O during performance of a delayed (6 sec) working 
memory for faces task in 10 subjects (38 + 20 yrs.; 6F/4M) that received a saline 
infusion throughout the study and in 13 subjects (48 + 20 yrs.; 5F/8M) that received 
a saline infusion for the first scan, and an 80 minute physo infusion prior to the 
second scan. Absolute rCBF values were ratio normalized to global CBF. A 
subtraction image reflecting the change in task-associated rCBF was calculated for each 
group by subtracting the first scan from the second scan. Correlations were obtained 
(1) between each pixel in the subtraction image and the change in RT (RT during 
second scan - RT during first scan), and (2) between each pixel in the subtraction 
image and a pixel reflecting rCBF change in the right frontal cortical region originally 
described. In the physo group improved performance, as indicated by reduced RT, 
correlated (r> +0.8; p<0.02) positively not only with right frontal areas, but also with 
bilateral inferior temporal cortex, anterior cingulate and left hippocampus; and 
correlated negatively with primary visual cortex. Further, the magnitudes of the 
functional change in these regions correlated with each other. The control group had 
no such correlations, indicating that the effects are due to physo. These results suggest 
the existence of a distributed system of intercorrelated regions related to task 
performance that is modified by physo in a unified way (Supported by NIA IRP).

657.12
PET ACTIVATION DURING FACE AND ODOR WORKING MEMORY 
TASKS. L.A. Dade^R.J. Zatorre, M. Jones-Gotman and AC. Evans. Montreal 
Neurological Institute, McGill University, Montreal, Quebec, Canada.

Positron Emission Tomography (PET) was used to investigate brain areas 
associated with working memory (WM) in two sensory modalities, vision (faces) and 
olfaction. Twelve subjects participated in four 15O (H2O) PET scans: two WM 
conditions (faces & odors) and two sensorimotor control tasks (visual = blurry 
images; olfactory = puffs of air). For WM, subjects indicated whether or not a 
current stimulus was the same as one presented two trials previously.

Subtraction of each WM task from its respective control task revealed common 
positive peaks of activation for the two WM modalities: bilateral inferior and medial 
parietal lobule (areas 40 and 7); left frontal polar region (area 10/46); right mid- 
dorsolateral frontal cortex (area 9/46) and premotor cortex (area 6) bilaterally. 
Subtraction of the WM tasks from each other (Face-Odor) revealed positive peaks in 
visual cortical areas, related to visual processing, and negative peaks in orbitofrontal 
and somatosensory areas, related to olfactory processing. There was no significant 
difference between the two modalities in activation within the frontal areas except for 
one negative peak, related to the Odor task, in area 46 of the right hemisphere.

This is the first study to compare directly WM in visual and olfactory modalities 
within die same subjects. Our findings show that the same cortical areas are activated 
during both of these WM tasks, supporting the idea that the observed WM areas act 
as a general monitoring system and that the same areas are involved in this function 
regardless of tire sensory modality involved.

This study was supported by: the Medical Research Council of Canada, the 
McDonnell-Pew Cognitive Neuroscience Centre, FCAR, and the donation of 
stimuli from Givaudan-Roure.

657.13
ATTENTIONAL MODULATION OF VISUAL RESPONSES DUE TO 
REHEARSAL IN SPATIAL WORKING MEMORY. E. Awh, J, Jonides.
E.E, Smith,t..S.A_, Hillyard, L. Anllo-Vento, LR-. Frank, T, Love, R.B.
Buxton,, E.C. Wong & D. Swinney* University of California, San Diego, La 
Jolla, CA 92093; University of Michigan, Ann Arbor, MI 48109

A variety of evidence has converged to implicate a frontal-parietal 
network of brain regions that cooperate in the maintenance of information 
in spatial working memory. In addition, both human and nonhuman 
primate studies have revealed clear dissociations of the neural regions that 
mediate memory for spatial and nonspatial information, supporting 
cognitive models that assert independent working memory systems for 
different kinds of information. Less is known, however, about the 
functional subcomponents that comprise this cognitive ability. The present 
work addresses this gap, and offers direct support for a specific model of 
spatial working memory, in which covert shifts of spatial selective attention 
mediate the active rehearsal of location-specific information.

Subjects were engaged in a spatial working memory task, that required 
memory for stimuli presented in either the right or left visual field. During 
the retention interval, a bilateral flickering grid occluded all potential 
memorized positions. We predicted that if spatial attention were oriented to 
the memorized locations, then enhanced visual responses should be 
observed contralateral to the memorized positions. In line with this, cortical 
responses in the visual areas stimulated by the bilateral grid were enhanced 
contralateral to the memorized locations. A control condition with a 
nonspatial memory requirement shows that these contralateral effects cannot 
be explained by the stimulus display itself, but by the requirement to 
actively maintain spatial information. Preliminary electrophysiological 
studies are beginning to reveal the temporal parameters of this attention- 
based rehearsal phenomenon. (Support provided by the Office of Naval 
Research and the National Institute of Aging.)
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658.1
RECONSTRUCTION OF THE INJURED SPINAL CORD/PNS INTERFACE OF 
ADULT RATS WITH COLLAGEN CHANNELS CONNECTED TO NERVE 
ROOTS OR PERIPHERAL NERVE GRAFTS J.C. Horvat* L. Kassar-Duchossoy, 
S, Liu. Y. Duchossov. F. Rhrich-Haddout, C. Derbin and M, Tadie. Lab.
Neurobiologie, URA CNRS 1448, Univ. Ren6 Descartes, 45 rue des Saints-Peres, 
75270 Paris Cedex 06, France; Lab. Neurochirurgie Experimentale, Hopital de 
Bicetre, 78 rue du General Leclerc, 94270 Le Kremlin-Bicetre, France.

Avulsion of nerve roots are often accompanied by an important loss of nerve 
substance. Repair of such damage is a difficult task. Here, collagen tubes (length: 5- 
7 mm; external diameter: 1 mm; internal diameter: 0.8 mm), made from human 
placental type IV collagen (IMEDEX, France), were used to join the injured cervical 
spinal cord of adult rats to either a nerve root or a peripheral nerve graft (PNG), 
while leaving a 3 to 5 mm gap between them. Thus, one end of the tube was 
implanted 0.5-1 mm deep into the cervical enlargement, while the other extremity 
received either a nerve root (C4 or C5) or a PNG which was introduced 1 mm deep.

Three months p.o., the morphological study included routine histology, retrograde 
axonal tracing with HRP and immunocytochemistry for GFAP, neurofilaments and 
peripherin (kindly provided by Dr M.M. Portier). Gross examination of the surgical 
site as well as light microscopy survey of longitudinal sections, stained with cresyl 
violet, indicated that the gap was filled with newly formed "peripheral" tissue which 
constituted a permissive support for axonal regrowth from the spinal cord towards 
the connected nerve root or PNG as: 1) spinal neurons close to the intraspinal end of 
the collagen channel could be labelled after application of the tracer to the nerve root 
or to the PNG; 2) numerous fibers inside the tube were immunopositive for 
neurofilaments or peripherin. In addition, the astroglial reaction at the lesion site, as 
revealed by GFAP immunostaining, appeared to be quite moderate.

The present results have important implications both in fundamental and clinical 
prospects (Supported by IRME and DRET 95-095).

658.2
Cellular Delivery of NT-3 Promotes Corticospinal Axon 
Growth and Functional Recovery After Spinal Cord Injury
MHTuszvnski1’2’*. R Grill1’2, F Gage3. K Murai1, ABlesch1 
^Dept Neurosci., Univ Calif-San Diego, La Jolla, CA; 2VA Med Ctr, San Diego, 
CA.; 3Salk Institute, La Jolla, CA.

Previously we reported that grafts of cells genetically modified to 
express NT-3 promoted growth of corticospinal (CS) axons following 
spinal cord injury. The present study examined functional effects of NT- 
3 grafts. Adult Fischer 344 rats received midthoracic spinal cord dorsal 
hemisection lesions, causing long-term disruption on a conditioned 
locomotion task requiring sensorimotor integration (the grid task; 
Kunkel-Bagden et al. 1993). 21 animals received grafts to the lesion site 
of fibroblasts transduced to express human NT-3, 8 animals received 
grafts of human NGF-secreting fibroblasts as a neurotrophin-secreting 
"control" group, and 22 animals received grafts of unmodified 
fibroblasts. 1 and 3 mo later, NT-3-grafted subjects showed significant 
functional recovery (p=0.01). Intact animals made a mean of 0.27+0.2 
footfalls per trial. 1 mo post-lesion, NT-3-grafted subjects made a mean 
of 1.1+0.1 errors per trial whereas control-grafted animals made 
5.1+0.9 errors and NGF-grafted animals made 5.3+2.2 errors. 3 mo 
post-lesion, NT-3-grafted subjects made a mean of 2.7+0.6 errors per 
trial whereas control-grafted animals made 6.4+0.9 errors and NGF- 
grafted animals made 5.4+1.2 errors. NT-3-grafted subjects showed 
significant augmentation of CS axon growth, unlike other lesioned 
groups; this growth did not extend to lumbar motor neuron pools 
however. These findings indicate that cellular NT-3 delivery to the 
spinal cord promotes CS growth and functional recovery after SCI. 
Supported by the Hollfelder Found., Int. Spinal Res. Trust, and Veterans Affairs.

658.3
DYNAMIC INTERACTIONS BETWEEN IMPLANTED ADULT OLFACTORY 
BULB AND HOST STRIATUM IN PARKINSONIAN RATS. N.H, Liou*, J.C. Liu 
and S.S. Hsu. Departments of Biology and Anatomy, National Defense Medical 
Center, P.O. Box 90048-502; Department of Nursing, Tri-Service General Hospital, 
Taipei, Taiwan, Republic of China.

To explore fundamental issues in adult brain such as survival and plasticity, we 
established and reported a model allografting olfactory bulb into recipient host striatum 
in normal adult rats (Liou et al., 1996). In addition, parallel study such that grafting 
adult olfactory bulb into tyrosine hydroxylase (TH) depleted striatum was also done. 
Rationale for doing this set of experiment is primarily focusing on the survival issue 
after transplantation in terms of pathophysiological brain environment. Secondly, 
questions derived from this project may lead us to solve global events for brain 
biology related to the interactive roles between neurotransmitters and neurotrophic 
factors. For current study, lesioned rats were produced through stereotaxic injection of 
6-hydroxydopamine (6-OHDA) into medial forebrain bundle unilaterally. Complete 
removal of TH immunoreactive signals in the ipsilateral side of striatum were shown 
at the time point one month after 6-OHDA lesion. Afterwards, piece of adult female 
olfactory bulb from sprague-dawley rat was implanted into each 6-OHDA lesioned rat 
striatum at the time point of two months after lesion (Senut et al., 1995). Results to 
date showed that TH immunoreactive nerve fibers arborization were rather easily found 
in the lesioned side through corona plane of striatum than those observed in the 
contralateral intact side of striatum; suggesting direction of these TH nerve process 
exhibiting perpendicularly to the long axis of whole brain. Furthermore, it appeared 
to have different origins of TH nerve process comparing bilateral side of striatum after 
two-month grafting. Fibronectin staining for whole brain sections were found only 
along the track of grafting needle. No tumor transformation phenomenon were seen 
from this allografting model in the pathological brain. Choline-acetyltransferase 
immunostaining for both sides of striatal interneurons also showed no significant 
differences in morphological distribution. Longer time points of evaluation are 
underway to determine patterns of dynamic interactions between TH depleted striatum 
and implanted adult olfactory bulb. (Funded by a grant from NSC, Taiwan)

658.4
IMPLANTS OF POLYMER-ENCAPSULATED GENETICALLY MODIFIED 
CELLS RELEASING GDNF IMPROVE SURVIVAL, GROWTH, AND FUNC-
TION OF FETAL DOPAMINERGIC GRAFTS. J. Sautter1, J.L. Tseng2. D. Bragu- 
glia2, P. Aebischer2, C. Spenger*1, R.W. Seiler1, H.R. Widmer1 and A.D. Zum2. 
'Dept. of Neurosurg., Univ. of Bern, Bern and 2Div. of Surg. Res. and Gene 
Therapy Center, CHUV, Lausanne, Switzerland.

Neural transplantation as an experimental therapy for Parkinson’s disease (PD) 
may be improved if grafting is combined with a treatment of neurotrophic factors. 
Continuous trophic support may be needed and thus requires the long-term delivery 
of neurotrophic factors to the brain. We therefore investigated whether the implanta-
tion of polymer-encapsulated cells genetically engineered to continuously secrete 
glial cell line-derived neurotrophic factor (GDNF) can improve survival and func-
tion of co-grafted fetal nigral tissue in a rat model of PD.

Capsules were implanted into the striatum of unilaterally 6-hydroxydopamine le-
sioned rats one week before grafting of E14 rat ventral mesencephalon grown as 
free-floating roller tube cultures for 4 days. Near complete compensation of amphet-
amine-induced rotation behavior was already achieved within 3 weeks post grafting 
in rats that received GDNF releasing capsules in addition to dopaminergic cell 
grafts. Grafted rats without trophic factor supply showed only little recovery at this 
time point. After 6 weeks, the number of tyrosine hydroxylase immunoreactive (TH- 
ir) cells per graft was increased 2.5 fold in the presence of GDNF. Similarly, TH-ir 
fibers around the graft were increased by 53%. Moreover, these fibers showed a 
preferential growth towards the trophic factor releasing-capsule. GDNF release from 
capsules explanted after 7 weeks was 109±32 ng/d as determined by ELISA.

These results provide evidence that encapsulated genetically engineered cells are 
an effective means of long-term trophic factor supply into the adult rat brain, and 
that the delivery of GDNF can sustain dopaminergic graft function and survival.

Supported by the Swiss National Foundation NF-PNR 38, No. 4038-044047.

658.5
LONG-TERM TRANSPLANTATION OF FETAL NEURONS 
TO ADULT MONKEY HIPPOCAMPUS J.R. Alonso*1. C, 
Crespo1 and D.G. Amaral2. ’Dpto. Biologfa Celular. Univ. Salamanca, 
37007 Salamanca, Spain. 2Dept. of Psychiatry and Center for 
Neuroscience, Univ. of California, Davis, Davis, CA 95616, USA.

Dissociated fetal basal forebrain tissue from 45-day-old Rhesus 
monkey fetuses was stereotaxic ally injected into the hippocampal 
formation of 4 mature monkeys. The host animals simultaneously 
underwent neurosurgical transection of the fomix, the major source of 
cholinergic input to the hippocampus. After nine months, the brains 
were subjected to histological, histochemical and immuno-
histochemical analyses. In all 4 experimental animals, the host 
hippocampal formation demonstrated large and heterogeneous “micro 
forebrains” populated by neurons phenotypical of the basal forebrain. 
Grafted tissue occupied a volume ranging from 16 mm3 to more than 
87 mm3. Despite the occurrence of numerous grafted cholinergic 
neurons, which are never seen in the normal host hippocampus, there 
was only modest reinnervation of the host brain. The transplant did, 
however, form aberrant connections with the host hippocampus and 
produced substantial disruption of its cytoarchitecture. These results 
emphasize the need for adequate model systems, such as the monkey 
hippocampal formation, for evaluating the usefulness of 
transplantation for the treatment of neurodegenerative illnesses and 
stroke.
Supported by NIH grants NS 16980 to DGA and by grants from the NATO and 
DGICyT to JRA. This work was conducted at, and supported by, the California 
Regional Primate Research Center (RR 00169)

658.6
MRI FINDINGS CORRELATE WITH HOST DOPAMINERGIC SPROUTING AND 
MOTOR RECOVERY FOLLOWING INTRA-CAUDATE GRAFTS IN 
HEMIPARKINSONIAN MONKEYS. R.S. Miletich*, K. Bankiewicz, R.J. Plunkett, M. 
Ouarantelli, E.H. Oldfield, G. Di Chiro. NINDS, NIH, Bethesda, MD 20892.
Motor behavior improvement has been seen in hemiparkinsonian rhesus monkeys after the 
grafting of different types of tissue into a surgically-created cavity within the caudate head. 
This clinical improvement has been related to sprouting of host dopaminergic tyrosine 
hydroxylase immunoreactive (TH) fibers. However, different degrees of sprouting and motor 
improvement have resulted from the same surgical procedure. In order to investigate what 
factors may explain this variability, MRIs were analyzed from six groups of rhesus 
monkeys: normal (N=8), stable hemiparkinsonian following intra-carotid MPTP (16), 
cavitation without graft (2), and tissue grafts of adrenal medulla (4), fetal mesencephalon 
(2), and fetal non-dopamine-containing tissue (3). MRIs were performed on average 3-5 
months after surgery. We found that signal intensity on T1-weighted spin echo imaging 
(T1WSE) within the ventral mesencephalon, in the region of the substantia nigra, correlated 
directly with the degree of TH fiber sprouting in the caudate. In contrast, T1WSE signal 
intensity in the graft bed correlated inversely with degree of sprouting. A trend for an 
inverse relationship between the perigraft caudate and TH sprouting was also seen. No 
relationship to sprouting existed for caudate remote from the graft bed or for other cerebral 
structures. Signal intensity on T2-weighted spin echo imaging (T2WSE) in the graft bed was 
quite variable, with both increases and decreases seen in monkeys with low or high degrees 
of sprouting. The size of surgical cavity or graft bed had no relationship to the amount of 
sprouting. Likewise, the presence or absence of blood brain barrier disrupture as revealed by 
gadolinium-DTPA enhanced imaging had no relation to sprouting. The findings on T1WSE 
suggests that increased degrees of graft necrosis resulting from the surgery- and graft- 
induced immune/inflammatory response was related to increased TH sprouting emanating 
frm the ventral mesencephalon. The absence of a T2WSE signal-sprouting relationship 
suggests that variable amounts of blood product deposition occurred in both sprouters and 
non-sprouters, and that hemorrhage per se had no effect on sprouting. It is suggested that 
growth factors liberated as a result of the immune/inflammatory reaction induced or allowed 
host dopaminergic fiber sprouting. Funded by NIH Intramural Program.
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658.7
TRANSPLANTATION OF THE LATERAL ASPECT OF THE LATERAL 
GANGLIONIC EMINENCE FOR HUNTINGTON'S DISEASE. Freeman TB*, 
Randall TS, Othberg AL Jones SL, Willing AE, Scott DL, Hauser. RA,
Saporta S, Sanberg PR. Division of Neurological Surgery, University of 
South Florida, College of Medicine, Tampa, FI. 33612

Embryonic tissue transplantation for Huntington's disease (HD) is being 
performed at some centers even though transplanted tissue may contain 
inadequate levels of striatal specific neuronal phenotypes, i.e. p-zones. 
Animal studies suggest that a p-zone value greater than 30% must be 
attained using ventricular eminence grafts in order to obtain consistent 
behavioral recovery. Grafts of human embryonic tissue have not shown p- 
zone values at this level, possibly due to the extended duration of graft 
maturation. Alternatively, dissection methods delineated in other species 
may be inadequate in human grafts. In an attempt to increase the p-zone 
concentration of embryonic grafts, we eliminated the embryonic nucleus 
basalis by including only the lateral aspect of the lateral ganglionic 
eminence (LLGE) in the dissection. Immunohistochemical staining of lateral 
ganglionic eminence (LGE) grafts for NGFRp75 (a marker for nucleus 
basalis) showed high levels of immunoreactivity in the graft. Isolation of 
the LLGE resulted in decreased NGFRp75 immunoreactivity. Further 
analysis of this dissection technique with DARPP-32 showed p-zone values 
usually above 30% of the graft volume and in some cases reaching 50% 
of the graft volume. While no AChE staining was found in this graft group 
(possibly due to the short time of graft maturation), previous studies in 
other species have shown high correlation between DARPP-32 and AChE 
staining. These results suggest that LLGE grafts may be relevant for 
clinical transplants in HD. On this basis, a clinical trial has begun at our 
institution. This stuuy supported in part by NIH Grant RO1 NS32842-01.

658.8
EMBRYONIC DOPAMINE CELLS CULTURED AS STRANDS SHOW LONG 
TERM SURVIVAL WITHOUT IMMUNOSUPPRESSION IN A PATIENT WITH 
ADVANCED PARKINSONS DISEASE. C.R. Freed*1, J.Q. Trojanowski2, J.E. 
Galvin2, J.M.Rosenstein3, R.E.Breeze1, P.E. Greene5, W. DuMouchel5, D. 
Eidelberg4, D. Rubinstein1, K.P. Bell1, and S. Fahn5 1.U. Colorado Sch. of 
Med., Denver CO 80262, 2.U. Pennsylvania, Philadelphia, PA, 3.George 
Wash. U. Med. Ctr, Wash. DC, 4.North Shore U. Med. Ctr., Stonybrook, NY, 5. 
Columbia Pres. Med. Ctr., NY, NY 10012.

Transplants of embryonic dopamine cells show promise for the treatment 
of severe Parkinsons disease. Surviving dopamine cells from only two 
patients have been reported, both from the same center using short term 
cyclosporine immunsuppression. For the past 8 years, we have transplanted
6-8 week postconception human mesencephalon as extruded strands 
sustained in tissue culture (F12+5% human placental serum) for one to five 
weeks prior to implant. A 66 year old woman received implants of tissue 
from four embryos along four needle tracts in the putamen bilaterally via a 
forehead approach. She was not immunosuppressed. Seven months after 
surgery, the patient was killed in a traffic accident. Her brain was recovered 
within 24 hr of death. Histologic results showed lewy bodies in substantia 
nigra. The transplant tracts showed large numbers of tyrosine hydroxylase 
positive cells. Long processes extended from the transplant tract into 
surrounding putamen. Cell counts on one side of brain showed 26,000 cells 
from one embryo in one tract and 28,000 from a second embryo in the 
second tract, yielding an estimated total of more than 100,000 dopamine 
cells for both putamena. There was minimal inflammatory response by CDS, 
CD4, and CD8 immunostaining. EM revealed high density tyrosine 
hydroxylase hydroxylase positive synaptic connections in putamen adjacent 
to the transplant with a falloff several mm from the transplant site. 
conclude that human embryonic dopamine ceils which have been cultured 
as strands survive transplant without immunosuppression, grow processes into 
putamen, and make synaptic connections. Supported by RO1 NS32368.

658.9
QUANTITATIVE lH MRS OF NEUROTRANSPLANT 4TION IN 
PATIENTS WITH PARKINSON’S AND HUNTINGTON’S DISEASE. 
T, Eoangt. p, Dubowitzt. S, Blumlt. O, Kopyov*^, D.B. Jacques^, & B.D. Ro?$t. 
tlluntington Medical Research Institutes, Pasadena, CA 91105; -^Schulte Research 
Institute, Santa Barbara, CA; ^Good Samaritan Hospital, Los Angeles, CA.

Intrastriatal fetal tissue transplant (IFT Tx) is the definitive treatment for loss of 
neuron mass in patients with Parkinson’s and Huntington’s disease (PD & HD). 
Quantitative proton magnetic resonance spectroscopy QH MRS) was performed in PD 
and HD patients, and in 14 controls to define neuronal integrity of the fetal grafts, and 
the affected basal ganglia (BG). Metabolite Ti and ?2 were determined :n the BG. Fetal 
tissue was injected stereotactically, and MRS repeated after 15 & 16 w eeks. In untreated 
HD, the neuronal marker N-acetylaspartate (NAA) and creatine (Cr) concentrations 
decreased while choline (Cho) and myo-inositol (ml) increased. No lactate was observed. 

JH MRS of one patient with HD is
shown (Fig). MRI readily distinguished the 
transplanted tissue. NAA appeared 
significantly increased, Cho was slightly 
decreased, and the previously noted increase 
in ml was more pronounced.

The MR spectrum of the BG containing 
the Tx may reflect several distinct 
possibilities: (A) Death of Tx cells; (B) 
scarring and inflammation; (C) reinner-
vation; (D) survival & proliferation of IFT 
Tx. A + B reduce NAA, C + D increase 
NAA, while B + D increase ml and Cho.

Only D accounts for the observed increase in NAA and ml of the Tx, which therefore 
most resembles the profile of maturing infant brain. ^H MRS allows non-invasive 
monitoring of graft-integrity in vivo.
Acknowledgements: Jameson Foundation and Schulte Research Institute.

Pre (L) Post (R) 
*H MRS of IFT Tx

NEUROENDOCRINE REGULATION: PEPTIDES, STEROIDS AND FEEDING

659.1
INCREASED SPIKE ACTIVITY DOES NOT TRIGGER VASOPRESSIN 
RELEASE WITHIN THE SUPRAOPTIC NUCLEUS. M. Ludwig*, R, 
Landgraf* and G. Leng, Dept. of Physiol., Univ. Med. School, Edinburgh EH8 
9AG, UK., *Max Planck Institute of Psychiatry', 80804 Munich, Germany.

Magnocellular neurones of the supraoptic nucleus (SON) were activated by 
stimulation of their axons at the level of the neural stalk to determine whether 
increased spike activity in these neurones triggers vasopressin release from 
their dendrites within the SON. The pituitary stalk and SON of lactating rats 
were exposed by the transpharyngeal approach under urethane anesthesia and 
an in-house designed U-shaped microdialysis probe was placed onto the 
exposed ventral surface of the brain over the ventral glial lamina of the SON. 
The femoral artery and a single mammary gland were cannulated for blood 
sampling (0.6 ml/sarr.ple) and intra-mammary pressure recording, 
respectively. Intra-mammary pressure was significantly increased throughout 
the stimulation period, demonstrating that the stimulator was correctly placed 
to elicit action potentials in the axons of the magnocellular neurones. 
Activation of magnocellular neurones (at 50Hz for 3 s/10 s over 30 min 
period) resulted in significantly increased plasma vasopressin levels (480%, 
p<0.05, n=9) at the end of the stimulation period. In contrast to osmotic 
stimulation, antidromic activation did not alter the concentration of 
vasopressin recovered in the SON dialysates (5.7+1.0 vs. 5.8+1.4 pg/30 min 
sample, n=ll), suggesting that dendritic vasopressin release within the SON is 
not simply a consequence of action potential conduction. This further 
confirms independent peripheral and central release patterns of vasopressin. 
Supported by German Research Fellowship, DFG (ML) and DAAD/ARC 
(RL).

659.2
RESPONSIVENESS OF TUBEROINFUNDIBULAR DOPAMINERGIC 
NEURONS TO HYPO- AND HYPERPROLACTINEMIA: EFFECTS OF 
AGING P. S. MohanKumar*, Sheba M. J. MohanKumar, S. K. Quadri and J. 
L, Voogt Department of Anatomy and Physiology, Kansas State University, 
Manhattan, KS 66506 and Department of Physiology, University of Kansas 
Medical Center, Kansas City, KS 66160.

Tuberoinfundibular dopaminergic (TIDA) neurons are known to 
inhibit prolactin (PRL) secretion. In young animals, the activity of these 
neurons are affected by increases or decreases in serum PRL levels. However, 
this responsiveness of TIDA neurons is poorly understood in aging animals. 
The purpose of this study was to investigate the effects of short-term hypo- and 
hyperprolactinemia on TIDA activity of aging animals by treating them with 
bromocriptine (BC) and ovine PRL (oPRL) respectively. Middle-aged (10-12 
mo), old (18-20 mo) and very old (22-24 mo) female Sprague-Dawley rats were 
bilaterally ovariectomized. Ten days later, they were given s.c. injections of the 
vehicle, BC (3 mg/Kg BW), oPRL (4 mg/Kg BW) or a combination of BC and 
oPRL. Tyrosine hydroxylase (TH) activity was determined by measuring 1-dopa 
accumulation in the stalk median eminence by HPLC-EC. TH activity (1-dopa 
pg/pg protein) in the vehicle-treated middle-aged, old and very old rats was 
25.8±3.1, 36.1±4.5 and 27.6±8.4 respectively but decreased significantly 
(12.6± 1.6,22.2±3.7 and 9.6±3.3 respectively, p<0.01) after treatment with BC. 
In contrast, treatment with oPRL increased TH activity significantly only in 
middle-aged (43.6±4.6) and old rats (61.7±6) and did not affect TH activity in 
very old rats (30.3±7.6). A similar pattern was observed when rats were 
treated with a combination of BC and oPRL. These results indicate that the 
responsiveness of TIDA neurons to hyperprolactinemia is lost in veiy old 
animals. Supported by NIH grant AG 11561.
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659.3
TRANSTHYRETIN IS REDUCED IN CSF OF DEPRESSED PATIENTS J.M, 
Gorman*, G. Sullivan, J. Hatterer, X. Chen and J, Herbert. Dept. of Clinical 
Psychobiology, N.Y.S. Psychiatric Institute, N.Y., N.Y. 10032

Abnormalities in thyroid hormone function have been implicated in depression, 
including the finding that thyroid hormone supplementation hastens the response 
to antidepressants. However, most depressed patients have normal thyroid 
function tests. Therefore, abnormalities in thyroid function may be restricted in 
depression to the central nervous system (CNS). Transthyretin (TTR), the 
thyroid-binding protein in CSF and plasma, is synthesized by the choroid plexus 
and accounts for 25% of ventricular protein. It is involved in the transport of 
thyroxine (T4) from plasma to the CNS. Mutations in the TTR gene, located on 
chromosome 18, are responsible for familial amyloidotic polyneuropathy. TTR 
may also play a role in Alzheimer's disease by sequestering amyloid protein in the 
CSF. In a pilot study, we reported in 1993 that the concentration of transthyretin 
was reduced in the CSF of a small group of depressed patients compared to 
patients with non-psychiatric neurologic disease. In the present study, we 
obtained CSF from 24 patients with DSM-III-R defined depression and 24 
matched normal controls. The patient group had significantly lower TTR (mean 
+/-S.D. 4.21+/-1.51 mg/liter vs. 7.28 +/-4.69 mg/liter; p<0.026 by Kruskal-Wallis 
test). In two studies, therefore, we have found that TTR is reduced in the CSF of 
depressed patients. This may impair the transport of thyroxine into the CNS, 
causing a restricted central hypothyroidism. We speculate that reduced TTR 
production in depression is caused by changes in the innervation of the choroid 
plexus.
Supported by NIMH grant P50-MH-30906.

659.4
INTRACEREBRAL INFUSION OF ANTISERA CAN INHIBIT 
PEPTIDE SIGNALING IN PERIPHERAL TISSUES. A.V. Turnbull* 
and C. Rivier. The Clayton Foundation Laboratories for Peptide Biology, 
The Salk Institute, La Jolla CA 92037, USA.

Experimental investigation of the biological roles of neuropeptides 
within the CNS has relied critically on passive immunization procedures. 
The assumption that intracerebroventricular (icv) administration of 
antisera/antibodies confers immunoneutralization specifically to the CNS 
has not, however, been experimentally proven. In the present work we 
determined the titers of corresponding antibodies in systemic blood after 
icv infusion of three different anti-neuropeptide antisera: a sheep anti- 
CRF, a rabbit anti-CRF and a rabbit anti-GnRH. For all antisera tested, 
corresponding antibodies were detected in systemic blood within 30 min 
of infusion of 5 pi antisera into the lateral cerebroventricle. By 8 h blood 
levels of corresponding antibodies were similar whether the antisera had 
been infused into the lateral cerebroventricle or intravenously. Antibody 
profiles in systemic blood were identical after infusion into the lateral or 
third cerebroventricle, while there was less, but still significant amounts of, 
corresponding antibody in systemic blood after infusion of 2 pi antisera 
directly into brain tissue itself (globus pallidus). When the dilutions of 
antibodies found in systemic blood after icv infusion of 5 pi antisera were 
employed in rat anterior pituitary cell culture assays, they proved effective 
at inhibiting CRF- or GnRH-induced hormone secretion. Furthermore in 
rats pre-treated icv with 5 pi anti-CRF, CRF-induced release of ACTH 
from the pituitary was dramatically reduced (>80%), indicating effective 
immunoneutralization of CRF in systemic blood after icv infusion of anti- 
CRF. Our data suggest a reappraisal of previous data using icv passive 
immunization procedures, and indicate that large molecular weight 
proteins are readily transported from the brain to the periphery.
This work was funded by NIH grant NIDDDK-26741.

659.5
PROGESTERONE INDUCES DEPHOSPHORYLATION AND INACTIVATION 
OF TYROSINE HYDROXYLASE IN FETAL HYPOTHALAMIC CELLS. L, A, 
Arbogast* and J, L, Voogt. Dept. of Physiology, Southern Illinois Univ. School of 
Medicine, Carbondale, IL 62901-6512 and Dept. of Molecular and Integrative 
Physiology, Univ. of Kansas Medical Center, Kansas City, KS 66160-7401.

The preovulatory rise in progesterone (P) causes an acute decrease in tyrosine 
hydroxylase (TH) activity in the hypothalamus on the afternoon of proestrus. An in 
vitro model enhances the ability to explore cellular mechanisms involved in P action. 
The aims of this study were: 1) to determine if estradiol (E) is required for the P effect 
on TH activity, 2) to evaluate the role of TH dephosphorylation and 3) to assess P 
receptor involvement. Ventral hypothalamic cells of fetal day 19 rats were dispersed 
and maintained in serum-free defined medium for 14 days. 100 nM P caused in 30% 
decrease in TH activity after l-6h in phenol red-containing medium, but TH activity 
returned to control levels at 12-24h in spite of continual P exposure. In phenol red- 
free medium, 100 nM P alone had no effect after lh, but pretreatment with 100 pM E 
for 10 days reduced TH activity by 26% and P treatment for lh caused an additional 
15% decrease. To evaluate TH dephosphorylation, hypothalamic cells were incubated 
for lh with 100 nM P with or without 100 nM okadaic acid (OA), a phosphoprotein 
phosphatase inhibitor. P caused a 36% decrease in TH activity and OA reversed the 
effect The cells were incubated with [32P] orthophosphate for lh and then with P for 
lh. P decreased [32P] incorporation into TH by 31% and OA prevented the decrease. 
P receptor expression was detected in E-treated cultures by RT-PCR. However, 100 
nM RU 486, a P receptor antagonist, did not alter the 26% P-induced decrease in TH 
activity, but caused a 25% decrease in TH activity alone. Conclusions: 1) Prior E 
exposure is required for P to reduce TH activity. 2) TH dephosphorylation contributes 
to the P-induced decrease in TH activity. 3) The RU486 sensitive nuclear P receptor 
does not appear to mediate the acute inhibitory effect of P on dopaminergic neurons. 
Supported by NIH grants HD35332 (LAA) and HD24190 (JLV).

659.6
REGION-DEPENDENT MODULATION OF PREOPTIC REGULATORY 
FACTOR MESSENGER RNAs BY ESTRADIOL IN FEMALE RAT BRAIN.
F. V, Nowak*. Departments of Medicine and of Pharmacological and Physiological 
Sciences, Saint Louis University School of Medicine, St. Louis MO

The preoptic regulatory factors, porf-1 and porf-2, are unique peptides for which a 
role in gender-related brain development and function has been proposed. Porf-1 and 
porf-2 expression in rat brain are age, region and gender dependent and castration or 
hypophysectomy alters the metabolism of the porf-1 and porf-2 mRNAs in male rat 
brain. The present study was designed to investigate the response of porf-1 and porf-2 
mRNAs to sex steroids in the brain of the ovariectomized (Ox) adult female rat and 
to compare this response to that of gonadotropin releasing hormone (GnRH) and 
Neuropeptide Y (NPY). Porf-1, porf-2 and GnRH mRNAs were also measured in 
intact rats during estrus and proestrus. Messenger RNAs were quantified using the 
nuclease protection assay. Responses were compared in the preoptic anterior 
hypothalamus (POA), medial basal hypothalamus (MBH), hippocampus (HIPP) and 
cerebral cortex (CC). Estradiol (E2) upregulates expression of porf-1 and porf-2 
mRNAs in the Ox rat in the POA and HIPP, but not in the MBH or CC. Treatment 
with estradiol plus progesterone (E2/P4) decreases both porf-1 and porf-2 mRNAs in 
the CC. EyP4 also affects porf-2 mRNA in the POA and HIPP. P4 alone has no effect 
on either porf-1 or porf-2 messenger RNA in any brain region examined. In the 
cycling rat, porf-1 mRNA is upregulated during proestrus in both the MBH and POA 
while porf-2 mRNA levels do not change. Like porf-1 and porf-2, GnRH and NPY 
each has its own unique response pattern of expression. These data support 
independent region-specific roles for porf-1 and porf-2 in gender-related and possibly 
estradiol-mediated brain function in the female rat.

Partially supported by the NIH.

659.7
THE COMPARATIVE DISTRIBUTION OF ESTROGEN RECEPTOR 
(a AND p) mRNA-EXRESSING NEURONS IN THE RAT CENTRAL 
NERVOUS SYSTEM: AN IN SITU HYBRIDIZATION STUDY.
I. Merchenthaler, M.V, Lane and P.J, Shughrue*. Women's Health 
Research Institute, Wyeth-Ayerst Research, Radnor, PA 19087.

Estrogen actions were thought to be mediated by a single estrogen 
receptor (ER-a), until the recent cloning of a novel ER (ER-p) (Kuiper et 
al., PNAS 93:5925-5930, 1996). The present study compares the 
distribution of the classical (ER-a) and the novel (ER-p) forms of ER 
mRNA-expressing neurons in the central nervous system of the rat with in 
situ hybridization histochemistry. Tissues from female rats were frozen 
and cryostat sections collected on slides, hybridized with 35S-labeled 
antisense riboprobes complimentary to each ER mRNA, stringently 
washed and opposed to emulsion. Neurons of the olfactory bulb, cerebral 
cortex, supraoptic, paraventricular and tuberal hypothalamic nuclei, and 
cerebellum (Purkinje cells) contained exclusively ER-p mRNA. In 
contrast, neurons in the ventromedial hypothalamic nucleus contained only 
ER-a mRNA. Perikarya in other regions, including the CA1-CA3- areas 
of the hippocampus, bed nucleus of the stria terminalis, medial and 
cortical amygdaloid nuclei, preoptic area, zona incerta, lateral habenula, 
subfornical organ, nucleus of the solitary tract, ventral tegmental area, 
periaqueductal gray, parabrachial nucleus, locus ceruleus, spinal 
trigeminal nucleus and superficial laminae of the spinal cord contained 
both forms of ER mRNA. The differential distribution of ER a and p 
mRNAs may provide a foundation for determining the cell-specific actions 
of estrogen in the central nervous system.
Supported by Wyeth-Ayerst Research

659.8
CHOLESTEROL ALTERS THE MOLECULAR MEMBRANE INTERACTIONS OF 
STEROIDS. G.A. Golden*, R.T. Rubin. P.E. Mason, and R.P. Mason. Neurosciences 
Research Center, MCP ♦Hahnemann School of Medicine, Allegheny University of the 
Health Sciences, Pittsburgh, PA 15212.

All steroids are derived from cholesterol, a major constituent of the neuronal plasma 
membrane, which is essential for the maintenance of normal bilayer structure and func-
tion. Steroids, which are structurally similar to cholesterol, also may affect membrane 
function, independent of their genomic actions. In this study, small angle x-ray diffrac-
tion was used to directly determine the molecular membrane locations of two represen-
tative steroids, cortisol and estradiol, as a function of membrane cholesterol content. At 
a physiological cholesterohphospholipid mole ratio (C:P) of 0.8:1, cortisol occupied a 
membrane location associated with the headgroup region, 11-30 A from the membrane 
center, and increased the overall membrane width by 2.2 A. In contrast, estradiol inter-
calated into the membrane hydrocarbon core, 0-9 A from the membrane bilayer center, 
and did not change the membrane width. The control membrane width at 0.8:1 C:P, 
including surface hydration, was 59.3 A. Decreasing the membrane C:P from 0.8:1 to
0.2:1 shifted the location of estradiol from the center of the membrane to the headgroup 
region, whereas cortisol was displaced from the headgroup region to the hydrocarbon 
core. The locations of these steroids correlated well with their membrane equilibrium 
binding properties.

These results provide direct structural evidence that cortisol and estradiol alter mem-
brane structure by partitioning to distinct sites in the membrane bilayer. The effects of 
these steroids on membrane structure are highly modulated by cholesterol, an important 
membrane lipid constituent whose concentration changes as a function of age and with 
certain diseases. Steroid-membrane interactions may contribute to the rapid, non- 
genomic effects of steroids on neuronal function.

[Supported by a Dean’s Scholarship, MCP♦ Hahnemann School of Medicine; Allegheny 
University of the Health Sciences grant 96-007-3P, and NIH grant MH28380 (to RTR)].
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659.9
Expression  and  Functional  Characterization  of  
ART, a  Novel  Gene  Related  to  Agouti . K L. Stark, 
W. Karbon*, M.A. Pelleymounter, , M. Graham, A. C.
Kinsey, S. Scully, and J. R. Shutter. Amgen Inc., 
1840 DeHavilland Drive, Thousand Oaks, CA 91320 
We have isolated cDNA clones that encode a novel 
human gene related to agouti. Sequence analysis of 
this gene, named ART for agouti related transcript, 
predicts a 132 amino acid protein which is 25% 
identical to human agouti. ART is primarily 
expressed in the adrenal gland and hypothalamus, 
with lower level expression occuring in testis, lung and 
kidney. Examination by in situ hybridization using 
mouse tissues showed localized expression in the 
arcuate nucleus of the hypothalamus, the median 
eminence and the adrenal medulla. In addition, the 
hypothalamic expression of ART was elevated 
approximately 10-fold in ob / ob and db / db mice. The 
expression pattern and transcriptional regulation of 
ART, coupled with the known actions of agouti, 
suggests a role for ART in the regulation of 
melanocortin receptors within the brain, and 
implicates this novel gene in the central control of 
feeding.

659.10
INCREASED GROWTH FOLLOWING NORMAL DEVELOPMENT IN MIDDLE-AGED 
SOMATOSTATIN-DEFICIENT MICE R.A. Juarez, M. Rubinstein, EC. Chan, MJ. Low.* Vollum 
Institute, Oregon Health Sciences University, Portland Oregon, 97201.

In mammals, the mature forms of somatostatin are derived from the post-translational 
processing of a single gene product. Somatostatin is a neurotransmitter/neuromodulator 
whose best known function is to participate in the cyclic inhibition of growth hormone (GH) 
release. Somatostatin is one of the most widely distributed hypothalamic releasing 
hormones and additional transient, yet intense production of somatostatin is seen during the 
ontogeny of many specific brain areas. In the adult, somatostatin activity is mainly confined to 
the CNS, PNS and Gl tract. Despite intense investigation, the function of somatostatin 
remains elusive. In order to better characterize somatostatin’s physiologic role, we created 
somatostatin deficient-mice using homologous recombination in embryonic stem cells. Viable 
F2 homozygote offspring were produced in the normal Mendelian ratios. The homozygote 
somatostatin-deficient mice grew to adulthood with no obvious physiologic or behavioral 
abnormality. The levels of immunoreactive somatostatin measured by RIA in the brain, 
stomach and small intestine of heterozygote mice were 50% of the wild type levels and 
undetectable in the homozygote mice. Immunohistochemistry of the brain, stomach, small 
intestine and pancreas disclosed normal organ architecture and pancreatic islet hormone 
distribution of insulin, glucagon, and PYY in the complete absence of somatostatin. The birth 
weights and growth curves of the homozygote mice were identical to the wild-type mice for 
the first 3-4 months of age but then their weights slowly increased such that by 8-10 months 
both male and female homozygote mice were 19% heavier than wild-type controls (p< 
0.0005). At the fifth month a Western ligand blot analysis disclosed significantly increased 
Insulin like growth factor binding protein-3 levels in the male homozygote mice indicative of 
increased concentrations of IGF's and GH in these animals. Thus, these data suggest that 
the total absence of somatostatin has little effect on early growth and development but may 
become more important during the aging process.
Supported by the Robert Wood Johnson Foundation MMFDA

659.11
CENTRAL INFUSION OF LEPTIN STIMULATES PULSATILE GROWTH 
HORMONE SECRETION IN NORMAL RATS. G.S, Tannenbaum*1 W, 
Gurd1. M. Lapointe1, and J.M. Friedman2. ’McGill University, Montreal, Quebec 
H3H 1P3; Rockefeller University, New York, NY 10021.

The growth hormone (GH) neuroendocrine axis is exquisitely sensitive to changes 
in nutritional status, but the underlying mechanism(s) remains to be elucidated. 
Leptin, a recently discovered adipose cell hormone is thought to be a sensor of energy 
stores and to regulate body mass, appetite and metabolism. Receptors for leptin are 
abundantly expressed in hypothalamic nuclei known to be involved in GH regulation, 
suggesting that leptin may play a role in the GH response to metabolic perturbations. 
To test this hypothesis, we examined the effects of intracerebroventricular (icv) 
infusion of leptin on pulsatile GH secretion in normal adult male rats. One group 
received an icv infusion of murine leptin by osmotic minipumps, at a dose of 49 
ng/hr, whereas a second group received the phosphate-buffered saline (PBS) vehicle. 
Daily ad libitum food intake and body weight were recorded. After 6 days of 
continuous icv infusion, spontaneous 6-h plasma GH profiles were obtained from both 
groups of rats under free-moving conditions. Mean daily food intake (13.2±1.0 vs 
20.4±1.5 g; P<0.02) and body weight gain (-2.5± 1.1 vs 3.8±2.1 g; P<0.05) 
were significantly reduced in leptin icv-infused rats compared with PBS controls. 
Central infusion of leptin resulted in a marked stimulation of the spontaneous GH 
secretory episodes; GH pulse amplitude, GH trough level, and mean area under the 
GH response curve (529.3±52.9 vs 199.9±51.3 ng/ml*hr; P<0.02) were all 
augmented after leptin treatment compared to those in vehicle-infused controls. These 
results demonstrate that leptin exerts potent stimulatory actions on pulsatile GH 
secretion, concomitant with suppressive effects on food intake and body weight, at 
the level of the CNS. They further suggest that leptin may serve as an important 
metabolic signal to pathways of the GH neuroendocrine axis in normal animals. 
Supported by the Medical Research Council of Canada.

659.12
INTERACTION BETWEEN LEPTIN AND GLUCAGON-LIKE PEPTIDE-1 IN 
THE CONTROL OF FOOD INTAKE AND BODY WEIGHT IN RODENTS. 
AT.Goldstone 1J-G.Mercer,2.a,IGunp ’.JCMJ^ar.2, C.M-g,Edwards;, M Rq §sl 2
J.Howard 1, S.Rasheed1. M.D.Turton 1. C.Small1. D.Morgan 1. M.M.Heath 1.
D.O’Shea 1, J.Steere 1, J.Polak M.A.Ghatei1. N.Hoggard3 and S.R.Bloom ’.
Department of Metabolic Medicine RPMS, Hammersmith Hospital, London Wl 2 ONN, 
UK; Molecular Neuroendocrinology Unit2 and Molecular Physiology Group3, Rowett 
Research Institute, Aberdeen, Scotland AB21 9SB, UK.

The adipose tissue hormone, leptin, and the neuropeptide glucagon-like peptide-1 (7-36) 
amide (GLP-1) both inhibit food intake and reduce body weight in rodents. Hypothalamic 
neurones expressing GLP-1 originate in the brainstem nucleus of the solitary tract (NTS). 
Long isoform leptin receptor (ObRb) is expressed in both the hypothalamus and NTS. We 
investigated the hypothesis that leptin increases CNS GLP-1 activity. Using dual in situ 
hybridization with [35S]-labelled ObRb and digoxigenin-labeUed preproglucagon 
riboprobes, co-localisation of ObRb and GLP-1 mRNA was found in the rodent NTS. 
Administration of leptin ICV (lOpg) to male Wistar rats, 10 hours before dark, reduced 
dark phase food intake by 39% (10.0 ± l.OLEPvs 16.3 ± l.lg SAL, p<0.001). This was 
prevented by ICV injection of the specific GLP-1-receptor antagonist, exendin (9-39) 
(1 OOpg), at the onset of dark phase (15.6 ± 0.9g, p=0.9 vs SAL, p=0.001 vs LEP), despite 
exendin (9-39) having no significant effect in saline treated controls (p=0.5 vs SAL). 
Similarly, the reduction in body weight seen in leptin treated animals (weight change 3 
days after ICV injection: -9 ± 2g LEP vs 1 ± 2g SAL, p<0.005) was prevented by ICV 
exendin (9-39) (-1 ± lg, p=O.8 vs SAL, p<0.05 vs LEP). In a separate study ICV GLP-1 
(3pg) administered at onset of dark phase reduced 2 hour food intake by 26% (p=0.02 vs 
SAL). This was prevented by ICV exendin (9-39) (lOOpg) given 6 hours earlier (p=0.98 
vs SAL, p=0.05 vs GLP-1). This confirms the prolonged GLP-1 -receptor blockade with 
ICV exendin (9-39) implied by the first study. This anatomical and functional data 
provides evidence for an interaction between leptin and CNS GLP-1 in the control of food 
intake and body weight in the rodent.
Support: UK Medical Research Council (APG,MMH,JTLDM,SRB), Scottish Office 
Agriculture, Environment and Fisheries Dept. (JGMJCMM.NH), Wellcome Trust (CS).

659.13
DOPAMINE D1 AGONIST SUPPRESSES OVEREXPRESSION OF HYPOTHALAMIC 
NPY mRNA, HYPERGLYCEMIA AND BODY WEIGHT GAIN IN FEMALE ob/ob MICE.
M. Jakubowski* and A.H. Cincotta. Ergo Science Development Corp., Charlestown, MA

We have previously shown that treatment with a mixture of D1/D2 dopamine agonists 
decreases overexpression of hypothalamic neuropeptide Y (NPY) mRNA, hyperphagia, 
hyperglycemia, and body fat stores in the obese ob/ob mouse. Here, we examined the 
relative contribution of the D1 agonist SKF 38393 (SKF), the D2 agonist bromocriptine 
(BC), and restricted food regiment, to those metabolic improvements. Female ob/ob mice 
(34.3 ± 0.3 g) and lean C57BL/6J counterparts (18.4 ± 0.3 g) were caged individually 
under a 12:12 h light:dark schedule. Obese mice were injected daily with SKF (20 
mg/kg), or BC (14 mg/kg), or SKF+BC. Pair-fed obese animals were injected with the 
corresponding vehicles, and maintained on restricted food intake matched daily to that 
produced by the respective drug treatment. Controls included vehicle-injected obese and 
lean mice, as well as non-treated obese and lean counterparts. Injections were delivered 
at 1 h after light onset, and mice were sacrificed on day 15 at 4 h after light onset. Daily 
food intake was reduced by 50-60% in obese mice receiving SKF+BC or SKF alone, but 
not in BC-treated mice. Body weight gain over the 2-week period was effectively blocked 
by treatment with SKF+BC or SKF alone, and also by food restriction, but not by BC 
alone. Blood glucose levels, which were 3-fold higher in obese controls relative to lean 
mice, dropped to normal levels in obese mice treated with SKF+BC or SKF. NPY mRNA 
levels in the arcuate nucleus, quantified by RNase protection assay, were about 4-fold 
higher in obese controls than in lean mice, and decreased about 50% in obese mice 
treated with SKF+BC or SKF alone. Neither BC treatment nor food restriction produced 
any effect on the hyperglycemia or NPY overexpression in obese mice. Thus, D1 agonist 
treatment effectively suppressed hyperglycemia and overexpression of hypothalamic NPY 
mRNA in the ob/ob mouse. These metabolic improvements were independent of the 
hypophagic action of the drug. Ergo Science Development Corp.

659.14
RECEPTORS FOR GLUCAGON-LIKE PEPTIDE 1 (GLP-1) IN THE BRAIN.
N. J. MacLusky, J. Kim. U Scrocchif, P. Brubaker, T.J. Brown* and D. Druckerf 
Div. of Reproductive Science and TBanting and Best Diabetes Centre, The Toronto 
Hospital Res. Inst., and Depts. of OB/GYN, Physiology and Medicine, Univ. of 
Toronto, ONT M5G 2C4, Canada

Glucagon-like peptide 1 (GLP-1) is a hormone synthesized by peptidergic cleavage 
of proglucagon in the pancreas and the L-cells of the ileal mucosa. GLP-1 has an 
important role in the regulation of pancreatic and gastric functions; and has recently 
also been postulated to regulate appetite. However, mice with targeted disruption of 
the GLP-1 receptor (GLP-1R) gene (GLP-1R -/- mice) exhibit normal body weight, 
suggesting that GLP-1 is not an essential component of the mechanisms controlling 
food intake. The present study was performed to further explore potential central sites 
of GLP-1 action, by mapping the distribution of GLP-1R in the brain. METHODS: 
Frozen sections (20pm) through the brains of male and female GLP-1R -/- and 
normal wild-type (GLP-1R +/+) mice were labelled in vitro with [125I] GLP-1 and the 
distribution of GLP-1R examined by quantitative autoradiography. Brains from 
normal male rats were also examined, to compare GLP-1R distribution in these two 
species. RESULTS: In wild type GLP-1R +/+■ mice, strong GLP-1R labelling was 
observed in the medial and lateral septum, anterior-medial preoptic nucleus, the 
subfornical organ, mediobasal hypothalamus, lateral hypothalamus, paraventricular 
nucleus of the hypothalamus, central amygdala, polymorphic layers of the cingulate 
gyrus, medial and lateral habenula, and the hippocampal dentate gyrus. Results in 
males and females were indistinguishable. No binding of [125I] GLP-1 was observed 
in brain sections taken from GLP-1R -/- mice, of either sex. By contrast, receptor 
concentrations for another peptide implicated in the control of satiety, 
cholecystokinin-octapeptide (CCK-8), were unaffected by the GLP-1R -I- mutation. 
In rats, results were fairly similar to those in mice, except in the hippocampus where 
labelling was much lower and more discretely localized to the caudal CA1-CA3, in 
tire rat. CONCLUSIONS: While GLP-1 may participate in the control of food intake, 
the extensive distribution of GLP-1R in the diencephalon and limbic system raises the 
possibility that this peptide may also have other, more general neuromodulatory 
effects on the brain. The marked differences between rats and mice in the limbic 
distribution of GLP-1R suggest that caution should be exercized in extrapolating data 
on the behavioral effects of GLP-1 from one species to another.
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660.1
ROLE OF 5-HT1A RECEPTORS IN ACQUISITION, 
CONSOLIDATION AND RETRIEVAL OF LEARNING A, Meneses* 
& E. Hong. Depto. Farmacologia y Toxicologfa, CINVESTAV-IPN. Ap. 
Postal 22026, Mexico, D.F., 14000.

The role of the multiple 5-HT receptors on learning is unclear. 
However, the 5-HT system has been implicated in physiological and 
pathophysiological mechanisms involved in this cognitive process. 
Despite the extensive investigation regarding the possible role of 5-HT1A 
receptors in learning, contrasting effects have been reported with pre- 
or post-learning administrations of 5-HT1A drugs. Moreover, pre-learning 
administration of 5-HT1A drugs has been used frequently, whereas the 
post-learning or the pre-retention scheme have been seldom used. Early 
studies showed that the pre/post-training and pre-retention stimulation 
of 5-HT1A receptors impaired learning. However, recent works have 
proved that: 1) Such effects regarding learning were nonspecific (e.g. 
pre-training injection of 8-OH-DPAT has no effect on learning but on 
motivation and activity); 2) 5-HT1A receptors are involved in the 
acquisition and consolidation of learning; specifically the activation of 
presynaptic 5-HT1A receptors enhances the consolidation of learning but 
it remains unclear whether it disrupts the retrieval of learning; 3) In 
normal animals, the 5-HT1A receptor agonist, 8-OH-DPAT, has a 
procognitive effect whilst the 5-HT1A receptor antagonists, S-UH-301 and 
WAY100635, are silent; in contrast, in cognitively impaired animals, 8- 
OH-DPAT, S-UH-301 and WAY 100635 normalize cognitive functions. 
Supported by CONACYT grant 4367-M9406.

660.2
EFFECT OF 5-HT-MODULINE (A 5-HT1B/1D RECEPTOR 
ANTAGONIST) ON ASSOCIATIVE LEARNING. E.Hong*1, A. 
Meneses1& G.Fillion2 . 1 Depto. Farmacologia y Toxicologfa, 
CINVESTAV-IPN. Ap. Postal 22026, Mexico, D.F., 14000. 
MEXICO. 2Unite de Pharmacologie, Institute Pasteur. F75015 
Paris, FRANCE.

The present work was designed to analyze the effects of pre- or post-
training injection of 5-HT-moduline (Massot et al Moi. Pharmacol 50:752- 
762,1996) in the autoshaping learning task. The results showed that 
the post-training administration of 5-HT-moduline (50 pg, i.c.v.) did not 
alter learning. A similar situation was observed in overtrained animals 
(with 100% of learning) when they were pre- or post-training treated. 
Decrease in the consolidation of learning induced by TFMPP was 
reversed by 5-HT-moduline (50 pg, i.c.v.). A higher dose of 5-HT- 
moduline (100 pg, i.c.v.) improved the consolidation of learning. The 
present data indicate that 5-HT-moduline is a 5-HT1B/1D antagonist able 
to block the impairment in learning induced by TFMPP (a 5-HT1B/1D 
agonist) at a dose that did not modify the retrieval, while at the higher 
dose tested 5-HT-moduline increased the consolidation of learning, a 
finding that is similar for a 5-HT1B/1D blocker such as GR 127935 
(Meneses & Hong Soc. Neurosci, Abs.. 22:1586,1996).

Supported by CONACYT grant 4367-M9406.

660.3
THE RESPONSE OF TRIGEMINAL NEURONS TO SUPERIOR SAGITTAL SINUS 
STIMULATION IS INHIBITED BY 8-HYDROXYDIPROPYLAMINOTETRALIN 
(8-OH-DPAT) P.M.Boers1,3, G.A.Lambert*1’3, A.S.Zagami2,3 ’institute of Neurological 
Sciences, Prince of Wales & Prince Henry Hospitals, Sydney; department of 
Medicine, St. George Hospital, Sydney; 3University of NSW, Sydney, Australia.

The response of neurons in the cervical spinal cord to craniovascular stimulation is 
suppressed by the intravenous (i.v.) injection or microiontophoretic application of ergot 
alkaloids [1]. It is thought that sumatriptan and zolmitriptan act in migraine via the 
serotoniniD (5-HTiD) receptor. We have conducted this series of experiments to 
determine whether other 5-HT receptor subtypes modulate this pathway. Experiments 
were conducted on adult cats. Anesthesia was induced by intraperitoneal a-chloralose 
(60-70mg/kg) with additional i.v. doses given regularly. All surgical procedures were 
carried out under supplemental halothane (0.5-1%). Animals were paralysed with i.v. 
gallamine (60mg). The depth of anesthesia was monitored by observing for sympathetic 
or motor responses to noxious stimuli. The superior sagittal sinus (SSS) and the lower 
brainstem/upper cervical spinal cord were exposed. The SSS was stimulated electrically 
and single unit recordings made in the region of the medullary and cervical dorsal horns 
with a 7-barrel tungsten-in-glass microelectrode. A total of 77 units responding to SSS 
stimulation were tested with micro'ontophoretic ejection of either 5- 
carboxamidotryptamine (5-CT) or 8-OH-DPAT. Twelve of 52 units tested with 5-CT 
and 15 of 50 units tested with 8-OH-DPAT had their SSS-evoked response reversibly 
suppressed to an average of 46% of their control response. Twenty-three of 24 units 
suppressed by 5-CT or 8-OH-DPAT were classified as cell bodies. These results 
indicate that 5-HTiA receptors may play a role in the modulation of craniovascular input 
to the medullary and cervical dorsal horns.
Supported by the Australian NH&MRC.
1. Lambert, G.A., et al., The spinal cord processing of input from the superior sagittal 
sinus: pathway and modulation by ergot alkaloids. Brain Research, 1992(597)321-330.

660.4
FUNCTIONAL PROFILE OF THE HUMAN 5HT,A RECEPTOR
CHARACTERISED BY MEASURING cAMP INHIBITION AND
PHOSPHATIDYLINOSITOL (PI) HYDROLYSIS IN THE HA7 CELL 
LINE. L, Tottrup Brennum*. Dept. of Pharmacological Screening, Medicinal 
Research, H. Lundbeck A/S, Ottiliavej 9, DK-2500 Copenhagen, Denmark.

The 5HT,a  receptor has been known to couple to several 2nd messenger systems in 
the brain (Albert P.R. et al, Neuropsycopharmacology, 14,19-25, 1996). These 
include inhibition of cAMP formation, PI hydrolysis and membrane bound K+ - 
channels. The pharmacological profile of the receptor is mainly established through 
binding and cAMP-regulation studies (Boddeke H.W.G.M. et al, Naunyn- 
Schmiedeberg's Arch. Pharmacol., 345, 257-263, 1992; Varrault A. and Bockaert J., 
Naunyn-Schmiedeberg's Arch. Pharmacol.,346, 367-374, 1992). However, in HeLa 
cells transfected with cloned human 5HTiA receptors a coupling to both the cAMP 
2nd messenger system and the Pl 2nd messenger system is observed (Harrington M.
A., et al, J. Pharmacol. Exp. Ther. 268, 1098-1106; Hoyer D. and Boddeke, H. W.
G. M. TiPS, 14, 270-275). The functional coupling between the 5HT)A receptor and 
the two 2nd messenger systems was studied. It was observed that the coupling to the 
cAMP messenger system is stronger than the coupling to the PI messenger as 
illustrated by the affinity of serotonin for the receptor. When measured in the cAMP 
system, this ligand showed potent inhibition of the adenylate cyclase with an EC50 
value of 33 nM. The same ligand displayed 10-fold weaker EC5o values when 
measured in the Pl system. Besides from serotonin several 5HT agonists and 
antagonists were tested including 8-OH DPAT, Metergoline, Buspirone, Ipsapirone, 
Wayl00635, Pindolol, Spiperone and Methiothepine. It was observed that the 
potency of agonists was significantly lower (2- to 10-fold) when measured in the PI- 
system than when measured in the cAMP system. Antagonists displayed similar 
potencies in the two systems. Electrophysiological experiments showed that the 
receptor was not coupled to the K+-channel in these cells.

660.5
ASSOCIATION BETWEEN IMPULSIVITY AND SUICIDALITY AND 
ALA(447)VAL POLYMORPHISM OF THE 5-HYDROXYTRYPTAMINE2A RE-
CEPTOR GENE IN FINNISH ANTISOCIAL ALCOHOLICS. LL_PesonenlM

Goldman. Dept of Pharmacology and Clinical Pharmacology, University of 
Turku, Turku, Finland.

Low brain serotonin turnover rate is associated with aggressive behavior, 
impaired impulse control, depression, suicide, and alcoholism. Especially 
changes in the density and functions of the serotonin 5-HT2A receptor subtype 
have been found in many behavioral disturbances in humans. The number of 
5-HT2A receptors has been reported to be increased in post-mortem brains of 
suicidal and depressed patients.

In the present study we have screened the coding sequence of the 5-HT2A 
receptor gene in order to find possible new gene variants in Finnish antisocial 
alcoholics who have abnormalities in serotonergic neurotransmission. Sub-
jects included in the study were Finnish antisocial alcoholics and healthy vo-
lunteers. All the 5-HT2A variants were initially identified with polymerase chain 
reaction - single strand conformational polymorphism (PCR-SSCP) -analysis, 
which was replaced by a more convenient PCR-restriction fragment length 
polymorphism (RFLP) method during the genotyping.

We found a significant association of the amino acid substitution 
Ala(447)-’Val(447) to impulsive behavior (p<0.05, n=197) and suicide attempts 
p<0.05, n=198) in the Finnish alcoholics. We also detected three other poly- 
orphisms, T(102bC(102), C(516)-T(516) and His(452)-Tyr(452) in the 5- 
HT2a  receptor gene, but there were no associations of any of these three poly-
morphisms to alcoholism, impaired impulse control or suicidality.

660.6
AGE-RELATED DECLINE IN SEROTONIN (5-HT2A1 RECEPTORS IN 
HUMANS AS MEASURED BY POSITRON EMISSION TOMOGRAPHY 
(PET) AND [18F]ALTANSERIN
C, C. Meltzer*, G, Smith, J. Price, S.T. DeKoskv, C. Mathis, P.J, Greer, B. Lopresti.
N. Simpson, D. Ben-Eliezer, C.F. Reynolds PET Facility, Departments of Radiology 
and Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213.

Alterations in serotonergic function may account for changes in mood, sleep, and 
cognition that occur in normal aging. PET studies using the selective 5-HT2A 
antagonist [18F]altanserin were done to determine aging changes in 5-HT2A binding.

Following injection of 10 mCi high specific activity [18F]altanserin, dynamic PET 
imaging (90 min) with arterial sampling was performed in 7 young (3M, 4F; mean age 
= 22 years, range = 18-29) and 6 elderly (2M, 4F; mean age = 70 years, range = 64-75) 
healthy subjects using a Siemens 951R/31 tomograph. A 4-compartment metabolite 
model and Logan graphical analysis were used to determine regional distribution 
volumes (DV), which were normalized to the cerebellum. Regional measures 
proportional to the binding potential (BP=k3/k4) were also determined and the elderly 
data corrected for atrophy using a previously published MR-based method.

The distribution of [18F]altanserin binding in elderly healthy controls was 
consistent with the known distribution of 5-HT2A receptors. Compartmental analysis 
showed significantly lower DV values in receptor-rich cortical regions in the elderly 
relative to the young: orbitofrontal 39%, lateral temporal 35%, anterior cingulate 40%. 
Cerebellar DV values were not significantly different between groups. Significant 
differences (p< 0.0001) in BP-related estimates in the young vs. elderly group were also 
seen: orbitofrontal (3.02±0.52, 1.00±0.23); lateral temporal (2.69±0.35, 1.01±0.14); 
anterior cingulate (2.76±0.32, 0.86±0.24), respectively. These differences persisted 
with atrophy correction of the elderly PET data. Similar between-group differences in 
regional distributions were observed with the Logan analysis.

These data demonstrate a robust decline in 5-HT2A binding with age that persists 
with correction of the elderly PET data for the potential confounding effect of cortical 
atrophy. Supported by MH01210, MH49966, MH 52247, MH 57078, AG05133
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660.7
AGONIST-DIRECTED TRAFFICKING IN SEROTONIN2a /C RECEPTOR 
SYSTEMS. W.P. Clarke*1, S. Maavani2-3, J. Goldfarb3, K.A. Berg1. Depts. of 
Pharmacology1, Univ. of Texas Health Science Center, San Antonio, TX 78284 and 
Anesthesiology2 and Pharmacology3, Mount Sinai Medical Ctr, New York, NY 10029.

Historically, the receptor concept in pharmacology evolved from observations made 
by Ehrlich and Langley of the extraordinary selectivity of drug action. The recent 
explosion in the number and subtypes of receptors identified has furnished enormous 
opportunities for development of highly subtype-selective drugs. Recently, Kenakin 
(TiPS 16:232-238, 1995) proposed a new concept, termed “agonist-directed trafficking”, 
that suggests that relative affinities for different receptor subtypes may not be the 
ultimate determinant of drug selectivity, but that agonists may be able to selectively 
activate a subset of multiple signaling pathways coupled to a single receptor subtype.

5-HT2a  and 5-HT2c receptors couple to phospholipase C-(PLC) mediated PI hydrol-
ysis and PLA2-mediated arachidonic acid (AA) release. We tested the capacity of a series 
of agonists to elicit PI hydrolysis and AA release in CHO cells stably expressing either 
the human 5-HT2a  or 5-HT2c receptor (200 fmol/mg protein). PI hydrolysis and AA 
release were measured simultaneously (10 min) from the same population of cells. 
Using irreversible receptor inactivation, we provide evidence for the absence of receptor 
reserve for 5-HT in both receptor systems and for both effectors, thereby permitting the 
use of agonist intrinsic activity as a measure of relative efficacy. We also provide 
evidence that AA release was not a consequence of activation of the PLC-PI pathway 
and vice versa. Relative efficacies of agonists (referenced to 5-HT) differed depending 
upon the pathway measured. For the 5-HT2c receptor system, some agonists (e.g. 
TFMPP) preferentially activated the PLC-PI pathway, whereas others (e.g. LSD) 
favored PLA2-AA. As expected, EC5o‘s of agonists did not differ between pathways. 
For the 5-HT2a  receptor system, all agonists tested had greater relative efficacy for 
PLA2-AA than for PLC-PI. In contrast, relative efficacies were not different for 5-HT2a  
agonists when sequential effects in a pathway were measured (PI hydrolysis vs. calcium 
mobilization). These data strongly support the agonist-directed trafficking 
hypothesis.(Supported by USPHS grants DA 09094 and HD 26437).

660.8
5-HT2B RECEPTORS MEDIATE THE 5-HT-INDUCED development  of  
ENTERIC NEURONS. E. Fiorica-Howells. L Maroteaux^ and M.D. Gershon*. Anat. 
& Cell Biol., Columbia Univ. P.&S., N.Y, NY 10032 and #CNRS, Illkirch, France.

Enteric neurons develop from pluripotent precursors that migrate to the gut from 
the neural crest. Their ultimate phenotypic expression depends on cell lineage and 
microenvironmental factors. Serotonergic neurons, which are among the first to be 
born, coexist in primordial enteric ganglia with dividing progenitors. Activity of 
serotonergic neurons (and/or 5-HT-secreting epithelial cells), therefore, may influence 
the development of later-born enteric neurons. To test this possibility, we analyzed the 
ability of 5-HT to influence the development of enteric neurons in vitro. The fetal 
mouse intestine was dissociated (at E13-E16) and cultured in serum-free defined media 
for 2-5 days ± 5-HT (1-10 pM). Neurons were identified immunocytochemically using 
antibodies to neuronal ubiquitin hydrolase (PGP9.5). 5-HT significantly increased the 
number of neurons developing in vitro. This effect was mimicked by a 5-HT2 agonist, 
DOI (1 pM), and blocked by methysergide (10 pM) or ritanserin (0.1 pM), which are, 
respectively, 5-HTj /2 and 5-HT2 antagonists. The response to 5-HT was not blocked 
by the 5-HT2a  antagonist, ketanserin (0.1 pM). 5-HT (1.0 pM) increased the 
phosphorylation and nuclear translocation of MAP kinase, an effect that was also 
blocked by ritanserin (1 pM). These data suggest that 5-HT promotes neuronal 
development through a 5-HT2 receptor other than the 5-HT2a - Analysis of members 
of the 5-HT2 receptor family in the adult and developing ENS by RT-PCR, in situ 
hybridization, and immunocytochemistry revealed the expression of 5-HT2?\ and 5- 
HT2B, but not 5-HT2c  receptors. 5-HT2?\ expression was observed in the adult, but 
not the fetal gut (both in nerve and muscle). In contrast, 5-HT2B expression was 
developmentally regulated; it appeared in enteric ganglia at E14, was present in 
virtually all ganglia at E15, but was expressed only by occasional neurons at E18 and 
in adults. In culture, 5-HT2B immunoreactivity was detected in a subset of crest 
derived cells. We conclude that 5-HT is a growth factor for enteric neurons and acts via 
5-HT2B receptors. Supported by NIH (NS 12969 & NS 15547).

660.9
APPLICATIONS OF SEMLIKI FOREST VIRUS-BASED EXPRESSION AND 
SCALE-UP TECHNOLOGY IN RECEPTOR RESEARCH. K. Lundstrom*3, R. 
Hoviusb, H, D. Blasevc, A.R. Bernard0, H. Stahlbergb and H. Vogelb. aPharma 
Division, Preclinical Research, Roche Ltd., CH-4070 Basel, Switzerland; bEPFL, 
Lausanne, Switzerland; cGlaxo Wellcome R&D, Geneva, Switzerland.

The rapid and simple generation of recombinant Semliki Forest virus (SFV) 
particles and the extremely broad host range of SFV have facilitated studies on 
protein interaction and transport as well as site-directed mutagenesis in a wide 
variety of cell lines. The high infection efficiency has allowed functional and 
localization studies in primary neurons.

Several G protein-coupled 7TM receptors and ligand-gated ion channels have 
been characterized by binding assays, functional and electrophysiological 
responses. A C-terminally tagged hexa-histidine mouse serotonin 5-HT3 receptor 
has been expressed at high levels showing similar binding activity and 
electrophysiological responses as the the wild type receptor. SFV scale-up 
technology allowed infection of BHK cells at reactor scale (11.5 liter) resulting 
in receptor yields of 10-15 mg/batch (Bmax = 52 pmol receptor/mg protein). After 
solubilization, an efficient one-step metal-ion chromatography procedure resulted 
in a highly purified receptor preparate. The purified 5-HT3His receptor had a 
molecular mass of 65 kD that was reduced to 49 kD after N-glycosidase F 
treatment, suggesting a proper glycosylation. Size exclusion chromatography 
revealed a molecular mass of 280 kD, indicating a pentameric homo-oligomeric 
structure for the ion channel, which could also be seen in preliminary cryo-EM. 

Financial support was obtained from the Swiss National Science Foundation.

660.10
SEROTONIN RELEASE CORRELATED WITH FIRING IN RAPHE MAGNUS.
I.D. Hentall* and T.R. White. U. of Illinois Coll, of Medicine, Rockford, IL 61107.

Fast-cyclic voltammetry (FCV) was interleaved with single-cell recording through 
the same carbon-fiber microelectrode in the nucleus raphe magnus of pentobarbital- 
anesthetized adult female rats (n=6), to correlate extracellular serotonin with spike 
activity in nearby cells that are either inhibited or excited by cutaneous pinching.

Spikes were recorded by the voltammetry amplifier clamped at zero volts versus 
Ag-AgCl. They were obscured for 25 to 50 ms by the FCV control voltage (1000 V/s 
sawtooth, passing from 0 to -0.4 to +1.4 to -0.4 to 0 volts) followed by artifact due to 
switching the feedback resistor from 5 MQ to 250 MQ (to enhance the signal-noise 
ratio for spike recording). Oxidation current was read as the average over the first 
+500 to +700 mV of the control voltage relative to the first +100 to +300 mV. The 
voltage-pretreated, uncoated electrodes were calibrated ex vivo in 5-HT, averaging 
5.7 nA/pM (±2.1 s.e.m., n=9) before brain penetration and 0.7 (±0.3) after.

Pinching the tail or hind limb for 3 minutes raised the oxidation current, sampled 
at 1 s or 0.5 s intervals, near 10 inhibited cells and 4 excited cells, with rise times of 
10-30 s. The peak change near pinch-inhibited cells averaged 14 nM (post-
penetration calibration). Clomipramine (5-HT uptake inhibitor) combined with 
methiothepin (5-HT autoreceptor blocker), both 1 mg/kg i.v. (n=3), also increased 
the secular oxidation current. The cross-correlation of oxidation current with inverse 
interspike interval was examined. In spontaneously active, pinch-inhibited cells 
(group average), the current fell significantly below the mean at positive lags of 10 to 
200 ms and rose at 200 to 400 ms. These delays must reflect 5-HT difiusion and 
electrode response-time, as well as the dynamics of release. We suggest that 5-HT 
concentration is determined by release from nearby cells, by difiusion from distant 
sources, and possibly by an unexplored activity-dependence of re-uptake.
Funded by the University of Illinois Chicago, Campus Research Board.

660.11
IMMUNOCYTOCHEMISTRY SHOWS THAT FLUOXETINE, SIBUTRAMINE, 
SERTRALINE AND MDMA PRODUCE SIMILAR MORPHOLOGICAL 
CHANGES IN BRAIN SEROTONERGIC NEURONS IN THE RAT. M. Kalla*1.

1Department of Neurosurgery, Jefferson Med. Col., Philadelphia, PA 19107 
and 2Division of Neurotoxicology, EPA, Research Triangle Park, NC 27711.

We examined the short term effect of anorectic doses of three serotonin 
reuptake inhibitors (Fluoxetine, Sibutramine, Sertraline) and MDMA 
(methylenedioxymethamphetamine) on brain serotonergic neurons by 
immunocytochemistry. Male Sprague-Dawley rats (Harlan, IN), weighing 150 g 
at the commencement of the study were housed individually and maintained on 
12 hour light-dark cycle with free access to food and water. Two doses each 
of Fluoxetine (11.4 and 114 mg/kg), Sibutramine HCI (2.8 and 28 mg/kg), 
Sertraline (28.6 and 286 mg/kg) and one dose of MDMA (20 mg/kg) were 
administered s.c. for 4 days (n=6 rats/drug/dose/survival time). Separate 
groups of rats pair-fed to the treated groups were used as controls. Animals 
from each group were sacrificed 18 hours and 30 days after the treatment or 
pair-feeding period. The animals were perfused and brain tissue processed for 
5-HT immunocytochemistry on serial 30 urn para-sagittal sections (Kalia, 
1991). All four drugs produced similar morphological abnormalities in 
serotonergic nerve terminals in six different brain regions - frontal & occipital 
cortex, striatum, hippocampus, superior and inferior colliculi. These 
morphological changes had the following characteristics: corkscrew-like 
profiles, terminal ballooning and axonal truncation, thickening and 
straightening. These changes were more prominent 18 hours after treatment. 
These results indicate that immunocytochemical morphological changes in 
brain serotonin neurons are produced by a number of drugs that produce their 
pharmacologic effect by acting on the brain serotonin system. Supported by 
Interneuron Pharmaceuticals Inc. and Servier Laboratories.

660.12
COGNITIVE-IMPAIRMENT IN SCHIZOPHRENIA AND ALZHEIMER’S 
DISEASE CORRELATES WITH CITALOPRAM BINDING IN THE 
CEREBRAL CORTEX. PJ.Knott*. E-M.McBorrough, R-K.Yang, M.Davidson,
P.Harvev, R.Mohs. P.Powchik, J.McCrystal and K.L.Davis, Department of 
Psychiatry, The Mount Sinai Medical Center, One Gustave L. Levy Place, New 
York, N.Y. 10029 and the Bronx Veteran's Administration Medical Center,
Bronx, N.Y 10468.

To determine if a reduced density of serotonergic neurons in both Alzheimer's 
disease (AD) and schizophrenia (SCZ) concurs with cognitive deterioration, the 
binding of the serotonin transporter ligand, citalopram was measured in post 
mortem samples of 8 cortical regions (Brodmann areas 7,8,9,17, 20, 21, 40 and 
44). Clinical Dementia Rating (CDR) scores ante mortem were also obtained for 
these patients. Citalopram binding revealed almost a 20 fold range of Kj and a 
2 fold range of Bmax values. These, and the ratio, Bmax/K^ were compared 
with CDR in 65 cases which included normals (10), AD (24) and SCZ (25). 
Correlations were found between CDR and citalopram binding in all cortical 
regions. For example, for Brodmann area 8, a highly significant correlation was 
obtained between Kj and CDR (r=0.609, n=47, P<0.001) in the patient group 
which included elderly SCZ and AD patients. A significant correlation between 
Bmax and CDR was als0 found (r=0.301, n=47, p<0.04). Similarly, the 
Bmax/Kj rat3° correlated significantly with CDR (r=0.524, n=47, P<0.001) in 
the combined SCZ and AD patients. There was a highly significant correlation 
between measures of citalopram binding and tissue concentrations of serotonin 
and 5-hydroxyindoleacetic acid in this study. These data indicate a reduction in 
transporter site affinity (increased Kj values) as a factor linked to cognitive 
decline rather than a change of Bmax which was not reduced in cognitively 
impaired subjects. Finally, the correlation of Kj with cognitive decline could 
suggest progressing failure of serotonin re-uptake with increasing dementia.
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661.1
PHARMACOLOGICAL TREATMENT OF SELF- SUSTAINING STATUS 
EPILEPTICUS. A. M. Mazarati* and C. G. Wasterlain. VA Medical Center and 
Dept. of Neurology, UCLA School of Medicine, Sepulveda, CA 91343.

We previously described a phenomenon of self- sustaining status epilepticus 
(SSSE), induced by brief perforant path stimulation (PPS) in freely moving rats and 
demonstrated long- term potentiation of excitatory synapses during SSSE. In this 
study we examined the effects of pharmacological agents in this model of SSSE.

Under ketamine/ xylazine anesthesia animals were implanted with a bipolar 
stimulating electrode into the angular bundle of the perforant path, and a recording 
electrode into ipsilateral dentate gyrus. After 7 days recovery animals were 
stimulated for 60 min with 20 Hz 20 V 0.1 ms 10 s trains delivered every minute. 
This induced behavioral and electrographic SSSE lasting for 8 to 24 hrs. Diazepam 
(10 mg/kg) and phenytoin (50 mg/kg) decreased duration of seizures during PPS, 
and protected against SSSE when given before PPS. When given after the end of 
PPS these compounds failed to stop SSSE. The NMDA receptors antagonists MK- 
801 (0.5 mg/kg), ketamine (10 mg/kg), and the intracellular Ca2+ chelator APTRA 
did not affect seizures during PPS, but protected against SSSE. Ketamine or 
ketamine plus diazepam stopped development of SSSE when given at different time 
points after PPS.

These results show that conventional anticonvulsants (diazepam and phenytoin) 
are effective in preventing SSSE but are unable to stop SSSE once it is established. 
Ketamine can effectively stop against SSSE when administered after its onset. The 
effectiveness of NMDA receptors antagonists and a Ca2+ chelator is compatible 
with the hypothesis that synaptic potentiation may contribute to the genesis of SSSE 
and suggest that NMDA receptors antagonists may be useful in the treatment of 
status epilepticus.

The work was supported by grant NS13515 from NIH, and by the Research 
Service of the VAHA.

661.2
ESTROGEN AND PROGESTERONE AFFECT THE ACQUISITION 
OF EPILEPTIFORM ACTIVITY IN THE LIMBIC SYSTEM: 
IMPLICATIONS FOR CATAMENIAL EPILEPSY H, Edwards, WM. 
Bumhamf and N, J. MacLuskv* Depts. of OB/GYN and Physiology, and 
Pharmacology?, Univ. of Toronto, Toronto ONT M5G 2C4, Canada

Some epileptic women experience predictable changes in the frequency or severity 
of their seizures during the menstrual cycle ("catamenial" epilepsy). Catamenial 
epileptics show particular vulnerability to seizures during menstruation as well as at 
the time of ovulation, when circulating estradiol (E2)/progesterone (P4) ratios are 
high, but reduced seizure activity during the luteal phase, when plasma P4 is 
elevated. This study was performed to test the hypothesis that alterations in neuronal 
excitability induced by E2 and P4 may affect the development of epileptiform 
activity. METHODS: The effects of physiological exposure to E2 and P4 on [1] 
discharge thresholds in the basolateral amygdala and CA1 region of the dorsal 
hippocampus, and [2] the rate of kindled seizure acquisition from the dorsal 
hippocampus were studied using the female rat "kindling" model. RESULTS: 
Neuronal excitability thresholds in the amygdala were strongly influenced by the day 
of the estrous cycle (p<0.01). Electrical thresholds, as determined by EEG electrical 
after-discharge (AD), were significantly lower at mid-day proestrus, just prior to 
ovulation, relative to all other days (AD 306 ± 48 p.A; mean ± SEM). Thresholds 
were more than twofold higher (808 ± 95 pA) during metestrus, coincident with peak 
ovarian P4 secretion. In ovariectomized rats, dorsal hippocampal AD thresholds were 
unaffected by E2 or P4 replacement. Nonetheless, the rate of hipppocampal kindling 
was significantly slowed by P4 (72.1± 6.7 trials) and accelerated by both E2 and 
E2+P4 (35.5 ± 4.2 trials), relative to cholesterol controls (55.5 ± 6.7 trials; P<0.05). 
P4 treatment significantly slowed the generalization of epileptiform activity and 
subsequent manifestation of tonic-clonic motor seizures. CONCLUSIONS: These 
results demonstrate that E2 increases neuronal excitability in the brain, enhancing the 
spread of epileptiform activity. Exposure to P4 suppresses progression of this activity. 
Since prior studies have shown a similar increase in amygdala kindling thresholds in 
response to GABA-ergic agonists (carbamazepine and phenobarbitol) the mechanism 
of P4 action may involve potentiation of central GABA-ergic activity, which is 
known to occur in response to elevated circulating P4 levels.

661.3
DIFFERENTIAL PROFILES OF FOS EXPRESSION BETWEEN FOREBRAIN- 
EVOKED AND BRAINSTEM-EVOKED SEIZURES IN RATS: IS THE 
CIRCUITRY SEPARABLE? J,B. foils*, R.A. Browning qnd R.W, dwgh. Depts. 
of Anat. and Physiol., Sch. of Med., Southern Illinois Univ., Carbondale, IL 62901.

Based on distinct types of motor convulsions, two separate neuroanatomical seizure 
circuits have been proposed: a forebrain (FB) seizure-circuit and a brainstem (BS) 
seizure-circuit. FB mediated convulsions consist of facial and forelimb clonus 
whereas brainstem mediated convulsions include tonic extension of the limbs. 
Although both of these circuits can drive seizures independently, seizure activity in 
one circuit can affect the other. The purpose of the present study was to investigate 
the neuroanatomical components of FB and BS seizure circuits as well as areas of 
potential interactions between these seizure circuits. Fos expression was analyzed 
following seizures in three FB seizure models: 1) area tempesta (AT) seizures, 2) 
minimal electroshock seizures and 3) minimal pentylenetetrazol (PTZ) seizures. 
Additionally, Fos expression was analyzed in three models of combined FB/BS 
seizures including: 1) maximal electroshock seizures, 2) tonic PTZ seizures and 3) an 
AT seizure in a genetically epilepsy-prone rat followed by a tonic audiogenic seizure. 
FB seizures resulted in substantial Fos immunoreactivity in various limbic and 
cortical structures as well as in midline thalamic structures with low levels in the 
brainstem. Combination of FB/BS mediated seizures resulted in expression of Fos in 
additional structures in the midbrain and brainstem as well as in the hypothalamus. 
Rats experiencing a combination of FB and BS convulsions displayed some model 
dependent differences in Fos expression. However, these differences appear to be 
related to differences in duration of activation in FB and BS seizure circuitry. These 
data provide additional support to the hypothesis of distinct seizure circuitry 
mediating FB and BS types of motor convulsions. Moreover, these data demonstrate 
that different models of each seizure type (FB or BS) may have model-unique 
circuitry. (Supported by SIUSM-C)

661.4
DIFFERENTIAL CHANGES IN NEUROTROPHIN GENE EXPRESSION 
IN TETANUS TOXIN-INDUCED EPILEPTIC FOCUS AND INHIBI-
TORY SURROUND. F. Liang*, T. Hashikawa and E.G. Jones. Lab. for 
Brain Structure &. Function, FRP, Inst, of Phys. &. Chem. Res. (RIKEN), 
Wako, Saitama 351-01, Japan and Dept. of Anat. &. Neurobiol., Univ. of 
Calif., Irvine, CA 92697, USA

The development and persistence of epilepsy are characterized by long- 
lasting changes in neuronal excitability and by activity-dependent altera-
tions in gene expression for neuroactive molecules. Neurotrophins play 
important roles in diverse forms of neural plasticity. Using in situ hybridi-
zation histochemistry and immunocytochemistry, we studied gene expres-
sion for nerve growth factor (NGF), brain-derived neurotrophic factor 
(BDNF) and neurotrophin-3 (NT-3) in a model of chronic, focal epilepsy. 
Injection of tetanus toxin (TT, 20-35 ng) in rat motor cortex induced re-
current partial seizures after a latent period of 4-13 days. Before onset of 
behavioral seizures, no significant changes in expression of the neurotro- 
phin genes were seen. In the first 2-3 days after onset, BDNF mRNA levels 
showed widespread increases in layers II-III of frontal cortex or in rare 
cases in most neocortical areas on the injected side. At later times, BDNF 
mRNA and immunoreactivity showed focal upregulation at the TT injec-
tion site (layers II-VI) and occasionally in the anatomically connected sec-
ond somatosensory area (layers II-III). Marked downregulation of BDNF 
mRNA and immunoreactivity was seen in a zone of cortex surrounding the 
focus of upregulation at the injection site. NGF and NT-3 mRNAs were 
not altered. The present findings indicate that changes in BDNF mRNA 
and protein levels are seizure-dependent. TT-induced epileptiform activity 
initially spreads widely, but becomes focal after 2-3 days. The hyperactive 
primary epileptic focus at the TT injection site is surrounded by a zone of 
reduced neuronal activity, probably due to enhanced GABAergic inhibi-
tion. Supported by NIH grant NS21377 and by Frontier Research Pro-
gram, RIKEN.

661.5
SEIZURES ACTIVATE SLOWLY PROLIFERATING NEURAL PROGENITOR 
CELLS IN THE DENTATE GYRUS OF ADULT RATS. J.M, Parent and D.H, 
Lowenstein*. Dept. of Neurology, Univ. of California, San Francisco, San Francisco, 
CA 94143.

The rodent dentate gyrus is one of the few brain regions in which neurogenesis 
persists well into adulthood. We have recently shown that dentate granule cell (DGC) 
proliferation is markedly increased by systemic pilocarpine-induced status epilepticus 
(SE) in an adult rat model of temporal lobe epilepsy (Parent et al., J. Neurosci., 
1997). These newly born DGCs contribute to network reorganization, such as 
remodeling of mossy fiber axons and ectopic development of DGCs, that occurs in 
this epilepsy model. To determine whether the increased neurogenesis and ectopic 
development of DGCs produced by SE results from activation of slowly proliferating 
progenitor cells versus the recruitment of relatively quiescent neural precursors, we 
examined cell proliferation in the dentate gyrus by labeling DGC precursors with the 
thymidine analogue bromodeoxyuridine (BrdU) (50-100 mg/kg) either 0-2 days prior to 
seizures (2-5 doses), 1-2 weeks after seizures (>20 doses), or in saline-injected 
controls. Adult rats were killed between 2 and 16 days after BrdU administration. 
Pilocarpine-induced SE resulted in a marked increase in BrdU-immunoreactive cells in 
the subgranular zone and inner aspect of the DGC layer that was comparable in 
animals receiving BrdU either before or after seizures. The proportion of lightly BrdU- 
immunostained cells was significantly greater in rats experiencing SE after BrdU 
administration (comprising nearly 2-3 contiguous cell layer widths in the DGC layer), 
suggesting that the amount of incorporated BrdU in each progenitor was reduced due to 
multiple cell divisions. The vast majority of BrdU-immunoreactive cells in the 
subgranular zone or DGC layer were also immunoreactive for neuron-specific, 
postmitotic markers and displayed morphology characteristic of DGCs. These findings 
suggest that SE increases the birth rate of DGCs by inducing sustained proliferation of 
slowly dividing precursors in the adult dentate gyrus.

Supported by NINDS N535628, March of Dimes Birth Defects Foundation and the 
Epilepsy Foundation of America.

661.6
ABNORMAL DENDRITES AND INTACT GABAergic INPUT IN A NOVEL 
MODEL OF CHRONIC EPILEPSY IN HIPPOCAMPAL ORGANOTYPIC CUL-
TURES. C.E. Niesen* and S. Ge. Div. of Neurology, Childrens Hospital Los An-
geles, Univ. of Southern Calif., Neuroscience Program, Los Angeles, CA 90027.

Despite the seizure-propensity of the developing brain, there are few models 
of chronic epilepsy in the immature animal. By combining hippocampal organo-
typic cultures with incubation in 0.5 pM tetrodotoxin (TTX) for one week, we 
were able to induce persistent seizure-like activity. Hippocampi were isolated 
from Wistar rats on postnatal day 7 and prepared according to Stoppini et al. 
(1991). Extracellular and whole-cell patch recordings were performed on CA1 
neurons after 0-7 days of TTX treatment. The patch electrode contained (in 
mM): 140 Kgluconate, 10 HEPES, 1.1 EGTA, 0.1 CaCI2, 2 Mg-ATP and 0.3 
GTP. Recordings were performed at 32-33° C. In TTX-treated slices, multiple 
population spikes were evoked after a single afferent stimulus, while only single 
spikes were observed in controls. Spontaneous burst-like potentials (duration: 
200-500 msec) and periods of continuous action potential firing were observed 
in TTX-treated CA1 neurons. Evoked postsynaptic potentials (PSPs) were 
characterized by bursts of action potentials superimposed on a sustained 
depolarizing potential (duration: 200-500 msec). These prolonged PSPs were 
not due to loss of GABAergic input since early and late IPSPs could still be 
elicited. The dendrites of TTX-treated neurons had increased proximal branching 
in both basal and apical fields. These branches criss-crossed in unexpected 
ways and had an irregular, beaded appearance. We have shown that incubation 
in TTX produced seizure-like activity and aberrant dendritic arborization in 
immature CA1 neurons. This new model of chronic epilepsy should provide 
useful insights into the basic mechanisms of epileptogenesis in the developing 
brain. Supported by NIH K08-NS01747.
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661.7
NORADRENERGIC ABNORMALITIES IN GENETICALLY 
EPILEPSY-PRONE RATS MAY RESULT FROM DEFICIENT 
ARBORIZATION OF DEVELOPING LOCUS COERULEUS (LC) 
NEURONS: AN IN VITRO STUDY. R.W, Clough*, B.R, Peterson, J.B. 
Eells, R.A, Browning, J.L. Steenbergen, P.K. Mishra, P.C. Jobe. Dept. of Anat., 
Southern IL. Univ. Sch. of Med., Carbondale, IL 62901 and Dept. of Biomed. and 
Therapeutic Sci., Univ. of IL. Coll, of Med.-Peoria, Peoria, IL 61656.

Genetically epilepsy-prone rats (GEPRs) have reduced numbers of noradrenergic 
(NA) terminals and distinctly fewer NA axons in select target structures of LC 
neurons including the auditory tectum. It is unknown whether the reduced NA 
profiles in adult GEPRs results from a developmental deficiency or from a postnatal 
loss of NA innervation. The present studies investigate the capacity of fetal NA 
neurons obtained from the LC of GEPRs or control rats to develop terminal 
arborizations within dispersed cell cultures. Optimal culture parameters (ie., 
substrate and medium type, donor-age, effects of glial inhibition and other factors) 
were investigated and reported last year (SN Abst. 96:819.1). Experiments were 
performed with dispersed cell cultures of fetal LC neurons obtained on day 14 of 
gestation. Neurite arborization of noradrenergic neurons was assessed by 
immunocytochemical identification of tyrosine hydroxylase followed by quantitative 
morphometry of neurite extension and branching. Results showed that LC neurons 
obtained from GEPRs are dramatically deficient in their ability to exhibit 
neuritogenesis in vitro. Quantitative assessment revealed that GEPR LC neurons had 
less than one third the capacity for neurite extension than the control rat LC neurons. 
The number of neurite branches was similarly deficient in GEPR cultures. These 
data suggest that the reduced numbers of NA profiles in the GEPR, which are 
inversely related to seizure propensity in these animals, result from a developmental 
deficiency in neuritogenesis of fetal LC neurons. Similar studies on serotonin 
neurons obtained from the fetal raphe nuclei are underway. Supported by SIUSM and 
UICOM-P.

661.8
INACTIVATION OF THE JERKY GENE CREATES A SELECTIVE 
NEURONAL VULNERABILITY RESULTING IN SEIZURE. G.P, Donovan* 
and M, Toth, Dept of Pharmacology, Cornell University Medical College 
We have generated a line of transgenic mice that experience recurrent 
epileptic seizures. These seizures are caused by the disruption of a novel 
gene, jerky, which encodes a 60kD protein whose RNA is expressed 
ubiquitously in the mouse. Mice homozygous for jerky gene inactivation, in 
addition to epileptic seizures, show a variety of developmental 
abnormalities. But if just one of the two jerky alleles is inactivated, the mice 
only show seizures. This raises the question of how inactivation of a single 
ubiquitously expressed gene can cause a specific neurological phenotype. 
The answer to this question may lie in a gene dosage effect. When one copy 
of jerky is inactivated, expression of jerky is reduced by 60-70% and cells in 
the brain cannot function correctly, leading to seizure. However, other 
peripheral tissues in the mouse do not experience phenotypic alterations 
until expression of jerky is completely abolished. One explanation for this 
phenomenon may be a lack of compensation in the brain. If other genes that 
serve a function closely related to jerky are not present in neurons, jerky 
inactivation could lead to basic neuronal dysfunction. Indeed, preliminary 
results suggest that jerky is involved in transcription/RNA transport, and 
its inactivation may lead to a basic metabolic defect in neuronal cells and 
network excitibility. Another possibility is that jerky plays a critical role in 
development of the nervous system. We have found a very high level of 
jerky gene expression in the developing mouse embryo. If the, function of 
the jerky protein is essential for development, small alterations in gene 
dosage may be amplified to exacerbate the problem. These ideas support the 
hypothesis that neurons in the brain suffer from a selective vulnerability to 
changes in jerky gene dosage. Supported by NS34151.

661.9
INTRACELLULAR PATTERNS OF NEOCORTICAL SEIZURES INCLUDING 
SPIKE-WAVE (SW) AND POLYSPIKE-WAVE (PSW) COMPLEXES AT 2-4 HZ, IN 
VIVO. M. Steriade*, F, Amzica and D. Neckelmann. Laboratory of Neurophysiology, 
School of Medicine, Laval University, Quebec, Canada G1K 7P4.

The neuronal substrates of neocortical paroxysmal episodes, developing from sleep 
patterns, were investigated by means of single and dual simultaneous intracellular 
recordings (n=140, of which 37 cell-couples) together with multi-site field potential 
and extracellular unit recordings from motor area 4, visual areas 17-18, and association 
areas 5-7, in cats under ketamine-xylazine anesthesia. The seizures occurred 
spontaneously or were triggered by cortical electrical stimulation (pulse-trains at 10 Hz 
or 100 Hz) and local application of bicuculline or penicillin, (a) The spontaneously 
occurring paroxysms progressively arose from the slow sleep oscillation (<1 Hz). The 
onset of seizure was a caricature of the slow sleep oscillation, both the depolarizing 
and hyperpolarizing components of the slow oscillation becoming much more abrupt. 
These sequences accelerated and eventually evolved into SW or, more often, PSW 
complexes at 2-4 Hz, followed by distinct epochs consisting of clock-like fast 
depolarizing events (10-15 Hz). All these components were superimposed over a tonic 
depolarization that, in some instances, caused inactivation of action potentials. The 
total duration of paroxysms was 10 to 95 s (38 ± 4.8 s, mean ± SE). The sustained 
depolarization during seizure was associated with a decrease in apparent input resistance 
(85 ± 8%), that was especially pronounced during the fast depolarizing events. The 
hyperpolarizing components of both the slow oscillation sequences and the SW or 
PSW complexes were not present by using TEA-filled pipettes, (b) Roughly similar 
patterns appeared after local infusions of very small amounts of bicuculline or topical 
applications of penicillin crystals. A systematic difference was the initial occurrence of 
isolated field potential “spikes”, at a frequency around 1 Hz. Their intracellular 
correlates were paroxysmal depolarizing shifts.

Supported by MRC of Canada, HFSP, FRSQ, and RC of Norway.

661.10
SEIZURE SYNCHRONIZATION IN NEOCORTICAL AND CORTICO-
THALAMIC NETWORKS. D. Neckelmann*, F, Amzica and M, Steriade. Lab. 
Neurophysiology, School of Medicine, Laval University, Quebec, Canada G1K 7P4

Seizures, occurring spontaneously as well as triggered by electrical stimulation and 
topical applications of penicillin or bicuculline, were studied in anesthetized and 
naturally sleeping cats by means of multisite field potential, extra- and double intra-
cellular recordings from neocortex (areas 4, 5, 7, 17 and 18) and centrolateral 
intralaminar and lateral geniculate thalamic nuclei (Steriade et al., this meeting). The 
synchronization of seizures (assessed by cross-correlations and spike- and wave- 
triggered averages) was studied in the intact brain and after intracortical transections.

The seizures, including spike-wave (SW) and polyspike-wave (PSW) complexes at 
2-4 Hz, were focal at the onset, with a varying degree of secondary generalization. 
The synchrony in corticothalamic networks increased from the slow sleep oscillation 
(J. Neurosci. 1993,13:3252-3265) to the seizure. The time-lags between seizure 
components in simultaneously recorded cortical neurons changed dynamically in the 
course of a single seizure.

Both spontaneous and evoked seizures were initiated in the cortex. Seizures 
preferentially spread through intracortical pathways, and consistently showed short- 
range intracortical synchronization before corticothalamic synchrony was reached. In 
some cortical seizures, the related thalamic nuclei did not display seizure-like 
activity. No SW seizures confined to the thalamus were observed.

Complete transection of intracortical pathways impaired the intracortical 
synchrony. However, short periods of cortical seizure synchronization across the 
transection were still observed. Those periods coincided with synchronous activity in 
related thalamic nuclei, suggesting that corticothalamocortical loops, linking distant 
neocortical areas, may contribute to spreading of seizures.

Supported by MRC of Canada, HFSP, FRSQ and RC of Norway.

661.11
CORTICAL NEURON-GLIA INTERACTIONS DURING SPIKE-AND-WAVE (SW) 
SEIZURES. F, Amzica*, D. Neckelmann and M. Steriade. Laboratory of 
Neurophysiology, School of Medicine, Laval University, Quebec, Canada G1K 7P4.

The interaction between cortical neurons and glial cells was investigated in vivo by 
means of double intracellular and multi-site field potential recordings during 
spontaneous or induced seizures in anesthetized cats. The SW seizures evolved from a 
slow sleep oscillation (<1 Hz) to paroxysms with complex patterns (Steriade et al., 
this meeting). Glial cells reflected the synaptic activities of neurons. During the 
seizure, glial cells steadily depolarized by 25.6 ± 7.4 mV (mean ± SE; n=30). The 
steady depolarization was dependent on the frequency and spatial spread of the seizure. 
The glial reflection of the paroxysmal depolarizing shift (PDS) consisted of a roundish 
depolarization whose rising slope was slower than that of the neuronal PDSs. The 
time-lags between neuronal synaptic events and the corresponding glia depolarization 
diminished from tens of milliseconds to zero as the seizure reached its paroxysm. This 
phenomenon was paralleled by an increase in shape-likeness between glial activities 
and extracellular field potentials. The repolarization of the glial PDS outlasted the 
neuronal repolarization of the PDS, suggesting that the uptake of K+ continues in 
glial cells during the hyperpolarizing phase of the neurons. The end of this process 
may underlie the frequency setting of oscillations.

Supported by MRC of Canada, HFSP, FRSQ and RC of Norway.

661.12
THALAMIC RETICULAR AND THALAMOCORTICAL CELLS DURING FAST 
COMPONENTS (10-15 HZ) OF CORTICAL SEIZURES. I, Timofeev*, N. 
Durmuller and M. Steriade. Lab. Neurophysiol., School of Medicine, Laval 
University, Quebec, Canada G1K 7P4.

Paroxysmal episodes of brain electrical activity may evolve from sleep 
patterns and consist of spike-wave (SW) or polyspike-wave (PSW) complexes at 2-4 
Hz as well as runs of fast depolarizing events (10-15 Hz). These patterns have been 
investigated by means of multi-site neocortical recordings at the field potential and 
intracellular level (see Steriade et al., this meeting). Here we report the results of 
experiments focused on the role played by thalamic neurons in the fast events of 
such seizures. Neurons were recorded extra- and intracellularly from various 
neocortical areas as well as from dorsal thalamic and thalamic reticular (RE) nuclei, 
in cats under ketamine-xylazine anesthesia or barbiturate anesthesia, (a) RE neurons 
displayed strong spike-bursts in close time relation with cortical paroxysmal 
depolarizations during SW or PSW epochs. By contrast, during contiguous epochs 
with fast events RE neurons were steadily depolarized and reflected cortical fast 
events as EPSPs, occasionally leading to single spike activity, (b) The majority of 
thalamocortical (TC) neurons were tonically hyperpolarized and additionally 
exhibited phasic IPSPs (that reversed at around -70 to -75 mV) during periods 
characterized by cortical SW or PSW complexes at 2-4 Hz. TC neurons recovered 
their resting Vm during epochs with cortical fast events and displayed typical EPSPs 
within the same frequency range (10-15 Hz). During the fast events the depolarizing 
inputs from cortex prevailed in TC cells over the inhibitory inputs from RE cells.

These aspects suggest that the runs of fast depolarizing events are generated 
in the cortex and thalamic neurons just reflect synaptically this cortical activity. In 
support of this assumption, we have been able to record fast seizures within isolated 
slabs.

Supported by MRC of Canada, HFSP and Savoy Foundation.
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662.1
BIPHASIC PERINATAL EXPRESSION OF vzg-1, A LYSOPHOSPHATIDIC 
ACID (LPA) RECEPTOR GENE, SUGGESTS DUAL ROLES FOR LPA IN 
BRAIN DEVELOPMENT. J.A. Weiner*, J.H.Hecht. S.R. Post and J, Chun, 
Department of Pharmacology and Program in Neurosciences, School of Medicine, 
University of California, San Diego, La Jolla, CA 92093-0636.

The vzg-1 gene encodes a G-protein coupled receptor for the bioactive lipid 
lysophosphatidic acid (LPA; Hecht et al. (1996), J. Cell Biology, 135(4)). We 
showed previously that vzg-1 is expressed in the ventricular zone of the developing 
cerebral cortex during the period of neurogenesis (E11-E18). Using in situ 
hybridization, we have now characterized the perinatal expression of vzg-1 in the 
murine brain. Vzg-1 expression diminishes by the end of the cortical neurogenetic 
period (El8), and is detectable mainly in meningeal cells at birth. By the third 
postnatal day (P3), however, vzg-1 expression reappears, in scattered cell populations 
in the hindbrain. Vzg-1 expression subsequently expands to include more rostral 
regions, with peak expression by Pl 8, and appears to decrease to lower levels by 
adulthood. The identity of vzg-1 expressing cells is currently being determined by 
double-labeling experiments. Present results demonstrate that the labeling pattern is 
most prominent in regions of low neuronal density, suggesting that one class of 
vzg-1 expressing cells may be glia. Consistent with this, vzg-1 is expressed by 
glial cell lines, including the C6 rat glioma line. Preliminary results indicate that 
LPA can influence the morphology and growth of these cells. Together, these 
results suggest roles for LPA in two distinct processes during brain development: 1) 
the proliferation, differentiation, and/or death of neuroblasts in the embryonic 
cerebral cortex; and 2) the postnatal development of glia. [Supported by the NIMH].

662.2
DIFFERENTIAL ONTOGENY OF NOTCH 1, NOTCH 2 AND NOTCH 3 IN THE 
POST-NATAL RAT BRAIN: AN IN SITU HYBRIDIZATION STUDY 
D.K. Irvin*1 T. MacMahon1. Q.Weinmaster3, C-E, Lindsell3, and H.I, Komblum1-2, 
Departments of Pharmacology1, Pediatrics2, and Biological Chemistry3, UCLA, Los 
Angeles, CA 90095.

The Notch gene family, which encodes transmembrane receptors, is involved in the 
regulation of cell fate decisions during neurogenesis in both vertebrates and 
invertebrates. However, its role in mammalian brain development is not completely 
understood. Furthermore, it is not clear why there is a redundancy of ligands and 
receptors. Recently, a mutation in Notch3 has been shown to be causative in the 
CADASIL stroke syndrome which affects young adults, implying a role for Notch 
signaling in the maintenance of cerebral vasculature. Here we have examined the 
ontogeny of Notch 1, 2 and 3, mRNAs in the post-natal rat brain by in situ 
hybridization. On P0, Notch 1 was expressed in numerous brain regions, including 
the ventricular and subventricular zones of the forebrain, the ventricular germinal 
zones of numerous brain areas, Bergmann glia of the cerebellum and cerebral blood 
vessels. Numerous labeled cells were detected throughout the brain in both grey and 
white matter. There was little or no expression in the granule cell layers of the 
dentate gyrus and the cerebellum, areas of postnatal neurogenesis. As development 
proceeded, germinal zone labeling persisted, but became more restricted to ventricular 
zones. Labeling in the white matter first became more prominent, then receded, and 
labeling in cerebral vasculature diminished. Notch3 expression largely paralleled that 
of Notch 1, except that there was little labeling in the forebrain subventricular zone 
and labeling in the cerebral vasculature persisted throughout the time period studied. 
Notch2 expression was also present in numerous germinal epithelia, again with the 
notable exception of the cerebellar EGL and the hippocampal dentate gyrus. Dense 
expression was present within the choroid plexus. Taken together these findings 
indicate that Notch signaling pathways may be important in the postnatal brain for:
1. Genesis or differentiation of glia. 2. Development and/or maintenance of the 
cerebral vasculature. 3. Choroid plexus function. These findings do not support a role 
for Notch signaling in the postnatal genesis of neurons of the dentate gyrus and 
hippocampal granule cell layers.

Supported by DOE Contract DE-FC03-ER60615& NIH (NS1885-01) to GW

662.3
RAPID PROLIFERATION OF ADULT OLIGODENDROCYTE PRECURSOR 
CELLS IS INDUCED BY A COLLABORATION OF PDGF AND NEUREGULIN 
J, Shi*t, P. Osherofft, S. P. Tsait, N. Chiangt and B. A. Barrest. +Dept. of 
Neurobiology, Stanford University, School of Medicine, Stanford, CA 94305-5401, 
USA. fDept. of Protein Chemistry, Genentech, Inc., South San Francisco, 
California 94080

Oligodendrocyte precursor cells (O2A) persist in the adult brain in a quiescent 
state; it is not known whether they have the capacity to rapidly generate new 
oligodendrocytes after brain injury. We have directly compared the properties of 
highly purified O2A isolated from perinatal and adult rat optic nerves. When cultured 
in platelet derived growth factor (PDGF), an astrocyte-derived mitogen, perinatal 
O2As divide about once per day whereas adult O2As divide only once every 4 days. 
The proliferation rate of adult O2As is not increased by addition of fibroblast growth 
factor (FGF), their other known mitogens, or conditioned medium from activated 
macrophages, mixed glial cells or B104 cells. Neureglulins (NRG) have recently 
been reported to promote the proliferation of perinatal 02As (Canoll et al., Neuron 
17:229-243, 1996). By using RT-PCR and immunostaining, we have shown that 
retinal ganglion cells synthesize several splice forms of neuregulin and that O2As 
were pharmacologically elevated using a combination of forskolin and IBMX. 
However, NRGs induced perinatal O2As to slowly divide about once every 4 days 
but adult O2As divide little if at all. When PDGF was combined together with 
NRGs and cAMP elevation, the adult O2As began rapidly dividing about once per 
day. These findings suggest that adult O2As are not senescent cells but have the 
capacity to rapidly divide. They also suggest that after a demyelinating injury, 
enhanced axonal release of NRGs might collaborate with astrocyte-derived PDGF to 
induce rapid division of adult O2As in order to generate new oligodendrocytes.

This work was funded by an NIH NRSA award to J.S. and by an NEI R01 grant 
to B.A.B.

662.4
NOTCH RECEPTOR ACTIVATION INHIBITS OLIGODENDROCYTE 
DIFFERENTIATION. S. WangfG. DiSibio2, G. Bush2, G. Weinmaster2
B.A. Barres1. Dept. of Neurobiology, Stanford University School of 
Medicine, Stanford, CA 94305-5401L Dept. of Biological Chemistry, 
UCLA School of Medicine, Los Angeles, CA 900952

What cell-cell interactions control the timing of oligodendrocyte 
development and myelination? We have asked whether the ability of 
oligodendrocyte precursor cells to differentiate into oligodendrocytes in 
the developing rat optic nerve is controlled by the Notch pathway. Using 
RT-PCR, Western blotting, and immunostaining, we found that the Notchl 
receptor is expressed by oligodendrocytes and their precursor cells 
purified from the postnatal rat optic nerve. Similarly, a ligand for the 
Notchl receptor, Jagged, is expressed by retinal ganglion cells. Jagged 
immunoreactivity is observed along axons, indicating that this ligand is 
located in an appropriate position to activate Notch receptors on 
oligodendrocyte lineage cells in the developing optic nerve. To directly 
assess whether Notch receptor activation affects the ability of 
oligodendrocyte precursor cells to differentiate, we co-cultured 
oligodendrocyte precursor cells on a stably transfected cell line that 
expresses Jagged. Although nearly all of the precursor cells cultured on 
the control, untransfected cell line differentiated into galactocerebroside 
expressing oligodendrocytes, about 40% of the precursor cells cultured on 
the Jagged-expressing cell line failed to differentiate. These results 
suggest that the Notch pathway may help to control the timing of 
oligodendrocyte differentiation and myelination in the developing rat 
optic nerve.

This work was funded by the National Multiple Sclerosis Society 
(S.W.), and the National Eye Institute (B.A.B.).

662.5
PUTATIVE OLIGODENDROCYTE STAGE-SPECIFIC cDNAs ISOLATED 
BY SUBTRACTIVE HYBRIDIZATION.
C.F. Landry*, C.W. Campagnoni, K, Kampf, T.M, Pribyl, A.T, Campagnoni
and J.B. Watson. Mental Retardation Research Center and Brain Research 
Institute, UCLA Medical School, Los Angeles, CA 90024.

To identify unique stage-specific markers of oligodendrocyte differentiation, 
we applied subtractive hybridization to conditionally-immortalized cell lines 
representing two stages of oligodendrocyte differentiation. One of these cell 
lines represented an oligodendrocyte precursor (N19), the other a more 
mature oligodendrocyte (N20.1). From a subtractive screen, three cDNA 
clones were isolated that were enriched in the N19 compared to N20.1 
according to Northern blot analysis. One of these, a cDNA corresponding to 
a 3.4 kb mRNA, encoded T-cadherin, a cell adhesion molecule not previously 
identified in glial cells. In situ hybridization of mouse primary glial cells 
confirmed expression of this cadherin molecule in oligodendrocyte-like cells. 
The second, a 1.4 kb mRNA, was found to correspond to the intermediate 
filament protein cytokeratin 19, also not previously identified in 
oligodendrocytes. The third, designated 3G5, was homologous to a 
previously identified uncharacterized clone and encoded a 640 bp cDNA with 
an open reading frame of 66 amino acids. Preliminary combined in situ 
hybridization-immunocytochemistry of mouse brain primary glial cell cultures 
showed co-expression of 3G5 in A2B5+ cells. Subtractive hybridization of two 
stage-specific oligodendrocyte cell lines, therefore, enabled the isolation of 
unique oligodendrocyte markers representing such diverse cellular functions 
as cell adhesion and cell structure, both of which change during 
oligodendrocyte differentiation. (Supported by NIH grant NS23022 and MS 
Society grants PP0403 and RG2693).

662.6
CELLS OF THE ADULT MOUSE SVZ PROLIFERATE, MIGRATE AND 
DIFFERENTIATE INTO OLIGODENDROCYTES IN RESPONSE TO 
DEMYELINATION. Lachapelle F.. Nait-Oumesmar B., Decker L.. Peterson AL, and 
Baron-Van Evercooren A*. INSERM-CJF 96-08 Hopital de la Salpetriere, 75651 Paris, 
cedex 13, France (1) Me Gill, Montreal,

Failure in CNS remyelination may be related to the low number of 
oligodendrocyte progenitors residing in the adult CNS. We recently found that the adult 
mouse SVZ harbors a pool of cells capable of generating myelin-forming 
oligodendrocytes and that this capacity can be enhanced by treatment with FGF-2 
(Lachapelle et al., J. Neurosci., 390, 13, 1996). Moreover, cells of the adult SVZ are 
activated by demyelination of the corpus callosum (Nait-Oumesmar et al., J. Neurosci., 
390,13,1996). In order to investigate whether cells of the adult SVZ are competent for 
remyelination, demyelination was induced by stereotaxic injection of lysolecithin 
(LPC1%, 2pl) in the corpus callosum of adult wild-type mice at l-3mm from the SVZ. 
Cells of the adult SVZ which express E-NCAM and actively proliferate were traced 
during the first 72 hours after demyelination combining immunolabeling for E-NCAM 
(anti-MenB, G. Rougon, Marseille), and 3H-thymidine (3HT, 6pCi/gr) incorporation 
performed prior to LPC injection. In the absence of demyelination, E-NCAM+/3HT+ 
labeled cells were detected in the SVZ and in their tangential migratory pathway but 
were absent from the corpus callosum. Twenty four, 48 and 72 hours after LPC 
injection, chains of E-NCAM+/3HT+ cells were seen to leave their migratory pathway 
and migrate radially towards the lesion. Individual or small groups of cells were found 
specifically at the lesion site, their number increasing with time and proximity of the 
lesion. In order to evaluate the ability of SVZ cells to repair demyelinated lesions, SVZ 
fragments of 6 months old MBP LacZ 9.5 transgenic mice, expressing the transgene 
specifically in myelinating oligodendrocytes, were Hoechst-labeled and homotypically 
engrafted into the SVZ of 6 months old wild-type mice demyelinated by LPC 48h prior 
to grafting. Analysis of recipients 30 to 60 days post-grafting showed the presence of 
H+/fiGal+ oligodendrocytes and myelin-like structure at the lesion site. These data 
clearly suggest that cells of the adult SVZ can be activated, recruited and induced to 
remyelinate demyelinated lesions of the adult CNS. Supported by INSERM and ARSEP.
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662.7
REGULATION OF ASTROGLIAL PROLIFERATION THROUGH CELL-
CELL INTERACTION. Y.Nakatsuji: ,and ,K HJ4iller. Department of 
Neurosciences, Case Western Reserve Univ. School of Medicine, Cleveland 
OH. 44106

During development and maturation of the vertebrate CNS, the 
proliferation of distinct populations of neuron and glial precursors is 
closely regulated. The mechanisms that regulate the proliferation of 
astrocytes is not clearly understood. We have investigated the 
mechanisms and the effects of glial/glial and neuron/glial interactions on 
the proliferation of type-1 astrocytes. Serum driven proliferation of 
astrocytes was inhibited by density dependent contact inhibition but 
unaffected by soluble factors from high density astrocyte cultures. The 
cyclin-dependent kinase inhibitor p27 was increased according to the cell 
density of astrocytes, and decreased by replating astrocytes into sparse 
culture. This contact inhibition of cell proliferation was cell type specific. 
Astrocytes and fibroblasts inhibited astroglial proliferation but smooth 
muscle cells did not. In co-cultures of astrocytes and neurons, local 
interaction between astrocytes and neuron altered the morphology of the 
glial cells and promoted their proliferation. These observations are 
consistent with the finding that during development, the majority of 
astroglial proliferation occurs after the majority of neurons are born. Since 
astrocytes in the adult CNS retain the capacity to proliferate, we propose 
that the primary inhibitor of astroglial proliferation in the mature CNS 
is mediated through an increase of p27 expression as a result of contact 
between adjacent astrocytes. (Supported by NIH grant 25597)

662.8
OVEREXPRESSION OF THE SERINE PROTEASE INHIBITOR PN-1 LEADS 
TO ACTIVATION OF ASTROCYTES.
N. Schaeren-Wiemers* and D. Monard.
Friedrich Miescher-lnstitut, P.O. Box 2543, CH-4002 Basel, Switzerland 

Protease nexin 1 (PN-1) is a 43 kDa protein which promotes neurite out-
growth in vitro and is a potent inhibitor of serine proteases such as thrombin, 
trypsin or plasminogen activators. PN-1 shows an interesting expression pat-
tern during development and in the adult especially in the cerebral cortex, the 
hippocampus, the thalamus and in the olfactory bulb. PN-1 is strongly 
upregulated in the adult following ischemic insult or excitotoxic lesion in the 
CNS and after sciatic nerve lesion in the PNS. To gain more insight into the 
function of PN-1 in the nervous system two different strains of mice have 
been generated: mice which overexpress PN-1 postnatally under the control 
of the Thy-1 promotor and PN-1 deficient mice. Electrophysiological record-
ings showed an enhancement of long-term potentiation in the CA1 field of 
hippocampal slices of overexpressing mice whereas in knock out mice a re-
duction of long-term potentiation could be recorded (A. Luethi, in press). Both 
type of mice showed a higher susceptibility to agents such as kainic acid in-
ducing epileptic seizures. From the age of 6 months on, mice with the highest 
overexpression of PN-1 develop a hunchback, their front legs are pulled 
backwards, their eyelid is chronically inflammated and they show a hyperac-
tive behavior. Immunohistochemical analysis of brain sections from 1.5 year 
old mice revealed a high density of reactive astrocytes in layer 5 of the motor 
and somatosensory cortex. We are currently investigating the onset of activa-
tion of these astrocytes in these mice and if microglia and macrophages are 
also activated. Our results show that in vivo disturbance of the balance be-
tween extracellular proteases and protease inhibitors can trigger activation of 
astrocytes, probably reflecting ongoing gliosis.

662.9
EARLY CHANGES IN ASTROCYTE GENE EXPRESSION FOLLOWING 
NEURONAL CONTACT. S, Kelicz* and D. Weinstein . Molecular 
Neurobiology Laboratory, Department of Neuroscience, Albert Einstein 
College of Medicine, Bronx, New York 10461, USA.

During development of the nervous system, neurons and glial cells interact 
to adjust glial cell number (Hatten, 1985; Weinstein et al., 1990; Burne et 
al., 1996). It was shown that neurons arrest astrocyte cell division through 
mechanism mediated by the plasma membrane and not by soluble factors. 
We hypothesize that astrocyte growth arrest is associated with rapid and 
specific gene expression and our aim is to identify and clone those genes 
which may be differently expressed by the astrocytes in response to 
contact with neurons. The ability of C17 nerve cell line to cause 
contact-mediated inhibition of primary rat astrocytic cells suggested that 
these cells are a useful model for our studies. In co-cultures of Cl7 cell / 
astroglial cell, the C17cell induce a significant decrease in glial 
proliferation within 24 hours, as demonstrated by BrdU incorporation. 
Also, addition of 10-20 pg protein of isolated 07 membranes gave the 
same effect. By making co-cultures of primary rat cerebellar astrocytes 
with or without C17 cell membranes we were able to isolate RNA material 
originating only from astrocytes. Total astroglial RNA were isolated with 
an acid guanidinium thiocyanate phenol-chloroform extraction 
(Chomczynski and Sacchi, 1987) and their mRNAs were purified using the 
PolyATract system (Promega). In current investigations, a subtractive 
hybridization (Clonotech) approach is used in order to isolate and clone 
cDNAs corresponding to mRNA molecules present in the astrocytes 
co-cultured with Cl7 neuronal membranes.

This work is supported by National Multiple Sclerosis Society,
grant RG-2785-A-2.

662.10
REGULATION OF CNS GLIOGENESIS BY THE JAK-STAT 
SIGNALING PATHWAY. M. Nadal-Vicens, A. Bonni, Y. Sun, and 
M, E, Greenberg*. Division of Neuroscience, Children’s Hospital, 
and Department of Neurobiology, Harvard Medical School, Boston, 
MA 02115.

A mechanism by which members of the CNTF/LIF cytokine family 
regulate gliogenesis in the developing mammalian central nervous 
system (CNS) has been characterized. Activation of the CNTF 
receptor (CNTFR) was found to promote the differentiation of cerebral 
cortical precursor cells into astrocytes and to inhibit the differentiation 
of cortical precursors along a neuronal lineage. Although CNTF was 
found to stimulate both the JAK-STAT and Ras-MAPK signaling 
pathways in cortical precursor cells, the JAK-STAT signaling pathway 
selectively enhances the differentiation of these precursors along a glial 
lineage. Activation of this pathway was found to be both necessary 
and sufficient for cytokines to induce the generation of astrocytes from 
cortical precursor cells. In contrast, activation of MAPK was found to 
oppose the glial differentiation-promoting effects of the JAK-STAT 
signaling pathway, suggesting that the Ras-MAPK signaling pathway 
may regulate the proliferation of CNS precursor cells or their 
differentiation into neurons. Taken together, these findings suggest 
that cytokine activation of the JAK-STAT signaling pathway may be a 
mechanism by which cell fate is controlled during mammalian 
development.
Supported by an NIH RO1 grant (CA43855; M.E.G.), an MRRC grant 
(NIHP30-HD 18655), and an NIH training grant (T32MIH18012).

662.11
PURIFICATION AND CHARACTERIZATION OF 
FIBROUS ASTROCYTE PRECURSOR CELLS.
H, Mi*. B, A, Barres Department of Neurobiology, Fairchild 
Science Building, Stanford University School of Medicine, Stanford, 
CA 94305-5410

Little is known about the development of the two main types of 
astrocytes, protoplasmic astrocytes of grey matter and fibrous 
astrocytes of white matter. We have developed a sequential 
immunopanning method to isolate fibrous astrocytes and then- 
precursor cells from developing postnatal and embryonic rat optic 
nerves, respectively. The purified precursor cells, which were all 
immature as evidenced by lack of immunostaining for glial fibrillary 
acidic protein (GFAP), were cultured in serum-free medium. The 
majority of cells died within 24 hours when cultured in the absence 
of peptide trophic factors. Their survival could be promoted by a 
variety of neuron-derived peptides including fibroblast growth factor 
(FGF), insulin like growth factor-1 (IGF-1), and glial growth factor 
(GGF), when intracellular cAMP was elevated at the same time. 
Under these conditions, the precursor cells survived but did not 
differentiate. When ciliary neurotrophic factor (CNTF) or leukemia 
inhibitory factor (LEF) was added to the culture medium, over 95% 
of the precursor cells differentiated into GFAP-positive astrocytes. 
These results indicate that fibrous astrocytes differentiation does not 
occur by default but needs to be signaled.

This work was funded by a National Research Service Award from 
the NIH.

662.12
DEVELOPMENT OF NEURONAL AND GLIAL PRECURSORS IN 
CULTURED NEOCORTICAL SLICES FROM EMBRYONIC MOUSE 
BRAIN J.M.Edgar*. T.E.Levers & D.J.Price. Dept. of Physiol., Univ. Med. Sch., 
Univ. of Edinburgh, Edinburgh, EH8 9AG, U.K.

The mammalian neocortex develops from a sheet of undifferentiated precursor 
cells. Both neurones and glial arise from this proliferative population. During 
neurogenesis, neuronal precursors proliferate in the ventricular zone and migrate 
out to form the primordial plexiform layer and the cortical plate (future neocortex). 
As neurogenesis declines, a second wave of cytogenesis occurs in the 
subventricular zone. This gives rise to the glial precursors which will later 
differentiate into the macroglia of the cortex and underlying cortical wall.

Neocortical slices grown in defined serum free culture medium provide a model 
system in which to study a variety of developmental processes. These include 
proliferation, migration, lamination and differentiation. We have followed the fate 
of neuronal and glial precursors in such a system.

Previous results showed that neuronal precursors bom in vitro fail to form normal 
laminae. This may have been due to a premature loss of layer I Cajal Retzius 
neurones which are important in lamination (Ogawa et al, Neuron, 14, 1995). Del 
Rio et al (J.Neurosci.,16, 1996) showed that Cajal Retzius neurones can be kept 
alive in postnatal neocortical slice cultures by the addition of tetrodotoxin (TTX). 
We added TTX to embryonic cortical slice cultures and showed an improvement in 
the ability of in vitro bom cells to retain their normal laminar positions.

Preliminary results from the study of glial cell precursors bom in vitro, after the 
period of neurogenesis, show that these cells will differentiate into glial fibrillary 
acidic protein (GFAP) positive cells. To begin to elucidate the factors (extrinsic 
and/or intrinsic) that determine neuronal versus glial cell fate, we will transplant 
such cells into an environment in which neurogenesis predominates.

This work was funded by the Wellcome Trust and the MRC
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662.13
CONTRIBUTION OF BONE MARROW-DERIVED CELLS TO LESION- 
ASSOCIATED GLIOSIS IN THE ADULT CNS. M.A. Eglitis L E. Mezey2. 
D.A. Dawson3, T.R. Walters** and M.M. MouradianL lExperimental 
Therapeutics Branch, 2Clinical Neuroscience Branch, ^Stroke Branch, NINDS, 
NIH, Bethesda, MD 20892.

In the adult brain, some astrocytes and microglia arise from progenitors 
residing within the bone marrow (Eglitis & Mezey, PNAS 94:4080-4085 
[1997]). We sought to determine if these marrow-derived cells participate in 
the natural glial-mediated response to injury in the CNS. We followed the 
appearance of marrow-derived cells in rat brains using in situ hybridization 
histochemistry to detect repeat sequences in the Y chromosome of male 
donor marrow-derived cells in female marrow transplant recipients. Four to 
eight weeks after transplantation, rat brains were lesioned either by middle 
cerebral artery occlusion (MCAO) or by injection of 6-hydroxydopamine (6- 
OHDA) into the left medial forebrain bundle. 48 hr after MCAO, rats were 
killed and their brains were analyzed for presence of donor cells. We found 
that glial cells derived from the marrow did participate in the gliosis 
associated with ischemia. One week after 6-OHDA lesioning, significant 
gliosis including donor marrow-derived cells was observed in the substantia 
nigra, correlating with apomorphine-induced contralateral rotation.

These results confirm that marrow-derived glial cells are functional within 
the adult rat brain, to the extent that they can be activated and associated 
with lesion-induced gliosis. Since marrow cells can be genetically 
engineered ex vivo using retroviral and other vectors, it may be possible to 
use bone marrow transplantation to target reactive glial cells expressing 
therapeutic genes to sites of CNS injury.

662.14
INCREASED ED GENE FAMILY EXPRESSION IN THE RAT SPINAL CORD 
FOLLOWING CONTUSION INJURY. S.F. Tzeng*, J.C, Bresnahan, M.S. Beattie,
C.A, Tovar, L. Nguyen, and J. de Vellis. Mental Retardation Research Center, 
Departments of Psychiatry and Neurobiology, UCLA School of Medicine, Los 
Angeles, CA 90024; Department of Cell Biology, Neurobiology & Anatomy, The 
Ohio State University, Columbus, OH 43210.

It is well known that CNS injury and spinal cord injury (SCI) cause astrocyte 
activation which plays a pivotal role in neural degeneration and regeneration. The 
molecular mechanisms responsible for inducing astrocyte activation after injury 
remain unclear. Idl, Id2, Id3, and Id4 belong to a helix-loop-helix (HLH) gene family 
lacking a basic domain. It has been suggested that Ids are involved in regulation of 
cell proliferation and differentiation by the inhibition of basic-HLH transcription 
factors binding to DNA. We showed that Id3 antisense treatment was able to suppress 
DNA synthesis of serum-stimulated astrocytes, indicating that Id3 regulates astrocyte 
proliferation. To determine if the Id family regulates astrocyte proliferation after 
injury, a well-characterized model of spinal cord contusion injury was used. Using in 
situ hybridization analysis, we examined Id 1-3 mRNA expression in rat spinal cords 
at lh, Id, 3d, and 8d survival time points after contusion injury The results showed 
that the number of cells expressing Idl or Id3 mRNA in the spinal cords 5mm rostal 
and caudal to the lesion site was increased with longer post-injury survival times. In 
contrast, there was no significant increase in the number of Id2 expressing cells after 
SCI. Idl, Id2 and Id3 mRNA levels in the presenting cells were also dramatically 
elevated after SCI. A maximal expression level for these three Id mRNA was observed 
at a 3d survival time point. We concluded that contusion injury to the spinal cords 
results in upregulation of Id 1-3 mRNA, suggesting that Ids have an important role in 
spinal cord cell responses to SCI. The phenotype of Id expressing cells in the spinal 
cord after contusion is currently being investigated (supported by APA DB2-9502 and 
NICHD06576).

CELL DIFFERENTIATION AND MIGRATION: GENE EXPRESSION

663.1
GENOMIC ORGANIZATION OF THE REELIN GENE. I, Rovaux, AM. 
Goffinet* and C. Lambert de Rouvroit. Dept. Physiology, Univ. Namur Sch. Med., 
Namur, Belgium

Reelin, the product of the reeler gene, is a high molecular weight, 3461 
aminoacid long protein secreted in the extracellular matrix of the embryonic and 
developing brain. Analysis of the reelin cDNA coding region reveals the presence 
of a signal peptide followed by a unique region of 500 residues and eight repeats of 
about 350 aminoacids. In order to gain information on the reelin gene, its genomic 
organization was defined from a config of YAC, Pl and cosmid clones. The reelin 
gene extends over a 400-450 kbp large region of DNA The 5’ untranslated region 
of the first exon and the flanking DNA is GC-rich, with features of a CpG island. 
At least two transcription start sites were detected in primer extension experiments. 
The total number of exons is 65, ranging in size from 6 nt to 1104 nt (terminal 
exon). All intron/exon junctions were sequenced and conform to the GT-AG rule 
with one exception (GC instead of GT). The sizes of introns vary between 100 bp 
and more than 60 kbp (first intron), with a mean length of 2.9 kbp. Most introns 
(75 %) are of phase 1 and 2 and thus interrupt codons. Each reelin repeat is 
encoded by 5 to 7 exons. Intron positions in the repeats show some preservation of 
location and phase, which suggests evolution by successive duplication events. 
During an extensive search, few alternative splicing events were found, with the 
exception of a brain-specific 6 nt microexon, and an alternative polyadcnylation 
event predicted to result in the production of a truncated protein. One pseudogene 
related to a DnaJ coding sequence was found within intron number 42, and another 
transcribed sequence unrelated to any published sequence is present in intron 46. 
(Supported by grants from ARC, FRSM and FMRE, Belgium)

663.2
NRL AND ERBB4 EXPRESSION DURING MURINE DEVELOPMENT. G.D. 
Frantz*, D. Zhang#, M. Mark*, K.J. Hillan and P. Godowski*. Departments of 
Pathology and Molecular Biology*, Genentech, Inc., South San Francisco, 
CA 94080
NRL (neuregulin-like molecule) is a novel protein that exhibits structural 
similarities to the neuregulin (NRG) family of molecules. NRGs function in the 
proliferation, differentiation, survival or transformation of glial, skeletal muscle 
and mammary epithelial cells. The NRGs regulate these cellular responses via 
binding to heterodimers or homodimers of erbB2, erbB3 or erbB4 resulting in 
tyrosine phosphorylation of the receptors and downstream signalling events.

Examination of mice lacking erbB2, erbB4 or NRG suggested that a novel 
erbB4 ligand might exist in the central nervous system (CNS). While the 
hearts of all mice failed to develop myocardial trabeculae, the hindbrain 
phenotypes of the erbB2 and NRG knockouts (loss of cells and axons of the 
cranial sensory ganglia) differed from those of the erbB4 knockouts 
(abnormal spacing and pattern of innervation to and from the cranial sensory 
ganglia). Recent studies have shown that NRL binds transfected cells 
expressing erbB4 (but not erbB2 or erbB3) and can stimulate tyrosine 
phosphorylation of the erbB4 receptor (Zhang et al).

To determine whether NRL could be a candidate for the CNS-specific 
erbB4 ligand, we examined the expression patterns of NRL and erbB4 in 
developing and adult mice. In embryonic and adult mice NRL mRNA is 
expressed exclusively in the central and peripheral nervous system. ErbB4 is 
also expressed in the developing and adult brain, developing heart and 
skeletal muscle. NRL expression in many brain regions overlaps or adjoins 
regions of erbB4 expression. The neural pattern of expression suggests that 
NRL may be the neural specific erbB4 ligand.

663.3
EXPRESSION OF PRESENILIN 1 AND 2 MRNA DURING THE 
MURINE DEVELOPMENT. S.J. Jeonq1'2, S.S. Kim1, D.H. Kum2, K. Kim2 
and Y.H. Suh*1'. 'Dept. of Pharmacology, Coll, of Medicine and Dept. of 
Molecular Biology, Neuroscience Res. Inst., Seoul Nat'l Univ., Seoul 110-799, 
Korea: 2Dept. of Molecular Biology, Coll, of Natural Sciences, Seoul, Korea

Alzheimer's disease is a neurodegenerative disorder of the central 
nervous system and exhibits gradual formation of extracellular neuritic 
plaques in the brain. The important constituent of the neuritic plaques is 
amyloid beta protein (AP) that is proteolytically derived from larger P 
amyloid precursor protein (PAPP). However, the majority of early-onset 
familial Alzheimer's disease (FAD) are associated with mutations in two 
related genes named presenilin 1 (PSI) and presenilin 2 (PS2) which are 
predicted membrane proteins containing 7 (to 9) transmembrane domains. 
Although it was reported that PSI and PS2 play a role in the metabolism 
of PAPP and the apoptosis, their physiological functions are not clear yet. 
PSI and PS2 have homolog sel-12 and spe-4, of which expression plays a 
important role during development. The relative expression levels of PSI 
and PS2 is different among tissues and during development. However, the 
expression of PSI and PS2 during murine early development is not known. 
So we examined when the presenilin 1 and 2 gene begin to express 
during the pre- or post-implantation development by RT-PCR method. 
Transcript of PSI gene was only detected in 1 cell embryos as a maternal 
gene transcript and the expression was initiated from embryonic 8.5 day 
(E8.5 dpc) showing the formation of neuronal fold. In contrast, the 
transcript of PS2 was observed not only at 1 cell stage but at 2 cell 
stages and then dissappeared in 4 cell embryos and morula. Thereafter 
PS2 gene began to express from blastocyst stage initiating the first 
differentiation during development. These results show that PSI may play a 
role in the differentiation of central nervous system, while PS2 may 
contribute to the early differentiation during murine development.

663.4
A ROLE FOR THE POU-III TRANSCRIPTION FACTOR Brn-4 IN 
THE REGULATION OF NEURONAL PRECURSOR 
DIFFERENTIATION. T. Shimazakt*1 Y. Arseniievic.1 A. Rvan,2M.G. 
Rosenfeld2 and S. Weiss.1 ‘Departments of Anatomy and Pharmacology 
& Therapeutics, University of Calgary, Calgary, AB and 2Howard Hughes 
Medical Institute, University of California, San Diego, La Jolla, CA.

Recently, we found that a short application (2 hours) of IGF-I is 
sufficient to induce the differentiation of post-mitotic neuronal 
precursors, derived from EGF-responsive CNS stem cells. Here we asked 
whether this rapid induction of differentiation is mediated by one of the 
POU-III class of neural transcription factors. Exposure of CNS stem cell 
progeny to lOnM IGF-I resulted in a rapid upregulation of Brn-4 mRNA 
and protein. Other POU-III genes, such as Brn-1 and Brn-2, did not 
exhibit this upregulation. Basic FGF, a mitogen for neuronal precursors, 
did not stimulate Bm-4 expression. Indirect immunocytochemistry with 
a Bm-4 polyclonal antiserum, showed that the protein was expressed in 
newly-generated (6 hours) neurons. Antisense oligonucleotides were 
designed to test whether Brn-4 expression mediated, or was merely 
associated, with IGF-I-induced neuronal differentiation. The inclusion of 
Brn-4 antisense oligonucleotides resulted in a 50% reduction in the 
number of neurons differentiated in the presence of IGF-I - sense 
controls were without effect. Western blots indicated that the reduction in 
neuron number was associated with a reduction in Brn-4 protein levels. 
Delay in antisense application for 24 hours (greater than the time needed 
for IGF-I actions on differentiation) resulted in no reduction in neuron 
numbers. These findings suggest that Bm-4 mediates, at least in part, the 
actions of IGF-I on neuronal precursor differentiation.

TS and YA contributed equally to this work. Supported by the 
Medical Research Council of Canada.
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663.5
THE EXPRESSION OF BCL-2 PROTO-ONCOGENE IN PRIMATE BRAIN: 
VARIATIONS IN RELATION TO MATURATION AND AGING. P. Bouchard*, 
P, Bernier and A. Parent, Centre de recherche Universite Laval Robert-Giffard, 
Beauport, Quebec, Canada, G1J 2G3

By virtue of its capacity to prevent apoptosis, a form of programmed cell death, the 
proto-oncogene bcl-2 is believed to play a crucial role in CNS development. Studies in 
rodents have shown that the antiapoptotic Bcl-2 protein is widely expressed during CNS 
development, but undergoes a marked down-regulation during maturation. This protein 
is expressed only at a low level in the adult rat CNS. Studies of monkey brains have so 
far failed to demonstrate the presence of Bcl-2 at the neuronal level. Therefore, attempts 
were made to localize Bcl-2 protein by immunohistochemistry in the brain of juvenile 
(< 2-year-old), adult (2-5 year-old) and aged (> 10 year-old) squirrel monkeys (Saimiri 
sciureus). Bcl-2 immunostaining was found in the following structures: limbic and 
prelimbic cortices, striatum, amygdala, hippocampus, hypothalamus, olfactory system, 
cerebellum and some brainstem nuclei. Furthermore, we noted significant variations in 
the pattern of Bcl-2 immunostaining in relation to brain maturation and aging. In the 
amygdala, for example, Bcl-2 immunostaining in juveniles was confined to small, 
strongly and uniformly stained neurons located along the basolateral sector of the 
structure, whereas in adult and aged animals it was restricted to larger, more granular and 
less intensely stained neurons located deeper in the amygdala. We also noted a 
significant increase in the immunostaining intensity and thickness of the granular layer 
of the dentate gyrus in adults and aged monkeys, as compared to juveniles. In contrast, 
there was a marked decrease in Bcl-2 immunostaining in most cortical areas with 
maturation and aging. This study reveals that Bcl-2 is expressed throughout adulthood 
in certain brain structures in monkeys, particularly those belonging to the limbic system. 
The sustained expression of Bcl-2 may be essential for the functional and structural 
changes that occur in these structures as part of experience-dependent plasticity. 
[Supported by the MRC and NSERC].

663.6
THE PROTO-ONCOGENE BCL-2 AS A MARKER OF NEURONAL IMMATU-
RITY AND DIFFERENTIATION IN PRIMATE BRAIN. P. Bernier, L.J, Poirier* and 
A. Parent. Centre de recherehe Universite Laval Robert-Giffard, Beauport, Quebec, 
Canada, G1J 2G3.

By acting as a repressor of apoptosis Bcl-2 plays a key role in the control of neuronal 
survival. This proto-oncogene is highly expressed during neurogenesis, and particularly 
so in sectors where neuronal differentiation and migration occur. Postnatally, however, 
Bcl-2 expression is restricted to the PNS and a limited regions of the CNS, such as the 
olfactory bulb, dentate gyrus and cerebellum. Besides its anti-apoptosis role, recent 
evidence suggests that Bcl-2 can induce neuronal differentiation. The latter finding 
prompted us to investigate the distribution and morphology of neurons expressing Bcl- 
2 protein immunoreactivity in the brain of squirrel monkeys {Saimiri sciureus) of 
various ages. Several subsets of small and intensely immunoreacti ve neurons displaying 
an immature appearance were disclosed in the amygdala, piriform cortex, olfactory 
tubercle and subependymal zone. In the piriform cortex Bcl-2-immunoreactive neurons 
formed closely packed clusters that appeared linked to one another by their own neurites. 
In some cases the cells were so closely apposed to one another that they appear as mitotic- 
like aggregates that displays various forms, including that of an elongated tube within 
which the cell bodies are embedded. The subventricular zone, which in rodents is known 
to contain the largest population of rapidly and constitutively proliferating population 
of cells in the adult brain, displayed Bcl-2 immunoreactivity in squirrel monkeys. The 
subventricular immunostaining consisted of: 1) both fiber fascicles and cell bodies 
without clearly visible processes, 2) was particularly prominent at the basis of the lateral 
ventricle, and 3) appeared continuous with the intensely stained islands of Cajella of the 
olfactory tubercle. These findings suggest that Bcl-2 could be use as a marker of both 
proliferating neurons and post-mitotic neurons that are not yet fully differentiated. The 
data also indicate that constitutively proliferating populations of neurons are much 
numerous and more widespread than previously thought in adult primate brain. [Sup-
ported by the MRC and NSERC].

663.7
CELL CYCLE REGULATION OF OLIGODENDROCYTE DIFFERENTIATION 
RK Tikoo*. P Casaccia-Bonnefil. DJ Osterhout. A Koff. MV Chao, Dept. of 
Neurology and Dept. of Cell Biol., Cornell Univ. Med. Coll.; Molecular Biol. 
Program, Memorial Sloan Kettering Inst., New York, NY 10021.

To begin to address the mechanisms by which cell cycle proteins are 
involved in rat oligodendrocyte differentiation, we have investigated the 
regulation of CDK2 kinase, a key regulator of the Gl-S phase transition. CDK2- 
associated kinase activity was present in extracts of progenitor O-2A cells, but 
absent in oligodendrocytes. During oligodendrocyte differentiation, 
expression of cyclins DI, D2, D3, E, H and CDK7 were decreased modestly, 
while CDK2 and CDK4 levels decreased more dramatically. Concomitantly, 
the expression of the cell cycle inhibitors p27 and p21 both increased 
significantly, while pl6 levels remain unchanged. Titration of 
oligodendrocyte extracts with exogenous cyclin E was unable to activate CDK2- 
activity. Furthermore, addition of oligodendrocyte extract to recombinant, 
active cyclin E-CDK2 inhibited CDK2 activity in a dose-dependent manner. 
These data suggest that an inhibitor, such as p21 or p27, may be involved in 
inhibiting CDK2 activity in the differentiated state.

To determine the physiologic relevance of p27, we have introduced p27 into 
O-2A cells. When O-2A progenitors were infected with p27-adenovirus, they 
undergo cell cycle arrest under culture conditions in which they would 
normally proliferate. These infected cells also display the oligodendrocyte 
marker 01, and lose expression of the progenitor marker A2B5, consistent with 
the induction of differentiation.

Taken together, these results point to a model in which multiple components 
of the cell cycle machinery, including CDK2, p27, and CAK are modulated 
during the process of oligodendrocyte differentiation.
Supported by the NIH, NINDS 1K08NS01943-01.

663.8
EFFECTS ON GRANULE CELL GENERATION AND PATTERNING 
BY ECTOPIC EN-2 EXPRESSION IN CEREBELLAR PURKINJE 
CELLS. S.L.Baader*, S.Sanlioglu, K.Schilling1 and J.Oberdick. Dept. of 
Cell Biology, Neurobiology and Anatomy and the Neurobiotechnology 
Center, The Ohio State University, Columbus, OH 43210. ’University of 
Ulm, Dept. of Anatomy and Cell Biology, 89069 Ulm, Germany.

In order to unravel the role of En-2/Wnt-signaling in postnatal 
cerebellar development, En-2 was ectopically overexpressed in Purkinje 
cells (PCs) using the pcp-2 (L7)-promoter. Cerebella of L7en2 mice 
show a general decrease in both size and PC number mainly 
concentrated along the dorsoventral and rostrocaudal axes. 
Measurement of fissure depth compared to circumference of each 
section suggests a relatively selective effect in fissures. Consistent with 
this selectivity, there is a transient retardation of EGL formation which 
is restricted to the deep fissures during early postnatal development. 
During later stages, patterning in the mature granule cell (GC) layer was 
shown to be disrupted by examining NADPH-diaphorase expression. 
Namely, the spacing between one set of near midline NOS modules was 
shown to be progressively reduced in L7en2 cerebella in the radial 
direction down the fissure. This reduction in GC module spacing could 
be directly correlated to loss of PCs in the same region. Since GC- 
specific NOS modules have been suggested to be dependent on pattern 
of Mossy fiber innervation, this implies a role for rcs in this afferent 
patterning. Overall these data demonstrate a role for PCs in controlling 
both GC generation and patterning mediated by Wnt pathway signaling. 
(Supported by NIH RO1NS33114 and DFG ba!483/2-l).

663.9
DIFFERENTIATION OF CEREBELLAR GRANULE CELLS DOES NOT DEPEND 
ON A PRE-PROGRAMMED MITOTIC HISTORY

K. Schilling*, S.L. Baader, P.A. Fox, M. Bergmann, J, Gerdes & J, Oberdick
Dept. of Anatomy & Cell Biology, Univ. of Ulm, D-89081 Ulm, FRG; Dept.
of Anatomy, Humboldt-Univ. Berlin, FRG; Research Center Borstel, FRG; 
and Neurobiotechnology Center, The Ohio State Univ., Columbus, OH

A rather narrow time window centered around the terminal mitosis of 
their precursors has been recognized to be critical for the determination 
and / or realization of the developmental fate of a variety of neuronal 
phenotypes. In contrast, cerebellar granule cells are committed early during 
their proliferative phase. We now asked whether the realization of a cere-
bellar granule cell fate is dependent on the precise mitotic history of its 
precursor. Granule cell precursors were induced to leave the proliferating 
cell pool at least 3 days (>4 cell cycles) prematurely by mechanical disso-
ciation of day 17 embryonic cerebella. When grown in dissociated cultures, 
granule cell precursors rapidly down regulate proliferation-associated anti-
gens, and they fail to incorporate BrdU. Within a few days, they acquire 
morphological and functional characteristics which allow their classification 
as bona fide cerebellar granule neurons. These include the characteristic 
location of afferent synapses on dendrites, but not on the somata; the ex-
pression of functionally coupled receptors for GABA and glutamate; and 
the expression of cell specific markers, including nNOS. Cultured cerebellar 
granule cells do not express markers specific for other cerebellar pheno-
types, nor non-cerebellar granule neurons, even when challenged by a he-
terologous environment. These data show that the differentiation of cere-
bellar granule cells is independent of the precise timing of their terminal 
mitosis and the number of cell cycles preceding it. This contrasts to, e.g., 
retinal neurons, in which the time of cell cycle withdrawl critically influen-
ces cell phenotype and helps to explain how the numerical expansion of 
cerebellar granule neurons may be regulated on the level of proliferation 
(Smeyne et al, MCN 6, 230, 1995), whithout changing their phenotype. 
Supported by the DFG and NATO.

663.10
PROMINENT EXPRESSION OF NUCLEAR HORMONE 
RECEPTOR RORa IN PURKINJE CELLS FROM EARLY 
DEVELOPMENT. Shin Nakagawa*, Masahiko Watanabe and Yoshiro 
Inoue. Dept. of Anatomy, Hokkaido Univ. Sch. of Med., Sapporo 060, 
Japan.

The RORa is a member of the nuclear hormone receptor gene 
superfamily, and its deletion causes the staggerer mutation in mice. In 
the staggerer mutant mouse, Purkinje cells (PCs) are severely affected 
in the cytology, synapse formation and gene expression. We previously 
found the presence of mediolateral compartments unique to the staggerer 
cerebellum, based on different degrees of abnormalities in the cytology 
and gene expression. Here, we investigated expression of the RORa 
mRNA in developing mouse cerebellum, with a particular interest in 
its regional difference. At embryonic day 15, the RORa mRNA was 
expressed at the highest level in the PC plate. The prominent expression 
in PCs was maintained from late embryonic stage through mature 
stage. At any developmental stages, no apparent regional differences 
in the RORa mRNA expression were detected in the mediolateral and 
rostrocaudal axes of the cerebellum. The high expression from early 
developmental stages provides a molecular anatomical basis for its 
important role in phenotypic differentiation of PCs. However, the even 
distribution in the cerebellum suggests that the unique staggerer 
compartments are not directly related to the loss of RORa function.
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663.11
CLONING AND LOCALIZATION OF NOVEL STAGE-SPECIFIC 
GENES IN THE POSTNATAL RAT CEREBELLUM H, Kim*, I, L 
Rhvu, Y, H, Chun, Y, S, Suh and S, H, Park Institute of Medical 
Genetics and Dept. of Anatomy, Korea Univ. Coll, of Med., Seoul, 
136-705 Korea.

In rat that is helpless at birth, the cerebellum is in a corresponding 
state of immaturity, and its histogenesis and morphogenesis mainly 
occur after birth. The times and sites of origin of the four types of 
cerebellar local-circuit neurons, as well as their migration routes to 
specific positions in the cortex, their distinctive patterns of differentiation 
and growth, and their synaptogenesis, have been well studied. The 
stage-specific genes in the postnatal rat cerebellum may be related 
neurodevelopment in the cerebellum.

In this experiment, we cloned postnatal stage-specific genes from 7 
cDNA pools(P0, P3, P7, P12, P18, P25, Adult rat cerebellum) with 
ordered differential display using 192 primer sets. The cloned genes 
were sequenced, searched, and classified. Novel genes were localized in 
the developing and adult rat brains with in situ hybridization 
histochemistry. Among novel genes, the expression of three genes was 
observed exclusively during early postnatal period in the cerebellum.

From these results, it may be suspected these postnatal 
stage-specific genes are related with histogenesis or morphogenesis in 
the cerebellum. The character of these genes will be clarified with 
knockout study.

663.12
EPH RECEPTORS AND LIGANDS IN CEREBELLAR DEVELOPMENT. 
Joseph Wagner*. Isabelle Neveu. Peter Akerud. and Ernest Arenas.
Lab of Molecular Neurobiology, Dept. Medical Biochemistry and Biophysics, 
Karolinska Institute, Stockholm 17177, Sweden.

The Eph family of tyrosine kinase receptors are rapidly emerging as important 
regulators of axon guidance in the CNS and, more recently, as potential mediators 
of cell migration. We seek to define the role of the Eph family in the development 
of the cerebellum, where processes of proliferation, migration, and axon outgrowth 
proceed in a well-ordered and extensively characterized manner.

To determine developmental processes potentially mediated by these kinases, 
we first characterized mRNA expression of two Eph-receptors ligands, Elk-L and 
Ehkl-L, during the first 4 weeks of rat cerebellar development using Rnase- 
protection assay (RPA). Expression of Elk-L increased rapidly from P0 to peak 
levels at P15, followed by a rapid decline in expression that stabilized by P25. 
Ehkl-L expression displayed a similar pattern of decline, although peak levels 
occurred earier, at P0, and steady-state was reached by Pl5. Furthermore, in 
animals with experimentally-induced hypothyroidism, a condition producing 
selective deficits in cerebellar proliferation and migration, expression of both 
ligands was disrupted.

To define the populations responding to these ligands, we localized cerebellar 
expression of Eph receptors using immunohistochemistry. Intense EHK1- 
immunoreactivity was observed within the external germinal layer (EGL) from Pl- 
14; little or no expression was observed outside the EGL or at later ages. The high 
expression of both Eph-ligands and receptors during periods of cerebellar 
development (Pl-Pl5) intimately associated with proliferation and migration of 
granule neurons suggest that Eph kinases actively participate in cerebellar 
development. We are currently defining the role of these factors further, both in 
vitro (using granule cell cultures) and in vivo (by delivering Eph-ligands via 
transplantation of overexpressing cell lines). Supported by BIOTECH Program of 
the European Commission and the Swedish MRC.

663.13
DIFFERENTIAL DISTRIBUTION OF A NEURAL 
CHONDROITIN SULFATE PROTEOGLYCAN, NEUROCAN, 
AND ITS RELATED SMALL MOLECULES IN THE 
CEREBELLUM OF POSTNATAL RATS. M. Nishizuka1*, 
Y. Arai1, F. Matsui2, and A. Oohira2. “Dept. of Anatomy, 
Juntendo Univ. Sch. of Med., Tokyo 113, Japan, and 2Dept. of 
Perinatology, Inst, for Developmental Res., Kasugai, Aichi, 
480-03, Japan

Immunocytochemical localization of neurocan was 
studied under a confocal laser scanning microscope. W e 
applied two antibodies: a monoclonal antibody that 
recognizes the core protein of neurocan and of C-fragment of 
neurocan corresponding to the carboxyl-terminal half of the 
whole neurocan; and an antiserum that recognizes the core 
of neurocan and of another small form, N-fragment of 
neurocan. Presence of N-fragment of neurocan and absence 
of the C-fragment was seen in Purkinje cells of postnatal rats. 
In particular, the cytoplasm of Purkinje cell bodies and of the 
whole branches of their dendrites arborizing in the molecular 
layer were immunoreactive to the antiserum. Distribution 
of neurocan in the granule cell layer was obvious during the 
first postnatal week. By contrast, both the C- and N- 
fragments were likely co-localized in the granule cell layer of 
adults. These findings indicate a differential distribution of 
three forms of neurocan in the cerebellar cortex of postnatal 
rats. Supported by Grants from the Ministry of ESSC, Japan.

663.14
IMMATURE CEREBELLAR GRANULE NEURONS IN CULTURE 
EXPRESS GABAA RECEPTOR SUBUNIT mRNAs IN MATURE 
PATTERNS. L.T. Raetzman, C. Maver, and R.E. Siegel*. Dept. of 
Pharmacology, Case Western Reserve Univ., Cleveland, OH 44106.

GABAA receptor gene expression in rat cerebellar granule neurons in 
vivo coincides with the onset of granule neuron migration from the 
external germinal layer (EGL) to the internal granule layer (IGL). When 
granule neurons are cultured at postnatal day (P)6, prior to migration in 
vivo, p2 and y2 subunit mRNAs remain constant. In contrast, in 
cultures prepared at P10, when some neurons reside in the IGL, p2 and 
y2 subunit mRNAs increase. Since P10 cultures could contain both 
immature EGL and mature IGL neurons, we examined whether the IGL 
cells were responsible for the observed rise in subunit mRNA 
expression^ To determine neuronal maturity at the time of plating, two 
BrdU labeling protocols were used. P10 cells were labeled with BrdU 
two hours prior to plating to mark cells dividing in the EGL; 
alternatively, dividing cells labeled at P5 were plated at P10 to allow the 
marked cells to migrate into the IGL. Surprisingly, these studies 
demonstrated that only neurons from the EGL survived in P10 cultures. 
The presence of RU49, TAG-1, and GC9, markers of immature and 
early differentiating granule neurons, further confirmed the relatively 
undifferentiated state of the P10 cultures. Thus, although both P6 and 
P10 cultured cells are derived from the same population, the P10 
neurons appear to have been modulated by different developmental 
cues. Only these cells are competent to express GABAA receptor 
subunit mRNAs in mature patterns in culture. Supported by NS34317 
(RES) and T32NS07118 (LTR).

663.15
HIGHER ENERGY DEMAND IN POST-MITOTIC NEURONAL PHENOTYPE 
THAN PROLIFERATING TUMOR CELLS AND THEIR METABOLIC 
ADAPTATION. R, Yano, A. Waki. Y, Yonekura*. N. Sadato. T, Murata. K. 
Takada, YJshii, A, Yokoyama and Y. Fujibayashi, Biomedical Imaging Research 
Center, Fukui Medical School, Fukui, 910-11, Japan.

High glucose requirement in post-mitotic neuronal cells and proliferating tumor 
cells are well known. Although these two classes of cells have completely different 
patterns in energy utilization; the former for system maintenance/neuronal activity 
and the latter for cell growth, little consideration has been paid from the point of 
enrgy production. The present question was how these two classes of cells adapt 
their energy production system to their specific phenotypes and/or environments. In 
order to answer this question, we examined the changes in energy production of 
PC 12, a pheocromocytoma cell line known to differentiate to non-proliferating 
neuronal cells when treated with nerve growth factor (NGF), using 2-deoxyglucose 
(DG) and 3-O-methylglucose as a marker of glucose utilization and glucose 
transport, respectively. Lactate production was also measured as anaerobic 
glycolysis marker.

After differentiation, DG uptake increased three-fold with active phosphorylation, 
while glucose transport and lactate production remained unchanged. The ratio of 
lactate production to DG uptake became smaller by differentiation, indicating that 
the system of glucose metabolism changed from anaerobic to aerobic glycolysis 
after differentiation. From these results, it is considered that differentiated PC 12 
cells had extremely high energy demand for maintaining their neuronal phenotype 
rather than for cell growth. Adaptation for the differentiation was realized by high 
glucose utilization and use of more efficient energy production system, i.e. oxidative 
phosphorylation.

This work was supported by Ministry of Education, Science, Sports and Culture in 
Japan.

663.16
REGULATION OF DENDRITIC MORPHOLOGY BY RHO, RAC 
AND CDC-42. R. Threadgill, G. Redgrave and A. Ghosh*, 
Department of Neuroscience? Johns Hopkins University School of 
Medicine, Baltimore, MD 21205.

The acquisition of cell type-specific morphologies is a central 
feature of neuronal differentiation and has important consequences 
for nervous system function. We report here that cortical neurons in 
primary culture undergo morphological maturation, and can be clearly 
classified as pyramidal and non-pyramidal neurons. In addition, as in 
vivo, a morphological transformation from pyramidal to non-pyramidal 
morphologies in vitro results in a shift in favor of non-pyramidal 
morphologies over time. Transfection of dominant negative mutants 
of Rac and Cdc42 cause a reduction in the number of basal dendrites 
in pyramidal neurons and a reduction in the number of primary 
dendrites in non-pyramidal neurons. Remarkably, the transformation 
from pyramidal to non-pyramidal morphologies is also inhibited by 
the expression of dominant negative Cdc42, the GTPase activating 
protein, RhoGAP p190, and to a lesser extent by dominant negative 
Rac. Constitutively active mutants of Rho and Rac partially reverse 
the effects of dominant negative Cdc42 suggesting that the 
regulation of dendritic morphology by Cdc42 is mediated at least in 
part by Rho and Rac. These observations indicate that Rho, Rac 
and Cdc42 play central roles in the specification of dendritic 
morphologies, and suggest that differential activation of these Rho- 
related GTPases may contribute to the generation of morphological 
diversity in the developing cortex. (Supported by a Damon Runyon 
Scholar Award, DRS-02 (AG)).
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663.17
DIFFERENTIAL EFFECTS OF BASIC HELIX-LOOP-HELIX 
PROTEINS ON GAP-43 EXPRESSION DURING NEURONAL 
DIFFERENTIATION, M. N. Uittenbogaard, and A. Chiaramello*. 
Department of Anatomy and Cell Biology, George Washington 
University Medical Center, Washington, DC 20037.

Upon differentiation, postmitotic neuroblasts express the GAP-43 
gene at high levels in their growth cones during axonal outgrowth and 
synapse formation. The mechanism of GAP-43 regulation occurs at 
both level of transcription and translation. Our objective has been to 
determine the m-acting elements responsible for the neuron-specific 
expression of GAP-43. We identified seven E-boxes (El to E7) in the 
GAP-43 promoter region that are organized in two clusters, a distal 
cluster (E3 to E7) and a proximal cluster (El and E2). Only the most 
proximal El E-box is conserved between the rat and human GAP-43 
promoter sequences, in terms of flanking sequence, core sequence, and 
position. We challenged the activity of these E-boxes with several basic 
helix-loop-helix transcription factors that are coexpressed with GAP-43 
during neurogenesis. We observed either a strong repression or an 
activation of GAP-43 promoter depending on which bHLH 
transcription factors bind to the regulatory E-box. Thus, GAP-43 
promoter activity is the result of a protein outcome which allows for 
proper expression of GAP-43 throughout brain development.
This work was supported by grants from the National Science 
Foundation (IBN-9510658) and Council for Tobacco Research.

663.18
EMX1 HOMEOPROTEIN PATTERNS OLFACTORY SYSTEM 
Maturation  In  the  Mouse , both  In  Vivo  and  In  Vitro  
Massimo Gulisano1’2*. Andrea Wizenmann2. Mario Bossi1’3. 
Antonello Villa1’3. Andrew G.S. Lumsden2. and Edoardo Boncinelli1’3 
1DIBIT, H.S.Raffaele, Milano (I); 2Dept Developmental Neurobiology, 
UMDS, Guy's Hospital, London SE1 9RT (UK), 3Cellular and 
Molecular Pharmacology, CNR, Milano (I) email: m.gulisano@ umds.ac.uk

We have analyzed the distribution of the homeoprotein EMX1 in the 
olfactory system during mouse development using a specific rabbit 
polyclonal antibody (Briata et al, Meeh. Dev., 1996; 57:169-180). 
EMX1 protein is found in proliferating cells before olfactory bulb (OB) 
formation (E10). Later, during maturation of the OB, it is restricted to 
mitral, granular and periglomerular cells. It is only faintly detectable in 
few mitral and periglomerular cells at P30. Of particular interest is the 
presence of EMX1 in the olfactory nerve from its first appearance during 
embryogenesis (El 1.5) to adulthood (P30). In fact the protein was found 
in axons of Olfactory Receptor Neurons (ORNs) along their entire 
length, including their terminals in the olfactory bulb glomeruli. It is 
known that ORNs axons play an important role in inducing and 
patterning the OB. Therefore, we wanted to analyze the role of EMX1 in 
these cells and in their processes. El8 mouse olfactory epithelium was 
dissected out, dissociated and cultured for 4 to 20 days. EMX1 protein 
persisted in isolated ORNs and was localized in both the nucleus and the 
growing axons. We have also analyzed the dynamics of EMX1 protein 
localization, in a coculture system consisting of ORNs and OB explants. 
Our results suggest that EMX1 may play a role in the patterning of the 
early olfactory system development. [Support: EC BIOTECH, Telethon-Italia]

663.19
GENERATION OF cDNA LIBRARIES FROM SINGLE CELLS OF MURINE 
OLFACTORY EXPLANTS-CHARATERIZATION OF mRNA EXPRESSION IN 
LHRH NEURONS. P. Kramer and S, Wrav.* Laboratory of Neurochemistry, 
NINDS, NIH, Bethesda, MD 20892.

Identification of genes coexpressed within single cells is performed by 
amplification of the total mRNA population. Single cells, identified by morphology 
as luteinizing hormone-releasing hormone (LHRH) neurons, were extracted from 
murine embyonic (El 1.5) olfactory explants for use in the amplification procedure. 
The PCR amplified cDNA product representing the total mRNA population was 
analyzed by the Southern procedure, and revealed that 67% of the extracted cells 
did express the LHRH mRNA. Since this method amplifies the population of 
mRNA in a proportional manner we can estimate the level of mRNA transcript for a 
particular gene within that cell. Assuming proportionality of amplification, phage 
libraries for two individual cells grown for 3.5 days in vitro, suggested a LHRH 
mRNA population ranging from 0.4% to 3% of the total mRNA population. The 
average amount of mRNA gathered from a single cell is 1 pg, equivalent to lxl06 
molecules of mRNA. Thus, 4,000-30,000 copies of LHRH mRNA was present per 
cell. Also, Southern analysis detected nestin cDNA in 67% (n=5) of the cells which 
express LHRH after growth in the explant for 3.5 days and 50% (n=6) of the LHRH 
neurons coexpress nestin mRNA after growth for 10.5 days. Analysis of a phage 
library to determine the level of nestin mRNA present within a LHRH neuron 
resulted in less than a 1000 mRNA copies being detected. These results suggest 
cells within olfactory explants have both LHRH and nestin mRNA and that 
expression of LHRH occurs at a much higher level. Comparison of the mRNA 
populations within the LHRH expressing cells extracted from olfactory explants 
may help determine developmental cues which participate in differentiation of this 
neuroedocrine cell from nasal regions and/or migration of these neurons into the 
CNS.

663.20
EFFECT OF GABA ON OLFACTORY AXON OUTGROWTH, 
MIGRATION OF LHRH NEURONS AND LHRH GENE 
EXPRESSION IN NASAL EXPLANTS. S. M. Fueshko.* S. Key and 
S. Wrav. Lab of Neurochemistry, NINDS, NIH, Bethesda, MD 20892.
During development, LHRH neurons migrate from the olfactory placode 

into the CNS. We have previously shown that many events associated 
with LHRH neuronal migration in vivo are mimicked in embryonic 
olfactory explants, including the presence of a GABAergic neuronal 
population. In this study, we evaluated the role of GABAergic input on 
the migration of, and regulation of neuropeptide expression in, embryonic 
LHRH neurons. Inhibition of spontaneous synaptic activity by GABAa  
antagonists bicuculline (10-5m ) or picrotoxin (k Hm), or electrical activity 
by tetrodotoxin (TTX, 10-6m), had no significant effect on olfactory axon 
outgrowth or total LHRH cell number, and no overt effect on the 
emergence and directionality of LHRH cells migrating from the olfactory 
pits. Similarly, depolarization by muscimol (1O-4M) or potassium (KC1, 
50 mM) had no dramatic effect on these properties. Analysis of the 
distance migrated by LHRH cells under each condition is currently in 
progress. However, preliminary results suggest that LHRH cell 
migration is not perturbed by altering GABAergic systems or that the 
effect is masked by a compensatory system. In contrast to axonal 
outgrowth and LHRH cell migration, LHRH gene expression was highly 
susceptible to GABAergic treatment. GABA antagonists, as well as TTX, 
induced significant increases in LHRH mRNA levels, while 
depolarization by muscimol or KC1 produced a significant decrease in 
LHRH mRNA levels as compared to controls. These observations 
indicate that neuropeptide gene expression can be regulated in embryonic 
LHRH neurons outside the CNS.

PATTERN FORMATION, COMPARTMENTS AND BOUNDARIES: SOMATOSENSORY

664.1
EFFECTS OF NEONATAL NERVE TRANSECTION AND 
AXOPLASMIC TRANSPORT BLOCKADE ON TRIGEMINAL PRIMARY 
AFFERENT ORGANIZATION IN RAT. F. Goldstein. N.L. Chiaia*. R.W. 
Rhoades. Dept. of Anatomy and Neurobiology, Medical College of Ohio, 
Toledo OH 43699

Neonatal transection of the infraorbital nerve (ION) and attenuation of 
axoplasmic transport in its axons have nearly identical effects on central 
cellular patterns related to the mystacial vibrissae that are reflected by 
histochemical and immunocytochemical staining in the brainstem, thalamus, 
and cortex. However, there has been no detailed comparison of the effects 
of these two manipulations on the central arbors of trigeminal primary 
afferent axons. The present study used neurobiotin injections into the 
trigeminal ganglia on postnatal day 6 to label primary afferents terminating 
in the part of the brainstem normally innervated by the ION in normal rats 
and in animals that sustained ION transection or axoplasmic transport 
blockade on the.day of birth. A total of 215 axon arbors from trigeminal 
subnucleus interpolaris and 107 from nucleus principalis were reconstructed. 
The only significant difference among interpolaris axons from the different 
groups was a lower number of boutons and bouton density for the fibers 
recovered from the rats that sustained neonatal nerve transections. There 
were no significant differences among principalis axons from the different 
groups for any of the parameters evaluated. These results demonstrate that 
neonatal ION damage or transport attenuation have only very modest effects 
on the central arbors of trigeminal primary afferents that survive these 
manipulations.

Supported by NS 28888 and DE 07734.

664.2
DIFFERENCES IN THE TIMES OF DISAPPEARANCE OF SEROTONINERGIC 
MARKERS IN THE RAT’S PRIMARY SOMATOSENSORY CORTEX. W. Bauer*. 
C.A. Bennett-Clarke, N.L. Chiaia. R.W. Rhoades. Dept. of Anatomy and Neurobiology, 
Medical College of Ohio, Toledo OH 43699

Several different serotoninergic (5-HT) markers appeal’ transiently in the developing 
somatosensory cortex of rats and other rodents. Serotonin immunoreactivty, high- 
affinity 5-HT uptake sites, and 5-HT1B receptors all form a somatotopic pattern 
corresponding to the mystacial vibrissae for a limited developmental period. The 
present study was carried out to determine the times at which each of these markers are 
no longer visible in the developing cortex. Immunocytochemical experiments indicated 
that the dust-like pattern of 5-HT immunoreactivity which probably results from uptake 
of this amine by thalamocortical afferents disappears by postnatal day (P)- 10 (P-0=the 
day of birth). A pattern of coarser 5-HT immunoreactive axons and that for 5-HT1B 
receptors both remain visible until at least P-12. Somatotopically patterned high- 
affinity 5-HT uptake sites demonstrable with tritiated citalopram remain visible in the 
cortex until P-22. The sustained presence of high-affinity 5-HT uptake sites prompted 
us to ask whether application of exogenous 5-HT after P-10 would result in the return 
of patterned 5-HT immunoreactivity. Application of 20 pM 5-HT in vivo as late as P- 
13 resulted in the reappearance of dust-like 5-HT immunoreactivity with a pattern 
corresponding to that of thalamocortical afferents. These results suggest that high- 
affinity 5-HT uptake sites expressed by thalamocortical afferents remain functional after 
the time when they no longer take up this amine in quantities sufficient for 
demonstration by immunocytochemistry in untreated animals. The reason for the early 
disappearance of the dust-like patterned 5-HT immunoreactivity in the developing 
cortex is not yet understood.
Supported by DAI0030 and DE07734.
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664.3
EFFECTS OF ELEVATING SEROTONIN LEVELS ON PRIMARY 
SOMATOSENSORY CORTICAL BARREL PATTERNS DEMONSTRATED BY 
DIFFERENT MARKERS. R. Rhoades*, C.A. Bennett-Clarke, J. Robinson. C. Young. 
R.D. Lane. Dept. of Anatomy and Neurobiology, Medical College of Ohio, Toledo OH 
43699

Recent experiments from both our own and other laboratories have attempted to 
determine the contributions of raphe-cortical and thalamocortical axons to the transient 
somatotopic pattern of serotonin (5-HT) immunoreactivity that appeal’s in the rodent’s 
primaiy somatosensory cortex (SI) during the first two postnatal weeks. In the course 
of experiments designed to assess the effects of increased cortical 5-HT levels during 
development, we observed that the pattern of 5-HT immunoreactivity can be 
dissociated from that of thalamcortical afferent axons. Rats were injected twice daily 
with 20 mg/kg corgyline from P-0 through P-6. They were then killed and cortices 
were processed for the demonstration of either AChE or 5-HT uptake sites (both 
markers for thalamocortical afferents) or 5-HT. Brains from some animals were 
processed for HPLC to determine cortical levels of 5-HT. Corgyline treatment 
increased cortical 5-HT by nearly 500% and significantly altered the pattern of 5-HT 
immunoreactivity. In treated animals, patches corresponding to individual mystacial 
vibrissae were no longer visible and 5-HT immunoreactivity in the barrelfield was 
arrayed in bluned stripes, corresponding to the rows of vibirssae. In contrast, both 
AChE staining and demonstration of 5-HT uptake sites with tritiated citalopram 
revealed a qualitatively normal pattern of thalamocortical afferent terminations 
corresponding to the large mystacial vibrissae. These results are consistent with the 
conclusion that thalamocortical afferents are not the sole source of the patterned 5-HT 
immunoreactivity in the developing primaiy somatosensoiy cortex.
Supported by DA DAI0030 and DE 07734.

664.4
CONTRIBUTIONS OF RAPHE-CORTICAL AXONS AND THALAMO-
CORTICAL AFFERENTS TO THE TRANSIENT SOMATOTOPIC PATTERN 
OF SEROTONIN IMMUNOREACTIVITY IN RAT SOMATOSENSORY 
CORTEX. C.A. Bennett-Clarke*, N.L. Chiaia, R.W. Rhoades. Dept. of Anatomy 
and Neurobiologv, Medical College of Ohio, Toledo OH 43699

Two methods were used to evaluate the contributions of thalamocortical 
afferent axons and raphe-cortical fibers to the transient somatotopically organized 
pattern of serotonin (5-HT) immunoreactivity tliat appears in the primary 
somatosensory cortex of rats for the first two weeks of life. In tlie first experiment, 
the 5-HT uptake inhibitors, fluoxetine and paroxetine, were administered 
systemically and animals were killed 2 to 12 hours later and cortices evaluated for 
5-HT immunoreactivity. Fluoxetine treatment had no significant effect on tlie density' 
of immunoreactivity in tlie cortex. Paroxetine did cause a time-dependent reduction 
in 5-HT immunoreactivity which was maximal 12 hours after administration. 
Examination of the cortices of these animals revealed a loss of very fine dust-like 5- 
HT immunoreactivity, but a vibrissae-related pattern remained visible in thicker 
fibers that were generally oriented parallel to the cortical surface. In a second 
experiment, raphe-cortical fibers were destroyed by systemic administration of 5,7- 
dihydroxytriptamine on P-0. Six days later, 5-HT was applied directly to the cortex 
and tlie animals were then killed and cortices processed for immunocytochemistry. 
Tlie cortices of these rats revealed a fine dust-like immunoreactivity in organized a 
somatotoptic pattern, but only very few 5-HT-positive axons. These results suggest 
that both raphe axons and thalamocortical fibers contribute to the pattern of 5-HT 
immunoreactivity observed in the somatosensoiy' cortex of perinatal rats.
Supported by DA 10030 and DE07734.

664.5
CHONDROITIN SULFATE EXPRESSION IS DEVELOPMEN-
TALLY REGULATED IN THE RODENT WHISKER PAD, AND 
DELINEATES SPECIFIC BUT CHANGING ZONES DURING THE 
TIME OF SENSORY INNERVATION S. Jhaveri* and Y.Y. Shi. 
Department of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.

Proteoglycans (PGs) comprise a large family of molecules that have been 
implicated in providing supportive as well as non-permissive substrates for 
axon growth: they are expressed in regions where axons prefer to grow, and 
also in regions that axons avoid. The glycosaminoglycan (GAG) side 
chains on the PGs may be critically involved in influencing this variable 
growth supporting capability of PGs.

We have used the antibody CS-56 (Sigma) to immunolocalize 
chondroitin sulfate (CS) in the developing whisker pad, with an aim toward 
understanding its expression in relation to the invasion of of this target by 
trigeminal ganglion cell processes. In the El3 hamster, CS is distributed 
broadly in the deep dermis, in regions that are below and between whisker 
follicles. Only light, scattered expression is detectable in the epidermis.
Two days later, this pattern is dramatically altered, with heavy staining 
observed in the dermal papilla, in the capsule surrounding the whisker 
follicles, and a scattered distribution in the lower half of the root sheaths. 
The border between the epidermis and dermis, where specific axon 
terminals are targeted, is sharply delineated, with dense CS expression seen 
in the superficial dermis, and virtually none in the epidermis. Over the next 
few days, CS expression becomes increasingly intense, shifting its focus to 
the region of the inner conical body, down to the level of the ring wulst, and 
has a punctate distribution in the outer root sheath, where axon terminals are 
beginning to differentiate. Ongoing double labeling experiments will reveal 
exact relationships of specific terminal types and the varying CS 
distribution.
Support: NIH grant NS26278.

664.6
LTD AND LTP IN THE RODENT TRIGEMINAL BRAINSTEM DURING 
PATTERN FORMATION. Erzurumlu*F-,3 „Lo„and Guido. Dept. of 
Anatomy and Neuroscience Center, LSUMC, New Orleans, LA 70112.

In the trigeminal brainstem of mice, the refinement of topographically aligned 
connections into whisker-specific modules (barrelettes) requires NMDA receptor 
activity. To further investigate the role of neural activity in barrelette formation we 
conducted in vitro recordings from brainstem slices with intact trigeminal ganglia. 
We recorded extracellular field potentials in the barrelette region of the principal 
sensory nucleus following electrical stimulation of the trigeminal tract. During the 
sensitive period for pattern formation (< P3) tetanic stimulation (6 1-sec trains of 
50 Hz pulses at 30-sec intervals) produced a long-term (>60 min) depression 

(30-50%) in the amplitude of the 
extracellular field potential. At 
older ages, identical tetanus led 
to a long-term (>60 min) 
potentiation (50-100%). These 
long-term changes were 
blocked by co-application of the 
NMDA antagonist APV and the 
L-type Ca2* channel blocker, 
Nitrendepine. APV alone could 
not fully block these long-term 
changes. The presence of LTD 
during the sensitive period and 
the later emergence of LTP 
_ may serve as substrates for

■20 -,0 0 10 20 30 40 50 60 70 80 90 100 barrelette consolidation.
Time (min)

(Support by NIH NS32195 and NSF 9396270)

664.7
WHISKER REPRESENTATIONS IN SOMATOSENSORY CORTEX 
OF THE TISH MUTANT RAT. F. Schottler? H. Fabiato and K.S. Lee. 
Dept. of Neurological Surgery, University of Virginia, Charlottesville, 
VA, 22908

The organization of cortical somatosensory areas was 
examined in a novel mutant rat having a telencephalic internal 
structural heterotopia (Tish) which resembles the ‘double cortex’ 
syndrome seen in some human epileptic patients. Tangential 
sections of the normotopic neocortex of Tish rats, processed for 
cytochrome oxidase (CO) activity, exhibited a normal pattern of 
staining for whisker fields in lateral facial regions. CO activity, was 
also seen in more medial portions of the cortex corresponding to the 
limb and trunk regions; this staining was much lighter than that 
observed in normal animals. In some cases, barrel-like clusters of 
granule cells, corresponding to the five rows of whiskers and nose 
and mouth regions, were observed in lateral portions of the cortex 
stained with cresyl violet. Lateral portions of the heterotopia also 
exhibited intense staining with CO, however, a one-to-one 
correspondence could not be established for individual whiskers. 
Similar to the overlying cortex, medial portions of the heterotopia, 
stained lightly for CO. These data, in conjunction with previous work 
demonstrating a topographic organization of reciprocal connections 
with the ventral basal complex of the thalamus, provide evidence for a 
dual representation of somatosensory information in the heterotopic 
region and overlying normotopic cortex of Tish rats. Supported by 
NS34124 to KSL.
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665.1
CALRETININ IMMUNOREACTIVITY IN THE CORTEX OF THE 
DEVELOPING TISH NEUROLOGICAL MUTANT. J.L. Collins and K.S. 
Lee*. Department of Neurological Surgery, University of Virginia, 
Charlottesville, VA 22908

Calretinin(CR)-positive cells appear in the developing rat 
neocortex as early as embryonic day 12 (E12) and are confined to the 
primordial plexiform layer. On E15-16 when the primordial plexiform 
layer splits, CR-positive cells are observed superficially in the marginal 
zone and deeper in the subplate (Fonseca et al., J Comp Neurol, 1995). 
The present study examined the distribution of CR-positive cells during 
neocortical development of a mutant rat (Tish) that exhibits cortical 
heterotopia. At E14-15, CR-positive cells were observed in the most 
superficial aspects of the developing brain, just underneath the pia. At 
later embryonic stages, most CR-positive cells were found in the subplate 
below the normotopic cortex with a few cells scattered throughout the 
normotopic cortical plate. Only a few CR-positive cells were observed in 
or below the heterotopic cortex.

These findings indicate that CR-positive cells are largely 
restricted to their characteristic positions in or below the normotopic 
cortex in the Tish mutant. Although a few CR-positive cells are found in 
the heterotopic cortex, there is apparently no heterotopic CR-positive cell 
layer corresponding to that observed in the normotopic cortex. Supported 
by NS34124 to KSL.

665.2
TARGETED EXPRESSION OF A TRANSGENE TO CORTICAL PIONEER 
NEURONS REVEALS THE EXISTENCE OF SUBPLATE NEURONS IN THE 
ADULT MOUSE CEREBRAL CORTEX. T.M. Pribyl, C.F. Landry, M.I. Givogn.
J.A. Ellison and A.T. Campagnoni*. MRRC, UCLA School of Medicine, Los 
Angeles, CA 90095.

The golli gene promoter directs expression in neurons, oligodendrocytes, and cells 
and tissues in the immune system. We created two lines of transgenic mice using 1.1 
kb of golli promoter proximal sequence to drive the P-gal reporter gene. This 
promoter directed neuron-specific expression of the transgene in the mice.
Beginning at El 1.5, transgene expression was observed in the pioneer neurons in the 
cerebral cortex (Cajal-Retzius and subplate neurons), olfactory neurons and in the 
spinal cord dorsal and ventral root ganglia. These populations of neurons were the 
only cells that expressed the transgene throughout development. Moreover, they 
represent a subset of those neurons that normally express the golli gene. Thus, the
1.1 kb promoter contained the necessary elements for neuronal expression and also 
those responsible for temporal specificity whereby expression of the transgene 
coincided with the normal embryonic pattern of golli gene expression in those 
neurons. Analysis of transgene expression throughout post-natal development (up 
through P80) revealed the persistence of p-gal staining in the deepest layer of the 
cerebral cortex. These neurons defined a layer located between cortical layer 6 and 
the white matter, indicating the continued existence of the subplate into the adult 
animal. Use of this regulatory element represents a novel approach to specifically 
mark cortical pioneer neurons and map their fate through development. These 
animals also represent a resource for studying the formation and function of 
subcortical neurons and the subcortical plate. (Supported by NIH Grant N533091 
and the MS Society Grant RG2693).

665.3
SEGMENTATION OF THE LAMPREY FOREBRAIN. M.A.Pombal1* and 
L.Puelles .̂ 1, Dept. of Functional Biology and Health Sciences, Fac. of Sciences, 
Univ of Vigo, 36200-Vigo, Spain; 2, Dept. of Morphological Sciences, Fac. of 
Medicine, Univ. of Murcia, 30071-Murcia, Spain.

Recent morphological, developmental, hodological and genetic data in a number 
of vertebrates support the increasing usefulness of a segmental paradigm for 
subdividing the forebrain, as opposed to classical or conventional approaches 
(Puelles, Brain, Behav. Evol. 46:316, 1995).

We present here a segmental analysis of the adult lamprey forebrain based mainly 
on calretinin-immunoreacted and Nissl-stained preparations. It was possible to trace 
in the lamprey forebrain each of the six transversal forebrain subdivisions, or 
prosomeres pl-p6, postulated previously in tetrapods (Puelles and Rubenstein, TINS 
16:472, 1993; Puelles et al., Brain, Behav. Evol. 47:279, 1996). These were 
identified on the basis of the relative topography and boundaries of specific neuronal 
populations or tract landmarks. Additionally, comparisons with the distribution of 
other markers including acetylcholinesterase, dopamine, GABA, galanin, histamine, 
neuropeptide Y, serotonin, substance P and vasotocin were useful for segmental 
classification of a number of badly understood forebrain neuronal populations of the 
lamprey and to postulate various homologies in the context of segmental topology. 
Such a reexamination of forebrain organization in lampreys seems to have 
considerable advantages for comparative purposes and also for developmental 
understanding. Due to the limited morphogenetic deformation of the lamprey 
forebrain, the patterns directly observable in the adult animal support conclusions 
deduced from embryonic observations in other vertebrates, bespeaking of a common 
Bauplan and genetic background for the forebrain.

Supported by Xunta de Galicia grant XUGA20012B96 to M.A.P. and by Spanish 
DGICYT grant PB93-1137 and Human Frontiers grant RG41/95 to L.P.

665.4
PATTERNS OF CELL MIGRATION IN THE LATERAL TELEN-
CEPHALON OF CHICK EMBRYOS. G, F. Striedter*. Dept. Psy-
chobiology, University of California , Irvine, CA 92697.
In order to elucidate how telencephalic development in birds differs from 

that in other tetrapods, biotinylated dextrans were injected into the lateral 
telencephalon of 3 day old chick embryos, which were then sacrificed at 5,8, 
and 10 days of incubation. Patterns of cell labeling were compared with the 
distribution of radial glia as visualized with antibodies to vimentin. These 
data indicate that the bulk of neuronal migration in the lateral telencephalon 
is radial, in the sense of following the long axis of radial glia, at least until 10 
days of incubation,when the radial glia begin to disappear. The data also 
show that the lateral zona limitans(lzl), which develops into the lateral med-
ullary lamina, at these developmental stages consitutes a relatively imper-
meable migration boundary. Predominantly tangential dispersion was ob-
served only in the most superficial region of the basal telencephalon, which 
contains some cells that were bom dorsal to the lzl, and in an anterolateral 
portion of the dorsal telencephalon, where radial glia have essentially disap-
peared by 10 days of incubation. These observations support the hypothesis 
that basal and dorsal regions of the lateral telencephalon represent distinct 
cell migration domains (J. Montgomery, 1996, Ph.D. thesis from Caltech), 
and they appear inconsistent with the results of transplantation experiments 
that indicated extensive cell mixing between dorsal and basal telencephalic 
regions. However, all available data remain consistent with the hypothesis 
that extensive cell mixing occurs after the major telencephalic regions have 
been established and the radial glia have disappeared (see also Gray and 
Sanes, 1989, Soc. Neurosci. Abs., 15:598). Supported by intramural funds.

665.5
SEGMENTAL DISTRIBUTION OF CATECHOLAMINERGIC NUCLEI 
IN THE MIDBRAIN AND FOREBRAIN OF THE MOUSE. F.Marin, 
M.T.Herrero*. S.Vvasf and L.Puelles. Dept.Morphol.Sci., Univ.Murcia, 
Murcia 30100, Spain; +BCN Laboratory, ICRF, London WC2A 3PX, U.K.

The forebrain of mouse embryos can be divided into 6 prosomeres (Puelles 
and Rubenstein, 1993-TINS 16:472-479) and these are all longitudinally 
subdivided into basal plate and alar plate regions (Shimamura et al.,1995- 
Development 121:3923-3933). Various authors have reported early 
differentiation of catecholaminergic markers in the rodent forebrain, without 
relating the data to such basic structural subdivisions. This study covers that 
angle, by means of immunochemical mapping of tyrosine-hydroxylase (TH) 
enzyme expression and in situ hybridization of TH mRNA probes. Sagittally- 
and horizontally-sectioned E10.5-E14.5 mouse embryos, as well as whole- 
mounted specimens, were used to locate precisely the prosomeric origin of the 
diverse catecholaminergic cell populations in the midbrain and forebrain. A 
neat distinction can be made between basal and alar TH+ cell groups, forming 
separate series along several prosomeres. Substantia nigra and ventral 
tegmental area TH+ neurons originate separately across several segments. 
There is little evidence for longitudinal migration within these primordia. 
Early presence of the TH mRNA signal was observed at the medial ganglionic 
eminence. The stereotypic location of TH+ cells within prosomeres suggests a 
causal relationship with diverse sets of genetic regulators. Supported by 
DGICYT PB93-1173 and Human Frontiers Grant RG41/95 (LP).

665.6
FATE MAP OF THE PROSENCEPHALIC NEURAL PLATE : A 
EXPERIMENTAL STUDY WITH QUAIL/CHICK CHIMERAS. S, 
Martinez*1.1. Cobos1, K, Shimamura2.1.L.R Rubenstein2 and L. Puelles1. 1-
Dept. Morphological Sciences. Fac. Medicine. Univ. Murcia. Spain. 2- Nina 
Ireland Lab. Dev. Neurobiol. UCSF. San Francisco. USA.
The early expression of some putative regulatory genes in the neural plate 

have renewed the interest in the origin of primary forebrain regionalization. 
Fate maps studies of the neural plate provide important basic information 
regarding the organization of the neural plate, but lack the resolution needed 
to resolve the antero-posterior (A-P) and medio-lateral (M-L) organization of 
the prospective telencephalon. We have generated a precise fate map of the
3-4 somite stage rostral chicken neural plate using homotopic quail grafts. 
The anterior midpoint of the neural plate maps on the commissural plate, 
near the upper border of the anterior commissure. Moving laterally along the 
ridge we found presumptive areas for the pallial commissure and septum, the 
olfactory bulb and the rest of the pallium. The cortex is peripheral to the 
dorsal ventricular ridge (DVR). Parts of the amigdala and most of the 
striatum are concentric to the DVR. Ventral septum and pallidum seem lie 
medial to the other telencephalic commonest. The pallidal area is limited 
medially by the preoptic area. The midline of the anterior neural plate is 
formed by the lamina terminalis and the chiasmatic area. The developed 
fate map shows that the arrangement of the histogenetic primordia in the 
neural plate is basically a flatened representation of the topological 
relationships in the mature brain.
Work supported by Human Frontiers Science Program (RG41/95) and Murcia Local 
Gouvemement
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665.7
ANATOMICAL EVIDENCE FOR SIMPLE EMBRYONIC RULES THAT 
DIVERSIFY AND LOCALIZE THE HIGHLY CONSERVED PATTERNS OF 
CELL FATE-SPECIFIC NEURONS IN THE VERTEBRATE LIMBIC SYSTEM. 
MLEmayfi&t. P. T. O’Leary, K, M, McDermott. C. J. Sieqertand T, P. Hecker-
Biology Dept., The Catholic University of America, Washington, DC 20064.

Brain cells that signal instinctual fight-or-flight and mating behaviors are 
the key to survival and differential reproductive success. In vertebrates, the 
neuronal linchpin of biological evolution is the limbic system, an anatomically 
diverse group of forebrain and midbrain nuclei. Despite much evidence from 
comparative anatomy showing conservation of limbic cytoarchitecture, little is 
known about the embryonic origin of this widespread system of neurons.

To investigate how the limbic system arises, previous studies mapped 
the developmental history of several neuropeptide cell systems in frog brain. 
Embryonic in situ hybridization showed that the POMC, proenkephalin and 
TRH cell systems first appear as localized cell clusters that then develop into 
iongitudinai fate-specific cell rows that span forebrain and midbrain. Adult 
studies now show that these primordial rows of neuropeptide cells are 
ultimately incorporated in the juxtaposed brain nuclei that form the septo- 
hypothalamic-mesencephalic continuum of the limbic system. Moreover, 
longitudinal rows of cells that express the LIM-class homeobox gene, Xlim-1, 
were also found to delineate the limbic system, showing greatest overlap with 
neuropeptide-expressing cells in septum, amygdala and hypothalamus.

These results argue that patterning of the limbic system violates 
neuromeric boundaries proposed for embryonic brain. Overlapping rows of 
fate-specific neurons are also inconsistent with the idea that limbic brain 
nuclei originated independently and then evolved to functionally interact. 
These findings do however extend Bengt Kaildn’s classical model that brain 
develops from migration layers that produce longtitudinal bands of cells. A 
simple unitary model for the origin of functionally-related limbic cell fates could 
thus require lateral inductive interactions between cells in adjacent bands. 
Supported by research funds from The Catholic University

665.8
BRAIN GROWTH THROUGHOUT LIFE: PROLIFERATION ZONES IN 
THE BRAIN OF EMBRYONIC, LARVAL, JUVENILE AND ADULT 
GASTEROSTEUS ACULEATUS (TELEOSTEI)
L-M, Ohlin* and P, Ekstrom. Dept. Zoology, Univ. of Lund, Sweden 
The brain of teleost fishes grow throughout life. New cells are added by cell 
division in proliferation zones (PZ), which in the adult are located in 
discrete regions in all major brain subdivisions (Zupanc and Horsche 1995,
J. Comp. Neurol. 353:213-233). To trace the origins and parcellation of the 
PZ observed in adult fish, we studied the distribution of mitotically active 
(S-phase) cells in the brains of embryonic, larval, juvenile and adult three- 
spined sticklebacks (Gasterosteus aculeatus L.). S-phase cells were 
labeled with BrdUrd or 3H-thymidine and identified by immuno-
cytochemistry and autoradiography, respectively. In addition, mitotically 
active cells were identified by proliferating cell nuclear antigen (PCNA) 
immunocytochemistry in methacarn-fixed paraffin sections. In embryonic 
and early larval brains mitotically active cells were detected throughout the 
ventricular zone in all brain subdivisions. In juvenile brains, PZ have 
become parcellated in large but circumscribed units, which mark the borders 
between the olfactory bulbs and telencephalon, the telencephalon and 
diencephalon, caudal mesencephalon and cerebellum. Moreover, PZ line the 
third ventricle and become, in the adult, associated with the ventricular sulci 
and the lateral and posterior recesses. In the adult, periventricular PZ 
corresponding to those in the juvenile brain persist, although smaller and 
more discrete, in all regions. Thus, the PZ observed in the adult stickleback 
brain can all be traced back to early developmental stages. It can also be 
deduced that differential growth in the various PZ during postembryonic 
stages account for the gross morphology of the adult brain.

Supported by the Swedish Natural Science Research Council.

665.9
IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES WITHIN 
THE DEVELOPING PROSPECTIVE NEOCORTEX IN MICE. N. Dahmane 
and A. Ruiz i Altaba*. The Skirball Institute, NYU Medical Center, New 
York, NY 10016.

The adult neocortex is divided in distinct areas characterised by their 
cytoarchitecture, connectivity and function. The mechanisms leading to this 
compartimentalization are not known. Two main hypothesis have been 
proposed to explain regionalization involving intrinsic or extrinsic area-specific 
information, the latter from thalamic axons. Recent evidence suggests that 
cortical pattern formation involves early genetic interactions within the 
neuroepithelium.
To study the molecular mechanism that regulate pattern formation in the 
developing mammalian telencephalon that gives rise to the neocortex it is 
necessary first to identify genes that are expressed in a region specific manner at 
early stages (E13-E15).
To this end, we have performed differential screens of cDNA libraries from 
anterior (A) and posterior E15 mouse embryo telencephalic regions. Candidate 
region-specific cDNAs are now being characterized.

Supported by Skirball Institute start up funds (ARA), a fellowship from La 
Fondation pour la Recherche Medicale (ND) and a fellowship for the Pew 
Scholars Program in the Biomolecular Sciences (ARA).

665.10
POSTNATAL ONTOGENY OF STRIATAL ENRICHED PROTEIN 
TYROSINE PHOSPHATASE (STEP) IN RAT STRIATUM. 
A.Okamura*,S. Goto, T. Nishi,K. Yamada, M. Yoshikawa and
Y. Ushio. Dept. of Neurosurgery, Kumamoto Univ. Sch. of 
Med., Kumamoto, 860, JAPAN

The present study was undertaken to examine 
developmental changes in expression of striatal enriched 
protein tyrosine phosphatase (STEP) in the postnatal 
striatum-of rats. For this purpose, immunohistochemical 
staining and trans-immunoblotting were carried out using 
a cDNA-generated polyclonal antibody to the STEP with a 
molecular weight of 46 kDa. Immunostaining showed that 
in neonatal striatum STEP-immunoreactivity was found in 
discrete patches composed of many immature cells, which 
corresponded to the tyrosine hydroxylase-immunopositive 
"dopamine islands". With development there was an 
increase in staining intensity and in the number of 
positively-reacting cells. By 4 weeks postnatally, 
STEP-immnunoreactivity was almost homogeneously distributed 
throughout the striatum, as was seen at the adult stage. 
Immunoblotting analysis showed that STEP protein expression 
abruptly increased from 2 to 4 weeks postnatally when it 
reached the adult level. These findings strongly 
suggest that STEP is involved in striatal development by 
its phosphatase activity in regulation of the 
phosphorylation state(s) of certain protein(s) at tyrosine 
residues. (Supported by: Grant-in-Aid for Scientific 
Research from the Ministry of Education, Science and 
Culture of Japan)

665.11
SPATIO-TEMPORAL EXPRESSION OF CHONDROITIN AND KERATAN 
SULFATE PROTEOGLYCANS (CSPG, KSPG) IN THE STRIATUM OF 
RAT. I. Charvet, FJ. Hemming. M. Manier*, C, Feuerstein and R, Saxod. Lab. 
de Neurobiologie du Developpement and LAPSEN, INSERM U 318, Univ. J. 
Fourier, CERMO, BP 53, 38041 Grenoble Cedex 9, France.

CSPG and KSPG are a group of developmentally regulated ECM molecules 
which provide specific guidance for axonal growth to targets in several neural 
systems. In order to determine their functions in the development of the 
nigrostriatal system, the expressions of different glycosaminoglycans including 
unsulfated (COS), 4- and 6-sulfated (CS) chondroitin and keratan sulfate (KS) 
were examined immunohistochemically in the developing striatum and compared 
to the distribution of dopaminergic projections.

During the embryonic development of striatum, COS were detected in the 
region of dopaminergic innervation with a uniform distribution. After birth, this 
expression forms a mosaic pattern being localized only in the matrix 
compartment of the striatum. In contrast to COS, CS are absent from the prenatal 
striatum but are however expressed in the peripheral regions delimiting the striatal 
structure. CS appear in the striatum during the early postnatal period showing a 
homogeneous distribution (which not outlines the patch/matrix organization). 
These differential developmental expressions of COS and CS in the striatum may 
indicate different functional roles in this brain region.

KS appear in the striatum at birth and show a transient compartmental 
expression being preferentially localized in the patches during the first postnatal 
week and switching to the matrix compartment by P10/11. These close spatio-
temporal correlations particulary between the COSZKS distributions and 
dopaminergic innervation of the striatum suggest that some proteoglycans may 
play crucial roles in the formation of the nigrostriatal system.

Supported by PRT Region Rhone-Alpes.

665.12
ZONAL EXPRESSION OF OCAM, AN NCAM-RELATED 
CELL ADHESION MOLECULE, IN MOUSE 
OLFACTORY SYSTEMS. A. Tamada*, Y. Yoshihara and 
K. Mori. Lab. for Neuronal Recognition Molecules, RIKEN, 2- 
1 Hirosawa, Wako, 351-01, Japan.

Olfactory and vomeronasal neurons located within a given 
chemoreceptor expression zone of the sensory epithelia 
project their axons to a corresponding zone of the main or 
accessory olfactory bulb (OB). OCAM (R4B12 antigen), 
which is expressed by subsets of primary olfactory axons, has 
recently been identified as a novel cell adhesion molecule 
closely related to NCAM of the immunoglobulin superfamily. 
Here we examined expression pattern of OCAM in the 
olfactory systems. Sensory neurons in three ventrolateral 
odorant receptor expression zones of the olfactory epithelium 
selectively expressed OCAM. OCAM-positive axons projected 
to the ventrolateral zones of the main OB. Vomeronasal 
sensory neurons in the apical zone, but not in the basal zone, 
expressed OCAM. These neurons sent OCAM-positive axons 
to the rostral zone of the accessory OB. Growing olfactory 
axons already showed zonal expression of OCAM. OCAM was 
expressed on subsets of growing sensory axons in explant 
cultures of embryonic olfactory epithelium even in the 
absence of target olfactory bulb. These results suggest that 
OCAM may play roles in formation and reorganization of 
zone-to-zone projection of the primary olfactory axons.
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665.13
LAMINA-SPECIFIC CELL ADHESION ON LIVING SLICES OF 
HIPPOCAMPUS. E. Foerster*, C. Kaltschmidt. J. Deng, H. Cremer and M. 
Frotscher. Institute of Anatomy, University of Freiburg, D-79001 Freiburg.
The hippocampus is a suitable system to study the formation of laminated fiber 
termination in vitro since the laminated segregation of entorhinal and 
hippocampal afferents in the dentate molecular layer also forms when slices of 
hippocampus and entorhinal cortex are cocultured.

Dissociated cells from the entorhinal cortex specifically adhere to the same 
laminae in which their projecting axons are found. In contrast, the termination 
fields of hippocampal commissural fibers, which are in close vicinity to the 
entorhinal afferents, are non-adhesive. The laminated distribution of these 
adhesive cues is maintained in the adult rat. The recognition of these adhesive 
cues is conserved between rat and mouse, which is in line with the finding that 
entorhinal afferents still find their correct termination fields in mixed entorhino- 
hippocampal cocultures from rat and mouse. Lamina-specific cell adhesion as 
well as fiber outgrowth is abolished after fixation and on cryoslices. We provide 
evidence that the cell adhesion is mediated by a Ca2+-independent cell adhesion 
mechanism. However, neither the Ca2+-independent homophilic neural cell 
adhesion molecule (NCAM) nor the extracellular matrix glycoprotein reelin is 
required for the lamina-specific cell adhesion as revealed in studies with mutants.

The laminated distribution of adhesive activity may provide positional 
information for the segregation of entorhinal and commissural afferents in the 
dentate molecular layer. The adhesion assay on living slices of hippocampus 
should allow for the identification of the nature of the adhesive cues. Their 
hypothetic role for the laminated fiber segregation in the hippocampus may then 
be tested in cocultures.
This work was supported by DFG (SFB 505 and Leibniz Program)

665.14
THE DEVELOPMENT OF HUMAN NEUROFILAMENT IN 
POSTERIOR LANGUAGE-ASSOCIATED CORTICAL 
REGIONS MS Gazzaniga. JJ Hutsler, M Marin-Padillat & R 
Fendrich* Program in Cognitive Neuroscience, Psychology 
Department, ^Dartmouth Medical School, Dartmouth College, Hanover 
NH 03755
It is commonly suggested that cortical maturation plays a crucial role in 

constraining language acquisition; however, the precise relationship 
between specific developmental events and the achievement of language 
milestones is largely unknown. Here we document the expression of 
neurofilament protein in posterior temporal lobe regions during human 
pre- and postnatal development. Neurofilament is expressed 
subcortically at 21 weeks of gestation and appears within the developing 
neocortex by 26 weeks. Its expression within the earliest cortical layer 
to mature—layer I (Marin-Padilla, '88)~stains Cajal-Reitzus cells as well 
as a dense fiber system in the deep portion of this layer. The 
appearance of neurofilament within the cortical layers derived from the 
cortical plate (II-VI) proceeds in an inside-out fashion, beginning 
prenatally in layer VI and ending many months postnatally in layer II.
In pathological conditions (trisomy 13 and perinatal white matter 
lesions) the location of neurofilament expression appears in these same 
regions, but also labels a significant number of cells in the developing 
cortical layers and reveals many abnormalities in neuronal organization. 
The protracted development of neurofilament is just one component of 
cortical architecture within the human neocortex whose maturation 
extends well into the postnatal period and overlaps with the child's 
achievement of several important stages in early language acquisition. 
This work was supported by NIMH/NINDS PO1 NS 17778-14, NINCDS NS 
22897, and by the McDonnell-Pew Foundation.
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666.1
IDENTIFICATION OF A NOVEL MOUSE PLEXIN MOLECULE 
(MOUSE PLEXIN 4) AND ANALYSIS OF ITS EXPRESSION IN THE 
MOUSE NERVOUSE SYSTEM. F.Suto*, Y.Murakami, T.Kameyama 
and H.Fujisawa.Division of Biological Science., Nagoya Univ. Graduate 
Sch. of Sci, Nagoya 464-01, Japan
Plexin is a cell sureface protein with calcium ion-dependent homophilic 
cell adhesion properties, which was originally identified in Xenopus nervous 
system. In the mouse, three plexin homologues [mouse plexin 1 (mPLl), 2 
(mPL2), and 3 (mPL3)] have been identified, and are differently expressed 
in the nervous system. Using a reverse transcript polymerase chain reaction 
(RT-PCR), we identified a new member of mouse plexin family named as 
mouse plexin 4 (mPL4) from mouse embryo brains. mPL4 encoded a type 
I membrane protein consisting of 1893 amino acids, and its mRNA was 
transcribed in 12 Kb. The mPL4 protein showed the highest homology to 
the mPL2 protein (66% in amino acid identity). To investigate mPL4 
expression in the mouse nervous system, we performed in situ hybridization 
using a 35S-labeled probe. The mRNA of mPL4 was extensively expressed 
in nervous systems, especially in the cerebral cortex and in most of the 
PNS ganglia. In the spinal cord mPL4 was strongly expressed in the dorsal 
horn and in a subset of motor neuron that located in the medial part of the 
motor column. In general, the expression pattern of mPL4 was distinct 
from that of mPLl, mPL2, and mPL3, but similar in part to that of mPL2:Both 
mPL4 and mPL2 were strongly expressed in the somatosensory system. 
All plexin family molecules including mPL4 were predominantly expressed 
in developing nervous tissues, probably in nervous, but not in undifferentiated 
neuroepithelium, suggesting their involvement in neuronal connection.

666.2
POLARIZED EXPRESSION OF TELENCEPHALIN, AN ICAM- 
RELATED NEURONAL GLYCOPROTEIN: IMPLICATIONS FOR 
DENDRITIC MATURATION AND SYNAPTIC TARGETING. D, L.
Benson*, M. L. Nagy. Y. Yoshiharaf. K. Mori§ Fishberg Research Center for 
Neurobiology, Mount Sinai School of Medicine, New York, New York 10029; 
§ Laboratory for Neuronal Recognition Molecules, RIKEN, Wako, Saitama, 
Japan;/Department of Neuroscience, Osaka Bioscience Institute; Suita, Osaka, 
Japan.

Telencephalin is a neuronal glycoprotein that is closely related to intercellular 
adhesion molecules (ICAMs) 1-4 of the immunoglobulin superfamily, and its 
expression is restricted to the telencephalon. We examined its intracellular 
localization and distribution pattern in cultured rat hippocampal neurons at key 
developmental stages. Telencephalin immunoreactivity was not evident during 
axonal outgrowth, but was observed in 5% of the neurons just after axon 
polarization. Even at this early developmental stage, immunoreactivity for 
telencephalin was polarized to the somatodendritic domain. At no time was 
telencephalin evident in axons or glial cells. The number of neurons expressing 
telencephalin increased over two weeks to reach a maximum of 85%. Telencephalin 
was expressed in excitatory, pyramidal neurons where it labeled dendritic filopodia 
and dendritic spines, but was excluded from GABAergic inhibitory interneurons. 
Neurons expressing telencephalin had more elaborate dendritic trees and a greater 
number of synapses, even at very early stages, than GABAergic and nonGABAergic 
neurons without telencephalin. The timing, localization and cell-type specific 
expression of telencephalin in hippocampal neurons implicates its involvement in 
establishing the characteristic patterns of pyramidal cell dendritic morphology and 
also suggests a means by which an incoming axon may distinguish between different 
cell types and different membrane domains. Supported by NSF grant IBN-9419900 
(D.L.B.).

666.3
A MOLECULE EXPRESSED DIFFERENTIALLY ON OPTIC AXONS 
OF THE ROSTRO-CAUDAL TECTAL AXIS
M, Mercado-Pimentel*, K. Ou, and S. Hoskins. City College of CUNY 
at 138th street. NY, NY 10031.

Rodger Sperry proposed that molecular gradients of guidance 
molecules could produce an ordered retinotectal map.Several labs have 
recently identified potential guidance molecules distributed in gradients 
in retina and-or tectum. We report that gro-1, an integral membrane 
protein recognized by a monoclonal antibody raised in our lab, is 
distributed in a graded way on optic axons along the rostral-caudal axis 
of the tectum.

To compare the distribution of gro-1 immunoreactivity with the 
locations of optic axons, we double label optic projections with lysinated 
Rodamine-Dextran (LRD) and gro-1 Ab. Xenopus laevis tadpoles (stage 
54-2weeks postmet.) had one optic nerve severed under anesthesia. 
Crystals of LRD were applied to the central nerve stump. Gro-1 staining 
was visualized one day later with FITC- conjugated secondary antibody. 
Axons projecting to rostral tectum were strongly double labeled. In 
contrast, optic axons in caudal tectum were LRD positive, but gro-1 - 
sparse. Western blots of subregions of the tectum confirmed that gro-1 
expression is substantially higher rostrally than caudally. We are 
persuing the posibility that the different levels of gro-1 on optic axons 
play a role in the development of the retinotectal map.
Supported by NSF, NIH (MBRS), the GE fund, and the Diamond 
Foundation.

666.4
THE EFFECT OF FUNCTION-BLOCKING ANTIBODIES AGAINST
DM-GRASP/SC1 ON SENSORY PROJECTIONS IN THE CHICK HINDLIMB.

M.G, Honig. S.J, Camilli and N, Kabir*. Dept. of Anatomy and Neurobiology, 
University of Tennessee College of Medicine, Memphis TN 38163.

To examine how axonal interactions influence the pathfinding decisions 
made by sensory axons in the chick hindlimb, we have been using function-
blocking antibodies to test the roles of various cell adhesion molecules. Here, 
we report on the effects of antibodies against DM-GRASP/SC1. Hybridoma 
cells producing the DM2 antibody were provided by S. Chang. Fab fragments 
were injected into the limb starting at St. 25, which is too late to alter motoneu-
ron (MN) pathfinding, but can still affect sensory axons, many of which extend 
after St. 25. At St. 30, we assessed the spatial arrangement of sensory and MN 
axons in the spinal nerves and plexus by using double-immunofluorescent la-
beling. In normal embryos, sensory axons form large bundles proximally that 
gradually split into smaller bundles as the sensory axons course distally in the 
spinal nerves and intermix with MN axons. These bundles are present be-
cause later-growing sensory axons appear to fasciculate along sensory axons 
that grew out earlier. In the anti-DM2-injected embryos, the normal bundling of 
sensory axons was perturbed in two ways. First, in the proximal spinal nerves, 
sensory axons remained separated from MN axons for longer distances than in 
normal or control embryos. Second, in the distal spinal nerves and plexus, 
many sensory axons were found in smaller bundles than normal. Nonetheless, 
sensory axons projecting along different peripheral nerves became segregat-
ed more distally in the plexus, as they do in normal embryos, probably because 
they respond specifically to discrete target cues. These results suggest that 
DM-GRASP/SC1 may be involved in both the interactions that normally allow 
sensory and MN axons to intermix in the spinai nerves and those that allow 
later-growing sensory axons to fasciculate along sensory axons that grew out 
earlier. (Supported by NS-34404 to MGH)
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666.5
IN VIVO FUNCTIONAL ANALYSIS OF NEUROLIN (DM-GRASP/ 
SC-1) DURING AXON GROWTH IN THE GOLDFISH RETINA.
M. Bastmever*. H. Diekmann. C.A. Leppert H. Ott C. Paul and C.A.O.
Stuermer. Division of Biology, Univ. of Konstanz, 78434 Konstanz, Germany.

Neurolin is the fish homolog of chick DM-GRASP and rat SC-1, belongs to the 
Ig-superfamily of cell adhesion molecules and consists of 5 Ig-, a transmembrane, 
and a short cytoplasmic-domain (Laessing et al., 1994, Differentiation 56: 21- 
29). In the adult goldfish retina Neurolin is expressed by newborn retinal 
ganglion cells (RGCs) at the retinal margin and by young axons derived from 
new RGCs. These axons fasciculate with one another and with their immediate 
forerunners on their way to the optic disc, thus creating the typical age-related 
axon order in the fish retinotectal pathway.

(1) To analyze Neurolin function during retinal axon growth Fab fragments 
(Fabs) of a polyclonal serum against Neurolin were repeatedly injected into eyes 
of rapidly growing goldfish. These Fabs caused two effects: they slightly 
disturbed axon fasciculation, and, more importantly, they affected axonal 
pathfinding. Bundles of young axons leave their fascicle, turn, grow in circles, 
end in various positions within the retina, and fail to find the optic disc.

(2) To determine which Ig-domains carry the functions, monoclonal antibodies 
(Mabs) against Neurolin were generated and probed against CHO cells 
expressing defined Ig-domains. Three classes of Mabs binding either to Ig- 
domain 1, 2, or 3, were identified. Injections of three Mabs belonging to the three 
different classes into goldfish eyes caused the same defects as Neurolin Fabs, 
suggesting that the first three Ig-domains of Neurolin are involved in axonal 
fasciculation and pathfinding. Current experiments include injections of single 
Mabs into goldfish eyes to identify functional domains and epitopes of Neurolin.

Supported by DFG grants to CAOS

666.6
SECONDARY SPINAL MOTONEURONS OF THE ZEBRAFISH EMBRYO 
LOCALIZE DM-GRASP ON FASCICULATED REGIONS OF THEIR 
GROWING AXONS. D.S. Fashena* and M, Westerfield, Institute of 
Neuroscience, University of Oregon, Eugene, OR 97403-1254

How axons are bundled into specific nerves is still poorly understood. We used 
the zn-5 monoclonal antibody to study a cell surface protein that may function to 
fasciculate particular axons. The antibody labels a specific subset of neuronal 
axons and cell bodies in zebrafish during the time that axons extend to then- 
targets. To understand the role of the zn-5 antigen in axon outgrowth and nerve 
formation, we immunopurified the antigen and obtained peptide sequence. The 
partial sequence (37 consecutive amino acids) matched a region of the zebrafish 
ortholog of the cell adhesion molecule DM-GRASP. The zn-5 labeling and dm- 
grasp mRNA expression patterns in the embryo closely match and zn-5 and anti- 
DM-GRASP antibodies recognize the same proteins in embryo extracts. We 
conclude that zn-5 recognizes a zebrafish ortholog of DM-GRASP.

In the ventral spinal cord of the embryo, floor plate cells and motoneurons 
express DM-GRASP. DM-GRASP is localized to fasciculated regions of the 
axons of spinal secondary motoneurons. Regions of the axons that have branched 
away from the nerve to innervate trunk and tail muscles do not localize DM- 
GRASP.

Primary motoneurons pioneer the spinal nerve pathways but do not express 
DM-GRASP. Therefore homophilic adhesion mediated by DM-GRASP does not 
help guide secondary motoneuronal axons as they extend along primary 
motoneuronal axons, but may play a role in the fasciculation among secondary 
motoneuronal axons.

Supported by NIH NS21132 and HD22486

666.7
MURINE SCI, A PUTATIVE CELL ADHESION MOLECULE, IS EXPRESSED 
IN NEURONS OF A SUBSET OF CRANIAL SENSORY GANGLIA. Y. Sekine- 
Aizawa . A, Omori and S. C. Fujita*. Mitsubishi Kasei Institute of Life Sciences,
11 Minamiooya, Machida, Tokyo, 194, JAPAN.

Cranial sensory neurons mediating special senses such as hearing and taste project 
to ganglion-specific targets both in the peripheral sensory organs and in the central 
nervous system. Our hamster monoclonal antibody 802C11 raised against a 
homogenate of brains of mouse gestation day 12.5 embryos intensely stained 
neurons and their processes of the VUIth (vestibulocochlear) cranial ganglion, but 
not of the Vth (trigeminal) or spinal dorsal root ganglia in the mouse embryo. The 
cellular staining pattern of positive neurons suggested that the antigen was associated 
with the cell membrane. Biochemical analyses of the antigen from embryos and 
adult brain of mouse showed the antigen to be a glycosylated intrinsic membrane 
protein of ca.100 kDa. The protein was purified from adult mouse brain, and based 
on partial amino acid sequences determined of proteolytic fragments, the entire cDNA 
was cloned. The deduced amino acid sequence indicated that the antigen has five 
immunoglobulin-like domains, a transmembrane region, a cytoplasmic domain, and 
eight putative N-linked glycosylation sites. Database search revealed that the antigen 
showed a high degree of amino acid identity with chicken SCI protein, a cell-cell 
adhesion molecule belonging to the immunoglobulin superfamily with a proposed 
role in neurite growth of spinal motor neurons. Thus, murine homolog of SCI 
(named MuSC) may be involved also in the growth of specific cranial sensory nerve 
fibers and neuronal network formation.

666.8
HETEROPHILIC INTERACTIONS BETWEEN MEMBERS OF A FAMILY OF CELL 
ADHESION MOLECULES: LAMP, OBCAM, AND NEUROTRIMIN THAT ARE DIF-
FERENTIALLY EXPRESSED IN THE NERVOUS SYTEM. O. D. Gil*"1, G. Zanazzi1, 
A. Struyk1, V. Zhukareva2, A. Pimenta2, P. Levitt2 and J. Salzer1.1 Dept of Cell Biology, 
New York University Medical Center, New York, NY 10016. 2Dept of Neuroscience, 
University of Pittsburgh, PA.

Neurotrimin (Ntm), the opioid binding cell adhesion molecule, (OBCAM), and the lim-
bic system membrane associated protein (LAMP) constitute a subfamily (the LON fami-
ly) of GPI-anchored adhesion molecules that are differentially expressed in the nervous 
system. We have previously reported that LAMP and Ntm promote adhesion and neu-
rite outgrowth via a homophilic mechanism. These results suggested that these proteins 
promote the formation of specific neuronal circuits during development. To further char-
acterize the function of these proteins, we have performed binding studies with recombi-
nant soluble forms of Ntm and OBCAM, (Ntm-Fc, OBCAM-Fc), as probes and LAMP 
and Ntm expressing CHO cells as targets. Our results indicate that Ntm-Fc and 
OBCAM-Fc bind to both Ntm and LAMP expressing CHO cells but not to control cells 
transfected with vector alone. In neurite outgrowth assays, Ntm-Fc added as both a sub-
strate bound and soluble protein promotes the outgrowth of dorsal root ganglia neurons, 
which express Ntm. Of note, in preliminary studies, Ntm inhibited the outgrowth of superi-
or cervical ganglia neurons which do not express members of the LON family. Taken 
together, these results indicate that LAMP, OBCAM, and Ntm can bind heterophillically 
to each other. In addition, Ntm may promote neurite outgrowth via a non-adhesive sig-
nalling mechanism and may inhibit outgrowth by binding to a receptor distinct from the 
LON family. These results demonstrate an unexpected complexity of interactions 
amongst these family members that regulate neuronal development. Supported by NIH 
grant RO1NS33165 and NS26001.

666.9
MOLECULAR SPECIFICATION OF LIMBIC CORTICAL CIRCUITS.
F. Mann*1, V. Zhukareva3, A. Pimenta2, P. Levitt2 and J. Bolz1. 'INSERM U.371, 
Bron, France; 2Univ. Pittsburgh School of Med., Pittsburgh, USA, 3RW Johnson 
Med. School-UMDNJ, Piscataway, USA.
During development thalamocortical afferents select their appropriate cortical region 
in a highly specific manner. This raises the possibility that there are regional specific 
cues within the cortex that guide thalamic afferents to select their cortical target area. 
This idea is supported by the expression patterns of the limbic system-associated 
membrane protein (LAMP) found primarily in the developing limbic areas of the 
cortex. Transplantation studies have shown that the origin of cortical and thalamic 
afferents innervating a cortical graft depends on its LAMP-phenotype. To elucidate 
the role of LAMP in the establishment of cortical connections, we analyzed the 
outgrowth of thalamic and cortical explants prepared from presumptive limbic and 
non-limbic regions on membrane substrates of either LAMP-expressing CHO cells 
or on membranes of non-transfected CHO cells (control). We found that the length 
and sprouting of limbic thalamic and limbic cortical axons was enhanced on the 
LAMP substrate. Non-limbic thalamic fibers, however, responded by exhibiting 
reduced outgrowth compared to control. The length and branching behavior of 
neocortical fibers was not affected by LAMP. In a second set of experiments, 
explants were cultured on native postnatal membranes prepared from limbic or 
neocortical areas. Limbic thalamic and limbic cortical axons branched significantly 
more on membranes from limbic cortex, their target membranes, than on neocortical 
membranes. In contrast, non-limbic thalamic axons emitted more collaterals on 
membranes of neocortex. These branching preferences could be abolished by 
blocking LAMP on the membranes with a monoclonal antibody. Our results indicate 
that LAMP contributes to target recognition during cortical development through 
both attractive and repulsive mechanisms. Moreover, these experiments suggest the 
existence of membrane-bound molecules that specify neocortical areas as target for 
appropriate thalamic and cortical afferents. (Supported by HFSP).

666.10
CORTICAL FACTORS INVOLVED IN BARREL FORMATION IN THE 
SOMATOSENSORY CORTEX OF MICE. D.Uziel1’2, E.Welker3 & J.Bolz*1. 
'INSERM U371, Bron, France; 2Depto. de Anatomia, ICB-UFRJ, Brazil & 3IBCM, 
University of Lausanne, Switzerland.
In rodent somatosensory cortex (SI) contralateral mystacial vibrissae follicles are 
represented by barrels. The one-to-one correspondence between whisker follicles 
and their cortical representation is due to the segregation of thalamocortical axons 
into barrel domains. In the mouse mutant barrelless (BRL) the parcelation of SI into 
barrels is disrupted (Welker et al. Science 271, 1864-1867, 1996). Whereas in 
normal animals thalamic afferents are confined to the inside of the barrels, in BRL- 
mice axon terminals form a continuos zone in layer IV. In order to study the possible 
causes of the disruption of this pattern, we started in vitro experiments with normal 
and mutant animals. Brains of P8 normal (NOR) and barrelless mice were dissected 
and membranes from SI were prepared and used as substrate for thalamic axons. 
Thalamic explants were obtained from NOR and BRL El5 mice and cultured for 3 
days on coverslips coated either with NOR or BRL membranes. Four series of 
experiments were performed and 116 explants were analyzed (about 29 for each 
condition). We analyzed 3 different parameters: number of fibers/explant, fibers 
length (either individual fibers or axon bundles), and branching of individual axons. 
The BRL explants on BRL membranes (BRL/BRL) showed the same number of 
fibers than on NOR membranes (BRL/NOR). BRL fibers on BRL membranes, 
however, were 30% longer and had about 50% more branches than on NOR 
membranes. NOR thalamic axons on BRL membranes (NOR/BRL) were also 
significantly longer and more branched than on normal membranes (NOR/NOR). 
There were no significant differences in the branching between NOR/NOR and 
BRL/NOR or between NOR/BRL and BRL/BRL. Our results indicate that 
membrane-associated molecules are at least partially responsible for the altered 
axonal growth in SI of barrelless. (Supported by HFSP and Swiss NSF 31-39184).
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666.11
COMMISSURELESS MEDIATES MOTONEURON-MUSCLE 
INTERACTION B. Wolf and A. Chiba* Dept. of Cell & Struct. Biol., Univ. 
of Illinois, Urbana, IL 61801

Commissureless was initially identified as a novel transmemebrane 
molecule expressed by the midline glia and involved in the midline signaling of 
the Drosophila embryonic CNS. We report that Commissureless protein is 
also expressed in all embryonic muscles during motoneuron-muscle contact. 
In muscles, the protein is heavily enriched in small punctate structures, 
suggesting that Commissureless is actively endocytosed. This expression 
pattern is independent of motoneuron contact. In null mutants, motoneurons 
show defects in axon targeting. The most common defects are misrouting 
and stalling at specific branch points of motor nerves. The null mutation 
alters many identified motoneurons' targeting (e.g. aCC, RP1, RP2, RP3, 
RP5) regardless of whether or not their axon pathways are affected at the 
CNS midline. A mutant Commissureless protein, which lacks the 
cytoplasmic domain, fails to internalize in muscles. When faced with this 
mutant protein, motoneurons, in otherwise wild type genetic background, 
exhibit targeting errors very similar to the situation in the null mutants. We 
propose that muscle-provided Commissureless has an essential role at 
motoneuron-muscle interaction during the period of axon targeting. 
Supported by NIH and NSF.

666.12
THE AXONAL GUIDANCE MOLECULE UNC-69 IS CONSERVED FROM C.

G, Garriga4. H.R. Horvitz3 and M.O, Hengartner1. 1. Cold Spring Harbor 
Laboratory, PO box 100, Cold Spring Harbor, NY 11724. 2. Biology Department, 
Muhlenberg College, 2400 Chew St, Allentown, PA 18104 3. Howard Hughes 
Medical Institute, Department of Biology, Massachusetts Institute of Technology, 77 
Massachusetts Ave, Cambridge, MA 02139. 4. Department of Molecular and Cell 
Biology, 401 Barker Hall, University of California, Berkeley, CA, 94720.

The unc-69 gene is required for axonal guidance, outgrowth and fasciculation in 
Caenorhabditis elegans (C. elegans). In unc-69 mutants many axons, including those 
of the hermaphrodite-specific neurons (HSNs) exhibit guidance defects. Furthermore, 
many axons terminate prematurely, and the dorsal and ventral nerve cords are 
defasciculated in these mutants. An unc-69-lacZ fusion construct is expressed 
predominantly in neurons; expression is most prominent in the nerve ring and ventral 
nerve cord, unc-69 encodes a novel protein with a predicted coiled-coil motif near its 
C-terminus. UNC-69 shows significant similarity to the predicted products of 
previously uncharacterized human and mouse genes (tentatively called hunc-69 and 
munc-69, respectively), identified by sets of overlapping expressed sequence tags 
(ESTs). hunc-69 mRNA is enriched in human fetal brain, although its expression is 
not restricted to this tissue. HUNC-69 and MUNC-69 are also predicted to form 
coiled-coil structures near their C-termini. The predicted vertebrate proteins are 77% 
identical to UNC-69 over the predicted coiled-coil regions. The high degree of 
sequence conservation in this region leads us to predict that homophilic and/or 
heterophilic interactions, mediated by the coiled-coil domain, are required for UNC-69 
function. Preliminary evidence supporting this notion comes from the observation 
that UNC-69 fusions interact with each other in the yeast two-hybrid assay. 
(Supported by grants from the American Cancer Society (BW), March of Dimes 
(GG), Howard HughesMedical Institute (HRH) and the National Institutes of Health 
(MOH). GG is a McNight Scholar. HRH is an investigator of the Howard Hughes 
Medical Institute. MOH is a Rita Allen Foundation Scholar.)

666.13
DISTINCT ROLES OF THE CELL SURFACE PROTEIN NEUROPILIN IN 
PNS FIBER GUIDANCE. H- Fujisawa*, T, Kitsukawa and T.Yagi. Divsion of 
Biological Science., Nagoya Univ. Graduate Sch. of Sci., Nagoya 464-01, 
Japan.

During embryonic development, nerve fibers interact with various kinds 
of environmental cues to grow in a precise and orderly fashion, then arrive 
at appropriate targets. Several diffusible or membrane-bind molecules 
which take part in the nerve fiber guidance have been identified, but the 
guidance functions of few molecules have been demonstrated in vivo at 
least in vertebrates. Neuropilin is a membrane protein which is expressed 
in particular neurons of Xenopus tadpoles, chickens and mice. The protein 
is limited to the axons during the phase of active growth, and has been 
suggested to play roles in axon growth, guidance and fasciculation. Here, 
we report that neuropilin-deficient mouse embryos which were produced 
by targeted disruption of the neuropilin gene is lethal during 
embryogenesis, and show severe anomalies in the PNS patterns. 
Immunostaining of homozygous embryos with an anti-neurofilament 
antibody in whole-mount preparations or sections demonstrated that the 
trigeminal, facial, vagus, glossopharyngeal nerves and the spinal nerves in 
which neuropilin normally expresses were defasciculated, overshot, and 
sometimes projected to incorrect positions. No abnormalities were 
detected in the oculomotor, trochlear and vestibulocochlear nerves which 
normally lack neuropilin-expression. No apparent abnormalities were 
observed in the heterozygous mutant embryos. As extracellular part of the 
neuropilin protein is composed of three unique domains each of which is 
expected to be involved in molecular interaction, it seems likely that 
neuropilin interacts with some sort of adhesion ligands and/or guiding 
cues. Regardless of its mechanism of action, our present results 
emphasize the central role of neuropilin in precise guidance of PNS fibers.

666.14
MYELIN ASSOCIATED GLYCOPROTEIN IS A PRIMARY INHIBITORY 
COMPONENT OF CNS MYELIN. Eric V.Wong1, Sam David2. Lisa 
McKerracher2. Peter E, Braun3*, and Daniel G. Jay T * Dept. of Molecular and 
Cellular Biology, Harvard University, Cambridge, MA 02138,2Centre for Research in 
Neuroscience, Montreal General Hospital Research Institute, Quebec, Canada, and 
^Dept. of Biochemistry, McGill University, Montreal, Quebec.

Regeneration in the central nervous system (CNS) of higher order vertebrates is 
prevented by the inhibitory environment presented by myelin. CNS myelin inhibits 
neurite outgrowth from a variety of neuronal cell types, and prevents fibroblast 
attachment and cell spreading. A component of myelin that has been implicated in 
inhibition of neurite outgrowth is myelin associated glycoprotein (MAG), a 
transmembrane protein of the immunoglobulin superfamily expressed at 10-fold 
higher levels in CNS than in PNS. MAG has been shown to inhibit neurite outgrowth 
and cause growth cone collapse. This study investigates the inhibition of retinal 
neuron growth on myelin and purified MAG by inactivating MAG using antibody- 
targeted chromophore-assisted laser inactivation. The neurons were assessed by 
counting the proportion of cells bearing neurites, length of longest neurite, and cell 
attachment per unit area. CNS myelin and recombinant MAG substrates both strongly 
inhibited attachment of cells and neurite outgrowth. When MAG function in myelin 
was inactivated, a complete recovery of cell attachment and neurite outgrowth by 
retinal neurons grown on the myelin substrate was observed. Laser inactivation 
targeted by anti-myelin basic protein antibodies or non-specific IgG had no effect on 
the inhibitory properties of the CNS myelin substrate. These results show that for 
retinal neurons, inhibition of neurite outgrowth by MAG represents a major 
component of the inhibition displayed by whole CNS myelin. As the de novo 
synthesis of MAG is very slow, these findings further suggest that in vivo application 
of laser inactivation of MAG could be developed to promote regeneration in CNS 
axon tracts.

666.15
FUNCTION OF RECEPTOR TYROSINE PHOSPHATASE IN AXON 
GUIDANCE: A MOLECULAR GENETIC ANALYSIS IN DROSOPHILA 
Hong.LWan and Corey $, Goodman*
Howard Hughes Medical Institute, U.C.Berkeley, Berkeley, CA 94720

Several transmembrane receptor tyrosine phosphatases (Dlar, DPTP69D and
DPTP99A) have been shown to play roles in axon guidance in Drosophila (Krueger et 
al., Cell 84:611-612,1996; Desai et al, Cell 84:599-609,1996). In particular, Dlar is 
involved in the decision-making of motor axons at the segmental nerve b (SNb) 
choice point. However, the mechanisms of their actions remain to be elucidated. In 
order to better understand how Dlar functions, we generated several truncated forms of 
Dlar including: 1. a transmembrane phosphatase without the extracellular domain; 2. a 
cytoplasmic phosphatase; 3. the cytoplasmic phosphatase fused to a src membrane 
anchoring sequence; 4. a transmembrane protein with the extracellular portion but 
without the phosphatase domains. We employed the UAS-GAL4 system to 
overexpress and misexpress these mutant Dlar proteins in the presence and the absence 
of wildtype Dlar and DPTP99A. When the truncated phosphatases (construct 1,2 and 
3) were overexpressed in the entire nervous system in the presence of wildtype Dlar, 
we observed the identical phenotype as the Dlar loss-of-function allele. Specifically, 
the neuronal expression of all three truncated phosphatases produced a bypass 
phenotype of the SNb motor axon branch qualitatively and quantitatively very similar 
to that observed with the null alleles of Dlar. In the contrary, overexpression of the 
extracellular portion of Dlar had no effect. Overexpression of the truncated phosphatase 
constructs in all neurons also produced mild defects in the retinal axon projections in 
the developing larval optic lobe, raising the possibility that Dlar phosphatase may 
also functions in axon guidance in this system. Structural studies of similar 
mammalian phosphatases have suggested that transmembrane phophatases can form 
dimers and such dimers are likely to be catalytically inactive (Bilwes et al, Nature 
382:555-559,1996). Our results suggest the Dlar phosphatase domain on its own 
behaves as a dominant negative form in vivo, providing genetic evidence supporting 
this model. (Supported by HHMI.)

666.16
BmLAR2, A RECEPTOR-LIKE PROTEIN TYROSINE PHOSPHATASE 
FOUND ON GROWTH CONES, DIRECTS GROWING PROCESSES 
THROUGH ITS CAM-LIKE ECTODOMAIN. T.R Gershon*, M.W. Baker and
E.R. Macagno. Columbia Univ. Dept. of Biological Sciences, New York, NY. 
10027.

Developing neurons extend long processes to specific distal targets using 
extracellular cues to navigate through the embryo. Cell adhesion molecules 
(CAMs) on substrates or other cells are among the diverse signals that guide the 
growing processes. CAMs on growth cones can act as receptors for guidance 
cues. One means by which extracellular signals are transduced into intracellular 
information is by regulated phosphorylation of tyrosine residues on intracellular 
proteins. 7Z/nLAR2, a protein found on growth cones, has a structure typical of 
the receptor tyrosine phosphatase (rPTP) family: a CAM-like ectodomain and 
intracellular tandem phosphatase domains. The location and structure of 
7f/«LAR2 suggest that it participates in recognizing and responding to 
extracellular signals by interacting with CAMs outside the cell and affecting 
intracellular protein phosphorylation.

Here we present evidence that the ectodomain of HmLAR2 is.critical for the 
normal outgrowth of processes from a neuron-like cell, the Comb (C) cell of the 
leech. This cell extends many parallel processes obliquely within the body wall 
and is essential for the development of a specific musculature. Antibodies raised 
against the extracellular domain of HmLAJR2 bind the C cells in vivo at their 
growth cones and along their processes. When injected into embryos, these 
antibodies cause the processes to extend more slowly and to deviate from their 
normally highly regular paths. HmLARZ, therefore, functions on the C cells as a 
guidance cue receptor.
Funded by NSF grant #IBN-94-09996.
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666.17
RECEPTOR TYROSINE PHOSPHATASE EXPRESSION AND THE 
ESTABLISHMENT OF AXONAL PROJECTIONS IN THE EMBRYONIC 
LEECH. M.W, Baker, T.R Gershon, and E.R. Macagno*. Columbia Univ. 
Dept. of Biological Sciences, New York, NY. 10027.

The reversible phosphorylation of tyrosine residues in the growth cone is 
thought to play an important role in regulating neurite outgrowth and 
guidance. Our laboratory is interested in the role which receptor-tyrosine 
phosphatases (rPTP) may play in embryonic neurodevelopment in the leech. 
One rPTP which has been cloned and characterized in our lab is //mLARl, a 
LAR-like rPTP which is characterized by two randomly repeated intracellular 
phosphatase domains and an extracellular domain characterized by five 
fibronectin and three immunoglobulin (Ig) repeats.

In situ hybridization and immunolabeling with antibodies raised against the 
extracellular domain of the protein reveal a dynamic pattern of //znLARl 
expression. For example, within the CNS, several sets of ganglionic neurons 
express FfinLARl and labeled fiber pathways are seen to extend throughout the 
CNS. Expression within the developing segmental ganglia’s neuropile is 
particularly concentrated at the junctions between the longitudinal connectives 
and the lateral nerve roots, suggesting a potential role in pathway selection. 
HmLARl is also expressed in the periphery by a number of non-neuronal 
structures including the sensory sensilla and a subset of muscle fibers.

Preliminary experiments, designed to perturb extracellular signaling of the 
rPTP by injecting the developing embryo with antibodies recognizing the Ig 
domain of 77/nLARl, reveals discreet peripheral deficits in motor and sensory 
innervation.
Funded by NSF grant #IBN-94-09996.

BIOLOGIC EFFECTS OF NEUROTROPHINS: BIOACTIVITY, SIGNALLING AND CELLULAR EFFECTS

667.1
RECEPTOR BINDING AND BIOLOGICAL ACTIVITY OF C- 
TERMINAL MUTANTS OF MOUSE BETA NERVE GROWTH 
FACTOR (NGF). R. R. Bhat, D. M. Jones. S. B. Woo*, F. A. 
Castillos III, and K. E. Neet. Dept. Biol. Chem., Finch Univ.
Health Sci./Chicago Med. Sch., N. Chicago, IL 60064.

Mouse P-NGF has Arg-Arg-Gly as amino acids 118-120 in its 
predicted sequence but is found as the processed 118 amino acid 
protein in the mouse submaxillary gland. We have studied four C- 
terminal mutants of mouse NGF: RI 18A, RI 19stop which produces 
the 118 amino acid protein, 120H6 which has six His residues at 121- 
126, and 120ADDN which has four extra residues, Ala-Asp-Asp- 
Asn, after G120. The proteins were expressed in insect cells and 
three were purified using CM52 cation exchange, N60 immuno-
affinity, and MonoS cation exchange columns. 120H6 was purified 
using a nickel affinity column (Ni-NTA resin from Qiagen) and an 
N60 column. The binding of 120H6 NGF to Ni-NTA was low but 
improved in 2M urea; the poor yield indicated that this method was 
not efficient for purification. Not surprisingly, RI 19stop and RI 18A 
have full biological activity and no difference in total binding to PC 12 
cells. 120ADDN and 120H6 have decreased PC 12 bioactivity by 20- 
to 100- fold. Treatment with y-NGF esteropeptidase processes the 
C-terminus of the protein to the mature 118 amino acid NGF as 
shown by iso-electric focussing. Processing of 120H6 is inefficient 
requiring 2M urea and several-fold more enzyme. PC 12 bioassay 
results show restoration of activity upon processing. We conclude 
that C-terminal extension mutants of NGF affect activity. (Supported 
by NIH Grant NS24380)

667.2
EFFECTIVENESS OF ENDOGENOUS EQUIVALENT METHIONINE-FREE 
BRAIN-DERIVED NEUROTROPHIC FACTOR ON WOBBLER MOUSE MOTOR 
NEURON DISEASE AND COMPARISON TO METHIONYL-BDNF. T. 
Ishivama*, B. Klinkosz, H, Mitsumoto, Depts of Neurology and Neurosciences, The 
Cleveland Clinic Foundation, Cleveland, OH 44195; H. Ogo, Sumitomo 
Pharmaceuticals, Osaka, Japan; V. Wong. Regeneron Pharmaceuticals, Tarrytown, 
NY.

Two forms of recombinant human brain-derived neurotrophic factor (BDNF) are 
available: methionyl-BDNF (met-BDNF) and methionine-free BDNF (met-free BDNF) 
which is identical to endogenous BDNF. Only met-BDNF has been used for recent 
clinical trials in ALS. We tested the effects of met-free BDNF in wobbler mice. At 
the clinical onset of the disease, met-free BDNF or vehicle was injected 
subcutaneously in 15 animals per group once a day, 6 times a week, for 4 weeks. 
Weekly clinical assessments included body weight, grip strength, running speed, paw 
position and walking pattern abnormality. Six different dosages of met-free BDNF 
(0.3, 1, 3, 5, 10 and 20 mg/kg) were tested after a random assignment. Body weight 
increased similarly in all the dose groups. There was a dose-related benefit of met-free 
BDNF on motor functions, particularly on grip strength. Grip strength in the 20 
mg/kg dose group was greater (P < 0.05) than in the vehicle or lower dose groups 
(0.3-3 mg/kg). We also compared the effects of met-free BDNF with those of met- 
BDNF at 5 and 20 mg/kg doses. Met-BDNF also showed a trend toward dose- 
dependent benefit on motor functions. At the 20 mg/kg dose, met-BDNF and met-free 
BDNF were both equally effective. At the 5 mg/kg dose, however, met-free BDNF 
had slightly better effect on grip strength at week 2. BDNF plasma concentrations at 
6 hours post-injection were similar in both forms. Our study revealed that 
endogenous equivalent met-free BDNF is as effective as met-BDNF in slowing 
wobbler mouse motor neuron disease.

667.3
NEUROTROPHIC ACTIVITY OF SYNTHETIC PEPTIDE 
DERIVATIVES CORRESPONDING TO NGF LOOP REGION 92-98. 
Y.M, Xie* and F.M, Longo. Dept. of Neurology, UCSF/VAMC, San 
Francisco, CA 94121.

Small molecule mimetics of NGF will contribute to elucidation 
of NGF ligand receptor interactions and development of lead 
compounds for potential therapeutic applications. Our observation that 
small synthetic peptides mimicking active sites of NGF could inhibit 
NGF in a sequence-specific manner (Longo et al., 1990 Cell Reg) 
suggested the hypothesis that small molecule agonists might also be 
developed. We previously found that cyclized peptide dimers, but not 
monomers, corresponding to NGF loop region 29-35, a domain 
interacting with the p75 receptor, functioned as NGF partial agonists 
inhibiting neuronal death via a structure- and p75-dependent 
mechanism (Longo et al., SNS 1996; JNR 1997). LeSauteur et al. found 
that cyclized monomers corresponding to the NGF 92-98 loop had no 
agonist activity but did inhibit TrkA binding (JBC 1995). In this study 
we used a dimer approach similar to that applied to the NGF 29-35 
region to assess peptide mimetics of the 92-98 region. Synthetic peptide 
dimers were purified by HPLC and assayed for neurotrophic activity 
using dorsal root ganglion sensory neurons. A cyclized dimer was 
found to support neuronal survival over a concentration range of 10-250 
pM although with less efficacy than NGF. Activity of NGF and peptide 
dimer was inhibited to a similar extent by the Trk receptor inhibitor 
K252a. Peptide dimers also partially inhibited NGF, a profile 
characteristic of an NGF partial agonist. These peptide derivatives 
constitute the first neurotrophin small molecule agonists functioning via 
Trk. Our development of both p75 and Trk partial agonist candidates 
supports our hypothesis that small molecule neurotrophin mimetics can 
be developed. Supported by NIA AG 09873 (FL) and the VA.

667.4
TARGETED DELETION OF ALL ISOFORMS OF THE TRKC 
GENE SUGGESTS THE USE OF ALTERNATE RECEPTORS BY 
ITS LIGAND NEUROTROPHIN-3 IN NEURONAL 
DEVELOPMENT AND IMPLICATES TRKC IN NORMAL 
CARDIOGENESIS.
L, Tessarollol*. M, J. Donovan 2. M.E. Palko 1. J. Blair-Flynn 1. P. Tsoulfas 3.
L.F. Parada 4. and B.L. Hempstead 5.1ABL-Basic Research Program, NCI-FCRDC, 
Frederick, MD 21702; 2 Department of Pathology, Children's Hospital, Boston, 
MA 02115; 3 Department of Neurological Surgery and The Miami Project, 
University of Miami School of Medicine, Miami, FL 33136; 4 The University of 
Texas, Southwestern Medical Center, Dallas, TX 75235; 5 Department of Medicine, 
Cornell University Medical College, New York, NY 10021.

We have generated null mutant mice which lack expression of all isoforms 
encoded by the trkC locus. These mice display a behavioral phenotype characterized 
by a loss of proprioceptive neurons. Neuronal counts of sensory ganglia in the trkC 
mutant mice reveal less severe losses than those in NT-3 null mutant mice strongly 
suggesting that NT-3, in vivo, may signal through receptors other than trkC. Mice 
lacking either NT-3 or all trkC receptor isoforms die in the early postnatal period. 
We have previously shown that NT-3 deficient mice exhibit severe cardiac 
abnormalities including atria and ventricular septa defects and abnormal valvular 
architecture. Furthermore, we have observed decreased levels of trkC expression in 
the hearts of NT-3 -/- embryos suggesting that the absence of NT-3 expression 
could result in a reduction of trkC expressing populations within the developing 
cardiovascular system. Our current findings show that the trkC -!- animals have 
cardiac abnormalities similar to the ones identified in the NT-3 -/- mice. Thus, 
these defects establish trkC as the most likely transducer of NT-3 action in heart 
development. The cardiac defects in both null mutant mice involve structures of 
neural crest origin indicating that NT-3 and trkC are essential for regulating the 
development of cardiac neural crest.

Research sponsored by the National Cancer Institute, DHI1S, under contract with ABL 
and by the New York Heart Association and the Hirschl-Weill/Caullier Trust.
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667.5
DISSECTION OF NGF-TrkA SIGNALING BY HETERO-
LOGOUS EXPRESSION OF RAT TrkA IN XENOPUS 
SPINAL NEURONS. G.-l. Ming1, B. Beminger1*, H.-i, Song1, N, 
Inagaki2, and M.-m. Poo1, ’Dept. Biol., UCSD, La Jolla, CA. 92093. 
2 Lab. Biochem., Aichi Cancer Center Res. Institute, Japan.

The neurotrophins brain-derived neurotrophic factor (BDNF) and 
neurotrophin-3 (NT-3) elicit in Xenopus spinal neurons a broad range 
of cellular responses, such as long-term survival, neurite outgrowth, 
growth cone attraction/repulsion and changes in neurotransmitter 
secretion. In contrast, nerve growth factor (NGF) has no apparent 
effect on either of these functions indicating that similar to 
mammalian motoneurons, Xenopus spinal neurons do not express the 
NGF receptor TrkA. In this study, mRNAs encoding wild-type (wt) 
and mutant TrkA receptors were injected into early blastomeres of 
Xenopus embryos. NGF (50 ng/ml) promoted the survival of neurons 
expressing wt-TrkA, but not of those expressing a receptor, in which 
several tyrosine residues important for binding of downstream 
effector proteins had been mutated into phenylalanin (Inagaki et al., 
1995). Likewise, NGF specifically increased the neuritic branching 
of wt-TrkA expressing neurons. Moreover, growth cones of neurons 
expressing wt-TrkA, but not of control neurons were attracted 
towards the source of a NGF gradient. These data demonstrate that 
heterologous expression of TrkA in Xenopus spinal neurons confers 
NGF responsiveness on these neurons, providing a model system to 
dissect the molecular signal cascades underlying both long- and 
short-term actions of neurotrophins (Supported by HFSPO fellowship 
to BB and by a NIH grant NS 22764).

667.6
E2F AND RB FAMILY MEMBERS ARE DIFFERENTIALLY REGULATED 
IN REVERSIBLY AND TERMINALLY DIFFERENTIATED PC 12 CELLS 
S.P. Persengiev and D.L, Kilpatrick*. Neurobiology Group, Worcester 
Foundation for Biomedical Research, Shrewsbury, MA 01545.

PC 12 cells have been extensively used to study neurotrophin-induced 
differentiation into sympathetic-like neurons, and can be differentiated with NGF 
in either a reversible or irreversible manner depending on culture conditions. 
Irreversibly differentiated neurons have been shown to be highly similar to 
terminally differentiated sympathetic neurons. Very little is known about the 
determinants of terminal differentiation, and thus we have exploited this behavior 
of PC 12 cells to investigate transcriptional mechanisms that distinguish reversible 
from terminal neuronal differentiation. We have focused on the E2F and Rb 
family members due to their primary roles in cell cycle progression and exit. 
Expression of E2F1, E2F3, pRb and pl07 were markedly decreased while pl30 
was unaltered in both reversibly and terminally differentiated PC 12 derivatives. 
In contrast, E2F5 mRNA was essentially unaltered in reversible derivatives but 
was undetectable in irreveribly differentiated cells. Conversely, E2F4 expression 
was readily detected in terminal cells but undetectable in reversibly differentiated 
cells. These results suggested that E2F4 and E2F5 may have opposing roles in 
preventing or permitting cell cycle re-entry following NGF treatment of PC 12 
cells. We have now developed PC 12 derivatives in which E2F4 or E2F5 
expression is regulated by tetracycline, and preliminary findings indicate that 
induction of E2F4 in reversibly differentiated cells inhibits re-entry into the cell 
cycle after removal of NGF. These findings suggest that E2F4/E2F5 may be key 
players in determining reversible vs. terminal differentiation of PC12 cells. (This 
work was supported by PHS Grant DK36468)

667.7
INVOLVEMENT OF GLUTAMATERGIC RECEPTORS IN BDNF-INDUCED 
INCREASE OF INTRANEURONAL CALCIUM CONCENTRATIONS. B. Yang, 
L, Koiic and O. Gu*. Dept. of Ophthalmology, Univ. of British Columbia, 
Vancouver, B.C., Canada V5Z 3N9.

To better understand the cellular and molecular effects of brain-derived neurotrophic 
factor (BDNF) in the central nervous system, we have been examining the acute 
effects of BDNF on intracellular calcium levels in cultured cortical neurons. Fluo-3 
has been used as an indicator for cytoplasmic free calcium, and intraneuronal calcium 
signals were monitored with a confocal laser scanning microscope. Previously, we 
have found (Soc. Neurosci. Abstr., 1996, 397.21) that BDNF can induce a transient 
increase of intracellular calcium concentrations, and that the elevation of calcium 
levels is caused by an influx of calcium ions from extracellular space. Moreover, the 
calcium influx is mediated through pathways associated with glutamatergic receptors 
rather than with voltage-dependent calcium channels. To further explore the 
involvement of glutamatergic receptors in the BDNF-induced calcium influx, we have 
used either APV (aminophosphonovaleric acid), or CNQX (6-cyano-7- 
nitroquinoxaline-2,3-dione) or MCPG (a-methyl-4-carboxyphenyl-glycine) to block 
glutamatergic receptor subclasses: NMDA, AMPA/kainate or metabotropic receptors, 
respectively, and tested their effects on BDNF-induced calcium increase. While 
CNQX had little influence on the BDNF-induced calcium increase, APV greatly 
reduced the effects of BDNF. In addition, BDNF-induced calcium increase was 
enhanced in magnesium-free medium. These results indicate that NMDA receptor is 
a major pathway for the BDNF-induced calcium influx. Interestingly, MCPG could 
completely block the BDNF-induced calcium increase, which may suggest that 
activation of metabotropic receptor is a prerequisite for the BDNF-induced calcium 
influx. Our hypothesis is that activation of BDNF receptors may lead to a 
modulation of metabotropic receptors which may in turn lead to a reduction of 
activation threshold of NMDA receptors. Our results suggest that an interaction 
between BDNF and glutamatergic transmission may occur in the central nervous 
system, and this interaction may be a part of the physiological functions of BDNF.

Supported by BC Health Research Foundation.

667.8
THE EFFECTS OF A PEPTIDE MIMIC OF THE AMPHIPHILIC 
DOMAIN OF THE COMMON NEUROTROPHIN RECEPTOR ON 
NGF-MEDIATED CELL MOTILITY IN HUMAN NEUROBLAST-
OMA CELLS W. Wang, S.M. Dostaler, G.M. Lawrance, G.M. Ross,
R.J. Riopelle, and K.E. Dow*, Depts. of Pediatrics and Medicine, 
Queen's University, Kingston, Ontario Canada K7L 2V7.

The cytoplasmic amphiphilic motif of the common neurotrophic 
receptor (p75NTR 367-379) (Myers et al., Biochem. Biophys. Acta 
1196:21, 1994) enhances NGF-mediated neurite growth in trkA-posi- 
tive cells (Dostaler et al., Eur. J. Neurosci. 8:870, 1996). The present 
studies were designed to further investigate the functional effects of 
this peptide analogue on NGF modulation of cell survival, neurite 
growth and invasiveness in human neuroblastoma cells (IMR-32). 
Exposure of human IMR-32 cells to a peptide mimic of the amphiphi-
lic domain (R3 peptide) had no effect on cell survival in serum-free 
conditions but resulted in enhanced NGF-mediated neurite extension 
and a 4-fold increase in GAP-43 mRNA expression. The R3 peptide 
also enhanced NGF-mediated inhibitory effects on IMR-32 cell inva-
sion in vitro. NGF-dependent trkA phosphorylation was significantly 
enhanced by the presence of the R3 peptide. The peptide had no 
effect on affinity cross-linking of [12H]NGF to p75NTR or trkA 
monomers and homodimers, or mRNA expression of either receptor. 
These data suggest that ligand-mediated trkA activation has differ-
ential effects on cell motility phenomena and that the amphiphilic 
domain of p75NTR has a central role in such signalling.

667.9
EFFECT OF GLUCOCORTICOID ON NGF-STIMULATED TRKA 
SIGNALING IN PC12 CELLS. D.W. Fink. Jr.*. Div. Cytokine Biol, CBER/ 
FDA, Bethesda, MD 20892.

It has been suggested that exacerbated neuronal degeneration associated with aging 
and Alzheimer’s disease may occur as a consequence of elevated circulating gluco-
corticoid levels characteristic of these conditions. The proposed mechanism responsible 
for this neurodegeneration involves protein-protein interactions between the glucocorti-
coid receptor and the AP-1 and NFk B transcription factors resulting in attenuation of 
their DNA binding activity. This leads to diminished levels of free radical scavenging 
enzymes which are requisite for neurons to counteract deleterious effects of oxidative 
stress. Consistent with this hypothesis, inhibition of NFk B function in PC12 cells 
results in NGF-insensitive apoptosis. Additionally, it has been demonstrated, pharm-
acologically, that treatment of PC 12 cells with the synthetic glucocorticoid dex- 
amethasone (DEX) results in a selective decrease in NGF binding to the p75 neuro- 
trophin receptor. Substantial evidence supports a cooperative role for p75 in mediating 
biologic signals through NGF-activated, TrkA tyrosine kinase receptors. To determine 
whether glucocorticoid might alter the functional interaction between p75 and TrkA, 
PC12 cell cultures were treated with DEX and effects on the downstream signaling 
molecules PLC-y and Erk were evaluated. Treatment with DEX for 72 hrs attenuated 
NGF-stimulated PLC-y phospholipid hydrolytic activity which, in turn, was asso-
ciated with a diminution in NGF-elicited tyrosine phosphorylation of this molecule. 
Immune complex assay analysis of Erk activity demonstrated more distal DEX- 
dependent downstream attenuation of NGF signaling. These effects were not due to a 
DEX-mediated inhibition of NGF-stimulated TrkA tyrosine kinase activity which, un-
expectedly, appeared to be upregulated. Collectively, these findings suggest that 
glucocorticoid-dependent neuronal degeneration could be due, in part, to the uncoupling 
of Trk receptors from downstream signal transduction cascades.

667.10
INCREASED PRODUCTION AND ANTEROGRADE TRANSPORT 
OF BDNF AFTER AXONAL INJURY IN THE RAT PERIPHERAL 
NERVOUS SYSTEM. J.R. Tonra*, A, Acheson, V, Wong. J. Park, 
A. Timmes, R.M.Lindsav.and P.S. DiStefano.
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.

Neuronal target tissues produce neurotrophic factors such as NGF, 
NT-3 and BDNF, that provide trophic support to innervating neurons. 
High affinity Trk receptors located on the terminal branches bind the 
neurotrophins which are then retrogradely transported to the cell body. 
In this way the neurotrophins exert effects on the survival, morphology, 
chemical phenotype, and gene expression pattern of peripheral neurons. 
The important role of this mode of trophic support has been shown for 
sensory neurons projecting to the periphery, especially during 
development. In contrast to this target-derived trophic role of 
neurotrophins, we present evidence for the idea that sensory neurons 
themselves produce and anterogradely transport BDNF in the adult.

Using both immunocytochemistry and ELISA we have observed 
accumulation of BDNF proximal to a double ligation of the rat sciatic 
nerve, as would be expected of an anterogradely transported protein. We 
also show that the production and anterograde transport of BDNF are 
upregulated in DRG neurons whose peripheral or central processes have 
been damaged. Accumulation of substance P and CGRP proximal to a 
double ligation were not increased after peripheral nerve lesion, showing 
that the response was specific for BDNF. These data suggest an 
important role for this newly recognized mode of action for 
neurotrophins in the response to axonal injury.

(Supported by Regeneron Pharmaceuticals)
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667.11
ROLE OF ANTEROGRADE TRANSPORT IN THE TRAFFICKING OF 
BDNF IN BRAIN. C. A. Altar*, N. Cai, T. Bliven, M. Juhasz, J. M. 
Conner, A. Acheson, R. M. Lindsay and S. J. Wiegand. Regeneron 
Pharmaceuticals, Tarrytown, NY 10591.

The traditional role of neurotrophins as retrogradely transported, 
target-derived survival factors has been established in the developing PNS. 
However, in the adult CNS, neurotrophins produce neuromodulatory 
effects more consistent with local actions than with long distance 
retrograde signaling. We and others (Yan et al, ‘97, Neurosci.; Conner et al ‘97,
J. Neurosci.. 17:2295) have observed BDNF-immunoreactivity not only in 
the cell bodies of neurons which express BDNF mRNA, but also within the 
neuropil of brain regions like the striatum (Radka et al, ‘96, Brain Res.. 
709:122) which contain few if any BDNF-expressing cells. Thus, 
endogenous BDNF may be transported anterogradely and stored in nerve 
terminals. In support of the above hypothesis, inhibition of axonal 
transport enhanced BDNF staining in the cell bodies of cortical, nigral and 
thalamic striatal afferents, but depleted staining within the striatal 
neuropil. Unilateral removal of the frontoparietal neocortex decreased 
BDNF staining within the dorsolateral striatum and depleted BDNF 
protein by 66% in the ipsilateral striatum and by 22% in the contralateral 
striatum, in proportion to the density of striatal innervation. Unilateral 
nigrostriatal lesions decreased BDNF levels by 14% in the ipsilateral 
striatum and did not alter BDNF contralaterally. Selective excitotoxic 
ablation of intrinsic striatal neurons did not decrease BDNF levels in the 
striatum. Thus, BDNF protein in the striatum is derived largely by 
anterograde transport within striatal afferents. Anterograde transport may 
play prominent and functionally significant roles in the trafficking of 
BDNF in the mammalian brain. Supported by Regeneron Pharmaceuticals.

667.12
RESCUE OF CUTANEOUS SENSORY NEURON FUNCTION IN BDNF 
DEFICIENT MICE BY EXOGENOUS BDNF G. R. Lewin*1 & M. Koltzenburg2 
1 Max-Delbriick-Center, Dept. of Neuroscience, 13122 Berlin; 2Dept. 
Neurology, University of Wurzburg, D-97080 Wurzburg, Germany

A subset of cutaneous sensory neurons, the slowly-adapting 
mechanoreceptors (SAM), which innervate Merkel cells in the touch dome, 
require BDNF for normal mechanoreceptive function (Koltzenburg et al. 1995 
Neurosci. Abst. 21:420.6). Thus, SAMs are functionally impaired in mice with 
the loss of one or both BDNF alleles. In the present experiments we have 
asked if exogenous treatment with BDNF can restore the function of SAMs. 
Mice from BDNF heterozygote (+/-) matings were treated from birth until, at 
most, 18 days post-natally twice daily with 1 pg/g recombinant human BDNF 
sub-cutaneously. Untreated BDNF +/- littermates served as controls. Using 
standard teased fiber techniques single cutaneous afferent fibers were 
recorded from a skin nerve in vitro preparation obtained from treated and 
untreated animals (116 afferents, 13 animals). The profound 
mechanoreceptive deficit observed in SAMs from +/- animals was completely 
ameliorated after exogenous BDNF treatment. This was reflected in 
quantitative stimulus response functions as well as a normalisation of the von 
Frey hair thresholds; median SAM threshold 1.0 mN (n=11) and 5.0 mN (n=6) 
from treated and untreated animals, respectively. Interestingly, we also 
observed that myelinated mechanonociceptors had markedly lower 
thresholds following BDNF treatment; median thresholds 1mN (n=28) and 4.8 
mN (n=6) from treated and control mice, respectively. The rescue of 
mechansensitivity observed with BDNF could mean that elements of the 
mechanotransduction complex are normally regulated by BDNF availability 
during post-natal life. Supported by the MDC and the DFG (SFB 353)

667.13
STOMATIN, A MEC-2 LIKE PROTEIN, ITS POTENTIAL ROLE AS A 
MECHANOTRANSDUCER, AND ITS REGULATION BY BDNF A. G.
Mannsfeldt*1, P. Carroll2 and G. R. Lewin1 1 Max-Delbriick-Center for 
Molecular Medicine, Dept. of Neuroscience, 13122 Berlin-Buch, Germany; 
2INSERM Unit 382 IBDM, Case 907, 13288 Marseille 09, France.

The molecular basis of mechanotransduction in mammals remains 
unknown. A mutagenesis screen for touch insensitivity in C. elegans has 
revealed several essential genes that have close homologs in mammals. One 
of these codes for an integral membrane protein called Mec-2 in C. elegans 
and Stomatin in mammals. Using RT-PCR, we cloned the mouse form of 
Stomatin from dorsal root ganglia (DRG) where the majority of mammalian 
sensory neurons are located. Northern analysis shows that Stomatin 
message is widely expressed, but is enriched in DRG. We then generated 
polyclonal antibodies to an intracellular conserved region of the Stomatin 
protein. Western blot analysis shows that the antibody recognises the 
appropriate 31 kD band. Staining of adult DRG neurons in culture indicates 
that small and large sensory neurons, but not glial cells, express significant 
amounts of Stomatin. In situ hybridization also shows that almost all DRG 
neurons express Stomatin message. Impairments in mechanosensitivity in 
BDNF knockout mice (Lewin & Koltzenburg, this meeting) suggested to us 
that Stomatin expression is regulated by BDNF availability. In situ 
hybridization experiments with DRGs taken from BDNF treated mice indicate 
that the Stomatin message might be up-regulated by BDNF. These data 
suggest that Stomatin is a good candidate as a participant in a 
mechanotransduction complex. Further studies are aimed at testing more 
directly whether Stomatin is required for normal mammalian 
mechanosensation. (Supported by the MDC)

667.14
OVEREXPRESSION OF NGF IN SKIN ALTERS EXPRESSION 
OF NEURON-SPECIFIC PEPTIDES AND INDUCES 
MYELINATION OF SYMPATHETIC AXONS. B, M. Davis*, E. 
Heinz. M.G, Engle and K.M. Albers1. Depts. of Anatomy & 
Neurobiology and Pathology1, Univ. of Kentucky College of 
Medicine, Lexington, KY 40536.

Previous studies in our laboratories have shown that overexpression 
of NGF in skin of transgenic mice results in a 2.5 fold increase in the 
number of sympathetic neurons in the superior cervical ganglion, 
increased peripheral sympathetic sprouting and produces hypertrophy 
of sympathetic somata (Davis et al., 1996). We now extend these 
studies to examine changes in other properties of sympathetic 
neurons. EM photomontages were used for morphometric analysis of 
sympathetic postganglionic axons leaving the superior cervical 
ganglion (SCG). Myelinated axons were rare in control nerves. In 
NGF-transgenic mice, up to 50% of sympathetic axons were 
myelinated. The appearance of myelin was not accompanied by an 
increase in the density of Schwann cells (i.e., the number/area 
remained constant). Size frequency distribution histograms indicated 
hypertrophy of all transgenic sympathetic axons, however 
myelination was only seen in those axons with diameters greater than
1.1 pm. Moreover, the thickness of myelin was correlated with 
axonal size. Chemical characterization of SCG neurons revealed that 
the density of NPY neurons was dramatically decreased as was the 
level of NPY mRNA in individual NPY-positive neurons. Other 
chemical markers are currently being examined. Supported by 
NS31826 (BMD) and NS33730 (KMA).

667.15
BDNF REGULATES THE EXPRESSION OF CALCIUM-BINDING 
PROTEINS AND NEUROTRANSMITTERS IN CULTURED 
CORTICAL NEURONS. H. Fiumelli, M, Kiraly*, A, Ambrus, P. I, 
Magistretti and T.-L. Martin, Institut de Physiologie, Universite de 
Lausanne, Switzerland.

Regulation of calcium-binding proteins by BDNF was studied in 
primary cultures of mouse cortical neurons. Immunocytochemical 
analysis of calcium-binding proteins after 6 DIV indicated that 6.8 ± 
0.3% and 3.9 ± 0.8% of cortical neurons are calretinin- and 
calbindin-positive, respectively, while no parvalbumin-positive 
neurons were detected. Cultures were exposed daily to 5 ng/ml 
BDNF for 6 days and the expression of calretinin and calbindin was 
examined by Northern blot and by immunocytochemistry. BDNF 
treatment resulted in a significant increase in the expression of 
calbindin mRNA and in the number of calbindin-positive neurons. In 
contrast, BDNF strongly inhibited calretinin mRNA as well as the 
number of calretinin-positive neurons which decreased from 6.8 ± 
0.3% to 1.9 ± 0.4%. Taken together these observations indicate that 
BDNF exerts opposite effects on the expression of these two calcium-
binding proteins. Immunocytochemical characterization of 
neurotransmitters present in 6-day-old cultures using antibodies 
against GABA, and NPY evidenced that 11.9 ± 0.85% of all neurons 
are GABA-positive and 1.8 ± 0.3% NPY-positive. BDNF induced no 
changes in GABA expression, whereas it increased in a dose- 
dependent manner NPY mRNA and the number of NPY-positive 
neurons by 38 and 4-fold, respectively. These results highight the 
potent activity of BDNF on the phenotypic differentiation of cortical 
neurons.

667.16
MODULATION OF CALRETININ EXPRESSION IN PC12 CELLS Krvstvna 
R, Isaacs*, Jacek Kuznicki, Quy Ha. Satish Nagula. Matthew E, Wolpoe.
David M, Jacobowitz. Laboratory of Clinical Science, NIMH, Bethesda, MD 
20892
Calretinin (CR) is a calcium-binding protein found in specific 
subpopulations of neurons, some non-neuronal tissues and certain 
tumor cell lines. Although the function of CR has yet to be determined, 
recent studies examining the protein's conformation have suggested a 
possible calcium transport or calcium sensor function in addition to a role 
in calcium buffering. In a previous study (Kuznicki et al., 1996) we 
determined that nerve growth factor (NGF) elevates CR protein levels in 
one of the three PC12 cell lines tested. We used this PC12 cell line 
which has a tow baseline level of CR to study the regulation of CR 
expression. A ribonuclease protection assay was used to screen a variety 
of compounds, all of which were reported to modulate promoter activity in 
PC12 cells (bombesin, veratidine, calcium ionophore A23187, phorbol 
ester, insulin, tumor necrosis factor-a, Vitamin D3, retinoic acid, NGF, or 
KCI). Only 50 mM K* and 100 ng/ml NGF elevated CR mRNA levels. The 
amount of CR protein present after 3-7 days in K+-treated cultures was 
clearly higher than that of control samples. The amount of CR protein in 
NGF-treated cultures is also increased compared to controls, but the 
increase follows a different time course and is of a reduced magnitude 
compared with K+-treated cultures. We expect that the differences 
between NGF and K* treatments will allow us to target an investigation 
into the regulation of CR expression in both neuronal and non-neuronal 
tissues. (Support: IRP, NIMH.LCS)
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667.17
METABOLISM OF NEUTRAL LIPIDS AND PHOSPHOLIPIDS IN 
NEURONAL DIFFERENTIATION OF PC 12 CELLS. J. Li, W. Araki, C. 
Watkins and R. J. Wurtman*. Department of Brain and Cognitive Sciences, 
Massachusetts Institute of Technology, Cambridge, MA 02139

We previously found that phosphatidylcholine (PC) synthesis is markedly 
increased when PC 12 cells are differentiated by treatment with nerve growth 
factor (NGF) for 2 or 4 days, and that this increase largely results from increases 
in choline phosphotransferase activity and diacylglycerol (DAG) level. To 
explore the source of the increased DAG, two experiments using 3H-glycerol 
labeling were designed. In the first we measured cellular 3H-monoacylglycerol, 
3H-DAG, 3H-triacylglycerol, 3H-PC, 3H-phosphatidylethanolamine, 3H- 
phosphatidylserine and 3H-phosphatidylinositol in PC 12 cells that had been 
exposed to NGF for 0 - 96 hours and then to 3H-glycerol for 20 hours. We found 
that 3H-DAG levels increased time-dependently with NGF treatment, gradually 
peaking at about 6 times the levels in untreated control cells. 3H-PC levels peaked 
at about 2.5 times the levels in control cells. In the second experiment, cells 
treated with NGF for 0 or 24 hours and then labeled with 3H-glycerol, as above, 
for 20 hours were subsequently maintained with or without NGF but without 3H- 
glycerol for an additional 2 - 8 hours, and the 3H-lipids were then measured. In 
the first 4 hours of incubation without 3H-glycerol the degradation rate of 3H- 
DAG was quicker than that of 3H-PC No 3H-lipid showed a change in its rate of 
degradation due to treatment with NGF. These data suggest that the increased 
3H-DAG levels in PC 12 cells treated with NGF derive mainly from the “de novo” 
synthesis of glycerol, rather than from the hydrolysis of 3H-PC.
Supported by the National Institute of Mental Health (MH-28783) and The 
Center for Brain Sciences and Metabolism Charitable Trust.

667.18
TRANSGENIC OVEREXPRESSION OF NGF IN KERATINOCYTES RESCUES 
ONLY SOME SETS OF NGF DEPENDENT WHISKER PAD INNERVATION IN 
MICE LACKING FUNCTIONAL ENDOGENOUS NGF GENES. F.L. Rice*.
B.T. Fundin, M.C. Nishimura, B.M. Davis, H.S. Philips. Dept. of Pharmacology 
and Neuroscience, Albany Medical College, Albany, NY, 12208; Dept. of Anatomy, 
Uppsala University, Uppsala, Sweden 751 23 ; Dept. of Neuroscience, Genentech, 
Inc., South San Francisco, CA 94080; Dept. of Anatomy and Neurobiology, Univ. 
of Kentucky, Lexington, KY 40536.

NGF7' mice lack nearly all sets of unmyelinated and lightly myelinated sets of 
sensory and sympathetic innervation to the whisker pad as well as some sets of 
medium to large caliber myelinated sensory innervation. In mice transfected with 
constructs consisting of a K14 keratin promoter gene linked to NGF cDNA, only 
some sets of the NGF dependent unmyelinated and lightly myelinated innervation 
were increased in response to excessive sustained levels of NGF produced by 
keratinocytes in the epidermis and hair follicles. The whisker pads from hybrids 
obtained by crossing the two lineages of mice were examined by immuno-
fluorescence with anti-PGP 9.5, anti-neurofilament protein (RT97), anti-CGRP and 
anti-TH to determine if transgenic keratinocyte sources of NGF could rescue 
innervation in mice that were NGF'7' and heterozygous NGF transgenic. Only 
some sets of NGF dependent unmyelinated innervation to the epidermis and 
vasculature were partially rescued. The medium to large caliber myelinated sets of 
NGF dependent innervation were absent as well as some of the unmyelinated 
innervation particularly to the inner conical body (ICB) of whisker follicle sinus 
complexes. In some cases, the ICBs deprived of normal innervation received a 
substantial aberrant innervation. These results suggest that various sets of NGF 
dependent innervation have differential dependencies related to the source of the 
NGF. (Supported by the Albany Medical College Strategic Research Plan; the 
Swedish Medical Research Council; Genetech, Inc. and USPHS Grant NS31826.)

667.19
DEPENDENCE OF DENTAL INNERVATION ON NGF:
COMPARISON OF HETERO- AND HOMOZYGOUS MICE 
LACKING NGF WITH K14NGF TRANSGENIC OR HYBRID 
RESCUED TKO MICE. M.R. Byers*, P.C. O’Neill, M.C. Nishimura,
H.S. Phillips, K.M.Albers. Anesthesiology, Univ. Washington, 
Seattle, WA 98195; Neuroscience, Genentech Inc.,S. San Francisco 
CA 94080; Pathology, Univ. Kentucky, Lexington, KY 40536.

Teeth are innervated by A-delta and C-nociceptive nerve fibers, as 
well as by some A-beta mechanoreceptors, all of which terminate in 
crown pulp and dentin near fibroblasts that make NGF. We have used 
immunocytochemistry and electron microscopy to analyse dental and 
periodontal innervation in mice with homozygous (NGF-KO) or 
heterozygous (NGF-HZ) deletions of NGF, and compared these to 
hybrid transgenic/knockout mice (TKO) that have peripheral NGF 
expression directed by the K14 keratin promoter, and to NGF- 
transgenic mice (K14NGF). NGF-KO mice at 3 Id old have complete 
lack of intradental nerve fibers while NGF-HZ mice have 10-30% 
normal number. Teeth do not express keratin, and pulp nerves of TKO 
mice had only minimal recovery (<10% of axons) while those of K14- 
NGF mice were normal. The periodontium had partial innervation of 
gingiva in NGF-KO and NGF-HZ mice, hyperinnervation and epithelial 
hyperplasia in rescued TKO mice, and extreme hyperinnervation, 
hyperplasia and bone lesions in K14NGF mice. Periodontal ligament 
receptors were partially depleted in NGF-KO and NGF-HZ mice, but 
normal in TKO and K14NGF mice. Quantitative data on axon number, 
size and cytochemistry will be presented for each genotype for pulpal 
nerves, gingiva and periodontal ligament. [Supported by NIH 
#DE05159(MRB) and Genentech, Inc]

667.20
NGF AND BDNF INDUCE REGULATED SECRETION OF NT-3 IN 
TRANSFECTED PC 12 CELLS. A, Kriittgen*, J.C, Moller, J.V, 
Hevmach Jr.. E.M, Shooter. Dept. of Neurobiology, Stanford University 
School of Medicine, Stanford, CA 94305-5401

Recent studies suggest an involvement of neurotrophins in synaptic 
plasticity. We and others previously demonstrated that members of the 
nerve growth factor family are released via the regulated secretory pathway 
in neuroendocrine cells and neurons. Neurotrophins bind to two different 
types of receptors: the Trk tyrosine kinases and the pan-neurotrophin- 
receptor p75. Since activation of Trks was shown to increase intracellular 
calcium concentrations and since this represents a known triggei of 
regulated secretion, we tested if neurotrophins aie able to stimulate the 
regulated secretion of neurotrophins. PC 12 cells -expressing TrkA as well 
as the low affinity pan-neurotrophin receptor p75- were transiently or 
stably transfected with expression plasmids coding for NT-3 or a myc- 
tagged form of NT-3. After stimulation, supernatants were, subjected to a 
NT-3 specific ELISA. We found that NGF and surprisingly also BDNF 
induced regulated secretion of NT-3 in transiently transfected PC 12 cells as 
well as in four different stable transfected PC 12 cell lines. NGF but not 
BDNF led to Trk tyrosine phosphorylation as shown by 
immunoprecipitation using anti-panTrk and subsequent anti- 
phosphotyrosine Westernblot, The effect of BDNF on NT-3 secretion was 
blocked by anti-REX, an antisera directed against the extracellular domain 
of p75 which inhibits neurotrophin binding to this receptor. Our data 
indicate that neurotrophins are able to induce regulated secretion of 
neurotrophins and suggest a signal transducing role for p75 in this model 
system.
Supported by grants from NIH (NS04270), the Alzheimers' Association 
and the Deutsche Forschungsgemeinschaft (A.K. and J.C.M.)

BIOLOGIC EFFECTS OF CYTOKINES AND OTHER FACTORS: 
BEHAVIORAL AND SYSTEMIC EFFECTS

668.1

CHARACTERIZATION OF THE NEURTURIN KNOCKOUT 
MOUSE. Robert O. Heuckeroth, Leanne Tourtellotte, Galina 
Gavrilina, Eugene Johnson*, Jeffrey Milbrandt. Washington 
University School of Medicine, St. Louis, MO 63110.

Neurturin (NTN) is a neurotrophic factor in the TGF[) superfamily, 
which is closely related to glial cell-line derived neurotrophic factor 
(GDNF). Both neurturin and GDNF promote the survival of a variety 
of neuronal populations including superior cervical ganglion, nodose, 
dorsal root ganglia, motor and midbrain dopaminergic neurons. Both 
NTN and GDNF act through the Ret tyrosine kinase and require an 
accessory GP1 linked protein for activity. The GDNF knockout mice 
have severe defects in the enteric nervous system and kidneys with 
less severe defects in peripheral ganglia. To evaluate the role of 
neurturin in development, we have created neurturin deficient mice 
using embryonic stem cell technology. Unlike the GDNF knockout 
animals, neurturin deficient animals have normal kidneys and an 
intact enteric nervous system. The Nrtn knockout animals are bom in 
the expected ratio from heterozygous parents. They grow well and are 
fertile. Although the neurturin knockout animals have ptosis, they 
lack obvious defects in strength, coordination, balance, or pain 
sensitivity. Supported by NASPGN young investigator award, NIH 
AG13729 and AG13730 and 1KO8HD01166-01.

668.2
ACIDIC FIBROBLAST GROWTH FACTOR INCREASES PLASMA 
CORTICOSTERONE AND EPINEPHRINE LEVELS IN RATS. K. Sasaki1,
I. MatsumotoN Y. 0onuiraJ , A. Nii.iima4. Fac. Eng., Toyama 
Univ.^ Toyama 930, rac. Med., Nagasaki Univ., Nagasaki 
852, °Inst. Bio-Active Sci., Nippon Zoki Pharm. Co., Hyogo 
673-14, Tac. Med., Niigata Univ., Niigata 951, Japan.

Effects of aFGF on plasma corticosterone (CS) and 
epinephrine (EP) levels were examined in rats. Plasma CS 
and EP levels were increased by intracerebroventricular 
(ICV) or intravenous (IV) infusion of acidic fibroblast 
growth factor (aFGF) in rats. The increase in EP elicited 
by ICV or IV aFGF infusion and that in CS elicited by IV 
aFGF infusion were accompanied by an increase of efferent 
adrenal sympathetic nerve activity (ANSA) and by an 
increase of plasma adrenocorticotropic hormone (ACTH) 
level, respectively. ICV infusion of anti-corticotropin 
releasing factor (CRF) antibody prior to ICV aFGF infusion 
attenuated the increase in CS and EP, whereas that prior 
to IV aFGF infusion abolished the increase in EP, but did 
not affect the increase in CS. Transections of hepatic 
vagal afferents attenuated the increases in EP and ANSA 
induced by IV aFGF infusion. The results suggest that the 
central administration aFGF activates the hypothalamo- 
pituitary-adrenal axis and the adrenal sympathetic system 
via the CRF release in the brain, and that the peripheral 
administration of aFGF activates the adrenocortical system 
via the ACTH release in the pituitary and the adrenal 
sympathetic system via the hepatic vagal afferents.
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668.3
SUBACUTE INTRAVENTRICULAR GDNF PROMOTES BEHAVIORAL 
RECOVERY IN HEMIPARKINSONIAN RATS BY RESCUING 
NIGROSTRIATAL DOPAMINERGIC NEURONS/FIBERS AND CHOLINE 
ACETYLTRANSFERASE-IMMUNOPOSITIVE NEURONS. L.L. Porter* and
C.V. Borlongan. Department of Anatomy and Cell Biology, Uniformed 
Services University of Health Sciences, Bethesda, MD 20814.

Glial cell line-derived neurotrophic factor (GDNF) has recently been 
demonstrated to be effective in promoting dopamine (DA) neuronal survival 
and fiber outgrowth. Evidence suggests that a functional nigrostriatal 
dopaminergic pathway underlies GDNF-induced behavioral recovery in 
animal models of Parkinson’s disease. In the present study, we investigated 
whether this mechanism is associated with the onset of functional recovery in 
young adult rats that received unilateral nigral (SN) 6-hydroxydopamine 
lesions and subacute ICV GDNF treatments (2 injections of 400 ng GDNF, 
one on the same day of lesion and another 7 days after). At days 7 and 10 
post-treatment, GDNF-treated animals displayed significant improvement in 
spontaneous rotational and elevated body swing behaviors compared with 
vehicle-treated animals. Tyrosine hydroxylase (TH) immunostaining at day 10 
revealed that GDNF treatment resulted in a 39% increase in THir neurons in 
SN compacts, and rescue of 79% and 70% in TH-ir neurons in SN reticulata 
and lateralis, respectively, as compared to the lesioned nigra. We also noted 
a >95% preservation of choline acetyltransferase (ChAT)-ir neurons in the 
lesioned striata of GDNF-treated animals. Vehicle-treated animals had very 
few TH-ir neurons in the lesioned nigra, and almost absent ChAT-ir neurons 
and TH-ir fibers in the DA-denervated striatum. Thus, GDNF induced 
behavioral recovery by preserving a functional nigrostriatal DA pathway as 
well as a normalized striatal ChAT activity. On-going studies will determine 
whether subacute ICV GDNF maintains behavioral recovery in the long-term 
by normalizing DA/ChAT activity. (Supported by NIH Grant NS27038).

668.4
HYPERALGESIA DUE TO INFLAMMATION AFTER LOCAL 
CARRAGEENAN ADMINISTRATION IS MEDIATED BY NGF AND TNFa 
D Oddiah1, SB McMahon2 , N Andreev2 and M Rattray1* division of 
Biochemistry and Molecular Biology and 2Division of Physiology, UMDS, 
University of London, Guy's Hospital, London SE1 9RT, U.K.

It is known that neurotrophins can influence the activity of sensory 
neurones after acute inflammation. Here we have investigated the 
regulation of NGF after local carrageenan administration. We have 
shown that carrageenan, (50 pi, 2.0%), injected into the intraplantar 
surface of the rat hindpaw, produces profound thermal and mechanical 
hyperalgesia. This hyperalgesia was blocked by sequestering 
endogenous NGF using TrkA-IgG and reduced by a neutralising antibody 
that binds the cytokine TNFa. Using semi-quantitative reverse- 
transcriptase PCR (RT-PCR) we found that the level of NGF mRNA in 
paw skin was increased by both carrageenan (565 % +/- 175 %, p <0.05) 
and TNFa (187 % +/- 39 %, p <0.05) compared to the contralateral paws 
at 3 hours and 2 hours respectively. The results were confirmed using an 
ELISA to measure NGF protein after carrageenan injection. However as 
suspected from behavioural tests, co-injection of anti-TNFa with 
carrageenan could not entirely prevent an increase in NGF protein 
suggesting that TNFa acts together with other factors to up-regulate NGF 
after inflammation. The findings further support the hypothesis that 
production of NGF in target tissues is a component of the pronociceptive 
response to inflammation and that cytokines act as triggers for NGF 
production

Research supported by MRC

668.5
SUBCUTANEOUS IGF ADMINISTRATION SPARES LOSS OF 
THE LIMB WITHDRAWAL REFLEX IN 6-OHDA LESIONED 
RATS. B.E. Pulford1*. L.R. Whalen1. D.N. Ishii2. ^ept. Anatomy & 
Neurobiology, 2Dept. Physiology and Dept. Biochem. & Molec. 
Biol., Colorado State University, Ft. Collins, CO 80523.

We tested the hypothesis that systemic administration of insulin-
like growth factor II (IGF-II) can ameliorate functional damage to 
the CNS. Normally, intracistemal injection of 6-OH dopamine (6- 
OHDA) results in loss of descending adrenergic fibers from locus 
coeruleus neurons and loss of the hindlimb withdrawal reflex. 
Immediately following the 6-OHDA injection, miniosmotic pumps 
containing IGF-II or vehicle were implanted s.c. in adult rats. 
Controls rats received vehicle injection and their pumps released 
vehicle. Three weeks postsurgery the spinal cord was transected, L- 
DOPA was provided i.p., and the maximum force of hindlimb 
withdrawal was measured following electrical stimulation of the 
hindpaw. The hindlimb withdrawal reflex was greatly reduced in 6- 
OHDA lesioned vs. control rats, as expected. The mean maximum 
force of the reflex was significantly larger in IGF-II vs. vehicle- 
treated 6-OHDA lesioned rats (P < 0.03). These results show that 
loss of function in the CNS can be prevented or ameliorated by the 
systemic administration of IGF-II. (Supported in part by grant 
R49/CCR811509 from the CDC.)

668.6
CARDIOTROPHIN-1 HAS MARKED PROTECTIVE EFFECTS IN WOBBLER 
MOUSE MOTOR NEURON DISEASE. H. Mitsumoto,* B. Klinkosz. T. Ishiyama, K. 
Tsuzaka, Depts of Neurology and Neuroscience, Cleveland Clinic, Cleveland, OH; D. 
Pennica, Dept of Molecular Oncology, Genentech, South San Francisco, CA.

Cardiotrophin-1 (CT-1), a cytokine related to ciliary neurotrophic factor, has emerged 
as a novel neurotrophic factor that supports long-term survival of in-vitro spinal motor 
neurons and protects the loss of neonatal rat motor neurons after axotomy (Pennica et al. 
Neuron 1997; 17; 63). We tested the effects of CT-1 in a natural motor neuron disease 
occurring in wobbler mice. This motor neuron disease is clinically characterized by 
progressive forelimb muscle paralysis and atrophy because of motor neuron 
degeneration. After the clinical diagnosis of motor neuron disease at 3 to 4 weeks of age, 
1 mg/kg of recombinant mouse CT-1 or vehicle was subcutaneously injected 6 times a 
week for 4 weeks in 16 animals. Weekly assessments (performed by an examiner 
masked to the identification of the drug) included body weight, grip strength, running 
speed, semiquantitative paw position abnormality, and walking pattern abnormalities 
(Mitsumoto et al. Science 1994;265:1107). Four of 8 CT-1 and 3 of 8 vehicle animals 
died during the treatment period. CT-1 animals gained weight towards 3 to 4 weeks 
slightly more than vehicle animals. Grip strength in vehicle animals steadily declined 
over 4 weeks, whereas CT-1-treated animals regained strength markedly after week 1 
(P0.0001). Running speed in 2 16 feet running was different at week 4 (P=0.013). In 
paw position abnormalities, CT-1 animals did not deteriorate from the time of the 
clinical diagnosis at baseline ( grade 1; digit atrophy), whereas vehicle-treated animals 
progressed from grade 1 to grade 3 (curled wrists). Walking pattern abnormalities 
showed similarly marked differences between CT-1 and vehicle treatments. Weight and 
twitch tension of the biceps muscle was significantly greater in CT-1 -treated wobbler 
mice. Thus, our study revealed that CT-1 had profound effects in clinically protecting 
degenerating motor neurons in wobbler mouse motor neuron disease. Histometric 
analyses of these animals are underway. (Funded by ALS Association Research Grant.)

668.7
A NON-INVASIVE TRANSPORT SYSTEM FOR GDNF ACROSS 
THE BLOOD-BRAIN BARRIER. D. Albeck*13. B.J. Hoffer 3. D. Ouissell1.
L.A. Sanders1. G. Zerbe4. P, Friden5. and A-C. Granholm1,2,3. Depts. of Basic 
Science1, and Pharmacology2, Neuroscience Program3, and Biometrics4 Univ. of 
Colo. HSC, Denver CO 80262 and 5Periodontix Inc..Watertown MA 02172.

Glial cell line-derived neurotrophic factor (GDNF) is a neurotrophin which 
supports midbrain dopaminergic neurons and spinal cord motorneurons. GDNF has 
been proposed as a possible therapeutic agent for Parkinson’s disease, spinal coid 
injury or motorneuron degenerative disorders. Administration of GDNF is 
complicated by its poor penetration across the blood-brain barrier (BBB). Central 
nervous system capillaries are uniquely enriched in transferrin receptors and antibodies 
to these receptors (OX-26) have been proposed as potential carriers to transport large 
molecules across the BBB. Intraocular transplants possess an organotypic BBB and 
provide an ideal model system to test the effects of trophic factors upon neural tissue. 
Intravenous administration of an OX-26-GDNF conjugate significantly enhanced 
overall growth of intraocular fetal spinal cord tissue transplants compared to controls, 
which received intravenous injections of a co-mixture solution containing 
unconjugated OX-26 and GDNF in amounts equal to those in the conjugate. Neuron 
packing density was higher in OX-26-GDNF treated grafts than in control, and the 
neurons were significantly larger in the conjugate treated transplants than in the 
controls. OX-26-GDNF conjugate treatment also significantly increased 
immunocytochemical staining for choline acetyl transferase in grafted motorneurons. 
These results suggest that OX-26-GDNF conjugate could be utilized for non-invasive 
treatment of neurodegenerative diseases of spinal cord or midbrain dopaminergic 
neurons. This work was supported by USPHS grants MH49661, AG12122, 
AG04418 and NS 09199.
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669.1
EGF ACTIVATES FAK AND ERK2 TO REGULATE THE 
CYTOSKELETON IN CORTICAL NEUROBLASTS AND NEURONS
D. Mangoura. Y. Cheng, N, Sakellaridis*, and S. Leung. Pediatrics & 
Neurobiology, The Univ. of Chicago, Sch. of Med, Chicago, IL 60637.

We have explored the signaling of EGF at definite stages of neuronal 
development. Neurons in the chick embryo telencephalon are generated in 
distinct waves between E4 to E9. Neuronal cultures derived from each 
day resemble the transition from a neuroblast to a neuron for each cohort. 
Western blot analysis with a monoclonal antibody to phosphorylated 
tyrosine residues showed several proteins regulated by this specific 
posttranslational modification in neurons and neuroblasts after exposure to 
EGF. Detergent extracts were immunoprecipitated with similar antibodies 
and immunoprecipitates were processed for sequential Western blot 
analysis with monoclonal antibodies to FAK and to cortical cytoskeleton 
proteins cortactin and vinculin. EGF stimulated tyrosine phosphorylation 
of all these proteins, and activated the MAP kinase ERK2. The duration of 
ERK activation was dramatically different between neurons and neuro-
blasts, lasting less than 1 hr and over 3 hr, respectively. Cytoskeleton 
regulation was also drastically different. In E8CH cultures of fully 
differentiated neurons EGF increased the phosphotyrosine content of 
cortactin at 3 hr after plating, but after 4 days in culture had no effect. 
EGF increased neuritic outgrowth in neurons, but was mitogenic for 
neuroblasts. After long term EGF, we observed pairs of neurons in 
physical proximity and with a very similar morphology. This data shows 
that cytoskeleton proteins may be the target of signaling pathways that 
sequentially mediate growth or differentiation. Further more, it suggests 
that the cortical cytoskeleton may be part of the loop that regulates the 
conversion of the signal transduction pathway of a specific agonist from a 
mitotic signal to a signal for differentiation (suppor: BRF and HD09402).

669.2
EXPRESSION OF NEUROTROPHINS AND THEIR RECEPTORS IN 
PROXIMAL AND DISTAL TRANSECTED RAT SCIATIC NERVES.
A. Schenone, L. Nobbio, D. A. Wittrock, G. F. Gherardi, L. Gross,
M. Balestrino*, G. L. Mancardi, A. J. Windebank. Department of
Neurosciences, University of Genova, Italy; Program in Molecular 
Neuroscience, Mayo Clinic/Foundation, Rochester, MN 55905 USA

NGF, BDNF, NT-3 and the p75NGFR are expressed by peripheral 
nerves. NGF, BDNF, and p75NGFR mRNAs increase up to two weeks 
after sciatic nerve transection. It is difficult to relate short term 
experimental findings with human axonal neuropathies. Little is known 
about neurotrophins expression during chronic degeneration and 
regeneration of peripheral nerves. NGF, BDNF, NT-3, p75NGFR, TrkA,
B, and C mRNA levels were evaluated by semiquantitative RT-PCR in 
the proximal and distal segments of permanently transected rat sciatic 
nerves, at 15,30,45,60 days. NGF mRNA was significantly increased 
both proximally and distally, but decreased to normal after 60 days in 
the distal segment. BDNF mRNA increased in the proximal segment at 
15 days then decreased to normal after 60 days. Distally it increased to 
a maximum at 60 days. NT-3 mRNA was unchanged at all time points. 
p75NGFR mRNA increased in both segments, but was significantly 
higher at each time point in distal compared with proximal. Trk A and 
C mRNA increased only proximally after 15-30 days. Trk B mRNA 
decreased significantly in the distal segment. Peripheral nerves 
undergoing axonal degeneration produce NGF and BDNF which are 
differentially regulated by axonal regeneration. p75NGFR is expressed by 
Schwann cells, whereas mRNA for the high affinity receptors is 
probably anterogradely transported. NGF and BDNF may be suitable 
for therapeutic use in human axonal neuropathies. (CNR)

669.3
ANDROGEN PRESERVES CALBINDIN IMMUNOREACTIVITY IN 
AXOTOMIZED MOTOR NEURONS. I. Perez* and D, B. Kelley. 
Dept. Biological Sciences, Columbia University, New York, NY 10027. 
We examined whether regulation of a calcium-binding protein, 
calbindin, accompanies androgen rescue of laryngeal motor neurons 
following axotomy in X. laevis (J. Neurosci.l6:6625). Motor neurons of 
nucleus (N.) IX-X were double labeled with peroxidase and an 
antibody to calbindin-D28k- The total number of calbindin 
immunolabeled cells was compared in the intact and axotomized
N.IX-X of gonadectomized males that were either hormonally 
untreated or treated with dihydrotestosterone (DHT) for one month. 
The number of calbindin immunopositive cells in N. IX-X was 
significantly affected by axotomy (ANOVA; p<0.01) and DHT- 
treatment (ANOVA; p<0.05) but there was no significant interaction 
between treatments. In untreated animals, axotomy for one month 
resulted in a 86% decrease in the number of calbindin expressing cells 
whereas in DHT-treated animals the decrease was 56%. Within 
laryngeal muscle, calbindin immunoreactivity (IR) was localized at the 
neuromuscular junction; no calbindin IR was observed following 
denervation. We conclude that laryngeal motor neurons express 
calbindin, that calbindin is downregulated by axotomy and that 
androgen increases calbindin expression. Androgen treatment 
preserves calbindin expression in axotomized motor neurons of N.IX- 
X in the absence of contact with their target muscle. The androgen- 
induced maintenance of calbindin expression in motor neurons may 
contribute to survival by enhancing the calcium buffering capacity of 
injured cells. Support: NS19949; JP is a fellow of the MEC, Spain.

669.4
ACUTE AND LONG-TERM EFFECTS OF NERVE GROWTH 
FACTOR AT NEONATAL RAT SYMPATHETIC SYNAPSES. S.T. 
LockharLG.G, Turrigiano and S.J. Birren. Department of Biology, 
Brandeis University, Waltham, MA. 02254-9110.

Nerve Growth Factor (NGF) and other neurotrophins are known for 
their role in the nervous system as target-derived survival factors. 
Recently, they have also been shown to modulate the strength of CNS 
synapses. We are studying the role of NGF in the formation and 
modulation of noradrenergic synapses which form between rat 
sympathetic superior cervical ganglion neurons and cardiac myocytes in 
culture. Synaptic transmission at these synapses is rapidly and reversibly 
potentiated in 50 ng/ml NGF. This potentiation is blocked by 200nM K- 
252A, a selective inhibitor of trk receptors. In the presence of K-252A, 
NGF depresses synaptic transmission, suggesting that NGF signals via 
an alternate pathway in the absence of trk signaling. Here, we report that 
the potentiation of transmission by NGF is likely to be presynaptic, since 
(a) there is no difference in myocyte response to direct application of 
norepinephrine in the presence and absence of NGF, and (b) by both 
RT/PCR and immunocytochemistry, trkA receptors in co-cultures are 
found almost exclusively in the neurons. Also, we find that increasing 
NGF influences synapse formation during the growth period, by 
increasing either the number or the strength of connections formed. In 
cultures grown in high and low concentrations of NGF, synapses are 
acutely modulated by NGF to the same extent. These data suggest three 
distinct physiological effects of NGF on sympathetic neurons: Regulation 
of neuronal survival, acute modulation of synaptic transmission, and 
regulation of synapse formation. (Whitehall Foundation, Pew Scholar's 
Program, SJB; NIH NS0792, STL)

669.5
NOVEL NEUROTROPHIC ACTIONS OF ANGIOTENSIN II ARE 
PROMOTED BY AT2 RECEPTORS IN THE ADULT RAT S. Gallinat, R. 
Lucius, MH. Yu, T. Herdegen*, and Th. Unger Department of Pharmacology, 
University of Kiel, Germany.

The angiotensin n (ANG n) AT2 receptor is involved in tissue repair and 
cellular stress response in non-neuronal cells. Previously, we have shown that the 
AT2 receptor-induced neurite formation in PC12W cells is paralleled by a 
reduced NF-M expression as it occurs in nerve fiber regeneration. Here we show 
that transection and crush of sciatic nerves of adult rats results in dramatic 
changes of AT2 receptor mRNA in dorsal root ganglion neurons and in sciatic 
nerves 3, 14 and 28 days after axotomy as determined by RT-PCR assay. In 
proximal- and distal sciatic nerve stumps, AT2 receptor mRNA was transiently 
increased by 1000% and 510%, respectively. In the dorsal root ganglion neurons, 
the AT2 receptor mRNA level was increased by maximally 1000% 14 days after 
axotomy. Sciatic nerve crush resulted in time-dependent up-regulation of AT2 
receptor mRNA coinciding with the successful regeneration of nerve fibers. 
Furthermore, AT2 receptor stimulation resulted in axonal elongation of postnatal 
rat retinal explants in vitro that are comparable to adult, non-regenerating retinal 
ganglion cells. ANG n-mediated effects were inhibited by the AT2 receptor 
antagonist, PD 123177, and also mimicked by the specific AT2 receptor agonist, 
CGP 42112. Our results indicate that the AT2 receptor promotes Schwann cell- 
mediated myelination, neuroregenerative responses of DRGs and also 
regeneration of postnatal CNS neurons. Finally, preliminary experiments of 
ANG II application in the adult rat showed that ANG II accelerated and 
improved regeneration of crushed sciatic nerves.

669.6
ACTIVATION OF TRKA BY NGF STIMULATES 
SPHINGOSINE KINASE. L. EdsaU. A. Katchman*. and S. 
Spiegel. Georgetown University School of Medicine, Washington,
D.C. 20007.

Sphingolipid metabolites, such as sphingosine 1-phosphate 
(SPP) and ceramide, are increasingly becoming recognized as 
important components involved in cellular proliferation, 
differentiation and apoptosis. Nerve growth factor (NGF), a 
neurotrophic factor for PC 12 cells, induced a biphasic increase in 
the activity of sphingosine kinase, the enzyme which produces 
SPP. A rapid 1.7 fold increase in kinase activity was followed by 
a marked and sustained increase, reaching a maximum of 4-5 fold 
stimulation with a concomitant elevation of SPP levels. SPP also 
protected PC 12 cells from apoptosis induced by serum withdrawal, 
as determined by a quantitative DNA fragmentation assay and 
Hoechst staining. Other compounds such as lyso-phosphatidic acid 
and dihydrosphingosine 1-phosphate, which structurally resemble 
SPP, did not have this effect. To further examine the role of SPP 
in signal transduction cascades mediated by nerve growth factor, 
we employed the use of dimethylsphingosine (DMS), a competitive 
inhibitor of sphingosine kinase. DMS enhanced apoptosis under 
serum free conditions, and interfered with the protective ability of 
NGF. These effects were counteracted by SPP. Thus, activation 
of sphingosine kinase and subsequent formation of SPP may play 
an important role mediating the effects of NGF.
Supported by Research Grant R01 CA G1774 by the 
National Institutes of Health.
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669.7
REGULATION BY HISTAMINE OF NERVE GROWTH FACTOR 
SYNTHESIS AND SECRETION FROM RAT PRIMARY ASTROGLIAL 
CULTURES M. Cannan-Kriad** M Lipnik Stangeli. D. M. Jurid. Dept. 
Pharmacol., Medical Faculty, 1000 Ljubljana, Slovenia

Histamine regulates various functions in the CNS acting as neurotransmitter 
and neuroimmunomodulator, it may also participate in some neurotrophic 
processes aimed to reestablish some damaged CNS functions. Histamine has 
been shown to stimulate the release of interleukin-6 (11-6), possibly via 
histamine Hl-receptors. Since 11-6 is a potent stimulator of NGF secretion from 
rat cortical astrocytes it could therefore potentially affect neuronal survival. It 
has been also reported that histamine H2-receptor blocking drugs delay onset of 
Alzheimer’s disease (Breitner JCS et al. Neurobiol Aging 1995). In our study 
we demonstrated that histamine is a potent stimulator of NGF synthesis and 
secretion from rat cortical astrocytes in primaiy culture (2.5 x over the basal 
level) at 100 nM cone, in comparison to reported interleukin-ip induced NGF 
secretion (3 x over the basal level at 10 U/ml cone.) (Carman-Krzan M et al. J 
Neurochem Res 1993). Since we showed that histamine Hl- and H2-receptors 
are present on the above cells it was of interest to study through which receptor 
histamine exerts its effect on NGF secretion. The stimulatory effect of 
histamine (100 nM) on NGF secretion was effectively blocked by Hl-receptor 
antagonist mepyramine in a concentration-dependent manner whereas no 
decrease of histamine induced NGF secretion was observed in the presence of 
various concentrations of histamine H2-receptor antagonist cimetidine. The 
results of our study suggest that histamine stimulation of NGF secretion from 
cultured astrocytes is histamine Hl-receptor mediated process which occur 
either directly or indirectly through the pathway involving histamine stimulated 
11-6 release which in further steps regulates NGF secretion.

669.8
NUCLEAR ACCUMULATION OF FGF RECEPTOR-1 IN GLIAL CELLS AND ITS 
FUNCTIONAL SIGNIFICANCE. E.K. Stachowiak. P.A. Maher, J, Tucholski, V. 
Bracha*. M.K. Stachowiak. Laboratory of Molecular Neurobiology, Barrow Neurological 
Institute, Phoenix AZ 85013, The Scripps Research Institute, La Jolla, CA 92037.

Our recent studies demonstrated nuclear localization of the high affinity FGF-2 receptor 
FGFR1 in cells of glial and neuronal lineages. Nuclear FGFR1 is represented by 3 
isoforms (103,118, and 145 kDa), is full length, retains kinase activity, and is localized 
within the nuclear interior in association with the nuclear matrix. Treatment of nuclear 
extracts with N-glycanase converted the 103, 118 and 145 kDa isoforms into a single 100 
kDa protein indicating that they represent different degrees of FGFR1 glycosylation. 
Labeling the surface of glioma U251MG cells with an impermeable biotin analog did not 
result in any biotin-labeled FGFR1 in the nucleus. Thus, FGFR1 can move to the nucleus 
without prior insertion into the plasma membrane. Immunoelectron microscopy suggests 
that FGFR1 is transferred into the nucleus at discrete sites along the nuclear membrane, 
consistent with transport through nuclear pores. Since FGFR1 lacks NLS-like clusters 
of basic amino acids, it could be cotransported into the nucleus with FGF-2 or via 
glycosylation-dependent transport system. The expression of nuclear FGFR1 and FGF-2 
in astrocytes is regulated in a manner reminescent of cyclin DI. Thus, these three 
proteins are depleted from the nucleus in confluent astrocytes arrested in Go phase, and 
their nuclear levels are restored transiently during cell transition from Gr to S-phase of 
the cell cycle. Transfection of pcDNA3.1FGFRl expression vector into cells that do not 
normally express this protein resulted in nuclear accumulation of FGFR1, increased cell 
proliferation, and stimulated transition from the G(/G, to the S-phase of the cell cycle. 
The increased proliferative rate was resistant to cell impermeable FGF binding antagonist, 
myoinositol hexakis [dihdrogen phosphate] (IP6). These results indicate a novel 
intracrine model of growth factor action in the nervous system whereby FGF-2 and its 
receptor accumulate in the cell nucleus and act as mediators in the control of cell growth 
and proliferation. Supported by NSF(94-11226) and NIH (NS 28121).

669.9
CHARACTERIZATION OF EARLY SIGNALING COMPONENTS OF 
INSULIN-LIKE GROWTH FACTOR-I IN SH-SY5Y HUMAN 
NEUROBLASTOMA CELLS LACKING INSULIN RECEPTOR 
SUBSTRATE-^
Bhumsoo Kim; and Eva L. Feldman. Neuroscience Program, University of 
Michigan, Ann Arbor, MI 48109-0588

Insulin-like growth factors (IGF-I, IGF-II) play key roles in the 
proliferation, differentiation and survival of many cell types. In the 
nervous system, IGFs are important for embryonic development and early 
postnatal growth. Most of the effects of the IGFs are mediated by binding 
to the type I IGF receptor (IGF-IR), which in turn activates the docking 
molecule, insulin receptor substrate (IRS)-l or IRS-2. We use SH-SY5Y 
human neuroblastoma cells, a well characterized in vitro model of nervous 
system growth, to study the role of IGF-I and IGF-IR in neuronal 
differentiation and survival. In the current study, we found that SH-SY5Y 
cells use IRS-2, in the absence of IRS-1, for IGF-I signaling. IGF-I 
stimulated time- and concentration-dependent tyrosine phosphorylation of 
IGF-IR and IRS-2. This effect was blocked by a-IR3, a neutralizing 
antibody for IGF-IR. IGF-I induced association of tyrosine 
phosphorylated IRS-2 with downstream signaling molecules such as 
phosphatidylinsositol 3-kinase (PI 3-K) and Grb2. The association of IRS- 
2 with Pl 3-K and Grb2 was transient. In addition to the association with 
IRS-2, Grb2 also interacted with She upon stimulation by IGF-I. In 
contrast to the binding with IRS-2, Grb2 showed sustained association with 
She. The time course of Grb2-IRS-2 and Grb2-Shc association and the 
cellular distributions of these proteins suggest that unique pathways may 
mediate the pleiotropic effects of IGF-I. This work was supported by R29 
grant from the Muscular Dystrophy Association.

669.10
SECRETED AMYLOID PRECURSOR PROTEIN REQUIRES THE 
INSULIN SIGNALING PATHWAY FOR NEUROTROPHIC 
ACTIVITY. W. Wallace*, D. D, Norton, and J. W. Kusiak. Gerontology 
Research Center, NIA, Baltimore, MD 21224.

Cortical amyloid precursor protein (APP) is induced and its 
ectodomain is secreted in response to various disruptions of cortical 
function suggesting that APP plays a role in the response of the brain to 
injury. We have investigated the biological activity of the secreted APP 
by assaying the effects of purified human APP on PC 12 cells. APP 
synergistically potentiated the neurotrophic activity of NGF. The 
pattern of intracellular targets activated by APP (IRS-1, PI3-K, and 
ERKs 1 and 2 but not TrkA nor phospholipase C-yl) suggested that it 
uses the insulin signal transduction pathway for this potentiation. 
Immunocytochemistry using antibodies directed to the dually 
phosphorylated and hence, activated form of ERK showed that only a 
subpopulation of the PC 12 cells were activated by the APP, causing 
translocation of the ERK to the nucleus. PC 12 cells were incubated with 
antisense oligonucleotides directed to the translation start site of IRS-1 
(5’TATCCGGAGGGCCTGCCATGCTGCT3’;1 pM for 3 to 6 days), 
which resulted in a > 50% reduction in the levels of IRS-1 in the cells. 
When subsequently treated with 100 pM APP, the cells showed a 
dramatic inhibition of both ERK activation and neurite outgrowth. The 
antisense also inhibited the ability of APP to potentiate NGF 
neurotrophic activity. The inhibitory effect of the antisense was 
specific. Cells pretreated with the corresponding sense oligonucleotide 
exhibited no such inhibition of APP activity. Likewise, the IRS-1 
antisense did not inhibit NGF neurotrophic activity. These results 
indicate that APP requires the insulin signaling pathway for its 
neurotrophic activity. Supported by IRP, NIA.
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670.1
CLONING AND CHARACTERIZATION OF TRANS-ACTING FACTORS THAT 
REGULATE FGF-2 GENE EXPRESSION IN HUMAN ASTROCYTES. J. Moffett,
C.Yee. J. Myers. W, Shapiro*, and M.K. Stachowiak. Laboratory of Molecular 
Neurobiology, Barrow Neurological Institute, Phoenix AZ 85013.

FGF-2 is a pluripotent growth factor controlling proliferation, growth, and 
differentiation of cells of neuro-ectodermal origin. In human brain, FGF-2 expression is 
regulated by cell contact and growth factors. We have developed a cell culture model to 
study the regulation of FGF-2 in human astroglia. Expression of the FGF-2 gene was 
affected by cell density, growth factors, cAMP and protein kinase C (PKC). A deletion 
analysis found that the regulation of the FGF-2 gene by these stimuli maps to the -624 to 
-512 bp promoter region (relative to the transcription start point). Stimulation by cAMP 
or PKC was mapped to -624 to -555 bp (cAMP/PKC regulatory region, C/PRR), while 
the regulation by growth factors and cell density was mapped to a 43 bp element at -555 
to -512 bp (growth factor responsive region, GFRR).

DNase I footprinting revealed that almost the entire -624 to -512 bp region interacts 
with nuclear proteins. Using electrophoretic mobility shift assays (EMSA), we found 
multiple complexes formed with both the C/PRR and GFRR. Protein binding to C/PRR 
and GFRR was induced by cAMP/PKC and growth factor stimulation, respectively. 
GFRR lacks homology to target sequences of known transcription factors. Competition 
with common consensus binding sites showed no inhibition in complex formation. 
Southwestern analysis identified at least three proteins binding directly to GFRR.

Southwestern screening of a human fetal brain library identified two cDNA clones of 
proteins which bind specifically to GFRR. A fragment of one clone (/Triplex 36) 
showed partial homology with a portion of the human protein kinase II regulatory subunit, 
suggesting that these two proteins may share a similar epitop. The second clone (/Triplex 
9) had no homology to any previously characterized gene. Our analysis indicates that 
expression of the FGF-2 gene in human brain is regulated by novel cisacting elements and 
transacting factors. Supported by NSF (IBN-9411226) and ADCRC).

670.2
ACTIVATION OF THE FGF-2 GENE BY NICOTINIC ACETYLCHOLINE AND 
ANGIOTENSIN II RECEPTORS IN ADRENAL MEDULLARY CELLS. E. Kratz, J. 
Moffett. A. Shetter*. E.K, Stachowiak. and M.K. Stachowiak. Barrow Neurological 
Institute, Laboratory of Molecular Neurobiology, Phoenix AZ 85013.

Fibroblast growth factor-2 (FGF-2), a potent mitogenic/neurotrophic factor controls the 
development and plasticity of many types of cells in central and peripheral nervous 
systems. In adrenal chromaffin cells, induction of FGF-2 protein in vivo coincides with 
the establishment of functional innervation and can be reproduced in vitro by direct 
stimulation of nicotinic acetylcholine (nAChR) or angiotensin II (AIIR) receptors. The 
expression and nuclear accumulation of FGF-2 are preceded by an induction of FGF-2 
mRNA.

Transfection of FGF-2 promoter-luciferase constructs into bovine adrenal medullary 
cells shows that the induction of FGF-2 by nAChR or AIIR results from an activation of 
the FGF-2 gene promoter and is mediated by a novel -555/-512 bp element. Activation 
of FGF-2 promoter by nAchR or AIIR is mimicked by treatment of cells with forskolin 
or PMA. However, cAMP and PKC-signaling pathways may not mediate nAChR or AIIR 
stimulation since they act through a promoter region (-625/-555 bp) separate from the 
nAChR/AIIR-responsive element. In vitro DNA protein-binding analyses show that a 
nAChR/AIIR-responsive element contains unique protein binding sequences that could 
interact with potentially novel transactivating factors. These factors interact specifically 
with the nAChR/AIIR-responsive element in a manner stimulated by AIIR or nAChR and 
were identified by Southwestern analysis as p55, pl25, pl40, and pl70. Through the 
activation of these proteins trans-synaptic and hormonal signals may control the 
ontogeny and cell proliferation and survival in the adult adrenal medulla. (Supported by 
NIH HL-49376 and NSF 94-11226).
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670.3
REGULATION OF THE TYROSINE HYDROXYLASE AND THE FGF-2 GENES BY 
INTRACELLULAR FGF-2 AND FGF RECEPTOR-1. HuPeng, J. Moffett, P.A. Maher1. 
R, Fisher*, M.K. Stachowiak. Laboratory of Molecular Neurobiology, Barrow 
Neurological Institute, Phoenix, AZ 85020, ‘The Scripps Research Institute, La Jolla, San 
Diego 92037.

Afferent trans-synaptic or hormonal stimulation of adrenal medullary cells induces 
accumulation fibroblast growth factor-2 (FGF-2) and FGF receptor-1 (FGFR1) proteins 
directly in the cell nucleus accompanying activation of the tyrosine hydroxylase and the 
FGF-2 genes. To determine whether FGFR1 and FGF-2 could act as nuclear regulators 
of gene transcription we cotransfected TH- or FGF-2-promoter-luciferase promoter 
construct with effector plasmid expressing FGF-2, FGFR1, or control CMVNeo or 
CMVP-gal. Effector plasmids expressing all or only high molecular weight FGF-2 
isoforms known to localize predominantly in the nucleus transactivated both the TH and 
FGF-2 promoters. Transfection of FGFR1 led to accumulation of the receptor in the 
nucleus and also trans-activated the TH and FGF-2 promoters. The transactivation by 
FGF-2 or FGFR1 was not prevented by IP6, an extracellular-acting FGF antagonist.

The FGF-2/FGFR1 transactivation of TH promoter was mediated by CRE and an 
upstream dyad symmetry (-365/-301 bp) element that extrudes cruciform structure. 
Transactivation of FGF-2 promoter was mediated by increased protein binding to an 
unrelated acetylcholine/angiotensin Il-responsive element (-555/-512 bp). Thus, nuclear 
FGF-2 and FGFR1 may serve as general transcription transducers that coordinately 
regulate expression of unrelated genes via different transacting factors.

Supported by NIH (HL-49376, NS 28121), and NSF (94-11226).

670.4
LOCALIZATION OF TRANSCRIPTS FOR TRKB ISOFORMS AND P75 
NEUROTROPHIN RECEPTOR IN THE RAT RETINAL GANGLION CELLS.
A. Suzuki, J, Kosaka and Y, Fukuda*. Dept. of Physiology, Osaka Univ. Med. Sch., 
Suita, Osaka 565, Japan.

BDNF has an important role for survival and differentiation of precursor neurons in 
developing CNS, and for maintenance of neuronal circuit in the adult CNS. It is 
known that the survival of retinal ganglion cells (RGCs) after axotomy is promoted 
by BDNF administration into eyeball, but its effect on cell survival is limited. To 
understand which types of RGCs respond to BDNF administration and how they 
respond to BDNF administration, we tried to clarify the cellular distribution of 
transcripts for three types of BDNF receptor, trkB full-length, truncated isoform of 
trkB (trkB.Tl) and p75 neurotrophin receptor, using in situ hybridization with 
Digoxigenin-labeled cRNA probes in the adult rat retina.

We found that not only trkB full-length but also trkB.Tl and p75 were transcribed 
in the cells located in the inner nuclear layer and the ganglion cell layer (GCL). In the 
GCL, positive signals for trkB full-length were detected in a subpopulation of RGCs. 
Transcripts for p75 were also observed in a subpopulation of RGCs. On the other 
hand, positive signals for trkB.Tl were detected in almost all RGCs. Our results 
suggest that there are some subpopulations which have different combination of three 
types of BDNF receptors. We can speculate that the responsiveness to BDNF is 
different among these subpopulations of RGCs. This different responsiveness to 
BDNF could be a reason why the rescuing effect of BDNF administration on 
axotomized RGCs is limited. Our findings raise the possibility that we could control 
survival rates of RGCs after axotomy by manipulating the gene expression of each 
BDNF receptor.

Supported by grants in aid for scientific research from the Ministry of Education, 
Science, and Culture of Japan, and from the Mitsubishi Foundation, and from the 
Japan Prevention of Blindness Foundation.

670.5
HIGH-AFFINITY NEUROTROPHIN RECEPTOR IMMUNO-
REACTIVITY IN HUMAN RETINA. Z. Chen, O. Gu, D. Giaschi* 
and M, Cvnader. Dept. of Ophthalmology, Univ. of British Columbia, 
Vancouver, B.C., Canada V5Z 3N9.

Neurotrophins play important roles in neuronal survival, growth and 
differentiation, and their physiological function occurs through 
neurotrophin receptors which are localized in the cell membrane. To 
better understand the influence of neurotrophins on different cells in the 
human retina, we examined the distribution pattern of the high-affinity 
neurotrophin receptors trkA, trkB and trkC, in adult human retina by 
using immunocytochemical techniques. All three receptors showed 
immunoreactivity in the human retina, but each receptor had a 
predominant laminar location. TrkA immonureactivity was strongly 
associated with photoreceptor cell bodies in the outer nuclear layer, and 
with the inner nuclear layer. The predominant location of trkA 
immunoreactivity was found in the ganglion cell layer and inner 
plexiform layer. TrkB immunoreactivity was associated with bipolar 
cell bodies in the inner nuclear layer, with the ganglion cell layer, and 
with inner plexiform layer. The predominant location of trkB 
immunoreactivity was found in the layer containing rod and cone 
segments. The concentration of TrkC immunoreactivity was similar to 
that of trkB. The presence of immunostaining for trkA, trkB and trkC 
in adult human retina suggests that NGF, BDNF (NT-4/5) and NT-3 are 
all required for the maintenance of retinal structure. Further more, our 
results indicate a differential localization of trkA and trkB/trkC, 
especially in the photoreceptor layer, suggesting that NGF and 
BDNF(NT-4/5)/NT-3 may target different classes of retinal neurons.

Supported by BC Health Research Foundation.

670.6
EXPRESSION PATTERNS OF FIBROBLAST GROWTH FACTOR 
RECEPTORS 1, 2 AND 4 DURING XENOPUS LEAVIS EYE
DEVELOPMENT. M. E, Zuber* and C. E. Holt. Department of Biology, 
University of California at San Diego, La Jolla, CA 92093-0366.

Fibroblast growth factors (FGFs) have been implicated in several aspects 
of .eye development including cell fate decisions, retinal ganglion cell 
(RGC) axon pathfinding and target recognition, and lens development. Four 
types of tyrosine kinase FGF receptors (FGFR1-4) have been identified. The 
direct involvement of FGFRs in eye development has been demonstrated 
most convincingly with dominant negative receptors lacking an intracellular 
tyrosine kinase domain. The truncated FGFRs used in these studies inhibit 
signaling through all FGFR types, and therefore cannot be used to identify 
the receptor(s) involved. To identify the FGFR(s) most likely to play a role 
in the processes mentioned above, the developmental expression patterns of 
Xenopus leavis FGFR1, 2 and 4 were examined by in situ hybridization. From 
stage 25 to approximately stage 28 (early eye primordia), expression of all 
three receptors was detected throughout the eye. After stage 33/34 (eye cup), 
FGFR1 expression declines in the central retina. By stage 37/38 FGFR1 
expression is limited to the peripheral retina including the ciliary marginal 
zone (CMZ), where retinal cell precursors are still mitotic. FGFR2 
expression is more restricted beginning at stage 28 when expression 
throughout the neural retina decreases. At stage 33/34 FGFR2 is most 
abundant in the developing lens. At approximately stage 28, FGFR4 is 
expressed at the border of the developing eye adjacent to the pigmented 
epithelium. At later stages (st. 37/38 to 41) FGFR4 is also detected in the 
CMZ. The distinct expression patterns of FGFR1, 2 and 4 suggest specific 
roles for these receptors during eye development. These preliminary results 
point to the possible involvement of FGFR2 in lens development. A more 
detailed analysis is in progress.
(Supported by NIH and Pew Scholars Award (C. E. H))

670.7
INOSINE STIMULATES AXONAL REGENERATION FROM 
GOLDFISH RETINAL GANGLION CELLS. L.I. Benowitz*, Y. Jing,
R. Tabibiazar, E. Wang, G.L. Yao, P.A. Rosenberg and N. Irwin.
bepts. Neurosurgery and Neurology, Children’s Hospital, Harvard
Med. School, Boston MA 02115

Purines and their derivatives are widely involved in the intra- and 
extracellular signaling of the nervous system. In dissociated cultures, 
micromolar concentrations of adenosine, inosine, or guanosine induced 
extensive axonal outgrowth from goldfish retinal ganglion cells (RGCs). 
Pyrimidines caused little outgrowth, while purine nucleotides (e.g., ATP, 
cAMP) had only moderate effects. The activity of adenosine required its 
conversion to inosine: the nonhydrolyzable adenosine analog 2- 
chloroadenosine was inactive, and an inhibitor of adenosine deaminase 
(deoxycoformycin) rendered adenosine ineffective. The primary me-
tabolites of inosine, 5' IMP and hypoxanthine, also induced little out-
growth, indicating that the active molecule is inosine perse. Inosine had 
an ECso of 12 pM and appeared to act through an intracellular mecha-
nism, since purine transport inhibitors (nitrothiobenzylinosine, dipyri-
damole) blocked its effects. At concentrations > 25 iiM, inosine induced 
60% the level of outgrowth stimulated by AF-1. AF-1 is a low molecu-
lar weight factor secreted by glial cells of the optic nerve that dramati-
cally induces axon regeneration from goldfish RGCs (Schwalb et al, J. 
Neurosci. 15: 5414-5425, 1995; Neuroscience 72: 901-910, 1996). 
Inosine and AF-1 had partially additive effects, and both were blocked 
by 6-thioguanine, a purine analog that selectively inhibits the effects of 
NGF on neuronal differentiation through its effects on protein kinase N 
(Volontd et al, J. Cell Biol. 109: 2395-2403,1989). Thus, inosine and 
AF-1 may stimulate axonal regeneration through a pathway that in-
volves this kinase. Support: NIH EY 05690, Boston Life Sciences, 
Inc., HHMI (Fellowship to RT), and Boston Neurosurgical Foundation.

670.8
RESPONSIVENESS OF DEVELOPING RETINAL GANGLION CELLS TO 
GROWTH FACTORS DEPENDS ON PHYSIOLOGICAL LEVELS OF 
ACTIVITY. S. Shen*, A. Mever-Franke, and B. A, Barres, Stanford University 
School of Medicine, Department of Neurobiology, Stanford, CA 94305.

The responsiveness of purified postnatal retinal ganglion cells (RGCs) in culture 
to peptide growth factors depends on coincident elevation of cAMP, which can be 
elicited by depolarization (Meyer-Franke et al., Neuron 15:805-919, 1995). This 
observation raises the question of whether the responsiveness of RGCs in an intact 
retina is normally regulated by physiological levels of electrical activity. In cultures 
of purified RGCs, responsiveness to growth factors can be followed by quantifying 
the percentage of cells that translocate MAP kinase (erkl) into their nucleus 
following stimulation. In RGC cultures containing either growth factors alone or 
forskolin alone, only about 10% of cells have nuclear erkl immunostaining. When 
the RGCs are stimulated by growth factors together with forskolin, nuclear 
translocation of erkl occurs in about 80% of cells. To determine whether electrical 
activity in intact postnatal retinas regulates growth factor responsiveness, we 
retrogradely labelled RGCs using fluorogold. The retinas were removed and treated 
with either growth factors, forskolin to elevate their cAMP levels, or growth factors 
together with forskolin. After treatment, the retinas were sectioned, immunostained 
with anti-erkl antibodies, and the percentage of RGCs containing nuclear erkl 
immunoreactivity was determined. In untreated control retinas, about 17% of the 
cells had nuclear erkl, compared with about 61% of RGCs treated with factors alone 
and 70% of RGCs in retinas treated with factors together with forskolin. However 
when the retinas were treated with growth factors together with pharmacological 
agents to block the majority of depolarizing inputs onto the RGCs (tetrodotoxin, 
curare and kynurenic acid) nuclear translocation of erkl occurred in only 28% of 
RGCs. Thus the responsiveness of retinal ganglion cells in intact retinas to growth 
factors is enhanced by physiological levels of electrical activity.

This work was funded by the National Eye Institute (1RO1-EY11310).
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670.9
SYNAPTIC LOCALIZATION OF TRKB IMMUNO-
REACTIVITY IN THE MAMMALIAN RETINA. AN 
ELECTRON MICROSCOPY STUDY. Konrad Kohler* and 
Alessandro Cellerino. Exp. Ophthalmology, University Eye 
Hospital, Tubingen, Germany

We have used light and electron microscopy to investigate the 
distribution of TrkB immunoreactivity in the mammalian retina. 
TrkB immunoreactivity was observed in retinal ganglion cells and 
in a sparse population of amacrine cells in rats, ferrets, rabbits 
and marmoset monkeys. Labelling was also present in the inner 
plexiform layer. To localize TrkB at an ultrastructural level, pre-
embedding immunohistochemistry was performed in the rat retina. 
TrkB immunoreactivity was detected in dendrites of retinal 
ganglion cells and in conventional synapses of the inner plexiform 
layer. TrkB immunoreactivity was observed on pre- as well as on 
postsynaptic sites and labelled synapses were homogeneously 
distributed along the entire inner plexiform layer. These data 
indicate that, beside to retinal ganglion cells, amacrine cells 
synthesize TrkB and translocate the protein to their synaptic 
terminations. The TrkB ligands, BDNF and/or NT-4, could thus 
represent important factors in the control of synaptogenesis in the 
retina.

Supported by the Human Capital Mobility programme of the 
European Community

670.10
EFFECTS OF CHRONIC OVARIECTOMY AND ESTROGEN 
REPLACEMENT ON LUMBAR DORSAL ROOT GANGLION trkA and 
PPT mRNA LEVELS. S.A. Scoville, S.M, Button, and F.J, Liuzzi* Dept. of 
Anatomy and Neurobiology and the Molecular Neurobiology Lab., the 
Diabetes Institutes, Eastern Virginia Med. Sch., Norfolk, VA 23501.

There is substantive evidence that dorsal root ganglion (DRG) neurons have 
estrogen receptors and respond to changes in serum estrogen levels. Previous 
work from our laboratory has shown that chronic estrogen (Premarin, Wyeth- 
Ayerst) replacement in adult ovariectomized (OVX; 200-225gm, Harlan 
Sprague-Dawley) rats causes increased DRG neurofilament mRNA levels.

The current study examined the effects of chronic (90 days) OVX and daily 
Premarin treatment on high affinity NGF receptor (trkA) and P~ 
preprotachykinin (JJ-PPT) mRNA levels in lumbar DRGs of adult female rats. 
There were three groups of OVX rats in the current study; no replacement, 
low dose (IX, physiological) and high dose Premarin (10X physiological).

Premarin treatment significantly decreased both trkA and p-PPT mean 
mRNA levels as compared to those in OVX rats. There was no significant 
effect of dose on the mean mRNA levels for either gene.

Our p-PPT data is consistent with that from studies showing decreased 
substance P protein levels after short term estrogen treatment. The decreased 
trkA mRNA levels we observed, while different from reported affects of acute 
estrogen replacement on DRG trkA expression, are consistent with the effects 
of chronic estrogen treatment on trkA gene expression by basal forebrain 
neurons.

Supported, in part, by funds from the Glenn Foundation.

670.11
NICOTINE AND ESTROGEN CROSS TALK IN BRAIN IN IGF- 
1 mRNA EXPRESSION. S. Kito*1, A. S. Shingo2, R. Miyoshi2. K. 
Kondo2. Showa Women’s Univ., Tokyo 154 Japan1, Univ. of the Air, 
Chiba 261 Japan2
Estrogen plays a role in memory and learning while nicotine activates 
memory function at a short term level. We have shown that both 
nicotine and estrogen induced c-fos mRNA expression and increased 
AP-1 DNA binding activities in the rat hippocampus. This time, we 
performed PCR in situ hybridization experiments of IGF-1 mRNA in 
the rat brain after general injection of nicotine and/or estrogen, to 
observe distributions of the IGF-1 mRNA after various time intervals.

A single injection of nicotine or estrogen increased IGF-1 mRNA 
expression in the cerebral cortex and especially in the hippocampus. 
Estrogen was a more potent IGF-1 inducer than nicotine in both 
cerebral cortex and hippocampus. This was not the case with the 
striatum where estrogen had a little effect on IGF-1. Simultaneous 
injection of nicotine and estrogen was not additive, less than those in 
the single injection of estrogen in these brain areas.

Mechanisms of these results were analysed on the basis of our 
experimental data on AP-1 and cAMP responsive element binding 
activities.

670.12
ESTROGEN IS AS A REPAIR SYSTEM IN BRAIN BY 
INDUCING IGF-1 mRNA. A. S. Shingo*1, R. Miyoshi1, K. Kondo1,
S. Kito2. Univ. of the Air, Chiba 261 Japan1, Showa Women's Univ., 
Tokyo 154 Japan2

In our studies on estrogen's effect on neuron survival, kainic acid 
caused a wide-spread induction of estrogen receptors within brain and 
increases IGF-1 mRNA expression hippocampal. This time, we 
performed PCR in situ hybridization of in the rat brain after general 
injection of kainic acid and/or estrogen, to observe distributions of the 
IGF-1 mRNA in discrete regions of the brain after various time 
intervals. In situ hybridization of GAP43 mRNA was also performed.

A single injection of kainic acid induced IGF-1 mRNA expression 
in both cerebral cortex [particularly, the superior areas of frontal 
lobes] and hippocampus [predominantly, the CA3 region and dentate 
gyrus], while a single injection of estrogen caused IGF-1 mRNA 
induction localized to the hippocampus. When kainic acid and 
estrogen are ismultaneously injected, the expression was induced not 
only in cerebral cortex and hippocampus, but at earlier stage than in a 
single injection of either of them. GAP43 mRNA induction was 
observed in parallel with that of IGF-1 mRNA.

670.13
TYROSINE KINASE ACTIVITY OF NERVE GROWTH FACTOR 
AND ESTROGEN IN EMBRYONIC SEPTAL NEURONS 
CULTURED FROM THE RAT. A.M. Jonusas, T.F. Lopez and
L.M. Mudd*. School of Natural and Health Sciences, Bany 
University, 11300 NE 2nd Avenue, Miami Shores, FL 33161.

Cholinergic neurons of the septal nucleus are at particular risk in 
Alzheimer’s disease. A number of studies have shown that nerve 
growth factor (NGF) may prevent the loss of cholinergic neurons of 
the septum. In addition, estrogen appears to delay the onset of 
Alzheimer’s disease. Previous research by others has shown 
colocalization of estrogen and neurotrophins and neurotrophin 
receptors as well as interactions between estrogens and NGF. This 
study was undertaken to evaluate the early effects of NGF and 
estrogen in septal neurons. Neurons taken from embryonic day 16 
Sprague-Dawley rat fetuses were grown in tissue culture at a distance 
of 1mm from a plane of astrocyte glial cells. This allows for the 
maintenance of neurons in the absence of serum. Upon exposure to 
NGF, immunocytochemical phosphotyrosine was increased 
significantly in 40% of neurons within 2 min, and declined to pre- 
exposure levels within 4 min. Estrogen caused significant increases in 
phosphotyrosine within 3 min in 64% of neurons with a decline to 
pre-exposure levels within 5 min. Thus, estrogen activated tyrosine 
kinase in a larger percentage of neurons but with a short delay relative 
to NGF.
(T.F. Lopez and L.M. Mudd are supported by NIH-NIGMS MBRS 
Grant, GM 45455, Barry University. A. M. Jonusas is supported by 
NIH-NIGMS MARC Grant, GM 08021, Barry University)

670.14
THE ESTROGEN RECEPTOR EXISTS IN A MULTIMERIC COMPLEX 
CONSISTING OF AT LEAST B-RAF, MEK AND HSP-90 IN EXPLANTS OF THE 
CEREBRAL CORTEX. M, Singh*, M, F. Warren, G, Setalo, Jr, and D. Toran- 
Allerand. Dept. of Anat. & Cell Biol, and Centers for Neurobiol. & Behavior and 
Reproductive Sciences. Columbia Univ. College of Physicians & Surgeons. New 
York, NY. 10032

Previous results from our laboratory have shown the ability of estrogen to activate 
ERK in cerebral cortical explants. In pursuit of a mechanism by which this may occur, 
we learned that the heat shock protein (hsp) 90 was associated with B-Raf in an NGF 
independent manner in PC12 cells (Jaiswal et al., 1996). Since hsp90 is also known to 
be associated with the unliganded estrogen receptor, we proposed that a direct 
mechanism through which estrogen could interact and activate a putative growth 
factor-related signaling cascade protein (ERK), is via association of the estrogen 
receptor with members of the Ras/Raf cascade. In postnatal day (P) 3 cerebral cortical 
explants (sectioned coronally), maintained in roller tube culture for 7 days, we 
investigated which members of the Ras/Raf cascade, directly upstream of ERK, were 
associated with the estrogen receptor. Explant samples were immunoprecipitated for 
either MEK or B-Raf, followed by Western analysis for the estrogen receptor, or 
immunoprecipitated for the estrogen receptor, followed by Western analysis for hsp90. 
Our results showed that the estrogen receptor co-precipitated with: hsp90, MEK, and 
B-Raf in independent experiments. These results suggest that the association of the 
estrogen receptor with this complex may enable estrogen to activate upstream 
activators of ERK directly. Furthermore, in view of recent findings from our 
laboratory that describe the ability of estrogen and the neurotrophins to phosphorylate 
the estrogen receptor on tyrosine, this complex provides a common node at which 
cross-coupling of the neurotrophin and estrogen receptor systems could occur. 
(Supported by grants from NIH (NIA), NIMH, NSF, and an adamha  RSA to DT-A).
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670.15
DIRECT ASSOCIATION OF HEAT SHOCK PROTEIN HSP90 AND THE 
EXTRACELLULAR SIGNAL REGULATED KINASES, ERK 1/2. A POSSIBLE 
LINK BETWEEN ESTROGEN AND NEUROTROPHIN SIGNALING. G, Setalo Jr.. 
M. Singh. M. F. Warren and D. Toran-Allerand*. Department of Anat. & Cell Biol, 
and Centers for Neurobiol. & Behavior and Reproductive Sciences, Columbia Univ. 
College of Physicians and Surgeons, New York, N.Y., 10032

We are currently searching for mechanisms that could explain our previous 
observation that estrogen activates Extracellular Signal Regulated Kinase (ERK) in 
cerebral cortical explants of early postnatal rats. The interaction of estrogen signaling 
with various elements of neurotrophin-induced cascades might well explain the rapid 
effects of estrogen, a property not readily explained by estrogen’s function as a direct 
transcriptional modulator. Here we report the co-precipitation, i.e. intracellular 
association of a key neurotrophin effector ERK, and the molecular chaperone Hsp90, 
which is also a component of a macromolecular complex, associating with the 
estrogen receptor (ER) in its unliganded conformation. Rat pheochromocytoma 
(PC 12) and human breast cancer (MCF-7) cell lines were immunoprecipitated for 
ERK1 or ERK2 and subsequently probed for the presence of Hsp90 by Western 
blotting. Nerve Growth Factor (NGF) treatment of PC 12 and estrogen treatment of 
MCF-7 cells increased the amount of Hsp90 associated to ERKs above that measured 
in untreated cells. Interestingly, there was a greater association of Hsp90 with ERK2 
than with ERK1. Ongoing experiments in PC 12 cells, MCF-7 cells and rat cerebral 
cortical explants are targeted to further identify components of this macromolecular 
assembly, including, in particular the estrogen receptor, as well as testing for the 
functional significance of the associated Hsp90 in the activation and nuclear 
translocation of ERK. (Supported by grants from NIH (NIA), NIMH, NSF, and an 
ADAMHA RSA to D T-A).

670.16
IMMUNOHISTOCHEMICAL LOCALIZATION OF CNTF-Ra IN ADULT 
MOUSE OPTIC NERVE FOLLOWING INTRAORBITAL NERVE CRUSH. J.A, 
Miotke*1, A.J. MacLennan2, and R.L. Meyer1. ’Dev. and Cell Biol., UC Irvine, 
Irvine, CA, 92717 and 2Dept. of Neuroscience, University of Florida, Gainesville,
FL, 32610.

We have previously shown that adult retinal ganglion cell axons express CNTF- 
Ra, the receptor component of the tripartite CNTF receptor complex which binds the 
neurocytokine CNTF, using an affinity-purified antiserum which has been shown to 
specifically recognize CNTF-Ra (MacLennan et al., 1996). While the optic nerve 
has been shown to have high levels of CNTF, suggesting that this cytokine may be 
important for the survival of damaged retinal ganglion cells, nothing is known about 
the levels of the receptor on optic fibers following axotomy.

Immunohistochemistiy on sections of normal adult mouse optic nerve reveals high 
levels of CNTF-Ra in the optic fibers, and only faint labelling of cell bodies of the 
intermingled optic nerve glia. Following intraorbital optic nerve crush there is 
labelling for CNTF-Ra in the crush zone, which under higher magnification appears 
to be the retraction bulbs of the severed optic fibers and debris. Distal to the crush 
site there is a decrease in the fiber-like staining, which is seen as early as one day 
following the lesion. However, there is a striking increase in the labelling of 
longitudinal linear arrays of cell bodies which extend distally from the crush zone. 
This increase in labeling is seen as early as one day following the lesion and persists 
for at least 7 days. These CNTF-Ra immunopositive cells are not labeled by an 
antibody to the macrophage/microglia marker Mac-1, and many of the CNTF-Ra 
immunopositive cells are also not labeled with an antibody to the astrocyte marker 
GFAP.
Supported by NS 26750 to RLM and DA 07244 to AJM.

670.17
THE SWEAT GLAND DIFFERENTIATION FACTOR ACTS THROUGH 
CYTOKINE SIGNALING PATHWAYS. B.A, Habecker*. A.J. Svmes, N, Stahl.
N.J, Francis, A, Economides, J.S. Fink, G.D. Yancopoulos, and S.C. Landis. Dept.
of Neurosciences, Case Western Reserve Univ., Cleveland, OH 44106; NINDS, 
Bethesda, MD 20892; Dept. of Pharmacology, USUHS, Bethesda, MD 20892; 
Molecular Neurobiology lab, Massachusetts General Hospital, Boston MA 02114, 
Regeneron Pharmaceuticals, Inc. Tarrytown, NY 10591

The sympathetic innervation of rodent sweat glands undergoes a target-induced 
switch from expression of norepinephrine (NE) to acetylcholine (ACh) and vasoactive 
intestinal peptide (VIP) during postnatal development. Similar changes are induced 
in cultured sympathetic neurons by the addition of cultured sweat gland cells, or the 
addition of a cytokine such as leukemia inhibitory factor (LIF), ciliary neurotrophic 
factor (CNTF), or cardiotrophin-1 (CT-1). None of these cytokines, however, appear 
to account for the sweat gland-derived differentiation activity. Because the signal 
transducing components of the LIF, CNTF, and CT-1 receptor complexes include 
LIFRp and gpl30, we tested whether the gland-derived activity acted via these same 
receptors. Blockade of LIFRfl inhibited the differentiation activity secreted by sweat 
gland cells, and extracts of gland-containing footpads stimulated the tyrosine 
phosphorylation of both LIFRp and gpl30. An inhibitor (CGX) of molecules that 
bind to the CNTFRa subunit, which is required for CNTF signaling, did not inhibit 
the cholinergic differentiation activity in gland cells. Since the gland-derived 
differentiation factor required LIFRJ3 to induce cholinergic function in sympathetic 
neurons and activated both LIFRp and gpl30, we tested whether it stimulated 
downstream components of the cytokine signal transduction cascade as well. Soluble 
extracts of sweat-gland containing footpads induced the same changes in NBFL 
neuroblastoma cells that are observed following treatment of these cells with LIF or 
CNTF, including increased expression of VIP mRNA, STAT3 dimerization and DNA 
binding, and stimulation of transcription from the VIP cytokine-responsive element. 
Thus, the sweat gland-derived differentiation factor acts through the same signaling 
pathway as the neuropoietic cytokines. Supported by: NS023678, NS27514, 
AHA212-F, Regeneron Pharmaceuticals, Inc., McKnight Foundation, NINDS DIR

670.18
EXPRESSION OF BONE MORPHOGENETIC PROTEIN RECEPTOR mRNAs 
IN THE DEVELOPING AND ADULT MOUSE BRAIN. D, Zhang*, M.F. 
Mehler, and J.A. Kessler Depts. of Neurology and Neuroscience, Albert Einstein 
College of Med., Bronx, NY. 10461.

The bone morphogenetic proteins (BMPs) mediate a broad range of 
developmental events from early neurulation to terminal differentiation of neurons 
and glia. The spatiotemporal expression of BMP-specific receptors and their 
relationship to developmental events in the brain are poorly understood. We have 
used in situ hybridization to examine the expression of mRNAs encoding the 
BMP type IA, IB and II receptors (BMPRIA, BMPRIB and BMPRII) in 
embryonic, postnatal, and adult brain. BMPRIA, BMPRIB and BMPRII 
mRNAs are expressed at high levels in multiple regions within the central 
nervous system and in cranial ganglia between embryonic day 18 and postnatal 
day 4. All three receptors are expressed in the ependymal layer of the developing 
ventricular zone. BMPRIA mRNA is also highly expressed in the trigeminal and 
nodose ganglia, cortical plate, hippocampus, thalamus and brainstem nuclei. 
BMPRIB mRNA is expressed in more restricted areas including the anterior 
olfactory nucleus posterior (AOP) and the nodose ganglion. BMPRII mRNA is 
highly expressed in the cerebellar Purkinje cell layer and the hippocampus, with 
lower levels of expression in the trigeminal and nodose ganglia. In adult brain, 
BMPRIB and BMPRII mRNA expression is down regulated. BMPRIB mRNA 
is restricted to the AOP, while BMPRIA mRNA is found in cortex, thalamic 
nuclei, hippocampus, cerebellar purkinge cell layer, and brainstem nuclei. Our 
results are consistent with increasing evidence that the BMPs play important roles 
in multiple cellular processes during neural development and in function of the 
adult nervous system.

670.19
BONE MORPHOGENETIC PROTEIN-2 (BMP-2) PROMOTES SURVIVAL
AND DIFFERENTIATION OF VENTRAL MESENCEPHALIC
DOPAMINERGIC NEURONS. J.Reiriz1, M.Espeio2. F.Ventura2 S.Ambrosio2.
J.AIberch3*. 1Dept. Infermeria Fonamental i MSdic-Quirurgic.2 Dept. Ctencies
Fisioldgiques. 3Dept. Biologia Cel.lular i Anatomia Patoldgica. Universitat de
Barcelona. Spain
Bone morphogenetic proteins (BMPs) are a family of growth differentiation 

factors which induce bone formation of cell mesenchymal origin. These 
proteins are members of the transforming growth factor-S superfamily. The 
expression of BMPs in the nervous system as well as in other tissues has 
been reported. In this study, we show that the presence of BMP-2 resulted in 
a dose-dependent increase in the number of tyrosine hydroxilase- 
immunoreactive ventral mesencephalic cells after 7 days in vitro. Effects of 
BMP-2 on dopaminergic cell differentiation were examined by scoring the 
morphologic maturation of cells in treated and control cultures. BMP-2 
increased the number of primary neurites and branch points per cell as well 
as the length of the longest neurite per cell in a dose dependent manner. In 
contrast, BMP-2 did not modify the number nor the function of GABAergic 
neurons. The trophic effect is not mediated by astroglial cells because we 
only observed stimulation of proliferation and morphological changes 
(astrocytes become more fibrous-shapped) in the presence of a high BMP-2 
concentration of 100 ng/ml. In summary, our data indicate that BMP-2 is both 
a potent survival and differentiation factor for ventral mesencephalic 
dopaminergic cells in culture. Therefore, BMP-2 could be an important 
therapeutical factor in neurodegenerative disorders in which dopaminergic 
neurons are impaired, such as Parkinson’s disease.

This work was supported by DGICYT (SAF96-0043) and BIOMED-2
(BMH4-CT96-0273) (J.R.; J.A.); and FIS (95/0188) (M.E., F.V., S.A.)
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671.1
EVIDENCE OF CELL DEATH DETECTED BY IN SITU DNA FRAGMENTATION IN RATS WITH 
NEONATAL HIPPOCAMPAL LESIONS: A DEVELOPMENTAL PROFILE Z. Z. Khain^ B. K 
Lipska, C. Shannon Weickert*, D. N. Lerman and D. R. Weinberger. Clinical Brain Disorders 
Branch, IRP, NIMH, Neuroscience Center at ST. Elizabeths, Washington, DC 20032.

Behavioral effects of ibotenic acid-induced neonatal ventral hippocampal (VH) 
lesions in rats have been studied as an animal model of schizophrenia. In this study 
we examined the developmental profile of excitotoxin-induced cell death. Sprague- 
Dawley female rats were lesioned in VH using ibotenic acid (3|±g in 0.3pJ) at 7 days 
of age (PD7). Brains were collected at 17 hours (PD8), 3 (PD10), 7 (PD14), 14 
(PD21), and 21 (PD28) days after the lesion. Cell death was evaluated by h situ 
labeling of nuclear DNA fragmentation using the transferase dUTP nick-end labeling 
(TUNEL) technique. The most extensive changes occurred in VH, the site of 
infusion of neurotoxin, in which lesioned rats showed significantly higher numbers 
of dying cells at PD8, PD10 and PD14 but not at PD21 or PD28 as compared to 
controls. TUNEL positive cells were also seen in other brain regions, i.e. cingulate 
and frontal cortices, striatum, shell and core of n. accumbens, which are directly or 
indirectly connected to VH. In these regions, lesioned rats showed a significant 
increase in the number of TUNEL positive cells only at PD8. These data indicate 
that neurodegeneration in some of the brain regions distant from the infusion site can 
be detected at 17 hours (PD 8) post-lesion. In VH however, significant number of 
dying cells is observed up to 7 days (PD14) after the lesion. There was no 
increase in the number of TUNEL positive cells in the subependymal layer in the 
lesioned animals. This indicates that neurodegeneration in distant sites is not a 
consequence of widespread diffusion of ibotenic acid. Our findings raise the 
possibility that neuronal death, which is presumably triggered by a massive loss of 
hippocampal connections, in the brain regions distant from the hippocampus, may 
affect development of these regions and result in functional changes. [Supported in 
part by the Stanley Foundation.]

671.2
PARVALBUMIN-CONTAINING NEURONS IN TRIMETHYLTIN- 
INDUCED DEGENERATION OF THE DEVELOPING RAT 
HIPPOCAMPUS.
F.Michetti*.M.C.Geloso.P.Vinesi. Catholic University, Rome, Italy 

The toxicant trimethyltin (TMT) is known to produce brain damage
characterized by neuronal loss, especially in the hippocampus, 
associated with behavioral changes. A selective effect on different 
neuronal populations has been observed in the adult rat hippocampus 
using Ca-binding proteins as markers. In particular, a sparing of 
Parvalbumin (PV)-containing neurons was observed, so that a 
protective, possibly Ca-buffering, effect of this protein has been 
hypothesized. In order to obtain additional information on possible 
relationships between PV expression and neurodegenerative processes, 
the present immunocytochemical study investigates the behavior of 
PV-containing neurons of the developing rat hippocampus in TMT- 
induced processes. Twenty-one days after a subcutaneous 
administration of TMT (6 mg/kg) to 5 day-old rats, severe neuronal 
loss, significant in CA1, CA2 and CA3, was revealed by cell counts 
after cresyl violet staining. Similarly, cell counts of PV-labelled 
neurons indicated that these cells are reduced during degeneration, 
significantly in the CA3 region, in developing rats, contrary to what is 
observed in adults. It is worth noting that PV is known to become 
detectable in hippocampal neurons approximately at the same time as 
TMT administration (P4-P8), so that the protective effects in adult rats, 
if any, presumably cannot be exerted at this stage of development. 
Whether specific Ca-binding proteins have some protective effect or 
act only as markers of peculiarly resistant neurons deserve further 
investigation. Supported by CNR and MURST funds to FM.

671.3
PITUITARY ADENYLATE CYCLASE ACTIVATING
POLYPEPTIDE (PACAP) EXPRESSION IN DEVELOPING RAT 
BRAIN AND POST TRAUMATIC UP REGULATION IN 
CONJUNCTION WITH BDNF. Ylva Skoslosa1. Anders Lewen2, Lars 
Hillered*2and Dan Lindholm1. 'Dept. of Developmental Neuroscience, Box 587, 
Biomedical Centre, Uppsala, Sweden. 2Dept. of Neurosurgery and Clinical 
Chemistry, Uppsala University Hospital Sweden

Neurones both in the central and peripheral nervous system undergo a process of 
natural cell death during early development, Neurotrophins have for some time been 
known to play a crucial role in regulating developmentally occurring apoptosis, as 
well as to be expressed in acute brain injury. Recently both neurotransmitters and 
neuropeptides have also been shown to execute neurotrophic effects. Pituitary 
adenylate activating polypeptide (PACAP) is a neuropeptide structurally belonging 
to the vasoactive intestinal peptide family (VIP) and was originally isolated from the 
bovine hypothalamus. It occurs in two mature forms interacting with different splice 
forms of its receptor.

We have recently shown that PACAP promotes cell survival in vitro and enhances 
the rescuing effects of brain-derived neurotrophic factor (BDNF) on serum deprived 
hippocampal neurones in culture. Employing in situ hybridization we now show 
that PACAP is expressed from early embryonic stages in various structures in the 
developing rat CNS and PNS. Postnatal expression of PACAP undergoes specific 
changes and diminishes towards adulthood. These changes are especially prominent 
in the different cortical cell layers and the hippocampus.

Temporal response patterns of PACAP and BDNF expression were further 
investigated in rats using in situ hybridization techniques after moderate traumatic 
brain injury (TBI) produced by the weight drop method. For BDNF, dentate gyrus 
was most heavily labelled but also CA4, CA3 and the ipsilateral cortex showed 
transiently increased gene expression. PACAP up regulation occurred later but more 
permanently in selective cortical cell layers after TBI.

Sponsored by the Swedish MFR, Cancer Fonden and the Laerdal Foundation

671.4
ENHANCED VULNERABILITY TO EXCITOTOXICITY IN HIPPOCAMPAL 
NEURONS WITH AGE IN CULTURE. J.L. Geddes, P.W. Landfield and 
N.M. Porter*. Dept. Pharmacology, Univ. of Kentucky, Lexington, 40536.

We have found that high voltage-activated whole-cell Ca2+ currents and L- 
type Ca2+ channel activity in rat hippocampal neurons increase as a function 
of age in culture (Porter et al., 1997), much as occurs in aged rat hippocampal 
neurons. Furthermore, the increase in Ca2+ current in culture was correlated 
with a decrease in neuronal survival. In the present study, we examined 
whether glutamate (GLU)-mediated excitotoxicity in hippocampal neurons is 
dependent on age of neurons in culture.

Sister cultures of primary rat hippocampal neurons were treated at 8 DIV or 
28 DIV with either 150 pM or 300 pM GLU and survival assessed by counting 
phase-bright neurons prior to and 24 hr following the insult. GLU induced an 
approximate 60-70% cell death in neurons that were 8 DIV whereas it induced 
100% cell death in neurons 28 DIV. These differences were highly significant. 
Additional studies were performed to control for the normally reduced cell 
density in cultures of 28 DIV (~50% of the density at 8 DIV). Hippocampal 
neurons initially plated at lower density (comparable to the eventual density at 
28 DIV) showed significantly greater survival at 8 DIV than at 28 DIV in 
response to similar toxic challenge with GLU.

Thus, the enhanced vulnerability with age in culture is not due simply to 
reduced cell density. The results are consistent with our earlier work 
suggesting that as neurons age in culture, they are more vulnerable to a range 
of toxic influences. It seems possible that this enhanced vulnerability is 
related to age-in-culture-dependent changes in Ca2+ channels and Ca2+ influx 
(see Thibault et al and Blalock & Landfield, this meeting). (Supported by 
AG04542, AG10836 and the Kentucky Spina! Cord/Head Injury Trust).

671.5
CONFOCAL IMAGING OF Ca2+ TRANSIENTS IN HIPPOCAMPAL 
NEURONS DURING EXCITOTOXIC INSULT: RELATIONSHIP TO 
ENHANCED VULNERABILITY OF OLDER CULTURES. O. 
Thibault*, N.M. Porter, R.W. Hadley and P.W. Landfield. Dept. 
Pharmacology, College of Medicine, Univ. Kentucky, Lexington, KY 40536.

Recent studies have found that as embryonic hippocampal neurons age in 
culture they express more L-type Ca2+ channels (Porter et al., 97) and are 
more vulnerable to excitotoxic insult (Geddes et al., this meeting). However, 
the role and possible routes of altered Ca2+ influx in this enhanced 
vulnerability is not well understood. In the present study we used confocal 
laser scanning microscopy to image dynamic Ca2+ transients in response to 
glutamate in young (7 days in vitro-DW) and older (22DIV) cultures of 
hippocampal neurons. Embryonic (day 18) hippocampal cells were plated 
according to standard procedures.

We imaged cells in cultures with the ratiometric Ca2+ indicator Indo-l-AM 
and measured Ca2+ concentrations during L-glutamate exposure. Cells were 
loaded with indicator by incubation with 2 /zM Indo-l-AM in 0.05% DMSO 
for 45 minutes at 37 °C. Each cell was given brief applications of 1, 5,10 and 
100 /zM in the presence of 10 /zM glycine and 1 mM MgCl. Ca2+ transients 
appeared to be larger and last longer in the older neurons, particularly in the 
dendrites. These patterns were correlated with cell death in older neurons as 
evidenced by cell lysis. The results of this study are consistent with the 
possibility that changes in Ca2+channels over the life cycle of neurons are 
implicated in mechanisms of cell death. (Supported by NIH AG04542, 
AG 10836 and the KY spinal/head injury trust).

671.6
MORPHOLOGICAL CHANGES IN NEURONAL PROCESSES DURING CELL 
DEATH IN CULTURED HIPPOCAMPUS. L.R. Mery*, D.L. Armstrong, 
and C.F. Phelix Life Sci., Univ. TX-San Antonio, TX 78249

Given the significance of dendritic processes in the 
physiology of synaptic plasticity, neuronal integration 
depends on maintaining these processes to preserve this 
integrative function. Attention to the morphological 
detail when dendrites undergo degeneration is essential to 
ultimately to evaluate novel neuroprotective agents. The 
objective of the present study was to assess these 
dendritic morphological changes in vitro. Hippocampal 
cultures from E19 rats were grown in either B27 or N2 
supplement medium and characterized by immunocytochemical 
method to detect neurofilament. Eight days post-dissection, 
the cells were treated with 3 mM monosodium glutamate and 
10 micromolar glycine for thirty minutes, then returned to 
the original medium and photographed at .5, 1, 3, 5, and 10 
hr. In addition MK-801 was introduced 30 min before and 30 
min after glutamate treatment. Control coverslip was 
manipulated similarly. The results indicate on a field 
level the lessening of neurites and on a single cell basis 
specific morphological changes reflect this decrement. For 
one there seem tp be fewer long neurites, and those which 
are present appear somewhat distorted by irregular 
swellings and even some suggestion of breaks in the 
processes. The cell bodies may appear foamy with somewhat 
prominent nuclei. Such observations suggest the processes 
may lose their shape perhaps due to Ca2+ disruption of 
microtubule and progress to lose their integrity. If so 
this is relevant to the use of intervention to prevent loss 
of soma, if in fact soma may survive without processes in 
vivo, the missing structure could mean permanent loss of 
function. Support: HL02914-03; Small Grants Program and 
Division Life Sciences, College of Science & Engineering.
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671.7
IDENTIFICATION OF GRANULE APOPTOSIS-RELATED PRODUCT, A NOVEL 
CANDIDATE VULNERABILITY GENE EXPRESSED IN THE RAT HIPPOCAMPUS. 
Emo Vreugdenhil*
Jeannette'1^Jcann
Divisvision <
Leiden, The Netherlands 
Aberrant concentrations of both glutamate and corticosteroids have been shown to affect 
the cell viability of the rat hippocampus. Administration of the glutamate analogue kainic 
acid leads to atrophy and in certain cases even to cell death of pyramidal cells but leaves 
other subficlds, such as the dentate gyrus unaffected. On the other hand, adrenalectomy 
has been shown to induce apoptosis in the dentate gyrus but not in other hippocampal 
subfields. This cell death program can be prevented by administration of a low dosis of 
corticosterone to adrenalectomized animals, indicating that this apoptotic process is 
regulated by activated corticosteroid receptors
We have screened for “vulnerability” genes which are affected by adrenalectomy and 
kainate administration by the application of the differential display technique. 
Characterization of 3 differentially expressed gene products by DNA sequence analysis 
and by in situ hybridisation showed that one product is likely the rat analogue of mouse 
KROX-20, an immediate early gene belonging to the superfamily of zinc-finger proteins. 
The other 2 gene products do not exhibit significant DNA sequence homology with any 
known gene thus far.
To further investigate a possible role of these differential display products in ADX- 
induced hippocampal apoptosis, in situ hybridisation experiments have been performed. 
One product, called Granule Apoptosis Related Product-! (GARP-1) exhibits an intriguing 
expression profile. In sham-operated animals no expression is observed in the 
hippocampus and other CNS parts while low' expression is detected in the dentate gyrus of 
ADX-animals. In contrast, Kainate-induced seizures led to specific expression in the 
dentate gyrus which is strongly augmented in ADX animals. In the latter animals 
expression can also be observed in the pyramidal layers CAI and CA2 but not in CA3. 
These studies classify GARP as a novel candidate plasticity gene and suggest a role for 
corticosteroids in its expression.

The most intriguing finding came from the inspection of these brain slices at the 
cellular level. Pyknotic, probably apoptotic cells express GARP-I at high levels. In 
contrast, no GARP-1 expression is observed in healthy cells. This “black and white” 
picture is striking, in particular with respect to other, apoptosis-related genes such as 
members of the bcl-2 family or the ICE family. Our findings suggest a role for GARP in 
apoptosis-related neurodegenerative processes.
Supported by the Netherlands Orgniatxxi for Scientific Reseadi (NWO) giat903-68320

671.8
APOPTOTIC MORPHOLOGY OF COLCHICINE-INDUCED DENTATE 
GRANULE CELL DEGENERATION - AN ELECTRON MICROSCOPIC 
STUDY. K. Huh1, S. Sohn3, J.S. Kim1, M.W. Jung3, I.D. Chung2’* 
Dept. of Neurology1, Dermatology2, Institute for Medical Sciences3, Ajou 
University School Of Medicine, Suwon, Korea.

Colchicine, a microtubule disrupting agent, has been known to induce 
preferential degeneration of hippocampal granule cells. Morphological 
characterizations of the granule cell degeneration has not been properly 
addressed yet, however. We attempted to identify the granule cell death 
pattern induced by colchicine by means of transmission electron 
microscopy. The hippocampal specimens were obtained at various time 
points following stereotactic injections of colchicine (120//g) into tire 
lateral ventricle of adult male rats. Light microscopic examinations 
showed an early stage of granule cell degeneration at 24 hours and 
prominent destruction of the granular layer at 72 hours after the 
colchicine administration. Electron microscopic examinations revealed a 
clear-cut pattern of apoptosis at various stages of progress, as noted by 
dense compaction of chromatin in sharply circumscribed mass, 
condensation of cytoplasm with preserved organelles, convolution of the 
cell surface, and cellular fragmentations. No evidence for necrosis was 
noted. The pyramidal cells of CAI and CA3 were largely spared. 
Present results indicate that pure apoptosis of granule cell is induced by 
colchicine administration. This model of in vivo neuronal apoptosis may 
be useful for determining molecular-cellular mechanisms of neuronal 
death and developing intervention strategies to rescue neuronal apoptosis.

Supported by Korean Ministry of Health and Welfare grant 
HMP-96-M-22-1046 to KII.

671.9
ADRENALECTOMY-INDUCED APOPTOSIS IN DENTATE GRANULE 
NEURONS OF ADULT AND AGING F344 RATS. N.R. Nichols*, A, Gillett, M, 
Zieba, D. Agolley, and N. Bye, Department of Physiology, Monash University, 
Clayton, Victoria, Australia, 3168.

Cell death by apoptosis occurs in mature granule neurons of the adult dentate 
gyrus following removal of the adrenal gland. In these studies we have determined 
the extent of adrenalectomy (ADX)-induced apoptosis in adult and aged rats of the 
inbred Fischer 344 strain. Male rats of four age groups (2-3, 6-8, 16-18, and 24-26 
mo virgins and 16-18 and 24-26 mo retired breeders) were obtained from Animal 
Research Centre, Perth, Western Australia). In contrast to highly variable results 
obtained in outbred Sprague Dawley rats, > 90% of ADX F344 rats (n = 120) 
exhibited apoptosis by morphological and DNA end-labeling criteria. A time 
course of ADX-induced apoptosis was performed on 2-3 mo rats. By morphological 
analysis, a significant increase (P < 0.01) in apoptotic cells was found at 3 and 7 
days ADX, but not at 1 and 2 days ADX. Although all groups exhibited some DNA 
end-labeling in the dentate gyrus, only 7 days ADX was different (P < 0.01) from 
sham ADX. Glial reactivity in the subgranular layer was assessed by in situ 
hybridization with a 5‘ coding region GFAP cRNA; GFAP mRNA was elevated at 
2 days ADX prior to detection of increased apoptosis and increased further to 3- 
fold by 3 and 7 days ADX. A similar density of granule neuron death and glial 
reactivity were found in all age groups at 3 and 7 days ADX. These data indicate 
that this model can be used to study mechanisms of cell death in aged brain. Since 
dying granule neurons promote proliferation of neuronal progenitors in adult rats 
(Gould, E. & Tanapat, P. Neuroscience, in press), cell death in the aged dentate 
gyrus may also be accompanied by increased neurogenesis. Supported by Small 
ARC Grant, Dept. Veteran’s Affairs, and The William Buckland Foundation.

671.10
ACCUMULATION OF THE AMYLOID p PRECURSOR PROTEIN IN 
HIPPOCAMPAL NEURONS AFTER LONG-TERM ADRENALECTOMY A, 
Islam*, R.N. Kalaria+, B. Winblad and A. Adem. Department of Clinical 
Neuroscience and Family Medicine, Division of Geriatrics, Huddinge Hospital, 141 
86 Huddinge, Sweden and + Department of Neurology, Case Western Reserve 
University, Cleaveland, OH 44106-4398.

We have previously shown that long-term adrenalectomy (ADX) in adult rats 
causes loss of neurons in the dentate gyrus and the CA1-CA4 fields of the 
hippocampus. Hippocampal neuron loss is also accompanied by an 
immune/inflammatory response which involves upregulation of MHC class II and 
EDI expressing microglial cells. Here, we used various antibodies to the amyloid P 
precursor protein (APP) antibodies of Alzheimer's disease to study changes in the 
cellular distribution of APP in brains of adult ADX rats. In contrast to sham 
operated controls, rats with ADX showed striking APP reactivity in the remaining 
hippocampal neurons, particularly in the dentate gyrus, and in the CA 2 and 4 
fields. Some pyramidal neurons in the frontal temporal. neocortex were also 
strongly reactive to APP antibodies. Antibodies to the carboxy-terminal of APP 
gave a stronger reaction than those of tye amino terminal. We also noted an 
accompanying microglial reaction with OX-42 antibodies and a less intense 
astrocytic reaction stained by GFAP antibody. Our results suggest the 
accumulation of APP fragments in surviving hippocampal neurons that may 
pertain to enhanced amyloid p deposition in Alzheimer's disease. These results are 
also in accord with our previous observations on the accumulation of APP in 
neocortical areas damaged by ischemia. Thus, hormonal deprivation would be 
another factor which may modulate the expression of APP in the brain.
Supported by grants from the Swedish MRC and the NIH.

671.11
A STEREOLOGICAL STUDY OF THE PARAVENTRICULAR NUCLEUS 
OF THE HYPOTHALAMUS IN ADRENALECTOMIZED RATS. M. M. 
Paula-Barbosa*. A. J. Leite. N. Sousa. L. Xue and M, D, Madeira. Dept. of 
Anatomy. Porto Med. Sch.. Porto, Portugal.

The number and the size of the corticotropin- and vasopressin- 
containing neurons of the paraventricular nucleus (PVN) are known to be 
altered in adrenalectomized (ADX) rats. However, unbiased estimations of such 
alterations have not been performed so far. Using unbiased stereological 
techniques (namely the Cavalieri’s method, the optical fractionator and the 
optical rotator) we have estimated the volume of the main subdivisions of the 
PVN and the respective total number of neurons and mean neuronal volume in 
6-month old rats ADX at 2 months of age. The results were compared with 
those obtained in sham-operated animals.

The interindividual variation of the estimates was greater in ADX 
than in sham-operated rats. The total number of neurons in the anterior and 
medial parvicellular divisions of the PVN was reduced by ~ 40% and their 
mean neuronal volume increased in ADX rats. Neuronal loss was not found in 
the posterior magnocellular division, but the size of its neurons was reduced. 
No major alterations were found in the dorsal posterior division, contrary to 
what was found in the lateral posterior division where a profound reduction in 
the volume and total number of neurons was found. In some ADX rats no 
neurons could be seen in this division of the PVN. These results suggest that 
the degeneration of parvicellular neurons might be mediated by glucocorticoid 
receptors, which arc numerous in this type of PVN cells. Furthermore, they 
indicate that the reduction in the size of magnocellular neurons might result 
from the ADX-induced changes in plasma osmolality.
(Supported by PRAX1S/2/2. l./SAU/l 338/95).

671.12
COMPARISON OF KAINATE-INDUCED NEURONAL DEGENERATION IN 
HAMSTER AND RATS. H.W. Ko , K.-Y. ParK-, H.J. Ahn, E.C. Park 
and B . J. Gwaq. Dept of Pharmacology, Ajou Univ Sch of Med, 
Suwon, Korea.

Intraperitoneal administration of kainic acid was known 
to induce widespread degeneration in limbic structures 
including the hippocampal formation. We set out experiments 
to examine kainate-induced degeneration pattern in forebrain 
areas of adult hamster, a hibernator, and rat. Both hamsters 
(18 mg/kg, ip) and rats (10 mg/kg, ip) exhibited behavioral 
limbic seizures (rearing with forelimb clonus) within 1 hr. 
These animals were euthanized 4 hr, 1 or 3 d later. Rat brain 
sections stained with hematoxylin-eosin or silver 
impregnation procedure revealed severe neuronal 
degeneration in the hilus and CA3 sector from 1 d following 
kainate injections. The CAI neurons were relatively 
resistant to the kainate neurotoxicity. In contrast, kainate 
treatment produced neuronal damage in the CAI area as well 
as hilus in hamster. The CA3 hippocampal neurons in hamster 
were less sensitive to kainate injury, raising a possibility 
that hibernating animals may have different vulnerability 
to kainate. In rats, we have observed that the nuclear factor 
kappa B (NF-k B) is translocated from cytoplasm into nucleus 
in the hilus and CA3 neurons within 1 hr following kainate 
treatment, suggesting that the initial activation of NF- 
k B may be associated with the neurodegenerative process . This 
possibility is being further investigated in brain areas 
undergoing kainate-induced degeneration in hamster. 
Supported by BSRI-97-4418(BJG).
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671.13
DEGRADATION OF LAMININ PREDICTS NEURODEGENERATION AFTER 
EXCITOTOXIC LESION Z.-L, Chen. S. E, Tsirka, S, Strickland*. Dept. Of 
Pharmacology, State University of New York at Stony Brook, Stony 
Brook, NY 11794-8651.

Extracellular proteases mediate excitotoxin-induced neurodegene-
ration in the hippocampus. To investigate whether laminin might be a 
substrate for these proteases, immunostaining and other histological 
techniques were used to reveal the correlation between laminin degra-
dation and neurodegeneration. Laminin expression in pyramidal cells in 
mouse hippocampus was confirmed by both monoclonal and polyclonal 
antibodies against laminin. Two hours after unilateral hippocampal 
injection of kainic acid (KA), laminin was almost completely degraded 
in the CA1 and CA3 regions of the injected side, althoughjhe pyramidal 
neurons in these regions were intact as revealed by cresyl violet 
staining. At 12 hrs, the CAIand CAS pyramidal neurons, where laminin 
degradation occurred, underwent neurodegeneration. When a lower dose 
of KA was injected, partial neurodegeneration restricted to a small 
region within the CA1 field was induced, and laminin degradation was 
restricted to exactly the same small region, demonstrating a good 
correlation between laminin degradation and neurodegeneration. 
Finally, tPA deficient mice, which have been shown to be resistant to 
excitotoxin-induced neurodegeneration, exhibited no or very limited 
laminin degradation after KA injection. Our results indicate that 
laminin degradation may be an essential event in determining neuro-
degeneration after excitotoxic lesion. This work was supported by grant 
(CB205) from American Cancer Society to S.S.

NEURONAL DEATH: CORTEX

672.1
DISRUPTION OF A DNA-ACTIVATED PROTEIN KINASE GENE 
ALTERS PATTERNS OF APOPTOSIS IN DEVELOPING 
CEREBRAL CORTEX. S„ B Gusky, J.A, Dunn, J.R. Naegele* Department of 
Biology, Wesleyan University, Middletown, CT 06459

Two factors involved in regulating development of the cerebral cortex are cell 
genesis and cell death. The underlying cellular and molecular mechanisms regulating 
total cell number are not well understood. We examined the role of a DNA-activated 
protein kinase (prkdc) in cerebral cortical development. The prkdc gene encodes the 
catalytic subunit of a DNA-activated protein kinase responsible for repairing 30% of 
all DNA double strand breaks and for assembling immunoglobulin molecules. 
Northern, Western and immunocytochemical analyses were used to characterize prkdc 
expression in normal mouse brain. To investigate the role of this DNA repair 
mechanism in cortical development we examined brains of SCID mice, which have a 
mutated prkdc gene and lack prkdc activity. In SCID, other repair mechanisms 
partially compensate for DNA breaks, but the assembly of immunoglobulins is 
permanently disrupted. This results in a lack of intact IgG molecules, SCID mice are 
normal in appearance and life span, and the brains have normal gross histology. 
However, the brains are strikingly smaller during early postnatal development. The 
results of unbiased stereological analyses show that the volume of the SCID cerebral 
cortex is significantly reduced during the first two postnatal weeks (Students t-test, 
pc.01). This is due to a decrease in cell number. At P7 the total number of cells per 
hemisphere in control and SCID mice is 0.99xl07 and 0.52xlO7, respectively. 
Neuron and glial numbers are equally reduced in the SCID cortex at this age. By 
contrast, the number of neurons in SCID and control cerebral cortex is equal in adults 
(0.85xl07). The number of glial cells remains significantly reduced in the SCID 
cortex (0.43x107) as compared to control (0.93xl07). TUNEL staining shows that 
this may result from an increase in apoptosis in SCID cortex. Supported by NIH 
EY09749 and NSF IBN9600974.

672.2
THE PRESENCE OF ASTROGLIAL CELLS INFLUENCES THE 
TYPE OF CELL DEATH INDUCED BY 3-NITROPROPIONIC ACID 
IN RAT CORTICAL NEURONS. M, Ohgoh*, H. Shimizu. H. Ogura 
and Y. Nishizawa. Eisai Tsukuba Research Laboratories, Tsukuba, 
Ibaraki, 300-26

3-nitropropionic acid (3-NP) is known to be a neurotoxin which 
irreversibly inhibits the mitochondrial enzyme succinate dehydrogenase 
(Complex II), and systemic administration of 3-NP causes striatal 
degeneration in rats and baboons. In this study, we have examined 
whether the presence of astroglial cells influences the process of neuronal 
cell death. Cultured rat cortical neurons were exposed to 1 - 4 mM 3-NP 
in the presence or absence of astroglial cells. When 3-NP was added in 
the presence of astroglial cells, the cortical neurons died within 2 to 5 
days. The nuclear staining of dying neurons with Hoechst 33258 showed 
chromatin condensation and nuclear fragmentation, and CPP32-like 
activity was increased 3 days after 3-NP addition. These results indicate 
that 3-NP induces neuronal cell death through apoptotic process in the 
presence of astroglial cells. On the other hand, cortical neurons rapidly 
died within 1 to 2 days by the addition of 3-NP in the absence of 
astroglial cells. This type of cell death appeared to be morphologically 
necrotic, and CPP32-like activity was not increased. Since ATP content 
and energy charge in neurons were markedly decreased 6 hr after 3-NP 
addition in the absence of astroglial cells, acute energy impairment might 
induced the necrotic cell death. These results suggest that astroglial 
trophic support influences the energy metabolism in compromised 
neurons, which determines the type of neuronal cell death, apoptosis or 
necrosis.

672.3
SIGNAL TRANSDUCTION OF CORTICAL NEURONAL DEATH IN THE 
ABSENCE OF ASTROCYTE TROPHIC SUPPORT. A, A. Romerot. E, J, Morrisf.
D, S, Park!. R. S. Roginski* L, A,. Greenej:, and H, M. Gellert, fDept. of

Pharmacology, UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ, 08854. 
J Dept. of Pathology and Center for Neurobiology and Behavior, Columbia Univ. New 
York, NY, 10032.

It has been previously demonstrated that trophic factor deprivation-induced apoptosis 
of sympathetic neurons and neuronal PC 12 cells involves a signal transduction pathway 
mediated by de novo gene expression, cyclin-dependent kinase (CDK) activation, and 
caspase activation. In this report, we examine the signal transduction mechanisms of 
cortical neuronal death in the absence of astrocyte trophic support in order to compare 
these pathways of neuronal death. Neurons cultured from embryonic day 17 rat cerebral 
cortex undergo significant cell death if plated in the absence of cortical astrocytes. This 
death was inhibited by insulin treatment and the survival promoting effect of insulin was 
potentiated by depolarizing K+ and high glucose. In addition, death was prevented by 
the RNA and protein synthesis inhibitors, actinomycin D and cycloheximide 
demonstrating a requirement for de novo gene expression. Although olomoucine and 
flavopiridol, CDK inhibitors, prevent the death of sympathetic neurons and neuronal 
PC 12 cells following trophic factor deprivation, cortical neuronal death was prevented 
by flavopiridol but not olomoucine, demonstrating differential effects by these agents 
on survival. Similarly, the caspase inhibitor, zVADfmk, which prevents death of 
sympathetic neurons and neuronal PC 12 cells following trophic factor deprivation, did 
not prevent cortical neuronal death in the absence of astrocyte trophic support, 
demonstrating divergent pathways between peripheral and central neuronal death due 
to trophic factor deprivation. Thus, while certain elements of the neuronal death 
pathways are shared between CNS and PNS neurons, the pathways are in part divergent. 
Supported by the NIH, Cancer Institute of NJ, Blanchette Rockefeller Foundation, ALS 
Foundation and Aaron Diamond Foundation.

672.4
SERUM IS NECESSARY FOR THE HEALTHY ATTACHMENT OF 
CULTURED CORTICAL NEURONS, BUT ACCELERATES THEIR DEATH.
X.F...Wang*~.and M.S. Cynader. Dept. of Ophthalmology, Univ. of British
Columbia, 2550 Willow St, Vancouver, B.C., Canada V5Z 3N9

Although serum is an important component in cell culture medium, its exact 
functions are far from clear. Here we show that serum has both positive and negative 
effects on neuronal survival. Cortical tissue of Long-Evans El8 embryos was taken 
and digested with trypsin. We plated the cells at a density of approximately 4xl04 
cells/cm2 on poly-L-lysine (PLL) coated coverslips, using one of the following six 
media: (1) 10% Fetal Bovine Serum (FBS)-suppiemented Minimum Essential 
Medium Eagle (MEM); (2) MEM only; (3) Dulbecco's Modified Eagle's Medium 
(DME) only; (4) Albumin-supplemented MEM; (5) N2-supp!emented NeuroBasal 
medium; (6) B27-supplemented NeuroBasal medium. Only the FBS-supplemented 
MEM ceils displayed a healthy shape. All other cells showed shrinkage, lack of 
process extension, and death within 24 hours. We found that pre-incubating the PLL 
coated coverslips with 10% FBS-supplemented MEM allowed cells in all of the 
media described above to display normal shape and process extension.

With this plating method, the effects of FBS on neuronal survival were compared 
with serum-free albumin-supplemented medium. Within 3 days, virtually all 
neurons grown in FBS-supplemented MEM died, while neurons grown without FBS 
survived until 4 or 5 days. Neuronal survival could be greatly prolonged by co- 
culturing the neurons with a glial feeder layer. This resulted in a high survival 
(>70%) for several weeks. The effects of serum on neuronal survival were further 
demonstrated by adding different media after removing the glial feeder layer. When 
the glial feeder layer was removed, 90% of the neurons died within 48 hours in 
albumin-supplemented MEM, and within 24 hours in FBS-supplemented MEM. 
These results show that serum is necessary for the healthy attachment of dissociated 
neurons, but serum also appears to contain factors that accelerate neuronal death. 
Supported by Medical Research Council of Canada.
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672.5
ROLE OF CASPASES IN ARAC-INDUCED APOPTOSIS OF 
CULTURED CORTICAL NEURONS. R. Sayers, A. Srinivasan, 
K. Hoang, F. Li, T. Aia, K.L. Valentino*, R.C. Armstrong, and
K.J. Tomaselli. IDUN Pharmaceuticals, La Jolla, CA 92037. 

Caspases are cysteine proteases that function in the apoptotic
effector pathway in a variety of cell types including neurons 
(Armstrong, et al (1997) J. Neurosci 17:553-562; Keane, et al (1997) 
J. Neurosci. Res. 48:168-180). Caspase expression and function 
were studied in enriched primary embryonic cortical neuron cultures. 
Cytosine-3-D-arabinofuranoside (AraC), a nucleoside analogue, was 
shown to induce apoptosis in El5 mouse cortical neurons cultured for 
two days in vitro. The apoptotic nature of the cell death was evident 
from: 1) nuclear changes, including chromatin condensation and 
fragmentation with accompanying oligonucleosonal DNA 
fragmentation; and 2) processing and activation of caspase-3 (CPP32) 
as evidenced by increased Ac-DEVD-amc cleaving activity and by 
positive immunostaining with a caspase-3 antibody that preferentially 
recognizes the large subunit of proteolytically processed CPP32. In 
addition, several irreversible caspase inhibitors demonstrated partial 
inhibition of AraC-induced apoptosis. To characterize expression of 
caspases in cortical neurons, RT-PCR analysis of poly A+ enriched 
RNA was performed. In addition to caspase-3 mRNA, caspase-2 
(Ichl) and caspase-8 (Mch5, FLICE) mRNAs were also detected. 
These studies suggest that multiple caspases may function in the 
apoptosis of cortical neurons.

672.6
SURVIVAL OF IMMUNOPANNED EMBRYONIC RAT CORTICAL SUbrLAiE 
NEURONS. M F. DeFreitas*, _P. S_. McQuillen, C. J. Shatz. HHMI & Dept. of 
Molec. & Cell Biology, Univ. of CA, Berkeley , CA 94720.

Cortical subplate neurons are among the earliest generated neurons of 
neocortex, and have been shown to play an important role in development of 
thalamocortical connections. Many subplate neurons die shortly after thalamic 
axons invade cortex. To understand the role of subplate neurons and the 
mechanism by which they are eliminated during development, we have purified 
subplate neurons and cultured them in vitro. Subplate neurons are the only 
cortical neurons expressing the low affinity NGF receptor in the rat between E15 
and E21. Using bromodeoxyuridine (BrdU) birthdating to label subplate neurons 
and an antibody to this receptor, subplate neurons were immunopanned and 
cultured from E15-E21 rat neocortex. Enrichment for subplate neurons was 
verified by immunostaining for BrdU and neurofilament which both label >38% of 
the panned cells. Almost all cells not stained for neurofilament stained with an 
antibody to vimentin. Panned subplate neurons cultured on polyornithine (PORN) 
in serum-containing medium survived in culture for 24 hours but subsequently 
died unless cultured at a high density. Panned subplate neurons cultured in 
serum-free medium on PORN died in 24 hours regardless of density or the 
presence of neurotrophins, fibroblast growth factor, ciliary neurotrophic factor, or 
glial derived neurotrophic factor, alone or in combination. However, neurons 
survived at least 4 days in vitro in serum-free medium when cultured on 
fibronectin (FN). FN is found in the subplate in vivo and disappears as the 
subplate neurons die. Panned subplate neurons cultured on FN in the absen ) of 
serum extended numerous processes and many assumed a " ;al 
morphology typical of subplate neurons in vivo. These data show that subplate 
neurons can be purified and cultured in vitro and suggest that survival may be 
mediated by attachment to FN or by growth factors associated with FN. 
Supported by NE! grants F32 EY06602 (MFD), E402858 (CJS), and NIH grant 
K12HD00850 (PSM).

672.7
CELL DEATH IN p75 NGF RECEPTOR EXPRESSING SUBPLATE 
NEURONS. P.S.McQuillen*, M.F.DeFreitas and C.J.Shatz. HHMI/Molecular 
& Cell Biology, U.C.Berkeley, Berkeley, CA 94720.

In contrast to the survival promoting effects of NGF signaling through TrkA, 
NGF has been shown to be capable of transmitting a ‘death’ signal through 
the low affinity receptor p75 (1,2). p75 targeted null mutant mice show 
diminished amounts of cell death in basal forebrain neurons that express p75 
but not TrkA (3). However, these mice have normal amounts of cerebellar 
purkinje neurons, which in wild type mice would express p75 .

Here we examine cell death in p75 expressing subplate neurons. Suhp'ate 
neurons are among the first generated neurons of the neocortey and 
transiently express p75 at early ages(4). Subplate neurons subsequently 
disappear later in development. This disappearance is accoThpanied by 
histologic features of apoptosis and is reported to occur in two waves during 
the first two postnatal weeks in rat(5).

In order to label subplate neurons, p75 null mice and SV129 wild type mice 
received injections of bromodeoxyuridine (BrdU) at the time of subplate 
neuron generation. Following BrdU injections at E10.5, few labeled neurons 
could be found in the subplate at P6.5 or P21. Injections at E11.5 or 12.5 
resulted in heavy labeling of subplate neurons when examined at P6.5. 
Similar numbers of BrdU labeled subplate neurons were present in wild type 
and null mice in the first postnatal week and the majority disappeared in both 
types of mice by the third week. These observations suggest that p75 does 
not play a critical role in mediating the ultimate death of subplate neurons.
1) Frade et al, Nature 1996, 383:166. 2) Casaccia-Bonnefil et al, Nature 1996, 
383:716 3) Van der Zee et al, Science 1996, 274:1729. 4) Allendoerfer et al, 
PNAS 1990, 87:187. 5) Ferrer et al, Neuroscience 1990, 39:451. Supported 
by NEI grants E402858 (CJS), F32 EY06602 (MFD) and NIH grant 
K12HD00850 (PSM).

672.8
THE PROTECTIVE EFFECT OF CYCLOHEXIMIDE ON RADIATION-INDUCED 
CELL DEATH IN THE SUBVENTRICULAR ZONE OF NEWBORN MICE. F. R. 
Rocha, Y. Abreu-Villaca and S. L. Schmidt*. Dept Fisiologia, Universidade do 
Estado do Rio de Janeiro, RJ 20551030, Brasil.

It has been suggested that radiation-induced apoptosis in developing brain is mediated at 
least in part by protein synthesis. In the present work we described the effect of 
cycloheximide (CHX) in the subventricular zone (SVZ) of mice irradiated on the first 
postnatal day. Seven newborn mice from 4 litters were exposed to a gamma source 
receiving a total dose of 3 Gy (mean dose rate=144.63Gy/min). The treated group 
consisted of 10 newborn mice from 5 litters that received 2ug/g body weight (i.p.) of CHX 
1 hour after irradiation. The 17 animals were decapitated under anesthesia 7 hours after 
irradiation. The brains of 3 unirradiated newborn mice from 3 litters were used for 
comparisons (normal group). All brains were fixed (10ml of 37% formaldehyde, 9ml of 
H20 and 81ml of ethanol), embedded in paraffin, coronally sectioned at 10 pm and stained 
with cresyl violet. The cells and the pycnotic debris of the cells killed by radiation were 
counted (X1000) using a 42 x 42pm graticule placed at the center of the lateral SVZ. In the 
rostro-caudal direction, cell densities were estimated every 180pm and pycnotic debris 
were counted every 90pm.

There was an overall significant reduction in the number of pycnotic debris in the 
irradiated CHX-treated animals as compared to the irradiated untreated mice (t=l .89; df=7; 
p=0.001). Analysis of the cell number indicated a significant reduction in the irradiated 
untreated group as compared to the irradiated CHX-treated mice for measures in the 
anterior region (t=1.94; df=6; p=0.03). In support of this result, the number of pycnotic 
debris was found to be markedlly increased in the anterior region of the irradiated untreated 
mice when compared to the posterior levels. There was no difference between the mean 
cell number of the irradiated CHX-treated mice and the normal animals (t=1.80; df :ll; 
p=0.48). Taken together these data indicate that, 7 hours after irradiation, the treatment 
with CHX prevents cell death in the SVZ.
Supported by FAPERJ and CNPq.

672.9
PHENOTYPIC IDENTIFICATION OF APOPTOTIC CELLS IN 
EMBRYONIC RAT NEOCORTEX
I, Marie*, D, Marie, S, Chaudrv and J.L. Barker LNP, NINDS, NIH, Bethesda, MD
Using a flow cytometer and two surface markers that have been shown to identify 

terminally postmitotic neurons (TnTx) and neuronal and glial progenitors (A2B5), we 
have immunoidentified four distinct subpopulations in the acutely dissociated El 9 rat 
neocortex: TnTx single positive (SP-TnTx); TnTx/A2B5 double positive (DP); A2B5 
single positive (SP-A2B5) and TnTx/A2B5 double negative (DN) cells. Further 
identification of four sorted subpopulations revealed that SP-TnTx cells were all 
MAP-2+ and nestin', suggesting that they were the most mature cortical plate neurons. 
The majority of DP cells were also MAP-2+, but some of them expressed low levels 
of nestin as well. SP-A2B5 and DN populations were almost devoid of MAP-2+ cells, 
and the majority of these cells were nestin+. Anti-BrdU immunostaining revealed that 
only SP-A2B5 and DN cells incorporated BrdU after lh pulse, suggesting that these 
two subpopulations consist of immature, proliferating, ventricular/subventricular zone 
cells. No GFAP+ or O4+ cells were present at this age. To examine the extent and 
distribution of apoptosis in our phenotypically identified, living cells, we have used 
Annexin V, an early marker of apoptosis at the plasma membrane level. Triple 
labeling with anti-A2B5, anti-TnTx and Annexin V revealed the presence of Annexin 
V+ cells in only two of the studied subpopulations: 20% of nonproliferating SP-TnTx 
neurons and 28% of DN cells were Annexin V+, while <3% of cells were positive in 
DP and SP-A2B5 populations. Similar results were obtained when apoptosis was 
independently assessed using propidium iodide (PI) as a marker of total DNA 
content in sorted and ethanol-fixed subpopulations. Late apoptotic or "Ao" cells with 
hypodiploid DNA content were present in 22% of SP-TnTx neurons and 30% of DN 
cells, with ~1% of positive cells in the DP and SP-A2B5 populations. Furthermore, 
double immunostaining with anti-BrdU and PI revealed that -20% of apoptotic cells 
in the DN population were in the S-phase of the cell cycle. Results suggest that at El 9 
significant apoptosis occurs in A2B5' cortical plate neurons and immature, ventricular 
zone cells, but not in A2B5+ neurons and progenitor cells.

672.10
APOPTOSIS AND NECROSIS OF CORTICAL NEURONS AFTER MILD 
AND SEVERE X-RAY INDUCED DNA DAMAGE G.T. Gobbel* and
P.H. Chan CNS Injury and Edema Res. Center & Brain Tumor Res. Center, 
Dept. of Neurol, Surgery, Univ. of California, San Francisco, CA 94143.

Mild insults of hypoxia or exposure to glutamate can induce apoptosis 
in neurons growing in vitro, whereas more severe insults result in necrosis. 
To determine if the response of neurons to DNA damage changed as the 
severity of the insult increased, cortical neurons were isolated from rat 
embryos at day 15-16 of gestation and treated with doses of x-irradiation 
of 0, 32, 64 and 96 Gy at 6-7 days after isolation. By 12 hrs after 
irradiation, there was evidence of nuclear fragmentation typical of 
apoptosis in all cultures irradiated with >32 Gy. By 24 hrs, there was an 
increase in the release of the intracellular enzyme, lactate 
dehydrogenase (LDH). However, whereas pre-treatment of cells with 
cycloheximide to inhibit protein synthesis and apoptosis blocked nuclear 
fragmentation in cultures treated with up to 96 Gy, it only blocked LDH 
release in cultures treated with <32 Gy, suggesting that neurons can die by 
a mechanism other than apoptosis after doses of >32 Gy. This effect of 
high dose irradiation does not appear to result from x-ray induced lipid 
peroxidation and membrane breakdown. Experiments to determine the 
time of membrane breakdown, as evidenced by leakage of LDH or uptake 
of ethidium bromide, showed there was no membrane disruption until 4 
hrs after 96 Gy and until >6 hrs after 32 Gy. Furthermore, there was no 
measurable lipid peroxidation at 3 hrs after 32-96 Gy, These results 
suggest that mild DNA damage may induce apoptosis and severe DNA 
damage may produce necrosis. Supported by NIH grants CA 13525, N S 
25372, and NS 14543.
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672.11
MORPHOLOGICAL ANALYSIS OF THE NEOCORTEX IN TERM OF TOTAL 
NEURONAL NUMBER AND NUCLEAR VOLUME IN SUDDEN INFANT DEATH 
SYNDROME (SIDS) AND CONTROL CASES. - A STEREOLOGICAL STUDY T 
Ansarj*,, PD.S.ibbons\ CY_Howard,. D van Velzen. Fetal and Infant Pathology, Liverpool 
University, PO BOX 147, L69 3BX . 1 Dept. of Surgical Research, Northwick Park Inst, 
for Medical Research. Northwick Park, Middlesex HA1 3UJ UK

Quantitative neuropathological investigations on the brain stem nuclei of Sudden Infant 
Death Syndrome (SIDS) ("crib-death") cases, have previously revealed no significant 
difference in nuclear volume increase with age, total neuronal number or nuclear position 
compared to age matched controls.

This study estimated total neocortical neuronal number in 17 control cases, 31 normal- 
birth-weight (NEW) SIDS, 11 low-birth-weight (LBW) SIDS and 16 SIDS cases of 
unknown birth-weight, ranging in age from 3 days to 8 months. 10 cases from each of 
these groups was farther examined for neuronal nuclear volume. Total neuron numbers 
were estimated stereologically by utilizing Cavalieri's Principle and the Optical Disector 
method. Nuclear volumes were estimated using the Nucleator estimator.

Mean total neuron number was 25 billion & did not vary between groups or with age. In 
control cases, increased nuclear volumes were observed with age, from 1.09 xlO21mm3 at 
3 weeks to a plateau of 5.115 xlO2 1mm3 at 7 months. A similar trend with age was seen 
in SIDS LBW cases but all values were lower (for age) than controls. In SIDS NBW cases 
neuronal number was similar to controls at 5 weeks but did not rise above 3.9 xlO2 mm3 
for any cases up to 8 months of age.

There is no evidence for epigenetic neuronal cell death in the neocortex of control or 
SIDS cases up to 8 months of age. If nuclear volume is regarded as an indicator of 
functional maturity of neurons, the results show reduced neocortical neuronal maturity in 
all SIDS LBW & SIDS NBW beyond 5 weeks of age. Results of this & other quantitative 
studies supply evidence for subtle cellular pathology in the CNS of SIDS cases.

Supported by a grant from the Foundation for the Study of Infant Deaths (FSID).

672.12
THE REMAINING NEOCORTEX IS THICKER AFTER EARLY POSTNATAL 

VERSUS ADULT HEMIDECORTICATION IN CATS.
T.D. Schmanke*, J.R. Villablanca and D.M. Manson.

UCLA Mental Retardation Research Center, Los Angeles, CA 90024.
After hemidecortication in adult cats, there is a loss of neocortical volume in the 

contralateral hemisphere. In neonatal kittens, despite some reduction, there is an 
increase in cross-sectional areas in frontal and median coronal brain sections. 
(Schmanke et. al., 1996). To further examine these effects we measured cortical 
thickness at 115 sites across 20 coronal planes and in 8 sulci in groups of cats 
lesioned at postnatal days 10, 30, 60 as well as in adult-lesioned and control animals. 
The results revealed a consistent trend towards a thicker neoeortex for the 
early-lesioned (Pl0,30,60) cats as compared to adult-lesioned and control animals, 

particularly within the AP range of +9 to 0. P30 operates displayed significantly 
higher values (p<05) than adult-lesioned animals along the range of AP +9 to +3 as 
well as compared to controls at 3 planes. Adult-lesioned cats tended towards a thinner 
neocortex when compared to controls. The sulci data showed that early-lesioned cats 
displayed higher mean values compared to adult-lesioned animals at 6 of the 8 sulci 
reaching significance at 4 sulci (p<05). Comparisons with controls produced mixed 
results. Overall, the data suggest that the neonatal brain of the cat responds to a 
unilateral cortical injury with a relative preservation and minor increase in the 
thickness of the remaining neocortex. Thus, this measure alone does not reveal the 
atrophy (i.e. volume decrease) of the remaining neocortex which we have 
demonstrated. (Grants USPHS FID-05958, HD-14612, NRSA T32HDO7416).
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673.1
SUPPRESSION OF NEURONAL APOPTOSIS BY A 21-AMINOSTEROID 
INHIBITOR OF LIPID PEROXIDATION G.V. Putcha, P.J. Creedon, E.M. 
Johnson, Jr., and J.L. Franklin.*1 Depts. of Molecular Biology & Pharmacology, 
Washington University Sch. of Medicine, St. Louis, MO 63110, and of 
’Neurosurgery, University of Wisconsin Sch. of Medicine, Madison, WI 53706.

21-aminosteroids are potent inhibitors of iron-dependent lipid peroxidation. We 
tested the ability of one of these compounds, U74500A, to suppress apoptosis in rat 
superior cervical ganglion (SCG) neurons and mouse cerebellar granule (CG) 
neurons. In vitro, SCG neurons require NGF while CG neurons require chronic 
depolarization with high concentrations of potassium (25 mM). Neurons in culture 
were induced to undergo apoptosis by withdrawal of NGF (SCG) or by repolarizing 
membrane potential (CG) by switching to culture medium containing normal 
potassium concentrations (5 mM). U74500A caused a dose-dependent inhibition of 
apoptosis in both cell types. Approximately 100% of rat SCG neurons survived 4d of 
NGF deprivation when maintained in culture medium with 15 pM U74500A, while in 
its absence only 10% of the cells were alive. Comparable results were obtained in 
mouse CG neurons.

To determine whether increased lipid peroxidation occurs during apoptosis of NGF- 
deprived SCG neurons, the thiobarbituric acid test was used. No evidence of increased 
lipid peroxidation was observed at any time during the apoptotic process. This finding 
suggests either that U74500A promoted survival through a mechanism unrelated to 
lipid peroxidation or that very low levels of peroxide production were involved in 
apoptosis. Alternative mechanisms by which U74500A may promote survival include 
block of protein synthesis or activation of the MAPK pathway; however, assays 
revealed that neither mechanism was involved in U74500A-mediated neuronal 
survival. The possibility that U74500A promotes survival by activating the 
phosphotidylinositol 3-kinase pathway is currently being examined. This work was 
supported by a grant from the Ronald McDonald Foundation, an Alzheimer’s Assn. 
Zenith Award to EMJ and by Univ. of WI Dept. of Neurosurgery R&D funds to JLF.

673.2
FK506 MARKEDLY REDUCES APOPTOSIS AND C-JUN 
PROTEIN EXPRESSION IN SERUM-DEPRIVED NEURONAL 
CULTURES. T, Hugon*, M. Lesort, F. Terro, C, Dusaartre,, E 
Esclaire. Neurobiol and Cell Path Unit, ERS CNRS 6101, Lab 
Histol and Cell Biol, Fac. Medicine, Limoges - FRANCE

FK506 is an immunosuppressive drug which binds to the 
cellular immunophillin FKBP12. Previous works have revealed 
that FK506 also has neuroprotective properties. The expression of 
the nuclear protein c-Jun was associated with neuronal 
apoptosis. In primary rat cortical cultures neuronal apoptosis 
was induced by serum deprivation for 48 hours. FK506 was 
added in some cultures at the concentration : IO6, IO-7 or IO8 M. 
Apoptosis was assessed in neuronal cultures by the TUNEL 
method. The percentages of apoptotic neurons were respectively 
22.5 % in control cultures, 56.1 % in serum-deprived cultures. In 
FK506 treated cultures, the percentages were 27.7 % (IO6 M),
32.1 % (10-7 M), 42.1 % (10-8 M). In sister cultures an 
immunocytochemical study using a c-Jun antibody showed that 
the percentages of c-Jun positive neurons were respectively 12.5 
% in control cultures, 56.5 % in serum-deprived cultures and 16.5 
% in serum-deprived cultures treated with IO6 M FK506.

In conclusion, FK506 markedly attenuates apoptosis and c-Jun 
protein expression in serum-deprived neuronal cultures (FK506 
was kindly provided by FUJISAWA).

673.3
EVIDENCE FOR DOPAMINERGIC MODULATION OF RETINAL 
APOPTOSIS. M H. Varella, F.G. de Mello & R, Linden*, Institute de Biofisica da 
UFRJ, Rio de Janeiro, Brasil, e-mail: rlinden@chagas.biof.ufrj.br

In the retina of newborn rats there is evidence for two mechanisms of 
programmed cell death (PCD). Apoptosis of ganglion cells (RGCs) after axotomy 
depends on protein synthesis. In contrast, inhibition of protein synthesis leads to 
apoptosis in the undifferentiated neuroblastic layer (NBL). Apoptosis in the 
presence of metabolic inhibitors suggests that post-translational modifications of 
apoptosis-associated proteins may be crucial to the cell death programs. We studied 
the role of cAMP upon apoptosis in retinal explants. An increase in the intracellular 
concentration of cAMP produced by either the adenylyl-cyclase activator forskolin 
(10 pM) or 8-Br-cAMP (1 mM), prevented apoptosis induced in the NBL by the 
protein synthesis inhibitor anisomycin (ANI), but had no effect upon RGC death. In 
contrast, neither 8-Br-cGMP (1 mM) nor the specific cGMP-phosphodiesterase 
inhibitor zaprinast (10-100 pM) significantly affected apoptosis in the retina. The 
cAMP-phosphodiesterase inhibitors IBMX (0.1-1 mM) and Ro-201724 (50-200 
pM) also prevented apoptosis in the NBL. The isoquinolinesulfonamide H89 (20 
pM), a specific PKA inhibitor, partially reverted the protective effect of either 
forskolin or IBMX. The data show that a specific increase in the intracellular 
concentration of cAMP prevents cell death induced in the NBL, through protein 
phosphorylation mediated by a cAMP-dependent protein kinase. Dopamine (10-500 
pM) increased severalfold the intracellular concentration of cAMP in the retina of 
newborn rats. We tested the effects of dopamine on retinal apoptosis. Both 
dopamine (50-100 pM) and the DI agonist SKF38393 (100 pM) blocked apoptosis 
induced by ANI in the NBL. The data suggest that an early effect of dopamine in 
the developing retina is the control of PCD through DI-like receptor signalling 
coupled to stimulation of adenylyl cyclase. (CNPq, FINEP, CEPG-UFRJ, FAPERJ)

673.4
ATTENUATION OF NEURONAL APOPTOSIS BY DESIPRAMINE AND 
CHLORPROMAZINE. C. H. Yeh*, D. Lobner and D. W, Choi. Center for the 
Study of Nervous System Injury and Dept. of Neurology, Washington Univ. School 
of Medicine, St. Louis, MO 63110.

The sphingomyelin pathway, initiated from the hydroly sis of sphingomyelin by an 
activated sphingomyelinase to generate the important second messenger ceramide, 
has emerged as a key pathway in apoptosis. Recent findings have specifically 
implicated the acidic sphingomyelinase (aSMase) in tumor necrosis factor, 
Fas/APO-1 and ionizing radiation-induced apoptosis in several non-neuronal cell 
types.

We set out to test if aSMase contributes to neocortical neuronal apoptosis. 
Neuronal apoptosis was induced in murine cortical cell cultures by one of three 
different insults: serum deprivation, staurosporine exposure, or ceramide exposure. 
In each case, activation of aSMase was detected by incubating cell extracts with 
14C-labelled sphingomyelin at pH 5, and sphingomyelin hydrolysis was analyzed by 
liquid scintillation counting and thin-layer chromatography. Addition of either 1-10 
nM concentrations of the anti-depressant drug desipramine, or 0.1-1 nM 
concentrations of the anti-psychotic drug chlorpromazine, partially inhibited 
aSMase activity, and also reduced apoptosis in each of these three paradigms. 
Neither drug reduced cortical neuronal necrosis induced by addition of NMDA or 
by oxygen-glucose deprivation. To our knowledge, these results provide the first 
evidence for involvement of aSMase in neuronal apoptosis, and raise the interesting 
possibility that two clinically used drugs may have useful anti-apoptotic effects on 
central neurons, mediated by inhibition of aSMase.
Supported by NIH NINDS grant NS 30337 (DWC).
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673.5
MK801 REDUCES ENTORHINAL CORTEX LAYER II NEURONAL LOSS 
FOLLOWING PERFORANT PATHWAY LESION. R.J. Buchanan, P.A, Peterson*, 
andF.H. Gage The Salk Institute, Lab. of Genetics, La Jolla, CA 92037

The entorhinal cortex serves as a synaptic relay between the hippocampus and the 
neocortex with reciprocal entorhino-hippocampal connections forming the perforant 
pathway. Bilateral damage to this pathway produces deficits in learning and memory 
performance and neurodegenerative changes in entorhinal cortex layer II (ECL2) have 
recently been reported in Alzheimer’s disease patients. Previously we have 
demonstrated a significant neuronal loss within ECL2 following an axotomizing 
lesion of the perforant pathway. Grafts of fibroblasts expressing FGF-2, but not 
NGF, were successful in preventing ECL2 loss. The neurons at risk were 
glutamatergic ECL2 neurons which did not express calbindin (glut+/calb-), suggesting 
that their vulnerability may result from an inability to buffer intracellular calcium 
fluctuation in response to lesion.

ECL2 neurons express NMDA receptors through which calcium can enter the cell 
following glutamate stimulation. To test the hypothesis that the glut+/calb- ECL2 
neurons were vulnerable to lesion through dysregulation of intracellular calcium, 
animals were concurrently injected with MK801 (0.5 mg/kg, IP), a reversible NMDA 
receptor antagonist. The population of ECL2 neurons was examined at two weeks 
post-lesion, a time point previously demonstrated to be adequate for neuronal death, by 
unbiased stereology. Sections were processed for immunofluorescence with antibodies 
against glutamate and calbindin, counterstained with propidium iodide, and then 
examined by confocal microscopy. Whereas few glut+/calb- neurons were observed in 
control lesioned ECL2, those receiving MK801 contained abundant calbindin-negative 
glutamatergic neurons in ECL2. Quantitative stereological analysis confirmed that 
MK801 lessened neuronal loss in ECL2. These data support the hypothesis and 
suggest that the rescue by FGF-2 previously reported may also function through 
suppression of excitotoxicity. Supported by P01 NS28121.

673.6
SOMATOSTATIN IS NEUROPROTECTIVE AGAINST NMDA-INDUCED 
CELL DEATH OF CULTURED STRIATAL. NEURONS. Y.C. Patel*, U. 
Kumar, and S.C. Patel. Fraser Labs, McGill University, Montreal, Canada and 
VAMC Newington, CT.

Striatal neurons that coproduce somatostatin (SST) NPY, and NOS/NADPH-d 
display selective resistance to NMDA toxicity. We have previously shown that 
these neurons respond to NMDA agonists by inducing SST gene expression and 
peptide production, but are themselves protected because of poor expression of 
NMDA receptors. Here we have determined a functional role for SST produced in 
response to quinolinic acid (QUIN) and NMDA on the viability of cultured striatal 
neurons. 0.3 mM QUIN or NMDA killed 57 + 8% of neurons after 24 h as 
determined by cytotoxicity assays with cresyl violet staining and LDH release. 
Immunoblockade of released SST with SST antibody (1:150) potentiated the 
killing (90 + 9% neuronal death) compared to preimmune serum in 3 separate 
experiments. The % of NADPH-d positive neurons (3%) did not change after 
QUIN/NMDA treatment alone but dropped significantly to 0.5% in the additional 
presence of SST antibody. Four day treatment of cultures with antisense SST 
oligonucleotides (2.5 ug/rnl) blocked SST synthesis and release. 0.3 mM QUIN 
or NMDA resulted in 87 + 3% neuronal death in antisense SST treated cultures 
compared to 53 + 9% in cultures exposed to sense ODN sets. Exogenous SST-14 
(10 pM) had no effect on neuronal survival in control cultures, but when 
coincubated with QUIN or NMDA rescued the neurons virtually completely from 
excitotoxic death (95 + 5% survival).These results suggest that SST/NPY/NOS 
neurons react to excitotoxins by enhanced SST production which exerts a 
neuroprotective effect both on SST producing and surrounding cells. Supported by 
NIHROINS32160.

673.7
NMDA PROVIDES NEUROPROTECTION AGAINST INDUCED NEURONAL 
DEATH IN THE RETINA: INVOLVEMENT OF NEUROTROPHINS. M. Rocha*, 
R. P. Martins and R. Linden. Instituto de Biofisica Carlos Chagas Filho, CCS, BI. 
G, UFRJ, Rio de Janeiro, RJ, 21949-900, Brasil.

Glutamate is the main excitatory neurotransmiter in the vertebrate retina. The 
activation of glutamate receptors has been implicated in both excitotoxicity and 
programmed cell death or apoptosis. Here, we have investigated if subtoxic 
concentrations of glutamate can modulate neuronal death in the developing retina. 
Explants of neonatal rat retinas (PO a P3) were kept in vitro, and pre-incubated with 
glutamate (10-300 /<M), NMDA (30-60 jUM), kainate (60 /<M), quisqualate (60 /<M) 
or t-ACPD (300 /<M) for 18 hours. Soon afterward, glutamate (6 mM) was added to 
the explants for 6 hours. The rate of cell death was evaluated by optic microscopy. 
Glutamate-induced degeneration was restricted to the innermost portion of the retina. 
Pre-incubation with glutamate, NMDA, or both, reduced neuronal death up to 100%. 
Pre-treatment with subtoxic concentration of glutamate also protected against neuronal 
death induced by irradiation (2 Gy). D-APV (30 pM) or MK-801 (30 wM), NMDA 
receptors antagonists, blocked neuroprotection. Pre-incubation with kainate, 
quisqualate or t-ACPD were not able to protect retinal neurons from the excitotoxic 
insult, and CNQX (30 pM), DNQX (30 ^M), and MCPG (300 /<M) did not block the 
neuroprotection induced by glutamate. To investigate if this neuroprotection was 
mediated by neurotrophins, we incubated the retinal explants with BDNF (100 ng/ml). 
This treatment also resulted in parcial protection against glutamate-induced 
neurotoxicity. Furthermore, NMDA mediated neuroprotection was totally reversed 
when a soluble form of the TrkB receptor (300 to 900 ng/ml) was simultaneously 
added to the medium. Our results suggest that the activation of NMDA receptors may 
control neuronal death in the retina during development. This modulation seems to 
depend, at least in part, on the release of neurotrophins in the retina.
Support: CNPq, FAPERJ, FINEP, CEPG-UFRJ and Regeneron Pharmaceutics.

673.8
NEUROPROTECTIVE EFFECT OF ATP AGAINST GLUTAMATE TOXICITY 
IN CULTURED RAT HIPPOCAMPAL NEURONS. N. Nishiyama*, K. 
Sugimoto, and H. Saito. Lab. of Chemical Pharmacology, Grad. Sch. of 
Pharmaceut. Sci., Univ. of Tokyo, Tokyo 113, Japan.

Although ATP is well demonstrated to be a neurotransmitter in peripheral 
and central nervous systems, its functional role is not yet fully appreciated. In 
the present study, we examined effects of ATP and related agents against 
glutamate-induced neuronal death using cultured rat hippocampus. 
Embryonic day 18 rat hippocampal neurons 8-10 days in vitro were exposed 
to 10 pM glutamate for 24 h with or without purinergic agents. ATP, a,|3- 
methylene ATP (non-hydrolyzable analogue of ATP), UTP and ADP, but not 
adenosine, protected neurons concentration-dependently (0.03 - 3 mM) and 
completely as evaluated by LDH release and MTT assay. NMDA receptor 
antagonist, but not purine nucleotides (1 mM), inhibited the glutamate (100 
qM)-induced increase in intracellular Ca2+ concentration by Fura-2 analysis, 
suggesting that purines blocked an intracellular excitotoxic mechanism of 
glutamate. a,|3-Methylene ATP (1 mM) delayed glutamate (100 pM)-induced 
depletion of intracellular ATP content estimated by luciferine-luciferase 
method. Confocal microscopic analysis with hydroethidine revealed that 
incubation with 100 qM glutamate for 1 h resulted in two-fold elevation of 
intracellular content of superoxide. Coapplication of purine nucleotides (1 
mM) almost completely prevented the increase in superoxide, but delayed 
administration of ATP did not reduce the elevated level of ethidium 
flourescence, which indicates that ATP blocked glutamate-induced generation 
of reactive oxygene species. In addition, ATP (1mM) completely antagonized 
the neurotoxicity of mitochondria toxins (rotenone 0.1 qM; 3-nitropropionic 
acid 1 mM). Overall, the obtained results indicate that ATP protected 
hippocampal neurons from an excitotoxic cell death by preserving 
mitochondrial function.

673.9
AKT MEDIATES SURVIVAL OF DIFFERENTIATING NEURONAL 
CELLS. E.M. Eves1*. W. Xiong1. N.N. Ahmed2. A. Bellacosa2. P.N. 
Tsichlis2 N.Hav1 .and M.R. Rosner1. 1Ben May Inst., University of 
Chicago, Chicago, IL 60637 and 2Fox Chase Cancer Center, 
Philadelphia, PA 19111.

The serine-threonine protein kinase Akt is a downstream effector 
of phosphatidylinositol 3'-kinase (PI 3-K) and an anti-apoptotic factor 
in a number of cell types. We have previously shown that activated 
Akt (v-Akt) is capable of enhancing the survival of H19-7 neuronal 
cells during differentiation. Neither depolarizing levels of KCI (25 
mM) nor insulin-like growth factor-1 (IGF-1) treatment produced a 
comparable enhancement of viability. Treatment with the PI 3-K 
inhibitor wortmannin (200 nM) reduced survival of wildtype but not v- 
Akt-expressing cells, and microinjection of plasmids encoding a 
kinase-dead Akt or an Akt with a mutated phosphorylation site 
reduced cell survival compared to injected control plasmids. 
Overexpression of wildtype c-Akt had only a small effect on survival 
even in the presence of 10 ng/ml basic fibroblast growth factor 
(FGF) or 50 ng/ml IGF-1, two activators of PI 3-K. c-Akt activity was 
found to be induced in both COS and H19-7 cells by FGF treatment, 
but the increased activity was rapidly lost in H19-7 cells. Akt activity 
in H19-7 cells could be partially stabilized by okadaic acid treatment 
suggesting that Akt is rapidly downregulated in H19-7 cells by 
phosphatases. These results indicate that downregulation of Akt 
activity may be one mechanism by which neuronal cells undergo 
apoptosis during maturation.(Supported by NIH-NS 338-58)

673.10
CATECHOLAMINES ARE ENDOGENOUS ANTI-OXIDATIVE NEURO-
TRANSMITTERS: COOPERATIVE NEUROPROTECTION WITH
NEUROTROPHINS. J. S. Noh* and B. J. Gwag# Dept. of Psychiatry and 
Behavioral Sciences* and Pharmacology, Ajou Univ. Sch. of Med., Suwon, 
Kyungkido, Korea 442-749.

Effects of the catecholamines (CAs), dopamine, norepinephrine, and 
epinephrine were studied against neuronal injury induced in cortical cell 
cultures. Cortical neurons exposed to Fe2+ or H2O2 showed necrosis 
accompanied by marked ceil body swelling over the next 24 hr. Inclusion of 
DA, NE, EP all protected cortical neurons against the oxidative stress. The 
neuroprotective effects were observed at 1 -10 pM and not reversed by CAs 
antagonists, suggesting that CAs attenuated the oxidative stress through 
non-receptor-mediated mechanisms. All catecholamines also protected 
oligodendrocytes from the Fe2+- or H2O2- induced oxidative stress. The 
harmful effect of BDNF, NT-3, and NT-4/5 to potentiate the oxidative neuronal 
necrosis was abrogated with inclusion of 10 qM dopamine, norepinephrine, or 
epinephrine. Although none of the catecholamines attenuated apoptosis of 
cortical neurons deprived of serum or exposed to staurosporine, action of the 
neurotrophins to protect neurons against serum deprivation was markedly 
prolonged in the presence of the catecholamines. However, catecholamines 
did not attenuate excitotoxic neuronal necrosis induced by exposure to 15 pM 
NMDA, 5 pM AMPA, or 40 pM kainate. The present study provides evidence 
that in addition to action as endogenous neurotransmitters, catecholamines 
exert direct neuroprotective effect against oxidative stress. Therefore, 
degeneration of catecholamine-containing neurons frequently reported in 
Parkinson’s disease and Alzheimer’s disease may result in loss of 
endogenous antioxidative substance and therefore secondary oxidative 
neuronal degeneration. Supported by HMP grant 97-M-2-1046 (BJG)

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY AM NEURONAL DEATH: NEUROPROTECTION 1717

673.11
PREFERENTIAL ATTENUATION OF NEURONAL APOPTOSIS BY INSULIN 
AND IGF-I IN CORTICAL CELL CULTURES. B.R Ryu*, ILo Jou, and B.J. 
Gwag. Dept. of Pharmacology, Ajou Univ. Sch. of Med., Suwon, Korea.

Inclusion of 100 ng/ml insulin or IGF-I attenuated serum deprivation- 
induced apoptosis of cortical neurons cultured for 7d (DIV7). The 
neuroprotective effect of insulin was reversed by addition of the tyrosine 
kinase inhibitor (genistein, 10-100 pM) or the non-selective protein kinase 
inhibitor (100 nM staurosporine). Inclusion of the phosphatidylinositol 3 - 
kinase (PI-3-K) inhibitors (wortmannin, 1 pM; LY294002, 1 pM) partially 
reversed the neuroprotective effect of insulin. However, cotreatment with the 
PKC inhibitor calphostin C (100-300 nM) or the MEK1 inhibitor PD98059 (10- 
100 pM) did not interfere the neuroprotective effect of insulin against 
apoptosis, suggesting that the neuroprotective effect of insulin and possibly 
IGF-I depends upon activation of tyrosine kinase and partly PI-3-kinase.

In mixed cortical cell cultures of neurons and glia (DIV 12), insulin and 
IGF-I also attenuated neuronal apoptosis induced by exposure to 50 nM 
calyculin A, a protein ser/thr phosphotase inhibitor. However, neither insulin 
nor IGF-I protected necrotic neuronal cell death following exposure to 15 pM 
NMDA or 40 pM kainate. Moreover, cotreatment with 50 ng/ml insulin or IGF-I 
potentiated necrotic neuronal cell death following exposure to submaximal 
doses of Fe2+ or buthionine sulfoximine, a y-glutamylcysteine synthase 
inhibitor. Insulin or IGF-I had no effect on neuronal necrosis induced by 10-15 
pM menadione or 70 pM paraquat that are known to generate superoxide. 
The present study supports our hypothesis that the neuroprotective profile of 
neuronal growth factors depends upon patterns of neuronal death. Supported 
by HMP grant 97-M-2-1046 (BJG) and basic medical research fund (1996- 
131) from the ministry of education (ILo dou).

673.12
PHOSPHATIDYLINOSITOL 3-KINASE AND AKT PROTEIN KINASE 
MEDIATE SURVIVAL IN NGF-DEPENDENT SYMPATHETIC NEURONS. R
J. Crowder* and R. S. Freeman. Department of Pharmacology and Physiology, 
University of Rochester School of Medicine, Rochester, NY 14642.

Nerve growth factor (NGF), acting through the TrkA receptor, stimulates the 
activity of several intracellular signaling molecules, including MAP kinases, 
phosphatidylinositol 3-kinase (PI 3-kinase), and PLC-y. The importance of these 
signal transduction molecules, and their downstream effectors, for the survival of 
neurons mediated by NGF is poorly understood. Recent evidence suggests that PI 
3-kinase activity is required for NGF-mediated survival of rat PC 12 cells and for 
high K+ or IGF-1 mediated survival of cerebellar granule cells. Consistent with 
these data, we have found that pharmacological inhibitors of PI 3-kinase 
(LY294002 and wortmannin) attenuate NGF-mediated survival of rat sympathetic 
neurons in a dose-dependent manner. The death caused by PI 3-kinase inhibitors 
resembles that caused by NGF deprivation and involves characteristics of apoptosis 
such as cell shrinkage, chromatin condensation, and DNA fragmentation. Like 
NGF deprivation, LY294002 treatment results in the induction of c-jun, c-fos, and 
cyclin DI mRNA. Addition of BAF, a caspace inhibitor, or a cAMP analog 
(treatments that block death caused by NGF deprivation) block the death caused by 
LY294002. Using intracellular microinjection, we have found that expression of 
either a constitutively active form of PI 3-kinase or a membrane-targeted Akt 
protein kinase,a downstream target of PI 3-kinase, is sufficient to prevent death 
caused by NGF withdrawal. These data suggest a necessary function for a PI 3- 
kinase regulated pathway in the survival of sympathetic neurons mediated by NGF 
and demonstrate that activation of this pathway is sufficient for survival. Supported 
by grants from the NIH (NS34400), the Markey Charitable Trust, and the Paul 
Stark Endowment Fund at the University of Rochester (R.S.F.) and NIH 
predoctoral training grant GM08427 (R.J.C.).

673.13
NITRIC OXIDE SYNTHASE AND GUANYLATE CYCLASE BLOCKERS CAUSE 
DEATH OF RAT DORSAL ROOT GANGLION NEURONES IN DISSOCIATED 
TISSUE CULTURE. T. Thippeswamy and R. Morris (SPON: Brain Research 
Association). Dept. Vet. Preclin. Sci, Univ. Liverpool, L69 3BX, UK.

Nitric oxide synthase (NOS) is expressed in the majority of rat dorsal root 
ganglion (DRG) neurones in embryonic (El 3) development, whilst in the adult very' few 
of these neurones express this enzyme. However, following nerve section the enzyme is 
reexpressed in many of the denervated neurones. In dissociated cultures of DRG from 15 
day old (Pl 5) rats we have demonstrated that NGF negatively regulates the expression of 
NOS. In a defined medium it was found that many of the neurones which do not express 
NOS die suggesting that NO may be neuroprotective.

To test this, dissociated cultures of P14-P16 rat DRG were grown in culture and 
blockers of either NOS or guanylate cyclase added. The cultures were grown in either 
a serum rich media (SRM) for 5 days (with or without the addition of 20ng/ml of NGF) 
or following 2 days in SRM in a defined medium (DM) (with NGF). NOS expression was 
elevated in DM and in SRM was increased by removal of NGF and addition of mouse 
anti-NGF (1:200 dilution). The following drugs were employed L- and D- N°-Nitro-L- 
arginine methyl ester (-NAME), L- and D- N°-Nitro-D-arginine (-NNA), 3-Bromo-7- 
Nitroindazole(BNI) and lH-[l,2,4]Oxadiazolo[4,3-a]quinoxalin-l-one (ODQ) (all used 
at a concentration of lOpM and added to the cultures 6 or 12hrs prior to fixation). NOS 
was detected immunocytochemically using standard methods.

Irrespective of the culture conditions L-NAME, L-NNA, BNI and ODQ all 
caused a dramatic and selective death of NOS positive neurones compared with the 
inactive isomers D-NAME and D-NNM or control vehicle treated cultures (P<0.005, t- 
test). At short time intervals after treatment (6hrs) many of the NOS containing neurones 
showed a pattern of condensation of their cytoplasm and blebbing typical of apoptosis. 
These observations suggest that the increase in NOS observed in DRG neurones 
following nerve damage would have a survival promoting function.

673.14
CEP 1347 RESCUES NEURONALLY DIFFERENTIATED PC 12 CELLS 
FROM DEATH INDUCED BY THREE DIFFERENT TYPES OF APOPTOTIC 
INSULT. Anna C. MaronevT David S. ParkL Carol M. TrovL Donna Bozyczko- 
Coyne*#, Terry O’Kane? Craig Dionne**, Nicola Neff, Lloyd GreeneL
"Cephalon Inc., 145 Brandywine Pkwy., West Chester, Pa 19380. +Columbia 
Univ. College of Physicicans and Surgeons, New York, New York 10032,

CEP1347, an indolocarbazole from the K-252a family, has been shown 
to rescue neurons from death induced by a variety of insults in vivo (e.g. 
axotomy, excitotoxin, neurotoxin and developmentally regulated programmed 
cell death). CEP 1347 also promotes survival of several primary embryonic 
neuronal cell types in vitro. In an effort to study the survival mechanism of 
CEP 1347 it was of interest to examine its effect on death of neuronally 
differentiated PC 12 cells evoked by different apoptotic insults. Trophic 
withdrawal, DNA damage and oxidative stress were used to induce apoptosis of 
neuronally differentiated PC 12 cells. These insults induce apoptosis by distinct 
pathways that include both shared and unique components. CEP1347 protected 
differentiated PC 12 cells from apoptotic death induced by NGF deprivation, 
DNA damage (UV, camptothecin, AraC) and superoxide dismutase depletion. 
The EC50 for survival under these various stresses was approximately 20nM. It 
has been previously shown that CEP 1347 rescues primary motoneurons from 
death and that this correlates with inhibition of the Jnk signaling pathway. 
Therefore, we also measured the effect of CEP1347 on Jnk and p38 activity in 
neuronally differentiated PCD cells. Our data suggest that CEP 1347 blocks a 
common element in the death pathways activated by these different apoptotic 
stimuli and that PCD cells are an appropriate model to examine the survival 
mechanism of CEP1347.

Supported in part from Cephalon Inc. and grants from the Aaron Diamond 
Foundation (D.S.P.), MDA and APDF (C.M.T.) and NIH-N1NDS and B.H. 
Rockefeller Foundation (L.A.G.).

673.15
CALBINDIN PROTECTS PC 12 CELLS FROM DEGENERATION UNDER 
CERTAIN CONDITIONS. A.M, lacopino*. A, McMahon and D C. German. 
Dept. of Biomedical Sci., Baylor College of Dentistry-Texas A&M Univ., Dallas 
TX 75246 and Dept. of Psychiatry, Univ. of Texas Southwestern Medical Center, 
Dallas TX 75235-9070.

The calcium-binding protein calbindin-D28k (CB) has been proposed to function, 
in part, to protect cells from degeneration. Several lines of indirect evidence are 
consistent with a neuroprotective role for CB. The present study sought to obtain 
direct evidence concerning whether CB can protect cells from conditions which 
cause cell death. PC 12 cells were stably transfected with a CB cDNA and tested for 
viability following exposure to MPP+ (300 pM, for 21 hr), glutamate (10 mM for 
3, 6, 9 and 24 hr) and the calcium ionophore A23187 (10 pM for 21 hr). Cell 
viability was assessed by measuring lactate dehydrogenase (LDH) release into the 
culture media. Following MPP+treatment, cell pool CB58 (which contained greater 
amounts of CB than pool CB70) exhibited a significantly lower LDH release than 
control cells, but CB70 cells were no different than control cells. Following 
glutamate treatment, normal PC 12 cells and clonal line CB3 exhibited significantly 
less LDH release at 6,9 and 24 hour time points compared to vector control cells, 
which contained no CB. However, CB offered no protection against A23187 as the 
four CB-containing clonal lines exhibited the same LDH release as did vector 
control cells. We have previously demonstrated that CB-containing PC 12 cells are 
less vulnerable to the effects of serum withdrawal (McMahon et al., 1995), and 
such cells exhibit reduced elevations in intracellular Ca2+ upon stimulation with 
bradykinin and ATP (Wong et al., 1996). These data indicate that under certain 
conditions CB can protect cells from degeneration, and that CB-containing cells 
buffer sustained elevations in intracellular Ca2L Research supported by NS30406.

673.16
PROTECTION OF DOPAMINE-INDUCED CA2+ DEREGULATION AND 
VIABILITY LOSS IN PC-12 CELLS. I. Cantuti-CastelvetrUand J.A.Joseph. 
USDA-HNRCA at Tufts University, Boston, MA 02111.

The neurotoxic effects of DA may involve the enzymatic or autoxidative 
generation of reactive oxygen species (ROS). Previous results indicated that there 
were DA-induced decrements in the [Ca2+], reduction following depolarization. 
Present studies were undertaken to determine: a)if the previously observed DA- 
induced loss of Ca2+ regulation leads to cell death and b)putative protective 
agents. PC-12 cells were incubated in growth medium alone (control) or 
containing one of the following: a)calcium channel antagonists, nifedipine or 
conotoxin, b)the antioxidant, Trolox (Vitamin E), c)the nitrone trapping agent, 
PBN, d)MA0 A, MAO B or mixed MAO A,B inhibitors, clorgyline, deprenyl, 
or pargyline, respectively e)the DA uptake inhibitor, nomifensin, and f)the D, and 
D2 receptor antagonists, SCH23390 and spiperone, respectively. Cells were then 
incubated with 1 mM dopamine (DA) for 30 minutes or growth medium, and cell 
viability assessed (Eukolite Viabil. Kit, Molec. Probes). Results showed that just 
as was seen with respect to Ca2+ regulation, PBN and conotoxin had a protective 
effect on DA cytotoxicity (% viable cells did not significantly decline, e.g., 
Control 95% ,DA 70%, PBN+DA 85% p< 0.05), while Trolox had no protective 
capability (DA 70%, DA+Tr 78% p > 0.05) and nifedipine showed only partial 
protection (95% vs 82%). As might be expected, either DA uptake inhibition or 
DA receptor antagonism prevented the DA-induced decreases in viability, while 
selective MAOA inhibition was partially effective (95% vs 81%). MAOB 
inhibition was effective in this regard, presumably by SOD/catalase stimulation. 
MAOB is not present in PC-12 cells. (Support: USDA Intramural).
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673.17
N-ACETYLCYSTEINE MAINTAINS PC 12 CELL SURVIVAL THROUGH 
ACTIVATION OF THE RAS PATHWAY. C.Y.I.Yan* and L.A.Greene. 
Center for Neurobiology and Behavior and Dept. of Pathology, 
College of P & S, Columbia University, New York, NY 10032.

We have shown previously that N-acetylcysteine (NAC) 
promotes long-term survival of PC 12 cells and sympathetic 
neurons in the absence of trophic factors. However, unlike 
trophic factors, NAC is unable to maintain survival of PC 12 
cells that constitutively overexpress the dominant negative 
form of p21 Ras, suggesting that Ras plays a required role in 
NAC-induced survival. Consistent with this, 60 mM NAC 
activated Ras in vivo, but at a slower rate and lesser intensity 
than NGF. Additionally, NAC stimulated ERK1 activity and 
expression of fos, jun and Tis 11, but again, in a manner slower 
and weaker than NGF. We also tested whether PIS kinase, 
which has been proposed to participate in NGF-mediated 
survival, is necessary for NAC-induced survival. While NGF- 
mediated survival of PC 12 cells was significantly decreased by 
treatment with the PI3-kinase inhibitors wortmannin or 
LY294002, NAC-mediated survival was affected to a much lesser 
degree. Taken together, these data suggest that, NAC activates 
the Ras pathway and that Ras activation is required for 
mediation of NAC's survival promoting actions. Furthermore, 
our findings indicate that PI3 kinase activity does not seem to 
be a major contributor to NAC-induced neuronal survival. 

Supported by the NINDS and ALS Foundation.

673.18
TROPHIC FACTORS REDUCE THE INCIDENCE OF PROGRAMMED CELL 
DEATH IN A SYMPATHOADRENAL CELL LINE. Jamie D, Twiselton and 
Laurie C, Doering*. Anatomy, McMaster University, Hamilton, Ontario, 
Canada L8N 3Z5.

A sympathoadrenal precursor cell line known as the MAH cell line carries 
the v-znyc oncogene and differentiates into sympathetic-like neurons when 
exposed to trophic factors in vitro or when transplanted in vivo to the 
nervous system. MAH cells die rapidly in culture and require combinations 
of regular passage and media replacement.

The expression of programmed cell death (PCD) in the MAH cell has not 
been studied. We used terminal deoxytransferase (TdT) - mediated dUTP- 
biotin nick end labelling (TUNEL) and an apoptosis assay system (ApoAlert, 
CLONTECH) to detect and quantitate PCD in MAH ceils. Various 
experimental conditions including the effects of nerve growth factor (NGF) 
and fibroblast growth factor (FGF) on PCD were studied.

After 2 days in vitro the percentage of the total cell population assayed by 
TUNEL was determined as viable (9%), PCD (61%) and dead (30%). The 
addition of NGF or FGF or an NGF/FGF combination significantly increased 
the proportion of viable cells and reduced the fractions of dead cells and cells 
labeled in PCD. Values for the NGF/FGF conditions were viable (41 %), PCD 
(41%) and dead (18%).

The results indicate that extensive PCD occurs in the MAH cell and that 
trophic factor supplements can reduce the incidence of PCD in this cell line. 
MAH cells are now being genetically modified with viral vectors to explore 
the effects of selected gene expression on the process of PCD.
Funded by Natural Sciences and Engineering Research Council of Canada.

673.19

AN ENDONUCLEASE INHIBITOR PREVENTS A
CATECHOLAMINERGIC CELL LINE ( CATH a) AGAINST BOTH 
DOPAMINE-AND CALCIUM-INDUCED APOPTOSIS L. Gong,* 
R.J Wyatt and J.M. Masserano. Neuropsychiatry Branch, NIMH 
Neuroscience Center at St Elizabeth's Hospital, Washington, D C 
20032.

Previous studies have shown that neuronal cell death of CATH. a 
cells occurs by apoptosis following exposure to dopamine (DA). In this 
report, we investigated the relationship between DA- and calcium 
(Ca^+)-induced cell death in this cell line. Treatment of CATH. a cells 
with DA (250 pM) for 0 to 24 hrs produced a time-dependent increase 
in apoptotic cell death. DNA fragmentation was detected as early as 4 
hrs after exposure to DA. Antioxidants such as dithiothreitol (DTT) 
and deferoxamine (DFO), the iron chelator, were observed to inhibit 
DA-induced apoptotic cell death in a dose-dependent manner. 
Aurintricarboxylic acid (ATA), an inhibitor of endonucleases), 
produced dose-dependent suppression of DA-induced apoptotic cell 
death In addition, the divalent cation, Ca^+, caused a dose-dependent 
increase in apoptotic cell death in CATH.a cells. Moreover, treatment 
of these clonal cells with AT A, but not DTT and DFO, significantly 
inhibited Ca^+-induced apoptosis. These findings suggest that DA- 
induced cell death in CATH.a cells occurs through a cascade of 
intracellular events including free radical formation, calcium release and 
endoriuclease(s) activation.

673.20
PREFERENTIAL RESISTANCE TO APOPTOSIS DEPENDS ON THE 
NEURONAL DIFFERENTIATION STATE IN THE HUMAN 
NEUROBLASTOMA CELL LINE SK-N-SH. A. LombeL V. Zuiovic, S, 
Carvajal-Gonzalez, C. Billardon. M. Kandouz, A. Gompel and W. Rostene*. 
INSERM U 339, Hopital St-Antoine, 184 rue du Faubourg St-Antoine 75571 Paris 
Cedex 12, France.

The human neuroblastoma cells SK-N-SH (ATCC HTB-11) were able to be 
differentiated by means of various agents such as retinoic acid (RA), phorbol esters 
(PMA), staurosporine, human beta interferon, and vasoactive intestinal peptide 
(VIP). The possibility of the treated cells to undergo apoptosis has been followed 
using the TRAKCELL image analysis system after nuclear dying with Hoechst 
33342 and Hoffman contrast observation. Apotosis was induced by 24 h 
application of thapsigargine, a blocker of endoplasmic reticulum Ca2+/ATPase, 
after different days of differentiation.

The sensitivity of the cells to apoptosis was correlated to the appearance of 
blebs and of nuclear fragmentations after thapsigargine treatment. In parallel to 
morphological modifications, the expression of apoptotic modulators such as Bcl- 
2-like proteins (Bel-2, Bc 1-xl , Bax, Bak, Bad) and caspases (CPP32, IchlU was 
modified as shown by Western blot analysis. The evolution of these markers was 
depending on the differentiating agent that has been used. In response to 
thapsigargine, the cells treated with RA, PMA, and VIP were more resistant to 
apoptosis than control ones. Conversely, the cells treated with staurosporine were 
more susceptible to undergo apoptosis.

Finally a real time image analysis of intracellular calcium modifications has 
been carried out (QUANTICELL 700 system; Applied Imaging) as the apoptotic 
process occured and showed that slight modifications of calcium levels (50 nM < 
[Ca^+]i < 200 nM at t < 2-3 h) preceded drastic increase in intracellular calcium 
levels ([Ca^Hi > 200 nM at t > 3h) concomitant with blebbing and cell death. 

(Supported by INSERM)

673.21
OLIGODENDROCYTES PROMOTE THE SURVIVAL OF CENTRAL NERVOUS 
SYSTEM NEURONS IN VITRO AND IN VIVO. E. G. Munrot, A. Mever- 
Franke*J, J.., D.. Duncanj: and B. .A,_Bangst- fDept. of Neurobiology, Fairchild 
Science Building, Stanford Univ. Sch. of Med., Stanford, CA 94305-5401. fSch. of 
Veterinary Med., Dept. of Med. Sciences, Univ. of Wisconsin, Madison, WI 53706.

One well established function of glial cells is to help to promote neuronal 
survival. For instance, astrocytes and Schwann cells secrete a variety of neurotrophic 
factors. We have asked whether oligodendrocytes also help to promote neuronal 
survival in vitro and in vivo. In culture, purified oligodendrocytes secrete a protein 
that is greater than 10 kD that significantly enhances the long-term survival of 
purified retinal ganglion cells. This activity is not mimicked by known ghal-secreted 
peptide trophic factors including BDNF, CNTF, IGF-1, FGF, BMP-4, BMP-7, 
amphiregulin, and GDNF. To determine whether oligodendrocytes help to promote 
the survival of other types of CNS neurons, we purified cerebral cortical neurons 
using a sequential immunopanning method that took advantage of the Thy-1 
expression of most CNS neurons but not glial cells. Oligodendrocyte conditioned 
medium enhanced their survival from 25.6% ± 0.7% to 56.3% + 2.7% over a three 
day culture period (mean ± sem, n=3). To determine whether oligodendrocytes also 
promote neuronal survival in vivo, we examined the retinal ganglion cell layer of 76 
day old adult retinas from myelin deficient (md) rats that lack oligodendrocytes but 
have normal numbers of astrocytes. The number of cells in this layer undergoing cell 
death, as assessed by the TUNEL method for detection of DNA fragmentation, 
increased from 1 cell per 1000 in wild type rats to 31 cells per 1000 in the md mutant 
rats. Together these results show that oligodendroctyes normally help to promote the 
survival of CNS neurons and raise the question of whether loss of oligodendrocytes in 
the disease Multiple Sclerosis could also impair neuronal survival.

This work was funded by Howard Hughes Medical Institute (E. G. M.), the 
National Eye Institute (B. A. B.), and the National Institute of Health (I. D. D.).
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674.1
QUANTITATIVE MEASUREMENT OF FUNCTIONAL RECOVERY 
AFTER FACIAL NERVE CRUSH: EFFECTS OF BDNF. V. Wong*, D. 
Kleinfeld'. K.D. differ, Y. Song, D. Dorre, J. Park, K. Barbieri, P.S.
DiStefano, R.M. Lindsay, B. Friedman. Regeneron Pharmaceuticals,
Tarrytown, NY, ‘Dept. Physics, UCSD, La Jolla, CA.

Neurotrophic factor expression is altered during repair processes when
axons regrow through peripheral nerve crush sites. These changes in 
neurotrophic factor expression in regenerating nerve are transient and vary 
during recovery of function, suggesting that neurotrophic factors play a 
role in the regeneration process. To define the pharmacologic role of 
neurotrophic factors in nerve regeneration, we have devised a novel 
system for quantitative measurement of functional recovery during facial 
nerve regeneration. The facial nerve of adult middle-aged rats (6-8 
months) was crushed and the vibrissae became immobile. Functional 
recovery was quantitatively measured by monitoring whisker movements 
from video images. Recovery was expressed as a ratio of protraction angle 
of the lesioned side to that of the intact side. We showed that the 
protraction ratio was 0.1 at day 15 and increased linearly to 0.7-0.8 at day 
21. Complete functional recovery (1.0) was not achieved, even at 6 weeks 
post-lesion. Interestingly, when BDNF was administered at the relatively 
high dose of 20 mg/kg s.c, recovery of whisking behavior was retarded by 
approximately 3 days. At post-lesion day 18, the protraction ratio of 
BDNF-treated rats was only 25-50% that of vehicle, indicating a greater 
functional deficit. This effect was dose-dependent. EMG recording from 
vibrissa muscles during facial nerve stimulation showed a parallel 
retardation in BDNF-treated animals.
Supported by Regeneron Pharmaceuticals

674.2
DIFFERENTIAL DISTRIBUTION OF BRAIN-DERIVED NEUROTROPHIC 
FACTOR (BDNF) AND TRKB IN REGENERATING DORSAL COLUMN 
AXONS IN A MODEL OF SPINAL CORD INJURY. A.A. Cameron* Dept. of 
Biology, Uni. Cal. San Diego, La Jolla, CA 92093.

Previous studies have shown that axotomised dorsal column axons will regenerate 
into a peripheral nerve graft. The neurotrophin BDNF and its receptor trkB have been 
implicated in neuronal regeneration. BDNF and trkB are synthesized by dorsal root 
ganglion neurons, and expressed in the spinal cord. The aim of this study was to 
examine the distribution of BDNF and trkB in dorsal column axons which had 
regenerated into a peripheral nerve grafted into the spinal cord.

Rats were anesthetised and the sciatic nerve was transected on one side. Six days 
later the rats were reanesthetised and a 1mm portion of the ipsilateral fasciculus 
gracilis was resected. At the same time a 1mm portion of the distal stump of the 
transected peroneal nerve was placed into the lesion cavity. Ten days later the animals 
were reanesthetised and 3pl of the B subunit of cholera toxin (CTB) was injected into 
the proximal stump of the transected nerve. Three days later, the animals were 
reanesthetised and perfused with saline followed by 2% paraformaldehyde in 
phosphate buffer. The spinal cord containing the graft was removed and processed for 
immunohistochemical demonstration of CTB, BDNF and trkB.

CTB stained axons were seen as a tract within the fasciculus gracilis, and the 
regenerating fibers entered and coursed through the graft as far as its rostral point of 
attachment to the spinal cord. BDNF stained fibers were visible immediately caudal 
to the graft and many varicose fibers coursed through the graft to its rostral margin. 
In addition, BDNF stained neurons were seen predominantly in the ipsilateral dorsal 
horn, within 1mm of the graft. TrkB fibers were not seen in the graft, although a 
high density of stained fibers was present in the adjacent dorsal horn.

BDNF is anterogradely transported in regenerating dorsal column axons. However, 
trkB is not seen in these axons. Thus, the ability of axotomised dorsal column axons 
to regenerate may be influenced by the spinal administration of trkB.

674.3
DESCRIPTION OF THE STAGES OF BRAIN REGENERATION IN 
EARTHWORMS (EIS^NIA FEJipA). I.Telkes.*1 M.Csoknva.1 J.Bama. 
T.Banvolgvi. J.Hamori. K.Elekes2. Department of General Zpology and 
Neurobiology, Janus Pannonius University, H-7624 Pecs, Hungary, department 
of Experimental Zoology, Balaton Limnological Research Institute of the 
Hungarian Academy of Sciences, H-8237 Tihany, Hungary.

The nervous system of adult vertebrates represent a postmitotic stage. In 
certain invertebrates (e.g. hydra, planaria) parts will be regenerated from intact 
pieces after injury of central nervous system. The ability of regeneration is typical 
to nervous system of Oligochaeta. This process can be influenced by both 
extrinsic and intrinsic factors. The aminergic (serotonin /5-HT/, tyrosine 
hydroxilase /TH/, dopamine /DA/, octopamine /OA?), peptidergic (FMRFamide, 
proctolin) and y-aminobutyric acid immunreactive (GABA-IR) elements appear 
and occupy their own final positions in different times and manners in 
gangliogenesis. The stages of gangliogenesis: the development of - [1] superficial 
epithelial layer, - [2] primer loose scar tissue (on 1st, 2nd days), appearance 
of - [3] immunreactive fibers in scar tissue (on 2nd, 3rd days), - [4] neurons of 
different chemical character in scar tissue (GABA and 5-HT on 3rd postoperative 
day, proctolin and FMRFamide on 7th day, TH on 11th day), - [5] preganglion 
which is isolated by a capsule (on 25th - 27th days) - [6] the neurons occupy their 
final positions in the newly formed brain. After brain extirpation the trophic effect 
of different signal molecules originating from the injured surface stimulate the 
neuroblasts. The newly formed, chemically specific neuron populations take their 
origin from 4 locations of the body (the intact ganglia, the neuroblasts around the 
intact ganglia, the inner surface plexus of body wall and the division of neurons in 
dorsal wall of pharynx). During embryonic development and regeneration 5-HT 
and GABA are the first signal molecules in neuroblasts influencing the 
differentiation of cells and axonal outgrowth. Detection of the appearance of 
neurons containing different signal molecules and their changing number 
provides a good possibility to reveal the stages and process of gangliogenesis.

Supported by OTKA grant No. 16728 to M. Cs.

674.4
FUNCTIONAL RECOVERY AND RESTORATION OF AXONAL 
PROJECTIONS OF AN IDENTIFIED NEURON FOLLOWING INJURY IN THE 
MOLLUSK LYMNAEA STAGNALIS A.B. Smit*, C.J. Koert, R.E. van Kesteren, 
and W.P.M. Geraerts Dept. of Molecular and Cellular Neurobiology, Institute for 
Neurosciences Vrije Universiteit, Faculty of Biology, Amsterdam, The Netherlands

The two cerebral giant cells (CGC) in the CNS of the freshwater snail Lymnaea 
stagnalis form a pair of electrically coupled neurons that are involved in the 
modulation of feeding behavior. The CGCs have a major axon projecting from the 
cerebral ganglia into the buccal ganglia, that is capable to regenerate after injury. We 
first optimized the surgical experimental procedures and identified the different phases 
of CGC regeneration (i.e., axonal outgrowth and/or synapse formation), using 
electrophysiological techniques, whole-mount immunocytochemistry, and a 
behavioral readout system.

The CGCs are known to synthesize serotonin, and the production of myomodulin 
neuropeptides is inferred from immunocytochemistry. Using mass spectrometry 
(MALDI-MS), HPLC, and cDNA cloning we confirmed the expression of 
myomodulin in the CGC and characterized novel neuropeptides. MALDI-MS, in situ 
hybridization and immunocytochemistry, were then employed to quantify these 
neurotransmitters and/ or their transcript levels in the CGC during the process of 
regeneration. Whether these transmitters are functionally implicated in neuronal 
outgrowth of the CGC after injury is currently under investigation.

Recently, we set out to identify gene expression which is related to the process of 
regeneration, in the putative target neurons of the CGC in the buccal ganglia. We 
used differential display PCR to screen the expression profile of -2.500 genes. Of 
about 15 genes the expression during regeneration was changed, 7 transcripts were 
found to be up-regulated and 8 were down-regulated. The characterization of these 
transcripts is presently under investigation.

674.5
HAIR CELL REGENERATION AND HEARING RECOVERY IN 
HEARING IMPAIRED BELGIAN WATERSLAGER CANARIES 
(Serinus Canaria). R.J. Dooling*. B.M. Ryals, O. Gleich, and J. 
Presson. Dept. of Psychology, University of Maryland, College Park, 
MD 20742.

Canaries have been selectively bred for their song and their plumage 
for over a century. One strain, the Belgian Waterslager canary, has 
developed an inherited high frequency hearing loss at high frequencies 
due to missing and damaged hair cells on the basilar papilla. In a series 
of experiments using markers for cell proliferation, we demonstrate that 
these canaries, in contrast to normal birds, show ongoing hair cell 
proliferation that fails to repair the papilla or improve hearing at high 
frequencies. Autoradiography on semithin sections of basilar papilla at 
5 days and 10 days after injection with [3H] thymidine revealed labeled 
support cells and labeled hair cells. These results confirm on-going hair 
cell regeneration in the Belgian Waterslager Papilla and support the 
notion that these regenerated hair cells reach a mature morphological 
state. Treatment with ototoxic drugs (kanamycin) or exposure to high 
levels of noise are both effective in increasing the rate of hair cell 
proliferation in Belgian Waterslager canaries. Behavioral measures of 
absolute thresholds for several months following treatment with 
kanamycin reveal that hearing improves over pre-treatment absolute 
thresholds. One interpretation of these results is that damaged or 
compromised hair cells in Belgian Waterslager canaries may be further 
damaged by trauma resulting in their extrusion. These cells may then be 
replaced with regenerated “healthier” hair cells that contribute to 
increased auditory sensitivity.
Supported by NIH Grants DC-01372 to RJD and BMR and MH-00982 
to RJD

674.6
PATHWAY SPECIFICITY OF REGENERATING PRIMARY SENSORY 
AXONS. STUDIES IN AN IN VITRO MODEL SYSTEM.
I. Gavazzi*. S.B. McMahon and J. Cohen. Departments of Developmental Neurobioiogy 
and Physiology, UMDS, Guy's and St Thomas's Hospitals, London SE1 9RT, UK.

An essential prerequisite for successful nerve regeneration in the PNS is the presence of 
cues that can guide regenerating axons to follow their appropriate distal pathways, and the 
ability of regenerating axons to recognise such cues. Early in postnatal development 
characterised primary sensory neurons regenerate selectively in culture on homotypic 
(appropriate) versus heterotypic (inappropriate) nerve pathways (Anand et al., Eur. J. 
Neurosci. 8: 649-657, 1996). The aim of the present study was to establish whether adult 
neurons retain the ability to distinguish between different distal nerves. L4/5 DRG neurons 
(which normally innervate somatic targets in the hindlimb) and nodose ganglion neurons 
(innervating visceral targets) from 30 days (P30) or 2 months old rats were enzymatically 
dissociated and cultured onto 8 pm cryostat sections of homotypic (sciatic nerve for DRG 
and vagus nerve for nodose ganglion) or heterotypic unfixed nerves. Some nerves were 
lesioned ten days prior to harvesting of the tissue. After 2 days the cultures were fixed and 
immunostained with anti-GAP-43 antibodies, which stain neurites and growth cones in 
their entirety. For P30 rats, there was no significant difference in the proportion of neurons 
that extended neurites > 3 cell body diameters on either intact nerve substrata, but for DRG 
neurons the maximum length of neurites was significantly longer on homotypic nerve 
substrata. The ability to discriminate between appropriate and inappropriate intact substrata 
was even greater for neurons from 2 months old rats. For DRG neurons, there was an 
additional correlation between cell body size and successful growth. Neurons projecting to 
visceral targets are mostly (~90%) small, whilst neurons to somatic targets have a greater 
(~50%) proportionoflargerneurons (McMahon et al., Neuron 12: 1161-1171, 1994). We 
showed that the distribution of cell diameters of L4/L5 neurons extending neurites on the 
nerve sections was shifted towards a larger size in cells growing on sciatic nerve. The 
results of these experiments confirm that in vitro adult primary sensory neurons, like their 
neonatal counterparts, are able to discriminate between appropriate and inappropriate 
peripheral nerve pathways. Further studies are in progress to identity the mechanisms 
underlying selective axonal regeneration in adult nerves. Supported by the Wellcome Trust.
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674.7
REDUCTION OF DELAYED-DEPOLARIZATION IN THE RAT CUTANEOUS AFFERENTS 
FOLLOWING NERVE INJURY. J. Sakai1, 0, Honmou, and K. Hashi, 
Department of Neurosurgery, Sapporo Medical University School of 
Medicine, Sapporo 060 JAPAN

The response of the adult mammalian neuron to injury is currently 
an area of considerable research interest. Nerve injury-induced 
changes in excitability of the adult sensory neuron have been of 
particular interest because inappropriate excitability from several 
different sites of the injured sensory neuron have been implicated in 
the pathogenesis of sensory abnormalities commonly seen after 
peripheral nerve injury. Much attention has been previously focused 
on changes in excitability at the site of nerve injury, where a 
neuroma often forms, and has indicated increased mechanosensitivity, 
chemosensitivity, and axonal crosstalk occurring in the neuroma. 
However, several studies have indicated electrophysiological changes 
can also occur more proximally both in the neuron and in the axons 
after injury. The present experiments were undertaken to dissect the 
mechanism of changes in excitability properties after peripheral 
injury. The delayed depolarization in the rat sural nerve was 
significantly reduced after nerve transection (control: 38.1 ±
1.7 %; injury: 25.9 ±3.2 % [ratio of delayed/fast depolarization]), 
and that the degree of this reduction correlated with the degree to 
which the sensory neuron was allowed to reestablish target 
connections. It appears that peripherally derived influences are 
essential in maintaining the electrophysiological phenotype of 
cutaneous afferents.

674.8
SPONTANEOUS AXONAL GROWTH INTO THE LESION SITE 
FOLLOWING CLOSED CONTUSION INJURY TO THE ADULT 
RAT SPINAL CORD. G.A, Brook, D, Plate, A.Schmitt, W. Nacimiento, R. 
Franzen, D, Martin, G. Moonen, J. Schoenen and J.Noth*. Dept. of Neurology, 
Aachen University Medical School, Aachen, Germany and Dept. of Human 
Physiology and Pathophysiology, University of Liege, Liege, Belgium

Spontaneous axonal regeneration into the lesion site was assessed following 
contusion injury caused by a subdural inflatable balloon which induced massive 
destruction of the spinal cord at T10-11. Inflation of the balloon (40gl, 5 minutes) 
caused a large haemorrhagic lesion of the spinal cord and complete paralysis of the 
hindlimbs. Immunohistochemistry indicated that at 2 days post-operation (p.o.) the 
spinal gray matter at the region of the lesion was undergoing haemorrhagic 
necrosis and contained numerous polymorphs, scattered axonal fragments, myelin 
debris and occasional fibres with terminal end-swellings. By 7 days p.o., the lesion 
site was occupied by abundant large diameter OX42-positive "foamy" 
microglia/macrophages, several 192-IgG-positive Schwann cells and a few 200kDa 
neurofilament-positive axons. By 14 days p.o., Schwann cell processes formed a 
dense, intricate network throughout the whole lesion site. A similar distribution 
pattern of numerous fascicles of 200kDa neurofilament-positive axons could also be 
detected, suggesting that growing axons were following Schwann cell derived 
guidance cues. Immunohistochemistry for inhibitory neurotransmitter GABA, 
revealed extensive GABAergic nerve fibre ingrowth into the lesion site. 
Substantial numbers of 5-HT immunoreactive fibres could also be detected, these 
fibres accumulated at and penetrated the rostral portion of the lesion site. It is likely 
that this marked spontaneous axonal ingrowth into the lesioned spinal cord is due 
to growth factors and cell surface adhesion molecules provided by the heavy 
Schwann cell infiltration. (Supported by grants from the DFG (102/2-2). BMBF 
(TP9) and BIOMED.2).

674.9
REGENERATION OF AUDITORY FIBRES OF THE LOCUST. K. Jacobs* 
and R. Lakes-Harlan, I. Zool. Inst., Univ. Gottingen, 37073 Gottingen, FRG

After crushing the tympanal nerve of adult locusts (Schistocerca gregaria}, 
the distal part of the sensory fibres degenerate, whereas the proximal parts 
grow out again and establish new connections to their former target cells 
within the auditory neuropil (mVAC). The aim of our studies was (i) to 
investigate the pathways and arborizations of regenerating fibres and (ii) to 
analyse cellular and molecular cues that are expressed on pathways and 
within target regions. Staining of single fibres revealed that regenerating 
auditory cells often enter the metathoracic ganglion with two and more 
axonal processes, which use two different pathways and which subsequently 
not only project into the mVAC, but also form arborizations within another 
sensory neuropil (aVAC). The use of monoclonal antibodies against 
developmentally expressed molecules as well as of different lectins that bind 
highly specific to carbohydrate residues revealed that various components of 
both the tympanal organ and the metathoracic ganglion show specific 
antibody and lectin binding. Both the mVAC and the aVAC have a different 
glycolysation pattern in intact animals, which is partly modified after 
deafferentation. Ultrastructural studies showed that degeneration products 
and glial cells occur along the pathways of HRP-filled regenerating sensory 
neurons. The misleading of regenerating auditory fibres into the aVAC might 
be caused by molecular and cellular changes induced by degeneration of 
hair sensilla. The fibres of hair sensilla also run within the tympanal nerve 
and were crushed together with the fibres of auditory receptor cells. 
Acknowledgement: We thank M. Bastiani and C.S. Goodman for the 
generous gift of different monoclonal antibodies. Supported by the DFG, 
Sonderforschungsbereich 406, Teilprojekt A6

674.10
LOSS AND RESTORATION OF RAT URINARY BLADDER FUNCTION 
AFTER LUMBOSACRAL RHIZOTOMY AND ENSHEATHING GLIA 
TRANS PL ANTATION. J.L Pascual, G. Gudino-Cahrera, R. Insausti 
and M. Nieto-Sampedro*. Dept. Neural Plasticity, Cajal Institute, 
CSIC, Madrid, and Dept. Anatomy, Univ. Navarra, Pamplona, Spain.

Purified olfactory ensheathing cells (ECs), transplanted in the 
spinal cord dorsal root entry zone, promote regeneration of sensory 
axons after rhizotomy (1). Male rats, consistently developed a 
neurogenic bladder after bilateral transection of functionally identified 
L6, SI and S2 dorsal roots. Purified ECs (2), unilaterally transplanted 
in the spinal cord entry zone of the sectioned roots (30-50.000 cells per 
site in 1 pi, 800 pm deep), promoted sensory axon regeneration and 
recovery of urinary bladder function, eight weeks after rhizotomy. In 
normal animals, WGA-HRP solution injected in the urinary bladder 
wall (10 mg/ml, 1 pi), was transgangiionically transported to the 
dorsal horn (3). Retrograde transport was abolished after bilateral 
rhizotomy and restored in animals receiving EC transplants. Electron 
microscopical examination revealed that labelled regenerated axons 
formed synaptic contacts in the area of the sacral parasympathetic 
nucleus. Presumably, these synapses mediated urinary bladder 
function recovery, observed after EC transplantation. Supported by 
grant 95/0033 from the Department of Health, Spain.

(1) Ramon-Cueto, A &Nieto-S am pedro, M. (1994) Expt. Neurol. 127:232-244.
(2) Gudino-Cabrera,G.&Nieto-Sampedro (1996)Restor.Neurol.Neurosci. 10: 25-34.
(3) Pascual, J.L, Insausti, R.&Gonzalo, L.M. (1993) J.Urol. 150: 500-504.

674.11
PARTIAL DENERVATION OF SOLEUS MUSCLE RESULTS IN AN AGE- 
DEPENDENT DECREASE IN THE EFFICACY OF THE REMAINING 
NEUROMUSCULAR JUNCTIONS. J.L, Lubischer* and WJ, Thompson. Dept. 
of Zoology, University of Texas, Austin, TX 78712.

Following partial denervation (PD) of mature muscles, the remaining 
motoneurons sprout and reinnervate denervated fibers. Some evidence suggests 
that these sprouting motoneurons decrease in synaptic efficacy. We have 
begun studies to determine if developing motoneurons, which are less capable 
of functionally reinnervating fibers after PD, also show impaired synaptic 
function. The soleus muscle was partially denervated unilaterally in rats on 
postnatal day 14 (P14) or P25-35 (P30), and 3 days later experimental and 
contralateral control muscles were dissected with their nerves and examined in 
vitro. In some animals (n=4 at each age), individual motor units were isolated 
from ventral roots. Individual motor units in PD muscles produced less tension 
than control units, especially at higher frequencies (40-100 Hz). These deficits 
were more pronounced after PD at P14 than at P30. Especially striking after 
PD at P14 was a failure to maintain tension during 100 Hz stimulation of single 
units or of the entire nerve (n=l 1). This failure was not seen with direct 
muscle stimulation, and therefore cannot be explained by muscle fatigue. 
Experimental muscles were also more sensitive to curare block, and again this 
effect was more pronounced in P14 PD muscles. The concentration of curare 
required to block all nerve-evoked contraction was 2.3 fold greater in 
contralateral muscles than in P14 PD muscles and 1.4 fold greater in 
contralateral muscles than in P30 PD muscles (n = 3 per group). These results 
provide evidence of a greater impairment of synaptic function after PD at P14 
than at P30. Immunohistochemical labeling of synaptophysin in nerve 
terminals and a-bungarotoxin labeling of the acetylcholine receptor plaque 
suggest a profound morphological disruption of nerve terminals after PD on 
P14, a disruption not seen to the same extent after PD at P30. Supported by 
NRSA F32 NS09687 and NIH NS20480.

674.12
GANGLIA TRANSPLANTATION STUDIES USING TWO DIFFERENT 
CRAYFISH SPECIES. M. Rindos, F. Briggs and S.J. Velez*, Dept. of 
Biological Sciences, Dartmouth College, Hanover, N.H. 03755.

We had previously shown that crayfish neurons could be 
transplanted from one animal to another of the same species, 
regenerating connections into a denervated muscle field (Soc. 
Neurosci. Abstr. 19:6441. Using similar surgical procedures, we 
are now able to transplant (a) one or two nerves from one 
animal into another animal of the same species and (b) one 
nerve from one crayfish species into a different crayfish 
species. Regeneration was ascertained by recording junction 
potentials (jp's) produced by the spontaneous activity of the 
regenerating nerve. In experiments using only one crayfish 
species, one or two superficial flexor (SF) nerves of 
Procambarus clarkii were transplanted into a denervated third 
segment SF muscle of another crayfish. The animals receiving 
1 nerve showed faster and more complete regeneration of the 
target field within 12 weeks than the animals receiving two 
nerves. In experiments using two different crayfish species, 
the SF nerve of Procambarus clarkii was transplanted into the 
denervated SF muscle of Orconectes virilis, with the reverse 
operation also performed. Growth was first detected at 4 weeks 
after the surgery and in both species it proceeded at a similar 
pace for the 10 weeks of this study. Connections across the 
entire muscle field were observed, with many muscle fibers 
showing 3 different types of jp's, suggesting innervation by at 
least 3 neurons of the 6 present in the nerve.

(Supported by Dartmouth College Research Funds)
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675.1
UPREGULATION OF LI mRNA IN ADULT RAT CEREBELLAR NEURONS 
IS CORRELATED WITH THEIR ABILITY TO REGENERATE AXONS.
Y. Zhang, P.N. Anderson, G. Campbell, M. Schachner and A.R. Lieberman*.
Dept. of Anatomy, UCL, Gower Street, London WC1E 6BT and ETH, Zurich. 

CNS neurons vary in their ability to regenerate axons into peripheral nerve
(PN) grafts. Some neurons, such as those of the thalamic reticular nucleus and 
deep cerebellar nuclei (DCN) are able to regenerate their axons, while others, 
such as Purkinje cells are not able to do so. In order to elucidate aspects of the 
molecular basis of differential axonal regeneration we have investigated the 
expression of the neural cell recognition molecule LI following the implantation 
of a PN graft into the cerebellum of adult rats anaesthetized with Halothane. 
Seven-30 days later the animals were re-anaesthetized and the distal end of the 
graft was injected with a retrograde tracer (CT-HRP conjugate). Two-3 days 
later the animals were killed and their brains removed and frozen. Coronal 
cryostat sections (12pm) were postfixed and reacted for HRP. Immediately 
adjacent sections were hybridized with a digoxygenin-labelledriboprobefor the 
extracellular region of LI. Neurons in the DCN close to the graft tip greatly 
upregulated LI mRNA and in animals surviving 14-30 days many of the 
strongly LI mRNA+ cells were also retrogradely labelled, showing that they had 
regenerated axons into the grafts. In animals in which the graft tip inadvertently 
encroached on the brainstem, a few brainstem neurons close to the graft tip were 
retrogradely labelled and these cells had also upregulated LI mRNA. In 
contrast, Purkinje cells did not express LI mRNA in unoperated animals, did not 
upregulate LI mRNA in response to a PN graft, and were never retrogradely 
labelled. Thus the upregulation of LI mRNA by neurons in the DCN and some 
orainstem nuclei is correlated their ability to regenerate axons into PN grafts. 
Supported by the Wellcome Trust.

675.2
IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES IN THE 
RETINA AFTER DIFFUSE OPTIC NERVE INJURY. M.R. Kreutz1*, C.I, 
Seidenbecher1, T.M. Bockers2, B.A. Sabel1. 1 Inst, of Med. Psych., Otto-von-Guericke 
Univ., Magdeburg,2 Inst, of Anatomy, Westf. Wilhelms Univ., Munster, Germany. 
Controlled optic nerve crush has been considered as a model of partial and diffuse 
axonal injury, which is a major component of secondary cell death after neurotrauma. 
We were interested to identify yet unknown gene products which could be involved in 
neuronal vulnerability and survival after retinal injury. To pursue this goal we have 
used a technique called suppresion PCR. Poly A RNA was extracted from retinae after 
controlled optic nerve crush. After reverse transcription the resulting cDNA is splitted 
in two pools and ligated with two different adaptors, followed by two rounds of 
subtractive hybridization with cDNA from uninjured controls. In the second round 
only those templates can anneal which are enriched after injury and the ligated adaptor 
sequences were used for subsequent PCR amplification. With this protocol we have 
analyzed so far more than 42 fragments, from which approx. 30% are unknown. To 
answer the question whether the gene products are actually regulated by injury we used 
these fragments for RT-PCR, in situ hybridization and northern blot analysis. One of 
the gene products found during this screen was the cell adhesion kinase-13 (CAR 13), 
also called PYK-2 (for Protein tyrosine kinase 2). CAK-13 belongs to the group of 
cytoplasmic tyrosine kinases and has a high homology to the focal adhesion kinase 
pi25 FAR, but is, in contrast to pi25FAR, preferentially expressed in the central 
nervous system. CAR-13 immunoreactivity is frequently found in axons as well as in 
the optic nerve. In situ hybridization and northern blot analysis revealed that the 
transcript levels for CAR-13 were clearly elevated above control levels 1 week after 
nerve crush. The first increase in silver grain density was seen after three days and the 
transcript levels were still elevated after 2 weeks. The identification of CAR-13 as an 
upregulated gene in the ganglion cell layer might provide further insights in 
rearrangements of the cytoskeleton after diffuse axonal injury. Supported by grants 
from BMBF Neurotrauma TPA2, Magdeburg/Berlin and the Land Sachsen Anhalt.

675.3
A STUDY OF UPREGULATION OF GENE EXPRESSION OF CGRP AND 
GAP-43 IN DORSAL ROOT GANGLIA BY SPINAL HEMISECTION AND 
NERVE GROWTH FACTOR. M.P. Christensen*, S.C. Supowit, P.J. DiPette 
and C.E. Hulsebosch. Mar. Biomed. Inst., Depts. of Int. Med. and Human 
Biolo. Chem. & Gen., Univ. Texas Med. Br., Galveston, TX 77555

NGF manipulations influence the development of allodynia following spinal 
hemisection and regulate the protein and mRNA levels of GAP-43 and CGRP 
in vitro and in vivo. Since GAP-43 is a neural specific protein associated with 
growing neurites and CGRP is associated with fine primary afferents involved 
in nociceptive transmission, we tested the levels of mRNA for these two 
protein species in the spinal cord and in dorsal root ganglia (DRG) for several 
segments rostral and caudal to spinal hemisection and with NGF treatment in 
rats. Northern analysis revealed significant quantities of CGRP and GAP-43 
mRNA present in the DRG of control unhemisected animals (n=5). Following 
hemisection (n=5), there was a 2 fold increase in CGRP mRNA in DRG of 
both sides and a 2 fold increase in GAP-43 mRNA on the contralateral side 
only. Following continuous delivery of NGF at a dose of 35 ng/hr to the 
intrathecal space at the lesion site for 5 days, the mRNA for both CGRP and 
GAP-43 were significantly elevated by greater than 4 fold, on both sides, 
compared to control DRG values. These data corroborate the increased density 
and distribution of both proteins in the spinal grey that we previously reported. 
Furthermore, these observations provide insight into possible mechanisms for 
intervention of dysfunctional recovery in spinal injured patients. (Supported 
by NS 11255 and the Waldrep, the RGK and the L.T. Hulsebosch 
Foundations.)

675.4
THE CYCLIN D/CDK COMPLEX INHIBITOR, pl9INK4d, IS UP-
REGULATED IN REGENERATING MOTOR NEURONS.
H. Soares*1, F. Zindv2, S-H Han1, C.J. Sherr1'3, M.F. Roussel2 and
J.I, Morgan1. Departments of Developmental Neurobiology1 and 
Tumor Cell Biology2, and Howard Hughes Medical Institute3, St. Jude 
Children’s Research Hospital, Memphis, TN 38105.

D-type cyclins and their catalytic CDK partners regulate the cell cycle 
transition from Gl to S. In addition to a role in cell-cycle regulation, D- 
type cyclins have also been implicated as mediators of neuronal cell 
death and differentiation. The cyclin D/CDK complexes are negatively 
regulated by members of the INK4 family which presently include 
pl6INK4a, pl5INK4b, p 1 8INK4c and pi9^^. Although cyclin D family 
members appear to be involved in neuronal apoptosis and post-mitotic 
differentiation, little is known about the role of the INK4 family 
members during nervous system specific physiological events. The 
present study utilizes a sciatic nerve transection model to examine 
transcriptional regulation of pi 8^" and pl9INK4d during the 
commitment to either neuronal cell death or regeneration in vivo. 
Preliminary results show that axotomy induces pi9INK4d, but not 
pl8INK4c, |n ac|ujt motor neurons during the acute post-injury period. 
Interestingly, cyclin DI is not up-regulated following axotomy in vivo. 
These data support a broader function for INK4 family members 
beyond cell-cycle regulation and suggest p^1™*44 may play a role in 
regenerative sequelae.

This work was supported in part by a NIH Cancer Center Support CORE Grant 
P30 CA21765 and by the American Lebanese Syrian Associated Charities (ALSAC).

675.5
Differential Regulation of Goldfish al and a2 Tubulin Gene 
Expression During CNS Development and Regeneration. H.
Goldman*, X. Dai, M. Foreman and V. Hieber. MHRI and Dept. of Biol. 
Chem., Univ. of Michigan, Ann Arbor, MI 48109

The al and a2 tubulin encoding genes have been cloned from a 
goldfish genomic DNA library. These genes are linked in the goldfish 
genome and encode proteins differing by a single amino acid. RNase 
protection and in situ hybridization assays showed a specific increase in 
al tubulin RNA during retina development and optic nerve regeneration, 
while the a2 tubulin RNA was constitutively expressed. Expression 
vectors harboring the al tubulin gene’s 5' flanking DNA, conferred NGF- 
dependent induction onto reporter gene expression when introduced into 
PC12 cells. In addition, transgenic fish created with this expression vector 
showed a neuron-restricted pattern of expression. Finally, we introduced 
this expression vector into adult goldfish retinal explants and observed 
robust expression in retinal neurons regenerating their damaged axons. 
These results suggest that DNA sequences mediating neuron-specific and 
regeneration-dependent expression are contained within the al tubulin's 5' 
flanking DNA and that this promoter will be useful for identifying these 
elements and their DNA binding proteins. This research was supported by 
a grant from The Glaucoma Foundation.

675.6
UP-REGULATION OF SYNAPTOTAGMIN-LIKE IMMUNOREACTIVITY IN 
A SNAIL CNS FOLLOWING INJURY SUPPORTS A ROLE IN NEURAL 
REGENERATION. S.D. Bale* and S.B. Moffett, Depts. of V.C.A.P.P. and 
Zoology, Wash. State Univ., Pullman, WA 99164

Synaptotagmin, a synaptic vesicle membrane protein, is localized to 
synapses in a mature nervous system, but in mammals and insects its 
distribution is widespread within the neurons prior to synapse formation. 
We were therefore interested in determining whether its pattern of 
expression / localization might change following axotomy in the nervous 
system of the snail Melampus bidentatus. In control snails, indirect 
immunofluorescence revealed a diffuse, granular accumulation of the 
synaptotagmin antibody within the neuropil, sometimes creating halos 
around somata, and localization at discrete peripheral sites likely to 
correspond to synapses. In contrast, when we severed or crushed nerves 
or central tracts, we detected dramatic increases in fluorescence within 
some neurons, with the specific neurons and number of affected neurons 
reflecting the site and degree of injury. Changes are detected within one 
day following a lesion, with peak immunoreactivity developing around two 
weeks. Although the pattern of neurons that exhibit up-regulation differs for 
each injury, not all regenerating axons express detectable levels of 
immunoreactivity. During development and regeneration, synaptotagmin 
may facilitate the addition of membrane to the growth cone, and in 
regenerating neurons, the timecourse of its appearance may reflect the 
increased production and delivery of membrane vesicles which bear this 
fusion protein. (Dsyt-2 antibody generously supplied by Dr. H. Bellen, 
HHMI Investigator, Baylor College; support to S.M. by E. Meyer Fund.)
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675.7
FUNCTIONAL NORMALIZATION OF THE UPREGULATED D2 
RECEPTOR IN GRAFT REINNERVATED STRIATUM I. Stromberg* and
K. Fuxe. Dept. of Neurosci., Karolinska Institutet, Stockholm, Sweden

Grafting of fetal ventral mesencephalon in the rat model of Parkinson’s 
disease results in a partial reinnervation of the host striatum. Binding 
studies have shown that the increased binding to D2 receptors seen after a 
dopamine-depletion is normalized over a larger area than the 
reinnervation covers. In this study we have evaluated the functional 
effects of partially reinnervated striata by using extracellular recordings 
of striatal neurons and studied the effects of locally applied D2 agonist 
quinpirole. A normalization of host neuronal discharge rate is achieved 
within the area of reinnervation, i.e. proximal to the graft, while striatal 
neurons located in the uninnervated area distal to the graft retain the 
increased firing that is seen after a dopamine depletion. Furthermore, no 
change in the dose-response to locally applied quinpirole could be detected 
either proximal or distal to the graft compared to that recorded on the 
control side. However, an increased sensitivity to the D2 agonist was seen 
in dopamine-depleted ungrafted animals. Thus, the spontaneous striatal 
discharge rate is normalized only in reinnervated areas while the 
upregulated D2 receptor in dopamine-depleted striata is functionally 
normalized in both reinnervated as well as in uninnervated areas of 
striatum supporting an involvement of volume transmission in the 
mediation of dopamine action in grafting therapy.

675.8
A DISTANCE-DEPENDENT SIGNALLING MECHANISM UNDERLIES 
ACTIVATION OF JNK1 IN AXOTOMIZED ADULT RAT DORSAL ROOT 
GANGLIA. A.M. Kenney* and J.D. Kocsis. Dept. of Neurology, Yale Univ. Sch. 
of Med., New Haven, CT 06510; and Neuroscience Res. Ctr., VA Medical Center, 
West Haven, CT 06516

The up-regulation of the immediate early gene c-jun is one of the earliest 
known molecular events occurring in dorsal root ganglion (DRG) neurons after nerve 
injury7. In cultured cell systems, the upregulation and activation of c-jun has been 
shown to be stimulated by phosphorylation at two amino-terminal serine residues by 
c-jun amino-terminal kinases (JNKs). However, the stimuli and intracellular 
mechanisms leading to c-jun upregulation in intact neural systems remain poorly 
characterized. Using an immune complex kinase assay, we examined the effect of 
sciatic nerve transection on JNK1 activity in proximally or distally transected adult 
rat DRGs at various times from fifteen minutes to one week after injury. Axotomy 
at the convergence of the L4 and L5 spinal nerves led to activation of JNK1 within 
thirty minutes which lasted the duration of the study. In contrast, sciatic nerve 
transection at the mid-thigh level did not lead to detectable increases in jun kinase 
activity until 3 hours after injury, suggesting that JNK1 activation may be dependent 
upon a signal which must travel from the point of injury to the neuronal cell body. 
Immunoblotting of total DRG protein showed that the levels of JNK1 protein were 
not affected by axotomy, indicating that nerve injury-induced JNK1 activity is 
induced and maintained by post-translational modification of the constitutively 
expressed protein. Immunohistochemical staining with an antibody specific for 
amino-terminal phosphorylated c-jun showed that at twenty-four hours after nerve 
transection, c-jun is one substrate for JNK1 in injured DRG neurons. [Supported by 
the VA and the NIH.]

675.9
DEVELOPMENTAL EXPRESSION OF THE CELL ADHESION 
MOLECULE THY-1 IN MOUSE SPINAL CORD. J.A, Coleman*, K.A. 

Kelley, & G.W. Huntley Fishberg Research Center for Neurobioiogy, Mount 
Sinai School of Medicine, New York, NY 10029,
Thy-1 has widespread neuronal expression in adult brain which commences during 
late embryonic/postnatal development. Its expression has been correlated with the 
cessation of axonal outgrowth and synaptogenesis (e.g.Xwc et al. Dev. 112, 1991) 
and may therefore be a factor underlying failure of axons to regenerate in the adult 
spinal cord. However, its developmental expression in spinal cord in relationship 
to periods permissive to axonal regeneration is unknown. Sections of cervical and 
lumbar spinal cord were taken from PO, P7, P14, Pl 8, P21, P28 and adult 
C57/B16 X 129SV hybrid mice and processed for Thy-1 immuno-cytochemistry. 
While Thy-1 was expressed in both gray and white matter at all postnatal 
timepoints tested, a differential pattern of expression was detected in the dorsal 
funiculus. In the adult spinal cord at all levels, the corticospinal tract displayed the 
most intense staining, followed by the fasciculus gracilis. By comparison, the 
fasciculus cuneatus was only weakly stained. This pattern of expression was seen 
as early as P14. In spinal cord sections from earlier time points (P0/P7), Thy-1 
immunoreactivity was weak or absent in the region of the incipient corticospinal 
tract, while the fasciculus gracilis was strongly stained. This pattern of expression 
likely reflects temporal differences in the growth and development of these different 
spinal cord tracts. Taken together, the differential expression of Thy-1 in the adult 
dorsal funiculus may underlie differing regenerative capacities of the axons which 
compose them but the early onset of expression does not appear to be tightly 
correlated with the onset of substantial inhibition of spinal axon regeneration. 
(Supported by The Eastern Paralyzed Veterans Association to GWH).

675.10
CO-ORDINATED CHANGES IN mRNA LEVELS OF 
IDENTIFIED GENE FAMILIES DURING PERIPHERAL 
NERVE REGENERATION, R. D. Madison*!, S.J. Archibald!, 
J.S. Neimatl, G.A. Robinson2 and M.P. Rapozal. iDiv. of 
Neurosurgery, Duke Univ. Med. Ctr., Durham, NC and 2Dept. 
Physiol., Univ. North Carolina, Chapel Hill, NC 27710

Changes in mRNA expression levels have been well characterized 
following nerve transection and repair for many different genes individually, 
however it has been difficult to determine how such changes for each single 
gene relate to changes in other family members, or to changes in genes 
from other families. Using an “expression profiling” method developed by 
Eberwine and colleagues (PNAS 87:1663-1667), we have simultaneously 
measured relative changes in mRNA levels of 14 identified genes from 
nerve grafts placed into the distal motor branch of the rat femoral nerve, four 
weeks following nerve graft repair (N=5); including neurotrophins and their 
tyrosine kinase receptors, N-cadherin (N-CAD), MBP, S100, and 
transcription factors. Changes in mRNA levels were normalized to a control 
gene which did not change. As an example of the type of analysis possible 
with this method, graft levels of MBP mRNA returned to levels seen in 
proximal nerve, whereas NCAD and S100 were increased by 50-60%, and 
c-jun decreased by 10 fold. Relative levels of MBP, S100, and NCAD were 
comparable in the proximal nerve. Thus although graft MBP levels appeared 
unchanged, there were significant changes in the relative level of MBP 
expression compared to other genes.

Supported by NS22404-12 (RDM), VA Research Service (RDM), Brain Injury 
Research Fund (GAR), NIH-P01 -NS 14899 (GAR), and NS 16433 (GAR).

675.11
SENSITIVITY AND AMPLIFICATION OF GENE EXPRESSION 
PROFILING. G.A. Robinson* and R.D. Madison, Dept. of Physiology, Univ. 
of North Carolina, Chapel Hill, NC 27599 and Div. of Neurosurgery, Duke 
Univ. Med. Ctr., Durham, NC 27710.

To analyze mRNA abundance in very small samples, Eberwine and 
colleagues (PNAS 87:1663-1667) developed a gene expression profiling 
technique whereby mRNAs are first converted into cDNAs and then used as 
template for two rounds of T7 RNA polymerase-based amplification and 
reverse Northern analysis. This semi-quantitative technique can determine 
the relative abundance of mRNA species within a mRNA population. Using 
adult rat retina mRNA as starting material, we examined the sensitivity of this 
technique by adding 101-1012 copies of a 2.9 Kb A, phage DNA-derived polyA 
RNA to the initial mRNA to cDNA conversion step. Double stranded cDNA 
containing a T7 promoter was then used in the first amplification step to make 
both unlabeled and radiolabeled RNA. The unlabeled RNA was again 
converted to cDNA template in preparation for a second round of radiolabeled 
amplification. The radiolabeled RNA from both rounds of amplification was 
then used to probe target DNA from the k phage fragment vacuum-blotted 
onto nylon membrane in vast excess (a reverse Northern). Using a detection 
level >25% above background, the entire range of initial copies (101-1012) 
was detected after both rounds of amplification. To test for amplification 
fidelity between different size fragments, equal copies (1012) of the 2.9 Kb 
RNA and a non-overlapping 1.2 Kb RNA were added to the initial mRNA to 
cDNA conversion step and the relationship between the two signals was 
examined after each round of amplification. The two signals were < 7% 
different after both rounds of amplification, indicating equal amplification 
efficiency for these templates. Introduction of such k phage polyA RNA into a 
mammalian mRNA population prior to amplification will be useful as an internal 
standard in gene expression profiling. GAR supported by Brain Injury 
Research Fund, NIH P01-NS14899 and NS16433; RDM by NS22404-11, VA 
Research Service.

675.12
A MONOCLONAL ANTIBODY TO HUMAN N-CAM, NCAM 16, 
FACILITATES PERIPHERAL NERVE REGENERATION IN VIVO. LJ 
Hemperly*, S. J. Archibald. R. Lacin, and R. D. Madison. Becton Dickinson 
Research Center, RTP, NC 27709 and Division of Neurosurgery, Duke 
University Medical Center, Durham, NC.

The monoclonal antibody NCAM 16 was generated against the human neural 
cell adhesion molecule N-CAM and recognizes an epitope in the third 
extracellular immunoglobulin-like domain. NCAM 16 enhanced nerve 
regeneration in a rat sciatic nerve model as measured by the number of 
myelinated axons at the midpoint of a 5 mm nerve guide repair two weeks 
after surgery’. Specificity of regeneration was measured using a double 
labeling technique in rat femoral nerve (Madison et. al. J. Neurosci. 16, 5698- 
5703). Spinal cord motor neurons were retrogradely labeled with Dil prior to 
nerve repair, and then labeled with Fluorogold four weeks following repair and 
regeneration. The ability of motor neurons to regenerate to the distal motor vs 
sensory terminal nerve branches was assessed by the number of double- 
labeled spinal motor neurons. NCAM 16 significantly increased this 
specificity compared to an isotype-matched control antibody. The increased 
specificity was comparable to that seen with a mixture of known neuronal 
growth factors; ie. approximately 40% greater than control values (Neurosci. 
Abst. 1995, 506.4). These studies provide a basis for further investigating the 
biochemical mechanisms involved in peripheral nerve repair. This work was 
supported by Becton Dickinson and Company, U.S. Public Health Service 
grant NS22404-12 (R.D.M.) and the Veterans Affairs Research Program 
(RDM).
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675.13
LESION-INDUCED INCREASES IN LAMININ AND FIBRONECTIN 
EXPRESSION IN ORGANOTYPIC HIPPOCAMPAL SLICE CULTURE. L.E. 
Paulman*, M.G, Welsh, and L.S, Jones. Dept. of Developmental Biology 
and Anatomy, Univ. South Carolina, Sch. of Med., Columbia, SC 29209

In order to examine the role of extracellular matrix (ECM) in the 
mammalian CNS's response to trauma, we have used the organotypic 
hippocampal slice culture system (OTS) where we have already 
characterized the postnatal expression patterns of laminin (LN) and 
fibronectin (FN). OTS cultures were prepared from 4d postnatal rats, and 
were allowed to adapt to culture conditions for 7d prior to being manually 
lesioned by razor chips. The cultures were then fixed at 24h intervals for 
15d post-lesion and labeled by immunofluorescent techniques with 
antibodies to LN and FN. Results indicated that there was an early 
increase in LN expression in cells and processes immediately adjacent to 
and on both sides of the lesion site, which peaks at 24-36h post-lesion. 
The LN immunoreactivity was also localized in neovasculature, which 
developed in the region of the lesion, paralleling the lesion course. This 
vascular expression was not present until 48-72h post-lesion, the time at 
which the non-vascular expression immediately adjacent to the lesion was 
decreasing. FN expression was not seen in any cells immediately adjacent 
to the lesion site at any of the time points studied; however, at 36-48h 
post-lesion, there were FN-immunopositive cells in the neuropil of the OTS 
near the course of the lesion. These FN-positive cells all possessed FN- 
positive processes that were extending toward the lesion site. This 
concurs with other reports showing up-regulation of FN in the CNS 
following physical injury, and is to our knowledge the first report of LN 
increase in CNS tissue following injury. These results indicate that the OTS 
system is a useful model with which to study the effects of physical injury 
in the CNS in addition to its demonstrated value in examining ischemia, 
anoxia and cytotoxic events. This work was supported by NS27903

675.14
ANTIBODY TO NERVE GROWTH FACTOR INHIBITS SPROUTING OF 
UNMYELINATED AFFERENT FIBERS IN THE DORSAL HORN AFTER SPINAL 
CORD TRANSECTION. N.R. K.renz*, S.O. Meakin and L.C. Weaver. The John P. 
Robarts Research Institute and Neuroscience Program,
University of Western Ontario, London, Ontario, Canada N6A 5K8.

Spinal cord transection (SCT) results in sprouting of unmyelinated primary afferent
fibers in the deep laminae of the dorsal horn. This sprouting may be responsible for 
the hyper-reflexive sympathetic regulation of arterial pressure, muscle spasticity and 
behavioral hyperalgesia that develop after cord injury. We tested the ability of an 
antibody to nerve growth factor (anti-NGF) to block afferent sprouting after cord 
injury. Unmyelinated afferent fibers respond to the presence of NGF by extending 
neurites, and elevated levels of NGF have been found in the cord after injury. Anti- 
NGF was delivered for a period of fourteen days immediately following SCT at the 
fourth thoracic segment. Alzet mini-pumps containing the antibody were implanted 
into the subcutaneous space adjacent to the seventh and eighth ribs. The neutralizing 
potency of the antibody to NGF was assessed in vitro using PC 12 cells before 
administration to the rats. Retained potency of the antibody after fourteen day 
containment in the implanted pumps was confirmed by analyzing the small volume of 
antibody remaining in the pumps at the end of the experiment. Immunochemistry for 
calcitonin gene-related peptide (CGRP) was used to illuminate the terminal arbors of 
unmyelinated and lightly myelinated afferent fibers in the dorsal hom. When compared 
to untreated cord-transected rats fourteen days after injury, the area of CGRP-IR fibers 
in anti-NGF treated rats was decreased in thoracic segments immediately below the 
transection (T6-9), corresponding to the dermatome of antibody administration. The 
area of the afferent arbor in other thoracolumbar segments rostral and caudal to the 
cord transection remained similar in the two groups of rats. By inhibiting afferent fiber 
sprouting after SCT, antibodies to NGF may also suppress the development of 
exacerbated reflexes in the injured spinal cord. Supported by MRC Canada.

675.15

CNTF IS AN ENDOGENOUS AXON REGENERATION FACTOR 
FOR MAMMALIAN RETINAL GANGLION CELLS. S A Jo*, E.Y. 
Wang and L.I. Benowitz. Dept. Neurosurgery, Children's Hosp. and 
Harvard Med. SchooTTBoston, MA 02115.

Neurons of the mature CNS in humans and other higher vertebrates 
are generally unable to regenerate damaged axons after injury. To 
identify factors that might promote axonal regeneration, we utilized puri-
fied rat retinal ganglion cell (RGC) cultures prepared by immunopanning 
(Barres et al., Neuron 1: 791, 1988), and tested the ability of several 
known neurotrophic factors in stimulating outgrowth. We found that 
ciliary neurotrophic factor (CNTF) and its closely related homolog, leu-
kemia inhibitory factor (LIF) have striking outgrowth-promoting activity. 
The effects of CNTF and LIF were dose-dependent, with an EC50 of 1- 
2 ng/ml. Brain-derived neurotrophic factor and several other factors 
which, like CNTF, contribute to cell survival, had little or no effect on 
axonal outgrowth from isolated RGCs. This result indicates that there is 
a dissociation between cell survival and outgrowth. A high molecular 
weight fraction from media conditioned by rat optic and sciatic nerves 
mimicked the effects of CNTF on retinal ganglion cells. CNTF was de-
tected in these conditioned media by western biotting, and an anti- 
CNTF antibody neutralized the activity in the media. Hence, CNTF 
appears to be the primary polypeptide growth factor for RGCs in the 
optic nerve. Stimulation of axonal outgrowth from RGCs was accom-
panied by increased expression of GAP-43, paralleling the increased 
expression of this protein that occurs during regeneration in vivo. We 
conclude that CNTF is secreted from the glial cells of the optic nerve and 
can potentially help stimulate axonal regeneration from RGCs provided 
other conditions are favorable. Support: NIH EY 05960 and Boston Life 
Sciences, Inc.

675.16
MOLECULAR CLONING OF A GENE FOR A PUTATIVE INHIBITOR TO 
CNS REGENERATION
Chen,, M.S.; Spillmann, A.A.*; Hub.eL., A,,l  Van d^L..Haar,_._MJ;.-.M..E.-Schwab.
Brain Research Institute, University of Zurich, CH-8029 Zurich, Switzerland.

Mammalian neurons of CNS (central nervous system) origin regenerate 
poorly, if at all, after injuries. Although there is recent evidence that the 
intrinsic properties of a neuron affect its ability to regenerate, it is clear that the 
CNS environment plays an important role in determining whether a CNS 
neuron will regenerate or not after injuries.

Previously, a monoclonal antibody, IN-1, has been described to 
enhance regeneration of lesioned nerve fibers in vivo. Subsequently, we have 
characterized the myelin protein bNI-250 as an IN-2 neutralizable 250kd 
bovine protein which inhibits neurite outgrowth from NGF treated PC12 and 
DRG cells. Six peptide sequences were derived from bNI-250, and novel 
cDNA clones were obtained based on these peptide sequences. These cDNA 
clones are designated as EST (rat), Oli18 (rat), and CWP1-3 (bovine). 
Preliminary molecular analyses of these clones indicate that they are alternative 
products of a novel bovine (or its rat homologue) gene. Results from Northern 
blotting indicate the existence of three different transcripts from this gene. 
These clones thus represent either the short transcripts (~2 and 3kb in length) of 
the gene, or incomplete clones of the longest transcript (~5kb). In situ 
hybridization results demonstrate that these transcripts are expressed in 
oligodendrocytes as well as specific subpopulations of neurons. In agreement 
with bNI-250 being an integral membrane protein, hydrophobicity analysis of 
the predicted products of these clones suggests the existence of two 
hydrophobic regions. Taken together, one or more transcripts of this gene may 
encode an oligodendrocyte-derived neurite outgrowth inhibitor.

675.17
EXPRESSION OF THE ACTIN MONOMER BINDING PROTEIN 
BETA-THYMOSIN IS CORRELATED WITH NEURONAL 
GROWTH IN ZEBRAFISH.
Roth-L.W.A., Bormann-P., Bonnet-A., Reinhard-E.* Department of 
Pharmacology, Biozentrum, University of Basel, 4056 Basel, Switzerland

p-thymosin, a 45 aa long polypeptide which binds actin monomers and 
thereby prevents actin polymerisation, was found to be induced in 
regenerating zebrafish retinal ganglion cells and in glial cells of the 
regenerating nerve. During development, p-thymosin mRNA is transiently 
expressed in a specific subset of neural cells, primarily in the brain. Its 
staining pattern in brain often delineates present and future axonal 
pathways such as the tracts to the posterior comissure and the postoptic 
comissure, including the postoptic comissure itself. Expression of 
p-thymosin is also found in mesodermal tissue of the pectoral fins, 
preceding innervation by motoneurons. During development, increased 
P-thymosin levels are paralleled by increasing levels of actin. In contrast 
to the transient expression of p-thymosin, actin is constitutively expressed 
in the adult brain and retina, indicating that more actin is present in 
monomeric form during neuronal growth than in the fully differentiated 
nervous system. Regulation of the p-thymosin gene during development 
and regeneration is different from the regulation of two other actin 
filament severing genes, gelsolin and profilin, whose expression cannot 
be correlated with neuronal growth. This indicates that distinct 
mechanisms underlie the regulation of the actin cytoskeleton in different 
cell types and that p-thymosin may be a major participant in the rapid 
assembly and disassembly of cytoskeletal elements during neuronal 
growth. Future experiments aim to elucidate the function of p-thymosin 
during neuronal development and regeneration.
Supported by a grant from SNF 31-45925.95.

675.18
EXPRESSION OF REGENERATION-ASSOCIATED-GENES AFTER 
ACUTE THORACIC SPINAL CORD INJURY AND IMMUNOLOGICAL 
MYELIN SUPPRESSION IN THE RAT. G.W. Hiebert*, J.K. Dyer, J.D. 
Steeves & W. Tetzlaff. CORD (Collaboration On Repair Discoveries) Depts. of 
Zoology, Anatomy & Surgery, UBC, Vancouver, Canada, V6T 1Z4.

We are currently investigating whether removal of the myelin sheath following 
thoracic spinal cord injury stimulates an increase in expression of regeneration 
associated genes (RAGs). Previous data using in situ hybridization with 35S labelled 
oligonucleotide probes has shown that after a cervical spinal cord injury, without 
any demyelinating treatment, there is increased expression of RAGs, such as GAP- 
43, Tai- tubulin and actin. Increased RAG expression correlated with successful 
regeneration of rubrospinal neurons into the growth permissive environment of a 
peripheral nerve graft. In contrast, after a thoracic (T10) spinal cord injury there is 
little or no increase in RAG expression within the cell body and correspondingly a 
failure of rubrospinal neurons to regenerate into a peripheral nerve graft.

Recent studies have indicated that myelin is inhibitory to CNS regeneration 
after injury. We have previously used an immunological protocol involving 
intraspinal infusion of serum complement proteins and myelin-specific antibodies 
(anti-galactocerebroside) to partially demyelinate or transiently alter the structure 
spinal cord myelin in order to remove the inhibitory influences. Application of this 
protocol after thoracic spinal cord injury facilitates some regeneration of brainstem- 
spinal neurons in embryonic chick, adult chicken, and adult rodent.

We hypothesize that there should be an increase in RAG expression in 
rubrospinal neurons when our demyelinating protocol is applied following a 
thoracic spinal cord injury. This would support the concept that the immunological 
removal of myelin inhibitors may not only create a permissive environment but also 
enhances the regenerative propensity of injured neurons.

Supported by the Canadian Neuroscience Network, MRC of Canada, SCRF 
(PVA) and the Rick Hansen Man in Motion Foundation.
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675.19

REGULATION OF THE CELL ADHESION MOLECULE CD44 IN THE 
REGENERATING MOUSE FACIAL MOTOR NUCLEUS
L.L. Jones*, G.W. Kreutzberq and G. Raivich. Max-Planck-lnstitute of 
Psychiatry, Dept,of Neuromorphology, Martinsried, Germany 82152

CD44 is a cell adhesion molecule which plays an important role in cell 
movement and adhesion, e.g., in lymphocyte homing and tumor 
metastasis. Here we have studied the expression of CD44 mRNA and 
protein immunoreactivity in the facial motor nucleus of the mouse after 
axotomy and during ensuing regeneration.

Transection of the facial nerve led to a strong upregulation of CD44, 
peaking four days after injury on the motoneurons of the axotomized 
facial nucleus. PCR confirmed the de novo expression of CD44 and 
detected only the standard hematopoietic CD44 isoform. Western 
blotting also detected the 76 kDa protein subtype, in line with the 
predicted size of the hematopoietic CD44-variant. At the ultrastructural 
level, axotomy led to a massive appearance of CD44 immunoreactivity 
on the extracellular side of the cell membrane on the previously negative 
facial motoneurons. This CD44 immunoreactivity was restricted to the 
surface of the neuronal perikarya, their dendrites and axons. It was not 
seen in the adjacent activated astrocytes, microglia or vascular 
endothelia.

In summary, this study shows a strong upregulation of the cell 
adhesion molecule CD44 on the regenerating motoneurons in the 
axotomized facial nucleus. These data suggest that CD44 may play a 
role in neurite outgrowth, in synaptic stripping or in the adhesion of 
activated glial cells to the perikaryal surface of the axotomized 
motoneurons.

REGENERATION: SPINAL CORD

676.1
SPATIAL RELATIONS BETWEEN CHONDROITIN SULFATE 
PROTEOGLYCAN AND AXONS FOLLOWING SPINAL CORD 
INURY AND TRANSPLANTATION.
M.L, Lemons*, D.R, Howland and D.K. Anderson. Dept. of Neuroscience, 
University of Florida College of Medicine and Brain Institute and Veterans Affairs 
Medical Center, Gainesville, FL 32610.

In an attempt to better understand the environmental factors which may contribute 
to the lack of regeneration in the adult CNS, we are examining a putative inhibitory' 
extracellular matrix molecule, chondroitin sulfate proteoglycan (CSPG). CSPG- 
immunoreactivity (IR) is altered following spinal cord injury (SCI) and
transplantation. We have previously shown that CSPG-IR is increased following 
three types of SCI; 1) contusion, 2) hemisection and 3) mild compression. CSPG-IR 
is elevated from 4 to 40 days post contusion (the first and last time points examined). 
CSPG-IR changes over time in suspensions of fetal spinal cord (fsc) tissue injected 
into a contusion cavity 10 days following injury. At 3 days following transplantation 
(13 days post contusion), CSPG-IR is barely detectable or at low levels in the fsc 
grafts. At 30 days post transplantation (40 days post contusion), CSPG-IR is intense 
throughout the fsc graft. Fsc tissue has no apparent effect on CSPG-IR, as it 
remained elevated post transplantation. We examined the presence of Calcitonin Gene 
Related Peptide (CGRP) fibers in relation to CSPG-IR. At 13 days post contusion 
injury, CSPG and CGRP fibers were co-localized in the injury site. However, at 3 
days post transplantation (13 days post contusion), all CGRP fibers visualized in the 
graft were found in CSPG-IR free areas. This suggests that at 3 days 1) regenerating 
or sprouting CGRP fibers only grow into CSPG-IR free areas or 2) that the fsc graft 
has grown around spared host fibers replacing CSPG and host tissue. Currently, we 
are investigating if cleaving CSPG enhances neurite growth. We have demonstrated 
the ability of chondroitinase ABC to degrade CSPG in vivo. Degrading this putative 
inhibitory extracellular matrix molecule with chondroitinase ABC in vivo may 
promote greater neurite growth in the adult injured spinal cord. Supported by 
BSCIRTF, Dept of Veterans Affairs and the C.M. and K.E. Overstreet Foundation.

676.2
CHANGES IN EXPRESSION OF INDUCIBLE TRANSCRIPTION 
FACTORS WITH LONG TERM SPINAL CORD INJURY. J.P. Houler. P. 
Schramm2 and T. Herdegen2.1Dept.of Anatomy, Univ. of Arkansas for 
Med. Sci. Little Rock, AR and 2Dept. of Pharmacology, Univ. of Kiel, Kiel, 
Germany.

Axotomy of spinal motoneurons leads to a rapid, but transient, increase 
in expression of c-Jun. Similarly, cervical, but not thoracic spinal cord 
injury can elevate c-Jun expression in certain brainstem neurons. This 
study was designed to evaluate the expression of inducible transcription 
factors (ITFs) over a long injury period and to test whether such 
expression could be influenced by exposure to ciliary neurotrophic factor 
(CNTF, Regeneron Pharmaceuticals, Inc.). Adult rats received a cervical 
(C3) hemisection lesion. One set of animals was sacrificed 1,4 or 8 weeks 
later, while in other sets the lesion site was treated for 7 days with either 
CNTF or saline prior to sacrifice at similar intervals. Immunocytochemical 
and quantitative image analysis of the ITFs c-Jun, phosphorylated-c-Jun 
(p-c-Jun) and ATF-2, in neurons in the red nucleus indicated little 
regulation of expression at 1 or 4 weeks. The number of c-Jun and p-c- 
Jun labeled neurons remained elevated and ATF-2 remained reduced 
from control levels. Treatment with CNTF had no apparent effects on the 
expression of these ITFs. After 8 weeks c-Jun expression approached 
baseline levels, however, treatment with CNTF significantly increased the 
number and immunoreactivity of rubrospinal neurons expressing c-Jun. 
Thus, the early stages of neuronal response to axotomy results in 
changes in the expression of certain ITFs that can not be regulated by 
treatment with CNTF. At later intervals, when c-Jun expression has 
declined, interventive therapy known to promote axonal regeneration 
from chronically injured neurons leads to a re-induction of c-Jun 
expression, which may be related to the enhanced regenerative potential 
of these neurons. Supported by NIH NS 26380 (JDH) and DFG grants Zi 
110/22 and He 1561 (TH).

676.3

AXONAL AND NON-NEURONAL RESPONSES TO SPINAL CORD 
INJURY IN GFAP KNOCK-OUT MICE. Xia Wang. A, Messing5 and S. 
David*. Centre for Research in Neurosci., The MGH Research Inst. & McGill 
Univ., Montreal, PQ, Canada. H3G 1A4; T)ept. of Pathobiological Sci., School 
of Veterinary Med., University of Wisconsin-Madison, Madison, Wl.

Regeneration of corticospinal tract axons and expression of various 
extracellular matrix molecules and intermediate filaments were examined after 
dorsal hemisection of the spinal cord of GFAP-null and wild type mice. Axon 
regeneration was assessed 3 weeks after lesioning by anterogradely transported 
WGA-HRP. There were no differences in axon sprouting or regeneration 
between GFAP-null and wild type mice. In the uninjured spinal cord of mutant 
mice vimentin (VN) but not GFAP was expressed in the astrocytes of the white 
matter. While in the uninjured cord of both types of mice laminin (LN) and 
fibronectin (FN) immunoreactivity was localized to blood vessels and 
meninges; and tenascin (TN) and chondroitin sulfate proteoglycan (CSPG) was 
detected in astrocytes and nodes of Ranvier. CSPG labeling appeared to be less 
intense in the gray matter of mutant mice. Ten days after lesioning there was 
a large increase in VN+ cells within the lesion and in the adjacent white and 
gray matter in both groups of mice. The centre of the lesion was filled with 
LN+/FN+ cells. TN+ labeling was present within the lesion and bordering its 
walls. Marked increases in CSPG labeling was observed in the CNS 
parenchyma on either side of the lesion but was less intense in GFAP-null mice. 
These results indicate that the absence of GFAP in reactive astrocytes does not 
alter axonal sprouting or regeneration, nor the expression of many of the ECM 
molecules examined.

676.4
ASCENDING AXONS THAT GROW THROUGH A LESION OF THEIR SPINAL 
PATHWAY DURING DEVELOPMENT IN THE NORTH AMERICAN OPOSSUM 
INNERVATE APPROPRIATE AREAS OF THE BRAINSTEM AND 
CEREBELLUM, J.R. Terman*, X.M. Wang and G.F. Martin, Dept. of Cell Biology, 
Neurobiology & Anatomy and Neuroscience Program, The Ohio State University, 
Columbus, OH 43210.

Descending axons grow through a transection of the thoracic spinal cord in the 
developing opossum, Didelphis virginiana, and they innervate appropriate areas caudal 
to the lesion. Recently, we have shown that spinocerebellar axons and axons of the 
anterolateral system grow through a similar lesion but the critical period for such 
plasticity ends earlier than that for most descending axons. In the studies reported here, 
we asked whether the ascending axons which grow through the lesion reach areas of the 
brainstem and cerebellum which they normally innervate. In order to address that 
question, female opossums and their pouch young were anesthetized and the spinal cord 
of the pups was transected at mid-thoracic levels. A few pups were sacrificed shortly 
after lesioning to verify that the spinal cord was transected by our method. Ail others 
were allowed to survive thirty days after which the mothers and pouch young were 
reanesthetized and bilateral injections of Fast Blue were made caudal to the lesion. 
After a five day survival, the pups were sacrificed and perfused so that their brain and 
spinal cord could be removed and sectioned for fluorescence microscopy. In pups 
lesioned at postnatal day (PD) 5, but not at PD12 or at later ages, labeled axons were 
present rostral to the lesion in each of the brainstem and cerebellar areas that contained 
labeling after comparable injections in age-matched, unlesioned controls. It was noted, 
however, that labeling appeared less dense in the experimental animals than in the 
controls. Our results show that ascending axons which grow through the lesion after 
transection of the spinal cord during early development in the opossum reach all of the 
areas they normally innervate. (Supported by NS-25075 and 10165).
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676.5
NEUROFILAMENT-POSITIVE FIBER LENGTH IN RAT SPINAL CORD 
LESIONS - A STEREOLOGICAL STUDY USING VIRTUAL ISOTROPIC 
PLANES. Mia von Euler *, Jytte Overgaard Larsen^, and Ann Marie Janson^
1) Dept. of Clinical Neuroscience and Family Medicine, Karolinska Institutet, 
Sweden, 2) Stereological Research Laboartory, University of Aarhus, Denmark 
3) Dept. of Neuroscience, Karolinska Institutet, Stockholm, Sweden

A new stereological method has recently been described rotating the 
stereological probe in soft-ware generated virtual planes (CAST-Grid 
system,Olympus, Albertslund, Denmark) instead of a uniform random or vertical 
rotation of the tissue when sectioning. This method opens up possibilities to do 
unbiased quantitative measurements of linear structures in tissues which have 
earlier been difficult to evaluate due to difficulties in the physical rotation. We 
have adapted this method to estimate the total length of neurofilament positive 
fibers 6 weeks after a photochemically induced ischemic spinal cord lesion in 
young rats (10 weeks old, B&K, Sollentuna, Sweden). To evaluate the influence 
of section angle we prepared 4 different angles; 0°, 30°, 60°, and 90°, where 0° 
means a section along the spinal cord axis and 90° a cross section of the spinal 
cord. One angle, 0°, was not possible to use since the lesion collapsed and the 
lesion interior was partly lost.

We found that the estimated total length of neurofilament positive fibers was 
the most consistant measure with a mean of 3.71 m (coefficient of variation, 
C.V.: 0.16) in the 0.90 mm3 (C.V.: 0.26) large lesions. The coefficient of error 
for the estimated total NF fiber length varied between 0.5 and 0.9. It remains to 
be shown if the neurofilament positive fibers observed inside the lesion represent 
a spontaneous regrowth phenomenon. This method will be a valuable tool when 
studying morphological aspects of regeneration after experimental lesions in the 
spinal cord.

This study was supported by the Swedish MRC (06555 and 10816) and the 
research funds of the Karolinska Institute.

676.6

SPINAL ROOT REGENERATION USING TROPHIC 
FACTOR RELEASING NERVE GUIDANCE 
CHANNELS S, Makohliso*, M, Borkenhagen, A, Zurn, P, 
Aebischer, Division of Surgical Research and Gene Therapy Center, 
CHUV, 1011 Lausanne.

Nerve guidance channels are polymeric tubular conduits allowing to 
study nerve regeneration through a nerve gap separating two nerve 
stumps. They can also be used to deliver neurotrophic factors within 
the regenerating environment. The transected dorsal root model in 
the rat has been chosen because it is characterized by poor 
regeneration over a 4 mm gap and contains sensory axonal 
populations responding to different neurotrophic factors. Nerve 
guidance channels were loaded with either BDNF or NT-3. In vitro 
assays showed an increase in ChAT (cholineacethyl transferase) 
activity from spinal cord cultures as well as neurite outgrowth from 
E9 chicken dorsal root ganglia when co-cultured with trophic factor 
releasing guidance channels. A morphomeric study was conducted to 
investigate the action of the abovementioned trophic factors on 
regenerating dorsal roots. Nerve guidance channels containing 
BDNF did not induce a significant increase of regenerated myelinated 
axons (293 +/- 178) compared to control channels (202 +/- 137). 
However, a significantly larger number of myelinated axons (p <
0.01) had regenerated through NT-3 releasing channels (558 +/- 
122). Despite this increased number, the mean axon and fibre 
diameter as well as the myelin thickness, was significantly smaller 
with NT-3 compared to BSA and BDNF experimental groups (p < 
0.01). This work is funded by the Swiss Science Foundation

676.7
AXON REGROWTH FROM SPINAL CORD TO LUMBAR VENT RAL ROOTS 
THROUGH AN IMPLANTED NERVE GRAFT IN PRIMATES. S. Liu, G. 
Alonso*, N. Bodjarian, N. Boisset, G. Said and M. Tadie. INSERM U336, 
Montpellier 34095, France (♦) & Lab. of Experimental Neurosurgery, CHU <fe 
Bicetre, 94275 le Kremlin Bicetre, France.

Intraspinal implantation of an autologous nerve graft (ANG) from the sciatic 
nerve to promote axon regeneration from spinal cord to lumbar ventral roots was 
investigated in primates as a surgical treatment for motor deficits after spinal cord 
injury. Six male or female adult marmosets (Callithrix jacchus jacchus) were used 
in this study. All animals underwent a hemisection of spinal cord at T13 and 
section of all ipsilateral lumbar ventral roots near the cord. Electrostimulation and 
Active potential of muscle (APM) allowed us to identify and select L3 and LA roots 
supplying the quadriceps muscle. In the repair group (n=4), the selected roots were 
bridged with an ANG which was ventrolaterally implanted into the cord at T11. In 
the control group (n=2), the selected roots were left unrepaired. Nine months later, 
when stimulating the ANG in repaired animals, the APM was observed in the 
affected quadriceps muscle with a mean average amplitude of 1120.5 ± 326.1 pV. 
Motor evoked potentials (MEPs) were also recorded in the same muscle (mean 
amplitude = 195.95 ± 74.9 pV). Retrograde labelling with Horseradish peroxydase 
(HRP) was applied at the repaired ventral roots, 1 cm distal to the root-ANG 
junction and showed 147 ±41 labelled motoneurons around the ANG implantation 
site. Morphometric analysis under light and electron microscopes respectively 
confirmed the presence of numerous regenerating fiber clusters, myelinated as well 
as unmyelinated axons in the ANG and also in repaired roots. All responses in the 
control group were negative. These results suggest that intraspinal implantation of 
an ANG to repair the lumbar ventral roots could promote axon regeneration in 
primates after spinal cord injury.

This work was supported by Institute pour la Recherche sur la Moelle Epiniere 
(IRME, Paris, France).

676.8
REGENERATION OF SEROTINERGIC CELLS IN THE LARVAL 
LAMPREY AFTER SPINAL CORD INJURY. D. Soares, L. 
Guan, M. F, Kubke. B. Bent, J. PressonA._and. A. Cohen
Dept. Zoology, Univ. Maryland, College Park, MD 20742.

In the Lamprey spinal cord, 5-hydroxytryptamine
(5-HT) containing neurons appear to affect the firing 
properties of motoneurons participating in the 
locomotory central pattern generator (CPG), thus 
modulating swimming in the animal. Larval lampreys 
that are allowed to regenerate after spinal crush 
injury show dysfunction in the coordination of the 
CPG function. Here we studied the morphology of the 
regenerating spinal cord in Lampetra fluviatilis and 
Ichthyomyzon unicuspis larvae. Animals were 
transected and allowed to regenerate at 26°C or room 
temperature. EMG recordings were performed in 
control and injured animals. Subsequently, they were 
fixed by immersion in 4% paraformaldehyde/PBS 
overnight and incubated with 5-HT polyclonal 
antibody. A whole mount preparation was used for 
light microscopy. Cold animals exhibited more 
dysfunction than warm animals, and regenerated 5- 
HT cells were less evident in their caudal 
segments.
This work was Supported by NIH Grant NS 16803 to AHC.

676.9
GAIT ANALYSIS OF ADULT PARAPLEGIC RATS AFTER SPINAL CORD 
REPAIR. H. Chengt*, W. Huang?, Susanne Almstrim, Lydia Giminez-LLort, Robert 
Chang. Sven Ove Qgren, Barry Hoffer* and Lars Olson Dept. of Neuroscience, 
Karolinska Institute, S-171 77 Stockholm, Sweden; fNeuro-logic Institute, Veterans 
General Hospital-Taipei and National Yang-Ming University, Taiwan; ‘National 
Institute on Drug Abuse, National Institutes of Health, Baltimore, MD, U.S.A.

A novel method of analysis of rat gait has been used to demonstrate recovery' of 
locomotion patterns in adult rats made paraplegic by surgical cord transection and 
subjected to a novel strategy' for spinal cord repair. Six normal rats were compared to 
five animals in which the cord was transected at T8-T9, and a 5-mm segment of the 
spinal cord removed, and seven animals in which following spinal cord transection 
and removal of a spinal cord segment, multiple intercostal peripheral nerve bridges 
were implanted, rerouting pathways from white to gray matter in both directions. 
The implanted area was filled with fibrin glue containing aFGF. Gait analysis was 
carried out 3 and 4 months after surgery, and once in the normal animals. Animals 
were allowed to walk across a runway with semi-transparent floor. Each test 
consisted of five trials ,and each trial was video-recorded from underneath. Using 
frame-by-frame playback, individual footprints were then recorded. These data 
allowed measuring transit time, five measures of step numbers, temporal patterns of 
limb use, stride length and base of support. Transected controls remained paralyzed 
in the hindlimbs with only occasional reflex hindlimb movements without weight 
bearing. Animals subjected to the full repair procedure were significantly faster than 
the controls, used their hindlimbs for 25-30% of the movements, and regained 
several of the specific limb recruitment patterns used by normal rats. We conclude 
that normal rats use a multitude of step sequence patterns, and that our spinal cord 
repair strategy leads to recovery of some of these patterns following complete spinal 
cord transection. These data suggest functionally relevant neuronal communication 
across the lesion. Supported by APA, SMRC, USPHS, Taiwan C-L F, NSC, NHRI.

676.10
IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES AFTER 
SPINAL CORD TRAUMA BY DIFFERENTIAL DISPLAY-PCR. AB. 
Schmitt1’2, F.-W. Schwaiger2, E.M, Hof, G.A, Brook1, W, Nacimiento1*, I. Noth1
and G.W. Kreutzbcrgz
'Dept. of Neurology, Technical Univ. Sch. of Med., D-52057 Aachen and 2 Dept. 
of Neuro morphology , Max-Planck-Institute for Psychiatry', D-82152 Martmsried. 
Germany

Spinal cord injury leads to complex cellular and molecular changes contributing 
to the failure of any functionally significant regeneration of severed central axons. 
Neuronal and glial plasticity take part in the program that controls the 
reorganization of remaining systems correlated with partial functional recovery. To 
gain an insight into the molecular mechanisms underlying spinal cord plasticity, 
differential display-PCR (DD-PCR) was used to screen for differentially expressed 
genes following spinal cord hemisection,
10 days after low thoracic hemisection of adult rats, RNA was purified from 
ipsilateral and contralateral tissues obtained from segments caudal and rostral to 
the lesion. By reverse transcription PCR (RT-PCR) cDNAs were generated and 
analyzed by DD-PCR. 30 differentially displayed cDNA bands were isolated and 
cloned. At present, 10 clones have been sequenced which show no homology with 
known sequences in the gene bank. To confirm the differential expression of these 
gene fragments, riboprobes were generated for Northern blotting and in situ- 
hybridization. Further analysis by in situ-hybridization will allow the anatomical 
and cellular localization of the new fragments, and may reveal a functional role of 
the differentially expressed genes. A limited number of gene fragments will be 
selected for further studies including the identification of the full sequence.
In conclusion, DD-PCR allows the identification of gene candidates, which arc of 
potential significance for neuronal and glial plasticity following spinal cord trauma. 
(Supported by a grant from the DFG (Na 289/2-3))
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676.11
ORGANIZATION OF THE CENTRAL CANAL IN THE REGENERATED 
SPINAL CORD OF THE EEL. B, L. Roberts*. A. G. N. Dcrvan. P, P, Stafford, and 
L. A. Folan. Dept of Zoology, Trinity College, Univ. of Dublin, Dublin 2, Ireland.

To study the mechanisms of spinal cord regeneration, we have developed an 
experimental model using the European eel, Anguilla anguilla. Under anaesthesia 
(0.2 ml alphaxalone i.m. with additional cooling on ice) the spinal cord of each eel 
was transected four segments caudal to the anus using fine microscissors. Animals 
were then returned to the aquarium (24° C) for various times (4-145 days) before 
being reanaesthetised, and perfused with fixative appropriate for electron 
microscopical or immunohistochemical investigation.

The gap (~ 1 mm) formed between rostral and caudal portions of the transected 
cord is rapidly filled in by a 'bridge' of regenerating material, consisting of glia and 
unmyelinated axons arranged around a central canal, and encompassed by a 
meningeal sheath. Myelination recommences around 40 days post transection.

When first formed the lumen of the central canal is greatly enlarged (<2000%) as a 
result of the proliferation of the enclosing ependymal cells, and opens to the exterior, 
but with time the canal closes and gradually acquires a more normal size and 
position. However, even at 145 days post injury the central canal lumen is larger 
than normal (20%).

The specialised Liquor Contacting Neurons (LCN’s) interspersed between the 
ependymal cells surrounding the central canal in the normal cord have a distinctive 
morphology and can be characterised by their immunoreactivity to certain 
neurotransmitter-specific antibodies, such as GABA and dopamine (Roberts et al. J. 
Comp. Neurol. 354, 423-437, 1995). An immunohistochemical investigation of the 
regenerating bridge, to date using an antibody for GABA, has demonstrated that 
LCN’s are present in the newly formed central canal region. The origin of these 
neurons is presently unknown: they may have migrated from elsewhere in the cord, 
or may reflect neurogenesis within the regenerating bridge.

Supported by Forbairt grant SC/95/012

676.12
AXONAL/GLIAL INTERACTIONS IN THE LESIONED ADULT 
RAT SPINAL CORD GRAFTED WITH CELLS GENETICALLY 
MODIFIED TO PRODUCE NGF. R Grill1 2* and MH Tuszvnski1-2. ’Dept 
Neurosci., Univ Calif-San Diego, La Jolla, CA; 2VA Med Ctr, San Diego, CA.

The provision of neurotrophic factors with suitable growth substrates can enhance 
the growth of host axons within the injured spinal cord. NGF-producing fibroblasts, 
embedded within a gelled matrix of type 1 collagen, elicit the robust ingrowth of host 
axons when grafted to the lesioned adult rat spinal cord. Many of these penetrating 
host axons can be found co-associated with host astrocytic processes, indicating that 
the host glial response is not inhibitory to all types of regenerating axons. In the 
present study we characterize the temporal pattern of axon growth into NGF- or j3- 
galactosidase (Pgal)-grafted adult rat spinal cord and the interactions between host 
axons and astrocytes. Subjects were examined immunohistochemically at 1, 3, 5, 9 
and 14 days following lesion for growth of host axons and interactions with glial 
processes. Regrowing axons first enter NGF grafts at 5 days and their number 
becomes progressively greater by 9 and 14 days. Few axons are observed in control 
grafts at 9 and 14 days. Of major note, glial processes enter grafts later, at 9 days, 
and begin to co-associate with regrowing axons within the graft. These results 
indicate that reactive astrocytes need not inhibit the growth of these NGF-responsive 
axons, and indeed follow and may provide support to regenerating axons. Studies are 
underway to explore the relationship between regenerating axons, reactive glia and 
molecules such as laminin and collagen IV that are expressed in the extracellular 
matrix that may support axonal growth.

Supported by Dept. of Veterans Affairs, International Spinal Research Trust, and the 
Hollfelder Foundation.

676.13
COMPARISON OF CONDUCTION IN AMYELINATED AND ACUTE CHEMICALLY-INDUCED 
DEMYELINATED SPINAL CORD AXONS. 0, Honmou”, K. Hashi', J. KwiecierT,
I. D. Duncan2, and J. D. Kocsis3. ‘Dept. of Neurosurgery, Sapporo Med. 
Sch. , Sapporo, Japan. 060, 2D'ept. of Medical Sciences, Sch. of 
Veterinary Med. Univ. Wisconsin, Madison, WI. 53706-1102. 3Dept. of 
Neurology, Yale Med. Sch., New Haven, CT. 06510; and VAMC, West 
Haven, CT. 06516

The conduction properties of the amyelinated axons of shaker rats, 
acute chemically-induced demyelinated axon (ethidium bromide with X- 
irradiation; EB-X), and normal Wistar (control) rats were studied in 
vitro. The Long Evans shaker rat is a novel myelin mutant with a 
long survival period and appears to have an autosomal recessive mode 
of inheritance. The histological study demonstrated an almost 
complete absence of myelinated axons, yet a normal number of 
oligodendrocytes. The EB-X model induces an acute chemically-induced 
focal demyelination which has a relatively punctate glial-free region 
of spinal white matter with demyelinated axons lasting for several 
weeks. The conduction velocity of axons in both the shaker and EB-X 
dorsal column axons was reduced (control: 4. 58±0.35 m/sec; shaker:
0. 46±0. 02 m/sec; EB-X: 0. 69±0. 10 m/sec). Although the shaker rat 
axons display refractory periods similar to that of control rats, the 
ability to sustain high frequency discharges was reduced. In 
contrast, axons from the EB-X rat had longer refractory periods and 
had a reduced ability to follow high frequency stimulation. 
Pharmacological and morphological results suggest differences in ion 
channel organization on the axonal membranes and differences in the 
extra-axonal environment in the amyelinated shaker and the 
demyelinated EB-X rat spinal cords. These results suggest that 
unlike acutely demyelinated axons which display marked frequency- 
dependent conduction block, chronically demyelinated axons of the 
shaker rat spinal cord develop compensatory mechanisms to stabilize 
action potential conduction. Supported by NIH and the NMSS.

676.14
FK506 INCREASES AXONAL ELONGATION IN A PREDEGENERATED 
PERIPHERAL NERVE AUTOGRAFT INSERTED INTO THE SPINAL CORD. 
M.-S, Wang* andB.G, Goldt Center for Research on Occup. and Environ. Toxicol. 
andfDept. Cell and Develop. Biol., Oregon Health Sci. Univ., Portland, OR 97201.

The immunosuppressant drug FK506 (Tacrolimus) dose-dependently speeds nerve 
regeneration in rats following a sciatic nerve lesion (Gold et al., Restor Neurol & 
Neurosci, 6:287-296, 1994; J Neurosci 15:7509-7516, 1995; Wang et al., JPET, in 
press). In the present study, we asked whether neurons in the injured rat spinal cord 
are responsive to FK506 (Fujisawa). Predegenerated autografts were produced by 
transecting the left tibial nerve one week prior to spinal cord implantion. One week 
latter, a small incision was made in the left L4 spinal cord, one end of the graft was 
carefully inserted 3-4 mm into the cord using a glass rod, and the graft was secured by 
tying a 9-0 suture through the epineurium of the graft and the dura matter; the L3-L6 
dorsal roots were removed to prevent growth of sensory axons into the graft. Rats 
were given daily subcutaneous injections of either FK506 (5 mg/kg) or vehicle for 21 
days. At three weeks post-implantation, rats were anesthetized, perfused with 5% 
glutaraldehyde, and the graft removed (together with the L4 spinal cord) and cut into 3- 
mm segments from the suture. Tissues were embedded in plastic and the blocks 
sectioned at mid-point to standardize the distance for examination by light and electron 
microscopy. Grafts from FK506-treated contained more large caliber axons compared 
to those from vehicle-treated rats both within the spinal cord and up to the third 
segment (7.5 mm) from the suture; few axons were found more distally in either 
group. Numerous axons within the graft from FK506-treated rats were myelinated by 
Schwann cells. Quantitation of axonal calibers in the second segment (4.5 mm; from 
the suture (approx. 8 mm along the graft) revealed a shift in the distribution of axonal 
areas to larger sized axons; mean axonal areas were increased (by 75%) from 0.8 ±
0.02 pm2 (n=3) to 1.4 ± 0.03 pm2 (n=3) in saline-treated and FK506-treated rats, 
respectively. Labeling studies are in progress to determine the origin of these fibers. 
Future studies will test whether FK506 (or a related non-immunosuppressant agent; 
see Gold et al., Soc. Neurosci, Abst., 1997) can promote axonal regeneration within 
the spinal cord. Supported by Medical Research Foundation of Oregon.

676.15
Extracellular matrix molecules in the goldfish spinal cord and 
their relation to regenerating Mauthner cell axons. W.P. Battisti,
K. Bozek, R. F. Waldeck, C. A. Lewis*, M. Murray, and D. S. 
Faber. Dept. Neurobiology & Anatomy, Allegheny U. of Health 
Science, Phila., PA 19129
In contrast to adult mammals, reticulospinal axons (e.g. Mauthner cells) in 
goldfish can regenerate and re-establish circuitry that supports behavioral recovery. 
Since the CNS environment is important in regulating regrowth after injury, we 
compared the distribution of tenascin and chondroitin sulfate proteoglycan, two 
molecules implicated in regulating axonal growth in control and lesioned goldfish. 
Crush lesions were made just caudal to the border of the vagal lobes. Longitudinal 
sections through the brain and cervical segments of spinal cord were examined. 
Antibody labeling for tenascin and CSPG showed a constitutive and distinct 
expression in the CNS. Both antibodies were distributed in a linear, longitudinally 
oriented pattern associated with fiber tracts. Labeling with both antibodies was 
denser and more punctate around neuronal cell bodies. Two days postoperatively 
(PO), the staining of CSPG and tenascin was unchanged. At one week, the crush 
site was filled with red blood cells and no CSPG or tenascin staining was detected. 
Caudal to the lesion, labeling appeared increased. At 2.5 months PO, a time when 
axons have regenerated through the injury, the lesion site was prominent, 
characterized by an increased diffuse staining and a disruption in the normal 
longitudinal pattern. Caudal to the lesion, the intensity of staining was decreased 
compared to normal animals. These results are similar to changes previously 
observed in the environment of the regenerating goldfish optic nerve and suggest 
these proteins are down-regulated in the pathways of successfully regenerating 
axons.
Supported by NS 24707

676.16
EFFECTS OF METHYLPREDNISOLONE (MP) ON AXONAL GROWTH AND 
DIE BACK IN THE TRANSECTED THORACIC ADULT RAT SPINAL CORD. 
M. Oudega, C. Vargas, A. Weber, N. Kleitman, M.B, Bunge* The Miami Project to 
Cure Paralysis, University of Miami School of Medicine, Miami, FL 33136

In adult rats, MP treatment promotes the growth of axons from several brainstem nuclei 
into a Schwann cell graft in the thoracic spinal cord (Chen et al., Exp. Neurol. 138:261 -276,
1996). The mechanisms by which MP influences axonal growth are poorly understood. 
Here, we have studied the effects of MP treatment on axonal growth and dieback at 1,2, 4, 
and 8 weeks after transection of adult rat thoracic spinal cord. 30 mg/kg MP was 
administered intravenously at 5 min, 2 h and 4 h after injury. Antibodies against 
neurofilaments and growth-associated protein 43 revealed NF- and GAP 43-positive fibers 
inside the transection site in MP-treated and control animals at all time points studied. At 
1, 2, and 4, but not at 8 weeks post-injury, more fibers are present in MP-treated than in 
untreated rats and there were more GAP 43-positive than NF-positive axons. Two weeks 
before the end of the experiment, cortico- and vestibulo-spinal fibers were anterogradely 
labeled with the neuronal tracer, biotinylated dextran amine. MP treatment reduced the 
dieback of vestibulospinal and corticospinal fibers. In MP-animals an increase in 
vestibulospinal fibers near the lesion site was observed. Toluidine blue-stained sections 
exhibited less structural damage in the lateral marginal layer, which contains the 
vestibulospinal fibers, than in the ventral aspect of the dorsal columns, where the 
corticospinal tract descends. In sum, treatment with MP shortly after a spinal cord 
transection improved axonal growth into the transection site, and reduced dieback of the 
cortico- and vestibulo-spinal tract. Also, MP treatment enhanced growth of tire 
vestibulospinal tract. Recently, it was reported that MP treatment results in a long-term (up 
to 8 weeks) reduction in the number of macrophages in lesioned spinal cord (Oudega et al., 
6th Int. Neur. Transpl. Meeting, 1997). Possibly, such a decrease in the number of 
macrophages resulted in a more conducive spinal terrain for axonal growth. Supported by 
NIH NS09923 and The Miami Project. MO is a Daniel Heumann International Scholar.
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676.17
SCHWANN CELL, CARBON FILAMENT, AND COLLAGEN GRAFTS 
PLACED IN THE ADULT RAT CERVICAL SPINAL CORD TO 
PROMOTE CHRONICALLY INJURED AXON REGENERATION. S.M. 
Onifer*2, V.P. Grover, C.G. Vargas, L.A. White, A.M. Gomez, M.B. Bunge1-2, R.P.
Bunge1,2. The Miami Project to Cure Paralysis, Departments of ^ll Biology and 
Anatomy and Neurological Surgery, University of Miami School of Medicine, 
Miami, FL 33136.

Traumatic injury to the adult human spinal cord most frequently occurs at the 
mid-low cervical segments. The tetraplegia seen in chronic cervical spinal cord 
injury (SCI) is in large part due to axon damage at the injury site. Experimental 
evidence indicates that grafted rat Schwann cells foster acutely injured adult spinal 
and sensory axon regeneration (Xu et al., J Comp Neurol, 351:145-160,1995). 
Acutely injured adult corticospinal axons regenerate into carbon filament (Khan 
et al., Brain Res, 541:139-145,1991) or collagen (Joosten et al. J Neurosci Res, 
41:481-490,1995) grafts. The present study examined the extent to which Schwann 
cell-seeded carbon filament-collagen grafts promote regeneration of chronically 
injured adult axons. Cervical SCI was produced by dropping a 10 gm weight from
2.5 cm onto the rat C7 spinal cord segment (n=12). At 12-13 weeks post-SCI, 
carbon filaments (n=3) or Hoescht-labeled rat Schwann cells attached to carbon 
filaments and suspended in rat tail collagen (n=6) were grafted into the injury 
site. Grafted, injured (n=3), or age-matched normal rats (n=3) received bilateral 
injections of fluororuby into the motor cortices at 19-20 weeks post-SCI and were 
perfused 3 weeks later. CGRP-immunoreactive processes, but not corticospinal 
or 5-HT-immunoreactive axons, were seen within the carbon filament or Schwann 
cell-seeded carbon filament-collagen grafts. This indicates that these substrata are 
permissive for regeneration of chronically injured adult CGRP, but not 
corticospinal or 5-HT, axons. The regenerative capacity of chronically injured 
adult corticospinal and raphe axons may be more limited than acutely injured 
ones. (Supported by The Miami Project and Florida Specific Appropriation #224)

676.18
TENASCIN-R IS PRESENT IN THE CNS OF ANAMNIOTES AND 
INHIBITS AXONAL' OUTGROWTH Thomas Becker*+#, Catherina
G. Becker+#, Ronald L. Meyer+, Melitta Schachner#! +Dept. Dev. and 
Cell Biol., Univ. Calif. Irvine, Irvine, CA92697, USA. #Neurobiology, Swiss Federal 
Institute of Technology, Honggerberg, 8093 Zurich, Switzerland. JZNMH, 
Universitat Hamburg, Martinistr. 52, D-20246 Hamburg, Germany.
Axons can regenerate within the central nervous system (CNS) of fish 
and amphibians but not in mammals. It has been suggested that this 
difference is due to the presence of myelin-associated inhibitors of 
axonal growth in mammals and the absence thereof from anamniotes. In 
contradiction to this, we find that tenascin-R, which in mammals is 
expressed by oligodendrocytes and inhibits axonal growth when 
presented as a step gradient in vitro, is present in the normal optic nerve 
of adult salamanders (Pleurodeles wait!) and goldfish (Caras sins 
auratus). However, in the salamander optic nerve tenascin-R 
immunoreactivity was completely lost within 8 days after an optic nerve 
crush when the first regenerating optic fibers were observed in the distal 
optic nerve. At 6 months after the lesion, well after completion of 
regenerative axonal growth, immunoreactivity reappeared along with 
remyelination. In vitro, retinal ganglion cell axons from goldfish retinal 
explants did not cross the border from a laminin substrate onto a mixed 
mouse tenascin-R/laminin substrate indicating that tenascin-R is similarly 
inhibitory for axons of anamniotes as for axons of mammals. We suggest 
that removal of growth-inhibitory molecules from the CNS environment 
following axotomy may be a critical step for CNS regeneration in fish 
and amphibians. Supported by NIH EY6746 to RLM and fellowships from the EU 
and the DFG (Bel650/l-l) to TB and the DFG to CGB (Bel654/2-l).

676.19
REGENERATING DESCENDING AXONS IN THE ZEBRAFISH 
SPINAL CORD AVOID MYELINATED TRACTS Catherina G. 
Becker*#+, Thomas Becker#+, Robert R. Bernhardt#. Melitta
Schachner#!. #Neurobiology, Swiss Federal Institute of Technology, Honggerberg, 
8093 Zurich, Switzerland. JZNMH, Universitat Hamburg, Martinistr. 52, D-20246 
Hamburg, Germany. +Dept. Dev. Cell Biol.. Univ. Calif. Irvine, Irvine, CA92697, 
USA.

In the fish central nervous system (CNS), axonal tracts regrow 
spontaneously whereas in mammals they do not. This may be due to 
myelin components of the CNS of fish being conducive to axonal 
growth, in contrast to those in the mammalian CNS. To test this 
hypothesis, pathway choices and environment of regrowing axons were 
investigated in transected spinal cords of adult zebrafish. Despite a 
microglial/macrophage response occurring distal to the lesion within 2-3 
days, large amounts of myelin debris remained in descending tracts up to 
52 day after the lesion, by which time most axons had regrown past the 
spinal level investigated (Becker et al., J. Comp. Neurol. 377, 577-595). 
We found that the majority of descending axons, labeled anterogradely 
by applying tracer to the spinal cord approximately 3.5 mm rostral to the 
lesion site, regrew in novel locations caudal to the lesion site. The axons 
regrew in the myelin-poor grey matter, rather than in the myelin-rich 
descending tracts. Axons from all descending tracts in the spinal cord 
rostral to the lesion site contributed to the population of axons in the 
grey matter, as shown by retrograde tracing from a level approximately
3.5 mm caudal to the lesion site. The fact that axons did not regrow into 
the descending tracts indicates that in the zebrafish spinal cord myelin 
debris is not a favourable substrate for axonal regrowth. Supported by 
fellowships from the DFG to CGB (Bel654/2-1) and TB (Bel650/l-l).

676.20
EVIDENCE THAT REGENERATION OF CUT AXONS CONTRIBUTES TO 
GROWTH OF DESCENDING AXONS THROUGH THE LESION AFTER 
TRANSECTION OF THE MID-THORACIC SPINAL CORD IN THE 
DEVELOPING OPOSSUM, DIDELPHIS VIRGINIANA. X.M. WANG, J.R. 
TERMAN AND G.F. MARTIN*. DEPARTMENT OF CELL BIOLOGY, 
NEUROBIOLOGY AND ANATOMY, THE OHIO STATE UNIVERSITY, 
COLUMBUS, OHIO 43210

When the mid-thoracic cord of the opossum is transected 
during early development, supraspinal and propriospinal 
axons grow through the lesion In the experiments
reported here, we asked whether such growth includes 
regeneration of cut axons. Fast-Blue (FB) was injected 
into the first segment of the lumbar cord in 10 postnatal 
day 8 opossums and 5 days later it was removed by gentle 
suction and the spinal cord was transected at mid-thoracic 
levels. Fourteen days later, Rhodamine B Dextran (RBD) 
was injected between the site of the FB injection and the 
lesion. The pups were then maintained for an additional 7 
to 10 days before sacrifice and perfusion. In all of the 
above procedures the mother and pups were anesthetized 
prior to surgery. Neurons labeled by FB were found in 
each of the spinal and supraspinal areas labeled by 
comparable injections in age-matched, unlesioned controls. 
Neurons labeled by RBD were present in most of the same 

(and additional) areas although they were fewer in number. 
Of particular interest was the presence of double-labeled 

neurons in most of the spinal and supraspinal areas 
labeled by both markers. It is our interpretation that 
such neurons survived axotomy, as evidenced by the 
presence of FB, and that they supported axons which
regenerated across the lesion site to incorporate RBD 
(Supported by NS-25075 and 10165) .

REGENERATION V

677.1
FAILURE OF END-ORGAN REINNERVATION TO PREVENT AXONAL 
DEGENERATION FOLLOWING IMMUNOSUPPRESSION WITHDRAWAL 
IN NERVE ALLOGRAFTS, R. Midha* and C. A. Munro. Trauma Research 
Program, Sunnybrook Health Sciences Centre, University of Toronto, 
Toronto, Ontario.

Previous work indicated that appropriate end-organ reinnervation fails to 
influence axonal degeneration in nerve allografts following 
immunosuppression withdrawal (J Neuropath Exp Neurol 56: 421, 1997). In 
the present study, we examined if differences exist in axonal degeneration 
when axons regenerated across nerve allografts are simply provided with or 
completely denied end-organ support. Two ACI rat nerve allografts (3 cm 
length) were sutured into gaps created in both peroneal nerves in Lewis rats. 
In the right leg the distal end of the graft was connected to the distal host 
neive stump to allow end-organ reinnervation. In the left leg the distal end 
was turned back and double ligated (unconnected) to prevent end-organ 
reinnervation. Rats received 5 mg/kg s.c. Cyclosporin A daily for 12 weeks 
to allow for regeneration and were sacrificed at 16 (n=5) or 18 (n=5) weeks 
following engraftment to assess axonal degeneration following 
immunosuppression withdrawal. Five Lewis rats receiving autografts served 
as control and were sacrificed at 12 weeks.

Morphometric analysis was performed. In the control group there were 
twice as many nerve fibres in the unconnected grafts when compared to the 
connected grafts, suggesting a sprouting effect (p < 0.05, ANOVA). There 
was a tenfold reduction in the mean number of fibres at weeks 16 and 18 
compared to controls (p < 0.05, ANOVA), without any significant differences 
in the connected versus unconnected sides. In conclusion, end-organ 
reinnervation decreases sprouting of axons within the graft but does not 
protect axons from degeneration following immunosuppression withdrawal. 
Supported by Physicians’ Service Incorporated and Sunnybrook Trust Fund.

677.2
MORPHOLOGICAL CHANGES AFTER NERVE GRAFT REPAIR OF 
LINGUAL NERVES. G. R. Holland*, K. G. Smith+ P. P. Robinson+, & 
D. Shubitowski, Sch. of Dentistry, Univ. Michigan, Ann Arbor, MI 48109 
& +Dental Sch., Univ. Sheffield, Sheffield, S10 2TA, U.K.

The injury site of transected lingual nerves commonly contains scar 
tissue necessitating the removal of this segment of the nerve prior to 
repair. We are reporting the morphological effects of bridging the 
resultant gap with a nerve graft. The lingual nerve on one side of six cats 
was, under general anesthesia, exposed and a 4 mm length of nerve 
removed. A segment of sural nerve was taken from the left leg of the 
same animal and sutured to the cut ends of the lingual nerve. Twenty four 
weeks later, again under general anesthesia, the injured lingual nerves, 
together with the uninjured contralateral nerves, were removed and 
processed for electron microscopy. Ultrastructural fiber surveys were 
made from the control nerves and from the repaired nerves proximal to 
and distal to the graft site. Proximal to the injury site there were more 
myelinated axons than in uninjured nerves though the numbers of non-
myelinated axons were similar. Distal to the injury there was an 
approximately 35 % increase in the number of myelinated axons which 
were also narrower than controls with thinner myelin sheaths. The number 
of non-myelinated axons distal to the graft was more then double that of 
uninjured nerves. Both proximal and distal changes are greater than those 
found after transection and immediate repair without removal of tissue but 
less than after transection with no attempt at repair (Holland et al., J Dent 
Res 75: 942-8,1996). SUPPORTED BY THE WELLCOME TRUST
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677.3
REDUCTION OF VOLTAGE-DEPENDENT Mg2+ BLOCK OF NMDA 
RECEPTOR-MEDIATED RESPONSE IN THE DORSAL VAGAL 
MOTONEURON AITER THE NERVE INJURY. Y. Furukawa*, J. Nabekura 
andN. Akaike. Dept. Physiol., Kyusyu Univ. Fac. Med., Fukuoka 812-82, 
Japan.

The sensitivity of NMDA receptor mediated response to extracellular Mg-' 
has been reported to change after the mechanical damage in the cultured neuron. 
However, it is not clear whether the characteristics of the NMDA responee 
might change in the neurons receiving an injury in vivo condition. Therefore, 
the post traumatic change of the voltage-dependent Mg2+ block of NMDA- 
induced response was investigated on the dorsal vagal preganglionic neurons 
freshly dissociated from the rats 1 to 14 days after the vagal nerve crush at the 
neck. Mg2+ block was reduced in the neurons of <3days after the axonal crush 
and recovered 14days after the operation.The Mg2+ block was not affected b\ 
the local application of colchicine to the vagal axon. These results suggest that 
the neuronal trauma such as axonal crash, not the blockade of the axonal flow, 
is responsible for the change of the sensitivity of NMDA response to 
extracellular Mg2+. In addition, reduction of Mg2+ block by the nerve injury 
persisted in the applications of PKC modulators, such as staurosporine and 
chelerythrine. Possible cellular mechanisms for the alternation of the NMDA 
response by the neurotrauma will be discussed.

677.4
EFFECTS OF VISUAL PREPULSE ON AUDITORY STARTLE 
RESPONSES IN HAMSTERS.
II. Sasaki*, T. Inoue and Y. Fukuda Dept. of Physiol.. Osaka Univ. 
Medical School, 2-2 Yamadaoka, Suita, Osaka 565 Japan.
In previous studies we have shown that visual function of restored 

retinocollicular pathway can be assessed by testing light -dark 
discrimination or by recording EEG arousal to light stimuli (Sasaki et 
al., 1993, Vision Res. and Sasaki et al.. 1996, Neurosci. I^ett ). Here we 
report in hamsters that a weak visual stimulus applied just before an 
intense auditory noise modulates the auditory startle response as 
previously shown in rats (Campeau and Davis, 1995, 
Psvchopharmacol.). Startle responses of hamsters were recorded by a 
piezoelectric accelerometer attached to an experimental chamber for 
detecting total body-activity A weak visual prepulse (20 ms. 90 lux) was 
applied against dark background illumination, just before a burst of 
white noise (50 ms, 110 dB, SPL) . After habituation each hamster 
received 120 trials of the auditory noise with or without the prepulse 
with a mean inter-trial interval of 25s. There was no difference between 
amplitudes of startle responses in trials without prepulse and those in 
prepulse trials with inter-stimulus interval (ISI) of 50 ms. On the other 
hand, amplitude of the startle response increased significantly with ISI 
of' 100 to 400 ms. The startle response decreased during exploratory 
behavior, grooming or other movements. However, the above effects of the 
visual prepulse were consistent, regardless of the animal's behavioral 
states. These results show that the visual prepulse task is a simple and 

repeatable task to evaluate visual perception in adult hamsters.

677.5
ROLE OF INNERVATION IN THE MAINTENANCE OF PHENOTYPIC 
PROPERTIES OF THE MYOGENIC ALLY-DERIVED ELECTRIC ORGAN IN THE 
WEAKLY ELECTRIC FISH STERNOPYGUS MACRURUS. G.A. Unguez* and 
Harold H, Zakon, Dept. Zoology, University of Texas, Austin, TX 78712.

In the weakly electric fish Sternopygus rnacrurus, electrocytes, the current- 
producing cells of the electric organ (EO), regenerate after tail amputation through 
the fusion of fast muscle fiber types (Unguez and Zakon, Amer.Soc. Cell Biol, 
Abstr.. T.2A6’, 1996). Subsequent maturation leads to suppression of most muscle 
phenotypic properties, including myosin heavy chain (MHC) and tropomyosin 
(Unguez and Zakon, ibid.; Patterson and Zakon, J, Neurobiol.. 24:660; 1993). The 
mechanisms underlying the differentiation and maintenance of two distinct cell 
phenotypes from a single myogenic lineage are largely unknown. The present 
study investigates the extent to which neural input influences the phenotypic 
properties of muscle and EO. In six fish, a partial dorsal laminectomy was 
performed and the most posterior 5-cm segment of spinal cord was removed. The 
cord was exposed but left intact in sh;un-operated controls (n=3). Frozen sections 
of the distal portion of 2- (n=3) and 3-week (n=3) cordotomized tails were 
immunohistochemically stained for neurofilaments, MHCs, and tropomyosin. 
Denervation of mature electrocytes was demonstrated by an absence of anti-
neurofilament antibody labeling on their endplate region. In 2- and 3-week 
cordotomized tails, atrophy of mature electrocytes was notable and MHC labeling 
was observed in about one third of electrocytes. The MHC labeling profile in 
these denervated electrocytes was similar to that of fast, but not slow muscle 
fibers in normal adult tail. In addition, some of the MHC-expressing electrocytes 
were also labeled by an anti-tropomyosin antibody. There were no apparent 
differences in fiber size or fiber type distribution between muscles in tails of 
control and cordotomized fish. These data demonstrate that innervation is 
important for the maintenance of some morphological and biochemical properties 
of mature electrocytes. Preliminary data also shows deficits in regeneration in 
absence of innervation. Supported by NIH Grant RO1NS25513.

677.6
THE ORALLY ACTIVE NEUROIMMUNOPHILIN LIGAND GPI 1046 
PROMOTES STRUCTURAL AND FUNCTIONAL RECOVERY IN THE 
MOUSE MPTP MODEL OF PARKINSON S DISEASE.
J. P. Steiner*. D.T, Ross. H.L. Valentine, S. Liang, H. Guo, R. Soni, M, Fuller. W.
Huang, P.D. Suzdak and G.S. Hamilton. Department of Research, Guilford 
Pharmaceuticals Inc., Baltimore, MD 21224

Previously, we have shown that both immunosuppressive and non-
immunosuppressive ligands for the neuroimmunophilin FKBP-12 promote neurite 
outgrowth in vitro and in vivo. A novel non-immunosuppressive neuroimmunophilin 
ligand, GPI 1046 was synthesized. In vitro, GPI 1046 elicited neurite outgrowth in 
primary sensory neuronal cultures with picomolar potency. In vivo, GPI 1046 
induced regenerative sprouting from spared nigrostriatal dopaminergic neurons 
following l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) treatment of mice.
In our present study, orally-administered GPI 1046 demonstrates striking dose- 
dependent protective effects on striatal innervation density and striatal dopamine 
levels upon concurrent treatment with MPTP. Tyrosine hydroxylase-positive staining 
of dopaminergic neurons in the substantia nigra, pars compacta is also spared by GPI 
1046 treatment concurrently with MPTP. When administered post-lesion so that 
MPTP-induced degeneration had occurred, GPI 1046 elicited recovery of striatal 
dopamine levels and remarkable sprouting of striatal tyrosine hydroxylase-positive 
dopaminergic fibers in the absence of significant nigral neuroprotection. In addition 
to the morphologic and neurochemical recovery in these lesioned animals, GPI 1046 
elicited a behavioral recovery as well. Specifically, treatment of MPTP-lesioned 
mice with GPI 1046 reversed the catalepsy and akinesia observed in MPTP-lesioned 
animals induced by haloperidol administration. These data suggest that GPI 1046 
may act to rescue degenerating neurons and induce sprouting from spared 
dopaminergic projections. The orally efficacious GPI 1046 represents a novel class 
of small molecule therapeutic agents for the treatment of Parkinson’s Disease.

677.7
THE NOVEL NEUROIMMUNOPHILIN LIGAND £PI 1046 STIMULATES 
MORPHOLOGICAL, BIOCHEMICAL, AND BEHAVIORAL RECOVERY IN 
THE RAT INTRANIGRAL 6-OHDA PARKINSON’S DISEASE MODEL.
D.T. Ross* H.Guo, P, Howorth, M. Fuller, A. Nowotnick, G.S. Hamilton, P.D.
Suzdak and J.P. Steiner. Guilford Pharmaceuticals Inc., Baltimore MD 21224.

Non-immunosuppressive ligands of FKBP-12, a FK-506 binding protein,
exhibit dramatic neurotrophic potency in vitro and in vivo. Studies in mouse MPTP 
models of Parkinson’s Disease demonstrate that Guilford’s immunophilin ligand 
GPI-1046 produces dose dependent recovery of nigrostriatal structure and Function. 
The present study examines the efficacy of GPI 1046 in the rat intranigral 6-OHDA 
model. Adult male rats received unilateral 6-OHDA lesions and, following delays of 
1 hour to 4 months, were administered GPI 1046 s.c at 10mg/kg/ day for 5 days. 
Striatal tyrosine hydroxylase positive (TH+) fiber innervation density was increased 
2.5-3.5 times in rats treated with GPI 1046 compared to vehicle treated cases with 
analogous 80-90% loss of nigral neurons. Striatal reinnervation was seen in cases 
where administration of GPI 1046 was delayed up to 4 months following 6-OHDA 
lesion, was evident within 3 weeks of treatment onset, and remained intact 2 months 
after treatment cessation. Morphological recovery was accompanied by recovery of 
--30% of striatal catecholamine levels and dramatic reductions in amphetamine and 
apomorphine induced rotations. In a second series of studies, GPI 1046 was 
administered at doses of 1,4,10, or 20 mg/kg for 14 days to rats with more extensive 
(95%) nigral neuronal loss. A dose dependant increase in striatal innervation density 
was evident, accompanied by significant reduction in amphetamine induced rotation 
at higher doses. Increased striatal TH+ innervation derisity in the absence of nigral 
neuroprotection suggests that GPI 1046 exerts its effects by inducing terminal or 
collateral sprouting from the residual nigrostriatal projection. These results clearly 
indicate that orally active small molecule immunophilin ligands such as GPI 1046 
hold promise for reversing the devastating consequences of Parkinson’s Disease.

677.8
FUNCTIONAL AND ANATOMICAL CONSEQUENCES OF CHRONIC 
TREATMENT WITH NON-IMMUNOSUPPRESSIVE IMMUNOPHILIN LIGANDS 
AFTER STRIATAL 6-HYDROXY-DOPAMINE LESIONS IN THE RAT
H. Sauer*, S. Liang, J. Francis, J.P. Steiner, Dept. of Neurobiological Research, 

Guilford Pharmaceuticals Inc., Baltimore MD 21224
Systemic treatment with GPI-1046, a non-immunosuppressive ligand of FKBP12 ( FK- 
506 binding protein-12), has been shown to counteract the degenerative changes in the 
nigrostriatal dopaminergic system after systemic exposure to MPTP in mice, and after 
intranigral injections of 6-hydroxydopamine (6-OHDA) in rats (Steiner et al. 
Proc.Natl.Acad.Sci.USA 94, 1997, 2019-2024). In the present experiments, we 
investigated the effects of chronic systemic GPI-1046-treatment (5 - 20 weeks) on the 
progressive nigral degeneration observed after intrastriatal 6-OHDA-lesions in the rat. 
Young adult female Sprague-Dawley rats received intrastriatal stereotaxic injections of 
20 ug 6-OHDA into the right striatum. In 4 groups of animals, this lesion was preceded 
by one week by bilateral intrastriatal injections of the retrograde fluorescent tracer 
fluorogold (FG) into both striata. Systemic treatment with 1,10, and 20 mg/kg, or 
intralipid vehicle s.c.(n=8/group) was initiated one week after the lesion. Animals were 
sacrificed after 5 weeks of treatment and a quantification of surviving nigral FG-labeled 
and tyrosine hydroxylase-immunoreactive(TH-IR) cells in this neuroprotective 
experimental paradigm will be presented. Two further groups of lesioned animals were 
tested for baseline amphetamine-induced locomotor asymmetry 3 weeks after the lesion. 
Systemic treatment with lOmg/kg/d GPI-1046 s.c. was initiated one week thereafter. 
Vehicle-treated animals (n=ll) displayed no significant changes from baseline 
locomotor asymmetry at any tested timepoint after initiation of treatment (3, 6, 9, and 
12 weeks), while GPI-1046-treated animals (n=10) progressively decreased their mean 
numbers of ipsilateral rotations over 90 min. from 1398+/-145 at baseline to 672+/-181 
after 12 weeks of treatment (p<0.01). A quantification of striatal TH-IR fiber density 
and numbers of surviving nigral TH-IR cells will be presented.
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677.9
THE NEUROIMMUNOPHILIN LIGAND GPI 1046 STIMULATES 
RECOVERY FOLLOWING SCIATIC NERVE INJURY.
H.L. Valentine*, S. Liang. P.D. Suzdak. G.S. Hamilton and J.P. Steiner
Department of Research, Guilford Pharmaceuticals Inc. Baltimore, MD 21224

Previously, we have shown that both FK506 and non-immunosuppressant
immunophilin ligands can augment recovery of damaged sciatic nerves from crush 
injury (Steiner, et. al., Nature Medicine 3, 421-428, 1997). These compounds 
accelerate the rate of recovery of the nerves by increasing axonal diameter, cross 
sectional area and degree of myelination. In the present study, we systematically- 
administered the neuroimmunophilin ligand GPI 1046 at various doses ranging 
from 1-20 mg/kg s.c., beginning on the day of the nerve crush until sacrifice 18 
days later. We assessed morphologic recovery from the nerve damage by 
immunostaining with anti-neurofilament Ig to quantitate axonal diameter and cross 
sectional area and anti-myelin basic protein Ig to quantitate the level of myelination. 
GPI 1046 treatment markedly augments both the diameter and cross sectional area 
of the recovering nerve fibers. The effects of GPI 1046 on myelination levels are 
even more striking, with 7- to 8-fold higher levels in drug-treated than vehicle- 
treated lesioned animals. In lesioned animals treated with vehicle, myelin sheaths 
are not evident, whereas substantial myelin layering is seen in injured nerves after 
GPI 1046 treatment. Systemic GPI 1046 treatment of rats with injured sciatic 
nerves stimulated regrowth of axons in the injured sciatic nerve and markedly 
enhanced'their myelination. These data suggest that neuroimmunophilin ligands 
may be interesting experimental compounds for further evaluation in animal models 
of central and peripheral demyelination.

677.10
NEUROIMMUNOPHILIN LIGANDS AUGMENT SEROTONIN FIBER 
PROTECTION FOLLOWING LESIONS WITH PARA-
CHLOROAMPHETAMINE (PCA).
S. Liang*, H.L, Valentine. D.T. Ross, D. Spicer. P.D.Suzdak, G.S. Hamilton and
J.P. Steiner Department of Research, Guilford Pharmaceuticals Inc. Baltimore, 
MD 21224.

Para-chloroamphetamine (PCA) produces marked destruction of serotonin 
neurons in the central nervous system. It has been shown previously that peptidic 
growth factors, such as BDNF, exert their neurotrophic effects on these serotonin 
neurons and induce sprouting following intracortical infusion of BDNF (Mamounas 
et. al., 1995). We investigated whether small molecule neurotrophic 
neuroimmunophilin ligands, such as GPI 1046, might induce sprouting of serotonin 
fibers in the cerebral cortex. Serotonin neurons of adult male Sprague Dawley rats 
were lesioned with systemic 10 mg/kg PCA. Rats received various doses of GPI 
1046 (1-40 mg/kg s.c.) for three days, at which time PCA was administered, 
followed by the same dose of GPI 1046 daily for 14 days until sacrifice. In rats 
lesioned with PCA, cortical serotonin immunoreactivity is dramatically reduced by 
greater than 90%. PCA-lesioned animals receiving GPI 1046 display increased 
cortical serotonin innervation density, with a greater than two-fold increase in the 
level of serotonin fiber staining in the somatosensory cortex. The effects of GPI 
1046 on serotonin innervation density were detected in all regions of the cortex, 
from frontal to parietal to occipital cortex. However, we observed no evidence of 
aberrant sprouting of neuronal processes when GPI 10'46 was administered to 
normal animals. These data demonstrate that GPI 1046 is neurotrophic for central 
serotonin neurons and is active following systemic administration.

677.11
ALTERATIONS IN THE FORM AND MAGNITUDE OF STRIATAL 
SYNAPTIC PLASTICITY IN SLICES FROM 6-OHDA-LESIONED RATS. 
T.P. Hicks1, P.D.Suzdak2. and J.P. Steiner2. 'Inst. Biol. Sci., NRC, Ottawa, 
Ontario, Canada and 2 Guilford Pharmaceuticals Inc., Baltimore, MD.

The role of dopamine in the rat’s striatum as it influences synaptic 
plasticity is as yet unclear. To address this question, anesthetised, male 
Sprague-Dawley rats were stereotaxically lesioned in the nigro-striatal pathway by 
injecting 6-hydroxydopamine (6-OHDA; 10 mg/ml in 0.4% ascorbic acid) and 
assessed electrophysiologically after one to two weeks. The extent and 
effectiveness of the lesions were assessed on the basis of amphetamine-induced (1.5 
mg/kg, i.p.) and natural turning behavior while confirmation of the lesions’ 
effectiveness was obtained immunohistochemically using antisera to tyrosine 
hydroxylase ( TH). In striatal slices from unlesioned animals, AP5-sensitive (20 
pM) LTP was elicited following high frequency stimulation (5 trains 100 Hz, 0.4 
sec per train, 2-sec intervals) of: 1) the white matter (WM) adjacent to the striatum 
and 2) the striatum (ISS). In both cases, robust LTP could be elicited. WM 
stimulation in 6-OHDA-lesioned animals produced loss of LTP and substitution 
with LTD. ISS resulted in loss of LTP and replacement with STP. The extent of 
the post-lesional plasticity was correlated in both cases with the strength of the 
turning behaviour that had been observed from that animal prior to obtaining the 
slices. These data show that: 1) the striatum is capable of supporting LTP, 2) this 
LTP is likely to be mediated through NMDA receptors, 3) loss of dopamine input 
alters the form of expression of striatal synaptic plasticity, and 4) the magnitude of 
the change in plasticity is related to the extent of the deafferentation, as assessed 
behaviorally.

677.12
THE NOVEL SMALL MOLECULE IMMUNOPHILIN LIGAND GPI 1046 
STIMULATES CHOLINERGIC REINNERVATION OF DEAFFERENTED 
HIPPOCAMPAL REGIONS AFTER FIMBRIA-FORNIX TRANSECTION
H.Guo? D.T. Ross, D.M. Spicer, P. Howorth, G.S. Hamilton, P.D. Suzdak , and

J.P. Steiner Department of Research, Guilford Pharmaceuticals Inc., Baltimore 
MD, 21224

The dramatic in vitro neurotrophic potency of non-immunosuppressive ligands 
of the FK-506 binding protein FKBP-12, such as GPI 1046, are translated into 
striking biochemical and behavioral recovery when administered in animal 
models of Parkinson’s Disease. This recovery appears to be mediated by the 
immunophilin ligand stimulated terminal and collateral sprouting from residual 
nigrostriatal projections. The present study examined whether administration of 
the immunophilin ligand GPI 1046 could induce sprouting of residual cholinergic 
septohippocampal axons following partial transection of the fimbria-fornix in 
adult rats.

Partial bilateral transection of the fimbria fornix was performed stereotactically. 
GPI-1046 or its vehicle was administered to these animals at 10 mg/kg/day for 14 
days and animals were sacrificed 14 days after their last injection. The 
septohippocampal cholinergic system was visualized in these cases using ACHE 
histochemistry and CHAT immunohistochemistry on adjacent sections.

The partial transections spared the medial and dorsal fornix but produced 
extensive (75-80%) deafferentation in middle 1/2 of the hippocampal formation 
evident throughout Ammon’s horn and the dentate gyrus. Treatment with GPI 
1046 produced increased density of terminals in the CA3, CA1 and dentate gyrus. 
These results indicate that treatment with immunophilin ligands appears to 
stimulate partial recovery of central cholinergic systems which may hold promise 
for ameliorating cholinergic deficits present in Alzheimer’s Disease.

677.13
GPI 1046 ELICITS NEURITE OUTGROWTH OF PRIMARY SENSORY 
NEURONAL CULTURES
M.A. Connolly*, C. Ramsey, G.S. Hamilton and J, P. Steiner Department of 
Neurobiological Research, Guilford Pharmaceuticals Inc., Baltimore, MD 21224

Immunosuppressive immunophilin ligands, such as FK506, rapamycin 
and cyclosporin A (CsA), as well as non-immunosuppressive analogs of these 
ligands, elicit neurite outgrowth in PC 12 cells and sensory neuronal cultures 
isolated from chick dorsal root ganglia (Steiner, et. al., Nature Medicine 3, 421- 
428, 1997). A novel neuroimmunophilin ligand, GPI 1046 (3-(3-Pyridyl)-l- 
propyl (2S)-l-(3,3-dimethyl-l,2-dioxopentyl)-2-pyrroIidinecarboxylate), has 
recently been synthesized. In the present study, we have characterized the 
neurotrophic activity of GPI 1046 to induce neurite extension in primary explant 
cultures of E10 chick dorsal root ganglia. GPI 1046 potently elicits neurite 
outgrowth in these cultures with picomolar affinity (EDS0= 58 pM) and induces a 
maximal neurotrophic effect comparable to that of nerve growth factor. GPI 1046 
not only stimulates a greater magnitude of neuritic outgrowth, but also increases 
the length and branching complexity of the outgrowing processes. We’ve also 
examined the effects of GPI 1046 on these sensory neurons in serum-free media. 
Even in the absence of fetal bovine serum, GPI 1046 supports neuronal survival 
and potently induces neurite outgrowth at picomolar concentrations. These data 
demonstrate the potent neurotrophic effects of GPI 1046 and suggest the use of 
this in vitro culture assay for primary screening of the neurotrophic potency of 
neuroimmunophilin ligands.

677.14
PET EVIDENCE OF NIGRAL COMPENSATION IN THE MPTP PRIMATE MODEL OF 
PARKINSON'S DISEASE. J.L. Eberling*, K.S. Bankiewicz, S. Jordan, W.J. Jagust. 
Center for Functional Imaging, Lawrence Berkeley National Laboratory, University 
of California, Berkeley, CA 94720. We used positron emission tomography (PET) 
and the dopaminergic tracer, [18F]6-fluoro-L-m-tyrosine (FMT), to study the time 
course of nigrostriatal degeneration following unilateral MPTP administration in 8 
rhesus macaques. The intracarotid artery (ICA) infusion of MPTP into one carotid 
artery produces damage to the dopaminergic cells of the substantia nigra (SNc) 
ipsilateral to the side of infusion. Animals were studied prior to MPTP infusion, 
and at 1 week, 2 weeks, 3 weeks, 6-7 weeks, 23 weeks and 34 weeks after unilateral 
ICA MPTP infusion. Ki asymmetry ratios, representing the difference in FMT 
uptake (Ki) between the lesioned and unlesioned hemispheres, were calculated for the 
putamen and SNc. Prior to MPTP administration, the Ki ratios for the putamen and 
SNc were near 0. indicating no asymmetry in FMT uptake. The Ki ratios for the 
putamen were significantly lower than baseline for every time point after MPTP 
administration, representing a profound decrease in FMT uptake on the ipsilateral 
side, presumably due to DA terminal degeneration. In contrast, Ki ratios for the SNc 
were actually increased with respect to baseline during the first 3 weeks following 
MPTP, indicating that FMT uptake increased on the ipsilateral side and suggesting 
upregulation by the remaining and/or degenerating DA cells. These PET findings 
were confirmed by histological evidence of neurodegeneration beginning in the 
terminal region (3-5 days), with some effect in the SNc by 3 weeks, and complete 
degeneration by 4 -5 weeks. In addition, 2 animals were studied with PET before 
and 1 week after treatment with MPTP and the MAO inhibitor, pargyline, which has 
been shown to block the neurotoxic effects of MPTP. There were no significant 
differences in Ki ratios between baseline and pargyline/MPTP treatment in either the 
putamen or the SNc, thus providing in vivo evidence of neuroprotection in the 
MPTP model. PET FMT studies should be useful for further delineating the time 
course of physiologic and compensatory dopaminergic changes produced by MPTP, 
as well as for monitoring the therapeutic effects of growth factors and gene therapy 
for the treatment of PD. Supported by US DOE Contract DE-AC03-76SF00098.
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677.15
HUMAN AOPOLIPOPROTEIN E RECEPTOR (APOE R)-2 
IMMUNOREACTIVITY IN DAMAGED RAT BRAIN FOLLOWING 
NEEDLE STAB WOUND. N. Otsuka^-^. Y, Motoi^. N. Goto*, T 
Nukada*^ and K. Ikeda^. 1 Dept.of Anat., Showa Univ. Sch.of Med., 
Dept.of ^uitrastruct.and Histochem., and ^Neurochem., Tokyo Inst.of 
Psychiat., Japan.

APOE R-2, initially isolated from a human cDNA as a novel 
lipoprotein receptor. The APOE R-2 mRNA preferentially 
localized in rat brain. Recently, we found by
immunohistochemistry that APOE R-2 was present in neurons 
and ependymal cells of the central nervous system, including 
brain stem and spinal cord moter neurons in human and rat. 
We conducted immunohistochemical studies of rat brain that 
had received needle stab injury to gain insight wether APOE R-2 
was involved in the recovery process of the brain. 
Immunoperoxdase histochemistry was done by using polyclonal 
antibodies raised in rabbits against synthetic peptides 
corresponding to three portions of APOE R-2. All the antibodies 
to APOE R-2 gave a similar results showing a positive staining of 
ajacent to or around the needle tract area; the staining in axons 
and/or dystrophic axonal swelling and the staining of reactive 
glial cells. At 3h following needle insertion, immunoreactivity to 
APOE R-2 was discernible in swollen axons adjacent to the 
lesion. On the other hand, immunostaining of the glial cells first 
appeared 50h after the injury. By morphological criteria, 
immunoreactive cells were considered to be mainly astrocytes. 
The damage-mediated APOE R-2 appearance in degenerating 
axons and reactive astrocytes after injury may have implications 
in protection and repairs of the damaged brain.

677.16
EMBRYONIC INJECTION OF BRDU BLOCKS LATER CEREBRAL PLASTICITY. 
B. Kolb*, R. Gibb, B, Pedersen and I. Q. Whishaw. Dept of Psychology & 
Neuroscience, Univ. of Lethbridge, Lethbridge, AB, T1K 3M4, Canada.

Cell proliferation in the rat cortex begins about E12 and continues 
until birth. Bromodeoxyuridine (BrdU) is a thymidine analog that can 
be incorporated into DNA during mitosis. BrdU is known to inhibit the 
synthesis of specific proteins characteristic for differentiated functions 
in vitro, as well as to inhibit mitosis of stem cells in vivo, at least in 
the cerebellum. In the current study we injected BrdU at ages ranging 
from E11-P10 (2X@60mg/kg). Half of the animals were subsequently 
given midline frontal cortical lesions on P10. Midline frontal lesions 
on P10 normally result in ‘spontaneous’ regeneration of about 60% of 
the lost tissue, which is correlated with sparing of function. BrdU 
injections on embryonic days 11-15 led to the development of 
significantly smaller (10-20% reduction in brain weight) relative to 
controls. BrdU injections at E11-15 also blocked cerebral regrowth 
and recovery of function after frontal lesions at P10. Golgi-Cox 
analysis of the cortical neurons of rats with E13 injections revealed 
significantly smaller dendritic fields than in controls. Analyses with 
antibodies to neurons (NeuN) and BrdU showed a reduction in labelled 
neurons. These results suggest that embryonic BrdU at E11-15 may 
interfere with mitosis of cortical neurons in utero as well as plastic 
changes in response to postnatal injury. In contrast, BrdU injection at 
E17-P10 has less severe effects on cerebral plasticity and behavior. 
These results also show that in the absence of cerebral regrowth, there 
is no functional recovery after P10 frontal lesions. (MRC supported)

677.17
MICROVASCULAR PROLIFERATION AND REMODELING AFTER LOCAL 
ISCHEMIA IN RAT BARREL CORTEX. L. Wei, fj. Brunstrom.* C.M, 
Rovainen, IT.A. Woolsey. Depts. of Cell Biol. & Physiol, and of fNeurology & 
Neurological Surgery, Sch. of Med., Washington Univ., St. Louis, MO 63110

Increased flow through arteriolar collaterals and functional recovery of intrinsic 
optical signals (IOS) occurs 30 days after local ischemia in rat whisker barrel cortex 
(Wei et al., 1995, 1996). The hypothesis that growth of new and existing blood 
vessels contribute to functionally activated cortex at the ischemic site was tested. (1) 
multiple branches of the middle cerebral artery supplying IOS identified whisker 
barrel cortex in adult Wistar rats were ligated; 2) surface vessels were scanned by 
videomicroscopy before and 30 days after ischemia in the same rat; (3) arterioles and 
venules were identified and local arteriovenous transit times were measured; (4) 
functional activation by one and all contralateral whiskers before and 30 days after 
ischemia in the same rat was monitored by IOS; (5) local capillary density in and 
around the infarct was shown by FITC-albumin perfusion at 30 days; (6) proliferating 
cells were fluorescently immunolabeled for 5-bromo-2’-deoxyuridine (BrdU) at 3-5 
days after ischemia. Microvascular nuclei in the developing infarct and penumbra in 
endothelial and presumed smooth muscle nuclei of surface vessels were labeled. The 
density of microvessels was increased. We observed unusual radial foci of surface 
vessels over infarcts, and demonstrated small arterioles in these foci during transits. 
IOS maps often differed from those recorded in the same rat before ischemia. 
Arteriolar collaterals that fed the formerly ischemic region dilated, as indicated by IOS 
at 540 nm, as do normal arterioles during whisker stimulation. Angiogenesis, 
proliferation of endothelium, and active coupling to neural activity of remodeled 
arteriolar collaterals may contribute to long-term recovery after stroke.
Supported by NIH Grant NS 28781, The McDonnell Center for Studies of Higher Brain 
Function and an award from the Spastic Paralysis Foundation of the Illinois-Eastern Iowa 
District of the Kiwanis International.

677.18
MRI OF DEGENERATING AND REGENERATING AXONS IN THE 
PERIPHERAL NERVOUS SYSTEM. M. Kliot*. B, Aagard. J.C. Lee, A.T, 
Dailey, L. Lankerovich. G, Foltz. R, Goodkin. and K, Maravilla. Department of 
Neurological Surgery & Department of Radiology, Univ. of WA. & VA Pudget 
Sound Health Care System, Seattle, WA. 98108

We have been developing and applying novel magnetic resonance imaging (MRI) 
techniques, using custom designed phase array coils, to improve the visualization of 
normal and abnormal peripheral nerves in patients (Filler et al, 1996). Recently, 
these MR neurographic (MRN) techniques have allowed us to visualize and 
distinguish phases of axonal degeneration and regeneration in a patient who sustained 
a traumatic peroneal nerve laceration injury that was subsequently repaired surgically. 
Increased signal in the distal degenerating segment of nerve on both T2 and STIR 
weighted image sequences was seen that normalized as nerve regeneration, 
documented on electrodiagnostic studies, and recovery of function occurred over time.

The accuracy of these techniques is difficult, if not impossible, to rigorously test 
in the clinical setting. We therefore have begun to study MRN signal changes in an 
animal model of axonal degeneration and regeneration. Preliminary results using a 
rat model of sciatic nerve cut or crush injury have demonstrated our ability to 
visualize increased signal and contrast enhancement in degenerating nerve. These 
signal changes persist for several weeks before beginning to normalize in the distal 
segments of crushed nerves as regeneration and recovery of function occurs. These 
MRN signal changes are being correlated with anatomical and behavioral findings 
during phases of nerve injury and recovery.

Our findings to date suggest that MRN techniques can visualize degenerating and 
regenerating peripheral nerve. Such imaging techniques may have clinical utility in 
differentiating non-invasively severe grades of nerve injury, which recover through 
axonal regeneration (i.e. an axonotmetic grade), from those that do not and therefore 
require a surgical repair (i.e. a neurotmetic grade). Hopefully such techniques in the 
future will reduce or eliminate the need for "exploratory surgery."

Supported by a CIDA grant from the NINDS as well as funds from the Spinal 
Cord Research Foundation and Seattle VAMC.

677.19
FUNCTIONAL RECOVERY FROM PERIPHERAL NERVE LESION IN THE 
RAT; SIGNIFICANCE OF INDIVIDUAL PSYCHOBIOLOGICAL 
CHARACTERISTICS. N.L.U. van Meeteren* P.J.M. Helders, A.R. Cools, V.M. 
Wiegant, and W.H. Gispen. Rudolf Magnus Institute for Neurosciences, Utrecht 
University, PO box 80040, 3508 TA Utrecht, The Netherlands.

Previous experiments have shown that the considerable variance in recovery 
rate after a sciatic nerve crush lesion between individual rats may relate to 
individual psychobiological characteristics. Insight into key-factors determining 
interindividual-variability can be obtained from studies on Wistar rats selected 
for high (HR) and low (LR) responsiveness to novelty, two distinct types of 
individuals which normally are present in unselected outbred strains of Wistar 
rats. Ten HR and ten LR rats were selected on the basis of the distance they 
travelled and their ‘habituation time’ in a 30 min open field trail, and subsequently 
underwent a sciatic nerve crush in the right paw. The sensorimotor recovery was 
monitored, by evaluation of the free walking pattern and the foot withdrawal 
reflex test. Furthermore, the paw test was repeatedly used throughout the 
recovery period, in order to estimate motor-problem-solving capability of 
individual rats, by measuring right and left hind limb retraction times (HRT). 
Recovery of motor function revealed no significant differences between both 
groups, whereas sensory recovery was significantly faster LR rats (p<0.05). 
Statistical analysis of HRT’s revealed a more rapid normalisation of this motor 
behaviour in HR rats than their LR counterparts (pcO.OOO and p<0.024 for right 
and left HRT respectively). These results confirm and extend our previous 
findings indicating the existence of a relationship between innate behavioural 
characteristics of individual rats and the efficiency of recovery of function 
following crush lesion. Future studies will be aimed at further exploration of the 
fundamental processes underlying these phenomena.

677.20
DIRECTIONAL NEURITE OUTGROWTH FOLLOWING LINEAR PULSED 
ELECTROMAGNETIC FIELD (PEMF) STIMULATION. MY, Macias*, J.H. 
Battocletti, F, A Pmtar and P.J. Maiman. Neuroscience Research Department, Zablocki 
VAMC and Dept of Neurosurgeiy, Froedtert Lutheran Memorial Hospital in affiliation 
with the Medical College of Wisconsin, Milwaukee, WI 53226.

Previous work in chick dorsal root ganglia (DRG) showed stimulated and 
asymmetrical neurite growth following PEMF exposure with circular coils. With circular 
coils the direction of asymmetrical growth was random and could not be predicted or 
controlled. The present study' investigates whether well-defined linear currents induced by 
PEMF stimulation will impart directionality parallel to the induced current from 
mammalian DRG neurons in vitro. Two coils were constructed from individual sheets of 
copper folded into a square coil and placed in separate water-jacketed incubators. One coil 
was energized by a waveform generator driving a power amplifier, the other was not 
Whole DRG explant cultures were obtained from 15-day Sprague-Dawley rat embryos. 
Fourteen conditions were tested, i.e., 7 [NGF] 0-100 ng/ml with or without PEMF 
exposure. Total incubation time was 48 hr for all DRG cultures. PEMF exposed cultures 
were subjected to the energized coil for 18 hr. After 48 hr, all cultures were histochemically 
stained for neurite outgrowth visualization. Asymmetrical growth parallel to the current 
direction was evident only in DRG cultured with NGF and exposed to PEMF. Increasing 
excitation of the coil resulted in an increase of DRG exhibiting directional growth from 
21% to 42%. Cultures with [NGF] <30 ng/ml showed a greater percentage of asymmetrical 
growth compared to those with [NGF] >30 ng/ml. Cultures without NGF did not show 
appreciable growth, regardless of PEMF exposure status. Neurite outgrowth from the DRG 
cultures not exposed to the PEMF had a characteristic radial pattern of neurite outgrowth. 
This study demonstrates that directionality may be imparted on neurite growth by a well- 
defined, linear PEMF.
Supported by Dept of Veterans Affairs, Zablocki VAMC
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678.1
RAT MAL, A FOUR TRANSMEMBRANE DOMAIN LIPID 
ASSOCIATED PROTEIN OF MYELIN AND APICAL MEMBRANES OF 
EPITHELIA. M. Frank, M.E, van der Haar, N. Schaeren-Wiemers. A, Holz* 
and M.E, Schwab. Brain Research Institute, University of Zurich, 8029 
Zurich, Switzerland.

MAL (Myelin And Lymphocyte) protein is a small protein with four 
hydrophobic, putative transmembrane domains. Rat MAL (rMAL) cDNA was 
identified as a new myelin gene and is expressed by both oligodendrocytes and 
Schwann cells. Outside the nervous system transcripts were detected in spleen 
and kidney. For further functional characterization of the rMAL protein an 
affinity purified, peptide-specific antibody was used for immunohistochemistry 
and biochemical analysis. Immuno-electron microscopy localized rMAL 
protein in compact myelin. In the kidney, rMAL is almost exclusively located 
on the apical (luminal) side of cells lining the distal kidney tubuli. During 
development the expression of rMAL transcripts and protein shows a 
differential regulation in myelin and kidney which correlates well with the onset 
of function in these tissues. rMAL protein is present in typical detergent 
insoluble complexes after extraction of membranes from spinal cord and kidney 
which indicates a close association of this protein to lipids, in particular 
glycosphingolipids, in vivo. We show evidence that rMAL protein is associated 
with galactocerebroside, a glycosphingolipid which is a major constituent of 
myelin and kidney apical membranes. These results suggest that rMAL protein 
is involved in the formation and maintainance of specialized membranes, such 
as myelin membranes and kidney apical membranes by forming specific 
protein-glycolipid microdomains.

Supported by the Swiss National Science Foundation.

678.2
PMP22 EXPRESSION DURING IN VITRO MYELINATION. L. Notterpek* and
E.M, Shooter. Dept. of Neurobio. Stanford Univ. Sch. of Med., Stanford, CA 94305. 
Peripheral myelin protein 22 (PMP22) was initially described as a minor component of 
peripheral myelin. Deletions, duplications and mutations in the PMP22 gene are 
associated with demyelinating neuropathies supporting a role for the protein in PNS 
myelination. Furthermore, the protein carries the L2/HNK-1 carbohydrate epitope 
suggesting an adhesion/recognition function. Despite advances in characterizing the 
PMP22 gene, to date the specific role(s) of the protein in myelin remains unknown. 
The aim of our studies has been to determine the expression pattern and biochemical 
properties of PMP22 during PNS myelinogenesis using a well established in vitro 
model system. Myelinating cocultures of dorsal root ganglion neurons and Schwann 
cells were established with the addition of ascorbic acid (50pg/ml) and progesterone 
(20nM) to the growth medium. Developmental expression patterns of PMP22 were 
examined by immunocytochemical and biochemical methods and compared to that of 
known myelin markers, myelin associated glycoprotein, protein zero (PO) and myelin 
basic protein (MBP). In purified Schwann cell cultures, PMP22 is expressed at low 
levels, the majority of which is localized to the endoplasmic reticulum and Golgi 
compartments as indicated by double immunolabeling. Upon extended (>2weeks) 
coculture of Schwann cells with neurons under myelinating conditions the protein is 
found in well-myelinated regions that are also PO and MBP reactive. Western analyses 
of parallel cultures also indicate that PMP22 expression pattern is similar to MBP, a 
late component of PNS myelination. The amount of PMP22 and MBP protein 
continue to increase in long term myelinating cocultures. Based on endo H and PNGase 
F digestions, the in vitro glycosylation pattern of PMP22 in well-myelinated 
cocultures is similar to that which has been observed in vivo. The protein is endo H 
resistant and an 18kD form is generated upon cleavage with PNGase F. These results 
suggest that PMP22 is a structural, rather than an adhesion/recognition molecule in 
PNS myelination and support a role for the protein in the maintenance of peripheral 
myelin. This research is supported by funds from American Paralysis Association, 
MDA and NIH to EMS, and Giannini Foundation, NMSS and NIH to LN.

678.3
IMMUNOCYTOCHEMICAL LOCALIZATION OF PROTEOLIPID PROTEIN 
IN THE CNS OF THE SHAKING PUP. B.D. Goetz1, S. Zhanjj*, B.D. Trapp2 I.P. 
Duncan1. University of Wisconsin, Dept. of Medical Sciences, Madison, WI 537061 
Dept. of Neuroscience, Cleveland Clinic Foundation, Cleveland, OH 441952

Proteolipid protein (PLP) and its alternatively spliced isoform DM-20 are the 
major myelin proteins of the central nervous system (CNS). The functions of these 
proteins are not completely understood. The various naturally occurring PLP 
mutants have been used to elucidate the roles of both proteins. The localization of 
PLP to the myelin sheath suggests a role in myelin sheath stabilization, while DM- 
20 is thought to play a role in oligodendrocyte survival and maturation. There is 
considerable evidence that missense mutations in the PLP gene disrupt normal 
folding of its protein products causing their arrest early in the secretory pathway in 
oligodendrocytes, eventually leading to the build-up of mutant protein in the rough 
endoplasmic reticulum (RER). We studied PLP/DM-20 expression in the shaking 
pup (shp) canine mutant which has been shown to have a point mutation in exon 3 of 
the PLP gene, resulting in a single amino acid substitution. Many of the 
oligodendrocytes in this mutant have distension of the RER. This is consistent with 
the above hypothesis that the RER may be filled with misfolded PLP and/or DM- 
20. Immunohistochemistry with antibodies to PLP and PLP/DM-20 was 
performed on 20 pm thoracic spinal cord sections in animals ranging in age from 2 
days to 37 weeks. Both antibodies labeled the myelin sheaths in the young and old 
shp beginning at postnatal day 2, with no evidence of perinuclear cytoplasmic 
labeling. The presence of PLP and DM-20 in myelin suggests that this point 
mutation does not affect their insertion into the myelin sheath. Thus, the protein is 
transported from RER to the membrane, perhaps at an altered rate, but without 
apparently resulting in accumulation in this organelle. Supported by NIH and 
Elisabeth Elser Doolittle Trust.

678.4
A UNIQUE DEVELOPMENTAL GENETIC DISRUPTION OF MYELINATION 
IN THE DOG. D. Lipsitz1, B. Goetz1, P. Cuddon2, L.T. O’Connor1*, and I.P. 
Duncan1. School of Veterinary Medicine, University of Wisconsin - Madison, 
Madison, WI 537061, School of Veterinary Medicine, Colorado State 
University, Fort Collins, CO 805232.

Novel mutations of genes involved in myelination of the CNS are eagerly 
sought to further understand the normal myelination process. A unique 
hypomyelinating disorder of suggested autosomal recessive origin has been 
described in two breeds of dog, the Wiemaraner (Kornegay, et al 1978) and 
the Chow Chow (Vandevelde et al 1978). At 7-12 days of age affected pups 
develop a marked but variable whole body tremor that, however, disappears 
after three to four months. Previous reports highlighted a unique zone of 
hypomyelination of the superficial tracts of the spinal cord.

In this study four affected Wiemaraner pups were studied by light and 
electron microscopy, immunocytochemistry for the myelin proteins, and 
GFAP, and 3H autoradiography. In addition, the offspring of a cross between 
a previously affected Weimaraner and Chow Chow were studied. The 
distribution of the myelin defect in the spinal cord mimics the pattern of 
myelination of the dog spinal cord, suggesting that there may be a disruption 
in the population of oligodendrocyte progenitor migration towards the 
terminal target sites. The findings of affected dogs in the breeding cross 
suggests involvement of the same gene in both breeds, albeit a different 
mutation. (Supported by the Elizabeth Elser Doolittle Charitable Trust)

678.5

ULTRASTRUCTURAL LOCALIZATION OF A LARGE 
CHONDROITIN-SULFATE PROTEOGLYCAN (VERSICAN) TO 
MYELIN IN THE ADULT RAT CENTRAL NERVOUS SYSTEM. 
B. S. Thoma, E. J. Boland, D. M. Gilliamt and R. G, LeBaron*.
Univ. of Texas at San Antonio, San Antonio, Texas, 78249, USA; 
fDept. of Pathology, Wilford Hall, USAF Medical Center, San 
Antonio, Texas, 78236, USA.

Versican is an alternatively-spliced, large chondroitin-sulfate 
proteoglycan which binds other extracellular matrix components, 
including hyaluronan and tenascin-R. Recent findings demonstrate 
that versican is found in fibrous tracts of the white matter and is 
associated with myelinated axons of mixed cultures of neurons and 
oligodendrocytes. In our studies, thin sections of neural tissue from 
adult rats were fixed and stained with polyclonal antibodies that 
recognize two (VO and VI) of the four (VO, VI, V2, and V3) 
alternatively spliced isoforms of versican. Stained tissue was analyzed 
by light and electron microscopy. Light microscopy staining of the 
white matter revealed an association of versican with fibrous tracts. At 
the ultrastructural level, staining for the VO (or VI) isoform of 
versican was seen at the surface of the myelin sheath. The association 
of versican with myelin of the CNS suggests that versican functions 
as a structural component of the CNS, perhaps binding to myelin- 
associated molecules, or linking together components of the 
extracellular matrix, glial cells, or neurons.

This work was supported by Grant GM08194 from the National 
Institutes of Health (R. G. L.).

678.6
TENASCIN AND THE MYELINATION OF AUDITORY DELAY 
LINES IN BARN OWLS. S.-M. Cheng* and C.E, Carr. Dept. of 
Zoology, Univ. of Maryland, College Park, MD 20742-4415.

Barn owls use interaural time differences (ITDs) to localize sound. 
Timing information is processed in the cochlear nucleus magno- 
cellularis (NM), which projects bilaterally to the nucleus laminaris 
(NL) forming delay lines and maps of ITD. Previously, we found that 
myelination of the delay lines is delayed, which coincides with the 
anatomical and morphological maturation of NL (Cheng and Carr, 
’92). Here we report changes in the expression of tenascin by 
immunohistochemistry, and the distribution of proliferating glial 
progenitors by BrdU studies, in the developing NL.

The expression of tenascin was regulated in the NL with high levels 
of expression in the embryos, and then shut down just before the 
onset of myelination. At the time of hatching, the rostro-medial region 
of NL had no detectable tenascin immunoreactivity and contained 
BrdU positive cells. Tenascin was found only in the caudal and lateral 
part of NL, which contained no BrdU positive cells. BrdU positive 
cells were instead located on the borders of NL in this region. At this 
time, the myelinating (PLP positive) cells were found not within, but 
on the border of NL, both rostrally and caudally.

Our findings suggest that the presence of tenascin may act to restrict 
the migration of glial progenitors into NL. We hypothesize that 
tenascin acts to delay the production of myelinating oligodendrocytes, 
and that it may be partly responsible for the timely delay of 
myelination in the NL during development.
(Supported by NIH DCD00436 to CEC)
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678.7
A G PROTEIN-COUPLED RECEPTOR IN MYELIN-PRODUCING 
CELLS. S. Barron*, J. Allard, J. Diaz, C. Lubetski1, B. Zalc1, J.-C, 
Schwartz and P. Sokoloff, INSERM U109 Centre Paul Broca 75014 
Pahs, and1 INSERM U134, Hop. Salpethere 75013 Pahs, France.

By screening of a rat olfactory bulb cDNA library using dopamine 
receptor probes, we isolated a clone containing a predicted sequence 
of 364 aminoacids, named OB25, homologous to G protein-coupled 
receptors. We also cloned the human intron-containing gene. In situ 
hybridization analyses showed that OB25 mRNA expression is 
restricted to myelin-containing areas in the CNS (e.g. corpus 
callosum). During postnatal development, OB25 mRNA expression 
follows a caudo-rostral gradient, is almost absent from brain at birth 
and increases significantly from postnatal day 9, a few days before 
myelination. This spatio-temporal expression pattern is closer to that 
of myelin basic protein (MBP) mRNA, a marker of oligodendrocytes, 
than that of glial fibrillary acidic protein (GFAP) mRNA, a marker of 
astrocytes. Double-staining in adult brain using probes for MBP or 
GFAP confirmed that OB25 mRNA is present in oligodendrocytes and 
absent from astrocytes. OB25 mRNA is absent from isolated 
oligodendrocyte progenitors and appears in differentiated myelinizing 
oligodendrocytes. In addition, OB25 mRNA is highly expressed in 
sciatic nerve, and dorsal root ganglia, consistent with its occurrence 
in Schwann cells in the peripheral nervous system. Thus, OB25 is the 
first G protein-coupled receptor selectively expressed in myelin- 
producing cells and its expression pattern is consistent with a role in 
myelination. Supported by INSERM, the European Commission and 
Association Franpaise contre les Myopathies.

678.8
DYSMYELINATION OF PROTEOLIPID PROTEIN (PLP) MUTANT 
MICE: ASSOCIATION WITH ABNORMAL PROTEIN FOLDING, 
INTRACELLULAR RETENTION, AND AGGREGATION.
M. Jung, M. Klugmann, B. Zalc*, and K.-A. Nave
ZMBH, University of Heidelberg, D-69120 Heidelberg, Germany.

PLP and its smaller isoform DM20 are abundant integral
membrane proteins of CNS myelin. Point mutations of the PLP/DM20 
gene cause dysmyelination in mouse mutants and human Pelizaeus- 
Merzbacher disease. A novel monoclonal antibody (O10) is directed 
against an ectodomain of PLP/DM20 and demonstrates protein 
misfolding in these mutants. When PLP or DM20 cDNAs specifying a 
disease-associated substitution, e.g. A242V, are ectopically expressed 
in transfected COS7 cells, the O10 epitope is selectively lost. However 
the polypeptides, which are retained in the ER, are easily stained with a 
C-terminal anti-peptide antibody (A431). The O10 antigen is possibly 
associated with an oligomeric state of PLP, because the coexpression of 
wildtype and mutant PLP disrupts the folding-sensitive OlO-epitope, 
When PLP with a modified C-terminus (HA-epitope tag) and normal 
PLP are coexpressed in cotransfected cells, one antibody (A431) can 
immunoprecipitate both PLP isoforms. In this assay, also wildtype and 
misfolded PLP(A242V) interact strongly. We have created artificially 
truncated proteolipids and found that one PLP transmembrane domain 
may be sufficient to bind the full-length protein. Moreover, PLP forms 
stable heteromeric complexes with the PLP-related M6 proteins and 
several unrelated polytopic membrane proteins (Cx-32, presenilin-1). 
This suggests that promiscous protein interactions of misfolded PLP, 
when retained in the ER, contribute to the cellular disease process 
underlying dysmyelination (Supported by DFG and EC grants to KN).

678.9
DEVELOPMENTAL CHANGES IN EXTRACELLULAR SPACE VOLUME AND 
TORTUOSITY IN RAT SPINAL CORD GRAY AND WHITE MATTER.
L. Vargova*. S. Prokopova and E, Sykova. Inst, of Exp. Med. ASCR and Dept. of 
Neurosci., 2nd Med. Faculty, Charles Univ., Prague, Czech Rep.

Diffusion parameters of the extracellular space (ECS) affect the diffusion of 
neuroactive substances in CNS and thus extrasynaptic transmission. Using the real-
time iontophoretic method with tetramethylammonium (TMAr)-selective 
microelectrodes, we studied ECS volume fraction a (ECS volume/total tissue 
volume) and tortuosity X (X2=apparent diffusion coefficient/free diffusion 
coefficient) in gray (GM) and white matter (WM) of isolated rat spinal cord from 
postnatal day 4 to 20 (P4-20). Since diffusion in CNS might be anisotropic, i.e., 
easier in one direction than in another, TMA+ diffusion curves were recorded in 
three axes: along the fibers (x-axis) and across the fibers (y- and z-axes) (Rice et al, 
J. Neurophysiol. 70:2035-44, 1993). Diffusion in GM was isotropic: with increasing 
age of the animals, a decreased from 0.25±0.01 at P4-5 to 0.22±0.01 at P7-8 and 
older; X increased from 1.52±0.01 at P4-5 up to 1.63±0.01 at P13-14 and older. 
Diffusion anisotropy in WM increased with age: at P7-8, Xx = 1.33 ± 0.01, Xy z =
1.52 ± 0.01; at P13-14, Xx = 1.38 ± 0.01, Xy>2 = 1.82 ± 0.01. Superfusion with 50 
mM K+ or hypotonic solutions led in both GM and WM to a decrease of a and an 
increase of X. There was no significant difference in peak values, but the older the 
animals, the faster the time course of changes. In WM, 50 mM K or hypotonic 
solutions led to a greater increase of X along the fibers than across the fibers, 
resulting in slower and less anisotropic diffusion. The results show that diffusion 
anisotropy in WN1 is related to myelination. In myelinated tissue, presumably only- 
under physiological conditions, preferential diffusion of neuroactive substances 
occurs along the axons. Our results are relevant to extrasynaptic transmission and 
the interpretation of diffusion-weighted MRI.
Supported by GACR 309/96/0884, 307/96/K226, IGA MZ no. 3423-3.

678.10
EFFECT ON ADHESIVE FUNCTION OF MYELIN PO OF MUTATIONS 
ASSOCIATED WITH CMT IB. W. Li* and M.T. Filbin, Biol. Dept., Hunter 
College and CUNY Graduate Center, New York, NY 10021.

Po, the most abundant myelin protein in the PNS, holds the myelin sheath 
compact as it is a homophilic adhesion molecule. To date, 29 mutations in Po are 
associated with the peripheral neuropathy Charcot-Marie-Tooth IB (CMT IB) or its 
more severe form Dejerine-Sottas syndrome (DSS). In all but two of the pedigrees 
of CMT IB, the affected individuals are heterozygotes for the defective gene. We 
have established an assay to assess if mutated Po proteins (a) reach the cell surface 
(myelin), (b) are adhesive, and (c) have a dominant/negative effect on adhesion of 
wild type (WT) Po. The assay requires expressing the mutant Po alone, or together 
with WT Po in Chinese hamster ovary (CHO) cells. The adhesive properties of 
these cells are compared to the cells expressing only the WT Po protein. Two point 
mutations found in patients with this disease are Po Ser34 to Cys (S34C) and Po 
Asn93 to Ser (N93S). It has been suggested that S34 is a very important residue 
since in three independent pedigrees it is mutated. N93 is the only glycosylation 
site on Po. Here we show that, when expressed alone, each of these mutated forms 
of Po reach the cell surface but neither is adhesive. To test if these mutants have a 
dominant/negative effect on WT Po, cDNAs for each mutated protein and myc- 
tagged WT Po (the myc-tag did not affect adhesion) were co-transfected into CHO 
cells. Both immunofluorescence and surface-labeling with biotin followed by 
immunoprecipitation, demonstrated that both WT and mutant Po were expressed on 
the cell surface. The level of expression of WT Po in each co-transfectant was 
sufficient to induce adhesion when expressed alone. However, cells co-expressing 
WT Po and N93A were not adhesive, suggesting both a dominant/negative effect 
and that dysmyelination results from a "loss-of-function". In contrast, cells 
expressing high levels of S34C together with WT Po appeared to cause cell death. 
This indicates that S34C results in an aberrant "gain-of-function" of Po and may 
account for the differences in disease severity with these two mutations. Supported 
by NS26242 and AHA.

678.11
THE DEPOLARIZING AFTERPOTENTIAL OF MAMMALIAN 
MYELINATED AXONS A.R. Blight*, R, Shi, T.M, Kelly and J.A. 
Halter# Div. Neurosurg., Univ. NC, Chapel Hill, NC 27599 and #Dept. 
Phys. Med. & Rehab., Baylor Col. Med. Houston, TX 77030.

Action potentials recorded in myelinated axons often include a 
depolarizing afterpotential (DAP), with a time course of tens to hundreds 
of milliseconds and an initial amplitude of a few millivolts. The DAP has 
been interpreted as resulting from the passive electrical characteristics and 
the potassium conductance of the internodal axolemma, under the 
influence of an electrical "leakage path" beneath or through the myelin 
sheath. In intracellular recordings of mammalian central spinal axons in 
vitro, DAP relaxation shows two or three exponential components. 
Mathematical models of the axon that assume uniform radial impedance 
of the myelin sheath predict a monoexponential decay of the 
afterpotential. The multiexponential decay was previously interpreted as 
an artifact of microelectrode recording and local myelin leak 
{Neuroscience '85, 15: 13-31). We now report that a similar multi-
exponential decay of the DAP occurs in sucrose-gap recordings of 
isolated spinal cord tracts, so that the inhomogeneity of radial impedance 
appears not to be a microelectrode artifact, However, some of the largest 
amplitude microelectrode and sucrose-gap recordings from mammalian 
peripheral (sciatic/peroneal) nerves frequently show no significant DAP. 
This raises the possibility that DAP sometimes represents artifacts of 
physiological preparation, as a result of mechanical trauma or transient 
anoxia, perhaps affecting the integrity of the paranodal seal between axon 
and myelin. Greater sensitivity to these factors may explain the 
prevalence of DAP in isolated CNS axons. Supported by the Canadian 
Spinal Research Organization and grant NS-33687 from NIH-NINDS.

678.12
DEPOLARIZING AFTERPOTENTIALS RESULTING FROM SPATIALLY 
INHOMOGENEOUS MYELIN PROPERTIES: A MODEL STUDY.
J.A, Halter1,2*, A.R, Blight3 and F, Mosallaie1. ’Dept of Phys Med & Rehab 
and 2Div of Neuroscience, Baylor College of Medicine, Houston, Tx 77030 
and 3Div of Neurosurgery, University of North Carolina at Chapel Hill, Chapel 
Hill, NC 27599

The depolarizing afterpotential (DAP), a potential of several millivolts with 
a duration of tens to hundreds of milliseconds after the initial action potential, 
has been interpreted as resulting from a combination of the passive electrical 
characteristics and the potassium conductance of the internodal axolemma 
under the influence of an electrical "leakage path" under or through the myelin 
sheath. A companion study (Blight et al., this volume) has demonstrated that 
there can be multiexponential components to the DAP which may be due to 
either the inherent properties of the fiber or the result of damage due to the 
manipulation of the fiber during recording. In order to determine the properties 
of the intact myelinated nerve fiber that can produce a multiexponential DAP, 
a modeling study was undertaken using a distributed-parameter model of the 
mammalian myelinated axon. A 10-node 15 micron fiber at 37C was 
simulated. By increasing the leakage properties of the myelin sheath in the 
paranodal versus internodal region a two-component DAP could be produced. 
This indicates that the multiexponential DAP could be a property of the intact 
mammalian myelinated axon, possibly due to an increased myelin leak in the 
paranodal loops or the Schmidt-Lantermann incisures.

Supported by NIH NS33687-01 (AB & JAH), the W.M. Keck Center for 
Computational Biology, NSF BIR-9512521 (JAH) and NRSA/NIH 
1T32HD07465-01 (FM).

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY AM NEUROGLIA AND MYELIN: MYELINATION AND DEMYELINATION 1733

678.13
REPETITIVE FIRING CHARACTERISTICS OF MAMMALIAN MYELINATED AXONS: A 
STUDY USING AN ELECTRODIFFUSION MODEL. F.K, Mosallaie,‘. J.A. Halter1’2 and 
A.R, Blight3, ‘Department of Physical Medicine and Rehabilitation and division of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030 and 3Div. of 
Neurosurgery, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599.

Experimental and modeling studies have shown that application of a long 
rectangular current pulse to amphibian or mammalian axons can either evoke a single 
impulse or a train of impulses. The ability of the axons to maintain repetitive firing 
depends on the dynamics of all ionic channels and pumps, their spatial distribution 
in the nodal and intemodal regions as well as the magnitude of the injected current. 
In this study we used an electrodiffusion model (EDM) of myelinated axons to study 
the effects of ionic concentrations and the spatial distribution of these channels on 
repetitive firing characteristics of the axons. We used a model representing one node 
of Ranvier with corresponding paranodal and intemodal regions on either side, 
comprising a total of 31 compartments. The model allows for ionic concentration 
changes within both intracellular and periaxonal volumes, and inhomogenous spatial 
distribution of a variety of sodium and potassium channels and energy dependent 
sodium-potassium pump along the axon. We examined the repetitive firing 
characteristics of the axon to a range of long current pulses and to repetitive short 
stimulation at different frequencies. We also examined the contribution of ionic 
channels and pump to repetitive firing. In addition a modified version of the model 
which does not allow for any changes in ionic concentrations was used to examine the 
effect of ionic concentrations on repetitive firing. We were able to reproduce many 
elements of the behavior of the axon and their responses to channel and pump 
blockade.
Supported by the NIH ROI NS33687-01A1 (AB&JAH), the W.M. Keck Center for 
Computational Biology, NSF BIR-9512521 (JAH) and NRSA/NIH 1T32HD07465- 
01A1 (FM),

678.14
APOPTOSIS OF MATURE OLIGODENDROCYTES IN THE 
MYELIN DEFICIENT RAT. J.S.
Beeslev. and S.S. Scherer. Research Neurology, Children's Hospital of 
Philadelphia and Department of Neurology, University of 
Pennsylvania, Philadelphia, PA 19104

The myelin deficient (MD) rat mutant is characterized by severe 
demyelination as a consequence of an X-linked mutation in the 
proteolipid protein gene. The animals begin to show impairment by 
two weeks of age and die between 21-24 days. We have investigated 
the role of programmed cell death in these animals by using the 
TUNEL assay to detect apoptosis combined with 
immunohistochemistry using stage-specific antibodies to phenotype the 
dead cells. By 21 days, apoptotic nuclei were increased 15 fold over 
wild type and mostly present in optic nerve and olfactory tracts. 
Occasional apoptotic cells labeled with antibody to the NG2 
proteoglycan, a surface determinant on oligodendrocyte precursors. 
Most of the dead cells labeled with the antibody to RIP which identifies 
mature oligodendrocytes or antibody to myelin components MBP and 
MAG. However, the overall levels of staining with antibody to MAG, 
MBP, and especially MOG, were severely reduced. At 7 or 14 days of 
development, there was a much smaller increase in apoptotic cells in 
the white matter tracts, but the majority of the dead cells were 
phenotyped as mature oligodendrocytes. Taken together, out data 
indicates that apoptosis is a prominent feature of the MD phenotype 
and mature oligodendrocytes are the most susceptible to cell death. 
This work was supported by NIH grants NS34017 
and NS01793.

678.15
PRIMARY DEMYELINATION MEDIATED BY AN ANTI-
OLIGODENDROCYTE ANTIBODY. Lixin Zhou1*, Bruce 
Trapp2 and Robert H. Miller1. ‘Dept Neurosci, Case Western Reserve 
Univ, Cleveland, OH 44106. 2Dept Neurosci, Cleveland Clinic 
Foundation Research Institute, Cleveland, OH 44106.

The factors responsible for autoimmune demyelinating 
diseases of the CNS are poorly defined. We have isolated a mouse 
monoclonal antibody (mAb 2B10) which recognizes a cell surface 
molecule expressed exclusively by rat oligodendrocytes, the cells 
responsible for the formation and maintenance of CNS myelin. When 
applied to cultures of neonatal rat spinal cord, mAb 2B10 induced 
oligodendrocyte cell death. In the current study, mAb 2B10- 
producing hybridoma cells were implanted into adult rat brain 
ventricles, and the effect of mAb 2B10 on oligodendrocyte survival 
and myelination was examined. In the optic nerves of rnAb 2B10- 
treated animals, there was significant focal myelin degeneration near 
the optic chiasm. Although axons were usually spared, some 
Wallerian-like degeneration was observed. Microglia/monocytes were 
activated focally and phagocytozed the collapsed myelin. This study 
demonstrates that an antibody directed against myelin forming cells 
can induce demyelination. This observation supports the hypothesis 
that autoantibodies can play a direct role in CNS demyelinating 
diseases.
(supported by NIH grant NS30800)

678.16
IN VITRO MODELS TO DEFINE AND CORRECT THE 
ADRENOLEUKODYSTROPHY DEMYELINATING PHENOTYPE.
V, Feigenbaum #. N. Cartier T P, Aubourg* and M, .Dubois-Dalcq*. Unite db 
Neurovirologie et Regeneration du Svteme Nerveux, Institut Pasteur, ^Unite 
INSERM 342, Hopital St Vincent de Paul, Paris, France.

X-linked adrenoleukodystrophy (ALD) is a neurodegenerative disease characterized 
by progressive demyelination of the central nervous system (CNS) and adrenal 
insuffiency. The disease is caused by mutation in the ALD gene, encoding a 75kDa 
peroxisomal protein (ALDP). Impairment of peroxisomal B-oxidation results in 
accumulation of very long chain fatty acids in the patient's serum and cells. This B- 
oxidation defect can be corrected in fibroblasts of ALD patients by transfer of the 
normal human ALD gene with the M48 retroviral vector (Cartier & al, PNAS, 92, 
1674, 1995). To investigate whether the demyelinating phenotype can also be 
corrected, we have optimized conditions of ALD gene transfer in rodent myelin-
forming cells of developing and mature CNS and PNS. After retroviral infection, 
45% of mouse oligodendrocyte precursors (OP) and 20% of rat Schwann ceils (SC) 
expressed both human ALDP and the endogenous rodent protein in the same 
peroxisomal populations. Southern and western blots analysis confirmed 
chromosomal integration of the human ALD gene and its expression in OP. 
Transfected OP maintained a normal level of peroxisomal B-oxidation.

We have recently cultured cortical/subcortical regions and sural nerve obtained at 
autopsy of a 7 year old ALD boy who died from the cerebral form of ALD. While 
many brain microglial cells grew, few oligodendrocytes and astrocytes developped in 
vitro. ALD CNS cells contained many peroxisomes brightly stained for catalase but 
very weakly for ALDP. As microglia dysfunction may contribute to oligodendrocyte 
death in ALD, mutated microglial and Schwann cells will be transfected with a new 
construct expressing human ALD as well as NeoR and B-galactosidase. The corrected 
cells will be then grafted in rodent CNS. Such strategy should allow to determine 
whether loss of oligodendrocytes and CNS demyelination can be corrected by 
genetically-modified microglia and Schwann cells.
#Supported by the European Leukodystrophy Association.

678.17
DUAL IMPLICATION OF 2',3 -CYCLIC NUCLEOTIDE 
3 -PHOSPHODIESTERASE AS MAJOR AUTOANTIGEN AND C3 
COMPLEMENT BINDING PROTEIN IN THE PATHOGENESIS OF 
MULTIPLE SCLEROSIS. J.M. Murray and M.J. Walsh.* Dept. Neurology, Mount Sinai 
School of Medicine,One Gustave Levy Place, New York,NY 10029.

A characteristic feature of multiple sclerosis (MS) is robust intra-blood-brain barrier 
immunoglobulin (Ig) synthesis that persists lifelong. To identify antigenic determinants 
for this Ig for possible insights into disease etiology brain subcellular fractionation and 
two-dimensional electrophoresis were combined with immune precipitation and immunoblot 
analysis using MS cerebrospinal fluid (CSF), serum, and Ig extracted from MS brain. We 
report that 2', 3'-cyclic nucleotide 3'- phosphodiesterase (CNP), a protein associated 
with oligodendrocyte/myelin membranes, is a major target for the humoral response. CNP 
is highly expressed in retina, a location where myelin is not found; a locai immune response 
to CNP may also account for the retinal periphlebitis that is a common occurrence in MS. 
CNP was shown using in vitro assays to specifically cleave 2'-3' nucleotides to yield 
exclusively 2'-nucleotides but its role in vivo is obscure. The antibody response, detected 
in 74% of MS patients, is of the IgM class with a contribution by IgA, is present not only 
in CSF but also in serum in high titer, and is temporally persistent, consistent with 
systemic immune activation and an ongoing antigenic stimulus. Moreover, CNP is also 
isolated as an immune complex from MS brain. CNP is present in brain as 2 isoforms, with 
CNPil identical with CNPI but with a 20 amino acid extension at the N-terminus of CNPII; 
however, the antibody response is exclusively directed at the lower Mr isoform, CNPI, 
implying that it is specific for a post-translational modification unique to CNPI and may 
have arisen by the mechanism of molecular mimicry. Both isoforms, but especially CNPII, 
bind the C3 component of complement tightly with the emergent potential in MS CNS for 
opsonization of myelin membrane CNP, mediated via the C3 receptor, in addition to 
phagocytosis of CNP-IgM immune complexes, mediated by membrane Ig Fc-receptors of 
macrophages or the CNS microglia.

Supported by the Mount Sinai School of Medicine

678.18
ANTIBODIES SPECIFIC FOR DEGENERATING MYELIN. P.L. 
McGeer*m, G.C.Y. Lee (2), K. Terai (Th A. Matsuo (1) and E.G.
McGeer (1). (1) Kinsmen Lab. of Neurological Research and (2) Dept. 
Obst. & Gyn., Univ. of British Columbia, Vancouver, B.C. , V6T 1Z3

We have prepared a polyclonal rabbit antibody, anti-EP, against the 
peptide HYGSLPQKSQRSQDENPVV, corresponding to guinea pig 
myelin basic protein (MBP) 68-86, and a mouse monoclonal antibody. 
QD9, against the peptide sequence HYGSLPQKSHGRTQDENPVV, 
which corresponds to the analogous region of human MBP. Both 
antibodies strongly recognize the heptamer QDENPVV and both 
strongly immunostain degenerating but not normal tissue myelin. This 
is in contrast to commercial antibodies recognizing sequences N- or C- 
terminal to this region, which strongly stain normal myelin. When 
multiple sclerosis (MS) tissue is stained with either anti-EP or QD9, 
abnormal oligodendroglial fibers at the margins of MS plaques are 
strongly immunopositive. Surrounding normal myelin is negative. 
Abnormal appearing oligodendroglial cell bodies are also visible in the 
same regions. Lipid laden macrophages at plaque margins, but not 
macrophages within the plaque, occasionally contain immunopositive 
fragments, indicating that the epitope survives initial phagocytosis. 
These data suggest that QDENPVV is a crytic epitope of MBP which 
becomes exposed in degenerating myelin. MS is widely hypothesized 
to be an autoimmune disease, although specific immunogens have not 
yet been identified. The disease may be characterized by a spectrum of 
immunogens, of which QDENPVV, because of its cryptic nature, may 
be one. Supported by the Stewart Fund and private donations.
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678.19
Serine esterase-1 mRNA expression by monocytes/macrophages in multiple 
sclerosis. L. Schonrock, B. Hemmerlein, P.R. Brown* and W. Brilck. Dept. 
of Neuropathology, Georg-August-University, 37075 Gottingen.

Monocytes/macrophages are essential effector cells in myelin degradation 
in MS plaques. Earlier studies provided evidence for their important role 
during demyelination by detecting macrophage activation antigens such as 
MRP14 or 27E10 which allow the staging of demyelinating lesions. Human 
monocyte/macrophage serine esterase-1 (HMSE-1) is a macrophage-specific 
enzyme which is suggested to be involved in cell cytotoxicity. We 
investigated 103 plaque areas containing different stages of demyelinating 
activity in stereotactic brain biopsy specimens from 31 MS patients taken to 
exclude other treatable diseases such as lymphoma. Lesions were highly 
infiltrated by macrophages immunolabelled by the pan-macrophage marker 
Ki-MIP. A subpopulation of these cells expressed HMSE-1-mRNA as 
detected by non-radioactive in-situ-hybridization. The relative number of 
serine esterase-1 expressing cells was higher in inactive or remyelinating 
lesions than in active demyelinating areas. HMSE 1 is suggested to play a 
role as an effector molecule in cell-mediated cytotoxicity against tumor 
cells. These data indicate that a subpopulation of macrophages within MS 
lesions expresses HMSE-1 mRNA. Whether HMSE 1 participates in the 
destruction of myelin or oligodendrocytes in MS lesions, must be clarified in 
further in vitro or in vivo studies.
This study was supported by a grant from the Wilhelm Sander-Stiftung.

LONG-TERM POTENTIATION: PHARMACOLOGY III

679.1
INTRACELLULAR INJECTION OF EGTA DOES NOT PREVENT 
2-DEOXYGLUCOSE-INDUCED LTP IN CA1 NEURONS 
Y. T. Zhao* and K. Krnjevic, Anaesthesia Research Department, McGill 
University, Montreal, Quebec, H3G 1Y6. Canada

In hippocampal slices, 12-20 min applications of 2-deoxyglucose (2-DG) cause 
a hyperpolarization (Zhao & Krnjevic 1996 Physiol Canada 27: 145) and 
depression of EPSPs, followed by LTP-like enhancement of synaptic 
transmission (2-DG LTP) (Tekkok & Krnjevic 1995 J Neurophysiol 74: 2763). 
2-DG-LTP is both NMDA receptor- and Ca2+-dependent. To investigate 
underlying mechanisms, we examined the effects of intracellular injections of 
the Ca2+ chelator EGTA on 2-DG-LTP in CA1 neurons in submerged slices 
(at 32® C) from Sprague-Dawley rats. EPSPs, evoked by stimulation of stratum 
radiatum, were recorded with surface electrodes and intracellular 3 M KC1 
sharp microelectrodes, some with 50 or 100 mM EGTA added. In the control 
group, after 15 ± 12 min (± SE, n = 9) applications of 10 mM 2-DG (replacing 
glucose), the initial slope of EPSPs was potentiated by 48 ± 5.1 % (n = 9) in 
intracellular records. After 13 ± 0.80 min (n = 7) applications of 2-DG, the 
initial slope of EPSPs was potentiated by 52 ± 62 % (n = 7) in recordings with 
EGTA-containing electrodes and by 50 ± 6.0 % (n = 7) in simultaneous field 
records. In four of these cells, tetanic stimulation of stratum radiatum (twice 
100 Hz for 1 s) elicited no LTP of intracellular EPSPs (2 ± 1.1 %), though 
there was clear potentiation of field EPSPs (28 ± 6.9 %). Albeit effective in 
suppressing tetanic LTP, EGTA did not prevent 2-DG-LTP. It seems that the 
2-DG-induced rise in post-synaptic [Ca2+] (Tekkok et al., this meeting) is not 
the principal trigger for 2-DG-LTP and that the site of induction may be 
located elsewhere, perhaps presynaptically. {Supported by the Canadian MRC; 
YTZ is on leave from Liu Hua Qiao Hosp., Guang Zhou, China)

679.2
CHOLINERGIC MODULATION OF NEOCORTICAL LONG-TERM 
POTENTIATION IN THE FREELY-MOVING RAT. Ronald J. Racine*and 
Christopher Trenel. Department of Psychology, McMaster University, Hamilton, 
Ontario, Canada, L8S-4K1.

Although the neocortex is believed to be responsible for the storage of 
long-term memory, it has proven resistant to the induction of long-term potentiation 
(LTP). We have shown, however, that the neocortex is actually quite reactive so 
long as the stimulation used to induce LTP is spaced and repeated. Here we 
demonstrate that manipulating acetylcholine, a neurotransmitter that plays a role in 
memory function, modulates neocortical LTP in the chronic preparation. 
Stimulating and recording electrodes were implanted into the corpus callosum and 
anterior neocortex (Parl/Fr3), respectively. Daily LTP-inducing stimulation 
consisted of sixty 8-pulse, 24 ms trains (pulse frequency: 300 Hz; pulse intensity: 
159 /zA; train frequency: 0.1 Hz). Three groups of animals received trains in 
combination with one of saline (n=6), 20 mg/kg pilocarpine (n=5), or 15 mg/kg 
scopolamine (n=6). Two additional control groups received either pilocarpine 
(n=5) or scopolamine (n=5) alone. Relative to controls, all animals receiving trains 
showed potentiation of the late (avg. latency to peak: -20.0 ms) component of the 
evoked response following 7 days of trains. The groups receiving train plus 
pilocarpine showed the fastest developing and largest magnitude late component 
potentiation, while the group receiving trains plus scopolamine showed the slowest 
developing and smallest magnitude late component potentiation. There were no 
clear early component differences between any of the groups during or following 
potentiation. Thus, it appears that activation of cholinergic systems enhances 
neocortical LTP, and the polysynaptic components of neocortical LTP are most 
susceptible to modulation. This research was supported by NSERC.

679.3
PHARMACOLOGICAL ACTIVATION OF METABOTROPIC GLUTAMATE 
RECEPTORS IN THE PERIRHINAL CORTEX IN VITRO. B. MCCaffery, Z, 
Ziakopoulos, J. Noel*, M. W. Brown, G.L. Collingridge and Z.I, Bashir. Dept of 
Anatomy, University of Bristol, BS8 ITD, UK.

The perirhinal cortex is critically involved in various types of memory such as 
paired associate learning and recognition memory. We are currently investigating the 
pharmacological activation of metabotropic glutamate (mGlu) receptors in the 
perirhinal cortex in vitro.

Slices of perirhinal cortex (400 pm) were prepared from adult DA or Wistar rats. 
Standard techniques were used to record field potentials from the superficial part of 
the cortex (~ layer I) in response to stimuli delivered alternately to two electrodes 
(0.033 Hz to each electrode) placed either side of the recording electrode, one in ~ 
layer I and the other in layer II/III. Agonists of mGlu receptors were added to the 
perfusion medium, for 10 or 20 min, after the establishment of a stable baseline of 
synaptic transmission. All the agonists tested resulted in a large depression of 
synaptic transmission which was reversible, within 20 min, following washout. The 
effects were of a similar magnitude for both layers I and II/III inputs (thus for clarity 
only maximal values of synaptic depression for layer I are given). The group I/II 
agonist (1S,3R)-ACPD (50 pM) caused a depression of 37 ± 6% (n=6, p<0.005). 
The group II agonists (1S,3S)-ACPD and (2S,l’R,2’R,3’R)-2-(2’,3’- 
dicarboxycyclopropyl)glycine (DCG-IV, 1 pM) caused a depression of 46 ± 12 % 
(m=4, p<0.005) and 63 % (n=2). respectively. The group III agonist (S)-2-amino-4- 
phosphonobutanoate (L-AP4, 1 pM) produced a depression of 46 % (n=2).

These results establish the presence of mGlu receptors in the adult perirhinal cortex 
and demonstrate that they can be activated pharmacologically. The roles of mGlu 
receptors in synaptic plasticity and learning and memory in the perirhinal cortex 
remain to be determined.

Supported by Glaxo Wellcome, BBSRC, MRC and The Wellcome Trust.

679.4
LTP AND GROUP I METABOTROPIC GLUTAMATE RECEPTOR 
(mGluR) MEDIATED ACTIVITY IN SLICES OF RAT MEDIAL 
FRONTAL CORTEX. S. H. Morris and L. J. Bindman*. Dept. of 
Physiology, UCL, Gower St. London WC1E 6BT, U.K.

We have shown the involvement of mGluRs in the induction of long-
term potentiation (LTP) in the isolated medial frontal cortex. Conditioning 
theta burst stimulation (TBS) was applied to layer II, and the incidence of 
LTP induction was monitored in layer V neurons. The broad-spectrum, 
selective mGluR antagonist ±-«-methyl-4-carboxyphenylglycine (MCPG) 
significantly reduced the incidence of LTP of a monosynaptic EPSP at this 
synapse [J. Physiol.(Paris) 90:421-422, 1996].

A rise in dendritic [Ca2+] is critical for LTP induction. Since group I 
mGluR mediated activity is excitatory and can raise [Ca2+]j, we explored the 
effects of mGluR agonists on layer V cells in prelimbic cortex. The broad 
spectrum mGluR agonist, (lS,3R)-l-aminocyclopentane-l,3-dicarboxylic acid 
(ACPD) and the selective group I agonist S-3hydroxyphenylglycine (S- 
3HPG) were bath-applied at 200 /zM; both drugs caused depolarization and 
reduction of spike-induced AHPs in 8 cells. Similar effects were seen in 
neurons isolated by use of 200 /zM baclofen (the GABAg receptor agonist) 
bath-applied to block synaptic transmission. ACPD significantly reduced the 
AHP to 56% of control (p = 0.018, n = 5). S-3HPG significantly reduced 
the AHP to 63% of control (p = 0.007, n = 5). These results show that 
group I mGluRs are present on layer V cells. Activation of these mGluRs 
could contribute to the rise in [Ca2+]{ produced by TBS, and hence facilitate 
the induction of monosynaptic LTP in prelimbic cortex.
SHM is an MRC scholar; research funded by The Wellcome Trust.
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679.5
SHORT AND LONG-TERM RESPONSES TO TETANIC STIMULATION AND 
METABOTROPIC GLUTAMATE RECEPTOR AGONIST (1S,3R)-ACPD IN 
CULTURED NETWORKS. C.A, Sparks* and G.W, Gross. Dept of Biological 
Sciences/Center for Network Neuroscience, Univ. of North Texas, Denton, TX 76203.

Networks were grown on multimicroelectrode plates (MMEPs) containing 64 
photoetched electrodes in a 1 mm2 recording array. The MMEPs allowed 
simultaneous extracellular recording and stimulation of neuronal networks with 
biphasic stimulus pulses @ 0.8V (0.3 msec duration) through the recording electrodes. 
The primary parameter used to determine neuronal activity was the burst rate. Total 
spike production for discriminated units on a specific electrode was also determined.

Tetanic electrical stimulation (TS: 3xls 100Hz trains with 10s intervals) at single 
and multiple inputs to the network had immediate and long-term effects on 
spontaneous activity. In 48 experiments, over 80% of the channels showed disruption 
of the native (prestimulus) pattern and entered into paroxysmal bursting lasting 
approximately 2-3 min. The long-term effects were represented by increases in burst 
rate ranging from 20 to over 300% and lasted approximately 30 min. Long-term 
effects varied among recording channels and were considered neuron-specific. In 4 
experiments the increase in burst rate lasted for more than one hour.

Administration of (1S,3R)-1 -aminocyclopentane- 1,3-dicarboxylic acid ((1S,3R)- 
ACPD) [15-20pM] approximately 2 min prior to tetanic stimulation increased the 
burst rate responses to tetanic stimulation by 50% beyond what was seen for TS alone 
(n=6). The effect of (1S,3R)-ACPD was not due to TS “priming,” since 2 or 3 tetanic 
stimuli (30 min intervals) were given prior to the application of (1S,3R)-ACPD. 
Administration of equimolar amounts had little effect on network responses to 
repetitive stimulation. Control experiments using the carrier medium had no effect. 
The selective metabotropic glutamate receptor antagonist (S)-cc-methyl-4-carboxy- 
phenylglycine showed an overall decrease in response to TS on all channels.

Supported by the American Psychological Association-Minority Fellowship 
Program, the Communities Foundation of Texas, and Texas Adv. Technology Prog.

679.6
MCPG BLOCKS LTP VIA AN AGONIST ACTION AT MGLURII IN CAI OF 
RAT HIPPOCAMPUS. N.A. Breakwell*, *M. Rowan and R.A. Anwyh Depts 
of Physiology and APharmacology, Trinity College, Dublin 2, Ireland.

Long term potentiation (LTP) is dependent on metabotropic glutamate 
receptor (mGluR) activation since the mGluR selective antagonist MCPG 
is able to block LTP (Breakwell et al, 1996, j. Neurophys. 76). Here, we 
report that MCPG blocks LTP through a partial agonist effect.

Standard recordings of field epsp were made in CAI of the 
hippocampal slice (400pM) from male Wistar rats (4 weeks). All drugs 
were added directly to the perfusate, oxygenated and maintained at 
31 °C. Maximum epsp slope was calculated and normalised to baseline.

In control conditions hfs induced LTP (1.59 ± 0.12). This was blocked 
by pre-incubation with the mGluR antagonist (+)MCPG (250pM; 1.13 ±
0.09), but not by the mGluRI antagonist 4-CPG (500pM), the mGluRII 
antagonist MCCG(500qM) or the mGluRIII antagonist MAP4 (SOOmM). 
Even a cocktail of all 3 antagonists failed to inhibit LTP induction.

We have previously shown that LTP can be blocked by the mGluRII 
agonist (1S,3S)-ACPD in vivo (Holscher et al, 1997, EJP, 322) and there 
is some evidence that MCPG acts as a partial agonist to depress synaptic 
transmission (Keele et al, 1995, Neurorep. 6). We therefore compared 
the effects of (1S,3S)-ACPD with those of MCPG. Hfs in the presence of 
(1S,3S)-ACPD (10pM) failed to induce LTP in any of 8 slices (0.98 ± 
0.08), an effect reversed by addition of MCCG (SOOmM). Finally we co-
applied MCPG (250pM) and MCCG (500pM) and found normal LTP (1.43 ± 
0.20) in contrast to that seen in the presence of MCPG alone.

These data suggest that the block of LTP by MCPG is not due to an 
antagonist action at mGluRs but to an agonist action.

Supported by the Health Research Board of Ireland.,

679.7
ACTIONS OF THE GROUP II AND III MGLU RECEPTOR 
ANTAGONIST (RS)-a-CYCLOPROPYL-4-PHOSPHONOPHENYLGLYCINE 
(CPPG) IN THE HIPPOCAMPUS. Z, A. Bortolotto, T, J. Bushell, B G. 
Frenguelli*. D. E. Jane1 and G. L. Collingridge. Depts. of Anatomy and 
Pharmacology, University of Bristol, BS8 1TD, UK.

CPPG has recently been described as a potent antagonist of presynaptic 
mGlu receptors in the neonatal rat spinal cord. It has KD values of circa 2 and 50
U.M versus L-AP4 and (lS.3S)-ACPD-induced depressions of synaptic 
transmission, respectively (Jane et al, 1996; Neuropharmacology 35, 1029-1035). 
We now have examined its effectiveness versus several effects in rat hippocampal 
slices, using standard extracellular recording techniques.

When tested on synaptic transmission in the lateral perforant path CPPG 
(250 pM) reversed L-AP4 (10 pM)-induced depressions by 86 ± 5 % (n = 3) and 
,(1S,3S)-(2O pM)-induced depressions by 70 ± 2 % (n = 3). In contrast, CPPG 
(250 pM) had no effect on basal synaptic transmission, on high frequency synaptic 
transmission (evoked by 20 stimuli delivered at 100 Hz) or a response evoked by a 
single stimulus delivered either 50 or 500 ms post tetanus.

In area CAI. CPPG (500 pM) did not affect basal synaptic transmission or 
pre-established LTP. Similar levels of LTP were observed 60 min following a 
tetanus delivered in the presence (51 ± 2 %, n = 4) and absence (47 ± 4 %: n = 3) 
of the antagonist.

It is concluded that CPPG is a useful mGlu receptor antagonist in that it 
blocks native receptors that probably belong to both group 11 and III subtypes. 
However, further experiments are required to determine the synaptic roles of these 
receptors in the two pathways studied.

Supported by the MRC and the BBSRC.

679.8
DIRECT ACTIVATION OF GROUP 1 mGluRs INDUCES LONG-TERM 
POTENTIATION IN SLICES OF RAT DENTATE GYRUS 
Deirdre M. O'Leary & John J. O'Connor*. Department of Human Anatomy 
& Physiology, University College, Earlsfort Terrace, Dublin 2, Ireland.

(R,S)-3,5~dihydroxyphenylglycirte (DHPG) has recently been shown to 
be involved in both long-term potentiation (LTP) and long-term 
depression (LTD) in the CAI region of the hippocampus. In the present 
studies, we have investigated the action of the (S)-isomer of DHPG on 
slices of the rat dentate gyrus. Transverse hippocampal slices were 
prepared from male Wistar rats (50-150g) by standard methods. Field 
excitatory post-synaptic potentials (epsps) were evoked in the medial 
perforant pathway every 20s. Application of (S)-DHPG (20pM) for 
lOmin reduced the EPSP slope to 94.6±4.7% (n=8; p>0.05). Immediatedly 
following washout the EPSP slope increased over a period of 10-12min 
reaching a maximum of 169.7±15.8% control at 15min post washout (n=8: 
p<0.001). Application of the NMDA receptor antagonist D-AP5 (50pM) 
had no effect on the (S)-DHPG-induced potentiation (141.9±11%). The 
potentiation was not stimulus dependent since the effect was unaltered 
when stimulation was turned off for 15min during and after washout of 
(S)-DHPG (130.8±5% at 30min; n=4). Pre-incubation of the slice for 
30min with the non-specific mGluR antagonist MCPG (0.5-lmM), 
inhibitd the (S)-DHPG induced potentiation. 4-CPG (200pM) and L- 
APS (500pM) had no effect on the (S)-DHPG-induced potentiation. This 
study demonstrates for the first time a (S)-DHPG-induced potentiation 
of synaptic transmission in the dentate gyrus of the rat that is NMDA- 
independent.
We thank Forbairt, Ireland and University College Dublin (Travel 
Grant Fund) for financial support.

679.9
HIPPOCAMPAL LONG-TERM DEPRESSION INDUCED BY THE 
ACTIVATION OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS
M, J. Palmer, D. E. Jane* and G. L. Collingridge*. Departments of Anatomy and 
+Pharmacology, School of Medical Sciences, University of Bristol, BS8 1TD, U.K.

There is conflicting evidence about the role of metabotropic glutamate (mGlu) 
receptors in the induction of long-term depression in the hippocampus. We have 
studied the effects of activation of group I mGlu receptors on hippocampal synaptic 
transmission, using the specific agonist (RS)-3,5-dihydroxyphenylglycine (DHPG). 
Experiments were performed on 400pm hippocampal slices taken from 8 to 10 week 
old female Wistar rats, from which CA3 was removed. The grease-gap technique was 
used to record stimulus-evoked field excitatory post-synaptic potentials (fEPSPs) from 
the CAI region. 100 pM DHPG (10 min) caused a small depression of the fEPSP 
slope which returned to baseline within 10 minutes of wash-out in 81% of slices 
(n=21). In the presence of nominally magnesium-free medium, however, application of 
DHPG induced a larger depression of the fEPSP slope which did not return to baseline 
in 78% of slices; it resulted in a long-term depression of 33±4% (mean±SEM), 
measured 30 minutes after wash-out (n=37). The magnitude of this LTD was reduced 
to 16±3% in the presence of the NMDA receptor antagonist D-AP5 (lOOpM) (n=19). 
Application of DHPG in medium containing Mg2T plus the GABAa  receptor antagonist 
picrotoxin (50pM) also caused the induction of LTD (28±2%, n=6), which was not 
inhibited by the addition of D-AP5 (29±9%, n=6). It therefore appears that activation 
of group I mGlu receptors can induce LTD in the adult rat hippocampus in both an 
NMDA receptor-dependent and independent manner. To determine if DHPG-induced 
LTD is expressed through the same mechanism as LTD induced by low frequency 
stimulation (LFS), DHPG was applied after saturating LFS-induced LTD in Mg^'-free 
medium. It was found that further LTD could be obtained with DHPG (n=4), 
indicating that these two forms of LTD may be expressed differently.
(Supported by the Medical Research Council).

679.10
ACTIVATION OF METABOTROPIC RECEPTORS AND G-PROTEINS IS 
REQUIRED FOR INDUCTION OF CORTICOSTRIATAL LONG-TERM 
DEPRESSION. K.C, Tang*, S, Choi and D.M. Lovinger Department of 
Molecular Physiology & Biophysics, Center for Cellular & Molecular 
Neuroscience, Vanderbilt University Medical School, Nashville, TN 27232.

Previous studies suggested roles for G-protein coupled dopamine (DA) and 
glutamate receptors in corticostriatal long-term depression (LTD). We 
wished to determine the role of these receptors in LTD induction versus 
expression and to determine the role of G-proteins in LTD. LTD was 
examined using extracellular and whole-cell patch-clamp techniques to record 
field potential/population spikes (PS) and excitatory postsynaptic current 
(EPSC), respectively, in acute corticostriatal slices from 2-4 wk old rats. LTD 
was induced by high frequency stimulation (HFS) during extracellular 
recordings and by HFS paired with depolarization in whole-cell voltage- 
clamp recordings. Sulpiride (1 jxM), a DA (D2) receptor antagonist, 
prevented LTD induction (PS amplitude=96.2±8.8% of control, {n=4}) but 
had no significant effect on LTD expression when applied 30 minutes after 
HFS (P>0.01 {n=4}). LTD could not be induced in the presence of (+)- 
MCPG (500 pM), a metabotropic glutamate receptor (mGluR) antagonist (PS 
amplitude=108.8±6.8% of control {n=6}), but LTD could be induced after 
washout of (+)-MCPG (PS amplitude =59.5±9.7% of control {4 of 6 
neurons}). MCPG application did not alter expression of LTD when applied 
30 minutes after HFS (P>0.5 {n=4}). Perfusion of N-ethyl-maleimide (NEM, 
250 pM), an inhibitor of PTX-sensitive G-proteins, blocked the induction of 
LTD and revealed potentiaton of both PS (166.9±25.2%,n=5) and EPSC 
(141.9% of control, n=2) amplitudes. NEM applied 30 minutes after HFS did 
not consistently alter the magnitude of LTD. These data suggest that 
activation of G-protein coupled DA and mGlu receptors and PTX-sensitive G- 
proteins is essential for LTD induction but not expression, (supported by 
NS30470)
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679.11
GROUP I AND GROUP II METABOTROPIC GLUTAMATE RECEPTOR- 
ACTIVATION IS REQUIRED FOR THE INDUCTION OF LTP OF C-FIBER- 
EVOKED FIELD POTENTIALS IN RAT SPINAL DORSAL HORN. J.J. Azkue, 
X.-G. Liu*, M, Zimmermann, J. Sandkiihler. II. Physiologisches Institut der 
Universitat Heidelberg, D-69120 Heidelberg, Germany.

Brief high-frequency stimulation of the sciatic nerve at C fiber strength can cause 
long-term potentiation (LTP) of C-fiber-evoked field potentials in the lumbar 
spinal dorsal horn. Here we studied whether activation of metabotropic glutamate 
receptors (mGluRs) is required for the induction of LTP. Late field potentials were 
elicited by applying single electrical stimuli to the sciatic nerve (0.5ms, 7-20V 
pulses every 60s) and recorded at a depth of 200-500pm from the dorsal surface of 
surgically exposed lumbar cord in urethane-anesthetized adult rats. The maximal 
amplitudes of C-fiber-evoked potentials underwent LTP to 202± 24% (60 min after 
tetanic stimulation; mean ±SEM, n=5) of controls upon brief tetanic stimulation 
(four Is trains at 100Hz, 40V and 0.5ms, 10s apart) of the sciatic nerve. Controlled 
superfusion of the cord dorsum at the recorded segments with the group I-II mGluR 
antagonist (+)-MCPG (500qM) starting 10 minutes prior to tetanic stimulation 
resulted in blockade of LTP induction (n=5), whereas pretreatment with its inactive 
enantiomer (-)-MCPG (500qM) was without effect (LTP to 192± 34%, n=5). LTP 
induction was unaffected by superfusion with the selective group III mGluR 
antagonist M-SOP (lOOqM; LTP to 193± 23%, n=5). However, LTP was prevented 
by the group II-III mGluR antagonist M-SOPPE (lOOqM, n=3) or by the selective 
group I mGluR antagonist 4-CPG (lOOqM, n=5). These results indicate that 
activation of group I and group II mGluRs may be required for the induction of 
LTP of C-fiber-evoked field potentials in spinal dorsal horn, whereas group III 
mGluR activation may be not, suggesting that mGluR subtypes may contribute 
differentially to plasticity of nociceptive transmission. Supported by Eusko 
Jaurlaritza (BFI95.017 to J.J.A.) and Deutsche Forschungsgemeinschaft (SA435 to 
J.S.).

679.12
DIFFERENTIAL EFFECTS OF CCH ON HIPPOCAMPAL CA1 NEURONS.
M. Auerbach* and M. Segal Neurobiol., The Weizmann Institute 76100 Israel.

Carbachol (CCh), a muscarinic agonist, produces a biphasic concentration- 
dependent effect on cellular reactivity to afferent stimulation in area CA1 of 
the rat hippocampal slice (Auerbach and Segal, J. Physiol. 492:479, 1996). At 
0.5 pM, CCh induces muscarinic long-term potentiation (LTPm) whereas at 5.0 
pM, CCh causes a reversible depression of stratum radiatum EPSP’s. The 
higher dose of CCh can cause LTPm upon washout only in the presence of 
GABAa receptor antagonist picrotoxin. Being that the different muscarinic 
subtype receptors have varying affinities for CCh and the different cell types in 
area CA1 contain different profiles of muscarinic receptors, it is expected that 
different cell types will differ in their responses to CCh. We recorded from 
patch clamped, visually identified CA1 pyramidal cells as well as stratum 
oriens and stratum radiatum interneurons (IN) using infra red DIC microscopy. 
Recording was made at 30°C, as LTPm does not develop at room T°.

Pyramidal cells responded to 0.5 pM CCh with a slight initial depression of 
the EPSP amplitude, which was converted into a Song lasting, robust increase 
in EPSP amplitude. This time course corresponded well with extracellular 
recordings performed on an age matched group of rats(16-21 days).

The responses of IN’s to CCh were variable; Str. radiatum IN’s showed a 
long lasting depression of the EPSP amplitude, when exposed to either 0.5 or 
5.0 pM CCh. The response to the higher dose was accompanied by a small 
depolarization of the membrane potential and an increase in spike discharge. 
The EPSP amplitude of horizontally oriented IN’s of Str. Oriens reacted 
similarly to the two concentrations of CCh. However, 5.0 pM CCh caused a 
larger change in membrane potential and a strong increase in firing of action 
potentials in these cells. Our findings may account for some of the previously 
described concentration dependent long term effects of CCh in CA1 region of 
the hippocampus. Supported by a grant from the A. Reich Family Foundation .

679.13
NMDA Receptor-dependent LTP Induced by Two Spaced but not Two 
Continuous High Frequency Stimulations in an In Vitro Amygdaloid Slice.
H. Li*, S.R.B, Weiss, D.-M. Chuang, R.M, Post and M.A. Rogawski. Biological 
Psychiatry Branch, NIMH and Epilepsy Research Branch, NINDS, NIH, Bethesda, 
MD 20892.

Single high frequency stimulation (HFS; 100 Hz for 1 sec) induces long-term 
potentiation (LTP) in the hippocampus. In an attempt to understand the impact of 
single and repeated HFS on synaptic function in tlie amygdala, we carried out 
intracellular recordings from neurons of the basal lateral nucleus of the amygdala 
in in vitro slices. Amygdala neurons were synaptically activated by stimulation of 
the external capsule (EC). Test synaptic responses were continuously evoked by EC 
stimulation at 0.1 Hz. The second conditioning HFS trains were applied to the EC 
separated by either 10 sec or 10 min to the first HFS. The first HFS induced short-
term potentiation(STP) lasting 8.1 ± 3.4 min («=46). A second HFS train applied 
10 sec after the first HFS induced a similar STP lasting 9.6 ± 4.3 min (n = 11, 
p>0.05). However, when the second train was applied 10 min after the first, the 
potentiated synaptic response produced by the second train (218 ± 26%, zz=6, 
p<0.05) was sustained for more than 30 min, indicating a form of LTP. In the 
presence of 100 pM D-APV, an NMDA receptor antagonist, STP lasting 11.6 ±
4.5 min (zt=5) was obtained after the second stimulus train in the 10 min interval 
experiments, but long lasting potentiation did not occur. These studies demonstrate 
that two spaced HFS of amygdala neurons can induce an NMDA receptor-dependent 
LTP whereas two continuous trains do not. The development of an enduring 
enhancement of the synaptic response in amygdala is critically dependent upon the 
existence of a sufficiently prolonged latency between the HFS stimulus trains. This 
model system may allow analysis of the mechanisms underlying long-term emotional 
memory formation.

(Supported by NIMH & NINDS/NIH)

679.14
LTD INDUCED BY PAIRED PULSE LOW-FREQUENCY STIMULATION IN 
THE CAI REGION OF THE ADULT RAT HIPPOCAMPUS IN VITRO. N, Kemp 
and Z. 1, Bashir* Dept of Anatomy. University of Bristol, BS8 1TD. UK.

We have previously demonstrated that low frequency stimulation (LFS: 900 
stimuli, 1 Hz) does not induce long-term depression (LTD) of synaptic transmission 
in the CAI region of the adult rat hippocampus. However, paired pulse stimulation 
(50 ms interval) during LFS (PP-LFS) results in a marked LTD (Neuropharmacol. 
1997. 36: 397-399). We are now investigating the mechanisms of induction of this 
LTD.

Hippocampal slices were prepared from female adult rats (170-220 g; 8-12 weeks 
old). The Schaffer collateral-commissural pathway was stimulated alternately either 
side of the recording electrode (each at 0.033 Hz) and standard techniques used to 
record field potentials from the stratum radiatum. We have examined the roles of 
GABAa , NMDA and mGlu receptors in the induction of PP-LFS induced LTD (PP- 
LTD) using the antagonists picrotoxin, AP5 and MCPG, respectively. PP-LFS was 
delivered to one pathway and the other pathway then received PP-LFS in the 
presence of the appropriate antagonist. PP-LTD in controls was not different when 
compared to that in 50 pM picrotoxin (28 ± 1 and 31 ± 7 %, respectively; n=3. 
p>0.05). Compared to control, PP-LTD in 50 pM AP5 was reduced in magnitude 
(28 ± 2 and 21 ± 2 %, respectively; n=6, p<0.05). To determine the nature of the 
AP5-insensitive component of PP-LTD, a combination of AP5 and MCPG (1 mM) 
was used. There was no difference in PP-LTD between controls and that in MCPG 
and APS (27 ± 3 and 32 ± 4 %, respectively; n=5, P>0.05). However, PP-LTD in 
MCPG and AP5 was larger than that in AP5 alone (P<0.05).

These results show that the induction of LTD by PP-LFS does not require GABAa  
receptor activation but is partly dependent on the activation of NMDA receptors. 
The role of MCPG-sensitive mGlu receptors remains to be determined.

Supported by the Wellcome Tnist.

679.15
ORPHANIN FQ INHIBITS SYNAPTIC TRANSMISSION AND LONG-TERM 
POTENTIATION IN RAT DENTATE GYRUS. T.-P. Yu*, and C.W. Xie 
Dept. of Psychiatry and Biobehavioral Sciences, UCLA-NPI, LA, CA 90024.

Our previous study has reported that orphanin FQ (OFQ) inhibited 
synaptic transmission and long-term potentiation (LTP) in hippocampal CAI 
region and that such inhibition might involve a presynaptic mechanism. The 
present study examines the action of OFQ on dentate gyrus and investigates the 
possible mechanisms underlying the peptide effect.

Field potentials evoked by stimulation of lateral perforant path were 
recorded in both granule cell body and dendritic layers of the dentate gyrus in 
transverse rat hippocampal slices (500pm). Our results showed that OFQ 
caused a significant reduction in population spike amplitude (25+7%, n=17) but 
not in EPSP slope (1+1%, n =15), which is in contrast to the observation of OFQ 
inhibition on both EPSP slope and population spike in the CAI region. When 
high frequency stimuli (1-sec train of pulses at 100Hz) were delivered, lpM 
OFQ significantly attenuated LTP of both population spikes (115+4%, n=7) and 
EPSP slopes (128+5%, n=8), as compared with the controls (145+13% and 
147+2%, respectively). The peptide inhibition on population spike and its LTP 
were found to be partially reversed by bicuculline (20 pM), a GABAa  
antagonist, whereas the inhibitory effects of OFQ on EPSP slope and its LTP 
were not affected by bicuculline. In addition, OFQ caused a shift of the EPSP 
slope-spike curve to the right; there was no significant change in paired-pulse 
facilitation of EPSP in the presence of OFQ. These results suggest that the 
action of OFQ on dentate gyrus may involve a postsynaptic mechanism. 
Furthermore, our whole-cell recordings from dentate granule cells have shown 
that OFQ inhibited NMDA EPSCs in a dose-dependent manner, suggesting that 
OFQ may inhibit synaptic transmission by inhibiting NMDA receptor channels 
on granule cells. (Supported by NIH-NIDA grants, DA05010 and DA08571).

679.16
VASOPRESSIN MODULATES DENTATE GRANULE CELL LTP. M.J. Wavner*.
P.L. Armstrong. B.G, Smith and S.P. Handley. Division of Life Sciences, The University 
of Texas at San Antonio, San Antonio, TX 78249-0662.

Arginine vasopressin (AVP) is synthesized in parvocellular and magnocellular 
neurons of the paraventricular nuclei and neurons of the supraoptic nuclei. A VP neurons 
of the parvocellular nucleus project to the median eminence and the brain stem. 
Magnocellular A VP neurons send axons into the posterior pituitary. AVP containing 
neurons also occur in the bed nucleus of the stria terminalis and the medial amygdala that, 
respectively, project into the ventrolateral septal nuclei and the hippocampus. 
Consequently, AVP can be involved in many diverse and significant physiological 
functions including the endocrine system, emotions, anu learning and memory. The 
purpose of the present study was to determine the effects of AVP on hippocampal long 
term potentiation (LTP). We have previously reported that both angiotensin II (Ang II) 
and oxytocin (OXT) produce anterograde amnesia for short term memory and also inhibit 
LTP, in hippocampal medial perforant path-dentate granule cell synapses. Because 
intracerebral vasopressin has been implicated as a memory enhancing peptide with some 
conflicting results, it seemed important to repeat our earlier studies on Ang II and OXT 
with AVP utilizing the same experimental protocol. Harlan male Sprague-Dawley rats 
were used. Animals were anesthetized with 25% urethane, 1.4 g/kg, administered i.p. 
LTP was measured as the percentage change in the slope of the population excitatory post 
synaptic potential measured in the dentate granule cell layer, by means of a glass 
micropipette electrode filled with 3M NaCl, before and after a series of four tetanii 
delivered at 10 min intervals following 30 min of baseline, in response to single pulse 
stimulation of the medial perforant path at one min intervals during baseline and for 70 
min following the last tetanus. Ten doses of AVP were studied 0.05 - 100 pM applied 
directly to the hippocampus in a 1.0 ql of artificial cerebrospinal fluid. Complex dose 
related effects were observed; a partial inhibition of LTP with a maximum at 20 pM and 
possible enhancement at doses of 30 pM and above. These results might explain some 
of the discrepancies in the behavioral data. This research was supported by a grant from 
The Council for Tobacco Research-U.S.A., Inc., # 4038.
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680.1
CALCIUM CALMODULIN KINASE II FORMS A PROTEIN 
COMPLEX WITH hslo CA2+-ACTIVATED K+ CHANNELS.
Peter H. Reinhart*, R. Buckholz, and Lisa Estey. Department of
Neurobiology, Duke University Medical Center, Box 3209 Durham, NC 
27710 and Glaxo Wellcome Research Institute, RTP NC 27709.

Large-conductance Ca2+-activated K+ (KCa) channels are widely 
distributed in human brain, are concentrated at presynaptic sites and can 
modulate the release of neurotransmitters. To address how second messenger 
cascades can modulate KCa channels we have examined whether or not 
channel modulators can directly bind to, and form a protein complex with KCa 
channels. A 136 amino acid fragment of hslo was used to screen a human 
brain yeast two hybrid library. From a total of 600,000 colonies screened, 54 
positives were rescued and sequenced. Of these, 11 sequences corresponded 
to CaMKII-a. This interaction was further probed in biochemical experiments 
using GST-fusion protein constructs containing C-terminal hslo fragments 
(S6-S10). It was found that one GST-hbrl construct was able to bind to 
CAMKII from a solubilized synaptosomal preparation. Channel /kinase 
association domains were further probed by generating a series of fusion 
protein constructs from which small protein domains had been deleted.
Within the CaMKII protein the CaM binding domain and a portion of the 
intermolecular association domain can bind to hbrl. Within hbrl the 
hydrophilic domain between S8 and S9 is the CaMKII association domain. 
Functional effects of CaMKJI/KCa protein complexes were assayed by 
expressing hbrl in Xenopus oocytes, and recording channel activity from 
inside-out macropatches. CaMKII can modulate both steady-state and non-
steady state gating properties of these channels. Supported by NIH grant 
NS31253 toP.H.R.

680.2
LOCALIZATION OF ASSOCIATION DOMAINS IN hslo CA2 - 
ACTIVATED K+ CHANNELS.
Jennifer C. Quirk* and Peter H. Reinhart. Department of Neurobiology, Duke 
University Medical Center, Box 3209 Durham, NC 27710.

Most K+ channel proteins assemble as tetramers, and will only 
associate with monomers from within the same gene family. For a number of 
K+ channel types, specific protein domains that mediate assembly have been 
identified and are referred to as association domains (ADs), To localize ADs 
within the family of large-conductance Ca2+-activated K+ (KCa) channel 
proteins from human brain (hslo), we have developed an intragenic suppressor 
screen using hslo heterologously expressed in Xenopus laevis oocytes. The 
assay involves the co-expression of wild-type hslo with an hslo pore mutant 
(/zUo-pore(-)), to generate channel tetramers containing one or more hslo- 
pore(-) subunits, and hence, suppressed channel permeation. A series of 
channel constructs containing both the pore mutation and a deletion of a 
number of C- and N-terminal channel domains, was constructed and assayed 
using the suppressor screen. It was found that deletions within the N-terminal 
region do not prevent suppression of channel permeation (n— 13). Hence, 
unlike the voltage-gated K+ channel families (Kvl to Kv4), KCa channel ADs 
do not appear to be localized within this N-terminal protein domain. Of four 
different C-terminal protein domains we have assayed, only one is consistently 
positive in the suppressor screen (35 of 39 experiments). Other suppressor 
constructs to more accurately localize the AD are being tested, and the 
localization of putative ADs is being confirmed by co-immunoprecipitation 
experiments using epitope-tagged channel fragments. Supported by NIH grant 
NS31253 to P.H.R and NIH grant MH1 1753 to J.C.Q.

680.3
LOCALIZATION OF Ca2+-BINDING DOMAINS IN HUMAN (hslo) 
Ca2+-ACTIVATED K+ CHANNELS. Jeffrey D. Krause*, Jeffrey M, Gross, 
Christine D. Foster & Peter H. Reinhart. Dept. of Neurobiology, Duke 
University Medical Center, Box 3209, Durham, NC 27710, and Dept. of 
Clinical Pharmacology GlaxoWellcome Research Institute, RTP, NC 27709.

We have used a combination of site-directed mutagenesis, inside-out 
patch clamp analysis, and 45Ca overlay assays to localize and characterize 
Ca2+-binding domains in Ca2+-activated K+ (KCa) channel a-subunits cloned 
from human brain (hslo). Previous data has shown that two domains located 
near D358 and D886 both contribute to Ca-+-binding domains which influence 
channel gating. We have extended these studies by generating and 
characterizing a number of channel mutants at both of these channel domains. 
In addition, these two regions of the protein have been expressed as 
glutathione 5-transferase fusion proteins and assayed for 4?Ca2+ binding in 
45Ca2+-overlay assays. We find that a channel mutated at both D358 and D886 
is unable to be activated by Ca2+ or voltage, although this construct still 
appears to assemble normally. Neutralization of acidic residues near D886 
further reduce the apparent Ca2+-sensitivity of this channel, whereas acidic 
neutralizations near D358 have no such effect. The exact contribution of other 
residues near these domains, as well as the Ca2+ -sensitivity of double and 
triple mutants, is being investigated using Ca2+, Sr2+, and Mn2+ as activating 
ions. At higher Ca2+ concentrations, low affinity Ca2+-binding sites lead to 
further activation of the channel. Our observations indicate that two distinct 
C-terminal protein structures both contribute to the formation of a novel, high 
affinity Ca2r-binding domain in hslo KCa channels. Supported by NIH grant 
NS31253 to P.H.R.

680.4
TISSUE SPECIFIC SPLICING OF THE SLOWPOKE CA++-ACTIVATED 
K+ CHANNEL GENE. Y. Yu, A. Upadhyava, M. Draper, and H. Zakon*,
N. Atkinson. Zoology department, Institute of Molecular Biology, 
University of Texas at Austin, Austin, TX, 78712

The transmission of information by electrical impulses is a principal 
feature of the electrically excitable cells. A cell's electrical properties are 
generated by- the concerted actions of a specific array of ion channels. 
Alternative splicing has been identified as an critical mechanisms to 
modulate the channel proteins expressed in a cell. The slo gene encodes a 
Ca + +-activated K+ channel. The gene has five sites of alternative 
splicing. It has been proposed that alternative splicing serves to tailor 
the channel properties to the needs of individual cells. The fourteen 
possible alternative exons affect the composition of the protein's carboxy-
terminal tail. Some splice variants have been shown to affect the 
channel's conductance or calcium sensitivity. We have determined the 
gene's tissue-specific splicing pattern by RNA/PCR amplification of the 
entire alternatively-spliced region to make tissue and developmental 
specific cDNA libraries, slowpoke specific cDNA libraries were made 
from embryo, larvae, pupae, adults, and dissected larval brains, muscles, 
and midguts. We then screened the libraries using probes specific for each 
alternative exon to determine the combinations for each utilized 
alternative exons. Hybridizations revealed that the alternative exons 
are differentially distributed in developmental stages and larval tissues. 
Some exons are only used in certain stages or tissues while some are 
expressed in all stages and tissues only differing in abundance. Finally 
some exon combinations are favored over others in specific tissue. 
Currently we are characterizing the mechanism used to regulate exon 
choice.

680.5
COEXPRESSION AND MODULATION OF RECOMBINANT 
CALCIUM- AND SMALL-CONDUCTANCE, CALCIUM- 
ACTIVATED (SK) POTASSIUM CHANNELS, IN A 
MAMMALIAN CELL LINE. K. M. Houamed*, L„ L„ Cribbs, A. 
Lazrak, J-T Bian, E. PEREZ-REYES Dept. Anesthesia & Critical 
Care, Univ. of Chicago Med. Ctr., Chicago, IL 60637 & Dept. 
Physiol., Loyola Univ. Chicago., Maywood, IL 60153.

We have coexpressed recombinant voltage activated L type 
calcium channels, and small conductance Ca activated potassium 
channels in the human embryonic cells line HEK 293. Cell lines 
permanently expressing the calcium channel subunits a,, a2 and (32 
were transient transfected with vector containing cDNA encoding the 
rat SK2 channel (M. Kohler et. al., Science 273:1709, 1996) under 
the control of a CMV promotor.

In whole cell patch clamp recordings, depolarizing voltage steps 
from evoked high threshold calcium currents reaching a peak 
several hundred pA. In addition, cells transfected with rSK2 cDNA 
exhibited, upon repolarization, slowly decaying current tails. Ion 
substitution- and pharmacological manipulations revealed these slow 
tails to be due to activation of SK channels as a result of calcium 
entry through Ca channels. The SK currents were enhanced by 0.1 
pM Bay K 8644, and inhibited by 1 pM nifedipine, or lOOpM Cd. 
Barium (1 & 5 mM) blocked the SK currents, as did substitution of 
Ca by Mg. Thus coexpression with recombinant Ca channels in 
mammalian cells provides a convenient means for functional studies 
of recombinant SK channels.

Funded by Brain Research Foundation and NIH.

680.6
MAPPING AND BIALLELIC EXPRESSION OF MOUSE KvLQTI. T, D, Gould* 
and K.Pfeifer. Laboratory of Mammalian Genes and Development, NICHD, 
Bethesda, MD 20892-2780.

Mutations in the KvLQTI gene have been implicated in two human disorders: 
long-QT(LQT) syndrome, which is characterized by abnormal heart rhythms and 
Jervell and Lange-Nielsen syndrome, which is characterized by loss of hearing 
in addition to the cardiac abnormalities observed in LOT. In addition, 
chromosomal translocations crossing KvLQT-1 have been correlated with 
Beckwith-Weidemann syndrome, a childhood overgrowth disorder, and with 
Wilms’ Tumor, an embryonal kidney tumor. Together with the minK(isK) 
protein, the product of the KvLQTI gene forms a functional potassium 
channel. This channel is putatively involved in heart ventricular repolarization 
and maintenance of ion concentration in the endoylmph, the fluid which bathes 
the stereocilia of the inner ear. The mRNA for human KvLQTI is abundant in 
kidney, heart, lung, and pancreas. Expression of human KvLQTI is subject to 
paternal imprinting, that is, due to an epigenetic modification only the maternally 
inherited allele is transcribed. Human KvLQTI genetically and physically maps 
to a cluster of imprinted genes found on chromosome 11 p15.5.

Using both bacterial artificial chromosomes and genomic DNA analyzed with 
pulsed field gel electrophoresis, we physically map mouse KvLQTI to distal 
chromosome 7, a region syntenic with human 11p15.5. Using F1 crosses we 
also genetically map the gene to this same region. In mice KvLQT- is flanked by 
two imprinted genes, p57KIP-2 and Mash-2. We identify sequence 
polymorphisms in the the 3’ end of mouse KvLQTI and use these to determine 
that the mouse gene, unlike the human gene and other mouse genes in the 
cluster, is biallelically expressed in adult and fetal mouse tissues. With Northern 
blot analysis we also observe a high level of expression in lung, kidney, and 
heart and low expression in other tissues assayed.
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680.7
EVIDENCE THAT TRANSIENT A-CURRENTS IN CHICK CILIARY 
AND SYMPATHETIC GANGLION NEURONS ARE MEDIATED BY 
Kv4.2 CHANNELS Laurence Dryer*, Zhaohui Xu & Stuart E. Dryer 
Program in Neuroscience, Florida State University, Tallahassee, FL, 32306

Arachidonic acid (AA) is a selective blocker of Kv4 type K+ channels, 
which encode A-type K+ currents (7^) in heterologous expression systems. 
In this study, whole-cell patch clamp recordings were made from chick 
ciliary (CG) or sympathetic (SG) ganglion neurons that were removed at 
El3, or removed at E9 and maintained in cell culture for 4 days (E9+4 
cells). I a  kinetics in El 3 and E9+4 cells are quite different in both CG and 
SG neurons. The in E9+4 CG cells activates and inactivates much faster 
than in El3 CG cells. By contrast, 7y\ inactivation is much slower in E9+4 
SG cells compared to E13 SG cells. But 7^ from E13 and E9+4 CG and SG 
cells were inhibited completely by 25 pM AA. In addition, we isolated 
partial cDNAs encoding the Kv4.2 gene by means of RT-PCR from CG and 
SG cells. The identity of the products was confirmed by cloning and 
sequencing. In summary, the transient K+ channels in chick CG and SG 
neurons appear to be encoded by the Kv4.2 gene. The markedly different 
7/\ kinetics of CG and SG neurons observed at different developmental 
stages or growth conditions may reflect differential expression of an 
unidentified auxiliary subunit. Supported by NS-32748

680.8
LOCALIZATION BY CONFOCAL AND IMMUNOELECTRON MICROSCOPY OF 
THE POTASSIUM CHANNEL KV1.4 ON AXONS AND PRESYNAPTIC 
TERMINI OF EXCITATORY NEURONS IN THE HIPPOCAMPUS. E.C. Cooper, 
A.M. Milroy*, Y.N. Jan, L.Y. Jan and D.H. Lowenstein. Depts. of Neurology, 
Anatomy, Physiology and HHMI, Univ. of California, San Francisco, CA.

Kvl.4, a mammalian Shaker homologue, forms inactivating (or "A-type") 
potassium channels when expressed heterologously in oocytes and is widely expressed 
in brain. Hippocampal sections stained for Kvl.4 show reaction product at greatest 
density in two regions: (1) the middle molecular layer (MML), where perforant path 
axons synapse with dentate granule cells, and (2) the stratum lucidum (SL) of CA3, 
where the mossy fibers travel in tight fasciculi and form en passante synapses onto 
CA3 pyramidal cells. Because the excitatory synapses of the MML and SL exhibit 
very different physiological properties, we have studied the localization of Kvl.4 within 
these regions in detail.

We first performed confocal immunofluorescence microscopy, using an anti- 
synaptophysin antibody to mark presynaptic termini. In the MML, the distribution 
of Kvl.4 and synaptophysin staining appears to overlap, but in the SL, Kvl.4 and 
synaptophysin staining is detected in non-overlapping, irregular patches (~5 um 
diameter). These results are consistent with localization of Kvl.4 on presynaptic 
termini within the MML, but not within the SL. We next used electron microscopy to 
examine the dentate and CA3 regions after pre-embedding immunoperoxidase staining 
with anti-Kvl.4 sera. In the dentate, reaction product was detected within 
unmyelinated axons and excitatory pre-synaptic termini of the MML. In CA3, 
staining was seen associated with the membranes of the mossy fiber axons, but not 
with the presynaptic expansions where all synapses are located.

The mechanisms that bring about axonal localization of Kvl.4 in both the MML and 
the SL and presynaptic localization in the MML but not the SL are unknown. Axonal 
channels may regulate the duration and propagation of the action potential; presynaptic 
ones may regulate transmitter release in a synapse-specific manner.
Supported by a Pfizer Post-doctoral Fellowship, NIH-NINDS and NIMH, and HHMI.

680.9
EPISODIC ATAXIA MUTATIONS IN Kvl.l CHANNELS ALTER CHANNEL
FUNCTION BY DIFFERENT MECANISMS. P, Zerr, N- Marrion.tJL. P, Adelman
and J. Mavlie3 Vollum Institute and aDep. of Obst. and Gynecol., Portland OR 97201.

Episodic Ataxia (EA) is an autosomal dominant neurological disorder caused by 
missense point mutations in the Kvl.l gene. Six EA mutations were individually 
introduced into the Kvl.l cDNA using site-directed mutagenesis. For expression in 
Xenopus oocytes, mRNAs were synthesized in vitro and rigorously quantified by 
hybridization; currents were studied using the 2-electrode voltage clamp configuration.

Potassium currents were recorded for five of the EA mutants, but not for R239S. 
Current amplitudes were 5 to 20 times lower than currents from oocytes injected with 
an equal amount of the wild type (wt) mRNA. For all EA channels, the voltage- 
dependence and/or kinetics were affected: V174F, F184C and E325D showed 20 to 30 
mV depolarizing shifts of V1/2, while E325D and V408A had faster deactivation and 
increased C-type inactivation compared to wt channels.

To investigate the basis for the reduced current amplitudes, the Flag epitope was 
added to the C-termini of the EA and the wt subunits. Western blots revealed 
significantly reduced amounts of R239S-Flag and F249I-Flag compared to wt-Flag. 
No differences in protein levels were detected for the other EA subunits.

To determine whether the EA subunits coassemble with the wt subunits, the Y379V 
mutation was introduced in the EA mutants reducing their TEA sensitivity about 200 
times. Injecting R239S-Y379V or F249I-Y379V mRNAs with wt mRNA at a 1:1 
ratio, shifted TEA sensitivity much less than predicted by the binomial distribution 
assuming a tetrameric channel with subunits which have an independent and equal 
probability of coassembly. The four remaining Y379V-EA mutants shifted TEA 
sensitivity similarly to coinjections of wt and wt-Y379V mRNAs.

These results show that EA mutations affect the channel function as well as the 
stability of the subunits for the two mutations that occur in the first cytoplasmic 
loop. All EA subunits form heteromultimers when coexpressed with wt subunits.

680.10
THE KV4.3 SHAL GENE IS DEVELOPMENTALLY UPREGULATED IN 
XENOPUS EMBRYOS AND ENCODES A POTASSIUM CURRENT 
MODULATED BY ARACHIDONIC ACID. Nathan J. Lautermilch and Nicholas C. 
Spitzer*. Department of Biology and Center for Molecular Genetics, UCSD, La Jolla 
CA 92093.

Maturation of the action potential in Xenopus spinal neurons is due to an increase 
of both amplitude and activation kinetics of potassium current during the 24 hour 
period following neural tube closure. Members of the Shaker, Shab and Shaw 
subfamilies of voltage-gated potassium channels cloned previously from Xenopus are 
upregulated during this period. Here we report the cloning of a member of the Shal 
subfamily. Using RT-PCR with degenerate primers based upon previously cloned 
Shal genes, a 250 bp fragment was isolated from 1 month tadpole brain RNA. This 
fragment was used to screen a 1 month tadpole brain cDNA library and a 3.5 kb full 
length clone was isolated. The sequence of the clone shows 78% homology with rat 
Kv4.3 at the amino acid level, identifying it as the Xenopus homologue (xKv4.3). In 
situ hybridization demonstrates that transcripts are developmentally upregulated in the 
spinal cord during the period in which delayed rectifier potassium current matures. 
Functional expression in Xenopus oocytes shows that currents are more similar to 
delayed rectifier than to A-type (inactivating) potassium current in the physiologically 
relevant voltage range (0 to +40 mV) and time domain (75 msec). The current is 
suppressed by TEA, 4AP and arachidonic acid (AA). The action of AA is of interest 
since transmitters and modulators generating this second messenger could potentially 
reduce the amplitude of endogenous potassium currents in spinal neurons and thereby 
modulate calcium influx in a developmentally significant manner. We are currently 
investigating the effect of AA on the endogenous potassium current in Xenopus 
spinal neurons in culture. Supported by NIH GMO81O7 (NJL) and NS25916 (NCS).

680.11
EXPRESSION AND SUBCELLULAR LOCALIZATION OF THE 
KV1.4 CHANNEL SUBUNIT IN RAT HYPOTHALAMUS AND 
NEUROHYPOPHYSIS
S, Fehr, M, Schweizer, S. Sewing, H. Schmale*, O. Pongs Center for
Molecular Neurobioiogy, 20246 Hamburg. Germany

Voltage gated potassium channels play an important role in regulating the 
integration and transmission of electrical signals in the nervous system, in the 
neurohypophysis they are involved in the regulation of the release of the 
neuropeptides vasopressin and oxytocin from their nerve terminals. In order 
to investigate the subcellular distribution of the a-subunit of the Shaker- 
related subfamily of Kv channels we employed a combined experimental 
approach using in situ hybridization and immuno-histochemistry.
In situ hybridization of the hypothalamus with radioactively labelled cRNA 
probes revealed strong Kv1.4 mRNA expression predominantly in the 
supraoptic nuclei (SON). The neural lobe which is the target region of the 
axons of the magnocellular neurons from the SON did not show any mRNA 
signal.
A specific polyclonal antibody for the a-subunit Kv1.4 was employed and 
visualized using fluorescent or peroxidase coupled secondary antibodies. 
Kv1.4 immunoreactivity was found in magnocellular neurons of the SON as 
well as in thin fibers traversing the neural lobe. Double staining with 
antibodies against vasopressin and synaptophysin which are both strongly 
expressed in axon swellings and terminals did not show any colocalization 
with the Kv1.4 signal.
These findings might indicate that Kv1.4 is synthetized in neurons of the 
SON and transported via their axons into the neural lobe. There it is found in 
undilated axon segments at the preterminal zone rather than at the axon 
swellings. We are currently examining the ultrastructural Kv1.4 distribution 
using pre- and postembedding electronmicroscopical techniques.

680.12
DISRUPTION OF THE K* CHANNEL GENE Kv3.1 DOES NOT AFFECT 
TRANSCRIPTION OF RELATED K* CHANNEL GENES OR THE 
DISTRIBUTION OF PARVALBUMIN. C.S. Ho* and R.H. Joho. 
Department of Cell Biology and Neuroscience, The University of Texas 
Southwestern Medical Center, Dallas, Texas 75235.

The fast-activating, voltage-gated K+ channel Kv3.1 is expressed at 
high levels in the granule cells of the cerebellum, in the reticular nucleus 
of the thalamus, in a subset of cells in cerebral cortex and hippocampus, 
and at lower levels in many other brain nuclei. It is known that Kv3.1- 
expressing hippocampal and striatal neurons contain the Ca2+-binding 
protein parvalbumin, a marker for fast-spiking, GABAergic inhibitory 
intemeurons. Hence, Kv3.1 may play an important role in high-frequency 
firing of action potentials. We generated a mutant mouse deficient for 
Kv3.1 (Ho etal. PNAS 94:1533-1538 [1997]) to study the physiological 
role of Kv3.1 in the nervous system. Because disruption of normal gene 
expression might lead to compensatory changes in the expression of 
related genes, we determined mRNA levels of the K+ channels Kv3.2, 
Kv3.3 and Kv3.4 in Kv3.1-deficient mice. RNase protection assays 
indicated no gross changes in forebrain and hindbrain in the levels of 
these mRNAs. Moreover, the distribution of parvalbumin in cerebral and 
cerebellar cortex and in the reticular nucleus of the thalamus was similar 
in normal and Kv3.1” mice. These findings suggest that in the absence 
of functional Kv3.1 channel subunits, there are few if any compensatory 
changes in the expression of genes encoding other subunits of the 
same subfamily. If some regulatory compensation exists, it does not 
involve the up-regulation of other Kv3-type channels. (Supported by the 
Muscular Dystrophy Association and the Kent Waldrep National 
Paralysis Foundation.)
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680.13
THE SUBCELLULAR DISTRIBUTION OF THE K+ CHANNEL SUBUNIT KV2.I 
IN HIPPOCAMPAL AND CORTICAL NEURONS AND THE REGULATION OF 
K+ CHANNEL EXPRESSION BY BDNF AND NGF. J. Du1*, J.-H. Tao-Cheng2, P, 
Zerfas2, & C. J. McBain1. ’LCMN, NICHD-NIH, Bethesda, MD 20892-4495.2 EM 
Facility, NIDDK-NIH, Bethesda, MD 20892.

A variety of voltage-gated ion channels are expressed on principal cell dendrites and 
have been proposed to play a pivotal role in the regulation of dendritic excitability. 
The function and expression of these ion channels can be regulated by growth factors 
and second messengers. In this study, we found that at the EM level Kv2.1 immuno-
reactivity was primarily expressed in clusters on the surface membrane of the somata 
and principal dendrites; expression was low on smaller dendritic branches, and absent 
on axons and presynaptic terminals. Kv2.1 subunit expression was highly concentrated 
on the cell surface membrane directly facing astrocytic processes. Kv2.1 immuno-
reactivity was often observed immediately adjacent to the postsynaptic densities of 
some inhibitory synapses; while expression at asymmetric synapses was rare. Kv2.1 
expression was also concentrated in various cytoplasmic compartments and on 
subsurface cisterns. Thus, channels formed by Kv2.1 subunits are uniquely positioned 
on the principal dendrites of both pyramidal and inhibitory intemeurons to regulate 
dendritic excitability. To further understand the regulation of Kv2.1 subunit 
expression, we treated cultured hippocampal slices with neurotrophins and analysed 
the protein expression by Western blot analysis. Kv2.1 expression was up-regulated by 
BDNF and down-regulated by NGF in a dose-dependent manner following 24 hours 
treatment in N1 serum free media. To determine if other K+ channels were similarly 
regulated by neurotrophins, we investigated Kvl.3, Kvl.4, and Kvl.5 expression 
under similar conditions. Kvl.3 and Kvl.5 subunit expression was increased by BDNF 
in a dose-dependent manner, however, Kvl.4 expression was decreased. NGF 
inhibited Kvl.3, Kvl.4 and Kvl.5 expression. These data suggest that K+ channel 
subunits are dynamically regulated by neurotrophins and may have important 
consequences during neuronal development and plasticity. (Supported by NIH)

680.14
HETEROGENEOUS EXPRESSION OF ATP-SENSITIVE POTASSIUM 
CHANNEL SUBUNITS. IN DOPAMINERGIC SUBSTANTIA NIGRA 
NEURONS: A SINGLE CELL RT-PCR ANALYSIS. B. Liss, R. Bruns and J. 
Roeper* ZMNH, Martinistr. 52, 20246 Hamburg, Germany

Metabolic stress selectively activates ATP-sensitive potassium (K-ATP) channels 
in dopaminergic substantia nigra (SN) neurons analysed with patch-clamp techniques 
in brain slices of C57bl mice. K-ATP channels are heteromeric proteins consisting of 
the different sulphonylurea-receptors (SUR1, SUR2) and alternative inwardly- 
rectifying K-channels (Kir6.1, Kir6.2). As the molecular identity of neuronal K-ATP 
channels is unknown, we applied single-cell RT-PCR techniques to substantia nigra 
neurons. Our multiplex-nested RT-PCR protocol simultaneously probes the 
expression profile of eight transcripts in a single neuron. It contains specific primer 
pairs for the K-ATP channel subunits SUR1, SUR2, Kir6.2 and Kir6.1 as well as for 
the marker transcripts tyrosine hydroxylase (TH), glutamate decarboxylase (GAD 
67), glial fibrillary acidic protein (GFAP) and for a member of the G-protein 
regulated inwardly rectifying K channel family (GIRK2). The marker transcripts 
(TH, GAD, GFAP) allow characterization of the neural phenotype. Our results show 
that in contrast to GABAergic interneurons (TH-, GAD+, GFAP-), where we do not 
detect K-ATP channel expression, dopaminergic neurons (TH+, GAD-, GFAP-) 
express SURs and Kir6.2, but not Kir6.1. The expression profile is not homogeneous 
and can be separated in three groups: dopaminergic neurons either coexpress SUR1 
and Kir6.2, the high-affinity sulphonylurea isoform, or SUR2 and Kir6.2, a low- 
affinity variant, or coexpress SUR1, SUR2, and Kir6.2. This diverse expression 
pattern might define dopaminergic subpopulations in the substantia nigra with 
functionally different K-ATP channels.

Supported by DFG grant to J.R. (Ro 972/4-1)

680.15
PARALLELS BETWEEN K+ CHANNEL SUBUNIT COMPOSITION IN HUMAN 
AND RAT CEREBELLUM AND HIPPOCAMPUS B.R.. Schunnan*, Z. Bekele- 
Arcuri1, J. S. Trimmer1 and K. J. Rhodes. CNS Disorders, Wyeth-Ayerst Research, 
Princeton, NJ 08543, and ‘Dept. Biochem. & Cell Biology, SUNY, Stony Brook, 
NY 11794.

Previous studies have provided evidence for dramatic differences in the subunit 
composition of voltage-gated K+ channels between rat cerebellum and hippocampus. 
Here we used a reciprocal coimmunoprecipitation strategy to compare the subunit 
composition of K+ channel complexes in human cerebellum and hippocampus. In 
addition, we compared subunit interactions in human brain with those previously 
observed in the rat. Crude cerebellar and hippocampal membrane fractions prepared 
from postmortem human brain (no known neurological disease) were subjected to 
immunoprecipitation with antibodies specific for voltage-gated K+ channel a- and (3- 
subunit polypeptides, using conditions known to maintain inter-subunit interactions 
(e.g., Rhodes et al., J. Neurosci. 16:4846, 1996). Isolated channel complexes were 
analyzed by immunoblot for the presence of specific subunits.

K+ channel complexes in human cerebellum were found to be composed 
predominantly of the Kvl.l and Kvl.2 a-subunits, in association with the Kv[32 (3- 
subunit. K+ channel complexes in human hippocampus were found to expresses 
high levels of the Kvl.4 a-subunit, which coassociated with the Kvl.l and Kvl.2 
a-subunits, and with the Kvf31 and Kv[32 [3-subunits. These data are strikingly 
similar to those obtained in rat hippocampal and cerebellar membranes, and suggest 
that region-specific differences in K+ channel subunit composition are conserved in 
human and rat brain.

680.16
EXPERIMENTAL LOCALIZATION OF VOLTAGE-GATED K+ CHANNEL 
SUBUNITS IN THE STRIATAL MOTOR CIRCUITRY OF THE RAT. M.M. 
Monaghan*, B.W. Strassle, J.S. Trimmer^, and K.J. Rhodes. CNS Disorders, 
Wyeth-Ayerst Res., Princeton, NJ 08543 and ^Dept. Biochem. and Cell Biol., 
SUNY, Stony Brook, NY 11794.

In the present study we examined the distribution of the Kvl.l, Kvl.4, Kvf3l, and 
Kv32 voltage-gated K+ channel subunits within the subcortical striatal motor 
circuitry in the rat. Unilateral lesions of the caudate nucleus, globus pallidus, or 
substantia nigra were made using ibotenic acid (10 jj.g/jj.1; 0.1-0.4 pl/injection). 
Unilateral lesions of the pars compact of the substantial nigra were made using 6- 
hydroxy dopamine (6-OHDA). After a seven day survival, animals were perfused, 
and the brains were sectioned and processed to visualize K+ channel subunits as well 
as tyrosine hydroxylase (TH) and glutamic acid decarboxylase (GAD), using standard 
immunohistochemical techniques.

Lesions of caudate nucleus reduced the density of immunoreactivity (IR) for 
Kvl.l, Kvl.4, Kv(3l, Kv{32 and GAD in the globus pallidus and pars reticulata of 
the substantia nigra, suggesting that these four K+ channel subunits are associated 
with striatal, possibly GABAergic, efferent projections. Ibotenic acid lesions of the 
globus pallidus and substantia nigra had no effect on the density of Kvl.l, Kvl.4, 
Kv(3l, Kv|32, or GAD immunoreactivity within these structures, confirming that 
they are associated with afferent inputs. 6-OHDA lesions of the substantia nigra 
eliminated TH immunoractivity in the nigra and in the ipsilateral striatum, and 
produced an increase in the density of Kvl.4 immunoreactivity in the ipsilateral 
striatum. Taken together, these data indicate that Kvl.l, Kvl.4 Kvf3l and Kv(32 
may coassociate to form dendrotoxin sensitive K+ channels on striatal efferent 
pathways. In addition, these findings suggest that individual K+ channel subunits 
may be differentially regulated in response to damage to the nigrostriatal pathway.

680.17
ULTRASTRUCTURAL LOCALIZATION OF KV2.1 IN RAT CEREBRAL 
CORTEX: JUXTAPOSITION TO AXOSOMATIC AND AXODENDRITIC 
SYNAPSES. B.W. Strassle*J.S. Trimmer^, and K.J. Rhodes. CNS Disorders, 
Wyeth-Ayerst Res., Princeton, NJ 08543 and 'f"Dept. Biochem. and Cell Biol.. 
SUNY, Stony Brook, NY 11794.

The delayed rectifier K+ channel Kv2.1 is concentrated in large clusters 
associated with the somata and proximal dendrites of mammalian central neurons. 
In the present study we used electron microscopic immunohistochemistry to 
determine whether these clusters are apposed to sites of membrane specialization, 
such as synapses. Vibratome sections of perfusion-fixed rat parietal cortex were 
cryoprotected in 30% sucrose and then snap-frozen in liquid nitrogen. The 
sections were rapidly thawed, transferred to PBS and ircubated in antibody vehicle 
containing an affinity-purified rabbit anti-Kv2.1 polyclonal antibody (KC; 
Trimmer, PNAS 88:10764, 1991). Sites of Kv2.1 immunoreactivity were 
visualized using the ABC Elite peroxidase method (Vector) and a nickel-enhanced 
DAB procedure. Following immunohistochemical processing, tissue blocks were 
embedded, ultrathin sections were prepared, and the sections were examined using a 
JEOL 100CX TEM.

Examination of sections processed for Kv2.1 revealed that the clusters of Kv2.1 
immunoreactivity were associated with the somatodendritic membrane of cortical 
neurons. Moreover, Kv2.1 immunoreactivity appeared to be concentrated adjacent 
to symmetric axo-somatic and axo-dendritic synapses, and was rarely directly 
apposed to synaptic contacts. These observations suggest that the delayed-rectifier 
Kv2.1 channel may play an important role in modulating membrane excitability 
adjacent to inhibitory synapses.

680.18
BKCa CHANNEL INHIBITION BY PROTEIN PHOSPHORYLATION 
IN A HETEROLOGOUS SYSTEM. M.B. Bauer*, C, Romeo and P.L. 
Armstrong. Lab. Signal Transduction, NIEHS, RTP, NC 27709.

We demonstrated previously that neuropeptide stimulation of BKca 
channel activity in rat pituitary tumor cells (GH4C1) requires protein 
phosphatase (PP) activity (R.E. White et al., 1991; 1993), but the 
substrate remains to be identified. When inside-out membrane patches 
from GH4C1 cells are excised into an ATP-free solution, BK channel 
activity gradually increases by -300% through a process that is reversed 
by Mg-ATP, but not by Mg, ADP or GTP, and is blocked completely 
by 10 nM okadaic acid, a PP inhibitor. This indicates that the substrate 
is either the pore forming protein or a closely associated regulatory 
protein. To answer this question more directly, we have isolated a cDNA 
encoding a BK channel alpha subunit by PCR from total GH4C1 
mRNA. Cotransfection of HEK293 cells using either lipofectamine or 
calcium phosphate with cDNAs encoding BKoc and the green 
fluorescent protein increased the sustained voltage-dependent outward 
current at +40 mV in fluorescent cells from <50 pA to 2.2 nA (n=l 1) 
within 48 hours. This current was reduced 65% by 2 mM TEA (n=4), 
which completely blocks BK channel activity in GH4C1 cells. The 
currents in HEK cells were also reduced 56% by 100 nM 8-chloro- 
phenylthio-cAMP (n=6/7) and 64% by 100 nM phorbol 12,13 
dibutyrate (PdBu, n=4/5), which stimulate protein kinase activity. In 
cell-attached patches on fluorescent HEK cells, channel activity was 
dominated by numerous (n>3) 150 pS channels with the same voltage- 
dependence as native BK channels. When these patches were excised 
into ATP-free solutions, activity increased (n=10/l 1), and the increase 
was reversed by addition of Mg-ATP (n=3/7). We are investigating the 
structural basis of these effects. (Supported by NIH Z01 ES 80043).
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681.1
ROLE OF Kvp SUBUNITS IN MATURATION OF POTASSIUM CURRENT 
IN THE EMBRYONIC AMPHIBIAN NERVOUS SYSTEM. M.A Lazaroff* 
and A.B, Ribera. Dept. Physiology, UCHSC, Denver, CO, 80262

Kvl potassium channels consist of both a and p subunits. Whereas it is clear 
that Kva subunits form the pore-containing portion of the channel, the function 
of KvP subunits is less well defined. Heterologous expression of Kv(3 subunits 
indicates that they can potentially regulate surface expression as well as current 
amplitude and kinetics. These properties of Kv channels are developmentally 
regulated in embryonic Xenopus spinal neurons. We are investigating the role 
that Kvp subunits play in differentiation of the delayed rectifier current (IKv) in 
amphibian spinal neurons.

Previous work identified Xenopus genes that encode proteins with high 
sequence identity to mammalian Kv(31 and Kvp2 and which are expressed in 
spinal neurons during the period of maturation of IKv (Hofmann et al., 1996). 
Xenopus Kv|32 was overexpressed in embryonic spinal neurons by 
microinjection of RNA into one cell of 2-cell stage embryos. Neurons derived 
from the injected cell were recognized by inclusion of a fluorescent lineage tracer 
in the injection solution. Since Kvl channels are expressed in only a subset of 
neurons, we expected that overexpression of Kv|32 could have its effects in only 
a subset of neurons. Whole cell recording of IKv indicates that current density is 
150-240% the size of endogenous current (i.e., nonfluorescent neurons; n=49) in 
16 of 43 fluorescent neurons. Xenopus Kvpl will be similarly overexpressed 
and its effects analyzed by whole cell recording of IKv. The results indicate that 
Kvp subunits regulate in situ key developmentally modulated properties of IKv. 
Supported by NIH NS 10250 (MAL) and NS25217 (ABR).

681.2
DEVELOPMENTAL REGULATION OF Kvl a AND (3 K+ CHANNEL 
TRANSCRIPTS IN THE MURINE CNS. M.L. Sutherland*^2-, T.A. Delaney! J.L. 
NoebelsX 1) Dept. of Neurology, Baylor College of Medicine, Houston TX 77030; 2) 
Dept. of Pharmacology, Molecular Neuroscience Center, Vanderbilt University. 
Nashville, TN 37232.

The Kvl K+ channel gene subfamily is a diverse multimember family, which in 
nerve, muscle and neurosecretory cells, controls excitability by regulating the 
periodicity and propensity to fire action potentials. In the adult rat and mouse CNS, 
Kvl. 1-1.6 mRNAs show distinct but overlapping patterns of distribution, which 
contribute to the potential diversity of homo- and hetero-multimeric Kvl complexes 
represented on neuronal and glial cell somas and processes. Recently, (3 subunits, 
which are cytoplasmic K+ channel auxiliary proteins have contributed a new 
dimension to Kvl channel complexity. Interaction of the Kvl (3 subunits with homo- 
or hetero-multimeric Kvla K+ channel complexes can either dramatically alter the 
electrophysiological properties of the channel or participate as molecular chaperones 
during a subunit biosynthesis.

Regulation of Kvla gene expression during amphibian CNS development plays a 
critical role in neurite outgrowth, neuronal differentiation and cytoskeletal 
specialization. To elucidate which Kvla and (3 transcripts may play key roles during 
murine CNS development we have used subunit-specific antisense oligonucleotides to 
determine the distribution and relative abundance of Kva 1.1-1.6 and Kvf3l. 1 and 2 
mRNAs during late embryogenesis and throughout postnatal development. Our 
results demonstrate a developmental switch in the predominance of Kvl transcripts, 
such that Kva 1.3 and 1.6 mRNAs are the predominant Kvl transcripts during late 
embryogenesis and early postnatal developmental and Kval.l, 1.2, 1.4 and Kv(3l.l 
and 2 transcripts are more abundant after postnatal day 7. Supported by March of 
Dimes Basil O'Connor grant to MLS, NIH NS29709 to JLN

681.3
ION CHANNEL DEVELOPMENT OF IN VITRO INDUCED XENOPUS 
MUSCLE. D. A Currie and W. J. Moody*, Department of Zoology, 
University of Washington, Seattle, WA 98195-351800.

Developing muscle isolated from the neurula stage embryo of 
Xenopus laevis undergoes a characteristic autonomous pattern of voltage 
gated ion channel expression as it differentiates into mature muscle. 
This pattern of expression is both dynamic and tightly regulated. The 
correct early sequence of ion channel expression is critical to the correct 
development of the later electrical properties of the muscle cells. Even 
prior to neurulation muscle cells can respond to the forced expression of 
an incorrect ion channel type by regulating the autonomous pattern of 
channel expression (Lindsell and Moody 1994 J. Physiol. 480:405-410). 
However the expression of ion channels prior to neurulation is unknown 
as presumptive muscle cells cannot be identified before neurulation.

To investigate the earliest patterns of channel expression, and the 
mechanisms for channel regulation, we have developed an in vitro 
induction protocol. Blastula stage cells, 8 hours prior to neurulation, are 
induced to form muscle. We can thus record from muscle cells from the 
moment of induction onwards. We show that muscle induced in vitro 
parallels the later electrical development of normal muscle. Induced 
muscle expresses the same voltage gated ion channels (delayed rectifier 
and inward rectifier potassium channels, sodium channels and calcium 
channels) with very similar channel densities and time courses to those 
occurring in normal muscle. These similarities extend to the level of 
changes in kinetics of the delayed rectifier potassium current during 
development. Supported by NIH-NICHHD Grant HD08081-01 and NSF 
Grant BNS-9514624.

681.4
DEVELOPMENTAL STUDY OF THE EXPRESSION OF POTASSIUM 
CHANNELS IN THE SOMATIC MEMBRANE OF SENSORY NEURONS. 
S.A.Fedulova1, D. Owen2*, D.V.Vasilyev1 & N.S.Veselovsky1. Bogomoletz Inst, 
of Physiology, Bogomoletz str.4, 252024 Kiev, Ukraine1; Dept. Pharmacol., 
University College, London, WC1E 6BT, U.K.2

The expression of potassium channels was studied by measuring whole cell 
potassium currents in the somatic membrane of rat dorsal root ganglion (DRG) 
neurons. Currents were recorded with the use of discontinuous single-electrode 
voltage clamp amplifier. Extracellular solution (mM): choline chloride - 150, KC1 
- 5, CaCl2 - 1, MgCl2 - 1, HEPES - 20, TTX - 0.1 pM, pH 7.4 with Tris-OH. 
Pipette solution (mM): KF -150, Tris-Cl - 30, pH 7.4 with Tris-OH.

We defined three types of potassium current, which were separated on the basis 
of their different voltage-dependence of activation and sensitivity to external 
tetraethylammonium ion (TEA) and 4-aminopyridine (4-AP), irrespective of age. 
The densities of these types of potassium current (transient A-type, D-type and 
non-inactivated delayed rectifier) were studied for three groups: 1, 5-6 and 14-15 
days postnatal. 50 cells were examined in each age group. All three types of 
potassium currents were found in each investigated neuron. The mean densities of 
both the transient A-type potassium current and D-type current increased during 
the first five days of development. The mean density of non-inactivating, delayed 
rectifier potassium current decreased during this period and remained constant 
thereafter. The mean capacitance of DRG neurons increased during the same 
period, reflecting the average increase in cell size.

The peak (mean) of a Gaussian fit of the distribution of densities of the A- 
current was approximately 12 pA/pF for the first age group, 22 pA/pF - for the 
second and 27 pA/pF - for the third. This results suggests that the significance of 
A-type potassium current in regulation of neuronal excitability increases with age.

681.5
BLOCKADE OF SPONTANEOUS ACTIVITY DISRUPTS POSTNATAL DE-
VELOPMENT OF HIPPOCAMPAL POTASSIUM CURRENTS. E.C. Tavag*, S. 
Ge and C.E. Niesen. Div. of Neurology, Childrens Hospital Los Angeles, Univ. 
of Southern Calif., Neuroscience Program, Los Angeles, CA 90027.

In hippocampal neurons, the development of potassium currents (lK.s) is de-
pendent on glial-derived trophic factors and modulated by depolarizng culture 
conditions. To clarify the role of spontaneous neuronal activity in the postnatal 
expression of lK.s, we used tetrodotoxin (TTX) to block Na+-dependent action 
potentials during the second week of life. Hippocampi were removed from Wis-
tar rats on postnatal day 7 (P7), sliced at 400 pm and incubated according to 
the static organotypic slice method of Stoppini et al. (1991). After 2 days in 
culture, 0.5 pM TTX was added to the media for 7-9 days. lKs were recorded 
in CA1 neurons using whole-cell voltage clamp techniques on the last day of 
TTX treatment and 2-4 days later. The patch electrode contained (in mM): 140 
Kgluconate, 10 HEPES, 0.1 CaCI2, 1.1 EGTA, 2 Mg-ATP and 0.3 GTP. In con-
trol slices at P16-20, three classes of lK were evoked. At holding potentials -40 
to -30 mV, large amplitude, sustained currents were evoked with a 200 msec 
test pulse to +20 to +40 mV. Little to no transient component was present. Per-
fusion of 100 pM Cd2+ or 2 mM Co2+ decreased the amplitude by 50%. The re-
maining current was almost completely blocked by 30 mM TEA. Prepulses to 
-110 mV evoked sizable transient currents with commmand steps to 0 to +30 
mV. In TTX-treated CA1 neurons, the Ca2+-dependent lK was absent, though the 
TEA-sensitive delayed rectifier current showed no change from controls. The 
amplitude of the transient lK.s in the TTX slices was slightly decreased. We 
conclude that Ca2+-dependent lK,s in hippocampal CA1 neurons require spontan-
eous activity for their normal development, while the expression of other lK 
subtypes are less dependent on activity-driven events.

Supported by NIH K08-NS01747.

681.6
CORRELATION BETWEEN INWARDLY-RECTIFYING K+ CHANNELS AND 
MEMBRANE POTENTIAL DIFFERENTIATION IN NG 108-15 CELLS. LL 
Pancrazio*, W. Ma,, Q.Y, Luf, J.L. Barkerf and J.J. Hickman. Science Applications 
International Corp., Biotechnology Research Applications Division, 6 Taft Court, 
Suite 300, Rockville, MD 20850. fLaboratory of Neurophysiology, National 
Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD 20892.

Inwardly rectifying K+ (Kir) channels have a major role in maintaining the resting 
membrane potential (RMP) in a variety of tissue types. Whole-cell patch clamp and 
immunocytochemical techniques were used assess Kir current density and brain 
inwardly rectifying K+ (BIRK) channel -1 expression in NG 108-15 cells, a mouse 
neuroblastoma x rat glioma hybrid. Culture of NG 108-15 cells, under serum-free 
conditions triggers differentiation of a primary, neuronal-like phenotype followed by 
an eventual predominance of a secondary, proliferative cell type. Differentiation 
appears to be correlated with a hyperpolarized RMP assessed by whole-cell current- 
clamp; primary cells exhibited a RMP of -53 + 2 mV (mean ± SEM) whereas cells in 
serum-containing growth media (GM) and secondary cells showed RMPs of only -37 
± 2 mV and -38 ± 3 mV, respectively. Voltage-clamp measurements revealed that 
Kir current density was two-fold greater in primary cells compared to either 
secondary cells or undifferentiated cells in GM. Furthermore, the voltage- 
dependence of Kir inactivation, an unusual property of these Kir channels, showed a 
shift to more hyperpolarized voltages with differentiation. The potential for half 
inactivation was -33 ± 4 mV for primary cells, but only -17 ± 4 mV and -21 ± 5 mV 
for undifferentiated cells in GM and secondary cells, respectively. Accordingly, 
BIRK-1 immunoreactivity was barely detected in secondary cells and undifferentiated 
cells in GM, but was abundant in primary cells. These results show that RMP 
differentiation correlates positively with Kir current density, Kir biophysical 
properties, and BIRK-1 immunoreactivity.

This work supported by the OSD Counterproliferation program through DARPA.
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681.7
DEVELOPMENTAL EXPRESSION OF VOLTAGE-GATED 
POTASSIUM CHANNELS IN MOUSE CEREBELLAR GRANULE 
CELLS IN VIVO AND IN THE MICROEXPLANT CULTURE. K. 
Nakahira*, Y. Wakazono, R, Shibata, T. Kurahashi, A. Kaneko1 and
K. Ikenaka. Nat'l Inst. Neurosci., Okazaki 444 Japan. Dept. Physiol.,
‘Keio Univ. Sch. Med., Tokyo 160 Japan.

In order to elucidate the regulation mechanisms of K+-channel
expression during the development of mouse cerebellar granule cells, 
we examined the expression of K+-channel genes by in situ hybridization. 
The expression of Kv4.2 mRNA was observed in P7 cerebellum, mainly 
in the internal granule cell layer. Positive signals were also found in 
the inner side of external granule cell layer and small cells between 
internal and external granule cell layer, suggesting that Kv4.2 starts to 
express in the post-mitotic granule cells. Since Kv4.2 subunit is known 
to form fast-inactivating K+-channel, we then examined K+ currents 
during the maturation of granule cells using microexplant culture system. 
First, we identified cerebellar granule cells in this microexplant culture 
system by immunostaining with the granule cell-specific Zic marker. 
This staining revealed that granule cells in this culture system migrated 
radially out from explants and then formed small clusters. The 
simultaneous recording of their morphology and channel activity were 
performed by using the recording patch-pipette containing 0.2 % lucifer 
yellow. Both bipolar and T-shaped/dendrite-bearing cells generated 
voltage-dependent fast activating potassium currents, however, 
inactivation of their currents were different. T-shaped cells, which 
were considered to be mature, showed a fast-inactivating current 
component. These results suggested that the regulation of specific 
subunit expression might lead to the electrophysiological maturation.

681.8
PHARMACOLOGICAL PROPERTIES OF RECOMBINANT 
SMALL-CONDUCTANCE CALCIUM-ACTIVATED (SK) 
POTASSIUM CHANNELS EXPRESSED IN A MAMMALIAN 
CELL LINE. J-T Bian*, A. Lazrak, K. M, Houamed, Dept. 
Anesthesia & Critical Care, Univ. of Chicago Med. Ctr., Chicago, 
IL 60637.
We coexpressed Ca- and SK channels in HEK 293 cells (see 
abstract by K. Houamed et al). SK channel currents were studied 
as the inward slow tails evoked following a depolarizing voltage 
step to open calcium channels. The magnitude of the inward SK 
tails, recorded at -100 mV.

SK currents were blocked by apamin (10 nM), dequalinium 
(lOOpM), d-tubocurarine (lOOfiM). Hexamethonium (100 ji M), 
tetraethylammonium (10 mM) were only partially effective at 
blocking SK currents, while charybdotoxin (100 nM) was 
completely ineffective at block.
We conclude that the pharmacological properties of the 

recombinant rSK2 channels resemble ‘native’ SK channels 
expressed in neurons and neuroendocrine cells.

Funded by Brain Research Foundation.

681.9
ABNORMAL DISTRIBUTIONS OF POTASSIUM CHANNELS IN HUMAN 
NEUROMAS. J. D. England*. L. T. Happel. Z. P. Liu. C. Navarre and D. G. 
Kline. Depts. of Neurology and Neurosurgery, Louisiana State Univ. Sch. of Med., 
New Orleans, LA 70112.

We demonstrated previously that sodium channels accumulate excessively in 
human neuromas. To understand further the abnormal electrical properties of 
neuromas, we studied the immunocytochemical distribution of K+channels in 12 
surgically excised human neuromas. Normal sural nerves from 6 of these patients 
served as controls. A highly specific polyclonal antibody directed against the 
voltage-gated, delayed-rectifier K+channel (Alomone Labs) was reacted with the 
specimens and was visualized with a lissamine rhodamine-labeled secondary 
antibody. In the normal nerves, K+channel-specific immunoreactivity (IR) was 
seen only in the paranodal regions of myelinated nerve fibers. In the neuromas, 
abnormal IR was seen within demyelinated axonal tips in a pattern similar to that 
seen for Na+ channels; however, IR specific for the delayed-rectifier K+channel also 
occurred in multiple dense segments along both myelinated and unmyelinated 
fibers, and was visible within long internodal segments of preterminal myelinated 
axons.

The delayed-rectifier K+channel accumulates in abnormal distributions within 
Human neuromas. Whether this occurs as a nonspecific upregulation of ion channel 
Troteins or represents a more specific response to axonal injury is being 
investigated.

Supported by a grant from the US Dept. of Defense (DAMD 17-93-V-3013).

681.10
MOLECULAR PROPERTIES OF RECOMBINANT SMALL- 
CONDUCTANCE CALCIUM-ACTIVATED (SK) POTASSIUM 
CHANNELS EXPRESSED IN A MAMMALIAN CELL LINE.
A. Lazrak*, J-T Bian, K. M. Houamed. Dept. Anesthesia & 
Critical Care, Univ. of Chicago Med. Ctr., Chicago, IL 60637.

We coexpressed Ca- and SK channels in HEK 293 cells (see 
abstract by K. Houamed et al). SK channel currents were studied 
as the inward slow tails evoked following a depolarizing voltage 
step to open calcium channels. The magnitude of the inward SK 
tails, recorded at -100 mV depended on the size and duration of the 
preceding Ca current,

In cation substitution experiments thallium, rubidium, and 
ammonium ions could substitute for potassium as the current 
carriers; sodium and lithium ions were not measurably permeant 
under our conditions. Permeability, and conductance sequences, 
and single channels properties are currently under study.

We conclude that the molecular properties of the recombinant 
rSK2 channels resemble ‘native’ SK channels expressed in 
neurons and neuroendocrine cells.

Funded by Brain Research Foundation.

681.11
TETANUS TOXIN SENSITIVITY OF POTASSIUM CHANNEL BIOSYNTHESIS 
IN CULTURED HIPPOCAMPAL NEURONS. D.M. Butler* and M.E, Barish. Div. 
of Neurosciences, Beckman Research Inst, of the City of Hope, Duarte, CA 91010.

We have previously reported that exposure of cultured mouse hippocampal 
pyramidal neurons to tetanus toxin inhibits membrane growth and development of 
three voltage-gated potassium currents, /A, /D and /K (R.-L. Wu and M.E. Barish, Soc. 
Neurosci. Abs. 22:1250, 1996). Interestingly, exposure to tetanus toxin reduced the 
amplitudes of /D and /K in proportion to the reduction in membrane area (measured as 
whole cell capacitance), while the reduction in /A was greater than predicted.

Tetanus toxin targets v-SNARE components of membrane fusion reactions, 
synaptobrevin/VAMP and cellubrevin, and thus may reduce membrane expansion and 
potassium current development by disrupting insertion of ion channel-bearing 
vesicles. Cellubrevin has also been localized to the Golgi. Might tetanus toxin, by 
affecting membrane trafficking in the Golgi, also disrupt synthesis of the channels 
responsible for /A?

To address this question, we probed cultured pyramidal neurons with an 
antiserum directed against an intracellular C-terminal peptide shared by Kv4.2 and 
Kv4.3, potassium channel subunits thought to underlie /A, and kindly provided by 
D.M. Barry and J.M. Nerbonne (Washington Univ., St. Louis). In pyramidal neurons 
cultured for 3-4 days (from E15-16), we observed high levels of Kv4.2/3 immuno-
reactivity in somata and dendrites, with signal intensity in dendrites decreasing with 
distance from the cell body. Immunoreactivity was not observed in axons. In neurons 
continuously exposed to tetanus toxin (25 nM), maximum Kv4.2/3 immunoreactivity 
was markedly reduced, and the signal was contracted towards somata. Our 
observations are consistent with an effect of tetanus toxin on A-channel (Kv4.2/3 
subunit) biosynthesis, and may provide an explanation for the disproportionate effect 
of tetanus toxin on /A development.

Supported by NIH NINDS R01 NS23857.

681.12
ISOLATION OF SMALL VESICULAR ORGANELLES FROM SQUID GIANT 
AXONS WHICH CONTAIN K+ CHANNELS. J.R. Clay* and A. Kuzirian. Lab. 
of Neurophysiology, NINDS, NIH, Bethesda, MD 20892 and Marine Biological 
Lab., Woods Hole, MA 02543.

Using novel methods, we have isolated from squid giant axons small (30- 
50 nm) vesicles which contain the delayed rectifier K+ channel. Axoplasm 
was extruded from - 25 axons and incubated for 2 hr in non-chaotropic buffer 
(2 pl/cm length of axon). This preparation was centrifuged at 35,000 g for 5 
min. The supernatant (~100 pi) was layered onto a control pore size (300 
nm) glass bead column from which fractions were collected (~ 60 pi per frac-
tion). Most of the protein came through the column in fractions 16-20. An ali-
quot from any one of these fractions added to the cis side of an artificial bi-
layer frequently yielded a 45 pS K+ channel (500 mM K/500 mM Ko) similar 
to the axonal K+ channel. The vesicles in these preparations appeared to be 
neutrally buoyant since they could not be pelleted even with 435,000 g. This 
problem was circumvented by incubating the fractions in Texas Red (0.1 mg/ 
ml) which binds nonspecifically to membrane proteins thereby increasing 
vesicle mass. Under these conditions pellets could be obtained with 200,000 
g. The pellets cross-reacted with a squid K+ channel antibody (Rosenthal, et 
al., 1996. J. Gen. Physiol. 108:207) in immunoblots with a diffuse but clear 
signal from ~ 60 to 70 kDa, similar to results from intact axons. The axoplas-
mic material brought down by the initial 35,000 g spin did not have K+ channel 
immunoreactivity, which suggests that virtually all of the vesicles containing 
the delayed rectifier were collected in this preparation. The vesicles lacked 
synaptotagmin, which is consistent with the observation that they fused with 
a lipid bilayer in the absence of Ca2+ (Wonderlin and French, 1991. PNAS 
(USA) 88:4391). Functionally, they appear to be targeted to the axonai mem-
brane rather than the axon terminals.
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682.1
EXPRESSION OF Kv3.1 IN BAG CELL NEURONS PREVENTS 
THE INDUCTION OF A DEPOLARIZING AFTERPOTENTIAL. M.P. 
Whim* and L.K, Kaczmarek. Dept. of Pharmacology, Yale University 
School of Medicine, New Haven, CT 06520-8066.

The bag cell neurons of Aplysia are normally silent but following 
synaptic stimulation they depolarize and generate an afterdischarge 
during which there is an increase in spike duration. In culture, single 
bag cell neurons also show spike broadening during repetitive 
stimulation, followed by a slow depolarizing afterpotential ("DAP") 
which presumably contributes to the generation of the afterdischarge. 
We are interested in the factors which control the induction of the 
DAP. Trains of 20 action potentials from 0.1 to 5Hz were applied to 
single bag cell neurons. DAPs were evoked at frequencies of 0.5Hz and 
above. Induction of the DAP was prevented in low calcium medium. To 
determine whether spike broadening was required for DAP induction, 
we expressed the high threshold Kv3.1 potassium channel in bag cell 
neurons using the pNEX plasmid vector (Kaang et al, 1992). 
Individual neurons were injected with pNEX-Kv3.1 plus pNEX-GFP 
and were compared to control neurons injected with pNEX-GFP. 
Neurons injected with pNEX-Kv3.1 had brief action potentials and 
showed no spike broadening. DAP induction was also completely 
prevented. Neurons injected with only pNEX-GFP showed normal spike 
broadening and DAP induction. pNEX-Kv3.1 injected neurons (but not 
controls) had a large sustained potassium current that activated at 
relatively depolarized potentials. Thus spike broadening is critical for 
the induction of the DAP (and possibly the afterdischarge), perhaps by 
regulating calcium influx. (Supported by NIH).

682.2
MODULATION OF NEUROMUSCULAR TRANSMISSION IN SHAKER K 
CHANNEL (Kvl.l) KNOCKOUT MICE. L. Zhou*, A. Messing and S.Y. Chiu. 
Dept. of Neurophysiology and Vet. Medicine, Univ. of Wisconsin, Madison. WI 
53706.

The Shaker K channel Kvl.l is expressed in the peripheral nervous system, and 
mutations of this gene have been linked to the human hereditary disorder Episodic 
Ataxia. Here, we used the Kvl.l null-mutant mice generated by (Smart et al., 
1995) to examine the role of Kvl.l in neuromuscular transmission. Experiments 
were performed at room temperatures on isolated phrenic nerve-diaphragm 
preparations from mutant and wild type mice (P15-P20). Single nerve stimulations 
evoked a single, synchronous, compound action potential in the muscles of both 
mutant and wild types. In the mutant, however, a secondary response, consisting of 
asynchronous repetitive muscle discharge, followed. This secondary response 
started with a delay of ~20 msec, and lasted 30-60 msec. Using minimal nerve 
stimulations that elicited all-or-none firing of a single motor unit, it can be shown 
the secondary response resulted from re-excitation of the same motor unit. Direct 
stimulation of the muscles did not yield repetitive discharges, demonstrating that 
the hyperexcitability originated from the nerve. Measurement of the nerve action 
potential showed that in response to a single stimulation, the nerve trunk responded 
with only one action potential, whereas repetitive backfiring from the nerve 
terminal region was elicited. Nerve backfiring, as well as repetitive muscle 
discharges, were abolished by a low dosage of curare (0.2 uM) without affecting 
the one-to-one neurotransmission. This suggests that auto-ACh receptors in the 
presynaptic terminal are involved in normal transmission, and that this positive 
feedback became excessive in the absence of Kvl.l. We conclude that Kvl.l null 
mutation results in hyperexcitability of neuromuscular transmission, that the defect 
resides in the nerve and not the muscle, and that the hyperexcitability is localized 
to a region near or at the terminal of the nerve. Supported by NIH grant 23375.

682.3
PRESYNAPTIC CURRENTS IN NEUROMUSCULAR JUNCTION OF 
SHAKER K CHANNEL (Kvl.l) KNOCKOUT MICE. C. L. Zhang*, A, Messing, 
and S.Y. Chiu. Dept. of Neurophysiology and Vet. Medicine, Univ. of Wisconsin, 
Madison, WI 53706.

The Shaker K channel Kvl.l is expressed in the peripheral nerves, and null 
mutation of this gene results in hyperexcitability of the neuromuscular junction 
(Zhou et al., this meeting). Neither the nerve trunk, nor the muscle, appears to be 
responsible for the hyperexcitability. Rather, a site at or near the terminal of the 
nerve undergoes re-excitation following a single stimulus. Here, we directly 
measured the presynaptic currents in the null mutants to see if presynaptic K 
currents are altered. Presynaptic currents were measured extracellularly from the 
perineural space in the triangularis sterni nerve-muscle preparation. Measurements 
were done in Kvl.l null-mutant with age-matched littermates as controls (P17- 
P22). Curare (40 uM) was applied to inhibit muscle contraction. High-impedance 
microelectrodes (3-4 Mohm, 2M NaCl) were inserted into the perineural space 
near identified nerve terminals. Presynaptic K currents were measured in response 
to single nerve stimulations. We detected no difference in the waveform of the 
presynaptic currents in the mutant and the wild type. Further, both the mutant and 
wild type presynaptic currents exhibited similar sensitivity to TEA (1 mM) and 
3,4-DAP (100 um). Interestingly, both the wild and mutant presynaptic currents 
were not affected by DTX (120 nM), a Shaker K channel blocker. These results 
suggest that the presynaptic K currents are not affected by Kvl.l null mutation. 
Hence, the hyperexcitability in mutant neurotransmission does not appear to be due 
to alterations in ion channels in the presynaptic terminal. Rather, we suggest that 
the hyperexcitability is due to electrical instability of the last intemodal segment 
following deletion of Kvl.l from under the myelin at the paranodal junction. 
Supported by NIH grant 23375.

682.4
TNF-a ENHANCES A-CURRENT IN CULTURED RAT CORTICAL 
NEURONS, RESULTING IN NEUROPROTECTION. H._Houzen‘, 
M. Kanno1. S. Kikuchi2. K- Shinpo2, FMHoriwaka2* and KUTashiro2. 
’Dep. of Pharmacology and 2Dep. of Neurology, Hokkaido Univ. Sch. 
of Med., Sapporo, 060, Japan.

The effects of tumor necrosis factor - a (TNF) on voltage-gated 
membrane currents and neuronal survival of cultured rat cortical neurons 
were studied using electrophysiological and morphometrical analyses. 
In whole-cell patch-clamp experiment, TNF-treated (over 12hr) neurons 
exhibited an increase in transient outward potassium current (A-current) 
density. The increase was dependent on concentration (10-100ng/ml) of 
and incubation time (12-48hr) with TNF, without affecting other 
membrane channels (e.g.; calcium, delayed rectifier potassium and 
NMDA). Exposures to lOOng/ml TNF increased A-current density up to 
about two fold value of control, without affecting the parameters of 
activation and inactivation of the current. Either anti-TNF receptor 
antibody, staurosporine and cycloheximide treatment inhibited the 
increase of A-current density induced by TNF, while C2-ceramide failed 
to reproduce the increase. In morphometrocal experiments, TNF had no 
neurotoxic effect. However, pre-treatment (12hr) of TNF protected 
neurons against NMDA-induced neurotoxicity and this protective effect 
of TNF was canceled by 4-aminopyridine which was A-current blocker. 
These results suggest that the increase of A-channel activities induced by 
TNF may contribute to the neuroprotection.

682.5
WHOLE-CELL PATCH CLAMP ANALYSIS OF OUTWARD CURRENTS 
UNDERLYING PACEMAKER POTENTIALS OF TERMINAL NERVE-GnRH 
CELLS. Hideki Abe and Yoshitaka Oka*. Misaki Marine Biological Station, 
Univ. of Tokyo, Misaki, Miura, Kanagawa 238-02, Japan

The terminal nerve (TN)-gonadotropin releasing hormone (GnRH) cells 
show endogenous pacemaker activities, and the TN-GnRH system has been 
suggested to act as putative neuromodulator, which may be the basis for many 
long-lasting changes in animal behavior. We have already shown by voltage- 
and current-clamp analyses that a tetrodotoxin-resistant persistent Na+ current, 
INa(siow)> plays an important role in the generation of pacemaker potentials of 
TN-GnRH cells. In the present study, we investigated the outward currents, 
that should be involved in the repolarizing phase of pacemaker potentials, by 
using the whole-cell patch-clamp technique in in vitro whole-brain 
preparations of a small fish (the dwarf gourami). Outward currents were 
isolated pharmacologically by blocking Na+ currents and Ca2+ currents, and 
were separated using K+ current blockers. Three components could be 
identified: (1) TEA-sensitive component, (2) 4AP-sensitive transient 
component which were inactivated at physiological membrane potentials, and
(3) TEA- and 4AP-resistant component which consist of two distinct currents 
on the basis of kinetic properties. From the results of voltage- and current- 
clamp experiments, we suggest that the TEA-sensitive outward current 
component plays an important role in the repolarizing phase of pacemaker 
potentials. [Supported by grants from the Ministry of Education, Science and 
Culture of Japan.]

682.6
ALPHA 2 ADRENOCEPTOR MEDIATED POTASSIUM CURRENTS 
IN ACUTELY DISSOCIATED RAT LOCUS COERULEUS 
NEURONS. J. Arima1’2*, H. Ishibashi1, C. Kubo2 and N. Akaike1. 
Department of Physiology1 and Department of Psychosomatic 
Medicine2, Kyushu University, Faculty of Medicine, Fukuoka 812-82, 
Japan.

Noradrenaline (NA)-activated response was investigated in acutely 
dissociated rat locus coeruleus (LC) neurons using the conventional 
whole-cell and nystatin-perforated patch recording modes. Under 
current-clamp conditions, the application of NA hyperpolarized the LC 
neurons having spontaneous firings, resulting in the ceased action 
potentials. In the voltage-clamp studies, NA induced an inwardly 
rectifying K+ current (Ina ) in a concentration-dependent manner with a 
half-maximum effective concentration (EC50) of 2.2xlO7M, The Ina  
was mimicked by a2-agonist UK 14304 but inhibited by either a2B/a2C 
antagonist ARC-239 or al and a2B/2C antagonist prazosin, suggesting 
the contribution of CC2B/2C receptor. Ina  was blocked strongly in the 
order of quinine>Ba2+>4-AP>»tetraethylammomum by K+ channel 
blockers. The Ina  was also inhibited by either the pretreatment with N- 
ethylmaleimide or the intracellular application of GDP-pS while 
intracellular GTP-yS fully activated the Ina , indicating the involvement of 
G-proteins in the NA response. However, neither inhibitors nor 
activators of second messengers including staurosporine, H-89, PMA, 
dibutyryl-cAMP and dibutyryl-cGMP affected the Ina  It was concluded, 
therefore, that the activation of a2B/a2C adrenoceptor coupled with GTP- 
binding protein directly increases the inward-rectifying K+ conductance 
in rat LC neurons, resulting in the decrease of spontaneous firing 
activities.
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682.7
ROLE OF K* AND Cl* CHANNELS IN SPONTANEOUS CHANGES IN 
MEMBRANE POTENTIAL IN SWINE TRACHEAL SMOOTH MUSCLE 
CELLS. J. Choi, J. M. Farley and R. Rockhold*. Department of 
Pharmacology and Toxicology, University of Mississippi Medical Center, 
Jackson, MS 39216.

Spontaneous transient outward currents (STOC) occur in swine tracheal 
smooth muscle cells. The physiological relevance of STOC to the 
membrane potential and the channels involved were examined using the 
perforated patch clamp method in single tracheal smooth muscle cells. 
Membrane potential showed spontaneous transient oscillations similar in 
pattern to STOC. The time-averaged membrane potential was -20 ± 9 mV 
(S.D., n=15 cells), with a basal potential of-11 ± 4 mV and hyperpolarizing 
peaks to -53 ± 17 mV. Removal of extracellular calcium decreased the 
oscillations in membrane potential and addition of Ba2+ completely 
abolished the oscillations. Tetraethylammonium chloride (TEA, 1 mM) 
decreased the amplitude of the oscillations by 38 ± 14 %. Neither apamin 
(100 nM; a small-conductance calcium-activated K+ channel inhibitor) nor 
glybenclamide (1 pM; an ATP-activated K+ channel inhibitor) affected the 
membrane potential. Iberiotoxin (200 nM; a large-conductance calcium- 
activated K+ channel inhibitor) reduced the amplitude of the oscillations by 
46 ± 18 %. The chloride channel blocker niflumic acid (1 mM) 
hyperpolarized the cell near to the K+ equilibrium potential and inhibited 
oscillations in membrane potential. These data indicate that large- 
conductance calcium-activated K+ channels and chloride channels are 
involved in the regulation of membrane potential (supported by HL55547 
and the MS Lung Association).

682.8
MOLECULAR MECHANISMS OF PERSISTENT HYPERINSULINEMIA 
HYPOGLYCEMIA OF INFANCY CAUSED BY MUTATIONS IN THE ATP- 
SENSITIVE POTASSIUM CHANNEL. S.-L. Shyng*, A. Nestorowicz, M.A. 
Permutt and C.G.Nichols. Department of Cell Biology and Physiology, Washington 
Univ. Sch. of Med., St. Louis, MO 63110.

ATP-sensitive potassium channels (Ka TP channels) are formed by two distinct 
proteins: the sulfonylurea receptor (SUR), a member of the ABC transporter family, 
and Kir6.2, a member of the small inward rectifier potassium channels. In the 
pancreas. KATP channels link membrane potential of the islet (3-cells to blood glucose 
level and control insulin secretion. The lack of functional KATP channel activity in 
pancreatic J3-ceUs causes persistent hyperinsulinemia. Screening DNA of patients 
suffering from the disease hyperinsulinemia hypoglycemia of infancy (PHHI) has 
yielded several missense mutations in the SUR gene.

We have conducted functional analyses of these PHHI-causing SUR mutations, 
including H125Q, F591L, T1139M, R1215Q, AF1388, and R1394H, using Rb efflux 
assays and patch-clamp teclmiques. In Rb efflux assays, upon metabolic inhibition, some 
mutants (F591L, AF1388, R1394H) showed no channel activity and some (H125Q, 
T1139M, R1215Q) had reduced activity compared with the wild type channel, 
consistent with them causing PHHI. Inside-out patch clamp experiments showed tliat 
no activities could be detected for mutants AF1388 and R1394H. In contrast, F591L, 
T1139M, and R1215Q had normal channel activities in the absence of ATP and normal 
ATP-sensitivity. The paradox between normal [ATP]-sensitivity and inability to open in 
response to metabolic inhibition can be explained by the effect of MgADP on the 
cliannel (Nichols et al., 1996). Although MgADP antagonizes channel inhibition in wild- 
type Katp  channels, this antagonism is diminished or reduced in F591L, T1139M and 
R1215Q SUR mutant channels. In addition, the F591L mutant failed to respond to 
diazoxide. Mutant H125Q had wild-type like cliannel properties, however the expression 
level of the channel was very low. Our findings provide direct molecular explanations of 
the PHHI disease phenotypes tliat result from these mutations. (NIH 45742)

682.9
BRADYKININ INHIBITS THE M-CURRENT THROUGH A Ca2+- 
DEPENDENT PATHWAY IN SYMPATHETIC NEURONS 
H, Cruzblanca12. D-.S, Koh1 and B, Hille1* ‘Dept. of Physiol. & Biophys., Univ. 
of Washington, Seattle, WA 98195 and 2Dept. of Neuroscience, Univ. of 
Guadalajara, Guadalajara, Jal. 44340, Mexico.

In superior cervical sympathetic ganglion (SCG) neurons, the Mj muscarinic 
and B2 bradykinin receptors inhibit the M-type K+ current IK(M), an effect thought 
to be mediated by the G protein, Our laboratory has shown that M, -induced 
modulation of IK(M) requires a minimal level of basal [Ca2+];. We now study the 
Ca2+ sensitivity of the B2-induced modulation to address if M, and B2 receptors 
share the same pathway. Whole-cell recording was done in cultured SCG neurons 
of the rat. External solution was (in mM): 160 NaCl, 2.5 KC1, 5 CaCl2, 1 MgCl2, 
10 HEPES, 8 glucose, 0.5 tetrodotoxin (pH 7.4). Standard internal solution was 
(in mM): 175 KC1, 5 MgCl2, 5 HEPES, 0.1 BAPTA, 3 K2ATP, 0.1 NaGTP, 0.08 
leupeptin (pH 7.4). [Ca2+]j was recorded with the Ca2+-sensitive dye indo-1. In the 
presence of 0.1 mM BAPTA in the internal solution, bradykinin (50 nM) reduces 
IK(M) by 52.3 ± 3.6% (n=24). With 20 mM BAPTA, the inhibition was only 18.3 
± 2.5% (n=12). Even when 10 mM CaCl2 was added in the high BAPTA internal 
solution, to raise basal [Ca2+]j but keeping its buffer capacity, the inhibition 
remained small (14.1 ± 3.9%, n=9). However, with this internal solution, the 
muscarinic agonist oxotremorine (10 pM) inhibits IK(M) by 52.2 ± 2.9% (n=5). 
Ca2+ photometry revealed that bradykinin increases [Ca2+]? We suggest that, in 
contrast with the M,-mediated inhibition of IK(M), the action of B2 receptors 
requires an increase in [Ca2+]j.
Supported by NIH grant NS-08174 (BH) and PEW Charitable Trusts (HC).

682.10
ANGIOTENSIN II TYPE 2 RECEPTOR MODULATION OF NEURONAL 
DELAYED RECTIFIER POTASSIUM CURRENT: ROLE OF 
PHOSPHOLIPASE A2 AND ARACHIDONIC ACID. M. Zhu*, C.H. 
Gelband, P. Posner, and C. Sumners. Dept. of Physiology, Univ. of Florida, 
Gainesville, FL 32610.

Angiotensin II (Ang II) elicits an Ang II type 2 (AT2) receptor-mediated 
increase in delayed rectifier potassium current (IK) in neurons co-cultured 
from newborn rat hypothalamus and brainstem (Kang et al. Am. J. Physiol. 
267:C1389, 1994). We have now determined that Ang II, via AT2 receptors, 
causes an increase in phospholipase A2 (PLA2) activity in these neurons with 
subsequent generation of arachidonic acid (AA). Since AA is a known 
modulator of K+ currents, we investigated the role of PLA2 and AA in Ang 
Il-stimulated neuronal IK. The increase of IK elicited by Ang II (100 nM) 
was reduced by 75-80% following inhibition of PLA2 with either 
antiflammin-2 (20 nM), 4-bromophenacyl bromide (10 /zM) or anti-PLA2 
antibodies (1:1250). Further, similar to Ang II, supervision of AA (10- 
100 /xM) caused a concentration-dependent increase in neuronal IK. These 
stimulatory effects of Ang II and AA on IK were largely abolished by the 
lipoxygenase (LO) inhibitor nordihydroguiaretic acid (5 /xM), but were not 
altered by the cyclooxygenase inhibitor indomethacin (10 /xM). These data 
suggest that the stimulation of neuronal IK by Ang II via AT2 receptors is 
partly mediated via an intracellular pathway that includes activation of PLA2, 
generation of AA and production of LO metabolites of AA (Supported by 
NIH Grants HL-49130, NS-19441, and HL-52189).

682.11
ANGIOTENSIN II MEDIATED INHIBITION OF A RAT NEURONAL Kv2.2 
LIKE CHANNEL. J.D. Warth, C. Sumners, and C.H. Gelband*. University of 
Florida, School of Medicine, Department of Physiology, Gainesville, FL 32610.

It is now well established that angiotensin II (Ang II) inhibits outward K+ 
current in cultured rat hypothalamic neurons via AT! receptor stimulation 
(Sumners eta/, AJP 271:C154-C163, 1996). However, the specific K+ 
conductance(s) that is inhibited by Ang II in these cells is unknown. We now 
demonstrate that the outward current can be clearly separated into two distinct 
components: a tetraethylammonium (TEAexl) sensitive (IC50 -2 mM) and a 
TEAext insensitive current (up to 140 mM). 4-aminopyridine (4-AP, IC50~2 mM) 
and quinine (IC50~8pM) inhibited the TEA sensitive current, but did not inhibit 
the TEA insensitive current. Kinetically, the TEA sensitive component of 
current demonstrated properties of activation, inactivation, and recovery from 
inactivation similar to Kv2.2. These results are in agreement with the 
pharmacological and biophysical characterization of canine and human Kv2.2 
expressed in Xenopus oocytes (Schmalz et al, J.Physiol, in press). RT-PCR 
analysis confirmed the presence of Kv2.2 in these neurons. The TEA 
sensitive current was resistant to dendrotoxin (50 nM) and charybdotoxin (50 
nM), a concentration known to inhibit several Shaker K+ channels. Application 
of Ang II (100 nM) solely reduced the TEA sensitive component of current. 
Maximal doses of TEA or quinine inhibited the total outward current to the 
same degree, and application of TEA (140 mM) did not result in further 
inhibition of the total outward current after a maximal dose of quinine (50 pM). 
This suggests that TEA and quinine are inhibiting the same current. Therefore, 
our data suggests that modulation of a Kv2.2 like channel by Ang II is 
responsible for the A^-receptor mediated reduction of neuronal K+ current. 
(Supported by NIH HL-49130).

682.12
MODULATION OF HUMAN VOLTAGE-DEPENDENT POTASSIUM 
CHANNEL CURRENTS BY NEUROSTEROIDS. L. Wang*, and O. Wang, 
Department of CNS Disorders, Wyeth-Ayerst Research, Princeton, NJ 08536

It is well established that certain endogenous neurosteroids and their 
metabolites play pivotal roles in modulating neuronal excitability and plasticity. 
For example, pregnenolone sulfate (PS), 5a-Pregnan-3a-ol-20-one sulfate (5a-3a), 
and 5(3-Pregnan-3a-ol-20-one sulfate (5(3-3a) are known modulators at either 
NMDA or GABA receptors. In this study, we have used the standard patch clamp 
whole cell recording method to test the effects of these neurosteroids on cloned 
human Kvl.l potassium channels expressed stably in CHO cells. Cells were held at 
-60 mV and a series of testing pulses from -60 to +40 mV were employed to 
activate Kvl.l potassium
channels. At 100 pM, all of 
the three steroids augmented 
potassium currents at testing 
potentials between -50 and 
+20 mV and shifted the IV 
curve to the left by 10-20 mV 
(see the insert). At -20 mV,
PS, 5p-3a and 5tx-3a 
increased Kvl.l currents by 
respectively 253 ± 25%, 214 
± 38%, and 188 ± 14 % (n=3 for each steroid). Neurosteroids also accelerated the 
activation time course of Kvl.l channels. The activation time constants were 
shortened by 19 ms (PS, from 26 to 7 ms), 10 ms (5J3-3oc, from 24 to 14 ms), and 
16 ms (5a-3a, from 26 to 10 ms). The results suggest that voltage-gated K 
channels are also subject to modulation by neurosteroids.

Society  for  Neuroscience , Volume  23,1997



1744 POTASSIUM CHANNEL: PHYSIOLOGY, PHARMACOLOGY AND MODULATION IV WEDNESDAY AM

682.13
PROTEIN KINASE G MODULATES CLONED HUMAN (hslo) CA2+- 
ACTIVATED K+ CHANNELS. Timothy J. DiChiara* & Peter H. Reinhart, 
Dept. of Neurobioiogy, Duke University Medical Center, Durham, NC 27710 
USA.

cGMP-dependent protein kinase (PKG) has been repeatedly implicated in 
several forms of hippocampal and cerebellar synaptic plasticity, but the 
molecular mechanisms of its action remain unclear. We have investigated the 
direct effects of PKG on cloned human Ca2+-activated K+ channels (a-subunits 
of the hbrl and hbr5 splice variants of hslo) in a stably transfected HEK293 
(human embryonic kidney) cell line and in Xenopus oocytes. We recorded 
current-voltage curves from inside-out macropatches at 30s intervals for up to 
one hour in the continual presence of 2 pM cGMP, 0.5 mM Mg-ATP, 1 mM 
DTT, and 0.1 mM Ca2+. Application of PKG to the intracellular surface of the 
membrane causes a 14.6 ± 3,1 mV shift of the voltage of half-maximal 
activation (V05) to more negative potentials (n=4), with a time constant for the 
effect’s onset of 3.5 ± 0.6 min. In contrast to this steady-state modulation, and 
the effects of protein kinase A on this channel, PKG has no significant effect 
on the channel activation kinetics. Removal of the kinase results in a slow 
reversal of the kinase effect, suggesting the presence of endogenous 
phosphatases in the membrane patches. Control applications of PKG in the 
absence of Mg-ATP (n=5) or of cGMP alone (2 pM, n=3) have no effect on 
hslo currents. These data demonstrate that human C’a2+-activated K+ channels 
can be a direct target for PKG-dependent phosphorylation and that the effect 
of PKG is to shift the channels’ voltage-dependence rather than change their 
Ca2+ affinity. Supported by NIH grants to PHR (NS31253) and TJD 
(MH10930).

682.14
PHORBOL ESTER EFFECTS ON Ca2+-DEPENDENT K+ 
CHANNEL ACTIVITY IN RAT CEREBELLAR SLICE 
PURKINJE NEURONS. Ozlem Bozdagi* and Peter H. Reinhart. 
Department of Neurobioiogy, Duke University Medical Center, Box 3209, 
Durham, NC 27710.

To determine the role of Ca2+-activated K+ (K(a) channel 
phosphorylation on the regulation of neuronal activity we have studied the 
effects of phorbol esters on K<a channels in cerebellar Purkinje neurons. KCa 
channels are known to be expressed in cerebellar Purkinje cells, and contain 
consensus phosphorylation sites for protein kinase C (PKC). Experiments 
were carried out on rat brain cerebellar slices using the cell-attached or inside- 
out configuration of the patch-clamp technique. Large-conductance KCa 
channels were identified by their slope conductance of 210 ± 18 pS (n=14), 
their K+-selectivity, TEA-sensitivity, and Ca2+-sensitivity between 100 nM and 
100 pM. In cell-attached patches bath-application of 30 nM phorbol, 12,13- 
dibutyrate (PDBu) increased the KCa channel activity within 2 minutes after 
administration (n=l 1). The compound increased the open probability (Po), by 
approximately 10-fold by increasing the mean open time and decreasing the 
mean closed time. The inactive form of these phorbol esters (4a-PDBu) was 
without effect. Since phorbol esters directly stimulate protein kinase C, these 
data indicate that the activation of PKC in Purkinje cells can lead to the 
activation of KCa channels in these cells. Such activation may modulate either 
the climbing fiber or the parallel fiber input pathway to these cells, and may 
contribute to the expression of plasticity in Purkinje neurons. Supported by 
NIH grant NS31253 to P.H.R. and a NATO Science Fellowship to O.B.

682.15
EVIDENCE FOR OSMOSENSITIVE POTASSIUM CHANNELS IN 
THE HIPPOCAMPUS. P.A, Sclnvartzkroin* and S.C. Baraban. 
Departments of Neurological Surgery & Physiology/Biophysics, University of 
Washington, Seattle WA 98195.

Normal function in the hippocampus requires the activation of inhibitory 
interncurons. In the hippocampus, a relatively small number of interneurons 
control the activity of a large number of excitatory neurons. As such, 
modulation of the firing activity of these neurons could play a critical role in 
controlling hippocampal excitability. In previous studies, we demonstrated 
that the activity' of K channels from lacunosum/moleculare interneurons (but 
not CAI and subicular pyramidal neurons) could be modulated by changes in 
extracellular osmolarity (Baraban et al, 1997; J. Physiol. 498:679). In the 
present study, whole-cell recording techniques in conjunction with infrared 
differential interference contrast video microscopy, were used to compare the 
effect of hypo-osmolar solutions on mossy cells, as well as oriens/alveus 
(O/A), lacunosum/moleculare (L/M), and hilar interneurons. Hypo-osmolar 
solutions (osmolarity reduced 10% to 267 inOsm) produced a significant and 
reversible potentiation of the amplitude of voltage-activated, delayed rectifier 
K currents from O/A (n=7), L/M (11= 11). and hilar (n=4) intemeurons. K 
currents on mossy cells were not affected (n=4). O/A interneurons were 
characterized by a prominent fast, transient K current (IA); IA was also 
potentiated by application of hypo-osmotic medium. Gd3+, a blocker of 
mechanosensitive ion channels, did not block osmosensitive K currents (n=3). 
The threshold for activation of K currents, analyzed using slow voltage-ramp 
protocols, was not altered by hypo-osmotic solutions. These data suggest that 
osmotic stress may play a critical role in regulating hippocampal excitability. 
Support: NIH grant ttNS-35548.

682.16
K+ CHANNELS IN AN IMMORTALIZED GnRH SECRETING CELL 
LINE (GT1) AND THEIR ROLE IN SPONTANEOUS Ca2+ 
OSCILLATIONS AND WAVES. J. L. Costantin* and A. C. Charles. 
Dept. of Neurology, UCLA School of Medicine, Los Angeles, CA 90095 

GT1 neurons exhibit spontaneous [Ca2+], oscillations, and propagated 
intercellular [Ca2+]j waves that are correlated with bursts of action 
potentials. To investigate the role of K+ channels in this spontaneous 
activity, we employed cell-attached and whole-cell patch clamp recording 
combined with fluorescence microscopy using the Ca2+ indicator fura2. 
Bath application of 1-10 mM TEA or 1-2 mM Ba2+ had specific effects on 
the K+ currents as well as on the spontaneous Ca2+ signaling. The outward 
K+ currents in GT1 neurons (Figure) are comprised of a rapidly activating 
transient component and a slowly activating sustained component. Ba2+ 
blocked the fast component and TEA blocked the slow component. Ba2+ 
also completely blocked an inwardly rectifyi
using a different voltage pulse 
protocol. Ba2+ and TEA had distinct 
effects on [Ca2+]j oscillations: Ba2+ 
increased the frequency of 
oscillations, whereas TEA increased Ijzt- 
the amplitude of oscillations without 
significantly affecting their frequency, y 
These results suggest specific roles m
for different K+ channels in the modulation of spontaneous Ca2+ signaling 
and subsequent GnRH release. (Supported by N.I.H grant P01-NS02808 to 
AC).

ng K+ current that we isolated

[400 pA 

40 ms

682.17
Ca2*-ACTIVATION OF BK-CHANNELS IN GH3 CELLS INVOLVES PLA2.
D. D, Denson P, Middleton. R. T, Worrell and D, C. Eaton*. Depts of 
Anesthesiology and Physiology and The Center for Cell and Molecular Signaling, 
Emory University School of Medicine, Atlanta, GA 30322.

BK-channels are activated by increases in Ca7* in excised patches and in lipid 
bilayers. It has been suggested that this activation is due to the presence of multiple 
Ca2’ binding sites on the BK-channel protein. Since c-PLA2 production of arachidonic 
acid is also a potent activator of BK-channels in excised patches and since c-PLA2 can 
be activated by Ca3+ it is possible that Cq2’-activation of these channels involves c- 
PLA2. To  test this hypothesis, we first inhibited the synthesis of c-PLA2 by treating 
GH3 cells with antisense oligonucleotides directed at the two possible translation start 
sites on c-PLA2 in serum free media. Cells grown under normal conditions, in serum 
free media or in serum free media containing sense oligonucleotides served as controls. 
Western blot analysis showed almost complete elimination of c-PLA2 in cells treated 
with antisense oligonucleotides while cells treated with either serum free media or 
sense oligonucleotides showed little or no reduction in c-PLA2 from control. We then 
examined the effects of CN2’ on single BK-channels in excised, cell-free patches from 
these cells. Solutions containing 150 mM KCI were used in both the pipette and bath. 
Ca,2* in the bath was buffered with 5mM K. EGTA to 0.1, 1 or lOOpM. R for the 
cells exposed to c-PLA2 antisense oligonucleotides in 0.1 pM Cq2* was 0.14 ± 0.08 
which was significantly lower than all of the other groups (p < 0.001). Po for the cells 
exposed to c-PLA2 antisense oligonucleotides in 1 pM Cq2t was 0.16 ± 0.07 which 
was significantly lower than all of the other groups (p < 0.001). Increasing the Ca;2* 
from 0.1 to 1 pM resulted in a significant increase in Po in Control ( p < 0.001), SF 
Media ( p < 0.001) and Sense cells (p < 0.001), while there was no significant change 
in Po in antisense cells. In fact, a thousand fold increase in CaV from 0.1 to 100 pM 
did not increase Po (0.16 ± 0.08) in cells exposed to c-PLA2 antisense oligonucleotides. 
Although Ca3* does impart some basal activity to BK-channels, the steep Po vs [Ca;2*] 
relationship which is characteristic for these channels requires c-PLA2.
Supported in part by NSF #IBN9603837.

682.18
LONG-TERM INHIBITION OF A K+ CHANNEL BY CYCLIC AMP. 
L, Fagni, H. Ansanav, D. Milhaud and J. Bockaert*. CNRS UPR 9023, 
C.C.I.P.E., 141 rue de la Cardonille, 34094 Montpellier, France.

We studied the effect of a brief (2 sec.) application of 8-Br-cAMP (100 
|iM) on the excitability of cultured colliculi neurons isolated from 
embryonic mice. The drug abolished the afterhyperpolarization and altered 
accommodation of action potentials, for long periods of time (2 hours). 
Conventional and perforated whole-cell patch-clamp recordings of K+ 
current showed that a few seconds application of 8-Br-cAMP, followed by 
wash-out of the drug, induced a 2 hour inhibition of the voltage-gated K+ 
current. Similar results were obtained with brief stimulation of various 
neurotransmitter receptors (5-HT4, PACAP, beta-adrenergic receptors) 
known to be positively coupled to adenylyl cyclase. We identified, in the 
cell-attached configuration, a K+ channel that displayed similar sensitivity 
to cAMP as the macroscopic K+ current. The channel was voltage- 
dependent, had a conductance of 16 pS and was blocked by 5 mM TEA. 
The 8-Br-cAMP-mediated inhibition of the K+ current was blocked by 
inhibitors of cAMP-dependent protein kinase (PKA) and prolonged by 
okadaic acid treatment. The K+ current inhibition was accompanied by a 
transient (5 min) formation of cAMP and sustained (2 hours) inhibition of 
protein phosphatase activity. Our results suggest that in the studied 
neurons, neurotransmitters can induce cAMP-dependent phosphorylation 
and inhibition of a K+ channel that can last for long periods of time 
because of a concomitant cAMP-dependent inhibition of protein 
phosphatase.

This work was supported by CNRS, INSERM and Bayer.
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683.1
NERVE INJURY REDUCES TOTAL POTASSIUM CONDUCTANCE OF 
TWO OF THREE IDENTIFIED CURRENTS IN ADULT CUTANEOUS 
AFFERENT DORSAL ROOT GANGLION NEURONS. Brian Everill* and 
lefferv D, Kocsis. Department of Neurology, Yale University School of 
Medicine, New Haven, CT 06510 (USA) and Neuroscience Research Center, 
Department of Veteran's Affairs Medical Center, West Haven, CT 06516

Na" channel and GABA receptor organization of cutaneous dorsal root ganglia 
(DRG) neurons change in response to axotomy. Because of the variation of types and 
quantities of currents detailed in those studies and the well-established role of K+ 
currents in regulating firing properties of neurons, it is important to determine the 
relative contributions of K+ current components on DRG neurons which could 
contribute to DRG hyperexcitability following nerve injury. The present study was 
undertaken to determine the effects of injury-induced plasticity, through axotomy, on 
the three voltage-activated currents, one noninactivating and two transient as 
previously identified (Everill, et al, Neurosci. Abst. 1996) in these cells. DRG 
neurons were acutely dissociated from adult female Wistar rats and prepared fix short-
term (2-12 hrs.) examination. Whole cell patch clamp recordings were obtained from 
medium-sized neurons (42-50 um) which give rise to myelinated peripheral axons. 
Outward K+ currents were recorded from adult rat cutaneous afferent DRG neurons (L4 
and L5) identified by retrograde labeling with Fluoro-gold. K" currents were isolated 
by blocking Na+ and Ca*" currents with appropriate ion replacement and channel 
blockers. The neurons were held at -80 mV and depolarized in 10 mV increments 
(100 ms duration) to +50 mV after a prepulse of either -120 mV or -40 mV. Both 
“normal” and injured neurons displayed similar complex K" currents composed of 
distinct kinetic and pharmacological properties however, total peak current was 
reduced by as much as 34% in the ligated cells (n=25) as compared with “normal” 
cells (n=25). Separation of the current components was achieved on the basis of 
sensitivities to 4-aminopyridine, dendrotoxin and by the response to variation in 
conditioning voltage. Two of the three components were significantly reduced after 
ligation but in differing quantities; IA by 46% (n=35), IK by 19% (n=25), compared to 
“normal” cells (n=30). Supported in part by the VA and the NIH.

683.2
APAMIN DECREASES ’ HE AFTERHYPERPOLARIZATION IN RABBIT CAI 
NEURONS. M.M. Oh1, I M. Power1, L.T. Thompson1,2, and J.F. Disterhoft1*. 
’Dept. of Cell & Molecular Biology, Northwestern Univ. Medical School, Chicago, 
IL 60611 and 2Cognition & Neuroscience Program, School of Human Development, 
Univ. of Texas at Dallas, Richardson, TX 75083.

Apamin, a bee venom polypeptide, blocks a low conductance Ca2+-dependent K+ 
channel (a source of the post-burst afterhyperpolarization, AHP) in a variety of 
neurons (e.g., neocortical pyramidal cells, hypoglossal motoneurons, and striatal 
neurons), but not in hippocampal neurons (Szente et al., ’88; Viana et al., ’93; 
Pineda et al., ’92; Lancaster & Nicoll, ’87). However, apamin binds to (Gehlert & 
Gackenheimer, ’93) and induces immediate early gene expression in (Heurteaux et 
al., ’93) the hippocampus. This contradictory data prompted further investigation of 
apamin’s functional effects on hippocampal neurons.

Hippocampal slices were prepared from 3 mo behaviorally naive rabbits. 
Intracellular recordings were made from CAI pyramidal neurons using >40 MQ 
microelectrodes fib d with 3 M KCi. Measures of the AHP, spike frequency 
adaptation (accommodation), input resistance, and synaptic responses were recorded 
at a holding potential o 67 ± 2.5 mV before and after the addition of either 500 nM 
apamin or aCSF into tfr' perfusion solution (the experimenter was blind to the 
condition). Apamin signib .antly decreased the peak amplitude and the integrated 
area of the AHP compared to aCSF controls (p<0.01 and p<0.05, respectively). No 
significant effects were observed on AHP duration, accommodation, action potential 
height or duration, or input resistance. At 1.0 pM, apamin depolarized neurons and 
made them unstable. Further studies of apamin’s effects at concentrations of 250 
and 750 nM are ongoing. SUPPORTED BY NIH AG08796 AND F31 MH 10826.

683.3
THE MECHANISM OF ACTION OF 4-AMINOPYRIDINE IN MULTIPLE 
SCLEROSIS THERAPY
K. J. Smith*, G. R. John, and P. A. Feits. Department of Neurology, UMDS, Guy’s 
Campus, London SEI 9RT.

A major cause of symptoms in multiple sclerosis (MS) is conduction block in 
axons due to demyelination within the central nervous system. Conduction can be 
restored to some demyelinated axons by 4-aminopyridine (4AP) (Sherratt et al., 
Nature 1980 283:570-572). and this drug is an effective symptomatic therapy in 
multiple sclerosis (Stefoski et al.,.4/7/?. Neurol.. 1985;13:131; van Diemen etal., 
Ann. Neurol.. 1992;32:123-130). It is widely supposed that the beneficial effects of 
4AP in MS are attributable to the restoration of conduction to demyelinated axons. 
However, the maximal concentration of the drug that can be achieved clinically is 
three orders of magnitude lower than that which was shown to restore conduction 
to demyelinated axons in vitro (5pM vs. 5mM), and at clinical concentrations 4AP 
has little or no effect on conduction along central demyelinated axons (Felts and 
Smith, Ann. Neurol., 1994;36:454). The mechanisms underlying the beneficial 
effects of 4AP in MS therefore remain unexplained. To investigate these 
mechanisms, we have compared the effects of clinical doses of 4AP on synaptic 
transmission (H and dorsal root reflexes), motor neuron excitability (F wave), 
muscle twitch tension, and conduction along experimentally demyelinated axons. 
We report that at clinical doses all these parameters are increased except the 
numbers of axons successfully conducting through a demyelinated lesion. We 
conclude that the beneficial effects of 4AP in MS are primarily due to the former 
mechanisms, which do not involve demyelinated axons. It follows that 4AP may 
also prove to be an effective therapy for disorders other than those involving 
demyelination.

This w ork w as supported by the Multiple Sclerosis Society of Great Britain & NI.

683.4
EVIDENCE AGAINST A RELATIONSHIP BETWEEN HIGH AFFINITY 
[3H]LINOPIRDINE BINDING SITES AND LINOPIRDINE-ENHANCED 
RELEASE OF ACETYLCHOLINE
D.E. Grigoriadig and R, Zagzek »
Central Nervous System Diseases Research,
The Du Pont Merck Research Laboratories, Wilmington, DE 19880-0400

Linopirdine (3,3-bis (4-pyridinylmethyl)-l-phenylindolin-2-one) has been 
shown to improve performance of rodents in behavioral paradigms of learning and 
memory. These effects have been proposed to be mediated through the action of the 
compound to enhance the evoked-release of neurotransmitters including 
acetylcholine. Previous studies identified high affinity binding sites for linopirdine. 
The Kd  of linopirdine at these sites is 20 nM. Autoradiographic studies demonstrated 
a regiospecific anatomic distribution of these binding sites in rat brain.
Furthermore, prior structure-activity experiments suggested a relatioship between 
high affinity [3H] linopirdine binding and enhancement of ACh release. However, 
the 100-fold difference between the Ko of linopirdine for these sites (20 nM) and the 
EC5o  of linopirdine to enhance ACh release (3.5 pM) led us to examine the 
structure-activity relationship in greater detail. We found compounds such as 
XR543 (10,10-bis(2-fluoro-4-pyridinylmethyl)-9(10H)-anthracenone) to be potent 
ACh release enhancers (EC50 ~ 500 nM) but weak inhibitors of [3H] linopirdine 
binding (Ki > 1 pM). Conversely, we found another compound, XN030 (N-[N- 
acetyl-N-phenylglycyl]-4-aminopyridine), to have high affinity for [3H]linopirdine 
binding sites (Ki = 6 nM) but no effect on ACh release. In addition, XN030 does 
not alter the ACh release enhancing effects of linpirdine. Our current data indicate 
that linopirdine and its functional analogues enhance neurotransmitter release 
through an interaction with a site other than the previously described high affinity 
[3H] linopirdine binding site. This conclusion is based on 1) the 100-fold difference 
in potencies of linopiridne to inhibit [3H] linopirdine binding and to enhance ACh 
release and 2) the divergence of activities of XR543 and XN030 as [3H]linopirdine 
binding site ligands and ACh release enhancers.

683.5
BIOPHYSICAL, PHARMACOLOGICAL AND MOLECULAR 
CHARACTERIZATION OF K+ CHANNELS IN CULTURED RAT SPINAL 
MOTONEURONS F. Viana*, L. Van Den Bosch #, G. Droogmans, B. Nilius 
and Wim Robberecht #. KU Leuven, Lab. of Physiology and .Neurobiology 
(#), Leuven, B-3000, Belgium

Voltage-activated K+ currents were characterized in purified rat embryonic 
(E14) spinal motoneurons, cultured for 1-4 days, using the patch-clamp 
technique. From -90 mV, 1-s duration depolarizing pulses evoked outward 
K+ currents with transient (IA) and sustained (ID) components, with distinct 
kinetic and pharmacological properties. ID activated around -30 mV, was 
blocked by TEA (IC50 = 2 mM), 4-AP, quinine, and the Ca2+ channel blocker 
mibefradil. A small fraction of ID was also blocked by charybdotoxin and ot- 
dendrotoxin. IA activated at potentials positive to -55 mV, inactivated rapidly 
(--50 ms) and almost completely, and showed strong steady-state inactivation 
(Vi/j,- -75 mV). IA was insensitive to TEA, a-dendrotoxin and mibefradil but 
blocked by quinine and 4-AP. Low doses (20-200 pM) of Zn^ produced a 
strong positive shift in the activation and steady-state inactivation parameters 
of IA, without noticeable effects on ID. Unlike cloned Kv 1.4 channels, the 
amplitude of IA was little affected by removing extracellular K L Inactivation 
was also unaffected by sulphydryl-oxidizing reagents. The peak amplitude 
ratio of the IA and ID currents varied greatly in individual neurons. Using 
RT-PCR, we investigated the expression of K+ channel mRNAs. We could 
amplify messengers coding for the Kv 1.4, Kv 4.2 and Kv 4.3 K+ channels.

In conclusion, our results suggest the presence of distinct pharmacological 
and molecular components of transient and sustained K+ currents in cultured 
embryonic rat motoneurons. Supported by EC (ERB-CHBI-CT94-1137) and 
FWO-Flanders (Belgium).

683.6
EFFECTS OF ATP OR INCREASED EXTERNAL K+ ON OUTWARD 
AND INWARD K+ CURRENTS IN HUMAN MICROGLIA 
JG. McLamon*. R, Xu, Y.B, Lee1, S.U. Kim1 and W, Walz2 Dept. of 
Pharmacology & Therapeutics and 1 Div. of Neurology, Dept. of Medicine, 
The Univ. of British Columbia, Vancouver, BC V6T 1Z3 and 2 Dept. of 
Physiology, College of Medicine, University of Saskatchewan, Saskatoon, 
SK S7N 5E5

We have used whole-cell patch clamp recordings to investigate the actions 
of ATP or increased external concentrations of K on outward and inward K+ 
currents in cultured human microglia. The electrophysiological studies were 
carried out over periods from 2-5 days following plating. Outward K+ 
currents were activated with depolarizing steps from a holding potential of - 
60 mV and inward K+ currents were studied using a ramp waveform over the 
voltage range from -120 mV to -50 mV. In control, outward K+ currents were 
generally small in amplitude (less than 100 pA with a step to + 50 mV). 
Application of ATP (at 0.1 mM) led to a transient, non-selective inward 
current and altered expressions of the two K+ currents. The outward K+ 
current was significantly increased relative to control (in excess of 4-fold) 
and the inward K+ current was also enhanced but to a lesser extent relative to 
the changes in outward current. A similar result of an enhancement of 
outward K+ current was obtained when external potassium was increased to 
50 mM and was accompanied by a depolarizing shift in zero-current potential 
for the current response to the ramp waveform. Since neurons could release 
both ATP and K1 into the interstitial space in situations associated with 
neurotoxicity, then these factors could serve as possible signalling stimuli in 
the activation of microglia. In this case changes in the expressions of the K+ 
currents could serve a role in functional processes involved in the reactivity 
of microglia to damage in the CNS.
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683.7
SPECIFICITY OF TOXIN INHIBITION OF HETEROMULTIMERIC POTASSIUM 
CHANNELS EXPRESSED IN XENOPUS OOCYTES.
W.F. Hopkins*. Neurex Corporation, Menlo Park, CA 94025.

Voltage-gated potassium channels are minimally tetramers of a subunits, which can be 
composed of one a subunit subtype (homomultimers) or different subtypes 
(heteromultimers). Many peptide toxins target potassium channels and display different 
blocking affinities for different a subunit subtypes. However, these affinities have 
largely been determined for homomultimers. Heteromultimeric potassium channels are 
common in the CNS and elsewhere. This has limited the utility of toxins as tools to 
elucidate the molecular composition of potassium channels, since there is little 
information on how subunit composition affects toxin affinity. We have expressed 3 
members of the Shaker subfamily of potassium channel a subunits, Kvl.l, Kvl.2, and 
Kvl.4 either alone as homomultimers or paired in various ratios to form heteromultimers 
in Xenopus oocytes. We have focused on two snake dendrotoxins, DTX-I and 5-DTX, and 
one scorpion toxin, tityustoxin-Ka (Ts-Ka, from M. Blaustein). When Kvl.l and 
Kvl.2 are coexpressed, the data from all 3 toxins are consistent with their blocking with 
high affinity channels containing as few as one subunit to which they have high affinity 
when this subunit is expressed alone in homomultimers (single subunit model). In 
contrast, when Kvl.2 and Kvl.4 are coexpressed, DTX-I blocking affinity can be 
described by the single subunit model, whereas Ts-Ka cannot. This is remarkable 
because both toxins have nearly identical blocking affinity for channels composed of only 
Kvl.2 subunits. 8-DTX does not significantly block channels composed of only Kvl.2 
or Kvl.4 subunits. The marked difference in blocking affinity between DTX-I and Ts-Ka 
towards Kvl.2/Kvl.4 heteromultimers was verified in experiments in which the two 
toxins were applied sequentially to the same oocyte.

These results show that a toxin’s blocking affinity for heteromultimeric potassium 
channels cannot be simply predicted from its blocking affinities for the homomultimeric 
channels formed from its constituent a subunit subtypes.

Supported by Neurex Corp.

683.8
HYPOXIA-SENSITIVE K+ CHANNELS IN RAT ADRENAL CHROMAFFIN 
CELLS. R.J. Thompson and C.A. Nurse*. Department of Biology, McMaster 
University, Hamilton, Ontario, Canada, L8S 4K1.

We recently reported that rat adrenomedullary chromaffin cells (AMC) possess a 
developmentally-regulated oxygen sensing mechanism, similar to carotid body type 
1 cells (Thompson et al., 1997, J. Physiol. 498:503). In most neonatal (but not 
juvenile) AMC, acute hypoxia caused suppression of an outward K+ current, 
membrane depolarization and catecholamine secretion. Here, we begin a 
characterization of the K+ channel subtypes that mediate these responses. In O2- 
sensitive AMC, acute hypoxia (Po2 = 10-20 torr) reversibly suppressed voltage- 
dependent K+ current by 45.8 ± 4.9 % (n =30; voltage step from -60 to +20 mV). 
Experiments using Ca2+-free or 200 pM Cd2+-containing extracellular solutions 
revealed that the overall voltage-dependent O2-sensitive K+ current consisted of two 
components: a larger Ca2+-dependent K+ current (IKCao2) and a smaller Ca2+- 
independent K+ current (IKVoJ. The latter was apparent after IKCa blockade with 
Cd2+ or 100 nM Iberiotoxin (IbTx); 49.1 ± 6.5 % (n=22; step to +20 mV) of the 
residual Ca2+-independent IKV was sensitive to hypoxia (20 torr). Both IKCao2 and 
IKVo 2 were sensitive to 10-20 mM TEA, whereas only IKCao2 was sensitive to IbTx. 
Interestingly, under current clamp, 200 pM Cd2+ had no effect on resting membrane 
potential, but TEA depolarized these cells by -15 mV from a mean resting potential 
of ~ -55 mV (n =10). However, neither TEA nor Cd2+ prevented the depolarization 
caused by acute hypoxia, suggesting neither IKVo2 nor IKCao2 initiated the hypoxia- 
induced depolarization (see also Buckler, 1997, J. Physiol. 498:649). Since this 
depolarization was accompanied by a conductance decrease, these results raise the 
possibility of at least three types of hypoxia-sensitive K+ currents in rat neonatal AMC. 

This work was supported by N.S.E.R.C. Canada and the Heart and Stroke
Foundation of Ontario.

683.9
TETRAHYDROBERBERINE BLOCKS K+ CHANNELS UNDERLING THE 
INHIBITION OF NEUROTRANSMITTER-MEDIATED K+ CURRENTS IN 
ACUTELY DISSOCIATED CA1 NEURONS FROM RAT HIPPOCAMPUS.
G. Z. Jin*1. J. Wu2 & P. X, Chen2. Shanghai Institute of Materia Medica, Chinese 
Academy of Sciences, Shanghai 200031, P. R. China and 2Dept. Physiol., Sun Yat- 
Sen Univ. Med. Sciences., Guangzhou, 510089, P. R. China

Tetrahydroberberine (THB) exhibits marked central nervous system depressant effects 
including sedative, hypnotic and analgesia effects. Accumulating evidence indicate that 
THB is a novel dopamine receptor antagonist, but it also acts on a-adrenergic 
receptors, 5-HT receptors, or on membrane ionic channels. Therefore, the unique 
mechanism is still unclear. By using nystatin perforated patch-clamp whole-cell 
recording technique in single acutely dissociated rat hippocampal CA1 pyramidal 
neurons, we have investigated the pharmacological mechanism of THB, and found that 
THB inhibited the neurotransmitters-mediated K+ currents mediated by the direct 
blockade of the plasmic membrane K+ channels based on following evidence: 1. THB 
inhibited not only dopamine-induced K+ current, but also acetylcholine-induced K+ 
current, indicating that THB did not specifically act on receptors level. 2. THB 
inhibited both caffeine- and strychnine-induced K+ currents, suggesting that neither 
G-protein signal transduction, nor intracellular Ca2+ release was involved in this 
inhibition. 3. THB did not show any detectable effect on GABA- or glycine-induced 
Cl" currents, as well as on kainate- or AMPA-induced cation currents, but clearly 
inhibited the metabotropic glutamate receptor-mediated K+ current, implying that THB 
specifically acted on the neurotransmitter-mediated K+ currents. 4. Like K+ channel 
blocker TEA, high concentration of THB induced an inward current deflection 
accompanied by a reduction of the membrane conductance at a holding potential of -20 
mV, and this inward deflection disappeared at the K+ equilibrium potential, suggesting 
that THB closed membrane K+ channels. It is concluded that THB acts as a K+ 
channel blocker to directly block the plasmic membrane K+ channels, which underlies 
the inhibition of the THB on the neurotransmitter-mediated K+ currents. Supported by 
the National Natural Sciences Foundation of China (J.Wu et al., No. 39270775).

683.10
PHARMACOLOGICAL CHARACTERIZATION OF TWO POTASSIUM 
CURRENTS IN LEUKOCYTES. B, E, Svensson*. Dep. Cellular & 
Molecular Pharmacology, Preclincal R&D, Novum Unit, Astra Pain 
Control AB, S-141 57 Huddinge, Sweden.

Several types of ion channels have been found in leukocytes and drugs 
in the blood stream may have easy access to and may interact with these 
channels. Various functions of leukocytes may, in turn, be controlled by 
their ion channels. In the present study two potassium conductances were 
compared with respect to their sensitivity to modulation by known 
potassium channels blockers as well as by local anesthetics in clinical 
use. A calcium-activated potassium conductance and an inwardly 
rectifying potassium conductance in promyelocytic HL-60 cells were 
studied using the patch clamping technique.

Charybdotoxin (100 nM) and 4-aminopyridine (5 mM) selectively 
inhibited the calcium-activated potassium conductance, whereas BaClj (50 
pM) selectively inhibited the inwardly rectifying conductance. The 
potassium currents were not or only slightly modulated by apamin (100 
nM) or triethylammonium chloride (5 mM). The conductances were 
inhibited by the local anesthetics lidocaine (3 mM) and ropivacaine (3 
mM). The latter was, however, ten times more potent on the calcium- 
activated conductance.
These studies support the feasibility of using ion channel modulators to 

investigate the control of various leukocyte functions by their channels. 
The previously reported perturbation of leukocyte functions, e.g. 
decreased respiratory burst, by local anesthetics, may be due to their 
modulation of potassium channels in these cells.

683.11

MODULATION OF CALCIUM-ACTIVATED POTASSIUM 
CHANNELS IN EXCISED PATCHES BY LOW OXYGEN
P. Zhang, E. Moczydlowski* and G. G. Haddad. Departments of 
Pediatrics (Section of Respiratory Medicine) and Pharmacology, Yale 
University School of Medicine, New Haven, CT 06520

We have previously shown that hypoxia can directly (in excised patches) 
modulate channel activity in nerve cells. In order to better understand the 
mechanisms underlying this modulation, we used Ca-activated K+ channels 
from Drosophila or dslo that were stably transfected in HEK293 cells and 
tested the effect of hypoxia on the activity of these channels. Using patch 
clamp techniques and inside-out excised patches, the activity of KCa channels 
was strongly dependent on voltage and Ca2+ (range 1-100 pM). At 1 pM Ca+2 
on the cytosolic side, hypoxia (1% O2) induced by bubbling N2 in buffer 
perfusing the recording chamber, did not affect channel activity. At higher 
concentration of Ca2+ (100 pM) however, KCa channel activity increased 
markedly with hypoxia, mostly by increasing channel open probability. 
Lower channel activity could be recovered by perfusing the excised patches 
with 1 pM Ca2+ and oxygenated buffer solution. The available data suggest 
that Kca, in the excised mode, can sense the relative lack of O2, Furthermore, 
this sensing mechanism depends on the interaction between the level of Ca2+ 
and that of O2.

Supported by NIH 5T32HL07778, and PO1 HD32573.

683.12
ETHANOL (EtOH) MODULATES Ca2+-ACTIVATED K+ (BK) CHANNELS 
INCORPORATED INTO PLANAR LIPID BELAYERS. B. Chu* and S. N. 
Treistman. Department of Pharmacology and Molecular Toxicology and Program in 
Neuroscience, University of Massachusetts Medical Center, Worcester, MA. 01655. 
A fundamental question regarding EtOH’s action is whether the drug modifies ion 
channels by binding directly to the ion channel protein, by perturbing the surrounding 
membrane lipid and secondarily modulating ion channel function, or both. This issue 
would be more approachable using simple systems where the complexity of membrane 
environment can be reduced and the lipid composition controlled. Our laboratory 
showed that EtOH rapidly and reversibly potentiates the activity of native 
neurohypophysial (NH) BK channels. We examined here whether skeletal muscle T- 
tubule BK channels incorporated into planar bilayers composed of phosphatidyl- 
ethanolamine (PE) and phosphatidylserine (PS) are EtOH sensitive. In comparison to 
biological membranes, these planar bilayers are simple with respect to lipid 
composition, possess identical exo- and cytofacial membrane leaflets, and are less 
elaborate with respect to lateral membrane domain architecture. Clinically relevant 
concentrations of EtOH enhanced the activity of iberiotoxin sensitive BK channels in 
a dose-dependent manner. In the presence of 25, 50, 75, 100, and 200 mM EtOH, 
channel activity was 2.0±0.6 (N=3); 8.3 ±5.3 (N=5); 12.3 ±3.8 (N=4); 14.2±5.6 
(N=8); and 21.1±0.9 (N=2) fold greater than control, respectively. EtOH did not 
significantly affect the i-V relationship for BK channels, suggesting the conduction 
characteristics were unaffected by the drug. The distribution of open dwell-times 
could be well fit with two exponents in the absence or presence of EtOH. Similar to 
the data for NH BK channels in situ, the open dwell-times were redistributed into the 
longer time constant in the presence of EtOH, consistent with the idea that ethanol 
modulates all BK channels via a similar mechanism. Our results suggest that only ion 
channel protein and a simple lipid membrane environment are required for EtOH’s 
action. Supported by NIH grants AA05460 (B.C.) and AA05542 (S.N.T.).
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683.13
IONIC CURRENTS IN HUMAN NEUROFIBROMATOSIS TYPE 1 
SCHWANN CELLS DERIVED FROM MALIGNANT SCHWANN-
OMAS IN VITRO.
L. A. Fieber*. Division of Marine Biology and Fisheries, Univ. Miami 
Rosenstiel School, Miami, FL 33149.

Experiments to assess whole cell ionic currents were executed with the 
whole cell variation of the patch clamp technique on three malignant 
Schwannoma-derived human Schwann cell lines ST88-14, 88-3 and 90-8 
(DeClue et al 1992, Cell 69:265-273), from patients with neuro-
fibromatosis type 1 (NF-1). Currents were recorded with an intracellular 
solution of (mM): 150 KCI, 1 CaCl2, 5 MgCl2, 10 EGTA, and 40 
HEPES-KOH, pH 7.0; the bath contained (mM): 150 NaCl, 1.2 MgCl2,
2.5 CaCl2, 3 KCI, 10 HEPES-KOH, pH 7.25. Inward current activating 
at voltages more hyperpolarized than -80 mV was observed in many cells. 
Outward K+ currents resembling delayed rectifier currents were present in 
all cells. These currents activated at voltages more depolarized than -30 
mV. These K+ currents were sensitive to bath-applied tetraethylammonium 
ion (50 mM). In addition, in many cells a portion of the delayed rectifier 
currents was blocked by bath-applied 4-aminopyridine (5 mM; pH 7.25). 
Na+ currents also were recorded, and were similar to those observed in 
cultured human Schwann cells by Konishi (1989, Br. Res. 499:273-280). 
Na+ currents activated at voltages more positive than -50 mV with the peak 
current occurring at —10 mV. V1/2 of the Na+ current was —70 mV. Na+ 
currents were blocked by bath-applied tetrodotoxin (100 nM). These 
current data suggest that human cell lines generated from tumors from 
patients with NF-1 may provide a useful model system for studying 
changes in ionic currents occurring in Schwann cells in this disease. 
Supported by NIH ES 05705.

683.14
PHARMACOLOGICAL CHARACTERIZATION OF ATP-SENSITIVE 
POTASSIUM CHANNELS BY FLUOROMETRIC IMAGING PLATE 
READER (FLIPR)-BASED ASSAYS OF MEMBRANE POTENTIAL. T 
Miller*. E. Molinari, K. Anderson, J. P. Sullivan and M. Gopalakrishnan.
Neurological and Urological Disease Research, Abbott Laboratories, Abbott 
Park, IL 60064-3500.

FLIPR-based assays with the membrane potential-sensitive optical probe 
DiBAC4(3) were employed to characterize the pharmacology of ATP-sensitive 
potassium (KATP) channels in cell lines expressing endogenous inwardly 
rectifying potassium channel (K,R) and sulfonylurea receptor (SUR) 
combinations. Recent molecular cloning and expression studies reveal that 
tissue-selective pharmacology of KATP channel activators could largely be 
attributed to ligand interactions with the SUR subunit of the KIR /SUR complex. 
Membrane potential assays in the human tumor cell line TE671, widely used as 
a model of human medulloblastoma, revealed concentration-dependent 
hyperpolarization by activator ligands including diazoxide, (-)-cromakalim, 
pinacidil, P1075 and Bay X 9228. Activator-evoked responses were reversed by 
the Katp  blocker glyburide (5 pM). The rank order of potency (EC50) for 
activators was P1075 (190 nM) ~ Bay X 9228 (430 nM) > (-)-cromakalim 
(1300 nM) ~ pinacidil (3700 nM) » diazoxide (27 pM). In rat smooth muscle 
A10 cells, activator potencies were similar to those in TE671 cells [Bay X 9228 
~ P1O75 > (-)-cromakalim ~ pinacidil » diazoxide]. In contrast, in the 
pancreatic B-cell RINm5F, only diazoxide was effective as an activator (EC50 ~ 
22 pM). The differential profile in A10 and RINm5F cells agrees with the 
known pharmacology of smooth muscle and pancreatic KATP channels and may 
arise from possible differences in the K1R /SUR composition. The similarities in 
the pharmacological profile of these activator ligands in TE671 and A10 cells 
suggest that these cell lines may express similar KiR /SUR combinations. 
(Supported by Abbott Laboratories).

683.15
POTENTIAL PITFALLS IN THE PHARMACOLOGICAL 
INVESTIGATION OF ASTROCYTE ION CHANNELS AND GAP 
JUNCTIONS. A.T. Dailey*, G.M. McKhann II, R. D'Ambrosio and D. Janigro. 
Department of Neurological Surgery , Univ. of W ashington, Seattle, WA 98104

To understand normal astrocyte function and glial changes associated with 
pathological states, interactions between astrocyte ion channels and gap junctions 
must be better understood. Ion channels and gap junctions are frequently 
investigated utilizing pharmacological agents to block permeation through these 
membrane proteins. However, the dependence of ion channel recordings on 
intercellular coupling, as well as the lack of specificity of pharmacological blockers 
are rarely considered. We used prolonged perforated patch clamp recordings from 
cultured neocortical astrocytes to address these issues. We found that the 
electrophysiological and pharmacological properties of a given cell depended on its 
degree of intercellular coupling with other astrocytes. Paired recordings showed that 
this coupling was dynamic, resulting in variable electrophysiologic recordings and 
pharmacological sensitivity to potassium channel blockers (eg, cesium or barium) 
in a cell. Rare spontaneous synchronized depolarizing events occurred in 
neighboring glial cells. In order to functionally isolate individual astrocytes, 
putative gap junction blockers including halothane (0.5mM), octanol (0.2 mM), and 
anandamide (5 pM) were applied. All three of these pharmacological manipulations 
had non-specific blocking actions on potassium currents. In addition, octanol failed 
to block the propagation of depolarizing spontaneous events, but rather curtailed 
cell repolarization, consistent with K channel block. We conclude that dynamic 
coupling between astrocytes has profound effects on the electrophysiological 
properties recorded from any individual cell. The difficulty in studying astrocytes is 
further confounded by the lack of pharmacological specificity of putative gap 
junction blocking agents. Supported by NIEHS ES 07033, NIHLB 51614 (DJ) and 
IF 32 NS10217-01, Research Foundation of the AANS (GMM).

683.16
K+ CHANNEL BLOCKERS AS TOOLS TO INVESTIGATE GLIAL 
RESPONSES TO SCHAFFER COLLATERALS STIMULATION. R. 
D’Ambrosio*, J. Wenzel, G. McKhann II and D. Janigro. Dept. of 
Neurosurgery, Univ. of Washington, Seattle WA 98104.

The application of glial K+ channel blockers to rat hippocampal slices during 
orthodromic stimulation causes synchronous interictal-like bursting (J. 
Neurosci. 17(8) 2813-2824; 1997). Sub-millimolar concentrations of Ba2' block 
glial inwardly rectifying K+ currents involved in [K]out buffering. We 
investigated the electrophysiological behavior of CAI glia during afferent 
stimulation in control conditions and in presence of Ba2+. We also analyzed glial 
voltage operated ion currents (VOCs). Whole cell recordings characterized by 
low (15-150 MQ) and high input resistance (R^, 150-300 MQ) were obtained. 
Cell staining with biocytin confirmed that the former represented recordings 
from a network of highly coupled astrocytes extending throughout the CAI 
region; the latter, in contrast, represented recordings from weekly coupled 
astrocytes. Consistent with membrane potassium channel block, Ba2+ reduced 
VOCs during high R[N recordings. Ba2+ increased currents in recordings 
characterized by low RIN in virtue of improved spatial clamp due to VOCs 
blockade in a large network of highly coupled cells. During both types of 
recording, Ba2+ modified the glial membrane potential response elicited by 
afferent stimulation. Ba2+ increased (by -100%) glial depolarizations evoked by 
16 orthodromic pulses at all frequencies tested (0.1 Hz. 1Hz, 10Hz, 30Hz, 50Hz, 
n=T0). In addition, Ba2^ induced a resting membrane potential depolarization 
(0.5 to 7.5mV, n=12).Thus, the effects of Ba2+ on stimulus-evoked glial 
depolarization are consistent with a block of K+ channels and subsequent 
increase in [K+]out.. The former is not always detectable due to changes in 
voltage control over large syncytia. Supported by NIEHS 07033, NIHLB 51614 
(DJ) and IF 32 NS 10217-01, Research Foundation of the AANS (GMM).

683.17
DIFFERENTIAL EFFECTS OF BAPTA ON THREE COMPONENTS OF THE 
AFTERHYPERPOLARIZATION IN RAT HIPPOCAMPAL CAI NEURONS
A.A. Velumian*, P.L.Carlen. Playfair Neuroscience Unit, Toronto Hospital Research 
Institute, Toronto, Ontario M5T 2S8, Canada

Intracellularly applied Ca2+ chelators have long been used as tools to identify and block 
Ca-activated currents in neurons. High millimolar concentrations of EGTA or BAPTA 
(100-200 mM in sharp electrodes or 5-10 mM in patch pipettes) are used to block the 
slow afferhyperpolarization (sAHP) in many types of neurons. Hippocampal pyramidal 
neurons, like many other neurons, exhibit also fast- and medium-duration 
afterhyperpolarizations (fAHP and mAHP). Recently we have found that at low (1-2 
mM) concentrations, BAPTA, which is a Ca2+ chelator with a KD similar to EGTA but 
has much faster binding kinetics, can enhance the sAHP. The effects of BAPTA on 
fAHP and mAHP had not been studied.

Here we show, using internal perfusion of neurons in brain slices through patch 
pipettes, that depending on concentration, BAPTA has differential effects on the 
components of the AHP. At submillimolar (0.1-0.4 mM) concentrations, BAPTA 
enhanced the sAHP, mainly by prolonging its time course, and at the same time it 
decreased the amplitude of mAHP, while the fAHP and the spike decay were not 
affected. The inhibitoiy effects of submillimolar BAPTA on mAHP could also be 
observed after blockade of its Ih component with bath-applied 3 mM Cs+, suggesting that 
at low concentrations BAPTA inhibits the Ic or IM currents that contribute to the mAHP. 
The 1AHP could be blocked only by high (10 mM) BAPTA. At this high concentration, 
the internally applied BAPTA also caused an increase in the spike amplitude (by up to 
10 mV) and markedly slowed its decay.

These data suggest that in hippocampal CAI neurons, Ca-activated and Ca-dependent 
currents have differential regulation by intracellular Ca2+ buffering.

Supported by Allelix Biopharmaeeuticals and an MRC grant to P.L.Carlen.

683.18
BLOCK OF DOPAMINE-MODULATED K+ CHANNELS ON 
RAT STRIATAL NEURONS BY THE ATYPICAL KATP 
CHANNEL INHIBITOR U-37883A. Xueguang Chen*, Yong-Jian 
Lin1, and Jonathan E. Freedman. Dept. Pharmaceutical Sciences, 
Northeastern Univ., Boston, MA 02115 (and -^Dept. Anesthesiol-
ogy, Cornell Medical Center, New York, NY 10021).

Using cell-attached patch-clamp recording from freshly disso-
ciated rat caudate-putamen neurons, we have studied the block-
ade properties of an inwardly rectifying 85 pS K+ channel, which 
is activated by D2-like dopamine receptors. Previous studies 
showed that this channel was inhibited by sulfonylurea drugs 
with an atypical rank-order potency, and was activated by dia-
zoxide or by metabolic depletion with rotenone. Here, we have 
studied the effects of U-37883A, a selective inhibitor of vascular
ATP-sensitive K+ (K^ro) channels. U-37883A within the patch 
pipette inhibited the 85 pS channel in a voltage-insensitive fash-
ion. Blockade was progressive over time when the patch pipette 
was back-filled with U-37883A and tip-filled with blocker-free so-
lution. Inhibition occurred with an IC$q  of about 0.1 pM for U- 
37883A. In contrast, the sulfonylurea glibenclamide had an IC^q  
of approximately 5 pM, making U-37883A about 50-fold more po-
tent than glibenclamide, a relative potency opposite to that re-
ported for pancreatic KATp channels, but partially resembling 
that in vascular smooth muscle. These results suggest that the 
neuronal dopamine-modulated K+ channel is associated with an 
atypical sulfonylurea binding protein.

Supported by NIH grant MH-48545. U-37883A was a generous 
gift of Upjohn Laboratories.
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683.19
INHIBITION OF M-CURRENT IN CULTURED RAT SUPERIOR 
CERVICAL GANGLIA BY LINOPIRDINE: MECHANISM OF 
ACTION STUDIES. B.S, Brown* and A.M.N. Costa, Preclinical 
Pharmacology, DuPont Merck Research Laboratories, Wilmington, 
DE 19880-0400.

Linopirdine, a neurotransmitter release enhancer, blocks M- 
current in hippocampal neurons and cultured rat superior cervical 
sympathetic ganglia (SCG). Its mechanism of M-current blockade in 
SCG was studied using whole-cell patch clamp recording. The effects 
of modulators of intracellular signal transduction pathways on 
muscarine- or linopirdine-induced inhibition of M-current were 
compared.

Intracellular addition of GDP-J3-S (500 pM) attenuated M- 
current block by muscarine (1 pM) but not that of linopirdine (10 pM). 
Intracellular dialysis of GTP-y-S (100 pM) enhanced muscarine- 
induced inhibition of M-current but had no effect on the activity of 
linopirdine. M-current block by linopirdine was reversible in the 
presence of GDP-J3-S or GTP-y-S whereas block by muscarine was 
reversible only in the presence of GDP-^-S. Intracellular BAPTA (20 
mM) also inhibited the effects of muscarine without affecting those of 
linopirdine. Intracellular application of linopirdine had no effect on 
either basal M-current amplitude or the ability of linopirdine to block 
M-current when administered extracellularly.

These results indicate that M-current inhibition by linopirdine 
is unlikely to be either G-protein-mediated, calcium-mediated or 
involve an intracellular site of action and are, therefore, consistent 
with a direct block of the M-channel from its extracellular side.

683.20
EFFECT OF K+ CHANNEL ANTAGONISTS AND OPENERS ON MOUSE 
FEEDING BEHAVIOUR A. Pecori VettorL C. Ghelardini, N. Galeotti, 
and A. Bartolini Dept. of Pharmacology, University of Florence, Italy, 
SPON: European Neuroscience Association*

Ashford et al. (1989, 1990) and Boden et al. (1989) have reported 
that the enhancement of plasmatic levels of glucose induced a 
depolarization of rat hypothalamic neurones by modulation of ATP- 
sensitive K+ channels. To further investigate the role of K+ channels as 
an intracellular effector in the regulation of food intake, the effects 
produced by both K+ channel antagonists and openers were evaluated in 
food-deprived mice. Tetraethylammonium (1 pg per mouse i.c.v.), glu-
cose (100 pg per mouse i.c.v.), apamin (1 ng per mouse i.c.v.) and cha- 
ribdotoxin (1 pg per mouse i.c.v.) significantly reduced food 
consumption in 12-hour food-deprived mice. The anorectic effect 
produced by the above mentioned K+ channel antagonists was 
comparable to that exerted by amphetamine (1 and 10 pg per mouse 
i.c.v.) and cocaine (1 and 50 pg per mouse i.c.v.), used as reference 
drugs. On the other hand, the two K+ channel openers minoxidil (5 pg 
per mouse i.c.v.) and pinacidil (1 and 10 pg per mouse i.c.v.) increased 
food consumption in mice which were not provided with food for 4 h. 
This effect was of the same intensity as that produced by 2- 
deoxyglucose (200 pg per mouse i.c.v.), aurothioglucose (200 Ltg per 
mouse i.c.v.) and neuropeptide Y (0.5 pg per mouse i.c.v.) which were 
used as orectic reference drugs. The motor coordination, spontaneous 
motility and inspection activity of mice treated with both K+ channel 
antagonists and openers was not impaired in comparison with that of 
control mice, as revealed by results obtained respectively on rota-rod, 
animex and hole-board tests. The present results indicate the important 
role of the K+ channel in the regulation of mouse food intake.
This work was supported by grams from MURST.
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684.1
CALCIUM DEPENDENCE OF Ml MUSCARINIC 
RECEPTOR-MEDIATED STIMULATION OF NEURONAL 
NITRIC OXIDE SYNTHASE. D. R. Wotta*, A. M, Parsons, J. 
Hu-Olphie, A. W. Grande, and E, E. El-Fakahany. Division of 
Neuroscience Research in Psychiatry, Medical School, University' of 
Minnesota, Minneapolis, MN, 55455.

The Ml muscarinic receptor subtype is known to couple to 
hydrolysis of phosphoinositides, resulting in generation of IP3 and the 
rapid release of intracellular Ca2+. These events are mediated 
through the Gq G-protein subtype. Agonist-induced activation of the 
Ml receptor subtype can also stimulate neuronal nitric oxide 
synthase (nNOS) as measured by NO-induced activation of guanylyl 
cyclase and the production of cGMP. These studies were performed 
in Chinese hamster ovary (CHO) cells transfected with the Ml 
receptor and nNOS cDNAs as the NO donor cells and the neuronal 
cell line, N IE-115, which contains high levels of guanylyl cyclase as 
the detector cells. Carbachol produced a rapid and a transient cGMP 
signal, with maximal production occurring at 1 minute. This 
response was inhibited by chelation or depletion of intracellular Ca2". 
However, chelation of extracellular Ca2" had no effect. Stimulation 
of Ml receptors also produced a long-lasting conversion of [3H]L- 
arginine to [3H]L-citrulline. This response, however, was not 
attenuated by depletion of intracellular Ca2+, but was abolished by 
chelating extracellular Ca2+. Because of the differences observed in 
these responses, we propose early and late phases of Ml muscarinic 
receptor-mediated activation of nNOS. These phases depend on 
mobilization of intracellular Ca2+ and Ca2+ influx, respectively. (This 
study was funded by NIH grants NS25743, AGO5774, NS10327).

684.2
PROLONGED AGONIST TREATMENT RESULTS IN ENHANCEMENT 
OF MAXIMAL MUSCARINIC RECEPTOR-MEDIATED STIMULATION 
OF nNOS A. E. Cuadra*, D. R. Wotta, E. E. El-Fakahany, Dept. of 
Pharmacology and Psychiatry, University of Minnesota Medical School

Prior in vivo studies suggested that expression of the constitutive 
neuronal nitric oxide synthase (nNOS) is modulated under certain conditions. In 
this study we used CHO cells transfected with the human Ml muscarinic 
acetylcholine receptor and the nNOS gene to study modulation of nNOS following 
prolonged receptor activation. Cells were pretreated with varying concentrations 
of carbachol (CCh) for 48 hours and receptor-mediated nNOS activity was 
determined by assaying agonist-induced conversion of [3H] L-arginine to [3H] L- 
citrulline. Maximal receptor-mediated nNOS activation was significantly 
enhanced following agonist pretreatment when compared to control untreated 
cells. This effect was dependent on agonist concentration. In addition, the Ml 
receptor selective antagonist, pirenzepine, completely blocked the effects of 
agonist pretreatment. Since nitric oxide stimulates soluble guanylyl cyclase to 
produce cGMP, we compared agonist-mediated cGMP formation in control cells 
and in cells pretreated with CCh in a donor-detector cell assay. Pretreated cells 
showed a significant increase in fold cGMP formation as well as a decrease in 
agonist potency. These changes were accompanied by reduction in receptor 
number in cells pretreated with CCh. However, Western blot analysis revealed an 
increase in nNOS immunoreactivity in CCh-pretreated cells when compared to 
control. Thus, prolonged muscarinic agonist treatment results in complex 
changes in coupling of muscarinic receptors to activation of nNOS. These 
changes might be clinically relevant during prolonged cholinergic
pharmacotherapy, e g. in Alzheimer’s disease or myasthenia gravis, (supported 
by NIH grant NS25743)

684.3
NITRIC OXIDE PRODUCED FOLLOWING ACTIVATION OF 
MUSCARINIC RECEPTORS SELF-REGULATES ITS OWN 
SYNTHESIS, POSSIBLY VIA MULTIPLE FREE RADICALS. A.M. 
Parsons*, J.L. Sorman, G.T. Vatasserv and E.E, El-Fakahany. Dept. of 
Psychiatry, Univ. of Minnesota Medical School, Minneapolis, MN 55455.

Nitric oxide (NO) is a gaseous signaling molecule with no known 
storage mechanisms, necessitating tight control of its synthesis. The 
possibility that NO can regulate its own synthesis has been suggested by 
reports that exogenous NO donors inhibit nitric oxide synthase (NOS) 
activity. Our studies indicate that endogenous NO produced following 
activation of acetylcholine muscarinic receptors in Chinese hamster ovary 
(CHO) cells stably expressing human Ml muscarinic receptors as well as 
neuronal NOS (nNOS) also regulates nNOS activity as measured by the 
conversion of [3H]L-arginine to [3H]L-citrulline. The NO scavenger, 
carboxy-PTIO (500 pM), potentiated carbachol-induced nNOS activa-
tion. This concentration of C-PTIO sequestered all of the endogenously 
produced NO following receptor activation as indicated by its ability to 
completely inhibit cGMP formation in a donor/detector cell system.

NO reacts rapidly with superoxide (O2*) to form peroxynitrite (PN), a 
toxic metabolite. Generation of O2*" using a mixture of hypoxanthine and 
xanthine oxidase caused a decrease in carbachol-induced activation of 
nNOS. Furthermore, addition of PN (0.5 - 5 mM) inhibited carbachol- 
induced nNOS activation in a concentration-dependent manner. 
Moreover, endogenous PN produced following activation of Ml 
receptors regulated nNOS activation as indicated by a potentiation of 
nNOS activity in the presence of the PN scavenger MnTBAP (300 pM). 
These data suggest that endogenously produced NO may regulate its 
own synthesis, at least in part, through the formation of PN. (This 
research was funded by NIH grants NS 10327 and NS25743.)

684.4
MUSCARINIC RECEPTOR-MEDIATED ACTIVATION OF 
ENDOTHELIAL NITRIC OXIDE SYNTHASE. M. J. Chell, D. 
R. Wotta, J. A, Johanning, and E. E. El-Fakahany*, Division of 
Neuroscience Research in Psychiatry, Univ. of Minnesota Medical School, 
Minneapolis, MN 55455

Nitric oxide (NO) is a unique physiological messenger 
generated by activation of nitric oxide synthase (NOS) enzymes. As 
different NOS enzymes have several defining features including post- 
translational modification sites and tissue and cellular localization, 
they possibly are regulated differently. This study investigates 
muscarinic receptor coupling to the activation of endothelial nitric 
oxide synthase (eNOS). Chinese hamster ovary (CHO) cells that 
express M2 or M4 muscarinic receptors were transfected with eNOS 
and grown until confluency (4-5 days). Intact cells were stimulated 
with the muscarinic receptor agonist carbachol (100 pM) in the 
presence of 5-day old rat fetal lung fibroblast (RFL-6) cells which 
contain guanylyl cyclase but not muscarinic receptors. Carbachol 
stimulated eNOS activity was determined by measuring the level of 
cyclic guanosine 3’,5’-monophosphate (cGMP) in RFL-6 cells 
(detector cells), since NO has the ability to diffuse out into 
neighboring cells to activate their guanylyl cyclase. In addition, the 
calcium ionophore, ionomycin, stimulated eNOS activity as 
determined by measuring the conversion of [3H]L-arginine to fH]L- 
citruiline. These results indicate that eNOS activity is regulated by 
muscarinic receptors and by increasing intracellular C?+. The 
possibility of differential coupling of various muscarinic receptor 
subtypes to activation of eNOS is currently being investigated. 
(Supported by NIH grant NS25743).
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684.5
MUSCARINIC ACETYLCHOLINE RECEPTOR STIMULATION 
OF PHOSPHOLIPASE D. L.G. May*, N. Khosa, H. Puhi and 
R.S, Aronstam. Guthrie Research Institute, Sayre, PA 18840.

We previously reported that agonist stimulation of the muscarinic 
acetylcholine receptor (mAChR) subtype M3 expressed in CHO cells 
results in a release of arachidonic acid (Mol. Biol. Cell, 1996, 7:1013). 
We have extended this investigation to determine the involvement of 
phospholipase D (PLD) in the generation of arachidonic acid. CHO cells 
expressing the M3 subtype of the mAChR were labeled overnight with 4 
pCi [3H]palmitic acid/ml, and then washed two times in HEPES buffer 
prior to analysis. Carbamylcholine increased PLD activity in a dose- 
dependent manner with a maximal response at 100 pM. This is similar 
to the dose-response relationship for muscarinic receptor-mediated 
arachidonic acid release. PLD activation was rapid, and reached a 
maximum within 15 min with no further increase up to 120 min. An 
involvement of protein kinase C (PKC) in PLD activation was also 
demonstrated. Phorbol myristate acetate (PMA, 0.1 pM) treatment for 
15 min resulted in activation of PLD. Similarly, bisindolylmaleimide 
(lpM), a specific inhibitor of PKC, blocked both PMA and carbamyl- 
choline-stimulated PLD activity. As heterotrimeric G-proteins are prob-
ably involved in the PLD activation pathway, we examined the effects of 
cholera toxin (1 pg/ml) and pertussis toxin (0.05 pg/ml) on the re-
sponse. No effects on basal or carbamylcholine-stimulated PLD activity 
were observed. These results raise the possibility that pertussis toxin- 
insensitive G proteins are involved in the activation of PLD. (Supported 
by the Department of the Army Grant DAMD 17-94-J-4011.)

684.6
PEROXISOMAL DISEASE AS A MODEL FOR STUDYING THE 
RELATIONSHIP BETWEEN MEMBRANE LIPID COMPOSITION AND 
MUSCARINIC CHOLINERGIC RECEPTOR-MEDIATED SIGNAL 
TRANSDUCTION. R. PerichonL J.F, Kelly1*, S.C. Cunningham1, A.B. Moser*
H.W. Moser2 and G.S. Roth1. ’Gerontology Res. Ctr., NIA/NIH, Baltimore, MD 
21224,2Kennedy-Krieger Inst. Baltimore, MD21205.

It has been hypothesized membrane lipid composition is a major modulator of 
signal transduction activity. We have previously shown that an age-related 
increase in the cholesterol to phospholipid ratio decreases muscarinic cholinergic 
signal transduction in rat brain. Here, using peroxisomal disease as a model of 
membrane lipid changes, we compared basal and carbachol-induced low-Km 
GTPase activity in crude plasma membranes prepared from cultured fibroblasts 
taken from either control (CTL) or patients with a peroxisome assembly defect, 
Zellweger's syndrome (ZS) and neonatal adrenoleukodystrophy (NALD). These 
diseases are characterized biochemically by an increase in very long chain fatty 
acids and, a decrease in both docosahexaenoic acid and plasmalogens. There was 
no difference in basal GTPase activity between CTL (20.8±7, SD) and ZS/NALD 
(17.8±2.8) samples. However, the muscarinic agonist carbachol stimulated GTPase 
in CTL (+4 to +61%) but not in ZS/NALD (-13 to +5%) samples. SDS-PAGE 
immunoblot analysis failed to show any difference in the protein content for either 
the ml muscarinic cholinergic receptor or Gaq/11 or py protein between CTL and 
ZS samples. In conclusion, these results support the hypothesis that membrane lipid 
composition is a critical factor for signal transduction activity. They also 
demonstrate that peroxisomal diseases represent an interesting tool for studying the 
relationship between membrane lipid composition and signal transduction. 
Moreover, the present results give new insights into the peroxisomal diseases 
characterized clinically by major neurological pathology.

684.7
CHARACTERIZATION AND DIFFERENTIAL TARGETING OF 
MUSCARINIC ACETYLCHOLINE RECEPTOR SUBTYPES IN MADIN 
DARBY CANINE KIDNEY CELLS. L.S, Nadler* and N.M, Nathan son, Dept. 
of Pharmacology, University of Washington, Seattle, WA 98195.

Muscarinic acetylcholine receptors (mAchRs) are a family of G-protein coupled 
receptors comprised of five molecular subtypes. In CNS neurons, different 
subtypes are often present in axon terminals (presynaptic) and in somata and 
dendrites (postsynaptic). However, the cellular mechanisms and molecular signals 
which determine this differential localization remain unknown. To address this 
issue, we have examined the subcellular targeting of the ml, m2, and m3 mAchRs 
in Madin Darby canine kidney (MDCK) epithelial cells, a well characterized 
model system for the study of polarized protein sorting. Initial biochemical 
characterization revealed a polarized distribution of endogenous mAchRs. In 
MDCK cells grown on Transwell filters, mAchRs are 2-3 fold more abundant on 
the basolateral cell surface than on the apical surface. Additional functional 
analyses demonstrated that apical, but not basolateral, mAchRs inhibit adenylyl 
cyclase activity, suggesting that the apical receptors are of the m2 and/or m4 
subtypes. The polarized targeting of the ml, m2, and m3 mAchRs was then 
examined by transfection of epitope-tagged receptor constructs and analysis by 
immunocytochemistry and confocal microscopy. Whereas ml appeared to have a 
nonpolarized distribution, m2 and m3 displayed differential targeting behavior. 
m2 exhibited a distinctly apical localization, while m3 was clearly sorted to the 
basolateral domain. These results are consistent with the distributions of m2 and 
m3 in CNS neurons. While m2 is often found in axon terminals, m3 is frequently 
observed in somata and dendrites. Thus, the m2 and m3 mAchRs may possess 
sorting signals which direct them to opposite domains of polarized cells.

Supported by NIH grants RO1-NS26920 and T32 DA07278.

684.8
DETERMINANTS OF RESENSITIZATION OF MUSCARINIC 
RECEPTORS IN SH-SY5Y HUMAN NEUROBLASTOMA CELLS.
P.G. Szekeres. J.A. Koenig. M.J. Schell* and J.M. Edwardson. Dept. of 
Pharmacology and Glaxo Institute of Applied Pharmacology. University 
of Cambridge, UK.

Muscarinic receptor-mediated changes in peak intracellular calcium 
concentration ([Ca2+f) in response to sequential doses of carbachol (1 mM, 
CCh) have been studied in fura-2 loaded SH-SY5Y cells. Pre-exposure to 
CCh rapidly desensitized (t1/2=30s) subsequent CCh-mediated [Ca24 
responses. Following incubation of cells in agonist-free buffer for 12 min 
or more, the [Ca2+f response was restored to that seen in untreated cells. 
In the presence of the protein phosphatase inhibitor calyculin A (lOnM), 
resensitization was significantly reduced. Stimulation of SH-SY5Y cells 
with CCh also caused a rapid reorganisation of muscarinic receptor 
intracellular distribution. Inhibition of this receptor trafficking with 
either concanavalin A (0.25 mg/ml) or nigericin (4pM) caused a parallel 
reduction in receptor resensitization. Inactivation of 50% of cell-surface 
muscarinic receptors with propyl-benzilylcholine mustard had no effect 
on the [Ca2+], response of SH-SY5Y cells to CCh (1 mM), showing that a 
considerable receptor reserve exists for this response. However, receptor 
resensitization was significantly inhibited under these conditions. These 
results are consistent with a model in which agonist stimulation of 
muscarinic receptors in SII-SY5Y cells results in rapid receptor 
phosphorylation causing functional desensitization. Resensitization 
occurs following receptor sequestration and dephosphorylation, with 
resensitized receptors being recycled back to the plasma membrane. 
Receptor reserve plays a facilitatory role in the resensitization process. 
This work was supported by a project grant from the Wellcome Trust.

684.9
DOWNREGULATION OF MUSCARINIC AUTORECEPTOR SIGNALING IN A 
SEPTAL CHOLINERGIC CELL LINE (SN56) BY ORGANOPHOSPHORUS 
ACETYLCHOLINESTERASE INHIBITORS DUE TO LONG-TERM EXPOSURE 
TO RELEASED ACETYLCHOLINE. J.K, Blusztain*1’2 andR.O, Davis1. Dept. 
of Pathology & Laboratory Medicine1 and Psychiatry2, Boston Univ. Sch. of Med., 
Boston MA 02118.

Acetylcholinesterase (AChE) inhibition by organophosphorus compounds (OP) 
elevates acetylcholine (ACh) concentrations within cholinergic neurons and in the 
synaptic cleft, causing prolonged interaction of ACh with its receptors. We studied 
the functional sequelae of the exposure of muscarinic-receptor expressing murine 
SN56 cells to OP by determining their ACh content and changes in intracellular free 
calcium concentrations (A[Ca2+]j) in response to a muscarinic agonist, carbachol.
The OP, DFP or paraoxon, caused time- and concentration-dependent elevations of 
intracellular ACh content by as much as 9-fold. The EC50 values for these OP were
0.1 pM and 2.5 pM, respectively. Basal [Ca2+]i in SN56 cells was 30-150 nM. 
Carbachol (1 mM) increased [Ca2+]j to a maximum of 500 nM within 10 s. This 
effect was prevented by 1 pM atropine. In cells treated for 24 h with DFP (10 pM) or 
paraoxon (10 pM), carbachol increased [Ca2+li to a maximum of only 250 nM and 
120 nM, respectively. The effect of paraoxon required long-term exposure as a 10 min 
preincubation of the cells with this OP had no effect on the carbachol-evoked 
A[Ca2+]i- Similar results were obtained with a non-OP AChE inhibitor, 
physostigmine. To determine if the OP specifically downregulated A[Ca2+]i evoked 
by muscarinic receptors, we tested the effects of these OP on the bradykinin- and 
thapsigargin-evoked A[Ca2+]i. Bradykinin (10 pM) or thapsigargin (1 pM) increased 
[Ca2+]i in SN56 cells (by 250 and 300 nM, respectively). DFP (10 pM, 24 h) had 
no effect on these A[Ca2+]i- We conclude that long-term AChE inhibition by OP 
causes auto-activation muscarinic receptors by ACh released from the cells followed 
by receptor downregulation. Cultured cholinergic SN56 cells provide a model to study 
the long-term actions of OP. (Supported by US EPA CR821929-01-0)

684.10
THREONINE AND ASPARAGINE RESIDUES PARTICIPATE IN 
AGONIST INTERACTIONS WITH ml MUSCARINIC RECEPTORS. 
W.S. Messer, Jr.*, F.E. Williams, P.I. Nagy, S.
Peseckis and X.-P. Huang Department of Medicinal and 
Biological Chemistry, Center for Drug Design and 
Development, College of Pharmacy, The University of 
Toledo, Toledo, OH 43606

Conserved amino acids in transmembrane domains V and 
VI of muscarinic receptors may be important for 
hydrogen bond interactions with muscarinic ligands 
(Wess, et al., 1992; Bluml, et al . , 1994). Mutant
human ml (Hml) receptors, replacing Thrl92 or Asn382 
with Ala, were stably expressed in A9 L and CHO cells 
to examine receptor binding properties and functional 
activation (PI hydrolysis) by muscarinic agonists.

Wild-type and mutant receptors were expressed at 
comparable levels in both cell lines. Kd values for 
[3H] - (R)-QNB binding were similar at wild-type and Hml 
(TA) receptors, yet higher at Hml (NA) receptors. 
Hyoscyamine and N-methylscopolamine displayed markedly 
lower affinity for Hml (NA) receptors. Carbachol 
stimulated wild-type ml receptors with Smax levels 
greater than 200 % above basal. Carbachol exhibited
lower potency and efficacy in stimulating PI hydrolysis 
via Hml (TA) receptors, and modest agonist activity at 
the Hml (NA) receptors. The data are consistent with 
previous studies of m3 receptors, indicating a major 
role for Thrl92 in agonist potency, and a lesser 
(though important) role fox* Asn382 in agonist 
activation of ml receptors.

This work was supported by NS 01493, NS 31173 and NS 
35127 .
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684.11
TRANSMEMBRANE DOMAIN SIX OF THE M5 MUSCARINIC RECEPTOR IS 
A LIGAND DEPENDENT SWITCH. T, A. Spalding*, E, S. Burstein and M. R. 
Brann, Receptor Technologies Inc. 276 East Allen, Winooski, VT 05404

Using random mutagenesis, we have surveyed the effect of mutations throughout 
the sixth transmembrane domain of the m5 muscarinic receptor. This receptor domain 
is highly conserved among the five muscarinic subtypes and has previously been 
implicated in ligand binding. Out of twenty-one residues targeted in this experiment, 
fifteen were found to tolerate non-conservative mutations without causing large 
decreases in the ability of the receptor to be activated by the agonist carbachol. Of the 
remaining six residues, three were only mutated in receptors having a greatly decreased 
sensitivity to carbachol (EC50 reduced by over 5-fold), and three were never seen to be 
mutated. Five residues were also identified where mutations increase the constitutive 
activity of the receptor to a level greater than 25% of the wild-type receptors response 
to carbachol. In all cases, the constitutively activated receptors could be further 
stimulated by carbachol.

Our interpretation of these data is as follows: Amino-acid sidechains which can be 
mutated without destroying the ability of the receptor to be stimulated by carbachol 
are unlikely to be involved in a vital intramolecular interactions. Residues where 
mutations are rarely seen or are associated with decreased receptor activation by 
carbachol are likely to be involved in protein folding, maintaining receptor structure or 
ligand binding. Mutations which cause constitutive activity but do not disrupt receptor 
activation by carbachol probably upset interactions which hold the receptor in an 
inactive conformation. Aligning this distribution of tolerated residues on a helical net 
defines a face of that helix containing all the conserved and constitutively activating 
residues. We suggest this helical face interacts with other parts of the receptor.
Funding for this work came from Receptor Technologies, Lilly Research Laboratories, 
Vermont EPSCoR (cooperative agreement OSR 9350540 with the National Science 
Foundation), and NIGMS grant R01 GM52737.

684.12
STRUCTURE OF A G-PROTEIN COUPLING POCKET OF THE M5 

MUSCARINIC RECEPTOR: PREDICTIONS FROM RANDOM MUTAGENESIS 
E S Burstein*, T A Spalding & M R Brann. Receptor Technologies Inc., 276 E. 
Allen St., Winooski VT 05404

Using random-saturation mutagenesis, we have targetted 42 amino acids in the N- 
and C-termini of the third intracellular loop (Ni3 & Ci3) and identified seven amino 
acids as critical for G-protein coupling. We have constructed libraries of receptors 
with all possible amino acid substitutions at these residues. Although many 
substitutions were tolerated at K439, most caused significant increases in the EC50 of 
carbachol and decreases in the maximum response (Rmax). Only other basic residues 
were well tolerated (< 10-fold increase in EC50, >70% of wild-type), and acidic 
substitutions had the largest effects, reducing Rmax to <20% of wild-type. At A440, 
only substitution by threonine was well tolerated. Substitutions by hydrophobic, 
polar, and basic residues caused 10 to 80-fold increases in EC50 values, and in many 
cases also significantly reduced Rmax (<70% of wild-type). In contrast, at A441 
mutations selectively affected the EC50 but not Rmax values. To investigate whether 
or not there were additive contributions of Ni3 and Ci3 to G-protein coupling, we 
evaluated the functional responses of two double mutants, R223E/K439E and 
Y217S/A441T. Although these mutations were tolerated individually, each double 
mutant receptor had negligible functional responses, showing that there is an additive 
contribution of Ni3 and Ci3 to G-protein coupling. We conclude that K439 
participates in G-protein activation through an ionic mechanism, that A440 fulfills a 
structural role forming part of the G-protein coupling pocket, and A441 contributes to 
G-protein affinity. We propose that the third intracellular loop forms a G-protein 
coupling pocket comprised of a positively charged “lip” and a hydrophobic core.

684.13
TYR381 IN TRANSMEMBRANE DOMAIN SIX PLAYS A KEY 
PART IN ACTIVATION OF THE RAT MrMUSCARINIC 
ACETYLCHOLINE RECEPTOR. S.D.C, Ward & E.C. Hulme 
(SPON: Brain Research Association). National Institute for Medical 
Research, The Ridgeway, Mill Hill, London, NW7 1AA, U.K.

Alanine scanning mutagenesis was used to probe the role(s) of the 
residues from Tyr381 to Val387, in transmembrane helix six, of the rat 
Mj -muscarinic acetylcholine receptor. The mutants were characterised 
by radioligand binding and phosphoinositide turnover studies.

Tyr381Ala showed the greatest effects on ligand binding and 
receptor function, namely a 36 fold decrease in acetylcholine affinity 
(Ward and Hulme, 1997) and a 2630 fold reduction in acetylcholine 
potency in the functional response. This indicates that Tyr381 plays a 
key role in agonist binding and receptor function.

The use of a homologous series of quinuclidine- and azanorbomane- 
based agonists showed that the presence of hydrogen-bond acceptors in 
the side-chain is important for strong interactions with Tyr381. 
Similarly, in atropine analogues, the hydroxymethyl group of tropic 
acid is important. Direct hydrogen bonding of Tyr381 to these moieties 
is the simplest hypothesis.

This project is funded by a Medical Research Council (UK) and 
Merck Sharp and Dohme collaborative studentship.

Ward, S.D.C. and Hulme, E.C. (1997) Br. J. Pharmacol. 120, 284P.

684.14
OVER-EXPRESSION AND PURIFICATION OF ENGINEERED 
Ml MUSCARINIC RECEPTORS. C.A.M. Curtis and E.C. Hulme, 
SPON: Brain Research Association, MRC National Institute for 
Medical Research, Mill Hill, London NW7 1AA, U.K.

Purification of the wild-type Ml muscarinic receptor is limited by 
proteolysis, and the inefficiency of existing purification techniques. 
To overcome these deficiencies, we have deleted most of the third 
intracellular (i3) loop of the ml mAChR, and modified the C- 
terminus, introducing oligo-His tags in various positions. The best 
construct mediated a robust phosphoinositide signal in COS-7 cells. 
Expression as a malE-fusion protein gave levels up to 20 pmol 
mAChR/mg membrane protein in E. Coli. Insertion into a 
Baculovirus vector, which also added an N-terminal mellitin signal 
sequence and a myc tag, allowed the isolation of a recombinant virus 
which gave 50 pmol mAChR/mg membrane protein after infection 
of SF9 or SF21 cells. These levels were at least 20 fold greater than 
those given by the wild-type sequence. In E. Coli, labelling with 
[3H]-propylbenzilylcholine mustard showed that the i3 loop deletion 
greatly improved the resistance of the receptor to proteolysis. The 
receptor constructs have been solubilised successfully as [3H]N- 
methylscopolamine complexes, stabilised by the allosteric modulator 
strychnine. They have been purified to near homogeneity by 
immobilised metal ion chromatography, using the C-terminal His-tag. 
Supported by the Medical Research Council, U.K.

684.15
INVESTIGATIONS OF SUBTYPE-SPECIFIC ALLOSTERIC 
ACTIONS OF ALCURONIUM AT MUSCARINIC RECEPTORS.
J. Ellis* and M. Seidenberg. Departments of Psychiatry and Pharmacology, 
Penn State College of Medicine, Hershey PA 17033-0850.

Alcuronium is one of a number of compounds that modulate the binding of 
classical ligands to muscarinic receptors. In agreement with others, we find 
that alcuronium exerts positive cooperativity with the muscarinic antagonist 
[3H]N-methylscopolamine (NMS) at the m2 subtype and less potent negative 
cooperativity at the ml, m3 and m5 receptors. Another manifestation of this 
allosteric regulation is that alcuronium markedly slows the dissociation of 
[3H]NMS and [3H]quinuclidinylbenzilate (QNB) from the receptors, again with 
much greater potency at the m2 subtype than at the others, especially m5. We 
have taken advantage of a set of m2/m5 chimeric receptors to investigate what 
epitopes of the receptor may be responsible for these subtype differences. 
Only one chimeric receptor displayed significantly greater affinity for alcuronium 
than did the wild-type m5 subtype. This chimera is mostly m5 sequence, with 
a segment of m2 sequence extending from the middle of the fourth 
transmembrane domain into the beginning of the third intracellular loop and had 
more than 100-fold higher affinity toward alcuronium. It also displayed a similar 
high affinity for alcuronium in assays carried out at equilibrium, but none of the 
chimeric receptors exhibited positive cooperativity between alcuronium and 
[3H]NMS. Obidoxime, which does not itself affect the dissociation of [3H]QNB 
from the m2 receptor, was able to reverse the effects of alcuronium at this 
subtype, as it has been shown to do for other allosteric ligands; this effect 
confirms other data that several modulators appear to interact competitively at 
a common site. [Supported by R01 AG05214]

684.16
A NOVEL POTENT AND SELECTIVE Mr ANTAGONIST: (2S, 3’R) 3- 
QUINUCLID1NYL TRCPATE C, Ghelardini, N, Galeotti, V. Marchese. 
°C. Bellucci. °S. Dei, °F. Gualtieri and A, Bartolini Depts of 
Pharmacology and "Pharmaceutical Sci., University of Florence, Italy, 
SPON: European Neuroscience Association *

The pharmacological profile of the competitive muscarinic 
antagonist (2S, 3'R) 3-quinuclidinyl tropate, abbreviated (-)-2a, was 
evaluated by functional and binding studies. (-)-2a concentration- 
dependently blocked the McN-A-343-induced inhibition of twitch 
contractions of rabbit vas deferens (Mi; pA2= 9.10±0.09) and 
antagonized the negative inotropic carbachol-induced effect in guinea-pig 
left atrium (M2; pA2=9.30±0.10), the contractile responses to ACh in 
guinea-pig ileum (M3; pA2=10.33±0.02) as well as the carbachol- 
induced contractions, in immature guinea-pig uterus (M4; pA2= 
9.70±0.01). Arunlakshana-Schild regression lines for (-)-2a were not 
significantly different from unity. The pKj values determined by 
competition for the binding between (-)-2a and [3H]-N- 
methylscopolamine on the five human muscarinic receptor subtypes 
expressed in CHO-K1 are the following: m]=8.88±0.06; m2=8.75±0.12; 
m3=9.11±0.06; 014= 9.05±0.10 and 1115 = 9.32±0.09. Binding isotherms 
of (-)-2a were characterized by Hill number not significantly different 
from unity and are consistent with interaction at a homogeneous 
population of receptors. (-)-2a showed up' to 23-fold selectivity for Ma-
ma receptors over M2-m2. (-)-2a shows an affinity for the M3 receptor 
subtype at least 10-fold higher than 4-DAMP, p-HHSiD and zamifenacin, 
used as reference drugs. As a novel potent and selective M3 antagonist, 
may have therapeutic potential in the treatment of conditions associated 
with increased smooth muscle contractility.
This work was supported by grants from MURST.
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684.17
A SERIES OF PIPERIDINYL-BENZIMIDAZOLONE MUSCARINIC 
ANTAGONISTS WITH A LOW AFFINITY FOR THE M3 SUBTYPE. JB 
Williams*, W. J. Thompson, P. Munson, A. Smith, R. Ransom, R J,
Bendesky, MF. Sugrue and P. Mallorga . Merck Research Labs, West 
Point, PA 19486.

The ability of a series of carboxamides of l,3-dihydro-l-(l-[piperidin-4- 
yl]piperidin-4-yl)-2H-benzimidazol-2-ones to inhibit specific binding of the 
muscarinic antagonist 3 H-N-methyl-scopolamine (3H-NMS) to membranes of 
CHO cells expressing the 5 human muscarinic receptor subtypes ml through m5 
was investigated. Most of these compounds had a low affinity for the m3 subtype 
as illustrated by L-752,522 (l,3-dihydro-l-[r-(l"-(3"'-pyridinecarbonyl)-piperidin- 
4"-yl)-piperidin-4'-yl]-2H-benzimidazol-2-one) for which Ki values of 15, 12, 
12245, 2 and 42 nM were calculated for the ml, m2, m3, m4 and m5 subtypes,
respectively.

In functional assays in CHO cells the majority of the compounds were found to 
be antagonists. For example, L-752,522 inhibited PI turnover in ml and m3- 
expressing CHO cells with Kb values of 10 and >20000 nM, respectively. Values 
of 24 and 5 nM were found for inhibition of carbachol-stimulated 35S-GTPyS 
binding to membranes of m2 and m4-expressing cells, respectively. L-752,522 was 
also an antagonist in functional tissue assays like the rabbit vas deferens (Ml), the 
guinea-pig atria (M2) and the the guinea pig ileum (M3) with Kb values of 7, 76 
and 15000 nM, respectively. These data are in good agreement with those found in 
binding studies.

Because of their selectivity against the m3 receptor subtype these compounds are 
useful tools to investigate the presence and the role of this subtype in tissues. The 
presence of a low percentage of m3 receptors (15%) in the guinea pig ileum was 
easily detected using 3H-NMS displacement binding studies.

684.18
COMPARISON OF FUNCTIONAL MUSCARINIC m2 and m4 
ACTIVITY FOR THE ml-AGONIST XANOMELINE AND FOUR 
OTHER CLINICAL CANDIDATES FOR ALZHEIMER’S 
DISEASE. N, DeLapp*, T. Butler, C, Thomsen, F. Bymaster, D. 
Calligaro, H, Shannon, C. Whitesitt, J, Ward, M, Sheardown, A, Fink-
Jensen, L, Jeppesen, and P. Sauerberg, Lilly Research Laboratories, 
Lilly Corporate Center, Indianapolis, IN and Novo Nordisk A/S, 
Malov, Denmark.

Xanomeline is an ml agonist which, in clinical trials, has improved 
cognition and reduced undesirable behaviors of Alzheimer’s disease 
(AD) patients. This study compared the functional m4 and m2 activity 
in CHO cells of xanomeline with four other clinical AD candidates. 
Partial alkylation studies of m2 and m4 responses revealed a low and 
comparable degree of receptor reserve. All the compounds showed 
high efficacy in m2 cells with varying potencies. At m4 receptors 
xanomeline had the highest efficacy and was 17 to 125-fold more 
potent than the other compounds. Xanomeline was thus the most active 
compound at m4 receptors and was approximately 40-fold more potent 
at m4 than at m2 receptors. Xanomeline’s m4 activity may contribute 
to its clinical efficacy.
Supported by Eli Lilly and Company

684.19
A STUDY OF THE FUNCTIONAL AND BINDING PROPERTIES OF 
XANOMELINE, A NOVEL MUSCARINIC RECEPTOR AGONIST.
A. Christopoulos*. T.L. Pierce and E.E, El-Fakahanv. Dept. Psychiatry, 
University of Minnesota Medical School, Minneapolis, MN, 55455.

Xanomeline is a novel muscarinic Mi receptor agonist, currently in clinical 
trials for the treatment of Alzheimer’s disease. The present study addressed the 
activity of this compound in CHO cells stably transfected with the human ml 
muscarinic receptor gene. In comparison to the full agonist, carbachol (CCh), 
xanomeline displayed a markedly higher potency in stimulating
phosphoinositide (PI) hydrolysis. The intrinsic activity, however, was less than 
that of CCh. This observation is consistent with the hypothesis that 
xanomeline is a potent ml-receptor partial agonist. Competition binding 
experiments with the radiolabelled antagonist, [3H]N-methylscopolamine 
([3H]NMS), also identified xanomeline as a high-affinity partial agonist. 
However, functional experiments revealed a significant reduction in the 
potency of the antagonist, atropine, to inhibit the responses to xanomeline, in 
contrast to its effects on CCh. Additionally, saturation binding experiments 
with [3H]NMS, using xanomeline-pretreated cells (1 pM for 60 min, followed 
by washout), resulted in a significant reduction of radioligand affinity, with no 
change in the total receptor density, indicative of persistent agonist-receptor 
binding. Taken together, these later experiments point to unique properties of 
xanomeline that warrant further investigation. (Supported by NIH grant 
NS25743).

684.20
MITOGEN-ACTIVATED PROTEIN KINASE-DEPENDENT AND PROTEIN 
KINASE C-DEPENDENT PATHWAYS REGULATE p-AMYLOID 
PRECURSOR PROTEIN (APPs) SECRETION INDUCED BY MUSCARINIC 
AGONISTS IN PC12M1 CELLS. R Haring, E. Heldman*, Z. Pittel , N. 
Eshhar, #Y. Klooq, D. Marciano and A. Fisher. Israel Inst. Biol. Res., Ness- 
Ziona & #Tel Aviv Univ., Israel.
Muscarinic agonists that exhibit ml functional selectivity increase APPs 

secretion from PC12M1 cells, an effect augmented by NGF (Haring et al., 
BBRC 213:15, 1995) and bFGF. Since activation of muscarinic receptors and 
receptor tyrosine kinases (RTKs) increase MAP kinases (MAPK) activity, we 
investigated MAPK involvement in muscarinic agonist-induced APPs 
secretion and its augmentation by growth factors. FTS, the inhibitor of ras 
activation and PD98059, an inhibitor of MAPK kinase, partially but 
significantly inhibited APPs secretion induced by carbachol (CCh). 
GF109203X, a specific PKC inhibitor also inhibited partially CCh-induced 
secretion. Co-application of FTS and GF109203X almost abolished APPs- 
evoked secretion. A direct measurement of MAPK activity confirmed that 
NGF and the muscarinic agonists CCh and AF102B elevate MAPK activity. 
Stimulation of cells by agonists together with NGF resulted in a further 
increase of MAPK activity. Although the protein kinase inhibitor K252a 
inhibited PMA-induced APPs secretion, it potentiated muscarinic agonists- 
evoked APPs secretion and MAPK activity. In contrast, K252a did not affect 
basal MAPK activity and inhibited NGF-induced MAPK activation. The 
activation of MAPK by NGF and muscarinic agonists was ras-dependent but 
PKC-independent, as FTS abolished this stimulation while GF109203X had 
no effect. These results suggest that: I) PKC and MAPK-dependent pathways 
regulate APPs secretion evoked by ml receptor stimulation. II) both pathways 
operate in parallel and cross-talk with the signal transduction of the RTKs. Ill) 
MAPK could be the convergence point for the RTKs and the muscarinic 
receptors signalling pathways.

EXCITATORY AMINO ACIDS: ANATOMY AND PHYSIOLOGY

685.1
fMRI OF DIRECT NEURONAL ACTIVATION BY NMDA IN RAT BRAIN IN 
VIVO. D.R. Nammari1’2, J.D. Bui1’2, B.A. Inglis2, X.S. Silver2, E. Mercer2, T H. 
Mareci2’ & M.I. Phillips’. Department of Physiology1 and Center for Structural 
Biology 2, University of Florida, Gainesville, Florida 32610

Functional MRI (fMRI) has been successfully used for mapping neuronal activity 
following numerous sensorimotor and cognitive tasks. In this work, we report the 
first studies on specific neuroreceptor stimulation via direct intracerebroventricular 
(i.c.v.) injection of neurochemicals using fMRI.

A lateral ventricle of male Sprague Dawley rats (n=3) was canulated using a 
modified cannulation procedure suitable for magnetic resonance (MR) studies. MR 
experiments were done on a Varian SISCO 4.7 T / 33 cm bore magnet system. Rats 
were anesthetized with 0.8 % - 0.9 % halothane and O2:N2O(1:2). The animals were 
placed on a specially constructed cradle and body temperature was maintained in the 
magnet by a warm air blower. A spin echo multislice imaging sequence was used for 
anatomic determination of proper cannulae placement. A gradient recalled echo 
multislice (GRE) imaging sequence (TR/TE: 350/26ms matrix: 128x64 FOV:
4.5x4.5 cm; 1 min per multislice image set) with five coronal 1 mm thick slices was 
used for fMRI measurements. Five GRE sets were acquired prior to and post 
injection; cross correlation and t-statistics were obtained pixelwise.

Vehicle injection showed no signal changes while injection of 2 pi (lOOmM) 
NMDA resulted in widespread signal increases (P < 0.005, r = 0.9) in the entire 
coronal slice. This signal increase spreads both caudally and rostrally showing large 
signal changes throughout the 5 coronal fMRI slices. Activation occurs immediately 
after NMDA injection and lasts for more than 130 minutes.

This study reports the first fMR images after direct neurochemical stimuation of 
the brain. We anticipate that this model will be useful to study the physiologic basis 
for fMRI and, further, to functionally map neuronal activation in vivo.

Funded by AHA, NIH RO1 HL 27334, NS29362 & P41 RR02278.

685.2
LAMINAR AND TEMPORAL HETEROGENEITY OF NMDA/METABOTROPIC, 
GLUTAMATE RECEPTOR BINDING IN POSTERIOR CINGULATE CORTEX.
T.G. Hedberg*, J. Veliskova, E.F. Sperber, and S.L.Moshe Depts. Neurology and 
Neuroscience, Albert Einstein College of Medicine, Bronx, N.Y. 10461

Both N-methyl-D-aspartate (NMDA) and metabotropic (mGlu) glutamate receptors 
mediate plasticity induction in CNS but their distribution in identified cortical 
microcircuits is largely unknown. In posterior cingulate cortex (PCC) glutamatergic 
projections from subiculum synapse on apical dendrites of large pyramidal cells with 
somata in deep laminae (V-VI). Small pyramids with somata in superficial laminae 
(II/III-IV) are then driven polysynaptically. In-vitro intra/extracellular recordings 
indicate that deep but not superficial laminae pyramids show sustained synaptic 
plasticity following tetanic (60-100Hz) or low-frequency (1-3 Hz) subicular 
stimulation. To map interlaminar glutamate receptor distribution, serial coronal 
sections of PCC were taken from male Sprague-Dawley rats, adults (150-250g) and 
pups (PN 15) kept on a 12:12 light/dark cycle. Sections were incubated with either 
20 nM (+pH-MK801 (specific activity 250 pCi;) (NMDA sites) or 250 nM -^H 
glutamate (specific activity 45-56 Ci/mmol) plus saturating concentrations of 
NMDA (100 pM), AMPA (10 pM), and quisqualate (2.5 pM) (mGluR sites). When 
compared with a lamina Ia-c baseline, specific NMDA binding in lamina II/III 
showed a marked drop in density for both adults (X%A: -10.1%; SE 2.6) and pups 
(X%A: -13.6%; SE 2.4). Adult brains prepared at mid-dark phase showed a 27% 
increase in specific binding overall, but retained the drop in binding density in 
lamina II/III (X%A: -9.9% SE 2.3). Binding in deeper laminae was elevated 
homogeneously vs Ia-c baseline. In marked contrast, specific mGlu_binding was 
consistently elevated in lamina II/III vs la-c baseline for both adults (X%A:+12.1%; 
SE 5.4) and pups (X%A:+16.1%; SE 6.6). Specific binding in dark-phase animals 
increased 22% overall but did not show interlaminar heterogeneity. These results 
suggest that both spatial and temporal glutamate receptor distribution in PCC 
contributes to interlaminar heterogeneity in plasticity expression
Supported by NINDS NS-20253 (SLM)
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685.3
NMDAR1 SUBUNIT IMMUNOREACTIVITY IN PRE-SYNAPTIC 
TERMINALS: ELECTRON MICROSCOPIC CHARACTERIZATION AND 
SPECIES DIFFERENCE BETWEEN RATS AND MONKEYS. M, Sidibe*, M, 
Paquet, A.I, Levey and Y, Smith. Yerkes Regional Primate Research Center and 
Dept. Neurology, Emory Univ., Atlanta, GA 30322, USA.

NMDAR1 subunit immunoreactivity is commonly found in post-synaptic 
elements that receive glutamatergic afferents. Our findings indicate that, in addition 
to immunoreactive perikarya, the bed nucleus of the anterior commissure (NAC), 
the preoptic area and paraventricular nucleus of the hypothalamus as well as the 
paraventricular nucleus of the thalamus contained rich plexuses of terminal-like 
swellings in the rat. Low to moderate terminal labelling was also found in the 
shell of the nucleus accumbens, the bed nucleus of the stria terminalis, the central 
amygdaloid nucleus, the rhomboid nucleus of the thalamus and the caudal 
hypothalamic area. Electron microscopic analysis of the NAC confirmed that 
these elements were darkly labelled terminals packed with ovoid and large dense- 
core vesicles which formed symmetric or asymmetric synapses with dendritic 
shafts. Post-embedding immunogold experiments are currently in progress to 
determine the chemical nature of those terminals. Two interesting features are 
worth noting about this terminal labelling: (1) it was not found in rhesus and 
squirrel monkeys and (2) it only showed up with the NMDAR1 polyclonal 
antiserum raised against the C-terminus of the rat NMDAR1 subunit (Chemicon 
International, Petralia et al., J. Neurosci. 14: 667). Two monoclonal antibodies 
raised against, either, the putative transmembrane regions III and IV ofNMDARl 
(Pharmingen, Siegel et al., PNAS 91: 564) or the N-terminus of exon 5- 
containing isoforms of the human NMDAR1 subunit (Nash et al., J. Neurochem., 
in press) did not lead to this terminal labelling. Similarly, such a pattern of 
immunostaining did not occur with antibodies against AMPA receptor subunits or 
metabotropic receptor subtypes.

In conclusion, our findings suggest the existence of pre-synaptic NMDA 
receptors in specific brain areas in the rat. (Supported by Grant RR-00165).

685.4
NMDA RECEPTOR EXPRESSION IN PRIMATE THALAMUS Hicham 
Ibrahim, Daniel J, Healy, and James H. Meador-Woodruff*. Mental Health 
Research Institute and Department of Psychiatry, University of Michigan, 
Ann Arbor, MI 48109.

The thalamus consists of discrete, topographically organized nuclei that 
contain reciprocal projections with limbic, sensory, and motor regions. 
Thalamic neurons have two firing modes that seem to depend on the balance 
of GABAergic and glutamatergic activity. Interestingly, [3H]glutamate 
binding seems to be differentially distributed in thalamic nuclei, but less is 
known about the distribution of mRNAs encoding the NMDA receptor 
subunits. In order to explicate normal thalamic neurochemical anatomy, we 
examined NMDAR1 and NMDAR2A-2D mRNA levels, as well as several 
NMDA receptor binding sites, in 35 thalamic nuclei from three monkeys 
(Macaca nemestrina). In situ hybridization with a probe common to all 
NMDAR1 isoforms, as well as probes specific for NMDAR2A-2D, was 
performed. NMDAR1 levels were the highest of the five subunit mRNAs 
examined. Ventral (motor) nuclei had relatively higher NMDAR2A mRNA 
levels, while limbic nuclei had relatively higher NMDAR2B mRNA levels. 
NMDA receptor binding sites were measured with receptor autoradiography 
using [3H]MK-801, [3H]glycine, and [3H]CPP. These experiments 
demonstrate the feasibility of measuring NMDA receptor expression, as well 
as confirming the heterogenous distribution of NMDA receptors, in primate 
thalamus.

685.5
IMMUNOCYTOCHEMICAL LOCALIZATION OF FREE D-ASPARTATE 
IN THE NEONATAL RAT BRAIN.
A. Hashimoto*1, V. Gundersen2, Q. P. Ottersen2, T, Oka1 and J.
Storm-Mathisen2 1Dept. of Pharmacol., Sch. of Med., Tokai Univ., 
Isehara, Kanagawa, 259-11 Japan and 2Anat. Inst., Univ. of 
Oslo, P.O. Box 1105 Blindern, N-0317 Oslo, Norway.

Although D-amino acids have been assumed to be unnatural 
in mammals, recent evidence has revealed that free D- 
aspartate (D-Asp) occurs in the developing central nervous 
system and periphery (Eur. J. Neurosci. 7: 1657-1663 1995). 
We have localized endogenous D-Asp in neonatal rat brain using 
an antibody highly specific for D-Asp conjugated to protein by 
glutaraldehyde (GA)/formaldehyde (FA) (Neuroscience 57: 97- 
111 1993). Wistar rats (postnatal day 4) were perfused 
transcardially with a mixture of 2.5% GA and 1% FA in sodium 
phosphate buffer. Vibratome sections were processed for 
immunochemistry by the ABC method. The highest level of D- 
Asp immunoreactivity occurs in the hypothalamus (e.g. 
paraventricular nucleus, anterior hypothalamic nucleus and 
lateral hypothalamic area), but much less in other brain areas. 
The staining appeared in the large cell bodies, dendrites and 
neuropil. Since the hypothalamus, pituitary and adrenals contain 
large quantities of D-Asp, the D-amino acid might participate in 
the regulation of hypothalamic-pituitary-adrenal system.

685.6
NMDA RECEPTOR SUBUNITS UNDERLYING TERMINALS OF 
FINE-CALIBER PRIMARY AFFERENT FIBERS. A. Rustioni*,
A. Popratiloff, and R.J. Weinberg. Dept. of Cell Biology and Anatomy, 
University of North Carolina, Chapel Hill, NC 27599.

Different glutamate receptor subunits may be related to specific 
groups of primary afferents terminating in superficial laminae of the 
dorsal horn. It has been previously shown that the GluR2 subunit of the 
AMPA receptor is concentrated in the deep part of lamina II. Here we 
present light and electron microscopic evidence for a denser concentration 
of the NMDAR1 subunit in lamina I and outer II. Because of this 
arrangement we hypothesized that NMDA receptors are primarily 
accessed by non-glomerular terminals containing dense core (peptidergic) 
vesicles. This was verified at the electron microscopic level by means of 
post-embedding immunogold. Extensive counts of synapses labeled by 
gold particles coding for NMDAR1 reveal that more of these are 
contacted by non-glomerular terminals than by glomerular terminals of 
either type 1 or type 2. By showing this bias for the NMDAR1 subunit, 
the present results suggest a preferential relation of this subunit for 
primary afferent terminals that release neuropeptides. Supported by 
USPHS grant NS 12440.

685.7
OVEREXPRESSION OF THE NMDA RECEPTOR SUBUNIT NR2D ALTERS 
CAI PYRAMIDAL CELL MORPHOLOGY. H. A. Cameron*, S. Okabe, and
R.D.G. McKay. Lab of Mol Biol, NINDS, NIH, Bethesda, MD 20892.

NMDA receptors have numerous roles, both in development and in 
adulthood. The different functions of NMDA receptors may be mediated by 
different receptor subtypes, which have different electrophysiological 
properties. The NR2D subunit is normally expressed in the scattered cells in 
the hippocampal pyramidal cell layer around the time of birth and is 
downregulated as development progresses. Conversely, the expression of the 
NR2B subunit in the hippocampus increases during development and 
continues into adulthood. In order to examine the role of changes in NMDA 
receptor subtypes in the late stages of development, the morphology of Golgi- 
impregnated CAI pyramidal cells was examined in adult male transgenic 
mice expressing the NR2D subunit under the control of a CAMKII a promotor 
and in wild type littermate controls. Total apical dendritic length was 
significantly decreased in NR2D transgenic mice compared to controls, but 
the number of apical branch points was unchanged. No significant differences 
were observed in CAI pyramidal cell basal dendrites. This profile is similar to 
that of normal CAI pyramidal cells in the third postnatal week, which have 
shorter apical dendrites than mature CAI pyramidal cells, but are identical to 
them in branch point number and basal dendritic morphology. Because the 
CAMKIIa promotor-driven expression NR2D in these transgenic mice begins 
during the third postnatal week, the morphological changes are consistent 
with the idea that NR2D upregulation, and the resulting NR2B
downregulation, prevents the normal morphological maturation of CAI 
pyramidal cells. This lack of CAI pyramidal cell dendritic maturation may be 
responsible for the electrophysiological abnormalities observed in these 
transgenic mice. Supported bp NINDS NIH.

685.8
TRANSIENT NEURONAL EXPRESSION OF GLUTAMATE 
TRANSPORTER, GLT1, IN FETAL BRAIN F.J.Northington*. 
R.C.Koehler. R.J. Traystman, and L, J, Martin, The Johns Hopkins Medical 
Institutions, Baltimore, MD 21287.

GLT1 is the most abundant of the known high-affinity glutamate 
transporters and found exclusively in astrocytes in the adult brain of several 
species. However, we have found that neurons, including pyramidal cells in 
hippocampus, motor neurons in cranial nerve nuclei, subplate neurons, and 
Purkinje cells in the cerebellum, transiently express GLT1 protein between 
60 and 93 days gestation in the fetal sheep (tcrm= 145days). By immuno-
blotting, GLT1 antibodies are highly specific in fetal sheep brain. Using 
double labeling techniques for known cellular phenotypes (MAP2 and 
calbindin for neurons, vimentin for astrocytes) and GLT1, we confirmed 
that GLT1 is transiently expressed by multiple cell types in the developing 
brain. MAP2 and GLT1 co-localized in a subset of subplate neurons. 
Compared to subplate neurons expressing only MAP2, GLT1+ subplate 
neurons were smaller and more abundant in frontal cortex compared to 
parietal-occipital cortex, parallelling the ontogeny of neoeortex. Within 
neocortex, occasional cells could be seen to express vimentin and GLT1. 
At 60 and 71 days, GLT1 was highly expressed in the periventricular white 
matter. A subset of Purkinje cells in the cerebellum were also found to co-
localize calbindin and GLT1 at 71 days. Simultaneously, white matter 
axons and deep cerebellar nuclei were also GLT1 immunoreactive. By 
term, GLT1 expression had a purely astrocytic pattern; neocortical neurons 
and Purkinje cells were no longer GLT1+, and the white matter had low 
GLT1 immunoreactivity. These results demonstrate that the cell type 
specificity of the GLT1 phenotype is developmentally regulated and 
depends on brain maturity. Supported by NS 34100, 20020, and KO81742
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685.9
EXPRESSION, DISTRIBUTION AND FUNCTIONAL ROLE OF 
METABOTROPIC GLUTAMATE RECEPTORS IN RAT AND HUMAN SPINAL 
CORD. A. Valerio3*, M. Paterlini3, P. Rizzonelli3, R. Kuhnb, M. Pizzi3, M. Memo3,
P.F, Spano3. 3Div. Pharmacol., Dept. Biomed. Sci. & Biotechnol., Brescia Univ. 
School of Medicine, Brescia, Italy;b Novartis Pharma AG, Basel, Switzerland.

By the means of a RT-PCR technique using primers specifically recognizing each 
cloned mGluR subtype, we have afforded a detailed study of the molecular forms of 
receptors belonging to the mGluR family in the spinal cord. We found that rat adult 
spinal cord specifically express high levels of the mRNAs encoding mGluRs la, 5a 
and 5b. mGluR lb mRNA appeared not to be expressed in rat spinal cord, suggesting a 
spinal cord-specific splicing of mGluR 1 isoforms. mRNAs for mGluRs 2, 3, 4 and 7 
were expressed at lower levels, while mGluR6 and mGluRS mRNAs were not 
detectable in rat spinal cord. Using polyclonal antibodies specifically recognizing 
different mGluRs, we have investigated the mGluR immunolocalization in adult rat 
and human spinal cord, which showed a superimposable staining pattern. We found 
strong mGluR la, mGluR3 and mGluR5 immuno reactivities predominantly detectable 
in the laminae I and II of the dorsal horns. In the ventral horns, motor neurons 
appeared to be specifically labeled with mGluR la and mGluR3 antibodies, while they 
were not stained by mGluR5 antibody. In vitro treatment of rat spinal cord slices with 
the mGluR agonist 1S,3R-ACPD counteracted the acute motor neuron toxicity induced 
by kainate, suggesting a protective role for mGluRs against motor neuron excitotoxic 
phenomena. The presence of mGluRs in human spinal cord regions involved in the 
processing of nociceptive signals give strong relevance to the recent finding that rat 
mGluRs mediate the transmission of noxious signals and is a stimulus toward the 
synthesis of analgesic drugs acting at mGluRs. Moreover, the presence of mGluRs in 
human motor neurons stimulates future investigation of mGluR function in human 
neurodegenerative pathology. The authors are grateful to dr G. Moretto for continuous 
support and critical comments. The financial support ofTelethon-Italy (Grant no. 724) 
is gratefully acknowledged.

685.10
RECEPTOR CHARACTERIZATION IN FETAL AND MATURE 
MONKEY CEREBELLUM: AN AUTORADIOGRAPHIC AND IMMUNO-
CYTOCHEMICAL STUDY OF EXCITATORY AND INHIBITORY AMINO 
ACID RECEPTORS. A Sakellaropoulos, £L Berger+ E.D. Kouvelas and 
A._Mitsac.os* Dept. of Physiology, Medical School, University of Patras, 
Patras, Greece, and INSERM U-106, Hopital de la Salpetriere, Paris, 
France.

Quantitative receptor autoradiography of 80nM [3H]CNQX, 200nM 
NMDA-sensitive [3H]glutamate, 8nM [3H]flunitrazepam and 12nM 
[3H]muscimol binding was used to study the topography of non-NMDA, 
NMDA and GABAa receptors in adult Squirrel monkey cerebellum. 
Immunocytochemistry with polyclonal antibodies against subunits of the 
AMPA receptor (GluR1, GluR2/3, GluR4), and antibodies against subunits 
of the NMDA receptor (NR1, NR2B) was performed on free-floating 
sections of developing (prenatal day 156) and mature Cynomolgus 
monkey cerebellum.

[3H]CNQX and [3H]flunitrazepam binding were highest in the molecular 
layer, while NMDA-sensitive [3H]glutamate and [3H]muscimol binding were 
highest in the granule cell layer of Squirrel monkey cerebellum. In mature 
and fetal cerebellum of Cynomolgus monkey, the molecular layer, as well 
as processes surrounding Purkinje cell bodies were stained with antibodies 
to GluR1 and GluR4. Purkinje cell bodies and their dendrites were more 
densely stained with antibodies to GluR2/3, but also with antibodies to NR1 
and NR2B subunits. In fetal cerebellum, staining of Bergmann glia with 
antibodies to GluR1 and GluR4 and staining of Purkinje neurons with 
antibody to G!uR2/3 were more intense compared to adult staining.

The data indicate a similar topography of amino acid receptors in the 
monkey compared to rat cerebellum. Our results also suggest a decrease 
in the expression of AMPA subunits during development in monkey 
cerebellar cortex.(Supported by EU grant contract No. BMH1-CT94-1378).

685.11
DISTINCT LOCATION OF DIFFERENT TYPES OF METABOTROPIC 
GLUTAMATE RECEPTORS RELATIVE TO SYNAPTIC RELEASE SITES.
R. Lujan1, I.D.B. Roberts1, R. Shigemoto2, H. Ohishi2, A.D. Smith1* and P.
Somogyi1. TMRC Anatomical Neuropharmacology Unit, Oxford University, 
Oxford 0X1 3TH, U.K. and ’Department of Morphological Brain Science, 
Faculty of Medicine, Kyoto University, Kyoto 606-01, Japan.

The distribution of postsynaptic mGluR5 (hippocampal pyramidal cell), 
mGluRla (Purkinje cell) and mGluR2 (Golgi cell) receptors was compared 
quantitatively using a pre-embedding silver-intensified immunogold 
technique at electron microscopic level. The two group I metabotropic 
glutamate receptor subtypes, mGluRla and mGluR5, show the highest 
receptor density in a perisynaptic annulus (defined as within 60 nmof the 
edge of the synapse) followed by a decreasing extrasynaptic (beyond 60 nm) 
receptor level, but the gradient of decrease and the proportion of the 
perisynaptic pool (mGluRla, -50%; vs. mGluRS, -25%) were different for 
the two receptors. mGluR2 is not selectively associated with synapses in 
the somato-dendritic, axonal and terminal plasma membrane of cerebellar 
Golgi cells. In the CAI hippocampal area serial section analysis revealed 
that dendritic spines are heterogeneous with respect to the ratio of 
perisynaptic to extrasynaptic mGluR5 pools, and that about half of the 
immunopositive spines lack the perisynaptic pool. The distinct patterns of 
mGluR distribution may reflect specific spatial requirements for different 
transduction and effector mechanisms and we suggest that the precise 
location of receptors is a highly regulated factor contributing to neuronal 
communication.
Supported by the British Medical Research Council.

685.12
ELECTRICAL STIMULATION OF THE MEDIAL PREFRONTAL CORTEX 
ELICITS RELEASE OF DOPAMINE AND GLUTAMATE IN NUCLEUS 
ACCUMBENS AND VENTRAL TEGMENTAL AREA IN RATS: EFFECTS 
OF DIFFERENT FREQUENCIES AND CURRENTS, T.M. Tzschentke*. Z.-B. 
You and R.A. Wise. CSBN, Concordia Univ., Montreal, QC H3G 1M8, Canada.

Rats were implanted with monopolar electrodes into the medial prefrontal 
cortex (mPFC) and guide-canula for microdialysis probes into the nucleus 
accumbens (Nac) or the ventral tegmental area (VTA). The mPFC was then 
stimulated with trains of rectangular current pulses (pulse width 0.1 ms, train 
duration 500 ms, 30 trains per min) of varying frequency (2-400 Hz) and current 
intensity (100-800 pA; 500 pA for most experiments) and 20-min microdialysis 
samples were collected from freely moving animals and assayed for glutamate 
(GLU) and dopamine (DA) using HPLC.
It was found that at a current of 500 pA frequencies of 25 Hz or higher elicited 
release of DA and Glu in both, Nac and VTA. Basal concentration of DA in the 
Nac was 1.82+0.16 nM, of DA in the VTA 0.90+0.13 nM, of Glu in the Nac 
9.61+1.40 pM, and of Glu in the VTA 5.89+1.36 pM. The maximum increase 
produced by the stimulation was 72 % above baseline levels for DA in the VTA 
and 61 % for DA in the Nac, and 78 % above baseline levels for Glu in the VTA 
and 129 % for Glu in the Nac. For the frequencies that did cause transmitter 
release, there was only a weak correlation between frequency and the magnitude 
of the elicited release, indicating that the graded responses seen for different 
frequencies in that range in additional self-stimulation experiments, involving 
independent groups of animals, is not due to graded release of DA or Glu m 
either Nac or VTA.
Supported by a grant from NIDA for R.A.W. and a DAAD HSPII/AUFE- 
scholarship for T.M.T.

685.13
DISTRIBUTION OF mGLUR4a IN MOUSE BRAIN WITH SUBTYPE-SPECIFIC 
ANTIBODIES. S. R. Bradley*2, K, J. Rhodes3, S. T, Rouse2, A, I, Levey1 and P. J. Conn2. 
Departments of Neurology' and Pharmacology2, Emory University School of Medicine, 
Atlanta, GA 30322 and Wyeth-Ayerst Research3 CN8000, Princeton, NJ 08543

Polyclonal antibodies that specifically react with subtype 4a of metabotropic glutamate 
receptors (mGluR4a), were produced and characterized by immunoblot analysis and 
immunocytochemistry. Antibodies were generated against the C-termmal domains of 
mGluR4a using synthetic peptide immunogens. Immunoblot analysis revealed that these 
antibodies recognized native proteins in mouse brain with molecular weights similar to 
the molecular weights of the bands in mGluR-transfected cell lines. Importantly, our 
mGluR4a antibodies did not recognize homogenates from membranes of mouse brains 
lacking of mGluR4. The regional distribution of mGluR4a immunoreactivity in mouse 
brain was consistent with the mGluR4 mRNA distribution previously reported. Western 
blot and immunocytochemistry analysis revealed that mGluR4a is specifically present in 
only a few brain regions. The highest level of immunoreactivity was found in the 
molecular layer of the cerebellum. Intense staining was detected in fibers and puncta in 
the globus pallidus and substantia nigra reticulata. Some immunoreactivity was also 
present in the hippocampus. In contrast, mGluR4a immunoreactivity was very low in 
regions such as the neocortex, thalamus and striatum. We also determined the subcellular 
distribution of mGluR4a in the hippocampus and cerebellum. Analysis at the electron 
microscopy level revealed that mGluR4a immunoreactivity is largely presynaptic in the 
middle third of the molecular layer of the dentate gyrus. In this region labeling was 
predominately seen in presynaptic profiles. Labeled profiles were very common and 
included preterminal axons and axon terminals. The most intense labeling was seen on 
axon terminals that formed asymmetric synapses with presumptive granule cell dendrites. 
These data support the hypothesis that mGluR4a is a presynaptic mGluR autoreceptor. 
Supported by an NIH NRSA postdoctoral fellowship (SRB) and NIH NINDS grants 
NS31373 and NS28405 (PJC) and by Wyeth-Ayerst Research.

685.14
INTERACTIONS OF PSD-95 / PSD-93 WITH THE NEURONAL 
CYTOSKELETON REGULATED BY AUTOINHIBITORY PDZ 
DOMAINS R. Topinka, J. E. Brenman and D. S. Bredt*. Department 
of Physiology, University of California at San Francisco, 94143

PSD-95 and PSD-93 are members of the neuronal membrane 
associated guanylate kinase (MAGUK) family, which are composed of 
modular protein motifs including 3 PDZ domains an SH3 domain and 
a region homologous to guanylate kinase. The PDZ domains of 
neuronal MAGUKs cluster NMDA receptors to downstream enzyme 
targets, such as neuronal nitric oxide synthase. In neurons and other 
cells, MAGUKs occur at the interface between the cytoskeleton and 
the plasma membrane. We now report that cytoskeletal association of 
neuronal MAGUKs is mediated by three proteins: microtubule- 
associated protein IA (MAPIA), and two unidentified brain-specific 
proteins of 140 and 100 kD, which all interact specifically with the 
isolated guanylate kinase domains of PSD-95 and PSD-93. MAP la 
closely colocalizes with PSD-93 in hippocampal and Purkinje cell 
dendrites and coimmunoprecipitates with PSD-93 from cerebellum. In 
vitro binding assays show that MAPI A and the 140 / 100 kD proteins 
do not effectively bind to full length MAGUKs due to a regulatory 
intramolecular association of the PDZ domains and the guanylate 
kinase domain. Maximal binding activity is restored by PDZ domain 
displacement using C-terminal peptides from the NMDA receptor. 
Regulation of the guanylate kinase domain of MAGUKs by 
autoinhibitory PDZ domain displacement may be analogous to 
activation of Src family tyrosine kinases by SH2 and SH3 domain 
displacement. (Supported by grants from the NIH and AHA.)
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685.15
Electron microscopy of the subcellular localization of phosphate activated 
glutaminase-an immunogold investigation in rat cerebellar cortex.

Jon Henrik Laake*T, Bjorg Roberg', Yutaka Takumf, Finn-Mogens Haug'. Eiling
Kvamme§, Ingeborg Torgner and Ole Petter Ottersen*. Dept. of Anatomy and Lab. 
of Neurochemistry\ Inst, of Basic Medical Sciences, University of Oslo. 
NORWAY.

Phosphate activated glutaminase catalyzes the deamidation of glutamine. This step 
contributes to the formation of transmitter glutamate. Biochemical analyses have 
indicated that the catalytic site of the enzyme is located to the outer aspect of the 
inner mitochondrial membrane. Previous immunocytochemical studies have 
suggested a predominantly neuronal localization, but the presence of glutaminase in 
glia could not be excluded. We used antisera raised against the N- and C-terminal 
ends of the enzyme in combination with immunoelectron microscopy in an attempt 
to confirm biochemical data and resolve the issue or neuronal vs. glial localization. 
Cerebella from perfusion fixed rats were subjected to a freeze substitution 
procedure to maintain optimal antigenicity. Ultrathin sections incubated with either 
antisera and labelled with gold-particle conjugated secondary antibodies revealed 
strong labelling of mitochondria in mossy fibres. Very little label was found in non- 
mitochondrial parts of the mossy fibres. Parallel fibres which normally exhibit few 
mitochondria were also largely unlabelled. On the other hand some label was found 
over cerebellar granule cells which give rise to the parallel fibres. Other tissue 
structures, including glia were largely unlabelled. The findings demonstrate that 
glutaminase is localized in neuronal mitochondria. Together with the previous 
demonstration of an exclusively glial localization of glutamine synthetase these 
findings highlight the specific compartmentation of enzymes involved in the 
glutamate — glutamine cycle.

Supported by The Sasakawa Foundation and The Norwegian Research Council.

685.16
INHIBITORS OF PROTEIN TYROSINE KINASES INCREASE THE FREQUENCY OF 
NON-NMDA mEPSCS IN CULTURED SPINAL CORD NEURONS G.J, Keil If and
M.W. Salter. Div Neurosci, Hosp Sick Children, and Dept Physiol, Univ Toronto, Toronto, 
0NM5G 1X8.

We have investigated the possibility that protein tyrosine kinases (PTKs) are involved in 
modulating presynaptic release of excitatory amino acids (EAAs) by studying the effect of 
PTK inhibitors on tlie frequency of spontaneously occurring non-NMDA miniature excitatory 
postsynaptic currents (mEPSCs).

Whole-cell patch-clamp recordings were made from dorsal horn neurons in primary cell 
culture prepared from fetal Wistar rats (see Yu et al., Science 275:674). non-NMDA 
mEPSCs were isolated by holding the postsynaptic membrane potential at -60 mV, and 
recording whole-cell currents in the presence of bicuculline (10 pM), strychnine (10 pM), 
TTX (1 pM), and aminophosphovaleric acid (100 pM). The membrane-permeant PTK 
inhibitors, genistein (100 pM) and lavendustin A (10 pM), and the inactive analog of 
gemstein, daidzein (100 pM), were bath applied in extracellular solution (ECS). The 
membrane-impenneant PTK inhibitor, peptide A (100 pM), was included in the intracellular 
recording pipette.

Genistein and lavendustin A induced significant increases in mEPSC frequency (to 
168.3±31.8 and 152.1±23% controls, respectively) without effecting mEPSC amplitude or 
decay kinetics. In contrast, daidzein did not affect mEPSC frequency nor currents. Including 
peptide A in the recording pipette to inhibit postsynaptic PTKs did not affect the mEPSC 
frequency or amplitude. Lastly, mEPSC frequency was still increased by genistein when 
peptide A was included in the patch pipette.

These results suggest the inhibitors cause changes in mEPSC frequency presynaptically. 
Furthermore, they suggest that the vesicular release of EAAs is modulated in an on-going 
manner by PTKs and that the inhibition of presynaptic PTK activity leads to increased 
vesicular release of EAAs.

Supported by MRC Canada and The Nicole Fealdman Memorial Fund.

685.17
PKC INHIBITION OF GROUP II AND GROUP III MGLUR AUTORECEPTOR 
FUNCTION AT MEDIAL AND LATERAL PERFORANT PATH SYNAPSES. 
T.A. Macek* and P.J. Conn Dept. of Pharmacology, Emory Univ. School of Med., 
Atlanta, GA 30322.

Group II and group III mGluRs have been shown to have a differential 
involvement as autoreceptors at lateral and medial perforant path synapses of the 
dentate gyrus in the adult rat. Group II selective agonists such as (2S,l'R,2'R.3'R)-2- 
(2,3-dicarboxycyclopropyl) glycine (DCG-IV) potently reduce field excitatory post 
synaptic potentials (fEPSPs) at the medial (MPP), but not lateral (LPP) perforant 
path-dentate gyrus synapse of the rat. Conversely, group III mGluR agonists such 
as L-2-amino-4-phosphonobutyric acid (L-AP4) potently reduce fEPSPs at LPP but 
not MPP. A group II mGluR serves as a presynaptic autoreceptor at cortico-striatal 
synapses. Autoreceptor function at this synapse can be disrupted by activation of 
protein kinase C (PKC) by phorbol esters. It is not known whether PKC inhibition 
of group II autoreceptor function is restricted to cortico-striatal synapses, or is a 
more global phenomenon. Furthermore, it is not known whether the autoreceptor 
functions of group III mGluRs can be similarly inhibited by activation of PKC.

Here, we report that group II mGluR autoreceptor function can be inhibited 
at the medial perforant path-dentate gyrus synapse by application of phorbol-12,13- 
dibutyrate (PDBU), while inactive phorbols such as 4-a-phorbol have no effect on 
group II autoreceptor function. Group III autoreceptor function at LPP can also be 
disrupted by PDBU, while inactive phorbols have no effect on autoreceptor 
function. This demonstrates that PKC- mediated inhibition of mGluR autoreceptor 
function is not restricted to cortico-striatal synapses, but may be a more general 
phenomenon that occurs at multiple synapses. Taken together with previous findings 
with group I mGluRs, these data suggest that PKC activation can inhibit function 
dof each major group of mGluRs. Supported by NIH NINDS grant NS31373 (PJC).

685.18

Effects  of  glutamate  receptor  activation  on  
ANTIDROMIC RESPONSES IN AMBIGUUS MOTONEURONS IN 

THE RAT. Y. Yaima * L Y. Hayashi 1 and T. Hayakawa 2 Dept. of 
Physiology 1 and Anatomy 2, Hyogo College of Medicine, Mukogawa, 
Nishinomiya, Hyogo 663, Japan

The loose formation in the nucleus ambiguus comprises the 
motoneurons innervating the intrinsic laryngeal muscles except the 
cricothyroid. We have shown that a large number of the laryngeal 
motoneurons were influenced by GABAa  receptor mediated inhibition. 
Immunohistochemical study indicated that majority of the laryngeal 
motoneurons were not only cholinergic but also glutaminergic. We tried 
to determine what types of glutamate receptors play a major role in the 
laryngomotor system. The laryngeal motoneurons were identified by the 
antidromic activation to the ipsilateral recurrent laryngeal nerve 
stimulation which was also proved by collision as well as high 
frequency stimulation testing. AMPA, NMDA and KA receptor 
agonists and antagonists were applied iontophoretically to the soma of 
motoneurons through a five-barrel electrode which was glued with a 
glass micropipette for extracellular recording. Antidromic responses 
were potentiated significantly following iontophoresis of AMPA and 
were reversibly antagonized by application of CNQX.

685.19
CONCURRENT IMAGING OF CYTOSOLIC & MITOCHONDRIAL 
CALCIUM FLUXES IN STRIATAL NEURONS USING TWO 
FLUORESCENT CALCIUM INDICATORS. T-I. Peng* and J.T, 
Greenamvre. Dept. of Neurology, Emory Univ., Atlanta, GA 30322.
The ability of neuronal mitochondria to sequester cytosolic free Ca2+ during the Ca2+ 

load induced by glutamate has been suggested to play an important role in glutamate 
excitotoxicity. While many studies have suggested that mitochondrial Ca2+ levels 
respond dynamically and sensitively to changes in cytosolic Ca2+, measurements of 
mitochondrial Ca2+ and cytosolic Ca2+ in these studies were not performed at the same 
time with the same cells. We loaded primary striatal neurons with two Ca2+ 
indicators, calcium-green IN and rhod-2 and visualized the fluorescence signals with 
laser scanning confocal fluorescence microscopy. Neurons were rapidly and 
sequentially excited by the 488 nm line of an argon laser (emitted fluorescence detected 
with a 530/30 nm filter), and the 568 nm line of a krypton laser (emitted fluorescence 
detected with a 605 nm long-pass filter). Signal from calcium-green stayed primarily 
in cytosolic areas, while signal from rhod-2 was associated with mitochondrial 
regions. Each set of fluorescence images was recorded at a rate of 0.5 Hz. During 
kinetic data analysis, only calcium-green signals from pre-defined cytosolic areas and 
rhod-2 signals .from pre-defined mitochondrial areas were used. When neurons were 
treated with 100 pM NMDA, there were virtually simultaneous increases of cytosolic 
and mitochondrial Ca2+. The fluxes of Ca2+ in these two compartments showed 
similar time courses and rates of change and appeared to be time-locked. In contrast, 
when neurons were treated with 0.3 pM ionomycin, mitochondrial Ca2+ fluxes lagged 
behind cytosolic Ca2+ fluxes. These data suggest that mitochondrial Ca2+ uptake in 
response to an increase of cytosolic Ca2+ is more tightly coupled during NMDA 
receptor activation than during Ca2+ ionophore treatment. (Supported by the 
Huntington’s Disease Society of America and a Mallinckrodt Scholar Award )

685.20
CALCIUM PERMEABLE AMPA RECEPTORS EXPRESSED IN LAMINAE I 
AND II OF THE POSTNATAL RAT SPINAL CORD H.S. Engelman*, 
C.Albuquerque, C.J. Lee, T.B.Ailen, & A.B. Mac Dermott Department of 
Physiology and Cellular Biophysics and Center for Neurobiology and Behavior, 
Columbia University, New York, NY 10032.

The cobalt staining technique is widely used to identify cells expressing Ca2+- 
permeable AMPA receptors, both in culture and in brain slice (Pruss et al., 1991; 
Nagy et al., 1994). We have applied this technique to determine whether neurons 
in the superficial dorsal horn express these receptors. We have also used selective 
antagonists to block cobalt loading. P8-12 rat spinal cord slices were incubated 
with kainate (250 pM) in the presence of 1.5 mM CoCl2 for 20 minutes in a 
reduced Na+ and Ca2+ Krebs solution. Kainate induced cobalt loading in laminae I 
and II of the dorsal horn, areas receiving noiciceptive input. In parallel slices 
incubated with the non-NMDA receptor antagonist CNQX (50 pM) or with the 
relatively selective AMPA receptor antagonist GYKI 53655 (100 pM) for 15 
minutes prior to and during kainate exposure, the cobalt loading was prevented. 
Joro spider toxin (JSTX-3), a specific antagonist of the Ca2+ permeable AMPA and 
kainate receptors, also blocked cobalt loading in laminae I and II neurons. Spinal 
cord slices were treated with 1-10 pM JSTX-3 plus 250 pM kainate 15 min prior to 
cobalt exposure to enhance the use-dependent block. JSTX-3 also blocked kainate- 
induced cobalt loading in cultured dorsal horn neurons (dissociated at El 6 and 
cultured for 2-5 weeks). These results suggest that neurons expressing Ca2+- 
permeable AMPA receptors are present in laminad I and II of the postnatal rat 
spinal cord, and may therefore contribute to nociceptive processing in the dorsal 
horn. Supported by NIH, the American Paralysis Association and the National 
Science Foundation.
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686.1
ETHANOL INHIBITS THE EFFECT OF GLUTAMATE RECEPTOR 
ACTIVATION ON APOPTOSIS AND [Ca2+]; SIGNALING IN 
CULTURED CEREBELLAR GRANULE NEURONS. F.X. Zhang’ and 
T.A. Rooney, Dept. of Pathology, Cell Biology and Anatomy, Thomas 
Jefferson University, 1020 Locust Street, Room 269 JAH, Philadelphia, PA 
19107.

Glutamate is a major excitatory neurotransmitter that plays an 
important role during the development of CNS. Several studies have shown 
that ethanol inhibits NMDA-mediated Ca2+ entry in cerebellar granule neurons 
and its ability to rescue granule cells from undergoing apoptosis. However, the 
effects of kainate, AMPA and quisqualate on the apoptotic process and 
intracellular Ca2+ homeostasis in rat cerebellar granule neurons, and their 
sensitivity to ethanol, is largely unknown.

In the present study, cerebellar granule cells were isolated from 7-day 
old rat pups and kept in BME medium containing serum and 25 mM KC1 for 
7 days in vitro before treatments. After changing to serum-free medium 
containing 5 mM KC1, cells became apoptotic within 24 hours as assessed by 
Hoescht dye staining, Trypan blue staining, the MTT assay and DNA 
laddering. We found that addition of NMDA (100 pM), kainate (100 pM), 
AMPA (20 pM), or quisqualate (100 pM) rescued neurons from apoptosis 
and that ethanol (100 mM) inhibited this trophic action (by about 90%).
Ethanol (100 mM) also inhibited the [Ca2+]; responses elicited by NMDA, 
kainate, AMPA, or quisqualate by more than half in Fura-2(AM) loaded 
neurons. These results indicate that both ionotropic and metabotropic 
glutamate receptors can regulate apoptosis and [Ca2+], signaling in cerebellar 
granule neurons by a mechanism that is sensitive to inhibition by ethanol. 
(Supported by grant AA10413 from NIH).

686.2
Lithium differentially affects Glutamate Receptors N.B. Karkanias1*. 
A.Y, Kabakov2 and R.L, Papke1’2- Depts. of Neuroscience1 and Pharmacology2, 
Univ. of Florida Col. of Med., J.H.M Health Science Center, Gainesville, FL 32610

Lithium is used as a treatment for bipolar disorder, a unique therapeutic 
application for a monovalent cation which suggests a role for lithium in the 
modulation of brain function. We have been investigating lithium permeability and 
conductance through ionotropic glutamate receptors and have confirmed that both 
NMDA and non-NMDA receptors are permeant to lithium. The specific effects of 
lithium on GluR current appear to be determined by GluR subunit composition. 
The agonist induced membrane conductance recorded with two-electrode voltage 
clamp in Xenopus oocytes in the presence of lithium decreased by 52±5% for 
GluR6Q and 75±21% for NMDAR1/2B. Consistent with this, our preliminary 
patch clamp studies of NMDAR 1/2B show a decrease in single channel current 
amplitude in the presence of lithium. In contrast to the decreased macroscopic 
conductance of GluR6Q and NMDAR1/2B, lithium increases the macroscopic current 
of GluRl/GluR2 heteromers by 35±9% and GluR3 homomers by 168±2%. 
Concentration-response relationships for kainate on GluR3 suggest that lithium 
increases-agonist efficacy. A 21% potentiation of GluR3 currents persists at the 
therapeutically relevant lithium concentration of 5 mM. This degree of potentiation 
is roughly 3 -fold higher than would be predicted by a simple mole fraction effect. 
The effect of lithium on the GluRl/GluR2 heteromeric channels appears as an 
increase in both inward and outward currents. Since under our experimental 
conditions outward currents will be carried mainly by potassium, an increase in 
outward current suggests that lithium may enhance the probability of channel 
opening or alternatively increase the predominant single channel conductance. 
Experiments with GluR2(R612Q) homomers suggest that lithium's effects are not 
regulated by the Q/R site which influences divalent ion permeability. Additional 
GluR3 mutant channels, GluR3(Q612N) and GluR3(Q612R) provided by Dr. R. 
Dingledine, are being used to investigate the relationship between lithium's effects 
and divalent permeability and/or current rectification.
Supported by NIH R01 NS3288-0A2.

686.3
REDUCTION IN KETAMINE EFFECTS IN HUMANS BY 
LAMOTRIGINE. A. Anand, D.S. Charnev, R.M. Berman. D.A. Oren, A. 
Cappigllfi,.and-J-H KrysiaL Dept. Psychiatry, Yale Univ. Sch. Med., 
Psychiatry Service (116-A), VA Connecticut, West Haven, CT 06516

Ketamine is a non-competitive antagonist of the NMDA receptor that 
produces psychosis, perceptual alterations, thought disorder, and mood 
changes in healthy subjects. Preclinical studies suggest that ketamine may 
increase cortical glutamate levels. As a result, we evaluated the capacity of 
lamotrigine, a drug reported to reduce glutamate release, to reduce 
ketamine effects in healthy humans. Methods: In an ongoing study, healthy 
subjects (n=6) completed 4 test days involving the administration of 
lamotrigine 300 mg,, p.o. or placebo 2 hours prior to ketamine (bolus, .23 
mg/kg, I.v., .5 mg/kg/hr, I.v.) or placebo in a randomized order under double-
blind conditions. Cognitive, behavioral, and neuroendocrine assessments 
were performed. Results: Preliminary analyses suggest that lamotrigine 
blunted the amnestic effect of ketamine, as assessed by the Hopkins Verbal 
Learning Test, and the perceptual effects of ketamine, as assessed by the 
Clinician-Administered Dissociative States S'.ale. There were also non-
significant trends for lamotrigine to reduce ketamine effects on BPRS 
positive and negative symptoms scores and to enhance the euphoric 
effects of ketamine. Implications: These preliminary data provide indirect 
support for the hypothesis that some cognitive and behavioral effects of 
ketamine in humans are mediated by enhancement of glutamate release. 
This work was supported by research funds from the Department of 
Veterans Affairs, NIAAA, and NIMH.

686.4
CHANGES OF NON-NMDA RECEPTOR DENSITY IN THE 
RAT CEREBRAL CORTEX FOLLOWING TO DEPLETE 
SEROTONIN. F. Shutoh*, S-Hamada, M.Shibata^R-Qkado, 
Neurobiol. Lab., Dept. Anat., Inst. Basic Med. Sci., Univ. 
Tsukuba, Tsukuba, Ibaraki, Japan, 305.

P-chlorophenylalanine was injected in experimental rats to 
deplete serotonin (5-HT) and AMPA and kainate receptor 
binding was examined in the frontal, parietal and occipital 
cerebral cortex. At the maximum [3H]AMPA binding increased 
by 50 % similarly in the three regions. [3H]kainate binding 
assay revealed that the total Bmax values decreased by 40% in 
the three regions. Quantitative immunoblot analyses showed 
that GluR2/3 receptors increased by 40%, and that GluRl 
receptors decreased by 30%. GluR4 receptors were not 
remarkably changed. Subtype specific effect on the density of 
non-NMDA receptors occured following to deplete serotonin. 
This study have demonstrated 5-HT to modulate plasticity by 
changing non-NMDA excitatory neurotransmission.

686.5
FAST INTERACTION BETWEEN AMPA AND NMDA RECEPTOR 
CHANNELS BY INTRACELLULAR CALCIUM. A. Rozov, P. 
Bregestovski*, T. Kuner, P. H. Seeburg and N. Bumashev, MPI fiir 
medizinische Forschung, D-69120 Heidelberg, Germany; Institut Pasteur, 
INSERM U-261, 75724 Paris, France

An increase in intracellular calcium concentration ([Ca]j) causes a 
reversible inactivation of NMDAR channels. The evaluation of NMDARs 
inactivation by Ca ions entering via AMPARs is obscured by Ca influx 
through NMDAR channels itself. To circumvent this problem we co-
expressed Ca permeable GluR-B(Q) AMPAR and Ca impermeable 
NR1(R)-NR2A NMDAR channels in HEK 293 cells and examined the 
interaction between AMPARs and NMDARs. Submicro-molar [Ca]; 
arising through AMPARs reversibly reduced NMDAR whole-cell currents 
as revealed by simultaneous measurements of currents and [Ca];. The time 
courses of the NMDAR channel inactivation and its recovery followed the 
time course of the [Ca]; transients, the C-terminal portion of the NR1- 
subunit of NMDARs being an essential domain for this inactivation. To 
mimic evoked postsynaptic current, 1 ms pulse of 3 mM glutamate was 
applied to outside-out patches pulled from the cells co-expressing GluR- 
B(Q) and NR1(R)-NR2A channels. At 10 mM extracellular Ca the peak of 
the NMDA component of the glutamate evoked current was reduced on 
average by 25% compared to that in the presence of CNQX, a selective 
blocker of AMPAR. When the slow Ca buffer EGTA was present on the 
cytoplasmic side at a concentration comparable to the endogenous buffer 
in dendrites, the degree of NMDAR channels inactivation increased with 
the charge carried by AMPAR channels. We conclude that Ca entering 
through AMPARs inactivates colocalized NMDARs in the time range of 
excitatory postsynaptic currents by its direct or indirect interaction with 
the C-terminal domain of the NR 1-subunit.

686.6
REVERSE Na+/Ca2+EXCHANGE CONTRIBUTES TO GLUTAMATE-INDUCED 
[Ca2+]; INCREASES IN CULTURED FOREBRAIN NEURONS. K.R. Hoyt*. S. 
Ardent, E. Aizenman* and I. J. Reynolds. Depts. of Pharmacol, and Neurobiol?, Univ. of 
Pittsburgh, Pittsburgh PA 15261.

Activation of glutamate (Glu) receptors causes a Ca2+ increase which is an important 
signalling mechanism, as well as a lethal stimulus when excessive. Because intracellular 
Na+ is also elevated, it is possible that reversal of the plasma membrane Na7Ca2+ 
exchanger (NCE) accounts for some of this increase. This process has been difficult to 
assay reliably since specific inhibitors have not been available. Recently, KB-R7943 was 
reported to inhibit the reverse mode of the NCE at a concentration 10-fold lower than that 
required to inhibit the forward mode (J.Biol.Chem. 271: 22391). We confirmed that KB- 
R7943 inhibited the reverse mode of NCE and tested the effect of this drug on Glu-induced 
Ca2+ increases in cultured rat forebrain neurons loaded with indo-1 AM. Neurons were 
loaded with Na+ in the absence of Ca2+ using 30 pM NMDA/1 pM glycine. Then NMDA 
was washed out in the contmued absence of Ca2+ for 2 min. When Ca2+ was reintroduced 
in the absence of Na+ to stimulate Na+ efflux with concurrent Ca2+ influx (reverse mode) 
the peak Ca2+ change was 3 pM. The IC50 for inhibition by KB-R7943 was 0.7 pM which 
is comparable to reported values. When tested against kainate- (100 pM), NMDA- (30 
pM), Glu- (3 pM) or KC1- (50 mM) induced Ca2+ transients (15 sec application, in the 
presence of Na+ and Ca2+), KB-R7943 inhibited these transients with IC50 values of 6.6, 
8.2, 5.2, and 2.9 pM respectively. KB-R7943 (10 pM) also inhibited (by >50%) Ca2+ 
increases caused by a high concentration of Glu (100 pM, 15 sec), and dramatically 
reduced the time required for Ca2+ to return basal levels after Glu removal (>75% faster 
recovery time). KB-R7943 (10 pM) did not inhibit NMDA or kainate-induced whole cell 
currents, excluding a direct inhibitory effect on receptor activation. Inhibition of VSCCs 
may account for part of the effect of KB-R7 943 on kainate and KCl-induced Ca2+ changes, 
but not in the case of NMDA receptor activated Ca2+ changes since activation of VSCCs 
does not contribute substantially to the Ca2+ increase caused by NMDA. These results 
suggest that reverse NCE is likely to contribute to the rise in intracellular free Ca2+ resulting 
from Glu receptor activation. Supported by NS 34138 and the A.H.A.
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686.7
The  Role  of  Glutamate  Receptor  Subtypes  in  Synchronized  
Ca 2+ OSCILLATIONS Eric Gruenstein**® and Xiaoshu Wang* Neuroscience 
Graduate program; ®Department of Molecular Genetics, Biochemistry, and 
Microbiology, University of Cincinnati College of Medicine, Cincinnati, OH 45267.

Dissociated rat cortical neurons can reassociate in vitro to form 
synaptically connected networks that are able to undergo highly synchronized 
oscillations in cytoplasmic calcium We have previously proposed a 
mechanism in which these oscillations are synaptically driven and are initiated 
by glutamate release (Wang & Gruenstein, Brain Res, in press). In the present 
study we have evaluated specific inotropic and metabotropic glutamate 
receptor agonists for their ability to initiate or modulate these calcium 
oscillations. We found that the inotropic agonists NMDA, AMPA, and KA 
were unable to initiate calcium oscillations, as were the metabotropic 
glutamate agonists QA and LAP4. On the other hand, the metabotropic 
agonist ACPD was able to initiate calcium oscillations in some cultures. 
However, these were different from the usual oscillations in being resistant to 
inhibition by tetrodotoxin and by occurring asynchronously. Under conditions 
where calcium oscillations were induced by removal of Mg2+ from the culture 
medium, addition of inotropic glutamate agonists at low concentrations 
increased the frequency of oscillations while higher concentrations slowed and 
ultimately stopped them Under the same conditions addition of QA decreased 
the frequency but also caused a significant increase in the amplitude of each 
calcium spike. The data on inotropic agonists are consistent with our previous 
model in which small membrane depolarizations enhance spike initiation while 
larger depolarizations interfere with recovery from spike termination. The 
hitherto unappreciated effects of metabotropic glutamate receptors suggest 
that they may be involved in modulation of synchronized calcium oscillations 
as well as in the initiation of a different type of asynchronous oscillation.

686.8
DEVELOPMENTAL REGULATION OF THE RECOVERY PROCESS FROM 
GLUTAMATE-INDUCED RISE IN CYTOPLASMIC CALCIUM IN RODENT 
PRIMARY NEURONS. E, Adamec 7 M. Didier and R. A. Nixon. Laboratories 
for Molecular Neuroscience, Mailman Research Center, McLean Hospital, 
Belmont, MA 02178.

The objective of this study was to investigate the ability of hippocampal neurons 
and cerebellar granule cells to recover from glutamate-induced Ca2+ rise with special 
emphasis on the developmental regulation of the recovery process. The culture 
period of hippocampal neurons was divided into three developmental stages: 7, 12- 
14, and 17-19 days in vitro (DIV). For cerebellar granule cells, two stages were 
considered: 8-9 and 15-16 DIV. Neurons were stimulated with 100 pM glutamate 
for 1 or 10 min followed by a 30 min period of wash with a physiological buffer 
solution to assess the kinetics and the extent of recovery'. Short period of drug 
exposure (1 min) was characterized by a rapid rise of cytoplasmic calcium 
concentration ([Ca2+D to a peak, followed by an exponential-like decay during the 
period of drug removal. Longer period of drug exposure (10 min) frequently led to 
incomplete recovery followed by a secondary [Ca2+]i rise exceeding the initial peak. 
In both primary cultures, the [Ca2+]: recovery profile from 1 min administration of 
100 pM glutamate was best approximated by a double exponential decay function. 
The rate constants for both the fast and slow component of the decay curve were 
significantly lower in older cells. The difference in the kinetics of recovery was also 
associated with significantly lower extent of the absolute [Ca2+]j recovery in older 
cultures. In addition to the influence of the developmental stage, the ability to 
recover from [Ca2+]j load depended also on the length of [Ca2+]i rise. Drug exposure 
for 10 min led to a secondary Ca2+ rise associated with a very variable kinetics and 
extent of recovery. The frequency of occurrence of this secondary [Ca2+], 
destabilization was significantly more common in older cultures. Overall, these 
results indicate developmentally mediated impairment of [Ca2+], recovery from 
glutamate-induced [Ca2+]j load in older neurons.

Supported by a grant from the National Institute on Aging (AG10916).

686.9
Dex-tyr-DYNORPHIN A(2.1V) INCREASES THE INTRACELLULAR 
CALCIUM CONCENTRATION IN RAT CORTICAL NEURONS. 
Oingbo Tang, Ronald M. LvnchL Edward J. Bilskv*, Frank Porreca and
Josephine Lai. Departments of Pharmacology and Physiology, The 
University of Arizona Health Sciences Center, Tucson, AZ 85724.

The excitatory, non-opioid effect of the neuropeptide dynorphin has been 
proposed to be mediated through NMDA receptors based on the ability of 
NMDA receptor antagonists to reverse the dynorphin effect. In contrast, 
dynorphin also has been shown to inhibit NMDA receptor-mediated ion currents 
in acutely dissociated trigeminal neurons. To determine the effect of dynorphin 
on the excitability of neurons, we monitored the effect of Jes-tyr-dynorphin A(2.17) 
on the intracellular calcium concentration ([Ca2+]j) of cortical neurons isolated 
from neonatal rats by fluorescence imaging analysis. The change in [Ca2+], 
induced by r/es-tyr-dynorphin A(2.17) was measured by the change in the 
fluorescence intensity of Fluo3 expressed as a percentage of the maximal change 
in fluorescence induced by 40 mM KCI in the same cell. Des-tyr-dynorphin A(2. 
17) elicited an increase in [Ca2+]; in a dose-dependent manner which was 40% that 
of maximal response at 100 pM of the peptide. This stimulatory effect was not 
blocked by 10 pM naloxone, suggesting that this effect was not mediated by 
opioid receptors. We are currently extending these studies to examine the effect 
of r/es-tyr-dynorphin A(2.17) on NMDA mediated function in cortical neurons and 
in HEK 293 cells that have been transfected with cDNAs for the NMDA receptor 
complex.

686.10
EFFECTS OF a- AND {3-ADRENERGIC AGONISTS ON EXCITATORY 
AMINO ACID-GATED AND L-TYPE CALCIUM CURRENT IN CONE 
HORIZONTAL CELLS FROM THE CATFISH RETINA. F. Zinebi* and B.N. 
Christensen. Department of Physiology & Biophysics, F-41, University of Texas 
Medical Branch, Galveston Texas 77555-0641.

The present study examined the effects of a- and ^-adrenergic agonists on both 
excitatory amino acid-induced current (Ieaa ) and voltage-dependent calcium 
current (Ica2+) in horizontal cells isolated from the catfish retina. Horizontal cells 
were voltage clamped using the whole-cell mode of the patch clamp technique 
and held at -65 mV. Inward currents (Inmda ) were recorded using a concentration- 
clamp system to superfuse the cell with 100 pM NMDA. All experiments with 
EAA were done in the presence of 200pM Cd2+ and IpM TTX. When NMDA 
was applied to the cell simultaneously with a- (Arterenol or Phenylephrine) or (3- 
adrenergic agonists (Isoproterenol) at 200-500 pM, Inmda  decreased in a 
concentration dependent manner. The same result was obtained with glutamate 
(50pM) and Kainate (10 pM). The voltage dependence of the antagonism was 
examined over the range of -100 to +40 mV. Blockade of Inmda  by arterenol and 
isoproterenol was significant from -100 to -40 mV and almost absent at more 
depolarized levels, a-adrenergic agonists also had an inhibitory effect on L-type 
calcium channel in these cells.

We conclude that adrenergic agonists have a regulatory effect on both 
voltage-dependent and excitatory amino acid-induced currents in horizontal cells. 
Supported by grant NEI-01897.

686.11
MODULATION OF SYNAPTIC TRANSMISSION BY ETHANOL: ROLE OF 
L-TYPE CALCIUM CHANNELS. MP Thomas* and RA Morrisett.
Dept. of Pharmacol., Univ. Nebraska Med. Ctr., Omaha, NE, 68198-6260.

Alterations in synaptic transmission are thought to underlie different forms 
of alcohol-related CNS disorders, and much work has focused upon direct 
actions of alcohol on ligand-gated ion channels. However, increasing 
evidence suggests novel and complex pre- and postsynaptic interactions 
between voltage-gated calcium channels (VGCCs) and synaptic receptors. 
Ethanol effects on VGCCs could affect excitability in several ways, by altering 
presynaptic transmission, the intrinsic excitability of postsynaptic neurons or 
the capability of VGCCs to modulate glutamate receptor (GLUR) function. We 
are investigating these possibilities by analysis of miniature excitatory 
postsynaptic currents (mEPSCs) in hippocampal neurons.

Hippocampal slices were prepared from 12-20 day old rat pups and whole-
cell voltage clamp recordings were made from CA1 pyramidal cells. mEPSCs 
were recorded in the presence of 1 pM TTX and 25 pM picrotoxin and were 
sensitive to appropriate presynaptic and postsynaptic alterations, in order to 
assess the interactions between presynaptic VGCCs and ethanol affecting 
presynaptic function, we enhanced mEPSC frequency with the L-VGCC 
agonist, BAY K 8644 and elevated K+. This manipulation resulted in a several-
fold increase in mEPSC frequency, without significantly altering the amplitude 
of events. Application of 75 mM ethanol reversed the BAY K 8644-induced 
increase in mEPSC frequency without affecting event amplitude distribution.

These data suggest that L-type VGCC function can contribute to an ethanol- 
sensitive enhancement of transmitter release. While L-type channels are not 
thought to play a role in basal transmission at central synapses, enhancement 
of VGCC function as demonstrated here would be expected to affect GLUR- 
dependent transmission in novel ways (NIAAA R29 09230 to RAM).

686.12
DIFFERENCES IN GLUTAMATE, CHOLINERGIC AND GABA MODULATION 
OF INTRACELLULAR CA2+ LEiVELS IN CULTURED CEIL LINES DERIVED 
FROM BRAIN CORTEX OF NORMAL AND TRISOMY 16 MOUSE FETUSES, 
AN ANIMAL MODEL FOR HUMAN TRISOMY 21. P. Caviedes+O, A.M, 
Cardenas*, M. Rodriguez*, J.L, FiedlerA*, S.I. Rapoport® and R. CaviedesT Ylept. 
of Physiology & Biophysics; Fa<. of Medicine, and AFac. of Chemistry, Univ. of 
Chile, *Fac. of Medicine, Univ. of Valparaiso, Chile; “Centro de Estudios 
Cientificos de Stgo., Chile; and ®LNS/NIA/NIH, Bethesda, MD, USA.

We have established permanently growing cell lines from various origins of the 
Central Nervous System of normal and trisomy 16 mouse fetuses. Cell lines CNh 
and CTb, derived from cerebral cortex of normal and trisomic subjects respectively, 
express neuronal but not glial immunohystochemical markers. CTb cells 
overexpress SOD-1 activity anil develop cytoplasmic vacuoles with Congo Red 
positive material. We have now studied the effect of modulators of glutamate, 
cholinergic and GABA receptors in the intracellular Ca2+ levels ([Ca2+] J of cultured 
Nh and CTb cells loaded with indo-1. Glutamate induced EGTA-sensitive increases 
in [Ca2+], in both cell types. The amplitude of these responses was 59% greater in 
CTb compared to CNh cells, aid the decay appeared slower in CTb cells (tcntw  
51.84 ± 32 sec, n=21; TenU 9i .8 ± 22.1 sec, n=15), suggesting a reduced Ca2+ 
buffering capacity. 38% of CNh cells respond to NMDA (n=13) and 25% to AMPA 
(n=16); whereas only 24% of CTb respond to NMDA (n=17) but 50% are sensitive 
to AMPA (n=12). Nicotine increased [Ca2+]; in both cell types. This effect was 
blocked by EGTA and hexametonium. and the amplitude in CTb cells was reduced 
to 64% of the value for CNh cells. Also, 22% of CNh cells and 41% of CTb 
respond to muscarine, and 45% of CNh cells and 30% of CTb respond to GABA. 
The results suggest a neuronal ostgin of the CNh and CTb lines, and the latter could 
represent a pathophysiological n ndel for Down syndrome and Alzheimer's disease. 
Supported by Fondecyt 1950485 ,md DIUV 2995, Chile.
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686.13
ANDROGEN MODULATES HIPPOCAMPAL PYRAMIDAL CELL
ACTIVATION BY EXCITOTOXINS. R. H. Price, Jr*, and R. J. Handa. Dept. of 
Cell Biology, Neurobiology and Anatomy, Loyola Univ Chicago, Maywood, IL 
60153.

Excitotoxic insult initiates a cascade of events within a neuron which include 
sustained depolarization and compromised energy production. The ATP-dependent 
sodium pump (Na+,K+-ATPase) is required in part to counteract such sustained 
depolarization. Previous studies suggest that die levels and/or activity of the Na+,K+- 
ATPase may be regulated in part by gonadal steroid hormone levels. Furthermore, 
androgen receptors are found in CAI and CA3 pyramidal cells and studies from this 
lab suggest that prolonged androgen treatment may protect these cells from NMDA- 
mediated neurotoxicity. To investigate the possibility that Na+,K+-ATPase might 
mediate the neuroprotective effect of androgen, the following studies were performed. 
The mitochondrial enzyme inhibitor, malonate (1M), was infused directly into the 
hippocampus and this treatment dramatically upregulated mRNA encoding the a3 
subunit of Na+,K+-ATPase in CAI pyramidal cells adjacent to the insult in androgen 
treated animals. Because studies have shown that the neurotoxic effects of malonate 
can be mediated by the NMDA receptor, we examined the possibility that glutamate 
was upregulating Na+,K+-ATPase via the NMDA receptor. However, infusion of 5 
mM NMDA (luL) did not upregulate Na+,K+-ATPase oc3 mRNA when compared to 
the unlesioned side. Further, androgen treatment did not alter levels of the a3 mRNA 
in the unlesioned CAI pyramidal cells. Interestingly, NMDA induces ipsilateral c-fos 
mRNA and Fos protein expression in an androgen-dependent manner. In both intact 
rats and rats which were castrated but supplemented with androgen, intrahippocampal 
injection of NMDA caused high levels of c-fos mRNA and Fos protein expression in 
cells within CAI and CA3. In castrated males, there was little c-fos mRNA or Fos 
protein expression in the CAI or CA3 regions of the lesioned hippocampus. Thus, 
androgen can modulate the response of CAI and CA3 pyramidal cells to potentially 
neurotoxic insults but not by direct activation of Na+,K+-ATPase gene expression. 
Supported by NSF IBN9408890

686.14
EFFECTS OF INCREASED K+ ON RELEASE AND CONTENT OF AMINO 
ACIDS IN SLICES OF RAT COCHLEAR NUCLEUS. L. Zheng1, D, A. Godfrey1, 
H. J. Waller2*, K. Chen1 and T, G. Godfrey1. Depts. of’Otolaryngology and 
2Neurological Surgery, Medical College of Ohio, Toledo, OH 43699.

In order to determine how amino acid neurotransmitter concentrations are 
affected by exposure of rat cochlear nucleus slices to increased K+, release rates 
were measured by sampling from the perfusion fluid downstream from the dorsal 
cochlear nucleus (DCN) part of a slice by a microsiphon technique. Amino acid 
concentrations in the fluid samples were measured by HPLC. 50 mM K+ induced 
large increases in release of GLU, moderate of GLY and small of GABA. GLN 
release decreased during and after exposure and SER showed a delayed decrease. 
Increases of GLU and GABA release were smaller in low Ca2+ medium and in the 
presence of TTX. GLU responses were smaller in low Ca2++TTX than in low Ca2+ 
alone. GLY responses were reduced by low Ca2+ but not by TTX. GLN changes 
were not affected by low Ca2+ or TTX.

Some slices were exposed to 50 mM K+ for 10 min, then immediately frozen in 
Freon cooled with liquid N2. The slices were freeze-dried, and amino acid 
concentrations were measured in the different DCN layers by HPLC. Compared 
with unexposed slices, GLN increased at least 400% in the 3 DCN layers; GLU, 
GLY and GABA were not significantly changed. SER and TAU increased 58% and 
85% respectively in DCNm. In slices exposed to the GLU transporter inhibitor 
MPDC (50 pM) for 15 min before and during 50 mM K+ exposure, GLN increases 
were smaller, GLU was unaffected, GLY increased markedly and SER increased 
moderately. This result suggests that other mechanisms in addition to GLU uptake 
are involved in GLN increases elicited by high K+ exposure. (Supported by NIH 
grant DC00172)

686.15
ASCORBATE MODULATES GLUTAMATE-INDUCED EXCITATIONS OF 
STRIATAL AND ACCUMBAL NEURONS IN AWAKE, UNRESTRAINED 
RATS. G. V, Rebec* and E. A. Kivatkin. Program in Neural Science, Dept. 
Psychology, Indiana University, Bloomington, IN 47405.

Ascorbate (AA), which is found in high concentration in the extracellular fluid of 
the striatum and nucleus accumbens, appears to modulate glutamate (GLU) 
transmission (Rebec and Pierce, Prog. Neurobiol., 43:537-565, 1994). To assess 
this function under behaviorally relevant conditions, we tested the effects of AA 
iontophoresis on striatal and accumbal neurons in awake, unrestrained rats. Unlike 
GLU, which consistently activated the neurons in our sample, both brief (20-30 s) 
and prolonged (2-4 min) AA applications (10-80 nA) did not influence the rate of 
basal activity. AA also had relatively negligible effects on units tonically activated 
by GLU (10-20 nA). In contrast, prolonged AA iontophoresis significantly changed 
the response of most units to brief applications of GLU. At low ejection currents 
(20-40 nA), AA typically enhanced GLU-induced excitations as manifest by earlier 
onset and time-to-peak latencies as well as an increase in response magnitude. The 
enhancement was dose-dependent and quickly disappeared after termination of AA 
iontophoresis. In contrast, relatively high ejection currents of AA (40-80 nA) tended 
to inhibit the GLU response by lowering the magnitude of the GLU-induced 
excitation. This inhibitory effect, moreover, persisted after AA iontophoresis. In 
many cases, these opposing actions of AA were recorded from the same neurons 
tested at different AA ejection currents. Our results, which support growing evidence 
for a modulatory role of AA on striatal and accumbal neurons, indicate that this role 
depends not only on the level of extracellular AA but also on phasic changes in GLU 
input.

Supported by NINDS (NS 35663).
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687.1
SYNAPTIC PROPERTIES OF SENSORY AND MOTOR AFFERENT PROJECT-
IONS TO MAGNOCELLULAR RED NUCLEUS NEURONS IN MOUSE. S.R. 
Glaum*, M.G. Nunzi, E. Mugnaini and J.C. Houk. Dept. of 
Physiology and Institute for Neurosciences, Northwestern 
University Medical School, 303 E. Chicago Ave, Chicago,
IL 60611.3008.

Whole-cell current and voltage clamp recordings were made 
from visually-identified magnocellular red nucleus (RN) 
neurons in horizontal mouse brain slices. Synaptic activity 
was evoked electrically by stimulating contralateral and 
caudal to the RN in the region containing interpositorubral 
projections from the cerebellum and also ipsilateral and 
lateral in the region containing somatosensory projections 
from the spinothalamic tract. Monosynaptic excitatory syn-
aptic activity was comprised of both AMPA and NMDA receptor 
mediated EPSP/Cs. Inhibitory synaptic activity was compris-
ed of GABAA receptor mediated IPSP/Cs. Evoked responses from 
these two projections were characterized and found to differ 
significantly. EPSPs evoked from crossing cerebellar pro-
jections to RN had faster mean rise times than those evoked 
ipsilaterally, suggesting that these fibers terminate on the 
soma and/or proximal dendrites in the RN. Cerebellar fiber- 
evoked EPSP/Cs also had a fractionally greater NMDA-mediated 
excitatory component than sensory fiber-evoked transmission. 
In contrast, IPSP/Cscomprised a significantly greater frac-
tion of evoked transmission from sensory than cerebellar fib-
ers. Preservation of two distinct input pathways to RN in 
the horizontal mouse brain slice suggests that this pre-
paration may be useful for examining sensorimotor integra-
tion in the RN at the cellular level. Supported by PHS 
R01NS36004.

687.2
NORKETAMINE CONTRIBUTES TO THE ANTINOCICEPTIVE EFFECTS 
OF ORAL KETAMINE. M. Shimoyama, N. Shimoyama. A. L. Gorman,* K.J. 
Elliott and C. E. Inturrisi. Dept. of Pharmacology, Cornell U. Med. College,
N.Y., N.Y. 10021.

We have shown that oral ketamine, an NMDA receptor antagonist produces 
antinociception in the rat formalin test (Shimoyama et al., 1996). Ketamine is 
biotransformed by the liver into norketamine in humans and rodents. In study 
1, the plasma and brain levels of ketamine and norketamine were measured 
using HPLC after the administration of an antinociceptive dose of oral 
ketamine to the rat. The average concentration ratio of norketamine/ketamine, 
as expressed by the area under the curve (AUC) value, was 6.4 for plasma and
2.9 for brain indicating an extensive clearance of oral ketamine to norketamine 
and that the sustained plasma norketamine levels were providing norketamine 
to the brain. In study 2, the antinociceptive effects of spinal ketamine and 
norketamine in the rat formalin test were evaluated. Both spinal ketamine and 
norketamine dose-dependently reduced the flinching behaviors during the 
second phase of the formalin response but not during the first phase. In study 
3, both ketamine and norketamine displaced [3H]MK-801 binding at low 
micromolar concentrations. Norketamine possesses antinociceptive properties 
comparable to that of ketamine. This effect appears to result from the activity 
of norketamine as a non-competitive NMDA receptor antagonist. These results 
suggest that norketamine formed by first pass biotransformation contributes to 
the antinociceptive effects of oral ketamine. Supported by NIDA Grants 
DA01457, DA00198, DA07242, and DA00255.
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687.3
RATS GIVEN NEONATAL DOPAMINE LESIONS SHOW ENHANCED 
RESPONSE TO A LOW DOSE OF KETAMINE. S.S. Moy* and G.R. 
Breese. Univ. of North Carolina Neuroscience Center and Center for 
Alcohol Studies, Chapel Hill, NC 27599.

The present studies were designed to test the hypothesis that the 
neonatally-lesioned rat can provide an animal model of the ketamine 
supersensitivity associated with schizophrenia. Subjects were Sprague- 
Dawley rat pups, given either selective dopamine lesions or sham lesions 
on day 3 of life. Animals were tested as adults in circular locomotor 
chambers, with activity counts taken for 150 min. following the 
administration of ketamine (5.0, 10.0, 20.0, and 30.0 mg/kg). The results 
showed that, while the two lowest doses did not change locomotion, 
ketamine did have a significantly greater activating effect on both male 
and female dopamine-depleted rats at a dose of 20.0 mg/kg. However, 
activity for the lesioned groups did not increase at the higher dose of 30.0 
mg/kg, in contrast to the sham-lesioned animals. Behavioral observations 
taken at 30.0 mg/kg ketamine revealed that the lesioned subjects were 
showing enhanced sedation, with significantly less repeated locomotion, 
crawling, and “drunken” movements than seen in the controls. Repeated 
exposure to SKF-38393 (3.0 mg/kg) affirmed the observation that 
lesioned rats, but not controls, were supersensitive to the effects of Dl- 
dopamine receptor stimulation. Reassessment of the ketamine dose- 
response function following the SKF-38393 priming regimen indicated 
an increased response to ketamine in both lesioned and control groups, 
suggesting that repeated treatment with ketamine may have a priming 
effect on behavioral activation. Further work will test phencyclidine in 
this possible animal model for drug sensitivity in schizophrenia.
Work supported by a NARSAD Young Investigator Award.

687.4
LEAD AND THE NMDA RECEPTOR: CO-ADMINISTRATION OF LEAD AND MK- 
801 CAUSE AN INCREASE IN NMDA-INDUCED SEIZURE ACTIVITY. A.S. Kumar, 
A.C.W. Weeks, J.C. LeBoutillier and T.L. Petit*. Dept. of Psychology and Prog, in 
Neuroscience. University of Toronto, 1265 Military Trail, Scarborough, Ontario, 
CANADA, MIC 1A4.

Our laboratory initially observed an interaction between lead (Pb) and the NMDA 
receptor/channei complex in that developmental Pb exposure caused an increase in 
sensitivity to NMDA as measured by seizure activity. We further showed that binding 
levels of MK-801, a potent non-competitive NMDA antagonist, increase following chronic 
exposure to Pb. However, the specific nature of this change in binding and the exact site of 
Pb's activity in the NMDA receptor complex is not fully understood. This study was 
conducted to examine this system in vivo in an attempt to further describe the interaction of 
Pb and MK-801 in the NMDA system. Male Long-Evans rat pups were cross-fostered and 
divided into four litters of ten pups each on P2. Two groups of pups where exposed to Pb 
starting on P3 through the milk of dams fed 0.4% PbCO3 by weight mixed in ground chow 
The other two dams received a control diet of 4% Na2CO, matched for weight. From P7 to 
Pl 5. pups from one Pb litter and one control litter received twice daily injections of MK- 
801 (0.1 mg/kg, s.c.) while the other two litters received saline control. On P16, all pups 
were administered a single dose of NMDA (20 mg/kg, s.c.) to induce mild seizure activity. 
The observed level of activity was recorded every 5 minutes for a total of 40 minutes 
following the injection of NMDA. The results supported the previous finding that lead 
causes a significant increase in the rate of seizure activity onset. However, no other 
interactions or mam effects were significant. Importantly, the effects of lead and MK-801 
seemed to contribute to the level of seizure activity in an additive manner. This may 
indicate that lead and MK-801 are acting at different binding sites on the NMDA receptor 
complex because activity at the same site should have lead to competition for binding sites 
and less than additive effects. Research Supported by grants from the Natural Sciences 
and Engineering Research Council of Canada to T.L.P.

687.5
LOW-AFFINITY NON-COMPETITIVE (LANC) NMDA ANTAGONISTS DO NOT 
IMPAIR MEMORY AND HAVE REDUCED BEHAVIORAL PERFORMANCE 
EFFECTS COMPARED TO OTHER CLASSES OF NMDA ANTAGONISTS.
Daniel Widzowski, Paul Bialobok, Matthew Marler and Gene Palmer*. Astra Arcus 
USA, P.O. Box 20890, Rochester, NY 14602.

The therapeutic use of NMDA antagonists, including competitive (e.g. d-CPP) and 
high-affmity non-competitive (HANC) agents (e.g. MK-801), has been limited by 
severe, acute side-effects such as cognitive deficits (e.g. memory, attention, learning) 
and psychosis. The purpose of the present study was to characterize the acute effects 
of NMDA antagonists on spatial working memory and performance in rats and to 
determine if there were systematic differences between classes of antagonists. Rats 
were trained on a delayed non-matching to position (DNMTP) task. Following 
training various doses of NMDA antagonists were administered (ora! gavage) as 
multiples of the 50% protective dose (ED50) for maximal electroshock seizure (MES). 
Outcome measures included memory accuracy and numbers of trials completed. 
Memory accuracy was analyzed by fitting exponential decay functions to describe two 
components: rate of decay (memory function) and zero-delay accuracy (attention/ 
sensory function). HANC-NMDA antagonists (MK-801, Phencyclidine or PCP, ARE. 
15765) and the competitive antagonist D-CPP impaired memory (increased rate of 
decay), attention/sensory function (decreased zero-delay accuracy) and performance 
(reduced number of trials) at doses 7 to 9 times the MES-ED50 dose. In contrast, the 
LANC-NMDA antagonists ARL 15896AR and memantine did not impair memory 
(memory decay) at any dose tested and only impaired attention and performance at 
doses of 20 times the MES-ED50 dose or higher. These studies demonstrate that 
LANC-NMDA antagonists do not impair memory (memory' decay rate) and have 
reduced potency for producing behavioral performance effects (attention, completing 
trials) compared to other, older classes of NMDA antagonists, namely HANC-NMDA 
antagonists (e.g. MK-801, PCP) and a competitive antagonist (D-CPP).

687.6
DISCRIMINATIVE STIMULUS EFFECTS OF NOVEL NMDA ANTAGONISTS

Pharmacology/Toxicology, Medical College of Virginia, Richmond, VA 23298. 
Excessive NMDA receptor activation has been implicated in a number of chronic

and acute neurological disease processes. Unfortunately, many potent NMDA 
antagonists produce phencyclidine (PCP)-like side effects thereby limiting their 
clinical utility. To improve the therapeutic index of NMDA antagonists, a number 
of chemically unique compounds active at the various sites on the receptor have been 
formulated . These include two polycyclic amines, PD 138289 and PD 137889, 
active at the PCP-site, and two glycine-site antagonists, MDL 100,458 and MDL 
100,748. Additionally, several compounds known to be active at other receptors are 
now purported to have part of their clinical effect by functioning as low-affinity 
NMDA channel blockers, such as the imidazole compounds antazoline and idazoxan 
as well as the antihistamine-like orphenadrine. In this study the discriminative 
stimulus effects of these compounds were tested in rats trained to discriminate PCP 
from saline in a standard two-lever drug discrimination paradigm under a fixed ratio 
schedule of food reinforcement. Of the series of compounds tested, only the two PD 
compounds resulted in full substitution for PCP, obtained at doses without 
concomitant suppression of rates of responding. Conversely, the glycine-site and 
low-affinity PCP-site compounds occasioned little if any responding on the PCP- 
associated lever, even at response rate suppressing doses. These latter results are 
consistent with those for other glycine-site compounds but are somewhat unusual for 
channel blocking compounds. The lack of PCP-like effects for the imidazoles and 
orphenadrine may be due to their acute behavioral effects being attributable to activity 
at other CNS sites or may be related to their specific interactions with the NMDA 
receptor. Overall, the degree of PCP-like discriminative stimulus effects can vary 
based on site of activity on the receptor and may be influenced by the binding 
characteristics of the individual compounds, including receptor subtype selectivity and 
receptor site affinity. Research supported by NIDA. grants DA-01442 and DA- 
07027. We gratefully acknowledge Parke-Davis Pharmaceutical Research and 
Hoechst Marion-Roussel for supplying test compounds.

687.7
THE TYROSINE PHOSPHATASE STEP IS ASSOCIATED WITH NMDA 
RECEPTORS FROM RAT SPINAL CORD. R. Askalan*. T.H. Nguyen1. M. W, Salter 
and P. J. Lombroso1. Div. Neurosci., The Hospital for Sick Children, 555 University 
Av., Toronto, ON, and Dept. Physiol., Univ. of Toronto, Toronto, and ‘Child Study 
Center, Yale Univ. School of Medicine, New Haven, CT 06520.

Protein phosphorylation is a principal mechanism for regulating neuronal function. 
We have shown that NMDA receptor function is regulated by protein tyrosine kinases 
and phosphatases (Wang and Salter, Nature 369:233, 1994). More recently, we have 
identified Src as the endogenous kinase that regulates and associates with NMDA 
receptor complexes (Yu et al., Science 275:674, 1997). The studies presented here aim 
to identify the endogenous tyrosine phosphatase associated with NMDA receptor 
complexes. Immunoprecipitation and Western blot analysis was done using membrane 
proteins prepared from fetal rat (El7-El9) spinal cord and solubilized under non-
denaturing conditions. Under these conditions we immunoprecipitated NMDA receptor 
complexes by anti-NRl, a specific antibody against the NMDAR 1 subunit. Tyrosine 
phosphorylation levels of proteins in the NMDA receptor complexes decreased when 
incubated in the absence of the tyrosine phosphatase inhibitor, orthovanadate. This 
indicates that a tyrosine phosphatase activity is associated with NMDA receptors. To 
attempt to identify the phosphatase, we tested antibodies generated against tyrosine 
phosphatases known to be expressed in the CNS. A monoclonal antibody generated 
against the STEP family of phosphatases was able to co-immunoprecipitate NMDA 
receptors. Moreover, anti-NRl co-immunoprecipitated the membrane-associated 
isoform of STEP, STEP61. Co-immunoprecipitation of STEP61 or of NR1 was abolished 
when membranes were solubilized under denaturing conditions, or when 
immunoprecipitation was performed using a non-specific IgG. These studies indicate 
the presence of a tyrosine phosphatase activity in the NMDA receptor complex and that 
this activity may be due to STEP. (Supported by the MRC of Canada, NIH, NIMH and 
Rick Hansen Man in Motion Fdn).

687.8
DISTANT NMDA RECEPTOR ACTIVATION POTENTIATES NMDA CHANNEL 
GATING VIA A Na+ -DEPENDENT MECHANISM. X.-M. Yu* and M. W. Salter. Div. 
Neurosci., Hosp. for Sick Children; Dept. Physiol., Univ. Toronto, M5G 1X8, Canada.

NMDA receptors have been implicated as a major class of excitatory amino acid 
receptor involved m development, physiology and pathology in the CNS. The goal of our 
study was to investigate whether NMDA channel function is regulated by NMDA channel 
activity itself. To do this we studied NMDA single-channels in cell-attached patches and 
activated NMDA channels outside the patch by bath application of L-aspartate. 
Extracellular solutions contained (in mM): Na^SCfy (110), Cs2SO4 (10), HEPES (25), 
CaCl2 (1.3), glucose (33), glycine (0.001), TTX (0.001). NMDA single-channel activity 
was evoked by including NMDA (lOpM) in the solution in the patch pipette. We found 
that channel activity during bath application of aspartate increased as compared with that 
during the control period. With 500 pM aspartate , open probability (Po) and mean open 
time (To) increased to 179±33% and 122±9% (mean±S.E, P<0.05; n-=8 patches). The 
lengths of bursts, clusters and super-clusters were increased to 141±16%, 163±21 % and 
152±38%, respectively. The increase in single channel activity was dependent upon the 
concentration of aspartate (10-1000 pM). The effects of aspartate were prevented by co-
application of the NMDA receptor antagonist APV (20 pM, n=6). Bath application of 
KC1 (30 mM) induced cell depolarization similar to that caused by applying aspartate but 
did not change NMDA single-channel activity (n=4). When the bath solution contained 
BAPTA (1 mM) and no added Ca2+, aspartate still produced increases in NMDA single-
channel activity (n=4): Po and To increased to 282±128% and 167±22% of control. 
However, replacing Na+ by V-methyl-D-glucamine prevented the effects of aspartate 
(n=6). Moreover, bath application of the sodium ionophore, monensin (5 pM) increased 
NMDA channel activity ( n=3). In conclusion, we have demonstrated that NMDA 
channel gating is potentiated by activation of distant NMDA receptors. Further, sodium 
influx is necessary and sufficient for the potentiation. (Supported by Paralyzed Veterans 
of America, Spinal Cord Research Fdn. and by Canadian MRC).
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687.9
NMDA RECEPTOR ACTIVATION IS REQUIRED TO ELICIT GABA 
RELEASE AT DENDRODENDRITIC SYNAPSES IN THE RAT OLFACTORY 
BULB. N, E. SchQppa1*, J. M, Kinzie1, Y;. Sahara1, T. P. Segerson2. and G. L. 
Westbrook1, folium Institute and 2Dept. of Medicine, Oregon Health Sciences 
Univ., Portland, OR 97201.

Reciprocal dendrodendritic (D-D) synapses between mitral cells and granule cells 
mediate lateral inhibition in the olfactory bulb, The properties of D-D synapses were 
studied in 400 pm horizontal olfactory bulb slices from 8-12 day old rats. Whole-
cell patch-clamp current recordings (at Vfr= -70 mV) were made using a KCl-based 
pipette solution containing 10 mM EGTA and 1 mM Ca2+, and a modified Ringer 
bath solution containing 2 mM Ca2+ and 0 mM Mg2+. In 29 mitral cells, a 1-2 ms 
depolarization to 0 mV evoked an action potential- and picrotoxin-sensitive inward 
current that decayed with x=690±50 ms. The current amplitude ranged from 0.1 to 
3.8 nA. The slow, reciprocal IPSC could also be elicited in TTX (1 pM), indicating 
that it arises from the activation of D-D synapses and not mitral cell axon collaterals 
(Jahr and Nicoll, 1982). The IPSC was blocked by DL-APV (50 pM; n=l 1) and 
Mg2+ (100-200 pM; n=6), but not CNQX (10-20 pM; n=12). However, CNQX- 
sensitive, rapid (x=3-10 ms) spontaneous EPSCs were observed in whole granule 
cell current recordings (n=4), indicating that AMPA receptors are present on granule 
cells.

We also examined the effect of the NMDA receptor antagonist MK-801 (1 
mg/kg) on c-fos levels in the olfactory bulb of the intact animal. Rats were given 
MK-801 or vehicle IP. Animals were subsequently sacrificed after 80 minutes in 
clean air. Consistent with previous observations (Wilson et al., 1996), in situ 
hybridization of bulb sections revealed that MK-801 caused a dramatic increase in c- 
fos mRNA over mitral cell bodies and reduced hybridization over granule cells, 
suggesting a reduction in granule cell inhibition of mitral cells. Our results suggest 
that both AMPA and NMDA receptors are present in granule cells, but that NMDA 
receptors are critical for evoking GABA-mediated inhibition at dendrodendritic 
synapses. Supported by NRSA 1-F32-DC00270-01 and NS26494.

687.10
MODULATION OF NMDA RECEPTORS BY LYSOPHOSPHOLIPIDS: 
COMMON FEATURES WITH MECHANOSENSITIVITY.
M. Casado and P. Ascher *. Laboratoire de Neurobiologie, Ecole 
Normale Superieure, 46 rue d'Ulm, 75005 Paris, France.

In order to gain insights into the biophysical mechanisms underlying 
NMDA receptor mechanosensitivity1 we have tested amphiphilic 
compounds such as lysophospholipids (LPLs) which are thought to alter 
lipid packaging in membranes.

We have characterized LPL effects on whole-cell, nucleated patch, 
inside-out and outside-out configurations. Lysophosphatidylcholine, 
lysophosphatidylethanolamine and lysophosphatidylinositol (LPI) 
inhibit NMDA currents in native ana recombinant receptors. This 
inhibition is reversible, voltage independent and has an IC50 of 0.8 pM. 
Lysophosphatidic acid or phosphatidylcholine have no effect on NMDA 
responses. LPL application induces changes similar to those observed 
during mechanical membrane compression. To test the hypothesis that a 
common mechanism underlies both phenomena, we performed 
occlusion experiments. The effect of LPI is strongly reduced in 
hyperosmotic solutions in nucleated patches. Furthermore, in the 
presence of a high concentration of LPI, application of suction via the 
patch pipette no longer affects NMDA responses.

The effect of LPLs is opposite to that of arachidonic acid. This 
difference may be due to the opposite shapes of the two different types 
of compounds. LPLs have a large polar head and a tiny hydrophobic 
tail, conferring upon them an inverted cone shape2, while arachidonic 
acid has a small polar head and a large hydrophobic cross section.

1. Paoletti and Ascher (1994). Neuron, 13, 645-655. 2. Lundbaek and Andersen 
(1994). J. Gen. Physiol., 104, 645-673.
Supported by the EC and the CNRS.

687.11
REFRACTORINESS OF THE LACTATING RAT TO N-METHYL-D- 
ASPARTATE (NMDA) RECEPTOR-MEDIATED EXCITATION OF 
THE HIPPOCAMPUS (HIPC) IS NOT DUE TO LOSS OF 
POSTSYNAPTIC FUNCTION. K.L. Grove* and M.S, Smith. Division of 
Neuroscience, Oregon Regional Primate Research Center, 505 NW 185th 
Ave., Beaverton, OR 97006.

The lactating rat is refractory to NMDA receptor agonist-mediated seizure 
induction and cFos expression in specific regions of the brain. The site(s) 
responsible for NMDA receptor specific refractoriness is unknown and could 
be within the Hipc or reflect inhibition of afferent input into the Hipc. The 
present study determined if neurons expressing NMDA receptors in the Hipc 
were refractory to direct application of the NMDA receptor agonist, /V-methyl- 
D,L-aspartate (NMA). Stimulation of NMDA receptors was determined by the 
display of a hyperexcitable behavioral response and the induction of cFos 
expression in the Hipc. Lactating and nonlactating rats received three 
injections directed into the Hipc of either NMA or aCSF. Lactating rats 
receiving NMA injections displayed robust hyperactivity, similar to that 
observed in the nonlactating animals receiving NMA. In contrast, both 
lactating and nonlactating rats receiving aCSF injections displayed little 
increase in activity. Both the lactating and nonlactating animals displayed 
equivalent bilateral cFos staining in the dentate gyrus (DG), CA1 and CAS 
regions of the Hipc in response to unilateral NMA injections into the Hipc, 
although cFos staining was more intense ipsilateral to the injection site. 
Vehicle injections into the Hipc of the nonlactating rat resulted in a low level of 
cFos staining in the DG ipsilateral to the injection site, with no contralateral 
staining. However, vehicle injections into the Hipc of the lactating rat failed to 
induce cFos staining ipsilateral to the injection site. These data indicate that 
NMDA receptor function is unaltered in the chronically lactating rat, compared 
to the nonlactating rat. However, stimulation of endogenous glutamate 
release (caused by damage from the control injections) may be suppressed in 
the lactating rat. Thus, Hipc refractoriness to excitation may reflect inhibition of 
presynaptic input and glutamate release. (Support: NIH grants; HD 14643, 
RR00163),

687.12
N-METHYL-D-ASPARTIC ACID-INDUCED PENILE ERECTION AND 
YAWNING:ROLE OF HYPOTHALAMIC PARAVENTRICULAR NITRIC OXIDE. 
A. Arqiolas*, S. Succu, U. lannucci, D. Isola & M.R. Melis.
Bernard. B. Brodie Dept. Neurosci., Cagliari Univ., 09124 
Cagliari, Italy.

A dose of N-methyl-D-aspartic acid (NMDA, 50 ng) that 
induces penile erection and yawning when injected in the 
paraventricular nucleus of the hypothalamus, increased the 
concentration of NC^' from 1.10 ± 0.28 pM to 7.32 ± 1.12 pM 
and of NOj' from 4.96 ± 0.69 to 10.5 ± 1.61 pM in the para-
ventricular dialysate obtained from male rats by in vivo 
microdialysis. NO2’ concentration was not increased by (±)-a- 
(amino)-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA, 
100 ng) or by trans-(±)-1-amino-l,3-cyclopentanedicarboxylic 
acid (ACPD, 100 ng), which were unable to induce these beha-
vioral responses. NMDA effect on NO/ concentration, penile 
erection and yawning was prevented by dizolcipine (MK-801) 
(10-100 ng) or by the nitric oxide synthase inhibitor NG- 
nitro-L-arginine methyl ester (20 pg), but not by the oxy-
tocin receptor antagonist [d(CH2)5, Tyr(Me)2,Orn8]-vasotocin 
(100 ng), or by the guanylate cyclase inhibitor methylene 
blue (20 pg) given in the paraventricular nucleus 15 min 
before NMDA or by the dopamine receptor antagonist halope-
ridol (0.5 mg/kg) given intraperitoneally 30 min before 
NMDA. In contrast, the nitric oxide scavenger hemoglobin (20 
pg) given in the paraventricular nucleus prevented NMDA- 
induced NO2' concentration increase, but was unable to 
prevent penile erection and yawning. The results suggest 
that NMDA induces penile erection and yawning by increasing 
nitric oxide synthase activity in the paraventricular nu-
cleus of the hypothalamus, possibly in the cell bodies of 
oxytocinergic neurons projecting to extra-hypothalamic brain 
areas and mediating these behavioral responses.
Supported partially by MURST grant to A.A.

687.13
NITRIC OXIDE SYNTHASE INHIBITORS HAVE ANTIDEPRESSANT-LIKE 
PROPERTIES IN PRECLINICAL SCREENS IN MICE. A.J, Harkin, B. Lee 
and I.A. Paul* Dept. of Psychiatry and Human Behavior, Univ. Miss. Med. Center, 
2500 N. State St, Jackson, MS, 39216,USA.

Previous studies have demonstrated that antagonists at the N-methyl-D-aspartate 
(NMDA) receptor are as efficacious as tricyclic antidepressants in preclinical 
antidepressant screening procedures and in blocking or reversing the behavioral 
deficits associated with animal analogs of major depressive symptomatology. The 
NMDA receptor complex gates Ca2+ which interacts with calmodulin to 
subsequently activate nitric oxide synthase (NOS). We hypothesized that NOS 
antagonists might display antidepressant- and anxiolytic-like properties, similar to 
NMDA receptor antagonists. We examined the effects of NG-nitro-L-arginine (L- 
NARG), it’s dextrorotatory enantiomer, D-NARG, NG-nitro-L-arginine methyl ester 
(L-NAME) and N°-monomethyl-L-arginine (L-NMMA) at doses from 1 to 30 
mg/kg in the forced swim test and elevated plus maze in mice. We now report that 
NOS antagonists are as efficacious as imipramine (15 mg/kg) in reducing the 
duration of immobility in the mouse forced swim test. The effects of NOS 
antagonists as well as those of imipramine were blocked by pretreatment with L- 
arginine (1000 mg/kg). In contrast to imipramine, the NOS antagonists were 
without effect on locomotor activity over the dose range active in the forced swim 
test (3-10 mg/kg). Likewise, L-arginine was without effect on locomotor activity.
In addition, NOS antagonists were active in increasing open arm activity in the 
elevated plus maze. However, the efficacy of these compounds was lower than that 
of chlordiazepoxide (1 mg/kg) and the NOS antagonists were 5-10x less potent in 
this test than in the forced swim test. These data support the hypothesis that NOS 
antagonists possess antidepressant and anxiolytic properties and represent a novel 
class of therapeutics for major depressive disorders and anxiety.
Supported by NIH grant MH53228 to I.A.P.

687.14
MODULATION OF GABAERGIC TRANSMISSION BY 
PRESYNAPTIC NMDA AND NON-NMDA RECEPTORS IN RAT 
MEYNERT NEURONS. N. Akaike* and Jeong-Seop Rhee. Dept. of 
Physiology, Fac. of Med., Kyushu Univ., Fukuoka 812-82, Japan.

Since synapses are the site of neuronal modulation, the one way of 
achieving this modulation is through interactions between excitatory 
and inhibitory' neurotransmitters by using an experimental preparation 
which maintains the presynaptic nerve terminals in addition to the 
subsynaptic receptors. Recent development of dissociation technique 
of mammalian CNS neurons greatly improved the studies of receptor- 
operated currents. However, the most of neurons dissociated 
mechanically after the enzyme treatment were devoid of presynaptic 
terminals. Consequently, the analysis was confined to the responses 
to exogenously applied transmitters, and the activated receptors were 
not determined to be subsynaptic or extrasynaptic. This indirect 
method of research was renewed by the introduction of only 
mechanical dissociation technique without using any enzymes, which 
was to dissociate the Meynert neurons attached with intact presynaptic 
terminals (synaptic bouton preparation). We now report the first 
findings that the spontaneous GABAergic transmission in the rat 
Meynert neurons is facilitated by activating ionotropic NMDA and 
non-NMDA receptors that arc localyzed on the GABAergic nerve 
terminals.
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687.15

RELATIONSHIP BETWEEN NMDA RECEPTOR 
PHOSPHORYLATION AND BINDING TO PDZ 
DOMAINS L.F, Lau*, A.L. Mammen, & R.L, Huganir 
HHMI, Department of Neuroscience, The Johns Hopkins 
University School of Medicine, Baltimore, MD 21205

We have previously shown that the NMDA receptor subunits, 
NR2A and NR2B, interact through their C-termini with the PDZ 
domain containing protein SAP102 in vivo. The subunits are also 
phosphorylated in vivo on tyrosine and serine residues. For 
instance, both the NR2A and NR2B subunits are tyrosine 
phosphorylated in the cerebral cortex and the NR2B subunit is a 
substrate for calcium/calmodulin dependent protein kinase II. Since 
the cytoplasmic tail of the NR2 subunits interacts with SAP 102 and 
contains various phosphorylation sites, we examined whether 
phosphorylation would regulate binding of the NR2 subunits to 
SAP102. Conversely, we determined whether SAP102 binding 
would affect phosphorylation of the C-terminus of the NR2 
subunits. Phosphorylation of the C-terminus did not seem to have 
any appreciable effect on SAP 102 binding. However, binding of 
the SAP 102 PDZ domain to the NR2 cytoplasmic tail appears to 
inhibit phosphorylation. These results suggest that PSD-95 family 
proteins may play a role in the regulation of NMDA receptor 
phosphorylation and function. Supported by HHMI

687.16
NAALADase IS EXPRESSED PREDOMINANTLY BY ASTROCYTES IN THE 
RAT CNS. R. Luthi-Carter*, U.V. Berger, L.A. Passani, S. Elkabes, LB. Black, C. 
Konradi, and J.T. Coyle. Dept. of Psychiatry-Massachusetts General Hospital, Renal 
Division-Brigham and Women's Hospital, and Harvard Medical School, Boston, 
MA; UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ.

The NAALADase neuropeptidase is hypothesized to modulate excitatory signaling 
in the nervous system by regulating extracellular concentrations of N- 
acetvlaspartylglutamate (NAAG) and its metabolite, glutamate. In order to define 
further the functional role of NAALADase'? conversion of NAAG to glutamate, we 
have characterized the spatial and cellular expression of NAALADase in neural 
systems. Using sequence information from a full-length rat brain NAALADase 
cDNA which we isolated previously, we detected NAALADase-like mRNAs in rat 
brain sections by in situ hybridization histochemistry. NAALADase-like RNAs are 
expressed in a regional pattern similar to that of NAAG, with subcortical structures 
generally demonstrating higher expression than forebrain regions. Highest expression 
of these RNAs is observed in the cerebellum and brainstem. NAALADase-like 
RNAs are expressed predominantly by astrocytes, as demonstrated by extensive 
codistribution with the astrocytic cell marker, GFAP. To confirm this cellular 
localization, NAALADase activity and protein expression were measured in 
separated neural cells in culture. Neuron enriched cultures displayed lower activity 
than mixed neuronal-glial cultures (0.38 vs. 2.5 pmol/mg protein/min.), and among 
subtypes of cultured glia, only astrocytes displayed significant activity (4 4 pmol/mg 
protein/min.). Immunoblots with anti-NAALADase antisera also showed 
codistribution of a 100 kDa NAALADase-like protein with the expression of 
NAALADase activity in cultured cells. Thus, NAALADase is among the 
components of glutamatergic signaling machinery to be expressed by astrocytes.

This work was supported by NIH grant MH-572901 and a NRSD Senior Investigator 
Award to J.T.C.

687.17
PROBING THE ACTIVE SITE OF NAALADASE 
NEUROPEPTIDASE BY SITE-DIRECTED MUTAGENESIS. 
H. Speno, R. Luthi-Carter, W. Macias, and J. T. Coyle*. Laboratory of 
Molecular and Developmental Neuroscience, Massachusetts General 
Hospital, Charlestown, MA 02129.

The neuropeptide, N-acetyl-aspartylglutamate (NAAG) is an agonist 
at the mGluR3 subclass of metabotropic glutamate receptors and 
modulates the effect of glutamate at ionotropic NMDA receptors. The 
neuropeptidase, NAALADase hydrolyzes NAAG to N-acetyl-aspartate 
and glutamate extracellularly. NAALADase has been proposed to 
modulate the availability of NAAG and its metabolite, glutamate. A 
recent NAALADase cDNA clone from brain has been shown to be 
homologous to the human prostate specific membrane antigen (PSM). 
The predicted amino acid sequence of NAALADase displays 
homology to an aminopeptidase from Vibrio proteolytica. The crystal 
structure shows the Vibrio peptidase to have a binuclear Zn2+ center 
with a hydrophobic specificity pocket for its substrate. In the 
alignment to the Vibrio aminopeptidase, specific zinc ligands and 
substrate binding residues have been identified in NAALADase. Site- 
directed mutagenesis has been used to test the assignment of these 
putative ligands in human NAALADase. Substitutions to the five 
putative zinc ligands results in severely reduced enzyme activity. 
Immunoblot analysis demonstrates that mutant protein is expressed. 
Substitutions to putative substrate ligands are less perturbing but still 
result in reduced enzyme activity. Substitutions at these proposed zinc 
and substrate ligands are consistent with the assignment of these 
residues and suggest that NAALADase has a similar fold to the Vibrio 
aminopeptidase. NARSAD and NIH/NIMH 5T32MH14275-21

687.18
TRANSIENT POTENTIATION OF EVOKED RESPONSES IN THE 
GUINEA PIG MOSSY FIBER—CA3 PATHWAY DURING WASHOUT 
OF L-QUISQUALATE, L-a-AMINO ADIPATE, AND L-AP4. J.F. Koerner*, 
L.A, Chase and R.J. Roon. Department of Biochemistry, Medical School, 
University of Minnesota, Minneapolis, MN 55455.

Stimulus-evoked extracellular synaptic field potentials in the hippocampal 
mossy fiber—CA3 pathway of the guinea pig are known to show a marked 
tetanic and a transient post-tetanic potentiation (3-1 Ox) evoked by a 5 sec 
duration increase in the rate of stimulation from 0.1 Hz to 4 Hz. Both the 
potentiated and unpotentiated responses are inhibited by micromolar L-AP4. 
(L-2-amino-4-phosphonobutanoic acid). We recently observed another experi-
mental protocol for transient potentiation of guinea pig mossy fiber—CA3 
responses. A transient (~5 min) 10-20x increase is observed in the extra-
cellular response (0.1 Hz stimulation) during the washout of L-quisqualate, 
after a 4 min exposure of the slice to 16 pM; or to L-a-aminoadipate, after a 
4 min exposure to 2 mM. No potentiation is observed during washout of 
L-AP4, after a 4 min exposure to 20 pM. However, in slices previously ex-
posed to L-quisqualate and washed until the potentiated response has declined, 
transient potentiation again occurs during washout after exposure to L-AP4, 
Previous exposure and washout, first with L-quisqualate, then with L-a-amino-
adipate, prevents the potentiation by exposure to and washout of L-AP4.

Previous studies on quisqualate sensitization (QUIS-effect) in the CAI 
hippocampal pathway in rats have indicated that L-quisqualate, 
L-a-aminoadipate, and L-AP4 may interact with a calcium-dependent 
glutamate transport site. The present observations are consistent with such 
interactions and further suggest that during washout of these EAA analogs, 
perturbations in cellular Ca2* gradients may occur which in turn alter EAA 
release or EAA receptor sensitivity . (Supported by NIH NS 35608).

687.19
EFFECTS OF A GLYCINE REUPTAKE BLOCKER (GDA) AND OLANZAPINE 
ON PHENCYCLIDINE-INDUCED ALTERATION OF cfos AND zif268 mRNA 
EXPRESSION. X.-M. Gao*, P.C. Javitt and C. A. Tamminga. M.P.R.C.. 
University of Maryland School of Medicine, Baltimore MD 21228

Phencyclidine (PCP)-induced neurochemical changes in CNS have been 
proposed as a useful paradigm for studying psychosis. Time-dependent 
actions of PCP occur on glucose utilization, NMDA-sensitive glutamate 
receptor density, and cfos and zif268 mRNA expression in rat brain (Gao et al 
Synapse 23, 274, 1996). PCP produces an early induction of cfos mRNA and 
zif268 mRNA (1-3 h) and a delayed suppression of zif268 mRNA (24-48 h) in 
rat brain. D-cycloserine, a glycine partial agonist blocks the PCP-induced 
zif268 mRNA expression at both early (1 h) and delayed (24 h) times, in the 
present study, we have examined the effects of glycyldodecylamide (GDA), a 
glycine reuptake inhibitor, and olanzapine, a new antipsychotic drug on PCP- 
induced cfos mRNA and zif268 mRNA expression at 1 h and 24 h in rat brain. 
We employed in situ hybridization techniques and quantified the cfos and 
zif268 mRNAs levels in several cortical, subcortical, and hippocampal regions. 
GDA (20 mg/kg) significantly attenuated the PCP-stimulated induction ofzif268 
mRNA at 1 h in anterior cingulate cortex (PCP,+34%; PCP+GDA, +14%). 
Olanzapine (5 mg/kg) blocked the PCP-induced zif268 mRNA induction in 
medial prefrontal (PCP,+30%; PCP+Olan. 0%), dorsolateral frontal 
(PCP+15%; PCP+Olan. -47%) , anterior cingulate (PCP,+34%; PCP+Olan. 
+2%) and sensorimotor cortices (PCP,+44%; PCP+Olan. -41%) at 1 h. We will 
report the results of GDA and olanzapine regional action on PCP-induced 
alterations of cfos and zif268 mRNA at 1 h and 24 h. The time-dependent 
effects of PCP on immediate early gene expression and their blockade could 
suggest neuronal mechanisms associated with PCP action. (NIMH Supported)
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688.1
LOCALIZATION OF GLUTATHIONE BINDING SITES IN THE 
CENTRAL NERVOUS SYSTEM OF RAT. J.S. Bains*, B.A. 
Pasqualotto, C.A. Shaw and K, Curry, Depts. of Ophthalmology & 
Physiology, Univ. of British Columbia & Precision Biochemicals, 
Vancouver, B.C., V6T 1Z3.

Glutathione (GSH) is a tripeptide considered to play an important 
role in the scavenging of reactive oxygen species (ROS). Increasing 
evidence suggests alterations in GSH status in various neurological 
disorders as ROS produced by oxidative metabolism may be 
particularly damaging to neurons. Using a combination of binding 
assays and electropharmacological recording methods, we have 
provided evidence that GSH may be as an excitatory neurotransmitter 
acting through its own unique population of receptors. Such an action 
appears distinct from the subtypes of glutamate receptor, although it 
shares some similarities to cysteine, the latter operating through 
NMDA receptors. In vitro autoradiography has been used to localize 
[3H] GSH binding sites in the rat CNS. Dense [3H] GSH binding was 
observed in dentate gyrus, habenula, hypothalamus and retina. These 
results provide a further evidence for the presence of GSH receptors in 
the CNS and strengthen our hypothesis that GSH may be a 
neurotransmitter acting through its own receptor population. (Supported 
by NSERC Canada and ALS Society.)

688.2
STRUCTURE ACTIVITY RELATIONSHIP OF GSH-EVOKED 
ACTIVITY IN CORTEX. C.A. Shaw*, B.A. Pasqualotto, J.S. Bains, 
and K. Curry. Depts. of Ophthalmology & Physiology, Univ. of 
British Columbia & Precision Biochemicals, Vancouver, B.C., V6T 
1Z3.

Using a cortical wedge preparation, we have examined the structure 
activity relationship of reduced glutathione (GSH) for evoking neural 
responses. Bath application of GSH to cortex gives rise to a rapid on - 
and rapid offset depolarizing potential which appears to be Na+- 
dependent (Shaw et al., Neuroreport 7:1149, 1996). The GSH response 
cannot be blocked by AMPA or NMDA antagonists. Cysteine alone 
gives a depolarizing response which can be mostly blocked by NMDA 
antagonists. Dipeptide combinations of GSH constituent amino acids 
were also tested: y-glutamylcysteine and cysteinylglycine both gave 
depolarizing responses which were not blocked by DNXQ or MK801; 
y-glutamylglycine had no effect. Chimeric dipeptides, aspartylcysteine 
and cysteinylalanine gave depolarizations which were not blocked by 
AP5/MK801. The data support the hypothesis that GSH binds to a 
unique class of neural receptor. The key distinction between GSH-like 
and cysteine-like actions appears to be a substitution on carboxyl and/or 
amino group of the cysteine molecule. (Supported by NSERC Canada 
and ALS Society.)

688.3
[Ca2+]i OSCILLATIONS IN ASTROCYTES TRIGGERS REPETITIVE, 
GLUTAMATE-MEDIATED [Ca2 i]; INCREASES IN NEURONS IN SITU.
L. Pasti, A. Volterra, T, Pozzan G. and G. Carmignoto* Dept of Biomed Sci, 
University of Padua, +Inst of Pharmacol Sci, University of Milan, Milan, Italy. 
Evidence have been reported from cell culture experiments that neuronal activity 
can trigger [Ca2+]; elevations in astrocytes. In addition, cultured astrocytes can be 
induced to release glutamate that triggers significative [Ca2+]j increases in adjacent 
neurons. We recently provided evidence from acute brain slice preparations loaded 
with the [Ca2+] indicator Indo-1, that stimulation of neuronal afferents in the visual 
cortex as well as CA1 hippocampal region can trigger periodic [Ca2+]i oscillations in 
astrocytes whose frequency was strictly dependent on the pattern of neuronal 
stiiinulation. We here report that [Ca2+], oscillations triggered in astrocytes of CA1 
region by the metabotropic glutamate receptor agonist /-ACPD (5-20 pM) were 
accompanied by glutamate-mediated, repetitive [Ca2+], increases in neurons. In a 
number of neurons (14 of 49), the r-ACPD-induced [Ca2+], increase was totally 
dependent on ionotropic glutamate receptor activation as it was abolished by NBQX 
and AP5 and recovered upon wash out of the AMPA and NMDA receptor 
antagonists. In the remaining neurons, the amplitude of the r-ACPD-induced 
[Ca2"], increase was reduced to 63.5 ± 5.05 % (means ± SE). Similar results were 
obtained following inhibition of the neurotransmitter release by 30 min incubation 
with tetanus toxin (100 pg/ml), suggesting that r-ACPD-induced, [Ca2 ]. increases 
in neurons were due to the release of glutamate, or a glutamate analog, by astrocytes 
through a tetanus toxin-resistant mechanism. The existence of this glutamate- 
mediated, reciprocal form of communication between neurons and astrocytes points 
to unexpected roles of astrocyte oscillations in neuronal excitability.

688.4
ACTIVATION AND DESENSITIZATION PROPERTIES OF NATIVE 
AND RECOMBINANT KAINATE RECEPTORS. J. Lerma*, A.V. 
Paternain, & A. Villarroel, Instituto Cajal, CSIC, 28002-Madrid, Spain 
Glutamate receptors of the kainate type were studied in cultured hippocampal 
neurons and in HEK cells transfected with a cDNA encoding the GluR6 
subunit. The activation-inactivation properties of membrane currents induced 
by the rapid application of glutamate or kainate were studied and compared. 
Half-maximal activation (EC5o) of native channels was obtained at a glutamate 
concentration of 330 pM, while the half-maximal steady state desensitization 
(G>/2) was attained at 2.8 pM. These values differed from those obtained in 
recombinant receptors (EC5o= 762 pM and G>/2= 0.44 pM). A small window 
under the crossing point of activation and inactivation curves was observed, 
indicating that, for some concentrations of either agonist, steady state channel 
activity could exist. In native receptors, this window presented maximum 
values at approximately 100 pM and 1 pM for glutamate and kainate, 
respectively. The onset of desensitization was rapid and similar in native and 
recombinant channels. An onset rate constant of ~80 s'1 was estimated for both 
glutamate and kainate. In contrast, recover)' from desensitization was slow and 
agonist-dependent. In native channels, the rate constants of recover)’ were 
calculated to be 0.2 s'1 and 0.05 s'1 for glutamate and kainate, respectively. 
Recovery proceeded faster in GluR6 recombinant receptors, 0.55 s'1 and 0.08 
s'1 for glutamate and kainate, respectively. These data illustrate properties of 
native receptors which will be decisive in the functioning of kainate receptors 
in brain physiology.
Supported by grants DGICYT (PB93/0150), FIS (95/0869), CAM (AE00362/95) and 
European Union (B1O2-CT930243).

688.5
ANANDAMIDE MODULATES THE NMDA RECEPTOR AND
GLUTAMATERGIC NEUROTRANSMISSION Hampson AJ, Bornheim LM, 
Scanziani M, Yost CS, Gray AT, Hansen BM, Leonoudakis DJ, Axelrod J*,
Bickler PE. University of California San Francisco, CA.

Anandamide (Ana) is an endogenous eicosanoid that binds and activates
cannabinoid receptors. In animals, Ana induces similar pharmacological responses 
as the cannabinoid, A9-tetrahydrocannabinol, although the physiological role of 
Ana remains unclear. The pharmacological effects of cannabinoids include 
disruption of motor co-ordination, pain and memory formation, systems which 
depend on N-methyl-D-aspartate receptor (NMDAr) mediated neurotransmission. 
We investigated whether Ana alters NMDAr activity by examining Ana’a effect 
on NMDA-induced calcium flux (ACa2+NMDA) in rat brain slices stained with a 
calcium sensitive dye (Fura2). Anandamide inhibited ACa2+NMDA in brain slices by 
a mechanism that was disrupted by cannabinoid receptor antagonist, pertussis 
toxin and agatoxin, a calcium channel antagonist. While these treatments 
prevented Ana inhibition of ACa2+ NMDA, they also revealed an underlying 
mechanism by which Ana augments ACa2+NMDA. In the absence of active 
cannabinoid receptors, Ana potentiated ACa2+NMDA in cortical, cerebellar and 
hippocampal slices and augmented NMDA stimulated currents in Xenopus oocytes 
expressing cloned NMDAr, suggesting a capacity to directly modulate NMDAr 
activity. Anandamide also enhanced neurotransmission across NMDAr-dependent 
synapses in hippocampus but, as with the oocyte model and Fura-treated brain 
slices, Ana potentiation of neurotransmission was not mimicked by THC and was 
unaffected by cannabinoid receptor antagonist. Anandamide is an endogenous 
modulator of glutamatergic neurotransmission. Anandamide’s effects are mediated 
by both cannabinoid receptors and a direct action on NMDA receptors. This work 
was funded by grants from NIH and NIDA.

688.6
DISTRIBUTION OF NMDA AND GLYCINE RECEPTORS IN RAT CNS 
NEURONS. M. Herkert, C, Kling, A. Mautes*°, C.-M, Becker. Institut 
fur Biochemie, Universitat Erlangen, D-91054 Erlangen; °Neuro- 
chirurgisches Forschungslaboratorium, D-66421 Homburg, Germany.

The NMDA subtype of excitatory glutamate receptors comprises a 
family of highly homologous subunits. Using peptide-specific anti-
bodies, expression of the NMDA receptor variant NR2B was analyzed in 
primary neurons from rat hippocampus and spinal cord. After 5 days 
in culture, NR2B antigen accumulated in axonal growth cones and 
varicosities of the hippocampal neuron while it was evenly distributed 
over other parts of the cell. During the second week in culture, this 
early distribution pattern was replaced by a more somato-dendritic 
localization of receptor clusters. A similar redistribution was apparent 
in spinal neurons. Inhibitory glycine receptor likewise showed 
somato-dendritic receptor dots, but little costaining to NR2B indicating 
formation of separate clusters populations. To further analyze the 
association of the NR2B subunit with growth cones, E18 rat cerebral 
cortex was fractionated by sucrose-densitiy gradient centrifugation. 
Western blot analysis of the axonal growth cone fraction revealed high 
specific contents of the NR2B polypeptide. In contrast, MAP-2 was 
absent from this fraction excluding contamination by somatic or 
dendritic membrane fractions. The accumulation of the NR2B subunit 
in axonal growth cones and varicosities suggests a role of NMDA recep-
tors in regulation of neurite outgrowth and migration during early sta-
ges of neuronal development. In contrast to these developmental 
changes, experimental neurotrauma did not significantly affect NR2B 
and GlyR contents. Supported by BMBF No 01K09405/4 and DFG.
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688.7
HETEROSYNAPTIC INTERACTION IN CEREBELLAR PURKINJE 
CELLS MEDIATED BY A METABOTROPIC GLUTAMATE 
RECEPTOR. F. Tempia*, M. C. Miniaci, D. Anchisi and P. Strata. Dept. 
of Neuroscience, University of Torino. 1-10125 Torino, Italy

Information directed to the cerebellar cortex is combined and elaborated 
at the level of Purkinje cells. The presynaptic elements carrying such 
information are climbing and parallel fibers, both acting on glutamate 
receptors of the AMPA type. In addition, parallel fibers activate a 
metabotropic glutamate receptor (mGluR). Purkinje cells were whole-cell 
recorded in acute rat cerebellar slices in voltage-clamp conditions. Parallel 
fiber activation by brief bursts of stimuli of more than 10 Hz in the 
presence of ionotropic glutamate receptors blockers evoked a slow current 
with a mean latency of 0.3 s, a duration of 3.2 s and an amplitude of about 
100 pA. In the same conditions climbing fibers were ineffective in evoking 
the inward current. The parallel fiber evoked current was reduced to half 
amplitude by the addition of 200 jiM AIDA, a selective group I mGluR 
antagonist. Following a transient depolarization to 0 mV of the Purkinje 
cell, the first parallel fiber burst evoked a markedly potentiated response 
when it was delivered in a very broad time window' of more than 90 s from 
the depolarization. The addition of 10 mM BAPTA to the internal 
solution abolished the response. This effect can be interpreted as a calcium 
triggered activation of a mechanism that acts as a switch setting the cell in 
a potentiated state. The first incoming parallel fiber burst gives a larger 
response and at the same time resets the switch to its default state. Such 
calcium dependent effect is a novel feature of synaptic signal elaboration 
that confers to Purkinje cells a response selectivity for the first parallel 
fiber burst following climbing fiber discharge while later signals, less related 
to climbing fiber activity, are discarded. Funded by MURST and CNR.

688.8
METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION MODULATES 
EXCITATORY SYNAPTIC TRANSMISSION FROM TRIGEMINAL 
PREMOTONEURONS TO MOTONEURONS. C.A, Del Negro* and S.H. 
Chandler. Dept of Physiological Science, UCLA. Los Angeles, CA 90095-1568.

Synaptic excitation of trigeminal motoneurons (TMNs) is accomplished by 
activation of ionotropic glutamate receptors. Metabotropic glutamate receptors 
(mGluRs) are also present on TMNs and their activation can modify synaptic 
transmission. Whole-cell recordings were obtained from visually identified TMNs 
in neonatal rat brainstem slices (age 0-7 days). Stimulation of individual trigeminal 
premotoneurons (TPMns) evoked unitary excitatory-amino acid (EAA)-mediated 
synaptic currents (eEPSCs) with NMDA and non-NMDA components. Amplitude 
histograms were generated from eEPSCs recorded in control conditions or during 
bath application of mGluR agonist (lS,3R)-l-aminocyclopentane-l,3-dicarboxylate 
(1S,3R-ACPD, 100 pM). 1S,3R-ACPD application decreased the mean amplitude 
of the eEPSCs, without changing the amplitude of the smallest evoked response, 
and increased the rate of failures. Spontaneous miniature EPSCs (mEPSCs) were 
recorded under TTX (0.5 pM) conditions. The frequency of occurrence and mean 
amplitude of mEPSCs were reduced during 1S,3R-ACPD application. However, the 
frequency and mean amplitude of spontaneous EPSCs (sEPSCs) recorded in the 
absence of TTX showed either enhancement (n=3) or reduction (n=2) after 1S,3R- 
ACPD application, suggesting that soma-dendritic membranes of TPMns were 
excited in some cells causing increased synaptic transmission. Postsynaptically, 
1S,3R-ACPD application increased the input resistance of TMNs by reducing a 
leakage K+ current. These data indicate that mGluR activation presynaptically 
inhibits EAA-mediated synaptic transmission from TPMns to TMNs and increases 
postsynaptic excitability. Endogenous activation of mGluRs could serve as a 
mechanism for enhancement of the signal to noise ratio during relay of oral-motor 
commands to TMNs. Funded by NIH-NIDR DE 06193.

688.9
DEVELOPMENT OF CLINICALLY-TOLERATED NMDA 
RECEPTOR ANTAGONISTS. Stuart A. Lipton, Posina V, Ravudu 
and H.-S. Vincent Chen*. Dept. of Neurology, Children's Hospital and 
Program in Neuroscience, Harvard Medical School, Boston, MA 02115.

The clinical potential of most NMDA antagonists as neuroprotectants is 
hampered by the fact that they block physiological NMDA receptor- 
mediated activity at neuroprotective concentrations (Lipton, TINS 12:527, 
1993). However, unlike other NMDA antagonists, the open-channel 
blocker memantine displays relative sparing of EPSCs at neuroprotective 
levels (Rayudu et al., Soc. Neurosci Abstr. 22:606.17, 1996), apparently 
due to its purely uncompetitive mode of antagonism (Chen and Lipton, J. 
Physiol., 499:27, 1997). In contrast, the failure of MK-801 to spare 
EPSCs suggests that the clinical potential of an open-channel blocker is 
determined by its on- and off-rate constants. Is there a set of unique on- 
and off-rate constants that optimizes the mutually conflicting demands of 
neuroprotection and clinical tolerance? Using kinetic theory and 
exploiting the differences in temporal profile of glutamate concentrations 
under physiological (Clements et al., Science 258:1498, 1992) and 
pathological conditions (Hagberg et al., J. Cereb. Blood Flow Metab., 
5:413, 1985), we obtained optimal values for these rate constants. The 
calculations are subject to the following 3 constraints: the antagonist 
should (i) block sustained NMDA receptor activity as much as possible, 
(ii) attain steady-state blockade within a reasonable time (seconds), and 
(Hi) spare EPSCs to the greatest degree possible. Our calculations 
establish the best theoretical parameters for clinically-tolerated NMDA 
open-channel blockers and should help guide future clinical development 
of these drugs.

Funded by NIH grant P01 HD29587 (to S.A.L.).

688.10
NEUROPHARMACOLOGICAL CHARACTERIZATION OF NICOTINE 
INDUCED GLUTAMATE RELEASE IN THE RAT NUCLEUS ACCUMBENS 
Malcolm S. Reid* and S. Paul Berger. UCSF/VAMC, Substance Abuse 
Treatment Research 116W, 4150 Clement St., San Francisco, CA 94121

Previously, we have shown that an injection of cocaine or amphetamine 
stimulates glutamate release in the nucleus accumbens and that this effect 
is calcium dependent, mediated by dopamine^ and becomes sensitized 
following chronic cocaine pretreatment. In the present study, nicotine 
stimulated glutamate release in the nucleus accumbens was studied in naive 
and chronically pretreated animals using in vivo microdialysis. All studies 
were done with freely moving, awake animals implanted 24 hrs prior to 
testing with 2 mm microdialysis probes (CMA 10) via guide cannulae. An 
acute injection of nicotine (free base (-) enantiomer, 0.6 mg/kg, s.c.) produced 
a short lasting increase in extracellular glutamate levels which was 
unaffected by removing calcium from the perfusion medium. Following local 
6-OHDA lesions in the nucleus accumbens (2 wk prior to testing) the 
increase in glutamate levels was enhanced versus sham lesioned animals. 
Chronic nicotine pretreatment consisted of 15 daily nicotine (0.6 mg/kg, s.c) 
or saline injections, given in the test chamber, followed by testing with 
nicotine (0.6 mg/kg, s.c.) on day 16. Evidence for sensitization was observed 
with nicotine induced dopamine release and locomotor activity, however, 
nicotine induced glutamate release was reduced in the nicotine pretreated 
animals. These results demonstrate that nicotine stimulates extracellular 
glutamate levels in the nucleus accumbens. This effect is calcium and 
dopamine independent and becomes tolerant following chronic 
pretreatment. Further studies investigating the neuronal origin of the 
stimulated glutamate levels are indicated. (Supported by NARSAD)

688.11
OXOTREMORINE ATTENUATES L-TRANS-PDC-EVOKED GLUTAMATE 
LEVELS IN RAT STRIATUM. SJVLRawlS* and J,F,.McGinty. Dept. of Anat. 
and Cell Biol., East Carolina Univ. Sch. of Med., Greenville, NC 27858.

Activation of muscarinic receptors attenuates glutamatergic transmission in 
striatal slices’. Moreover, muscarinic receptor stimulation decreases 
psychostimulant-induced behavior and striatal gene expression2, which 
depend on glutamatergic and dopaminergic transmission. Therefore, we 
investigated whether local activation of intrastriatal muscarinic receptors would 
reduce extracellular glutamate levels evoked by L-trans-pyrrolidine-2,4- 
dicarboxylic acid (L-trans-PDC), a competitive inhibitor of glutamate reuptake. 
The nonselective muscarinic agonist, oxotremorine, and L-trans-PDC were co-
perfused by reverse microdialysis into the striatum of conscious rats. 
Dialysate samples were collected every 15 min. Glutamate was assayed using 
HPLC coupled with diode array detection. Basal glutamate levels were 
unaffected by oxotremorine. However, oxotremorine (5, 0.5, and 0.05 pM) 
significantly attenuated L-trans-PDC-evoked extracellular glutamate levels in a 
concentration-dependent manner. Previous work from this laboratory has 
shown that reduced calcium and tetrodotoxin perfusion decreases L-trans- 
PDC-evoked glutamate levels by 50%3. The present study also demonstrated 
that muscarinic receptor activation attenuates L-trans-PDC-evoked 
extracellular glutamate levels by 50%. Based on these data, we hypothesize 
that presynaptic muscarinic receptor activation attenuates calcium- and/or 
action potential-dependent glutamate efflux evoked by L-trans-PDC from 
corticostriatal and thalamostriatal terminals by attenuating transsynaptic 
activity. Supported by DA03982.
1. Hernandez E. et al., 1996, Soc. Neurosci. Abs., 410.
2. Wang J.Q. and McGinty J.F., 1996, Neuroscience 75, 43-56.
3. Rawls S.M. and McGinty J.F., 1997, J. Neurochem. 68,1553-1563.

688.12
ENHANCEMENT OF /V-METHYL-D-ASPARTATE-INDUCED [CA2+k RESPONSE 
BY SULPIRIDE: INVOLVEMENT OF PROTEIN KINASE AND MODULATION 
BY SIGMA LIGANDS. T. Hayashi12, T.-P. Su1‘, A. Kagaya2, T. Oyamada2 
and S. Yamawaki2. 1Unit on Pathobiology, Molecular Neuropsychiatry 
Section, IRP, NIDA/NIH, Baltimore, MD 21224, U.S.A. and department of 
Psychiatry and Neurosciences, Hiroshima University School of Medicine, 
Hiroshima 734, Japan.

The effects of sulpiride, a selective dopamine D2 antagonist, on A/-methyl- 
D-aspartate (NMDA)-induced changes in intracellular Ca2+ concentration 
([Ca2 + ]J were investigated using the primary culture of rat frontal cortical 
neurons. Frontal cortical neurons of rat fetuses at embryonic day 18 were 
cultured for 6-7 days in DMEM containing 5% FCS and 5% horse serum. 
Cells were loaded with fura2-AM and the [Ca2+]^ in single neurons was 
measured using a fluorescence video microscope. A subacute treatment 
with sulpiride (10 nM-1//M, >2 days) enhanced NMDA (100 pM)-induced 
increase in [Ca2+]j in a dose-dependent manner. S(-)Sulpiride enhanced the 
[Ca2 + Ij responses induced by NMDA, whereas R( + (-sulpiride was inactive. 
Subchronic treatment with phorbol-12-myristate-13-acetate also enhanced 
the NMDA-induced increase in [Ca2+L Subchronic treatments with protein 
kinase inhibitors, H-7 and H-89 (selective for A kinase), abolished the 
enhancement. Sigma ligand DTG (10 nM-1//M), when added into the 
medium, potentiated the [Ca2* ^-enhancing effect of sulpiride. Haloperidol, 
a putative sigma receptor antagonist, at concentrations without effect on 
its own (10 nM-1//M), did not affect the action of sulpiride. Haloperidol, 
however, antagonized the DTG's potentiating effect on sulpiride. Our results 
therefore suggest that the effect of sulpiride on NMDA-induced [Ca2+]j 
changes is mediated via the activation of protein kinase and that sigma 
receptors can modulate this mechanism in an agonist-antagonist fashion.
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688.13
AGMATINE SELECTIVELY BLOCKS THE NMDA SUBCLASS 
OF GLUTAMATE RECEPTOR CHANNELS IN CULTURED 
MOUSE HIPPOCAMPAL NEURONS. X.-C, Yang* and P.J, Reis. 
Dept. of Neurol, and Neurosci., Cornell Univ. Med. Col., New York, 
NY 10021.

Agmatine, decarboxylated arginine, is an endogenous amine and 
divalent organic cation at physiological pH. Agmatine is synthesized, 
stored and released in mammalian CNS and may act as a novel 
neurotransmitter/neuromodulator (Li et al., Science, 1994; Regunathan 
et al., Soc. Neurosci. Abstr., 1996). That agmatine is physiologically 
functional is supported by the observation that it blocks NMDA 
receptor currents in rat hippocampal neurons (Yang and Reis, Soc. 
Neurosci. Abstr., 1996). We demonstrated here, as in rat neurons, that 
agmatine reversibly blocked the whole-cell NMDA current in cultured 
embryonic mouse (El7) hippocampal neurons. The block was voltage- 
dependent: more potent at hyperpolarizing while ineffective at 
depolarizing voltages. The concentration of agmatine that reduced the 
NMDA current by 50% was about 100 pM. In contrast, agmatine at 100 
pM had little effect on AMPA- and kainate- elicited whole-cell currents 
in the mouse neurons. Therefore, agmatine, possibly released 
presynaptically, acts to selectively modulate the NMDA subclass of 
glutamte receptor channels. (NHLBI-HL18974)

PEPTIDE RECEPTORS: STRUCTURE AND FUNCTION IV

689.1
CHARACTERIZATION OF THE FUNCTIONAL ACTIVITY OF 
CORTICOTROPIN-RELEASING FACTOR (CRF) LIGANDS AT CLONED 
HUMAN CRF RECEPTORS. H. C. Akunne*, R. G. MacKenzie, D. J. Wustrow, K. 
T. Zoski , T. G. Heffner and T. A. Pugsley. Psychiatric Disorders Therapeutics, 
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Company, Ann 
Arbor, MI 48105

Increased guanine nucleotide exchange to G proteins is a reflection of receptor 
activation. Stimulation by an agonist of the G protein-linked receptor is measured as 
an increase in the release of GDP from the G-protein and is represented by an 
increase in binding of a non-hydrolysable analogue of GTP, [35S]GTPyS. Several 
CRF agonists that exhibited good affinities in receptor binding studies produced 
concentration-dependent stimulation of [35S]GTPyS binding in membranes from a 
CHO p-5 cell line stably transfected with the hCRF-1 receptor. Tyr°-CRF(h,r) 
(binding affinity, K, = 4.6 nM), ovine CRF (Ks = 1.5 nM), r/h CRF (K; = 3.5 nM) 
and sauvagine (K; = 2.5 nM). Similarly, the CRF peptide antagonist (alpha-helical 
CRF9.41)( Kj = 25 nM) and the non-peptide Sanofi antagonist (K; = 52 nM) at lower 
concentrations, blocked the agonist-induced stimulation of [35S]GTPyS but appeared 
to exhibit partial agonist effects at high concentrations (> 1 pM). The rank order of 
potencies for the binding affinities and the stimulation of [35S]GTPyS binding: ovine 
CRF > sauvagine > r/h CRF > (Tyr°-CRF(h,r) were similar. Substance P and 
bradykinin were inactive in these assays. We also showed using membranes of the 
cloned receptor that the measured interaction was G protein-linked by its sensitivity 
to pertussis toxin inhibition. This study demonstrates that functional activity studies 
to distinguish agonists/antagonists can be conducted using this paradigm in drug 
screening for CRF receptors. Supported by Warner-Lambert

689.2
CORTICOTROPIN-RELEASING FACTOR (CRF) STIMULATES CA2+ INFLUX 
IN CLONED HUMAN CRF RECEPTORS AND IN IMR-32 CELLS. K, T, Zoski, 
H. C. Akunne, R. G. MacKenzie and T. G. Heffner*. Psychiatric Disorders 
Therapeutics, Parke-Davis Pharmaceutical Research, Division of Warner-Lambert 
Company, Ann Arbor, MI 48105.

The purpose of this study was to determine changes in cytosolic free calcium 
concentrations induced by CRF ligands in two systems, the cloned human CRF-1 
receptors and the neuroblastoma cell line, IMR-32 since calcium may play a role in 
cellular responses to CRF . We determined that the increase in intracellular calcium 
is due to a Ca2+ influx through CRF-receptor mediated mechanism. Radioligand 
binding studies with [l25I]-oCRF showed that CRF ligands bound to CRF receptors 
with the following inhibition constants (K,), (compound, nM): r/h CRF (1.5), 
sauvagine (3.3), Tyr°-CRF(h,r) (6.9), alpha helical CRF9.4, (8.0), ovine CRF (12.5) 
and non-peptide Sanofi antagonist (18.0). The resting [Ca2+]| for both the cloned 
receptor and the non-adherent membrane at 37°C were about 80 nM. The increased 
response in cytosolic calcium with CRF agonists; ovine CRF, r/h CRF, sauvagine 
and Tyr°-CRF(h,r) were about 1 pM for the individual EC50 values. Both the CRF 
peptide antagonist, alpha-helical CRF9.41 and the non-peptide Sanofi antagonist 
exhibited partial agonist properties at 1 and 10 pM but at concentrations up to 500 
nM they blocked the increase in cytosolic free calcium concentrations induced by 
CRF agonists. The responses in this paradigm were weaker (submicromolar) than 
the nanomolar concentration responses observed in other systems of second 
messenger actions such as stimulation of adenylyl cyclase activity. These results 
show that in cloned human CRF receptors and in IMR-32 membranes, CRF ligands 
induce changes in Ca2+ which can be utilized to distinguish agonists from 
antagonists. Supported by Warner-Lambert

689.3
CHARACTERIZATION OF A MITOGENIC ASSAY FOR USE IN SCREENING 
CORTICOTROPHIN RELEASING FACTOR (CRF) RECEPTOR LIGANDS. L. M. 
Georgic*, S.S. Basu, D.H. Van Leeuwen, R.G. MacKenzie and T. A. Pugsley.
Psychiatric Disorders Therapeutics, Parke-Davis Pharmaceutical Research, Division 
of Warner-Lambert Company, Ann Arbor, MI, 48105.

CRF is a key neuroregulator of the hypothalamic-pituitary-adrenal cortical axis 
displaying a broad range of effects on the endocrine, central nervous and immune 
systems. Cloned CRF1 receptors (CRF1R) were stably expressed in CHOp-5 cells 
and activation of CFR1R stimulated the production of cAMP. A high throughput 
functional screening assay for CRF1R ligands was developed using the inhibitory 
effect of cAMP on mitogen-stimulated [3H]thymidine uptake which is readily 
performed in a 96-well format. Insulin, acting through endogenous insulin-like 
growth factor receptors, stimulated [3H]thymidine uptake by 10-fold and CRF1R 
activation inhibited this effect. Rat/human and ovine CRF, sauvagine, Tyr°-CRF and 
urotensin I dose-dependently inhibited insulin-stimulated [3H]thymidine uptake and 
showed a rank order potency consistent with the published pharmacology of the 
CRF1R. To explore the mechanism for CRF1R inhibition of insulin stimulated 
[3H]thymidine uptake, the activity of the extracellular signal regulated kinase 
(ERK2/MAP kinase p42) was studied. Pretreatment with the MAP kinase kinase 
(MEK-1,2) inhibitor PD98059 reversed insulin-stimulated ERK2 activity and 
[3H]thymidine uptake, indicating that stimulation of [3H]thymidine uptake depended 
on ERK2 stimulation. Studies are underway to determine whether CRF IR activation 
inhibits mitogen stimulation of [3H]thymidine uptake by inhibiting activation of 
ERK2. Supported by Warner-Lambert.

689.4
ALLOSTERIC PROPERTIES OF A NOVEL CRH,
RECEPTOR ANTAGONIST.
R Zaczek, C.M. Rominger*, D.H. Rominger, J. Patterson,
L.W. Fitzgerald, P.R. Hartig and B.L. Largent.
Central Nervous System Diseases Research,
The Du Pont Merck Research Laboratories, Wilmington, DE
19880-0400

We have generated data suggesting that small molecule CRH, 
antagonists, such as SC241, inhibit CRH binding through an allosteric 
mechanism. The dissociation rate of [125I]-tyr°-ovine-CRH from CRH, 
receptors is increased by the addition of 1 pM SC241. This effect is 
most apparent on the low affinity state of binding; t1/2=77 min for 
control compared to 36 min in the presence of SC241. There is less 
effect on the dissociation rate from the high affinity state. Addition of 
SC241 decreases the t1/2 to 247 min from control t,/2 of 266 min. 
Saturation studies with [125I]-tyr°-ovine-CRH in the presence of 
increasing concentrations of SC241 show a change in both KD and Bmax. 
This data supports a model of an un-competitive rather than a 
competitive inhibition. Also supporting un-competitive inhibition is the 
observation of decreased efficacy as well as potentcy of CRH to 
stimulate adenylate cyclase activity in the presence of increasing 
concentrations of SC241. In summary, SC241, and other small 
molecule CRH, antagonists, appear to be allosteric inhibitors of CRH 
binding based upon: l)increases in CRH off-rate in the presence of 
SC241, 2)decrease in Bmax of CRH binding in the presence of SC241, 
and 3)decrease efficacy of CRH to stimulate the adenylate cyclase in the 
presence of SC241.
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689.5
CORTICOTROPIN RELEASING-FACTOR BINDING-PROTEIN LIGAND 
INHIBITOR INDUCES THERMOGENESIS IN AN ANIMAL MODEL OF 
OBESITY. S.C, Heinrichs*. K.L, Jeske and R.J. Nelson. Neurocrine Biosciences, 
Inc., 3050 Science Park Road, San Diego CA 92121.

Increases in body temperature within the physiological range serve to limit the rate 
of body weight gain in rodents. Thermogenesis is stimulated by exposure to 
environmental stressors or by administration of the neurochemical analogue of 
stressor exposure, corticotropin releasing-factor (CRF). Both thermogenetic capacity 
and hypothalamic CRF content appear to be deficient in genetically obese or 
chronically overfed animals. The present studies examined the ability of a CRF 
binding protein (CRF-BP) ligand inhibitor, a peptide which dissociates CRF from 
CRF-BP and increases brain levels of unbound CRF, to stimulate temperature 
increases in genetically obese Zucker rats.

Zucker lean (Fa/?) and obese (fa/fa) rats were first implanted with radiotelemetry 
transceivers which allowed continuous in vivo sampling of core temperature, heart 
rate, blood pressure and motor activity in unhandled, freely-moving subjects. 
Baseline data were collected over seven days prior to chronic seven-day 
intracerebroventricular infusion of either vehicle or 25 pg/day of r/h CRF (6-33), a 
dose shown previously to blunt the exaggerated weight gain of obese Zucker rats. 
CRF-BP ligand inhibitor treatment significantly elevated core temperature (0.3 °C 
increase) and activity in obese, but not lean, Zucker rats. Interestingly, these 
temperature and activity increasing actions persisted during peptide infusion and over 
seven days following discontinuation of treatment. Heart rate and blood pressure 
measures were not elevated by r/h CRF (6-33). These data demonstrate a functional 
dissociation of the thermogenic effects from potential sympathomimetic side-effects 
of a CRF-BP ligand inhibitor and suggest the potential for ameliorating disorders 
such as obesity associated with low levels of CRF in brain.

Supported by NIDDK grant 51983 to SCH and Errol B. De Souza.

689.6
ENHANCEMENT OF PERFORMANCE IN MULTIPLE LEARNING TASKS BY 
CORTICOTROPIN-RELEASING FACTOR-BINDING PROTEIN LIGAND 
INHIBITORS. J.S. Lapsansky. E.A, Vale. D.P, Behan*. L.V, McClure. N, Ling, 
E.B. De Souza. G. Schulteis. and S.C. Heinrichs. Neurocrine Biosciences, Inc., 3050 
Science Park Road, San Diego CA 92121.

Evidence favors a role for corticotropin-releasing factor (CRF) in learning and 
memory processes. A binding protein (CRF-BP) with the ability to inactivate CRF 
provides a novel target to modulate endogenous levels of CRF. The present studies 
employed three measures of information processing in rats in order to examine the 
impact of CRF system activation resulting from administration of CRF-BP ligand 
inhibitors which increase levels of free CRF.

Acquisition of a visual discrimination paradigm and retention of an inhibitory 
avoidance task were dose dependently facilitated by central administration of a CRF- 
BP ligand inhibitor, rat/human CRF (6-33). CRF-BP ligand inhibitor treatment also 
improved performance in an active avoidance paradigm in aged animals. No non-
specific anorexic effects of the active dose of CRF-BP ligand inhibitor were detected 
in a food intake test. Moreover, the magnitude of in vivo efficacy of the CRF-BP 
ligand inhibitor peptide in producing a mild increase in motor activity was dissociated 
from that of a post-synaptic CRF receptor agonist, rat/human CRF (1-41), which 
exerted robust and long-lasting activity increases. Thus, CRF-BP ligand inhibitors 
appear to elicit generalized learning enhancement effects without mimicking the 
robust generalized stress-induced actions of a CRF receptor agonist.

Supported by NINDS grant 33426 to EBDS, DPB and SCH.

689.7
UROCORTIN'S EFFECTS ON ACQUISITION OF SPATIAL NAVIGATION IN 
A MORRIS MAZE VARY WITH TASK DIFFICULTY. E.P. Zorrilla*1. & 
Schulteis2. A.L. Ormsby2. A. Klaasen2. G.F. Koob1. E.B, De Souza2. ‘Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037 and 
2Neurocrine Biosciences, Inc., La Jolla, CA 92121.

Intracerebroventricularly (ICV) administered corticotropin-releasing factor 
(CRF) biphasically affects performance in tests of learning and memory. Recently, 
urocortin (UCN), a CRF homologue with 6 and 20 times greater affinity for CRF, 
and CRF2a receptors, respectively, was cloned from mammalian brain. To 
determine the effect of this novel CRF-related peptide on acqusition of reference 
memory, we tested adult Wistar male rats in one of two versions of the Morris 
water maze. Subjects were trained for 4 days (4 trials/day) under one of two 
intertrial interval (ITI) schedules - spaced (120 sec ITI) or massed (30 sec ITI) - 
and received daily ICV pretreatment (-20 min) with vehicle or UCN. Closely 
massing trials by reducing the intertrial interval (ITI) from 120 to 30 sec markedly 
impaired the performance of control rats. In the difficult ITI-30 condition, low (30, 
100 ng), but not high (1 ug), doses of UCN facilitated initial acquisition. Rats 
treated with 100 ng UCN maintained their gains in acquisition through the end of 
the study period, whereas comparison groups of CRF-treated rats (30, 100 ng) 
showed smaller gains in initial acquisition which dissipated by study end. Thus, 
UCN, with marginally greater efficacy than CRF, reversed the deficit in acquisition 
of reference memory induced by massing trials. Under the easier ITI-120 
condition, UCN (10, 100 ng) did not facilitate initial acquisition. Rather, high 
doses (1 ug) impaired performance, indicating that UCN's effects on mnemonic 
processes vary with task difficulty. Novel CRF receptor-selective antagonists will 
help determine the role of each CRF receptor subtype in these effects. Supported 
by NIDDK P01DK26741, NIMH 2-T32-MH19185-07, and NINDS R44-NS33426.

689.8
CORTICOTROPIN RELEASING-FACTOR RECEPTOR BLOCKADE ALTERS 
AVERSIVE PROPERTIES OF COCAINE IN RATS. A, Klaassen, G. Schulteis*.
G.F. Koobt S. Ahmedt.E.B. De Souza and SU^__Heinrichs. Neurocrine 
Biosciences, Inc., 3050 Science Park Road, San Diego CA 92121 and 'The Scripps 
Research Institute, Division of Neuropharmacology, La Jolla, CA 92037.

The behavioral profile of corticotropin-releasing factor (CRF) in mediating 
anxiogenic-like and aversive responses to stressors may be particularly relevant for 
drug dependence and withdrawal states. For example, motivational measures of 
withdrawal have suggested a possible role for brain CRF in alcohol and opiate 
dependence. Moreover, intra-amygdala CRF levels are increased by ethanol and 
cocaine withdrawal suggesting a physiological role for CRF in drug abstinence. 
While the above data support a role for CRF in the drug experienced organism, 
several reports have documented stressful aspects of drug exposure in the drug naive 
organism which may also engender CRF system activation.

In the present studies, the dependence of conditioned reinforcing properties of 
cocaine on activation of endogenous CRF systems has been evaluated in rats using 
taste conditioning and runway self-administration paradigms. Systemic cocaine 
administration (20 mg/kg i.p.) produced a conditioned saccharin aversion which was 
potentiated by central administration of the CRF receptor antagonist, d-Phe CRF (12- 
41). In addition, acquisition of intravenous cocaine self-administration (0.25 mg/inj) 
engendered goal-box avoidance and conditioned place aversion responses which were 
significantly enhanced by CRF receptor antagonist treatment in self-administering, 
but not cocaine-naive subjects. This generalized involvement of CRF systems in 
cocaine-related motivational states is consistent with the comprehensive role of CRF 
in mediating the emotional response to non-drug stressors.

Supported by NIDA grant 09503 to SCH and EBDS.

689.9
THE CRF, RECEPTOR MEDIATES THE EXCITATORY ACTIONS OF CORTICOTROPIN 
RELEASING FACTOR (CRF) IN THE DEVELOPING RAT BRAIN: IN VIVO EVIDENCE 
USING A SELECTIVE NON-PEPTIDE RECEPTOR ANTAGONIST TZ Baram, DT 
Chalmers*, C Chen, CG Hatalski, AC Foster, L Schultz, EB De Souza. Pediatrics & 
Anat./Neurobiology U. California, Irvine 92697; Neurocrine Biosci. Inc. San Diego, CA 92121.

Corticotropin releasing factor (CRF) is the key coordinator of the neuroendocrine and 
behavioral responses to stress, in the central nervous system, CRF excites select neuronal 
populations, and infusion of CRF into the cerebral ventricles of infant rats produces severe age- 
dependent limbic seizures. These seizures, like other CRF effects, result from activation of 
specific receptors. Both characterized members of the CRF-receptor family (CRF, and CRF2) 
are found in the amygdala, the site of origin of CRF-induced seizures, and may therefore 
mediate these seizures. To determine which receptor is responsible for the excitatory effects 
of CRF on limbic neurons, a selective, non-peptide CRF,-receptor antagonist was tested for 
its ability to abolish the seizures in comparison to non-selective inhibitory analogues of CRF. 
Pretreatment with the selective CRF, blocker (NBI 27914) increased the latency and 
decreased the duration of CRF-induced seizures in a dose-dependent manner. At higher 
doses, NBI 27914 blocked the behavioral seizures and prevented epileptic discharges in 
concurrent electroencephalograms recorded from the amygdala . The selective CRF, blocker 
was poorly effective when given systemicaliy, consistent with limited blood-brain barrier 
penetration. Urocortin, a novel peptide activating both types of CRF receptors In vitro , but 
with preferential affinity for CRF2 receptors in vivo , produced seizures with a lower potency 
than CRF. These limbic seizures, indistinguishable from those induced by CRF, were abolished 
by pretreatment with NBI 27914, consistent with their dependence on CRF, activation. In 
summary, CRF induces limbic seizures in the immature rat, which are abolished by selective 
blocking of the CRF, receptor. CRF,-mRNA levels are maximal in sites of seizure origin and 
propagation during the age when CRF is most potent as a convulsant. Taken together, these 
facts strongly support the role of the developmentally regulated CRF, receptor in mediating 
the convulsant effects of CRF in the developing brain. Supported by NS 33489 & HD34975.

689.10
IN VITRO AND EX VIVO RECEPTOR OCCUPANCY STUDIES OF 
A SELECTIVE NON-PEPTIDE CRF, RECEPTOR ANTAGONIST:
NBI 27914. M.„T. Lorang, C-■£he.n^J^,.M£Carthy, E-B, De Sp,uza.*^nd..B^
Grigoriadis. Neurocrine Biosciences Inc., San Diego, CA 92121.

Corticotropin-releasing factor (CRF) has been widely implicated as playing a major 
role in modulating the response to stress. Recently, two major receptor subtypes have 
been identified, and their localization in brain established. The CRF, subtype is 
localized primarily to cortical and cerebellar regions while the CRF2 receptor is 
localized to subcortical regions including the lateral septum, and paraventricular and 
ventromedial nuclei of the hypothalamus. Expression of these receptors in mammalian 
cell lines has made possible the identification of non-peptide, high affinity, selective 
receptor antagonists. [125I]Sauvagine binding in homogenates of stable transfectants of 
CRF receptors along with in vitro autoradiographic studies in slide-mounted sections 
of rat brains, have demonstrated that while NBI 27914 has high affinity for the CRF, 
receptor subtype, with a Ki of ~ 2 nM, it is inactive (Ki >10 pM) at CRF2 receptors. 
In addition, NBI 27914 inhibits CRF-stimulation of cAMP or CRF-stimulated ACTH 
release from cultured rat anterior pituitary cells with EC50 values of 150 nM and 70 
nM respectively. In in vivo studies, peripherally administered of NBI 27914 attenuates 
swim-stress-induced elevations in plasma ACTH levels in rats demonstrating that 
CRF, receptors are being blocked in the periphery. Furthermore, systemicaliy 
administered NBI 27914 competes for ex vivo [125I]sauvagine binding to CRF, 
receptors in brain sections demonstrating this compound’s ability to cross the blood- 
brain-barrier. These data clearly demonstrate that the non-peptide molecule NBI 27914 
is a selective CRF, receptor antagonist that, when administered systemicaliy, can 
specifically block central CRF, receptors and provides a tool which can be used to 
determine the role of CRF, receptors in various stress-related disorders.
This work was supported in part by SBIR grant numbers NS34203 and NS33489.
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689.11
SELECTIVE LABELING OF CRF2 RECEPTORS IN THE RAT 
OLFACTORY BULB USING [125I]SAUVAGINE: RADIOLIGAND
AND AUTORADIOGRAPHIC STUDIES. N. Duggan. E.B. De Souza and
P.E, Grigoriadis*. Neurocrine Biosciences Inc., San Diego, CA 92121.

Corticotropin-releasing factor (CRF) receptors encoded by two different genes have 
been identified and termed CRF, and CRF2. While the natural mammalian ligands 
oCRF and r/hCRF have high affinity for the CRF, receptor subtype (Ki =1-5 nM), 
they have lower affinity for the CRF2 receptor (Ki = 20 - 100 nM) making them 
ineffective labels for CRF2 receptors. [125I]Sauvagine, a high affinity ligand for both 
the human CRF, and the CRF2 receptor subtypes, has been characterized and 
demonstrates saturable and reversible binding in stable cell lines. In autoradiographic 
studies using slide mounted brain sections [125I]oCRF specifically labels only regions 
of the brain known to contain the CRF, receptor while [125I]sauvagine labels both the 
CRF, and CRF2 receptor subtypes. In the present study, we have developed 
[125I]sauvagine as a selective tool for the study of CRF2 receptors by using the non-
peptide CRF, receptor antagonist NBI 27914 to specifically block the CRF, receptor. 
In rat olfactory bulb, a region containing both receptor subtypes, r/hCRF competes 
with [125I]sauvagine, in a biphasic manner with affinities of 2 nM and 18 nM 
respectively suggesting interaction with both classes of binding sites. In contrast, the 
competition of NBI 27914 is monophasic with a Ki value of 9 nM and only partially 
inhibits [125I]sauvagine binding consistent with its selectivity at the CRF, receptor 
subtype. Thus in both homogenate binding and autoradiographic studies, 
[125I]sauvagine in the presence of NBI 27914 exhibits all of the pharmacological and 
distribution characteristics of the CRF2 receptor subtype.
This work was supported in part by SBIR grant numbers NS34203 and NS33489.

689.12
LOCALIZATION OF LIGAND BINDING DOMAINS OF HUMAN 
CORTICOTROPIN-RELEASING FACTOR (CRF) RECEPTORS. C. 
W. Liaw, D, E. Grigoriadis, T, W. Lovenberg*. E. B, De Souza and R.
A, Maki. Neurocrine Biosciences, Inc., San Diego, CA 92121 

Two CRF receptors, CRFR, and CRFR2, have recently been cloned
and characterized. The CRFR, shares 70% of sequence identity with 
CRFR2, yet has much higher affinity for rat/human CRF (r/hCRF) than 
CRFR2. As a first step toward understanding the interactions between 
r/hCRF and its receptor, the regions that are involved in receptor-ligand 
binding were determined by using chimeric receptor constructs of the two 
human CRF receptor subtypes. The affinity of the chimeric receptors for 
r/hCRF was determined by measuring the stimulation of intracellular 
cAMP using a cAMP dependent reporter system. Three regions of the 
receptor were found to be important for optimal binding of r/hCRF. The 
first region was mapped to the junction of the third extracellular domain 
and the fifth transmembrane domain; substitution of three amino acids of 
CRFR, receptor in this region (Val266, Tyr267 and Thr268) by the 
corresponding CRFR2 sequence increased the EC50 value for r/hCRF by 
~ 10-fold. The other two regions were localized to the second 
extracellular domain of the CRF, receptor involving amino acids 175 to 
178 and His 189 residue. Substitutions in these two regions in the 
presence of the amino acid 266-268 mutation described above each 
increased EC50 for r/hCRF by ~ 7-fold, suggesting that their roles in 
peptide ligand binding might be secondary. The amino acid 266-268 
region and His 189 are also important for binding of sauvagine, while 
mutations of the three regions to the corresponding CRFR2 sequence have 
only marginal effect on binding of urocortin. This work was supported 
by NIH grant NS 34203.

689.13
USE OF CHIMERIC CRF/GRF RECEPTORS TO DELINEATE THE 
BINDING DOMAINS FOR CRF AGONISTS AND ANTAGONISTS.
M. H, Perrin*, D, L. Bain, S. Sutton. W. T. Berggren and W. W. Vale Clayton 
Foundation Laboratories for Peptide Biology, The Salk Institute, La Jolla, CA 92037.

CRF receptors are members of a 7-transmembrane, G-protein coupled receptor family 
which is characterized by relatively large N-terminal domains. In order to explore the 
structural features that determine high affinity binding of CRF agonists and 
antagonists, we have created chimeras between CRF-R1 receptors and the related growth 
hormone releasing factor (GRF) receptor. The binding of the potent antagonist, 
astressin, or the agonist, urocortin, was measured by competitive displacement of either 
125I-[DTyr°]-astressin or 125I-[Tyr^]-urocortin, respectively. A chimeric receptor in 
which the N-terminal domain of the rat CRF-R is replaced by the N-terminal domain of 
the rat GRF-R does not bind astressin. A chimeric receptor (NC/GRF-R) in which the 
N-terminal domain of the rat GRF receptor is replaced by that of the rat CRF-R binds 
both astressin and urocortin; the IQ's for either astressin or urocortin are ~5x higher 
than those for the wild type receptor (Kj's ~10nM for chimera and ~2nM for wild type). 
The roles of the extracellular loops (ECL's) of the CRF-R were determined by creating 
chimeras in which the ECL's of the NC/GRF-R were replaced by the ECL's of the 
CRF-R. The Kj for astressin was decreased by inclusion of all three ECL’s (Kd~4-5nM 
for chimera and ~2nM for wild type). The same increase in affinity for astressin was 
achieved by inclusion of either ECL-3 alone or ECL-1 plus ECL-2. The Kj for 
urocortin binding to the NC/GRF-R chimera containing either ECL-3 alone or all three 
ECL's is the same as the K<j for binding to the wild type receptor (K<j~l-2nM for 
chimeras and ~2nM for wild type). In summary, the minimum requirement for 
mimicking wild type receptor binding of urocortin is a chimera that contains both the 
N-terminal domain and the ECL-3 of the CRF-R. Whereas the IQ for urocortin binding 
to this chimera is equal to the Kj of binding to the wild type receptor, the Kj for 
astressin binding is ~2x larger than the IQ of binding to the wild type receptor. These 
data suggest the possibility that agonists and antagonists bind to distinct domains of 
the CRF receptor. Supported by NIH DK 26741, Fdn. for Med. Res. and Adler Fdn.

689.14
CRH2y: A NOVEL CRH2 RECEPTOR ISOFORM FOUND IN 
HUMAN BRAIN K. Sperle. A, Chen, W, Kostich, and B.L, Largent*.
CNS Research, DuPont Merck Research Labs, Wilmington, DE 19880

Corticotropin releasing hormone (CRH) is a neuropeptide involved in 
mediating responses of the hypothalamic-pituitary-adrenal (HPA) axis. It 
accomplishes this through the use of at least two G-protein coupled 
receptors: CRH1 and CRH2. Two isoforms of the CRH2 receptor, termed a 
and p, have been found in humans and rodents. These isoforms are 
formed by use of alternative 5' exons and so differ only in their amino 
terminus. Our screen of a human amygdala cDNA library has led to the 
isolation of a third isoform of CRH2 receptor, termed y, which uses another 
5' alternative exon for its amino terminus. Thus, the three CRH2 receptor 
isoforms share the identical 377aa at their carboxy terminus, but the N- 
terminal 34 aa of CRH2a are replaced by a 61aa sequence to form CRH2p, 
and a 20aa sequence to form CRH2y. RT-PCR analysis of human brain 
mRNA indicates that the CRH2y isoform is expressed in specific regions of 
the brain, including amygdala and hippocampus. A search for the rat 
homolog of CRH2y has yielded negative results. Southern analysis of rat 
and human genomic DNA suggests that a rat homolog does not exist.

The cDNA of CRH2y was subcloned and subsequently expressed in 
HEK293 cells. Whole cell adenylate cyclase assays on these cells show that 
the rank order of agonist stimulation of cAMP is the same as that of the 
other CRH2 receptor isoforms, with EC50s of sauvagine < urotensin < 
r/hCRH. Receptor binding assays using 125I-tyr-0-sauvagine with 
membranes from these cells show two affinity states of the receptor, with 
apparent Kds of ~60pM for the high affinity site and ~5nM for the low 
affinity site. Displacement of 125I-tyr-0-sauvagine from these membranes 
by other peptides have the following rank order of IC50s: urocortin < 
urotensin < a-helical CRH < r/hCRH.

689.15
ANALYSIS OF A COVALENT CROSSLINK BETWEEN THE N-TERMINUS 
OF THE CRF RECEPTOR AND A PHOTOACTIVATABLE CRF ANALOG. 
Klaus Eckart*. Andrea Flaccus, Sabine Svdow, Andreas Ruehmann and
Joachim Spiess. Dept. of Mol. Neuroendocrinology, MPI Exp. Medicine, 
Hermann Rein Str. 3, 37075 Goettingen, Germany

Corticotropin-releasing factor (CRF) was originally characterized on the 
basis of its hypophysiotropic properties. It acts through G protein-dependent 
receptors, CRF receptor 1 (CRFR1) and 2 (CRFR2).

For the investigation of receptor-ligand interactions, the N-terminal 
extracellular domain of rat CRFR1 (rCRFR1-NT) was overexpressed in E. 
coli. rCRFR1-NT contained a sequence of six histidine residues used for 
purification by Ni affinity chromatography. The purified 109 residue protein 
was soluble in aqueous solution and bound different CRF analogs with low 
affinity. It was the objective of this study to crosslink rCRFR1-NT to a 
photoactivatable CRF analog (photoCRF) recently developed by our group.

The crosslink between rCRFR1-NT and photoCRF was detected by SDS 
PAGE and electrospray ionization mass spectrometry (ESI-MS). 
Approximately, 5-10% of rCRFR1-NT was crosslinked. In the presence of an 
excess of oCRF, but not of unrelated peptides such as VIP, the formation of 
crosslink was suppressed. Thus, the specificity of the crosslinkage was 
demonstrated. For further analysis the crosslink stabilized by S- 
carboxamidmethylation of the cysteine residues was purified by reversed- 
phase HPLC. After digestion with different proteolytic enzymes, the obtained 
fragments were separated by reversed-phase HPLC coupled to ESI-MS. 
Chromatographically unresolved fragments, could be resolved by ESI-MS. 
The chromatographic data formed a three-dimensional space consisting of 
mass, time and intensity as coordinates. This space was screened for signals 
corresponding to theoretically possible crosslink masses. Crosslinks identified 
on this basis are currently further characterized. (Supported by the Max 
Planck Society)

689.16
ISOLATION OF AMPHIBIAN CRF RECEPTORS: UNUSUAL
PHARMACOLOGY OF THE TYPE 1 RECEPTOR
F, M. Dautzenberg*. S. Wille. K, Dietrich. M, R, Palchaudhuri and J.
Spiess.
Dept. Molecular Neuroendocrinology, Max Planck Institute Exp. Med., 
Hermann-Rein-Str. 3, D-37075 Goettingen, Germany.

Corticotropin releasing factor (CRF) exerts its effects through two 
different receptors, CRF-R1 and CRF-R2, respectively. We have recently 
cloned two cDNAs encoding CRF-R1 and CRF-R2 from Xenopus laevis 
(xCRF-Rl, XCRF-R2).

The two cDNAs were stably transfected into human embryonic kidney 
(HEK 293) cells. Scatchard analysis was performed with different CRF 
analogs. Binding experiments with xCRF-R2 indicated that sauvagine, 
urotensin I and urocortin were bound preferentially, whereas the CRF 
peptides h/rCRF, oCRF and xenopus CRF (xCRF) had less affinity to this 
receptor subtype. In contrast to mammalian CRF-R 1, which was found to 
be non-selective for different CRF-analogs, xCRF-Rl bound urotensin I, 
urocortin, h/rCRF and xCRF with significantly higher affinity than oCRF 
and sauvagine.

cAMP accumulation in HEK 293 cells stably transfected with DNA 
coding for xCRF-Rl was stimulated by h/rCRF with an EC50 of 1.1 nM. 
The CRF analogs xCRF, urotensin I and urocortin did not differ 
significantly from the potency of h/rCRF. As observed in the binding 
experiments, h/rCRF was 7-fold more potent than oCRF and 35-fold more 
potent than sauvagine. In contrast to HEK cells transfected with xCRF-Rl 
DNA, HEK cells transfected with DNA coding for hCRF-Rl did not 
discriminate in their cAMP response between the varrious CRF analogs.

Stimulation of HEK 293 cells stably transfected with xCRF-R2 
exhibited the same ligand selectivities as found with the corresponding 
binding experiments. (Supported by the Max Planck Society.)
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689.17
STRUCTURE FUNCTION RELATIONSHIP OF DIFFERENT 
DOMAINS OF THE RAT CORTICOTROPIN-RELEASING 
FACTOR RECEPTOR. S, Svdow*. J. Radulovic. F.M, Dautzenberg and 
J, Spiess. Dept. Molecular Neuroendocrinology, Max Planck Inst. Exp. Med., 
Hermann Rein Strasse 3, 37075 Goettingen, Germany.

Corticotropin-releasing factor (CRF) is the most important regulator of 
the secretion of hypophyseal ACTH and is involved in various responses to 
stress. It exhibits its actions through G-protein-coupled receptors (CRFR's). 
For the analysis of functionally important regions of the CRFR, C-terminally 
truncated receptor forms were expressed in transfected mammalian cells.

Using two polyclonal antibodies directed against the N- and the 
C-terminus of rat CRFR type 1 (rCRFRl), respectively, it was observed that 
the C-terminally truncated mutants generated were N-glycosylated and 
transported properly to the cell membranes. Based on immunocytochemical 
evidence, it is suggested that the N- and C-terminus of rCRFRl were located 
extra- and intracellularly, respectively.

The N-terminal fragment, rCRFRl (23-121), expressed in E. coli bound 
oCRF specifically, but with low affinity (KD: 5 pM). Several C-terminally 
truncated mutants lacking transmembrane domain (TM) 7 and the 
C-terminus showed similarly low affinities and were not associated with 
cAMP synthesis. Of all truncated mutants, only the mutant containing the 
N-terminus, all loops and TM's exhibited high affinity ligand binding (KD: 
62 nM) and produced cAMP with high efficiency (ECS0: 0.8 nM). After 
addition of the C-terminus, KD- and EC50-values of 5 and 0.3 nM, 
respectively, were determined in agreement with the corresponding values of 
the native receptor.

On the basis of the data presented, it is suggested that the last 
extracellular loop of rCRFRl may be directly involved in ligand binding. In 
this context, experiments with chimeric CRFR1 proteins with exchanged 
loops will be discussed. (Supported by the Max Planck Society.)

689.18
CHARACTERIZATION OF CRF RECEPTORS WITH 
PHOTOACTIVATABLE ANTAGONISTS. A. Riihmann*. I. Bonk and J, Spiess. 
Dept. Molecular Neuroendocrinology, Max Planck Institute Exp. Med., Hermann- 
Rein-Str. 3, D-37075 Goettingen, Germany.

Novel photoactivatable antagonists of human/rat corticotropin-releasing factor 
(h/rCRF) have been synthesized and characterized. The N-terminal amino acid 
D-phenylalanine of astressin, [cyclo(30-33)[D-Phe12, Nle21-38, Glu30, Lys33]h/rCRF- 
(12-41)}, a potent CRF antagonist [Gulyas, J. et al, 1995, Proc. Natl. Acad. Sci. USA 
92, 10575-10579], was replaced by a phenyldiazirine, the 4-(l-azi-2,2,2-trifluoro- 
ethyl)benzoyl (ATB) residue. Additionally, histidine-32 of astressin was substituted 
by either alanine or tyrosine for specific radioactive labeling with 125I at either 
histidine-13 or tyrosine-32, respectively.

The antagonists were tested for their ability to displace 125Tyr°oCRF in binding 
experiments and to inhibit ovine CRF (oCRF)-stimulated adenylate cyclase activity in 
human embryonic kidney (HEK) cells, permanently transfected with cDNA coding 
for rat CRF receptor, type 1 (rCRFRl). ATB-cyclo(30-33)[Nle21>38, Glu30, Ala32, 
Lys33]h/rCRF-(13-41) (compound 1: Kd = 3.1 ± 1.6 nM) was found to bind with 
higher affinity to rCRFRl when compared with ATB-cyclo(30-33)[Nle21’38, Glu30, 
Tyr32, Lys33]h/rCRF-(13-41) (compound 2: Kcl = 12 ± 2.1 nM) and exhibited higher 
potency to inhibit oCRF-stimulated cAMP accumulation in these cells (compound 1: 
Kt = 51 ± 20 nM; compound 2: Kj = 497± 51 nM; i.e. astressin: 
Ka = 7.3 ±1.6 nM, = 68 ± 50 nM). A highly glycosylated 66 kDa protein was 
identified with SDS PAGE, when the radioactively iodinated compounds 1 or 2 were 
covalently linked to rCRFRl. The specificity of the photoactivatable 125I-labeled 
CRF antagonists was demonstrated with SDS PAGE by the finding that these analogs 
could be displaced from the receptor by their corresponding non-labeled form, but not 
other unrelated peptides such as vasoactive intestinal peptide (VIP). The observed 
molecular size was in agreement with the size of CRFR1 found in rat pituitary 
(66 kDa), but was significantly larger than the size of CRFR1 found in rat cerebellum 
and olfactory bulb (53 kDa). (Supported by the Max Planck Society)

PEPTIDES: ANATOMY AND PHYSIOLOGY III

690.1
NPY Y, RECEPTOR-MEDIATED CALCIUM MOBILIZATION IN SK-N-MC 
CELLS IS CARBACHOL DEPENDENT. D.K. Dieckman-McGinty*3, R.J.S. 
Galvinb, P.A. Hipskind3, and B.D. Gitter3. aNeuroscience and bEndocrine Research 
Divisions, Lilly Research Laboratories, Lilly Corporate Center, Indianapolis, IN 
46285.
Functional NPY Y, receptors have previously been demonstrated in the SK-N-MC 
human neuroblastoma cell line by specific [125I]-NPY binding, Ca2+ mobilization 
using Fura-2 fluorescence and by the inhibition of forskolin-induced cyclic AMP 
accumulation. We have studied NPY Y,-induced Ca2+ mobilization in SK-N-MC 
cells using the fluorescent indicator dye Fluo-3 and a Cytofluor II Fluorescence 
Multi-well Plate Reader. NPY (lpM-lmM) alone did not induce Ca2+ mobilization 
in SK-N-MC cells, however, we observed a dose dependent induction (ED50=1.12 
nM) of Ca2+ mobilization in NPY-treated SK-N-MC cells that were co-stimulated 
with carbachol (0.03-ImM). NPY Y, receptor selective peptides, human [Pro34]- 
PYY, and human [Leu 31, Pro 34]-PYY, induced Ca2+ mobilization with potencies 
similar to human and rat NPY. All of these NPY Y1 receptor driven responses were 
dependent on carbachol co-stimulation. In contrast, NPY Y2 receptor-selective 
peptides [human PP, human PYY (3-36), porcine NPY (2-36) and porcine NPY (3- 
36)] demonstrated no detectable effect on Ca2+ mobilization alone or in the presence 
of carbachol. The NPY Y, receptor antagonist BIBP 3226, caused a dose dependent 
inhibition (Ki=1.2 nM) of NPY/carbachol-induced Ca2+ mobilization. The 
enantiomer of BIBP 3226, BIBP 3534 was approximately 100 fold less effective 
(Ki=l 14 nM), confirming the enantio-specificity of the antagonists. Our data is 
consistent with a previous study demonstrating the carbachol-dependence on NPY Y2 
receptor mediated Ca2+ mobilization in SH-SY5Y cells. Thus, NPY Y, receptor 
activation may require muscarinic receptor co-stimulation.

690.2
EFFECT OF NEW, STRUCTURALLY NOVEL, NEUROPEPTIDE Y 
ANTAGONISTS ON NPY- INDUCED FEEDING. S. Iyengar*. 
R.M.A, Simmons, D, L, Li, B, Cantrell, K. L. Lobb, D. Schober, D,

Calligarp, P, A. Hipskind, D,
M__ Zimmerman, and D. R. .Gehlert Eli Lilly and Company,
Indianapolis, IN 46285, USA.
Neuropeptide Y (NPY) is a very potent and robust stimulator of food 
intake. Development of receptor subtype selective, non-peptide NPY 
antagonists could be of therapeutic relevance to the treatment of obesity 
and eating disorders. However, at the present time, the NPY receptor 
subtype(s) specifically mediating feeding is not completely clear. Novel 
NPY receptor antagonists synthesized at Lilly Research Laboratories, 
had in vitro affinities of less than 1 nM to cloned human Y1 receptors 
(expressed in AV 12 cells). These potent Y1 receptor antagonists were 
examined for their pharmacological actions in vitro and in vivo. In 
vitro, they were selective antagonists and exhibited functional 
attenuation of adenylate cyclase activity. In vivo, they selectively 
attenuated NPY-induced food intake in CD-I mice following 
intracerebroventricular (i.c.v.) administration, without eliciting 
neurological dysfuction. The actions of these antagonists on feeding 
were consistent with a Y1 receptor pharmacology. Interestingly, the 
actions of these antagonists on the parameters tested, including feeding, 
differed from those of Y1 antagonists 1229U91 and BIBP3226. Thus, 
these data indicate that NPY-induced feeding appears to be mediated by 
a subtype of the Y1 receptor or a novel NPY receptor.

690.3
EFFECT OF THE NEUROPEPTIDE Y Y1 ANTAGONISTS BIBP3226 AND 
1229U91 ON NPY INDUCED FEEDING IN CD-I MICE. Dominic L, Li. 
RMA, Simmons, R.F, Bruns. D, R, Gehlert? P, A, Hipskind, M.J, Kallman. D,
R, Helton, E. Aaron, D, Schober and S. Iyengar. Eli Lilly and Company, 
Indianapolis, IN 46285, USA.

Neuropeptide Y (NPY), a 36 amino acid neuropeptide, is a robust stimulator of 
food intake in rats and mice. Several NPY receptors have been cloned to date. 
However, the receptor subtype mediating the orexigenic activity of NPY is not 
completely clear, although it has been suggested to be the Y1 or Y5 receptors. 
We examined the actions of two recently described NPY Y1 receptor antagonists 
on food intake in CD-I mice following intracerebroventricular administration. 
The compounds tested were the selective peptide Y1 antagonist 1229U91 
(Glaxo-Wellcome), the selective non-peptide Y1 antagonist BIBP3226 (Karl 
Thome) and it’s opposite stereoisomer BIBP3435. In vitro functional adenylate 
cyclase assays confirmed the Y1 selectivity of 1229U91 and BIBP3226. 
However, in vivo, 1229U91 did not block NPY-induced feeding in CD-I mice. 
BIBP3226, did block NPY-induced feeding, but this effect was not 
stereoselective, since BIBP3435, which has negligible affinity for Y1 receptors, 
also caused similar blockade of NPY-induced feeding. Moreover, at doses that 
blocked feeding, BIBP3226 was anxiogenic in the elevated plus maze test, 
further questioning the specificity of the effect on feeding. Furthermore, higher 
doses of both stereoisomers caused neuromuscular side-effects. Thus, using 
these selective Y1 antagonists, NPY-induced feeding did not appear to be 
mediated by the classical Y1 receptor. At the present time, there are no 
selective non-peptide antagonists to the Y5 receptor, precluding unequivocal 
examination of its role in feeding. In conclusion, these data suggests that NPY- 
induced feeding does not appear be mediated by the classically defined NPY Y1 
receptor but does not rule out the involvement of an undefined subtype of the Y- 
1 receptor and/or a different NPY receptor.

690.4
NEUROPEPTIDE Y-INDUCED FEEDING IS MEDIATED BY A NOVEL NPY- 
RECEPTOR SUBTYPE. Rosa Maria A, Simmons*. Dominic L, Li and Smriti 
Iyengar. Eli Lilly and Company, Indianapolis, IN 46285, USA.

Neuropeptide Y (NPY), a 36 amino acid peptide, is widely distributed within the 
peripheral and central nervous system. When administered centrally, it is a robust 
stimulator of food intake in rats and mice, suggesting an important role for NPY in 
feeding. Additionally, NPY has been shown to be involved in the regulation of 
several neuroendocrine functions, central autonomic functions, stress responses, 
sexual, motor, learning and drinking behaviors. Although several NPY receptors 
have been cloned to date, the receptor subtype mediating the feeding is not 
completely clear. Both Y1 and Y5 receptors have been implicated in feeding. The 
neuropeptide Y family of peptides such as NPY, peptide YY (PYY), pancreatic 
polypeptide (PP) and related agonist fragments, NPY2 36, NPYjm , NPYijm  and 
[Leu31,Pro34] NPY, (LP-NPY), have differential affinity, in vitro, to several 
known NPY receptor subtypes. The purpose of these studies was to examine 
carefully, the actions of NPY and related agonists on food intake. Following i.c.v. 
administration in CD1 mice, NPY, PYY, NPY2 36, and NPY,.M elicited a robust, 
dose-dependent increase in food consumption at relatively low doses. NPY,3.M and 
PP, Y2 and Y4 receptor ligands respectively, were far less effective, suggesting 
that NPY-induced feeding was not mediated by Y2 or Y4 receptors. Of particular 
interest was the fact that LP-NPY, a Y1 receptor ligand, was also not very potent in 
eliciting feeding, suggesting that the classically defined Y1 receptor may not be 
mediating NPY-induced feeding. In addition, human FT and d-Trp32-NPY, which 
are reported to be Y5 receptor agonists, in vitro, did not stimulate or antagonize 
food intake in mice either. Thus, the order of potency of the ligands tested in this 
study did not correlate with that for the known cloned NPY receptors. These data 
suggests that NPY-induced feeding appears to be mediated by a unique NPY 
receptor or a combination of NPY receptor subtypes.
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690.5
REGIONAL DISTRIBUTION OF NEUROPEPTIDE Y Y2 RECEPTOR mRNA IN 
THE HUMAN POSTMORTEM BRAIN: CHARACTERIZATION OF CELLULAR 
EXPRESSION IN THE CEREBRAL CORTEX AND STRIATUM. L, Caberlotto*, 
K, Fuxe. I.M. Rimland. and Y.L. Hurd. Karolinska Institute, Depts. of 
Neuroscience and Clinical Neuroscience, Stockholm, Sweden, Dept. 
Pharmacology, Glaxo-Wellcome, Verona, Italy.

In the CNS, the multiform physiological actions of Neuropeptide Y are 
thought to be primarily mediated via interactions through six different 
receptor subtypes. In our earlier report, we showed that NPY Yl receptor 
mRNA is widely distributed in the human brain, abundant in cortex 
(different laminar patterns within distinct cortical regions), hippocampal 
dentate gyrus, and striatum. In vitro autoradiography has demonstrated 
that the Y2-like subtype is the most predominant receptor subtype in the 
human brain. In light of the previous findings, we have analyzed the 
regional distribution of NPY Y2 mRNA-containing cells in the human brain, 
in particular in the cerebral cortex and striatum, to assess any differentia! 
distribution of Y1 and Y2 receptors mRNA. In situ hybridization experiments 
revealed the localization of the Y2 mRNA signal throughout all limbic and 
neocortical regions with intensely expressing neurons localized 
predominantly in deep laminae. The striatum expressed very low to 
undetectable levels of Y2 receptor mRNA. In the hippocampal formation, 
the dentate gyrus and the CA2 region presented the highest hybridization 
signals, while very weak Y2 mRNA expression was found in the CA1 region, 
subiculum, and parahippocampal gyrus. A positive Y2 mRNA hybridization 
signal was also detected in the amygdala and the substantia nigra. These 
results demonstrate the widespread distribution of NPY Y2 receptor mRNA 
in the human brain which has a distinct pattern from the Y1 subtype.

The work was supported by Glaxo-Wellcome, Verona, Italy

690.6
NEUROPEPTIDE Y GENE EXPRESSION IN THE BRAIN OF THE 
JAPANESE QUAIL AND DOMESTIC CHICKEN. T. Boswell*, I. C. 
Dunn, J. R. Millam and Q. Li. Roslin Institute, Roslin, Midlothian, 
EHJ5 $PS, Scotland.

Increased gene expression of neuropeptide Y (NPY) in the 
hypothalamus is a well-characterized effect of food restriction or 
deprivation in mammals. However it is unclear whether this response 
exists in non-mammalian vertebrates. To investigate this, the 
distribution of NPY mRNA in the brain of Japanese quail and 
domestic chickens was mapped by in situ hybridization at the 
cellular level using a digoxigenin-labeled riboprobe. NPY mRNA 
was observed in three main brain regions in both species. A 
prominent cell group lined the border of the nucleus rotundus 
between the lateral hypothalamus and thalamus, NPY mRNA was 
also readily observed in the hippocampus and in the raphe nucleus 
of the brainstem. Changes in NPY mRNA levels were quantified by 
RNAse protection assay. In laying ISA brown hens (n=7) subjected 
to 48 h food deprivation, NPY mRNA levels in the hypothalamic 
region were twice those of ad libitum-ied controls, a significant 
increase (p<0.01). However NPY mRNA levels in the hippocampus 
and brainstem did not differ significantly, suggesting tliat the 
response is specific to the hypothalamic region. Collectively, these 
results suggest that while the distribution of NPY mRNA differs 
between birds and mammals, the functions of NPY appear to be 
conserved.
(Supported by a BBSRC Fellowship)

690.7
IMMUNOHISTOCHEMICAL EVIDENCE OF THE EXISTENCE OF NEUROPEPTIDE 
Yl AUTORECEPTORS ON PRIMARY HIPPOCAMPAL NEURONS USING 
CONFOCAL MICROSCOPY. J.-A. St-Pierre*1, D. NoueP, A. Beaudet2 and R. Quinon’. 
’Douglas Hosp. Research Center and Dept. Neurology and Psychiatry, 2Montreal 
Neurological Institute, McGill University, Montreal, Quebec, Canada, H4H 1R3.

We have shown that primary embryonic hippocampal cultures are particularly enriched 
with Yl-like receptor proteins and mRNAs using binding assays (Soc. Neurosci. Abst. 
20:85, 1994) and RT-PCR methods (Peptide Receptor Symposium, P3.23, 1996>, 
respectively. Moreover, combined pharmacological and immunocytochemical approaches 
allowed us to determine the presence of Yl-like binding sites on NPY-immunopositive 
cells in these cultures (Soc. Neurosci. Abst. 21:2049, 1995). However, selective ligands for 
the Y1 receptor sub-type have yet to be developed, earlier ones also recognizing the newly 
cloned Y4, Y5 and Y6 receptors. Accordingly, two Y1 receptor antibodies were used here 
to provide further evidences for the genuine existence of Y1 autoreceptors on cultured 
hippocampal neurons. Anti-neuron specific enolase (NSE), anti-GFAP, anti-NPY and anti- 
GAD antibodies were also used to establish the phenotype of cells expressing the Yl 
receptor. The first YI receptor antibody was directed against a specific sequence of the 
extracellular loop between transmembrane domains four and five (positions 185-203; gift 
from Dr. H. Wieland, Germany) whereas the second one was directed against the C- 
terminal intracellular loop (positions 355-382; gift from Dr. T. Hokfelt, Sweden). Both Yl 
receptor antibodies labeled the same population of hippocampal cells representing 70 to 
80% of NSE-positive neurons. Moreover, we observed that pyramidal-like, bipolar and 
stellate neurons were positively immunostained with these Yl receptor antibodies on 
perikarya and neurites. Interestingly, a small proportion of neurons (5-15%) was labeled by 
both the YI receptor antibodies and either with the anti-GAD or the anti-NPY antisera. 
Hence, highly selective NPY Y1 receptor antibodies provide further anatomical evidence 
for its putative role as autoreceptor in a sub-population of hippocampal neurons 
Internalization process of the NPY/Y1 receptor complex is currently under investigation 
(Supported by the MRCC).

690.8
ELECTROPHYSIOLOGICAL AND BEHAVIORAL STUDIES IN 
MICE LACKING NEUROPEPTIDE Y. S.C. Baraban*, G. Hollopeter,
J.C. Erickson, P.A. Schwartzkroin and R.D. Palmiter. Depts. of Neurol. 
Surg., Biochem. and HHMI, Univ. of Washington, Seattle WA 98195.

Neuropeptide Y (NPY), a 36-amino-acid peptide, is thought to inhibit 
excitatory synaptic transmission in the hippocampus via a presynaptic action. 
In previous studies, the NPY gene was replaced with a lacZ reporter gene 
using homologous recombination techniques in mice (Erickson et al, 1996; 
Nature 381:415). To study the role of NPY in modulating hippocampal 
function, we examined electrophysiological and behavioral responses in 
mutant mice lacking this peptide, and in normal wild-type littermates. Input- 
output curves were constructed for hippocampal slices from homozygote 
NPY-deficient (NPY'7'; n = 15 slices; from 5 animals) and littermate wild- 
type control mice (NPY"’"+; n ~ 15 slices: from 5 animals); no differences in 
Schaffer collateral-CAl or perforant path-GC synapse function were 
observed. Paired-pulse and tetanic stimulation protocols also failed to reveal 
any differences. Kainic acid (KA; 40-60 mg/kg, i.p.) produced seizures at a 
comparable latency and concentration in NPY-deficient mice compared to 
littermates. However, KA-induced seizures progressed uncontrollably and 
eventually led to death in 93% of NPY'7' mice (12/13) whereas fatality was 
rarely observed in littermate wild-type controls (2/9). Video-EEG 
experiments in NPY'" mice revealed that KA-induced electrical seizure 
activity was more frequent and longer in duration than in littermate wild-type 
controls (/7=5). NPY infusion (5 pg. i.c.v.), 20 min prior to KA 
administration, prevented fatality in NPY'7' mice (n=3). These results suggest 
an important role for NPY in control of hippocampal seizure activity.
Support ': Nil! grant ti 18895 and HHMI.

696.9
METABOLIC EFFECTS IN NEUROPEPTIDE Y TRANSGENIC RATS. 
T.Michalkiewicz,, S. Lee, K. Knestaut, D. L. Kreulen and M, Michaikiewicz*.
Dept. of Physiology, West Virginia University, Morgantown, WV 26506.

To investigate the involvement of Neuropeptide Y (NPY) in the control of energy
metabolism we have developed transgenic rats carrying additional copies of the rat 
NPY structural gene. Fertilized rat eggs (Sprague Dawley) were microinjected with 
the entire rat NPY gene, including 6 and 1 kilobases of 5’ and 3’ flanking sequence, 
respectively. Heterozygous F, NPY+ mutant rats (line No 400) were used in all 
experiments. Non-transgenic siblings were used as controls. The incorporation of 
additional copies of the NPY gene resulted in an increased NPY concentrations in a 
number of tissues, including neural. Body weights were measured in males and 
females over a period of five up to 21 weeks of age. Food intake was measured 
daily for five days at age of 15 weeks. The NPY transgenic males were heavier than 
controls (105.0 %, p<0.01), consumed more food (7.2%, p<0.05) and deposited 
more fat (25.7%, p<0.05). Rectal body temperature was not different in basal or in 
cold (5°C) conditions. Surprisingly, the NPY transgenic females were significantly 
lighter than their non-transgenic siblings (93.7%, p<0.01), consumed less food 
(85.4%, p<0.01), and had lower basal body temperature (98.3%, p<0.01). In 
contrast to males, cold-induced increases in rectal body temperature were higher in 
NPY transgenic females than in controls (p<0.01). These data suggest that NPY 
overexpression is related with higher energy deposition in males. Lower energy 
intake, deposition and output in NPY transgenic females may be related to 
desensitization of the NPY signaling due to a chronic NPY elevation. These gender- 
dependent differences in metabolic responses to NPY overexpression may indicate 
the importance of an interaction of the NPY signaling with other hormones. Thus, 
the NPY transgenic rat with a defined genetic alteration may provide a new animal 
model for the energy metabolism research including development of NPY receptor 
antagonists. (AHA, WVU BP Madera and BRSG grants).

690.10
ROLE OF NEUROPEPTIDE Y IN STRESS-INDUCED HIGH BLOOD 
PRESSURE S.P. Han*, X. Chen, B. Cox, C.L. Yang, Y.M. Wu, L. Naes 
and T.C. Westfall Dept. Pharmacol. & Physiol. Sci., St. Louis Univ. Health 
Sci. Ctr., St. Louis, MO 63104.

Stress is thought to contribute to the development of hypertension by’ 
increasing sympathetic nerve activity. The resultant increase in catecholamine 
release produces elevated vascular tone and arterial pressure. Neuropeptide Y 
(NPY), a potent vasoconstrictor peptide and cotransmitter of norepinephrine 
and epinephrine, can also be released from sy mpathetic nerves and the adrenal 
medulla upon sympathetic nene activation. Using chronic cold stress as a 
model, the present study tested the hypothesis that stress-induced hypertensive 
response is also mediated by’ NPY. Sprague-Dawley rats and borderline 
hypertensive rats (BHR) equipped with a chronic femoral arterial catheter were 
undergone chronic cold stress for 1-3 weeks. The changes in mean arterial 
pressure was determined under unanesthetized and freely moving condition. 
The chronic cold stress produced a sustained high blood pressure. It also 
potentiated the pressor response to an acute stress test in which NPY has been 
shown to play a role. The stress-induced high blood pressure in BHR was 
partially reversed by’ infusion of BIBP3226, a selective NPY Yj receptor 
antagonist. These results strongly suggest that NPY is involved in mediating 
stress-induced hypertensive response. The development of high blood pressure 
may be mediated by increased NPY synthesis and release, since there were 
corresponding increases in adrenal mRNA and adrenal NPY immunoreactivity’ 
during chonic cold stress. This conclusion is also supported by’ our previous 
finding that chronic cold stress potentiates sympathetic nerve stimulation- 
induced NPY release from the mesenteric vascular bed (Supported by NIH HL- 
26319 and HL-3 5202).
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690.11
COMPLEMENTARY AND OVERLAPPING EXPRESSION OF NPY RECEPTORS IN 
DEVELOPING AND ADULT NERVOUS SYSTEM INDICATE NOVEL ROLES FOR 
THESE RECEPTORS IN MEDIATING NPY FUNCTIONS. P. Naveilhanl, I. Neveu*^ E. 
Arenas-1 and p Ernfors—. 1: Lab. Mol. Neurobiol., MBB, Karolinska Institute, S17177 
Stockholm, Sweden; 2: INSERM U298, CHR d'Angers, F49033 Angers, France.

Neuropeptide Y (NPY) is a 36 amino acid neuromodulator/neurotransmitter and its abundant 
expression in many areas of the brain and periphery has been suggested to reflect the multiple 
roles it play. NPY participates in the control of energy balance, neuroendocrine signaling, 
anxiety, as well as autonomic functions. It mediates these biological effects by the activation 
of the YL Y2, Y5 and Y6 receptor, which are also receptors for the structurally related peptide 
YY (PYY). Different receptors have been suggested to be involved in different NPY 
functions. We have characterised the developmental regulation and compared the cellular 
localisation of these receptors in the developing and in the adult central and peripheral nervous 
systems. Yl, Y2 and Y5 mRNAs were expressed very early in spinal cord, brain, cerebellum 
and dorsal root ganglion development and were often down-regulated at times corresponding 
to their aquirement of the adult function in neurotransmission. Chemically halting normal 
development delayed NPY receptor down-regulation, suggesting that nervous system 
development is intimately linked to their expression and imply a role for NPY/PYY during 
neurogenesis. In situ hybridisation of the adult brain showed that Yl was widely expressed, 
Y2 displayed a more restricted pattern, Y5 was expressed at very low levels and only in a few 
brain nuclei and Y6 was not detected. Virtually al! neurons positive for Y5 also expressed Yl, 
whereas many Yl-positive cells clearly did not express Y5, suggesting that NPY signaling in 
the brain could be mediated by Yl or simultaneous Yl and Y5 activation. Most of these area 
were negative for Y2, but when Yl and Y2 receptors were present in the same nuclei, they 
were found to be expressed by different subsets of neurons, suggesting that an important 
subset of NPY signalling is specifically mediated by Y2 activation. For instance, in the arcuate 
nucleus which is involved in food intake, Yl and Y5 were expressed in the dorsomedial and 
ventrolateral subdivisions and Y2 in the ventromedial subdivision containing NPY-positive 
neurons. Similar results were also obtained in peripheral sensory neurons. Our results provide 
the first evidence that NPY/PYY receptors may play a role during development and suggest 
different peripheral and brain functions mediated by Yl, Y2 and Y5 signalling in the adult 
brain.

690.12
NERVE FIBERS CONTAINING IMMUNOREACTIVITY FOR PITUITARY 
ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE INNERVATE 
NEUROENDOCRINE CELL GROUPS IN THE RAT HYPOTHALAMUS. CL 
Legradi*, J. Hannibal, J. B. Tatro and R. M. Lechan. Division of Endocrinology, 
Diabetes, Metabolism and Molecular Medicine, New England Medical Center, 
Boston, MA 02111 and University Department of Clinical Biochemistry, 
Bispebjerg Hospital, Copenhagen, Denmark.
Pituitary adenylate cyclase-activating polypeptide (PACAP) - a neuropeptide 

present in high concentrations in the central nervous system - is a potent stimulator 
of the cyclic AMP/PKA and PKC pathways. Central administration of PACAP 
causes alterations in a variety of physiological parameters, including elevation of 
mean arterial blood pressure and plasma vasopressin levels, decreased feeding, 
increased locomotor activity, elevated dopamine release in the median eminence 
and increased gene expression of GnRH and somatostatin in hypothalamic neurons. 
To determine potentional neuronal targets of PACAP-immunoreactive (-ir) nerve 
fibers which richly innervate several hypothalamic regions, sequential 
immunolabeling was performed using a well-characterized mouse monoclonal 
antibody against PACAP and polyclonal antisera against hypothalamic 
neuropeptides as well as tyrosine hydroxylase (TH; a marker for dopaminergic 
neurons). Numerous nerve fibers with PACAP-immunoreactivity (ir) were found 
closely apposed to the majority of corticotropin-releasing hormone-, thyrotropin-
releasing hormone-, Met-enkephalin-, vasopressin- and oxytocin-ir cell bodies in 
the paraventricular nucleus and somatostain-ir neurons in the periventricular area. 
Likewise, in the arcuate nucleus, PACAP-ir nerve terminals appeared in close 
contact to TH- and alpha-melanocyte stimulating hormone-ir neurons. The 
widespread association between PACAP-ir nerve fibers and chemically identified 
neuroendocrine cell groups in the hypothalamus suggests a potentially broad role 
for PACAP in hypothalamic integration. Supported by NIH Grant ROI DK-37021 
and the Danish Biotechnology Program for Cellular Communication.

690.13
EXPRESSION OF PITUITARY ADENYLATE CYCLASE ACTIVATING 
POLYPEPTIDE (PACAP) IN THE MESENCEPHALIC TRIGEMINAL 
NUCLEUS OF THE RAT AFTER TRANSSECTION OF THE MASSETERIC 
NERVE. J.Hannibal*. J.Omar Larsen, S.M. Knudsen, J.Fahrenkrug, Dept. Clinical 
Biochemistry, Bispebjerg Hospital, Univ. of Copenhagen, Denmark.
Pituitary adenylate cyclase activating polypeptide (PACAP), a member of the VIP 
(vasoactive intestinal polypeptide family) of peptides, has been demonstrated in neurons 
of the sensory system. PACAP expression of these neurons is sensitive to nerve damages 
such as nerve crush or axotomy. In the present study PACAP expression in the mesen-
cephalic trigeminal nucleus of the rat was examined after transsection of the main trunk 
of the masseteric nerve. The primary sensory neurons of the nucleus are considered to have 
purely proprioceptive functions. By quantitative in situ hybridization using a PACAP 35S- 
cRNA probe, an increase in PACAP mRNA was observed on the side ipsilateral to the 
tamssection already after 3 h, and the expression reached a peak 24 h after surgery, after 
which the level gradually decreased during the next 14 days. A low and constant 
expression of PACAP mRNA could be detected on the side contralateral to transsection. 
PACAP immunoreactivity was demonstrated on the ipsilateral side after 18 h, using a 
specific monoclonal PACAP antibody. Coexistence of PACAP with NPY and galanin was 
demonstrated 7 days after transsection. Analysis of the massetic nerve by radioimmunoas-
say on the transected and normal stumps revealed an increase in PACAP-38 immunoreac-
tivity in the nerve proximal to the transection compared to the normal side (15.3 vs. 6.1 
pmol/g wt). The results suggest that PACAP has a role in the early phase of adaption to 
nerve injury' in the proprioceptive neurons.

Supported by grant from the Danish Biotechnology program for Cellular Communication

690.14
PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE 
(PACAP) EXPRESSION IS UPREGULATED IN INFLAMMATION 
Y-Z, Zhang*, H. Mulder, N, Danielsen and F. Sundler, Dept. of Physiology and 
Neuroscience, Neuroendocrine Cell Biology, Lund University, Lund, Sweden.

Sensory neuropeptides have been implicated in neurogenic inflammation and 
nociception in arthritis. Adjuvant-induced inflammation has been shown to increase 
primary afferent activity and alter the expression of neuropeptides in DRG. The 
presence of PACAP in rat DRG and spinal cord is well documented; the expression 
of PACAP in lumbar DRG is upregulated after sciatic axotomy. Furthermore, 
intrathecal administration of PACAP suppresses the C-fibre evoked flexion reflex 
and formalin-induced pain-related behavior; PACAP is also released from the rat 
spinal cord by capsaicin. To examine whether PACAP could play a role in 
inflammation, PACAP expression in L5 DRG and its distribution in the dorsal 
horn were investigated after unilateral adjuvant-induced inflammation in the rat 
ankle region using in situ hybridization and immunocytochemistry. At 12 h and 
day 3, but not day 21, the percentages of nerve cell profiles in the ipsilateral DRG 
expressing PACAP mRNA were significantly increased. The PACAP expression 
in individual cell bodies in the DRG on the ipsilateral side was significantly higher 
at 12 h and day 3, but not at day 21. PACAP immunoreactive nerve cell bodies 
were more numerous and more intensely labelled on the ipsilateral side as compared 
to the contralateral side. The PACAP immunostaining in the spinal cord was not 
overtly changed. Thus, our findings show that PACAP expression in innervating 
sensory neurons was enhanced, both with respect to the level in individual neurons 
as to their numbers, in response to inflammation. Together with the depressive 
effect of PACAP on the formalin-induced reponse, these findings suggest that 
PACAP plays a role in inflammation and in the transmission of inflammation 
evoked nociceptive information in the rat spinal cord. Furthermore, PACAP 
expression is different from other neuropeptides since it is upregulated both after 
axotomy and in inflammation.
Funded by Swedish Medical Research Council (4499) and Osterlund's Foundation.

690.15
PITUITARY ADENYLATE CYCLASE ACTIVATING POLYPEPTIDES (PACAP) 
DEPOLARIZE SUPERIOR CERVICAL GANGLION (SCG) NEURONS AND 
INCREASE SYMPATHETIC NEURON EXCITABILITY. M.M. Beaudet*, J.C. 
Hardwick, R.L. Parsons and V. May. Department of Anatomy and Neurobioiogy, 
University of Vermont College of Medicine, Burlington, Vermont 05405

PACAP peptides are members of the VIP/secretin/glucagon family of peptides 
and have numerous neurotransmitter and neurotrophic effects on neuroendo-
crine tissues. PACAP27 and PACAP38 are two a-amidated peptides posttrans- 
lationally processed from the same precursor molecule; we have shown 
previously that both PACAP peptides stimulate sympathetic SCG neuron 
neurotransmitter/neuropeptide production and secretion with high potency 
characteristic of PACAP-selective type I receptor activation. In the present 
study, the neuroregulatory effects of PACAP peptides on rat SCG principal 
neurons were studied using both intracellular microelectrodes and perforated 
patch-clamp electrophysiological techniques. Application of 0.1 to 100 nM 
PACAP27 to cultured SCG neurons with resting potentials maintained at -50 
mV, produced a concentration-dependent depolarization with an EC50 of 5.0 nM; 
a maximal depolarization of 9 mV was produced in response to 32 and 100 nM 
PACAP. Action potential frequency also was increased greatly with PACAP 
application. In neurons voltage clamped to -50 mV, 100 nM PACAP27 induced 
a slowly developing, tetrodotoxin-insensitive inward current of approximately 150 
pA. The PACAP induced inward current was due, in part, to an increase in a 
non-selective cation conductance, and to an inhibition of the muscarine-sensitive 
potassium conductance (lM). Average inhibition ofj by PACAP was 50%. 
When lM was first inhibited by addition of 1 mM barium, the PACAP induced 
inward current was reduced by approximately 20%. In the presence of 1 mM 
barium, the remainder of the PACAP induced inward current was suppressed 
by replacing sodium ions in the bathing solution with /\/-methyl-D-glucamine. 
The expression of PACAP type I receptors in the majority of SCG neurons, and 
the PACAP effects on membrane potential and excitability are consistent with 
the neuroregulatory roles for PACAP peptides in sympathetic autonomic 
function. Supported by HD-27468 & NS-01636 (VM) and NS-23978 (RLP).

690.16
EFFECT OF PACAP ON PREGANGLIONIC NEURONS IN NEONATE RAT 
LUMBOSACRAL PARASYMPATHETIC NUCLEUS
A, Miura*, M, Kawatani and W. C, de Groat, Dept. of Pharmacology, Univ. of 
Pittsburgh Sch. of Med. Pittsburgh, PA 15261, Dept. of Physiology, Akita Univ. Sch. of 
Med. Akita 010, Japan

The effects of pituitary adenylate cyclase activating peptide (PACAP) on 
preganglionic neurons (PGN) in L6 and S1 spinal cord slices from neonate rats (5-11 
days old) were studied using the whole-cell patch clamp technique. PGN were 
identified by retrograde axonal transport of a fluorescent dye (Fast Blue, 5 ml of 4% 
solution) injected into the intraperitoneal space 3-7 days before the experiment. Under 
current clamp recording conditions, bath application of PACAP (20nM) unmasked or 
increased spontaneous firing of PGN in the presence of CNQX (5pM), strychnine 
(1 pM) and bicuculline (10pM). In phasic and tonic PGN, PACAP increased by 109 to 
120% (p<0.05) the frequency of firing elicited by depolarizing current pulses, but did 
not change spike frequency adaptation. PACAP also increased the number of spikes 
and decreased the latency for firing following a hyperpolarizing current pulse. PACAP 
elicited a small hyperpolarization (-3.0±1.3 mV, p<0.05), decreased the threshold for 
spike activation from -37.3±1.8mV to -42.7±2.2mV (p<0.001), decreased the half 
amplitude spike duration (from 2.15±0.26 to 1.88±0.21msec, p<0.05), increased the 
input resistance (from 315.6±63.1 to 423,3±61.1 MQ, p<0.01, Wilcoxon signed-ranks 
test). The amplitude of spike after hyperpolarization (AHP) was not changed but the 
duration was significantly reduced (from 202.5±25.3 to 112.7±24.3msec, p<0.05) by 
PACAP. Under voltage clamp recording conditions in the presence of TTX (1 pM), 
PACAP suppressed a transient outward current that was also suppressed by
4-aminopyridine (5mM). These results coupled with the histochemical identification of 
a dense collection of PACAP fibers in the region of the PGN, raise the possibility that 
PACAP may be an excitatory transmitter in lumbosacral parasympathetic reflex 
pathways. (Supported by NIH grant DK51402)
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690.17
PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE
(PACAP) POTENTIATES IPSCs OF RAT SYMPATHETIC
PREGANGLIONIC NEURONS IN VITRO. S. Y. Wu* and N. J.
Dun. Dept. of Pharmacol., James H. Quillen Col. of Med., East
Tennessee State Univ., Johnson City, TN 37614 

PACAP-like immunoreactive fibers project to the intermediolateral
cell column of rat spinal cords. Whole-cell patch recordings were
obtained from sympathetic preganglionic neurons (SPNs) in the lateral
horn of 10-16-day-old rat thoracolumbar spinal cord slices, and
effects of PACAP on synaptic responses were studied. PACAP (10-
30 nM) reversibly increased the amplitude of inhibitory postsynaptic
currents (IPSCs) by an average of 43 %; the holding currents in these
neurons were not significantly changed. Outward currents induced by
the putative inhibitory transmitter glycine were similarly increased by
PACAP. Vasoactive intestinal polypeptide (30 nM), which belongs to
the same superfamily of peptides as PACAP, caused no significant
increase of IPSCs. The phosphodiesterase inhibitor IBMX (300 /xM)
had an additive effect on PACAP-induced potentiation of IPSCs.
IBMX or the membrane permeable dbcAMP (100 /xM) alone had a
small potentiating effect. IBMX in combination with dbcAMP
produced a marked (>50%) and prolonged (> 1 hr) potentiation of
IPSCs. The potentiating effect of PACAP was nullified by prior
superfusion of the slices with an adenylate cyclase inhibitor MDL-
12330A (25 /iM). The result suggests that PACAP potentiates IPSCs
via a cyclic AMP-dependent mechanism. (Supported by NS 18710).

OPIATE RECEPTORS: REGULATION, TARGETING AND INTERNALIZATION

691.1
MU, DELTA AND KAPPA OPIOID RECEPTORS ARE 
DIFFERENTIALLY REGULATED BY THE COEXPRESSION OF p- 
ADRENERGIC RECEPTOR KINASE 2 AND (3-ARRESTIN 2 IN 
XENOPUS OOCYTES A, Kovoor. S.M. Appleyard. W. Jin, J. Celver, D. 
Henry. B. Kiefferf. C, Chavkin* Dept of Pharmacol, Univ. of Washington, 
Seattle WA and f Univ. L. Pasteur, Strasbourg FR.

We used the Xenopus oocyte expression system to test the hypothesis 
that homologous desensitization of opioid receptors results from 
phosphoryl-ation by G protein coupled receptor kinases. DPDPE and 
DAMGO increased GIRK1/4 conductance following activation of delta 
(DOR) and mu (MOR) opioid receptors, respectively. Homologous 
desensitization of the OR-elicited GIRK currents was small unless [3ARK2 
and J3arr2 were coexpressed. Desensitization of DOR signaling had a t1/2 
<3 min; whereas, desensitization of MOR expressed in the same oocytes 
required 2-3hr agonist exposure. Functional expression of (3ARK2 and 
(3arr2 also inhibited signaling of the P2-adrenergic receptor coexpressed in 
the same oocytes. DOR mutants lacking SER and THR residues in the C- 
terminus of the cytoplasmic tail coupled effectively to GIRK channels but 
were insensitive to inhibition by exogenous (3ARK2 and parr2. However, a 
DOR mutant with potential SER phosphorylation sites in the 3rd 
cytoplasmic loop mutated to ALA desensitized at the same rate as 
wtDOR. Desensitization of KOR behaved like the MOR in this system.

To compare the desensitization in oocytes with that in neurons, we also 
examined desensitization in hippocampal slices. The effect of kappa opioid 
agonists desensitized by 50% in approx 70min in slices and was 
accompanied by agonist induced phosphorylation. Our results show that 
agonist dependent phoshorylation and homologous desensitization of 
opioid receptors in brain may result from the actions of a G protein 
receptor kinase and associated arrestin. Supported by DA04123.

691.2
EVIDENCE FOR MULTIPLE PKC ISOZYME INVOLVEMENT IN OPIOID RECEPTOR 
DOWNREGULATION. H. Kenneth Kramer* and Eric J. Simon. Dept. of Psychiatry,
New York University Medical Center, NY, NY, 10016.

Prolonged exposure to opioid agonists leads to loss of opioid receptor function. 
Desensitization is the loss of agonist affinity and function produced by an uncoupling of 
the receptor from its effector system. Longer periods of exposure produce a physical 
loss (downregulation) of receptor binding sites. Despite their differences, both 
desensitization and downregulation appear dependent on the phosphorylation of some 
portion of the receptor-G-protein-effector system. However, the identification of the 
specific protein kinases which promote opioid receptor phosphorylation and initiate its 
desensitization remain uncertain. Protein kinase C (PKC) has been shown to catalyze 
the phosphorylation and desensitization of several GPCRs, suggesting that PKC 
activation could play a similar role in opioid receptor regulation. Using cultured SH- 
SY5Y neuroblastoma cells, we observed that p-opioid agonists have a dual effect on 
cellular PKC activity. PKC translocation and opioid receptor density were quantitated by 
3H-phorbol ester and 3H-diprenorphine binding, respectively, to washed cell membrane 
homogenates. Short-term exposure (3-12 hours) to morphine or DAMGO promotes the 
translocation of PKC from the cytosol to the plasma membrane. Longer periods of 
exposure (>12 hr.) decrease membrane-bound PKC density. However, during both 
periods, there is a decrease in membrane opioid binding sites. The opioid antagonist, 
naloxone, the PKC inhibitor, chelerythrine, and the L-type calcium channel antagonist, 
nimodipine, all reversed agonist-mediated opioid receptor downregulation and PKC 
translocation. Interestingly, the downregulation of total diacylglycerol (DAG)-sensitive 
PKC isoforms, by 24 hr. phorbol ester exposure, does not modulate DAMGO's ability to 
decrease the number of opioid binding sites. SH-SY5Y cells highly express PKC<, a 
DAG and Ca2+-independent isoform of PKC. This evidence suggests that non- 
conventional PKC isozymes may be involved in this regulatory process. (T32-DA07254)

691.3
ADMINISTRATION OF Gi2a ANTISENSE OLIGODEOXYNUCLEO- 
TIDE REDUCES OPIOID ANALGESIA AND INHIBITION OF CYCLIC 
AMP PRODUCTION IN MOUSE STRIATUM. J. Shen and B.C. Yoburn*, 
College of Pharmacy, St. John’s University, Queens, NY 11439.

G proteins are involved in a variety of opioid mediated effects including 
analgesia. In this study, we determined the effect of an antisense 
oligodeoxynucleotide (ODN) directed towards the mRNA for Gj2a on 
opioid-induced analgesia and opioid effects on cAMP production in the 
mouse. Mice received a single intracerebroventricular injection (20ug) of an 
antisense ODN (complementary to the 43™ -60™ nucleotides following the 
ATG start site). Controls were injected with water or a nonsense ODN. 
Forty-eight hours later, morphine analgesia (tailflick) dose-response studies 
were conducted, or mice were sacrificed, striatum removed and opioid 
inhibition of cAMP production was determined using the 8-opioid agonist 
DADLE. Antisense ODN significantly reduced morphine’s analgesic 
potency, while the nonsense ODN treatment did not (ED50s= 3.5+0.6, 
3.5±0.7, 8.3±1.2mg/kg; water, nonsense ODN, antisense ODN; respectively). 
Antisense ODN did not significantly change the basal level of cAMP. 
Similarly, forskolin (10pM) stimulated cAMP production equally in all 
groups (2.8-3.1-fold). Although, DADLE inhibited the formation of cAMP 
in striatum in all groups, the maximal inhibition was significantly reduced for 
antisense ODN (11.2%±0.3) compared to control (15.6%±1.6) and nonsense 
ODN treated (17.5%±1.1). On the other hand, the DADLE IC50 for striatal 
tissue from the antisense ODN treated mice was similar to both control 
groups (IC5Q= 0.2, 0.3, 0.2pM; water, nonsense ODN, antisense ODN; 
respectively). Taken together, these data suggest that the Gj2ct subunit 
mediates opioid-induced analgesia and opioid inhibition of cAMP production 
in the mouse. Supported by NIDA DA 04185.

691.4
DELTA AND MU OPIOID RECEPTOR TARGETING IN MADIN- 
DARBY CANINE KIDNEY CELLS. S. Wright*. A.H. Nakano.
P.-Y. Law. H.H. Loh and R.P. Elde. Department of Cell Biology & 
Neuroanatomy and Pharmacology, University of Minnesota, 
Minneapolis, MN 55455.

Previous immunohistochemical studies in our lab have 
demonstrated that the delta opioid receptor tends to traffic axonally 
(Dado et al., Neuroreport 5(3): 341-4, 1193; Arvidsson et al., J 
Neurosci 15(2): 1215-1235, 1995), whereas mu and kappa receptors 
tend to traffic somatodendritically (Arvidsson et al., J Neurosci 15(5): 
3328-3341, 1995). Studies by Dotti and Simon (Cell 62(1): 63-72, 
1990) suggested that neurons and epithelial cells employ common 
mechanisms to segregate proteins to polarized domains. Thus, we 
selected Madin-Darby Canine Kidney (MDCK) cells, an epithelial cell 
line that establishes polarity in vitro, to examine differential trafficking 
of transfected delta and mu opioid receptors. To investigate this 
problem, we employed immunocytochemistry and ligand-mediated 
internalization in response to apical versus basolateral ligand 
application.

Our results indicate that there is not a simple relationship between 
the axonal and somatodendritic neuronal surface domains with the 
apical and basolateral epithelial surface domains, respectively. The 
delta opioid receptor is targeted and installed consistently on the lateral 
membrane and frequently on the apical membrane. In contrast, the 
mu opioid receptor is targeted and installed consistently on the apical 
membrane and rarely on the lateral membrane.

Supported by Grants from NIDA.

Society  for  Neuroscience , Volume  23,1997



1770 OPIATE RECEPTORS: REGULATION, TARGETING AND INTERNALIZATION WEDNESDAY AM

691.5
UP-REGULATION OF SURFACE MU OPIOID RECEPTORS BY 
ANTAGONISTS. C.J. Evans*® D. Keith Jr,P, Zaki®, M. von 
Zastrow*. ®Dept. of Psychiatry, UCLA, Los Angeles, CA 90024, 
*Dept. of Psychiatry, UCSF, San Francisco, CA 94143

Previously we have demonstrated that agonists such as etorphine, 
met-enkephalin, beta endorphin and D AMGO induce a rapid 
sequestration of mu receptors. However, this rapid sequestration is 
not induced by certain drugs with agonist activity such as morphine or 
buprenorphine. Here we have used flow cytometry to investigate the 
effects of antagonists on the trafficking of epitope-tagged mu receptors 
expressed in HEK-293 cells. Naloxone effectively blocked the 
agonist-induced internalization and additionaly caused an increase in 
surface receptors over 18 hours. Following 18 h treatment with lOpM 
naloxone, there was a 50% increase in surface receptor immuno-
reactivity. Similar results were observed with CTOP, naltrexone and 
diprenorphine. Prior studies have indicated that antagonists induce an 
up-regulation of total mu receptors both in vivo and in vitro. The 
receptors in the transfected cells are not subject to regulation by the 
normal mu receptor promoter, and thus this up-regulation is unlikely 
to be due to changes in mRNA levels. Our data support the hypothesis 
that antagonists block constitutive degradation of the receptor.
Work supported by NIDA grant # DA-05010

691.6
AGONIST-MEDIATED INTERNALIZATION OF THE p, 6, and K OPIOID 
RECEPTOR TYPES. B,Jordan^_S.. Cvejic, N, Trap.aidzeJ_S, Cherepanoft.E 
Unterwald *. L.A, Devi, Department of Pharmacology and Psychiatry, New 
York School of Medicine, New York, NY, 10016

Upon exposure to agonists G-protein coupled receptors rapidly sequester and 
internalize to an intracellular compartment. 6 opioid receptors expressed in 
Chinese hamster ovary cells, also exhibit rapid internalization upon exposure to 
peptide agonist as determined by flow cytometry. In order to examine if agonist- 
treatment causes rapid internalization of the three types of opioid receptors 
namely, p, 6 and k , to a similar extent, Chinese hamster ovary cells were stably 
transformed with the 'Flag' tagged mouse p, mouse 6 or rat k  opioid receptors and 
the kinetics of internalization in response to 300 nM etorphine (non-selective 
opiate agonist) was determined. Cells expressing p or 6 receptors showed rapid 
internalization of about 40-50% of the receptors by 30 min of treatment. In 
contrast, cells expressing k receptors did not exhibit rapid internalization even 
upon 90 min exposure to 1 pM etorphine. These results suggest that agonist- 
exposure causes rapid internalization of some opioid receptor types and does not 
cause internalization of other structurally homologous opioid receptors. In order 
to examine if the 6 and/or p receptors exhibit agonist-selectivity to undergo rapid 
internalization, Chinese hamster ovary cells were transformed with both 'Myc' 
tagged 6 opioid receptors and 'Flag' tagged p opioid receptors and the rapid 
internalization was monitored using opioid type-selective and non-selective 
agonists, p receptor selective agonist caused internalization of only p receptors 
and 6 receptor selective agonist caused internalization of only 6 receptors. 
Etorphine (non-selective agonist) caused internalization of both receptors. Taken 
together, these results suggest that rapid internalization of the opioid receptors 
exhibits agonist selectivity and opioid type specificity. The differential agonist- 
specific and type-specific endocytosis provides an additional mode of regulation of 
opioid receptors.

This work is supported by grants DA08863 and NS01788 (to L.A.D).

691.7
MU OPIOID RECEPTOR ENDOCYTOSIS IN ENTERIC NEURONS 
INDUCED BY ENDOGENOUS AND EXOGENOUS OPIOIDS.
C,. Sternjnj,, J, Minnis,. C, Evans^nd.NUJL_Brecha_*. CURE, WLA 
VAMC, Opioid Research Ctr. and Depts. of Medicine, Neurobiology & 
Psychiatry, UCLA, Los Angeles, CA 90073.

The g opioid receptor (MOR) is activated by both endogenous opioids 
and alkaloids. We have shown that MOR undergoes endocytosis in 
enteric neurons in vivo upon stimulation with the opioid agonist, 
etorphine, but not with morphine. The aim of the present study was to 
compare the effects of different opioids on MOR endocytosis in enteric 
neurons using organotypic cultures of the guinea pig ileum. Tissue was 
incubated with different concentrations (0.1 nM-100 pM) of 
[MetJEnkephalin (ENK), its analogue, DAMGO, etorphine, fentanyl or 
morphine. Naloxone (10 pM), a MOR antagonist, was used as control. 
Following 1-2 hour incubation at 4°C, tissue was transferred to medium 
at 37° C for various times to allow receptor internalization. Tissue was 
processed for immunofluorescence and analyzed using confocal 
microscopy. At time 0 (control), MOR was concentrated at the plasma 
membrane of enteric neurons and processes. Stimulation with ENK, 
DAMGO, etorphine or fentanyl induced MOR translocation to 
endosomes. MOR endocytosis appeared at 2 min., its was dose- 
dependent and was still detectable at 4 hours following stimulation. 
Naloxone prevented MOR agonist-induced endocytosis. Morphine did 
not trigger MOR endocytosis. This study shows that MOR endocytosis 
is induced by endogenous and exogenous opioids, including fentanyl, a 
widely used analgesic, but not morphine, supporting the ligand 
selectivity of MOR endocytosis.
Supported by NIH grants DK41301 & DA05010, & VA Med. Res. Funds.

691.8
TEMPORAL EFFECTS OF ESTROGEN ON p-OPIATE RECEPTOR 
DISTRIBUTION IN THE HYPOTHALAMUS OF THE FEMALE RAT. 
C,B. Eckersell*, P. Nguyen, V. T. Yu, W. Tsai and P, E Micevyclb Dept. of 
Neurobiology, Laboratory of Neuroendocrinology, UCLA School of Medicine, 
Los Angeles, CA 90095.

Opiate receptors (OR), like many G-protein coupled receptors, are internalized 
and sequestered in the early endosomal compartment following agonist binding. 
The opiate agonist etorphine induces internalization of g~OR throughout the 
CNS. Estrogen treatment, like etorphine, induces rapid internalization of li -OR 
within the medial preoptic area (MPOA). This study examined the time course 
of estrogen induced internalization of p-OR in the hypothalamus of adult 
ovariectomized Long-Evans rats that were injected with 50 pg estradiol 
benzoate (EB) via a subcutaneous cannula, perfused at one of eleven successive 
time points from 0 to 96 hrs and stained with a p-OR antibody (gift from C. 
Evans, UCLA). Prior to EB injection p-OR immunoreactivity (ORi) was 
distributed in a diffuse plexus throughout the MPOA. EB induced a distinct 
staining of cell bodies and processes. The density of processes was quantified 
by counting distinct p-ORi processes along a set of perpendicular lines 
superimposed over the p-OR plexus. EB treatment caused a rapid increase in 
the density of processes within 30 min which lasted for 24 hrs and declined by 
48 hour to baseline levels. Pretreatment with naltrexone prevented the 
redistribution of p-ORi. These findings suggest that estrogen induces a rapid, 
long-lasting internalization of p-OR presumably by inducing the release of 
endogenous opioid peptides within the MPOA which bind to and activate ORs. 
Internalization may be a mechanism through which OR are desensitized or 
down-modulated following estrogen treatment. Supported by NS-21220 and 
HD-07228.

691.9
SUBCELLULAR LOCALIZATION OF DELTA (6) OPIATE 
RECEPTOR IMMUNOREACTIVITY AND BINDING IN GT1-7

Neurobiology, UCLA School of Medicine & Laboratory of 
Neuroendocrinology, Brain Research Institute, UCLA, Los Angeles, CA 
90095.

Immunocytochemical studies of 6-opiate receptor (6-OR) in brain and 
spinal cord sections suggests that this receptor is not localized in the cell 
membrane but is found primarily within neurons, probably in the endosomal 
compartment. Using GT 1-7 ceils, the immortalized GnRH neuronal cell line as 
a model for neurons, we studied the distribution of 6-OR immunoreactivity and 
binding. The 6-OR antiboby (INCSTAR, Inc) is directed to amino acids 3-17 
of the extracellular domain of the 6-OR. This antibody revealed intense 
immunoreactivity within the GT 1-7 cells but did not stain the membrane. 
Various manipulations, including altering calcium and potassium concentrations, 
addition of ATP (100 pM), naltrexone (100 nM) or the nonselective opiate 
agonist etorphine (100 and 500 nM) did not alter the distribution of 6-OR 
immunoreactivity. However, following treatment with glyconase there was 6- 
OR immunoreactivity on the membranes. 6-OR binding distribution was 
assessed using 3H-DPDPE (15 nM) in cell membrane and microsomal fractions. 
In control cells, 3H-DPDPE binding was restricted primarily to the membrane 
fraction. In cultures treated with etorphine for 30 mins, the majority of binding 
was localized to the microsomal fraction. These results suggest that the epitope 
recognized by the antibody maybe masked by polysacharides when the receptor 
is inserted in the cell membrane. Supported by NS 22020 and DC01404-03.

691.10
EFFECTS OF ACUTE AND REPEATED AMPHETAMINE 
ADMINISTRATION ON MU- OPIOID RECEPTOR mRNA LEVELS IN RAT 
BRAIN A,VeechiQla, P,Cql.lier, M.Pezzoli, M,Barro, KMagendzo* Centro ds 
Investigaciones M6dicas, Facultad de Medicina, P. Universidad Catdlica de Chile

The repeated and internment administration of psychoactive drugs can result 
in an enhancement of their locomotor-activating effects. This persistent 
phenomenon, referred to as sensitization, is thought to play a major role in 
maintaining compulsive drug use and being responsible, at least in part, for the 
reinstatement of drug-seeking behaviors in drug addicts after periods of 
abstinence.

It has been recognized that the dopaminergic system plays an important role 
in the reinforcing properties of drugs of abuse and there are anatomical, 
electrophysiological, biochemical and behavioral evidence that an 
interrelationship exists between opioidergic and dopaminergic systems in the 
brain.

We examined the effects of acute and repeated administration of D- 
amphetamine (1,5 mg/kg) on the expression of mu-opioid receptor (MOR) 
mRNA in striatum, accumbens and prefrontal cortex, by quantitative in situ 
hybridization using Digoxigenin labeled cRNA probes.

No significant changes were observed between controls and acutely treated rats. 
These results will be compared with those obtained with repeated D- 
amphetamine administration. In adition, we will use' quantitative competitive 
RT-PCR in order to detect subtle changes in MOR mRNA expression. 

Supported by FONDECYT 1960440
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691.11
THE EFFECTS OF AGING ON 3H-DAMPGO BINDING IN THE 
BRAIN AND SPINAL CORD OF MALE F-344 RATS. D.L, Hoskins*. 
T, L, Gordon and T, Crisp. Departments of Pharmacology and 
Neurobioiogy, Northeastern Ohio Universities College of Medicine, 
Rootstown, OH 44272.

Previous research has indicated a marked decline in opioid efficacy with 
advancing age. This study utilized radioligand binding techniques to 
determine if this decline is due to either a change in the receptor density 
(Bnux) or affinity (measured as Kd) of the mu (p) opioid receptor with 
advancing age. Membranes from cortex and spinal cord from young (5-6 
months) mature (15-16 months) and aged (25-26 months) male Fischer- 
344 rats were incubated at 25° C for 90 minutes with increasing 
concentrations of 3H-DAMPGO (a p-selective opioid agonist). 
Nonspecific binding was determined in the presence of 1 pM naltrexone. 
Saturation binding analysis revealed no significant change in Bmax for either 
the cortex or the spinal cord with respect to age. The Kd value in the 
cortex was likewise unaffected by age. The Kd value of the p opioid 
receptor in the spinal cord, however, was significantly higher in the aged 
group as compared with the young and mature groups, indicating a 
decreased affinity of the p opioid receptor for DAMPGO. These results 
suggest that a decreased affinity of the p opioid receptor in the spinal cord 
may contribute to the reduced antinociceptive efficacy of spinally 
administered opioids.

691.12
NORIBOGAINE STIMULATES NALOXONE-SENSITIVE [35s]GTPyS 
BINDING. J.P. Pablo* and D.C. Mash. Dept. Neurology, Univ. Miami 
Med Sch., Miami, FL. 33101.

Noribogaine is formed in vivo by the o-demethylation of the putative 
addiction-interrupter ibogaine, Pharmacokinetic studies (40 mg/kg, p.o.) 
in rat demonstrate that noribogaine is present at significant levels (>100 
nM) in brain for up to 72 hours . This observation suggests that the long- 
lasting anti-addictive properties following ibogaine's administration are due 
to the action of the metabolite. We report here that noribogaine acts as a 
full agonist at the mu opioid receptor. Noribogaine-stimulated [35S]GTPyS 
was used in rat thalamic membranes to measure receptor activation of G 
proteins. The maximal stimulation (10 pM DAMGO) of [35S]GTPyS 
binding stimulated by noribogaine was determined in the presence of 
excess GDP. The EC50 value for noribogaine-stimulated [35S]GTPyS 
binding was 0.80 + 0.06 pM. In contrast, ibogaine caused a weak 
stimulation [35S]GTPyS binding at concentrations above 100 pM. 
Noribogaine-stimulated binding of [35S]GTPyS was blocked in the 
presence of naloxone (competitive antagonist; EC50, 35 + 1.8 pM), 
demonstrating further that the effect was mu receptor-mediated. The 
rightward shift of the concentration-effect relationship of noribogaine- 
stimulated [35S]GTPyS binding with increasing concentrations of 
naloxone was similar to that measured for DAMGO in the presence of the 
competitive antagonist. The level of [35S]GTPyS binding stimulated by 
noribogaine was in close agreement to the maximal number of 
[35S]GTPyS binding sites that could be occupied after DAMGO stimulation 
of G proteins. These results demonstrate that noribogaine acts as a full 
agonist at the p-opioid receptor. Supported by the Addiction Research 
Fund.

CATECHOLAMINE RECEPTORS: D1/D5

692.1
OLANZAPINE INCREASES DOPAMINE AND NOREPINEPHRINE 
RELEASE IN PREFRONTAL. CORTEX AND BLOCKS DOPAMINE 
AND SEROTONIN RECEPTORS IN VIVO. Wei Zhang, Kenneth W. 
Perry, Xi-Ming Li, David T. Wong*, and Frank P. Bymaster.
Neuroscience Division, Lilly Research Laboratories, Eli Lilly & Co.,
Indianapolis, IN 46285.
Olanzapine (OLA) is a novel “atypical” antipsychotic agent that in 
clinical studies is effective against both positive and negative symptoms of 
schizophrenia. OLA has minimal extrapyramidal symptoms and a 
favorable side effect profile. In vitro, OLA exhibits high affinity for 
5HT2A, SHTjc , DI, D2, muscarinic, a,-adrenergic, and histamine H, 
receptors. To understand the mechanisms underlying the clinical 
attributes of OLA, we further examined the in vivo biochemical and 
pharmacological characteristics of OLA. OLA inhibited 5HT2Ay2C and D2 
receptors in receptor binding in vivo with high potency (ED50-0.15 and
0.6 mg/kg, respectively), while inhibiting DI and muscarinic receptors 
with much less potency (ED5O>10 mg/kg). OLA (0.5-10 mg/kg) elevated 
tissue levels of the dopamine (DA) metabolite (3-methoxytyramine) in 
nucleus accumbens (NAC) and neostriatum (NS) up to 350% of the 
control after monoamine oxidase inhibition. In microdialysis studies in 
conscious rats, OLA increased extracellular DA levels in both NAC and 
NS up to 230% of the basal levels. Of particular interest, in the medial 
prefrontal cortex, OLA (0.5-10 mg/kg) dose-dependently increased both 
extracellular DA and norepinephrine levels up to 400% compared to the 
basal levels. These data suggest that OLA in vivo has high affinity for 
5HT2 and D2 receptors, consistent with an atypical antipsychotic profile. 
Furthermore, OLA may alleviate the negative symptoms of schizophrenia 
by releasing DA which subsequently stimulates the DI receptors in the 
mesocortical area.

692.2
MECHANISMS OF DOPAMINE (DA) MODULATION OF GABAERGIC 
INPUTS TO RAT LAYER V-VI PYRAMDIAL PREFRONTAL COR1ICAL 
(PFC) NEURONS IN VITRO. C.R.Yang*, J.K.Seamans, andN. Gorelova. Dept. of 
Psychology,& Psychiatry,Univ. of British Columbia,Vancouver, Canada, V6T 1Z4.

Mesocortical dopamine (DA) input has been shown to directly modulate the 
membrane excitability of layer V-VI PFC pyramidal neurons in a voltage- 
dependent manner. Since parvalbumin-containing GABAergic intemeurons 
innervate PFC pyramidal neurons and receive this DA input, DA may also interact 
with these GABAergic inputs to modulate pyramidal cell excitability indirectly. 
This possibility was examined using in vitro intracellular and whole-cell patch- 
clamp recordings made in pyramidal neurons in rat PFC slices. In a subtype of 
intrinsic bursting PFC neuron which displays pacemaker-like repetitive firing upon 
sustained DC depolarization (Vh«-45mV), DA (20-50pM) reversibly: a) reduced 
the firing rate by introducing spontanoeus miniature IPSPs in the inter-spike 
intervals; b) ceased firing activity by hyperpolarization. This latter response was 
blocked by bicuculline (4pM), a GABAa  receptor antagonist. Furthermore, DA 
receptor activation also modulated GABAergic IPSPs synaptically evoked by 
stimulation of layer I-II or layer V-VI (in APV, DNQX). DI agonists (SKF81297, 
A77656, 2-5pM) augmented the amplitude and/or duration of the evoked IPSPs. 
This mechanism delayed spike initiation, and introduced variable duration of inter-
spike intervals to regulate temporal coding patterns in PFC neurons. DA also 
modulated synpatically evoked IPSPs which halted the onset, and reduced abruptly 
the duration of dendritic high voltage-gated Ca2+ spikes (using Cs and QX-314 
filled electrode), suggesting that DA can indirectly regulate voltage-dependent 
dendritic events in pyramidal neurons via its actions on the evoked IPSPs. Current 
electrophysiological studies of DA actions directly on living intemeurons visually 
isolated by DIC-IR videomicroscopy should yield crucial data on how DA interacts 
with the GABAergic intemeurons to provide multiple fomis of modulation of 
pyramidal cell excitability. (Funded by MRC, BCHRF and EJLB Foundation}.

692.3
DOPAMINE DI RECEPTOR STIMULATION MODULATES A SLOWLY 
INACTIVATING Na+ CURRENT IN LAYER V-VI PREFRONTAL CORTICAL 
(PFC) NEURONS. N. Gorelova* and C.R.Yang. Dept. of Psychology, & 
Psychiatry, Univ. of British Columbia, Vancouver, Canada, V6T 1Z4.

Dopamine (DA) in the PFC has been implicated in cognitive and 
neuropsychiatric processes but the underlying mechanisms remained unclear. DA, 
via DI receptor stimulation, has recently been shown to enhance the excitability of 
layer V-VI PFC neurons in response to depolarizing pulses [Yang & Seamans,
J. Neurosci. 16 (1996)1922], These current-clamp data suggested that DA augments 
the effects of a somatic tetrodotoxin (TTX)-sensitive slowly inactivating Na+ 
current (sINa+). To measure the effects of DI receptor stimulation on the sINa+ 
directly, voltage-clamp recordings of this current were made in layer V-VI PFC 
pyramidal neurons using whole-cell patch-clamp technique in brain slices.

Pharmacologically-isolated (K+ and Ca2+ currents were blocked by Cs+ in internal 
patch solution and TEA, 4-AP and Cd2+, or Co2+ in external media), the TTX- 
sensitive sINa+ was activated during slow (30 mV's) voltage ramps. Under these 
conditions, the activation threshold of the sINa+ ranged between -60 and -55 mV 
with a mean peak current of -300± 23 pA occurring between -40 and -30 mV. Bath 
application of SKF38393 or SKF81297 (1-5 pM) induced a leftward shift of the 
activation curve of sINa+ without any significant changes in peak current amplitude. 
Furthermore, the DI agonists also suppressed the inactivation kinetics of the sINaT 
tested by long (10 s) depolarizing voltage steps. This has resulted in a significant 
increase (-30% of control) of the decay time constant of the sINa+ . Given that the 
sINa+ has steep voltage-dependence near action potential thresholds, the small 
leftward shift in the activation following DI receptor stimulation will ensure that 
PFC neurons will respond to subthreshold depolarizing inputs by initiaiting spike 
firing at a more negative membrane potential (Funded by MRC, BCHRF & EJLB 
Foundation}.

692.4
ELECTROPHYSIOLOGICAL EFFECTS OF DOPAMINE ON 
NEURONS OF THE INTERMEDIATE SUBNUCLEUS OF THE 
RAT LATERAL SEPTUM: INVOLVEMENT OF DrLIKE RE-
CEPTORS. M. Alreja , K.A. Sevarino* and W. Liu. Dept. of Psychia-
try, Yale Univ. Sch. of Medicine, CMHC, New Haven, CT 06508.

The intermediate subnucleus of the rat lateral septum (LSI), which is part of 
the reward circuitry, is one of the primary targets of dopamine (DA) fibers 
originating in the ventral tegmental area; the LSI also expresses a variety of DA 
receptor subtypes. While previous in vivo and in vitro extracellular studies, have 
reported both inhibitory and excitatory effects of DA, pharmacological and intracellu-
lar studies on the effects of DA are lacking. In the present study, the effects on LSI 
neurons of DA and DA agonists were studied using intracellular recordings in an in 
vitro rat brain slice preparation.

The effect of bath-applied SKL 38393 (10-20 pM), a Dj-like agonist, was tested 
in a total of 21 neurons. SKL 38393 excited 33%(7/'21), inhibited 14.5% (3/21) and 
had no effect in 52.5% (11/21) of the neurons tested. In contrast, the D?-like 
agonist quinpirole (20 pM) had no effect in the 9 neurons tested. The excitatory 
effect of SKL 38393 was mimicked by DA in all 8 cells tested and reversed by SCH 
23390 (10 pM; n=3). Quinpirole failed to mimic the excitatory (n=2) as well as 
the inhibitory effects of SKF 38393. The excitatory effects of DA and SKF 38393 
were associated with an increase in input resistance and a decrease in the 
amplitude and duration of the slow AHP and resulted in a 10-fold increase in firing 
rate. In 1 cell, the excitatory effect was associated with a decrease in input 
resistance. The inhibitory effect of DA and SKF38393 was accompanied by an 
increase in input resistance in all 3 cells. Thus, DA has multiple Dj-like electro-
physiological effects on a subpopulation of LSI neurons; these findings would be 
relevant both to the actions of psychostimulants and opioids.
Supported by NIH R 29 DA 09797 and a NARSAD award.
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692.5
DOPAMINE Dj RECEPTOR ANTISENSE ATTENUATES BEHAVIOURS IN 
TWO PUTATIVE ANIMAL MODELS OF TARDIVE DYSKINESIA.
J.M. Van Kanwen* and A, Jon Stoessl. Neurodegenerative Disorders Centre, 
Univ. British Columbia, CANADA.

Vacuous chewing movements (VCMs) are a characteristic effect of chronic 
treatment with neuroleptics and nave been used for many years as a rodent 
model of tardive dyskinesia (TD). These VCMs may reflect heightened 
activity at dopamine Dt receptors in the ventrolateral striatum. Indeed, a 
similar syndrome develops following acute administration of the dopamine Dj 
receptor agonist SKF 38393. Thus, this paradigm is also sometimes used as a 
model of TD. The clinical relevance of data obtained from studies utilizing this 
paradigm, however, relies heavily on the validity’ of heightened dopamine Dj 
receptor activation as an important pathophysiological mechanism underlying 
TD. In these experiments we sought to confirm the role of dopamine Dj 
receptor stimulation in dopamine Dj agonist- and neuroleptic-induced VCMs. 
We examined the behavioural effects of in vivo administration of an 
oligonucleotide antisense to dopamine Dj receptor inRNA in an effort to 
‘knock down" dopamine Dj receptor expression in the ventrolateral striatum. 
Antisense was infused bilaterally into the ventrolateral striatum twice daily for 
five days. Antisense treatment significantly attenuated both acute SKF 38393 
(5 mg-kg, s.c.)-induced VCMs in normal rats, as well as spontaneous VCMs in 
rats treated with cltronic (~30 weeks) fluphenazine decanoate (25 mg/kg/3wks, 
i.p.). These data suggest that the dopamine Dj receptor plays a vital role in the 
expression of VCMs in both rodent models of TD and support the further 
investigation of dopamine Dt receptor antagonists for the treatment of TD and 
other dyskinesias..
Supported by the Medical Research Council of Canada and the Ontario Mental 
Health Foundation

692.6
D1 DOPAMINE RECEPTORS ARE PRESENT IN PARVALBUMIN 
POSITIVE INTERNEURONS IN MACAQUE PREFRONTAL CORTEX. E.C. 
Muly*, K. Szigeti and P.S. Goldman-Rakic, Depts. of Psychiatry and 
Neurobioiogy, Yale Univ. Sch. of Med., New Haven CT, 06510.

The primate prefrontal cortex (PFC) is critical for working memory function 
and has been implicated in a variety of diseases including schizophrenia. 
The dopaminergic innervation of PFC is essential for its proper function and 
this effect is mediated, at least in part, by the D1 receptor. Previous 
immunohistochemical work in the macaque has emphasized the presence 
of D1 in the dendritic spines of pyramidal cells. In the present study we 
examined the subset of GABAergie interneurons that contain parvalbumin 
(PV) to determine if they also contain D1.

Our results show that greater than 95% of PV cells in three different frontal 
regions, Walker's areas 46, 9 and 24, contain D1. Analysis at the EM level 
confirmed the presence of D1 positive Golgi complexes in PV cells. No D1 
immunoreactivity (IR) was seen on the plasma membrane of the soma or 
proximal dendrites. D1-IR was seen in distal dendrites and was often 
located near asymmetric synapses onto the dendritic shaft. D1-IR was also 
seen in PV axon terminals which gave rise to symmetric synapses.

We conclude that the D1 receptor is present in interneurons containing 
PV and positioned to modulate excitatory inputs to these cells. In addition, 
D1 is located in PV axon terminals where it may modulate the release of 
GABA presynaptically. The location of D1 in both pyramidal and 
nonpyramidal neurons as well as in dendrites and axon terminals may help to 
explain the complex and dose dependent effects of D1 agonists and 
antagonists on cognitive performance. Supported by NIH grant MH44866 
and a Pfizer Postdoctoral Fellowship (E.M.).

692.7
ANTIBODIES TO THE DOPAMINE D5 RECEPTORS OF HUMAN AND RAT 
BRAIN. Z.U, Khan*, A. Gutierrez, A, Penafiel, R. Martin, A, Rivera and A, de 
la Calle. Dept. of Cell Biology, University of Malaga, Spain, 29071.

The family of dopamine DI-like receptors is composed of DI and D5 subtypes. 
The studies with DI-specific ligand in transfected cell lines has shown that D5 
receptors display a higher affinity for dopamine than DI subtype. It is possible 
that the dopaminergic neurotransmission contributed by dopamine DI-like 
receptors is by the differential distribution of DI and D5 receptors. The detail 
regional and cellular distribution of D5 receptor protein has not been described. 
Here, we have developed subtype-specific novel antibodies to dopamine D5 and 
DI receptors. The D5 peptide (DEEEGPFDRMF) and DI peptide 
(SSHHEPRGSISK) corresponding to 428-438 and 372-383 amino acids, 
respectively, were obtained from the corresponding translated cDNA sequences. 
The synthesized peptides were coupled to keyhole limpet hemocyanin and used to 
immunize the rabbits. The affinity-purified antibodies to DI and D5 showed a 
reactivity of 46 and 47 kDa polypeptide bands, respectively, on Western blots of 
rat brain membranes. Furthermore, the immunoprecipitation of rat brain 
solubilized dopamine D5 and DI receptors and the binding of DI type specific 
ligand [3H]-SCH23390 will also be presented. The affinity-purified antibodies to 
dopamine D5 receptors showed immunolabeling in several areas of rat brain 
including cerebral cortex, hippocampus, cerebellum, thalamus, inferior 
colliculus, basal ganglia and olfactoiy tubercle. Immunocytochemistry has also 
been done in human cerebral cortex, cerebellum, hippocampus and caudate- 
putamen.
Supported by DGICYT grant (PB94-0219-C02-02) and by European Union 
BIOMED1 grant (BMH1-CT94-1060).

692.8
CHARACTERIZATION OF A MONOCLONAL 
ANTIBODY SPECIFIC FOR THE RAT Dla DOPAMINE 
RECEPTOR. R.R, Luedtke*. S.A, Griffin Department of 
Pharmacology, University of North Texas Health Science Center at 
Fort Worth, Fort Worth, TX 76107.

A segment of DNA that codes for the carboxy terminus of the rat 
Dla dopamine receptor was amplified using PCR. A pET-14b 
expression plasmid containing the receptor gene fragment was used 
to transform BL21plysS DE3 E. coli cells. Several colonies were 
evaluated for the ability to express a recombinant peptide (rDla- 
COOH) following induction with 1 mM isopropyl-p-D- 
thiogalactopyranoside. The recombinant peptide rDla-COOH, 
which contains an amino terminus “histidine tag”, was purified by 
nickel adsorption chromatography and used to immunized BALB/'c 
mice. Tissue culture media from hybridomas were screened using 
the rDla-COOH with an ELISA assay. Using an immunoblot 
protocol, one monoclonal antibody was found to be immunoreactive 
with rat Dla dopamine receptors expressed in Sf9 cells, but not 
immunoreactive with cells expressing Dlb, D2 or D3 dopamine 
receptors or uninfected Sf9 cells. Similarly, immunohistochemical 
studies were performed using dopamine receptors expressed in Sf9 
cells. Immunoreactivity was observed for fixed and permeablized 
Sf9 cells expressing rat Dla receptors, but not for uninfected Sf9 
cells or cells expressing rat Dlb, D2 or D3 dopamine receptors. 
(Supported by NINDS 30507, the Scottish Rite Schizophrenia 
Research Program and the National Alliance for Research on 
Schizophrenia and Depression).

692.9
GENE EXPRESSION OF DOPAMINE RECEPTOR SUBTYPES IN 
RAT BRAIN DEVELOPMENT'. W.S. Choi*, M.O, Kim, B.H, Lee and 
KJ. Cho, Dept. of Anatomy, Sch. of Med., Gyeongsang NatT Univ., 
Chinju, 660-280, Korea.

Dopamine, a catecholaminergic neurotransmitter, plays crucial 
roles in the differentiation and development of the rat fetal 
development. On gestational day 11.5, the dopaminergic neurons were 
first observed from ventricular and subventncular zones of 
differentiating neuroepithelium and mesencephalic A8-A10 dopamine 
areas in the rat fetus. However, there were contradictory results on 
the ontogeny of the dopaminergic receptor expression in the rat fetus. 
In situ hybridization and immunohistochemical studies were adopted 
to investigate the ontogeny of dopaminergic neurons and its receptor 
subtypes during the fetal development of the rat. Mature rats were 
mated on the day of ovulation. Brains of rat fetus were fixed in 4% 
NBP and sectioned. Our in situ hybridization data show that, on 
gestational day 13, CNS (especially in ventricular or subventricular 
zones of ganglionic eminence and thalamus, hypothalamus, 
neuroepithelium and cortex) first expressed dopamine receptor 
mRNAs. Our onset time of expression preceded that of previous 
reports. Expression of dopamine receptors increased upto the same 
level of the adult brain between gestational day 17 and 19. 
Expression of DI preceded that of D2 in early developmental stage 
but this pattern was reversed with the sharp increase of D2 soon 
after. Our results of the dopamine receptor expression from 
gestational day 13 suggest that dopamine may be involved in 
development and differentiation of fetal rat brain from the early 
gestational stage. ( fcQSEp

692.10
CHARACTERIZATION OF DOPAMINERGIC LINKED PHOSPHOINOSITIDE 
HYDROLYSIS SYSTEM IN A HIPPOCAMPAL CELL LINE. L. Q. Jin, H. Y, 
Wang, and E. Friedman*. Division of Molecular Pharmacolology, 
MCP $ Hahnemann School of Medicine, Allegheny University of the Health 
Science, Phila., PA 19129

Previous studies have established that dopamine (DA) influences phosphoinositide 
(PI) metabolism in both CNS and peripheral tissues. Screening of several cell lines 
revealed a stable clonal line established by fusion of mouse embryonic hippocampal 
cells with A/J mouse originated N18TG2 neuroblastoma cells (HN33.11) that 
responds to dopaminergic agents by increasing PI hydrolysis. In this cell line, DA 
and SKF38393 (500 /xM) produced comparable (150% and 200%, respectively) 
increases in inositol phosphate (IP) accumulations. In contrast, NE and serotonin (up 
to 1 mM) had no effect on IP accumulations. Stimulated IP formation induced by 
DA or SKF38393 was selectively blocked by the D, receptor antagonist, SCH23390, 
with ICso values of 13 /xM and 16 /xM. It was also found that this response is not 
mediated by the D1A receptor, and is cAMP-independent as HN33.11 cells do not 
express this receptor (Northern blot) and DA or SKF38393 does not cause 
accumulation of cAMP. In Ca2+-ffee/100 p,M EGTA media, basal IP levels were 
reduced by 30%, but SKF38393-stimulated PI hydrolysis was not affected. 
SKF38393 stimulated IP formation was not modified by treatment with PTX (200 
ng/ml). Coprecipitation of Dj-like sites with discrete Ga proteins (Gs, Gi, Gz, Go, 
and Gq) showed that 3H-SCH23390 binding sites are mostly coupled to Gq rather 
than to the other Ga subunits. It is concluded that HN33.11 cells express a Dj-like 
DA receptor that couples to phospholipase C via Gq protein.

This work was supported by US Public Health Service Grant NS29514 from the 
National Institute of Neurological Disorders and Stroke.
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692.11
METAMORPHOSIS OF DOPAMINE D5 RECEPTORS: CARBOXYL TAIL 
SUBSTITUTION TRANSFORMS AGONIST AFFINITY AND CONSTITUTIVE 
ACTIVITY PROFILE TO MIMIC DI RECEPTORS. L.L Demchvshvn*.
F.McConkey and H.B. Niznik. Dept. of Psychiatry, Univ. of Toronto and the Lab. 
of Mol. Neurobiology, Clarke Institute of Psychiatry, Toronto, Canada, MST1R8.

The mammalian dopamine DI receptor family contains two members, DI/ DI A 
and D5ZD1B, which share high structural and pharmacological similarity. The D5 
receptor generally can be distinguished from the DI receptor by its higher affinity for 
agonists and agonist-independent constitutive activity of adenylate cyclase. A PCR- 
based strategy was used to create substituted carboxyl terminal [CT] chimeras 
between DI and D5 receptors to investigate the potential role amino acid sequences 
within this region may play in maintaining subtype differences. D1/D5CT chimeras 
expressed in COS-7 cells retained a pharmacological profile identical with the w/Dl 
receptor. D5/D1CT chimeras, however, displayed agonist affinity identical to either 
w/Dl or D1/D5CT chimeras, and significantly lower affinities than observed for 
w/D5. Antagonist affinities for both chimeras remained relatively unchanged from 
the parent receptor. DID tail substitution resulted in unchanged profiles for the DI 
receptor, whereas D5 receptor agonist affinities decreased.

The addition of the DI or DID carboxy terminus onto the D5 receptor also altered 
the constitutive activity of the D5 receptor. Basal agonist-independent activity 
decreased in the D5/D1 chimera, resembling the DI receptor, in terms of in 
remaining unresponsive to inverse agonists butaclamol or fluphentixol despite 
similar expression levels. Truncation of the D5 receptor at the carboxyl terminus also 
displayed no constitutive activity, while still maintaining functional coupling to 
adenylate cyclase. Therefore the carboxyl tail may also contribute to the constitutive 
nature of the D5 receptor in addition to those defined in the third cytoplasmic loop.

These results suggest that specific regions within the D5 receptor carboxyl 
terminus are required to maintain its high affinity agonist binding and constitutive 
activity. Identity of specific regions responsible for the D5 receptor’s distinct, 
inherent pharmacological and functional properties are currently under investigation. 
Supported by: NIDA (#DA09588) and OMHF

692.12
PERSISTENT ACTIVATION OF DOPAMINE D1-LIKE 
RECEPTORS: A CHIMERIC TAIL TO TELL
K.S. Sugemorr, M,H, Chung, end H,B, Niznik Dept. of Pharmacology and 
Psychiatry, University of Toronto, and the Laboratory of Molecular 
Neurobiology, Clarke Institute of Psychiatry, Toronto, Canada, MST 1R8.

Persistent activation refers to the continuous activation of a receptor 
following brief exposure to and removal of an agonist, which in turn, can lead 
to a constitutively activated state and an overall desensitized response. 
Dopamine DI-like receptors (Xen D1A, D1B, D1C), when expressed in COS- 
7 cells, display varying abilities to be persistently activated in response to 
either DA or the D1 agonist SKF-82526. In particular, the constitutively active 
D1B receptor displays the greatest degree of persistent activation as defined 
by the highest levels of cAMP accumulation after exposure to and washout of 
DA, whereas the D1C receptor exhibits the least amount of cAMP 
accumulation. The persistent activation response could be blocked by a 
subsequent challenge dose of either SCH-23390 or (+)-butaclamol. In 
contrast, forskolin stimulation in these cells which results in the greatest 
magnitude of cAMP production, exhibits little accumulation of cAMP after 
pretreatment, thereby suggesting that the responses seen are due neither 
to inadequate washout of agonist nor cAMP-dependency. Since the carboxy 
terminus has been shown to influence ligand affinity, desensitization and 
constitutive activity, six chimeric receptors (D1A/D1Bct , D1A/D1Cct , 
D1B/D1Act , D1B/D1Cct , D1C/D1Act , l )1C/D1Bct ) in which the variable 
carboxy tail regions were exchanged were subsequently tested. The 
presence of the D1C (D1B/D1Cct ) and not the D1A (D1B/D1Act ) carboxy 
terminus enhanced the ability of the receptor to be persistently activated 
whereas the D1B carboxy terminus (D1A/D1Bct  or D1C/D1Bct ) abolished 
such activity. Similarly, the carboxy tail can either be permissive (D1B/D1 Cct ) 
or limiting (D1B/D1Act ) with respect to the partial agonistic activity of SCH- 
23390 and NNC 01-0012 at the L)1 B receptor. These data suggest then that 
carboxy terminal sequence-specific motifs contribute to the formation of a 
constitutively active-like receptor state and possibly to desensitization. 
(Supported by NIDA [DA-09588] and the Ontario Mental Health Foundation.)

692.13
THE ROLE OF POTENTIAL PHOSPHORYLATION SITES IN DOWN-
REGULATION AND DESENSITIZATION OF THE DI DOPAMINE 
RECEPTOR L.B, Kozell*. M.N. Vu, and K.A, Neve Dept. of Physiology & 
Pharmacology, OHSU & VAMC, Portland, OR 97201.

We constructed mutant DI dopamine receptors to test the hypothesis that 
potential protein kinase A (PKA) or protein kinase C (PKC) phosphorylation sites 
in the DI receptor are involved in receptor desensitization or down-regulation. 
Wildtype and mutant (S127A, S263A and S380A) DI dopamine receptors were 
expressed in C6 glioma cells and the ability of dopamine to down-regulate receptor 
density and desensitize subsequent stimulation of cyclic AMP accumulation by DI 
receptors was assessed.

Four hour pretreatment with 1 pM dopamine resulted in significant reductions 
in receptor density, as assessed by binding of [3H]SCH2339O to the wildtype and 
mutant DI receptors, and the extent of down-regulation did not differ between 
wildtype and mutant DI receptors. Agonist pretreatment of the wildtype DI 
receptor resulted in a significant reduction in the percentage of high affinity 
binding sites for dopamine. In contrast, agonist pretreatment did not effect the 
percentage of high affinity binding sites for dopamine in cells expressing S127A 
and S380A receptors. After 10 nM, 100 nM or 1 pM dopamine pretreatment for 
four hours, the wildtype and mutant DI receptors all displayed reduced potency 
and efficacy for dopamine-stimulated cyclic AMP accumulation. However, the 
time course of desensitization for at least one of the mutant receptors, S127A, may 
differ from that of the wildtype DI receptor.

The present study was designed to assess the role of individual potential 
phosphorylation sites in the DI receptor. Whereas these mutations fail to alter 
down-regulation or desensitization, some of these mutations appear to result in 
subtle changes in desensitization and high affinity agonist binding. [MH45372 
and VA Merit Review Program]

692.14
Investigation of Protein Kinase A and C Regulation of the Dj Dopamine 
Receptor Using Site-Directed Mutagenesis Techniques. Dong Jiang* 
and David R. Sibley. Molecular Neuropharmacology Section, 
ETB/NINDS/NIH, Bethesda, MD 20892.

Previous studies of D j receptor regulation have suggested a role 
for protein kinase A (PKA) in agonist-induced regulation of receptor 
function and expression. To test if direct phosphorylation of the receptor 
may be involved, we created a mutant D i receptor with substitutions at 
four potential PKA sites. The modified amino acids are as follows: 
Thr135-»Val135, Ser229-»Ala229, Thr268-»Val268, and Ser380-»Ala380. 
Characterization of the wild type (WT) and mutant receptors expressed 
in C6 glioma cells suggests that the mutations have no effect on receptor 
expression, ligand affinities, or on cAMP generation. Similarly, 
dopamine (DA) preincubation results in down-regulation of both WT 
and mutant receptors in an identical fashion. In contrast, the time of 
onset of DA-induced desensitization is greatly attenuated in the 
quadruple mutant receptor. These results suggest that direct 
phosphorylation of the Di receptor by PKA is involved in agonist- 
induced desensitization. Further analyses of single mutated receptors, in 
which only one of the four sites is modified, reveals that Thr268 in the 
3rd cytoplasmic loop is primarily responsible for the effects of PKA. 
Since each of these sites may also serve as protein kinase C substrates, 
we examined the effects of PMA treatment. Interestingly, PMA 
desensitizes the WT receptor cAMP response by -35%, whereas the 
quadruple mutant receptor response is desensitized by -15%. Further 
experiments using the single mutant receptors are in progress. These 
results suggest that both protein kinase A and C can regulate the Di 
receptor through its direct phosphorylation. (Supported by NINDS/NIH).

692.15
DRUG-INDUCED DESENSITIZATION OF THE D1A DOPAMINE 
RECEPTOR DISSOCIATES FROM RECEPTOR OCCUPANCY AND 
FUNCTIONAL EFFICACY M.M. Lewis*, C.P. Lawler, P.E. Nichols2 and R.B. 
Mailman. Neuroscience Center, Univ. of North Carolina, Chapel Hill, NC 27599, and 
2Dept. Med. Chem., Purdue Univ., W. Lafayette, IN. 47907

Agonist-induced desensitization of the dopamine (DA) D. receptor was 
evaluated in C-6 glioma cells transfected with the monkey D,A (mD1A) receptor. DA 
pretreatment for 2 hr produced > 80% loss of responsiveness in cAMP accumulation 
induced by a subsequent DA challenge. The desensitization was a D, receptor- 
mediated event as shown by its blockade by the Dj receptor antagonist SCH23390. 
Cells were pretreated with a series of full and partial D, agonists from structurally 
dissimilar classes to examine the role of agonist efficacy in receptor desensitization. 
Three full agonists [dihydrexidine (DHX), SKF82958 and A77636] desensitized the 
receptor to the same extent as DA, whereas two other full agonists (dinapsoline and 
A68930) and all of the partial agonists tested (SKF38393, pergolide and LSD) 
produced only partial desensitization (i.e., 50% that of DA). Whereas partial agonists 
(i.e., SKF38393, pergolide, and LSD) caused no alteration in ligand-accessible mD!A 
receptors, with one exception, the full agonists (e.g., DA, DHX, dinapsoline, 
A68930) caused a significant 30-40% reduction in receptor number. Interestingly, 
the full agonist A77636 caused nearly an 80% decrease in receptor number, despite 
the fact that the degree of functional desensitization was similar to that caused by 
DA, DHX, or SKF82958. Additional experiments clearly demonstrated that cAMP 
was not involved in the desensitization process. Together, these data suggest that 
functional desensitization of the mD1A receptor expressed in C-6 glioma cells cannot 
be predicted reliably from agonist efficacy as estimated by stimulation of adenylate 
cyclase, and can occur in the absence of changes in receptor number. Elucidation of 
the relevant mechanisms is essential for understanding the functional tolerance seen 
with some of these drugs in vivo. (Supported by Research Grants MH42705, 
MH40537, Center grants HD03110, MH33127, and Training Grant DA07244.)

692.16
CHARACTERIZATION OF NOVEL QUINPIROLE AND QUINELORANE 
DERIVATIVES AS D, LIGANDS. J.L. Sloan, M.K.-H. Doll1, C. Prioleau, C.P. 
Lawler, P.E. Nichols1, R.B. Mailman* UNC Neuroscience Center, Univ. of North 
Carolina, Chapel Hill, NC 27599, and ’Dept. Med. Chem., Purdue Univ., W. Lafayette, 
IN 47907.

During the past decade, there has been awareness that full D, dopamine agonists 
can have therapeutic utility in Parkinson’s disease, as well as in other CNS disorders. 
All of the available full agonists, however, are catechols, a factor that limits their 
biological and chemical stability. We hypothesized that if an accessory hydrophobic 
group (shown to be important for conveying affinity for the D, receptor) was added to 
the backbone of the D2 agonists quinpirole and quinelorane, one might produce a non-
catechol D, full agonist. Quinpirole and
quinelorane are known to have high affinity 
and selectivity for the “D2-like” dopamine 
receptors. The analogs synthesized and tested 
were three quinelorane analogs [HAP (R=H),
AAP (R=allyl), PAP (R=propyl)] and three 
quinpirole analogs [HPY (R=H), APY 
(R=allyl), PPY (R=propyl)]. Contrary to our 
hypothesis, none of these compounds had
significant affinity for the D, receptor, Because the parent compounds are high affinity 
ligands for D2-like receptors, these ligands were also evaluated at rat striatal and cloned 
D2-like receptors. The secondary amines HAP and HPY had no affinity for D2-like 
receptors, whereas in striatal membranes, the other compounds had similar or slightly 
lower affinity than the parent drugs. Interestingly, AAP, like quinelorane, had nM 
affinity for the cloned D3 receptor, and pM for the cloned D2 receptor. While these 
compounds did not provide leads for novel D, agonists, they may be useful in 
developing drugs with interesting selectivity or functional properties for D2-like 
receptors. (Supported by MH42705, MH40537, HD03110, MH33127, and MH14277.)
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692.17
A DIBENZOSUBERANE BACKBONE IN DOPAMINERGIC LIGANDS 
MAY MEDIATE SELECTIVITY FOR THE D, VS. D5 DOPAMINE 
RECEPTOR. BT Hoffman*, JM Wilson, DE Nichols, SD Wyrick, and RB 
Mailman. UNC-Chapel Hill, Chapel Hill, NC 27599, and Purdue Univ., IN 47907 

The development of ligands with true selectivity for either isoform of the Drlike 
dopamine receptor has been difficult to achieve. Our previous work using several 
structural backbones has not yielded drugs with pharmacologically useful 
selectivity. (+)-Butaclamol, a non-catechol dopamine antagonist, has selectivity for 
D| vs. D5 receptors (Dj Kf=0.9 nM, D5 Kj=35 nM, D5/D!=37), as does 
dihydroxydibenzosuberazepine (DHDBS), a ring-closed analog of SKF38393 (D, 
Kj=150 nM, D5 K;=1200 nM, D5/D,=8.0). Although the two ligands differ widely in 
structure, both contain a dibenzosuberane (DBS) backbone, suggesting that this 

backbone may be useful in designing D, 
selective ligands. Molecular modeling studies 
indicate that conformations of DHDBS and (+)- 
butaclamol possess almost identical positions of 
the two phenyl rings and nitrogen atoms. The 
similarity of these molecules has led to the 
design and synthesis of analogs to determine 
whether the two ligands share the same binding 
domain, and whether their selectivity for the D, 
vs. Ds receptor may be increased. These analogs 
include modifications to the nitrogen position 
and nitrogen substituents of both DHDBS and 
(+)-butaclamol, and modifications to rings D 
and E of (+)-butaclamol. Using [3H]-SCH23390,

ligands were tested in CHO cells transfected with cDNA of either of the human 
isoforms. These studies have provided evidence for factors that influence selectivity 
requirements for Dj vs. D5 receptor ligands. (Supported by MH40537, MH42705, 
HD03110, MH33127, and DA07244.)

(bottom), with DBS backbone highlighted

692.18
TISSUE-SPECIFIC PROMOTER USAGE IN THE D1A DOPAMINE 
RECEPTOR GENE IN BRAIN AND PERIPHERY. S.-H. LEE1, W. Wang1, \
S. Yajima1, P. A. Jose2 and M. M. Mouradian*1. ‘Genetic Pharmacology 
Unit, Experimental Therapeutics Branch, NINDS, Bethesda, MD 20892 and 
department of Pediatrics, Georgetown University School of Medicine, 
Washington, D.C. 20007.

The D1A dopamine receptor gene consists of a short noncoding exon 1 
separated from a longer coding exon 2 by a small intron. We previously 
found that in addition to its original TATA-less promoter located upstream 
of exon 1, the human D1A gene is transcribed in neural cells from a second 
strong promoter located in its intron (Lee et al. (1996)7. Biol. Chem. 
271, 25292-25299). In the present report, we addressed the possibility that 
these two promoters are utilized for the tissue-specific regulation of the D1A 
gene in neuronal and peripheral cells. RT-PCR and ribonuclease protection 
assays revealed that D1A transcripts in the kidney and heart lack exon 1. 
Transient transfection analysis of these two promoters in D1A expressing 
cells indicated that the upstream promoter has no detectable activity in the 
opossum kidney (OK) cell line, in contrast to its strong activity in two 
neuronal cell lines, SK-N-MC and NS20Y. On the other hand, the D1A 
intron promoter showed transcriptional activity both in OK cells and in 
neuronal cells. The activator sequence, AR1, which enhances transcription 
from the upstream promoter in SK-N-MC and NS20Y cells could not 
activate this promoter in OK cells. In addition, no protein binding to AR1 
could be detected by gel mobility shift assay using nuclear extracts from 
either OK cells or from rat kidney tissue. These findings indicate that the 
differential expression of short and long D!A transcripts is due, at least in 
part, to the tissue-specific expression of the activator protein binding to 
AR1 driving transcription from the upstream promoter. Absence of this 
activator protein accounts for the nonfunctional D1A upstream promoter in 
peripheral tissues.

692.19
D3 AND D5 DOPAMINE RECEPTOR mRNA IN THE RAT 
THYMUS AND LYMPHOCYTES. F.E. Pontieri*, B. Caronti, C. 
Calderaro, F. Passarelli and G. Palladini. Department of 
Neuroscience, University "La Sapienza", 00185 Roma, Italy.

Central dopamine neurotransmission plays a role in the control of 
movement, emotional and cognitive functions, and its derangement 
produces neuropsychiatric syndromes such as Parkinson's disease 
and schizophrenia. It has been recently reported that the human 
lymphocytes express DI-like (D5) and D2-like (D3) dopamine 
receptor mRNA. Thus, it has been suggested that peripheral blood 
lymphocytes might serve as a marker to study the changes in 
dopamine receptors in patients suffering neuropsychiatric syndromes 
characterized by altered central dopamine transmission. It has not 
been defined, however, whether any correlation exists between the 
changes in the expression of central and peripheral dopamine 
receptors in pharmacological and pathological conditions. In the 
present study we investigated by reverse transcriptase-polymerase 
chain reaction (RT-PCR) the expression of dopamine receptor 
mRNAs in the rat thymus and lymphocytes. Both D3 and D5 mRNA 
were identified in in the thymus and, to a lower amount in the rat 
lymphocytes. The present results further suggest that the 
immunosuppressive role of dopamine and dopamine agonists might 
depend on a direct effect on dopamine receptors on the immune cells. 
Further, they demonstrate that rodent models can be applied to 
investigate the dynamic changes in the expression of central and 
peripheral dopamine receptors following pharmacological and 
toxicological manipulations of the dopamine systems.
Supported by a grant from Banca di Roma, Italy.

692.20
THE AMPHIOXUS DOPAMINE DI RECEPTOR: CLUES ON THE ORIGIN AND 
EVOLUTION OF THE D, RECEPTOR CLASS IN VERTEBRATES.
VemierTP,, Cardinaud, B., Sugamori, K.S. , Vincent, J.D. & H.B. Niznik Institut
Alfred Fessard, UPR 2212, CNRS, F91198, Gif/Yvette, France. Clarke Institute of 
Psychiatry, M5T 1R8 Toronto, Canada.

The diversity of dopamine effects in the nervous system of vertebrates depends on 
the molecular multiplicity of two receptors classes (D! and D2). In order to gain clues 
on the events and functional constraints leading to the present-day multiplicity of D, 
receptors in vertebrates, we cloned all the D! receptor subtypes from the cephalochor- 
dates (amphioxus: one D! receptor), early diverging vertebrates (the agnathans 
lampreys and hagfish: one and two D Receptors respectively) and the chondrychtian 
{Torpedo-, three D! receptors). Phylogenetical analysis of D, receptor and bioamine 
receptors sequences showed (i) that one receptor from hagfish, lamprey, and Torpedo 
belongs to the Dla subtype, (ii) that the other hagfish receptor was close to the Dlb or 
Dlc subtype whereas (iii) the other sequences from Torpedo are orthologous to Dlb and 
Dlc subtypes, as are the other fish, amphibian or bird D, receptors (Cardinaud et al. 
1997, JBC, 272: 2778). These receptors have been characterized after transient 
expression in COS cells. It revealed that sequence homologies indeed corresponded to 
functional homologies such as specific binding profiles for each subtypes, low 
dopamine affinity, low intrinsic activity for all the receptors of the D1A subtype, 
higher dopamine affinity and intrinsic activity for the D1B receptors with in-between 
characteristics for the D)C subtype. Interestingly, the amphioxus D, receptor cannot be 
assigned to any of the vertebrate D! receptor subtype. It is functionally closer from the 
insect Drosophila D, receptor than from the other D, receptor subtypes. This 
comparative approach depicted homologies shared by the D, receptor subtypes which 
may have justified conservation of 2, 3 or 4 dopamine receptors in most vertebrate 
species. It indicates that two major gene duplications were instrumental for vertebrate 
characteristics to emerge. As soon as these functional characteristics appeared, firstly 
those defining the D1A subtype then those defining the DIB and D1C subtypes, they 
were not significantly modified in the vertebrate phylum. Work supported by grants 
from the CNRS to P.V. and MRC of Canada and OMHF to H.B.N.
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693.1
IN VIVO QUANTIFICATION OF EXTRASTRIATAL DOPAMINE D2/3 
RECEPTORS WITH [I-123]EPIDEPRIDE SPECT IMAGING. M Fujita. JP 
Seibvl. RM Baldwin, SS Zoghbi. C Burger, NP Verhoeff. N Raieevan, DS
Charnev, and RB Innis*. Psychiatry & Diag. Rad, Yale Univ. Sch. Med-
icine, West Haven, CT 06516 and Univ. Hosp. Zurich, Switzerland.

The high ratio of specific to nonspecific uptake of [I-123]epidepride 
(EPID) allows visualization of low density sites in extrastriatal regions. 
However, the slow kinetics of the tracer have eluded attempts to provide 
quantitative measurements of receptor density. The purpose of this study 
was to study feasibility of imaging striatal and extrastriatal dopamine D2/3 
receptors with [I-123]EPID using prolonged bolus/kinetic and constant 
infusion/equilibrium paradigms with SPECT (single photon emission com-
puted tomography). Five healthy subjects (33±4y.o.) were studied with 
bolus injection of lOmCi [I-123JEPID (duration: ll-14.7h for four and 
22.8h for one). The specific distribution volume V3’ (specific binding/to- 
tal parent in plasma) was determined with 3 compartment analysis with 
coupling of Kl/k2 (i.e., nonspecific uptake) to a single value. Five 
(37±6y.o.) were studied with equilibrium paradigms (total dose lOmCi).

In both kinetic and equilibrium studies, moderate to low binding was 
detected in the thalamus/hypothalamus (Thai) and the temporal cortex 
(Temp) in addition to high levels in striatum (Str). V3’ in kinetic studies 
was 74±15 in Str, 16±2 in Tha; and 6±1 in Temp. In two equilibrium 
studies with duration of 32h and bolus/infusion ratio lOh, equilibrium was 
obtained 25h after the start of the infusion. The change of activity in brain 
regions was < 2.0%/h and plasma parent was < 0.85%/h. V3’ in these 
equilibrium studies was comparable to that in the kinetic studies.

These results support the feasibility of prolonged equilibrium and 
kinetic imaging with [I-123] EPID to provide quantitative measurements of 
D2/3 receptors in striatal and extrastriatal regions. (Supported by PHS and 
Dept. of Veterans Affairs)

693.2
SUBTYPE-SPECIFIC ANTIPEPTIDE ANTIBODIES TO DOPAMINE D2- 
LEKE RECEPTORS. AN IMMUNOCYTOCHEMICAL STUDY IN RAT AND 
HUMAN BRAIN. A. Gutierrez*, ZU. Khan, R. Martin, A, Pefiafiel, A. Rivera, 
F. Marin-Giron and A. de la Calle. Dept. of Cell Biology. University of Malaga, 
Spain, 29071.

The cloned dopamine receptors have been grouped into two families: DI-like 
includes DI and D5 subtypes, whereas D2-like includes D2, D3 and D4 subtypes. 
Alterations in dopamine neurotransmission have been implicated in several 
neurological disorders such as schizophrenia, Parkinson's and addiction. 
Dopamine effects can be modified at the level of its receptors on target cells. 
Therefore, the information about the distribution of dopamine receptor subtypes 
is important to understand the mechanism of action of the dopaminergic system. 
In order to study the regional and cellular distribution of D2-like receptor 
proteins we have raised subtype-specific antibodies. Synthetic peptides D2 (amino 
acids 284-295), D3 (amino acids 216-227) and D4 (amino acids 229-240), 
derived from corresponding cDNA clones, were coupled to KLH and used for 
immunization of rabbits. Western blots showed that anti-D2 reacts with 93 and 
49 kDa bands while anti-D3 and anti-D4 recognize a single polypeptide band of 
49 kDa and 41 kDa, respectively. Antisera immunoprecipitated [3H]YM-09151-2 
binding sites from solubilized native dopamine receptors. Immunocytochemistiy 
in rat brain sections showed a similar regional distribution (cerebral cortex, 
striatum, hippocampus, hypothalamus, cerebellum, substantia nigra and olfactory 
tubercle) although each subtype antibody showed a specific cellular 
immunolabeling pattern. Immunocytochemical study in human brain was done in 
several cortical areas, cerebellum and striatum.
Supported by DGICYT grant (PB94-0219-C02-02) and by European Union 
BIOMED1 grant (BMH1-CT94-1060),
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693.3
REQUIREMENTS FOR THE PRIMING OF D2 DOPAMINE 
MEDIATED ROTATIONAL BEHAVIOR AND STRIATAL FOS 
EXPRESSION IN RATS WITH 6-HYDROXYDOPAMINE LESIONS.
A.E, Pollack* and T.M, Yates Department of Psychology, Brown University, 
Providence, RI 02912

Rats with 6-hydroxydopamine (6-OHDA) lesions of the nigrostriatal pathway 
show response sensitization upon repeated treatment with dopamine agonists, a 
phenomenon referred to as "priming" or reverse-tolerance. Previously we have shown 
that prior treatment of 6-OHDA lesioned rats with the mixed D1-D2 dopamine 
agonist apomorphine (0.5 mg/kg; three injections spaced 3-6 days apart) permitted an 
otherwise ineffective dose of the D2 dopamine agonist quinpirole (0.25 mg/kg) to 
produce robust contralateral rotation and induce ipsilateral striatal Fos expression in 
striatoentopeduncular neurons. Since apomorphine acts as an agonist at both DI and 
D2 dopamine receptors, we tested whether concurrent DI-D2 receptor stimulation was 
necessary to prime both of these D2 mediated responses or whether pretreatment with 
a DI or D2 selective agonist alone would be sufficient. Three weeks following 
unilateral injection of 6-OHDA in the medial forebrain bundle rats were given three 
pretreatment injections, at 3-6 day intervals, with either the DI agonist SKF 38393 
(1 or 10 mg/kg), the D2 agonist quinpirole (0.25 or 1 mg/kg), or a combination of 
SKF 38393 (1 mg/kg) + quinpirole (0.25 mg/kg). Administration of quinpirole 
(0.25 mg/kg) ten days later to 6-OHDA rats pretreated with either SKF 38393 (10), 
quinpirole (1), or the combination of SKF 38393 (1) + quinpirole (0.25) produced 
contralateral rotational behavior of the same magnitude as 6-OHDA rats pretreated 
with apomorphine (0.5). However, the quinpirole-mediated induction of striatal Fos 
expression occurred only in 6-OHDA rats pretreated with SKF 38393 (10) or the 
combination of SKF38393 (1) + quinpirole (0.25). These data suggest that while 
pretreatment with either a DI or D2 dopamine agonist alone can prime D2-mediated 
rotational behavior, only pretreatment with DI agonist alone or in combination with 
a D2 agonist can prime D2 mediated striatal Fos expression. (Supported by Brown 
University)

693.4
DURATION, LOCALIZATION AND ANTISENSE MECHANISM OF A D2 
DOPAMINE ANTISENSE RNA EXPRESSION VECTOR IN MOUSE BRAIN.
G. Davidkova, L.-W. Zhou, M. Morabito, S.-P. Zhang and B. Weiss*. Dept.
Pharmacology, Allegheny University of the Health Sciences, Philadelphia, PA 19129 

Previous studies showed that a single injection of a D2 antisense RNA expression
vector (D2 AS vector) into mouse striatum produced long-term inhibition of D2 
dopamine (DA)-mediated behaviors. The present goal was to determine whether the 
observed D2 behavioral effects were due to a true antisense mechanism (i.e., whether the 
inhibitory effect on D2 DA receptor functions is associated with the presence of the D2 
AS vector, the synthesis of D2 AS RNA, and a reduction of D2 receptors in the injected 
striatum). Solution-phase PCR using striatal DNA obtained from mice at various times 
after a single intrastriatal injection of the D2 AS vector, showed that the D2 AS plasmid 
was present up to 24 days. This correlated with the inhibitory effect of the D2 AS vector 
on D2 DA receptor functions as revealed by the inhibition of rotations m response to 
challenge injections with quinpirole, which lasted for 28 days following the injection of 
the D2 AS vector. The effects of the D2 AS vector were studied in greater detail at 6 days 
after administration, a time point when marked inhibition of D2 DA receptor functions 
was observed. In situ PCR with direct incorporation of digoxigemn-11-dUTP on brain 
sections showed the presence of the D2 AS vector in the striatum. RT-PCR showed the 
presence of D2 antisense RNA in the injected striata. These findings correlated with 
reduced levels of D2 DA receptors in the injected striata. No changes were observed in 
the levels of DI DA receptors or in the morphology of striatal tissue as determined by 
histological staining of brain tissue sections. These data show that a single injection of 
the D2 antisense RNA-generating vector localizes in the injected striatum, generates an 
antisense RNA to the D2 receptor transcript, and reduces the levels of D2 receptors, 
suggesting that the D2 AS vector acts by a true antisense mechanism. The data show 
further that these molecular events correlate temporarily with the inhibition of D2 DA 
receptor functions. (Supported by MH 42148).

693.5
D2 DOPAMINE ANTISENSE RNA EXPRESSION VECTOR, UNLIKE 
HALOPERIDOL, PRODUCES LONG-TERM INHIBITION OF D2-MEDIATED 
BEHAVIORS WITHOUT CAUSING UPREGULATION OF D2 RECEPTORS IN 
MICE. L.-W. Zhou*, G. Davidkova, M. Morabito, S,-P. Zhang and B. Weiss. Dept. 
Pharmacology, Allegheny University of the Health Sciences, Philadelphia, PA 19129

In vivo administration of a eukaryotic expression vector housing a cDNA sequence 
encoding an antisense RNA directed to the D2 dopamine (DA) receptor transcript (D2 
AS vector) produces long-term reductions of D2 receptors and D2-mediated behaviors. 
Since long-term inhibition of D2 receptors induced by classical D2 receptor antagonists 
such as haloperidol often causes a compensatory upregulation of D2 receptors which, in 
turn, may lead to undesirable motor dysfunctions, we have determined and compared the 
long-term effects of the D2 AS vector on DA-mediated behaviors with that produced by 
haloperidol. Mice receiving a single bilateral intrastriatal injection of the D2 AS vector 
evidenced inhibition of stereotypy induced by the D2 agonist quinpirole but no inhibition 
of grooming induced by the DI agonist SKF 38393, indicating the specificity of the D2 
AS effects. The duration of the D2 AS vector was demonstrated by data showing that a 
single injection of the D2 AS vector induced catalepsy which lasted about 34 days. By 
contrast, catalepsy induced by a single injection of haloperidol lasted only about 2 days. 
Chronic haloperidol treatment resulted in an inhibition of apornorphine-induced climbing 
behavior while haloperidol was being administered, but this behavior markedly increased 
upon withdrawal from haloperidol treatment. This increased climbing was accompanied 
by increased levels of D2 receptors in the striatum. By contrast, a single injection of the 
D2 AS vector inhibited apomorphine-induced climbing for about 30 days, but failed to 
increase climbing or the levels of D2 receptors at any time point measured. These results 
suggest that a single injection of a D2 AS RNA expression vector mto mouse striatum 
produces specific, long-term inhibition of D2 DA receptor functions without causing a 
compensatory increase in the levels or function of D2 receptors. (Supported by MH 
42148),

693.6
DOPAMINE D2 RECEPTOR DEFICIENT MICE HAVE CHRONIC 
HYPERPROLACTINEMIA THAT CONTRIBUTES TO LACTOTROPH 
HYPERPLASIA AND UTERINE ADENOMYOSIS M. A. Kelly1, M, 
Rubinstein1, R. Hnasko2, N. Ben-Jonathan2, IU Allen3, Dy IC Grandy*1, R 
Asa4 and M. L Low1, ‘Vollum Institute and 3CROET, Oregon Health Sci. Univ., 
Portland OR 97201; 2Dept. of Cell Biology and Anatomy, Univ. of Cincinnati 
Medical School, Cincinnati OH 45267, 4Dept. of Pathology, Mt. Sinai Hospital, 
Toronto Ontario, Canada M5G1X5.

In addition to causing a significant decrease in the initiation of spontaneous 
locomotor activity, loss of the dopamine D2 receptor has a severe impact on the 
storage and regulation of pituitary hormones. The absence of the inhibitory 
dopaminergic tone provided by the D2 receptor caused increased serum prolactin, 
decreased storage of intermediate lobe (IL) POMC peptides, and decreased serum 
Insulin-like Growth Factor Binding Protein-3. Aged female D2 receptor deficient 
mice developed progressive anterior pituitary lactotroph hyperplasia with no 
evidence of adenomatous transformation. Uterine adenomyosis was frequent in 
aged D2 -I- mice. Perturbation of the indirect dopaminergic control of growth 
hormone resulted in decreased body mass in D2-/- males congenic on the C57BL/6J 
background, and may be a direct result of decreased growth hormone or 
feminization of hepatic steroid metabolism secondary to potentially abnormal GH 
pulsatility. Unexpectedly, D2 -/- mice did not develop IL melanotroph hyperplasia 
despite the known acute effects of D2 receptor antagonists on the IL. These data 
reveal a critical role of hypothalamic dopamine in controlling pituitary growth and 
demonstrate a multistep mechanism for the induction and maintenance of 
lactotroph hyperplasia involving the initiation from lack of dopamine signaling, a 
permissive action of estrogens, and a final autocrine or paracrine “feed-forward” 
stimulation of mitogenesis by prolactin itself.
Supported by the Markey Charitable Trust and NIDA (DA09620)

693.7
DOPAMINE TRANSPORTERS IN D2 
DEFICIENT MICE. S. D. Dickinson*1.

DOPAMINE RECEPTOR-

Zahniser . Depts. Pharmacol. & Psychiat., Univ. Co. Hlth Sci. Ctr., Denver, 
CO 80262 & Vollum Inst., Or. Hlth. Sci. Univ., Portland, OR 97201.

Recent studies suggest that the activity of the dopamine transporter (DAT) 
can be regulated by presynaptic D2 dopamine (DA) autoreceptors. To further 
examine this relationship, we used mice genetically engineered to have either 
two (+/+), one (+/-) or zero (-/-) copies of the gene coding for the D2 DA 
receptor. Quantitative autoradiographic analysis of [3H]CFT saturation 
binding curves indicated that the three genotypes did not differ in either DAT 
density or affinity in striatum, nucleus accumbens, substantia nigra or ventral 
tegmental area. To assess DAT functionality, we used in vivo electrochemical 
recording to measure the clearance rate of locally applied DA in dorsal 
striatum of urethane-anesthetized mice. In accordance with the binding data, 
preliminary studies measuring maximal DA clearance rates showed no 
genotypic differences. Previous studies have indicated that D2 receptor 
antagonists decrease DAT velocity. DA clearance was measured both before 
and after local application of raclopride, a D2 antagonist. Again, baseline 
clearance rates did not differ among the three genotypes. However, 
raclopride significantly decreased DA clearance rate in +/+ (75±8% of 
baseline) and +/- (67+13%) mice but not in -/- mice lacking the D2 receptor 
(115±10%). Our results suggest that alterations in D2 DA receptor number do 
not affect the expression of striatal DATs. However, our data provide 
additional support for a role of D2 DA receptors in the regulation of DAT 
function. (Supported by DA04216, DA00174, DA09620 and NS09199).

693.8
AUTORECEPTORS CONTROLLING SNPC DOPAMINE NEURON FIRING 
ARE D2 DOPAMINE RECEPTORS. W.E. Hoffmann, D.K, Hyslop* and M.F. 
Piercey CNS Diseases Research, Pharmacia and Upjohn, Kalamazoo, MI 49001

It has long been known that the somatodendritic dopamine autoreceptors controlling 
firing rates of substantia nigra pars compacta (SNPC) dopamine neurons belong to the 
D2 subfamily of dopamine receptors (D, D3, or D4 receptor subtypes). At this time, 
it is unclear as to which of the D2-like receptor subtypes (D2 D3, or D4) actually 
participate in the inhibition of dopamine neurons by D2 subfamily agonists. Using in 
vivo micrpelectrode recordings from rat SNPC, dose-response curves for the 
preferential D3 agonists, pramipexole {Eur. J, Pharmacol. 312(1996)35-44) and 7-OH- 
DPAT (Nature, 347(1990)146-151), as well as for the D2-preferring agonist, PNU- 
91356A (Eur. J. Pharmacol 317(1996)29-38), were evaluated in groups of control 
animals. These dose-response curves were compared to those obtained after 
pretreatment with PNU-99194A, a D3 antagonist (J. Neural Transtn., 94 (1993) 11-19), 
and haloperidol, a D2 antagonist (Nature, 347(1990)146-151). PNU-99194A, 3000 
pg/kg, minimally decreased the potencies of all three agonists whereas haloperidol, 7 
pg/kg and 30 pg/kg, decreased potencies of all agonists by five-fold and more than 
20-fold respectively. Since antagonist potencies did not discriminate between agonists, 
it is concluded that there is only one species of dopamine autoreceptor. Because 
haloperidol is so much more potent and effective, it is concluded that this receptor is 
likely to be of the D2 subtype.
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693.9
REGULATION AND FUNCTIONAL CONSEQUENCES OF THE ALTERNATIVE 
SPLICING OF THE DOPAMINE D2 RECEPTOR IN MMQ^CELLS. Guivarc'h, D., 
Konig, S, Gu, W.J., Barnier, J-V., Vernier P. & Vincent, J.D. Institut Alfred Fessard, 
UPR 2212, CNRS, F91198 Gif-sur-Yvette, France.

The alternative splicing of the D2 receptor mRNA which modifies the length of the 
third cytoplasmic loop (interacting with heterotrimeric G proteins) was shown to be 
regulated by sex steroid hormones in male rats (Guivarc’h et al. Neuroscience, 1995, 
69:159). Here, we used the MMQ lactotroph cell line, which naturally expresses D2 
receptors, to study the regulation of the D2 mRNA splicing by sex steroids and their 
consequences for dopamine responsiveness. D2Lwas significantly lowered by 
suppressing steroids from the culture medium, and D2S became predominant when 
cells were treated by estradiol and progesterone. These effects were abolished by steroid 
receptor antagonists and by treatment with cycloheximide. Thus, steroids probably 
modulate the splicing of the D2 receptor mRNA by regulating the transcriptional 
expression of a specific splicing factor. No significant modification of cAMP 
formation and prolactine secretion was observed in the different hormonal status. In 
contrast, estradiol and progesterone were shown to modify the antimitotic effect of D2 
receptor agonists. The B-raf dependent MAP-kinase pathway was found to be 
«desentized». The respective effect on the other MAP-kinase pathways of dopamine 
and prolactine receptors which respectively inhibit and activate cell proliferation were 
analyzed. Finally, the intracellular targeting of the two differentially epitope-tagged 
isoforms of the D? receptor was described by confocal microscopy after cell 
transfection. Most of the newly synthetized receptors accumulate in the medial and 
trans-Golgi network, and their transport to the plasma membrane is regulated by 
heterotrimeric G protein, due to the constitutive activation of the D2 receptor. Thus 
sex steroid hormones by acting on the D2 receptor slicing is able to modify both 
effects and cell regulation of the receptors. It provides a molecular basis for the 
functional interactions between the hormonal status and dopamine responsiveness in 
the normal and tumoral pituitary gland.
Work supported by grants from CNRS, DRET and BIOMED.

693.10
DOPAMINE RECEPTOR INACTIVATION BY A NOVEL, D2-LIKE 
SELECTIVE IRREVERSIBLE LIGAND. C. Andersson*, M.M. Lewis, C.R. Peck, 
D. Ghosh1,-P.E. Nichols1, and R.B, Mailman. UNC Neuroscience Center, Univ. of 
North Carolina, Chapel Hill, NC, 27599, and ‘Purdue Univ., W. Lafayette, IN, 
47907.

Derivatives of 6,7-dihydroxy-2-aminotetralin (6,7-ADTN) are semirigid 
ligands that are known to have affinity for dopamine and some other monoamine 
receptors. We have recently found that 8-benzyl derivatives of 6,7-ADTN containing 
a 2’-bromomethyl moiety are dopaminergic ligands that can permanently inactivate 
striatal D2 dopamine receptors. The present study characterized four N-alkylated 
analogs of 8-(2-bromomethyl)benzyl-6,7-ADTN. These are designated Brl (parent), 
Br2 (N-methyl), Br3 (N-propyl), and Br4 (N,N-dipropyl). The compounds were 
tested first for their affinity for D, and D2 receptors in rat striatum. The primary 
amine Brl had low affinity for both Dt and D2 receptors (K, > 150 nM), whereas Br2, 
Br3, and Br4 had reasonable affinity for D2 (K, < 25 nM), but not D) receptors (K, > 
300). Br4 (D2 Kj = 12 nM) was selected for detailed examination in order to 
determine its potential utility as an inactivating reagent for dopamine receptors. Rat 
striatal membranes were incubated for 60 min with Br4, and then washed extensively. 
There was a dose-dependent decrease in the number of D2 binding sites, with a 
greater than 95% loss of 3H-spiperone binding sites after incubation with 10 pM Br4. 
This appears to be the result of irreversible inactivation of the receptor, as shown by 
the fact that the decrease in Braax occurred without change in the KD. Similar decreases 
in ligand-available receptors were also found in C-6 glioma cells transfected with 
either D2L or D3 receptors. Because of its receptor affinity, Br4 offers many 
advantages over non-selective inactivators like EEDQ. Current studies are examining 
the affinity of Br4 for other monoamine receptors (e.g., adrenergic, serotonergic, and 
muscarinic) to determine its selectivity. Br4 appears to be a useful tool for studies in 
which it is desired to inactivate receptors of the D2-like family. (Supported by 
MH42705, MH40537, HDO313O, MH33127, HD07201 and DA07244.)

693.11
THE EFFECTS OF AMPHETAMINE, a-MPT, AND ANTIPSYCHOTIC 
DRUGS ON DOPAMINE D2-TYPE RECEPTOR OCCUPANCY. AN EEDQ 
STUDY. R.A. Lahti*, E.V. Cochrane and C.A. Tamminqa. Maryland 
Psychiatric Research Center, Univ. of Maryland School of Medicine,
Baltimore, MD 21228

Dopamine D2 receptor occupancy, as determined »n PET studies, has 
been an important tool in determining properties of antipsychotic drugs. In 
conjunction with amphetamine it has been used to determe the sensitivity of 
the dopamine system in normal and schizophrenic subjects. It is also 
possible to determine a drugs receptor occupancy in rodents using the 
EEDQ model in which unoccupied receptors are inactivated by EEDQ.

Drugs were administered (IP), EEDQ was administered 45 minutes later at 
a dose of 6 mg/kg (IP). Animals were sacrificed 24 hrs after the first drug, 
brains rapidly removed and frozen and stored at -80°C. Brains were cut in 
20 pM coronal sections. Autoradiographic studies were conducted with [3H]- 
YM-09151-2 (Lahti et al, 1995). EEDQ caused a reduction in binding in the 
caudate to 38% of control. Haloperidol (0.5 mg/kg) protected the receptors 
to 69% control, remoxipride (10 mg/kg) to 81%, clozapine (10 mg/kg) to 
33% of control, U-96970 (2.5 mg/kg) which is D4 selective to 38% of control 
(amphetamine (2.5 mg/kg) to 69% of control, whereas a-MPT (250 mg/kg) 
enhanced the inactivation effect of EEDQ to -49% of control. In cortical 
areas, haloperidol had no protective effect, clozapine and U-96970 had larger 
effects than they did in the caudate. In the hippocampus the results obtained 
were similar to those found in the cortex.

The effect of a-MPT demonstrates that endogenous dopamine protects the 
receptor from the effects of EEDQ. The effect of amphetamine demonstrated 
its dopamine releasing activity and lends support to the use of amphetamine 
to evaluate the sensitivity of the dopaminergic system in schizophrenia 
(Laurelle, 1996).

693.12
2-AMINOTETRALIN-DERIVED BENZAMIDES WITH MIXED DOPAMINE 
D2/D3 AND 5-HT1A RECEPTOR BINDING PROFILES AS POTENTIAL 
ATYPICAL ANTIPSYCHOTICS. E.J. Homan,1 S. Copinga,12 L. Unelius,2 N. 
Mohell,2 D. Jackson,2 R. Johansson2, H.V. Wikstrom*1 and C.J. Grol.1 1 Dept.
of Med. Chem., Univ. of Groningen, The Netherlands; 2CNS Preclinical R&D, 
Astra Arcus AB, Sodertalje, Sweden.

In the search for potential atypical antipsychotic agents with mixed 
dopamine/serotonin receptor binding profiles, the enantiomers of the lead 
compound (SC06) of a series of 2-aminotetralin-derived benzamides were 
synthesized and evaluated in several in vitro and in vivo pharmacological 
assays. Receptor binding studies showed that both enantiomers had 
nanomolar affinities only for dopamine D2A, dopamine D3 and 5-HT1A receptors. 
In vivo studies in rats (intracerebral microdialysis, inhibition of amphetamin- 
induced locomotor activity, catalepsy test) showed that both enantiomers 
behaved as full 5-HT1A agonists; in addition, (+)-SC06 behaved as a dopamine 
D2/D3 antagonist, while (-)-SC06 behaved as a dopamine D2/D3 partial agonist. 
Both enantiomers were devoid of cataleptogenic activity, predicting a low 
propensity to cause extrapyramidal side-effects in man. The results suggest 
that 2-aminotetralin-derived benzamides constitute a series of compounds with 
mixed dopamine D2/D3-antagonistic/5-HT1A-agonistic properties, which qualifies 
them as potential atypical antipsychotic agents. Molecular modelling studies 
were undertaken to rationalize the binding modes of the compounds to the 
dopamine D2 and 5-HT1A receptor.
Supported by Astra Arcus AB, Sodertalje, Sweden.

693.13
NEW HETEROCYCLIC DOPAMINE RECEPTOR AGONISTS; POTENTIAL 
ANTI-PARKINSON AGENTS. Nienke Rodenhuis, Peter de Boer, Hakan Wikstrom 
and Durk Dijkstra*, Department of Med. Chem., Univ. Center for Pharmacy, Univ. 
of Groningen, A. Deusinglaan 1, NL-9713 AV, Groningen, The Netherlands. Len 
Meltzer, Tom Pugsley and Larry Wise, Parke Davis, Ann Arbor, MI, USA.

In a program devoted to find new dopamine (DA) receptor agonists with 
selectivity for one of the dopamine receptor subtypes D2-D4 and with a higher 
bioavailability than the known aminotetralins, we synthesized the thiophene analogs 
(2 and 3) of 2-(di-n-propylamino)tetralins (1). Compounds 2 and 3 were shown to 
bind to human DA D2 receptors expressed in CHO-K1 cells with the Ki values 40 
nM and 27 nM, respectively, and to human DA D3 receptors expressed in CHO-K1 
cells with the Ki values 20 nM and 28 nM, respectively. Furthermore compounds 2 
and 3 were tested for their abilities to influence the DA release in microdialysis 
experiments in freely moving rats. Both compounds potently inhibit DA release in 
the rat striatum. The in vivo results show that bioisosteric replacement of a phenol by 
a thiophene moiety gave compounds with a higher oral bioavailability, as compared 
to the corresponding phenolic 2-aminotetralins.

I o' Q I
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693.14
MECHANISMS OF ACTION OF THE NOVEL ANTIPSYCHOTIC 
ARIDIPRAZOLE (OPC-14597). C. Prioleau*C.P. Lawler, and R.B. Mailman, UNC 
Neuroscience Center, Department of Psychiatry, MHCRC, University of North 
Carolina School of Medicine , Chapel Hill, NC 27599

There is great interest in elucidating the factors that confer atypicality to 
antipsychotic drugs. We have proposed that “functional selectivity” is an important 
mechanism that underlies some of the clinical effects of atypical versus typical 
antipsychotic drugs. Functional selectivity is the property of certain drugs to act as 
agonists, partial agonists, or even antagonists, at the same molecular isoform of a G- 
protein coupled receptor when different functions are assessed. Aridiprazole is a 
novel antipsychotic candidate that we have hypothesized might be “functionally 
selective”. Much like typical antipsychotics, aridiprazole has high affinity (and some 
selectivity) for dopamine D2-like receptors (K^ ~ 2 nM). Unlike typical 
antipsychotics, however, aridiprazole has been reported to be a partial agonist at Dj- 
like presynaptic receptors in brain and, concurrently, an antagonist at postsynaptic 
receptors. Preliminary data has suggested that aridiprazole is an antagonist at CHO 
cells transfected with the D2L receptor. The present study was designed to elucidate 
further the functional effects of aridiprazole as compared to other atypical and typical 
antipsychotics. The studies used two cell lines (C-6 glioma and CHO) that were 
transfected with the D2L dopamine receptor. To avoid the artifact introduced by spare 
receptors, the lines were chosen to have similar receptor densities. It was found that 
aridiprazole was a partial agonist in both cell lines with efficacy ca. 35-50% that of 
dopamine. In both cell lines, OPC-4392 (an analog of aridiprazole) also was a partial 
agonist, whereas clozapine, chlorpromazine, and haloperidol were antagonists. These 
data demonstrate that aridiprazole and its analog OPC-4392 differ from typical 
antipsychotic drugs in their functional actions at D2L receptors in at least two different 
cell lines. (Supported by MH53356, MH40537, HD03110, MH33127, and 
GM07040.)
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693.15
THE FUNCTIONALLY SELECTIVE AGONIST DIHYDREXIDINE INHIBITS 
ADENYLATE CYCLASE IN RAT STRIATUM VIA THE D2 DOPAMINE 
RECEPTOR. J.D. Kilts*. D.E. Nichols1, R.B. Mailman, and C.P. Lawler. Univ. of 
North Carolina, Chapel Hill, NC 27599, and Purdue Univ.1, W. Lafayette, IN 47907.

Dihydrexidine (DHX), a dopamine agonist with high affinity and full intrinsic 
activity at the D, receptor, also has high affinity for D2 receptors (Kq  5 = 50 nM). DHX 
has an unusual functional profile at D2-like receptors - it is a hill agonist at some D2 
receptor-mediated functions, and a weak partial agonist or antagonist at others. For 
example, in MN9D cells transfected with D2L receptors, DHX inhibits adenylate 
cyclase (AC) to the same extent as dopamine (DA), yet blocks inhibition of DA 
release. A functional heterogeneity is observed in brain as well. In pituitary lactotrophs, 
DHX fully inhibits AC, while acting as a weak partial agonist on inwardly-rectifying 
potassium channels. The present experiments are an extension of previous studies 
designed to characterize the functional effects of DHX in striatum. Earlier data from 
our laboratory examining DHX-induced inhibition of AC in rat striatum was indirect, 
i.e., D,-mediated stimulation of cAMP efflux, induced by DHX, was potentiated by 
inclusion of a D2 antagonist. This suggested that D2 agonist effects of DHX partially 
inhibited the Dj-mediated stimulation. The present study provides a direct measure of 
D2-mediated DHX inhibition of cAMP efflux. Forskolin-stimulated cAMP efflux was 
measured in rat striatal membranes. SCH23390 was included to block any D,-mediated 
effects. Under these conditions, DA produces ca. 25% inhibition of cAMP efflux. This 
effect was reversed by the D2 antagonist sulpiride, indicating the inhibition was D2- 
mediated. DHX produced inhibitory effects comparable in magnitude to those of DA, 
suggesting that DHX is a full agonist at this measure of postsynaptic D2 receptor 
function. This finding is consistent with earlier findings that DHX is a full agonist 
inhibiting AC in all systems. Conversely, DHX does not have agonist ability at any K+ 
channel-linked D2 function. These data further support the idea that DHX is a 
“functionally selective” dopamine agonist that activates only certain D2 receptors 
dependent on their cellular locale or associated signaling system. (Supported by 
MH42705, MH40537, HD03110, MH33127, DA07244, and GM07040.)

693.16
BLOCKADE BY NEUROLEPTICS OF THE 
FUNCTIONAL ACTIVITY OF THE HUMAN D2 
DOPAMINE RECEPTOR VARIANTS

A. Cravchik1, D.R. Sibley2* andP.V. Gejman1. ‘National Institute 
of Mental Health, 2National Institute of Neurological Disorders and 
Stroke, National Institutes of Health, Bethesda, MD 20892.

The human dopamine D2 receptor gene (DRD2) has three 
polymorphic variants which predict the amino acid substitutions 
Val—>Ala96, Pro—>Ser310, and Ser—>Cys311 in the receptor protein. 
We have investigated the binding affinities and potencies for blocking 
cAMP inhibition of chlorpromazine, haloperidol, thioridazine, 
thiothixene, clozapine and risperidone at the different human D2 
receptor variants stably expressed in cultured CHO-K1 cells.

The substitution in the second transmembrane domain in the Ala96 
variant resulted in a statistically significant two-fold increase in 
inhibition constants (KJ for chlorpromazine and clozapine.

The half-maximal concentrations (IC50) and potencies (KJ of 
chlorpromazine, thioridazine, thiothixene, clozapine and risperidone 
for the inhibition of forskolin-stimulated cAMP levels showed 
statistically significant differences between the D2 receptor variants.
The demonstration of functional differences between human DRD2 

gene variants might have important pharmacological implications 
given the widespread use of D2 receptor blocking drugs in the 
treatment of psychotic disorders.

This research is funded by the NIMH Intramural Program.

693.17

Coupling of Inwardly Rectifying K+ Currents to Dopamine 
Receptors in Rat Pheochromocytoma PC 12 Cells Transfected with 
D2 Receptors. D.-M. Yang12, Y. Chem1 and L.-S. Kao12*. ‘Institute 
of Biomedical Sciences, Academia Sinica, Taipei, Taiwan, R. O. C. 
and institute of Life Sciences, National Defense Medical Center, 
Taipei, Taiwan, R. O. C.

The rat pheochromocytoma (PC 12) cells were transfected with 
D2 dopamine (DA) receptor gene. In these transfected cells, both 
dopamine (1 pM) and a D2 receptor selective agonist quinelorane 
(1 pM) induced an increase of inward currents induced by 
hyperpolarization from a holding potential of -60 mV to -100 mV 
using voltage clamp technique in whole-cell configuration. Neither 
DA nor quinelorane caused any significant change in the inward 
currents in control untransfected PC 12 cells. The DA-induced 
inward current was blocked by a D, receptor antagonist sulpiride 
(1 pM) and K+ channel blockers: tetraethylammonium (10 mM), 
Cs+ (4 mM), Ba2' (1 mM), or quinine (100 nM). Perfusion of 
guanosine-5’-(?-(3-thiotriphosphate) (100 pM) through the patch 
pipettes enhanced the inward current which could not be increased 
further by dopamine nor quinelorane. Pretreatment of the cells with 
pertussis toxin abolished the DA-increased currents. Our results 
indicate that the DA-induced inward currents were through the 
inwardly rectifying K+ channels and mediated by the G protein- 
coupled D2 dopamine receptors. (Supported by National Science 
Council, NSC86-2811-BOO 1-0023 and Academia Sinica, R. O. C.)

693.18
DESENSITIZATION OF G-PROTEIN ACTIVATION IN D2L/Ltk- CELLS 
FOLLOWING 24 HOUR QUINPIROLE TREATMENT N. O'Connor*, K.M. 
O'Boyle. Dept. Pharmacol., Univ. College Dublin, Belfield, Dublin 4, Ireland.

Reguladon of dopamine D2L receptor functioning following prolonged agonist 
exposure has been examined at both the receptor level and at an adenylyl cyclase 
level. We have investigated the effects of such agonist exposure at the 
intermediate G-protein level. Mouse fibroblast Ltlc cells expressing D2[ receptors 
were pretreated with lOOuM quinpirole for 24 hoars. Receptor levels were 
determined using -?H-SCH23390 while G protein activation was investigated by 
measuring the binding of '5S-GTPyS. Measurement ol cAMP levels was 
determined using a protein binding method. For comparative purposes cells were 
grown in either charcoal treated serum to remove any endogenous calechr 1 amines 
or in untreated serum.

Exposure of cells grown in charcoal treated serum to quinpiiole resulted in a 
doubling of receptor number from 136.3 ± 33.4 to 250.2 ± 19.8 fmol/nig protein 
(n = 3) while no desensitization of the cAMP response was observed. The 
maximum G-protein activation produced by dopamine was reduced from 27.4 ± 
3.4% to 10.2 + 2.1% increase over basal (n -- 3). Exposuie of ceils grown in 
untreated serum to quinpirole resulted in a similar doubling of receptor number 
anti a reduced potency of dopamine to stimulate ?;>S-GTP/S binding. However the 
cAMP response now showed desensitization.

In conclusion, prohmged exposure to quinpirole results in the desensitization of 
dopamme-stimulated G-protein activation m EgL/Etk' cells Also, diffeiences may 
arise in the responses obtained following prolonged agonist exposure depending 
c-n the conditions in which the cells have been grown.

This work was supported bv the Health Research Board of Ireland, University 
College Dubhn and Forbairt. ’

693.19
DIFFERENTIAL REGULATION OF DOPAMINE D2 AND D3 RECEPTORS 
BY CHRONIC DRUG TREATMENTS. G.D. Stanwood*, I. Lucki and P. 
McGonigle. Institute of Neurological Sciences and Depts. of Pharmacology 
and Psychiatry, University of Pennsylvania, Philadelphia, PA 19104 and 
Wyeth-Ayerst Research, Princeton, NJ 08543.

Reguiation of the expression of dopamine D2 and D3 receptors in the rat 
brain was examined using quantitative autoradiography following several 
chronic drug treatments designed to increase or decrease dopamine receptor 
stimulation. Chronic administration of the D2-like (D2, D3, D4) agonist 
quinpirole (1 mg/kg/day, 14 days) produced decreases in [125i]-NCQ 298 
binding to D2 receptors in the ventral pallidum and substantia nigra (-20%) as 
expected. In contrast, [125l]-7-OH-PIPAT binding to D3 receptors was greatly 
increased in the ventral pallidum (+30%) and substantia nigra (+50%) 
following this treatment. D3 expression in the nucleus accumbens was 
unchanged. Chronic administration of the D2-like agonist, 7-OH-DPAT (1 
mg/kg/day, 14 days) also produced an upregulation of D3 receptor expression 
in the ventral pallidum (+20%) and substantia nigra (+35%), as well a 
downregulation of D2 receptors in these regions (-20%). The psychomotor 
stimulant cocaine (20 mg/kg/day, 14 days) produced no significant changes in 
D2 or D3 receptor binding in any region examined. Chronic reserpine 
treatment (1 mg/kg/every other day, 14 days) depleted endogenous dopamine 
by greater than 90% and significantly increased D2 receptor levels in the 
nucleus accumbens, ventral pallidum, and substantia nigra (+20%). In 
contrast, chronic reserpine significantly decreased D3 receptor levels in these 
regions (-20%). Chronic treatment with the GABA^ agonist baclofen (30 
mg/kg/day, 14 days), which has been reported to decrease dopaminergic cell 
firing, produced no significant changes in D2 or D3 receptor expression. 
These data indicate regional and subtype-specific heterogeneities in the 
regulation of D2 and D3 receptors and suggest that despite having similar 
pharmacological profiles, D2 and D3 receptor activation may lead to different 
functional responses. (Supported by NS 18591, MH 51880, and DA 07421)

693.20
DIFFERENTIAL AFFECTS OF HALOPERIDOL AND CLOZAPINE ON 
DOPAMINE RELEASE AND UPTAKE IN THE CAUDATE VERSUS THE 
SHELL OF THE NUCLEUS ACCUMBENS. M. R, Kilpatrick*, R. Mark 
Wightman. Curriculum in Neurobiologv, UNC-Chapel Hill, Chapel Hill, NC 
27599.

The typical antipsychotic haloperidol elicits extrapyramidal side effects in contrast 
to clozapine, an atypical antipsychotic which is void of this effect. One explanation 
for this difference is that haloperidol preferentially binds to the D2 receptor found 
in high abundance in ihe striatum, a structure implicated in locomotor functioning; 
whereas, clozapine has a high affinity for the D3 receptor distributed mainly in 
limbic dopamine structures, implicated in cognition and emotion. To further clarify 
these differences, fast scan cyclic voltammetry was employed for the simultaneous 
detection of dopamine release and uptake in the nigrostriatal pathway and the 
mesolimbic pathway. Dopamine release was induced with bipolar stimulating 
electrodes implanted in the medial forebrain bundle of anesthetized rats. Dopamine 
concentrations were monitored with Nation coated carbon-fiber microelectrodes 
implanted in the caudate and the shell of the nucleus accumbens. A.n acute dose of 
haloperidol (1 mg/kg, i.p.) or clozapine (30 mg/kg, i.p.) increased stimulated 
release in the caudate. In the shell of the nucleus accumbens haloperidol increased 
release, but to a lesser degree. In both regions, the results with haloperidol are 
consistent with blockade of autoreceptors that normally inhibit release.
Surprisingly, unlike in the caudate, there was little affect of clozapine in the shell of 
the nucleus accumbens. The greater effect of clozapine in the caudate versus the 
accumbens suggests that different classes of autoreceptors are present in the two 
regions.

Research supported by the NIH
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694.1

MODULATION OF HALOPERIDOL INDUCED IMMEDIATE EARLY 
GENES BY PROLYL-LEUCYL-GLYCINAMIDE (PLG), AND PLG 
ANALOGUE PAMPTA,

1 Dept. Biomed. Sci., McMaster Univ., Hamilton, Ont., Canada
2 Dept. Medicinal Chem,, Univ. of Minnesota, Minneapolis, MN, USA 
Acute treatment with haloperidol results in a rapid and transient increase 
in c-fos mRNA and Fos immunoreactivity in both striatal and nucleus 
accumbens neurons. Recent studies have shown a link between dopamine 
receptor activity and immediate early gene expression (lEGs). Previously 
our laboratory has demonstrated that PLG an endogenous brain derived 
peptide can modulate dopamine receptor sensitivity in several invivo and 
invitro paradigms. It has been hypothesized that the induction of lEGs 
within the basal ganglia by acute treatment with typical neuroleptics may 
be related to the extrapyramidal side effects associated with chronic 
neuroleptic use. PLG and PAMPTA (a synthetic analogue of PLG) were 
observed for their ability to modulate acute haloperidol induced c-fos and 
Fos expression within the striatum and nucleus accumbens. Both PLG and 
PAMPTA antagonized haloperidol induced IEG expression in the striatum 
and nucleus accumbens. PLG and PAMPTA administered independent of 
haloperidol caused and increase in Fos expression within the nucleus 
accumbens but not the striatum, suggesting that the peptide has differential 
effects in these two brain regions, (Supported by NIH, U.S.A.)

694.2
STEROID HORMONES DETERMINE LEVEL OF SPECIFIC G-PROTEIN 
INTERACTION WITH D2 RECEPTOR Cheryl A, Fitch, Barbara N, Baker* and 
Marc E. Freeman Department of Biological Science, Florida State University, 
Tallahassee, FL 32306-4075.

Dopamine participates in modulation of lactotroph function during the 
estrous cy cle of the rat through D2 receptors (D2R) linked to membrane-bound 
regulatory GTP-binding proteins (G-proteins). Evidence suggests that changing 
levels of steroid hormones during the estrous cycle modify the interaction of G- 
proteins with the D2R. The aim of this study was to determine how steroid hormones 
affect D2R/G-protein interaction. Anterior pituitary glands of ovariectomized (OVX) 
rats, or OVX rats immediately implanted with estradiol (E2) or E2 plus progesterone 
(P), were collected, enzymatically dissociated, and plated in 75cm2 culture flasks. 
After overnight incubation in a sterile environmenl at 37C, cells were treated with 
1.0 pM DA for 30 minutes. Untreated cells served as controls. Ceils were then 
collected, lysed and the membranes solubilized. D2R/G-protein complexes were 
immunoprecipitated with a specific D2R antibody. Coupled G-proteins were 
identified by specific antibody labelling and visualized using colorimetric techniques. 
Results of optical density measurements within OVX, OVX+E2 or OVX+E2+P- 
treatment groups show; 1) G,/ D2R interaction is greater in the OVX+E2 group than 
in either the OVX or OVX+E2+P groups. There is no steroid effect on G/D2R 
interaction. 2) In the presence of DA, G,/D2R interaction is greater in the OVX and 
OVX+E2 groups, but is unaffected in the OVX+E2+P group. Within steroid 
treatment, DA has no effect on Gy/D2R interaction. These data indicate that the 
steroid hormones directly affect D2R/G-protein interaction in the lactotroph. 
Moreover, the data show that while D2R/G, interaction is modulated by steroid 
hormones and DA, D2R/G5 interaction remains unaffected by either treatment 
condition. Supported by NIH DK43200.

694.3
ZINC INHIBITS LIGAND BINDING TO D2-LIKE DOPAMINE 
RECEPTORS THROUGH DISTINCT MECHANISMS. John A 
Schetz* and David R. Sibley. Molecular Neuropharmacology 
Section, ETB/NINDS/NIH, Bethesda, MD 20892.

We have previously shown that zinc allosterically modulates 
antagonist binding to the Dj dopamine receptor (DAR). Here we 
demonstrate that zinc also dose-dependently modulates the binding of 
the antagonist [3H]methylspiperone ([3H]MSP) and the agonist 
[3H]norpropyiapomorphine (pHJNPA) to the cloned D2-like DARs, 
D2l , D2 and D4. The mechanisms of zinc inhibition of [3H]MSP 
binding to these DARs are distinct since zinc inhibition of [3H]MSP 
binding to the D4 DAR was noncompetitive, by both equilibrium and 
kinetic measures (lower Bmax and no change in koff), while the 
inhibition at D2p and D3 DARs was characteristic of negative 
heterotropic cooperativity (allosteric increases in Kd  and koff). 
EDTA reversed the zinc inhibition of [3H]MSP binding to all D2-like 
receptor subtypes. For all D2-like DARs, the measured favorable 
free energy of zinc binding was found to be entropy-driven. In 
contrast to antagonist binding, the mechanism of zinc inhibition of 
[3H]NPA binding was similar for all D2-like DARs, i.e., primarily a 
change in affinity (Kd ), although for the D2l  and D3 DARs, this was 
less pronounced than that for antagonist binding. While zine 
modulates ligand binding to D2-iike DARs, zinc does not by itself 
alter the ability of the D2l  and D4 DARs to inhibit forskolin- 
stimulated cAMP production. (Supported by NINDSZNIH).

694.4
POSSIBLE INVOLVEMENT OF L-DOPA AS A NEUROMODULATOR AT 
DOPAMINE D2-LIKE RECEPTORS. D.R. Wallace* and M. Bucholtz. 
Dept. Pharmacology & Physiology, Oklahoma State Univ., Coll. 
Osteopathic Med., Tulsa, OK 74107-1898.

The following studies examined L-3,4-dihydroxyphenylalanine (L- 
DOPA) displacement of [3H]raclopride and [3H](+)-7-OH-DPAT binding 
from D2 and D3 receptors, respectively. Effects on [3H]dopamine 
release was performed as a functional assay of modulation. 
Competition analysis was performed using 17 concentrations of 
dopamine or L-DOPA (O.lnM - lOpM) to compete for sites labeled by 
either 2nM [3H] raclopride or InM [3H](+)-7-OH-DPAT in crude 
membrane preparations striatal and nucleus accumbens tissue 
obtained from 4-month-old male Sprague-Dawley rats (N=3-5). 
Modulation of KC1 (30mM)-stimulated [3H]dopamine release was 
accomplished using 3 concentrations of L-DOPA (10, 100, l.OOOnM) in 
striatal and nucleus accumbens tissue prisms. Dopamine exhibited a 
high affinity for D3 receptors (3-6 nM), but a considerably lower 
affinity for D2 sites (70-100 nM). A similar displacement profile was 
observed with L-DOPA competing for D3 binding sites with moderately 
high affinity (42-53nM) and D2 sites with lower (175-200 nM) affinity. 
Assays determining the effects of L-DOPA on [3H]dopamine release 
were performed in the presence of NSD-1015, a centrally acting 
decarboxylase inhibitor, to prevent the enzymatic conversion of L- 
DOPA to dopamine. Preliminary results demonstrated a dose- 
dependent reduction in [3H)dopamine release with a maximum 
inhibition of 47%. In sum, as the dopamine-precursor, L-DOPA is co-
released with vesicular dopamine it may exert modulatory actions at 
dopamine D2-like receptors. (Supported by new investigator funds, 
OSU-COM)

694.5
Noradrenaline and serotonin show high affinity for the cloned human dopamine receptors 
(d 2L- d 3 and  d 4) expressed in CHO cells. J. Mierau, H.A.Ensinqer and R. Hammer* 
Dept. Biological Research and Dept. Research, Boehringer Ingelheim KG, 55216 
Ingelheim, Germany

Recently Laneau et al, and Newman-Tancredi et al. reported the agonist efficacy of 
noradrenaline and adrenaline at the human D4 receptor expressed in CHO cells, We 
determined the affinity of endogenous neurotransmitters such as noradrenaline, serotonin 
and dopamine and several synthetic ligands (agonists and antagonists) with the cloned 
human dopamine receptors of the D2 familiy (D2, D3, D4). The radioligands used were 
the dopamine agonist [3H]pramipexole and the antagonist [3H]spiperone.

Noradrenaline showed high affinity in the nanomolar range for all three dopamine 
receptor subtypes irrespective whether an agonistic or antagonistic radioligand was used. 
However, adrenergic agonists (e.g, clonidine, methoxamine) or antagonists (e.g. 
prazosine, idazoxane, pindolole) were devoid of any relevant affinity for the dopamine 
receptors investigated. Serotonin, too, showed distinct although weaker affinity for the 
cloned dopamine receptors. The selective serotonin receptor ligands 8-OH-DPAT (5- 
HUa ) and ritanserine (5-HT2) displayed moderate to high affinity for the dopamine 
receptor subtypes, As expected dopamine itself showed high affinity for all of the 
investigated dopamine receptors with highest affinity for the D3 receptor subtype.

Thus besides the findings of Lanneau et al. and Newman-Tancredi et al. we additionally 
could show that noradrenaline bound with high affinity to all of the cloned dopamine 
receptor subtypes investigated. Moreover, also serotonin demonstrated affinity for the 
dopamine receptors of the D2 family.

It might be speculated that this high promiscuity of cloned dopamine receptors with 
endogenous neurotransmitters could be relevant under physiological conditions.

Lanneau F,MT Zenner, 0 Civelli and DS Hartmann 1997 J Neurochem 68.804-812
Newman-Tancredi A, V Audinot-Bouchez, A Gobert and MJ Millan 1997 Eur J
Pharmacol 319.379-383

694.6
PROTOTYPE AND NOVEL ANTIPSYCHOTIC DRUG INTERACTIONS WITH 
DOPAMINE IN C6 GLIOMA CELLS SELECTIVELY AND STABLY 
EXPRESSING D2S DOPAMINE RECEPTORS. M. Avalos*, C. Mak, P.K. 
Randall, C.W, Abell, S.-W. Kwan and R. E. Wilcox, College of Pharmacy, 
University of Texas, Austin, TX 78712.

Dopamine (DA) interactions with the prototype typical antipsychotic haloperidol, 
the prototype atypical antipsychotic clozapine, and partial D2A DA agonist 
antipsychotics exhibiting a wide range of intrinsic activity were determined in C6 
glioma cells stably and selectively expressing D2S DA receptors. Dose response 
curves were run on each drug independently and in combination with DA to determine 
inhibition of forskolin-stimulated cAMP accumulation measured by competitive 
protein binding assay. Dissociation constant (Kb) and relative intrinsic efficacy (Er) 
values were calculated using an agonist interaction model; Kb for haloperidol and 
clozapine were determined by Schild analysis. Kb and Er values for the partial D2A 
dopamine agonist antipsychotics were: tiospirone (Kb - 2.05 ± 0.3 uM, Er > 0.0068 
± 0.0006), terguride (Kb = 0.22 ± 0.03 uM, Er > 0.032 ± 0.002), N-0437 (Kb = 3.5 
+ 2 uM, Er = 0.24 ± 0.03), BHT-920 (Kb = 0.20 + 0.2 uM, Er = 0.47 + 0.06), 
roxindole (Kb = 0.70 + 0.5 uM, Er = 0.67 + 0.05), quinelorane (Kb = 0.056 + 0.06 
uM, Er = 0.74 + 0.09), and NPA (Kb = 0.62 + 0.6 uM, Er = 0.95 + 0.02). Neither 
haloperidol nor clozapine exhibited efficacy (Kb values, 0.0014 + 0.0002 uM and 2.8 
± 0.4 uM, respectively). Results demonstratethe initial quantification of full agonist- 
partial agonist interactions at recombinant receptors via second messengers. Potential 
clinical implications are that partial dopamine agonist antipsychotics increased or 
decreased the dopamine-indueed cAMP response (a “buffering” action on DA), based 
on Er and not Kb, which may, in part, underlie the use of such compounds to treat 
positive and negative symptoms of schizophrenia. (Supported by NIH grants 
RR08579A, MH5486501, ES07784 Ford Foundation, NHSF, and AFPE 
Fellowships).
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694.7
EXPRESSION, CHARACTERIZATION AND REGULATION OF A 
CHIMERIC D2/D] DOPAMINE RECEPTOR. Chun K. Mak* and 
David R. Sibley. Molecular Neuropharmacology Section, NINDS/NIH, 
Bethesda, MD 20892.

The Dj dopamine receptor (DAR) has a long COOH (Ci- 
terminus containing consensus sequences for phosphorylation by 
protein kinases. In contrast, the D2 DAR has a short C-terminus with 
no apparent phosphorylation sites. In response to agonist exposure, the 
Di DAR is down-regulated whereas the D2 DAR is up-regulated, 
although both DARs are functionally desensitized. To assess the 
potential role of the C-termini in these events we constructed a D2/D j 
chimeric DAR in which the D2 DAR C-terminus was replaced with 
that of the Di DAR. The cDNAs of the chimeric D2/Di and wild type 
(WT) D2 DARs were stably transfected into C6 cells and found to 
exhibit similar levels of expression. Radioligand binding assays 
revealed that the D2/Dj chimeric DAR exhibited a similar affinity for 
the antagonist [3H]-methylspiperone and also similar affinities for the 
agonists apomorphine, dopamine, and quinpirole. Dopamine activation 
of the D2/Dj chimeric DAR did not affect basal intracellular cAMP 
levels but did significantly inhibit forskolin-stimulated cAMP 
accumulation to the same extent as that seen for the WT D2 DAR. 
These results suggest that the presence of the Dj DAR C-terminus does 
not affect the ligand binding characteristics or the G protein coupling 
properties of the D2 DAR. Dopamine pretreatment was found to up- 
regulate (~2-3 fold) the binding activity (Bmax) of both WT D2 and 
chimeric D2/D] DAR with no change in receptor affinity (Kd )- The 
functionality of these DARs after agonist pretreatment is now under 
investigation. (Supported by NINDS/NIH).

694.8
ALLOSTERIC MODULATION OF D2 DOPAMINE RECEPTORS BY METHYL-
ISOBUTYLAMILORIDE: COMPARISON OF THE REGULATION OF AGONIST 
AND ANTAGONIST BINDING. S.R.J, Hoare. T.B. Usdin* and P.G, Strange, 
Research School of Biosciences, University of Kent, Canterbury, Kent CT2 7NJ UK

Conventional ligands for G protein-coupled receptors bind to the region of the 
receptor that binds the endogenous ligand (the competitive site). .Allosteric ligands 
offer a greater flexibility of receptor regulation than competitive ligands. The 
allosteric agent can reduce or increase the affinity of the receptor for competitive 
ligands (negative and positive cooperativity, respectively) or have no effect on 
competitive ligand affinity (‘neutral’ cooperativity). Methylisobutylamiloride (MIA) 
allosterically modulates antagonist binding to the D2(long) dopamine receptor expressed 
in Ltk59 cells. In the present study the effects of MIA on agonist and antagonist 
binding were compared, using this receptor expressed in CHO-D2L cells. Die 
allosteric effect was demonstrated in radioligand dissociation assays; MIA accelerated 
dissociation of the antagonist [3H]spiperone and the agonist [3H]N-0437 with a similar 
potency (EC50= 40pM), Equilibrium binding of [3H]spiperone was inhibited by MIA, 
the displacement data described by a Hill slope of 1,98±0.04. Data were fitted best by 
a model in which MIA binds to both an allosteric site and the competitive site. The 
data indicate negative cooperativity between binding of MIA at the allosteric site and 
antagonist binding at the competitive site, whereas positive cooperativity was inferred 
for binding of MIA at the allosteric and competitive sites. Dopamine (DA) stimulated 
[35SlGTPyS binding to CHO-D2L membranes (EC50= 630±170nM). MIA produced a 
parallel rightward shift of the DA-concentration-dependence curve with no change of 
maximal DA-stimulated binding. Data were fitted best by the allosteric/competitive 
model, with the same nature of cooperativity as for [3H]spiperone binding. These data 
suggest that MIA regulates agonist and antagonist binding by a common allosteric 
mechanism, (Supported by BBSRC and SmithKline Beecham Pharmaceuticals.)

694.9
d 2L receptor  deletion  mutant  with  enhanced  agonist  
AFFINITY AND AGONIST-INDUCED RECEPTOR REGULATION 
S. Starr*. M, N, Vu. and K. A. Neve VAMC and Oregon Health Sciences 
University, Portland, OR 97201.
The third cytoplasmic loop (IC3) of the seven a-helical domain receptors has 
been implicated in G protein coupling. We constructed a mutant of the D2L 
dopamine (DA) receptor in which the 10 amino-terminal residues of IC3, 
starting at Ser-364 and ending at Gln-373 (SQQKEKKATQ), were deleted 
D2(del 364-373). HEK 293 cells were stably transfected with D2L or D2(del 364- 
373) cDNAs. Saturation analysis using [3H]spiperone gave densities of 600 and 
300 fmol/mg protein for D2Ij and mutant receptors, respectively. Coupling of 
DL2 and mutant receptors to G proteins was assessed through inhibition of 
binding of [3H]spiperone with DA, NPA, and quinpirole. Binding of DA to D^ 
receptors in the absence of GTP was best fit by high and low affinity states with 
40% of the sites having high affinity for DA (Ki=0.22 pM). In the presence of 
GTP only low affinity binding was observed (Ki=13 pM), D2(del 364-373) had 
higher affinity for DA than did D2L. GTP caused a modest reduction in the 
affinity of D2(del 364-373) for DA. Surprisingly, the binding of DA was best fit 
by assuming two affinity states in the presence or absence of GTP. Thus, in the 
absence of GTP, 58% of the receptors had high affinity for DA (Ki=1.3 nM), 
whereas in the presence of GTP 56% of the receptors had high affinity for DA 
(Ki=7.5 nM). Similar results were obtained for the agonists NPA and 
quinpirole. Additional studies were carried out to examine agonist-induced 
regulation of receptor density. Following an 18 hour treatment with agonist, 
there was little change in the density of D2L , whereas treatment with agonist 
plus forskolin increased receptor density by 120%. D2(del 364-373), showed a 
robust increase in receptor density of 850% following overnight treatment with 
NPA. Further analysis of this mutant may provide insight into the mechanisms 
of G protein coupling and agonist-induced up-regulation of D2 receptors 
observed in some cell lines. (MH 45372 and VA Merit Review).

694.10
COMPUTATIONAL CHEMISTRY MODEL OF AGONIST AFFINITY AT WILD 
TYPE VS. MUTANT D2S DOPAMINE RECEPTORS. R.E. Wilcox, S.R. 
JoKn^onJJBjU_^}insburgJ^JvUW_^iusriiaL^_BLu_WieiislJ_^A^_IieY^ Div. of 
Pharmacology, Univ. of Texas at Austin, 78712, and Dept. of Behavioral 
Neuroscience, Oregon Health Sci. Univ., Portland, OR 97201.

We have reported that agonist affinity changes dramatically as a result of serine to 
alanine mutations (S193A, S194A, and S197A) within the fifth transmembrane 
region of recombinant D2s dopamine receptors stably expressed in cell lines 
However, agonist 2D-structure does not predict which drugs wiil be sensitive to 
which point mutations. We have also shown that Comparative Molecular Field 
Analysis (CoMFA) can reasonably be applied to comparisons of recombinant DI and 
D2s dopamine receptors. Here, we predicted agonist KL at wild type vs. S193A, 
S194A, and S197A receptors using CoMFA. Bromocriptine (bromo) was the 
template compound used previously for drug alignment at wild type (WT) receptors. 
However, bromo’s affinity is not affected by the S193A mutation. In contrast, the 
S193A mutation changed N-propyl-norapomorphine’s (NPA’s) affinity from 9 to 
370 nM. Therefore, NPA was used as the template for the S193A mutant. An initial 
CoMFA (steric and electrostatic cutoffs of 30 kcal/mol, a Csp3+ probe atom, a 2.0 A 
grid spacing, a 2.0 kcal/mol min. a, and the default CoMFA region) to predict 
agonist Kl  at S193A receptors yielded a 0.508 predictive R2 value, a 2.410 standard 
error of prediction with 3 principal components, a 1.000 simple R2 value, and a 
0.072 standard error of estimate (p < 0,0009) for the 15 agonists of the training set 
(7-OHDPAT, ADTN, apomorphine, bromo, Br-APB, Cl-APB, DA, dihydrexidine. 
fenoldopam, NPA, pergolide, PPHT, 3PPP, quinpirole, & SKF38393). In contrast, 
the same drug alignment and CoMFA model yielded a 0.091 predictive R2 value for 
WT receptor affinity, and 0.036 and -0.576 R2 values for S194A and S197A 
receptors, respectively. CoMFA is able to predict drug affinity at specific mutant D2s 
receptors when drug alignment is based on a compound showing mutation effects on 
Kl . (Supported by V.A. Career Scientist and Merit Review Programs. T32 
DA07262, and NIH grants RR08579, ES07784, MH54865.)

694.11
SUBSTITUTE MUTATION OF A CRITICAL RESIDUE IN THE THIRD 
CYTOPLASMIC LOOP RESULTS IN CONSTITUTIVE ACTIVATION OF 
DOPAMINE D2 RECEPTOR. Q.-Y. Zhou*, Z. Wang & C. Li. Department ot 
Pharmacology, University of California, Irvine, Irvine, CA 92697.

Constitutively active mutations of G protein-coupled receptors, i.e., receptor 
mutants capable of eliciting a response in the absence of agonist activation, have 
been shown to underlie the molecular defects for a number of human disorders. 
Mutations that confer the constitutive activation of G protein-coupled receptors 
have been found in regions that form ligand-binding pockets or involve in 
interacting with G proteins. We have mutated a threonine residue (T344) that 
resides in the carboxyal terminus of the third cytoplasmic loop of dopamine D2 
receptor as substitutions of the corresponding residue in a number of receptors 
including al, «2, p2 adrenergic receptors and TSH (thyroid-stimulating 
hormone) receptor result in their constitutive activation. Characterization of the 
T344K mutant of dopamine D2 receptor has revealed that the mutant D2 receptor 
is constitutively active as it possesses the following features: (i) an increased 
affinity for agonists (even in the absence of pertussis toxin ) but not antagonists; 
(ii) agonists-independent but pertussis toxin-sensitive activity of inhibiting 
adenylate cyclase; (iii) an increased potency of dopamine for inhibiting adenylate 
cyclase. The availability of a constitutive active D2 receptor mutant will make it 
possible to create a transgenic mouse model with enhanced dopaminergic 
function. Probing the conformational difference between constitutively active 
and wild type D2 receptors may lead to the understanding of molecular nature 
associated with the activation of D2 receptor.
Supported by MRC of Canada.

694.12
RESIDUES IN THE SIXTH MEMBRANE-SPANNING SEGMENT OF THE 
DOPAMINE D2 RECEPTOR ACCESSIBLE IN THE BINDING-SITE CREVICE.
J. A. Javitch1*, J.A. Ballesteros2, H. Weinstein2, and J. Chen1. ’Center for Molecular 
Recognition & Psychiatry, Columbia University; NYS Psychiatric Institute, NY, NY 
10032; 2Physiology & Biophysics, Mt. Sinai School of Medicine, NY, NY 10029.

The binding site of the dopamine D2 receptor, like that of other homologous G 
protein-coupled receptors, is contained within a water-accessible crevice formed 
among its seven membrane-spanning segments. Using the substituted-cysteine 
accessibility method, we are mapping all the residues accessible in this binding-site 
crevice. We mutate individual residues in the membrane-spanning segments to 
cysteine. If binding to a mutant receptor expressed in HEK 293 cells is near-normal, 
we determine whether the substituted cysteine is at the water-accessible surface of 
the binding site by testing its accessibility to small, charged hydrophilic, lipophobic 
sulfhydryl-specific derivatives of methanethiosulfonate (MTS). These reagents react 
covalently with water-accessible cysteines, and if the engineered cy steine faces into 
the binding-site crevice, the reaction will block antagonist binding irreversibly and 
will be retarded in the presence of ligand. We have now mutated to cysteine, one at a 
time, twenty-two consecutive residues in the sixth membrane-spanning segment 
(M6). Ten of these mutants reacted with the MTS reagents and were protected from 
reaction by a reversible dopamine antagonist, sulpiride. Thus, we infer that the side 
chains of these residues (V378, F382, W386, P388, F389, F39O, T392, H393, 1394, 
1397) are in the water-accessible surface of the binding-site crevice. The pattern of 
accessibility’ is largely consistent with an a-helical conformation with a wide angle of 
accessibility near the binding site itself and a narrower stripe continuing toward the 
cytoplasmic portion of M6. Four highly conserved aromatic residues and a histidine 
are clustered together on the water-accessible surface of M6. They define an 
interconnected aromatic cluster that is likely to be involved in receptor activation. 
Supported by MH0103Q, MH54137, the Mathers Trust, DA00060, and DA09083,
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694.13
SEPARATION OF DOPAMINE D2 RECEPTOR MONOMERS AND DIMERS.
P, Zawarvnski. G.Y.K.Ng, T.Tallerico. S.P.Lee, B.F. O’Dowd, S.R. George and
P, Seeman*. Departments of Pharmacology and Medicine, University of Toronto, 
Toronto, Ontario M5S 1A8 and Addiction Research Foundation, Toronto, Ontario 
M5S2S1 Canada.

D2 receptors were previously shown to exist as monomers and dimers with different 
selectivities for nemonapride and spiperone. Studying homogeneous populations of 
these receptors may lead to a better understanding of monomer and dimer interactions 
with receptor ligands. To detect D2 receptor monomers and dimers expresed in Sf9 
cells, we used [!25I]iodoazido-nemonapride, a D2-
selective radiophotolabel. Using continuous sucrose 
density gradients, photolabelled receptors were 
solubilized in 1% digitonin, fractionated, counted, 
analyzed on SDS-PAGE, and immunoblotted with 
specific D2 antibodies to show separation into 
homogeneous D2 receptor dimer and monomer 
populations. The figure shows total (left) and 
nonspecific binding (with 100 nM butaclamol, right) 
of the photolabel. D2 monomers were at 48 kD and 
dimers at 98 kD. The density of dopamine D2 
receptors, as labelled by radio-nemonapride, is at least 
50% higher than the density of dopamine D2 receptors 
as labelled by radio-spiperone, in identical tissues. The 
existence of D2 monomers, dimers (and tetramers) 
may account for the different D2 densities detected by 
these ligands. (Supported by the Ontario Mental Health 
Foundation, Medical Research Council of Canada,
NARSADandNIDA).

Human D2 
with
[125l]iodoazido-
nemonapride

694.14
N- AND C-TERMINAL TRUNCATED D2 RECEPTORS UNDERGO ASSEMBLY 
INTO FUNCTIONAL RECEPTORS AND CAN ACT AS ANTAGONISTS OF THE 
FULL-LENGTH RECEPTOR. G.Y.K. Ng. G. Varghese, Z. Xie, T. Nguyen, B.F. 
O’Dowd and S.R George* Departments of Psychiatry, Pharmacology and Medicine, 
University of Toronto, Toronto, Ontario, M5S 1A8, Canada.

In this study, we tested the hypothesis that truncated G-protein coupled receptors 
undergo functional self-assembly. The dopamine D2 receptor was used as a model for 
other GPCRs, and truncated mutant receptors were created and co-expressed singly, 
together or with the full-length receptor. N-terminal and C-terminal portions of the D2 
receptor were transiently co-expressed in COS-7 cells to restore pHjspiperone (monomer) 
and pTjnemonapride (monomer and dimer) binding, guanine nucleotide sensitive agonist 
high-affinity receptor states, and adenylyl cyclase inhibition which were all absent when 
either truncated mutant was expressed alone. Northern blot analysis of RNA from these 
cells revealed the presence of two distinct RNA species corresponding in size to the 
transcripts expected for the truncated N-terminal and C-terminal D2 receptors. These data 
were consistent with the receptor species by identified immunoblotting, indicating that 
protein-protein interactions rather than homologous recombination events at the DNA 
level were the mechanistic basis for the observed functional complementation. However, 
co-expression of truncated receptors with full length D2 receptors resulted in a loss of 
receptor activity. We propose that the hallmark seven putative transmembrane domains 
of G protein-coupled receptors play an important role in mediating the molecular 
interactions needed for assembly into functional receptors, and disrupting them results in 
antagonism of receptor mediated function.
(Supported by the Medical Research Council of Canada and NIDA).

694.15
REGULATION OF THE DOPAMINE D2 RECEPTOR DIMER. S.P. Lee*.
G.Y.K. Ng. P. Zawarvnski, P, Seeman. B.F. Q’Dowd. and S.R. George.
Depts. of Pharmacology and Medicine, University of Toronto, Toronto, ON, 
M5S 1A8 and the Addiction Research Foundation, Toronto, ON, M5S 2S1

Previous studies in our laboratory have shown that the human dopamine 
D2 receptor (D2R), as well as other G protein-coupled receptors (GPCRs), 
exist as dimers and monomers. In this study, the D2R was expressed in Sf9 
insect cells and membranes examined by immunoblot and radioligand 
binding analyses. Both dimers and monomers were detectable at the earliest 
point when receptor could be visualized (~24 hrs post-infection) indicating 
that dimerization occurs soon after the receptor is expressed. Further, the 
relative intensity of immunoreactive bands indicated that the proportion of 
receptor dimer to monomer did not vary significantly as expression levels 
increased. The expected higher Bmax detection by nemonapride compared to 
that by spiperone was seen at 48 and 72 hours post-infection. Immunoblot of 
light vesicular membrane fractions revealed the presence of D2 dimers in 
approximately the same proportions as in the cell surface membrane 
suggesting that the intracellular pool of D2Rs also exists as dimers and 
monomers. Dimers expressed in Sf9 cells were resistant to denaturing and 
reducing conditions. Exposure of D2R-expressing cells to dopamine resulted 
in upregulation of receptor monomers and dimers involving a translocation 
from existing receptor pools to the cell surface.
This work was supported by the Medical Research Council of Canada.

694.16
PROTEIN-PROTEIN INTERACTIONS AT THE D2 DOPAMINE RECEPTOR: 
A YEAST TWO-HYBRID SCREEN FOR NOVEL RECEPTOR COMPLEX 
COMPONENTS. F. D. Smith*, S. L. Milqram and G. S. Oxford. UNC 
Neuroscience Center and Department of Physiology, Univ. of North Carolina, 
Chapel Hill, NC 27599.

D2 dopamine receptors are members of the 7-transmembrane spanning 
receptor superfamily and are coupled to downstream effectors via 
heterotrimeric G-proteins. Two major isoforms of the receptor are generated 
by alternative splicing of a single exon encoding an 87 base pair insert within 
the mRNA. As a result, D2Long (D2L) receptors have an in frame 29 amino 
acid insertion within the third cytoplasmic loop which is absent in the D2Short 
(D2S) isoform. In situ hybridization and Northern analysis have indicated that 
the expression of the mRNAs for D2L and D2S largely overlap, although the 
long form seems to be more abundant. The presence of this 29 amino acid 
insert is well conserved across species; however, a question still remains as 
to the functional differences between D2L and D2S isoforms. In order to 
investigate this problem, we have initiated a series of experiments using the 
yeast two-hybrid system as a tool to screen cDNA libraries for proteins which 
may interact specifically with the D2L receptor. We have constructed “bait” 
plasmids which encode either the specific 29 amino acid insert or the entire 
third cytoplasmic loop of the D2L receptor fused to the GAL4 DNA binding 
domain. These plasmids were then transformed into yeast and the resulting 
strain was used to screen rat hippocampal or whole brain cDNA libraries 
fused to the GAL4 activation domain for proteins which interact with the 
receptor. At this time we are pursuing several putative interactors and 
investigating the possibility that they may differentially alter the functioning of 
D2 receptor splice variants. (Supported by NIH grant NS18788 to G.S.O. and 
Hoechst Marion Roussel Pharmaceuticals)

694.17
MODULATION OF NEURONAL ISOFORMS OF RECOMBINANT 
ADENYLATE CYCLASE BY D2-LIKE DOPAMINE RECEPTORS IN HEK 
293 CELLS V. J. Watts* and K. A, Neve Oregon Health Sciences University and 
VA Medical Center, Portland OR, 97201

D2-like dopamine receptors share many structural and pharmacological 
features. However, several differences in their signaling pathways have been 
reported. In order to explore these differences further, we have created stable cell 
lines expressing members of the D2-like dopamine receptor family in combination 
with specific isoforms of adenylate cyclase. Our recent studies have shown that D2 
and D4 dopamine receptors potentiate Gs- and PKC-stimulated type II adenylate 
cyclase activity, however activation of D3 receptors does not. These results are 
consistent with the ability of activated D2-like dopamine receptors to release py 
subunits. We have also examined the ability of D2-like receptors to inhibit a 
member of the Ca++ inhibitable family of adenylate cyclases, type V. D2 and D4 
receptors showed robust inhibition, whereas D3 did not. These results are 
consistent with studies of D2, D3 and D4 receptors in C6 glioma cells, which 
endogenously express type V adenylate cyclase. Although type I and type VIII 
adenylate cyclase represent different families, both are expressed in the brain and 
are stimulated by Ca++/calmodulin. We have found that D2 receptors inhibit both 
type I and VIII adenylate cy clase whereas activation of D3 receptors was without 
effect on either isoform. It was also observed that there were differences in the 
ability of types I and VIII adenylate cyclase to be activated by Ca++ and forskolin. 
Specifically, type I showed much greater activation than type VIII adenylate 
cyclase. Furthermore, activation of D2 receptors with quinpirole or dopamine 
resulted in marked inhibition of type I adenylate cyclase, whereas stimulation of 
D2 receptors resulted in a more modest inhibition of type VIII adenylate cyclase. 
The results from the present studies provide additional information on unique 
signaling pathways of D2-like dopamine receptors, as well as the complex 
regulation of specific forms of adenylate cy clase. Supported by MH45372 and a 
NARSAD Young Investigator Award.

694.18
PROTEIN-PROTEIN INTERACTION OFSH3 DOMAIN CONTAINING PROTEINS 
WITH G-PROTEIN COUPLED RECEPTORS. J, CHdenhof*1, M. Anafi2, A, A, Rav1, 
O, Schoots1, T. Pawson2 and H. H. M. Van Tol1.1Lab. of Molec. Neurobio!., The 
Clarke Inst, of Psychiatry, Toronto, Ont., M5T 1R8,2Samue! Lunenfeid Res. Inst., 
Mount Sinai Hospital, Toronto, Ont. M5G 1X8.

G-Protein coupled receptors (GPCR) comprise a diverse group of seven 
transmembrane receptors, including the dopamine receptors, whose main mode of 
signal transduction is through G-proteins. To determine the function of a unique 
tandem repeat region in the third intracellular loop of the human dopamine D4 
receptor, we observed that the repeat and flanking region is proline rich and contains 
multiple potential Src-homoiogy 3 (SH3) domain binding motifs. SH3 domains are 
conserved non-catalytic protein modules that have been identified in a large number 
of proteins and are involved in protein-protein interactions. They bind to a short 
amino acid motif that must have a PXXP consensus sequence. An extensive scan 
of the GPCR family revealed that many of these receptors have PXXP motifs in the 
third intracellular loop. Many of these motifs are conserved across species for a 
specific receptor subtype and may possibly bind to SH3 domains. We used an in 
vitro co-precipitation assay and the yeast two hybrid system to confirm that the D4 
receptor is able to interact with several SH3 domain containing proteins, including the 
adaptor proteins Nek and Grb-2. This interaction was also detected with the rat D4 
receptor as well as other D2-like receptors (D2 and D3). Expressing different 
portions of the D4 receptor, we determined that the third intracellular loop was 
sufficient and necessary for this interaction. Interaction was also seen with the G- 
protein coupled muscarinic M4 and adrenergic (31 receptors, which also have 
conserved PXXP motifs in third intracellular loop. The interaction of SH3 domains 
with different members of the GPCR family may represent an important novel 
mechanism of protein-protein interaction for this type of receptor which could be 
important in signal transduction or cellular localization. (Supported by the Canadian 
Medical Research Council, MRC PG11121)
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694.19
BRAIN REGIONAL DISTRIBUTION OF THE TRANSCRIPTION 
FACTOR SP3. C.-H. Lammers, S. Yajima, S.-H. Lee, J. F. Bishop*, 
M. M. Mouradian. Genetic Pharmacology Unit, Experimental 
Therapeutics Branch, NINDS, Bethesda, MD 20892

The D2 dopamine receptor mediates an important central 
neurotransmission which is implicated in several neuropsychiatric 
disorders. Transcription of the D2 receptor gene is under strong negative 
modulatory control. The latter is localized in the 5’ flanking region of this 
gene where Spl binding sequences are identified. Using in situ filter 
detection and gel super-shift experiments, we have found that both Sp 1 
and Sp3 bind to these sequences. To study the brain regional distribution 
of Sp3, we cloned the murine Sp3 cDNA and generated a 330 bp 
riboprobe. Northern blot analysis revealed a 4.4 kb mRNA in all brain 
regions studied. Highest Sp3 mRNA levels were detected in the 
cerebellum, followed by olfactory bulb, striatum, hippocampus, neuro-
intermediate lobe of the pituitary and in cerebral cortex. This distribution 
pattern paralleled that of Spl expression. In situ hybridization 
histochemistry confirmed the results of the northern blot analysis. In 
addition, high levels of Sp3 mRNA expression were detected in 
amygdala, choroid plexus, and primary olfactory cortex. Thus, the 
transcription factor Sp3 is expressed in several brain regions including 
the striatum and pituitary where the D2 dopamine receptor gene is 
abundantly expressed. These observations support a functional role for 
Sp3 in D2 gene transcriptional control consistent with our in vitro data.

NEUROTRANSMITTERS: OTHER III

695.1
PRESYNAPTIC P2X PURINOCEPTORS TRIGGERING TRANSMITTER 
RELEASE FROM RAT SYMPATHETIC NEURONS. S.Boehm*, E. Stocker, 
D.Kristufek, S.Huck. Department of Neuropharmacology, University of Vienna, 
Waehringerstrasse 13a, A-1090 Vienna, Austria.

In autonomic ganglia, acetylcholine and ATP depolarize postganglionic neurons 
via nicotinic acetylcholine receptors (nAChR) and P2X purinoceptors, respectively. 
In effector organs, presynaptic nAChRs also excite sympathetic axons and cause 
norepinephrine (NE) release. The following experiments searched for presynaptic 
P2X receptors in primary cultures of rat superior cervical ganglion (SCG) neurons.

Generation of action potentials by electrical fields, tonic depolarization by 50 mM 
K+ and application of ATP (300 pM) caused [3H]NE release from SCG neurons in a 
Ca2+-dependent manner. Tetrodotoxin (TTX; 3 to 300 nM) reduced electrically 
evoked release by <93%, left K+-induced release unaltered, and diminished release 
triggered by ATP by <58%. Cd2+ (10 to 100 pM) reduced electrically as well as K+- 
evoked release by <97%, but NE release induced by ATP declined by <50%. Cd2+ 
applied in the presence of 300 nM TTX reduced K+-induced release by <95%, but 
failed to further diminish ATP-triggered release. Hence, a considerable component 
(-50%) of ATP-induced NE release from SCG neurons occurs independently of Na+- 
dependent action potentials and of voltage-activated Ca2+ channels. This suggests 
that the receptors for ATP (i) mediate Ca2+ entry themselves and (ii) are located in 
close proximity to the sites of transmitter release, i.e. on presynaptic axon terminals.

In 100 pM Cd2+ (to monitor the function of presynaptic receptors), the secretory 
action of ATP was half maximal at 35 pM and was antagonized by suramin. Other 
agonists gave the following rank order of potency: ATP > 2-methylthio-ATP > 
ATPyS » ADP. a, (3-Methylene-ATP and p,y-methylene-L-ATP were ineffective. 
These results are compatible with presynaptic ATP receptors being P2X2.

To corroborate that P2X receptors are indeed located on axons, explant cultures of 
SCG were prepared. After 2 to 4 days in vitro, the ganglia containing the neronal 
somata were removed leaving outgrowing axons behind. In these 'axonal' cultures, 
ATP (300 pM) and nicotine (100 pM) both elevated intraaxonal Ca2+ concentrations, 
as determined by the 340/380 ratio of the Fura-2 fluorescence. Like ATP-triggered 
release, this Ca2+ elevation was not prevented in the presence of 100 pM Cd2+.

These results show that sympathetic neurons are equipped with presynaptic P2Xa - 
like purinoceptors which mediate Ca2+ entry and thereby trigger NE release. 
Supported by a grant from the 'Verlassenschaft Maria Buss' to S.B.

695.2
IONIC MODULATION OF P2X7 RECEPTOR-MEDIATED ACTIVITY IN RAT 
BRAIN ASTROCYTES. 1P. Ballerini, !R, Ciccarelli. 1P, Di Iorio. 2C.E, 
Crocker, ^J.W, Gysbcrs*, ^F, Caciagli, 3A.J, Glasky and ^M.P. Raihbone. 1 Dept. 
Biomed. Sci., Univ. of Chicti, 66013 Chieti, Italy. ^Dept. Biomed. Sci., McMaster 
Univ., Hamilton, Canada L8N 3Z5. -^NeoTherapeutics Inc., CA, U.S.A., 92618

ATP triggers a variety of physiopathological responses via activation of cell 
surface P2 purinoceptors. We recently reported the presence of P2X7 receptors in rat 
brain astrocytes using the preferential P2X7 agonist benzoylbenzoyl ATP (BzATP). 
Wc now report some ionic characteristics of this unique ligand-gated channel/pore, 
its involvement in astrocyte membrane potential modifications and cell death. 
BzATP triggered a dose-dependent Ca^+ rise; it also increased the ethidium bromide 
fluorescence, thus indicating an increase in cell permeabilization. The agonist 
response was abolished in a Ca^+free medium and was restored when Ca^+ was 
added back. BzATP increased intracellular [Ca^+J in cells pretreated with 1 pM 
thapsigargin indicating that extracellular Ca^+ and not intracellular Ca^+ was 
involved. The addition of other ions such as Mg^+ or Zn^+, which affect other 
types of ionotropic receptors (e.g. glutamate) also modified the agonist response. 
The cells responded to BzATP with a sustained depolarization. The effect was still 
present when Ca^+ or Na+ were removed, indicating that, as in other cell lines 
expressing the P2X7, Na+ and Ca^+ can compete for the conduction pathway. The 
BzATP-medialcd effects were reduced by cell pretreatment with the selective 
antagonist oATP and were mimicked by high ATP concentrations. BzATP was 
then tested on cell proliferation performed cither in astrocytes or in C6 glioma cells. 
It caused only a slight reduction of the proliferation rate. Although P2X7 causes 
apoptosis in some cell lines, BzATP did not increase apoptosis in glial cells as 
determined by the TUNEL assay. BzATP increased purine release from astrocytes and 
it may modulate the synthesis or release from glial cells of other biological active 
compounds. Support: Italian MURST and NeoTherapeutics Inc., CA, U.S.A.

695.3
EXPRESSION OF P2X-RECEPTOR mRNAs AND FUNCTIONAL 
CHARACTERIZATION OF A PERMEABILIZING ATP (P2Z) RECEPTOR 
Simon J Gibbons*, Katrina B Washburn and Barbara R Talamo Depts of Neurosci 
and Physiol, Tufts U Med Sch, Boston MA

ATP activates Ca2+ influx through P2x and P2z receptors in dissociated rat 
parotid acinar cells. It is not known which ATP receptor subunits mediate this 
effect. We have used RT-PCR to identify the mRNAs present in the parotid gland. 
Subtype specific oligonucleotide primers for P2x receptors were designed using the 
published sequences. The most abundant transcripts in the parotid gland were 
P2x4 and P2x7, small amounts of P2xl were also detected. We measured only 
trace amounts of P2x2, P2x3, P2x5 and P2x6. The relatively high levels of P2x4 
mRNA in this tissue and the pharmacology of ATP-activated Ca2+ influx support 
the hypothesis that supersensitivity of parotid acinar cells following postganglionic 
parasympathetic denervation is mediated by P2x4 receptors. Activation by ATP4- of 
cells expressing the P2x7 or P2z receptor can cause permeabilization of the cells 
(Surprenant et al., 1996 Science 272 735). Previous studies have shown no 
permeabilizing effect of ATP4' in parotid acinar cells. We have now done further 
investigations using the normally impermeant molecule ethidium bromide (EtBr,
M Wt 314 Dal) which fluoresces when it enters the cells and binds nucleic acids. 
No effect of ATP (<1.5mM) was observed in normal saline (ImM Ca2+, 2.2mM 
Mg24) at either 20°C or 30°C. However, ATP4' (>100pM) caused a dose dependent 
rise in EtBr fluorescence in the nominal absence of divalent cations at 20°C. 
Addition of MgCl2 (lOmM) terminated the increase in fluorescence. 
Permeabilization with ATP4' in the absence of divalent cations was enhanced when 
the temperature was raised to 30°C. These results are consistent with the 
expression of mRNA for P2x7 receptors and the previous physiological evidence 
for P2z -like receptors in these cells. Supported by NIH R01 NS28556.

695.4
IMMUNOCYTOCHEMICAL STUDY OF THE RELATIOSHIP OF THE P2X2 AND P2X3 
RECEPTOR SUBUNITS IN RAT AND MONKEY SENSORY NEURONS. L.Vulchanova*, 
M.Riedl, S.Shuster, L.S.Stone, G.Buell#, A.Surprenant#, R.A.North#, and R.Elde. Dept. of 
Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455, USA and 
#Glaxo Institute for Molecular Biology, Plan-les-Ouates, 1228 Geneva, Switzerland

Of the cloned P2X receptor subunits, six are expressed in sensory neurons, 
suggesting that the native channels may be heteromultimers with diverse composition. 
Indeed, it has been shown that coexpression of P2X2 and P2X3 in HEK293 cells 
results in currents resembling those recorded from nodose ganglion (NG) neurons. To 
further test whether P2X2 and P2X3 form heteromultimers in sensory neurons, we 
examined the relationship of P2X2 and P2X3 immunocytochemically.

In rat dorsal root ganglia (DRG), P2X2- and P2X3-immunoreactivity (-ir) were 
highly colocalized, although there were more P2X2- than P2X3-positive neurons. 
P2X2-ir was also seen in satellite cells. In dorsal horn of spinal cord, P2X2-ir was 
observed throughout lamina II, while P2X3-ir was found in the inner portion of 
lamina II. P2X2- and P2X3-ir appeared to be of primary afferent origin since they were 
reduced ipsilateral to a dorsal rhizotomy. Although the laminar localization of P2X2- 
and P2X3-ir overlapped, at high magnification colocalization was rarely observed. In 
rat NG, the colocalization of P2X2- and P2X3-ir was extensive, but single-labeled 
cells were also present. In the solitary tract and its nucleus (NTS), colocalization of 
P2X2- and P2X3-ir was seen at low and high magnification. Since it has been shown 
that P2X2-ir in NTS originates from NG, these results suggest that the relationship of 
P2X2- and P2X3-ir is different in NG and DRG. In NG colocalization was seen in 
both the cell body and the central processes. In DRG there was colocalization in the 
cell body but not in the central processes. These findings might reflect differences in 
the assembly and/or trafficking of P2X receptors in different sensory neurons.

Preliminary studies in monkey show P2X2- and P2X3-ir in DRG neurons, and 
P2X2-ir in satellite cells. In dorsal horn of spinal cord, only P2X2-ir was detected. 
P2X2- and P2X3-ir were not detected in NTS. These results suggest species 
differences, although a more extensive study of primate sensory systems is necessary. 
Supported by grants from NIDA.
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695.5
DIFFERENCES IN EFFECTS OF PURINERGIC ANTAGONISTS ON P2X 
RECEPTORS IN THE COCHLEA. C. Chen* and R.P. Bobbin. Kresge 
Hearing Research Lab., LSU Medical Center, New Orleans, LA 70112.

Increasing evidence shows that adenosine 5'-triphosphate (ATP) may act as a 
neurotransmitter or neuromodulator in the mammalian cochlea. The ionotropic 
purinoceptor in cells of the organ of Corti appears to be a P2X subtype. 
However, little is known about the effects of pruinoceptor antagonists on this 
receptor. The purpose of the present study was to examine and compare the 
effects of three different purinergic receptor antagonists, suramin (Sur), 
cibacron blue (Cib) and pyridoxalphosphate-6-azophenyl-2',4'-disulphonic acid 
(PPADS) on the P2X purinoceptor in isolated Deiters’ cells from guinea pig 
cochlea. Extracellular application of ATP (10 pM) evoked an inward current at 
a holding potential -80 mV, and the current response reversed at approximately 
0 mV. 2-Methylthio ATP induced a current response similar to ATP, but a,p- 
methylene ATP only evoked a small current compared to that induced by the 
same concentration of ATP. Co-application of the purinonceptor antagonists 
with ATP reduced the ATP-induced current. Cib was the most potent 
antagonist. However, when ATP was applied following the co-application of 
suramin and ATP (10-20 s later), the responses were larger than those 
induced by the first ATP application. In contrast, following the co-application 
of ATP and PPADS, the ATP-induced current was almost abolished. The 
results suggest that there may be distinct differences in the effects of these 
antagonists on P2X subtype of purinoceptor in the cochlea.

This work was supported in part by NIH grants P01-DC00379 and R01- 
DC00722.

695.6
SINGLE CHANNEL PROPERTIES OF P2X ATP RECEPTOR-CHANNELS IN 
THE RAT CEREBELLUM F. C. Halliday* and A. J. Gibb, Department of 
Pharmacology, liniversity College London, London WC1E 6BT, UK.

ATP receptor mRNA coding for P2X4 and P2X6 ATP receptor subunits (1) are 
found in the rat cerebellum. This study examined the single channel properties of 
P2X ATP receptor-channels activated by brief (0.3 - 3.0 second) application of 0.5 - 
ImM ATP to outside-out patches. Channels were observed only in 3/30 patches 
isolated from granule cells or in 6/65 patches from Purkinje cells in slices of 3 - 7 
day old rat cerebellum.

The mean single channel current amplitude at -60mV was 2.8 ± 0.6 pA in granule 
cells and 2.6 ± 0.1 pA in Purkinje cells corresponding to single channel conductances 
of 47 pS and 44 pS respectively assuming a 0 mV reversal potential. For those 
patches which respond to ATP channel open probability during ATP application was 
0,77 ± 0.03 in Purkinje cells and 0.84 ± 0.02 in granule cells. The mean open time 
was 2.6 ± 0.8 ms in Purkinje cell patches and in granule cell patches 4.3 ± 1.4 ms. In 
two Purkinje cell patches the effects of lOpM Zn-* were tested since Zr% has been 
shown to potentiate P2X currents in peripheral neurones such as sympathetic 
ganglion cells (2). However Zn produced no obvious change in the single channel 
properties. In 6 Purkinje cell patches «,p-methylene ATP (250pM) did not evoke 
any single channel activity.

These results suggest that P2X receptor channels in the cerebellum have properties 
(short mean open time and high open probability) similar to other ligand-gated ion 
channels involved in fast synaptic transmission in the central nervous system 
However, it remains to be determined whether receptors in the cerebellum are 
involved in synaptic transmission.
References: (1) COLLO, G. et al (1996) Journal of Neuroscience, 16: 2495-2507.

(2) CLOUTS, R. et al. (1993) Rflugers Archie, 424. 152-158.
Supported by MRC, Royal Society and Nuffield Foundation.

695.7
A MUTATIONAL ANALYSIS OF RESIDUES ESSENTIAL FOR 
LIGAND RECOGNITION AT THE HUMAN P2Y] RECEPTOR.
K.A. Jacobson3*, D. Guoa, B. Leea, A.M. van Rheea, Y. Kima, R, Nicholas3,
I. Schachter^, T.K. Harden^, and Q. Jiang3 aMol. Recognition, NIDD~K/NIH,
Bethesda, MD 20892; ^Dept PharmacoU U. No. Carolina, Chapel Hill, NC.

Residues in transmembrane helical domains (TM) 3, 5, 6, and 7 of
the human P2Y ] receptor predicted by molecular modeling to be involved 
in ligand recognition were replaced with alanine and, in some cases, by 
other amino acids. The potent agonist 2MeSATP had no activity in cells 
expressing the R128A, R310A, and S314A mutant receptors, and a 
markedly reduced potency of 2MeSATP was observed with the K280A 
and Q307A mutants. These results suggest that residues on the exofacial 
side of TM3 and TM7 are critical determinants of the ATP binding pocket. 
In contrast, there was no change in the potency or maximal effect of 
2MeSATP with the S317A mutant receptor, and alanine replacement of 
FI31, Hl32, Y136, F226, or H277 resulted in mutant receptors that 
exhibited a 7- to 18-fold reduction in potency compared to that observed 
with the wild type receptor. These residues thus appear to subserve a less 
important modulatory role in ligand binding to the P2Y j receptor. Since 
changes in the potency of 2MeSADP and 2-(hexyIthio)AMP paralleled the 
changes in potency of 2MeSATP at these mutant receptors, the 3- and y- 
phosphates of the adenine nucleotides appear to be less important that the 
a-phosphate in ligand/ P2Yj receptor interactions. However, T221A and 
T222A mutant receptors exhibited much larger reductions in triphosphate 
(89- and 33- fold vs wild type receptors, respectively), rather than di- or 
monophosphate potency. This result may be indicative of a greater role of 
these TM5 residues in y-phosphate recognition. Taken together the results 
suggest that the adenosine and a-phosphate moieties of ATP bind to 
critical residues in TM3 and TM7 on the exofacial side of the receptor.

695.8
ADENOSINE Al RECEPTOR ACTIVATION DECREASES EPSP/SPIKE 
COUPLING IN THE CAI AREA OF RAT HIPPOCAMPUS- AN EFFECT 
WHICH IS ATTENUATED BY THE A2a AGONIST CGS21680.
T.W. Stone* and E.M. O’Kane. Division of Neuroscience and Biomedical 
Systems, University of Glasgow, Glasgow G12 8QQ, U.K.

The effect of adenosine receptor agonists and antagonists on the population 
excitatory postsynaptic potential (popEPSP) slope, the population spike (PS) 
amplitude, and the relationship between the two (E-S coupling) in the CAI 
area of rat hippocampus was studied. Test stimulation was given at 20s 
intervals via a concentric bipolar electrode placed in the stratum radiatum. 
Recordings of orthodromic extracellular popEPSPs and PSs were made from 
the stratum pyramidale and stratum radiatum respectively using glass 
microelectrodes of tip diameter ~2|um filled with 0.9% NaCl. Adenosine 
(20pM,50pM) signiiicantlv shifted the E-S curve to the right compared with 
control values showing that the PS amplitude had decreased more than could 
be accounted for by the decrease in popEPSP. The Al agonist CPA (50nM) 
also caused a significant shift to the right of the E-S curve whereas the 
selective A2a agonist CGS 21680 (30nM, lOOnM) and the A2a antagonists CP 
66713 (lOpM) and ZM 241385 (50nM) had no significant effect. However 
activation of the A2a receptors w ith CGS 21680 significantly attenuated the 
ability of CPA to shift the E-S curve. These results confirm the existence of 
functionally important A2a receptors in the CAI area of rat hippocampus 
and their co-localization with Al receptors.

EMOK was supported by an IBLS scholarship. University of Glasgow.

695.9
THE EFFECTS OF R-PHENYL-ISOPROPYL ADENOSINE ON THE 
BEHAVIORAL CHANGES INDUCED BY COLORECTAL 
INFLAMMATION WITH TURPENTINE IN RATS T, ^umida*,
MA_ Smith, Y.Jdaehara, J.G. Collins, and L.M. Kitahata. Dept. of
Anesthesiology, Yale Univ. School of medicine, New Haven, CT 06510

Visceral pain, especially that associated with inflammation of visceral 
organs, is poorly understood and difficult to treat clinically. The purpose of 
this study was to investigate the effects of intrathecal adenosine Al receptor 
agonist, R-phenylisopropyl adenosine (R-PIA) upon visceromotor responses 
to distension of colonic tissue inflamed by turpentine.

20 male Sprague-Dawley rats were anesthetized with pentobarbital 
(40mg/kg i.p., followed by lOmg/kg/h i.v. infusion). Protocol was approved 
by the Yale Animal Care and Use Committees. Animals were prepared with a 
laminectomy from T12 to LI vertebral level to facilitate intrathecal drug 
administration. Visceromotor response (VMR) thresholds to colorectal 
distension (CRD) were determined in the presence (lOrats) and absence (10 
rats) of R-PIA. After baseline measurement, 2.5nmol R-PIA in 50pl saline or 
saline 50pl alone was administered intrathecally. VMR thresholds were 
determined every 5 min thereafter for 90 min. All threshold values were 
converted to percentage maximal possible effect (%MPE).

VMR thresholds to CRD significantly decreased 20 min after turpentine 
administration in saline group, but did not decrease in R-PIA group. This 
implicate that R-PIA blocks the turpentine mediated sensitization on 
visceromotor response to CRD. These findings indicate that Al adenosine 
receptors may play an important role in the prevention of persistant visceral 
pain. {Supported by NIH grant NS-09871)

695.10
ZAPRINAST EVOKES EXTRACELLULAR ADENOSINE ACCUMULATION 
IN SLICES OF THE LATERAL DORSAL TEGMENTAL NUCLEUS. Y. Li1,
H.J, Chung1, X.D. Gan1*, R.W. Greene2, and P.A. Rosenberg1. ’Dept. of 
Neurology, Children's Hospital, Boston MA 02115 and 2Dept. of Psychiatry, 
Brockton V.A. Medical Center, Brockton, MA 02401.

We are interested in the mechanisms controlling extracellular adenosine levels 
in the brain and the role of these mechanisms in the determination of behavioral 
state. Pontine slices (350 pm) obtained from immature (P20 - P30) CD rats, 
were chosen and blocked to include primarily the LDT (localized using NADPH 
dehydrogenase histochemistry), loaded 5 slices/chamber, and perfused at 1 
ml/min with ACSF containing 10 uM NBTI and 5 pM deoxycoformycin to 
prevent adenosine uptake and degradation. At the end of each experiment a 
maximal stimulus to adenosine release, 100 pM veratridine, was added to the 
superfusion fluid, and collection was continued for 10 more minutes. We tested 
the effect of the cGMP specific phosphodiesterase inhibitor zaprinast, which 
increases extracellular adenosine in the hippocampal slice preparation. 
Application of drug was continued for 10 minutes, and then was washed out for 
ten minutes. In 3 such experiments that were performed, we found a basal 
concentration of adenosine of 3 ± 0.6 nM. Zaprinast (10 pM) significantly 
(p<0.05) increased the concentration of adenosine in the perfusion fluid in each 
of these experiments to a mean maximal value of 5.2 ± 0.9 nM. The peak 
occurred 5 to 10 minutes after starting the drug. In these same experiments, 
veratridine produced a rapid increase in adenosine, peaking within the first 3 
minutes, with a mean maximal value of 24.9 ± 6 nM. The maximal effect 
produced by zaprinast was 10% of the maximal effect produced by 100 pM 
veratridine. Several substances acting on receptors coupled either directly or 
indirectly to guanylyl cyclase are present in the LDT, including glutamate, 
histamine, and natriuretic peptides, but these substances were without consistent 
effect. Understanding the mechanism by which zaprinast causes elevation of 
extracellular adenosine may help elucidate how extracellular adenosine levels in 
the LDT as well as in other regions are regulated. Funded by grants from the 
NIH (NS26830 and HD18655).
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695.11
NMDA RECEPTOR MEDIATED EXTRACELLULAR ADENOSINE 
ACCUMULATION IN CULTURES OF RAT CORTICAL NEURONS. H.J. 
Chung, Y. Li, M. Yonezawa*, and P.A. Rosenberg. Department of Neurology, 
Children’s Hospital and Harvard Medical School, Boston, MA 02115.

NMDA receptor stimulation in the hippocampal slice preparation has been 
shown to evoke extracellular adenosine (AD) accumulation, a phenomenon that 
might have important consequences for synaptic plasticity as well as for 
protection against excitotoxicity. In these experiments we have begun to examine 
the mechanism underlying this phenomenon in the simplified system of pure 
cortical neuronal cultures. NMDA evoked a time dependent increase in 
extracellular AD, measured by HPLC, up to 30 minutes. The EC50 value for 
NMDA stimulated AD accumulation at 30 min was 6.0 + 0.3 pM. MK801 (10 
pM), a non-competitive NMDA receptor antagonist, blocked the AD 
accumulation evoked by NMDA (10 pM). When EGTA (2.5 or 5 mM) was added 
to decrease extracellular Ca2+, NMDA evoked AD accumulation was blocked. We 
tested whether the effect of NMDA on AD accumulation was mediated by nitric 
oxide (NO). Although N-methyl-L-arginine (500 pM) significantly (p<0.05) 
decreased NMDA stimulated AD accumulation in 3 out of 4 experiments (54 + 
23% inhibition, n=4), such an effect was also seen with N-methyl-D-arginine (31 
+ 18%, n=2), but was not seen with other NO synthase inhibitors N-nitro-L- 
arginine or N-nitro-L-arginine methyl ester. Furthermore, the effect of NMDA 
was not blocked by hemoglobin or ODQ and was not mimicked by 8-bromo- 
cGMP (1 mM). Tetrodotoxin (TTX, 10 pM) produced complete blockade of the 
effect of NMDA on extracellular AD accumulation. TTX did not block NMDA 
stimulated AD accumulation when Mg2t was omitted from the medium. 
Adenosine transport inhibitors, NBTI (10 pM) with or without dipyridamole (1 
pM) had no consistent effect. These results show that NMDA stimulated AD 
accumulation is a neuronal phenomenon that occurs by a mechanism dependent 
upon extracellular calcium, but independent of nitric oxide production and via a 
pathway that does not involve known AD transporters. Funded by grants from the 
NJH(NS 26830 and HD 18655).

695.12
RAPID EXTRACELLULAR CONVERSION OF ADENINE NUCLEO-
TIDES TO ADENOSINE IN RAT BRAIN SLICES. W. R. Proctor* and 
T. V. Dunwiddie. Dept. of Pharmacology, Univ. of Colo. Hlth. Sci. 
Ctr., and Veterans Admin. Medical Center, Denver, CO 80262.

Adenosine is a powerful modulator of synaptic activity in the brain, 
but the sources of endogenous adenosine are not well understood, 
Our previous study showed that an adenosine-like response could be 
observed from extracellularly applied ATP (Soc. Neurosci. Abst, 
p.1568, 1996). In the present investigation, we characterized the 
rate at which various adenine nucleotides (AMP, cAMP, ADP and 
ATP, which are unable to activate the adenosine receptor directly), 
are converted to adenosine. Drugs were applied directly to the soma 
of visualized rat CA1 pyramidal neurons. Double barrel drug pipettes 
permitted direct comparisons between each nucleotide and 
adenosine. AMP, ADP and ATP (200 pM) applications produced 
slow, outward current responses (10-20 sec duration, 3-10 pA) that 
were essentially identical to that of the paired adenosine (200 jj M) 
response. All responses were antagonized by 200 pM theophylline, 
a competitive adenosine receptor antagonist. However, all three 
nucleotides showed a 300 msec delay in the rise time of the 
response, relative to adenosine, and GMP (2 mM) blocked the 
responses to the adenine nucleotides but not adenosine. cAMP 
(200 pM) application gave no significant current response. These 
results suggest that most adenine nucleotides are rapidly converted 
to adenosine, and that the final conversion of AMP to adenosine is 
likely to be the rate limiting step. cAMP, however, does not appear to 
be readily converted to adenosine in this manner.
Supported by NS 29173 and the Veterans Admin. Med. Res. Service.

695.13
ENZYMATIC REGULATION OF ADENOSINE RELEASE FROM 
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS. J.M, Brundeqe* 
and T.V. Dunwiddie. Dept. of Pharmacology, Univ. of CO Health 
Sci Cntr, and Veterans Admin. Medical Res. Service, Denver, CO.

We have previously demonstrated that elevating the 
intracellular concentration of adenosine in individual CA1 
pyramidal neurons can lead to a release of adenosine from 
postsynaptic processes and a presynaptic inhibition of excitatory 
transmission (J. Neurosci. 16: 5603-5612). In order to determine 
how CA1 pyramidal neurons regulate adenosine release, we 
utilized whole-cell recording with patch electrodes to deliver 
enzyme inhibitors directly into the cytoplasm of individual CA1 
pyramidal neurons. The inhibition of adenosine kinase activity was 
sufficient to release substantial amounts of adenosine into the 
extracellular space, in contrast, inhibition of adenosine deaminase 
did not lead to the release of adenosine, nor did elevating 
intracellular concentrations of AMP or cAMP. In order to 
determine whether these treatments did not release adenosine due 
to the dominant action of adenosine kinase, we delivered a low, 
subsaturating dose of an adenosine kinase inhibitor with either 
AMP, cAMP, or an inhibitor of adenosine deaminase. All of these 
treatments caused a substantial increase in the adenosine- 
mediated inhibition of synaptic activity. These data suggest that 
adenosine deaminase and intracellular nucleotides can influence 
the intracellular concentration of adenosine, but adenosine kinase 
is the dominant enzyme regulating adenosine levels and substantial 
adenosine release only occurs when this enzyme is inhibited. 
These data also suggest that one potential mechanism by which 
cells may modulate extracellular adenosine levels is to modulate 
the activity of intracellular adenosine kinase. Supported by NS 
29173 and the VA Medical Research Service.

695.14
AUTORADIOGRAPHIC VISUALIZATION OF ADENOSINE A, RECEPTORS IN 
THE BRAIN STEM OF NORMOTENSIVE AND HYPERTENSIVE RATS.
M. Castillo-Melendez, B. Jarrott and A.J. Lawrence*. Dept. of Pharmacology, Monash 
University, Melbourne, Victoria, Australia, 3168.

Alterations in purinergic mechanisms are believed to be involved in the pathogenesis 
of hypertension. Administration of adenosine into the nucleus tractus solitarius (NTS) 
results in attenuated cardiovascular responses in the spontaneously hypertensive rat 
(SHR) compared to normotensive rats (Tseng et. al., 1995). In addition, the affinity of 
central adenosine Ai receptors is reportedly decreased in the SHR model (Matias et. 
al., 1993). Therefore, the present study has utilized in vitro autoradiography to 
determine any differences in adenosine Ai receptor density in brain stems from SHR, 
Wistar Kyoto (WKY) and DonRyu (DRY) rats. To determine if changes in A] receptor 
density are contributing to or are a result of hypertension, we have compared SHR rats 
in the pre-hypertensive (4 weeks) and hypertensive (16 weeks) stages, with age 
matched normotensive WKY and DRY rats. Slide mounted sections of brain stem (12 
pm) from SHR, WKY and DRY rats of the two age groups were incubated with 
170mM Tris-HCl, 0.2 U/ml adenosine deaminase and 0.8nM [3H]8-cyclopentyl-l,3- 
dipropylxanthine (DPCPX), washed, dried, apposed to tritium sensitive film, and 
developed after 2 weeks. Adenosine A, receptors were evident throughout the NTS in 
all strains of rats at both juvenile and adult ages. Densitometric quantitation of the data 
revealed a significantly higher density of binding in the commissural NTS of adult 
DRY (18.2±1.0 fmol/mm2) compared with SHR (11.7±1.3 fmol/mm2) and WKY 
(13.3±1.0 fmol/mm2) (ANOVA/Newman Keuls; p<0.05). No significant differences 
occurred at other levels of the NTS examined, either between strains or age groups. 
These data suggest that the development of hypertension in SHR is not associated with 
a change in adenosine A| receptor density in the NTS; however, general strain 
differences may exist.
Tseng C.J. et. al., (1995) Hypertension, 25, 278-282.
Matias A., et. al., (1993) Eur J Pharmacol., 244, 223-230.

695.15
ADENOSINE A, RECEPTORS MODULATE POSTSYNAPTIC Ca AND cAMP 
LEVELS IN HIPPOCAMPAL CAI PYRAMIDAL NEURONS.
K. Kessey and D.J. Mogul Depts. of Biomedical Engineering and Neurobiol. & 
Physiol.; Northwestern University; Evanston, IL USA

We have previously shown that A2 receptors modulate normal synaptic 
transmission and tetanus-induced LTP in rat hippocampus. Blockade of A2 
receptors significantly reduced tetanus-induced LTP but LTP could be 
reconstituted with either forskolin or 8-bromo-cAMP but not with 1,9- 
dideoxyforskolin. Activation of these receptors induces a slow forming and long 
lasting potentiation in the presence of the NMDA antagonist, APV, following 
tetanic stimulation (ls,100Hz). Using whole-cell patch measurements of CAI 
pyramidal neurons, we have investigated the mechanisms that contribute to the 
effects of A2 receptor on synaptic plasticity at the Schaffer/CAl synapse in rat 
hippocampal slices. AMPA vs. NMDA-mediated synaptic currents were compared 
under control conditions and in the presence of DPMA, an A2 agonist. DPMA 
increased the amplitude of AMPA currents whereas NMDA currents remained 
unchanged from control. In current clamp, the duration of calcium action 
potentials in CAI neurons significantly increased during perfusion of DPMA. Tail 
currents which mediate the slow after-hyperpolarization (IAHP) and which have 
been shown to be reduced by elevated intracellular cAMP levels w'ere elicited by 
voltage-clamping at -60mV following a Is depolarization to -30mV. Perfusion of 
DPMA reduced IAHP. The cAMP-dependent protein kinase inhibitor, WIPTIDE 
(100 nM), prevented the potentiation by DPMA of the postsynaptic AMPA current 
in response to Schaffer stimulation normally observed with DPMA under control 
conditions. Together, these findings support the model that A2 receptors affect 
synaptic transmission by modulating postsynaptic Ca and cAMP levels and 
AMPA channel activity in rat CAI hippocampal pyramidal neurons.
Supported by the NIH (NS31764) and the Whitaker Foundation.

695.16
ADENOSINE A, RECEPTOR ACTIVATION INCREASES ELECTRICAL 
EXCITABILITY OF HIPPOCAMPAL PYRAMIDAL NEURONS.
K.M. Fleming*. T. Ji, and D.J, Mogul Depts. of Biomed. Engineering and 
Neurobiol. & Physiol.; Northwestern Univ.; Evanston, IL

We have previously reported that activation of adenosine A, receptors 
potentiated Ca current in acutely dissociated hippocampal pyramidal neurons 
(Fleming & Mogul, Neuropharm 1997). Both extracellular and whole-cell suction 
electrodes were used on pyramidal neurons in transverse rat hippocampal slices to 
better understand the role A3 receptors play in hippocampal electrophysiology 
using the selective A3 agonist IB-MECA. Neurotransmission was studied at the 
Schaffer/CAl synapse with stimulation at the CA3/CA1 border. At 20 nM, IB- 
MECA decreased the EPSP compared to control. However, at 200 nM, IB-MECA 
increased the EPSP by 49% over control. We investigated whether EPSP 
potentiation by 200 nM IB-MECA was a result of modulation of neuronal 
excitability and/or synaptic transmission. Using extracellular electrodes placed in 
stratum pyramidale, antidromic stimulation in IB-MECA increased the pop spike 
by 46% and 13% over control in CA3 and CAI, respectively, suggesting large 
increases in neuronal excitability with A3 activation. Repeating the protocols in 
CPT did not significantly alter the potentiation indicating that the actions of the 
A3 agonist were not through a secondary modulation of A, receptors. The number 
of action potentials elicited in current-clamped CAI pyramidal neurons with a 750 
ms current injection significantly increased in IB-MECA over control. Excitatory 
postsynaptic current (EPSC) was recorded at HP = -70mV in CAI pyramidal 
neurons in response to Schaffer stimulation. IB-MECA (200 nM) did not alter the 
EPSC. The same synapse did show LTP with a Is 100Hz tetanus indicating that 
the lack of response to IB-MECA was not due to a lack of synaptic plasticity. 
These results suggest that A, receptor activation can increase hippocampal 
excitability. Supported by the NIH (NS31764) and the Whitaker Foundation.

Society  for  Neuroscience , Volume  23,1997



1784 NEUROTRANSMITTERS: OTHER III WEDNESDAY AM

695.17
IDENTIFICATION OF THE ANTAGONIST BINDING SITE OF 
THE HISTAMINE Hi RECEPTOR. R. Leurs*, K. Wieland, A.M. ter 
Laak, M.J, Smit and H.Timmerman. Leiden/Amsterdam Center for 
Drug Research, Division of Medicinal Chemistry, Vrije Universiteit, 
Amsterdam, 1081 HV, The Netherlands.

In order to identify amino acid residues involved in antagonist binding 
to the histamine H i receptor, two different homology alignments based 
upon bacteriorhodopsin were used to construct 3-D Hi receptor 
models. Depending on the used alignment different amino acids were 
predicted as possible interaction points for the aromatic rings of H i 
antagonists.
To verify these models the predicted residues in TM4 and 6 were 
altered by site directed mutagenesis. Mutant receptors were expressed 
in COS-7 cells and analysed for Hi antagonist binding. One model was 
highly favoured over the other. This model also identified Lys^OO in 
TM 5 as an additional interaction site for a carboxylate group of certain 
Hi antagonists. This prediction has also been verified with binding 
studies on Lys^OO mutant receptors. Site directed mutagenesis clearly 
enabled us to differentiate between the validity of the two models and to 
identify Trpi61? Trpl67? Phe433? Phe436, and Lys^OO as important 
residues involved in Hl antagonist binding.

695.18
STIMULATION OF THE HISTAMINE H2 RECEPTOR IN THE BASAL 
FOREBRAIN RELEASES ACh FROM THE HIPPOCAMPUS IN VIVO. L

Green* & P. Blandina. Dipartimento di Farmacologia Preclinica e 
Clinica, Universita di Firenze, Firenze, Italy and Department of 
Pharmacology, Mount Sinai School of Medicine, N. Y., N. Y. 10029.

Histamine acts as a neurotransmitter, and here we show that it 
modulates ACh release from hippocampus of freely moving rats. 
Since the medial septal area (MSA) provides the cholinergic 
innervation to the hippocampus, a "dual probe" procedure was 
performed, rats being implanted with the dialysis probe in the 
septum and hippocampus. Drugs were administered through the 
perfusion medium into MSA or hippocampus, and ACh was measured 
in the hippocampal dialysates by HPLC with electrochemical 
detection. Perfusion flow rate was 2 pl/min. Twenty four hours 
after surgery, hippocampus of male Wistar rats (250 g) released 
spontaneously 0.7±0.1 pmol/20 min ACh (N=13). Histamine (100 
pM) administered into hippocampus failed to alter ACh spontaneous 
release (N=6). However, intraseptal administration of histamine 
increased release of ACh from hippocampus 1-fold (N=5). The 
histamine H2 agonist dimaprit (100 pM) mimicked histamine 
effects, but R-a-methylhistamine, an histamine H3 agonist, did not 
alter the spontaneous release of ACh. Thus, histamine, through H2 
receptors, may contribute to the role of ACh in the hippocampus 
through histaminergic/cholinergic interactions occuring in the 
septum. Supported by Universita di Firenze (60%).

695.19
A NEW CLASS OF HIGH AFFINITY HISTAMINE H3 RECEPTOR 
LIGANDS: IN VITRO CHARACTERIZATION. S.L. Yates*, R. Gregory, 
G.P. Pawlowski, J.G. Phillips, M.A. Khan, S.M. Ali, L. Fadnis, and C.E.
Tedford. Gliatech Inc., 23420 Commerce Park Rd., Cleveland, OH 44122. 

Gliatech has developed a novel series of histamine (HA) H3 receptor
ligands. 4(5)-substituted imidazole compounds containing a 2-carbon 
straight chain or trans cyclopropyl ring between the imidazole head group 
and a linker that separates a hydrophobic tail were prepared. Incorporation 
of the cyclopropyl ring produced chiral, conformationally restricted analogs. 
HA H3 receptor binding affinities were tested using [3H]Na-methylhistamine 
and rat cortical tissue homogenates. Generally, compounds containing the 
1(S), 2(R) trans cyclopropyl ring configuration showed higher binding 
affinity for the HA H3 receptor. Cyclopropyl derivatives containing olefin, 
amide, acetylene, and carbamate isosteres were potent HA H3 receptor 
ligands. For example, the cyclopropyl-frans olefin analog, GT-2232, had a 
K, of 0.7 ± 0.1 nM. A representative of the 2-carbon straight chain spacer 
series, GT-2227 (1-[1H-imidazol-4-yl]-6-cyclohexyl cis hex-3-ene), was also 
identified as a potent HA H3 receptor ligand with a K, of 4.2 ± 0.6 nM. This 
series of compounds generally showed good HA H3 receptor subtype 
selectivity over the other HA receptor subtypes. GT-2227 showed no 
affinity for the HA Hi (IC50 > 100,000) and H2 (IC50 > 10,000) receptor 
subtypes. In addition, GT-2227 showed a good selectivity profile for the 
HA H3 receptor over a broad spectrum of other neurotransmitter receptors 
(IC50’s > 1 pM). GT-2227 was found to have excellent CNS penetration in 
an ex vivo binding paradigm (ED50 = 0.7 mg/kg; 60 min, ip). In summary, 
we have developed a novel series of ligands which provide further insight 
into the structural requirements for ligand binding to the HA H3 receptor. A 
prototype member of this series, GT-2227, is a potent HA H3 receptor 
ligand with good receptor selectivity and excellent CNS penetration.

695.20
PHARMACOLOGICAL CHARACTERIZATION OF GT-2227, A NOVEL 
HISTAMINE H3 RECEPTOR ANTAGONIST C.E. Tedford*, G.P. Pawlowski, 
M.A. Khan, J.G. Phillips, S.M. Ali L. Fadnis, R. Gregory, M.K. Handley, W.W.
Hirth, D.M, Edgar*, W.F. SiedeT~and S. L. Yates, Gliatech, Inc., 23420
Commerce Park Road, Cleveland, OH 44122 and + Stanford Center for Sleep 
Disorders, Stanford, CA, 94305.

A novel series of histamine (HA) H3 receptor antagonists have been 
developed and characterized. Of several potent HA H3 receptor antagonists, 
GT-2227 (1-[1H-lmidazol-4-yl]-6-cyc!ohexyl-c/s-hex-3-ene) was identified as 
a potent and selective HA H3 receptor antagonist (K, = 4 nM). The CNS H3 
receptor occupancy profile of GT-2227 was determined with an ED50 of 0.7 
mg/kg, ip. GT-2227 (po or ip) produces rapid and comparable CNS H3 
receptor occupancy profiles indicating good GI absorption and CNS 
penetration. The duration of action for GT-2227 (10 mg/kg, ip) is long with a 
T1/2 of >6 hrs.

GT-2227 was tested in several behavioral paradigms for effects on 
spontaneous locomotor activity (SLA), passive avoidance response and EEG 
measurement., GT-2227 (3 and 10 mg/kg, ip) produced significant wake- 
promoting effect as determined by EEG analysis. Increases in total 
wakefulness for GT-2227 (10 mg/kg, ip) were comparable to methylphenidate 
(5 mg/kg, ip) and pemoline (4 mg/kg, ip). GT-2227 did not affect SLA 
whereas, methylphenidate and pemoline both produced disproportionate 
increases in SLA (i.e. hyperactivity). Cognitive assessments were made in 
juvenile rat pups in a ten-trial PAR acquisition paradigm. Significant 
improvements in the step-through latency were seen with rat pups following 
pretreatment with GT-2227 (1 and 3 mg/kg, ip) or methylphenidate (3 mg/kg, 
ip). These findings are consistent with enhanced learning.

In summary, GT-2227, is a novel H3 receptor antagonist which has wake- 
promoting and cognitive-enhancing properties. The utility of these novel 
therapeutics in CNS diseases such as ADHD, Alzheimer’s Disease or sleep 
disorders (i.e. Narcolepsy) is supported.

695.21
EFFECTS OF H3 RECEPTOR ANTAGONISTS ON HISTAMINE (HA) 
RELEASE IN THE HYPOTHALAMUS AND ON THE REGULATION OF 
APPETITE J. Nalwalk, C.E. Tedford*, R.C.A. Frederickson**, G.P. 
Pawlowski* S.L. Yates*, and L.B. Hough Albany Med Col., Albany, NY, 
12208 and ^Gliatech, Inc., 23420 Commerce Park Rd, Cleveland, OH 44122.

H3 receptor antagonists have been shown to increase CNS histamine 
release via blockade of HA H3 autoreceptors. Moreover, studies have 
indicated that hypothalamic HA is involved in regulating body weight 
homeostasis potentially via PVN and VMH nuclei. Presently, two CNS- 
penetrating HA H3 receptor antagonists, GT-2016 and GT-2227 were directly 
compared for hypothalamic HA release via in vivo microdialysis and on 
appetite suppression in 24-hr fasted rats.

Male, Spraque-Dawley rats were chronically implanted with a cannula 
traversing the PVN and VMH hypothalamic nuclei and HA release was 
measured. GT-2016 (30 mg/kg, ip) produced a large (2 to 2.5 fold) increase 
in HA release after systemic administration. The increase was substantially 
greater than seen in comparable studies of cerebral cortex with the same 
drug (Tedford et al., 1995).- The effects of GT-2016 on HA release were 
consistent with CNS H3 receptor occupancy profiles and correlated well with 
acute appetite suppression effects. In contrast, the novel H3 receptor 
antagonist, GT-2227 (3 and 10 mg/kg, ip), produced excellent CNS H3 
receptor occupancy, but smaller increases (0.3 to 0.5-fold) in hypothalamic 
HA release and diminished appetite suppressant effects.

The differential effects of these two H3 blockers suggest that 1) appetite 
suppression is strongly related to increases in HA release in appetite centers 
of the hypothalamus, 2) functional differences may exist between chemical 
classes of H3 receptor antagonists, and 3) Ft antagonists such as GT-2016 
may be effective for the treatment of eating disorders (i.e. obesity). 
(Supported in part by NIMH grant #1R41 NS34575-01 and Gliatech, Inc.)

695.22
EFFECTS OF SELECTED HISTAMINE (HA) H3 RECEPTOR 
ANTAGONISTS ON fe/e-METHYLHISTAMINE (f-MH) LEVELS IN RAT 
CEREBRAL CORTEX. L.B. Hough*, S.L. Yates*, D.L. Boyd, R. Gregory, 
G.P Pawlowski*, and C.E?Tedford*, Albany Med. Col., Albany, NY 12208 
and Gliatech Inc., 23420 Commerce Park Rd., Cleveland, OH 44122.

The H3 antagonist thioperamide is thought to act on brain H3 
autoreceptors to increase both the release and metabolism of neuronal HA. 
Our studies investigated the effects of several new brain-penetrating H3 
antagonists on rat cerebral cortical levels of the HA metabolite FMH. 
Animals were pretreated with H3 antagonists (1 to 30 mg/kg; 1 hr; ip) in the 
presence or absence of pargyline (which prevents the subsequent 
metabolism of f-MH). Cortical f-MH levels were measured by both 
radioimmunoassay (RIA) and gas chromatography-mass spectrometry 
(GCMS). Ex vivo binding showed that, in cortical homogenates, the H3 
antagonists produced 10 to 90% H3 receptor occupancy at the tested doses. 
Pargyline (60 mg/kg; 1 hr; ip), had no effect on H3 receptor occupancy and 
produced ~2-fold increase in FMH levels by either GCMS or RIA methods. 
The H3 antagonists tested did not interfere with either of the detection 
methods. Thioperamide (± pargyline) increased FMH levels as measured 
by both GCMS and RIA. In contrast, neither GT-2016, GT-2227 (± 
pargyline) nor clobenpropit (minus pargyline) induced any increase in FMH 
levels as measured by GCMS. RIA results were in good agreement with 
GCMS findings except after treatment with GT-2016, which increased 
apparent t-MH brain levels according to the former but not the latter 
method. This result suggests the formation of a GT-2016 metabolite which 
cross-reacts in the FMH RIA. Although all H3 receptor antagonists studied 
to date seem capable of enhancing HA release, only thioperamide 
enhanced cortical f-MH levels. These studies suggest that HA release and 
turnover may be differentially affected by H3 receptor antagonists and that 
the use of FMH levels as indices of H3 antagonist activity should be viewed 
with caution. In addition, because some H3 agonists, antagonists, or 
metabolites thereof may cross-react with RIA methods, GCMS methods are 
preferable for measuring f-MH levels.
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695.23
ANTISENSE OLIGODEOXYNUCLEOTIDE AGAINST THE SIGMA! 
RECEPTOR REGULATES MK-801 -INDUCED MEMORY DEFICITS IN 
MICE K, Kitaichi*, J.-G. Chabot, Y, Dumont, P. Bouchard, R. Quirion, Douglas 
Hospital Research Centre. Dept. of Psychiatry. Faculty' of Medicine, McGill 
University, Montreal, Quebec, Canada H4H 1R3.

The cloning of the human (Kekuda et al., Biochem Biophvs Res Comm 229.553, 
1996), guinea pig (Hanner et al., Proc Natl Acad Sci 93:8072, 1996) and mice 
(Chabot et al., Soc Neurosci Abs, 1997: Flandorfer et al., in preparation) sigmaj 
(cti ) receptor subtype was recently reported. These genes encode for new proteins 
mainly located on endoplasmic reticulum membranes and share homologies with 
enzymes involved in sterol synthesis such as a sterol C8-C7 isomerase (Moebius et 
al., TIPS in press, 1997). Earlier studies have suggested the possible involvement of 
the c?i receptor subtype in MK-801-induced memory deficits in mice (Maurice et al, 
Brain Res 647:44, 1994). Accordingly, we used an antisense approach to address 
further relevance of the cy receptor subtype in this behavioral paradigm An 18- 
mer antisense oligodeoxy nucleotide targeted to the 5’ region of the o, receptor 
(5’CCCACGGCATCCCAGCGG3 ) was synthesized and its scrambled sequence 
was used as control.

Both oligonucleotides (0.5-5 nmol/injection) were injected icv  every twelve hour 
for three injections in male CD-I mice. Ten hours after the final injection. Y-maze 
task was performed. MK-801 (0.15 mg/kg)-induced memory deficits in the Y-maze 
were abolished by the antisense treatment whereas the scrambled sequence failed to 
alter the deleterious effect of MK-801 in this paradigm. Taken together, these data 
support the involvement of newly cloned cr receptor in this behavioral effect 
previously assigned to a,-like receptor ligands. This work was supported by the 
MRCC.

695.24
CLONING AND TISSUE .GENE EXPRESSION OF A MURINE SIGMAj 
RECEPTOR. J.-G. Chabot1*, A. Flandorfer2, K, Kitaichi1, H. Glossman2 and R. 
Quirion1. ‘Douglas Hospital Res. Ctr., Dept. Psychiatry, McGill Univ. Montreal. 
Qc, Canada. 2lnst. Biochem. Pharmak. Innsbruck Univ. Innsbruck, Austria

Sigma (cr) receptors have generated a great deal of interest on the basis of their 
possible role in psychosis, neuroprotection, cognition and locomotor behaviors. 
The existence of at least two classes of a receptor binding sites is now well 
established (Walker et al,, Pharmacol. Rev. 42:355, 1990; Quirion et al., TIPS, 
13:85, 1992; Su, Crit. Rev. Neurobiol. 7:187, 1993). Their respective distribution is 
well known in the brain of various species including mouse. The cloning of murine 
cr 1 receptor by homology screening of a mouse liver cDNA library with a guinea pig 
guinea pig cii receptor cDNA (Hanner et al., PNAS 93:8072, 1996) is reported 
(Flandorfer et al., in preparation). In addition, the distribution of its mRNA in 
various tissues was studied by in situ hybridization using [35S]labeled cRNA probe. 
In peripheral tissues, a strong hybridization signal was observed in the liver, white 
pulp of the spleen and the adrenal medulla. In the mouse brain, hybridization 
signals were found to be widely but discretely distributed. The highest levels of 
transcripts were seen in various cranial nerve nuclei. Lower, but still important 
hybridization signals were observed in mesencephalic structures such as the red 
nucleus, periaqueductal gray matter and substantia nigra, as well as in some 
diencephalic structures including various hypothalamic nuclei. In cerebral cortices, 
superficial (I-II) and deeper (IV-VI) layers were heavily labeled. Moderate levels 
were found in the pyramidal cell layer and the dentate gyrus of the hippocampal 
formation. Other structures such as the thalamus and the amygdaloid body were 
also labeled although to a lesser extent. The distributional profile of the mouse 
brain o, receptor mRNA corresponds rather well to receptor labeling reported 
previously using autoradiography.
Supported by the MRCC, FWF, and Oesterreichische Nationalbank.

695.25

NICOTINE EXPOSURE INDUCES NICOTINE METABOLIZING ENZYMES 
(CYP2B) IN RAT BRAIN. R.F. Tyndale*, Y. Rao, S. Miksys. Addiction Res. 
Found'n & Dept of Pharmacol., Univ. of Toronto, M5S 1A8, Canada.

Inactivation of nicotine to cotinine in the rat uses enzymes identified as 
cytochrome P450 II B1/2 (CYP2B1/2). The principal organ involved in this 
CYP2B-mediated metabolism is the liver, however these enzymes are 
also found in other tissues (e.g., lung, brain). Nicotine is routinely inhaled 
in cigarette smoke, a route which allows nicotine to reach the brain, before 
passing through the fiver. Chronic nicotine exposure causes little or no 
induction of its metabolism in the liver, however, we hypothesized that 
nicotine may induce its own metabolism in the CNS by increasing brain 
CYP2B1/2. In these studies male rats (n=5/group) were treated with nico-
tine bitartrate (1 mg/kg, s.c.) or saline, once a day for 7 days. Twenty-four 
hours after the last injection the rats were sacrificed, and the brains and 
livers were removed and dissected. Half of each brain was used for RT- 
PCR analysis for CYP-2B1 and -2B2 mRNA and half for western blotting 
and immunocytochemistry. In saline treated animals we found low levels 
of immunoreactive CYP2B, localized to specific cell types (e.g., cerebellar 
Purkinje cells), as well as some regional variation in staining. In the 
nicotine treated animals we found evidence of cell- and region-specific 
induction of CYP2B. This increase in CYP2B immunoreactivity after nico-
tine exposure was also seen at the mRNA level, suggesting that the 
regulation of CYP2B1/2 proteins occurs at least in part, through regulation 
of CYP2B1/2 mRNA levels. These data indicate that in addition to 
regulating nicotinic acetylcholine receptors, nicotine can also regulate its 
own metabolism within the brain This suggests that brain-specific 
metabolic tolerance may occur, as well as a possible role for induced 
CYP2B in aspects of nicotine-induced neuroplasticity and neurotoxicity. 
Supported by ARF, OMHF and MRC of Canada.

695.26
LOCAL INJECTIONS OF INTERLEUKIN-1B INTO NEOSTRIATUM AND 
HYPOTHALAMUS: IMPLICATIONS FOR VOLUME TRANSMISSION 
A, Jansson*, B. Andbjer, B. Tinner, T. Bartfai, L. F. Agnati and K, Fuxe Dept.
of Neuroscience, Karolinska Institute, 171 77, Stockholm, Sweden, Dept. of Human 
Physiology, University of Modena, Modena, Italy, Dept. of Neurochemistry, 
Stockholm University, Stockholm, Sweden

The effects of local microinjections of human recombinant interleukin-18 (hrlL- 
18) into the neostriatum and hypothalamus of halothane anaesthetized male rats 
were studied. 1. hrIL-18 (50 ng/ 0.1 p.1), detected by immunohistochemistry and 
evaluated with image analysis, was found to markedly spread without being taken 
up and accumulated in neurons or glial cells as evaluated up to 3 hours. The total 
volume of IL-18 increased 4 times from 15 min to 3 hours. This is consistent with a 
diffusion of IL-18 in the tissue. 2. When hrIL-18 (5 ng/ 0.1 pi) was coinjected with 
biotinylated dextran (BD; 1 jig/ pi) into the neostriatum a decrease in the total 
volume of BD without altering the MGV was found. This probably reflects an 
increased clearance of BD over the capillary walls. 3. Using in situ hybridization, 
dose related increases in c-fos mRNA levels in ipsilateral forebrain neocortex were 
found after injections into neostriatum. Following injections into the hypothalamus, 
increased levels of jun-B and c-fos mRNA levels in the PVN were found. Levels of 
bNOS, bFGF, GR and NGFI-A mRNA was not altered following hrIL-18 injection.
4. Increased Fos-like immunoreactivity was found in the PVN, compared to CSF 
controls, following injection into the hypothalamus.

Volume transmission in the CNS is influenced by the properties (volume fraction, 
tortuosity) of the extracellular space. Interleukin-16 secreted by non-neuronal cells 
may influence these properties, especially in the pathologically altered brain, besides 
being a glial VT signal itself, capable of diffusion and convection in the ECF 
pathways.
(Supported by the Swedish Medical Reseach Council and the Marcus and Marianne 
Wallenberg Foundation )

695.27
INDUCTION OF STRIATAL C-FOS, Z1F 268 AND ARC EXPRESSION 
BY CAFFEINE THROUGH INTERACTIONS WITH THE DOPAMINE 
SYSTEM. J.-J. Vanderhaeghen*, I. Golberg, F. Zhang, J.-L. Conreur, M. 
Verslijpe and S.N. Schiffmann. Brain Research Unit, School of Medicine, 
Univ. Libre Bruxelles, Brussels, Belgium.

Adenosine and the adenosine receptor antagonist, caffeine, modulate 
locomotor activity and striatal neuropeptide gene expression through 
interactions with the dopaminergic system, both at pre- and post-synaptic 
levels, by mechanisms which remain partially undetermined. We have 
adressed this question using in situ hybridization and quantitative 
autoradiography by characterizing the mechanism(s) leading to the striatal 
increase in immediate early genes (IEG) belonging to three distinct classes. 
c-fos, zz/268 and arc, an "effector" IEG, following a single caffeine 
injection. Caffeine dramatically increased c-fos, ff2C& and arc expression 
in the striatum, with a labeling of 80 to 90% of medium-sized neurons. 
Interactions between adenosine and dopamine systems in this caffeine- 
mediated effect were evaluated by manipulations of the dopaminergic 
transmission. Quinpirole, a D2/D3 agonist, almost completely blocked the 
caffeine-induced increase, a lesion of the nigrostriatal pathway reduced but 
did not abolish the action of caffeine whilst the D] antagonist SCH23390 
was without effect. These results showing that the effects of caffeine are 
partially dependent on the integrity of dopamine terminals and reversed 
by the blockade of D2 receptors suggest that different adenosine receptors 
subtypes are involved. Through this induction of IEG expression, caffeine 
may therefore influence a broad range of neuronal functions in the 
striatum both in the short and long term.

Supported by PAI, FMRE and FRSM (Belgium).

695.28
BU226: A SELECTIVE LIGAND FOR RAT BRAIN IMIDAZOLINE 
I2 SITES. L.A. Lione, J.W. Lewis, S.M. Husbands. M.M. Usowicz*. D.J 
Nutt, and A.L. Hudson. Psychopharmacology Unit, School of Medical 
Sciences, Bristol BS8 1TD.

Understanding the functional roles of imidazoline I2 sites is now becoming 
clearer due to the development of ligands selective for these sites. In this 
study we have investigated BU226 (2-(4,5-dihydroimidaz-2-yl)- 
isoquinoline), an isoquinoline analogue of idazoxan, for affinity at ct2- 
adrenoceptors and I2 sites in rat whole brain membranes, using radioligand 
binding. [3H]RX821002 (1 nM; E) and [3H]idazoxan (3 nM, in the 
presence of 5 pM rauwolscine; ■) were used to label a2-adrenoceptors and 
I2 sites respectively, based on the methods of Mallard et al., 1992, 3r. 
J.Pharmacol., 106, 1019). BU226
displayed a high affinity (2.7 ±
0.5 11M) and selectivity for the 
majority of I2 sites in a biphasic 
manner, but low affinity for a2- 
adrenoceptors (6700 ± 464 nM), 
in rat brain (a2/I2 ratio of 2481).
These data show that BU226 is 
the most selective ligand for I2 
sites reported to date. It may 
prove a useful new class of 
compound to probe the 
pharmacology and functions of I2 
sites. Supported by MRC / SKB. log [BU226] (M)
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695.29
AGMATINE IS AN ENDOGENOUS INHIBITOR AND SUBSTRATE FOR 
BRAIN AND LIVER TRANSGLUTAMAINASE. S. Regunathan* S. Bramwell 
and P.J. Reis. Dept. Of Neurol & Neurosci..Cornell Med. Coll., NY, NY 10021.

Transglutaminases (TG) are a family of Ca++-dependent enzymes that 
catalyzes the post-translational modifications of proteins by forming 
isopeptide linkage between glutamine residues and an amine donar. TG are 
widely distributed in various tissues and body fluids and some endogenous 
substraie proteins are coagulation factor XIII, keratins, cytoskeletal proteins, 
amyloid p protein, phospholipase A2 and C. TG have been implicated in 
neuronal differentiation, maturation, apoptosis and formation of insoluble 
neurofilament proteins. We sought to determine whether agmatine inhibits 
and/or is a substrate for transglutaminases of brain and liver. Activity of TG 
was measured by the incorporation of 3H-putrescine into dimethyl casein. 
Agmatine inhibited the activity of TG from guinea pig liver (Sigma), rat liver 
and brain with an IC^ of 100 ± 45 pM. When the effect of agmatine (100 pM) 
was tested on TG activity using various putrescine concentrations, agmatine 
decreased the affinity (KJ without any change in the rate of reaction (VmaJ, 
indicating competitive interaction with substrate binding site. In contrast, 
when TG activity was measured using various concentrations of CaT+ , 
agmatine decreased the Vmax without change in the affinity for Ca++, 
suggesting non-competitive inhibition. Moreover, substantial TG activity was 
observed in rat brain and liver using 3H-agmatine instead of 3H-putrescine, 
indicating that agmatine could actually be a substrate for tissue TG. We 
conclude that (a) agmatine is an endogenous inhibitor of tissue TG when 
other amine donars are used as substrate, (b) this interaction is at the 
substrate binding site and not due to competition with Ca++and (c) agmatine 
is an endogenous amine donar for tissue TG of brian and liver. Research 
supported by NHLBI grant HL 18974.

TRANSMITTERS IN INVERTEBRATES IV

696.1
ROLE OF PKG IN THE ECDYSIS BEHAVIOR IN MANDUCA SEXTA. 
Stephen C. ,Gmrmug.jandJamg£.W,.Truman*. Department of Zoology, 
University of Washington, Seattle WA 98195.

Two peptides, eclosion hormone (EH) and ecdysis triggering hormone 
(ETH) are responsible for orchestrating the onset of the ecdysis behavior in 
insects. We recently demonstrated that ETH and EH trigger the release of 
one another through a positive feedback loop and that the consequent 
central release of EH causes an increase in cGMP in a defined subset of 
neurosecretory cells containing the neuropeptide, crustacean cardioactive 
peptide (CCAP). We also have shown that the elevation in cGMP increases 
the excitability of these cells and that ETH and CCAP act centrally as 
neuromodulators to produce the pre-ecdysis and ecdysis motor outputs, 
respectively. In this study, we examined the role of the cGMP-dependent 
protein kinase (PKG) in me release of CCAP and the subsequent 
appearance of the ecdysis motor output in the hawkmoth, Manduca sexta. 
Exposure of the whole, isolated CNS to ETH normally results in the 
appearance of pre-ecdysis followed by ecdysis motor bursts. In the 
presence of the PKG inhibitor (KT5823) though, normal pre-ecdysis bursts 
occurred followed by the normal onset of ecdysis bursts, but the ecdysis 
bursts persisted for only a few cycles and were followed by
uncharacteristic unpattemed fixing. This result was mirrored at the whole 
animal level whereby coinjections of ETH and KT5823 resulted in pre- 
ecdysis, but truncated and failed ecdysis. The PKG inhibitor is likely acting 
on the CCAP cells and not on the ecaysis circuit since exogenously applied 
CCAP elicited ecdysis bursts from the desheathed abdominal CNS when in 
the presence of the PKG inhibitor. We suggest that PKG enhances CCAP 
release by acting at one of two levels, or both. First, PKG could produce the 
increase of cell excitability in the CCAP cells through ion channel 
phosphorylation. Second, it could enhance the mobilization of peptide 
release through phosphorylation of proteins involved in vesicle docking or 
fusion, as has been shown in other systems. We are currently examining 
potential pathways by which PKG may control the normal release of 
neuropeptides. This work was funded by N.S.F. Grant IBN-9604670.

696.2
MODULATION OF BUCCAL MUSCLE CONTRACTION BY 
PEPTIDES EXPRESSED IN B3 AND B9 IN APLYSIA. C. Keating 
and P. E. Lloyd* Committee on Neurobioiogy, University of Chicago, 
Chicago, IL. 60637.

The medial region of Aplysia intrinsic buccal muscle 3 (I3m) is 
innervated by several excitatory motor neurons including B3 
(glutamatergic) and B9 (cholinergic). These neurons express 
neuropeptides, B3 contains FMRFamide, and B9 the SCPs. B3 also 
innervates the anterior region of intrinsic buccal muscle 3 (I3a).

Bath application of SCPs increases the amplitude and relaxation rate of 
I3m contractions evoked by B9 and B3, and I3a contractions evoked by 
B3. The SCP induced potentiation of B3-evoked contractions is greater 
in I3a than I3m. FMRFamide potentiates B3-evoked I3m contractions but 
inhibits B9-evoked I3m contractions.

Stimulation of B9, using paradigms which release SCPs, potentiates 
the amplitude and relaxation rate of B3-evoked I3m contractions. These 
effects were very similar to those obtained using exogenous SCPs and 
were dependent on the frequency of B9 stimulation. An advantage of 
pairing B3 and B9 for these experiments is that the B9 contractions can 
be largely inhibited using hexamethonium.

Therefore, the SCPs potentiate both B3 and B9 evoked contractions in 
I3m and the apparent endogenous release of SCPs from B9 also 
modulates B3-evoked contractions. SCPs appear to cause a differential 
modulation of I3a and I3m. These results also raise the possibility that 
FMRFamide has opposite modulatory effects on two excitatory motor 
neurons innervating the same muscle region.
Supported by NSF IBN 9418815.

696.3

COMPARISON OF METACEREBRAL CELL STIMULATION 
WITH BATH APPLICATION OF SEROTONIN. L, R Fox* and 
Ex E. Lloyd Committee on Neurobioiogy, University of Chicago, 
Chicago, IL. 60637

Aplysia anterior buccal muscle 3 (I3a) is innervated by 2 glutamatergic 
excitatory motor neurons (B3 and B38) which also express peptide 
cotransmitters; B38 the SCPs, B3 FMRFamide. I3a is also innervated by 
modulatory serotonergic neurons (MCC). Intracellular stimulation of 
motor neurons evokes excitatory junction potentials (EJPs) and 
contractions in I3a. Both ipsilateral and contralateral MCCs modulate 
evoked EJPs and contractions in I3a. Stimulation of a either MCC 
dramatically facilitates B38-evoked EJPs and has little effect on B3- 
evoked EJPs. By contrast, MCC stimulation potentiates both B3- and 
B38-evoked contractions. Most of the effects of MCC appear to be short-
term and rapidly reverse after stimulation.

Bath application of serotonin (5HT; luM) to the muscle also modulates 
neuronally evoked EJPs and contractions. The short-term facilitation of 
EJPs by 5HT is very similar to the facilitation of EJPs by MCC 
stimulation in that B38-evoked EJPs are selectively facilitated. However, 
5HT is more effective at potentiating contractions than MCC stimulation. 
While the short-term effects of 5HT and the MCC stimulation are similar, 
there is a dramatic difference in the duration of their modulatory effects. 
The potentiation of EJPs and contractions by 5HT is more persistent than 
the potentiation by the MCC. The potentiation of EJPs and contractions 
produced by a 20 min application of 1 (iM 5HT persists for more than 5 
hours of washout. These differences between MCC stimulation and bath 
application of 5HT suggest that bath applied 5HT reaches receptors that 
are not accessible to 5HT released from the MCC.
Supported by F31 MH10656 and NSF IBN 9418815.

696.4
Regulation  of  Drosofvila  visual  system  development  by  the  nitric  
OXIDE PATHWAY: ANALYSIS OF GUANYLATE CYCLASE MUTANTS.S. M, Gibbs, J.S. 
Edwards * and J, W. Truman Dept. of Zoology .University of Washington, Seattle, 
WA 98195.

In the developing adult visual system of the fruitfly Drosophila melanogaster, the 
photoreceptors (PRs) transiently express a soluble guanylate cyclase (sGC) that is 
sensitive to nitric oxide (NO) during a temporal window following axon pathfinding 
and prior to synapse maturation. At this same time, immunocytochemical evidence 
suggests that nitric oxide synthase (NOS) is present in the neurons of the optic 
ganglia. We have previously shown that pharmacological inhibition ot NO/cGMP 
signaling disrupts retinal targeting and patterning in vitro. Here we present further 
evidence that this pathway is involved in visual system development by analyzing 
flies mutant for the soluble guanylate cyclase (dgcl). Of the four alleles examined, 
none were genetic nulls and all developed to produce viable adults. In these mutants, 
developing PRs did not show cGMP production in response to exogenous NO, and 
the response was restored in flies expressing a heat-shock dgcl. All four mutants 
displayed abnormal phototaxis as determined with a counter-current apparatus. Two 
mutants, dgc738 and dgc782, show .an age-dependant change in phototactic behavior, 
with their performance impr wing during the first ten days of adult life. Analysis of 
visual system development in these mutants with light and transmission electron 
microscopy is being performed. Increased sensitivity, to inhibition of NO synthesis 
in vitro was observed with the most severe allele, dgc207\ abnormalities in the 
retinal projection pattern were seen with very low levels of the NOS inhibitor L- 
NAME that have no detectable effect on patterning in the wild-type visual system. 
We are currently testing the effects of the sGC inhibitor ODQ on both the wild-type 
and dgc207 visual system development, and predict a similar increase in sensitivity 
for the mutant. Supported by NIH NS-13079.

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY AM TRANSMITTERS IN INVERTEBRATES IV 1787

696.5
THE DEVELOPMENTAL EXPRESSION AND ACTIVITY OF 
SEROTONIN ON DROSOPHILA HEART. J. McCormick*, K. 
Paisley, M. Dickerson and R. Nichols. Depts Biology and 
Biological Chemistry, University of Michigan, Ann Arbor, MI 
48109-1048.

Serotonin has previously been reported to act as a 
neurotransmitter in both invertebrates and vertebrates. In 
Drosophila, serotonin plays a role in many physiological 
functions including circadian rhythm, learning and memory, 
courtship behavior, and phototransduction. We now present data 
describing the cardioexcitatory effect of serotonin on Drosophila 
heart beat. Using both in vivo and in vitro assays, we have 
determined that serotonin increases Drosophila heart rate in all 
developmental stages and that the effect of serotonin is dose 
dependent. In order to complement our activity data we 
determined the expression of serotonin. Using serotonin 
antisera, we stained tissue from all developmental stages and 
found that serotonin immunoreactivity is present in the anterior 
dorsal vessel. Our physiological and immunological data suggest 
that serotonin acts locally on an anterior cardiac pacemaker to 
regulate Drosophila heart rate.
Funded by National Science Foundation and American Heart 
Association of Michigan grants to RN.

696.6
MORPHOLOGY, ELECTROPHYSIOLOGY AND PHARMACOLOGY OF 
ANTERIOR SENSORY PATHWAYS IN THE NUDIBRANCH MOLLUSC, 
PHESTILLA SIBOGAE. Dmitri Boudko1*, Marilyn Switzer-Dunlap2 and Mirhael G. 
Had field1. ‘Kewalo Marine Laboratory, University of Hawaii, 41 Ahui Street, Honolulu, 
HI 96813; ^Biological Election Microscope Facility, Pacific Biomedical Research Center 
University of Hawaii, Honolulu, HI 96822.

The structure of sensory cells and pathways in the anterior sensory organs (ASO) of 
Phestilla sibogae, including rhinophores (Rh), oral tentacles (Ot) and cephalic shield, were 
investigated using backfield neuronal tracers with fluorescence, confocal, and election 
microscopy. Sensory cells with intraepithelial fiSQ and subepithelial (sSQ nuclei were 
present in large numbers and in specific patterns. Biocytin passed through basal extensions 
of iSC; Lucifer yellow did not At least two types of synaptic vesicles were identified in 
clusters of sSG These observations suggest that neuronal integration occurs in proximal 
portions of anterior sensory pathways. Afferent activity during application of chemical 
(about 40 ligands including amino acids) and mechanical (hydrodynamic and tactile) stimuli 
to the epithelia of ASO was recorded from Rh and Ot nerves. Spikes of single-discharge 
units were separated by kinetic and amplitude parameters to determine die response 
specificities of individual cells. Slow and fast spontaneous discharges (sD and fD) were 
recorded. The sD units were very sensitive to scents of food and conspecific animals, 
although Rh and Ot subpopulations of sD units showed different sensitivity thresholds and 
desensitization. Two populations of fD units, mechano-sensitive and pacemaker, were 
distinguished. Low concentrations (10 4-10 TM) of L-glutamate, L-aspartate, L asparagine, 
L-alanine, serine, GABA, and the biogenic amines octopamine, dopamine, norepinephrine 
and serotonin modified afferent pattern. Selective agonists of different types of glutamate 
receptors (GluR) induced different alterations of sD activity: kainic and domoic acids (10 ‘ 
M) reduced the frequency and amplitude of sD; AMPA (10' SM) induced biphasic changes 
of sD rate; and NMDA and an agonist of the metabotropic GluR, L(+)2-Amino-4- 
phosponobutyric acid (10 4M) initiated bursts of sD In contrast, fD pacemakers were less 
sensitive to the GluR agonists but were dramatically inhibited by GABA (10 SM) and die 
selective agonists for GABA^c receptors, muscimol and CACA (10 ‘ M), but not by the 
agonist of GABA, receptors, baclofen. These data suggest that glutamate and GABA 
receptors have specific distributions in the afferent sensory pathways of P. sibogae and are 
involved in the processes of chemoreception. Supported by ONRgrantN00014-94-l-0524.

696.7
MULTIPLE NOS ISOFORMS IN THE CNS OF THE SNAIL LYMNAEA 
STAGNAUS: CLONING, EXPRESSION AND LOCALIZATION.
S.A. Korneev, M. Piper, E.I. Korneeva, R. Phillips and M. O'Shea*, Sussex 
Centre For Neuroscience, University of Sussex, Brighton, BN1 9QG, UK.

Nitric oxide (NO) is synthesised in the snail CNS by a calcium/calmodulin 
activated nitric oxide synthase (NOS). Initial attempts to determine its 
primary structure led to the sequencing of a full-length cDNA of 5070nt 
which encodes a protein with highest homology to the mammalian neuronal 
NOS. This snail NOS exhibits unique features including the existence of 
tandem repeats of a 7 amino add sequence reflecting the occurrence of a 
minisatellite in the coding region of the mRNA. The snail NOS is expressed 
in the CNS and using in situ hybridisation we have mapped the cellular 
localisation to a limited and repeatable sub-population of NADPH- 
diaphorase positive neurons.

We have now cloned and sequenced a second (5500nt) member of the 
NOS family in the snail which, interestingly, also contains tandemly- 
organised repeats in the coding region - possibly a trademark of snail NOS 
genes. In the 5' and 3' untranslated regions, however, the two do not show 
significant homology. Partial sequences of other NOS cDNAs have also been 
obtained. Our experiments suggest the existence in the snail genome of a 
number of different NOS genes whose expression may be subject to neuron- 
and tissue-specific regulation. One of these is a processed pseudogene with 
an unusual primary structure that is actively expressed in the CNS and other 
tissues.

Work supported by BBSRC grant GR/J33234, UK.

696.8
IMMUNOHISTOCHEMICAL LOCALIZATION AND PHSYIOLOGICAL 
EFFECTS OF TRITONIA PEPTIDES IN THE CENTRAL NERVOUS 
SYSTEM OF TRITONIA DIOMEDEA. IMPLICATIONS FOR CONTROL OF 
feeding , James C, Beck1, Mark S. Cooper1*, and A.Q, Dennis Willows?
1 Department of Zoology, University of Washington, Seattle, Washington 91895; 
^Friday Harbor Laboratories, University of Washington, Friday Harbor, 
Washington 98250

The recently identified family of Tritonia neuropeptides are a novel group 
of pentadecapeptides isolated from a pair of identified neurons (Pd 5 & 6) 
in the brain of the gastropod nudibranch Tritonia diomedea (Lloyd et al 
1996). Presently, TPeps are only known to affect the rate of cilia beating in 
the periphery of the animal (Willows et al IN PRESS'). Nevertheless, when 
the distribution of TPep is examined in the Tritonia CNS using 
immunohistochemistry, a number of cells are immunoreactive for TPep 
(TPep-IR). Interestingly, the buccal ganglia is a site of significant TPep- 
IR. Two TPep-IR neurons, B5 and B12, are important members of the 
Tritonia feeding CPG. B5 is a large motor neuron that innervates the 
buccal mass and is an indicator for the output of the feeding CPG as a 
whole. B12 is a small white peptidergic neuron that forms a potent 
inhibitory pathway to the contralateral B5 and also directly innervates the 
Tritonia gut. Stimulation of B12 interrupts feeding behavior and induces 
egestive activity in the isolated gut. Although the neuroactive agent(s) 
responsible for B12’s effects are unknown, application of TPeps causes the 
interburst interval and burst duration of B5 to shrink and induces B12 to 
fire. In addition, application of glutamate appears to inhibit B5 in a manner 
similar to B12’s inhibiton of B5. Supported by NIH-NRSA T32GM07270 
to NSF-PYI IBN-9157132 & Alfred P. Sloan Foundation
Fellowship to M.S.C; and NIH NSR01 NS22974 to A.OD.W.

696.9
MODULATION OF FLEXIBLE MOTOR CIRCUITS BY NITRIC 
OXIDE AND cGMP. NX. Scholz, J,W. Truman, and K, Graubard*. Univ. of 
Washington, Dept. of Zoology, Box 351800, Seattle, WA 98195-1800.

The stomatogastric nervous system (STNS) of decapod crustaceans is actively 
modulated by synaptically- and hormonally-delivered peptides and amines. We 
previously identified a cytoplasmic guanylate cyclase as a recep’^r for the gas nitric 
oxide (NO) in the STNS (Scholz et al., 1996, J. Neurosci. 16:lbi4) Here we show 
that NO, an unconventional transmitter, modulates rhythmic output from STNS 
networks in the rock crab, Cancer productus. We identify: 1) a source of NO, 2) 
individual neurons expressing the receptor for NO, and 3) the modulatory effects of 
NO/cGMP signaling on motor output from gastric and pyloric circuits. Putative 
nitric oxide synthase (NOS)-expressing neurons were identified with a polyclonal 
antibody against vertebrate universal NOS (ABR). Western blots indicate an -145 
kD NOS-like protein in the STNS. Wholemount immunolabeling reyeals NOS- 
containing somata in anterior (commissural and oesophageal) ganglia and input 
fibers that ramify in the w uropil of the stomatogastric ganglion (STG). NO 
receptor expression was mapped indirectly by injecting dye into identified neurons in 
conjunction with anti-cGMP immunocytochemistry. Cells in both the gastric and 
pyloric networks contain an NO-sensitive guanylate cyclase. For example PD, PY, 
LP and GM cells are NO-sensitive while VD, IC and DG are insensitive. The 
modulatory effects of NO/cGMP signaling on circuit output were monitored using 
intra- and extracellular electrophysiology. NOS inhibitors, NO scavengers, NO 
donors, guanylate cyclase inhibitors, and cGMP analogs were used to 
pharmacologically manipulate the NO/cGMP signaling pathway. Preliminary data 
indicate that NO has modulatory effects on both the pyloric and t>,. trie n /-orks.

Supported by a National Research Service Award predoctoral ti?.nceship to NLS, 
NIH grants NS 13079 (JWT) and NS 15697 (KG), and a grant from the HFSPO 
(KG).

696.10
NITRIC OXIDE MODULATES PHOSPHODIESTERASE ACTIVITY IN THE 
NERVOUS SYSTEM OF THE PREDATORY SEA-SLUG 
PLEUROBRANCHAEA CALIFORNICA L. Sudlow*, L.L. Moroz and R. 
Gillette Dept. of Molecular and Integrative Physiology, University of Illinois, 
Urbana, IL 61801

The cAMP-gated Na’ current (INa>cAMp) found in many molluscan neurons serves 
as an in situ reporter of [cAMP] that can be used to quantitatively monitor cAMP 
synthesis and degradation (Sudlow et al., Soc. Neurosci. Abs., 1996). We 
previously showed that nitric oxide (NO) stimulates excitability in neurons of the 
feeding motor network in part by directly enhancing IN,cAMP. Here we report that 
NO also alters kinetic parameters of cAMP phosphodiesterase (PDE) and thereby 
slows cAMP degradation. We used 2-electrode voltage clamp to measure 
responses to injected cAMP. DEA/NO (2mM) caused a marked decrease (50%) 
in the PDE Vmix, but also caused an increase in the affinity of PDE for cAMP in 
buccal ganglion neurons. 8-Br-cGMP, a PDE resistant cGMP analog, did not 
alter the activity of PDE, suggesting that the effect is not mediated through the 
NO/guanyl cyclase cascade. In the G neurons of the pedal ganglia, NO donors 
failed to alter the characteristics of either INliCAMP or PDE activity. The inhibitor 
of PKA and blocker of IN,cAMP Rp-cAMPS (500 pM) significantly decreased the 
LAcamp  responses to injected cAMP, but had no effect on PDE kinetics whereas 
IBMX (1-100 pM) caused a dose-dependent inhibition of PDE NO thus 
specifically acts in buccal neurons not only to increase INSiCAMP sensitivity for 
cAMP, but simultaneously decreases the activity of the cAMP degradativc 
pathway These actions together augment the coincidence detection (cAMP+NO) 
property of the cyclic nucleotide-gated current. Supported by NIH RO1 
NS26838.
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696.11
NON-ENZYMATIC FORMATION OF NITRIC OXIDE IN CENTRAL 
NERVOUS AND PERIPHERAL TISSUES. L.L. Moroz S.W, Norby2, R. 
Clarkson3, J.V. Sweedier and R. Gillette1 Depts. Molec. & Integrative Physiology1 
and Chemistry'3; the EPR Research Center, University of Illinois, Urbana, IL 61801.

Our evidence suggests that a substantial fraction of NO production in some tissues 
is enzyme-independent. The distribution of NO synthase (NOS) and NO formation 
was analyzed in the mollusc Pleurobranchaea by electron paramagnetic resonance 
(EPR)/spin trap, capillary electrophoresis (CE) measures of NO27NO3", and 
conventional biochemical and histochemical methods. We calculate that the level of 
enzyme-independent NO formation potentially exceeds the amount of NO formed 
enzymatically in identified buccal ganglion motoneurons and in esophagus. The 
major intrinsic sources of enzyme-independent NO production are nitrites. We 
measured intracellular NO2/NO3' concentrations in Pleurobranchaea buccal 
motoneurons and ganglia homogenates at 0.2-15 mM by CE. The mechanism we 
propose for this non-enzymatic NO formation is pH-dependent NO formation 
from NO2. In vitro acidification of a 1 mM solution of NO2 from pH 7.3 to 7.1 
caused NO release at 0.25-1.0 pmol/liter/hr, as measured by EPR. Larger 
acidifications to pH 1.5, such as normally occur in the esophagus of 
Pleurobranchaea, generated more than 15-20 pmol/liter/hr. of NO. Intracellular pH 
in some neurons of Pleurobranchaea can acidify by 0.05 units during electrical 
activity; this pH change could induce NO release from these neurons at 0.06-0 94 
pmol/liter/hr. Thus, NO could rapidly reach physiologically significant 
concentrations locally. We find that NADPH, L-cysteme and L-ascorbate are co-
factors that facilitate NO release from nitrites. These results are directly relevant to 
normal function and pathogenesis in mammalian tissues. Supported by NIH 
RO1NS26838; GM513O; NS31609 grants and NSF CHE-57024 grant.

696.12
IDENTIFICATION OF NEURONAL TARGETS OF NITRIC OXIDE IN AN 
INSECT BRAIN. M.R. Elphick* and I.W. Tones. Biological Sciences, Queen 
Mary and Westfield College, University of London, London El 4NS, UK.

Neurons which contain NO synthase have been identified in the locust 
brain using NADPH diaphorase histochemistry (Elphick et al. 1995; 1996, J. 
Exp. Biol., 198, 821-829; 199, 2395-2407). NO exerts effects in the nervous 
system through activation of soluble guanylyl cyclase (SGC) but little is 
known about the cellular distribution of this NO "receptor" in the insect 
brain. We have raised antisera to a conserved region (X-peptide) of the 
Drosophila a-subunit of SGC which shares 88% amino acid sequence 
identity with the human SGC a2-subunit. Radioimmunoassay analysis of 
the SGCa-antisera revealed the presence of antibodies to the X-peptide 
antigen, with IC50 values between 1 and 10 nM in displacement experiments. 
Western blot analysis of locust brain homogenates using the SGCa-antisera 
revealed a ~68 kDa protein, consistent with the predicted molecular mass of 
Drosophila SGCa. Immunocytochemical analysis of the rat cerebellum using 
the SGCa-antisera revealed strong and specific staining in Purkinje cells, 
neurons which are known to express SGC. These results demonstrate that we 
have produced specific antibodies which can be used to localise SGC in the 
insect brain and in other animal nervous systems. Immunocytochemical 
analysis of the brain of the locust Schistocerca gregaria using the SGCa- 
antisera reveals a consistent pattern of neuronal staining. One of the most 
striking features is the intense staining of the rhabdomeric compartment of 
photoreceptors in the compound eyes and ocelli. Other stained neuronal 
elements include large ocellar intemeurons, antennal mechanosensory fibre 
tracts and olfactory intemeurons in the antennal lobes. These results provide 
a new perspective on NO-cGMP signalling in the insect brain, indicating 
physiological roles for this system. [Supported by grant SO3858, BBSRC]

696.13
SENSORY STIMULATION ENHANCED 5-HT-IR OF MOTOR- 
NEURONS TO THE CRAYFISH HINDGUT B E, MUSOLF, 
H.S.CATE, U. SPORHASE-EICHMANN, D.H. EDWARDS*.
Dept. of Biology, Georgia State University, Atlanta, GA 30303.

We have identified a cluster of motomeurons in the terminal 
ganglion (A6) of crayfish in which 5-HT immunoreactivity is 
dependent on experimental conditions. These motomeurons project 
through nerve 7 to the gut. They are not identified in published 
maps of 5-HT neurons, and they showed no 5-HT-ir when fixation 
followed dissection by 2 hr. They displayed 5-HT-ir in 5 of 19 
preparations when adjacent sensory nerves were stimulated at 90s 
intervals for 1 hr following dissection. 5-HT-ir was reliable without 
stimulation when the ganglion was bathed with lOpM 5-HT for 2 Hr, 
and when the unstimulated, unbathed preparation was rapidly fixed 
with paraformaldehyde during dissection. We suggest that the 
motomeurons normally contain serotonin that is depleted during 
dissection. Sensory stimulation may enhance 5-HT-ir by; (1) inducing 
uptake of exogenous 5-HT through a serotonin transporter; (2) 
inducing 5-HT synthesis by the motomeurons, or (3) by inhibiting 5- 
HT release. Supported by the National Science Foundation.

696.14
SEROTONIN BOTH FACILITATES AND DEPRESSES EPSPS 
IN CRAYFISH LATERAL GIANT NEURONS OF SOCIAL 
ISOLATES. F B, Krasne*1, D.H, Edwards2, S.R. Yeh2. 1. Dept. of 
Psychology & Brain Research Institute, LA, CA 90095. 2. Dept. of 
Biology, Georgia State University, Atlanta, GA 30303.

It has recently been reported that serotonin enhances EPSPs in 
lateral giant (LG) escape command neurons of socially isolated as 
well as of socially dominant crayfish, while depressing EPSPs in 
social subordinates. However, previous studies had found that 
serotonin reduces LG EPSPs in isolates. We report that these 
differences can be accounted for by parameters of serotonin 
exposure. Starting at concentrations below 10“8 M, 5HT causes a 
concentration-dependent, rapid onset, non adapting enhancement of 
EPSP amplitude. Interestingly, enhancements produced by 10 min 
5HT exposures wash out readily, whereas after 45 min of exposure 
enhancement persists and actually increases throughout a 1 hr wash. 
Starting at higher concentrations (ca 10"6 M) 5HT produces a rapid 
onset, gradually and variably adapting, and rapidly reversible 
depression. If 5HT rises to moderate concentrations abruptly, 
depression usually overshadows enhancement, at least initially, 
whereas if 5HT concentration rises very gradually, the lower 
threshold enhancement effects usually dominate the higher threshold 
depressive ones. This work was supported hy NIH Grant NS8108.

696.15
DISTRIBUTION AND POSSIBLE REPRODUCTIVE ROLE OF A 
GONADOTROPIN-RELEASING HORMONE (GnRH)-LIKE PEPTIDE IN 
THE POND SNAIL, HEL1SOMA TRIVOLV1S. K, Young, R. Zalitach, J.P. 
Chang*, and J.I. Goldberg. Dept. of Biological Sciences, University of 
Alberta, Edmonton, AB, T6G 2E9.

As with many other biologically active peptides found in the vertebrates, a 
peptide related to GnRH has been identified in molluscs. In both Helisoma 
trivolvis and Aplysia californica, GnRH immunoreactivity (GnRH-IR) has 
been identified in the CNS, and GnRH has been shown to affect neuronal 
activity in these animals. In Helisoma, the endogenous peptide shares 
antigenic and chromatographic similarity to the mammalian form of GnRH 
(mGnRH). In the present study, we used three approaches to test the 
hypothesis that the Helisoma GnRH-like peptide is involved in 
reproduction. Firstly, we characterized mGnRH-IR in the reproductive tract 
and CNS. Staining primarily occurred in extracellular spaces and small cell 
bodies in ovotestis, albumen gland, prostate gland, oothecal gland, 
muciparous gland, penial complex, and uterus. As well, mGnRH-IR was 
observed in neuronal cell bodies, fibers, and extracellular spaces in various 
regions of the CNS. In the cerebral ganglia, staining occurs in neurons 
near to, and extracellular spaces around the caudodorsal cells (CDCs), 
which are known to be involved in reproductive regulation. Secondly, egg 
mass production was quantified after snails were either exposed to, or 
injected with synthetic mGnRH. In both cases, mGnRH lead to an increase 
in egg-mass production. In animals exposed to the GnRH by dissolution in 
the surrounding water, this effect consistently occured 4 and 5 days after 
exposure. This increase was observed in both grouped animals and isolated 
individuals, suggesting that mating is not involved in the response. Lastly, 
in preliminary intracellular recordings of CDCs in situ, mGnRH inhibited 
action potential excitability. These results support the hypothesis that a 
GnRH-like peptide plays a role in the control of reproduction in molluscs. 
Supported by NSERC of Canada.

696.16
INACTIVATION AND OVEREPRESSSION OF flp-1 , A GENE ENCODING 
FMRFamide-LIKE PEPTIDES IN CAENORHABDITIS ELEGANS. Laura S. 
Nelson* and Chris Li. Dept. of Biology, Boston Univ., Boston, MA 02215

FMRFamide-related peptides (FaRPs) are found in diverse organisms, 
and have been implicated in many functions, including card ioexcitation and 
neuromodulation. In the nematode C. elegans, 10% of the neurons are 
FMRFamide-like immunoreactive. At least ten genes encoding these 
peptides have been identified. All of these genes, flp-1 through flp10, are 
expressed in the animal. The flp-1 gene encodes multiple copies of 
FLRFamide-containing peptides, and is the focus of our present studies.

A flp-1 deletion mutant was isolated by screening populations of 
transposon insertion strains of flp-1 (kindly provided by Ron Plasterk). The 
deletion spans 1.4 kbp and includes the start site of transcription; no flp-1 
transcripts are produced. Multiple phenotypes have been correlated with 
the flp-1 deletion. These include loopy uncoordinated movement, 
hyperactivity, nose-touch insensitivity, and defects in osmotic avoidance. In 
addition, behavioral assays have revealed that flp-1 peptides are involved in 
serotonin regulation of mobility rate and egg-laying. The uncoordination 
and hyperactive phenotypes were successfully rescued by germline 
transformation with the wild-type copy of the gene.

flp-1 overexpression causes the opposite effects as those seen in the 
deletion mutant. These animals move slower and have a flattened wave-
form. Mutants lacking the Goa subunit (goa-1) show similar hyperactive and 
uncoordination phenotypes as flp-1 deletion mutants. To determine 
whether flp-1 peptides act via a Go signalling pathway, double mutants with 
flp-1 (overexpression) and goa-1 were generated. The double mutants 
show the Go« null phenotype, suggesting that flp-1 peptides are likely to act 
via the Go signalling pathway.

Supported by grants from NIH and NSF.
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696.17
IDENTIFICATION AND BIOLOGICAL ACTIVITY OF ETH- 
PRECURSOR-RELATED PEPTIDES OF MANDUCA SEXTA.
D^Zitnan1, L. Ross2, S, S. Gill2 and M.E, Adams*2’3, institute of Zoology, 
Slovak Academy of Sciences, Dubravska cesta 9, 84206 Bratislava, Slovakia and 
Depts. of -^Entomology and ^Neuroscience, Univ. of California, Riverside, CA 
92521.

Ecdysis-triggering hormone (ETH) released from epitracheal glands elicits pre- 
ecdysis and ecdysis in larval, pupal and adult stages of the tobacco hornworm, 
Manduca sexta (Zitnan et al., Science 271: 88-91; 1996). Here we report the 
identification and characterization of the cDNA and gene for ETH. From the 
nucleotide sequences obtained, the ETH pro-peptide precursor and two additional 
peptides were deduced: Pre-ecdysis-triggering hormone (PETH) and ETH-precursor- 
related peptide (ETH-RP). PETH and ETH-RP also were isolated and identified from 
epitracheal gland extracts using HPLC, electrospray mass-spectrometry, and Edman 
microsequencing. Biochemical and physiological analyses of the native and synthetic 
peptides proved that they are expressed, fully processed, and identical to the sequences 
deduced from the precursor. Low nanomolar concentrations of PETH elicit initial 
phases of pre-ecdysis, but not ecdysis both in vivo and in vitro in pharate 5th instar 
larvae and pharate pupae. ETH activates additional neurons in the CNS that control 
different phases of pre-ecdysis and ecdysis behaviors. The functional role of ETH-RP 
is presently under investigation.
Supported by NSF grant IBN-9514678 and NIH grant AI 40555.

696.18
SITE OF ACTION OF ECDYSIS-TRIGGERING HORMONE IN THE 
TOBACCO HORNWORM, MANDUCA SEXTA. J. L. Hermesman1. T. 
G. Kingan*4’ D, Zitnan3 and M.E. Adams^3. Depts. of ^Biology, ^Entomology, 
and 3Neuroscience, Univ. California, Riverside, CA 92521; 4Dept. of Biological 
Sciences, Univ. of Maryland Baltimore County, Baltimore, MD 21228; 5Slovak 
Academy of Sciences, Institute of Zoology, Dubravska cesta 9, 84206 Bratislava, 
Slovakia.

Recent findings have shown that a previously uncharacterized peptide, ecdysis- 
triggering hormone (Mas-ETH), initiates preecdysis and ecdysis behaviors during 
development of the tobacco hornworm Manduca sexta through a direct action on the 
nervous system (Zitnan et al., Science 271: 88-91; 1996). We now report the 
results of experiments designed to pinpoint the precise site(s) of action of Mas-ETH 
on the nervous system as a prelude to localizing ETH receptors. Isolated ventral 
nerve cords from pharate 5th instar larvae were placed in a saline bath and individual 
ganglia were isolated by vaseline bridges. Application of Mas-ETH to the terminal 
abdominal ganglion initiates fictive pre-ecdysis only within 5-10 minutes of peptide 
application and continues for appoximately one hour; ecdysis behavior was never 
observed to follow. In contrast, exposure of the brain to Mas-ETH elicits fictive 
preecdysis and ecdysis. No response to Mas-ETH application was observed upon 
exposure to the subesophageal ganglion, thoracic ganglia, or abdominal ganglia 
anterior to the terminal ganglion. Interestingly, exposure of peripheral nerves to 
Mas-ETH can result in both pre-ecdysis and ecdysis. These data suggest that the 
brain, terminal abdominal ganglion and peripheral nerves can serve as response 
elements for Mas-ETH.
Supported by NSF grant IBN-9514678 and NIH grant AI 40555.

696.19
MODULATION OF ENCODING BY A SENSORY NEURON IN THE CRAB 
NERVOUS SYSTEM. J.T. Birmingham, L.F, Abbott and E, Marder*. Brandeis 
University, Volen Center for Complex Systems, Waltham, MA 02254.

The encoding properties of sensory neurons have long been studied, but there is 
little understanding of how neuromodulation changes them. The stomatogastric 
nervous system in the crab Cancer borealis provides an ideal preparation for such 
studies. The stomatogastric ganglion (STG) controls rhythmic muscle movements 
in the animal’s foregut that are used for chewing and filtering food. Two bilateral 
pairs of gastropyloric receptor (GPR) cells have been identified that directly 
synapse onto STG neurons and also affect STG rhythms via a pathway through the 
commissural ganglia (CoGs). GPR2 responds to stretch in muscles gm9 and cpv3 
in a mostly tonic fashion with a firing rate proportional to muscle displacement or 
tension. The cells adapt very slowly to a prolonged stretch of either muscle. 
Synaptic connections and intrinsic properties of STG neurons can be modified by 
the application of approximately 15 substances; however, little is know about the 
effects of modulators on the encoding properties of the GPR cells.

GPR cells contain ACh, 5-HT, and an allatostatin-like peptide. Our 
measurements show that application of 5-HT (106 M) and allatostatin-3 (1CF6 M) 
affect the GPR2 firing characteristics. The most dramatic effect is a pronounced 
shortening of the adaptation time. Applications of pilocarpine (10'4 M), 
octopamine (10 5 M) and dopamine (10 5 M) result in smaller or no changes in 
GPR2 response. The measurements indicate that the encoding of GPR cells is 
changed in the presence of modulators and may provide insight into how realistic 
muscle movements are encoded in GPR spike trains in different neuromodulatory 
conditions. Supported by NIH MH46742 and NSF IBN-9421388.

696.20
CRUSTACEAN CARDIOACTIVE PEPTIDE MODULATES ACTIVITY 
OF CRAYFISH SWIMMERET MOTOR NEURONS DIFFERENTIALLY.
H. Narnba*, B. Mulloney. Neurobiology, Physiology and Behavior,
University of California Davis, Davis, CA 95616.

When crayfish swim forward, their swimmerets move rhythmically with 
alternating power-strokes and return-strokes. Each swimmeret has its own set 
of four types of motor neurons, power-stroke excitors and inhibitors (PSE, 
PSI), and return-stroke excitors and inhibitors (RSE, RSI). Last year, we 
showed that crustacean cardioactive peptide (CCAP) -like immunoreactivity 
occurs in each Lateral Neuropil, where the pattern-generating modules of the 
swimmeret system are located, and that bath application of CCAP selectively 
increased intensity and duration of bursts of impulses in PSE motor neurons.

We compared responses to CCAP of each type of swimmeret motor neuron, 
using intracellular recording. When 0.5pM CCAP was superfused over a 
quiet preparation, the swimmeret system expressed coordinated rhythmic 
activity. The mean membrane potentials of each motor neuron changed, and 
they also began to oscillate periodically. PSE and RSI neurons depolarized, 
whereas RSE and PSI neurons hyperpolarized.

PSE: 5.7 ±4.0 mV RSI: 3.3 ± 1.1 mV (Mean ± SD)
RSE: -2.5 ± 1.5 mV PSI: -2.5 ± 0.7 mV

When chemical transmission was blocked, periodic oscillations 
disappeared, but these sustained changes in mean potential persisted; PSEs 
and RSIs still depolarized, and RSEs and PSIs still hyperpolarized.

These results suggest that CCAP has different direct effects on different 
functional types of swimmeret motor neurons. CCAP also activates the local 
premotor pattern-generating circuit. These direct effects on motor neurons 
would selectively increase the intensity and duration of power-stroke 
movements during swimming.

Supported by NSF grant IBN-9514889 to BM.
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697.1
MICRODIALYSIS STUDY OF CORTICAL GLUTAMATE REUPTAKE 
IN RATS. G.M. Alexander*. J.R. Grothusen. S.W. Gordon and R.J. 
Schwartzman. Department of Neurology, Allegheny University of the Health 
Sciences, Philadelphia, PA 19102.

The central nervous system utilizes sodium dependent high affinity 
transporters for the clearance of L-glutamate. Four distinct transporter 
isoforms (EAAT1-EAAT4) have been isolated in the human CNS. These 
transporters are found in both neurons and astrocytes. Previous studies have 
shown that the uptake of L-glutamate by cultured astrocytes can be modulated 
by adrenergic agents. The objective of this study was to evaluate the 
contributions of the different transporter isoforms to glutamate reuptake in the 
intact CNS and to study the effect of adrenergic stimulation on the transporter 
subtypes. Male Sprague-Dawley rats weighing 250-450 grams were used in 
this study. A guide cannula was placed under anesthesia in the anterior cortex. 
The following day the niicrodialysis probe was inserted and sampling started 3 
hours later in the awake, behaving animal. The extraction fraction of 3H-L- 
glutamate, 3H-D-glutamate and 3H-D-aspartate using 14C-mannitol as a 
reference was performed by the method of Bruhn T, et al, (J Neurosci Meth, 
59:169-174, 1995). The cortical extraction fraction of the tritiated amino 
acids was reduced by co-administration of various glutamate uptake blockers 
that have varying affinities for the different transporter isoforms. In addition, 
the reuptake of L-glutamate, but not D-glutamate, was increased by the a,- 
adrenergic agonist phenylephrine and the increase was blocked by the a- 
adrenergic antagonist phentolamine. Supported by the Department of 
Neurology, Allegheny University of the Health Sciences.

697.2
CONTROL OF THE NEURONAL GLUTAMATE TRANSPORTER 
RATE BY PROTON BINDING. S. Eliasof, E.M. Klamo, and M.P. 
Kavanaugh*. Vollum Institute, OHSU, Portland, OR 97201 
The turnover rate of the neuronal excitatory amino acid transporter 
EAAT3 was determined by measuring non-linear capacitance and 
glutamate flux in oocytes expressing the transporters. In the presence of 
a saturating concentration of glutamate (ImM), this rate was 5.2 ± 0.3 
sec-1 at -80 mV and it increased exponentially with membrane 
hyperpolarization (e-fold per -75 mV). However, with low micromolar 
concentrations of L-glutamate, the turnover rate became voltage- 
independent at more negative potentials, suggesting that binding of 
glutamate to the transporter becomes rate-limiting in these conditions. 
The membrane potential at which voltage saturation occurred was 
dependent on external pH as well as the glutamate concentration over the 
pH range 6.5 to 8.5. A reduction in the external proton concentration 
restored the voltage-dependence of transport in the presence of low 
concentrations of glutamate, suggesting a shift in the rate-limiting step 
from voltage-independent glutamate binding to voltage-dependent 
proton binding. A similar effect was observed by varying external 
[Na+], but not with external [K+], consistent with a model in which 
external H+ and Na+ bind to sites within the membrane field and are 
cotransported with glutamate, while a K+ ion is countertransported from 
inside to outside in a distinct step. In physiological conditions (pH 7.5, 
Vm > -100 mV), proton binding limits the transport rate when [Glu]0 > 
1 pM. This may contribute to the neuroprotective effect of acidification 
during brief ischemia or intense neuronal activity. Supported by NIH 
grant NS33270.
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697.3
ARACHIDONIC ACID MODULATES THE KINETICS OF 
TRANSLOCATION AND FACILITATES A CATION 
CONDUCTANCE ASSOCIATED WITH THE EXPRESSION OF 
EAAT4, AN EXCITATORY AMINO ACID TRANSPORTER. W.A. 
Fairman*, M.S. Sonders & S.G. Amara Howard Hughes Medical Institute and 
Vollum Institute, Oregon Health Sciences University, Portland, Oregon 97201.

Excitatory amino acid transporters (EAATs) in the CNS maintain extracellular 
glutamate concentrations below excitotoxic levels and may regulate synaptic 
transmission both by their transport properties and their ability to function as 
ligand-gated chloride channels (Fairman, 1995, Wadiche, 1995). Arachidonic acid 
(AA) has been demonstrated to regulate the function of a variety of proteins 
including ion channels and neurotransmitter transporters. Zerangue et. al., 1995, 
reported that AA produced subtype-specific changes in the kinetics of ion-coupled 
substrate translocation associated with three glutamate transporter subtypes 
(EAAT1, EAAT2, & EAATS).

The application of AA to Xenopus oocytes expressing EAAT4 produced a 
significant increase in the amplitude of the inward current elicited by saturating 
concentrations of the EAAT4 substrate L-aspartate (~2.1 -fold at -60mV). AA 
produced a concentration dependent increase (EC50 - 12|iM) in the amplitude of 
the L-aspartate-induced current at hyperpolarized potentials, making the current- 
voltage relation more inwardly rectifying. AA increased the affinity for L-aspartate 
and decreased the Vmax, hence, stimulation of the L-aspartate-induced current by 
AA was not due to a stimulation of substrate translocation. Stimulation of the L- 
aspartate-induced current by AA at hyperpolarized potentials was not attributable to 
enhanced chloride efflux. Ion substitution experiments suggest that in addition to 
its effects on L-aspartate flux, arachidonic acid facilitates a cation conductance 
activated by EAAT4. This regulation of EAAT4's functional properties provides 
an additional mechanism, in addition to substrate flux and the ligand-gated chloride 
channel activity, for modulating neuronal activity.

697.4
GLUTAMATE TRANSPORTER OF RETINAL GLIAL CELLS 
PLAYS A CRUCIAL ROLE IN GLUTAMATE CLEARANCE.
T. Harada*1, C. Harada1, M. Watanabe2, S. Okuvama3, T. Sakagawa3, K, 
Watase1, K. Wada1 & K. Tanaka1. ‘Dept. Degen. Neurological Dis,, Natl. 
Inst. Neurosci., NCNP, Tokyo; 2Dept. Anat., Hokkaido Univ. Sch. of Med., 
Sapporo; ’Taisho Pharmaceutical Co. Ltd., Ohmiya, Japan

L-glutamate is the major excitatory neurotransmitter in the mammalian 
retina. Recently, four glutamate transporters have been cloned. The 
localization of these transporters has revealed that GL.AST is widely 
expressed in glial (Muller) cells whereas GLT-1 is present only in cones and 
a restricted set of neuronal cells in the retina.

We studied visual synaptic transmission and retinal damage after 
ischemia by using GLAST and GLT-1 deficient mice. The cellular 
organization of the retina was unaltered in GLAST and GLT-1 deficient 
mice. The electroretinogram b-wave, representing the activity of bipolar 
cells, was severely impaired in GLAST mutant mice whereas that of GLT-1 
mutant mice was almost normal. Ischemic retinal injury was evaluated 
morphologically by measuring the thickness of the inner retinal layer. 
Almost complete disappearance of the cells in the inner nuclear layer were 
observed in GLAST mutant mice. In GLT-1 mutant mice, the ischemic 
degenerative changes were severe compared with those in the wild-type 
mice, but clearly milder than those of the GLAST knockout mice.

These results provide experimental evidence that the glutamate 
transporter in Muller cells is essential for the proper synaptic transmission 
in the visual pathway as well as protection of retinal cells from glutamate 
neurotoxicity.

This work was supported in part by research grants from the Ministry of 
Education, Science and Culture of Japan, the Ministry of Health and 
Welfare of Japan, the Science and Technology Agency of Japan.

697.5

ANALYSIS OF ACTIVE TRANSPORT OF L-QUISQUALIC ACID INTO 
RAT HIPPOCAMPAL SLICES. L A, Chase* and J.F, Koerner. Department 
of Biochemistry, Medical School, University of Minnesota, Minneapolis, 
MN 55455.

Kinetic and pharmacological analyses of L-quisqualate (1 pM to 2 mM) 
transport were performed in rat hippocampal slices (300 pm thick) using a 
high performance liquid chromatography (HPLC) assay. Nonlinear regression 
analysis of the data suggests that quisqualate enters hippocampal slices by at 
least 2 different transport systems, one which is saturable (Km = 127 pM, Vmax 
— 315 pmols min ’ mg protein1) and one which is not saturable, defined by the 
diffusion coefficient K^, (K^ =1.5 min'1) in the concentration range tested. 
The Km value reported here is in agreement with the Km (99 pM) previously 
reported for quisqualate for the Na+-dependent glutamate transporter, 
EAAT41. Removal of Na+ from the extracellular medium inhibits 90% of 
quisqualate transport (100 pM), but 1 mM L-glutamate, V-trans-pyrrolidine- 
2, 4-dicarboxylic acid (t-PDC), or D-aspartate only inhibit quisqualate 
transport (100 pM) by 50%. These data suggest that more than one 
Na+-dependent transport system exists for which quisqualate is a substrate, 
one which is glutamate and r-PDC-insensitive. Additionally, quisqualate also 
appears to be a substrate for one or more Na+-independent transport systems, 
such as the glutamate/cystine exchanger, Xc,2 since quisqualate transport was 
not completely inhibited by removal of extracellular Na+ but was inhibited 
30% (10 pM quisqualate) by 200 pM L-cystine. (Supported by grants from the 
Minnesota Medical Foundation and the Graduate School of the University of 
Minnesota. LAC was supported by a Louise T. Dosdall Fellowship).
’Fairman, W.A., et al. (1995) Nature 75: 599-603.
2Bannai, S. and Kitamura, E. (1980) J. Biol, Chem. 255: 2372-2376.

697.6
STRONG EXPRESSION OF THE NEURONAL GLUTAMATE 
TRANSPORTER EAAC1 IN RAT OLIGODENDROCYTES IN CULTURE. & 
J, Wang*. X, D, Gan^FLLGhun^Ll^YoipcJ. A, RQSgnherg, Department of 
Neurology, Children’s Hospital and Harvard Medical School, Boston, MA 02115.

Four glutamate transporters have been cloned with their primary localization in 
either neurons (EAAC1 and EAAT4), or astrocytes (GLT1 and GLAST). Using 
peptide-directed antibodies against EAAC1, GLAST and GLT1 (gift of Dr. Jeffrey 
Rothstein) we investigated the expression of glutamate transporters in rat 
oligodendrocytes (OLs) in cultures identified by monoclonal antibodies against 
stage specific markers (A2B5, 04, 01 and MBP). Cultures containing 
predominantly A2B5+ progenitor cells, O4+/O1- pre-OLs, or mature MBP+ cells 
were produced by immunopanning, under chemically defined conditions with 
appropriate growth factors [Gan et al. (1996), Soc. Neurosci. Abst., 22; 1723]. 
Immunoblot analysis showed that A2B5+, O4+/O1- and MBP+ cultures all 
expressed EAAC1. The amount of EAAC1 expressed in O4+/O1- cultures was 
approximately three times higher than in pure neuronal cultures. Expression in 
MBP+ cultures was comparable to neuronal cultures, and expression in A2B5+ 
cultures was intermediate between O4+/O1- and MBP+ levels. EAAC1 
immunoreactivity in MBP+ cells had an apparent molecular mass, relative to 
markers, of approximately 79 kDa, as opposed to 69 kDa in neuronal, A2B5+ and 
O4+/O1- cultures. Double labeling immunocytochemistry experiments revealed 
that anti-EAACl labeled both cell bodies and processes of A2B5+, O4+/O1-, 
O4+/O1+, and MBP+ cells. Although GLAST immunoreactivity was found in 
O4+/O1- cultures, and GLT1 in MBP+ and O4+/O1- cultures, 
immunocytochemistry revealed no definite labeling of OLs by these antibodies at 
any stage. Astrocytes in these cultures were labeled by anti-GLTl and anti- 
GLAST, but were not labeled by anti-EAACl. These results suggest that EAAC1 
represents the predominant glutamate transporter in OLs, and that its expression 
undergoes striking developmental regulation. [Funded by grants from the United 
Cerebral Palsy Foundation and NIH (NS 31353; NS 32570; HD 18655).]

697.7
SYNAPTICALLY ACTIVATED GLIAL NaVGIutamate TRANSPORT IN 
CA1 REGION OF HIPPOCAMPAL SLICE DETECTED WITH 
VOLTAGE-SENSITIVE DYE. H. Miyakawa 1, S. Koiima2, T. Nakamura1,
K. Nakamura1, T. Nidaira31~E Ito2, Y. Kudo1 ‘Lab. of Cellular 
Neurobioiogy, Tokyo Univ. Phamacy & Life Science, Tokyo 192-03, 
Japan and , 2Div. Bio. Sci.Grad.Sch,Sci., Hokkaido Univ., Sapporo 060, 
Japan and 3Hamamatsu Photonics K.K., Hamamatsu 812, Japan.

The rate of transmitter sequestering from the synaptic cleft limits the 
manner by which a synapse responds to repetitive synaptic inputs. We 
monitored synaptically driven membrane voltage change in CA1 region 
of hippocampal slice by using voltage-sensitive dye, RH482, and a 
photodiode-array system. A slow depolarizing response (SDR) was 
detected after blocking the ionotropic glutamate receptors by applying 
CNQX and APV.

The SDR was blocked in Ca2+ free medium and the spatial distribution 
of SDR was similar to that of depolarization due to presynaptic fiber 
volleys. The SDR was reversibly suppressed by dihydrokainic acid 
(DHK), a blocker for glial Na+/glutamate transporter, but was not 
suppressed by GABAa -R, nACh-R, 5-HT3-.R, P2-R and mGlu-R blockers. 
Thus we concluded that the SDR is due to activation of the glial 
Na’/glutamate transporters.

The depolarization peaks at 10-20msec after the presynaptic fiber 
activity. Repetitive synaptic inputs at 100 Hz resulted in build up of 
depolarization up to at least 5th input. These facts imply that synaptically 
released glutamate can be sequestered in less than 20 msec from 
synaptic cleft.

Supported by a grant from the HFSP

697.8
DISTRIBUTION OF GLUTAMATE TRANSPORTER SUBTYPES 
DURING HUMAN BRAIN DEVELOPMENT. /YEtirula*,O. Bar-Peled. 
A^Biegon, Y. Gronec 3. Dewhurst J.D^Rothstein. Dept. of Neurology, 
Johns Hopkins Univ., Baltimore, MD 21287; Pharmos Ltd., Kiryat 
Weizmann, Rehovot (Israel); Weizmann Institute of Science, Dept of 
Molecular Genetics, Rehovot (Israel); Univ. of Rochester Med. Center, 
Dept of Microbiology & Immunology, Rochester, NY 14642.

Glutamate transporters play an important role in the maintenance of 
subtoxic levels of glutamate. Due to the involvement of glutamate in 
neuronal development, it is believed that glutamate transport plays a role 
in developmental processes as well. Therefore, we have used 
immunohistochemical and immunoblot analysis to determine the 
distribution of the four glutamate transporters, EAAT1, EAAT2, EAATS and 
EAAT4 during human brain development using pre- and post-natal brain 
tissue. Regional analysis showed that each transporter subtype has a 
unique distribution during development. EAAT2 was the most prominent 
glutamate transporter subtype and was highly enriched in cortex, basal 
ganglia, cerebellum and thalamus in all ages examined. EAAT1 
immunoreactivity was lower than EAAT2, with predominant localization in 
cortex, basal ganglia, hippocampus, and peri-ventricular region. EAAT3 
was located mainly in cortex, basa! ganglia and hippocampus and EAAT4 
was found only in the cortex, hippocampus and cerebellar cortex. The 
distinct regional distribution of various EAAT subtypes and also the 
transient expression of specific EAAT subtypes during human 
development suggest multiple functional roles for glutamate transporters 
in the developing brain. (NIH)
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697.9
EXPRESSION OF GLUTAMATE TRANSPORTER GLAST FROM 
RADIAL GLIA TO ASTROCYTE IN DEVELOPING SPINAL CORD.
K. Yamada, T. Shibata*, M. Watanabe, K. Tanaka1, K. Wada1,
Y. inQUQ.
Dept. of Anat., Hokkaido Univ. Sch. of Med., Sapporo 060.1Dept.of 
Degenerative Neurological Diseases, National Institute of Neurosci., 
NCNP, Kodaira 187, Japan.

To characterize the cell types expressing the glutamate transporter 
GLAST during development, the mouse spinal cord was examined by 
in situ hybridization with antisense oligonucleotide probes and by 
immunohistochemistry with anti-peptide antibody. At E11 and E13, the 
GLAST was localized on the cell membrane of particular cells, whose 
cell body was localized in the ventricular zone and radial process 
extended toward the pial surface. From E15 to E18, the distribution of 
the GLAST-expressing cells shifted from the ventricular zone to the 
mantle and marginal zones. From E18 to P7, the GLAST 
immunoreactivity gradually disappeared from the radial process, 
whereas the cell membrane of GFAP-positive astrocytes became 
immunostained. At P7, the GLAST immunoreactivity was observed in 
punctate structures in the gray matter, which were closely associated 
with tiny structures immunoreactive for synaptophysin, a marker protein 
for presynaptic terminals. These findings suggest that the GLAST is 
expressed in the radial glia-astrocyte lineage in the spinal cord, 
changing its localization from radial process to synapse-associated cell 
membrane during differentiation.

697.10
EXTRA-JUNCTIONAL LOCALIZATION OF GLUTAMATE 
TRANSPORTER EAAT4 AT PARALLEL FIBER AND CLIMBING FIBER 
SYNAPSES IN CEREBELLAR PURKINJE CELLS
J. Tanaka1'^. R. Ichikawa1. M.Watanabe1. M. Nagashima1*. K. Tanaka^ and Y. 

Inoue1. ^epL of Anat., Hokkaido Univ. Sch. of Med., Sapporo 060, ^Lab. of 

Anat., Postgraduate Sch. of Vet. Med., Hokkaido Univ., Sapporo 060, ^Dept. of 

Degenerative Neurological Diseases, National Inst, of Neurosci., NCAP, Kodaira 
187, Japan.

Glutamate transporter rapidly removes glutamate released from presynaptic 
terminal, which terminates synaptic transmission and protects neurons from 
excitotoxicity. We have previously shown by in situ hybridization and 
immunoperoxidase technique that the glutamate transporter EAAT4 is exclusively 
expressed in cerebellar Purkinje cells (PCs) and is localized predominantly in PC 
spines. In this study, we employed silver-enhanced immunogold election microscopy 
to reveal localization of the EAAT4 on the dendritic spine. Gold-silver particles 
representing the EAAT4 were localized densely on the extra-junctional membrane, 
not the junctional membrane of PC spines, contacting with parallel fiber terminals. To 
examine the EAAT4 at climbing fiber (CF) synapses, we injected dextran biotin 
iontophoreticaly into the inferior olive. Gold-silver particles were also observed at 
the CF synapse, were localized on the extra-junctional menbrane of PC spine 
forming synapses with CFs. The selective localization suggests that the glutamate 
transporter EAAT4 transports glutamate and its related amino acids from outside the 
synaptic cleft, which would facilitate the glutamate diffusion from the synaptic cleft 
to the extrasynaptic space and restrict the glutamate spillover to adjacent synapses.

697.11
NEURONAL EXPRESSION OF GLT-1 GLUTAMATE TRANSPORTER IN 
HIPPOCAMPAL CULTURES. R.P. Dhond1, A. Benz1, S. Mennerick1*, N.C. 
Danbolt2, J.D. Rothstein3, K.E. Isenberg1, and_CE- Zorumski? 'Dept. 
Psychiatry, Washington Univ. School of Medicine, St. Louis, MO 63110. 
2Anatomical Institute, Univ. of Oslo, Blindem N-0317, Oslo, Norway. 3Dept. 
Neurology, The Johns Hopkins Univ., Baltimore, MD 21287.

Primary central nervous system cultures have been an important, simple 
model for studying glutamate transporter functions. To help identify which of 
the recently cloned transporter(s) might underlie these functions, we have used 
antibodies against the primarily glial transporter, GLT-1, to explore the 
distribution of GLT-1-like immunoreactivity in postnatal rat hippocampal 
microcultures. Surprisingly, strong immunoreactivity7 was present in >80% of 
microculture neurons but in only -20% of astrocytes. This staining pattern was 
observed with two different antibodies, one directed against a C-terminal 
GLT-1 peptide and the other against an N-terminal peptide. Immunostaining' 
was abolished by omission of primary antibody or by pre-absorption with an 
excess of free GLT-1 peptide. Neuronal staining was primarily neuritic, with 
little somal immunoreactivity, and preliminary electron microscopy suggests 
that neuronal reaction product is predominantly membrane associated. 
Patterns similar to those observed in microcultures were also observed in mass 
cultures of hippocampal cells, indicating the observed staining patterns are not 
due to factors unique to the microculture environment. The present 
observations are consistent with recent reports of GLT-1 messenger RNA in 
brain neurons in situ and with reports of immunoreactivity in retinal neurons. 
The results suggest that neuronal GLT-1 expression may be developmentally 
or environmentally regulated. Supported by NIMH.

697.12
MODULATION OF EXTRACELLULAR GLUTAMATE VIA STIMULATION 
OF ASTROCYTIC METABOTROPIC GLUTAMATE RECEPTORS
Z-C. Ye* and H. Sontheimer Dept. of Neurobiol., Univ. of Alabama at Birmingham.

In the nervous system, extracellular levels of glutamate (fgluj0) are tightly
controlled to prevent neurotoxicity. Astrocytes are believed to play a pivotal role in 
maintaining [glu]0 around IqM. The recent discovery of metabotropic glutamate 
receptors (mGluRs) in glial cells has spurred interest in understanding mGluR function 
in glial cells. Since glutamate is the natural ligand for mGluRs in the brain we 
hypothesized that mGluRs may function as sensors of extracellular [glu]0 and could be 
involved in regulating glial glutamate transport. Using primary cultures of hippocampal 
astrocytes derived from rats ranging in ages from P0-P42 we demonstrate potent effects 
of mGluR activation on [glu]0. (1) Acute or chronic application of the mGluR agonist 
IS3R-ACPD but not 1R3S-ACPD reduced [glu]0 levels in a tune- and dose-dependent 
manner. A 3h incubation with 50qM ACPD decreases [glu]0 from ~lpM to < 0.3li M 
and decreased [glu]0 correlated with increased astrocytic glutamate uptake. This effect 
was blocked by the glial specific toxin L-a-aminoadipic acid. (2) ACPD effects could 
be mimicked by other group II mGluR agonists, including (in order of potency): (S)-4- 
Carboxyphenylglycine, L-CCG-I, 1S,3S-ACPD and Quisqualic acid. (3) The selective 
group I mGluR agonist DHPG and the group III agonist L-AP4 were without effect as 
were three mGluR antagonists (S)-MCPG, MCCG and (2S)-a~Ethylglutamic acid. 
ACPD effects could not be mimicked nor blocked by increases in cAMP and could not 
be blocked by cholera toxin, pertussis toxin, or cycloheximade. Thus ACPD effects 
appear to be mediated by a novel signaling pathway. (4) Glutamate itself, the 
endogenous ligand for mGluRs induced a long-lasting [glujo undershoot. These data 
suggest that glial mGluRs function as sensors in a feed-back loop to control [glu]0. 
Moreover, since the resting [glu]0 in vivo is at the threshold for synaptic glutamate 
receptor activation, the observed changes in [glu]o may influence receptor activity and 
could potentially play a role in long term modulation of synaptic transmission, 
(supported by R01-NS-31234 and P50-HD-32901)

697.13
THREO-P-HYDROXYASPARTATE (THA), A GLUTAMATE 
UPTAKE INHIBITOR, PREVENTS GLUTAMATE-INDUCED 
GLYCOLYSIS IN ASTROCYTES BY A MIXED NON-
COMPETITIVE MECHANISM
R. Debernardt P.J. Magistretti and L, Pellerin*. Laboratoire de 
recherche neurologique, CHUV et Institut de Physiologie, University 
de Lausanne, Switzerland.

Excitatory’ amino acids like glutamate and aspartate stimulate gly-
colysis - i.e. glucose utilization and lactate production - in astrocytes 
by a mechanism involving a Na+-dependent transporter, most likely 
GLAST (Magistretti & Pellerin, Cerebral Cortex 6:50-61 1996). 
Threo-p-hydroxyaspartate (THA) is a glutamate analogue acting as a 
competitive inhibitor of glutamate uptake. We have characterized its 
inhibitory effect on 3H-D-aspartate uptake in primary cultures of 
mouse cerebral cortical astrocytes and found a Kj of 36.6 JJ.M. Since 
THA is itself transported, hence promoting like glutamate a Na+ entry, 
we tested THA alone for its possible effect on glucose utilization. We 
found that, like glutamate, THA alone causes a significant increase in 
glucose utilization. However when astrocytes are preexposed to THA 
for 20 min the glutamate-induced glucose utilization is prevented. 
This was not the case when cells were preexposed to glutamate instead 
of THA. In order to explain this effect, we have analyzed kinetically 
the inhibition of 3H-D-aspartate uptake determined after preexposing 
cells to THA and found that THA behaves then like a mixed non-
competitive inhibitor. These data suggest a new mode of action for 
the glutamate uptake inhibitor THA in certain conditions which may 
be useful to study glutamate transporter-mediated effects.

697.14
IMMUNOCYTOCHEMICAL LOCALIZATION OF THE GLUTAMATE 
TRANSPORTER GLT-1 IN THE GOLDFISH RETINA. C. A.V, Vandenbranden1. M, 
Kfflrennans1,2,, W, Kamphtiis1, B,. Njm^,...Card.QZQL..Q,E,JtM, VrensejT and H-
Spekreyse1,2 (SPON: European Neuroscience Association) Graduate School 
Neuroscienees Amsterdam, 1 Netherlands Ophthalmic Research Institute, Departments 
of Morphology and Visual System Analysis, POBox 12141, 1100 AC Amsterdam, The 
Netherlands. 2 Academic Medical Center, Laboratory of Medical Physics.

Glutamate is the major excitatory neurotransmitter in the retina of vertebrates. 
Electrophysiological experiments in goldfish (Vandenbranden et al., 1996) and 
salamander (Eliasof and Werblin, 1993) have shown that neuronally localized glutamate 
transporters play an important role in the clearance of glutamate from cone synaptic 
clefts. In this study, the presence of the glutamate transporter GLT-1 has been 
investigated in the goldfish retina using an indirect immunofluorescence technique.

Goldfish (Carassius anrahis) retinas were fixed, embedded in gelatine and cryosections 
were cut. Non-specific binding sites were blocked and the sections were incubated in 
anti-GLT-1 (a gift of Dr. Rothstein, John Hopkins University).

A specific staining pattern for GLT-1 is present in the OPL, in horizontal cells, ON 
bipolar cells and amacrine cells in the 1NL and furthermore in the PPL and in the NFL. 
In OPL and IPL dotlike staining is present which suggests a synaptic localization. Also 
a double labelling was performed of anti-GLT-1 and anti-goldfish GFAP (a gift of Dr. 
Nona, UMIST). GFAP stains specifically Muller cells and colocalizes with GLT-1 only 
in the NFL.

In this study we show that in goldfish retina GLT-1 is mainly present in neurons. The 
staining in the OPL and IPL indicates a synaptic localization which is consistent with 
a prominent functional role of glutamate transporters as suggested by 
electrophysiological experiments.
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698.1
CORTISOL REGULATION IN FAMILY- REARED AND INSTITUTION-
ALIZED ROMANIAN CHILDREN M. Carlson*, C. Dragnmir, F.Farls, M. 
Farrell, Q.-Macovei, P. Nystrom and J. Sparling Harvard Medical School, 
Boston, MA, Univ. of Minnesota, Minneapolis MN, Univ. Of North Carolina, 
Chapel Hill NC, Dept. Of Public Health, Iasi Romania

Our initial studies of abandoned 2-yr old children raised since birth in 
state institutions compared the regulation of the hypothalamic-pituitary-adrenal 
axis (HPA) in two groups— the intervention (INT) group receiving enriched care 
from 6-19 mo of age and the control (CON) group receiving the standard, poor 
quality care over the same period. The significant gains in behavioral 
development and physical growth between the groups faded within months of 
ending the intervention. Our recent follow-up of these children at 3 years of age 
included a comparison group of family-reared Romanian children at home (FR- 
H). The results indicate that die suppressed AM basal levels seen in both the INT 
and CON groups at 2-yrs of age had become elevated. The CON group continued 
to show abnormally elevated levels at NOON (and at PM) compared to the INT 
and FR-H groups. Just as the suppressed AM cortisol levels for the INT and 
CON groups (and the elevated NOON levels for the CON group) had been 
associated with lower mental and motor performance at age 2, high Noon and PM 
basal level for the Con group continued to be associated with lower behavioral 
scores. For the INT (but not the CON) group, elevated cortisol levels in response 
to an acute stressor (stress reactivity) at 2- and 3-yrs, were significantly 
associated with poor mental and mental performance.

The results of a one year follow-up of these two institutionalized groups 
suggest that suppressed basal AM levels associated with early neglect may 
improve with age, especially in the more competent children. In addition, it 
appears that the short-term enrichment period for the INT group may have 
protected those children against dysregulation as reflected in elevated NOON 
levels. Poor stress reactivity regulation in the INT group continued to be a marker 
for those children with the lowest mental and motor performance.

698.2
NO INCREASE IN DNA DAMAGE IN THE HIPPOCAMPUS OF DEPRESSED 
PATIENTS. Paul J. Lucassen1, E.R. De Kloet1. J, Wouda2. A. Holtrop, H, van Oers1,* 
and P.F. Swaab21: Division of Medical Pharmacology, LACDR, P.O. Box 9503, 2300 
RA Leiden The Netherlands. 2: Netherlands Institute for Brain Research, Meibergdreef 
33, 1105 AZ Amsterdam, The Netherlands.

Increased activity of the hypothalamic-pituitary-adrenal (IlPA)-axis as well as 
dexamethasone non-suppression are often observed in depression. The neuroendocrine 
alterations, either related to disturbed receptor regulation or to corticotrophin-releasing- 
hormone / vasopressin hyperdrive, frequently lead to hypercorticism and glucocorticoid 
(GC) overexposure in depressed patients. Not only has the hyperactivity of the HPA- 
axis been involved in depressive symptoms, hippocampal atrophy and cognitive 
impairment in man, from animal experiments, prolonged GC overexposure has been 
implicated in endangerment of hippocampal viability and neurodegeneration. Although 
part of the GC feedback takes place through o.a. glucocorticoid receptors (GR) in the 
hippocampus, it is so far unknown whether this brain area is indeed actually affected 
in depressed patients. Therefore, the hippocampus was studied of 15 depressed patients 
and 15 controls, matched for age and fixation time using different conventional stainings 
and in situ end labeling (ISEL) as markers for degenerative and regenerative responses. 
Although ISEL is often used as a marker for apoptosis, it in fact detects the associated 
DNA fragmentation. Previously, we have optimized ISEL as a marker for DNA damage 
on human brain tissue sections (Lucassen et al., JHC 43: 1163-1171,1995). In 
depression, individual differences in ISEL were noticed, but generally no striking 
deviations from the control group were observed in numbers of nuclei displaying DNA 
damage. The occurrence of functional changes at a different level, e.g. of the GR, in the 
hippocampus of depressed patients can, however, not be excluded. Brain tissue was 
obtained from The Netherlands Brain Bank (Coordinator: Dr. R. Ravid). These studies 
were supported by NWO and ISAO.

698.3
DISRUPTION OF MDR1A GENE-ENCODING DRUG-TRANSPORTING P- 
GLYCOPROTEIN ELIMINATES BARRIER FOR DEXAMETHASONE 
PENETRATION TO GLUCOCORTICOID TARGETS IN MOUSE BRAIN.
ER de Kloet*, OC Meijer, AG de Boer and ECM de Lange. Leiden/Amsterdam 
Center for Drug Research, P.O.B. 9503, 2300 RA Leiden, The Netherlands.

Previous studies have demonstrated that circulating dexamethasone (DEX) 
poorly penetrates to its glucocorticoid targets (hippocampus and paraventricular 
nucleus (PVN)) in the brain, while the synthetic steroid is markedly retained by 
glucocorticoid receptors (GRs) in the pituitary corticotrophs. We found that DEX 
suppresses stress-induced ACTH release by acting at the pituitary. Therefore, 
treatment with moderate amounts of dexamethasone causes "chemical 
adrenalectomy (ADX)" and rather depletes than overexposes the brain to 
glucocorticoids. Accordingly, occasional apoptosis of neurons in hippocampus is 
observed as is the case after ADX.

Here we test the hypothesis that the multiple drug resistance (mdr) P- 
glycoprotein in the blood-brain barrier hampers access of DEX to brain gluco-
corticoid receptors (J Clin Invest 96 (1995) 1698-1705). For this purpose ADX 
mdr la knock out mice were used. The retention of [3H]-DEX (4 jrg/kg mouse) 
was studied in hippocampus using these mdr la (-/-) mutants by autoradiography at 
1 hr post injection (sc). The hippocampal CAI and dentate gyrus, the PVN and 
neocortical areas showed a tenfold increase in cell nuclear uptake of [3H]-DEX, 
which now increased towards levels observed in the pituitary. Blood levels of [3H]- 
DEX were not different between wild-types and mutants, while the [3H]-DEX 
concentration in pituitary, cerebroventricles and liver was not affected either by 
mdr la gene disruption. In conclusion, the data demonstrate that the brain is 
resistant to penetration by dexamethasone because of mdrla activity. We thank A. 
Schinkel & P. Borst (Netherlands Cancer Institute) for providing the mdr 
knockouts.

698.4
DIFFERENCES IN THE NUMBERS OF CRH-IMMUNOREACTIVE NEURONS 
IN BRAINS OF ADULT BROWN TROUT CHRONICALLY EXPOSED TO METAL 
CONTAMINATION IN THE WILD. P.O. Norris*, S. Felt, T. Maldonado, A. 
Schwindt, J.M. Reed, and J. D. Woodlinq. Dept. EPO Biology, Univ. 
Colorado, Boulder CO 80309-0334.

We tested the hypothesis that wild brown trout (Salmo trutta) living 
in heavily metal-contaminated waters, (primarily Zn, Cd) of the Eagle 
River in Colorado exhibit chronic alterations in hypothalamic 
corticotropin-releasing hormonelike immunoreactivity (CRH-ir) 
compared to brown trout living in uncontaminated areas of the stream.

Reproductively quiescent brown trout were collected in April prior 
to spring runoff. Each fish was immersed in a solution of MS-222 
(200 mg/L) and killed by decapitation. The brains were fixed in 
Bouin's fluid for later immunocytochemical examination using the 
avidin biotinylated-peroxidase method. The distribution of 
hypothalamic CRH-ir neurons was determined in serial sections (10 
fjm) following immunocytochemical staining for mammalian CRH.

Kidney levels of Cd and Zn determined by atomic mass spectroscopy 
where significantly greater in fish from the contaminated water. CRH- 
ir neurons were visible only in the nucleus lateralis tuberis (NLT) 
and the preoptic area (POA). More CRH-ir neurons were present in 
the NLT of all fish with the numbers of CRH-ir neurons always 
significantly greater in either brain region of fish from the 
contaminated water. Kidney levels of Cd and Zn were significantly 
greater in fish from the contaminated water.
Supported by USFWS Federal Aid Project F-84-R-9

698.5
CORTICOSTERONE IN THE AMYGDALA DETERMINES ABDOMINAL 
OBESITY IN A STATE-DEPENDENT MANNER. S.F. Akana*, A.C. Chu and 
M.F.Dallman Dept of Physiology, UCSF, San Francisco, CA 94143-0444.

Truncal obesity and marked remodeling of body composition characterizes 
long-term treatment with glucocorticoids. Nonetheless, many conditions of 
chronic stress with hypersecretion of glucocorticoids produce severe body 
wasting. We hypothesized that the amygdala is a site at which 
glucocorticoids and stress interact. Cannulae, containing solid corticosterone 
(B) or cholesterol (implants) were targeted bilaterally to the amygdala of male 
rats. Three d later, all rats were adrenalectomized and provided with 
subcutaneous B pellets to clamp plasma B at low levels (2-3pg/dl). After 4 h 
recovery, rats were either maintained at 23°C (control) or 5°C (cold) for 5 d. 
The highly restricted spread of B from brain implants was determined using 
immunocytochemical visualization of glucocorticoid receptors. Amygdalar B 
interacted significantly with cold on the weight of perirenal white adipose 
tissue (pWAT) and plasma insulin levels. In controls, pWAT (?48%) and 
insulin ( ?20%) increased in B implanted rats; in the cold-treated rats there 
was no difference due to B implants on pWAT or insulin. There were no 
effects of the amygdalar B implants on plasma ACTH responses to restraint, 
thymus weight, epididymal WAT or interscapular or perirenal brown adipose 
tissue, plasma leptin or glucose or corticosterone, or final body weight. Thus, 
the effects of amygdalar B implants appear specific to an abdominal fat depot. 
We conclude that: 1. the amygdala are activated by high, central B levels 
which promote accretion of abdominal fat stores; 2. this central effect of B is 
counterbalanced by interaction with neural elements under conditions of 
chronic stress; and, 3. regulation of fat stores by B can be dissociated from 
regulation of function in the hypothalamo-pituitary-adrenal axis. (Supported 
in part by NIH Grant DK28172).

698.6
PHYSIOLOGICAL AND ENDOCRINE CONSEQUENCES OF CHRONIC 
SOCIAL STRESS: TIME COURSE OF ONSET AND RECOVERY.
R.R. Sakai*. C.R. McKittrick, D.C. Blanchard. R.J.. Blanchard, M.P. Hardy.
B.S. McEwen. Univ. of Pennsylvania, Philadelphia, PA; Univ. of Hawaii, 
Honolulu, HI; The Population Council and The Rockefeller Univ., NY, NY.

Physiological and endocrine changes in male rats housed in mixed-sex groups 
in a Visible Burrow System (VBS) suggest that this is a stressful environment. 
Rats quickly form a dominance hierarchy consisting of one dominant (DOM) and 
3 subordinates(SUB). The most severe endocrine abnormalities occur in the 
SUB. The first set of rats was housed in the VBS for the 2 weeks, while the 
second set was housed in the VBS for 2 weeks, then removed from the VBS and 
cage-housed individually for an additional two weeks. The time course of: 1) 
weight loss; 2) abnormal hypothalamic-pituitary-adrenal axis activity; and 3) 
decreased testicular function was defined during 2 weeks of VBS-induced stress 
and after removal from the VBS. Blood was periodically sampled throughout the 
experiment prior to final tissue collection. The SUB lost weight shortly after 
the onset of group housing and was not prevented by having ad lib access to 
food and water in all areas of the VBS. This weight was regained within 1 week 
after removal from the VBS. 2 week VBS housed animals had elevaterd basal 
plasma corticosterone levels and only a subset of SUB rats demonstrated failure 
to increased corticosterone secretion to a novel stressor. Serum LH in SUB was 
significantly lower after 2 weeks in the VBS compared to DOM and controls. 
However, the magnitude of the difference was not nearly as large as the reduction 
in serum testosterone in SUB indicating that direct action of glucocorticoids 
maybe involved in the inhibition of testicular steroidogenesis. Together, many 
of the dramatic and dynamic VBS associated changes are reversible in this model 
of chronic social stress. NSF 9528213,Guggenheim Fdn. & HD3300.
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698.7
INDIVIDUAL DIFFERENCES IN VULNERABILITY TO AGE-RELATED 
COGNITIVE IMPAIRMENT IN THE RAT ARE EMPHASIZED BY MATERNAL 
DEPRIVATION. M.S.Oitzl*. J.O.Workel. M, Flutter! and E,R,de Kloet. LACDR- 
Division of Medical Pharmacology, University of Leiden, 2300 RA Leiden, The 
Netherlands.

The cognitive performance of aged animals is characterized by large individual 
differences. Dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis and 
glucocorticoid hypersecretion in later life are thought to contribute to the impairment 
of cognitive abilities. Maternal deprivation (at postnatal day 3 for 24 hours) induces 
persistent changes in HP A reactivity in the young albino and the Brown Nonvay rat. 
We used Brown Norway rats which, in contrast to albino rats, have a long and 
healthy lifespan and respond to stress at high age with glucocorticoid levels 
comparable to young animals. - As only half of the pups of a litter were separated 
from the dam for 24 hours (DEP), their siblings served as controls. Rats were housed 
in groups until testing at 3, 12,24 and 30 months (at least 10 litters per age group). 
The water maze task is known to be sensitive to age-related spatial learning 
impairment. The acquisition of the task was impaired in DEP compared to controls 
only at 3 and 12 months of age. At 24 and 30 months both groups showed an age- 
related decrease in spatial learning when the mean performance was compared. 
However, the distribution of individual performances within the groups was 
strikingly different. In DEP two subgroups could be clearly distinguished: good and 
bad learners (U-shaped curve); in controls a normal distribution was seen (bell-
shaped). It seems that in the DEP group, half of the animals was susceptible to 
maternal deprivation.Taken together, an early life experience as maternal deprivation 
has no general impairing influence on the organism but it enhances the individual 
vulnerability for age-related impairment. Supported by NWO grant 554-545.

698.8
CENTRAL BOMBESIN ADMINISTRATION AND RESTRAINT STRESS 

ELICIT CRF RELEASE AT THE MEDIAN EMINENCE
P. Kent*1, H.Anisman3 & Z, Merali1'2, ‘Sch. Of Psychol. & 2Dept. of Pharmacol., 

Univ. of Ottawa; institute of neuroscience, Carleton Univ., Ont. Canada.
While corticotropin-releasing factor (CRF) is a primary regulator of the 

hypothalamic-pituitary-adrenal (HPA) axis, the mechanism(s) triggering CRF release 
in response to stress have not yet been fully determined. We have recently shown that 
centrally administered bombesin (BN) increases plasma ACTH and corticosterone 
(CORT) levels, and alters CRF levels at specific brain sites. Furthermore, CRF 
antagonists block many of the endocrine and behavioral responses to BN. In this 
study, we tested the contention that BN-like peptides play a role in mediating and/or 
modulating CRF release in response to stress. The in vivo release of CRF at the 
median eminence/arcuate nucleus (Me/Arc) was assessed in freely moving rats using 
push-pull perfusion. We determined 1) whether i.e.v. administration of BN elicits the 
release of CRF and 2) the dynamics of CRF and BN release in response to acute 
restraint stress. Animals were implanted with guide cannulae aimed at the Me/Arc (for 
push-pull) and the 4th ventricle (for microinjection), 1 week prior to testing. On test 
day, probes were lowered at the Me/Arc and perfused (with artificial CSF) at the rate 
of 10 ul/min. Samples were collected every 15 min between 9:00 and 15:00 hrs. Six 
sequential samples were collected after each of the following manipulations: baseline 
(no treatment), central saline administration, central BN injection, and manual restraint 
(10 min). CRF and BN levels were then measured in the perfusates using solid-phase 
radioimmunoassays. BN administration elicited a rapid release of CRF from the 
Me/Arc, which peaked at the 3rd sample. Acute restraint also elicited a bi-phasic 
release of CRF and BN; rapid release followed by second more protracted peaks. It 
can be concluded that 1) both BN and stress cause release of CRF and 2) BN might 
mediate and/or modulate the response of the HPA axis to acute stress.
Supported by NSERC.

698.9
REPEATED EXPOSURE TO NON-CONTROLLABLE STRESS STIMULATES 
GREATER c-FOS mRNA EXPRESSION IN THE PARAVENTRICULAR 
NUCLEUS OF THE HYPOTHALAMUS (PVN) THAN REPEATED EXPOSURE 
TO CONTROLLABLE STRESS DL Helmreich*, SA Lubitz. H Akil and SJ Watson. 
University of Michigan, Ann Arbor MI 48109.

Behaviorally, it is known that the degree of controllability over stress is critical for 
determining the impact of a stressor on an animal. While controllability does not alter 
the peripheral hypothalamic-pituitary-adrenal (HPA) axis response to stress, we asked 
if it altered the neural mechanisms underlying activation of the HPA axis. To address 
this issue, we developed a paradigm of controllable/non-controllable stress in which 
one animal is capable of terminating a stress stimulus, while his yoked partner, who 
receives the identical stress stimulus, cannot control the termination of the stimulus. 
We then examined c-fos mRNA expression in these animals. Eight adult male rats 
were studied and were divided into 2 groups: 1) controllable stress, n=4; 2) non- 
controllable stress, n=4. On the first day, the controllable and non-controllable stress 
groups were subjected to 80 trials of 0.8 mA foot-shock with an average inter-trial 
interval of 60 sec. A bar press by the controllable stress animal terminated the shock 
for both animals. On Day 2, animals were subjected to the same stress condition and 
were killed by rapid decapitation 30 min post-initiation of stress. Brains were rapidly 
collected and tissue sections were processed for in situ hybridization histochemistry. 
Plasma corticosterone levels were similar in both stress conditions: controllable 
stress, 29.19+4.2 pg/dl; non-controllable stress, 30.01±1.8 (ig/dl. Despite the 
similarity in plasma corticosterone levels, the magnitude of the c-fos response in the 
PVN was significantly greater in the non-controllable stress group than the 
controllable stress group (controllable stress, 30.92±3.3 OD units; non-controllable 
stress, 56.54±7.31 OD units, p< 0.05). These data indicate that repeated exposure to 
controllable or non-controllable stress results in differential expression of c-fos 
mRNA levels within the PVN and may suggest that these stressors have a differential 
impact on the regulation of the PVN and the HPA axis.
Supported by: F32-MH10715 & PO1-MH42251

698.10
EXPRESSION OF ADRENERGIC RECEPTOR SUBTYPES IN THE RAT 
PARAVENTRICULAR NUCLEUS OF THE HYPOTHALAMUS: A DUAL IN SITU 
HYBRIDIZATION STUDY. Heidi E.W, Day*. Stanley J, Watson and Huda Akil, 
Mental Health Research Institute, University of Michigan, Ann Arbor, MI 48109.

The direct neuronal projection from brainstem noradrenergic and adrenergic cells 
to the paraventricular nucleus of the hypothalamus (PVH) has been implicated in the 
activation the hypothalamic-pituitary-adrenal (HPA) axis following a number of 
acute stressors. However, the adrenergic receptor (ADR) subtypes involved in the 
regulation of the HPA axis at the level of the PVH are not known. In this study, the 
expression of mRNA encoding ADR subtypes in the PVH of adult male Sprague- 
Dawley rats was determined by in situ hybridization. A dual in situ hybridization 
technique was used to determine the neurochemical identity of cell types in which 
three of the ADR were expressed.

Of the eight ADR subtypes examined, five were expressed in the PVH. a-la, a-lb 
and a-2a ADR mRNA were expressed at low to moderate levels. For a-la ADR 
mRNA, expression was greater in magnocellular than parvocellular cells. Expression 
of a-lb ADR mRNA was greater in parvocellular than magnocellular cells. Highest 
expression of a-2a was found in the dorsal cap and ventral aspects of the PVH. a-2c 
and B2 ADR mRNA were expressed at extremely low levels. Expression of mRNA 
encoding a-Id, a-2b or BI ADR was not detected within the PVH. Colocalization 
studies were performed for a-la, a-lb and a-2a. An extremely high degree of 
colocalization of corticotropin-releasing hormone (CRH) with both a-la and a-lb 
ADR mRNA was observed. There was essentially no colocalization of CRH with a- 
2a mRNA. Furthermore a-2a was not expressed in oxytocin or vasopressin 
containing cells, except for a small subpopulation of oxytocin cells at a caudal level 
of the PVH. In contrast, there was significant expression of a-2a in enkephalin 
containing cells. The high degree of colocalization of a-la and a-lb ADR mRNA in 
CRH containing cells of the PVH suggests that activation of these receptors may be 
involved in the regulation of the HPA axis.

This study was supported by NIMH #MH42251 and the Pritzker Network for the 
Study of Depression.

698.11
ANATOMICAL AND FUNCTIONAL DEMONSTRATION OF A 
MULTISYNAPTIC SUPRACHIASMATIC ADRENAL (CORTEX) 
PATHWAY. R.M. Buijs*, J. Wortel, J.J. Van Heerikhuize, G.J. Ter Horst, A. 
Kalsbeek, R. Teclemariam-Mesbah. Netherlands Institute for Brain Research,
Amsterdam, The Netherlands.
In view of the mounting evidence that the suprachiasmatic nucleus (SCN) is 
directly involved in the setting of the sensitivity of the adrenal cortex to ACTH, 
the present study investigated possible anatomical and functional connections 
between the SCN and the adrenal.
Transneuronal virus tracing from the adrenal revealed first order labelling in 
neurons in the intermedio-lateral column of the spinal cord and second order 
labelling in neurons of the autonomic division of the paraventricular nucleus. 
The latter neurons were shown to receive an input from vasopressin or 
vasoactive intestinal peptide containing SCN efferents. The true character of 
this SCN input to second order neurons was also evidenced by the fact that third 
order labeling was present within the SCN itself.
The functional presence of the SCN-adrenal connection was demonstrated by 
a light-induced fast decrease in plasma corticosterone that could not be 
attributed to a decrease in ACTH.
This immediate decrease of corticosterone plasma levels, only observed in SCN 
intact animals and only in the beginning of the dark period, is proposed to be 
due to a direct inhibition of the sympathetic output to the adrenal by light- 
mediated activation of SCN neurons. As a consequence it is proposed that the 
SCN utilizes neuronal pathways to spread its time of the day message, not only 
to the pineal, but also to parts of the autonomic nervous system, including the 
adrenal.

698.12
GFAP AND CFOS EXPRESSION SUBSEQUENT TO NEONATAL STRESS:
A STUDY OF GLIAL MORPHOLOGY AND NEURONAL ACTIVATION.
Micah J. Sickel*, Rachel L. Kurzweil, Margaret M, McCarthy
University of Maryland, Baltimore, School of Medicine, Baltimore, MD 21201

Stress in the neonatal rat activates the hypothalamic-pituitary-adrenal (HPA) axis resulting in 
elevated levels of corticosterone. Excessive exposure to stress has long term effects on the adult 
HPA axis resulting in a potentiation of HPA axis response. The mechanism mediating this 
sensitization of the adult HPA axis by early exposure to stress is unknown.

In vitro studies have revealed the presence of type II glucocorticoid receptors (GR) in 
astrocytes (J. Neurosci. Research, 27:360, 1990). In vitro studies have also revealed that 
glucocorticoids decrease the mRNA levels of glial fibrillary acidic protein (GFAP), a glial 
specific marker, in the rat hippocampus (Endocrinology, 135:5, 1994). Therefore, we 
hypothesized that exposure to neonatal stress would influence glial morphology in the 
developing brain.

Male rats were stressed two times per day by restraint beginning on postnatal day 1 (PN1) 
until postnatal day 3 (PN3), alternating 10 minutes stress with 10 minutes rest for the duration 
of an hour. After the last rest period on PN3, the rats were sacrificed, the brains removed, and 
then fixed by acrolein immersion. The brains were sectioned and processed for 
immunocytochemistry using a monoclonal antibody to glial fibrillary acidic protein (GFAP, 
Boehringer Mannheim).

Using NIH Image Analysis and densitometry thresholding, GFAP immunoreactive surface 
area was measured in regions CA1, CA3, and dentate gyrus of the hippocampus. A 
significant decrease in GFAP immunoreactive surface area was found within the CA1 region 
of the hippocampus (p=.011, 1-way ANOVA). However, we found no significant change in 
GFAP immunoreactive surface area in CA3 or dentate gyrus. Whether this change in glial 
morphology in response to early stress is permanent and/or if this change impacts adult HPA 
axis response, remain to be determined. Also, cFOS immunoreactivity in the neonatal brain 
after stress suggests the potential for mapping the stress circuitry in the neonatal brain. 
(Supported by NIH#R29MH52716 grant to MMM)
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698.13
EFFECT OF MONOAMINE IONTOPHORESIS ON NEURONAL ACTIVITY IN 
VENTROMEDIAL HYPOTHALAMUS OF LEAN AND OBESE MICE. K. Kraszewski*. A. 
Cincotta. Ergo Science Development Corp., Charlestown, MA 02129

Injection of noradrenaline and serotonin into the ventromedial hypothalamus 
(VMH) of rodents induces hyperinsulinemia and glucose intolerance. Differences in 
monoamine influences on neuronal activity in VMH were studied between 
genetically obese, hyperinsulinemic and glucose intolerant or normal lean mice

Single unit recording and seven barrel glass electrodes were used to study an 
effect of iontophoretic applications of noradrenaline (NE), dopamine (DA) and 
serotonin (5HT) on glutamate (Glu) evoked neuronal activity in VMH of C57B1/6J 
obese and lean mice. Drug injection lasted 30s. Glu was applied at a current range of
5-30 nA. Monoamines were tested with different currents of 5, 10, 20, 40 and 60 nA. 
After recording and dye injection, localization of the electrode was verified 
histologically. In total, 36 neurons were analyzed. In both obese and lean mice NE, 
DA and 5HT had primarily inhibitory effects on Glu stimulated activity. NE blocked 
such activity in 85% of neurons, DA blocked activity in 80% and 5HT inhibited 55% 
and excited 10% of neurons. NE and DA produced effective inhibition at currents of 
5 or 10 nA and at 40 nA produced almost complete suppression of the Glu evoked 
response. For 5HT, 20-40 nA current was necessary to obtain significant inhibition 
of response to Glu. The effect of DA and 5HT vanished immediately following 
cessation of application, however the inhibition produced by NE injection lasted 
longer and depending on the dose could remain for up to 10 min. Differences in the 
duration of inhibitory' response to NE were observed between lean and obese mice 
suggesting more effective (longer lasting) action of NE in obese animals. It is 
therefore possible that in genetically obese mice higher efficacy of NE in VMH is, in 
part, responsible for their hyperinsulinemia and glucose intolerance.

Ergo Science Development Corp.

698.14
PARAVENTRICULAR NUCLEUS NEURONAL FIRING RATE AND 
PATTERN ARE RELATED TO HIPPOCAMPAL THETA ACTIVITY IN THE 
RAT. J. W, Smvthe* and B. Costall. Dept. of Pharmacology, Univ. of 
Bradford, Bradford, BD7 1DP, UK.

Stress activates the hypothalamic-pituitary-adrenal (HPA) axis by stimulating 
neurons of the paraventricular nucleus (PVN), and ultimately, promotes the 
release of adrenal corticosterone (CORT). The HPA axis is subject to negative- 
feedback control by CORT-sensitive hippocampal neurons. In the present study, 
we have recorded hippocampal theta and large, irregular activity (LIA), while 
monitoring PVN cell responses to determine if on-going hippocampal electrical 
field activities signal alterations of PVN neuronal discharges. Adult male, Lister 
hooded rats (350-550g) served as subjects. Under isoflurane anesthesia, rats were 
implanted with jugular cannulae for delivery of i.v. urethane (0.8g/ml) anesthesia. 
A hippocampal recording electrode was positioned in the stratum moleculare (A-P 
-3.3; M-L +2.5; D-V 2.5mm) to record theta and LIA activities, and PVN cells 
(A-P -2.1; M-L + 0.6; D-V 8-9mm) were recorded using glass micropipettes (1-3 
mft) backfilled with 2M sodium acetate/direct blue dye. Theta and LIA states 
were discriminated using a computer-based FFT calculation, and discharge rates 
(mean±SD), and patterns during each condition were assessed by auto-correlation 
and cross-correlation functions. A total of 18 cells were recorded from 11 rats, 17 
of which were localized to the PVN region. 7/17 cells (41%) were either 
significantly more active during theta compared with LIA, or exhibited phasic- 
firing during theta, but no rhythmicity during LIA (Theta-On) (0-5.57±l.88; 
LIA-3.39±1.14). 2/17 cells (12%) were less active during theta compared to LIA 
(Theta-Off) (0-0.43±0.18; LIA-1.67+0.5). 8/17 cells (47%) were unrelated to 
theta (0-3.87±1.29; LIA-3.47±1.11), and 4 of these cells were rhythmic during 
both theta and LIA. These data suggest that each region receives a common input 
or that PVN activity follows that occurring in the hippocampus. Changes in 
theta or LIA may be a transduction mechanism that signals alterations in PVN 
neuronal activity and HPA axis control. (Supported by Univ. of Bradford)

698.15
CORTICOTROPIN-LIKE INTERMEDIATE LOBE PEPTIDE (CLIP) REDUCES 
EFFICACY AND ENERGY OF HYPOTHALAMICALLY-DRIVEN 
HIPPOCAMPAL THETA ACTIVITY. R. Kortekaas, B. Costall* and J.W. 
Smvthe. Dept. of Pharmacology, Univ. of Bradford, Bradford, BD7 1DP, UK.

Hippocampal theta activity is a large amplitude, sinusoidal wave that can be 
elicited by electrical stimulation of the dorsomedial posterior hypothalamus 
(DMPH). CLIP (corticotropin-like intermediate lobe peptide) is a 
proopiomelanocortin (POMC) derived neuropeptide that has amongst its central 
effects the ability to alter hippocampal CAI neuronal excitability in the rat. The 
present study reports on the effects of CLIP on spontaneous theta and large, 
irregular activity (LIA), and electrically-driven theta activity recorded from the rat 
hippocampus. Adult male, Lister hooded rats (350-550g) served as subjects. Under 
isoflurane anesthesia, rats were implanted with jugular cannulae for delivery of i.v. 
urethane (0.8g/ml) anesthesia. Rats were implanted with a hippocampal recording 
electrode and a stainless steel hippocampal guide cannula, both aimed at the 
stratum moleculare (A-P -3.3; M-L ±2.5; D-V 2.7mm). A bipolar stimulation 
electrode was positioned in the DMPH (A-P -4.2; M-L ± 0.5; D-V 7.5mm). 
Intrahippocampal infusion of 500 ng CLIP in 5 pi aCSF, or control infusions 
were done, and field activity was monitored for 60 min. Theta and LIA states were 
discriminated using a computer-based FFT calculation. The efficacy of electrical 
DMPH stimulation to elicit hippocampal theta was reduced up to 60 min post- 
CLIP. When theta was generated, its amplitude was diminished, but with no 
accompanying alteration in frequency. No changes in frequency or energy of 
spontaneous theta were found, and energy in the LIA state was unaffected. These 
data show that CLIP has a specific and potent effect on hippocampal synchronising 
mechanisms, and may alter signal processing modulated by theta states. The fact 
that only driven theta activity was affected suggests that CLIP may preferentially 
regulate or modify hippocampal afferents that convey more urgent or arousing 
information. (Supported by Univ. of Bradford)

698.16
LOCAL CONCENTRATIONS OF TNFa ARE SUFFICIENT TO 
MIMIC THE RESPONSE OF ACTH TO INOCULATIONS OF E. 
COLI. D. E, Carlson*, and J. K. Babus. Dept. of Surg., Univ, of 
Maryland Sch. Med., Baltimore, MD 21201.

Of the inflammatory cytokines, TNFa is produced earliest in 
response to gram-negative bacterial infection. We tested whether the 
release of TNFa in gram-negative infection was sufficient to elicit the 
events that cause the response of ACTH. Rats were prepared 
chronically with either ip or iv catheters. They were infused with doses 
of E. coli or of TNFa that yielded submaximal responses of ACTH and 
no hypotension. First, TNFa was infused ip at a rate that increased 
plasma TNFa to values that were intermediate between those measured 
after ip doses of either ~10^ or ~10& E. coli. This ip dose of TNFa 
elicited a response in ACTH that was intermediate between that after the 
two ip doses of bacteria. Next, an iv dose of TNFa that increased 
plasma TNFa above its concentration after an ip dose of ~10^ E. coli 
elicited a lesser response of ACTH than did the peritoneal bacteria 
(P<0.05). These results suggested that the peritoneal but not the 
plasma concentration of TNFa after peritoneal E. coli was sufficient to 
elicit the hormonal response. After -IO? E. coli, plasma TNFa was 
greater after iv inoculations than after ip inoculations (36,940 ± 5520 
versus 2017 ± 880 pg/ml peak response at 1 h). When TNFa was 
infused iv to mimic the response to ~10^ E. coli injected iv (30,580 ± 
5740 pg/ml peak at 1 h after TNFa), the responses of ACTH to the 
TNFa and to the bacteria were statistically identical. Thus, while the 
plasma TNF cannot account for the responses to intraperitoneal 
inoculations of bacteria, it appears to be sufficient for the response to 
intravenous inoculations. Supported in part by NIH grant GM52796.

698.17
Morphological alteration of hypothalamo-pituitary-adrenal 
axis during recovery stage from chronic dehydration. F. 
Mava, M, Tanaka*t, T* .Tanaka and Y, Ibatat. Dep. of 
Anesthesiology, Anatomy and Neurobioiogyt, Kyoto 
Prefectural Univ. of Med., Kyoto 602, Japan.

Corticotropin releasing factor (CRF) and arginine 
vasopressin (AVP) synthesized in hypothalamic 
parvocellular portion of the paraventricular nucleus are 
thought to be a stimulator of ACTH. Chronic dehydration 
has been reported to diminish ACTH response to stress. 
However, morphological features of hypothalamo-pituitary- 
adrenal (HPA) response during rehydration, recovery stage 
from dehydration, is still obscure. To investigate the 
change of CRF and AVP synthesis during rehydration, 
semiquantitive in situ hybridization for CRF and AVP was 
performed on rat hypothalamus. Colocalization of AVP mRNA 
and CRF mRNA was also analyzed using double labeling in 
situ hybridization in parvocellular portion. Plasma ACTH 
concentration was measured using RIA. Rehydration period 
was provided as 7days following 7days salt loading. 
Results; During rehydration, CRF mRNA contents which 
decreased during dehydration returned to normal level, 
whereas AVP mRNA contents increased in parvocellular 
portion. CRF mRNA and AVP mRNA were found to be 
coexpressed on the same neurons in the parvocellular 
portion during rehydration. Plasma ACTH concentration 
slightly increased in compared with control rats. These 
observations suggest that increased ACTH concentration is 
due to increased AVP synthesis in parvocellular portion 
during rehydration. Supported in part from Ministry of 
Education, Science and Culture, Japan, No.08458248.

698.18
Changes in Expression of aw Adrenergic Receptor mRNA in the Rat 
Paraventricular Nucleus During Lactation. P.A, Morilak*, G. Helesic, A.V. 
Domvancic and C.D, Walker#, Department of Pharmacology, University of 
Texas Health Science Center at San Antonio, 7703 Floyd Curl Dr., San 
Antonio, TX, 78284-7764 and #Douglas Hospital Research Center, 6875 
LaSalle Blvd., Verdun, Quebec, H4H 1R3, Canada

Stress-induced release of corticotropin releasing factor (CRF) and 
activation of the HPA axis are attenuated during lactation. Hypothalamic 
norepinephrine, acting through an ai adrenergic receptor mechanism, has 
been implicated in both oxytocin release during milk let-down, and in stress- 
induced activation of the HPA axis. Thus, the neuroendocrine changes 
suggest that there may be alterations in expression of hypothalamic a-| 
receptors during lactation. Using in situ hybridization, we have found that the 
a-j receptor mRNA most prominently expressed in the PVN is of the ai d  
subtype. Thus, in this study, we examined potential changes in expression 
of messenger RNA encoding the aw receptor in the PVN of lactating female 
rats compared to non-lactating virgin females. Brains from virgin female 
Sprague-Dawley rats (n=7) or mid-lactating female rats (n=9) were frozen, and 
sections through the PVN were processed for in situ hybridization using a 
radiolabeled riboprobe for-the aw receptor message. Using densitometric 
analyses of film autoradiograms calibrated with 14C standards, we found a 
significant decrease in aw mRNA expression in the parvocellular PVN of 
lactating rats vs non-lactating virgin females (mean + SEM: 2.08 + 0.25 vs 
3.00 + 0.22 nCi/mg, p<0.02 by ANOVA). A slight non-significant decrease 
was also observed in the core magnocellular nucleus (2.98 + 0.41 vs 3.81 ± 
0.28). Further anatomical studies are underway to identify the specific cell 
subpopulations in these regions that express the aw receptor message by 
combining immunocytochemistry for CRF and oxytocin with in situ 
hybridization for the ai □ receptor message. Support provided by research 
grants from the Whitehall Foundation, NIMH (MH 53851) and MRC-Canada.
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698.19
PCRH-REB APPEARS TO PARTICIPATE IN THE LIF STIMULATION OF POMC 
TRANSCRIPTION IN AtT20 CELLS. Jacques Jospitre Jr.*, Qun Han & James L, Roberts, 
Fishberg Center for Neurobioiogy, Box 1065, Mount Sinai Medical School, New York, NY 
10029

The leukemia inhibitory factor (LIF) was recently found to stimulate POMC gene 
transcription in AtT20 cells after 6 hours of treatment. We have found that this cytokine can 
increase POMC gene transcription within 1 hour of treatment. We wanted to see if the acute 
effects of LIF on POMC transcription was being mediated by PCRH-REB (POMC Corticotropin 
Releasing Hormone-Regulatory Element Binding Protein). We also wanted to uncover any 
possible interactions between LIF and other factors known to stimulate POMC transcription 
such as CRH and the L-type calcium channel agonist Bay K. AtT20 cells were treated with 
either LIF (1 nM) and/or Bay K (100nM) and/or CRH (10nM) for 60 min and nuclear extracts 
were prepared. RNase protection assays were performed on the same nuclear preparations 
using POMC intron/exon probes to measure changes in primary transcript, a measure of 
POMC gene transcription. The gel shift analysis was performed with 32P-labeled PCRH-RE of 
various lengths (from -171/-160 to -177/-154 in rat POMC promoter). Extracts of AtT20 cells 
treated with Bay K and/or CRH have previously been shown to increase binding to this 
element. Extracts of this corticotrophic cell line treated with LIF were found to give a similar 
increase in binding to PCRH-RE. If BayK was used to treat the cells along with LIF, we saw an 
additive effect in PCRH-RE binding. Parallel patterns were seen in the changes in the 
primary transcript levels of POMC via the RNase protection assay under these same 
treatment paradigms. Preliminary results indicate that PCRH-REB or an associated protein 
may be a point of integration at POMC gene transcription for these three signaling molecules. 
(Supported by NIH-DK27484)

698.20
MECHANISM BY WHICH PCRH-REB MEDIATES POMC TRANSCRIPTION 
ENHANCEMENT IN RESPONSE TO CRH TREATMENT IN ATT20 CELLS. Q, Han, J. 
Jospitre Jr., and J. L, Roberts* Fishberg Research Center for Neurobioiogy, Mount Sinai 
School of Medicine, New York, NY 10029

POMC CRH-response element binding protein (PCRH-REB) is a putative transcriptional 
factor which possibly plays a key role in the increased transcription of proopiomelanocortin 
(POMC) in response to CRH treatment in AtT20 cells. Multiple proteins in whole cell extracts 
were found to be recognized by antiserum raised against PCRH-REB. Prominent among 
them include the 133kDa full length PCRH-REB protein. Another prominent protein is only 
about 60kDa, which appears enriched in nuclear extracts of AtT20 cells. Previous 
immunoprecipitation did not show that phosphorylation level of the two proteins increased or 
decreased upon CRH treatment. However, Southwestern analysis showed that the binding of 
the 133kDa PCRH-REB protein to PCRH-RE double stranded DNA fragment was increased 
by 10nM CRH in both nuclear protein extracts and whole cell protein extracts of AtT20 cells. 
The 60kDa protein is also capable of binding to the probe, but to a lesser extent. Gel shift 
analysis of the nuclear extracts show multiple species complexing with 32P-labeled PCRH- 
RE. Binding of these different species is increased after CRH treatment. When successively 
smaller versions of the PCRH-RE element are used (from -177/-154 to -171/-160) only one 
complex stays prominent while the others fade away. Previous supershift analysis has 
indicated that these different species were all associated with PCRH-REB. We are working 
to resolve the relationship between the multiple species found in the southwestern blot with 
those found in the gel shift analysis. In order to determine the mechanism by which PCRH- 
REB mediates POMC transcription, expression of both protein species were studied in detail. 
No change in expression level of either protein with CRH treatment has been observed. 
These data suggested that the PCRH-REB mediates POMC transcription in response to 
CRH by a mechanism other than protein synthesis or phosphorylation of the protein itself in 
AtT20 cells; proteolysis may play some role in the regulation but it is not likely the sole 
player; and protein-protein interaction seems to be important for the transcriptional 
regulation. (Supported by NIH-DK27484)

HYPOTHALAMO-PITUITARY-GONADAL IV

699.1
IN VITRO STIMULATION OF LHRH RELEASE BY OXYTOCIN FROM 
BASAL HYPOTHALAMIC BUT NOT MEDIAN EMINENCE TISSUES. W, 
W, Webster*, A, Morey, J. Sullivan, and C, A, Johnston. School 
of Pharmacy, Dept. of Pharmaceutical Sciences, Univ. of 
Montana, Missoula, MT 59812-1075.

Oxytocin (OT) has been shown to exert both an inhibitory and 
stimulatory influence on plasma LH secretion in vivo, but only 
an inhibitory effect on LHRH release in vitro. The present 
study evaluated whether OT could stimulate LHRH release from 
median eminence (ME, containing LHRH terminals) or basal 
hypothalamic (BH, containing LHRH cell bodies, axons and 
terminals) tissue explants in vitro obtained at 1500 hr from 
cycling female rats on diestrus or proestrus. Explants were 
dissected and preincubated for 30 min in 0.5 ml of oxygenated, 
supplemented Krebs buffer at 37°C. The media was discarded 
and replaced with control Krebs media (basal secretion), Krebs 
containing 0.1 pM OT, Krebs containing 10.0 pM OT, or Krebs 
containing 28 mM KCL. Media was collected and assayed for 
LHRH by double antibody radioimmunoassay. LHRH release 
from both ME or BH tissues obtained on diestrus decreased in 
response to OT. LHRH release from ME tissues obtained on 
proestrus showed no change in response to OT whereas LHRH 
release from BH proestrus tissues demonstrated a dose- 
dependent stimulation in response to OT. The data support the 
hypothesis that OT stimulates the release of LHRH not at the 
terminals of LHRH neurons, but rather through interactions 
which influence LHRH cell bodies and/or axons. This work was 
supported by NIH IDEA grant, RR11796.

699.2
COMPARISON OF FOS ACTIVATION DURING THE PREOVULATORY 
SURGE OF LH OR IN RESPONSE TO CENTRAL INJECTION OF 
OXYTOCIN ON THE AFTERNOON OF PROESTRUS. D. J, Selvage* and 
C. A. Johnston. School of Pharmacy, Dept. of Pharmaceutical 
Sciences, Univ. of Montana, Missoula, MT 59812-1075.

Oxytocin (OT) exerts both an inhibitory and stimulatory 
influence on plasma LH secretion in vivo which is dependent 
upon the plasma levels of gonadal steroids. The stimulatory 
effect is centrally mediated and occurs during a brief 6-8 hour 
time period around the time of the expected proestrous 
preovulatory LH surge seen in cycling female rats. In order to 
attempt to localize where OT may be mediating its effects the 
present study evaluated whether central injection of OT during 
this critical period could stimulate hypothalamic FOS 
expression which would mimic the changes in FOSir seen 
during the preovulatory surge of LH. Adult female rats were 
stereotaxically cannulated intracerebro-ventricularly (ICV). 
and allowed to recover while their estrous cycles were 
monitored by daily vaginal lavage. Following two or more 
consecutive regular cycles, oxytocin or vehicle was injected 
ICV in the morning or afternoon of proestrus or diestrus. 
Animals were sacrificed one hour later and processed for 
expression of FOSir, which was quantified via image analysis, 
and compared with results from proestrous, preovulatory rats. 
The data support a role for FOS in the physiological expression 
of the proestrous LH surge which correlates with changes 
seen during the ICV OT stimulated release of LH. This work was 
supported by NIH IDEA grant, RR 11796.

699.3
INVOLVEMENT OF THE ADRENAL MEDULLA IN HYPOGLYCAEMIC 
STRESS-INDUCED INHIBITION OF LH PULSES IN THE RAT. F.R.A. 
Cagampang, C. McGarvey*, P.S. Cates, C.W. Coen and K.T, O'Byme.
Anatomy & Human Biology, Division of Biomedical Sciences, King's 
College London, London WC2R 2LS.

Insulin-induced hypoglycaemic stress interrupts LH pulses in several 
mammalian species. Since hypoglycaemia is a potent activator of the 
sympathetic nervous system we tested the hypothesis that the adrenal 
medulla is involved in the hypoglycaemia-induced suppression of LH 
pulsatility in the rat. Adult rats were adrenomedullectomised (ADMX) or 
sham operated four weeks prior to ovariectomy and oestradiol capsule 
implantation (s.c). Ten days after ovariectomy the animals were fitted with 
indwelling atrial catheters and allowed 2-4 days recovery. Following an 
overnight fast, blood samples were collected every 5 min for 6 h and assayed 
for LH. After 2.5 h of sampling, insulin (0.5 U/kg) or saline was given 
intravenously. Insulin induced a mean (± s.e.m.) decrease in blood glucose 
of 60.6 ± 3.6 % and 58.8 ± 1.8% (n=7; p<0.05) in the ADMX and sham 
operated rats respectively. The hypoglycaemia-induced interruption of 
pulsatile LH in the sham ADMX rats (n=7; p<0.05) did not occur in the 
ADMX animals. Furthermore, ADMX prevented the hypoglycaemia- 
induced inambulation; the rats exhibited a normal resting posture and 
movement. These results demonstrate that the adrenal medulla is involved in 
the hypoglycaemic stress-induced inhibition of LH pulses in rats. A role for 
the adrenal medulla in the behavioural responses to hypoglycaemia is also 
indicated and remains to be investigated.
The Royal Society, BBSRC and the MRC are thanked for their generous 
support.

699.4
THE EFFECT OF CORTISOL SYNTHESIS INHIBITION ON THE ESTRADIOL 
BENZOATE-INDUCED LH SURGE IN OVARIECTOMIZED RHESUS MONKEYS. 
P. J. MacTavish. A. E. Farley. S. D. Iscoe*. R, L. Reid, and D. A. Van Vugt.
Department of Obstetrics and Gynecology; Department of Physiology, Queen’s 
University, Kingston, Ontario, Canada, K7L 3N6

Corticotropin-releasing Hormone (CRH) is involved in the neuroendocrine regulation 
of Luteinizing Hormone (LH) secretion, and is believed to mediate the inhibitory effects 
of stress on female reproductive function. The objective of this study was to determine if 
increased CRH release could inhibit the LH surge in primates. This was accomplished 
by analyzing the estradiol benzoate (E2B)-induced LH surge in ovariectomized (OVX) 
rhesus monkeys (n=6) following cortisol synthesis inhibition with metyrapone. We have 
previously shown that metyrapone significantly increases CRH in the paraventricular 
nucleus of rhesus monkeys.

OVX monkeys were given an E2B challenge (50 pg/kg im), followed 24 h later by a 
ten-hour infusion of metyrapone (5 mg/kg/h) or saline. The LH surge began 31 hours 
after E2B injection in monkeys treated with metyrapone compared to 39 hours post-E2B 
injection in the saline controls. Metyrapone increased adrenocorticotropin (ACTH) 
levels approximately 10-fold compared to controls. Because progesterone (P4) is known 
to advance the estrogen-induced LH surge, the effect of metyrapone on adrenal P4 
secretion was examined. P4 levels were increased from 2.5 ± 0.3 ng/ml to a peak of 5.2 
± 1.4 ng/ml and remained elevated (P < 0.05, vs.basal) from hour 3 to 15 after 
beginning metyrapone treatment. P4 levels did not change in saline controls. Our data 
show that an increase in CRH release due to metyrapone did not inhibit the E2B-induced 
LH surge. Instead, metyrapone treatment advanced the LH surge. This effect appears to 
be related to an increase in adrenal P4 secretion in response to metyrapone-induced 
activation of the hypothalamic-pituitary-adrenal axis.
(This work was supported by the MRC of Canada).
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699.5
THE EFFECTS OF PMSG ADlvIINISTRATION ON STEROID HORMONES 
PRODUCTION AND OVULATION IN PREPUBERTAL RATS ARE AGE 
DEPENDENT. J. Villavicencio *, M.C. Penasco, R. Chavez, and V. Diaz. U1BR- 
FES-Zaragoza, UNAM and INNS-Zubiran. Mexico, AP 9-020, CP 1500.

The ovulation is regulated by gonadotropins and steroid hormones. In previous 
results we reported that in prepubertal rats the ovulation induced by PMSG 
administration is age-dependent. In the present study we determinate the plasma 
concentration of 17 p-estradiol and progesterone in female rats of 21, 24 or 27 
days old treated with PMSG (3 iu) and sacrificed 0, 24, 48, 54 o 72 h after 
treatment to analyze why the animals lower than 27 days don't ovulate. In 27 days 
old rats results show that the peak levels of estradiol were observed 48 h after 
PMSG treatment and 6 h later in the other groups (left figure).

ESTRADIOUosi/mti PROGESTEROME (ng/mlj

° AFTERPMSG (Tlu) TR^TM^r"’ "a FTER PMSG (3 IU)”t REATMENT

After 54 h of treatment progesterone levels were higher in rats of 24 and 27 days 
than in the 21 days group (right figure). At 72 h after PMSG non of the animals 
of 21 days ovulated, alone 3/7 rats which were treated at 24 days (had 4±1 ova 
shed) and all 27 days rats ovulated (9±1 ova shed). These result suggest that, in 
21 days old rats don’t LH released. In addition into ovary the progesterone 
regulates preovulatory follicles response to gonadotropins endogenous and this
could be another factor which should be taken on consideration. 
Supported by CONACyT and PADEP 500305.

699.6
MULTIPLE PACEMAKERS ARE ASSOCIATED WITH THE GONADOTROPIN-
RELEASING HORMONE (GNRH) PULSE GENERATOR IN THE RHESUS MONKEY.
T. Ordog*. Laboratory for Neuroendocrinology, The Univ. of Texas—Houston, TX 77225.

The rhythmic, pulsatile secretion of the pituitary gonadotropic hormones is effected by a 
neuronal signal generator in the mediobasal hypothalamus (MBH). The electrophysiological 
correlates of the functioning of this oscillator are abrupt increases in multiunit activity (MU A 
volleys) that represent the simultaneous increase in firing rate of individual neurons (PNAS 
90:9630, 1993). Previously we have demonstrated the existence of functional synapses 
between pairs of these pulse generator-associated units and suggested an integrating role for 
them in the operation of this neuronal clock (Soc. Neurosci. Abstr. 21:1896, 1995). The 
present study was prompted by the unexpected finding of functional inputs from pulse 
generator-associated units to non-volleying ones identified in the same recordings, which 
raised the possibility that the synapses between the volleying cells may also be physiologi-
cally insignificant. Single units were separated in multiunit recordings made from the MBH 
of 4 female rhesus monkeys by cluster analysis and further sorted as pulse generator- 
associated units and non-volleying ones. Synaptic interactions between pairs of units were 
identified by cross-correlation analysis of time series of their action potentials. The degree 
of the inputs' influence on the firing of the postsynaptic units was determined by calculating 
the appropriate parameter (contribution) from these histograms. The obtained values were 
not different during or between the MU A volleys and indicated that the pulse generator- 
associated units made a significantly lower contribution to the firing of other volleying than 
to that of non-volleying cells (P<0.01, Mann-Whitney rank sum test). The estimated 
minimum number of converging, uncorrelated inputs that could, theoretically, account for 
•the postsynaptic volleys was -20 with the median being as high as -1000. These data 
suggest that the simultaneously detected pulse generator-associated units probably represent 
spontaneously firing individual oscillators coupled by means other than synapses, although 
some role for the latter cannot entirely be excluded. (Supported by grants to 
E. Knobil from the NIH (HD-17438 and HD-08610) and the Ellwood Foundation.)

699.7
EFFECT OF MATING ON MEDIO-BASAL HYPOTHALAMIC LHRH GENE 
EXPRESSION IN A REFLEX OVULATOR, THE FERRET. J. Bakker*, B.S. 
Rubin, and M.J. Baum. Dept of Biology, Boston University, Boston MA 02215 and 
Dept of Anatomy & Cell Biology, Tufts Medical School, Boston MA 02111.

In the estrous ferret, a reflex ovulator, receipt of an intromission from a male 
induces a prolonged (+ 12h) preovulatory LH surge, which may require a relatively 
large amount of newly synthesized hypothalamic LHRH to be released into the 
hypothalamic-pituitary portal vessels. We asked whether medio-basal hypothalamic 
LHRH mRNA levels change in mated females during the course of the preovulatory 
LH surge? Estrous females were killed 0.5h, lh, 3h or 6h after the onset of a 10 min- 
long intromission from a male. Additional estrous females were killed after being 
placed in an empty cage. Neuronal LHRH mRNA levels were assessed using in situ 
hybridization (ISH) methods. ISH was performed using a 35S-labeled 48 base 
oligonucleotide probe complementary to the human LHRH coding region. The 
greatest number of labeled medio-basal hypothalamic neurons was found in the 
unmated females, especially in the ventral anterior hypothalamus (AH) and at the 
level of the arcuate nucleus/median eminence (Arc region). Females killed 0.5h after 
the onset of intromission had decreased numbers of labeled neurons in the AH and 
the Arc region compared to unmated females. There was a trend for the number of 
labeled cells in the AH and Arc regions to be restored to control levels in females 
killed lh or 3h after the onset of intromission, followed by a decrease again in 
females killed 6h after onset of intromission. The dynamic changes observed in 
LHRH mRNA levels may reflect alterations in mRNA stability, gene transcription 
and/or translation of mRNA following the mating stimulus. (Supported by HD 
21094; MH 00392, P30 HD28897).

699.8
DECREASED AFFERENT CONNECTIVITY OF GnRH NEURONS IN 
SURGICALLY MENOPAUSAL MONKEYS (MACACCA FASC1CULARIS) 
FOLLOWING CHRONIC HORMONAL REPLACEMENT THERAPY WITH 
PREMARIN OR PREMARIN PLUS PR OVER A. F. Naftolin*, M. Park. A. 
Kagiva, Takahasi. M. Brindle and T.L, Horvath. Department of Ob/Gyn, Yale 
University, School of Medicine, New Haven CT, 06520.

Rationale: Hormonal replacement is becoming one of the most effective 
therapies to overcome the adverse effects of menopause in women. It is critical to 
assess the mechanism of action of the compounds used and to reveal possible actions 
in the central nervous system. We assessed the effects of Premarin (equine estrogens) 
and Provera (medroxyprogesterone) on the synaptology of the GnRH neurons in the 
monkey hypothalamus. Experimental: Animal tissues were donated by Dr. Thomas 
Clarkson (NIH grant HL-38964). Ovariectomy was used t create surrogates for post 
menopausal monkeys and women. Premarin (Wyeth Ayerst), conjugated equine 
estrogens containing estrone sulfate, equilin and equilinin as their chief components, 
and Provera, (Upjohn), medroxyprogesterone were administered at 17% of the usual 
human dose, calculated from the average intake of food by the monkeys over a three 
month period. Coronal sections containing the hypothalamus were immunostained 
for GnRH. Electron microscopic analysis of GnRH cells in control ovariectomized, 
ovariectomized plus Premarin treated animals revealed three times more (14.5+5.6 
versus 5.2+2.5; p< 0.05) number of axo-somatic synapses in the ovariectomized 
animals compared to hormonally replaced animals in either groups. Conclusions: 
Our data raise the possibility that menopausal women first may exhibit increased 
synaptic input on GnRH neurons due to declining hormone levels followed by a 
decreased synaptic input due to hormonal replacement therapy. (Supported by NIH 
grant NS 36111)

699.9
COMPARISONS OF THE MALE AND FEMALE GnRH SYS TEM DURING 
AGING. Rikki Solow. Nichola Thompson. +Ian Dunn, +Peter Sharp, and Mary 
Ann Ottinger*. Department of Animal and Avian Sciences, University of 
Maryland, College Park, MD 20742 and +Roslin Institute, Edinburgh, Scotland, UK

We have previously shown that there is a qualitative and quantitative deterioration 
in the GnRH system during aging in male Japanese quail, which is associated with 
loss of sexual behavior. Specifically, chicken gonadotropin releasing hormone-I 
(cGnRH-I) content decreased in punched median eminence (ME) and preoptic- 
lateral septal regions (POA-SL) regions and amplitude of cGnRH-I release from 
hypothalamic slices was diminished in vitro. The objective of these experiments 
was to compare cGnRH-I content in young and old females and to assess cGnRH-I 
mRNA localization in the POM during aging in both male and female quail. 
cGnRH-I content was assayed by EIA (Li et al., 1994 Gen Comp Endocrinol 95,
13-24) in punches taken from the POA-SL or ME of young or old females 
(n=6/age). In situ hybridization was performed according to a method modified 
from R.T. Gladwell (pers comm) using a non-radioactive digoxigenin labeled 
cGnRH-I RNA probe. cGnRH-I antisense riboprobe was generated by transcribing 
a PTZ19R plasmid containing the 400 bp cDNA of cGnRH-I. Quail brains were 
fresh frozen and cryostat sectioned, thaw mounted, air dried, and stored at -70C. 
Sequential sections (25 p n=4/bird) from rostral and caudal POM were subjected to 
in situ hybridization from Japanese quail in the following groups (n=4/group): 
young active male (YAM), young active female (YAF), old inactive male (OI), and 
old inactive female (OIF). Cell counts were done on all sections.

Results showed a small decrease in POA (0.04 vs 0.03 ng/pg protein) and a 
significant decrease in ME (1.27 vs 0.28 ng/pg protein) cGnRH-I content in females 
similar to our previous observations in males. Distribution of cGnRH-I mRNA 
stained cells was similar in young reproductive males and females. During aging, 
males showed a decrease in the overall number of stained cells whereas females did 
not show this decline. Some qualitative differences occurred with variable staining 
intensities in young males and fewer darkly stained cells in old males. These results 
document similar distribution of cGnRH-I mRNA in male and female quail with 
evidence for age-related change in the male.

Supported by NRI #92-37203-7742 (MAO).

699.10
THE ONTOGENY OF THE GnRH NEURONS IN THE EMBRYONIC CHICK. 
E.M. Hilaiand A-J Silverman. Dept Anat. & Cell Bio. Columbia Univ., New 
York, NY 10032

In the embryonic chick, the gonadotropin-releasing hormone (GnRH) 
neurons differentiate within the olfactory epithelium (OE) and migrate along 
the olfactory nerve (ON) to their CNS destinations. A quantitative, 
immunocytochemical study of the migration of GnRH neurons throughout 
embryogenesis and in the 3 week post-hatch chick is presented. The time 
and site of origin of GnRH neurons was also examined tritiated thymidine 
(3HT).

The first GnRH neurons are seen at stage 19, and migratory cells are 
found at stage 20, just a few hours later. Cells pause on the nerve at the 
CNS border from stages 21-29 and then enter the brain. After hatching, the 
chick GnRH population increases three-fold from 2000 to 6000 cells. A large 
subset of these remains in the ON. This is the first description of persistent, 
extracranial GnRH neurons in a post-hatch avian species.

Cumulative 3HT-labeling revealed the time of origin of GnRH neurons. 
Post-mitotic cells were first detected at stages 19-21. At stage 24, a “burst” 
of GnRH cells withdrew from the mitotic cycle. This burst was followed by a 
gradual, sequential addition of postmitotic GnRH cells to the population 
through stage 35 (E9), by which time GnRH neurons span their migratory 
route.

To determine the site of GnRH cell origin, embryos were exposed to 
3HT and killed 5 hours later. Most GnRH cells incorporated label while in the 
OE. However, in some embryos, autoradiographically labeled GnRH cells of 
neuronal morphology were also found in the ON and CNS, suggesting that 
some GnRH neurons divide as they migrate or migrate very rapidly.
Both the immunocytochemical data and the birthdating study suggest that 
GnRH neuronal generation and/or differentiation of precursor cells occurs 
over a prolonged period of time. HD 10665
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699.11
CHICKEN II GNRH IN THE ELASMOBRANCH MIDBRAIN: SUPPORT FOR 
THE ANCESTRAL VERTEBRATE CONDITION. K.P. Maruska*, P.M, Forlano, 
J.A. King, S.A. Sower and T.C. Tricas. Department of Biological Sciences, Florida 
Institute of Technology, Melbourne, FL 32901.

The hypothesis that chicken II (ell) gonadotropin-releasing hormone (GnRH)- 
containing soma in the midbrain tegmentum is the ancestral condition was 
previously untested. High-performance liquid chromatographic analysis of the 
Atlantic stingray (Dasyatis sabina) brain indicates the presence of at least five 
different types of GnRH including the dogfish (df) and ell variants. The regional 
distribution of GnRH forms in the stingray brain was examined by 
immunocytochemistry with specific antisera raised against these variants, 
preabsorption with homologous and heterologous peptides and double label 
experiments. Results of these experiments indicate that large monopolar df-ir 
perikarya occur in the white body and preoptic area. In contrast, labeling 
experiments indicate that cll-ir cells are distributed along the tegmental midline 
from the oculomotor nucleus to the posterior commissure. Furthermore, these small 
bipolar and multipolar cells are morphologically distinct from those in the preoptic 
area and white body. Larger multipolar and bipolar cells in the region of the medial 
longitudinal fasciculus (MLF) from the cerebellar nucleus to the posterior 
commissure may contain other GnRH variants. In addition, small multipolar GnRH- 
ir cells run along the oculomotor tract to the red nucleus. GnRH-ir fibers are 
concentrated in the terminal nerve, ventral preoptic area, hypothalamus, mammillary 
recess, interpeduncular areas and midbrain tegmentum, but are more diffuse in the 
telencephalon, tectum and hindbrain. The differential distribution of ell and df 
GnRH-containing neurons leads us to suggest the possibility of divergent functions 
such as gonadotropin control and neuromodulation of sensory function.
Our results support the hypothesis that the ancestral vertebrate condition includes ell 
GnRH-containing neurons in the midbrain.

699.12
ROLE OF MAMMALIAN AND CHICKEN GNRH II SYSTEMS IN 
ENDOCRINE REGULATION IN AN AMPHIBIAN. L.E. Muske*, C.A. 
Lowry, and F.L. Moore . Univ. of Va., Charlottesville, VA., Univ. of 
Bristol, England, Oregon State Univ., Corvallis, OR.

Multiple molecular forms of gonadotropin-releasing hormone (GnRH) 
are present in the brains of most vertebrates. In amphibians, neurons 
synthesizing mammalian (m) GnRH, found in the terminal nerve (TN) and 
POA, and projecting to the median eminence, are believed to be the 
principle regulators of gonadotropin release. Neurons containing chicken 
GnRH II (cGnRH II), located in or near the anterior midbrain, are present 
in most gnathostomes, but little is known about the function of the cGnRH 
II system. To evaluate a possible role of cGnRH II in endocrine regulation 
of seasonal breeding activity, the retrograde tracer fluorogold (FG) was 
injected intraperitoneally into breeding and non-breeding newts (Taricha 
granulosa). Brains were processed for immunocytochemistry, using 
antibodies to m- and cGnRH II, and to other neuropeptides.

As in mammals, FG uptake was restricted to neurons projecting outside 
the blood-brain barrier. Doubly labeled FG/GnRH neurons were found in 
breeding, but not non-breeding newts. The presence of doubly-labeled 
FG/AVT cells in both breeders and non-breeders supports the 
interpretation of a strong seasonal difference in the access of GnRH 
neurons to the vasculature and/or in GnRH neurosecretory activity. In 
breeders, strong FG labeling was detected in about 25% of TN and 
preoptic mGnRH neurons. However, only a small number of cGnRH II 
cells containing weak FG label were detected. We conclude that the 
cGnRH II system makes a minor contribution, at best, to gonadotropic 
regulation.

Supported by NSF IBN-92090643 and BNS-8909173

699.13
EFFECTS OF MK-801 ON PUBERTY IN THE PLATYFISH. K.M, Flynn*. 
S.A, Miller, and M.P. Schreibman. Biology Program, Graduate Center and 
Brooklyn College of the City University of New York, Brooklyn, NY 11210.

The amino acid neurotransmitter glutamate purportedly acts via its N-methyl- 
D-aspartate (NMDA) receptor, to regulate gonadotropin releasing hormone 
(GnRH) and influence reproductive function. We have inactivated the NMDA 
receptor and investigated effects on the timing of sexual maturation in male and 
female broodmates of the platyfish, Xiphophorus maculatus. Experimental 
treatment began when animals were 6 weeks old and sexually immature and 
consisted of thrice weekly intraperitoneal injections of 20 - 60 ng per gm of 
body weight of the noncompetitive NMDA antagonist, MK-801. Control males 
and females received the same volume of saline. Sexual maturity in male 
platyfish coincides with the easily visible, androgen-driven metamorphosis of 
the anal fin into an organ of copulation, the gonopodium. Therefore, following 
injections, animals were weighed and their anal fins examined. When the first 
control male reached sexual maturity, all animals were sacrificed by decapitation 
and their development confirmed by gonad examination at autopsy. In females, 
MK-801 caused a retardation of puberty significant at /? < 0.01. In males, there 
was no difference between MK-801-injected animals and controls. Both 
experimental males and females weighed less than controls, but the differences 
were not significant for either group. Preliminary immunocytochemical data 
indicates a significant increase in the number of cells displaying the NMDA 
receptor protein in developing females, and no change in NMDA protein 
expression during male development. This data suggests a sexual dimorphism 
in the role of the NMDA receptor in regulating the timing of sexual maturation. 
It is further evidence of a pivotal role for glutamate, through its NMDA receptor, 
in the modulation of vertebrate development. Supported by NSF AMP (HRD 
9252789) to S.A.M. and by BARD (IS-2149-92) and NASA (NCC2-963) to 
M.P.S.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS V

700.1

THE SOURCE OF INAPPROPRIATE INPUT TO THE FORELIMB/STUMP 
REPRESENTATION OF ADULT RATS THAT SUSTAINED NEONATAL 
FORELIMB REMOVAL. R.D. Lane,* A.S. Stojic, and R.W. Rhoades. Dept. of 
Anatomy and Neurobioiogy, Medical College of Ohio, Toledo, OH 43699.

Rats that sustain forelimb removal at birth possess ipsilateral cuneate nuclei 
innervated by sciatic nerve primary afferents and most cuneothalamic neurons 
have receptive fields that include both the hindlimb (HL) and the forelimb stump 
(Proc. Natl. Acad. Sci. 92:4264-4268, 1995). However, this brainstem 
reorganization is almost completely unexpressed in the primary somatosensory 
cortex (S-I) where only 5.3% of the recording sites in the stump representation 
were responsive to hindlimb stimulation. Blockade of cortical GABAergic 
inhibition produced a large increase in HL-responsive sites in the cortical stump 
representation of neonatally manipulated rats compared to normal rats (J. 
Neurophys., in press). The present study asks: is HL information reaching stump 
cortex via the S-I HL representation? To test this possibility, the stump 
representation of GABA-blocked S-I cortex was mapped before and after 
electrolytic destruction of the HL representation. Analysis of 10 amputated rats 
showed that 72.0% ± 17.1 SD of stump recording sites possessed HL receptive 
fields prior destruction of the S-I HL representation but significantly (p<0.01) 
fewer’(11.5% ± 10.5) sites were responsive to HL stimulation after lesion. In 
four control animals that sustained electrolytic lesions of the lower jaw 
representation, there was no significant difference between the percentages of HL 
receptive sites in the stump representation before or after lesion (68.8% + 16.0 
vs 66.3% ± 16.9). The average latency to HL stimulation in the stump 
representation is significantly (p <0.001) longer (27.1 + 4.6 ms, n=83) than that 
of the S-I HL representations (11.3 + 2.0 ms, n=84) suggesting a multisynaptic 
pathway between these two sites. Supported by NS 28888 and DE 07734.

700.2
TACTILE PROCESSING BY THALAMIC NEURAL ENSEMBLES: THE ROLE OF 
CORTICAL FEEDBACK. A.A. Ghazanfar*, D.L Krupa. and M.A.L. Nicolelis. 
Department of Neurobioiogy, Duke University Medical Center, Durham, NC 
27710

The role of corticothalamic feedback in the somatosensory system is largely 
unknown. Previous studies have described only a slight facilitative influence of 
cortical feedback on rat ventral posterior medial nucleus (VPM) neuronal 
responses. However, given the extensive and topographic projections from the 
primary somatosensory (SI) cortex to VPM and the reticular nucleus, we 
hypothesized that this recurrent pathway fundamentally influences the 
spatiotemporal structure of receptive fields (RFs) (Nicolelis & Chapin, 1994) and 
the non-linear summation to multiwhisker stimuli (Ghazanfar & Nicolelis, 1997) 
in the VPM. Here, we tested this assertion by recording the single and 
multiwhisker responses of the same VPM neural ensembles (total # of 
neurons=102) in anesthetized rats (n=4) before and after muscimol-induced 
inactivation of SI cortex. We found that the spatiotemporal RF structure was 
significantly altered by inactivation of SI cortex: the direction and extent of RF 
shifting changed considerably. These resulted primarily from a reduction in the 
long-latency components of VPM responses. Responses to multiwhisker stimuli 
were also strongly modulated by cortical feedback. Prior to SI inactivation, we 
observed supralinear responses that were biased towards vertically-oriented 
multiwhisker (column) stimuli, while responses to horizontally-oriented (row) 
stimuli were strongly suppressed (Ghazanfar & Nicolelis, 1997). Following SI 
cortical inactivation, this relationship was reversed: more supralinear responses 
were elicited following row stimulation than column stimulation. This spatial bias, 
and its reversal following SI cortical inactivation, is supported by the orthogonal 
distribution of corticothalamic terminations in VPM and the reticular nucleus. 
Therefore, we conclude that the corticothalamic feedback plays a fundamental role 
in the genesis of spatiotemporal RFs and the spatial contrast of multiwhisker stimuli 
in the VPM. Supported by NIH DE-11121-01 and the Whitehall Foundation
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700.3
BEHAVIORAL MODIFICATION OF TACTILE RESPONSES IN THE RAT 
THALAMOCORTICAL LOOP. Erika E. Fanselow*, Merri J. Rosen and 
Miguel A. L. Nicolelis, Dept. of Neurobioiogy, Duke University, Durham, NC 
27710
Previous studies have demonstrated that responses to sensory stimuli are context 
dependent. Here, we investigated how behavioral context can influence the 
magnitude of tactile responses in the rat vibrissal system. Stimuli were applied 
using a cuff electrode surgically implanted around the infraorbital nerve while 
neuronal responses to these stimuli were recorded using arrays of stainless steel 
microwires chronically implanted into the ventral posterior medial nucleus (VPM) 
of the thalamus and primary somatosensory (SI) cortex. During recording sessions, 
animals were allowed to move freely, and four behavioral states were defined using 
frame-by-frame videotape analysis: 1. quiet immobility, 2. active whisking, 3. 
active exploration (rat exploring but not whisking), 4. whisker twitching (rat quiet 
but whiskers moving in small amplitude sweeps). When single 100msec stimuli 
were presented to the infraorbital nerve at 1Hz, the largest response magnitude was 
observed during the quiet immobility state and the smallest during whisker 
twitching. Furthermore, when two stimuli were presented 125 msec apart during 
the quiet immobility state, the magnitude of the second response was significantly 
lower than the response to the first stimulus, suggesting the presence of a 
decrementing-like response. However, during the whisking state, the magnitude of 
the second response was not different from the first, indicating that the 
decrementing-like response disappeared during this state. These results suggest that 
behavioral state modifies responses to single stimuli as well as responses to trains 
of stimuli, and thus may alter the functional organization of somatosensory 
representations over time. Supported by the Klingenstein Foundation (M.A.L.N.) 
and an NSF Predoctoral Fellowship (E.E.F.).

700.4
EFFECTS OF NEONATAL UNILATERAL FACIAL NERVE CUT ON 
TACTILE RESPONSES IN ADULT RAT SI CORTEX Laura M. O. de 
Oliveira*, Marshall G. Shuler, Suzette G. Casal, Miguel A. L. Nicolelis. Dept. of 
Neurobioiogy, Duke University Medical Center, Durham, NC 27710.

Active motor exploration in early life may play an important role in shaping the 
functional maturation of somatosensation. In rats, this issue can be investigated by first 
producing a unilateral section of the facial nerve (FN) in early postnatal development, 
and then characterizing the functional properties of the somatosensory system during 
adulthood. FN-section selectively blocks the production of rhythmic whisker 
movements, while leaving the sensory innervation of the whisker follicles intact. 
Previously, we showed that FN-section carried out in 8-11 day old rats alters the 
spatiotemporal organization of neuronal RFs in the ventral posterior medial (VPM) 
nucleus of the thalamus (Nicolelis et al, 1996). Here, we investigated the impact of 
this manipulation on a sample of 206 neurons located in the primary somatosensory 
(SI) cortex of 10 adult rats. FN-section at P10 induced a significant decrease in the RF 
size of SI neurons when compared to normal rats (6.18 ± 0.64 vs. 9.42 ± 0.71 
whiskers, respectively). FN-section also reduced the frequency of time-dependent 
shifts in the RF of SI neurons. Moreover, cortical neurons in lesioned animals 
exhibited much less supra-linear summation of multiwhisker stimuli when compared to 
intact adult rats (Ghazanfar et al, 1997). Analysis of cytochrome oxidase stained 
sections revealed that FN-section did not induce gross structural changes in the SI 
barrel field. These results indicate that a neonatal FN-section can significantly disrupt 
the way the SI cortex integrates single and multiwhisker information during adulthood, 
suggesting that the expression of exploratory behaviors is required for the proper 
maturation of the mammalian somatosensory system. Supported by the Withehall 
Foundation (M.A.L. Nicolelis), and NIH (DE-11121-01S L.M.O. de Oliviera)

700.5
ROLE OF SI CORTEX IN RECEPTIVE FIELD REORGANIZATION IN VPM THALAMUS 
FOLLOWING PERIPHERAL DEAFFERENTATION. D. J. Krupa*, A. A. Ghazanfar & M. 
A. L. Nicolelis. Dept. of Neurobioiogy, Duke Univ., Durham, NC 27710.

Recent work has shown that peripheral deafferentation of portions of the rat’s 
mystacial whisker pad by subcutaneous injection of lidocaine results in immediate 
spatiotemporal reorganization of facial receptive fields throughout multiple levels of 
the trigeminal somatosensory system including the VPM thalamus and SI cortex 
(Nicolelis et al., 1993; Faggin et al., in press). The present study was designed to 
examine the network level properties underlying this plasticity; specifically, the role of 
descending cortical projections in the reorganization seen in subcortical structures.

Long Evans rats were implanted with 16 microelectrode wires in VPM and 8 wires 
in the barrel field of SI cortex. A cannula was also implanted in SI, 0.5 mm lateral to 
the microelectrode array. Seven days post surgery, rats were lightly anesthetized 
(pentobarbital) and single unit and unit cluster neuronal activity was isolated from 
each microelectrode. Each of the mystacial facial whiskers was then stimulated. 
Muscimol (25-50 ng) was then infused into SI cortex and the whisker stimulation was 
repeated. Finally, while cortex remained inactive, lidocaine (40 pi, 1%) was injected 
subcutaneously into the region of the upper gum and the whisker stimulation was 
repeated again.

Muscimol completely abolished neural activity (recorded through the SI array) in SI 
for 6-8 hours. By 12 hours post-infusion, activity returned to pre-infusion levels.
Cortical inactivation resulted in reorganization of receptive fields within VPM. The 
most common effect was reduction or elimination of long latency (>20ms) responses 
to whisker stimulation. In some cells, however, long latency responses were 
unmasked. In a small subset of cells, short latency (~10ms) responses were modified. 
Injection of lidocaine near the whisker pad while cortex remained inactive resulted in 
receptive field reorganization within VPM. This was typically seen as an unmasking of 
responses to stimulation of whiskers which had previously been unresponsive. These 
results suggest that receptive field reorganization following peripheral deafferentation 
is mediated primarily by ascending pathways since cortical inactivation did not 
prevent reorganization within VPM. Support: NIH DE-11121-01 & Whitehall

700.6
SUBCUTANEOUS PERIORAL INJECTIONS OF CAPSAICIN CAUSE IMMEDIATE 
REORGANIZATION OF MULTI-WHISKER RECEPTIVE HELDS IN ANESTHETIZED 
RATS. S. A. Simon, Donald B. Katz, Psyche Lee*, & Miguel A. L. Nicolelis.
Department of Neurobioiogy, Duke University, Durham, NC 27710.

Neurons distributed across the barrel region of rat primary somatosensory cortex 
respond to whisker stimulation. These complex spatiotemporal responses reorganize 
within minutes of subcutaneous injection of local anesthetic (lidocaine) near the 
whisker pad (Nicolelis, etal. Wa/z/re 361:533-536,1993). Here we report similar 
findings using capsaicin, a compound that briefly excites, and then inactivates, a 
subset of sensory nerve endings (primarily C-fiber nociceptors).

Single- and multi-unit recordings were collected from Long Evans rats implanted 
with 2x8 microwire electrode arrays (NBLabs, Dennison TX) during controlled 
stimulation of individual whiskers (100 msec whisker deflections, 1 Hz for 6 
minutes). After all facial whiskers had been individually stimulated in a random 
order, ~20 pi of 10% capsaicin in 30% ethanol with a small amount of Tween-80 
was injected under the furry skin of the upper lip. The mapping procedure was then 
repeated. To examine the short-term stability of any receptive field changes, selected 
whiskers were tested for a third time 3-5 hours following injection.

At both unit and ensemble levels of analysis, capsaicin injection affected the 
spatiotemporal properties of the neural responses. Although some response 
suppression was observed, the majority (approximately 75%) of the changes involved 
unmasking of new sensory responses to whiskers that were centimeters away from 
the injection site. In some cases, the ‘principle whisker’ (for which a particular 
neuron’s response is strongest) changed after capsaicin injection. Decreases and 
increases in response latency were also observed; reorganization was stable for at 
least 3-5 hours post injection. These changes were similar, but not identical, to those 
caused by peripheral lidocaine block, and demonstrate that large spatiotemporal 
reorganization can be induced through the inactivation of a relatively small subset of 
sensory receptors. Our results further suggest that any major change in the neural 
balance of excitation and inhibition—via the inactivation of C-fibers—is sufficient to 
change the functional architecture of somatosensory networks.

Supported by a research grant from Philip Morris.

700.7
SINGLE-CELL CORRELATES OF REPRESENTATIONAL PLASTICITY IN RAT 
SOMATOSENSORY (Si) cortex . p,w. ffickmott* &. MALMazaiicb. Keck 
Ctr. for Integrative Neurosci. San Francisco, CA 94143.

The cellular and circuit properties that underlie representational plasticity in the 
cortex are incompletely understood, but it has been hypothesized that strengthening 
and/or weakening of excitatory and/or inhibitory synapses of intracortical projections 
that cross representational boundaries may be one mechanism underlying them.

A novel in vivo/in vitro preparation in which the cellular and synaptic properties of 
single cortical neurons close to a representational boundary in rat SI has been described 
(Hickmott & Merzenich, Soc. Neurosci Abstr. 22, 1133). Using this preparation, it 
was found that both EPSPs and IPSPs in neurons close to the border were smaller 
when evoked by stimulation of intracortical projections that crossed the border, as 
compared with stimulation of projections that did not.

This preparation has now been used to investigate changes in EPSPs and IPSPs in 
neurons close to a translocated representational border. The border between the forepaw 
and lower jaw representations in rat SI was first mapped, then the distal forepaw was 
partially denervated by cutting the medial and radial nerves. This procedure resulted in a 
medialward shift in the border of -50-200 pm. The reorganized border was marked by 
dye iontophoresis, and the marked area immediately sliced for in vitro recording of the 
responses of layer 2/3 neurons close to this reorganized border. The effectiveness of 
horizontal inputs shifted with the medialward shift of the border, i.e. smaller amplitudes 
of EPSPs and IPSPs were recorded with cross-border stimulation at the novel border. 
Overall, the effects of the novel border on horizontal inputs closely resembled those 
recorded across representational borders in normal rats. Thus, a novel border induced by 
acute denervation appeared to arise from cellular/synaptic mechanisms that underlie a 
normal border. We intend to compare these data from acutely-denervated animals with 
similar data from chronically-denervated (>2 weeks) animals.

[Supported by NIH grants NS-10414 and NS-09859],

7Q0.8
ACUTE EFFECTS OF PIRACETAM AFTER FOCAL BRAIN INFARCTION 
ON THE REORGANIZATION OF THE FOREPAW REPRESENTATION MAP 
OF THE PRIMARY SOMATOSENSORY CORTEX (SI) IN THE ADULT RAT. 
J.O. Coo and C, Xerri* Lab. Neurobioiogy of Functional Restorations, 
UMR 6562 University of Provence-CNRS, 13397 Marseilles Cedex 20, 
France.

It has been shown that piracetam enhances the energetic cerebral 
metabolism, facilitates cerebral blood flow, and preserves neuronal membranes 
and organelles following a stroke. The present study investigated on Long-Evans 
rats the effects of acute piracetam treatment on the early reorganization of SI 
cortex maps after focal ischaemic infarction. The cutaneous map of the forepaw 
was derived from layer IV of the SI using micro-electrode mapping techniques, 
prior to and during the first 12 hours after the cortical infarction. The areal extent 
of the lesion was determined 1, 4, 8, and 12 hours after lesion induction. Focal 
infarction was produced by delivering a 500KHz current through a temperature-
monitoring electrode (70° C for 1 min). Ten rats were treated with piracetam and 
ten rats were injected with a placebo (200 mg I.P. per 100 g of body weight). 
Injections were done, using a blind procedure, 1 hour after the infarction and 
every 4 hours during SI mapping. Piracetam treatment was found to 1) induce a 
gradual decrease in die areal extent of the infarct (ratio 0.8) between the 4th and 
12th post-lesion hours, whereas the lesioned area increased (ratio 2.6) in controls, 
2) preserve die internal topographic features of the cortical maps, 3) reinforce the 
post-lesion increase in die size of die cortical cell cutaneous receptive fields. 
These results suggest that piracetam administered in die first few hours after focal 
cortical infarction limits die deleterious effects of the ischemia, exerts a sparing 
influence on the functional organization of neighboring cortical zones and favors 
adaptive compensation mechanisms.

Supported by UCB Pharma SPLF95A2501,
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700.9
CURRENT-SOURCE DENSITY PROFILES IN THE SOMATOSENSORY 
CORTEX OF NORMAL AND DENERVATED FERRETS. D.F. McLaughlin* and 
S.L. Juliano, Dept. of Anatomy and Cell Biology, USUHS, Bethesda, MD 20814.

Little is known about changes in the sequence of laminar activation following 
peripheral denervation. This experiment uses current-source density (CSD) analysis 
and deafferentation at different neonatal ages in ferrets to examine changes in the 
laminar activation sequence. Because neonatal ferret cortex is very immature at birth, 
nerve transections at different ages permit assessment of differential contributions of 
thalamocortical afferents and the maturity of cortical layers to functional 
reorganization in somatosensory cortex. To test this, animals received ulnar nerve 
lesions at different postnatal ages. Extracellular recordings were collected at several 
cortical sites when ferrets were three months old. In normal ulnar cortical territory, 
stimulation of ulnar nerve elicited early responses in the middle layers, followed by 
systematic shifts in activity to the supra- and infragranular layers. In contrast, 
stimulation of median nerve in normal animals evoked low-amplitude, delayed activity 
in the lower layers with no subsequent spatiotemporal activity shifts. Radial nerve 
stimulation evoked low-amplitude, delayed activity in both the supra- and 
infragranular layers. In lesioned animals, laminar activation patterns varied 
differentially as a consequence of age at the time of lesion. For example, in adult 
ferrets that received ulnar nerve lesions at postnatal day 7, recordings in deafferented 
ulnar cortical territory to median nerve stimulation consisted of larger and shorter- 
latency responses primarily in the lower layers. Furthermore, a systematic 
spatiotemporal shift toward the middle layers occurred. Radial nerve stimulation also 
resulted in shorter latencies and larger amplitudes; however, early responses occurred 
in supra- and infragranular layers as well as in middle layers of deafferented ulnar 
cortical territory. These results suggest that functional reorganization in adults reflects 
the state of cortical maturation at the time of lesion and that thalamic input may 
expand its focus after early peripheral denervation. Supported by PHS RO1 NS24014.

700.10
CUTANEOUS THRESHOLDS WITHIN THE SOMATOSENSORY CORTEX OF 
THE RAT BEFORE AND IMMEDIATELY AFTER A SCIATIC NERVE 
CRUSH. S, Barbay*. G, Falchook. E, Peden, and R, Nudo. Dept. of Molecular & 
Integrative Physiology, Univ. of Kansas Med. Cntr., Kansas City KS 66160, Dept. of 
Neurobiology & Anatomy & Dept. of Orthopaedic Surgery, Univ. of Texas Hlth. 
Sci. Cntr., Houston TX 77030.

Quantitative changes in cortical receptive field thresholds were examined in 
somatosensory cortex after peripheral nerve injury. Cutaneous receptive fields were 
defined by conventional multi-unit recording techniques. Thresholds for evoking 
cortical responses were defined using von Frey hairs to stimulate the skin over the 
distal and proximal hindlimb, and over the adjacent tail, lower back and abdomen. 
This method allowed us to define evoked responses as low-threshold cutaneous, high- 
threshold cutaneous and non-cutaneous. Receptive fields were recorded before and 
within four hours after a sciatic nerve crush injury. Group comparisons were also 
made with intact (control) rats in which more detailed maps were derived. After a 
sciatic nerve crush, a large portion of the former sciatic nerve territory in the cortex 
was unresponsive to peripheral stimulation. Low-threshold cutaneous responses to 
distal and proximal hindlimb stimulation (in skin innervated by the saphenous nerve) 
were encountered in a smaller portion of the former sciatic nerve territory, near the 
former sciatic/saphenous border. In addition, high-threshold cutaneous responses to 
distal hindlimb stimulation were encountered in scattered locations throughout the 
former sciatic nerve territory at more distant locations from the former 
sciatic/sapheonus border. These results extend previous findings after nerve injury to 
demonstrate that the thresholds for evoking rapidly altered responses are 
indistinguishable from those prior to injury. This quantitative data provides strong 
support for the notion that functional boundaries in the somatosensory cortex are 
actively maintained by selective inhibition of subsets of overlapping inputs. Inhibited 
responses can be expressed rapidly following peripheral nerve injury. Supported by 
NIH grants IT32NS07373, 1R01 NS 30853 and the American Heart Association.
This work was done during the tenure of an Established Investigatorship from the 
American Heart Association.

700.11
LEVELS OF GENE EXPRESSION FOR GABA- AND GLUTAMATE- 
TRANSMITTER RELATED MOLECULES IN ADULT MONKEY 
SOMATOSENSORY CORTEX FOLLOWING TRANSECTION OF 
PERIPHERAL NERVES. T.M. Woods*. A. Munoz, K. Trinh & E.G. Jones. 
Dept. Anatomy and Neurobiology, Univ. of California Irvine, Irvine, CA 92697.

The somatosensory cortex receives input from the periphery in a somatotopic 
manner. Interruptions in the somatosensory pathway at the periphery, by denervation 
or amputation, cause changes in the topography of the body representation in 
somatosensory cortex. Up- and down-regulation of molecules involved in excitatory 
and inhibitory circuits in cortex may play a role in activity-dependent somatosensory 
plasticity. This study addresses the issue of the extent to which transection of 
peripheral nerves in adult monkeys alters gene expression in somatosensory cortex 
for molecules associated with GABAergic and Glutamatergic neurotransmission. 
Transection and ligation of the mental, auriculotemporal, ulnar, median or the medial 
and lateral plantar nerves was performed on adult monkeys. 5-115 days after nerve 
cuts, somatosensory cortex was sectioned and hybridized with radioactive cRNA 
probes to localize mRNAs for glutamic acid decarboxylase (GAD), the al, a5, (32, 
and y2 subunits of the gamma-aminobutyric acid (GABAa ) receptor, the a and (3 
isoforms of type II calcium/calmodulin dependent protein kinase (CIIK), NMDA 
receptor subunits 1 and 2a-2d, and GluRl-7 subunits of ionotropic glutamate 
receptors. Alternate sections were stained for Nissl or cytochrome oxidase (CO) or 
processed immunocytochemically for GABA, GABAa  receptor (32/(33 subunits, 
parvalbumin, NRI, NR2a-2c, GluRl, GluR2/3, GluR4 and GluR5/6/7. Regions of 
decreased CO staining and variations in gene expression for neurotransmitter-related 
molecules in somatosensory cortex were minimal and occurred only in cases with the 
shortest survival times. Normal levels of gene expression may be maintained by the 
divergence of thalamocortical connections, sprouting of afferents within the 
somatosensory pathway, or long-range horizontal collaterals of pyramidal neurons.

Supported by NIH Grant NS21377.

700.12
REORGANIZATION OF SOMATOSENSORY AREA 3a IN OWL 
MONKEYS FOLLOWING LONG TERM DEAFFERENTATION BY 
DORSAL COLUMN SECTION. N, Jain*. K, C, Catania and J. H, 
Kaas. Dept. of Psychology, Vanderbilt Univ., Nashville, TN 37240.

The hand and adjoining parts of somatosensory area 3a were mapped 
immediately or after a period of up to eight months following unilateral 
dorsal column section at C3/C4 level in owl monkeys (Aotus 
trivirgatus). We used standard multiunit mapping techniques. In normal 
animals, area 3a responds to light cutaneous touch and muscle 
stimulation. The receptive fields in this area are usually larger than in 
adjoining area 3b and tend to encompass parts of more than one digit or 
palmar pad. Immediately after the section of dorsal columns, area 3a 
became unresponsive to peripheral stimulation. Only an occasional 
responsive site was found. Following an incomplete section, by about 5 
weeks, the cortical territory of the remaining peripheral inputs from the 
hand expanded to activate the entire hand region. By 6 months, in 
addition to the remaining hand inputs, inputs from the face activated the 
hand region. At few sites, neurons also responded to the stimulation of 
arm. After a complete section of the dorsal columns, large areas of the 
hand region remained unresponsive to the peripheral stimulation for at 
least 20 days, except in a small lateral most region where responses to 
the stimulation of face were seen. Eight months after a complete section, 
all of the hand portion of area 3a responded to the cutaneous stimulation 
of both face and the preserved inputs from the arm. The results show 
that in area 3a, as in area 3b, extensive reactivation occurs after dorsal 
column section. However, plastic reorganization in area 3a is faster and 
even more massive than in area 3b.
Supported by NIH grant NS 16446.

700.13
EFFECTS OF FORELIMB INJURY ON THALAMOCORTICAL 
CONNECTIONS IN MACAQUE MONKEYS. H.B. Taub* & S.L. 
Florence. Dept. Psych., Vanderbilt Univ., Nashville, TN 37240.

Our present understanding of connections in the somatosensory system 
of primates suggests that the large-scale cortical reorganization which 
occurs after a major loss of peripheral inputs is too extensive to be 
explained by the potentiation of any known, existing connections in 
normal animals. To test whether this plasticity involves structural 
reorganization in the ascending pathway, we studied thalamocortical 
connections in macaque monkeys (Macaca mulatta) that had long-
standing peripheral injuries. Two animals had amputations as veterinary 
treatment following injury, the third had a wrist fracture which rendered 
the hand useless. An injection of 2% WGA-HRP was made into the 
approximate location of the hand representation in cortical area 3a or area 
1, using AAALAC-approved surgical procedures. In the amputees, the 
distribution of retrogradely labeled neurons in the ventroposterior 
nucleus (VP) was more sparse than normal and labeled cells were 
extremely small. Cytochrome oxidase staining also revealed an apparent 
reduction of metabolic activity in the regions where the deprived cells 
were located. Conversely, the animal with wrist fracture had an 
apparently normal distribution of label and architectonic appearance of 
VP despite the deprivation. These findings demonstrate modification of 
the thalamocortical pathway after amputation, but relatively little change 
when the injured limb is left intact. However, in neither case is it likely 
that structural changes in the thalamocortical projection are responsible 
for cortical plasticity. Supported by NIH grants NS 16446, NS36469, 
and Vanderbilt Center for Molecular Neuroscience.

700.14
CORTICAL REORGANIZATION IN TRAUMATIC AMPUTEES BUT 
NOT IN CONGENITAL AMPUTEES. W. Larbig*, P. Montoya, H. Flor,
N. Birbaumer. Institute of Medical Psychology and Behavioral 
Neurobiology, University of Tuebingen, D-72074 Tuebingen, 
Germany.

The hypothesis was tested that previously observed functional 
reorganization of the somatosensory cortex in upper-limb amputees is 
related to phantom limb pain and not to the absence of the limb. 
Somatosensory evoked potentials were recorded from 60 scalp EEG 
electrodes during pneumatic stimulation of the lower lip of both sides, 
the 1st and 5th digit and the big toe of both feet. Cortical maps of the 
stimulated body parts were obtained using neuroelectric source 
imaging in 6 traumatic amputees suffering from phantom limb pain 
and 5 subjects with congenital limb aplasia.

A significant shift (about 21 mm) of the cortical representation of the 
lip contralateral to the amputation side towards the area that formerly 
represented the amputated hand was observed in phantom limb pain 
patients. No hemispheric difference was found in the cortical maps of 
the big toe for any subject, suggesting that cortical reorganization of 
the somatosensory cortex is specifically confined to the representation 
of neighbouring body areas. No evidence for cortical reorganization 
was found in painfree subjects with upper-limb deficiency.

The observed reorganization in amputees confirm our earlier results 
demonstrating that the extensive cortical shift is related to an 
imbalance of nociceptive inputs before or during the amputation, and 
not to a lack of proprioceptive or somatosensory input.

Supported by the German Research Society (DFG).
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701.1
CORTICOPONTINE PROJECTIONS IN THE SYRIAN HAMSTER. ZS. 
Hoffer1, N.F, Capra^X Hsieh2 and P.O. Frost2. Dept. of OCBS, U of MD 
Dent. Sch.1, Dept. of Pharmacol., U of MD Med. Sch.2, Baltimore MD 21201.

When retinal projections are rerouted to auditory or somatosensory thalamic 
relay nuclei, the corresponding cortices are capable of processing visual 
information. We therefore asked if altered patterns of sensory input to the 
cortex produced altered patterns of cortical efferent projections. We have 
begun studying this question by examining the pattern of corticopontine 
projections in normal hamsters and hamsters with rerouted retinal projections. 
Stimulus-evoked multiunit activity and stereotaxic coordinates were used to 
identify sites for iontophoretic injection of horseradish perioxidase/wheatgerm 
agglutinin conjugate (WGA/HRP; 4%) in visual, somatosensory or auditory 
cortex. Serial brain sections were processed with tetramethylbenzidine to 
demonstrate anterogradely labeled corticopontine axons. The corticopontine 
projection is corticotopically organized. The visual cortex is represented 
rostrolaterally in the pontine gray matter whereas the auditory cortex is 
represented caudolaterally. The somatosensory cortex is represented medial 
to the visual and auditory projections, in the center of die medial-lateral extent 
of the pontine gray matter. This pattern is consistent with one previously 
reported in rats. The corticopontine projections in hamsters with rerouted 
retinal projections are under investigation. Support: NIH: MH49568 (DOF), 
DE06027 (NFC).

701.2
THALAMIC AND BASAL FOREBRAIN ELECTRICAL STIMULATION 
PROVOKES CHANGES IN AMPLITUDE OF EVOKED POTENTIALS 
RECORDED FROM LAYER IV IN THE SI CORTEX IN RAT. A.A, Myasnikov, 
R.W. Dykes and H.H. Webster*. University of Montreal, Montreal, PQ H3C 3J7 .

We used an array of 7 to 9 tungsten-wire electrodes, oriented perpendicularly to 
the surface of the primary somatosensory cortex, to record field potentials (EPs) in 
the forepaw representation in 11 chronically prepared male rats. EPs were evoked 
by electrical stimulation of (a) the basal forebrain (BF) region that sends projections 
to the mentioned cortical area, and/or the ventral posterolateral area of the 
thalamus (VPL) representing forepaw. Cortical, VPL and BF areas were mapped 
prior to the chronic implantation of the recording and stimulating electrodes. Layer 
IV recording sites were identified by the shape of the waveforms recorded there and 
confirmed by anatomical reconstruction at the end of the experiment. We found 
that the variability in the amplitude of the first three components of EPs in 
urethane-anesthetized rats changed during the experiment in a regular manner, 
allowing us to distinguish at least two different states of the cortex (those states 
replaced one another several times during the 4 to 8 hours recording period). Once 
the EPs had been measured while the cortex was in the same state, the multiple, 
paired stimulation of the VPL and the BF with 50-500 ms delay provoked a 
divergence in the initially unimodal distribution of the amplitude of the EPs into 
bimodal distributions, and this divergence persisted for at least 10 min. BF or VPL 
stimulation alone did not provoke this divergence. This phenomenon was observed 
in 3 of 3 experiments in anesthetized preparations and in 4 of 5 experiments 
performed in awake rats, where wakefullness was monitored with EEG and EMG 
recording. We therefore propose that the divergence in amplitude of EPs recorded 
from layer IV during such pairings reflects the changes in synaptic efficiency, 
which is experience-dependant and requires cholinergic activation in cortex. 
(Funded by MRC of Canada and NSERC).

701.3
THE INFLUENCE OF AFFERENT INHIBITION ON THE 
DIRECTIONAL SELECTIVITY OF S-l NEURONS IN CATS. 
A.A.Alexandrov *. Dept. Higher Nerv.Activity, St-Petersburg State 
University, St-Petersburg, 199034, Russia.

The aim of this study was to investigate the role of inhibitory 
processes in S-l cortex evoked by “natural” afferent stimulation of the 
fascial vibrissae in cats. For this purpose, two neighboring vibrissae 
were sequentially stimulated by mechanical deflection; single unit activity 
was recorded simultaneously from the S-l cortex. Stimulation of one 
vibrissa (conditioning) preceded stimulation of another (testing vibrissa) 
for a varying intervals (< Is). Intensity of responses from the testing 
vibrissa was examined for four directions of deflection. Results showed 
that conditioning by afferent stimulation significantly diminished 
neuronal responses evoked by the testing vibrissa. However, responses 
to certain directions of deflection of the testing vibrissa were changed 
only slightly or remained unaffected, suggesting that cortical inhibition 
may modulate directional sensitivity of cortical neurons. These data and 
the analysis of spatial pattern of stimulated vibrissa pairs indicate that 
detector properties of cortical neurons such as directional selectivity are 
not entirely predetermined but could be quickly modified during sensory 
processing.

701.4
EFFECTS OF AGING ON RESPONSE LATENCIES IN THE 
SOMATOSENSORY PATHWAY IN AGED RATS. H. Reinke and H.R. Dinse 
(SPON: Europ. Neurosci. Assoc), Institut fur Neuroinformatik, Theoretische 
Biologie. Ruhr-Univ. Bochum RUB, D-44780 Bochum, Germany

In aged rats response latencies following tactile stimulation of the hindpaws were 
lengthened up to 30 to 40 % in neurons of the somatosensory cortex (SI) and the 
VPL of the Thalamus (Jurgens & Dinse, 1995, Soc Neurosci Abstr 21: 197;. 
Zepka & Dinse, 1995, Soc Neurosci Abstr 21: 197). Conduction velocity of the N. 
plantaris was reported to increase by about 15 % (Reinke & Dinse, 1996, Neurosci 
Letters 216: 171). Here we address the question at which stages of the cutaneous 
pathways the age-related changes of timing take place.

Old (> 30 months) FBNF1 rats were compared to young animals 3 to 4 months 
and 12 to 14 months of age. In each animal, multi-unit activity and evoked 
potentials were recorded from the digit representations of SI, VPL and the dorsal 
column nuclei (DCN). Latencies were accessed after tactile stimuli at the RFs of 
the recording sites and after electrical stimulation of the median nerve, ulnar nerve 
(forepaw) and the plantaris nerve (hindpaw). In aged rats, latencies in SI, VPL and 
DCN were lengthened. Differences between young and old animals after electrical 
stimulation resulted in roughly half the differences found for tactile stimuli. Our 
data show that age-related lengthening occurs at each stage investigated and adds 
up to the lengthening observed for cortical neurons. The differential effects of 
tactile stimuli might be due to prolonged utilization times of the mechanoreceptors 
and a broader velocity distribution of the afferent fiber system, both leading to a 
less precise timing of the afferent volley. This might conflict with the temporal 
summation properties and the spike generating mechanisms resulting in latency 
shifts. In addition, age related excitability changes of the neurons might contribute 
to this phenomenon.

We acknowledge the supply of FBNF1 rats by Tropon, Germany.

701.5
USE-DEPENDENT PLASTICITY OF SI CORTICAL HINDPAW NEURONS 
INDUCED BY MODIFICATION OF WALKING IN ADULT RATS: A MODEL 
FOR AGE RELATED ALTERATIONS. M. Jurgens* and H.R. Dinse. Inst. 
Neuroinformatik, Theoret. Biol., Ruhr-Univ. RUB, Bochum, Germany.

Old rats are characterized by severe sensorimotor impairments, which are 
accompanied by cortical changes. To test the hypothesis that some changes in old 
rats are use-dependent rather than degenerative, we designed experiments to evaluate 
the influence of modification of walking behavior on the reorganizational capacity of 
various parameters of neurons responses in the hindpaw representation of Si-cortex 
of adult rats. Modification of locomotion was induced by unilateral cutting of the 
tendon belonging to the gastrocnemic muscle. About one month after tendotomy the 
animals had fully recovered from walking impairments. Electrophysiological 
recordings under urethane anesthesia were performed in animals starting 3 days after 
tendotomy and were continued until several months postoperative. Recordings were 
derived from the contra- and ipsilateral hemisphere, the latter serving as intra-
individual control. Enlargement of the RF-size in the contralateral hemisphere 
compared to the ipsilateral control was found starting 3 days after operation, peaked 
at days 11 to 14 and decreased during days 20 to 30 after operation. Changes in RF 
size were accompanied by modifications in the cortical map of the hindpaw. 
Moderate changes in temporal integration properties could be detected during the 
period of significant RF enlargement. Response strength (peak amplitude) decreased 
during this period indicating reduced synchronicity due to unchanged response peak 
area. Response latencies showed no effects during the entire observation period.

The results provide further evidence that modifications in the patterns of the 
sensory stimulation on the paws induced by tendotomy, which lead to fairly modest 
modifications of locomotion, affects, besides RF size and cortical representational 
maps, parameters such as temporal integration properties and other neuronal 
response characteristics, indicating that use-dependent reorganization comprises the 
entire mode of sensory processing. In addition, the results support our hypotheses of 
use-dependent plasticity involved in some forms of age-related changes.

Supported by DFG SPP Sensorimotor-Integration, Di-334 / 10-1

701.6
PATTERN OF LIPOFUSCIN ACCUMULATION IN THE FORE- AND 
HINDPAW REPRESENTATION OF SOMATOSENSORY CORTEX IN AGED 
RATS PARALLEL FUNCTIONAL AGE-RELATED DIFFERENCES OF 
CORTICAL ORGANIZATION. H. Hilbig1, M, Jurgens2, H.R. Dinse*2. 1 Inst. 
Anatomie, Univ. Leipzig, Germany, 2 Inst. Neuroinformatik, Theoret. Biol. Ruhr- 
Univ. RUB, Bochum, Germany

We have shown that aging results in severe, but selective functional deterioration of 
a number of parameters reflecting cortical organization such as receptive field (RF) 
size, RF overlap and spatial and temporal integration (TI) properties of the hindpaw 
representation of somatosensory cortex (SI) in old rats with little or no comparative 
changes of the representation of the forepaw (Spengler et al. 1995 Neuroreport 6: 
469; Jurgens & Dinse 1995 SN Abstr 21: 197; 1996 22: 1357). We continued this 
investigation by introducing anatomical techniques to study a possible 
cytoarchitectonic and anatomical foundation of the electrophysiologically obtained 
functional alterations.

Old FBNF1 rats > 30 months of age were used for histology and compared to 
young animals 3 to 4 months and 12 to 14 months of age. Before the animals were 
perfused, the cortical maps of the fore- and hindpaws were determined in each animal 
using electrophysiological mapping techniques. Cytoarchitectonics were analyzed by 
means of HE staining, lipofuscin accumulation was investigated by autofluorescence. 
HE staining did not reveal differences between young and old animals. In young 
animals (3 to 4 months) we found no lipofuscin autofluorescence. In animals 13 to 14 
months of age, there was a slight increase in the amount of lipofuscin deposits. In the 
old animals > 30 months, we found a substantial accumulation of lipofuscin in 
cortical areas, especially in cells of layer V. The lipofuscin based cytoarchitecture in 
old rats was characterized by a broadening of the laminar bands of lipofuscin 
containing cells, which was specifically marked in the hindpaw representation. In 
sharp contrast, neurons of the forepaw representation contained a lipofuscin free 
layer. The results indicate that functionally defined age-related changes might be 
associated with parallel selective changes of the lipofuscin cytoarchitecture.

We acknowledge the supply of FBNF1 rats by Tropon, Germany.
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701.7
PLASTIC REORGANIZATIONAL CAPACITIES OF SOMATOSENSORY 
CORTEX OF AGED RATS REVEALED BY INTRACORTICAL 
MICROSTIMULATON. L, Churs and H.R. Dinse (SPON: Europ. Brain Behav. 
Soc). Inst. Neuroinformatik, Theoret. Biol., Ruhr Univ. Bochum, RUB, Germany.

We have argued that a number of age related cortical changes in aged rats are most 
likely attributable to plastic-adaptive processes induced by age-related changes of 
sensory inputs (Spengler et al (1995). NeuroReport 6: 469). In ordei to support the 
idea of plastic reorganization in old animals, one has to demonstrate some residual 
plastic capacities. We and others have utilized the advantages of intracortical 
microstimulation (ICMS) to induce plastic changes of RFs and representational maps 
at the conical and subcortical levels of adult animals (Recanzone et al. (1992) Cer 
Cort 2: 181; Dinse et al. (1997) Adv Neurol 73: 159). We therefore attempted to use 
the method of ICMS to induce plastic changes of RF size in old rats. Single- and 
multiple unit activity was recorded with glass-microelectrodes in layer IV of the 
hindpaw' representations of SI of urethane anaesthetized FBNF1 rats of high age (31 
to 35 months) and for comparison in adult animals (4 to 8 months). ICMS was 
applied through the microelectrode for two to four hours (charged balanced pulses 
applied @ 1 Hz with 6 pA of 200 ms duration, bursts @ 300 Hz for 40 ms).

We were able to demonstrate a substantial capacity of the RFs in old rats to be 
modifiable by ICMS. While previous studies in normal adult rats and monkeys 
revealed a dramatic increase of RF sizes up to 200 %, the changes encountered in old 
rats were somewhat smaller. However, we found no evidence that neurons recorded 
in old animals displayed any signs of inefficiency or reduced capability against the 
effectiveness of the ICMS-protocol (see also Leonhard et al, this meeting for ICMS in 
visual cortex). The results demonstrate that plastic changes of RFs comparable to 
aduit animais can be induced in old animals of high age. These findings support the 
assumption that besides degenerative processes plastic reorganizational mechanisms 
may oe involved in generating age-related changes of cortical organization.

We acknowledge the supply of FBNF1 rats by Tropon. Germany. Supported by a Research 
grant of the Sancioz Foundation for Gerontological Research

701.8
RESPONSES IN MACAQUE MONKEY PRIMARY SOMATOSENSORY 
(SI) AND MOTOR CORTEX DURING A TACTILE ATTENTION TASK.
H. Burton*. R.J. Sinclair and J.J. Kuo. Dept. Neurobioiogy, Washington 
Univ. Sch. of Med., St.Louis, MO 63110.

Two monkeys learned to detect the presence or absence of an amplitude 
increment (discriminant stimulus pattern) in an ongoing sinusoidal vibration or 
auditory tone. This was a variant of a human tactile attention task (Whang et 
al. Percept & Psych 50: 157-165, 1991) in which cuing improved detection of 
the absence of vibrotactile amplitude pulses. For monkeys, 2000msec base 
amplitude sinusoids were delivered simultaneously to homologous sites on 
both hands and through an acoustic speaker. Preceding presentation of all 
three stimuli, a single tactile or auditory 450ms sinusoidal stimulus directed 
attention to one location. The cued location varied randomly without 
replacement across trials. On all trials, a 150msec amplitude pulse appeared 
mid-way during base-level stimulation in two locations and at the cued 
location on 50% of the trials.

In >50% of well-characterized cells recorded from SI (areas 3b/1) or motor 
cortex (areas 4/6), average firing rates differed significantly between cued 
locations despite equivalent physical stimulus conditions. Different cells from 
SI showed suppression of responses early in the trials with cuing the 
contralateral hand or enhancement for the same cue conditions at and/or after 
the interval containing the discriminant stimulus pattern. A few cells showed 
suppression and enhancement effects in the same trial. Motor cortex cells 
predominantly showed persistent enhancement effects in trials cued to the 
contralateral hand.

Selective suppression and enhancement effects relative to cuing the 
dominant, contralateral receptive field in SI are consistent with the hypothesis 
that attention leads to improved signal-to-noise processing of selected stimuli 
in a multi-stimulus environment. Support provided by NINDS #NS31005.

701.9
EFFECTS OF A CROSS-MODAL MANIPULATION OF ATTENTION ON 
TEXTURE SENSITIVITY IN SI AND SII CORTEX IN THE MONKEY. E.M. 
Meftah and C.E. Chapman*. CRSN, Universite de Montreal, Canada.

Selective attention enhances the ability of humans to detect and discriminate 
tactile stimuli. Attentional modulation of neuronal discharge has also been reported 
in primate primary (SI) and secondary (SII) somatosensory cortex, but the relative 
importance of the attentional influences varied widely in different studies. We 
studied the effects of a cross-modal manipulation of attention on the responses of SI 
and SII neurons to a change in the spatial period (SP) of textured surfaces. A 
monkey (Macaco mulatto) was trained to discriminate changes in light intensity 
(visual task) and changes in SP (tactile task: passive touch using digits 3 and 4). 
Each trial began with an instructional cue (red, visual; green, tactile; order 
randomized). Two seconds later the two standard stimuli were presented: a yellow 
light and a 2 mm SP texture. Thereafter, and at variable delays, one or both stimuli 
changed (visual, increase in intensity; tactile, SP increased to 3.7 or 4.7 mm). 
Responses (ipsilateral hand) to the change in the cued modality were rewarded. 
Single unit discharge was recorded from 72 SI units and 21 SII units, all with a 
cutaneous receptive field on digits 3-4 contralateral to the recordings. Discharge 
was quantified in 3 periods: 1) Instruction interval; 2) Presentation of standard 
stimuli; and 3) Presentation of change in texture. In both SI and SII, attention 
rarely modulated discharge in the Instruction period (3 and 10 %). In contrast, SII 
cells were significantly more likely to be modulated by attention during both of the 
later periods (SII, 67 and 71 %; SI, 10 and 40 %; x2 tests, P< 0.02). The results 
suggest that SII is more sensitive to the state of attention than is SI, and support a 
hierarchical organization between SI and SIL

Supported by the MRC of Canada and a JP Cordeau fellowship to E.M.M.

701.10
CORTICAL PLASTICITY IN HUMANS INDUCED BY SYNDACTYLY - A 
MSI STUDY. F. Spengier*, B. Ziernus1, R. Huonker1, H. Nowak1, C. Weiller1 Inst, 
fur Neuroinformatik, Ruhr-Universitat, D-44780 Bochum, Germany; 'Klinikum der 
Universitat Jena, Abt. fur Neurologie. D-07743 Jena, Germany.

We introduce a psychophysical study on digital syndactyly using magnetic-source 
imaging techniques to analyze effects of sensory-motor manipulation in the central 
nervous system of adult humans. Digital syndactyly was introduced by taping the 
second and third finger of the non-dominant hand in healthy volunteers together. 
Dipole localizations o' e voked responses were recorded before and after 3-4 weeks 
of syndactyly. The ni e al hand representation in the somatosensory cortex (SI), 
outlined by the N2')in lit1 median nerve simulation, was mapped using a single 31 
channel cryosrate or t: e 1 h lhps twin dewar system with a field of view of about 14 
cm. Air-driven diapl • >. im were used to stimulate the tips of finger I-IV, 512 times 
each in a pseudorandom'zed sequence. Signals were first filtered 20~200Hz for SI- 
localization and low band filtered (2-40 Hz) for further localization ol individual 
finger representations. Data processing was performed by Wiener and Fourier 
Butterworth band pass filtering. External magnetic field disturbances such as by eye 
movements were exploited by HOG recordings and automatic artifact rejection,. A 
third examination to prove the leproducibility of the source localization was done 
after additional 3-6 weeks of normal finger use. A psychophysical tactile 
localization test was used to analyze effects of the syndactyly on functional 
receptive field propel ic> In a first step we show, that the spatial resolution of out 
MSI paradigm is s ifficiently high to distinguish individual and adj-acent finger 
representai.ons. tin uteimg area of the dipole localization o'7 a finger has a 
diameter m about i '? mm over 512 trials, the distance between twm neighboring 
finger measu-es < 2 mn, Gi< post-syndactvly measurements revealed changes in the 
current density recoil', lii.imn by means of a displacement of the manipulated finger 
•cpresentatioiis towards each ether.

PAIN: PATHWAYS—SPINAL CORD

702.1
CHARACTERISATION OF SINGLE MOTOR UNITS (SMUs) IN NORMAL 
RATS AND IN ANIMALS WITH CARRAGEENAN-INDUCED INFLAMMATION. 
SPON: Brain Research Association. Ramon E. Solano and Juan F. Herrero. 
Dept. Physiology, University of Alcala, 28871 Madrid, Spain.

The physiological properties of SMUs from different muscles and their 
changes in situations of hyperalgesia are not known in detail. We have now 
characterised SMUs in normal Wistar male rats and in rats with carrageenan- 
induced inflammation. Units were studied from three muscles: Peroneus 
Longus (PL), Tibialis Cranealis (TC) and Extensor Digitorum Longus (EDL).

The SMUs properties were not homogeneous in the three muscles in normal 
animals. In inflammation, the threshold for mechanical stimulation was lower for 
PL and TC units but not for EDL’s when compared to normal animals. The 
receptive fields were larger with a 500mN Von Frey hair but not when mapped 
at threshold intensity. The threshold for thermal stimulation was lower in 
inflammation than in normal condition in all cases; the threshold for electrical 
stimulation was lower in TC and EDL units. Encoding of responses was seen in 
normal animals for mechanical and electrical stimuli (but not thermal). In 
inflammation, the responses were encoded in all cases.

The firing of SMUs showed over 50% of adaptation in the normal condition 
and over 75% in inflammation when stimulated for 10s at mechanical threshold 
intensity. In inflammation, the level of adaptation was significantly lower when 
suprathreshold intensity was used. No differences were seen in the adaptation 
of units to thermal stimulation. In conclusion, in situations of hyperalgesia due to 
inflammation, the threshold, size of receptive fields, codification of responses 
and adaptation of SMUs from different muscles changed, resulting a narrower 
range of responses and a more homogeneous population of units.
(Supported by DGICYT, Spain. R. Solano is a fellow of the Instituto de 
Cooperation Iberoamericana).

702.2
SLOW OPTICAL RESPONSE IN RAT SPINAL DORSAL HORN IN SLICE.
K. Murase*, T. Saka, S. Terao, M. Yasui, T. Asai and H. Ikeda. Department of 
Information Science, Fukui University, 3-9-1 Bunkyo, Fukui 910, Japan.

We have found that intrinsic slow optical response was elicited in the 
spinal dorsal horn after burst stimulation (.5ms, 1.5mA, 10Hz, Is) to primary 
afferent C fibers in transverse slices from 2-3-week-old rat spinal cords. We 
studied spatial distribution and induction mechanism of the slow optical 
response with a high-resolution imaging system (128x128 pixels, Fuji Micro).

Temporal and pharmacological properties of the slow optical response 
were identical to those reported for slow excitatory postsynaptic potentials 
(slow EPSPs) in dorsal horn neurons: It reached to the peak at 3-7s after the 
stimulus and decayed with a time constant of 20-50s, and it was eliminated 
by TTX and strongly suppressed by AP5, CNQX, Spantide and DAMGO.

Spatial analysis revealed that the slow optical response was largest at 
lamina II and much smaller at deeper laminae. The slow optical response in 
lamina II was unchanged after deeper laminae were excised out. After a 
small scission was made at the border between white and gray matters, the 
response in areas more ventral to the scission disappeared. In addition, the 
slow optical response remained suppressed for hours once low frequency 
stimulation (,l-.5ms, ,l-.5mA, .2-lHz, 10-20min) was given to the dorsal root.

In summary, the intrinsic slow optical response refrected well the slow 
EPSPs. The slow optical response was mediated by substance P and 
excitatory amino acid receptors. It was evoked by direct actions of the C- 
fiber excitation on postsynaptic elements within lamina II, not via the 
activation of deeper laminae. It could undergo long-term depression by 
conditioning stimulation.

Supported by grants from Jpn Ministry of Education to KM.
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702.3
SPINAL REPRESENTATION OF NOCICEPTIVE AND TACTILE 
INFORMATION IN THE RAT. J. Schouenborg. A. Levinsson*, H. Holmberg. and 
H. Grundberg. Department of Physiology and Neuroscience, University of Lund, 
Solvegatan 19, S-223 62 Lund. Sweden.

The somatotopic organization of cutaneous input to the dorsal horn of the rat has 
previously been studied using anatomical tracer techniques and, in physiological 
experiments, by mapping the receptive fields of individual dorsal horn neurons. 
Still, the degree of interanimal variation and somatotopic organization of different 
types of skin receptors in single animals is not clear. To address these questions, 
field potentials evoked by noxious heat and tactile stimulation of the hind paw was 
mapped in the decerebrate spinal rat (n=8). A CC^-laser and an electrically 
triggered tap device were used to evoke synchronized input in nociceptive and 
tactile fibers, respectively. Field potentials were recorded with glass coated 
tungsten microelectrodes in the L4 -5 segments.

Prominent nociceptive AS and C-fibre evoked potentials (latency about 20 and 
210 ms, respectively) with clear foci in lamina II and multiple foci in deeper 
laminae were regularly evoked by CO2-laser. The AS potentials had a higher 
degree of variability and a higher threshold than the C-fibre potentials. Tactile 
stimulation evoked large potentials (latency 8 ms) with a focus in laminae III-IV. 
The nociceptive and tactile input had similar somatopic organisation. The central 
pads, plantar and dorsal side of digits followed by more proximal skin were 
represented from medial to lateral in the dorsal horn. The input from medial digits 
was located more rostrally than that from the lateral digits.

In conclusion, detailed information on the somatotopical organisation of both 
heat nociceptive and tactile inputs to the spinal cord in single animals was 
obtained. Supported by Swedish MRC proj. no. 1013 and 10569.

702.4
Timecourse  and  Region -specific  Alterations  of  Metabolic  Activity  in  the  Rat  
Spinal  Cord  During  Ongoing  Inflammator y  Pain . J. Schadrack*a, F.L. NetoaA A. 
Ableitner3, J.M. Castro-LopesY P. Bartensteinc, W. Ziegigansberger3. T.R. Tolled aMax- 
Planck-Inst. of Psychiatry, Clin. Inst., Mun., Ger..; ^Dept. of Neurol., cDept. of Nucl. Med., 
Tech. Univ., Mun., Ger.; ^Fac. of Med., Inst. Hist, and Embryol., Oporto, Portugal.

Previous l4C-2-deoxyglucose (2-DG) studies of acute noxious stimulation or painful 
mononeuropathy have shown increases of spinal metabolic activity, which, for 
mononeuropathy, were suggested to reflect states of central sensitization. To further 
elucidate spinal processing of longterm noxious input considering the timecourse and 
nociceptive modality, we investigated spinal metabolic activity using the quantitative 
autoradiographic 2-DG technique in an experimental model of monoarthritis (MA) at 
various timepoints (2, 4, 14 days). Local glucose utilization (LGU) was determined in 
lumbar segment (L2-L5) dorsal and ventral horn laminae, ipsi- and contralateral to the 
inflamed hindpaw and compared to controls. In MA animals metabolic activity bilaterally 
increased encompassing all dorsal and ventral laminae with highest metabolic rates in L4/5. 
This increase was more pronounced ipsilaterally for most of the regions and timepoints 
investigated. At 2 days of MA all the sampling regions showed elevated metabolic activity. 
No further increase could be detected at 4 days, in contrast, LGU values of selected regions, 
mainly in the deep laminae of the dorsal horn and in the ventral horn, tended to return to 
control levels. However, at 14 days further rises were observed bilaterally for all the 
regions, with the highest differences between both sides. At this timepoint peak metabolic 
activity was detected ipsilaterally in the medial part of laminae V and VI representing an 
increase of 56% compared to controls and 17% in relation to the contralateral side. The data 
suggest that MA animals show region-specific differential increases of spinal metabolic 
activity which, overall, gradually increases relative to the duration of ongoing noxious 
input. However, the stability or downregulation at 4 days in comparison to 2 days, and the 
later further increase may reflect the complexity of transducing and suppressive transmitter 
systems involved in the spinal processing of prolonged pain. (Supported by SFB 391)

702.5
SPINAL CORD C-FOS INDUCED BY “LOW-BACK” INJURY 
VS. PARASPINAL CAPSAICIN. R.G. Gillette*1. W.J. Roberts2 
and R.C. Kramis3. Western States Chiropractic College.1, R.S. Dow Neurol. Sci. 
Instz, and Legacy Research, Legacy Health System"’3, Portland, OR.

The following observations are derived from our continuing efforts to 
develop a rat model of persistent “idiopathic” low back pain.

1. Unilateral low dose paraspinal capsaicin injection produces 
bilateral c-fos expression in neurons of the far lateral superificial dorsal 
horn. Absence of labeling in the medial dorsal horn indicates this 
bilateral labeling is not due to the probable vascular re-distribution of 
capsaicin that we have reported earlier for higher doses of capsaicin.

2. Surgically-induced severe tissue damage localized to one facet 
joint or fully involving the tissues of three spinal segments produced 
very minimal labeling, either ip si or contralaterally.

3. Concomitant paw and paraspinal injury resulted in intensive 
labeling of neurons in the “paw” region of the superficial dorsal horn in 
the absence of labeling in the far lateral “low back” region. This raises 
the question as to reason for the paucity of c-fos expression in 
response to severe injury of low back tissues...low innervation density, 
insufficient excitation of convergent inputs, or differential rates of 
expression.
Funding: NIH NS 32316

702.6
ENHANCED C-FOS EXPRESSION IN SPINAL NEURONS DUE TO 
PRIOR INFLAMMATION OF LUMBAR PARASPINAL TISSUES
W.J. Roberts*, R.C. Kramis, & R.G. Gillette. R.S. Dow Neurol. Sci. Inst., 
Legacy Health Systems, Portland OR 97209.

Persistent ‘idiopathic’ back pain in humans is commonly associated with a 
history of minor back injuries, and we hypothesize that persistent sensitization 
of central pain pathways may be important in the development of idiopathic 
back pain. To model this condition, we subject rats to repeated bouts of 
paraspinal nociception consequent to a minor low back injury, followed by 
paraspinal inflammation with carrageenan. Subsequent testing of the 
responsiveness of dorsal hom neurons is done with a ‘test’ injection of 
capsaicin into paraspinal tissues adjacent to those previously injured and 
assessment of c-fos expression in spinal cord sections.

C-Fos like immuonreactivity in the dorsal hom is much greater in some but 
not all rats subjected to prior inflammation, compared to either naive animals 
or acutely ‘injured’ animals given the same ‘test' stimulus. The results are 
consistent with the hypothesis that repeated bouts of nociception in low back 
tissues lead to persistent sensitization of central pain pathw ays. The increased 
c-fos expression is seen bilaterally, and over long rostro-caudal distances, as 
expected on the basis of our prior anatomical study (Gillette, et al, 1993).

Funded by the NIH NS32316.

702.7
SPINAL c-FOS EXPRESSION IN A MODEL OF PERIPHERAL 
MONONEUROPATHY IN THE RAT. G. Catheline, S.Le Guen, P. Honore and 
J-M. Besson*. INSERM U 161, EPHE, 2 rue d’Alesia, 75014 Paris, France.

Experiments were performed on rats with loose ligation of the sciatic nerve, 
chronic constriction injury (CCI) (Bennett and Xie, 1988). Two weeks after 
surgery, all the rats displayed a clear allodynia to mechanical stimulation (decrease 
of 30% of the vocalization threshold to paw pressure, evaluated by the Randall and 
Sellito method). Immunohistological techniques were used to detect c-Fos protein 
in the dorsal horn of the spinal cord (L2-L6 level) at this time point.

In the absence of intentional stimulation of CCI rats, we did not observe an 
increase of the number of Fos-Like-Immunoreactive (Fos-LI) neurons. The number 
of Fos-LI neurons was comparable to the number in the sham operated rats (<5 
neurons/section of 40pm).

The number of Fos-LI neurons induced by thermal stimulation 
(40,45,48,52,55°C) under urethane anaesthesia, increased with the intensity of 
stimulation. The level of expression was similar for sham rats and CCI rats (45°C: 
2±2 and 4.5±4; 52°C: 69.9±4 and 71.7±9 sham operated and neuropathic rats 
respectively). Stimulation of unanaesthetized rats in a 45°C water-bath did not 
result in an increase of Fos-LI neurons (6±6 and 6.6±6 sham operated and 
neuropathic rats respectively). Thus, we were unable to detect allodynia or 
hyperalgesia with this approach.

The number of Fos-LI neurons induced by a mechanical noxious stimulus, 
delivered through a calibrated forceps (5.8N/cm2) was similar for the two groups 
(57.8±5 and 56.8±3 normal and neuropathic rats respectively). Interestingly, 
strocking of the nerve-injured paw induced a marked expression of Fos-LI in the 
superficial laminae (I-II) of CCI rats (257±60 for 10 sections, p=0.006) which was 
greater than that observed in sham rats (50±50 for 10 sections). These 
modifications clearly reflect mechanical allodynia which was observed in 
behavioural studies and this approach could be useful to study some 
pharmacological aspects of neuropathic pain.

702.8
Inflammation-induced Fos protein expression in the rat 
spinal cord is enhanced following dorsolateral or 
ventrolateral funiculus lesions. F, Wei*, K. Ren and R. Dubner. 
Department of Oral and Craniofacial Biological Sciences, University of Maryland 
Dental School, Baltimore, MD 21201.

Complete spinal transection enhances the expression of spinal Fos protein, a 
marker of neuronal activity, in rats with persistent hindpaw inflammation. The aim of 
the present study was to further locate the spinal pathways responsible for the increased 
descending modulation in inflamed animals. Sprague-Dawley rats underwent bilateral, 
low thoracic (TiO-12) lesions of dorsolateral funiculus (DLF) or ventrolateral funiculus 
(VLF), or sham surgery, under pentobarbital sodium anesthesia (50 mg/kg, i.p.). 
Complete Freund's adjuvant (CFA, 0.1 ml, 1:1 oihsaline emulsion) was injected into 
the plantar surface of one hindpaw seven days after the lesion to produce inflammation 
and hyperalgesia. Rats were perfused 24 h after the injection of CFA, the L4-5 spinal 
cord was dissected, and the tissues were processed for Fos protein 
immunocytochemistry. Compared to sham-operated inflamed rats, there was a 
significant increase in the number of Fos-labeled neurons in all layers of the dorsal 
horn ipsilateral to the inflammation and in contralateral deep dorsal horn in both DLF- 
and VLF-lesioned rats. The mean numbers of Fos-positive neurons per section in the 
medial part of ipsilateral laminae I-II and laminae V-VI were 7.2 ± 1.6 and 39.8 ± 3.3 
in DLF-lesioned (n = 7), 11.7 ± 1.0 and 32.7 ± 3.0 in VLF-lesioned (n = 5), and 2.3 ±
0.4 and 24.6 ± 2.2 in sham-operated (n = 3) rats, respectively. The differences between 
DLF-lesioned, VLF-lesioned and sham-operated rats were statistically significant 
(p<0.05). These results suggest that: 1) descending nociceptive modulation after 
inflammation originates from supraspinal sites traveling in both DLF and VLF 
pathways; 2) the net effect of each pathway is inhibitory, although the sites of origin 
of each pathway are likely functionally diverse.

Supported by DA 10275
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702.9
Nucleus reticularis gigantocelluiaris and nucleus raphe 
magnus in the brain stem exert opposite effects on behavioral 
hyperalgesia and spinal Fos protein expression after 
peripheral inflammation. K. Ren*. F. Wei and R. Dubner. Dept of Oral and 
Craniofacial Biological Sci., Univ. of Maryland Dental School, Baltimore, MD 21201.

To identify the supraspinal sites that are involved in enhanced descending nociceptive 
modulation in a model of inflammatory hyperalgesia, localized lesions of brain stem 
nuclei were produced by microinjection of neurotoxins. The effects on thermal 
hyperalgesia (reduction in paw withdrawal latency to a thermal stimulus) and spinal 
Fos protein expression were examined in rats with complete Freund's adjuvant (CFA)- 
induced inflammation. The nucleus raphe magnus (NRM) or bilateral nuclei reticularis 
gigantocelluiaris (NGC) were lesioned by the serotoninergic neurotoxin, 5,7- 
dihydroxytryptamine, (0.002 mg in 0.1% ascorbic acid-saline) or the soma-selective 
neurotoxin, ibotenic acid (0.01 mg/per side). Bilateral lesions of locus coeruleus (LC) 
were produced by the noradrenergic neurotoxin, DSP-4, (0,008 mg/per side). 
Dopamine-beta-hydroxylase- or 5-HT-immunocytochemistry was used to confirm the 
destruction of LC noradrenergic or NRM serotoninergic neurons, respectively. 
Compared to vehicle-treated rats, the NRM lesion (n=7) resulted in a significant 
increase in hyperalgesia (p<0.001) 24 h after CFA injection. In contrast, the NGC 
lesion (n=8), especially when the NGC pars alpha was also damaged, led to an 
attenuation of hyperalgesia (p<0.001). Consistent with behavioral results, the NRM 
lesion (n=5) produced a significant bilateral increase in CFA-induced spinal (L4-5) Fos 
protein expression (p<0.05), while NGC lesions (n=4) resulted in a reduction (p<0.01). 
In rats with both NGC and NRM lesions (n=2), the CFA-induced Fos expression was 
similar to that of sham-operated rats. A significant increase in inflammation-induced 
Fos expression, especially in the ipsilateral superficial dorsal horn, was also found in 
LC-lesioned rats (n=5) (p<0.01). These data indicate that: 1) descending modulation of 
inflammatory hyperalgesia originates from multiple specific brain stem sites; 2) the 
effects from NRM and NGC are inhibitory and facilitatory, respectively.

Supported by DA 10275.

702.10
INTRAPLANTAR ENDOTOXIN (ET) INJECTION INDUCES FOS LIKE 
IMMUNOREACTIVITY IN THE LUMBAR SPINAL CORD OF RATS. R 
Bahuth, P.G. Abou Jaoude, F. Saadch. S. Hamoui, B. Safieh-Garabedian. A.
Kanaan, S.J. Jabbur, N.E, Saade and S.F, Atweh*. Fac. of Arts and Sci. and 
Fac. of Med., American Univ. of Beirut, Lebanon.

Fos-like immunoreactivity (FLI) in the central nervous system, has been 
associated with the processing of nociceptive information. The aim of this 
study was to investigate whether intraplantar (i.pl.) injections of ET (L25gg) 
can induce FLI in the lumbar spinal cord of rats. FLI was studied in various 
group of rats at 2,3,4,6,9 and 24h following ET injections. Labeled neurons 
were mainly detected in the lumbar segments ipsilateral to the ET-injected leg, 
with a major peak (71.01 ±4.79 positive neurons) at 4h and a second peak 
(29.87±5.97 positive neurons) at 9h followed by a recovery to the baseline level 
at 24h after ET injection. The majority of positive neurons was observed at 2- 
3h in laminae I and II and starting at 4h in deep laminae (V and VI mainly) 
after ET injections. Rostrocaudally, labeled neurons were observed initially in 
L4-L5 segments (2-3h post ET) after which they extended to L2-L6 segments 
at 4h after ET. Morphine injections either intraperitoneally (Img or 2mg/kg) 
or i.pl. (50pg) reduced significantly the ET induced hyperalgesia and 
simultaneously the FLI. The maximum effect was observed on labeled neurons 
in the deep laminae.

We conclude that local injections of ET can induce FLI in the lumbar spinal 
cord with a temporal and spatial patterns comparable to the described 
hyperalgesia, and that both FLI and hyperalgesia are reduced by morphine. 
(Supported by grants from Univ. Res. Board and DTS Foundation).

702.11
SUBSTANCE P RECEPTOR INTERNALIZATION IN SPINAL 
CORD NEURONS DEMONSTRATES THAT ONGOING PRIMARY 
AFFERENT DRIVE IS PRESENT IN NEUROPATHIC BUT NOT 
INFLAMMATORY PAIN STATES J.R. Ghilardi, B.J. Allen, S.D. Rogers,
P. Honore, M.L. Nichols, S.R. Vigna, A.I. Basbaum, D.A.Simone and P.W. 
Mantyh*. Mol. Neuro. Lab., VAMC, MN55417, Psych. Dept., U of MN, Mpls, 
MN55455, Cell Bio. Dept., Duke Univ., Durham, NC27710, Anat. & Physiol. 
Dept., UCSF.SF, CA94143.

In the normal rat, only noxious stimulation induces the release of substance 
P (SP) that in turn induces internalization of the substance P receptors (SPR) 
located in lamina I spinal cord neurons and dendrites located in laminae I and 
II. In an inflammatory pain state (produced by injection of Complete Freunds 
Adjuvant (CFA) there is a significant up-regulation of SPR expression by 
lamina I neurons and both non-noxious and noxious somatosensory stimuli 
induce SPR internalization in neurons located in lamina I, III and V (Abbadie 
et. al.). Additionally, there does not appear to be any increased ongoing 
primary afferent drive, as there is no increase in the basal level of SPR 
internalization in the inflamed animals. In contrast, in a neuropathic pain state 
(the Chung model), there is no increased expression of SPR by any 
population of neurons in the spinal cord, but there is a clear increase in the 
level of SPR internalization in the neuropathic resting animals without any 
superimposed stimulation, reflecting ongoing nociceptive primary afferent 
inputs during this type of pain.

A major difference between inflammatory and neuropathic pain is whereas 
inflammatory pain generally responds well to opiates, neuropathic pain is 
frequently refractory to opiate treatment. This report suggests that 
inflammatory and neuropathic pain each have a unique "neurochemical 
signature" in the cord and this may allow the development of novel therapies 
for each of these persistent pain states. Supported by NINDS,VA and AFRT.

702.12
SPINAL INJECTION OF SUBSTANCE P - SAPORIN TOXIN IS 
CYTOTOXIC TO LAMINA I NEURONS THAT EXPRESS THE 
SUBSTANCE P RECEPTOR AND PROFOUNDLY ATTENUATES 
THERMAL AND MECHANICAL HYPERALGESIA. P, Honore*, S.D, 
Rogers. B.J, Allen, J, Li. R. Daughters. J.R, Ghilardi, R.G, Wiiev, P.A, Lappi,
S. R, Viana, P.A, Simone and P.W, Mantvh, Mol. Neuro. Lab., VAMC, Mpls, 
MN55417, Psychiatry Dept., Univ. of MN, Mpls, MN55455, Vanderbilt Univ. 
and VAMC, Nashville, TN37212, Advanced Targeting Systems, Del Mar, 
CA92191 , Cell Bio. Med. Surg., Duke Univ. Med. Cntr., Durham, NC27710

Substance P (SP) is released in the spinal cord in response to nociceptive 
stimuli, but the role it and the neurons it activates play in signalling 
nociceptive information remains unclear. Here we show that when a SP- 
saporin toxin (SP-SAP) is injected into the spinal cord it is rapidly 
internalizated by lamina I neurons expressing the substance P receptor 
(SPR). Over a period of 28 days the specificity of the cytotoxicity of the SP- 
SAP is manifest as SPR-immunoreactive neurons withdraw their distal 
processes, the cell body shrinks and ultimately the SPR-immunoreactive cells 
are lost. In contrast, the majority of lamina I neurons that express the NR1 
subunit of the NMDA receptor and/or calbindin immunoreactivity appear 
normal over this same period. Behavioraily, impairment and ultimate loss of 
the small population of spinal neurons expressing the SPR results in a 
profound attenuation (80-90% reduction) of both mechanical and thermal 
hyperalgesia, while leaving normal nociceptive responses unchanged.

These data demonstrate that although spinal cord neurons expressing the 
SPR constitute only 5-10% of the total neurons in lamina I of the spinal cord, 
lamina I neurons that do express the SPR play a pivotal role in the centra! 
maintenance of hyperalgesia. These data suggest that the elimination of 
lamina I SPR-immunoreactive neurons following SP-SAP treatment may 
provide a novel therapeutic strategy for managing chronic pain. Supported 
by NINDS, VA Merit Review and AFRT.

702.13
INTERNALIZATION AND CYTOTOXICITY OF A SUBSTANCE P - SAPORIN 
CHEMICAL CONJUGATE IN SPINAL CORD NEURONS IN VITRO AND IN 
VIVO: USING LIGAND INDUCED RECEPTOR ENDOCYTOSIS AS A 
SPECIFIC PORTAL OF ENTRY INTO CELLS S.D. Rogers. B.J, Allen, P. 
HflfiQre,, J..R, Ghilardi 1 R.G, Wiley,..DA Lappi■ S-Rf.,Vigna, D.A.Siinfln&.G,
Maletta* and P.W. Mantvh. Mol. Neuro. Lab (151), VAMC, Mpls, MN 55417; 
Dept of Psychiatry, Univ of MN, Mpls, MN 55455; Dept of Cell Bio Med Surg, 
Duke Univ Medical Center, Durham, NC 27710; Vanderbilt Univ, Nashville, TN 
37212; Advanced Targeting Systems, Del Mar, CA 92191.
To specifically target cells expressing the substance P receptor (SPR) we 
armed substance P (SP) with the ribosomal inactivating protein saporin (SAP). 
Competetive binding studies demonstrated that the SP-SAP fusion protein was 
equipotent (KD = 1 nM) to SP in displacing 125I-SP binding to SPR isolated 
from rat spinal cord neurons. Application of SP-SAP to primary cultures of rat 
spinal cord neurons induced a rapid internalization of the SPR, whereas SAP 
alone was inactive. This rapid internalization of the SPR by SP-SAP was 
followed by a gradual inability of the cells to recycle the internalized SPR to the 
plasma membrane so that at 24 hr after SP-SAP treatment, the majority of the 
SPR were present in the cytoplasm and not on the plasma membrane. 
SP-SAP was cytotoxic to cells which had internalized it, as at 1 day 
post-treatment, 25% of the SPR neurons were dead and by 4 days 
post-treatment 90% of the SPR neurons were dead. The cytotoxic specificity of 
SP-SAP was confirmed by the observation that neurons in the culture that did 
not express the SPR but did label with MAP-2 were unaffected by SP-SAP 
treatment. Thus, the non-SPR, MAP-2 immunoreactive neurons showed no 
withdrawal of their distal processes, shrinkage of the cell body or any 
observable morphological change. These results suggest that one can deliver 
therapeutic molecules into specific populations of cells based on the cells 
expression of a receptor that undergoes ligand induced receptor internalization. 
Supported by NINDS, VA Merit Review, AFRT, and NIMH.

702.14
INHIBITORY INPUTS ONTO LAMINA III/IV CELLS IN RAT SPINAL CORD 
WHICH EXPRESS NEUROKININ 1 RECEPTOR. E. Polgar* and A. J. Todd, 
Laboratory of Human Anatomy, Glasgow University, Glasgow, G12 8QQ, U.K.

Substance P (SP) is thought to have an important role in nociceptive 
information processing in the spinal cord. SP binds with high affinity to the 
neurokinin 1 (NK1) receptor. Recent studies have shown that many neurons with 
long dorsally-directed dendrites in laminae III-IV of the spinal dorsal horn possess 
the NK1 receptor and receive numerous synaptic contacts from primary afferents 
that contain SP. Some of these cells belong to the spinothalamic tract. Further 
transmission of information from nociceptive primary afferents to output cells is 
under the control of circuits built up of local excitatory and inhibitory 
intemeurons. The main inhibitory neurotransmitters used by dorsal horn 
interneurons are GABA and glycine and many cells are thought to use both of 
these transmitters. There are also scattered neurons in deeper dorsal horn laminae 
which contain choline acetyltransferase (ChAT; the synthetic enzyme for 
acetylcholine) and at least some of these are also GABAergic. Therefore our aim 
was to investigate the inhibitory inputs onto cells in laminae III-IV with the NK1 
receptor from intemeurons that use either glycine (which is almost entirely co-
localized with GABA in cells of laminae I-III) or acetylcholine. Confocal 
microscopy with triple-labelling immunofluorescence was used to reveal NK1 
receptor, gephyrin (a protein associated with glycine receptors) and ChAT. The 
results suggest that these cells receive massive glycinergic input, since gephyrin- 
immunoreactive puncta covered almost the entire cell, slightly more on the 
dorsally-directed dendrites compared to the ventral ones and significantly fewer on 
the cell body. However, their cholinergic influence may be far less significant, 
since only very few ChAT-immunoreactive terminals were found in close contact 
with the NK1 receptor-immunoreactive neurons.
This work was supported by the Wellcome Trust.
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702.15
DIFFERENTIAL EXPRESSION OF GLUTAMATERGIC RECEPTORS GLUR1 
AND GLUR2/3 IN NEURONS OF THE SUPERFICIAL DORSAL HORN OF 
RAT SPINAL CORD. A.J.Todd*, R.C.Spike, R.Kerr and D.J.Maxwell, 
Laboratory of Human Anatomy, Glasgow University, Glasgow, G12 8QQ, U.K.

Laminae I-III of rat spinal dorsal horn contain many excitatory and inhibitory 
neurons, and several distinct populations of cells can be identified with 
immunocytochemistry. This region also shows a high level of immunoreactivity 
for the ionotropic glutamate receptor subunits GluRl and GluR2/3. We used two 
approaches to determine whether these subunits were expressed by different 
populations of cells. Initially a pre-embedding immunoperoxidase method to 
detect each of the subunits was followed by post-embedding 
immunocytochemistry to reveal GABA. Results showed that 80% of GluRl - 
immunoreactive cells, but only 10-20% of GluR2/3-immunoreactive cells were 
GABA- immunoreactive.

Secondly, confocal microscopy was used to compare the distribution of the 
subunits with other compounds present in dorsal horn neurons: neurotensin and 
somatostatin (which are found exclusively in cells without GABA), as well as 
choline acetyltransferase (ChAT) and parvalbumin (which are present mainly in 
GABAergic neurons). All of the neurotensin-immunoreactive cells and virtually all 
of the somatostatin-immunoreactive cells showed GluR2/3-, but not GluRl- 
immunoreactivity. All parvalbumin-immunoreactive cells were GluRl- 
immunoreactive, whereas only 10% were GluR2/3-immunoreactive. Virtually all 
ChAT-immunoreactive cells displayed both GluRl- and GluR2/3- 
immunoreactivity. The results of this study suggest that there is a differential 
distribution of these subunits, and that certain cells may possess AMPA receptors 
which lack the GluR2 subunit and therefore have significant calcium permeability. 
This work was supported by the Wellcome Trust.

702.16
SSP-SAP, AN IMPROVED NEUROTOXIN SELECTIVE FOR NEURONS 
EXPRESSING THE NEUROKININ-1 RECEPTOR: ANATOMIC AND PAIN 
PERCEPTION EFFECTS OF STRIATAL AND LUMBAR INTRATHECAL 
INJECTIONS. R.G, Wiley* and D.A. Lappi. Vanderbilt University and Lab of 
Experimental Neurology, VAMC, Nashville, TN 37212-2637.

Recently, a toxic conjugate consisting of substance P (SP) disulfide coupled to 
the ribosome inactivating protein, saporin (SAP), has been reported toxic to 
cells expressing the neurokinin-1 receptor (NK-1R). In the present study, we 
sought to determine the properties of a disulfide conjugate made of the SP 
analog [Sar9, Met(O2)n]SP (SSP) that is resistant to peptidases and has higher 
affinity for the NK-1R. As previously described for SP-SAP, SSP-SAP was 
cytotoxic when applied to KNRK cells in vitro transfected with cDNA for NK- 
1R (a gift from Dr. Nigel Bunnett). In vivo testing consisted of unilateral 
pressure microinjection of SSP-SAP into the striatum (2.2-4.3 ng) which caused 
striking loss of NK-1R expressing striatal intemeurons as shown by indirect 
immunoperoxidase staining. Immunoperoxidase staining also showed loss of 
choline acetyltransferase stained neurons, but parvalbulmin staining was 
preserved. Lumbar intrathecal injections of 0.85-1.3 pg produced profound 
decrease in pain sensitivity as tested by tail flick and hindpaw formalin injec-
tion. Indirect immunoperoxidase staining of lumbar spinal cord sections 
revealed loss of NK-1R staining from the dorsal hom and parvalbumin staining 
was preserved. These results indicate that SSP-SAP is effective in vitro and in 
vivo and is somewhat more effective in vivo producing greater loss of NK-1R 
expressing striatal neurons with minimal nonspecific damage compared to 
similar doses of SP-SAP. These results also indicate that substance P-based 
cytotoxins will be useful in studies of pain perception, and perhaps, as a thera-
peutic strategy for chronic, intractable pain. Supported by NIMH 
(IR43MB/NS56568-01), Advanced Targeting Systems and the Department of 
Veterans Affairs Medical Research Service.

702.17
LAMINA I CELLS INVOLVED IN SPINOMEDULLARY PATHWAYS IN THE 
PIGEON (Columba livia). V. Galhardo*1, R. Necker2 and D. Lima1
i institute of Histology and Embryology, Faculty of Medicine, University of Oporto, 4200 Porto, 
Portugal; 2 Institut fur Tierphysiologie, Ruhr-Universitat Bochum, D-44780 Bochum, Germany.

Cells in lamina I of the spinal dorsal hom are known to play an important role in supraspinal 
transmission of nociceptive input. In the rat and cat they belong in four well characterised 
structural groups which, in the first species, have particular neurochemical nature and 
supraspinal connections. Although these data are indicative of parallel functional heterogeneity, 
studies on the putative role of each group are still scarce and relate only to the rat. The correct 
evaluation of the significance of such diversity in nociceptive processing requires the 
appreciation of whether such structural features apply to different species. In this study, spinal 
cord lamina I neurons projecting to the caudal medulla oblongata are morphologically 
characterised in the pigeon.

Stereotaxic injections of the tracer cholera toxin subunit B (CTb) were made in the nucleus 
tractus solitarius (NTS), dorsal reticular nucleus (DRt) and caudal ventrolateral medulla (VLM). 
Cells labelled retrogradelly in the cervical and lumbar enlargements were observed in 
transverse, parasagittal and horizontal sections.

The three nuclei were targeted by spina! cells distributed preferentially through laminae I, V- 
VI, VII-VIII and lateral spinal nucleus (LSN) (see table). Lamina I cells were concentrated in the 
lateral half of the lamina, and belonged in four morphological groups which matched those of 
the rat and cat. Multipolar cells were labelled from the DRt, fusiform cells mainly from the NTS 
and VLM, and flattened and pyramidal cells from the three nuclei (see table). These data are 
comparable to those previously obtained in the rat, except for slight differences concerning the 
relative amounts of cells of each group projecting to each target.

L. I L.V-VI L. Vll-VIII LSN Fusiform Multipolar Flattened Pyramidal
NTS 30% 38% 22% 5% 22% 0% 29% 49%
DRt 12% 38% 34% 9% 8% 29% 34% 30%
VLM 21% 29% 32% 8% 26% 3% 28% 43%

The similarities in structural compartmentation and projection patterns of lamina I cells in 
mammalian and avian species can be taken as an indication of the phylogenetic importance of 
this nociceptive system, and prompt the evaluation of its functional meaning.
(JNICT- PECS/C/SAU/171/95 and Praxis XXI - BD/5954/95)

702.18
CALBLNDIN-POSfTIVE LAMINA I STT NEURONS IN MONKEY 
E.-T. Zhang* and A.D.(Bud) Craig. Div. Neurobiology, Barrow 
Neurological Institute, Phoenix, Arizona 85013

Previous anatomical and physiological studies have demonstrated the 
existence of a lamina I STT termination site in the posterolateral thalamus 
(VMpo) in monkey and human, which contains a concentration of 
nociceptive-specific andthermoreceptive-specific neurons (Nature 372:770,
‘ 94). This area is coextensive with a zone of dense calbindin-positive fiber 
labeling, and PHA-L / calbindin double-labeled lamina I terminals have 
been observed. We have examined the distribution of calbindin-positive 
lamina I STT cells in the monkey.

Immunofluorescent (TRITC and FITC) double-staining of WGA and 
calbindin (Sigma 1° antibodies) was used in 40/zm serial horizontal 
sections in 3 monkeys after large contralateral thalamic injections of 2% 
WGA-HRP. Double-labeled cells are present throughout the length of the 
spinal cord (C2-Col), and overall 78% of the WGA-labeled lamina I STT 
cells are calbindin-positive. Calbindin-positive lamina I cells without 
WGA labeling were numerous. Prior work has shown that lamina I STT 
cells can be categorized comprehensively into three basic morphological 
types: fusiform (F), pyramidal (P) and multipolar (M). All 3 types of cells 
contain calbindin, with the highest percentage in F cells (82%), followed 
by P (78%) and M (75%) cells. Similar results were obtained with a small 
injection in VMpo. Calbindin-positive cells are concentrated in the lateral 
portion of lamina I, but the largest lamina I STT cells, usually located 
medially, do not contain calbindin.

This result is consistent with our previous study of VMpo indicating that 
lamina I STT cells contain calbindin. These observations do not indicate, 
however, that calbindin is a specific marker for a particular subset of 
lamina I cells. (Supported by NS 25616)
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703.1
PRIMARY AND SECONDARY HYPERALGESIA IN A RAT MODEL OF 
POSTOPERATIVE PAIN. P.K. Zahn. T.J. Brennan*. Department of Anesthesia, 
University of Iowa, Iowa City, IA 52242

We have developed and characterized a rat model for postoperative pain to better 
understand pain after surgery. Reduced withdrawal thresholds to punctate mechanical 
stimuli occur adjacent (primary hyperalgesia) to the incision; in preliminary studies, 
hyperalgesia was also present in an uninjured, remote (secondary hyperalgesia) area 
(Brennan et al., Pain 64: 493). The purpose of this experiment was to further 
examine primary and secondary hyperalgesia in this model.

Rats were anesthetized with 2% halothane and underwent an incision near the heel 
or a sham operation. Two hr later, the withdrawal threshold to punctate stimuli was 
determined by applying calibrated von Frey filaments adjacent to the wound or at a 
remote uninjured site approximately 1 cm distal to the incision. Each filament was 
tested once starting with 15 mN and continuing to 522 mN or until a withdrawal 
response occurred. Thermal hyperalgesia was assessed using withdrawal latency to 
radiant heat. Rats were tested before surgery, 2 hr later and daily through 
postoperative day 9.

In a sham operated group (n=6 per group), the median withdrawal threshold 
adjacent to the intended incision was 522 mN before surgery and 522 mN 2 hr later; 
withdrawal thresholds remained 370 mN or greater on postoperative day 1 through 8. 
In rats undergoing plantar incision, the withdrawal threshold decreased from 522 mN 
to 33 mN 2 hrs later; withdrawal thresholds less than 80 mN persisted for the next 3 
days. In another sham-operated group, the testing site was remote to the incision; 
the withdrawal threshold was 360 mN before the sham procedure and again 360 mN 2 
hr later and 157 mN or greater on postoperative days 1 through 9. After plantar 
incision the withdrawal threshold at this remote site decreased to 61 mN 2 hr later 
and 74 mN on postoperative day 1 but was not different than the sham operated rat 
on postoperative days 2 through 9. Thermal hyperalgesia was only present when the 
stimulus was applied to the site of injury, not to the remote site.

These results are in agreement with some clinical studies showing secondary 
mechanical hyperalgesia after surgery. [Supported by FAER/ASRA]

703.2
THE BEHAVIORAL SIGN OF MECHANICAL ALLODYNIA 
FROM PERIPHERAL NERVE INJURY IS NOT A SPINAL 
REFLEX. B. Sung1’2, H. S. Na1, Y. I. Kim1, Y. W. Yoon1, H. C. Han1, S. H. 
Nam1 and S. K. Hong*1 ’Dept. of Physiology, Korea Univ., Coll, of Med., 126- 
1, Anam-dong 5 ga, Sungbuk-gu, Seoul, 136-705, "Dept. of Rehab. Therapy, 
Sahmyook Univ., 26-21, Gongnung-dong, Nowon-gu, Seoul, 139-742, Korea

Peripheral nerve injury often results in neuropathic pain, which is 
characterized by spontaneous burning pain, allodynia and hyperalgesia. 
Several animal models have been developed to elucidate the mechanism 
of neuropathic pain. But it is unclear if expression of neuropathic pain 
requires structure(s) above the entry level of the injured nerve to the 
spinal cord.

In the present study, we examined if spinal cord transection at the 
Li level abolished the behavioral signs of mechanical allodynia (i.e., 
tail-flick or -twitch responses to innocuous mechanical stimuli appfied 
with von Frey hairs) produced by prior unilateral transection of the 
inferior caudal trunk between the Si and S2 spinal nerves under 
enflurane anesthesia. For comparison, we examined whether the same 
spinal cord transection removed withdrawal reflex evoked by pinprick to 
the tail or foot. Our results demonstrated that the cord transection 
selectively blocked the behavioral signs of mechanical allodynia, 
leaving the withdrawal reflex intact.

We suggest that the behavioral sign of mechanical allodynia from 
peripheral nerve injury is not a spinal reflex, unlike typical withdrawal 
reflex.
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703.3
SUBMODALITY-SELECTIVE HYPERALGESIA ADJACENT TO 
THE INJURED SCIATIC NERVE IN THE RAT IS DEPENDENT 
ON CAPSAICIN-SENSITIVE AFFERENT FIBERS. IL 
Mansikka*1, A. Pertovaara1,2, ‘Dept Physiol, Univ 
Helsinki and 2Dept Physiol, Univ Turku, Finland. 
We studied the role of capsaicin-sensitive 
nociceptive fibers, a collateral sprouting and a 
dorsal root reflex in the nerve injury-induced 
adjacent hyperalgesia. Unilaterally the sciatic 
or the saphenous nerve was ligated in the rat. 
Assessment of sensory changes was performed by 
various behavioral tests. In one group, the 
saphenous nerve ipsilateral to the sciatic 
ligation was topically treated with capsaicin 
(1%) . Dorsal root reflex and collateral sprouting 
of the nociceptive fibers of the uninjured 
saphenous nerve were also studied with dye- 
labelled Evans blue technique. Sciatic injury 
produced hyperalgesia to noxious mechanical but 
not to thermal stimuli in the innervation area of 
the saphenous nerve. Capsaicin treatment of the 
saphenous nerve prevented the development of the 
mechanical hyperalgesia. Dorsal root reflex of 
the nociceptive fibers or collateral sprouting of 
the intact saphenous nerve were not observed. 
Nerve injury induced changes in the central pain 
mechanisms may contribute to the adjacent 
hyperalgesia. Sponsored by grant from Farmos inc.

703.4
PERSISTENT ACTIVATION OF PERIPHERAL NOCICEPTORS IS 
NECESSARY AND SUFFICIENT FOR MUSTARD OIL-INDUCED 
HYPERALGESIA IN INTACT AND SPINAL CORD TRANSECTED RATS
C.L. Cleland*, J. Minette-Fore. A. Mishra, D. Beck and G.F. Gebhart. Dept of 
Physiology & Biophysics, and Pharmacology, Univ. Iowa, Iowa City,1A 52242 

Hyperalgesia can arise from three mechanisms: 1) peripheral sensitization
of nociceptors, 2) persistent activation of peripheral nociceptors by tissue 
damage that summates centrally with stimuli applied near or distant to the 
injury, or 3) central plasticity triggered by sensory input during injury. The 
goal of this study was to determine if secondary hyperalgesia induced by 
mustard oil arises from central plasticity or maintained peripheral activation.

Electrical (sciatic nerve), thermal (tail) or mechanical (toes) stimuli were 
delivered every 6-15 minutes to unanesthetized rats (transected 24 hours 
previously or spinal cord intact). Withdrawal responses were quantified by 
EMG magnitude or response latency. Mustard oil (10-50 pi, 100%) was then 
injected into the ankle or applied to the surface of the tail or leg to induce 
hyperalgesia. After establishing hyperalgesia for 20 to 120 minutes, local 
anesthetic (LA, 10% lidocaine w/epinephrine, pH 6.5) was applied selectively 
to the mustard oil region to block persistent activation of sensory receptors 
without affecting the afferent, central or peripheral components of the test 
reflex. Complete block was verified. In other experiments, LA block was 
transiently established immediately prior to mustard oil administration.

In all five paradigms, including nociceptive (thermal, mechanical, electrical) 
and non-nociceptive (electrical) test stimuli, intact and transected rats, and 
20 -120 minutes of hyperalgesia prior to LA, maintained hyperalgesia was 
completely abolished by LA. Further, comparable hyperalgesia occurred 
even though sensory afferents were transiently blocked during mustard oil 
application. Thus, persistent activation of peripheral nociceptors is necessary 
and sufficient to account for mustard oil-induced hyperalgesia in the rat.

Supported by NS32261 to CLC and DA02879 to GFG.

703.5
PAIN AND HYPERALGESIA PRODUCED BY CAPSAICIN IN RATS ARE 
ATTENUATED BY A CANNABINOID RECEPTOR AGONIST. R.S, 
Daughters', J, Li1. C. Bullis3. R, Bengiamin1. J. Brennan3. B.K, Hartman*12. 
and D.A. Simone1,2. Dept. of Psychiatry1 and Graduate Program in Neurosci? 
Univ. of Minnesota, Minneapolis, MN 55455, and Dept. of Biology3,Hamline 
Univ., St. Paul, MN 55104.

Previous studies demonstrate that cannabinoids possess antinociceptive activity 
and attenuate evoked responses of nociceptive neurons in the spinal cord and thalmus. 
We examined whether cannabinoids can diminish pain and hyperalgesia produced by 
intradermal (i.d.) injection of capsaicin (CAP) into the plantar aspect of die hindpaw. 
Rats were given one i.v. injection of die cannabinoid receptor agonist, WIN55,212-2, 
at doses of 1,10,100 or 200 Mg/kg, 100 Mg/kg of the less active enantiomer WIN 
55,212-3, or an equal volume of the vehicle (VEH) 5 min before injection of 10 Mg 
CAP. The duration of nocifensive behavior (guarding die injected paw) was measured 
for 5 min after CAP. Withdrawal responses evoked by mechanical (von Frey 
monofilament) and radiant heat applied to the plantar surface of each hindpaw were 
obtained 30 min before, and at 5 and 30 min after CAP. Compared to VEH-treated 
animals, WIN 55,212-2, but not the less active enantiomer, significantly decreased 
die duration of nocifensive behavior and hyperalgesia to mechanical and heat stimuli 
in a dose-dependent manner. Hyperalgesia, defined as an increase in frequency of 
withdrawal from mechanical stimuli and decreased withdrawal latency to heat, 
was completely blocked by WIN 55,212-2 at a dose of 100 Mg/kg. This dose did 
not alter withdrawal responses of the contralateral non-injected paw. These 
results demonstrate that pretreatment with cannabinoids diminish chemogenic 
pain and block the development of heat and mechanical hyperalgesia produced by 
CAP. Supported by NS31223.

703.6
THE HIV-1 COAT PROTEIN, gpl20, PRODUCES THERMAL 
HYPERALGESIA IN RATS. E.D, Milligan*, ,T.L, Hinde,
S.F, Maier & LR. Watkins, Dept. of Psych. University of 
Colorado, Boulder, CO 80309.

A subset of people infected with the human immuno-deficiency 
virus type 1 (HIV-1) experience pain syndromes that appear 
unrelated to AIDS therapy or opportunistic diseases 
(Breitbart,W.,1996, 8thWorld Congress on AIDS). The HIV-1 
coat protein, gp120, induces cytokines such as IL-1 p and TNF-a 
in human glial cultures and, when given intracerebroventricularly 
(ICV), induces IL-1 p. Because cytokines administered 
intrathecally (IT) in rat can produce hyperalgesia, we 
investigated IT gp120 on pain responsivity. Adult male Sprague- 
Dawley rats were implanted with IT catheters, employing a new 
surgical method resulting in complete recovery of all rats. 
Following assessment of baseline latencies (tail flick [TF] test), 
animals (N=6-10 per group) received 0, 5.73 ng, 573 ng, or
1.15 pg gp120 in 5pl vehicle. TF latencies were then measured 
every 5 min for 2 hrs. Dose dependent hyperalgesia was 
observed suggesting that the HIV-1 coat protein, gp120, acts 
in the spinal cord to facilitate pain. Ongoing studies are aimed 
at determining whether similar hyperalgesia occurs following ICV 
gp120 and whether gp120 hyperalgesia is cytokine mediated. 
Supported in part by NIH MH55283 & RSA MH00314.

703.7
CONTRIBUTION OF INDUCIBLE AND NEURONAL NITRIC OXIDE 
SYNTHASE TO ALLODYNIA OF RATS FOLLOWING INTRADERMAL 
INJECTION OF CAPSAICIN J.Wu*Q.Lm, Y.Feng, and W.D. Willis. The 

University of Texas Medical Branch, Galveston, TX 77555-1069.
Nitric oxide, synthesized by its key enzyme nitric oxide synthase (NOS), has 

been found to be involved in the process of central sensitization. The role of 
inducible nitric oxide synthase (iNOS) and neuronal nitric oxide synthase 
(nNOS) in the spinal cord was investigated in this study. Central sensitization 
was initiated by intradermal injection of capsaicin into the plantar surface of 
the left paws of awake rats. A microdialysis fiber was previously implanted in 
the spinal cord dorsal horn in the L5 segment for the administration of iNOS 
and nNOS inhibitors. Animals were tested for responses to graded mechanical 
stimuli using von Frey filaments at a site away from the injection site. The 
results verified that secondary' allodynia can be induced by the intradermal 
injection of capsaicin. Infusion of a potent selective inhibitor of inducible NOS 
(2-amino-5,6-dihydro-6-methyl-l,3-thiazine) or of a selective inhibitor of 
nNOS (7-nitro indazole) into the spinal dorsal horn reduced the secondary 
mechanical allodynia caused by intradermal injection of capsaicin by 
decreasing the frequency of paw withdrawal in response to the mechanical 
stimuli and by increasing the threshold for the mechanical stimuli toward the 
baseline. The results suggest that both iNOS and nNOS are involved in the 
induction of secondary allodynia following intradermal injection of capsaicin. 
Upregulation of activity of NO synthases might contribute to the process of 
capsaicin-induced central sensitization. (Supported by NIH grants NS09743 
and NS 11255).

703.8
ROLE OF ZINC TRANSLOCATION IN THE DEVELOPMENT OF 
KAINIC ACID-INDUCED PERSISTENT THERMAL 
HYPERALGESIA IN THE MOUSE, S.L, Giovengo* and A.A, Larson. 
Department of Veterinary PathoBiology, University of Minnesota, St. 
Paul, MN 55108.

A single intraperitoneal (i.p.) injection of a subconvulsant dose of 
kainic acid (KA) (20 mg/kg) in the mouse results in a persistent thermal 
hyperalgesia as measured using the tail flick assay. Kainic acid at 
convulsant doses is a well-characterized model of limbic seizures in 
human epilepsy, causing neurotoxic lesions in specific areas of the 
brain. Translocation of zinc (Zn) has been shown to play a role in KA 
seizure-induced excitotoxic lesions. We have previously found that Zn 
activity modulates nociception in the CNS. We tested the hypothesis 
that translocation of Zn may similarly play a role in the development of 
KA-induced thermal hyperalgesia. Using adult mice, we injected 
intrathecally either 10 ng Zn chloride, 10 nmol disodium-calcium EDTA 
(which chelates divalent ions), 1 nmol dipicolinic acid (a specific 
chelator of Zn ions), or saline, immediately prior to an i.p. injection of 
KA. Latencies of response in the hot plate assay at 52.5°C and tail flick 
assay at temperatures of 49°C and 53°C were measured at 6, 24,48,72, 
and 168 hr after injections. Increasing Zn availability in the spinal cord 
appeared to delay, but did not prevent the development of KA-induced 
thermal hyperalgesia. Decreasing Zn availability in the extracellular 
fluid by injection of either disodium-calcium EDTA or dipicolinic acid, 
prevented the development of thermal hyperalgesia. The development 
of KA-induced hyperalgesia appears to require the release of Zn from 
presynaptic boutons and its translocation to postsynaptic neurons in the 
spinal cord. [Supported by NIH grant DA04090]
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703.9
TRANSGENIC MICE OVER-EXPRESSING NERVE GROWTH FACTOR EXHIBIT 
THERMAL ALLODYNIA AND HYPERALGESIA WHICH ARE REVERSED BY 
SUBSTANCE P AND NMDA RECEPTOR ANTAGONISTS. A.L. McLeod1*, J. 
Ritchie2, A.C. Cuello1, J.-P. Julien3, A, Ribeiro-da-Silva1 and J.L. Henry2. 1 Dept. 
of Pharmacology and Therapeutics, 2Depts. of Physiology and Psychiatry and 
3Centre for Research in Neuroscience, McGill University, Montreal, Qc, Canada.

Recently, a transgenic mouse has been developed which over-expresses nerve 
growth factor. In order to study the functional significance of this animal model to 
nociceptive mechanisms, the effects of mechanical stimulation on the tail-flick 
reflex were examined. Baseline reaction times were taken at 3 minute intervals 
by applying a noxious radiant heat stimulus to the tail. Then a 450 g or 1400 g 
mechanical stimulus was applied to the tip of the tail for 2 seconds. Tail-flick 
readings continued to be taken at 3 minute intervals for 10 minutes. The 450 g 
stimulus induced a transient decrease in reaction time for one minute in 
transgenic mice. However, no change in response was observed in control mice. 
This suggests that the 450 g stimulus is normally innocuous and that the effect 
observed in the transgenic mice was allodynia. The 1400 g stimulus produced a 
decrease in reaction time in both the transgenic and control mice, with a 
significantly greater response in the transgenic mice, suggesting that the 
transgenic mice exhibited hyperalgesia. Pharmacological studies were performed 
to determine the mechanism involved in the allodynia response. Subcutaneous 
administration of the nonpeptide NK-1 receptor antagonist, CP-96,345, but not 
its inactive stereoisomer, CP-96,344, when administered prior to the 450 g 
stimulus, blocked the allodynia in transgenic mice and revealed an underlying 
antinociceptive effect of the stimulus. Following similar injection of ketamine, an 
NMDA receptor antagonist, the 450 g stimulus caused an increase in reaction 
time in transgenic mice, and to a lesser extent in control mice. These results 
provide evidence that the transgenic mice display thermal hyperalgesia and 
allodynia, and this nociceptive response is reversed by substance P and NMDA 
receptor antagonists. (Funded by the Canadian MRC)

703.10
THERMAL ALLODYNIA IN TRANSGENIC MICE OVER-EXPRESSING NERVE 
GROWTH FACTOR: EFFECTS OF MORPHINE AND NALOXONE A. Ribeiro- 
da-Silva1*, A.L. McLeod1, J. Ritchie2, A.C. Cuello1, J.-P. Julien3 and J.L.
Henry2. 1Dept. of Pharmacology and Therapeutics, 2Depts. of Physiology and 
Psychiatry, and 3Centre for Research in Neuroscience, McGill University, 
Montreal, Quebec, Canada.

Recent tail-flick studies on transgenic mice over-expressing nerve growth 
factor demonstrate that these mice display thermal hyperalgesia and allodynia, 
and that these nociceptive responses are reversed by substance P and NMDA 
receptor antagonists. Because a potent antinociceptive reflex was observed 
when their substance P or NMDA input was withdrawn, we decided to study 
opioid participation in the antinociception in these transgenic mice. We used 
transgenic and control mice of either sex. Once tail-flick baseline reaction times 
had been taken at 3 minute intervals by applying a noxious radiant heat stimulus 
to the tail of the mice, different combinations of either saline, naloxone or 
morphine were administered to the animals. A normally innocuous mechanical 
stimulus (450 g) was then applied to the tip of the tail and post-stimulus tail-flick 
reaction times were recorded. The opioid receptor antagonist, naloxone, when 
given prior to saline and before the mechanical stimulus, did not alter the 
allodynia and showed similar results as the mice administered the saline/saline 
treatment. Morphine, when administered in combination with saline prior to the 
mechanical stimulus, blocked the allodynia in the transgenic mice and produced 
analgesia in control mice. However, the effects of morphine were partially 
reversed in transgenic mice and completely reversed in control mice when 
naloxone was given prior to the administration of morphine. These results 
provide evidence that the nociceptive response in transgenic mice is reversed 
by morphine, and that pre-treatment with naloxone partially blocks this effect. 
(Funded by the Canadian MRC)

703.11
A METALLOPROTEASE-INHIBITOR AND NEUTRALIZING 
ANTIBODIES TO TUMOR NECROSIS FACTOR ATTENUATE 
HYPERALGESIA IN EXPERIMENTAL MONONEUROPATHY
C. Sommer*, A. George and C. Schmidt, Neurologische Universitatsklinik 
Wurzburg, Germany

We have previously shown that pharmacological inhibition of the 
production of tumor necrosis factor-a (TNF) reduced pain related 
behaviors in rats with chronic constriction injury (CCI). Here we asked 
whether substances specifically interfering with processing or function of 
TNF would equally reduce hyperalgesia. We used C57BL/6J-mice with CCI 
and applied the synthetic hydroxamic acid based metalloprotease inhibitor 
TAPI (0.5 mg/day) which blocks cleavage of cell surface TNF and thus 
reduces levels of the mature 17-kD TNF-polypeptide. In a second series, 
we injected neutralizing antibodies to mouse TNF (125 pg). Both 
substances were given once daily epineurially onto the damaged sciatic 
nerve. Control animals received vehicle and non-specific antibodies, 
respectively. The animals were tested for withdrawal thresholds to heat 
and to von Frey hairs. Sciatic nerves were harvested after 7 days, and 
immunohistochemistry for TNF, interleukin-IB and macrophages was 
performed. Both treatments attenuated thermal hyperalgesia and 
mechanical allodynia. Immunohistochemistry revealed an increase in 
TNF-immunoreactivity in all nerves with CCI with sham- and TAPI- 
treatment. This is in accordance with the concept that here not the 
production of TNF but its shedding was blocked. In conclusion, our results 
confirm the notion that functional mature TNF is relevant in the 
generation of neuropathic pain, and that inhibitors of TNF-processing or - 
function may have some potential in the treatment of neuropathic pain.

Funding: DFG So 328/2-1

703.12
CAPSAICIN- AND ACID PH-INDUCED HEAT SENSITIZATON OF 
NOCICEPTORS IS TRIGGERED BY INCREASING INTRACELLULAR [CA2+] 
IN RAT SKIN, IN VITRO. Kress M.* and Gunther S.. Dept. Physiol. & Exp. 
Pathophysiol., Universitatsstr. 17, D-91054 Erlangen, Germany

Capsaicin (CAPS) induces a profound heat sensitization of polymodal 
cutaneous C-fibers and excites them by activating a non-specific cation 
channel permeable for Ca2+ ions. Similarly, low pH has been suggested to 
activate a sustained non-specific inward current in sensory neurons.

The aim of the present study was to test if low pH could induce heat 
sensitization of polymodal C nociceptors and if increase in intracellular [Ca2+] 
contributes to sensitize nociceptors. Following the isolation of single fibers from 
the rat saphenous nerve, the corresponding receptive field (RF) was searched 
in the innervated skin and isolated from the surrounding organ bath with a 
metal cylinder. Repetitive heat stimuli (linear rise of temperature from 32 to 46 
°C within 20 s) were applied to the RF at 5 min intervals.

Exposure of the RF to 1pM CAPS for 2 min induced a signifcant increase 
of the heat response and a significant drop of heat threshold (n=7) which was 
abolished when the receptive field was preincubated with the membrane 
permeant calcium buffer BAPTA-AM for 7 min (1 mM, n=8). A similar calcium- 
dependent heat sensitization was induced by acidic solutions of pH 6.1 (n=7). 
A decrease in heat thresholds as well as a facilitation of the heat responses 
was further obtained when exposing the RF to the calcium ionophore 
ionomycin for 2 min (10 pM, n=9).

Our result present first evidence that the sensitization of nociceptive 
primary afferents to heat induced by capsaicin and pH strongly depends on an 
increase in intracellular calcium concentration. This may be a general principle 
in the peripheral nerve terminal similar to the well known mechnisms of central 
sensitization in which calcium ions play the most important role.
(Supported by the DFG, SFB 353/B12)

703.13

EXPRESSION OF NPFF mRNA IN CARRAGEENAN 
INFLAMMATION IN THE SPINAL CORD OF RAT.
A.A, Aamigab3*, M, Niemin<gnb, V,K, Kpntinen3, S, Vilimc, E,
Kalso3. E. Ziff and P, Panula3,b. aInst. of Biomedicine, Univ. of 
Helsinki; bDept. of Biology, Abo Akademi Univ., Abo, Finland; 
cDept. of Biochem., HHMI, NYU Med Ctr, NY, USA.

Neuropeptide FF (NPFF) is involved in antiopioid mechanisms in 
the mammalian CNS. The function of NPFF in different models of 
pain has not been characterized previously. The carrageenan 
inflammation was produced unilaterally in the rat hindpaw and 
spinal segments L4-S1 were analyzed. The inflammed side showed 
a significant increase in the mRNA expression of NPFF with in situ 
hybridization. The expression in the contralateral side of the section 
did not differ significantly from the control (saline) section. With a 
specific antiserum we could demonstrate NPFF-containing neuronal 
cell bodies in the upper spinal laminae, especially in the dorsal root 
entry zone. There was no expression of NPFF in the spinal ganglia 
of control animals or animals with inflammation. The behavioural 
findings in acute thermal tests after intrathecal administration of 
NPFF and opioids differed when inflammation was present. The role 
of NPFF in the modulation of nociception in the spinal cord may be 
markedly changed during acute inflammation.

703.14
A NEURONAL CORRELATE OF SECONDARY HYPERALGESIA IN THE RAT 
SPINAL DORSAL HORN IS SUBMODALITY SELECTIVE AND FACILITATED 
BY SUPRASPINAL INFLUENCE. A. Pertovaara*. Depts. Physiol. Univ. 
Helsinki & Turku, Finland.

In the present investigation, the submodality selectivity and the 
contribution of supraspinal influence to the secondary hyperalgesia induced 
by neurogenic inflammation was studied in the presumed pain relay neurons 
of the rat spinal dorsal horn. Mustard oil applied outside of the receptive 
fields of rat spinal dorsal horn wide-dynamic range (WDR) neurons facilitated 
mechanically evoked responses to WDR neurons independent of stimulus 
intensity, whereas heat-evoked responses were not facilitated. Spontaneous 
activity of WDR neurons was not changed by mustard oil applied outside of 
their receptive fields. Responses to low-threshold mechanoreceptive neurons 
were not facilitated by mustard oil. The mustard oil-induced facilitation of 
mechanically evoked responses to WDR neurons was significantly 
attenuated by spinal transection or microinjection of lidocaine in the 
rostroventromedial medulla (RVM). Mustard oil had no significant effect on 
a compound A-volley in the sural nerve induced by intraspinal stimulation of 
sural nerve terminals at a submaximal intensity. The selective mechanical 
hyperalgesia in spinal dorsal horn WDR neurons, without a change in their 
spontaneous activity, can be explained by a heterosynaptic facilitatory 
action on presynaptic terminals mediating mechanical signals to these 
nociceptive spinal neurons. Furthermore, brainstem-spinal pathways, 
involving the RVM, do not only suppress nociception but under some 
pathophysiological conditions concurrent facilitatory influence may 
predominate and lead to enhancement of mechanical hyperalgesia. The 
descending facilitatory feedback loop may help to protect the wounded 
tissue and thus promote healing. Supported by the Academy of Finland.
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703.15
ENLARGED CUTANEOUS RECEPTIVE FIELDS OF DORSAL HORN NEURONS 
IPSILATERAL TO CHRONIC DORSAL ROOT CONSTRICTION. E. Carstens3, E. 
Tabo1, J.H. Eisele. Jr2 and V.E. Mendel3*. 'Anesthesiol. Resuscitol., Ehime Univ. 
(Japan), and UC Davis,2Anesthesiol., 3Neurobiol., Physiol., Behav., Davis CA .

We investigated spinal plasticity changes associated with a dorsal root constriction 
(DRC) injury that produces mechanical allodynia (Tabo et al., companion abstract). 
L4-L6 dorsal roots were exposed in halothane-anesthetized rats and 0 (sham), 1 or 2 
loose ligatures placed central to the dorsal root ganglion. 5 or 22 wk post-surgery, rats 
were anesthetized for single-unit recordings from lumbar wide dynamic range-type 
(WDR) neurons ipsi- and contralateral to the DRC/sham operation. Mechanosensitive 
cutaneous receptive field areas on the hindpaw were mapped, and stimulus-response 
functions (SRFs) to graded noxious heat pulses (38-52°C, 5 s) recorded.

At 5 wk post-surgery, the mean area of cutaneous receptive fields, and SRFs to 
graded noxious heat, were not significantly different between units recorded on DRC - 
(single ligation) operated (N=16) vs. unoperated sides (N=18), or compared with units 
(N=31) from 5-wk sham-operated rats. At 22 wk post-surgery, the mean receptive field 
area was significantly larger for units on the DRC vs. unoperated side for both single- 
(287%, N=14) and double-ligation (206%, N=28) groups. Receptive field areas on the 
DRC side were also significantly larger (single: 211%; double: 183%) compared to 
those of units (N=63) from 22-wk sham-operated rats. Mean SRFs of responses to 
graded noxious heat were not significantly different between operated and unoperated 
sides for single- and double-ligation DRC groups, or between DRC and sham-operated 
groups. There was a trend toward higher spontaneous activity ipsilateral to the DRC.

Enlarged cutaneous receptive fields of dorsal horn neurons may contribute to 
mechanical allodynia associated with DRC. However, the slow (>5 wk) development 
of receptive field enlargement does not match the rapid development of allodynia. The 
lack of effect of DRC on thermal sensitivity of dorsal horn units corresponds with the 
absence of thermal hyperalgesia observed behaviorally.

703.16
FORCE OF LIMB WITHDRAWAL EVOKED BY GRADED NOXIOUS HEAT 
COMPARED WITH OTHER BEHAVIORAL MEASURES OF CARRAGEENAN- 
INDUCED HYPERALGESIA AND ALLODYNIA. J.H. Eisele, Jr2’ E. Carstens3, E. 
Tabo1, and R.L, Kitchell*4. ’Anesthesiol. Resuscitol., Ehime Univ. (Japan), and UC 
Davis, 2Anesthesiol., 3Neurobiol., Physiol., Behav., 4Vet. Anatomy, Davis CA 95616.

Most behavioral pain tests measure changes in latency (i.e., threshold) of nocifensive 
responses in animals, yet it is also useful to assess suprathreshold responses. We 
investigated if carrageenan-induced hyperalgesia reduces the threshold or enhances 
suprathreshold responses in a paradigm measuring force of flexion limb withdrawals.

Graded heat stimuli (36-52°C, 5 s) were delivered by Peltier thermode tethered to the 
ventral hind paw of restrained rats. The thermode was at one end of a rod balanced on 
a fulcrum; the other end was attached to a transducer to monitor isometeric force of 
limb withdrawal. Responses were recorded 2.5 hr after intraplantar injection of 0.9% 
NaCl vehicle, or carrageenan (1 or 0.1%), in separate sessions >2 wk apart. Baseline 
responses were determined the day before. All rats were additionally tested for: (1) 
latency of paw withdrawal elicited by infrared heat (Hargreaves), (2) limb-guarding, 
using independent force plates to measure weight borne by the two hind limbs, and (3) 
threshold of paw withdrawal elicited by graded von Frey pressure stimuli.

The force of limb withdrawal increased linearly from 42-52°C. After 1% carrageenan, 
withdrawal forces were significantly greater at 40-46°C, reducing the slope and 
threshold of the stimulus-response function. There were also significant reductions in 
thermal paw withdrawal latency (by 50%), mechanical withdrawal threshold (by 82%) 
and weight bearing on the injected side (by 81%). Following 0.1% carrageenan, 
thermal paw withdrawal latency and mechanical withdrawal thresholds were 
significantly reduced but to a lesser extent, with a non-significant trend for withdrawal 
forces to be enhanced. Saline injections had no effect on any behavioral measure.

These results indicate that withdrawal force is not quite as sensitive compared to 
latency/threshold measures, but affords the advantage of assessing hyperalgesic changes 
in stimulus-response coding over a broad range of noxious stimulus intensities.

703.17
MECHANICAL ALLODYNIA AND LIMB-GUARDING WITHOUT THERMAL 
HYPERALGESIA FOLLOWING CONSTRICTION OF L4-L6 DORSAL ROOTS,_R 
Tabo1, J.H. Eisele, Jr2 and E. Carstens3*. ’Anesthesiol. Resuscitol., Ehime Univ. 
(Japan), and UC Davis, 2Anesthesiol., 3Neurobiol., Physiol., Behav., Davis CA 95616.

We studied symptoms of neuropathic pain in rats sustaining damage to sensory but 
not motor nerve fibers in a dorsal root constriction (DRC) model. Under halothane 
anesthesia, L4-L6 dorsal roots were exposed unilaterally and each was loosely 
constricted central to its respective ganglion with one or two silk 7-0 ligatures. 
Nociceptive behavior was assessed bilaterally before and during a 22-wk post-DRC 
period in 4 tests: (1) latency of paw withdrawal evoked by infrared heating of the 
ventral paw, (2) isometric force of limb withdrawal evoked by graded noxious heat 
stimuli delivered to the ventral paw, (3) weight-bearing by the hind limbs measured 
with independent force plates, and (4) threshold for paw withdrawal elicited by graded 
mechanical (von Frey) stimuli.

There was a significant reduction in mean mechanical withdrawal threshold on the 
operated side in single- and double ligation groups which began at 3 d, peaked at 2-5 
wk (18% of control), and gradually recovered over 9-22 wk. A delayed and less- 
marked mechanical allodynia (to 35%) was seen on the unoperated side. Sham-operated 
rats exhibited a mild (to 64%) allodynia only at 2-3 wk post-DRC. Significantly less 
weight was borne by the operated limb (single and double ligation groups) 1-5 wk post- 
DRC, after which weight was borne equally by both hindlimbs. Unequal weight-
bearing was not observed at any time in sham-operated rats. DRC resulted in no change 
in thermal nociception, except for a significant hypoalgesia (increased paw withdrawal 
latency and reduced withdrawal force) 3 and 7 d post-DRC. None of the rats responded 
to cooling the paw to 0-2°C. DRC rats did not exhibit motor deficits with the 
exception of 2 rats showing mild paresis which resolved within 1 wk.

These data indicate that DRC, which exclusively injures sensory fibers, produces 
mechanical allodynia as assessed by reduced hindlimb weight bearing and heightened 
mechanical sensitivity, but not thermal hyperalgesia.

703.18
A ROLE FOR NEUROPEPTIDES IN CONTACT HYPERSENSITIVITY.
Beilina Veronesil. Donald Dorflerl, Maroa Qortqiesen2, and Hugh A. Tilson*1
1U.S. Environmental Protection Agency, National Health Effects and 
Environmental Research Laboratories, RTP, NC. and 2Duke University, 
Pharmacology Department, Durham, NC

The effect of neuropeptide denervation on the elicitation of dermal 
contact hypersensitivity (CHS) was examined in BALB/c mice. Separate 
groups of adults (50-60d) were skin-sensitized (ear "painted”) with a non-
irritating concentration of 0.1% 2,4-dinitrofluorobenzene (DNFB) after being 
1) administered a general anesthesia (i.e., nembutal) to transiently block all 
neurotransmission, 2)deafferentated of neuropeptide (i.e., tachykinin) 
innervation by neonatal injection of capsaicin (50 mg/kg, i.p.) or 3) 
administered a specific pharmacological antagonist to the Substance P 
receptor (CP96.345) while the ears were being "painted" with DNFB, After 
these treatments, cells were dissociated from the draining auricular lymph 
and tritium-labeled to assess proliferation. Results indicated that nembutal 
significantly depressed lymphocyte proliferation in the DNFB-sensitized 
auricular nodes. In contrast, adult mice who had been neonatally 
deafferentated of neuropeptides by capsaicin, showed a significant increase in 
lymphocyte proliferation. Adult mice, which had been treated with a SP receptor 
antagonist while being sensitized with DNFB showed a marginal (non-
significant) increase in lymphocyte proliferation. A separate experiment 
measured the release of inflammatory cytokines (e.g., INFy, TNFa, IL-6) by 
ELISA from auricular nodal lymphocytes that were cultured from the 
capsaicinized test group for 24 hr after sensitization. Examination of their 
cytokine profile showed altered cytokine secretion in both untreated and 
DNFB-treated, capsaicinized mice compared to untreated and DNFB-treated 
controls. These data suggest that neonatal disruption of neuropeptide 
transmission alters the adult dermal response to chemical sensitization in 
terms of nodal cell proliferation and cytokine expression.

PAIN MODULATION: ANATOMY AND PHYSIOLOGY—INFLAMMATION

704.1
TREATMENT OF CCI-INJURED PERIPHERAL NERVES WITH THE 
ANTI-INFLAMMATORY CYTOKINE INTERLEUKIN-10 DECREASES 
ENDONEURIAL TNF EXPRESSION, MACROPHAGE RECRUITMENT, 
AND THERMAL HYPERALGESIA. Rochelle Wagner1.Michael Tanjigiart1. 
and Robert R. Mvers^* 1 Departments of Anesthesiology and ^Pathology 
(Neuropathology) at the University of California, San Diego, CA 92093-0629 
and VA Medical Center, San Diego, CA.

We are exploring the nociceptive functions of TNF located peripherally in 
the sciatic nerve following direct, partial nerve injury. We have thus far 
found upregulation of TNF protein expression in many cell types following 
CCI, a mononeuropathy model, and that injection of TNF into normal nerve 
at the mid-axonal level produces a transient display of nociceptive 
behaviors and neuropathology. The current study was designed to decrease 
endogenous TNF production by applying 250ng of the anti-inflammatory 
peptide IL-10 directly to the CCI injury site in female Sprague-Dawley rats. 
Endpoints quantified immunohistochemical TNF expression, macrophage 
infiltration to the injury site, and thermal hyperalgesia. IL-10 at the time of 
injury significantly deci eased thermal hyperalgesia at days 3,5, and 9 post-
surgery, and endoneurial macrophage infiltration at days 2 and 5 (both 
timepoints investigated). Significant decreases in cell profiles with positive 
TNF immunoreactivity was found only at day 2 (p<0.5) and not day 5 
(p=0.2). These data are consistent with previous studies demonstrating that 
IL-10 attenuates TNF function and/or expression, and supports a 
mechanistic role for TNF in nociception in the CCI model. This study 
strongly suggests that anti-inflammatory compounds may be beneficial in 
nerve injuries demonstrating a strong inflammatory component. Supported 
by NIH grants NS18715 (RRM), F32NS10071 (RW) ,and the Dept. of 
Veterans Affairs.

704.2
INVOLVEMENT OF CENTRAL, SUPRASPINAL PROINFLAMMATORY 
CYTOKINES IN SECONDARY HYPERALGESIA PRODUCED IN A MODEL 
OF ACUTE ARTHRITIS. M.O. Urban*, S.V. Coutinho and G.F. Gebhart. 
Department of Pharmacology, University of Iowa, Iowa City, IA 52242.

We have recently found a significant contribution of supraspinal sites, 
including the rostral ventromedial medulla (RVM), to the secondary thermal 
hyperalgesia (distant from site of inflammation) observed in a model of acute 
arthritis. The present series of experiments were designed to investigate a 
role for supraspinal proinflammatory cytokines in modulating this 
hyperalgesia by recording thermal paw withdrawal latencies (PWL) in 
Sprague Dawley rats. Four hours following injection of carrageenan/kaolin 
(3%, 100 |xi) into the left hind leg knee joint cavity, the animals presented 
with an inflammation and a decreased PWL of the ipsilateral hind leg. In 
contrast, no changes were observed in the contralateral hind leg. 
Intracerebroventricular injection of the interieukin-1 receptor antagonist IL-1ra 
(1 p.g/5 p.l) at the time of carrageenan/kaolin injection, and additionally 2 
hours thereafter, significantly attenuated the decreased PWL in the ipsilateral 
hind leg observed at 4 hours. This treatment did not appear to affect the 
ipsilateral hind leg inflammation or contralateral hind leg PWL, however. 
Similarly, microinjection of IL-1ra (1 p.g/1 p.l), or microinjection of an 
interieukin-1 {3 antibody into the RVM at the time of carrageenan/kaolin 
injection, and 2 hours thereafter, completely blocked the decreased PWL in 
the ipsilateral hind leg observed at 4 hours. Microinjection of interieukin1-p 
(10 pg/1 pi) into the RVM of naive, non-inflamed rats produced a significant 
bilateral decrease in PWL 20 min following injection which lasted 
approximately 2 hours. These results demonstrate that proinflammatory 
cytokines in the RVM produce behavioral thermal hyperalgesia, and support 
a role for endogenous cytokines in the RVM in the secondary hyperalgesia 
produced following peripheral inflammation. Supported by DA 02879.
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704.3
MATURATION OF PROLONGED EXPRESSION OF FOS-LIKE 
IMMUNOREACTIVITY IN THE LUMBAR SPINAL CORD OF 
RATS FOLLOWING NOXIOUS STIMULATION
G. A. Barr, J. Cheng, S. Wang & S. E. Carden^ Hunter College and NY 
State Psychiatric Institute 722 W. 168th St. New York, NY 10032.

In adults, inflammatory pain induces long term changes in the 
processing of subsequent sensory input. The consequences of 
inflammation during early development are not known. We examined 
the expression of Fos-like immunoreactivity (Oncogene Sci.) in the 
lumbar spinal cord of 0 - 21 day old rat pups following injection (10 
pi) of the hindpaw with formalin (10%), carrageenen (3%) or complete 
Freund’s adjuvant (0.1%). At all ages, the noxious stimuli induced an 
ipsilateral expression of c-fos in the superficial layers of the dorsal 
horn, as in the adult. Fos expression peaked 2 to 4 hours following 
treatment, and by 8 hours, fewer Fos positive cells were noted. 
Developmental differences in the appearance and distribution of the 
Fos protein occurred at later survival times. In the 14 and 21 day old 
pups, the Fos protein reappeared at 24 hours, but with a different 
localization. Rather than ipsilateral and superficial, Fos positive cells at 
these later times were distributed bilaterally and in deeper lamina of 
the dorsal horn. Few cells were noted superficially. This lasted to 96 
hours after injection. In contrast, the reappearance and relocalization of 
the Fos protein was not seen at 0 or 3 days of age. Thus, although the 
neurobiological processes that mediate the short term sequelae of 
noxious stimulation are similar during development; the longer term 
effects of inflammatory pain, at least as measured by c -fos expression, 
are later maturing. The consequences of the changing distribution of 
the FOS protein are not known. Supported by NS 36130.

704.4
CREB, P-CREB, FOS/FRA AND c-JUN REGULATION OF 
THE PRODYNORPHIN GENE DURING CHRONIC PAIN 
AND INFLAMMATION. D.J, Messersmith*. D.J, Kim, and M.J, 
Iadarola. Pain and Neurosensory Mechanisms Branch, NIDR, 
NIH, Bethesda, MD 20892.

To characterize the transcriptional control of the 
prodynorphin gene through the DYNCRE3 site during chronic 
pain and inflammation, we integrated immunocytochemical 
and gel supershift studies using rat spinal cord following a 
hindpaw injection of carrageenan. Immunocytochemistry of 
L4-L5 spinal cord demonstrated a bilateral increase in 
phosphorylated CREB (P-CREB) following inflammation, while 
Fos/Fra labeling was found unilaterally in the medial 
superficial layer and neck of the dorsal horn. Gel supershift 
analyses demonstrated that CREB, P-CREB, Fos/Fra proteins, 
and c-Jun proteins are all capable of binding to the DYNCRE3 
site of the prodynorphin promoter. Antibodies to CREB and c- 
Jun clearly supershifted distinct bands of the basal complex 
formed at the DYNCRE3 site using spinal cord nuclear extracts. 
CREB, P-CREB and Fos/Fra labeled cells were all found in the 
medial superficial layer of the dorsal horn, the region where 
nociceptive-specific, dynorphinergic neurons are found. 
These results contribute to a proposed mechanism involving 
phosphorylation of CREB, relief of CREB repression, and dual 
feed forward effects of both CREB and A'P-1 family members to 
regulate transcription of the prodynorphin gene during 
chronic pain and inflammation. Supported by IRP/NIDR/NIH.

704.5
PRESERVATION OF ACUTE AND PERSISTENT PAIN PROCESSING BUT 
COMPROMISED GI FUNCTION IN MICE WITH TARGETED DISRUPTION 
OF THE PREPROTACHYKININ-A (PPT-A) GENE Y.O. Cao2, A.M. 
Gillespie3, E.J. Carlson3, C.J. Epstein3, A. Portbury4, S. Vigna4 and A.I.
Basbaum12*, Depts. Anatomy1, Physiology2 and Pediatrics3, UCSF, CA and Dept. 
Medicine and VAMC4, Duke Univ., NC.

The tachykinins, substance P (SP) and neurokinin A (NKA) contribute to 
inflammation and to long term changes in nociceptive processing that occur in 
persistent pain states. To produce a recombinant allele that expresses neither SP 
nor NKA, we created a construct that substituted the SP coding region (exon 3) of 
the PPT-A gene with a neo cassette and deleted the NKA coding region (exon 6). 
Homozygous (-/-) mutant mice were generated from two independent embryonic 
stem cell clones on a mixed genetic background. -I- mice were grossly normal and 
fertile as were litter size and maternal behavior. In about 15% of the -/- mice we 
recorded inflammation of the lower GI tract (beginning at 6 wks). This was 
followed by rapid weight loss, dehydration and death. The ability to mount an 
inflammatory response was tested in +/+, +/- and -/- mice. We injected toxin A 
from Clostridium difficile into ileal loops; after 3 hours sections of gut from +/+ 
mice showed substantial inflammation with loss of villi and infiltration of 
inflammatory cells. Sections of gut from +/- and -/- appeared less inflamed, with 
fewer damaged villi and less infiltrate. The distribution of SP receptor on 
myenteric, submucous neurons and on interstitial cells of Cajal was not altered. 
Acute thermal and mechanical nociceptive thresholds were comparable in +/+ and - 
/- mice as was open field behavior. The mice did not differ in tests of persistent 
pain after tissue or nerve injury (hindpaw formalin, complete Freund’s adjuvant 
(CFA) or partial sciatic nerve section) but latency to lick on a 5 5 °C hotplate was 
increased in the -/- mice. We are presently evaluating the distribution of NK-1,2 
and 3 receptors, the neurochemical responses to tissue and nerve injury as well as 
several inflammatory conditions that have a neurogenic component. Supported by 
NS21445, DE08973, NS 14627 and DK 47766

704.6
MODULATION OF HYPERALGESIA AND ECM-DEGRADING PROTEINASES 
IN AN ENDOTOXIN MEDIATED LOCAL AND REVERSIBLE ACUTE 
INFLAMMATION. R. Talhouk. L, Haiiar, R. Abou-Gergi. N.E, Saade and B. 
Safieh-Garabedian*. Fac. of Arts and Sci. and Fac. of Med., American Univ. of 
Beirut, Lebanon.

It is known that extracellular matrix degrading proteinases (ECM-dp) are involved 
in the process of wound healing, and chronic inflammatory disorders as Rheumatoid 
arthritis. Few reports describe the regulation of ECM-dp in short term acute and 
completely reversible local inflammations. Furthermore, the interplay between local 
inflammatory mediators, ECM-degrading proteinases, and hyperalgesia during 
inflammation is poorly defined. The goal of this study is to describe the regulation of 
ECM-dp during endotoxin mediated local inflammation, by intraplantar endotoxin 
(ET; 1.25 pg/50pl) injection in CD-I mice, and correlate that with hyperalgesia. ET 
injections induced hyperalgesia, as determined by hot plate and paw pressure tests, 
that peaked by 24 hrs post-injection. At 48 hrs and up to 120 hrs, no hyperalgesia 
was detected. Contralateral paw of ET injected mice and saline injected paws in 
control mice elicited no hyperalgesia. Zymography showed that ET and saline 
injected paws elicited increased ECM-degrading proteinase activity by 9 hrs after 
injection. However, only the former maintained high levels of expression of a > 
90kDa gelatinase up to at least 96 hrs post ET injection, while in the latter, 
gelatinase expression was down regulated by 48 hrs. Interestingly, the >90kDa 
gelatinase was upregulated in the contralateral paw of the ET-injected mice at 72 
and 96 hrs post injection. Injection of ZnCl2 (i.p., lOOpM) suppressed hyperalgesia 
and ECM-dp, and ET injected paws elicited a pattern of expression of ECM-dp 
similar to saline injected paws. These results provide evidences on a possible 
interplay between ECM-dp and hyperalgesia induced by local inflammation. 
(Supported by a grant from AUB # URBDCU-111030-48006).

704.7
VERY EARLY PHYSIOLOGICAL AND BIOCHEMICAL CHANGES IN THE 
RAT ADJUVANT ARTHRITIS MODEL D.G.S. Bulling, D.S. McQueen, 
J.P.Brockes* J.R.Seckl Molecular Endocrinology and Department of Pharmacology, 
University of Edinburgh
Injection of low dose (0.15mg) Freund’s Complete Adjuvant (FCA) around rat tibio- 
tarsal joints, causes neurogenic inflammation and a subsequent monoarthritis, sharing 
features with rheumatoid arthritis. Previous work had showed levels of mRNAs from 
the P preprotachykinin-A (P PPT-A) gene, encoding the sensory neuropeptides 
substance P and neurokinin A, and the ot-calcitonin gene-related peptide (CGRP) 
encoding gene increased within 8 hr in cells with diameter <20pm in innervating 
dorsal root ganglia (DRG) ipsilateral but not contralateral to adjuvant injection. 
Studies of very early time points after injection demonstrated oedema formation and 
hyperalgesia showed significant increases within 30 min and continued with a 
progressive nature up to 8 hours later. 30 min post injection P PPT-A mRNA and 
substance P both showed significant increases, peaking at Ihr with 244%±48 and 
158%±7 control respectively, significant increases in mRNAs are sustained up to 8 hr, 
however peptide levels fall, and at 8hr are 55%±12 control, signifying release of 
neuropeptide from nerve terminals. a-CGRP encoding mRNA and peptide show 
similar increases, peaking at 1 hr at 194%±14 and 148%±10 control respectively, 
mRNA levels remain elavated, whereas peptide decreases to levels not different from 
control. Proportion of small diameter cells expressing the mRNAs from both genes 
ipsilateral to injection remains unchanged at 30 min, but shows a significant increase 
by lhr, 132%±3 p PPT-A and 152%±8^for a-CGRP mRNAs compared to controls. In 
all experiments there are no contralateral changes. The increases seen in mRNA 
expression 30 min after adjuvant injection is prevented by prior administration of the 
local anaesthetic, lignocaine, around the sciatic nerve innervating the injected joint, 
indicating a requirement for neuronal activity in the increases observed. These 
observations indicate a similar dramatic increase in P PPT-A and a-CGRP gene 
expression in innervating DRG neurons are an early feature of neurogenic 
inflammation in the adjuvant arthritis model. Stats n=3-5; P<0.05, ANOVA, followed 
by Dunnett’s post hoc test DGSB is supported by a MRC studentship

704.8
INTRASPINAL RELEASE OF IMMUNOREACTIVE PROSTAGLANDINS 
WITHOUT AND DURING DEVELOPMENT OF ACUTE INFLAMMATION IN 
THE RAT KNEE JOINT. A, Ebersberger*1, B.D.Grubb2, N.J. Gardiner2, H.-G. 
Schaible1. ’Dept. of Physiol., Univ. of Wuerzburg, D-97070 Wuerzburg, Germany, 
2Dept. of Cell Physiol, and Pharmacol., Univ. of Leicester, Leicester LEI 9HN, 
United Kingdom
Basal release of several prostaglandins (PGs) was assessed by superfusing the spinal 
cord with artificial CSF at a rate of 200pl/min and assaying the superfusate by RIA. 
The superfusate was collected after a 1 hour rest period for a collection time of 1 
hour. Measured basal release from spinal cord was as follows:
PG species Assay sensitivity Mean sample Mean basal release

(pg/tube) content from spinal cord
(pg/tube) (pg/ml/min)

PGD2 (n = 4) 12.0 ± 1.5 142 ±18.2 294 ±22.1
PGE2 (n = 13) 3.7 ±0.9 79.9 ±9.9 160.0 ± 17.7
6ketoPGF]a (n = 6) 3.6 ±0.7 22.5 ±4.4 47.6 ±6.7
PGF2a (n - 14) 4.7 ±0.9 12.1 ±0.9 23.3 ±2.1
While the amounts released of 6-keto-PGFia and PGF2ot were close to detection level
release of PGE2 and PGD2 was most abundant. To assess changes in intraspinal 
release of PGE2 during peripheral inflammation we used microprobes coated with an 
antibody to PGE2. Probes were inserted for periods of 10 or 20 min into the spinal 
cord of control rats (n=5) or of rats (n=8) in which an experimental inflammation 
was induced by the injection of kaolin/carrageenan (K/C) before the insertion of 
probes. The leg was either left unstimulated or innocuous or noxious pressure were 
applied to the knee joint. The data show that acute inflammation in the knee led to 
elevated levels of ir-PGE2 throughout the dorsal and ventral gray matter of the spinal 
cord starting at about 6-7 hours after induction of inflammation. The levels of ir- 
PGE2 were not significantly influenced by the application of mechanical stimuli to the 
joint.
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704.9
UNILATERALLY INCREASED EXPRESSION OF mGluR5 IN 
DORSAL HORN NEURONS FOLLOWING KNEE JOINT 
INFLAMMATION Steve Mortin-Toth*, Elizabeth Theriault, Ulrike 
Hanesch1 and Paul T. Salo. Dept. of Surgery, Univ. of Toronto, and the 
Toronto Hospital Arthritis Centre, The Toronto Hospital, and 
1Physiologisches Institut, Univ. de Wuerzburg, Wuerzburg, Germany.

L-AP-3 (a mGluR antagonist) has been shown to specifically block 
the secondary phase of the inflammatory response, leading to a 
decrease in the characteristic sensitization of second-order neurons to 
mechanosensory joint input. Morphological studies localizing mGluR5 
to neurons in the substantia gelatinosa suggest that this receptor 
subtype may play a role in mechanical hyperalgesia. Using a rat model 
of unilateral joint inflammation we have investigated changes in the 
expression of mGluR5 in the dorsal horn. Quantification in both tissue 
sections and Western blots revealed increasing mGluRS 
immunoreactivity on the ipsilateral side at 3 and 7 days following 
mBSA-induced inflammation, reaching statistical significance (p<0.001) 
by 21 days . Similar comparisons also revealed significant differences 
3 days after CFA-induced inflammation (p<0.045). We are currently 
investigating whether changes in mRNA expression correlate with 
increased detection of the receptor at these timepoints. In addition, we 
are using double-labelling techniques to determine the neurotransmitter 
phenotype of neurons with joint inflammation-induced increased 
mGluR5 expression. Supported by the Arthritis Society of Canada.

704.10
EXPRESSION AND TISSUE DISTRIBUTION OF PREPRONOCJCEPT1N 
MESSENGER RNA IN RATS WITH ADJUVANT-INDUCED 
HYPERALGESIA. T. Andoh, M. Itoh, Y Kuraishi*. Dept. of Applied 
Pharmacol., Fac. ofPharm. Sci., Toyama Med. & Pharm. Univ., Toyama 
930-01, Japan.

As intracerebroventricular and intrathecal injections of nociceptin have 
been shown to affect nociceptive responses of animals, we examined the 
effect of inflammatory pain on the expression of prepronociceptin (PPN) 
mRNA in the brain regions, lumbar cord, and L4 - L6 dorsal root ganglia 
(DRG). Male Sprague-Dawly rats (5 weeks old) were used. Adjuvant was 
intradermally inoculated bilaterally or unilaterally into the hind paw(s) and 
two days later the animals were decapitated for the assay of PPN mRNA. 
RT-PCR was used to determine the expression level of PPN mRNA. In 
naive rats, PPN mRNA was apparently expressed in the cereberal cortex, 
cerebellum and midbrain, slightly expressed in the medulla/pons, 
hippocampus, striatum, thalamus and lumbar spinal cord, and almost 
undetectable in the DRG. Bilateral inoculation with adjuvant increased PPN 
mRNA expression in the medulla/pons, hippocampus, striatum, thalamus, 
lumbar cord and DRG, with no apparent changes in other brain regions 
examined. Unilateral inoculation increased PPN mRNA on the treated side 
of the lumbar cord and DRG. These results suggest that inflammatory pain 
increases the biosynthesis of nociceptin in the nervous system involved in 
pain signaling and regulation and provide the possibility that endogenous 
nociceptin is involved in inflammatory hyperalgesia.

704.11
mRNA DIFFERENTIAL DISPLAY IDENTIFIES INTERLEUKIN-6 GENE 
EXPRESSION IN THE RAT SPINAL CORD FOLLOWING MONOARTHRITIS. 
A. Berthele*aA K. Hoffmann13, B. Conrada, W. Zieglgansbergerb and T.R. Tollea.
department of Neurology, Technical University, 81675 Munich, Germany, ^Max-
Planck-Institute of Psychiatry, Clinical Institute, 80804 Munich, Germany.

Activity-dependent neuronal plasticity following tissue injury involves the 
regulation of gene expression. We used mRNA differential display (dd-PCR) to 
identify transactivated genes in spinal cord lumbar enlargements of the rat following 
induction of monoarthritis (MA; N=4 each: control, 1, 2, 4, 14 days). After 
extraction of total mRNA and reverse transcription, cDNA fragments were amplified 
with PCR using standard dd-PCR primer sets (13mer/10mer). Of the 45 differentially 
expressed cDNA fragments identified so far, analysis of a 206 bp fragment levealed 
a 85% sequence-homology with an 3'-untranslated exonic region (bp 7975-8180) of 
the rat interleukin-6 (IL-6) gene. Upregulation of the fragment was detected on 
displayed PCR reactions from 2 to 14 days of MA.

Specific PCR confirmed the presence of IL-6 mRNA in pooled spinal cord mRNA 
of MA animals. In situ hybridization with a radioactively labelled oligonucleotide 
(40mer) against an IL-6 coding region (bases 144-183 of mRNA) was performed to 
define the locus of gene induction in the spinal cord. Cellular resolution of emulsion 
dipped sections showed that the basal expression of IL-6 mRNA was bilaterally 
enhanced in the superficial and deep laminae of the spinal dorsal horn from 2 to 14 
days (max. at 4 days) of MA. Cell size and counterstaining suggested that cells with 
superinduced IL-6 mRNA were most likely of neuronal origin.

In the present study, dd-PCR identified the induction of the cytokine IL-6 gene in 
spinal dorsal horn cells. This raises the possibility that pro-inflammatory cytokines 
are centrally involved in pathological pain states during arthritis.
(Supported by SFB 391).

704.12
Persistent Fos protein expression after orofacial deep or 
cutaneous tissue inflammation. O.-O. Zhou*, H. Imbe, R. Dubner and K. 
Ren. Department of Oral and Craniofacial Biological Sciences, University of Maryland 
Dental School, Baltimore, MD 21201.

Orofacial inflammation produces long lasting changes in the CNS associated with 
behavioral hyperalgesia and central hyperexcitability. To map changes in trigeminal 
nociceptive pathways, Fos protein expression, a marker of neuronal activation, was 
compared in rats after the injury of deep or cutaneous orofacial tissues. Inflammation 
was induced by a unilateral injection of complete Freund's adjuvant (CFA, 0.05 ml 1:1 
oil/saline emulsion) into the temporomandibular joint (TMJ) or perioral skin (PO) 
under methohexital anesthesia (50 mg/kg). The rats were perfused 2 h or 3 d following 
the injection of CFA and the brain stem tissues from 3 mm rostral to 6 mm caudal to 
the obex were dissected. Serial sections were processed for Fos-immunocytochemistry. 
Fos-like immunoreactivity (LI) was induced in the trigeminal subnucleus caudalis and 
neighboring medullary regions following TMJ and PO inflammation. The Fos-LI 
appeared to progressively increase and spread from superficial to deep medullary dorsal 
horn as the inflammation persisted. The total number of Fos-positive neurons at the 
obex level (±0.5 mm, 5 sections) was 94.1±9.0 (2h) and 322.2+23.2 (3d), and 
34.5±2.6 (2h) and 110.5±13.0 (3d) in TMJ-(p<0.0001) and P0-(p<0.0002) inflamed 
rats, respectively. Compared to PO cutaneous inflammation, Fos-LI after TMJ 
inflammation was more intense, particularly in the superficial laminae, and more 
widespread rostrocaudally. In the paratrigeminal nucleus, Fos-LI was only induced in 
TMJ-inflamed rats. Substantial bilateral Fos-LI was found in the subnucleus caudalis 
following TMJ and PO inflammation. Further analysis revealed that Fos-LI in the 
ventral third of the subnucleus caudalis was equivalent bilaterally while Fos-LI in the 
dorsal two-thirds was predominantly ipsilateral. The distribution of Fos-LI suggests a 
selective neuronal activation in response to orofacial tissue injury. The increase in 
intensities and persistence of Fos protein expression at 3 days as compared to 2 h post 
CFA may be a marker of increased neuronal hyperexcitability associated with a 
maintained peripheral neural input. Supported by DEI 1964.

704.13
The upregulation of preprodynorphin mRNA in the 
trigeminal subnucleus caudalis following persistent orofacial 
inflammation. H, Imbe*. R, Dubner and K. Ren. Dept of Oral and Craniofacial 
Biological Sciences, University of Maryland Dental School, Baltimore, MD 21201.

Previous studies have demonstrated behavioral hyperalgesia and medullary dorsal 
horn hyperexcitability in a rat model of orofacial inflammation. To further understand 
the neurochemical mechanisms underlying orofacial inflammation and hyperalgesia, the 
changes in opioid gene expression were examined in the same animal model. Deep or 
cutaneous orofacial tissue inflammation was produced by a unilateral injection of 
complete Freund's adjuvant (CFA, 0.05 ml 1:1 oil/saline suspension) into the 
temporomandibular joint (TMJ) or perioral skin (PO). Three days after the injection of 
CFA, the rats were perfused and the rostral cervical spinal cord (C1.C2) tissues 
collected. The tissue sections were hybridized in situ against S-35-labeled 
oligonucleotide probes complementary to preprodynorphin (PPD) or preproenkephalin 
(PPE) mRNA, respectively. Very low levels of PPD mRNA and high levels of basal 
PPE mRNA were found in the dorsal horn in non-inflamed animals. There was an 
increase in the number of neurons that expressed PPD, but not PPE mRNA, in the 
medullary dorsal horn in both TMJ- and PO-inflamed rats. The increase in PPD 
mRNA was primarily located in the medial portion of laminae I/II ipsilaterally. 
Compared to PO inflammation, TMJ inflammation produced a greater increase in PPD 
mRNA. Similar changes were identified by RNA blot analysis. Total RNA was 
extracted from brain stem tissues including caudal spinal trigeminal complex in TMJ- 
or PO- inflamed rats. RNA blots were hybridized with P-32-labeled cDNA or 
oligonucleotide probes against PPD or PPE mRNA. There was a greater increase in 
PPD mRNA in TMJ-inflamed rats when compared with PO-inflamed rats. The level 
of PPE mRNA remained unchanged. In light of similar changes in other models of 
pain and hyperalgesia, these findings indicate that the induction of PPD mRNA may be 
a general response to tissue or peripheral nerve injury. The results suggest that 
dynorphin is involved in nociceptive modulation after orofacial inflammation and 
hyperalgesia. Supported by DEI 1964.

704.14
Responses of medullary dorsal horn neurons following 
temporomandibular joint and cutaneous inflammation in rats.
k^K, Iwata*, ^R. Dubner, *Y. Tsuboi, L2r  Sumino and -^K. Ren. ^Dept. Physiol. 
School of Dentistry & ^Div. Pathophysiol., Dental Res. Ctr, Nihon Univ., Tokyo, 
and ^Dept. OCBS, University of Maryland Dental School, Baltimore, MD 21201.

Disorders of the temporomandibular joint (TMJ) result in a variety of symptoms 
including persistent pain in areas of the jaw and the orofacial region. The CNS 
mechanisms underlying such severe pain are not understood. In the present study, an 
animal model of orofacial inflammation was developed by injecting complete Freund's 
adjuvant (CFA) into the TMJ or perioral skin (PO) of the rat. Neuronal activity was 
recorded extracellularly from the medullary dorsal horn (MDH) 24 h following CFA 
injection under pentobarbital anesthesia. Isolated neurons were classified as low 
threshold mechanical (LTM), wide dynamic range (WDR), or nociceptive specific (NS) 
based on their response properties to mechanical stimulation of the receptive fields 
(RFs). Neuronal responses were compared between TMJ-injected (n=l 8), PO-injected 
(n=8) and non-inflamed naive (n=29) rats. In TMJ-injected rats, the RFs of WDR 
neurons (n=10) were significantly larger than those in naive rats. WDR neurons in 
TMJ-injected rats had RFs that spread to most zygomatic and temporal territories and 
one neuron had a RF that occupied the whole trigeminal region. The RF size of 
nociceptive neurons (WDR and NS) in PO-injected rats (n=3) appeared to be similar to 
those in naive rats. In TMJ-injected rats, the responses of nociceptive neurons to 
noxious mechanical stimuli of the RF were greater than those of PO-injected and naive 
rats. The responses of non-nociceptive LTM neurons (n=8) in TMJ-injected rats were 
similar to naive rats (n=l 1). No NS neurons were encountered in TMJ-inflamed rats 
whereas they were found in PO-inflamed (n=l) and naive rats (n=5). These results 
indicate that orofacial deep tissue inflammation produces hyperexcitability of MDH 
nociceptive neurons characterized by a dramatic expansion of the receptive field and an 
increased responsivity to peripheral stimuli. These effects may reflect neuronal 
plasticity in the trigeminal nociceptive pathways and underlie mechanisms of painful 
symptoms in temporomandibular disorders. Supported by DEI 1964.
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704.15
EXPRESSION OF THE FOS PROTEIN IN THE RAT CENTRAL NERVOUS 
SYSTEM IN RESPONSE TO NOXIOUS STIMULATION: EFFECTS OF 
THE CHRONIC INFLAMMATION OF THE SUPERIOR CERVICAL 
GANGLION. 'Nogueira, M.I.*, 2Lucas, G.A., 3Mariano, M„ 4Laudanna, A. 'Dept. 
of Anatomy, Univ. of Sao Paulo (USP), Brazil 2Dept. Med. Lab. Sci. & Technol., 
Karolinska Inst., Sweden 3Dept. of Immunology, USP 4Dept. of Physiol. Biophys., 
Inst. Biomed. Sci., USP, 05508-900, Brazil.

The aim of this study was to investigate the possible interactions between the 
nociceptive and sympathetic systems and the inflammatory process. To evaluate this 
question, the superior cervical ganglion (SCG) was chronically inflamed in rats, and 
the Fos expression in response to painful stimulation was analysed in central 
neurons. Inflammation of SCG was induced by topic application of Onco-BCG. 
After fifteen days, a painful stimulus (subcutaneous injection of 5% formalin, 150 pi) 
was applied to either supra-ocular or high cervical areas. Ninety minutes later, the 
animals were deeply anesthetized and perfused with buffered saline and 4% 
paraformaldehyde. Serial frozen sections of the spinal cords and brains were 
processed immunohistochemically with an antiserum against the Fos protein 
(Oncogene) and the avidin-biotin-peroxidase technique was used to identify the cells 
activated by noxious stimulation. They were analyzed from the obex through the 
cervical levels of the spinal cord, as there is convergence of trigeminal and cervical 
afferents at those levels. In the caudal sub-nucleus of the spinal trigeminal nuclear 
complex, the numbers of Fos-positive neurons were much higher in rats with 
inflammation of the SCG than in control rats, either sham-operated or with saline 
applied to the SCG. The same result was obtained in the dorsal horn of the spinal 
cord. There was a highly significant statistical difference between the densities of 
Fos-positive neurons when comparing the inflamed and control groups. These results 
suggest that the inflammation of the SCG generated an increased responsiveness to 
painful stimuli, which could be due to a diminished sympathetic influence upon the 
sensory peripheral innervation.
Supported by FAPESP (Brazil)

704.16
Adjuvant-Induced Inflammation of the Rat TMJ Produces an Increase in 
Macrophages. R. SPEARS, A. WARDLAW, R.J. HINTON, B. HUTCHINS, 
and A.M. IACOPINO*. (Baylor College of Dentistry-Texas A&M University 
System, Dallas, Texas, USA).

Currently, there are no reports of the role of the macrophage during 
inflammation of the TMJ. The aim of this study was to determine if changes in 
macrophage phenotype occur during adjuvant-induced inflammation of the rat 
TMJ. Eighteen adult (200-225g) male Sprague-Dawley rats were randomly 
divided into two groups, an experimental group (EXP), which received an 
injection of Freund’s Complete Adjuvant solution (300 pg in 50 pi of paraffin 
oil) into the superior joint space of the TMJ, and a control group (CON), which 
did not receive an injection. The animals were sacrificed six weeks post-
injection via vascular perfusion and the TMJs extirpated en bloc. Tissues were 
decalcified in EDTA, embedded in paraffin, and 6 pm thick serial sections 
were cut through the entire joint. H&E staining was performed to examine joint 
histology, and every tenth section was collected onto glass slides and reacted 
immunohistochemically with the monoclonal antibody, a marker for the 
inflammatory macrophage phenotype. Cells reacting positively to the antibody 
were counted using a confocal laser microscope at a magnification of 40x. A 
significant increase in inflammatory macrophages was observed in the EXP 
group in comparison to the CON group in the retrodiscal tissue (36.14 ±11.81 
vs. 8.62 ± 4.33, p<0.001) as well as for the synovial lining (11.14 ± 3.5 vs. 
4.62 ± 1.45, p<0.05). These data indicate that the inflammatory macrophage 
phenotype is increased during adjuvant-induced inflammation of the TMJ. This
study was supported by NIH Traineeship T35 DE07188-06 and Baylor 
College of Dentistry Research Funds.

704.17
BEHAVIORAL AND ELECTROPHYSIOLOGICAL EFFECTS OF STIMULATION 
OF THE LOCUS COERULEUS IN A RAT MODEL OF PERIPHERAL 
INFLAMMATION. M. Tsumoka*1. Y. Iliruma2 and Y. Matsui'. 'Dept. of Physiology and 
2Dept. of Fixed Prosthodonties. Showa Univ. School of Dent.. Tokyo 142, Japan

The aim of this study was to evaluate the effects of electrical stimulation of the locus 
eoeruleus (EC) in rats with unilateral hind paw inflammation induced by an intraplantar 
injection of carrageenan.

In a behavioral study, rats had a chronically implanted monopolar stimulating electrode 
in the EC ipsilateral to the site of the inflammation. Antinoeieeption w as assessed by the 
prolongation of paw withdrawal latency to noxious heating. Electrophysiological 
recordings were made ui rats anesthetized with sodium pentobarbital (2.1 mg/kg/h i.v.) and 
paralyzed w ith sodium pancuronium (0.24 mg'h i.v.). Dorsal horn neurons w ere recorded 
with single banded carbon fiber microeleetrodes.

Prior to inflammation, LC stimulation significantly prolonged paw withdrawal latency 
in both the left and right hind paws compared to non-stimulated controls. Following 
inflammation. LC stimulation produced antinoeieeption in the inflamed, but not in the non- 
inflamed paws. Electrophysiological recordings were made from 21 multireceptive dorsal 
horn neurons xx ith receptive fields on the right foot and from 8 w ith receptive fields on the 
left foot. In general, the largest responses w ere recorded during application of pinch or 
noxious thermal stimuli. These cells were inhibited during LC stimulation. Following 
induction of inflammation, the inhibitory effects produced b) LC stimulation were 
reduced in cells with receptive fields on the contralateral non-inflanied foot, whereas the 
cells with receptive fields on the ipsilateral inflamed foot were still inhibited during LC 
stimulation. These results suggest that unilateral peripheral inflammation prevents 
coeruleospinal antinoeieeption in the non-infiamed paw.

704.18
ROLE OF NERVE GROWTH FACTOR IN DEVELOPING 
HYPERALGESIA INDUCED BY MUSTARD-OIL PAW 
INJECTION IN RAT. O. Nakanishi*, T. Ishikawa , S. 
Kamevama, Y. Imamura. Dept. of Dental anesthesiology, Kyushu 
Dental College, Kitakyushu, Japan.
Nerve growth factor(NGF) has been suggested to be a peripheral 

mediator in facilitated inflammatory pain states. Little is known of the 
involvement of NGF in developing hyperalgesia, however. To study 
the role of NGF in hyperalgesia elicited by exposure to mustard oil, 4- 
methyl catechol(4MC), an inducer of NGF, was injected 
subcutaneously into the hindpaw of adult rats once for three days. 
Other rats received injections of 4MC and an anti-NGFcompound. 
Because inflammatory pain evokes an increase in the glutamate content 
of CSF, a PE-10 catheter was implanted in the spinal canal of the test 
rats so that the concentration of glutamate could be monitored during 
hindpaw exposure to mustard oil. The latter was injected (20%MO, 50 
ul) into the hindpaw and the number of flinches was counted for a 60 
minutes interval. There was a gradual increase in the number of 
flinches during this time. Glutamate concentration in the CSF increased 
rapidly, reading a peak at 10 minutes, then gradually fell to control 
levels. These effects of 4MC were attenuated by coadministration of 
anti-NGF. These results strongly suggest that NGF is involved in 
nociceptive systems, and that in inflammatory states, the up-regulation 
of NGF can lead to peripheral and central sensitization.

704.19
INFLAMMATION-PRODUCED PAIN SENSITIZATION IN THE 
PREWEANLING RAT. J. P. Willi*, M. Klein. R, S. Smart, and G. A. 
Barr. Biopsychology Doctoral Program, Dept. of Psychology, Hunter 
College-CUNY, NY, NY 10021 and New York State Psychiatric 
Institute, NY, NY 10032.

Pain sensitization, or hyperalgesia, occurs when an animal 
experiences increased pain to a noxious stimulus due to prior injury. 
Sensitization can occur through inflammation via tissue damage or 
release of a variety of chemical mediators. Little is known of pain 
sensitization in immature animals. This study examined hyperalgesia 
produced by inflammatory agents in 14 and "21 day old rat pups. Pups 
were injected with 10 | il of either carrageenan (3%), complete Freund’s 
adjuvant (0.1%), formalin (10%), or saline in the right hindpaw. The 
rat was observed for one hour after the injection and behavior was 
recorded in one minute intervals. Twenty-four hours after the first 
injection, pups received an injection of formalin or saline in the same 
paw. The rat was observed again for one hour after the injection and 
behavior was recorded in one minute intervals. Two hours after the 
injection on the second day the rats were sacrificed and the lumbar 
section of the spinal cord was processed for Fos immunocytochemistry. 
Behaviorally, carrageenan and formalin produced the most 
sensitization, primarily in the second phase of the formalin response on 
the second day. For the immunocytochemical analysis, there was a 
significant effect of the first day treatment on the induction of Fos by 
formahn on the second day. There was no age effect in the behavioral 
or immunocytochemical analysis. These results demonstrate 
sensirization in the immature animal, which is acc orapanied by a 
change m Fos expression. Supported by grant NS 36130.

704.20
LIMITS IN NEUROGENIC MEDIATION OF PROSTAGLANDIN RELEASE IN 
RAT SKIN, IN VITRO. B. Averbeck, S.K, Sauer. P.W. Reeh (SPON: Europ. 
Neurosci. Assoc.) Dept. of Physiology & Exp. Pathophysiol., Universitat 
Erlangen-Nurnberg, D- 91054 Erlangen, Germany

In isolated rat skin, in vitro, electrical nerve stimulation as well as application of 
both, synthetic substance P (SP) and calcitonin gene- related peptide (CGRP) 
induce dose- dependent secretion of prostaglandin E2 (PGE2). Hence, any 
activation of cutaneous nerve endings, as with algogenic mediators such as 
bradykinin (BK), could result in secondary PGE2 release, in addition to the 
primary response from activation of phospholipases in the tissue.

The hairy skin of the left hindpaw of Wistar rats was denervated by sectioning 
the saphenous, sural and peroneous nerve. One week after denervation, the 
dorsal skin of both hindpaws was subcutaneously excised preparing two skin 
flaps which were incubated for 5 min each in 6 consecutive glass tubes mounted 
in a shaking bath (32°C). All tubes were filled with carbogen gassed "synthetic 
interstitial fluid" except for tube # 3 containing the stimulant, BK 10’5M, in 
addition. In another series of experiments with intact skin, tubes # 2 to 6 
contained the NK1 (i.e. SP) receptor antagonist SR140333 10'6M, and BK 10'5M 
was added in tube # 4. CGRP and PGE2 contents of the eluates were measured 
using enzyme immune assays (SPlbio, France; Brune et al., 1985).

Stimulation of the skin with BK caused significant release of CGRP which was 
twice as high in the presence of SR140333 - in line with previous conjectures. 
Interestingly, also the PGE2 response was doubled under SR140333. In 
denervated skin the BK- evoked CGRP release was lost whereas the stimulated 
PGE2 release was the same as in control skin. Thus, neither nerve endings nor 
neuropeptides contribute essentially to the BK- induced PG release of normal 
cutaneous tissue. Excessive CGRP levels in the skin, however, seem to 
facilitate PG secretion, which may play a role in sustained inflammation. 
(Supported by DFG, SFB 353 - B12 / Z2)
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705.1
SAFETY AND EFFECTIVENESS OF HYPOTHERMIA AND VARIOUS 
DRUGS FOR ANESTHESIA OF NEONATAL RATS. P. J. Danneman* and
T. D. Mandrell. Dept. of Comparative Medicine, Univ. of Tennessee, 
Memphis, TN 38163.

Agents/methods that can be used to provide safe, effective anesthesia for 
1-3-day-old Sprague-Dawley rats of both sexes were investigated in a two- 
part study. In Part I, ketamine (100 mg/kg, IP), pentobarbital (PENT, 30, 35, 
and 40 mg/kg, IP), and fentanyl-droperidol (0.16 mg/gm BW fentanyl and 
8.0 pg/gm BW droperidol, IP) caused > 50% mortality and/or were 
ineffective in producing anesthesia adequate for minor surgery (skin 
incision). In contrast, methoxyflurane (MOF) and hypothermia (HYP, 
immersion in ice water) produced safe (no mortality) surgical anesthesia (no 
response to skin incision) of 4-5 min duration. Anesthesia induction times 
varied from 1.03 ± 0.13 min with MOF to 3.25 ± 0.87 min with PENT 40 
mg/kg. Recovery times were shortest with HYP (6.98 ± 0.80 min) and MOF 
(25.85 ± 1.74 min) and longest with with PENT 35 mg/kg (368.7 ± 24.6 min). 
Pups put in protective latex sleeves prior to induction of HYP showed less 
distress (less struggling and vocalization) than pups chilled unprotected. In 
Part II of the study, 1-4-day-old pups were safely maintained at a surgical 
plane of anesthesia for 30 min with either MOF or HYP (crushed ice). 
Supplementation of MOF or HYP with PENT (20 mg/kg, IP) offered no 
advantages but prolonged recovery time by 2.8-3.0 hr. Mixed venous pO2 
(mmHg), pCO2 (mmHg) and pH were respectively 4.38, 24.83 and 7.43 after 
30 min HYP; 35.68,55.2 and 7.20 after 30 min MOF; 7.67,30.52 and 7.37 
after 30 min PENT + HYP; and 35.07, 72.36 and 7.06 after 30 min PENT + 
MOF. Surviving pups in both studies grew at the same rate as saline-treated 
and untreated controls during the month following testing.

This work was funded by the Dept. of Comparative Medicine, Univ. of TN

705.2
Effect of general anesthesia, spinal anesthesia and peripheral 
nerve block on spinal Fos protein expression in rat pups 
following adjuvant-induced inflammation. ] ’2C. Oiu*. SF. Wei. 1K. 
Ren, 2j. Matiasko and ^R. Dubner. ^Dept. of OCBS, School of Dentistry, ^Dept. of 
Anesth., School of Medicine, Univ. Maryland at Baltimore, Baltimore, MD 21201.

Complete Freund's adjuvant (CFA) induces inflammation and persistent pain in both 
adult rats and rat pups, mimicking the traumatic injury of surgery in clinical settings. 
We used this animal model to study the effect of different anesthetics on behavioral 
hyperalgesia and inflammation-induced Fos protein expression in neonatal rats. 
Eighteen-22-day old rats were divided into general anesthesia (2% halothane), 
intrathecal (i.t.) bupivacaine (0.05 mg/0.01 ml), femoral and sciatic nerve block 
(bupivacaine, 0.5 mg/0.2 ml), and vehicle groups (n=4-5/group). In the general 
anesthesia group, thermal hyperalgesia was assessed by testing the animal's paw 
withdrawal latency (PWL) to a thermal stimulus. CFA (0.01 ml, 1:1 oil/saline 
suspension) was injected into one hindpaw to induce inflammation and hyperalgesia. 
Normal saline was injected as a control. Anesthesia or nerve block was introduced 
before CFA injection. Rats were perfused 2 h following the injection of CFA. The 
L4-5 spinal cord was processed for Fos protein-like immunocytochemistry (LI). CFA 
injection produced behavioral hyperalgesia as shown by a reduction in PWL from 
11.0±1.7 s to 5.4±1.1 s (p<0.01). In rats receiving general anesthesia, the PWL was 
7.2±0.8 s after CFA, suggesting an attenuation of hyperalgesia. As compared to 
control (23.6±1.5), the mean number of Eos-positive neurons per section in the 
superficial dorsal horn was reduced after general anesthesia (14.4±2.1, p<0.01), and i.t. 
local anesthetic (10.3±1.0, p<0.01). Peripheral nerve local anesthetic produced a 
complete block of Fos protein expression. These results indicate that inflammation 
results in hyperalgesia and Fos protein expression in 18-22-day old rats and that these 
changes are partially attenuated by general anesthesia and intrathecal local anesthetics. 
The findings suggest that aggressive pain management in newborns is necessary to 
reduce central hyperexcitability and pain following surgery.

Supported by DA 10275.

705.3
EFFECTS OF VARIOUS CONCENTRATIONS OF ISOFLURANE ON A C-FIBER 
REFLEX IN THE RAT. P. Raboisson, L. Luo and O.-G. Berge*. Exploratory In Vivo 
Research, Astra Pain Control AB, Novum Unit, 141 57 Huddinge (Sweden).

In human, isoflurane hardly changes hemodynamic responses to painful stimuli and 
weakly depresses central temporal summation, indicating that spinal nociceptive 
transmission would be relatively unaffected. This study examined the effects of 
various concentrations of isoflurane on a C-fiber-mediated reflex in rats and on the 
occurrence and development of wind-up in this model.

In intact O2-isoflurane-anesthetized rats, a C-fiber reflex elicited by single square 
electrical pulses (2 ms, 0.16 Hz) applied to the sural nerve territory was recorded from 
the ipsilateral biceps femoris muscle. Recruitment curves were built by varying the 
stimulus intensity from 0 to 50 mA at isoflurane concentrations ranging from 1 to 
2.5% (0.7-1.8 MAC). Wind-up of the C-fiber reflex activity was induced by 
increasing the stimulation frequency from 0.055 to 0.16 and 0.5 Hz, at 1.5 and 3 times 
the threshold (T) for the C-fiber-mediated reflex response. Blood pressure, heart rate, 
end-tidal CO2, body temperature and motor reactions were permanently checked. In 
some cases, a noxious thermal stimulus (50°C) was applied to the tail or one forepaw.

In the 1-2.5% range, isoflurane induced a concentration-dependent shift to the right 
of the recruitment curves together with a decrease in slope and peak. Between 1.2 and 
1.8% isoflurane these changes were, however, limited. In parallel, blood pressure and 
heart rate spontaneously decreased but were still strongly affected by high intensity 
electrical and thermal stimulations. At 2% isoflurane, wind-up could still be observed 
but was markedly depressed, especially at 0.5 Hz and 3T.

In conclusion, isoflurane dose-dependently depresses a C-fiber-mediated reflex 
response, as well as the wind-up that may be noted in this model. However, since 
blood pressure changes due to noxious stimuli can be observed even at high isoflurane 
concentrations, this depression seems mainly to be the consequence of the previously 
described inhibitory effects of volatile anesthetics on the spinal motor neurons.

705.4
BRAINSTEM LOCUS FOR BARBITURATE ANESTHESIA. M. Devor * and
V.l. Zalkind. Dept. of Cell and Animal Biology, Life Sciences Institute, 
Hebrew University of Jerusalem, 91904 Israel.

Progress has been made in recent years at identifying molecular targets of 
anesthetics. In contrast, very little is known about the neural circuits involved 
in general anesthesia. Most authors presume global action, particularly in the 
cerebral cortex. We report on experiments in awake rats in which we have 
identified a focal zone in the ventral mesopontine tegmentum (VMPT) at 
which bilaterally symmetric stereotactic microinjection of minute quantities of 
pentobarbital induced general anesthesia as evidenced by loss of axial and 
limb muscular tone, loss of weight support and righting reflex, non-
responsiveness to noxious pinch stimuli to the feet and tail, and non-
responsiveness to strong visual and acoustic signals. We infer that this 
surgical plane of general anesthesia also involves loss of consciousness. 
Vehicle microinjection into VMPT had no effect. Anesthesia came on rapidly 
reaching a deep plane within 2.5±2.0 min (mean ±SD, n=43), and held at a 
plateau for about 15 min. Recovery to full alertness usually took 30-40 min. 
At favorable stereotactic coordinates, a dose as low as 60 pg per side yielded 
a deep surgical plane of anaesthesia. This is more than two orders of 
magnitude less than the systemic dose required to achieve the same 
anesthetic plane. Pentobarbital microinjected at numerous brainstem and 
forebrain loci, and into the lateral ventricles, did not induce an anesthesic 
state. The observation that general anesthesia can be induced by barbiturate 
microinjection in the VMPT suggests that this region might be a principle 
node in the neural circuitry that produces general anesthesia on systemic 
administration of barbiturates and perhaps other anesthetics. As such, it may 
provide a unique lead into the neural circuitry of conscious awareness.

Supported by the Whitehall Foundation, and the Hebrew University Center 
for Research on Pain.

705.5
EFFECT OF PROPOFOL-INDUCED CHANGES IN CONSCIOUSNESS ON 
BEHAVIORAL AND PHYSIOLOGICAL RESPONSES TO PAIN. R. K. Hofbauer*. 
V, Bonhomme, P. Meuret. G, Plourde. S. B, Backman. P, Fiset and M.C. Bushnell.
Dept. Anesthesia, McGill University, Montreal, Quebec, Canada.

The effect of propofol on pain transmission is unclear, with some studies reporting 
hyperalgesic and others reporting analgesic effects at sedative doses. In this study we 
evaluate the effects of propofol at concentrations causing conscious sedation and loss 
of consciousness on behavioral and physiological measures of pain transmission.

Four healthy volunteers were presented 5s thermal stimuli (35°, 45°, 50°C; 1-cm- 
diam. contact thermode) to six spots on the forearm during four states of consciousness: 
(1) alert baseline, (2) propofol-induced conscious sedation, (3) propofol-induced loss of 
consciousness, and (4) alert recovery. Propofol was given intravenously with a 
computer-controlled infusion pump to achieve stable target plasma concentrations of 1.5 
and 3.5 ,vg/ml. Subjects were asked to rate pain intensity (0-100 numerical scale) and 
told to withdraw from stimuli which were intolerable. Physiological measures recorded 
included heart rate, blood pressure and respiratory rate.

Subjects showed indications of hyperalgesia during the state of conscious sedation. At 
35°C, pain ratings were higher during 1.5>wg/ml propofol than during the alert control 
conditions (7.8 vs 0.3, p=0.04). Similarly, at 45°C withdrawal latencies were shorter 
and percent withdrawals was elevated (p’s<0.05) at 1.5^g/ml propofol. At 3.5wg/ml 
propofol subjects did not respond to commands and gave no pain ratings. However, 
they still withdrew from more than 50% of 50°C stimuli. Heart rate was positively 
correlated with stimulus temperature (r=0.21, p<0.05), with the highest rates at 50°C 
during all states, including unconsciousness. Blood pressure was negatively correlated 
with propofol level (r=0.48, p<0.01) during all conditions. Respiratory rate was not 
altered by pain or propofol level. These data suggest that nociceptive transmission is 
facilitated during propofol-induced conscious sedation and that substantial transmission 
occurs at levels inducing loss of consciousness. Supported by Quebec FRSQ and RVH.

705.6
CARBAMAZEPINE AND GABAPENTIN MODULATE ABERRANT SPINAL 
NEURONAL RESPONSES AFTER. CHUNG NEUROPATHY. V. Chapman*, R. 
Suzuki, A.H. Dickenson. Dept. Pharmacol., University College, London WC1E6BT.

Changes in behavioural responses, mechanical and cold allodynia, following spinal 
nerve ligation (Chung neuropathy) are well documented. Here we present 
electrophysiological and pharmacological data at varving times in this model.

The L5 and L6 spinal nerves of rats (150-170g) were ligated under halothane 
anaesthesia. Behavioural testing was performed from day 2 post-Chung surgery. 
Electrophysiological studies of spinal neuronal responses were made at varying time 
points post-Chung surgery (7-11 days, n= 15 and 14-21 days, n= 18 rats) under 
halothane anaesthesia. Recordings were made ipsilateral to the spinal nerve ligation. 
Sham operated rats (n=12) were studied under identical conditions.

Chung, but not sham, rats developed cold and mechanical allodynia at 7-21 days. 
After Chung surgery, spinal neurones had ongoing spontaneous activity (S.A.) which 
was greater at later time points (14-21 days, 2.6±1 Hz) as compared to 7-11 days 
(0.5Hz). Spinal neurones of sham rats did not have S.A. Electrical C-fibre, noxious 
mechanical (von Frey hairs) and thermal evoked responses of neurones at 7-11 days 
were smaller than in sham rats. Furthermore, by days 14-21 post-Chung surgery, these 
responses were 30-60% smaller than in sham rats. Changes in electrical Ap-fibre and 
innocuous mechanical evoked responses of neurones post-Chung surgery were less 
dramatic. At days 14-21 post-Chung surgery carbamazepine (0.5-22.5mg/kg, subcut.) 
abolished S.A. and reduced noxious (electrical C-fibre and mechanical) and innocuous 
(electrical Ap-fibre and mechanical) evoked neuronal responses, with the effect on the 
S.A. and noxious evoked responses being significant. At 7-11 days post-Chung 
surgery, carbamazepine had less effect on evoked neuronal responses but abolished S.A. 
Carbamazepine was ineffective in sham rats. Gabapentin (10-100mg/kg, subcut.) 
abolished S.A. and reduced noxious and innocuous evoked responses. This data shows 
that progressive temporal spinal plasticity following nerve injury results in aberrant 
neuronal responses and a novel sensitivity to membrane stabilizing compounds, which 
are ineffective in normal rats.
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705.7
GABAPENTIN REVERSES ALLODYNIA INDUCED BY SYSTEMIC ANTI- 
GD2 ANTIBODY S, A, Gillin and L, S, Sorkin*. Anesthesia Research Labs, 
University of California at San Diego, La Jolla, CA 92093-0818

Anti-GD2 ganglioside antibody administered systemically produces mechanical 
allodynia. Small sensory fibers develop a high frequency discharge after anti-GD2 
administration indicating probable neuropathic origin. Gabapentin is a GABA 
analogue originally synthesized for its anti-convulsant actions. This study examined 
gabapentin effects on anti-GD2 antibody induced allodynia. After assessing baseline 
hindpaw withdrawal thresholds to von Frey hairs, anti-GD2 (1 mg/kg, iv) was 
administered to Sprague-Dawley rats via a previously implanted jugular catheter. 
Withdrawal thresholds and behavioral depression were assessed at 0.5 hr intervals 
over 2 hours. Gabapentin was administered (0, 3, 10, 30 and 100 mg/kg, iv) and 
behavioral measures taken over the following 3 hours. In two separate groups of 
animals, blood pressures were measured via the tail artery, and anti-analgesic effects 
of intrathecal L- and D-serine administered 15 min. prior to gabapentin were 
measured, respectively. Anti-GD2 reduced mean hindpaw withdrawal threshold from 
14.71 gms to 4.95 gms (p<0.00I). Gabapentin reversed this in a dose dependent 
fashion. Maximum percent analgesic effect of the gabapentin was 76% and 93% at 
doses of 30 and 100 mg/kg, respectively (p<0.00I). Analgesia was maintained 
throughout the test period. Side effects were minimal and were manifested as 
decreased spontaneous locomotion and startle response and slowing of the righting 
reflex. No changes were seen in response to acute nociceptive stimuli and no motor 
deficits observed. Resting mean blood pressure increased 10+2.5 mm Hg following 
administration of anti-GD2 (p< 0.027). 100 mg/kg gabapentin reversed the
hypertension (p< 0.045). Pretreatment with 100 |ig D-, but not L-serine, elicited a 
slight reversal of the gabapentin analgesia (p< 0.05). These data support the use of 
gabapentin as an effective therapy for neuropathic pain with minimal side effects, 
supported by NIH (AR 42235) and Parke Davis, Ann Arbor, MI.

705.8
GABAPENTIN ENHANCES THE ANTINOCICEPTIVE EFFECT OF 
SPINAL MORPHINE IN THE RAT TAIL-FLICK TEST. N. 
Shimovama. M. Shimoyama, C. E. Inturrisi and K. J. Elliott*. Dept. of 
Pharmacology, Cornell U. Med. College, N.Y., N.Y. 10021.

Gabapentin, a structural analog of GABA, is a novel anticonvulsant 
which appears to have analgesic effects. The intrathecal coadministration 
of a subantinociceptive dose of morphine at 0.2 ug and gabapentin at 300 
ug produced significant antinociception in rats. The AUC0.90min for 
elevated tail-flick latency was increased 5 to 15 fold. Pretreatment with 
spinal gabapentin at 300 ug shifted the dose-response curve for spinal 
morphine to the left with a decrease in the morphine ED50 value from 
1.06 ug to 0.34 ug. The antinociceptive effects produced by the 
combination of a subantinociceptive dose of morphine and gabapentin 
were either prevented or reversed by spinal naloxone at 30 ug. In contrast 
these effects were not prevented or reversed by spinal bicuculline at 0.3 
ug. Repeated administration of gabapentin for 3 days did not affect the 
ability of gabapentin to enhance the antinociceptive effect of morphine, 
indicating that tolerance did not develop. These results indicate that the 
combination of spinal gabapentin and morphine produces an 
enhancement of antinociception that appears to involve the spinal mu 
opioid receptors. Supported by NIDA Grants DAO 1457, DA00198, 
DA07242, and DA00255.

705.9
GABAPENTIN IS ANTI-HYPERALGESIC BUT NOT 
ANTINOCICEPTIVE AT THE SPINAL LEVEL IN THE RAT
R. Finlayson, J. Ritchie & J.L, Henry*. Depts. of Physiology & 
Psychiatry, McGill University, McGill University, Montreal, QC H3G 
1Y6

Effects of the novel antiepileptic drug, gabapentin (Neurontin), 
were studied on 4 paradigms of nociception, including one of acute 
nociception and 3 of hyperalgesia. Sprague Dawley rats (300-350 g) were 
used in the tail-flick test. In awake rats (n = 8), gabapentin (50 mg/kg,
i.p.) had no effect on the baseline reaction time. However, the 
hyperalgesia induced by intrathecal (ith.) administration of substance P 
(6.5 nmol) and the hyperalgesia induced by ith. administration of NMDA 
(1 nmol) were blocked by gabapentin. Control animals given normal 
saline i.p. exhibited normal responses to substance P and NMDA 
administration. In rats anesthetized lightly with Na-pentobarbital (20 
mg/kg) and chloral hydrate (120 mg/kg), and given 10 mg/kg naloxone, 
immersion of the tip of the tail for 90 s in water at 55°C elicited the 
previously-reported hyperalgesia. A second immersion in control rats (n 
= 8) elicited an identical hyperalgesia but in those given gabapentin (n 
= 8) just after the first hyperalgesic response, the second such response 
was not observed. The lack of effect on baseline reaction time suggests 
that gabapentin is without antinociceptive effects, yet the consistent block 
of chemically- and synaptically-induced hyperalgesia suggests that spinal 
effects of gabapentin are anti-hyperalgesic. Supported hy Canadian MRC 
and Parke-Davis Research, Ann Arbor

705.10
GABAPENTIN INHIBITS MECHANICAL AND THERMAL ALLODYNIA 
IN A RODENT MODEL OF CHRONIC CENTRAL PAIN FOLLOWING 
SPINAL HEMISECTION. A.W. Everhart*, W.P. Willis and C.E. Huisebosch. 
Dept. of Anat. and Neurosci. and Mar. Biomed. Inst., Univ. Texas Med. Br., 
Galveston, TX 77555

Gabapentin, a new antiepileptic drug with few side effects, has been 
reported to have analgesic effects animal nociceptive models (Shimoyama et 
al., 1996) and in patient studies of chronic pain states (Rosner et al., 1996; 
Zapp, 1996). It will be important to characterize this drug in a model that has 
features of chronic central pain. The mechanism of gabapentin action in 
epilepsy is novel and may be related to its binding capacity to the alpha2delta 
subunit of voltage-dependent Ca2+ channels (Gee et al., 1996); however, the 
mechanism of action remains unclear. Since central pain syndromes are 
thought to be due to excessive discharge of neurons in pain pathways, the use 
of antiepileptic drugs for the management of central pain is reasonable. Thus, 
we wished to test the analgesic effects using a chronic central pain model that 
is a useful model of pain in patients with spinal injury. We tested a range of 
doses (5, 10, 20, 30 mg/kg) given i.p. in blinded experiments to control and 
hemisected rats and tested behavioral responses to mechanical and thermal 
stimuli. The data indicates a statistically significant change in both mechanical 
and thermal responses consistent with an inhibition of both mechanical and 
thermal allodynia in this model. (Supported by NS 11255 and the Waldrep, 
RGK and the L.T. Huisebosch Foundations.)

705.11
EFFECTS OF CGRP8.37 ON MECHANICAL AND THERMAL 
ALLODYNIA IN RODENT MODEL OF CHRONIC CENTRAL PAIN 
FOLLOWING SPINAL HEMISECTION. A.D, Bennett*, A.W. Everhart and 
C.E. Huisebosch. Dept. of Anat. & Neurosci. and Mar. Biomed. Inst., Univ. 
Texas Med. Br., Galveston, TX 77555.

Spinal cord injury (SCI) often results in dyesthesias in human patients. We 
recently developed a SCI mammalian model of chronic central pain in which 
the spinal cord is hemisected at T13 in rats and results in the development of 
mechanical and thermal allodynia. Calcitonin gene related peptide (CGRP), a 
putative nociceptive transmitter, increased in density and distribution in 
laminae I-IV of the spinal cord after spinal hemisection as determined by 
immunocytochemistry. Based on studies that show a truncated version of 
CGRP (CGRP8 37) acts as an antagonist to the CGRP receptor, we tested the 
ability of CGRP8.37 to inhibit the neuropathic mechanical and thermal 
allodynia that develops chronically in our model of SCI. Sprague Dawley rats 
were given a spinal hemisection at T13 and allowed three weeks for 
mechanical and thermal allodynia to develop. Intrathecal catheters were 
inserted at T10 and run down to T13 at approximately 21 days after spinal 
hemisection. Two weeks later, we used mechanical and thermal stimuli to 
measure the behavioral responses of different doses of CGRP8_37 in control and 
hemisected rats. Intrathecal injections of different doses of CGRP8.37 in 10 pi 
volume were given in blinded experiments. Forty eight hours were allowed 
between doses to allow for washout. Preliminary results indicate that CGRP8.37 
inhibits thermal allodynia at low doses and inhibits both mechanical and 
thermal allodynia at higher doses. (Supported by NS 11255 and the Waldrep, 
RGK and the L.T. Huisebosch Foundations.)

705.12
PERIAQUEDUCTAL GRAY STIMULATION-INDUCED
ANTINOCICEPTION IN RAT IS RELATED TO THE RELEASE OF 
GLYCINE, GABA AND SEROTONIN IN THE LUMBAR DORSAL HORN 
M. Cui,* Y. Feng and W. D. Willis. Marine Biomedical Institute, The University of 
Texas Medical Branch, Galveston, TX 77555-1069

Stimulation of periaqueductal gray (PAG) produces behavioral analgesia in rats, 
cats, monkeys and humans. The analgesia is believed to be due to the inhibition of 
nociceptive transmission in neurons of the dorsal horn with ascending projections. 
Studies have shown that serotonin (5-HT) antagonists attenuate PAG-induced 
inhibition of nociceptive spinothalamic tract cells in primates. Furthermore, the 
inhibition of the responses of nociceptive dorsal horn neurons in rats to cutaneous 
mechanical stimuli produced by PAG stimulation is significantly reduced by 
antagonists of glycine and GABAa receptors, as well as 5-HT!A and 5-HT3 
receptors. This study investigated whether the inhibition of nociceptive 
transmission in neurons of dorsal horn induced by PAG stimulation is produced by 
the release of GABA, glycine and 5-HT. This study used microdialysis in 
combination with high pressure liquid chromatography to measure the 
concentrations of 5-HT and several amino acids, including glutamate, aspartate, 
glycine and GABA, in the lumbar dorsal horn before, during and after electrical 
stimulation of PAG. Dialysis fibers were inserted into the spinal cord within 0.8 
mm rostral or caudal to the recorded nociceptive neurons which received inhibitoiy 
input from the PAG. Samples were collected every 10 min. The PAG was 
stimulated with electrical pulses at 333 Hz and 200-500 pA for 10, 18 and 27 min, 
respectively. Stimulation produced an increase in 5-HT, GABA, glycine in the 
spinal dialysate. The increases in the release of glycine, GABA and 5-HT peaked at 
10 min after PAG stimulation. The results suggest that PAG-induced inhibition of 
responses of neurons of dorsal horn is due to the release of glycine, GABA and 5- 
HT in the spinal cord (This study was supported by NS 09743 and NS 11255)
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705.13
MUSCARINIC FACILITATION OF GABA RELEASE IN SUBSTANTIA 
GELATINOSA OF RAT SPINAL CORD. H. Baba, T, Kohno, M, Okamoto. 
P.A. Goldstein, E.Tanaka*, K. Shimoji and M. Yoshimura. Dept. of 
Anesthesiology, Niigata Univ. Sch. of Med., Niigata 951, Japan

Using the adult rat spinal cord slice preparation, conventional whole-cell patch 
clamp recordings were made from substantia gelatinosa (SG) neurons in order to 
study the mechanisms of cholinergic modulation of GABAergic inhibition, which 
is thought to attenuate nociceptive transmission in the spinal cord dorsal horn. In 
the majority of SG neurons tested, carbachol(a muscarinic receptor agonist) 
increased the frequency of spontaneous GABAergic IPSCs. A portion of these 
events appeared to result from the spontaneous firing of GABAergic interneurons 
since large amplitude IPSCs were eliminated by tetrodotoxin. The effect of 
carbachol was mimicked by neostigmine(an acetylcholinesterase inhibitor), 
indicating that SG GABAergic interneurons are under tonic regulation by 
cholinergic systems. The frequency of GABAergic miniature-IPSCs in the 
presence of tetrodotoxin was also increased by carbachol without affecting 
amplitude distribution, indicating that muscarinic receptor agonists facilitate 
quantal release of GABA through presynaptic mechanisms. All effects of carbachol 
and neostigmine were antagonized by atropine ImicroM. Our observations suggest 
that GABAergic interneurons possess muscarinic receptors on both axon terminal 
and soma-dendritic sites and that activation of these receptors increases the 
excitability of inhibitory intemeurons and enhances GABA release in the SG. 
Those effects may be responsible for the antinociception produced by the intrathecal 
administration of muscarinic agonists and acetylcholinesterase inhibitors.
This work was supported by the Human Frontier Science Program (M. Yoshimura).

705.14
DIFFERENTIAL TOLERANCE TO THE ANALGESIC AND SEDATIVE 
EFFECTS OF GABAb RECEPTOR AGONISTS IN RATS. Eric B, Harstad*. S, J. 
Enna, and Kenneth E. McCarson. Department of Pharmacology, Toxicology and 
Therapeutics, Univ. of Kansas Medical Center, Kansas City, KS 66160-7417 USA.

Activation of GABAb receptors induces analgesic responses in models of acute and 
chronic pain. While evidence suggests an interaction between GABAb receptors and 
tachykinin release in mitigating the pain associated with a chronic inflammatory state, 
less is known about the neuroanatomical pathways and biochemical mechanisms 
associated with GABAb  receptor-mediated analgesia in acute pain models. The present 
study was undertaken to examine this issue by assessing changes in the analgesic and 
sedative responses in rats following acute and chronic administration of GABAb  
receptor agonists. Thus, rats were tested for sedation (roto-rod) and acute pain 
threshold (paw-withdrawal and tail-flick latency using a 50°C water bath) before and 30 
min following a single i.p. injection of baclofen (2.5-25 gmol/kg), CGP44532 (.25- 
2.5gmol/kg), CGP44533 (1-10 ^mol/kg), or isotonic saline (lml/kg). Following 
these assays, analgesia was assessed in a chronic pain model (5% formalin injection 
into the hindpaw). For the chronic studies, a sedative dose of CGP44532 was 
administered b.i.d. (i.p.) for five consecutive days. Subsequently, the analgesic and 
sedative effects of CGP44532 were tested. The results indicated that, acutely, 
CGP44532 is substantially (up to 10-fold) more potent than baclofen or CGP44533, 
and that sedation occurs at non-analgesic doses with all of these agents. Chronic 
administration of CGP44532 completely abolished its analgesic activity in the chronic 
pain model, but only partially reduced its sedative activity and analgesia in acute pain 
models. The differential tolerance toward these GABAb receptor-mediated responses 
could reflect activity of pharmacologically distinct GABAb receptor subtypes or 
distinct neuroanatomical pathways; either supports the possibility of developing 
agents capable of independently manipulating these responses. Further studies will test 
whether these differential GABAb receptor-mediated effects may reflect interaction with 
substance P release during chronic pain by assessing neurokinin-1 receptor mRNA 
expression in spinal cord. Supported in part by Whitehall Grant-In-Aid FA96-06.

705.15
SPINAL AMINO ACID RELEASE AND TACTILE-ALLODYNIA 
PRODUCED BY SPINAL GLYCINE AND GABA-A RECEPTOR 
ANTAGONISM
T. Ishikawa*1)r M, Marsala r T, Sakabc1, T.L, Yaksh .
Dept of Anesth., Univ. California San Diego 0818 CA U.S.A., 1} Dept. of 
Anesth.-Resus., Yamaguchi Univ. Sch. Med. Yamaguchi 755 JAPAN

Intrathecal (i.t.) injection of strychnine (STR: glycine antagonist) or 
bicuculline (BIC: GABA-A receptor antagonist) yields tactile-allodynia that 
is blocked by NMDA receptor antagonists. These observations suggest 
that glycine and GABA-A receptors tonically regulate activity in spinal 
glutamatergic terminals and that i.t. STR and BIC will enhance the spinal 
release of amino acids (AAs).

Under halothane (1.5%) anesthesia Sprague-Dawley rats were 
implanted with a lumber i.t. loop dialysis catheter and an i.t. injection 
catheters. Four days after implantation, rats were randomized to receive an 
i.t. injection of STR (3pg) or BIC (lOpg). Before and after injections the 
touch-evoked agitation (TEA) was scored and dialysate samples were 
collected periodically and analyzed for glutamate (Glu) and taurine (Tau) 
concentration by HPLC with UV detector. To assess the contribution of 
NMDA receptors which themselves exert an excitatory effect upon spinal 
glutamatergic neuron, the effects of i.t. NMDA (3pg) on spinal AAs release 
and TEA scores were also examined.

Interthecal NMDA and BIC, but not STR evoked a transient spinal 
release of Glu and Tau and prominent allodynia. These results suggest 
that the excitability of spinal glutamatergic terminals are under a tonic 
regulation by GABA-A, while glycine sites are on neurons which are post 
synaptic to a Glu releasing terminal which activates a NMDA receptor.

705.16
GABAERGIC MODULATION OF JAW MUSCLE ACTIVITY EVOKED BY 
MUSTARD OIL APPLICATION TO TEMPOROMANDIBULAR JOINT IN RAT. 
K.Seo1*. G.Someya1 and J.W.Hu2, 'Dental Hospital, Niigata University, 951, Japan, 
2Fac.of Dentistry, Univ.of Toronto, M5G 1G6, Canada

The GABAa  receptor is known to be involved in modulation of trigeminal 
caudalis nociceptive neurons (Neurosci. Abst., 1996, 22: 1360). We have recently 
reported that the trigeminal brainstem subnucleus caudalis (Vc) is a critical relay site 
for jaw muscle electromyographic (EMG) activity induced by application of the 
small fiber excitant and inflammatory irritant mustard oil (MO) to the 
temporomandibular joint (TMJ) region of the rat (Neurosci. Abst., 1996, 22: 862). 
To test the possibility that GABAa  mechanisms are involved in the modulation of 
EMG activity evoked by MO, the GABAa  antagonist bicuculline (1 pg in 10 pi 
saline) was injected intrathecally (i.t.) via a cannula overlying the left (ipsilateral, IP) 
Vc in 30 rats anesthetized with halothane N20/02. EMG activity was recorded 
bilaterally from Digastric (DIG) and from IP-Masseter (MASS), and MO (20%, 
20pl) was injected into the IP TMJ region. Administration of bicuculline 10 minutes 
before MO application (n=7) resulted in a significantly greater increase in peak 
value and cumulative area of EMG activity in IP-MASS, but not in either DIG, when 
compared to EMG changes induced by MO alone (n=7) (p<0.05, ANOVA). 
Although bicuculline did not evoke EMG activity 30 minutes after injection of 
mineral oil (20pl) into TMJ (n=8), it could induce significant recurrence of EMG 
activity in IP-MASS, IP-DIG and contralateral DIG, when MO was first injected into 
TMJ (n=8, p<0.05, Mann-Whitney U-test). These results suggest in addition to the 
opioid pathway (Neurosci. Abst., 1995, 21: 1168) that there may also be a GABA-
ergic inhibitory influence on nociceptive reflexes relayed through Vc as the result of 
small fiber afferent activity when noxious stimuli applied to TMJ. (Supported by 
Grants-in-Aid for Scientific Research from the Ministry of Education, Science, Sport 
and Culture of Japan and NIH DEI 1995).

705.17
INTRATHECAL PHACLOFEN ANTAGONIZES THE ANTINOCICEPTIVE 
EFFECT OF SYSTEMIC (-) BACLOFEN IN CHRONIC SPINAL BUT NOT 
INTACT RATS. M.A, Duke 1 L.D, Artman *2 C. Advokat1 1 Dept of 
Psychology, Louisiana State University, Baton Rouge, LA, 70803; 2NPS 
Pharmaceuticals, Inc. 420 Chipeta Way, Salt Lake City, UT, 84108.

Although the GABA() agonist, baclofen, is a clinically efficacious antispastic 
agent, most experimental studies have only examined its antinociceptive effect- 
primarily because there are few in vivo animal models of spasticity. By using 
one of these, the chronic spinal rat, we have been able to study both, 
nociception (using the thermal tail flick reflex) and spasticity in the same 
animals. We found that while (-) baclofen [(-)BAC, the more potent isomer] 
exerted an antispastic effect after either subcutaneous (s.c.) or intrathecal (i.t.) 
injection, only the s.c. route was antinociceptive-suggesting a peripheral 
mechanism. Yet, when the GABAb  antagonist, phaclofen (PHAC, 30 pg), was 
administered i.t. to chronic spinal rats, it blocked the antinociception produced 
by s.c. (-)BAC-indicating a spinal locus. Because it was possible that this 
antagonism might be an artifact produced by a “pro”spastic action of PHAC, 
the present study compared electrophysiological recordings of the flexor reflex 
(trains of 5 stimuli, 500 Hz, 0.2 ms, 2.5 x threshold) in chronic spinal rats, after 
either i.t. saline or PHAC. There was no difference between the 2 groups (Area 
Under the Curve) at either 30' or 60' after injection. Moreover, PHAC did not 
antagonize the antinociceptive effect of 5 mg/kg s.c. (-)BAC in normal, intact 
rats. Antinociception produced by s.c. (-)BAC in chronic spinal rats appears 
to be spinally mediated. It is still not clear why this response was not produced 
by i.t. (-)BAC. Supported by PHS grant 02845 to C.A.

705.18
PHARMACOLOGICAL CHARACTERIZATION OF THE 
ANTINOCICEPTION PRODUCED BY MICROINJECTION OF 
BICUCULLINE INTO THE VENTROMEDIAL MEDULLA (VMM) OF 
THE RAT. M, Kaneko* and D.L, Hammond. Dept. of Anesthesia & Critical 
Care, Univ. of Chicago, Chicago, IL 60637

This experiment examined whether the antinociception produced by 
removal of the inhibitory y-aminobutyric acid (GABA)ergic input to 
neurons in the nucleus raphe magnus (NRM) or the nucleus reticularis 
gigantocelluiaris pars alpha (NGCpa) is mediated by activation of serotonin, 
norepinephrine or GABA receptors in the spinal cord. Rats were prepared 
under general anesthesia with an intrathecal (IT) catheter and a guide 
cannula aimed at the NRM or NGCpa. One week later, nociceptive 
threshold was determined with the tail flick test. Microinjection of 0.1 pg 
bicuculline (BIC) in the NRM or NGCpa produced significant and 
comparable increases in tail-flick latency (TFL). The increase in TFL 
produced by BIC in the NRM was significantly attenuated by 41%, 67%,
46% and 30% by IT pretreatment with 30 pg methysergide, 30 pg yohim-
bine, 0.3 pg BIC or 30 pg CGP 35348, respectively, as compared with that 
in saline-treated animals. These same doses of methysergide, yohimbine,
BIC or CGP 35348 inhibited the peak increase in TFL produced by BIC in 
the NGCpa by 11%, 44%, 57% and 51%, respectively, as compared with 
that in saline-treated animals. These results suggest that spinal serotonergic, 
noradrenergic and GABAergic receptor systems each contribute to the 
descending inhibition from the VMM, but to varying degrees and dependent 
on the site where the inhibition originates. Supported by USPHS grant 
DEI 1423.
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705.19
MICROINJECTION OF THE GABAa  ANTAGONIST BICUCULLINE
IN THE A7 CATECHOLAMINE CELL GROUP PRODUCES
ANTINOCICEPTION. KNuseir* and H.K.Proudfit. Dept. of Pharmacology,
Univ.of Illinois at Chicago, Chicago, IL 60612.

Antinoeieeption produced by stimulation of neurons in the ventromedial 
medulla (VMM) is mediated in part by neurons that project to noradrenergic 
(NA) neurons in the A7 cell group that innervate the spinal cord dorsal horn. 
VMM neurons may directly activate NA A7 neurons or they may disinhibit A7 
neurons that are tonically inhibited by GABA intemeurons. The latter 
possibility is supported by the observation that neurons in the A7 region are 
densely innervated by GABA terminals. This observation leads to the 
hypothesis that the antinoeieeption produced by activating neurons in the 
VMM may be mediated in part by inhibition of GABA neurons that tonically 
inhibit descending NA A7 neurons.

This hypothesis was supported by the results of anterograde tract tracing 
combined with glutamic acid decarboxylase (GAD) immunocytochemistry 
which showed that terminals of VMM neurons are located on the somata and 
proximal dendrites of GAD neurons located medial to NA A7 neurons. In 
addition, A7 neurons are innervated by GAD-immunoreactive terminals. 
Finally, microinjection of the GABAa  antagonist bicuculline in the A7 
cell group produced antinoeieeption. These results support the 
conclusion that neurons in the A7 region that modulate nociception are 
tonically inhibited by adjacent GABA neurons. This work was 
supported by USPHS grant DA03980 from the National Institute on 
Drug Abuse.

705.20
NEUROSTEROID ACTIONS ON MOTOR AND NOCICEPTIVE 
RESPONSES IN ISOLATED RAT SPINAL CORD. F. Fang,* S.M.E. 
Wong, B.J. Fang, M.F. Davies, M. Maze, and J.J, Kendig. Department 
of Anesthesia, Stanford University, Stanford, CA 94305

Progesterone and its metabolites exert neuronal effects including 
anesthesia and analgesia independent of progestin receptor activity. 
We examined the effects of allopregnanolone (3a-hydroxy-5a- 
pregnane-20-one), a progesterone metabolite active at GABAa  
receptors, on 3 responses in isolated neonatal rat spinal cord: the 
nociception-related slow ventral root potential (sVRP); the population 
excitatory postsynaptic potential (pEPSP) underlying the 
monosynaptic reflex, an AMPA-mediated motor response unrelated to 
nociception; and the GABAA-mediated dorsal root potential (DRP), 
related to pain modulation but not exclusively. Epipregnanolone (3p- 
hydroxy-5p-pregnane-20-one), an isomer of allopregnanolone without 
GABAa actions, was used as control. Allopregnanolone (5nM-2gM) 
depressed sVRP in a concentration dependent fashion. 
Allopregnanolone (5gM-20gM) also depressed the pEPSP. There 
were no significant effects on DRP (100nM-2pM). Epipregnanolone 
had no effects on sVRP (2jlx M) or on pEPSP (50gM). Bicuculline 
antagonism was demonstrated but at concentrations which 
themselves increased the spinal cord responses. Results suggest that 
allopregnanolone actions are more complex than can be explained 
solely by enhancement of GABAa  inhibition. Supported by NIH grant 
NS 13108 to JJK and Department of Anesthesia Fellowship to FF.
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706.1
LOCAL ANTIINFLAMMATORY AND SYSTEMIC ANTINOCICEPTIVE 
EFFECTS PRODUCED BY A COMBINATION OF ADENOSINE 
KINASE AND ADENOSINE DEAMINASE INHIBITORS. A, Poon*, J. 
Sawynok, G.V, Allen and M.J. Esser. Depts. of Pharmacology and Anatomy 
& Neurobiology, Dalhousie Univ., Halifax, N.S. Canada B3H 4H7

Inhibition of adenosine kinase in the spinal cord produces antinoeieeption 
in nociceptive and inflammatory pain tests. Simultaneous inhibition of 
adenosine deaminase further enhances antinoeieeption. Recently, adenosine 
was proposed to be an endogenous antiinflammatory agent, and 
antiinflammatory effects of an adenosine kinase inhibitor have been 
demonstrated. In the present study, we examined the antiinflammatory and 
antinociceptive effects of a combination of 5’-amino-5’-deoxyadenosine 
(NH2dAdo; adenosine kinase inhibitor), and 2’-deoxycoformycin (dCF; 
adenosine deaminase inhibitor) administered locally by co-injection with 
carrageenan (CARR) or systemically by contralateral injection, using the 
intraplantar CARR (2 mg/100 pl)-induced rat paw edema and thermal 
hyperalgesia model. Paw swelling was measured by plethysmometry, and 
thermal hyperalgesia assessed by measuring paw withdrawal latency (PWL) 
in response to a radiant heat source. The effect of the drug combination on 
spinal c-Fos induction was also examined. NH2dAdo and dCF (1 pmol 
each), when co-injected with CARR, significantly reduced paw swelling and 
increased PWL for up to 4 h. Injection of the drug combination into the 
contralateral paw produced a similar antinoeieeption, yet failed to reduce 
paw swelling. CARR injection resulted in a significant increase in the 
amount of Fos-like immunoreactivity in the ipsilateral dorsal spinal cord, 
and this was significantly reduced by administration of the drug 
combination. Simultaneous inhibition of adenosine kinase and adenosine 
deaminase produces a locally mediated antiinflammatory effect as well as a 
sytemically mediated antinociceptive effect which is manifest both 
behaviorally and immunohistochemically. (Supported by MRC Canada)

706.2
LOCAL ANTINOCICEPTIVE EFFECT OF AN ADENOSINE KINASE 
INHIBITOR, WITH AUGMENTATION BY AN ADENOSINE 
DEAMINASE INHIBITOR, IN THE RAT FORMALIN TEST. J, Sawynok*, 
A, Reid and A. Poon. Dept. Pharmacology, Dalhousie Univ., Halifax N.S. 
Canada B3H 4H7

This study examined the ability of the adenosine kinase inhibitor 5’-amino- 
5’-deoxyadenosine (NH2dAD) and the adenosine deaminase inhibitor 2’- 
deoxycoformycin (DCF), and their combination to produce a local 
modulation of the pain signal in the 0.5% formalin model. Drugs were 
administered in combination with formalin, or into the contralateral hindpaw 
to test for systemic effects, and episodes of flinching determined. 5’- 
NH2dAD 0.1-100 nmol produced antinoeieeption; this was locally mediated 
as it was not seen with contralateral administration, and due to activation of 
an adenosine receptor as it was blocked by caffeine. Antinoeieeption was 
intensity-dependent, as it was not seen with 0.75% or 1.5% formalin. The 
adenosine receptor antagonist 8-cyclopentyltheophyllinerevealed the presence 
of an inhibitory tone by adenosine in the absence of an intrinsic 
antinociceptive effect. DCF 0.1-100 nmol did not produce an intrinsic 
effect, but coadministered (100 nmol) with inactive doses of NH2dAD, 
produced antinoeieeption. Again this was a local rather than a systemic 
effect. The combined action of the NH2dAD and DCF was completely 
reversed by coadministration of caffeine. This study demonstrates a local 
antinociceptive action mediated by endogenous adenosine which accumulates 
following the peripheral inhibition of adenosine kinase; this action is due to 
activation of an adenosine A, receptor.(Supported by MRC Canada)

706.3
POSITRON EMISSION TOMOGRAPHIC IMAGING OF SPINAL CORD 
CHOLINERGIC MECHANISMS OF ANALGESIA. J.C. Gage*. H.D. Gage, A. 
Chiari. H-L. Pan, D. Deal, R. Mach. J.C. Eisenach. Bowman Gray School of Medicine 
of Wake Forest University, Winston-Salem, NC 27157.

Spinal cord cholinergic activation appears to be a key component of intravenous (IV) 
opioid-related analgesia. Because of the invasive nature of direct investigative 
methods, minimal work has been done which examines the role of specific spinal 
neuronal systems in antinoeieeption in humans. The purpose of this project was to 
develop a noninvasive, in vivo method, positron emission tomography (PET), for 
studying spinal cholinergic mechanisms of antinoeieeption related to IV morphine.

After ACUC approval, rhesus monkeys underwent a series of 3 PET scans using the 
presynaptic cholinergic radiotracer, [18FJFBT injected 45 minutes after IV normal 
saline (NS), naloxone 1 mg/kg + morphine 10 mg/kg (NM), or morphine 10 mg/kg 
alone (MOR) under 1% isoflurane anesthesia. Monkeys then underwent colored 
microsphere blood flow studies at baseline and at 2 time points (45 and 120 min) after 
either IV NS or MOR. In terminal experiments, monkeys underwent dorsal spinal cord 
microdialysis (MD) for HPLC analysis of acetylcholine (ACH) release in response to 
IV MOR. Spinal cord tissue for blood flow analyses was harvested following this 
experiment.

PET was successful in imaging the spinal cord and the rate of washout of the 
radiotracer from this tissue determined. Compared to NS and NM challenges, MOR 
resulted in a markedly decreased rate of washout of the [18F]FBT from the spinal 
cord. MOR also was associated with a 30-50% decrease in spinal cord blood flow 
(SCBF). Spinal cord MD showed marked increases in Ach release after IV MOR.

These data indicate that spinal cord cholinergic activity is increased following IV 
MOR and that PET can be used to study the role of this neuronal system in analgesia. 
The effects of SCBF changes on [18FJFBT washout rates remain to be determined.

706.4
EFFECTS OF INTRATHECAL NEOSTIGMINE, BUPIVACAINE, AND THEIR 
COMBINATION ON SYMPATHETIC NERVE ACTIVITY IN RATS. H-L. Pan*, H- 
K. Song, J.C. Eisenach. Department of Anesthesiology, The Bowman Gray School of 
Medicine of Wake Forest University, Winston-Salem, NC 27157-1009

Intrathecal injection of local anesthetics is associated frequently with hypotension. On 
the other hand, intrathecal administration of neostigmine, an inhibitor of 
acetylcholinesterase, increases blood pressure by enhancing the accumulation of 
acetylcholine in the spinal cord. Thus, a stable hemodynamic state may be achieved by 
combined use of these two classes of drugs. The present study examined directly the 
interaction of intrathecal injection of bupivacaine and neostigmine on splanchnic 
sympathetic efferent nerve activity.

Experiments were performed in anesthetized rats with chronically implanted 
intrathecal catheters. Sympathetic efferent activity was recorded from the left greater 
splanchnic nerve. Sympathetic nerve activity was measured for 5 min during control 
period and for 20 min after intrathecal injection of saline, 430 nmol of bupivacaine, 25 
nmol of neostigmine, and combination of bupivacaine and neostigmine (n=6 per group).

Intrathecal injection of neostigmine increased significantly splanchnic nerve activity 
from 3.87±1.10 to 8.93±2.14 impulses/sec (P<0.05). In contrast, bupivacaine decreased 
splanchnic nerve activity from 7.39±1.84 to 3.32±1.19 impulses/sec (P<0.05) following 
intrathecal administration. Similar to the effect of saline, intrathecal co-administration 
of bupivacaine and neostigmine did not alter significantly the splanchnic nerve activity 
(from 10.43±l .66 to 11.20±2.28 impulses/sec).

The present study provides electrophysiological evidence that intrathecal injection of 
neostigmine increases, while bupivacaine decreases, respectively, the sympathetic nerve 
activity. Furthermore, addition of neostigmine counteracts effectively the inhibitory 
effect of spinal bupivacaine on the sympathetic nerve activity, which likely explains the 
lesser decrease in blood pressure when these agents are combined for intrathecal 
injection in rats.
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706.5
ANTINOCICEPTIVE PROFILE OF A NEW NICOTIC AGONIST: 
DBO-83 F. Follegatti, C. Ghelardini, N. Galeotti, °D. Barlocco, °R 
Vianello and A. Bartolini Depts of Pharmacology, Univ. of Florence 
and °Pharmaceutical and Toxicol. Sci., Univ. of Milan - Italy, SPON: 
European Neuroscience Association*

DBO-83 (3-[p-Cl-pyridazine-6-yl]-diazabicyclo[3;2.1]octane) is a 
novel compound structurally related to the analgesic nicotinic agonist 
epibatidine. The antinociceptive profile of DBO-83 was examined in 
mice and rats by using the hot-plate, abdominal constriction and paw- 
pressure tests. In both species, DBO-83 (10-20 mg kg'1 i.p. in the 
mouse; 10-20 kg'1 i.p. in the rat) produced significant antinociception 
which was prevented by mecamylamine (2-5 mg kg'1 i.p.) but not by 
atropine (5 mg kg'1 i.p.), naloxone (1 mg kg1 i.p.) and CGP 35348 (100 
mg kg'1 i.p.). DBO-83 antinociception is mediated by a central 
mechanism of action since it is also effective after i.c.v. injection (5-7.5 
pg per mouse). By comparing the areas under the curve of several well 
known analgesic drugs such as morphine, diphenhydramine, 
clomipramine and ketorolac at the highest doses that did not produce 
behavioral side effects, the antinociceptive efficacy of DBO-83 (20 mg 
kg-1 i.p.) was found to be greater than those exerted by the reference 
drugs. In the antinociceptive dose-range, DBO-83 did not impair mouse 
motor coordination, spontaneous motility or inspection activity. In vitro 
experiments demonstrated the ability of DBO-83 to evoke contractions 
in the non-stimulated guinea-pig ileum and the shift to the right of the 
DBO-83 concentration-response curve by mecamylamine (IO5 M). 
DBO-83 (10 p.M) selectively inhibits [3H]-cytisine binding sites by 
85%. These results suggest that DBO-83 exerts its antinociceptive 
effect through a central nicotinic activation.
This work was supported by grants from MU.RST.

706.6
CANNABINOID-INDUCED ANTINOCICEPTION AND MODULATION OF ON- 
AND OFF-CELL ACTIVITY IN THE ROSTRAL - VENTROMEDIAL 
MEDULLA. I.P, Meng*, B.H, Manning, W.J, Martin and H.L, Fields. Dept of 
Neurology and the Keck Center for Integrative Neuroscience, University of 
California, San Francisco, CA 94143.

Cannabinoid agonists produce potent analgesia and decrease the activity of 
nociceptive neurons in both spinal dorsal horn and thalamus. It remains unknown, 
however, whether these drugs affect brainstem pain modulating neurons. In the 
present study, we examined the effects of the cannabinoid agonist WIN 55,212-2 
(WIN) on the activity of rostral ventromedial medulla (RVM) on- and off-cells and 
compared these effects with those produced by morphine. Rats were initially 
anesthetized with pentobarbital, and maintained with intravenous sodium 
methohexital. Single RVM neurons were recorded extracellularly in lightly 
anesthetized rats. On-cells showed a burst of activity and off-cells a pause just prior 
to tail-flick (TF). After 3 stable baseline TF latencies, rats were infused with the 
cannabinoid receptor agonist, WIN (0.125-0.25 mg/kg, i.v.). TF related unit 
activity was examined every 3 min following injections. The cannabinoid receptor 
antagonist SR141716A (SR; 0.5 mg/kg, i.v.) was administered 15-20 min after 
WIN. In some rats, the opioid receptor antagonist naloxone (0.2 mg/kg, i.v.) was 
given instead of SR. In some experiments, morphine sulfate (2.0 mg/kg, i.v.) was 
administered after SR. The effect of WIN was tested on 5 on- and 5 off-cells. 
Spontaneous activity decreased in 2 on-cells and increased in 3 off-cells (>20% 
change). In 9/10 experiments, WIN increased the TF latency to cutoff (10 s). This 
increase in TF latency was always associated with either a delay or an elimination of 
the on-cell burst or the off-cell pause. In every case SR, but not naloxone, reversed 
the effects of WIN. Morphine increased TF latency, and eliminated or delayed the 
on-cell burst and off-cell pause. These effects were reversed by naloxone, but not by 
SR. These results indicate that cannabinoid modulation of RVM neurons closely 
resembles, but is pharmacologically dissociable from, changes produced by 
morphine. Supported by U.S. P.H.S. Grant DA 01949.

706.7
INHIBITION OF OPIOID-DEGRADING ENZYMES POTENTIATES 
^’-TETRAHYDROCANNABINOL (A9 -THC)-INDUCED ANTINOCICEPTION IN 
MICE. I. Reche. M. Ruiz-Gavo and J, A. Fuentes* . Dpto. Farmacologia, F. Farmacia, 
and Insto. Pluridisciplinar, Univ. Complutense de Madrid, 28040 Madrid, Spain.

a ’-THC elicits antinociception in rodents through the central CB1 cannabinoid receptor 
subtype and stimulates the release of dynorphin-related peptides in the rat spinal cord, 
leading to K-opioid spinal antinociception. Additionally, it has been demonstrated that 
morphine enhances A9-THC-induced antinociception through the activation of supraspinal 
p-opioid receptors. In this work the central effect of a mixture of thiorphan (a neutral 
endopeptidase E.C.3.4.24.11 inhibitor) and bestatin (an aminopeptidase inhibitor) on the 
antinociceptive effect of peripherally administered A9-THC was studied in mice. 
Antinociception was evaluated by using the hot plate and tail-flick tests. As in the case of 
morphine, the mixture of opioid-degrading enzyme inhibitors also enhanced the 
antinociceptive effect of A9-THC. Such an effect was blocked by the CB1 cannabinoid 
receptor antagonist, SR-141,716-A, as well as by naloxone. The K-opioid receptor 
antagonist nor-binaltorphimine, i.t. administered, also antagonized the effect of such a 
combination. Similar results were obtained with the p-opioid receptor antagonist 
3-funaltrexamine after i.c.v. administration. These results suggest that a combination of 
ineffective doses of A9-THC and opioid-catabolism inhibitors may be a useful tool for pain 
treatment.

This work was supported by a Grant from the Universidad Complutense de Madrid (PR 
179/91-3527) and by a Concerted Action (No BMH 1-CT93-1621) from the European 
Union. I.R. is a fellow of the Ministerio de Education y Cultura (Spain). SR-141,716 A 
was gift from Dr. M. Mosse of Sanofi Recherche (France).

706.8
CANNABINOIDS ACT AT PERIPHERAL CB1 RECEPTORS TO 
BLOCK THERMAL HYPERALGESIA AND EDEMA. J.D, 
Richardson*. S, Kilo. K.M. Hargreaves, Departments of Restorative Sciences and 
Pharmacology, University of Minnesota, Minneapolis, MN 55455.

Although central antinociceptive effects of cannabinoids have been well 
documented, less is known about their peripheral antinociceptive effects. Previous 
studies suggest that cannabinoids may produce peripheral antinociceptive and anti- 
edemic effects by either stimulating the pituitary-adrenal axis (Sofia et al., J. 
Pharmacol. Exp. Ther. 1973) or by inhibiting mast cell degranulation via CB2 
receptors (Mazzari et al., Eur. J. Pharmacol. 1996). In the present study we 
evaluated the hypothesis that cannabinoids activate peripheral CB1 receptors to 
inhibit carrageenan- and capsaicin-induced peripheral inflammation (n=6-8/group). 
Data were analyzed by ANOVA.

Results indicate that carrageenan-induced thermal hyperalgesia was inhibited by 
intraplantar administration of anandamide. This was reversed with the CB1 receptor 
antagonist SR 141716A (p<0.05, F(5,156)=91). Carrageenan-induced edema was 
also inhibited by intraplantar anandamide (p<0.05, F(3,44)=89). In contrast, 
intraperitoneal anandamide was ineffective against either hyperalgesia or edema. 
Cannabinoid administration was also effective in inhibiting capsaicin-induced 
plasma extravasation in an SR 141716A-reversible manner (p<0.05, F(3,32)=9). 
Finally, anandamide inhibited capsaicin-induced release of calcitonin gene-related 
peptide from superfused isolated rat dorsal paw skin (p<0.05, F( 1,14)=4.5).

These results demonstrate that cannabinoids interact with a peripheral CB1 
receptor to inhibit carrageenan-induced thermal hyperalgesia and edema as well as 
capsaicin-induced plasma extravasation. One potential mechanism is by inhibiting 
neurosecretion from the peripheral terminals of capsaicin-sensitive fibers. These 
results suggest that peripheral administration of cannabinoids may provide a novel 
therapeutic treatment that avoids untoward central side effects.

This research was supported by a Predoctoral Fellowship from the Howard 
Hughes Medical Institute, DE9860, and DEI 1277.

706.9
DESENSITIZATION OF ARTICULAR AFFERENTS BY INTRAARTICULAR 
CAPSAICIN OR RESINIFERATOXIN. J.M. Castro-Lopes*, A.R. Castro, F. Cruz 
and A. Coimbra. Inst. Histol. & Embtyol., Fac. Med. Oporto, 4200 Porto, Portugal

Using the expression of c-fos in spinal neurons as a marker of neuronal activation 
by pain, we have studied the effects of intraarticular capsaicin (CAPS) or resinifera- 
toxin (RTX) on a subsequent activation of nociceptive articular afferents by formalin. 
Fifty pi of CAPS (1 pM to 10 mM), RTX (10 nM to 10 pM), or their vehicle, were 
injected into the knee joint of male Wistar rats under brief halothane anesthesia, and 
the same joint received an additional injection of 50 pi of 2.5% formalin 24 h later. 
Another group of animals were injected with 1 mM CAPS, and 1, 3, 14 and 28 days 
later were treated with 2.5% formalin as above. All animals were perfusion-fixed 2 h 
after formalin injection, and c-fos expression was detected by immunocitochemistry 
in coronal sections of spinal segments L2-L4. Neurons expressing c-fos were counted 
on ten randomly selected camera lucida drawings of the immunoreacted sections.

Intraarticular injection of CAPS or RTX caused a transient ipsilateral induction of 
c-fos expression, wich returned to control levels 12 h after the injection. Intraarticular 
formalin evoked a high number of Fos-positive cells in vehicle-treated animals, that 
was dose-dependently inhibited by CAPS (1 pM to 10 inM) applied 24 h before 
formalin. The inhibitory effect of CAPS (1 mM) was maximum at 1-3 days following 
CAPS injection, and slowly declined with time, being still present 2 weeks after 
CAPS injection. RTX at 1 or 10 pM caused an inhibition similar to that observed 
with the same concentration of CAPS. However, RTX at 100 nM had no effect, while 
at lOnM significantly enhanced formalin-induced c-fos expression.

CAPS caused a long-lasting and dose-dependent inhibition of spinal activation by 
intraarticular noxious stimulation, which opens the possibility of using intraarticular 
CAPS for clinical therapeutic purposes. The concentration-dependent biphasic 
response elicited by RTX may be due to the heterogeneity of vanilloid receptors. 
Supported by grant no. PECS/C/SAU/95/95from JN1CT, Lisbon.

706.10
EVIDENCE FOR SUBTYPES OF VANILLOID RECEPTORS. L. Liu, A. 
Szallasi, and S.A. Simon*. Departments of Neurobiology and Anesthesiology, 
Duke Univ. Sch. of Med., Durham, NC 27710.

Capsaicin, the vanilloid responsible for the pungent taste of 'hot' peppers, 
binds to receptors found primarily in polymodal nociceptors. These 
characteristics make it useful as an analgesic and anti-inflammatory compound. 
There is mounting, albeit indirect, evidence that there are several subtypes of 
vanilloid (capsaicin) receptors. One piece of evidence comes from capsaicin 
analogues such as phorbol 12-phenylacetate 13 acetate 20-homovanillate 
(PPAHV). PPAHV binds to vanilloid receptors on sensory neurons, but unlike 
capsaicin, PPAHV is non-pungent and does not produce hypothermia. To 
determine how sensory neurons respond to PPAHV, and also to compare 
these responses with those evoked by capsaicin, whole-cell patch clamp 
measurements were performed on cultured rat trigeminal ganglion neurons 
(TG). We found that 63% of TGs were activated by 3 pM PPAHV, and almost 
all of these were activated by 1 pM capsaicin. Like capsaicin, PPAHV could, in 
a given neuron, activate three kinetically distinct inward currents. The slowly- 
activating current is independent of the rapidly-activating currents. The 
PPAHV responses generated asymmetric current-voltage curves with mean 
reversal potentials of -5.8 mV, 0.5 mV and 10.4 mV. Dose-response curves 
obtained at -60 mV had binding constants (K-j/2's ) of 2.7 pM and 0.96 pM and 
Hill coefficients (n’s) of 1.3 and 1.2 for a rapidly- and slowly-activating current, 
respectively. Capsazepine (10 pM), a specific and competitive inhibitor of 
capsaicin-evoked responses, partially inhibited PPAHV-induced currents in 
some neurons and did not inhibit them in other neurons. Thus, there are 
capsazepine-sensitive and capsazepine-insensitive subtypes of vanilloid 
receptors. Tachyphylaxis experiments revealed that the rapidly-activating 
currents disappear upon repeated applications leaving only a reduced, slowly- 
activating current. These data represent good evidence for multiple subtypes 
of vanilloid receptors. Supported by NIH-DC01065 and Philip Morris Corp.
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706.11
CAPSAICIN-EVOKED RELEASE OF iCGRP FROM TRIGEMINAL GANGLIA. 
Y.M. Ulrich*1, C.M. Flores', C.A. Harding-Rose1, H.E. Goodis2, and K.M.
Hargreaves1. Schools of Dentistry, ‘Univ. of MN and 2UCSF.

Neuronal somata from acutely dissociated rat dorsal root ganglia (DRG) exhibit
Ca2+-dependent exocytosis and release substance P (SP) in response to KC1 
depolarization (Huang & Neher, Neuron, 1996). In addition, cultured rat DRG release 
SP and calcitonin gene related peptide (CGRP) in response to stimulation with 
capsaicin (Dymshitz & Vasko, Neurosci. Lett., 1994). These results suggest that 
exocytosis of neuromodulatory peptides from neuronal somata within sensory ganglia 
may represent an additional site for neurogenic modulation in vivo. In these studies, 
we assessed capsaicin-evoked, in vitro release of immunoreactive CGRP (iCGRP) 
from rat trigeminal ganglion (TGG) slices. Briefly, TGG were quickly removed from 
male, Sprague-Dawley rats (175-200g), chopped into 200 pm slices and placed into 
chambers within 3 min of collection. Chambers were perfused with buffer and 
superfusates were collected and assayed for iCGRP via RIA. After 90 min of baseline 
collection, tissue was treated with capsaicin followed by a washout period. Capsaicin 
(3, 30, & 100 pM) evoked dose-dependent increases in iCGRP release. A competitive 
capsaicin receptor antagonist, capsazepine (100 pM), inhibited capsaicin (30 pM)- 
evoked release of iCGRP (30.5 ± 6.2 vs. 12.6 ±1.3 fmol/7 min/4 ganglia, p<0.05). 
In addition, capsaicin (30 pM)-evoked release of iCGRP was dependent on the 
presence of extracellular Ca2+ (37.9 ± 10.2 vs. 8.4 ± 1.7 fmol/7 min/4 ganglia, 
p<0.05). Furthermore, capsaicin (30 pM)-evoked release from TGG slices was greater 
than that from slices of equivalent weights of adjacent trigeminal nerve shown 
histologically to be free of neuronal somata (312.4 ± 43.4 vs. 141.6 ± 56.1 fmol/7 
min/g, p<0.05). These data support the hypothesis that TGG tissue is capable of Ca2+ 
-dependent exocytosis of neuropeptides and that the majority of this release may be 
from neuronal somata. Supported by Howard Hughes Med. Inst. Predoc. Fellowship 
(YMU), DE9860, DE7288, DA10510, DEI 1277, & Lasby Visiting Prof. (HEG).

706.12
MODULATION OF CAPSAICIN-EVOKED NEUROPEPTIDE RELEASE BY 
NICOTINE IN THE RAT BUCCAL MUCOSA. A.S. Leong. S, Kilo. K.M, 
Hargreaves and C.M, Flores*. Laboratory of Neuropharmacology, Departments of 
Oral and Restorative Sciences, University of Minnesota, Minneapolis, MN 55455.

There is an increased incidence of oral inflammation associated with the use of 
nicotine containing tobacco products. Moreover, previous studies have documented in 
a variety of tissues that nicotinic agonists can promote the release of certain pro- 
inflammatory substances which could potentially contribute to the neurogenic 
component of inflammation. The purpose of the present study was to develop a model 
in which to study neuropeptide secretion in the rat buccal mucosa. Using the method 
of in vitro superfusion, this study sought to characterize the capsaicin-evoked release of 
the inflammatory mediator calcitonin gene-related peptide (CGRP) and to assess the 
modulation of this release by nicotine. The buccal mucosa from adult, male, Sprague- 
Dawley rats was liberated from the underlying buccinator muscle, dissected and placed 
into chambers containing oxygenated Kreb's buffer. The tissue was perfused with 
buffer alone for several fractions to establish a stable baseline, followed by the 
application of drugs and a washout period. Fractions were then assayed for 
immunoreactive CGRP (i-CGRP) by radioimmunoassay. Treatment of the tissue with 
capsaicin (10-300pM) elicited a dose-dependent release of i-CGRP with an approximate 
EC50 of 40 pM. Capsaicin-evoked iCGRP release was completely abolished by 
capsazepine, a competitive capsaicin receptor antagonist, or by replacement of calcium 
in the buffer with EGTA. Cotreating the tissue with capsaicin (100 pM) plus nicotine 
(1-100 pM) resulted in a significant, dose-dependent enhancement of i-CGRP release. 
These results demonstrate that capsaicin is capable of evoking i-CGRP release in rat 
buccal mucosal tissue by a specific capsaicin receptor-mediated mechanism that is 
dependent on extracellular calcium ions. Furthermore, these data are consistent with 
the hypothesis that nicotine may contribute to the development and/or maintenance of 
neurogenic inflammation resulting from the enhanced release of pro-inflammatory 
mediators such as CGRP. The model characterized here should provide a useful tool 
for studying the effects of nicotine containing tobacco products in the oral cavity.

Supported by STRC grant 490 and NIH grants DA10510 and DE07288.

706.13
TRIPRENYL PHENOLS: A NOVEL FAMILY OF NON-PUNGENT VANILLOIDS. A Szallasi*, T. 
Biro, S. Modarres, 0. Sterner, P.M. Blumberg and J.E. Krause. Dept. Anatomy & 
Neurobiology, Washington Univ. Sch. Med, St.Louis, MO 63110; National Cancer Inst, 
Bethesda, MD 20892; Organic Chemistry 2, Univ. Lund, Lund 22100, Sweden.

Vanilloids, the paradigm of which is capsaicin, the active ingredient in hot peppers, are 
natural irritants possessing a (homo)vaniliyl motif essential for bioactivity. Recently it has 
been found that unsaturated sesquiterpenoid dialdehydes are also pungent via vanilloid 
receptor activation, implying that the ligand recognition selectivity of vanilloid receptors is 
much broader than thought previously. Since such dialdehydes also bind to dopamine Di 
receptors, as do triprenyl phenols isolated from the fruit bodies of the edible mushroom 
Albatrellus ovinus, in the present study, we have evaluated the possibility that, like 
dialdehydes, triprenyl phenols are also recognized by vanilloid receptors.

All the 5 triprenyl phenols tested (scutigeral, acetyl-scutigeral, ovinal, neogrifolin, and 
methyl-neogrifolin) inhibited the specific binding of [3H]resiniferatoxin (RTX), an 
uitrapotent vanilloid, to rat spinal cord membranes to a variable degree, though the 
structure-activity relations for vanilloid receptor binding clearly differed from those 
reported for dopamine Di receptor binding. Scutigeral (K, of 19 pM) induced a dose- 
dependent 45Ca-uptake by cultured rat DRG neurons with an EC5o of 900 nM, which was 
completely prevented by the competitive vanilloid receptor antagonist capsazepine (10 
pM). These potencies are comparable to those measured for capsaicin in the rat: that is 5 
pM for vanilloid receptor binding and 400 nM for 45Ca-uptake, respectively. Therefore it is 
likely that scutigeral, like capsaicin, preferentially binds to the vanilloid receptor mediating 
calcium uptake. However, scutigeral (up to 10 mg per tongue), unlike capsaicin, is not hot- 
tasting in man. We conclude that triprenyl phenols may provide a new too! to study the 
relation between vanilloid receptor activation and pungency. Furthermore, our findings 
imply that these compounds, contrary to previous reports, are not selective for brain 
dopamine Di receptors.
(Supported by the Swedish MRC)
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707.1
RETINAL PHOTOPIGMENT TOPOGRAPHY AND SPECTRAL 
SENSITIVITY OF THE DOMESTIC FERRET. J. B. Calderone* and 
G. H. Jacobs. Neuroscience Research Institute and Department of 
Psychology, University of California, Santa Barbara, CA 93117.

Some carnivores (cats, dogs, coatis) possess two cone photopigment 
types in addition to a rod photopigment. For others (raccoons, kinkajous), 
there is no evidence to support the existence of more than a single type of 
cone. We used both neuroanatomical and electrophysiological techniques 
to assess the number and spectral properties of the photopigment types in a 
mustelid carnivore, the domestic ferret. Retinas from adult ferrets (M. 
putorius furo} were removed, flat-mounted, and immunolabeled using 
specific cone opsin antibodies. Two different classes of cones were 
detected. One labeled with an S-cone antibody (JH455) has a peak density 
of about 3,500 cells/mm2. The other labeled with an antibody specific to 
M/L cones (JH492) has a peak cell density near 30,000 cells/mm2. Both 
types of cones were most densely packed in a slightly elongated area 
located dorsal to the optic nerve head. Scotopic and photopic spectral 
sensitivities were measured using ERG flicker photometry under recording 
conditions optimized for each receptor type. The ferret was found to 
possess a rod photopigment with a peak sensitivity of approximately 500 
nm. In accord with the labeling results, two distinct cone photopigments 
were found. One has a peak sensitivity near 556 nm and the other has a 
peak sensitivity of about 435 nm. The peak density, spatial distribution, 
and spectral properties of ferret cones are similar to those previously 
reported for the cat. Supported by NIH grant EY02052

707.2
PDH PEPTIDE CONTROLS PIGMENT MIGRATION IN PHOTORECEPTOR 
TERMINALS OF THE FLY'S COMPOUND EYE. E, Pyza* & I.A, Meinertzhagen1 
Zool. Museum, Institute of Zoology, Jagiellonian Univ., Ingardena 6, 30-060 Krakow, 
Poland and 1 Life Sciences Centre, Dalhousie Univ., Halifax, NS, Canada B3H 4J1.

The housefly's (A7w.vr;a domestica) optic lamina is the site of three structural circadian 
rhythms: a) in the number of synapses; b) in changes in monopolar cell axon sizes; and 
c) in screening pigment granules of photoreceptor terminals R1-R6. The lamina axons 
of monopolar cells LI and L2 swell in cross-section during the day and shrink by night, 
exhibiting a circadian rhythm thought to be regulated by modulatory ceils, one of which 
is immunoreactive to antibody against the peptide (3-PDH, pigment dispersing hormone. 
Injected into the optic lobe, PDH peptide increases axon sizes in both LI and L2, and so 
mimics their diurnal state. Could PDH peptide have a similar circadian action on Rl- 
R6? To examine this possibility, we injected cockroach PDH into the second neuropilc, 
or medulla, and in the lamina counted the numbers of the following R1-R6 organelles: 
screening pigment granules; glial invaginations, at so-called capitate projections; and 
invaginations between neighbouring R1-R6 terminals. Under day/mght conditions (LD 
12:12) there are 30% fewer pigment granules by day in the proximal lamina level than 
during the night. Daytime injections of 80-lOOnl of PDH peptide (2.2x 1()'5M) decrease 
the number to <50% of that seen after control Ringers’ injections. Day/night differences 
in pigment granules have previously been interpreted to reflect the migration of pigment 
between the somata and terminals of R1-R6. Thus the action of PDH implicates this 
peptide in controlling distalward migration of Rl-R6's screening pigment, to mimic the 
diurnal state of screening pigment in their lamina terminals (as well as the diurnal state 
of axon size in their targets, LI and L2). This action complements similar actions of 
PDH on pigment migration in pigment cells of Crustacean eyes. Lamina epithelial 
glial cells appear, moreover, to be affected by PDH injection. Compared with control 
injections of Ringers', after PDH injections they accumulate irregular shaped 3()-50nm- 
diameter electron-dense granules. By contrast, PDH docs not significantly affect the 
number of invaginations, of capitate projections or those between receptor terminals.

Supported by grants to 1AM (MRC MT13242) and to EP (HHM1 75195-543102).
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707.3
THE PHOTOMECHANIC INFRARED SENSILLUM OF THE BUPRESTID BEETLE 
MELANOPHILA ACUMINATA: A FAST DETECTION SYSTEM FOR INFRARED 
RADIATION. H. Schmitz, M. Murz and H. Bleckmann*. Zoologisches 
Institut der Rheinischen Friedrich-Wilhelms-Universitat Bonn, 
Poppelsdorfer Schloss, D-53115 Bonn, Germany.

The larvae of the buprestid beetle Melanophila acuminata can only 
develop in trees recently killed by fire. Consequently reproduction of 
Melanophila is obligatory dependent on the occurrence of forest fires. 
Observations indicate that Melanophila can detect a burning forest 
from distances up to 50 miles. Most likely Melanophila uses infrared 
(IR) radiation for the detection of forest fires. The IR sensilla are 
situated in two pits next to the coxae of the middle legs. Each sensil- 
lum is innervated by a single mechanosensory neuron. Recordings 
from individual sensilla show that the pits of Melanophila are very 
sensitive to IR radiation. Weak IR stimuli (wavelength > 1.6 pm; 24 
mW/cm2) most likely expend the sensilium and therefore cause a 
response (1 or 2 action potentials at an exposition time of 2 ms and 5 
to 7 action potentials at an exposition time of 66 ms). If stimulus 
intensity was kept constant a further increase in exposition time did 
not lead to an increase in the number of spikes elicited. When 
stimulus intensity was reduced to 1 mW/cm2 (exposition time 66 
ms), 1 or 2 action potentials were still generated. We are currently 
investigating the tuning of the pit organs of Melanophila using IR 
stimuli of defined wave length and intensity.

Supported by the German Science Foundation (Schm 1164/2-1).

707.4
INV OLVEMENT OF IP3 SENSITIVE Na+ CHANNEL IN VISUAL 
TRANSDUCTION OF HERMISSENDA EYE. M. SakakibaraV H. 
Inoue^ and T. Yoshioka^ ^cfa. High Tech, for Human Welfare,
Tokai Univ. Numazu 410-01, 2Sch. Human Sci., Waseda Univ. 
Tokorozawa 359 Japan

Although abundant evidence implicated the phosphoinositide cascade 
in invertebrate phototranduction, no direct evidence was obtained so far. 
The hypothesis proposed initially is that Ca2+ released from IP3 sensitive 
store activate light sensitive channel via Ca2+/Na+ exchange, but still the 
direct role of both IP3 and Ca2+ in visual excitation has not yet been 
established. Despite of a lack of evidence for the biochemical machinery 
the indication of a multiple pathway was provided by the ability of IP3, 
Ca2+ and cGMP to activate channels. In order to make break through 
for these complexity of the transduction channel, we compared directly 
the effect of injected second messenger, such as IP3, cGMP and Ca2+, 
into the Hermissenda eye by the transient pressure application.

Injection of IP3 into the visual cell of Hermissenda induced a large Na+ 
channel activation which showrs very similar responses to the 
photoreceptor of the animal. Injected Ca2+ into the visual cell, however, 
does not activates the light sensitive channels, but potentiated the 
transduction Na+ current. Injection of cGMP also induced large and 
transient current responses with fast rising phase, but it was not 
disappeared when extracellular Na+ was removed. On the other hand, 
cAMP induced response was Na+ dependent, but was like spontaneous 
action potentials. Therefore, invertebrate photoresponse may be induced 
by IP3 sensitive Na+ channel and modulated by cGMP as well as Ca2+.

707.5
COMPARATIVE METHODS AND WAVELENGTH REGULATION IN 
INVERTEBRATE VISUAL PIGMENTS. B. Chang*, M. Brauer, K. 
Crandall. Org. & Evol. Biology Dept., Harvard Univ., 
Cambridge MA 02138 USA

Visual pigments possess characteristic absorption spectra 
with peak sensitivities at a particular wavelength. Despite 
an essentially similar role as a basic element of sensory 
visual transduction within photoreceptors, visual pigment 
absorption maxima display an enormous variability across 
organisms, ranging from the UV (345 nm) to the red (620 
nm). This diversity can be exploited at the molecular level 
to identify patterns of amino acid substitutions associated 
with shifts in absorption maxima. Statistical comparative 
methods such as independent contrasts, and
autocorrelation, can be used to identify correlations among 
related sequences and aspects of their protein function, by 
correcting for similarities among sequences due to identity 
by descent. These and other comparative methods are used 
to identify amino acid substitutions in invertebrate opsins 
that are associated with shifts in wavelength sensitivity. 
These results are then compared with studies identifying 
sites important for wavelength regulation in vertebrate 
opsins.
Supported by grants from NSF/Sloan to BC.

707.6
REDUCTION IN PROTEIN PHOSPHATASE TYPE 2A ACTIVITY 
IN LIMULUS PHOTORECEPTORS BY PKA-DEPENDENT 
PHOSPHORYLATION OF AN ASSOCIATED 48 kDa PROTEIN.
T.B. VanDyke and S.C. Edwards* Dept. of Pharmacology, and Inst. 
Biomol. Sci., Univ. of South Florida College of Medicine, Tampa, FL 
33612.

The activities of protein phosphatases (PP) type 1, 2A, and 2B are 
reduced in light- versus dark-adapted Limulus eyes. Moreover, PP 2A 
dephosphorylates arrestin and reduces its affinity for membranes of 
Limulus photoreceptors. Therefore, changes in PP 2A activity may be 
integral to the biochemical events involved in light and dark adaptation. 
Here we used a small scale procedure involving DEAE-cellulose anion 
exchange- and thiophosphorylase a Sepharose affinity chromatography 
to prepare PP 2A- enriched fractions from the lateral eye. This activity 
was measured as the okadaic acid sensitive (10 nM) dephosphorylation 
of up-labeled glycogen phosphorylase a. The PP 2A activity eluted 
from both media with buffer containing 0.3 M NaCl. Incubation of the 
PP 2A-enriched fraction with PKA and either ATP-y-S or y -32P ATP 
inhibited its activity, and enhanced the phosphorylation of a 48 kDa 
protein, respectively. Incubation of the PP 2A- enriched DEAE 
fraction with heparin-Sepharose resulted in the loss of the PKA effect 
on PP 2A activity and the removal of the 48 kDa protein. These results 
suggest that the 48 kDa protein may be a B subunit of the heterotrimeric 
PP 2A holoenzyme in these photoreceptors, and that the light- 
dependent changes in PP 2A activity may be through PKA 
phosphorylation of this protein.

(Supported by NIH EY08765)

707.7
FORSKOLIN SUPPRESSES L-TYPE CALCIUM CURRENTS IN 
VERTEBRATE RODS. Salvatore L, Stella, Jr.1, Myron L. Toews1*, and 
Wallace B, Thoreson2. University of Nebraska Medical Center, Departments 
of Pharmacology1 and Ophthalmology2, Omaha, NE 68198-5540.

L-type calcium currents (ICa) are modulated by cAMP in most preparations. 
For example, in cardiac myocytes, increasing cAMP enhances ICa. However, 
cAMP modulation of L-type ICa in photoreceptors has not been examined.

Nystatin-perforated patch whole cell recordings were obtained from rod 
photoreceptors in a retinal slice preparation of the larval tiger salamander 
(Ambystoma tigrinum). ICa was enhanced by using 10 mM Ba4+ as the charge 
carrier and studied using a ramp voltage protocol. Picrotoxin (0.1 mM) and 
niflumic acid (0.1 mM) were included to suppress GABA-activated and Ca2+- 
activated Cl' channels. Intracellular cAMP levels were increased by bath 
application of forskolin (50 pM). The results showed that forskolin suppressed 
ICa in rod photoreceptors by an average of 25.1 + 4.92% (n=8).

The results of this study suggest that increasing intracellular cAMP levels 
reduces the amplitude of rod Ica. The suppression of rod ICa may be due to an 
inhibitory effect conferred by cAMP-dependent protein kinase at the channel 
itself. Suppression of L-type ICa in the presence of forskolin has been shown 
previously in AtT-20 cells (Pemberton and Jones, 1995, Pfl tigers Arch. 
429:699) and has been linked to the presence of D class L-type Ca2+ channels 
that are distinct from C class L-type Ca2+ channels in cardiac myocytes. 
Supported by NIH grant EY10542.

707.8
DISTRIBUTION AND MOSAIC ORGANIZATION OF PHOTORECEPTORS IN 
THE GROUND SQUIRREL Z. Kiyger1. L. Galli-Resta2. E. Novelli2. G.H. Jacobs1* and 
B E. Reese1. ‘Neuroscience Research Institute and Dept of Psychology, University of 
California at Santa Barbara, CA and 2Istituto di Neurofisiologia del CNR, Pisa ITALY.

The total number, distribution, ratio and local order of rod, short-wavelength 
sensitive (S) cone and middle-wavelength sensitive (M) cone photoreceptors have been 
determined in the retina of the California ground squirrel Spermophilus beecheyi.
Whole retinas were fixed by perfusion with 4% paraformaldehyde and then 
immunostained using antibodies to rod opsin and to either the S or M cone opsins, 
followed by fluorescently-labelled secondary antibodies (Cy-2 or Texas Red).

The ground squirrel retina contains approximately 7.50 million cones and 1.25 
million rods. Of the cones, there are fourteen M cones for every S cone. The peak 
density of M cones (49,550-mrn2) is found in a horizontal strip of retina immediately 
ventral to the elongated optic nerve head. Rod density is lowest in this same region of 
retina (comprising only 4.6% of the local photoreceptor population), and rises 
peripherally by a factor of five in the ventral retina (to 13,000-mm'2, or 31.7%). S cone 
density reaches a peak (4,500-mm'2) dorso-temporal to the peak density of the M cones, 
at the temporal end of the optic nerve head. In addition, there is an S cone rim around 
the dorso-nasal margin of the retina, extending no more than 300pm from the peripheral 
margin, in which S cone densities climb dramatically to 20,000-mm'2.

The local ordering of rod and S cone photoreceptors is non-random when analysed 
using near-neighbor or voronoi domain analyses, but both can be modelled with random 
distributions in which the minimal distance between neighboring receptors of the same 
type is specified. This minimal distance for the rods is about 7pm, slightly larger than 
the periodicity of the receptor matrix in the ground squirrel; that for the S cones is 
greater, being about 17 pm. In regions where rod and S cone density are similar, the 
latter minimum creates an obvious mosaic distribution to the S cones. While the 
biological interactions that determine these two photoreceptor arrays may be different, 
the fact that they both can be modelled from distributions in which only a minimal 
intercellular distance is specified suggests that their development exploits relatively 
simple mechanisms requiring minimal constraints.

Supported by the NIH and the Italian National Council for Research.
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707.9
DETERMINATION OF THE STRUCTURAL REQUIREMENTS FOR 
BINDING OF THE DELTA SUBUNIT TO THE CATALYTIC 
SUBUNITS OF TYPE VI (PHOTORECEPTOR) 
PHOSPHODIESTERASE. Terry Cook*1, Stephanie K. Florio1, Farideh 
Ghomashchi2, Michael FL.Gelh2, and Joseph A, Beaxo1- Departments 
of Pharmacology1 , Chemistry2, and Biochemistry2, University of 
Washington, Seattle, Washington 98195-7280.

The soluble form of the type VI (photoreceptor) phosphodiesterase 
contains a 17 kDa 8 subunit. The expressed and purified 8 subunit has 
been shown to move membrane bound PDE VI into the soluble fraction 
under isotonic conditions. The experiments presented here are aimed at 
determining the structural basis for the interaction between the 8 subunit 
and the catalytic subunits of the PDE. In vivo, the catalytic subunits are 
isoprenylated, and this modification is required for the membrane 
association of the enzyme. Therefore, we hypothesized that the 8 subunit 
might interact with the isoprenylated C-termini of the catalytic subunit to 
confer solubility to the enzyme. Peptides were synthesized with 
sequences corresponding to the C-terminal 20 amino acids of the a and (3 
(catalytic) subunits of the PDE. These peptides were then modified with 
the appropriate posttranslational modifications found in vivo. The 
isoprenylated (3 peptide blocks the ability of the 8 subunit to solublize the 
PDE, while the unmodified P peptide and the a peptides do not. These 
results suggest that the 8 subunit may be interacting with the isoprene 
group on the p subunit to block or weaken its interaction with the 
membrane, thus solublizing the PDE.
Supported by EY08197 and 2132 EY07031-21 (TC).

707.10
PLASMA MEMBRANE ASSOCIATED 11-CIS RETINOL OXIDASE ACTIVITY 
IN THE BOVINE RETINAL PIGMENT EPITHELIUM. A.T.C. Tsin*. and N.L. 
Mata. Division of Life Sciences. The University of Texas at San Antonio, San 
Antonio, TX 78249,

There have been various characterizations of 11 -cis retinol dehydrogenase (ll-czs 
RD) activity in the retinal pigment epithelium (RPE). However, the rate (Vmax) at 
which 11-cis retinal is produced has not been reported. Moreover, it is not clear 
exactly where in the RPE this reaction takes place. In the present investigation, we 
have determined the apparent Vmax for oxidation of 11-czs retinol radiometrically, via 
measurement of reduced cofactor (NAD3H), and by HPLC in which ll-czs retinal 
production is directly quantified. Using bovine RPE microsomal protein as an enzyme 
source, rate values obtained using these two techniques were very similar, Vmax ~ 2 
nmol/min/mg. Although 11 -cis RD activity was largely recovered in an endoplasmic 
reticulum- (ER) enriched subfraction of the RPE cell (~ 70%), a substantial percentage 
(~ 20%) was recovered in a plasma membrane- (PM) enriched subfraction. Apparent 
Vmax for 11-cis RD activity in ER- and PM-enriched membranes were 0.7 and 0.4 
nmol/min/mg, respectively. The significance of these findings is two-fold: 1) the 
presence of 1 1-czs RD activity in ER, and the fact that 11-cis retinol is also produced 
at this site, indicate that visual chromophore is mobilized directly from this 
compartment and 2) identification of a PM-associated 11-czs RD activity, and our 
previous findings of 11-cis retinyl esters and 1 1-cis retinyl ester hydrolase activity in 
this compartment, provide strong evidence for an additional pathway of visual 
chromophore biosynthesis which proceeds independently of the cellular retinaldehyde 
binding protein (CRALBP). The implication of these results on the current theory of 
visual chromophore biosynthesis are discussed.

Supported by Grants from the 
NIH (EY06438/GM08194).

707.11
TUNING BETWEEN VISUAL SPECTRAL SENSITIVITY AND 
BIOLUMINESCENCE EMISSION SPECTRA IN CLICK BEETLE 
Pyrophorus punctatissimus o'. AbnerKJ-alP^ThQx^^
Etelvino J. H. Bechara3, Dora S, F. Ventura^ John. de Souza4, Pio
Colepicolo-Ngto3 & Vadim R, Viyianib ^ept. of Biology, Howard 
University, Washington, D C. 20059, 2Dept. of Biological Science, 
University of Maryland, Catonsville, MD, 21228; ’Institute de Quimica, 
Dept. de Bioquimica,4 Instituto de Psicologia, Dept. de Psicologia 
Experimental, Universidade de Sao Paulo, Sao Paulo, SP, BRASIL.

To ascertain the relationship between the spectral characteristics of 
vision and the emission spectra of the bioluminescent (BL) optical signal 
in click-beetles, electroretinographic (ERG) visual spectral sensitivity of 
dark-adapted compound eyes and in situ absorption spectrum of the 
rhodopsin by MSP were determined in P. punctatissimus. The ERG S(Z) 
function had a broad peak in the green with a shoulder in the near-uv. The 
green peak matched the in situ absorption spectrum of P545 and in turn 
corresponds with the peak of "deep" green BL 543nm) emission 
from the dorsal lanterns. This broad green visual sensitivity with a peak 
around 545 nm would also detect "lime" green BL (Amax= 550nm) from the 
ventral lantern with a quantum efficiency of 82%. These results show the 
existence of mutual spectral tuning between the bioluminescent optical 
signal and the photoreceptor sensitivity in the click beetle. Support: 
NIGMS SO-66-MO-8016 (ABL), National Science Foundation BNS- 
9413357 (to TWC).

707.12
EXPRESSION OF RETINAL PHOTOTRANSDUCTION 
COMPONENTS IN NEONATAL RAT PINEAL IMPLIES A 
LIGHT-SENSING FUNCTION.
S, Blackshaw* and S, H. Snyder Department of Neuroscience, Johns 
Hopkins University School of Mecidine, Baltimore, MD 21218

Extraretinal photoreceptors have been reported to regulate circadian 
processes in neonatal rat pineal gland, although the site and molecular 
basis of extraretinal photosensitivity have remained obscure. We have 
examined the developmental expression pattern of all the cloned 
components of retinal phototransduction in rat pineal from postnatal 
day 2 to postnatal day 100 using cRNA in situ hybridization. We 
observe that all the components needed to reconstitute a functional 
phototransduction pathway are expressed at high levels in most 
neonatal pinealocytes, with the expression level of many of these genes 
declining dramatically during development. These findings strongly 
support the theory that the neonatal rat pineal is itself a functional 
photosensor. In addition, our findings show that neonatal pinealocytes 
express a combination of rod-specific and cone-specific
phototransduction components, and implies the existence of many 
functionally different subtypes of pinealocytes on the basis of 
expression of different combinations of phototransduction enzymes. 
Supported by USPHS grant DA-00266 and Research Scientist Award 
DA-00074 to S. H.S. S. B. was a Howard Hughes Predoctoral Fellow.

707.13
IDENTIFICATION OF AN OCTOPUS-LIKE OPSIN IN RETINAL AND 
EXTRARETINAL PHOTORECEPTORS OF XENOPUS LAEVIS.
I. Provencio*1, G. Jiang1, W.P. Hayes2, & M.D. Rollag1. ‘Dept. of Anatomy, 
Uniformed Services University of the Health Sciences, Bethesda, MD 20814, 
2Dept. of Biology, The Catholic University of America, Washington, DC 20064.

Cultured Xenopus dermal melanophores respond to illumination by 
dispersing perinuclear pigment granules into the surrounding cytoplasm. This 
photodispersion response is retinaldehyde dependent. Furthermore, photosensitive 
melanophores express a protein that on western blots is recognized by opsin- 
specific antisera and is radioactive when melanophores are pretreated with tritiated 
retinol. Taken together, these data suggest that photodispersion may be mediated 
by an opsin-like protein. In an effort to identify opsin-like proteins in 
melanophores, we have screened a Xenopus melanophore cDNA 1 ibrary with a 
cocktail of oligonucleotide probes designed against the known retinal opsins of 
Xenopus. A 2.3 kb clone has been identified containing a 1.6 kb open reading 
frame. This putative opsin shares greatest similarity with octopus rhodopsin (68% 
in aligned regions) and cladistic analysis indicates that this opsin is more similar to 
invertebrate than vertebrate opsins. The deduced amino acid sequence predicts a 60 
kD protein. Kyte-Doolittle hydrophobicity analysis suggests a heptahelical tertiary 
structure indicative of G protein-coupled receptors. A lysine in the seventh 
transmembrane domain may serve to anchor the retinaldehyde chromophore via a 
protonated Schiff’s base linkage, and a tyrosine in the third transmembrane domain 
may serve as the chromophore counterion. The most conspicuous feature of this 
opsin is a 227 amino acid cytoplasmic tail containing 32 serines and 18 threonines 
which are potential phosphorylation sites. In situ hybridization studies in 
Xenopus have localized the mRNA for this potential opsin to skin, the ventral 
diencephalon, and the photoreceptor layer of the retina suggesting a role in vision 
and extraretinal photoreception.

This research was supported by NSF (IBN93319334).

707.14
AN EVALUATION OF THE ROLE OF ASPARTATE AMINOTRANSAMINASE 
IN RAT PHOTORECEPTORS. K.A. Svinarich1, S.L. Doty1, C.J. FinellP, 
M.J.AmoId2 and B.S. Winkler*2. GMI Engineering & Management Institute1, Flint 
MI and Eye Research Institute2, Oakland University, Rochester, MI 48309.

The generation of light-induced rod photoreceptor potentials in the isolated rat 
retina depends on ATP production from both glycolysis and respiration. There is, 
however, scant information on the contribution of specific mitochondrially-linked 
pathways to the function of these cells. In this study, we have evaluated the effects 
of inhibiting aspartate aminotransaminase (AAT) on the receptor potential (RP) and 
b-wave of the electroretinogram. Isolated rat retinas were superfused with 
oxygenated, HCO3-buffered media of normal ionic composition and transretinal 
recordings were made of the RP and b-wave in the presence and absence of 1-5 
mM aminooxyacetate (AOA), an inhibitor of AAT; these concentrations of AOA 
inhibited AAT by 99% within 5-10 min. With 10 mM glucose as the sole 
exogenous substrate, inhibition of AAT led over 30 min to a 25-40% decrease in the 
amplitude of the a-wave and to an even greater decline in the b-wave. When 10 mM 
pyruvate was the sole exogenous substrate and ATP production was produced only 
from respiration, the amplitude of the RP was decreased by about 50% in 
comparison to the control amplitude in the presence of glucose. Addition of AOA to 
pyruvate-containing media led to a further decline in the amplitude of the RP to a 
low level. Re-addition of glucose in the continued presence of AOA led to a 
substantial recovery' of the RP. These results show that inhibition of AAT leads to 
declines in the amplitudes of the RP and b-wave in the rat retina. The functional 
consequences of AAT likely relate to the role of this enzyme in the generation of 
oxaloacetate, an intermediate in the Krebs cycle, and of glutamate, the candidate 
transmitter used by photoreceptor cells.
Supported by NIH Grant EY10015 (BSW) and a Core Grant EYO523O (BSW).
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707.15
MOLECULAR ANALYSIS OF THE PRIMATE FOVEA. C. Bowes Rickman* and
G. S. Hageman. Anheuser-Busch Eye Institute, Dept. of Ophthalmology, St. Louis 
University School of Medicine, St. Louis, MO 63104

Foveal cone photoreceptor cells are morphologically distinct from extrafoveal 
cones. Monoclonal antibodies exhibit specific reactivities with monkey and human 
foveal cone plasma membranes, suggesting that foveal cones may possess unique 
molecular constituents. In order to provide further evidence of differential gene 
expression in foveal cones, we have used suppression/subtraction PCR methods to 
isolate primate fovea-specific transcripts. Total RNA was isolated from the follow-
ing adult cynomolgus monkey tissue sources: (1) macular retina encompassing the 
fovea (forty pooled 2mm diameter punches) and (2) equatorial/peripheral retina. 
cDNAs representing these two RNA populations were synthesized with a CapFinder 
PCRcDNA synthesis kit (Clontech). The concentration of high- and low-abundance 
foveal cDNAs was equalized using suppression PCR (Clontech). cDNAs differen-
tially expressed in the fovea were selected by subtractive hybridization using a 30- 
fold excess of peripheral retina cDNAs as 'driver' to subtract the sequences with 
homology from the fovea or 'tester' pool. The resulting population of subtracted 
fovea cDNAs were then subcloned in pCR2.1 (Invitrogen) and differentially screened 
by hybridizing dot blots with a cDNA probe made from the tester (fovea) and driver 
(peripheral retina) RNA. Clones that showed differential binding to the tester probe 
were then sequenced and used as probes on Northern and Virtual Northern blots 
to confirm foveal specificity. Analyses of fovea-enriched/specific clones will be 
presented. We anticipate that identification and characterization of primate fovea- 
specific genes and gene products will provide further insight into the function of 
foveal cones in normal retinas and in macular diseases such as age-related macular 
degeneration.
Supported by NIH/NEI grants EY11286 (CBR) and EY11515 (GSH).

SUBCORTICAL VISUAL PATHWAYS IV

708.1
DISTRIBUTION OF GLUTAMATE RECEPTOR SUBUNITS IN THE RAT 
VISUAL SYSTEM. Laudauna, A.*, Pires, R. S., Britto, L. R. G. Dept. Physiol. 
Biophys., Inst. Biomed. Sci., University of Sao Paulo, 05508-900, Brazil.

Glutamate mediates most of the fast excitatory7 transmission in the nervous 
system and plays an important role in synaptic plasticity, memory formation, and 
learning. Molecular cloning of the glutamate receptor (GluR) subunits has 
improved the knowledge of the distribution of GluRs in the central nervous system. 
The aim of this study was to investigate the distribution of some GluR subunits in 
the rat visual system and also possible changes on their expression in response to 
eye enucleation. To evaluate these questions, 5 rats were anesthetized with 
ketamine and xylazine and had one eye enucleated. After survival times of 2-15 
days, the animals were deeply anesthetized and perfused with buffered saline and 
4% paraformaldehyde. Two rats were not subjected to retinal lesions, and simply 
anesthetized and perfused. Serial frozen sections of the brains were processed 
immunohistochemically with antisera against the GluRl, GluR2/3, GiuR4, and 
NMDAR1 subunits (Chemicon). The immunoreactivity for the GluR subunits was 
observed in perikarya and neuropil of retinorecipient areas of the rat brain, 
including the superior colliculus, the nucleus geniculatus lateralis ventralis, the 
nucleus geniculatus lateralis dorsalis, the intergeniculate nucleus, and the medial 
terminal nucleus of the accessory optic system. After eye enucleation, the 
immunostaining for GluR subunits was decreased in the deafferented side in 
comparison to the control side. These results indicate that all GluR subunits studied 
are present in retinorecipient areas of the rat brain, with varying degrees of co-
localization, and that retinal lesions produce an unspecific reduction of 
immunoreactivity for all those GluR subunits. The effect of retinal lesions could be 
due to the removal of the glutamatergic input from retinal ganglion cells and/er to 
some degenerative phenomenon.

Supported by FAPESP, CNPq, and FINEP (Brazil).

708.2
A STOCHASTIC MODEL OF RETINAL GANGLION CELL SPIKE 
GENERATION AND THE SERIAL CORRELATIONS BETWEEN 
INTERSPIKE INTERVALS. D. S. Reich*, J. D. Victor, and B, W 
Knight. The Rockefeller University and Cornell University Medical Col-
lege, New York NY 10021.

We describe a simple model for the generation of spike trains by reti-
nal ganglion cells of cats. The model is a leaky integrate-and-fire device 
with a stochastic threshold. Consecutive values of the threshold are deter-
mined by the transformation of a linear autoregressive process by a nonlin-
ear relation derived from the leaky integrate-and-fire model. The parame-
ters of the model include the mean and variance of the interspike interval 
histogram of the cell’s maintained discharge, which is assumed to be a 
sampled gamma distribution; the first serial correlation coefficient of the 
interspike intervals for the cell’s maintained discharge; and the leak rate. 
The input to the model neuron is linearly related to a sinusoidally- 
modulated luminance contrast. When the parameters are chosen appropri-
ately, the model output, on average, matches many features of the original 
data, including the peri-stimulus time histogram, the interspike interval 
distribution, the mean and variance of the spike rate, and the mean and 
variance of the response (measured as the mean fourier component at the 
driving frequency).

We have used this model to examine the relationship between con-
secutive interspike intervals in ganglion cell responses to both constant and 
sinusoidally-modulated stimuli. Consecutive interspike intervals are known 
to be weakly correlated in the maintained discharges of real ganglion cells, 
and stimulus modulation induces further correlations that change during the 
course of the response cycle and as modulation depth is increased. This be-
havior is reproduced by the model.
Supported by GM07739 (DSR) andEY9314 (JDV).

708.3
RETINO-GENICULATE PROJECTIONS IN THE VERVET MONKEY 
FOLLOWING HEMISPHERECTOMY D. Boire*, M. Herbin and M. Ptito. 
Depts. de Psychologie et Optometne, Univ. de Montreal. Qc. CAN. H3C 3J7

Large visual cortex lesions in monkeys result in an important degeneration of 
the dorsal lateral geniculate nucleus. Since external and internal parvocellular 
segments of the dLGN receive inputs from dirrenrent eyes, a quantitative analysis 
of ipsi-and contralateral afferents into the degenerate dLGN was performed to 
estimate the effects of cortical lesions on the development of functional streams 
within the dLGN. Complete unilateral removal of the left cerebral cortex was 
performed at 4 (SHG3) and 8 months (SHG4) of age in two monkeys. After a 
postsurgical survival period of 50 (SHG3) and 45 months (SHG4), both subjects 
and a norma! adult animal received intraocular injections of [I P jproline (500pCi) 
in the left eye and HRP (100/4, 50%) in the right eye. In both SHG3 and SHG4 
internal magnocellular (MI) and parvocellular (PI) layers receive input from the 
ipsilateral eye and external magnocellular (ME) and parvocellular layers (PE), from 
the contralateral eye. More intense labelling is found in ME and MI than in PE and 
PI. In SHG3, outer parvocellular leaflet (layer 5 and 6) exhibit diffuse or 
discontinuous patchy labelling, no clear labelling of S layers and tenuous labelling 
of contralateral magnocellular interlaminar zone (Imm). In SHG4, labelling in 
outer parvocellular leaflets is more uniform, clear labelling of S layers is observed 
as well as less patchy and clear contralateral labelling in Imm. The dLGN 
ipsilateral to the hemispherectomy (left) is 70% smaller in SHG3 and 66% smaller 
in SHG4. The degeneration is not isomorphous between laminae. Average 
reduction of ME and MI are respectively 61 and 66% whereas reduction of PI and 
PE are respectively 81% and 88%. These results suggest that X-cells suffer greater 
degeneration than Y-cells and that they differ in their ability to survive long-
standing cortical lesions.
Supported by NSERC (Canada) and FCAR (Quebec) and FRSQ (Quebec).

708.4
RETINOFUGAL AND RETINOPETAL PATHWAYS IN THE DORSAL 
RAPHE AND PERIAQUEDUCTAL GRAY OF THE MONGOLIAN GERBIL.
K.V. Fite*, S. Janusonis, W. Foote, L. Bengston and J. Cosentino, Neuroscience 
and Behavior Program, University of Massachusetts, Amherst and Baystate Medical 
Center, Springfield, MA.

A direct, retinal projection to the dorsal raphe nucleus (DRN) exists in the cat 
(Foote et al., 1978) and rat (Shen and Semba, 1994; Kawano et al., 1996), and a 
DRN-retinal projection also exists in cats (Labandeira-Garcia et al., 1990) and rats 
(Fite et al., 1996).

Using a highly-sensitive cholera-toxin immunocytochemical technique, 
retinofugal and retinopetal projections were investigated in the Mongolian gerbil 
(Meriones unguiculatus). Intraocular injections of 5 pi of 2% cholera toxin, subunit 
B (CTb) were followed by survival times of 2-4 days, and 40 pm sections were 
reacted for CTb using an ABC-immunocytochemistry protocol (Angelucci et al., 
1996). In addition, serotonin-immunoreactive (5HT-ir) neurons in the DRN were 
identified using a polyclonal antibody against serotonin (Eugene Tech., Inti.).

In all cases, 50-70 small (12 pm) neurons, densely stained with CTb, were 
observed in the ipsilateral periaqueductal gray (PAG) and DRN. None of these 
neurons appear to be serotonergic, and probably belong to a different population 
than do the DRN 5HT-ir neurons. In addition, fine-diameter, CTb-immunoreactive 
axons were observed that descend from the contralateral superior colliculus, to 
course medially and ventrally through the PAG and into the DRN. Thus, a reciprocal 
circuit from the retina to PAG/DRN and from PAG/DRN to the retina exists in 
gerbils as well as in rats (Fite et al., 1996). However, the location, distribution and 
number of retinopetal neurons differs between the two species; retinopetal neurons 
are more numerous in gerbils.

Research supported by a Baystate Medical Center-UMASS Amherst Collaborative 
Research grant and The Whitehall Foundation.
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708.5
AXON CLASSES IN THE OPTIC NERVE OF THE TREE SHREW (TUPAIA 

BELANGERI). G. Rager*, A, v. Gunten, and U. Drenhaus. Institute of Anatomy, 
University of Fribourg, Rte A. Gockel 1, CH-1700 Fribourg, Switzerland.

It was still disputed whether or not optic nerve axons in the tree shrew can be 
subdivided into different classes as in other mammals. Therefore, we have carried out 
a morphometric electron microscopic analysis. We recorded the density of axons and 
their diameters in representative samples taken from cross sections in the middle of 
the nerves of 4 adult animals.

The total number of axons amounted to 570'000 on average. Less than 1% of 
fibers were non-myelinated. The axon diameters varied between 0.2 and 3.6 mm. The 
frequency distribution was positively skewed and multimodal. The multimodality of 
the frequency distribution indicated that the total fiber population may be composed 
by several axon classes. We, therefore, developed a model according to which the 
total population of axons could be subdivided into three distinct axon diameter 
groups. Density and axon diameter plots gave consistent patterns according to which 
axons of different sizes were distributed in the optic nerve. The largest axons were 
predominantly located dorso-temporally in the nerve. The average diameter value 
decreased towards the periphery. The smallest values were found at the ventro-nasal 
border of the nerve.

The observed axon diameter groups probably arise from functionally distinct 
RGCs. It has been suggested that RGCs of Tupaia can be subdivided into three 
classes which correspond to the X-, Y-, and W-classes in the cat. Our groups seem to 
correspond to these RGC classes. The analysis also provides the first evidence that 
the optic nerve of the tree shrew may be topographically organized. The topographic 
relationships in the nerve and the retina seem to be similar.

Supported by Swiss N.S.F. grant 31-41843.94.

708.6
CONTROL OF CORTICOTHALAMIC INPUT TO THALAMOCORTICAL 
NEURONES IN RAT dLGN BY GROUP in METABOTROPIC 
GLUTAMATE RECEPTORS IN VITRO. J.P. Turner* and T.E. Salt. Dept. 
Visual Science, Institute of Ophthalmology, UCL, London, EC1V 9EL. U.K.

The activation of group II or III metabotropic L-glutamate receptors (mGluRs) 
results in the depression of GABAergic inhibition in the thalamus in vivo (Salt & 
Eaton, 1995). However, little is known about the impact of mGluRs on 
corticothalamic input, so the effect of mGluR activation on the EPSP evoked by the 
cortical input to the rat dorsal lateral geniculate nucleus (dLGN) was examined.

Using sagittal slices of the rat dLGN maintained in vitro in the presence of 
bicuculline (30pM) and CGP 35348 (500pM), application of the specific group III 
mGluR agonist L-AP4 (50-1000pM) caused a concentration-dependent depression, 
up to 90%, of the EPSP evoked by stimulation of cortical fibres, without any change 

in membrane potential or 
input resistance. This 
depression of EPSP 
amplitude was mimicked 
by another group III 
agonist L-SOP (2mM) and 
the non-selective agonist 
1S,3R-ACPD (200pM), but 
not the specific group II 
agonist 2R,47?-APDC (200- 

500pM). Thus, this effect is probably mediated by mGluR7, in view of the low 
potency of L-AP4. and the fact that the mRNA for this receptor is expressed by 
cortical neurones. It is concluded that the activation of these presynaptic mGluRs 
depresses the cortical excitatory input to TC neurones, and so may modulate 
sensory processing in the thalamus. (Supported by the Wellcome Trust)

\ gl |300^M L-AP4 |

708.7
VISUAL RESPONSE LATENCIES OF CELLS IN THE M AND P LAYERS OF 
THE RHESUS MONKEY LGNd. Y-C. Wang*, M.T. Schmolesky and A.G. 
Leventhah Dept. of Neurobiol. & Anat., Univ. of Utah, Salt Lake City, UT 
84132.

Magnocellular (M) and parvocellular (P) visual processing streams begin in the 
retina and continue into distinct layers of the macaque LGNd. Studies of axonal 
conduction velocity in the macaque monkey indicate that M cell retinogeniculate 
axons conduct 1-2 ms faster than do P cell axons (Dreher et al., 1976). In the 
present study we compared the timing of visually evoked responses of cells in the 
rhesus monkey LGNd M layers (n=52) and P layers (n=78). Cells in the P layers 
were classified as ON or OFF center and wavelength sensitive or wavelength 
insensitive.

Our results indicate the visual onset latencies of M cells (mean=33 ms) are 
significantly shorter than those of P cells (mean- 50 ms). The latency diffe: mces 
for the peak responses of M cells (mean=59 ms) and of P cells (mean= 85 ms) are 
even greater. We find little overlap in the latency distributions for M and P cells.

In agreement with Schiller and Malpeli (197! , ON and OFF center cells were 
found to be segregated in the parvocellular laye . Visual latencies of ON center 
and OFF center cells to flashing white and blaci spots did not differ significantly. 
Similarly, in response to flashing white spots, wavelength sensitive and wavelength 
insensitive cells displayed onset latencies that did not differ.

In summary, little overlap exists in the latencies of cells in the M and P layers 
of the LGNd. The early responses of M cells to visual stimulation suggest that M 
stream input can be used to modify the initial responses of P cells. The late 
responses of P cells makes the reverse unlikely. Supported by EY04951 to A.G.L.

708.8
RECEPTIVE FIELD PROPERTIES OF NEURONS IN THE CAT’S LATERAL 
POSTERIOR-PULVINAR COMPLEX FOLLOWING NEONATAL LESION OF THE 
VISUAL CORTEX. A. Desautels, L, Merabet, K. Minville. J.F. Giquere and 
C. Casanova*. Ecole d’optometrie, Universite de Montreal; Montreal, Qc, Canada.

The extrastriate visual cortex in the cat processes information about form and 
movement even in the absence of the primary visual cortex. The lateral posterior- 
pulvinar complex (LP-pulvinar) is an important extrageniculate thalamic relay 
station involved in the parallel processing of visual information and has been 
associated notably with visual attention, depth and motion perception and residual 
vision. Removal of the primary visual cortices induces the appearance of novel 
retinal projections to the striate-recipient zone of the LP-pulvinar (LPI) (Payne et 
al., Visual Neurosci., 10; 747, 1993). We have investigated the response 
properties of LPI cells in animals that sustained early visual cortex damage to 
determine if these properties reflect novel retinal projections and/or the loss of 
cortical inputs. Properties such as orientation and spatial phase selectivity were 
studied. Kittens (ranging from 7- 30 days of age) underwent unilateral or bilateral 
lesions of areas 17 and 18, and occasionally area 19. In five cats, unilateral 
lesioning of the visual cortex appear to enhance the proportion of visual neurons 
in LP-pulvinar. To date, even though the complete extent of the lesions have yet 
to be fully determined, our results show that certain properties did not differ from 
those in normal cats (e.g., temporal frequency sensitivity, responsiveness to 
visual noise). It is worth noting that a larger proportion of cells (11 out to 25) were 
not orientation selective. Further, when tested for spatial frequency, a greater 
proportion of cells (20 out to 25) showed “low pass” tuning functions. Most of the 
LP-pulvinar units (14 out to 22) were phase sensitive and exhibited linear spatial 
summation, behaving like X type cells. This latter observation suggest that these 
LPI neurons may receive direct projection from the retina. Our overall results 
suggest that the responses properties of LP-pulvinar cells reflect, to some extent, 
the novel retinal projections following neonatal ablation of visual cortices. 
Therefore the LP-pulvinar is likely to participate to the sparing of the normal visual 
capacities observed in cortico-lesioned animals. Supported by MRC, FCAR, 
FRSQ.

708.9
POTENTIATION OF VISUAL RESPONSES IN THE LATERAL GENICULATE 
NUCLEUS OF THE CAT BY GLUTAMATERGIC RECEPTORS: A LONG LASTING 
EFFECT. C, Rivadulla, J. Cudeiro*, Dpto. de Ciencias de la Salud I (Universidad de A 
Coruna) y Unidad de Cirugia Experimental (Hospital Juan Canalejo). A Coruna. SPAIN.

The transfer of information at retinogeniculate synapses is modulated by non-specific 
inputs arising in the brainstem. In adition to that, a different modulatory system able to 
enhance visual responses depending on excitatory aminoacids has been proposed (Sillito 
& Jones, Soc Neurosci. Abst 64.18, 1992) taking into account the fact that both NMDA and 
non-NMDA receptors are involved in visual processing at the level of dorsal Lateral 
Geniculate Nucleus (dLGN). Here we extend previous observations and concentrate mainly 
on two questions: 1- Does this enhancement affect equally optimal and non-optimal 
responses?. 2- Is this effect specifically related to activation of glutamatergic receptors?

Experiments were carried out in anaestethized and paralized cats. Seven barrelled 
microppipetes were used for extracellular recordings in the A laminae of the dLGN and 
iontophoretical ejection of drugs. Cells were stimulated with gratings of several spatial 
frequencies (SF). We then explored the effect of pairing the stimulus with iontophoretic 
application of NMDA with the proviso that the drug was ejected concomitantly only with 
one of the different spatial frequencies used. In other cases only one spatial frecuency 
(optimal) was employed, with this condition NMDA, AMPA, ACPD and ACh were used. 
Responses were tested at intervals starting one minute (1, 3, 6 and 12 minutes) after 
termination of the pairing procedure.

After NMDA aplication, 50% of cells shown an increment in response magnitude which 
lasted up to 25 minutes. The enhancement in visual resposiveness was higher for optimal SF 
(103±14%) in comparison with non-optimal SF (53±9%). In all neurons studied with ACh 
we were unable to find any evidence of potentation. Similar results to those obtained with 
NMDA were found with AMPA and ACPD.

The data further support the capacity for a long term change in the mechanisms operating 
at the level of the LGN, wich is specifically related to both ionotropic and metabotropic 
receptors and mainly facilitates optimal responses.
Support: XUGA (13401B96), FIS (97/0402).

708.10
BOTH ELECTROPHYSIOLOGICAL AND BIOCHEMICAL 

OSCILLATIONS DETERMINE SPINDLE WAVE PERIODICITY. 
A. Liithi* and P.A. McCormick. Section of Neurobioiogy, Yale 
University School of Medicine, New Haven, CT 06510.

Spindle waves in the ferret lateral geniculate nucleus are periodic 
events, including 2-5 sec of waxing and waning activity followed by a 
refractory period of 5-20 sec. The generation of this silent period 
involves transient upregulation of the hyperpolarization-activated 
cation current U in relay cells. It has remained a matter of debate to 
what extent Ca2+ influx during spindling contributes to this 
upregulation. We now show that Ih is persistently activated following 
flash photolysis of caged Ca2+, demonstrating that Ca2+ influx in 

addition to IPSPs occuring during spindling contribute to the persistent 
activation of Ih. The upregulated Ih differed in voltage-dependence and 
kinetics from Ih under resting conditions. Upregulation of Ih was also 
induced by perfusion of the cell with cAMP in whole-cell patch-clamp 
recordings. Application of agents interfering with the cAMP cascade 
altered time course and extent of the upregulation of Ih during the 
spindle refractory period. These data suggest that Ca2+-induced 
production of cAMP contributes to the development of the refractory 
period. Spindle periodicity is thus the result of oscillatory feedback 
interaction between intracellular signaling pathways and intrinsic 
electrophysiological properties. Sponsored by NIH and the Swiss 
National Science Foundation.
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708.11
PATTERN OF PRESYNAPTIC ACTION POTENTIAL GENERATION 
DETERMINES FUNCTIONAL DYNAMICS OF GABAergic INHIBITION IN 
THALAMUS U, KIM* and D.A. MCCORMICK Section of Neurobiology, Yale 
Univ. Sch. Med., New Haven, CT 06510.

GABAergic neurons may inhibit postsynaptic cells through either GABAa  or 
GABAb receptors, although it has been unclear whether or not these receptors are 
activated by the same or different GABAergic cells. In addition, although many 
GABAergic neurons are able to discharge in high frequency burst discharges, the 
influence of these on synaptic transmission are unknown. Here we examine the 
functional properties of GABAergic synaptic transmission through the dual 
intracellular recording of monosynaptically connected GABAergic PGN and 
thalamocortical neurons in the ferret LGNd maintained in vitro.

Single action potentials, or bursts of less than approximately 10 action potentials, 
in PGN neurons activated IPSPs in thalamocortical cells through GABAa  receptors. 
Pharmacological block of these receptors with bicuculline did not reveal any 
detectable GABAb component. Interestingly the amplitude of individual IPSPs 
during the response to presynaptic activity in the GABA neuron exhibited 
pronounced facilitation in amplitude. This facilitation depended upon the frequency 
of discharge of the presynaptic neuron, increasing with increases in discharge 
frequency above approximately 100 Hz. The temporal summation and facilitation of 
IPSP amplitude resulted in an enhanced ability of burst discharges to generate 
rebound low threshold Ca2+ spikes in thalamocortical neurons. Following the block of 
GABAa  receptors with bicuculline, a single prolonged burst discharge (15-40 action 
potentials) of a single PGN cell resulted in postsynaptic GABAb responses which 
were blocked by the GABAb antagonist CGP 35348. These GABAb receptor 
mediated IPSPs displayed a delay to onset of 20-40 msec, and were approximately 2- 
3 mV in amplitude. These results demonstrate that GABAa  and GABAb receptors 
may be activated by the same presynaptic GABAergic neuron, with the activation of 
GABAb receptors requiring the pronounced and high frequency discharge of the 
presynaptic cell (supported by NIH).

708.12
THE CALCIUM BINDING PROTEIN CALBINDIN 28kD IS LOCALIZED OPPOSITE 
RETINAL BUT NOT CORTICAL SYNAPTIC TERMINALS IN THE CAT SUPERIOR 
COLLICULUS. R R Mize* and G. D. Butler. Department of Anatomy and the Neuroscience 
Colter, Louisiana State University Medical Center, New Orleans, LA 70115

Recent evidenof! that nawnns containing the calcium binding protein calhmdin 28kO (CB)
are distributed in regions that receive input from W but not X or Y retinal ganglion cells. In the cat 
stpericrcdlieulus, Wirputisthou^ltobe localized primarily within the upper superficial gray layer 
(SGL) \Vhile Y retinal and Y type cortical input is localized more densely within the deeper SGL and 
optic layers. We have used electron microscope immunocytochemistry to study this relationship at the 
synaptic level Amorxxfcnal antibody to CB was used to identify CB containing neurons. Aspiration 
lesions of areas 17-18 of visual cortex were made 4 days prior to sacrifice in order to identify 
degenerating cortical terminals. Retinal terminals were identified by their characteristic normal 
morphology which includes large round synaptic vesicles and pale mitochondria. We examined 
sections from both the mid-rostral and mid-caudal SC and took electron micrographs of labeled CB 
profiles thatwae intbsvicinitycfretinal and/or cortical terminals. Small synaptic terminals containing 
round synaptic vesicles were found frequently to contact CB containing dendrites. Some but net all of 
fosse profiles also contained pale mitochondria, indicating that they were of retinal origin. In addition, 
some synaptic terminals that formed contacts with CB labeled profiles contained flattened or 
pleomorphic synaptic vesicles. We also photographed all degenerating cortical terminals that we 
enmimfereri Those which formed a definitive synapse with a post-synaptie profile most commonly 
cordactedsmafitimderdritesorderxlritic spines. We found almost no degenerating cortical terminals 
that contacted CB labeled profiles despite the feet that these terminals were frequently found in the 
same region as CB labeled cells. From this data, we conclude that CB containing neurons are 
frequently contacted by retinal terminals within the upper SGL but are rarefy if ever contacted by 
cortical input which is thought to have Y type physiological properties. Thus, CB appears likely to be 
selectively related to the W retinal channel in the cat SC. Supported by NIH grant EY-02973.

708.13
EFFECTS OF NEUROTENSIN ON NEURONS IN THE SUPERIOR 
COLLICULUS. Y. Zhang*. R.D. Mooney, and R.W. Rhoades. Dept. of Anatomy 
and Neurobiology. Medical College of Ohio, Toledo, OH 43699

We previously reported that neurotensin (NT) receptors in the superficial 
laminae of the superior colliculus (SC) suppressed visually evoked responses as 
well as discharges elicited by electrical stimulation of the optic chiasm or visual 
cortex. The present study tested mechanisms that may underlie these effects in 
an in vitro SC preparation with intact optic tract inputs. In 28 of 44 (68%) cells 
recorded intracellularly, NT produced an average hyperpolarization of 3.2 ±2.1 
mV (accompanied by a 5.6 ± 3.7 MO reduction in input resistance); and in 12 
others (29%), NT evoked a depolarization of 2.2 ±1.6 mV (with increased input 
resistance of 1.25 ± 1.1 MO). In low Ca2+ + high Mg2* bathing solutions, there 
was no significant difference in the degree of hyperpolarization attained after NT 
application, but the single depolarizing neuron tested became hyperpolarized by 
NT in low Ca2+ solution. In wholecell voltage-clamp recordings of 58 cells, NT 
application produced either an outward current of 6.7 ± 3.4 pA (in 55%) or an 
inward current of -9.4 ± 7.3 pA (in 38%). Exposure to TTX reversed (1 cell) or 
eliminated (4 cells) inward currents produced by NT application. Reversal 
potentials for the inward and outward currents averaged -30 ± 5.6 mV and -90.7 
±6.1 mV, respectively. On average, evoked EPSPs were diminished in neurons 
that were hyperpolarized by NT (-1.4 ± 1.1 mV) and enhanced in neurons that 
were depolarized (1.2 ± 1.0 mV). These data support a direct hyperpolarizing 
effect of NT receptor mediated activation by an increased K+ conductance and an 
indirect depolarizing effect probably mediated by both a decreased K+ 
conductance and a conductance increase to other ions.

Supported by NS32540.

708.14
DIRECTION-TUNING OF INDIVIDUAL RETINAL INPUTS TO THE 
TURTLE ACCESSORY OPTIC SYSTEM. M, Ariel*and N. Kogo. Dept. of 
Anatomy & Neurobiology, St. Louis Univ. Med. School, St. Louis, MO 63104.

Direction-sensitive (DS) retinal ganglion cells are thought to project to 
the accessory optic system. Because it is not known what further processing 
is performed centrally, we recorded on either side of this synapse in an in 
vitro brainstem preparation with the eyes attached.

First, recordings were made from basal optic tract axons en route to the 
accessory optic system (basal optic nucleus, BON). Those axons gave clear 
DS responses to spots and full-field patterns imaged on the contralateral 
retinal eyecup. This is the first direct demonstration that DS retinal 
ganglion cells project to the accessory optic system.

Second, whole cell recordings were made from the postsynaptic cells in 
the BON. Excitatory synaptic events (EPSPs) and action potentials were 
evoked by the same retinal stimuli. To quantify direction-tuning of the 
BON spike output, 12 directions were presented at rest (-60 mV). Membrane 
hyperpolarization to -90 mV by current injection dramatically reduced the 
visual spike response yet the preferred direction didn’t change. To measure 
the visually driven retinal input to each cell, EPSPs were counted when 
BON cells were hyperpolarized to -90 mV. The preferred direction of the 
retinal drive matched that of the spike output of the same BON cell.

Stimuli were then restricted to small windows within that BON cell’s 
receptive field (3.4 - 8.8° wide, stimulating an estimated 1-4 retinal inputs). 
The preferred direction of those EPSP responses were similar, irrespective 
of the stimulus location. Finally, individual EPSPs were grouped based on 
their shape (amplitude / risetime) to identify a subset of the synaptic events 
that may represent responses of a single retinal afferent during local retinal 
stimulation. The preferred direction roughly matched that of the BON cell’s 
spike output, confirming the BON cells receive their inputs from ganglion 
cells of similar direction-timing. Supported by NS 33190 to MA

708.15
OPTIC FLOW: A COMMON REFERENCE FRAME FOR SELF-TRANSLATION 
AND SELF-ROTATION. D.R.W. Wylie*. K. Lau, R.G. Glover, and B.J. Frost. Dept. 
of Psychology, Univ. of Alberta, Edmonton, AB, Canada, T6G 2E1.

Self-motion results in "optic flowfields" across the entire retina. The structure of the 
optic flowfield is dependent on whether the self-motion involves translation and/or 
rotation. In pigeons, neurons in the lateral vestibulocerebellum (VbC) respond best to 
rotational optic flow, but in the medial VbC, neurons respond best to translational optic 
flow. In this study, we stimulated the translation-sensitive VbC neurons with 
translational flowfields produced by a "translator" projector. The translator consisted 
of a hollow metal sphere, the surface of which was drilled with numerous small holes. 
A light source was moved along a segment of a diameter path within the sphere, so that 
a moving pattern of dots was projected through the holes onto the walls, ceiling and 
floor of the room. Movement of the light source inside the stationary sphere produced 
a translational flowfield, with expansion/contraction at the "poles”, and laminar flow 
at the “equator”. By mounting the translator in gimbals, the axis of the translational 
flowfield could be positioned to any orientation in 3-dimensional space. Using standard 
extracellular techniques in anesthetized pigeons, we found that Purkinje cell complex 
spike activity in the medial VbC responded best to translational optic flow along one of 
three axes. Of 37 neurons, 18 responded best to translation along the vertical axis. 10 
of these preferred a flowfield contracting to a point above the bird's head, whereas the 
other eight showed the opposite direction preference (i.e. expansion from a point above 
the bird's head). 8 neurons responded best to a flowfield contracting along an horizontal 
axis oriented at 45° contralateral azimuth, and 11 neurons preferred a flowfield 
expanding from 45° ipsilateral azimuth. Thus, the reference frame of the translational 
optic flow system consists of three orthogonal axes: a vertical axis, and two horizontal 
axes oriented 45° to the midline. Previous research has shown that neurons responsive 
to rotational optic flow, and the vestibular canals are also organized with respect to this 
3-axes reference frame. Supported by grants from NSERC and AHFMR.
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709.1
SODIUM THIOSULFATE (STS) AMELIORATION OF CARBOPLATIN’S 
OTOTOXICITY AND NEUROTOXICITY. M.W. Church*, M.M. Zormeier, 
J,A. Kaltenbach and D.L. Burgio. Dept. Otolaryngology and Obstet. & 
Gynecol., Wayne State Univ. Sch. Med., Detroit, Ml 48201

Cisplatin (CIS) is used to treat a variety of cancers. Unfortunately, it has 
such adverse side effects as ototoxicity, neurotoxicity, hematoxicity and 
nephrotoxicity which limit dosing. Thus, the analog Carboplatin (CARB) 
was introduced for its decreased toxicity but similar antitumor efficacy. 
Yet, CARB still has some ototoxic side effects. Because STS ameliorates 
CIS’s ototoxicity, we sought to determine if STS would also provide rescue 
from CARB’s ototoxicity. One group of hamsters received a series of 
CARB injections (75 mg/kg, IP) over a three week period. A second group 
received STS 30 min prior to each CARB injection. Auditory brainstem 
responses (ABR) were used to evaluate hearing loss: once immediately 
after the last drug treatment (No Withdrawal) and after 3-4 weeks of 
withdrawal (Chronic Withdrawal) (n=3-14/grp). CARB induced severe high 
frequency sensorineural hearing loss (SNHL) during the No Withdrawal 
condition that was greatly ameliorated by STS (p< 0.05). In the Chronic 
Withdrawal condition, some mild but permanent SNHL was still present 
and this was completely ameliorated by STS. CARB induced severe 
neurotoxicity (delayed neural transmission along the brainstem auditory 
pathway) during the No Withdrawal condition that was not ameliorated by 
STS (p <0.05). In the Chronic Withdrawal condition, some moderate and 
permanent neurotoxicity was still present and this was not ameliorated by 
STS. Thus, CARB is both ototoxic and neurotoxic. While STS can 
ameliorate CARB’s otoxicity, it does not ameliorate CARB’s neurotoxicity. 
(Supported by grants from Wayne State Univ.).

709.2
HAIR CELL DIFFERENTIATION IN VITRO FOLLOWING AMINOGLYCOSIDE 
INSULT. J.I. Matsui, E.C. Oesterle*, J.S. Stone and E. W Rubel. V.M. Bloedel 
Hearing Research Center, Univ. of Washington, Seattle, WA 98195.

Post-embryonic hair cell replacement following traumatic insult does not occur in 
the mammalian cochlea, but does occur in the inner ear of birds and other vertebrates. 
We induced controlled lesions in cultured avian vestibular sensory epithelia and 
examined subsequent temporal patterns of hair cell regeneration.

Chick utricles were cultured as whole organs with streptomycin sulfate (0.078 or 
2.50 mM) for 1 day to kill existing hair cells, and then for an additional 1, 2 or 4 days 
in streptomycin-free media. Control utricles were cultured for equivalent times in 
streptomycin-free media. Treated utricles show a dose-dependent loss of hair cells 
consistent with that seen in vivo. When bromodeoxyuridine (BrdU), an S phase 
marker, is added to cultures using a pulse-fix paradigm, there is a significant increase 
in BrdU-labeled cells when compared to controls by 1-2 days after streptomycin 
removal. The number of BrdU-labeled cells decreases to control levels by 4 days after 
streptomycin removal.

To determine whether some of the proliferating cells can differentiate into hair 
cells, additional utricles were cultured as described above, except BrdU was present 
throughout the entire culture period. Utricles were fixed and double-labeled for BrdU 
and TuJl, a 6-tubulin antibody which selectively labels hair cells [Stone et al., L 
Neuroscience. 16: 6157-6174 (1996)]. Two days after streptomycin removal, 
numerous TuJl-positive or BrdU-positive cells are present, but no double-labeled cells 
are observed, indicating that little hair cell differentiation has occurred by this time.
In contrast, 4 days after streptomycin removal, numerous proliferating cells are 
double-labeled with phenotypic characteristics of immature hair cells. These findings 
indicate that dividing cells in the vestibular sensory epithelia can differentiate into hair 
cells in culture as indicated by positive labeling for both TuJ1 and BrdU.

Supported by NIH DC 02854 & DC 002388, NOHR and the Oberkotter Foundation.

709.3
GDNF PROTECTS COCHLEAR HAIR CELLS IN ANIMAL MODELS OF 
OTOTOXICITY E. Magal*, R.Kuang, G.Hever, F. Collins and J-C Louis. 
Department of Neuroscience, Amgen., Thousand Oaks, CA 91320 ~

Sensorineural hearing loss results from the degeneration of hair cells 
and/or auditory neurons in the cochlea of the inner ear. Aminoglycoside 
antibiotics, such as neomycin and anti-neoplastic drugs, such as cisplatin, 
are ototoxins, known to cause damage to hair cells and auditory neurons in 
humans and animals. We found that GDNF protected adult rat auditory 
neurons and postnatal rat cochlear hair cells in vitro against neomycin and 
cisplatin toxicity. We next tested the efficacy of GDNF in animal models of 
ototoxicity. The guinea pigs were pretreated with GDNF in one ear, 
delivered by two routes: either directly infusion into the inner ear (scala 
tympani) with Alzet mini-pumps (50 ng/ml at a 0.5 jul/h), or injection into 
the middle ear (120gl at 1 mg/ml) through the tympanic membrane to fill 
the middle-ear cavity. The ear that did not receive GDNF always served as 
control. Ototoxicity was induced systemically by the following paradigms: 
a) intraperitoneal cisplatin injections (1 mg/kg/day for 15 days or two 
injections of 7.5 mg/kg at a 5-day interval); b) combination of kanamycin 
(200-300 mg/kg, administered subcutaneously) and ethacrinic acid (40 
mg/kg, intravenous). At the end of the experiments, the number of FITC- 
phalloidin-positive hair cells in the organ of Corti was assessed in the two 
inner ears of each animal. We found that the number of surviving hair cells 
in GDNF-treated ears was about twice that of control ears in animals 
exposed to cisplatin. GDNF also protected hair cells against 
kanamycin/ethacrinate toxicity. The protective effect of GDNF in this 
model was, however, variable (mostly due to the variability in toxicity). 
Interestingly, in a number of animals with complete loss of hair cells in the 
untreated ear, GDNF completely prevented hair cell loss in the other ear.

Sponsored by Amgen, Inc.

709.4
HAIR CELL REPAIR AFTER ANTIBIOTIC DAMAGE: A TIME-LAPSE AND 
CULTURE STUDY IN THE BULLFROG SACCULUS.
J.E.Gale & J.T, Corwin*. Depts. of Otolaryngology-HNS & Neuroscience, 
University of Virginia School of Medicine, Charlottesville, VA 22908

Definitive evidence has shown that supporting cells (SCs) divide after the death of 
neighbouring hair cells (HCs) and that their progeny differentiate as replacement HCs 
and SCs in the ears of fish, amphibians, and birds. SC divisions occur at much lower 
incidence in mammalian balance epithelia after aminoglycoside antibiotic treatment 
in vitro and in vivo. Antibiotic poisoning in vivo is followed by a more complete 
structural recovery of hair bundle populations in mammals, and evidence suggests SC 
divisions are responsible for part of that. However, the quantitative mismatch 
between morphological recovery and proliferation labeling suggests additional 
mechanisms independent of cell production. In order to make direct assessments of 
intracellular damage, cell death, and replacement, we have used a combination of 
organ culture and time-lapse microscopy techniques.

Time-lapse recordings were made while bullfrog saccules were treated with 300pM 
gentamicin for 16-18 hours and then incubated for 4-9 days in antibiotic-free 
medium. HCs showed signs of damage within 24 hr of the start of treatment and some 
were extruded from the epithelium in the next 24-72 hr. In other HCs only the apical 
structures appeared to be extruded. Parallel organ cultures were fixed at three points 
during the recovery period and double labelled with a HC-specific antibody generated 
in our lab and fluorescent phalloidin. This confirmed that HC bodies remained in the 
epithelium where hair bundles had been lost. Calcein-AM showed live cells 4 days 
after gentamicin, with limited dead cell staining by ethidium homodimer. Labelling of 
cuticular plates suggested that the surviving bundle-less HC bodies were mature. The 
findings are consistent with the conclusion that antibiotics can cause loss of some 
bundles while leaving hair cells viable for at least days.

Supported by a Wellcome Trust Travelling Fellowship and NIDCD grant R01-DC0200

709.5
SELF-REPAIR IS LIKELY A MAJOR MECHANISM FOR 
SPONTANEOUS HAIR CELL REGENERATION IN RAT UTRICLES IN 
VITRO. J.L. Zheng* and W. Q. Gao, Dept. of Neuroscience, Genentech, 
Inc., South San Francisco, CA 94080.

Despite increased interest in inner ear hair cell regeneration, it is still 
unclear what exact mechanisms underlie hair cell regeneration in 
mammals. In the present study, we investigated hair cell regeneration in 
postnatal rat utricles in vitro using a calrelinin antibody as a hair cell 
marker. In P3 rat utricular wholemount cultures, gentamicin treatment (1 
mM, 2 days) resulted in a disappearance of virtually all stereociliary 
bundles, as revealed by phalloidin staining. However, double labeling the 
cultures with calretinin antibody showed that despite the lack of 
stereociliary bundles, a considerable number of hair cell somata remained 
following gentamicin treatment and persisted for at least 11 days, a time 
point when some stereociliary bundles started to reappear. The persistent 
presence of hair cell somata lacking of stereociliary bundles following 
gentamicin treatment was confirmed in cryostat and paraffin sections of 
these cultured utricular wholemounts. To determine whether proliferation 
of supporting cells following gentamicin treatment would lead directly to 
regeneration of new hair cells, we performed calretinin and BrdU double 
labeling in P3 rat utricular epithelial sheet cultures. When the cultures were 
treated with gentamicin for 2 days and further cultured in the presence of 
BrdU for an additional 7-11 days, proliferation of supporting cells were 
seen and many hair cells (calretinin-positive) survived the gentamicin 
treatment. Under these culture conditions, only a few of the mitotic cells 
were double labeled by BrdU and calretinin antibodies (11 out 25 utricular 
sheets), which presumably represented new hair cells.

Taken together, these results suggest that proliferation-mediated 
regeneration of new hair cells is very limited during spontaneous hair cell 
regeneration in mammalian inner ears after injury. Instead, intracellular 
repair of partially damaged hair cells might serve as a major mechanism.

709.6
AN ACOUSTICALLY AUGMENTED ENVIRONMENT ALLAYS PROGRESSIVE 
HEARING LOSS AND ASSOCIATED HISTOPATHOLOGY IN DBA/2J MICE. J. F. 
Willott*, J.G. Turner, and L.S. Bross, Dept. Psychol., N. Ill. Univ. DeKalb, IL 60115.

Inbred DBA/2J mice possess genes that result in progressive sensorineural hearing loss 
beginning after weaning (about 25 days of age). We evaluated the effects of an augmented 
acoustic environment (AAE) on this process by exposing mice to a regimen of 70 dB SPL 
broad-band noise bursts for 12-hrs per night between the ages of 25 days and 9 mos.

Auditory brainstem response (ABR) thresholds in exposed mice were lower than those 
of age-matched (non-exposed) controls through most of the 8-mos of AAE. By 6-mos 
of age, ABRs were no longer present for tone pips of 8-24 kHz in controls, but were still 
evoked with tone pips as high as 12 kHz in exposed mice. Acoustic startle responses (4 
kHz, 100 dB SPL stimulus) increased in size in the exposed mice between 2 and 5 mos 
of age and remained relatively large through 9 mos. In control mice, startle amplitude 
decreased after 2 mos of age (as hearing declined) and by 6 mos was virtually absent.

Post-mortem cochlear histology in the 9-mo-old mice was compared to normal 30-day- 
old DBA mice. Both control and exposed 9-mo-olds exhibited a loss of just over 60% of 
SGCs in the basal (high frequency) end of the cochlea. However, in the middle segments 
of the cochlea (responding best to 4-24 kHz), control mice exhibited a 48% loss of SGCs, 
whereas exposed mice had only a 29% loss. By contrast, in the apical cochlea, control 
mice had lost only 23 % of SGCs whereas exposed mice had a loss of 57 %. In other 
words, the overall loss of SGCs was similar in the two groups, but the baso-apical pattern 
of loss was dramatically altered by AAE. The AVCN of control mice a exhibited a 15 % 
loss of neurons (re: 30-day-olds) compared to a 5% loss in exposed mice. The mean 
AVCN volume was 10% smaller in control mice as well.

In summary, ABR thresholds and acoustic startle response amplitudes indicate that 
AAE resulted in amelioration of progressive hearing loss in DBA/2J mice over a 
prolonged time period. The superior auditory function in exposed mice was correlated 
with "savings" of SGCs in the middle cochlea and in AVCN neurons.

Supported by NIH grant R37 AG07554 to J.F.W.
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709.7
THE ROLE OF THE COCHLEAR EFFERENT SYSTEM IN DEVELOPMENT 
OF RESISTANCE TO ACOUSTIC TRAUMA. T, Yamasoba, D, F, Dolan*. D. 
Garrett and Y, Raphael. Kresge Hearing Research Institute, Univ. of Michigan, 
Ann Arbor, MI 48109-0506.

Elimination of cochlear efferent function by intracochlear perfusion of 
strychnine results in greater sensitivity to noise-induced hearing loss (Yamasoba et 
al., 1997). To investigate whether the efferent system contributes to the 
‘conditioned’ resistance to acoustic trauma found following pre-exposure of 
subjects to moderate sound, we compared noise-induced hearing loss in 
‘conditioned’ and ‘unconditioned’ guinea pigs, in which the left ear had been 
perfused with strychnine (lOOpM, 0.5 ul/h, 14 days) via an osmotic pump. Three 
weeks after the cessation of the strychnine perfusion, ‘conditioned’ animals were 
subjected to moderate sound (85 dB SPL broadband, 5 h/day, 10 days) and then 
exposed to intense sound (110 dB SPL broadband, 5 h.) 5 days after the last 
‘conditioning’ exposure. ‘Unconditioned’ animals were also exposed to the intense 
sound. Following intense sound exposure, ‘conditioned’ animals showed 
significantly smaller permanent threshold shifts in both strychnine-treated and non- 
treated ears compared to ‘unconditioned’ animals. Across groups, strychnine- 
treated ears showed greater permanent threshold shifts than non-treated ears. The 
protective effects given by ‘conditioning’ were equivalent between the strychnine- 
treated and non-treated ears. Whole mount preparations of the organ of Corti 
supported the physiological data. These results suggest that, although the cochlear 
efferent system acts to protect the cochlea from noise-induced damage, it does not 
play an important role in obtaining acquired resistance to noise-induced cochlear 
damage.

Supported by NINCDS/NIH Grants DC 00141 and DC 00078.

709.8
RESPONSES FROM PIGEON HORIZONTAL SEMICIRCULAR CANAL 
AFFERENTS DURING AND FOLLOWING REINNERVATION OF 
REGENERATING HAIR CELLS W, D, Li and M, J. Correia* Depts. Of 
Otolaryngology and Physiology & Biophysics, UTMB at Galveston, Galveston TX 
77555-1063

The responses of horizontal semicircular canal afferents to step, trapezoid and 
sum of sinusoidal rotations were obtained from a group of untreated animals (n = 22) 
and a group of animals that had received I.M. streptomycin sulfate injections of 
250mg/kg/day for 10 days (n = 23). The treated animals were tested at 10 day intervals 
starting at 30 days post injection sequence (P.I.S.) and ending at 80 days P.I.S. A 
special group of animals that were >100 days P.I.S. were also tested to determine 
whether recovery of function occurred and a comparison of step responses of that group 
and untreated animals (normals) will be emphasized in this report. All animals were 
tested while being maintained using hourly supplementary doses of ketamine 
hydrochloride (10-20 mg/kg - I.M.) following one initial dose of sodium pentobarbitol 
(10-15 mg/kg - I.V.). The sum of sinusoidal frequencies consisted of: 0.03, 0.09, 0.21,
O. 39, 0.93, and 1.83 Hz. The amplitude of each frequency was ± 277s. The steps were 
from zero to a constant velocity of ± 1207s in 120 ms and the trapezoids were to the 
same velocity in 250 ms. The responses to 77 steps or trapezoids for the control group 
and 54 for the >100 day P.I.S. group were fitted with a function (Correia et al, J. Appl. 
Physiol, 73(2): 112S-120S, 1992) describing neural adaptation (k), the cupula long time 
constant (Tl , s ) and gain (G; impulses/s per 7s). The mean ± S.E.M. best fitted values 
were: untreated animals - G = 2.37±0.77; k = 0.005±0.001; xL = 6.62±0.32; >100 days
P. I.S. animals - G = 2.10±0.80; k = 0.008**±0.006; xL = 7.36*±0.36. (*= P = 0.02; **s 
P = 0.001). Thus, while the best fitted parameters are very similar (particularly the gain), 
a statistically significant difference was observed for the k and xL parameters. 
Qualitatively, step responses were observed as early as 30 days P.I.S. Some responses 
showed normal response dynamics and others demonstrated only a kinetic burst of firing 
at the onset of the velocity step. Supported in part by NIH grant DC 02624.

709.9
MORPHOLOGICAL ANALYSIS OF NORMAL AND REGENERATING CRISTA 
IN THE PIGEON, K.R. Blumberg. G.A. Kevetter* and M.J. Correia. Depts. of 
Otolaryngology, Anatomy & Neurosciences, and Physiology & Biophysics. Univ. TX 
Med. Branch, Galveston, TX 77555-1063

The surface area, numbers and types of hair cells in the crista ampullaris of the 
posterior canal were determined in normal pigeons and in pigeons whose hair cells 
were regenerating following streptomycin injection. Experimental animals were 
injected i.m. with streptomycin sulfate 250mg/kg/day for 10 days. Animals were 
perfused between 5 and 143 days post injection sequence (PIS) with mixed aldehydes 
and the crista dissected and embedded in plastic. Two micron serial sections were cut. 
The number of hair cells were determined in three longitudinal zones using 
stereological procedures. The surface area of the crista was determined in the same 
sections. The surface area of the normal crista is 510,528 pm2. There are equal 
numbers of type I (3775) and type II (3775) hair cells. However, the proportions vary 
greatly depending on the zone of the crista. The most peripheral zone, zone I has 
almost 4 times more type II hair cells (2375) than type I (600) hair cells. Zone 2 has 
almost 10 times more type I (2225) than type II (225) hair cells, while the numbers of 
type I (950) to type II (1175) are more equal in the apex, near the eminentiae cruciatae 
of the hemicristae (zone 3). Five days PIS the surface area decreased to 158,297 pm2. 
There were few type I hair cells (25). Most hair cells were type II (1187) and were 
located in zone 1. Fifty days PIS, the surface area was 163,782 pm2. More type I hair 
cells (113) were present, but the majority of hair cells were type II (3276). The area of 
the crista, the number of hair cells, and the proportion of type I hair cells continued to 
increase. By 143 days PIS the surface area was 262,126 pm2; the total number of hair 
cells was close to control (7372), but type II hair cells (5406) still predominated Other 
survival times between 5 and 50 days and between 50 and 143 days PIS showed 
intermediate results. Supported in part by NIH grant DC 02624.

OLFACTORY SYSTEMS: INVERTEBRATES I

710.1
DISTRIBUTION OF SYNAPSES ON PROCEREBRAL NEURONS IN HELIX 
ASPERSA: CORRELATION BETWEEN LIGHT AND ELECTRON MICROSCOPY.
S. Ratte* and R. Chase. Biology Dept., McGill University, Montreal, Quebec, Canada.

The procerebrum (PC) is the second processing centre, after the tentacle ganglion, for 
olfactory information in the terrestrial snail. It exhibits an intrinsic and spontaneous 
oscillation of activity that is modulated by olfactory input (Delaney et al., 1994). The 
population of PC neurons is not morphologically homogeneous; some cells have neurites 
entirely intrinsic to the PC while others have both intrinsic and extrinsic arborizations, 
and still others have only extrinsic arborizations. Such differences in arborization 
patterns and projection extents must underlie different contributions to the lobe’s 
functional activity; therefore, we have investigated the distribution of synapses on 
morphologically characterized cells. Cells with neurites intrinsic to the PC were 
intracellularly filled with biocytin. The tissue was processed for electron microscopy and 
series of ultrathin sections were made from two regions of interest: 1) the soma region, 
in which the neurite exliibits a number of varicosities before it reaches the PC neuropil, 
and 2) the internal mass region of the neuropil in which the neurite meanders extensively 
before it terminates. In the soma region, although numerous synapses can be seen on 
unlabelled cells, very few input and output synapses are seen along the labelled fibres, 
and they are not necessarily located at sites of varicose expansions. Non-synaptic 
exocytosis of dense-core vesicles occur at close proximity to the labelled neurites, 
suggesting possible neuromodulation, hi the internal mass, the labelled neurites are 
densely filled with a variety of vesicles: small clear vesicles are seen together with larger 
dense vesicles and dense-core vesicles in the neurites of the labelled cells. In this region, 
output synapses predominate. While we observe reciprocal and electrical synapses in 
both regions studied, no such contacts are seen to involve the labelled cells. Our 
observations suggest that PC cells that arborize specifically in the internal mass do not 
participate in local interactions but instead convey information about PC activity to other 
elements of the central nervous system. Additional cells are currently being investigated. 
Supported by NSERC of Canada.

710.2
ISOLATION AND CHARACTERIZATION OF PUTATIVE CHEMOSENSORY 
CELLS FROM THE LEECH PROSTOMIUM.L. Perruccio and A.L, Kleinhaus*. 
Dept. of Cell Biology & Anatomy, New York Medical College, Valhalla, NY 10595

In hirudinid leeches, cells housed within the dorsal lip sensilla are thought to be the 
sensory neurons that mediate chemoreception of appetitive stimuli. Electrophysio-
logical experiments suggest that the axons of these cells project centrally through all 
four pairs of cephalic nerves. Recently, we showed with fluorescent tracers and con-
focal microscopy the trajectory taken by these sensory afferents toward the CNS and 
proposed that the path is direct and without synapse (Perruccio & Kleinhaus, 1997).

We have begun to characterize the putative chemosensory cells in culture using 
immunocytochemical and electrophysiological methods. Cells were isolated from rows 
of sensilla dissected from the leech’s dorsal lip treated with 2mg/ml collagenase in L- 
15 for 1 hr., followed by a second treatment with Img/'ml each of collagenase + 
protease in L-15 for 1.5 hrs. Digestion was halted by adding L-15+2% FBS+0.01% 
gentamicin. The cells were spun at 400 Xg for 5 min., washed twice with L-15 and 
plated on poly-lysine treated dishes. Cell viability was assayed using fluorescein 
diacetate. This procedure yielded explants to which neurons remained attached by their 
axons.

The sensory nature of these cells was verified by labeling with monoclonal 
antibodies specific for sensory neurons in hirudinid leeches. The signal was visualized 
with a secondary antibody conjugated to Texas Red. Lan 3-2 which labels all 
peripheral sensory neurons in the body wall of Hirudo labeled all cells in the explants. 
Cells were also labeled with Lan3-6 which identifies a subset of peripheral sensory 
neurons in the body wall. Preliminary recordings from cell-attached patches suggest 
the presence of voltage-dependent K+ channels on the cells’ somata. Ongoing studies 
are geared towards the identification of other ionic channels and the elucidation of the 
signaling processes involved in the transduction of chemosensory appetitive stimuli. 
Supported by NIH grant # 5R01NS18054-10 to ALK.
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710.3
NEURAL OSCILLATION IN THE PROCEREBRUM OF THE 
TERRESTRIAL SLUGS INCILARIA BILINEATA AND LIMAX

Neurobiophysics, School of Pharmaceutical Sciences, The University of 
Tokyo, Bunkyo-ku, Tokyo 113, Japan

Coherent oscillatory activities in procerebral neurons have been 
described in Limax maximus. However, the electrical properties of the 
procerebrum of other terrestrial mollusks are less well-understood. We have 
examined oscillatory activities in the procerebrum of Indiana bilineata and 
Limax marginatus. The local field potential measured in the procerebrum of 
Indiana bilineata showed repetitive peaks, which had the opposite polarity 
from those measured in Limax marginatus. Optical measurement of 
membrane potential using a potential-sensitive dye, di-4-ANEPPS, showed 
that the oscillations in Indiana bilineata occurred mainly in the internal 
mass while those in Limax marginatus were located in the cell mass. In 
both species, the depolarizing phase of the oscillations in these regions 
consists of a slow component and a rapid component. The superior tentacle 
nerve which projects to the terminal mass also showed oscillations in 
synchrony with those of the procerebrum.

These results suggest that oscillations in the procerebrum of Indiana 
bilineata and Limax marginatus are commonly generated in a region 
adjacent to the terminal mass and that these oscillations may affect the 
membrane potential of the neurons constituting the tentacle nerve.

[Supported by a Grant from Program for Promotion of Basic Research 
Activities for Innovative Biosciences.]

710.4
GLUTAMATE RESPONSES OF PROCEREBRAL NEURONS OF THE 
TERRESTRIAL SLUG LIMAX MARGINATUS. S. Watanabe*. S. 
Kawahara and Y. Kirino. Lab. of Neurobiophysics, Sch. of Pharmaceuti-
cal Sciences, The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan.

We examined glutamate responses of the procerebral (PC) neurons in 
Limax marginatus using perforated patch recording and local application 
of drugs. As in L. maximus (Kleinfeld et al. 1994) two types of neurons 
showing different spontaneous activities, bursting and nonbursting 
neurons, were discriminated. Injection of sulforhodamine B revealed that 
the bursting neurons have neurites restricted in the cell layer whereas the 
nonbursting neurons have neurites extending to the neuropil layers.

Puff application of glutamate (100-500 gM) from a pipette placed near 
the soma evoked a rapidly inactivating current in the bursting neurons. 
The reversal potential of this current was about -50 mV and hence the 
current was supposed to be mediated by chloride ions. This response was 
mimicked by ibotenate. In the nonbursting neuron, glutamate evoked a 
sustained outward current. The reversal potential of this current was 
about -90 mV, suggesting that the current was mediated by potassium 
ions. Quisqualate mimicked this response at a slightly lower 
concentration than glutamate. In the nonbursting neuron, periodic (~0.7 
Hz) outward current was observed in synchrony with the field potential 
oscillation. This current also had a reversal potential at about -90 mV, 
similar to the glutamate-induced potassium current.

These results suggest significance of glutamate as a transmitter 
underlying the periodic activity in the PC.

[Supported by a Grant from Program for Promotion of Basic Research 
Activities for Innovative Biosciences and Grants-in-Aid from MESSC.]

710.5
MODEL OF OSCILLATIONS AND WAVES IN THE LIMAX OLFACTORY 
LOBE WITH MEASUREMENTS OF MODEL PARAMETERS AND 
PREDICTIONS. A. Gelperin*. J. Flores & B, Ermentrout1. Biol. 
Computation Res. Dept., Bell Labs, Lucent Technologies, Murray 
Hill, NJ 07974 and ^Dept. Math., Univ, Pittsburgh, Pitt., PA 15260.

To simulate the procerebral (PC) lobe of Limax, we created a 
minimal model which incorporates several known facts of PC 
anatomy and dynamics and assumptions about connectivity. We 
use a sheet of coupled bursting (B) cells interacting with a 
sheet of nonbursting (NB) cells, each cell represented by a 
phase variable. Interactions of model B cells are kept fairly 
local while NB cell interactions are global. An apical-basal
gradient in B cell connection density and appropriate choices 
of parameters results in regular traveling waves from apex to 
base of the model PC. The input from odor sensors is modeled as 
a depolarizing current applied uniformly across the PC, so that 
odor-elicited input shortens the apical-basal phase-lag to 
nearly zero, as previously measured. The model predicts that 
wave velocity but not wave frequency is nearly independent of 
temperature, which was confirmed in 2 site electrical 
measurements in PC lobes at reduced termperature. Similar 
measurements in 100 pm slices of desheathed PCs embedded i n 
agar established an upper bound of 100 pm on the minimal 
length of circuit along the apical-basal axis needed to generate 
waves. Wave propagation direction can be reversed b y 
appropriately timed stimulation of basal regions of the PC with 
nitric oxide (NO), using localized NO production from cagpd NO. 
Supported by Bell Labs & NSF DMS-9626728&NIH MH47150 to B.E.

710.6
OSCILLATORY ACTIVITY IN VIVO IN THE PROCEREBRAL LOBE OF A 
TERRESTRIAL MOLLUSC. I.R.C. Cooke* and A. Gelperin, Biological 
Computation Research Department, Lucent Technologies Bell 
Laboratories, Murray Hill, NJ 07974, USA and School of Biological and 
Chemical Sciences, Deakin University, Geelong, Vic 3217, Australia.

The procerebral (PC) lobes in the brain of pulmonate molluscs are 
complex higher order centres which process olfactory information received 
from sensory structures in the tentacles. Isolated PC lobes of slugs (Limax 
sp) exhibit spontaneous network activity which is detected as regular 
oscillations in the PC field potential. In this study we investigated the 
nature of activity generated in the PC lobes in vivo. Slugs were 
anaesthetised with CO2 and fine wire electrodes implanted into the cell 
body layer of the left PC lobe. After at least 24 hours recovery, the PC field 
potential was recorded from the slugs as they moved freely about their 
cages and during the presentation of attractive and repellent odors. The 
behavior of the animals was monitored simultaneously with a video camera. 
In all slugs the PC field potential oscillated continuously at frequencies 
ranging between 0.5 Hz and 3 Hz. The magnitude and frequency of the 
oscillation in any one animal varied considerably during recording periods. 
Presentation of odors generally resulted in increased signal amplitude and 
frequency. Strongly repellent odors elicited the most substantial increases 
in the amplitude and frequency of the oscillation which often were 
maintained for many minutes. Changes in the PC field potential were not 
correlated with tentacle position or motion, nor with the overt behaviour of 
the animal. These findings indicate that oscillations in the PC field potential 
are a feature of the normal function of the olfactory processing system of 
Limax, perhaps reflecting the importance of synchronised activity in 
populations of PC neurons for the recognition of odors.

Supported by Bell Laboratories and the Australian Research Council.

710.7
REPROGRAMMING CHEMOTAXIS RESPONSES IN THE NEMATODE, C. 
ELEGANS E, R. Troemel and C. I. Bargmann*. Lab. of Anatomy, HHMI and UCSF, 
San Francisco, CA 94143-0452

Caenorhabditis elegans can respond to a large number of compounds, chemotaxing 
toward those it finds attractive, and away from those it finds repulsive. Responses to 
volatile attractants are mediated by the sensory neurons AWA and AWC, while 
responses to volatile repellents are likely mediated by the sensory neuron AWB.

What are the chemosensory receptors that recognize these compounds? The receptor 
for the volatile attractant, diacetyl, is likely to be Odr-10, a putative G protein-coupled 
receptor that localizes to the cilia of AWA, where diacetyl detection is believed to 
occur, odr-10 mutants fail to respond to diacetyl, but retain all other chemosensory 
responses. In addition to odr-10, C. elegans has at least 80 other genes that are 
homologous to odr-10. We have found that 12 of these are expressed in chemosensory 
neurons, through examination of 21 of them with promoter-gfp fusions. Therefore, C. 
elegans probably possesses a large number of chemosensory receptors.

How does the nervous system encode information about the appeal of an odorant? 
Since the cells and receptors involved in chemosensation have been identified we asked 
whether this information is encoded at the level of the cell or the receptor. We 
misexpressed Odr-10 in AWB in odr-10 null worms and found that these worms were 
repelled by diacetyl, but still respond normally to pyrazine, another AWA-sensed 
odorant. In addition, we found that Odr-10 signalling in AWB could interfere with 
function of the endogenous Odr-10 in AWA in a wild-type background. Both of these 
effects were dependent on the same G protein as diacetyl attraction, but a different 
channel. Therefore, we believe that Odr-10 can function in AWB to confer upon it 
specificity to diacetyl, and information about the appeal of an odorant is encoded not at 
the level of the odorant receptor, but the cell in which that receptor is activated. 

Supported by grants from: H.H.M.I., N.I.H., N.S.F.

710.8
MULTISENSORYMODAL NEURONS IN THE PROTOCEREBRUM OF MALE 
AMERICAN COCKROACH. H. Ai1 and J. Inouchi* Lab. of Neurophysiology, 
Dept. of Insect Physiology and Behavior, Natl. Inst, of Sericultural and 
Entomological Science, Tsukuba, Ibaraki 305, Japan.

Protocerebrum (PC) in insects possess neural networks involving in integration of 
multimodal sensory information, learning and memory, and complex behavior. In 
the present study, intemeurons in the PC (PCNs) of the cockroaches were 
characterized according to their morphology and intracellularly recorded responses to 
six kinds of odor, sex pheromone and wind stimulations to the antenna, and light 
stimulation to the compound eyes to clarify the networks.

The PCNs morphologically subdivided into two groups (local and bilateral). A 
type of olfactory local PCNs arborized in lateral protocerebral lobe (LPL) and 
superior median PC (SMPC). Another type of olfactory local PCNs arborized in the 
stork of mushroom body (MB) and arborized in the SMPC. Tire LPLs and SMPCs 
are linked to each other by olfactory bilateral PCNs with arborizations in each LPL 
and SMPC. Tire response patterns of these olfactory PCNs were different each other. 
Some of these PCNs also responded to wind stimulations.

Air example of PCNs which show no response to odor stimulations has inhibitory 
response to wind stimulation. This neuron having a sparse arborization in the LPL 
is thought to be a feed-back neuron of MB because it has dense arborizations with 
varicosities in the ct- and P-lobes of MB. Another example of PCNs has an 
excitatory response to wind and light stimulations. This one has arborization in the 
LPL and SMPC and dense arborizations in the a-lobe. This neuron is thought to be 
an output neuron. A bilateral PCN having excitatory response to wind stimulation 
linked each SMPC and posterior median protocerebrum (PMPC).

PCNs responded to multisensory stimuli innervating the MBs have complex 
branches both within and outside the MBs. Other multimodal PCNs link between 
different PC areas. The results suggest that not only neuropils of the MBs but other 
PC areas also contribute to integrate multisensory information.
Supported by a Grant-in-Aid (Bio Media Program) from the M. A. F. F., Japan. 
^Present address: Inst. Biol. Sci., Univ. of Tsukuba, Tsukuba, Ibaraki 305, Japan)
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710.9
THE RATE CODE INPUT AND TEMPORAL CODE OUTPUT OF 
COCKROACH OLFACTORY GLOMERULI. W.C. Lemon*. A. Lutz 
and W.M. Getz. ESPM - Division of Insect Biology, University of 
California, Berkeley, CA 94720.

Physiological evidence suggests that the olfactory glomeruli of the 
insect antennal lobe convert a population rate code input to a temporal 
code output. Our previous studies of cockroach olfactory receptor 
neurons indicate that odors are transduced into a simple rate code 
expressed across a large population of broadly tuned receptor neurons. 
In the present study, responses were recorded from antennal lobe 
projection neurons of female American cockroaches Periplaneta 
americana in response to series of short odor pulses (2.5 - 10 Hz). 
Pulses of the plant volatile odorant 1-hexanol were delivered to olfactory 
sensilla in a moving airstream controlled by solenoid valves. The 
responses of projection neurons were recorded with an intracellular 
microelectrode placed in the cell body. A variety of time courses of 
responses were recorded. Response patterns were consistent among 
identical stimuli within a neuron and varied among neurons. Some 
neurons increased spike frequency with stimulus onset while others 
decreased spike frequency. The latency to the change in spike frequency 
and the duration of the response also varied among neurons. The variety 
of temporal response characteristics to identical stimuli suggests that 
odor quality is coded by a temporal code expressed across a population 
of projection neurons. These physiological results agree well with 
predictions from our biologically based model of an antennal lobe neural 
network, in which inhibitory interactions between local intemeurons 
produce a temporally complex projection neuron output. Supported by 
the UC Experimental Station.

710.10
ANALYSIS OF THE VARIABILITY OF TEMPORAL RESPONSE 
PATTERNS OF SIMULTANEOUSLY-RECORDED PROJECTION 
NEURONS IN THE OLFACTORY SYSTEM OF THE LOCUST.
A. Backer, M. Wehr and G. Laurent*. Division of Biology, 139-74, California 
Institute of Technology, Pasadena, CA 91125, USA.

Odors appear to be represented in the antennal lobe of the locust by odor- 
specific, but overlapping, evolving assemblies of synchronously firing 
projection neurons. These projection neurons (PNs) fire in temporal patterns 
which are odor- and cell-specific. We have examined the variability of the 
responses of these cells across repeated stimulus presentations of the same 
odor. We found strong correlations (p<0.001) between the variability of spike 
trains of some, but not all, simultaneously recorded pairs of PNs. In some of 
these pairs, the firing of the neurons was negatively correlated: i.e. one 
neuron fired less than on average on trials when the other neuron fired more 
than on average. In other pairs, the firing was positively correlated. The 
correlation in some cell pairs was odor-evoked, and, interestingly, happened 
only at a particular epoche in the dynamically evolving response. We also 
observed significant correlations during periods of no odor stimulation, which 
disappeared at the onset of the odor responses. In addition, the inter-trial 
variability of the responses appeared to decrease in successive trials, making 
later responses more stereotyped. When the variability of the responses was 
analyzed as a function of time in the trial — assessed as the variance in the 
firing rate for short time windows — the variability appeared to vary 
systematically as the response evolved in time, so that a given cell would 
exhibit periods of high variability and periods of low variability. These results 
suggest that the effective connectivity of the antennal lobe varies as the 
response to odors unfolds in time, consistent with previous physiological 
findings showing the dynamical nature of the assemblies that represent odors. 
Supported by a Sloan Center for Theoretical Neurobiology Fellowship to A.B. 
and a PFF award to G.L.

710.11
EFFECTS OF ANTENNAL LOBE NEURON DESYNCHRONIZATION ON 
ODOR RESPONSES OF MUSHROOM BODY EXTRINSIC NEURONS IN THE 
LOCUST. K, M. MacLeod* and G. Laurent. Division of Biology, 139-74, California 
Institute of Technology, Pasadena, CA 91125.

Odors appear to be represented in the locust olfactory system by specific but 
overlapping ensembles of synchronously firing antennal lobe (AL) projection neurons 
causing fast (20-30 Hz) local field potentials (LFP) oscillations in the ipsilateral 
mushroom body (MB). The synchronization of the projection neurons (PN) arises 
from reciprocal interactions between them and non-spiking, inhibitory, local 
intemeurons (LN) in the AL. These interactions, and therefore the LFP oscillations, 
can be abolished by local application of the GABA-receptor antagonist picrotoxin 
(PCT). PCT specifically abolishes synchronization of the PNs, but does not affect the 
slower temporal patterns evident in intracellular recordings of PNs, or their odor 
tuning. PCT is thus an effective tool to probe the specific role of synchronization in 
olfactory information processing. To investigate this role we have recorded 
intracellularly from downstream, odor-responsive neurons in one of the output regions 
of the MB, the beta lobe. These neurons are spiking, often have marked responses to 
specific odors, and can show significant phase-locking to the MB calyx LFP. We 
characterized the odor responses of these beta lobe neurons (BLN) before and after 
local injection of PCT into the AL. PCT injection and thus desynchronization of PNs 
did not eliminate odor responses in the BLNs. In almost all cases, however, the BLN 
response-to-background contrast increased, due to a decrease in resting firing rate, and 
an increase in odor-evoked response firing rate, and an increase in the tendency to fire 
phasically at the onset of an odor pulse. In some experiments, BLNs which responded 
differentially to two odors in the control trials continued to respond differentially in 
PCT trials. In other experiments, the BLNs' responses were so altered as to make their 
responses to the two odors no longer distinguishable. Finally, some BLNs developed 
a response in PCT trials to odors to which they previously showed negligible or no 
response. These data together suggest that desynchronization of antennal lobe PNs 
can result in a loss of specificity of downstream olfactory neuron responses. Supported 
by NSF grant and PFF award.

710.12
SENSITIVITY OF KENYON CELLS TO INPUT COINCIDENCE IN THE LOCUST 
MUSHROOM BODY. Michael Wehr* and Gilles Laurent. Computation and Neural 
Systems, Biology Division, 139-74, Caltech, Pasadena, CA 91125

Odors evoke synchronized oscillatory firing in ensembles of projection neurons in the 
olfactory system of the locust, Schistocerca americana. These ensembles change in an 
odor-specific manner on a cycle-by-cycle basis during an odor response, forming a 
reliable and odor-specific sequence of synchronous ensembles (Wehr and Laurent, Nature 
384(14): 162-5, 1996). We are interested in the possibility that these odor-specific 
sequences of ensembles form a temporal code. For a temporal code to be useful, it needs 
to be "read out" or decoded by post-synaptic neurons. To address this question, we are 
investigating synaptic integration by Kenyon cells (KCs) and its dependence on input 
synchrony and temporal structure. Projection neurons (PNs) synapse onto KCs in the 
mushroom body (MB), where odor-evoked field potential oscillations can be recorded. 
We recorded local field potentials in the MB evoked by electrical stimulation of different 
(possibly overlapping) groups of PNs with two bipolar stimulating electrodes 
positioned at opposite ends of the antennal lobe. When both electrodes were stimulated 
synchronously, the peak magnitude of the evoked potential was 1.8 times greater than 
the peak magnitude of the mathematical sum of evoked potentials from each electrode 
stimulated alone. We varied the delay between stimulation of the two electrodes, and 
observed that evoked potential amplitude decreased in a complex, non-monotonic 
fashion with increasing inter-stimulus delays. Delays less than 10 ms evoked supralinear 
summation, and delays between 30-80 ms evoked sublinear summation. These complex 
effects of inter-stimulus interval on PSPs could be due to synaptic depression or 
facilitation, active dendritic conductances, polysynaptic effects such as feedforward or 
feedback inhibition, or combinations of these. The supralinear summation of evoked 
potentials with short inter-stimulus intervals suggests that PSPs arriving at KC dendrites 
within a short time window may summate more efficiently. This hypothesis is supported 
by previous intracellular recordings demonstrating active "boosting" of otherwise 
passive KC PSPs when a stimulus magnitude threshold is exceeded, or when the KC is 
held depolarized by current injection. (Laurent & Naraghi, J. Neurosci 14:2993-3004, 
1994). We are currently recording intracellularly from KCs to examine whether the non-
linear summation of evoked potentials arising from near-synchronous stimulation of 
different ensembles of PNs is due in part to these active dendritic conductances in KCs.

Supported by NSF grant and PFF award and NIH and HHMI training grants.

710.13
IMPAIRMENT OF ODOR DISCRIMINATION BY 
DESYNCHRONIZATION OF ODOR-ENCODING OSCILLATING 
NEURAL ASSEMBLIES IN THE HONEYBEE. M. Stopfer*1. S. 
Bhagavan2. B.H. Smith2, and G. Laurent1. Caltech. Biol., 139-74, 
Pasadena, CA; 2Ohio State Univ., Entomol., 1735 Neil Ave., Columbus, OH.

Stimulus-evoked oscillatory synchronization of neural assemblies has 
been observed in the sensory systems of many animals. Recent results 
from locusts show that information about odor identity is contained in the 
precise timing of action potentials in an oscillatory population response, 
suggesting that oscillations may reflect a common timing signal for 
coding sensory information. Although this stimulus-evoked oscillatory 
phenomenon is reliable, its roles in sensation, perception, memory 
formation, and pattern recognition remain to be examined in a behavioral 
paradigm. Using intra- and extracellular recording in honeybees, we 
show that odor encoding involves, as in locusts, the oscillatory 
synchronization of assemblies of projection neurons, and that this 
synchronization is, likewise, selectively abolished by the GABAa  
antagonist picrotoxin. We then show, using a behavioral learning 
paradigm (proboscis extension conditioning), that picrotoxin-induced 
desynchronization impairs the discrimination of molecularly similar 
odorants, but spares discrimination of dissimilar odorants. Thus, 
oscillatory synchronization is functionally relevant and essential for this 
refined sensory discrimination task. This suggests that oscillatory 
synchronization, and the kind of temporal encoding it affords, provides 
important additional dimensions by which the brain can segment spatially 
overlapping stimulus representations.
Support: NR.SA (NIDCD) fellowship: MS; NIMH grant: BHS; NSF PFF award: GL.

710.14
ANALYSES OF OLFACTORY BLOCKING IN THE HONEY BEE
J. S. Hosier* and B. H. Smith Dept. of Entomology, Ohio State Univ.
1735 Neil Ave. Columbus, OH 43210-1220

Animals that rely on olfactory information must deal with blends of 
elements from the same sensory modality. On occasion, animals may need 
to block, or in some cases inhibit, learning about components of these 
blends. Proboscis-extension conditioning in honey bees was used to study 
theoretical predictions of this blocking phenomenon. Experiment 1 
involved a blocking sequence in which the component and mixture trials 
involved differential reinforcement. In the component phase, all groups 
received odorant A with 1.25 M sucrose (High) and odorant B with 0.5 M 
sucrose (Low). All groups in the mixture phase were reinforced with Low 
sucrose but differed in the odor paired with the target odorant X. Subjects 
conditioned to NX showed the highest response to X while those trained to 
BX showed the expected blocking effect. Individuals trained to AX 
showed the lowest level of response. These results are consistent with the 
Rescorla-Wagner model, which predicts that inhibition will accrue to X 
when it is paired with less reinforcement than that predicted by the other 
component in the blend (A). In Experiment 2, a matrix of generalization 
for odors of varying chain lengths and functional groups was generated 
and subjects were tested in blocking experiments to determine if (a) 
generalization is stronger for odors that stimulate glomeruli in close 
proximity as opposed to glomeruli that are relatively distant from each 
other, and (b) if this trend extends to the ability of some odors to block 
other odors. Such neighborhood relationships have been predicted in a 
recent computational model of the honey bee antennal lobe (Linster and 
Smith, 1997, Beh. Brain. Res., in press).

Supported by grants from NIMH and NIH to BHS
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710.15
SPATIAL OLFACTORY MAPPING IS BILATERALLY SYMMETRIC 
IN INSECT ANTENNAL LOBES.
C.G. Galizia*. K. Nagler, R. Menzel. Institut fur Neurobiologie, Freie 
Universitat, Konigin-Luise-Str. 28-30, 14195 Berlin, Germany

The first neuropil to process olfactory information in the nervous system 
(the antennal lobe (AL) in insects, or the olfactory bulb in vertebrates) is 
structured in glomerular units, which form the basis for an olfactory code.

We have shown elsewhere (Joerges et al., Nature, in press 1997), that 
different odours lead to odour-specific activity maps of the glomeruli in the 
AL of honeybees. The spatial organization of such a map is the result of the 
innervation pattern of olfactory receptor axons and of further information 
processing within the AL. It is unclear how such a complex organization is 
achieved ontogenetically.

To approach this question we compared the activity patterns elicited by 
stimulation with an odour in the right and the left AL of the same animal 
monitoring changes of intracellular calcium. If the patterns were equal, the 
innervation pattern, and most probably also the subsequent wiring, would be 
the result of ordering principles equal to both sides, i.e. genetic instructions, 
and/or common olfactory experience, If the patterns were not symmetrical, 
either the innervation pattern or the subsequent wiring would be the result 
of processes that differed between the two sides of a single individual. Both 
the role of genetic instruction and of early olfactory experience would have 
to be questioned.

Using a statistical test for similarity of representation based on 
correlation analysis, we found similarity values between sides of 0.60 for 
equal odors, against 0.38 for different odors (n=8 bees, p<0.001, t-test). No 
odor was bilaterally ‘more similar’ than others (n=5 odors: carnation, citral, 
isoamyl acetate , hexanal, hexanol). We conclude that odour induced 
glomerular activity patterns are bilaterally symmetric in antennal lobes.

Supported by DFG Me 365/21-1

710.16
THE LABIAL PIT ORGAN GLOMERULUS, A UNIQUE, EXPERIMENTALLY 
TRACTABLE GLOMERULUS IN THE INSECT OLFACTORY LOBE. L.A. 
Oland*. K.S. Kent, J.G. Hildebrand. ARL Division of Neurobioiogy, University of 
Arizona, Tucson, AZ 85721.

The labial pit organ glomerulus (LPOG), a uniquely identifiable glomerulus in the 
olfactory (antennal) lobe, receives bilateral sensory input from the labial palp rather 
than from the antenna. The current studies were designed to determine whether this 
glomerulus, identifiable by both position and shape, follows the developmental 
pattern described in detail for the ordinary glomeruli (Oland and Tolbert, 1995). 
Using the laser scanning confocal microscope to examine developing antennal lobes 
in which the antennal receptor axons and the labial pit organ receptor axons were 
labelled with different dyes, we found that LPO axons course in a tract occupied by 
the antennal mechanosensory axons. From the earliest times, antennal and labial pit 
organ axons do not overlap. The LPO axons form a protoglomerulus late in the 
stage during which the antennal axons form protoglomeruli and the LPO 
protoglomerulus, like the ordinary protoglomeruli, quickly becomes surrounded by 
glial cells. In lobes deprived of antennal axons, the LPOG is present and invaded as 
usual by the processes of the single 5-HT neuron that arborizes in the lobe; in lobes 
chronically deprived of LPO axons, no neuropil is present in the region normally 
occupied by the LPOG. To determine if LPO axons recognize a specific target 
region in the antennal lobe, we surgically limited the target region to one antennal 
lobe by transecting the normal pathway through one circumesophageal connective. 
Axons from both LPOs terminated in a single enlarged LPOG. Taken together with 
previous experiments that showed that axons in abnormally routed labial nerves 
always formed dense projections in the region normally occupied by the LPOG 
(Kent and Hildebrand, 1985), these results suggest that LPO axons do recognize a 
specific target region. [Funded by NIH-NS28495 (L4OJ.]

710.17
DOES FASCICLINII PLAY A ROLE IN GUIDING OLFACTORY 
RECEPTOR AXONS TO THEIR TARGETS? M.R. Higgins1. 
P.Eckholdt1. J. Nardi2. L.P. Tolbert*1. ARL Division of Neurobioiogy, 
University of Arizona, Tucson, AZ 85721 *, and Department of 
Entomology, University of Illinois, Urbana, IL 618012.

The sorting of primary olfactory sensory axons into discrete synaptic 
glomeruli is a ubiquitous feature of olfactory systems. Mechanisms 
underlying the targeting of olfactory sensory axons to particular glomeruli, 
however, are poorly understood. Singer et al. (1995) and Mombaerts et al. 
(1996) have produced strong evidence that olfactory receptor proteins 
expressed by these cells influence target choice. In the experimentally 
favorable moth Manduca sexta, we have found that an antibody to fasciclin 
II (Carr & Taghert, 1988), a cell adhesion molecule in the IgG superfamily, 
selectively recognizes a subset of olfactory receptor axons throughout the 
period of glomerulus development. The Fas Il-positive axons, initially 
scattered throughout the antennal (olfactory) nerve, reorganize and 
fasciculate as they enter the brain. Three-dimensional reconstructions 
reveal that they terminate in 13 - 15 glomeruli that lie always in the same 
position, in a band in the ventromedial portion of the antennal lobe. Stained 
glomeruli include the readily identifiable labial pit organ glomerulus, but 
not other uniquely identifiable glomeruli, such as the sexually dimorphic 
glomeruli. We currently are adapting methods to use antibodies to block 
Fas II function in developing antennal lobes, to test whether Fas II- 
mediated fasciculation is necessary for correct target choice.
[Supported by NIH grant NS20040 .]

710.18
MEASUREMENT OF NEURAL ACTIVITIES IN A DEUTO AND 

PROTOCEREBRUM OF A BEE BRAIN BY HIGH-SPEED OPTICAL 

RECORDING. K. Okada*1), R. Kanzaki2), and K. Kawachil), 3). 1)Kawachi 

Millibioflight Project, ERATO, JRDC, Tokyo 153, Japan. 2)lnst. of Biol. Sci., 

University of Tsukuba, Tsukuba, 305, Japan. 3)Res. Cent, for Adv. Sci. and 

Techno., University of Tokyo, Tokyo 153, Japan
In order to investigate olfactory processing in the insect brain, we applied 

optical recording method using voltage-sensitive dye(VSD) to the brain of the 

bumblebees, Bombus terrestris. The responses evoked by olfactory stimulation 

were recorded as voltage images with high spatio-temporal resolution from the 
antennal lobe(AL) and mushroom body(MB). When the olfactory stimulation 

was applied, tonic depolarization and hyperpolarization response appeared and 

phasic responses were also observed in the several glomerulus in the AL. After 
20 ms from the stimulation, on-off phasic responses appeared in the alpha-lobe, 
in the localized areas of the lip neuropile of the MB, the depolarization and 
hyperpolarization responses were evoked after 30 ms from the stimulation. These 
sequential responses were consistently observed by a repeat experiment. The 
olfactory information made specific neural response pattern in not only the AL 
but also the MB. Our optical recording system is available to investigate the 

neural systems of an in vivo insect brain.

710.19
WHAT IS THE ROLE OF CYCLIC GMP IN INSECT OLFACTION? M. Stengl*,
T. Horbrand. Univ. Regensburg, 93040 Regensburg, Germany.

Biochemical evidence indicated that adapting pheromone stimuli cause 
slow, sustained rises in cyclic GMP (cGMP) concentrations in insect antennal 
homogenates (Ziegelberger et al. 1990, J Neurosci 10:1217; Boekhoff et al. 
1993, Insect Biochem Molec Biol 23:757). The cellular basis, as well as the 
causes and physiological functions of these rises remained elusive.

With an antibody against cGMP (provided by Jan de Vente, Maastricht, The 
Netherlands) we stained cryostat sections of antennae of Manduca sexta 
male moths. With application of IBMX we obtained week staining in 
apparently all antennal sensilla. Occasionally, strong staining in varying 
numbers of sensilla occurred. With application of sodium-nitroprusside we 
received strong cGMP-immunoreactivity only in mechanosensitive, but not in 
olfactory sensilla. This indicates that apparently no NO-dependent stimulation 
of a guanylyl cyclase occurs during insect olfactory transduction.

Patch clamp studies on cultured olfactory receptor neurons (ORNs) 
from M. sexta male antennae revealed that ORNs differed with respect to 
their cGMP sensitivity. Some ORNs were not affected by application of 1 mM 
bromo-cGMP in cell-attached or inside-out patches, others closed protein 
kinase C-dependent non-specific cation channels (which are apparently 
involved in pheromone-transduction, Stengl 1994, J Comp Physiol 174:187), 
and few ORNs opened ion channels. Furthermore, in whole-cell patch clamp 
recordings iC-currents decreased after application of bromo-cGMP. In 
summary, the data suggest that mostly non-soluble guanylyl cyclases are 
activated after adapting pheromone stimuli apparently causing some ORNs 
to hyperpolarize via cGMP-dependent closure of cation channels. Other, 
possibly high-threshold ORNs appeared to depolarize via cGMP-dependent 
opening of ion channels. [Supported by DFG grants Ste 531 /5-1 and Ste 531 \10-1 j

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY AM OLFACTORY SYSTEMS: INVERTEBRATES II 1827

711.1
Odor-evoked response patterns in olfactory projection neurons of the spiny lobster. M, 
Wachowiak* and B.W. Ache. Whitney Lab and Dept, Neuroscience, Univ. Florida, St. 
Augustine, FL 32086.

We recorded odor-evoked responses of projection neurons innervating the olfactory 
glomeruli of the spiny lobster olfactory lobe (OL). Odor stimuli were five single-
component odorants (0.1 mM), a complex mixture (Tetramarin extract, TET), and 270 
mM potassium (high-K+), the latter of which was used to non-selectively activate olfactory 
receptor cells. Most responses were complex, with up to three distinct components: a 
brief, short-latency (fast) depolarization, a longer duration, longer latency (slow) 
depolarization, and a slow hyperpolarization. Different odors could evoke responses with 
different components in the same cell. The frequency with which an odor elicited a 
particular response component depended on the type of odorant. Single-component odors 
elicited the hyperpolarization in 47% of all trials, while complex odors (TET, high K+) 
elicited the hyperpolarization in 72% and 88% of all trials, respectively. Single-component 
odors also elicited the fast depolarization less frequently than did TET or high K+ (15% vs. 
43% and 50%, respectively). The hyperpolarizing component appears to be more broadly 
tuned than the two depolarizing components, and likely reflects lateral inhibitory input 
from multiglomerular local intemeurons. Based on the narrower tuning and shorter latency 
of the fast depolarization, we hypothesize that this component reflects direct input from 
receptor cells to projection neurons. The basis for the slow depolarization is less clear, but 
since this component overlaps in time with the slow hyperpolarization, these two 
components may together play a role in shaping the later portions of the odor-evoked 
response. These findings show that, as in other systems, odors elicit complex 
excitatory/inhibitory responses in OL projection neurons. In the lobster, odor-evoked 
response patterns appear to depend on the relative strength of three distinct types of 
synaptic input to the projection neurons. We are currently working to further characterize 
these inputs in order to understand how each contributes to the overall odor-evoked 
response. Supported by NSF-IBN9222765 and NSF-IBN15307.

711.2
LOBSTER CHEMORECEPTOR DYNAMICS IN TURBULENT ODOR PLUMES: 
TRANSMISSION OF ENVIRONMENTAL CUES FROM THE PERIPHERY TO 
THE CNS. F.W. Grasso*, R, Voigt and Jelle Atema Boston University Marine 
Program, Marine Biological Lab. Woods Hole, MA 02543.

Behavioral data from freely orienting lobsters and physical investigations of 
turbulent odor dispersal demonstrate that these animals could interpret cues from 
the temporal pattern of odor pulses encountered as they move through the patchy 
odor dispersal pattern of a plume in space to locate an odor source. To begin to 
bridge the gap between observed lobster behavior and demonstrated environmental 
cues we studied the transformations of turbulence chemical concentration profiles 
produced by model lobster chemoreceptor cells. Putative temporal cues in the 
environment could be excluded as factors contributing to lobster chemo-orientation 
if chemoreceptor cell adaptation removes them from the CNS input signals. We 
modeled the dynamics of chemoreceptor cell response using a two process 
(activation-adaptation) adaptive filter. Each model cell was parameterized to a least 
mean squares fit to neurophysiological recordings of responses of taurine cells to 
pulses of 10 s M taurine. Models that adapted thresholds to simulate adaptation had 
an order of magnitude lower best-fit error than models which simulated adaptation 
through attenuation of gain. Pulse durations in the original neurophysiological 
experiments and for model tuning varied from 0.5 to 8 sec. Concentration profiles 
recorded at 25,50,75 and 100 cm from a turbulent odor source were input to the 
parameterized model cells and the model results analyzed. The filter properties of 
these model taurine cells greatly diminished the number of detectable odor pulses 
but did not abolish the salience of the cues present at each distance from the source. 
We conclude that temporal cues to the source may be passed by receptor cells to the 
CNS but that the encounter rate received in the CNS is much reduced compared to 
that seen in direct environmental recordings.

Supported by NSF Award IBN9631665 and EBN9601260 To J. A.

711.3
ACTIVITY DEPENDENT LABELING OF SPINY LOBSTER OLFACTORY 
RECEPTOR NEURONS CONFIRMS THAT AESTHETASC SENSILLA ARE 
REDUNDANT SAMPLING UNITS. W.C. Michel1, P. Steullet2, H. S. Cate &
C.D, Derby2*, ^Dept. of Physiology, Univ. of Utah School of Medicine, Salt 
Lake City 84108; 2 Dept of Biology, Georgia State Univ., Atlanta 30302

The olfactory organ, or antennule, of the spiny lobster has ca.1000 aesthetasc 
sensilla, each with ca. 320 olfactory receptor neurons (ORNs). ORN cell bodies 
are located in discrete clusters near the base of the sensillum. We are using an 
activity dependent labeling technique to quantify the proportion of ORNs in an 
aesthetasc of the Caribbean spiny lobster Panulirus argus that are labeled by 
different odorants. The activity marker being used is AGB (agmatine, or 1- 
amino-4-guanidobutane), a cationic guanidine compound that passes through 
non-selective cation channels (Marc, Soc. Neurosci. Abs. 21:781.6,1995), 
including the zebrafish olfactory CNG channels (Michel et al., Chem. Senses 
21:642,1996). ORNs were labeled by presenting odors mixed in a low- 
Na+/Ca2+ artificial sea water (ASW) with 20 mM AGB for 5 sec every min 
over 60 min. After fixation, embedding and sectioning, AGB-Iabeled cells were 
visualized immunocytochemicaliy using a two-step method. In intermediate 
regions of the antennule, the percentage of AGB-labeled ORNs in each cluster 
following stimulation with a complex odor mixture (100 pM oyster mix), a 
single odor (1 pM taurine), and a control (ASW) was ca, 8%, 2% and 0.2%, 
respectively (n=9,8,3 sections respectively). For ORNs located in basal, 
intermediate and distal regions of antennules, we are currently quantifying the 
proportion of ORNs in each aesthetasc that is sensitive to the single odorants 
taurine, glutamate, cysteine, and ammonium.

Supported by NIH DC00312 and DC01418.

711.4
EFFECT OF TRANSPLANTATION OF ANTENNAL IMAGINAL DISKS 
ON PHEROMONE BLEND RECOGNITION IN RACES OF THE 
EUROPEAN CORN BORER MOTH. C. Linn Jr.,*1 K. Poole1, A. Zhang1, A. 
CosseT T, Baker2 and W. Roelofs1. ’Dept. Entomology, New York State 
Agricultural Experiment Station, Cornell University, Geneva, NY 14456, 
and 2Dept. Entomology, Iowa State University, Ames, IA 50011.

Two races of the European com borer moth utilize different ratios (3:97 and 
99:1) of E- and Z-ll-tetradecenyl acetate for their long distance sex 
pheromones. Genetic analyses showed that male antennal response 
characteristics are controlled by a single autosomal gene, but that male 
flight behavior to the mixture is controlled by a sex-linked gene. Other 
experiments showed that unusual F2 males could be produced that flew 
upwind to one mixture but had the opposite antennal response phenotype. In 
the present studies transplantation of antennal imaginal disks, a technique 
originally developed for Manduca sexta (Schneiderman et al. 1982, Nature 
298: 844), was used to further address questions on the relationships between 
sensory processing of individual compounds and recognition of odor quality in 
the CNS, leading to overt behavior. Antennal imaginal disks from last 
instar larvae of the two races were exchanged. Males with successful 
transplants were first tested in the flight tunnel to both pheromone 
mixtures, and then antennal response characteristics were measured by GC- 
EAD, or by analysis of spike amplitudes from olfactory sensilla. In all of the 
successful transplants males responded in the flight tunnel as predicted 
based on the race receiving the transplant, rather than the antennal type. 
The results raise interesting questions concerning the development of neural 
pathways in the antennal lobe that are involved in processing olfactory 
information and recognition of odor quality in the CNS.

Supported by NSF grant #IBN-9514365.

711.5
ASSESSMENT OF MEMBRANE INTEGRITY IN THE OLFACTORY 
DENDRITES OF ADULT MALE SILKMOTHS ANTHERAEA PERNYI. G, L
Kumar *. B, Pophof, and T, A Keil. Max-Planck-lnstitut fur Verhaltensphysiologie. 
D-82305 Seewiesen, Germany

A study was conducted to evaluate the integrity of the dendritic membrane in the olfactory 
receptor neurons of adult moths aged one, three and five days respectively using the 'Calcein 
AM (20 pM) & ethidium homodimer-1 (20 pM)’ solutions (Molecular Probes Inc., Leiden). The 
former penetrates ‘living’ cell membranes wherein intracellular esterases convert the non- 
fluorescent calcein AM into a membrane-impermeant yellow-green fluorescent product. The 
latter which is a DNA stain enters only those cells whose membranes are damaged, and 
wherein upon binding to DNA a 40-fold enhancement in fluorescence occurs resulting in an 
orange-red coloration. Apically opened olfactory hairs of nine animals were stained for 30 
minutes using these two solutions. We found that dendrites that stained 'green and living’ 
decreased in number with increasing age (SD 84,2±.6.5% on day 1, 29.7±26.8% on day 5), 
and dendrites staining ‘red and probably dead’ increased in number with increasing age (SD
1.9±.1.7% on day 1,54.7^24.2 on day 5). Since some dendrites show 'beads’, which have 
often been considered as alterations in the membrane-cytoskeletal interactions (Ochs et 
al.Neuroscience 70,1081-1096.1996) we tested whether there was any correlation between 
the ‘beading’ phenomenon and membrane integrity as revealed by green or red colorations. 
We found no correlation between ‘beaded’ versus 'unbeaded’ dendrites with any of these 
colors indicating that these structures were not a result of damaged membranes. Single 
sensillum recordings in response to the main pheromone component (E,Z)-6,11- 
hexadecadienal (1 pgon filter paper) were performed in order to test whether there was 
any relationship between the green or red coloration of the dendrites and the physiological 
properties of the cells. In two animals, the percentage of cells responding to pheromone 
decreased with age and was always significantly lower than the percentage of cells with 
‘green staining dendrites’. Thus it seems that even ‘living’ cells may not necessarely be able 
to respond to olfactory stimulation.
Supported by DFG: KE 398/2-1 & KA 339/10-1.

711.6
EFFECTS OF MISROUTING OR DELAYING AFFERENT-AXON INGROWTH 
ON THE DEVELOPMENT OF IDENTIFIED, SEXUALLY DIMORPHIC 
OLFACTORY GLOMERULI. W. Roessler*. L.P, Tolbert and J.G. Hildebrand. 
ARL Div. of Neurobiology, University of Arizona, Tucson, AZ 85721.

The antennal lobes (ALs, the primary olfactory centers) of the moth Manduca sexta 
are sexually dimorphic. Only the ALs of males possess the macroglomerular complex 
(MGC), the site of primary processing of information about the female’s sex phero-
mone. The ingrowing axons of olfactory receptor cells (ORCs) in a transplanted male 
antenna can induce development of an MGC in a female host’s AL by triggering 
specific changes in AL glial cells and neurons (Schneiderman et al. Nature 298:844, 
1982; Roessler et al. Soc. Neurosci. Abstr. 22:314, 1996). To study the spatial and 
temporal requirements for these cell-cell interactions during development, we trans-
planted antennal imaginal disks from male larvae into females and subsequently 
labeled the projections of axons from male-specific sensilla on the resulting adult 
antenna using rhodamine-conjugated dextrans. In the cases in which ORC axons grew 
into the brain via their normal route, male-specific ORC axons terminated almost ex-
clusively in the induced MGC. In other cases, ORC axons either formed ectopic neu-
roma-like structures or entered the brain at an abnormal position. In the neuromas, 
axons from male-specific sensilla terminated in many regions but did not form an 
MGC. Axons approaching the AL from an abnormal ventral position appeared to be 
guided to the lateral-dorsal region of the AL to form an MGC in approximately the 
correct position. To test if there is a critical temporal period for these interactions, we 
experimentally desynchronized the development of the CNS and sensory neurons by 
selectively cooling the developing antenna for a defined period of time to delay in-
growth of ORC axons. Cooling the developing antenna for >2 days led to formation 
of significantly disrupted glomeruli. Our findings indicate that the establishment of 
anatomically and functionally specified glomeruli involves the guidance of subsets of 
ORC axons to specific target areas in the AL and subsequent interactions with AL 
cells within a critical period. [Supported by DFG grant Rol 177/1-1 and NIH grant NS-28495.]
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711.7
HOST-PLANT ODOR PROCESSING BY PROJECTION NEURONS IN THE 
ANTENNAL LOBES OF FEMALE MOTHS, MANDUCA SEXTA. J. Roche 
King*. T.A, Christensen, and J,G. Hildebrand. ARL Division of Neurobiology, 
Univ. of Arizona, Tucson, AZ 85721.

The primary olfactory centers in most vertebrates and invertebrates character-
istically exhibit glomeruli, but the functional significance of these neuropil struc-
tures is uncertain. In the sphinx moth Manduca sexta, certain sexually dimorphic 
glomeruli in the male’s antennal lobe (AL) are odotopically organized to process 
information about individual components of the female moth’s sex pheromone 
(Hildebrand, J. Comp. Physiol. A 178:5-19, 1996), but it is not known if the array 
of “ordinary” glomeruli in the AL is also odotopically organized. To address this 
issue, we have begun to characterize individual uniglomerular projection neurons 
(PNs) of the ALs of female M. sexta. Because these insects use olfactory infor-
mation to locate hostplants for oviposition, we study responses of individual PNs 
to components of the head-space volatiles emitted by hostplants.

Neurites of individual AL neurons were impaled with microelectrodes in the 
neuropil, and their physiological responses to stimulation of the antenna with 
various odorants, including whole tomato leaf, methyl salicylate, Zrans-2-hexenal 
and linalool, were examined. Cells were then stained intracellularly by injection 
with Lucifer Yellow to reveal their morphological features, including dendritic 
arborization within a glomerulus. PNs gave various responses to the set of odors 
tested, and some PNs responded selectively to a particular odorant. We have also 
made 3-D reconstructions of the female AL, showing that many glomeruli are 
readily identifiable, including a set of putatively female-specific glomeruli 
(Roessler et al., in preparation). Using these 3-D reconstructions, we plan to map 
physiologically characterized PNs onto identified glomeruli in the female antennal 
lobe. [Supported by NIH grant DC-02751.]

711.8
FINE STRUCTURE OF SENSILLA ON THE ANTENNA OF FEMALE SPHINX 
MOTH, MANDUCA SEXTA. V.D.C. Shields* and J.G. Hildebrand. ARL Division of 
Neurobiology, University of Arizona, Tucson, AZ 85721.

The structure and innervation of sensilla on the antennal flagellum of the female 
sphinx moth Manduca sexta were examined using scanning electron microscopy, field- 
emission scanning electron microscopy, and transmission electron microscopy. Eight 
types of sensilla were identified: 2 types of trichoid sensilla, 4 types of basiconic 
sensilla, and 2 types of coeloconic sensilla. The 2 types of trichoid sensillaare: short 
hairs averaging 26 pm in length and innervated by 1 or 3 bipolar sensory neurons, and 
longer hairs averaging 34 pm in length and innervated by 2 sensory cells. These 
sensilla exhibit features characteristic of olfactory chemosensilla. Three of the 4 types 
of basiconic sensilla exhibit features of olfactory chemosensilla: short pegs averaging 
15 pm in length and longer pegs averaging 22 pm in length, each innervated by 3 
bipolar sensory neurons, and small spoon-shaped pegs averaging 4-5 pm in length and 
innervated by 2 bipolar sensory neurons. Basiconic sensilla of the fourth type are 
stubby pegs averaging 38-40 pm long, each comprising several confluent sensilla, the 
number of which varies depending on the location of the peg on the flagellum. Each 
of these stubby-peg sensilla is innervated by 3 bipolar sensory neurons and exhibits 
features of thermo-hygrosensilla. Each of the 2 types of coeloconic sensilla is a small 
peg averaging 2 pm in length, recessed in a cuticular pit. One type is innervated by 5 
bipolar sensory neurons and exhibits features of olfactory/thermosensilla, while the 
other is innervated by 3 bipolar sensory neurons and exhibits features of 
thermo/hygrosensilla. A thorough count of sensilla on the dorsal, ventral, and leading 
edge surfaces of a single annulus, situated about midway along the flagellum, revealed 
a total of 2216 sensilla supplied by approximately 5330 sensory neurons. A female 
antenna with about 85-90 annuli provides the flagellar nerve with at least 4 x 105 
receptor axons. [Supported by NIH grant DC-02751.]

711.9
INVESTIGATION OF NITRIC OXIDE SYNTHASE AND SOLUBLE 
GUANYLYL CYCLASES IN THE OLFACTORY SYSTEM OF MANDUCA 
SEXTA. A. Nighom*. N.J, Gibson. J.G. Hildebrand and D.B. Morton. ARL 
Division of Neurobiology, University of Arizona, Tucson, AZ 85721.

Nitric oxide stimulation of soluble guanylyl cyclase has been suggested to play 
a role in mediating olfactory information processing and development in both 
insect and mammalian species (Breer & Shepherd TINS 16:5, 1993). In insects 
this suggestion has been strengthened by the discovery of a slow rise in cGMP 
levels in antennae in response to stimulation with sex pheromone (Ziegelberger 
et al. J Neurosci 10:1217, 1990) and the demonstration of NADPH-diaphorase 
staining in the antennal lobes (Muller & Hildebrandt Eur J Neurosci 7:2240, 
1995, and Elphick et al. J Exp Bio 198:821, 1995) and antennae (Stengl & Zintl 
J Exp Biol 199:1063, 1996). To investigate this potential interaction we have 
obtained full-length cDNA clones of nitric oxide synthase (NOS) and three 
isoforms of soluble guanylyl cyclase (SGC) from CNS tissue of the moth 
Manduca sexta. Preliminary Northern-blot analyses show that these clones are 
expressed in the olfactory system both in the adult and during adult development 
and suggest that they are dynamically regulated during development. Here we 
will show the complete sequence of these clones along with a comprehensive 
Northern blot analysis. To determine which cells might produce the nitric oxide 
signal and which cells might respond to that signal with an increase in cGMP, we 
will localize these clones in the adult and developing olfactory system using in- 
sitU hybridization. [Supported by NIH grants NS28495, NS29740, and NS073673 and NSF 
grant IBN9604536.]

711.10
SNMP-1, A NOVEL MEMBRANE PROTEIN OF OLFACTORY NEURONS OF 
THE SILK MOTH ANTHERAEA POLYPHEMUS WITH HOMOLOGY TO THE 
CD36 FAMILY OF MEMBRANE PROTEINS. M.E. Rogers, M. Sun, and R.G. 
Vogt*. Dept. of Biological Sciences, Univ. of South Carolina, Columbia, SC 29208.

A 67 kDa protein was purified from the ciliary membranes of sex-pheromone 
specific olfactory neurons of the wild silk moth Antheraea polyphemus. Expression 
analyses of the corresponding cDNA clone, referred to as SNMP-1, by Northern blot 
and Ribonuclease Protection Assays (RPAs) show that SNMP-1 is present in at least 
two forms, and that SNMP-1 expression is restricted to the antenna. Further analysis 
of SNMP-1 expression by in situ hybridization and immunocytochemical analysis 
show that SNMP-1 mRNA is expressed in olfactory neurons, and SNMP-1 protein is 
localized to the cilia, dendrites, and somata, but not the axons. Antennal RPA using 
tissue from different stages of adult development shows that a low level of SNMP-1 
expression initiates following the birth of olfactory neurons, but dramatically 
increases following the completion of morphogenesis. This correlates with the 
expression profiles of several antennal specific molecules that are directly involved 
in adult odor processing.

Homology searches using the NCBI Blast server indicate that SNMP-1 is 
homologous with the CD36 family of proteins, an as yet small family of receptor-like 
membrane proteins which include members in vertebrates, arthropods, and 
nematodes. Human CD-36 is a receptor for a variety of ligands, is expressed in a 
multitude of tissue types, and has been shown to interact with molecules implicated 
in signal transduction. SNMP-1 represents the first member of the CD-36 family 
identified in neuronal tissue. Homology between SNMP-1 and CD-36, the 
localization of SNMP-1 protein to the antennal dendrites, and the expression of 
SNMP-1 mRNA late in adult development argue that SNMP-1 has an important role 
in silk moth olfaction.
Supported by NIH NIDCD DC-00588 and USDA CSRS 94-37302-0615.

CEREBELLUM IV

712.1
RETROGRADE TRANSNEURONAL TRANSPORT OF RABIES VIRUS 
THROUGH CEREBELLO-THALAMOCORTICAL CIRCUITS OF PRIMATES. 
R.M. Kelly* and P.L. Strick. Research Service, VAMC and Depts. Neurosurgery 
& Physiology, SUNY-HSC® Syracuse, NY 13210.

We examined whether rabies virus can be used as a neuroanatomical tracer 
in the central nervous system of primates. We tested virus transport in 
cerebello-thalamocortical pathways to the primary motor cortex because this 
system has been well characterized by several tracing techniques. We injected 
a fixed strain of rabies virus (1 x 1077 PFU/ml) at 25 sites (0.2 pl/site) in the 'arm' 
area of the primary motor cortex in 3 monkeys (Cebus apella). Injections were 
placed on the crest of the precentral gyrus and in the anterior bank of the central 
sulcus. After a 3-5 day survival period, immunohistochemical procedures were 
used to localize virus. At the 3 day survival time, we observed retrograde 
transport of virus from the injection site in the arm area of the primary motor 
cortex to 'first order' neurons in the ventrolateral thalamus which innervate this 
cortical area. In addition, many 'second order' neurons were labeled at sites in 
the contralateral dentate and interpositus which project di-synaptically to the arm 
area of the primary motor cortex. After the 4 day survival time, a greater number 
of labeled neurons were present in the dentate and interpositus. In addition, a 
few lightly labeled Purkinje cells were found in the contralateral cerebellar cortex. 
These 'third order' neurons were seen at localized sites in the vermis and 
hemisphere. After the 5 day survival time, the number and intensity of labeled 
Purkinje cells increased. These results suggest that rabies is preferentially 
transported transneuronally in the retrograde direction. With careful adjustment 
of survival time, the transport of rabies virus can be used to reveal connections 
in multiple stages of the cerebello-thalamocortical system. Specifically, this 
technique can be used to define how the cerebellar cortex maps upon the 
cerebral cortex. Support: USPHS 24328 (PLS).

712.2
FLOCCULAR COMPLEX PROJECTIONS TO THE CEREBELLAR 
NUCLEI OF MACAQUES Catherine Swales, Mitchell Glickstein and Alan 
Gibson*. Dept. of Anatomy, University College London. London WC1E 
6BT. U.K. and Barrow Neurological Institute. Phoenix. AZ 85013.

The dorsal paraflocculus (dpf) and crus II receive mossy fibre-mediated 
visual information fom the dorsal extrastriate cortical visual areas via the 
dorsolateral pons (dlpn). The flocculus does not receive visual input from 
the dlpn but from the climbing fibre system via the dorsal cap and 
ventrolateral outgrowth of the inferior olive. The dpf, crus II and the 
flocculus have all been implicated in the control of eye movements (Ron and 
Robinson, ‘73; Noda and Mikami, ‘86; Stone and Lisberger, ‘90).

We injected 0.1 - 0.2 pi of 4% WGA-HRP into the dpf, crus II and the 
flocculus to study the afferent and efferent connections of these areas in the 
macaque monkey. All of these cortical areas projected to the ventrocaudal 
region of the posterior interposed nucleus (PIP). The converging projections 
to this area is of particular interest in the light of electrophysiological 
studies indicating the presence of a discrete eye movement region in this 
area of PIP (Van Kan et al., ‘93. Robinson and Fuchs, ‘96).

Injections into vermal lobule VII confirmed its major projection to the 
fastigial oculomotor region of Ikeda et al (‘93). However, there additional 
projections beyond the classical parasagittal boundaries of the olivo-cortico- 
nuclear system to the interposed nuclei.

Additional observations on the topography of the cortico-nuclear 
projection indicate a method whereby7 the cerebellum is able to reduce 
multiple somatotopies (e g. multiple ey e movement areas) in the cortex onto 
one representation in each of the deep cerebellar nuclei.

Supported by the Medical Research Council U.K.
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712.3
HORIZONTAL EYE MOVEMENT REPRESENTATION IN THE FLOCCULUS: 
RETROGRADE TRANSNEURONAL TRACING WITH RABIES VIRUS. W, Graf4. 
N, Yatim’. N.M. Gerrits2 and G. Ugolini3*. ’Lab Physiol. Percep. Action, CNRS- 
College de France, 75005 Paris, France; 2Dept. Anatomy, Erasmus Univ., Rotterdam, 
the Netherlands; 3Lab. Genetique des Virus, CNRS, 91198 Gif-sur-Yvette, France.

Retrograde transneuronal tracing with rabies virus (CVS strain) was used to 
visualize the neuronal circuitry involved in horizontal eye movement control. After 
unilateral injection (1 pi) into the medial rectus muscle (MR) of guinea pigs, viral 
transfer was studied immunohistochemically at 6 hour intervals from 1.5 to 5 days 
post-inoculation. Specificity of uptake was demonstrated by double immuno-
fluorescence for rabies and choline acetyl transferase. After sequential labeling of MR 
motoneurons (1.5 days) and premotor neurons (3 days), labeled Purkinje cells (PCs) 
appeared at 3.5 days in the ipsilateral flocculus (FL) in a single band that ran 
diagonally from caudomedial to rostrolateral in an intermediate position. This band 
corresponds to the so-called "horizontal zone". In some cases, labeling continued 
laterally across the posterolateral fissure into the ventral paraflocculus. At longer 
survival times (between 3.5 and 4 days), the initial band became slightly broader and 
additional separate bands of labeled PCs appeared in the rostromedial and 
caudolateral FL. At these times, an intermediately positioned band also appeared in 
the contralateral FL that mirrored the one initially labeled in the ipsilateral FL. The 
time difference in the appearance between these two bands reflects a similar time 
difference in labeling in ipsi- versus contralateral magnocellular medial vestibular 
nucleus neurons. After 4 days, the empty areas adjacent to the "horizontal zone” 
became filled with labeled PCs that were at first scattered, but at 5 days covered 
basically all areas. This increase suggests involvement of PCs belonging to the 
"vertical zones" in horizontal eye movement circuits via neurons in the vestibular 
nuclei or the deep cerebellar nuclei. (Supported by the CNRS: UPR 9053 and UMR 
9950, and the Fondation de France/Fondation Berthe Fouassier: 96003463).

712.4
ASSOCIATIVE PROJECTIONS TO THE ZONA INCERTA: POSSIBLE 
ANATOMIC SUBSTRATES FOR EXTENSION OF THE MARR-ALBUS 
HYPOTHESIS TO NON-MOTOR LEARNING. Vipul V. Shah. Jeremy D. 
Schmahmann. Deepak N. Pandva. and Paul R. Vaher*, Department of Anatomy and 
Neurobioiogy, Boston University School of Medicine, Boston, MA 02118; 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114.

The Marr-Albus hypothesis of motor learning is based on the interaction 
of climbing fibers and mossy fibers in the cerebellum. Does this proposed 
mechanism apply to non-motor learning as well? Anatomic studies show that the 
pontocerebellar mossy fiber system contains substantial higher order information, but 
the same has not been shown for the climbing fiber system. The inferior olivary 
nucleus, the principal source of climbing fibers to the cerebellum, receives it 
descending input predominantly from the parvicellular Red Nucleus (RNpc) as well as 
from the Zona Incerta (ZI). To determine the cortical origins of input to the climbing 
fiber pathway, projections to RNpc and ZI were studied using the autoradiographic 
tract tracing technique in rhesus monkeys. Isotope labeling revealed prominent and 
topographically organized projections to the RNpc arising from the precentral motor 
cortex as well as from the supplementary motor area. In contrast, however, cases 
with injections in associative and paralimbic cortices did not demonstrate terminal 
label in the RNpc. Extensive projections to the ZI were noted to arise from the 
supplementary motor area and from area 24 in the cingulate gyrus. There were also 
consistent projections to ZI from associative cortices in the inferior parietal lobule 
(areas PF and PG), the medial parietal region (area PGm), the dorsolateral prefrontal 
convexity (area 9/46d), medial prefrontal cortex (area 9 medially), and area PO in the 
medial prestriate cortex. The existence of projections from associative and paralimbic 
cortices to ZI may provide an anatomic substrate necessary for the extension of the 
Marr-Albus hypothesis to non-motor learning in the cerebellum. (Supported in part 
by the Milton Fund of Harvard University).

712.5
RETROGRADE AND ANTEROGRADE LABELLING OF CONNECTIONS 
BETWEEN THE NUCLEUS INCERTUS, THE NUCLEUS PREPOSITUS 
HYPOGLOSSI AND THE CEREBELLAR FLOCCULUS IN THE CAT. G. Cheron*, 
M. P. Dufief and N.M. Gerrits. Lab. of Neuroscience Univ. of Mons-Hainaut, 7000, 
Mons, Belgium; Dept of Anatomy, Erasmus Univ. Rotterdam, 3000 The Netherlands.

Previous studies have shown that the nucleus prepositus hypoglossi (PH) and the 
nucleus incertus (NIC) neurons project to the horizontal zone of the flocculus (FLOC). 
The spiking behavior of these two groups of neurons was very similar providing an 
efference copy of both eye position and eye velocity to the FLOC. In the present study the 
connections between the PH, the NIC, and the FLOC were studied in 6 cats by using 
retrograde (horseradish peroxidase (HRP)) and anterograde (Phaseolus vulgaris 
leucoagglutinin (PHA-L) and biotinilated.-dextran-amine (BDA)) transport methods. The 
tracers were delivered by means of a positive current (8-10pA, 9 s off, 9 s on) for 15-20 
min. The projections of Purkinje cells (PC) axons of the horizontal zone of the FLOC, 
physiologically identified by the presence of PC complex spike modulation in response to 
horizontal optokinetic stimulation, were studied in 3 cats by using small BDA injection. 
The projections of the NIC were studied in 1 cat following BDA injection and in 2 other 
cats after PHA-L injections combined with BDA injection in the FLOC. Following a 
survival time of 8 days the brains were processed for floating frozen section analysis with 
immunostaining procedures. Most of the PC axons leaving the FLOC coursed medially 
through the floccular peduncle and entered the juxtarestiform body, descended through 
the dorsal stria acoustica to terminate mainly in the magnocellular part of the medial 
vestibular nucleus (MVNmc) and in the medio-ventral border between the MVNmc and 
the PH. Most of the NIC neurons projected caudally through the medial longitudinal 
fasciculus and mainly reached the same part of the PH and to a lesser extent the adjacent 
MVNmc where PC terminal boutons were present. HRP and BDA retrogradely neurons 
were also found in the same ventral part of the PH. Taken together these results reinforce 
the idea that the horizontal zone of the FLOC is a part of a closed loop involving the PH, 
the MVN and the caudal part of the NIC. Supported by the FNRS of Belgium.

712.6
CORTICONUCLEAR PROJECTIONS FROM FUNCTIONALLY DISTINCT 
SAGITTAL ZONES IN THE CEREBELLAR VERMIS OF THE RABBIT 
M, Godschalk*, C.L De Zeeuw, F.A. Holman and J, Van der Burg. Dept. of Anatomy, 
Fac. of Medicine, Erasmus University Rotterdam, P.O.Box 1738, 3000 DR Rotterdam, 
The Netherlands.

The oculomotor vermis (lobules VI and VII) of the rabbit contains two different 
sagittal zones related to particular eye and head movements. Electrical microstimulati-
on of the medial zone evokes ipsilaterally directed saccades and head movements, 
whereas stimulation of the lateral zone evokes contralaterally directed movements 
(Godschalk et al., 1994, J. Physiol. 480: 147-153; Godschalk and Van der Burg, 1994, 
Soc. Neurosci. Abstr. 20: 1743). To elucidate the anatomical substrate of this functio-
nal segregation, we investigated the Purkinje cell projections of both sagittal zones 
using anterograde tracing.

Under ketamine/xylazine anesthesia, BDA and PHA-L were injected in the center 
of either sagittal zone in lobules VI or VII of the rabbit cerebellar vermis. Injection 
sites were based upon the eye movement responses of the rabbit to electrical stimulati-
on and/or on the distance from the midline.

In the white matter of the cortex, the labeled Purkinje cell axons followed a rostro- 
dorsal to caudoventral route and at the level of the cerebellar nuclei they curved vent- 
rally and subsequently rostroventrally. Axons from both sagittal zones projected to a 
particular part of the ipsilateral fastigial nucleus without giving off collaterals to other 
areas. Purkinje cell axons of the medial zone projected predominantly, if not exclusive-
ly, to the ventromedial half of the fastigial nucleus, while those of the lateral zone 
projected to the dorsolateral half of the nucleus. As revealed by the double labeling 
experiments, the projections were complementary and non-overlapping.

The present study indicates that the different saccadic eye and head movements 
evoked from different zones of the rabbit oculomotor vermis come about by specific 
projections of their Purkin je cells to particular parts of the fastigial nucleus.

Funded by Erasmus University Rotterdam.

712.7
THE BASILAR PONTINE NUCLEI: A RELAY STATION BETWEEN THE 
MAMMILLARY NUCLEI AND THE CEREBELLAR PARAFLOCCULUS OF
THE RAT. Hao Liu*.,,an.d Gregory. A. Mjhafloff Department of Anatomy, University of 
Mississippi Medical Center, Jackson, MS 39216

In previous studies in our laboratory and that of others, it was found that in the rat, the 
lateral and medial mammillary nuclei (LMN and MMN) give rise to bilateral projections to 
the rostromedial basilar pontine nuclei (BPN), with an ipsilateral predominance. Other 
studies have shown that the cerebellar paraflocculus receives projections from the 
contralateral rostromedial BPN. Thus, a question is raised: does the rostromedial BPN play 
a role in circuits which might link the mammillary nuclei and the paraflocculus? To answer 
this question, biotinylated dextran amine (BDA), as an anterograde tracer, was injected into 
the LMN and MMN while BDA or WGA-HRP (wheatgerm agglutinin horseradish 
peroxidase), as a retrograde tracer, was injected into the contralateral paraflocculus. Light 
microscopy showed that anterogradely labeled mammillopontine axon terminals were 
aggregated in the rostral medial subdivision (med-BPN). When BDA or WGA-HRP was 
injected into the dorsal paraflocculus, the retrogradely labeled neurons were chiefly found 
in the dorsolateral BPN. In contrast, when the tracer was placed into the ventral 
paraflocculus, the retrogradely labeled neurons were aggregated in two areas: dorsomedial 
and medial BPN subdivisions. It appeared that the anterogradely labeled terminals 
overlapped in the med-BPN with the retrogradely labeled pontoparafloccular projection 
neuron somata and dendrites. Subsequently, electron microscopy demonstrated that 
anterogradely BDA-labeled axon terminals contained many round vesicles. These boutons 
formed asymmetric synaptic contacts with retrogradely BDA- or WGA-HRP-labeled 
projection neuron dendrites of various sizes and occasionally with the retrogradely labeled 
neuron somata. In summary, the present results together with previous findings, suggest that 
the LMN and MMN, through a rostromedial BPN link, might play a role in the activation 
of pontocerebellar projections to the cerebellar paraflocculus. Supported by USPHS Grant 
NS 12644.

712.8
PURKINJE CELL DEVELOPMENT REVISITED BY 
IMMUNOFLUORESCENCE AND CONFOCAL MICROSCOPE ANALYSIS. 
A. Rosina1*, S. Morara1 and L. ProviniL2. JIst. Neuroscienze e Bioimmagini, 
CNR, 21st. Fisiol. Gen. e Chim Biol., Universita' Milano, Milano, ITALY.

The development of Purkinje cell (Pc) dendritic tree requires several phases 
of outgrowth and regression of somatic and dendritic processes. After a 
"simple" and a "complex fusiform" phase characterized by a long, slender 
apical dendrite, a phase of intense regression leads to the almost complete 
disappearance of this dendrite. The following "disoriented dendrite" phase is 
carachterized by an intense outgrowth of processes from different parts of Pc 
soma. The regression of perisomatic processes and outgrowth of the dendritic 
tree characterize the transition to the adult stage through the critical phase of 
"flattening and orientation" of the dendrite. Aim of our study was to analyze the 
development of Pc dendritic tree by combining immunofluorescence with 
confocal analysis, which allows 3D reconstruction of labeled cells. 
Immunohistochemistry was performed on frontal cerebellar sections from 
ED 18 to PD 40, by using a monoclonal antibody directed against calbindin-D 
28kD, an antigen selectively expressed by Pcs within cerebellum. Confocal 
analysis was made with a Sarastro 2000 confocal microscope (Amersham) by 
serial, thin (0.3-0.6 pm) optical sectioning and 3D reconstruction. By using this 
approach it was possible to visualize the 3D appearance of cells in the 
"fusiform" and "disoriented dendrite" phases. Moreover, it was possible to 
detect the phase of transition to the adult dendrite, characterized by a large 
apical process from which thin protrusions extend at right angle. It can be 
hypothesized that these last thin transient processes are involved in defining the 
medio-lateral extension of the adult Pc dendritic tree.
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712.9
CORTICOPONTINE TERMINAL FIBRES FORM SMALL SCALE 
CLUSTERS AND LARGE SCALE LAMELLAE IN THE CAT. P. Brodal*,
J. Sudbo, T.B. Leergaard and J.G. Biaalie. Dept. of Anatomy, University of 
Oslo, N-0317 Oslo, Norway.

The cerebro-ponto-cerebellar pathway has so far appeared to be organized in 
a highly complex manner. Recent studies, however, suggest that the apparently 
complicated topographical organization is laid down according to a set of 
simple rules. Thus, key features of the adult pontocerebellar projection seem 
to be a lamellar distribution of pontine neurons projecting to a specific 
cerebellar target, and gradual shifts of pontine cell-body position related to a 
gradual shift of the cerebellar target. This study addresses the question of 
whether this kind of organization is present also in the corticopontine 
projection - that is, in the first link in the corticopontocerebellar pathway. We 
present the first 3-D reconstructions of the distribution of corticopontine 
terminal fibres in the cat. Double anterograde tracing with Fluoro-Gold and 
Fast Blue as well as single anterograde tracing with wheat germ agglutinin - 
horseradish peroxidase were employed. In single sections, a bewildering 
mosaic of isolated patches of terminal fibres were observed. In the 3-D 
reconstructions, we find that the labelled corticopontine terminal fibres form 
numerous sharply delimited aggregates; several of the aggregates are 
cylindroids (diameter 200 - 300 pm, length 1 - 3 mm). The aggregates are 
confined to a lamellar subspace, which position depends on the location of the 
cortical injections. An internal to external shift in location of labelling, 
presumably analogous to the pattern observed in developing rats (Leergaard et 
al., J.Comp.Neurol. 1995, 361:77-94) was observed. We conclude that both 
pontine afferents and pontocerebellar neurons appear to be distributed in 
similarly shaped and oriented lamellar subspaces. Supported by The Research 
Council of Norway, The Jahre Foundation and The Nansen Foundation.

712.10
THREE-DIMENSIONAL RECONSTRUCTION OF THE PINCEAU IN RAT 
CEREBELLUM. H. Lien, M, E, Martonc, Y. Z. Jones, S. J, Young*, P, Ncf+ and M, H, 
Ellisman, National Center for Microscopy and Imaging Research, Dept. of 
Neuroscienccs, Univ. California, San Diego, 92093-0608, +Dept. of Biochemistry, 
Univ. Geneva, CH-1211, Geneva, Switzerland.

The relationship between cerebellar basket cell axons and the Purkinje cell axon 
initial segment is unique in the mammalian nervous system. The descending basket cell 
axon collaterals form a dense plexus around the Purkinje cell initial segment, termed 
the pinceau. Although basket axons appear to be targeted selectively to the Purkinje 
cell inital segment, most axons within the pinceau do not synapse onto the initial 
segment but are presumed to end blindly. We have recently localized NCS-1, a neuron 
specific calcium binding protein with calcium sensing activity, to the axons of the 
pinceau. Many other proteins have also recently been reported to be concentrated in the 
pinceau, including PSD-95, certain potassium channel subunits, nitric oxide synthase. 
Some of these proteins like NCS-1, appear to be in the main portion of the axon while 
others arc in the terminal extensions (c.g., Kvl.2, McNamara et al., Eur. J. Ncurosci, 8: 
688, 1996). In order to elucidate the organization of the pinceau and its relationship to 
surrounding structures, we performed 3-D reconstructions from serial electron 
micrographs. We have completed 2 partial reconstructions from gold-toned Golgi- 
impregnated pinccaus. Because the reaction product interfered with subcellular 
structures and made identification of membrane boundaries difficult, we are currently 
performing 3-D reconstructions from unstained axons. Series of 80nm sections were 
cut through the Purkinje cell layer and counterstained with heavy metals. A Purkinje 
cell axon initial segment was located in one of the central sections, and photographs of 
this region were taken from the remaining sections. Basket cell axons were identified 
by their heavy complement of ncurofilamcnis and the lack of myelin. Each basket cell 
axon was reconstructed individually. Reconstructions were surfaced and visualized 
using the program DUCKY (Hcsslcr et al., J. Struct. Biol., 116:113, 1996). We are 
analyzing these reconstructions to determine the average number of synapses and the 
relationships between the complex, terminal arborizations of individual fibers. 
Supported by NIH grant RR04050 to MHE.

712.11
PROJECTION OF CLIMBING FIBERS ORIGINATING FROM SINGLE 
OLIVOCEREBELLAR NEURONS IN THE RAT CEREBELLAR CORTEX. L 
Sugihara*, H, Wu and Y. Shinoda, Department of Physiology, Tokyo 
Medical and Dental University School of Medicine, 1-5-45 Yushima, 
Bunkyo-ku, Tokyo 113, Japan,

Morphology of single olivocerebellar axons originating from the inferior 
olivary nucleus was investigated in the rat by reconstructing single axons 
that were labeled with biotinylated dextran amine injected into the inferior 
olive. Seven axons were reconstructed, which terminated in lobules VI, VII, 
VIII and IX in the vermis, and lobules III, simplex, ansiformis and 
paramedianus in the intermediate area or hemisphere. Each axon gave rise 
to 3 -16 thick collaterals, each of which projected to a single Purkinje cell 
(PC) as a climbing fiber (CF). All CFs of some single axons terminated in a 
single lobule, while CFs of other single axons were separated into two or 
three groups that terminated in different lobules. Branchings usually 
occurred in the white matter near the cerebellar nucleus or in the deep 
portion of the folial white matter. But fewer branchings occurred in the 
distal portion of the folium or in the granular layer. All CF terminals of 
single axons in each lobule were located in a thin semi-parasagittal strip, the 
width of which was usually less than 200 pm. This strip was approximately 
parallel to the planes of the dendritic trees of the innervated PCs.

Besides thick collaterals terminating on PCs as CFs, single olivocerebellar 
axons had many thin collaterals. These fine collaterals terminated mainly in 
the granular layer of the cerebellar cortex and the cerebellar nucleus.

Supported by CREST (Core Research for Evolutional Science and 
Technology) of Japan Science and Technology Corporation and Grants-in- 
Aid for Scientific Research from the Ministry for Education, Science and 
Culture of Japan.

712.12
CALRETININ POSITIVE NEURONS IN DISSOCIATED 
CEREBELLAR CULTURES R. Anelli.* H. Sakane and E. 
Mugnaini. Northwestern University Institute for Neuroscience, 320 
E. Superior Street, Chicago, IL 60611-3010

The calcium binding protein calretinin is expressed in vivo by 
intemeurons in the cerebellar.granular layer, particularly the unipolar 
brush cells (UBCs) and, to a lesser extent, the granule cells (GCs). 
UBCs have a slightly larger cell body than GCs and usually emit a 
thin axon and a single large dendritic trunk which terminates with a 
bunch of dendrioles synapsing with an individual mossy fiber 
rosette. UBCs are generated before GCs and both of these neurons 
are present in dissociated cerebellar cell cultures.

We determined the proportions of neurons stained with calretinin 
antibody in primary cultures of cerebellar cells from rats of different 
postnatal and embryonic ages. The proportion of calretinin positive 
cells is much higher in dissociated cultures derived from embryonic 
E20 than in those from P8 cerebella and increases with time in vitro 
rather than remaining stable as in P8 cultures. The proportion of 
calretinin positive cells is higher with media containing 5mM KC1 
than 25mM KC1, the latter condition favoring granule cell survival. 
Many calretinin positive cells have features resembling immature 
UBCs in vivo. Calretinin positive cells have a survival advantage 
over calretinin negative cells in cultures treated with various 
concentrations of glutamate.

Supported by NIH grant NS 09904

712.13
LIGHT AND ELECTRON MICROSCOPIC IDENTIFICATION OF 
THE AXON TERMINALS AND POSTSYNAPTIC TARGETS OF 
CEREBELLAR UNIPOLAR BRUSH CELLS. R.J. Schuerger*. M R 
Dino, Y.-B,.L.iu, N..T....SlateLlind R Mugn Department of Physiology and 
Northwestern University Institute for Neuroscience, Northwestern University 
Medical School, Chicago, IL, 60611 U.S.A.

Unipolar brush cells (UBCs) are a class of interneurons in the granular layer of the 
mammalian cerebellum which receive excitatory synaptic input from mossy fibers 
(MFs) in the form of a giant glutamatergic synapse (Mugnaini et al. Synapse 16: 
284, 1994; Rossi et al. J Neurophysiol 74: 24, 1995). The UBC axon arises from 
the soma and branches within the granular layer, giving rise to large terminals. 
Single MF stimuli evoke a prolonged burst of firing in UBCs, which will be 
distributed to postsynaptic targets within the granular layer. Knowledge of the 
cellular identity of the postsynaptic targets and the ultrastructure of the terminals is 
required to understand how UBCs contribute to information processing in the 
cerebellar circuit. UBCs in 200 pm thick, parasagittal slices of rat cerebellum 
(pl5-p35) were filled with patch-clamp pipettes containing 0.05% biocytin. 
Biocytin was localized with a DAB chromogen following incubation with ABC 
reagent. Light microscopic examination revealed a single, thin axon emanating from 
the soma of UBCs, which gave rise to 2-3 beaded axon collaterals that terminated in 
MF rosettes in the granular layer within 200 pm of the soma. In some cases, axon 
collaterals crossed the white matter within the same folia before terminating in the 
adjacent granular layer. Electron microscopic examination of serial ultrathin sections 
revealed that proximal UBC axons and axon collaterals were unmyelinated and devoid 
of synaptic contacts. However, the terminal rosette of each collateral formed the 
central component of glomeruli, where they were surrounded by, and formed small 
asymmetric synaptic contacts with granule cell dendrites and putative Golgi cell 
dendrites. The results indicate that synaptic excitation of UBCs by MFs will drive a 
large population of primarily granule cells, and thus will contribute a powerful form 
of distributed excitation within the basic cerebellar circuit. Supported by 
DC002764, NS09904 & NS34840 to N.T.S and E.M.

712.14
UNIPOLAR BRUSH CELLS ARE TARGETS OF PRIMARY 
VESTIBULAR FIBERS. M.R.Dino1*. G.Sekerkova1. A.A.Perachio2 
and E.Mugnaini1 Northwestern Univ. Inst. Neuroscience, 320 E. 
Superior Street, Chicago, IL 60611-3010 and 1Dept. Otolaryngology, 
Univ. Texas Med. Branch, 301 University Blvd., Galveston, TX 77555

The cerebellar unipolar brush cell (UBC) attracts special attention 
because of its novelty and, particularly, by virtue of the remarkably 
extensive synapse it forms with a single mossy fiber (MF) rosette. UBCs 
can be distinguished from Golgi and granule cells in the granular layer of 
the cerebellum by the intermediate size of their cell bodies, which gives 
rise to a single stout dendrite terminating in a brush of dendrioles and to a 
thin axon forming intrinsic mossy fibers in the granular layer. UBCs 
receive synapses also from Golgi cell axons and constitute the 
presynaptic component of asymmetric, dendrodendritic synapses with 
granule cell dendrites. To understand the role of the UBCs in the 
cerebellar circuit it is essential to clarify the sources of their MF inputs. 
The only such input known so far are the choline acetyl transferase 
(ChAT) positive MFs, which are presumably derived from medial 
vestibular and prepositus hypoglossal nuclei. Here we report the 
cerebellar terminations of primary vestibular fibers labeled from confirmed 
individual vestibular end organs in gerbils. Double-labeling with an 
anterograde tracer (BDA or WGA-HRP) and antibody to a cell class marker 
(calretinin) at the light microscopic level shows rosettes of primary 
vestibular fibers within glomeruli free of UBC brush formations as well as 
in close apposition to UBC dendrites and cel! bodies. Electron 
micrsocopy further reveals that the labeled primary vestibular fibers 
synapse with both cells granule cells and UBCs. Thus, the first MF-to- 
UBC input of proven origin has been identified.
Supported by grants NS 09904 , DC002764, and DC00385
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712.15
PRENATAL NEUROGENESIS OF CEREBELLAR UNIPOLAR 
BRUSH CELLS STUDIED BY BROMODEOXYURIDINE AND 
CELL CLASS SPECIFIC MARKERS. G, Sekerkova* and E. Mugnaini, 
Northwestern University, Institute for Neuroscience, Chicago, IL, 60611-3010

Bromodeoxy uridine (BrDU) was administered to timed-pregnant SD rats 
(embryonic day El=vaginal plug positive); 5-6 i.p. injections at 2 consecutive 
embryonic days (E13-14, E14-15, E15-16, E17-18, E18-19, E19-20, E20-21, E21- 
22/PO), total 30-36 mg BrDU/animal. Cerebella of the 2 months-old progeny of 
treated animals were studied by LM BrDU-immunohistochemistry. To distinguish 
between subpopulations of cerebellar neurons double staining was performed with 
cell-type specific markers, namely calbindin or L7 for Purkinje cells (PCs), 
calretinin-CaR for unipolar brush cells (UBCs), Golgi cells (GoCs) and Lugaro cells 
(LCs), heavy neurofilament-NF-H for PCs and UBCs, Rat-303 for deep GoCs, and 
GluR2/3 for PCs and UBCs. In agreement with previous data, we found that PC 
neurogenesis occurs as early as El3 and is completed at El5. However, in the EM- 
15 group few BrDU-positive nuclei belonging to Rat3O3-positive GoCs were also 
present in the granular layer and white matter. With later injections the number of 
the BrDU-Rat303positive GoCs decreased, El9-20 injections giving only few double 
stained cells. Several superficial BrDU-CaR positive GoCs and LCs were also 
detected as early as E14-15, but the number of BrDU labeled GoCs massively 
increased at E19-20. At E14-15 the first CaR-BrDU positive UBCs appeal' in the 
granular layer of lobules IX-X and flocculus. Injections at E16-19 labeled 
predominantly this cell population. Few such UBCs were double labeled at E20-21. 
In addition, at E20-21 a new BrDU positive cell population (presumed glia?) appears 
in the white matter and in vermal lobules IX and X. At none of the embryonic ages 
we detect BrDU positive granule, basket and stellate cells, which is in line with 
previous data showing that these neurons differentiate postnatally.
Supported by NIH grant NS-09904

712.16
MORPHOLOGICAL CHANGES OF CEREBELLAR GRANULE CELLS- 
MOSSY FIBERS DURING DEVELOPMENT OF CEREBELLAR CORTEX.
M. OZAKI*, T. HASHIKAWA** and R. YANO Lab. for Cellular 
Information Processing, **Lab. for Brain Structure and Function, Frontier 
Research Program, RIKEN, Saitama 351-01, JAPAN.

Dil labeling is a useful method in not only a study of process of 
axoplasmic transport but also the study of neural connections by 
anterograde and retrograde tracing (J. Neurosci. Methods, 1993). By usmg 
this technique, the study of behavior and identification of neural targets of 
mossy fiber were performed. Furthermore to identify the cell type more 
clearly, wholemount immunostaining was performed. With respect to 
morphological changes of mossy fibers arising from pontine nuclei, the 
direction of development appeared to proceed from the posterior lobule to 
the anterior lobule. Mossy fibers reached the cerebellar cortex in postnatal 
dayl (Pl), however, did not seem to make contact with granule cells. Some 
mossy fibers go through molecular layer and extend the axons until just 
inside edge of external granular layer ( EGL), however, seldom enter into 
EGL. A large number of granule cells finished migration were established 
contacts with mossy fibers in P7. The mossy fibers looked thick at early 
stages, then came to be thin gradually and be fine around P14, The 
matured glomeruli were observed from P14. The maturation of glomerulus 
also started from posterior lobule. Furthermore there is a possibility that 
granule cells by receiving some signals from mossy fibers form functional 
modules on the way to development and then migrate forming modular 
arrangements.

Supported by Frontier Research Program, RIKEN.

712.17
ROSTRAL CEREBELLAR MALFORMATION: A MURINE MUTANT TO STUDY 
REGIONALIZATION OF THE CEREBELLUM. L.M. Eisenman.* Dept. Path., 
Anat. and Cell Biol., Thomas Jefferson University, Philadelphia, PA 
19107.

A recently described recessive mutant, rostral cerebellar 
malformation (rcm/rcm), demonstrates a swaying gait at 
approximately 12 days of age (Lane et al., '92). The cerebellar (Cb) 
phenotype has been reported in the parafloccular lobe, which in the 
mutant extends rostral and lateral to the midbrain, In this region, 
Purkinje cells (PC) are ectopic and the internal granular layer (igl) 
is of uneven thickness and has varied ceil density (Lane et al., '92). 
Our further analysis of the phenotype in rcm/rcm reveals an 
alteration in the anterior folial pattern and obvious continuation of Cb 
tissue past its normal anterior boundary. This ectopic Cb tissue (1) 
is adherent to the posterior and lateral aspects of the inferior 
colliculus and the lateral aspect of the rostral brainstem and (2) 
contains acellular regions within the igl and ectopia of PC. These PC 
immunostain with the PC specific anti-calbindin antibody revealing 
the multilamina of PC in this region. PC organization as revealed by 
zebrin II immunoreactivity suggests a relatively normal distribution 
of zebrin + and - subpopulations within the Cb proper. In the ectopic 
Cb tissue there is also a banded PC zebrin distribution. Analysis of the 
spinocerebellar projection in the mutant suggests some disruption of 
the normal banding within the anterior lobe and some, but very little, 
innervation of the ectopic Cb tissue by this afferent. These studies 
suggest that the rcm/rcm would be an excellent model for the analysis 
of regionalization of the nervous system and in particular the Cb.

MUSCLE II

713.1
THE INFLUENCE OF UNILATERAL AXOTOMY ON THE DEVELOPMENTAL 
TRANSFORMATION OF A COCKROACH BIFUNCTIONAL MUSCLE.
T.E. Bahl* and D.R. Stokes. Department of Biology, Emory University,
Atlanta, GA 30322.

Muscle design and its associated behavioral role can change during development 
from the final nymphal stage to the adult in some orthopteran insects. In the American 
cockroach, Periplaneta americana, muscle 177c, a coxal depressor in nymphs and 
both a coxal and wing depressor in adults is a muscle which undergoes such a 
transformation. Following the transformation, adult males become far more adept at 
flight than females, and correspondingly muscle 177c of the male undergoes a four-
fold proliferation of mitochondria (with a distinct pink color due to cytochromes) and 
a reduction in the thin to thick myofilament ratio (from a ratio of ten / twelve to one to 
a ratio of six to one). We have examined the effects of unilateral muscle axotomy of 
newly molted adults on muscle mass, color, appearance and volume densities of 
mitochondria and sarcoplasmic reticulum (SR), and myofibril arrangement in this 
transforming muscle. At twenty days post-axotomy, both muscle 177c's were weighed 
and representative fibers examined with transmission electron microscopy.
Axotomized muscles showed a decrease in mass in males and females and were less 
pink in males when compared to control contralateral unaxotornized muscle. 
Mitochondrial, SR and myofiber volume densities were not significantly different in 
axotomized versus control sides. However, some axotomized muscles possessed 
mitochondria whose matrices were less dense than the contralateral controls, and the 
myofibrillar organization was disrupted and not clearly delineated by the SR in the 
axotomized muscles of some animals. Other factors (besides neuronal input) may 
influence the design of the transforming muscle 177c. These factors include decreased 
titers of juvenile hormone and are being investigated. Independent of hormones, 
however, neuronal input is important in organizing the adult form of muscle 177c. 
Supported by the Neuroscience Program and Biology Department. Emory University

713.2
EFFECTS OF THE p-AGONIST CLENBUTEROL ON SARCOPLASMIC 
RETICULUM Ca2+ RELEASE, LOADING AND LEAK IN SKINNED FAST- AND 
SLOW- TWITCH MAMMALIAN SKELETAL MUSCLE FIBRES. A.J. Bakker, S.L 
Head, S.C. Gandevia*1, A, WharehamT and D.G. Stephenson1^. School of Physiology 
and Pharmacology, ’Prince of Wales Medical Research Institute, UNSW, Sydney, 
2052, AustraliaTDepartment of Physiological Sciences, University of Manchester 
M13 9PT, U.K? School of Zoology, La Trobe University-', Bundoora, 3083, Australia.

Clenbuterol is a powerful anabolic agent that is thought to increase skeletal muscle 
growth via the p2-agonist pathway. However, the anabolic effect has been shown to 
persist in the presence of the p2-antagonist propranolol. In order to investigate 
whether clenbuterol has other, non-specific effects on skeletal muscle, we examined 
the effects of clenbuterol on sarcoplasmic reticulum (SR) function in single skeletal 
muscle fibres of the rat, which have been mechanically skinned to render the p2- 
agonist pathway inoperable.

Force responses were elicited by exposure to caffeine (30 mM) in the presence of 
low Mg2* (0.25 mM). In leak experiments, the fibres were left in a solution containing 
0.75 mM EGTA to chelate all leaked Ca2+. Caffeine-induced force responses elicited in 
the presence of 50 pM clenbuterol, had a similar peak and time-to-peak to control 
responses in both EDL and soieus fibres. However, 50 pM clenbuterol significantly 
reduced SR Ca2" loading in both the EDL (SR loading 84 ± 3.2 % of control levels) 
and soieus type I (68.22 ± 10.51 %, of control levels) and type Ila fibres (74.7 ± 4.35 
% of control levels). The decrease in SR Ca2+ loading in clenbuterol in the EDL and 
soieus fibres was found to be due to an increase in the passive Ca2* leakage from the 
SR, reducing net Ca2* accumulation to 74.6 ± 8.7 % and 76.4 ± 6.7 % respectively of 
control levels.

These results show that the P-agonist clenbuterol has direct effects on SR function 
and decreases SR Ca2* accumulation by increasing the passive Ca2" leak.

Supported by the NH&MRC of Australia.
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713.3
Direct gene transfer into mouse skeletal muscle: In vivo evaluation of a new 
plasmid DNA expression vector (pCOR technology). Castel-Barthe MN*. 
Duberfret C. Naimi S.. Soubrier F.. Crouzet J.. Scheiman D., Delaere P, and
RevahF. Rhone-Poulenc Rorer Gencell. 94403 Vitiy-sur-Seine cedex. France.

Direct gene transfer into muscle may be achieved by using viral vectors 
(adenovirus and retrovirus) or naked recombinant DNA. The latter approach allows 
to avoid possible immune response to viral vector administration. However it can 
lead to a dissemination of plasmid-encoding genes in treated patients or in the 
environment. An improved host/vector system containing a Conditional Origin of 
Replication (pCOR) has recently been developped to adress this safety question: 
the origin of replication requires a specific trans-acting initiator protein limiting its 
host-range and the selectable maiker in the bacterial host is not an antibiotic 
resistance gene.

Intramuscular (im) injections of a CMV-promoter-driven pCOR plasmid 
encoding luciferase (pCOR-Luc) have been performed into the gastrocnemius and 
triceps muscles of adult C57bl6 mice. Fourty-eight hours after a single im 
injection of pCOR-Luc (10 to 50 pg/muscle), significant levels of luciferase were 
detected in muscles (100-300 pg/muscle). These values were comparable to those 
observed after the im injection of 109 pfu of a recombinant adenovirus encoding 
luciferase. However the intra-individual variability in luciferase levels was higher 
when using plasmid DNA than adenovirus. A substantial amount of luciferase was 
still measured in the pCOR-Luc injected muscles 6 months after injection in 
contrast with results reported by others using different CMV-promoter-driven 
plasmids. The age and sex influence was also tested. No difference in muscle 
luciferase levels was observed between male and female, and between adult and 
newborn (P5-P7) animals. Experiments are in progress to optimize muscle 
injections of pCOR-Luc both in terms of variability and efficiency. These results 
demonstrate that the pCOR technology provides efficient DNA vectors that may be 
useful for gene therapy applications in motoneuronal diseases such as ALS.

713.4
INVESTIGATION OF THE TIME-COURSE OF "DENERVATION INDUCED 
SENSITIVITY" (DIS) OF SKELETAL MUSCLE TO ORTHOPHOSPHATE (Pi).
M.A. Andrews, A.J, Cohen/ R.H. Jadick, A.M. Petrizzo. M.R, Wells,
C.M. Harris*, B.H. Hallas, NY College of Osteopathic Medicine, Old 
Westbury, NY, & #Long Island Jewish Med. Center, New Hyde Park, NY.

Our initial investigation into the effects of denervation (DeN) on muscle 
function (Cohen, et al., 1997, FASEB J. 11 :A12) indicates that such 
muscles have an increased sensitivity to Pi, a putative fatigue metabolite. 
This was noted in rat fast-twitch extensor digitorum longus (EDL) muscle 
fibers 1 - 3 months post-DeN as an exacerbation of the Pi dependent 
decrease in maximal calcium-activated force generation (Fmax).
Presently, we followed the time-course of DIS to Pi from 5 to 28 days 
post-DeN in rats having undergone ligation of one sciatic nerve at the 
obturator tendon level and resection to where the peroneal and tibial 
branches separate; the other leg acting as control. Rats were sacrificed, 
EDL's removed and demembranated (0.5% Triton X-100), and single 
fibers dissected out. Experiments were run at 22° C, pH 7, solutions 
containing (mM): 5 EGTA, 20 imidazole, 2 Mg2 + , 5 MgATP, 15 CrP, 
100 u/ml creatine kinase, and appropriate Ca2+ and KH2PO4 (Pi), and 
having ionic strengths adjusted to 200 mM. Results show control fibers 
generated 68% of control Fmax in the presence of 30 mM Pi while DeN 
fibers generated 9%, 23%, 39%, 43%, and 44% of control Fmax 5, 10, 
14, 21 and 28 days post-DeN, respectively, indicating that fast-twitch 
muscle undergoes a large acute (5 days) DIS to Pi-which progressively 
(though not totally) diminishes over 28 days (stabilizing from 1 - 3 
months: previous results). While the mechanism of such DIS to Pi 
remains under study, DeN does appear to generate specific functional 
consequences in the muscle itself.

713.5
EFFECTS OF THE K+ CHANNEL BLOCKER 3,4-DIAMINOPYRIDINE ON 
ACTION POTENTIALS AND FORCE OF YOUNG COMPARED TO OLD 
RAT DIAPHRAGM MUSCLE. E, van Lunteren* and M, Moyer, Pulmonary 
Division, Cleveland VA & Case Western Reserve Univ., Cleveland, OH 44106.

The aminopyridines, which block several types of K+ channels, exert a direct 
inotropic effect on skeletal muscle by prolonging action potential duration. Aging 
affects skeletal muscle Cl” channels. To determine if aging also affects muscle 
K+ channel regulation, resting membrane potential (RMP), action potentials (AP) 
and twitch force were assessed in vitro (37° C) from diaphragm muscle of 3-4 
and 20-21 month old Fischer 344 rats before and after 3,4-diaminopyridine 
(DAP, 0.3 mM). RMP was similar in old and young muscle, and was not 
affected by DAP. AP height, overshoot, 10-90% rise time, rate of repolarization 
(as measured by time to 50% decay, T'50%) and area were also similar in young 
and old muscle. DAP did not affect AP height, overshoot or rate of rise of either 
young or old muscle. However, DAP slowed the rate of AP repolarization in 
young (T50% 0.33 vs 0.89 ms) and old (T50% 0.38 vs 0.74 ms) muscle, 
increasing AP area in young (56 vs 193 mVms) and old (73 vs 134 mVms) 
muscle. In the absence of DAP, AP area was slightly smaller in young than old 
muscle, whereas in the presence of DAP, AP area was significantly larger in 
young than old muscle. Despite the greater effects of DAP in increasing AP area 
of young compared to old muscle, DAP increased diaphragm isometric twitch 
force by similar amounts in young and old muscle (144 vs 134%). These data 
indicate greater augmentation of diaphragm action potential area by K+ channel 
blockade in young compared with old muscle. However, this is insufficient to 
produce differential inotropic effects on young compared with old muscle.
Support: VA Medical Research Service, NIH HL-42215

713.6
RAPID SWITCHING BETWEEN CONTRACTILITY AND MIGRATION DURING 
WOUND HEALING IN A STRIATED MUSCLE SHEET: POTENTIAL ROLE OF 
CALCIUM. Y-C. J. Lin, N. G. Grigoriev, A. N. Spencer*. Department of Biological 
Sciences, University of Alberta, Edmonton, Alberta, Canada, T6G 2E9 and Bamfield 
Marine Station, Bamfield , B.C., Canada, V0R 1B0.

The principle muscles used for swimming in the hydrozoan jellyfish Polyorchis 
penicillatus are formed from epithelio-muscular cells in which the perinuclear region 
and associated organelles form the outer epithelial layer which is connected to an 
insunk lamina of contractile muscle feet. About 1 hour after wounding muscle cells 
surrounding the wound lose their muscle feet and transform into lamellopodial bearing 
cells that have a striking resemblance to keratocytes. They immediately migrate at 
about 120 gm/h centripedally towards the centre of the wound. This migration occurs 
as a dye-coupled sheet. Phalloidin staining showed that the myofibrillar apparatus is 
transported with the migrating cells as discrete semi-dissembled packages around the 
nucleus. Challenges with KCI indicate that migrating cells are non-contractile, 
however, closure of the wound signals the resumption of contractility. Radiating 
strain marks in the underlying mesogleal connective tissue suggest that these cells 
develop tension in a centrifugal direction. The mechanism used for migration appears 
to be actin-based since treatment with cytochalasin B inhibits migration. However, 
application of cadmium (300 nM), nitrendipine (40 gM) or low Ca++ artificial 
seawater ([Ca++] -1 pM), which inhibited muscle contraction did not interfere with 
the process of migration indicating that phasic muscle contraction required entry of 
Ca++ through Vg calcium channels whereas the tonic force generated by migrating 
muscle cells utilised intracellular calcium. We are presently investigating the fate of 
Vg Ca++ channels during this switching. Supported by an NSERC Research Grant.

713.7

A COMPARISON OF BACLOFEN AND TIZANIDINE ON MOTOR 
PERFORMANCE AND ANALGESIA. S. DeHanev, L, Quan, P, 
Nance*. University of Manitoba, Winnipeg, MB, Canada R3A 1M4.

Tizanidine, an imidazoline/alpha-2 agonist, and baclofen, a GABAb 
agonist, are well established as treatments for spasticity. In addition, 
both have been shown to produce analgesia in animal models. An often 
reported, but poorly documented, clinical side effect of baclofen is the 
induction of weakness. As reported previously (Nance, Soc Neurosci 
#569.3, 1996), baclofen induced changes in motor performance at sub-
analgesic as well as analgesic dosages in the rat. In the present study, 
tests of sensory and motor function were performed sequentially to 
compare tizanidine to baclofen. Sprague-Dawley rats were given three 
(low, medium and high) intraperitoneal doses of tizanidine (0.5, 1.5, 3 
mg) and baclofen (2,4, 6 mg) and saline as a control injection. Animals 
were tested three times prior to injection then every 20 minutes for at 
least 60 minutes after injection. The test for sensory function was the tail 
flick response to mild radiant heat. Motor function was assessed by 
kinematic analysis of swimming. At the medium dosage, baclofen 
markedly reduced motor performance with minimal analgesia; whereas, 
tizanidine produced mild change in motor performance with significant 
analgesia. The decrements of motor performance were characterized by 
generally slower movements and reduced swim speed. At the high 
dosages both drugs produced analgesia and reduced performance. In 
conclusion, the present study confirms previous reports of reduced 
motor performance at sub-analgesic dosage of baclofen; whereas, 
analgesia following tizanidine treatment occurs without marked 
weakness. Supported by a grant from Athena Neurosciences Inc., So. 
San Francisco, California

713.8
MOTOR UNIT ACTIVITY DURING MYOCLONUS IN SPINAL CORD INJURED 
SUBJECTS. C.K. Thomas,* V.B. Esipenko and D.R. Avvar The Miami Project to 
Cure Paralysis and Depts. of Neurological Surgery and Neurology, University of 
Miami School of Medicine, Miami, FL 33136.

Rhythmic, synchronous, involuntary contractions of many extensor, flexor and 
trunk muscles were triggered by different stimuli (ankle dorsiflexion; maximum 
voluntary contraction of triceps brachii, MVC; or supramaximal median nerve 
stimulation) in three men with chronic cervical spinal cord injury at C5 or C6. Our 
aims were: 1) to characterize the myoclonic-like activity in these muscles; 2) to 
describe the triceps brachii motor unit behavior underlying these involuntary 
contractions; and 3) to compare these data to the motor unit firing rates recorded 
during voluntary contractions of the same triceps muscles. The bursts of involuntary 
EMG activity lasted up to 1 s and repeated every 2 s for up to 6 minutes. Cycle 
duration was similar across subjects, was reproducible from day to day, and was not 
interrupted by peripheral nerve stimulation or voluntary contractions. During these 
involuntary contractions, some triceps brachii motor units showed rate modulation in 
accord with the general rise and fall in muscle excitability. Other motor units showed 
little or no rate modulation. Minimum and maximum motor unit firing rates ranged 
from 1-15 Hz and 2-20 Hz respectively. Rate modulation varied up to 3-fold for 
different motor units. When two of these subjects performed voluntary triceps brachii 
contractions, minimum and maximum motor unit firing rates were higher, ranging 
from 9-21 Hz and 13-67 Hz respectively. Rate modulation for different motor units 
varied between 1.2 to 5.6-fold. These data show that different stimuli can excite the 
injured spinal cord to produce stereotyped involuntary muscle output which cannot be 
interrupted easily. The motor unit rate modulation that underlies these involuntary 
contractions can be as substantial as that measured during voluntary muscle 
contractions, but it occurs at lower absolute rates.

Funded by U.S. Army Research Office DAAH04-94-G-0425 and NS-30226.
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713.9
MUSCLE CONTRACTILITY DECREMENT DURING THE PATHO-
GENESIS OF STREPTOZOTOCIN - DIABETIC MICE. MA, Fahim*. 
F. El-Sabban. S. Singh. A. Qureshi, and N. Davidson. Dept. of Physiology, 
Faculty of Medicine, U.A.E. University, United Arab Emirates.

Peripheral neuropathy of both motor and sensory nerves has been well 
documented in diabetes mellitus, but the evidence for physiological changes 
during the pathogenesis of myopathy is scarce. In the present report we have 
chosen the flexor muscle of adult TO male mice as a model for studying in 
situ muscle contraction. Fifteen mice (30 g bodyweight) were injected once 
i.p. with streptozotocin solution (200 mg/kg) to induce experimental diabetes 
mellitus. Comparative analyses of in situ muscle isometric contractile 
characteristics were studied (at 1, 5 and 30 Hz nerve stimulation) in 
urethane - anesthetized (2 mg/g, i.p.) control and diabetic mice at 3 time 
points 2, 4 and 8 weeks post injection. Synaptic delay was also recorded. 
There was a significant increase in synaptic delay in both 4 and 8 week 
diabetic mice compared with control (8.6 ± 1.7, 7.9 ± 0.8 compared with 6.3 
± 0.9 ms). At all 3 stimulation frequencies, diabetes did not affect muscle 
contractile speed, but significantly reduced the twitch tension after 8 weeks, 
with no changes at 2 and 4 weeks. The recorded single twitch tension values 
were: 2.5 ± 0.5, 2.0 ± 0.8, 2.0 ± 0.5 and 1.3 ± 0.2g for control, 2, 4 and 8 
weeks respectively. At 30 Hz, the recorded tension values were: 4.4 ± 1.5, 
3.0 ± 1.0, 3.4 ± 1.5 and 2.4 ± l.Og for control, 2, 4 and 8 weeks, 
respectively. These results revealed that streptozotocin-induced diabetes 
affects both the nerve and muscle which contribute to the pathogenesis of 
diabetic proximal myopathy.
(Supported by FMHS research grant).

713.10
SEXUAL DIMORPHISM IN MYOSIN ISOFORM EXPRESSION IN THE
ADULT MOUSE MASSETER MUSCLE J, M, EaSOfh G, ZLSchwartZ,. G, K,
Pavlath, D.J. WiastorT. and A. W. English Depts. of Anatomy & Cell 
Biology, Physiology, and Pharmacology, Emory University, Atlanta, 
GA 30322

To determine the extent of sexual dimorphism in the phenotype of 
masseter muscle fibers of adult (10 mo old) mice, we stained tissue 
sections using antibodies SC-71, BF-F3, and MY32, which are 
specific to type Ila, lib, and all fast myosin heavy chain (MyHC) 
isoforms, respectively. Based on counts of matched serial sections, 
we find that there are approximately four times as many fibers that 
express type Ila MyHC in the females as compared to males, while in 
males four times as many fibers stained positively for type lib 
MyHC. Fibers containing MyHC Ila are located primarily rostral and 
deep and those with lib MyHC are located superficial and caudal in 
both sexes. Approximately half of the fibers in both sexes were 
unstained by either antibody SC-71 or BF-F3, but were stained with 
MY32. Combining these observations with results of immunoblot 
analysis, we concluded that these fibers contain type lid MyHC. These 
fibers were found mainly in the center of the muscle. Thus, MyHC 
regulation in masseter involves androgens and/or estrogens. 
Supported by DE11536 from the USPHS

713.11
THE DISTRIBUTION OF MESSAGE FOR MYOSIN HEAVY CHAIN 
ISOFORMS IS BOTH LAYER AND GENDER DEPENDENT IN MOUSE 
MASSETER. C.G. Widmer*. Y. Du and J. Morris-Wiman. Depts. of Oral Surgeiy 
and Orthodontics, University of Florida, Gainesville, FL 32610-0416.

The adult mammalian masseter is comprised of multiple myosin heavy chain 
(MyHC) isoforms that are differentially distributed in muscle partitions. In mouse, 
the MyHC types have not been clearly identified in the masseter nor has the effect of 
gender on MyHC expression been studied. The objective of this study was to 
examine the spatial distribution of message for MyHC isoforms, both adult and 
developmental, within the adult mouse masseter. The masseter muscle was 
dissected from adult male and female CD-I mice to harvest superficial, intermediate 
and deep layers. Each layer was then divided into rostral and caudal portions and 
frozen on dry ice. Soleus, diaphragm, ventricle and atrium were also harvested as 
controls. Total RNA was extracted from muscle with TRIzol reagent for use in 
RT-PCR using primers designed for neonatal, slow (type I), types IIA, IIB, and 
IIX, embryonic and a cardiac MyHC. RT-PCR conditions were tailored for each 
target message and resultant gels analyzed using Gel Pro (Media Cybernetics) 
software. Distinct gender differences were found in the distribution of messages for 
MyHC isoforms in the masseter. These differences were most marked for message 
encoding type IIB, slow and neonatal MyHCs. In the male, message for type IIB 
MyHC was found mainly in rostral portions of the masseter with very little message 
detected in the caudal masseter. In contrast, in the female masseter, message for 
type IIB MyHC was detected mainly in caudal regions. Message for slow MyHC 
was not found in the male masseter, but was detected in the rostral superficial and 
caudal deep portions of the female masseter. Neonatal MyHC message was present 
in all regions of the female masseter, while no message for neonatal MyHC was 
detected in the caudal intermediate and deep portions of the male muscle. No 
message for either a cardiac or embryonic MyHC was observed in either male or 
female masseter, but embryonic myosin was detected in the female soleus. The 
results of this study indicate that messages for specific MyHCs are not evenly 
distributed among layers of the mouse masseter, but show distinct patterns of 
distribution that are gender dependent.

Supported by NIDR DE 10130 (CGW), NIDCD DC 01657 (JMW) and a small 
grant from the College of Dentistry, University of Florida.

713.12
MUSCLE COACTIVATION AND LOWER LIMB QUASI STIFF-
NESS IN AGING. T, Hortobtigyi*. P, DeVita, J. Money. J. Barrier, 
and E. Anderson. Biomcch. Lab., East Carolina U., Greenville, NC.

Recently we reported (DeVita et al., 21st Ann. Mtng. Amcr. Soc. Bio- 
mech.) that old (102 kN/m) compared with young (54 kN/m) subjects 
had 88% greater lower extremity quasi stiffness during stepping due to 
the skeletal component being 68% greater in the old (99 kN/m) than in 
the young (52 kN/m) while the muscular component of the total quasi 
stiffness being similar between groups. In the present report, we 
examined the hypothesis that the elders' lower limb stiffness is also 
associated with a greater coactivation of the vastus lateralis (VL) and 
biceps femoris (BF). Healthy elderly (n=12, age 69) and 11 young (21) 
women stepped down from a box set at 20% of their height. Sagittal 
plane video was recorded at 60 Hz, digitized and digitally filtered. Low-
er limb quasi stiffness was computed as a ratio of the maximum force 
applied at ankle joint (inverse dynamics) toward the hip to the amount of 
shortening of the ankle-hip distance occurring between initial floor con-
tact and the time of maximal ankle-to-hip stress. VL and BF surface 
EMG were sampled at 1 kHz for 5 trials of stepping. Peak RMS EMG 
was deter-mined over 120 ms (young) and 80 ms (elders) from ground 
contact to maximal stress. The BF-to-VL EMG ratio was 0.26 (±0.14 
SD, young) and 0.59 (0.24, old) (t = 3.9, p - 0.0008). These data 
suggest that, as compared with young subjects, elders' greater lower 
limb quasi stiffness during stepping, as reported previously, is due to a 
greater skeletal component of total quasi stiffness as well as to a 
significantly greater coactivation of the weight bearing
agonist/antagonist muscles.

Funded by NIGIID, ECU's Faculty Senate, and NC Inst, on Aging

713.13
EFFECTS OF AGING ON MOTOR UNIT FIRING BEHAVIOR.
Z. Erim*, M.F. Beg, D.T. Burke, C.J. De Luca, NeuroMuscular 
Research Center, Boston University, Boston, MA 02215. Department 
of PM&R, Harvard Medical School, Boston, MA 02114

It was hypothesized that the central nervous system must alter the 
control of motor units (MUs) in order to accommodate the age-related 
changes that are known to affect the morphological properties of MUs: 
Intramuscular EMG signals were recorded from 10 young (20-35 years 
of age) and 10 aged (older than 65 years) subjects. Precision 
Decomposition technique was used to identify the firing activities of a 
total of 233 MUs.

The following preliminary observations indicate that the control 
properties of MUs are altered by the aging process:
1) The unison control of MUs, consistently observed in the young and 
coined the common drive, is disturbed due to the natural aging process.
2) The linear relationship observed between the firing rate and 
recruitment threshold of MUs in young subjects appears to be 
disturbed in the elderly. 3) There is a depression of average firing rate 
as a function of recruitment threshold, accompanied by a compression 
in the range of average firing rates in the aged. 4) MU recruitment 
thresholds tend to cluster at lower values in the elderly. (Supported by 
the Department of Veterans Affairs.)

Society  for  Neuroscience , Volume  23,1997



1834 BRAIN METABOLISM AND BLOOD FLOW: DISORDERS WEDNESDAY AM

714,1
APOLIPOPROTEIN E GENOTYPE DETERMINES THE LIPID LEVEL IN 
AND OXIDIZABILITY OF HUMAN CEREBROSPINAL FLUID.
U. Beisiegel, S. Arlt, D. Daher, S. Schippling, U. Mann, T. Muller-Thomsen,
H.-J. Sturenburg, C. Buhmann, R. Bernhardt*, W.A. Mann, A. Kontush. Med.
Clinic and Depts. of Neurology and Psychiatry, Univ. of Hamburg, Germany, 
*Neurobiology, Swiss Federal Institute of Technology Zurich, Switzerland.

The presence of the s4 allele of apolipoprotein E (apoE) and oxidative 
degeneration of neurons seems to play an important role in the pathogenesis 
of Alzheimer's disease (AD). The biochemical mechanisms responsible for 
these phenomena are largely unknown. ApoE genotype is an important 
determinant of lipid levels in human plasma and can influence oxidizability of 
plasma lipoproteins. Cerebrospinal fluid (CSF) contains lipoproteins similar to 
high-density lipoproteins of plasma. To assess the hypothesis that apoE 
genotype can determine the level of lipids and oxidizability of human CSF, 
we measured these parameters in a group of 25 AD patients and 25 age- 
matched control subjects. The concentration of total cholesterol and six 
major fatty acids in CSF was determined using gas chromatography. The 
levels of total cholesterol and fatty acids were highest in apoE 3/3 subjects 
and lowest in apoE 4/4 subjects with apoE 3/4 subjects being intermediate. 
Oxidative susceptibility of CSF was measured photometrically at 37°C in the 
absence of exogenous oxidants. The oxidizability was lowest in apoE 3/3 
subjects and highest in apoE 4/4 subjects with apoE 3/4 subjects being 
intermediate. The effect of apoE genotype on CSF lipids and oxidizability 
was seen in both groups, AD patients and controls.

These results indicate that apoE genotype critically determines the level of 
lipids and oxidative susceptibility of human CSF.

This work was supported by grant Ni486/2-1 of the DFG.

714.2
POSITRON EMISSION TOMOGRAPHY STUDY OF CHOLECYSTOKNIN-
4-1NDUCED PANIC ATTACKS IN HEALTHY VOLUNTEERS. 
MJLmnmaKli£hIik^xIL££im£dyJ^ ‘.Clarke
Institute of Psychiatry, Toronto, Ontario.

Background: Panic Disorder (PD) is an Anxiety Disorder characterized by episodes 
of panic attacks. Since panic attacks are the cornerstone of PD, it is crucial to study 
them in the laboratory setting with the help of provocation agents such as 
cholecystokinin-4 (CCK-4). Past studies, using functional imaging and anxiety 
inducers, have shown that scanning at a single point in time during a panic attack 
reveals increase of cerebral blood flow (CBF) in the cingulate and claustrum-insular 
regions. However, no study has evaluated changes in CBF as a function of time to 
determine primary' as opposed to secondary sites of activation during panic attacks. We 
hypothesize that in response to a single CCK-4 bolus injection in healthy volunteers, 
subsequent to the induction of the panic attack a different pattern of CBF change would 
occur as a function of time. Methods: This is a single-blind, between group design, 
measuring CBF (radiolabelled water), using positron emission tomography (PET) and 
magnetic resonance imaging (MRI) co-registration. The scan sequence is; scanl 
(baseline), scan2 (CCK-4 injection), scan3 (placebo control), scan4 (anticipatory 
anxiety), and scan5 (jaw clenching, controlling for extracranial muscle-induced CBF 
changes). To determine sequential differences in the anatomical activity as a function 
of time, scan 2 was divided into two time group intervals after the onset of a panic 
attack, namely Tj (scanning the first 60 sec), and T2 (scanning during the next 60 
sec).Preliminary results: Comparison of scans in 20 subjects showed significant 
differences between Tj and T2 intervals, that revealed activation initially in the 
cingulate (during T,), and later (during T2) spreading from cingulate to the claustrum- 
insular region. These results support the hypothesis that changes in CBF as a function 
of time might underline the expression of symptoms in panic attacks. Source of 
funding: Medical Research Council group grant to J.B. and F. J.V.

714.3
TIME COURSE OF rCBF CHANGES AFTER ACUTE HALOPERIDOL IN 
HUMANS. A.C. Lahti*, H.H. Holcomb, M.A. Weiler, L.W. Chen, D.
Medoff, C.A Tamminga. Maryland Psychiatric Research Center,
University of Maryland School of Medicine, Baltimore, MD 21228

In order to characterize the dynamic time course of neuronal activity 
induced by haloperidol given acutely to humans, serial regional cerebral 
blood flow (rCBF) measurements (using PET and H215O) were obtained 
over time. Scans were obtained in drug-free schizophrenic persons at 
baseline and at 1,2,3,4, 7,8,9, and 10 hours after an acute oral dose of 
10mg of haloperidol. Average images were constructed and analyzed 
using SPM techniques. Baseline scans were contrasted with the after 
drug scans. Acute haloperidol administration produced a significant 
increase in rCBF in right basal ganglia including caudate and putamen 
and in the left posterior thalamus. Decreases were noted in midiine 
frontal/anterior cingulate region and in the left hippocampal area. The 
maxima of all significant clusters were grown to a 6x6x12 ROI and an 
average adjusted rCBF value assessed and plotted. Change in these 
values over time was analyzed kinetically by region. Plasma drug levels 
obtained during each scan were correlated with rCBF changes. To 
evaluate the specificity of the changes observed with the drug, we 
obtained placebo scans in normal volunteers during a matching time 
course. No significant change in rCBF were found using the same scan 
contrast. These preliminary data suggest that acute haloperidol 
administration produces changes in blood flow that resemble metabolic 
changes induced by chronically administered haloperidol
(Holcomb, 1996), and that it’s action appears to involve distributed 
neuronal systems. This technique could provide a method to compare 
regional and dynamic changes with various antipsychotics.

714.4
FUNCTIONAL MAGNETIC RESONANCE IMAGING OF 
DOPAMINERGIC ACTIVITY IN THE BRAIN. A, Chen, Y.I. Chen,
V. Nguyen, R.T. Matthews, A, Flaherty*, B.G. Jenkins. NMR Center, 
Mass. General Hospital, Charlestown, MA 02129

Brain signal changes induced by amphetamine (3mg/kg) in rats can 
be reliably detected using gradient echo imaging, sensitive to blood 
oxygenation level-dependent (BOLD) and flow-dependent contrast. 
What mechanisms mediate these signal changes?

We have shown that amphetamine-induced signal changes are 
ablated by lesions of dopaminergic innervation and are reinstated by 
transplantation of fetal nigral cells. These results correlate well with 
PET measures of dopamine transporter protein distribution as well as 
microdialysis measures of extracellular dopamine levels.

To begin to investigate the role that dopamine receptor binding 
plays in these signal changes, we used Sch-23390 and eticlopride as 
selective antagonists of dopamine DI and D2 receptor subtypes, 
respectively. Injection of Sch-23390 (0.05-0.6 mg/kg) (n=6) or 
eticlopride (0.2 mg/kg) (n=3) alone produced no statistically 
significant signal changes. Injection of Sch-23390 (0.3-0.6 mg/kg) 
(n=12) or eticlopride (0.1-0.6 mg/kg) (n=5) prior to amphetamine did 
not block the amphetamine-induced MR signal changes. The less 
selective D2 antagonist haloperidol (I mg/kg) (n=2) did cause a signal 
decrease when injected, and blocked amphetamine-induced signal 
changes.

These preliminary results are consistent with two hypotheses. First, 
haloperidol antagonism of amphetamine-induced signal changes are 
not mediated solely by antagonism at the D2 receptor. Second, signal 
changes observed using functional MR imaging may more directly 
reflect presynaptic activity than modulation of post-synaptic activity 
by receptor binding. [Supported by NIH grant 2R01CA40303]

714.5
FLUVOXAMINE (FLUV) MODULATES THE FUNCTIONAL ACTIVITY OF 
THE LOCUS COERULEUS: AN IN VIVO 04C)2-DEOXYGLUCOSE STUDY.

Neurology Department, Padova University, and Psychiatry Department1, Pisa 
University, ITALY

FLUV is a selective serotonin reuptake inhibitor with little or no affinity for 
other monoamine reuptake systems and for neuroreceptors. However, FLUV is 
effective in neuropsychiatric pathologies which are associated with abnormalities 
not only of the serotoninergic (e.g. depression, obsessive-compulsive disorders, 
Korsakoff's syndrome amnesia) but also of noradrenergic systems (e.g. panic 
attacks, phobic and stress related disorders). These clinical data suggest that FLUV 
may have mechanisms of action more complex than originally thought. The aim of 
this study was to assess the effects of graded doses of FLUV on regional cerebral 
metabolic rates for glucose (rCMRglc), a putative index of neuronal function. 
Experiments were performed in male 3-mo-old Fischer-344 rats (Charles River 
Italia, Como, Italy) according to the [14C]2-deoxyglucose ([14C]DG) (Amersham 
International, Arlington Heights, IL, U.S.A.) autoradiographic technique. 
rCMRglc was determined in 56 brain areas after i.p. injection of 0.4, 4 or 40 
mg/kg of fluvoxamine maleate (Farmades, Roma, Italy). Statistical significance 
was determined by a Bonferroni corrected t-test. FLUV dose-dependently reduced 
rCMRglc. At 0,4 mg/kg, FLUV decreased rCMRglc in the locus coeruleus (-40 : 
p < 0.05) only; at 4 mg/kg FLUV reduced rCMRglc also limbic and frontal (-30 
and -24%, p < 0.01, respectively) regions but not in the raphe (-13 and -15%, ns) 
nuclei. The results suggest that FLUV, in addition to the known effects on the 
serotoninergic system, alters the adrenergic efferent output to limbic and frontal 
areas. These effects on the adrenergic system may be pertinent to FLUV 
therapeutic actions on psychiatric pathologies related to noradrenergic 
abnormalities.

714.6
REGIONAL BRAIN METABOLISM IN NEUROLEPTIC-RESPONSIVE AND 
NON-RESPONSIVE SCHIZOPHRENIC PATIENTS: A STUDY WITH FDG- 
PET AND HALOPERIDOL CHALLENGE. R. Schlosser*, E.J. Bartlett, J.D. 
Brodie, P. Simkowitz, S.L. Dewey, J.P. Lindenmayer, H. Rusinek, A. Wolkin, R.
Cancro. Department of Psychiatry, NYU Medical Center, NY, NY 10016. 
Department of Chemistry, Brookhaven National Laboratory', Lipton, NY, 11949.

The FDG-PET method was used to measure the metabolic response to an acute 
haloperidol challenge in schizophrenic patients responsive and non-responsive to a 
treatment with typical neuroleptics. We investigated the relation between treatment 
outcome and the capacity to alter neurochemical function in response to acute 
receptor blockade. FDG measures were obtained in 7 drug responsive and 7 non- 
responsive schizophrenic patients after a drug-free period of at least tlrree weeks 
and 12 hours after administration of 5 mg of haloperidol. Overall, the haloperidol 
challenge was associated with a significant decrease in metabolism in drug non- 
responsive but not in responsive patients. This pattern was observed for absolute 
metabolic values in most regions except striatum and anterior cingulate. Relative 
dorsolateral prefrontal cortex metabolism was significantly reduced in drug non- 
responsive patients after challenge. Both responsive and non-responsive subjects 
showed Sower relative occipital lobe metabolism in haloperidol challenge than in 
the the baseline condition. Relative thalamic values were significantly reduced in 
the non-responsive patients. Our findings indicate clear group differences in the 
CNS metabolic response to a haloperidol challenge, suggesting that individual 
differences in the brain's neurochemical adaptation to acute receptor blockade may 
predict treatment response in schizophrenia.

Supported in part by Grants MH47277, NS 15638, RR00096 from the NIH, the 
DOE/OHER, NARSAD and Schl 400/1 -1 from the DFG.
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714.7
ESTROGEN IS NEUROPROTECTIVE IN RAT TRANSIENT FOREBRAIN ISCHE-
MIA P.A, Pelligrino*. V.L. Baughman and Q. Wang. Dept of Anesthesiology, Univ. of Illi-
nois-Chicago, Chicago, IL 60612.

We recently found that ovariectomized (OVX) rats show greater neuropathology following 
exposure to transient forebrain ischemia (TFI), when compared to 1 7|3-estradiol (E2)-treated 
OVX or normal females. The poorer neurologic outcomes in untreated OVX rats were asso-
ciated with a diminished cerebral vasodilatory reserve, rendering these animals less capable 
of resisting the reductions in cerebral perfusion accompanying carotid occlusion and hypoten-
sion. In the present study, we examined potential cerebral perfusion-independent effects of E2 
treatment in OVX rats subjected to TFI. By monitoring cerebral cortical blood flow (CBF) 
changes, using laser-Doppler flowmetry (LDF), intra-ischemic CBF reductions to 20% (se-
ries I) or 25% (series II) of baseline were imposed in OVX, OVX + E2 (0.1 mg/kg/day-2 
weeks), and normal female rats. The rats were studied under fentanyl/N2O anesthesia. An 
LDF probe was placed over a thinned portion of the skull overlying the right sensorimotor 
cortex. TFI was induced by 30 min occlusion of the right common carotid artery combined 
with hemorrhagic hypotension. Blood withdrawal was adjusted to maintain CBF at 20 or 25% 
of the pre-ischemic value. Rats were permitted to recover and underwent daily neurologic as-
sessments over 3 days. The range of possible scores each day were zero (no deficit) to 18 
(neurologic death). Daily scores were added. At 3 days (series I rats only), the brains were 
fixed, sectioned, stained with H&E, and the right hippocampus (HC) and striatum (ST) were 
examined. Analysis of neuropathology was based on a percent cell loss. In the HC, untreated 
OVX rats showed a 84 ± 7% cell loss (includes CAI-4 and dentate). Normal females and En-
treated rats showed lesser cell loss (46 ± 9 and 60 ± 12%, respectively). A similar pattern was 
observed in the ST (52 ± 5%, 33 ± 5%, and 40 ± 9%, in OVX, normals, and E2-treated rats, 
respectively). The same relationships among groups were seen for neurologic outcomes in 
both series. Thus, series I/n outcome scores were 5±2/20±3 in normal females, 9±2Z20±5 in 
Entreated OVX rats, and 20±6/30±5 in untreated OVX rats. These and earlier findings from 
our laboratory indicate that estrogen-associated ischemic brain protection involves both perfu-
sion-independent effects and actions leading to improved brain perfusion. Supported by 
HL56162 and American Heart Association (National).

714.8
INWARD RECTIFIER POTASSIUM CHANNEL FUNCTION IS ALTERED 
AFTER ISCHEMIAZREPERFUSION IN THE RAT MIDDLE CEREBRAL 
ARTERY. R.M. Bryan, Jr.*, S.P. Marrelli, T.D. Johnson and W.F. Childres, Dept. 
of Anesthesiology, Baylor College of Medicine, Houston, TX 77030.

Inward rectifier potassium channels (K^s) are voltage dependent potassium 
channels (closed by depolarization) whose open state probability increases with 
increased extracellular K+. In this study, we have tested the hypothesis that 
function is altered in vascular smooth muscle after ischemiaZreperfusion (IZR.).

Two hours of focal ischemia was induced in male Long-Evans rats (2% 
Isoflurane anesthesia) followed by reperfusion. Twenty four hours later, both left 
(control) and right (experimental - IZR) MCAs were harvested and mounted on 
micropipettes, pressurized to 85 mm Hg, and luminally perfused. Vessel 
diameters were measured after magnification using an inverted microscope. 
Resting diameters for control and IZR MCAs were not significantly different [219 
± 5 pm and 221 ± 4 pm (n=5 each) respectively]. Abluminal administration of 15 
mM K+ to the control MCAs produced a steady state dilation of 29 ± 2 % (n=5, 
p<0.001). The dilation was not affected by removal of the endothelium (n=6). The 
dilation by K+ was completely blocked by 75 pM BaCl2 (n=6, p<0.001), 
concentration specific inhibitor for K^s; but not by 1 mM TEA (n=6), 
concentration specific inhibitor for Ca2+ dependent K channels; 10 pM 
glibenclamide (n=6), inhibitor of ATP sensitive K channels; or 1 mM 4- 
aminopyridine (n=6), inhibitor of delayed rectifier K channels. Abluminal 
administration of 15 mM K+ to the IZR MCAs produced only a brief and transient 
dilation of 19 ± 4% (n=5, p<0.01 compared to control) after which a steady state 
change of only 9 ± 4% was maintained (p<0.01 compared to control). We 
conclude that following ischemiaZreperfusion the function of the inward rectifier 
K channel is severely damaged. (PHS grant PO1 NS 27616)

714.9
CHRONIC HYPERGLYCEMIC RATS HAVE AN ATTENUATED DROP IN 
INTRACELLULAR pH FOLLOWING GLOBAL CEREBRAL ISCHEMIA. J. M. 
Hoxworth. K. Xu, Y. Zhou, W. D. Lust, and J. C. LaManna.* Depts. of Neurology 
and Neurosurgery, Case Western Reserve Univ. Sch. of Med., Cleveland, OH 44106.

When plasma sugar levels are elevated during ischemia, neuronal cell damage is 
enhanced, quite plausibly through the generation of a lactic acidosis. However, the 
impact of the pre-ischemic duration of hyperglycemia must be better defined.

Male Wistar rats were divided into normoglycemic (NMGL), acutely 
hyperglycemic (AHGL - 2.0 mL 50% dextrose, 30 min. pre-arrest), or chronically 
hyperglycemic (CHGL - 55 mg/kg streptozotocin i..p., 2 wks. pre-arrest) groups. 
Subsets (n = 6 to 9) of each cohort were subjected to either no cardiac arrest, arrest 
without recovery, or arrest with 5 min. reperfusion. Following in situ freezing, the 
brains were sectioned for metabolite and intracellular pH (neutral red) analysis.

At the end of 15 min. of ischemia, the AHGL and CFIGL animals (plasma glucose 
of ~30 mM) exhibited cortical lactate levels of 78 ± 2 (± SE) and 85 ± 6 nmol/mg dry 
wt. respectively, in contrast to the NMGL level of 54 ± 3. Post ischemic intracellular 
cortical pH was 6.59 ± 0.10 (NMGL), 6.35 ± 0.13 (AHGL), and 6.70 ± 0.07 
(CHGL). Hippocampal pHi followed a similar trend during arrest, with neuropil 
regions becoming slightly more acidic than neuron cell body layers. With 5 min. of 
recovery, pHi returned to baseline. In all groups, cortical ATP and PCR dropped to 
near zero following cardiac arrest but recovered 2/3 of nominal values with 5 min. of 
reperfusion.

Following global cerebral ischemia, rats that were hyperglycemic for two weeks 
exhibited smaller drops in intracellular pH compared to acutely hyperglycemic 
animals, despite having comparably high plasma glucose and tissue lactate levels.
One explanation is that chronic hyperglycemia may induce an adaptation that 
partially buffers the lactic acidosis associated with ischemia.
Source of Support: PHS Grant NS 22571

714.10
MECHANISM OF KAINATE-INDUCED CEREBRAL ARTERIOLAR 
DILATION IN PIGLETS. F. Bari12, T.M, Louis13 and P.W. Busija1*.
'Dept. of Physiology and Pharmacology, Bowman Gray School of Medicine, 
Winston-Salem, NC 27157, 2Dept. of Physiology, Albert Szent-Gybrgvi Med. 
Univ., Szeged, Hungary, and 3Dept. of Anatomy, ECU, Greenville, NC 27585.

NMDA-induced cerebral arteriolar dilation, which is dependent upon 
production and actions of nitric oxide, is greatly reduced following 
hypoxic/anoxic insults. We extended these studies by examining mechanisms 
of arteriolar dilation to kainate (KAI) receptor activation and sensitivity of 
KAI-induced arteriolar dilation to ischemic stress. Pial arteriolar diameter 
was determined via intravital microscopy. Baseline arteriolar diameters were 
~ 100 pm. KAI at concentrations of 5x1 O'5 and 10"4 mol/1 resulted in dose- 
dependent dilation of pial arterioles (16±2%, and 30±2%. n=6). Ad-
ministration of L-NAME (n=7; 15 mg/kg, iv) or indomethacin (n=6; 10 
mg/kg,iv) blocked arteriolar dilation by approximately 50%, while MK-801 
(n^6; 10'5 mol/1, topical) or theophylline (n=7; 20 mg/kg, iv) did not affect 
dilation. Cerebral ischemia was induced for 10 minutes by raising intracranial 
pressure. At 1 hour after ischemia, arterioles dilated by 17±3% at 5x10 3 mol/1 
and 26±3% at 10'4 mol/1 (n=6). In addition, 10 minutes of arterial hypoxia 
(PO2~26 mmHg) immediately followed by 10 minutes of ischemia failed to 
substantially change arteriolar dilation to KAI (n=4). Thus, KAI but not 
NMDA receptor function is intact in the immediate, post-ischemic period.

Supported by HL-30260, HL-46558 & HL-50587

714.11
EFFECT OF ETOMIDATE ON COLLATERAL CEREBRAL BLOOD FLOW. S.C. 
Robertson*. P Brown III and C.M. Loftus. Div. of Neurosurgery, Univ. of Iowa Coii. 
of Med., Iowa City, IA 52242

Augmentation of blood flow to collateral-dependent tissue(CDT) as a result of 
selective vasodilation of collateral vessels has been shown to occur with various 
stimuli after MCA occlusion. Etomidate, a carboxylated imidazole derivative, is a 
nonbarbiturate anesthetic that is used clinically both as an anesthetic and as a 
neuroprotective agent. The effect etomidate has on collateral cerebral vessels is 
unknown. The purpose of our studies w as to test whether etomidate selectively 
augmented CBF to the collateral dependent tissue during ischemia as an additional 
mechanism of neuroprotection.
In fourteen dogs a left sided craniectomy was performed. A branch of the middle 
cerebral artery (MCA) was cannulated and collateral-dependent tissue was identified 
using the "shadow flow" technique. Regional cerebral blood flow (CBF) was 
measured using radiolabeled microspheres. An etomidate(0.1 mgkg'min IV) infusion 
was started and CBF and vascular pressures were measured at 10 and 30 minutes. 
Hypotension was then induced and CBF and pressures again measured. 1 he 
etomidate infusion was stopped and blood pressure was returned to normal for a 
repeat measurement of CBF and pressures at 30 minutes post-infusion. CBF was 
significantly reduced in all regions of the brain, including collateral dependent tissue, 
when etomidate was infused. Collateral dependent tissue showed a 53.7% reduction 
in flow, while normal cerebral flow was reduced by at least 63.4%. During 
hypotension blood flow to CDT was reduced by an additional 42.7% .while normal 
cerebrum was reduced by at least 22.7%. Etomidate induced cerebral vasoconstriction 
in all vessels. The neuroprotective effects of etomidate during ischemia does not 
appear to be through the augmentation of collateral or global cerebral blood flow 
Supported by Dept. of Vet. Affairs Merit Review Grant to Dr. Loftus

714.12

ASCORBIC ACID TRANSPORT IN HIPPOCAMPAL 
CULTURE LJ McIntosh*, MK Patel, RM Sapolsky 
Department of Biological Sciences, Stanford University, 
Stanford, CA 94305

Ascorbic acid (ASC) is a major antioxidant protecting 
cells and molecules from oxidative damage. Although it is 
critical for many cell functions, ASC is not produced in humans; 
ASC must be obtained in the diet, transported in the blood and 
taken up by all cells. Studies have suggested a role for glucose 
and hexose transporters in ASC uptake. Using primary 
hippocampal cultures, we see a time dependent uptake of cellular 
l4C-ascorbic acid (but not i4C-dehydroascorbate) that is blocked 
by phloretin, a glucose transporter antagonist. Studies to 
characterize the system, including the use of other glucose 
transporter antagonists and sugars to test transport properties, 
exposure to glucocorticoids (GCs - stress hormones known to 
disrupt glucose transport in neurons), and transfection with a 
viral vector containing the GLUT-1 glucose transporter will 
show whether glucose and ascorbic acid share transport 
properties in hippocampal neurons.

Preliminary experiments indicate that ASC transport in 
hippocampal neurons appears to have multiple pathways, 
including the glucose transporter. These studies will address 
whether energy state and GC levels may be important in a 
neurological crises by affecting availability of a critical cellular 
antioxidant at a time of high oxygen radical generation. Support: 
American Heart Association (LJM), Adler Foundation (RMS).
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715.1
FRONTAL CORTICAL REGIONS AND THE PROGRAMMING OF FINGER-
TAPPING SEQUENCES: I. THE EFFECTS OF FRONTAL EXCISIONS. R 
Richer* & M. Lepage Service de Neurologie, CHUM, Pavilion Notre-Dame, 1560 
Sherbrooke E. Montreal, QC, H2L 4M1

Evidence of slow initiation times in response sequences (Lepage & Richer, 
1996) following frontal cortex damage suggests a deficient initial programming of 
multiple responses. We investigated whether this programming deficit also affects 
simple finger-tapping responses in 8 patients with a frontal lesion, 8 with a temporal 
lesion and 8 controls in two simple RT tasks. In both tasks, subjects responded to a 
white square presented centrally with one single finger tap in a first condition and 
four taps in a second condition thereby assessing the effect of programming 
multiple responses on initiation time. In the first task, the imperative stimulus was 
temporally predictable and followed the fixation cross by 1500 ms while in the 
second task, the interval was unpredictable ranging from 500 to 2500 ms (mean 
1500 ms). Patients with a frontal lesion did not differ significantly from the two 
control groups on both simple tap conditions. However, frontals were much slower 
in both 4-tap conditions and this slowing was exacerbated by the unpredictability of 
the imperative stimulus. These results confirm previous observations on choice 
sequences by showing that frontal lesions induce motor programming deficits even 
in simple sequential responses. Also, this deficit is exacerbated by the 
unpredictability of stimulus onset suggesting that temporal programming problems 
co-occur with sequential programming problems after frontal damage. Our 
functional neuroimaging findings corroborate this distinction between simple and 
sequential finger-tapping by showing that sequential tapping activates secondary 
motor regions relative to discrete single taps.
Supported by CRM, FRSQ, and the Savoy Foundation.

715.2
FRONTAL CORTICAL REGIONS AND THE PROGRAMMING OF FINGER-
TAPPING SEQUENCES: II. FUNCTIONAL MRI FINDINGS. M. Lepage*, G. 
Beaudoin, I. O’Brien, P. Bourgouin & F. Richer, Services de Neurologie et 
Radiologie, CHUM, Pavilion Notre-Dame, 1560 Sherbrooke E, Montreal, Qc.

Neuropsychological studies have shown that frontal lesions can impair the 
ability to perform rapid choice sequences and simple finger-tapping sequences 
while simple discrete responses are performed normally. Using functional MRI, we 
investigated the functional anatomy of discrete and sequential tapping procedures. 
Eight normal right handed subjects were scanned in a 1.5 T magnet in two 
conditions of repetitive movements of the right thumb differing in the temporal 
organization of the responses. In each condition, 8 20sec activation periods 
alternated with 8 rest periods. In condition 1, subjects performed repetitive 
movements at 1/sec and in condition 2, they executed 5 sequences of 4 fast thumb 
movements per activation period. All responses were signalled by flashes of light. 
Both conditions were equated in terms of the number of responses but in the second 
condition responses were grouped into short sequences. If fast sequential responses 
require a more active programming than simple repetitive movements, this 
distinction should be apparent in functional images. Statistical parametric analyses 
revealed that primary motor and somatosensory cortex were equally activated in 
both conditions. A bilateral frontal mesial activation was clearly present in fast 
sequential movements (SMA and cingulate regions) but not in discrete movements. 
These results suggest that simple discrete and sequential responses activate different 
frontal regions. Response sequences significantly activate frontal mesial regions 
relative to simple repetitive movements. These findings are consistent with the 
dichotomy observed in patients with frontal lesions between normally executed 
simple responses and deficient sequential initiation speed.
Supported by CRM, FRSQ, and the Savoy Foundation.

715.3
EVENT-RELATED BRAIN POTENTIALS IN AUDITORY AND VISUAL TASKS OF 
SUSTAINED ATTENTION. A. Tekok-Kilic*, J.M. Sparks & D.W. Shucard. 
Departments of Neurology and Psychology, SUNY@ Buffalo, 100 High St.
(D-6), Buffalo, NY 14203.
Task relevancy and task demands have been found to be potent predictors of P3(00) 

amplitude and latency in oddball paradigms. In our laboratory we have developed auditory 
and visual continuous performance tasks (CPT) in order to investigate the task and 
modality effects on the P3(00) component. The CPT AX paradigm differs from the 
classical oddball task in that it is more cognitively challenging and allows for 
electrophysiological and behavioral measures to be obtained for a number of different 
cognitive conditions. In this present investigation we were interested in the relationship 
between the stimulus modality and P3(00) amplitude, latency and the scalp topography 
when the tasks required for different stimulus sequences or conditions were virtually the 
same across modalities. A total of 40 healthy subjects, 20 males and 20 females, between 
18-35 years participated in the study. The CPT A-X task was presented to the subjects in 
both auditory and visual modalities in counterbalancing order. Number of stimuli, types 
of the stimuli (letters) and the stimulus sequences were identical for both modalities of 
CPT presentations. The event-related potentials (ERPs) were recorded from midline (Fz, 
Cz, Pz, Oz) and bilateral scalp sites (F3, F4, P3, P4, C3, C4, T3, T4) all referenced to ear 
leads. For this presentation only data from the midline scalp sites are reported. Separate 
ERPs were obtained for 6 letter sequences each in the visual and auditory modalities. The 
P3(00) was designated as the maximum positive deflection occurring between 250-550 
ms post-stimulus. The amplitude, latency and the scalp topography of P3 (00) showed 
differences as a function of the cognitive processes involved. For example there were 
significant differences in scalp topography between the Go (A-X) and NoGo (A-not-X) 
conditions, irrespective of stimulus modality.
Supported partly by Mark Diamond Grant (33-F-95) and the Department of Neurology 
Research Fund.

715.4
PHYSIOLOGICAL CORRELATES OF THE COGNITIVE BIAS TASK. S. R. 
Ginn1* and D. A. Powell. ’Department of Psychology, East Carolina 
University, Greenville, NC, 27858-4353 and Neuroscience Laboratory, William 
Jennings Bryan Dorn Veterans’ Hospital, Columbia, SC 29201.

The cognitive bias task (CBT) has been used as a test of decision-making 
strategies in young, intact adults (Ginn & Whetstone, Soc. Neurosci. Abs, 1994, 
20, 1424). During the CBT, the subject is presented with a circle or square 
target stimulus followed by two choice circle or square stimuli. Subjects are 
instructed to indicate a preference for either of the choice stimuli after target 
presentation. Subjects' response biases were tested by varying target-choice 
similarity; reaction time before choice was also recorded. We found no 
significant differences for either gender or handedness on response choice. 
Results indicated that both men and women, right- and left-handed, made 
choices in this task in a context-dependent manner, that is, both men and 
women made their choices on the basis of how similar the choices were to the 
target. It was also found that males generally make their decisions more 
quickly than women; however, this difference was not statistically significant. 
These results, as well as questioning subjects about their responses, indicate 
decisions regarding choice of target are made without conscious awareness.
The present research tested this hypothesis by recording heart rate, respiration 
rate, and galvanic skin response while subjects were responding on the task. 
These physiological measures were correlated with response choice/bias and 
reaction time allowing us to more clearly elucidate the processes involved in 
cognitive decision-making strategies.

Supported by DVA Institutional Research Funds.

715.5
AN ANALYSIS OF POWER SPECTRAL DENSITY CHARACTERISTICS OF 
RUNNING EEG. K.H. Pribram*, J.S. King, D. McClain,
T.W. Pierce and P. Shan. Center for Brain Research, 
Radford University, Box 6977, Radford, VA 24142.

EEGs were recorded for 30 second epochs with a 128 
electrode geodesic array before, during and after control 
and attention deficit subjects performed a continuous 
performance test (CPT). Log-log power spectral density 
(PSD) plots of artifact-free 5 sec. segments were made 
from each epoch after applying a 3.5-42 hz notch filter. 
Slopes of a least squares regression line fitted to the 
PSD for 8 to 42 Hz portions of the PSD plot for ten 
electrode groupings served as a composite measure of 
activity in alpha, beta and gamma frequency bands.
Results indicate that CPT performance produces a decrease 
in slope negativity particularly in frontal and 
central regions. This effect is enhanced in ADD subjects 
Who also show deficiencies in performance of the CPT. 
Slope can also be used to determine the dimensionality 
of the nonlinear running EEG signal in the frequency 
domain.

715.6
a2-ADRENOCEPTOR AGONIST, CLONIDINE, DISRUPTS ATTENTION 
IN YOUNG HEALTHY VOLUNTEERS P. Jakala*. K. Keionen. M. Vanhanen 
J. Sirvio and P. Riekkinen Jr, Dept. of Neuroscience and Neurology, Univ. and 
Univ. Hospital of Kuopio, P.O.B.1627, FIN-70211 Kuopio, Finland.

As a part of our large-scale project investigating the role of a2-adrenoceptors in 
the modulation of attentional, executive and memory functions, we studied the 
effects of two a2-adrenoceptor agonists, clonidine (0.5, 2 and 5 pg/kg, p.o.) and 
guanfacine (7 and 29 pg/kg, p.o.), with different relative affinities for different 
a2-adrenoceptor subtypes (a2A, a2B, a2C), on the performance of young (aged 23- 
35 years) healthy volunteers in the Cambridge Neuropsychological Test Automated 
Battery (CANTAB) attention battery. A placebo-controlled double-blind cross-over 
design (one drug dose/group) was used.

Neither of the drugs affected measures of motor performance, ability to follow a 
simple rule, or performance at easy levels in an attentional test. Clonidine 5 and 
guanfacine 29 pg/kg slightly reduced systolic and diastolic blood pressures, and 
induced subjective feelings of sedation. At the most difficult level in the attentional 
test, the highest dose of clonidine (5 pg/kg), but not guanfacine, decreased the 
number of correct responses and increased reaction latency. Thus, the effects of 
clonidine and guanfacine on attentional performance could be dissociated from 
their sedative effects.

The results demonstrate that in young healthy volunteers clonidine disrupts 
performance in an attentional test requiring effortful processing, while leaving 
performance intact in tests requiring more automatic processing. Based on previous 
literature and relative affinities of clonidine and guanfacine to different a2- 
adrenoceptor subtypes (selectivity for the a2A site: guanfacine > clonidine), we 
suggest a postsynaptic mechanism of action at a2B adrenoceptors by high doses of 
clonidine in disrupting attentional performance.

Supported by the Finnish Academy of Sciences.
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715.7
ATTENTION DURING PROCEDURAL LEARNING : A ROLE FOR THE 
MESIAL FRONTAL CORTEX. D, Akkal, P, Burbaud, D. Guehl, J. Feger *,
D. Cugv, T Audirt, B. Bioulac. Lab. Neurophysiol., Universite Bordeaux II, 
France. * INSERM U289, Paris, France.
Procedural learning of new motor sequences requires, at a first step, selective 
attention to instructions. Informations stored in working memory are then 
used for the elaboration of motor programs necessary to the performance of 
an adapted response. It has been recently suggested that the rostral part of 
the mesial frontal cortex, including pre-SMA and area 24c (or CMAr) of the 
cingulate cortex, may be involved in the preparation of complex tasks 
requiring movement selection. We investigated the role of these cortical 
areas during a complex delayed motor task in which monkeys had to 
remember both the location and rank of visual stimuli in order to elaborate 
a sequential motor response. Neuronal activity was recorded in two 
monkeys (Macaca mulatta) when they performed this delayed memory- 
guided reaching task. A large proportion of neurons modified their activity 
during the presentation of visual cue, indicating trial onset, or during the 
presentation of the first visual target irrespectively of its location. Only a 
few neurons modified their activity after presentation of the second target. 
Since new visual cue sequences were randomly presented to monkeys at each 
trial, it is likely that this last phenomenon reflects attention processes 
during learning of new sequences. Several neurons in pre-SMA had a 
polymodal activity and exhibited a sustained and progressive activation 
during the delay period which ended abruptly with movement onset. Other 
neurons modified their activity following the instruction to move (Go 
signal) or during movement execution. Taken together, these data suggest 
that neurons in the mesial frontal cortex play a role in selective attention 
during the procedural learning of motor sequences.

715.8
A PET ACTIVATION STUDY OF RANDOM NUMBER GENERATION
M, Jahanshahi*, G. Dirnberger. R. Fuller, and C. Frith Departments of Clinical & 
Cognitive Neurology, Institute of Neurology, Queen Square, London, WC1 3BG UK

Random number generation (RNG) requires suppression of habitual responses such as 
counting, and monitoring of responses; and is attention-demanding. According to a 
network modulation model of RNG, suppression of habitual counting is achieved 
through the modulatory (inhibitory) influence of the left dorsolateral prefrontal cortex 
(DLPFC) over a number associative network in superior temporal cortex (STC). From 
this we predicted (i) increase in rCBF in left DLPFC with RNG relative to a control 
counting task (ii) decrease in rCBF in left STC in RNG, but increase with counting.

A 2 (Task) x 6 (Rate) factorial design was used. 6 young, right-handed, healthy, 
males performed 2 tasks: (i) RNG: subjects generated numbers between 1 and 9 
randomly (ii) COUNT: subjects counted from 1 to 9. Each task was performed at 6 
rates (one response every 0.5, 1, 1.5, 2, 2.5, or 3 s), paced by tones. Order was 
counterbalanced. rCBF measurements were with a Siemens CPS ECAT EXACT HR 
PET scanner using intravenous injection of 15O labelled water. The images were 
realigned, transformed into standard stereotactic space, smoothed (Gaussian filter), 
corrected for global flow, and analysed with SPM.

Relative to COUNT, RNG was associated with significant increases in rCBF in the 
anterior cingulate (BA 24, 32), left DLPFC (BA 46, 9), superior parietal cortex (BA 7) 
bilaterally, right inferior prefrontal cortex (BA 45 & 47), cerebellum bilaterally, as 
well as significant decreases in rCBF in the right STC (BA 22, 42), right fusiform 
gyrus (BA 21), left parietal area 40, right medial occipital cortex (BA 19), and the left 
medial temporal cortex (BA 28,38). The Task x Rate interaction was significant: 
increase in rCBF in the left STC was associated with decreasing rates of RNG and 
increasing rates of COUNT.
The results support the proposal that in RNG suppression of habitual counting may be 

achieved through the modulatory and inhibitory influence of the left DLPFC over a 
number associative network in the STC. (Funded by the Wellcome Trust).

715.9
Regional cerebral blood flow and brain metabolism in adults with childhood 
diagnosed attention deficit disorder. DL Flowers,* FB Wood, NJ Price, JR Absher. 
Bowman Gray School of Medicine, Winston-Salem, NC 27157-1043.

A sample of adults were ascertained from a group of individuals who were 
extensively tested in childhood to study the adult outcome of early reading level. 
Their archival data allowed for diagnosing or ruling out attention deficit disorder 
(ADD) in some subjects. Physiological measures-regional cerebral blood flow 
(rCBF; n=62) and positron emission tomography (PET; n=30)— were made in two 
different groups of adults with and without ADD diagnosis while they performed a 
continuous performance task (either orthographic identification or letter 
identification). Brain activity profiles were correlated with presence or absence of 
ADD as indicated from their childhood records. Residual ADD symptoms were 
also determined by interview and checklists. In two different subject samples using 
two different physiological measures, globally reduced activity was associated with 
childhood ADD. In each case the largest effects were observed in the posterior 
regions, (right visual cortex being the most significant in the PET data) even when 
age, gender, or reading ability were statistically controlled. Normalized activity 
yielded a significant effect only in PET regions of interest: in the right caudate 
nucleus and the left inferior frontal cortex, both more highly activated in the ADD 
subjects. Right caudate activation was also significantly related to adult self- 
reported ADD symptoms. The results are interpreted as consistent with models of 
attention suggesting deficits in right posterior functioning in ADD. They also 
suggest that enhanced caudate activation may underlie compensatory strategies in 
ADD individuals when performing a continuous performance task. (Supported by 
NICHD grant # 5PO1HD21887)
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716.1
DEFICITS IN THE ACOUSTIC STARTLE REFLEX AND PREPULSE 
INHIBITION FOLLOWING LESIONS TO THE NUCLEUS BASALIS 
MAGNOCELLULARIS: RESTORATIVE EFFECTS OF NICOTINE. N.R. Katz*. 
S.A. Weiner. J, Rochford. Douglas Hospital Research Center, Depts.of Psychiatry & 
Neurology & Neurosurgery, McGill University, Montreal, Quebec, CANADA.

Extensive evidence has shown that excitatory amino acid-induced lesions of the 
nucleus basalis magnocellularis (NBM) produce profound impairment in tests of 
spatial learning and memory in the rodent. In contrast, very little work has been 
conducted assessing the possibility that NBM-lesioned animals may shown deficits in 
tests assessing other functions. Consequently, the present study was conducted to 
assess the effects of quisqualate-acid-induced lesions of the NBM on the acoustic startle 
response (ASR, a general index of reactivity to novel stimuli) and on prepulse 
inhibition (PPI) of the ASR (an index of sensorimotor gating). Further, we assessed 
the effects of nicotine (0.4 mg/kg) administration within these two paradigms.

Two weeks after lesioning, animals were tested for ASR with the intensity of the 
startle stimulus ranging between 80-120 db. NBM-lesioned animals were equally 
reactive to low intensity startle stimuli (80-95 db), but less reactive to more intense 
stimuli (100-120 db). This deficit was partially reversed by nicotine administration. 
Nicotine also enhanced the ASR in control animals. To assess PPI, 120 db startle 
stimuli were preceded by brief (50 msec) presentations of prepulse stimuli ranging 
from 3-15 db above background noise levels. NBM-lesioned animals were found to be 
impaired at all prepulse intensities. This effect was completely reversed by nicotine 
administration, and nicotine did not affect PPI in control animals.

The results suggest that NBM lesioned animals exhibit deficits in reactivity to novel 
stimuli and sensorimotor gating. Both impairments can be reversed, at least in part, by 
prior nicotine administration. These data add some support to the argument tliat 
cholinergic mechanisms mediate processes involved in sensorimotor gating. 
Supported by MRC.

716.2
UNILATERAL INFUSIONS OF MUSCIMOL INTO THE BASAL FORE-
BRAIN OF RATS PRODUCE GREATER EFFECTS ON VISUOSPATIAL 
ATTENTION THAN DO BILATERAL INFUSIONS. W.M. Oshiro1, A.A, 
Chiba2 and P.J. Bushnell1**. 'Neurotoxicology Division, U.S. Environmental 
Protection Agency, Research Triangle Park, NC 27711; 2Deptartment of 
Psychology, University of North Carolina, Chapel Hill, 27709.

We recently reported that unilateral lesions of the basal forebrain cholinergic 
system (BFCS) in rats with 192 IgG-saporin caused greater and qualitatively dif-
ferent deficits in visuospatial attention than did bilateral lesions. To extend these 
findings, the GABAA agonist muscimol was infused bilaterally and unilaterally 
into the substantia innominata (SI) region of the BFCS to inhibit the cholinergic 
projections to the cortex. Male Long-Evans rats (n=l 3) were trained on a task, 
modeled after Posner’s visuospatial orienting procedure for humans, requiring 
accurate detection of a visual targets presented in either visual hemifield. After 
reaching a stable baseline, each rat was implanted with guide cannulae bilaterally 
into the SI and allowed to recover its baseline performance. Each rat was then in-
fused with muscimol (0, 2.5, 5.0 ng/hs in 0.5 ul artificial CSF) unilaterally (left and 
right) and bilaterally in different test sessions. Preliminary results showed that 
bilateral muscimol did not affect accuracy, but increased response latency slightly. 
Unilateral muscimol reduced accuracy and increased latency in a dose-dependent 
manner for responses made to targets in the visual field contralateral to the infu-
sion; ipsilateral response accuracy and latency remained intact. These data demon-
strate that transient enhancement of GABA activity in the BFCS affects detection 
of spatially localized visual targets, probably through GABA-mediated inhibition 
of cholinergic basalocortical projections. These results also confirm our previous 
findings that unilateral lesions in this system cause greater disruption in visuo-
spatial attention than do bilateral lesions.
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716.3
SELECTIVE IMMUNOLESION OF CHOLINERGIC NEURONS IN THE BASAL 
FOREBRAIN: EFFECTS ON VISUAL ATTENTION AND WORKING 
MEMORY IN RATS. V.B. Risbrough, B. Bontempi, A.L Sacaan, E.M. Santori*, 
G.K. Lloyd and F. Menzaghi. SIBI A Neurosciences, Inc., La Jolla, CA 92037.

Visual attention deficits, as measured by a decrease in choice accuracy in the 5- 
choice serial reaction time task in rats, have been reported following AMPA lesion 
of the nucleus basalis magnocellularis (nbM) (Muir et al., J. Neurosc., 14: 2313- 
2326, 1994). Loss of cortical cholinergic afferents has been hypothesized to be 
responsible for this behavioral impairment. However, non-cholinergic damage may 
also contribute to this behavioral deficit. The aim of the present study was to 
examine whether a selective immunolesion of the cholinergic neurons of the basal 
forebrain would produce attention deficits similar to those described for AMPA 
lesions. To further evaluate the effect of this immunolesion, animals were also 
tested in a working memory task in a radial maze. Male Lister hooded rats were 
trained to nose-poke in response to a light stimulus in order to obtain a food reward. 
After reaching criteria, the rats received bilateral Injections of the immunotoxin 192 
IgG/saporin (0.067 pg/rat) into the nbM producing = 65% depletion of ChAT 
activity in tlie dorsolateral frontal cortex, a level of depletion similar to that 
reported after AMPA lesion. The animals were then re-exposed to the 5-choice task 
at 2-3 weeks post-lesion. 192 IgG/saporin-treated rats showed similar choice 
accuracy (correct vs. incorrect responses) as compared to vehicle-treated rats during 
both the re-acquisition period and subsequent testing when the difficulty of the task 
was increased. The only difference between vehicle- and 192 IgG/saporin-treated 
rats in this task was the number of attempts over sessions, as 192 IgG/saporin- 
treated rats exhibited a greater number of omissions. These results suggest the use 
of different strategies to achieve similar levels of choice accuracy. In a working 
memory version of the radial maze, 192 IgG/saporin-treated rats exhibited a deficit 
in choice accuracy. These data suggest that a specific nbM lesion of cholinergic 
neurons impairs the temporary storage of information as demonstrated by a spatial 
working memory deficit in the radial maze but does not clearly disrupt the 
attentional function involved in the 5-choice serial reaction time task.

716.4
DEFICITS IN ATTENTION PRODUCED BY SELECTIVE 
REMOVAL OF CHOLINERGIC PROJECTIONS TO POSTERIOR 
PARIETAL CORTEX. ‘D.J. Bucci*1. P.C. Holland2, and M. Gallagher3. 
Curriculum in Neurobioiogy, University of North Carolina, Chapel Hill, NC 
27599, 2Dept. of Psychology: Experimental, Duke University, Durham, NC 27708, 
and 3Dept. of Psychology, Johns Hopkins University, Baltimore, MD 21218.

Recent anatomical studies have identified a region of cortex in the rat that may be 
homologous to posterior parietal cortex of primates, based on its thalamic and 
cortical connectivity. In primates, this region has been shown to be critically 
involved in the regulation of attention. In the present study, retrograde tracing 
techniques were used to define the boundaries of the posterior parietal cortex in male, 
Long-Evans rats. These techniques were also combined with choline 
acetyltransferase (ChAT) immunocytochemical methods to identify the 
subpopulation of basal forebrain cholinergic neurons that innervate this region of 
cortex. Approximately half of the retrogradely labeled neurons in the basal forebrain 
were immuno-positive for ChAT, and these were found primarily in the substantia 
innominata (SI) and nucleus basalis magnocellularis (nBM). The cholinergic 
projections to posterior parietal cortex were then selectively removed by infusing the 
cholinergic immunotoxin, 192 IgG-saporin, into the posterior parietal cortex. 
Lesioned rats were tested in an associative learning paradigm designed by Wilson et 
al. (1992), to increase attention to a visual cue by making it an inconsistent 
predictor of another event. Unlike control rats, lesioned animals failed to increase 
attention to the visual cue when it was subsequently tested as a conditioned 
stimulus. These results mimic those produced by infusion of the immunotoxin 
directly into the SI/nBM, which removes the cholinergic innervation throughout the 
entire neocortex. These findings support the idea that the cholinergic projections to 
a discrete region of cortex, such as the posterior parietal cortex, may be critical in 
the regulation of attention.

(Supported by NIH grants F31-MH1124 to DJB and K05-MH01149 to MG, and a 
Human Frontier Science Award).

716.5
MK-801 AND D-AMPHETAMINE UNLIKE CHOLINERGIC ANTAGONISTS 
HAVE SPECIFIC ATTENTION EFFECTS ON A VISUAL ATTENTION TASK. 
S.Awere , K. Johnson , D. Widzowski*. Astra Arcus USA, Rochester, N.Y 14607.

To examine the effects of MK-801, d-amphetamine and cholinergic antagonists 
on sustained attention, rats were trained on a visual sustained attention task. Since 
both attentional and visual abilities play a vital role in this task, the aim of the study 
was to try and distinguish drug effects on attention from visual discriminatory 
capabilities. The task required the animals to respond to the presentation of a visual 
signal ( presented for 0.03, 0.1, 0.5 or 5 sec ) by pressing the left lever and the 
absence of a signal by pressing the right lever. The sequence of signal and non-
signal presentations was randomized over a 45 minute session.
Administration of MK-801 ( 0.05-0.3 mg/kg ), an NMDA antagonist, dose 
dependently impaired accuracy at the short duration stimuli but had no effect on the 
long duration stimulus except at the highest dose where impairment across all 
signal and non-signal events was observed. D-amphetamine ( 0.1-1 mg/kg ) dose 
dependently impaired accuracy at the short duration stimuli but had no effect on the 
long duration stimulus. Scopolamine ( 0.05-0.5 mg/kg ) a muscarinic antagonist 
which enters the CNS, dose dependently impaired accuracy across all signal lengths 
and non-signal events. Methyl-Scopolamine (0.05-1 mg/kg) which does enter the 
CNS impaired accuracy across all signal and non-signal events. Mecamylamine 
( 1-10 mg/kg ) a nicotinic antagonist, had the same effect as scopolamine but 
suprisingly, Hexamethonium Chloride, a nicotinic ganglionic blocker, dose 
dependently impaired accuracy at the short duration stimuli but had no effect on the 
long duration stimulus. These results suggest that MK-801 and d-amphetamine may 
have signal duration dependent effects whereas cholinergic antagonists show 
duration independent effects and from this one can propose that MK-801 and 
d-amphetamine have specific attention effects while the cholinergic antagonists 
have visual discriminatory effects.

716.6
INFUSIONS OF SCOPOLAMINE INTO THE ANTERIOR CINGULATE 
CORTEX, BUT NOT THE PRELIMBIC CORTEX, IMPAIR ATTENTIONAL 
PROCESSING. J.M, Williams*. E, Mohler, and B, Givens. Psychology 
Department, Ohio State University, Columbus, OH 43210.

The present study utilized a modified version of the five choice serial reaction 
time task to assess the contributions of the cholinergic systems in the anterior 
cingulate (AC) and prelimbic (PL) subregions of the prefrontal cortex on 
attentional processes. Ten Long-Evans rats were tested in an operant chamber 
with three lights located on the front panel. Levers were located beneath each 
light. At the beginning of each trial, a light appeared randomly over one of the 
three levers for either 200 msec or 500 msec. Rats were required to press the 
lever that was illuminated within three seconds in order to receive a water 
reward. Incorrect responses terminated the trial. Rats were divided into two 
groups. For Group 1 rats, stimulus length selection was randomly determined for 
each individual trial. For Group 2 rats, stimulus lengths were presented in 
blocks (e.g. 30 trials of the 200 msec stimulus, then 30 trials of the 500 msec 
stimulus).

Overall, infusions of scopolamine into the AC significantly impaired accuracy 
to both the 200 and 500 msec stimuli compared to saline controls. In contrast, 
scopolamine infusions into the PL did not affect performance at either stimulus 
length relative to saline controls. In addition, results indicate a significant group 
effect. Group 1 (random condition) rats exhibited greater deficits following 
scopolamine infusions into the AC than Group 2 (block condition) rats, perhaps 
due to differences in the attentional demands required by the two tasks. This 
work was supported by ABMRF to BG.

716.7
ENHANCED AND IMPAIRED ATTENTIONAL PERFORMANCE 
FOLLOWING INFUSION OF DI DOPAMINERGIC RECEPTOR 
AGENTS INTO RAT PREFRONTAL CORTEX
S. Granon*, B.J. Everitt and T. W. Robbins, Department of Experimental 
Psychology, University of Cambridge, Cambridge, CB2 3EB U. K.
The role of DI and D2 dopaminergic (DA) receptors in the rat prelimbic 
medial prefrontal cortex (mPFC) was investigated in a 5-choice serial reaction 
time task involving divided and sustained attention. Rats were trained to 
detect brief flashes of light (50 or 25 csecs) presented randomly in a spatial 
array of 5 apertures. When performance stabilized, animals were implanted 
with bilateral cannulae above the mPFC. Five minutes before the beginning 
of each experimental session, they received micro-infusions of either the DI 
DA antagonist (SCH-23390), the DI DA agonist (SKF-38393) or the D2 
DA antagonist (sulpiride) each at 3 doses (0.03, 0.1 and 0.3 pg in 0.5 pl) in 
a counterbalance sequence, including vehicle control.
Infusions of the D2 antagonist sulpiride had no effect on any component of 
the task, except a marginal lengthening of latencies to produce incorrect 
responses. By contrast, the-results indicate that infusion of the DI DA 
receptor antagonist (SCH-23390) in the mPFC impaired attentional 
performance while infusion of the DI DA receptor agonist (SKF-38393) 
enhanced attentional performance in the rat, both at lower doses. Neither drug 
had any effect on latency.
Results indicate 1) dissociable roles of the DI and D2 DA receptors of the 
mPFC in cognitive functions, with only DI DA receptors of the mPFC 
implicated in attention and 2) that D1 DA agents can dose-dependently both 
impair and enhance attentional functions.
(supported by FYSSEN fundation, Simone and Cino DelDuca fundation and 
the Wellcome Trust)

716.8
LESIONS OF MEDIAL AND LATERAL STRIATUM IN THE RAT PRODUCE 
DISSOCIABLE DEFICITS IN ATTENTIONAL PERFORMANCE. T. W. Robbins, 
R. D. Rogers, C. Baunez, & B. J. Everitt. Dept. of Experimental Psychology, Univ. of 
Cambridge, Cambridge, U.K. SPON: European Neuroscience Association ,

Cell-body lesions of medial frontal (MF) cortex in the rat and of anterior cingulate 
(AC) cortex produce dissociable impairments on a 5-choice serial RT task (Muir et 
al, Cerebral Cortex, 1996: 6; pp. 470-481). Given that both cortical areas project to 
medial striatal regions, we predicted similar behavioural deficits following lesions in 
this striatal area compared to lesions in more lateral areas.

Rats were trained to detect brief visual targets presented randomly in one of five 
spatial positions. Once a high level of performance had been reached (>80% 
accuracy; <10% omissions), one group of rats (n= 8) received discrete quinolinic 
lesions of the medial striatum, while a second group (n=8) received discrete lesions 
of the lateral striatum. A third group (n=8) of rats were sham-operated.

Post-operatively, rats with lesions of the medial striatum showed all the 
behavioural changes associated with MF lesions, i.e. increased RTs for correct 
detections, impaired discriminative accuracy, marked perseverative responding, and 
a greater sensitivity to auditory distractors. In addition, however, the same animals 
showed a large increase in premature as well as perseverative responding, thus also 
exhibiting the main behavioural consequences of AC lesions on this task.

In contrast to these effects, lesions of the lateral striatum produced profound 
disturbances in the retention of the 5-choice task, no animal successfully relearning 
the task even after several months of retraining. Control tests showed no gross 
deficits in either medial or lateral striatal rats in tests of motivation, locomotor 
function or Pavlovian appetitive conditioning. These data suggest that medial and 
lateral striatum have contrasting roles in the control of instrumental responding in 
the context of serial RT performance. Supported by a Programme Grant from the 
Wellcome Trust.
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716.9
UNILATERAL LESIONS OF DORSAL CENTRAL STRIATUM PRODUCE 
MULTIMODAL neglect  in  rats . T,M, Van Wt. J, V, Corwin, K,j, Burcham, 
and R.L. Reeo*. Psych. Dept., Northern II Univ., Dekalb, Il 60115; and Dept. of 
Physiol. Sciences, Univ. of Florida, Gainesville, FI 32610

Several studies have implicated the dorsal central striatum as a critical component 
of a system for directed attention in rats. Lesions of the medial agranular cortex 
(AGm), which projects into the dorsocentral and dorsolateral striatum, produce severe 
neglect Physiological studies have indicated that neglect induced by AGm destruction 
is associated with reductions of metabolic activity in the same region of striatum. 
Further, spontaneous recovery is associated with normalization of metabolic activity 
in tliis region of striatum. While these changes in striatal function are correlated with 
behavior, at present there are no studies that have directly examined whether 
destruction of tliis region alone will induce neglect. In the present study we examined 
the effects of unilateral destruction of the dorsocentral striatum.

Subjects received either a unilateral NMDA lesion of dorsocentral striatum or a 
control lesion of the ventral lateral striatum. Subjects were tested for neglect by rating 
the magnitude of orientation to visual, tactile, and auditory stimulation. Subjects were 
tested for neglect 3 times per week for 3 weeks:

The results indicate that the dorsocentral striatum group demonstrated significant 
neglect relative to control operates (p<.05). These findings suggest that the 
dorsocentral striatum is part of a system for directed attention in rats. Further, we 
suggest that the dorsocentral striatum plays a pivotal role by integrating cortically 
derived attentional information and appropriate motor output.

Supported by funds from the NTU Psychology Department.

716.10
BEHAVIORAL CORRELATES OF NEURAL ACTIVITY 
RECORDED FROM THE RODENT MEDIAL PREFRONTAL 
CORTEX DURING SUSTAINED VISUAL ATTENTION.
T, M, Gill*f D, M, Kent, M, Sarter, and B, Givens. Psychology 
Department, Ohio State University, Columbus, OH 43210.

Neural activity was recorded from the prelimbic sector of the medial 
prefrontal cortex in Long-Evans rats while performing a sustained visual 
attention task. The attentional task required the detection of a brief 
visual signal (25, 50, or 500 msec light), the discrimination between 
signal and non-signal events, and the selection of appropriate event- 
related response levers to receive water reward. Neural activity was 
often correlated to multiple events within the attentional task (sensory 
stimuli, behavioral responses, and/or reinforcement). A majority of the 
neurons recorded (45/61) displayed phasic activity that correlated with 
the selection of behavioral responses appropriate for signal and/or non-
signal events. The addition of a distracting stimulus (houselight flashing 
at 1 Hz) produced a decrease in attentional performance and an increase 
in the firing rate of a subpopulation of neurons (6/42). The relationship 
between the behavioral correlates/neural activity of medial prefrontal 
cortical neurons and basal forebrain cholinergic input will be examined 
after the selective removal of cholinergic input through the intracortical 
administration of the immunotoxin, 192 IgG-saporin.

This work was supported by ABMRF to BG, and NS32938 and 
MH01072 to MS.

716.11
BEHAVIORAL EFFECTS INDUCED BY NITROUS OXIDE IN THE RAT 
PERFORMING A VISUAL DETECTION TASK. A. Courtiere, J. Hardouin 
and B. Poucet*. Unit. Neurosci. Appi., Inst. Med. Navale, BP 610, Toulon, 
83800, France and *CNRS-CRNC, Marseille Cedex 20, 13402, France.

As a behavioral model of inert gas narcosis, nitrous oxide effects were 
evaluated in rats performing a visual detection task in which they are 
required to respond to a slight luminous increment of the houselight (from 3 
to 11 lux). A dose-related decrease of correct responses was established for 
the tested N2O range (from 30% up to 70% N2O). These performance 
deficits went with parallel increases of responses in darkness (from 30 to 
70% N2O) and to a lesser extent with increases of anticipated responses 
during the preparatory period (significant at 50 and 60% N2O). Inhalation of 
N2O had no effect on omissions except for 70% N2O , too sedative for 
animals to properly realize the test. It is interesting to note that hits latencies 
were significantly increased from 60% N2O and were not consequently 
modified by N2O at a stage where performance was already impaired (from 
30 to 50 % N2O).

The influence of preparatory period duration on anticipatory responses and 
on hits delays argued for a "conditional probability effect" maintained under 
N2O. These results lead to consider that sub-narcotic N2O concentrations do 
not interfere with the motor stage of this stimulus-response paradigm.

From a pharmacological point of view, pretreatment of animals with 10 
mg/kg flumazenil (a central benzodiazepine receptor antagonist) did not 
improve performance under 40% N2O. Naltrexone (10 mg/kg), an opiate 
receptor antagonist, on the contrary augmented deficits.

These results argue for a weak implication of benzodiazepine-like effects in 
N2O-induced impairments in this attentional task and for a possible 
involvement of opiate-like mechanisms.

This work was supported in part by DRET/DGA grants (n° 22/96)

716.12
ABSENCE OF DEAD RECKONING IN HIPPOCAMPAL RATS, 
Ian. Q. Whishaw* and Hans Maaswinkel, Dept of Psychology 
and Neuroscience, Univ of Lethbridge, Lethbridge, Alberta, CA, 
T1K 3M4

Rats tested in visually rich environments solve spatial 
problems by piloting (using the relational properties of visual 
cues) or by dead reckoning (using cues generated in the process 
of self-movement). The present study compared the 
performance of control rats and rats with fimbria-fornix (FF) 
lesions on these forms of navigation. The rats foraged for food 
pellets on an open field and carried them to a hidden home 
base for consumption. When the home base was unexpectedly 
moved both groups of rats carried food to the previous home 
base, but if the rats were blindfolded, control rats carried the 
food to the new start location but the rats with FF lesions were 
lost. If the home base was repeatedly moved, control rats 
learned to find it correctly at its new location both when they 
could see and when they were blindfolded. FF rats were unable 
to do so in either condition. That rats with FF lesions are 
unable to navigate using dead reckoning suggest that the 
hippocampus may be involved in integrating cues generated by 
self-movement.
Supported NRC of Canada and HFSPO, Strasbourg

716.13
THE EFFECTS OF AROUSAL-ENHANCING ACOUSTIC STIMULI ON THE 
ACTIVITY OF NEURONS WITHIN THE DORSAL LATERAL GENICULATE 
NUCLEUS OF THE AWAKE RABBIT. M.E. Cain*, B.S. Kapp, A.J. Silvestri and 
F.A. Guarraci. Department of Psychology, University of Vermont, Burlington, VT 
05405-0134.

Previous research has demonstrated that increased levels of arousal can affect the 
firing rate of neurons in the dorsal lateral geniculate nucleus (dLGN). For example, 
in the awake rabbit the gradual reduction of the response of dLGN neurons to a 
sustained visual stimulus is reversed upon presentation of stimuli of other modalities 
which elicit arousal as measured by hippocampal theta activity (Swadlow and 
Weyland, J. Neurophys., 54, 1985). The present study was designed to extend these 
findings and to determine the degree to which arousal-producing, acoustic stimuli 
affect spontaneous firing rates and patterns of activity in dLGN neurons in the 
absence of the presentation of visual stimuli in the awake rabbit.

New Zealand rabbits were prepared for the recording of dLGN single units and 
frontal cortex EEG. Following surgical recovery they were placed in a darkened, 
sound-attenuating chamber and presented with tones (5 sec; 80dB) of varying 
frequencies which induced cortical arousal as defined by decreased slow-wave, delta 
(l-4Hz) activity in the EEG and as demonstrated by subsequent Fourier analysis. 
Numerous dLGN neurons demonstrated a marked increase in activity to arousal- 
producing tone presentations. The onset latencies of these increases ranged from 100 
to 150 msec, and the duration of the increased activity outlasted the tone duration. 
For some trials in some cells, a high-frequency burst firing (2-6 spikes) mode of 
activity was present during delta activity immediately prior to tone presentation. 
This burst activity was converted to a predominately single spike firing mode upon 
tone onset which was coincident with a decrease in delta. The results demonstrate 
that arousal-producing, acoustic stimuli exert a profound influence upon the activity 
of dLGN neurons in the awake rabbit, most likely mediated via activation of 
cholinergic and/or noradrenergic inputs to the dLGN. Supported by NSF IBN 
9319699.

716.14
ASSESSING ATTENTIONAL FUNCTION IN MICE USING A 
VARIANT OF THE 5-CHOICE SERIAL REACTION TIME 
TASK IN NOVEL COMPUTER-CONTROLLED MULTI-
CHOICE OPERANT CHAMBERS.
LS. Wilkinson*, T. Humby, VJ. Riley and D. Robbins. Lab. Of 
Molecular and Cognitive Neuroscience, Department of 
Neurobiology, The Babraham Institute, Cambridge CB2 4AT, UK

As part of a programme investigating the genetic and 
environmental determinants of age-related cognitive decline we 
have developed novel techniques allowing the assessment of visual 
attention function in mice. The basic task was a variant of the “5- 
choice serial reaction time task” which taxes, in particular, divided 
attention across a number of spatial locations, an aspect of 
attentional function showing marked impairment in early DAT. 
Mice acquired the task over c.35 sessions; at baseline, accuracy 
was >80%. Subsequent manipulations of the basic task revealed a 
systematic and predictable pattern of results, consistent with 
effects on attentional function. Currently, we are exploiting these 
methods to assess attentional functioning in mice with targeted 
alterations of the genome. We are also investigating the feasibility 
of extending the range of cognitive functions that can be examined 
in mice using these novel operant techniques.

Work supported by the Biotechnology and Biological Sciences 
Research Council (U.K.)
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716.15
A BEHAVIORAL GENETIC MODEL OF STIMULUS FILTERING DEFECTS 
ASSOCIATED WITH SCHIZOPHRENIA: EFFECTS OF ANTIPSYCHOTIC 
DRUGS. R.E. Gross*, C.D, Kilts. P.D. Lambert, T.D. Ely Department of 
Psychiatry and Behavioral Sciences, Emory Univ. Sch. of Med., Atlanta, GA 
30322

Latent Inhibition (LI) paradigms assess the influence of experience on stimulus 
salience, a key psychophysiological construct of schizophrenia. Operationally, 
LI reflects the inhibition of conditioned associations to a stimulus when that 
stimulus is repeatedly preexposed (PE) in a neutral context. The effects of 
antipsychotic drugs (APD), particularly newer generation agents, on LI remain 
controversial. In attempting to resolve this controversy and further develop a 
genetic model of stimulus filtering defects associated with schizophrenia, we are 
examining the contribution of pharmacogenetic factors and deficits in LI on APD 
effects. The LI paradigm assessed the effect of stimulus (light) PE on 
conditioned suppression of drinking with stimulus PE and conditioning on one 
day. The effects of APD (7 daily doses) on LI (following 0, 10 or 30 PE) in the 
genetically heterogeneous rat foundation stock (N/Nih) of our selective breeding 
program was examined. The stimulus PE level-dependent development of LI 
observed in vehicle-injected animals was robustly facilitated by haloperidol (0.3 
mg/kg). Olanzapine (3 mg/kg) exhibited a less robust, haloperidol-like effect on 
LI. In contrast, clozapine (10 mg/kg)-treated animals did not exhibit LI. None of 
the APD affected conditioned response suppression in the absence of stimulus 
PE. These results further emphasize differences between APD on stimulus 
filtering functions assessed by LI, attributable in part to genetic factors. Ongoing 
studies are evaluating the contribution of a deficit LI trait on the effects of APD 
on stimulus filtering ability.

Supported by MH 49695

716.16
THE NEUROANATOMICAL SUBSTRATES OF LATENT INHIBITION: A 
BEHAVIORAL GENETIC/QUANTITATIVE CYTOCHROME OXIDASE 
HISTOCHEMICAL STUDY. T.D. Ely*, R.E. Gross, P.D. Lambert. C.D. Kilts 
Department of Psychiatry and Behavioral Sciences, Emory Univ. Sch. of Med., 
Atlanta, GA 30322

Latent inhibition (LI) paradigms evaluate stimulus fiitering/selective attention 
functions that are thought to be deficient in schizophrenia. Selective breeding of 
rats (N/Nih) based on LI performance was used to generate distinct lines (high, 
low and control). A bidirectional response to selection was robust by the fifth 
generation of selection. Cytochrome oxidase (CO) is a mitochondrial enzyme 
involved in the terminal phase of electron transport in cellular respiration. CO 
activity has been used to map sustained changes in neuronal activity resulting 
from learning, development, neuropathology and pharmacology. We have used 
a quantitative histochemical assay of CO to compare the patterns of neuronal 
activities resulting from the selection for LI phenotype in male rats. Brains were 
collected, sliced (30pm) and stained for CO using the methods of Gonzalez- 
Lima. The response to selection was associated with distinct patterns of CO 
activity. Relative to the control line, selection for low LI phenotype was 
associated with an increase in CO activity in the basolateral (BI), central (Ce) and 
lateral (Lat), but not medial (Med), amygdaloid nuclei (L>R). Of the hippocampal 
subfields examined, the most marked effect was a decrease in the posterior 
dentate gyrus (PDG). Selection for the high LI phenotype was associated with 
a decrease in CO activity in the right BI, Ce, and Lat, and bilateral decreases in 
hippocampal CA1, PDG and posterior caudate. CO.activity in the subfields of the 
nucleus accumbens was unaffected by selection. Qualitative histochemical 
staining for succinate dehydrogenase exhibited similar patterns of the effect of 
selection. A preliminary analysis of CO activity in the females, suggests sex 
differences in the neural correlates of selection.

Supported by MH 49695

716.17
ATTENTIONAL AND COGNITIVE DEFICITS IN A RAT 
MODEL OF WERNICKE-KORSAKOFF SYNDROME.
P.J. Langlais*, G. Anderson and I. Germevs. Neurology Research, 
VA Med. Ctr. and Dept. of Psychology, SDSU, San Diego, CA, 92182

Impaired acquisition of conditional response tasks has been 
observed in the PTD (pyrithiamine-induced thiamine deficiency) rat 
model of Wernicke-Korsakoff’s syndrome (WKS). The present study 
examined the hypothesis that attentional and cognitive impairments 
contribute to these anterograde learning deficits. Rats were pretrained 
to criterion (>80% accuracy) under standard conditions (SC) on a 5- 
choice visual serial reaction time task, subjected to a single bout of 
PTD and recovered for six weeks. Despite 2000 trials of retraining, 5 
of the 11 PTD animals failed to reattain pretreatment levels of 
performance. The remaining six PTD animals took significantly more 
trials than controls (1460±673 vs 458±146) to reacquire criterion 
under the SC. Introduction of a noise-distractor resulted in a greater 
decline in performance of the PTD group. In sessions containing 
variable and shorter stimulus durations, the accuracy of the PTD group 
was significantly lower than controls. Shortening the ITI resulted in a 
significant increase in perseverative and anticipatory/premature 
responses in the PTD group. Histological examination revealed 
damage to the diencephalon particularly the anterior, intralaminar and 
midline regions of thalamus, and the mammillary body. These results 
suggest that PTD-induced diencephalic lesions disrupt the rat’s ability 
to focus and sustain attention and to withhold inappropriate responses 
which may contribute to the learning impairments observed in this 
model of WKS. Supported by NIH grant NS29481 and VA Merit 
Award to PJL.

LEARNING AND MEMORY: PHARMACOLOGY V

717.1
NEFIRACETAM PREVENTS PROPOFOL-INDUCED ANTEROGRADE AND 
RETROGRADE AMNESIA IN THE RODENT WITHOUT COMPROMISING

Murphy. D, C, Moriarty, S. Watabe* and T. Shiotani. Department of Pharmacology, 
University College, Belfield, Dublin 4; Ireland; Department of Anaesthesia, Mater 
Hospital, Dublin 7, Ireland. Daiichi Pharmaceutical Co. Ltd, Tokyo, Japan.
The influence of propofol, a short acting intravenous anaesthetic agent, on rodent 

anterograde and retrograde amnesia of a passive avoidance response has been 
investigated. Anterograde amnesia, in the absence of anaesthesia, was obtained by 
administration of propofol (75 mg/kg) immediately prior to training. The induction 
of retrograde amnesia, in the post-training period, required substantially larger doses 
of propofol (150mg/kg) which resulted in a complete loss of consciousness. The 
induction of retrograde amnesia by propofol was time-dependent as administration 
of effective anaesthetic concentrations at post-training times in excess of 3h did not 
result in recall failure. Both anterograde and retrograde amnesia could be completely 
reversed by administration of nefiracetam (9mg/kg), a recently developed nootropic 
agent, at lh no « tt training. ; ability of nefiracetam to reverse propofol-induced 
anterograde amnesia was also apparent with respect to preservation of the learning- 
associated modulations of neuronal polysialylation state in the dentate gyrus of the 
hippocampal formation. Nefiracetam alone or in combination with propofol had no 
effect on the quality of anaesthesia induced. These dose-dependent effects of 
propofol on anterograde and retrograde amnesia demonstrate the memory trace to be 
initially labile but to became more robust with time and to become committed to 
longterm storage within the 3h post-training period. Furthermore, the ability of 
nefiracetam to reverse propofol-induced amnesia may be of clinical relevance as 
anterograde amnesia parallels the residual effects of the anaesthetic agents in the 
post-operative period. Thus, the use of nefiracetam in this period may ensure a more 
rapid recovery of cognitive function which has implications for patient security and 
the economy of healthcare. (Funded by the EU Biotechnology Programme, Daiichi 
Pharmaceutical Co. Ltd. and the Faculty of Anaesthetists, Royal College of 
Surgeons in Ireland).

717.2
NEFIRACETAM, A NOOTROPIC AGENT, INHIBITS ACTIONS OF 
PERIPHERAL-TYPE BENZODIAZEPINES ON MITOCHONDRIA 
BUT NOT ON CALCIUM CHANNELS. M. YoshiN. S. Watabe 1>2.
K. Kodama2. T. Shinozaki1. T. Shiotani2 and M. Tanaka2. 
1 Department of Neurophysiology, Tokyo Institute of Psychiatry, 
Tokyo 156, and 2Tokyo R & D Center, Daiichi Pharmaceutical 
Co., Ltd., Tokyo 134, Japan.

We have proposed recently that nefiracetam, a nootropic 
agent, inhibits Ca2+ release from mitochondria that is induced by 
Ro 5-4864, an agonist of the peripheral-type benzodiazepine 
receptor (PBR) (Yoshii et al., Soc. Neurosci. Abstr. 22, 378, 
1996). In the present study, we have further characterized the 
nefiracetam action on PBRs regulating mitochondria and 
neuronal Ca2+ channels. Long-lasting (N/L-type) Ca2+ channel 
currents recorded from NG108-15 cells were inhibited by Ro 5- 
4864 (10 jiM) but not affected by clonazepam (100 gM), a 
specific agonist of the central-type benzodiazepine receptor 
(CBR). Transient (T-type) currents inhibited by PBR and CBR 
agonists were not influenced by nefiracetam. The intracellular 
Ca2+ as measured by fura-2, which is elevated by Ro 5-4864, 
was not affected by clonazepam. Nefiracetam (50 p.M), by which 
the Ca2+ rise is inhibited, did not prevent the blocking action of 
benzodiazepines on Ca2+ channels. The results suggest that 
PBRs targeted by nefiracetam are not those regulating Ca2+ 
channels, but those regulating mitochondrial functions.
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717.3
SCOPOLAMINE-INDUCED LEARNING IMPAIRMENT IN 
YOUNG AND OLD RABBITS: EFFECTS OF NEFIRACETAM 
D, S. Woodruff-Pak*, J. T. Green, J. T. Pak, B. Heifets, & M. H. Pak.
Psych. Dept., Temple Univ. & Phila. Geriatric Cntr, Phila., PA 19122 

The septo-hippocampal cholinergic system plays a modulatory role
in eyeblink classical conditioning (EBCC), and this provides a point of 
contact with Alzheimer's disease (AD). EBCC is a form of learning 
and memory impaired in probable AD patients. Nefiracetam, a 
cognition-enhancing drug is under development to treat memory 
impairment in AD, and nefiracetam ameliorates acquisition of EBCC 
in older rabbits. To test further the efficacy of nefiracetam in an 
animal model that mimics some of the neurobiological and behavioral 
effects of AD, we tested 3 doses of nefiracetam in scopolamine- 
injected rabbits. Experiments used 54 young SPF rabbits and 56 older 
SPF rabbits to examine the effects of 5, 10, or 15 mg/kg nefiracetam 
on a dose of 1.5 mg/kg scopolamine. Rabbits were tested for 15 days 
in the 750 ms delay paradigm in paired and explicitly unpaired groups. 
Nefiracetam at a dose of 10 or 15 mg/kg reversed the effects of 
scopolamine in young rabbits. In older rabbits nefiracetam had some 
ameliorating effects on EBCC in spite of the relatively large 
scopolamine doses administered. Because EBCC is impaired in AD, 
the reversal of a cholinergic antagonist by nefiracetam indicates that 
the drug may have utility in ameliorating impaired cognition in AD. 
Supported by Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan

717.4
Piracetam  facilitates  acquisition  but  inhibits  reversal  learning  and  
extinction  IN RATS. G. R. J. Christoffersen*. A. Kemp and G, Orlygsdottir. 
Neuroscience Centre for Cognition and Memory, August Krogh Institute, Univ. of 
Copenhagen, Copenhagen, DK-2100 Denmark.

Many reports have documented a facilitating effect of nootropic drugs on acquisition 
of long term memory. Since the drugs strengthen consolidation, it was the present 
working hypothesis that they might inhibit Pavlovian extinction. If so, reversal learning
- the simultaneous extinction of a previously acquired skill and acquisition of a new one
- could possibly be inhibited. This was tested presently after chronic treatment with 
piracetam.

PVG rats were trained in a 3-choice spatial learning task. In each of 20 trials during 
a session, the animals were allowed to visit 3 alcoves in the wall of an operant chamber. 
Choice of one particular alcove (the same in each trial) was rewarded. After a visit the 
rat was lured to the opposite end of the chamber to a rewarding alcove. Inter-trial 
intervals were 60 sec. Acquisition training was repeated every other day until a learning 
criterion was obtained. After that, reversal training began in one group and extinction in 
another. Reversal was achieved by repeatedly baiting a new alcove while in sessions of 
extinction, no reward was given. Perseverance errors were counted from visitations to 
the previously baited alcove in both groups and reversal learning was followed as the 
frequency of visitations to the new alcove.

Rats treated for 11 days prior to training with injections of piracetam (s.c. 250 mg/kg) 
showed significantly higher scores of correct choices than saline controls during sessions 
of acquisition. In the ensuing extinction sessions, the frequency of perseverance errors 
was significantly elevated in the piracetam group compared to controls. In sessions of 
reversal training, the frequency of perseverance errors was also significantly increased 
while the frequency of correct choices of the new alcove was lowered by piracetam.

Impeded extinction and reversal learning may have consequences for the potential use 
of nootropics in patients already suffering from symptoms of perseverance.

717.5
AIT-034, A NOVEL COGNITIVE ENHANCING AGENT
A.J. Glaskv*. M. Prado, A, Santos. M.P. Rathbone and R. Ritzmann. Olive
View/UCLA Medical Center, Sylmar, CA 91342; McMaster University, 
Hamilton, Ontario, Canada and NeoTherapeutics, Inc., Irvine CA 92618

AIT-034, a unique derivative of the purine hypoxanthine containing a 
piracetam type moiety, was found to improve working memory in young adult 
mice using the T-maze win-shift task. This effect was found across a wide range 
of doses (0.5-30 mg/kg). In aged mice, 18-24 months of age, which had varying 
degrees of memory impairment, AIT-034 was found to improve memory at each 
deficit level. The effect was greater in mice with mild deficits than in animals 
with severe deficits. However, even in mice with severe memory impairment, 
some improvement was observed. In a passive avoidance test, AIT-034 was 
shown to reverse amnesia produced by L-NAME (NO antagonist), NBQX (AMPA 
antagonist), and MK-801 (NMDA antagonist) but was not effective in reversing 
amnesia produced by scopolamine (muscarinic antagonist).

To evaluate other behavioral effects of AIT-034, we tested doses of 0.05 to 
60 mg/kg in a battery of psychopharmacological tests. No effect was found at 
any of the doses in locomotor activity, exploratory behavior in a novel 
environment, anxiety (elevated plus maze), nocioception (hot plate latency), or in 
motor coordination (accelerating Roto-rod treadmill).

AIT-034 does not enhance neurite outgrowth of PC 12 cells. Unlike 
AIT-082, another hypoxanthine derivative, AIT-034 does not act through a NGF- 
mimetic mechanism of action.

717.6
NEUROEXCITATORY AND COGNITION ENHANCING
EFFECTS OF S18986, A POSITIVE ALLOSTERIC
MODULATOR OF GLUTAMATE AMPA RECEPTOR
J. Lepagnol, C. Lebrun, E. Pilliere, J-Y, Thomas, P Pesos, A, Cordi.
P Lestage*. Institut de Recherches Servier, 125 Chemin de Ronde, 78290 
Croissy sur Seine, France.

S 18986 ((3S or R) 2,3-dihydro-[3,4]cyclopentano-l,2,4-benzothiadiazine- 
1,1-dioxide) is a selective positive modulator of the AMPA receptor, thereby 
enhancing the neuroexcitatory effect of glutamate, one of the major promnesic 
neurotransmitters. In Xenopus oocytes injected wih polyA(+) mRNA of rat 
cerebral cortex, S 18986 increases the AMPA-induced current by 2 and 5-fold 
order of magnitude at 35 and 70 pM, respectively. In the same range of 
concentrations, S 18986 increases the amplitude of e.p.s.f.p. (+ 50 %) in CAI 
region of rat hippocampal slices. Acute i.p. treatment with S 18986 (0.3 or 
1 mg/kg) increases both hippocampal LTP in anaesthetized rat and prevents the 
time-dependent spontaneous forgetting in the test of object discrimination in the 
rat. Aniracetam, a nootropic with AMPA facilitating properties, is 100 fold less 
potent than S 18986 in both in vitro and in vivo experimental conditions. In the 
object recognition test, cognition enhancing effects of S 18986 are observed 
after both acute or chronic oral administration. The dose-effect is an inverted U 
shape, a characteristic of promnesic compounds, and an almost maximal 
inhibition of forgetting is observed from 0.3 to 3 mg/kg p.o.

In view of these results, S 18986 could be considered as a potential candidate 
for treatment of cognitive deficit associated with cerebral aging or certain 
neurodegenerative diseases such as Alzheimer’s disease in which glutamatergic 
denervation has been described.

717.7
MODULATION OF OLFACTORY RECOGNITION IN RATS BY GINKGO 
BILOBA EXTRACT AND (3-CARBOLINE. S. Wirth1, G. Di Scala1, Y, 
Christen2 & B. Will1* 1: LN2C, CNRS URA 1939, 12 rue Goethe, 67000 
Strasbourg; 2: IPSEN, 24 rue Erlanger, 75781 Paris cedex 16. FRANCE 
The aim of the present study was to evaluate whether olfactoiy short-term 
memory, as assessed in a simple recognition test, was sensitive to 
pharmacological manipulation by two compounds known to have promnesic 
effects. The task used is based on spontaneous exploratory behavior of rats 
toward odors. Briefly, it consisted in a learning phase during which an odor was 
presented twice, and in a recognition test, during which the same odor plus a new 
one were presented. The time rats spent sniffing the odors was measured. During 
the test, recognition was assessed by the difference of sniffing duration of the 
familiar and of the novel odor. The effect of daily treatments with Ginkgo biloba 
extract (EGb761, IPSEN, France; 30 and 60 mg/kg) during a period of 30 days 
was evaluated and compared with the effect FG7142 administred at a single dose 
(2.5 mg/kg). At the highest dose, EGb 761 treatment enhanced the recognition 
performances, that is, it allowed recognition at delays at which control animal 
did not show any recognition. A single dose of FG7142 produced the same type 
of recognition enhancement. In addition, anxiogenic-like effects were observed 
on the explorative behavior of FG7142-treated rats, as they spent less time 
sniffing odors than control animals during the learning phase. Both results may 
be due either to enhanced attention and/or to facilitated retention. However, 
EGb761 effects may not be accompanied by anxiogenic effects, in contrast to 
FG7142.

717.8
CHRONIC MILD UNPREDICTABLE STRESS AND "DECISION- 
MAKING" IN B6D2F1 MICE :THE REGULATING EFFECT OF 
GINGKO BILOBA EXTRACT EGb 761. C. A. Cohen-salmon , M, 
Hamon (1), M.C. Pardon, N. Hanoun (1), F. Perez-Diaz and Y. Christen(2>.
URA 1957 CNRS, Hopital de la Salpetriere, 75013 Paris. (1): INSERM
U. 288, 91 Bd de l’Hopitai, 75013 Paris. (2): Fondation IPSEN, 24 rue 
Erlanger, 75016 Paris, France.

Over recent years, it has been well established that chronic 
unpredictable stress (CMS) procedures applied to rats could induce 
behavioral disturbances bearing strong similarities to the human 
depressive syndrome and are considered as counterparts of some 
disorders indexed in the DSM-IV as symptoms of major depressive 
episodes. Using a model of CMS adapted for mice and practised on 
B6D2F1 females during 4 weeks, the following initial observations 
were made: 1) behavioral and biochemical disturbances (cerebral 
serotonin turnover). 2) behavioral disturbances evaluated in terms of 
"agitation-impulsiveness" , and concurring with a serotonin deficiency. 
Given the recent inclusion of "decision -making" as a criterion of 
depression in the DSM-IV, a "decision-making" (DM) task was set up, 
requiring one of two conflicting responses. The results showed that 
DM behavior was modified in stressed subjects with decreased 5-HT 
turnover, displaying impulsive agitation. On the basis of "anti-stress" 
effects of Gingko biloba extract (Egb761) on both behavioral and 
endocrine factors, as reported in the literature, chronically stressed 
female B6D2F1 mice were administred Egb761 (50mg/kg/day per os) 
over a 5-month period. The results compared treated and untreated 
subjects and showed that chronic administration of Egb761 can 
correct this behavioral disorder.
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717.9
BRAIN-DERIVED NEUROTROPHIC FACTOR IMPROVES 
SPATIAL LEARNING IMPAIRED BY FIMBRIA-FORNIX 
TRANSECTION IN MICE. K. Suzuki, H, Saito and N. Matsuki*. 
Laboratory of Chemical Pharmacology, Graduate School of Pharmaceutical 
Sciences, The University of Tokyo, Tokyo 113, JAPAN.

Brain-derived neurotrophic factor (BDNF) has been shown to 
enhance synaptic plasticity in the hippocampus. However, 
little is known about its effect on spatial learning and memory. 
In this study, effects of BDNF on spatial learning performance of 
normal and fimbria-fornix (FF)-lesioned mice were investigated in 
water maze test. In the case of FF-lesion, the operated mice 
were allowed 10 days to recover from the surgery. 
Intracerebroventricular (i.c.v.) injection of BDNF (3, 30 ng / 
mouse) 30 min before the daily session did not affect the 
performance of normal mice, but significantly improved the 
spatial learning impairment induced by FF-lesion. After the 
completion of testing, acetylcholine synthesizing enzyme activity 
was measured. BDNF did not affect hippocampal and septal 
choline acetyltransferase activities reduced by FF-lesion. These 
data suggest that BDNF ameliorates spatial learning disorders 
caused by FF-lesion and that the effect is not due to specific 
activation of the septo-hippocampal cholinergic neurons 
(Supported by Grant-in-Aid from the Ministry of Education, 
Culture and Science of Japan).

717.10
EFFECTS OF INTRAHIPPOCAMPAL ADMINISTRATION OF CORTISTATIN IN THE 
ACQUISITION AND EXTINCTION OF LONG-TERM MEMORY. A. Jimenez-Anguiano1, 
M. Sanchez-Alavez1. E. Murillo-Rodriguez\ M, Palomero-Rivero \ L.Navarro1, L. de

Garcia1. Depto. de Fisiologia, Facultad de Medicina’, UNAM; Centro de 
Neurobiologia3, UNAM; Depto. de Neurociencias4, IFC, UNAM, Mexico, and Depts. 
of Molecular Biology and Neuropharmacology, TSRI, USA2.
Cortistatin has recently been characterized as a neuropeptide with CNS multiple 
functions, e.g., cortistatin hyperpolarizes CAI neurons in vitro and increases slow- 
wave sleep and decreases REM after intracerebroventricular administration in freely- 
moving rats and antagonizes acetylcholine (ACh) facilitatory effects on CAI 
population spikes. Due that ACh is involved on acquisition and storage of memory, 
we determined the effects of cortistatin in the establishment of long-term memory 
(LTM). Wistar rat where bilaterally implanted with a couple of canulae aiming the 
hippocampal CAL Two control groups treated with NaCl (0.9%) or lidocaine were 
formed. Four, experimental groups were used for treatment with cortistatin at the 
following dose: 10 ng, 50 ng, 100 ng or 1 pg in 1 pi. To test learning, an inhibitory 
avoidance test with a low foot-shock intensity (0.9 mA) was used. After the training 
session (60 sec) an intrahippocampal administrations of any of the aforementioned 
treatments was given. Retention was recorded at 24,48, 72, 96 y 120 hours after.
An important amnesic effect was found when cortistatin was administered at the dose 
of 100 ng or 1 pg. Likewise, lidocaine elicited the similar effect. In contrast memory 
was spared in the other groups. These results suggest that cortistatin modulates the 
consolidation of LTM in a dose-dependent manner, and opens a field to investigate the 
role of this neuropeptide and its interaction with the other neurotransmitters 
participating in learning and memory processes.
This research was supported by FUNDSALUD and CONACYT.

717.11
THE INFLUENCE OF BRAIN-DERIVED PEPTIDES ON SPATIAL 
NAVIGATION OF YOUNG AND ADULT RATS. A. Gschanes and M. 
Windisch*. Inst, of experimental Pharmacology, A-8020 Graz, Austria - Europe

Long term effects of early postnatal administration of the brain-derived 
peptidergic drug Cerebrolysin® (CER) - which is used for the treatment of 
Alzheimer's disease - on spatial learning and memory was investigated. For 
control also an enriched peptide concentrate (PEP) derived from CER was used. 
Rat pups received the drugs or saline (2.5 ml/kg, sc, od) on postnatal days 1-7. 
Animals were tested in the Morris water maze (MWM) either on postnatal days 
28-33 or in the 3rd month of life for six consecutive days (test days 1-6), eight 
trials per day.

Test on postnatal days 28-33: Significant better learning performance of both 
CER and PEP treated male and female rats compared with control animals was 
shown on test day 1 to day 6. The swimming speed of both treated groups was 
significant higher on test day 3.

Test in the 3rd month of life: CER and PEP treated animals showed significant 
shorter length of trajectory compared with saline treated controls on all test days 
except on test day 1. Escape latency of both treated groups were lower than saline 
treated controls on all six days. A significant higher swimming speed of CER 
treated rats was evaluated on test days 2 and 3. In contrast PEP led to higher 
swimming speed only on day 2.

Summarizing, early postnatal application of CER or PEP improved spatial 
learning and memory of young and adult rats. The neurotrophic efficacy of the 
drugs may lead to an increased neuronal plasticity in the eariy postnatal brain 
development. The long term effects on adult rats were found although no further 
treatment was applied after postnatal day 7. Increased motor activity may be 
caused by drug dependent influence on either motivation or stress.

Supported by Ebewe Pharmaceuticals, Austria - Europe

717.12
LEARNING AND MEMORY DEFICITS IN RATS FOLLOWING 
ADMINISTRATION OF THE PLASMA MEMBRANE ORDERING 
AGENT PLURONIC F-68 (PF-68) A.V. Terry, Jr.*, M.A. Prendergast and 
M.S.F. Clarke. College, of Pharmacy, Univ. of GA, Athens, GA, Alzheimer’s 
Research Ctr. and Dept. of Pharmacol, and Toxicol., Medical College, of GA, 
Augusta, GA 30912 and NASA/Johnson Space Ctr., Houston, TX 77058

Significant evidence indicates that aged-related changes in the fluidity and 
lipid composition of the plasma membrane contribute to cellular dysfunction 
in humans and other mammalian species. In the CNS, reductions in neuronal 
plasma membrane fluidity (PMF) (i.e., increased membrane order) have been 
attributed to age as well as the presence of the beta amyloid peptide-25-35, 
known to play an important role in the neuropathology of Alzheimer’s 
Disease (AD). These PMF decreases may influence neurotransmitter 
synthesis, receptor binding, second messenger systems, as well as signal 
transduction pathways. The role of neuronal PMF in learning and memory 
mechanisms has not been adequately investigated. Based on the hypothesis 
that a decrease in PMF may alter a number of aspects of synaptic 
transmission, we investigated the mnemonic effects of the membrane 
ordering agent, PF-68. In the Morris Water Maze, PF-68 (800 to 2400 pg/kg, 
IP) increased the latencies to find a hidden platform. The compound 
decreased step-through latencies and increased the frequencies of crossing 
into the unsafe side of the chamber in inhibitory avoidance training. Studies 
with labeled PF-68 indicated that significant levels of the compound 
entered the brain from IP injection. No PF-68 related changes were observed 
in swim speeds in water maze experiments, rotorod performance, or in tests 
of general locomotor activity. These results suggest PF-68 induced deficits in 
memory without peripheral motor effects at the tested doses. Furthermore, 
none of the doses induced a conditioned taste aversion to a novel 20% 
sucrose solution indicating 'a lack of nausea or gastrointestinal malaise 
induced by the compound. These data indicate that PF-68 may offer a novel 
tool for studying the role of neuronal PMF in learning and memory processes 
and changes in PMF resulting from age or AD.

717.13
FACILITATION OF LEARNING FOLLOWING INJECTION OF THE 
PROTEOGLYCAN BIGLYCAN AND ITS CHONDROITIN SULFATE SIDE 
CHAINS INTO THE BASAL FOREBRAIN. C. Frisch1, K. Weth1 J. Kappler2,
U. Junqhans2, H.W. Muller2; J.P. Huston1,1r .U. Hasenohrl1*. 1lnst. Physiol. 
Psychol., 2Neurobiol. Lab., Dept. Neurol., 1,2Ctr. Biol. Med. Res., Univ. of 
Dusseldorf, D-40225 Dusseldorf, Germany
Biglycan, a small chondroitin sulfate proteoglycan of the extracellular matrix, 
can promote neuronal survival in vitro. This effect seems to depend on the 
activity of its chondroitin sulfate (CS) side chains. In a previous study, we 
found that biglycan facilitates memory processing after injection into the 
region of the nucleus basalis magnocellularis (NBM). Based on these 
findings we investigated whether this effect is mediated by the whole 
proteoglycan or its CS side chains. In a first experiment, rats with chronically 
implanted cannula aimed at the NBM were tested in a step-through 
avoidance task and received a post-trial injection of biglycan (1.5, 2.5 and 
5.0 nmol) or equimolar amounts of CS (0.025, 0.05 and 0.1 pg/ml). In a 
second experiment, animals received the same post-trial treatment after the 
first exposure to an open field and were reexposed to this environment 24 
and 48 hours later. In the inhibitory avoidance task, application of biglycan 
(2.5 and 5 nmol) induced a significant increase in step-through latencies, 
indicative of superior learning of the task. In the habituation paradigm 
biglycan (2.5 and 5 nmol) and CS at 0.025 pg both led to enhanced 
habituation to a new environment, as measured by a decrease in rearing 
behavior during the second and third exposition to the open field. The 
present results confirm previous observations that post-trial injection of 
biglycan into the NBM region can improve learning and provide first evidence 
that the CS side chains may encode for the hypermnestic effects of the 
proteoglycan. Supported by DFG and BMFZ.

717.14
EFFECTS OF TAURINE ON MEMORY ALTERATION PRODUCED BY OZONE 
EXPOSURE AND LIPID PEROXIDATION LEVELS IN FRONTAL CORTEX AND 
HIPPOCAMPUS. S. Rivas-Arancibia, *C.Dorado-Martinez, L. Verdugo-Diaz. G 
Borgonio-Perez, A. Gonzalez-Dominguez and O. Prospero-Garcia. Departamento de 
Fisiologia, Facultad de Medicina, Universidad Nacional Autonoma de Mexico. 
Ozone is an important environmental pollutant, its inhaltion, produces an increase of free 
radicals, whereby inducing oxidative stress when it is not compensated. With the 
purpose of determining whether the ozone exposure alters memory and lipid peroxidation 
in the frontal cortex and hippocampus, we carried out the following experiments: Two 
hundred and eighty Wistar young and old male rats, were individually housed with free 
access to food and water and divided into two experimental blocks -young and old. Each 
block was formed by 5 experimental groups which received one the following treatments, 
1) control, 2) taurine. 3) ozone exposure, 4) taurine before ozone exposure and 5) taurine 
after ozone exposure .Ozone exposure was 0.8 p.p.m. during 4 hrs and taurine was 
administered i. p. at 43 mg/kg, 5 minutes after or before ozone exposure. Rats were 
trained on a one-trial passive avoidance conditioning (10 rats) and long-term memory 
was tested. Samples of frontal cortex and hippocampus were obtained from 4 additioned 
mal. rats, 1 hr after the ozone exposure .Lipid oxidation was measured in the supernatant 
(K-ASSAYLPO) of these samples. Results indicate both a big alteration on long term 
memory of young rats and an improvement of memory with taurine after ozone exposure 
compared to old rats. Old rats presented, a improvement with taurine alone but failed to 
present such an effect before or after ozone exposure. Young rats exhibited significant 
differences in the lipid peroxidation in contrast with old rats . Old rats showed 
peroxidation in both control groups. Ozone exposure produced high peroxidation levels 
in hippocampus of old rats. In the frontal cortex taurine before ozone exposure caused 
high peroxidation levels in both groups but the increase is more important in old rats, in 
the hippocampus this effect is seen only in young rats.
Supported by DGAPAIN209796 to S. R-A.
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718.1
OPIOID INVOLVEMENT IN THE DEVELOPMENT OF THE MOTIVATIONAL 
STATE OF SOCIAL ACTIVITY IN RATS. C.L. van den Berg, J.M. van Ree and 
B.M. Spruiit*, Rudolf Magnus Institute for Neurosciences, University of Utrecht; 
The Netherlands.

Early social experiences are viewed as critical to subsequent social development. 
Depriving male rats from day 21 of age till 35 days of age of specific early social 
interactions, i.e., social play, permanently alters their coping abilities in social 
situations, especially in agonistic encounters. Opiates and their antagonists increase 
and decrease play behaviour respectively. Moreover, playful interactions induce the 
release of opioids. Furthermore, play behaviour has rewarding properties. There is 
also evidence that opioids influence the display of social behaviour in adulthood. 
Taken together, these findings suggest that the consequences of isolation during the 
‘play period’ on social behaviour in adulthood are mediated by opioid systems. To 
test this hypothesis, the role of exogenous opioid treatment during juvenile isolation 
was investigated. Rats were reared from day 22 till day 35 either alone or group- 
housed and were treated daily with morphine (1 mg/kg body weight) or saline. At 
three months of age a variety of behaviors and their social activity were analysed. 
Isolation during weeks 4 and 5 resulted in a specific decrease of social activity and a 
decrease in coping with aggression as compared to group-housed rats. However, 
morphine treatment of isolated rats couteracted this decrease. Interestingly, morphine 
treatment of group-housed rats caused the opposite effect: it lowered the social 
activity of these animals. These data (i) show that the appropriate motivational state 
with respect to the nature of social contact can be differentially influenced by 
morphine treatment early in life and (ii) underline the role of opioids in social 
development. An explanation for decreased social activity after juvenile isolation 
could be a change of the rewarding properties of social activity mediated by an 
altered sensitivity to opioids after juvenile isolation.

718.2
MEASUREMENT OF BRAIN STIMULATION REWARD: WHICH 
INTERVAL SCHEDULE OF REINFORCEMENT WORKS BEST?
K, Conover* and P. Shizgal. CSBN, Concordia University, Montreal, 
Quebec, Canada H3G 1M8.

The proportion of trial time during which rats held down a lever to 
obtain rewarding electrical stimulation of the lateral hypothalamus was 
observed under different schedules, intensities and rates of 
reinforcement. On the Hold-Down (HD) and Free-VI (FVI) schedules, 
the programmed time intervals separating consecutive armings of the 
lever were exponentially distributed, and reinforcement was delivered 
whenever a programmed interval elapsed while the lever was held down. 
Bar presses initiated after the lever was armed were reinforced on the 
HD but not the FVI schedule. On the Handling Time (HT) schedule, 
reinforcement was delivered after the rats had held the lever down for a 
fixed interval. In contrast to the HD and traditional VI (TVI) schedules, 
the rate of reinforcement obtained on the FVI and HT schedules is 
directly proportional to the programmed rate, and there is a 1:1 
relationship between time allocation and payoff. Psychometric functions 
obtained under the FVI and HT schedules are steeper than analogous 
functions obtained under the TVI and HD schedules, speeding data 
collection and increasing the accuracy of parameter estimates. Thus, the 
FVI and HT schedules appear to provide a firmer foundation than the 
HD and TVI schedules for measuring the utility of rewarding brain 
stimulation and other reinforcers.

Supported by NSERC (Canada) grant OGP0000308 to PS

718.3
SELF-LIMITING ACTION OF NICOTINE ON BRAIN REWARD MECHANISMS. 
M.A. Bozarth,* C.M. Pudiak, & R. KuoLee. Addiction Research Unit, Department of 
Psychology, University at Buffalo, Buffalo, NY 14260-4110.

Previous work has shown that nicotine facilitates brain stimulation reward (BSR) 
but that the maximum effect obtainable with nicotine is similar to that seen with 
compounds having a low addiction liability (e.g., caffeine, diphenhydramine, 
pseudoephedrine). Two studies further explored nicotine’s effects on BSR using a 
threshold-tracking procedure. Male, Long-Evans rats were implanted with stimulating 
electrodes at the lateral hypothalamic level of the medial forebrain bundle. Nicotine 
bitartrate (doses expressed as the freebase weight) was injected subcutaneously, and 
its effects on BSR were measured 15-30 min post injection.

The first study examined the effects of daily nicotine injections (0.5 mg/kg/day) 
across 21 consecutive days of testing. There were no changes in nicotine’s facilitatory 
action across the 21-day test. The second study examined the effects of escalating 
nicotine doses: 0.5, 1, & 2 mg/kg/day were administered in sequential 5-day cycles. 
Nicotine lowered thresholds across the first two 5-day cycles (i.e., 0.5 & 1 mg/kg/day 
doses) but thresholds returned to baseline levels during the last 5-day cycle (i.e., 2 
mg/kg/day). When the effect of the 2 mg/kg dose was examined in naive rats, a time- 
course analysis revealed a biphasic action, with nicotine elevating thresholds 30-45 
min post injection and lowering thresholds from 75-210 min post injection.

Nicotine activates the brain reward system also activated by addictive drugs, but it 
appears to have a self-limiting action on this system—some neurophysiological 
process limits the maximum activation produced by nicotine. Consideration of the 
BSR data suggests that nicotine’s reward activation is limited by fractional activation 
of the reward substrate and by a high-dose self-inhibitory action at afferent neurons. 
These two mechanisms may explain why nicotine has a modest reward-modulating 
effect but fails to produce a potent rewarding action like addictive drugs.

Supported by Philip Morris Research Center (Richmond, VA).

718.4
CHRONIC RESTRAINT STRESS ENHANCED CONTEXTUAL 
AND CUED FEAR CONDITIONING IN RATS. C.D. Conrad*.
A.M. Magarinos, J.E. LeDoux§. B.S. McEwen, Laboratory of 
Neuroendocrinology, The Rockefeller University, NY, NY 10021, 
§Center for Neural Science, New York University, NY, NY 10003.

Chronic stress results in hippocampal atrophy and impairments on a 
Y-Maze spatial memory task. The purpose of this study was to 
determine whether chronic stress and the resulting hippocampal atrophy 
would affect fear conditioning, a memory task with hippocampal 
dependent and independent components. Young male rats were stressed 
by being placed in wire mesh restrainers for 6 hrs/day/21 days (ST). A 
subset of these rats was injected with tianeptine (TIA, i.p. 10 mg/day/21 
days) to prevent the hippocampal atrophy. Rats were tested on the 
conditioning chamber on days 23-25 and open field on day 25. Rats 
were given two tone-shock pairings (tone: 80 dB, 20 sec; shock 0.4 mA, 
0.5 sec; ITI 90 sec) on days 23 - 24 and tone only on day 25. Hippo-
campal atrophy was measured by the Golgi technique. The stressed rats 
showed enhanced freezing to both context (hippocampal dependent) and 
tone (hippocampal independent) on day 24, whether or not the hippo-
campus was atrophied (ST = TIA). Open field exploration was also 
reduced in all stressed rats. These data indicate that endogenous hormone 
levels circulating at the time of behavioral assessment may supersede the 
effects of chronic stress-induced hippocampal atrophy in the fear 
conditioning paradigm, possibly by a facilitation of neural processes in 
the amygdala, which is involved for both tone and context conditioning 
Supported by grants MH10804 (CDC) and MH41256 (BSM).

718.5
REPEATED EARLY MATERNAL SEPARATION (REMS) IMPAIRS ADULT 
RESPONDING FOR CONDITIONED REWARD, BUT HAS NO EFFECT ON A 
MEASURE OF CONDITIONED AVERSION: A POTENTIAL ROLE FOR ALTERED 
VENTRAL STRIATAL DOPAMINE AND GLUTAMATE TRANSMISSION.
K. Matthews*, M.C. Olmstead, A. S. Killcross, J. Dailey, T. H. Tsai, C. A. Matthews and
T.W. Robbins. Experimental Psychology, University of Cambridge, U.K. CB2 3EB

Previous work has demonstrated that repeated dam-pup separations during the pre-
weaning period (REMS) lead to a profound attenuation of the acquisition and expression 
of an appetitive Pavlovian food-conditioned locomotion procedure. These experiments 
have examined the effects of REMS on: 1. a Pavlovian aversive conditioning procedure 
to assess Latent Inhibition (LI), and 2. the acquisition of a novel operant response 
supported by a conditioned stimulus (CS), in the absence of a primary reinforcer. A 
preliminary exploration of the neural substrates of the effects was conducted on subjects 
which participated in the conditioned reward study, with measurement of baseline and 
evoked release of dopamine and glutamate from the nucleus accumbens by the 
technique of anaesthetised in-vivo microdialysis and HPLC.

REMS had no effect on the unconditioned suppression of an appetitive operant task by 
a novel auditory stimulus, or, on conditioned suppression of the same task by a distinctive 
auditory stimulus previously paired with footshock. REMS had no effect on the expression 
of LI. Whereas REMS also did not affect the acquisition of an appetitive discriminated 
approach task, it impaired the acquisition of an operant lever press task for conditioned 
reward. These studies extend our observations that REMS impairs the acquisition of both 
Pavlovian and instrumental appetitive conditioned responses, but has no effect on 
Pavlovian aversive conditioning and suggests that altered release of dopamine and 
glutamate in the nucleus accumbens may underlie some of these behavioural changes. 
This work was supported by the Wellcome Trust and the MacArthur Foundation.

718.6
CHARACTERIZATION OF AGGRESSIVE BEHAVIOR IN MICE 
LACKING THE AUTOSOMAL ZINC FINGER GENE K.A. Young1. C.L. 
Mahaffey2, K.A. Johnson.2 C. P. Lerner2, H. Perlick2, R. T. Bronson2. ,E, M.
Simpson.2 Randy J. Nelson*1 ’Departments of Psychology and Population 
Dynamics, Johns Hopkins Univ., Baltimore, MD 21218 and 2Jackson 
Laboratories, Bar Harbor, ME 04609,

The family of zinc finger genes may serve as sequence-specific 
transcription factors; however, the extent of their physiological functions is 
unknown. This highly conserved family includes the human ZFY and ZFX 
genes, Zfyl, Zfy2, Zfx genes on the mouse sex chromosomes, and Zfa, a 
retroposon on mouse chromosome 10. Mice with a targeted deletion of Zfa 
have reduced body and brain mass and regressed olfactory bulbs. Both male 
and female Zfa -I- mice exhibit elevated levels of aggression compared to 
age-matched wild-type animals. In standard aggression tests Zfa knockouts 
of both sexes display greater number of attacks and longer total duration of 
aggressive behavior, than either WT or Zfa+I- mice. Although elevated 
aggressive behavior has only been demonstrated in previously studied 
knockout males, female Zfa-I- mice exhibit aggression comparable to male 
knockout mice. No differences in testosterone or corticosterone 
concentrations were observed among WT, +/-, and -/- mice, suggesting that 
elevated Zfa-i- aggression of mice is not dependent on altered blood 
concentrations of these hormones. Sensorimotor and reflex abilities did not 
vary among the genotypes; however, female Zfa -I- mice exhibited 
hyperactive locomotion. These results suggest that Zfa gene affects central 
processes that may be important in the mediation of aggression. Supported by 
NIMH grant MH57757.
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718.7
CONTEXTUAL FREEZING DISRUPTED BY LIDOCAINE
MICROINJECTIONS IN THE REGION OF THE NUCLEUS RAPHE 
MAGNUS J.J. Quinn, M.J. Mahometa, & J.T. Cannon*. Department of 
Psychology and Neuroscience Program, University of Scranton, Scranton, PA 
18510-4596.

Research has begun to elucidate both forebrain and midbrain anatomical 
substrates of fear-induced freezing. Recently, Morgan et al. (1995) observed that 
chemical stimulation of the rostral ventromedial medulla (RVM), including the 
nucleus raphe magnus (NRM), produced both analgesia and immobility. The 
NRM is widely believed to play an important intermediary role in some, but not 
all, descending analgesic influences of the periaqueductal gray (PAG). Since the 
PAG has been shown to be involved in contextual fear as well, the present study 
sought to determine if the NRM might also play a parallel intermediary role in 
freezing.

Rats were implanted w ith guide cannulae and allowed a minimum of two 
weeks to recover. During fear conditioning, animals were placed in a chamber 
and, after 3 min, exposed to 3 footshocks (1mA, 1 sec in duration, 20 sec apart). 
Animals remained in the chamber for an additional 8 min following the last 
footshock. Twenty-four hours later, animals were injected with either 0.7pl saline 
or 0.7pl lidocaine (formulated as 20pg/l pl), and immediately placed in the 
chamber for observation without further exposure to shock.

Animals microinjected with lidocaine in the region of the NRM spent 
significantly less time freezing 24 hours post-shock than animals either injected 
with saline in the NRM or lidocaine in other medullary regions. Animals injected 
with saline in the NRM did not differ from those injected with lidocaine in other 
medullary regions.

These results suggest that the region of the NRM plays an important role in 
the expression of fear-induced freezing in the rat.

718.8
HOW PREPARTAL CHRONIC MILD STRESS AFFECTS MOTHER 
PUP CARE BEHAVIOR, PUP DEVELOPMENT AND SURVIVAL .M-C. 
Pardon* and C. A. Cohen-Salmon. CNRS URA 1957, Personnalite & 
Conduites Adaptatives, Pavilion Cldrambault, Hopital de la 
Salpetriere, 47 Bid de l’Hopitai, 75013 Paris, France.

The effects of prepartal chronic mild stress on pup care behavior 
measured by a pup-retrieving test and on maternal aggression during 
lactation were assessed in primiparous female B6D2F1 mice. After a 
4 day mating period, one group was subjected to a chronic mild 
stress procedure until delivery (Stressed, S group). The other group 
was left undisturbed during pregnancy (Controls, C group). All 
females underwent a retrieving test on Postpartum Day (PD) 1 and a 
maternal aggression test (exposure to an unfamiliar adult BALB/c 
male) on PD 8. Nest weight on PD1 and PD 2, litter size, sex ratio, 
offspring body weight during the first week of life, and rate of survival 
were also recorded.
Females of S group showed equal level of maternal care than 
females of the C group but were unable to protect their litter from the 
attacks of the intruder as the controls did. The aspects of the 
modifications . in the maternal skills displayed by S females, 
depending on the variables taken into consideration, will be the 
subject for discussion.

718.9
BEHAVIOR IN ANIMAL MODELS OF ANXIETY AFTER INTRACRANIAL 
MICROINJECTION OF PREGNANOLONE IN HIPPOCAMPUS, LATERAL 
SEPTUM, AND BASOLATERAL AMYGDALA. D, Bitran*. M, Dugan. P, 
Renda. S. Solano. S, Dowd. D. Klibanskv, R. Ellis & E. Rausch. Department of 
Psychology, College of the Holy Cross, Worcester MA 01610

Pregnane neurosteroids have been shown to exert anxiolytic, anticonvulsant, 
ataxic, and hypnotic-anesthetic effects, thus mimicking the actions of 
pharmacotherapeutic benzodiazepines. Although the mechanism underlying these 
effects appears to be due to a potentiation of neural inhibition via brain GABAa  
receptors, the neural structures where neurosteroids act to produce behavioral effects 
remain unknown. In the following experiments, bilateral microinjections of 
pregnanolone (0.5, 2.5, or 5 gg/cannula) were aimed at the dentate gyrus of the 
hippocampus (Hpc), the lateral septum (LS), or the basolateral nucleus of the 
amygdala (BLA) in freely moving adult male rats. In the Hpc, 2.5 and 5 pg of 
pregnanolone elicited anxiolytic effects in the elevated plus-maze. Dose-dependent 
anxiolytic effects were also observed in the defensive burying test: 2.5, and 5 pg of 
pregnanolone increased the latency to burying, and 0.5,2.5, and 5 pg decreased the 
duration of burying behavior. In the LS, pregnanolone did not affect behavior in 
the plus-maze. However, significant anxiolytic effects in the defensive burying test 
were evident in an increased latency to burying (2.5 and 5 pg), and an increased 
duration of burying behavior (0.5, 2.5, and 5 pg). In the BLA, 5 pg of 
pregnanolone had an anxiogenic effect in the plus-maze, with no change in the 
total exploration of the maze. Significant anxiolytic effects in the burying test 
were observed after 2.5 or 5 pg of pregnanolone, including an increased number of 
contacts with the electrified prod, an increased latency to burying, and a decreased 
duration of burying behavior. In a third test, pregnanolone (0.5 and 2.5 pg) in the 
BLA was observed to increase the exploration of a novel object placed in the center 
of an open field (reduced thigmotaxis), without changing total activity. Thus, 
neurosteroid-modulation of anxiety-related behavior depends on an interaction 
between the specific limbic system structure and the environmental conditions used 
to elicit anxiety-related behavior. Supported by the UPSH Grant MH 50450 to DB.

718.10
THE SELECTIVE NEUROTENSIN RECEPTOR ANTAGONIST, SR48692, DOES 
NOT ALTER RESPONDING FOR BRAIN STIMULATION REWARD. A.S. Del 
Vecchio* and P.-P. Rompre. Hopital Sacre-Coeur de Montreal et Departement de 
psychiatrie, Universite de Montreal, Montreal(Quebec), H4J 1C5.

Electrical stimulation of the medial mesencephalic central gray produces a strong 
rewarding effect, and previous studies have shown that this effect is potentiated by 
intracerebroventricular or ventral midbrain, microinjections of neurotensin (NT). 
These findings suggest that the endogenous tridecapeptide may be an important 
component of the reward-relevant circuitry, either carrying the reward signal or 
modulating other neurotransmitter systems that carry the reward signal. In this 
study, we investigated this hypothesis by testing the effects of systemic 
administration of a selective NT receptor antagonist, SR48692, on responding for 
mesencephalic electrical stimulation. Experiments were performed on different 
groups of rats implanted with a stimulating electrode into the medial mesencephalic 
central gray. They were trained to press a lever to obtain 200 ms trains of cathodal, 
rectangular pulses of 0.1 ms in duration on discrete 45 s trials, separated by a 25 s 
intertrial interval; current intensity was adjusted to initiate responding at 
approximately 50 Hz. On the drug test day, three curves relating the rates of 
responding to the stimulation frequency (R-F curve) were first determined. The 
animals were then injected with SR48692 (40, 80 or 160 pg/kg, ip), or its vehicle, 
and five R-F curves were determined over a period of 90 min beginning 30 min after 
the injection. Asymptotic rates of responding and a reward threshold, defined as the 
stimulation frequency required to produce half-maximal rate, were calculated for 
each curve. Results show that, at a range of doses known to block several of the 
physiological effects of NT, SR48692 did not alter reward thresholds nor asymptotic 
rates of responding. These results suggest that 1) reward-induced by mesencephalic 
stimulation is not under control of endogenous NT or 2) that SR48692 interacts with 
a sub-type of NT receptor that does not mediate the effects of NT on the reward 
circuitry. Supported by a grant from MRC (Canada).

718.11
The effects of isolation-rearing on the forced swim test in Wistar and Fawn hooded 
rats. F. S. Hall*. G. Fong. S. Huang. J, M, Sundstrom. A. Pert. Laboratory of 
Clinical Studies/DICBR, NIAAA and Biological Psychiatry Branch, NIMH, Bethesda, 
MD 20892

Isolation- reared and Fawn hooded (FH) rats have been proposed to be animal 
models of depression, but isolation-rearing is also associated with enhanced locomotor 
activity and psychostimulant drug effects. The present experiment examined the 
interaction between these strain and experiential effects on the forced swim test (FST). 
The subjects were received at day 21 postnatal and divided into isolation (single housed) 
and social (paired housed) rearing conditions. After 8 weeks of housing, the subjects 
were tested in the FST 24 hours after an initial 15 minute forced swim with room 
temperature water for 5 minutes. The FST was videotaped for later analysis and was 
scored by two independent observers. Behavior during the FST was scored for 3 types 
of behavior: immobility, swimming, and struggling, using 2 methods. Firstly, the 
behavior was scored for frequency and duration. Secondly, the behavior was observed 
every 5 seconds and scored as either swimming, struggling or floating, and the 
frequency of these observations was used as the dependent measure. Using the more 
detailed duration analysis FH rats had significantly lower immobility scores (STRAIN: 
F[ 1,41]= 19.40, p<0.001). This appeared to be due to increases primarily in swimming 
for FH isolates (STRAIN x REARING: F[1,41 ]=7.21, p<0.02), although struggling 
was elevated in FH rats regardless of rearing condition (STRAIN: F[l,41]=5.86, 
p<0.03). One might be tempted to suggest that decreased immobility in FH rats may 
be the result of different processes in isolation-reared and socially reared animals, 
perhaps “stimulant” (increased swimming), as opposed to “antidepressant” (increased 
struggling) effects. In an effort to examine this possibility, the effects of several 
stimulant compounds (amphetamine, cocaine, caffeine, scopolamine, nicotine and MK- 
801; versus saline) were examined in the FST in Sprague Dawley rats using the 
present methods. Although not all stimulants produced similar patterns, almost all of 
the stimulants produced decreased immobility which was associated with increased 
swimming, like FH isolates. (Funding: NIAAA/DICBR, NIMH/BPB)

718.12
A CONDITIONED PLACE PREFERENCE PARADIGM(CPP) REVEALS 
THAT WHEEL RUNNING IS REWARDING IN HAMSTERS. 
RJ.McDonald* E.A.Antoniadis and M.R.Ralph. Department of Psychology 
and Zoology, University of Toronto. Toronto, Ontario, Canada.

Circadian rhythms of behavior and physiology, are endogenously generated rhythms 
which are synchronized, under natural conditions to environmental cues such as 
illumination and temperature cycles. The circadian clock is normally synchronized 
to 24-hr changes in the light-dark cycle. Interestingly, hamsters’ wheel running 
behaviour occurs at night and it shows circadian rhythmicity. Recent experimental 
findings show that hamsters will start running if they are exposed to a novel wheel 
during subjective day, that is the time of day when they do not normally engage in 
this activity (Janik & Mrosovsky,1993). This finding is taken to suggest that under 
those circumstances wheel running is driven by the hamsters’ motivational state. A 
proposal that wheel running is driven by its reinforcing properties has been previously 
put forth by Borer in 1984. In the present study we used the CPP paradigm in order 
to assess the rewarding properties of wheel running. Conditioning consisted of four 
training sessions and each session consisted of two days. On day one the hamsters 
were individually placed in the paired box where they were given access to a running 
wheel. On the other day they were placed in the unpaired box and were not given 
access to the running wheel . On the test day they were given free access to both 
contexts, and time spent in each chamber served as a measure of conditioned place 
preference. Animals spent significantly more time in the paired than in the unpaired 
context. These results suggest that wheel running is rewarding and that hamsters 
associate it with the context in which it occurs. This finding provides us with the 
unique opportunity to look at the relationship between circadian rhythms and 
amygdala based learning and memory. (Funded by Nserc grant to RJM and MRR).
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718.13
FRONTAL AND PARIETAL CORTEX, NMDA RECEPTORS,
AND MALE PARENTAL BEHAVIOR IN THE PRAIRIE VOLE.
B. Kirkpatrick*, A. Kakovannis, R.L. Reep. Maryland Psychiatric 
Research Center, U. Maryland, Baltimore, MD 21228; Dept. 
Physiological Sci., U. Florida, Gainesville, FL 32610.

Evidence in humans has implicated a cortical-subcortical circuit in 
the control of human gregariousness. In the rodent, the homologous 
circuit includes the posterior parietal cortex (PPC) and medial 
agranular cortex (AGm).

The prairie vole is remarkable for high levels of male parental 
behavior, which is present prior to sexual maturity. In sexually naive, 
adult male voles, exposure to a pup increased fos expression in the 
PPC and AGm. Bilateral axon-sparing lesions of the PPC decreased 
male parental behavior without: changes in autogrooming or level of 
activity; stereotypies; incoordination; or ability to perform another 
complex task.

Because of the presence of NMDA receptors in many of the 
projections in this circuit, in other experiments male voles were given 
(intraperitoneally) antagonists of the NMDA noncompetitive channel, 
glycine modulatory site, and glutamate sites. All three drugs 
increased the behavior, suggesting NMDA receptors are involved in 
its control.

Although our drug data lack anatomical specificity, our findings are 
consistent with the hypothesis that this circuit is involved in the 
control of male parental behavior in this species.

Supported by a grant from NARSAD.

718.14
Isolation rearing produces subsensitivity to DI and D2 receptor 
blockers in a self-stimulation reward paradigm
J.M. Sundstrom1. J.R. Stellar1*. F.S. Hall2, and E.J. Waugh1. Department of 
Psychology1, Northeastern University, Boston MA, 02115 and National Institute 
for Alcoholism and Alcohol Abuse2, Bethesda MD, 20892.

Rats were reared alone (isolates) or in pairs (socials) from day 21 to day 75. At 
this time, all subjects were implanted with stimulating electrodes in the lateral 
hypothalamus. The intracranial self-stimulation (ICSS) rate-frequency curve-shift 
method was used to assess reward and operant motor function. After training, 
baseline stabilization was achieved which revealed no differences in baseline 
reward or motor/performance function.

All subjects were then tested with the DI antagonist SCH-23390 (0.02,0.06, 
0.2mg/kg ) and the D2 antagonist Raclopride (0.01,0.025,0.06mg/kg) in a 
randomized fashion over a four week period. Results indicate that isolates were 
subsensitive to the reward decreasing effects of both SCH-23390 and Raclopride. 
Compared to baseline, the reward pulse frequency shifted 0.05 log Hz in isolates 
compared to 0.10 log Hz in socials after administration of SCH-23390. After 
Raclopride, the curve shift was 0.08 log Hz in isolates compared to 0.12 log Hz in 
socials. Also, the isolates showed less motor/performance impairment to both 
drugs.

These findings are consistent with previous studies that show rats reared in 
isolation have increased basal dopamine (DA) levels in the nucleus accumbens as 
well as hyper-dopaminergic response in accumbens to i.p. amphetamine as 
measured by microdialysis (Jones et al. Pharm, Biochem. Behav., 43:17-35,
1992). Other studies have indicated D2 receptor subsensitivity (Phillips et al, 
1994; Hall et al., in press).

(Supported by University overhead-return funds from past NIDA grant.)

718.15
BEHAVIORAL IMPAIRMENT AND EARLY GENE EXPRESSION 
PROMOTED BY FORCED SWIMMING
S. Cabib*, L. Giardino, L. Calz& and S. Puglisi-Allegra Inst.

Psicobiologia e Psicofarmacologia (CNR), Rome, Inst. Clinico O.R.L. 
IIa , University of Milano, Milan, Inst. Fisiologia Umana, University 
of Cagliari, Cagliari, Dep. Psicologia, University "La Sapienza", 
Rome, Italy

Comparative studies of the central responses to environmental 
challenge in inbred strains of mice which are characterised by 
different behavioral responses to these experiences represent a 
major strategy in the investigation of the neurochemical bases 
underlying behavioral expression. Mice of the C57BL/6 (C57) 
and DBA/2 (DBA) inbred strains show striking differences in the 
amount of immobility (C57>DBA) promoted by the forced 
swimming test (FST), widely used to screen antidepressants. 
Marked strain-dependent differences were observed for 
activation of c-fos m RNA in several brain areas following the 
first session of FST. These differences concerned either the extent 
of activation or its time-course, depending on the bran region. In 
the hypothalamic paraventricular nucleus, c-fos m RNA 
activation was by far more pronounced in C57 than in DBA mice. 
Instead, strain-dependent differences were observed for the time 
course of c-fos m RNA activation in areas receiving mesencephalic 
dopamine imputes, such as the prefrontal cortex, the nucleus 
accumbens, and the septum.

This research was founded by Italian CNR and MURST

718.16
DEVELOPMENTAL EFFECTS OF CENTRAL OXYTOCIN ON THE 
NEONATAL RAT. J. Burgdorf, M. J, Walter. C. Turner, C. 
Borkowski, M. Y, V. Bekkedal, A. Secor, M. Hennessey* & J.
Panksepp. Department of Psychology, Bowling Green State University, 
Bowling Green, OH 43403.

The developmental consequences of early oxytocin exposure are 
poorly understood, but recent lines of evidence suggest a possible 
linkage to autistic disorders (Lancet, 1991, 337. 1357). This study 
sought to assess the role of oxytocin exposure on rodent attachment 
behavior and other developmental consequences. Oxytocin (Ipg
I.C.V.) was administered to neonatal rats starting at 4 days of age and 
continuing for 6 days thereafter. The consequences of this pre-treatment 
on ultrasonic vocalizations, pain sensitivity, rough and tumble play, 
elevated plus-maze, and paired encounter aggression were recorded. In 
rough and tumble play, rats pre-treated with oxytocin in mixed play 
pairs had 14.5% fewer dorsal contacts and 6% fewer pins than the 
vehicle rats they were paired with. Acute oxytocin treatment in like play 
pairs decreased dorsal contacts by 10% and pin frequency by 6%. No 
major differences were seen in ultrasonic vocalizations, pain sensitivity, 
gregariousness, anxiety-related behaviors, or paired encounter 
aggression. These results suggest that excessive brain exposure to 
oxytocin during early development only has modest effects on the 
psychosocial development of young rats. Funded by Wright Patterson 
Navy Contract #F336019MJ146 & MT702, and NIH grant R15- 
HD30387.

SLEEP III

719.1
ENDOTOXIN-INDUCED ALTERATIONS IN NEURONAL ACTIVITY IN 
RAT BASAL FOREBRAIN DURING SLEEP AND WAKEFULNESS.
XZ Xi, TW Gardiner* and LA Toth. Depts. Infectious Diseases, St. Jude 
Children’s Res. Hosp., and Anatomy/Neurobiology, Univ. TN, Memphis, TN.

Endotoxin (ETX) alters sleep patterns in rats, but its mechanism of action 
is unknown. Some basal forebrain (BF) neurons may contribute to the 
regulation of vigilance. To identify ETX-responsive regions of BF, we 
implanted rats with electrodes directed at various BF targets. The electrodes 
were composed of sixteen 25 p wires attached to a microdrive that permitted 
us to lower the electrode in 0.1 mm increments. When individual units were 
simultaneously detected on multiple channels, unit activity was recorded 
during both non-REM sleep and quiet wakefulness. Rats were then injected 
intraperitoneally with 0.4 or 1.0 mg/kg ETX, and neuronal activity was 
monitored in waking and sleep that occurred during the 60-100 and 150-210 
min intervals after treatment. To date, we have studied 60 neurons from 11 
rats before and after ETX administration. An ETX-induced alteration in 
firing rate was defined as a minimum change of 20% relative to the pre-ETX 
rate during the same state. Forty-eight units did not show such changes, but 
12 units (20% of the total) had ETX-related alterations in firing rates. Four 
fired more slowly during wakefulness after ETX; 2 of those and 1 other unit 
also fired more slowly during sleep. Five units fired faster during post-ETX 
waking; 1 of these and 2 other units also fired faster during post-ETX sleep. 
ETX-responsive neurons often had altered autocorrelograms during sleep, 
waking, or both. Nine ETX-responsive units were in ventral pallidum/ 
substantia innominata/nucleus basalis, 2 were in ventral caudate-putamen, and 
1 was in the medial nucleus of the amygdala. These findings indicate that 
ETX alters the vigilance-related firing patterns of a sub-population of BF 
neurons in rat. Supported by NS-26429, CA-21765 and ALSAC.

719.2
GENETIC ANALYSIS OF CIRCADIAN LOCOMOTOR ACTIVITY 
PATTERNS IN CXB RECOMBINANT INBRED MICE. L.A. Toth* and 
R.W. Williams. Dept. Infectious Diseases, St. Jude Children’s Research 
Hospital, Memphis, TN 38105 and Center for Neuroscience, University of 
Tennessee, Memphis, TN 38163.

To identify genes that influence variation in circadian activity patterns, we 
measured the locomotor activity of BALB/cByJ (C), C57BL/6J (B6), and 13 
CXB recombinant inbred (RI) strains derived from C and B6 parents at 
Jackson Laboratory. Adult male mice were implanted with an intraperitoneal 
transmitter to quantify activity and were acclimated to a 12:12 h light:dark 
cycle in a sound-attenuated temperature-controlled chamber. Activity was 
monitored for 48 h, starting at light onset. Individual C mice (n=16) did not 
differ significantly during the light period (L) (p=0.2), but did differ during 
the dark period (D) (p=0.005). Individual B6 mice (n=24) differed during 
both L (p=0.003) and D (p<0.001). B6 and C strains did not differ 
significantly during L (p=0.06), but did differ during D (p=0.005). D:L 
activity ratios differed greatly (pO.OOOl) between B6 mice (2.8±0.3 SE) and 
C mice (1.4±0.3). The distribution of ratios for the 13 RI strains showed 
modes that corresponded approximately to the parental phenotypes. This 
pattern is consistent with the segregation of 1 to 3 major quantitative trait 
loci. Activity levels and D:L activity ratios were mapped with
MapManagerQT. We identified four chromosomal regions with potential 
linkage to differences in circadian activity: 1) Chr 7 near Pmvl8, 2) Chr 10 
near Mdml, 3) Chr 11 near Xmv42, and 4) Chr 12 just distal to D12Nyul5. 
Collectively, genes in these intervals could explain 50% or more of the 
genetic differences among the CXB strains.
Supported by NS-26429, CA-21765, NS-35485 and ALSAC.
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719.3
AP-1 DNA BINDING ACTIVITY IS REDUCED IN OLD RATS 
DEPRIVED OF SLEEP. R.Basheer* RA/V McCariey and 
P.Shjromani. Dept Psychiatry, Harvard Medical School- VA Medical 
Center, West Roxbury, MA 02132.

c-Fos expression in brain regions is influenced by sieep- 
wakefulness. c-Fos acts as a transcription factor after dimerization 
with members of jun family and subsequent binding to the AP-1 
consensus sequence. To further define the role of c-fos cascade in 
sleep-wakefulness we investigated the levels of c-Fos protein and 
AP-1 DNA binding activity in brain regions of aged rats.

Rats were sleep deprived for six hours with gentle handling.
Fos protein levels were determined by western blot analysis and 
AP-1 DNA binding activity was determined by gel shift assay. We 
observed a considerable reduction in the levels of AP-1 binding in 
brain regions of old (21 months) when compared with young (3 
months) rats. However, there was no apparent difference in c-Fos 
protein levels between old vs young rats. These results suggest 
that while c-Fos levels in old animals are similar to those seen in 
young rats the DNA binding activity of the protein is diminished in 
old rats. This reduction in AP-1 binding activity may contribute to 
the sleep fragmentation seen with aging. The role of c-Fos in sleep 
is supported by recent studies which have shown a reduction in 
sleep following the application of c-fos antisense (Cirelli et al,1995) 
and in c-fos gene knock out mice (Shiromani et al, 1997).
Cirelli et al (1995) Neuroreport 6:801-805.

Shiromani et al (1997) Society for Neuroscience abstract.

supported by DVA Research and NS30140

719.4
SLEEP STUDIES IN c-fos KNOCKOUT MICE PJ Shiromani* J Thakker,
M Thakker, MA Greco, R Basheer & RW McCarlev, VA & Harvard Med 
School, 940 Belmont St, Brockton, MA 02401

c-fos is expressed differentially in discrete brain regions in response to 
sleep and wakefulness. This has led to the speculation that c-fos might be 
involved in the sleep process. This possibility is supported by recent 
findings which show a reduction in sleep following application of c-fos 
antisense (Cirelli et al., Neuroreport 6:801-805, 1995). We now further 
test the role of c-fos in sleep using c-fos gene knockout mice.

Sleep was recorded from null c-fos mice (homozygotes, n=6), and 
siblings with single (heterozygotes, n=6) or both alleles of the c-fos gene 
(wild-type, n=4). Two continuous 24 hr sleep recordings were obtained. 
The entrained circadian rhythm of sleep was not different between the 
three groups. Null c-fos mice, compared to the wildtypes or heterozygotes, 
showed a significant decrease (33%) in total sleep time which was 
primarily due to a reduction in slow-wave sleep. The decrease in sleep 
occurred during the 12 hr light-on period (mice normal sleep time). There 
were no changes in sleep states between wildtype and heterozygotes.

The development of gene knockouts has made it possible to 
mechanistically test specific circuits at the molecular level. The present 
findings indicate that the c-fos pathway represents an important conduit in 
the sleep-wake process.
Supported by DVA Medical Research and NIH NS30140

719.5
THE EFFECTS OF LEPTIN ON SLEEP AND BRAIN TEMPERATURE IN 
RATS. H.-Y. Chang* and L. Kapas, Department of Biological Sciences, Fordham 
University, Bronx, NY, USA.

Leptin is secreted by adipocytes (1) in response to elevated lipid content of the 
body and increased feeding. Increased feeding and obesity also stimulate non-rapid- 
eye-movement sleep (NREMS), a response which is likely mediated by hormonal 
changes such as the increased leptin production. In the present study we tested the 
effects of leptin on spontaneous sleep in normal rats. Nine male rats were implanted 
with EEG and EMG electrodes and a brain thermistor. The animals were injected 
intracerebroventricularly (icv) with isotonic saline (baseline day), 1 pg murine 
recombinant leptin (Biomol), and 5 pg leptin 5-10 min before dark onset. The 
experimental days were separated by recovery periods. EEG, EMG, and brain 
temperature (Tbr) were recorded for 23 h after the injections. One pg leptin induced 
significant increases in NREMS in the first 12 h. The majority of the increases was 
confined to the second 3-h time block after the injection, when NREMS was 
enhanced by more than 50%. In the first 4 h there was a tendency towards decreases 
in rapid-eye-movement sleep (REMS). Tbr was elevated by ~0.3 - 0.4 °C in the 
second half of the dark period. Five pg leptin elicited biphasic changes in sleep. 
NREMS was elevated by -36% in the first 2 h, and was subsequently decreased by 
- 30 % in the third 3-h block after the injections. REMS was slightly decreased for 
5 h and Tbr was elevated by -0.2 - 0.4 °C for 6-9 h after the treatment. These results 
indicate that leptin is capable of modulating vigilance mainly by increasing the 
amount of NREMS. It is likely that leptin acts directly on the hypothalamus to elicit 
sleep effects, since leptin receptors are abundant in that structure (2) and the 
hypothalamus is closely associated with sleep regulation.
1. Zhang, Y. et al., Nature 1994 372:425.
2. Schwartz, M.W et al., J. Clin. Invest. 1996 98:1101.
This study was supported by the NIH (NS-30514)

719.6
MODULATION OF SLEEP THROUGH AMBIENT TEMPERATURE INCREASE 
AND SLEEP DEPRIVATION IN THE NEONATAL RAT. I, A. Yun, R. N, 
Morrissette. R, M, Sapolsky*. and H, C, Heller. Department of Biological 
Sciences, Stanford, University, Stanford, CA 94305

The failure to arouse from sleep from a life-threatening event may be the cause of 
Sudden Infant Death Syndrome (SIDS). Therefore, factors that influence the depth of 
sleep may be linked to the etiology of SIDS. Independently, sleep deprivation (SD) 
and a short-term rise in ambient temperature (Ta) increase non-rapid eye movement 
(NREM) sleep slow wave activity (SWA) in developing rats in an age-dependent 
manner. NREM SWA is considered a measure of sleep depth. A combination of SD 
and increased Ta may act synergistically to increase the risk of SIDS by increasing 
sleep depth. We predicted that neonatal rats would show a synergistic age-dependent 
increase in NREM SWA following the combination of SD and increased Ta.

To test this hypothesis, Long-Evans rat pups, post-natal day 10 (P10) were 
surgically prepared for chronic sleep/wake state and brain temperature recording. The 
pups were then divided into four groups: a control group kept at a constant Ta of 
26’C, a SD group kept at the same Ta but sleep deprived for 2 hours, an increased Ta 
group that were exposed to a one hour Ta ramping from 26’C to 32’C, and a fourth 
group that was first sleep deprived and then exposed to the Ta ramping. At P16 and 
P24 baseline sleep/wake state data were collected for two hours. Animals were then 
exposed to their treatment condition and allowed two hours of recovery sleep.
NREM SWA values were calculated and compared across the four experimental 
conditions with a two-way repeated measures ANOVA.

Results did not show a significant synergistic effect of SD and increased Ta at 
either P16 or P24 but did show a significant age-dependent effect of SD and increased 
Ta. At P16, increased Ta produced a significant increase in NREM SWA compared 
to SD (pc.05), while at P24 the effect was reversed, SD produced a significant 
increase in NREM SWA as compared to increased Ta (p<.05). These results 
demonstrate that critical factors affecting sleep depth change during development.

This research was supported by an NICHHD PERC Grant (5 P50 HD29732).

719.7
CHANGES IN THE EXPRESSION OF MITOCHONDRIAL GENES DURING 
THE SLEEP-WAKING CYCLE. G. Tononi* and C. Cirelli. The Neurosciences 
Institute, San Diego, CA 92121

We recently reported that, in the cerebral cortex of rats, several genes are differentially 
expressed after 3h of spontaneous or forced waking with respect to 3h of sleep, as 
detected by using mRNA differential display (DD; 1). To characterize these genes, 
differentially expressed cDNAs obtained by DD were cloned and sequenced. Sequence 
screening revealed that some of these cDNAs corresponded to mitochondrial genes 
coding for cytochrome c oxidase subunit I (CO-I), NADH-CoQ reductase subunit 2 
(NADH-2), and 12S rRNA. As measured by scanning DD autoradiographs with a 
phosphorimager, CO-I mRNA levels increased, with respect to 3h of sleep, by 70% after 
3h of sleep deprivation and by 52% after 3h of spontaneous waking; NADH-2 mRNA 
levels increased by 126 and 68%, respectively, and 12S rRNA levels increased by 70 and 
29%, respectively. To determine whether mRNA levels of nuclear CO subunits also 
varied, a specific 5’ primer was designed to amplify CO subunit IV. The expression of 
this nuclear subunit was higher than in sleep after both sleep deprivation (35%) and 
spontaneous waking (12%), although the increase was not statistically significant. The 
increase, of mRNA levels of CO-1, NADH-2 and 12S rRNA in waking with respect to 
sleep was confirmed with ribonuclease protection assays performed on RNA from the 
same animals. In addition, in situ hybridization was performed on brain sections obtained 
from other WKY rats implanted for polysomnographic recordings and sacrificed after 
either 3h of sleep (n=4) or 3h of sleep deprivation (n=4). By using 32P-labeled specific 
riboprobes, it was confirmed that all 3 mitochondrial transcripts had higher expression in 
waking than in sleep. These results show that changes in the expression of mitochondrial 
mRNAs can occur in the brain in a matter of a few hours in relation to the physiological 
sleep-waking cycle. These changes may have significant implications for the regulation of 
energy production during these behavioral states. (Supported by Neurosciences Research 
Foundation). 1) Pompeiano M, Cirelli C, Tononi G. Soc Neurosci Abst. 22:273.3, 1996.

719.8
GENE EXPRESSION IN SELECT BRAIN REGIONS DURING SLEEP A. 
M. Wiideman, J.A. Kessler*, W.A. Gomes, S.C.Apfel Albert Einstein 
College of Medicine, Bronx, N.Y. 10461

Sleep is a complex behavioral state which has been well characterized 
electrophysiologically, but whose function is poorly understood. 
Investigators have begun to examine molecular and cellular events which 
likely regulate the process of sleep, but have not yet yielded information 
elucidating the functional role of sleep. Much of the molecular information 
relates to genes involved in regulating circadian rhythms, and immediate 
early genes such as c-fos, jun B, and NGFI-A. We have begun looking at 
genes which are selectively expressed at the conclusion of a sleep period 
in different brain regions.

One group of month old Sprague-Dawley rats were acclimated to a 12 
hour light dark cycle, and sacrificed at the conclusion of the night time 
active period, just prior to entering a quiet phase. Another group was 
sacrificed at the conclusion of an eight hour quiet/sleep phase. cDNA 
libraries were prepared from mRNA harvested from three cortical and two 
subcortical brain regions in each group. Subtraction hybridization was 
performed and differentially expressed genes were amplified by PCR. 
Nine different gene fragments have been identified which are only 
expressed in mRNA (by Northern analysis) from sleeping brain regions 
and not from the awake animals. Early sequencing results have revealed 
homology to a family of membrane bound neuronal glycoproteins. We 
are continuing to sequence and characterize these gene fragments. 
Supported by NIH grant # NS 01490-04 (SCA).
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719.9
IMMEDIATE-EARLY GENE (IEG) EXPRESSION DURING SLEEP (S) 
AND WAKING (W) IN PROLONGED CONTINUOUS ILLUMINATION 
(LL). P, Arrighi and M. Pompeiano*. Dept. of Physiol. Biochem. and Dept. of 
Human and Env. Sci., University of Pisa, 1-56100 Pisa, Italy.

IEG expression is strongly modulated during the S-W cycle in rats kept in a 
light-dark schedule. We studied the S-W cycle and c-fos expression in rats 
kept in LL. Polygraphic recordings made in male Fisher 344 rats exposed to 
bright LL for at least 5 weeks revealed disintegration of the circadian S-W 
rhythms, as described in Sprague-Dawley rats (Eastman and Rechtschaffen, 
1983). The rats spent about 62% of their time in W, 32% in SWS, and 6% in 
REMS, without significant variations between the first (8AM-8PM) and the 
second (8PM-8AM) 12h period. Three experimental groups of rats were then 
obtained, all sacrificed at 1-4PM: SL and WL rats, killed at the end of an 
uninterrupted period of S (74±6 min) or W (118±12 min), respectively, and 
SD rats, submitted to a 6h total S deprivation starting at 8AM. As expected 
(Edelstein and Amir 1996), c-fos expression was observed in the 
intergeniculate leaflet regardless of the S-W condition. A strong increase in c- 
fos mRNA and protein was seen in the cerebral cortex, caudate-putamen, 
olfactory areas, and thalamus in either W conditions with respect to S. Only a 
small increase was detectable in the medial preoptic area (MPA) in SD with 
respect to S rats. These results show that in LL c-fos is strongly induced 
during W in several brain areas as also seen in light-dark conditions, with the 
notable exception of the MPA. Because of the role of MPA c-fos expression 
in the homeostatic regulation of S, these results suggest a minor involvement 
of this IEG in S-W regulation under condition of continuous L.
Supported by a grant of the ASI (96-ARS-165).

719.10
THE EFFECT OF UPPER AIRWAY NEGATIVE PRESSURE ON 
INSPIRATORY DRIVE DURING SLEEP P.R. Eastwood, A.K. Curran, C.A. 
Smith, D.D. Gilboe*, J.A. Dempsey. The John Rankin Laboratory of 
Pulmonary Medicine, UW School of Medicine, Madison, Wl 53705.

To determine the effect of upper airway negative pressure and collapse 
during inspiration on the regulation of breathing we studied 4 unanesthetized 
female dogs during wakefulness and sleep while they breathed via a 
fenestrated tracheostomy tube, which was sealed around the tracheal stoma. 
The snout was sealed with an airtight mask, thereby isolating the upper 
airway when the fenestration (FEN) was closed, and exposing the upper 
airway to negative inspiratory intrathoracic pressure when open. During 
tracheal occlusion with FEN closed, inspiratory time (Ti) increased during 
wakefulness, NREM and REM sleep (155±8, 164±11, 161 ±32%), reflecting 
the removal of inhibitory lung inflation reflexes. During tracheal occlusion 
with FEN open (vs FEN closed): (i) the upper airway remained patent 
throughout; (ii) Ti further increased during wakefulness and NREM (215±52 
and 197±28%) but non-significantly during REM sleep (196±42%); and (iii) 
peak diaphragm EMG (EMGdi) and peak tracheal pressure (Ptr) were 
decreased, reflecting an additional inhibitory input from upper airway 
receptors. This inhibitory effect of UA negative pressure was alinear, as the 
rate of rise of EMGdi decreased after approx. 50% of Ti. Similar inhibitory 
effects of upper airway negative pressure were seen when an inspiratory 
resistive load was applied over several breaths during wakefulness and 
sleep. These results demonstrate an inhibitory role for upper airway negative 
pressure during loaded inspiration. This inhibition of inspiratory motor output 
is alinear, and reflects the activation of UA pressure-sensitive receptors by 
UA distortion, with greater distortion possibly occurring later in the effort. 
This reflex effect during inspiration may provide a link between obstructive 
and central apneic events during sleep. NHLBI and NH&MRC(Australia)

719.11
ELECTRICAL STIMULATION IN THE AMYGDALA INCREASES THE 
AMPLITUDE OF ELICITED PGO WAVES T. Deboer, L. D. Sanford, R. J. Ross 
and A. R. Morrison*. Sch. of Vet. Med. and Med., Univ. of Penna., PA 19104.
The central nucleus of the amygdala (CNA) projects massively into brainstem regions 
involved in alerting and the generation of PGO waves. Electrical stimulation in CNA 
increased the frequency of PGO waves during REM sleep in the cat. PGO waves 
elicited by auditory stimuli (PGOE) can be obtained at constant amplitudes over 
extended periods. However, the amplitude of PGOE is greater in response to novel 
stimuli and therefore may reflect the potential importance of stimulus events. The 
possible influence of CNA in the modulation of PGOE was examined in ten adult, male 
Sprague-Dawley rats implanted with bipolar electrodes for recording pontine PGO 
waves. Similar electrodes were aimed into CNA for electrical stimulation. After 
recovery, the rats were habituated to the recording chamber for two six-hour periods. 
During the experiment (Protocol adapted from Hitchcock and Davis, 1986), a sequence 
of 50 auditory stimuli (white noise, 100 dB, 50 msec, 5 msec rise time, 5 sec 
interstimulus interval) were presented for habituation. Subsequently, electrical 
stimulation (0.1 msec, 150pA) was presented simultaneously with, and at 1, 3, 5, 10, 
25, 50 and 100 msec before the onset of white noise. In addition, white noise and 
electrical stimulation were presented alone. Ten trials (15 sec 1SI) under each of these 
conditions were presented in a randomized Latin-square design. Electrical stimulation 
within 50 msec before the onset of white noise significantly enhanced the amplitude of 
PGOe (p<0.01, pooled stimulations 90.3% ± 12.7 SEM of adaptation, acoustic alone 
34.6% ± 14.3), and induced a response in 66% of the stimulations vs 44% with 
acoustic stimulation alone. Electrical stimulation alone did not increase PGOE 
amplitude (43.6% ±36.1) and induced a PGOE in only 22% of the cases. The largest 
effects were obtained when the stimulus was presented 1 ms before white noise 
(120.9% ± 32.6, 90% response). PGO waves are considered to be neural indicators of 
alerting; therefore, the results suggest that CNA can modulate brainstem mechanisms 
of alerting. Support: NS35281, MH42903 and Dept. Vet. Affairs Med. Res. Serv.

719.12
TEMPERATURE EFFECTS ON HIPPOCAMPAL AND NEO- 
CORTICAL THETA ACTIVITY. A.M. Himmel. H.S. Lukatch and 
M.B. Maclver*. Department of Anesthesia, School of Medicine, Stanford, 
CA 94305

EEG recordings reflect synchronized discharge activity of neurons in 
cortical structures, and stereotypic EEG alterations are seen among 
individuals and across species following hypothermia. The present study 
used micro-EEG recordings from brain slice preparations to compare and 
contrast effects seen in vivo and in vitro under conditions of hypothermia in 
neocortical and hippocampal regions. Coronal brain slices (450 (im) from 
male Sprague-Dawley rats (80 - 100 gm) were perfused with artificial 
cerebral spinal fluid (ACSF) containing the cholinergic receptor agonist, 
carbachol and/or a GABA receptor antagonist, bicuculline. These agents 
have been shown to produce theta micro-EEG activity in some cortical 
regions of brain slices. Hypothermia was produced by maintaining slices at 
room temperature (21 to 24 °C) compared with physiological temperature 
(35 °C). Brain slice micro-EEG signals recorded from neocortical regions 
were altered by hypothermia in a manner analogous to changes seen in vivo-, 
rhythmical activity was slowed as temperature was lowered (11.9 ± 2 Hz at 
31 °C to 4.6 ± 1.6 Hz at 21 °C,n=5; p<0.01, ANOVA). Carbachol-induced 
theta activity was only seen in localized cortical regions: hippocampus, 
0c2MM neocortex, and entorhinal cortex. Hypothermia produced a 
selective abolition of theta activity in hippocampus (10 of 10 slices), but 
produced only a slowing of micro-EEG frequencies in neocortical regions (5 
of 5 slices). Our results indicate that hypothermia produces a slowing of 
micro-EEG frequency and cortical region specific effects, with hippocampal 
cortex being more sensitive than neocortex.

719.13
NONLINEAR ANALYSIS OF THETA RHYTHM RECORDED DURING 
DESYNCHRONIZED SLEEP IN RATS. 'K.Sameshima*. 2L.A.Baccala, 
3M.Y.Alvarenga, 3H.M.Yang. Univ. SSo Paulo JSch. of Med. & 2Escola Politecnica, 
01246-903 SSo Paulo SP, 3Univ. Estadual de Campinas 1MECC, Brazil.

The rhythmic electrical activity in theta range recorded during desynchronized 
sleep from hippocampal fields and cortical areas may last from many seconds to 
several minutes. Although this oscillatory activity resembles a sinusoidal pattern, 
closer quantitative and visual inspections reveal that signal amplitude fluctuates, its 
instantaneous frequency varies, and that there can be a variable amount of 
superposed stochastic component. For instance, throughout dream behavior, the rat 
exhibits comparatively stronger transitory regular oscillations.

Here we report the use of nonparametric prediction procedures in addressing both 
the determinism and the nonlinear dynamical character of the observed oscillations. 
Three such prediction procedures (due to Sugihara & May, Kaplan & Glass, and 
Casdagli) were applied to the data and extensively compared. In testing for 
nonlinearity, the bootstrap strategy of surrogate generation was adopted and a 
suitable /-test introduced. Several methods of surrogate generation were compared.

In essence, the present approach allowed classifying theta waves as essentially 
deterministic with a significant level of nonlinearity. The same conclusions were 
reached regardless of the prediction and surrogate generation methods used.

The cornerstone motivation for this investigation is the emergence of many 
attempts to address functional connectivity between neural structures via methods 
that are based on the assumption of approximate linearity in the signals, viz. studies 
of coherence, transfer function fitting, and directed coherence analysis. The present 
work points to the need of care in interpreting the latter results and to the need of 
developing analysis techniques specifically designed to handle the signal's 
nonlinearities.

Supported by CNPq 301059/94-2, FAPESP, HCFMUSP and FFM.

719.14
Generation of synchronized synaptic activity at theta frequencies without 
epileptiform bursting in areas CA3 and CAI of hippocampal slice cultures.
Y. Fischer. B, H. Gahwiler, and S. M. Thompson*
Brain Research Institute, University of Zurich, CH-8029 Zurich, Switzerland 
Septal cholinergic inputs elicit synchronized discharge in hippocampal pyramidal 
cells in vivo and oscillatory field potentials at theta frequencies (4-15Hz). Exogenous 
cholinergic agonists exert numerous actions on pre- and postsynaptic processes in 
pyramidal cells, and it is not clear how these mechanisms produce theta activity. We 
therefore investigated the generation of theta discharge using methcholine (MCh) in 
hippocampal slice cultures. MCh at pM concentrations elicited epileptiform-like 
bursting discharge in intracellular recordings, as described previously. MCh at 
<20nM elicited only EPSPs and IPSPs at theta frequencies in CA3 pyramidal cells, 
which occurred synchronously in other simultaneously recorded CA3 cells. In CAI 
pyramidal cells, MCh-induced activity consisted largely of EPSPs at theta frequency, 
occurring 5-10ms after EPSPs in simultaneously recorded CA3 cells. Theta 
discharge in area CAI was prevented by synaptically isolating it from its inputs, 
whereas theta discharge was obtained in isolated area CA3. TTX abolished theta 
discharge in both regions, however. lOnM MCh strongly depolarized CA3 pyramidal 
cells when they were more depolarized than roughly -70 mV; consistent with a block 
of IM- We suggest that MCh activates CA3 pyramidal cells via inhibition of IM, 
leading to synchronization of synaptic activity within area CA3 via recurrent axon 
collaterals and the projection of synchronized excitation onto area CAI by Schaffer 
collaterals. We are now investigating the influence of inhibition within area CA3 on 
theta discharge. Supported by the Swiss National Science Foundation (31-42174.94)
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719.15
AN IMPLANTABLE SUBCUTANEOUS NEUROSTIMULATOR 
DESIGNED FOR VAGUS NERVE AND AMYGDALA STIMULATION 
DURING KINDLING DEVELOPMENT IN CATS. R, Femandez-Mas. A. 
Martinez-Cervantes, A Valdes-Cruz. V.M, Magdaleno-Madrigal. S. Almazan-
Alvarado and R. Salceda*. Div. de Invest, en Neurociencias, Inst. Mex. 
Psiquiatrla and Fac. Psicologla-UNAM. Mexico, 14370 D.F.

The development and use of an implantable neurostimulator device is 
presented. The design is primary intended for chronic Kindling experiments and 
other long lasting protocols where free-moving is a primary concern. This type 
of implantable electronics allows the behavioral study of the Kindling 
development eliminating the stress generated by the stimulator cables and 
laboratory manipulations.

The stimulator is designed using a small microprocessor (PIC 16C84). 
It is capable to generate enough stimulation current using electrodes with a 
wide impedance range allowing to use the same stimulator for amygdala and 
vagus nerve. The current capability is adequate for the Kindling development 
and establishment. The current consumption is about 150 az A idle and 1.5 mA 
during stimulation. The power supply consists of two lithium cells lasting about 
two months.

Once the implantation is done and the animal is recovered from the 
surgical procedures, the device is remotely programmed with a specific 
stimulation protocol using magnetic pulses. At the moment of the stimulation 
the device sends a RF burst used for synchronization with the behavioral video 
recordings.

Supported by CONACYT 3605-N, DGAPA-UNAM IN203396 and 
PUIS-UNAM 4841-707. Also we wish to thanks Dr. Pineiro at Electronica 
Seta (Mexico city) that support us with the necessary components and technical 
specs.

719.16
CIRCADIAN RHYTHM OF MOTOR RESTLESSNESS IN THE 
RESTLESS LEGS SYNDROME. W. A. Hening*j,A. S. Walter1^4, M. 
Wagner5, V. Chen5, M. Shah5, O. Thai5, J. Marfinez5 S Kim^TR 
Rosen^A I Dept Neurology, 2 Sleep Ctr., ^Dept Psychiatry, UMDNJ- 
RWJohnson Med School, New Brunswick; ^Dept of Neurology, VA 
Medical Ctr., Lyons; 5College of Pharmacy, Rutgers Univ., Piscataway, NJ. 
Background: In an earlier report, we found that RLS patients show a 
circadian rhythm of involuntary repetitive movements (Periodic Limb 
Movements - PLMs) with maximum at night and minimum in the 
morning. We now wished to determine whether a similar rhythm can be 
found for the restlessness which is a voluntary motor feature of RLS. 
Design/Methods: 8 patients with RLS were monitored for 72 hours in a 
sleep lab: nights 1 and 2 were standard polysomnography, while sleep was 
withheld for night 3 and throughout the following day 3. Every 3 hours, 
patients were to sit quietly in bed, except when leg discomfort occurred; 
they were then instructed to move in order to relieve any significant 
discomfort. Movements were monitored with ankle activity meters 
(Minimitter, Inc.) while subjective reports of symptoms were rated on a 10 
point visual analog scales every 15 minutes during the one hour test (n=5 
ratings). Results: Restless movements and subjective discomfort both 
peaked at midnight during night 3. Peak values were significantly higher 
than those during days 1 and 2. While both restless movements and 
subjective discomfort were higher on day 3, this difference only reached 
significance for subjective discomfort. Conclusions: There is a circadian 
rhythm of intensity for motor restlessness and subjective discomfort, as 
well as PLMs in RLS. Sleep deprivation and fatigue may also worsen 
these symptoms of RLS, as evinced by increased measures on day 3 of this 
study which followed a night of sleep deprivation.
Supported by the Department of Veterans Affairs Medical Research Seivice

719.17
PERSON SEE, PERSON DO: HUMAN CORTICAL ELECTRO-
PHYSIOLOGICAL CORRELATES OF MONKEY SEE MONKEY 
DO CELLS. E.L. Altschuler1’3. A. Vankov2, V. Wang2. V.S. 
Ramachandran3’4, and J.A. Pineda2’4*. UCSD School of Medicine1, 
Departments of Cognitive Science2, Psychology3, and Neuroscience4 
University of California, San Diego, La Jolla, CA 92093.

The human mu EEG wave is recorded in the 8-13 Hz range from 
the central region of the scalp overlying the motor cortices and is well- 
known to be "blocked" or attenuated by movement. We have found 
that the mu wave is also blocked when a subject observes an 
experimenter moving. The responsiveness of the mu wave to visual 
input may be the human electrophysiologic analog to a population of 
neurons in area F5 of monkey premotor cortex that responds when the 
monkey performs an action and when the monkey observes a similar 
action made by another monkey or by an experimenter (Di Pellegrino et 
al., 1992). This blocking of the mu wave by visual input has 
implications for the understanding of consciousness and for the 
understanding and rehabilitation of various movement-related 
neurological conditions. Furthermore, in the course of the experiments, 
we obtained a clear and simple demonstration that all individuals show 
a mu wave. This contrasts strongly with typical clinical presentations 
and previous research studies showing that most individuals do not 
have a mu wave. V.S.R. and' J.A.P. were supported by NIMH (MH 
51707 (V.S.R.), MH 54231-02 (J.A.P.))

719.18
SELECTIVE ATTENTION CORRELATES WITH STAGE 2 AND SLEEP SPINDLE EEG 
ACTIVITY IN NORMAL YOUNG SUBJECTS. G. Forest, R. Godbout*, L. Riopel, I. 
Lussier, E. Stip. C. Rech. Fernand-Seguin, Hop. Louis-H. Lafontaine & Dep. 
psychiatrie, Univ. de Montreal, Montreal (Quebec) H1N 3V2

Six males and two females (21.4 ± 4.9, years old) were recorded in a sleep 
laboratory for two consecutive nights. Sleep stages were determined with the 
standard method of Rechtschaffen and Kales and stage 2 sleep spindles (12- 
14 Hz, min. 0.5 sec.) were visually counted over central EEG leads. On the 
morning following the second night, memory, sustained attention, and 
selective attention were evaluated. Only results on selective attention will be 
presented here: one, four, seven or ten visual stimuli were each randomly 
presented 20 times on a computer screen, among which a target could be 
present on 50% of the trials. Subjects had to detect the presence or absence 
of the target stimulus among distracter stimuli. Pearson-product-moment 
correlations were calculated between sleep variables and a) median reaction 
time, b) the number of correct answers. Significant correlations were observed 
between median reaction times and %stage 2 under all conditions (target 
present or absent; 1,4, 7, or 10 stimuli; r= -.69 to -.91), and with %stage 1 and 
waxe time after sleep onset (WASO) under certain conditions. No correlation 
was found between the number of correct answers and sleep variables. 
Fragmentation of stage 2 was evaluated by counting the number of shifts from 
stage 2 to stage 1 or to waking. Reaction time correlated significantly with the 
number of shifts from stage 2 to stage 1 or to waking when the target was 
absent (4, 7 or 10 stimuli; r= .75, .80, .81, respectively). The total number of 
sleep spindles and the number of sleep spindles/minutes stage 2 showed a 
negative correlation with median reaction time, particularly when the target 
was absent (r= -.82 to -.90; p<.05). These results show that selective attention 
is sensitive to the continuity of stage 2 sleep and/or spindle EEG activity. 
Supported by NSERCC and FRSQ

719.19
A CIRCADIAN PERSPECTIVE OF FIRST NIGHT EFFECT AND ITS 
RELATIONSHIP TO VIGILANCE AND SHORT-TERM MEMORY. C.M. Pacini* 
and B, ATherrien. The University of Michigan, Ann Arbor, MI 48109-0482

Hospitalization, a significant environmental alteration, is hypothesized to produce 
first night effect (FNE), a transient phase shift in the timing of sleep-wake in a 
24-hour context. The extent to which this effects circadian rhythms and subsequent 
cognitive performance is unknown. This quasi-experimental, interrupted time series 
study examined the circadian nature of FNE, vigilance, and short-term memory.

Sleep-wake activity and core body temperature were monitored for 96 hours in 
home and hospital settings in eleven healthy females (22-41 years). Vigilance and 
STM performance were assessed at six intervals. Two-tailed paired samples tests 
revealed that, in the hospital, subjects went to bed later, woke up earlier, and 
experienced a shorter nocturnal sleep period with less nocturnal sleep (p < .05). 
Times of low nocturnal temperatures occurred significantly later in the sleep period 
(by 54 minutes) and peak diurnal temperatures occurred later (by approximately 7 
hours) in the waking period (p < .05). Vigilance and memory scores revealed 
greater vigilance at home (t = 2.424, p - .036), and improved memory performance 
in the hospital (1 = - 2.796, p = .019).

In healthy women, environmental alteration did not evoke heightened vigilance; it 
provoked a significant transient phase shift in core body temperature curves and 
timing of sleep-wake extending beyond 24 hours. It is concluded that FNE is a 
circadian phenomenon and suggested that these effects may be intensified among 
vulnerable patient populations.

719.20
WEEKDAY vs WEEKEND SLEEP PATTERNS AND DAYTIME SLEEPINESS OF 
COLLEGE STUDENTS. L. Amini-Sereshki* and J. Allard. Biology and Social & 
Behavioral Sciences Departments, Worcester State College, Worcester, MA 01602.

This study examined the weekday vs weekend sleep patterns of college students. 
Data were obtained from sixty three randomly-selected college students and were based 
on subjective self-reported estimates of sleep. The hours spent sleeping on weekdays and 
on weekends were examined in relation to gender, housing, employment, daytime 
sleepiness and being a “morning vs “night” person. Most males (88.9%) and 47.6% of 
the females were consistent sleepers while 11% of the males and 38% of the females 
slept longer on weekends. The sleep patterns of morning and night people differed. A 
majority of (76.2%) students who slept consistently throughout the seven days were 
“morning” people; most “night” people (55.6%) tended to sleep more on weekends than 
weekdays (p<.001). Sleep patterns differed for by housing. Twice as many off-campus 
students (70.4%) as campus residents (34.8%) slept consistently all week. The latter were 
more likely to sleep longer on weekends (43.5%; p<.05). Sleep patterns also differed for 
employed students. Most (67.6%) reported consistent sleep patterns; 26.5% slept more on 
weekends while most nonemployed students slept more on weekends (47.1%) with 
29.4% sleeping consistently. Differences were also found in the frequency of daytime 
sleepiness reported (p<05) and in whether students felt they were getting enough sleep 
(p<.01). Seventy-five percent of the students who reported feeling tired only once in a 
while had consistent sleep patterns while 50% of those reporting frequent tiredness slept 
consistently, the other 50% slept more on weekends. Of the students reporting they had 
enough sleep: 9.5% slept more on weekends, 66.7% slept consistently and 23.8% slept 
more during the week. For students without enough sleep: 50% slept more on weekends, 
46.7% were consistent and 3.3% slept more during the week. The study suggests that life 
style factors relate to differing sleep patterns and that differing sleep patterns relate to 
feelings of tiredness and sleep inadequacy.
This work was supported by WSC.
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720.1
IMPAIRED MEMORY AND ALTERED RESPONSIVENESS TO STRESS 
IN APOLIPOPROTEIN-E DEFICIENT MICE. Y. Zhou*, P.D. Elkins.
D.H. Ryan and R.B.S. Harris Pennington Biomedical Research Center, Baton 
Rouge, LA 70808.

In the present study we investigated the effects of stress on energy balance, 
open field activity and spatial memory of transgenic ApoE-deficient mice. 
Two sessions of restraint were introduced, 20 min per day for two (session #1) 
and three (session #2) consecutive days, with a five-day interval between the 
sessions. In the first session, mice were tested in an open field. During their 
first exposure to the field stressed mice of both genotypes showed a less 
anxiety-type behavior than controls, traveling further in the center zone of the 
field. No difference in locomotive activity was observed in either genotype 
during the second exposure to the field. Stressed mice showed a decreased 
number of leans against the wall of the open field on both days of testing. In 
the second session of restraint, spatial memory was measured in a Morris 
Water Maze Place Learning Set task immediately following stress. The ApoE- 
deficient mice showed a severe impairment of spatial memory, when 
compared to the wild-type. In the first two days of the maze task, restraint 
stress resulted a disruption of spatial memory in the wild type, but not ApoE- 
deficient mice. There was a decrease in reference memory in the stressed 
ApoE-deficient mice in the third day of testing. The first, but not the second, 
session of restraint inhibited food intake in the wild type but not ApoE- 
deficient mice and had a longer lasting effect on body weight in the controls 
than in ApoE-deficient mice. Taken together, these results demonstrate that 
ApoE deficiency causes a memory impairment and an altered stress 
responsiveness in mice.

-Supported by US Army grant DAMD 17-92- V2009

720.2
NEGATIVE CORRELATION BETWEEN SALIVA CORTISOL AND CELL 
NUMBER IN THE DENTATE GYRUS OF CHRONICALLY STRESSED PIGS. E.M. 
van der Beek1*, M. BenningL H. de Vries'. W.G.P. Schouten2, F.J.C.M. van 
Eerdenburg3 and V.M. Wiegant1'4 'Div Human & Anim Physiol and 2Div Ethol, Dept 
Animal Sci, Agricult Univ, Wageningen;3 Dept Herd Health & Reprod, Fac Vet Sci, and 
4Dept Med Pharmacol, Rudolf Magnus Inst Neurosci, Utrecht Univ, the Netherlands.

Long-term tethered housing of pigs induces chronic stress evidenced by 
changes in behavior, and autonomic and endocrine regulation. These include 
increased adrenocortical sensitivity to ACTH and chronic hypercortisolemia. It 
has been suggested that prolonged exposure to glucocorticoids (GC) has adverse 
effects on the brain, in particular on the hippocampus, in the present study, we 
investigated the relation between cortisol levels and the number of neuronal 
cells in the dentate gyrus (DG) of the hippocampus in 1 year old cyclic female 
pigs (n=l 1) tethered housed for a period of 6 months. Saliva was sampled on 
three consecutive days for determination of basal cortisol levels. The pigs were 
perfused with buffered formalin and brains were processed for histology. 
Paraffin sections of 10 pm (every 600 pm) through the complete rostral-caudal 
extent of the hippocampal lobes were Nissl stained, and the area of the DG and 
the cell density (nucleoli counts) were measured. From these data the total 
volume and cell number of the DG were deduced. Cortisol levels were 
negatively correlated (p<0.05) with total cell number (r=-0.72) and volume (r=- 
0.6!) in the left, but not in the right DG. Total cell number and volume were 
consistently higher in the left than in the right DG. These data are in line with 
the hypothesis of GC-induced neuronal damage and may suggest lateralization 
in this respect. Furthermore, they extend our previous findings on lateralized 
changes in opioid binding sites in the hippocampus of chronically stressed pigs.

720.3
ANXIETY, NOVELTY SEEKING, SPATIAL WORKING AND 
REFERENCE MEMORY AND CHOLINERGIC TRANSDUCTION 
MECHANISMS IN THE ROMAN/VERB RAT LINES: EFFECTS OF 
NEONATAL HANDLING (NH). R.M, Escorihuela1, J. Salles2, A. 
Toberia', P. Driscoll3, A. Femandez-Teruel*1. 'Med. Psychol. Unit, Medicine 
School, Autonomous Univ. Barcelona, Barcelona, Spain; 2Dept. Pharmacol., 
Univ. Vase Country, Vitoria, Spain; 3Animal Science Inst., ETH-Zentrum, 
Zurich, Switzerland.

Roman high- and low-avoidance (RHA/Verh and RLA/Verh) rats differ in 
a number of behavioral, physiological and neurochemical variables. New 
evidence is provided of between-line divergencies in anxiety-related tasks 
(RLA/Verh rats being the more anxious of the two lines), as well as in 
novelty/reward seeking (which was higher in RHA/Verh rats) and in spatial 
learning (working and reference memory) in the 'Morris water maze'. Most 
of these between-line differences were neutralized by NH treatment (given 
during the first 21 days of life), which decreased anxiety (especially in 
RLA/Verh rats), increased novelty seeking and improved spatial learning. 
The function of the phosphoinositide signal transduction system coupled to 
muscarinic and serotonergic receptors was also measured in cortex and 
hippocampus of both rat lines. Activation of phospholipase C (PLC) by 
GTPyS (1/xM), carbachol (ImM) and 5-methyltryptamine (300 /aM) was 
markedly increased in hippocampus of RLA/Verh rats as compared to 
RHA/Verh rats. In cortical membranes, however, PLC was less activated in 
RLA/Verh rats than in RHA/Verh animals. Studies are in progress to 
evaluate the NH effects on transmembrane signaling through PLC in the brain 
of both rat lines. (Supported by FISss 95/1779).

720.4
DIFFERENTIAL EFFECTS OF CHRONIC STRESS AND ORAL 
CORTICOSTERONE ON THE HIPPOCAMPAL MOSSY FIBER TERMINALS 
ULTRASTRUCTURE: PREVENTION BY TIANEPTINE A. M. Magarinos* and 
B.S. McEwen. Lab, of Neuroendocrinol., The Rockefeller University,NY,NY- 10021. 
Repeated restraint stress (6h/day for 21d) and oral administration of corticosterone 
(CORT, 400 (ig/ml for 2Id) induce apical dendritic atrophy of hippocampal CA3 
pyramidal cells. The major excitatory input to the CA3 neurons is the mossy fiber 
projection originating in the dentate gyrus. The stress paradigm also causes 
ultrastructural rearrangements in the mossy fiber terminals (MFT). Because the 
serotonin uptake enhancer tianeptine (TIA) prevented the apical atrophy induced by 
chronic restraint stress, we asked if a similar blocking effect occurs on the stress- 
induced MFT vesicle reorganization. We also investigated if the oral administration of 
CORT leads to a comparable ultrastructural rearrangement of the synaptic apparatus of 
the MFT like that induced by chronic stress. Four groups of male adult rats were 1) 
undisturbed, 2) restraint stressed (6h/d for 21 d), 3) restraint stressed + daily treated 
with TIA (10 mg/Kg, ip) or 4) administered CORT in the drinking water (400 (lg/ml) 
for 21 d. The inspection of Durcupan embedded ultrathin sections of the stratum 
lucidum showed, as previously reported, that stressed rats MFT presented clustering of 
clear synaptic vesicles close to the active sites. The administration of TIA prevented 
the synaptic vesicle clustering and the vesicle distribution pattern was similar to that 
observed in controls. Following the administration of CORT, some boutons 
maintained a normal synaptic distribution while a subpopulation of terminals 
displayed different degrees of synaptic vesicle dispersion. These results suggest that the 
structural organization of MFT synaptic apparatus is responsive to repeated activation 
induced by stress and that serotonin extracellular levels may play a permissive role in 
this phenomenon. In addition, we could isolate a specific subpopulation of MFT that 
is refractory to repeated activation by administering exogenous CORT. Supported by 
MH 41256 and Servier (France).

720.5
THE EFFECT OF THE POSTNATAL ENVIRONMENT ON STRESS- 
INDUCED CHANGES IN HIPPOCAMPAL FOS-LIKE 
IMMUNOREACTIVITY IN ADULT RATS D. Pearson*1, S. Sharma1, 
P.M. Plotsky2, J.G. Pfaus^, and M.J. Meaneyl 1 Developmental. 
Neuroendocrinology Lab, Douglas Hospital Research Center, Depts of 
Psychiatry’ and Neurology, McGill University, Montreal, Canada, H4H 
1R3. 2Stress Neurobiology Lab, Dept. of Psychiatry, Emory Univ.,
Atlanta, GA 30322 . 3CSBN, Dept. of Psychology, Concordia University, 
Montreal, H3G 1M8.

The expression of behavioral or endocrine responses to acute stress in 
adulthood is influenced by the early postnatal environment. Thus, post 
handling decreases, while maternal separation increases fearfulness as well as 
HPA responses to stress. Such differences are particularly apparent under 
conditions of novelty, and the hippocampus has been strongly implicated in 
processing information associated with the degree of novelty/familiarity of a 
stimulus (see J. Gray, 1987). In this study we are using 
immunocytohistochemical detection of Fos to assess neuronal activation in 
response to acute restraint in adult animals exposed to handling (or 
nonhandled controls) or maternal separation for Days 1-14 of life. The 
results showed that maternal separation animals showed a significantly 
greater increase in hippocampal Fos ir following restraint stress than did 
handled animals; the nonhandled animals were intermediate and were also 
significantly higher than handled animals. This pattern was apparent in all 
cell fields of the dorsal hippocampus. These data suggest significantly 
greater increase in hippocampal neuronal activity in response to stress in 
maternal separation and nonhandeld animals, and may reflect the known 
differences in hippocampal glucocorticoid receptor expression in these 
animals.

720.6
EFFECTS OF AGE AND CHRONIC GLUCOCORTICOID ADMINISTRATION 
ON IODOCLONIDINE BINDING IN NON-HUMAN PRIMATE 
HIPPOCAMPUS. J.B. Leverenz*, C.W, Wilkinson, M.A. Raskind, and E.R. 
Peskind. Departments of Neurology and Psychiatry and Behavioral Sciences, 
University of Washington, Seattle, WA, 98195.

Age-associated alterations in the noradrenergic (NA) system and the 
hypothalamic-pituitary-adrenal (HPA) axis have been implicated in age-associated 
cognitive decline and neurodegenerative diseases. The alpha-2 autoreceptor is an 
important regulator of NA activity and its density may decline with age in 
mammalian brain. We examined the effects of age and glucocorticoid 
administration on the NA system in sixteen middle-age to elderly Macaca 
nemestrina (ages 18 to 29 years). For one year a group of eight primates were 
administered daily supraphysiologic doses of cortisol in a food pellet while an age- 
matched group of eight received a daily placebo. Rapidly accessed brain tissue was 
snap frozen and cut on a cryostat. Alpha-2 receptor density in frozen sections from 
the mid-hippocampus of each case was determined by incubation in 0.45 nM 
iodoclonidine. Non-specific binding was assessed by the addition of 0.01 pM RX 
821002 (an alpha-2 specific antagonist). As observed in human hippocampus, 
high levels of iodoclonidine binding were seen in the molecular layer of the CA-1 
hippocampus and the dentate gyrus. There was a significant decline with age of 
iodoclonodine binding density in the hippocampal hilus and the dentate gyrus of the 
placebo group. Chronic glucocorticoid administration resulted in significantly 
enhanced iodoclonidine binding in the CA-1 molecular region and a trend toward 
increased binding density in the hilus. Our findings suggest an anatomically 
specific decline in alpha-2 receptor density with age in these primates, and a 
regionally specific increase in alpha-2 receptor density with exogenous chronic 
glucocorticoid administration. Age and age-associated HPA axis alterations may 
influence noradrenergic regulation of the hippocampus and its functions in 
cognition and behavior. Supported by the Alzheimer’s Assoc., and NIA AG05136 
and AGOO5O3.
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720.7
GLUCOCORTICOIDS AND HIPPOCAMPAL NEUROTOXICITY IN THE AGED 
NONHUMAN PRIMATE. E.R. Peskind*. J.B. Leverenz. C.W. Wilkinson. M. Wamble, 
and M. A. Raskind. VA Puget Sound HCS & U. of Washington, Seattle, WA 98108.

Aging is a major risk factor for the expression of Alzheimer’s disease (AD), a 
dementing disorder in which extensive damage to and loss of hippocampal neurons is 
a prominent neuropathologic feature. Although the mechanism by which aging increases 
the expression of AD is unclear, one possibility is that the aging-associated increase in 
hypothalamic-pituitary-adrenal (HPA) axis responsivity contributes to the increased 
incidence of AD in late life by lowering the threshold for hippocampal neuronal loss, as 
has been demonstrated in rodents. It is also possible that the aging-associated increase 
in HP A axis responsivity might play a role in the modest cognitive changes of normal 
aging. Previous studies of glucocorticoid (GC) neurotoxicity in nonhuman primates 
remain controversial and inconclusive. We are assessing the effects of daily 12-month 
administration of high dose oral GC on hippocampal neurohistology and neurochemistry 
in aged macaque monkeys. Sixteen Macaca nemestrina from 18 to 29 years of age were 
age-, sex-, and weight-matched into pairs, and pairs were randomized to receive either 
high dose oral hydrocortisone acetate (3-6 mg/kg/day) or placebo in twice-daily highly 
palatable treats. Basal HP A activity before and during treatment was monitored by 
measuring plasma ACTH, cortisol, and corticosteroid-binding globulin and 24-hr urinary 
cortisol. Pre-treatment measures did not differ between the groups. In the treatment 
group, urinary and plasma cortisol were elevated and plasma ACTH was reduced 
throughout the 12-month period. At 3 months, plasma cortisol concentration was 737 
± 74 ng/ml in the treatment group and 475 ± 65 in the placebo group. Similarly, urinary 
cortisol was elevated to 1841 ± 307 mg/g creatinine in the treatment group compared to 
480 ± 15 in the control group. All monkeys in the treatment group showed the expected 
Suppression of plasma ACTH (2 vs. 33 pg/ml in the placebo group). A stereological 
approach is being used to assess hippocampal cell number in the two groups. Supported 
by the Alzheimer’s Assoc., NIA AG05136, and the Dept. of Veterans Affairs.

720.8
THE EFFECT OF CATECHOLAMINE ADMINISTRATION IN 
THE AMYGDALA ON STRESS-INDUCED BEHAVIORAL 
DEPRESSION AND FOS LEVELS IN THE MOUSE. E.A. Stone*. 
Y. Zhang and D. Ouartermain, Departments of Psychiatry and 
Neurology, New York Univ. Medical Center, New York, NY 10016

The central noradrenergic system has been implicated in the etiology 
of stress-induced behavioral depression. The noradrenergic projection 
area(s) which affects this disorder however has not yet been identified. 
As the amygdaloid complex has been implicated in depressive illness we 
have investigated the effects of catecholamine administration in this 
region on a model of stress-induced depression. Mice were implanted 
bilaterally with cannulas in the central nucleus of the amygdala. The 
animals recived infusions of either the beta-1 agonist, T-0509, the alpha- 
1 agonist, phenylephrine (PE), norepinephrine (NE) or saline shortly 
before exposure to restraint stress for 1 hr. This treatment was repeated 
on 3 days. Behavioral depression was assessed from the reduction in 
nocturnal activity. In independent groups of mice brains were processed 
immunohistochemically for fos protein 90 min after infusion of these 
compounds. It was found that T-0509 and NE significantly increased 
depression whereas PE either had no effect or exerted an antidepressant 
action. Preliminary results indicate that phenylephrine and 
norepinephrine produced pronounced amygdaloid fos responses 
whereas T-0509 did not. The results suggest that noradrenergic activity 
in the amygdala may be involved in stress-induced depression with beta- 
1 and alpha-1 neurotransmission having differential actions. The results 
further suggest that the fos response to alpha-1 receptor stimulation 
may be an adaptive response that counters depression. Supported by 
MH45265 from NIMH and a Stanley Foundation grant.

720.9
LOCUS COERULEUS ELECTROPHYSIOLOGICAL ACTIVITY 
AND RESPONSIVITY TO CORTICOTROPIN-RELEASING 
FACTOR IN INBRED HYPERTENSIVE AND NORMOTENSIVE 
RATS. L.H., Cont£K.L. Youngblood. M.P. Printz and S_.L, Foote. 
Departments of Psychiatry and Pharmacology, Univ. California, San 
Diego 92093.

The Spontaneously Hypertensive Rat (SHR) and its normotensive 
progenitor, the Wistar-Kyoto (WKY) rat are differentially responsive to 
the behavioral and endocrine effects of both stress and corticotropin-
releasing factor (CRF), each of which increase locus coeruleus (LC) 
electrophysiological activity. In the present studies, strain differences in 
LC electrophysiological responsivity to intracerebroventricular 
infusions of CRF were assessed in SHR, an inbred strain of WKY rats, 
and an outbred normotensive rat strain, Sprague Dawley (SD). 
Spontaneous LC discharge rate, mean arterial blood pressure and heart 
rate were also measured. While LC activity was increased to the same 
extent in the 3 rat strains in response to a 3 ug dose of CRF, WKY rats 
showed an exaggerated response to a 1 ug dose of CRF. Spontaneous 
discharge rates of individual LC neurons were lower in both SHR and 
WKY rats than in SD rats. The variability of the discharge rates of LC 
neurons was greater in WKY rats than in either SHR or SD rats. These 
results indicate that the WKY rat may provide a useful model for 
assessing the role of CRF in stress responsiveness.

720.10
AIRPUFF STARTLE ELEVATES PLASMA ACTH IN GENETIC 
NORMOTENSIVE BUT NOT GENETIC HYPERTENSIVE RATS. Palmer. 
AA; Youngblood KL; Printz MP*. UCSD, Dept Pharm, La Jolla, CA, 92093

We have previously shown that the airpuff startle (APS) stimulus elicits a 
strain dependent autonomic cardiovascular response in SHR and WKY rats. 
Additionally, studies of Fos expression in the CNS following APS revealed a 
pattern of Fos expression consistent with that seen following a variety of 
stressors. This pattern differed between the two strains at several 
hypothalamic sites. To determine 1) whether APS elevated ACTH, thus 
further implicating it as a stressor, and 2) to examine the possibility that strain 
differences existed between the endocrine response to APS in SHR and WKY 
rats, we undertook the present studies. Plasma samples were drawn 1) after 30 
min in the chamber (no APS), 2) following the first 15 APS stimuli (15 min), 
and 3) following 60 APS stimuli (1 h). Two-way-ANOVA with the between 
subjects factor strain and the within subjects factor sample number revealed 
that there was a primary effect of strain (p < 0.001), and sample number (p < 
0.001) on plasma ACTH levels, as well as an interaction between the two (p < 
0.001). A one-way-ANOVA for the within subjects factor sample number 
revealed that the SHR showed no ACTH response to APS, while the WKY 
showed an effect of APS (p < 0.001). The present data indicates that APS 
elevates plasma ACTH, consistent with its role as a stressful stimulus. The 
lack of an ACTH response to APS in SHR supports previous reports of 
feedback inhibition by corticosterone in SHR. (Sponsored by NIH HL 35082).

720.11
TAIL-PINCH AND PENTYLENETETRAZOL INCREASE THE RELEASE 
OF SEROTONIN IN THE CEREBRAL CORTEX OF ROMAN HIGH- 
AVOIDANCE BUT NOT LOW-AVOIDANCE RATS. M.G, Corda *. D, 
Legya, G, Piras, G, Di Chiara, and Q- Giorgi,. Department of Toxicology, 
University of Cagliari, vie. A. Diaz 182, 09126 Cagliari, ITALY.

Roman High-Avoidance (RHA) and Roman Low-Avoidance (RLA) rats are 
selected and bred for respectively rapid versus poor acquisition of two-way 
avoidance behavior in a shuttle box. They also show many other behavioral 
differences related to what may be considered as "emotivity", RLA rats being 
more reactive. To characterize the functional factors underlying the different 
behavioral profiles of RHA and RLA rats, we used brain microdialysis to 
compare the effects of tail-pinch (TP, 40 min), and pentylenetetrazol (PTZ, 10 
mg/kg, i.p.) on the release of serotonin (5-HT) in the fronto-parietal cortex 
(FPCx) and in the prefrontal cortex (PFCx) of these rat lines. No significant 
line-related differences were observed in the basal 5-HT output either in the 
FPCx or in the PFCx. TP caused a significant increase in 5-HT release in the 
FPCx of RHA rats (maximal effect: + 72 % above the basal value) but not in 
RLA rats. Likewise, PTZ increased significantly 5-HT release only in the FPCx 
of RHA rats (maximal increment above basal: +40 %). Similar changes were 
observed after TP and PTZ in the PFCx. RHA rats were more persistent than 
RLA rats in their attempts to remove the clamp from their tails (min spent 
displaying this behavior: RHA, 27 +_ 3; RLA, 13 +. 2; mean +. S.E., P < 
0.05). In contrast, RLA rats displayed more frequent grooming bouts and 
freezing episodes than did their RHA counterparts. Together, these results 
demonstrate that the activation of 5-HTergic pathways induced by TP and PTZ 
is more pronounced in the line of rats with lower emotional reactivity. 
Therefore, it may be proposed that this neurochemical response may reflect an 
increased attention of the animal and/or tile activation of cognitive mechanisms 
in an attempt to actively cope with the stressor. These mechanisms appear to 
be more readily triggered in "active" copers, like RHA rats than in "passive" 
copers, such as RLA rats. [Supported by R.A.S., ITALY\.

720.12
DIFFERENTIAL EFFECTS OF ANTIDEPRESSANTS ON SEROTONERGIC 
TRANSMISSION IN THE CNS OF ROMAN HIGH-AVOIDANCE AND 
LOW-AVOIDANCE RATS.
B.J. Hoffman D. R. Rubinow . L. Zhang and S.R. Hanson 1.
Dept. of Toxicology, Univ. of Cagliari, ITALY’, 1 Lab. of Cell Biology,
and 2 Behavioral Endocrinol. Branch, NIMH-NIH, Bethesda, MD, USA.

The selection process of Roman high- (RHA) and low-avoidance (RLA) 
rats for rapid versus poor acquisition of active avoidant behavior has 
led to additional behavioral differences between the two lines indicating 
that RLA rats are "emotionally" more reactive than RHA rats. These 
two lines differ also in neurotransmitter function in the CNS, including 
serotonergic (5-HTergic) transmission. Therefore, we used brain 
microdialysis and in vitro 'H-citalopram binding autoradiography to 
characterize further the neurochemical properties of 5-HTergic 
transmission in the CNS of RHA and RLA rate. The basal 5-HT release 
in the frontoparietal cortex (FPCx) was similar in the two lines (fmol/20
/*1; RHA, 13.9 ± 0.9; RLA, 12.2 ± 0.4, n = 12, N.S.); however, the 
increase in cortical 5HT output produced by chlorimipramine (10 
mg/kg, IP) was more pronounced in RHA than in RLA rats (maximal 
increment above the respective basal value, 2 h after injection: RHA, 
+ 187 %; RLA, +101 %). In keeping with the above data, the binding 
density of the 5-HT selective reuptake inhibitor, [’HJcitalopram (1 nM) 
was significantly larger in the FPCx, septal nuclei, striatum, and medial 
forebrain bundle of RHA rats compared to RLA rate. These results 
suggest that 5-HT reuptake is more efficient in the CNS of RHA rats 
compared to RLA rate. On the basis of the relevant role played by the
5-HTergic neurotransmission in the control of emotivity, it may be 
proposed that the line-related differences reported herein contribute to 
the divergent behavioral profiles of RHA and RLA rate.
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720.13
CORTICOSTERONE RAPIDLY REDUCES MALE PREFERENCE 
FOR THE ODORS OF ESTROUS FEMALE MICE. M. Kavaliers*, 
T, S- Perrot-Sinal and K.-P. Ossenkopp. Neuroscience Program, 
Univ. Western Ontario, London, Canada, N6A 5C1.

There is accumulating evidence for rapid, non-genomic, behavioral 
effects of various steroids. In male amphibians, corticosterone was 
implicated in the mediation of rapid stress-induced changes in 
reproductive behavior (Orchinik et al. 1991). Here we considered the 
immediate effects of corticosterone on sexually related behaviors in 
mammals. Using an odor preference test we examined the effects of 
corticosterone on the mate choices of male mice. Control and vehicle 
treated male mice displayed a significant preference for the odors of 
estrous female, displaying an overwhelming initial preference for and 
spending more time in a Y-maze in the vicinity of the odors of an 
estrous compared with a non-estrous female. Peripheral administration 
of corticosterone caused a rapid (10 min) and significant dose-related 
(1.0 -1.0 mg/kg) decrease in male preference for the odor of an 
estrous female. These inhibitory effects of corticosterone were 
significantly reduced by the competitive N-methyl-D-aspartate 
(NMDA) antagonist, NPC 12626, and enhanced by the GABAa  
antagonist bicuculline. These results indicate that corticosterone has 
rapid inhibitory effects on olfactory mediated male sexual interest and 
responses to females that, in part, involve interactions with NMDA 
and GABA receptor mediated mechanisms. Supported by NSERC.

720.14
OXYTOCIN CAN SUPPRESS THE HPA AXIS IN PRAIRIE VOLES. 
A, C. DeVries, M. M. Cho. S. Cardillo, and C. S. Carter*. Department 
of Zoology, University of Maryland, College Park, MD 20742

Prairie voles (Microtus ochrogaster) are monogamous rodents that 
form pair bonds. Either social contact or oxytocin (OT) treatment (icv) 
can faciliate pair bond formation in this species. In addition, prairie 
voles are glucocorticoid insensitive, with levels of basal 
corticosterone (CORT) that are approximately 10 times those 
measured in rats (Taymans, et al., 1997). Plasma CORT levels in 
prairie voles were responsive to both circadian cues and a stressor, 
but were resistant to suppression by the synthetic glucocorticoid, 
dexamethasone. In contrast, contact with a stranger of the opposite 
sex produces, within 15 (males) to 60 min (females), an inhibition of 
CORT secretion in socially naive prairie voles (DeVries, et al., 1995; 
1996). The present study examines the hypothesis that centrally- 
active OT mediates the effect of social behavior on the HPA axis. 
Injections of OT (icv) produced a comparable decline in serum CORT. 
In comparison to females, males were sensitive to lower doses of OT 
and showed a faster OT-induced decline in CORT. These findings 
suggest that OT is a component of an endogenous “anti-stress” 
system, and may mediate the expression and the benefits of social 
bonds. Sponsored by NIMH, NICHD, and DAMD.

720.15
BEHAVIOURAL INTERACTION BETWEEN STRESS AND ANTIDEPRESSANTS. 
P.S. D’Aguila, AT. Peana and G. Serra*. Dipartnnento di Scienze del Fannaco, 
Universita di Sassari, Via Muroni 23/a, 07100 Sassan, Italy.

Stressful life events are known to be among the causes of depression in humans. 
Exposure of laboratory animals to stressful stimuli results in the disruption of a variety of 
behavioural responses which can be restored by treatment with antidepressant drugs. In 
feet, most animal models of depression are based upon such antidepressant-rev ersible 
stress-induced behavioural disruptions. However, exposure to stress has also been shown 
to cause both behavioural and biochemical modifications which resemble the effect of 
chronic treatment with antidepressant drugs. Among the features of stress administration 
which have been suggested to be crucial in causing depressive-like effects in animals (as 
opposite to antidepressant-like effects) is unpredictability . The mesolimbic dopamine 
system seems to play an important role both in tlie response to stress and in the 
therapeutic effect of antidepressant drugs. Moreover, stress has been shown to be able 
either to sensitize or to desensitize the locomotor response to dopamine agonists, with 
predictability possibly being a discriminating factor between the two different responses. 
We have studied, in male Wistar rats, the interaction between prolonged exposure to 
either predictable stress (1 hr of daily restraint) or unpredictable stress (a combination of 
different stressors: periods of food and water deprivation, overnight illumination, changes 
of cage mates, soiling of tlie cage bedding, crowding, isolation) with the chronic 
administration of tlie antidepressant drug desipramine on the following behavioural 
responses: locomotor response to quinpirole (a D2-like dopamine agonist), forced 
swimming test (an animal model of depression) and spontaneous locomotor activity in 
the open field. The most relev ant observation from this study is the ability of stress to 
influence the response to desipramine, with predictable stress being more effective than 
unpredictable stress. The results will be discussed in relation to the widely accepted 
opinion that antidepressant drugs are effective in depressed patients but not in normal 
subjects. (Supported by UE Grant ERBFMBICT961301 andNfurst, Italy)

720.16
COMPARISON OF METHODS FOR MEASURING HEART
RATES IN PREWEANLING RAT PUPS: SUBCUTANEOUS
ELECTRODES VS. IMPLANTED TRANSMITTERS. T,
LaRocca, J. Campbell, K. Snyder & L. Spear*. Center for
Developmental Psychobiology, Binghamton University,
Binghamton, NY 13902-6000

Two methods of measuring heart rate were compared in preweanling rats: 
subcutaneous (sc) electrodes vs. implanted transmitters. Sprague Dawley rat pups 
at 16-17 days of age were surgically implanted with biotelemeters and given two 
days recovery before testing. The night following testing, the receiver plate for the 
transmitters was placed under the home cage and the heart rate of implanted pups 
was recorded continuously overnight. Six implanted pups along with two non- 
implanted littermates were tested, with one male and one female from each litter 
placed into each of the four test conditions: implanted pups whose heart rate was 
measured with the transmitters; implanted pups whose heart rate was measured 
with the sc electrode pins; implanted pups with sc electrode pins attached before 
the heart rate assessment with transmitters; and non-implanted pups whose heart 
was measured with the sc electrodes pins. After a 10 min. habituation period, 
heart rate was recorded three times per min. for a period of 15 min. Results 
revealed no effect of surgery or method of measurement on heart rate. However, 
there was a significant effect of placement of the sc electrode pins in the pups. 
Even after the habituation period, pups with sc electrodes displayed significantly 
higher heart rate than pups tested without the electrodes (approximately 20 BPM)- 
Unrestrained home nest recordings revealed that heart rate was approximately 100 
BPM lower when compared with the heart rates of pups undergoing “baseline” 
heart rate assessment away from the home nest while isolated from littermates and 
the dam. This work was supported by National Institute on Drug Abuse Grants 
R01 DA04478.

REPRODUCTIVE BEHAVIOR IV

721.1
EFFECTS OF ESTRADIOL AT THE MEMBRANE LEVEL ON 
OXYTOCINERGIC SYSTEMS IN THE MEDIAL PREOPTIC AREA 
AND MEDIAL HYPOTHALAMUS J, D. Caldwell1, L. Etemad1, C. H. 
Walker3, M. Morris2, B. A. Gosnell4*, C. A. Pedersen3 and G. A.
Mason3 1-Department of Pharmaceutical Sciences, North Dakota State University, 
Fargo, ND 58105; 2-Bowman Gray School of Medicine, Winston-Salem, NC; 3- 
School of Medicine, Univ. of North Carolina, Chapel Hill, NC; 4-Neuropsychiatric 
Res. Institute, Fargo, ND Superfusion of anuclear homogenates of the medial 
preoptic area and medial hypothalamus (MPOA-MH) with estradiol (E) 
conjugated to BSA at position 6 (E-6-BSA), but not with equimolar BSA or 
progesterone conjugated to BSA (P-3-BSA), induced an immediate and 
sustained release of oxytocin (OT). E-6-BSA stimulated OT release in both the 
MPOA and the MH separately. This release does not appear to be mediated 
by calcium channels as replacing Ca++ with Mg++ in the presence of either 
EGTA or the calcium-channel blocker CdCl2 failed to affect E-6-BSA-induced 
OT release. Since pre-incubation with the cytoplasmic E receptor (cER) 
antagonist tamoxifen did not affect E-6-BSA-stimulated OT release it appears 
this effect is not mediated by cERs. Because E-6-BSA released OT from 
anuclear homogenates, we have begun to analyze binding sites for E-6-BSA 
in the MPOA. There are high-affinity and high-density binding sites for E-6- 
[l125-BSA] in plasma membrane fractions of the MPOA. These sites are 
altered by pre-treatment with G-protein antagonists GTPys and cholera toxin 
in ways that are very different than P-3-[125l-BSA] binding sites suggesting that 
G-protein association is very different for P than for E membrane binding sites. 
The ovarian steroids E and P may have important actions in the preoptic area 
and hypothalamus via membrane receptors.

721.2
EFFECTS OF OVARIAN STEROIDS AND CHRONIC 
OXYTOCIN INFUSION ON NADPH-d STAINING IN THE 
SUPRAOPTIC AND PARAVENTRICULAR NUCLEI OF 
FEMALE RATS N.Popeski*, S.Amir, & B. Woodside. Center for 
Studies in Behavioral Neurobioiogy, Department of Psychology, 
Concordia University, Montreal, Canada.
We have previously reported that staining for NADPH-d, a histochemical 
marker for NOS, is increased in the supraoptic (SON) and paraventricular 
(PVN) nuclei during late pregnancy and lactation. Here we report on the. 
role of the steroid and peptide hormonal milieu of late pregnancy in these 
changes. Silastic capsules containing either cholesterol, estrogen (E) 
alone, E + progesterone (P), or E + P followed by P removal were 
chronically implanted into ovariectomized rats. Females were 
subsequently anaesthetized and perfused with ice-cold saline and 4% 
paraformaldehyde. Brains were removed and processed for NADPH-d 
histochemistry. Only the females receiving E + P followed by P removal 
showed an increase in NADPH-d staining in the SON and PVN. Because 
this hormonal treatment has previously been shown to increase mRNA for 
oxytocin (OT) within the SON and PVN, in a second study we determined 
whether OT infusions into the third ventricle would be sufficient to 
increase NADPH-d staining in these brain regions. Ovariectomized 
females received silastic implants containing either cholesterol or E. Half 
the females in each group then received chronic infusion of either vehicle 
or OT (24ng/day) for 7 days. An increase in the number of cells showing 
dense staining for NADPH-d in the SON and PVN was only seen in those 
animals receiving E+OT. These data suggest that the ovarian and peptide 
hormone milieu of late pregnancy plays an important role in modulating 
NADPH-d staining in the hypothalamus. (Supported by NSERC).
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721.3
REGULATION OF OXYTOCIN RECEPTORS AND THEIR ROLE IN FEMALE 
RAT SEX BEHAVIOR. T. L. Bale* and D. M. Dorsa. Depts. of Pharmacology 
and Psychiatry and Behavioral Sciences, University of Washington, Seattle, 
Washington 98195.

Oxytocin receptors (ORs) are known to function in neural circuits which subserve 
lordosis behavior in the female rat. Their localized expression within the 
ventromedial hypothalamus (VMH) is important for their function in this behavior. 
In order to further define the role of ORs in lordosis, we have analyzed the density, 
localization, and area of ORs in the VMH in females engaging in lordotic behavior 
induced by male mounting compared to females not exposed to males. Enkephalin 
(Enk) is also known to play a role in female lordosis and localizes to the same area 
of the VMH as ORs. Further, Enk has been shown in vitro to be induced by PKC 
activation. ORs are coupled to activation of PKC. Therefore, in order to 
determine the downstream effects of OR activation during this behavior, we have 
also analyzed the density of enkephalin (Enk) mRNA in the same nucleus. Females 
were ovariectomized, replaced with estrogen and progesterone, and sacrificed at 
specified time points following lordosis behavior. Females given the same 
treatments but not performing behavior were also sacrificed at these time points. In 
situ hybridization using an Enk riboprobe was performed to determine Enk mRNA 
density. The density, area, and localization of OR binding were measured using the 
specific OR antagonist 12Y-OTA. Results indicate that lordotic behavior increases 
the area of OR binding lateral to the VMH (vlVMH). Further, l25I-OTA binding to 
these lateral receptors is dramatically enhanced by GTP pretreatment of tissue slices 
suggesting that these ORs are occupied following lordosis. A time course of Enk 
mRNA has revealed an increase in Enk expression four hours after lordosis. These 
results suggest that OR activation by lordosis-elicited oxytocin release may promote 
an increase in Enk mRNA via PKC activation in the vlVMH. This timely increase 
in Enk gene expression may then provide the inhibitory signal preventing further 
lordotic behavior. This work was supported by LSPHS Grant NS-20311,
AG05136, and Molecular and Cellular Biology Training Grant T32-GM-07270.

721.4
G-PROTEIN ACTIVATION IN HYPOTHALAMIC VENTROMEDIAL 
NUCLEUS (VMN) BY PHENYLEPHRINE (PhE), AND ITS 
POTENTIATION BY ESTROGEN: AUTORADIOGRAPHIC EVIDENCE.
L.-M. Kow* B.S. McEwen, D.W. Pfaff and N.G. Weiland, The Rockefeller 
University, 1230 York Ave., New York, NY. 10021.

ai-adrenergic agonists, such as PhE, can act through ai-adrenergic receptors 
in the VMN of estrogen-primed rats to facilitate lordosis. To see if G-protein 
activation is involved in this facilitation, thin brain sections containing the 
posterior half of the VMN from ovariectomized (OVX) and estrogen-primed 
OVX (OVX+E) rats were used to assess G-protein activation by PhE. Adjacent 
sections were incubated in solutions containing GTP-y-35S and excess GDP (to 
suppress basal G-protein activity) plus either PhE (10 gM), saline (for basal 
binding) or excess GTP-yS (to assess nonspecific binding), and then processed 
for autoradiography. All experiments were run in duplicates. The specific 
binding of GTP-y-35S was measured from ventrolateral VMN (vlVMN), 
dorsomedial VMN (dmVMN) and cerebral cortex (CTX). G-protein activation 
was assessed by subtracting basal binding from PhE-treated binding. Results 
showed that PhE caused significant G-protein activation in vlVMN and CTX in 
both OVX and OVX+E rats and in dmVMN in OVX+E rats. This PhE effect 
was blocked by an a-adrenergic antagonist, phentolamine (100 pM), and hence 
was probably mediated by ai-adrenergic receptors. Furthermore, the G-protein 
activation was significantly greater in OVX+E (n=12) than in OVX (n=10) rats 
in vlVMN and dmVMN but not in CTX, which contains few estrogen receptors. 
Thus, the G-protein activation in VMN by PhE appeared to be both potentiated 
by estrogen and potentially involved in mediating the lordosis-facilitating effect 
of ai-adrenergic agonists. (Supported by PHS NS30824 from NINDS).

721.5
A POTENTIAL FACILITATORY ROLE OF GLUCOCORTICOIDS IN FEMALE 
REPRODUCTION.' P.A. Schiml and E. F. Rissman* Dept. of 
Biology, Univ. of Virginia, Charlottesville, VA 22903

This study was designed to determine the role of 
cortisol in female receptivity in musk shrews. In the 
first part of this study, blood samples were obtained 
from females that became sexually receptive following 
brief interactions with males and compared to samples 
from females that did not become receptive. In the second 
part of the study, metyrapone, an inhibitor of cortisol 
synthesis, was administered to females and the effects 
on sexual behavior were noted and compared to females 
receiving control injections. The results show that 
cortisol is elevated in females who become sexually 
receptive relative to those that do not. Furthermore, 
females treated with metyrapone exhibited reduced levels 
of sexual behavior when compared to control females.
Taken together, these studies provide preliminary evidence 
that glucocorticoids may facilitate sexual beahvior in 
female musk shrews.

This work was supported by NIMH NRSA 1F32MH1153^-O1 to 
P.A.S. and by NIH R01 NS35^29 to E.F.R.

721.6
IS THE EFFECT OF VAGINAL CERVICAL STIMULATION ON 
BEHAVIORAL ESTRUS DURATION MEDIATED BY THE MEDIAL 
PREOPTIC AREA? S.M, Ramos*, J.F, DeBoId. Psychology Department, 
Tufts University, Medford, MA 02155.

The medial preoptic area (MPA) has an inhibitory effect on sexual receptivity 
as assessed by the lordosis posture in female rats. MPA neurons also show an 
increase in the expression of a constituent of the AP-1 transcription factor, Fos, 
as a result of vaginal cervical stimulation (VCS). The MPA may mediate the 
signal that VCS has occurred. To assess tliis possibility, a protein synthesis 
inhibitor (anisomycin, Sigma Chemical Co., St. Louis MO) was implanted into 
the MPA of animals who did or did not receive VCS. Female hamsters were 
ovariectomized and one week later implanted with bilateral guide cannulae 
aimed above the MPA. All animals were subjected to each of the following 
conditions in randomized order, unless cannulae became blocked. To induce 
sexual receptivity, animals received estradiol benzoate (lOug) and progesterone 
(500ug) 44 and 4 hours, respectively, before testing. Each animal then received 
anisomycin (0.25ug in each implant) or cholesterol 0.51k  before being placed 
with a male. Vaginal masks which prevented penile VCS were fitted on the 
females for half of the tests. Animals were observed with a sexually 
experienced male for ten minutes at hour 0, 1, 2, 6, 12 and 24. Lordosis 
duration, latency, number of mounts and aggressive interactions were recorded. 
It was found that lordosis duration decreased at later time points and that this 
decrease was partially mediated by VCS. Preliminary data suggest that 
anisomycin decreased the effect of VCS on estrus duration.
Supported by Sigma Xi G1AR to SMR and NSF grant BNS 9511895 to JFD.

721.7

CONDITIONED INHIBITION OF SEXUAL BEHAVIOR IN THE 
FEMALE RAT. J.G. Pfaus* & A. Jacques. CSBN, Department of 
Psychology, Concordia University, Montreal, QC H3G 1M8.

The normal display of appetitive (solicitation, pacing, proceptivity, 
rejection) and consummatory (lordosis) sexual behaviors in female rats 
is dependent on estrogen and progesterone. Although these behaviors 
can be modified by drugs or brain lesions, there is little evidence that 
they can be altered conditionally by expectation. We wondered 
whether exposure to distinctive environments previously paired with 
morphine or saline could alter patterns of female sexual behavior, as 
they do in male rats. Sexually-experienced, ovariectomized, hormone- 
primed Long-Evans female rats (N=24) received three IP injections 
of morphine (10 mg/kg/ml) or equivolume saline in a counterbalanced 
order within two distinctive environments. Females were subsequently 
primed and tested for sexual behavior with a vigorous male in one of 
the two distinctive environments. Compared to females copulating in 
the saline-paired environment, females in the morphine-paired 
environment displayed significantly fewer solicitations, fewer pacing 
behaviors, and fewer proceptive behaviors, which led males to display 
significantly more intromissions prior to ejaculation. Lordosis 
quotients and reflex intensities were not affected in the different 
environments. These results indicate that appetitive aspects of female 
sexual behavior are amenable to conditioning, and that conditioned 
stimuli that predict the effect of morphine can inhibit these behaviors. 
Supported by NSERC of Canada grant (OGP-0138878) to JGP.

721.8
STANOZOLOL, OXYMETHOLONE, AND
TESTOSTERONE CYPIONATE EFFECTS ON THE RAT 
ESTROUS CYCLE. A.S. Clark*, M.E. Blasberg, and E.M. 
Brandling-Bennett, Department of Psychology, Dartmouth College, 
Hanover, NH 03755.

Anabolic-androgenic steroid (AAS) effects on the estrous cycle of 
adult Long-Evans rats were examined in four different experiments. 
Sexual receptivity, vaginal cytology, and body weight were 
monitored throughout two-week baseline, AAS treatment, and 
recovery periods. In Experiments 1-3, rats were administered 
stanozolol, oxymetholone, or testosterone cypionate at doses selected 
to mimic the human abuse levels of each compound. In these 
studies, the highest doses of stanozolol (5 mg/kg), oxymetholone 
(12 mg/kg), or testosterone cypionate (7.5 mg/kg) disrupted 
behavioral and vaginal cyclicity. To compare effects on estrous 
cyclicity across AAS compounds, rats in Experiment 4 received a 
single dose (7.5 mg/kg) of each compound for two weeks. At the
7.5 mg/kg dose, all AAS compounds interfered with vaginal 
cyclicity, although effects on behavioral cyclicity and uterine weight 
were not uniform. No striking AAS effects on body weight were 
seen in any experiment. These studies show that the short-term 
administration of AAS compounds at levels commonly used by 
humans disrupts female neuroendocrine function in rats in a dose- 
dependent manner.

Supported by NIDA-08574.
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721.9
ANABOLIC-ANDROGENIC STEROIDS INHIBIT 
ESTROGEN-INDUCED SEXUAL RECEPTIVITY IN 
FEMALE RATS. M,E, Blasfcrg* an4 A,S, Clark, Dept. of 
Psychology, Dartmouth College, Hanover, NH 03755.

Anabolic-androgenic steroid (AAS) compounds are synthetic 
androgens taken by athletes to increase physical strength and 
endurance. Treatment with naturally occurring androgens has been 
shown to disrupt estrogen-induced sexual receptivity in ovariectomized 
rats. The effects of 6 different AAS compounds on sexual receptivity 
were examined in female Long-Evans rats. Subjects were treated with 
estradiol benzoate (EB 2 pg/day) for 6 days and tested for sexual 
receptivity with male rats. EB treatment continued for 15 days 
concomitant with daily injections of a 7.5 mg/kg dose of 17a- 
methyltestosterone, methandrostenolone, nandrolone decanoate, 
stanozolol, oxymetholone, testosterone cypionate, or the oil vehicle. 
Tests for sexual receptivity occurred on days 3, 6, 14, and 15. On 
Day 15, all subjects were treated with progesterone (1.0 mg/rat) 4 
hours before testing.

While oxymetholone and testosterone cypionate were without effect, 
treatment with 17a-methyltestosterone, methandrostenolone, 
nandrolone decanoate, and stanozolol interfered with estrogen-induced 
sexual receptivity on Day 14. On Day 15, AAS effects were reversed 
by progesterone. The mechanisms by which AAS compounds interfere 
with estrogen-activated sexual receptivity are being explored.
Supported by NIDA-08574.

721.10
LOCALIZATION OF FLUORESCENT NEURONS ASSOCIATED WITH 
SEXUAL RECEPTIVITY IN FEMALE HAMSTERS FOLLOWING 
INTRACRANIAL P-3-BSA FITC. E.W. Fish and J.F, DeBold* Dept. 
Psychology, Tufts University, Medford, MA 02155.

Facilitation of sexual receptivity in estrogen-primed female hamsters 
appears to involve both the genomic and nongenomic actions of 
progesterone, but in two different brain sites. Implantation of progesterone 
covalently bound to bovine serum albumin (P-3-BSA) into the ventral 
tegmental area (VTA) has been shown to facilitate sexual receptivity of 
estrogen primed hamsters, given the presence of free progesterone in the 
ventral medial hypothalamus (VMH). Characterization of the neurons in the 
VTA which appear to bind P-3 -BSA is possible by utilizing P-3-BSA 
labeled with Fluoroscein isothiocyanate (P-3-BSA FITC).

Ovariectomized female hamsters were stereotaxically implanted with a 
guide cannula aimed at the VMH and one aimed at the VTA. Five days 
later they were subcutaneously injected with estradiol benzoate, followed 44 
hrs later by a 30 gauge progesterone implant into the VMH and an implant 
of P-3-BSA FITC into the VTA. Four hrs after steroid insertion, the animals 
were tested for sexual behavior during a 10 min interaction with a male 
hamster. The animals were then sacrificed and their brains were removed 
and prepared for fluorescence microscopy. Animals with P-3-BSA FITC 
accurately placed into the VTA and progesterone accurately placed into the 
VMH were sexually receptive. Steroids inserted into other sites did not 
affect sexual behavior. The tissues are currently being examined for neu-
ronal labeling and preliminary analysis reveals that P-3-BSA FITC is capa-
ble of identifying neurons which are of potential behavioral significance.

Supported by NSF grant BNS 9511895 to JFD.

721.11
GONADAL HORMONES ALTER GABA TURNOVER AND GAD 
mRNA. M. Frankfurt*, K.D.Beck, Y-S. Wu, J. Angulo and V.N. Luine, 
Hunter College of CUNY, New York, N. Y. 10021.

GABA influences reproductive function, altering both LH secretion and 
induction of lordosis. Whether gonadal hormones affect GABA activity 
and/or the synthetic enzyme for GABA, GAD, was assessed in preoptic- 
hypothalamic sites. Levels of GABA and turnover of GABA were 
measured by HPLC + EC in ovariectomized (Ovx), in Ovx + estradiol 
(EB), 5 ug, 45 h, and in EB + progesterone (P), 500 ug, 3.5 h, treated Ovx 
females. GAD mRNA was assessed by quantitative in situ hybridization 
techniques in separate groups. In the dorsomedial nucleus (DMN), GABA 
levels were not altered by hormones, but P administration reduced GABA 
turnover. GAD mRNA in the DMN was not altered by hormones. In the 
reticular thalamic nucleus (RTN), located dorsolateral to the DMN, GABA 
turnover was increased after EB and EB + P treatment. GAD mRNA 
increased by 50% in the RTN of estrogen treated females. In the VMN, 
important for regulation of lordosis, neither neurochemical was affected by 
gonadal hormones. Results show that activity of GABA neurons are 
differentially altered by gonadal hormones in hypothalamic/thalamic sites. 
RTN G/VBA activity maybe regulated via genomic mechanisms since 
GAD mRNA is also affected. In the DMN, decreased GABA turnover 
with no change in GAD mRNA suggests a non-genomic mechanism. The 
relationship of these changes in GABA neurons to reproduction remain to 
be determined. (Supported by NSF Grant IBN 14369).

721.12
NEURAL TESTOSTERONE IMPLANTS ACTIVATE FEMALE SEXUAL 
BEHAVIOR. S.L. Veney* and E.F. Rissman. Biology Department, University of 
Virginia, Charlottesville, VA 22903.

Sexual behavior in males as well as females of some species is controlled by the 
aromatization of testosterone (T) into estradiol (E2). However, in females, it is not 
known which brain region(s) are important. In this study, we examined the 
possibility' that T implants placed into the neural sites where aromatase enzyme 
immunoreactivity (AROM-ir) is highest, activate sexual behavior. Adult female musk 
shrews were ovariectomized, and a week later given a small neural T implant (3:2:1; 
Bone wax, charcoal, testosterone propionate), aimed at one of three brain regions. 
Specifically, we examined the bed nucleus of the stria terminalis (BNST), medial 
preoptic area (mPOA), and the ventromedial nucleus of the hypothalamus (VMN). 
After a series of behavior tests to assess sexual receptivity, brains were processed for 
androgen receptor immunoreactivity (AR-ir) using the PG-21 polyclonal antibody 
(generously provided by Dr. G. Prins) to determine the extent of hormone spread. 
Previous studies have shown that the mPOA contains a sexually dimorphic sub-
nucleus of aromatase containing cells which is devoid of estrogen receptors (Veney 
and Rissman, in prep). We found that implants centered in this sub-nucleus were 
effective in activating behavior. Implants outside of this region were not as likely to 
stimulate behavior. Similarly, implants in the VMN were also able to activate 
sexual behavior. These data support the hypothesis that T activates sexual behavior 
by its action in specific areas where aromatase enzyme is concentrated. In addition, T 
implants in the either the mPOA or the VMN are able to stimulate behavior. Thus, 
unlike female rodents, musk shrews may have some degree of neural redundancy in 
their expression of sexual receptivity. This work is supported by NSF grant IBN- 
9412605 and NIH grants MH01349, NS35429.

721.13
Moc.iiation of Extracellular Dopamine in the Medial Preoptic Area of 
Female Rats in Different Mating Contexts. Matuszewich, L.*, Lorrain, 
D.S. & Hull, E.M. State University of New York at Buffalo, Buffalo, NY
14266

Tf.e context in which mating occurs between a female and a male rat 
influences the rate of copulatoiy interactions and the neuroendocrine 
consequences of the sexual behavior. Extracellular dopamine (DA) 
increased in the rnesolimbic and nigrostriatal systems of the female rat 
during both paced and non-paced mating. Furthermore, females tested 
in the paced mating condition showed a greater DA increase in the 
striatum than did females tested in the non-paced condition (Mermelstein 
& Becker, 1995). The relationship between DA and paced mating has not 
beer, explored in other brain regions thought to be involved in female 
sexual behavior, such as the medial preoptic area (MPOA). This study 
compared extracellular DA release in the MPOA of female rats given 
sexuU Interactions in either a paced or a non-paced mating condition.

In vivo microdialysis was used to measure DA in the MPOA. 
Ovariectomized female rats received a priming injection of either 2 or 20 
ug estradiol benzoate 44 hours prior to testing, and 500 gg progesterone 
throe hours prior to testing. Dopamine release increased from baseline 
doling non-paced copulation and was significantly greater than release 
during paced copulation. There was no effect of the level of hormone 
priming or the smeN of a male rat. Post hoc correlational analysis did not 
inc'Ccue a relationship between frequency or intensity of the 
vogst,ccervical stimulation and DA release in the MPOA. The difference 
in DA release may be attributed to the increased time that the non-pacing 
femstes spent in the presence of the male or other factors associated 
with ihe different mating contexts.
Supported by NIMH grant # 40826 to E.M.H.

721.14

FEMALE MOUSE SEXUAL BEHAVIOR IS REGULATED BY 
THYROID HORMONES AND ESTROGEN, M.A. Morgan*, T.L. 
Dellovade, S. Ogawa and D.W, Pfaff Lab. of Neurobiology and Behavior, 
The Rockefeller University, New York, NY 10021.

Recent data indicate that estrogen and thyroid hormones interact to 
regulate reproduction. In ovariectomized (OVX) rats, high doses of thyroid 
hormone decreased lordosis behavior in response to estradiol benzoate (EB). 
Conversely, thyroidectomy (TX/OVX) resulted in elevated EB-dependent 
sexual behavior (Dellovade et al, 1996). To facilitate future studies of 
mechanisms for these hormonal interactions in genetically altered mice, the 
present study examines estrogen-dependent sexual receptivity in OVX and 
TX/OVX mice. On Day 1, OVX and TX/OVX mice were divided into four 
treatment groups: Vehicle, EB, T4 and EB+T4. Estradiol benzoate was given 
in Silastic implants (5Opg/O.O3ml sesame oil), and the T4 was injected daily 
(OVX=20pg/day, TX/OVX=5pg/day, s.c.). All mice were tested for sexual 
receptivity every other day beginning on Day 5 for a total of four behavior 
tests. Females were tested with a sexually experienced male for 20 minutes 
or 15 mounts, whichever occurred first. Sexual receptivity to male mounting, 
intromitting and/or ejaculations was scored by an observer blind to the 
treatment group of the females. Results indicate that in OVX mice T4 
treatment tended to decrease EB-dependent sexual behavior. Sexual behavior 
in response to EB-treatment tended to be higher in TX/OVX than in OVX 
mice. Interestingly, such results were sensitive to baseline lordosis quotients. 
The overall pattern of thyroid hormone-estrogen relations is similar to that 
found in rats. This work was funded by NIH grants HD05751 (D.W.P.) and 
MH15125-18 (M.A.M)
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721.15
INVESTIGATION OF THE NEURAL PATHWAYS WHICH CONTROL. 
LORDOSIS IN THE RAT: TRANSNEURONAL TRACING OF PSEUDORABIES 
VIRUS FOLLOWING LUMBAR EP AXIAL MUSCLE INJECTION. D. Daniels*,
R.R. Miselis1, & L.M. Flanagan-Cato. Departments of Psychology and Animal 
Biology1, and the Institute of Neurological Sciences, the University' of Pennsylvania, 
Philadelphia, PA.

Previous studies have used traditional tracing techniques to identify several 
components of the neural relay that controls the lordosis posture, a critical aspect of 
female sex behavior. However, these studies often employed large tracer injections 
into second or third order structures in this relay, making interpretation of the results 
difficult. In the present study, a transneuronal tracer, the Bartha strain of the 
pseudorabies virus (PRV-Ba), was used to study the neural circuitry which 
innervates the lumbar epaxial muscles which produce the lordosis response. PRV- 
Ba was injected into the transversospinalis, lateral longissimus, and medial 
longissimus muscles of both male and female rats. Virus was visualized 
immunohistochemically. In the CNS, early survival times (59-60 hours) revealed 
labeled cells in lamina IX of the spinal cord. Longer survival times (72-97 hours) 
allowed for transport of virus to areas of the brain previously implicated in the 
control of lordosis. For example, labeled cells were observed in the nucleus 
gigantocelluiaris (Gi), lateral paragigantocellularis (LPGi), and periaqueductal gray 
(PAG). Structures that are typically associated with motor control, such as the red 
nucleus (RN) and motor cortex, also contained labeled cells. These results are 
promising for a refined analysis of the neural pathways that control this behavior. 
GM27739, IBN9629667

721.16
TIME COURSE OF CHANGES IN LORDOSIS AND ULTRASOUND RATE 
CAUSED BY VENTROMEDIAL HYPOTHALAMIC LESIONS. B. M. Gibson and 
O. R. Floody*. Dept. Psychology, Bucknell Univ., Lewisburg, PA 17837.

Lesions of the ventromedial hypothalamus (VMN) ultimately depress lordosis but 
increase the rates at which estrous hamsters produce ultrasonic courtship vocalizations. 
These changes are consistent with the mutual exclusivity of lordosis and ultrasound 
production, and suggest that the VMN could coordinate short-term changes in these 
reproductive behaviors.

This suggestion departs from the common emphasis on VMN mediation of tonic 
hormonal influences on sex behavior. To test it, we studied the time course of the 
changes in lordosis and ultrasound rate caused by VMN lesions in estrous female 
hamsters. In the study of lordosis, permanently implanted electrodes were used to 
produce unilateral VMN lesions while subjects were briefly anesthetized with ether. 
Before and at varying intervals after lesions, lateralized flank stimulation was used to 
“reinstate” deteriorating lordosis responses. Consistent with past results, unilateral 
lesions disrupted responses to contralateral stimuli. Moreover, this change appeared 
within 15 min of lesion production. This is much more rapid than the corresponding 
effect in rats, suggesting pronounced species differences in VMN contributions to sex 
behavior. For hamsters, it supports other evidence suggesting VMN mediation of 
somatosensory, not just hormonal, influences on lordosis.

In a companion study, ultrasound rate in some of these females was observed before 
and after damage to the remaining VMN (completing bilateral lesions). As in the case 
of lordosis, ultrasound rates changed within 15 min of treatment, suggesting a role for 
the VMN in the short-term control of behavior. However, the immediate response to 
lesions was a depression in calling. This suggests that the VMN cannot easily account 
for the incompatibility of ultrasound production and lordosis. It also raises interesting 
questions about the mechanism by which ultrasound rates rebound from these depressed 
levels to the elevated rates observed after 2 or more weeks of recovery.

721.17
SHORT TERM ESTROGEN REGULATION OF NEURONAL NITRIC 
OXIDE SYNTHASE mRNA IN THE VENTROMEDIAL HYPO-
THALAMUS (VMH). LM. Rachman, J.R. Urmerstall, D.W. Pfaff and R.S. 
Cohen.* Dept. of Anatomy and Cell Biology, University of Illinois at Chicago, 
Chicago, IL 60612 and Dept. of Neurobioiogy and Behavior, The Rockefeller 
University, New York, NY 10021.

We recently demonstrated the co-localization of the neuronal form of nitric 
oxide synthase (nNOS) and the estrogen receptor in the ventrolateral (VL) 
subdivision of the VMH, an area central to lordosis behavior (Rachman et al., 
1996). To demonstrate estrogenic regulation of expression of this enzyme in 
the VLVMH, quantitative in situ hybridization was performed using an 
oligonucleotide probe to nNOS in ovariectomized rats with or without 
estrogen treatment. We used a short term hormonal regime, i.e., an injection 
of lOpg estradiol benzoate (EB) on day 1 and on day 3; controls were injected 
with sesame oil. Four hours after the second injection the brains were frozen. 
10pm sections that included the VLVMH, the arcuate (AN) and the supraoptic 
(SON) nuclei were hybridized with two [i5S]-dATP end-labeled antisense 45- 
mer probes or sense probes, as controls. Following 8 weeks exposure, the 
grain density per neuron in each brain nucleus was determined and analyzed 
using ANOVA. A significantly greater signal was seen in the VLVMH of EB- 
treated animals compared to controls (p<0.001). The AN, which binds 
significant amounts of estrogen but does not appear to express nNOS, showed 
no signal above background with either treatment. The SON, which exhibits 
minimal estrogen binding but significant amounts of nNOS, showed no 
differences in grain density between experimental and control groups. These 
results suggest participation of nNOS in the earliest stages of the estrogen- 
induced cascade ultimately leading to lordosis behavior.

DOPAMINE AND BEHAVIOR II

722.1
DOPAMINE TRANSPORTER (DAT) (+/-) AND (-/-) MICE EXHIBIT GRADED 
CHANGES IN GEOMETRIC PATTERNS OF LOCOMOTOR BEHAVIOR.
M P Paulus*1, R Ralph1, S R Jones2, F Fumagalli2, M A Geyer1, and M G Caron2.
‘Dept. of Psychiatry, Univ. of California San Diego, CA 92093-0804.2HHMI, Dept. 
Cell Biol, and Med., Duke Univ., Durham NC 27710
The DAT crucially controls the synaptic availability of dopamine (DA) and critically 
mediates the effects of DAergic psychostimulants. Mice lacking the DAT show 
increased locomotor activity (Giros et. al., Nature 379, 606, 1996). The (+/+), (+/-) 
and (-/-) animals respond in a graded fashion both to electrically stimulated DA 
efflux in striatal slices and to down-regulation of DI and D2 receptors. In rats, 
indirect DAergic agonists operating via the DAT increase locomotor activity and 
distinctly change the geometric patterns of movements, i.e. low doses randomize 
movements whereas high doses lead to repetitive straight or circumscribed 
movements. We tested the hypothesis that DAT (+/+), (+/-) and (-/-) mice show 
graded changes in geometric patterns of movements. Briefly, 9 (+/+), 9(+/-) and 6(- 
/-) male mice were tested for 60 min in a 41cm x 41cm enclosure using a Video 
Tracker (San Diego Instruments). Geometric patterns of movements were quantified 
by the spatial scaling exponent, d, and the fluctuation of local spatial scaling 
exponents,//*#, (Paulus & Geyer, Psychopharm. 113, 177, 1993). Zygosity had a 
significant effect on d F(2,21) = 3.68, p < 0.05 and a significant effect of time spent 
in the enclosure F(2.60,54.52) = 35.2, p < 0.05. There was no interaction between 
this variable and zygosity F(5.19, 54.52) = 2.03, NS. Examining the group 
differences revealed a graded response of d with zygosity ( First 10 min: d(+/+) 
=1.38 SD=0.06, £/(+/-) = 1.30 SD=0.07, <<-/-) = 1.22 SD=0.08). These results 
indicate that mice lacking DAT show increased straight movements inversely 
proportional to the previously reported amount of dopamine uptake and the amount 
of DAT found using in-situ hybridization.
Supported by: NARSAD and DA02925 (MAG), NS 19576 and BMS (MGC)

722.2
HALOPERIDOL-INDUCED CATALEPSY DOES NOT MAP TO DRD2 IN 
A BALB/C X LP F2 CROSS. E, Ragmussgn*, .L, Cjpp, V„ Patel, E. Mafajafri and 
R, Hitzemann. Departments of Psychology, Neurobioiogy & Psychiatry and 
Behavioral Sciences, SUNY at Stony Brook, NY 11794 and Research and 
Psychiatry Services, VAMC, Northport, NY 11768.

Previous studies from this laboratory have established that in a F2 cross 
between the C57BL/6J and DBA/2J inbred mouse strains, there is a quantitative 
trait loci (QTL) for haloperidol-induced catalepsy near the Drd2 locus on 
chromosome 9 (Kanes et al. 1996). The DBA allele is associated with non-
response and paradoxically higher striatal D2 dopamine receptor density. 
Preliminary data have also suggested that there may be second QTL on 
chromosome 9 near the d and Htrlb loci. To extend these observations we have 
mapped the chromosome 9 for catalepsy related QTLs in a BALB/c x LP F2 cross 
(N=547).We have found a highly significant (p < 10'5) QTL at D9MU75. This 
marker is approximately 15 cM distal to Drd2 and 5 cM proximal to Htrlb. This 
QTL is more significant in males (p < 10'4) than females (p <10'2).We also 
examined whether or not the extreme phenotypes in the F2 cross differed in D2 
receptor binding. Significant gender effects were detected but no significant 
differences between the responders and non-responders were found in either the 
striatum or nucleus accumbens. Crabbe et al. (1994) have reported that 12 
different behavioral QTLs (largely for drugs of abuse and/or dopamine related 
phenotypes) map to the region on chromosome 9 roughly bounded by Drd2 and 
Htrlb ', it was the region of highest QTL density in the mouse genome. The data 
presented here confirm the importance of this region. This study was supported 
by MH-51372, NARSAD and the VA Merit Grant Program.
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722.3
PREPULSE INHIBITION DEFICITS IN DOPAMINE TRANSPORTER (DAT) 
KNOCKOUT MICE. R.J, Ralph*1, G.B. Varty1, S.R, Jones2, F, Fumagalli2, M.G. 
Caron2 and M.A, Geyer1. ]Dept. of Psychiatry, UC San Diego, La Jolla, CA 92093- 
0804.2 HHMI, Dept. of Ceil Biol., Duke Univ. MC, Durham, NC 27710.

Prepulse inhibition (PPI) is a sensorimotor gating process wherein a startle 
response is significantly reduced when the startle stimulus is preceded by a low 
intensity prepulse. In human studies, PPI is disrupted in ncuropsychiatric disorders 
associated with dopamine dysfunction, such as schizophrenia. In animal studies, 
dopamine (DA) agonists disrupt PPI in rats and these effects are reversed by DA 
antagonists and atypical antipsychotics (Swerdlow et al., Arch. Gen. Psychiatry 51: 
139-154, 1994).

Recently, DA agonists were also found to disrupt PPI in mice (Dulawa & Geyer, 
Chin. J. Physiol., 39: 139-146, 1996). Utilizing the recently developed DA 
transporter (DAT) knockout (KO) mouse (Giros et al., Nature, 379: 606-612, 1996), 
we examined whether the inactivation of the DAT, which substantially increases 
levels of endogenous DA in the cleft, would decrease PPL PPI of an acoustic startle 
response was measured in male DAT wildtype (WT, +/+), heterozygous (HZ, +/-) 
and KO (-/-) mice. KO mice had significantly lower PPI than WT mice, while HZ 
mice exhibited intermediate levels of PPI, suggesting a graded genotype effect. In 
preliminary studies, we examined the ability of the D2 antagonists haloperidol (1.0 
mg/kg, ip) and raclopride (3.0 mg/kg, ip) to reverse the PPI disruption found in KO 
mice. Both drugs appear to increase PPI in the KO and HZ mice without having an 
effect in WT.

The DAT KO mouse, a model of hyperdopaminergia, provides evidence that DA 
overaclivation disrupts PPI without the need for pharmacological intervention. 
Furthermore, this disruption appears to be mediated through the D2 family of 
receptors. Supported by NARSAD and grants DA02925 and NS19576.

722.4
USING DDC/GAL4 TRANSGENES TO STUDY THE FUNCTION CF 
DOPAMINE AND SEROTONIN IN DROSOPHILA MELANOGASTER H. Li, 
D, Hudson* and J. Hirsh. Dept of Biology, University of Virginia, 
Charlottesville,VA22903.804-982-5607, hl5u@faraday.clas.virginia.edu

The gene encoding dopa decarboxylase (Ddc) in Drosophila 
melanogaster, the vertebrate homolog of aromatic acid 
decarboxylase (AADC), is required for the biosynthesis of dopamine 
and serotonin. Our previous evidence indicates that IheDdc 5' 
flanking regions are necessary but not sufficient for normal Ddc 
expression in the CNS. Our data indicate that there are intragenic 
elements within Ddc as well as in the 3’ flanking region. We assayed 
the expression of transgenes containing different portions of Ddc 
fused to gal4 in flies using P-transformation and a UAS/GFP 
reporter gene. We have defined the regulatory regions largely 
sufficient to express a heterologous gene in the normal Ddc neuronal 
expression pattern. These constructs are the first to yield 
significant expression in the Ddc brain lobe cells, and open the 
possibility to define cis-elements required for Ddc expression i n 
the subsets of brain lobe cell clusters, as well as to manipulate 
amine syntheses in the CNS. We have generated various lines 
expressing the reporter gene in subsets of Ddc neurons. 
Experiments are in progress to generate the full Ddc expression 
pattern in the CNS and map the brain cell specific elements in the 
body and 3' end of Ddc, as well as to study the amine pathway 
function by expressing tetanus toxin in the selected subsets of Ddc 
cells in a gal4-dependent manner. By these approaches, we expect to 
learn more about the in vivo roles of dopamine and serotonin in 
physiology and behaviors, (supported by NIH R01 GM 27318)

722.5
CONCOMITANT MEASUREMENT OF PREPULSE INHIBITION 
AND DOPAMINE RELEASE IN RATS. J. Zhang*, J, A. Engel and 
L, Svensson. Department of Pharmacology, Institute of Physiology and Pharma-
cology, Goteborg University, Medicinaregatan 7, S-413 90 Goteborg, Sweden.

The aim of the present study was to investigate the possible relationship between 
dopamine (DA) release and sensory information processing using the prepulse inhibi-
tion (PPI) of acoustic startle paradigm in rats. PPI is the normal suppression of the 
startle reflex when an intense startling stimulus is preceded 30-300 ms earlier by a 
barely detectable prestimulus. The amount of PPI is an operational measure of 
sensorimotor "gating" and this measure has been shown attenuated in human schizo-
phrenics. Special equipment was developed which allows in vivo brain dialysis 
sampling in parallel with startle response and PPI measurements in awake, freely 
moving rats. This technique was used to investigate the effect of various neuroactive 
agents on PPI concomitant with their effect on DA release in the nucleus accum-
bens, a limbic brain structure considered important for the modulation of PPL The 
systemic administration of amphetamine (2 mg/kg, s.c.) caused a pronounced 
increase in DA release in the accumbens region paralleled by a marked decrease in 
PPL This observation support previous suggestions that DA activity within the 
nucleus accumbens is important for the modulation of PPI and may relate to the 
information processing deficits observed in schizophrenia. The present technique was 
also used to investigate the effect of another psychotomimetic agent, the non-
competitive NMDA receptor antagonist, dizocilpine, on PPI and DA release. In this 
experiment, dizocilpine (0.1 mg/kg, s.c.) caused a decrease in PPI similar to that 
observed after amphetamine, but only a marginal change in DA release was observed. 
Furthermore, the decrease in PPI lasted for a considerably longer time period 
compared to that of amphetamine, and did not return to normal within the time limit 
of the experiment (4 hours). The present study thus suggests that amphetamine and 
non-competitive NMDA receptor antagonists differ in their effects on the neuronal 
substrates that modulates PPL These observations also support the contention that 
the psychotomimetic effect of these drugs are mediated via different actions in the 
central nervous system. Supported by the Swedish MRC (4247).

722.6
ANTIPSYCHOTICS RESTORED BUT ANTIDEPRESSANTS AND 

ANXIOLYTICS DID NOT RESTORE PREPULSE INHIBITION (PPI) DEFICITS 

IN ISOLATION-REARED RATS, AN ANIMAL MODEL OF SCHIZOPHRENIA. 

Kazuhiro Nakato, Takuma Morita, Fumikazu Wanibuchi* and Tokio Yamaguchi

Neuroscience Research, Institute for Drug Discovery Research, Yamanouchi 

Pharmaceutical Co., Ltd., 21 Miyukigaoka, Tsukuba, Ibaraki 305, Japan

Schizophrenic patients exhibit deficits in the prepulse inhibition (PPI) of startle 

reflex, which mean disruption in information processing. Recently, isolation-reared 

rats were reported to exhibit deficits of PPI (Geyer et al. 1993). Both typical and 

atypical antipsychotics have shown to restore PPI deficits of isolation-reared rats. 

Although some antidepressants and anxiolytics were also reported to modulate 

aggressive behavior in socially isolated animal, their effects on PPI deficits in 

isolation-reared rats have not been reported yet. We examined the effects of 

amitriptyline (lOmg/kg), diazepam (lmg/kg), clozapine (5mg/kg) and haloperidol 

(0.3mg/kg) on PPI deficits of acoustic startle in isolation-reared male Lister Hooded 

rats. Haloperidol significantly restored PPI deficits without altering the startle 

amplitude. Clozapine also significantly restored PPI deficits but slightly reduced the 

startle amplitude. Amitriptyline and diazepam did not improve PPI deficits but 

reduced the startle amplitude. These results suggest that PPI deficits of isolation- 

reared rats are an appropriate method to evaluate antipsychotics.

722.7

QUINPIROLE, BUT NOT 7-OH-DPAT, INDUCES ORAL ACTIVITY 
AND LOCOMOTOR ACTIVITY IN RATS. R. Brus, J, Oswiecimska, 
L, Glenn* and R.M. Kostrzewa. Dept. of Pharmacology, Silesian 
Academy of Medicine, 41-808 Zabrze, Poland and Dept. of 
Pharmacology, Quillen College of Medicine, East Tennessee State 
Univ., Johnson City, TN 37614, USA.

To obtain a behavioral profile of the dopamine (DA) D3 agonist 7- 
hydroxy-dipropylaminotetralin (7-OH-DPAT) in reference to the DA 
D2/D3 agonist quinpirole, dose-effect curves were derived for each 
substance in tests known to be responsive to DA agonists. 
Quinpirole had a bell-shaped dose-effect curve for oral activity in 
rats, with the maximal effect of 32.9 ± 5.4 vacuous chewing 
movements occurring at a dose of 391 nmol/kg. In contrast, 7-OH- 
DPAT did not induce vacuous chewing. 7-OH-DPAT and quinpirole 
were nearly equieffective in inducing yawning in male rats. 
However, a 1584 nmol/kg dose of quinpirole produced a 2 to 3-fold 
increase in locomotor time in an open field for both male and female 
rats, while the same dose of 7-OH-DPAT reduced locomotor time in 
female rats. Neither 7-OH-DPAT nor quinpirole (1584 nmol/g) 
altered grooming or rearing activity. These findings suggest that 
quinpirole is similarly potent to 7-OH-DPAT at DA D3 receptors 
(yawning behavior), but is more potent than 7-OH-DPAT at DA D2 
sites thought to be associated with vacuous chewing and locomotor 
activity.

722.8
SENSITIZATION TO THE MOTOR STIMULANT EFFECTS OF CAFFEINE 
DEPENDS ON THE TIME FROM DOPAMINE DENERVATION AND ON 
PREVIOUS EXPOSURE TO DOPAMINE RECEPTOR AGONISTS. M. Morelli* 
and S. Fenu Dept. of Toxicology, University of Cagliari, Cagliari, Italy

Caffeine and related xantines have stimulants properties on locomotor 
activity. Several lines of evidences have shown that besides blockade of adenosine 
receptors other mechanisms are involved in the motor behavioral effects of 
caffeine. Dopamine (DA) transmission plays an important role in such effects, 
since blockade of DA receptors counteracts the stimulation of motor behavior by 
caffeine. In order to gain insight into the role of DA on motor behavior induced by 
caffeine in unilaterally 6-hydroxy dopamine (6-OHDA) lesioned rats, we evaluated 
the influence of previous repeated exposures to DA agonists or the effect of 
different times from the 6-OHDA lesion on contralateral turning behavior induced 
by caffeine. Administration of caffeine (30 mg/kg s.c.) to drug-naive rats lesioned 
with 6-OHDA two or twelve weeks previously did not induce any turning behavior. 
At variance, 6-OHDA lesioned rats exposed to four apomorphine (0.3 mg/kg s.c.) 
challenges before caffeine administration, displayed intense contralateral turning 
behavior. The number of rotations induced by caffeine was significantly higher in 
rats lesioned twelve weeks previously (total turns drug-naive + caffeine: 0; 
apomorphine pre-test + caffeine 356 ± 78*: p<0.05) than those receiving the 6- 
OHDA lesion two weeks previously (total turns drug-naive + caffeine: 0; 
apomorphine pre-test + caffeine 156 ± 16*: p<0.05). Turning behavior after 
caffeine was also evaluated after exposure to an environment different from that in 
which the rats received the apomorphine pre-test. The results of these experiment 
showed that context-dependent conditioning influenced the motor responses to 
caffeine.
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722.9
DIMINISHED DOPAMINE FUNCTION ATTENUATES
HYPERLOCOMOTION AND FOS EXPRESSION DRIVEN BY THE 
VENTRAL HIPPOCAMPUS. M. E. Bardaett* & J. D, Henry 
Department of Psychiatry, Box 8134, Washington University School 
of Medicine, St. Louis, MO 63110.

Basic studies which endeavor to characterize the modulatory 
influence of dopamine over behavioral and biological expressions of 
hippocampal function may provide important insights into psychiatric 
disorders associated with heightened hippocampal activity and 
dopamine dysfunction. We have performed a series of experiments 
which examined the role of dopamine in hyperlocomotion and neuronal 
activity driven by stimulation of the ventral hippocampus (VH). 
Unilateral microinfusion of the excitatory amino acid, NMDA (1 pg), into 
the left ventral CA1/subiculum of adult male rats was found to produce 
a 2-fold increase locomotor activity. The hyperlocomotion elicited by 
VH stimulation was significantly attenuated by 6-OHDA lesions of the 
ventral tegmental area, or by acute pretreatment with the D1 
antagonist, SCH-23390 (0.1 mg/kg, IP) or the D2 antagonist, 
haloperidol (0.1 mg/kg, IP). Expression of the immediate early-gene, c- 
fos, was used as a marker of stimulation-evoked neuronal activity in 
the striatum and prefrontal cortex. VH stimulation increased the number 
of fos-positive cells in the nucleus accumbens and medial prefrontal 
cortex, and this effect was blocked by 6-OHDA lesions of the VTA. 
These data indicate that behavioral and neuronal responses driven 
by the hippocampus require dopamine, and that reductions in 
dopamine function can prevent some of the behavioral manifestations 
of aberrant hippocampal activity. Supported by MH01109 to MB.

722.10
THE SELECTIVE DESTRUCTION OF VTA DOPAMINE CONTAINING 
NEURONS FAILS TO ALTER THE LOCOMOTOR ACTIVITY ELICITED 
BY INFUSING LOW DOSES OF KAI NIC ACID INTO THE LATERAL 
HYPOTHALAMUS OF THE RAT. M.R, Pitzer* and D. Wirtshafter. Dept. of 
Psychology, University of Illinois at Chicago, Chicago, IL. 60607.

Previously we have reported that low doses of the L-glutamate analogue kainic 
acid (KA; 5-40r|g) elicit transient, dose-dependent increases in horizontal 
locomotor activity when injected into the lateral hypothalamus (LH). These results 
strongly suggest that the activation of intrinsic LH neurons, without the 
recruitment of fibers of passage, is capable of eliciting locomotor activity in the rat. 
In an attempt to elucidate the relevant output pathways of these LH neurons, we 
have shown that electrolytic lesions of ventral tegmental area (VTA) significantly 
attenuate the LH locomotor response. One possible theory to account for these 
results is that the relevant LH fibers synapse on the VTA’s dopaminergic neurons, 
a population known to be involved in locomotor activity. To investigate this 
possibility, unilateral lesions of the dopamine containing neurons were made by 
infusing the neurotoxin 6-OHDA ( 8pg/4pl) into the region of the VTA. In these 
rats, which were also implanted with bilateral cannulae directed toward the LH, 
the destruction of the VTA’s dopaminergic neurons failed to alter the level of 
activity elicited by injecting stimulatory doses of KA into the ipsilateral LH. These 
findings challenge the notion that dopamine-containing neurons in the VTA play a 
primary role in the LH locomotor response. In light of the available data, it is 
plausible that the relevant LH fibers may either synapse on non-DA VTA neurons 
or, perhaps, that they fail to terminate in the region of the VTA but course deeper 
into the ventral midbrain. Research supported by NS-33992.

722.11
DOPAMINERGIC NEURONS AND AFFECTIVE PERCEPTION : LACK OF 
INVOLVEMENT OF AMYGDALOSTRIATAL INTERACTIONS. A. Louilot* 
and C. Besson. CNRS UMR 5541 - Universite de Bordeaux II - 146 rue Leo Saignat 
- 33076 Bordeaux Cedex - France.

We demonstrated previously that responses of mesencephalic dopaminergic 
(DAergic) neurons to an affective stimulus are similar, in the left hemisphere, in the 
core part of the nucleus accumbens (ACC) and the dorsal striatum (DST). 
Furthermore, we showed that DA responses in the left core are directly dependent on 
the basolateral nucleus of the amygdala (BLA) if the stimulus is attractive and that 
other structures interact with the BLA if the stimulus presents an aversive value. We 
observed also that BLA is only involved in the perception of attractive stimulus in 
the shell part of ACC. In the present study, we investigated the involvement of the 
BLA-DST interactions on DA responses in the left ventromedian striatum.

The DAergic reactivity was studied using the voltammetric measurements of DA 
and its main presynaptic metabolite DOPAC in the DST of freely moving male rats. 
Detection of DA and DOPAC were selectively obtained by the computed numerical 
analysis of the catechol signal. Experimental procedure was as following: animals 
were placed during one hour in the experimental cage; they were thus exposed for 
one hour to an appetitive olfactory stimulus (banana) and received consecutively 
either an injection of saline (NaCl 0.9%) (control group) or an injection of LiCl 
(0.15M) (experimental group) and stayed one more hour in the experimental cage; 
72 h later animals were again exposed for one hour to the conditional olfactory 
stimulus (CS). Two hours before the second exposition to the CS animals received 
either a microinjection of phosphate buffered saline (PBS) or a microinjection of 
tetrodotoxin (TTX) in BLA.

During the 2nd presentation of the CS increases in DA of about 90% were 
observed in the control groups (+PBS or +TTX). Decreases in DA signal of about 
40% below the baseline were obtained in the experimental groups (+PBS or +TTX).

The present study strongly suggests that BLA is not involved in DA responses 
depending on affective value of stimulus at the level of the ventromedian striatum.

722.12
EFFECTS OF THE PUTATIVE D3 DOPAMINE RECEPTOR ANTAGONIST 
U-99194A ON EMOTIONAL REACTIVITY AND MOTOR BEHAVIOR IN 
C57BL/6 MICE. P.L, Gendreau1’3. J.M. Petitto1. R. Schnauss1. K.J. Frantz2, 
C, Van Hartesveldt2. J.-L, Gariepv3. & M.H. Lewis1*2’3*. ’Dept. of 
Psychiatry and Psychology, University of Florida, Gainesville, FL, 32610; 
3Dept. of Psychology, University of North Carolina, Chapel Hill, NC, 27599.

Because D3 receptors are primarily expressed in mesolimbic areas, there 
has been considerable interest in this receptor subtype and its potential role in 
mediating emotional behavior. We have previously shown that D3 agonists 
(7-OH-DPAT, PD 128907) increased emotional reactivity to mild social 
contact in isolated C57BL/6 mice. The present study examined the effects of 
the 20-fold selective D3 (vs. D2) receptor antagonist U-99194a on social- 
emotional reactivity and motor behavior in C57BL/6 mice. Surprisingly, U- 
99194a markedly increased social-emotional reactivity (i.e., escape, startle, 
vocalization) in isolated C57BL/6 mice, in a manner similar to the effects of 
D3 agonists. In group-housed C57BL/6 mice exposed to a novel environment, 
U-99194a induced a weak motor activation at lower doses (5, 10 mg/kg) 
whereas higher doses (20, 30 mg/kg) initially suppressed and later stimulated 
motor behavior. Similar effects on motor activity were observed in mice 
habituated to the test chamber prior to drug administration. Interestingly, 
thigmotaxis was dose-dependently increased in these mice. The decrease in 
motor activity at higher doses of U-99194a contrasts with previous findings 
in rats which showed a dose-dependent increase in locomotor activity. These 
results indicate that the putative D3 antagonist U-99194a exhibit anxiogenic 
properties in C57BL/6 mice in both social and nonsocial contexts. Supported 
by NSERC of Canada and NS-34623.

722.13
INVOLVEMENT OF THE SUBSTANTIA NIGRA PARS RETICULATA IN D, 
DOPAMINE RECEPTOR AGONIST FACILITATION OF THE ACOUSTIC 
STARTLE RESPONSE IN RATS. E. G. Meloni* and M. Davis. Dept. of 
Psychiatry, Yale Univ. Sch. of Med., New Haven, CT.

The substantia nigra pars reticulata (SNr) serves as a relay between the 
striatum and brainstem and is involved in a circuit which modulates various motor 
behaviors. GABAergic striatal neurons which express D, dopamine receptors on 
both their dendrites in the striatum and terminals in the SNr (Yung et al., 1995) 
synapse onto GABAergic neurons which in turn project to the brainstem reticular 
formation (Yasui et al., 1995), a region important for the acoustic startle response 
in rats. The present experiments examined the role of the SNr in mediating the 
dose-dependent effects of the D, agonist SKF 82958 which both reduces startle 
threshold and facilitates suprathreshold startle responses.

In Experiment 1, animals received bilateral electrolytic lesions of the SNr and 
were tested a week later using a near-threshold range of startle-eliciting intensities 
(80-100 dB). Compared to sham lesioned animals, SNr lesioned animals showed a 
significant blockade of the startle-facilitating effects of systemic SKF 82958 
(lmg/kg) at the high but not low startle intensities. In Experiment 2, animals 
were stereotaxically implanted with infusion cannulas and a week later received 
bilateral infusions of the D, antagonist SCH 23390 (l|ig/.5pl) directly into the 
SNr. Compared to vehicle infusions, the startle-facilitating effects of systemic 
SKF 82958 were blocked at the high and to a lesser extent the low startle 
intensities. Bicuculline (0. lp.g/.5pl) infused into the SNr was also effective in 
blocking startle facilitation by systemic SKF 82958 across all startle intensities. 
Interestingly, infusions of SKF 82958 (lftg/.5pl) directly into the SNr did not 
produce the facilitory effect on startle seen with systemic administration. Based on 
these data, we propose a striatonigral-nigroreticular circuit that mediates a 
component of D, dopamine receptor agonist facilitation of startle. [Supported by 
MH47840, MH00004 and AFOSR F49620 DEF]

722.14
CONTRALATERAL TURNING AND FOS IMMUNOREACTIVITY SEEN 
AFTER INJECTION OF GLUTAMATE ANTAGONISTS INTO THE 
SUBSTANTIA NIGRA PARS RETICULATA R.J.McPherson*and J.F.Marshall, 
Psychobiology Dept., Univ. of California Irvine, Irvine CA 92697-4550.

The focus of this research is to examine the behavioral and neuronal 
influences of glutamate (Glu) receptors on basal ganglia output nuclei, and to 
determine how dopamine receptors modulate these actions. Contralateral turning 
has been reported after injection of Glu receptor antagonists into the SNr of 
6OHDA-treated rats [St Pierre, 1994; Fenu, 1995]. Here, we extend this line of 
investigation by examining both behavior and Fos immunoreactivity in striatum and 
pallidum following various doses of AP5 and DNQX injected into the SNr of intact 
and 6OHDA-lesioned rats. Both intact and 6OHDA-treated rats had a unilateral 
indwelling guide cannula and received an infusion of either saline, the NMDA 
antagonist AP5 (0-5 ug), or the AMPA/kainate antagonist DNQX (0-1.5 ug) into the 
SNr (0.5 ul/2 min). Some rats also received a systemic injection of either saline, the 
DI agonist SKF38393 (0.5 mg/kg), or the D2 agonist quinpirole (0.1 mg/kg). 
Behavior was videotaped. Fos protein immunolabeling was quantified as one 
measure of neuronal activity. Contralateral turning occurs dose-dependently after 
injection of Glu antagonists into the SNr of intact rats, and significantly more turning 
is evident after 6OHDA lesion. While little Fos immunoreactivity is seen in non- 
lesioned rats, Glu antagonists induced Fos in striatum and pallidum of 6OHDA 
lesioned-rats. Experiments testing the influence of DI and D2 agonists on Glu 
antagonist-induced effects will be described. These findings further support the 
conclusion that inhibition of glutamate receptors in the SNr can elicit contralateral 
turning and promote the expression of Fos within striatal and pallidal neurons. This 
report also reveals important distinctions between effects of intranigral Glu 
antagonist injection in intact vs. 6OHDA-lesioned rats. Supported by NINDS 
NS22698 and NS33670 (JFM).
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722.15
REDUCED TURNOVER OF DOPAMINE AND INCREASED TURNOVER OF 
SEROTONIN IN THE FRONTAL CORTEX UNDERLIE POOR CHOICE 
ACCURACY AND IMPULSIVITY OF RATS IN AN ATTENTION TASK.
T, Puumala* and J. Sirvio. A.I. Virtanen Institute and Department of Neuroscience 
and Neurology, University of Kuopio, FIN-70211 Kuopio, Finland.

The purpose of the present study was to investigate whether differences in the 
activity of monoaminergic systems could account for the variability in attention 
(choice accuracy) and impulsive behavior (percent premature responses) between rats 
tested in the 5-thoice serial reaction time (5-CSRT) task. In the present study rats 
were trained for the 5-CSRT task and animals were decapitated after the behavioral 
training. Dopamine (DA), noradrenaline, 5-hydroxytryptamine (5-HT), the DA 
metabolites, 3,4-dihydroxyphenyiacetic acid (DOPAC) and homovanillic acid and the 
5-HT metabolite, 5-hydroxyindoleacetic acid (5-HIAA) were determined in the 
frontal cortex, nucleus accumbens, dorsal striatum and hippocampus. Multivariate 
regression analysis with a stepwise method revealed that the 'turnover' of serotonin (5- 
HIAA/5-HT) in the left frontal cortex and turnover of dopamine (DOPAC/DA) in the 
right frontal cortex in combination accounted for 49 % of the variability in attention 
between subjects. A negative correlation existed between the left frontal cortex 5- 
HIAA/5-HT and choice accuracy, and a positive correlation was observed between 
DOPAC/DA ratio and choice accuracy on the opposite hemisphere. In addition, right 
frontal cortex 'serotonin turnover' was found to positively correlate with the 
proportion of premature responses. These data indicate that frontal cortex dopamine 
and serotonin play an important role in the modulation of attention and impulsivity. 
Therefore, the changes in dopamine and serotonin activities in the frontal cortex are 
involved in our recently developed animal model of attention deficit hyperactivity 
disorder (Puumala et al., Neurobiol Learn&Mem, 66, 198, 1996). This study was 
supported by Academy of Finland, Orion Corporation, Orion Pharma R&-D, the 
Finnish Cultural Foundation and the Duodecim Foundation.

722.16
EFFECTS OF AUTOSHAPING PROCEDURES ON MONOAMINE 
LEVELS IN RATS. A, Tomie*. C. Cunha. J. Thomas. D, Beniamin, and
L. Pohoreckv. Division of Neuropharmacology, Center of Alcohol 
Studies, Rutgers University, Piscataway, NJ, 08855-0969.

Effects of Pavlovian autoshaping procedures on monoamine levels were 
evaluated in male Long-Evans hooded rats (n = 40). The PAIRED group 
(n = 30) received 25 daily autoshaping trials consisting of the brief (5 sec) 
insertion of a retractable lever (CS) followed by the response-independent 
delivery of a 45 mg food pellet (US). The number of lever-press 
autoshaping CRs during each CS period was recorded, and 19 rats 
acquired criterion levels of autoshaping CR performance (PAIRED- 
FAST), while 11 rats did not (PAIRED-SLOW). For control rats 
(RANDOM group, n = 10), the insertion of the lever CS was randomly 
related to the presentation of the food US, and 2 rats acquired criterion 
levels of autoshaping CR performance (RANDOM-FAST), while 8 rats 
did not (RANDOM-SLOW). Following the 20th autoshaping session, rats 
were sacrificed, and tissue samples of nucleus accumbens, frontal cortex, 
and striatum dissected. Tissue levels of the following monoamines were 
assayed by HPLC: norepinephrine, dopamine, serotonin, DOPAC, HVA, 
3MT, and 5-HIAA. The PAIRED group showed higher levels of 
dopamine and serotonin but lower levels of DOPAC and norepinephrine 
in nucleus accumbens and higher levels of norepinephrine in frontal 
cortex. The PAIRED group showed lower ratios of HVA/DOPAC and 
3MT/DOPAC in striatum. In both the PAIRED and the RANDOM 
groups, the FAST VS SLOW subjects did not differ on any neurochemical 
measures. Autoshaping procedures influence levels of monoamine 
neurotransmitters and their metabolic pathways, and these effects are not 
due to the performance of the lever-pressing autoshaping CR per se.

722.17
IN VIVO AND IN VITRO CHARACTERIZATION OF NAFION-COATED 
CARBON PASTE ELECTRODES USED FOR CHRONIC MONITORING OF 
EXTRACELLULAR DOPAMINE IN FREELY MOVING RATS.
G.C. Parker* and P.B.S. Clarke. Pharmacology & Therapeutics, McGill Univ., 
Montreal, PQ, H3G 1Y6, Canada.

Our Nafion-coated carbon paste ‘working’ electrodes sample from a calculated 
volume ~50 pm around the 250 pm (diameter) dome surface, monitoring fluctuations 
in oxidative current as often as every 3 sec using chronoamperometry. We examined 
electroactive species selectivity in vivo by monitoring acute responses to the D1/D2 
agonist pergolide (0.6 mg/kg ip), the 5-HT uptake inhibitor fluoxetine (10 mg/kg ip), 
and the MAO inhibitor pargyline (100 mg/kg ip). Dialysis and electrochemical data 
from other labs show that these drugs produce opposite changes in extracellular DA vs. 
other potential interferents. Even at 2 months post-implantation, our electrochemical 
signal moved in the direction predicted for extracellular DA and not for ascorbate, 
DOPAC, or 5-HT.
NAcc probe, n=9, Chronoampy Chronoampy signal Literature Literature
repeated measures signal at 1 month at 2 months predicted DA predicted other
Pergolide 4 4 4 T AA
Pargyline not tested t t 444 DOPAC
Fluoxetine 4 4 4? T? 5-HT
Additional tests performed in the dorsolateral striatum with GBL (700 mg/kg IP) and 
amphetamine (1 mg/kg SC) produced changes consistent with DA. In vitro 
characterization of the detection limits and sensitivity of Nafion-coated carbon paste 
electrodes to the primary interferents ascorbic acid and DOPAC, and to DA in the 
presence of ascorbic acid and DOPAC, are presented. These data and the influence of 
the in vitro buffer will be discussed in relation to reported in vivo levels.
Supported by the Natural Sciences and Engineering Council of Canada.

NEUROPEPTIDES AND BEHAVIOR

723.1
IMMEDIATE S-RECEPTOR ACTIVATION FOLLOWING 
STRESSOR IMPOSITION INFLUENCES BEHAVIORAL 
RESPONSIVITY TO A SUBSEQUENT STRESSFUL ENCOUNTER. 
A.L.O Hebb1, P.D. Mendella2 and R.M, Zacharko*1. Institute of 
Neuroscience1, Carleton University, Ottawa, Ontario K1S 5B6 and 
Department of Psychology2, Dalhousie University, Halifax,' Nova 
Scotia B3H 4.11 Canada

Stressors induce behavioral deficits in infrahuman subjects 
reminiscent of those documented in human depression. Previous 
investigations in this laboratory have revealed that activation of the 
delta opioid receptor with [D-Pen2,D-Pen5]enkephalin (DPDPE) 
ameliorates brain stimulation deficits induced by footshock. We 
assessed whether delta receptor intervention following footshock 
would influence subsequent behavioral responsivity to a mild stressor. 
Male, CD-I mice were initially exposed to shock or no shock 
treatments. Locomotor activity and rearing were assessed for 15 
minutes following stressor termination. Mice were then challenged 
with vehicle, .005, 1.0 or 2.5 micrograms DPDPE intraventricularly 
and behavior was re-assessed. Eighteen days following initial stressor 
and delta receptor activation , mice of each of the drug conditions 
were re-exposed to mild footshock or the shock apparatus. Initially, 
footshock reduced locomotor activity and rearing. DPDPE dose 
dependently ameliorated the immediate impact of the stressor and 
subsequent behavioral responsivity to the mild stressor or apparatus 
cues. These data suggest that while stressor associated disturbances 
may be susceptible to experiential variables, specific opioid receptor 
activation alters the course of the pathology in evidence.
Supported by NSERC Canada and the Gustavus and Louis Pfeiffer 
Research Foundation.

723.2

ORPHANIN-FQ ATTENUATES BEHAVIORAL RESPONSES TO STRESS 
IN RODENTS. F. Jenck* J.-L. Moreau, J. R, Martin, G. J. Kilpatrick, R, 
Reinscheid+, F. J. Monsma Jr., H.-P. Nothacker++ and O. Civelli++ CNS
Research, Pharma Division, , Hoffmann-La Roche Ltd, CH-4070, 
Basel,Switzerland;* Institute for Cell Biochemistry and Clinical Neurobioiogy, 
University Hospital Eppendorf, D-20246 Hamburg, Germany; ++ Dept. of 
Pharmacology, College of Medicine, University of California, Irvine, 
CA92697, USA

Orphanin FQ (OFQ, Nociceptin) is a recently discovered neuropeptide that 
is structurally related to the opioid peptides but does not bind opioid 
receptors. Although it has been proposed that OFQ can act as an anti-opioid 
peptide and was found to reduce stress-induced analgesia, its physiological 
role(s) are mostly unknown. Because of the distribution of OFQ and its 
receptor in limbic areas of the brain, we investigated whether OFQ may have 
a general modulatory role on behavioral responses to stress and may 
thereby contibute to the regulation of anxiety states. Using several 
paradigms for anxiety and fear (light-dark preference, elevated plus-maze, 
exploratory behavior of an unfamiliar environment, pharmacological 
anxiogenesis and operant conflict) in two different rodent species, we found 
that OFQ attenuates the behavioral inhibition of animals acutely exposed to 
stressful/anxiogenic environmental conditions. OFQ's anxiolytic-like effects 
were observed at low doses (<1 nmole), were consistent across all 
behavioral paradigms used and were qualitatively comparable to the effects 
exhibited by diazepam in these models. Furthermore, like conventional 
anxiolytics, OFQ interfered with regular sensorimotor function at high doses. 
Our results suggest that an important role of OFQ might be to act as an 
endogenous regulator of acute fear responses and, thereby, to modulate 
anxiety states generated by stress.
supported by Hoffmann-La Roche - Neurobioiogy Research
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723.3
EFFECTS OF HYPOTHALAMIC AND ACCUMBENS NEUROPEPTIDE Y 
ON CHOW VS. SUCROSE INT AKE. C.M. Brown*1, P.J. Fletcher1, and D.V. 
Coscina1’2. Biopsychology Section, Clarke Institute of Psychiatry, Toronto, ON 
M5T 1R8* and Dept. of Psychology, Wayne State Univ., Detroit, MI 482022.

Neuropeptide Y (NPY) is a 36 amino acid pancreatic peptide that, when 
injected directly into the brain, induces voracious feeding in previously satiated 
animals. This effect occurs especially after injection into the perifornical 
hypothalamus (PFH); however, injections into other sites such as the brain stem 
and cortex are also effective. Another possible site where NPY may exert 
feeding effects via reward processes is the nucleus accumbens (N.Acc) since 
injections there produce a conditioned place preference which is blocked by 
antagonism of the rnesolimbic dopamine (DA) system. The present experiments 
sought to determine if NPY has any effects on feeding behaviour when injected 
into the N.Acc of freely-behaving rats. Whether NPY might differentially 
affect chow vs. sucrose intake when it is injected into the PFH or the N.Acc was 
also verified. Finally, the potential involvement of the rnesolimbic DA system 
in the feeding-stimulatory effects of NPY was studied. Adult male Sprague- 
Dawley rats were implanted with bilateral stainless steel guide cannulae aimed 
to terminate in the N.Acc, the PFH, or both. NPY (0, 24, 78, 156, and 235 
pmol) in the N.Acc had no effect on 1 or 2 hr intakes of chow or sucrose; 
however, it dose-dependently increased both forms of intake when injected into 
the PFH. The increase in chow intake paralleled that of sucrose intake, 
indicating that NPY does not selectively enhance the consumption of a palatable 
food. N.Acc administration of FLU (0, 1.25, and 5.0 |xl) 30 min prior to PFH 
NPY (156 pmol) failed to attenuate this increase in chow or sucrose intake, 
although there was a paradoxical trend to increase NPY’s stimulation of chow 
intake with the lowest dose of FLU. Collectively, these results support the 
notion that the feeding response induced by NPY in the PFH is primarily 
“homeostatic” rather than “hedonic” in nature. Furthermore, the contribution 
of rnesolimbic DA to this response appears to be negligible.
Supported by funds from NSERC of Canada.

723.4
INFLUENCE OF EXPERIMENTAL AUTOIMMUNIZATION AGAINST 
P-ENDORPHIN ON FREE AND DEFENSIVE CONDITIONED 
BEHAVIOR IN MONKEYS. V.A.Siketin*. Sechenov Institute of 
Evolutionary Physiology and Biochemistry, St, Petersburg, 194223, Russia.

Evidences are being accumulated, that presence at an organism of 
antibodies to p-endorphin (pE) have been associated with chronic disease 
and/or depressive illness. In this study, we were immunized monkeys against 
Freund’s adjuvant (FA), bovine serum albumin (BSA) and pE (25-30 pg/kg); 
BSA conjugated to PE (BSA-pE: 250-300 pg/kg) was dissolved with FA to 
give in 2.0 ml of emulsion injected. Reimmunization was conducted for 10 
days. All changes of defensive conditioned (CR) were studied on 7 monkeys 
(Macaca mulatta), using the Protopopov method. The CR was represented by 
positive (electro-defensive) and negative (differentiation and delayed 
inhibition) reflexes. EEG, motor and vegetative components (respiration and 
heart rate) of the CR were recorded. Free behavior was tested inside of 
soundproof and air-conditioned room. It was show that 1) chronic decrease in 
systemic concentrations of the pE induced by autoimmunization BSA-pE 
was accompanied by reduction of motor activity of free behavioral 
manifestation, food intake and intragroup contacts decreased as well; 2) all 
changes in CR were depended from the type of monkeys nervous system: in 
monkeys with high level of CR realization the reduction of defensive 
reactions was observed, except of negative reflexes; the animals with low 
level of CR realization were registered long phase (10-12 days) of complete 
braking of the CR. The received date suggest, that development of systemic 
autoimmune disease accompanied by depressive-like behavior of 
autoimmunizationed BSA-pE monkeys.

723.5
CHARACTERIZATION OF THE ANT AGONISTIC PROFILE OF CTAP USING 
A WARM WATER TAIL-WITHDRAWAL ASSAY. C L. Sleinmiller. J.A. Moretti,
S.M. Irtenkauf and A.M, Young* Dept. of Psychiatry and Behavioral Neurosciences and 
Dept. of Psy chology, Wayne State University, Detroit, MI 48202.

Experiments used a warm water (55 or 50° C) tail-withdrawal procedure to assess 
antagonist effects of CTAP (D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-Thr-NH,), a peptidergic 
opiate antagonist, against morphine sulfate (MS), the prototypic alkaloid p agonist; 
DAMGO, a selective peptidergic p agonist; and spiradoline mesylate (SPIR) and 
bremazocine hydrochloride (BREM), putative k  agonists. Male Sprague-Dawley rats, 
surgically prepared with i.c.v. cannulae, were pretreated with CTAP (0.1, 1.0, or 10 pg,
i.c.v.) followed by cumulative doses of the appropriate agonist. Low doses of CTAP (0.1 
or 1.0 pg) antagonized antinociceptive effects of s.c. MS. The antagonist effects of CTAP 
were not, however, clearly dose-dependent. CTAP did dose-dependently antagonize 
antinociceptive effects of i.c.v. DAMGO. A dose of 10 pg CTAP increased by 300-fold 
the dose of DAMGO required for lull antinociceptive effects. SPIR produced 
antinociceptive effects only under 50° C assay conditions. CTAP did not antagonize these 
effects of s.c. SPIR or BREM at 50° C. To ensure that the antinociceptive effects observed 
were opiate-mediated, DAMGO, SPIR, and BREM were tested following pretreatment with 
naltrexone (NTX), a non-selective but p preferring alkaloid opioid antagonist. NTX (0.1 
or 1.0 mg/kg. s.c.) dose-dependently antagonized antinociceptive effects of i.c.v. DAMGO. 
Higher doses of NTX (up to 10 mg/kg) did not antagonize effects of SPIR, whereas the two 
higher doses of NTX (1 and 10 mg/kg) increased by 10-fold the dose of BREM required 
for foil antinociceptive effects. In conclusion, CTAP antagonized antinociceptive effects 
of p agonists under both assay conditions. Kappa agonists produced foil effects only under 
the 50° C assay conditions. These effects were not antagonized by CTAP at any dose tested. 
Comparisons among agonists suggest that CTAP antagonizes the antinociceptive effects of 
p agonists, but not k  agonists, in a thermal test of antinociception. [Supported by USPHS 
grants DA03796 and K02 DA00132 from the National Institute on Drug Abuse.]

723.6
CONTRIBUTION OF INSULIN TO CHANGES IN HYPOTHALAMIC 
GALANIN CAUSED BY A HIGH-FAT DIET. J. Wang* and K. Leibowitz. 
The Rockefeller University, New York, N.Y. 10021

Galanin-producing neurons in the paraventricular nucleus (PVN) have 
been linked to the ingestion of fat. These neurons, which exist in the anterior 
region of the PVN (aPVN) and project to the median eminence (ME), are 
stimulated by the ingestion of a high-fat diet, and their level of peptide production 
is positively correlated with the amount of fat ingested. This study examined the 
possibility that insulin is involved in this diet-induced change in GAL activity. In 
one experiment, male albino Sprague-Dawley rats (n=20) were maintained for 3 
weeks either on a single high-fat diet (HFD, 60% fat), control diet (CON, 30% 
fat) or high-carbohydrate diet (HCD, 65% carbohydrate). In the second 
experiment, male rats (n=10 on a lab chow diet) with lateral ventricle cannulae 
were given two daily injections of insulin (50 pU/day) or vehicle and sacrificed 2 
hours after the second injection. Rats’ blood was collected for hormone assay, 
and their brains were analyzed using in situ hybridization with digoxigenin- 
labeled GAL probe for mRNA and immunocytochemistry for peptide levels. The 
rats given the HFD, compared to those on a HCD diet, had significantly reduced 
leveis of circulating insulin (-16%, p<0.05), higher levels of glucose (+7%, 
p<0.05), and heavier dissected fat pads (inguinal, retroperitoneal, epididymal, 
+49%, p<0.05). This HFD significantly stimulated GAL gene expression in the 
aPVN (-61%, p<0.05) and ME (-20%, p<0.05) but produced no change in GAL 
neurons of the medial preoptic area (MPO) and central nucleus of the amygdala 
(CNA) as well as other areas. The opposite pattern was observed after ventricular 
injections of insulin. That is, GAL mRNA and peptide-ir was reduced in the 
aPVN and ME by insulin but not affected in the MPO or CNA. On the HFD, the 
amount of fat ingested was positively correlated with both the size of the fat pads 
(r=+0.70, p<0.01) and the level of GAL mRNA specifically in the aPVN 
(r=+0.60, p<0.05). The site specificity of these findings suggests that insulin, or 
perhaps some consequent change in glucose levels or utilization, may be involved 
in controlling GAL production in particular neuronal cell groups. Further, this 
control is disturbed under conditions of a high-fat diet, which lowers insulin 
levels, increases insulin resistance and raises blood glucose.

723.7
BEHAVIORAL EFFECTS OF LW-HAEMORPHIN-7 AND WSU 2088: AT, 
AGONISTS. E.S. Pederson*’, F AQ, Mendelsohn2, R.D, PaciccP, A. Bcrsudsky3, R, 
Krishnan4, J.W. Harding83 4 and J.W. Wright? 11. 'Prog. in Neuroscience. ’Dept of 
Psych, & 4Dept of VCAPP. Wa. State Univ.. Pullman. WA 99164. 2Howard Florey 
Inst, of Exp. Physio, and Med.. Parkville. Victoria. 3052, Australia

A newly discovered angiotensin receptor subtype (termed AT.,, Swanson, et al,
1992, Harding, et al. 1992) is heavily distributed in brain areas known to mediate 
cognitiv e processes especially learning and memory' (neocortex, hippocampus, nucleus 
basalis of Meynert, Moeller, et al, 1996). This AT, site specifically binds angiotensin 
IV (Ang IV: Val-Tyr-Ile-His-Pro-Pne), however, given the short half-life of this 
peptide our laboratory has recently synthesized a metabolically resistant Ang IV 
analog, WSU 2088. that binds with high affinity to the AT, receptor. In addition, a 
dccapeptide globin fragment, LVV-haemorpliin-7 (Leu-Val-Val-Tvr-Pro-Trp-Thr- 
Gln-Arg-Phe). was recently extracted and purified from sheep brain, and found to 
bind with similar affinity and distribution as Ang IV to the AT, receptor (Moeller, et 
al.. J. Biochem., in press). The present study examined the effects of centrally 
administered LVV-haemorphin-7 and WSU 2088 on acquisition of a conditioned 
passive avoidance (PA) task and on learning hidden platform locations from various 
entry' points in a circular water maze task (WM) in both Scopolamine (Scop) and non- 
Scop treated rats. The results indicate that Scop treated rats administered LW- 
hacmorphin-7 or WSU 2088 learned the tasks to a significantly better performance 
criterion than Scop treated rats administered v ehicle In fact, the level of behav ioral 
compensation provided by these compounds was not significantly different from 
control animals. In contrast. non-Scop, LW-haemorphin-7 and WSU 2088 treated 
rats performed worse than vehicle controls in both tasks. Thus, these results suggest 
that both LVV-haemorphin-7 and WSU 2088 compensate for the disruption of spatial 
learning induced by Scop but disrupts learning and memory in uncompromised 
animals. Supported by WSU.

723.8
L-NMMA APPEARS TO INHIBIT ANGIV AND ANGIV ANALOG-INDUCED 
VASODILATION IN THE RAT. E. A. Kramar,*1 R, Krishnan,2 M. F. Sardinia.2
J. K. M. Coleman.3 J.W. Harding123 and J~/W. Wright1,23. Program in 
Neuroscience1 and Departments of Veterinary and Comparative Anatomy, 
Pharmacology and Physiology2 and Psychology3, Washington State 
University, Pullman, WA 99164.

Previous work in our laboratory, as well as in others, have demonstrated 
that systemic infusions of AngIV significantly increase cerebral blood flow 
(CBF). However, native AngIV possesses a very short metabolic half-life. 
Consequently, our laboratory has synthesized several AngIV analogs. We 
have also discovered that cultured vascular endothelial cells possess AT4 
receptors leading to the possibility that AngIV-induced vasodilation may occur 
via a nitric oxide (NO) mediated mechanism, in support of this notion, Patel 
and Block (1997) have shown that AngIV enhanced the catalytic activity of 
endothelial cell nitric oxide synthase and the production of cGMP in porcine 
pulmonary artery endothelial cells.

The purpose of the present study was to investigate the effects of three 
AngIV analogs, Lysine -AngIV (Lys-AngIV), Norleucine1-AnglV (Nle1-AnglV) 
and WSU2088 on cerebral blood flow and to evaluate the hypothesis that 
AngIV and WSU2088 may participate in the release of NO in cerebral 
circulation. Laser-Doppler flowmetry findings indicate that internal carotid 
infusions of AngIV, Nle1-AnglV, WSU2088 and Lys1-AnglV increased CBF by 
33, 36, 40 and 47 %, respectively, without changing systemic arterial blood 
pressure. Pretreatment with an NO synthase inhibitor, NG-monomethyl-L- 
arginine(L-NMMA), completely blocked the vasodilatory effects of AngIV and 
WSU2088, suggesting that AngIV and WSU2088-induced vasodilation may 
be caused by activating the release of NO in vascular endothelial cells. 

Funding for this project was provided by Washington State University.
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723.9
INTRACEREBROVENTRICULAR INFUSION OF UROCORTIN ACTIVATES 
CEREBRAL CATECHOLAMINE AND INDOLAMINE METABOLISM IN RATS
G.N. Smaqin*, L.A. Howell, R.B.S. Harris and D.H. Ryan. Pennington 
Biomedical Research Center, Baton Rouge, LA 70808 USA

Urocortin (UCN), a neuropeptide from the CRF family has recently been 
identified and characterized. It binds with high affinity to CRF2 receptors and is 
considered to be a specific CRF2 receptor agonist. ICV administration of UCN 
produces anorexia without anxiogenic effects and activates the HPA. These 
experiments were designed to determine the neurochemical effects of ICV UCN 
administration.

1. Male Sprague Dawley rats were implanted with a cannula in the lateral 
cerebral ventricle. Animals were injected with 3 pg UCN ICV and sacrificed 1 
and 2 hours after injection. Catecholamines, indolamines and their metabolites 
were determined in various brain regions using HPLC with ECD. Administration 
of UCN produced a significant increase in serum corticosterone after 1 and 2 
hours along with a significant activation of brain catecholamine systems. 
NE/MHPG ratio was increased in the prefrontal cortex (PFM), DOPAC/DA and 
5-HIAA/5-HT ratio was increased in PFM, hypothalamus and brain stem at 1 
and 2 hours postinfusion.

2. Rats were implanted with a microdialysis probe (4 mm length) in the PFM 
and an ICV cannula. The microdialysis probe was perfused at a flow rate of 3 
pl/min. Samples were collected at 20 min intervals during a 1 hour baseline 
period, 2 h after saline infusion and 3 hours after UCN infusion (3 pg in 3pl) in 
freely moving animals. ICV administration of UCN produced a significant 
increase in the concentrations of 5-HIAA, DOPAC and HVA in dialysates 
collected from the PFM with a peak at 2.5-3 hours after infusion. NE and MHPG 
concentrations were not affected. These results suggest that administration of 
UCN activates the serotoninergic and dopaminergic systems in the brain which 
is different from the neurochemical pattern observed after CRF infusion

Supported by US Army grant DAMD-17-92-V-2009

723.10
NITRIC OXIDE INVOLVEMENT IN THE ANXIOGENIC EFFECT OF 
SUBSTANCE P IN MICE IN THE ELEVATED PLUS-MAZE. De Lima, 
T.C.M.*, Baretta, LP., Assreuy, J. Department of Pharmacology, CCB, 
Universidade Federal de Santa Catarina, Florianopolis, SC, Brazil, 88015- 
420.

Nitric oxide (NO) mediates several biological functions, including some 
central nervous system processes such as anxiety ( Quock , R.M. & Nguyen,
E., Life Sci., 51: 255-260, 1992). The NO synthase inhibitor N-N-nitro-L- 
arginlne (L-NOARG) modifies some behavioral effects of substance P (SP) in 
rats (Mancuso et al., Eur. J. Pharmacol., 271: 2-3, 1994). As neurokinins can 
functionally modulate experimental anxiety as evaluated in the elevated plus- 
maze test (EPM) in mice (Teixeira et al., Eur. J. Pharmacol., 311: 7-14, 
1996), this study investigates whether NO is involved in the anxiogenic effect 
of SP in mice in the EPM test. Adult Swiss male mice were injected i.p. with 
L-NOARG (0.02, 0.2 or 2.0 qmol/kg) or NaCl 0.9%. Ten minutes later they 
were evaluated in the EPM. Another group of animals was injected i.p. with L- 
NOARG (0.02 pmol/kg) or physiological solution, and 5 min later 
administered i.c.v. with SP 10 pmol or PBS (2 gl). After 5 min these animals 
were also observed in the EPM for 5 min. Pretreatment with L-NOARG per 
se’ did not alter any parameters measured in the EPM. SP reduced (P<0.05) 
time spent on open arms (10.0 + 1.8) in comparison to PBS (27.3 + 3.6) and 
L-NOARG (32.0 + 11.0) but did not modify the other measurements. 
Pretreatment with L-NOARG reverted this ‘anxiogenic’ effect of SP (59.5 + 
3.8) besides increasing (P<0.05) the frequency of entries on to the open arms 
(PBS- 34.2 + 4.2; SP= 39.4 + 1.7; L-NOARG= 36.4 + 7.4; L-NOARG+SP=
57.4 + 2.1), but it did not change the other parameters. These results suggest 
a putative modulation of nitric oxide upon the effect of SP in the EPM test, 
and this is being further investigated.
Financial support: CNPq and CAPES

723.11
PLASMA NEUROPEPTIDE Y (NPY) INCREASES IN RESPONSE TO 
YOHIMBINE IN HUMANS. A. M. Rasmusson*, S. M. Souihwick, R. L. 
Hauger, D. S. Charnev. Departments of Psychiatry, Yale University School of 
Medicine, New Haven, CT & School of Medicine, Univ. of California, San Diego

NPY is a 36 amino acid peptide neurotransmitter located in most sympathetic 
nerve fibers, as well as in nonadrenergic perivascular, enteric, cardiac 
nonsympathetic, and parasympathetic nerves. It is also found in limbic structures 
such as the amygdala, as well as in the cortex, hippocampus, periaqueductal grey, 
and locus coeruleus where it is colocalized with norepinephrine. In preclinical 
studies, NPY has been shown to inhibit locus coeruleus neuronal firing; it also 
decreases the release of norepinephrine at neuronal terminals and increases the 
efficiency of transduction of the postsynaptic noradrenergic signal. In a variety of 
animal models, centrally administered NPY is anxiolytic. In human studies, it has 
been found to be lower in the brains of suicide victims, and to correlate with 
anxiety, but not depressive symptoms when measured in cerebrospinal fluid. 
Southwick et al. (Arch. Gen. Psychiatry, 50:266-74, 1993) prev iously reported the 
effects of an intrav enous infusion of yohimbine, an «2 antagonist, at 0.4 mg/kg, on 
plasma MHPG in a group of male patients with PTSD and in healthy male 
controls. Yohimbine increased MHPG in both groups, but had a greater effect in 
the patients with PTSD. Plasma from the same study was used to assess the effects 
of yohimbine on plasma NPY lev els. NPY was measured after plasma extraction 
using a double antibody RIA with 125I-NPY as the tracer. A preliminary analysis 
of the data from 22 subjects with PTSD and 9 controls shows that plasma NPY 
increased by -50% between 60 and 120 minutes after yohimbine in both PTSD and 
control subjects, but remained stable after placebo, consistent with previous reports 
in the rat and dog, but in contrast to a previous report in humans. The effects of 
diagnosis and age, as well as the relationship between plasma NPY, plasma MHPG 
levels, and yohimbine-induced anxiety and PTSD symptoms will be presented at the 
time of the meeting. Supported by the Department of Veteran Affairs National 
Center for PTSD, Neuroscience Division.

723.12
BASAL FOREBRAIN INJECTION OF SUBSTANCE P 
INCREASES EXTRACELLULAR ACETYLCHOLINE IN THE 
FRONTAL CORTEX M.A, De Souza Silva, R.K.W.Schwarting, 
#C. Tomaz, R.U. Hasenohrl and J.P, Huston (SPON: European
Brain and Behaviour Society). Institute of Physiological Psychology 
I, and Center for Biological and Medical Research, University of 
Diisseldorf, 40225 Diisseldorf, FRG; ^Department of Psychobiology, 
University of Sao Paulo, Ribeirao Preto, Brasil

A study was conducted to assess the effects of substance P 
injection into the vicinity of the nucleus basalis magnocellularis of 
rats on the release of acetylcholine in the frontal cortex using in vivo 
microdialysis and HPLC with electrochemical detection. Substance P 
was injected at doses of 1.0 and 10.Ong, which are known on the 
basis of behavioral studies to be effective in enhancing learning and 
to act as reinforcers in place preference tasks. Unilateral injection of 
substance P led to a dose-dependent bilateral increase in acetylcholine 
release in the freely moving animal as well as under urethane- 
anesthesia. These findings support the hypothesis that the 
hypermnestic and positively reinforcing effects observed upon basal 
forebrain injections of substance P are mediated by activation of 
cholinergic efferents to the frontal cortex. (Supported by the 
Deutsche Forschungsgemeinschaft)

723.13
ANATOMICAL DISTRIBUTION OF C-FOS
IMMUNOREACTIVITY FOLLOWING ODOR-
STIMULATED FLANK MARKING IN SYRIAN HAMSTERS.
T.T. Cooper*, K.L. Huhman & H.E. Albers. Laboratory of 
Neuroendocrinology & Behavior, Depts. of Biol. & Psych.,
Georgia State Univ., Atlanta, GA 30303.

Syrian hamsters (Mesocricetus auratus) engage in a form of scent 
marking, called flank marking, after exposure to the odors of 
conspecifics. The present study was designed to evaluate the activation 
of various brain regions following odor-induced flank marking in 
hamsters. Male hamsters were placed into either a clean cage or the dirty 
cage of a conspecific for 20 min and the frequency of flank marking was 
recorded. Hamsters were then perfused and their brains were processed 
to identify c-fos immunoreactive (FOS-ir) neurons. FOS-ir was observed 
in brain regions hypothesized to control flank marking including: medial 
preoptic-anterior hypothalamic area, lateral septum, bed nucleus of the 
stria terminalis and central gray. In addition, FOS-ir was observed in the 
medial amygdala, a limbic region involved in the processing of 
chemosensory information. A correlation between the frequency of flank 
marking and amount of FOS-ir in various brain regions was also 
calculated.

(Supported by NSF IBN-9514802 & NIH NS34896)

723.14
EFFECTS OF SYSTEMIC ADMINISTRATION OF THYROTROPIN-
RELEASING HORMONE (TRH) ON LEVELS OF C-FOS mRNA IN 
RAT BRAIN. D. Funk*, A.C. DeVries, R.M. Post and A. Pert. 
Biological Psychiatry Branch, NIMH, Bethesda, MD 20892.

The neural mechanisms through which TRH elicits behavioral 
activation when administered systemically to rats are not known. To 
help clarify this issue, we examined the effects of systemic TRH 
administration on levels of c-fos mRNA, a marker of neuronal 
activation, in rat brain. Male Sprague-Dawley rats were administered 
either TRH (20 mg/kg, i.p.) or saline vehicle and placed in photocell 
chambers for 30 min and observed for 30 s every 5 min. The incidence 
of wet dog shakes, paw licking, jaw movements and Straub tail were 
tabulated. Animals injected with TRH showed significant increases in 
locomotor activity and in the other behaviors measured relative to saline- 
injected animals. Animals were then decapitated, and their brains 
rapidly removed and frozen. The brains were sectioned, thaw-mounted 
on slides and processed in an in situ hybridization assay for c-fos 
mRNA using a probe labeled with 35S and apposed to x-ray film for 10 
days. Levels of c-fos mRNA in discrete nuclei were inferred from their 
optical densities (OD) on the developed film relative to the OD of the 
entire section. The brains of animals injected with TRH showed 
significant increases in levels of c-fos mRNA, relative to saline-treated 
animals, in the retrosplenial cortex, the anteroventral and anterodorsal 
thalamic nuclei, the paraventricular and dorsomedial hypothalamus, the 
basal pons and in the granular layers of cerebellar lobes I and II. These 
results may provide clues as to the neural structures mediating the 
behavioral effects of systemically-administered TRH. Supported by 
NIMH.
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723.15
EFFECT OF INJECTED ALLATOSTATIN AND CRUSTACEAN CARDIOACTIVE 
PEPTIDE ON THE STOMATOGASTRIC NETWORKS IN INTACT CRAYFISH.

Bonn,D-53115 Bonn; °lnst. of Neurobiol., F.U. Berlin., D-14195 Berlin, Germany.
The crustacean stomatogastric nervous system (STNS) generates and controls 

the rhythmic movements of the foregut. In the isolated STNS, the rhythmic motor 
patterns are modulated by numerous peptidergic neuromodulators, but few have 
been tested in the intact animal. We have chosen Diploptera allatostatin as the 
only family of peptides showing inhibitory effects on the isolated STNS (Skiebe 
and Schneider, J. exp. Biol. 194:195, 1994) and the crustacean cardioactive 
peptide (CCAP) with proven excitatory effects on the pyloric neurons (Weimann 
et al., J. Neurosci. 17:1748,1997) forour/n v/vostudiesonthecrayfish Orconectes 
limosus and Cherax destructor.

The activity of STNS was monitored with chronically implanted wire electrodes 
on the dorsal ventricular nerve (dvn) and by endoscopic imaging of the stomach 
in intact crayfish before and after injection of Diploptera allatostatin 3 (D-AST-3) 
or CCAP into the dorsal heart sinus.

In free ranging crayfish, injections of small amounts (85 pi, 10'6 M) of CCAP 
(n=22) could initiate rhythmic activity of the gastric network and produce an 
increase in dvn spike frequency. Doses as low as 1Opl 10'6 M CCAP induced 
strong chewing activity of the gastric mill within 40 s after injection, tripled the 
amplitude of movements of the cardio-pyloric valve, and increased the pyloric 
frequency from 0.25 to 1 s_1. The activity usually returned to control level within 10 
to 30 min after the injection.

Injection of D-AST-3 reduced the activity of the stomatogastric networks in free 
ranging crayfish and in animals which were restrained for endoscopy. The number 
of spikes per cycle and the frequency of pyloric rhythm was reduced. And in some 
cases with low pyloric frequency (<0.3 s'1), the rhythm stopped.
Our in vivo studies confirm the in vitro findings on the pyloric system including the 
state dependence of these neuromodulators, which show their strongest effects 
in animals with medium or low activity levels in the control. Our results also 
indicate, that CCAP modulates both the activity of the pyloric neurons and the 
rhythm of the gastric network in vivo. Supported by HFSP to H-GH, SFB115C1 to PS.

DRUGS OF ABUSE: ALCOHOL II

724.1
THE EFFECTS OF N-ACETYL CYSTEINE ON THE 
OUTCOME OF THE IN UTERO ADMINISTRATION OF 
ALCOHOL ON FETAL DEVELOPMENT. E. Reyes*, R. Brock, 
S. Ott, and J. Corcoran. Dept. of Biochemistry and Molecular 
Biology, UNM Sch of Med, Health Sciences Center, 
Albuquerque, NM 87131

Fetal Alcohol Syndrome (FAS) is characterized by pre and postnatal 
growth retardation, mental retardation, behavioral deficits and facial 
deformities. In spite of numerous animal studies, the biochemical 
mechanism(s) by which alcohol produces teratogenic effects on the 
developing fetus are not well understood. The in utero administration of 
alcohol has been shown to produce, in addition to FAS like effects, a 
decrease in glutathione (GSH) levels. The concomitant administration of 
buthionine sulfoximine (BSO) and alcohol during pregnancy produced 
greater effects than that produced by alcohol itself. The depletion of GSH 
by the administration of BSO produced a shift to the left in the alcohol 
dose response curve. The present experiments were conducted to 
determine if the administration of N-acetyl-cysteine (NAC), a precursor of 
cysteine, would protect the fetus from the teratogenic effects of alcohol. 
Timed pregnant Sprague-Dawley rats were placed on a liquid BioServ diet 
containing either 0%, 11%, 23%, 29%, 31%, 33%, or 35% Ethanol 
Derived Calories (EDC), with or without NAC (180 mg/Kg/24h), starting on 
day one of pregnancy. The mothers were maintained on the diet until 
gestation day 21 when they were anesthestized with sodium pentobarbital 
and the pups delivered by Cesarean section. The in utero administration 
of NAC, aside from preventing a depletion of GSH in liver and brain in the 
developing fetus, produced a shift to the right in the alcohol dose 
response curve. Supported by NIGMS/MBRS 08139 & NIAAA 08072.

724.2
VULNERABILITY OF OLFACTORY BULB MITRAL CELLS TO 
ALCOHOL EXPOSURE DURING BRAIN DEVELOPMENT IN THE 
RAT. J.R. West*, J.A, Miller, J.M, Blackwell & S.E, Maier. Anatomy & 
Neurobiology, Texas A&M University, College Station, TX, 77843-1114

Alcohol exposure during part of the third trimester equivalent or all 
three trimesters equivalent results in a loss of cerebellar Purkinje and 
granule cells. We examined whether olfactory bulb mitral and granule 
cells were affected by alcohol exposure during different phases of their 
development. Timed pregnant rats were exposed to binge-like alcohol 
(5.1 g/kg) during either the first 10 days (first trimester equivalent; ITri) 
or second 10 days of gestation (second trimester equivalent; 2Tri) or 
both (l+2Tri) for prenatal treatments. Some offspring of l+2Tri dams 
were raised artificially from postnatal (P) day 4 to P9 (part of the third 
trimester equivalent), and received binge-like alcohol (5.0 g/kg) during 
this period (all three trimesters equivalent; l+2+3Tri). Offspring from 
untreated dams were also raised artificially and received binge-like 
alcohol (5.0 g/kg) only from P4 to P9 (3Tri). Appropriate nutritional 
and normally reared controls were included. Following perfusion on P10, 
pups from each group had one olfactory bulb processed for cell 
counting by infiltrating and embedding tissue blocks in Historesin®. 
Stereological methods (optical dissector and Cavalleri’s principle) were 
used to calculate unbiased estimates of mitral and granule cell numbers. 
Peak BACs ranged from ~240 to -350 mg/dl. There were reductions 
from control levels in mitral cell number in the 2Tri, 3Tri and l+2Tri 
groups. However, neither mitral cells nor granule cells appeared to be 
temporally vulnerable to the alcohol exposure regimen. Taken together 
with our previous data, the results reported here suggest that the olfactory 
bulb is less vulnerable to the timing of alcohol exposure than is the 
cerebellum. Supported by grants AA10090 and AA05523 to JRW.

724.3
PRENATAL ALCOHOL EXPOSURE ALTERS THE PATTERN OF 
DNA METHYLATION IN RAT OLFACTORY BULB. S.E. Maier*, J.A. 
Cramer, J.R. West & F Sohrabji. Anatomy and Neurobiology, Texas 
A&M University Health Science Center, College Station, TX, 77843.

Although the Fetal Alcohol Syndrome (FAS) has been well-studied in 
both clinical and experimental settings, no single mechanism can 
account for the myriad of reported deficits. For example, we have found 
both alcohol-induced reductions in olfactory bulb (OB) granule cell 
number and OB brain derived neurotrophin factor (BDNF) mRNA 
expression in postnatal (P) day 10 rat pups following prenatal exposure 
to alcohol. To account for the assortment of deficits associated with 
prenatal alcohol exposure, we hypothesized that a more global process 
may be responsible. Thus, we began our series of studies by examining 
transcriptional processes, namely DNA methylation. Briefly, randomly 
selected offspring from timed pregnant rat dams treated with either 
alcohol (EtOH; 6.0 g/kg) or maltose dextrin (NUTRI) solution daily 
during gestation (from El-20) were decapitated on P10. Age matched 
normal control (NORM) pups were also included. Each pup had both 
OB systematically extracted and frozen in liquid nitrogen. Changes in 
DNA methylation were determined by restriction enzyme assay using 
MspI and Hpall. The digested DNA was electorphoresed, transferred to 
nylon membrane, and probed for BDNF using 32p randomly primed 
labeled cDNA probes. Our results indicate that digestion of DNA with 
the methylation-sensitive enzyme, Hpall, is decreased in EtOH animals 
compared to NUTRI and NORM controls (with no difference between 
the two controls). This suggests that DNA methylation is greater in the 
EtOH group. Although preliminary, these results suggest that global 
changes in transcription may be an important factor to help explain the 
many features of FAS. Supported by grant AA10090 from NIAAA.

724.4

INHIBITION OF ETHANOL INDUCED APOPTOSIS IN T-ANTIGEN 
EXPRESSING SCHWANN CELLS. J.M. Collier and M.I.Johnson*. Dept. 
of Pediatr., Steele Mem. Childr. Res. Cntr., Univ. of Arizona, Tucson, AZ 
85724-5073.

Fetal alcohol exposure may result in CNS dysfunction, possibly resulting 
from reduced numbers of neurons and glia. Elevation of p53 expression 
has been associated with increased susceptibility of cells to apoptotic stimuli. 
Previous experiments using sympathetic neurons and Schwann cells have 
shown that low levels of ethanol exposure induce Schwann cell apoptosis. 
Our hypothesis is that p53 plays a centra! role in ethanol induced apoptosis. 
For the current studies we utilized a Schwann cell line transfected with the 
SV-40 T-antigen, which has been shown to block p53 activity. The cells 
were cultured for 2 days in vitro and treated for 48 hours with ethanol prior 
to fixation, followed by TUNEL to identify apoptotic cells and mAb p53 stain-
ing. In one representative experiment the percentage of p53 positive cells 
was significantly increased over control for high levels of ethanol (1000 and 
2000 mg% ethanol; p <.0002). The percentage of TUNEL positive cells was 
elevated over controls only for 2000 mg% (p<.001). Preliminary experiments 
using Schwann cells with reduced T-antigen expression show significant 
reduction in p53 and increased TUNEL immunostaining with ethanol expo-
sure. We postulate that in this cell line, high levels of SV-40 T-antigen 
reduce apoptosis as compared to native Schwann cells. In summary, with 
high dose ethanol exposure Schwann cells transfected with SV-40 T-antigen 
have increased p53 but low TUNEL immunostaining. (Supported by USPHS- 
NIH RO1 AA08950 and NIH NS 07630).
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724.5
ETHANOL-INDUCED UP-REGULATION OF GLUTAMATE TRANSPORT IN 
ASTROCYTES IS REVERSED BY INHIBITORS OF PROTEIN KINASES. 
r. L. Smith* and A. Zsigo, Research Health Care Group, Department 
of Veterans Affairs Med. Ctr., Tucson, AZ and Dept. of Pharmacol., 
Univ. of Arizona, Tucson, AZ.

Because we have reported that chronic ethanol (E) exposure increases 
glutamate uptake in astrocytes (Neurosci. Letts 218:142, 1996), the aim 
of the present investigation was to determine whether the E-induced 
increase in glutamate uptake could be reversed with selective inhibitors 
of either PKC or Ca27calmodulin protein kinase. Type I astrocytes 
derived from neonatal rat cortex were cultured in 24-well plates and 
exposed to media containing 50 mM E for 4 days. Monolayers were 
incubated with [3H] glutamate for the determination of KD and Vmax. 
Chronic E increased the maximum uptake capacity (Vmax) for [3H] 
glutamate from 38 ± 9 (controls) to 58 ± 6 nmoles/mg protein/min. E 
exposure had no effect on the KD for this process. When E - exposed 
cells were incubated with either of the PKC inhibitors, calphostin C 
(2/zM) or GF 109203 (4 /zM), Vmax values were reduced to 34 ± 1 and 
49 ± 6 nmoles/mg protein/min., respectively. In addition, the selective 
Ca2+/CaM kinase inhibitor, KN-93, also reduced the Vmax in E-exposed 
cells to 39 ± 2 nmoles/mg protein/min. The results suggest that 
glutamate uptake after E exposure may be mediated by both PKC and 
Ca2+/CaM kinases. (Supported by a research grant from the Department 
of Veterans Affairs, Washington, DC.)

724.6
EFFECT OF CHRONIC ETHANOL TREATMENT AND 
WITHDRAWAL ON CYTOSKELETAL PROTEINS. E. Fifkova*, 
H. EasomLEnohandfLCox. Department of Psychology, University 
of Colorado, Boulder, CO 80309.

Ethanol-sensitive LS/IBG mice were treated with ethanol for 4 
months. Thereafter half of the animals were sacrificed and the 
other half was withdrawn from ethanol and kept for another 
month and then sacrificed. Triton solubilized brain homogenates 
were fractionated under microtubule-stabilizing conditions (Black 
et al., Brain Res., 295:255. 1984), which yielded polymerized 
cytoskeletal components in the pellet (Pl). After resuspension of Pl 
in a Ca buffer at 4 ° C, subsequent centrifugation yielded a Ca/cold- 
insoluble cytoskeletal component in the pellet (P2). The amounts of 
a-tubulin and actin in individual fractions were assessed with 
quantitative immunoblotting (Black et al., J. Neurosci, 9:358, 1989). 
Four months of ethanol treatment resulted in a significant decrease 
of a-tubulin and actin in the Pl fraction. One month of withdrawal 
rendered this difference statistically insignificant although the 
concentration of both proteins was still lower in comparison with 
the controls. This suggests that a process of recovery may have 
started during the time of withdrawal. The ‘loss of tubulin during 
ethanol exposure and its partial recovery during withdrawal 
parallels our observation on the respective loss and recovery of 
brain microtubules. (Lang et al., Progr. Neuro-Psychopharm, 1997). 
Supported by AA06196 and AA00130.

724.7
CHRONIC ALCOHOL, WITHDRAWAL, AND PAIR-FEEDING EFFECTS ON 
OPIOMELANOCORTINERGIC REGULATION. D.D. Rasmussen*, B.M. Boldt, 
C.A. Bryant, E.A. Colasurdo, C.W. Wilkinson. Mental Health Service and GRECC, 
VA Puget Sound HCS Medical Center and Univ of Washington, Seattle, WA 98195.

Forebrain and pituitary secretion of pro-opiomelanocortin (POMC)-derived 
peptides, especially ACTH and the potent opioid B-endorphin (BEND), appear to 
have important roles in mediating or modulating acute responses to ethanol. How-
ever, their roles during chronic ethanol and withdrawal remain unclear. In this study 
male rats received liquid diet with 6% ethanol for 5 weeks (ET); control groups were 
pair-fed (PF) or ad lib-fed (AL) with isocaloric control liquid diet. Rats were sacri-
ficed at week 5 and at 1, 3, 7, and 21 days after removal of ethanol from the diet. 
Mediobasohypothalamus cytoplasmic POMC mRNA concentrations were not signifi-
cantly changed by chronic alcohol or withdrawal. However, anterior pituitary cyto-
plasmic POMC mRNA concentrations were greatly suppressed in both ET and PF 
rats following withdrawal from treatment (e.g., >75% suppression relative to AL at 
21 days, p<0.01). Furthermore, changes in plasma ACTH and corticosterone levels 
paralleled those of pituitary POMC mRNA, although amplitudes of the changes were 
not as pronounced. These results suggest that both ET and the stress and/or malnutri-
tion of PF induced changes in hypothalamo-pituitary-adrenal (HPA) function which 
were still evident at least 3 weeks after cessation of treatment. This persisting decre-
ment in HPA function is consistent with evidence of impaired HPA function (e.g., 
low basal cortisol) in abstinent alcoholics. Non-alcoholic individuals who appear to 
be at genetic risk for development of alcoholism (i.e., sons of alcoholics) are also 
reported to have low basal cortisol levels; our results suggest that sustained periods of 
alcohol abuse (and/or associated malnutrition and stress) may induce similar persis-
tently compromised HPA function in individuals who are not genetically predisposed 
to alcoholism, perhaps establishing similarly increased subsequent risk for alcohol 
abuse and alcoholism. (Dept. of Veterans Affairs and NIH/NIAAA grant AA10567)

724.8
ETHANOL REDUCES (NA,K)-ATPASE ACTIVITY AND ITS a3- 
mRNA LEVEL IN RAT BRAIN. Y M. Chen. A. Simonvi, J.M. Xia. B. 
Lusiak. GY. Sun* and A.Y. Sun. Depts. Pharm. & Biochem., Univ
Missouri, Columbia, MO 65212

(Na,K)-ATPase is a membrane-bound enzyme important in neuronal 
excitation. In many instances, this enzyme activity is altered by agents that 
perturb the membrane integrity. In this study, we examined effects of 
chronic ethanol administration with and without iron supplementation on 
(Na,K)-ATPase activity and mRNA distribution of the al, a3 and pi 
isoforms in the rat brain. Four groups of rats received either a control 
liquid diet or a diet containing ethanol (6.7%, v/v) with or without 
carbonyl iron (0.25%, w/v) for two months. In situ hybridization with 
coronal sections indicated distinct differences in the distribution patterns 
of these isoforms. The al mRNA is high in the dentate gyrus and low in 
CA1, CA2 and CA3 areas, whereas the a3 mRNA is intensely expressed 
in all three areas. Rats fed the control diet with or without iron supplement 
showed no significant alterations in either al or a3 mRNA expression in 
any of these brain areas. However, the a3 mRNA levels in the dentate 
gyrus was significantly decreased in the groups fed the ethanol diet. There 
was a corresponding decrease in (Na,K)ATPase activity in synaptosomal 
membranes (cortex) with respect to ethanol administration. Altered 
(Na,K)ATPase activity and mRNA expression after chronic ethanol 
administration may contribute to tissue damage and neurodegeneration. 
(Supported by NIH AA06661 and AA02G54)

724.9
CHRONIC ETHANOL ENHANCES nNOS ACTIVITY BUT NOT 
mRNA LEVELS IN RAT CEREBELLUM Jinming Xia*. Agnes Simonvi 
and Grace Y. Sun. Biochem. Dept., Univ. Missouri, Columbia, MO.

Recent studies have demonstrated the ability of neurotransmitters and 
neurohormones to alter nitric oxide synthase (NOS) in specific brain 
regions. In turn, NO may play a neuromodulator role in brain, possibly 
through regulation of the cGMP signaling cascade. Our previous studies 
indicated specific effects of chronic ethanol on the cerebellar Purkinji 
neurons in mice and gerbils. Since high levels of nNOS mRNA is present 
in the cerebellar granule cells, this study is to explore whether chronic 
ethanol with or without iron supplementation leads to alteration of nNOS, 
Cu,Zn-SOD and Mn-SOD mRNA and NOS activity in rat cerebellum. 
Four groups of rats received either a control liquid diet or a diet containing 
ethanol (6.7%, v/v) with or without carbonyl iron (0.25% w/v) for two 
months. Iron supplementation led to increased Fe accumulation in liver and 
plasma but not in the brain (cortex). In situ hybridization study using 
sagittal cerebellar sections indicated no apparent changes in nNOS, Cu,Zn- 
SOD and Mn-SOD mRNA levels among the groups. However, NOS 
activity in cerebellum was significant increased after chronic ethanol 
treatment and decreased due to iron supplementation. Results indicate 
possible posttranslational modification of the NOS in cerebellum due to 
ethanol and iron. The increase in NOS activity after chronic ethanol 
administration is in agreement with previous findings that this brain region 
is specially sensitive to ethanol effect. (Supported by NIH AA06661).

724.19
EFFECTS OF CHRONIC ETHANOL EXPOSURE ON NMDA-INDUCED Ca2+ 
FLUXES, NEUROTOXICITY AND AP-1 TRANSCRCPTION FACTOR ACTIVITY 
IN CULTURED CEREBELLAR GRANULE CELLS. G. Cebers, Y.-N. Hou, A. Cebere, 
and S. Liliequist*. Dept. Clin. Neurosci., Karolinska Institute, Stockholm, S-17176, 
Sweden

The mechanisms by which initial biochemical changes caused by acutely given ethanol are 
transposed into persistent CNS changes by chronic ethanol exposure are not clear. 
Accumulating evidence indicates that NMDA glutamate receptors are involved in these 
neuroadaptive processes. Acute ethanol inhibits NMDA receptor activity, whereas increased 
NMDA receptor activity is induced by both in vivo and in vitro chronic ethanol exposure. 
In this study we used calcium imaging techniques as well as protocols for determination of 
cell viability and apoptosis to investigate NMDA-induced changes in calcium metabolism 
and toxicity in the primary cultures of cerebellar granule neurons chronically exposed to 
ethanol. Also, we examined effects of chronic ethanol on NMDA-induced AP-1 transcription 
factor DNA binding activity and protein composition.

Chronic ethanol exposure resulted in enhancement of the NMDA-produced increase of free 
cytoplasmic Ca2+ with no concomitant changes in calcium {luxes caused by KC1 
depolarization. In contrast, there was no difference in the NMDA-stimulated 45Ca2+ uptake 
between control and chronically ethanol-exposed ceils. Chronic ethanol increased the 
NMDA-induced neuronal death by about 20-30%. Furthermore, the neuroprotective effect 
of acutely applied ethanol against the NMDA-induced cell death was diminished in chronic 
ethanol-treated cells. The induction of apoptotic cell death was assessed by pulse-field 
electrophoresis monitoring the appearance of high molecular weight DNA fragments. The 
NMDA-induced DNA fragmentation was similar in control and ethanol-exposed cells. 
Chronic ethanol treatment potentiated NMDA-induced AP-1 DNA binding without 
changing its protein composition. Our results may provide new insights into NMDA- 
regulated neuroadaptive processes induced chronic exposure to ethanol.

This study was supported by the Swedish Medical Research Council (project no. 7688).
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724.11
ALCOHOL AFFECTS THE SURVIVAL OF EMBRYONIC PURKINJE 
CELLS IN VITRO. J. J. Walker* and S. L. Laurinec, Department of Basic 
Medical Sciences, Purdue University, West Lafayette, IN 47907.

Cerebellar Purkinje cells have been shown to be particularly susceptible to 
the neurotoxic effects of alcohol. We are interested in whether alcohol alters 
the formation of connections in the developing cerebellum. One way in 
which alcohol could modify early cerebellar development is by altering the 
growth and survival of intrinsic cortical neurons. Since Purkinje cells are 
thought to play a critical role in the initial organization of afferent inputs, it is 
of interest to determine if alcohol effects developing Purkinje cells at an age 
when axons are first entering the cerebellar cortex. In the present study, we 
investigated whether alcohol exposure affects the survival of embryonic 
Purkinje cells grown in vitro. The cerebellum from El5 rats was dissociated 
into single cells and plated on a laminin-coated substrate in 24-well dishes. In 
cultures established at this age, the majority (80-85%) of the cerebellar 
neurons are Purkinje cells (confirmed by calbindin immunostaining). Forty- 
eight hours later, alcohol-containing media (200-800 mg/dl) was added to 
each well and the dishes were placed in a closed-chamber system inside a CO2 
incubator. Approximately 24 hours later the cells were mechanically 
dislodged from the substrate and counted. Our results show that at all 
concentrations tested, alcohol decreased the number of surviving Purkinje 
cells. The effect was dose-dependent and often correlated with a significant 
change in neurite length and morphology. These findings indicate that alcohol 
affects the survival of embryonic Purkinje cells and suggests that fetal alcohol 
exposure could play a role in altering afferent projections during the initial 
formation of cerebellar circuits. Supported by a grant from the Arc (JJW)

724.12
PHARMACOLOGICAL MANIPULATION OF THE p-ADRENERGIC 
RECEPTOR ALTERS THE EXPRESSION OF RAPID ACUTE NEURONAL 
TOLERANCE TO ETHANOL IN PURKINJE NEURONS OF LAS RATS. B.J. 
Pearson, R.K. Freund*, and M.R. Palmer. University of Colorado Health Sci. Ctr., 
Denver, CO 80262.

We previously reported that cerebellar Purkinje neurons from low alcohol 
sensitive (LAS) rats are less sensitive to ethanol (EtOH) and exhibit a higher 
incidence of rapid acute neuronal tolerance (RANT) to EtOH than those from high 
alcohol sensitive (HAS) rats. We also find that p-adrenergic mechanisms more 
effectively potentiate EtOH-induced depressions of Purkinje neurons in LAS rats. 
In the present study we investigated the hypothesis that desensitization of the p- 
adrenergic influence on EtOH-induced depressions in the cerebellum might 
mediate RANT to this EtOH effect in LAS rats. Extracellular action potentials 
from single cerebellar Purkinje neurons were recorded from multibarrelled 
micropipettes. EtOH was applied by pressure ejection, and isoproterenol (Iso) or 
timolol were applied from separate barrels. We found that the P-adrenergic 
antagonist timolol made LAS Purkinje neurons appear tolerant (less sensitive) to 
EtOH prior to the first EtOH application, than when there was no timolol present. 
Another p-adrenergic antagonist, propranolol, prevented recovery from RANT. 
When neurons were exposed to the p-adrenergic agonist Iso, the incidence of 
RANT was reduced relative to that when Iso was not applied. These data suggest 
that pharmacological manipulations of the p-adrenergic receptors can alter the 
expression of RANT to EtOH, and are consistent with the hypothesis that EtOH 
can promote desensitization of p-adrenergic mechanisms, resulting in RANT to 
EtOH effects on Purkinje neurons.
[Supported by USPHS grants AA05915, AA05868, AA03527 and AA00102; MRP 
is supported by an NIAAA Research Scientist Development Award.]

724.13
BDNF PREVENTS ETHANOL-INDUCED CHANGES IN INTRACELLULAR 
CALCIUM IN MEDIAL SEPTAL NEURONS. B.Webb*. M.A. King, M.B. 
Heaton, and D.W. Walker, University of Florida, V.A. Medical Center, Gainesville, 
FI 32610.

Acute ethanol treatment (AET) can cause changes in levels of intracellular 
calcium ([Ca2+]j) in medial septal (MS) and hippocampal neurons during 
potassium (K+) stimulation. These changes are altered in the presence of nerve 
growth factor (NGF). Brain derived neurotrophic factor (BDNF) may also alter the 
effect of AET on K+-stimulated changes in [Ca2+]i in neurons. We cultured 
embryonic (E21) rat MS neurons for 5 days in the presence of nerve growth factor 
(NGF). The cultures were treated with anti-NGF (0.7pg/ml) and either BDNF (20 
ng/ml) or anti-BDNF for 24 h and loaded with 2pm fura-2. Baseline [Ca2+]j 
measurements were taken. The buffer was exchanged for buffer containing KC1 
(30 mM), with or without 20 ng/ml BDNF, and with 200, 400, or 800 mg% ethanol 
(EtOH) or without EtOH. Fast responses were recorded for 30 sec and then every 
min for 10 min. K+-stimulation increased [Ca2+]j from 100 nM to 250 nM in un-
treated and BDNF-treated neurons. This increase in [Ca2+]i was potentiated by 
200 mg% and 400 mg% EtOH (350 nM) and inhibited by 800 mg% EtOH (122 
nM) in untreated neurons. In BDNF-treated neurons, treatment with 200 mg% 
EtOH potentiated the increase in [Ca2+]i (500 nM), 400 mg% EtOH had no effect, 
and 800 mg% EtOH resulted in lower [Ca2+]i (180 nM). These results indicate that 
during K+ stimulation, BDNF can act to prevent and partially reverse EtOH- 
induced changes in [Ca2+]j depending on the EtOH dose. The effects of EtOH on 
Ca2+ homeostasis may be an underlying mechanism of EtOH neurotoxicity. 
Neurotrophins such as NGF and BDNF may ameliorate the neurotoxic effects of 
EtOH by modulating Ca2+ homeostasis. Supported by NIAAA grants AA00200, 
AA09128, and AA10480; and the Medical Research Service Department of 
Veterans Affairs.

724.14
Alcohol-Induced Alterations in TGF-p Family Expression in 
Developing Cerebellar Explant Cultures. , R.E. McAlhany Jr.*: R.C. 
Miranda: R. H, Finnell; J, R, West Department of Human Anatomy & 
Neurobiology. Texas A&M University Health Science Center, College 
Station, TX 77843-1114.

Our laboratory has previously shown that glial derived 
neurotrophic factor (GDNF) a member of the TGF-(3 trophic factor 
family can attenuate alcohol-induced Purkinje cell loss in the 
developing cerebellum. We hypothesized that alcohol may alter the 
expression of survival factors like GDNF during development, therefore, 
exogenous addition of this factor attenuates the effects of alcohol. We 
therefore examined the expression TGF-(3 family mRNA in developing 
cerebellar organotypic explant cultures exposed to varying 
concentrations of ethanol. Organotypic explant cultures from one day 
old Sprague-Dawley rat pups were maintained in humidified roller tube 
assemblies and assigned to one of four treatments. Cultures were fed 
media alone on day one. On day two, cultures received 0.4, 0.6, 0.8% 
ethanol in media or media alone. On day five, media was removed and 
replaced with fresh media containing the same treatment as before. 
Total RNA was isolated from these cultures on day 6. Alteration of 
mRNA expression was determined by expression profiling (in situ 
transcription and antisense RNA amplification). Our results indicate 
that alcohol administration does not significantly alter trophic factor 
mRNA expression. While alcohol regulates trophic factor (GDNF)- 
dependent neuronal survival, these data suggest that it does so without 
directly regulating the expression of the TGF-(3 family of trophic 
factors. However, it is possible that alcohol may alter the expression of 
trophic factors post-transcriptionally to regulate neuronal survival in the 
developing cerebellum.
Supported in part by NIH Grants AA05523 (JRW), funds from Texas A&M 
University (RCM), and ES07165 (RHF).

724.15
EFFECT OF PRENATAL ETHANOL EXPOSURE ON NMDA RECEPTOR 
SUBUNIT EXPRESSION IN HIPPOCAMPAL FORMATION OF ADULT RAT 
OFFSPRING. G.M.O. Keidan,* A.J. de la Torre, K.E. McLeroy, L.L. Paxton 
and P.D. Savage. Department of Neurosciences, University of New Mexico 
Health Sciences Center, Albuquerque, New Mexico, 87131.

Prenatal ethanol (EtOH) exposure causes long lasting learning disabilities 
in affected offspring. Previous studies using a rat model of moderate fetal 
alcohol exposure (FAE) suggest that these disabilities are linked to deficits in 
NMDA receptor-dependent long term potentiation (LTP) in the hippocampal 
formation. Monaghan and colleagues have shown that brain regions 
expressing relatively high levels of the NMDA receptor 2B (NR2B) subunit 
display higher affinity for glutamate binding whereas regions with higher NR2A 
expression show lower affinity for agonist binding and higher affinity for 
antagonist binding. We hypothesized that a decrease in the ratio of NR2S to 
NR2A subunit expression in the hippocampal formation could be a mechanism 
contributing to the LTP deficit observed in FAE rats.

Rat dams consumed one of three diets throughout gestation: 1) a BioServ 
liquid diet containing 5% EtOH, which produces a mean nightly maternal peak 
blood ethanol concentration of 83 mg/dL, 2) pair-fed an isocalorically equivalent 
amount of 0% EtOH liquid diet or 3) iab chow ad libitum. The levels of NR2A and 
NR2B protein were measured using a quantitative immunodetection dot blot 
procedure in hippocampal P2 membrane fractions from adult offspring.

Contrary to our expectations, preliminary studies indicate that the ratio of 
NR2B/NR2A subunit expression in FAE rats is increased by 27% compared to 
both control diet groups. We speculate that this change may be a 
compensatory mechanism that develops in response to other FAE-induced 
neurochemical alterations that may contribute more directly to the observed 
LTP deficit. Supported by AA06548, RR08139 and Dedicated Research Funds 
of UNM HSC.

724.16
CHANGES IN HIPPOCAMPAL SYNAPTIC INHIBITION CAUSED BY 
PRENATAL EXPOSURE TO MODERATE LEVELS OF ETHANOL . M.J. 
Thomas*, M.P. Weisend, P.D. Savage, & R.J. Sutherland. Depts. of Psychology 
& Neuroscience., UNM, Albuquerque., NM 87131.
Prior studies have shown that hippocampal synaptic plasticity and spatial 
learning by adult rats are disrupted by prenatal exposure to moderate levels of 
ethanol (Sutherland et al., 1997 Hippocampus, in press). Allan et al. (submitted) 
have shown an exaggerated responsiveness to positive modulators of the GABAa  
receptors in the hippocampus of adults prenatally exposed to ethanol. GABAa  
receptors in the hippocampus can be studied using a paired-pulse technique. 
Given Allan’s results, the effect of exaggerated sensitivity to positive modulators 
would be to increase the inhibition of the evoked response to the second pulse. In 
the present study, we examine inhibition and facilitation of dentate gyrus evoked 
potentials produced by paired-pulse stimulation of perforant path in rats from 
three maternal diet conditions: 5% ethanol, pair fed control, and ad lib control. 
Paired-pulse intervals from 10 to 1000 msec were tested and recordings were 
made from ipsilateral hilar region of dentate gyrus. Measurements of field 
EPSPs and population spikes were made in anesthetized rats before and after 
injection of the GABAa  modulators diazepam (2.0 mg/kg) and alphaxalone (4.0 
mg/kg). Preliminary results indicate enhanced sensitivity to positive modulators 
at the benzodiazepine site in ethanol exposed rats. Inhibition of the population 
spike evoked by the second pulse was greater at short interpulse intervals and was 
apparent over a greater range of interpulse intervals. Thus, moderate prenatal 
ethanol exposure can produce enhanced responsiveness to positive modulators at 
the GABAa  receptor in the hippocampus. This enhanced responsiveness may 
produce dysfunctional inhibitory modulation of neural networks and may 
underlie a disturbance in processes of learning and memory. Supported by 
AA06548 and RAC grants.
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724.17
INCREASE IN GLUTAMATE SYNAPTIC TRANSMISSION 
FOLLOWING ETHANOL EXPOSURE IN ISOLATED NEONATAL RAT 
SPINAL CORD. S.M.E. Wong, D.L Tauck, and J.J. Kendig.* Dept. of 
Anesthesia, Stanford University, Stanford, CA 94305

Ethanol sensitivity may be influenced by acute functional tolerance. 
Rebound hyperresponsiveness on withdrawal is one manifestation of 
tolerance. In isolated neonatal rat spinal cord, the glutamate receptor- 
mediated monosynaptic reflex recovers to levels above control 
following exposure to ethanol at intoxicating through anesthetic 
concentrations. The present study examined the basis for 
hyperresponsiveness by determining the behavior of the underlying 
population EPSP. At 130 mM ethanol, the EPSP was depressed and 
recovered to levels significantly above control on washing (P<0.05). 
Time-matched controls did not significantly increase over time. The 
NMDA receptor antagonist CPP or the AMPA/kainate antagonist 
CNQX applied before and during ethanol exposure prevented 
increases in the remaining component when ethanol was washed off. 
However when CPP was washed off, the entire response recovered 
above initial control levels. Recovery after CNQX was incomplete but 
still trending upward. Both AMPA and NMDA receptors are necessary 
for the expression of the potentiation following ethanol. NMDA 
receptors are not essential for induction, and AMPA receptors may not 
be. The results may be relevant to one form of acute functional 
tolerance, which modulates apparent initial ethanol potency. 
Supported by NIH Grants NS13108 and GM47818 to JJK.

724.18
SEXUAL BEHAVIOR OF MALE MICE PRENATALLY TREATED 
WITH 1 mg/kg/d OF DIAZEPAM.
L.A.I. Hernandez-Alvarez*, A. Martinez-Vamas, B. Victoria-Romero,
A. Marquez-Orozco, Leon-Carmona J.C. and M.C. Marquez-Orozco.
Unit for Research in Reproduction. School of Medicine, BUAP and 
Dept. of Embryology. School of Medicine, UNAM, Mexico 04510 
D.F., Mexico.

We have shown in previous works, effects of prenatal exposure to 
diazepam (DZ) on CNS structure and sexually dimorphic 
reproductive behaviors of adult and senile mice, with 2.5 mg/kg/d of 
DZ. Our aim in this work was to asses the effect with minor doses 
in CD-1 strain male mice exposed in uterus to DZ. One group of 
female mice was s.c. treated with DZ (1 mg/kg/d) from 6th to 17th 
days of gestation and a control group received saline sol. On the 
6th month of age, the spontaneous offspring male sexual activity to 
receptive females was tested in 3 sessions (1/week). Tests were 
performed during the dark stage of the photoperiod and 
videorecorded under red light. Precopulating and copulating activities 
were evaluated. No difference was found in precopulating behaviors 
from both groups. During copulating stage adult DZ-treated males 
showed greater number of interruptions of intravaginal into mount 
series with ejaculation. Results indicate alterations in their capacity to 
mantain penile erection or a motor activity failure that interferes with 
this response and also suggest a biological exposure gradient since 
there are consistency with our findings in previous works.

724.19
BINGE ALCOHOL EXPOSURE ON POSTNATAL DAYS 7-9 IN 
RATS REDUCES THE RELATIVE NUMBER OF PARVALBUMIN- 
AND CHAT-IMMUNOREACTIVE NEURONS IN THE MEDIAL 
SEPTUM. T. B. Johnson and C. R. Goodlett*. Dept. of Psychology, 
IUPUI, Indianapolis, IN 46202-3275.

Binge alcohol exposure in neonatal rats on postnatal days (PD) 7-9 
induces significant place learning deficits (Goodlett et al., Neurobiol. 
Learn. Mem., 1995). The relative number of neurons in the medial 
septum/diagonal band of Broca, labeled immunohistochemically for 
parvalbumin (non-cholinergic sources of septo-hippocampal projections, 
Freund, Brain Res., 1989) or for choline acetyltransferase (ChAT), was 
counted in groups of rats exposed to binge alcohol on PD 7-9 (artificial 
rearing or intubation), treatment controls (artificial rearing or intubation), 
or normally reared controls. As adults, rats were perfused and 40-p.m- 
thick coronal frozen sections were collected through the anterior 
forebrain. Two series were saved representing a systematic random 
sample through the medial septal area (sampling fraction 1:4). Using 
cobalt-enhanced PAP immunohistochemistry, one series was processed 
for parvalbumin immunoreactivity (Sigma monoclonal antibody #P- 
3171, diluted 1:3000); the adjacent series was processed for ChAT 
immunoreactivity (Chemicon polyclonal AB 143, diluted 1:750). NIH 
Image software was used to count immunoreactive neurons within the 
medial septum/vertical limb, with the experimenter blind to treatment 
group. The alcohol treatment resulted in a significant reduction (-25%) 
in the number of parvalbumin-positive neurons, and a similar reduction 
in ChAT-positive neurons. Loss of septo-hippocampal projection 
neurons may contribute to the observed alcohol-induced deficits in 
spatial learning. (Supported by NIAAA grant #AA09596)

724.20
THERAPEUTIC MOTOR SKILL LEARNING AMELIORATES THE EFFECT OF 
EARLY POSTNATAL BINGE-LIKE ALCOHOL EXPOSURE ON MOTOR 
PERFORMANCE. A.Y.Klintsova*. R.M.Cowell, C.R.GoodlettL R.M.A.Napper2 
and W.T.Greenough. Depts. of Psych, and Cell & Struct. Biol., Neurosci. Prog, and 
Beckman Inst. Univ. of IL, Urbana IL 61801, 'Dept. of Psych., IUPUI, Indianapolis, 
IN 46202 and 2Univ. Otago, Dunedin, New Zealand.

Behavioral and morphological consequences of exposure to alcohol during the 
“brain growth spurt” (first 10 postnatal days in rats, comparable to human third 
trimester of pregnancy) include motor and learning deficits, reduced brain weight and 
selective loss of neurons. Using artificial rearing as an animal model of binge 
drinking in the third trimester of pregnancy, the present study investigated whether 
complex motor skill learning could affect performance on specific motor tasks. Rats 
were assigned to one of the following treatments on days P4-P9: alcohol exposure 
(AE) of 4.5g/kg/day; an artificially reared control (GC); or suckle control (SC). At the 
age of 6 months, one-third of the rats from each neonatal treatment underwent 20 days 
of complex motor training (rehabilitation condition, RC); another third ran on the flat 
track (motor condition, MC) and the rest remained in individual cages (inactive 
condition, IC). After completion of training, all animals were tested sequentially on 
rotating rod, parallel bars and climbing rope. Both male and female AE-IC animals 
exhibited severe deficits in performance on the rotating rod and parallel bars. Female 
AE-MC rats demonstrated a level of performance comparable with SC-IC and GC-IC 
animals, whereas male AE-MC rats made more mistakes. Most importantly, AE-RC 
animals performed significantly better than both AE-IC and AE-MC rats: their 
performance levels were comparable to control groups. These results together with 
previously demonstrated synaptogenesis after motor learning in cerebellum of ethanol- 
exposed rats indicate that complex motor training may have value as a rehabilitative 
program after exposure to alcohol in early development.
Supported by PHS AAO9838.

724.21
EFFECTS OF REPEATED AND CONTINUOUS EXPOSURE TO 
ETHANOL DURING ADOLESCENCE ON ADOLESCENT AND 
ADULT MICE. J, L, Diaz-Granados*. H, C, Becker, & R, R, Reich. Baylor 
University, Department of Psychology and Neuroscience, Waco, TX 76798 and 
Medical University of South Carolina and VAMC, Charleston, SC 29425.

Repeated episodes of ethanol (EtOH) withdrawal have been shown to exacerbate 
tlie severity of withdrawal seizures in adult C3H mice as compared to mice that 
have been withdrawn from EtOH a single time, even when equating the amount of 
total EtOH exposure across groups. The purpose of the present experiment was 
to examine the effects of repeated EtOH withdrawal experience during adolescence 
on die severity of subsequent withdrawal seizures in adolescent and adult C3H 
mice. On postnatal day 25-29 (PD 25-29), mice were divided into 4 treatment 
groups: a multiple withdrawal (MW) group received 4 cycles of 16 hr EtOH vapor 
separated by 8 hr periods of abstinence; a continuous exposure (CE) group 
received a continuous 64 hr bout of EtOH vapor; a single withdrawal (SW) group 
received a single 16 hr bout of EtOH; and controls (C) received no EtOH. At 
withdrawal, blood EtOH levels did not differ among the EtOH-exposed groups 
(190-220 mg%). One group of animals was tested, as adolescents, immediately 
after the final withdrawal. A separate group was returned to the colony until 
approximately PD70 and subsequently assigned to a MW group and compared to 
naive MW, SW, and C adult mice. Testing during adolescence, showed seizure 
severity was potentiated in the MW group as compared to SW and C. However, 
unlike adult mice, the adolescent CE group showed a greater exacerbation of 
withdrawal seizures as compared to the MW group. Testing during adulthood 
showed an exacerbation of seizure severity in both the previously treated and naive 
MW groups. Furthermore, adult mice having undergone CE treatment in 
adolescence showed a greater withdrawal seizure response during adulthood. These 
results suggest a differential EtOH withdrawal response in the adolescent period 
and an enduring effect of chronic EtOH exposure during adolescence on subsequent 
EtOH withdrawals during adulthood. Supported by NIAAA and VAMC.

724.22
VOLUNTARY ETHANOL CONSUMPTION DURING ADOLESCENCE 
IN GOLDEN HAMSTERS ELEVATES BLOOD TESTOSTERONE AND 
INCREASES AGGRESSION IN EARLY ADULTHOOD. Keren 
Shtiegman, Jean A. King, and Craig F. Ferris* Neuropsychiatric Sciences 
Program, Psychiatry Department, University of Massachusetts Medical 
Center, 55 Lake Avenue North, Worcester, MA 01655.

Golden hamsters will readily ingest ETOH in a free choice paradigm.
The present work was undertaken to study the long term biological and 
behavioral consequences of voluntary ETOH ingestion during adolescence 
in this species. Starting on postnatal day 25 (P25) and ending on P42, 
adolescent male golden hamsters (n=36) voluntarily ingested an average of 
12 ml/day of 15% ETOH resulting in blood ethanol concentrations between 
40 to 130 mg/dl. Over this adolescent period, there was no difference in 
body weights between ETOH animals and their sucrose-yolked controls. 
Testosterone (T) levels peaked in ETOH animals on P-35 exceeding those 
of their sucrose-yolked controls by three-fold. However, by P-50 the levels 
of T were comparable in both groups. There were no signs of physical 
dependence when ETOH was withheld after P42. When tested for 
aggression on P-45, three days after the cessation of ETOH consumption, 
hamsters displayed shorter attack latencies and more bites towards intruders 
than their sucrose-yolked controls. These data suggest that hamsters may be 
used as an animal model for studying the long term effects of adolescent 
ETOH exposure, (supported by MH-52280 to CFF)

All animals were acquired and cared for in accordance with the 
guidelines published in the NIH Guide for the Care and Use of Laboratory 
Animals
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724.23
JUVENILE ALCOHOL CONSUMPTION IN THE RAT INDUCES BEHAVIORAL 
CHANGES EVIDENT LATER IN ADULTHOOD. D, Siciliano. R, F. Smith*. L. 
Morin, and D.K. Raap. Dept of Psychology, George Mason U,, Fairfax, VA 22030, 
and Dept. Pharmacology, Loyola U. Chicago, Stritch Sch. Med., Maywood, IL 60153.

Little data on long-term effects of alcohol (EtOH) consumption by juveniles is 
currently available. To evaluate possible effects, rats were given 5% or 10% EtOH as 
sole fluid, or tap water, from P21 through P70. The 10% EtOH resulted in a male- 
limited reduction in body weights of about 6%. The 10% EtOH also reduced fluid 
consumption by about 25 % in both genders.

After P100, several behaviors were evaluated. Choice of EtOH vs water was 
measured tbr 10 days, randomly alternating bottle positions. In males, the juvenile 10% 
experience increased adult EtOH consumption by approx 60% (dose x sex interaction, 
F(l,36)=8.07, p< .01)), but females exhibited no significant effect. In a Morris maze, 
we found a highly significant dose x day interaction (F(6,81)=5.23, p<.0001) for 
latency to find the platform. The effect was attributable to 5% males exhibiting a 
decrease in latency to find the platform on Day 4 of testing. We also found a group x 
trial interaction (F(2.27)=3.42, p < .05), reflecting a shorter latency on the second trial 
of each day in the 10% dosed females. Finally, there was a significant dose x day 
interaction (F(28,1566)= 1.51, p< .02) on a DRL-20 reinforcement schedule, with 5% 
and 10% EtOH having opposite effects on reinforcements received. There was also a 
significant dose x day interaction on response efficiency (F(28,1566)= 1.47, p< .02); 
the magnitude of effects on DRL, however, was modest.

These data suggest that chronic consumption of EtOH, a drug commonly abused by 
human children, can result in significant alterations in behavior later in adulthood, 
including both later consumption of alcohol, and later cognitive functioning.

Tliis work was supported by a Provost's Research Grant and a graduate assistantship 
from George Mason University.

724.24
DEVELOPMENT OF ADULT ETHANOL PREFERENCE AS A CONSEQUENCE OF 
MATERNAL SEPARATION IN NEONATAL LONG EVANS RATS. R. Huot*, K.V, 
Thrivikraman and P.M, Plotskv. Stress Neurobiology Laboratory, Dept. of 
Psychiatry & Behavioral Sciences, Emory Univ., Atlanta, GA 30322.

Genetic and environmental factors contribute to the probability that an 
animal with consume ethanol. Previous studies have demonstrated that 
early adverse experience is often associated with increased alcohol 
consumption in primates and rodents. In the current study, we have 
evaluated the development of alcohol preference in a rodent model of 
moderate neonatal maternal deprivation in which rat pups were exposed to 
either 15 min (HMS15) or 180 min (HMS180) of maternal separation from 
postnatal day (PND) 2-14. Adult (PND>60) male Long Evans rats were 
tested for pituitary-adrenal axis responsiveness, anxiety-like behavior, 
and alcohol preference. In response to home cage airpuff startle, HMS180 
rats displayed a 3.2-fold elevation (p<0.001) in the integrated ACTH 
response versus the HMS15 rats. When tested in an elevated plus maze the 
HMS180 rats spent significantly less time in the open arms than did the 
HMS15 rats (11±2 vs 38+3 sec, respectively) and 1.4-fold more time in 
the closed arms. There were no significant differences in 24hr water intake 
or in preference for a 2.5% sucrose solution between the groups. However, 
in a home cage two bottle free choice test between 2.5% sucrose and 8% 
ETOH in 2.5% sucrose the HMS180 rats exhibited a strong preference for 
the ETOH solution, drinking 35+3% (mean+sem) of their 24hr fluid intake as 
ETOH solution. Alcohol consumption in the HMS15 and HMS180 rats was 
0.58+0. was 0.58+0.07 g/kgBW versus 3.87 +0.2 g/kgBW, respectively. 
Pretreatment of the the HMS180 rats with the serotonin reuptake inhibitor 
paroxetine for 21 but not 14 days reversed the ETOH preference in HMS180 
rats. These observations suggest that this maternal separation model 
causes long-term alterations in neuronal systems associated with alcohol 
preference and anxiety. (Supported by grant MH50113)

724.25
SUSTAINED ATTENTION IN FETAL ALCOHOL EXPOSED RATS 
FOLLOWING SYSTEMIC ADMINISTRATION OF CHOLINERGIC 
DRUG. A.H. Nagahara*, J. Dowd, and R.J. Handa. Depart. Celt Biology, 
Neurobiol. & Anatomy. Loyola University Chicago, Maywood, IL 60153.

Children with fetal alcohol syndrome exhibit attentional deficits, 
hyperactivity, and memory impairments. Fetal alcohol exposed (FAE) 
rats have been shown to exhibit hyperactivity and memory deficits. The 
present study examined the effect of fetal alcohol exposure in rats on a 
sustained attention task and the role of the cholinergic sysrem. Subjects 
were adult male offspring of Sprague-Dawley rats fed a 35% ethanol- 
derived caloric diet, pair-fed with sucrose, or control-fed with lab chow 
during the last two weeks of gestation. Rats were rewarded on this 
vigilance task for pressing one lever following a light cue and the opposite 
lever in the absence of a light cue. Following training at 2-sec and 1-sec 
light cues, rats were trained to detect of one of three light cues (500, 100, 
50 msec). Then rats were trained under various conditions (cue duration, 
intertrial interval) and following systemic administration of cholinergic 
drugs. FAE rats showed impaired vigilance performance on the initial 
training session with the three light cues, but normal performance with 
additional training and under different test conditions. However, FAE rats 
showed a greater impairment in the detection of the light cue following 
administration of the muscarinic antagonist scopolamine. In addition, 
control rats, but not FAE rats, showed a dose-dependent enhancement in 
the detection of the light following administration of nicotine. These 
findings indicate that FAE rats exhibit altered performance in this 
vigilance task that may be mediated by changes in the cholinergic system. 
Preliminary findings indicate that nicotinic and muscarinic receptor 
binding in FAE rats are not altered in the brain regions examined. Other 
cholinergic markers will be examined in the brains of these rats. 
Supported by K21-AA00192 (AHN) and USPHS AA08696 (RH).

724.26
THE EFFECTS OF FETAL ALCOHOL EXPOSURE ON RAT CORPUS 
CALLOSUM CELLS IN THE VISUAL CORTEX. A.C. Tufan* and A.J. 
Elberger. Dept. of Anatomy and Neurobiology, The University of 
Tennessee, Memphis, College of Medicine, Memphis, TN 38163.

Humans with high levels of fetal alcohol exposure may show a thin or 
absent corpus callosum (CC). A rat model for fetal alcohol exposure was 
used to determine if such abnormalities are due to reduced CC cell numbers, 
as well as whether CC cell body size and dendritic branching were 
abnormal.

Pregnant rats were given alcohol (EtOH), or an isocaloric equivalent of 
maltose dextrin (PF) as a control, by intragastric intubation. A third group 
of pregnant rats served as normal controls (CHOW). The EtOH dams were 
given doses of EtOH on gestation day (G) 1-20 that caused peak blood 
alcohol concentrations (BACs) of 250-400 mg/dl. Rat pups were 
transcardially perfused with 4% paraformaldehyde during postnatal weeks 
1-3. In sagittally bisected brains, crystals of Dil were applied to the 
anteroposterior extent of the CC bundle. Tissue was stored in the dark at 
37° C during Dil diffusion. Sections of 100//m were examined with a 
confocal laser scanning microscope.

The number of CC cells in EtOH was approximately 50% lower than in PF 
(p< 0.0001), with no differences between PF and CHOW controls. Cell 
body sizes in EtOH were approximately 8% smaller than in PF (p< 0.05). 
No differences were found between PF and CHOW controls. The number of 
primary basilar dendrites in EtOH was approximately 50% lower than in PF 
(p< 0.0001). No differences were found between PF and CHOW controls. 
These results provide further evidence of fetal alcohol exposure's 
teratogenic effects on CC development.

Supported by NIAAA grant 11325 (AJE).

724.27
LOW DOSE FETAL ALCOHOL EXPOSURE CAUSES SIGNIFICANT 
ABNORMALITIES IN CORPUS CALLOSUM DEVELOPMENT. A.J. Elberger* 
and D.J. Livy. Dept. of Anatomy and Neurobiology, The University of 
Tennessee, Memphis, College of Medicine, Memphis, TN 38163.

Some humans with high levels of fetal alcohol exposure show corpus 
callosum (CC) abnormalities. We have previously reported a similar result in 
the rat model for fetal alcohol exposure. The goal of this study is to use the 
rat model to determine whether low doses of fetal alcohol exposure will also 
cause CC abnormalities.

Pregnant rats were given alcohol (EtOH), or an isocaloric equivalent of 
maltose dextrin (PF) as a control, by intragastric intubation. A third group 
of pregnant rats served as normal controls (CHOW). The EtOH dams were 
given doses of EtOH on gestation day (G) 1-20 that caused peak blood 
alcohol concentrations (BACs) of <100 mg/dl. Rat pups were transcardially 
perfused with 4% paraformaldehyde during postnatal weeks 1-3. In 
sagittally bisected brains, crystals of Dil were applied to the anteroposterior 
extent of the midsagittal CC bundle. The tissue was stored in the dark at 
37° C during Dil diffusion. Sections 100//m thick were examined with 
epifluorescent and confocal laser scanning microscopes.

The EtOH rats displayed several types of significant abnormalities in CC 
connections. There were frequent examples of misoriented CC pyramidal 
cells with apical dendrites oriented toward the white matter or at oblique 
angles to the pial surface; this occurred at a proportionally higher frequency 
than has been observed in higher dose EtOH rats. In addition, there was a 
high incidence of CC cells located in deep layer VI as well as within the 
white matter which was not observed in controls or higher dose EtOH rats. 
The results show that low doses of fetal alcohol exposure are teratogenic 
to the developing brain. Supported by NIAAA grant 11325 (AJE).

724.28
FETAL ALCOHOL EXPOSURE ALTERS THE MORPHOLOGY AND 
DISTRIBUTION OF CORPUS CALLOSUM CELLS OF ORIGIN IN FETAL RATS. 
D.J. Livy*, A.J. Elberger, S.E. Maier and J.R. West. Depts. of Anatomy and 
Neurobiology, The University of Tennessee, Memphis, College of Medicine, 
Memphis TN 38163 and Texas A&M University, College Station, TX 77843.

Humans with fetal alcohol exposure show abnormalities of the corpus 
callosum (CC), and we have previously found that rats exposed to alcohol 
in utero show prenatal and postnatal CC abnormalities. The goals of this 
study are to provide a more detailed description and quantification of the 
prenatal CC abnormalities that result from fetal alcohol exposure in the rat.

Pregnant rats were given alcohol (EtOH), or an isocaloric equivalent of 
maltose dextrin (PF) as a control, by intragastric intubation. A third group 
of pregnant rats served as normal controls (CHOW). The EtOH dams were 
given doses of EtOH on gestation day (G) 1-20 that caused peak blood 
alcohol concentrations (BACs) of 201-437 mg/dl. Brains were fixed with 4% 
paraformaldehyde at G21. In sagittally bisected brains, crystals of Dil were 
applied to the anteroposterior extent of the CC bundle. Tissue was stored 
in the dark at 37° C during Dil diffusion. Sections 100pm thick were 
examined with epifluorescent and confocal laser scanning microscopes.

Compared to controls, many CC cells in EtOH rats were misoriented. The 
CC cells in EtOH rats were distributed at all depths between the white 
matter and the marginal layer, while CC cells in controls were more radially 
restricted. The CC cells in the controls were organized into discrete bundles 
with regular tangential spacing, while CC cells in EtOH rats were less well 
organized. These results show that long-term prenatal alcohol exposure 
produces significant effects on the organization and morphology of the CC. 
These effects are manifested prenatally, and continue during postnatal 
development. Supported by NIAAA grants 11325 (AJE) and 10090 (JRW).
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724.29
THE IMPACT OF CHRONIC METHYLPHENIDATE ON 
LOCOMOTOR ACTIVITY AND DOPAMINE RECEPTORS IN RATS 
PRENATALLY EXPOSED TO ALCOHOL. S, Randall* and J. H. 
Hannigan. Fetal Alcohol Research Center, Wayne State University, 
Detroit, MI, 48201.

Prenatal alcohol exposure can cause a number of central nervous system 
abnormalities referred to as Alcohol-Related Neurodevelopmental Disorder 
(ARND). Chronic methylphenidate (Ritalin®) is used as a 
psychopharmacological challenge to elucidate alterations in dopamine 
binding sites in rats exposed prenatally to alcohol.

Pregnant Long Evans dams were intubated with 0, 3 or 5 g/kg/day of 
ethanol from day 8 to 20. The untreated control group was given ab lib 
chow throughout pregnancy. Adult rat offspring at postnatal days 90 - 150 
received intraperitoneal injections of 0, 4 or 8 mg/kg of methylphendiate 
every three days for 21 days and were tested for locomotor activity at 
various intervals during the injection schedule and again two weeks later. 
Autoradiographic investigation of dopamine DI and D2 in brain receptors 
were assessed by [3H]SCH 23390 and [3H]raclopride, respectively. The 
results indicate that chronic methylphenidate exhibited a dose depended 
sensitization of locomotor activity. In utero alcohol and chronic 
methylphenidate did not affect dopamine DI binding sites in any of the 6 
areas assessed in adult rats. Chronic methylphenidate in the low dose 
alcohol group caused an increase in the number of dopamine D2 binding 
sites in the ventral and dorsal striatum. Supported by grants AA06721 
(NIAA) and MBRS grant GM 08167.

COCAINE: SEROTONERGIC MECHANISMS

725.1
SEROTONERGIC MODULATION OF COCAINE SELF-ADMINIS-
TRATION IN SQUIRREL MONKEYS. P. W. Czoty*, J. E. Majors 
and L. L. Howell. Yerkes Regional Primate Research Center, Emory 
University, Atlanta, GA 30322.

Recent evidence has indicated that brain serotonergic systems repre-
sent a potential target for treatment medications for cocaine addiction. 
A variety of serotonergic compounds reliably alter the behavioral- 
stimulant effects of cocaine. The present study used a self-administra-
tion paradigm to assess the ability of dugs with selective serotonergic 
actions to modulate the reinforcing effects of cocaine in squirrel 
monkeys. Using a second-order schedule of reinforcement, subjects 
were trained to self-administer cocaine (0.03-1.0 mg/kg/injection) via a 
chronic, indwelling catheter implanted in the femoral or external jugular 
vein. Following characterization of cocaine self-administration, effects 
of pretreatment with drugs having selective actions on the serotonergic 
system were assessed. The serotonin uptake inhibitor, alaproclate (3.0 
and 10.0 mg/kg), and the serotonin direct agonist, quipazine (0.3-3.0 
mg/kg), reduced response rates for cocaine in a dose-dependent manner, 
consistent with an attenuation of the reinforcing effects of cocaine. 
These results complement published data demonstrating that the 
serotonin antagonist, ritanserin, increased response rate for cocaine, 
and demonstrate that pharmacological modulation of brain serotonergic 
activity can reliably alter cocaine self-administration in monkeys. 
(Supported by USPHS grants DA-01162 and RR-00165).

725.2
WITHDRAWAL FROM CHRONIC COCAINE EXPOSURE PRODUCES 
DEFICITS IN d-FENFLURAMINE-SENSITIVE POOL OF SEROTONIN.
N.A, Darmani*. Dept. of Pharmacology, KCOM, Kirksville, MO 63501.

In vivo microdialysis studies have shown that abstinence from unlimited 
access to i.v. cocaine self-administration attenuates brain extracellular 5-HT 
levels. Withdrawal from repeated cocaine administration also attenuates both 
the capacity of L-tryptophan to induce the head-twitch response (HTR) in 
mice and the ability of d-fenfluramine to release neuroendocrine hormones. 
The HTR is an in vivo model for the activation of 5-HT^ receptors. The 
purpose of the present study was to evaluate whether cocaine abstinence 
affects the frequency of d-fenfluramine-induced HTR. Thus, mice were 
injected twice daily with varying doses of cocaine (0, 0.1, 0.5, 5 and 10 
mg/kg, n = 6-7) for either 7 or 13 days. Animals were injected with 5 
mg/kg d-fenfluramine 24 h after last injection and the induced HTRs 
(mean+SEM) were recorded for the next 30 min. Cocaine exposure 
significantly attenuated the HTR up to 37% in the 13-day regimen. In the 7- 
day exposure group, although mean HTRs were attenuated, they however did 
not achieve significance. In the second series of experiments the effects of 
prolonged withdrawal from both exposure regimens were further investigated 
for 0.5 and 5 mg/kg doses of cocaine at 24, 48, 72 and 96 h postcocaine 
withdrawal. In the 7-day regimen, significant attenuations (26, 39 and 22%) 
occurred at 48, 72 and 96 h following withdrawal from 0.5 mg/kg cocaine, 
whereas the 5 mg/kg cocaine dose had no effect. In the 13-day group, 
significant reductions were observed at 24 h abstinence for the 0.5 mg/kg 
dose (27% decrease), and at 24 and 48 h (27 and 39%) for the 5 mg/kg 
cocaine. It is concluded that withdrawal from prolonged cocaine exposure 
can induce deficits in the basal concentration of d-fenfluramine-sensitive pool 
of presynaptic 5-HT stores. Supported by NIDA grant DA 07627.

725.3
WITHDRAWAL FROM CHRONIC COCAINE EXPOSURE PRODUCES 
DEFICITS IN 5-HYDROXYTRYPTOPHAN (5-HTP)-INDUCED HEAD- 
TWITCH RESPONSE (HTR) IN MICE. N, Uray* and N.A, Darmani. 
Depts. of Pharmacology and Anatomy, KCOM, Kirksville, MO 63501.

Microdialysis studies have indicated that abstinence from chronic cocaine 
exposure can cause deficits in brain serotonin. Withdrawal from cocaine 
exposure also attenuates the ability of d-fenfluramine and L-tryptophan to 
produce the HTR in mice. HTR is a functional model for the activation of 
5-HTja  receptors. The purpose of the present study was to investigate 
whether abstinence from chronic cocaine exposure can alter the 5-HTP- 
induced HTR. Thus, different groups of mice were injected with cocaine 
twice daily (0, 0.1, 0.5, 2.5, 5 or 10 mg/kg, i.p.) for 7 or 13 days. During 
HTR testing, at 24 h after the last injection, treated mice received either 1) 
no cocaine; 2) their corresponding daily dose; or 3) a 10 mg/kg dose. In 
paradigm 1, the 5-HTP-induced HTR frequency was attenuated (30 and 24%, 
p<0.05) at 0.5 and 2.5 mg/kg doses of cocaine in the 7-day regimen but 
reductions in the 13-day exposure group did not attain significance. In 
paradigm 2, in the 7-day regimen the HTR was reduced (44%, p<0.05) at 
0.1 mg/kg dose but was enhanced at 10 mg/kg (78%, p<0.05), whereas in 
the 13-day group potentiations were seen at 5 and 10 mg/kg (100 and 220%, 
p<0.05). In the 3rd paradigm, the HTR was attenuated by 0.5, 5 and 10 
mg/kg doses of cocaine (24-47%, p<0.05) in the 7-day exposure group, and 
in the 13-day regimen a significant potentiation was observed at 5 mg/kg. 
Prolonged withdrawal studies (48-96 h postcocaine withdrawal) indicated that 
enduring deficits occur in 5-HTP-induced HTR in the 3 experimental 
paradigms in both 7 and 13 day exposure regiments. The results suggest that 
abstinence from repeated cocaine exposure produces deficits in presynaptic 
serotonin function. This study was supported by NIDA grant DA 07627.

725.4
FURTHER ASSESSMENT OF THE MODULATORY EFFECTS OF 5-HT IB 
AGONISTS ON THE DISCRIMINATIVE STIMULUS PROPERTIES OF 
PSYCHOSTIMULANTS. P.M. Callahan, K.M. Johnson* and K.A. Cunningham. 
Dept. of Pharmacology, Univ. of Texas Medical Br., Galveston, TX 77555-1031.

A modulatory role for 5-HT1B receptor agonists on the subjective and rewarding 
properties of psychostimulants has been described. In the present study, we assessed 
further the ability of 5-HT1B compounds to modulate the discriminative stimulus 
effects of amphetamine (1 mg/kg) and cocaine (10 mg/kg) in rats using a two-lever 
(drug vs. saline), water-reinforced FR20 task. Whereas the 5-HT1B agonists CP 
94253 (1.25-5 mg/kg) and RU 24969 (0.25-2 mg/kg) engendered primarily saline- 
lever responding in the amphetamine discrimination, coadministration of either RU 
24969 (0.5 mg/kg) or CP 94253 (2.5 mg/kg) resulted in a significant leftward shift 
in the amphetamine dose-response curve (0.125-0.5 mg/kg). CP 94253 (2.5 mg/kg) 
also enhanced subthreshold doses of cocaine (1.25-2.5 mg/kg). Administration of the 
5-HT1B/D antagonist GR 127935 (1-8 mg/kg) neither mimicked nor antagonized the 
cocaine cue. GR 127935 (2 & 8 mg/kg) also did not reverse the CP 94253-induced 
enhancement of either stimulant cue. The 5-HT1B agonist-induced enhancement of 
amphetamine and cocaine supports our previous work (Callahan and Cunningham, 
1995, JPET 274:1414-1424), however, the inability of the GR 127935 to antagonize 
cocaine or the CP 94253-induced enhancement of either stimulant questions the 
involvement of 5-HT1B receptors in eliciting the current behavioral effects. Since 5- 
HT1B compounds are capable of differentially modulating pre- vs. postsynaptic 5- 
HT1B receptors as well as the 5-HT transporter, further pharmacological analysis 
is required before the exact underlying mechanism of action is disclosed.

[Supported by NIDA DA 06511 and DA 00260]
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725.5
EFFECTS OF CHRONIC COCAINE ON SEROTONIN (5-HT) 
TRANSPORTER, 5-HT1A AND ESTROGEN RECEPTOR mRNA 
IN FEMALE RAT BRAIN. J.M. Scalzitti,* S. Sell, M.L. Thomas, and
K.A. Cunningham. Dept. of Pharmacology and Toxicology, University 
of Texas Medical Branch, Galveston, TX, 77555

The locomotor response of female rats to chronic cocaine exposure is more 
dramatic than in males. We hypothesized that gender differences in expression 
of the serotonin transporter (5-HTT) and serotonin-1A (5-HT j a ) receptor 
mRNA are associated with these differences in the behavioral response to 
chronic cocaine. To begin to address this hypothesis, intact female rats were 
given cocaine for 5 days (10 mg/kg, ip). Rats were sacrificed ten days later. 
Amygdala and midbrain were collected for determination of 5-HTT and 5- 
HTja  receptor mRNA by ribonuclease protection assay. In addition, mRNA 
for the classical estrogen receptor (ERa) and the newly described ERB were 
measured to determine whether these receptors regulate in response to chronic 
cocaine in females. Cocaine-treated animals showed significant increases in 
midbrain 5-HTT (27%, p=0.05) and 5-HT j a  receptor mRNA levels (32%, p =
0.03) without changes in midbrain ERa or ERP mRNA. However, ERa mRNA 
in amygdala decreased significantly (37%, p=0.05) while there was no change in 
ERP or 5-HTi a  receptor mRNA levels in this brain area. Thus, chronic cocaine 
exposure is associated with differential changes in ERa, 5-HTT and 5-HT j a  
receptors in female brain.

Supported by NARSAD, DA07287 and DA00260.

725.6
TURNOVER KINETICS OF 5-HT1A RECEPTORS IN RATS EXPOSED 
PRENATALLY TO COCAINE A, Vicentic*, T, Cabrera, F, Garcia, W. Pinto,
L. Schutz, and G. Battaglia. Dept.Pharmacol. Loyola Univ.Chicago, Stritch School 
of Medicine Maywood, IL

Drug-induced alterations in steady state receptor density [Bmax]ss can result from 
changes in rates of receptor production [r] and receptor degradation [k]. The present 
study examines the effects of in utero exposure to cocaine on cortical 5-HT1A [Bmax] 
and 5-HTia  receptor turnover parameters:[r], [k] and the half life of receptor 
turnover [ft/2] in rat offspring. Pregnant, Sprague-Dawley rats received either saline 
or (-)cocaine HCI (15 mg/kg, s.c., b.i.d) from gestational day 13 through 20. Adult, 
male offspring (postnatal day 70) were injected with either vehicle or EEDQ (10 
mg/kg, ip) and sacrificed at 6, 24, 72, 120, 168, 240 and 336 post injection. Six 
hours post-injection, EEDQ decreased the Bmax of 5-HTiA receptors to a comparable 
extent (85%) in both cocaine and saline offspring. Significant receptor repopulation 
was observed up to 240 hrs when Bmax reached control values in both cocaine and 
saline offspring. The repopulation kinetics of receptors after irreversible inactivation 
can be described by monoexponentional equation [Bmax]t=(r/k)(l-e'kt). The 
logarithmic transformation of this equation was used to determine degradation rate 
constant [k] (0.0084 hr'1 for cocaine vs 0.0077 hr'1 for saline offspring). Half life 
[ti/2]I of 5-HTiAreceptor recovery was 82.5 hr in cocaine and 87.72 hr in control 
offspring. Since [k] depends on ti/2, comparable [ti/2] values suggested no overall 
difference in [k]- From [Bmax]ss=r/k, we measured [r] of 0.818 fmol/mg protein/hr 
in cocaine and 0.921 fmol/mg protein/hr in control offspring. The results indicate 
that prenatal exposure to cocaine does not alter either [Bmax]ss or kinetic parameters 
of cortical 5-HTiA receptor. However, these data do not preclude the possibility that 
kinetic parameters of other cortical 5-HT receptor subtypes or 5-HT receptor 
subtypes in other brain regions may be altered by in utero exposure to cocaine. 
(Supported by NIDA, DA 07741 )

725.7
MODULATION OF COCAINE-INDUCED HYPERACTIVITY BY 5-HT2C 
RECEPTORS. A.C. McCreary* and K.A. Cunningham, Dept. Pharmacol, Univ. 
of Texas Medical Branch, Galveston, Texas, 77555-1031.

Chronic SSRIs induced desensitization of 5-HT2C receptors (Kennett et al., 
1994; Neuropharmacol. 33: 1581). It has been established that cocaine (COC) is 
a 5-HT reuptake blocker. Moreover, 5-HT2C agonists attenuated the discrimina-
tive stimulus effects of COC (Callahan and Cunningham, 1995; JPET 274: 
1414). We have therefore investigated the effects of 5-HT2C receptor modula-
tion upon COC-induced locomotor activity and assessed 5-HT2C function in 
COC-sensitized rats. The modulatory actions of the 5-HT2C/2B antagonist 
SB206553 (10.0 mg/kg p.o.) were also assessed on COC-induced locomotor ac-
tivity (15 mg/kg i.p.). Rats sensitized to COC (15 mg/kg i.p., b.i.d. for 7 days) 
exhibited exacerbated hypolocomotor responses to peripheral and vertical activ-
ity induced by the 5-HT2C agonist MK212 (2 mg/kg i.p.) vs. saline pretreated 
controls (p<0.05). Moreover, there was a trend towards a reduction of COC- 
induced peripheral and rearing activity by SB206553 pretreatment. These pre-
liminary data suggest that COC sensitization results in changes in 5-HT2C re-
ceptors, which are manifested by an increase in sensitivity to the hypolocomotor 
effects of a 5-HT2C agonist. We are currently investigating the effects of COC 
sensitization on the dose dependent reduction in 5-HT2C agonist-induced sup-
pression of dopamine neurons in the ventral tegmental area and further assessing 
the dose-effect curve for SB206553 to antagonize the acute locomotor actions of 
COC.
Supported by DA 00260 and DA 06511

725.8
INCREASED IV COCAINE SELF-ADMINISTRATION UNDER PR 
SCHEDULE IN 5-HT1B RECEPTOR KNOCKOUT MICE. B A. 
Rocha. R. Ator, D. Barker* and ’R. Hen. UNTHSC, Fort Worth, TX 
76107; ’Columbia University, New York, NY 10032.

The present experiment tested the hypothesis that serotonin 5-HT IB 
receptors are implicated in the reinforcing efficacy of cocaine. For this 
purpose 129/Sv-ter male mice lacking 5-HT1B receptors (knockout mice; 
n=9) and the wild-type (n=3) were tested in cocaine IV self-administration 
under progressive ratio (PR) schedule. Subjects were initially trained to 
press a lever for food as a reinforcer, and subsequently implanted with a 
permanent indwelling jugular catheter. Two days after surgery, mice 
started cocaine (2.0 mg/kg/inj) self-administration acquisition under a fixed 
ratio 1 (FR1) schedule. Once acquisition criteria (75% of active lever 
pressings and at least 16/20 injections within 3-h for three consecutive 
days) was obtained, mice were switched to the PR schedule, and allowed to 
self-administer cocaine for 3-h, upon completion of each ratio, in an 
exponential sequence from 2 to 603. Once stability under the PR schedule 
(number of reinforcers per session not differing by more than 2, for three 
consecutive days) was obtained, mice were tested with different doses of 
cocaine (1.0-4.0 mg/kg/inj); one dose per day, over three consecutive days. 
Knockout mice obtained a significant higher number of reinforcers than the 
wild-type at all doses tested. These results suggest that 5-HT, through the 
activation of 5-HT1B receptors, plays a major inhibitory role in the 
reinforcing efficacy of cocaine. Supported by R01 DA 4137.

725.9
Analysis of brain serotonin and dopamine synthesis 
after cocaethylene administration in two rat strains. 
J.M. Horowitz* M-B. Kristal . G, Torres M. Baumannf.
Behavioral Neuroscience Program. Department of 
Psychology. State University of New York at Buffalo. 
Buffalo, New York 14260; Clinical Psychopharmacology 
Sectionf. NIDA. Addiction Research Center. National 
Institutes of Health. Baltimore, Maryland 21224.

The present experiments were carried out to assess the effects 
of cocaethylene exposure on serotonin (5-HT) and dopamine (DA) 
synthesis in the cingulate cortex, caudate nucleus and nucleus 
accumbens of Sprague-Dawley (SD) and Long-Evans (LE) rat brains. 
Intracellular accumulation of 5-hydroxytryptophan (5-HTP) and L-
3,4 dihydroxyphenylalanine (L-DOPA) were measured using HPLC 
analysis. Sixty minutes after cocaethylene (20 mg/kg; IP) or saline 
injections, the rats were sacrificed and their brains microdissected 
into the aforementioned telencephalic regions. We found no 
significant differences in basal levels of 5-HTP or L-DOPA, nor 
were strain differences detected in levels of these two monoamine 
precursors after cocaethylene exposure for any of the brain regions 
examined. However, cocaethylene had a significantly greater impact 
on DA synthesis than on 5-HT synthesis in both rat strains. 
Furthermore, this impact varied across brain regions, with the 
caudate nucleus and nucleus accumbens exhibiting greater changes 
in DA synthesis than did the cingulate cortex. These results are 
discussed in terms of genetic background for strain variation and 
behavioral responsiveness to cocaethylene. Supported in part by a 
RFA of SUNY to GT.

725.10
CHRONIC COCAINE ALTERS SEROTONIN UPTAKE SITES MEAS-
URED AUTORADIOGRAPHICALLY USING 3H-PAROXETINE. R.L. 
Peltier*, G.F. Guerin, B.D. Irby and N.E. Goeders. Dept. of Pharmacol-
ogy and Therapeutics, LSU Medical Center, Shreveport, LA 71130.

Chronic cocaine (COC; 10 mg/kg; ip) administered before daily fixed 
consecutive number 8 (FCN 8) training sessions produced tolerance to 
the effects of COC while the same dose of COC on food-maintained re-
sponding given after daily FCN 8 training sessions produced sensitization 
(Goeders et. al., Pharmacol. Biochem. & Behav., In Press, 1997). In ad-
dition, a significant difference in benzodiazepine receptor binding was 
observed in rats that received COC either before or after the FCN ses-
sions. The current study was designed to investigate the effects of 
chronic COC administration on 3H-paroxetine binding. Rats were trained 
under a FCN 8 schedule of food reinforcement. After stable responding 
was observed, rats were assigned to one of 8 treatment groups which 
consisted of daily IP injections of COC (10 or 17 mg/kg; ip) or saline, ei-
ther before or after the daily FCN training sessions. The treatment lasted 
for 60 days. Twenty-four hours after the last injection, rats were sacri-
ficed and serotonin uptake sites were measured autoradiographically 
using 3H-paroxetine. There were no differences in binding attributable to 
whether injections occurred before or after the FCN sessions. However, 
chronic treatment with 10 mg/kg of cocaine significantly increased 3H- 
paroxetine binding in the Caudate, Amygdala, Hippocampus and Medial 
Forebrain Bundle, while chronic treatment with 17 mg/kg of cocaine sig-
nificantly decreased 3H-paroxetine binding in the Olfactory Tubercle, 
Prefrontal Cortex, Caudate and Ventral Tegmental Area. This work was 
supported by USPHS grant DA04293 from the National Institute of Drug 
Abuse.
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725.11
EFFECTS OF 7-OH-DPAT ON COCAINE-INDUCED STEREOTYPY 
AND CONDITIONED PLACE PREFERENCE. Taline V. Khroyan*, 
Alex M. Beck, Robert S. Groff, and Janet L. Neisewander. Department of 
Psychology, Arizona State University, Box 871104, Tempe, AZ 85287- 
1104.

Low doses of 7-OH-DPAT (0.01-0.1 mg/kg, s.c.) produce a decrease in 
locomotion and sniffing, But do not produce conditioned place 
preference (CPP). However, co-administration of 0.1 mg/kg 7-OH-DPAT 
with amphetamine (0-10 mg/kg, s.c.) produces an increase in 
amphetamine-induced headbobbing and attenuates amphetamine-CPP. 
In this study, the effects of 0.1 mg/kg 7-OH-DPAT on cocaine (0, 3.75, 
7.5, 15, and 30 mg/kg, i.p.) dose-response curves for these behaviors were 
examined. Three two-day conditioning trials were conducted. On one 
day, animals received an injection of their assigned dose of cocaine co-
administered with 7-OH-DPAT and were placed into a distinct 
compartment for 40 min. On the other day, animals received an injection 
of saline and were placed into a different compartment. Locomotion, 
sniffing, and headbobbing were measured following acute and repeated 
drug administration. CPP was assessed the day after the last conditioning 
trial by recording the amount of time animals spent in each compartment 
when given free access to both for 15 min. Cocaine-induced locomotion 
was not altered by co-administration of 7-OH-DPAT, whereas sniffing was 
attenuated by 7-OH-DPAT at the 3.75 mg/kg dose of cocaine. Following 
repeated administration, cocaine produced sensitization of headbobbing 
which was not altered by co-administration of 7-OH-DPAT. 7-OH-DPAT 
co-administration prevented cocaine-CPP produced by 3.75 mg/kg. 
These findings suggest that 7-OH-DPAT does not alter cocaine-induced 
stereotypies, but attenuates the reinforcing properties of cocaine 
(Supported by DA07730).

725.12
ACTIVATION OF COCAINE CONDITIONED EFFECTS BY THE ANXIOLYTIC 
DRUG BUSPIRONE FOLLOWING INTEROCEPTIVE DRUG CUE CONDITIONING. 
Robert J. Carey* and Junmin Gui. Dept. of Psychiatry, S.U.N.Y. Health Science Center and 
Research and Development (151), V.A. Medical Center, Syracuse, N.Y. 13210 
While the role of exteroceptive cues serving as conditioned stimuli to activate drug 
responses is well established, there has been relatively little investigation of the contribution 
of interoceptive cues as conditioned stimuli for drug responses. In that drugs of abuse, such 
as cocaine, are often used in association with other drugs, the opportunity for Pavlovian 
conditioning between cocaine and the interoceptive cues of other drugs is present. To 
directly investigate this question, we conducted an experiment in which the anxiolytic drug, 
buspirone was co-administered with cocaine. We used four treatment groups (n=7). The 
groups received 5 successive 20 min. daily tests in an open-field following one of four 
treatments: (1) saline, (2) buspirone (3.0 mg/kg), (3) cocaine (10 mg/kg) and (4) cocaine 
(10 mg/kg) plus buspirone (3.0 mg/kg). The results obtained for the five treatment days 
showed that cocaine had a marked stimulant effect upon behavior. The co-administration 
of buspirone with cocaine did not affect the stimulant effect of cocaine. Given alone, the 
buspirone treatment was indistinguishable from saline. One week after completion of this 
testing, the animals were given conditioning tests on two successive days. The animals 
received either saline or buspirone (3.0 mg/kg) in a counterbalanced design. On the 
conditioning tests, the effects of buspirone upon cocaine conditioning were linked to the 
prior buspirone/cocaine association. In the two conditioning tests, the animals which had 
received cocaine exhibited a conditioned response on the saline test but no conditioned 
response on the buspirone test. In contrast, for animals which had received cocaine plus 
buspirone, buspirone activated the cocaine conditioned response. These results are 
consistent with the development of a Pavlovian conditioned response between the buspirone 
drug cue and the cocaine response.
This research was supported by NIDA grant RO1DA05366-11.

725.13
EFFECTS OF MDL-72222 ON COCAINE- AND MORPHINE- 
INDUCED CPP IN PREWEANLING RATS. B.S. Butterfield, P.E. 
Karper, and S.A. McDougall*. Department of Psychology, California 
State University, San Bernardino, CA 92407.

In adult rats, antagonism of the 5-HT3 serotonin receptor blocks the 
acquisition of morphine-induced CPP. In the present study, the ability 
of the selective 5-HT3 serotonin receptor antagonist MDL-72222 to 
modulate the acquisition and expression of cocaine- and morphine- 
induced CPP was assessed in 17-day-old rats. An abbreviated CPP 
procedure was used in which rats received two saline-odor (lemon or 
almond) pairings on the first conditioning day, and two saline-, 
cocaine-, or morphine-odor pairings on the second day. Preference was 
assessed on the third day. To determine the effects of 5-HT3 receptor 
antagonism on the acquisition of CPP, rats were given MDL-72222 
(0.5-4.5 mg/kg, IP) 30 min prior to being conditioned with cocaine (20 
mg/kg, IP) or morphine (0.5 mg/kg, IP). To determine the effects of 5- 
HT3 receptor antagonism on the expression of CPP, rats were injected 
with MDL-72222 30 min prior to preference testing. As expected, both 
cocaine and morphine produced robust place preference conditioning in 
preweanling rats. Surprisingly, MDL-72222 did not affect the acquisi-
tion or expression of cocaine- or morphine-induced CPP. These results 
suggest that the 5-HT3 serotonin receptor system may differentially 
modulate DA- and opioid-mediated reward across ontogeny.

725.14
A FOUR WEEK FOLLOW-UP STUDY OF SEROTONIN (5-HT) AND 
DOPAMINE (DA) RELEASE IN NUCLEUS ACCUMBENS OF ANIMALS, 
BEHAVING IN AN OPEN-FIELD PARADIGM, AFTER ACUTE COCAINE 
ADMINISTRATION. P,A, Broderick.*12 C, Penn Erskine? H. Charleton.12 S. 
Green11 and C, Okonii12. Dept. Physiol. & Pharmacol.1, CUNY Med. Sch.1, NY 
10031 and Dept. Biol.2 MARC & MBRS Programs3, CCNY, NY 10031. 
Extended withdrawal studies after acute intraperitoneal (ip) administration of 
cocaine (lOmg/kg) to male, Sprague Dawley rats were undertaken. Accumbens 
neurochemistry (5-HT and DA release) was studied by in vivo microvoltammetry 
with semidifferential electroanalysis; open field behavior was studied with 
infrared photocell beams, at the same time and on-line with the neurochemistry. 
Stearate indicator microelectrodes were stereotaxically implanted in ventrolateral 
nucleus accumbens (AP=-2.6; ML= +2.5; DV=-7.3) (Pellegrino, Pellegrino and 
Cushman, 1979) under Na Pentobarbital anesthesia (50mg/kg ip). Ag/Ag/Cl and 
auxiliary microelectrodes were placed in contact with cortex. Serotonin and DA 
were detected concurrently within a temporal resolution of seconds by means of a 
graphite stearate microelectrode (Broderick, Br. Res. 495:115-121, 1989). In vivo 
microvoltammetric signals for 5-HT and for DA were separate and distinct. The 
data show that 5-HT and DA were decreased during the follow-up studies after 
cocaine exposure, thereby supporting a role for presynaptic 5-HT deficit in 
cocaine withdrawal and further supporting 5-HT’s role as mediator in cocaine’s 
mechanism of action (Broderick and Phelix, Neurosci. & Biobehav. Rev. 21(3): 
227-259, 1997). However, these time course studies allow an even closer look at 
the precision with which 5-HT is affected by cocaine as well as a closer look at 5- 
HT/DA interactions which occur on-line and concomitantly during cocaine 
withdrawal. (Supp:PSC/CUNYRF666221;NIH/NIGMS 07639&08168).

725.15
THE EFFECTS OF A COMBINATION OF FENFLURAMINE AND 
PHENTERMINE ON COCAINE-INDUCED LOCOMOTOR ACTIVITY IN 
MICE . G J Schaefer1*, K S Regan' and J B Terrill2. 1MPI Research, 
Mattawan, Ml; 2National Institute on Drug Abuse, Rockville, MD.

The combination of fenfluramine (FEN) and phentermine (PHEN) has 
been proposed as a treatment to reduce the use of cocaine. The 
present study was conducted to examine the interaction of a mixture of 
FEN:PHEN with cocaine. Male mice were divided into 12 groups of 10 
animals each. On days 1-14, each animal received two IP injections. 
The first injection consisted of either saline or a 2:1 ratio of FEN:PHEN 
(10:5 or 30:15) and was followed 20 min. later by a second injection of 
either saline or cocaine (5, 10 or 30 mg/kg). Evaluations of locomotor 
activity on days 1, 7 and 14 revealed that cocaine alone produced an 
expected dose-dependent increase in horizontal activity over 60 min. 
FEN:PHEN alone also increased horizontal activity, and when given 
with cocaine did not block the cocaine-induced hyperactivity. Rather, 
the combination appeared to potentiate the effects of the high dose of 
cocaine. One animal receiving 30 mg/kg of cocaine alone died on 
study as did two animals receiving the combination of FEN:PHEN 
(30:15) and 30 mg/kg of cocaine. Comparison of the mortality results 
between these two groups did not reveal the difference to be 
statistically significant. However, comparisons between the activity 
results for the animals receiving the drug combination with results for 
groups receiving cocaine alone revealed that the combination of 
FEN.PHEN usually increased cocaine-stimulated activity. Supported 
by NIDA Contract NO1 DA-2-9307.
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726.1
EXAMINATION OF THE ACTION OF THE CANNABINOID LIGAND, 
AM281, IN THE RAT HIPPOCAMPUS.
•TAN, Gifford*, 1S..L Gatley, 1N.D. Volkow, 2R. Lan 2 A. Makriyannis. 
1Brookhaven National Laboratory, Upton, NY 11973 and 2University of 
Connecticut, Storrs, CT 06269

AM281 is an analogue of the cannabinoid receptor antagonist, SR141716A, 
in which the piperidine ring is substituted by a more polar morpholino group. 
[123I]AM281 has proved to be suitable for labelling cannabinoid receptors in 
vivo. In this study the action of AM281 in the rat hippocampus was 
compared with previous data collected for SR141716A (Gifford et al., 1996, J. 
Pharmacol. Exp. Ther. 277, 1431). In rat hippocampal membrane 
homogenates both AM281 and SR141716A displaced [123I]AM281 binding 
with IC50s of 15 nM and 3 nM respectively. In superfused hippocampal 
slices the electrically-evoked release of [14C]ACh was inhibited by the 
cannabinoid agonist WIN55212-2 (0.3 pM). This inhibition was partially 
antagonized (73 %) by AM281 with an EC50 of approximately 0.3 juM. In 
addition to antagonizing the effects of WIN55212-2, AM281 added alone to 
the slices produced an almost two fold potentiation of electrically-evoked 
[14C]ACh release (maximum effect reached at 0.1/iM). The potencies of 
AM281 in both these effects were slightly greater than that observed with 
SR14176A, despite the 5 fold lower affinity of AM281 in the binding assays.

These results suggest that AM281 is an antagonist/inverse agonist of 
cannabinoid receptors similar to SR141716A. Its slightly greater potency in 
the functional assays may be because of reduced partitioning of AM281 into 
the slice membranes or to the walls of the apparatus. (Supported by 
DOE/OHER and NIDA)

726.2
ANALYSIS OF CANNABINOID RECEPTOR AND FATTY-ACID AMIDE 
HYDROLASE EXPRESSION IN INSECT AND MAMMALIAN TISSUES
M, Egertova1*, „B.F,.Cxa.YMdA.MR,.Elphick1. Biological Sciences, Queen
Mary and Westfield College, University of London, London El 4NS, UK and 
2 Cell Biology, The Scripps Research Institute, La Jolla, CA 92037.

The effects of cannabis in the mammalian brain are mediated by 
cannabinoid receptors. Little is known about the occurrence of cannabinoid 
receptors in non-mammalian animals. We have tested for the presence of 
cannaninoid receptors in an insect species, the locust Schistocerca gregaria, 
using [3H]-CP-55,940 radioligand binding assays. No specific binding was 
detected in the locust nervous system but saturable specific binding sites 
were detected in skeletal (flight) muscle (22 fmol/mg). Comparable levels 
of specific binding were also detected in the guinea-pig ileum, a 
preparation which is known to express cannabinoid receptors. Fatty-acid 
amide hydrolase (FAAH) is an enzyme which hydrolyses the endogenous 
brain cannabinoid anandamide and the sleep-inducing lipid, oleamide. W e 
have investigated the expression of this enzyme in rat and locust tissues by 
measuring FAAH enzyme activity and using antibodies to regions of FAAH 
that are conserved in mammals. FAAH-antisera labelled specific 
populations of neurons in the cerebellum, cortex and hippocampus, regions of 
the rat brain that contain high levels of FAAH activity. FAAH-like 
immunoreactivity and FAAH activity was also detected in locust tissues, 
including the hind-gut, flight muscle and brain. These observations provide 
evidence of a widespread phylogenetic distribution and functional 
diversity of cannabinoid/fatty-acid amide signalling systems.
[Supported by grant F/476/U from the Leverhulme Trust (M.R.E.)]

726.3
A CONSERVED LYSINE IN THE THIRD TRANSMEMBRANE 
DOMAIN OF THE CB1 AND CB2 RECEPTOR MEDIATES 
DIFFERENT FUNCTIONAL ROLES Sear, D, McAllister. Qing Tao. art 
Mary E, Abcod* Dept of Pharmacology/Toxicology, Medical College of Virginia, 
Virginia Commonwealth University, Richmond VA 23298.

The amino acid sequences of the CB1 and CB2 receptors show that they have 
similar features to the super family of the seven transmembrane G-protein coupled 
receptors. In order to map the ligand recognition site for the cannabinoid receptors, 
we employed site-directed mutagenesis of receptor cDNA followed by expression of 
the mutant receptor in HEK 293 cells. A lysine residue in the transmembrane domain 
of the CB2 receptor is conserved between the CB 1 and CB2 receptors. It was mutated 
to alanine in order to determine the role of tliis charged amino acid in receptor 
function. The analogous mutation in the CB 1 receptor was found to be crucial for 
recognition of several cannabinoid compounds excluding WIN 55212-2 (Song et al., 
1995). Lys,w(AAG) was mutated to Ala109 (GCG). This mutation resulted in the 
removal of a positive charge. HEK 293 cells were stably transfected with the mutant 
receptor and tested for radioligand binding. We found no significant differences in the 
binding profile of several cannabinoid ligands. Initial studies looking at inhibition of 
cAMP accumulation by WIN 55,212 as well as CP 55,940 demonstrated no 
significant changes in the LyslO9Ala mutated CB2 receptor. We also made the Lysiw 
(AAG) to Arglw(AGC) mutation. This mutant recognized CP 55,9^0 with normal 
affinity. Unlike the lysine residue in the C31 receptor, the analogous lysine residue 
in CB2 receptor does not appear to be crucial for ligand recognition or signal 
transduction. Elucidating important molecular components of the cannabinoid 
pharmacophore may lead to the design of more specific Cannabinoid ligands which 
could offer increased therapeutic activity and decreased side effects. Supported by DA- 
05274 and DA-07027.

726.4
AM630 . IS AN ANTAGONIST AT THE HUMAN CANNABINOID CB1 
RECEPTOR EXPRESSED IN CHO CELLS. R, S, Landsman, A, Makriyannis1, P. 
Consroe, W. R, Roeske* and H, I. Yamamura. Depts. of Pharmacology, 
Pharmacology and Toxicology, Biochemistry, Psychiatry, and the Program in 
Neuroscience, University of Arizona Health Sciences Center, Tucson, AZ 85724; 
'School of Pharmacy, University of Connecticut, Storrs, CT 06269,

This study examined the effect of 6-iodopravadoline (AM630) on the cannabinoid 
agonist R(+)-[2,3-Dihydro-5-methyl-3-[(morpholinyl)methyl]pyrrolo[l,2,3-de]-l,4- 
benzoxazin-yl]-(l-naphthalenyl)methanone mesylate (WIN 55,212-2)-stimulated 
[3SS]GTPyS binding to membranes prepared from Chinese hamster ovary (CHO) cells 
stably transfected with the human CB1 cannabinoid receptor (hCBIR). hCBIR (Dr.
M. Parmentier, Univ. Libre de Bruxelles) was inserted into the expression vector 
pHPAPr-l-neo (Dr. L. Kedes, Stanford University) and transfected into CHO cells 
using liposomes (DOTAP, Boehringer Mannheim, Indianapolis, IN).Cell membranes 
were incubated WIN 55,212-2 (0.1 - 10,000 nM) and [35S]GTPyS (0.1 nM) in assay 
buffer (25 mM Tris-HCl, 150 mM NaCl, 2.5 mM MgCl2, 1.0 mM EDTA, 0.25% 
BSA, 50 pM GDP, 30 pM bestatin, 10 pM captopril and 0.10 mM 
phenylmethylsulfonyl fluoride, pH=7.4). WIN 55,212-2 (10 pM) stimulated 
[35S]GTPyS binding approximately 2-fold above basal in stably transfected CHO cells 
with an ECS0 value of 1.4 pM. AM630 (10 pM) alone did not stimulate [3SS]GTPyS 
binding, but shifted the WIN 55,212-2 dose-response curve to the right, producing 
an EC50 value of 20 pM. The Kd value for AM630 was calculated to be 0.75 pM 
where Kd = [antagonist]/[dose ratio-1] (Tallarida and Murray, 1987).These results 
show that AM630 is an antagonist at the hCBIR in CHO cells. Furthermore, this 
demonstrates the usefulness of stable mammalian cell lines in studying the properties 
of the human CB1 cannabinoid receptor.

Support: This work is supported in part by grants from the Arizona Disease Control 
Research Commission and the National Institute of Drug Abuse.

726.5
THE INFLUENCE OF MARIJUANA USE ON HUMAN CANNABINOID 
RECEPTOR GENE EXPRESSION. J. R, Hubbard, E. S. Onaivi, A. 
Chakrabarti, T. A. Ansah* and P. R. Martin. Departments of Pharmacology 
and Psychiatry, Vanderbilt University Medical Center, Nashville, TN 37232; 
Dept. of Pharmacology, Meharry Medical College, Nashville, TN 37208.

Cannabis (including marijuana) is one of the most widely used drugs 
throughout the world. Smoking marijuana or administration of the 
psychoactive constituent delta-9-THC, produces a myriad of pharmacological 
effects in humans and animals. Endogenous cannabinoids have been 
identified in the body, and cannabis may have therapeutic potential. Many 
actions of cannabinoids occur by binding to specific receptors in the brain and 
other tissues. Genes encoding cannabinoid receptors have been identified 
and the transcribed mRNA from which the receptors are synthesized can now 
be measured. Our hypothesis is that the cannabinoid neurochemical system 
can be altered by marijuana use. This hypothesis is being tested by 
measuring cannabinoid receptor mRNA levels from blood samples obtained 
from marijuana using subjects at several time points for a one month period 
after use has been terminated. Results of these subjects will be compared to 
non-using controls. Preliminary results with non-using controls showed the 
expected transcript size and additional bands. These bands may represent 
shorter versions or an artifact. Southern hybridization of the blots from gels 
with the human CB2 cDNA probe hybridizes with the amplified DNAs of the 
expected sizes and two other unexpected bands. Whether these additional 
bands represent CB2 subtypes in human cells or mere PCR artifacts remains 
to be determined. These studies may provide insight, into the effects of 
marijuana use and the role of the cannabinoid system(s) in normal 
physiology. Supported by NHLBi K01 HL03319.

726.6

ENDOGENOUS CANNBINOIDS AS AN AVERSIVE OR COUNTER- 
REWARDING SYSTEM. J. Michael Walker, M. Clara Sanudo-Pena, Eu-
gene R, Delay. Andrea G, Hohman. Michelle Force and Kang Tsou. Schrier 
Research Laboratory, Department of Psychology, Brown University, Provi-
dence, Rhode Island, 02912 USA

Human use of marijuana (Cannabis sativa) is widely assumed to have re-
warding properties, a notion supported by its widespread recreational use. 
However, no study has clearly demonstrated such effects in animal models. 
The purpose of this study was to test for the presumed rewarding effect of 
cannabinoids using a conditioned place preference paradigm. The exper-
imental design consisted of three phases: pretesting, conditioning, and test-
ing. In the pretesting phase, animals were allowed to explore the apparatus. 
The conditioning phase consisted of two pairings of one of the distinctive 
compartments with either A9-THC or the cannabinoid antagonist 
SR 141716 A, alternated with two pairings of the other compartment with the 
vehicle. Each animal was placed in the appropriate compartment after re-
ceiving an i.p. injection of drug or vehicle. In the testing phase, animals were 
placed in the middle and allowed to move about freely for 20 min. The results 
showed that animals failed to develop place conditioning at a low dose 
(1.5mg/kg) and developed a place aversion at a high dose (15mg/kg) of 
A9-tetrahydrocannabinol. Moreover, administration of the cannabinoid an-
tagonist SR141716A induced a conditioned place preference at both a low 
(0.5mg/kg) and a high (5mg/kg) dose. In summary, cannabinoid antagonism 
produced place preference while cannabinoid agonism induced place aver-
sion. These results suggest that endogenous cannabinoids serve normally to 
suppress reward or to induce aversion.
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726.7
CANNABINOIDS STIMULATE DOPAMINE TRANSMISSION THROUGH ACTIVATION 
OF CB1 RECEPTORS. M.Diana*, M. Melis, A.L. Muntoni & G.L. Gessa. *Dept. of 
Drug Sciences, Univ. of Sassari and Dept. of Neuroscience "B.B. Brodie" Univ.of 
Cagliari, Italy.
Derivatives of the hemp plant (Cannabis sativa) are the most widely abused illicit 
drugs today. In spite of their wide-spread use, these compounds have been considered 
as harmless and mildly addicting (as compared with other drugs). Two recent 
findings, namely: the existence of specific cannabinoid receptors in the brain (CB1) 
and the discovery of a selective CB1 antagonist SR141716A however, have provided 
the possibility to test if cannabinoids share with other addicting substances the 
property of stimulating dopamine (DA) transmission: a well established 
neurobiological index of potentially addicting drugs. To this end, we employed 
standard single cell extracellular recording techniques coupled with antidromic 
activation from the nucleus accumbens to study the effects of intravenous 
administration of three structurally different cannabinoid agonists such as (1) A9- 
tetrahydrocannabinol, (2) WIN 55,212-2 and (3) (±) CP 55,940 on DA neuronal 
activity. Experiments were carried out in rats anesthetized with chloral-hydrate (400 
mg/kg ip) and then repeated in animals immobilized with succinylcholine (20 mg/kg 
iv). In both groups, cumulative administration of CB1 agonists (62.5-1000 mg/kg iv) 
produced a dose-related increase in spontaneous firing rate which attained at 35.4%, 
84.3% and 35.1 for the three agonists respectively in chloral-hydrate treated rats and 
94.1%, 148% and 129.7% in succinylcholine-immobilized rats. A parallel increase 
was observed when percentage of burst firing was analyzed. Administration of SR 
141716A readily reversed cannabinoids-induced stimulation and firing rate and burst 
firing returned toward control (pre-drug) level. Administration of SR 141716A alone 
did not alter neuronal activity. Tlie results indicate that cannabinoids, irrespective of 
the experimental preparation, increase the activity of DA neurons through stimulation 
of CB1 receptors. The similarities (increase in DA transmission) between these results 
and those previously reported for substances believed to be more harmful such as 
ethanol and morphine may suggest the possibility that cannabinoids share with 
abused substances the ability to facilitate mesolimbic DA reward circuits. Supported 
hy a grant from C.N.R.

726.8
WIN 55,212-2 INDUCES INTRAVENOUS SELF-ADMINISTRATION IN 
DRUG-NAIVE MICE W. Fratta*, M.C. Martellotta, G. Cossu, L. Fattore 
Department of Neuroscience, University of Cagliari, Cagliari 09124, Italy.

Marijuana is one of the most widely used illicit recreational drugs, but only 
few studies have been conducted on the rewarding properties of cannabinoids 
and related compounds in animal models. In this study, we show that WIN
55.212- 2, a synthetic cannabinoid receptor agonist, is intravenously (IV) self- 
administered in drug-naive mice. Animals were tested in pairs of identical test 
cages, with the active mouse (A) placed in one cage and the yoked passive 
mouse (P) confined in the other. Each test cage presented an infrared detector 
connected with a cumulative recorder and a syringe pump delivering, in the 
lateral tail vein, the drug solution contingent on a nose-poke response (NPR). 
Mice were first placed in the cages for a 10’ habituation period, with no pump 
connected, and the NPRs were recorded (Al, Pl). Then, WIN 55,212-2 was 
made contingent on nose-poke for a 30’ test and NPRs recorded again (A2, 
P2). As a measure of reinforcing effect "R"= log(A2/P2)-log(Al/Pl) was 
calculated; for R>0 the drug is considered reinforcing, for R=0 neutral and 
for R<0 aversive. Active mice, receiving WIN 55,212-2 contingent on nose- 
poke, increased their NPRs with respect to mice receiving contingent saline or 
to yoked control animals receiving non contingent WIN injections. WIN
55.212- 2 was able to induce reinforcing effects (R>0) at the doses of 0.05 and 
0.1 mg/kg/inj, according to a bell-shaped curve. Pretreatment with the selective 
antagonist of the brain cannabinoid receptor SR 141716A (0.25 mg/kg) 
blocked WIN 55,212-2 IV self-administration. Our findings clearly show that 
the cannabinoid receptor agonist WIN 55,212-2 is IV self-administered by 
drug-naive mice in a manner similar to that of other drug of abuse such as 
cocaine, morphine, amphetamine and nicotine. Grants by MURST and CNR.

726.9
CANNABINOID MODULATION OF HEROIN SELF-ADMINISTRATION IN 
RATS. M. Navarro1, R.A.Carrera3, M.A. Villanua2, J.L. Martfn-Calderon , A.
Strickland3, G.F.Koob3 and F.Rodriguez de Fonseca*1. [1] Dpt. Psicobiologfa, 
Fac. Psicologfa, [2] Dpt. Fisiologfa, Fac. Medicina. Univ. Complutense, 28223- 
Madrid (SPAIN). [3] Dpt. Neuropharmacology, The Scripps Research Institute, 
La Jolla, CA (USA).

The present study evaluated the possible modulatory role of brain 
cannabinoid receptors (CB-1) on heroin self-administration (HSA) in male Wistar 
rats. Rats were trained to self administer heroin (0.03 mg/kg/injection) in daily 
3-hr sessions until baseline criteria were met. The potent synthetic cannabinoid 
HU-210 (0, 1,4, 10 and 20 /xg/kg) acutely depressed HSA in a dose-dependent 
fashion when injected 30 min into the 180 min session, starting at the 10 jtxg/kg 
dose. This inhibition of HSA appeared before the onset of the motor depression 
induced by the cannabinoid. The CB-1 receptor antagonist SR 141716A (0, 0.03, 
01, 0.3 and 3 mg/kg) did not affect motor activity but it induced biphasic effects 
on the pattern of HSA, with the 0.3 mg/kg dose increasing, and the 3 mg/kg dose 
decreasing response rates. In order to analyze whether the effects observed were 
related to an established opiate dependence, two groups of animals were trained 
to self-administer heroin. The first one (non-dependent) were trained to self-inject 
heroin (0.03 mg/kg/injection) in a shorter session (60 min). The second one 
(dependent) were subcutaneously implanted with two pellets of morphine (75 mg- 
base) and trained again for HSA three days after the implantation. Both groups 
received SR 141716A (0, 0.03, 0.3 and 3 mg/kg) 30 min. into a 90 min. 
session. SR 141716A depressed HSA in dependent animals at the 3 mg/kg 
dose,and induced the appearance of behavioural symptoms of opiate abstinence. 
SR 141716A did not affect the pattern of HSA in non-dependent rats. These 
results suggest the existence of a convergence of opioid and cannabinoid 
receptors-mediated events in reward-relevant areas.
Supported by C1CYT grant PM 96/0047 and DA 04398, NIH-NIDA

726.10
BEHAVIORAL EFFECTS OF THE CANNABINOID ANTAGONIST 
SR141716A IN RHESUS MONKEYS. Jeffrey A. Vivian \ Shiroh Kishioka and 
James H. Woods. Department of Pharmacology, University of Michigan 
Medical School, Ann Arbor Ml 48109.

This study characterized the antinociceptive, respiratory and cardiovascular 
effects of the cannabinoid receptor antagonist SR141716A ([N-(piperidin 1 -1 - 
y!)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-  
carboxamide hydrochloride]) in rhesus monkeys (Macaca mulatta). Using six 
male and female rhesus monkeys, latencies to remove the tail from a 50 <C 
water bath, respiration in 5% CO2, and heart rates were measured. When 
administered alone, SR141716A (1.8, 5.6 mg/kg i.m.) did not alter 
nociception, respiration or heart rate. The cannabinoid agonists A9-THC (A9- 
tetrahydrocannabinol; 0.1-3.2 mg/kg i.m.) and WIN 55212 ({R-(+)-2,3- 
dihydro-5-methyl-3-[(4-morpholinyl)methyl]pyrol-[  1,2,3-de]-1,4-benzoxazin-6- 
yl)(1-naphtalenyl)methanone monomethanesulfonate}; 0.1-1 mg/kg i.m.) 
dose-dependently increased antinociception, and decreased respiratory 
frequency, minute and tidal volumes, and heart rate. These effects were 
reversed by SR141716A, but not by the opioid antagonist quadazocine (1 
mg/kg i.m.). The mu and kappa opioid agonists heroin (0.01-1 mg/kg i.m.) 
and U69593 (0.01-0.32 mg/kg i.m.) also dose-dependently increased 
antinociception, and decreased respiratory and cardiovascular measures; 
these effects were antagonized by quadazocine, but not by SR141716A. 
These results demonstrate selective and reversible antagonism of 
cannabinoid behavioral effects by SR141716A. Supported by USPHS Grants 
DA00254, DA07268 and DA05773.

726.11
ANDROGENIC-ANABOLIC STEROID METABOLITE REGULATION OF 
ANDROGEN-RECEPTOR AVAILABILITY IN THE RAT BRAIN. C. S. Lynch* 
and J. A, Story. Psychology Dept., Univ. of Southwestern LA, Lafayette, LA 
70504

Psychotic, motor, and sexual problems occur with abuse of androgenic-anabolic 
steroids (AAS) in humans. General up-regulation of androgen-receptor 
immunoreactivity (AR-ir) in the rat brain occurs with administration of moderate- 
high doses of AAS (Menard & Harlan, 1993). The present study examines whether 
AR-ir up-regulation is due to AAS or the AAS metabolites, dihydrotestosterone 
(DHT) and estrogen. Castrated and intact male rats received 14 s.c. daily injections 
of AAS (2 mg/kg testosterone cypionate, 2 mg/kg nandrolone decanoate, and 1 
mg/kg boldenone undecylenate in sesame-oil vehicle), DHT (5 mg/kg 
dihydrotestosterone), EB (5 mg/kg estradiol benzoate), or sesame-oil vehicle. 
Approximately 18-24 hr after the fourteenth steroid injection, brains were removed, 
fixed, cryoprotected, and frozen. Brains were cut 60 (am thick and stored in 
cryoprolectant. Later, 1/3 of brain tissues were immunocytochemically processed 
using the PG-21 androgen-receptor antibody (Affinity, Neshamc Station, NJ). As 
reported before, castration eliminated AR-ir and AAS up-regulated AR-ir in 
“Classical” androgen targets sites, including the ventromedial hypothalamus 
(VMH), amygdala (AMY) and medial preoptic area (mPOA). When compared to 
AAS, EB treatment partially up-regulated AR-ir in the VMH and AMY, but not in 
the mPOA where estrogen had no effect. When compared to AAS, DHT fully up-
regulated AR-ir in the VMH and mPOA and partially up-regulated AR-ir in the 
AMY. Because AR-ir is up-regulated by either DHT or AAS and not EB in the 
mPOA. androgen-receptor availability may be mediated specifically via androgen 
receptors in this region. Because AR-ir is up-regulated by either EB, DHT, or AAS 
in the VMH and AMY, both estrogen and androgen receptors may be involved in 
regulating the availability of androgen-receptors in these regions.

This study was supported by funds provided to Dr. Lynch from USL.

726.12
IDENTIFICATION AND QUANTITATION OF DRUGS OF ABUSE BY HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) COUPLED WITH 
ELECTROCHEMICAL ARRAY DETECTORS. P, Huettl*, S. Koester? L. Hoffer1 
and G. A. Gerhardt. Dept. of Psychiatry and ’Urban Links, Univ. of Colorado Health 
Sciences Center, Denver, CO.

The seriousness of heroin addiction is compounded by the potential spread of blood 
born pathogens and illness or death of addicts due to variability of heroin cuts 
available on the street. Our research has focused on the multi-component analyses of 
various drugs and biological fluids. Using HPLC coupled to electrochemical array 
detectors we have developed methodology to identify and quantitate drugs of abuse 
such as heroin. We have also developed assays to identify and quantitate other drugs 
of abuse such as morphine, codeine, cocaine, Lysergic Acid Diethylamide (LSD) and 
metabolites of A9-Tetrahydrocannabinol (THC). Analysis of syringe residues may be 
helpful in monitoring reuse of syringes by addicts. By identifying various 
components of plasma and breakdown products of cooked heroin a means to monitor 
single use compliance will be possible. Analysis of tar heroin available on the street 
provides information on heroin quality and percent composition that has beneficial 
public health value. A variety of compounds are used to cut heroin for street 
consumption. The quality of these cuts can vary greatly. Effects of improperly cut 
heroin and shared use of syringes during the injection process adds to the problem of 
drug addiction and the drain on health care provided to heroin addicts in the 
community. Identifying the compounds used to cut heroin as well as other drugs may 
provide information for use in developing harm reduction programs aimed at injection 
drug users (IDU), for assessing compliance with public health prevention efforts. Our 
methodology enables us to assay a single sample for a variety of drugs and their 
metabolites. Combining the analysis of plasma products with drugs of abuse is a 
powerful tool in the effort to improve the health of IDU’s. Supported by NSF grant 
BIR-9513392 and RSDA award 1K02-MH01245.
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726.13
IBOGA ALKALOID EFFECTS ON EXTRACELLULAR SEROTONIN 
LEVELS IN NUCLEUS ACCUMBENS AND STRIATUM IN RATS. 
D.Wei1, I.M.Maisonneuvc2, M.E,Kuehne\ S.D.GIick2*. 'Department of 
Pathology and Lab. Med., department of Pharmacology and Neuroscience, 
Albany Medical College, Albany, NY 12208; department of Chemistry, 
University of Vermont, Burlington, VT 05405.

The iboga alkaloid, ibogaine, its metabolite, noribogaine, and the 
congener, 18-methoxycoronaridine (MC) have all been claimed to have anti- 
addictive properties in animal models, but the mechanisms underlying these 
effects are unclear. Ibogaine and noribogaine were shown to have affinity for 
the serotonin transporter, and inhibition of serotonin reuptake has been 
proposed to be involved in their anti-addictive actions. It is not known yet if 
MC also has this property. In vivo microdialysis and HPLC (microbore) were 
used to determine changes in extracellular serotonin levels after i.p 
administration (40 mg/kg) of ibogaine, noribogaine and MC in awake freely 
moving female Sprague-Dawley rats (250-275g). Samples were collected 
every 20 minutes for 2 hours before and 3 hours after drug administration. 
Preliminary data show that serotonin levels are increased after ibogaine and 
noribogaine, but not after MC. Contrary to what might have been expected, 
based on affinities for the serotonin transporter (noribogaine>ibogaine), the 
increases in serotonin levels induced by ibogaine were higher than those 
induced by noribogaine. The data also indicate that MC has no significant 
effect on the serotonin transporter. Our results suggest that the inhibition of 
serotonin reuptake may not be an essential factor in the anti-addictive actions 
of these drugs, but may play a role in mediating specific side effects (e.g., the 
hallucinogenic effect of ibogaine). ( Supported by DA 03817 ).

726.14
DOPAMINERGIC INVOLVEMENT IN THE PROCESS OF REINFORCEMENT 
FROM DIETHYL ETHER VAPOUR IN RATS. V. M, Pogorelov* and G.I Kovalev. 
Lab. of Radioisotopic Research; Inst, of Pharmacology, Russian Acad, of Med. Sci., 
Moscow, Baltiyskaya str., 125315, Russia.

To study neurobiological mechanisms of reinforcement from organic solvent 
vapours (OSV) we employed the paradigm of self-administration of diethyl ether 
vapour (DEV) via inhalation in rats. Wistar rats of both sexes were used. They were 
placed in boxes 50x13x13 cm for 32 min daily. Two holes on opposite walls opened 
through valves into evaporation chambers. One contained DEV at concentration 
27000 ppm, another - air, the contents being alternated randomly. Each nose-poke 
resulted in valve opening allowing rat to inhale on continuous reinforcement 
schedule. Computer registered time of DEV or air inhalation (TEI or TAI), TEI per 
sniffing bout (TEB) and preference for DEV (PR) calculated as TEI/(TEI+TA!) 
Only 10-15% of animals developed high levels of TEI: from 3-12s and PR from 
0.55-0.88. Decreasing DEV concentration to 19000 ppm decreased TEI in some rats 
Increasing it to 80000 ppm decreased TEI from 9.4+2.5s to 3.1 +1.3s. Substitution of 
acetone (10500 ppm) for ether caused TEI to increase from 9. l+3s to 35.2+lBs. 
After withdrawal of DEV for 3 days TEI increased up to 200% of basal and PR from 
0.5-0.7 to 0.8-0.9. Acute haloperidol in doses 0.05 and 0.1 mg/kg IP elevated TEI 
by 120-160% and TEB by 60% in females but not in males. This may be related to 
negative correlation between immobility time in forced swimming test and 
TEI(fcmalcs:r=-0.52,p<0.05: males: r=-0.1,p>0.05 ). In dose 0.3 mg/kg there was a 
rise in TEI at the beginning of the session followed by cessation of responding 
thereafter. Atypical neuroleptic cis-carbidine in doses 2.5and 5.0 mg/kglP increased 
TEI by 24 % and 15% respectively. In dose 10 mg/kg it nonspccifically supressed 
responding. D-amphclamine 0.05 mg/kg IP increased TEI by 10%. Doses 0.2 and 
0.4 mg/kg IP decreased TEI to 50% of basal and PR from 0.66 to 0.31. The results 
indicate that OSV maybe established as reinforces via inhalation in rats and point to 
potential involvement of dopamine system in this phenomenon.

726.15
CHRONIC ANABOLIC STEROID EXPOSURE DURING 
ADOLESCENCE STIMULATES VASOPRESSIN-DEPENDENT 
AGGRESSION IN HAMSTERS. R.H. Melloni, Jr.*, D.F. Connor,
K. Nash, and R.J. Harrison, Department of Psychiatry and Program in 
Neuroscience, UMASS Medical Center, Worcester, MA 01655

Anabolic androgenic steroid (AAS) exposure during early 
adolescence increases aggressive behavior in male golden hamsters 
(Mesocricetus aurcitus) [J.Physiol.Behav.61,359-364], This study 
examines the effects of chronic high dose AAS treatment on aggression 
and anterior hypothalamic-arginine vasopressin (AH-AVP), (i.e., the 
neural system implicated in the regulation of offensive aggression). We 
hypothesized that chronic high dose AAS exposure during adolescence 
predisposes hamsters to heightened levels of aggression, correlated with 
changes in AH-AVP expression. To test this adolescent male hamsters 
were administered high doses of AAS throughout their entire adolescent 
development (P27-P56), and then tested for offensive aggression using 
the resident-intruder model. Hamsters treated with chronic high dose 
AAS during adolescence display heightened measures of offensive 
aggression (i.e., decreased latencies to bite and increased number of 
bites, attacks, and flank marks), and show marked increases in AH- 
AVP. Howev er, changes in A VP mRNA were not found to accompany 
increased peptide expression. To determine if behavioral alterations 
were AVP-dependent, specific A VP V1A receptor antagonists were 
microinjected into the AH of highly aggressive A AS-treated animals.
A VP VIA antagonism markedly decreased offensive aggression. 
Together, these data suggest a causal role for AH-AVP in AAS- 
stimulated aggression. Supported by NIDA DA 10547 to R.H.M.

GENETIC MODELS

727.1

DIFFERENTIAL PROPENSITY TO LEARNED HELPLESS BEHAVIOR. 
JCS. Fray1*. JA. King1 and E. Edwards2. Univ. Massachusetts Med. Ctr1 and 
Dept. Pharmaceutical Sciences, Univ. Maryland at Baltimore2.

Learned helpless behavior (LH) is a validated model of unipolar 
depression. By using a selective breeding strategy, susceptibilty to LH 
behavior has been markedly enhanced, producing a genetic animal model of 
depression (cLH). The LH behavioral paradigm has been studied in various 
strains of pre-clinical models including the Zucker rat model of obesity ano 
the Dahl rat model of essential hypertension. These experiments were 
undertaken to identify potential biological markers of animal models of 
clinical disorders comorbid with depression. We compared the behavioral i nd 
neuroendocrine response of Zucker, Dahl, cLH and control Sprague Daw. ey 
rats in the LH paradigm. Results show that the Zucker rats displayed the 
lowest propensity to the development of LH behavior (12%). As expected the 
cLH rats had the highest propensity (> 95%), followed by the Dahl rats 
(66%) and the control SD rats (27%). Stress induced corticosterone response., 
demonstrated a decrease in the stress response correlated with an increase 
in the propensity to LH behavior (Stress induced CORT levels: 1.6 fold 
increase, cLH vs 7 fold increase, Zucker). Taken together, these studies 
suggest that an impairement of the HPA axis may be a marker for clinicc i 
disorders comorbid with depression.
Supported in part by the Pfeiffer Foundation.

727.2
VISUAL DISCRIMINATION BEHAVIOUR IN AN ANIMAL MODEL OF 
ATTENTION DEFICIT HYPERACTIVITY DISORDER IS POOR WHEN 
REINFORCERS ARE GIVEN INFREQUENTLY, BUT IMPROVES 
FOLLOWING CHRONIC METHYLPHENIDATE TREATMENT. T, Sagvoldeny
P. Holth2, E, Arotzen2. Departments of ‘Neurophysiology and Psychology, 
University of Oslo, Norway. SPON: European Brain and Behaviour Society

The spontaneously hypertensive rat (SHR) is used as an animal model of 
Attention Deficit Hyperactivity Disorder (ADHD). Visual discrimination was 
studied in a two-lever operant chamber where the status of the light above each of 
the levers signaled which lever was correct at that particular time. The lever that 
was going to be correct was selected at random following each reinforcer by the pc 
controlling the experiment. Study  1 investigated the role of the reinforcement 
(“reward”) schedule: Variable Interval 15 s vs. Variable Interval 180 s. Study  2 
investigated effects of chronic administration of methylphenidate hydrochloride 
(Ritalin), on the poor discrimination behaviour of SHR. In both studies the 
subjects were 8 SHR, with 8 Wistar Kyoto (WKY) normotensive progenitor rats as 
controls. Study 1 showed perfectly normal discrimination in SHR when the 
reinforcers were frequent (VI 15 s), but the discrimination was at chance level 
(50%) in the SHR when the reinforcers were infrequent (VI 180 s). In the controls, 
about 85% of the responses were correct under both schedules. Study 2 used the VI 
180-s schedule and showed that the poor SHR discrimination behaviour improved 
to that of the controls following chronic administration of methylphenidate. This 
result is in accordance with clinical observations with ADHD boys. The 
mechanism might be a shorter than normal delay-of-reinforcement gradient in SHR 
(as well as ADHD) when unmedicated. The improved discrimination following 
methylphenidate might reflect a normalized delay gradient following drug 
administration. University of Oslo grants.
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727.3
ACUTE INHIBITION OF NITRIC OXIDE SYNTHASE 
REVEALS A ROLE OF NITRIC OXIDE IN NON SELECTIVE 
ATTENTION IN IN TWO ANIMAL MODELS OF ADHD.
R.Aspidc. U.A.Gironi Camevale, J.A,Sergeant1, and A G. Sadile. (SPON: 
EUROPEAN BRAIN AND BEHAVIOUR SOCIETY). Lab. Neurophysiol. 
Behav. & Neural Networks, Med. Sch., II Univ. Naples, I; ’Dept. Clin. 
Psychol., Univ. Amsterdam, NL.

The involvement of nitric oxide (NO) in the process of non-selective 
attention (NSA) to environmental stimuli has been investigated in putative 
animal models of Attention-Deficit Hyperactivity Disorder (ADHD). The 
frequency and duration of rearing episodes in a novelty situation has been 
measured in the Naples High-Excitability (NHE) and the Spontaneously 
Hypertensive (SHR) rats following acute inhibition of the enzyme nitric 
oxide synthase (NOS). Male NHE (Exp. 1) and juvenile prehypertensive 
SHR (Exp. 2) rats and their controls received a single intraperitoneal 
injection of L-nitro-arginine-methylester (L-NAME; 0.00, 0.1, 1.0 or 10 
mg/kg) or vehicle 30 min before testing on day 1 and they received vehicle 
alone before testing on day 2 and 3. The results show that the highest dose 
of L-NAME (10 mg/kg) reduced the frequency and prolonged the 
duration of rearing episodes both in NHE and SHR rats. With time of 
testing the duration of rearings tended to increase in the WKY but not the 
SHR. This effect pertained the second part of the testing period. 
Therefore, NO appears to play a role in non-selective attention in two 
hyperactivity models against different genetic backgrounds. Supported by 
EU contract ERBCHRXCT930303 and by Telethon-Italy grant E.513.

727.4
SUBCHRONIC METHYLPHENIDATE TREATMENT REVERSES 
THE REDUCED EXPRESSION OF CAMKII IN ANTERIOR 
FOREBRAIN SITES OF AN ANIMAL MODEL OF ADHD.
M.Papa*. J.A.Sergeant2, and A.G.Sadile1. Inst. Human Anat. & ’Lab. 
Neurophysiol. Behav. & Neural Networks, Med. Sch., II Univ. Naples, I; 
2Dept. Clin. Psychol., Univ. Amsterdam, NL.

A reduced expression of the a-isoform of Ca2+/calmodulin-dependent 
protein kinase II (CaMKII) has been shown in the nucleus accumbens shell of 
the Spontaneously Hypertensive Rat (SHR), an animal model of Attention- 
Deficit Hyperactivity Disorder (ADHD; NeuroReport, 7: 3017-3020, 1996). 
Our aim was to investigate the modifiability of this defect by subchronic 
treatment with methylphenidate (MP), a reuptake blocker of biogenic amines. 
Male juvenile prehypertensive SHR and Wistar-Kyoto (WKY) control rats 
were given a drug (MP; 3 mg/kg, i.p.) or a vehicle injection every day during 
15 days. Twenty-four hours after the last injection, the brains were perfused 
and processed for a-CaMKII iimmunocytochemistry. PC-assisted high 
resolution image analysis revealed a higher level of CaMKII-positive elements 
in both MP-treated groups. This effect pertained to all areas and was more 
pronounced in the SHR, but spared in the WKY the nucleus accumbens pole 
and core, and the ventral pallidum. In particular, MP reversed in the SHR the 
reduced expression seen in the ventral pallidum and the cingulate cortex of 
vehicle-treated controls.The results are consonant with a reduced DA release at 
the terminal sites of the mesocorticolimbic systems of SHR and, therefore, 
with the dopamine hypothesis of ADHD, underlying the importance of an early 
diagnosis of the disorder. Supported by EU contract ERBCHRXCT- 
930303 and by Telethon-Italy E.513.

727.5
Chromosome 6 linkage to PET functional imaging as well as to cognition and 
attention. FW Wood,* DL Pauls. EL Grigorenko, LA Hart, MS Meyer, DL Flowers 
Bowman Gray School of Medicine, Winston-Salem, NC 27157-1043

Thirty adults defined as reading disabled from childhood records performed a 
letter detection continuous performance task during PET FDG uptake. Previously 
reported behavioral phenotypes (Grigorenko et al., 1997) were tested for their 
prediction of distinctive metabolic activity and distinct attentional style. 14 
members of one family who were haplotyped and also imaged were tested 
behaviorally for the two reading phenotypes to examine the linkage to 
Chromosome 6, not only for the previously found phonemic awareness phenotype 
but also for the imaging and attentional style phenotypes. In Study 1, the 
significant imaging correlate of phonemic awareness (the putative chromosome 6 
phenotype) involves left Heschl’s Gyrus and left high dorsal fronto-parietal 
hypometabolism, along with right lateral inferior frontal and opercular 
hypermetabolism. The significant imaging correlate of single word reading (the 
putative chromosome 15 phenotype) is bilateral thalamic hypometabolism, with 
associated posterior cortical hypometabolism. The two separate attentional style 
correlates respectively involve a subset of inattentive symptoms and a subset of 
impulsivity symptoms. In Study 2, the chromosome 6 linkage to the imaging 
phenotype is even stronger than to the phonemic awareness phenotype: four 
obligate carriers in the pedigree who lacked the phonemic awareness phenotype 
still had the imaging phenotype. These are the first known genetic linkages to 
PET, and the behavioral correlates of the linkage appear to involve attentional sty le 
as well as reading and related cognitive processes. (Supported by NICHD grant # 
5PO1HD21887)

727.6
ANXIETY-STATE IN HYPERTENSIVE AND HYPOTENSIVE MICE: 
PHARMACOGENETIC PERSPECTIVES. S._ Tiufau.lt*, R,._LalQnde^TL Te 
Marec. , I T AT Damand P. Tlamet. Research Center, CIIUM, Physiology 
Depart., Univ. of Montreal, Qc., Canada, H2W 1T8.

An interstrain comparison was conducted at two age levels (3 
and 12 months) between spontaneously hypertensive mice 
(SUM), low blood pressure (LBP) mice and normotensive 
controls (NBP) in the anxiety test of the elevated plus-maze. At 
either age, by comparison to NBP mice, SHM had more open 
arm entries, an indication of reduced fear responses despite 
cardiovascular hyperreactivity. In the younger cohort, LBP 
mice did not differ from NBP mice on open arm entries but had 
less closed arm entries. This difference disappeared with aging 
as the number of closed arm entries in NBP mice decreased at 
12 months, while it stayed fairly high in SHM. The association 
between BP and interstrain phenotypes in the plus-maze will 
be assessed by pharmacological manipulation of BP. Moreover, 
preliminary results on the two progenitor strains (A J and 
C57BL/6J) of recombinant inbred strains (RIS) AXB, at 10 
months of age, confirm the hypothesis of a genetic 
determination of interstrain phenotypes in the plus-maze. A J 
strain showed a marked hypoactivity on the two behavioral 
criteria (open'closed arm entries), while the C57BL 6J strain 
had a high level of closed arm entries similar to SUM. Since the 
C57BL/6J strain is the main genetic background of SHM, 
linkage analysis on the strain distribution pattern of the plus- 
maze phenotype in RIS, knowing their extensive chromosomal 
maps, should allow identification of relevant loci.
* S. T. is supported by the Heart & Stroke foundation of Canada

727.7
ELECTROPHYSIOLOGICAL CORRELATES OF HABITUATION AND 
COGNITION IN SIX-MONTH-OLD INFANTS WITH DOWN SYNDROME. 
Rathe S. Karrer*, Dawn Bloom, Lisa Chaney, Denis Fitzpatrick, Keith Gora, &
Jennifer Hill Karrer - Univ of Kansas, Life Span Institute and Univ of Kansas
Medical Center, Smith Mental Retardation Research Center.
Neuroanatomical and neurophysiological differences have been found 
among infants with Trisomy-21 (Down syndrome, DS) when compared to 
infants without DS (nDS). Limited information is available to describe the 
effects of additional chromosomal material to early cognitive development. 
This study employed event-related brain potentials (ERPs) during extended 
experience with stimuli during a visual recognition task among 6-mo-old DS 
and nDS infants to investigate response decrement and stimulus probability 
effects. A series of two different stimuli were presented in which one had a 
80% probability of occurrence ("frequent"), while the second had a 20% 
probability of occurrence ("novel"). An infant controlled procedure was used 
to present a total of 162 stimuli. ERPs at FZ, CZ, PZ, OZ, C3 and C4 were 
recorded with Grass (Model 12) amplifiers (bandpass .1 - 35 Hz). Similar 
behavioral measures were observed among DS and nDS infants. When 
novel stimuli occurred, both DS and n-DS infants demonstrated longer 
fixation durations. DS and nDS visual (sensory) evoked components at OZ 
were identical in latency. However, Down syndrome ERPs depicted 
differences across five components: larger NSW, larger NC, longer NC 
latency, larger NC2 and, inversely, smaller Pb. There were also differences 
in NC decrement between DS and nDS infants. DS infants demonstrated a 
much slower slope of NC decrement across trials for both frequent and novel 
stimuli, especially at FZ. This study indicates that DS infants have slower 
neural habituation during visual recognition memory. Moreover, anterior 
attentional systems may be impaired during very early development among 
infants with DS. Supported by HD30868 and HD02528.

727.8
IMPAIRMENTS IN SPATIAL WORKING AND REFERENCE MEMORY 
IN SEGMENTAL TRISOMY Ts65Dn MICE. P.J. Yarowsky/o, G.E. 
Demas®, B.K. Krueger, and R.J. Nelson®. Depts. of 
Pharmacology 70 and Physiology , Univ. of Maryland Sch. of 
Medicine, Baltimore, MD 21201 and Depts. of Psychology and 
Neuroscience®, The Johns Hopkins Univ., Baltimore, MD 21218.

Because of the genetic homology between the distal ends of 
MMU16 and HSA21 including much of the region responsible for the 
phenotype of Down syndrome (DS), the partial trisomy 16 (Ts65Dn) 
mouse offers an opportunity to investigate the behavioral genetics of 
the DS phenotype in an experimental animal. Previous work with the 
Ts65Dn mouse has found impaired learning in the Morris water maze 
and impaired spatial working memory on the radial-arm maze (RAM), 
in the present study, we have used the RAM to further characterize 
both spatial reference and working memory in Ts65Dn. Twelve month 
old Ts65Dn mice made a greater number of working errors in the 
RAM compared to controls and did not improve across trials, 
performing at near chance levels. This behavior suggests a deficit in 
spatial working memory. In a reference memory task, Ts65Dn made 
significantly greater number of errors across trials compared to 
control mice. Both genotypes showed improvement across trials 
although Ts65Dn improved more slowly. These performance 
differences between control and Ts65Dn did not depend on different 
response biases, increased anxiety, sensorimotor deficits, or the 
inability to follow perceptual cues (e.g., the smell or the sight of 
food). Thus, impairments in spatial working and reference memory in 
Ts65Dn mice resemble spatial memory deficits in DS. SRIS Univ. of 
Maryland, NIH HD2220, AG10686.

Societyfor  Neuroscience , Volume  23,1997



1872 GENETIC MODELS WEDNESDAY AM

727.9
ALTERED KINETICS OF TTX-SENSITIVE SODIUM CURRENT OF 
DORSAL ROOT GANGLION NEURONS FROM ADULT TS65DN MICE: A 
NEW ANIMAL MODEL OF DOWN SYNDROME.
R.J. Pearce*, Z. Galdzicki and S.I. Rapoport. LNS, NIA, NIH, Bethesda MD 
20892.
Mice trisomic for chromosome 16 (Ts 16) are an animal model for human Down 
Syndrome (DS; Ts21). We have previously reported abnormalities in the sodium 
(Na+)-currents of dorsal root ganglion (DRG) neurons from both fetal Ts21 
human and fetal Tsl6 mice. In this study, we want to determine if DRG neurons 
from Ts65Dn mice, which are those trisomic only for the segment of chromosome 
16 homologous to human chromosome 21 and can survive to adulthood, also 
show abnormal Na+-currents when compared to diploid controls. DRG were 
acutely isolated from 9 week old mice and enzymatically dissociated using 
collagenase (I) and dispase in Ca-free media. Whole-cell recordings were 
performed and the TTX-sensitive (1 pM) voltage-dependent Na+-current was 
pharmacologically isolated. Passive electrical properties did not differ between 
Ts65Dn and diploid neurons. Depolarizing voltage steps from a holding potential 
of -80mV were used to activate Na+-currents from which the peak current (Ipeak), 
the maximum conductance (gmax) and voltage-dependent activation 
characteristics were determined. The families of current traces were also used to 
determine time to peak (tp), activation tau (tm) and inactivation tau (th): the latter 
two using the Hodgkin and Huxley model. Analyses of tail currents on stepping 
back to -20 mV following a series of depolarizing steps were used to determine 
voltage-dependent inactivation characteristics. No significant differences were 
found between Ts65Dn DRG neurons and diploid controls for Ipeak, gmax, and 
voltage-dependent activation or inactivation characteristics of the Na+-current. 
However significant differences were seen in the kinetics of the Na+-current. 
Unlike previously, these studies were carried out in 9 week old mice which 
indicates that abnormalities in the Na+-current of segmental trisomy DRG neurons 
are not developmental.

727.10
DEMENTIA IN VERY OLD MEN AND WOMEN: IS APOLIPOPROTEIN E 84 
AN IMPORTANT RISK FACTOR? E.H. Corder, H. Basun, L. Fratiglioni, M. 
Viitanen, L. Lannfelt, N. Bogdanovic*, B. Winblad. Stockholm Gerontology 
Reserach Center, 11382 Stockholm, and the Department of Clinical Neuroscience 
and Family Medicine, Huddinge University Hospital, 14186 Huddinge, Sweden.

Accurate information on apolipoprotein E (APOE) genotype as a risk factor for 
dementia is limited for very old men and women. We investigated a population 
sample aged 75+ in Stockholm (the Kungsholmen Project). At baseline, cognitively 
impaired subjects with MMSE score < 24, and a sample having scores 24-30, were 
clinically examined for dementia. Three years later, clinical examination was carried 
out for all available subjects. The expected genotypic pattern of dementia prevalence 
based on younger samples, i.e., each copy of the e4 allele carries risk and 82 is 
protective, was found for women. Specifically, 2%, 9%, 18% and 50%, respectively, 
of women aged 77-84 (n=367) with the e2/3, 83/3, £3/4, and 84/4 genotypes were 
demented, and 9%, 27%, 37%, and 60% at ages 85+ (n=239). Unexpectedly, 82/3 
carried risk for men: genotypic prevalences were 13%, 7%, and 20% for e2/3, e3/3, 
and e3/4 at ages 77-84 (n=l36), and 33%, 5%, 27% at ages 85+ (n=64). Few men 
carried e4/4. The diagnosis of Alzheimer’s disease predominated, particularly for 
women aged 85+ [women: 12% vs 5% ages 77-84 and 30% vs 7% ages 85+; men: 
8% vs 6% ages 77-84 and 16% vs 8% ages 85+]. Genotypic patterns for dementia 
among women corresponded more closely with those for AD compared to other 
diagnoses. The genotypic patterns for dementia with recent onset approximating 
incidence (i.e., within three years, the majority of cases) were similar to those 
having more remote onset. We conclude that APOE genotypic patterns of dementia 
risk identified in younger samples persist into late age for women. Nonetheless, the 
excess of AD risk for women aged 85+ was largely related to excess risk for the 
common e3/3 genotype rather than the less common higher risk £3/4 genotype. 
Funded by the Swedish Medical Research Council.

727.11
CORRELATION OF X-CHROMOSOME INACTIVATION WITH CLINICAL 
SEVERITY IN SYMPTOMATIC X-LINKED ADRENOLEUKODYSTROPHY 
HETEROZYGOTES. S. Naidu. C. Washington. K.D. Smith. H.W, Moser*,
P, A. Watkins: Kennedy Krieger Rsrch Inst, Baltimore, MD, 21205.

Heterozygous carriers of X-linked adrenoleukodystrophy (XALD) have elevated 
plasma levels of very long-chain fatty acids (VLCFA) and often exhibit neurologic 
symptoms with advancing age, resembling those of men with the adult-onset form of 
XALD, adrenomyeloneuropathy. Fifty four percent of 165 XALD carriers examined 
were found to have abnormalities on neurologic examination by 30-40 years of age. 
Severity of neurologic impairment was quantified by utilizing a modification of the 
Kurtzke scale used for evaluation in multiple sclerosis. There was no correlation 
between clinical severity and plasma VLCFA levels. Therefore, to determine whether 
the biologic basis of these neurologic deficits might be explained by differential X- 
inactivation, VLCFA levels in cloned fibroblasts and indirect immunofluorescence 
analysis of ALDP, the protein defective in XALD, in skin fibroblasts was done. 
Previous studies revealed that about 70% of males with XALD lacked 
immunoreactivity for ALDP. Heterozygotes from these informative families had a 
mixed population of normal and ALDP-deficient cells as a result of differential X- 
inactivation; we quantitated the percentage of immunopositive (normal) cells in over 
100 obligate XALD carriers. Although there was considerable variation, a positive 
correlation between the percent of immunonegative cells and clinical severity was 
noted. There was no correlation between immunoreactivity and either VLCFA level 
or age alone. However, when age is considered the correlation between severity and 
ALDP immunoreactivity was strengthened. In one set of monozygotic twins (70 years 
of age), the more severely impaired twin had >90% abnormal cells compared to her 
unaffected sister who had <30% abnormal cells. Thus, differences in patterns of X- 
inactivation could contribute to the variable severity of disease seen in X-ALD 
heterozygotes. Support: NIDDK 46877-04

RODENT/MUTANT MODELS

728.1

POSTNATAL STIMULATION MODIFIES THE REDUCED 
EXPRESSION OF CA2+/CALMODULIN-DEPENDENT PROTEIN 
KINASE II IN THE NUCLEUS ACCUMBENS SHELL OF AN 
ANIMAL MODEL OF ADHD. A.G.Sadile*. U.A.Gironi Camevale. 
J.A.Sergeant1. Lab. Neurophysiol. Behav. & Neural Networks, Med. Sch., II 
Univ. Naples, I; ’Dept. Clin. Psychol., Univ. Amsterdam, NL.

The Spontaneously Hypertensive Rat (SHR) feature the main aspects of 
Attention-Deficit Hyperactivity Disorder (ADHD) in children. A reduced 
expression of the ot-isoform of Ca27calmodulin-dependent protein kinase II 
(CaMKII) has been shown in the shell of the nucleus accumbens (ACB) 
(NeuroReport. 7: 3017-3020, 1996). Since the ACB is thought to be an 
interface between limbic and motor systems, our aim was to investigate the 
modifiability of this defect by epigenetic factors. Male juvenile prehypertensive 
SHR and Wistar-Kyoto (WKY) control rats were given a saline injection every 
day during 15 days or were not treated. Immunocytochemistry for o(-CaMKII 
and PC-assisted high resolution image analysis on coronal brain sections 
revealed (i) a lower level of CaMKII-positive elements in the shell of the ACB 
in SHR than in WKY rats, (ii) saline-treated groups did not differ in the level 
of expression of CaMKII in the anterior portions of the ACB. Thus, the 
compound handling, constraint, and proprioceptive stimulation during the 5th 
and 6th postnatal week modified the expression of CaMKII-positive neurons at 
a terminal site of the rnesolimbic system.Theerefore, epigenetic factors can 
modify the altered development of the SHR forebrain and, eventually, the 
phenotypic expression of die behavioral trairs featuring ADHD symptoms in 
children. Supported by EU contract ERBCHRXCT930303 and by 
Telethon-Italy grant E.513,

728.2
DISTRIBUTION OF DOPAMINE TRANSPORTERS IN BASAL GANGLIA OF 
CEREBELLAR ATAXIC MICE. T.A. Reader*12. R. Lalonde12. C. Strazielle1’, F. 
Amdiss1, C. Hebert1 and ML Botez12. 'Centre de recherche en sciences neurologiques, 
Physiologie, Cniversite de Montreal, Montreal (Qc) H3C 3,17 and ~H6tel-Dieu de 
Montreal, Montreal (Qc) H2T 1W8, CANADA, and 3Laboratoire de Neuroanatomie 
Fonclionnelle, Universite de Nancy-Henri Poincare, Nancy 54000, FRANCE.

Dopamine (DA) uptake sites, or transporters, were studied with [l2-|]RTI-121 in the 
weaver (wv), lurcher (1c) and dystonia musculorum (dt) mice; these mutants exhibit 
motor control alterations. In Ic mice, the distribution of [l25I]RTI-121 labelling was 
similar to controls, except for a decrease in the subthalamic nucleus. For dt mice, there 
were no differences between controls and mutants, but for a reduction in the dorsal half 
of caudal neostriatum. Also, in the dt mutant the left rostral neostriatum showed a 
significantly lower [l25I]RTI-121 labelling compared to its right counterpart. The iw 
heterozygote (wv/+) mice showed a labelling similar as measured in controls, but in the 
caudal neostriatum [l2,I]RTI-121 binding was about 30% higher. The wv homozygote 
(wv/wv) showed important decreases in the dorsal quadrant of rostral neostriatum and 
in the dorsal half of caudal neostriatum, where the reductions of binding densities were 
of 65% to 70%, respectively. There were also slight decreases in ['25I]RTI-121 labelling 
of olfactory tubercles and of subthalamic nucleus, but only in wv/wv mice. In substantia 
nigra pars compacta and ventral tegmental area of wv/wv mice the labelling was lower; 
by 60% and 30%, respectively. In summary, important reductions of DA transporters 
were documented only for the weaver mice, the cerebellar mutant presenting, besides 
its cerebellar pathology, a known degeneration of mesencephalic dopaminergic neurons. 
The results rule out major alterations of the central DA systems in Ic and dt, and are 
compatible with the hypothesis that the dopaminergic abnormalities of ii’twer mutants 
are not secondary to cerebellar atrophy, but may be a direct consequence of the 
abnormal weaver gene expressed by DA neurons leading to their apoptotic death. 
[Supported by grants from the ACAF/FRSQ , NSERC and the MRC of Canada]
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728.3
GENETIC AND PHYSICAL MAPPING OF THE agu 
MUTATION. N.J. Craig* J.Shiels, D.Donald. M.D.Alonso. 
A.P.Pavne, R.G.Sutcliffe and R.W.Davies. Division of Molecular 
Genetics, Institute of Biomedical and Life Sciences, University of 
Glasgow, Glasgow Gil 6NU, Scotland, U.K.

Rats homozygous for a mutation in the agu gene show reduced 
ability to initiate movement and slow movement. A reduction of 
tyrosine hydroxylase immunoreactive cells is observed within the 
substantia nigra pars compacta of these animals and they respond 
well to L-Dopa treatment. We will present progress towards the 
genetic and physical mapping of the agu gene. To allow the 
mapping of this mutation, two large backcrosses (n=4000 in total) of 
AS/AGU with Bn and F344 were instigated. Since few informative 
markers are availiable in the region where agu is found to map, new 
microsatellite markers were isolated from Pl clones identified to 
contain genes from regions of synteny in the mouse and man. Novel 
markers identified from the Pl clones were used in conjunction with 
published markers to position the agu gene within a region of 
approximately 10 cM. A marker (marker GU99) was identified 
which maps approximately 0.2 cM from the agu locus. A Pl clone 
and seven YAC clones were isolated using the marker GU99 by 
PCR, establishing a contig that is very likely to contain the agu 
gene. Further microsatellite markers are being isolated from this 
DNA contig: these will allow rapid genetic isolation of the agu gene 
to a region of 50kb of DNA.

NJC holds a BBSRC (U.K.) Studentship. This work was 
supported by the Medical Research Council (U.K), Robertson Trust, 
and Parkinsons Society to RGS, APP and RWD.

728.4
ANALYSIS OF GTP CYCLOHYDROLASE I mRNA EXPRESSION IN THREE 
MONOAMINERGIC CELL GROUPS OF THE hph-1 MOUSE BRAIN, A 
POSSIBLE ANIMAL MODEL OF DOPA-RESPONSIVE DYSTONIA 
M, Shimoii*, K. Hirayama, K. Hyland1 and G. Kapatos. Cellular and Clinical 
Neurobiology Program, Department of Psychiatry and Behavioral Neurosciences, 
Wayne State University School of Medicine, Detroit, Michigan, USA and 'Institute 
of Metabolic Disease, Baylor University Medical Center, Dallas, Texas, USA.

Tetrahydrobiopterin (BH4) is the required cofactor for tyrosine and tryptophan 
hydroxylases. Mutations in the gene for GTP cyclohydrolase I (GTPCH), the initial 
and rate-limiting enzyme in the BH4 biosynthetic pathway, are a cause of hereditary 
progressive dystonia also known as DOPA-responsive dystonia (DRD). Dysfunction 
of the nigro-striatal dopamine (DA) system appears to be implicated in the 
neuropathology of DRD. DRD primarily affects female carriers. The hph-1 mouse 
has a mutation in the gene for GTPCH, demonstrates many of the phenotypic 
characteristics of DRD and has been proposed as a possible animal model of DRD. 
If so, the hph-1 mouse may express a sex-dependent selective decrease in GTPCH 
gene expression within nigro-striatal DA neurons. The double-label in situ 
hybridization technique was used to quantify the cellular distribution of GTPCH 
gene expression within brain sections from wild type and hph-1 mice of both sexes. 
A 35S labeled 302 nt cRNA probe specific to rat GTPCH was combined with either 
digoxigenin-labeled 282 nt tyrosine hydroxylase or 186 nt serotonin (5-HT) 
transporter-specific cRNA, phenotypic markers for catecholamine or indoleamine 
neurons, respectively. Cell groups examined included DA (substantia nigra/ventral 
tegmentum), norepinephrine (locus coeruleus) and 5-HT (dorsal raphe) neurons. 
Preliminary data show that when compared to wild type, GTPCH mRNA expression 
in hph-1 animals is decreased in both sexes and to the same extent (50-60%) across 
all three monoaminergic cell groups. (Supported by the Dystonia Medical Research 
Foundation and NS26081)

728.5
ALTERATIONS IN CEREBELLAR MORPHOLOGY IN TOTTERING AND 
LEANER MUTANT MICE. I.J, Rhvu, F, Lau, D. Walker, B. Chau. B. Webb, 
J.L. Abbott and L.C. Abbott*. Department of Veterinary Anatomy and Public 
Health, Texas A&M University, College Station, TX 77843-4458.

Homozygous leaner mice (tgla/tgla) exhibit severe ataxia and lose cerebellar 
granule cells (gcs) and Purkinje cells (Pcs) postnatally. These mice carry an 
autosomal recessive mutation in the voltage-sensitive P/Q calcium channel a1A 
subunit (Fletcher et al. Cell 87:607-617, 1996). Homozygous tottering (tg/tg) 
mice also carry an autosomal recessive mutation in the a1A subunit, but at a 
different location. The tg/tg mice are less severely ataxic than tgla/tgla mice. In 
order to better understand the relationships between gene expression, morphology 
and phenotypic expression, we investigated several morphologic parameters of 
tg/tg and tgl“/tgla cerebella in comparison to age-matched wild-type controls. 
Mice were anesthetized, perfused intracardially with 4% paraformaldehyde, 
sectioned and processed for immunocytochemical or TUNEL staining, or 
embedded in glycolmethacrylate for routine histology. Decreased cerebellar 
weight and volume, reported previously for 3-month-old tg/tg mice, was 
observed in 1- and 2-year-old tg/tg mice, compared to age-matched controls. Cell 
loss in the tgla/tgla cerebellum was investigated; evidence for apoptosis was 
observed for gcs, but not for Pcs. It is known that Pcs numbers are not 
decreased in tg/tg mice up to 3 months of age, compared to age-matched 
controls. Further study into the development and function of both gcs and Pcs is 
warranted in tg/tg and tgla/tgla mice and will allow us to reveal how mutations in 
the a1A subunit cause observed alterations in cellular morphology and behavior.

Supported by NIH (NS016810) and TAMU Interdisciplinary grants to L.C.A. 
and the Kil Chung Hee Fellowship Fund to I.J.R.

728.6
ALTERED CALCIUM REGULATION IN WEAVER HETEROZYGOTE 
CEREBELLAR NEURONS. A.P. FoxT J. H, Hurley1, P.G.P. Nucifora1. 
D.J. Nelson-1, B. Ghetti2, S. Dlouhy2, J, Wej2, Y. Feng2, L. Won1. & A. 
Heller*1. 1Univ. of Chicago, Chicago, IL 60637 and 2|ndiana Univ. 
School of Medicine, Indianapolis, IN 46202.

The weaver (wv) mouse is characterized by a loss of cerebellar 
neurons, severe motor ataxia and a point mutation in the putative pore 
forming H5 region of the G-protein regulated inwardly rectifying K+ 
channel (GIRK2). Neuronal cell death frequently involves alterations 
in [Ca2+]j and the wv GIRK2 channel is permeable to Ca2+ (Silverman 
et al., PNAS 93, 15429, 1996). We therefore investigated Ca2 + 
regulation in wv granule neurons. Cerebellar granule cells from E19 
wild type (wt) and wv heterozygote mice were grown as bilaminar 
cultures on a glial feeder layer. [Ca2+]i was monitored by a fura-2 
based imaging system. Measurements of [Ca2+]j showed that wv 
heterozygotes had a small elevation in resting Ca2+ levels as compared 
to wt (67.02 ± 2.29 nM (wv) vs. 56.22 ± 1.89 (wt), p<0.01). Cells 
were stimulated with high-K+ solutions or with glutamate. Glutamate 
responses in wv heterozygotes were no different from that of wt 
neurons. Responses to high-K+ were less marked in wv granule cells. 
Exposure to 20 mM K+ resulted in a Ca2+ increase of 28.43 ± 4.82 
nM (wv) as compared to 62.59 ± 4.56 nM (wt) (p<0.001). 50 mM 
K+ increased Ca2+ by 65.68 ± 6.83 nM (wv) as compared to 128.67 
± 8.75 nM (wt) (p<0.001). Thus, altered Ca2+ regulation may play a 
role in the cerebellar neuropathology of the wv mutant mouse. 
Supported by NS14426 and NS27613.

728.7
Motoneuron Degeneration in Wobbler Mouse Mutant is 
Associated to Altered Medium Neurofilament Gene 
Transcription in Spinal Cord and Hindbrain, not in Cortex 
R. Pernas-Alonso, F, Cacucci, A.E. Schaffner+, J.L. Barker* C. 
Hansen , F, Morelli, U. di Porzio* Internatl. Inst. Genet. Biophys, 
CNR Naples, Italy; +Lab. Neurophys, NINDS, °Vet. Res., NIH, USA.

Wobbler mice represent the closest animal model for human 
Infantile Spinal Muscular Atrophy (ISMA), a severe hereditary 
motoneuron degeneration. We have previously shown that already 
during early embryonic development and troughout life medium 
neurofilament (NFM) mRNA level is increased in wr/wr and that a 
mendelian distribution of this character is present in all progenies 
from wr/+ parents. Here we show that in wr homozygotes NFM 
gene "hyperexpression" is restricted to spinal cord (sp.c.) and 
hindbrain and is normal in cortex, where there is no neuronal 
degeneration, as in ISMA. Moreover, in pmn/pmn mutants with 
manifest motoneuron degeneration, the level of NFM appears 
normal, as in wt. Thus, increased NFM mRNA level appears specific 
for the wr mutation and a correlation exists between high NFM 
mRNA levels and the onset of motoneuron degeneration in wr/wr. 
Our data show that significant differences exist between wr and wt 
sp.c. extracts in the binding to the NFM minimal promoter (mpr). 
We also show that the 80 kDa isoform is the prevalent SP1 protein 
in the mouse CNS and that it appears different (less 
phosphorylated?) in wr compared to wt sp.c. We also show that in 
sp.c. and cortex of wt mice there are differences in the binding of 
the SP family transcription factors to the NFM mpr.

728.8
DIFFERENTIAL SENSITIVITY OF IMMORTALIZED FIBROBLASTS 
CARRYING MUTATIONS IN GENES FOR NEUROLOGICAL DISEASE. 
A.Messer*J.C.Porter. K, Manley, J, Pugh and J, Lehman. Wadsworth Ctr. for 
Labs and Research, N.Y. State Dept. of Health and Dept. of Biomed. Sci., 
SUNY,Albany, NY 12201-0509; Albany Medical College, Albany NY 12208.

In many hereditary neurological diseases, the gene which is the primary 
target of the mutation is actually expressed ubiquitously. This suggests that, 
given suitable conditions, it may be possible to use readily-cultured peripheral 
tissue to gain mechanistic insights, and to test therapeutic strategies. This 
approach has been used to examine the mouse mutant motor neuron 
degeneration (mnd). The mnd mutation produces early, abnormal ubiquitous 
accumulation of autofluorescent lipopigment, with retinal degeneration and 
late-onset neuronal degeneration. Abnormal accumulations also include 
immunoreactive mitochondrial ATP synthase subunit c. These accumulations 
are observed in almost all cell types in vivo, and in primary peripheral 
fibroblasts in vitro.

Primary fibroblasts from mnd mice show a lower plating efficiency than 
controls, and a differential sensitivity to the Cu-chelating drug DDC. When 
neonatal primary fibroblasts were immortalized with SV40 virus, cultures 
reached >99% T-antigen positivity within 3-4 weeks, and the doubling time 
was reduced from approx. 48h. to 18h. Although the immortalized mutant cells 
no longer reliably showed the abnormal accumulations that characterized the 
primary cells, they did retain DDC sensitivity. There were also differences in 
the mutant cell morphology and substratum adherence, depending on the 
culture conditions. Such differences can provide a basis for functional assay 
of mutant gene correction.
(Supported by NIH NS29110, NSF-REU and the Children’s Brain Diseases 
Fdn.)
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728.9
TIMING, TOPOGRAPHY, AND MODE OF NEURODEGENERATION IN THE 
spm MOUSE MODEL OF NIEMANN-PICK TYPE C DISEASE.
S.E. Arnold^L.-Y. Han, J. Rittenhouse, M. Bucan. Ctr. for Neurobiol. & Behavior,
U. Pennsylvania, Philadelphia, PA 19104

Niemann-Pick Type C disease (NPC) is an autosomal recessive disorder 
characterized by defects in intracellular trafficking of LDL-derived cholesterol which 
result in lysosomal cholesterol storage, organomegaly, and diverse neurologic and 
behavioral abnormalities. Cerebellar Purkinje cell degeneration has been highlighted 
in the murine model of NPC (Higashi et al, 1993), but the mechanisms of neuron 
death, timing, and topographical distribution of changes throughout the brain have 
not been well-characterized. We examined these features in spm mutation-containing 
and control Balb/C mice at 4, 6, 8 and 14 weeks of age. Immunohistochemistry with 
antibodies directed at ubiquitin, GFAP, and PHF-tau were used to identify 
degenerating neurons, dystrophic neurites, astrocytosis, and neurofibrillary tangle-
like inclusions while apoptotic cell death was assessed using the TUNEL method. 
Nissl-stained neurons first appeared moribund in the cerebellum at 6 weeks and there 
was rapid and massive Purkinje cell loss by 8 weeks. However, ubiquitinated neurons 
and dystrophic neurites were seen as early as 4 weeks in cerebellum as well as motor, 
somatosensory, auditory, and retrosplenial cortices, substantia nigra, and select 
thalamic regions. More intense and widespread ubiquitination was observed at later 
ages. This was accompanied by intense GFAP-ir astrocytosis that was most 
prominent in areas of obvious cell loss. There were no PHF-tau-ir inclusions at any 
stage, and only very rare apoptotic bodies were observed in both control and spm 
mice. The widespread but still selective topographic distribution of 
neurodegeneration is distinct from the previously described distribution of granular 
lipid inclusions in the spm mouse. Furthermore, we note both similarities and 
differences with the distribution of changes in human NPC disease.
Supported by the Ara Parseghjan Medical Research Foundation and NIH MH55I99.

728.10
EVIDENCE FOR INVOLVEMENT OF GABAERGIC NEURONS IN A 
MOUSE MODEL OF CEROID LIPOFUSCINOSIS J.D.Cooper*, A.K.Fcng. 
A.Messer* and W.C.Moblev. Department of Neurology, University of California, 
San Francisco, CA; ^Wadsworth Center, NY State Health, Albany, NY.

The neuronal ceroid lipofuscinoses (NCL) are progressive neurodegenerative 
disorders with onset from infancy to adulthood, that are manifested by blindness, 
seizures and dementia. In NCL, lysosomes accumulate autofluorescent proteolipid 
in the brain and other tissues. The mnd mutant mouse was first characterized as 
exhibiting adult-onset upper and lower motor neuron degeneration, but closer 
examination revealed early, widespread pathology similar to that seen in NCL. We 
used the autofluorescent properties of the lysosomal granules to produce a map of 
affected cells in the mnd mouse brain. Granules were almost entirely absent in 5 
month old strain-matched wild type animals, but were present throughout the 
rostro-caudal extent of the brain of presymptomatic mnd animals of the same age. 
These granules were present in many brain regions, but particularly dense 
accumulations were found predominantly in both large and small GABAergic 
neurons in cortical and sub-cortical structures. Staining for subunit-c of the 
mitochondrial ATPase, which is characteristically found in the lysosomes of 
patients with NCL, revealed a similar distribution of affected neurons. Counts of 
neuronal number revealed significant reductions in specific populations of some, 
but not all, GABAergic intemeurons in the hippocampus of mnd mice. These 
changes suggest that excitatory transmission may be altered within the 
hippocampus of mnd mice. Our results suggest that disfunction of certain 
populations of GABAergic neurons may be an important feature in NCL. 
(Supported by The Batten’s Disease Support and Research Association, The 
Natalie Fund, NS29110; Children’s Brain Diseases Foundation)

728.11
INDUCTION OF NEURONAL NITRIC OXIDE SYNTHASE DURING THE 
LATE STAGE OF CONGENITAL HYDROCEPHALUS IN THE HTX RAT. S, 
Kinsman*, D. Eslin, H: Jones'. M. Lange, and P. McAllister2. Kennedy Krieger 
Research Institute, Baltimore, Maryland, 21205, Univ. of Florida, Gainesville', 
and Cleveland Clinic Foundation2.

The long-term effects of hydrocephalus, a pathological accumulation of 
cerebrospinal fluid within the brain include: damage to periventricular white 
matter, damage of dendritic spines and synapses of the cortex, and some neuronal 
loss. The mechanism whereby this cellular damage occurs is unknown. Nitric 
oxide synthase (NOS) can be induced with brain injury creating neurotoxic levels 
of nitric oxide. We hypothesized that an induction of neuronal NOS (nNOS) 
occurs during the cellular injury phase of hydrocephalus. The hydrocephalic HTX 
rat provides a model to study brain injury in hydrocephalus. These rats develop 
progressive hydrocephalus perinatally, due to aqueductal stenosis. By postnatal day 
21 (P21), these rats exhibit moderate to severe hydrocephalus, usually with 
symptoms of learning problems and motor impairments. We investigated whether 
nNOS expression was altered by comparing P21 hydrocephalic HTX rats with 
their control littermates using immunocytochemistry for nNOS. Examination of 
coronal sections confirmed the presence of hydrocephalus. nNOS 
immunoreactivity (IR) showed increased fiber staining in hydrocephalic brains 
without evidence of neuronal loss, particularly in the basal ganglia. Using dark- 
field densitometric image analysis of nNOS IR axons we found 33.92 axon 
pixels/area (n=5) for hydrocephalic animals vs. 6.52 axon pixels/area (n=4) for 
controls, an over 5-fold increase (p<.001). Preliminary analysis of cortex showed a 
2-fold increase. These results suggest that nNOS may be involved in the 
mechanism of injury produced by hydrocephalus.
Supported in part by: 5T32 HD 07414-06.

728.12
DRINDRITIC ALTERATIONS IN CORTICAL PYRAMIDAL CELLS IN 
SPARSE FUR MICE. M. L, Oster-Granite* K. I, Hopkins1 . I. McKean2, and 
R. F. Mervis2. ]Division of Biomedical Sciences, Univ. of CA, Riverside, CA 
92521 and 2Neuro-Cognitive Research Laboratories, Columbus, OH.

Ornithine transcarbamylase deficiency (OCTD), an X-linked trait, causes 
decreased waste nitrogen excretion and hyperammonemia. In mice, OCTD 
occurs in the sparse fur mutant. These mice exhibit selective degeneration of 
medium spiny neurons in their striata and alterations in serotoninergic and 
NMDA receptors in their cerebral cortices. Alterations in memory and 
learning have been demonstrated in sparse fur mice using a Morris Water 
Maze. Humans with OCTD who die of hyperammonemic crisis display 
degeneration of cortical neurons and significant shrinkage of cortical volume.

Using a modified Golgi-Kopsch stain, we evaluated the basilar tree 
of layer V pyramidal cells in fronto-parietal cortex. Using coded slides, 
quantitative Scholl analysis of randomly selected neurons (10/mouse) 
revealed a significant decrease in the amount of the dendritic arbor with 
increasing distance from the soma in sparse fur mice compared with control
male mice (Wilcoxon p = 0.0001).

Although overt degeneration of layer V pyramidal neurons is not 
observed in sparse fur mice, NMDA receptor density is reduced and the 
reduction in amount of dendritic material in the basilar tree of layer V 
pyramidal cells may correspond to this change. The change in dendritic 
branching, with corresponding compromised cortical circuitry, may also 
represent a basis for the behavioral dysfunction seen in these mice.
This research was supported by HD19932 (MLOG).

728.13
CHARACTERIZATION OF NMDA RECEPTORS IN THE 
HYPERAMMONEMIC SPARSE FUR MOUSE. KJ. Hopkins* M.B. Robinson 
and M.L. Oster-Granite . Division of Biomedical Sciences, Univ. of CA, 
Riverside, CA 92521 and Dept. of Pediatrics, Univ. of PA Sch. Med., 
Philadelphia, PA 19104.

The NMDA receptor, a glutamate receptor subtype, is a ligand-
gated ion channel that allows the influx of Ca2+ into neurons. 
Overstimulation of these receptors has been hypothesized to increase 
intracellular Ca2+ to lethal levels in such neurodegenerative disorders 
of the basal ganglia as Huntington’s Disease and Parkinsonism. Such a 
mechanism may also contribute to the loss of medium spiny neurons 
observed in the striata of the hyperammonemic sparse fur (spf/Y) 
mouse, a model of ornithine carbomyltransferase deficiency (OCTD). 
Elevated levels of quinolinic acid (QA), a potent NMDA agonist, have 
been observed previously in the cortices of spf/Y mice. Further, 
direct injection of QA into the striatum leads to specific loss of medium 
spiny neurons. Microglia serve as an endogenous source of QA in the 
brain and these cells are abundant in spf/Y mice during the period of 
neuronal degeneration.

We used gold labeled immunocytochemistry to determine the 
cells expressing the NMDA receptor subtype in the striatum, cortex, 
and hippocampal formation of spf/Y and control male mice. Receptor 
density was quantified using a Bioquant system. Receptor density was 
greatest in hippocampal pyramidal cells in CAT and CA2. Receptor 
density was intermediate and heterogeneous in layer V pyramidal 
neurons of the frontal cortex. Neurons of the striatum had the least 
receptor density.
This research was supported by HD19932 (MLOG) and by LLNL 
B291333 (MLOG, KH).

728.14

HIPPOCAMPAL LTP iN DYSTROPHIN- AND DYSTROPHIN ISOFORMS- 
DEF1CIENT MICE. J.M. Godfraind *’. M. Zizi2 and N. Dcconinck3. (1) 
Departcmcnt dc Physiologic et Pharmacologic, Systeme Nerveux1 et Physiologic 
Gcnerale dcs Muscles3, UCL-Woluvve, Brussels, (2) Laboratorium voor Fysiologic2. 
KULeuven, Belgium.

Besides muscular dystrophy, patients suffering from the Duchenne disease, may 
exhibit cognitive deficits, mdx mice who lacks the dystrophin (427 kDa) in muscle 
and in brain, are a useful model since they may show learning deficits. mdx-3cv 
mice lacks not only the brain dystrophin but also the short dystrophin isoforms (71 
and 140 kDa) specifically expressed in brain. As structural proteins may possibly 
interfere in the LTP process, the question was raised whether absence of dystro-
phin and/or that of dystrophin isoforms, would interfere with LTP. In addition, as 
in Duchenne’s dystrophy, progressive deterioration is observed with age, LTP was 
explored in adult as well as aged mdx mice. Six groups were thus compared at 
random : adult C57 and mdx, old C57 and old mdx. adult mdx-3cv and adult rats.

Extracellular field-EPSPs were recorded in CA1 hippocampal slices maintai-
ned in vitro at the interface of an air mixture of 95% O2/ 5% CO2and ACSF. 
Recording electrodes were positionned in the stratum radiatum at about 300-400 
pm distance from the stimulating site. Schaffer collaterals were stimulated with a 
monopolar tungsten electrode using currents of about 10 to 70 pA (60-70 ps 
duration) applied regularly with a constant current stimulator module. High 
frequency stimulation (a series of 20 pulses delivered at 50 Hz and grouped in 6 
trains separated by 10 s interval) was used to induce LTP. Five successive sweeps 
were averaged to measure EPSP’s amplitude (mV) and slopes (mV/s). LTP was 
observed in all groups. LTP was however repeatedly harder to obtain in aged mice. 
Age more than dystrophin or dystrophin isoforms absence appears as the critical 
factor in this experimental design.

(supported by FNRS, FMRE Belgium and MSW-Bclgian MoD).

Societyfor  Neuroscience , Volume  23,1997



WEDNESDAY AM RODENT/MUTANT MODELS 1875

728.15
SPATIAL LEARNING AND CA1 HIPPOCAMPAL SYNAPTIC PLASTICITY IN 
MDX AND MDX3CV MICE, MODELS OF DUCHENNE MUSCULAR 
DYSTROPHY. C. Vaillend1, J.-M, Billard2*, P. Dutar2, and A, Ungerer1. 1 URA- 
CNRS 1295, ULP, Strasbourg, France; 2INSERM U161, Paris, France.

X-linked Duchenne muscular dystrophy (DMD) is frequently associated with a 
non-progressive cognitive defect attributed to the absence of 427 kDa dystrophin 
(Dp427) in the brain of DMD patients, or to altered expression of other C-terminal 
isoforms of brain dystrophin, such as Dp 140 or Dp71. In this work, we investigated 
spatial learning and synaptic plasticity in both the mdx mouse, which lacks Dp427, 
and the new mdx3cv mutant, which lacks Dp427, Dp 140, and Dp71. Mice were 
trained during 9 days in a spatial discrimination task in an 8-arm radial maze with 4 
baited arms, to evaluate working (WM) and reference memory (RM) performance. 
Synaptic strengthening was studied in CA1 hippocampal slices from both strains, 
using paired-pulse facilitation (PPF) and long-term potentiation (LTP) paradigms. 
In the radial-maze task, the number of visits to non-baited arms and of returns into a 
previously visited arm did not differ o er training between mdx and matched 
controls, or between mdx3cv and controls, indicating that WM and RM were not 
significantly impaired in these two mutants. The latencies to visit the first arm were 
two-fold longer in mdx3cv than in controls on the first learning session, suggesting 
enhanced emotional reactivity in mdx3cv, when compared to mdx mice. 
Electrophysiological recordings revealed that mdx, but not mdx3cv mice, have 
increased post-tetanic potentiation when compared to controls, which could be 
linked to calcium-specific regulatory defects. Both mutants showed normal PPF for 
various interstimulus intervals and LTP levels comparable to ‘hat of controls, which 
suggest that these forms of synaptic plasticity are not altered in the CA1 
hippocampal field of dystrophin-deficient mice.
Supported by A. F. M. (Association Franqaise contre les Myopathies, France).

728.16
TIME COURSE OF THALAMO-CORTICAL SYNCHRONIZATION DURING 
ABSENCE SEIZURES IN A GENETIC RAT MODEL.
T. Seidenbecher*, R. Staak, S. Staak and H.-C. Pape. Institute of Physiology of 
Medical Academy, Otto-v.-Guericke University Magdeburg 39120, Germany

While the general involvement of thalamo-cortical circuits in the genesis of 
generalized spike-and-wave discharges (SWD) is well documented, the exact time 
course of recruitment of cellular activities in various thalamic and cortical regions 
remains largely unknown. In this study, bilateral electroencephalographic (EEG) 
and multi-unit activity was recorded simultaneously during generalized SWD in 
anesthetized Genetic Absence Epilepsy Rats from Strasbourg (GAERS). Acute 
experiments were performed under fentanyl-droperidol anesthesia. All investigated 
animals developed generalized 7-11 Hz SWD spontaneously. Multi-unit activity 
was recorded in the somatosensory cortex and different thalamic nuclei 
[ventroposterolateral (VPL), ventroposteromedial (VPM), ventrolateral (VL), 
anteroventral (AWL), rostral (rRT) and caudal nucleus reticularis (cRT)j. The 
negative peak of the spike component of the SWD was used as trigger for 
calculation of stimulus histograms. Neurons of cortex, VPL, VPM, VL and RT 
nuclei showed a spike-locked synchronized excitation and a wave-locked 
depression during absence seizures. By contrast, neuronal activity of the AWL 
showed a spike related depression followed by a wave-locked rebound activity. 
Maximum firing of neurons of all recorded structures (except AWL) preceded the 
peak of the spike. Peak latencies of unit activities related to the spike component of 
the SWD showed statistically significant differences. Rhythmical neuronal activity 
of the cortex precedes neuronal discharges of thalamic neurons and was evident up 
to 1.9 seconds before the EEG correlates.
We conclude that neuronal activity in the somatosensory cortical and thalamic 
regions are highly synchronized with the spike phase of SWD, while the activity in 
the anterior thalamic nucleus is depressed. The present data favor the leading role 
of the cortex as a possible pacemaker in the generation of SWD in GAERS.

728.17
GENETIC DISSECTION OF THE SIGNALS THAT INDUCE SYNAPTIC 
REORGANIZATION. P.E. Schauwecker* and O. Steward. Dept. of 
Neuroscience, Univ. of Virginia, Charlottesville, VA 22908.

We have recently discovered that certain strains of inbred mice are virtually 
invulnerable to kainic acid (KA)-induced excitotoxicity. Administration of KA 
induces seizures and epileptiform activity. The seizures cause excitotoxic cell 
death of pyramidal neurons in CA1 and CA3 subfields and dentate hilar neurons 
and subsequent synaptic rearrangement within the dentate gyrus. Since it is not 
known whether kainate induced seizures themselves or cellular damage are 
triggers for synaptic rearrangment, our identification of strains that have seizures 
but no cell death provides a means for relating molecular processes to synaptic 
remodelling. Following KA administration, both strains exhibited seizures of a 
similar duration and intensity and showed similar spatiotemporal patterns of 2- 
deoxyglucose (2-DG) uptake within the hippocampus. However, invulnerable 
mice showed a greater increase in 2-DG uptake at high and intermediate doses of 
KA. In contrast, invulnerable mice exhibited acute, transient increases in c-fos 
immunoreactivity in hippocampal neurons, while vulnerable mice demonstrated 
prolonged increases in c-fos immunoreactivity in areas where collateral sprouting 
occurs. Evidence of sprouting, as detected by increased histochemical staining of 
mossy fibers and septohippocampal projections, was only evident in strains 
vulnerable to KA. These findings provide strong evidence that a transient 
activation of c-fos may be seizure-related while protracted induction of c-fos is 
related to impending cell death and neural plasticity. The identification of 
strains that elicit different cellular cascades based on their vulnerability to KA 
provides evidence for the hypothesis that synaptic reorganization following KA 
occurs in response to cellular signals associated with cell death. Supported by 
NS09972-02 to P.E.S. and NS 29875 to O.S.

728.18
GENETIC SENSITIVITY TO COCAINE-KINDLED SEIZURES. G.G. Smith. G.T. 
Golden. T.N. Ferraro. R.L. Snyder, T.A. Hare*. W.H. Berrettini . Depart-
ment of Veterans Affairs Medical Center, Coatesville, PA 19320 and 
Thomas Jefferson University, Philadelphia, PA 19107

Pharmacological kindling describes the development of increased seizure 
activity following the repeated administration of various excitatory 
compounds. To delineate genetic factors that may influence susceptibility 
to pharmacological kindling we first studied the development of cocaine- 
kindled seizures in two inbred mouse strains: C57, resistant to acute 
cocaine-induced seizures; and SJL, susceptible to acute cocaine-induced 
seizures. Two dosing regimes (ip) were used : 40mg/kg/d (n=6/strain) or 
50 mg/kg/d (n=10/strain). Results showed large differences in suscepti-
bility to kindled seizures. After 20 daily cocaine injections (40mg/kg), 
cumulatively 50% of SJL mice showed seizures in contrast to C57 mice 
which all remained seizure free. At the 50mg/kg/d dose, cumulatively 
40% of C57 mice exhibited kindled seizure activity by day 5; however, this 
effect was not long lasting as no seizures were observed on days 6 -10. In 
contrast, SJL mice showed cumulatively 100% seizures by day 3 and this 
effect persisted throughout the remainder of the 10 day treatment period. 
Seventy-two hours following the last daily cocaine injection, the same mice 
were challenged with either 70mg/kg (for mice kindled at 50mg/daily dose) 
or 60mg/kg (for mice kindled at 40mg/daily dose) and the number of mice 
in each strain exhibiting seizures, latency to first seizure and total time in 
seizure activity in response to the 72 hour cocaine challenge dose were 
monitored. ANOVAs for cocaine challenge measures showed significant 
strain (p < 0.001), cocaine dose (p < 0.001) and strain X cocaine dose 
interaction (p < 0.002) effects for total time in seizure activity and a 
significant strain effect (p < 0.004) for seizure latency. Results indicate 
that similar to their relative sensitivities to acute cocaine seizures, C57 
mice are resistant to cocaine-kindled seizures whereas SJL mice are 
sensitive. Determination of the amounts of genetic versus environmental 
influences in this model may lead to further studies to elucidate the nature 
of specific genes involved in kindled seizures and epilepsy. (Supported by 
VHA)

728.19

COCAINE

60 mg/kg 
70 mg/kg

DIFFERENTIAL SENSITIVITY TO ACUTE COCAINE-INDUCED SEIZURES IN 
INBRED STRAINS OF MICE. G.T. Golden*. T.N. Ferraro, G.G. Smith, N.L. 
Jones, W.H. Berrettini. Department of Veterans Affairs Medical Center, 
Coatesville, PA 19320 and Thomas Jefferson University, Philadelphia, PA 

Seizures are a major factor implicated in cocaine related deaths. In the 
present study mature mice from six inbred strains were tested for 
susceptibility to seizures induced by an acute injection of cocaine. A total 
of 257 mice (C57BL/6J n=67, DBA/2J n=48, BALB/cByJ n-48, SJL/J 
n=63, NZW/LacJ n-21, A/J n=10) were tested using ip injection of either 
60 or 70 mg/kg of cocaine HCI. Results showed the rank order (highest to 
lowest sensitivity) to acute cocaine-induced seizures is A/J - SJL >
BALB > DBA = NZW > C57. Mice from the C57 strain were the most 
resistant and mice from the SJL and A/J strains were the most sensitive 

PERCENTAGE OF MICE WITH BEHAVIORAL SEIZURES 
C57 C57 SJL SJL A/J
MALE FEM MALE FEM MALE
0% 0% 5 7% 3 0% 8 0%
0% 17% 71% 100% 80%

A chi square analysis for strain differences in seizure expression using all 
six strains (collapsed across sex) was significant at both the 60 mg/kg 
(Chi Square=28.Q, p<.0001) and 70 mg/kg (Chi Square=34.02, p<.0001) 
cocaine dose . in addition to monitoring the number of mice from each 
strain exhibiting seizures, latency from time of cocaine injection to 
initiation of seizure activity was monitored for all animals and analyzed 
by strain and sex. A two factor ANOVA revealed significant (p<.0001) 
strain and cocaine dose main effects for seizure latency. Conservative 
post hoc comparisons revealed significant differences between most 
strains with the exception of C57 vs NZW, DBA vs BALB, DBA vs NZW, 
BALB vs NZW and SJL vs A/J. Differences in strain sensitivity to 
cocaine-induced seizures likely reflect both genetic and environmental 
influences with their relative magnitudes and sources yet to be 
determined. In particular there is need to assess possible strain specific 
pharmacokinetic variables related to cocaine administration. (Supported 
by VHA)

728.20
STRAIN- AND GENDER-DEPENDENT EFFECTS OF 
OXOTREMORINE AND PYRIDOSTIGMINE. D.H. Overstreet*, Y. 
Yang, M, Hamedi, D.S. Janowsky and Amir H. Rezvani, Skipper 
Bowles Ctr. for Alcohol Studies, UNC, Chapel Hill, NC 27599-7178.

Pyridostigmine (PYR) was given to many participants in the Gulf 
War as a protection against exposure to nerve gases and some 
individuals reported side effects. To test the hypothesis that a subset of 
individuals may have been genetically supersensitive, the effects of PYR 
were determined in both genders of three strains of rats: The Flinders 
Sensitive Line (FSL), the Flinders Resistant Line (FRL) and Sprague- 
Dawley (SD). Rats were first challenged with a mixture of methyl 
atropine (2 mg/kg) and oxotremorine (OX - 0.2 mg/kg) and 
temperatures telemetrically monitored to measure cholinergic 
sensitivity. Females of each strain exhibited approximately 0.6 °C 
greater decreases in temperature than their male counterparts. The 
FSL rats were the most sensitive to OX, as expected, and the SD rats 
were intermediate between the FSL and FRL rats, confirming that both 
the FSL and FRL rats have diverged from normal SD rats. PYR, up to 
a dose of 12 mg/kg orally, did not produce a decrease in temperature in 
any of the 6 groups, confirming the lack of central effects. However, 
the FSL male rats appeared to be more sensitive to the heart rate 
lowering effects of PYR, a finding consistent with increased peripheral 
cholinergic sensitivity. Data on blood growth hormone levels, known 
to be stimulated by PYR, are being analyzed and will be reported at the 
meeting. These findings are consistent with the view that some humans 
may be genetically predisposed to exhibit greater sensitivity to PYR. 
(Supported by U.S. Army).
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729.1
FUNCTIONAL DEFECTS OF PERIPHERAL NERVES FROM TRANSGENIC 
MICE WITH DIFFERENT NEUROFILAMENT EXPRESSION. J, Kriz*. 0, 
Zhu’. J. P. Julien1 and A. L. Padien. Department of Pharmacology & Therapeutics 
and ’Center for Research in Neuroscience, The Montreal General Hospital, McGill 
University, Montreal, QC, Canada

Neurofilaments (NFs) constitute the most abundant cytoskeletal structure in large 
myelinated axons. NFs are made by the co-polymerization of three intermediate 
filament proteins, NF-L, NF-M, and NF-H that are expressed exclusively and in 
the most neurons. The aim of this study was to examine electrophysiological 
properties of myelinated axons with altered morphology expressing different 
intermediate filament proteins (NF-L, NF-M and NF-H knockout mice) that 
resulted in myelinated fibres with smaller axon diameter and altered cytoskeletal 
structure. Steady state membrane properties, action potentials (AP) and single axon 
refractory period were measured on isolated sciatic nerves in vitro using 
intracellular current-clamp technique or extracellular sucrose gap recording.

Transgenic animals showed several deficits in physiological properties of low 
threshold myelinated fibres: conduction velocity (CV) was significantly decreased 
in NF-L and NF-M knockout animal (12.54 ± 3.49 m/s and 23.54 ± 6.6 m/s, 
respectively vs. 42.80 ± 10 m/s in controls; n=25; 22° C); recovery period of AP 
was increased transgenic animals. Compound action potential (CAP) area in NF-L- 
/- was significantly (30%) decreased.

In conclusion, reduction in CV is explainable by morphological changes (smaller 
axon diameter, relatively thicker myelin); changes in refractory period and CAP 
area indicate a possible dysfunction of Na+ channels. These results suggest a 
possible involvement of NFs in regulation or expression of ion channels in 
peripheral myelinated axons. (Supported in part by MRC Canada)

729.2
MOTOR NEURON SPECIFIC DOWN REGULATION OF TUBULIN 
TRANSCRIPTION IN THE VENTRAL NERVE CORD OF C. 
ELEGANS. S. S. Siddiqui*. M. Y. All, C. B. 
Gogonea, F. Hori, A. Shah, I. Shibata & Z. K. 
Siddiqui. Lab of Mol Biol, Toyohashi Univ. of 
Tech. Toyohashi 441, Japan

We have earlier shown that in C. elegans, 
over-expression of the dpy-20 gene suppresses 
transcription of the alpha-1 and alpha-2 tubulin 
isotypes in motor neurons (Fukushige and 
Siddiqui, 1995). We have now cloned mec-12 (aka 
tba-3), and shown that the mec-12::lacZ reporter 
gene is expressed in a set of six touch receptor 
neurons, sensory neurons in the head and tail, 
and in a set of DB motor neurons. The mec-12 
expression In motor neurons is also down
regulated in the dpy-20 expressing transgenics. 
To test whether dpy-20 is a transcription 
regulator for motor neurons, we have made dpy-20 
double mutants with many mutants in genes that 
also express in motor neurons, e.g the unc-104. 
Indeed, dpy-20; unc-104 double mutants show
severe locomotory and other defects, suggesting 
that dpy-20 may be a general modulator of motor 
neuron specific transcription. We thank D. 
Baillie for the dpy-20 DNA; and the Monbusho and 
NEC Corpn., Japan for research grants to SSS.

729.3
SENESCENCE-ACCELERATED OVEREXPRESSION OF S 100(3 IN 
MUTANT MOUSE BRAIN. W.S.T. Griffin*, J.G. Sheng and R.E. 
Mrak. Dept. Vet. Affairs Med. Ctr., and Depts. of Geriatrics and 
Pathology, Univ. Ark. Med. Sci., Little Rock, AR 72205

Age-related increases in brain expression of SI00(3, an astrocyte- 
derived protein with neurite growth-promoting properties that have 
been implicated in Alzheimer's disease, has been proposed as a factor 
underlying the increasing risk of Alzheimer's disease that accompanies 
aging. Senescence acceleration-prone (SAMP) mice are a group of 
inbred strains that provide animal models of aging and of various age- 
related disease processes in brain and peripheral tissues. We used 
immunochemistry and Northern analysis to examine S 100(3 expression 
in brains of SAMP6 mice, an osteopenic mutant not previously 
associated with central nervous system alterations. At 4 months of 
age, both the numbers and immunoreactive intensity of S100(3-immuno- 
reactive astrocytes in cerebral cortex and hippocampus were 
significantly increased, as were cerebral tissue levels of SI00(3 protein 
and mRNA (P < 0.05 or better in each case). These increases were 
even more striking at 6 months of age, when S 100(3 protein and 
mRNA levels reached 3.7-fold and 1.9-fold those of senescence 
resistant control mice (P < 0.01 in each case). Our results suggest 
that SAMP6 mice may be useful in providing insights into age- 
associated brain alterations and diseases. Supported in part by 
AG10208 and AG12411.

729.4
TRANSGENIC MODELS TO DEFINE THE PHYSIOLOGICAL ROLE OF 
PROTEINS OF THE APP-FAMILY. U. Muller1 , V. Gaiic2, JL 
Hainsellner3, A, Aguzzi3. J. Herms4*, P^.Tremml5, D. Wolfer5 
and H.-P, Lipp^JAbt. Neurochemie, Max-Planck-Institut f. 
Hirnforschung, Deutschordenstr. 46, D-60528 Frankfurt, FRG., 2Inst. 
f. Molekularbiologie I, 3Inst. f. Neuropathologie, 5Inst. f. Anatomie, 
Univ. Zurich, Switzerland, 4 Inst, fur Neuropathologie, Univ. Gottingen,

The occurrence of familial forms of Alzheimer's disease 
(AD) that are linked to mutations in the (3-amyloid precursor 
protein (APP) gene suggests that APP and its metabolism play 
an important role in the pathogenesis of the disease. To 
determine the physiological role of APP we have generated by 
gene targeting APP knockout mice employing cre/lox- 
mediated deletion of a 200-kb fragment of the APP-gene. APP 
is a member of an evolutionary conserved gene family and two 
closely related proteins termed APP-like proteins (APLP-1 and 
APLP-2) have been cloned. Very little is known so far about 
the specific functions of these proteins. We have therefore 
generated knock out mice for APLP-1 by deleting the promoter 
as well as about half of the coding sequence of the APLP-1 
gene. Functionality of the knock out was confirmed by 
Northern and Western blot analysis. APLP-10/0 animals show 
no overt anomalies, are fertile and viable to at least 6 months 
of age. Further characterization of the phenotype with respect 
to learning and memory and the generation of combined gene 
deficiencies of APP-family members is currently underway.

729.5
NEUROCHEMICAL CHANGES IN TRANSGENIC MICE 
OVEREXPRESSING HUMAN APP770 H, Li1 ’2, S.T.H. Chan2 
and F. Tang1* Departments of Physiology1 and Zoology2, The 
University of Hong Kong

Alzheimer’s disease ( AD ) is a neurodegenerative disorder 
characterized by progressive deterioration of memory and 
cognitive functions. One of the major histopathological features 
of AD is the extracellular deposition of (3-amyloid ( AJ3 ). 
Previous studies suggested that APP77o is enriched relative to 
other isoforms of APPs in patients with AD. We reported here 
the establishment of a transgenic mouse overexpressing human 
APP770. A fivefold overexpression of the transgene protein 
relative to endogenous mouse APP was observed in the brain of 
this transgenic mouse. Extracellular A(3 deposits were present in 
the cerebral cortex and hippocampus. Furthermore, our 
transgenic mice exhibited age-dependent learning and memory 
deficits in spontaneous alternation and spatial tasks, 
accompanied by significant decreases in the choline 
acetyltransferase ( ChAT ) activities and somatostatin contents 
in the cortex and hippocampus. These results suggest that both 
changes in the brain somatostatinergic and cholinergic 
transmissions are involved in the cognitive deficits in our model.

[ Supported by Hong Kong Research Grants Council

729.6
Selective deposition of Amyloid Beta protein in the entorhinal- 
dentate projection of a transgenic mouse model of Alzheimer 
disease. B. Ni12- and Y. Su1. 'Dept. Neuroscience Res., Eli Lilly & Co., 
Indpls, IN 46285; 2Dept. of psychiatry, Indiana Univ. Medical School, 
Indipls., IN.

Early and selective deposition of amyloid beta-protein(A(3) is a 
pathological feature central to Alzheimer’s disease (AD). It has been great 
challenge to identify the mechanism(s) responsible for the selectivity of A(3 
deposition and to place the selective A(3 deposition into a temporal 
sequence of the pathogenesis of this disorder. We now report that the 
transgenic mouse (PDAPP), which overexpresses human amyloid 
precursor protein(APP717V-F) in the majority of brain regions, 
progressively develops brain/subcellular region-specific A(3 deposits, along 
with many pathologies associated with Alzheimer disease. Using 
monoclonal antibodies which recognize multiple sites of human A(3 peptide, 
we show that A(3 deposits are primarily localized in the entorhinal cortex 
and hippocampal/dentate gyrus region. A(3 deposition exhibited consistent 
laminar distribution throughout the hippocampal formation, mostly confined 
to a dense terminal field in the outer portion of the stratum moleculare of 
the dentate gyrus and the stratum lacunosum of the hippocampus proper. 
A(3 deposits were also observed in the suragranular zone of the dentate 
gyrus. Laminar distribution of A(3 deposits were evident in the entorhinal 
cortex, most notably in the molecular layer and laminar layer III. The 
defined laminar pattern of the A(3 deposition resembled that of Alzheimer's 
disease, suggesting that intrinsic factors in the perforant path, the major 
projection from the entorhinal cortex to the hippocampal formation, and 
their respective local paths contribute, in part, to the extracellular A(3 
deposits in the transgenic mouse model of Alzheimer’s disease.
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729.7
TRANSGENIC MOUSE MODEL FOR AUTONOMIC NEUROPATHY CREATED 
BY IMMUNOTOXIN TARGETING. K. Kobayashi, H. Sawada1, K. Nishii1, R. J. 
Kreitman2. 1. Pastan2. mid T. Nagatsup Lab. of Mammal. Genet., Nara Inst, of Sci. 
Tech., Ikoma, Nara 630-01. 'Inst, for Compr. Med. Sci., Fujita Health Univ., 

Toyoake. Aichi 470-01, and 2Lab. of Mol. Biol., NCI, NIH, Bethesda, MD 20892.
Autonomic neuropathy in several neurodegenerative diseases is associated with 

defects in different ceil types in the central and peripheral nervous systems. 
Immunotoxin-mediated cell targeting (IMCT) is a novel transgenic mouse technology 
for conditionally ablating specific neuronal types with the cytotoxic activity of a 
recombinant immunotoxin. We conditionally disrupted peripheral catecholaminergic 
cells with IMCT to generate a mouse model developing autonomic failure based on 

primary defects in the sympathetic nervous system. Transgenic mice engineered to 
express human interleukin-2 receptor under the control of dopamine. /Thydroxylase gene 

promoter were treated i.v. with an appropriate dose of anti-Tac(Fv)-PE40 
immunotoxin. The immunotoxin treatment induced a selective loss of sympathetic 
neurons and adrenal medullary cells only in the transgenic mice. However, no cell 
damage was observed in noradrenergic neurons in brain of the injected transgenics. 
Targeting of the peripheral catecholamine cells caused severe and progressive 
phenotypic abnormalities mainly characterized by hypoactivity, hypothermia, and 
cardiovascular dysfunctions. These observations explain development of autonomic 
failure derived from s/mpathetic ceil degeneration. Our IMCT technique is useful for 
studying the invohemem of different neuronal types and their interaction in the 

develoment and symptom of autonomic diseases.

729.8
TRANSGENIC APPROACH TO CONDITIONAL ABLATION OF MURINE 
CEREBELLAR PURKINJE CELLS. B.E. Pureman*, D.B. Campbell, V, 
Canfield, R, Levenson and E.J. Hess. Department of Neuroscience & Anatomy, The 
Pennsylvania State University College of Medicine, Hershey, PA 17033.

Transgenic approaches to cell ablation have enabled the production of discrete 
cellular lesions in regions previously not amenable to traditional methods. 
Conditional suicide genes under the control of cell-specific promoter elements allow 
lesion of specific cell types at any time during development. Here we describe the 
generation of transgenic mice that may provide an inducible method for ablating a 
single neuronal cell type, the cerebellar Purkinje cell. Transgenes are being 
constructed with the conditional suicide gene, thymidine kinase (TK), under the 
control of two Purkinje cell-specific promoters: Pcp-2 or L7 . Previously published 
expression patterns for the Pcp-2 and L7 promoters suggest that differences in 
regulatory elements in the promoter sequences and the site of transgene integration 
may produce different patterns of expression throughout the mouse Purkinje cell 
layer. The L7 promoter is insensitive to the site of integration and is expressed in 
all Purkinje cells, while Pc.p-2 driven transgenes may be expressed in subsets of 
Purkinje cells based on the site of integration. For this reason, both Pcp-2 and L7 
promoters are being used to generate transgenic mice, with at least one identified for 
the Pc/?-2/TK construct. Purkinje cells will be lesioned in these mice by 
administration of ganciclovir, an agent toxic to cells expressing thymidine kinase. 
In addition, the conditional suicide transgene will be bred onto the neurological 
mutant mouse strain tottering. Our laboratory has shown that genetic lesions of 
tottering mouse Purkinje cells with the Purkinje cell degeneration (ped) mutation 
eliminates the expression of paroxysmal convulsions. It is expected that thymidine 
kinase ablation of Purkinje cells will also eliminate this characteristic tottering 
behavior. Supported by PHS NS33592 and a Klingenstein Fellowship.

729.9
ETHANOL ATAXIA IN NULL MUTANT MICE MISSING THE SEROTONIN 
5-HT1B RECEPTOR. J.C. Crabbe*, T.J. Phillips, G.L. Schafer and S. 
Boehm II. Portland Alcohol Research Center, VA Medical Center and 
Oregon Health Sciences University, Portland, OR 97201.

Quantitative Trait Loci gene mapping analyses suggested that the 5- 
HT1B serotonin receptor subtype may be a candidate gene product that 
influences several responses to ethanol (EtOH). Mutant mice have been 
developed that lack the Htrlh gene coding for the 5-HT1B receptor. 
Previous work showed that these knockout mice had very high 
preference drinking of EtOH solutions, but normal preference for sucrose 
and saccharin solutions, and were less sensitive to EtOH-induced ataxia 
in the grid test (Crabbe et ah, Nature Genet. 14:98, 1996). Pilot studies 
indicated that the relative sensitivity to EtOH-induced ataxia might vary 
depending upon the specific task employed. To test the range of 
pleiotropic effects of Htrlb deletion in the general domain of ataxia, 
homozygous knockouts were compared with wild-type 1 29/Sv-terJ 
inbred controls for their relative ataxic sensitivity to EtOH, using a 
number of behavioral indices of ataxia. The tasks employed included: 
fixed-speed rotarod; accelerating rotarod; stationary dowel balancing; 
balance beam walking; and twine climb. The relative sensitivity of 
knockout and wild-type animals depended upon the specific measure of 
ataxia employed. These results demonstrate that "ataxia" is not a 
monolithic response in mice, and that different behavioral assays must 
tap different physiological substrates, which are influenced by 5-HT1B 
receptor function differentially. Support by NIAAA (P50AA10760, 
R01AA11322, F31AA05451, T32AA07468) and two grants from the 
Department of Veterans Affairs.

729.10
REDUCTION OF NITRIC OXIDE SYNTHASE ACTIVITY IS ASSOCIATED WITH 
DEGENERATION OF NITRIC OXIDE -SYNTHESIZING NEURONS IN MICE 
EXPRESSING A SUPEROXIDE DISMUTASE MUTATION ASSOCIATED WITH 
FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS. M. Cecilia Aguila* and 
Rodrigo O. Kuliis. VA Med. Ctr.& Dept. of Neurology, Univ.of Miami Sch. of Med., 
Miami, FL 33136.

Nitric oxide (NO) synthesizing neurons (NOSN) develop degenerative changes 
in patients with sporadic amyotrophic lateral sclerosis (ALS). The transgenic 
expression of a mutated Cu/Zn superoxide dismutase gene (G93A) associated 
with familial ALS results in degeneration of a population of NADPH diaphorase (+) 
neurons in mice that develop an ALS-like condition. In view of these findings, and 
that NADPH is not isoform specific, this study was undertaken to examine the NO 
synthase (NOS) activity and to determine whether degeneration occurs in neurons 
that express NOS in transgenic and control mice. Expression of the transgene 
was verified by PCR. After fixation the brains were sectioned and labeled 
immunocytochemically for NOS. Transgenic mice exhibit numerous dystrophic 
neurons throughout the cortex. NOS activity was measured in the cerebral cortex 
by the conversion of L-[3H] arginine into L-fH] citrulline. Transgenic specimens 
displayed decreased NOS activity (43%, p<0.001). A similar drop in NOS activity 
could be attained in controls after inhibition with L-N^-nitroarginine (KX’M). 
Interestingly, no decrease of NOS activity occurs in the cerebellum of transgenic 
rrvee, indicating that the phenomenon is restricted to certain regions of the brain. 
These findings link a specific superoxide dismutase mutation with degeneration 
of NOSN and indicate that the histopathologically evident degeneration of NOSN 
throughout the cerebral cortex correlates with a drop in NOS activity, probably in 
part due to a loss in the number of these unique neurons. This phenomenon may 
affect NO’s role in neurotransmission and neuronal ioss in ALS. Supported by 
DVA Merit Rev. 5065.01, Pfizer, Inc. and Eisai, Inc.

729.11
SOD-1 G86R TRANSGENIC MICE HAVE DECREASED STRIATAL 
DOPAMINE AND A GREATER SENSITIVITY TO MPTP THAN CONTROL 
MICE. P. F, Good*1. C. W, Olanovv2, A, Hsu1, and J. W. Gordon3. ’Division of 
Neuropathology and Fishberg Res. Ctr. for Neurobiology; 2Neurology; and 
3Geriatrics and Adult Dev. and Obs/Gyn and Reprod. Science, Mt. Sinai School of 
Medicine, NY, NY 10029

Point mutations in the Cu/Zn superoxide dismutase gene (SOD-1) can give rise to 
dysfunctional SOD that are causally linked to the pathogenesis of familial 
amyotrophic lateral sclerosis (FALS). Transgenic (Tg) mice carrying a mutation of 
the mouse SOD-1 gene (Gly86->Arg) analogous to a human FALS mutation 
demonstrate the ALS phenotype and pathological changes highly similar to those 
seen in human motor neuron disease. It is hypothesized that dysfunctional SOD 
leads to oxidative stress and oxidative damage to critical biological molecules. The 
substantia nigra pars compacta (SNc) is a brain region that is vulnerable to oxidative 
stress, arising from the oxidative metabolism of dopamine (DA) and the presence of 
iron. MPTP damages dopaminergic neurons by selective uptake, binding to complex 
I of the mitochondrial respiratory' chain and the generation of oxygen radicals. To 
assess the effect of dysfunctional SOD-1 on SNc neurons, and the potential for MPTP 
to preferentially' affect SOD-Tg mice relative to control littermates, we have 
determined the levels of striatal DA in normal and G86R SOD-Tg mice by HPLC. 
and examined the effect of two single doses of MPTP (20 and 30-40 mg/kg) on 
striatal DA levels. In transgenic mice, striatal DA (ng/mg protein) was: untreated,
121.6 ± 5.1 (n=13); low MPTP, 95.3 ± 5.8 (n=l 1); high MPTP, 9.4 ± 5.3 (n-4). In 
control littermates striatal DA was: untreated, 148.5 ± 6.9 (n= 10); low MPTP, 126.7 
± 6.2 (n=l 1); high MPTP, 88.1 ± 44 (n=4). Statistical analysis (Student's t-test) 
demonstrated a significant decrease in striatal DA in untreated transgenic vs. 
untreated control animals. Multivariate ANOVA demonstrated a significant 
interaction between MPTP and transgenic status indicating that that the relative 
decline in striatal DA of MPTP treated SOD-Tg mice was greater than that of MPTP 
treated non-Tg mice compared to their respective controls. These data indicate that 
the G86R mutation confers a selective vulnerability to oxidative stress in SNc DA 
neurons. Supported by AG-02219. AG-14382 and The Lowenstein Foundation

729.12
MEASUREMENT OF SPINAL CORD LIPID AND PROTEIN OXIDATION 
IN THE TRANSGENIC MOUSE MODEL OF FAMILIAL AMYOTROPHIC 
LATERAL SCLEROSIS. P.K.Andrus*, T.J.Fleck, C.S.Himes, M.E.Gumey and
E.D.Hall. CNS Diseases Research, Pharmacia & Upjohn, Inc., Kalamazoo, MI 
49001

The transgenic ALS mouse model is thought to involve oxygen radical mechanisms 
as the pathogenetic explanation for the progressive loss of spinal motor neurons, the 
hallmark of the disease. The present study analyzed the age-related differences in 
vitamin E, in malondialdehyde (MDA, index of lipid peroxidation) and protein 
carbonyl (index of protein oxidation) levels in ALS mice (G1H/+) vs non-transgenic 
litter mates. Mice were studied at 30, 60, 100 and 120 days of age. At the 120 day 
time point, transgenic mice that possess the wild-type human Cu,Zn SOD1 mutation 
(N29s) were also compared. The G1H/+ mice displayed a blunting of vitamin E 
accumulation between 30 and 60 and between 100 and 120 days of age. The mean 
MDA levels were higher in the ALS mice at all time points in comparison to the non- 
transgenic mice, with the differences being greatest at 30 and 60 days of age. At ! 20 
days of age, the N29s had dramatically lower MDA levels, even in comparison to the 
non-transgenic animals. Protein oxidation (carbonyl content) was significantly higher 
in the G1H/+ mice than in the non-transgenic animals at 30 and 120 days of age; at 
120 days the levels were 5-6 times higher in the GlHs. In contrast, the N29 spinal 
cords had carbonyl levels statistically equivalent to the non-transgenic mice. These 
studies confirm that there are significant increases in spinal cord lipid and protein 
oxidation products in the ALS mice.
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729.13
IMMUNOCYTOCHEMICAL EVIDENCE OF SPINAL CORD LIPID 
PEROXIDATION, PEROXYNITRITE FORMATION, AND ASTROCYTE AND 
MICROGLIAL ACTIVATION IN THE TRANSGENIC MODEL OF FAMILIAL 
AMYOTROPHIC LATERAL SCLEROSIS J.A. Oostveen*, Mark E. Gurney and 
E.D. Hall CNS Diseases Res., Pharmacia & Upjohn, Inc. , Kalamazoo, MI 49001.

Amyotrophic lateral sclerosis (ALS) causes degeneration of motor neurons in the 
spinal cord with progressive paralysis and death. A transgenic mouse model of 
familial ALS, involving one of the mutations (G93A) of Cu, Zn superoxide dismutase 
(SOD1), has been developed. Previous reports suggest that neurotoxicity mediated by 
free radicals may play an important role in this model. In the present study, lumbar 
and cervical spinal cords from FALS transgenic mice (G1H/+) vs nontransgenic litter 
mates at 30,60,100, and 120 days of age were evaluated with immunocytochemical 
methods for lipid peroxidation-derived malondialdehyde (MDA), peroxynitrite-related 
nitrotyrosine (NTS), and microglial and astrocyte activation. At the 120 day time 
point, FALS transgenic mice that express wild-type human Cu,Zn SOD (N29's) were 
also compared. In the FALS transgenic mice, MDA immunostaining increased 
significantly in both the lumbar and cervical areas at 100 (p<0.05) and 120 (p<0.01) 
da>s of This coincided with a significant (p<0.01) increase in the number of 
activated microglia at both 100 and 120 days. NTS immunostaining did not 
significantly increase with age or disease intensity, although some increase was 
apparent. Astrocyte activation preceded the increases in MDA and microglial 
immunostaining with a significant (p<0.01) increase in the number of astrocytes at 100 
days of age. The N29 mice were not different from the nontransgenic animals. The 
results further support a relationship between the time course of the disease and 
oxidative and inflammatory events.

729.14
CHRONIC TREATMENT STUDIES IN TRANSGENIC ALS MICE WITH THE 
GLUTAMATE RELEASE INHIBITOR RILUZOLE AND THE 
ANTIOXIDANTS VITAMIN E AND SELENIUM. T.J. Fleck, C.S. Himes, M. E. 
Gurney and E.D, Hall*. CNS Diseases Research, Pharmacia and Upjohn, Inc., 
Kalamazoo, MI 49001

Amyotrophic lateral sclerosis (ALS) is a degenerative motor neuron disease that 
occurs in sporadic and familial forms. At least 20% of the familial cases have been 
linked to mutations in the free radical scavenging enzyme Cu,Zn superoxide dismutase 
(SOD1). Transgenic mice that express one of the more common SOD1 mutations 
(93gly->ala) develop clinical motor neuron disease by 90-100 days of age, as 
evidenced by decreases in nightly running activity followed by death at 130 days. 
Initial therapeutic trials with the mice have examined the ability of either the glutamate 
release inhibitor riluzole (12, 24 or 44 mg/kg/day in diet) or the antioxidants vitamin 
E (200 I.U./kg diet vs 75 I.U./kg) or selenium (8ppm vs 0.15 ppm) when initiated at 
30 days of age, to modify the time course of motor neuron disease in the familial ALS 
mice. The measured parameters included total lifetime running (30 days to death), 
time to the midpoint of the running wheel activity decline and death. In untreated 
mice, total lifetime running was 160 km, the midpoint of decline in running was 104.1 
days and death occurred at a mean of 131.3 days. Riluzole (25 mg/kg) improved 
running distance to 300 km (p<0.005), shifted the declining midpoint to 113.5 (p<0.05) 
days and survival to a mean of 140.1 (p<0.05). Neither vitamin E nor selenium 
benefitted total running days, but a significant shift in the decline midpoint to 108.5 
(p<0.05) days was observed and a trend toward improved survival was seen for 
vitamin E alone (137.6 days) and selenium alone (140.3), but not the combination 
(131.1). These results indicate a combined role of glutamate-mediated excitotoxicity 
and oxygen radical-induced lipid peroxidation in the transgenic ALS model.

729.15
TRANSGENIC MICE THAT OVEREXPRESS THE GALANIN GENE IN 
BRAINSTEM NEURONS LG. Hohmann, G.C. Cadd, T.H. Teal, D.K. Clifton, 
R.A. Steiner*. Ob/Gyn & PBio, University of Washington, Seattle, WA 98195 
Galanin has an important role in such diverse functions as reproduction, 
nociception and memory, and its over-abundance in the forebrain is associated 
with the symptoms of Alzheimer's disease. Galanin and norepinephrine are 
colocalized in several brainstem nuclei that project to the forebrain. To 
examine the significance of galanin produced in these noradrenergic cells, we 
created a construct placing the galanin gene under the control of the dopamine 
beta-hydroxylase (DBH) promoter, deregulating galanin gene expression in all 
brainstem noradrenergic neurons. Pronuclear injection of the DBH/galanin 
construct into fertilized mouse eggs resulted in three independent lines of 
heterozygous mice, and one line reliably overexpressed the galanin gene. In 
situ hybridization and quantitative analysis revealed a dramatic increase in 
galanin mRNA in all brainstem noradrenergic nuclei of the transgenic mice. 
When heterozygous mice were bred to wild-type animals, smaller than normal 
litter sizes were produced (4 pups/litter; n=23 litters), and many litters were 
reabsorbed or aborted before term. Surviving pups exhibited normal growth 
patterns through adulthood. Analysis of organ size revealed that pituitary 
weight in the transgenics was significantly smaller than in their bodyweight- 
matched wild-type mothers (p<0.005). Adrenal weights were also reduced in 
the transgenics (p<0.06). Based, on this preliminary analysis of the phenotype 
of animals that overexpress galanin in noradrenergic neurons, we infer that 
galanin's postulated role as a cotransmitter with inhibitory actions on 
norepinephrine's release may be responsible for some of the phenotypic 
abnormalities observed in the DBH/galanin mice. This transgenic model 
system may prove useful for studying the behavioral abnormalities linked to 
deregulation of galanin in the brain. Supported by NIH grant HD 27142-04.

729.16
EFFECT OF HUMAN INDUCIBLE STRESS PROTEIN HSP70 
ON REFOLDING OF FIREFLY LUCIFERASE IN VIVO AND 
IN VITRO. N. Beaucamp, T.C. Harding, B.J. Geddes, D.S. 
Hughes, J. Williams, S. Lightman* and J.B.Uney. Dept. of 
Medicine Laboratories, University of Bristol, Bristol UK, BS2 
8HW.

The gene encoding the stress inducible human heat shock 
protein hsp70 was expressed in E.coli JM109, using the pRSET 
vector system. The soluble and insoluble protein fractions were 
isolated by metal chelating affinity chromatography under either 
native and denaturing conditions. The presence of hsp70i protein 
within the combined isolated native protein fractions was 
confirmed by immunoblotting. Activity was assessed by ATPase 
enzyme assay. In vitro refolding of luciferase was monitored with 
and without hsp70i by two methods: Structural changes were 
measured by observing the fluorescence emission signal; enzyme 
activity was detected by luminometric assay. The purified hsp70i 
protein will also be used in yeast for substitution experiments with 
the GroEL/GroES system. To test the cytoprotective function of 
hsp70i in vivo, primary mouse hippocampal neuronal cell cultures 
were cotransfected with two adenoviral constructs under the 
control of CMV promoter, Ad-hsp70i and Ad-luc. The ability of 
the Ad-hsp70i to facilitate luciferase refolding was then assessed 
following ischaemic and glutamate stresses. As in the in vitro 
experiments expression and activity of native luciferase was 
confirmed by luminometric assay and single photon counting.

729.17
DESIGN AND EVALUATION OF CONDITIONAL GENE EXPRESSION 
CONTROL SYSTEMS IN TRANSGENIC MICE. A. J. Annala*. 
Wellcome Laboratory For Molecular Pharmacology, Pharmacology 
Department, University College London WC1E6BT United Kingdom.

Gene targeting techniques employing homologous recombination 
in 129/Sv embryonic stem cells have traditionally been used to 
permanently knock-in or knock-out expression of specifically 
targeted gene products. Unfortunately, 129/Sv mice are severely 
compromised as model systems for basic science and human 
neuropathological conditions because they exhibit extensive 
behavioral and neuroanatomical deficiencies. Moreover, traditional 
gene targeting techniques were not designed to provide spatial and 
temporal control of gene expression.

We evaluated a new series of gene expression control systems 
combining homologous recombination techniques in alternative 
mouse strains with tissue specific promoters, ligand inducible 
binding of fusion proteins carrying enhancer or repressor domains 
to target promoter sequences, and inducible recombinase systems. 
These new systems provide significant enhancements (including 
spatial and temporal control of gene expression, continuously 
variable control of gene expression between fully induced and fully 
repressed limits, and the capability to permanently or transiently 
modify gene expression) over traditional techniques. The new 
techniques have a broad range of application in development of 
model systems for basic science and for the analysis of human 
neuropathological conditions. Supported by The Wellcome Trust.

729.18
AN ADENOVIRUS ENCODING THE RAT AVP cDNA DRIVEN BY 
THE CMV PROMOTER: LONG-TERM EXPRESSION IN THE CNS 
OF THE WISTAR-KYOTO AND BRATTLEBORO RAT. BJ Geddes*, 
TC Harding, D Hughes, N Beaucamp, SL Lightman and JB Uney. Dept.
of Medicine, University of Bristol, Bristol UK, BS2 8HW.

We have constructed an El-deleted recombinant adenovirus (Ad) 
encoding a 600bp cDNA for rat vasopressin 
[signal/AVP/neurophysin/GP], under the transcriptional control of the 
cytomegalovirus [CMV] promoter. The resulting replication defective 
adenovirus, AdCMV-AVP, was grown to high titre [5X109 p.f.u./mL], 
purified and tested in vivo. Under sterile surgical conditions adult male 
Wistar Kyoto rats were injected unilaterally into the area of the 
substantia innominata, a structure which lies in the same coronal plain as 
the vasopressin secreting magnocellular cells of the paraventricular and 
supraoptic nuclei of the hypothalamus. Animals were allowed to 
recover for either 2, 7, 28 or 56 days before brains were removed and 
cut on a cryostat [25pm thickness] In situ hybridisation histochemistry 
for vasopressin was then performed on the sections. Vasopressin mRNA 
was detectable in brains taken at each time point suggesting that, as seen 
with marker sequences such as lacZ, long-term transcription of 
homotypic cDNAs is possible. Furthermore, translation of the Ad- 
encoded AVP transcript could be detected immunohistochemically at 
various time points in the magnocellular cells of the otherwise A VP- 
deficient Brattleboro rat. Subsequent experiments conducted by our lab 
have explored the gene therapeutic potential of AdCMV-AVP to reverse 
the diabetes insipidus phenotype of the Brattleboro rat. This data is also 
reported at this meeting.
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729.19
TIGHTLY CONTROLLED EXPRESSION OF TRANSGENES IN 
NEURONS USING THE TETRACYCLINE REGULATABLE 
SYSTEMS IN ADENOVIRUS. TC Harding*,, BJ Geddes, D Knight, D 
Murphy & JB Uney Department of Medicine, University of Bristol, 
Bristol UK BS2 8HW.

A transfection system which allowed highly efficient transfection of 
neurons and the quantitative control of transgene expression would 
greatly aid studies into neuronal gene function. To realise such a 
system we have constructed adenoviral (Ad) vectors encoding: (i) the 
tetracycline responsive promoter control element (pTRE) linked to 
Green Fluorescent Protein (GFP); (ii) the tetracycline (Tc) reverse- 
controlled transactivator (rtTA) where in the presence of pTRE and 
rtTA doxcycline (a Tc analogue) acts as an inducer of transcription 
(the Tet-On system); (iii) the Tc -controlled transactivator (rTA) where 
in the presence of pTRE and rTA, Tc or doxycycline prevents 
transcriptional activation (the Tet-Off system). These systems were 
then assessed following the transfection of cell lines and primary 
hippocampal neuronal cultures. In addition vectors were 
stereotaxically injected into striatum, hippocampus and hypothalamus. 
Following transfection with the adenoviral Tet-On and Tet-Off 
systems, neurons both in vivo and in vitro expressed GFP in a 
doxycycline dose-dependent manner. These results show that post-
mitotic neuronal cells and cell lines can be efficiently transfected and 
that transgene expression can be tightly regulated using adenoviral 
vectors expressing either the tetracycline On or Off system.

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA-AMYLOID: EXPRESSION

730.1
CTCF, A REGULATORY FACTOR OF C-MYC GENE 
EXPRESSION, ACTIVATES TRANSCRIPTION FROM THE 
AMYLOID B-PROTEIN PRECURSOR PROMOTER. A.A. Vostrov 
and W.W. Ouitschke*. Department of Psychiatry, State University of New 
York at Stony Brook, Stony Brook, NY 11794.

The promoter of the amyloid B-protein precursor gene directs high 
levels of cell-type specific transcription with 94 base pairs 5' to the main 
transcriptional start site. This region contains several nuclear factor 
binding domains of which the primary transcriptional activator domain is 
a site designated as APBB. This site contributes approximately 70-90% of 
the total transcriptional activity and the nuclear factor recognition domain 
is contained within the sequence GCCGCTAGGGGT.

Using UV-crosslinking and SDS-PAGE, the molecular mass of the 
protein factor that binds to the APPB site was of the determined to be 
approximately 150 kDa. The factor was partially purified by ion exchange 
and affinity chromatography followed by SDS-PAGE. The protein band 
was excised from the gels and microsequenced. Two peptide sequences 
were obtained that matched a previously described DNA binding factor 
designated as CTCF. Antibodies were raised against this protein and these 
were used to verify its binding to the APBB site by mobility shift 
electrophoresis. This factor also binds to the chicken lysozyme silencer 
and to regulatory sequences in the promoter of the c-myc oncogene, 
[supported by NS30994]

730.2
COMPARISON OF HUMAN AND MOUSE INTRON 7 SEQUENCES OF THE 
APP GENE. L. Li*, D, Pham, T, Ohman, J. Wu and K. Fukuchi. Dept. of 
Comparative Med., Univ. of Alabama at Birmingham, Birmingham, AL 35294.

Alzheimer’s disease (AD) is the most common cause of dementia in the elderly. 
One of the pathological hallmarks of AD is senile plaques in the brain. The major 
component of senile plaques is 8-amyloid peptide(AB) derived from the B-amyloid 
precursor protein (APP). Increasing evidence indicates that APP is one of the 
critical factors involved in the etiology of AD. The APP gene consists of 19 
exons. A characteristic feature of APP gene expression is the generation of several 
isoforms of APP by alternative splicing of the primary transcript. One of the 
isoforms, APP695, lacks the Kunitz protease inhibitor (KPI) domain encoded by 
exon 7. APP695 is expressed predominantly in neurons, whereas the KPI domain 
containing isoforms, APP751 and APP770, are ubiquitously expressed. AD 
patients tend to have an increase in the ratio of brain APP751/APP695 mRNA. 
The ratio is much lower in the brain of mouse than of human, and mice are 
resistant to the spontaneous development of 6-amyloidosis. We hypothesize that 
different mechanisms are used for alternative splicing of the APP gene in human 
and mouse brain, which may account for their different susceptibilities to 8- 
amyloidosis. Previous studies imply that the controlling elements exist in the 
flanking sequences of the alternatively-spliced exons. Therefore, we have sequenced 
both human and mouse intron 7 in an attempt to find the regulatory elements 
responsible for splicing exon 7. Intron 7 is 2609 bp in length for human and 3267 
bp for mouse. Comparison of the two sequences has shown that they share about 
50% homology. Further analyses are in progress to locate potential sequences 
involved in alternative splicing of exon 7 of the APP gene. Supported in part by 
the National Institute of Health grants AG 12850 and RR11105.

730.3
THE GC ELEMENT 5'-ADJACENT TO THE UPSTEAM API CONSENSUS 
SITE IN THE BAPP GENE PROMOTER CONFERS ENHANCER-LIKE 
ACTIVITY. H.W, Ouerfurth*, J, Jiang, W, Xia. P.J, Selkoe. Departments of 
Neurology and Biomedical Research, St. Elizabeth Medical Center, Boston, MA 
02135 and Brigham and Woman's Hospital, Boston, MA 02115
Amyloid B-peptide (AB) deposition is an early and central feature in the 
pathogenesis of familial Alzheimer's Disease (FAD). Increased production of 
total AB or A642/A640 by fibroblasts occurs in the presence of mutant presenilin 
and APP alleles in FAD subjects.The role of APP gene transcription regulation 
in modifying AB levels is not well understood, although levels are increased in 
trisomy 21. The APP gene promoter belongs to a class of housekeeping genes 
and contains two consensus sites for the transcription factor API (bp -45 to -39 
and -350 to -344). Electrophoretic mobility shift assay (EMSA) using normal 
human fibroblast nuclear extract identified specific binding of a ~ 100 kD 
protein to both PCR-generated (-488 to -303) and genomic (-520 to -271) 
fragments of the APP promoter. We localized this binding to the upstream API 
consensus site and an immediately 5'- adjacent 11 bp GC-rich domain ("361 to 
"341) by DNAse protection assay and by EMSA using 30 bp overlapping 
oligomers. API supershift and competition experiments had no effect on 
binding. A series of 5'- deleted APP promoter-reporter gene construct 
transfections in HeLa and fibroblast cells demonstrated that the region spanning 
"383 to "348 exerts a positive regulatory influence on reporter transcription 
(2.8X the Narl minimal promoter). When subcloned to test enhancer function, 
the 5' GC- element/API-consensus tandem construct conferred 4- and 2- fold 
greater activity than either element alone and than the 3' HSE consensus 
sequence, respectively. Phorbol ester treatment had no reproducible effect in 
these reporter assays. The functional significance of this binding protein and it's 
cognate DNA domain to AB production and in FAD are unknown. 
Supported by NINDS grant K08NSO1737.

730.4
THE UPSTREAM SEQUENCE ELEMENT REGULATES BAPP PROMOTER 
ACTIVITY'. D. K, Lahiri, C, Ghosh and W, Song*. Institute of Psychiatric Res., 
Dept. of Psychiatry, Indiana Univ. School of Medicine, Indianapolis, IN-46202.

Abnormalities in gene regulation of B-amyloid precursor proteins (BAPP) might 
be a crucial factor in the neuropathology of Alzheimer’s disease (AD). To study the 
transcriptional control, we have cloned and characterized a 7.9 kb fragment of the 
5’-f!anking region of the BAPP gene from a primate (Song and Lahiri, 1997). We 
made a scries of chimeric plasmids containing progressive deletions from the 
upstream region to the transcription start site (+1) of the BAPP gene linked to a 
reporter gene, chloramphenicol acetyl transferase (CAT). The promoter activity was 
tested by transient transfection in different cell types which were assayed for CAT 
activity. We observed that a minimum region of -76 to +1 bp was sufficient to 
drive basal promoter activity in different cell lines of neuronal, astrocytic, 
chromaffin and epithelial origins. Studies with various deletion constructs indicate 
that each cell type regulates differently the promoter activity of upstream regions. 
Serial deletion analysis starling from -3.4 kb of the promoter reveals interesting 
transcriptional control elements in a human neuroblastoma cell line. SK-N-SH. 
Plasmids that contain promoter region (in bp) corresponding to -3416 to +1, 
-2542 to +1,-2105 to +1, -1131 to +1, -490 to +1, -309 to +1,-204 to +1 and 
-143 to +1 displayed significantly lower promoter activity than the -75 to +1 
region of the promoter. In SK-N-SH cells, the region -75 to +1 bp displayed the 
highest promoter activity (>4—5 fold) than other regions tested. These results 
suggest that upstream sequence may act as a negative regulatory element for the 
expression of BAPP promoter. However, these upstream regions had significantly 
higher promoter activity in other cell lines. Our results indicate that the basal level 
of promoter activity may be dependent on the interaction of cell-type specific 
nuclear factors, and that this may be important for tissue specific deposition of AB 
seen in aging and AD subjects. Supported by a NIH grant to DKL (R01 AG 10297).
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730.5
APP TRANSCRIPTS LACKING EXON 15 (L-APP) IN HUMAN TISSUES 
AND IN ALZHEIMER’S DISEASE BRAIN. R, Sandbrink 12\ A. Gasperina3, U. 
Manning4*. H. Forstl5. F. A. Henn3. C. R. Bartram2. C. L, Masters6 and K.
Bevreuther' 1 ZMBH. Univ. of Heidelberg. INF 282. D-69120 Heidelberg, Germany.
2 Institute for Human Genetics, Univ. of Heidelberg, INF 344A, D-69120 Heidelberg, 
Germany,3 Central Institute for Mental Health, Mannheim, Germany,4 Schering AG, 
Berlin, Germany, 5 Dept. of Psychiatry, Univ. of Perth, Australia, and Technical 
Univ., Munich, Germany,6 Dept. of Pathology, Univ. of Melbourne, Australia.

APP constitutes a family of transmembrane glycoproteins generated by alternative 
splicing. L-APP transcripts lacking exon 15 were originally identified in human 
leukocytes and microglial cells. Subsequently, L-APP mRNA was detected 
ubiquitously in rat tissues, comprising 25% to 70% of total APP mRNA in peripheral 
tissues and approx. 4% in rat brain, due to the absence of L-APP in neuronal cells. 
Importantly, L-APP was shown to be less amyloidogenic in vitro than non-L-APP by 
transfection of COS cells. Additionally, L-APP can selectively be posttranslationally 
modified by glucosaminoglycan addition, resulting in proteoglycan APP.

Because of these distinctive features of L-APP, we analyzed the expression of 
L-APP mRNA in human tissues. L-APP mRNA was detected in all peripheral tissues 
of a 70y old male analyzed. L-APP mRNA was uniquely high in blood, representing 
54% of total APP mRNA. In all other peripheral tissues, L-APP contributed between 
2% (liver, kidney) and 13% (aorta), while in brain, only very little L-APP mRNA 
was present. We then compared the L-APP mRNA levels in post mortem brain tissue 
from 21 AD patients and 8 controls. In AD parietal cortex, the median value of 
L-APP mRNA (0.71%) did not differ significantly from control brain (0.47%).

Thus, in all tissues analyzed except from blood, human L-APP expression is signi-
ficantly lower than in rat. The high level of L-APP in human blood, similar to rat, is 
in agreement with the initial report of a leukocyte- and microglia-specific expression 
of L-APP. Furthermore, in AD brain, L-APP expression is unchanged from control 
brain, indicating that inter-individual variations of L-APP expression are not a 
relevant factor in AD pathogenesis, despite the lower amyloidogenicity of L-APP in 
vitro. Yet, the low level of L-APP mRNA in human brain should be regarded as an 
important tissue-specific factor for rendering the human brain susceptible to AD. 
(Supported by DFG and BMBF, Germany; SmithKline Beecham, UK)

730.6
THE EFFECT OF P-AMYLOID (25-35) ON THE EXPRESSION OF 
AMYLOID PRECURSOR PROTEIN (APP) mRNA. T, Kakigi*!, K. 
Maeda2. Y. Yamamoto2, M. Hatakoshil. K. Kukil, C. Tanaka2, lDept. of 
Psychiatry and Neurology, Kobe Univ. Sch. of Med., Kobe, Japan, 2Hyogo Institute 
for Aging Brain and Cognitive Disorders, Himeji, Japan.

The characteristic changes in the brain of Alzheimer's disease are senile plaque and 
neurofibrillary tangle. We think senile plaque is relatively more specific for Alzheimer's 
disease than neurofibrillary tangle. Because neurofibrillary tangles are observed not 
only in Alzheimer's disease but normal aged, boxer's brain, progressive supranuclear 
palsy and subacute sclerosing panencephalitis. On the other hand, senile plaques are 
seen only in narmal aged, Down's syndrome and Alzheimer's disease. The major 
component of senile plaque is P-amyloid protein, the 39 to 43-amino acids peptide. 
From 25th to 35th residues of P-amyloid protein, P-amyloid(25-35), are thought to be 
the most toxic part, p-amyloid protein arises from amyloid presursor protein (APP). 
To investigate the effects of p-amyloid protein on APP, we studied the effects of P- 
amyloid protein fragments, P-amyloid(25-35) and others, on the expression of (APP) 
mRNA.

We administered, into both left and right cerebroventricules simultaneously, two 
fragments of P-amyloid protein to rats. One is P-amyloid(25-35), the other is the 
fragment from 1st to 28th residues, P-amyloid(l-28), as positive control. P-amyloid 
protein fragments were dissolved in distilled water. As negative control, only distilled 
water was administered in the same way. Rats were killed by decapitation at the time 
point of 3.5 hour and 24 hour after administration. In situ hybridization histochemistry 
using 35S-labeled oligonucleotide was used to detect the APPmRNA in rat brain slices. 
To measure the levels of APPmRNA in the interested regions, Bas 2000 (Fuji) image 
analyzing system was used. The results were analyzed statisitically by ANOVA.

The results are as follows. P-amyloid(25-35) decreased the level of APPmRNA in the 
anterior hippocampus and thalamus after 3.5 hours, in the thalamus after 24 hours. P- 
amyloid (1-28) did not have any effects on the levels of APPmRNA at any time points. 
(Supported by Hyogo Institute for Aging Brain and Cognitive Disorders-HIABCD, 
Hyogo, Japan)

730.7
Hypoglycemia Enhances the Expression of mRNA Encoding (3-Amyloid 
Precursor Protein in Rat Primary Cortical Astrocytes J, Shi*and J.W. 
Simpkins. Dept. of Pharmacody namics and Center for the Neurobiology7 of 
Aging, Univ. of Florida, Gainesv ille, FL 32610.

Deposition of p-amyloid (Ap) is a characteristic feature of the pathology of 
Alzheimer’s disease (AD). Since glucose metabolism and the consequential 
ATP production are depressed in the temporal and parietal regions of the 
cortex in patients with AD, we designed the present study7 to investigate the 
possible role of hypometabolism in the pathogenesis of AD. We incubated 
rat primary7 cortical astrocytes for 2 hours to 4 days in the media deprived of 
95% of its glucose and assessed the expression and alternative splicing of the 
mRNA that encoding P-amyloid precursor protein (APP) using RT-PCR. 
Hypoglycemia caused a time-dependent increase in APP mRNA expression, 
which reaches a peak level of 173.2% of control expression (p<0.05) at 
twenty7 four hours of hypoglycemic incubation. Noteworthy, hypoglycemia 
favors the alternative splicing that includes the exon 7 segment, which 
encodes a Kunitz-type serine protease inhibitor domain. This study 
demonstrates that hypoglycemia increases APP mRNA expression in 
astrocytes and processing of APP mRNA to a form that may encourage Ap 
deposits in AD. These data suggest that the observed hypometabolism in AD 
may contribute to its deposition of Ap in affected brain regions. (Supported 
by AG 10485)

730.8
THE EFFECTS OF GROWTH FACTORS AND CYTOKINES ON APP 
EXPRESSION IN ASTROCYTES. J. A. Martin* and C. W, Cotman. Dept. 
of Psychobiology, Univ. of Calif., Irvine, CA 92697-4540.

Increasing evidence indicates that immune system factors are involved in 
the pathophysiology of Alzheimer's disease (AD). For instance, reactive 
microglia and pro-inflammatory factors, such as IL-1 (3, have been found to 
be elevated in Down's syndrome and AD. Furthermore, IL-13 is known to 
bind to the promoter of the p-amyloid (AP) precursor protein (APP), and 
can induce the expression of APP in neurons. However, plaques also 
contain other factors, which vary as a function of disease state. These 
growth factors and cytokines would likely affect the production of AP by 
the cells associated with plaques, depending on the identities and 
proportions of these factors. In this study we examined how astrocytes 
respond to select factors and how these factors function together to regulate 
APP expression.

In order to determine how astrocyte APP expression is regulated, we 
purified rat astrocytes cultures and induced their differentiation into stellate 
morphology. Then we exposed the cells to various concentrations and 
combinations of IL-1 P and TGF-a. Cytoplasmic RNA was isolated from 
the cells using a modified total RNA isolation protocol. It was then 
converted to cDNA with reverse transcriptase, after controlling for the total 
cytoplasmic RNA isolated in each condition to account for differences in 
cell proliferation. Semi-quantitative, competitive PCR was used to compare 
the levels of APP expression relative to the untreated control condition.

We found that IL-1 p induced the expression of APP, relative to control. 
In contrast, TGF-a reduced APP expression by a similar amount, relative to 
control. Furthermore, when TGF-a was presented along with IL-1 p, the 
APP expression was abrogated almost completely.

Thus, the quantities of AP produced may be a function of the growth 
factor and cytokine environment, depending on the relative levels of these 
factors. Supported by NIA grant#: AG 00538

730.9
THE EFFECTS OF STRESS-ACTIVATED PROTEIN (SAP) KINASES ON 
AMYLOID PRECURSOR PROTEIN (APP) EXPRESSION STUDIED IN 
TRANSFECTED MAMMALIAN CELLS. A.C. Yates*, J. Woodgett1, B. H. 
Anderton and C.C.J. Miller. Department of Neuroscience, Institute of 
Psychiatry, Denmark Hill, London SE5 8AF UK and’Ontario Cancer Research 
Institute, 500 Sherboume Street, Toronto Ontario M4X 1K9.

A variety of lines of evidence suggest that neurones in Alzheimer's disease 
exist under conditions of stress and that cellular stress responses may be 
involved in amyloid precursor protein (APP) expression. Stress-activated 
protein (SAP) kinases are activated following exposure of cells to stress such as 
treatment with protein synthesis inhibitors or heat shock.

In order to determine whether activation of SAP kinases can influence APP 
expression, transcriptional activity of an APP promoter/p-galactosidase (P-gal) 
reporter plasmid was studied in transfected cells. COS cells were transfected 
with the APP/p-gal plasmid, either alone or with the p54p isoform of SAP 
kinase. The P SAP kinase isoform is the major isoform expressed in brain. 
SAP kinases were activated by various stress conditions and promoter activity 
was measured. The results showed that APP promoter activity is regulated by 
p54p SAP kinase. These observations suggest a mechanism by which cellular 
stress might modulate APP expression in Alzheimer’s disease.

This work was supported by grants from the Wellcome Trust and MRC to 
C.C.J.M. ACY is supported by a Wellcome Trust Prize studentship.

730.10
IL-1B INDUCED UPREGULATION OF AN HPLAP*B-APP TRANSGENE 
USING THE GFAP PROMOTER INCREASES AB PRODUCTION IN VIVO

Donna M, Barten*, Valerie L, Guss, Allison Treloar, Lisa W, Hunihan, Diana F,
Romaniello. Lily Dona and Kevin M, Felsenstein CNS Drug Discovery, 
Bristol-Myers Squibb, Wallingford, CT 06492.

Transgenic mice were generated using a fusion of human placental 
alkaline phosphatase (HPLAP) with the C-terminal 164 amino acids of B- 
amyloid precursor protein (B-APP) carrying the Val717 to Phe mutation. The 
transgene was driven by the glial fibrillary acidic protein (GFAP) promoter.
I.c.v. infusion of 8-35 ng/day IL-1 B induced dose dependent astrocytic 
hypertrophy and upregulation of both GFAP and the transgene. Transgene 
levels in the mice were only 0.75X endogenous APP expression, and 
increased 2-3 fold. This resulted in the marked increase in one of five C- 
terminal fragments of APP. The affected fragment was non-amyloidogenic. 
The HPLAP*B-APP transgene is processed in transfected cells to generate 
secreted HPLAP and AB peptides. In these mice, AB could not be measured 
from brain tissue before or after IL-1 B infusion.

Transgenic rats were also generated using a similar construct carrying 
the Swedish mutation. I.c.v.. infusion of 60 ng/day IL-1 B resulted in a marked 
increase in GFAP and HPLAP*B-APPSwedishexpression in brain tissue. These 
rats have high expression of the transgene in the glia limitans surrounding 
the ventricles. Although AB could not be measured in brain tissue, significant 
levels were observed in CSF. IL-1 B infusion in these rats significantly 
increased both HPLAP and hAB1-40 in CSF. These data demostrate that rat 
astrocytes have the capability to produce AB peptides in vivo.
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730.11
INCREASED APP INDUCTION FOLLOWING MUSCARINIC 
RECEPTOR BLOCKADE IN VIVO. L.D. Acevedo.* V, Haroutunian,
D.D. Norton, C.A, Sherman-Baust, and W.C. Wallace. Gerontology 
Research Ctr., NIA, Baltimore, MD 21224. Bronx VA, Bronx, NY 10468.

Cortical cholinergic denervation following NMDA lesions of the 
nucleus basalis of Meynert (nbM) in the rat lead to increased APP 
synthesis and to a concomitant secretion of the soluble APP ectodomain 
(APPS) into the CSF. Likewise, muscarinic receptor blockade by 
administration of the broad-spectrum muscarinic antagonist 
scopolamine results in elevated APP, in the CSF. We propose that 
muscarinic receptor blockade by scopolamine enhances APP gene 
expression and are interested in understanding the mechanism by 
which cholinergic blockade leads to increased induction.

Groups of 8-10 rats each were treated either with scopolamine 
subcutaneously through implanted osmotic mini pumps, calibrated to 
deliver 0.5 mg/kg/hr, or with saline vehicle. At 7 days, the animals 
were sacrificed and both CSF and cortical samples taken. Unlike 
lesions of the nbM, scopolamine treatment did not alter cortical ChAT 
activity and thus did not appear to affect subcortical cholinergic 
pathways. However, APPS in the CSF, detected on Western blots with the 
monoclonal antibody 22C11, from these animals was elevated 49%.

We used PCR primers designed to span the KPI region and amplify 
products from all splice variants, discriminated by gel electrophoresis. 
Preliminary RT-PCR analysis of cortical mRNA samples revealed a 
26% increase in APP mRNA in scopolamine-treated rats compared to 
vehicle-treated controls. These results indicated that muscarinic 
receptor blockade can directly enhance cortical APP gene expression.

supported by IRP, NIH

730.12
EXPRESSION OF A BAPP FRAGMENT IN A T7-EMC COUPLED 
TRANSCRIPTION-TRANSLATION SYSTEM. G.J. Kotwal. D.K, Lahiri** and 
J, Daly.. Dept. of Microbiology & Immunology, Univ. of Louisville, KY-40292; 
+Dcpt. of Psychiatry, Indiana Univ. School of Medicine, Indianapolis, IN-46202

The senile plaque in Alzheimer's disease consists mainly of the aggregates of 
amyloid B-peptidc (AB) which arises from a B-amyloid precursor protein (BAPP). 
While the cleavage of BAPP by ‘«-secretase’ prevents the formation of 
amyloidogenic fragments, cleavages at both ends of the AB sequence by ‘B-’ and ‘y- 
secretase, respectively, generate an intact AB which is potentially amyloidogenic. 
The site and mechanism of these proteolytic events are not understood. We utilized 
the unique expression system of the vaccinia virus to study the biosynthesis of 
BAPP. A PCR-amplificd region (1.1 kb) encoding AB and the C-terminal of 
BAPP was cloned into a vector containing the thymidine kinase gene of the 
vaccinia virus. The truncated BAPP gene is placed under the control of a 
bacteriophage T7 promoter and a leader sequence from the encephalomyocarditis 
virus (EMC) that enables the cap-independent translation of mRNA. Correct 
insertion of the DNA was confirmed by DNA sequencing. The chimeric plasmid 
was used to generate a stable recombinant virus containing the truncated BAPP 
gene and was used as a template in an in vitro coupled transcription-translation 
reticulocyte lysate system in the presence of labeled methionine. Analysis of the 
translation products by SDS-PAGE revealed the presence of ~10 kDa protein equal 
in size to that predicted from the inserted cDNA. Analysis of 2D gels showed two 
spots of the expected size and spots of a higher size, suggestive of aggregation of 
the expressed protein. An antibody against a peptide corresponding to the C- 
terminal region could immunoprecipitate products of the correct size as well as of 
higher size. Our results suggest that the novel expression system of vaccinia virus 
can be utilized to study the biosynthesis of BAPP. Supported by Humana, NSF 
ERSCor, Graduate Research Council funds (GJK) and NIH-R01 grant (DKL).

730.13
FRAMESHIFT MUTATIONS IN NEURONS OF SPORADIC ALZHEIMER AND 
DOWN SYNDROME PATIENTS. E.M. Hof1, D.P.V. de Kleiin1, J.A. Sluijs1, A. Neu-
bauer1,3, M.A.F. Sonnemans1, R.D.J. Ramdiielal3, A. Salehi1, F.G. Grosveld3, J.P.H. Bur- 
bach2 and F.W. van Leeuwen11 Netherlands Institute for Brain Research, Amsterdam, 
2Rudolf Magnus Institute for Neurosciences Utrecht,3 Erasmus University Rotterdam, 
The Netherlands.

The mechanisms leading to neuropathology and dementia in Alzheimer's disease (AD) 
patients of the sporadic type are not directly linked to a mutation in the 6 amyloid 
precursor protein (BAPP) gene, as in the familial type of AD. It is generally assumed that 
no major changes take place in the genome of post-mitotic neurons. Yet, the finding of 
a new type of mutation leading to a +1 frameshift in the vasopressin precursor in rat 
neurons provided evidence that mutations can occur in post-mitotic neurons (Evans et 
al. PNAS 91:6059, 1994). We hypothesized that dinucleotide deletions within a 
GAGAG-motif, might also occur in other neuronal genes of adult neurons associated 
with AD and Down syndrome (DS). The resulting “+1 proteins” may gradually affect 
neuronal integrity and contribute to neuropathology.

In the present study we will present data on the identification of similar dinucleotide 
deletions in the BAPP gene in AD and DS patients. For this purpose RNA was extracted 
from frozen human brain tissue, followed by reverse transcription. BAPP was amplified 
with PCR and the PCR fragments were cloned in frame in an expression vector. The 
mutations were identified by immunoscreening and the positive clones were sequenced.

The encoded +1 protein could be detected with immunocytochemistry in the 
neuropathological hallmarks of AD patients. The presence of dinucleotide deletions in 
GAGAG-motifs of BAPP in post-mitotic neurons of AD and DS patients indicates that 
a general mechanism might be responsible for this new type of mutation in AD and DS. 
The presence of+1 proteins may affect neuronal functions and be a major risk factor in
the non-familial forms of AD and other neurodegenerative diseases.

730.14
AMYLOID PRECURSOR PROTEIN METABOLISM IN FIBROBLASTS FROM 
A PATIENT WITH A DELETION IN CHROMOSOME 21 INVOLVING THE 
APP LOCUS: COMPARISON WITH NORMAL AND DOWN'S SYNDROME 
FIBROBLASTS. M. Racchi, J.A. Johnston, F. Flood, G. Binetti, R.F. Cowbum and 
S. Govoni* IRCCS San Giovanni di Dio, FBF Via Pilastroni 4, 25123, Brescia, 
Italy; Institute of Pharmacology. University of Pavia, Italy, Karolinska Institute, 
Dept Geriatric Medicine, NOVUM, KFC, S-141 86 Huddinge, Sweden.

We investigated the modulation of APP metabolism through PKC activation in 
natural models of altered APP expression. We used skin fibroblasts derived from a 
patient with a deletion in chromosome 21 involving the APP locus (Ahlbom et al, 
Am. J. Hum. Genet. 1996. 64, 501-505., here referred to as A21 fibroblasts), 
fibroblasts from normal healty volunteers and fibroblasts from Down's syndrome 
(DS) patients with an excessive APP gene dosage. Consistent with the working 
hypothesis, A21 fibroblasts showed a reduced expression of APP mRNA (9.7 copies 
/pg DNA) compared to control cells (19.5 copies / pg DNA) or DS fibroblasts (81 
copies /pg DNA). Cellular levels of the protein were consistent with mRNA 
expression data and had great influence on the rate of APP metabolism. DS cells 
showed a basal secretion of soluble APP (sAPP) that was two fold that of control 
cells. On the other hand the A21 cell line released sAPP at a basal rate that was 
60% that of control cells. Phorbol 12,13-dibutyrate (PdBu) elicited a dose- 
dependent secretion of sAPP in A21 cells with the maximal level reaching four-fold 
over basal. In control cells the maximal increase over basal was two-fold. DS 
fibroblasts failed to show a concentration dependent response to PdBu treatment 
reaching only a modest increase over basal at 9 nM PdBu. These results suggest 
that the levels of APP expression can influence the mechanisms involved in its 
metabolism and that APP over expression may saturate PKC dependent secretory 
mechanisms. This underscores the importance of evaluating APP expression when 
testing pathogenetic hypotheses of AD or when evaluating treatments to modulate 
APP metabolism.
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731.1
DISRUPTION OF P-FIBRILLOGENESIS BY THE PINEAL HORMONE 
MELATONIN. M.A.Pappolla1. C. Soto2. P. Bozner1, B, Frangione1. and J, Ghiso1*. 
’-University of South Alabama, Mobile, AL; 2-New York University, New York, NY.

It is generally postulated that the progressive neurodegeneration observed in 
sporadic Alzheimer's disease (AD) is a consequence of the neurotoxic properties of 
the (3-amyloid protein (A|3). Previous studies have shown that these characteristics 
of A(3 depend on the P-sheet conformation and aggregation into amyloid fibrils. In 
addition, die P-sheet structure determines the resistance of Ap to proteolysis causing 
impaired clearance with consequent amyloid accumulation. We report that the pineal 
hormone melatonin recently found to protect cells against Ap toxicity (Pappolla et al, 
J.Neurosc. 17:1683-90,1997) markedly inhibited the progressive formation of P-sheet 
structure in AP and retarded AP polymerization into fibrils. We have used circular 
dichroism (CD) and electron microscopy to monitor the gradual development of P- 
sheets and amyloid fibrils, respectively, in solutions containing Ap peptides. As 
expected, Api-40 progressively transformed from random coil to P-sheet, with the 
latter conformation reaching a maximum after 24 h at 37°C (76% P-sheet and 16% 
random coil). Addition of melatonin to sister tubes caused striking inhibition of 
spontaneous development of secondary structure. In the presence of melatonin, only 
30.7% of the peptide was present in the P-sheet conformation whereas 67% remained 
in random coil after 24 h incubation under identical conditions. Similar results were 
observed with Api-42. Ultrastructural examination of the Ap solutions during 48 h 
incubation paralleled the melatonin-mediated conformational changes observed by 
CD. Amyloid fibrils were easily detected in a 250 gM of Api-40 incubated alone 
at 37°C. Retardation of fibrillogenesis was repeatedly observed in tubes containing 
100 gM melatonin. Remarkably, the effects caused by melatonin were not observed 
with the melatonin analog N-acetyl-5-hydroxy-tryptamine. These findings suggest a 
physiological therapeutic approach for AD.
Supported by N.I.H. Grants AG11130 and AG10953.

731.2
PREVENTION OF ALZHEIMER’S AMYLOlD-p FIBRILLOGENESIS AND 
NEUROTOXICITY BY SYNTHETIC PEPTIDES DESIGNED AS P-SHEET 
BREAKERS. E M. Castano12, ,U MoreljtLj, Ferris1/, B. Frangione1. and C. Sotp1. 
New York University Medical Center, New York, NY 10016 and 2IDEHU, University 
of Buenos Aires, Argentina

Amyloid formation in Alzheimer's disease (AD) is driven by hydrophobic interactions 
and depends on conformational changes in the amyloid-p peptide (Ap). Studies using 
synthetic peptides corresponding to different regions of Ap have shown that the 
fragment 16-22 is important for the interaction between Ap monomers, conformational 
changes and the rate of fibrillogenesis. We have postulated that fibrillogenesis can be 
inhibited by short peptides partially homologous to Ap containing specific residues 
acting as (3-sheet blockers (anti-P-sheet peptides). We have reported that peptides 
designed based on the sequence 16-22 of Ap but containing prolines as p-sheet blockers 
were able to bind Ap with high-affinity, inhibit Ap fibrilogenesis and redissolve 
preformed fibrils in vitro in a concentration and time-dependent manner (Soto et al.. 
Biochem. Biophys. Res. Conunun. 226: 672-680,1996). Since it has been described that 
Ap has a neurotoxic activity which is dependent on the formation of P-sheet oligomeric 
structures of amyloid fibrils, we studied the ability of the inhibitor peptides to prevent 
the Ap-induced neuronal death. Treatment of IMR-32 cells with 50 gM aggregated 
Ap 1 -42 for 2 days induced more than 70% of cell death as assessed by 3H-thymidine 
incorporation and cells viability detected by DNA/RNA staining with acridine orange- 
ethidium bromide. Co-incubation of Api-42 with an equimolar concentration of a 5- 
residue p-sheet breaker peptide (iAp5). resulted in a marked inhibition of Api-42 
neurotoxicity. Under these conditions a cell viability of 86% was obtained. At the 
concentration used. iAp5 was not toxic for these cells. Api-42 co-incubated with a 
control peptide showed no reduction rn the cellular toxicity caused by aggregated Ap 
alone. These findings suggest that anti-p-sheet peptides represent a potential therapeutic 
approach to inhibit fibril formation and neurotoxicitv associated to Ap in AD. 
Supported by NIH grants AGO5891, AG10953 to BF and MH56472 to CS.
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731.3
TRANSGENIC MOUSE AND CELL CULTURE MODELS TO STUDY 
ROLES OF PERLECAN (A SPECIFIC HEPARAN SULFATE 
PROTEOGLYCAN) IN ALZHEIMER’S DISEASE. M. Hart*1, J.R. Lindsey1, 
D. Pham1, A, Smith1, J.R. Hassell2, A.D. Snow3, and K. Fukuchi1. !Dept. of 
Comparative Med., Univ. of Alabama at Birmingham, Birmingham, AL 35294; 
2Dept. of Ophthalmology, Univ. of Pittsburgh, Pittsburgh, PA 15213; 3Dept. of 
Pathology, Univ. of Washington, Seattle, WA 98195.

Neuritic plaques and neurofibrillary tangles characterize the pathological hallmarks 
of Alzheimer’s disease(AD). We hypothesize that perlecan, a specific heparan sulfate 
proteoglycan, plays an important role in the development of the plaques and tangles 
in AD. To study the role of perlecan in AD, we have established cell and transgenic 
mouse lines that overexpress perlecan. Overexpression of perlecan and B-amyloid 
precursor protein(BPP) in P19 derived neuronal cells led to a marked increase in the 
levels of AB in the media and also caused neuronal degeneration. High levels of 
perlecan expression were found in the heart, kidney, and brain of the perlecan 
transgenic mice by Northern and Western blot analysis. Likewise,
immunohistochemical analysis using anti-perlecan polyclonal antibody revealed 
increased immunoreactivity in the hippocampal CA3 field, choroid plexus, basal 
ganglia, and Purkinje cell layers. Furthermore, a significant difference(p<0.05) was 
observed in the body weights of three month old transgenic male mice(26.6 ± 1,2g) 
versus the control litter mates (30.9 ± O.88g). Additionally, transgenic mice that 
overexpress both perlecan and a portion of 8PP have recently been established. The 
effects of perlecan overexpression on the metabolism of the BPP will be presented in 
these model systems. Supported in part by the National Institute of Health 
(AG 12850, AG05136, and RR11105).

731.4
THE GLYCOSAMINOGLYCANS OF PERLECAN BIND BETA-AMYLOID 
PROTEIN (A6) AND ENHANCE AB FIBRIL FORMATION IN A SULFATE 
CONTENT DEPENDENT MANNER. G.M.Castillo. W, Lukito. D. Nochlin*,
C. Neo, and A.D, Snow. Dept. of Pathology, Neuropathology Labs, Box 356480, 
University of Washington, Seattle, WA 98195-6480.

Perlecan is a specific heparan sulfate proteoglycan which accumulates in the fibrillar 
beta-amyloid (AB) deposits of Alzheimer’s disease (AD). Our previous studies demon-
strated that perlecan not only binds A6 1-40 and 1-42 with high affinity, but is also an 
effective enhancer of AB 1-40 fibril formation and maintains AB 1-42 fibril stability. 
These latter effects were found to occur in a dose-dependent manner and were primarily 
mediated by perlecan glycosaminoglycans (GAGs). In the present study Thioflavin T 
fluorometry (over a 1 week incubation period at 37°C) was used to directly compare the 
effects of perlecan to other amyloid plaque components implicated in AD amyloidosis 
including apolipoprotein E, alphai-antichymotrypsin, P component, Clq and C3. In 
addition, the enhancement effects of perlecan was compared to other GAGs and related 
macromolecules including heparin, chondroitin-4-sulfate, dermatan sulfate, dextran 
sulfate and pentosan polysulfate. When directly compared to other plaque components 
implicated in AD amyloidosis (as described above), perlecan was still found to be the 
most effective enhancer and accelerator of AB amyloid fibril formation (particularly 
following 3 days co-incubation with AB (1-40). An increase in AB amyloid formation 
was similarly observed with other highly sulfated GAGs such as heparin, and related 
sulfated macromolecules such as dextran sulfate and pentosan polysulfate, but less so 
with chondroitin-4-sulfate and dermatan sulfate, suggesting that the sulfate content of 
GAG chains were structurally important for the observed effects. This was confirmed 
when modified heparins were utilized to further define the mechanisms of highly 
sulfated GAG effects on AB fibril formation. Completely desulfated heparins led to a 
significant loss in enhanced AB fibrillogenesis indicating that GAG sulfation is a 
critical structural requirement needed for the observed effects of perlecan GAG enhance-
ment of AB fibrillogenesis. Supported by NIH AG 12953-03 and AG 05136-03 (ADS).

731.5
LAMININ IS A POTENT INHIBITOR OF AB FIBRIL FORMATION AND IS AN 
AB-BINDING PROTEIN PRESENT IN HUMAN BLOOD AND CEREBROSPINAL 
FLUID. G.M. Castillo, W. Lukito. E. Peskind. M, Raskind. and A.D, Snow*. Dept. 
of Pathology, Neuropathology Labs, Box 356480, University of Washington, Seattle, 
WA 98195-6480 and VA Puget Sound Medical Center, Seattle, WA 98108.

Beta-amyloid protein (AB) is a major component present in neuritic plaques and 
cerebrovascular amyloid deposits in Alzheimer’s disease (AD) brain. In addition, AB is 
present in blood and cerebrospinal fluid (CSF) of humans in a soluble form due to an 
unknown mechanism. Using Thioflavin T fluorometry the enhancement effects of 
perlecan (a specific heparan sulfate proteoglycan) and perlecan glycosaminoglycans 
(GAGs) on AB fibril formation was compared to other basement membrane compon-
ents including type IV collagen, fibronectin and laminin. Whereas perlecan and perlecan 
GAGs were good enhancers of AB amyloid fibrillogenesis, fibronectin and type IV 
collagen had no significant effects on AB amyloid fibrillogenesis. On the other hand, 
lOOnM of laminin significantly (p<0.001) inhibited amyloid fibril formation (25 pM 
AB 1-40 at 37° for 1 week) causing a 2.9-fold inhibition at 1 hour, a 4.6-fold 
inhibition at 1 day, a 30.6-fold inhibition at 3 days, and a 27.1-fold inhibition at 1 
week. The inhibition of AB (1-40) fibril formation by laminin was dose-dependent and 
still effective even at lower concentrations of laminin (ie. 40 nM). Using a solid phase 
binding immunoassay, laminin bound AB 1-40 with a single binding site of Kj = 2.7 
X 10'9 M. Laminin was also found to cause the partial dissolution of pre-formed 
amyloid fibrils following 4 days of incubation. Additionally, 50 nM of biotinylated-AB 
detected laminin present in blood and CSF derived from normal aged and AD patients 
as demonstrated using ligand blot techniques. These studies demonstrate that laminin 
not only binds AB with relatively high affinity, but is a potent inhibitor of AB 
amyloid fibril formation. The presence of laminin in human biological fluids may be 
partially responsible for keeping AB in a soluble form. Supported by NIH AG 12953- 
03 and AG 05136-03 (ADS), and Dept. of Veterans Affairs.

731.6
Molecular modeling of AP dimer A.E, Roher* & M. Chaney A, Sun Health 
Research Institute, 10515 W. Santa Fe Dr., Sun City, AZ 85351, and *Eli 
Lilly Research Laboratories, Indianapolis, IN 46285.

A Predict Protein Facility (http://www.emblheidelberg.de/predictprotein/ 
predictprotein.html) and TOPITS, a threading algorithm, were utilized to 
predict the three dimensional structure of Ap. TOPITS, was able to 
determine Apl-42 conformational similarity with three fatty acid binding 
proteins. Separate 3-D models were constructed for Ap based on the three 
models and superimposed to optimize each molecule’s predicted secondary 
structure. The final model displayed an approximate Greek-key motif with 
four antiparallel P-strands and a series of comers formed by residues 7-8, 
16-17, 25-28 and 36-37. To shield the thermodynamically unfavorable C- 
terminal domain of AP (residues 30-42) from the aqueous environment, the 
Ap most interact with another Ap molecule to generate a P-barrel dimeric 
structure, with a hydrophilic surface and a hydrophobic core. The model was 
energy minimized to convergence and submitted to molecular dynamics 
simulations and solvation with TIP3 8A water shell. The final trajectory 
frame was energy minimized to convergence and investigated by a 3-D 
profile analysis. As a consequence of the optimization, the N-terminal 
domains of the dimer shifted to create crevices into which the non-polar C- 
termini accommodated, resulting in a compact globular structure of 
approximately 30A diameter. The proposed model revealed a series of 
naturally disposed structural features that have been suggested by other 
biophysical techniques, utilizing synthetic peptides, which are of functional 
significance in terms of Ap topology, fibril formation and cytotoxicity. 
Supported by NIH AG-11925.

731.7
GENERATION AND NEUROTOXIC PROPERTIES OF 
MORPHOLOGICALLY DISTINCT Af3 FIBRILS. Hartley, D.M^ Diehl, T.S., 
Walsh, P.M. Teplow, D.B., Selkoe, P.J. Dept. of Neurology, Harvard 
Medicai School, and Brigham and Women’s Hospital Boston, MA 02115

It has been postulated that the extracellular accumulation of Ap leads 
to AD, as suggested by the neurotoxicity of aggregated forms of 
synthetic Ap in vitro. A principal difficulty in studying Ap neurotoxicity 
has been variability among different synthetic Ap preparations. Previous 
studies have shown that Ap preparations vary in the initial number of 
preformed aggregates, which can affect the neurotoxic properties of the 
material. We have found conditions in which the synthetic Ap is “aged” 
may also play an important role in producing neurotoxic fibrils. We 
synthesized Ap1-40, purified it by HPLC, lyophilized it, and then 
dissolved the lyophilizate in hexafluoro-2-propanol (HFIP). HFIP was 
used to disaggregate any preformed aggregates. Samples were then 
dried and resuspended under various buffer conditions. Two conditions 
were produced by resuspending the Ap in water at 700 pM and then 
diluting with either PBS (pH 7.4) or 0.2M Hepes (pH 7.4) to 350 pM. 
This allowed a comparison of a standard method for preparing fibrils 
(PBS) with one more compatible for studies involving cultured neurons 
(Hepes). A third condition consisted of diluting the Ap into 1 mM NaOH 
at 700 pM and then diluting into 0.2 M Hepes (pH 7.4). Because the pi 
for Ap is ~ 5.5, this last condition was designed to move the peptide 
through its pi at low salt concentration. Electron microscopy revealed 
distinct fiber morphologies associated with each condition. Most 
conditions showed 6-10 nm fibrils, as seen in viva, however differences 
were observed among the three conditions in the linearity of the fibrils 
and whether bundles of parallel fibrils occurred. We are currently 
analyzing the neurotoxic properties of these morphologically distinct Ap 
fibrils.

731.8
THE AMYLOID PROTOFIBRIL: ITS ROLE IN A p
FIBRILLOGENESIS AND ALZHEIMER'S DISEASE THERAPY
D. B. Teplow^^, A. Lomakin‘S. G. B. BenedekY M. CondrorUY and D. M. 
Walsh1®'. ‘^Brigham & Women's Hospital and ^"Harvard Medical School, 
Boston, MA 02115; ^Massachusetts Institute of Technology, Cambridge, MA 
02139.

A seminal pathogenetic process in Alzheimer's disease (AD) is the 
formation of amyloid plaques containing fibrillar deposits of the 
amyloid P-protein (AP). Preventing AP fibrillogenesis, and thus 
plaque formation, is an attractive therapeutic strategy. To 
implement this strategy, a full understanding of the stages and 
kinetics of Ap fibrillogenesis is crucial. We have applied a series of 
complementary biochemical and biophysical techniques to this 
problem. We found that fibrillogenesis of Ap(l-40) in 0.1 M Tris- 
HC1, pH 7.4, involves formation of fibrillar intermediates 6-10 nm in 
diameter and <200 nm in length. We have termed these structures 
"protofibrils" (PF). PF accumulate as low molecular weight forms of 
Ap disappear. Then, as PF disappear, mature amyloid-type fibers 
form. We will discuss results of studies of the mechanism of 
conversion of PF into fibers. Initial data from liquid chromatography 
and dialysis experiments suggest that PF are relatively stable and 
can form fibers directly. PF thus appear to be important 
intermediates in AP fibrillogenesis and, as such, represent a possible 
target for fibrillogenesis inhibitors.
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731.9
COPPER-MEDIATED AGGREGATION AND POLYMERIZATION OF AB
C.S, Atwood* X, Huang, R.D. Moir, R.C. Scarpa, N.M.E Bacarra, M.A. Hartshorn,
L.E. Goldstein, D.M. Romano, R.E. Tanzi and A.I. Bush. Genetics & Aging Unit, 
Mass. Gen. Hosp., Boston, MA, 02129.

The cortical deposition of AB, a normally soluble and constitutive 4.3 kDa 
peptide of the CNS and periphery, is observed in Alzheimer’s disease, Down’s 
syndrome, head injury and normal aging. Previously we found that Zn(ll) 
induces the aggregation of soluble AB in vitro. Using sedimentation and 
turbidometric assays to further quantitate the effects of neurochemical factors 
on AB solubility, we now report that unlike other biometals, marked Cu(ll)- 
induced aggregation of AB1-40 occurs as the solution pH is lowered from 7.4 to 
6.8. This rapid, pH-sensitive aggregation of AB-|.40 was completely reversible 
by alkalinization. These results indicate that H+-induced conformational 
changes unmask a metal binding site on the peptide that modulates its behavior 
in response to changing pH. Since a mildly acidic environment, together with 
increased Zn(ll) and Cu(ll) are common features of inflammation, we propose that 
AB-|-40 aggregation by these factors could be a physiological, and reversible, 
response to neuronal injury.

AB polymers, such as that found in the AD-affected brain, are likely to be more 
resilient to proteolytic degradation and may explain the permanent deposition of 
AB in amyloid plaques. To test whether redox active metal ions could promote 
SDS-resistant polymerization, AB1-40 was incubated with Cu(ll). Western blot 
analysis revealed Cu(ll) induced AB1-40 polymerization over days. In contrast, 
Cu(ll)-induced AB-j-42 polymerization was detected within minutes. AB-1-42 
polymerization was potentiated by mildly acidic conditions, but was not 
observed at any pH with Fe(lll) and Zn(ll). Cu(ll) mediated polymerization was 
attenuated by the presence of bathocupoinedisulfonic acid, a Cu(l) specific 
chelator, and by catalase. These data suggest that the production of the highly 
reactive OH' species from H2O2 by the Fenton reaction may have mediated 
peptide crosslinking. Lowered cerebral pH is a complication of aging and injury 
and induces the release of reduced metal ions from metalloproteins. Therefore, 
we propose that this OH' mechanism could contribute to the irreversible 
deposition of AB in amyloid plaques.
Supported by: NIH (1R29AG1268601), AFAR (Paul Beeson Award), 
Alzheimer's Association (IIRG-94110), International Life Sciences Institute.

731.10
EFFECTS OF APOLIPOPROTEIN E ISOFORMS ON AB AGGREGATION UNDER 
PHYSIOLOGICAL CONDITIONS. R.E, Tanzi*, C.S. Atwood. D.M. Romano, X, Huang, A.I. Bush, 
J, Smith and R.D. Moir. Genetics and Aging Unit, Massachusetts General Hospital, Building 149, 
13th St, Boston, MA 02129.

The apolipoprotein E (APOE) e4 allele (E4) has been found to be a risk factor for 
late-onset Alzheimer's disease (AD). While, the pathogenic mechanism of E4 in AD is 
not yet clear, APOE isoforms appear to differentially influence the aggregation of AB, 
the principal component of Alzheimer-associated B-amyloid deposits. To date, no data 
is available for the propensity of AB to aggregate in the presence of apoE under 
conditions where these proteins are near physiological concentrations (in human CSF 
apoE:AB is 20:1 to 40:1).

We developed a novel high sensitivity in vitro filtration assay to study zinc(ll)- 
induced and copper(ll)-induced AB aggregation. In addition, zinc-induced and copper- 
induced AB aggregates were compared in two ways. First, we examined their relative 
densities by Nycodenz cushion centrifugation and second, we tested their ability to be 
resolubilized by EDTA using the novel filtration assay. Zinc-induced AB aggregates 
were found to be denser and less easily resolubilized than the copper-induced 
aggregates. We next compared metal-induced aggregation of AB in the presence of 
purified apolipoprotein E2 (apoE2), apolipoprotein E3 (apoE3) and E4 under conditions 
that approach the physiological concentrations of these proteins in CSF. In the 
presence of all three apoE isoforms, zinc- induced aggregation of AB was attenuated, 
while precipitation with copper was enhanced. Consistent with the increase risk for 
AD associated with the e4 allele of apoE, metal-induced aggregation of AB was 
highest for both zinc and copper in the presence of apoE4. Binding between AB and 
apoE, as measured by a solid phase ELISA, suggested that apoE/AB complexes can 
form at the concentrations reported for these proteins in CSF. Our data is consistent 
with a role for apoE as a in vivo chaperone for AB.

[Supported by grants from NIA and NINDS]

731.11
RAGE AND Ap IN ALZHEIMER DISEASE (AD): CELL SURFACE RECEPTOR 
ATTRACTS FIBRILS AND SOLUBLE RECEPTOR PREVENTS 
FIBRILLOGENESIS. S.D. Yan, H. Levine*, C. Soto, A. Zhu, H. Zhu, X. Chen, 
A. Roher, D. Stern and A.M. Schmidt. Depart, of Pathology, Columbia Univ., New 
York, NY 10032: Parke Davis Co. Ann Arbor, MI 48106: New York Univ., New 
York, NY 10016; and Sun Health Res. Institute, Sun City, AZ 85351.

The proximity of the beta-amyloid (AP) peptide to neurons and myocytes in AD 
appears to alter the integrity of the cellular membranes. We postulate that soluble and 
aggregated AP interact with specific membrane proteins such as the receptor for 
advanced glycation end-products (RAGE) which belongs to the immunoglobulin 
superfamily. Incubation of RAGE transfected PC 12 cells with fibrillar AP resulted in 
an increased association of these fibrils to the cell surface, when compared to mock- 
transfected controls, as quantitated by Congo red binding. Fluorescence binding 
assays using purified recombinant RAGE, showed that this molecule interacts with 
soluble (monomeric/oligomer) AP 1-40 (Kd ~ 70nM) and with fibrillar AP 1-42 (Kd 
~ 20nM). Addition of excess soluble extracellular domain of RAGE (termed sRAGE) 
to mixtures of nascent AP 1-40 fibrils decreased fibril formation with a half-maximal 
effect at ~ 50 nM. Electron microscopy (EM) showed that in the presence of excess 
sRAGE only few very short Ap 1-40 fibrils were formed. Immuno EM demonstrated 
these short fibrils to be decorated at several points by sRAGE, as compared to the 
presence of numerous long Ap fibrils in untreated controls, or in those treated with 
albumin or sVCAM-1. Furthermore, performed AP fibrils dissociated in the presence 
of sRAGE. These data suggest that cell-associated RAGE serves as a binding site for 
Ap fibrils, potentially increasing the susceptibility of cells to the cytotoxic actions of 
Ap. Furthermore, excess sRAGE, by binding nascent AP fibrils at multiple sites, 
appears to effectively cap the growing strand, thus arresting the formation of long 
fibrils which could potentiate the cytotoxic effects of Ap. Supported by NIH 
AG 11925, AG00690, AG00602, AG 14187

731.12
COMPARISON OF THE CONFORMATION OF AMYLOID P(l-28) 
PEPTIDE FRAGMENT WITH ITS LYS 28 N-ACETYL DERIVATIVE.
R, J, McClure*, K. Panchalingam, J, A. Stanley, and I. W, Pettegrew.
Neurophysics Lab., Univ. of Pittsburgh, WPIC, Pittsburgh, PA 15213 

Extracellular deposition of amyloid-P (AP) peptide in Alzheimer’s Disease
(AD) brain is a neuropathologic hallmark of the disease and the deposition 
could play a role in the pathophysiology of AD. Ap is a 39- to 43-residue 
degradation product of a normal membrane associated precursor protein. 
Fibrillar P-pleated sheet AP aggregates are toxic; however, soluble a-helical 
or random coil AP monomers have little or no toxicity. We recently found 
that a metabolite altered in AD , a-glycerophosphate (aGP), accelerated the 
aggregation of AP(l-40). In this study, molecular dynamics simulations 
were conducted on AP(l-28) and the N-acetyl derivative of Lys 28 to 
determine the effect of derivatization on Ap conformation and how aGP 
accelerates AP aggregation. Ap(l-28) was used as a model since solution 
studies indicate that variations in the conformation of Ap(l-28) determine 
the kinetics of aggregation. Calculations using DISCOVER (MSI) with the 
cvff forcefield indicated that the N-acetyl Lys 28 derivative adopts a random 
coil conformation, predicted to enhance solubility. Native AP(l-28) is 
partially helical, with a potential P-sheet conformation at residues Ser 26, 
Asn 27 and Lys 28 stabilized by a three center interaction of Lys 28, Lys 16, 
and Asp 23 sidechains. This site may bind aGP to further stabilize this 
conformation which may be a transition conformation for P-sheet 
aggregation. Support: NIH AG08974 and Sigma Tau Pharmaceuticals 
grants.

DEGENERATIVE DISEASE: ALZHEIMER’S—BET A-AMYLOID: NEUROMODULATION

732.1
THE EFFECTS OF ZINC (Zn2+) AND £-AMYLOID (A£) 
ON SENSORY TRANSMISSION IN THE SI CORTEX S.C. 
Tung, S.J. Oh, l.Y. Koht, H.C, Shin* Dept. of Physiol., Coll, of Med., 
Hallym Univ., Chunchon, t Dept. of Neurol., Sch. of Med., Ulsan Univ. 
Seoul, Korea

A substantial amount of chelatable zinc is present in synaptic 
vesicles of excitatory cerebral cortical neurons, and synaptically 
released upon neuronal stimulation. Recently, zinc has been implicated 
in the aggregation process of A /?. In the present study, we have 
tested whether Zn2+ or Ay? aggregated (aA/?) by Zn2+ may influence 
afferent sensory transmission in the primary somatosensory (SI) cortex 
of anaesthetized rats. Following topical application (10/zl) of these 
drugs to the SI cortex, quantitative determination of the changes of 
afferent sensory transmission was done by generating poststimulus 
time histograms of unit responses to the stimulation of receptive field 
located in the forepaw area. Lower doses of Zn2+ (5-100 pM) did not 
show any modulatory effects on the sensory transmission. However, 
higher dose of Zn + (1.0 mM) caused dual effects: initial facilitation 
(20-50%) followed by suppression (-40-95%). CaEDTA gradually 
abolished this Zn2+-induced suppression. 5pM A/? (fragment 24-35) 
alone did not influenced afferent sensory transmission. However, 
application of aA/? (A/? 5,«M + Zn2+ 5pM) significantly suppressed 
(-80-90%) afferent sensory transmission in the SI cortex. This 
suppression was partially abolished by adding CaEDTA. CaEDTA 
alone as well as saline solution did not affect afferent sensory 
transmission. These results suggest that endogenous Zn2+ and aA/?, 
here aggregated by Zn2+, may influence sensory processing in the SI 
cortex (supported by KHMP grant 1IMP-96-M-3-1044).

732.2
MODULATION OF SEPTAL ACTIVITY BY ZINC. A, Neely2, L.V. Colom1, 
M, E. Diaz1*, W.J. Xie1 and S.H, Appel1. Department of ’Neurology, Baylor 
College of Medicine, Houston, TX 77030; department of Physiology, Texas 
Tech University, Health Science Center, Lubbock, TX 79430.

Zinc (Zn2+) released from axon terminals in the brain can interact with 
multiple membrane channels and receptors. However, the specific effects 
of these Zn2+-dependent interactions on physiological processes remain 
unclear. Because Zn2+-containing axon terminals are abundant in the 
septal region, we selected a septal cell line (SN56) to study the effects of 
Zn2+ on cell activity. Voltage-clamp recordings showed well-developed 
voltage-dependent Na+, Ca2+ and K+ currents. Micromolar concentrations 
of Zn2+ partially blocked Na+ and Ca2+ currents without affecting K+ 
currents. Current-clamp recordings showed that SN56 cells fire 
spontaneous and evoked action potentials. While most (>83%) Na+ and 
Ca2+ currents were blocked with 1 pM tetrodotoxin (TTX) and 2 mM 
Co2+, action potentials persisted after either 1 pM TTX or 2 mM Co2+ 
application. In contrast, concentrations of Zn2+ (50-300 pM) that induced 
incomplete blockade (<50%) of either Ca2+ and Na+ currents abolished 
action potential generation. These data show that simultaneous and 
partial blockade of Ca2+ and Na+ channels by Zn2+ inhibit SN56 cell 
activity. Because septal outputs extensively modulate the excitability of 
cortical and subcortical brain regions, Zn2+ inhibition of action potential 
generation in septal neurons could play an important physiologic role in 
regulating brain activity. Supported by Methodist Hospital Foundation 
grant (LVC).
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732.3
B-AMYLOID INHIBITS THE STIMULATED RELEASE OF [3H]- 
NOREPINEPHRINE FROM HUMAN ISOLATED ATRIAL 
APPENDAGES. S. Foucart1*, S. Kar2, R. Quirion2, P. Page1 and R. 
Nadeau1. 'Centre de recherche, Hopital du Sacre-Coeur de Montreal, 
Montreal, Quebec, Canada and "Douglas Hospital Research Center, McGill 
University, Montreal, Quebec, Canada.

The mechanisms by which B-amyloid contributes to neuronal degeneration 
is still unknown but it was shown that it inhibits K+-evoked acetylcholine 
release in rat hippocampal slices (Kar et al. J. Neurosci. 16:1034-1040, 
1996). In the present study, we investigated if B-amyloid related peptides 
could inhibit norepinephrine (NE) release from peripheral sympathetic nerves. 
Pieces of human right atrial appendages were isolated during routine cardiac 
surgery. Following incubation with [3H]-NE, the tissues were superfused and 
stimulated twice (Sj and S2, 1 min, 50 mA, 2 ms pulses, 5 Hz) at 10 and 85 
min and the drugs were added 60 min before S2. The effect of the treatment 
was assessed by the ratio S/Sp B-amyloid 1-40 (IO14 to 10’8 M) and B- 
amyloid 25-35 (IO12 tolO-6 M) inhibited the stimulated release of [3H]-NEin 
a concentration-dependent manner. The maximal inhibition was 41% 
(p < 0.01) and 24% (p<0.05) for the sequence 1-40 and 25-35 respectively. 
The specificity of this effect was tested with the scrambled sequence of B- 
amyloid 25-35 (10 nM) which had no inhibitory effect on [3H]-NE release. 
None of these treatments altered the spontaneous efflux of [3H]-NE. These 
results suggest that B-amyloid related peptides may play a role in the negative 
modulation of NE release in cardiac sympathetic nerves. Supported by 
MRCC and HSFQ.

732.4
CHOLINERGIC RECEPTOR AGONIST AND AGE BOTH INCREASE THE 
LEVELS OF SECRETED ALZHEIMER’S (3-AMYLOID PRECURSOR 
PROTEIN IN THE CSF OF GUINEA PIGS. S. Gabriel*, V. Haroutunian, S.T, 
Ahlers, N. Greig, L. D. Acevedo, R. Gluck, K.L. Davis and W.C. Wallace
Dep. Psychiatry, The Mount Sinai Sch. of Med., New York, NY; Naval Med. 
Res. Inst., Bethesda, MD; and Lab. Cell, and Mol. Biol., Gerontology Res. 
Cent., NIA, Baltimore, MD.

Abnormal deposition and accumulation of Alzheimer’s amyloid |3-protein 
(Ap) and degeneration of forebrain cholinergic neurons are principal features of 
Alzheimer’s disease. Neurotoxic lesions of forebrain cholinergic neurons (nbM) 
increase the levels of Ap in the CSF of lesioned guinea pigs. In the first of the 
current experiments, we investigated the effects of the cholinergic muscarinic 
receptor agonist arecoline (15 mg/kg/day by osmotic pump) and the muscarinic 
receptor antagonist scopolamine (0.5 mg/kg/day by osmotic pump) on the levels 
of secreted soluble APP in the CSF of non-lesioned young adult guinea pigs 
(Ns=9). In the second experiment we compared the levels of secreted soluble 
APP in the CSF of young adult (3 month old) guinea pigs to the levels of APPs 
in the CSF of aged (22 month old) guinea pigs (N=8). The levels of soluble 
APPs were significantly increased in the CSF of guinea pigs receiving arecoline 
for one week but not in guinea pigs receiving scopolamine (ps<0.05). Although 
choline acetyltransferase activity was not altered in the aged guinea pigs relative 
to young adults, the levels of secreted APP were increased by nearly 2 fold in 
the aged guinea pigs. These results suggest that like the- rat, the CSF levels of 
APPs in guinea pigs is raised as a function of age and that the levels of APPs 
can be regulated by cholinergic drugs. These findings are significant given the 
close similarity between the AP sequence of guinea pigs and man. Support: 
R01-AG10138 and DOD/VA grant JA432 to V.H. and S.T.A.

732.5
24 HR EXPOSURE TO BETA AMYLOID PEPTIDE (1-42) INHIBITS EVOKED 
ACETYLCHOLINE RELEASE WHILE 10 MIN EXPOSURE ENHANCES 
ACETYLCHOLINE RELEASE FROM CILIARY GANGLION NEURONS AND 
TERMINALS. L. Andruchow, D, Conroy, and D. B, Gray*, Dept. of Biology, 
Simmons College, Boston, MA 02115.

it has been previously demonstrated that acetylcholine (ACh) release from 
cultured avian ciliary ganglion (CG) neurons is significantly inhibited after 24 
hr exposure to 25 uM beta amyloid peptide 1-42 (BAP), and that this 
inhibition is not due to cellular degeneration, altered choline uptake, ACh 
synthesis, ACh availability, or dysfunction of the secretory apparatus 
(Jacobsen et al., 1996; Abstr. Soc. Neurosci. 22: 488). BAP 1-42 couid 
directly inhibit influx through voltage-dependent calcium channels or could 
alter channel kinetics by disruption of the cell's calcium homeostasis, in this 
study, the immediate effects (<15 min) of exposure of beta amyloid peptides 
on basal non-evoked ACh release were examined in cultured CG neurons 
and on intact synaptic terminals of these neurons. After only 10 min 
exposure to 25 uM BAP 1-42, basal, non-evoked radiolabeled ACh release 
from CG cells was not inhibited but increased more than 50%. This increase 
could not be blocked by incubation with 10 uM nifedipine, which has been 
shown to block evoked ACh release from these neurons. Similar results 
were obtained from ACh release measurements from intact synaptic 
terminals of CG neurons in the choroid layer of the St 40 embryonic chick 
eye. In addition, potassium-evoked ACh release from these terminals was 
not inhibited by 10 min exposure to beta amyloid peptide 22-35, (a smaller, 
more hydrophobic peptide than BAP1-42). These results support the 
hypothesis that the initial interaction between neurons and Alzheimer's 
associated beta-amyloid peptides may result in an inward calcium "leak" in 
neurons, but not via voitage-dependent calcium channels associated with 
transmitter release. Supported by The SimmGns Fund for Research.

732.6
EFFECTS OF AMYLOID B-PEPTIDE ON ACETYLCHOLINE RELEASE, 
CHOLINE ACETYLTRANSFERASE ACTIVITY AND HIGH-AFFINITY 
CHOLINE UPTAKE,IN RAT HIPPOCAMPAL FORMATION. , S. Kar,1* 
A.M. Issa?3 D. Seto?’3 D.S. Auld, B. Collier^and R. Quirion.1,2,3 ’Douglas 
Hospital Research Center, Depts of Psychiatry, "Neurology ana Neurosurgery, and 
^Pharmacology and Therapeutics, McGill University, Montreal, Quebec, Canada.

The characteristic pathological features of Alzheimer’s disease (AD) brain include 
the presence of neuritic plaques composed of amyloid P protein (AP) and the 
selective loss of basal forebram cholinergic neurones which provide innervation to 
the hippocampus and neocortex. Studies of the pathological changes that 
characterize AD and several lines of other evidence indicate that AP accumulation 
in vivo may initiate and/or contribute to the process of neurodegeneration and 
thereby the development of AD. Recently, using in vitro slice preparations, we have 
reported that various^ AP-related peptides, acting directly on the cholinergic 
terminals, inhibit K+-evoked endogenous acetylcholine (ACh) release from 
hippocampus and cortex but not from striatum (S. Kar et al., J. Neurosci. 16: 1034, 
1996). In the present study, we characterized further AP-mediated inhibition of ACh 
release and also measured the effects of these peptides on choline acetyltransferase 
(ChAT) activity and high affinity choline uptake (HACU) in hippocampal, cortical 
and striatal regions of the rat brain. APi.4O (10'8M) potently inhibited veratridine- 
evoked endogenous ACh release from rat hippocampal slices and also decreases 
evoked release potentiated by sodium nitroprusside. AB-related peptides (APi_42, 
APmo , APi.2g, Ap25„35), under acute conditions, did not alter ChAT activity in tissue 
homogentes prepared from hippocampus, cortex or striatum. HACU by 
hippocampal and cortical synaptosomes was reduced significantly (10' 4M - 10'6m ) 
by various AP-related peptides. However, the uptake of choline by striatal 
synaptosomes was altered only at a rather high concentration of AP peptide. These 
results, taken together, indicate that Ap peptides, under acute conditions, can 
decrease endogenous ACh release and the uptake of choline but exhibit no affect on 
ChAT activity. Additionally, the evidence that AP peptides target primarily the 
hippocampus and cortex provides a potential mechanistic framework supporting the 
hypothesis that the preferential vulnerability of basal forebrain cholinergic neurones 
and their projections in AD could relate, at least in part, to their sensitivity to A|3- 
related peptides.(Supported by MRCC and Alzheimer’s Association of USA)

732.7
SLOW BLOCK BY P-AMYLOID PEPTIDE OF LARGE CONDUCTANCE 
CA-ACTTVATED K CHANNEL IN PLANAR LIPID BILAYER HJ Kim, JB Park, 
PD Ryu*. Department of Pharmacology, College of Veterinary Medicine, Seoul 
National University, Suwon 441-744, Korea.

Increasing evidences implicate that Alzheimer p-amyloid peptide (A0P) plays a 
key role in the neurodegeneration of Alzheimer disease. Large conductance 
Ca2+-activated K+ (BK) channel is one of the most abundant channels present in 
many types of cells, including neurons and muscle cells. Here, we examined the 
effect of A0P on the gating of single BK channels of rat brain and skeletal muscle 
using planar lipid bilayer method.

The activity of unitary BK channels was recorded in a solution containing 
symmetrical 200 mM KC1 and 10 mM HEPES-KOH (pH 7.2), and 200-500 pM 
internal CaCL in lipid bilayers composed of synthetic phosphatidylethanol amine 
and phosphatidylserine (5(^50%). AffP(l-40, 1-20 yM) was added to either side of 
the channel. Mean dwell times were determined from the data filtered at 500 and 
10-20 Hz using a software (pClamp Ver 6.03) for single channel analysis.

AfSP (10 pM), when applied to internal side of the channel, induced long closures 
lasting up to several seconds at +20 mV which is clearly longer than usual closing 
times of the channel (meam=1.5-5 ms). However, the conductance of the BK 
channel was not significantly affected by the peptide. In addition, such a slow 
block by Af3P (1-20 pM) was also seen in BK channels from skeletal muscle in a 
concentration dependent manner.

Our results indicate that AfP can block neuronal BK channels from internal 
side and such blocking action may be responsible for the neurotoxicity caused by A 
PP. (Supported by KOSEF and KRF).

732.8
FUNCTIONAL INTERACTIONS BETWEEN GTPase ACTIVITY' AND 
B-AMYLOID PRECURSOR PROTEIN IN CAVEOLAE-LIKE 
MICRODOMAINS E. Brouillet2, A. Prochiantz1, D. Galanaud’.M. Volovitch1 and 
B. Allinquant*1 1 - ENS-CNRS URA 1414, Paris, 75005, France. 2 - CEA- 
CNRS URA 2210, SIIFJ-DRM, Orsay, 91401, France.

Axonal amyloid precursor protein (APP) is highly enriched in caveolae-like 
membrane microdomains resistant to Triton-XlOO and of low density on sucrose 
gradients. These microdomains are important in transduction phenomena and, 
accordingly, are enriched with the heterotrimeric Go protein. Using purified BAPP 
and Go, Okamoto et al (J. Biol. Chem. 1995, 270:4205-4208) showed that the two 
proteins interact within reconstituted vesicles. Indeed, adding the 22C11 antibody 
(which recognizes an epitope within the N-tenninal domain of BAPP) increases the 
GTPase activity of Go. In this study we have tested whether this interaction is 
maintained in the caveolae-like microdomains. GTPase basal activity present in 
microdomains, purified from E19 rat cortico-striatal membranes, is dependent on 
Mg~ and activated by mastoparan, consistent with the high enrichment in Go seen 
by Western blot. The latter basal activity is partially inhibited by the addition of 
22C11 antibody and this inhibition is lost upon preincubation of the antibody with 
the BAPP epitope. To verify that the interaction between BAPP and Go is conserved 
in conditions that respect cellular integrity, the BAPP cytoplasmic domain was 
internalized in living neurons thanks to a cell-permeable peptide strategy developed 
in the laboratory (Prochiantz, Curr. Op. Neurobiol., 1996, 6:629-624). We observed 
that increasing the concentration of BAPP cytoplasmic domain in the cells decreases 
GTPase basal activity.

Based on the latter experiments, we propose that the GTPase basal activity, due 
to the interaction of Go with several receptors, is decreased upon the association 
between Go and BAPP cytoplasmic domain provoked by the addition of the antibody 
or by the increased concentration in BAPP cytoplasmic domain.
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732.9
PHYSICAL CHARACTERIZATION OF AN INTERACTION BETWEEN APP 
AND Go. S.L. Borowicz* and L.A. Dokas. Depts. of Biochemistry & Molecular 
Biology and Medicine, Medical College of Ohio, Toledo, OH 43614.

Previous studies from this laboratory have shown that the amyloid precursor 
protein (APP), GQ and B-50 (GAP-43) can be crosslinked to higher molecular weight 
forms with dissucinimidyl suberate (DSS) in a synaptosomal (P2) fraction from rat 
cortex. When the P2 was Crosslinked with DSS in the absence of Ca2+, 
immunoreactive B-50 was found in a 70 kDa complex with calmodulin, while in the 
presence of Ca2+, more B-50 was converted to a complex of such a. large size that 
it did not enter denaturing SDS gels. A similar complex was observed when 
crosslinked P2 was immunoblotted with antibodies to APP and Go. The N-terminal 
APP antibody, 22C11, detected multiple isoforms in the P2 fraction, one of which 
was selectively crosslinked. The three largest isoforms are full length APP, since 
they are also recognized by the C-terminal antibody, 369. The smallest isoform was 
identified as the N-terminal fragment, APPs, since it did not react with antibody 369 
and comigrates on gels with a 22C11 -immunoreactive protein released from rat brain 
slices incubated with carbachol. As an alternative method to analyze protein 
interactions, gel filtration was employed using a semi-pure fraction of the APP 
isoform which crosslinked and also contained endogenous Go and B-50. After 
fractionation on a Sepharose CL 4B column, APP, Go and B-50 were localized by 
immunoblotting. The two former proteins eluted together at a molecular weight of 
approximately 500,000, while B-50 separated from them. These results indicate that 
the APP and Go may physically interact in neuronal membranes. Supported by an 
Alzheimer’s Association/Anonymous Pilot Research Grant and NIH grant NS30792.

732.10
IN VIVO ASSOCIATION BETWEEN THE AMYLOID
PRECURSOR PROTEIN AND PHOSPHOLIPASE C-y. O, Lu*.
E.H.Koo and K.S. Kosik. Center For Neurologic Diseases, Brigham 
and Women's Hospital, Dept. of Neurology, Harvard Medical School, 
Boston, MA 02115.

Although it has been proposed that the amyloid precursor protein 
(APP) may be participated in intracellular signaling, direct molecular 
evidence linking APP to a specific pathway is lacking. Here we report 
that APP interacts in vivo with phospholipase. C-y (PLC-y), an 
enzyme that regulates the generation of the intracellular messengers, 
diacyl-glycerol (DAG) and inositol 1,4,5-trisphosphate (IP3). We 
demon-strated colocalization of APP and PLC-y using cultured primary 
hippocampal neurons. Co-immunoprecipitation studies revealed that 
full length APP specifically complexes with PLC-y in PC 12 cells. The 
association of APP with PLC-y was also demonstrated by co- 
immunoprecipitation in Chinese Hamster Ovary cells stably transfected 
with human APP751. An APP construct with most of the cytoplasmic 
domain truncated still co-immunoprecipitated with PLC-y suggesting 
that the interaction may be mediated close to or within the membrane. 
Stimulation of PC 12 cells with nerve growth factor inhibited the 
interaction between PLC-y and APP. These results support the hypo-
thesis that the pool of PLC-y associated with APP may function in the 
pathway which regulates APP metabolism. (Supported by NIH grants)

732.11
EFFECTS OF AMYLOID /3 PEPTIDE ON THE CARBACHOL-
MEDIATED SIGNAL TRANDUCTION SYSTEM IN CORTICAL CELLS 
H-M. Huang*, S-C. Hsueh, H-C Ou and T. Hwang. Dept. of Edu. and Med.
Res.,Taichung Veterans General Hospital, Taichung, Taiwan, R.O.C.

Deposition of amyloid /? protein (A/3) and alteration in signal 
transduction systems would likely to be of pathophysiological significance in 
Alzheimer's disease (AD). Cholinergic pathways play an important role in 
learning and memory processes, and impairment in cholinergic transmission 
occur in AD. Thus, neurotoxic effect of A /? 25-35 on cortical cells was 
evaluated by phase contrast microscopy, immunocytochemical examinations, (3- 
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate 
dehydrogenase (LDH) assay. Treatment of cortical cultured cells with A 
(0.01-20 p. M) for 24 hr induced neurite degeneration and LDH release into the 
media in a Concentration dependent manner. In addition, the neurotoxic effect 
of A (3 was enhanced in the media without the supplement B27. To test the 
hypothesis whether prolonged exposure the sublethal dose of A 25-35 affected 
the carbachol-mediated lns(l,4,5)P3 release, the cells were pretreated with 0.1 

H M A/? for 24 hr, then stimulated with 100 n M carbachol. Prolonged 
exposure the cells to 0.1 fj. M Adisrupted carbachol-mediated Ins(l,4,5)P3 

release in the media without B27, but the interruption diminished while the B27 
was present. These data demonstrated that A impaired muscarinic receptor 
mediated phosphoinositde pathway that occurs in AD. Furthermore, B27 
supplement in the media reduced the A toxicity and diminished the impairment 
of carbachol mediated phosphoinositide pathway. (Supported by NSC862314- 
B075A014 and TCVGH 867308)

732.12
NICOTINE ENHANCES THE RELEASE OF THE SECRETED 
FORM OF ALZHEIMERS AMYLOID PRECURSOR PROTEIN 
FROM PC12 CELLS IN A CALCIUM-DEPENDENT MANNER. S.
H. Kim*1, Y. K. Kim2, S. J. Jeong1, Y, H. Kim2, and Y. H. SuU 
'Dept. of Pharmacol., College of Medicine and Dept. of Mol. Biol., 
Neurosci. Res. Inst., Seoul National Univ., Seoul, 110-799; 2Dept. of 
Psychiatry, College of Medicine, Inje Univ., Pusan, Korea

There is mounting evidence indicating that overexpression or aberrant 
processing of the amyloid precursor protein(APP) is causally related with 
Alzheimer's disease. APP is principally cleaved within the amyloid beta 
protein domain to release a soluble N-terminal ectodomain(APPs) which 
has been known to have a wide range of trophic and protective 
functions. Various agents, especially those activating the phospholipase C 
coupled receptors have been shown to affect the processing of APP 
through activation of protein kinase C and calcium. Here we have 
examined whether the activation of neuronal nicotinic receptor which is 
more permeable to calcium than to sodium can modulate the expression 
and processing of APP in PC12 cells. Treatment with nicotine to PC12 
cells did not affect the level of APP mRNA but increased the release of 
APPs in concentration(>50pM) and time(>2h) dependent manners. The 
effect of nicotine was significantly attenuated by cotreatment with 
mocamylamine, a nicotinic receptor antagonist or EGTA, a caclcium 
chelator indicating calcium entry through the nicotinic receptor is 
essential in the enhanced APPs release by nicotine. These results imply 
that nicotinic receptor agonists might be beneficial in the treatment of 
AD not only by supplementing deficient nicotinic neurotransmission but 
also by stimulating the release of neurotrophic APPs.
Supported by Korea Ginseng and Tobbaco Institute

732.13
GALANIN IN THE BASAL FOREBRAIN IS CORRELATED WITH 
P-AMYLOID PLAQUE MATURATION IN THE HUMAN CORTEX. 
JPO Hebb* & T Hagg.
Dept of Anat & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, Canada 

Alzheimer’s disease (AD) is characterized by p-amyloid deposits,
neurofibrillary tangles, and degeneration of several populations of neurons - 
most notably basal forebrain cholinergic neurons. The neuropeptide galanin is 
present in the basal forebrain and has been reported to be upregulated in AD. 
In this study, basal forebrain (Ch4 subdivision) galanin innervation levels 
were semiquantitatively scored by two independent observers in postmortem 
AD (n=10) and normal (n - 5) brains. Surprisingly, no significant differences 
were detected between AD and normal. Galanin 'scores' in the Ch4 
intermediate (Ch4i) region of Ch4 were then correlated with the percentage of 
the area occupied by p-amyloid immunoreactive structures in 3 fields in the 
posterior principalis, a cortical projection region of Ch4i (antibody generous 
gift from Scios Nova Inc). The measurements of amyloid area clearly 
identified two groups, i.e. those subjects with extensive amyloid deposits and 
those with much less. Within each group, a significant negative correlation 
was demonstrated between extent of amyloid and galanin levels. The trend of 
decreasing amyloid measurements with increasing galanin may reflect a 
disease process of amyloid maturation in which diffuse, amorphous deposits 
condense into smaller mature plaques. This explanation is supported by the 
demonstration of a significantly greater proportion of mature plaques in the 
cortex of subjects with higher galanin scores. Since high as well as low 
amyloid groups exhibited a negative correlation between amyloid area and 
galanin, it appears that galanin increases are not directly related to the amount 
of amyloid, but to the processes involved in maturation of amyloid from 
diffuse deposits to mature plaques. These results are consistent with 
observations in animals that galanin is induced primarily as a result of 
neuronal injury. Support: Alzheimer's Society of Canada

732.14
EFFECT OF FAD-LINKED APP MUTATIONS ON THE ADHESIVE 
PROPERTIES OF APPICAN A. Wu*, S.Efthimiopoulos, J. Shioi, 
M.N.Pangalos, N.K.Robakis. Department of Psychiatry and Fishberg Research 
Center for Neurobiology, Mount Sinai School of Medicine, New York, NY 
10029-6574.

Appicans are chondroitin sulfate proteoglycans (CSPG) containing Alzheimer 
amyloid precursor (APP) as a core protein. The CS chain is attached to the APP 
isoforms which do not contain exon 15 of the APP gene. Appicans are detected 
in brain tissue and in primary rat brain cultures. They are expressed mainly by 
glial but not neuronal cells. Over-expression of appican induced morphological 
changes in C6 glioma cells and promoted adhesion of both glial and neuronal 
cells, but not fibroblasts, to the extracellular matrix. In contrast, over-expression 
of the APP core protein of appican had no effect on the adhesion of these cells, 
suggesting that the chondroitin sulfate chain engenders APP with novel 
biological functions (Wu et al., 1997. J. Neurosci. In Press). Here we report that 
the normal adhesion properties of appican are impaired when the core APP 
protein contains mutations linked to familial Alzheimer’s disease (FAD). In cell 
dissociation experiments, approximately 60% of the appican-transfected C6 cells 
remained attached to their substrate after 20 min treatment with a Cell 
Dissociation Solution. However, only 22%, 19%, 47% and 48% of the total cells 
remained attached to the substrate upon transfection with APP core protein of 
appican containing mutations K670N/M671L, V717F, V717I, and V717G 
(APP770 numbering), respectively. These results suggest that the FAD-linked 
mutations impair the normal adhesive properties of appican, supporting the 
hypothesis that dysfunction of APP may play a role in the pathogenesis of 
Alzheimer’s disease. (Supported by NIH grants AG08200 and AGO5138).
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732.15
PROTEASE NEXIN-2, THE KUNITZ PROTEASE INHIBITOR FORM 
OF THE ALZHEIMER'S B-AMYLOID PRECURSOR PROTEIN 
(APP), INHIBITS THE NEUROPEPTIDE PRECURSOR 
PROCESSING ENZYME 'PROHORMONE THIOL PROTEASE' 
(PTP). V, Hook*, N. Tezapsidis, N.K. Robakis. and W, Van Nostrand. 
Dept. of Medicine, Univ. of Calif., San Diego, La Jolla, CA.; Dept. of 
Psychiatry, Mt. Sinai Medial Center, NY, NY.; Dept. of Medicine, SUNY 
Stony Brook, Stonybrook, NY.

Protease inhibitor nexin-2/APP represents the secreted form of the 
B-amyloid protein precursor (APP) containing the Kunitz protease 
inhibitor (KPI) domain. Knowledge of i n vivo target neuronal 
protease(s) inhibited by PN-2/APP can address the question of the 
functional role of PN-2/APP in neuroendocrine cells. Our studies of 
neuropeptide precursor processing indicate that in. vivo processing is 
often incomplete, implying that an endogenous protease inhibitor may 
limit processing. PN-2/APP was, therefore, examined in this study as a 
possible inhibitor of the neuropeptide precursor processing enzyme 
'prohormone thiol protease' (PTP). PTP is a novel cysteine protease 
involved in proteolytic processing of proenkephalin, pro-neuropeptide 
Y, and possibly other precursors. PN-2/APP was colocalized with PTP 
in secretory vesicles of adrenal medulla. PN-2/APP potently inhibited 
PTP in the nM range. The KPI domain alone was less effective, since uM 
levels of KPI were needed to inhibit PTP. Complexes of PN-2/APP and 
PTP were detected on SDS-PAGE gels, consistent with the parallel P-j 
arginine of PN-2/APP, and PTP cleavage at Pi arginine or lysine. PTP 
also cleaved PN-2/APP. PN-2/APP may function as an endogenous 
inhibitor of a neuropeptide precursor processing enzyme that influences 
production of certain neuropeptides. (NINDS, NIDA, and NIA of the NIH).

732.16
EFFECT OF PSYCHOACTIVE COMPOUNDS ON B-AMYLOID LEVELS IN 
CELL LINES. K.R. Patel, O.E. Khorkova, F. Camacho,
S.Sahasrabudhe*. Hoechst Marion Roussel, Bridgewater, NJ 
08807

The progress of Alzheimer’s disease (AD) in patients 
treated with antypsychotic drugs appears to be slower than 
in patients not treated with such medications (Arnold et. 
al., Am.J.Psychiatry, 1995, 152, 731-737). The action of 
these drugs on AD could be mediated by specific receptors 
or occur, for example, through their influence on APP 
processing. We studied effects of antpsychotic drugs 
such as haloperidol, reclopride, clozapine, ketanserine, 
chlorpromazine on p-amyloid (Ap) production in transfected 
CHO cell lines and human neuroglioma cells (H4) . Clozapine, 
chlorpromazine and haloperidol significantly inhibited 
AB production in CHO cells with EC50 of 13, 7.4 and 25 
respectively. Other compounds did not show any effect.
Our data demonstrated that the effect of clozapine, 
chlorpromazine and haloperidol is not meditated by the 
receptors to which those compounds bind.

ALZHEIMER’S: PRESENILIN IV

733.1
SUBCELLULAR DISTRIBUTION OF PRESENILIN IN TRANSFECTED 
CELLS. J. Zhang, W. Xia, p. J, Selkoe,..E. H, Koo* Center for Neurologic 
Diseases, Brigham and Women's Hospital and Harvard Medical School, 
Boston, MA 02115; *Dept. Neurosciences, UCSD, La Jolla, CA 92093

The mechanisms by which mutations in presenilin-1 (PSI) and presenilin- 
2 (PS2) result in the Alzheimer’s disease phenotype are unclear. Full length 
PSI and PS2 are processed into two stable proteolytic fragments shortly after 
synthesis by immunocytochemistry. PSI and PS2 have be localized by 
immunocytochemistry to the ER and Golgi, but these studies cannot 
distinguish the signal derived from full-length protein and fragments. We 
carried out subcellular fractionation in CHO and human 293 cells transfected 
with either PSI or PS2 to determine the localization of full-length PS and its 
fragments. Full-length PSI and PS2 were distributed in fractions that 
colocalized primarily with the ER marker calnexin. Both the N- and C- 
terminal fragments were predominantly distributed to Golgi, colocalizing 
with galactosyltransferase activity. In cells that were co-transfected with 
the amyloid precursor protein (APP752), immature N-glycosylated APP was 
found in both ER and Golgi while N+O-glycosylated APP was present only in 
Golgi fractions. APP-PS complexes were detected predominantly in the ER 
fractions by co-precipitation studies. There was no difference in the 
subcellular distribution between wild type and mutant (M146L, C410Y) PSI. In 
the PSI mutation lacking exon 9, only full length molecules distributed in the 
ER fractions were seen. Our data suggest that full-length PSI protein is an ER 
resident molecule and undergoes proteolysis within the ER. The fragments 
subsequently traffic to the Golgi, where stable complexes have been reported 
in separate abstract. In addition, APP-PS complexes are initially formed 
within the ER, where selective effects on A42 generation presumably occur. 
(Supported by NIH grant AG06173)

733.2
SUBCELLULAR LOCALIZATION OF N- AND C-TERMINAL 
FRAGMENTS OF PRESENILIN 1. D. Parkinson*. Biomed. Sci., 
Sheffield Hallam Univ., Sheffield, S1 1WB, U.K.
Mutations in presenilins have been linked to familial Alzheimer's 
disease. The function of presenilins (PSs) is not known though a role in 
apoptosis has been suggested. Indications of function may be inferred 
from the intracellular compartment(s) where presenilins reside. PSs are 
cleaved into a N-terminal fragment (NTF) and C-terminal fragment 
(CTF) The subcellular location of PSs has been determined after 
transfection, but high levels of expression may obscure endogenous 
PSs.
Presenilin 1(PS1) was localised in untransfected COS and CHO cells by 
immunocytochemistry. NTFs were stained with antipeptide antibodies, 
and CTFs were stained with anti-fusion protein antibodies.
NTFs were localised predominantly to a perinuclear array of cisternae 
that were also stained by markers for the Golgi apparatus. This 
distribution of NTF staining was lost on treatment of the cells with 
brefeldin A.
CTF staining was both circum-nuclear and reticular, extending over a 
major part of the cell and appeared to have the same distribution as 
endoplasmic reticulum markers. CTF staining was also seen at the 
plasma membrane and in areas of cell-cell contact in some cells.
These result suggest that the NTF and CTF of PS1 may be localised to 
different intracellular compartments and this separation may be relevant 
to both normal function and the role in AD pathology.
Supported by the Wellcome Trust.

733.3
FAD-LINKED PRESENILIN 1 MUTATIONS INCREASE THE 
GENERATION OF N-TERMINAL TRUNCATED AB42.
S. Sudoh1', H. Komano1, Y. Kawamura1, T. C. Saido2, andK. Yanagisawa1. ’Dept.
of Dementia Research, National Institute for Longevity Sciences, Obu, Aichi 474, 
Japan, 2Dept. of Molecular Biology, Tokyo Metropolitan Institute of Medical 
Science, Bukyo-ku, Tokyo 113, Japan.

Recent studies using sandwich enzyme-linked immunosorbent assay showed 
FAD-linked mutations in presenilin 1 (PSI) elevate the extracellular AB42/40 ratio. 
However, the effects of these PSI mutations on the intracellular events including 
APP metabolism remain to be elucidated. To investigate the effects of FAD-linked 
PSI mutations on APP metabolism, we have established mouse neuroblastoma 
(Neuro 2a) cell lines, stably transfected with wild-type (wt) or mutant PSI (M146L, 
Aexon9) gene under LacSwitch inducible expression system. In these cell lines, the 
PSI gene expression can be induced by the addition of IPTG (isopropyl-B-D- 
thiogalactoside) into the culture medium. Using these cell lines, we detected secreted 
AB40 and AB42 generated from the endogenous APP using highly sensitive 
immunoblot method (Ida et al, J. Biol. Chem. 271: 22908-22914, 1996). The 
induction of mutant PSI resulted in an approximately 2-fold increase in AB42 
generation, but no increase in AB40 generation. The induction of wt PSI did not 
elevate both AB species. In addition to these results, we found the production of the 
N-tenninal truncated Afi42 (ABX^2 ) was increased by the induction of mutant PSI. 
The effect of PSI mutation on the secretion of soluble form APP (APPs) was also 
tested. The induction of mutant PSI led to a slight reduction in the secretion of 
APPs. Taking together, our results indicate that PSI is involved in the APP 
metabolism including the generation of AB42 and the secretion of APPs.

733.4

A ROLE OF PROTEASOME PATHWAY IN THE PROCESSING AND 
DEGRADATION OF PRESENILIN 1. T. Honda, M. Mercken, H. 
Takahashi, O. Muravama, M, Muravama, K, Yasutake, K. Sato, K-I.
Saito*, S. Tsubuki, T.C. Saido and A, Takashima. Mitsubishi Kasei 
Institute of Life Sciences, Tokyo 194, Japan

Presenilin 1 (PSI) is a causative gene on chromosome 14 for the 
majority of early-onset familial Alzheimer's disease. In this study we 
made stable transfected human cells, 293 and SH-SY5Y, expressing the 
wild and mutant PSI. The metabolism of PSI was studied with these 
transfected cells. As we described previously (1), the full-size PSI 
(47kD) was processed immediately into two fragments, 28kD N-terminal 
and 20kD C-terminal fragments in these transfected cells. Both cleaved 
fragments and full-size PSI were found predominantly in Triton X-100 
soluble membrane fraction. When cells were treated with Cal I 
(AcLLnLal) and Cal II (AcLLMal), the accumulation of full-size PSI as 
well as both processed fragments was observed. Other cysteine protease 
inhibitors (leupeptin, E64d and calpeptin), however, showed no effects 
on the accumulation. MG132 (Z-LLLal), dichloroisocoumarin and 
lactacystin showed a dose-dependent accumulation of full-size PSI. 
These proteasome inhibitors exhibited the same effects against 
nontransfected SH and 293 cells. An ER-Golgi transport inhibitor 
Brefeldin A did not effect the normal levels of full-size PSI and its 
fragments nor Cal I-sensitive accumulation of PSI. These results 
suggested that the proteasome pathway can regulate the metabolism of 
PS 1 on the ER membrane. The effects of Alzheimer mutations on the 
proteasome pathway and a role of proteasome in the processing of PS 1 
will be discussed.
1. FEBS Lett. 389, 297-303 (1996)
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733.5
PRESENILIN 1 PROCESSING IN 31 FAD-LINKED MUTATIONS 
O.Muravama. T.Honda. M.Mercken. M.Muravama, K.Yasutake. Y,
Nakazato. N.Nihonmatsu. G.Michel, S.Song. H.Takahashi, T.Tomita#,
T.Iwatsubo#, T.Mivagawa*, and A.Takashima. Mitsubishi Kasei Institute 
of Life Sciences, 11 Minamiooya, Machida-shi, Tokyo 194, Japan. #Dept. 
Neuropathol. & Neurosci, Univ. Tokyo, Fac. Pharmaceut Sci. 7-3-1 
Hongo, Bunkyo-ku, Tokyo 113, Japan.

Alzheimer’s disease (AD) is a progressive neurodegenerative disease 
characterized by senile plaques and neurofibliliary tangles. Genetic 
linkage studies revealed that the majority of cases of early-onset familial 
Alzheimer’s disease (FAD) associates with missense mutations of 
presenilin 1 (PSI) gene which is evolutionary conserved. To date, more 
than 30 missense mutations of PSI have been reported. Although these 
FAD-linked mutations are very likely to be involved in AD pathology, a 
role of them has not been well understood. We previously appeared that 
FAD-linked missense mutations (Ml46V, A246E) affected on PSI 
processing. To investigate the effect of other FAD-linked mutations on 
PSI processing, we transfected transiently each 31 PSI cDNA with 
FAD-linked mutations into PC 12, and analyzed a full-length (47KD) and 
an N-terminal fragment (28KD) of exogenous expressed PSI by western 
blotting using the monoclonal antibody MKAD3.4 which specifically 
recognizes human PSI. The intensity of each bands was quantified by 
densitometrical analysis. The level of processing in 8 mutants (V96F, 
M146V, A246E, P264L, P267S, E280A, E280G and C410Y) were less 
than 25% of that of wild-type, and the other 23 mutants exhibited 25 - 
75% inhibition of processing compared with wild-type. These results 
suggested that FAD-linked missense mutations affected PSI processing, 
which degree was different in each mutations. The functions of these 
PSI mutants in AD pathology will be discussed.

733.6
CHARACTERIZATION OF PRESENILIN 1 DERIVATIVES BY SPECIFIC 
ANTISERA. H, Wiggmannu J^Velden, LmggrJM.. Schweizcr*, R,..M,_Nit§ght 
Center for Molecular Neurobiology, and Alzheimer’s Disease Research Group, 
University of Hamburg, 20246 Hamburg, Germany.

The presenilin 1 (PSI) protein has a predicted 8 transmembrane domain topo-
logy, with a cytoplasmic hydrophilic loop that contains a cleavage site for endo- 
proteolytic processing. In order to identify PSI and its derivatives, we prepared 
affinity-purified peptide antibodies against the N-terminal residues 30 to 44 (R96-5.1 
and R96-6.1), and against the loop domain residues 300 to 314 (R96-7.1 and R96- 
8.1). R96-5.1 and R96-6.1 detected ~43kDa full-length PSI, and a ~30kDa N- 
terminal fragment in 293 cells. Both signals were absorbable, and they were clearly 
increased by stable transfection of PSI. Likewise, overexpression of four distinct 
disease-causing PSI mutants (M146L, H163R, A246E, L286V) increased the two 
signals, but there were no obvious effects of the mutations on cellular levels of either 
full-length PSI or the N-terminal derivative. Our data suggest that endoproteolytic 
PSI processing is unaffected by these mutations. Both the full-length PSI and the 
N-terminal fragment were sensitive to heating, and they formed a ~220kDa aggregate 
within 5 minutes at 98°C. This aggregate was detectable on immunoblots with 
both N-terminal antisera.

The loop domain antiserum R96-7.1 detected both full-length PSI as well as a 
major 20kDa, and an additional 22kDa loop fragment. The two loop fragments were 
also seen with R96-8.1. In addition, R96-7.1 detected a ~220kDa aggregate of PSI 
that occurred within 5 minutes of boiling. The 20 and 22kDa loop domain 
fragments aggregated only after repeated boiling, and they formed a distinct ~100kDa 
aggregate. The immunoreactivity of the 20 kDa loop domain fragment was decreased 
by PMA- treatment of the cells suggesting phosphorylation-dependent affinities cf 
the antibodies. We are currently testing whether the N-terminal signals can also be 
regulated by intracellular phosphorylation events.

733.7
PROCESSING OF PRESENILIN 2 IN CULTURED CELLS
AND MURINE TISSUES. T,,TQmiia*2>..S.,. Tokuhiro1, T..Hashimolo.1,
K. Aba1, T.C. Saido2, C, Haass3, K, Maruyama4, T, Iwatsubo1. 1 Dept. 
of Neuropathol. & Neurosci., Univ. of Tokyo 2 Tokyo Metr. Inst. Med. 
Sci. 3 Cent. Inst. Ment. Health, Germany 4 Natl. Inst. Phys. Sci., Japan

Mutations in presenilin (PSI and PS2) genes cause early-onset familial 
Alzheimer’s disease (FAD). However, the metabolism as well as biological 
functions of PS are still poorly understood. It has been shown that PSI is 
cleaved into ~30 kDa amino and ~20 kDa carboxyl terminal fragments (NTF 
and CTF), respectively. Using a panel of antibodies raised against various 
portions of PS2, we examined rf PS2 undergoes proteolytic processing 
similar to that in PSI. Western blot analysis revealed that PS2 is cleaved 
into two fragments in cultured cells transfected with PS2 genes. In 
transiently transfected COS cells, 35-40 kDa NTF extending to mid 6th loop 
region and 19 kDa CTF were observed together with 50-55 kDa full-length 
(11) PS2. In contrast, 35 kDa NTF and 23 kDa CTF that are clipped at the 
N-terminal side of the 6th loop were detected in N2a, PC12, SY5Y, CHO 
and HK293 cells stably transfected with PS2 genes. Some wild-type 
cultured cells showed small amount of endogenous 23 kDa CTF, whereas 
35 kDa NTF as well as flPS2 were not detected. The PS2 mutations linked 
to FAD (N141I and M239V) did not cause any significant changes in the 
metabolism of PS2. 23 kDa CTF were also detected in murine brains as 
well as in primary cultured cells including neurons, astrocytes, meningeal 
cells and fibroblasts; however, 35 kDa NTF and flPS2 were not detected. 
These results suggest that PS2 proteins are expressed in various cells and 
tissues in smaller amount compared to PSI, and that the 23 kDa CTF is 
more stable than 35 kDa NTF. To determine whether full-length PS2 or 
fragments thereof are biologically and pathologically active forms, we are 
currently transfecting cells with truncated PS2 cDNAs corresponding to its 
NTF (with or without mutation) or CTF. (supported by CREST, Japan)

733.8
CELLULAR EXPRESSION AND PROTEOLYTIC PROCESSING OF 
PRESENILIN PROTEINS IS DEVELOPMENTALLY REGULATED DURING 
NEURONAL DIFFERENTIATION. J. Walter*1, R. Saffrich2*, J.-C. Olivo2*. L, 
Mevn28. J. Grunberg1, C. Dotti28, A. Capell1, and C. Haass1. ‘Central Institute of 
Mental Health, Department of Molecular Biology, J5, 68159 Mannheim, Germany; 
2*Biochemical Instrumentation Program, 2ACell Biophysics Program and 28Cell 
Biology Program, European Molecular Biology Laboratory, Meyerhofstr. 1, 69117 
Heidelberg, Germany.

We have determined the expression of the Alzheimer’s disease-associated proteins 
Presenilin (PS)-l and PS-2 in primary cultures of rat hippocampal neurons. Neurons 
highly express PS-1 and PS-2, whereas both proteins were not detected in astrocytes. 
Further, we have analyzed the subcellular localization and expression in rat 
hippocampal neurons during development. Although PS proteins were localized 
predominantly to the endoplasmic reticulum in non-neuronal cells transfected with 
PS cDNAs, in neurons, PS proteins were also found in compartments not staining 
with antibodies to grp78 (BiP). PS-1 as well as PS-2 were predominantly detected 
in vesicular structures within the somatodendritic compartment with much less 
expression in axons. Polarized distribution of PS-1 and PS-2 differs slightly with 
more PS-2 expressed in axons as compared to PS-1. PS-1 but not PS-2 was found in 
growth cones of stage III neurons. PS expression strongly increased during neuronal 
differentiation until full morphological polarization and then declines. At early 
developmental stages the expected ~34 kDa N-terminal proteolytic fragment of PS-1 
and the ~38 kDa fragment of PS-2 were detected. Later during differentiation we 
predominantly detected a ~38 kDa fragment for PS-1 and a ~42 kDa fragment for PS-
2. PS expression and proteolytic processing are therefore developmental regulated.

733.9
THE COMPOSITION AND MORPHOLOGY OF SOLUBLE PAIRED HELICAL 
FILAMENTS, W.J. Goux*. Y.R. Chen. B. Liu and D.R. Sparkman. Dept. of Chem., 
Univ. of Texas at Dallas, Richardson, TX 75083.

We have isolated the "soluble" form of paired helical filaments (A68 PHF) from 
Alzheimer Disease (AD) brains and characterized their composition and structure using 
high-resolution 'H NMR and gas chromatography/mass spectrometry (GC/MS). 
Resonances appearing in the NMR spectra could be assigned to the methylene protons 
of fatty acid and the anomeric and skeletal protons of a complex carbohydrate. The 
results suggest the presence of a glycolipid associated with A68 PHF whose 
carbohydrate moiety has a structure similar to that previously reported for tangle PHF. 
GC/MS of the TMS-methyl glycosides show that the carbohydrate is composed of 
approximately 80% glucose, 10% galactose, 5% mannose and 5% xylose. Two- 
dimensional homonuclear and heteronuclear NMR experiments as well as GC/MS 
linkage analysis show that the glucose component is oe-l,6-glycosidically linked. 
GC/MS analysis of the fatty acid methyl esters released from the hydrolyzed sample 
show that A68 PHF is highest in lignoceric acid (C24:0) followed by stearic (Cl8:0) 
and palmitic acid (06:0). This composition differs from that previously found for 
tangle PHF.

On the premise that A68 PHF is associated a with glycolipid, we studied the 
morphology of samples treated with organic solvents using transmission electron 
microscopy (TEM). Our results show the presence of loosely wound A68 tangles in 
preparations treated with methanol or ethanol while short straight hollow fibers 
covered the grid for preparations treated with methanol :chloroform (1:1) or chloroform 
and reconstituted with water. Long twisted filaments similar in morphology to tangle 
PHF were observed in A68 preparations treated with chloroform and reconstituted in 
buffer containing magnesium or aluminum salts. These results suggest that the 
glycolipid forms an integral part of A68 PHF and that metal ions play a catalytic role 
in initiating the twisted helical morphology.

Funded by Research Corp. (RA0218).

733.10
CHARACTERISATION OF PRESENILIN 1 (PS-1) MAJOR LOOP. 
S.K.F.Smith*. A G S.Robertson. S. J. Allen, P.HHolden, S.J.Tyler,
D. Dawbarn, Molecular Neurobiology Group, Department of Medicine, 
University of Bristol, Bristol Royal Infirmary, Bristol BS2 8HW, UK.

Mutations in a chromosome 14-linked gene termed presenilin 1 (PS-1) 
are known to account for around 70% of familial autosomal dominant 
Alzheimer’s disease in early onset cases between the ages of 30-60 years. 
While the 26 known mutations are dispersed throughout the putative 8 
transmembrane (TM) construct there is a cluster in the major hydrophilic 
loop. Their high prevalence here underlines the importance for this 
region to be characterised.

The major loop was cloned by RT-PCR and ligated in frame with 
pTrxFus such that the loop was constrained within the active site of 
thioredoxin. The protein was expressed as a fusion with thioredoxin in
E. coli and subsequently purified to homogeneity as judged by SDS- 
PAGE.

The purified protein will be used to generate antibodies and for circular 
dichroism studies to determine secondary structure and as a probe for 
identifying binding proteins.

S.K.F.S is funded by a University of Bristol Postgraduate Scholarship.
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733.11
REDUCTION OF PRESENILIN-1 mRNA OVER THE LIFESPAN
SELECTIVELY IN HIPPOCAMPUS OF THE RAT BRAIN. S.A. Benkovic* and 
D.G. Morgan, Alzheimer Research Lab., Dept. of Pharmacology, Univ. of South 
Florida, Tampa, FL 33612-4799.

Degenerate primers were used to prepare a presenilin-1 (PS1) specific RT- 
PCR product from total rat brain RNA. Different primer pairs were directed at 
the N-terminal and loop regions where cDNA sequence unique to PS1 is 
located. The T3 and T7 polymerase promoter sequences were appended to 
the primers. The identities of these amplimers were confirmed by sequencing

Male Fischer 344 rats (22 months and 4 months old; n=4 each) were killed 
and brains dissected. RNA was prepared and separated on formaldehyde- 
agarose gels for northern blotting. Blots were hybridized with [32P]cRNA 
probes for PS1. Blots reveled bands at 7.5 and 2.4 kb. Bands were quantified 
with a phosphorimager. Prior work indicated a linear relationship between 
target RNA added to the gel and phosphorimager band intensities over the 
range of RNA concentrations used here.

The highest amount of PS1 RNA was detected in the cerebellum (100 ± 13 
units). In young rats, the cerebral cortex was slightly lower than the 
hippocampus (71 ± 4 and 83 ± 4, respectively). With aging, there was a 
significant reduction in hippocampal PS1 mRNA (64 ± 2; P < 0.005). There was 
a nonsignificant increase in the cerebral cortex (80 ± 7), and no change in the 
cerebellum (104 ± 5). These results are for the 7.5 kb band. No differences in 
ratio of the 7.5 and 2.4 kb bands (about 0.9) was found in any of the region by 
age groups.

The 25% reduction in hippocampus may be caused by age-related cell loss 
in this area, or selective down-regulation of PS1 expression.
Supported by P01 AG14633, and Alz Assn IIRG 93-083.

733.12
EXPRESSION AND DETECTION OF FULL-LENGTH PRESENILIN 1 
ISOFORMS. J. Shioi1*, Honeying Cai1, T. Wisniewski2, S. Efthimiopoulos1, L.M. 
Refolo3 and N.K. Robakis1. ’Dept. of Psychiatry and Fishberg Res. Ctr. for 
Neurobiology, Mount Sinai Med. Ctr., and 2Dept. of Neurology, NYU, New York, 
NY 10029, and 3Mayo Clinic, Jacksonville, FL 32224.

Presenilin 1 (PSI) is an integral membrane protein with eight transmembrane 
domains and a large hydrophilic loop between the 6th and 7th transmembrane 
sequences. We reported recently that full-length PSI protein is detected in brain 
extracts and neuronal cells as a 48 kDa antigen (Elder et al., J. Neurosci. Res. 
45:308,1996). However, high resolution SDS gels revealed that human brain 
extracts contained two PSI antigens of 47 and 49 kDa, both detected by two 
distinct anti-loop PSI antibodies (11972 against PS residues 311-330, and Anti-331 
against PSI residues 331-355). Antibodies directed against the N- or C-terminal 
PSI sequence failed to detect these antigens. Furthermore, PSl-transfected 293 
cells contained multiple PSI antigens detected as 43-52 kDa proteins. Anti-331 
antibody detected four antigens of 44, 45,46, and 52 kDa, while 11972 antibody 
detected most strongly the 45 kDa antigen and weakly the other three proteins.
In contrast, N- and C- terminal antibodies recognized only the 45 kDa band in the 
transfected cell line. All four antigens are specific because the cognate peptide 
inhibited their detection and they were augmented upon PSI transfection. These 
multiple antigens seem to represent post-translationally modified PSI isoforms. 
Since brain PSI displays a different mobility than PSI produced in 293 cells, 
neuronal and non-neuronal cells may modify this protein differently. The post-
translational modifications may interfere with the detection of PSI antigens by 
different antibodies. Our results suggest that antisera directed against the loop 
sequence of PSI are better tools for the detection of full-length PSI than those 
against the N-or C-terminal sequence of PSI. (Supported by NIH grants 
AG08200 and AG05138).

733.13
TRANSFORMING GROWTH FACTORS-p (TGF-p) AND GLIAL DERIVED 
NEUROTROPHIC FACTOR (GDNF) AFFECT THE GENE EXPRESSION OF 
PRESENILIN 1 IN HUMAN POSTMITOTIC NEURONS. Renee F, Ren*. James 
J, Lah2, David B. Hawver1, Edward Kim, Allan I. Levey2 and Kathleen C.
Flanders. Laboratory of Chemoprevention, National Cancer Institute, and 
’National Institute of Aging, NIH, Bethesda, MD 20892 and 2 Dept of Neurology, 
Emoiy University School of Medicine, Atlanta, Georgia 30322

Presenilin 1 (PS-I), located on chromosome 14, is involved in the pathogenesis 
of some forms of early onset familial Alzheimer’s disease. Transgenic mice 
expressing mutant PS-1 show increased p-amyloid peptide 1-42 (Af342) levels in 
brain, and the brains of patients bearing PS-1 mutations show a significant 
increase in the density of Ap42 -containing plaques. In a previous study we 
observed that TGF-p can protect human hNT neurons from degeneration induced 
by Ap fragment 25-35. Here we show that TGF-p and GDNF, a member of the 
TGF-P superfamily, can affect PS-1 expression. Immunocytochemistry using a 
PS-1 monoclonal antibody shows that the expression of PS-1 increases when hNT 
cells are treated with TGF-p 1, p3, or GDNF for 24 li compared to treatment with 
vehicle alone. The extent of induction varies depending on the cytokine used for 
treatment. Reverse transcription PCR reveals a similar increase in expression of 
endogenous PS-1 mRNA in treated hNT cells. Interestingly, the expression of PS- 
1 in human SK-N-SH neuroblastoma cells is only increased when the cells are 
treated with GDNF, but not with TGF-P 1 or P3. These findings suggest that wild 
type PS-1 gene expression in human neurons can be induced by TGF-Ps and 
GDNF, and that these factors may be associated with the PS-1 signal transduction 
pathway.

733.14
IMMUNOHISTOCHEMICAL ANALYSIS OF HUMAN PRESENILIN 1 
AND 2 USING N-TERMINAL AND C-TERMINAL SPECIFIC MONO-
CLONAL ANTIBODIES *
A, Diehlmann ', N. Ida1, J. Griinberg2. S. Weggen3, T.A. Baver3. O-X. Li4, C.
Masters4, C. Haass2 and K. Bevreuther.
‘ZMBH, Univ. Heidelberg,Germany, 2Central Institute of Mental Health, J5, 68159 
Mannheim,Germany, 3Dept. for Neuropathology, Univ. Bonn, Medical Center Bonn, 
Germany, 4Dept. of Pathology, Univ. Melbourne, Parkville, Australia

The majority of early-onset cases of familial Alzheimer’s disease (FAD) are linked 
to mutations in two related genes, presenilin 1 (PSI) and presenilin 2 (PS2), located 
on chromosome 14 and 1. The sequence of PSI (467 residues) and PS2 (448 
residues) includes six to nine hydrophobic domains which indicates a serpentine 
topology formed by several small and one large hydrophilic loop. Recent data 
suggest eight transmembrane domains with the N- and C- termini being cyto-
plasmic. PSI and PS2 show a high degree of homology in the putative membrane- 
spanning domains. Both proteins are processed and probably cleaved in exon 9, 
yielding a ~25 kDa N-terminus fragment and a ~19 kDa C-terminus fragment. It is 
not known whether both of the protein fragments or the holoprotein are physiologi-
cally or pathologically important in AD. The normal biological role of die 
presenilins and the mechanisms by which the FAD-associated mutations reveal their 
effect remain unknown so far.

In order to analyse the function of PS 1 and PS2 we established new specific and 
highly sensitive monoclonal antibodies (MAb) that recognize PSI and PS2 full- 
length protein and their fragments, suitable for immunoprecipitation and immuno-
histochemical analysis. The human PSI MAb react with two overlapping epitopes 
(21-34, 21-25/30-34) on the N-terminal hydrophilic tail, one lacking the splicing 
sequence. C-terminal PSI MAb detect an epitope (313-334) within the large loop 
region which is not shared by PS2. The human PS2 MAb specifically recognize a 
N-terminal epitope (32-45) and an epitope (317-334) at the C-terminal loop region, 
respectively. We used these tools for localisation of PS 1 and PS2 in tissue sections 
and neuronal cells, expressing presenilin-wild-type and presenilins carrying familial 
mutations. It seems likely that there is a direct link between the presenilins and APP 
metabolism and that the presenilin mutations act via an amyloidogenic pathway.

(Supported by the Deutsche Forschungsgemeinschaft, SFB 317 and SFB 400)

733.15
BIOCHEMICAL DETECTION OF PRESENILIN-1 TN THE ALZHEIMER’S AND 
CONTROL BRAINS Y Igeta*. K, Ishiguro. Y. Tomidokoro. E. Matsubara. T 
Kawarabavashi, M Kanai. Y, Harigava. K, Okamoto. M Shoji Dept. of Neurology 
Gunma Univ Sch. of Med., Maebashi, Gunma 371, Japan.

Mutation of presenilin-1 (PS-1) and Presenilin-2 (PS-2) are responsible for 
development of AD pathology in AD3 and AD4 families. The role of mutation of 
PS-1 and PS-2 are believed to increase extracellular concentration of Api-42. To 
clarify the characters of these proteins further in the AD brain, the presence of PS-1 
and PS-2 in 5 sporadic AD brains and 5 control brains were examined by 
immunoblot and isoelectrofocusing. Two specific antibodies to N- and C- terminus 
of PS-1 were prepared (HS-N2, and HS-C) In immunoblot study, anti-N antibody 
HS-N2 detected faint 40kDa band of full length of PS-1 (fl-PS-1) and 25kDa bands 
of N-terminal fragment of PS-1 (NTF) in 0 5% CHAPS extracted fraction in controls 
brains. Two point seven fold NTF compared to fl-PS-1 was observed. Anti-C 
antibody HS-C labeled 40 kDa fl-PS-1, and 23kDa, 17kDa and 8kDa bands of C- 
terminal fragments of PS-1 (CTF) in control brains. The ratios of fl-PS-1 to CTFs 
were 0.43 in 23kDa band, 2.45 in 17kDa band, 2.40 in 8kDa, respectively No 
significant differences were observed in these bands between AD and control brains. 
Anti-N-terminus of PS-2 antibody detected 43kDa and 28kDa bands in both AD and 
control brains. Isoelectrofocusing revealed that isoelectric point (PI) of fl-PS-1, and 
NTF and CTF ranged from 4.2 to 5.2, that is, the theoretical pH After 
isoelectrofocusing, the samples were analyzed by SDS-PAGE. The molecular 
weights of fl-PS-1, NTF and CTF were almost same The fl-PS-1 was clearly 
detected by anti-N and -C antibody using isoelectrofocusing samples. The ratio of 
NTF to fl-PS-1 was 4.6 and the ratios of CTFs to fl-PS-1 were 0 75 in 23kDa, 1 79 in 
17kDa and 1.17 in 8kDa at pH4 8, respectively. No significant difference was 
detected between AD brains and controls Based on these findings, fl-PS-1 actually 
existed in the brain, though posttranslational processing NTF and CTFs were major 
components
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734.1
THE EFFECT OF ASSOCIATIVE AND CATEGORICAL RELATEDNESS IN 
PRIMING FOR FACES IN ALZHEIMER’S DISEASE T. Dunne* and A. Cronin- 
Golomb. Department of Psychology’, Boston University, Boston, MA 02215.

In experiments using stimuli other than faces, such as words and objects, patients 
with Alzheimer’s disease (AD) can exhibit semantic priming, die facilitated 
recognition of a stimulus following presentation of another stimulus related to die 
first by category or other association. When prime-target pairs are both categorically 
and associatively related, AD patients even more than control subjects (CS) show 
enhanced facilitation relative to that seen when relatedness is categorical alone. 
Because faces often provide a different pattern of results than do non-face stimuli on 
cognitive tests, the question is raised as to whether die presence or amount of 
facilitation varies with the type of semantic relatedness of faces as it does with other 
stimuli. To address this question, we developed a semantic priming test with two 
main conditions of face relatedness: Highly Associative (HA) and Categorically 
Related (CR). In HA pairs, the prime and target were bolh categorically and 
associatively related (e.g., John Lennon and Paul McCartney are related as 
musicians, and further related through personal collaboration). In CR pairs, the 
prime and target were categorically related but not associated in any further way 
(e.g., John Lennon and Bob Dylan, musicians). Half of the 128 trials contained 
famous faces and half contained foils. The task was to state whether die target was a 
famous person. The 3 AD patients and 3 CS tested showed a priming benefit in both 
die HA and CR conditions, with more extensive facilitation in the HA condition. This 
facilitation effect was three times larger in the AD group than in the CS group. These 
preliminary results indicate a similarity to priming results obtained in studies using 
non-face stimuli, showing that patients with AD are able to use their preserved 
category structure, and to benefit from further associative cues, in priming for faces.

This research was supported by the Alzheimer’s Association.

734.2
WHAT REMAINS OF MEMORIES LOST IN ALZHEIMER 
AND HERPETIC ENCEPHALITIS
R. Lauro-Grotto1,2,C. Piccini2, F. Borgo1,3, and A. Treves*1 ^ISSA - 
Neuroscience, via Beirut 2, 34013 Trieste, Italy, 2Neurologia, Universita 
di Firenze, Italy, and 3R.R.F., Ospedale San Bortolo. Vicenza, Italy.

Different etiologies in patients with memory impairments tend to res-
ult in differences in the type of information preserved. The index of metric 
content, A, derived from the percent correct and mutual information as-
sociated with a forced-choice classification task, is a measure sensitive to 
the amount of structure informing memory representations in the brain 
(Treves, Biosystems 40 189, 1997). A ranges from 0 to 1, and it is high 
whenever memory items remain linked to each other in a structured se-
mantic network, while it is low when the relationships between individual 
items are lost. It has been shown how to calculate A from recordings of 
neuronal activity in animals, and how it can quantitatively differentiate 
the nature of the encoding of the same spatial information in different 
areas of the primate temporal lobe (Treves et al, Soc Neurosci Abs 22 
116.8, 1996). Here we introduce measures of metric content from be-
havioural responses of humans, obtained in a 9 alternative forced-choice 
categorization task, using faces of famous people as stimuli. Preliminary 
results indicate that A (Xdat  — 0.69 ± 0.21, A#er = 0.43 ±0.01), but not 
the level of correct performance f (/dat  — 52 ± 10%, fffer = 58 ± 2%), 
is able to distinguish reliably between D.A.T. (Dementia of Alzheimer’s 
Type) and herpetic patients. Moreover, consistent with animal record-
ings data, higher A values (for D.A.T. patients) are presumably associated 
with the involvement of neocortical more than hippocampal structures in 
the task.

734.3
RECOGNITION MEMORY TASK MATCHED FOR DIFFICULTY IN ALZHEIMER’S 
DISEASE AND AGE-MATCHED CONTROLS: AN H2I5O PET STUDY. Y. Stern*,
J.R. Moeller, K.E. Anderson. N. Zubin. C. Campbell, B. Luber, and R. Van Heertum.
Departments of Neurology and Psychiatry, Columbia University College of Physicians & 
Surgeons, New York, NY, 10032.

Previous imaging studies comparing task-related activation of normal elders and patients 
with Alzheimer’s disease have not controlled for relative task difficulty. We used a serial 
verbal recognition memory task with 2 conditions: low demand - with a list size of one 
word, and titrated demand - where the study list size was titrated so that all subjects 
performed 80% accuracy throughout the recognition task. Mean titrated list size was 12.0 
± 2.4 in the controls (N=9) and 6.7±4.5 in the patients (N=6). Reaction time (RT) for 
correct responses was slower in the patients (1222 ± 479 msec) than controls (941 ± 224 
msec). Scaled Subprofile Modelling (SSM) was applied to titrated minus low demand 
subtraction images and identified two topographic patterns whose change in expression 
across conditions correlated with behavioral indices of controls’ task performance. 
Decreased list length was associated with increased activation of the cerebellar vermis, 
the left basal ganglia and associated right cerebellum (R2 = 0.81, p<.001). This network 
may be engaged in an attempt to cope with the timing and procedural demands of task. 
Faster RT in the titrated demand condition correlated with increased activation of the left 
posterior cingulate and hippocampus, as well as right superior frontal, dorsolateral 
prefrontal and premotor cortices (R2=0.82, p<.01). This network most likely subserves 
attentional and memory retrieval functions. Individual differences in the expression of the 
topographic patterns was associated with better task performance in both groups, 
suggesting that patients compensate for task difficulty using memory processes similar to 
those employed by controls. However, patterns expressed to the same degree in patients 
and controls were associated with a shorter list length and slower RT in patients. This 
suggests that better overall performance of controls was achieved by greater efficiency 
during network activation.

This work supported by the Higginbottom and Milstein Foundations

734.4
LEARNING DURING FIGURAL REPRODUCTION IN ALZHEIMER 
DISEASE (AD) PATIENTS WITH MILD AND MODERATELY 
SEVERE DEMENTIA. J, Szczepanik, R.E. Desmond, M.L. Furev, P. 
Pietrini, M.J. Mentis. J. Grafman*. G.E. Alexander. Lab. Neurosci., NIA, 
& Cog. Neurosci. Sect. , NINDS, Bethesda, MD, 20892.

Studies of visual memory in AD have typically evaluated recall and 
recognition after a single reproduction of geometric designs. To 
investigate the acquisition of visual information across multiple learning 
trials in relation to dementia severity, we administered the Biber Figural 
Learning Test, a 10-item, 5-trial, test of visual memory to 10 AD patients 
with mild dementia (Mattis Dementia Rating Scale (DRS)>110; mean±s.d. 
DRS=123±7; mean±s.d. age=73±10; 5M, 5F), 10 AD patients with 
moderate to severe (mod/sev) dementia (DRScllO; mean+s.d. DRS= 
9O±18; mean±s.d. age=69±10; 4M, 6F), and 10 healthy age-matched 
controls (mean±s.d. DRS=140±3; mean±s.d. age = 68+8; 3M, 7F). 
Significant group and group x trial interaction effects (p<0.0001) showed 
that both AD groups had severely impaired acquisition across five trials of 
figural reproduction compared to controls. The mild AD patients showed 
greater average learning (p<0.05) and a greater acquisition rate (p<0.01) 
than the mod/sev AD group. The mild AD group had better delayed (20 
mins.) recognition (p<0.008), but not delayed recall, than the mod/sev AD 
patients. An acquisition index (i.e.,trial 5 - trial 1 score) predicted delayed 
recognition (r=0.79, p<0.0001) in the AD groups combined, after we 
controlled for figure copy performance. The results indicate that, despite 
poor figural reproduction across multiple trials, some acquisition of visual 
information occurs over a wide range of dementia severity that predicts 
subsequent recognition performance and is unrelated to visuospatial 
impairment in AD. These findings suggest that visual recognition after 
repeated learning trials can assist in staging the memory impairment of 
AD and may be particularly useful in evaluating pharmacological 
treatments for memory dysfunction in AD. Supported by NIA IRP.

734.5
WORKING MEMORY DISTURBANCE IN ALZHEIMER’S DISEASE. K. 
Fukushima, S. Hirai, Y, Sakai, K. Okamoto, M. Shoji*, Dept. of Neurology Gunma 
Univ. Sch. of Med., Maebashi, Gunma 371, Japan.

Short-term memory disturbance is prominent feature in Alzheimer's disease(AD). 
Working memory is clearly articulated in models of system of short-term memory. 
Four components are postulated in working memory: a phonological store, an 
articulatory loop, a visuospatial scratch-pad, and a central executive (Baddeley et 
al., 1990). Furthermore, each component concerned with two kinds of modalities: 
auditory modality and visual modality. To clarify the disturbance of working memory 
in AD patients, here we prepared some working memoiy tasks to study the auditory 
and the visual modality of working memory. Nine AD patients (FAST stage 3-5) 
were entered to this examination. The performance task of working memory consists 
of 1) give patients 4 pictures (as visual stimuli) and matched names (as auditory 
stimuli), 2) after 10 second interval, let patients point out the 4 target pictures 
among 8 pictures, and recall them in oral. The response is classified into 4 types; 
(a) they correctly point out the target pictures and recall their name in oral, (b)they 
only point the target pictures, (c) they recall only the name, (d) they neither point 
the target pictures nor recall their names. The mean of number of response types 
were 6.4 in type (a), 0 in type (b), 1.5 in type (c) and 0 in type d in AD group. AD 
patients responded by type (a) and (c). These findings suggest that working memory 
in the AD patients may be disturbed in distinct modalities leading to loss the 
informations through visual modality. Furthermore, the retention of visual 
information is also disturbed. Thus the short term memory of AD patients is 
disturbed in retention of visual informations of working memories.

734.6
FALSE MEMORY EFFECTS IN ALZHEIMER'S DISEASE PATIENTS.
Askari, N.^ , Zabinski, M.\ Marston, D.^’ Hu, t \ & Gabrieli, J.D.E.\ 

Stanford University, Stanford, CA, 94305S Rush-Presbyterian St. Luke’s Medical 

Center, Chicago, IL, 60612^.

The false memory effect refers to the tendency to remember information that was 
never presented. This phenomenon has been widely studied with young adults, as 
well as in aging and amnesia. There are as yet no reported studies with 
Alzheimer's patients, who are known to have episodic memory deficits. In the 
present study, normal younger and older adults, as well as AD patients, were tested 
in a false memory paradigm, similar to that of Roediger & McDermott (1995). 
Mildly demented AD patients (mean MMSE = 22.6) and older adults were matched 
for age and education. Participants were presented with eight lists comprised of 15 
words strongly associated with one nonpresented word, or critical "lure", followed 
by immediate recall after each list. This task was followed by a recognition task. 
On recall and recognition for presented words, younger and older adults had 
equivalent performance, and die older adults were more accurate than the AD 
patients. All three groups showed substantial false memory effects. Younger 
adults correctly recalled more presented words than they falsely recalled 
nonpresented lures. In contrast, within each group, the older adults and the AD 
patients had equivalent recall of presented words and nonpresented lures. All three 
groups were as likely to recognize studied words as critical lures. It appears that 
aging increased the propensity to falsely recall, but not falsely recognize, words. 
AD lowered memory performance, but had a comparable effect upon correct and 
false memories. In order to determine the role of semantic analysis and attention in 
the false memory effect, young adults were tested in a second experiment using the 
same paradigm, but under either divided or focused attention conditions, and deep 
versus shallow levels of processing conditions.

Funded by NIA, NRSA grant#AG05621-02
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734.7
MEMORY FOR EMOTIONAL STIMULI IN ALZHEIMER’S DISEASE 
S.Hamann*, E.S.Monarch. & F.Goldstein. Depts. of Psychology and 
Neurology, Emory University and Wesley Woods Geriatric Hospital, Atlanta, 
GA, 30322.

Emotional arousal is associated with enhanced declarative memory in 
humans. The amygdala has been implicated as a structure critical for this 
emotional memory effect (better memory for emotional stimuli than for neutral 
stimuli). Histopathological changes (NFTs, NPs) have been demonstrated to 
occur in the amygdala, hippocampus, and neocortex in early Alzheimer’s 
disease (AD), but it is not known whether these changes lead to abnormalities 
in emotional reactions and memory for emotional material. We examined these 
questions by comparing emotional reactions and emotional memory in patients 
with probable AD (mild to moderate severity) and in demographically 
matched elderly controls. At study, subjects viewed emotionally arousing and 
neutral pictures (IAPS set), and they rated the arousal elicted by each 
picture while their electrophysiological reactions were assessed. Memory for 
these pictures was tested by free recall and recognition. The emotional memory 
effect was abnormal in the AD patient group, despite the fact that the 
patients and elderly controls had similar reactions to the pictures, as assessed 
by rated arousal. Additional testing indicated that the abnormal emotional 
memory effect was unlikely to have been caused by a general deficit in picture 
comprehension. These preliminary results suggest that pathological brain 
changes associated with AD may disrupt the neural mechanisms underlying 
the emotional memory effect. Support: Emory University Research Committee 
and Alzheimer’s Disease Center (NIA grant P30AG10130).

734.8
ANALYSIS OF THE SERIAL POSITION EFFECT IN ALZHEIMER'S 
DISEASE . P.J. Baylev, D. P. Salmon, M, W, Bondi, J. Olichnev*, D, C. 
Delis, L, J . Thai. University of California, San Diego, Dept. of 
Neurosciences, 9500 Gilman Drive, La Jolla, CA 92093.

Individuals, given a series of words to memorize, normally show better 
immediate recall from both the primacy (beginning) and recency (terminal) 
regions of a word list, a phenomenon known as the serial position effect. 
Primacy and recency effects have been suggested to reflect secondary 
and primary memory performance respectively and may therefore be 
helpful in understanding the memory deficits which occur in Alzheimer’s 
disease (AD). Serial position effects were studied in mildly (n=25, mean 
MMSE=25.5) and moderately (n=25, mean MMSE=20.0) demented AD 
patients and matched controls (n=50) using trial 1 of the California Verbal 
Learning Test (CVLT), a standard test of learning and memory in which 
subjects are required to recall a list of 16 items. Overall, patients with 
either mild or moderate AD recalled significantly fewer words than 
controls. For control subjects, primacy (first two items) and recency (last 
two items) recall was markedly better than for the 12 items in the central 
region of the list. Primacy, but not recency recall was significantly 
impaired compared to controls in both AD groups. Furthermore, recency 
recall in the moderate AD group was significantly better than controls and 
showed a positive correlation with the attentional subscore of the 
Dementia Rating Scale (rho=0.64, p<0.05). These results suggest that 
primacy item recall is sensitive to memory deficits found in AD patients, 
even in the very early stages of the disease and is consistent with their 
known secondary memory deficit. Also, recency effects are intact even 
in moderate AD patients and may reflect relatively preserved attentional 
abilities. Supported by NIA grant AG-05131.

734.9
INFLUENCE OF SEMANTIC ASSOCIATION AND WORD REPETITION 
ON FREE RECALL BY PATIENTS WITH DEMENTIA OF THE 
ALZHEIMER TYPE. O.F.A. Bueno*; J. G. Abrisqueta; R.A. Ueta; P.H. 
Bertolucci, Departamento de Psicobiologia, Universidade Federal de Sao 
Paulo -UNIFESP - Brasil.

Free-recali of word lists is low for words in middle serial positions and 
relatively higher for items presented at the beginning (primacy effect) and 
at the end (recency effect) of lists. Our aim was to verify whether free-recall 
of items presented in intermediary serial positions by Alzheimer type 
patients, would benefit from semantic associations and word repetition in 
intermediate positions.

Subjects were 15 Alzheimer type patients, 6 very mildly impaired 
(Alzhl) and 9 moderately impaired (Alzh2) and 9 controls paired according 
to gender, age and schooling. Two sets of 12 fifteen-word-lists were read 
out loudly to subjects. Set 1 contained 6 lists in which the words in serial 
positions 7, 8 and 9 were semantically associated, while those in the 
remaining 6 lists were not. In Set 2 words in the middle serial positions 
were the same in all lists (repeated); in 6 they were also semantically 
associated while in the other 6 they were not. Immediately after 
presentation of each list subjects were asked to freely recall as many words 
as possible.

Controls showed higher performance than Alzh2 for items with semantic 
associations (Set1), and than Alzh2 for items with repetition (Set 2) with no 
semantic associations. Interaction of repetition and semantic association 
enhanced controls’ performance when compared to that of both Alzhl and 
Alzh2. Alzheimer type patients in the initial phase of the disease still benefit 
from semantic association strategies to enhance recall; in more advanced 
stages this no longer occurs. Short-term memory was unimpaired in Alzhl 
and Alzh2. Financial Support: AFIP, CAPES, CNPq.

734.10
Disorganized eye movements and visual memory in Alzheimer’s disease

Mitsuru Fujii,Yoshibisa Hatakeyama,Shinji Murakami,Shuitirou Hayashi,Norihito Nakano,Satishi Saito.Ryo 

Fukatsu,Naohiko Takahata

Dept.of Neuropsychiatry,School of Medicine,Sapporo Medicai University,South-1 West-16,Chuo- 

ku,Sapporo,060,Japan

Benton Visual Retention Test (BVRT) is well known to be a test for visual memory.
And it is also well known that the patients with Alzheimer’s disease (AD) show poor results in 
this examination even in early stage of the disease.
We have been studying eye movements of AD,so that the disorganized eye movements are 
frequentry observed in drawing figures.
So we have examined to know how does disorganized eye movements and visual memory 
correlate each other.
We picked out 10 presenile onset AD (5 in the earlr stage and 5 moderare stage). And 5 age 
matched multiple infarct dementia patients and aged healthy controls.
We analized the eye movements when the subjects performed BVRT. The subjects mounted eye 
camera (Takei coop.) and was in their head fixed. Eye movements were rejistered as degutal 
data and analized statiscally each 33 msec.. BVRT were marked in ordinary manner.
The results showed some characteristic findings in AD. In BVRT Multiple infarct dementia 
patients were noumal score in comparison to controls. But in AD even in an early stage, they 
showed markedly low scores. Also in eye movements,AD showed some different patterns such 
as Balint’ syndrome. Their fixation points distributed mainly in right visual field. The gazing 
time was decreased. The eye sometimes didn’t move to another point for a long time. The close 
correlation between eye movements and visual memory was suggested in AD patients.
We will discuss the disorganized eye movements and visual memory in AD.

734.11

RELATIONSHIP BETWEEN EYE-HEAD-HAND COORDINATION 
ABNORMALITIES AND REGIONAL CEREBRAL BLOOD FLOW IN 
ALZHEIMER'S DISEASE.
N. Nakano *, R. Fukatsu, Y. Hatakeyama , S. Hayashi, S. Murakami,
M. Fujii, K. Fujimori +, and N. Takahata
Dep. of Neuropsychiatry and Radiology +, Sapporo Med. Univ., Sapporo,
Japan 060.

In our previous report, characteristic eye movements disorders 
^specially eye-head-hand coordination, appear in Alzheimer's disease 
(AD) patients from the early clinical stage. On the other hand, most 
studies of AD reveal the decrease of regional cerebral blood flow 
(rCBF) in the parieto-temporal association area. It is little known about 
the relationship between eye movements and rCBF in AD. In this 
paper, we present comparative study between eye-head-hand 
coordination and rCBF in AD.
Subjects: Five probable AD by NINCDS /ADRDA (age 50-62, 
mean 58.2).Clinical stages were 1 or 2 by Cummings and Benson. 
Methods: Eye-head-hand coordination was analyzed using Vision 
analyzer(Takei Corp.), and magnetic sensors(Polhemous Corp.).
We measured the rCBF of the region of interest(ROI) with 123UMP 
SPECT used by continuous arterial drawing method(Kuhl, et al), and 
99mTc-ECD SPECT used by modified Patlak method(Matsuda, et al). 
Results: 1) AD in stage I showed that an increase in stepwise eve 
movements in eye-head coordination, but nonnal pattern in sequence in 
eye-head-hand coordination. 2) AD in stage 2 showed that decreased 
head movement velocities, head share and hand movements. 3) rCBF 
of parietal and same other regions showed good correlation with 
abnormalities of eye-head-hand coordination.

734.12
POOR EYEBLINK CONDITIONING PREDICTS DEFICITS IN 
NEUROPSYCHOLOGICAL TESTS TWO YEARS LATER.
M. M. Downey-Lamb*, S. E. Stookey, & D. S. Woodruff-Pak. Philadelphia 
Geriatric Center and Temple University, Philadelphia, PA 19122.

Previously we demonstrated that production of less than 25% conditioned 
responses (CRs) in the 400 ms delay eyeblink classical conditioning (EBCC) 
paradigm had a 95% sensitivity for Alzheimer s disease (AD), and poor 
EBCC in normal elderly adults predicted dementia onset in 63% of the 
participants. We undertook a prospective longitudinal study and demonstrated 
that the pupil dilation response (PDR) and EBCC had a combined sensitivity 
of 100% for AD. Longitudinal neuropsychological test data collected two 
years after EBCC and PDR tests with 17 elderly subjects (aged 70-91) who 
had Blessed scores in the normal range at the beginning of the study revealed 
that EBCC scores below 25% CRs but not PDR scores above 20% pupil 
dilation predicted statistically significant deficits on neuropsychological tests. 
In the domains of known early impairment in AD, semantic memory 
(Category Fluency), spatial abilities (Clock Drawing), and language (Boston 
Naming), poor conditioning predicted impaired performance. In Category 
Fluency, 9 poor conditioners (PCs) had a mean score of 34.9, whereas 6 
good conditioners (GCs) had a mean score of 43.8. Clock Drawing errors for 
PCs were 1.56, whereas they were 0.33 for GCs. Boston Naming was 41.4 
for PCs and 52.0 for GCs. Additional memory tests showed borderline 
significance in this small sample (e.g., mean scores for Bushke Consistent 
Long Term Retrieval were lower for PCs [8.4] relative to GCs [15.3]). These 
results provide additional evidence that EBCC may have utility in the early 
identification of dementia and AD. Supported by 11-91-059 from the 
Alzheimer's Association.
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734.13
BEHAVIORAL STRATEGIES TO IMPROVE COGNITIVE ABILITY IN 
PATIENTS WITH DEMENTIA. J.P. Kesslak1’3*, K. Nackoul1 and C.A. 
Sandman3. Institute for Brain Aging and Dementia^’ Departments of 
Neurologyand, Psychiatry3, University of California, Irvine, CA 
92619-4540.

Alzheimer's disease (AD) and vascular dementia (VD) is 
clinically characterized by a variety of progressive cognitive deficits. 
Eleven demented AD and VD patients and 11 controls participated in 
a four week memory training program (MTP) and four week support 
group. Individuals were taught strategies for effortful recall, a 
significant event technique, name-face rehearsal and participated in a 
structured support group. To assess intervention efficacy a variety of 
task specific tests were administered on a weekly basis and general 
cognitive measures obtained at the beginning and end of each 
intervention. During the MTP patients improved recall of names and 
faces, and significant events (p < .05), controls improved only on the 
significant event. Weekly standardized measures for patients 
improved on the Kendrick Digit Copy in both MTP and support 
group, and activity of daily living rating and Geriatric Depression 
Scale during MTP (p < .05). Controls improved on the Kendrick 
Digit Copy and selective attention tasks during only the support group 
(p < .05). Thus, behavioral strategies that increase interest, arousal 
and effort can be applied to improve cognitive ability in individuals 
with dementia. The MTP can be beneficial for improving some 
aspects of behavior and provide a framework for development of 
programs to enhance cognitive function in patients with dementia.

734.14
CHANGES IN THE ABILITY TO DYNAMICALLY ADJUST THE 
ATTENTIONAL FOCUS FROM YOUTH TO OLD AGE TO ALZHEIMER 
DISEASE. P.M. Greenwood*, R. Parasuraman, & G.E. Alexander, Cognitive 
Science Lab., Catholic Univ., Washington, DC and Lab. of Neurosciences, 
NIA, Bethesda, MD.

Conjunction search is substantially facilitated in healthy elderly when 
valid and precise location cues precede the array. This effect declines in 
advanced age and Alzheimer Disease (AD), interpreted as reflecting 
impaired adjustment of the scale of the attentional focus (Parasuraman et al., 
1995;Greenwood et al., 1997). We now report a more comprehensive study of 
location precue size (1, 4, 6, 9 or 12 letters enclosed) in detection of a feature or 
conjunction target in a 15-letter array by young, old and AD groups. RTs were 
faster to valid than invalid cues for all groups. With valid cues, search RT 
increased linearly with cue size but with a steeper slope in conjunction than in 
feature search. Conjunction search benefits from valid cues (valid-neutral RT) 
increased from young to old but decreased again in the AD group (pc.04), 
while feature search benefits were smallest in the AD group (pc.01). These 
effects produced slopes of valid cue size/RT functions from feature and 
conjunction trials which differed between young, old and AD groups (pc.05). 
Feature search slopes values were small (2.8, 4.5, 1.8 for young, old and AD). 
Conjunction search slope values were substantial for young (10.3) and elderly 
(18.0) but not for the AD group (1.6) (pc.05). In contrast, costs of invalid cues 
(invalid-neutral cue RT) did not differ between groups. These results indicate:
(1) both feature and conjunction search are subject to top-down effects of precue 
size; (2) benefits of precue precision on conjunction search increase with age but 
decline in AD. The greater benefit from precise precues in elderly may reflect 
compensation while the smaller benefit in AD may reflect reduced ability to 
adjust the scale of the attentional focus. Support: NIA grant AG12387 to P. 
Greenwood, NIA grant AG07569 to R. Parasuraman and the NIA IRP.

734.15
REPRESENTATIONS OF KNOWLEDGE ABOUT DOMINOES IN DEMENTED 
AND NORMAL ELDERLY PLAYERS. W.W. Beatty*, S. English,
K. Dean, C.L. Rogers, and K.A, Olson. Dept. of 
Psychiatry and Behavioral Sciences, Univ. of Oklahoma 
Health Sciences Ctr., Oklahoma City, OK 73190.

Greiner et al. (Neurology, in press) demonstrated 
that demented patients who remained skilled at playing 
dominoes could answer complex questions about play of 
the game which required knowledge of the rules of play 
and scoring, selecting the best move among several 
possibilities and verbally explaining their choices 
almost as well as normal elderly players. The same 
patients were quite unable to recall or recognize 
information about the game when questions were framed in 
the style of conventional explicit memory tests. The 
complex questions were presented using real dominoes to 
minimize demands on patients' capacities for symbolic 
representation. In this study, we examined the issue of 
symbolic representation directly by comparing 
performance of demented and normal elderly players on 
two versions of the Domino Quiz: one presented with 
real dominoes, the other with two-dimensional line 
drawings of dominoes.

As expected, normal elderly players attained 
comparably high performance on both versions of the 
test. Most of the demented patients also performed 
equally well with real dominoes or line drawings, 
suggesting that their symbolic capacities may be greater 
than generally assumed.

Supported by Grant HR 4-087 from the Oklahoma Center 
for the Advancement of Science and Technology.

734.16
AGE AND COGNITIVE IMPAIRMENT INFLUENCE THE PERFORMANCE 
OF THE GENERAL HEALTH QUESTIONNAIRE (GHQ-12). A 
Papassotiropoulos, R. Heun, C. Birtsch* and W, Maier. Clinic for Psychiatry and 
Psychotherapy. University of Bonn, Sigmund-Freud-Str. 25. 53105 Bonn. 
Germany.

BACKGROUND: The General Health Questionnaire (GHQ) is a screening 
instrument designed to detect non-psychotic psychiatric disorders. Its 
discriminating ability can be influenced by factors like the presence of physical 
illness, comorbidity with other psychiatric disorders, and the presence of 
cognitive impairment, which are more frequent in the elderly. The present study 
examines the influence of age and cognitive impairment on the performance of 
the GHQ-12. METHODS: The study was carried out in the course of a family 
study designed to evaluate the risks for dementia, depression, and geriatric 
depression in relatives of elderly with dementia of Alzheimer type or major 
depression. 400 subjects who had completed the GHQ-12 were included. Test 
performance was evaluated by ROC analysis. RESULTS: Our results indicate that 
1.) the GHQ-12 is applicable on elderly subjects (older than 65 years) 2.) its 
performance is comparable in different age groups 3.) the cut-off value for case 
identification is higher in the elderly (3/4) when compared to younger individuals 
(1/2) 4.) mild cognitive impairment does not influence the good performance of 
the GHQ-12 in elderly subjects. CONCLUSIONS: Our study verifies the 
usefulness of the GHQ-12 as an instrument capable of identifying states of 
depression: this applies also to subjects with mild intellectual impairment In 
order to optimize the discriminative ability of the questionnaire, we propose the 
use of different cut-off values of the GHQ-12 score for case identification 
depending on the age of each individual.

The present study was supported by the Deutsche Forschungsgemeinschaft

734.17
HISTORY OF ALCOHOL ABUSE AND NEUROPSYCHOLOGICAL TEST 
PERFORMANCE BY DEMENTED PATIENTS. R.H. Paul, J.A. 
Testa, J.G. Scott, E.D. Ross, W.W. Beatty and D.V.
Gauvin*. Depts. of Psychiatry and Behavioral Sciences 
and Neurology, and VAMC Alzheimer's and Neuro-
degenerative Disease Center, Oklahoma City, OK 73190.

Criteria for subject selection typically exclude 
individuals with histories of substance abuse from 
participation in studies of the cognitive sequelae of 
Alzheimer's and other dementing diseases. Hence, the 
influences of prior alcohol and drug abuse on dementia 
are unknown despite the high lifetime prevalence of 
substance abuse in the US population.

In this preliminary study, the performance of 
patient? diagnosed with neurodegenerative dementia 
(Alzheimer's, vascular, frontotemporal) was measured on 
a standard battery of neuropsychological (NP) tests 
administered at entry into the VAMC center. The 
presence or absence of alcohol abuse was determined by 
structured interview of caregivers, chart review and 
other medical records. (No instances of other drug 
abuse were noted.) There were no significant 
differences in NP test performance by dementia patients 
who had previously abused alcohol and those who had not. 
Results were similar if comparisons were restricted to 
patients with possible or probable AD or included 
vascular and frontotemporal dementia as well. Because 
the sample sizes are small, these results should be 
regarded as preliminary. A larger, longitudinal study 
will be required to determine whether prior alcohol and 
other drug abuse affects rates of decline in 
degenerative dementia.

Supported by Grants AA-09208 and 5T32-AA-07222.
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735.1
NICERGOLINE STIMULATES PKC MEDIATED ct-SECRETASE APP 
PROCESSING IN CULTURED HUMAN NEUROBLASTOMA SH-SY-5Y 
CELLS
A. Cedazo-Minguez1 , L. Bonecchi2, B. Winblad1, C. Post2. E. Wong2*, R.F.
Cowbum1 and L. Benatti21Karolinska Institute, Dept. Geriatric Medicine, 
NOVUM, KFC, 141 86 Huddinge, Sweden and 2Pharmacia & Upjohn, CNS 
Research, 20014 Nerviano, Italy

We investigated the ability of the antidementia agent, nicergoline to stimulate 
PKC mediated a-secretase amyloid precursor protein (APP) processing in cultured 
human neuroblastoma SH-SY-5Y cells. Western immunoblotting of cell 
conditioned media using the McAbs 22C11 and 6E10 revealed the presence of 2 
bands with Mws of 90 and 120 Kda, corresponding to possible alternatively 
glycosilated forms of secreted APP (APPs). Short-term (2hr and 30 min) treatment 
of cells with nicergoline gave an increased intensity of both bands, compared to 
non-treated cells. Maximal nicergoline effects, of the order of 150-200 % over basal 
APPs release, were seen at concentrations between 1 and 10 pM. Under the same 
condition, 1 pM PdBu, used as positive control, gave 500-600% increases of basal 
APPs release, immunoblotting with PKC isoform specific antibodies of soluble and 
membrane fractions prepared from 2 hr treated cells, showed that nicergoline (50 
uM) and PdBu (1 pM) both induced translocation of PKC a, y and s but not (3. The 
involvement of PKC in mediating nicergoline stimulated APPs release was also 
studied using specific inhibitors. lpM Calphostin C , a broad range PKC inhibitor, 
significantly reduced both PdBu (1 pM) and nicergoline (10 pM) induced APPs 
release. In contrast, Go6976 (1 pM), a selective PKC a and pi inhibitor, as well as 
the cAMP-dependent protein kinase inhibitor , H89 (1 p.M) were without effect. 
These results indicate that nicergoline can modulate a-secretase APP processing by 
a PKC dependent mechanism that is likely to involve either the y or s isoforms of 
this enzyme.

735.2
A NOVEL PHARMACOLOGICAL ACTIVITY FOR ASPIRIN AND SODIUM 
SALICYLATE: NEUROPROTECTION THROUGH BLOCKADE OF NF-k B 
ACTIVATION M. Grilli *, M. Pizzi, F, Goffi, G. Gerardi. D. Uberti, M. Memo 
and PF, Spano. Division of Pharmacology, Dept. Biomedical Sciences and 
Biotechnologies, University of Brescia, Medical School, Brescia, 25123 Italy

Aspirin (ASA) is the most widely prescribed analgesic, antiinflammatory and 
antipiretic drug. More recently, we found a novel unexpected beneficial effect of 
ASA and its metabolite sodium salicylate (NaSai). Clinically relevant doses of the 
drugs are indeed effectively protective against neurotoxicity elicited by the 
excitatory amino acid glutamate in primary cultures of rat cerebellar granule cells 
as well as in rat hippocampal slices. The neuroprotective effect does not appear to 
correlate with the antiinflammatory properties of these compounds since: 1) 
indomethacin per se was inactive; ii) studies of structure-activity relationship 
indicate in derivatives of benzoic acid the simplest core molecules that still retain 
neuroprotective ability; iii) aspirin was equi- or more potent than its metabolite 
NaSai. The molecular target for ASA and NaSai to exert neuroprotection appears to 
be downstream the glutamate receptor. Along the cascade of events triggered by 
stimulation of the NMDA receptor the compounds are able to counteract the 
glutamate-mediated induction of NF-k B activity. A strict correlation was observed 
between doses of the drugs able to prevent cell death and to block induction of the 
nuclear activity. The effect was specific, since, under the same conditions, 
glutamate-mediated induction of AP-1 was unaffected. These results may open 
interesting perspectives in the development of novel experimental strategies for 
pharmacological intervention in neurodegenerative states.
This work has been supported by grant from CNR

735.3
COMPARATIVE REGULATION OF INOSITOL 1,4,5-TRISPHOSPHATE 
RECEPTOR AND BET A-AMYLOID PRECURSOR PROTEIN GENE 
EXPRESSION DURING CELLULAR DIFFERENTIATION. J.N, Murray* and 
O.J. Igwe, Division of Pharmacology, UMKC Schools of Pharmacy and 
Medicine, Kansas City, MO 64108.

One of the major characteristics of Alzheimer's Disease (AD) is the 
deposition of a 39-43 amino acid protein termed P-amyloid (Ap) in the cores 
of "senile" plaques in the CNS. Ap appears to be produced by a process of 
abnormal P-amyloid precursor protein (PAPP) metabolism, which can be 
increased by environmental signals that activate Ca2+-inositol phospholipid 
signaling pathways. Currently, little is known about the cascade of signal 
transduction events leading to AD pathology. AD affects several 
neurotransmitter pathways including the cholinergic, noradrenergic, and 
serotonergic, all of which are linked to the phosphatidylinositide (PI) signal 
transduction system. One of the hallmarks of AD is decreased inositol 1,4,5- 
trisphosphate receptor (insP3R) density. However, a relationship between 
disturbances in insP3R-coupled signaling, a Ca2+ mobilizing process, and 
PAPP synthesis has not been established. The human neuroblastoma cell line, 
SH-SY5Y, which expresses cholinergic receptors, exhibits AD-like 
characteristics following treatment with all-trans retinoic acid (RA). In 
addition to altering the morphology of SH-SY5Y, RA treatment significantly 
decreases msP3R mRNA but enhances PAPP mRNA expressions in a 
concentration-dependent manner. These data suggest an inverse relationship 
between insP3R and PAPP syntheses in SH-SY5Y cells, which may be a 
feature of AD.
Supported by Missouri's Alzheimer's Disease Program.

735.4
INTERLEUKIN 1(3 OR (3(1-40) AMYLOID PEPTIDE INJECTIONS INTO THE 
NUCLEUS BASALIS INCREASE EXTRACELLULAR GABA LEVELS IN THE 
CORTEX OF ADULT RATS. ROLE OF NITRIC OXIDE? Casamenti F„ Prosperi 
C, Scali C, Giovannelli L, Bianchi L., Bartolini P. and Pepeu G* Dept. Pharmacol., 
University of Florence, Viale Morgagni 65, Florence, Italy.

Increasing evidence indicates that inflammation, along with amyloid deposition, 
is involved in the pathogenesis of Alzheimer’s disease (AD). Interleukin-1(3 (IL-1 (3) 
is involved in the acute-phase response and its elevation in AD brain might 
contribute to amyloid deposition and neuron degeneration. Aim of our experiments 
was to study some aspects of the inflammatory response to IL-1 (3 and (3(1-40) 
amyloid peptide. Thus, we examined the effects of IL-1(3 or aggregated (3(1-40) 
amyloid peptide injections into the nucleus basalis (NB) on microglia activation, NO 
production and on ACh and GABA release in the cortex of rats. One pi of IL-1(3 
(10U) or (3(1-40) (lOpg) was injected in the right NB. ACh and GABA release from 
the ipsilateral cortex was studied by means of microdialysis. Nitrite levels in the 
cortical perfusate and the NADPH-diaphorase neurons were analyzed in IL-1(3 
injected animals and microglia was visualized in both IL-1(3 and (3(1-40) treated 
animals. In both groups of treated animals, microglia was activated and the release of 
GABA increased more than 100% in the ipsilateral cortex. ACh release was not 
affected by IL-1(3 while was significantly reduced by (3(1-40) up to 2 months post-
injection. In IL-1(3 injected rats, nitrite levels were increased in the perfusates one 
week after injection and the number of NADPH-diaphorase positive neurons was 
larger than in saline-treated rats. We are presently investigating whether (3(1-40) 
increases the production of nitric oxide. Our results indicate that both substances 
activate microglia and that a local IL-1(3 injection into the brain induces a significant 
NO production.
Supported by MURST.

735.5
GLUTATHIONE DEPLETION EXACERBATES OXIDATIVE STRESS-IMPAIRED 
CHOLINERGIC SIGNALING. X.Li*L.Song, Y. Li, and R.S.Jope. Dept. Of Psychiatry 
and Behavioral Neurobiology, Univ. of Alabama at Birmingham, Birmingham. AL 
35294-0017.

Oxidative stress appears to contribute to neuronal dysfunction associated 
with Alzheimer’s disease and other CNS neurodegenerative disorders. This 
investigation examined if oxidative stress might contribute to impairments in 
cholinergic receptor-linked signaling systems and if intracellular glutathione lewis 
modulated responses to oxidative stress by measuring the activation of the AP-1 and 
NF-k B transcription factors and of the PI second messenger system in human 
neuroblastoma SH-SY5Y cells after exposure to the oxidants H2O2 or diamide, with or 
without depletion of glutathione. H2O2 concentration-dependently inhibited carbachol- 
stimulated AP-1 activation and this inhibition was potentiated in glutathione-depleted 
cells. Carbachol-stimulated NF-k B activation was unaffected by H2O2 unless 
glutathione was depleted, in which case there was a H2O2 concentration-dependent 
inhibition. Glutathione-depletion also potentiated the inhibition by H2O2 of carbachol- 
or G-protein (NaF)-stimulated PI hydrolysis, whereas phospholipase C activated by the 
calcium ionophore ionomycin was not inhibited. The thiol-oxidizing agent diamide 
also inhibited PI hydrolysis stimulated by carbachol or NaF and glutathione depletion 
potentiated the diamide concentration-dependent inhibition. Unlike H2O2, diamide also 
inhibited ionomycin-stimulated PI hydrolysis. Diamide also inhibited both AP-1 and 
NF-k B stimulated by carbachol and glutathione depletion potentiated the inhibitory 
effects of diamide. Thus, diamide inhibited a wider range of signaling processes than 
did H2O2, but glutathione depletion increased the susceptibility of PI hydrolysis and of 
transcription factor activation to inhibition by both H2O2 and diamide. These results 
demonstrate that the vulnerability' of signaling systems to oxidative stress is influenced 
by intracellular glutathione levels, indicating that cell-selective susceptibility to 
inhibition of signal transduction systems by oxidative stress can arise from cellulai 
variations in antioxidant capacity. Supported by NIH grant AG06569&MH38752

735.6
OVEREXPRESSION OF AMYLOID PRECURSOR PROTEIN IN NG 108-15 
CELLS BY PROSTAGLANDIN TREATMENT. S. Knapp. R.K. Lee, M.d. Paradis. 
C.J. Watkins*, R.J. Wurtman, E25-604, Department of Brain and Cognitive
Sciences, M.I.T., Cambridge, MA 02139

Prostaglandins are among the most important neuromodulators released during 
neuronal injury and brain trauma. In brain, prostaglandin E compounds are most 
abundant and earliest products of arachidonic acid breakdown. In Alzheimer's disease 
and after brain injury, pathological landmarks include increased amyloid deposition 
and formation of amyloid plaques. We now show that in the rat neuronal cell line 
NG108-15 prostaglandins increase amyloid precursor protein (APP) synthesis.

NG 108-15 cells treated with prostaglandin E,(PGE,) or E2 (PGE2) (both 10 pM) 
for 24 h exhibit increased APP holoprotein levels to ~ 150 % of those in untreated 
controls as assayed using Western blot analysis and mAh 22C11 immunolabeling. 
The same treatments (1 h) increased cAMP levels to 450 % (PGE,) and 320% (PGE,) 
of those in untreated cells. Preliminary studies also showed increased levels of APP 
mRNA after PGE, and PGE2 (both 10 pM) assayed using Northern blot analysis. 
Similar increases in cAMP accumulation and APP overexpression were observed after 
treating NG 108-15 cells with forskolin (0.5 pM) or 8-Bromo-cAMP (250 pM).

Regulation of APP synthesis by receptors coupled to cAMP formation is cell 
specific, in that neither APP holoprotein nor APP mRNA levels were found to be 
altered in rat cortical neurons treated with 8B-cAMP or forskolin, even though these 
treatments did increase intracellular cAMP levels. Although it is known that cAMP 
induces neuritic differentiation in NG 108-15 cells and concomittantly increases in 
APP synthesis, these data demonstrate for the first time that cAMP coupled cell 
surface receptors affect APP synthesis in a stable cell line. Further experiments will 
determine if cAMP signaling also regulates APP metabolism. (Supported by 
Deutsche Forschungsgemeinschaft and NIH # MH28783 and Center for Brain 
Sciences & Metabolism Charitable Trust.)
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735.7
DEGRADATION OF AMYLOID B-PROTEIN BY A 
METALLOPROTEASE RELEASED BY MICROGLIA.
W.Qiu, D.Walsh, Z.Ye, G.Lee*, D.Teplow and D.Selkoe. Brigham and Women's 
Hospital, Harvard Medical School, Boston, MA 02115.

Amyloid 8-protein (AB) is the major component of cerebral plaques in 
Alzheimer's disease (AD). In addition to the cellular production and 
fibrillogenesis of AB, the degradation and clearance of extracellular and 
intracellular AB may be important in AD pathogenesis, particularly as 
regards the pharmacological regulation of AB accumulation in vivo. By 
mixing the conditioned medium of metabolically labeled 8APP- 
transfected CHO cells, which provides cell-secreted AB, and the CM of a 
variety of untransfected cultured cells, we previously reported a time- 
dependent decrease in the amount of AB. The factor principally 
responsible for this decrease is a non-matrix metalloprotease released by 
cells into the medium that is completely inhibited by the metalloprotease 
inhibitor, 1,10-phenanthroline and partially inhibited by EDTA. Different 
cell types show different degrees of AB degradation: a microglial cell line, 
BV-2, produce most AB-degrading activity among the lines we studied. 
We carried out the purification and further characterization of this AB- 
degrading protease from BV-2 CM. After precipitation by 60% 
ammonium sulfate, we used sequential column chromatography, to 
highly enrich the protease; purification was monitored by inhibition with 
1,10-phenanthroline and by AB ELISA. We are currently examining the 
relationship of the purified microglial protease to the insulin degrading 
enzyme (IDE). We conclude that an endogenous AB-degrading protease 
is constitutively secreted by microglial and other neural cells and can clear 
A£>4o  and A642 peptides under biological relevant conditions.

735.8
REGULATION OF AMYLOID PRECURSOR PROTEIN (APP) METABOLISM IN 
ASTROCYTES BY SECOND MESSENGERS COUPLED TO THE 
SEROTONINERGIC AGONIST DEXNORFENFLURAMINE M.d, Paradis*, R.K, 
Lee, R.J. Wurtman. Dept of Brain&Cognitive Sciences, MIT Cambridge, MA, 02139

Stimulation of muscarinic and metabotropic glutamatergic receptors coupled to 
phosphatidylinositol hydrolysis (PI) increase the secretion of soluble APP (APPs) 
into the media of primary, secondary and transfected cell cultures. Furthermore, 
stimulation of P-adrenergic receptors linked to cAMP formation increase the synthesis 
of holoAPP. These findings led to the following hypotheses 1) APPs secretion can be 
positively regulated by Pi-coupled cell-surface receptors and 2) APP synthesis can be 
positively regulated by cAMP-coupled cell-surface receptors. We have previously 
shown that the 5-HT2ll/2c agonist dexnorfenfluramine (DNF) is coupled to PI 
hydrolysis in secondary cell cultures. We now report that in primary cultures of fetal 
rat cortical astrocytes, DNF promotes APP cleavage, stimulates PI hydrolysis and 
inhibits cAMP formation, making it a treatment candidate for Alzheimer’s Disease.

DNF treated cells displayed a dose-dependent increase in the secretion of APPs, 
maximal at 30pM concentrations. Neither holoAPP nor APP mRNA were altered in 
astrocytes treated (24 hours) with lOOpM DNF. DNF treatment promoted PI 
hydrolysis across a range of concentrations: 10|iM (122%^% of control), lOOpM 
(172%*!% of control) and lOOOpM (888%±11% of control). Preliminary data indicated 
that 3pM and 30pM DNF decreased cAMP levels {16%^% and 87%±3% respectively).

DNF is a metabolite of dexfenfluramine (DFEN), an inhibitor of serotonin 
reuptake. Preliminary studies showed that DFEN treatment (1 hour) of primary 
astrocytes did not effect APPs secretion, but did reduce cAMP levels to 65%±15% of 
controls at concentrations under lOOpM. In summary, DNF positively regulates APPs 
secretion in fetal rat cortical astrocytes by PI -coupled second messengers while DFEN 
does not; both treatments reduce cellular cAMP levels. These findings lend further 
support to the role played by Pl-coupled second messengers in APP processing. 
(Supported by an NSF Graduate Fellowship, NIH #MH28783 and Center for Brain 
Sciences & Metabolism Charitable Trust)

735.9
NICOTINE ATTENUATES THE CYTOTOXICITY INDUCED BY 
LONG TERM TREATMENT WITH AMYLOID 3 PROTEIN IN PC 12 
CELLS Hui Miao, Xiao Zhang* and Agneta Nordberg Department of 
Clinical Neuroscience and Family Medicine, Division of Nicotine 
Research, Karolinska Institute, Huddinge University Hospital, B84, S- 
141 86, Huddinge, Sweden

The accumulation of amyloid p protein (Ap) in the brain is an early and 
invariant event in the development of Alzheimer's disease (AD) 
pathology. The importance of acetylcholine via nicotinic acetylcholine 
receptors (nAChRs) in memory and learning processes has been 
supported by a line of evidence. Nicotine has been demonstrated to be 
neuroprotective against glutamate induced toxicity in primary neurons 
and prevent the synthetic p-peptide from precipitating as an amyloid-like 
deposit in test tube. Here we investigate if (-)-nicotine can protect PC 12 
cells from Ap-induced cytotoxicity assessed by 3-(4,5-dimethylthiazol- 
2-yl)-2,5,diphenyl tetrazolium bromide (MTT) conversion in PC12 
cells. Our results showed that the inhibition of MTT conversion induced 
by 1 day Ap treatment could not be prevented by chronic pre-treatment 
with nicotine in PC 12 cells, although [3H]-epibatidine binding sites 
were significantly up-regulated by the nicotine treatments. However, 
nicotine attenuated the reduction in MTT conversion induced by pre-
exposure of PC 12 cells to low concentration of Ap for 7 days. This 
effect of nicotine could be blocked by nicotinic antagonist 
mecamylamine, indicating that nicotine attenuate the cytotoxicity of 
PC 12 cells induced by long term exposure to Ap via nAChRs.
Supported by the Swedish Medical Research Council, Loo and Hans 
Osterman's Foundation and KI Foundation.

735.10
4-HYDROXYNONENAL, A PRODUCT OF LIPID PEROXI-
DATION, IS TOXIC TO FOREBRAIN CHOLINERGIC NEURONS 
IN VIVO AND DISRUPTS VISUOSPATIAL MEMORY IN RATS. 
A.J.Bruce-Keller*. Y-J. Li, D.S, Gary. M.A, Lovell. P.J. Kraemer, W.R.
Markesberv. and M.P, Mattson. Sanders-Brown Research Center on Aging, and 
Department of Psychology, University of Kentucky, Lexington, KY 40536.

Cholinergic neurons in the basal forebrain become dysfunctional and die in 
Alzheimer’s disease (AD), and loss of these neurons is thought to underlie some of 
the cognitive deficits characteristic of AD. Although the biochemical mechanisms 
of neuronal loss in AD are not yet resolved, accumulating evidence suggests that 
oxidative stress, and specifically lipid peroxidation, contribute to this phenomomen. 
In this study, we report that the aldehyde 4-hydroxynonenal (HNE), a by-product of 
membrane lipid peroxidation, damages and kills basal forebrain neurons when 
injected intraparenchymally into adult rats. Examination of Nissl-stained brain 
sections from animals that received unilateral HNE injection revealed substantial 
neuronal loss ipsilateral to the injection site, but not contralaterally. Additionally, 
levels of choline acetyltransferase were significantly reduced in both the basal 
forebrain and hippocampus in the injected hemisphere. Performance in Morris Water 
maze tasks of visuospatial memory were severely impaired by unilateral HNE in a 
dose-dependent manner when assessed 24 hours after infusion, but animals recovered 
behaviorally by 7 days. Animals that received bilateral HNE infusion, however, 
were not able to recover behavioral performance, and displayed even greater 
cholinergic neuronal loss. Recent studies have have reported increased levels of HNE 
in vulnerable regions of AD brain and provided experimental evidence that HNE 
mediates at least in part the neuronal degeneration induced by amyloid p-peptide and 
iron. Taken together, these data suggest that HNE may participate in the cholinergic 
neuronal damage and cognitive deficits characteristic of AD. (supported by the NIH 
and the Alzheimer's Association).

735.11
INHIBITION OF NEURODEGENERATIVE AND BEHAVIORAL EFFECTS 
OF QUISQUALATE BY LYSOSPHINGOLIPIDS. D.M. Hodgson*1. A.N. 
Taylor2. S. Sampogna3. K. Nguyen4. and A. Rosenberg3.
Dept. of Neurobiology, Univ. California1"4, L.A., 90095; Dept of Psychiatry 
and Behav. Sci., Emory Univ. 5, Atlanta, GA, 30306.

Excessive excitation of brain neurons by the major excitatory 
neurotransmitter, glutamate, induces a cascade of events that leads to 
increased intracellular Ca++, neuronal degeneration and death. Whilst 
glutamate acts on ionotrophic and metabotropic excitatory receptors, the 
latter are of particular interest because of the regulatory role they play in 
neuronal proliferation, differentiation and apoptotic death. Recent in vitro 
research has demonstrated that specific naturally occurring 
lysosphingolipids may be able to prevent neuronal degeneration by 
repressing phosphosinositidase-C over-activation induced by excessive 
excitation of the metabotropic receptor. This research tested that finding in 
vivo with a rat model. Intracerbroventricular (i.e.v) administration of the 
metabotropic agonist, quisqualate (225nmole), produced acute tonic-clonic 
seizures, behavioral disturbances, and loss of neurons in the CA1 region, and 
decreased staining for microtubule associated protein 2 (MAP2) in the CA3 
region of the hippocampus, observed six days post infusion. I.e.v. infusion of 
either of the lysosphingolipids (n=6): lysosphingomyelin or lysocerebroside 
(125nmole), 30 minutes prior to infusion of quisqualate prevented the seizure 
activity (p<.001), and the behavioral (pc.Ol), and histological changes. These 
findings are of significant clinical interest since they suggest that the 
lysosphingolipids can regulate the cytotoxic cascade induced by over-activity 
of the metabotropic receptor. They suggest a promising avenue to pursue in 
the quest to develop pharmaceuticals to control excitatory transmission in the 
CNS. Research supported by NIH grant #R43DA11146 (AyurCore)
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736.1
GAB Aa  RECEPTOR 82 AND 83 SUBUNITS mRNA IN THE HIPPOCAMPAL FOR-
MATION OF AGED BRAIN WITH ALZHEIMER RELATED NEUROPATHOLOGY. 
K, Mizukami*, M,D, IkQnompviy, R.. >.gffisl&_R, Hamilton, D,RT Grayson,
P.M. Armstrong. Neurosciences Research Center, MCP*Hahnemann School of 
Medicine, Allegheny University of the Health Sciences, Pittsburgh, PA 15212.

Our work on the role of glutamate in Alzheimer's disease (AD)-related neuronal vul-
nerability and death provided significant insight into the importance of the GABAeigic 
neurotransmitter system as it participates in countering the effects of excitatory amino 
acid receptor stimulation. Our previous work demonstrated that immunolabeling of the 
82/3 GABA receptor subunit was relatively well preserved in hippocampi showing AD 
pathology. To elucidate further the molecular basis for this observation, we employed 
in situ hybridization techniques and examined the expression of the 82 and 83 mRNAs 
in the hippocampus of nineteen elderly subjects (average: 81.6 years) presenting a broad 
range of pathologic severity {i.e., Braak Stage I-VI). Semi-quantitative analysis with 
film autoradiographs revealed that the 82 mRNA signal was highest in the granule cell 
layer, CA2 and CAI subfields, while 83 mRNA was robust in the CA3 and CA2 sub-
fields as well as the granule cell layer. No significant difference in the 82 mRNA 
expression was detected among pathologically mild (Stage I & II), moderate (Stage III 
& IV) or severe groups (Stage V & VI). In contrast, compared to the mild group, 83 
mRNA expression in the pathologically severe group was significantly decreased with-
in all subregions examined except CA4. Our data suggest that altered expression of 
GABAa  receptor subunits in AD hippocampus is unique to specific receptor subunits 
with 82 being relatively preserved while 83 mRNA is decreased. This work is support-
ed by NIH Grant AG08206. Brain tissue provided by UPMC ADRC.

736.2
NMDAR1 IMMUNOREACTIVITY IN THE HIPPOCAMPUS OF PATIENTS 
WITH ALZHEIMER’S DISEASE PATHOLOGY. R. Sheffield*. M.D, Ikonomovic. 
K. Mizukami,D, Warde, Y, Wane, R. Yasuda, B.B, Wolfe. P.M, Armstrong.
Neurosciences Research Center, MCP*Hahnemann School of Medicine, Allegheny 
University of the Health Sciences, Pittsburgh, PA 15212.

Underlying these studies is the hypothesis that excitotoxicity, particularly that which 
is mediated via stimulation of ionotropic glutamate receptors, contributes to neuronal 
vulnerability in AD. The current investigation focuses on the distribution and expres-
sion of the N-methyl-D-aspartate (NMDA) receptor in the hippocampus of patients 
with AD pathology. A total of 30 subjects, consisting of normal controls and those with 
mild, moderate and severe AD pathology were examined {i.e., Braak Stages I—VI). 
Tissue sections containing the hippocampal formation were immunolabeled using anti-
bodies against NMDAR1. We chose to study this receptor subunit partly because all 
NMDA receptor complexes contain at least one NMDAR1 receptor subunit. In addi-
tion, our biochemical studies demonstrate that this protein is stable in human autopsied 
tissue with postmortem intervals up to 18 hours. In the hippocampus of normal con-
trols, NMDAR1 immunolabeling was observed on cell bodies and proximal dendrites 
of granule cells and hilar neurons in the dentate gyrus and pyramidal cells in the CA 
fields as well as the subiculum. In AD, the overall distribution of immunolabeled neu-
rons was similar to that observed in normal controls. However, in a number of cases, 
particularly those with marked neuropathology, the intensity of immunolabeling was 
greater than that observed in controls. These latter observations were particularly obvi-
ous in the subiculum, CAI and CA3 fields, where proximal and distal dendrites were 
densely labeled with antibodies against NMDAR1 and provided sharp contrast to the 
labeled processes observed in control cases. Although the precise mechanism underly-
ing these observations is unclear, our work suggests that some of these changes are 
compensatory in nature and occur in response to the loss of glutamatergic innervation 
to the hippocampus. NIH AG08206-10. Tissue provided by the UPMC ADRC.

736.3
DIFFERENTIAL DISTRIBUTION OF AMPA RECEPTOR SUBUNITS IN HUMAN 
AMYGDALA AND THEIR LOSS IN ALZHEIMER’S DISEASE. P.M, Armstrong*. 
J, Rogers. K. Mizukami. R, Sheffield and M.D. Ikonomovic. Neurosciences Research 
Center, MCP*Hahnemann School of Medicine, Allegheny University of the Health 
Sciences, Pittsburgh, PA 15212, USA.

Excitotoxic mechanisms have been hypothesized to contribute to the neurodegener-
ation of Alzheimer’s disease (AD). As part of our continuing investigations examin-
ing this hypothesis we studied the distribution of the AMPA receptor subunits GluRl 
and GluR2(3) in the amygdala of 5 cases with clinically and neuropathologically con-
firmed Alzheimer’s disease (AD) and 7 age-matched controls. In control cases, 
GluR2(3) antibodies preferentially labeled neuronal somata and their most proximal 
dendrites while GluRl primarily labeled dendrites. GluR2(3)-labeled cells were 
observed within all subnuclei, although the accessory basal (ABN), basal (BN), cen-
tral (CN) and lateral (LN) nucleus contained a particularly dense accumulation of cells 
whereas the cortical (CoN) and medial (MN) nucleus contained fewer cells. In con-
trast, GluRl labeling was distributed most densely within CoN and CN, while BN 
contained the least amount of GluRl immunolabeling. In AD, we observed a decrease 
of immunolabeling for both antibodies in all the nuclei. Notably, GluR2(3) and 
GluRl labeling was decreased most significantly in the BN and ABN while CN and 
CoN were much less affected. Our data indicate that CN and CoN are most resistant 
to AD-related changes in AMPA receptors while BN and ABN are particularly vul-
nerable to these changes. These vulnerable regions also are densely populated by 
senile plaques and neurofibrillary tangles. The functional relationship between 
AMPA-receptor expression and the neuropathologic hallmarks of AD is currently 
under investigation. Supported by NIH AG 08206.

736.4
CONFORMATIONAL CHANGE IN TAU PRECEDES p-AMYLOID DEPOSITS IN 
THE HIPPOCAMPAL FORMATION OF ALZHEIMER’S DISEASE CASES. 
M.D. Ikonomovic*, K, Mizukami. P. Davies. R. Hamilton. R. Sheffield and P.M.
Armstrong. Neurosciences Research Center, MCP*Hahnemann School of Medicine, 
Allegheny University of the Health Sciences, Pittsburgh, PA 15212, USA.

The goal of the study was to determine whether conformational changes in tau, 
detected with mab MCI, precede the deposition of amyloid (3 protein (A[3P). detected 
with R1280. MCI was selected for study because it has been shown to be a very early 
marker of neurofibrillary pathology. All cases received a Braak score (i.e., I-VI) indi-
cating pathologic severity. Consistent with this rating scale, MCI immunostaining 
clearly delineated the progressive nature of the neuropathology in the hippocampal 
formation (HF) such that immunolabeled cells were first observed in die entorhinal 
cortex (EC) followed by the subiculum (SUB)->CAl-»CA2->CA3/4->dentate gyrus. 
Notably, these early appearing MCl-labeled cells (i.e., those in SUB/CA1 of a stage
I, CA2 of a stage II, etc.) were characterized by normal neuronal morphology and in 
no instance were associated with A[3P immunolabeling. In contrast, in regions dis-
playing more advanced pathology (i.e., EC of a stage I, EC, SUB and CAI of a stage
II, etc.), MCI antibodies mainly labeled neurons with a tangle-like morphology as 
well as numerous dystrophic neurites. In these latter regions, as well as diroughout 
the HF of stage IV-VI cases, numerous ApP-labeled deposits were also observed. In 
every instance, these deposits were co-distributed witli clusters of MCl-labeled dys-
trophic neurites. Of importance, a number of clustered dystrophic neurites were 
observed free of APP. These data led us to conclude that witliin the HF, early neu-
rofibrillary changes precede SP formation. The exception to this rule lies in the pre- 
subiculum where we observe numerous amyloid deposits with little or no neurofibril-
lary pathology. This work was supported by NIH Grant AG08206. Brain tissue was 
provided by UPMC ADRC.

736.5
COEXISTENCE OF GLUTAMATE RECEPTORS IN CHOLINERGIC 
NEURONES OF THE BASAL FOREBRAIN IN MONKEYS. R. Hooda, M. 
Paquet, Y. Smith and M, Tigges*. Yerkes Regional Primate Research Center and 
Dept of Neurology, Emory University, Atlanta, GA 30322, USA.

Basal forebrain cholinergic neurones are depolarized by glutamate and receive 
glutamatergic afferents from a large variety of sources. Recent findings suggest 
that infusion of AMPA receptor agonists is far more effective than ibotenic acid 
(NMDA receptor agonist) to destroy cholinergic neurones of the nucleus basalis of 
Meynert (nbM) in the rat (Page and Everitt, EJNS 7: 1022), raising the possibility 
that cholinergic neurones of nbM express preferentially AMPA-sensitive 
glutamate receptors in rodents. However, immunohistochemical findings indicate 
that, in the rat, non-cholinergic neurones of the nbM express AMPA receptors, 
whereas cholinergic neurones most likely utilize glutamate receptor subtypes other 
than AMPA receptors (Martin et al., J. Neurosci. 13: 2249). To elucidate the 
composition of the receptors that mediate glutamatergic excitatory effects in 
cholinergic neurones of the nbM in primates, we carried out a co-localization study 
of choline acetyltransferase (ChAT) with various AMPA and NMDA receptor 
subunits as well as metabotropic receptor subtypes in monkeys. The double 
immunostaining was achieved by using diaminobenzidine and benzidine 
dihydrochloride as chromogens for the peroxidase reactions. Overall, the majority 
(60-85%) of cholinergic neurones in the nbM were non-immunoreactive for the 
three types of glutamate receptors. However, AMPA receptor subunits (GluRl, 
GluR2/3 and GluR4) were slightly more abundant (25-40% of double labelled 
cells) than NMDAR1 and metabotropic receptor subtypes (15-20% of double 
labelled cells). Studies are currently in progress to compare these data with other 
basal forebrain cholinergic cell groups. In conclusion, the glutamatergic 
neurotransmission involved in the control, and possibly the degeneration, of 
cholinergic neurones in the nbM is probably mediated by activation of a large 
variety of ionotropic and metabotropic receptors in primates. (Supported by 
NIMH, Grant RROO165).

736.6
DECREASED DENSITIES OF a4 AND al NICOTINIC RECEPTOR 
SUBUNIT PROTEIN EXPRESSING NEURONS IN THE CORTEX OF 
ALZHEIMER PATIENTS. A. Wevers1*. S. Nowacki1, W. Bloch1, J. Lind-
strom2, and H. Schroder1. ■Zentrum Anatomie, Univ. zu Koln, 50931 Koln, 
FRG and 2Univ. of Pennsylvania, School of Medicine, Dept. Neuroscience, 
Philadelphia, PA, USA.

In cognitive dysfunction syndromes like Alzheimer's disease (AD) im-
pairment of cholinergic transmission and decreased numbers of nicotinic 
binding sites are well-known features. The basic causes are not well under-
stood and may be due to alterations in the expression of the acetylcholine 
receptor (nAChR). Own investigations on the mRNA level have shown that 
there are no overall alterations in the distribution pattern and in the densi-
ties of a4 and al transcript expressing neurons in the superior frontal gyrus 
of AD patients. Therefore we now focused our attention on the level of pro-
tein expression of these subunits performing immunohistochemical studies 
using mAb 299 (a4) and rnAb 306 (a7).

In AD there was a marked decrease of labeling intensity for both proteins 
as compared to controls. The number of ot4 and al protein expressing neu-
rons was significantly reduced to 65% (p < 0.001) and 68% (p < 0.01), re-
spectively, of the control values. These results point to an impaired syn-
thesis of the nAChR on the protein level as a possible cause for the cholino- 
ceptive deficit in AD. Ongoing studies have to elucidate whether the matu-
ration and assembly of receptor protein, the transport and / or membrane 
insertion of the nAChR are affected.

Supported by the DFG (Schr 283/18-1, 18-2) and Maria Pesch-Stiftung
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736.7
CORRELATION OF NICOTINIC ACETYLCHOLINE RECEPTOR (NAChR) 
BINDING WITH NEUROCHEMICAL MARKERS IN ALZHEIMER'S DISEASE 
(AD). M.N. Sabbagh*1. R.T. Reid2, J, Corev-Bloom1 »3 T. Rao2, K, Lloyd2, L. 
Hansen3, M. Alford3, E, Masliah3, A. Adem4, L.J, Thai1-3 1VAMC San Diego, 
CA 92161, 2SIBIA Neurosciences Inc., La Jolla, CA 92037, 3Dept. 
Neurosciences, UCSD, La Jolla, CA 92037, 4Dept. Clinical.Neuroscience, 
Karolinska Institute, S14186, Huddinge, Sweden.

The reduction in neocortical synapses that occurs in AD correlates with 
cognitive decline. In addition, marked losses in the cholinergic system, e.g., 
choline acetyltransferase (ChAT) activity and high affinity presynaptic NAChRs, 
are seen in AD. We hypothesized that loss of NAChR binding would correlate 
with changes in presynaptic neurochemical markers in AD. Midfrontal (MF) 
cortex was examined in 36 autopsy confirmed (NIA and CERAD criteria) AD 
patients (mean death age 80.1+ 8.4 years) who met NINDS-ADRDA criteria for a 
clinical diagnosis of probable or possible AD, and 3 nondemented controls 
(mean death age 77.7± 5.1). Synapse counts were quantified by a dot- 
.immunobinding assay for synaptophysin (Syn). ChAT activity was assessed by 
standard assays. NAChR binding was assayed using the high affinity nicotinic 
agonist 3H-epibatidine [3H-EPI]. Mean Syn was significantly lower in AD 
(84.0±32.3 arbitrary units (AU)/mg protein) than in controls (134.9+26.7, 
p=0.01). Mean 3H-EPI total binding was also significantly lower in AD (6.2±2.8 
fmol/mg protein) than in controls (14.0+0.9; p<0.0001). Mean ChAT activity in 
AD (139.0+75.6 nmol Ach/hr/100mg protein) was lower than in controls 
(211.3±36.1). Syn correlated with 3H-EPI binding in AD (r=0.57, p=0.003) but 
ChAT did not. We concluded that loss of high affinity NAChR correlates with 
loss of synapses in AD. The lack of correlation with ChAT suggests that the 
targeted receptor populations may not be located exclusively on cholinergic 
neurons.
Funded by AG05131, SIBIA Neurosciences, & VA Med. Res. Service.

736.8
A NOVEL EFFECT OF COMPLEMENT ACTIVATION ON SYNAPTIC 
STRUCTURE: DISRUPTION OF THE CLUSTERING OF NICOTINIC 
ACETYLCHOLINE RECEPTORS. Zhengshan Dai*4, H. Benjamin Peng and Yong 
Shen1. Dept. of Cell Biol, and Anatomy, Univ. of North Carolina, Chapel Hill, NC 
27599 and 4L. Robert Center for Alzheimer's Disease Research, Sun Health Research 
Institute, Sun City, AZ 85372

The neuropathogenesis associated with the Alzheimer's disease is not well 
understood, although the loss of synapses, the degeneration of cholinergic neurons 
and the complement activation are proposed to be contributing factors. Using the 
synapse formed between cultured Xenopus nerve and muscle cells as a model, we 
studied the effect of complement activation on cholinergic synapses. Nicotinic 
acetylcholine receptors (AChRs) form clusters at the postsynaptic membrane. 
However, incubation of these cultures with complement-containing human serum 
resulted in the disruption of AChR clusters at the postsynaptic membrane. Instead, 
receptors formed microclusters over the entire muscle membrane. Thus, this 
cholinergic synapse is disrupted by complement activation. Preincubation of nerve- 
muscle cocultures with complements resulted in the failure of synaptic development. 
To understand the target of complement activation, AChR clustering was induced in 
muscle cells with beads coated with a heparin-binding growth factor. Complement 
treatment also disrupted bead-induced AChR clusters, thus suggesting its effect on the 
postsynaptic cell. These complement effects were significantly inhibited by suramin. 
The membrane attack complex (MAC), a terminal product of the complement 
pathway, was detected on the muscle cell surface and the intracellular calcium level 
was elevated after complement treatment, thus suggesting the activation of the 
complement cascade. These results indicate that complement activation disrupts the 
structure and development of cholinergic synapses. The calcium influx induced by 
MAC formation may be a signal for this pathological process. (Supported by NIH 
grant NS-23583)

736.9
AGEING AND MUSCARINIC RECEPTOR COUPLING IN 
HIPPOCAMPUS OF FISHER RATS : EFFECTS OF SULBUTIAMINE.
M. Spedding*. C Lahaye, A Renouard, C Dacquet,
IdR SERVIER, 125 Chemin de Ronde, 78290 Croissy sur Seine, France.

GppNHp (0.1 - 1000 pM) decreased the binding of [3Hj-oxotremorine-M
(pH]-oxo) to hippocampal membranes but no significant difference was observed 
between young (3 month) and old (22 month) rats, unless the membranes were 
preincubated with MgCl2 (10 mM), (ratio between the GppNHp IC50S -/+ 
MgCl2, young, old, was respectively 14 and 31). In the presence of MgCl£ (10 
mM) the threshold for GppNHp sensitivity was significantly higher for young rats 
(about 30 nM) than in old rats (0.1 nM). NaCl inhibition of [3H]-oxo specific 
binding did not show a difference between young and old rats. Agonist/antagonist 
binding ([^H]-oxo/[^H]-QNB binding) was studied after pretreatment of young 
and old rats with sulbutiamine (a CNS vector for the mitochondrial pyruvate 
dehydrogenase (PDH) cofactor, thiamine diphosphate, at 25 or 50 mg/kg, i.p. for 
14 days). Sulbutiamine increased high affinity pH]-oxo binding in the 
hippocampus, but did not affect pH]~QNB binding. The increase of agonist 
Bmax value in the hippocampus was greater in the old rats (+50 %, p<0.05) than 
in the young rats (+17 %, p<0.05). This effect was dependent of the presence of 
MgCl2 in the incubation medium. Sulbutiamine also increased pH]-oxo binding 
in the prefrontal cortex of old rats (+20%, p<0.05), but slightly decreased binding 
in the striatum of old rats (-15 %, ns). The effects of sulbutiamine were only 
observed in the presence of MgCl2 and suggest a specific action on the coupling 
of hippocampal muscarinic receptors which may be implicated in memory 
processes

industry

739.10
PHARMACOLOGY OF THE CHOLINERGIC AND GLUTAMATERGIC 
SYSTEMS IN BEHAVIORALLY IMPAIRED APOE KNOCKOUT MICE
Krzywkowski P.1, Gagne J.2, Chabot C.2, Momoli F, \ Rochford J. \ Massicotte G 2
and Poirier J *
1-Neuroscience Division, Douglas Hospital Research Center, Verdun, 2-Chemical-Biological 
Department, Quebec University in Trois-Rivieres, Trois-Rivieres. Quebec, Canada

During the past few years, apolipoprotein E (apoE) has been shown to be a major 
risk factor in Alzheimer’s disease (AD). AD is characterized by impairments in 
memory and cognitive functions. We thus- studied two main biochemical systems 
(cholinergic and glutamatergic), implicated in learning and memory, in apoE 
knockout mice. We showed that apoE knockout mice exhibit cognitive impairment in 
the Morris water maze at 2 and 6 months of age. However, no significant alterations 
were observed in several cholinergic parameters in these animals, including ChAT 
and AChE. These mice exhibited impairment in long-term potentiation (LTP), a 
physiological process thought to be related to learning and memory function. The 
binding of NMDA and AMPA receptors was not changed, whereas the expected up-
regulation of AMPA receptors by phospholipase A2 was reduced in apoE knockout 
mice. We decided to measure the influence of several cholinergic drugs in apoE 
knockout mice in the Morris water maze paradigm. Three month-old mice were 
tested after administration of an Ml agonist (melamelin; 1 mg/kg) and AChE 
inhibitor (tacrine; 3.2mg/kg). We observed that administration of melamelin, but not 
tacrine, significantly improved performance of apoE knockout mice in the water 
maze. These preliminary results support the notion that disturbances in cholinergic 
interactions with others systems occured in apoE knockout mice and that this 
dysfunction can be partially reversed by muscarinic drugs, resulting in improved 
cognitive function

Supported by INSERM/FRSQ (France/Quebec), the Azheimer Society of Canada 
and the Medical Research Council of Canada.

736.11
BOTH NMDA AND AMPA RECEPTOR SUBUNITS ARE ALTERED 
IN ALZHEIMER’S DISEASE Y.-H. Wang1. R.P. Yasuda1, D.C, Mash2. 
and B.B, Wolfe1*. ’Dept Pharmacology, Georgetown U Sch. Med., 
Washington, D.C and 2Dept Neurology, U Miami Sch. Med., Maimi, FL

It is known that the glutamate receptors play an important role in 
pathophysiological processes of several neurological diseases. In this study, 
a quantitative immunoblot method was used to measure the level of 
expression of NMDA receptor subunits (NRl, NR2A, and NR2B) and 
AMPA receptor subunits (GluRl, GluR2 or GluR3, and GluR4) in 
hippocampus (HP), frontal and entorhinal cortex (CX) in control and 
Alzheimer’s disease (AD) postmortem brains. In HP, the NRl subunit, but 
not the NR2 subunits, was significantly decreased in AD, while the AMPA 
subunits GluR2 or GluR3 and GluR4, but not GluRl, decreased 
significantly. In frontal CX, all the NMDA receptor subunit proteins tested 
decreased significantly in AD samples, while only the GluR4 subunit of 
AMPA receptors declined. In contrast to HP and frontal CX, no significant 
differences in protein levels for either NMDA or AMPA receptor subunits 
were found between the control and AD groups in entorhinal CX. It was 
also determined that those changes in protein density were not due to a 
generalized neuronal loss in AD samples as the level of neuron specific 
enolase showed no significant changes in any tissue. These results provide 
information regarding alterations in specific glutamate receptor subunit 
expression which seem to be regionally selective. Whether these changes in 
receptor protein expression are a result of the disease or are involved it its 
cause still remains unknown. (Supported by AG09973, NS28130, NS36246, 
and the AHAF.)

736.12
ACTIONS OF GLUTAMATE UPTAKE INHIBITORS ON EXTRACELLULAR 
EPSP’S IN HIPPOCAMPUS IN VITRO. G.L, White* and P.F. Chapman. 
Physiology Unit, MOMED, Univ. of Wales, Cardiff, CF1 3US, U.K.

Glutamate transport capacity may be decreased in Alzheimer’s disease (AD). The 
actions of glutamate re-uptake inhibitors on evoked extracellular EPSP’s in 
hippocampal slices from control rats were characterised, as a prelude to a study of 
synaptic dysfunction in a transgenic mouse model of AD (Hsiao et al., 1996, 
Science). 400pm transverse slices were cut from hippocampi removed from 10-50 
day-old Sprague-Dawley rats and submerged in aCSF at 32°C. Synaptic potentials 
were evoked and recorded in area CA1, and all drugs were bath applied. 200pM L- 
Zrans-2,4-pyrrolidine dicarboxylate (L-trans-PDC), a potent and selective inhibitor of 
glutamate uptake, caused an immediate increase of 180% (n=2) in the field EPSP 
(fEPSP) slope, followed by a slow decline in the response magnitude. However, 
250pM L-trans-PDC caused a rapid decline in the fEPSP(n=2), reaching <10% 
within 60 minutes. Another potent inhibitor of glutamate uptake, L-anti-endo- 
methanopyrrolidine dicarboxylate (L-anti-endo-MPDC) at 250pM replicated the 
results seen with 200(lM L-trans-PDC, with a large initial increase (170-180% of 
baseline) in the fEPSP slope (n=4), followed by a gradual decay to 67±25% of 
baseline (n=2) by 78 min. 150pM L-anti-endo-MPDC also showed the initial 
increase in evoked response, reaching 150% of baseline (n=2), suggesting possible 
dose-dependence of the effect. This response also decayed to below baseline.
Results suggest that the effects of bath application of glutamate uptake inhibitors to 
the hippocampal slices are concentration-dependent, producing short-term 
enhancement and long term reduction of evoked extracellular potentials at lower 
concentrations, but merely producing decay of the response to below baseline at 
higher concentrations. L-anti-endo-MPDC is less potent than L-trans-PDC, which 
could explain why events observed at lower concentrations of L-trans-PDC are 
replicated at slightly higher L-anti-endo-MPDC concentrations. Supported by MRC.
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736.13
PRESERVED ADRENERGIC NEURONAL INPUT TO THE CEREBELLUM IN 
A BEHAVIORALLY AGGRESSIVE SUBGROUP OF ALZHEIMER’S DISEASE 
PATIENTS A, Russo-Neustadt*. T.J. Zomorodian and C.W. Cotman, Institute for 
Brain Aging and Dementia, University of California, Irvine, CA 92697

There is emerging evidence that Alzheimer's disease (AD) is not a uniform 
disorder, but one with subgroups varying in behavioral manifestations, and likely in 
the nature and localization of their lesions and disruptions of neurotransmitter 
systems. Aggression is a very problematic behavioral symptom affecting a 
significant proportion of AD patients. Previous work in our laboratory has shown 
that a subgroup of AD patients displaying aggressive behaviors has a markedly 
higher level of (X2 adrenergic receptors in the cerebellar cortex (approaching or 
exceeding those of controls), compared to AD patients with similar cognitive 
impairments, but no history of aggressive behaviors.

Our current study has sought to assess whether adrenergic neuronal inputs 
to the cerebellum reflect similar changes in this subgroup of AD. Cerebellar cortex 
from non-aggressive AD subjects showed a markedly lower level of tyrosine 
hydroxylase (TH)-positive neuronal fibers than normal controls (approximately 75% 
decreased), visualized by immunohistochemistry. Cerebellar cortex from the 
aggressive AD subgroup, on the other hand, had a TH fiber concentration not 
significantly different than controls. These results suggest that there is a relative 
preservation of inhibitory adrenergic neuronal input to the cerebellar cortex in this 
aggressive subgroup of AD patients. Much evidence exists that the cerebellum assists 
in behavioral control by inhibiting/modulating circuits in the prefrontal cortex and 
other association areas. In the non-aggressive subgroup of AD, the diminishment of 
noradrenergic fibers could lead to lowered inhibition of this cerebellar cortical 
function, which could facilitate behavioral modulation and control. In the aggressive 
subgroup, on the other hand, preserved adrenergic input could contribute to behavioral 
derangement by removing this modulatory influence of the cerebellum. This suggests 
a novel concept for AD; that lack of pathology in a critical brain area can lead to a 
system imbalance and result in a selective behavioral disturbance.
Supported by USPHS-NIH Grant MH-01266

736.14
AUTORADIOGRAPHIC STUDY OF IODOCLONIDINE BINDING IN 
NORMAL AND ALZHEIMER'S DISEASE BRAIN: EVIDENCE FOR 
PRESERVATION OF ALPHA-2 ADRENERGIC RECEPTORS IN 
ALZHEIMER'S DISEASE. M.A, Raskind*. E.R. Peskind. and J.B. Leverenz. 
Departments of Psychiatry and Behavioral Sciences and Neurology, University of 
Washington, Seattle, WA, 98195.

The locus coeruleus (LC) exhibits extensive degenerative changes in 
Alzheimer's disease (AD) and pathology of this major noradrenergic cell group may 
contribute to the behavioral and cognitive deficits associated with this disease. 
Despite a significant loss of neurons in the LC of AD patients, pharmacological 
studies suggest a paradoxical retention, or even increase, of noradrenergic activity in
AD. One important regulator of LC function is the alpha-2 autoreceptor. We have 
assessed alpha-2 receptor density in age-comparable and gender-matched normal 
(n=6) and AD (n=6) brains. Rapid autopsy accessed frozen sections from superior 
frontal gyrus and mid-hippocampus were incubated in 0.45 nM iodoclonidine. 
Non-specific binding was assessed by the addition of 0.01 gM RX 821002 (an 
alpha-2 specific antagonist). Consistent with previous reports for distribution of 
alpha-2 adrenergic receptors in human brain, we observed high levels of 
iodoclonidine binding in the more superficial layers of the frontal cortex, the 
molecular layer of the hippocampal CA-1, and dentate gyrus. Iodoclonidine 
binding site density in the hippocampus and frontal cortex did not significantly 
differ between AD and control cases. There was a suggestion of increased binding 
density in the deep layers of the frontal cortex in AD. Further examination of LC 
projections in hippocampus and cerebral cortex and alpha-2 receptor gene 
expression in target regions and the LC will be necessary to determine whether the 
apparent preservation of alpha-2 receptors in AD brain tissue is located 
presynaptically or postsynaptically. Supported by NIA AG05136 and the Dept. of 
Veterans Affairs.

736.15
DISRUPTION OF ATTENTION AND MEMORY BY AN ALPHA2- 
ADRENOCEPTOR AGONIST IN ALZHEIMER DISEASE. M, 
Riekkinen*, K. Keionen, H. Soininen and P. Riekkinen Jr. Department 
of Neuroscience and Neurology, University and University Hospital of 
Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

The present study was designed to investigate the effects of 
alpha2-adrenoceptor stimulation on attention and associative 
memory in patients with Alzheimer disease (AD). We tested the 
effect of oral administration of an alpha2-adrenoceptor agonist, 
clonidine (CLO; 0.5 and 2 ptg/kg) and placebo using a Latin- 
Square design in AD patients (n=28). Blood pressure was 
monitored before treatment, and immediately before and after 
behavioral testing. CLO 2 pg/kg decreased blood pressure, but the 
smaller dose had no significant effect. CLO 0.5 and 2 (ig/kg did 
not affect performance in a test of motor dexterity and speed, 
motor screening. On the contrary, in the big/little circle test that 
requires to follow a simple instruction and to reverse it, CLO 2 p. 
g/kg slowed responding and impaired accuracy. The present results 
show that stimulation of presynaptic alpha2-adrenoceptors with a 
low CLO dose disrupts memory, but at the higher dose CLO 
disrupts attention. We suggest that drugs acting via alpha2~ 
adrenoceptors can modulate cognitive functioning in AD.
Supported by the Finnish Academy of Sciences.

736.16
PSYCHOPHARMACOLOGICAL ACTIONS OF AIT-082
R, Ritzmann* and A.J, Glaskv. Olive View/UCLA Medical Center, Sylmar, CA 
91342 and NeoTherapeutics, Inc., Irvine CA 92618

AIT-082, a unique purine derivative, has been shown to improve memory in 
young adult mice, and to reverse age-induced memory deficits. It has also been 
shown, when given in the drinking water, to delay the onset of age-induced 
memory deficits. These effects were observed across a wide range of doses. In the 
present study we investigated the effects of AIT-082 on a series of behavioral tests 
to evaluate any other effects of this compound. At doses from 0.005 to 60 mg/kg 
there was no effect on exploratory behavior or hot plate latency. Only the highest 
dose produced a decrease in locomotor activity. In a test of motor coordination 
(accelerating Roto-Rod), several doses improved performance. Since the dose 
response curves do not correspond to those where there was the observed effects 
on memory it does not seem likely that AIT-082 is acting through any of these 
mechanisms to improve performance in the memory tests.

We have observed that AIT-082 can reverse amnesia produced by low doses of 
ethanol. To gain some insight into the mechanisms in AIT-082’s mechanism of 
action, we investigated its ability to reverse amnesia produced by several 
compounds which act at specific neuronal systems. These tests were conduced in 
a standard passive avoidance paradigm. Untreated mice will not enter a daik 
compartment in which they were shocked 24 hours earlier. When injected with 
any of the following compounds the mice reentered the dark compartment within 
two minutes. The test drugs were: scopolamine (muscarinic antagonist), 
L-NAME (NO antagonist), NPC 15437 (protein kinase C inhibitor), NBQX 
(AMPA antagonist), MK-801 (NMDA antagonist). AIT-082 blocked the amnesia 
produced by all of these compounds.

NIH 2R44 AG09911

736.17
INCREASED BINDING OF BDNF TO TrkB INDUCED BY THE ANTI-
DEMENTIA DRUG CEREBROLYSIN D. R. Hampson, M. Windisch, and A. 
Baskvs*, Faculty of Pharmacy and Departments of Pharmacology and 
Physiology, University of Toronto, Toronto, Ontario, Canada M5S 2S2, and 
Institute of Experimental Pharmacology, EBEWE Pharmaceuticals Inc., Austria

Clinical studies have demonstrated that the drug Cerebrolysin improves 
cognitive abilities in patients suffering from Alzheimer’s disease. Cerebrolysin 
also induces the outgrowth of neurites in chicken dorsal root ganglion neurons in 
culture. The drug is a complex mixture of peptides and amino acids. The 
mechanism(s) by which the Cerebrolysin improves cognitive functions and 
promotes growth in cultured neurons are unknown, but may involve interactions 
with growth factor receptors.

We have examined the effects of Cerebrolysin on the binding of BDNF to NIH 
3T3 cells transfected with a plasmid coding for the full length TrkB. Cells 
expressing TrkB were incubated with iodine-125 labeled BDNF in the presence 
or absence of Cerebrolysin. Nonspecific [12T] BDNF binding was determined by 
the addition of unlabeled BDNF. Specific BDNF binding was observed in NIH 
3T3 cells expressing TrkB but not in untransfected control cells. A competitive 
interaction of one or more components of Cerebrolysin at the BDNF binding site 
on TrkB was expected to produce an inhibition of [I25I]BDNF binding. However, 
we observed a consistent and significant (p < 0.01) increase in BDNF binding in 
the presence of Cerebrolysin; the average increase in binding was 42 ± 4% (n = 
8) above control values. This effect was not seen in an extract of Cerebrolysin 
containing only the amino acids fraction of the drug. Preliminary experiments 
have indicated that Cerebrolysin does not affect the binding of NGF to TrkA 
receptors expressed in PC-12 cells. The enhanced binding of BDNF to TrkB 
could be caused by a positive allosteric effect of Cerebrolysin on TrkB, or 
alternatively, by an upregulation of TrkB receptors.

Supported by EBEWE Research Initiative.

736.18
TAURINE IMMUNOREACTIVITY IN THE OLFACTORY BULB IN 
ALZHEIMER’S DISEASE. I, L. Kratskm*, X. Yu, J. 0. Troianowski and 
R. L. Doty. Univ. of Pennsylvania Sch. of Med., Philadelphia, PA 19104.

Degeneration of neurons displaying taurine immunoreactivity (taurine IR) 
and decreased levels of taurine in cerebrospinal fluid have been reported in 
Alzheimer’s disease (AD). The olfactory system is known to be damaged in 
AD, and in many patients, severe histopathological changes occur in the 
olfactory bulb. In our previous study in the rat olfactory bulb, where the 
taurine content is very high, taurine IR was localized in olfactory axons and 
different types of neurons. There is no information concerning taurine IR in 
the human olfactory bulb. In the present study, we compared the distribution 
of taurine IR in postmortem bulbar tissue from AD patients and age-matched 
controls. No differences in immunostaining of peripheral layers, containing 
axons of sensory neurons, were observed between groups. In the deeper 
layers, immunolabeled puncta and taurine-IR cell bodies of different sizes, 
with relatively long processes, were found in the control group. Large 
somata, believed to be mitral/tufted cells, were dispersed in the external 
plexiform layer. Small neuron-like and glia-like cell bodies were located in 
the granule cell layer. Compared to age-matched controls, a strikingly low 
level of immunolabeled puncta and a negligible number of taurine-IR cells 
were found in these layers in AD patients. Instead, numerous taurine - 
immunonegative cell bodies were observed in the granule cell layer. 
Alterations of taurine IR in AD likely reflect both the loss of taurine- 
containing cells and impairments of taurine production in the olfactory bulb.

Supported by NIH research grant 5 PO1 DC 00161 from the National 
Institute on Deafness and Other Communication Disorders.
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736.19
NITRIC OXIDE SYNTHASE ACTIVITY AND [3H]L-NGNITROARGININE 
BINDING IN CONTROL AND ALZHEIMER’S DISEASE BRAIN C. O’ 
Neill* L M. Kenny k R. WalshL R. Ravid3 and M. Kelliher 1 Department of 
Biochemistry, University College, Lee Makings, Cork, Ireland. 2The Netherlands 
Brain Bank, Meibergdreef 33,1105 AZ, Amsterdam. The Netherlands.

Nitric oxide (NO) is synthesised enzymatically by nitric oxide synthase (NOS) 
and has been proposed as a mediator of neurodegeneration. The present study 
measured total NOS activity in particulate and soluble fractions prepared from the 
medial temporal cortex and cerebellum of a series of matched control (n=8) and 
Alzheimer's disease AD (n=8) post-mortem brains, and also used [3H]L-NG- 
Nitroarginine (NA) binding as a measure of nNOS in soluble fractions prepared 
from the temporal cortex of a separate series of control (n=6) and AD (n=7) 
brains. At lpM arginine substrate NOS activity was reduced by 29% (P<0.001) in 
the soluble fraction from the medial temporal cortex of AD compared to control 
brains, but was unchanged in any of the other fractions when comparing groups. 
Kinetic analyses of NOS activity in the temporal and cerebellar soluble fractions 
revealed no significant difference in the Km and Vmax values for NOS activity 
(Km =12.8 ±4.7pM + 11.3±2.8pM; Vmax = 99.6±21 + 78.8±16 pmol/min/mg, 
temporal cortex control and AD respectively and Km = 4.8±0.8pM; 8.2±1.6pM ; 
Vmax = 65.1±5 + 73.6±8 pmol/min/mg cerebellum control and AD respectively). 
On the other hand [3H]NA binding kinetics revealed significantly reduced (P =
0.003) levels of binding in the AD samples compared to control values Bmax=205 
fmol/mg and 79.7 fmol/mg for control and AD cases respectively. These results 
suggest alterations in aspects of NOS activity and function in AD brain.

Supported by The Alzheimer Society of Ireland

736.20
CHANGES IN G-PROTEIN oo SUBTYPE LEVELS DETECTED IN
ALZHEIMER’S DISEASE PREFRONTAL CORTEX AND HIPPOCAMPUS.
L.E.Harrell*. K.Kolasa. Alzheimer’s Disease Center, VA Med.Ctr.and University of 
Alabama at Birmingham Med Ctr ^Birmingham, Alabama 35294

Changes in cell-membrane composition has recently been suggested to constitute a 
major molecular mechanism of Alzheimer’s Disease (AD), in which G-proteins 
appear to be important contributor factors. Changes in level and function of G- 
proteins in AD have been reported as well as their impairment in coupling of 
muscarinic receptors to phosphoinositide hydrolysis. Among different types of G- 
proteins, Go-protein has been studied recently in human AD brain tissue and was 
reported to be impaired in AD. Go protein is the most abundant G-protein in the 
brain and is particularly rich in the hippocampus and prefrontal cortex. Since both 
of these brain areas are involved in the pathology of AD, Go protein appears to be 
implicated in this disease. The family of Gao proteins consists 3 of splice variants, 
aol,ao2 and ao3, which can be electrophoretically detected in mammalian brain. 
Monoclonal antibody recognized three distinct bands at 39-42 kDa. The 3 different 
forms of Go probably occurs due to differences in the carboxyl terminal third of the 
molecule, which is the region responsible for interaction with receptors and effectors. 
To determine whether differences in Go occur in AD, postmortem brain tissues were 
obtained from control (C) and AD patients. Ages of subjects ranged from 67-90 and 
61-76(average 77 and 67) and postmortem intervals ranged from 2.5-20 and 6-14.5 
hrs(average 9hrs) for AD and C brains, respectively. Western blot analyses using 
monoclonal antibody specific for Goo protein recognized 3 different Gao subtypes 
which were detected in prefrontal cortical and hippocampal membranes. In cortical 
membranes of AD patients densities of Gol and Go3 were decreased, while no 
changes were observed in Go2 density, in comparison with C. There were no 
alterations in Gao in AD membranes from hippocampus. In conclusion, our results 
suggest that G-protein abnormalities found in AD may be due to different levels of 
Go protein subunits.

736.21
ELEVATED ADENOSINE MONOPHOSPHATE DEAMINASE 
ACTIVITY IN THE BRAINS OF SUBJECTS WITH 
ALZHEIMER'S DISEASE. B. Sims. R. E. Powers*. R. L. Sabina®, and 
A.B, Theibert*. Depts. of Neurobiology and * Pathology, University of Alabama 
School of Medicine, Birmingham, AL 35294 and @ Dept. of Biochemistry, 
Medical College of Wisconsin, Milwaukee, WI 53226.

Abnormal elevations in ammonia have been implicated in the pathogenesis of 
Alzheimer's Disease (AD). Adenosine monophosphate deaminase (AMP-D), an 
important enzyme in the regulation of the purine nucleotide cycle, converts AMP 
to inosine monophosphate and ammonia. AMP-D may be an important target for 
phosphoinositide second messengers since we have demonstrated it contains a PH 
domain and is potently inhibited by phosphatidylinositol-4,5-bisphosphate (PIP2). 
We have investigated the activity of AMP-D in post-mortem brains from 22 
Alzheimer’s disease patients relative to 20 age matched controls. In the occipital 
lobe and cerebellum of AD patients, AMP-D activity is significantly elevated 
over the activity in the controls. The enzymatic activity of both soluble and 
membrane-associated forms of AMP-D are increased between 78 - 146 % in 
patients with AD. In addition, immunoblot analysis shows increased AMP-D 
protein in AD brain, suggesting that the activity increase is due to increased 
expression. Consistent with the increase in activity and protein levels, RNase 
protection assay shows an increase in the mRNA levels of AMP-D in AD brain. 
Immunocytochemistry demonstrates AMP-D is expressed in both neurons and 
glia cells in primary hippocampal preparations. These results suggest that 
disruption of AMP-D regulation could contribute to aberrant control of ammonia 
production in AD.
This work was supported by National Institutes of Mental Health Grant 
R29MH50102 to ABT.
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737.1
BEHAVIORAL EFFECTS OF RTI-113, A DOPAMINE UPTAKE 
INHIBITOR, IN MPTP-TREATED MONKEYS. D. Levesque*. T.J.

Research Center and Deptartment of Neurology, Emory University, 
Atlanta, GA 30322.
Current antiparkinsonian therapies focus on replacing dopamine via 

precursor (L-DOPA) administration or directly stimulating postsynaptic 
dopamine receptors with dopamine agonists. We evaluated the behavioral 
effects of a novel, potent dopamine uptake inhibitor in two parkinsonian 
monkeys. RTI-113 is a selective dopamine uptake inhibitor that readily 
gains access to the brain following systemic administration. Two stable, 
bilateral MPTP-treated rhesus monkeys received systemic intramuscular 
injections of RTI-113 (0.3mg/kg) plus vehicle (saline) or injections of the 
vehicle alone. Behavior was videotaped for 10 minutes at hourly intervals 
for four hours post treatment. In addition to recording spontaneous motor 
behavior, each videotape segment contained the monkey’s defensive 
response to the investigator approaching the cage, and the monkey’s 
ability to retrieve and manipulate small pieces of food. Videotapes were 
scored blindly using a slightly modified version of the Monkey 
Parkinsonism Rating Scale published previously (Kurlan et al, Mov 
Disord, 6:111). Compared to vehicle, RTI-113 administration resulted in 
amphetamine-like behaviour: both animals were restless, hyperactive, 
hypervigilant, curious, circling and showed appetite suppression. We 
observed no antiparkinsonian effects per se under these conditions. The 
clinical rating score for parkinsonian features didn’t show any difference 
from saline sessions. Further studies of dopamine uptake inhibitors in 
parkinsonism are under way to test the potential clinical relevance of such 
therapies in Parkinson’s disease. (Supported by a Mallinckrodt Scholar 
Award and NS33779)

737.2
CHRONIC L-DOPA TREATMENT IMPROVES THE MOTOR COORDINATION 
AND PREVENTS THE NEOSTRIATAL SINAPTIC DERANGEMENT IN RATS 
BEARING UNILATERAL DOPAMINE DENERVATION. F. Garcia-Hernandez*, 
N, Manzano-Ledn, M.A. Rendon, E. Montiel-Flores, J. Espinosa-Villanueva and
V. Anaya-Martinez. Neurociencias. ENEP Iztacala, UNAM. Tlalnepantla, Mexico.

Motor coordination tests and computerized electron micrograph analysis were 
used to evaluate the effects of chronic daily oral L-p-3,4-dihydroxy-phenylalanine
(L-DOPA) administration in male Wistar rats with unilateral 6-hidroxydopamine 
(6-OHDA) injection into the medial forebrain bundle (MFB). Striatal dopamine 
denervation was evaluated by apomorphine (0.25 mg/Kg) induced rotation, while 
the motor coordination was tested with the narrow uphill beam test. Control 
animals which received vehicle injections into MFB and were orally treated with 
water, exhibited no induced rotation and high motor coordination rates along the 
2 months testing period. After surgery, 6-OHDA injected rats exhibited more than 
200 turns /30 minutes when challenged with apomorphine and were further divided 
into 3 groups. Rats in group A, orally treated with water for 60 days after surgery, 
showed a continuously increasing number of turns and very low coordination rates. 
Group B was treated with L-DOPA (50 mg/Kg) for 30 days, one month after 6- 
OHDA lesion and although the number of turns also continuously increased, their 
motor coordination improved right after L-DOPA treatment was started. The rats 
in group C were treated with L-DOPA (50 mg/Kg) for 60 days after lesioning. The 
induced turning of these rats showed no reduction, still their motor coordination 
was drastically improved from the beginning of treatment. The computerized 
electron micrograph analysis performed in 50 sinaptic endings profile per rat, 25 
from the ipsilateral and 25 contralateral striatum, revealed a dramatic increase of 
the endings area in the ipsliateral dopamine denervated striatum of group A. 
Surprisingly no swelling of the sinaptic endings was observed in dopamine 
denervated striatum of the L-DOPA treated rats.

SUPPORTED BY PAPIIT IN-205694, DGAPA. UNAM.
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737.3
THE NICOTINIC RECEPTOR AGONIST SIB-1508Y, BUT NOT LEVODOPA, 
IMPROVES COGNITION IN CHRONIC MPTP-TREATED MONKEYS WITH 
AND WITHOUT MOTOR DISABILITY. M. Van Velson, J. Tinker, G.K, Lloyd* *, 
F, Menzaghi* and J.S. Schneider. Dept. of Neurobiol. and Anat., Allegheny Univ., 
Philadelphia, PA 19102; #SEBIA Neurosciences, Inc., La Jolla, CA 92037.

While several reports suggest that nicotine, due to effects on presynaptic dopamine 
release, has activity on the motor symptoms of Parkinson’s disease (PD), nicotine 
effects on cognitive deficits associated with PD are unknown. In the present study, 
the effects of the nicotinic acetylcholine receptor agonist SIB-1508Y and levodopa 
(L-Dopa) on cognitive deficits in chronic low dose MPTP-treated monkeys, some 
motor asymptomatic and some with motor disability superimposed on cognitive 
deficits, were evaluated. After receiving periodic MPTP injections over 38 to 97 days, 
3 monkeys developed deficits in variable delayed response and delayed matching-to- 
sample performance in the absence of gross motor deficits. SIB-1508Y caused a 
dose-dependent improvement in performance of both tasks: L-Dopa had no 
significant effects on task performance. Nicotine was inactive at sub-emetic doses. 
Three other monkeys, with moderate parkinsonian motor symptoms superimposed on 
earlier cognitive deficits, were evaluated on a previously learned object retrieval task. 
L-Dopa, at the highest dose tested (15 mg/kg), improved motor aspects of task 
performance but did not improve cognitive aspects of the task. A low dose of SIB- 
1508Y alone (1 mg/kg) did not significantly reduce cognitive errors or improve 
motor aspects of task performance. The combination of SIB-1508Y (1 mg/kg) with 
low, ineffective doses of L-Dopa (2.5-5 mg/kg) resulted in significant improvements 
in both the motor and cognitive deficits. In view of previous data showing that SIB- 
1508Y potentiates the motor therapeutic response to L-Dopa in parkinsonian 
monkeys, SIB-1508Y may be a useful treatment for L-Dopa resistant cognitive 
deficits as well. Supported by SIBIA Neurosciences, Inc., NIH grant MH-46531 and 
the Smokeless Tobacco Research Council, Inc.

737.4
GDNF TREATMENT AMELIORATES ROTATIONAL ASYMMETRY 
BUT NOT SKILLED LIMB USE DEFICITS OR SENSORY 
INATTENTION IN UNILATERAL 6-OHDA-LESIONED RATS. V. 
Peacock and J. S. Schneider*. Dept. of Neurobiol. and Anatomy, 
Allegheny University of the Health Sciences, Philadelphia, PA 19102.

Glial cell line-derived neurotrophic factor (GDNF) has been shown to 
protect DA neurons from various types of insults in vitro and in vivo. 
Injections of GDNF directly into the substantia nigra (SN) can rescue rat 
SN neurons from death induced by toxin administration and cause long-
term increases in tyrosine hydroxylase (TH) expression. In almost all in 
vivo studies in rats, “behavioral recovery” is assessed by the ability of 
GDNF to decrease the number of rotations made in response to 
apomorphine or amphetamine administration after unilateral 6-OHDA 
lesion. Although skilled motor activity is not emphasized in most 
experimental studies, it is one of the most common aspects of Parkinson’s 
Disease. Thus, the present study was designed to assess the effects of DA 
depletion and GDNF treatment on skilled forelimb use and sensorimotor 
behavior in rats with unilateral 6-OHDA lesions. Intranigral infusion of 
200 pg GDNF significantly reduced apomorphine-induced rotational 
asymmetry whereas in the same animals, neither skilled forelimb use (paw 
reaching) nor sensory inattention were improved. GDNF treatment did not 
cause any significant increase in striatal dopamine levels but did increase 
levels of local TH activity in the SN ipsilateral to the GDNF infusion. 
These results suggest that although GDNF-induced partial restoration of 
local dopamine levels in the SN may improve gross locomotor activity, it is 
insufficient to restore complex sensorimotor behaviors. These data suggest 
that at least some degree of striatal reinnervation is necessary to restore 
sensorimotor performance in dopamine depleted animals. Supported by 
Amgen, Inc. and the F. M. Kirby Foundation.

737.5
A COMPARISON OF DIFFERENT TESTS TO EVALUATE POTENTIAL ANTI- 
PARKINSON AGENTS IN MPTP-TREATED CYNOMOLGUS MONKEY. C.L. 
Christoffersen*, D. Johnston, and L.T. Meltzer. Parke-Davis Pharmaceutical Research, 
Division of Warner-Lambert Company, Ann Arbor, MI 48105.

The dopamine neurotoxin MPTP has been used extensively to produce various 
Parkinson models in primates. By using both hemi- (HP, MPTP 4 mg/monkey, injected 
unilaterally into the carotid artery) and full (FP, MPTP 0.5 mg/kg, injected s.c. weekly 
for multiple weeks) Parkinson monkeys, we have developed a set of behavioral 
observations and tasks to evaluate a test agent’s anti-Parkinson activity.

HP monkeys (n=3) were evaluated by assessing their Parkinson signs (PS) and 
counting rotational behavior. FP monkeys (n=2) were evaluated using an activity 
monitor placed in a jacket worn by the monkey and by assessing PS. Despite using a 
standard MPTP treatment for each model, individual monkeys showed varying degrees 
of Parkinsonism and the test agents produced varying responses in the different 
behavioral paradigms. For example, in HP monkeys, PS ranged from complete to 
almost no loss of function of the contraversive limb and from spontaneous to almost no 
ipsiversive rotation. L-Dopa 25 mg/kg PO induced contraversive rotation in all HP 
monkeys while some monkeys rotated in response to either SKF 81297, 0.3 mg/kg IM, 
or quinpirole, 0.01 mg/kg SC, only one monkey rotated to both. A similar range of PS 
was observed in the FP monkeys, one monkey had severe intentional tremor and 
akinesia, while the other had mild but stable tremor with mild akinesia. L-Dopa 
increased locomotor activity in 1 of 2 FP monkeys. In the monkey whose monitor 
registered a decrease in activity, this was attributed to a reduction in tremor intensity. 
All agents improved PS in both HP and FP monkeys. Because of the variability 
between monkeys, it is important to evaluate new anti-Parkinson agents with a variety 
of behavioral measures in either HP or FP monkeys. Supported by Warner-Lambert.

737.6
AKINESIA/BRADYKINESIA, RIGIDITY, TREMOR AND COGNITIVE 
DEFICITS IN YOUNG AND MIDDLE-AGED RATS WITH PARTIAL 
BILATERAL DOPAMINE DEPLETIONS OF THE VENTROLATERAL 
STRIATUM, MR Hoane*, MA Plone, CK Cain, H Liu, TJ Blaney, B Frydel, 
DF Emerich, MD Lindner, CytoTherapeutics Inc., Four Richmond Square, 
Providence, Rl, 02906.

In Parkinson’s disease (PD), nigrostriatal dopaminergic degeneration, 
especially in the putamen, leads to the characteristic diagnostic symptoms 
- akinesia/bradykinesia, rigidity, and tremor. Cognitive deficits have also 
been reported, even in early PD. The objectives of the present study were 
to determine if akinesia/bradykinesia, rigidity, tremor and cognitive deficits 
could be detected in rats with partial bilateral dopamine depletions of the 
ventrolateral striatum (VLS) which is analogous to the putamen in humans. 
Young (3mo) and middle-aged (11 mo) rats received bilateral 6-OHDA 
infusions into the VLS. These partial VLS dopamine depletions produced: 
(1) akinesia/bradykinesia - decreased bar-pressing during a 20min fixed- 
ratio (FR10) reward schedule, (2) rigidity - decreased postural adjustments 
as rats are pushed laterally across a smooth surface, (3) resting tremor - 
increased vacuous jaw movements of 3-5Hz, and (4) cognitive deficits in 
the reference memory and repeated acquisition versions of the spatial 
learning Morris water maze. These results demonstrate that the major 
behavioral deficits exhibited by PD patients can be simulated in rodents, 
and that middle-aged rats with partial, bilateral dopamine depletions may 
represent a more appropriate rodent model of early Parkinson’s disease, 
which could be especially useful for assessing the therapeutic potential of 
growth factors. Funded by CytoTherapeutics, Inc.

737.7
INITIAL BEHAVIORAL DEFICITS AFTER NIGRO-STRIATAL 
DOPAMINE DAMAGE CAN SERVE AS INDICATORS OF LESION 
SEVERENESS. J, Fornaguera* and R.K.W. Schwarting*, *Depto. 
Bioquimica, Escuela de Medicina, Universidad de Costa Rica, San Josd, 
Costa Rica; Institute of Physiological Psychology I and Center for Biological 
and Medical Research, University of Diisseldorf, Diisseldorf, Germany.

When investigating the relationships between experimental brain lesions 
and behavior, the initial period after lesion is often discarded, since it is 
assumed that possible behavioral changes within this early period might be 
due to unspecific methodological factors like surgery or anesthesia. At least 
in case of unilateral 6-OHDA lesions of the nigro-striatal dopamine (DA) 
system, this is not the case: we have previously shown that the occurrence 
and degree of lateralized deficits in undrugged behavior (turning, scanning) 
within the first days after lesion is closely related to the degree of neostriatal 
DA depletion (Fornaguera et al., Brain Res. 664’94, 178-188). In fact, 
behavioral analyses within later post-lesion periods (after one week) would 
not provide such specific differentiations, since animals with partial DA 
depletions have then recovered from their deficits. Here, we present further 
data from a detailed behavioral analysis within the 1st post-operative week 
which shows that unilateral 6-OHDA lesions not only result in behavioral 
asymmetries, but also lead to deficits in rearing behavior (and locomotion, 
Fornaguera et al. NeuroReport 6’94, 173-176) which are correlated with the 
degree of striatal DA depletion. In contrast, grooming behavior is only 
weakly affected. Thus, these unilateral 6-OHDA lesions produce a syndrome 
of behavioral changes within the first days, the occurrence, degree and time 
course of which are dependent on the extent of striatal DA loss.

737.8
HOMONYMOUS HEMI-SPIRAL ABNORMALITIES IN PATIENTS WITH 
PARKINSON’S DISEASE. Q.P, Yu,* S.L. Pullman, S. Fahn and S.F. Pedersen. 
The Neurological Institute of New York, Columbia-Presbyterian Medical 
Center, New York, NY 10032.
Written spirals can be used to exam fine motor behavior in patients with 
Parkinson’s disease (PD). However, no standards have been established to 
quantify disease severity using spirals in PD, nor have spirals been shown to 
elucidate specific motor dysfunction in these patients. We developed a spiral 
analysis technique using a microcomputer and digitizing tablet that grades 
disease severity in both hands as well as calculates force differences between 
left and right hemi-spirals for each hand. Twenty patients aged 37-82 years 
(63.7 ± 10.7, mean ± SD), whose written spirals (62 trials) evaluated 
consistently as right hand worse (RW) or left hand worse (LW) PD by both 
standard clinical rating scales and our mathematical rating procedure, were 
compared to 8 age-matched control subjects aged 32-73 years (51.9 ± 13.9). 
All subjects executed a series of visually-guided written spirals within a 10x10 
cm square on a digitizing tablet sensitive to pen force (2.5 gm/unit tablet 
pressure). Results show that for 17 (85%) of the patients, the combined mean 
left hcmi-spiral force in LW cases with the mean right hcmi-spiral force in 
RW cases (216.58 ± 138.87 gm) was significantly lower than the combined 
mean opposite hcmi-spiral force (233,9 ± 127.25 gm, p<0.05, t-test). In normal 
subjects, the differences between hemi-spiral forces for both hands were 
insignificant (138.42 ± 95.5 gm, 139.92 ± 95.74 gm, p>0.1). Additionally, 
clinically unaffected hands in PD patients revealed lower force hemi-spiral 
abnormalities corresponding to the affected side. These results suggest that 
there arc specific lateralizing homonymous force abnormalities in both hands 
in PD patients when executing written spirals that reflect asymmetry in 
accordance with clinical disease, analogous to visual field abnormalities in 
both eyes with post-commissural lesions. This finding may represent a novel 
and potentially diagnostic indicator of motor disability in PD.
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737.9
THE EFFECT OF EARLY-CUEING ON POINTING MOVEMENTS IN 
PARKINSONIAN PATIENTS. K, A. Stewart1*. W. Dittrich1, M. Hawken k L. 
Henderson1. S. Jackson2, and C. Kennard1. 'Div. of Neuroscience, Imperial College 
Sch. Med., Charing Cross Hospital, London, W6 8RF, UK. 2Sch. Psychol., Univ. 
Wales, Bangor, LL57 2DG, UK.

Aim: Motor control in patients with Parkinson's disease (PD) seems abnormally 
dependent on visual information. This study compared temporal availability of 
visual information on two types of pointing movement. Method: Six PD patients 
(PG) and six age-matched controls (CG) participated in the study. Subjects were 
instructed to point with their index finger either to a target (pro-point) or to the 
location diametrically opposite to the target (anti-point). The targets were displayed 
at different locations on a computer screen. Pointing movements were studied under 
four conditions in which the temporal availability of the visual cue changed. 
Information on the target location and direction of the movement was either given in 
advance (early-cued) or just prior to movement onset (late-cued). Results: The PD 
group differed from age-matched controls on two parameters: longer movement 
duration (PG: 866ms; CG: 697ms; F=7.889; p.<.05), and longer time to maximum 
speed (PG: 303ms; CG: 232ms; F=6.805; p.<.05). In the early-cued conditions 
(compared to late-cued) both groups showed significantly shorter latencies, longer 
movement durations and slower maximum speeds for both point types. In addition, 
significant kinematic differences in latency, maximum speed and time to maximum 
speed were found between a pro and anti-point. Maximum deceleration showed a 
three-way interaction between group, condition and point type. Conclusion: The 
PD group showed slow pointing movements. The timing of the cue affects the 
pointing movement in both groups and the kinematics of a pro and anti-point differs 
in the early-cued conditions. The observations are discussed in relation to the 
importance of preparatory processes in motor control, in contrast to visual feedback. 
Supported by the Wellcome Trust.

737.10
UTILITY OF QUANTITATIVE GAIT ANALYSIS IN THE EVALUATION OF 
PHYSICAL AND SURGICAL TREATMENT METHODS IN PARKINSON’S 
DISEASE. M.R. Wells*. A, Bosak. T, Scandalis, E. Fazzini, S, Giantinoto. J.M. 
Boeller and P.J Dowling. Biomechanics Laboratory, N. Y. College of Osteopathic 
Medicine, Old Westbury, N.Y.

Idiopathic Parkinson’s disease results in a variety of motor deficits including 
profound effects on gait. The analysis of gait analysis may therefore offer a reliable, 
quantitative method for the evaluation of treatments for Parkinson’s disease. Patients 
with a prior diagnosis of idiopathic Parkinson’s disease received either a 12 week 
course of neuromuscular re-education physical therapy, a single session of 
osteopathic manipulation or, in a single case study, a MRI guided unilateral ventral 
pallidotomy. In all treatment paradigms, patients were subjected to an analysis of 
gait before and after treatment using a kinematic movement analysis computing 
system (Peak Performance Technologies, Inc.) with a single camera recording in a 
sagittal plane. Statistically significant improvements (p<0.05 criteria) in primary 
gait parameters (stride length, linear velocities) were observed in patients who 
received a program of neuromuscular re-education compared to pretreatment 
measurements. Significant improvements in gait parameters were also detected after a 
single session of osteopathic manipulation therapy compared to pretreatment values 
and normal subjects. A dramatic improvement in gait measurements was also 
observed after unilateral ventral pallidotomy. Most changes appeared related to an 
increase in the velocity of movement in both the upper an lower limbs. The data 
suggest that quantitative gait analysis may be useful in the development and 
evaluation of physical treatment and surgical methods designed to improve motor 
function and maintain the quality of life in patients with Parkinson’s disease. 
Supported by the New York College of Osteopathic Medicine.

737.11
DEFICITS IN SENSORIMOTOR TRANSFORMATIONS IN 
PARKINSON’S DISEASE. S. Adamovich, M. Berkinblit, G Feldman, W 
Hening, and H. Poizner*. Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ

Early studies performed in this and other labs had suggested that 
Parkinson’s Disease patients (PDPs) might have difficulty integrating 
visual and proprioceptive information in the process of producing 
accurate targeted movements. Using a three dimensional pointing task in 
which PDPs can perform normally when full sensory information is 
available, we have varied visual information from the target and the 
pointing finger in order to isolate those aspects of cross-modality 
integration that are deficient in PDPs. 5 PDPs (Hoehn & Yahr Stages II 
and III) and 5 comparably aged controls participated in this study. All 
trials were performed in the dark. A robot arm presented a lit target to 
one of an array of 5 points in space. Subjects attempted to “touch” the 
target with their right finger in one smooth movement under 3 conditions: 
target, the target light remained illuminated throughout the trial; finger, a 
light on the finger was visible during the movement, while the target light 
was extinguished; and dark, no lights were on during the trial. In finger, 
there is no need to use cross-modality integration, while target requires 
concurrent integration and dark, integration between a current 
proprioceptive and remembered visual frame. PDPs were significantly less 
accurate in both the dark and target conditions, but had comparable 
accuracy to controls in the finger condition. Furthermore, unlike 
controls, the PDPs showed no greater accuracy in the target than in the 
finger condition. Thus, PDPs are selectively impaired in the production 
of accurate pointing movements when accuracy requires integration of 
visual and proprioceptive information. Supported by NIH Grant 5 R01 
NS 28665-07 and by a grant from the Russian Fund for Fundamental 
Studies

737.12
Gait and Oxygen Consumption Studies in Parkinson’s Disease - Anthony 
M. Iannone, M.D.*, Dan E. Olson, M.D., Sandra Woolley, Ph.D., Julie 
Commager, B.E., Division of Neurology, Division of Pulmonary 
Medicine, Physical Medicine and Rehabilitation, Medical College of 
Ohio, Toledo, Ohio 43699-0008 - There is controversy concerning the 
energy consumed by Parkinson’s patients. Toth reports a decrease in total 
24 hour energy consumption in PD patients compared to a normal control 
group. Webster has measured the amount of work required to move a 
limb through 170 degrees of flexion/extension and found that PD patients 
perform more work, 35 to 75 inch pounds to 2 inch pounds in normal. 
Accurate measures of gait were needed. This was done in our gait 
laboratory where we calculated work done by PD patients with Kinematic 
Analysis system and gait tracking software and compared this data to our 
normal gait lab population.

We first compared kinematics analysis to quantitate gait velocity. 
There was significant slowing of gait in all patients. We calculated work 
using work = (2.23) + (1.2)(V2)Mass). Slowed velocity should thus mean 
that PD patients do less work in walking than do normal controls. We 
then measured oxygen (O2) consumption in 9 PD patients, and found 
normal consumption at rest, an increase in O2 consumption on standing, 
and increased O2 consumption on walking. In summary, when PD 
patients are active, they work harder than normal patients, which explains 
why they fatigue.

737.13
EFFECTS OF ELECTRICAL STIMULATION IN THE ANTERIOR MOTOR 
THALAMUS ON RIGIDITY, TREMOR AND BRADYKINESIA IN PARKINSONIAN 
MONKEYS. T. Hashimoto, M.R.DeLona and J.L. Vitek . Dept. of Neurology, Emory 
Univ. Sch. of Med., Atlanta, GA 30322.

To examine the role of the motor thalamus in the development of parkinsonian motor signs 
we studied the effect of electrical stimulation in the anterior motor thalamus on tremor, rigidity 
and bradykinesia in parkinsonian monkeys. Two pigtail monkeys were rendered parkinsonian 
by the neurotoxin l-methyl-4-phenyl-l,2,3,6-tetrahydropypridine (MPTP). A metal chamber 
was anchored over the cerebral hemisphere in each animal. In the first animal a chronic 
stimulating electrode was implanted through the chamber in VLo. High-frequency stimulation 
(>100Hz) reduced muscle tone, induced a 5Hz resting tremor and worsened bradykinesia on the 
side contralateral to the stimulation. Tremor induced by high frequency stimulation was 
suppressed by systemic apomorphine administration. Single cell recordings during stimulation 
showed that the firing frequency increased in VLc and the reticular nucleus, but decreased in 
VLo, VA and lateral portions of VPLo. In the second animal the effect of microstimulation 
(300 Hz; upto 300 pA) in a number of sites in the subthalamic nucleus and subthalamic area 
ventral to VLo was examined for its effect on tremor, rigidity and bradykinesia. The threshold 
for symptomatic changes were assessed at each site. Low-threshold sites for tone reduction 
were distributed throughout the mediolateral extent of the subthalamic area (not STN), 
however, the sites for tremor induction were located predominantly in the area just ventral to 
VLo. These results are consistent with the proposal of fticntionally segregated pallido- and 
cerebellothalamocortical pathways, each of which provides a differential contribution to the 
development of tremor, rigidity and bradykinesia.

Supported by NIH grant R-29NS30719 and a grant from Medtronic Inc., Neurological 
Division.

737.14
THE EFFECTS OF L-DOPA REPLACEMENT ON LOCOMOTION IN THE 
AS/AGU MUTANT RAT. J.M. Campbell, C.Tsang, J.Weir, R.G.Sutcliffe, 
R.W.Davies,* D.A.Russell, N.K.Bennett, D.P.Gilmore, A.P.Payne. Institute of 
Biomedical and Life Sciences, Glasgow University, Glasgow G12 8QQ, UK.

The AS/AGU rat is a spontaneous mutation from Albino Swiss (AS) stock, 
characterised by an ungainly, wide, staggering gait, hindlimb rigidity, whole body 
tremor and difficulty in initiating movement; it exhibits decreased TH-ir cells in the 
substantia nigra pars compacta (Clarke & Payne, Eur. J. Neurosci. 6, 885-888, 1994) 
and reduced dopamine (DA) levels within the dorsal and lateral caudate-putamen as 
measured by micropunch/HPLC-ECD (Campbell et al. Neurosci. Lett. 213, 1-4, 
1996) and by microdialysis. Male AS and AS/AGU rats aged 6 and 12 months 
received either L-DOPA (25 mg/ kg/day + benserazide) or saline for 4 weeks and 
were tested at weekly intervals in a series of locomotor tests. At both ages, AS/AGU 
rats were significantly worse than AS controls at a) mid-air righting within a vertical 
distance of 50cm b) walking down an inclined ramp c) initiating movement when 
placed in the centre of a novel circular arena laid out in 10cm concentric rings and d) 
the time difference between crossing the 10cm and 20cm lines. L-DOPA 
administration resulted in a significant improvement in the performance of all four 
measures in AS/AGU rats aged 6 months and in all measures save d) in rats aged 12 
months. At the termination of testing, dopamine levels were measured by micropunch 
and HPLC-ECD in four striatal areas. Dopamine levels were higher at 6 months than 
12 in all areas in both control and mutant animals. In two areas - the dorsal and lateral 
caudate-putamen - AS/AGU rats had significantly lower dopamine levels than AS 
controls at both ages, while no deficiencies occurred in the ventral or anterior caudate- 
putamen. L-DOPA treatment of AS/AGU rats in both age groups restored striatal 
dopamine levels to normal in the deficient regions.
Funded by the Medical Research Council & Parkinson’s Disease Society.
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737.15
CORRELATIONS OF MOTOR BEHAVIOR AND F-DOPA PET 
SCAN IN AGED MONKEYS. M.E.Emborg*1, J.E. Holden2, W.D. 
Brown* M. Taylor2, and J.H. Kordower1. ‘Dept. Ncurol.Sciences, Rush 
Univ.,Chicago, IL 60612; “Dept. Med. Physics, Univ. of Wisconsin, 
Madison, WI 53706

Striatal dopamine function decreases with age and is greatly 
diminished in patients with Parkinson’s disease (PD). While the role of 
dopamine dysfunction is well established in PD, the effect of diminished 
striatal dopamine upon motor performance as a function of age is less 
well understood. The present study correlated motor function (general 
activity; pick-up test; and Parkinsonian rating scale) with fluorodopa (F- 
DOPA) uptake on PET scan in aged monkeys. Six aged Rhesus monkeys 
(26-28 years old; 2 females, 4 males; 5.1-13.7 kg) served as subjects. 
One hour following pretreatment with carbidopa (2 mg/kg, p.o.) F- 
DOPA was injected intravenously at target dose 5 mCi. The uptake rate 
constants (Kc; 1/min) within the striatum were evaluated with occipital 
cortex serving as the input function. The rating scale revealed that most 
monkeys presented with stooped posture, moderate to mild hypokinesia 
and bradykinesia, and tremor. The rating scale deficits correlated with 
deficits on the pick-up test (r*=0.964). Administration of L-DOPA (20 
mg/kg IM) to the 6 animals only improved one monkey’s rating score 
as well as his time in the pick up test (P<0.05). F-DOPA uptake within 
the striatum ranged from 0.0053 Kc (1/min) to 0.0067 Kc (1/min) 
Monkeys displaying the highest F-DOPA uptake on PET scan 
demonstrated the lowest PD rating scale score, the highest day-night 
activity, and the fastest pick-up test times. Our results suggests that the 
age-related variations in striatal F-DOPA uptake may reflect functional 
motor performance and the manifestation of parkinsonian-like signs. 
(Supported by Private Donation)

737.16
ANALYSIS OF LIMB USE BY UNILATERAL DA-DEPLETED RATS 
IN THE STAIRCASE TEST: EVIDENCE FOR MULTIPLE 
COMPENSATORY STRATEGIES. N.C. Woodward, E.L. Miklyaeva,
S.M. Pellis* and I.O. Whishaw. Dept. of Psychology, Lethbridge, 
Alberta, Canada, T1K 3M4.

Damage to the nervous system results in impairments in skilled 
movements that can be assessed using tasks that require independent 
limb use, such as the Montoya staircase test. Using this test it has been 
shown that rats with unilateral cortical lesions or unilateral lesions of 
the nigrostriatal dopamine (DA) system are impaired in using their 
contralateral to lesion limb (bad limb) but display improvement when 
given therapeutic treatments such as transplants of fetal tissue. As there 
has been no detailed assessment of how animal perform in this task, the 
present study combined end point measures (success) with detailed 
behavioral measures based on Eshkol-Wachman movement notation. It 
is confirmed that rats with unilateral DA-depletions are impaired in 
using both their bad and good paw in retreiving food. Behavioral 
observations showed that the DA-depleted rats used a variety of 
compensatory strategies that increased success in retrieving food pellets 
on the stairs located on the bad side of their body and decreased 
success in retreiving food pellets on the good side of their body. When 
success produced by compensatory adjustments were subtracted from 
scores of total success, however, the DA-depleted rats were found to 
show no overall recovery. The results confirm that the staircase test is 
sensitive to unilateral loss of DA and show that if behavioral measures 
are combined with end point measures, processes of impairment, 
recovery, and compensation can be dissociated.
Funded by NSERC (Canada) to IQW.

737.17
DO OROFACIAL MOVEMENT DISORDERS IN PARKINSON’S DISEASE 
RESULT FROM NON DOPAMINERGIC LESIONS ? M. Gentil*. S, Perrin. P. 
Poliak, C. Fcuerstein. INSERM U 318, CHU, 38043 Grenoble cedex 9 (France).

Efficacy of levodopa therapy in Parkinson’s disease (PD) is not uniform o\ ■ f.-l 
parkinsonian features. Certain symptoms such as akinesia, tremor, rigidity are in 
general improved by levodopa while other manifestations of the disease, in particular 
speech are not responsive to this form of treatment (Klawans, Mov Dis, 3:187-192, 
1986). The beneficial or unfavourable responsiveness of parkinsonian motor 
symptoms to levodopa therapy raises the possibility that some features of 
parkinsonism are more purely dopaminergic while others such as speech involve non 
dopaminergic systems. To study this hypothesis, the production of articulator}' forces, 
and forefinger forces was examined in off and on of levodopa, in 14 patients with a 
diagnosis of idiopathic PD (mean duration of symptoms : 9 years), and presenting an 
objective reactivity to levodopa. In each kind of structure, articulatory organs and 
limbs, the difference between both conditions, off and on of levodopa could be taken 
as an index of the response of levodopa therapy. Moreover, motor disability was 
assessed with the Unified Parkinson’s disease rating scale motor battery and a timed 
hand-tapping test. Selected parkinsonian patients4 speech was classified moderately 
impaired in off of medication. Forces generated by the upper lip. lower lip, tc- gu., 
right and left forefingers in the presence of visual feedback were measured by me'ms 
of force transducers. The target force levels used in the present study included 0.25, 
0.5, 1 and 2 newtons corresponding to fine fc.rces presumably involved in speech 
production. For each structure, 10 consecutive contractions were obtained at each of 
the 4 target force levels. The beneficial effect of levodopa on limb motor disorders 
was observed as indicated by motor scores and the production of forefinger forces. In 
contrast, the production of articulator}' forces was either not improved or aggravated 
by levodopa therapy. These results suggest that cerebral non dopaminergic lesions are 
probablv responsible for orofacial system deficits in PD.

DEGENERATIVE DISEASE: PARKINSON’S VII

738.1
ACUTE NICOTINE PRETREATMENT ATTENUATES THE NEUROTOXIC 
ACTIONS OF MPTP IN C57BL/6 MICE J.R. Paulv*, I.P. Conley and A. 
Northington. PET Division, College of Pharmacy, Univ. of Kentucky, 
Lexington, KY 40536-0082.

Epidemiological studies have consistently demonstrated an inverse 
relationship between cigarette smoking and the incidence of 
Parkinson’s Disease (PD). However studies that have evaluated 
possible neuroprotective actions of nicotine in the MPTP mouse model 
of PD have been equivocal. In the present study, male C57BI/6 mice 
were pretreated with saline or nicotine (1.0 mg/kg), 10 minutes 
prior to a single injection of MPTP (30 mg/kg). Neuroprotective 
actions of nicotine were evident as early as the next day; open field 
activity and locomotor coordination were significantly impaired in 
saline pretreated animals but not different from control levels in the 
nicotine pretreated group. Animals were euthanized 7 days following 
MPTP administration and quantitative autoradiography was used to 
evaluate striatal binding of [3HJ-GBR1 2935 (dopamine transporter), 
[3H]-epibatidine (a3/a4 nAChr) and a-[125l]-bungarotoxin (a7 
nAChr) on adjacent tissue sections. In the saline pretreated group, 
MPTP induced a 60% decrease in striatal [3H]-GBR1 2935 binding 
and a 58% decrease in striatal [3H]-epibatidine binding. In nicotine 
pretreated mice however, MPTP reduced [3H]-GBR1 2935 and [3H]- 
epibatidine binding by only 20% and 36% respectively, indicating a 
partial neuroprotective action of nicotine, consistent with the 
behavioral findings. MPTP did not alter striatal binding of [1251]- 
bungarotoxin, suggesting that these receptors are located on non- 
dopaminergic neurons in mouse striatum. Supported by DA-08443.

738.2
NEUROPROTECTIVE EFFECT OF ACUTE NICOTINE AGAINST 
MPTP-INDUCED NIGROSTRIATAL DEGENERATION IS AGE AND 
DOSE DEPENDENT. M. Quik*, J.W. Langston and DA. Di Monte. The 
Parkinson’s Institute, 1170 Morse Ave, Sunnyvale, CA 94089.

Nicotine administration facilitates motor and cognitive functions, properties 
which make it an interesting candidate in the treatment of Parkinson’s 
disease. Nicotine also has neuroprotective effects on the degenerating 
nigrostriatal dopamine system in rats; however, its protective action against 
the effect of MPTP in mice remains controversial. The present experiments 
were done to determine die factors which influence the effect of nicotine on 
neuroprotection in MPTP treated mice. Young (6 weeks) and older C57B1/6 
(6 to 10 mondis) control and MPTP treated mice (20, 30 or 40 mg/kg s.c.) 
were injected with nicotine (0.15 to 1 mg/kg i.p.) 10 min prior to MPTP 
followed by 3 subsequent doses at 15 min intervals according to a dose 
schedule previously shown to be neuroprotective (Janson et al., 1992, Clin 
Invest. 72, 232). The mice were sacrificed 1 or 2 wk after MPTP and 
dopamine (DA) and metabolite levels measured in the striatum and ventral 
mesencephalon. In young mice, nicotine enhanced or did not alter 
degeneration with the nicotine and MPTP doses tested. In older mice, MPTP- 
induced declines in DA and metabolite levels were unchanged or partially 
prevented depending on the dose of nicotine and MPTP used. Nicotine 
administration did not alter striatal MPP+ levels. These results suggest that 
nicotine treatment may modulate MPTP- induced DA depletion but this effect 
varies depending on nicotine/MPTP dose and the age of the animal.
Supported by the Parkinson’s Institute and the Verum Foundation.
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738.3
CREATINE AND CYCLOCREATINE PROTECT AGAINST CELL DEATH IN 
TWO ANIMAL MODELS OF NEURODEGENERATIVE DISORDERS. R.T, 
Matthews, L-C. Yang, R.J. Ferrante, N.W. Kowall 1, R, Kaddurah-Daouk^, and
M.F. Beal*. Neurochemistry Laboratory, Neurology Service, Massachusetts General 
Hospital and Harvard Medical School, Boston, MA 02114, ^Geriatric Research 
Education Clinical Center, VA Medical Center, Bedford, MA and Neurology 
Department, Boston University School of Medicine, Boston, MA 02118. ^Avicena 
Group, Cambridge, MA, 02139

Injection of l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) into 
experimental animals produces Parkinsonism by inhibition of complex I of the 
mitochondrial electron transport chain. Malonate, a succinate dehydrogenase 
inhibitor, produces lesions upon injection into the striatum that histologically and 
biochemically resemble those found in patients with Huntington’s Disease. Creatine 
and cyclocreatine can be phosphorylated by creatine kinase upon entrance into a cell. 
Once phosphorylated creatine and cyclocreatine may act by increasing available 
energy and buffering against energy depletion.

Rats treated with either a 1% creatine or a 1% cyclocreatine enriched diet for 
two weeks prior to intrastriatal 3 mM malonate injections showed lesion volumes 
that were decreased by 50% (p<.01, n=9) and 44% (p<.01, n=9) respectively as 
compared with malonate injected animals fed a normal diet. Mice injected with 15 
mg/kg MPTP every two hours for a total of five injections and fed a normal diet 
showed a 70% loss in striatal dopamine as measured by HPLC. Pretreatment for 1 
month with either 1% creatine or 1% cyclocreatine showed significant protection 
with a 41% (p<.01, n=l 1) and 30% (p<.01, n=10) reduction in dopamine depletion 
respectively. There was decreased cell loss in the substantia nigra of animals fed 
with creatine or cyclocreatine. These results suggest that creatine and cyclocreatine 
may be a useful treatment for neurodegenerative disorders.
Supported by NIH grants NS 16367, NS10828, NS31579 and P01 AG12992.

738.4
PROTECTION AGAINST MALONATE-INDUCED DOPAMINE (DA) LOSS 
WITH DA TRANSPORT (DAT) INHIBITORS. P.K, Sonsalla* and L.Y, Mov. 
Dept. of Neurology, UMDNJ-RWJMS, Piscataway, NJ 08854.

Defects in energy metabolism have been identified in patients with 
Parkinson's disease. Such defects could compromise energy production 
and create a state of metabolic stress within DA neurons. We have begun 
to investigate the effects of metabolic stress on nigrostriatal DA neurons. 
Intrastriatal infusions of malonate, a reversible inhibitor of succinate 
dehydrogenase, produce damage to striatal DA neurons and in 
combination with methamphetamine (METH), the DA loss is greater than 
that produced by either compound alone. We suggest that this enhanced 
toxicity is due to METH-induced increases in DAT activity which result in 
increased Na+/K+ ATPase activity and energy demands. However, it is 
not known if DAT activity contributes to nerve terminal degeneration 
produced by a metabolic stress in the absence of METH. The purpose of 
the present study was to determine if DAT inhibitors could reduce the DA 
damage produced by malonate in mice. GBR 13098 (3X20 mg/kg,ip) or 
cocaine (3X25 mg/kg,ip) was administered 15 min before, 2 and 4 h after 
a striatal infusion of malonate (4/zmol/2//l). Malonate alone reduced 
striatal DA to 47±13% of control (n = 11,x±SD,p<.05). This DA loss 
was prevented by treatment with GBR 13098 (90 ± 17% of cont,n = 9) or 
cocaine (87% ±6% of cont,n = 6). These data indicate that blockade of 
DAT activity reduces DA damage produced by metabolic stress. If a 
similar metabolic stress exists within DA neurons of PD patients, then 
increased activation of DAT could be detrimental to the neuron. It may 
be possible that the treatment of PD patients with a DAT inhibitor would 
not only provide increased synaptic levels of DA but also provide some 
protection against the progressive neurodegeneration which occurs in PD. 
This work was supported by PHS grants DA06236, AG 08479, ES07158.

738.5
COENZYME Q10 ATTENUATES THE MPTP-INDUCED LOSS 
OF STRIATAL DOPAMINE AND DOPAMINERGIC AXONS IN 
AGED MICE. M, Flint Beal#, Russell T, Matthews#, Alide Tieieman *+°, 
and Clifford W. Shults °+. #Neurology Service, Massachusetts General 
Hospital, Boston, MA, 02114 “Neurology Service, VAMC, San Diego, CA, 
92161 +Dept. of Neurosciences, University of California, San Diego, La 
Jolla, CA 92093.

We investigated whether oral administration of coenzyme Q10 (CoQ10) 
can attenuate 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP) 
neurotoxicity in one year old mice. Four groups of one year old, male 
C57BL/6 mice received a either standard diet or a diet supplemented with 
CoQ10 (200 mg/kg/day) for five weeks. At the end of four weeks, one 
group that had received the standard diet and one group that had received 
the CoQ10 supplemented diet were treated with MPTP. The four groups 
continued on their assigned diets for an additional week and were then 
sacrificed. The striatal dopamine concentrations were reduced in both 
groups treated with MPTP, but they were significantly higher (37%) in the 
group treated with CoQ10 and MPTP than in the group treated with MPTP 
alone. The density of tyrosine hydroxylase immunoreactive (TH-IR) fibers in 
the caudal striatum was reduced in both MPTP-treated groups, but the 
density of TH-IR fibers was significantly (62%) greater in the group treated 
with CoQ10 and MPTP than in the group treated with MPTP alone. Our 
results indicate that CoQ10 can attenuate the MPTP-induced loss of striatal 
dopamine and dopaminergic axons in aged mice and that CoQ10 may be 
useful in the treatment of Parkinson's disease.

Supported by the VA Merit Review Program and the Natl. Parkinson Fndn.

738.6
ASPIRIN AND SALICYLATE PROTECT AGAINST MPTP- 
INDUCED DOPAMINE DEPLETION IN MICE.
N. Aubin, C. Carter, A. Deffois and O. Curet*. CNS Research 
Departement, Synthelabo Recherche, Rueil-Malmaison, France

The administration of MPTP to mice induces nigral cell loss and a 
consequent reduction of striatal dopamine (DA) levels. In the present 
study, the effects of aspirin (Asp) and related compounds were studied on 
MPTP-induced DA depletion. Striatal levels of DA were determined by 
HPLC 2 days after administration of MPTP (15 mg/kg, sc). Asp, salicylate 
and lysine acetyl salicylate (Aspegic®) administered 1 hour before MPTP 
blocked totally and in a dose dependent manner the decrease in striatal DA 
levels with ED50's of 60, 40 and 80 mg/kg, ip respectively. Asp was also 
protective when given Ih after MPTP. Asp or salicylate (IOOji M) did not 
inhibit MAO-B activity or the uptake of [14C]-DA into synaptosomes and 
did not produce hypothermia.The protective effects of Asp were not 
linked to cyclooxygenase inhibition as ibuprofen (20 mg/kg, ip), diclofenac 
(100 mg/kg, ip) or indomethacin (30 mg/kg, ip) were ineffective. 
Dexamethasone (3-30 mg/kg,ip) was also without effect, arguing against 
a role of NFk B. MPTP increased the striatal levels of 2,3- and 2,5-DHBA 
(hydroxylated metabolites of salicylate) 1.5 h after the administration of 
Asp suggesting that the neuroprotective effects might be related to 
hydroxyl radical trapping. The surprising neuroprotective effects of 
aspirin in an animal model of Parkinson’s disease add to a growing body 
of evidence indicating neuroprotective effects for this compound.

738.7
OVEREXPRESSION OF GLUTATHIONE PEROXIDASE IN 
TRANSGENIC MICE PROTECTS DOPAMINERGIC NEURONS 
AGAINST 6-HYDROXYDOPAMINE-INDUCED TOXICITY.
J.C. Bensadoun, O. Mirochnitchenko and A.D. Zurn*. Gene Therapy 
Center and Division of Surgical Research, University Medical School, 
1011 Lausanne, Switzerland; Dpt. Biochemistry, University of 
Medecine and Dentistry of New Jersey, Robert Wood Johnson Medical 
School, Piscataway, New Jersey, USA.

Normal cellular metabolism produces oxidants which are neutralized 
within cells by antioxidant enzymes and other antioxidants. An 
imbalance between oxidants and antioxidants may lead to the 
degeneration of specific populations of neurons in neurodegenerative 
diseases such as Parkinson's disease (PD). The purpose of the present 
work was to evaluate whether overexpression of glutathione peroxidase 
(GPX), the enzyme which metabolizes hydrogen peroxide to water, can 
prevent or slow down neuronal degeneration in an animal model of PD. 
Adult genetically matched control mice and transgenic mice expressing 
the human GPX gene under the control of the mouse 
hydroxymethylglutaryl-coenzyme A promoter, were injected 
intracerebroventricularly with 6-hydroxydopamine (6-OHDA), a toxin 
which induces the selective degeneration of mesencephalic 
dopaminergic neurons. The number of nigral dopaminergic neurons 
was decreased by more than 50% in 6-OHDA-injected control mice and 
by less than 10% in GPX transgenic mice. Overexpression of GPX 
therefore protects dopaminergic neurons against toxin-induced 
degeneration. We will evaluate whether virus-mediated transfer of GPX 
can prevent degeneration of substantia nigra dopaminergic neurons in 
the same animal model of PD.

738.8
ATTENUATION OF 6-HYDROXYDOPAMINE-INDUCED DOPAMINERGIC 
NIGROSTRIATAL LESIONS IN SUPEROXIDE DISMUTASE TRANSGENIC 
MICE. M. Asanuma*, H, Hirata and J. L. Cadet. Molecular Neuropsychiatry 
Section, NIH/ NIDA, Division of Intramural Research, Baltimore MD 21224.

6-Hydroxydopamine (6-OHDA) is a neurotoxin that produces degeneration of 
the nigrostriatal dopaminergic pathway in rodents. Its toxicity is thought to 
involve the generation of superoxide anion secondary to its autoxidation. To 
examine the effects of the overexpression of Cu,Zn-superoxide dismutase (SOD) 
activity on 6-OHDA-induced dopaminergic neuronal damage, we have measured 
the effects of 6-OHDA on striatal and nigral dopamine transporters and nigral 
tyrosine hydroxylase-immunoreactive neurons in Cu,Zn-SOD transgenic (Tg) 
mice. Intracerebroventricular injection of 6-OHDA (50 jag) in non-transgenic 
mice produced reductions in the size of striatal area and an enlargement of the 
cerebral ventricle on both sides of the brains of mice killed 2 weeks after the 
injection. In addition, 6-OHDA caused marked decreases in striatal and nigral 
[i25IJRTI-121-labeled dopamine transporters not only on the injected side but also 
on the non-injected side of non-Tg mice; this was associated with decreased 
numbers of tyrosine hydroxylase-immunoreactive dopamine neurons in the 
substantia nigra pars compacta on both sides in these mice. In contrast, Cu,Zn- 
SOD-Tg mice were protected against these neurotoxic effects of 6-OHDA, with 
the homozygous SOD-Tg mice showing almost complete protection. These 
results provide further support for a role of superoxide anion in the toxic effects of 
6-OHDA. They also provide further evidence that reactive oxygen species may be 
the main determining factors in the neurodegenerative effects of catecholamines.
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738.9
THE LIPOPHILIC SPIN TRAP a-PHENYL-TERT-BUTYL-NITRONE f?BN) 
IMPROVES MOTILITY, STRIATAL DOPAMINE CONTENT AND 
SURVIVAL IN MPTP-TREATED MICE B. Ferger1-2, P. Teismann1, K. 
Kuschinskv1, C. Earl2 and W.H. Ocrtel2'. ’institute for Pharmacology and 
Toxicology, Faculty of Pharmacy, 2Department of Neurology, Faculty of Medicine, 
University of Marburg, Germany

Free hydroxyl radicals are involved in MPTP toxicity by interaction of the reactive 
metabolite MPP+ with the respiration chain complex I. In previous microdialysis 
studies we found a pronounced hydroxyl radical scavenging activity of acute PBN 
treatment in a model of glutamate-induced radical formation in rats.
We have now studied the effects of a chronic treatment of PBN in a MPTP model in 
male C57bl/6 mice. Two groups of mice were treated twice a day with saline and two 
other groups with PBN 100 mg/kg i.p. over two weeks. At the end of the first week, 
one saline and one PBN pretreated group received a single dose of MPTP 40 mg/kg 
s.c.. The remaining two groups received saline instead of MPTP. 4 out of 8 mice in 
the saline/MPTP group died, only 1 out of 8 mice in the PBN/MPTP group died and 
all animals in the saline/saline or PBN/saline group survived. One week after MPTP 
or saline injection, all mice were sacrificed and the striatum was dissected out for 
dopamine determination. PBN treatment produced a significantly less pronounced 
decrease in striatal dopamine content in the MPTP group compared with the saline 
treated MPTP group (p < 0.05, t-test). The PBN and saline group without MPTP 
treatment did not differ significantly.
In addition, we tested the motility daily over the two weeks period in an activity cage 
to obtain a functional parameter of PBN treatment. In the first week PBN treatment 
produced a decrease in locomotor activity compared with saline controls. In contrast, 
one day after the MPTP treatment PBN led to an improved locomotor activity 
compared with saline controls.
Taken together. PBN exerts neuroprotective effects, functional improvement and 
increase of the surv ival rale in the MPTP mouse model. (Supported by the DFG).

738.10
NEUROPROTECTIVE PROPERTIES OF BROMOCRIPTINE 
AGAINST LEVODOPA NEUROTOXICITY ON DOPAMINERGIC 
NEURONS IN VITRO. H. Takashima*1, M. Kishikawa2 and
M.Tsujihata1. 'Section of Neurology, Nagasaki Kita Hospital, 2Section of 
Tissue and histopathology, Nagasaki Univ., Nagasaki, Japan.

The cause of death of dopaminergic neurons in Parkinson’s disease 
(PD) remain unclear. Autoxidation of levodopa and deamination of 
dopamine (DA) have potential to contribute to neuronal loss in PD. 
Recently some DA agonists have been reported to act as antioxidant as 
well as DA agonist. We studied neuroprotective effects of bromocriptine, 
a D2 agonist, on dopaminergic neurons in vitro. Cultures of dissociated 
embryonic rat mesencephalon were established and maintained in 
serum-free medium to avoid supporting effects by glial cells. After several 
days in culture, levodopa was supplemented into culture medium and 
incubated for 36 hrs. Cultures were then fixed and immunostaining was 
performed with antibody to tyrosine hydroxylase, which identified the 
dopaminergic neurons in these cultures. Results demonstrated that 
treatment with levodopa decreased population of dopaminergic neurons. 
An addition of bromocriptine in this cellular model of oxidative stress 
blocked cell death of dopaminergic neurons in some degree. 
Neuroprotective effects of bromocriptine seen in this study seems to be 
independent of DA receptor binding and could be due to antioxidant 
properties of the drug.

738.11
NALOXONE PREVENTS LIPOPOLYSACCRIDE- 
INDUCED NEURONAL DEGENERATION IN RAT 
SUBSTANTIA NIGRA
X.Lu*1'2, G.Bing1, T. Hagg2. L.Y. Kong1 and J. Hong1.
’Neuropharmacology section, NIEHS/NIH, RTP, NC, USA and 
2Dept. Anat. & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, 
Canada

We previously reported that naloxone, the opioid receptor antagnist, 
inhibits the lipopolysaccride (LPS)-induced production of nitric oxide 
(NO) and tumor necrosis factor-a (TNFa) in primary mixed glial cell 
cultures, we also found that naloxone can prevent neuronal death in 
mixed neuron/glia cell cultures. Here,we tested the protective effects of 
naloxone on die LPS-induced loss of tyrosine hydroxylase (TH)- 
positive neurons in the adult rat substantia nigra compacta. LPS (5 jig) 
was injected into the middle of the substantia nigra followed by the 
continuous infusion of naloxone (10 '6M) through Alzet pumps for 10 
days. Rats were perfused with paraformaldehyde and every six 
sections through die nigra complex was analyzed. LPS injection 
resulted in 75% reduction of TH-positive neurons, whereas naloxone 
infusion reduced LPS-induced loss of TH-positive neurons to 40%. 
Naloxone also inhibited LPS-induced increase in complement receptor 
3 (OX-42 antibody) immunostaining in the substantia nigra, i.e., 
reduced microglia activation. These results suggest that naloxone can 
prevent the degeneration of dopaminergic neurons in the subtantia 
nigra through die inhibition of the inflammatory reaction induced by 
LPS.
Support: NIH & Parkinson Foundation of Canada (TH).

738.12
NALOXONE REDUCES LEVODOPA-INDUCED DYSKINESIAS IN 
THE MPTP-TREATED COMMON MARMOSET 
Per E. Andren*, Rebecka Bennmarker and Lars M. Gunne. Dept. of 
Pharmaceutical Biosciences and Dept. of Psychiatry, Ulleraker, Uppsala 
University, PO Box 591, S-75124 Uppsala, Sweden

The effect of naloxone hydrochloride, a non-selective opioid 
antagonist, on levodopa-induced dyskinesias was investigated in three 
l-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated common 
marmosets (Callithrix Jacchus). The monkeys were rendered 
parkinsonian with the neurotoxin MPTP and treated with a daily oral 
dose of levodopa/benserazide for two months which relieved the 
parkinsonian symptoms and induced severe, idiosyncratic and 
reproducible peak-dose dyskinetic movements and hyperkinesia. 
Naloxone hydrochloride was given subcutaneously in three doses (0.1,
0.2 and 0.5 mg/kg) during peak-dose dyskinesias. The naloxone 
treatment reduced the dyskinetic movements in a dose-dependent 
manner, normalized the motor activity but did not affect the 
antiparkinsonian effect of levodopa/benserazide. Our investigation 
suggests that hyperactivity of the endogenous opioid system could be 
important in the pathogenesis of levodopa-induced dyskinesias and that 
opioid antagonists may prove to be useful as an adjuvant treatment to 
levodopa in patients with Parkinson's Disease.

This study was supported by the Swedish MRC grant #11565.

738.13
POTENTIAL USE OF THE SELECTIVE ADENOSINE A2a RECEPTOR 
ANTAGONIST KW-6002 IN PARKINSON’S DISEASE. R. Grondin1*. A, Hadi 
Tahar1, L. Gregoire1, H, Kase2. A. Mori2 and P. J, Bedard1, 1 Dept 
Pharmacol, Fac Medecine, Laval University, G1K 7P4 and Neurobiol Res Ctr, 
1401 18e rue, G1J 1Z4, Quebec City, Canada, 2Pharmaceuticals Res. and 
Development Center, Kyowa Hakko Kogyo Co., Ltd, Tokyo 100, Japan

Studies in denervated rats suggest that adenosine antagonists might be 
useful to treat Parkinson’s disease. Four subtypes of adenosine receptors 
have been characterized (A-j, A2a. A2t>, A3). The adenosine A2a receptor is 
present in the basal ganglia predominantly on striatal output neurons 
containing enkephalin, mainly bearing dopamine D2 receptor and projecting 
to the external part of the globus pallidus ("indirect pathway"). Its discrete 
distribution suggests a specific functional role in the striatum. Thus, we 
conducted the present study in six MPTP-exposed cynomolgus 
monkeys already primed and exibiting L-DOPA-induced dyskinesias to 
evaluate both the antiparkinsonian and dyskinetic effect upon challenge with 
five oral doses (ranging from 10 to 90 mg/kg) of the selective adenosine A2a 
receptor antagonist KW-6002 [(E)-8-[2-(3,4-dimethoxyphenyl) ethenyl]-1,3- 
diethyl-3,7-dihydro-7-methyl-1h-purine 2,6dione] administered alone or in 
combination with L-DOPA/benserazide (50/12.5 mg). KW-6002 administered 
alone produced a dose-dependent antiparkinsonian response which, in the 
higher dose range, reached the level of efficacy of L-DOPA/ benserazide but 
was less likely to reproduce dyskinesias in these animals. In addition, KW- 
6002, at the highest dose tested (90 mg/kg), potentiated the effects of L- 
DOPA/benserazide on motor activity. The virtual absence of dyskinesias with 
KW-6002 as well as the absence of other overt side-effects makes it a 
promising antiparkinsonian agent. (Supported by the MRC and Parkinson 
Foundation of Canada and Kyowa Hakko Kogyo Co., Japan).

738.14
REGULATION OF DOPAMINE DI mRNA AND RECEPTOR LEVELS IN THE 
PUTAMEN AND ACCUMBENS OF MPTP MONKEYS CHRONICALLY 
TREATED WITH THE DI AGONIST SKF-82958: PULSATILE VS 
CONTINUOUS MODE. P.J. Bedardl*. R, Grondinl.M. Goulet2. M. 
Morissette2. P, Falardeau3 and T. Di Paolo2.1 Neurobiol Res Ctr, 1401 18e 
rue, Quebec, G1J 1Z4; 2Dept Mol Endocr and 3Dept Neurosci CHUL Res Ctr, 
2705 Bid Laurier, Ste-Foy, G1V 4G2 CANADA

The density of dopamine D1 antagonist sites was measured by 
autoradiography of [3H]SCH-23390 in the putamen and accumbens and D1 
mRNA levels were measured by in situ hybridization in the putamen of MPTP- 
treated monkeys chronically treated with the D1 agonist SKF-82958 (SKF) 
administered s.c. in pulsatile or continuous (mini-osmotic pump) mode for a 
month. Untreated MPTP as well as normal animals were also studied. Pulsatile 
treatment with SKF (1 mg/kg, thrice daily) relieved parkinsonian symptoms and 
induced dyskinesias whereas SKF given continuously (equivalent daily dose) 
led to behavioral tolerance without dyskinesias. On one hand, MPTP 
treatment tended to increase D1 receptor density in the putamen (rostral and 
caudal) and treatment with SKF, either pulsatile (dyskinesia) or continuous (no 
dyskinesia), led to a greater and significant increase compared to control 
animals. In contrast, an apparent decrease in D1 receptor density was 
observed in the accumbens of untreated MPTP-exposed monkeys vs control 
animals and treatment with SKF, either pulsatile (dyskinesia) or continuous (no 
dyskinesia), led to a greater and significant decrease compared to control 
levels. On the other hand, putaminal D1 mRNA levels appeared to change in 
opposite direction after MPTP lesion and agonist treatment as compared to 
D1 receptor density. These data suggest that D1 receptor density and mRNA 
levels are regulated in opposite direction in the putamen and that caution 
must be exercised in relating dyskinesias exclusively to the D1 receptor 
subtype. (Supported by the MRC and Parkinson Foundation of Canada).
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738.15
DOSE EFFECT RELATIONSHIP OF THE ALPHA-2 
ANTAGONIST, IDAZOXAN, IN MPTP-TREATED MONKEY C.E. 
Gross*(l), E, Bezard (1), C, Brefel (2), F. Tison (1), H. Pevro Saint Paul (3), O.
Rascol (2) and P. Ladure (3). (1) CNRS UMR 5543, Universite de Bordeaux II, 
33076 Bordeaux Cedex France. (2) Service de Phannacologie clinique, INSERM 
U455 CHU Toulouse 31059 Toulouse cedex France. (3) Institut de recherche Pierre 
Fabre BP 687, 31319 Labege cedex France

Recently published preliminary results suggested an antiparkinsonian effect 
of idazoxan i.v. in MPTP-treated monkeys. We have now completed the number of 
assessments, by testing a larger number of monkeys in the same experimental 
setting.

Idazoxan (0.25-5mg/Kg i.v.) a potent and selective «2 antagonist, was 
compared to the minima! effective dose of L-Dopa (p.o.) in double-blind placebo 
controlled study in 3 MPTP-treated monkeys tested on 3 occasions. Parkinsonism 
was scored using a clinical rating scale (Benazzouz et al., Eur. J. Pharmacol. 1995; 
284; 299-307, score range : 0-25). Scores and behaviour were assessed during the 
trial by direct observation.

MPTP intoxication resulted in parkinsonism (basal score : 12.6±0.4: 
mean±sem). The dose of L-Dopa which switch each monkey from OFF state to the 
ON state, produced an improvement, decreasing the score by 3.4±0.6. Idazoxan 
given alone improved parkinsonian symptoms at each dose in a dose dependent 
manner; up to 2mg/kg i.v. which produced a reduction of 2.8±0.88. Side effects 
(somnolence, yawns) were observed for the highest dose of idazoxan tested (5mg/kg) 
and obstructed scoring of motor capacity. These side effects were comparable to the 
classical sedative effects observed after dopaminergic stimulation.

These results show that the antiparkinsonian effect of idazoxan is dose 
dependent in this model. Further works are on-going, to document safety of idazoxan 
and to explore its mechanisms of action.

-Laboratoire Pierre Fabre-

738.16
DOES NITRIC OXIDE SYNTHETASE INHIBITION POTENTIATE DOPAMINE 
AGONIST INDUCED ROTATION IN 6-OHDA LESIONED RATS? K. A. Serpa* 
and L. T. Meltzer. Psychiatric Disorders Therapeutics, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Company, Ann Arbor, MI, 48105.

Antagonism of glutamatergic (Glu) neurotransmission has been suggested as a 
target for the treatment of Parkinson's Disease (PD). Glu antagonists have been 
shown to potentiate the effects of dopamine (DA) agonists in several models of PD. 
Glu release is believed to induce nitric oxide (NO) formation through activation of 
NO synthetase (NOS). We investigated whether 7-nitro-indazole (7NI), a selective 
inhibitor of neuronal NOS, and Nw-nitro-L-arginine methyl ester (L-NAME), a non-
specific NOS inhibitor, would potentiate the rotation induced by L-DOPA and other 
DA agonists in rats made hemi-parkinson by injection of 6-hydroxydopamine into 
the right medial forebrain bundle. Compared to vehicle injection, 7NI, 10 and 30 
mg/kg IP, dose-dependently potentiated the contraversive rotation induced by the 
simultaneous injection of L-DOPA (LD), 5 mg/kg SC. 7NI, 30 mg/kg IP, given 
without LD significantly reduced spontaneous locomotor activity, and slightly 
increased ipsiversive turning. 7NI, 30 mg/kg IP, potentiated the effects of the 
selective D2 agonist quinpirole (Q), 10 mg/kg SC, to the same extent as LD. The 
rotation induced by the mixed D,/D2 agonists 5-OH-DPAT, 3 mg/kg SC, and 
apomorphine, 10 mg/kg SC, was potentiated, but to a lesser extent than LD or Q. 
7NI did not potentiate rotation induced by the D, agonist SKF 38393, 0.3 mg/kg SC. 
In contrast, LD induced rotation was not potentiated either by acute L-NAME 
administration, 50 or 100 mg/kg IP co-injected with LD, or by chronic pretreatment 
with L-NAME, 50 mg/kg twice daily for 4 days, before LD administration. The 
failure of L-NAME to potentiate rotation similarly to 7NI leaves unclear whether 
NOS inhibition is the cause of these effects. The effects of additional NOS 
modulators are being assessed. Supported by Warner-Lambert.

738.17
DEPRENYL PROTECTS DOPAMINE NEURONS FROM APOPTOSIS 
INDUCED BY OXIDATIVE STRESS W, Maruyama1* and M. Naoi2 
National Inst., Longevity Sci., Obu, Japan and ^Dept. Biosciences, Nagoya 
Inst. Technol., Nagoya, Japan

There are increasing number of reports indicating that apoptosis is involved 
in the neuronal death in Parkinson's disease. However, it is not clarified what 
initiates the death process in dopamine neurons. We found a dopamine-derived 
isoquinoline, (V-niethyl(jR)salsolinol induces apoptosis in human dopaminergic 
neuroblastoma SH-SY5Y cells through the generation of hydroxyl radical. N- 
Methyl(R)salsolinol is an endogenous MPTP-like neurotoxin selective to 
dopamine neurons and its concentration was found to increase in parkinsonian 
CSF. In this paper, the involvement of reactive oxygen species (ROS) to the 
death process was studied. As ROS candidates, were examined nitric oxide 
(NO), which was reported to be involved in MPTP toxicity, peroxynitrite, an 
reaction product of NO with superoxide, in addition to hydroxyl radical. The 
effects of these ROS examined on DNA in SH-SY5Y cells. DNA damage was 
quantitatively analyzed using a single cell gel electrophoresis (comet) assay, 
and NOR-4 and SIN, which produce nitric oxide and peroxynitrite, respectively. 
Ten pM of NOR-4 or 5 pM of SIN induced significant DNA damage in the 
cells. An inhibitor of protein synthesis cycloheximide was shown to be 
protective, indicating apoptosis was a the mechanism of DNA damage. 
Superoxide dismutase partly protected DNA damage induced by NOR-4, 
indicating a part of the NO neurotoxicity may be attributed to the production of 
peroxynitrite. Deprenyl, an inhibitor of type B monoamine oxidase used for 
parkinsonian patients, protected the cells from apoptosis induced by NOR-4, 
SIN and V-methyl(/?)salsolinol. SHSY5Y cells contain only type A 
monoamine oxidase. The protection suggests that deprenyl may be 
neuroprotective by its involvement in the apoptotic death process, but not by 
inhibition of monoamine oxidase in SH-SY5Y cells.

738 18
EFFECTS OF TYPE B MONOAMINE OXIDASE INHIBITORS: 
(+)-DEPRENYL, RO16-6491 & PARGYLINE AGAINST MPP+ 
TOXICITY IN RAT MIDBRAIN. R-M Wu*. R-C Chen. Dep’t of 
Neurol, Nat’l. Taiwan Univ. Hospital, No.7, Chung-Shan South 
Rd.,Taipei 100, Taiwan.

l-Methyl-4-phenyl-pyridinium ion (MPP+), a neurotoxin producing 
parkinsonism in human and nonhuman-primates. (-)-Deprenyl (Selegiline), a 
monoamine oxidase B (MAO-B) inhibitor and antiparkinsonian drug has 
recently been demonstrated to protect nigral neuron against MPP+ toxicity 
through a possible novel antioxidant and/or hydroxyl radical scavenging 
mechanism(Wu et al., 1993, 1995, 1996; Chiueh et al., 1994). To elucidate 
whether the protection against MPP+ toxicity are shared by other reversible and 
irreversible MAO-B inhibitors or it is unique to (-)-deprenyl, we carried out the 
present study. Intranigral infusion of MPP+ 4.2 nmol produced a reduction of 
dopamine level by 46.8 + 2.1% in the ipsilateral striatum four days after the 
infusion procedure. An equal mole of various MAO-B inhibitors, including 
(+)-deprenyl, RO 16-6491 and pargyline were co-administered with MPP+ 
(4.2 nmol) into one site of substantia nigra of rats, individually. Our 
preliminary data suggested that these tested MAO-B inhibitors may not 
serve protection on midbrain dopaminergic neurons against MPP+ toxicity in 
vivo. It appeared that (-)-deprenyl may protect nigral neurons against MPP+ 
toxicity through a unique action independent of the MAO-B activity.

738.19
Effects of an antioxidant pyrrolopyrimidine, vitamin E and deprenyl in three 
different neuronal models of oxidative stress. G, J. Fici, J.S. Althaus and P.F. 
VonVoigtlander*. CNS Diseases Research, Pharmacia and Upjohn, Inc., 
Kalamazoo, MI 49001

Auto-oxidation of catecholamines, increased free Fe++ levels and decreased 
reduced glutathione (GSH) levels in specific brain regions have been implicated as 
possible etiological factors in Parkinson's Disease (PD) and other neurodegenerative 
diseases. Based on these hypothesis, we have sought to discover neuroprotective 
agents with the ability to block these toxic insults. Our efforts are focused on a 
family of pyrrolopyrimidine antioxidants which possess good oral bioavailability and 
blood-brain barrier penetrating ability. Our assessment is based on the ability of 
these compounds to protect cultures of cerebellar granule cells from the loss of 
viability (amino-isobutyric acid uptake) induced by exposure to 100 mM L-dopa for 
24 hrs, 50 mM ferrous ammonium sulfate (FAS) for 2 hrs and 1 mM buthionine 
sulfoximine (BSO) for 24 hrs. We believe a drug must be effective in all three of 
these cellular models to be investigated further as a neuroprotectant for PD. PNU- 
101033E, a pyrrolopyrimidine which has potent antioxidant characteristics, was 
tested along with vitamin E and the MAO-B inhibitor, R(-)-deprenyl hydrochloride 
in these three models. PNU-101033E showed concentration dependent and complete 
or nearly complete neuronal protection in all three models. It had EC,,, values of 
15.8 mM, 13 mM and 33.8 mM against L-dopa toxicity, FAS toxicity and BSO 
toxicity, respectively. Vitamin E or deprenyl failed to provide complete neuronal 
protection in all three of these models of oxidative stress and was much less potent 
than PNU-1O1O33E. From these results we propose that these pyrrolopyrimidine 
antioxidants are potential agents for arresting neuronal loss in PD and that they 
should be tested in appropriate in vivo etiological models of PD.

738.20
L-DEPRENYL (SELEGJNE) AUGMENTS THE EFFECTS OF LEVODOPA ON 
SINGLE DOPAMINE NEURONS AND ON RESERPINED RATS. N.B. Mercuri*. 
M, Scarponi, M. Federici, A. Bonci, G. Bemardi. IRCCS - St Lucia, Via Ardeatina 
306, 00179 and Clinica Neurologica Tor Vergata, Via O. Raimondo 8, 00173, - 
Rome, Italy.

Monoamine oxidase (MAO) are mitochondrial enzymes which control the 
degradation of amines in the CNS. Here we have investigated whether the irreversible 
MAO-B inhibitor 1-deprenyl, which is currently used as adjuvant to levodopa in 
Parkinson’s disease, could potentiate the levodopa-induced inhibition and 
hyperpolarization of midbrain dopaminergic cells. Furthermore, in order to asses if 
the antikinetic effects of levodopa are augmented by a concomitant treatment with 
deprenyl, we employed a rat (reserpine) model of Parkinson’s disease. Intracellular 
electrophysiological recordings were performed from DA neurons in the ventral 
tegmental area (VTA) and substantia nigra pars compacta (SNPC) using the in vitro 
rat brain slice preparation. Levodopa (100 pM) superfused for 70 s determined a 
reversible hyperpolarization and inhibition of the spontaneously firing DAergic cells. 
The mean hyperpolarization was of -10 +/- 2 mV and the depression of the 
spontaneous firing lasted about 15 min. When the slices were pretreated with 1- 
deprenyl (300 nM - 10 pM) for 2 hours the actions of the test dose of levodopa were 
markedly augmented. In fact, after a pretreatment of 10 pM 1-deprenyl, the peak 
hyperpolarization caused by levodopa increased to -15 +/- 1.4 mV and the inhibitory 
effect on the firing activity did not wash out even after two hours. This firing 
suppression was completely blocked by the D2 antagonist sulpiride (1-3 pM). In rats 
pretreated with reserpine 12 mg/kg i.p. the treatment with 1-deprenyl 15 mg/kg 
caused a clear-cut potentiation of the antikinetic effects of levodopa methyl ester 100 
- 200 mg/Kg i. p. We conclude that a marked augmentation of levodopa effects in the 
CNS is caused by MAO A and B blocking concentrations of 1-deprenyl.
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738.21
MPTP LESIONING ENHANCES THE CLORGYUNE-INDUCED INCREASE 
IN STRIATAL DOPAMINE IN MICE. IE,. Ro y M*, P.A. Di Monte and J.W, 
Langston. The Parkinson’s Institute, Sunnyvale, CA 94089-1605.

The breakthrough use of deprenyl, a MAO B inhibitor, to relieve the symptoms 
of and possibly delay the progression of Parkinson’s disease (PD) demonstrated the 
usefulness of monoamine inhibition as a therapeutic, tool. However, it has been 
suggested that MAO A has advantages over MAO B for therapeutic intervention. 
Turnover of dopamine occurs primarily by reuptake and catabolism in the 
presynaptic neuronal terminals, and this catabolism is mediated by MAO A. 
Inhibition of MAO A could potentially both increase the level of endogenous 
dopamine (DA) available for release and reduce the generation of H2O2, a normal 
byproduct of DA turnover. In Parkinson’s disease there is a loss of dopaminergic 
neurons. In this study, we investigated the effect of MAO A inhibition by 
clorgyline on enzyme activity and striatal DA levels with and without pre- 
lesioning with the dopaminergic neurotoxin, MPTP. In the first protocol, 
C57BL/6 mice were given a single s.c. injection of saline or clorgyline (0.6 
mg/kg, s.c.) and striata dissected out 1,2,4,8 and 24 hrs after dosing. Clorgyline 
inhibited MAO A activity by > 85%. DA levels were increased slightly (6-24%) 
starting at the 2 hr time point. In the second protocol, mice were given a single 
s.c. injection of saline or MPTP (40 mg/kg) and 7 days later received a single s.c. 
injection of saline or clorgyline (0.6 mg/kg). MPTP had no effect on MAO A 
activity, nor did it affect clorgyline inhibition (>90%) of the enzyme. Clorgyline 
again increased striatal DA levels, but the effect was greater in the MPTP lesioned 
animals, ranging from 22% (at 8 hr) to 71% (at 2 hr) post-treatment These 
results suggest that the effectos of MAO A inhibition are more profound in a 
lesioned nigrostriatal system, raising important therapeutic implications fra* 
Parkinson’s disease.
Research funded by the National Parkinson’s Foundation

DEGENERATIVE DISEASE: OTHER—ATAXIAS AND DEMENTIAS

739.1
MACHADO-JOSEPH DISEASE GENE PRODUCT IDENTIFIED IN 
LYMPHOCYTES AND BRAIN. N. Nukina*, G-H. Wanq, K, Ide, J, Goto, Y. 
Ichikawa, K Uchida, T. Sakamoto, and L-Kanazawa. Department of 
Neurology, Institute for Brain Research, Faculty of Medicine, University of 
Tokyo,7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan

Machado-Joseph disease (MJD)is associated’with the expansion of an 
unstable CAG repeat. The existence of an abnormal gene product in MJD 
was previously suggested with the expanded polyglutamine stretch- 
specific antibody. However, the product of the normal allele has not 
previously been identified. We generated monoclonal antibodies against 
the fusion protein (codon 225-310) of the MJD gene product and then 
identified the MJD1 gene product in normal lymphoblastoid cells as a 
=50-kDa protein by immunoblot analysis. The electrophoretic mobility 
differences among the normal allele products corresponds to the 
molecular size difference produced by the polyglutamine stretch and the 
polymorphism at the C-terminus, which changes the stop codon (TAA) to 
Tyr (TAC), and produces an additional 16-amino-acid extension.The 
results suggest that the mainly expressed form of MJD protein has this 
polymorphism. Moreover, abnormal immunoreactive bands which were 
larger than the normal ones were found as a ~60-kDa protein exclusively 
in the MJD samples. The cytoplasm and the nuclei of neurons and glial 
cells were stained by these antibodies with immunocytochemistry. As in 
other CAG repeat diseases, the abnormal and normal allele products were 
almost equally expressed in lymphoblastoid cells and the brain of MJD 
patients.

739.2
BIOCHEMICAL CHARACTERIZATION OF THE MACHADO-JOSEPH 
DISEASE GENE PRODUCT, ATAXIN-3. M.K. Perez. H.L. Paulson, and 
R.N. Pittman*. Dept. of Pharmacology, Univ. of Pennsylvania School of 
Medicine, Philadelphia, PA 19104.

A growing number of neurodegenerative disorders, including Machado- 
Joseph disease (MJD), are now known to be caused by expansion of a 
CAG-polyglutamine repeat in the disease gene. In this class of diseases, 
the expanded glutamine repeat confers a toxic gain of function onto the 
gene product, and recent evidence suggests that this toxic effect may be 
protein aggregation mediated by the glutamine domain. To address this 
hypothesis we have begun biochemical studies of the normal and 
expanded repeat forms of the MJD gene product, ataxin-3. Gel filtration 
by FPLC demonstrates that endogenous ataxin-3 in human fibroblasts, as 
well as baculovirus-expressed ataxin-3, exists both as a monomeric species 
and as part of a high molecular weight complex. In metabolic labeling 
experiments, several proteins specifically coprecipitate with ataxin-3, 
suggesting that the high molecular weight complex is heteromeric. 
Expanded repeat ataxin-3 from patient-derived fibroblasts displays a 
similar quaternary structure. By Western blot analysis, we have not 
detected ataxin-3 aggregates in MJD fibroblasts or disease brain. However 
in transfected HEK-293T cells, a truncated form of ataxin-3 containing 
either a normal or expanded glutamine repeat with minimal flanking 
sequence, tends to self-associate as detergent-resistant dimers. In addition, 
expanded truncated ataxin-3 forms large insoluble aggregates that are 
toxic to 293T cells. Further biochemical and immunofluorescence studies 
may provide insight into this polyglutamine-mediated aggregation and its 
relationship to disease.

This work was supported by NIH fellowship 1 F31 HG00182-01

739.3
THE MUTATED MACHADO-JOSEPH DISEASE GENE CAUSES CELL DEATH 
IN THE UNDIFFERENTIATED P19 MOUSE EMBRYONAL CARCINOMA 
CELLS. T. Yoshizawa*i, N. KosekiL J. Goto2, I. Kanazawa^ and S.
Shoji 1 1: Department of Neurology, Institute of Clinical Medicine, 
University of Tsukuba, Tsukuba City 305, Japan. 2: Department of 
Neurology, Institute of Brain Research, Faculty of Medicine, 
University of Tokyo, Tokyo 113, Japan.

To elucidate the mechanisms of cell death in Machado-Joseph disease 
(MJD), we created several cell lines with P19 mouse embryonal 
carcinoma cells, in which the mutated MJD gene, normal MJD gene, 
or vector only was stably expressed under the CMV promotor. The 
mutated MJD gene contains 75 CAG repeats. Compared to this, the 
normal MJD gene contains 8 CAG repeats. We found that the 
undifferentiated P19 cells which expressed the full-length mutated 
MJD gene underwent cell death in the culture dish 48 hours after 
replating. In contrast, no cell death was found in the undifferentiated 
P19 cells which expressed the full-length normal MJD gene or the 
vector only. The mutated gene-bearing P19 cells failed to show cell 
death when the culture medium was replaced 24 hours after 
replating. These cells are useful for studying the mechanisms of cell 
death in MJD. The analysis is currently in progress.

739.4
MITOCHONDRIAL LOCALIZATION AND CNS EXPRESSION OF 
FRATAXIN, THE FRIEDREICH’S ATAXIA GENE PRODUCT.
P.Cavadini. A. Princivalle. C. DiBlasi. S. Baratta. M. Parenti.* M. Mora. G. 
Battaglia and F.Taroni. Istituto Nazionale Neurologico “C. Besta”, Milan, and 
*Dept. of Medical Pharmacology, University of Milan, Italy.

Friedreich's ataxia (FA) is the most common hereditary ataxia (1:50,000). 
Pathological changes involve mainly the spinal cord, the dorsal root ganglia, and the 
heart. The disease gene, X25, has been recently identified (Campuzano et al., 1996). 
The 1.3-kb X25 major transcript encodes a 210-aa protein, termed frataxin, whose 
physiological role is presently unknown. As a first step towards understanding the 
pathogenic mechanism leading to FA, we have expressed the HA1-epitope-tagged 
frataxin cDNA in transfected mammalian cells (CMT4). Experiments were performed 
with both an anti-HAl monoclonal antibody and different anti-frataxin polyclonal 
antibodies. Western blot analysis demonstrated a single band with an apparent Mr of 
=21 kDa. Immunofluorescence analysis revealed that the signal pattern of frataxin 
was similar to that of a mitochondria-specific probe (CPT-II). Furthermore, 
immunoprecipitation of cells radiolabeled in the presence of valinomycin, an 
inhibitor of mitochondrial import, showed that frataxin is synthesized as a =30-kDa 
precursor that was processed to the =21 kDa mature form following removal of the 
inhibitor. Altogether, these data clearly indicate that frataxin is a mitochondrial 
protein.

Expression of the X25 gene was investigated in rat and monkey neural tissues 
by in situ hybridization (ISH), using two contiguous radiolabeled riboprobes 
encompassing the entire sequence of frataxin mRNA. ISH experiments revealed that 
the X25 transcript is highly expressed in primary sensory neurons of the dorsal root 
ganglia, neurons of the ventral and intermediate laminae of the spinal cord, and of 
the cerebellar granular layer. Interestingly, the ISH signal is considerabily lower in 
brain, with the exception of the hippocampal pyramidal layers. 
Immunocytochemical experiments are under way in order to investigate the regional 
distribution of frataxin in the rat CNS. (Supported by a Telethon-Italia grant to FT)
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739.5
FRATAXIN IS A MITOCHONDRIAL PROTEIN AND IS EXPRESSED DURING 
ALL THE DIFFERENTIATION PROCESS IN MOUSE AND HUMAN STEM 
CELLS. L. Cova1,2, R, Galli*2, A.L. Vescovi2 and M. Pandolfo1. 'Centre de 
Recherche du CHUM, Pav. Notre-Dame, Montreal, PQ H2L 4M1, Canada,
2Neuropharmacology Lab., Natl. Inst. “C. Besta”, 20133 Milan, Italy.
Friedreich ataxia is an autosomal recessive progressive neurodegenerative disorder 

caused by loss of function mutations in the frataxin gene. Frataxin is highly conserved 
in evolution but its function could not be identified by amino-acid sequence analysis. 
To investigate its developmental expression and intracellular expression we sought to 
identify frataxin in murine and normal human stem cells at different stages during the 
generation of differentiated neurons and glia. Briefly, as previously described, single 
clones (spheres) of cells were plated in the presence of EGF on an adhesive substrate, 
Matrigel (Becton Dickinson) coated slides. After 48 hr differentiation was triggered by 
EGF-removal. The slides were fixed in 4% paraformaldehyde at different days after 
plating (2-5-9 DAP). Immunocytofluorescence with a specific monoclonal antibody 
direct against frataxin (1G2) used, alone or in combination with Mito Tracker Green 
FM (Molecular Probes, 200 jiM in basal medium), a viable fluorescent specific marker 
for mitochondria, revealed that frataxin has a mitochondrial localization. The antibody 
1G2 staining often appears granular, is cytoplasmatic, is distributed in all types of 
differentiated (astroglial and neural) cells and colocalizes with the mitochondrial-specific 
fluorescent dye. Frataxin’s expression is not related to the process of differentiation: in 
fact a similar pattern of expression was observed from stem to finally differentiated 
nervous cells. These data strongly suggest that frataxin is a mitochondrial protein and 
is widely expressed during the whole process of differentiation in the Mammalian 
nervous system. The specific neuronal degeneration typical of the disease could be 
related a differential sensitivity of certain neuronal cell types to frataxin deficiency. 
Supported by the Italian Ministry of Health (ICS49.2/RF93.42, A.L.V.), Associazione 
Italiana Parkinson (A.L.V.), NIH-NINDS (NS34192, M.P.), and MDA-USA (M.P.).

739.6
SURVIVAL AND DEVELOPMENT OF CULTURED PURKINJE 
CELLS FROM MICE WITH DISRUPTION OF Atm, MURINE 
HOMOLOGUE OF THE HUMAN ATAXIA TELANGIECTASIA 
GENE. H.T.J. Mount*1, C, Barlow2, O.N. Bi1 and A, Wynshaw-Boris2. 'Centre 
for Research in Neurodegenerative Diseases, University of Toronto, Toronto, ON, 
Canada & 2National Human Genome Research Institute, NIH, Bethesda, MD, USA.

Ataxia telangiectasia (A-T) is a degenerative disorder, characterized by a progres-
sive ataxia that begins in the first 2 years of life. Profound loss of cerebellar 
Purkinje cells (PCs) is a neuropathologic hallmark of the end-stage disease. Recent 
discovery of ATM, a gene that is mutated in A-T patients (Savitsky et al., 1995, 
Science 268:1749-53). has suggested plausible molecular explanations for the PC 
loss. To evaluate these possibilities, an animal model of A-T was created by 
targeted disruption of the murine Atm locus (Barlow et al., 1996, Cell 86:159-71). 
Mice homozygous for the disrupted Atm allele (-/-) displayed a phenotype that reca-
pitulated features of the human disease, including neurologic impairment. However, 
no histologic evidence of PC loss was found in -/- mice at 2 months of age. 
Whether PC loss might be dissociated from early neurologic impairment or might 
depend upon exposure to cellular insult remains unresolved.

To determine whether -/- PCs survive and develop normally under conditions of 
cellular stress, +/- mice were mated and fetal cerebella were individually dissociated 
and plated in low-density culture. PC survival and differentiation were assessed by 
counting the numbers of calbindin-immunostained neurons in each of 4 sequential 
stages of PC dendritic and somatic development. Fetal cadavers from each dissection 
were genotyped upon completion of analyses. After 1.5 and 6 days in vitro (div), 
cultures of -/- cerebella contained the same overall number of calbindin+ cells as did 
those derived from +/- and +/+ litter mates. However, at 6 div, the number of PCs 
displaying age-appropriate morphologies, characterized by dendritic thickening and 
by emergence of spines and short perisomatic processes, was dramatically reduced in 
-/- cultures. These data suggest an early local role for Atm in the fate of developing 
Purkinje cells. (Supported by the A-T Children's Project, Boca Raton, FL, USA).

739.7
THE HUMAN HOMOLOGUE OF THE WEAVER MOUSE GENE IN 

NEURODEGENERATIVE ATAXIAS. Julie M. Wilson*, Stephen J. Kish and 

Hubert HM. Van Tol, Clarice Institute of Psychiatry, Toronto, Ontario, Canada.

The distinct pattern of neuronal cell loss in substantia nigra and cerebellum 

of the weaver mouse brain is similar to that detected histopathologically in brain of 

patients with various forms of degenerative ataxias. The weaver mouse has a 

missense mutation in the pore region of a G-protein linked inwardly rectifying 

potassium channel (GIRK2). The question arises as to whether a similar mutation 

might be a causative factor in the pathogenesis of human ataxias. We obtained DNA 

samples from brain of human patients with either familial or sporadic ataxia (n=33) 

and controls (n=18). Putative mutations in the membrane spanning and pore regions 

of the human GIRK2 gene were assessed using PCR, single strand conformational 

polymorphism (SSCP) and DNA sequencing. SSCP analysis indicated aberrant bands 

in 14 of the 34 ataxia patients (42%) and in 5 of the 18 control patients (28%). 

Sequencing revealed a nucleotide change (G to G/A) at position 495 in the H5 pore 

region of the human GIRK2 in all of the SSCP positive cases. However, this base 

change reflects a silent mutation, suggesting that it is unlikely to be associated with 

the aetiology of the disorder. (Supported by Heart and Stroke Foundation of Ontario 

and U.S. NINDS #26034)

739.8
THE INVOLVEMENT OF CYCLIN-DEPENDENT KINASE 5 (CDK5) IN 
ALZHEIMER'S NEUROFIBRILLARY PATHOLOGY. Jin-Jing Pei1*, Inge 
Grundke-Iqbal2, Khalid Iqbal2, Nenad Bogdanovic1. Bengt Winblad1, and Richard F,
Cowbum'. 'Karolinska Institute, Dept of Clinical Neuroscience and Family
Medicine, Novum, KFC, S-141 86, Huddinge, Sweden; 2NYS Institute for Basic 
Research in Developmental Disabilities, 1050 Forest Hill Rd, S.I., NY 10314.

The major protein subunit of the paired helical filaments (PHFs) of Alzheimer's 
disease (AD) neurofibrillary changes is abnormally hyperphosphorylated tau. 
Cyclin-dependent protein kinase 5 (cdk5) has been considered as a candidate for the 
formation of PHF-tau by the phosphorylation of normal tau at selective sites. Cdk5 
activity is upregulated in AD brant and also in neuroblastoma SH-SY5Y cells 
treated with okadaic acid (Khatoon, et al, Neurobiol. Aging Suppl. 1996. 17, S128; 
Tanaka, et al, Neurobiol. Aging Suppl. 1996. 17, SI54). To have a direct effect on 
tau phosphorylation, die expression and activity- of cdk5 should be upregulated in 
neurons which bear neurofibrillary tangles. We compared the expression of cdk5 in 
neurons with or without initial and late stage neurofibrillary’ tangles in hippocampal, 
entoihinal, transentorhinal, and medial temporal regions. The immunohistochemical 
localization of cdk5 was compared with that obtained using antibodies to 
hyperphosphorylated tau (mAb ATS) and ubiquitin as markers of early and late 
stage neurofibrillary' tangles, respectively. After treatment of paraffin embedded 
sections with 95% formic acid, we found a selective increase of cdk5 
immunoreactivity in pre-tangle neurons and neurons bearing initial stage tangles, as 
compared to neurons with late stage neurofibrillary tangles. Cdk5 levels, measured 
by an indirect ELISA method, were not altered in nuclear pellet, post-synaptosomal 
supernatant or synaptic pellet of AD medial temporal gyrus. These results suggest 
that cdk5 may be involved in neurofibrillary tangle formation at a relatively early 
stage (supported by the Stiftelsen for Gamla Tjanarinnor and the Sv edish MRC).

739.9
HETEROGENEITY OF POST-TRANSLATIONALLY MODIFIED TAU 
IN FRONTO-TEMPORAL DEMENTIA (FTP). O.J. Kim1.
L, Zhou1. B. Miller2. C. Haun1* and C.A, Miller1. 'Univ. Southern 
California, Los Angeles, CA 90033; 2Univ. of California Los Angeles Sch. 
Of Med. Los Angeles, CA 90095.

Fronto-temporal dementia (FTD), a non-Alzheimer lobar dementia, has 
no specific histopathological changes such as Pick bodies, senile plaques, 
neurofibrillary tangles or Lewy bodies. However, a familial form of this 
disease maps to chromosome 17q21-22 which includes the tau locus. We 
have examined 5 FTD patients, 2 Pick’s disease (PD), 1 Alzheimer’s 
disease (AD), and normal young and aged controls. Tissue homogenates of 
frontal (affected area) and occipital (non-affected area) lobes were analyzed 
by Western blot analysis using a variety of monoclonal antibodies (MAbs) 
for the recognition of normal and modified tau proteins. We report that tau 
isoforms are heterogeneously modified from patient to patient and differ 
from that of AD, PD and normal controls. With MAb T14, there is a faster 
migrating polypeptide ( -45KDa) recognized in two FTD patients, which is 
also detected with MAbs AT8, SMI31, and SMI34. This band is also 
found in PD but not in normal or AD tissues. One protein band (~50KDa) 
detected with MAbs AT8 and SMI34, is also present in aged normal 
control and at least two FTD, one PD, and one AD patient. These results 
suggest that post-translational modifications of tau might contribute to the 
pathogenesis of FTD but differ distinctly from that of AD.
Supported by NIMH 5R37MH39145 and NIA 5P50AG05142

739.10
GENOME SCAN REVEALS A LOCUS FOR A PREFRONTAL DEMENTIA 
WITH BONE CYSTS ON CHROMOSOME 19. P.Pekkarinen1, I.Hovatta1, 
O.Jarvi1, J.Lonnqvist1, O.Heinonen1', R.Adolfsson2, P-O.Nylander2,
G.Holmgren2, L.Tranebjaerg3, P.Hakola1 and L.Peltonen1. 1Natl. Publ. Health 
Inst., Helsinki, Finland; 2Univ. of Umea, Umea, Sweden; 3Univ. Hosp. of 
Tromso, Tromso, Norway.

PLO-SL (also known as Jarvi-Nasu-Hakola’s disease or membranous 
lipodystrophy) is a recessively inherited disease characterized by cysts in the 
weight-bearing bones, prefrontal psychosyndrome, epilepsy and early-onset 
dementia, of which patients die in their 40’s. About 150 cases have been 
identified mainly in Finland and Japan since 1960’s. The pathological defect 
is unknown, but a damage to the basement membranes of blood vessels in 
brain and bone tissue has been suggested.

We have assigned the PLO-SL locus by homozygosity mapping in families 
rising from the genetically isolated Finnish population. Samples of five 
affected individuals in two Finnish sibships were screened with 600 
polymorphic DNA markers. Markers on genomic regions with extensive 
haplotype sharing were genotyped in 16 PLO-SL families from Finland (12), 
Sweden (3) and Norway (1). Significant evidence for linkage was found to 
chromosome 19q13.1 in the Finnish families. Based on the haplotype 
analysis two families from Sweden and one from Norway would not be linked 
to this region. The critical region is bordered by obligatory' recombinations in 
the markers D19S191 and D19S420, which are separated by 9 cM. By 
linkage disequilibrium we have further restricted the critical region to 150 kb. 
Currently we are constructing transcript map over this region to proceed in 
identifying the defective gene in PLO-SL.

Grants: The Academy of Finland, The Emil Aaltonen Foundation.
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739.11
LOCALIZATION OF THE CELLULAR ISOFORM OF PRION PROTEIN (PrPC) IN 
CULTURES OF RAT CORTICAL NEURONS AND ASTROCYTES. Grimaldi M„ 
^Pergami P.*, ACavallaro S., Musco S., and #C. J. Gibbs. Lab. Ad. Systems; #Lab. 
C.N.S. Studies; NINDS, NIH, 36 Convent Dr. Bethesda MD-20817, USA; AIBFSNC- 
CNR, Catania; TNeurological Inst.-C.Mondino, Pavia, Italy.

Transmissible spongiform encephalopathies are characterized by spongiosis, 
reactive astroglial proliferation and accumulation in the infected brains of an 
abnormal isoform of a host-encoded membrane sialo-glycoprotein (PrPC). Cellular 
isoform of prion protein is normally expressed in the brain, but its patho-
physiological role is poorly understood. Recent evidence suggests a role for PrPC in 
the communications between neuron and glial cells and in calcium homeostasis in 
both glia and neurons. Using immunocytochemistry and western blot techniques, we 
studied the cellular distribution of PrPC in cultures of rat cortical neurons and type I 
astrocytes. Western blot analysis demonstrated a 33 kD immunoreactive band, more 
consistent in neurons enriched cultures than in type I astrocytic cultures. Imaging of 
mixed primary cultures, with conventional immunofluorescence and confocal 
microscopy confirmed that primaiy neurons are the main cell type to show evident 
immunoreactivity for PrPC. Neither astrocytes in mixed cultures nor in secondary and 
tertiary cultures showed a significant immunoreactivity for the PrPQ We used 
multiplex RT-PCR to investigate if these difference in PrPC expression paralleled 
different levels of mRNA expression. Surprisingly, we found that levels of mRNA 
encoding PrPC in neurons were similar to those in astrocytes.
Our data suggest that PrPC is mainly localized on the membrane of primary neurons 
and sparingly represented in type I astrocytes, indicating a different role of the protein 
in the physiology of these two cell types. However, the similar levels of mRNA 
expression suggests that neurons in primary culture and type I astrocytes translate 
mRNA with different efficiency, or that PrPC has a different turnover rate with a 
longer half life in neurons, indeed indicating a different relevance of PrPC to the 
functions of neurons and astrocytes.

739.12
PRION PROTEINS IN P1O2L GERSTMANN STRAUSSLER SCHEINKER 
DISEASE {GSS). P Piccardo*, S.R. Dlouhv, 1C Young, P Lievens, D 
Bugiani, F\ Tagliavini and R Ghetti. Indiana University Sch. Med., Ind-
ianapolis, IN 46202; Istituto Neurologico "Carlo Besta", Milano, Italy.

GSS, associated with a mutation at codon 102 of the prion protein 
gene causing a proline to leucine substitution (P102L) in the prion pro 
tein (PrP), is neuropathoiogically characterized by PrP-amyloid deposi-
tion and, in some patients, by the presence of spongiform changes of 
variable severity, similar to those of Creutzfeldt Jakob disease {CJDL 
As in the case of CJD, brain tissue from some GSS P102L patients may 
induce a spongiform encephalopathy when inoculated in animals. The 
study of PrP in GSS P102L patients presenting different pathologic 
phenotypes {with and without spongiform changes) may give insights 
into the pathogenesis of this disorder. We characterized PrP, by west-
ern blot, in the neocortex and cerebellum of GSS P102L patients. 
Several patterns of proteinase K resistant (PK-res) PrP were observed. 
In neocortex with severe spongiform changes three major PrP frag-
ments of ca. 21-29 kDa were present (similar to those of CJD); in 
neocortex of patients with no spongiform changes and in the cerebel-
lum, an area with abundant amyloid deposits and less severe or no 
spongiform changes, major PrP fragments of ca. 29-33 kDa and a 
fragment of ca. 10 kDa were detected. This data shows that GSS 
P102L with severe spongiform changes has PrP isoforms similar to 
those in CJD, and that cases with inconspicuous vacuolar changes 
have a different PK-res PrP pattern. These data support the concept 
that variability of the pathologic phenotype in GSS P102L is associated 
with the formation of specific PK-res PrP fragments. PHS R01 NS 
29822.

739.13
ALTERATION OF THE ACTIVITY OF THE VOLTAGE-SENSITIVE 
CALCIUM CHANNELS IS RESPONSIBLE FOR THE PRION PROTEIN 
FRAGMENT 106-126-DEPENDENT CELL DEATH. T, Fiorio*. S. Theliung, C.

Schettini, Inst. Pharmacology, Medical School, Univ. Genova; Unit of Neuroscience, 
Advanced Biotechnology Center (CBA); Pharmacology, Nat. Inst, for Cancer Res. 
(1ST), Genova, “Pharmacological Research Inst. Mario Negri, ^National Neurological 
Institute Carlo Besta, +INFN Unit, Dept of Physics, Univ. Genova, ITALY

Prion protein (PrP) is a possible etiologic agent of transmissible neurodegenerative 
diseases of humans and animals characterized by neuronal cell loss, vacuolation, 
amyloid deposition and proliferation of astrocytes. PrP is expressed also in normal 
brains, but during the development of these diseases it is converted in a pathogenic form 
named PrPSc, that is distinguishable from the native protein (PrPc) for its resistance to 
proteolysis and accumulation into the brain, generating amyloid fibrils. The PrP 
fragment 106-126 is able to mimic most of the entire PrPSt effects, being fibrillogenic 
and causing astroglial proliferation and apoptosis of hippocampal neurons in culture. 
Here we report the effect of PrP106-126 on the survival of GH3 pituitary cells used as a 
model to assess the intracellular mechanisms involved in the degenerative activity of the 
peptide. PrP106-126 induced a time-dependent (up to 7 days) GH3 cell death that 
showed the features of apoptosis. The activation of voltage-sensitive calcium channels 
(VSCC) for short periods induced proliferation of these cells while the pretreatment 
with PrP 106-126 completely prevented this effect. Similarly, the VSCC blocker, 
nicardipine, also induced GH3 cell death. The pretreatment of GH3 cells with PrP106- 
126 completely abolished the activation of VSCC evaluated both in microfluorimetric 
and electrophysiological studies. In conclusion these data suggest that PrP106-126 
induces GH3 cell apoptotic death that seems to be mediated by the inactivation of the 
VSCC. (Financial support by Telethon, grant E.394, is gratefully acknowledged)

739.14
PATHOLOGIC CHANGES OF THE LIMBIC SYSTEM IN 
PROGRESSIVE SUPRANUCLEAR PALSY (PSP). H. Braak*, E. 
Braak, RAI. deVos, and E.N.H, Jansen. Department of Anatomy,
J.W.Goethe University, D-60590 Frankfurt, Fed. Rep. Germany. 
Streeklaboratoria for Pathology, Enschede, The Netherlands

PSP is a neurodegenerative disease and primarily a disorder of the 
cytoskeleton. Cytoskeletal changes are demonstrated by silver 
impregnation and antibodies against abnormal tau-protein. In addtion 
to several neuronal types subsets of glial cells (astrocytes and 
oligodendrocytes) exhibit abnormal tau as well. The characteristic 
pattern of involvement facilitates differentiation of PSP from 
Alzheimer’s disease (AD). In the normal human brain, somato-
sensory, visual and auditory information proceed through the 
respective primary cortical areas, related sensory association fields, 
and is then transported to the prefrontal cortex. Part of the main 
stream of data converges upon the allocortex and amygdala which in 
turn exert influence upon the prefrontal cortex (limbic loop). Lesions 
are not only seen in the highest organisational level of the limbic 
system (entorhinal region, hippocampal formation, amygdala) but 
consistently occur in the hypothalamus and lower brain stem nuclei as 
well. The zone of brain stem involvement is sharply delineated and 
includes the periaqueductal grey, the parabrachial nuclei, part of the 
pontine reticular formation and extends down to intermediate reticular 
zone.
Supported by the DFG and the BMBF

739.15
PATHOLOGIC CHANGES OF THE MOTOR SYSTEM IN 
PROGRESSIVE SUPRANUCLEAR PALSY (PSP). E, Braak*, H 
Braak, R.A.I. de Vos and E.N.H. Jansen. Department of Anatomy,
J.W.Goethe University, D-60590 Frankfurt, Fed. Rep. Germany. 
Streeklaboratoria for Pathology, 7512 AD Enschede, The Netherlands

PSP is primarily a disorder of the cytoskeleton. Numerous structures 
are immunoreactive with antibodies against abnormal tau-protein. The 
hallmark of PSP is the severe involvement of the motor cortex, the 
striatal and the cerebellar loops. Most impressive are the changes in 
components of the striatal loop (striatum, external and internal 
pallidum, subthalamic nucleus, tegmental pedunculopontine nucleus, 
substantia nigra, superior colliculus). Slightly less severe involvement 
is seen in components of the cerebellar loop (red nucleus, pontine 
grey, inferior olive, dentate nucleus, lateral reticular nucleus, vestibular 
nuclei. Consistent affection of the neocortex is seen in both the 
primary motor area and the premotor region. Many types of cortex- 
related projection cells show the occurrence of abnormal tau within 
the axon. In the neocortex, in additon to neurofibrillary tangles and 
neuropil threads, axons containing abnormal tau are seen preferentially 
oriented either perpendicularly or parallel to the cortical surface. In 
summary, the findings indicate that PSP affects the brain much more 
extensively and profoundly than has been demonstrated up to now. 
Supported by the Deutsche Forschungsgemeinschaft and Bundes- 
ministerium fur Bildung, Wissenschaft, Forschung und Technologie

739.16
EFFECTS OF OXIDATIVE DAMAGE ON NEUROFILAMENT PROTEINS. & 
Spicer1. D, Circle1. B. Balin2. W, Hill1* 1 Dept. of Cell Bio and Anat., Medical 
Coll, of Georgia, Augusta, GA 30912; 2Dept. of Pathology, Allegheny Univ. of 
the Health Sciences, Philadelphia, PA 19102.

Oxidative-mediated damage is implicated in the pathogenesis of several 
neurodegenetive disorders including Parkinson’s disease and Alzheimer's 
disease. Cytoskeletal derangements and inclusion bodies formed from 
cytoskeletal elements are common features of these disorders. One of these 
inclusions, Lewy bodies, appears to be composed in large part from post- 
translationally modified neurofilaments. Due to the large number of lysines 
and phosphorylation sites, neurofilaments may be particularly vulnerable to 
oxidative damage. Recently, markers of oxidative damage have been found 
associated with Lewy bodies although whether this damage occurs following 
their formation or is part of the pathogenic process leading to their formation is 
not clear. We sought to determine if oxidative damage to neurofilaments can 
recapitulate findings associated with Lewy bodies. An Fe3/ascorbate buffer 
system was used to generate free radicals. Bovine and human unassembled 
neurofilament triplet subunits or neurofilament subunits which had been 
assembled into 10 nm filaments were used as substrates. Carbonyl groups 
generated by free radical damage were detected by derivatizing them with 
dinitrophenylhydrazine (DNPH) which was in turn detected with an HRP 
coupled antibody to DNPH. Unassembled neurofilament subunits were 
significantly more vulnerable to damage than assembled neurofilaments. 
Human neurofilaments were less vulnerable to oxidative damage than bovine 
neurofilaments. We measured the ability of antibodies to well characterized 
neurofilament epitopes to recognize these sites following oxidative damage. 
Neurofilaments appear to have domains which are differentially vulnerable to 
free radical attack. Epitope analysis reveals that the antibody labeling pattern 
of oxidatively damaged neurofilaments is similar to that seen with Lewy 
bodies. Funded by NS32835
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740.1
IN VIVO FREE RADICAL PRODUCTION AND OPENING OF THE 
MITOCHONDRIAL PERMEABILITY TRANSITION PORE BY THE 
PARKINSONIAN TOXIN MPP+ AND BETA AMYLOID PEPTIDE J. K.
Parks, D. S. Cassarino, T.S. Smith, P.A. Trimmer, W. D. Parker, Jr., and J. P.
Bennett, Jr.* Center for the Study of Neurodegenerative Diseases and Dept. of 
Neurology, Univ. of Virginia Health Sciences Center, Charlottesville, VA 22908.

Free radical production can arise from electron transport chain (ETC) impairment 
and may involve opening of the mitochondrial permeability transition pore (PTP), a 
nonselective, high conductance “megachannel” formed between the inner and outer 
mitochondrial membranes. Pore opening has been implicated in programmed cell 
death in many situations. Effectors which can open the PTP include Ca2+, oxidizing 
agents, free fatty acid products of the PLA2 pathway, atractyloside, and inhibitors of 
the ETC. The ETC is genetically impaired in neurodegenerative diseases including 
sporadic Parkinson’s disease (SPD) and sporadic Alzheimer’s disease (SAD). 
Microdialysis infusion of MPP+ or beta amyloid peptides increased hydroxyl radical 
(’OH) output, which was dependent on nitric oxide synthase and NMDA channels. 
The ETC inhibitors MPP+ and rotenone (which block complex I, defective in PD), 
azide (which blocks complex IV, defective in AD), and beta amyloid peptide were 
tested for effects on PTP function. Both MPP+ and rotenone open the PTP, but the 
patterns of opening differ in substantial ways, suggesting that ETC inhibition may 
not be the only contributing factor. Neurotoxic beta amyloid 25-35 peptide also 
opened the PTP at nanomolar concentrations. These processes were completely 
blocked by cyclosporine A (CsA) and were modified by various oxidants, 
antioxidants, and PLA2 inhibitors in ways consistent with known PTP function. 
PTP opening by MPP+ or beta amyloid may contribute to ’OH production and be a 
critical component of cell death in PD and AD. (supported by National Parkinson 
Foundation and NS35325).

740.2
ACTIVATION OF EARLY TRANSCRIPTIONAL PATHWAYS AND 
ALTERATION IN EXPRESSION OF PRO-APOPTOTIC AND ANTI- 
APOPTOTIC REGULATORY PROTEINS IN CELLULAR MODELS OF 
PARKINSON’S DISEASE.
G.A. Veech, C.P. Fall, E.M. Halvorsen, R.H. Swerdlow, W.D. Parker, Jr, N.J.
Solenski*, and J.P. Bennett, Jr. Center for the Study of Neurodegenerative Diseases 
and Depts of Neurology and Pharmacology, University of Virginia Health Sciences 
Center, Charlottesville, VA 22908.

Systemic MPTP produces a faithful model of Parkinson’s disease following its 
oxidation to MPP+ and intracellular accumulation of MPP+ by dopamine transporters. 
MPP+ inhibits complex I of the electron transport chain (ETC) and can increase 
production of reactive oxygen species (ROS) and induce apoptosis. We found that 
MPP+-induced ROS and apoptosis exhibited concentration- and time-dependencies in 
SH-SY5Y neuroblastoma cells and that MPP+-induced apoptosis was prevented by 
inhibition of phospholipase A2 (PLA2) activity (see C.P.Fall, et al, this meeting).

We examined the effects of incubating SY5Y cells with MPP+ on activation of 
early transcriptional kinases associated with apoptosis, such as JUN Kinase and MAP 
Kinase, and ICE-like proteases such as CPP32. JUN Kinase was activated rapidly, 
within 30 minutes of incubation with MPP+. Increased levels of anti-apoptotic bcl-2 
protein were apparent within 4 hours of MPP+ exposure. We could not detect Bax 
proteins in our homogenates. Levels of the pro-apoptotic p53 protein did not change 
over the course of MPP+ incubation, even at the time when apoptotic DNA 
fragmentation was clearly present. MPP+-induced apoptosis appears to involve many 
of the same intracellular mechanisms described in other cellular systems. The 
relationship between MPP+ activation of these intracellular mechanisms, its ability to 
open the mitochondrial permeability transition pore (see J.K. Parks, et al, this 
meeting) and induction of apoptosis remain to be established. (Supported by the 
National Parkinson Foundation and NS35325).

740.3
THE PLA2 INHIBITOR ARISTOLOCHIC ACID BLOCKS MPP+ 
INDUCED APOPTOSIS IN SH-SY5Y NEUROBLASTOMA CELLS 
C.P. Fall* and J.P. Bennett, Jr. Center for the Study of Neurodegenerative 
Diseases, Department of Neurology, University of Virginia Health Sciences 
Center, Charlottesville, VA 22908

In an attempt to model the inherited mitochondrial complex I defect 
observed in sporadic Parkinson’s disease patients, we exposed SH-SY5Y 
neuroblastoma cells to the mitochondrial complex I inhibitor MPP+. MPP+ 
exposure resulted in increased reactive oxygen species production as measured 
with fluorescent probes, increased lactate production as measured by media 
lactate levels and apoptosis as measured with flow cytometiy following DNA 
staining with propidium iodide. We observed that the phospholipase A2 
inhibitor aristolochic acid potently inhibited apoptosis caused by exposure to 
MPP+. Aristolochic acid did not inhibit MPP+ induced flee radical production 
or restore complex I activity. Aristolochic acid did block an MPP+ induced 
increase in A23187 stimulated arachidonic add release. Salicylic add was 
ineffective at blocking MPP+ induced apoptosis, suggesting that the effects of 
aristolochic add are not related to products of cyclooxygenase and arachidonic 
acid. PLA2 activation of the protein kinase C pathway and PLA2 mediated 
opening of the mitochondrial permeability transition pore are candidate 
mechanisms for the observed effects. (Supported by the National Parkinson 
Foundation and NS35325)

740.4
MITOCHONDRIAL ELECTRON TRANSPORT FUNCTION IN CYBID 
CELLS FROM MEMBERS OF A PARKINSON’S DISEASE KINDRED 
SPANNING THREE GENERATIONS
R.H. Swerdlow, J.K. Parks, L.J. Currie, G.F. Wooten*, W.D. Parker, Jr. Center for 

the Study of Neurodegenerative Diseases and Dept of Neurology, University of 
Virginia Health Sciences Center, Charlottesville, VA 22908.

Idiopathic Parkinson’s Disease (PD) rarely follows classical Mendelian 
inheritance and more often occurs sporadically or in clusters within families. 
Multiple PD tissues possess a selective deficit in activity of complex I 
(NADH:ubiquinone reductase) of the mitochondrial electron transport chain (ETC). 
In sporadic PD this ETC defect is passed through mitochondrial DNA (mtDNA). 
Additionally, a disease deriving primarily from mtDNA mutation(s) should exhibit 
matrilineal inheritance.

We have examined a family in which multiple members of three generations had 
PD. There are nine sibs in a second generation, derived from a mother with 
probable PD, Eight of these nine F2 (four males, four females) survived to 
reproductive age. The eldest female in F2 has PD and had five children, three of 
whom also have PD. Two F2 males have PD and have two children each, none of 
whom have PD An additional F2 female has PD and three unaffected children.

Cybrid cells were constructed from multiple members of the F3 and F4 
generations, selected for successful mitochondrial transfer and assayed for ETC 
activities. Preliminary findings to date indicate that several neurologically normal 
F4 sibs have subnormal complex I activities. In this multigenerational family, PD 
exhibits matrilineal transmission consistent with a mitochondrial disease. Cybrid 
cells provide a tool to determine the contribution of mitochondrial genomic 
mutations to the transmission of PD in this kindred. (Supported by the American 
Parkinson Disease Association and the Dana Foundation).

740.5
CALCIUM SIGNALING LINKS MITOCHONDRIAL DNA DEFECTS TO

APOPTOSIS IN NEURODEGENERATIVE DISEASE CYBRID MODELS. J.B. 
Tuttle*1, J.P. Sheehan1, R.H. Swerdlow1, W.D. Parker1, S.W. Miller2 and
R.E. Davis2. (1) Center for the Study of Neurodegenerative Disease, Uni-
versity of Virgina, Charlottesville, VA and 2) MitoKor Corp, San Diego CA

Several lines of evidence suggest sporadic forms of Parkinson's and
Alzheimer's disease associate with defects in mitochondrial DNA 
(mtDNA). Tissues of Parkinson's (PD) patients assay with reduced elec-
tron transport chain (ETC) complex 1 activity, and those of Alzheimer's 
(AD) patients with reduced activity of complex IV. Population studies 
suggest a bias for the expected maternal inheritance. However, it has 
been unclear how defects in mtDNA and ETC activity result in selective 
apoptosis. Cytoplasmic hybrid (cybrid) models created from mtDNA-free 
human neuroblastoma lines and patient-derived platelet mitochondria 
retain the reduced ETC activities and display elevated sensitivity to in-
duced apoptosis [Ann Neurol, 40:663-671, 1996}. PD-derived cybrids 
have normal cytosolic Ca2+ (measured by fura-2 ratio fluorimetry) and 
normal ATP/ADP ratios, but carry less Ca2+ in mitochondria (CCCP re- 
leaseable) and recover poorly from a carbachol-induced (100//M), IP - 
mediated transient (J Neurochem, 68:1221-1233, 1997}, when com-
pared to lines derived from disease-free, age-matched controls. AD-de- 
rived cybrid lines have elevated cytosolic Ca2+, normal ATP/ADP and 
mitochondrial Ca2+ but recover even less well from an IP3 transient, 
compared to controls (J Neurosci, in press}. B-amyloid peptide (25-35) 
but not control (35-25) intensified the defect in Ca2+ signaling. Improved 
mitochondrial function improved Ca2+ handling after IP -mediated internal 
release. Inhibiting other paths of Ca2+ buffering had little effect on recov-
ery from transients. Thus, normal mitochondrial ETC activity appears 
required for normal Ca2+ signaling, even at non-pathological cytosolic 
Ca2+ concentrations, in this cybrid model. Dramatic correction of Ca2+ 
signaling with 24 hr. exposure to 10 ng 2.5s nerve growth factor sug-
gests action at mitochondrial sites. Supported by grants from NIH.

740.6
ELEVATED ANTIOXIDANT ENZYME ACTIVITIES IN PARKINSON’S 
AND ALZHEIMER’S DISEASES CYBRID CELL LINES D. S. Cassarino, C. 
P, Fall, R. H. Swerdlow, J. K. Parks, S, M, Miller, A. B, Jung*, W. D. Parker, Jr.,
and J. P. Bennett, Jr. Center for the Study of Neurodegenerative Diseases and Dept. 
of Neurology, Univ. of Virginia Health Sciences Center, Charlottesville, VA 22908, 
and MitoKor Corporation, San Diego, CA.

Multiple tissues from both sporadic Parkinson's disease (SPD) and sporadic 
Alzheimer’s disease (SAD) patients exhibit mitochondrial electron transport chain 
(ETC) defects which arise from mitochondrial DNA mutations. Specifically, 
activity of complex I of the ETC is decreased in SPD and activity of complex IV is 
decreased in SAD. Cybrid cells created by transfer of SPD and SAD patients’ 
mitochondria into rhon host cells exhibit elevated reactive oxygen species (ROS) 
production. We found that PD and AD cybrids compensate for these increased ROS 
burdens by elevating the activities of their antioxidant enzymes (AOEs). Similar 
results were found in SH-SY5Y cells treated with the complex I inhibitor, MPP+, or 
in brain regions of C57BL mice treated with the protoxin MPTP. Control cybrids 
treated with MPP+ increased their AOE activities to the same levels found 
spontaneously in SPD cybrids, which failed to further increase their AOE activities 
after MPP+ exposure. The effects of the complex IV inhibitor azide on ROS 
production and AOE activities were also examined. SPD and SAD cybrids are 
subject to metabolic and oxidative stresses due to their genetically impaired ETC 
functioning and provide models to determine mechanisms of oxidative damage and 
cell death in PD and AD. (supported by National Parkinson Foundation and 
NS35325).
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740.7
MOVEMENT OF FUNCTIONALLY COMPROMISED MITOCHONDRIA IN 
THE PROCESSES OF DIFFERENTIATED AD AND PD CYBRIDS IS 
REDUCED. P.A. Trimmer*, L. A. Ligon, R. H. Swerdlow, J. K. Parks, R. E. 
Davis and W. D. Parker, Jr. Center for the Study of Neurodegenerative Diseases, 
Dept. of Neuroscience, University of Virginia, Charlottesville, VA 22908 and 
MitoKor, San Diego, CA 92121.

Mitochondrial impairment plays an important role in the neurodegeneration that 
characterizes both Alzheimer’s (AD) and Parkinson’s (PD) disease. Mitochondria 
make ATP, regulate calcium and are actively transported throughout the neuron 
and it’s processes. How neurons localize and regulate the distribution of 
mitochondria to demanding synaptic terminals is poorly understood. Even less is 
known about how mitochondrial movement is altered in neuronal cells that contain 
functionally compromised mitochondria. We created cytoplasmic hybrid (cybrid) 
cells by fusing age-matched patient (AD or PD) or control platelets with SH- 
SY5Y human neuroblastoma (rhoO) cells that are deficient in mitochondrial DNA 
(mtDNA). AD, PD and control cybrids were differentiated by exposure to retinoic 
acid (lOpM). Mitochondria in living, differentiated cybrids were labeled and 
recordings of mitochondrial movement were made using a time lapse fluorescence 
imaging system. Observations were made every 3 seconds for 1-2 min. The 
average velocity of mitochondrial movement was significantly reduced in AD and 
PD cybrids in comparison with controls. The percentage of mitochondria moving 
during the recording period was also reduced. These studies illustrate that 
impaired mitochondrial function can directly affect mitochondrial movement in 
neuronal processes. Altered mitochondrial movement in susceptible neurons may 
compromise function in metabolically demanding structures like synaptic 
terminals and participate in the terminal degeneration present in both AD and PD. 
Supported by the National Parkinson’s Foundation and NS35325.

740.8
CHRONIC INTRASTRIATAL ADMINISTRATION OF QUINOLINIC 
ACID PRODUCES COGNITIVE DEFICITS IN A RODENT MODEL OF 
HUNTINGTON’S DISEASE. D. A. Shear1, J, Dong1. K. L. Haik-Creguer1, T, 
J. Bazzett2*, R. L. Albin3,4, and G. L. Dunbar1, ’Dept. Psych., Central Mich. 
Univ., Mt. Pleasant MI 48859; 2Dept. Psych., SUNY Geneseo, Geneseo NY 
14454; 3Dept. of Neurology, Univ. of Mich., Ann Arbor, MI 48104; 4Geriatrics 
Research, Education, and Clinical Center, Ann Arbor VAMC, Ann Arbor, MI 
48104.

Chronic intrastriatal administration of the NMDA agonist, quinolinic acid 
(QA) in the rat produces a pattern of neurodegeneration similar to that seen in 
Huntington’s disease (HD) and produces transient hyperactivity. However, the 
effects of chronic QA administration on cognitive measures have not been 
previously assessed. The present study tested the cognitive ability of rats exposed 
to chronic intrastriatal administration of QA. Micro-dialysis probes, connected 
to subcutaneously implanted osmotic mini-pumps filled with either a 20 mM 
solution of QA or phosphate buffered saline, were inserted bilaterally into the 
central region of the neostriatum. Beginning one day after surgery, rats were 
tested daily for three weeks for spatial learning in a radial arm water maze 
(RAWM) task. Nocturnal activity levels were also assessed at 1-, 3-, 5-, 7-, 14- 
and 21-days following probe implantation. Rats exposed to chronic QA 
displayed working memory and reference memory deficits in the RAWM, and 
transient increases in open-field activity levels. These results suggest that the 
chronic exposure to QA mimics some of the cognitive deficits observed in HD.

This project was funded by NIH-NIA grant AG08617 (to RLA) and NIH grant I- 
R15-NS30694-01A3 (to GLD).

740.9
SLOW-RELEASE OF QUINOLINIC ACID FROM POLYMERS IMPLANTED 
IN THE STRIATUM PRODUCES SPATIAL LEARNING DEFICITS IN RATS.
K. L. Haik-Creguer1, D. A, Shear1. J. Dong1, B. A. Sabel2, G. L. Dunbar1*. ‘Brain 
Research Laboratory, Psych. Dept., Central Michigan Univ., Mt. Pleasant, MI 48859. 
2Otto-von-Geuricke School, of Med., Inst, for Med. Psych., Magdeburg, Germany 39120.

Intrastriatal injections of the NMDA agonist quinolinic acid (QA) mimic some of the 
neuropathological and behavioral symptoms of Huntington’s disease (HD). However, 
since HD involves progressive loss of striatal neurons, along with a slow increase in 
activity levels, and gradual memory loss, recent efforts have focused on developing a 
chronic model of the disease. The present study tested whether the slow-release of QA 
from ethyl vinylacetate (EVA) polymers implanted in the rat striatum mimics HD-like 
neuronal loss and motor and memory deficits. Rats received intrastriatal implantations of 
QA-containing polymers (50 % QA to 50% EVA; n=6) control polymers (100% EVA; 
n=6), or no implants (n=5). Prior to surgery, and once weekly thereafter, the rats were 
tested on a balance beam task, in an open field, and on a grip strength task. Measurement 
of nocturnal movements was also performed prior to surgery and every other day 
thereafter. Spatial testing using a radial arm water maze (RAWM) began two weeks after 
surgery and continued for the remaining two weeks of the study. The results indicate that 
QA-treated rats require more time to complete the balance beam task and make more 
errors in the RAWM than controls. No between-group differences were observed for open 
field, grip strength, and nocturnal movement measures. Histological examination of the 
brain tissue revealed a QA-induced decline in metabolic activity and enlarged ventricles, 
but no differences in the number of NADPH-d labeled neurons in the striatum. These 
results indicate that the QA releasing polymer mimics some of the neuroanatomical and 
behavioral symptoms of HD, but does not cause the progressive motor abnormalities or 
hyperactivity characteristic of the disease.

Partially funded by CMU’s Research Excellence Funds, Centers for Excellence, & NIH 
grant 1-R15- NS30694-01A3 (to GLD), & Deutsche Forschungsgemeinschaft Sa 433/5- 
2, & Ministry of Culture, State of Sachsen-Anhalt, Germany (to BAS).

740.10
3-NITROPROPIONIC ACID NEUROTOXICITY IN ORGANOTYPIC SLICE 
CULTURES OF RAT STRIATUM: COBALT UPTAKE AND GLUCOSE AND 
GLUTAMATE DEPENDENCY. Jan Storgaard, Jens Zimmer and Jan Bert P. 
Gramsberqen.* Dept. of Anatomy and Cell Biology, Odense University, 
Odense, Denmark.

3-Nitropropionic acid (3-NPA), an irreversible inhibitor of succinate 
dehydrogenase, causes striatal degeneration reminiscent of Huntington’s 
disease. We studied 3-NPA neurotoxicity in organotypic slice cultures of rat 
striatum grown alone or together with cortex using lactate dehydrogenase 
(LDH) efflux and cobalt histochemistry. Brain slices from neonatal rats were 
grown on semiporous membranes for 3-4 weeks and then exposed for 24 
hours to 3-NPA, glutamate (Glu) or 3-NPA+Glu in neurobasal medium with a low 
dose of tetrodotoxin (300 nM) and 25 or 5 mM glucose. Toxic and metabolic 
(glucose, lactate) effects were assesed directly after toxic exposures and after 
another 24 hours in normal medium. Lactate measurements suggested 
maxima! mitochondrial inhibition by 100 pM 3-NPA. LDH measurements 
indicated that up to 1 mM 3-NPA was not toxic in 25 mM glucose. In 5 mM 
glucose 3-NPA was maximally toxic at 100 pM 3-NPA in corticostriatal cultures, 
whereas toxic effects on striatal cultures required higher doses. This differential 
effect is probably due to a higher glucose utilization of corticostriatal versus 
striatal cultures (after 24 hours 0.9 mM versus 2.5 mM left). Glu (500 pM) 
potentiated 3-NPA (50 pM) toxicity significantly. In corticostriatal cultures the 
ratio of cobalt/neutral red cells (4 cultures per condition) increased from 0.0 
(control), 0.13 (3-NPA) and 0.08 (Glu) to 2.29 (Glu+3-NPA), whereas LDH 
increased from 30 to 620 U/L. LDH levels from striatal cultures increased from
3.3 (control), 4.2 (3-NPA) and 4.5 (Glu) to 32.1 (Glu+3-NPA). Cobalt uptake 
(reflecting calcium) is an earlier and more sensitive marker for cellular 
compromise or death than LDH efflux. Supported by the Danish MRC.

740.11
PROTECTION AGAINST STRIATAL MALONATE TOXICITY BY 
MRZ 2/576, A GLYCINE SITE NMDA ANTAGONIST.
J.T. Greenamyre^M. Garcia-Osuna and G. MacKenzie. Department of 
Neurology, Emory University, Atlanta, GA 30322.

The Huntington’s disease gene product, huntingtin, in its expanded 
form, binds to and may inactivate glyceraldehyde phosphate 
dehydrogenase, a key enzyme in glycolysis. A selective complex II/III 
defect has also been reported in HD caudate. We used striatal complex II 
inhibition by malonate as a model of HD. Previous work has shown that 
this form of neuronal death is caused indirectly by NMDA receptor- 
mediated excitotoxicity. Accordingly, we have been interested in 
examining the neuroprotective potential of a wide variety of NMDA 
antagonists against mitochondrial toxins. MRZ 2/576 is a member of a 
new class of glycine site NMDA antagonists with activity after systemic 
administration. Animals were anesthetized, then placed in a stereotaxic 
frame and injected in the right striatum with 1 pi of 1 M malonate at 0.5 
pl/min using a Hamilton 10 pi syringe with a 26-gauge needle. Ten 
minutes later, animals received a stereotaxic injection of 1 pi of 0.05 M 
MRZ 2/576 or vehicle in the same site. Three and a half hours after the 
malonate infusion, animals received an i.p. injection of MRZ 2/576 (30 
mg/kg) or vehicle. Animals were euthanized three days after lesioning 
and brains were processed for cytochrome oxidase histochemistry to 
assess lesion volume. Treatment with MRZ 2/576 reduced lesion 
volume by approximately two thirds and, in several animals, there was 
minimal evidence of a lesion. Thsese results provide support for the use 
of glycine site NMDA antagonists as neuroprotective agents. 
(Supported by a Mallinckrodt Scholar Award and AG11755)

740.12
SELECTIVE NEURONAL VULNERABILITY OF ONUF'S NUC-
LEUS IN MULTIPLE SYSTEM ATROPHY VERSUS MOTOR 
NEURON DISEASE. L . Zhang* H . M i t sumo to , R. Sh i elds 
and R.S.Burns. Dept.of Neurology, Cleveland Cli-
nic Foundation, Cleveland, OH44195.

Onuf's nucleus in the caudal cord innervates the stri-
ated external anal and periurethral sphincters. This nuc-
leus is of interest because it integrates autonomic and 
voluntary motor function and exhibits neuronal and neuro-
chemical properties of both of these systems. We and oth-
ers have observed that the various system atrophies of the 
nervous system differentially affect Onuf’s nucleus. Out 
of 16 patients with the clinical diagnosis of multiple sy-
stem atrophy (MSA), there were 10 with urinary incontinen-
ce, and 2 with bowel dysfunction, representing 62.5%, and 
12.5%, respectively, while less than 1% of patients with 
motor neuron disease (MND) had urinary or bowel inconti-
nence. In autonomic failure due to MSA, there is selective 
degeneration of Onuf's nucleus with consequent incontine-
nce. In contrast, most patients with MND, represented here 
by ALS, appear to have preserved bladder and bowel func-
tion despite the extensive loss of anterior horn cells in 
the spinal cord. In MSA, it has been reported that up to 
90% patients have abnormal sphincter EMG, indicating de-
nervation and reinnervation consistent with anterior horn 
cell loss in Onuf’s nucleus. The investigation of the 
differential innervation might lead to a better understan-
ding of the mechanisms of integration of autonomic and 
somatic function.Supproted by Cleveland Clinic Foundation.
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740.13
AN ANTIBODY AGAINST AN UNUSUAL MYELIN BASIC 
PROTEIN EPITOPE DETECTS AN EARLY PROCESS OF MYELIN 
DEGENERATION IN MULTIPLE SYSTEM ATROPHY.
Matsuo1,2, K. Terai2, I. Toovama3*, I. Akiguchi1, P. L. McGeer2 and
J. Kimura1. 1; Dept. of Neurology, Kyoto Univ., Japan, 2;
Kinsmen Lab. of Neurol. Res., Univ. of British Columbia, Canada, 3; 
Institute of Mol. Neurobiol., Shiga Univ. of Med. Sci., Japan

Multiple system atrophy (MSA) is an entity which includes 
striatonigral degeneration, olivopontocerebellar atrophy and Shy- 
Drager syndrome. It was first described as a clinicopathological 
entity by Pepp et al. in 1989. Degenerative changes in white matter, 
including demyelination and glial cytoplasmic inclusions, are among 
the most prominent features observed in MSA brain. However, there 
have been few reports focusing on alterations of myelin itself in MSA. 
A rabbit antiserum (anti-EP), raised against a synthetic peptide 
corresponding to residues 68-86 of guinea pig myelin basic protein 
(MBP), powerfully immunostained abnormal appearing 
oligodendrocytic processes and cell bodies in demyelinating areas 
associated with MSA. EP positive structures were observed even in 
less affected areas, such as the temporal lobe. As we reported 
previously, the anti-EP is highly specific for the sequence QDENPVV, 
which corresponds to human MBP residues 82-88, and reveals 
degenerating myelin in multiple sclerosis but fails to recognize any 
structure in normal brain.n The EP antibody therefore appears to be a 
very sensitive method for detecting myelin degeneration in 
neurodegenerative disorders, and oligodendroglial degeneration may 
be an important aspect of the pathogenesis of MSA.
1) A. Matsuo etal; Am J. Pathol, 150(4) 1253-1266, 1997

740.14
ENLARGED PUTAMEN IN IDIOPATHIC FOCAL DYSTONIA. 
K. J. Black*, D, Qngur, M, H, Gado, and J. S, Perimutter. Departments of 
Psychiatry, Radiology, Neurology, and Anatomy and Neurobiology, Washington 
University School of Medicine, St. Louis, MO 63110.

Introduction. Dystonia is a syndrome of intermittent or sustained involuntary 
muscle contractions leading to abnormal postures. The putamen is implicated in the 
pathophysiology of dystonia for several reasons, most notably because focal insults 
of the putamen can cause secondary dystonia. In idiopathic dystonia the putamen 
shows abnormal signal on T2-weighted MRI and abnormal binding of [i8F]spiperone 
(a ligand at dopamine D2-like and serotonin S2 receptors). We tested the hypothesis 
that the putamen’s volume is abnormal in idiopathic dystonia. Methods. 13 normals 
were matched for age and sex to 13 adults with hand cramp or blepharospasm (two 
forms of focal dystonia). All subjects had a Tl-weighted high-resolution 3D MRI of 
the brain which was clinically normal on review by a neuroradiologist blind to 
diagnosis. A rater blind to diagnosis measured total brain volume and total (left + 
right) putamen volume in all subjects in a randomized order using standard 
stereologic methods. At each point, orthogonal views in 3 dimensions were available 
to confirm anatomic location. Two-tailed t tests without assuming equal variance 
were used to test differences in mean volumes. Results. Total brain volume was 
equivalent to within 1% between the two groups (normal, 1155ml; dystonia, 1164ml; 
P = 0.84). The putamen was 13% larger in patients (normal, 6.48ml; dystonia, 
7.34ml; p < 0.03). This remained significant after correcting for total brain volume. 
Discussion. This is the first report of volumetric abnormality in idiopathic adult- 
onset dystonia. The finding may either be associated with pathogenesis of the disease 
or reflect neuronal plasticity in the putamen in response to neurological dysfunction.

Supported by NIH grants NS-01898, NS-32318, and NS-31001, NARSAD, the 
Charles A. Dana Foundation’s Clinical Hypotheses Research Program, the APDA, 
and the McDonnell Center for Higher Brain Function.

740.15
GENERALIZED AND FOCAL DYSTONIA: PATHOPHYSIOLOGIC 
MECHANISMS . M Sabbahi *, I Aljawayed, J Jankovic, and E C Lai; School 
of Physical Therapy. Texas Woman’s University. Houston, TX 77030, and 
Department of Neurology, Baylor College Of Medicine, Houston. TX 77030.

PURPOSE: Dystonia is a movement disorder with unknown patho-
physiology. The purpose of this study was to evaluate the neurophysiological 
changes in generalized and focal dystonia as compared to normal subjects. 
METHODS: Sixteen subjects with focal (F) dystonia (cervical): 8 subjects with 
generalized (G) dystonia and 27 healthy control subjects were tested in a semi-
reclined position. The soleus H-reflexes were recorded after stimulation of the 
tibial nerv e in the popliteal fossa (1 ms, 0.2 pps at H-max). The H and M max 
were recorded using differential surface recording technique. Signals were 
amplified 1.000 to 5,000 times at band width 10 Hz to 10 Khz. The Achilles 
tendon was vibrated w ith battery -operated vibrator (100 Hz at 0.1" displace-
ment). The H/M ratio and H-vibration/H-control (Hv/Hc) w ere calculated.
Double stimuli of equal intensity with variable inter-pulse interv als were 
delivered and the H-reflex recovery curve (HRRC) was calculated. Four signals 
were averaged for each step. ANALYSIS: Data were statistically analyzed using 
multiple one way ANOVAs. For the HRRC Bonferroni adjustment was used. 
RESULTS: Showed a statistically significant higher value for Hv/Kc in the 
generalized dystonia versus focal dystonia or nonnal subjects. H/M ratio showed 
no measurable difference betw een groups. HRRC was substantially higher in the 
dystonia groups at all phases of the curv e. DISCUSSION AND CONCLUSION: 
These results indicate a reduced inhibitory mechanisms (presynaptic and 
postsynaptic) in the dystonia group whether it is generalized or focal. It may 
imply a possible common pathological mechanisms for the focal and generalized 
dystonia. Further studies are required. (Aljawayed was supported by a 
scholarship from the Saudi Government).

740.16
DIMINISHED REGIONAL CEREBRAL BLOOD FLOW RESPONSE IN 
PATIENTS WITH BENIGN ESSENTIAL BLEPHAROSPASM DURING 
VIBRATORY STIMULATION R.J. Feiwell, M.A. Mintun, A.K. MacLeod, 
J.S. Perimutter* Departments of Radiology and Neurology, Washington 
University School of Medicine, St. Louis, MO 63110.

Benign essential blepharospasm (BEB) is a cranial dystonia manifest by 
involuntary excessive blinking and squeezing of the eyelids that may render 
one functionally blind. We have demonstrated previously that patients with 
hand dystonia have reduced vibration-induced response in sensorimotor 
cortex and SMA. This study was designed to determine whether patients 
with BEB have a similar abnormality of sensorimotor processing. Six right 
handed patients with BEB and seven normals (5 right handed) were studied. 
PET measurements of rCBF using oxygen-15 labelled water were done 
during control states and with a vibrator held gently against either side of 
the lower or upper face. Each subject had at least 9 scans during a PET 
session. Responses in the contralateral sensorimotor area were averaged for 
the left and right sided stimuli to give a single value for lower face and for 
upper face stimulation. Responses to lower face vibration were significantly 
lower in the dystonics 6.7% vs 16.3% in the normals (p< 0.01). Similarly, 
the upper facial vibration-induced responses were lower in dystonics 4.7% 
vs 11.5% in normals (p< 0.04). These data demonstrate that patients with 
BEB have an abnormality of sensorimotor processing similar to patients 
with dystonia of the hand.

Supported by Benign Essential Blepharospasm Research Foundation, NIH 
grants NS-32318 and NS-31001, the Clinical Hypotheses Research Program 
of the Charles A. Dana Foundation, McDonnell Center for Higher Brain 
Function.
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741.1
EXPRESSION OF THE HUNTINGTIN MUTANT ACTIVATES JNK/SAPK 
AND INDUCES NEURONAL APOPTOSIS Ya Fang Liu**, Hemachandra 
Reddy 2, P. Lisa Pike Buchanan 2 Rechard DethhLeny Zon-^ and Danilo A. 
Tagle^ 1 Dept. of Pharmaceutical Sci., Northeatern University, Boston, MA 
02115; 2National Human Genome Research Institute, Bethesda MD 20892; 
•^Howard Hughes Med. Int. Children Hosp. Boston MA 02115
Huntington's disease (HD) is an autosomal dominant neurodegenerative disorder 
characterized by selective loss of neurons. Neuronal apoptosis is known to be part 
of the pathogenesis of the disease. The HD gene product huntingtin contains a 
polymorphic CAG trinucleotide repeats in exon 1 that is expanded on HD 
chromosomes. To explore whether the huntingtin mutant induce cell toxicity in 
neurons, we generated a full-length cDNA clones from mid-age onset HD patient 
which contains 48 CAG repeats. Expression of the huntingtin mutant clearly 
induces apoptosis in a immortalized hippocampal neuronal cell line. To explore 
that the possible biochemical mechanism of the huntingtin mutant-mediated cell 
toxicity, we tested whether expression of the huntingtin mutant activates 
JNK/SAPK which is known to mediate apoptosis in some cell systems. We found 
that expression of the huntingtin mutant increases JNK/SAPK activities by over 
10 folds. To address stimulation of JNK/SAPK is the cause of neuronal apoptosis, 
dominant negative SEK(K-R) that blocks activation of JNK/SAPK was co-
expressed with the huntingtin mutant in hippocampal neuronal cells resulting in 
completely blocking of the mutant-mediated neuronal apoptosis. Taken together, 
our study demonstrate that huntingtin by activation of JNK/SAPK mediates 
neuronal apoptosis. Our study suggest that the inhibitor of JNK/SAPK may be a 
valuable therapeutic tool to delay or ablate of the onset and progression of HD 
(Supported by Huntington's disease foundation of America and MRC fellowship of 
Canada).

741.2
HUNTINGTIN-ASSOCIATED PROTEIN (HAP-1): ASSOCIATION 
WITH MEMBRANOUS ORGANELLES POSSIBLY INCLUDING LARGE 
DENSE-CORE VESICLES A.H. Sharp*. C. Zhang, C.M.Ward, J.K. 
Cooper, V. Colomer and C.A.Ross, Department of Psychiatry, The Johns 
Hopkins University School of Medicine, Baltimore, MD 21287

Huntington’s Disease (HD) is an inherited neurodegenerative disorder 
caused by expansion of a CAG repeat in the IT15 gene resulting in 
elongation of a glutamine repeat in the protein product, huntingtin. We 
previously described a Huntingtin-Associated Protein (HAP-1) that is 
restricted to neuronal tissues and interacts more strongly with mutant than 
with normal huntingtin suggesting a possible involvement in the 
pathogenic process in HD. We have generated specific antibodies against 
peptides corresponding to various parts of the HAP-1 protein, including 
the region thought to interact with huntingtin. Using these antibodies, we 
are investigating the subcellular distribution of HAP-1 in the brain, 
neuroendocrine tissues and differentiated PC-12 cells, a model 
neuroendocrine cell line. Subcellular fractionation of rat brain show's that 
HAP-1 is associated with particulate fractions and is enriched in a crude 
synaptic vesicle fraction which also contains other membrane and 
cytoskeletal elements. Electron microscopy of HAP-1- 
immunoperoxidase-labeled tissue reveals HAP-1 in discreet foci in 
neuronal cell bodies. Reaction product appears to be selectively 
associated with the cytoplasmic surfaces of vesicular and tubular 
membranous organelles. Golgi stacks appear unlabeled. In PC-12 cells, 
double-label immunofluorescence shows that HAP-1 is concentrated in 
developing neurites and partially colocalizes with secretogranin-1, a 
marker of large dense-core vesicles, but not with synaptophysin, a marker 
of synaptic-like vesicles. These data support the hypothesis that HAP-1 
has a role in trafficking or regulation of membranous organelles, including 
large dense-core vesicles.
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741.3
EXPRESSION OF HUNTINGTIN-ASSOCIATED PROTEIN (HAP-1) 
IN THE BRAIN. C.M.Ward, C. Zhang, C.A.Ross* and A.H.Sharp. 
Dept. of Psychiatry, Johns Hopkins University School of Medicine, 
Baltimore, MD 21287

Huntington’s Disease (HD) is caused by expansion of a CAG repeat 
within the coding region of IT 15, the gene encoding huntingtin. 
Huntingtin is expressed throughout the body, which does not explain the 
selective degeneration of neurons in the striatum. We have recently 
identified in the rat, a Huntingin-Associated Protein (HAP-1) that interacts 
more strongly with the product of the expanded human gene. We are 
studying its expression using specific antibodies that we have generated 
against peptides corresponding to two alternative C-termini and two 
peptides within the region thought to interact with huntingtin. All four 
antibodies recognize bands of the sizes predicted from the rat sequences 
on Western blots. These bands are enriched in the hypothalamus, 
midbrain, and some other regions, consistent with immunohistochemical 
results. One antibody against the probable huntingtin-binding region 
(API57) recognizes a slightly higher band in the rat as well as the two 
predicted bands. The higher band is enriched in cortex and striatum. A 
similar band is recognized in human brain wheras lower bands are not 
consistently recognized in humans by this antibody. The C-terminal 
antibodies do not react in human tissue. Immunohistochemical data show 
that HAP-1 is expressed exclusively in neurons in the rat brain cell 
bodies, dendrites and axons. In rat striatum, all antisera react most 
strongly with large scattered interneurons. API57 also labels medium 
spiny neurons albeit less strongly. We present here our most current data 
on the expression and characterization of the protein believed to be an 
integral part of the lethal mechanism responsible for HD.

741.4
CELLULAR LOCALIZATION OF HUNTINGTIN IN STRIATUM 
AND CORTEX IN RATS SUGGESTS A PRESYNAPTIC DEFECT IN 
THE ETIOLOGY OF HUNTINGTON’S DISEASE. F.R, Fusco. O, 
Chen, W.J, Lamoreaux, G. Figueredo-Cardenas, D.J, Surmeier, L.R,
Carlock, M.G. Honig* & A, Reiner, Dept. Anat. & Neurobiol., UT - 
Memphis, TN; Dept. Neurol., Univ. of Rome Tor Vergata, Rome, Italy.

Single- and double-label immunohistochemistry and single-cell RT-PCR 
were used to examine the cellular localization of huntingtin protein and 
message in striatum and cortex in rats. Huntingtin protein was found to 
be abundant in the perikaryal cytoplasm of large striatal neurons and mod-
erately abundant in the perikaryal cytoplasm of numerous medium sized 
striatal neurons. Double-label studies revealed that the huntingtin-rich 
large striatal neurons included nearly all cholinergic and less than half of 
all parvalbuminergic intemeurons. In contrast, somatostatinergic in-
terneurons were typically devoid of huntingtin protein. The vast majority 
of the medium sized huntingtin+ striatal neurons were shown to be pro-
jection neurons by calbindin immunolabeling, but only about 65% of the 
calbindin-labeled projection neurons were labeled for huntingtin. Single 
cell RT-PCR confirmed that all striatal cholinergic neurons were rich in 
huntingtin mRNA, while only about 65% of projection neurons contained 
detectable huntingtin mRNA. In contrast, all layer V cortical pyramidal 
neurons, which are known to project to the striatum, appeared to be ex-
tremely rich in huntingtin protein and message. The finding that hunt-
ingtin is uniformly abundant in presumptive corticostriatal projection neu-
rons, but not consistently found in striatal neuron types that are vulnera-
ble in Huntington’s disease (HD) suggests that the mutation in huntingtin 
causing HD pathogenesis may act to render corticostriatal neurons de-
structive rather than to render striatal neurons vulnerable. Supported by NS- 
19620, NS-28721 (A.R.); NS-26473 (D.J.S.); CNR074982 (F.R.F.).

741.5
HUNTINGTIN ASSOCIATED PROTEIN (HAP1) IMPLICATED IN 
NEURONAL VESICLE TRANSPORT S-H Li.l C.A. Gutekunst2,
S.M. Hersch2 and X-J. LJ *. Dept. of 1 Genetics and 2 Neurology, 
Emory University School of Medicine, Atlanta, GA 30322.

HAP1 is a neuronal protein that interacts with huntingtin, the 
protein product of the Huntington's disease (HD) gene. Mutated 
huntingtin carries an expanded glutamine repeat that is thought to 
cause huntingtin to abnormally interact with other proteins. HAP1 
binds to the N-terminus of huntingtin where the polyglutamine is 
expanded in HD patients. We found the length of the glutamine 
repeat could enhance the HAP1 binding to the N-terminal region of 
huntingtin. HAP1 is also found to interact with accessory proteins for 
microtubule motor proteins that transport intracellular vesicles or 
organelle. Biochemical and electron microscopic studies reveal that 
HAP1 is a cytoplasmic protein associated with microtubules, 
endoplasmic reticulum, synaptic vesicles, and a novel neuronal 
organelle. These findings suggest that HAP1 plays a role in targeting 
of motor proteins to intracellular organelles. We hypothesize that 
mutated huntingtin with an abnormal binding to HAP1 may perturb 
microtubule mediated vesicle or organelle transport in the neuron. 
(Supported by The Wills Foundation, NS01624 and NS35255).

741.6
LOCALIZATION OF HUNTINGTIN ASSOCIATED PROTEIN 1 IN BRAIN 
AND SOMATIC TISSUES. E, J. Martin, M. Kim, J. Velier, E. Sapp, H-S. Lee, 
K. Chase, L.A. Won, P.G. Bhide, A. Heller, N. Aronin, M. DiFiglia* Lab. Ceil. 
Neurobiology, Massachusetts General Hospital, Boston, MA 02114, Depts. of 
Medicine and Cell Biology, Univ. of Massachusetts Medical Center, Worcester, 
MA, 01655, and Dept. of Physiology and Pharmacology, Univ. of Chicago, 
Chicago, IL 60637

An abnormal interaction between huntingtin-associated protein (HAP 1) and 
mutant huntingtin may occur in Huntington’s Disease (Li et al, 1995). We 
examined the distribution and subcellular localization of HAP 1 with 
immunological methods using an anti-peptide antibody directed against the N- 
terminus of rat HAP 1. By Western blot, up to six molecular mass forms of HAP 
1 immunoreactive proteins were found in mouse brain and in somatic tissues and 
cell lines. Immunofluorescence confocal microscopy in dividing cells showed 
HAP 1 associated with the mitotic spindle apparatus particularly at spindle poles 
and as a punctate label along spindle microtubules. Electron microscopy of HAP 
1 immunoreactivity in brain showed staining in patches within the 
somatodendritic cytoplasm of basal forebrain and striatal neurons. Labeling was 
predominantly associated with membranous organelles including coated vesicles, 
endosomal carrier vesicles, tubulovesicular endosomes and lysosomes. 
Microtubules were labeled in dendrites and axons. Results suggest that HAP 1 is 
broadly expressed in diverse tissues and may function in the microtubule- 
dependent transport of membrane-bound organelles during mitosis and in post-
mitotic neurons. Supported by NIH grants NS 16367 and NS 31579.

741.7
EFFECTS OF NEURONAL DIFFERENTIATION ON THE SUB-CELLULAR 
DISTRIBUTION OF HUNTINGTIN. M, Kim, J. Velier, K, Chase, L, Won, A, 
Heller, N, Aronin*, M, DiFiglia Lab. Cell. Neurobiology, Massachusetts General 
Hospital, Boston, MA 02114, Depts. of Medicine and Cell Biology, Univ. of 
Massachusetts Medical Center, Worcester, MA, 01655, and Dept. of Physiology 
and Pharmacology, Univ. of Chicago, Chicago, IL.

Huntingtin expression in the developing brain increases with neuronal 
maturation (Bhide et al, 1996). We studied the subcellular localization of 
endogenous huntingtin in a striatal-neuroblastoma hybrid cell line before and 
after differentiation with forskolin, which activates cyclic AMP. In untreated 
cells, huntingtin was homogeneously distributed throughout the cytoplasm in a 
punctate vesicular compartment. Two hour treatment with forskolin produced a 
marked accumulation of huntingtin in the perinuclear region and at the 
emergence of budding neurites. Following a four-day treatment with forskolin, 
which produced maximal neurite outgrowth, huntingtin was highly concentrated 
in the perinuclear zone, in discrete puncta along plasma membranes, and at 
branch points and terminal varicosities in neurites. Immunoblot analysis of 
subcellular fractions separated by differential centrifugation confirmed that 
forskolin treatment significantly altered the expression of huntingtin in different 
membrane compartments. Results show that the subcellular distribution of 
membrane- associated huntingtin in neurons is affected by neuronal 
differentiation. Supported by NIH grants NS 16367 and NS 31579.

741.8
HUNTINGTIN ASSOCIATED PROTEIN (HAP-1) INTERACTS WITH 
PROTEINS RELATED TO CYTOSKELETAL COMPONENTS. S. 
Engelender*, A. H. Sharp, V. Colomer and C. A. Ross. Department of 
Psychiatry, Johns Hopkins University, Baltimore, MD 21205-2196.

Huntington’s Disease (HD) is a progressive autosomal dominant 
neurodegenerative disorder caused by an expansion of a CAG 
trinucleotide repeat within the coding region of IT15 gene. Although the 
protein product (huntingtin) is widely expressed in brain and peripheral 
tissues, there is seletive neuronal degeneration. Recently, we described a 
Huntingtin Associated Protein (HAP-1) that interacts with huntingtin in a 
CAG-dependent manner. However, like huntingtin, HAP-1 has no 
homology to other known proteins. In order to better understand the role 
of these proteins on the disease, we have used the yeast two-hybrid system 
to identify proteins that interact with HAP-1. Using the N-terminus of 
HAP-1 as bait, we identified a protein we term Duo that contains several 
spectrin-like repeats and a Dbl-like GEF-PH domain (Colomer et al., 
submitted). Using the region of HAP-1 that binds huntingtin as a bait to 
screen a human fetal brain cDNA library, we identified several cytoskeletal 
related proteins, including dynactin, centrosomal protein PCM-1, 
neurofilament and kinesin that associate with HAP-1. The interaction of 
dynactin and centrosomal protein PCM-1 were confirmed “in vitro”, as 
observed by binding of these proteins to HAP-1 fused to GST immobilized 
on sepharose beads. We characterized in more detail the interaction of 
HAP-1 with dynactin. Similar to HAP-1, dynactin is enriched in brain, and 
both proteins are highly enriched in a crude synaptic vesicle fraction. 
Double-immunofluorescence experiments in PC-12 cells, using confocal 
microscopy revealed that HAP-1 and dynactin at least partly co-localize. 
Taken together these results suggest that HAP-1 is associated with 
cytoskeletal proteins and may play a role in vesicle trafficking within the 
cell.
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741.9
The Heterogeneity of Huntingtin Immunoreactrivity in the Human Striatum 
Correlates With Vulnerbaility To Neurodegeneration in Huntington’s Disease. S. M. 
Hersch'*, C-A, Gutekunst'. R, J. Ferrante2 'Emory University School of Medicine, Atlanta, GA and 

Word VA Medical Center, Bedford, MA
We used single and double-label immunocytochemistry and enzyme histochemistry in frozen sections from 

11 human postmortem control striata to determine how the expression of the Huntington’s disease protein 
(huntingtin) corresponds to neuronal markers predictive of neurodegeneration in HD. Three different huntingtin 
antisera selective for distinct molecular epitopes were used for immunoperoxidase and immunofluorescent 
experiments as well as antibodies recognizing calbindin D28k, enkephalin nitric oxide synthase (NOS), and 
choline acetyltransferase (ChAT). NADPH-diaphorase histochemistry was also performed. Huntingtin 
immunoreactivity was heterogeneous in the striatum and comparison with contiguous enkephalin and 
calbindin D28k sections revealed that huntingtin is primarily found in matrix regions and only minimally in 
patch regions. Huntingtin immunoreactivity was also heterogeneous in medium sized neurons with some 
moderately stained and others very intensely stained. Most large neurons were faintly immunoreactive. Double-
labeling revealed that most of the medium sized huntingtin immunoreactive neurons also contained calbindin 
D28k. In contrast NOS immunoreactive neurons and NADPH-diaphorase positive neurons had no detectable 
huntingtin, while ChAT immunoreactive neurons had very low levels. These results demonstrate that 
huntingtin immunoreactivity is associated with the striatal compartments and neurons that are most susceptible 
to neurodegeneration in HD. Neuronal types spared in HD contain little or no huntingtin. The selective 
vulnerability of neurons in HD may thus be explained by relative levels of huntingtin expression, the 
modulation of which could be of therapeutic value.

SH and CAG supported by Emory URC, Hereditary Disease Foundation, and NIH grants NS01624 and 
NS35255. RJF supported by the HDSA, Dept of Veteran Affairs, and NIH grants AG12922, AG13846, 
andNS35255.

741.10
SUBCELLULAR LOCALIZATION OF HAP-1: SIMILARITY TO 
HUNTINGTIN AND IDENTIFICATION OF A UNIQUE NEURONAL 
ORGANELLE. Claire-Anne Gutekunst* Shihua Li, Hong Yi, Robert J. 
Ferrante, Xhio-Jiang Li and Steven M. Hersch. Emory Univ. Sch. of Med., 
Atlanta GA 30322 USA

HAP-1 is a neuronal protein that has been shown to interact with the 
Huntington's Disease (HD) gene product, huntingtin. The binding of HAP-1 to 
huntingtin increases with the number of glutamine repeats. We have used 
specific rabbit polyclonal anti-fusion protein antibodies against divergent 
portions of the two rat HAP 1 isoforms (HAP 1A and HAP IB) to localize 
both isoforms in rat brain tissues at the cellular and subcellular levels. At the 
light level both isoforms had a similar regional distribution and were found in 
neurons throughout the brain. Subcellular localization of HAP-1 using DAB 
and immunogold was consistent with a cytosolic protein found primarily in 
somatodendritic regions but also present in axon terminals. In perikarya, HAP- 
I was found mostly free in the cytoplasm, amid RER and mitochondria and 
associated with a newly identified neuronal organelle. In dendrites, 44% of the 
HAP-1 immunogold particles were associated with microtubules and 16% were 
in contact with mitochondria. In axon terminals, 74% of the gold particles 
appeared to be in contact the outside membrane of vesicles. The association of 
HAP-1 to microtubules and synaptic vesicles is analogous to that described for 
huntingtin in our previous work. These findings suggest that HAP-1 may be 
involved in microtubule mediated transport and that the increase in 
polyglutamine in HD may impair the cytoskeletal anchoring or transport of 
organelles or molecules. Supported by NS01624, NS35255, The Hereditary 
Disease Foudation, Emory URC, The Wills Foundation and the Emory 
Genetics Department.

741.11
HUNTINGTIN-DEFICIENT ES CELLS DIFFERENTIATE INTO 

NEURONS AND GLIA BUT HEMATOPOIETIC CELL 
DEVELOPMENT IS IMPAIRED

M. Metzler1. C. D. Helgason3. M. A. H, M. Huq1, J, Nasir1, J. R.
O’Kuskv2*. R, K, Humphries3 and M, R. Hayden1.1 Dept. of Medical 
Genetics,2 Dept of Psychology, UBC, Vancouver, Canada, V6T 1Z4,3 The 
Terry Fox Laboratory, Vancouver, Canada, V5Z 1L3.

Huntington disease (HD) is a highly selective neurodegenerative 
disorder associated with polyglutamine expansion in huntingtin. The protein 
is widely expressed and plays a crucial role in development, since 
homozygous HD'A mouse embryos die early in embryogenesis.

To analyze the function of huntingtin we have generated HDZ‘ 
embryonic stem (ES) cells and used two in vitro models of ES cell 
differentiation to evaluate their ability to give rise to neuronal and 
hematopoietic cells. Expression analysis by Western blot and immuno-
histochemistry revealed, that huntingtin is expressed at all stages during ES 
cell differentiation with highest expression in neurons. There was no 
difference between wild-type and HD'A ES cells in their ability to form 
embryoid bodies (EBs) or in the number of cells per EB at the early stages 
of differentiation. Surprisingly, HDZ ES cells differentiated into many 
different cell-types including neurons and glia. In contrast, colony 
formation of hematopoietic progenitor cells was impaired. In addition, the 
expansion of progenitors in suspension culture in response to various 
cytokines was markedly reduced in the absence of huntingtin. Our data 
indicate that early neurogenesis occurs in differentiating HDZ ES cells and 
that normal hematopoiesis depends upon huntingtin expression.
Supported by NCE-Genetics (Canada) and MRC (Canada).

741.12
EXPRESSION OF NORMAL AND EXPANDED HUNTINGTIN IN CNS 
PROGENITOR CELLS OF STRIATAL ORIGIN. E. Cattaneo, C. lannicola1, C. De 
Fyaja, L, Conti, S. SptimpinatQ2,S.Gp,voni3,,L, Magrassi4 and M, Canossa2* Inst, of 
Pharmacological Sciences,University of Milano,Via Balzaretti 9, 20133 Milano; 
Stanford Univ.,Dept. of Genetics,Stanford, CA-USA;2Dept.of Pharmacology, Univ.of 
Bologna;3Inst. of Pharmacolology, Pavia;IRCCS S. Matteo Hospital, Pavia

The gene causing Huntington's Disease is characterized by the presence of an 
unstable CAG repeat which codes for a stretch of glutamine. This glutamine stretch is 
polymorphic in the normal population (between 9 and 35 units) and is observed to be of 
larger size (between 36 and over 250) in HD patients. While normal and mutated 
huntingtin is widely expressed, HD results in selective neuronal loss that is prominent 
in the basal ganglia and cerebral cortex. Although the mechanism of cell death is 
presently unknown, a gain of function effect has been postulated. Cellular models of 
HD would greatly assist analyses of the function of the mutated protein.We have thus 
first generated expression plasmids containing exon 1 or exons 1-39 of the HD gene 
each presenting 20 or 67 CAG units. At the 3' end of these constructs a c-myc epitope 
tag has been introduced. We transiently transfected these constructs into ST14A cells 
previously obtained from the E14 rat striata primordia by transduction of the 
temperature-sensitive Large-T antigen oncoprotein. Immunoprecipitation analyses using 
the anti-myc antibody indicate that the exogenous protein is expressed. To study the 
role of the different CAG repeat lenght in the context of the long (exon 1-39) and short 
(exonl) HD protein we are currently developing stable ST14A cell clones. For this 
purpose constructs containing exons 1-39 with either 20 or 67 CAG repeats are 
transfected together with the puromycin resistance plasmid into ST14A cells. A large 
number of colonies were obtained and screened by RT-PCR for the presence of the 
exogenous mRNA. In selected clones the specific primers amplified a DNA fragment of 
the correct m.w. Transfection of ST14A cells with exonl constructs is currently 
underway. Striatal derived cells expressing the different HD constructs will be useful in 
the elucidation of the pathogenesis of HD (supported by the Huntington Disease 
Society of America and Telethon-Italy)

741.13
ALTERED GLUTAMATE RECEPTOR-MEDIATED CURRENTS IN 
CELL LINES EXPRESSING MUTANT HUNTINGTIN N. Chen1, C. 
Wellington2, M.R. Hayden2 and L.A. Raymond1*. Depts. of Psychiatry1 and 
Medical Genetics2, Univ. of British Columbia, Vancouver, B.C. V6T 1Z3

Accumulating evidence suggests that glutamate (GLU) receptor-mediated 
neurotoxicity plays a major role in the mechanisms underlying neuronal 
death in Huntington's disease (HD). The gene mutation underlying HD 
encodes an expanded poly glutamine repeat of >35 in the protein huntingtin. 
To test the hypothesis that expression of mutant huntingtin alters GLU 
receptor expression or channel properties, we have generated six human 
embryonic kidney 293 (HEK 293) cell lines with stable overexpression of 
full length huntingtin with 15, 44, 80, or 128 glutamine repeats or truncated 
huntingtin (N-terminal 540 amino acids) with 15 or 128 glutamine repeats. 
After transfecting these cell lines with NMDA-type GLU receptors, we 
assessed channel function and expression levels by patch clamp recording, 
calcium imaging, and western blot analysis. We have found that the GLU- 
evoked current amplitude of NR1/NR2B (which is highly expressed in the 
striatum) is significantly higher in cell lines expressing truncated huntingtin 
with 128 vs. 15 glutamine repeats (589 1 87 vs. 313 4 65 pA, p<0.05 by 
ANOVA). However, GLU dose-response, voltage-dependent Mg2+ block, 
Zn2+ block, and Ca2+ permeability show no significant differences for 
NR1/NR2B or NR1/NR2A expressed in these two cell lines vs. control 
lines. These experiments may reveal functional interactions, modulated by 
glutamine repeat length, between huntingtin and GLU receptors.
Supported by HDSA, MRC (Canada), and AHFMR.

741.14
HETEROGENEOUS DISTRIBUTION OF HUNTINGTIN-ASSOCIATED 
PROTEIN (HAP-1) IN HUMAN STRIATUM. RJ, Ferrante* X-J. Li. S-H, Li, C- 
A, Gutekunst N.W, Kowall. M.F. Beal, and S.M. Hersch. Bedford VAMC, Boston 
Univ. Sch. Med., Mass. Gen. Hosp., Harvard Med. Sch., and Emory Univ.

Huntington's disease (HD) is a progressive, fatal, neurologic disorder characterized 
by prominent striatal degeneration, chorea, and dementia. Molecular genetics has 
identified the HD gene defect as an expanded, unstable DNA segment containing a 
polymorphic trinucleotide (CAG) repeat sequence near the 5' end of the IT15. The 
HD gene encodes a large, highly conserved, protein of unknown function, 
huntingtin (Hnt). Huntingtin-associated protein (HAP1), also of unknown function, 
is found only within the brain and is associated with the 'n' terminus of huntingtin. 
The extent of HAP1 binding parallels the CAG expansion. In the present study, we 
examined the immunohistochemical distribution of rat anti-HAPl within 10 normal 
postmortem human striata. Contiguous cut tissue sections were stained for Hnt, 
calbindin, and NADPH-diaphorase activities. Intense HAP1 immunoreactivity was 
observed throughout the caudate nucleus and putamen. On gross inspection there 
was marked heterogeneity of HAP1 immunolabel, with patchy areas of low activity. 
These areas corresponded to patch compartments of low calbindin immunoreactivity. 
HAP1 was present in the cytoplasm of both medium-sized and large striatal 
neurons. Glia and endothelia were not labeled. Absolute correspondence of HAP1 
and Hnt immunoreactivities was not observed. Significantly greater numbers of 
HAP1 neurons were immunolabeled within the matrix compartment which did not 
contain Hnt. HAP1 was found in both spiny and aspiny striatal neurons. The data 
suggests that within susceptible neurons HAP1 may result in selective metabolic 
dysfunction leading to neuronal death. Supported by NIH grants AG12922, 
IPO AG13846, and NS35255, the Huntington’s Disease Society of America, and the 
Department of Veteran Affairs.
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741.15
HUNTINGTON'S DISEASE AND OTHER CAG REPEAT DISORDERS
F Persichetti. L Carle. J Srinidhi, R Myers1. P Faber. M MacDonald. J Gusella*
Mol Neurogen Unit, Massachusetts General Hospital, Charlestown MA 02129; 
'Department of Neurology, Boston University School of Medicine, Boston MA

Huntington’s disease (HD) is one of several disorders caused by CAG expansions 
lengthening polyglutamine in unrelated proteins. The HD defect alters huntingtin, a 
protein of unknown function whose mutant form can be distinguished by its 
electrophoretic mobility and immunoreactivity. In lymphoblasts from HD 
heterozygotes, homozygotes and controls, mutant huntingtin's stability and cytosolic 
location were unaltered. Mutant huntingtin was reduced, in extreme cases, but no 
specific breakdown products were evident. As these cells are not affected in HD, we 
investigated these parameters in neurons. Huntingtin is expressed in target and non-
target neuronal cells where a distinct punctate cytoplasmic pattern of immunoreactivity 
is observed. Notably, huntingtin is expressed in neurons that die in other CAG repeat 
disorders but are spared in HD despite the dependence of age at neurologic onset on the 
length of the CAG repeat in each case. HD, spinocerebellar ataxias 1, 2 and 3 (SCA1, 
SCA2, SCA3), and dentatorubropallidoluysian atrophy (DRPLA) exhibit a similar 
relationship between mean age at neurologic onset and CAG repeat that fits an 
exponential decay function. One model is that the CAG repeat length determines the rate 
of dysfunction or loss of target neurons, with clinical symptoms appearing when the 
remaining neuronal capacity falls below a critical threshhold. Individual age at onset is 
likely to reflect both CAG repeat length and unidentified modifying factors. This model 
suggests that the original size, the rate of dysfunction or loss and absolute value of the 
functional threshhold for the critical cell populations are all parameters that could be 
examined as targets of modifying factors. It seems likely that the mechanism of 
pathogenesis in each CAG repeat disorder is closely related or identical, with the 
differences in target population being the protein context in which the polyglutamine 
segment is presented. It also suggests that within a given disease, the abnormal protein 
might impact on distinct neuronal populations at different rates with each such neuronal 
population having its own threshhold for producing clinical symptoms, perhaps 
explaining age-dependent variability in disease manifestation. NIH grant NS16367

741.16
DEEP LAYER DEGENERATION IN PREFRONTAL CORTICAL 
AREA 46 IN ADVANCED-STAGE HUNTINGTON S DISEASED 
BRAINS. L.D. Selemon* and G. Rajkowska. Sect.of Neurobiol., 
Yale Univ. Sch. Med., New Haven, CT 06510.

The dementia of Huntington's disease (HD) is characterized by 
prominence of prefrontal lobe dysfunction . Prior morphometric 
analysis of area 9 in HD brains suggested that the underlying cortical 
pathology included neuronal loss, gliosis and cortical thinning 
(Rajkowska et al., 1993). In the present study, a direct 3-D counting 
method was used to measure cell density and cortical thickness in 
area 46 in the same 9 late-stage HD brains examined previously and 
10 controls. Total cortical thickness was reduced by 28%, and the 
relative thickness of the six cortical layers was altered with layer 1 
occupying a greater and layer VI a smaller proportion of the cortical 
mantle. ’Hie significant increase (26 %) in overall neuronal density 
found in area 46 contrasts with the trend increase previously 
observed in area 9 (Selemon et al., 1995). Neuronal density was 
significantly increased in layers III-V largely due to an elevation in 
non-pyramidal cell density (up 49%). Glial density was elevated 
overall (39%) as well as in layers IV-VI. The morphometric 
abnormalities in area 46 are consistent with glial proliferation in 
response to degenerative changes in neuronal populations. Non-
elevated pyramidal cell density in conjunction with marked cortical 
thinning and conspicuous gliosis in infragranular layers suggests that 
both corticothalamic as well as corticostriatal neurons degenerate in 
HD. Loss of critical cortico-subcortical projections in area 46 may 
explain many of the cognitive deficits expressed in HD.
Supported by CNS grant #44866.

741.17
[11CJRACLOPRIDE AND (HCJSCH 23390 PET AND THE UNIFIED 
HUNTINGTON’S DISEASE RATING SCALE CAN BE USED TO MONITOR 
DISEASE PROGRESSION IN ASYMPTOMATIC HUNTINGTON’S DISEASE 
GENE CARRIERS. T, C, Andrews, R, A, Weeks and D, J, Brooks*, MRC 
Cyclotron Unit, Hammersmith Hospital, London, W12 ONN, UK.

PET studies of striatal dopamine receptor binding using the D2 and DI receptor 
antagonists [l•CJraclopride and ["CjSCH 23390 have shown reduced binding 
potentials in patients and gene carriers with Huntington’s disease (HD). We have 
correlated reduction in striatal dopamine binding with clinical disease progression.

9 gene carriers (4 men, 5 women; mean age 39 yrs, 24 - 58 yrs) were studied 
longitudinally with [HC]SCH 23390 (n=7) and [11C]raclopride (n=9) PET and 
assessed clinically with the Unified Huntington Disease Rating Scale (UHDRS). All 
subjects were asymptomatic with no signs of clinical disease at the time of their 
baseline scans. Repeat PET studies were performed at a mean interval of 32 months 
(28 - 35 months). Mean percentage yearly loss of both caudate and putamen DI and 
D2 binding potentials were 4% /year. 4 subjects had developed definite motor signs of 
the disease at follow-up and 2 subjects reported symptoms. The motor score of the 
UHDRS correlated with DI and D2 caudate and putamen binding ( p < 0.05 ). Total 
functional capacity correlated with D2 caudate and putamen binding ( p < 0.04 ) but 
did not correlate with DI binding.

In summary [’ lC]raclopride and P’CJSCH 23390 PET and the UHDRS may be 
used to objectively detect and monitor disease progression in HD gene carriers 
whether symptomatic or asymptomatic. This approach will be useful for evaluating 
experimental therapeutic interventions with striatal transplants, neuroprotective 
agents and nerve growth factors. ( Supported by project grants from the Medical 
Research Council and the Huntington’s Disease Association.)

741.18
EARLY DETECTION AND MONITORING OF PATHO-
PHYSIOLOGY IN HUNTINGTON'S DISEASE BY SINGLE 
PHOTON EMISSION COMPUTERIZED TOMOGRAPHY AND 
PROTON MAGNETIC RESONANCE SPECTROSCOPY OF 
THE STRIATUM. N.C. Reynolds Jr,*, R.W. Prost, L.P. Mark,
R.S. Heilman. B.R. Elejalde. R.R. Lebel, K.D. Hamsher, S.J.
Swanson. J.R. Zigun. and E.E. Benezra, Medical College of 
Wisconsin, Milwaukee, WI 53226.

Early detection of pathology in Huntington's patients is critical 
in timing the initiation of neuroprotective treatment strategies. The 
basal ganglia of 20 patients with the IT-15 gene were examined 
with proton magnetic resonance spectroscopy (pMRS) and single 
photon emission computerized tomography (SPECT). Only one of 
six presymptomatic patients showed normal striatal perfusion by 
SPECT and no abnormalities in N-acetyl aspartate (NAA), 
glutamate/glutamine (Glx) or lactate (Lac) on pMRS. Of the 
remaining patients studied (five presymptomatic, seven dyskinetic, 
and seven dystonic), all displayed striatal hypoperfusion and 
reductions in NAA spectra. Ten showed elevations of both Glx 
and Lac, seven showed elevations only in Glx, and two showed 
only Lac elevations.

pMRS analysis of the basal ganglia in Huntington's disease 
reflects a complex interplay of mitochondrial and excitotoxic 
pathophysiology. Striatal hypoperfusion by SPECT and 
depression of NAA by pMRS are sensitive and reliable indicators 
of early and persistent neurodeterioration.

741.19
SYNAPTIC TERMINAL LOSS IN NEOSTRIATAL STRIOSOMES IN 
EARLY AND MIDDLE STAGES OF HUNTINGTON’S DISEASE. 
J.C. Hedreen* and L.A. Mucci. Dept. of Psychiatry, Tufts Univ. Sch. 
of Med. and the New England Medical Center, Boston, MA 02111.

Vonsattel et al [1985J categorized striatal pathology in Huntington’s 
disease (HD) by severity and came to the surprising conclusion that there 
was no obvious pathological correlate during the first few years after 
onset of clinical symptoms. In a study of HD pathology in grades 0-2, 
we found astrocytosis in the striosomes accompanied by relatively 
greater neuronal loss in striosomes than matrix [Hedreen and Folstein, 
1995]. In the present study, we provide further evidence for early 
striosomal damage in the neostriatum in HD. Postmortem neostriatal 
tissue from 20 brains of patients with HD grades 0-4 and 7 age-matched 
control brains was immunostained to reveal synaptic terminals (antibody 
to synaptobrevin) and to show the striosome-matrix compartmentation 
(antibody to calbindin). In grades 0-2 HD, in regions of neostriatum not 
yet affected by the severe, dorsoventrally progressive degeneration of the 
matrix that characterizes this disorder, a relative loss of striosomal 
synaptic terminals and preservation of matrix terminals was identified. 
Loss of synaptobrevin immunostaining was also observed in the 
neostriatal matrix, progressing from dorsal to ventral starting in grade 1. 
This progressive wave of degeneration, matched by a dorsoventrally 
progressive loss of calbindin immunostaining, appears to skip over the 
ventral putamen and caudate nucleus to affect the nucleus accumbens in 
late grade 2. The loss of synaptic terminals in striosomes strongly 
suggests that striosomal circuit function declines relative to matrix 
function in early to middle HD.

Supported by the NIH.

741.20
Striatal volumes in Huntington’s disease: Correlation of striatal atrophy with 
functional impairment. D.B. Jacques*O.V. Kopyov, C.M. Duma, A. Lieberman, E. 
Kogosov, K.S. Eagle. The Neurosciences Institute, Good Samaritan Hospital, Los 
Angeles, CA 90017

Huntington’s disease (HD) is a neurodegenerative disorder that leads to loss 
of striatal neurons, impairment of movement and speech capacities, and dementia. 
Although the mechanisms underlying HD are poorly understood, studies of brain 
volume in HD patients have demonstrated striatal and cortical atrophy. Among the 
many factors which may influence the success of transplantation or any potential 
treatment in controlling HD symptoms is the degree of striatal and cortical loss. The 
present study investigates atrophy and functional impairment of 11 HD patients. 
Impairment was measured by the Unified Huntington’s Disease Rrating Scale 
(UHDRS).

Serial T1 and T2 weighted MR images were obtained from these HD 
patients, digitized, and caudate, putamen, total brain, and CSF volumes were 
assessed using ImagePro analysis software. Control values were obtained from 6 
age- and gender-matched patients receiving neurosurgical treatment for acoustic 
neuroma, a tumor of the acoustic cranial nerve which does not impact the brain 
or basal ganglia. The total striatal volume of HD patients was significantly 
lower than that of normal controls. No correlation was found between absolute 
striatal and cortical volumes and UHDRS performance. The ratio of total 
cranial volume to striatal volume showed a trend toward correlation significantly 
with UHDRS performance (p=0.06), while the ratio of CSF volume to striatal 
volume correlated significantly with UHDRS performance (p<0.05). The impact 
of these volumetric characteristics on surgical outcome after striatal progenitor 
transplantation will be analyzed in the next stage of this study.
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742.1
FOUR STAGES OF DISEASE PROGRESSION IN AN ALS MOUSE MODEL. 
J-M. Kong and Z-S. Xu*. Worcester Foundation for Biomedical Research, 
Shrewsbury, MA 01545.

Mutations in the Cu-Zn superoxide dismutase (SOD1) gene cause amyotrophic 
lateral sclerosis (ALS) in ~20% of familial cases. Transgenic mice expressing a 
mutant SOD1 (G93A) develop clinical and pathological features resembling human 
ALS. To determine the mechanism of pathogenesis, we have developed a simple 
muscle strength assay that allows detection of progressive muscle weakness at more 
than 2 months before visible limb paralysis in this mouse model. Based on this test, 
we divide the disease process into 4 stages: pre-decline (PD), fast-decline (FD), slow- 
decline (SD) and paralysis. The age of onset for FD stage is highly variable, ranging 
from 113 days to 183 days. In contrast, the duration from FD to paralysis is more 
constant, lasting from 60-80 days. The FD stage occurs suddenly and progresses 
rapidly, and is characterised by a sharp muscle strength drop (usually larger than 
50%) in 3-14 days. The most striking pathological feature of this stage is a sharp 
increase in vacuoles in motor neuron axons and dendrites. The SD phase lasts -60 
days, during which the muscle strength gradually declines further. This stage is 
correlated with axonal atrophy and gradual loss of large motor neurons. The 
paralysis stage, which begins with visible limb paralysis and lasts ~20 days, is 
characterised by massive degeneration of motor neurons. Thus, the three stages of 
muscle weakness, FD, SD and paralysis correlate sequentially with a sharp increase 
in vacuoles, axonal atrophy and gradual loss of motor neurons, and finally a massive 
loss of motor neurons. This muscle strength assay provides a means to monitor the 
disease progression continuously in individual animals. The prolonged SD stage 
offers a time window for therapeutic intervention.
Supported by NIH and ALS Association.

742.2
SELECTIVE DECREASE IN a MOTONEURONS INNERVATING 
THE MEDIAL GASTROCNEMIUS IN A MOUSE MODEL OF 
AMYOTROPHIC LATERAL SCLEROSIS (ALS). M.H, Mohaieri* and 
M.C, Bohn. Dept. of Neurobiology and Anatomy, University of 
Rochester Medical Center, 601 Elmwood Ave., Box 603, Rochester, NY 
14642.

Mutations in superoxide dismutase gene 1 (SOD-1) occur in patients 
with familial ALS. Overexpression of a mutated human SOD-1 gene in 
transgenic mice results in neurodegenerative disease as result of 
motoneuron (MN) loss in lumbar spinal cord (Gurney et al., 1994). 
Using this mouse model of familial ALS, we have established a 
quantitative assay utilizing the retrograde tracer Fluorogold (FG) to 
determine the number of MNs innervating one skeletal muscle with 
ongoing disease. In adult wild-type mice, the number of a MNs 
retrogradely labeled by an injection of FG into the medial 
gastrocnemius muscle is 50±7 and remains constant from 7 weeks to 18 
weeks of age. In mutant mice, however, this number is the same as in 
wild-type mice at 7 and 9 weeks, but then declines to 36% of that in 
normal mice at 18 weeks. This decline also correlates positively to 
severity of motor impairments. In contrast, the number of FG labeled y 
MNs remains relatively unchanged in both wild-type and mutant mice 
up to 18 weeks. At 18 weeks of age, the apparent a MN deinnervation 
leads to an average of 55% reduction of muscle mass and 40% weaker 
performance in the hindlimb splay test. These data suggest that a MNs 
are the most vulnerable neuronal subtype in this mouse model of ALS 
and it is specifically their loss that leads to functional motor deficits. 
These quantitative assays will be useful for evaluating novel therapeutics 
for ALS. Supported by NIH grants T32-AG00107, and NS31957, the Swiss 
National Science Foundation, Osiris Therapeutics, Inc., and a gift from Amgen.

742.3
THE MECHANISM OF SPASTICITY IN MOTOR NEURON 
DISEASE: NEUROPHYSIOLOGICAL AND NEUROCHEMICAL 
FINDINGS. K.Airapetian,S.Nikitin.*.I Zavalishin,V Barichatova. Depart, of 
Neuroinfections, Lab.of Neurophysiology, Inst, of Neurol ., Moscow, Russia.

Amyotrophic lateral sclerosis (ALS) is a progressive degenerative motor 
neuron disorder accompanied by muscle atrophy and spasticity. Different 
neurotransmitters play a significant role in developing of spasticity in ALS. 
In 56 ALS patients single evoked motor units (SMU) were analyzed after 
threshold transcranial magnetic stimulation (TMS). The parameters of SMU 
in healthy volunteers:patients (V:P) were: latency (L) - 23,5+1,9:27,7+4,7 
ms (p<0,001); amplitude - 0,9+0,5:1,86+1,6 mV (p<0,001); TMS stimulus: 
46,2+8,9:66,8+14,1% (p<0,001).Catecholamin levels in V:P plasma/CSF 
(ng/ml) were: epinephrin (E) - 120,9+13,0/70,7+6,5:183,1+17,1 (p<0,02): 
102,0+18,3 (NS);norepinephrine (NE) -408,6+32,3/86,2+14,0:608,8+49,2,3/ 
408,6+32,3/86,2+14,0:608,8+49,2,3/147,5+11,3 (p<0,01); dopamin -
18,9+4,6/8,9+8,9:30,8+10,0/32,0+12,2 (NS). The level of spasticity 
correlated with blood and CSF NE levels (r=0,3,p<0,01), increased TMS 
threshold (r=0,4,p<0,01) and prolonged L (r=0,4,p<0,05). The increased 
levels of both blood and CSF NE as well as the blood E level correlate 
(r=0,4,p<0,01) with the significant decreasement of platelet MAO-B 
(0,246+0,048 versus control - 0,617+0,039 nmol;T=5,9, p<0,001). The 
neurochemical disturbances play a significant role in the development of the 
exitotoxic mechanisms of changes of motor neurons’ functional 
state,development of spasticity and motor neuron death, and should be taken 
into account in modem concept of pathogenesis and etiology of ALS.

742.4
QUANTITATIVE MOTOR ASSESSMENT IN FALS MICE: A 
LONGITUDINAL STUDY P Bameoud. J, Lolivier. D J. Sanger. B 
Scatton.* and P Moser CNS Research Department, Synthelabo Recherche, 
10 rue des Carrieres, 92500 Rueil-Malmaison, France
Transgenic mice expressing a human SOD1 mutation (Gly-93->Ala) have 
been previously shown to develop progressive histopathological and 
electromyographical deficits similar to those observed in ALS. We have 
evaluated one line of these transgenic mice (designated G1H) in tasks 
assessing different aspects of motor function (muscle strength, 
coordination, spontaneous activity) to determine how early deficits can be 
detected and the order of appearance of different deficits. Testing was 
carried out weekly in 28 FALS mice and 31 control wt mice from the age 
of 5 weeks. The earliest deficits were observed in tests of muscle strength 
(inclined plane) and coordination (beam balance) as early as 8 weeks of 
age, whereas spontaneous activity was not impaired before 15-17 weeks of 
age. The onset of deficits appeared to be triphasic: an early phase which 
was not observed in all tests and did not appear to be progressive, followed 
by a second phase starting around 13 weeks during which the motor 
deficits progressively worsened until the mice reached end-stage disease. 
The onset of a deficit in some tests (tremors in beam balance and loaded 
grid, performance in beam balance and rotarod) predicted the onset of end- 
stage disease. These studies show that, in addition to the previously 
demonstrated histological and electromyographic deficits, this transgenic 
mouse also presents changes in motor function reminiscent of the human 
disease, reinforcing and extending its validity as an animal model of FALS.

742.5
NEUROPROTECTIVE EFFECT OF LYSINE ACETYLSALICYLATE 
ON MOTOR DEFICITS IN FALS MICE O.CuretandP. Bameoud* CNS 
Research Department, Synthelabo Recherche, 10 rue des Carrieres, 92500 
Rueil-Malmaison, France
We have studied the neuroprotective effect of lysine acetylsalicylate 
(Aspegic*: ASP) on motor deficits in an animal model of familial ALS 
(FALS). Transgenic mice expressing a human SOD1 mutation (Gly- 
93-+Ala) were used. In the early-treated group, ASP was given at 5 weeks 
of age whereas the treatment began at 13 weeks of age in late treated mice. 
ASP was administered in drinking water (1.8 mg/ml; approx. 100 
mg/kg/24h). The following behavioral tasks were performed weekly to 
assess motor performance: extension reflex, loaded grid, rotarod, and stride 
length. Early treatment with ASP transiently improved the motor 
performance of FALS mice measured by the extension reflex, the loaded 
grid and the rotarod. The late treatment had a small beneficial effect only 
on the extension reflex. We conclude that lysine acetylsalicylate is able to 
improve coordination of movement as well as muscle strength by a 
neuroprotective action in this animal model of ALS. However, neither the 
decrease of the stride length nor the onset of end-stage disease was 
improved by the ASP treatment. Another antioxidant (Vitamin E) has also 
been reported to retard the onset of motor deficits without prolonging 
survival (Gurney et al., 1996). Although we cannot exclude the possibility 
that other properties may have contributed to the protective effect of ASP, 
our results reinforce the hypothesis that antioxidant compounds may 
coristitute an effective therapy for ALS.

742.6
REDUCTION OF NEUROFILAMENTS AND RETARDATION OF 
AXONAL TRANSPORT IN THE G93A MUTANT SOD1 TRANSGENIC 
MICE. B. Zhang. P-h Tu. F. Abtahian. J.Q.Troianowski* and V.M.-Y.Lee. Center 
for Neurodegenerative Diseases. Department of Pathology and Laboratory 
Medicine, University of Pennsylvania, School of Medicine, Philadelphia, PA 
19104.

Transgenic mice that carry a Gly93-> Ala (G93A) mutant Cu/Zn-superoxide 
dismutase transgene (SODJ) develop motor neuron disease (MND) similar to 
human amyotrophic lateral sclerosis (ALS) including such neuropathologic 
changes, as fragmentation of the Golgi apparatus, neurofilament (NF) like 
spheroids and selective loss of spinal cord motoneurons. Thus, G93A mice are 
animal models of human ALS. Here we sought to gain insight into the 
consequence of these lesions for axonal transport. The G93A SOD1 transgenic 
mice used here were derived from the line described by Gurney et al.(1994), but 
contained 30% fewer copies of the transgene with later emergence of the clinical 
phenotype, suggesting a direct relationship between the transgene copy number 
and the onset of MND. Immunohistochemistry and EM studies of these mice 
showed vacuoles and NF inclusions in the perikaiya and proximal axons of the 
spinal motor neurons (Gurney et al., 1994; Tu et al., 1996). Western blots showed 
a progressive decrease in NF proteins of the L5 ventral roots which correlated with 
a drastic reduction in the caliber of axons in the G93A SOD J mice and the 
appearance of MND. Interestingly, both fast and slow transport in ventral root 
axons were impaired when the G93 A SOD! mice reached 200 days of age, and this 
correlated with the occurrence of NF inclusions and vacuoles in the axons. Thus, 
this study demonstrates impaired axonal transport in these mice, which may lead to 
the degeneration of motor neurons and the ALS-like clinical phenotype. Supported 
by NIH grants.
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742.7
DISTRIBUTION OF THE AMPA RECEPTOR SUBUNIT, GLUR2, IN THE 
SPINAL CORD OF CONTROL AND MUTANT SUPEROXIDE DISMUTASE 
TRANSGENIC MICE, BMLMomson*1’2, LW^Jjfirdon2’3, W\G.^Janssen1’2, and 
J.H, Morrison1’2. ’Fishberg Res. Ctr. for Neurobiol., 2Neurobiol. of Aging Labs, and 
3Dept. of Obs/Gyn and Repro. Sci., Mt. Sinai School of Medicine, NY, NY 10029,

Excitotoxicity has been hypothesized to contribute to the neurodegeneration in 
amyotrophic lateral sclerosis (ALS). Glutamate transporters are reduced both in ALS 
patients and in the superoxide dismutase (SOD-1) transgenic mouse model of ALS. 
Impaired transporter activity may lead to an increase in extracellular glutamate, 
overactivation of glutamate receptors, and cell death. All neurons in the spinal cord 
are not equally vulnerable to this excitotoxic insult, however, and the distribution of 
AMPA receptors with different calcium permeabilities has been proposed as an 
explanation for this differential vulnerability. Four subunits (GluRl -4) contribute to 
the AMPA receptor, but GluR2 is dominant in determining its calcium permeability 
and potential for contributing to excitotoxicity. Therefore, understanding the precise 
distribution of the GluR2 subunit in the normal mouse spinal cord is a crucial step in 
determining the potential role of AMPA receptors in ALS neurodegeneration. In 
addition, we are investigating whether GluR2 expression or distribution is altered in 
SOD-1 transgenic mice. Qualitatively, GluR2 immunoreactivity is present within 
both dorsal and ventral horn neurons. In addition, quantitative double-labeling 
studies with choline acetyltransferase (ChAT) to label motoneurons and the calcium-
binding proteins, calbindin (CB) and calretinin (CR), to label interneurons 
demonstrate that almost 100% of these neuronal populations are immunoreactive for 
GluR2. Since previous experiments showed that ChAT- and CR-immunoreactive 
neurons are vulnerable in SOD-1 transgenic mice, and CB-immunoreactivc neurons 
are not, the 100% colocalization of GluR2 with these neuronal markers demonstrates 
that the presence or absence of the GluR2 protein from spinal cord neurons is not a 
determining factor of cellular vulnerability in SOD-1 transgenic mice. Experiments 
are in progress to investigate the cell-type specific synaptic distribution of GluR2 in 
both wild type and SOD-1 transgenic mice. Supported by the ALS Association (JHM) 
and NIH grant AG10520 (JWG).

742.8
DIFFERENTIAL DISTRIBUTION OF AMPA RECEPTOR SUBUNIT mRNAs IN 
THE HUMAN BRAINSTEM: IMPLICATIONS FOR AMYOTROPHIC LATERAL 
SCLEROSIS.M. Tomiyama’, J.M. Palacios2, R. Cortes’, G. Mengod’C 
’Dept. Neurochemistry, IIBB/CSIC, Barcelona, Spain.

Growing evidence suggests that the non- NMDA receptors may mediate 
the selective motor neuron degeneration seen in amyotrophic lateral 
sclerosis (ALS). The functions of AMPA receptors, one of the non-NMDA 
receptors, vary with their subunit composition. Accordingly, the 
establishment of the subunit distribution could be important in elucidating 
the relevance of AMPA receptor-mediated excitoxicity to the selective 
vulnerability of motor neurons. Using in situ hybridization with radiolabeled 
oligonucleotides as probes, we have studied the distribution of AMPA 
receptor subunits (flip and flop splice variants of GluR-A-D) on six levels of 
the human postmortem brainstem from four control subjects. Motor 
neurons in the brainstem expressed GluR-C flop strongly, and flop forms 
of GluR-A, -B, and -D moderately. The signals for flip forms were weak or 
not detectable. This expression profile of motor neurons differed from 
other groups of neurons, such as those of the substantia nigra, dorsal 
raphd, locus coeruleus or inferior olive. However, there were not significant 
differences in the pattern of relative AMPA subunit mRNAs expression 
among groups of motor neurons specifically affected (motor trigeminal, 
facial and hypoglossal nuclei) and spared (oculomotor, trochlear and 
abducens nuclei) by the ALS disease process. These results do not support 
a role for differential subunit composition of AMPA receptors in 
determining the selective susceptibility of motor neurons in ALS.
2 Permanent address: Research Institute, Laboratories Aimirall, Barcelona. 
Supported by CICYT grant number SAF96/0336.

742.9
BLOCKADE OF NON-NMDA GLUTAMATE RECEPTORS PROTECTS MOTOR 
NEURONS FROM TOXICITY OF SOD-1 MUTANTS LINKED TO FAMILIAL 
ALS. J, Roy1, , S. Minotti1, L. Dong2, D,A, Figlewicz2,3 and.H.p,_ Durham1*. 
’Montreal Neurological institute, McGill University, Montreal, Canada H3A 2B4; 
2Dept. of Neurology and 3Dept. of Neurobiology & Anatomy, Univ. of Rochester 
Medical Center, Rochester NY 14642.

Mutations in Cu/Zn-superoxide dismutase (SOD-1) are responsible for a familial 
form of amyotrophic lateral sclerosis (FALS) linked to chromosome 21. Many features 
of this disease are reproduced by expression of SOD-1 mutants (mSOD-1) in primary 
cultured motor neurons (Durham et al. J. Neuropathol. Exp. Neurol. 56: in press). This 
culture model was used to test involvement of glutamate receptor activation in the 
preferential vulnerability of motor neurons to expression of mutant enzyme. SOD-1 
cDNAs bearing mutations found in FALS patients were subcloned into pCEP4, under 
control of the CMV promoter. Individual constructs (200 pg/ml) or pCEP4 "empty 
vector" were microinjected into nuclei of motor neurons in 4-6-week-old dissociated 
cultures of murine spinal cord along with the marker, dextran-FITC. A gradual loss 
of motor neurons injected with mSOD constructs occurred over 12 days [G93A (53%), 
G41A (54%), N139K (86%)]. Loss of viability was prevented by treatment with 
kynurenic acid (K YN, antagonist of both NMDA and nonNMDA ionotropic glutamate 
receptors) or CNQX (non-NMDA receptor antagonist), but net bv the NMDA receptor 
antagonist, APV. All antagonists, but particularly KYN and CNQX, reduced the 
percentage of motor neurons containing cytoplasmic aggregates of SOD-1. These 
results directly demonstrate that glutamatergic input to motor neurons, particularly via 
non-NMDA receptors, is a highly significant factor in the vulnerability of motor 
neurons to destruction in FALS. The dramatic neuroprotection afforded by treatment 
with CNQX relative to APV indicates therapeutic interventions should concentrate on 
naonNMDA-mediated neuro transmission and downstream events. [ supported by MDA- 
Canada & ALS-Canada (HD): MDA-USA & NIHRO1 NS3411-01 (DF), FCAR (JR)]

742.10
CO-EXPRESSION OF Bcl-2 IN PRIMARY MOTOR NEURONS 
EXPRESSING MUTANT SOD-1. D.A.Figlewicz1'2*, J.Roy3, L.Dong1, 
S.Minotti3, D.E,Merry4, and H.D.Durham3. Depts. of ‘Neurology and 
2Neurobiology& Anatomy, University of Rochester Medical Center, Rochester, NY 
14642; ’Montreal Neurological Institute, McGill University, Montreal, PQ, Canada 
H3A 2B4; “Dept. Neurology, University of Pennsylvania School of Medicine, 
Philadelphia, PA 19104.

Mutations in the Cu/Zn superoxide dismutase gene (SOD-1) underlie the 
development of amyotrophic lateral sclerosis (ALS) in a fraction of families who 
inherit the disease (FALS). Recently, we have established a primary culture model 
of FALS in which dissociated murine spinal motor neurons express one of several 
mutant human SOD-1 cDNAs (mSOD), In addition to an accelerated loss of these 
neurons when compared to those expressing wild-type human SOD-1, we also 
observed the formation of cytoplasmic aggregates of mSOD protein in a subset of 
the neurons. Formation of these aggregates is linked absolutely to the appearance 
of TUNEL+ nuclear staining. Cells which do not form aggregates also die rapidly, 
however the lack of TUNEL+ staining in these cells suggests that they die by non- 
apoptotic mechanisms. In an attempt to determine whether Bcl-2 can rescue motor 
neurons which are expressing mSOD [G93A], we have co-injected spinal neurons 
with our expression construct containing human Bcl-2 cDNA. While co-expression 
of Bcl-2 with mSOD did decrease the formation of mSOD aggregates and the 
percentage of TUNEL+ motor neurons, there was no significant effect on total 
viability of wSQD-expressing neurons. We have not determined conclusively 
whether decreased aggregate formation reflects a role of Bcl-2 in protection against 
oxidative stress, or another role in blocking apoptosis. Nonetheless, our results 
suggest that rescue of motor neurons from the apoptotic pathway does not ultimately 
protect them from death via fundamental pathogenetic processes in FALS. [Support: 
MDA-USA & NIHR01 (DAF); FCAR (JR); MDA-Canada & ALS-Canada (HDD)].

742.11
NOS TYPE I EXPRESSION IN HUMAN MOTOR NEURONS. A
COMPARATIVE ANALYSIS OF SPORADIC AMYOTROPHIC LATERAL 
SCLEROSIS (sALS) AND CONTROL CERVICAL SPINAL CORD. N. Wong 
and M.J. Strong*. The John P. Robarts Research Institute, London, Ontario, 
Canada

We have previously observed low molecular weight neurofilament nitration in 
spinal cord homogenates derived from patients with sporadic amyotrophic lateral 
sclerosis (sALS). Protein nitration is dependant on the generation of a reactive 
nitrating species by the copper/zinc superoxide oxide dismutase (SOD-1)- 
mediated catalysis of peroxynitrite, which in turn is generated by the reaction of 
nitric oxide with superoxide, a product of oxidative injury. The source of nitric 
oxide for this reaction remains uncertain.

To determine if human spinal motor neurons express Type I NOS (cNOS), we 
examined by in situ hybridization cNOS expression in paraffin-embedded 
archival control (neurologically normal) and sALS cervical spinal cord. 35S- 
labeled cNOS riboprobes were transcribed from cDNA encoding part of the 3 ’ 
region of cNOS mRNA (I.M.A. G.E. consortium clone ID 277404), and control 
riboprobes for NFL and NFH were generated. Sense probes were generated for 
control hybridizations. The extent of hybridization was assayed by grain 
counting, and corrected for cell volume and local background hybridization.
Only cells in which the nucleolus could be visualized were counted.

We observed that cervical spinal motor neurons constitutively express cNOS, 
and found no evidence for increased motor neuronal cNOS expression in sALS (p 
~ 0.148) Thus, spinal motor neurons posses the intrinsic biochemical 
mechanisms for the generation of peroxynitrite to participate in SOD-catalyzed 
nitration.
Supported by the ALS Association

742.12
DEFECT IN CALCIUM CHANNELS IN A TRANSGENIC ANIMAL MODEL 
OF AMYOTROPHIC LATERAL SCLEROSIS. Y.I. Kim*, T. J. O? Shaughnessy, 
E.H. Middlekauff, C. Joo, H.C. Lee and M.E. Gurney. Depts. of Biomedical Eng. 
and Neurology, Univ. of Virginia Sch. of Med., Charlottesville, VA 22908 and 
CNS Diseases Research Unit, Pharmacia & Upjohn, Inc, Kalamazoo, Ml 49001.

We previously reported that the quantal content (m) of neurally-evoked end-plate 
potentials is significantly enhanced in a transgenic animal model of ALS (Soc. 
Neurosci. Abstr. 21: 1005, 1995). In this study, we tested the hypothesis that the 
pathogenesis is linked to defects in calcium metabolism due to dysfunction of 
voltage-gated calcium channels and/or disruption of internal calcium homeostasis 
secondary to vacuolar changes in mitochondria and endoplasmic reticulum.

In G1H animals at 81-101 days of age, rise in MEPP frequency induced by high 
[K']o (12-5 mM) was 47% greater than the controls, consistent with an augmented 
presynaptic Ca2t entry through voltage-gated Ca2+ channels. To rule out the 
possibility that a defect in intracellular Ca2+ metabolism may cause the observed 
increase in m, caffeine, an agent that elevates the concentration of free cytosolic 
Ca2+ in the presynaptic terminal by mobilizing intracellularly bound Ca2* ions, was 
utilized. In Ca2+-free solution containing 8 mM caffeine and 1 mM EGTA, G1H 
terminals exhibited a sharp increase in MEPP frequency from its baseline value. 
However, in contrast to the response to high [K+]o, MEPP frequency in the G1H 
terminal was unchanged from the corresponding control value.

These data provides evidence that dysfunction of voltage-gated Ca2+ channels 
causes the enhancement in the neurally-evoked release of ACh from the G1H 
motor nerve terminals. We propose that calcium channel dysfunction consequent 
upon expression of mutant Cu,Zn SOD contributes to loss of calcium homeostasis, 
ultimately causing motoneuron death. A similar mechanism may underlie the 
pathogenesis of human ALS. (Supported by Amyotrophic Lateral Sclerosis and 
Muscular Dystrophy Associations)
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742.13
CYTOSKELETAL CHANGES INVOLVING BETA-TUBULIN IN 
CANINE MOTOR NEURON DISEASE. S.L, Green*1. M.J, Pinter2. 
L.C. Cork3 and J.E, Ferrell". Departments of 1 ^Comparative Medicine 
and 4Molecular Pharmacology, Stanford University School of Medicine, 
Stanford, CA 94025, and the department of Anatomy and 
Neurobiology, Medical College of Pennsylvania, Philadelphia, PA 
19129.

Beta-tubulin is a constituent neuronal cytoskeletal protein which is 
transported by the slow axonal transport system. Because axonal 
transport is impaired in Hereditary Canine Muscular Atrophy (HCSMA), 
a dominantly inherited motor neuron disease, we used an affinity- 
purified monoclonal anti-tubulin antibody and immunocytochemistry to 
ask whether there was morphologic evidence of retention of beta-tubulin 
in motor neurons or in the distended, neurofilament-filled axonal 
swellings. In control dogs, beta-tubulin had a distinctive punctate pattern 
of circular to oval profiles, but cell bodies were not immunoreactive. 
Similar profiles were seen in HCSMA, but in addition, the axonal 
swellings, proximal neuronal processes and parts of the neuronal 
perikerya were immunoreactive. Immunoblot analysis using the same 
anti-tubulin antibody detected a single 54 kDa protein band in the canine 
spinal cord homogenates. There was no difference in the protein levels 
for beta-tubulin in the control dogs compared to dogs with HCSMA. We 
propose that the neurofilmentous accumulations observed in these 
HCSMA impede the transport of beta-tubulin, a cytoskeletal component 
required for axonal maintenance. Supported by PHS #NS 31621 to MJP.

742.14
GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR 
mRNA EXPRESSION IN MUSCLE BIOPSIES IN 
AMYOTROPHIC LATERAL SCLEROSIS. E, Grundstrom*. H. 
Askmark, T, Ebendal and S.-M. Aquilonius. Department of 
Neurology, Uppsala University Hospital, S-751 85 Uppsala, 
Sweden and Developmental Neuroscience, Biomedical Centre, Box 
587, S-751 23 Uppsala, Sweden.

Neurotrophic factors such as GDNF, BDNF, CNTF and IGF-1 
have been shown to rescue motor neurons both in vitro and in vivo 
in animal models. To investigate whether motor neuron degeneration 
in amyotrophic lateral sclerosis (ALS) is due to a loss of GDNF 
production we have compared the expression of GDNF mRNA in 
muscle biopsies from patients with ALS and control cases. Total 
RNA was purified and RT-PCR was performed on cDNA from the 
biopsies. Results based on specimens from seven controls and four 
patients with ALS demonstrate a similar magnitude of GDNF mRNA 
expression in both groups. Studies on GDNF mRNA and BDNF 
mRNA expression in muscle from a larger material of neuromuscular 
diseases are ongoing.

Supported by the Swedish Medical Research Council (project 4373).

742.15
PROPERTIES OF FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS 
LINKED Cu/Zn SUPEROXIDE DISMUTASE MUTANTS IN NEURONAL 
CELLS. K. A. Burrell, Z. E. Enayat, J. F. Powell, P. N. Leigh* and J-M. 
Gallo. Departments of Clinical Neurosciences and Neuroscience, Institute 
of Psychiatry, De Crespigny Park, Denmark Hill, London, SE5 8AF, U.K.

Amyotrophic lateral sclerosis (ALS) is characterised by a progressive 
loss of motor neurons in anterior horn cells of the spinal cord, by an as yet 
unknown mechanism. Of all ALS cases, 5% are an autosomal dominantly 
inherited form and of these 20% possess mutations in the gene encoding 
for Cu/Zn superoxide dismutase (SOD1). The aim of this study was to 
examine the properties of mutant SOD1 in neuronal cells to gain insight 
into the pathogenic mechanism(s) leading to neuronal degeneration. 
Human SOD1 wildtype and mutants Ala4Val, Asp90Ala and the novel 
His48Gln were expressed in differentiated mouse neuroblastoma NB2a/dl 
cells. Expression of SOD1 was assessed by western blotting and 
immunofluorescence, demonstrating extensive SOD1 reactivity throughout 
the cytoplasm and neurites. Functional SOD1 activity was shown by an 
NADH-reduction based assay. The effect of mutant SOD1 protein on 
neurofilaments in NB2a/d1 cells, which express the three neurofilament 
subunits NF-H, NF-M, NF-L, was studied in transfected cells under 
conditions of oxidative stress. Some SOD mutants have been shown to 
specifically interact with translocon-associated protein delta and lysyl- 
tRNA synthetase in the yeast two hybrid system. To examine whether such 
interactions occurred in neurons, wildtype and mutant SOD1 are 
immunoprecipitated from transfected cells and proteins co-precipitating 
with SOD1 analysed by western blotting.
Supported by the Medical Research Council, U.K.

742.16
INCREASED PI3-KINASE AND PKC ACTIVITIES AND PROTEIN 
LEVELS IN ALS
R. Wagey*, R. Lanius, R.Lauener, V.Duronio, S.L. Pelech and
C. Krieger. Dept. of Medicine, University of British Columbia,
Vancouver, B.C. V6T 1Z3, Canada.

We have studied the regulation of several protein kinases in human
postmortem tissue from patients with Amyotrophic lateral sclerosis 
(ALS)and control subjects. Protein kinase C (PKC) activity and protein 
levels are increased in ALS spinal cords compared to controls in both 
cytosolic and particulate-derived extracts. Another kinase which could 
also be involved in ALS is phosphatidylinositol 3-kinase (PI 3-kinase). 
We have evaluated the lipid kinase activity and protein amounts of PI 3- 
kinase in spinal cord, motor cortex and visual cortex from ALS patients 
and control subjects. PI 3-kinase activity is significantly increased by 
240% in particulate-derived extracts from ALS patients compared to 
controls. The increased activity correlates with an increase in PI 3-kinase 
protein. In the cytosolic fractions, PI 3-kinase activity in ALS is 
increased by 143% compared to controls. Motor cortex from ALS patients 
also shows increased PI 3-kinase activity in the particulate-derived 
extracts by 141%, whereas the cytosolic fractions are not different 
between ALS and controls. There are no differences in activity in either 
cytosolic or particulate-derived extracts of visual cortex from ALS and 
control subjects. Protein kinase B (PKB), extracellular signal-regulated 
kinase (Erk) and S6 kinase activities are not significantly different 
between control and ALS spinal cord tissues. The significantly increased 
PI3-kinase and PKC activities in areas affected in ALS indicates a 
potential role for these two kinases in the pathogenesis of ALS.
Supported by the British Columbia Health Research Foundation.

742.17
BCL-X AND BAX EXPRESSION IN MOTOR NEURONS OF TRANSGENIC 
MICE WITH SOD1 MUTATION. J.L. Gonzalez de Aguilar*, F Rene, B. 
Lutz-Bucher, Y. Larmet, F.M. Lauront-Huck*, J. Gordon* and J.P.
Loeffler. URA 1446 CNRS, Univ. Louis Pasteur, Strasbourg 67000 
France. $Mount Sinai School of Medicine, New York, NY.

Amyotrophic lateral sclerosis is a lethal, neurologic disorder 
characterized primarily by the death of motor neurons in the spinal cord. 
Certain forms of the disease are associated with mutations in the gene 
encoding Cu/Zn superoxide dismutase 1 (SOD1), which is involved in 
scavenging of reactive oxigen species. Recent studies have also 
provided evidence for a role of SOD1 as an antiapoptotic enzyme. In the 
present study, we have analyzed the localization of various Bcl-2 family 
members, which are directly implicated in preventing or promoting 
programmed cell death. By immunohistochemcal staining of spinal cord 
sections, we show the expression of both Bcl-x and Bax in lumbar 
motor neurons. A marked decrease in Bcl-x and an increase in Bax 
was observed in transgenic mice with altered SOD1 (1). These 
findings were confirmed by western blot analyses of lumbar spinal cord 
proteins. These results show a direct link between SOD1 and genes 
that are implicated in the regulation of neuronal apoptosis. The 
underlying mechanisms are currently analyzed at the transcriptional 
level by gene transfer studies with various promoter/reporter genes 
and expression vectors encoding wild-type and mutated SOD1.
(1) M.E. Ripps etal. Proc. Natl. Acad. Sci. (1995) 92:689.
^Recipient of a grant from D.G.E.S. (MEC, Spain). This work is supported 
by the Association Franpaise contre les Myopathies.

742.18
A NOVEL BEHAVIORAL METHOD TO DETECT MOTONEURON DISEASE 
IN PRESYMPTOMATIC WOBBLER MICE BETWEEN POSTNATAL AGES 
THREE TO SEVEN DAYS. P. Bose, R. Fielding' and L.L, Vacca-Galloway*. 
Depts. of Anatomy, Community Medicine & Behavioral Science . The Faculty of 
Medicine, The University of Hong Kong, Hong Kong.

The Wobbler mouse possesses an inherited autosomal recessive form of 
motoneuron disease. The most characteristic abnormality is the degeneration of 
motoneurons, mostly in the cervical spinal cord, also in the brain stem cranial motor 
nuclei. The underlying pathology shows up as symptoms that are only detectable 
confidently around the time of weaning (age 3 weeks). We now report a new method 
designed to identity presymptomatic Wobbler mice by behavioral and statistical 
approaches. We measured body weight, righting reflex (RR) and gender to examine 
whether these parameters have an impact on the status of the disease before age 3 
weeks. Using a total of 341 NFR/wr strain pups, the data were analyzed with 
classical discriminant and logistic regression approaches. We found a strong 
association between RR and the Wobbler disease status (p<0.0001) between 
postnatal days 3 to 7. However, gender and body weight did not have any impact on 
the disease status. Greater than 97% correct classification of presymptomatic 
Wobblers can be obtained by using RR taken between postnatal days 3 to 7 in 
logistic regression analysis. Therefore the measurement of RR allows the early 
detection of the affected presymptomatic Wobbler (ur/ur) mice with a minimum of 
error. This method has been used in our laboratory for immunocytochemical studies 
that show the early sprouting of immunoreactive serotonin and peptidergic fibers in 
the cervical spinal ventral horn by postnatal days 7 and 12 respectively. The 
presymptomatic detection of Wobbler mice may provide significant new information 
regarding the pathogenesis of the motoneuron disease. We can now conduct 
therapeutic approaches that are more effective than in the symptomatic weanlings 
(work in progress). Supported by RGC 338/031/0010 and Croucher 360/031/0814 
grants.
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742.19
DETECTION OF MUTANT GLUTAMATE TRANSPORTER mRNA 
SPECIES IN ALS: A DIAGNOSTIC MARKER? C. G, Lin*,L.Jin, L. 
ClawsQJX^RoyaLL^BcisiQLJ^-RQttisieirL Departments of Neurology and 
Neuroscience, Johns Hopkins University, Baltimore MD, 21287,

Defects in glutamate transport have been found in a large number of sporadic 
ALS patients when studied in post mortem tissue. Subsequent studies revealed 
that one subtype of the glutamate transporter family, EAAT2 (GLT-1) was 
severely deficient in affected brain regions. Recent studies have demonstrated 
that mutant EAAT2 mRNA transcripts, intron-containing and exon-skipping, are 
present in up to 61% (17/28) of sporadic ALS brain and spinal cord tissue. 
Functional assays suggest that these mutants account for the loss of EAAT2 
protein in ALS. The etiology for these mutant species is not yet known, but 
abnormal RNA processing, reflecting faults in pre-mRNA processing enzymes or, 
less likely, defects in exon/intron regions of the EAAT2 gene, could account for 
these mutant species. Because of the high prevalence of these mutant species in 
ALS tissue, we began a survey of CSF obtained during diagnostic evaluation of 
ALS and non-ALS patients. Mutant species were detected by RT-PCR on purified 
CSF specimens. CSF from 17 ALS and 38 control patients were analyzed. Non- 
ALS control specimens were obtained from patients being evaluated for: multiple 
sclerosis, subarachnoid hemorrhage, stroke, epilepsy, headaches, dementia, 
ataxia, norma! pressure hydrocephalus, CNS vasculitis, and hepatic 
encephalopathy. Approximately 68% (12/17) of ALS specimens had evidence of 
the exon-skipping mutant in their CSF, which was not detected in control 
specimens. Studies on the prevalence of intron-retention mRNA species are 
pending. These preliminary studies suggest the potential use of this molecular 
marker in the diagnostic evaluation of ALS patients. (NIH, MDA, ALS A)

742.20
ABERRANT PROTEIN-NUCLEOTIDE INTERACTIONS IN AMYOTROPHIC 
LATERAL SCLEROSIS CSF: A POTENTIAL DIAGNOSTIC AIDE. J.C. 
Pendergrass, E. J. Kasarskis* and B.E. Haley. College of Pharmacy and Dept. of 
Neurology, University of Kentucky and VA Med. Center, Lexington, KY 40536.

Amyotrophic Lateral Sclerosis (ALS) is a chronic, uniformly fatal, age associated 
neurodegenerative disease currently diagnosed by clinical recognition of progressive 
upper and lower motor neuron dysfunction with support from electrophysiological 
studies. At present their is no definitive, biochemical marker for the diagnosis of 
non-familial ALS. We have examined cerebrospinal fluid (CSF) of patients with, 
neurological diseases using the combined methodologies of nucleotide photoaffinity 
labeling, two dimensional gel electrophoresis and autoradiography. Using 
[32P]8N3ATP, a photoaffinity nucleotide analog of ATP, we have identified a group 
of proteins with an apparent molecular weight of 16 kDa and an isoelectric point of 
6.7 (designated Mr16k6 7) which exhibit aberrant protein-nucleotide interactions in 
ALS lumbar CSF samples relative to controls. Photolabeling of these proteins was 
observed in 15 of 15 non-ALS (control) lumbar and ventricular CSF samples 
consisting of patients with headache, Parkinson’s disease, head trauma and 
dementia. In contrast, photolabeling of this same subset of proteins was barely 
detectable in lumbar CSF samples taken from 5 of 5 ALS patients. Quantification of 
the P-32 photoincorporation revealed a 91% reduction in the level of [32P]8N3ATP 
photolabeling of the M,16k6 7 protein(s) in ALS CSF samples relative to controls. 
Purification and identification of the Mr 16k67 protein(s) will be undertaken to 
determine if the protein(s) are absent or present but with photolabeling blocked by 
some ligand or chemical modification in ALS. Additional ALS and control CSF 
samples will be analyzed to determine the specificity and sensitivity of the Mfl6k5 7 
protein(s) as a potential diagnostic biomarker for ALS. (Supported by the Wallace 
Research Foundation, Lexington Clinic Foundation, VA Research Service and NIH 
grant 5R01-GM35766-10).

ISCHEMIA: GLUCOSE, pH AND TEMPERATURE

743.1
CEREBRAL GLUCOSE TRANSPORTER EXPRESSION AND CELL DEATH 
FOLLOWING FOCAL ISCHEMIA IN THE SH RAT. D, Liu1. K, Li2. F, C, 
Barone3, P, G, Lysko3, X, J. He4 and I, A, Simpson1! NIDDK1, NIDR4 Bethesda, 
MD 20892, Hershey Med. Or.2 PA 17033, SmithKline Beecham3, PA 19406

Disruption of cerebral energy metabolism is the underlying cause of apoptotic and 
necrotic cell death due to an hypoxic/ischemic episode. Such metabolic changes 
occur following permanent middle cerebral artery occlusion (MCAO) in 
spontaneously hypertensive rat (SHR) and are accompanied by profound alterations 
in expression of the glucose transporter isoforms GLUT1 (microvessel (MV)), 
GLUT3 (neuronal) and GLUTS (microglial). This study examines the potential 
relationship between alterations in glucose transporter expression and cell death. 
SHR brains were frozen at lh, 3h, 6h, 12h, 24h, 3d, 5d and 15d following 
permanent focal MCAO. Apoptosis was evaluated in adjacent cryosections by ISEL 
(in situ end labeling) or TUNEL (terminal deoxynucleotidyl transferase mediated 
dUTP-biotin nick end labeling). The ISEL- or TUNEL-positive cells were further 
characterized by co-immunofluorescence with cell specific markers [ TG2 : neuron; 
GFAP : astrocytes; GLUT1:MV; GLUTS: microglia], and analyzed by confocal 
microscopy. In the ipsilateral hemisphere, apoptotic cells were apparent at 3h and 
continued to be observed for at least 5 days. At 12-24h, most ISEL-positive cells 
were within the infarct and colocalized with TG2, indicating a neuronal origin, and 
coincided with the loss of GLUT3 mRNA. At this time, in situ hybridization 
revealed an increase of GLUT1 mRNA in MV and some GLUT1-positive MV were 
ISEL-positive, suggesting possible endothelial cell damage. At 24h little GFAP 
staining was detected in the infarcted area despite intense labeling outside the infarct 
and in the contralateral hemisphere, and few cells were both ISEL-and GFAP- 
positive. GLUT5-positive microglia were significantly increased at 3-5d, especially 
at the border of the infarct, but few costained with TUNEL. This study suggests that 
cell death / survival following focal ischemia may be mediated by the temporal 
expression of glucose transporters. (Supported by NIDDK, NIDR, SmithKline 
Beecliam

743.2
PREISCHEMIC HYPERGLYCEMIA LEADS TO RAPIDLY DEVELOPING 
BRAIN DAMAGE WITH NO CHANGE IN CAPILLARY PATENCY. P. A. 
Li*, J. Vogef, Q.,P,.„He.x.M-L Smith, W- Kuschinsky, B. K. Siesjo. Lab. for 
Experimental Brain Research, Wallenberg Neuroscience Center, Univ. of Lund,
S-221 85 Lund, Sweden. Department of Physiology, Univ. of Heidelberg, D- 
69120 Heidelberg, Germany.

The present experiments were undertaken to explore whether exaggeration of 
ischemic brain damage by preischemic hyperglycemia is due to lack of capillary 
patency in the postischemic period. Normo- and hyperglycemic rats were 
exposed to 10 min of forebrain ischemia. Histopathological changes were 
evaluated after 6 and 16-18 h of recovery by light microscopy, and capillary 
patency was assessed at the same time points by a double-staining technique, 
depicting perfused and morphologically identifiable capillaries. The results 
demonstrate that some neuronal damage was detectable after 6 h of recirculation 
which was aggravated after 16-18 h of recirculation in hyperglycemic rats. In 
contrast, the degree of capillary patency was similar in normo- and 
hyperglycemic rats. In both groups the perfusion marker, Evans blue, perfused 
about 95% of all capillaries when injected 10 sec before decapitation. Since 
preischemic hyperglycemia exaggerates brain damage without cessation of 
capillary perfusion the primary targets of hyperglycemic brain damage may not 
be capillaries but neurons or glial cells.

Supported by the Swedish Medical Research Council, the Juvenile Diabetes 
Foundation International, the US Public Health Service via the NIH, and the 
Deutsche Forschungsgemein-schaft.

743.3
SECONDARY IMPAIRMENT OF MITOCHONDRIAL RESPIRATION 
FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA ACCOMPANIES 
DELAYED NEURONAL DEATH IN HIPPOCAMPAL CA1 SECTOR 
IN HYPERGLYCEMIC RATS. Y. B. Ouvang*, O. P. He, P, A. Li and 
B. K. Siesio. Division of Experimental Brain Research, Wallenberg 
Neuroscience Center, Lund University Hospital, S-221 85, Lund, Sweden.

Mitochondrial function in homogenates from dorsal CA1 and CA3 and 
from ventral parts of hippocampus was examined in normo- (-5 mM) and 
hyperglycemic (-20 mM) rats subjected to 10 min of forebrain ischemia 
followed by 0, 6 and 16 hr of reperfusion. Histopathological changes were 
evaluated after 6 and 18 hr of recovery by light microscopy. The results 
showed that ADP- and uncoupler-stimulated respiration of dorsal CA1 from 
hyperglycemic, but not from normoglycemic animals, was secondarily 
inhibited by 16 hr of reperfusion, whereas ADP/O ratios remained 
unchanged. There were no such changes in dorsal CA3 or ventral 
hippocampus. Correspondingly, delayed neuronal damage was found only 
in CA1 sector of hippocampus in hyperglycemic rats after 18 hr of 
recirculation, whereas no detectable morphological alterations were 
observed in hippocampus in normoglycemic rats. Since brain 
mitochondrial function was already impaired when neuronal damage 
appeared, mitochondrial function could be an important early change 
leading to delayed neuronal death.

This study was supported by the Swedish Medical Research Council, the 
US Public Health Service via the NIH, and the Juvenile Diabetes 
Foundation International.

743.4
THE EFFECTS OF GLUCOSE ON INTRACELLULAR AND 
EXTRACELLULAR ACIDOSIS IN RAT HIPPOCAMPAL SLICES 
DURING AND AFTER ANOXIA. E.L. Roberts, Jr.1’2*, J. He2, and C.-P, Chih1. 
'Geriatric Research, Education, and Clinical Center, Miami VA Medical Center, 
Miami, FL 33125, and ^Department of Neurology, University of Miami School of 
Medicine, Miami, FL 33136

In this study we investigated in rat hippocampal slices (1) how glucose 
availability affected brain tissue acidosis during and after anoxia, (2) if the onset 
of anoxic depolarization was associated with a critical pH, (3) whether, during 
anoxia, glycolysis was the major source of acidification before and during anoxic 
depolarization, and (4) if improved recovery of synaptic function with elevated 
glucose levels was related to changes in tissue acidosis. Intracellular pH (pH;) and 
extracellular pH (pH0) were measured simultaneously before, during, and after 
anoxia in hippocampal slices bathed in physiological solutions containing 0, 5, 10, 
or 15 mM glucose. We used the fluorescent dye seminaphthorhodafluor-1 
(SNARF-1; Molecular Probes, Inc.) and H+-sensitive microelectrodes to measure 
pHj and pH0 respectively. Slices exposed to 0 mM glucose were given 20 mM 
sodium lactate as a metabolic substrate. We found that the pH, and pH0 at which 
anoxic depolarization occurred depended upon glucose concentration. Also, 
elevated glucose availability increased both intracellular and extracellular 
acidification during anoxia and delayed recovery of pH homeostasis after anoxia. 
Our results suggest that glycolysis is the primary source of H" before the onset of 
anoxic depolarization, but not during anoxic depolarization. Our results also 
suggest that moderate increases in acidosis resulting from increased glycolysis are 
potentially beneficial for anoxic survival of brain tissue. (Supported by a grant 
from the National Institute on Aging (AG08710), and by the Office of Research 
and Development (R&D), Medical Research Service, Department of Veterans 
Affairs (VA))
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743.5
Gene expression, but not synaptic activity, is needed for acidosis-dependent 
apoptosis, P.J. Bergold1, S.B. Basu1 L. Zhou1, K Chan3*, H. J. Federoff4. and 
Z.-M. Xiang2 Depts. of Pharmacology1, Physiology2 and Neurology3, 
SUNY-Health Science Center at Brooklyn, NY, NY 11203; Dept. of 
Neurology4, U. of Rochester School of Medicine, Rochester, NY 14642

Transient acidification of intracellular pH from 7.3 to 6.6 induces both 
neuronal necrosis and apoptosis in cultured hippocampal slices. At 32°C, 
necrosis and apoptosis were suppressed despite acidification of intracellular 
pH to a similar extent at 32°C (6.49 ± 0.03, n=6) and at 37°C (6.49 ± 0.06, 
n=6). Acidosis is known to transiently depress synaptic activity in acute 
hippocampal slices. To test if synaptic depression was needed for neuronal 
loss, Schaeffer collateral evoked responses were recorded extracellularly at 
32°C from the CAI pyramidal cell layer. CAI population spike amplitude 
(3.2 ± 0.8 mV, n=8) was depressed during 20 minutes of acidosis (1.5 ± 0.5 mV, 
F=28.662, ANOVA, p<0.001 Boneferoni post test) that partially recovered 
ten minutes after acidosis (2.4 ± 0.9 mV). The culture was then returned to 
the incubator and neuronal loss monitored by video microscopy of propidium 
iodide epifluorescence for 24, 48, 72, 96, and 120 hours after acidosis. 
Neuronal loss was not observed, suggesting that synaptic depression by 
acidosis is not involved in necrosis or apoptosis.

Acidosis-dependent apoptosis was blocked when protein and RNA 
synthesis inhibitors were present for the first two hours following acidosis. 
To identify transcripts induced by acidosis, slice culture cDNA was isolated 
and subjected to differential display. cDNA candidates were identified 
that were induced by acidosis, thus providing further evidence that acidosis 
induces new transcription and providing a means to identify additional 
genes that regulate apoptosis. Supported by HD31300 to H.J.F and P.J.B.

743.6
Morphological alterations in neurons and astrocytes that accompany hypothermic 
hibernation in the thirteen-lined ground squirrel (Spennophilus tridecemlineatus); 
Light and electron microscopic study. N, A, Azzanff R. N. Azzam. and J, M. 
Hallenbeck. Stroke Branch, NINDS, NIH, Bethesda, MD 20892-4128.

This study was conducted in an attempt to identify and elucidate the mechanisms 
implemented by the squirrel to protect its CNS from the destructive effects of 
ischemia-like conditions during hibernation. Starting in November, adult wild 
squirrels, individually caged with adequate bedding, food and water, were placed in a 
hibemaculum kept at 5 °C and illuminated only by a red safety light. Most animals 
hibernated within two days. A drop in heart rate, blood pressure’ and body temperature 
occurred. Torpid or aroused animals were anesthetized and perfused through the heart 
with cold or warm 4% glutaraldehyde respectively. Attempts to inject anticoagulant 
into the femoral vein of torpid squirrels prior to perfusion proved very difficult due to 
the contraction of the vessels. Microscopically, the astrocytes and their foot processes 
surrounding the capillaries and venules, as well as astrocytes within the neuropil, were 
swollen and exhibited watery cytoplasm. Neurons within several areas of the CNS 
contained large cistemae between adjacent membranes of the endoplasmic reticulum. 
These slit-like cavities appear as early as three days into hibernation and are present in 
most of the neurons of animals after 90 days in the hibemaculum. Multipolar 
neurons of the spinal cord and cerebellar Purkinje cells contain several smaller 
cistemae within the endoplasmic reticulum that were dispersed through the cytoplasm. 
Within four hours following deliberate arousal, the cistemae disappeared from most of 
the neurons, whereas astrocytic foot processes and cell bodies required six hours to 
return to the nonhibemating appearance. Following arousal, the chromatin material of 
both the neurons and astrocytes was densely stained and widely dispersed within the 
nuclei, indicative of an increase in protein synthesis. It is hypothesized that as 
squirrels enter hibernation the astrocytes begin to imbibe fluid through the vascular 
endothelium and swell, thereby compensating for the reduction in the volume of the 
vasculature during hibernation. This fluid and any metabolic waste products 
accumulated by the astrocytes during hibernation are returned to the circulation 
following arousal. Similarly, the neurons appear to store fluid and possibly metabolic 
waste products within their endoplasmic reticulum until the body temperature and 
circulation return to the nonhibemating state and the cells are able to dispose of the 
accumulated fluid into circulation. Supported by the NIH Intramural Research Funds.

743.7
STROKE THERAPIES FROM HIBERNATING SQUIRRELS. K.L. 
Drew*1, Y. Hu1, R.E. Koren2 and M.E. Rice2. 1 Institute of Arctic Biology, 
University of Alaska Fairbanks, Fairbanks, AK 99775 and 2Depts. of Physiology and 
Neurosurgery, New York University Medical Center, New York, NY 10016 .

Hibernating squirrels withstand dramatic (90%) reductions in cerebral 
blood flow without suffering any neuronal damage and thus provide a 
model of tolerance to cerebral ischemia and stroke (Frerichs et al., 
1994). Studies of hibernation physiology suggest that squirrels employ 
several strategies to cope with ischemia and point towards the use of 
combination therapy in stroke. The purpose of the present study was to 
determine whether antioxidant regulation is altered during prolonged 
torpor. Cold adapted euthermic (Tb=36.6±0.3°C) and hibernating 
(Tb=M.4±0.3°C) arctic ground squirrels (spermophilus parryii 
kennicotti) were sacrificed in January 1997. We determined ascorbate 
concentration ([asc]) in plasma and CSF and ascorbate and glutathione 
(GSH) contents of cortex, hippocampus, and cerebellum using HPLC. 
Plasma [asc] increased 4 fold during hibernation, while CSF levels 
increased 2 fold. Brain levels of ascorbate tended to be lower and GSH 
tended to be higher during hibernation. High plasma and CSF [asc] 
could provide important protection against oxidative damage when 
oxidative metabolism resumes upon rewarming and reperfusion. 
Enhanced antioxidant protection is yet another strategy hibernating 
squirrels employ to tolerate dramatic reductions and increases in blood 
flow. Funded by AHA 95007705S (KLD) and NS-34115 (MER)

743.8
MILD HYPOTHERMIA: DIFFUSION MRI CHARACTERISTICS OF FOCAL 
CEREBRAL ISCHEMIA & CORTICAL SPREADING^ DEPRESSION. M 
Hedehus~, M Yenari, D Onley, G H Sun* . M Moseley" & G K Steinberg L
Depts. of Neurosurgery & Radiology" Stanford Stroke Center, Stanford, CA. 

While mild hypothermia is neuroprotective, the reasons are not well known. We
utilize diffusion MRI (DWI), which is sensitive to micromolecular fluid shifts and 
cytotoxic edema, to examine the effects of hypothermia on focal cerebral 
ischemia and KCl-induced spreading depression. Rats underwent 2 h of MCA 
occlusion using an intraluminal suture, followed by 23 h of reperfusion. Animals 
were either kept normothermic (brain=38C) or rendered hypothermic (33C) 
shortly after MCA occlusion, and maintained for 2 h. DWI images using rapid 
echoplanar imaging were obtained 0.5, 2 and 24 h after MCA occlusion. ADCs 
and DWI lesion areas were computed. All ADC values were corrected to a 
temperature of 38C based on previous correlative data. In a separate, non-
ischemic animal, spreading depression was induced by topical application of KC1 
& confirmed by simultaneous DC potential recordings. DWI images were 
obtained during KC1 application. Hypothermia dramatically reduced DWI lesion 
area as early as 2 h after the onset of ischemia. By 24 h, no DWI lesion was 
detected in the hypothermic group (33C: 0+0% vs. 38C: 32.2±1.4%, mean±SEM; 
p=0.002). Hypothermia did not affect ischemic ADC. KC1 application produced 
spreading depression-like waves on DWI. Hypothermia prolonged ADC decrease 
and ADC recovery times from the initial wave compared to normothermia. ADC 
decrease times were 5.3±0.4s (34C) vs. 3.3±0.2s (38C) (p<0.001). ADC recovery 
times were: 6.6±0.2s (34C) & 4.8±0.3s (38C) (p<0.001). Peak ADC decreases 
w'ere similar at different temperatures. These data suggest that mild hypothermia 
is neuroprotective and suppresses infarct growth early after the onset of ischemia. 
Spreading depression is slowed with decreased brain temperature.

NINDS

743.9
NEW FEATURES OF DELAYED NEURONAL DEATH IN CAI NEURONS 
OF GERBILS TREATED WITH PROLONGED POSTISCHEMIC 
HYPOTHERMIA. F. Colbourne*, G. Sutherland and R,N. Auer, Dept. of Clinical 
Neurosciences, Faculty of Medicine, University of Calgary, 3330 Hospital Dr NW, 
Calgary, AB, Canada, T2N 4N1.

Intra-ischemic hypothermia is the most powerful neuroprotective treatment 
known. Postischemic cooling is also very effective (Colbourne and Corbett, 1995; 
J. Neurosci. 15:7250-60), but in some cases CAI injury may only be delayed. We 
used the gerbil global ischemia model (5 min occlusion) with hypothermia begun 
after 1, 6 or 12 hrs to quantitatively and qualitatively study the CAI region after 
survival times of 4, 14 and 60 days in an effort to better characterize this slow cell 
death. Hypothermia (32/34°C each for 24 hr) was produced in the awake animal 
by an automated “exposure technique” which precisely controlled brain 
temperature (Colbourne, et al., 1996; J. Neurosci. Meth. 67:185-190).

Postischemic cooling preserved most CAI neurons even at 2 months. Protection 
was superior with earlier intervention. Electron microscopy revealed three classes 
of neurons: normal, necrotic and abnormal but non-necrotic. Ischemia resulted in 
necrosis, more so in untreated groups. Late survival times revealed sublethal 
cellular changes, including intranuclear vacuoles, increased mitochondrial 
degeneration with formation of lysosomal bodies, and in hypothermia-treated 
gerbils, giant perikaryal aggregates of conjoined lysosomes. These 
“megalysosomes” were in perikarya, and were often seen surrounded by 
degenerating mitochondria. In the neuropil, aggregates of smaller lysosomes were 
seen in neurites.

These findings suggest dynamic perturbation in some cells surviving ischemia and 
postischemic hypothermia, with increased turnover of organelles in protected 
neurons, and their neurites long into the recovery period. The findings also 
confirm the potency of postischemic hypothermia in this model of global ischemia.

Research supported by the Medical Research Council of Canada (MT-9935).

743.10
DIFFERENTIAL HYPOTHERMIA AND RESCUE OF ISCHEMIA-INDUCED 
NEURONAL DAMAGE SC Hong*. JI Lee. JS Kim. JA Lee, and JH Kim 
Department of Neurosurgery, Samsung Medical Center, Seoul, Korea 135-230

To clarify effects of post-ischemic hypothermia, we investigated the effect of 
postischemic moderate hypothermia using a rat model of reversible focal 
ischemia.

The control group went through a 3-hour period of 3-vessel occlusion and 
reperfusion. After the initiation of the ischemic insult, moderate hypothermia 
(26.5 - 27.5°C, temporal muscle temperature) was administered at time 0 (Group 
1), 15 (Group 2), 30 (Group 3) and 60 minutes (Group 5) and kept for 3 hours 
(n=6 in each group). To minimize the adverse side effects of hypothermia, body 
temperature (rectal temperature) was not lowered so much as the brain 
temperature, but was kept at a mild hypothermic level (31.5 - 32.5°C). The extent 
of ischemic damage is evaluated by; 1) measurement of volume of the infarcted 
brain, 2) measurement of the degree of calpain-induced proteolysis of brain 
spectrin, the major cytoskeletal protein of the neurons using the immunoblotting 
method.

The size of the infarction was decreased significantly in group 1, 2 and 3, 
compared to the control group (p < 0.001). The analysis of proteolysis of spectrin 
using Western blotting method showed that the breakdown of spectrin was 
decreased until the hypothermia was administered at 45 minutes after the onset of 
ischemic insult (groups 1, 2, 3 and 4).

We conclude that the moderate hypothermia of the brain region can be 
administered safely by keeping the body temperature at mild hypothermic level. 
The ischemic neuronal damage can be rescued if the hypothermia is started at 30 
- 45 minutes after the ischemic insult. Hypothermia protects the ischemic 
neuronal damage by decreasing the calpain-induced proteolysis of cytoskeletal 
proteins. supported by SBRI fund C950142
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743.11
THE INVESTIGATION OF THE NEUROPROTECTIVE EFFECTS OF 
NMDA RECEPTOR ANTAGONIST AND HYPOTHERMIA ON 
HYPOXIC-ISCHEMIC INFARCT IN NEONATAL RATS. T.Alkan*.
N.Kahveci, L.Biiyukuysnl. E.Korfab. K.Ozliik. Dept. of Physiology, 
Pharmacology and Neurosurgery, Uludag Univ. BURSA.

MK801 and hypothermia (30-32°C) two cerebroprotective modalities, which 
have been documented to alter glutamergic action were tested in the neonatal H/I 
brain model. 7-day-old-pups under isoflourane anesthesia underwent rigth CCA 
ligation followed by exposure to hypoxia in 8% O2 + 92 % N2O in airtigth jar in 
pairs one from each group for 2 hours. We administered MK801 (0.5 mg/kg sc in 
45th and 120th min after occlusion of CCA or saline vehicle to normothermic 
(34-36"C) or induce hypothermic (30-32‘C) groups. Intraischemic hypothermia 
was induced soon after CCA occlusion during recovery period and maintained 
throughout hypoxic exposure. Intrahemispheric temperatures were recorded every 
15 min. All animals were killed 3 day after the insult, the brains were sectioned 
in coronal plane 2mm anterior and 2mm posterior to bregma and stained with 
TTC. The brain sectiones were photographed and infarct areas drawn in a blind 
evaluation by the projection of slide onto paper and their infarct volumes were 
calculated with computer analyzed system. The severity of neural damage was 
evaluated by histologic examination in hippocampus with H&E staining. For 
determination of the tissue damage in the corpus striatum tissue DA and DOPAC 
measurements were performed by HPLC method.

Only normotermic group had significant infarct areas in I and II brain sections 
comparing to other groups (p<0.0001). Neuropathological examination and 
striatal tissue DA, DOPAC measurements were also confirmed dense neuronal 
damage.

It appeared that hypothermia and MK801 offer similar cerebroprotective effect 
when administered seperately but gives better protection when used in 
combination.

743.12
VULNERABILITY TO HYPOXIC DEPOLARIZATION AND 
SWELLING IN RAT HIPPOCAMPAL SLICES IS AFFECTED BY 
PRE-INCUBATION TEMPERATURE. N. R. Kreisman?! E. Torres, 
and D. Gozal. Depts. of Physiology and Pediatrics, Tulane Univ. Sch. 
Med., New Orleans, LA 70112-2699.

Severe hypoxia causes depolarization and swelling first in CA1 and 
later in the Dentate Gyrus upper blade, whereas CA3 and Dentate lower 
blade are spared (Kreisman et al, Soc Neurosci Abstr 22:2146, 1996).
In the present study, we monitored extracellular DC potential and 
imaged light transmittance in hippocampal slices to detect regional 
differences in hypoxia-induced depolarization and swelling.
Comparisons were made in slices pre-incubated for 2 hrs at room 
temperature (23-24°C) versus those pre-incubated at recording chamber 
temperature (33-34°C). Orthodromic population spikes were >3mV 
amplitude in all slices, regardless of pre-incubation temperature. The 
spread of hypoxia-induced depolarization and swelling was greater in 
slices pre-incubated at 33-34°C compared to 23-24°C. Notably, 
depolarization and swelling consistently occurred in portions of CA3 
stratum radiatum of 33-34°C slices but not in slices pre-incubated at 
room temperature. Furthermore, CA3 often depolarized and swelled 
prior to CA1. We conclude that pre-incubation temperature affects 
vulnerability of hippocampal slices to ischemic injury and that this model 
may be useful in investigating mechanisms of resistance to damage. 
Supported by Am. Heart Assn. - La. Affiliate and NTH HD01072.

743.13
MILD HYPOTHERMIA IMPROVES RECOVERY OF CORTICAL [K+]o 
FOLLOWING FOCAL BRAIN ISCHEMIA IN THE RAT. M.A. Perez- 
Pinzon*. R. Tang, and T.J, Sick. Dept. of Neurology, Univ. of Miami Sch. 
of Med. 33101.

Mild brain hypothermia is known to dramatically improve outcome 
following brain ischemia, although the mechanisms of protection remain 
poorly understood. In this study [K+]o was measured with ion selective 
microelectrodes in the core region of cortex maintained at 36-37° C 
(normothermia) or 32-34° C (mild hypothermia) prior to, during, and 
following 1 hr of transient MCAO, produced by insertion of an intraluminal 
suture (suture model). Animals in which the severity of ischemia was not 
sufficient to elevate [K+]o for the entire 1 hr period were excluded from 
analysis. In both normothermic and hypothermic animals, cortical [K+]o was 
elevated from control levels of approximately 3 mM to greater than 50 mM. 
During brain reperfusion, [K+]o was restored to near control levels in both 
normothermic and hypothermic animals. However, the rate of [K+]o recovery 
was significantly faster in hypothermic than in normothermic animals. TTC 
staining of brains 25 hr after MCAO occlusion indicated large cortical and 
subcortical infarction in normothermic animals but little or no infarction in 
hypothermic animals. The data suggest that mild hypothermia may protect 
against brain infarction following focal ischemia by improving restoration 
of ion homeostasis. (Supported in part by PHS grant NS32167)

743.14
NEUROPROTECTIVE EFFECTS OF LPS (E.coli) 
ADMINISTRATION ON THE NEURAL DAMAGE OF 
GLOBAL HEMISPHERIC HYPOXIC-ISCHEMIA (GHHI). 
J. A. Thornhill. J. Kawchuk and E, West , Dept. of Physiology and 
Sask. Stroke Res. Centre, Univ. of Sask., Saskatoon, Sask., Canada.

The study investigated the core temperature responses and 
associated neural damage of anesthetized rats given LPS (E.coli) or 
prostaglandin (PGE2) injections immediately following GHHI. Male, 
Long Evans rats (9 wks) anesthetized with halothane (30% O2, 
balance N2) and kept at 37°C were stereotaxically implanted with a 
lateral cerebral ventricular (LCV) cannula, then underwent GGHI 
(ligation of right common carotid artery plus 35 min of 12% O2). 
After GHHI, groups received (a) ip sterile saline or (b) ip LPS (E.coli, 
60 pg/kg, serotype 055:B5, phenol extract (c) LCV sterile saline, 5 pi 
or (d) LCV PGE2, 100 ng in 5 pi. Colonic (Tc) temperatures were 
measured for 5 hrs post-injection and the next day. Animals were 
sacrificed 7 days later, brains perfusion-fixed, stained, and hemispheric 
and regional damage scored. Rats give LPS E.coli that had elevated 
Tcs showed significantly less neural damage than the PGE2 group, 
which also had elevated Tcs or the non-febrile LPS group, both given 
the same GHHI. Results indicate that LPS administration after GHHI 
that resulted in increased Tcs also increased the tolerance to the neural 
damage of hypoxic ischemia.

Supported by Can. Heart and Stroke Foundation.

743.15
TRANSIENT SPINAL ISCHEMIA IN RAT: THE TIME COURSE OF SPINAL 
FOS PROTEIN EXPRESSION AND THE EFFECT OF INTRAISCHEMIC 
HYPOTHERMIA. 1 Martin Marsala*, 2Judita Orendacova, Victor Wang, 
*Manabu Kakinohana, *Tony L.Yaksh. ^Anesthesiology Res. Lab., Univ. cf 

California, San Diego, CA 92093-0818, Institute of Neurobiology, Kosice, Slovakia.
Current work has shown that transient brain ischemia causes induction of a 

number of immediate early genes including c-fos. In the present study, we 
characterize the time course of spinal FOS protein expression evoked by transient 
injurious (12min) or non-injurious (6min) interval of spinal ischemia. In addition, 
the effect of intraischemic spinal cord hypothermia (27°C) on spinal FOS expression 
was studied. Halothane (1.5%) anesthetized rats were exposed to transient spinal cord 
ischemia achieved by inflating a balloon catheter placed into the descending thoracic 
aorta from the left femoral artery [1]. After predetermined periods of reflow animals 
were perfusion fixed and the spinal cord processed for FOS protein expression by 
immunohistochemistry. Short lasting (6min) spinal ischemia evoked a transient 
spinal neuronal expression of FOS protein with the peak expression seen at 2 hrs 
after reperfusion in all laminar levels in lumbosacral segments. At 4 hrs more 
selective expression in neurons localized between laminae V-VII was observed, while 
at 24 hr no significant increase in FOS protein was seen. After 12 min of ischemia 
comparable FOS expression as seen after 6 min ischemic interval was observed at 2 
hrs of reflow. Intraischemic spinal hypothermia completely blocked FOS expression 
after 6 min of aortic occlusion, while only incomplete block of FOS expression after 
12 min interval of hypothermic spinal ischemia was seen. These data suggest that 
reversible spinal cord ischemia induces transient spinal neuronal FOS expression 
with the most pronounced and protracted expression seen in spinal intemeurons 
localized between laminae V-VII. The ability of hypothermia to block FOS 
expression after short but not after longer ischemic interval suggests that neuronal 
depolarization represent a key mechanism in c-fos induction. 1. (Stroke, 1996; 
27:1850-1858). Work supported by NIH (NS32794).

743.16
LIMB COOLING PROTECTS PERIPHERAL NERVE OF RATS FROM 
REPERFUSION INJURY. Y. Mitsui, J. D. Schmelzer*, P. J. Zollman and P. 
A. Low. Department of Neurology, Mayo Clinic, Rochester, MN 55905.

The purpose of this study was to evaluate the effectiveness of limb 
cooling in protecting peripheral nerve from reperfusion injury. We used 48 
male Sprague-Dawley rats which were divided into six groups. The supplying 
arteries to the sciatic-tibial nerve of the right hindlimb were ligated and then 
the ligatures were released after predetermined periods of ischemia. The 
periods of ischemia were 3 and 5 hours. The right limb was maintained at 
36°C, 32°C and 28°C for 2 hours of ischemia and an additional 2 hours of 
reperfusion. Behavior scores were obtained 1 week after the surgical 
procedure. Electrophysiology of motor and sensory fibers was undertaken 1 
week after surgical procedure. Immediately after electrophysiological 
examination, the entire sciatic-tibial nerve was harvested and fixed in situ. 
Four portions of each nerve were examined: proximal sciatic nerve (PS), distal 
sciatic nerve (DS), mid tibial nerve (MT) and distal tibial (DT). To determine 
the degree of fiber degeneration, each section was studied under light 
microscopy, and we estimated an edema index and fiber degeneration index.

The 36°C group underwent marked fiber degeneration, associated 
with a reduction in action potential and impairment in behavior score. The 
groups of 28°C (both of 3 hours and 5 hours) showed significantly less 
(P<0.01; ANOVA, Bonferonni posthoc test) reperfusion injury in all indices 
(behavior score, electrophysiology and neuropathology), and the 32°C groups 
had intermediate scores between 36°C and 28°C. These results suggest that 
limb cooling dramatically protects peripheral nerve from reperfusion injury. 
Work was supported by NINDS (NS22352).

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY AM ISCHEMIA: INFLAMMATION AND COAGULATION 1919

744.1
Post-Ischemic Neutrophil Infiltration And Ischemic Brain Injury.
Y.Y. He, Z. Hu, W.L. Lin*, J. Xu, C.Y. Hsu. Dept. Neurology, Washington 
Univ. Sch. Med., St. Louis, MO 63110.

Neutrophils have been implicated in the secondary' injury after cerebral 
ischemia-reperfusion. We studied effects of lipopolysaccharide (LPS) 
enhanced post-ischemic neutrophil infiltration on ischemic brain injury' in a 
.stroke model featuring focal cortical ischemia-reperfusion. Twenty-four hr 
before ischemia, subcutaneous injection of LPS (0.05 mg/kg) resulted in no 
changes in body temperature (con, 37.0 + 0.8°C; LPS, 37.2 + 0.2, t-test, 
p=0.8) or peripheral white counts (con, 13,000 + 776/mm3; LPS, 15,403 + 
1,006, n=8, p=0.8) immediately prior to ischemia. Neutrophil infiltration into 
the ischemic right MCA cortex based on myeloperoxidase activity was 
enhanced by LPS priming (6 hr post ischemia: con, 0 U/g, n=4; LPS, 0.186 +
0.025, n=7. 24 hr: con, 0.185 + 0.025, n=6; LPS, 0.290 + 0.040, n=7, 2-way 
ANOVA, p<0.001). The extent of extravasation of fluorescein isothiocyanate- 
conjugated dextran (M.W. 7,000) into the ischemic cortex (6 hr: con, 3.11 + 
0.41 ul/mg protein, n=10; LPS, 0.48 + 0.16, n=6. 24 hr: con, 1.77+0.23, n=7; 
LPS, 0.90 + 0.19, n=4, p<0.001) and brain edema based on water content (6 
hr: con, 84.7747 + 1.6299%, n=5; LPS, 82.0913 + 1.2531, n=5. 24 hr: con, 
89.3988 + 0.4306, n=6; LPS, 87.8805 + 0.5802, n=6. 72 hr con, 84.8912 + 
0.5388, n=7; LPS, 85.2735 + 0.2789, n=4, p<0.01) was paradoxically reduced 
by LPS. LPS also reduced the infarct volume (con, 135 + 5; LPS, 108 + 12, 
p<0.05). Results from this study suggest that an increase in post-ischemic 
neutrophil infiltration under selected experimental condition was not 
necessarily detrimental to the ischemic brain. (Supported by NIH grants 
NS25545 and NS28995.)

744.2
BRAIN-DERIVED MICROGLIA AND BLOOD-BORN MACROPHAGES ARE 
ACTIVATED IN ACUTE ADULT RAT BRAIN SLICES AFTER PERMANENT MIDDLE 
CEREBRAL ARTERY OCCLUSION
S, A. Lyons*’* A. Pastor8, F. Wiegand0,0. KannL C. Ohlemeyer* F. Knapp0, H.
Kettenmann* and U. Dirnagl0 + Max Delbriick Center for Molecular Medicine, Berlin,
§Dept. of Physiology andDept. of Neurology, Humboldt University, Berlin, Germany

Upon focal cerebral ischemia macrophages infiltrate the brain and endogenous microglial cells 
become activated. These cell populations were identified by isolectin ([L)B4-FITC labeling. 
Abundance, morphology and membrane current characteristics were studied in a 500 pm 
circumference of the infarct border.

White blood cells crossing the blood brain barrier could be distinguished within the macro-
phage/ microglia population by the fluorescent dye, Rhod6G, injected intravenously prior to the 
ischemic insult. 6h after pennanent middle cerebral artery occlusion (MCAO), Rhod6G-labeled 
blood-derived cells invading the brain parenchyme were found and 48h after MCAO, this popu-
lation was more abundant and less restricted to the proximity of blood vessels. Resident micro-
glia became apparent as their morphology changed from radial to ameboid. In addition, micro-
glial activation stages are marked by different membrane current patterns. Microglia in early 
postnatal slices and unstimulated cultured microglia express inward K1 currents only, while 
macrophages and stimulated cultured microglia additionally have K+ outward currents. Mem-
brane currents were recorded from ILB4-labeled cells using the patch-clamp technique. At 6h 
after MCAO; a majority of cells expressed inward currents only (82%) while 18% of the others 
(n=22) showed in- and outward currents. Rhod6G-labeled cells always exhibited outward 
currents. 48h after MCAO, 89% of 27 cells expressed in- and outward currents indicating that 
they had properties of either macrophages or stimulated cultured microglia. This in situ model 
indicates that mieroglia/macrophages are detected by 6h after an MCAO infarct and there is a 4- 
fold increase by 48h in the expression of an additional outward current. Whether this outward 
current is linked to proliferation or other functions will be investigated in future studies. DFG

744.3
TUNEL, TTC STAINING, AND NEUTROPHILS IN NEUROPROTECTION IN 
EXPERIMENTAL STROKE . L. Penner*, R. Strong, C. Kagan, L. Sturgis, J.C. 
Grotta, J, Aronowski. Dept. of Cell Biology, Texas Biotechnology Corp, and Dept. 
of Neurology, Univ. of Texas Houston Health Science Center, Houston, TX 77030

Stroke produces devastating functional impairments with an underlying etioldgy 
of cell death. We have studied the relationship between cell death, mitochondrial 
function, and neutrophil infiltration in a rat stroke model. Infarct volumes in this 
model are typically inferred from the ability of active mitochondria to metabolize 
TTC. Following transient (l-3hr) unilateral MCA/CCA occlusion in Long Evans 
rats, subsequent reperfusion (1 day) resulted in cell death by apoptosis and necrosis, 
both of which were characterized by DNA fragmentation detected by TUNEL. 
Apoptotic death was evidenced by the formation of bright, distinct apoptotic bodies, 
or blebs. Necrotic death was evidenced by diffuse staining over the entire cell. 
Many cells exhibited characteristics of both forms of death. Typically, TUNEL was 
even throughout, but confined within, the TTC-defined area of infarct. These same 
areas usually contained infiltrating neutrophils identified by staining with antibodies 
to myeloperoxidase (MPO). The TTC-defined infarct volume as well as the areas 
stained by TUNEL and MPO were reduced by neuroprotective drugs such as the 
broad-specificity caspase inhibitor Z-VAD-CH2F, the protein synthesis inhibitor 
cycloheximide, and the spin trapping agent PBN. Reduction of infarct volume was 
often accompanied by stratification of TUNEL to specific neocortical layers. In 
some drug-treated animals, TUNEL and MPO staining did not overlap and were in 
distinct areas within the TTC-defined lesion. Thus neuroprotective drugs may 
confer differential protection from DNA fragmentation compared to neutrophil 
infiltration. At the short reperfusion times reported here TTC staining identified 
regions that did not always contain cells with fragmented DNA or infiltrated 
neutrophils, further illustrating the dissociation of these responses.

744.4
E-SELECTIN mRNA AND PROTEIN EXPRESSION INCREASE TRANSIENTLY 
AFTER UNILATERAL CEREBRAL HYPOXIA-ISCHEMIA IN NEONATAL 
RATS. B.-L. Eun and J.D.E, Barks*. Dept. of Peds., Korea University, Seoul, 
Korea, and Dept. of Peds., The University of Michigan, Ann Arbor, MI, 48109.

Endothelial expression of the adhesion molecule E-selectin is induced by ischemia- 
reperfusion-like conditions in vitro. Neutrophils accumulate in post-hypoxic-ischemic 
(HI) neonatal rat brain prior to the evolution of necrosis {Pediatr Res 37:380A|. We 
hypothesized that E-selectin could be the molecular signal that regulated the 
neutrophil response post-HI in the immature brain. We evaluated E-selectin gene 
expression by RT-PCR and protein accumulation by immunocytochemistry (ICC) in 
post-HI neonatal (postnatal day 7; P7) rat brain. P7 rats (n=34) underwent right carotid 
ligation, and after 1 h recovery, were placed in glass chambers partially immersed in a 
37°C water bath for 20 min prior to 2h exposure to 8% 02. Controls included carotid 
ligation alone (n=4), hypoxia alone (n=2), and neither hypoxia nor ligation (n=2). For 
RNA extraction, rats were killed 4, 8, 12, 24 and 48 h post-HI (n=22); rats subjected 
to ligation alone or hypoxia alone were sacrificed after 8h. Total RNA was prepared 
from left or right cortex, hippocampus and striatum. For ICC, rats were killed at 4 
and 8 h post-HI (n-2/time); the 1° antibody was monoclonal mouse antihuman E- 
selectin (ENA 1, Caltag). E-selectin mRNA was barely detected in the controls. 
Right-sided E-selectin mRNA was markedly elevated in cortex, striatum and 
hippocampus at 8 h post-HI, thereafter, expression of E-selectin mRNA decreased at 
12 and 24 h post-HI, and was no longer detectable at 48 h post-HI. In contrast, weak 
contralateral (left-sided) E-selectin mRNA expression peaked earlier, at 4h post-HI, and 
declined from 4 to 24 h post-HI. E-selectin protein was detected predominantly in 
right striatum 8 h post-HI, in a pattern consistent with a vascular distribution. The 
temporal and regional profiles of right-sided post-HI E-selectin mRNA and protein 
expression are consistent with a role in post-HI neutrophil recruitment and in the 
evolution of perinatal HI brain injury. (Supported by United Cerebral Palsy R-608-94)

744.5
MODULATION OF LEUKOCYTE-ENDOTHELIAL ADHERENCE IN 
NORMOXIC AND ISCHEMIC BRAIN BY ADENOSINE A2 AND A3 
RECEPTORS T.S. Park*, J.W. Beetsch, E.R. Gonzales, A.R. Shah, 
and J.M. Gidday. Dept. of Neurosurgery, Washington University School 
of Medicine, and St. Louis Children’s Hospital, St. Louis, MO 63110.

In vitro studies have demonstrated that adenosine, acting at specific 
receptor subtypes, can affect leukocyte function. We tested the 
hypothesis that A2 and A3 adenosine receptor activation regulates 
leukocyte adherence under steady-state conditions and during 
reperfusion following cerebral ischemia. Adherence of rhodamine 6G- 
labeled leukocytes to the pial venular endothelium of anesthetized 
newborn pigs was monitored through closed cranial windows by 
epifluorescence videomicroscopy. Drugs were superfused through the 
cranial window at 50 pl/min for 2 h. The A2 receptor antagonist 8-(3- 
chloro-styryl)-caffeine (CSC; 500 nM), and the A3 receptor agonist IB- 
MECA (100 nM and 1 pM), promoted progressive, dose-dependent 
increases in leukocyte adherence and venular fluorescein leakage, the 
magnitude of which did not differ from that seen during 2 h of reper-
fusion following asphyxia or ischemia (Am.J.Physiol.272:H2622, 1997). 
Increases in leukocyte adherence induced by asphyxia-reperfusion 
were not exacerbated by A2 receptor blockade with CSC. Our results 
indicate that A2 receptor activation tonically prevents leukocyte 
adherence under normoxic, steady-state, conditions and suggest that 
ischemia-induced alterations in leukocyte and/or endothelial cell 
adenosine A2 and A3 receptor stimulation may contribute to the acute 
inflammatory response to cerebral ischemia. (NIH NINDS 50736)

744.6
UPREGULATION OF ICAM-1 IN TRAUMATIC BRAIN INJURY: 

INFLUENCE BY FREE RADICAL TRAPMENT.
A. Lewena, J. IsakssorA i. Haitsma3, N. Marklund3*, K. Salci3, Y, Plsson*3 

and L. Hillereda>c
department of Neurosurgery, ^Laboratory of Neuropathology, department 

of Clinical Chemistry, Uppsala University Hospital,
S-751 85 Uppsala, Sweden

Objective; The aim of this study was to investigate the expression of the 
intercellular adhesion molecule (ICAM-1) in cerebral microvessels after 
traumatic brain injury and to evaluate to what extent the free radical spin trap 
PBN can modify posttraumatic ICAM-1 synthesis.
Methods; A focal cerebral cortical contusion trauma was produced in rats by 
the weight-drop technique. Some animals received pretreatment with PBN 
(30 mg / kg i.v.) 30 min prior trauma. Twenty-four rats were used and sacrificed 
at 2, 6, 12, 24, 48 and 72 h after injury. ICAM-1-expression was 
immunohistochemically detected in frozen sections using a monoclonal 
antibody and the ABC technique. Quantification of ICAM-1-immunoreactivity 
was done with a computer aided analysis system.
Results: Microvascular ICAM-1 was markedly upregulated in the cortex at 
the site of injury and to a lesser extent in the ipsilateral hippocampus and 
thalamus. Maximal expression occurred 24 h after trauma. PBN-treated 
animals consistently showed less pronounced ICAM-1-expression than non- 
treated animals.
Conclusions: Var alar upregulation of ICAM-1 promotes extravasation of 
leukocytes. The subsequent inflammation may contribute to secondary brain 
injury after trauma. Our preliminary findings suggest that activated oxygen 
species may be involved in upregulation of ICAM-1 in microvessels after 
traumatic brain injury. Sponsored by the Swedish MRC and the Laerdal 
Foundation.
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744.7
EFFECT OF HYPERTONIC SALINE ON ICAM-1 EXPRESSION BY HUVEC 
MONOLAYERS. L, A, Heinel, B, G^ NobsLand R, H, Rosenwasser (Sponsor:, K 
Moskowitz*) Dept. of Neurosurgery. Thomas Jefferson Univ.. Phila., PA. 19107.

The treatment of hemorrhagic hypotension and acute head injury by the infusion of 
hypertonic saline (HS) solution is well documented. Its effect has been attributed to 
the short term restitution of vascular fluid volume, preferential vasodilation, along 
with altering capillary lumenal diameter. Following cerebral ischemic injury, HS 
treatment may not only regulate the cellular volume but also the expression of the 
adhesion molecule ICAM-1 thereby reducing white blood cell adherence to the 
endothelium. Endothelial cells (HUVEC, Clonetics) were grown to confluency in 24 
well plates using endothelial growth media (EGM, Clonetics). Simulating an in vivo 
serum osmolarity time course for a 2 minute, iv. bolus injection of 7.5% HS, plates 
were incubated for 6 hours under either normotonic (290 mOsm) or HS conditions 
(320 mOsm for 5 min followed by 300 mOsm) in the presence or absence of an LPS 
stimulus (10 ug/ml). Following incubation in 5% CO2/room air at 37°C, conditioned 
media was removed and the monolayer was fixed in 3% paraformaldehyde. ICAM-1 
expression was determined immunocytochemically and quantitated in randomly 
grabbed images using image analysis software (IPLab Spectrum). Expressed as both 
area stained and as % total area, results showed a significant reduction in ICAM-1 
expression with HS treatment compared to normotonic controls (mean +/- SEM, 
n=l 1) when stimulated with 10 ug/ml LPS (normotonic, 0.087 +/- 0.016 mm2, 16.19 
+/- 3.6%, hypertonic, 0.052 +/- 0.012 mm2, 9.63 +/- 2.6%) using a t-test comparison 
(p<0.05). These results indicate that treatment with Hypertonic Saline also influences 
endothelial cell immune function by diminishing ICAM-1 expression.

744.8
CYTOKINE EXPRESSION IN GERBIL BRAIN FOLLOWING 
TRANSIENT ISCHEMIA. K. Kumar* and A.T. Evans, 
Department of Pathology, and Small Animal Science, 
Michigan State Univ., E. Lansing, Ml 48824.

To elucidate the role of cytokines in ischemic neuronal 
injury, the expression of interleukin -2 was examined in 
transient ischemic forebrains. Male Mongolian gerbils were 
subjected to forebrain ischemia by bilateral carotid occlusion 
of 10 min followed by reperfusion for varying periods of 
time. The expression of IL-2 mRNA was determined in 3 day 
postischemic and control gerbil brains (n = 3 each) by 
semiquantitative reverse transcription - polymerase chain 
reaction (RT-PCR). The IL-2 primer sequences used were 
specific for the gerbil (courtesy Dr. Klei). HPRT gene was 
used to confirm equal loading of samples. Quantitation of the 
relative density of the PCR bands obtained showed increase 
in the expression of IL-2 in 3 day postischemic brains 
(p < 0.05). These data suggest that the regulatory cytokines 
may have a role in neuronal outcome in global ischemia.

This work was supported by a grant from NIH to Dr. Kumar.

744.9
EXPRESSION OF CC CHEMOKINE mRNAs IN GLIAL CELLS AFTER FOCAL 
CEREBRAL ISCHEMIA IN RATS. M. Minami*, S. Takami, A, Nishivori and M. Satoh. 
Dept. of Mol. Pharmacol., Fac. of Pharm. Sci., Kyoto Univ., Kyoto 606-01, Japan.

Monocyte chemoattractant protein-1 (MCP-1) and macrophage inflammatory protein- 
la (MIP-la) are members of the CC chemokine family. In this study, we examined 
distributions and cell sources of these chemokine mRNAs in the rat brain 1,2,4, 12, 24,48 
and 120 h after the onset of reperfusion following 2 h middle cerebral artery occlusion. 
Expressions of MCP-1 and MIP-1 a mRNAs were examined by 35S-labeled antisense RNA 
probes, but not detected in sham-operated rat brains. MCP-1 and MIP-la mRNAs were 
induced at 1 h after the onset of reperfusion. The expressions of MCP-1 and MIP-1 a 
mRNAs were peaked at 24-48 h and at 12 h, respectively, and continued up to 120 h. The 
distributions of these mRNAs were different from each other. We carried out double in situ 
hybridization histochemistry using digoxigenin-labeled antisense RNA probes for Mac- la 
and GFAP mRNAs, which were markers for microglia/macrophages and astrocytes, 
respectively, combined with 35S-labeled probes for each chemokine, and found that MCP- 
1 mRNA was expressed in both microglia/macrophages and astrocytes, but MIP- la mRNA 
was predominantly in microglia/macrophages. In addition, northern blot analysis showed 
that microglia cultured in the presence of M-CSF significantly expressed both MCP-1 and 
MIP-la mRNAs, and that MCP-1 mRNA, but not MIP-la mRNA, was induced by 
interleukin-1(3 in cultured astrocytes. These findings reveal that the mRNAs for two types 
of CC chemokines, MCP-1 and MIP-la, are induced in the brain by focal cerebral ischemia, 
but time courses and distributions of those inductions are different from each other. Such 
difference might be, at least in part, attributed to the cell sources of these chemokines, that 
is, the former was expressed in both microglia/macrophages and astrocytes, but the latter 
was predominantly in microglia/macrophages.

This study was supported by the grant from the Ministry of Education, Science, Sports 
and Culture of Japan.

744.10
BIASED DIFFERENTIAL mRNA DISPLAY REVEALS A NOVEL 
RAT CC CHEMOKINE INDUCED AFTER ISCHEMIC AND 
AUTOIMMUNE BRAIN TISSUE INJURY. U. Utans Schneitz. H.P, 
Lorez. W.E.F. Klinkert1. J. da Silva, and W, Lesslauer*. F. Hoffmann- 
LaRoch'e Ltd, CH-4070 Basel, Switzerland; 1 Max-Planck Institute for 
Psychiatry, D-82152 Martinsried, Germany.

To identify novel mediators of neuroinflammation a biased 
differential mRNA display technique was devised, targeting a subset 
of genes containing regulatory AU-rich sequence elements which are 
common to many cytokines and other inducible genes known to be 
active during tissue injury and repair. A differentially regulated gene, 
ST38.2, was identified in rat brain tissue after focal ischemia. Cloning 
and sequence analysis predicted a secreted polypeptide with homology 
to the family of CC chemokines. The putative signal sequence 
cleavage site was confirmed by eukaryotic expression and N-terminal 
amino acid sequencing. Transient expression of ST38.2 mRNA in 
infarct core and border area started 4 h after onset of ischemia, 
increased up to 24 h and decreased thereafter, consistent with a 
potential role of ST38.2 in neuroinflammation and cell recruitment 
after ischemic injury. ST38.2 transcription was also upregulated in a 
rat EAE model indicating that this gene may have a function in 
several, distinct neuroinflammatory conditions. Treatment with a 
TNFR55-IgG fusion protein reduced ST38.2 mRNA expression in the 
EAE model significantly suggesting that in vivo ST38.2 transcription 
is under TNF-alpha control. Accordingly TNF-alpha induced ST38.2 
mRNA expression in primary astrocyte cultures. These results suggest 
a critical role of ST38.2 in controlling the nature and extent of 
neuroinflammatory’ tissue responses.

744.11
PAF ANTAGONISTS INHIBIT LEUKOCYTE INFILTRATION AND 
INDUCIBLE NITRIC OXIDE SYNTHASE IN RAT BRAIN FOLLOWING 
TRANSIENT CEREBRAL ISCHEMIA. W.S. Lee1*, K.H. Park2, J.S. Jung3 
and K.W. Hong1. Departments of Pharmacology1, Neurology2 and 
Physiology3, College of Medicine, Pusan National University, Pusan 602- 
739, Korea.

It was aimed to investigate the mechanism of cerebroprotection of 
platelet-activating factor (PAF) antagonsits in transient cerebral ischemia of 
rat. We measured the infarct size, the enzymatic activities of inducible nitric 
oxide synthase (iNOS) and myeloperoxidase (MPO), and the expression of 
iNOS mRNA in ischemic brain tissue. Right middle cerebral artery (MCA) of 
male Sprague-Dawley rat was occluded for 2 hours, and thereafter, 
reperfused by an intraluminal filament technique.

The infarct size was significantly reduced by PAF antagonists (BN 
52021 and CV-6209) as well as an iNOS’ inhibitor, aminoguanidine (1 mg/kg,
i.p., respectively) administered 5 min after MCA occlusion. PAF antagonists 
significantly inhibited the enzymatic activities of both iNOS and MPO in the 
cerebral hemisphere ipsilateral to ischemia, whereas aminoguanidine did not 
inhibit MPO activity but significantly inhibited the iNOS activity. The 
expression of iNOS mRNA in ischemic brain tissue was significantly 
inhibited by PAF antagonists.

Based on these results, it is suggested that PAF antagonists exert a 
cerebroprotective effect against ischemic brain damage through inhibition of 
leukocyte infiltration and iNOS in the postischemic brain.

744.12
SYSTEMIC TREATMENT WITH CYCLOSPORINE REDUCES 
NEURONAL LOSS IN THE RAT HIPPOCAMPUS AFTER TRANSIENT 
GLOBAL ISCHEMIA C, Coimbra, R, Sinigaglia-Coimbra*, and E.A, 
Caval heiro, Laboratory for Experimental Neurology, UNIFESP - Escola Paulista 
de Medieina, R. Botueatu, 862, 04023-900 Sao Paulo, SP-Brazil.

Intracerebral but not single systemic daily doses of cyclosporine A (CsA - an 
immunosupressive agent that does not cross the blood brain barrier) have been 
reported to provide protection against delayed neuronal death (DND) following 
ischemia. This study is addressed to the effects of multiple daily doses of CsA 
on DND.
Four groups of Wistar rats were submitted to 10 minutes of transient global 
ischemia (2-VO + hypotension to 50mmHg) and treated with 0.3ml doses of 
CsA or vehicle (0.9% NaCl solution) subcutaneously, starling from 2 hours after 
recirculation. CsA administrations followed three treatment paradigms: Group 
A, 12mg.kg"L divided into 3 daily doses, for 7 days (N=l 1); Group B, 12mg.kg~ 
1, divided into 4 daily doses, for 3 days (N=7); and Group C, 36mg.kg’l, divided 
into 4 daily doses, for 3 days (N=8). Saline group received 4 daily subcutaneous 
administrations of NaCl 0.9% for 7 days. All groups were sacrificed by 
perfusion-fixation at 7-day survival and their brains processed for histological 
evaluation (acid fuchsin/celestine blue staining). Neuronal counting at CA1 
subfield of dorsal hippocampus, 3.8mm caudal to bregma, revealed a mean 
neuronal loss of 43±14%, 45±26% and 57±24% in groups A. B and C, 
respectively. When compared with the saline group (73±18%), only group A 
was significantly protected (41% reduction in neuronal damage, p<0.05, Mann- 
Whitney U test).
These results suggest that immune events occurring peripherally may modulate 
the activity of DND mediators.

Supported by FINEP, CNPq and FAPESP (Brazil).
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744.13
FENAMATES PROTECT NEURONS AGAINST ISCHEMIC AND 
EXCITOTOXIC INJURY. O, Chen*. J, Olney, T, Almli, and C. Romano*. 
Dep’t. Psychiatry and 1 Dep’t. Ophthalmology, Washington Univ. Sch. Med. 
St. Louis, MO 63110.

Fenamates, the derivatives of diphenylamine-2-carboxylic acid, are a 
family of non-steroidal anti-inflammatory drugs. The most common ones are 
flufenamate, meclofenamate, mefenamate, and niflumate. In addition to 
inhibiting the cyclooxygenase pathway, recent studies have demonstrated that 
fenamates modulate a variety of ion channels and transporters. In the present 
study, we investigated the role of meclofenamate, mefenamate and 
flufenamate as potential therapeutic agents against ischemic and excitotoxic 
injury in neurons. Using the isolated chick embryo retina as a model, 
ischemia was simulated by glucose/oxygen deprivation, i.e., incubating the 
retina for 1 hour in a balanced salt medium devoid of glucose and saturated 
with 95% N2/5% CO2- The 1-hour ischemia caused severe cell damage in 
the retina as indicated by pathomorphological changes at the end of the 
ischemia and by a nearly 7-fold increase in lactate dyhydrogenase (LDH) 
released from injured cells over a 22-hour period following the ischemia. In 
the presence of meclofenamate, mefenamate or flufenamate, the ischemic 
injury was substantially reduced, with mefenamate being the most effective 
(LDH release reduced by more than 80% with ImM mefenamate). 
Excitotoxicity in the retina directly induced by N-methyl-D-aspartate (320 
pM) or kainate (32 pM), agonists of ionotropic glutamate receptors, was also 
reduced by more than 50% in the presence of each of these fenamates (1 
mM). These results suggest that fenamates, in addition to their anti-
inflammatory effect, may potentially serve as lead compounds of therapeutic 
agents for brain ischemia.

Supported by EY08089, EY02687, DA07261 and an unrestricted 
grant from Research to Prevent Blindness, Inc.

744.14
ADENOVIRUS-MEDIATED ENHANCED EXPRESSION OF 
TISSUE PLASMINOGEN ACTIVATOR BY BRAIN 
CAPILLARY ENDOTHELIAL CELLS. M. Fisher*, J. 
Kim, D. Xiu, R. Meidell, A. Fyfe, C. Hedrick. 
Departments of Neurology (University of 
Southern California) and Medicine (UCLA), Los 
Angeles, CA 90033/90049.

Intravenous tissue plasminogen activator 
(tPA) can improve outcome in patients with 
acute stroke. To define potential alter-
natives to exogenous tPA, we studied in vitro 
tPA expression by bovine brain capillary 
endothelial cells (BEC) using gene transfer. 
We infected BEC for 48 hours with recombinant 
adenovirus AdCMVt-PACB, which carries a gene 
encoding a human tPA variant having serpin 
resistance. BEC maintained typical cobble-
stone morphology after infection with adeno-
virus concentrations up to 200 pfu/cell. We 
measured human tPA antigen by enzyme immuno-
assay of media two days after infection with 
AdCMVt-PACB. Media from infected BEC had tPA 
levels greater than 60 ng/ml; media from 
uninfected BEC had minimally detectable tPA. 
These findings suggest a potential therapeutic 
role for tPA gene transfer in stroke. 
Supported by NIH Grant AR 36834-09

744.15
ENHANCED DAMAGE AFTER tPA ADMINISTRATION IN 
THE INTRAVASCULAR FILAMENT MODEL OF FOCAL 
CEREBRAL ISCHEMIA/REPERFUSION. Yanming F. Wang*1, 
Stella E. Tsirka2. Sidney Strickland2, Philip E^Stieg1, Sulpicio „.Gt 
Soriano1, and Stuart A, Lipton1. 1 Depts. of Neurology, Neurosurgery 
and Anesthesia, Children's Hospital, Brigham & Women's Hospital and 
Harvard Med. Schl., Boston, MA 02115, and 2Dept. of Pharmacol. 
Univ. Med. Ctr. at Stony Brook, Stony Brook, NY 11794.

Intravenous (iv) tissue plasminogen activator (tPA) is used to treat acute 
stroke based on its thrombolytic activity and ability to restore circulation 
to the brain. However, this protease also mediates neurodegeneration by 
excitotoxins. Previously, we demonstrated that stroke size following 
middle cerebral artery ischemia/reperfusion produced with an 
intravascular filament was attenuated in tPA-deficient mice (Wang et al. 
Soc. Neurosci. Abstr., 1996). Here we report that stroke damage 
increased 20-50% after administration of iv tPA in both wild-type and 
tPA-deficient mice in this ischemia/reperfusion model. Histological 
zymography of coronal sections was used to visualize both endogenous 
and exogenous (following iv administration) tPA activity in the brain. 
Activated microglia were monitored by F4/80 antibody staining. In the 
infarcted area, endogenous tPA activity appeared to emanate from 
activated microglia in WT mice, and exogenously administered tPA 
appeared to cross the blood-brain-barrier in tPA-deficient mice. Since 
tPA promotes both desirable (thrombolytic) and undesirable (excitotoxic) 
outcomes after stroke, future therapies should be aimed at countering the 
direct excitotoxic damage of tPA to afford even better neuroprotection 
after an acute cerebral infarct.

Supported in part by NIH grant P01 HD29587 (to S.A.L.).

744.16
TISSUE PLASMINOGEN ACTIVATOR (tPA) SECRETED BY 
MICROGLIA CONTRIBUTES TO NEURONAL DEATH IN 
VITRO. M.P. Flavin*, L.T. Ho, Dept. of Pediatrics, Queen's Universi-
ty, Kingston, Ontario, Canada.

Conditioned medium (CM) from macrophages or activated micro-
glia triggered apoptotic death and loss of processes in hippocampal 
neurons in culture (Flavin et al., Exp. Neurol., in press). Trypsin 
digestion indicated that the CM toxins were proteins. Pre-treatment 
of activated macrophages or microglia with dexamethasone provid-
ed medium which did not kill neurons. We hypothesized that 
dexamethasone inhibited microglial secretion of a neurotoxic protein 
or enhanced secretion of an inhibitory protein. Microglia were isolat-
ed from El9 rat cortical cultures and CM was collected. Neurons 
were purified from hippocampal cultures of the same animals. CM 
from lipopolysaccharide-activated microglia (LCM) markedly in-
creased the proportion of apoptotic neurons and reduced process 
score. Neutralizing antibody to tumor necrosis factor a, or soyabean 
trypsin inhibitor did not alter the effect of LCM. However addition of 
aprotonin or plasminogen activator inhibitor-1 (PAI-1) to LCM sig-
nificantly reduced neuronal apoptosis while a2 antiplasmin had no 
such effect. This indicates that tPA favours neurotoxicity in this 
system. Protection by 2-amino-5-phosphonovaleric acid (APV) indi-
cates that NMDA receptor activation is required to exert tPA effects. 
Since dexamethasone can increase PAI-1, apoptotic neuronal death in 
this system may depend on relative microglial tPA and PAI-1 secre-
tion. These findings could be relevant to post ischemic neuronal 
death and to neurodegenerative diseases which feature microglial 
activation. Supported by the Ontario Heart and Stroke Foundation.

744.17
BLOOD CLOTTING IS REQUIRED FOR EARLY PERIHEMATOMAL EDEMA 
DEVELOPMENT FOLLOWING INTRACEREBRAL HEMORRHAGE. G, Xi*, 
Y. Hua, G.M. de Courten-Mvers, K.R, Wagner. Departments of Neurology and 
Pathology, University of Cincinnati College of Medicine; Research Service, 
Veterans Affairs Medical Center, Cincinnati, OH 45220.

The "toxicity" of blood is hypothesized to be responsible for edema formation 
and tissue injury following intracerebral hemorrhage (ICH). Recently, we reported 
that autologous blood infused into cerebral white matter in pigs produced rapidly 
developing, marked edema (>10% increases in water contents) adjacent to 
hematomas (Stroke 27:490-497,1996). This edema co-localized with interstitial 
fibrinogen and other plasma protein accumulations despite an intact blood-brain- 
barrier. Presently, we examined the role of blood clotting on this perihematomal 
edema development.

We infused whole blood (2.5 ml) with or without heparinization into the frontal 
hemispheric white matter of pentobarbital-anesthetized pigs (9-11 kg) over 15 
min. We monitored blood and cerebral tissue pressures and controlled core 
temperature and arterial blood gases. We froze brains in situ at 1 and 24 hrs 
post-ICH and determined perihematomal edema volumes by computer-assisted 
morphometry.

Infused unheparinized blood induced rapid (1 hr) and prolonged (24 hrs), 
marked edema in white matter adjacent to the hematomas. This edematous 
white matter was physically changed ("translucent") in appearance due to large 
increases in water contents. Average perihematomal edema volumes for 
unheparinized blood (N=9) infusions were 1.33 + 0.26 cm3. In contrast, 
heparinized blood infusions (N=6) failed to produce perihematomal edema.

In conclusion, these results demonstrate that blood clotting is necessary for 
perihematomal edema development following ICH. Early edema in white matter 
adjacent to the hematoma is likely due to fibrin deposition and/or plasma protein 
accumulation. Supported by NIH R01NS-30652 and VA Merit Review funds.

744.18
CLOT RETRACTION CONTRIBUTES TO EARLY PERIHEMATOMAL EDEMA 
VOLUMES FOLLOWING INTRACEREBRAL HEMORRHAGE. K.R. Wagner*, 
G, Xi, Y, Hua. G.M. de Courten-Mvers, J.P. Broderick, T.G, Brott. Departments 
of Neurology and Pathology, University of Cincinnati College of Medicine; 
Research Service, Veterans Affairs Medical Center, Cincinnati, OH 45220.

Recently, we reported that autologous blood infused into cerebral white matter 
in pigs produced rapidly developing, marked edema (>10% increases in water 
contents) adjacent to hematomas (Stroke 27:490-497, 1996). This edema co-
localized with interstitial fibrinogen and other plasma protein accumulations 
despite an intact blood-brain-barrier. Presently, we examined the role of clot 
retraction on this perihematomal edema development.

We infused whole blood (2.5 ml) into the frontal hemispheric white matter of 
pentobarbital-anesthetized pigs (9-11 kg) over 15 min. We monitored blood and 
cerebral tissue pressures and controlled core temperature and arterial blood 
gases. We froze brains in situ at 1 hr (N=3) and 4 hrs (N=3) post-ICH and 
determined hematoma and perihematomal edema volumes by computer-assisted 
morphometry.

Hematoma volumes decreased (by 31%) between 1 and 4 hrs following blood 
infusions (2.16 + 0.07 to 1.49 + 0.12 cm3, respectively, p<0.01). In contrast, 
perihematomal edema volumes increased (by 82%) between 1 and 4 hrs (0.67 + 
0.07 to 1.22 + 0.09 cm3, respectively, p<0.01).

In conclusion, these results demonstrate that clot retraction contributes to 
increases in perihematomal edema volumes during the first 4 hrs following ICH. 
Fibrin deposition and/or plasma protein accumulation likely underlie this early 
edema development in white matter adjacent to the hematoma. Supported by NIH 
R01NS-30652 and VA Merit Review funds.
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745.1
MORPHOLOGICAL ALTERATIONS OF POSTSYNAPTIC DENSITIES 
AFTER TRANSIENT CEREBRAL ISCHEMIA: ULTRA STRUCTURAL 
AND THREE-DIMENSIONAL ANALYSES. M. E, Marlonc*, Y, Z. Jones, J, 
A. Zivin, M. H, Ellisman and B. R, Hu. Natl Ctr for Microscopy and Imaging 
Research, Neuroscience,s Dept., Univ. California San Diego, CA 92093-0608.

Cerebral ischemia causes changes in neural transmission and function 
during the poslischcmic phase. The morphological basis for the observed 
functional changes is not well understood. We present evidence that the fine 
structure of poslsynaplic densities (PSDs) is markedly modified by transient 
ischemia. Rats subjected to 15 min forebrain ischemia followed by 1, 2, 4, 24 
hr or 1 week of reperfusion were studied. PSDs from hippocampal area CA1, 
the dentate gyrus (DG) and ccrebcral cortex were selectively stained with 
ethanolic phosphotungstic acid (E-PTA) and prepared for electron microscopy. 
Three-dimensional reconstructions of E-PTA-staincd PSDs from 1pm thick 
sections were obtained using electron microscopic tomography imaged with an 
intermediate voltage electron microscope. PSDs from post-ischemic brains 
were much thicker and less condensed than those from sham-operated controls. 
These morphological changes were present both in CA1, where most neurons 
will die within 3 days, and in DG, where neurons largely recover from the 
ischemic episode. However, preliminary analyses indicate that the severity and 
time course of PSD alterations differ between the two regions. Morphological 
changes were apparent at 1 hr and peaked 24 hr after reperfusion in CA1 but 
peaked after 4 hr in DG. Some altered PSDs were still found in ncocortcx and 
DG after 1 week of reperfusion, at which lime pyramidal neurons in CA1 arc 
totally destroyed. In addition, post-ischemic brains contained much more E- 
PTA stained material than did control brains. Most of this material was 
associated with the plasma membrane or membranous structures in the cell 
body and dendritic shaft. These results suggest a long-term modification of 
synaptic structure that may contribute to alterations of poslischcmic 
ncurotransmission and delayed neuronal death. Supported by US Public Hlth 
Services grant nr 2 P01 NEU1265 to JAZ and RR04050 to MHE.

745.2
CHANGES OF CHOLINE ACETYLTRANSFERASE (ChAT) AND 
ACETYLCHOLINESTERASE (ACE) ACTIVITIES IN RAT BRAIN 
FOLLOWING CEREBRAL ISCHEMIA. H. Kanemitsu*, T. Nakagomi, 
K. Furuya, A. Tamura. Department of Neurosurgery, Teikyo University 
School of Medicine, Itabashi-ku, Tokyo 173, Japan.

We have reported previously that decrements in acetylcholine level may 
be related to the disturbance of spatial cognition. The purpose of this 
paper was to determine changes of ChAT and ACE activities in ischemic 
center and periphery in rat brain tissue at 1 to 4 weeks following focal 
cerebral ischemia. METHODS: Male Wistar rats weighing 290-330 g
were anesthetized by 2 % halothane inhalation, and the proximal portion 
of the left middle cerebral artery (MCA) was occluded by a microsurgical 
technique. The normal animals were used as the control group. Each 
group consisted of five animals. The rats were decapitated 1,2, and 4 
weeks following operation. The ChAT and ACE activities of cotex and 
hippocampus were measured by radioenzyme and Ellman methods, 
respectively. Statiscal analysys was done by 3 way ANOVA followed 
post hoc analysis. RESULTS & DISCUSSION: The ChAT activities 
of the anterior cerebral cortex on the ischemic side in theMCA-occluded 
group were significantly decreased compared with those in the normal 
group 1 (normal: 0.676±0.063 umol/hr/mg protein,MCA: 0.213±Q.019 
p<0.01) and 2 (MCA: 0.193±0.033 p<0.01) weeks following ischemia. 
However, the ChAT activities of dorsal hippocampus on the ischemic side 
and each part on opposite side were unchanged compared withthose in the 
normal group. On the other hand, the ACE activities were significantly 
decreased in the anterior cerebral cortex on the ischemic side 
(normal:38.5±3.4,MCA: 14.9±3.0p<0.05) at 1 week following ischemia. 
These decreases of ChAT and ACE activities may have been caused by 
interception of the neurons in the Meynert nucleus and be related to the 
disturbance of spatial cognition.

745.3
THE SYSTEMIC ADMINISTRATION OF AN <x2-ADRENERGIC ANTAGONIST FACILITATES 
THE RECOVERY AFTER FOCAL ISCHEMIA IN RATS *
K Puurunen, J. Jolkkonen, J. Sirvio, A. Haapalinna, P.J. Riekkinen, J. Sivenius. A.I.Virtanen 
Inst, and Dept. of Neurology, Univ. of Kuopio and Orion Pharma, Turku, Finland

in the present study we investigated whether the rate of recovery after focal ischemia can be 
influenced by the systemic administration of aa-adrenergic receptor antagonist, atipamezole 
(ATI). ATI causes an increase in the release of central norepinephrine, which is a transmitter 
that has facilitating effect on recovery after cerebral lesions (see ref. Puurunen el al. Stroke 28: 
623-31 (1997)).

The right middle cerebral artery (MCA) was occluded for 120 min using the intraluminal 
filament model. We used a combination of different behavioral tests (limb placing, beam 
walking, running wheel and water maze) to measure the rate of recovery. The limb placing test 
was used to assess the outcome of ischemia on the first day. The ischemic animals were 
divided into drug and saline treated groups. Drug/saline treatment was begun on the second 
day after ischemia, and lasted ten days. ATI was administered 1 mg/kg sc. 30 min before 
behavioral testing. The testing procedure was: limb placing: days 1-11, 16, 21, beam walking; 
days 2-7, running wheel; days 2-11,16, 21, water maze; days 22-25 after ischemia induction.

ATI facilitated significantly the recovery in limb placing test beginning from the first 
administration up to 8th day after ischemia induction. In the beam walking test the effect of drug 
treatment approached significance during the first two days. However, the recovery of ischemic 
animals was rapid in this test, and there was no significant difference between ischemic and 
sham operated animals since the fourth day after the ischemia induction. Ischemic animals had 
significantly worse acquisition of the water maze task than sham oprerated animals. There was 
no difference in swimming speed between the goups. There was no difference in the 
acquisition of water maze task between ATI and saline treated ischemic groups. However, the 
beneficial effect of this kind of drug treatment seems to be connected to task specific training, 
which was not available in this study, since the ATI treatment had been ceased for 10 days.

The present data suggests that the administration a2-adrenergic antagonist, atipamezole, 
facilitates the rate of recovery in the sensorimotor tests.

745.4
b2-adrenoceptor  agonist  clenbuterol  prevents  neuronal  
DAMAGE AND DNA FRAGMENTATION AFTER TRANSIENT GLOBAL 
ISCHEMIA IN THE RAT. Y, Zhu, C. Culmsee, I. Semkova & J. Krieglstein*. 
Inst. Pharmacol., Philipps-Univ., Marburg, Germany

In previous work we have demonstrated the neuroprotective effect of the fi2- 
adrenoceptor agonist clenbuterol mediated by an increased NGF expression. In the 
present study we attempt to find out whether clenbuterol is capable of inhibiting 
apoptosis after transient forebrain ischemia. Transient forebrain ischemia was per-
formed in male Wistar rats (300-350 g) by clamping both common carotid arteries 
and reducing the blood pressure to 40 mmHg for 10 min. Clenbuterol (0.1, 0.5 and 
1.0 mg/kg, i.p), was administrated 3 h before ischemia. The brains were removed 
for histological evaluation 7 days after ischemia. The time course of DNA fragmen-
tation was measured 1, 2, 3 and 4 days post-ischemia. TUNEL staining was used to 
analysis the fragments in situ 3 days post-ischemia. NGF protein was assayed by 
ELISA. Ten min forebrain ischemia damaged 80-90% of neurons in the hippocam-
pal CAI region 7 days after ischemia. Clenbuterol (0.5 and 1.0 mg/kg) significantly 
reduced CAI neuronal damage by 18.1% (p<0.01) and 13.1% (p<0.05), respectively. 
DNA laddering was analysed to characterize apoptosis. It appeared in the hippocam-
pus, cortex and striatum 2 days after ischemic insult, and peaked on the 3rd day. The 
DNA laddering was nearly abolished in the hippocampus and partially blocked in the 
striatum and cortex by 0.5 mg/kg clenbuterol. TUNEL staining supported these re-
sults. Clenbuterol (0.5 mg/kg) elevated the NGF protein level by 33% (p<0.05) in the 
hippocampus and 41% (p<0.05) in the cortex 6 h after ischemia. Three days after 
ischemia the NGF levels in these regions were no longer different from controls. 
This study clearly demonstrates that clenbuterol possesses a significant neuroprotec-
tive activity and a marked capacity to inhibit DNA degradation after global ischemia. 
The results suggest that clenbuterol increases the NGF expression during the first 
hours after global ischemia and,thereby, protects neurons against apoptotic damage.

745.5
BLUNTED NMDA RECEPTOR MODULATION OF ISCHAEMIA-INDUCED 
STRIATAL DOPAMINE RELEASE IN AGED RATS. J.A, Stamford* and D. Isaac. 
Neurotransmission Lab, Anaesthetics Unit, Royal London Hospital, London El IBB, 
United Kingdom.

ischaemia-induced striatal dopamine (DA) release is partly under NMDA receptor 
control [1]. Since striatal NMDA receptor numbers decrease with age [2], we 
compared the effects of NMDA and dithiothreitol (DTT) on ischaemia-induced DA 
release in young and aged rats. All experiments were conducted in 350pm slices of 
dorsolateral striatum taken from male Wistar rats (aged 3 or 24 months), maintained at 
34.0±0.2°C and superfused (400ml/h) with oxygenated artificial CSF (ACSF). 
Ischaemia was mimicked by a switch to deoxygenated, hypoglycaemic ACSF. DA 
release was measured using fast cyclic voltammetry at carbon fibre microelectrodes. 
Four variables were recorded: Time to onset (Ton) and peak (Tpk) DA release, peak DA 
concentration (DAtnax), and the rate of DA release (ADA). Control (young) values 
were Ton= 184±7s, Tpk= 22±3s, DAmax = 68±4pM, ADA = 4.2±0.5pM/s (means±sem, 
n=4-30). In young rats both NMDA (lOOpM) and DTT (ImM) reduced Ton (69±4s, 
P<0.01 and 144±1 Is, P<0.05 respectively, Dunnett’s test). Neither drug affected any 
other variable. Aged rats showed increased Tpk (PO.OOl) and ADA (PO.Ol) relative 
to young animals, irrespective of treatment (2 Way ANOVA). NMDA and DTT had 
no effect on any DA release variable in aged rats. These data suggest that the known 
age-dependent loss of NMDA binding sites is matched by a parallel functional deficit 
of NMDA receptor activity on DA terminals. If NMDA antagonists are, in part, 
neuroprotective because of their ability to decrease striatal DA release, this deficit may 
diminish the protection anticipated in aged patients.

Supported, in part, by The University of London Central Research Fund.

1. Toner CC & Stamford JA (1995) Soc. Neurosci. Abs. 21, 994.
2. Magnusson KR (1995) Meeh. Aging Dev. 84, 227-43.

745.6
BAY X 3702, A NOVEL AMINOMETHYLCHROMAN DERIVATIVE WITH 
POTENT 5-HT1A RECEPTOR AGONIST PROPERTIES. J. De Vry, R. Schohe- 
Loop1, H.-G. Heine1, J.M. Greuei, F. Mauler, and T. Glaser*. CNS Research, 
Troponwerke/1 Bayer AG, Neurather Ring 1, D-51063 Cologne? FRG.

The aminomethylchroman derivative BAY x 3702 (R-(-)-2-{4-[(chroman-2- 
ylmethyl)-amino3-butyl}-1,1-dioxo-benzo[d]isothiazolone hydrochloride) is a new 
high affinity 5-hydroxytryptamine (5-HT)1A receptor ligand [K: 0.58 nM; reference 
compounds 8-OH-DPAT and ipsapirone: 0.71 and 2.63 nM, respectively). The 
binding profile of BAY x 3702 is considered to be selective because at least one 
order of magnitude differentiates its binding to the 5-HT1A receptor from its 
binding to other receptors [affinities in decreasing order as obtained in 49 
different receptor binding assays: and a2-adrenergic: (K in nM: 6 and 7,
respectively); 5-HT7 (7); 5-HT1D (36); dopamine D2 (48) and D4 (91); sigma 
(176) and 5-HT2C (310); others: > 10 pM). In the forskolin stimulated adenylate 
cyclase assay in rat hippocampal tissue, a model of postsynaptic 5-HT1A 
receptor function, BAY x 3702 was characterized as a potent 5-HT1A receptor 
full agonist (IC50: 3.5 nM; 8-OH-DPAT: 24 nM, full agonist; ipsapirone: partial 
agonist) and the effects of BAY x 3702 could be completely blocked by the 5- 
HT1A receptor antagonist WAY-100635. In a rat brain slice preparation 
containing the dorsal raphe nucleus (DRN), a model of somatodendritic 5-HT1A 
receptor function, BAY x 3702 inhibited potently (1 nM) neuronal firing. Also in 
vivo, BAY x 3702 (0.5 pg/kg i.v.) suppressed 5-HT neuronal firing in the DRN 
(anesthetized rat). In rats trained to discriminate 8-OH-DPAT (0.1 mg/kg i.p., 
ED50: 28 pg/kg) from vehicle in a standard drug discrimination procedure, BAY x 
3702 induced potent and complete generalization (ED50: 22 pg/kg; ipsapirone: 
0.44 mg/kg). In the rat hypothermia model BAY x 3702 induced a WAY-100635- 
reversible effect and the compound had a higher potency and/or intrinsic activity 
than 8-OH-DPAT and ipsapirone (MED: 0.3, 1 and 10 mg/kg i.p., respectively). It 
is concluded that BAY x 3702 is a selective 5-HT1A receptor agonist with high 
potency and intrinsic activity.
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745.7
PHARMACOKINETICS OF THE NOVEL 5-HT1A NEURO-PROTECTANT 
BAY X 3702 IN THE RAT. Th. Schwarz, B. Beckermann, K. Buhner E. 
Horvath1, J. De Vrv1, W. Opitz, D. Scherling, R. Schreiber*,J.
Schuhmacher and W. Steinke. Pharma Research Center, Bayer AG, 
Wuppertal and CNS Research1, Troponwerke, Cologne, FRG.

The present study investigated the pharmacokinetics of the aminomethyl- 
chroman derivate BAY x 3702, a novel 5-HT1A receptor agonist (De Vry et 
al., Soc. Neurosci. Abstr., 1997) possessing potent neuroprotective 
properties (Horvath et al., Soc. Neurosci. Abstr., 1997). During i.v. infusion 
pharmacokinetics were dose proportional [infusion rates: 0.02 - 5 mg/(kg*h)] 
in rats. BAY x 3702 crossed the blood-brain-barrier rapidly and to a 
considerable extent. Total concentrations of BAY x 3702 were higher in 
brain than in plasma (ratio: 1.2-2:1). Studies with [14C]BAY x 3702 indicated 
that mainly unchanged substance was recovered in the brain, whereas 
radioactive metabolites were retained in the perfusing blood. [14C]BAY x 
3702-related radioactivity was also distributed within the ischemic rat brain 
areas following occlusion of the middle cerebral artery, as assessed by 
radioluminography. After the end of infusion, BAY x 3702 was rapidly 
eliminated. The terminal half-lives amounted to approximately 1 h in plasma 
and brain. Unbound steady state concentration (Cu,ss) of BAY x 3702 in 
brain was extrapolated at 0.015 ng/ml during i.v. infusion of 3 pg/(kg*h), a 
dose with pronounced neuroprotective effects in rat models of cerebral 
ischemia and traumatic brain injury. Moreover, the estimated Cu,Ss was very 
close to the compound's Krvalue for binding to the 5-HT1A receptor (0.026 
ng/ml). The present data are consistent with the hypothesis that the 
neuroprotective effects of BAY x 3702 are due to an interaction of the 
compound with 5-HT1A receptors located in brain areas which are sensitive 
to the deleterious effects of cerebral ischemia.

745.8
PRECLINICAL SAFETY EVALUATION OF BAY X 3702: A NOVEL 5-HT,A 
RECEPTOR AGONIST WITH NEUROPROTECTIVE PROPERTIES. T.Maertins,
T.Schwarz, E.v.Keutz, C.Unsworth*. BAYER AG, Toxicology and Preclinical 
Pharmacokinetics, 42096 Wuppertal, Germany.

After single i.v. or p.o. dosing BAY x 3702 demonstrated only low to modest acute 
toxicity in rodents and dogs. BAY x 3702 was generally well tolerated locally in 
different animal species after i.v., i.a., p.v., or i.m. injection. Repeated i.v. or p.o. 
treatment with BAY x 3702 up to one year resulted in behavioural changes 
suggesting the CNS as a target organ. These clinical signs, which were considered to 
be the result of an exaggerated pharmacodynamic effect (‘serotonergic action’) of 
high doses of the compound on the CNS, were seen in all species examined 
including rats, dogs, and primates. No other treatment-related findings were seen in 
any of the studies performed; further clinical investigations, extensive laboratory 
examinations, as well as histopathological evaluations revealed nothing abnormal up 
to the highest doses tested. The maximum exposure to BAY x 3702 expressed in 
terms of AUC(0-24 h) in the highest dose groups, where no organ toxicity was 
observed, amounted to 1822 and 716 gg*h/l in the rat and monkey, respectively; a 
plasma concentration of approximately 50 gg/1 represented a threshold concentration 
for CNS side-effects. Developmental toxicity studies with BAY x 3702 administered 
i.v. or p.o. showed no teratogenic effects in rats or rabbits; some embryofetal effects 
were observed, but only at maternally toxic doses. It had no effects on male fertility 
and early embryonic development when administered to rats; the effects observed on 
the rat’s oestrous cycle were most likely caused by an increased prolactin release 
known after administration of high doses of 5-HT]A agonists. BAY x 3702 was 
evaluated in several different test systems for point-mutagenic effects, clastogenic 
properties, or its potential to induce DNA-damage/repair. There was no evidence of 
significant mutagenicity or genotoxicity. Thus, to conclude, results of the 
toxicological program performed with BAY x 3702 provide good assurance of safety 
for use in patients.

745.9
NEUROPROTECTIVE EFFECT OF THE NOVEL 5-HT1A RECEPTOR 
AGONIST BAY X 3702 IN A RAT MODEL OF PERMANENT FOCAL 
CEREBRAL ISCHEMIA AND TRAUMATIC BRAIN INJURY.
E, Horvath, K.-H. Augstein, and R. Wittka*. CNS Research, Troponwerke GmbH 
& Co. KG, Neurather Ring 1, D-51063 Cologne, FRG.

Activation of central 5-HT1A receptors results in reduction of neuronal activity 
(in brain areas vulnerable to cerebral ischemia) and inhibition of excitatory 
neurotransmission. We have investigated the neuroprotective efficacy of the 
selective 5-HT1A receptor agonist BAY x 3702 (De Vry et al., Soc. Neurosci. 
Abstr., 1997) in rat models of permanent focal cerebral ischemia and traumatic 
brain injury. Under general anesthesia the middle cerebral artery was occluded 
by electrocoagulation (MCA-O) or subdural hematoma was induced by subdural 
injection of autologous blood (SDH) in rats. The volume of the resulting cerebral 
infarct was measured after 7 days survival. BAY x 3702 or vehicle were applied 
post-insult in different time-schedules as repeated i.v. bolus injections or 
continuous i.v. infusion. In the multiple application scheme 0.0003-0.1 mg/kg 
BAY x 3702 was injected directly, 2 and 4 h after occlusion. In the MCA-0 model 
pronounced neuroprotection was detected between 0.001-0.01 mg/kg, with a 
maximum of 73% infarct reduction. Under a similar application schedule the 
brain damage was reduced by 60-64% at 0.01-0.1 mg/kg in the SDH model. In 
the MCA-0 and SDH model, the acute 4-h i.v. infusion of the drug resulted in a 
59-65%, and 76-69% infarct reduction, respectively at dosages of 0.001-0.01 
mg/kg/h. Under similar application conditions in the MCA-0 model 48% 
protection was still observed after 3-h treatment delay (0.003 mg/kg/h). 54% 
infarct volume reduction was detected when the infusion of 0.01 mg/kg/h drug 
started as late as 5 h after the induction of SDH. The present study suggests 
that BAY x 3702 has pronounced, long-lasting neuroprotective effect in rat 
models of cerebral ischemia and traumatic brain injury.

745.10
ISCHEMIC INJURY AND EXTRACELLULAR AMINO ACID 
ACCUMULATION IN HIPPOCAMPAL AREA CAI ARE NOT 
DEPENDENT UPON AN INTACT SEPTO-HIPPOCAMPAL 
PATHWAY. Eric M, Gabriel. Laura E, Chadwick, Jon R.
Inglefield and Rochelle D.__ Schwartz-Bloom?, Dept. of
Pharmacology, Duke Univ. Med. Ctr., Durham, NC 27710

The septo-hippocampal pathway contains a major GABAergic 
projection to dendritic fields within the hippocampus. To determine 
the importance of the septo-hippocampal pathway in ischemia- 
induced accumulation of GABA and subsequent cell death in area 
CAI of hippocampus, septo-hippocampal deafferentation of adult 
gerbils was performed. Electrolytic lesions were produced in the 
medial or medial plus lateral septal regions in gerbils 7 days prior to 
being subjected to 5 min forebrain ischemia. The extent of 
deafferentation of the dorsal hippocampus was determined 
histochemically by acetylcholinesterase staining. In vivo 
microdialysis was used to measure extracellular glutamate and 
GABA accumulation during and following ischemia. Septo-
hippocampal deafferentation in both groups of lesioned animals 
failed to prevent the accumulation of glutamate and GABA 
following ischemia. Ischemic animals with medial septal lesions did 
not demonstrate neuroprotection or increased damage in the stratum 
pyramidale 7 days after reperfusion. Based on these results, the 
septo-hippocampal pathway is not an important modulator of the 
hippocampal response to ischemic insults. Supported by NS 28791 
and AHA (NC affiliate).

745.11
Neuroprotective Effects of Diazepam : Influence of Ischemic Severity 
and Temperature. P. Dooley*, J. Wells, C. Reid, and D. Corbett. Basic Med. 
Sciences, Fac. Med., Memorial Univ., St. John's, NF, Canada, A1B 3V6

Global cerebral ischemia produces hippocampal CAI neuronal loss which in turn 
leads to deficits in memory related tasks. This cell loss (and related behavioral 
impairments) can be attenuated by the GABA agonist, diazepam, either during or soon 
after the insult. In rodents, this drug produces a mild hypothermia which by itself is a 
powerful neuroprotectant. However, others have reported that robust neuroprotection 
afforded by diazepam against a 5 min insult is not due to hypothermia. In those 
experiments, however, intraischemic brain temperature was not carefully regulated 
thus reducing the severity of the ischemic insult. In Part 1 of the present experiment, 
diazepam (lOmg/kg) was administered to gerbils at 30 and 90 min following either a 
severe (5min) or moderate (3min) ischemic insult. Both behavior (open field 
performance) and CAI cell counts from this group were compared to those from 
sham/normal, no drug ischemic and vehicle ischemic groups at 10 days survival. In 
Part 2, groups were added, in which following drug administration, hypothermia was 
prevented to determine it's contribution to the protective effect of diazepam. Results 
indicated that diazepam, while providing significant protection (behavioral and 
histological) against moderate and severe ischemia (p<0.01), was much more effective 
in response to the less severe insult (eg. 92 vs. 41% CAI cell preservation relative to 
sham/normal). In Part 2 of the experiment it was determined that in response to 
moderate insult, preventing the drug induced hypothermia reduced the efficacy of 
diazepam from 92% to 74% CAI cell protection (still significant protection, p<0.01). 
Likewise, preventing the hypothermic effect reduced (though not significantly) cellular 
protection following severe ischemia. Similar results were found when the behavioral 
results were analyzed. (Supported by the Astra Canadian Neuroprotection Network).

745.12
EFFECT OF ADENOSINE ON THE RELEASE OF [3HJ-5-HYDROXYTRYP- 
TAMINE DURING GLUCOSE/OXYGEN DEPRIVATION FROM RAT 
HIPPOCAMPAL SLICES. KyungEun LEE, HyaeYoung KIM, YulA KIM, ILo 
Jou*#, YoungSook PAE. Dept. of Pharmacol., Ewha Womans Univ., Coll. Med., 
Seoul, #Dept. of Pharmacol., Ajou Univ. Sch. of Med., Suwon, Korea.

Adenosine may function as an inhibitory modulator during physiological 
neurotransmission, and it also may act as an endogenous neuroprotective 
agent against excitotoxicity induced by hypoxia/ischemia. This study was 
aimed to investigate the effects of adenosine, adenosine A1 receptor 
antagonist(DPCPX), or NMDA receptor antagonist(APV) on the spontaneous 
release of [3H]-5-hydroxytryptamine ([3HJ-5-HT) during normoxic 
/normoglycemic or hypoxic/hypoglycemic period in the rat hippocampal slices. 
Rat hippocampal slices with 400 m thickness were incubated for 30min in a 
buffer containing [3H]-5-HT(0.1 M, 74 Ci/8ml) for uptake, and washed. To 
measure the release of [3H]-5-HT into the buffer, the incubation medium was 
drained off and refilled every ten minutes through sequence of 14 tubes. 
Induction of glucose/oxygen deprivation(GOD; medium depleting glucose and 
gassed with 95% N2/5% CO2) was done for 20 minutes. During GOD, the 
spontaneous release of [3HJ-5-HT was markedly increased and this GOD- 
induced increase of [3H]-5-HT release was blocked by adenosine(10 M) or 
APV(30 M) and exacerbated by DPCPX. These results suggest that 
adenosine A1 and glutamate NMDA receptor activity may play a role in the 
GOD-induced spontaneous release of [3H]-5-HT.
Supported by Ewha Womans Univ. Research fund to K.E. Lee.
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745.13
THE ADENOSINE AGONIST CPA INHIBITS NECROSIS BUT 
PROMOTES APOPTOSIS INDUCED BY SIMULATED ISCHEMIA IN 
NEURONAL CULTURES. M.I. Sweeney* and D.S, Ameson. Dept. of 
Physiology, University of Saskatchewan, Saskatoon SK S7N 5E5, Canada.

Adenosine is neuroprotective in cerebral ischemia. In this study, we have 
evaluated the effect of the adenosine Al receptor agonist cyclopentyladenosine 
(CPA) on 2 types of cellular death occurring after exposure of cultured cerebellar 
granule neurons to simulated ischemia. Necrosis was quantified by measuring 
extracellular lactate dehydrogenase (LDH) levels; apoptosis was quantitated by 
counting cells stained with bisbenzamide. Incubating neurons with CPA for lhr or 
3hr either during or 24hr before simulated ischemia inhibited LDH release (IC50 
values were 7- 40nM; maximum inhibition of 86-98%). Next, apoptosis was 
induced by exposing neurons to 90min of simulated ischemia followed by a 24hr 
recovery in normal medium. When lpM CPA was applied to neurons either lhr 
or 24hr before simulated ischemia, a pronounced (1.3 to 7.7-fold) increase in the 
percentage of apoptotic neurons was observed. The effects of CPA were reversed 
by an A1 receptor antagonist. In our model, necrosis was reduced while apoptosis 
was enhanced in Ca^-free medium. Thus, a possible explanation for the 
differential effects of Al receptors on necrosis vs apoptosis may be due to the 
differing effects of Ca2+ on cell death. By reducing the rise in intracellular Ca2*, 
adenosine may reduce necrosis but promote apoptosis. It appears that adenosine 
may prevent delayed neuronal death that is necrotic in nature. By promoting 
ischemia-induced apoptotic neuronal death, adenosine may be protecting the brain 
from the immune responses associated with necrosis. (Supported by Heart & 
Stroke Foundation of Saskatchewan).

745.14
NOVEL NEUROPROTECTANT ADENOSINE At RECEPTOR AGONISTS: 
STRUCTURE ACTIVITY RELATIONSHIPS (SAR) OF 2-CHLORO-/V-[fi-(2- 
BENZOTHIAZOLYL)THIO-2-PROPYL]ADENOSINE (NNC 21-0136). L.J.S. 
Knutsen*, J. Lau, C. Thomsen, J.U. Weis and M.J. Sheardown. Health Care 
Drug Discovery, Novo Nordisk Park, DK 2760 Malov, Denmark.

We have recently described the very potent neuroprotectant effect of NNC 
21-0136 in two prominent rodent ischemia models. This stroke drug candidate 
was selected from around 300 new adenosine At receptor agonists, and we 
found that there are several different SARs operant in this series. The primary 
desired effect is neuroprotection, but we have prioritized target compounds 
which have diminished cardiovascular (CV and hypothermic properties in rodents.

In this series we have observed one SAR for the affinity of these nucleosides 
to the rat brain At receptor, but another SAR for the diminished CV effects. 
Some conclusions for optimizing CV effects of these agonists are shown below:

We conclude that the diminished CV effect in rats is highly dependent upon 
the substitution on the adenosine skeleton, but that potent neuroprotection in 
the gerbil temporary severe forebrain ischemia less dependent upon the CV 
profiles of the agents. The rationale for selection of NNC 21-0136 is outlined.

745.15
PHARMACOLOGICAL PROFILE OF THE STROKE DRUG CANDIDATE, 2- 
CHLORO-A/-[R-(2-BENZOTHIAZOLYL)THIO-2-PROPYL]ADENOSINE (NNC 
21-0136) A NOVEL ADENOSINE A1 RECEPTOR AGONIST. M.J. 
Sheardown*, A.J. Hansen, J.S. Valsborq, C. Thomsen. J.U. Weis, M.E. Judge,
and L.J.S. Knutsen, Health Care Drug Discovery, Novo Nordisk A/S, Novo 
Nordisk Park, DK 2760 Malov, Denmark.

We have recently described the remarkably potent neuroprotectant effect of 
the potential new stroke drug NNC 21-0136 in two prominent rodent ischemia 
paradigms, gerbil temporary severe forebrain ischemia and the mouse middle 
cerebral artery occlusion model.

On evaluating the general pharmacology of NNC 21-0136, we have found 
that this drug candidate appears to have unique properties when compared to 
the benchmark reference adenosine A! receptor agonists, especially in terms 
of its milder than expected hypothermic and cardiovascular (CV) effects in 
rodents. In vitro, NNC 21-0136 shows selectivity for the rat brain At receptor 
(Kj of 10 nM) over A2a (Kj of 660 nM) and is a full agonist (IC50 3.1 nM) in an 
assay measuring inhibition of cAMP accumulation in DDT MF2 cells with no 
significant affinity for the human A3 receptor. A clue to its milder rat CV profile 
may lie in its relatively weak negative inotropic effect on spontaneously beating 
isolated guinea pig atria (IC50 6200 nM). We have also evaluated the binding 
profile of [3H]-NNC 21-0136 in rat brain.

In vivo, NNC 21-0136 dose-dependently reduces mouse locomotor activity, 
possesses anticonvulsant and hypothermic properties, but these effects are 
substantially diminished compared to reference At agonists. We conclude that 
NNC 21-0136 is a promising new At receptor agonist drug candidate which 
retains potent neuroprotectant properties while exhibiting diminished CV and 
hypotensive effects. NNC 21-0136 represents a prototype drug for the acute 
treatment of stroke.

745.16
ADENOSINE A3 RECEPTOR ANTAGONISTS AND PROTECTION AGAINST CEREBRAL 
ISCHEMIC DAMAGE IN GERBILS. D.K.J.E. von Lubitz, R.C. S, Lin, and K.A.Jacobson1. Dept. of 
Neurobiology and Anatomy, Allegheny University of the Health Sciences, Philadelphia, PA 19102- 
1192 and 1NIDDK/NIH, Bethesda, MD 20892

We have previously shown that chronic treatment with IB-MECA provided extensive 
protection against mortality and neuronal loss following ischemia lasting up to 20 min. The treatment 
also resulted in a marked preservation of hippocampal MAP-2, and a very severe depletion of 
NADPH -diaphorase histochemical reaction product seen 2 weeks after a 10 min bilateral carotid 
occlusion. The therapeutic effects of A3 receptor antagonists are entirely unknown. Hence, in the 
present study we used one of the newly described A3 receptor antagonists (MRS 1191) and 
investigated its effect on the outcome of 10 min global cerebral ischemia in gerbils.

The selective A3 receptor antagonist MRS 1191 has been administered IP 15 min 
postischemia at 1 mg/kg (N=15). Ischemic control animals (N=15) were treated with the vehicle. The 
effect of MRS 1191 on non-ischemic animals was studied in 5 sham-operated gerbils. One month 
after the occlusion, the brains from all surviving ischemic (40% controls; 80% MRS 1191 group) and 
all sham operated gerbils were subjected to histopathological analysis. In the controls, the 
hippocampal neuronal loss was over 70%. Extensive loss of MAP-2, and a very intense NADPH- 
diaphorase staining were also present. Contrary to the controls, in the postischemic MRS 1191 
group the neuronal loss was only 30%. Furthermore, there was a very pronounced loss of NADPH- 
diaphorase reaction product in the pyramidal layer. The presence of MAP-2 preservation was similar 
to that seen in the sham operated gerbils. The drug had no demonstrable effect in sham animals.

These results indicate for the first time that acute antagonism of adenosine A3 receptors 
may depress NOS activity in the postischemic brain. The latter finding, together with the preservation 
of cytoskeletal proteins following postischemic treatment with A 3 receptor antagonist, may indicate 
a significant role of activated A3 receptors in the generation of ischemic damage. Our study also 
underlines potentially important therapeutic applications of A3 receptor antagonists not only in the 
treatment of cerebral ischemia but also against neuronal death induced by other brain disorders. 
Supported by NIH.

745.17
THE EFFECT OF FENTANYL ON ANOXIC DAMAGE TO THE RAT 
HIPPOCAMPAL SLICE. J Charchaflieh, IS Kass*, JE Cottrell, Depts. of Anes. 
and Pharm., SUNY, Health Science Center at Brooklyn, Brooklyn, N.Y. 11203.

Several opioid receptor agonists and antagonists have been found to attenuate, 
enhance or have no effect on ischemic or anoxic damage to the brain. Using a 
simplified in vitro model we examined the direct electrophysiologic effects of 
fentanyl on hippocampal neurons before and after anoxia. Methods: 
Institutional approval was obtained. Slices of 500 pm from the hippocampi of 
S-D rats were used to obtain an evoked response from the CA1 pyramidal cell 
layer by stimulating the Schaffer collateral pathway. Fentanyl concentrations of 
50 and 500 ng/ml were compared to control groups. Anoxic periods of 5, 6 and 
7 min were used, and recovery was measured 1 hr after anoxia and compared to 
controls in each group. Statistical analysis using unpaired t test was used. 
Results: Fentanyl did not affect the evoked postsynaptic population spike 
before anoxia. Fentanyl also, did not significantly alter the amplitude of the 
response after anoxia, when compared to controls exposed to same duration of 
anoxia. This suggests that fentanyl does not directly enhance or protect against 
neuronal anoxic damage. Supported by NIH.
Anoxia(min) Fent(ng/ml) Recovery (%) N P

5 0 76 ± 11 6
5 500 87 ± 11 6 0.47
6 0 45 ± 9 18
6 50 57 ± 9 18 0.34
6 500 58± 15 6 0.47
7 0 5± 5 6
7 50 4± 4 6 0.81
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746.1
INCREASED NEUROGENESIS IN THE ADULT DENTATE GYRUS 
FOLLOWING TRANSIENT GLOBAL ISCHEMIA J, Liu*. K, Solway, 
and F. R. Sharp, Department of Neurology, University of California at San 
Francisco and San Francisco VAMC, CA 94121

Recent evidence suggests the existence of neural stem cells in the 
mammalian forebrain. To further verify if the CNS stem cell fulfill all the 
criteria commonly designated for stem cells, namely (1) self-renewal and 
proliferation; (2) exhibition of multilineage potential; (3) generation of new 
cells in response to injury or disease; we monitored the cell division in 
response to ischemia injury. To determine the nature and origin of cell 
proliferation after transient global ischemia, we combined bromodeoxyuridine 
(BrdU) labeling and immunohistochemistry with cell specific markers in 
animals following bilateral common carotid artery occlusion. We have 
confirmed in the adult gerbil and mice brains, neuronal progenitor cells divide 
at the border between the hilus and the granular cell layer (GCL), as well as in 
the subventricular zone. Progressive increase in cell proliferation in neocortex, 
striatum and hippocampus after ischemia insult was observed within 24 
hours, and peaked between 4 and 6 days. Using double immunofluorescent 
staining of BrdU and iso-lectin, we were able to identify the majority of the 
cells incorporating BrdU to be microglia. However, a small population of 
proliferating cells at the dentate subgranular zone dramatically increased in 
animals following ischemic insults. These cells appeared to be neurons which 
were identified by neuron specific marker. The data suggest that die 
progenitor cells in the dentate subgranular zone increased their frequency to 
give birth to new granular cells in response to the injury and cellular changes 
associated with ischemia. Further study is needed to determine the 
mechanism of the increased neurogenesis and the fete of these newly divided 
cells. (Supported by NIH R01 NS28167).

746.2
LESIONING OF DEEP PRE PIRIFORM CORTEX DECREASES 
INFARCT VOLUME IN TEMPORARY FOCAL ISCHEMIA.
K. Kawaguchi, K. Tanaka* and R. P, Simon. Department of 
Neurosurgery, Matsusaka Chuo Hospital, Mie, Japan and Department 
of Neurology, University of Pittsburgh, Pittsburgh, PA 15213.

Deep prepirifonn cortex (termed area tempestas: AT) is a am a II 
brain region which modulates epileptic activity throughout the limbic 
system via excitatory amino add (EAA) neurotransmission. We have 
previously demonstrated that pharmacologic blockade of EAA 
neurotransmission bilaterally at AT, with the competitive non-NMDA 
antagonist NBQX, attenuates hippocampal cell injury in global 
ischemia in rat (Brain Res 746: 59-62, 1997). We therefore 
investigated a possible role of EAA neurotransmission at AT in 
modulating neuronal injury in temporary focal ischemia using AT- 
lesioned rats. AT was lesioned bilaterally by stereotactic injection of 
kainate 72 hours prior to ischemia. Seizures were prevented by 
anticonvulsant administration and their absence confirmed by EEG. 
Temporary focal ischemia (middle cerebral artery ocdusion) was induced 
with an intraluminal suture technique. Infarct volumes were assessed 
with 2,3,5-triphenyltetrazolium chloride (TTC) staining 72 hours after 
ischemia and calculated in cortex and striatum separately. AT- 
lesioned animals showed significantly smaller infarct volumes than non- 
lesioned animals in cortex but not in striatum. In a separate set of 
experiments, AT-lesioned and non-lesioned animals had microdialysis 

robes placed in the hippocampus during the ischemic insult. AT- 
esioned animals demonstrated significantly lower ischemia-induced 

extracellular glutamate concentrations than non-lesioned animals. 
These results suggest that excitatory neurotransmission at AT effects 
the sequelae of temporary focal ischemia and that this modulation of 
ischemic infarction results from attenuation of ischemia-induced 
extraoellular glutamate concentrations. AT may have crucial role as an
excitotoxic generator in excitotoxic brain injury.

746.3
A Photothrombotic Stroke 'Ring' Model with a Large Region-at-Risk: 
Establishing Conditions for Spontaneous Recovery or Paninfarction 
XiaoLei Hu*. Per Wester. Thomas Brannstrom and WeiGang.Gu 
Ume& Stroke Centre, Dept Medicine, Univ of UmeS, S-901 87 UmeS, Sweden.

This study was carried out with a thrombotic stroke ‘ring’ model which focus 
on the penumbra or region-at-risk enveloped by an ischemic locus. The present 
study aimed at establishing appropriate experimental conditions for late spontaneous 
recovery or paninfarction in the region-at-risk and assaying evolution of apoptosis.

Temperature and blood gas controlled male Wistar rats (280-330g) were 
subjected to a ring-shaped laser-irradiation beam (514.5 nm, 0.89 W/cm2, outer 0 
5.0 mm and 0.35 mm thick) for 2 min and i.v. erythrosin B (17 mg/ml) infusion 
which results in spontaneous recovery in the region-at-risk. In addition, with 
otherwise identical experimental conditions, different irradiation intensities were 
tested in order to achieve late (at 7 days post-irradiation, p.i.) consistent 
paninfarction with minimum laser intensity. At different times p.i., perfusion deficit 
was visualised by transcardial carbon black perfusion and ischemic volume was 
recorded. The occurrence of apoptosis was studied by H&E and TUNEL staining.

In the spontaneous recovery model, a severe perfusion deficit at 48 h which was 
followed by spontaneous reperfusion at 72 h and later. Direct and indirect ischemic 
volumes reached their maxima at 48 h p.i., then decreased substantially at 72 h 
and later. Apoptotic cells were observed in the vicinity of the irreversible ring- 
lesion region at 24-48 h p.i. By using 1.84 W/cm2 irradiation intensity, a consistent 
paninfarction was seen at 7 d with a ring-shaped cortical perfusion deficit at 4 h p.i. 
that was followed by a complete lack of perfUsion in the region-at-risk at 10 h and 
later. Direct ischemic volume increased to its maximum level at 10 h. Indirect 
ischemic volume reached its maximum level at 48 h p.i. whereafter no change was 
observed. At 24-48 h p.i. numerous apoptotic cells occurred in the whole centrally 
located region-at-risk, at 72 h less number apoptotic cells was seen in this region.

A stroke paninfarction model with slow ischemic progression was developed. In 
this model, it is suggested that necrotic cell death occurs rapidly in the ring-lesion 
region whereas the delayed death in the region-at-risk is mainly due to apoptosis.

746.4
Long Term Laser Doppler. CBF Recording in a Reversible 
Photothrombotic Stroke Model on Awake Freely Moving rats
WeiGang Gu, Wei Jiang and Per Wester*. Umea Stroke Center, Dept 
Medicine, Univ Umea, Sweden

This study aimed at further exploration of the hemodynamic consequences 
in a novel photothrombotic stroke ring model with late spontaneous 
morphological recovery in the region-at-risk (Gu and Wester, Soc Neurosci 
Abs, 1996). Halothane anesthetized temperature and blood gas controlled 
male adult Wistar rats were mounted on a stereotaxic frame. A 1 mm burr- 
hole was drilled on the exposed skull at the very center of the region-at-risk. 
Cortical CBF was recorded by a PF415 flow probe attached to the skull by a 
specially constructed probe adapter and connector coupled to a PeriFlux 4001 
Master system (Perimed, Sweden). Following 60 min CBF baseline recording, 
a laser-induced photothrombotic stroke was induced. The probe adapter was 
glued onto the skull whereby the flow probe could be inserted repeatedly at 
exactly the same angle and location. CBF was recorded for 60 min each day at 
24, 48, 72, and 96 hr. p.i. by the use of the device described above with the 
rats being awake and freely moving in a swivel system (CMA/ Microdialysis, 
Sweden). Rats were transcardially perfused with carbon black after the CBF 
recording and brains were histologically examined. In sham-operated animals, 
cCBF was unaltered during halothane anesthesia vs. recording in the awake 
state up to 4 d; repetitive cCBF values after transient removal of the flow 
probe revealed constant flow values. In ischemic animals, cCBF was reduced 
to 22% of baseline at 24 h and 30% at 48 h p.i. (p<0.001 by ANOVA and 
post-hoc tests). At 72 and 92 h p.i., a relative increase of cCBF to 61 and 74% 
of baseline values was observed as compared with 48 h flow values (p<0.005). 
These restored flow values from 72 h and later, coincided in time with a 
remarkable tissue recovery in the region-at-risk. The CBF data confirm the 
observation of a consistent late spontaneous reperfusion in this stroke model.

746.5
CEREBRAL BLOOD FLOW, INFARCT VOLUME, AND BLOOD-BRAIN 
BARRIER PERMEABILITY IN A MOUSE MODEL OF TEMPORARY 
FOCAL CEREBRAL ISCHEMIA. G-Y. Yang*, Y, Mao. C. Gong, A.L. 
Betz. Dept of Surgery, University of Michigan, Ann Arbor, MI 48109.

To investigate differences in the pathophysiological changes following 
permanent and temporary middle cerebral artery occlusion (p-, tMCAO), we 
have developed a reproducible model of cerebral ischemia capable of 
reperfusion suitable for use in transgenic mice.

pMCAO was produced using a suture model in CD-I mice for 24 h. 
tMCAO was achieved with suture withdrawal after 1 h occlusion followed 
by 23 h reperfusion. Laser Doppler flowmetry (LDF) was used to obtain the 
temporal profile of cerebral blood flow (CBF) during and after focal 
ischemia and reperfusion. Cerebral infarct volume was measured 24 h after 
the ischemic insult using 2,3,5-triphenyl tetrazolium chloride (TTC) staining. 
The interruption of the blood-brain barrier (BBB) at various times during p- 
and tMCAO was evaluated with albumin immunostaining.

Surface blood flow decreased to 17.3±1.5% and 18.6 ±2.6% of baseline 
values respectively in p- and tMCAO 5 min after occlusion. It is 14.4±2.8% 
after 24 h pMCAO. CBF was restored to 83.6±16.4% of baseline values 
after 5 min of reperfusion and remained at 63.5±11.2 after 24 h. The infarct 
volume in pMCAO was significantly larger than in tMCAO mice (66.4+8.3 
vs. 21.6±6.3 mm3, p<0.05). BBB disruption was significantly more severe 
in the pMCAO group by 24 h (p<0.05).

Our study demonstrated that reproducible p- and tMCAO models are 
possible in mice using suture occlusion. Blood flow monitoring during and 
after occlusion and reperfusion is necessary to determine whether 
reperfusion has been established. The brain injury is less severe in the 
reperfusion group suggesting early reperfusion may reduce BBB disruption.

Supported by NIH grants 2 R01 NS23870 and 1 R01 NS35089.

746.6
A MODEL TO STUDY PENUMBRA PATHOPHYSIOLOGY UNDER 
CONTROLLED CONDITIONS O. Kempski*, T. Seiwert, A. Heimann, Institute 
for Neurosurg. Pathophysiol., University Mainz, 55101 Mainz, Germany

Studies on parenchymal damage in the ischemic penumbra are hampered 
by the individual variabilities of blood flow. Therefore a rat model was 
established with defined flow reduction restricted to one hemisphere to study 
parenchymal damage under penumbra-like conditions. The right carotid artery 
of 15 Wistar rats was permanently occluded in chloralhydrate anesthesia. 
Mean arterial blood pressure (MABP) was monitored. Regional cortical blood 
flow (rCBF) was assessed by laser Doppler scanning allowing measurements 
at 35 cortical locations in each hemisphere. The microvascular oxygen 
saturation of haemoglobin (HbSO2) was measured by a microlightguide 
spectrophotometer at the same sites. MABP was reduced for 30 (n=10) or 45 
(n=5) minutes to 50 mmHg by hypobaric hypotension to reduce rCBF. After 5 
days brains were examined. At MABP=50mmHg cortical rCBF in the occluded 
side decreased by 43.4±16.8% (p<0.025); contralaterally only a 10.4±51.2% 
(ns) reduction was seen. Cortical HbSO2 significantly decreased in the 
experimental cortex from 68.7+8.5% to 45.4+18.5% but remained at 
62.7± 11.6% contralaterally (p<0.001). With 30 min flow reduction, 
hippocampal neuron density was moderately but significantly decreased in the 
occluded side in CA1 (13.6±9.8%), CA2 (15.5± 10.2%), CA3 (18.3±7.2%) and 
CA4 (14.6± 13.5%). There was no cortical damage, which, however, was found 
with 45 min of MABP reduction. The study demonstrates that unilateral carotid 
occlusion in combination with controlled MABP decrease goes along with 
reduced local CBF and HbSO2 on the experimental side. New techniques 
(laser Doppler scanning, hypobaric hypotension) allow for an exact control of 
experimental conditions. The penumbra model is suited to study parenchymal 
damage mechanisms as well as neuroprotection schemes.
Supported by Soemmering Gesellschaft Mainz
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746.7
COMPRESSION INDUCED BRAIN LESIONS: A PENUMBRA STROKE MODEL
SUITABLE FOR NEUROPROTECTIVE DRUG SCREENING
Borjc Bielk el, Cecilia Anderssonl, Zhengguang Chenl, Jurgita Rutkauskaite2,
Sture Lilieunist2, Andre Sauter4, Markus Rudin4, Nicolau Beckmann4, Torsten
Ret‘se4. Katarina Bjelke*3
IMR-Cetiicr. Karolinska Instiiutei, Karolinska Sjukhusct 171 76 Stockholm, Sweden, 
2Depi. ol- Clinical Neuroscience, Karolinska Instiiutei. Stockholm. Sweden 3Dcpt. of 
Neuroscience. Karolinska Insiiluici, Stockholm, Sweden 4Novartis Pharma, Basel, 
Switzerland

The aim of the study was to establish and characterize a penumbra model, 
reflecting the early phase in stroke, in which neuroprotective drugs could be 
screened. The model was developed in 250 g male Sprague Dawley rats. Under 
isoflurane anaesthesia, a compression was applied stereotaxically for 30 min by 
using a piston centered over the right sensori-moter cortex, causing a decreased 
blood flow in the region. The neurological outcome of the lesion was followed 
every day by behavioural testing, using beam walking as a motor performance 
task. The speed of recovery was much quicker compared to models of necrosis 
i.e. the photochemical lesion model. The lesions were characterized using MR! 
during lesioning and repeatedly thereafter for up to 9 days. BOLD, DWI, T2 and 
perfusion weighted sequences were used. A perfusion deficit in the compressed 
region and a hyperperfusion in the surrounding lateral cortex was visualized. At 
the end of the experiment, evaluations of the lesions were made using TTC and 
Nissl stainings. A very small or no necrosis was found in the lesioned sensori - 
motor cortex, but a region at the site of the lesion showed a number of 
hypertrophic and pycnotie cells, indicating an apoptotic response to the 
compression. Thus, in this model an altered haemodvnamic situation can be 
visualized during compression and an altered MRI signal as well as a 
behavioural deficit are observed postlesion. Finally, a neuion.il damage speaking 
in favour of a penumbra lesion is evident in histological sines pcst-moitem 
Supported by grants from Hjiimfondeu, Lars Hiertas mimic. Il,h/ Ais Sutielse lor 
Strokeforskning

746.8
APPLICATION OF INTRALUMINAL SUTURE OCCLUSION OF MIDDLE 
CEREBRAL ARTERY IN GERBILS TO OBTAIN CONSISTENT INFARCTION 
MJKJBaskaya*, A, Dogan. A.M. Rao. R. Vemuganti. J, Rastl. R.J. Dempsey
Department of Neurological Surgery, University of Wisconsin , Madison, WI 
53792.

Several models of focal cerebral ischemia have been developed to study the 
pathophysiology and treatment of ischemic stroke. Of them, middle cerebral artery 
occlusion (MCAo) by intraluminal suture has gained increasing acceptance because 
it is relatively noninvasive and allows reperfusion. However, its application in rats 
has resulted in inconsistent infarction volumes which involve only the subcortex or 
subcortex plus some cortex. This is due to the rich collateral blood supply to the rat 
MCA territory. In order to eliminate this drawback, we applied the intraluminal 
suture occlusion of MCA to gerbils which have an incomplete circle of Willis. Male 
Mongolian gerbils were anesthetized with 1.5 % halothane in a mixture of NO2 and 
O2. MCAo was induced by inserting an intraluminal 5-0 nylon suture with a blunted 
tip into the circle of Willis through the external carotid artery. Cerebral blood flow 
(CBF) was measured with laser doppler flowmetry in all animals. Animals were 
divided into two groups: permanant MCAo for 24 h (n=10) and transient MCAo for 
3 h with 21 h reperfusion (n=7). Infarction volumes were measured after staining 2 
mm thick brain slices with TTC. CBF dropped to 15% of baseline in permenant 
MCAO and 15% in transient MCAo groups. Reperfusion returned the CBF to 66% 
of baseline. The corrected infarction volume in the permanant MCAo group was 
219±43 mm3 (Mean±SD) wheras it was 230±45 mm3 in the transient MCAo group. 
All animals in both groups had infarction in both cortex and and subcortex. This 
study shows that intraluminal suture occlusion of MCA can be easily applied in 
gerbils to obtain consistent infarction. This would allow both transient and 
permanant focal ischemia to be tested in the same model of ischemia.

746.9
LONG TERM STRIATAL INJURY AFTER 4-VESSEL OCCLUSION 
IN WISTAR RATS: A CRITICAL EVALUATION. J, Li, Y. Ren*, T, 
S. Nowak. Jr, and W. A. Pulsinelli. Dept. of Neurology, University of 
Tennessee, Memphis, TN 38163.

A previous study has indicated that a short period of global ischemia, 
below the threshold for acute striatal injury, may result in slowly 
evolving damage that is detected after 2 mo recirculation (Dietrich et al., 
J. CBF Metab. 15:960, 1995). We attempted to verify this observation 
in the 4-vessel occlusion ischemia model. Wistar rats (250-300 g) were 
subjected to 10 min ischemia and perfusion-fixed with formaldehyde/ 
acetic acid/methanol at 1 week and 2 mo. Striatal histopathology was 
evaluated in hematoxylin/eosin-stained 8 p’m paraffin sections from 
control and experimental brains by counting normal neuronal nuclei in a 
standard field using a 25X objective. The evaluator was blinded to the 
experimental treatment of the animals. One animal examined at 2 mo 
showed considerable preservation of hippocampal CA1 neurons and was 
excluded from the study. Control counts in dorsolateral striatum 
averaged 267 ± 35 (n=6), while animals evaluated at 1 week and 2 mo 
yielded counts of 203 ± 35 (n=4) and 224 ± 17 (n=14), respectively, 
both of which differed significantly from the control value. 
Eosinophilic neurons were noted in one animal evaluated at 1 week, 
consistent with ongoing injury, but these were not observed in any other 
animals. These results provide evidence that modest cell loss can be 
detected in striatum following periods of ischemia that do not produce 
massive injury in this region, but indicate that such loss occurs within 1 
week. We find no evidence of continuing chronic striatal degeneration 
after such insults.

Supported in part by the Semmes-Murphey Chair of Excellence.

746.10
SEVERITY OF HYPOXIC-ISCHEMIC BRAIN INJURY IN MICE IS 
DEPENDENT ON STRAIN R. A. Sheldon, C. C. Sedik, M. Bergeron and D. M. 
Ferriero* Depts. of Pediatrics and Neurology, UCSF, San Francisco, CA 94143.

The development of transgenic mice has led to an increase in the use ol mice as 
models for human disease. We hypothesized that the degree of brain damage sustained 
by animals in a new neonatal mouse model of hypoxia-ischemia depends on the strain 
used. Ten litters of CD-i (CR), 12 litters of C57BL6 (CR) & 7 litters of 129 SVEMS 
(Jackson) at postnatal day 7 (p7) were subjected to a modified Vannucci procedure for 
hypoxia-ischemia as follow s: permanent ligation of right common carotid artery under 
halothane anesthesia, 2 hr recovery period, exposure to 8% oxygen/37oC at varying 
durations (30, 60, 75, 90, or 120 min). After 5 days of recotery, pups were perfused 
with 0.1M PB 4% PFA and brains were removed, postlixed and examined 
histologically with eresyl violet and Perl's iron stain to assess degree of damage. 
Damage was assessed blindly using a score ranging from 0 (none) to 3 (infarct) in 8 
regions (ant-, mid-, and post- cortex, CA 1, CA2, CA3 & dentate gyrus, and striatum). 
CD-I mice were found to require only 30 minutes of hypoxia to sustain significant 
brain damage, whereas C57BL6 sustained similar damage at 60 min. On the other 
hand, 129 SVEMS mice withstood up to 2 hours of hypoxia w ith few pups exhibiting

HYPOXIA 30 60 75 90 120
CD1 88* (0) 118| 64(8) |71 n/a 73 (61) [9| n/a
C57BL6 28 (0)[0] 85(50) [7J 74(10) [8| I(X)(31)[ 14| n/a
I29SVEMS 17 (46) |0| 25(43)10) 38(38)|0| 57(13) I6J 50(20) IOI
* = (7< damaged; ( ) = 77 mortality; [ ) - median damage score
Neonatal (p7) mice from these three different strains were noted to ha\c differing 
susceptibility to brain damage and mortality. While determining the maximal degree of 
injury w ith the least amount of mortality for each strain, it was found that some mice 
(CD-I) are particularly susceptible to brain damage in this model, while others (129 
SVEMS) are resistant. Thus, when using transgenic models for disease, it is impor-
tant to consider both founding strains and to use the appropriately bred FI controls.
This work was supported by NIH grants ROJNS33997 and PO1NS35902.

746.11
A MODEL OF FETAL BRAIN HYPOXIA IN THE RAT. Y. Sakata? 

T. Fujioka, G. M. Iqbal Chowdhury and S. Nakamura . Dept. of. 
Physiol. Yamaguchi Univ. Sch. of Med., Ube, yamaguchi 755, Japan.

The knowledge on brain activity of fetal animals during hypoxia is 
essential to understanding of the pathophysiology of hypoxia-induced 
fetal brain damage. For study on fetal hypoxia, most investigators 
have used relatively large animals like sheep and dogs, because of the 
considerably larger size of their fetuses. However, much data on brain 
activity has accumulated for the rat rather than for these large animals. 
It is thus thought to be worthwhile developing a model of fetal brain 
hypoxia in the rat. Pregnant rats were anesthetized with urethan 
(1.3g/kg, ip) and supplemented as necessary during experiments. The 
fetus was exposed outside the uterus with keeping connection with the 
dam by the umbilical cord. As reported previously (Exp. Brain Res., 
68:122, 1987), the head of the fetus was fixed to a conventional 
stereotaxic apparatus with a simple device made with stainless steel 
tubes. Fetal hypoxia was made by occlusion of the umbilical cord by a 
fine clip, while the recovery of umbilical blood flow was secured by 
local application of papaverine to the occlusion site. In this model, 
PO2 and blood flow in the fetal brain could be reduced by 30-70% and 
by 15-30%, respectively. In addition, single-unit activity of fetal 
brainstem neurons was found to change during hypoxia. These results 
indicate that this model is useful to study fetal brain hypoxia.

746.12
ASPECTS OF ISCHAEMIC BRAIN DAMAGE IN AGED MICE, loan Davies*. 
L.A, Rothwell and A.P. Fotheringham. University of Manchester, Department of 
Geriatric Medicine and School of Biological Sciences, Manchester, Ml 3 9PT, UK

Ischaemic brain damage (IBD), caused by a severe reduction in cerebral blood 
flow, results in a complex cascade of events leading to cell death and disruption of 
the blood-brain barrier. Most in vivo studies of focal cerebral ischaemia have 
involved the use of young healthy animals. However, 95% of all human strokes 
occur in late middle age, or in the geriatric age range. Recently, an age-related 
increase in cerebral infarct volume has been reported in the rat. It is not known why 
ageing should be associated with an increase in IBD, but it is probably due to 
cellular and physiological changes in the ageing brain.

This study examined age-related changes in infarct volume, between and six and 
28-month-old male C57/Icrfa‘ mice, following permanent occlusion of the left 
middle cerebral artery. In addition, the neuronal and glial cell populations were 
quantified using stereological methods. With age there was a significant increase 
in cerebral infarct size in mice. The mean infarct volume in six months old mice 
was 19.23±7.46 (n = 10), compared with 25.6±5.12 (n = 10) in 30 months old mice 
(t = -2.21, df = 18, p = 0.04). There was no significant difference in the number of 
neurons/mm3 of brain tissue age, either in layer V of the cerebral cortex or in the 
infarct. However, there was a significant increase in the number of glial cells in 
ageing mice, due to an increase in the oligodendrocyte/microglial cell population. 
If glial activation is detrimental following IBD then the increase in glial cells with 
age may be one of several factors related to the age-associated increase in cerebral 
infarct size.

Source of Funding: Research into Ageing, London, UK
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746.13
FUNCTIONAL AND HISTOPATHOLOGIC OUTCOME AFTER CARDIAC 
ARREST OF VARIOUS DURATIONS IN INFANT PIGLETS.
B. Gelman.C.L. Schleien*, S. Said, Y. Wang, J. Kuluz, A. Pinto, W.D,
Dietrich. Dept of Pediatric Critical Care Medicine, Univ of Miami School of 
Medicine, Miami, FL 33101.

Neurologic outcome following cardiac arrest (CA) in non-rodent infant animal 
models has not been extensively studied. We measured functional and 
histopathologic outcome during survival for 3 days after CA. We hypothesized 
that the severity of brain injury is directly proportional to the duration of CA, 
and that the hippocampus is more vulnerable than other brain regions to 
ischemia-reperfusion injury.

Methods: Under pentobarbital anesthesia, 2-4 wk old piglets underwent 
normothermic (37-38°C) CA by ventricular fibrillation for 0, 3, 6, 8 or 10 min 
(0 min, n=2; 3-10 min n—7), and standard CPR for 6 min. Neurologic function 
was assessed daily. After 3 days, 18 brain regions from each hemisphere were 
analyzed by light microscopy (H&E). Data were analyzed by Kruskal-Wallis, 
with significance set at p <0.05.

Results: At 1 day survival, most 8 and 10 min CA piglets were 
encephalopathic and were unable to stand, whereas 3 and 6 min CA piglets 
displayed only mild dysfunction. By 3 days, all piglets appeared clinically 
normal. Severity of neuronal injury increased with longer duration of CA. The 
region of greatest vulnerability was the hippocampus followed by caudate 
nucleus.

Conclusion: These findings are similar to those reported in rodent models of 
global ischemia. As in humans, CA for less than 6 min usually produces little 
irreversible brain injury provided that adequate cerebral blood flow is achieved 
during CPR.

746.14
OXYGENATION, HEMODYNAMICS, METABOLIC STRESS AND EEG- 
RECOVERY DETERMINE OUTCOME AFTER ASPHYXIC CARDIAC 
ARREST IN PIGLETS AM Brambrink. RN Ichord, DL Sherman, V Goel, LJ 
Martin, RC Koehler, NV Thakor, HS Singer*, RJ Travstman. J. Gutenberg-Univ., 
Mainz, Germany; Johns Hopkins Med. Inst., Baltimore, MD.

We developed a model of hypoxic/asphyxic cardiac arrest in piglets to identify 
clinical responses that predict short-term outcome, testing the hypothesis that 
physiologic and electroencephalographic (EEG) abnormalities during and 
immediately after the hypoxic/asphyxic insult influence outcome. One-week-old 
piglets (N=22) were subjected to 30min hypoxia (FiOo^O.l), 5min room air, then 
7min asphyxia, producing asphyxic cardiac arrest. Following cardiopulmonary 
resuscitation (CPR) and restoration of spontaneous circulation (ROSC), animals 
were survived 24-96hr for neurologic and neuropathologic evaluation. Animals in 
which CPR failed (6/22) had a lower PaO2 during hypoxia (19+0.6 vs 23+lmmHg), 
and earlier circulatory arrest during asphyxia (MAP<25mmHg for 68+17 vs 
251+41sec). In survivors, neurologic function was measured by a novel neurologic 
deficit score (NDS) on a 0 (best) to 150 (worst) scale. High 24hr NDS correlated 
with low arterial pH at the end of hypoxia, a low arterial pH and a low serum glucose 
at 15min ROSC, and with a high degree of disproportional EEG frequency recovery 
during the first 4 hrs after ROSC. High 24hr NDS was associated with clinical 
seizures thereafter, and greater neocortical neuropathology at 96hrs. All non-
surviving animals (4/10) died in status epilepticus and exhibited cerebral edema. We 
conclude that success of CPR is related to circulatory status and oxygenation during 
hypoxia and asphyxia. Neurologic status in survivors at 24 hrs is related to metabolic 
status at the end of hypoxia and early recovery, and is predicted by EEG recovery. 
This model closely resembles human neonatal hypoxic/ischemic injury. Supported 
by NS20020, NS01805, McDonnell-Pew Progr. Cogn. Neurosci.

746.15
SEIZURES DURING RECOVERY AFTER ASPHYXIC CARDIAC ARREST 
IN PIGLETS ARE ASSOCIATED WITH INCREASED NEOCORTICAL 
INJURY RN Ichord*. AM Brambrink, LJ Martin, V Goel, DL Sherman, NV 
Thakor, RC Koehler, RJ Travstman. J. Gutenberg-Univ., Mainz, Germany; Johns 
Hopkins Med. Inst., Baltimore, MD.

The effect of seizures on the evolution of brain damage following hypoxia- 
ischemia (HI) in newborns is poorly understood. We tested the hypothesis that 
increased severity of seizures during recovery after asphyxic cardiac arrest in piglets 
is associated with worse neocortical injury. 1-wk old piglets (N=10) were subjected 
to 30 min hypoxia (10%FiO2), 5 min roomair, then 7 min asphyxia, producing 
asphyxic cardiac arrest. Following cardiopulmonary resuscitation and restoration of 
spontaneous circulation, animals were survived 24-96 hr for electroencephalographic 
(EEG) and neuropathologic evaluation. 2 bipolar channels of EEG were recorded via 
scalp electrodes for 5-30 minute epochs at 8-24hr intervals throughout recovery. 
EEGs were analyzed visually for seizure discharges (SD), defined as rhythmic 
discharges showing field effect and evolution in frequency, amplitude or both. SD 
were assessed for mean duration (DUR), and percent of time a given record 
demonstrated SD (%T). Severity of SD in a given record was expressed as a Seizure 
Severity Index (SSI), based on the sum of subscores for DUR and %T. Severity of 
neocortical injury in each animal was graded from 0(none) to 3 (worst) for increased 
% damaged neurons in somatosensory cortex by light microscopy. Highest SSI at any 
time point (24-96hr) correlated with severity of neuropathologic injuiy (Spearman 
rank correlation coefficient=0.74, p=.01) at 24-96 hrs after HI, whereas DUR or %T 
alone did not. We conclude that severity of post-hypoxic-ischemic neocortical 
damage is related to severity of seizure activity during recovery as a function of a 
combination of mean duration and total time of SD. The prominence and time course 
of seizures in this model closely resemble human neonatal ischemic encephalopathy. 
Supported by NS20020, NS01805, McDonnell-Pew Progr. Cogn. Neurosci.

746.16
EFFECT OF CORTICAL SPREADING DEPRESSION AND ISCHEMIA 
ON THE BLOOD FLOW RESPONSE TO WHISKER STIMULATION 
IN THE RAT. G. Bronner, M. E. Duvall, and F. A. Welsh*. Division of 
Neurosurgery, Univ. Pennsylvania Sch. Med., Philadelphia, PA 19104.

The objective of this study was to determine whether cortical spreading 
depression (CSD) or ischemia alters the cortical blood flow response to 
whisker stimulation. Male Wistar rats were anesthetized halothane and 
nitrous oxide and blood flow was measured over the whisker barrel cortex 
through the intact dura using laser doppler flowmetry. In the first study, 
1-10 CSDs were evoked by applying 2M KC1 to the frontal cortex through 
the intact dura. Prior to CSD, whisker stimulation (1-min episodes at 5 hz) 
increased blood flow 24% ±7% (mean ± SD, n=6) over baseline. CSD 
did not significantly alter the blood flow response to whisker stimulation.
In the first 30 min after 1-3 CSDs, the increase in blood flow was 26% ± 
10%. After 10 CSDs, the increase in blood flow was 23% ±11% and 
29% ± 10% in the first and second half-hours, respectively. In the second 
study, forebrain ischemia was induced using bilateral carotid artery 
occlusion and systemic hypotension. Ischemia for 5 min did not cause a 
significant change in the blood flow response during the first 2 hr of 
reperfusion. However, at 24 hr the blood flow response to whisker 
stimulation increased twofold (41% ± 11% vs 20% ± 4%, n=5, p<0.01). 
Ischemia for 10 min caused a minor decrease in the flow response during 
the first 2 hr of reperfusion, and the response returned to control values at 
24 hr and 1 week postischemia. The results indicate that the blood flow 
response to whisker stimulation is not affected by CSD and is only slightly 
altered by transient ischemia. The explanation for the abnormal increase in 
the flow response 24 hr after 5 min of ischemia will require further study.

Supported in part by NIH grant NS-29331.

746.17
GLOBAL ISCHEMIA INDUCED BY DECAPITATION: A SIMPLE 
MODEL FOR QUICK ELECTROPHYSIOLOGICAL EVALUATION 
OF NEUROPROTECTORS
O. Krishtal*, D. Artemenko & V, Gerasimov. Bogomoletz Institute of 
Physiology, Dept. of Cellular Membranology, Bogomoletz Str. 4,252024 
Kiev, Ukraine

We have developed a simple model which allows to perform easy and 
quick evaluation of the neuroprotective drugs. The ischemic damage in 
this approach is created as follows: the animal (adult rat) is decapitated 
and its head with intact non-perfused brain is kept in the thermostate for 
90-120 min at 30° C. Then the brain is removed and the slices of 
hippocampus are prepared in a usual way and kept oxygenated. 
Responses to both orthodromic and antidromic stimulation of the CAI 
area after such procedure are greatly inhibited. The mean amplitude of 
the maximum post-ischaemic population spike was 0.9 ± 0.1 mV. About 
40 % of the slices completely lost the excitability. The mean amplitude of 
population spike obtained in control conditions (immediate preparation 
of slices following decapitation) was 5.1 ± 0.7. We have found that the 
action of neuroprotectors is clearly manifested in this model. For 
example, MK-801, when injected intraperitonealy 15 min before 
decapitation, resulted in the mean amplitude of population spike of 4.5 ± 
0.7 mV ( 89 % of control). The EDso for this action of MK-801 was 0.2 
mg/kg. The sequence of potencies of the tested neuroprotectors is as 
follows: MK-801 >NBQX> nifedipine. The model is sensitive not only to 
the channel-blocking neuroprotectors: ascorbic add (6-10 mg/kg) also 
produced a well-manifested effect. The model allows to give the yes-or-no 
answer for 3-4 drags/set-up/day and to obtain the dose-response 
relationship for 1 drug /set-upAveefc.
This work was supported in part by the HHMI 75195-548001 and by 
INTAS (grants 94-849 and 94-4072).

746.18
SHORT-TERM AND LONG-TERM MONITORING OF DRUG EFFECTS IN 
ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES AS IN VITRO MODEL 
FOR ISCHEMIA RESEARCH. C.F. Sabelhaus', U.H. Schroder1. T, Opitz3*, K.G. 
Revmann1,2 and J. Breder1. ’Federal Institute for Neurobiology, Dept. of Neurophy-
siology and Research Institute for Applied Neurosciences, POB 1860, D-39008 
Magdeburg, Germany, ’Albert Einstein College of Medicine, Dept. of Neuroscien-
ce, Bronx, NY 10461.

During hypoxia and ischemia an excessive release of glutamate eventually leads 
to sustained neuronal damage and cell death. We investigate the cellular mecha-
nisms involved in the process of neurodegeneration and study the physiological 
effects of neuroprotective drugs utilizing organotypic hippocampal slice cultures 
which are transiently exposed to an oxygen and glucose-free environment. Elec-
trophysiological experiments allow us to study neuroprotective drugs and the 
mechanisms underlying their effects in the short-term range. The synaptically 
evoked population spike in the CAI region is taken as a measure for neuronal 
viability. It vanishes during the hypoxic/hypoglycemic period and recovers incom-
pletely within 60 min after the insult. Neuronal cell death and long-term drug 
effects are investigated measuring the uptake of the fluorescent dye propidium 
iodide which stains the nuclei of deceased cells one day after the ischemic insult. 
Since organotypic slices can be brought into culture again after electrophysiological 
investigation short-term and long-term drug effects can be studied in the same 
slices. In electrophysiological experiments the susceptibility of organotypic slice 
cultures to oxygen and glucose deprivation is very similar to acutely isolated slices 
prepared from rats of the same age. The NMDA receptor antagonist MK 801 
(10 gM) protects organotypic slice cultures both in the short-term and the long-term 
range whereas the AMPA/kainate receptor antagonist NBQX (100 /xM) and the 
mGluR group I and II agonist ACPD (100 ^M) do not.
This study is supported by BMBF grant 0319998B.
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746.19
RESTORATION OF ATP WITH ADENINE AND ADENOSINE IN A BRAIN 
SLICE MODEL OF ISCHEMIA AND REPERFUSION. G. Newman*, F. 
Hospod, S. Trowbridge, J. Kaplun, S. Motwani, L, Goldman. Dept. of 
Neurology, SUNY, Stony Brook, NY and VAMC at Northport, NY.

Successful reperfusion of severely ischemic cerebral tissue must, 
among other things, return the tissue to its normal energy state. Falling 
ATP during ischemia is accompanied by increases in AMP and 
adenosine, eventually reducing total tissue adenylates. We have focused 
on how to restore adenylates during reperfusion, testing three strategies:
1) AMP by transport, 2) adenosine by adenosine kinase and 3) adenine 
by adenine phosphoribosyl transferase of the purine salvage pathway.

To develop a realistic brain slice model of transient severe 
ischemia with reperfusion, we set as our criteria that: 1) the insult should 
last 30 min and be followed by 2 hr of normal conditions; 2) adenylate 
energy charge should never fall below 0.4; 3) the histology at the end of 
the 2 hr should be clearly abnormal but not severe; 4) total adenylates 
should be significantly reduced at the end of 2 hr. We adjusted buffer O2 
and glucose during the insult period until these criteria were met, 
ultimately choosing a 30 min exposure to 20% O2 with 1 mM glucose.

This model was then used to study the effects of 1 mM AMP, 
adenosine and adenine on tissue histology and on adenylates, measured 
by HPLC. Adenine and adenosine produced equivalent increases in total 
adenylates but the greatest increase in ATP and energy charge was with 
adenine. Significant amounts of adenosine were generated when slices 
were incubated with AMP. These results are consistent with prior 
suggestions of active adenylate cycling following ischemia and may be 
the first studies to indicate the potential therapeutic role of adenine 
during or after ischemia. Support: VA Merit Review and NIH #NS28429.

746.20
METABOLIC GRADIENTS IN THE THICK BRAIN SLICE MODEL OF THE 
ISCHEMIC PENUMBRA. S. Trowbridge*, F. Hospod, L. Goldman, S. 
Motwani, J. Kaplun, H. Qi, G. Newman. Dept. of Neurology, SUNY, Stony 
Brook, NY and VAMC at Northport, NY.

Focal arterial occlusion imposes a gradient of metabolic 
disturbances on the affected region. Between the severely ischemic core 
and normal tissue at the periphery lies the highly dynamic ischemic 
penumbra. An important strategy for improving stroke outcome is to 
preserve the neurons of the penumbra from infarction or apoptosis.

In order to study these metabolic gradients we employ a unique 
brain slice model consisting of a series of slice thicknesses at 450, 600, 
750, 900,1050 and 1200 /zm. Prior studies have shown the presence of 
an hypoxic core and altered glucose metabolism as thickness increases.

Hippocampal brain slices were incubated in K-R with 3.1% 
dextran at 37° C for 4 hr and assessed histologically, or analyzed for 
adenylates by HPLC, 2DG metabolites after labelling with 14C-2- 
deoxyglucose, or for Krebs cycle intermediates by HPLC after labelling 
with 14C[1]-glucose, 14C[U]-lactate, 14C[1]-pyruvate or 14C[2]-acetate.

Histology shows progressive injury in CA1 and dentate, sparing 
CA3 and CA4. ATP fails and AMP increases monotonically above 450 /zm 
reaching an adenylate energy charge of 0.75 by 1200 /zm. Tissue 2DG 
declines above 600 /zm but the phosphorylation rate increases until 900 
/zm and then progressively declines, closely resembling the biphasic 
pattern of the ischemic penumbra. TCA intermediate labelling is similar 
with 14C-glucose and 14C-lactate. Thick slices have greater lactate but 
less TCA cycle labelling, consistent with reduced mitochondrial function 
from injury or shortage of NAD+. 14C[2j-acetate labels primarily citrate 
and a-ketoglutarate. Support: VA Merit Review and NIH #NS28429.

NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA II

747.1
CORTICAL AND SUBCORTICAL GLUTAMATE RECEPTOR EXPRESSION AND 
GLUTAMATE TRANSMISSION IN A RAT MODEL OF SCHIZOPHRENIA. C.D. 
Stine*. W.X, Lu. C.-J. Xue and M.E. Wolf. Department of Neuroscience, Finch 
University of Health Sciences/The Chicago Medical School, North Chicago. IL 60064.

Dysfunctional excitatory amino acid (EAA) transmission has been implicated in 
schizophrenia based on actions of glutamate antagonists and postmortem evidence of
altered EAA receptor subunit expression and EAA levels in prefrontal cortex (PFC) 
and temporal lobe. Using an excitotoxic rat model of schizophrenia, in which ventral 
hippocampal (VH) lesions are produced on postnatal day (PD) 7 (Lipska et al., 
Neuropsychopharmacol. 9:67-75, 1993), several features of schizophrenia can be 
reproduced, including postpubertal emergence of symptoms. To characterize EAA 
involvement in this model, in vivo microdialysis was conducted to examine basal 
and K'-stimulated efflux of EAAs in sham and VH-lesioned rats at prepubertal 
(PD35) and postpubertal time points (PD65). In PFC, no significant differences 
were found at either time for glutamate or aspartate. Similar studies are in progress 
in the nucleus accumbens (NAc). To characterize EAA receptor subunit expression 
in this model, in situ hybridization (ISHH) studies are underway to determine if 
neonatal VH lesions are accompanied by altered expression of AMPA subunit 
mRNAs (GluRl and GluR2) in PFC and NAc of sham and VH-lesioned rats 
perfused on PD35 or PD65. mRNAs are detected with 35S-oligonucleotide probes, 
using a quantitative method of ISHH developed in our lab (Lu et al., J. Neurosci. 
Meth. 65:69-76, 1996). NIH Image software is used for quantitative analysis of 
autoradiographs. Because the experimental design and timing of dialysis and ISHH 
experiments are identical, it will be possible to develop hypotheses to integrate these 
data. These experiments should provide information relevant to the pathophysiology 
of schizophrenia, particularly if changes are found which emerge with the onset of 
puberty. Support: DA09621 (MEW) and a predoctoral NRSA from NIMH (CDS).

747.2
EFFECTS OF NEONATAL VENTRAL HIPPOCAMPAL LESIONS 
ON THE NUCLEUS ACCUMBENS DOPAMINE RESPONSE TO 
STRESS IN ADULT RATS. W.G. Brake*, R.M. Sullivan, G. Flores, 
L, Srivastava, and A. Gratton,' McGill University, Douglas Hospital 
Research Centre, Montreal, CANADA, H4H 1R3.

Bilateral excitotoxic ventral hippocampal (VH) lesion of the 
neonatal rat results in the development of hypersensitivity to stress as well 
as to dopamine agonists; such hypersensitivity only emerges after 
puberty and can be normalized by neuroleptic administration. It has also 
been shown that these lesions result in a reduced number of dopamine D, 
receptors in limbic subregions after puberty. In the present study, we 
examined the effects of neonatal VH lesions on the adult nucleus 
accumbens dopamine response to acute and repeated stress. At postnatal 
day 7, male rats were anesthetized on ice and 0.3pi of ibotenic acid 
(5pg/(il) or an equal volume of saline (sham control) was infused into 
each VH over a 2 min period. 51-65 days later animals from each group 
were implanted with an electrochemical probe into the nucleus 
accumbens. High-speed chronoamperometry was used to monitor 
dopamine-dependent electrochemical signals elicited by each of five 
consecutive, once-daily exposures to 15 min of tail-pinch stress. The 
results indicate that the duration of the dopamine response to acute stress 
was shorter in lesioned animals than sham controls. However, upon 
repeated stress administration, the duration of dopamine response 
increased returning to levels seen in sham controls. The amplitude of the 
dopamine response to acute and repeated stress was lower in lesioned 
animals when compared to controls. These data suggest that the 
hypersensitivty to stress previously seen in rats with neonatal VH lesions 
is not reflected in greater dopamine release in the nucleus accumbens but 
indicate rather that this response is decreased. Supported by FRSQ and 
the American Scottish Rite Foundation

747.3
EFFECTS OF PRENATAL PROTEIN DEPRIVATION ON NMDA RECEPTOR 
NUMBER AND PREPULSE INHIBITION OF STARTLE.
D.J. Printz,1 P.D, Butler,2* A.A. Palmer,3 L, DeSanti,2 J, Rotrosen,2 J.M. Gorman,1
and M.P. Printz3, Dept. of Psychiatry, Columbia Univ., NY, NY 10032!; Dept. of 
Psychiatry, New York Univ. and Psych Service, NYDVAMC, NY, NY 100162. 
Dept. of Pharmacology, UC San Diego, La Jolla, CA 920373

Epidemiologic evidence suggests that prenatal nutritional deprivation may 
increase the risk of development of schizophrenia. In previous studies using 
Sprague-Dawley (SD) rats, we found that prenatal protein deprivation increased 
NMDA receptors in the striatum and hippocampus of female post-pubertal rats. In 
this study, we sought to replicate this finding in a different strain of rats (Wistar- 
Kyoto; WKY) and add a behavioral measure of sensory gating, prepulse inhibition 
(PPI) of the startle response, which is sensitive to NMDA receptor modulation and 
is abnormal in schizophrenia. PPI was measured at postnatal day (PND) 35 and 56 
in prenatally protein deprived (PD) and non-deprived (ND) WKY rats. The 
number of NMDA receptors in the hippocampus and striatum was assessed 
following behavioral testing. In line with a neurodevelopmental model, PPI did 
not differ at PND 35 between PD and ND animals of either sex. However, at PND 
56, PD females (n=19) showed a PPI deficit using an 85 dB prepulse which 
approached significance (p=0.08), relative to ND females (n=ll). PD males 
(n=25) did not show a deficit relative to ND males (n=12). PD females showed a 
25% increase in striatal NMDA receptors relative to ND females. Similar to the 
PPI findings, no changes in NMDA receptors were seen in males. Unlike SD 
animals, WKY PD females showed no changes in hippocampal NMDA receptors. 
Similar to our earlier findings, this study shows post-pubertal emergence of 
behavioral and receptor alterations in female protein deprived rats. The 
concordance of apparent PPI deficits and NMDA receptor changes suggests that 
glutamate alterations may underlie sensory gating deficits in this animal model.

Supported in part by NIMH grant T32 MH18870.

747.4
EFFECTS OF THE NOVEL D3 ANTAGONISTS (+)-AJ76 AND 
PNU-99194A ON APOMORPHINE-INDUCED DISRUPTION OF 
PREPULSE INHIBITION. T.B, Virden2, N.F. Nichols', L.E, Baker2
K.A. Svensson1, D.M. Sutter1* !CNS Diseases Research, Pharmacia & 
Upjohn, Inc., Kalamazoo, MI, 2Visiting scientist from Western 
Michigan University.

The amplitude of the startle response in humans and rats is decreased 
when immediately preceded by a brief, low-intensity lead stimulus. The 
phenomenon, called prepulse inhibition (PPI), has been shown to be 
attenuated in schizophrenic humans and has served as a nonhuman 
assay to detect the antipsychotic potency of novel compounds. The 
present study attempted to reverse apomorphine-induced disruption of 
PPI via the administration of the classical antipsychotic haloperidol, the 
atypical antipsychotic clozapine, and the novel D3-preferring antagonists 
(+)-AJ76 and PNU-99194A. All rats that received vehicle treatment 
with apomorphine administration demonstrated significantly disrupted 
PPI. Haloperidol (0.01-1.0 mg/kg), clozapine (25 mg/kg), and (+)-AJ76 
(6.75-27 mg/kg) antagonized apomorphine-induced PPI while PNU- 
99194A yielded no antagonism at any dose tested (0.125-0.3 mg/kg). 
These preliminary findings imply that the D2 receptor may play a more 
major role in PPI than the D3 receptor and that further research is 
necessary to establish PNU-99194A as a potential antipsychotic 
compound.
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747.5
EARLY MATERNAL DEPRIVATION INDUCES A NEUROLEPTIC 
SENSITIVE DISRUPTION OF PREPULSE INHIBITIION IN ADULT RATS 
B.A. Ellenbroek*, PTJM van den Kroonenberg and A.R. Cools Dept. Psychon- 
europhannacology P.O. Box 9101, 6500 HB Nijmegen, the Netherlands.

There is increasing evidence that schizophrenia is due to a disruption 
of the normal development of the central nervous system. Unfortunately, such 
an hypothesis is very difficult to investigate in humans. In fact most evidence 
for a neurodevelopmental deficit in schizophrenia is based on correlation 
studies. On the other hand animal research makes it much easier to investigate 
the (possible) causal relationship between aberrant development and adult beha-
viour. Recently we could show that early maternal deprivation (i.e. at postnatal 
day 9, pnd 9, with birth being pnd 0) for a period of 24 hr induced a reduction 
in latent inhibition in adult male rats (Ellenbroek & Cools, Neurosci. Res. 
Comm., 17,(1995),27). The present study was designed to investigate the long 
term consequences of early maternal deprivation on prepulse inhibition (PPI).

In experiment 1, rat puppies were deprived from their mother for a 
single period of 24 hr at pnd3, pnd6 or pnd9. In control litters mothers were 
picked for about 20 seconds and placed back. After this period the litters were 
left undisturbed (except for normal cleaning of the cage). Upon weaning the 
rats were housed in groups of 2 or 3 animals separated by sex. On pnd 69 the 
male rats were tested in the acoustic startle paradigm. The results show a 
decrease in PPI in all deprived groups versus the control group, with the 
strongest effects in the groups deprived at pnd6 and pnd9. There was no effect 
on basal startle amplitude except for a small decrease seen in the pnd6 group. 
In experiment 2 deprivation was restricted to pnd9. When the puppies were 
tested on pnd34 (i.e. before puberty) no disruption of PPI was seen, whereas at 
pnd69 a reduction in PPI was again observed when compared to the control 
group. This reduction could be normalised by prior treatment with the classical 
neuroleptic haloperidol or the atypical neuroleptic quetiapine.

747.6
NCAM-180 KNOCK-OUT MICE DISPLAY ATTENUATED PREPULSE 
INHIBITION OF ACOUSTIC STARTLE. G.K. Wood*1, M, Carli.H. 
Tomasiewicz2, U. Rutishauser2, T, Magnuson2. J, Rochford1, R. Quirion1 and L.K.
Srivastava1. ‘Douglas Hospital Research Centre, Dept. of Psychiatry, McGill
University, Montreal, PQ, Canada, 2 Dept. of Genetics, Case Western Reserve 
University, Cleveland, OH.

Prepulse inhibition of startle (PPI) is used to measure sensorimotor gating in 
humans and animals. Furthermore, schizophrenic patients demonstrate a deficit on 
PPI, which can be induced in animals by dopamine agonists or specific brain 
lesions. We recently demonstrated a significant reduction in the polysialic acid rich 
neural cell adhesion molecule (PSA-NCAM) in schizophrenic brains (Barbeau, 
PNAS, 92: 2785; 1995). In order to test the involvement of PSA-NCAM in 
sensorimotor gating mechanisms, we tested mice with a deletion of the NCAM 180 
kDa isoform which drastically reduces expression of brain PSA-NCAM 
(Tomasiewiz, Neuron, 11: 1163; 1993), in a PPI paradigm. PPI was measured in 
SR-LAB chambers, with a 70 dB background, 120 dB pulses and prepulse (50 ms 
prior to pulse) 3, 6, 9, 12 and 15 dB above background. Startle amplitude was 
measured over 100 ms and reported as average amplitude. Male knockout mice and 
controls each were divided into two groups one of which received 1 mg/kg 
apomorphine, the other vehicle. The results revealed that PPI was significantly 
reduced in NCAM knockout mice at prepulses of 6, 9, 12 and 15. Also, 
apomorphine significantly reduced PPI in control mice at prepulses of 12 and 15 
but had no effect on knockout mice. Female knockout mice (tested at diestrus) 
demonstrated a similar reduction in PPI in a slightly lower prepulse range 
(prepulse of 3-9). In conclusion, apomorphine, at the dose tested, does not augment 
the deficit in PPI possibly indicating a hyperdopaminergic state in the knockout 
mice. Furthermore, these results demonstrate a significant effect of PSA-NCAM on 
the development or maintenance of the sensorimotor gating system of mice. 
(Supported by FRSQ)

747.7
NEUROTRANSMITTERS IN CORTICO-STRIATAL DOPAMINE 
REGULATION: EFFECTS OF EARLY LIMBIC CORTICAL DAMAGE IN 
THE RHESUS MONKEY. B.S. Kolachana*. J. Bachevalier**. D.R. 
Weinberoer. and R.C. Saunders. Clinical Brain Disorders Branch, NIMH 
Neuroscience Center at St. Elizabeths, Washington, DC 20032 and 
**Dept. Neurobiol. & Anat., Univ. Texas, Houston, TX 77225.

Recent studies regard schizophrenia as a neurodevelopmental disorder 
in which a primary cerebral insult occuring early in development leads to 
abnormal frontal cortical function and hyperdopaminergic activity in the 
striatum in adulthood. We reported previously that neonatal medial 
temporal limbic damage (MTL) in rhesus monkeys results in a reversal of 
the caudate dopamine response to prefrontal cortical stimulation 
(Kolachana et al., 1996) in adulthood. This aberrant hyperdopaminergic 
Cd DA response could result from several factors including the differential 
effects of Amp on a) Pfc monoamines and aminoacid (AA) 
neurotransmitters, b) cortico-caudate glutamatergic output, or c) regulation 
of DA cell bodies in the midbrain, in this study we examined Pfc DA and 
AA, and Cd AA responses to Amp (25 uM) infusion in the Pfc in normal 
monkeys and those with MTL as neonates or in adulthood. There were no 
differential effects of MTL on the DA or AA responses in the Pfc to the 
Amp infusion. Furthermore, Cd Glu levels did not differ between groups. 
Thus, the reverse phenomenon of cortico-striatal DA regulation in 
monkeys with neonatal MTL can not be explained by a simple differential 
pharmacological action within the Pfc between the three groups. The data 
are consistent with a more complex polysynaptic mechanism involving Pfc 
connections with DA cell bodies within midbrain. However, while the data 
argue against a single pharmacological anomaiie, more complex synaptic 
reorganization at the level of the Pfc has yet to be explored.
Supported by IRP/NIMH/NIH

747.8
D4 DOPAMINE RECEPTOR-DEPENDENT PHOSPHOLIPID 
METHYLATION IS INTERRELATED TO NUCLEOSIDE BIOSYNTHESIS 
R. C. Deth*. P. F. Wick. S. Chari. S. Shim and A. Sharma. Department of 
Pharmaceutical Sciences, Northeastern University, Boston, MA, 02115,

We previously provided evidence for D4 dopamine receptor involvement in 
phospholipid methylation, which is dependent upon enzymes of the methionine 
cycle. The cyclic regeneration of methionine from homocysteine by the 
enzyme methionine synthase requires 5-methyltetrahydrofolate whose 
availability may be governed by the level of utilization of methyl- and 
formylfolates in nucleoside biosynthesis. Since the onset of schizophrenia 
commonly occurs after the cessation of growth (i.e. 20-25 yrs.), we examined 
the possiblity that D4 receptor-dependent phospholipid methylation, which 
utilizes methylfolate might be interrelated to the level of nucleoside synthesis. 
CHO cells transfected with the D4 4 receptor were grown either in the presence 
or absence of nucleosides. Phospholipid methylation was measured by a 30 
min incubation in [!4C]formic acid, which labels the methyl- and formylfolate 
pools. D4 receptor-dependent methylation was assessed by observing the 
effects of either dopamine or the D4 receptor selective antagonist U-101958. In 
cells grown with nucleosides dopamine caused a 2-3-fold increase in 
phospholipid methylation. In contrast, cells grown without nucleosides showed 
little or no stimulation of methylation by dopamine, but showed antagonist- 
dependent inhibition of basal methylation. This pattern of reversal of agonist 
and antagonist regulation is consistent with a predominance of the active R 
state of the receptor in the absence of nucleosides but the inactive R state in 
their presence. In summary, the level of D4-receptor-mediated phospholipid 
methylation is profoundly affected by the demand for nucleoside synthesis.

747.9
CHELERYTHRINE INHIBITS PHOSPHOLIPID METHYLATION VIA A 
PROTEIN KINASE C INSENSITIVE PATHWAY. P.F. Wick*. A. Sharma 
and R.C. Deth, Department of Pharmaceutical Sciences, Northeastern 
University, Boston, MA 02115.

The role of protein kinase C (PKC) in modulating dopamine D4 receptor- 
dependent phospholipid methylation (PM) in CHO cells was investigated by 
incubating the CHO cells in presence or abscence of PKC inhibitors or 
stimulators. D4 receptor-dependent PM is postulated to play an important role 
in conjunction with the classical pathway the key step being the donation of a 
methyl group by S-adenosylmethionine (SAM) to phosphatidylethanolamine. 
SAM (and D^-sam ) is produced by the adenosylation of methionine by 
methionine adenosyltransferase (MAT), an enzyme that has been shown to be 
modulated by protein kinase C (PKC) in hepatic tissues. In experiments with 
chelerythrine, we observed that the IC» value obtained for inhibition of PM was 
30 times higher than that reported for its inhibition of PKC. Chelerythrine is 
also known to induce apoptosis at higher concentrations through an unknown 
mechanism. Besides the discrepancy in IC» values for these two effects, 
another PKC inhibitor, calphostin C, failed to show any significant effect on 
phospholipid methylation. Interestingly, while neither calphostin nor clozapine 
(a D4 antagonist) had any effect alone, their combination significantly reduced 
phospholipid methylation. However, this same combination of drugs had no 
effect when the experiments were performed in calcium-free conditions. 
Furthermore, stimulating PKC with the phorbol ester, PDBu, produced only a 
slight increase (15%) in phospholipid methylation. These observations indicate 
that PKC has a minimal role in phospholipid methylation and that 
chelerythrine might act via inhibition of other cellular processes.

747.10
ACUTE MK-801 ALTERS DOPAMINE CELL ACTIVITY IN THE A10, BUT 
NOT THE A9, OF THE ANESTHETIZED RAT. D, E, Schilp. M, D, Black. D. E. 
Bregna. S. E. Hanak and S. M, Sorensen*. In Vivo Pharmacology, Hoechst Marion 
Roussel, Inc., Bridgewater, NJ 08807

Non-competitive NMDA antagonists are used in animal tests of schizophrenia 
because they produce hypoglutamatergia which is thought to be a fundamental 
pathology of the disease. Since glutamate projections from the prefrontal cortex 
innervate the midbrain dopamine system and NMDA receptors sites are found on 
A10 dopamine (DA) neurons, work has been done to assess MK-801 and PCP 
activity on DA neurons in the rat brain. Previous tests have shown that these drugs 
increase firing rate and alter the pattern of activity but haven’t addressed their action 
on the number of active DA cells. Since antipsychotics are known to change the 
activity of A9 and A10 neurons, we tested MK-801 effects on the number of active 
DA cells in these areas. Extracellular neuronal recording of DA neurons in the A9 
and A10 regions was performed on male, Wistar rats anesthetized with chloral 
hydrate. Acute administration of MK-801 (0.1, 0.3, 0.5, 1.0, and 3.0 mg/kg, ip) 
reduced the number of active cells in the A10, but not in the A9, compared to 
controls. Chronic administration of MK-801 (0.5, 1.0 mg/kg ip, 21 days) did not 
have an effect in these areas. Interestingly, there was a dose dependent increase in 
the variance in response to acute administration until the highest dose where a 
decrease in variance was noted. This may suggest that competitive mechanisms 
between the NMDA receptors on the A10 DA neurons and the NMDA projections to 
the A10 are responsible far the decrease in the number of active DA neurons and the 
difference in the variance. These results suggest that acute MK-801 administration 
may provide an electrophysiological model for the study of psychosis since the MK- 
801 induced A10 effect is opposite of that seen with standard acute antipsychotics.

Society  for  Neuroscience , Volume  23,1997



1930 NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA II WEDNESDAY AM

747.11
INHIBITION OF NMDA-INDUCED DOPAMINE RELEASE IN MOUSE 
STRIATUM BY GLYCINE UPTAKE ANTAGONISTS: IMPLICATIONS FOR 
TREATMENT OF SCHIZOPHRENIA AND DRUG ABUSE. DC Javitt, H 
Sershen*, A Hashim, A Lajtha The Nathan S. Kline Institute for Psychiatric 
Research, Orangeburg, New York 10962

Phencyclidine (PCP) and other NMDA antagonists induce a psychotic state 
that closely resembles schizophrenia. In early clinical trials, glycine and other 
NMDA stimulating agents have been found to ameliorate persistent symptoms 
of schizophrenia, indicating that such agents may be effective adjuncts to 
traditional antipsychotics. A limitation in the use of glycine, however, is that 
extremely large doses must be given (~60 g/day) in order to obtain adequate 
CNS levels. Glycine levels in brain are regulated to a large degree by 
neuronal/glial transporters which maintain subsaturating extracellular 
concentrations, particularly in the immediate vicinity of postsynaptic NMDA 
receptors. Agents that inhibit glycine uptake, therefore, may lead to greater 
stimulation of postsynaptic NMDA receptor-mediated neurotransmission than 
glycine itself. Glycine uptake antagonists, such as glycyldodecylamide, 
reverse behavioral effects of PCP in rodents. The present study investigates 
the degree to which such agents regulate subcortical dopaminergic (DA) 
neurotransmission. Mouse striata were dissected and placed in a 12 chamber 
perfusion apparatus, following preincubation in [3H]DA. NMDA-induced DA 
release was measured in the absence and presence of a series of glycine 
uptake antagonists, which inhibited DA release in a dose-dependent fashion. 
This effect was blocked by the competitive glycine-site antagonists L689,560 
and HA-966. The ability of glycine uptake antagonists to block DA release 
indicates that they may be effective in reversing functional dopaminergic 
hyperactivity in schizophrenia and reversing PCP-induced abnormalities in 
striatal function. Supported by NIDA and the Stanley Foundation

747.12
EFFECT OF NEUROLEPTICS ON PHENCYCLIDINE-INDUCED c-Fos 

EXPRESSION IN RAT BRAIN. D, Sato. A. Umino, K. Kaneda.Y. Kuroda* 
and T. Nishikawa. Div. Mental Disorder Res., Natl. Inst. Neurosci., 
NCNP, Tokyo, Japan.

To obtain a clue for the molecular and neuroanatomical basis of 
schizophrenic symptoms, we have investigated in rat brain the effects of 
schizophrenomimetics, phencyclidine (PCP) and methamphetamine (MAP), 
on c-fos gene expression as a brain activity mapping. In the young adult rats 
(postnatal day 56), subcutaneous injection of PCP induced a widespread 
nuclear c-Fos-like immunoreactivity in the piriform cortex with great density 
followed by the layer IV through VI of the neocortex, entorhinal cortex, 
septum, thalamus, the inner area of hypothalamus and granular layer of 
cerebellum. These distribution patterns are similar to those induced by a 
selective NMDA type glutamate receptor antagonist dizocilpine, but not by 
MAP and other dopamine agonists including cocaine and apomorphine. 
Morever, pretreatmaent with a dopamine antagonist haloperidol almost 
complately antagonized the ability of MAP to elicit c-Fos expression while 
this typical antipsychotic drug and an atypical neuroleptic clozapine only 
partially attenuated PCP-induction of c-Fos. These results suggest that PCP- 
induction of c-fos might reflect abnormal brain activity associated with 
neuroleptic-resistant symptoms of PCP psychosis and schizophrenia.

747.13
PREFRONTAL CORTICAL COGNITIVE & DOPAMINE DEFICITS 
IN RATS & MONKEYS AFTER SUBCHRONIC PCP EXPOSURE.
JD Jentsch*. JR Taylor. JD Elsworth, DE Redmond Jr. A Tran. DLs, K Kudelkp & 
RH Roth, Section of Neurobiology and Departments of Psychiatry, Neurosurgery and 
Pharmacology, Yale University School of Medicine, New Haven, Connecticut 06510.

Repeated exposure to the NMDA antagonist phencyclidine (PCP) can induce 
enduring psychosis and cognitive deficits in humans, representing a pharmacological 
model of schizophrenia. We have examined the effects of repeated rcP exposure on 
PFC dopamine (DA) and cognitive function in rats and monkeys, as 
neuropsychological deficits and DA dysfunction have been suggested in schizophrenia.

Repeated exposure to PCP (5 mg/kg BID for 7 days) led to a long-lasting (3 week) 
reduction in DA utilization in the rat PFC (to ~75% of control; F(Ug)=9.88; p<0.005). 
In addition, stress-evoked increases in DA utilization (to 208% of control; F(U4)=20.3, 
p<0.001) were blunted (to 152% of control; F(1H)=5.13, p<0.05). In the primate, an 
even greater inhibition was seen after subchronic PCP (0.3 mg/kg BID for 14 days). 
Reductions in DA, but not 5-HT or NE, utilization were evident in the dorsolateral (to 
59% of control; F(,,g)=5.8, p<0.05) and prelimbic (to 39% of control; F(I7)=35.7, 
p<0.001) cortices, but not other cortical or subcortical regions. Thus, subchronic PCP 
exposure led to an anatomically and neurochemically specific inhibition of PFC DA.

Because PFC DAergic integrity is critical to cognitive processes, we examined the 
performance of rats and monkeys repeatedly exposed to PCP on tasks sensitive to PFC 
DA. PCP-treated rats exhibited delay-dependent impairments on a delayed alternation 
task (drug x delay interaction: F{42g)=3.3; p<0.05). Monkeys were impaired on an 
object retrieval/detour task (F(1J1)=22.9, p<0.001), exhibiting increased perseveration 
(Fo 3,5=16.1, p<0.001) and behavioral disinhibition (F(131)=14.2, p<0.001), classic 
symptoms of the cognitive deficits of schizophrenia. Further, significant differences 
between PCP-treated and control subjects were evident at least 4 weeks after PCP.

In summary, repeated exposure to PCP induces enduring PFC DAergic and 
cognitive deficits. These data may aid in understanding the neurobiology of prefrontal 
cortical dysfunction evident in several psychiatric disorders, including schizophrenia.

Funded in part by PHS Grant MH14092 and Neurogen Corporation (RHR). Additional rapport from Axion. Research Foundation. 
JDJ was supported by the Scottish Rite Schizophrenia Research Program and DER was supported by K05-MH00643.

747.14
U-99194A, A D3 RECEPTOR ANTAGONIST, ANTAGONIZES INCREASES IN 
BRAIN ENERGY METABOLISM EVOKED BY THE PSYCHOTOMIMETIC 
PHENCYCLIDINE (PCP): IMPLICATIONS FOR ANTIPSYCHOTIC
THERAPY. A, McMichael1, E.L.Walker2, and M.F. Piercev*2 ‘Kalamazoo College 
(currently at Harvard Medical School) and 2CNS Research, Pharmacia & Upjohn, Inc., 
Kalamazoo, MI.

It has been hypothesized that antipsychotics acting specifically at the recently 
discovered D3 dopamine receptor subtype, whose mRNA is preferentially located in 
mesolimbic pathways (Bouthenet et al., Br Res 564:203, 1991), may be effective at 
treating schizophrenia without producing extrapyramidal side effects. The 2- 
deoxyglucose (2-DG) autoradiography procedure of Sokoloff et al. (J Neurochem 
28:897, 1977) was used to evaluate the effects of the selective D3 dopamine antagonist 
U-99194A on local cerebral glucose utilization (LCGU) in the rat brain. Its effects 
were also studied in the phencyclidine (PCP) model of schizophrenia. PCP (5 mg/kg 
IV) increased brain energy metabolism in 27 of the 65 regions. Alone, U-99194A (10 
mg/kg IP) had no effect on regional brain energy metabolism. When administered 
with PCP, U-99194A was able to antagonize the stimulatory effects of PCP in 12 of 
the brain regions examined. The majority of these brain regions were found in the 
cerebral cortex. U-99194A was only able to partially antagonize PCP's stimulatory 
effects in the extrapyramidal regions. In addition, most of the structures that were 
stimulated by PCP in the thalamus and limbic regions were antagonized by U-99194A. 
It is, therefore, concluded that D3 antagonists, such as U-99194A, may be effective in 
treating dopamine hyperactivity specifically in the mesolimbic pathways. Thus, this 
drug could be useful in treating the symptoms of schizophrenia without producing 
extrapyramidal side effects.

747.15
BEHAVIORAL EFFECTS OF CHRONIC PHENCYCLIDINE IN SOCIALLY- 
HOUSED MONKEYS. GS Linn. RT O'Keeffe. CE Schroeder. K Lifshitz. DC 
Javitt* The Nathan S. Kline Institute for Psychiatric Research, Orangeburg, 
New York 10962

Development of new medications for treatment of schizophrenia has been 
severely limited by the lack of appropriate animal models. This study 
investigated behavioral effects of escalating chronic doses of phencyclidine 
(PCP) in monkey social colonies as a potential model for the negative 
symptoms of schizophrenia. PCP is a noncompetitive NMDA antagonist that 
may provide a more complete model of psychosis than other 
psychotomimetic agents because it can induce symptoms which resemble 
negative symptoms of schizophrenia. Use of nonhuman primates in the 
PCP model is necessary because behavioral effects of PCP in rodents are 
substantially different from those seen in monkeys or humans. For this 
study, capuchin monkeys (Cebus apella) from each of three social groups 
were exposed chronically to PCP via sub-cutaneously implanted osmotic 
pumps (initially with several increasing doses, then at a constant dose). 
Control animals received implants filled with saline alone. Behavioral data 
were collected for each monkey under pretreatment and treatment 
conditions and after final pump removal. Monitoring showed that serum PCP 
level means of 13-32 ng/ml result from infusion rates of 0.5-2.0 mg/kg/24hr. 
Preliminary data collected for 6 subjects indicate sustained increase in 
scanning eye movements, occasional threats to non-existent objects, 
decrease of locomotor stereotypy rates and alterations in social interactions. 
Most subjects also exhibited episodes of pronounced behavioral and 
physiological PCP responses after exposure to stressful events (e.g. 
continuous harassment by another animal; after brief restraint chairing for 
blood sampling; initiation of prolonged and violent aggression to another 
animal), a phenomenon that is consistent with theories linking stress to 
psychotic relapse. Supported in part by NIDA, NARSAD

747.16
S 18327, A NOVEL, PHENYLIMIDAZOLINONE ANTIPSYCHOTIC AGENT. 
I: RECEPTOR PROFILE IN COMPARISON TO HALOPERIDOL, 
CLOZAPINE, SEROQUEL AND OLANZAPINE. M.J. Millan, A. Newman- 
Tanciedi, V. Audinot, N. Despaux and J.-L. Peglion*. IdR Servier, 125 Chemin 
de Ronde, 78290 Croissy (Paris), France.

Herein, we compared the receptor profile of the novel phenylimidazolinone, 
S 18327 (structure to be disclosed), to several other antipsychotics. For binding 
studies, conventional in vitro procedures were used as described previously1. 
Affinities are expressed as pK,s and h = cloned, human.

Drug hD2 hD3 hD„ ai hot2A h5-HT1A 5-HT2A 5-HT7 hM,
S 18327 7.2 7.0 8,2 8.7 7.2 7.2 8.3 8.1 6.3
Clozapine 7.1 6.6 7.4 8.2 6.8 7.0 7.6 7.3 8.4
Haloperidol 9.4 8.5 8.8 8.1 5.9 5.7 7.1 6.0 6.0
Seroquel 6.7 6.4 5.6 7.9 5.6 6.6 6.4 6.0 6.9
Olanzapine 8.2 7.5 7.6 7.8 6.4 5.8 8.4 6.8 8.1

S 18327 showed a profile markedly different to that of haloperidol. Further, 
comparing affinities to those at hD2 sites, S 18327 displayed a pattern of 
interactions at monoaminergic receptors very similar to that of the tricyclic 
dibenzc diazcpine, clozapine. The receptor profiles of two other tricyclic drugs, 
olanzapine and seroquel, were Jess similar to that of clozapine. Further, in 
contrast to clozapine, olanzapine and seroquel, S 18327 showed low affinity at 
liM, receptors. These data suggest that S 18327 may possess an "atypical" 
antipsychotic profile with a low extrapyramidal potential and a relative absence 
of autonomic/cardiovascular actions due to blockade of muscarinic receptors.
’. Millan et al., J. Pharmacol. Exp. Ther, 275: 885-898, 1995
This work was supported by Servier Pharmaceuticals.
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747.17
S 18327, A NOVEL, PHENYLIMIDAZOLINONE ANTIPSYCHOTIC AGENT. 
II: FUNCTIONAL PROFILE IN COMPARISON TO HALOPERIDOL, 
CLOZAPINE, SEROQUEL AND OLANZAPINE. A, Gobert* J.-L, Peglion, M, 
Brocco, J.-M. Rivet. R. Schreiber, S. Monnevron, L. Cistarelli, N. Despaux and
MJ. Millan. IdR Servier, 125 Chemin de Ronde, 78290 Croissy (Paris), France. 

Herein, we compared the functional profile of the novel, phenylimidazolinone, 
S 18327 (structure to be disclosed), to several other antipsychotics. The 
procedures used are summarized in the Table legend. Drugs were given s.c. at - 
60 min.

< —Antipsychotic > <-Extrapyramidal->
Drug 4DOIHTW 4 AMPHLOC CLZG FCXDA f CAT t PRL

_____________ (IDso) (IDso) (EDso) %f (ED50) MED/MAX
S 18327 0.1_________1.5 0,7 260(2,5) 38 2.5/33
Clozapine 0.04 7.2 1.7 163 (2.5) >80 10/15
Haloperidol 0.1________ 0.04 >2,5 130(0,63) 0,2 0,1/211
Seroquel 0.6 9.7 0.7 NT 39 10/45
Olanzapine 0.03________ 1.2_______ 0.2_____ NT______7,4 0,6/261

ID/EDso = Inhibitory/Effective dose50; MED/MAX = Minimal Effective 
Dose/Maximal effect (in ng/ml); DOIHTW = DOI (2.5) - induced head-twitches; 
AMPHLOC = amphetamine (1.25) - induced locomotion; CLZG = generalization 
to a clozapine (5.0) discriminative stimulus; FCXDA = dialysate levels of 
dopamine in the frontal cortex of freely-moving rats expressed relative to basal 
levels (= 100 %) -the dose is in parentheses; CAT = catalepsy; PRL = prolactin 
and NT = not tested. Doses are in mg/kg, base.

S 18327 showed activity in models predictive of antipsychotic activity, yet was 
only weakly active in models predictive of extrapyramidal symptoms. These data 
suggest that S 18327 possesses an "atypical" profile of antipsychotic activity.
This work was supported by Servier Pharmaceuticals.

747.18
ANTAGONISM OF AMPHETAMINE-INDUCED BEHAVIOR BY THE 
ANTIPSYCHOTIC CANDIDATE EMD 77697 IN A PRIMATE SOCIAL 
COLONY MODEL FOR SCREENING ANTIPSYCHOTIC AGENTS. R.F. 
Schlemmer*, J.E. Young, L.E. Shapiro, J.M, Davis, & G.D. Bartoszyk. Univ. of 
Illinois at Chicago, Chicago, IL 60612 and Merck KGaA, Darmstadt, Germany.

EMD77697 ((R)-(-)-2-[5-(4-fluorophenyl)-3-pyridylmethylammomethyl]- 
chromane, 2HC1) is a dopamine D2 antagonist with additional serotonin 5-ITT^ 
agonistic properties with the profile of an atypical antipsychotic in rodent models 
(Soc. for Neurosci. Abstr. 22:841,1996). This study assessed the behavioral effects 
of EMD 77697 alone and with {/-amphetamine (Amph) in a non-human primate 
screening model for AP. Four females from a colony of 5 stumptail macaques 
(Macaca arctoides) were assigned to 2 treatment groups of 2 females each. After 
determining baseline behavior, each group received drug treatment for 2 
days/week in a cross-over design. First, Amph was given alone, 1 mg/kg, i.m. at 
1045 for 2 days. Then, 5 escalating doses of EMD 77697, 3-20 mg/kg, were given 
nasogastrically at 0900 and 1615 on Day 1 and at 0900 on Day 2. Two 1 hr 
observation sessions were conducted by a blind observer at 0930 and 1100 each 
day to score the effects of EMD 77697 alone and with Amph respectively. EMD 
77697 produced a dose-dependent antagonism of the Amph-induced increase in 
submissive gestures given by treated monkeys on Days 1-2 and checking (visual 
scanning) on Day 2. EMD 77697 also antagonized Amph-induced stereotypy on 
both days of treatment. EMD 77697 produced only low levels of movement 
abnormalities at doses _> 10 mg/kg when given alone. Resting time was only 
moderately increased at selected doses. Antagonism of increased submissiveness 
and checking is similar to known AP. Importantly, it occurred at doses that 
induced no or low levels of movement abnormalities. Therefore, EMD 77697 has 
a similar profile to known AP in this primate screen.

747.19
ENHANCED DI AGONIST INDUCED EXTRACELLULAR DOPAMINE 
CHANGES IN THE STRIATUM OF CHRONIC HALOPERIDOL TREATED 
RATS. J.W. Grimm* and R.E. See. Department of Psychology, Washington 
State University, Pullman, WA, 99164-4820.

Tardive dyskinesia (TD) has been proposed to be mediated by alterations in 
dopamine DI receptors. Furthermore, dopaminergic activity in the ventrolateral 
striatum is thought to be particularly important in the expression of TD. The 
present study investigated the effects of chronic haloperidol treatment on striatal 
extracellular levels of dopamine and its metabolites, 3,4-dihydroxyphenylacetic 
acid (DOPAC) and homovanillic acid (HVA), before and following acute 
administration of the DI agonist, dihydrexidine. In addition, as the prevalence 
and severity of TD is sex-related, the present study utilized both gonadally intact 
and gonadectomized female rats to assess any influence of ovarian hormones. 
Female, Sprague-Dawley rats were gonadectomized or given sham surgeries and 
then administered either haloperidol or vehicle in their drinking water for six 
months. On the third day of withdrawal from haloperidol, extracellular levels of 
dopamine, DOPAC, and HVA were assessed in the ventrolateral striatum 
utilizing microdialysis and HPLC-EC detection. There were no basal differences 
in anylates between any group. Following dihydrexidine (3 mg/kg, s.c.), all 
groups showed significant decreases in extracellular dopamine. Rats treated with 
haloperidol showed a significantly larger decrease. Only haloperidol treated rats 
showed significant decreases in DOPAC and HVA following dihydrexidine. 
Gonadectomy had no significant effect on any measure. These results suggest 
that DI receptor mediated striatal dopamine changes are altered following 
chronic haloperidol. Such an effect may be important in the production of TD. 
(Supported by USPHS Grant DE-09678 and the state of Washington).

747.20
DETERMINATION OF THE EXTRAPYRAMIDAL SIDE EFFECTS LIABILITY 
OF SM-13496, A NOVEL SEROTONIN/DOPAMINE ANTAGONIST (SDA)- 
TYPE ANTIPSYCHOTIC AGENT. H. Sakamoto, Y. Ohno*, K. Tokuda, T. 
Horisawa, K. Matsumoto, M. Nakamura. Sumitomo Pharmaceuticals Research 
Center, Konohana-Ku, Osaka, 554, Japan.

The extrapyramidal side effects (EPS) liability of the novel SDA-type 
antipsychotic agent SM-13496 was evaluated by catalepsy and paw tests in rats. 
Each test was performed 1 h after oral administration of the drug. In the catalepsy 
test, the number of rats exhibiting cataleptogenic responses was counted and ED50 
values were calculated. In the paw test, the latencies for withdrawal of the rats’ 
forelimbs (FRT) and hindlimbs (HRT) from the holes in the apparatus were measured, 
and the ratios of the minimal effective dose (MED) resulting in increases in FRT to 
that for increases in HRT (FRT/HRT) were compared. While SM-13496 showed 
dopamine D2 blocking effects (e.g. inhibition of the methamphetamine-induced 
hyperactivity and conditioned avoidance) with ED50 values of 2.3 - 4.1 mg/kg, p.o., 
the drug produced no cataleptogenic actions up to 1000 mg/kg (ED50 > 1000). The 
rank order of ED50 (mg/kg) values among the conventional and atypical 
antipsychotics was SM-13496 (> 1000) > thioridazine (890) > sertindole (> 300) = 
clozapine (>300) > olanzapine (28) > chlorpromazine (25) = risperidone (20) > 
haloperidol (12). These findings indicated that SM-13496 was less potent in 
producing catalepsy relative to conventional and other atypical antipsychotics. In 
the paw test, SM-13496 was more potent in increasing HRT (MED = 300 mg/kg) 
than in increasing FRT (MED > 1000 mg/kg). The order of the FRT/HRT ratio was 
SM-13496 (> 3.3) > clozapine (= 3) > thioridazine (> 1) > risperidone (= 1) = 
chlorpromazine (= 1) = haloperidol (= 1). Together, these findings suggest that the 
novel SDA-type antipsychotic SM -13496 may possess an atypical profile with low 
EPS propensity and this agent is expected to produce beneficial therapeutic efficacy 
at doses lower than those required to induce EPS.

747.21
ZIPRASIDONE, UNLIKE OLANZAPINE, INHIBITS 5-HT 
NEURONAL ACTIVITY BY A 5-HT1A MECHANISM. L.S. 
Reynolds*. J.P. Braselton and J.S. Sprouse. Central Research 
Division, Pfizer Inc., Groton CT 06340.
Ziprasidone is a new antipsychotic agent which has high affinity for 5- 

HT1A receptors (K, = 3.4 nM) in addition to its affinity for 5-HT2, 5- 
HT1D and D2 sites. In vitro studies of cAMP formation in rat 
hippocampus indicate that ziprasidone behaves as a 5-HT1A agonist and 
these findings have now been extended to in vivo models. In chloral 
hydrate anesthetized rats, ziprasidone inhibited the firing of dorsal raphe 
neurons, a measure of 5-HT1A receptor activation (ED50 = 300 jLig/kg 
i.v.). Pretreatment with the selective 5-HT]A antagonist WAY-100,635 
(10 |dg/kg i.v.) blocked the inhibition induced by ziprasidone (300 pg/kg 
i.v.) by 92%, in keeping with a 5-HT1A mechanism of action. The 5- 
HT2a /D2 antipsychotic olanzapine was also noted to inhibit dorsal raphe 
cell firing albeit with somewhat lower potency (ED50 = 1000 pg/kg i.v.). 
While this latter finding was expected given the weak affinity of 
olanzapine for 5-HT1A sites (K, =1100 nM), pretreatment with WAY- 
100,635 did not block this inhibition. Inhibition of cell firing could be 
reversed by desipramine (5 mg/kg i.v.), consistent with the potent 
binding affinity for a, sites noted for olanzapine (K, = 19 nM), the 
reported ability of a, antagonists to suppress 5-HT unit activity and their 
antagonism by NE re-uptake inhibitors. Taken together, these results 
suggest that ziprasidone acts as 5-HT1A agonist in vivo by virtue of its 
ability to inhibit 5-HT cell firing. Olanzapine, on the other hand, also 
inhibits dorsal raphe unit activity but appears to do so through a, 
receptor blockade.

747.22
COMPARISON OF' THE NOVEL ANTIPYSCHOTIC ZIPRASIDONE WITH 
CLOZAPINE: EFFECTS ON DOPAMINE RELEASE IN RAT PREFRONTAL 
CORTEX AND DORSOLATERAL STRIATUM
Y. Lu, S. H. Zorn and H. Rollema*
Department of Neuroscience, Pfizer Central Research Groton CT 06340

The reduced extrapyramidal side effect (EPS) potential and greater 
antipsychotic efficacy of clozapine (CLOZ) has led to the development of 
a new class of 5-HT2A/D2 antagonists for the treatment of schizophrenia. 
The novel antipsychotic ziprasidone (ZIP) is, like CLOZ, a 5-HT2A/D2 
receptor antagonist and a 5-HTIA receptor agonist. In addition, ZIP has 
high affinity for 5-HT1D and 5-HT2C receptors and is devoid of 
antimuscarinic activity (Seeger et al. JPET 275:101,1995).

CLOZ preferentially increases prefrontal cortex (PFC) DA release over 
that in the dorsolateral striatum (STR), which may underly its beneficial 
effects and reduced EPS. In this study the effects of ZIP on in vivo DA 
release were compared with those of CLOZ. Like CLOZ, ZIP at 3.2 mg/kg 
p.o. has no effects on STR DA release, but increases PFC DA to 160-180% 
of basal release. Only after doses of 10 mg/kg p.o. and above does ZIP 
start to enhance STR DA release, but these higher doses still preferentially 
increase DA release in PFC compared to STR (325% vs 200% after 32 
mg/kg p.o.). Pretreatment with the 5-HT,A antagonist, WAY-100635, 
substantially inhibits the PFC DA release induced by 10 mg/kg ZIP (by 
80%) or by 3 mg/kg CLOZ (by 60%), suggesting that the DA release is 
mediated in large part by activation of 5-HT,A receptors. The STR DA 
increase induced by high doses of ZIP or CLOZ is not affected by WAY- 
100635, since it is probably mediated via D2 receptor blockade.

The selectivity of ZIP for PFC vs STR DA release may be beneficial for 
ameliorating negative symptoms and improving cognitive functioning, 
while reducing EPS liability. The potent 5-HTIA agonist properties of ZIP 
could offer advantages over existing agents for the treatment o: 
schizophrenia and may contribute to the clinical effects seen in patients.

Society  for  Neuroscience , Volume  23,1997



1932 NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA II WEDNESDAY AM

747.23
CLOZAPINE DECREASES NEURONAL GABA RELEASE IN THE 
GLOBUS PALLIDUS: EVIDENCE FROM COMBINED MICRODIALYSIS 
AND IMMUNOLABELING. R.E. See1*, C.K. Meshui2. J.W. Grimm1, and
P.J. Kruzich1. ’Department of Psychology, Washington State University, 
Pullman, WA, 99164-4820 and XV.A. Medical Center and Oregon Health 
Sciences University, Portland, OR, 97201.

We have recently shown that administration of the atypical antipsychotic 
drug, clozapine, decreased extracellular levels of GABA in the globus pallidus 
(GP) of rats (JPET; 277:1586-1594, 1996). In order to determine the possible 
mechanism underlying this effect, the current study examined extracellular 
GABA levels using microdialysis and presynaptic terminal levels of GABA 
using immuno-gold electron microscopy. Female, Sprague-Dawley rats were 
implanted with microdialysis probes aimed at the GP (A -1.3; L ±3.0; V -5.0). 
Awake, freely moving animals underwent microdialysis following s.c. injection 
of clozapine (30 mg/kg) or vehicle. Samples were collected and analyzed for 
GABA by HPLC-EC. Following completion of microdialysis, rats were 
immediately sacrificed and brain tissue prepared and processed for 
immunolabeling of GABA. As previously reported, injection of clozapine, but 
not vehicle, reduced extracellular GABA levels in the GP. In addition, 
clozapine treated rats showed an increase m terminal levels of GABA 
immunolabeling, indicating a reduction of terminal release. Inhibition of 
pallidal GABA release by clozapine may reflect its unique effects in the 
striatum and serve as a “downstream” marker of the drug’s atypical profile. 
(Supported by USPHS Grant DE-09678 and the state of Washington).

747.24
EFFECTS OF HALOPERIDOL, CLOZAPINE, AND SERTINDOLE ON 
COGNITIVE FUNCTION IN RATS AFTER CHRONIC TREATMENT. M. 
Didriksen and F. Sams-Dodd*. Pharmacological Research. H. Lundbeck 
A/S Copenhagen-Valby DK-2500.

Over the last, five to six years an increasing number of studies has 
indicated that schizophrenic patients suffer from various cognitive deficits. 
Antipsychotic treatment has marginal effect on the cognitive impairment in 
the patients. Antipsychotic compounds may even per se induce impairment 
of cognitive functions. We have previously shown that acute treatment of 
rats with haloperidol (0.05 pmol/kg) or clozapine (7.6 pmol/kg) but not 
sertindole (5.7 pmol/kg) resulted in cognitive deficits in the delay non-match 
to position model (DNMTP) (Eur. J. Pharmacol. 1995;281:241-250) a model 
for working and reference memory. In the present study, chronic treatment 
of rats with haloperidol and clozapine in the DNMTP model was investigated 
in order to determine if tolerance to the cognitive side-effects develops. 
Furthermore, the effect of sertindole was also investigated to see if 
cognitive deficits appear after long term treatment. Before treatment was 
initiated the baseline performance of the animals was tested. Subsequently, 
the performance of the animals was tested on day 20, 21, and 22 during 
treatment. Sertindole (2.8 pmol/kg/day) was without effect on the delay 
dependent performance whereas clozapine (15 pmol/kg/day) induced an 
inhibition on day 20. The inhibition induced by clozapine was not present on 
day 21 and 22. Haloperidol (0.05 pmol/kg/day) was also without effect on 
the delay dependent performance. However, a reduction in reference 
memory on day 22 appeared. Animals receiving haloperidol (0.21 
pmol/kg/day) were unable to conduct the test.

In conclusion, cognitive deficits did not appear after long term treatment 
with sertindole. Tolerance to the cognitive impairment found after acute 
treatment with clozapine was seen. Tolerance to the delay dependent 
impairment induced by acute haloperidol was also seen, but the reference 
memory was still impaired.

747.25
CHRONIC ORAL HALOPERIDOL AND CLOZAPINE IN RATS: 
BEHAVIORAL EVALUATION OF A TREATMENT PARADIGM. V,
Fischer. U. Schmitt. M. Fickova. K. Mann*. H. Weigmann, N. Dahmen. tM.L.
Rao and C. Hiemke. Departments of Psychiatry’, Universities of Mainz and 
tBonn, Germany.

Neuroleptics are a chemically diverse group of compounds used to treat various 
psychiatric disorders especially schizophrenia. Based on their side effects they are 
classified as either typical or atypical. To investigate these differences a model 
for chronic neuroleptic treatment was developed in rats. Medication was 
administered through the drinking water. 21 adult female Sprague Dawley were 
housed 3 per cage, food ad libitum (12 h dark/light). Body weight was 
determined every third day and water consumption was measured daily at 11 a.m. 
These values were used to calculate the next days drug concentrations in the 
drinking water. During the treatment period, rat behavior was analyzed once a 
week in a standard open field. At the end of the experiment blood samples were 
taken to determine blood plasma levels. Using this regime rats received either 1.7 
mg/kg haloperidol or 40 mg/kg clozapine for 21 days. Mean plasma 
concentrations for haloperidol were xx ng/ml and for clozapine 22.2 ng/ml. 
Treatment with haloperidol resulted in an overall decrease of activity including 
explorative activity. Treatment with clozapine led to a decreased activity only at 
the last test day. Both neuroleptics had no effects on moving bouts and mean 
moving distance per bout. Controls, but not haloperidol or clozapine treated 
animals showed a slight habituation. In conclusion, these results confirmed that 
chronic oral treatment is a suitable method to produce clinically relevant drug 
levels in rats. Furthermore, accompanying behavioral analysis displayed 
differences in rat locomotor behavior related to known effects of typical and 
atypical neuroleptics in humans.
Supported by DFG grants Be 454/4-1 and Da 370/1-1

747.26
THE REGULATION OF CHRONIC FRAs (FOS RELATED 
ANTIGENS) BY ANTIPSYCHOTIC DRUGS IN THE RAT 
FOREBRAIN. H.E, Nye*. J.B. Atkins. W.A.Carlezon Jr., and EX 
Nest I er. Labortatory of Molecular Psychiatry, Yale Univ. 
School of Med., New Haven, CT 06508.

Because antipsychotic drugs (APDs) only show 
therapeutic effects in humans after chronic treatment, the 
current study looked at the regulation of chronic FRAs (see 
Chen et al., this volume) in response to chronic APD 
administration. In these experiments male Sprague-Dawley 
rats were administered the typical APD haloperidol, the 
atypical APDs clozapine, risperidone, or olanzapine, or the 
selective pharmacological agents eticlopride, SCH 23390, or 
ritanserin for three weeks by daily injections (i.p.) or in the 
drinking water. Chronic FRA levels in tissue samples from 
the striatum, nucleus accumbens, and medial prefrontal 
cortex were assessed using quantitative western blot analysis 
with a consensus FRA antibody. In additional experiments we 
administered haloperidol to rats for six months in their 
drinking water. Results demonstrate that chronic Fras are 
upregulated in the striatum and prefrontal cortex by typical 
but not atypical APDs after three weeks of administration, 
likely through blockade of D2 receptors. All APDs tested, 
except clozapine, show a trend for increased chronic FRA 
levels in the nucleus accumbens that persists after six 
months of chronic haloperidol treatment. (Supported by 
MH25642.)

747.27
Induction of brain derived neurotrophic factor (BDNF) mRNA by 
chronic neuroleptic treatment in rat brain: Implications for 
schizophrenia. J. Chlan-Fournev, X.-M.-Li, A.V. Juorioty P. Ashe, and 
A.A. Boulton. Neuropsychiatry Research Unit, Department of Psychiatry, 
University of Saskatchewan, Saskatoon, Saskatchewan, S7N 5E4 Canada

Neuroanatomical studies not only suggest neurodevelopmental defects 
in schizophrenia but that progressive neuropathological changes occur over 
the lifetime course of the disease. Early intervention with neuroleptics within 
six months of the first psychotic episode has been demonstrated to prevent 
progression of the disease. The mechanism by which neuroleptics could 
exert this protective effect, however, remains to be elucidated. BDNF, which 
promotes the survival and synaptic remodelling of many CNS neurons is 
decreased by factors correlated with first episode onset such as stress and 
estrogen withdrawal. The discovery that both mianserin, a 5-HT2 receptor 
blocker, and ECT treatment (successful for some refractory schizophrenics) 
upregutate BDNF mRNA (Nibuya et al., J. Neurosci., 1995) led us to 
investigate the effects of chronic neuroleptic administration on BDNF mRNA 
levels in Wistar rats. Northern blot analysis showed that clozapine 
upregulated BDNF mRNA in the substantia nigra. Both clozapine and 
risperidone increased mRNA in prefrontal cortex and thalamus. Clozapine, 
risperidone, and ritanserin modestly increased BDNF mRNA in the 
hippocampus which is currently being explored by in situ hybridization. Our 
findings, in addition to an association of a BDNF allelic variant (Vicente et al., 
Soc. Neurosci. Abst., 1996) and reduced hippocampal BDNF mRNA (Brouha 
et al., Soc. Neurosci. Abst., 1996) in patients with schizophrenia suggest that 
disruptions of BDNF may play a role in the etiology of this disorder by 
compromising neuroplasticity or altering normal neurotransmission; and that 
neuroleptics may in part restore the balance of neurotrophic activity. 
(Supported by Sask. Health. J. C-F. is supported by the Schizophrenia 
Society of Saskatchewan and the Laura. E. Chapman Award)

747.28

Dopamine Dj receptor mRNA modulation in the rat 
dorsal striatum after chronic haloperidol treatment: 
Implications for neuroleptic-induced oral dyskinesia.

R. Petersen, O. A. AndreassenU J. Zimmer, Hugo A. 
Jorgensen^* and B. Finsen. Dept. of Anatomy and Cell Biology, 
Odense Univ., Denmark, Depts. of 1 Physiology and 2Psychiatry, 
Bergen Univ. and Sandviken Hospital, Univ. of Bergen, Norway.

Neuroleptic-induced vacuous chewing movements (VCM) in rats, a putative 
analogue to human tardive dyskinesia, may be due to excitotoxic degeneration 
within the striatum. To investigate if striatal neurons expressing dopamine D-| 
receptor mRNA are affected, female Sprague-Dawley rats were treated with 
haloperidol decanoate 38 mg/kg IM per 4 weeks for 38 weeks. The behaviour 
was videotaped and VCM was recorded. A significant increase in VCM was 
shown in a subgroup of animals compared to both the control group 
(P=0,0005), and the low VCM group (P=0,04). Using stereological cell 
counting the number of striatal neurons expressing dopamine D-| receptor 
mRNA were analyzed. With an average of 441.100 D-| mRNA expressing 
neurons, the high VCM group showed no significant difference from the low 
VCM and control groups, with an average number of 488.500 (P=0,33) and 
417.300 (P=0,54), respectively. Measurements of the integrated optical 
density of dopamine Di receptor mRNA in striatal neurons revealed no 
significant differences between the haloperidol treated groups and the control 
group. These results indicate that neuroleptic-induced VCM in rats are 
unrelated to dopamine D-j receptor mRNA positive cells in the dorsal striatum.

Supported by the Danish MRC, the Danish State Biotechnology Program, the 
Norwegian MRC, and the EEC BIOMED 1 Program.
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747.29
NEUROANATOMICALLY-SELECTIVE INDUCTION OF 14C-2- 
DEOXYGLUCOSE (2-DG) UPTAKE AND FOS AFTER SUB- 
ANESTHETIC DOSES OF KETAMINE. G.E. Duncan*. S.S, Moy, D.J. 
Knapp, and G.R, Breese, Univ. North Carolina Neuroscience Ctr, Dept. of 
Psychiatry, and Ctr. for Alcohol Studies, Chapel Hill, NC 27599.

Sub-anesthetic doses of ketamine have been shown to worsen symptoms in 
schizophrenia and to induce schizophrenic-like symptoms in normal subjects. The 
present investigation sought to define brain regions affected by a sub-anesthetic dose 
of ketamine, using high resolution autoradiographic analysis of 2-DG uptake and 
immunocytochemical staining for Fos-like immunoreactivity (Fos-LI). Ketamine, 
in a subanesthetic dose of 35 mg/kg, induced a characteristic behavioral response 
consisting of staggered locomotion and repetitive side to side head rocking. 
Ketamine increased 2-DG uptake substantially in certain limbic cortical regions, 
including medial prefrontal, ventrolateral orbital, cingulate, and retrosplenial 
cortices. In the hippocampal formation, ketamine increased 2-DG uptake in the 
dentate gyrus, CA-3 stratum radiatum, stratum lacunosum moleculare, and 
presubiculum. Increased 2-DG uptake was also observed in select thalamic nuclei, 
mammilary body, substantial nigra reticulata, and basolateral amygdala. The 
subanesthetic dose of ketamine induced Fos-LI in select brain regions, such as the 
medial prefrontal, ventrolateral, cingulate and retrosplenial cortices. However, no 
Fos-LI was induced in some brain regions that showed increased 2-DG uptake, such 
as the hippocampal formation, thalamic nuclei, and basolateral amygdala. Ketamine 
induced Fos-LI in the paraventricular nucleus of the hypothalamus and medial 
amygdala, although no effect of the drug on 2-DG uptake was apparent in these 
regions. The neuroanatomicaily specific activation induced by sub-anesthetic doses 
of ketamine may be relevant to the effects of the drug to induce schizophrenic-like 
symptoms. (Supported by NARSAD)

747.30
Chronical  adminstration  of  haloperidol  modulates  the  expression  
of  toad -64 in  rat  brain  as  revealed  by  two -dimensional  protein  gel  
electrophoresis  (2-de ) followed  by  maldi  mass  spectroscopy . Norbert 
Dahmen* Peter JungblutT Viola Fischer, Stefan Reuss, Christoph Hiemke
Psychiatry Department, University of Mainz, 55101 Mainz, Germany and 
§Max-Planck Institute for Infectionbiology, MonbijoustraBe 2, 10117 Berlin, 
Germany.

It is well established that clinically effective neuroleptics block dopamine 2 
receptors. However, the molecular mechanisms by which antipsychotic effects 
are achieved, remain largely elusive. Possible mechanisms include the 
modulation of nerve cell gene expression. Changes in gene expression following 
acute and chronic administration of neuroleptics have been reported in animals 
as well as men. To detect changes in rat brain gene expression following the 
chronical administration of the typical neuroleptic haloperidol, we performed 
two dimensional protein gel electrophoresis of brain proteins extracted form rat 
forebrains and striata. A subtractive 2-DE analysis was performed comparing 
cortex and striatum of haloperidol treated animals with untreated animals. Six 
samples of each specimen were prepared and 2-DE patterns of these 
preparations compared. One spot was upregnlated in the striatum and 
downregulated m the frontal cortex. Cortical downregulation, however, did not 
reach significance level. The spot was identified by matrix assisted laser 
desorption ionization mass spectroscopy (MALDI-MS) peptide mass mapping 
after tryptic digest. The peptide masses corresponded to theoretical peptide 
masses of the recently cloned TOAD-64 protein. TOAD-64 has been proposed 
to be a central element in the machinery underlining axonal outgrowlh and 
pathfinding and to play a role in axonal routing and targeting. Our data suggest 
that the typical neuroleptic haloperidol, administered orally to rats for three 
weeks, increases the expression of TOAD-64 m the rat striatum but not in the 
forebrain. Supported by DFG grant DA370/1-1

NEUROPSYCHIATRIC DISORDERS: CHILDHOOD AND OTHER

748.1
PREVALENCE, DISTRIBUTION, AND GENDER BIAS IN 
ATTENTION AND HYPERACTIVITY IN SCHOOL-AGED 
CHILDREN. C.A, Glod*, M.H. Teicher, C. McGreenery, A. Polcaii, 
C M. Anderson, J. Holt, S.Becker, M. Ducsik, S. Andersen.
Northeastern Univ. College of Nursing, Boston, MA and Harvard 
Medical School/McLean Hospital Belmont, MA.

Objective: Attention-Deficit/Hyperactivity Disorder (ADHD) is 
estimated to affect 6% of children, predominantly males. Our 
hypothesis was that ADHD may be equally prevalent in boys and girls, 
but that teachers were more likely to detect symptoms in boys.
Method: 698 first and second graders participated (371 M: 327 F). 
Children completed a 15 minute continuous performance task (CPT) at 
school, while head movements were tracked using an infrared motion 
analysis system. Teachers completed Connors and IOWA ratings. 
Results: There were no gender differences in inattention and 
hyperactivity using the objective laboratory tests. For instance, 14 
(4.4%) girls versus 22 boys (6.2%) were objectively hyperactive 
(Fisher Exact Test =.391). In contrast,teachers indicated that ADHD 
symptoms were far more prevalent in boys (12%) than girls (3%). 
Conclusions: ADHD may affect both genders equally, however, 
teache1 s may identify more boys than girls. Laboratory assessment may 
enable us to better detect cases in females, and to better distinguish 
ADHD from other psychiatric or behavioral disturbances that can result 
in classroom difficulties.
(Supported by NIMH RO1 MH-48343 and a Supplemental Research Award from the 
N’H Office of Women’s Health Research)

748.2
MEASURES OF SACCADE INHIBITION AMONG ADULT ATTENTION- 
DEFICIT HYPERACTIVITY DISORDER PATIENTS, R.H. Farber, D. Feifel*, 
and B.A. Clementz. Departments of Psychology and Psychiatry, University of 
California, San Diego, La Jolla, CA 92093-0109.

Attention-deficit hyperactivity disorder (ADHD) is associated with a 
constellation of behavioral symptoms including inattention and impulsivity. 
Ocular motor research of ADHD children suggests that this disorder may be 
characterized by failures of saccade inhibition. The ability to suppress unwanted 
saccadic eye movements is ostensibly mediated by prefrontal cortex-basal ganglia 
circuitry. The present study was conducted to evaluate the functional integrity cf 
this circuitry in ADHD adults by examining patient performance during “gap” and 
antisaccade tasks. Twelve unmedicated adult ADHD patients and 21 nonpsychiatric 
comparison subjects were administered: (1) a visually-guided “gap” saccade task in 
which a 200 ms delay period separated the extinction of a central fixation point and 
the illumination of a ±4° peripheral target; and (2) an antisaccade task in which 
subjects were required to make saccades to the opposite spatial locations of ±8 or 16 
peripheral cues. ADHD patients generated a significantly increased proportion of 
anticipatory saccades (RT<90 ms) during the gap task than did nonpsychiatric 
subjects (ADHD M=0.20, SD=0.12; nonpsychiatric M"=0.10, SD=0.08; effect 
size"31.25). The groups did not statistically differ on either proportions or 
amplitudes of express, regular, and long reaction time saccades. During the 
antisaccade task, ADHD patients had a significantly decreased proportion of correct 
antisaccade trials compared to nonpsychiatric subjects (ADHD M=0.60, SD=0.22; 
nonpsychiatric MyO.86, SD=0.10; effect size=-2.60). The groups did not 
statistically differ on either reaction times or amplitudes of correct antisaccades and 
incorrect error saccades. Consistent with previous ADHD ocular motor findings, 
patient performance was characterized by deficits of saccade inhibition. These 
results suggest that ADHD, similar to Tourette syndrome, may be associated with 
neuropathology involving prefrontal cortex-basal ganglia circuitry. This study was 
supported by grants from the USPHS (MH49906, MH42228, MH48381).

748.3
NEUROENDOCRINE AND PSYCHOPHYSIOLOGIC RESPONSES 
TO NON-SPECIFIC AND TRAUMATIC STIMULI IN PTSD Liberzon
I., Flagei S.B., Schiroff A., Abelson J.L., Young E.A.* Department of 
Pychiatry, VAMC and University of Michigan, Ann Arbor, MI, 48105

Post-traumatic stress disorder (PTSD) patients exhibit enhanced 
psychophysiologic and plasma catecholamine responses to trauma 
related stimuli. HPA axis abnormalities were also reported in PTSD, 
however HPA axis responsivity to traumatic stimuli, and possible 
interactions among the systems, remains unknown. Attempting to 
replicate and expand these findings by concomitant assessment, we 
studied psychophysiologic and neuroendocrine responses to trauma 
related stimuli in PTSD patients, normal and combat controls. Three 
groups of subjects were exposed to 2.5 minutes audiotapes of white 
noise and combat sounds (75dB), 48 hours apart. We collected plasma 
samples of ACTH, cortisol, epinephrine and norepinephrine immediately 
before and after the stimuli. Skin conductance (SC), heart rate (HR) and 
frontal EMG were monitored throughout the procedure. PTSD patients 
exhibited enhanced SC, HR, EMG and catecholamine responses to 
combat sounds, confirming previously published findings. There were 
no differences in ACTH or cortisol responses between the groups, in 
contrast to prior reports, PTSD patients had higher plasma cortisol and 
cortisol/ACTH ratios. Preliminary analysis suggests that: 1) enhanced 
psychophysiological reactivity present in PTSD patients does not 
generalize to the phasic elements of HPA axis: ACTH and cortisol, and 
2) enhanced adrenal response to ACTH might be present in PTSD, 3) 
co-regulation might be present in PTSD patients

748.4
PROLACTIN RESPONSE TO D-FENFLURAMINE IN
POSTTRAUMATIC STRESS DISORDER. L.L. Davis*, G. Kramer, and
F. Petty. Veterans Affairs Med. Center and Univ. of Texas Southwestern 
Med. Center, Dallas, Texas 75216.

In addition to the noradrenergic deficits associated with posttraumatic stress 
disorder (PTSD), some animal models of PTSD demonstrate a serotonergic (5HT) 
deficit. To evaluate 5HT function in patients with PTSD as compared to healthy 
controls, the prolactin (PR) response to d-fenfluramine (d-FEN; 45mg), a selective 
serotonin agonist, will be measured in a single-blind, placebo-controlled fashion.
The hypothesis to be tested is that patients with PTSD will have significantly less PR 
response to d-FEN as compared to healthy controls. Serum PR is measured every 30 
min for 5 hrs after placebo and d-FEN administration (5-10 day interval). To date 4 
patients and 4 sex matched controls have been studied. The PR response to d-FEN, 
as defined by APr= peak PR minus baseline, did not correlate with age, height, or 
weight. For the patients, there was a statistical trend for APr to negatively correlate 
with the total symptomatology (CAP) score for current state (r = 0.91; p = 0.08), In 
other words, higher CAP scores for total PTSD symptomatology were associated 
with lower PR response. The current CAP score for Criterion C (avoidance) had a 
significant negative correlation with APr (r = 0.98; p = 0.017). The four PTSD 
subjects show a mean difference (APr for d-FEN minus APr for placebo) of 6.35 
ng/ml ± 6.2 and the three healthy controls show a mean difference of 32.86 ± 5.4 
(p=0.325). This does not show a significant difference, due to the low power 
associated with such a small sample however, the absolute values show a lower PR 
response to d-FEN in the patients with PTSD compared to healthy controls. We 
plan to increase the number to 8 in each group and present our findings.

Supported by Veterans Affairs Research
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748.5
SCHMIDT-LANTERMAN'S INCISURES - PRIMARY TARGETS 
OF AUTOIMMUNE ATTACK IN GBS? A. Gortzen*1. S. Schluter1 & 

R.W. Veh2.Pept. Neurol., St.Josef-Hospital, D-46045 Oberhausen (1) and 

Inst, for Anatomy, Charite, D-10098 Berlin (2), FRG

The Guillain-Barre syndrome (GBS) is an inflammatory polyradiculo- 
neurpathy, most likely due to an antibody-mediated autoimmune process. 
Demyelination is characteristic in acute or chronic forms, while the axonal 
types of the disorder show Wallerian degeneration with mild involvement of 
the myelin sheath. The presence of autoantibodies against gangliosides is a 
common observation, but its relevance is unclear at present.

To find new autoantibodies, possibly involved in the pathomechanism of 
GBS, we have used tissue sections to screen about 300 sera and CSFs from 
patients with neuropsychiatric disorders and healthy controls. 89% of the 
sera from GBS patients (23 out of 26) displayed striking immunoreactivity 
against Schmidt-Lanterman's incisures, which was hardly observed in other 
patients or controls. Evidence for an involvement of Schmidt-Lanterman's 
clefts in experimental demyelination is available from the literature. Our re-
sults suggest that so far unknown antigens, localized predominantly or ex-
clusively at Schmidt-Lanterman's incisures, may represent the primary tar-
gets of autoimmune attack in GBS.

748.6
AUTOSOMAL GENOME-WIDE SCAN PROVIDES SUGGESTIVE 

EVIDENCE FOR .ALCOHOL DEPENDENCE LOCI ON 
CHROMOSOMES 4 and IIP. Goldman* W.C.Knowler R.L.Hanson, R
W. Robin, M.Urbanek, iTMoore, P.H.Kennett, J.Long Lab, of 
Neurogenetics, Natl. Inst, on Alcohol Abuse and Alcoholism, Rockville, 
MD 20852.

Towards identifying alleles which are protective or which enhance 
vulnerability to alcoholism we have studied a large [N =592] family from a 
Southwestern American Indian tribe. This tribe represents a relatively 
genetically and environmentally homogeneous population for studies of 
complex diseases. In the psychiatrically interviewed sample which includes 
602 sib pairs [284 concordant for DSMIII-R alcohol dependence, 236 
discordant and 82 concordant unaffected] significant familiality [relative- 
relative phenotypic correlation] was observed, despite very high base rates 
of alcoholism [males > 0.85, females > 0.50]. In females, a significant 
increase in odds ratio for alcoholism in relatives of alcoholics was seen out 
to the 3rd degree of genetic relationship, progressively diminishing in a 
fashion compatible with additive genetic effect and consistent with a 
heritability of 0.40. For the genome scan 517 loci were typed representing 
all chromosomes but the X. Average heterozygosity of markers was 0.66, 
average spacing was 6.9 cM and the largest gap was 25.6 cM. So that the 
result could be clearly interpreted, linkage was performed on one disease 
definition only: DSMIII-R Alcohol Dependence. A total of 172 of the 
sibpairs were analyzed [97 concordant for DSMIII-R alcohol dependence, 
57 discordant and 18 concordant unaffected] using the sib-pair regression 
method from S.A.G.E. and [R.Elston] and a multipoint extension of this 
method [D.Fulker]. Highly suggestive evidence for linkage was found with 
DI IS 1984 [p= 0.00007, LOD= 3.2] on chromosome lip and in close 
proximity to the DRD4 dopamine receptor. Good evidence for linkage was 
also seen with D4S3242 [p=0.0002, LOD= 2.8] near the GABAa  gene 
cluster and near the centromere of chromosome 4.

NEUROTOXICITY: ETHANOL AND ENVIRONMENTAL AGENTS

749.1
DIFFERENTIAL EFFECTS OF LONG-TERM ETHANOL
EXPOSURE ON SIGNAL TRANSDUCTION IN PC12 CELLS.
H. Levine. G.R. Luthin and J, Horwitz*. Depts. of Pharm. & Physio., 
MCPlHahnemann School of Med., Philadelphia, PA 19129.

PC12 pheochromocytoma cells are being used as model to study the 
effect of long-term ethanol exposure on signal transduction systems. In 
PC 12 cells, the agonist, bradykinin stimulates a phospholipase C specific 
for inositol-containing phospholipids and a phospholipase D specific for 
phosphatidylcholine. These two pathways adapt differently to long-term 
ethanol treatment. In cells exposed to 1% ethanol for 5 days, bradykinin- 
stimulated phospholipase D is greatly attenuated, whereas bradykinin- 
stimulated phospholipase C is not altered. These data suggest that there 
are differences in the way bradykinin activates these two phospholipases. 
The tyrosine kinase inhibitor, genistein, blocks the bradykinin mediated 
activation of phospholipase D but does not affect the stimulation of 
phospholipase C. However, long-term ethanol treatment does not 
attenuate ability of bradykinin to activate MAP kinase suggesting that 
ethanol does not have a general effect on all tyrosine kinase pathways. 
Brefeldin inhibits the bradykinin-mediated activation of phospholipase D, 
indicating that an ADP ribosylation factor (Arf) may be involved in 
mediating the effect. The bradykinin activation of phospholipase C is 
probably mediated by a guanine-nucleotide binding protein belonging to 
the Gq family. Thus, the activation of phospholipase D is attenuated 
after long-term ethanol treatment, while the Gq-pathway adapts to the 
presence of ethanol. Further studies will elucidate the underlying 
mechanism for the differential effect of ethanol. (Supported by the 
Alcoholic Beverage Medical Research Foundation).

749.2
REGION-SPECIFIC BRAIN DAMAGE FOLLOWING CHRONIC 
ETHANOL TREATMENT. D, J. Knapp* and F. T. Crews. Center 
for Alcohol Studies and Departments of Pharmacology and 
Psychiatry, University of North Carolina, Chapel Hill, NC 27599.

Human studies suggest that chronic ethanol exposure can cause 
brain damage. We treated rats with intoxicating doses of 
intragastrically-administered ethanol for four days and processed the 
rat brains for neurodegeneration with amino cupric silver staining. 
Throughout the entire brain, background staining and staining in 
controls was minimal or absent. In contrast, staining in ethanol- 
treated rats was remarkably specific and found in intoxicated rats 
(blood ethanol levels of 400-500 mg%) as well as in other rats at 16 
and 72 hours into ethanol withdrawal. Neuronal degeneration, which 
often included cell bodies, dendrites and axons, was concentrated in 
areas of the oflactory bulb, perirhinal, lateral entorhinal, piriform 
cortices (extending into the cortical amygdala), occasionally the 
ectorhinal cortex, and ventral areas of the dentate gyrus. Rarely, some 
of these cells were also found in a few other brain regions of ethanol- 
treated rats. Other smaller cells which displayed unique punctate cell 
body staining with a diffuse surrounding halo-like effect were 
dispersed more randomly in brain. These findings indicate that 
relatively short but intense periods of ethanol intoxication can lead to 
neuronal degeneration in specific regions of brain. Further studies are 
warranted to examine the mechanisms of this damage and the extent of 
damage that might occur after different schedules of ethanol exposure. 
(Supported by NIAAA)

749.3
SHORT TERM HIGH LEVEL ALCOHOL INDUCES HIPPOCAMPAL AND 
ENTORHINAL CORTEX DEGENERATION. C. R. Hamelink, M, A, 
Martineau, J, A. Boger, J. G. Ondo*, T.W. Castonguav and R. L.
Eskav. National Institute on Alcohol Abuse and Alcoholism, 
National Institutes of Health, Bethesda MD 20892.

Chronic alcohol (Etoh) consumption leads to cognitive 
deficiencies and neural atrophy. Short-term, intermittent 
alcohol administration in the rat has been found recently to 
induce site-specific neurodegeneration. The relative 
importance of maximal daily blood alcohol levels (BALs) 
versus accumulative daily dose to observable neurodegen-
eration is explored. Sprague-Dawley rats were given a liquid 
diet containing 10%-12% Etoh via permanent gastric cannula 
either 3 (intermittent Etoh (IE)) or 6 (continuous Etoh (CE)) 
times per day for 4 days with each group receiving 10-14 g 
Etoh/kg/day. Daily BALs measured 2 hours after feeding were 
350-400 mg/dL (IE) or 200-300 tng/dL (CE). Half of the rats 
from each group were withdrawn from alcohol for 24 hours 
before sacrifice. Forty micron brain slices were stained with 
the amino-cupric silver degeneration technique. IE rats had 
significantly more degeneration in the dentate gyrus and 
entorhinal cortex than pair fed controls, whereas CE rats did 
not differ significantly from pair fed controls. The single 24 
hour withdrawal period did not increase cell death in either 
location, Neurodegeneration in Ammon's horn areas CAI and 
CA3 revealed no significant differences between experimental 
and control groups. Maximal BALs appear' to be more 
neurotoxic than total daily Etoh intake.

749.4
FORMATE-INDUCED INHIBITION OF PHOTORECEPTOR 
ENERGY METABOLISM IN METHANOL INTOXICATION. M.T, 
Seme. J. Neitz, M.M. Henry, P.M. Summerfelt and J. T. Eells.*
Medical College of Wisconsin, Milwaukee, WI. 53226.

Formic acid is the toxic metabolite responsible for the retinal and optic
nerve toxicity produced in methanol intoxication. Formate has been 
hypothesized to disrupt neuronal function by inhibition of mitochondrial 
energy production. We have previously reported formate-induced 
inhibition of retinal function, depletion of retinal ATP and mitochondrial 
disruption in methanol intoxicated rats. The present experiments define 
the effects of formate on retinal function under specific light conditions 
which physiologically modulate photoreceptor energy metabolism. 
Methanol-intoxicated rats were maintained for 48 hrs in one of three light 
conditions: constant darkness, constant light, or a 12 hr light/dark cycle. 
Retinal function was then assessed by measurement of ERG responses to 
flickering light over a 3-log-unit range of light intensity at 510 nm (15 Hz) 
(rod-dominated responses) and at 380 nm (20 Hz) (uv-sensitive cone- 
mediated responses). The absolute sensitivity of photoreceptor-mediated 
responses was significantly attenuated in all three methanol-intoxicated 
treatment groups. Inhibition of retinal function was most pronounced in 
rats maintained under conditions which selectively stimulate photoreceptor 
metabolism (constant darkness) and least pronounced in rats maintained 
under conditions which selectively inhibit photoreceptor energy 
metabolism (constant light). These data indicate that disruption of 
photoreceptor energy metabolism is an important component of formate- 
induced retinotoxicity and provide evidence that more metabolically active 
neurons respond earlier and to a greater extent to metabolic insults than 
less active neurons. Supported by NIH grants ES06648 and EY01931.
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749.5
NEUROTOXICITY OF TRIMETHYLTIN (TMT), ETHANOL AND KETONES IN 
HIPPOCAMPAL SLICE CULTURES. J. Noraberg, J. B, P, Gramsbergen, F. 
Fonnum1 and J. Zimmer*. Dept. of Anatomy, Odense Univ., 
Denmark,1 Norwegian Defence Res. Establ., Kjeller, Norway.

Slice cultures of postnatal rat hippocampus are used to study 
neuronal degeneration induced by hypoxia, neurotoxins, hypoglycemia, 
excitotoxins and organic solvents. This study aimed to determine 
whether densitometricaily measured cellular uptake of the flourescent 
dye propidium iodide (PI) and release of lactate dehydrogenase (LDH) 
were reliable markers of acute TMT-induced neurodegeneration, and 
whether measurable changes in microtubule associated protein (MAP 
-2) immunostaining occurred after acute exposure to TMT, and chronic 
exposure to ethanol and industrially used ketones (acetone, methyl- 
ethylketone, methylisobutylketone). The PI uptake in different hippo-
campal subfields after 24 h TMT exposure (5-80 pM) gave the follow-
ing order of susceptibility: FD>CA4 CA3c>CA1>CA3ab, with decrease of 
MAP-2 immunostaining in the fields with PI uptake. Total PI uptake 
correlated with LDH release to the culture medium, in other experi-
ments, 4 w old hippocampal cultures were exposed to ethanol (25-200 
mM) and industrially used ketones (10-60 mM) for 4 w. PI uptake 
was inconsistent in this chronic exposure pradigm, but MAP-2 stain-
ing of the dentate molecular layer increased by 18% at 50 mM ethanol 
and decreased by 81% at 200mM ethanol. We find that PI uptake under 
standardized conditions is an acceptable marker for acute, TMT-induced 
cell death, while MAP-2 immunostaining can be used for both acute 
(TMT) and chronic neurotoxic insults. - Supported by the Danish MRC.

749.6
METALLOPORPHYRINS PROTECT AGAINST CA1 NEURONAL INJURY 
INDUCED BY DIRECT EXPOSURE TO CARBON MONOXIDE. K.L, Panizzon*,
D. Shin and R.A. Wallis, Dept. of Neurology, UCLA & Sepulveda VAMC, 
Sepulveda, CA 91343 USA.

Evidence suggests that heme oxygenase plays a role in the evolution 
of neuronal injury. Carbon monoxide (CO) a heme oxygenase product, 
appears to be a possible mediator of neuronal injury from a variety of 
etiologies, including trauma and hypoxia. Although the mechanism of 
injuries is not well understood, CO has been shown to be released during 
their evolution. Recently, the heme oxygenase inhibitor, tin-mesoporphyrin, 
has been used successfully in the clinical treatment of neonatal jaundice. 
We therefore examined the effect of tin-mesoporphyrin, upon CA1 neuronal 
injury induced by CO in the hippocampal slice. To induce CO injury, slices 
were perfused with helium-saturated AC3F containing 150 //M CO. To help 
prevent hypoxic injury, ACSF glucose was adjusted to 10 mM. Slices were 
initially exposed to ACSF saturated with helium for 2 mins. This was 
followed by exposure to 150 /zM CO in helium-saturated ACSF for 10 mins. 
After 60 mins, recovery in oxygenated ACSF, CA1 orthodromic and anti-
dromic PS recovered to only 8 ± 4% and 11 ± 1 % of original amplitude. 
This damage did not appear to be the result of hypoxia, since exposure to 
helium-saturated ACSF alone for 12 mins, resulted in CA1 orthodromic and 
antidromic PS recovery of 100 ± 3% and 98 ± 2%. Treatment with 10 
/zM tin mesoporphyrin during CO exposure proved to be highly protective 
with CA1 PS recovering to 96 ± 2% and 94 ± 1 %. Similar protection was 
not seen against direct exposure with 150 /zM nitric oxide or 20/zM NMDA. 
These results suggest that CO is injurious apart from the effects of hypoxia. 
They also indicate that tin-mesoporphyrin, a heme oxygenase inhibitor can 
protect against this injury. Supported by VA Research Service.

749.7
NEUROTOXICITY RESULTING FROM PROLONGED EXOSURE TO 
HEMOGLOBIN. ML. Koenig and J.L. Meverhoff*. Dept. 
Neuroendocrinology and Neurochemistry, Walter Reed Army Institute of 
Research, Washington, DC 20307-5100.

Hemorrhage resulting in a release of hemoglobin (Hb) is a possible 
consequence of any severe head wound, and Regan and Panter (Neurosci. 
Lett. 153:219, 1993) have reported that purified human Hb, which causes 
vasospasm and seizure activity in vivo, can be toxic to neurons in culture. 
Using an MTT colorimetric assay of neuronal viability, we have found that 
reconstituted rat Hb, at a concentration of 250 nM, can induce the death 
of 50% of a primary culture of forebrain neurons within 8 h and 72% 
within 24 h. Further, we see effects on neuronal viability following as little 
as a 2 h exposure to Hb. At this point approximately 8% of the neurons 
have died, and the proportion of dead neurons increases to 32% following 
a 6 h exposure. Dose-response curves show that only 4% of the cultured 
neurons are affected by a 24 hr exposure to 25 nM Hb, but that the 
percentage of dead or dying neurons increases rapidly with increasing Hb 
concentration to a maximum of 82% at a hemoglobin concentration of 1 
pM. (Higher concentrations of Hb interfere with the colorimetric assay). 
Studies employing a more purified form of Hb are currently underway, as 
are evaluations of the possible regional specificity of Hb-induced 
neurotoxicity. This research is supported by the U.S. Army Medical 
Research and Materiel Command.

749.8
IDENTIFICATION OF NEUROTOXIC COMPONENTS IN DIESEL CAR EX-
HAUSTS BY STEREOTAXIC INJECTION INTO THE RAT BRAIN. E, Lindqvist, 
S. Buervenich, L. Olson, J. Luthman*1 Dept. of Neuroscience, Karolinska Institute, 
S-171 77 Stockholm; Astra Arcus, Sodertalje, Sweden.

We used direct application of putative neurotoxic agents to the CNS by stereotaxic 
injections as a screening method for neurotoxic components in car exhausts. Briefly, 
4-pl samples were injected into the striatum or the hippocampus of adult Sprague- 
Dawley rats and the animals were sacrificed after 7 days. All agents were dissolved 
in DMSO; DMSO injections alone served as controls. Sizes of the resulting lesions 
in the striatum were measured in cresyl violet sections. GFAP expression in astro-
cytes and changes in the expression of neurotrophic factors and their receptors in 
hippocampus were assessed by in situ hybridization. In previous studies, we had 
identified different neurotoxic fractions (particulate and semi-volatile) isolated from 
diesel fuel exhausts.The aim of this study was to identify distinct components in 
those fractions that accounted for the observed neurotoxic effects. 1-Nitropyrene is 
the major component of one of the particulate fractions. After striatal injections, a 
25% increase in lesion size could be observed at a concentration of 0.4 pg/pl. Anthra-
quinone, a major component of another particulate fraction, had a greater neurotoxic 
effect with a 40% increase in lesion size at a concentration of 0.4 pg/gl. Already 
after control injections to the hippocampus, pronounced death of neurons in the up- 
perdentate gyruswas noted. 1-Nitropyrene caused marked necrosis and reactive glio-
sis around the lesion, but levels of neurotrophic factors in the remaining hippocam-
pus were unchanged. Hippocampal injections of anthraquinone were accompanied by 
severe bleeding that could not be seen in DMSO-injected animals. An upregulation 
of GDNF close to the lesion site could be observed in some anthraquinone-injected 
animals. We conclude that stereotaxic injection into the rat brain can be used to iden-
tify potentiallyof neurotoxic componentsin car exhausts. 1-Nitropyrene and anthra-
quinone both have acute neurotoxic effects.

Supported by the Swedish EPA and Karolinska Institute.

749.9
ACUTE AND LONG-TERM CONSEQUENCES FROM REPEATED EXPO-
SURE OF RATS TO JP-4 JET FUEL AND/OR STRESS. A.F. Nordholm*, J. 
Rossi III, K, MacMahon' and G.D. Ritchie2. Tri-Service Toxicology Consortium: 
Naval Medical Research Institute Detachment-Toxicology, Toxicology Division- 
Armstrong Laboratories' and Geo-Centers, Inc2. Wright-Patterson AFB, OH. 
45433-7903.

Groups of 16 male Sprague-DawleyCD rats each (N = 48) were exposed for 6 hr/day 
on 14 consecutive days to: Air Control [AC]; Footshock Stressor (0.5 ma for 300 
msec, delivered randomly at 6/hr) [S]; JP-4 Jet Fuel Vapor (2 mg/L) [V]; or JP-4 
Vapor and Footshock [VS] treatments. No rats exhibited visible deficits following 
any of the treatments. Rats were subsequently evaluated for performance on a battery 
of eight tests selected from the Navy Neurobehavioral Toxicity Assessment Battery 
(NTAB). Eight rats from each exposure group were evaluated 15-36 days 
post-exposure (Short Rest Group), while the remaining 8 animals from each group 
were tested 61-82 days post-exposure (Long Rest Group). The NTAB battery 
included tests of: (a) Forelimb Grip Strength (FGS); (b) Photosensitivity (PS); (c) 
Appetitive Reinforcer Approach Sensitization (ARAS); (d) Acoustic Startle-Prepulse 
Inhibition/Habituation (ASPH); (e) General Locomotor Activity (GLA); (f) Tail Flick 
Nociception (TFN); (g) Treadmill Physical Fatigue (TPF); and (h) One-Trial Passive 
Avoidance Learning (PAL). PGW/NTAB results revealed significant exposure 
effects relative to the Air Control Group for the FGS, ARAS, ASPH, GLA, and TFN 
tests. In some cases, neurobehavioral deficits varied between short rest and long rest 
groups for the same exposure treatment. Histopathology indicated significant 
increases in 5-HIAA concentrations in the serum and in four selected brain regions in 
the S and VS groups compared to AC, and significant increases in 5-HT 
concentrations in the serum and in three brain regions in the SV group. Funding 
Source: U.S. Army Medical Research and Materiel Command

749.10
INCREASED STARTLE RESPONSE FOLLOWING LOW LEVEL TOLUENE 
EXPOSURE. C. Miller, L Bunegin*, W. Rodgers. Departments of Family Practice and 
Anesthesiology, University of Texas Health Science Center, and the Department of 
Biosciences and Bioengineering, Southwest Research Institute, San Antonio, Texas.
The purpose of this study was to determine whether rodents could be sensitized to lou 

levels of toluene (10 ppm) by either a single high-dose toluene exposure (1600 ppm x 6 
hrs = 9600 ppm-hr) or repeated lower level toluene exposures (80 ppm x 6 hrs x 20 da\ 
= 9600 ppm-hr). Two control groups were similarly exposed to clean air only. After a 

two-week period with no further exposure, both groups and one control group (trigger 
control) were exposed to 10 ppm toluene for 1 hr daily for 2 weeks. Rats from ah 
groups were then tested for startle responses during 6-five minute epochs in which 10 - 
120 dB acoustic reports lasting 40 msec were issued in each epoch. The startle test w'as 
repeated the next day. Data from each epoch for both days were pooled and analyzed 
by 2 way ANOVA. The criterion for rejecting the null hypothesis was p<0.05.

Startle responses in the acute exposure and trigger control groups were significantly 
greater than in the repeated exposure group and clean air control during the First epoch, 
p< 0.05. in the second epoch, the startle responses in the acute and trigger groups were 
lower, however still greater than the repeat exposure group p<0.05, and approaching 
statistical significance vs. the clean air controls. Epochs 3 through 6 showed no 
significant differences between the groups. No
significant differences in startle latency were 
observed. These findings suggest that prolonged 
low level exposure (80 ppm x 20 days) to 
toluene vapors may induce tolerance to 
subsequent very low toluene exposure (3 0 ppm) 
in rats.. Rodents exposed to a single high level 
dose of toluene do not appear to develop this 
tolerance. This work supported by the Office of 
Naval Research. Contract # N00014-96-1-0500
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749.11
BEHAVIORAL AND NEUROCHEMICAL ACTIONS OF THE 
INSECTICIDE HEPTACHLOR AND THEIR RELATION TO 
ENVIRONMENTALLY-INDUCED PARKINSONISM. M, L. Kirby 
and J. R. Bloomquist*. Department of Entomology, Virginia 
Polytechnic Institute and State University, Blacksburg, VA, 24061.

Heptachlor is a convulsant organochlorine insecticide with stable 
residues in the environment and human tissues. Behavioral and 
neurochemical changes in C57BL/6 mice were investigated in two 
week, subchronic exposure studies (three i.p. doses of heptachlor at 
0.3-100 mg/kg). Heptachlor increased rearing frequency and open 
field ambulation at doses at or above 25 mg/kg. Heptachlor effects on 
[3H]dopamine uptake in striatal synaptosomes prepared from treated 
mice followed a bell-shaped curve, with a peak increase of about 
200% of control at doses of 6 or 12 mg/kg. This increase in uptake 
was observed to coincide with increased dopamine transporter 
expression and probably reflects a response to elevated levels of 
synaptic dopamine. In contrast, cortical serotonin uptake was 
unaffected, while striatal GABA transport was depressed or enhanced, 
depending on dose. This latter effect resembles effects observed on 
dopamine uptake. In vitro neurotransmitter release studies revealed 
that heptachlor epoxide, the metabolic activation product of heptachlor, 
stimulated release of dopamine, serotonin, glutamate and GABA, with 
the most potent effects on dopamine release. These findings suggest 
that heptachlor has rather specific effects on the nigro-striatal pathway 
and may have a role in environmental parkinsonism. This work was 
supported by the Hawaii Heptachlor Research and Education 
Foundation.

749.12
PRENATAL EXPOSURE TO THE CHLORINATED PESTICIDE, 
KEPONE, HAS ESTROGENIC EFFECTS ON OPEN FIELD 
BEHAVIOR AND SDN-POA VOLUME IN ADULT RATS.
S.A, Laessig, J.A. Mong. J.A. Flaws. A.N, Hirshfield. E.K. Silbergeld, and M.M.
McCarthy*. University of Maryland at Baltimore, School of Medicine, Baltimore, 
MD 21201.

Kepone (chlordecone) is an environmentally persistent pesticide which 
bioaccumulates in tissues. Effects of kepone include increased liver carcinoma, 
tremor, dermatologic changes, testicular atrophy, decreased food consumption, and 
weight loss. Based on in vitro and in vivo assays, kepone shows estrogenic effects 
such as increased vaginal weight, earlier vaginal opening, persistent vaginal estrus, 
and increased masculine sex behavior in female rats.

This pilot study investigates the effects of a single, in utero exposure to kepone 
on a non-reproductive, sexually dimorhic behavior which is highly regulated by 
estrogen, activity in an open field. Also, morphological changes in the sexually 
dimorphic nucleus of the preoptic area (SDN-POA) associated with sex behavior in 
rats was investigated. The SDN-POA of adult rats is up to 8 times larger in males 
and is sensitive to prenatal exposure to estrogens.

Kepone was administered intraperitoneally to pregnant dams on gestation day 16 
at doses of 0, 1, 5, and 10 mg kepone/kg body weight in sesame oil. Brains were 
collected from a subset of animals on postnatal day 6 (PN 6) for analysis of the 
volume of the SDN-POA by sectioning and nissel staining. Adult males exposed to 
10 mg/kg kepone in utero showed decreased activity in an open field compared to 
vehicle control males. An additional group of males treated with 30 mg estradiol on 
PN 2 also showed decreased activity in this assay. The volume of the SDN-POA 
was quantified, and females, but not males, exposed to 5 mg/kg kepone showed 
increased volume compared to controls (p<0.05) with a trend toward increased 
volume in the 1 mg/kg and 10 mg/kg groups. The results indicate an estrogenic 
action of kepone on the developing nervous system of both male and female rodents. 
(Supported by Heinz Family Foundation to EKS and NIH R29MH52716 to MMM)

749.13
THE NERVE AGENT SOMAN ATTENUATES THE CLEARANCE OF 
METABOLIC ANIONS OUT OF THE BRAIN. T. L. Pazdernik, R, Cross,
S.R. Nelson and F.E. Samson* Smith Research Center, Univ. Kansas Med. 
Ctr., Kansas City, KS 66160.

Organophosphates that are potent cholinesterase inhibitors (e.g. “Nerve 
Agents”) cause marked biochemical changes in the brain, probably initiated 
by an excess of acetylcholine which triggers seizures resulting in large 
changes in many neuroactive substances. In studies using salicylate to trap 
free radicals produced as a consequences of seizures, we found a marked 
increase in a number of anions in brain tissues. Adult male rats were given 
a seizurgenic dose of soman (85-90 pg/kg; sc) and sacrificed 2 or 10 hours 
later. All control and soman exposed rats were given salicylate 50 mg/kg (ip)
2.5 hours prior to sacrifice. Tissue homogenates (piriform, parietal and 
frontal cortices, hippocampus, caudate and cerebellum) were analyzed (ng 
I gram of tissue) for metabolic anions [urate, 3,4-dihydroxyphenyl acetic 
acid (DOPAC), homovanillic acid (HVA), 5-hydroxyindole acetic acid (5- 
HIAA) and salicylate] by HPLC. All anions measured were increased in all 
brain regions by 10 hours post soman, this increase occurred in areas with 
brain damage (e.g.. piriform cortex) as well as in areas with minimal brain 
damage (e.g. parietal cortex). Regional increases (fold) in anions were for 
urate (2.1 to 3.0), DOPAC (1.4 to 3.9), 5-HIAA (2.1 to 3.3), HVA (2.0 to 4.0) 
and salicylate (1.2 to 4.4). These results indicate that either soman directly 
or more likely the seizure episode alters the clearance of metabolic anions 
from the brain. The accumulation of monoamine metabolites may contribute 
to transmitter dysfunction whereas the increase in urate is suggestive of 
oxidative stress associated with seizures induced by nerve agents. 
Supported by DAMD 17-94C 4045.

749.14
SOMAN-INDUCED SEIZURES PRODUCE NEURONAL APOPTOSIS.
G. P. H. Ballough**^, J, S. Forster1, J. P. Makowski^, N. C. Sordoni1 
and M. G. FILBERT1. 1 Neurotoxicology Branch, U.S. Army Medical 
Research Institute of Chemical Defense. Edgewood Area-Aberdeen Proving 
Ground, MD 21010-5425, U.S.A. department of Biology, La Salle 
University, Philadelphia, PA. 19141-1199, U.S.A.

It is well known that seizure-related brain damage (SRBD) resulting 
from exposure to soman (pinacolylmethylphosphonofluoridate) may be 
classified as excitotoxic. Soman-induced seizures are initiated by elevated 
acetylcholine concentration in the CNS due to irreversible inhibition of 
acetylcholinesterase; however, they are maintained by excess glutamatergic 
synaptic transmission. Previous findings by our laboratory have 
demonstrated increased piriform-cortical p53 immunostaining following 
soman-induced seizures, suggesting a possible role of apoptosis in soman- 
induced SRBD. The present investigation was undertaken to further assess 
this possibility. Male Sprague-Dawley rats were used. Seizures were 
produced by i.m. administration of 100 pg/kg soman. Electrocorticogram 
recordings were monitored via indwelling cortical electrodes. Twenty-four 
hours following drug administration, rats were placed under deep 
pentobarbital anesthesia and euthanized. Brain sections were processed for 
H&E and crcsyl violet histochemistry, and also for GFAP-TRITC and MAP2- 
FITC immunofluorescence. In addition, brain sections were processed 
using the TUNEL method for in situ end-labeling of DNA fragmentation. 
Following soman-induced seizures, pronounced TUNEL-positive staining 
was observed in the piriform cortex, thalamus and amygdala. TUNEL- 
positive staining was colocalized with MAP2-FITC immunofluorescence, and 
not with GFAP-TRITC. Morphologically, many of the labeled cells exhibited 
features characteristic of neuronal apoptosis. The present results confirm 
previous speculation that soman-induced seizures produce neuronal 
apoptosis. Moreover, it is apparent that an accurate assessment of neuronal 
apoptosis is important when determining the efficacy of drug therapy.

749.15
EARLY EXPOSURE TO TRIMETHYLOLPROPANE PHOSPHATE AFFECTS 
EMOTIONAL AND SOCIAL RESPONSIVITY IN RATS. M, Walter*. M.Y.V. 
Bekkedal. C.M. Borkowski. J.Panksepp. and J, Rossi III, Psychology Department, 
Bowling Green State University, Bowling Green, OH 43403

Early neurochemical effects on the brain can have long-term behavioral consequences. 
We studied a potential environmental toxin, trimethylolpropane phosphate (TMPP) for 
such long-term effects. TMPP is a known convulsant and putative GABA chloride 
channel inhibitor. Chronic behavioral changes have been evidenced following short-
term treatment. The following investigation observed Long Evans rats in a battery of 
behavioral tests following pre-natal and neo-natal treatment with TMPP.

Twenty timed-pregnant Long Evans dams were divided into control and TMPP (0.2 
mg/kg) treatment groups. Daily i.p. injections began on gestation day 9 and continued 
for 10 days. On the day of birth, no differences in litter size were found for the two 
treatment groups, and no gross abnormalities were apparent in the pups. On post-natal 
day 3, no treatment group differences were found for maternal retrieval latencies, 
suggesting TMPP did not effect maternal behavior. Drug treatment began in the pups 
on post-natal day 3. One half of the pups in each pre-natal treatment group received 
vehicle, and the other half received TMPP (0.2 mg/kg) daily injections for 10 days. A 
number of behavioral measures were conducted to determine long-term effects of TMPP 
on general activity, social interaction, and emotional responsivity.

No long-term effects were found for measures of general activity. In measures of 
social interaction, namely juvenile play and social investigation, TMPP exposure 
resulted in modest increased sociability. Three additional measures of emotional 
responsivity were conducted: ultra-sonic vocalizations in response to social separation, 
open field activity, and elevated-plus maze investigation. Pre-natal TMPP pups, 
especially the males, exhibited more vocalizations than other groups. A gender effect 
for rear frequency in the open field and plus-maze was due to opposite effects of TMPP 
in males and females. Although long-term behavioral changes due to TMPP were 
modest, the data suggest that pre-natal and neo-natal exposure has lasting effects on 
social interaction and emotional responsivity.
This work was supported by Wright-Patterson Contract F336019

749.16
REPEATED EXPOSURE TO TRIMETHYLOLPROPANE PHOSPHATE (TMPP) 
FACILITATES ELECTRICAL KINDLING OF THE AMYGDALOID COMPLEX 
IN MALE RATS. J. Lin*, J. Cassell1 and J. Rossi III1. Mantech Environmental 
Technology, Inc., P. O. Box 31009, Dayton, OH 45437-0009 and ‘Naval Medical 
Research Institute, Detachment-Toxicology, Wright-Patterson AFB, OH 45433-7903.

The effects of the potent bicyclophosphate convulsant TMPP, and the known 
convulsants pentylenetetrazol (PTZ) and N-Methyl-P-carboline-3-carboxamide (FG- 
7142) were evaluated and compared in freely-moving rats using electrophysiological 
and kindling techniques. Stimulating/recording electrodes were implanted in the left 
amygdala (LAD), right amygdala (RAD) and left bed nucleus (LBN) of stria 
terminalis of male Sprague-Dawley rats. TMPP (0.275 mg/kg), PTZ (20 mg/kg), 
FG-7142 (7.5 mg/kg) or vehicle were administered i.p. to separate groups of rats 3 
times/wk for 10 wk. Single pulse electrical stimulation (0.1 Hz, 0.1 ms duration, 
280-1500 pA, 20 pulses) were applied to the LAD 24 hr after the drug or vehicle 
administration, and local EEGs were recorded from the LBN and RAD. Electrical 
stimulation of the LAD evoked epileptiform afterdischarges in the LBN and RAD 
after the 7th dose of TMPP or PTZ or after the 9Ih and 19lh dose of FG-7142 from 
LBN and RAD, respectively. Administration of TMPP, PTZ or FG 7142 also 
increased incidences of myoclonic jerks. Control animals exhibited neither behavioral 
nor electrographic seizures. Kindling stimulation applied in the LAD (60 Hz, 2 sec 
train duration, 20-1500 pA, 0.1 ms pulse duration) evoked epileptic afterdischarges in 
the LAD (primary site), LBN and RAD (secondary sites). Repeated treatment of 
animals with TMPP, PTZ or FG 7142 decreased both the threshold and the latency to 
onset of afterdischarges in both the primary and the secondary sites. The present 
study suggests that repeated exposure of rats to low doses of TMPP, PTZ and FG- 
7142 induces sensitization of the amygdaloid complex. The ability of TMPP to 
sensitize amygdala pathways may be similar to that of PTZ and FG 7142. (Research 
was supported by the Naval Medical Research and Development Command)
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749.17
CHRONIC CHOLINESTERASE INHIBITION DURING NEONATAL 
DEVELOPMENT DOES NOT ALTER THE GROSS MORPHOLOGY OF DENDRITES 
AND SPINES OF PYRAMIDAL NEURONS IN THE CAI AREA OF THE RAT 
HIPPOCAMPUS. H.R, Santos1. C.M, Maciel1.E.X. Albuquerque1-2, aid W.M. Cintra*1. 
Lab. Mol. Pharmacol., Inst Bioph. Carlos Chagas Filho, and Dept. Bas. Clin. Pharmacol., 

ICB, UFRJ, Rio de Janeiro, RJ 21941, Brazil; 2Dept. Pharmacol. Exp. Ther., Univ’ 
Maryland Sch. Med., Baltimore, MD 21201, USA

Exposure of neurons at various stages of development either in vivo or in vitro to 
cholinesterase (ChE) inhibitors can interlere with cell migration, axonal growth, synapse 
formation and dendritic development (Prog. Neurobiol. 41; 31, 1993). hi the present 
study, we investigated whether chronic inhibition of ChE activity in the rat brain alters the 
gross morphology of pyramidal neurons in the CAI region of neonatal rats (P21). To this 
end, neonatal rats were exposed for 13 days to sublethal doses of the irreversible ChE 
inhibitor paraoxon (100,150, and 200 pg/kg, s.c. diluted in peanut oil) during the rapid 
period of cholinergic system development and hippocampal synaptogenesis (P8-P20). 
About 60% of brain ChE was inhibited in animals exposed daily to paraoxon (100- 
200 pg/kg). Coronal sections (400-pm thick) containing the dorsal hippocampi were 
obtained from the aldehyde-fixed brain of paraoxon-treated and -untreated P21 rats, and 
CAI pyramidal cells were impaled with a microelectrode containing Lucifer yellow (LY). 
After staining of the neurons, slices were incubated with an anti-LY antibody conjugated 
with horseradish peroxidase. The number of spines on a given length of secondary apical 
dendrites or basal dendrites was counted and the spine density was calculated, hi slices 
obtained from animals exposed to paraoxon 100-200 pg/kg, the general appearance of the 
CAI pyramidal neurons was unchanged. Despite the fact mat all tested doses of paraoxon 
inhibited the ChE activity to the same extent, daily exposure of the rats to the dose of 
200 pg/kg resulted in a 30% reduction of the spine density on the basal dendrites, whereas 
no significant differences in spine density were detected on the dendritic sectors studied in 
slices from brains of animals exposed to the doses of 100 and 150 pg/kg. Our results 
provide direct evidence that inhibition of ChE activity does not affect gross dendritic 
morphology and suggest that the mechanism underlying the effects of ChE inhibitors on 
neuronal development cannot be solely explained by the inhibition of brain ChE. Analysis 
of the effects of ChE inhibitors, including those of paraoxon, on the neuronal activity may 
lay the groundwork for the understanding of the mechanisms that account for the effects of 
ChE inhibitors on neuronal development.
(Support: US Army Med. Res. Devel. Com. Contr. DAMD17-95C-5063; FINEP, CNPq 
andPRONEX-Brazil).

WEDNESDAY PM SYMPOSIA

750
SYMPOSIUM. BINOCULAR COORDINATION OF EYE 
MOVEMENTS. W. M. King, Univ. Miss. Med. Ctr. (Chairperson);
L. E Mays. Univ. Alabama Birmingham; G.D. Paige, Univ.
Rochester Med. Ctr.; W, M. King, Univ. Miss. Med. Ctr.; D. Tweed. 
Univ. Western Ontario.

In the 19th century, Helmoltz and Hering engaged in a debate about 
the neural mechanisms responsible for binocular coordination of eye 
movements. Helmoltz argued that binocular coordination was a 
learned behavior, but Hering argued that each eye received an 
identical “hardwired” innervation. This symposium will evaluate 
recent evidence bearing on these two hypotheses.

Mays will describe the neural circuitry that produces 
accommodation and vergence signals in the brainstem, and how these 
signals interact with conjugate gaze commands to produce 
disjunctive eye movements. Paige will describe the kinematics of the 
linear vestibulo-ocular reflex and how the vestibular system might 
directly generate disjunctive compensatory eye movements. King 
will describe neurophysiological data obtained in collaboration with 
Wu Zhou showing that there probably is no premotor conjugate gaze 
signal. Tweed will discuss the application of 3-dimensional eye 
movement analysis and recording to the problem of binocular 
coordination.

751
SYMPOSIUM. AUDITORY CORTEX - COMMON CORTICAL THEMES 
AND SPECIALIZATION FOR HEARING. J. C. Middlebrooks, University of 
Michigan (Chairperson); J. H. Kaas, Vanderbilt University; J. P. Rauschecker, 
Georgetown University; and C. E. Schreiner, UCSF.

Recent advances in auditory cortical research offer insights into human 
perception. This symposium will illustrate organizational principles that the 
auditory cortex shares with visual and somatosensory cortices and will highlight 
auditory cortical adaptations for the task of processing stimuli that unfold in time.

J. H. Kaas is re-evaluating the hierarchical organization of the primate auditory 
cortex. The feed-forward and feed-back organization of the auditory cortex 
resembles that of other sensory cortices, but at the third and fourth levels of the 
hierarchy, the auditory system is distinguished by the scarcity of long connections 
from the primary fields and by the close interconnections with the auditory 
thalamus. J. P. Rauschecker is studying responses to species-specific communica-
tion sounds in humans and non-human primates. Most neurons at high levels of the 
cortical hierarchy respond vigorously to narrowband noise and frequency glides, 
which resemble elements of communication sounds, and many neurons respond 
better to full communication calls than to call components broken down by 
frequency or time. C. E. Schreiner is exploring the representation of human speech 
sounds in the primary auditory cortex of cats using unit mapping and functional 
optical imaging. Spatio-temporal patterns of cortical activation can distinguish 
phonetic boundaries, and behavioral training results in plasticity of this phonetic 
representation. J. C. Middlebrooks is examining the coding of sound-source 
location by the temporal firing patterns of single units and small ensembles of 
units. Information about location is carried by spike counts and latencies of single-
unit spikes and by the relative timing of spikes among units.
This research is supported by the NIDCD, the NINDS, and the ONR
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752.1
NOVEL MODULATION OF HIPPOCAMPAL NMDA 
RECEPTOR SENSITIVITY BY BRAIN-DERIVED 
NEUROTROPHIC FACTOR. E. S. Levine*, R. A. Crozier, I. B. 
Black, and M. R. Plummer. Dept. Neuroscience and Cell 
Biology, Robert Wood Johnson Medical School, Piscataway, NJ 
and Dept. Biological Sciences, Rutgers University, Piscataway, 
NJ.

In addition to promoting neuronal survival and differentiation, 
members of the neurotrophin gene family modulate hippocampal 
synaptic transmission and may play a role in long-term 
potentiation. In the present studies, we identified novel 
mechanisms responsible for these effects, focusing on 
neurotrophin-induced changes in postsynaptic receptor sensitivity 
of hippocampal neurons. Specifically, application of brain- 
derived neurotrophic factor (BDNF) caused a rapid enhancement 
of spontaneous synaptic currents. In parallel, BDNF increased 
responsiveness to iontophoretically-applied glutamate, but not 
acetylcholine. Activation of the trkB neurotrophin receptor was 
critical, as the related neurotrophins, nerve growth factor and 
neurotrophin-3, had no effect on glutamate responses. In 
addition, BDNF selectively potentiated the NMDA, but not the 
AMPA, component of the glutamate response. This correlated 
with enhanced phosphorylation of specific NMDA receptor 
subunits by BDNF. Thus, trkB activation may regulate synaptic 
efficacy in the hippocampus via direct modulation of NMDA 
receptor function.

(Supported by NIH grant 23315)

752.2
SELECTIVE INHIBITION OF KINDLING DEVELOPMENT BY TRKB 
RECEPTOR BODY. D. K Binder1*, T, E. Ryan2, G. D. Yancopoulos2 and J. O. 
McNamara1. ’Epilepsy Research Laboratory, Departments of Medicine (Neurology), 
Neurobiology, and Pharmacology, Duke University Medical Center, Durham, NC 
27710, and 2Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.

Kindling is a model of temporal lobe epilepsy in which repeated initially 
subconvulsive seizures induced by daily electrical stimulation evolve into more 
intense partial and generalized convulsive seizures. Recent work has shown that 
neurotrophin gene expression is upregulated following kindling stimulation, but 
whether this upregulation is functionally related to kindling development is as yet 
unclear. In this study, we a tempted functional blockade of various trk neurotrophin 
receptors throughout kindling development in the rat via chronic ICV administration 
of trk receptor bodies. Rats were implanted with a bipolar electrode in the right 
amygdala and an indwelling cannula in the right lateral ventricle that delivered 50 
pg/day trkA-Fc (n=6), 50 pg/day trkB-Fc (n=Tl), 50 pg/day trkC-Fc (n=6), 50 pg/day 
control human IgG (n-10) or saline (n=8) via a subcutaneous osmotic minipump 
(Alza Corp.). Animals were allowed to recover 4 days following surgery and then 
were stimulated twice daily via the amygdala electrode. While animals receiving 
saline, human IgG, trkA-Fc or trkC-Fc ICV showed no difference in number of 
stimulations to the fully kindled state (12.8 ±2.1 vs. 11.9 ± 0.7 vs. 14.3 ± 1.3 vs. 13.2 
± 1.9, respectively), animals receiving 50 pg/day trkB-Fc ICV required significantly 
more stimulations to reach the kindled state (19.8 ± 1.3; p<0.01 vs. controls). 
Furthermore, immunohistochemical studies of penetration of the infused proteins 
revealed that the degree of penetration of trkB-Fc into the hippocampus but not 
striatum correlated with the magnitude of the kindling effect (p<0.01). Together, 
these results demonstrate that trkB, but not trkA or trkC, receptor body inhibits 
kindling development. This underscores the importance of trkB receptor activation in 
kindling development. Supponed by Nffl Ns.32334
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752.3
ACUTE EFFECTS OF NT-3 ON THE NEUROMUSCULAR 
CONTACTS. S. Chang and S, Popov. Department of Physiology and 
Biophysics, University of Illinois at Chicago, Chicago, IL 60612.

Spontaneous neurotransmitter secretion from the nerve terminal is 
believed to play a signalling function in maturation of initial synaptic 
contacts. Neurotrophins may regulate the formation of synapses during 
development by affecting the spontaneous neurotransmitter release from the 
presynaptic neuron. In the present study we investigated the acute effects of 
neurotrophin-3 (NT-3) on spontaneous neurotransmitter secretion from 
various axonal segments of the growing Xenopus spinal cord neurites in 
culture. Isolated Xenopus myocytes were manipulated into contact with the 
distal or middle segments of the neurites. Whole cell patch clamp recordings 
from myocytes were used in the detection of secretion events at the different 
axonal regions. Secretion events were observed both at the middle and distal 
segments. NT-3 treatment had strong stimulatory effect on the secretion at 
the growth cone region, while secretion at the middle axonal segment was 
not affected. To test whether the retrograde transport is required for the fast 
action of NT-3, we transected the neurites near the cell body. Addition of 
NT-3 to the “cut-loose” synapse resulted in a 12-fold increase in the 
frequency of secretion events. Taken together, our results suggest that the 
action of NT-3 on spontaneous neurotransmitter secretion is mediated 
locally without retrograde signal transport and does not require the process of 
synaptic maturation. In. addition, NT-3-mediated synaptic maturation may 
occur only at the distal (but not proximal) axonal segments. Supported by 
NIH (NS3357O). NT-3 kindly provided by Regeneron Pharmaceuticals.

752.4
SYNAPSE-SPECIFIC AND ACTIVITY-DEPENDENT SYNAPTIC 
MODULATION BY POSTSYNAPTIC RELEASE OF 
NEUROTROPHIN-4. X-h. Wang* and M-m. Poo, Dept. Biol., UCSD, 
La Jolla, CA 92093.

Neurotrophins are known to regulate neuronal survival and 
differentiation. Recent evidence suggests they may also be involved in 
activity-dependent modification of synaptic functions. The-hypothesis that 
synaptic functions can be regulated by neurotrophins secreted from the 
postsynaptic cell was examined in Xenopus nerve-muscle cultures. The level 
of postsynaptic expression of neurotrophin-4 (NT-4) was elevated by 
injection of exogenous synthetic NT-4 mRNA into early Xenopus embryos. 
Neuromuscular synapses formed on myocytes over-expressing neurotrophin- 
4 (M+ synapses) exhibited a higher level of spontaneous synaptic activity and 
enhanced evoked synaptic transmission, as compared to those formed on 
normal control myocytes (M- synapses). The NT-4 effects involve a 
potentiation of presynaptic transmitter secretion as well as a lengthening of 
the mean burst duration of postsynaptic low-conductance acetylcholine (ACh) 
channels. Such synaptic potentiation by postsynaptic release of NT-4 was 
localized to the M+ synapse, without affecting other synapses made by the 
same neuron. Repetitive stimulation of either the presynaptic neuron or the 
postsynaptic myocyte led to a potentiation of synaptic transmission at M+ 
synapses. All potentiation effects of NT-4 over-expression were abolished by 
the extracellular presence of TrkB-IgG, a ligand that binds to the secreted 
NT-4. Thus postsynaptic secretion of neurotrophin can exert immediate and 
persistent modification of synaptic efficacy in a synapse specific and activity- 
dependent manner. (Supported by NIH grant NS 22764).

752.5
A PRESYNAPTIC EFFECT OF BDNF ON SYNAPTIC TRANSMISSION AND 
PLASTICITY IN THE RAT HIPPOCAMPUS. W. Gottschalk4, L.D. Pozzo-Miller , 
A. Figurov, B. Lu+* LDN+, NICHD, NIH; LNB", NINDS, NIH, Bethesda, MD 20892.

Recent studies indicate that in addition to the regulation of neuronal survival 
and differentiation, brain-derived neurotrophic factor (BDNF) may play a role in 
synapse development and plasticity. In the developing hippocampus, high- 
frequency stimulation (HFS) elicits synaptic fatigue: a gradual decline of excitatory 
postsynaptic potentials (EPSPs) commonly attributed to the depletion of synaptic 
vesicles in presynaptic terminals. BDNF reduces the extent of synaptic fatigue 
elicited by HFS in CA3-CA1 synapses. Whether the mechanism of this effect is 
presynaptic or postsynaptic is unclear. Here we provide evidence suggesting that the 
effect of BDNF is due to an enhancement of transmitter release rather than an 
attenuation in postsynaptic receptor desensitization. (A) The effect of BDNF 
depended on the stimulation frequency: the synaptic responses were potentiated in 
BDNF-treated slices only when high frequency (>50 Hz) trains were delivered. (B) 
Treatment with BDNF potentiated paired-pulse facilitation (PPF) when the 
interpulse interval was 20 msec or less. (C) The effect of BDNF was still seen even 
when the [Ca2+]0 was changed to low (0.5mM) and high (5.0mM) concentrations. 

(D) The synaptic responses to HFS were primarily mediated by non-NMDA type 
glutamate receptors. When desensitization of non-NMDA receptors was blocked by 
cyclothiazide or aniracetam, the BDNF-treated slices still exhibited higher PPF and 
better responses to HFS when compared to control slices. Taken together, our 
results suggest that BDNF acts presynaptically to facilitate synaptic transmission at 
hippocampal synapses. Supported by NIH Intramural Research Programs.

752.6
DIFFERENTIAL REGULATION OF P75 AND NEUROTROPHIC FACTORS IN 
SYMPATHETIC GANGLIA BY ENDOGENOUS NERVE GROWTH FACTOR 
AND NEUROTROPHIN 3. R. A, Rush*. E.T. Chie & X.-F. Zhou. Dept. d 
Physiology, Flinders Univ, GPO Box 2100, Adelaide 5001, South Australia

Sympathetic neurons require nerve growth factor (NGF) and neurotrophin 3 (NT3) 
for their generation, differentiation and survival during development. NT3, other 
neurotrophic factors and their receptor p75 are expressed in the sympathetic ganglia 
during development. However, what factor regulates their expression is not known. 
In the present study, following treatment of rats with antisera to NGF or NT3, we 
investigated the expression of p75, with an immunohistochemical technique, and 
biochemicat estimation of mRNA for glial cel! line derived neurotrophic factor 
(GDNF), NGF, NT3 and brain derived neurotrophic factor (BDNF), using a 
quantitative reverse transcriptase-polymerase chain reaction technique, in the superior 
cervical ganglia (SCG). Our results showed that depletion of endogenous NGF 
resulted in a differential expression of p75 within the SCG: downregulation in 
neurons and upregulation in glial cells. This differential expression of p75 was also 
observed in other sympathetic but not seen in sensory ganglia (1). In contrast, 
similar treatment with NT3 antiserum had no effect on p75 in neurons or glia. In the 
SCG of untreated rats, mRNAs encoding for NT3 and NGF were not detectable but 
mRNAs for GDNF and BDNF were easily detectable. In contrast to normal sheep 
serum, treatment with NGF antiserum for one week significantly increased the 
expression of all these factors, in particular NGF, by 3 to 5 fold. However, the NT3 
antiserum elicited an dramtic increase of mainly NT3 mRNA level. In conclusion, 
the expression of p75 in sympathetic but not sensory neurons is regulated by 
endogenous NGF. In contrast, its expression in glial cells of sympathetic ganglia is 
normally suppressed by NGF, possibly via an indirect mechanism involving the 
neurons. These studies indicate that the supply of endogenous NGF and NT3 to 
mature sympathetic neurons not only regulates neuronal metabolism but also that of 
associated glia in the ganglia.
(1). Zhou X.-F. & Rush R.A. J. Comp. Neurol. .374, 37-48. Supported by 

NFI&MRC of Australia.

752.7

NERVE GROWTH FACTOR UPREGULATES PLASMA 
MEMBRANE CALCIUM ATPase ISOFORM 1 IN PC12 CELLS.
M. L. Garcia*, E. E. Strehler, P. J. Isackson, A. J. Windebank.
Program in Molecular Neuroscience, Mayo Clinic and Foundation, 
Rochester, MN 55905 USA.

The protective effect of nerve growth factor (NGF) is well 
established in vivo and in vitro, NGF protects in several injury models 
that may involve loss of calcium homeostasis. It has been suggested 
that NGF protects by preventing this loss of calcium homeostasis. 
However, the calcium homeostatic mechanism affected by NGF has 
yet to be determined. As an initial assessment of NGF’s ability to 
influence calcium homeostasis, we have examined the effect of NGF on 
the expression of the plasma membrane calcium ATPase (PMCA). 
Using indo-1, we observed that NGF did not affect intracellular 
calcium levels as assessed by ratio imaging. Depolarization by addition 
of 30 mM KC1 resulted in a reproducible calcium spike and return to 
baseline after 70 seconds. This baseline level of intracellular free 
calcium was higher than the non-depolarized baseline. Preincubation 
with NGF (20 ng/ml) for 12 h did not affect the amplitude of the 
calcium spike nor the time to return to baseline. In the presence of 
NGF, the difference between resting and depolarized intracellular 
calcium was significantly reduced. Northern and Western blot analysis 
showed an increased expression of PMCA 1. This suggests that NGF 
protects neurons by improving intracellular calcium homeostasis which 
may involve increased expression of the PMCA. (Mayo Graduate 
School)

752.8

NERVE GROWTH FACTOR PROTECTS PC 12 CELLS 
AGAINST SURAMIN-INDUCED ELEVATION OF INTRA-
CELLULAR FREE CALCIUM VIA TRK RECEPTOR. X. Sun*,
S. A. Chiappa, A. J. Windebank. Program in. Molecular Neuroscience, 
Mayo Clinic and Foundation, Rochester, MN 55905 USA.

The experimental chemotherapeutic agent suramin causes a dose- 
dependent neuronal injury. Calcium is a key signal transducer involved 
in cellular responses to a variety of physiological and pathogenic 
stimuli. The present study focused on whether neurotrophin 
protected dorsal root ganglion neurons against suramin-induced 
elevation of intracellular calcium. Flow cytometry and indo-1. an 
intracellular fluorescent indicator, were used to assess intracellular free 
calcium. 72 hours after exposure to suramin, PC 12 cells were 
harvested for calcium detection. The base line ratio of intracellular 
bound indo-1 with calcium ion versus free indo-1 was 0.35. 100 ng/ml 
NGF did not significantly change this ratio (0.52 ±0.12). Suramin 
(300 pM) elevated the ratio to 0.93 + 0.014; over 260% increase in 
intracellular free calcium. NGF, at doses from 10 to 100 ng/ml, 
significantly lowered the intracellular free calcium response to 300 pM 
suramin to 0.67 ± 0.04 (10 ng/ml NGF); 0.56 ± 0.02 (50 ng/ml NGF); 
and 0.5 ± 0.01 (100 ng/ml NGF). Since the high affinity NGF receptor 
(Trk A) is a membrane bound protein tyrosine kinase, we used a 
tyrosine kinase inhibitor, K252a, to block Trk receptor activities. 25, 
50 and 100 nM of K252a blocked 50 ng/ml NGF protection of 
suramin-induced elevation of intracellular free calcium. In conclusion, 
the results suggest that NGF protects PC 12 cells against suramin- 
induced elevation of intracellular free calcium. This protective effect of 
NGF is mediated via its Trk A receptor. (NIH, NS 29769)
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752.9
NERVE GROWTH FACTOR PROTECTS DORSAL ROOT 
GANGLION NEURONS AGAINST CISPLATIN INDUCED 
APOPTOSIS BY A CELL CYCLE DEPENDENT MECHANISM.
J. S. Gill* and A. J. Windebank. Program in Molecular Neuroscience, 
Mayo Clinic and Foundation, Rochester, MN 55905 USA.

Cis-dichlorodiamine platinum (cisplatin) is an effective 
chemotherapeutic agent against various solid tumors. Its use, however, 
is restricted by serious side effects, especially a dose-limiting 
peripheral sensory neuropathy. The target of this neurotoxicity is the 
dorsal root ganglion (DRG). Previous studies from our laboratory have 
described cisplatin-induced programmed cell death in DRG neurons. 
We now propose that cisplatin initiates neuronal apoptosis by 
perturbing the cell cycle, namely by promoting re-entry of the post-
mitotic neuron into the cell cycle where it is rendered susceptible to the 
apoptotic machinery. Cisplatin (3.5 (tg/mi) treated DRG neuron- 
enriched cultures revealed increased expression of cyclin Dj and cyclin 
dependent kinase 4 (cdk4) protein levels which preceded neuronal 
death as determined by DNA laddering and fe-benzimide staining. 
Immunostaining of these cisplatin treated cultures revealed cyclin Dj 
expression primarily in neurons. Neuronal cultures exposed to 
cisplatin and high concentrations of nerve growth factor/NGF (50 to 
100 ng/ml) for 48 hours did not show intemucleosomal fragmentation. 
There was increased neuronal cell viability (73 ± 9.6% to 77 ± 4.8%) 
compared to cultures treated with cisplatin alone (56 ± 8.5%). This 
rescue correlated with reduced expression of bad, an element in the 
apoptotic cell death signaling cascade. Studies are underway to 
determine whether NGF prevents DRG neurons from initiating entry 
into the cell cycle by either affecting the expression of cyclin Dj/cdk4 
and/or its specific inhibitor, pl6INK4. (NIH NS29769)

752.10
A POTENT NEUROTROPHIC FACTOR DERIVED FROM A GLIOMA CELL 
LINE: ACTIONS ON DOPAMINERGIC AND NON-DOPAMINERGIC NEURONS 
IN CULTURE. M.M. Dugich-Diordievic*, J.W. Commissiong1, P. Tsoulfas, Y, Maeda 
and R.D. Mckay. LMB, NINDS, NIH, Bldg.36/3D02, Bethesda, MD 20892., U.S.A.

Serum-free conditioned medium (CM) derived from a glioma cell line at 10% and 20% 
v/v, increased the survival of rat El 4 mesencephalic dopaminergic neurons by 25- and 
35-fold respectively, and of all neurons (MAP-2+) by 6- and 7-fold respectively, after 7 
days in culture (DIV7). By comparison, the maximal effective dose of hrGDNF (1.0 
ng/ml) caused a 2-fold increase in the survival of rat, E14 dopaminergic neurons. 
Conditioned medium from monkey COS cells that were stably transfected with a pLacZ- 
GDNF construct caused the same maximal effect as hrGDNF. The presence of secreted 
GDNF (sGDNF) in the COS cells-CM was confirmed by Western blot. RT-PCR 
analysis showed that GDNF mRNA was expressed by the glioma cells. However, 
Western blot analysis demonstrated that GDNF protein was not detectable in 500 pi of 
glioma-CM, at the 100 pg sensitivity limit of the assay, while the maximal biological 
action was obtained with 80 pi. The other likely growth factors to mediate the observed 
effects, TGF-pi, -2 and -3 were also tested at 0.1 -10 ng/ml. TGF-p 1 had no measurable 
effect, while TGF-P2 and -3 were toxic. The putative neurotrophic factor also caused 
soma hypertrophy and the development of complex dendritic profiles in dopaminergic 
neurons. The glioa-CM, but not GDNF, caused rapid differentiation (in less than 12 hr) 
of PC 12 cells in both serum-free and serum-supplemented growth medium. PC 12 whole 
cell lysate stimulated with the glioma-CM was probed with an antiphosphotyrosine mAb 
(4G10) and revealed tyrosine phosphorylation of a band suggestive of erk 1. The PC 12 
cell lysates were them exposed to the glioma-CM and immunoprecipitated, 
electrophoresed, transferred by Western blot, probed with 4G10 and the activation of 
erkl confirmed. When isolated and sequenced, this putative factor will likely be the most 
potent dopaminergic neurotrophic factor discovered to date.
Supported by: BNP, NINDS, NIH
’Present address: Neurotrophic Res. Corp., 8200 Wisconsin Ave., Bethesda. MD 20814

752.11
A TYPE-1 ASTROCYTE CELL LINE OF MESENCEPHALIC ORIGIN (VM- 
CL2): SOURCE OF A POTENT DOPAMINERGIC NEUROTROPHIC 
FACTOR. J.W. Commissions*1, D. Panchision, P.A. Martin-DeLeonC P. Tsoulfas 
and T. Takeshima3’, R.D. Mckay. LMB, NINDS, NIH, Bldg.36/3D02, Bethesda, MD 
20892, U.S.A.; 2Div.Mol. Biol., Dept. Biol. Sci., Univ. Delaware, Newark, DE 19716,
U.S.A; 3Div. Neurol., Inst. Neurol. Sci., Tottori Univ. Fac. Med., 36-1 Nishimachi,' 
Yonago 683, Japan
A glial-like cell was observed to be expanding rapidly in an experiment designed to test 

bFGF as a mitogen for rat E14 ventral mesencephalic cells. Subsequent analysis showed 
that the cells could be robustly expanded in a serum-free growth medium, that they 
stained positive for GFAP and vimentin, and negative for A2B5, GalC and MAP-2. In an 
analysis of ventral mesencephalic gene expression, wnt-1 and en-1 were expressed, and 
en-2, pax-5 and pax-8 were not expressed, in both primary astrocytes and the cell line. 
Chromosomal analysis of 34 cells, showed that over 70% were heteroploid, and that half 
of these were tetraploid. Hyperdiploid and structurally rearranged chromosomes 
accounted for most of the remaining 30%. These properties are consistent with those of 
an immortalized type-1 astrocyte cell line of mesencephalic origin. It was designated VM- 
CL2. Primary ventral mesencephalic type-1 astrocytes produce a potent dopaminergic 
neurotrophic factor (Takeshima et al., J. Neurosci. 14: 4769-4779, 1994). Serum-free 
conditioned medium (CM) was collected from the VM-CL2 cells: its effects on the 
survival and development of E14 ventral mesencephalic dopaminergic neurons were 
tested under optimal conditions, using microisland cultures (Takeshima et al., J. Neurosci. 
Meth. 67: 27-41, 1996). Serum-free VM-CL2-CM (20% v/v) caused a 5-fold increase in 
the survival of dopaminergic (TH+) neurons in culture. The maximal effect obtained with 
hrGDNF (1.0 ng/ml) is a 2-fold increase. Based on these properties, the VM-CL2- 
derived neurotrophic factor appears to be a novel protein, that will likely be effective in 
the treatment of Parkinson’s disease.
Supported by: BNP, NINDS, NIH
'Current address: Neurotrophic Res. Corp., 8200 Wis. Ave., Bethesda, MD 20814

752.12
EFFECT OF COLCHICINE AND OF A 5-LIPOXYGENASE INHIBITOR ON 
NERVE GROWTH FACTOR-INDUCED ON THERMAL HYPERALGESIA 
IN RATS. R. Schuligoi, B. A. Peskar and R. Amann*. Dept. Exp.&Clin. 
Pharmacology, University of Graz, A- 8010 AUSTRIA

Nerve growth factor (NGF) NGF can produce hyperalgesia in rodents as well as in 
humans. In the present study we have investigated a possible contribution of arachidonic 
acid metabolites to NGF-induced thermal hyperalgesia in rats. Adult male rats received 
injections of recombinant human (rh) NGF into the plantar side of one hindpaw. Before 
and after injection, the thermal nociceptive threshold was determined. For determination 
of NGF-induced stimulation of leukotriene (LT) synthesis, rats were sacrificed 20 min 
after intraplantar NGF injection. The skin of the plantar paw was removed and the tissue 
was superfused with oxygenated Krebs solution containing indomethacin (5 pM), the 
outflow was collected and assayed for LTB4. Intraplantar injection of 4 pg rhNGF 
caused a decrease of the thermal nociceptive threshold that was maximal 20 min after 
injection and lasted for less than 4 h. NGF-induced hyperalgesia was not significantly 
influenced by indomethacin (2 mg/kg) but attenuated by colchicine (1 mg/kg) as well as 
by the 5-lipoxygenase inhibitor BAY X1005 (5 mg/kg). In a different set of 
experiments, LTB4-IR was determined in superfusates of tissue samples obtained from 
the plantar skin of rats that had received an intraplantar injection of 4 pg NGF or 
vehicle. The concentration of LTB4-IR was significantly higher in the NGF treated group 
than in the control group. Treatment of rats with colchicine or BAY XI005 before 
intraplantar NGF significantly reduced LTB4-IR in the superfusates of the paw skin. The 
results suggest that increased LT synthesis contributes to NGF-induced local thermal 
hyperalgesia. The observed analgesic effect of colchicine may be related to inhibition of 
NGF-induced LT synthesis.
Supported by the Austrian Research Council (9823)

LONG-TERM POTENTIATION: PHYSIOLOGY VIII

753.1
DIFFERENT THRESHOLDS FOR INDUCTION OF PRE- AND POSTSYNAPTIC 
COMPONENTS OF LONG-TERM PLASTICITY M. Volgushev*, P. Balaban, M, 
Chistiakova and U. Eysel Ruhr-University Bochum, D-44780 Bochum, Germany.

We have compared changes in synaptic transmission induced in layer II/III 
pyramidal cells of the rat visual cortex by three protocols with progressively 
decreasing strength of challenge to postsynaptic cell: a) 2-3 trains of intracellular 
tetanization (IT, bursts of short depolarizing pulses without synaptic activation); b) 
1 train of IT; c) pairing of synaptic activation with postsynaptic spikes. Strong IT 
led to long-term potentiation in 47% of inputs and depression in 32%, whereby 
inputs with initially high paired-pulse facilitation (PPF) ratio were potentiated and 
those with low initial PPF depressed or did not change. These modifications 
involved some presynaptic mechanisms, as indicated by alterations of PPF ratio and 
failure rates after induction of LTP/D. Weak IT (1 train) led to potentiation in 44%, 
and to depression in 28% of inputs, a proportion similar to that observed after 2-3 
trains. However, both potentiation and depression were of significantly lower 
magnitude and EPSP amplitudes returned to the control level by 40th posttetanic 
min in one third of potentiated and one quarter of depressed inputs. Further, PPF 
ratio remained unaltered after potentiation or depression, and polarity of synaptic 
gain change was not correlated with initial PPF ratio, suggesting that presynaptic 
mechanisms were not involved, and potentiation and depression were of 
postsynaptic nature. Pairing procedure led to potentiation in 83% of cases. The 
potentiation had the magnitude comparable to that induced by the strong IT and 
probably involved presynaptic mechanisms, as indicated by marked changes in PPF 
ratio.

Therefore, weak IT is capable of inducing only postsynaptic changes, which can 
support only weak potentiation and depression. Stronger postsynaptic challenges, or 
pairing pre- and postsynaptic activation, can lead to changes in presynaptic 
mechanisms, which are capable to produce potentiation and depression of high 
magnitude. Supported by the Deutsche Forschungsgemeinschaft Ey 8/23.

753.2
BEHAVIOR-REINFORCED LTP IN THE FREELY-MOVING RAT - A CELLULAR 
MODEL OF ASSOCIATIVE MEMORY. D, Balschun*. Th. Seidenbecher and K. G. 
Reymann. Dept. Neurophysiol.. Federal Institute for Neurobiology. Brenneckestr. 6. 
POB 1860. D-39<;08. Magdeburg. Germany.

Current theories on the encoding and storage of information in the brain 
commonly suppose tint a short-term memory trace becomes consolidated over time. 
Within a limited time after training, such a temporary , short-term memory trace can 
be reinforced if neural "significance" (Gold 1995) is added to the event to be stored. 
An increase in "significance" can be accomplished by associatively acting behavioral 
stimuli or by mimicking changes in the involved transmitter systems.

Given that long-term potentiation (LTP). represents a cellular model for learning 
and memory , one may expect that under in vivo conditions, an electrical stimulation 
(tetanization) and behavioral inputs can be associated, resulting in a modulation of 
potentiation. We reported recently (PNAS 94. 1997. 1494-1499) that LTP in the 
dentate gyms of freely -moving animals may be reinforced within a certain time 
window of about 1 hour after its induction by behavioral stimuli. Now we have 
characterized the properties of the reinforcement by the appetitive stimulation 
(drinking after water deprivation; DID). To test whether the switehing-on of 
reinforcement by DiD is accompanied by oven changes of the field potentials, single 
responses were measured with a 30-sec-mterstimulus interval The results show, that 
the mechanisms underlying the reinforcement do not cause changes in the field 
potentials, but result in a slower decay of potentiation. However, the phase of drinking 
is crucial foi the reinforcement since the withdrawal of water immediately after the 
animals had staned to drink prevented the reinforcement. In a search for the 
neurotransmitters that are involved in the reinforcement of LTP. the noradrenergic 
and dopaminergic system were found to play a key function.

The associative behavioral reinforcement resembles in many aspects the 
properties described for certain types of associative learning and may sene as cellular 
model of associative memory
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753.3
THE NONLINEAR DYNAMICS (CHAOS) IN A SIMPLE NEURAL 
SYSTEM PREDICTS SELF-ORGANIZATION IN RESPONSE TO A 
NEW STIMULUS (DARWINIAN ADAPTATION ON A SMALL 
TIME SCALE?).
J.E. Skinner*. Totts Gap Institute, Bangor, PA 18013.

The complexity of organization within a system that determines its
output dynamics (degrees of freedom) can be calculated by the 
dimensional analysis of the time-series of a single variable. In the 
intrinsic cardiac nervous system, we found that the Point Correlation 
Dimension of the heartbeat intervals is: 1) nonlinear (fractional), 2) has a 
steady-state value approaching 1, and 3) transiently changes (i.e., is 
nonstationary) prior to a stimulus-evoked (brief anoxia) alteration in the 
function of the system (i.e., the preparation changed from output 
preserving to energy conserving). The new function was detected as a 
change in geometry of the system attractor (i.e., the multi-dimensional 
"object" observed in the plot of the system variables over time). Our 
interpretations are, 1) dimensional shifting in a data series may be a 
harbinger of a fundamental reorganization in the system, as it adapts (in 
a Darwinian sense) to a new stimulus, and 2) rapid "self-organization" 
may be an inherent feature of a nonlinear neural system. The neural 
mechanism may involve G-protein-dependent (pertussis) LTP.

Supported by: NIH, NS 27745-06.

753.4
BACK-PROPAGATION OF ACTIVITY-DEPENDENT SYNAPTIC 
MODIFICATION IN A SIMPLE NEURAL NETWORK.
R. M. Fitzsimonds*. H.-i. Sone, and M.-m. Poo. UCSD, Dept. of Biology,
La Jolla, CA 92093-0357.

An efficient computational procedure for supervised learning in artificial 
feedforward neural networks, known as the back-propagation algorithm, uses 
the errors in the output to compute adjustments to the weights of synaptic 
connections with upstream units within the network. The biological plausibility 
of such an algorithm depends on information flow from output synapses of a 
neuron back toward its input synapses. Simultaneous whole-cell patch clamp 
recordings from isolated triplets of hippocampal neurons in culture were 
performed to determine whether synaptic modification induced at one site 
propagates to other sites within the network. In a network of serially-connected 
hippocampal neurons (A-> B-> C), we found that long-term synaptic 
depression (LTD) induced at the synapse B-> C propagates rapidly in the 
retrograde direction to the synapse A -> B. The back-propagation of depression 
occurs in glutamatergic but not GABAergic neurons. In contrast, LTD induced 
at the synapse A-> B does not spread in the forward direction to the synapse 
B-»C. Furthermore, the extent of back-propagated depression at the input 
synapses of the presynaptic neuron is linearly proportional to their initial 
strength. These findings point to the existence of a rapid axon-dendritic 
signaling within the presynaptic cytoplasm and a potential cellular mechanism 
whereby localized electrical activity within the neural network may produce a 
more widely distributed imprint in the network. In addition to integration of 
information coded by synaptic potentials, dendrites may also serve to integrate 
retrograde signals from the axonal terminals, which convey information on the 
status of synaptic modifications at the outputs of the neuron. Supported by 
grants from NIH (NS22764 and NS09934) and NSF (IBN22106).

753.5
LATERAL-PROPAGATION OF ACTIVITY-DEPENDENT 
SYNAPTIC MODIFICATION IN A SIMPLE NEURAL NETWORK.
H.-i, Song*, R. M. Fitzsimonds. and M.-m. Poo. UCSD, Dept. of 
Biology, La Jolla, CA. 92093-0357.

Input-specificity is known to be an important feature of activity- 
dependent synaptic modification in the nervous system. Recent 
evidence suggests that near the site of induction of long-term 
potentiation (LTP) or long-term depression (LTD), other non-activated 
synapses also become modified, suggesting a local "breakdown" of 
input-specificity. However, it is not clear whether all synapses within 
the vicinity of the activated pathway are in fact affected, as would be 
expected if extracellular diffusible factors are responsible for the spread 
of synaptic modification. In this study, simultaneous whole-cell patch 
clamp recordings from isolated triplets of hippocampal neurons in 
culture revealed that LTD can spread to adjacent synapses in a highly 
selective manner in simple networks. We found that only synapses 
made on or by neurons involved in the induction of LTD are affected; 
the depression spreads to divergent outputs of the presynaptic neuron 
(presynaptic propagation; between A-> B & A-» C) or to convergent 
inputs on the postsynaptic neuron (postsynaptic propagation; between 
A-> C & B-> C). While LTD induced at glutamatergic synapses 
exhibits both pre- and postsynaptic propagation, only postsynaptic 
propagation was found for LTD at GABAergic synapses. Thus the loss 
of input-specificity is selective in nature. The spread of LTD to adjacent 
synapses is unlikely to be accounted for simply by the action 
extracellular diffusible factors. Rather, circumstantial evidence argues 
in favor of cytoplasmic signaling as the mechanism for the spread of 
depression. Supported by grants from NIH (NS22764 and NS09934) 
and NSF (IBN22106).

753.6
DIFFERENTIAL SYNAPTIC SIGNALING OF NEOCORTICAL PYRAMIDAL 
NEURONS AND INTERNEURONS VIA THE SAME AXON FROM A 
PYRAMIDAL NEURON. H, Markram*, M. Tsodyks and Y, Wang of the Dept. 
Neurobiology, The Weizmann Institute for Science, Rehovot, 76100, Israel

Neural information encoded within a specific train of action potentials may be 
transmitted to hundreds of target neurons. Multi-patchclamp recordings in rat 
neocortical slices revealed that synaptic responses where different for different 
targets. The most striking difference in transmission via the same axon innervating 
two different neurons was recorded from tufted layer 5 pyramidal neurons onto 
another like pyramidal neuron and an intemeuron. The connection onto pyramidal 
neurons was characterized by rapid frequency-dependent synaptic depression. The 
stationary amplitude of EPSPs decreased exponentially as a function of frequency. 
At a certain frequency (limiting frequency) EPSPs began to decrease inversely 
proportional to the frequency (1/f rule). In contrast, the synaptic connection onto 
intemeurons was very unreliably at low frequencies but rapidly facilitated as 
frequencies increased. The stationary EPSP amplitude displayed a bell shaped 
tuning curve as a function of frequency, reaching the limiting frequency only at 
very high frequencies (>60Hz). In both depressing and facilitating synapses 
Hebbian pairing protocols resulted in redistribution of synaptic efficacy (RSE) 
which results in more rapid depression at the synapse onto the pyramidal neuron 
and a leftward shift of the tuning curve of the synapse onto intemeurons. In 
conclusion, this study reports for the first time differential synaptic transmission 
via the same axon in the neocortex which could have important implications for 
how information is encoded within a train of action potentials. The study was 
supported by research grants from the Minerva and Reich Foundations and an 
ONR grant N00014-96-1-0450.

753.7
RELATION BETWEEN MGLUR-MEDIATED PERSISTENT 
INCREASES IN POSTSYNAPTIC EXCITABILITY AND PRIMING OF 
LTP IN THE HIPPOCAMPUS. A.S. Cohen and W.C. Abraham. 
Department of Psychology, University of Otago, Dunedin, New Zealand.

Recently we have shown that prior mGluR activation will facilitate 
(prime) the induction of subsequent LTP. Here we investigated whether 
mGluR activation induced any long-lasting changes in postsynaptic 
excitability that could account for this phenomenon. Intracellular and 
extracellular recordings were made from pyramidal cells in area CAI of 
hippocampal slices taken from young adult rats. 1S,3R-ACPD (20 /xM, 10 
min) caused membrane depolarization, EPSP depression, an increase in 
input resistance, decreased spike frequency adaptation (SFA) and a reduced 
slow AHP (sAHP). Only the reduced SFA (6.5 additional action potentials 
per 500 ms pulse, n=5) and sAHP (-66%, n=12) were statistically 
significant, but these effects persisted for at least 20 min during drug 
washout. L-AP3 (200 /xM, n=4) did not affect the initial increase in cell 
excitability, but it did block the persistence of the effects, corresponding to 
our previous finding that L-AP3 blocks priming of LTP. Synaptic 
activation of mGluRs by theta-burst stimulation (TBS) in the presence of 
D-AP5 (50 /xM) also persistently increased cell excitability. Both methods 
of activating mGluRs facilitated the induction of LTP by weak TBS. 
Furthermore, the amplitude of the sAHP was correlated with the 
subsequent degree of LTP (r=0.68, n=9, p<0.05). These data indicate 
that one mechanism by which mGluR activation may prime LTP is through 
a persistent increase in postsynaptic cell excitability. (Supported by the 
New Zealand Health Research Council.)

753.8
SYNAPTIC REFRACTORY PERIOD PROVIDES A MEASURE OF 
PROBABILITY OF RELEASE IN THE HIPPOCAMPUS. G. O. 
Hielmstad*’1, R. A. Nicoll3,4, and R. C. Malenka2,3. 1 Neuroscience 
Graduate Program, Depts. of 2Psychiatry, 3Physiology, and 4CelIular and 
Molecular Pharmacology, University of California at San Francisco, San 
Francisco, CA 94143.

Despite extensive research, much controversy remains regarding the 
locus of expression of long-term potentiation (LTP) in area CAI of 
hippocampus, specifically, whether LTP is accompanied by an increase in 
the probability of release (pr) of synaptic vesicles. We have developed a 
novel method for assaying pr which utilizes the synaptic refractory period - 
- a brief 5-6 millisecond (ms) period following release during which the 
synapse is incapable of transmission (Stevens and Wang, 1995, Neuron 14, 
795-802). By evoking pairs of EPSCs at short (5 ms) and long (30 ms) 
intervals and comparing the size of the second EPSCs, we can calculate 
the proportion of synapses that are refractory, which provides an estimate 
of pr. Recording from rat hippocampal slices (14-24 day old), we show 
that this assay is sensitive to a battery of manipulations that affect pr, but is 
not affected by changes in the number of synapses stimulated or by paired- 
pulse facilitation. Finally, our estimate of pr does not change following 
either LTP or long-term depression (LTD). Supported by a NSF 
predoctoral fellowship to G.O.H. and grants from the National Institutes 
of Health to R.A.N. and R.C.M.
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753.9
ALL-OR-NONE LONG-TERM POTENTIATION AT CA3-CA1 
SYNAPSES. C.C.H. Petersen*1, R.C. Malenka2 3 and R.A. Nicoll1 3. Depts. 
of Cellular and Molecular Pharmacology’1, Psychiatry2 and Physiology3, 
University of California, San Francisco, CA 94143.

NMDA receptor-dependent long-term potentiation (LTP) at 
hippocampal CA3-CAI synapses can be induced by pairing activation of 
excitatory synapses with postsynaptic depolarisation and the magnitude of 
the LTP depends on the number of pairings. This dependence on the 
number of pairings might occur because LTP is graded at each synapse. 
Alternatively, LTP might be all-or-none at single synapses and the graded 
nature of LTP observed with large inputs would be explained by individual 
synapses requiring different numbers of pairings to induce potentiation.

To address this issue, minimal extracellular stimulation was used to 
activate presumed single synaptic inputs. Excitatory synaptic currents 
were recorded in the whole-cell configuration under voltage-clamp. LTP 
was induced by weak pairing protocols and step-like transitions from 
baseline to potentiated states were observed after a delay following weak 
pairing protocols. Once individual synapses had become potentiated we 
were unable to induce more potentiation by further pairing.

These results suggest that NMDA receptor-dependent LTP can occur in 
step-like all-or-none transitions at individual synapses and raises the 
possibility that some forms of synaptic memory may be encoded in a 
digital manner in the brain.
Supported by grants from the Wellcome Trust (CCHP) and the National 
Institutes of Health (R.A.N. and R. C.M.).

753.10
MEASUREMENT OF RELEASE PROBABILITY BY USE-DEPENDENT 
BLOCK OF AMPA-R MEDIATED SYNAPTIC TRANSMISSION IN GLUR2 
KNOCKOUT MICE. Z. F. Mainen*, J. Roderi and R. Malinow. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY 11724 and +Mt. Sinai Hospital, Toronto, Ontario.

The probability of neurotransmitter release has previously been estimated by 
observing the blocking rate of the use-dependent NMDA receptor antagonist MK- 
801. A similarly use-dependent blocker of AMPA receptors would provide a more 
direct tool for assessing release probability without the difficulties associated with the 
measurement of NMDA-R mediated responses.

Several polyamine toxins are use-dependent antagonists of AMPA receptors that 
lack the edited glutamate receptor subunit GluR2. While glutamate receptor-gated 
currents sensitive to these toxins been described in cells with weak expression of 
GluR2, such as some hippocampal intemeurons, the prevalence of the GluR2 subunit 
in principal neurons of the hippocampus and neocortex hinders their use in studying 
transmission onto these cell types.

To circumvent this problem, we are using GluR2-lacking mutant mice (Jia et al., 
Neuron 17: 945, 1996). Although they show behavioral defects and enhanced long-
term potentiation (LTP), the absence of the toxin resistance-conferring GluR subunit 
should permit the use of polyamine toxins to estimate probability of transmitter 
release at any glutamatergic synapse in these mice. Indeed, we find that in 
hippocampal region CAI, AMPA-R mediated field potentials evoked by stimulation 
of Schaffer commissural-collateral fibers are blocked in a use-dependent manner by 
polyamine toxins.

Unlike MK-801, polyamine toxins are slowly-dissociating, but not irreversible. 
The receptor “use rate” is therefore reflected not only in the rate of response 
decrement but in the (more easily measured) level of steady-state block. We find that 
manipulations affecting the presynaptic release rate (e.g. raising or lowering the 
stimulation rate or increasing probability of release by paired-pulse stimulation) 
produce predictable changes in steady-state block. Similarly, the amount of block 
will also be sensitive to postsynaptic changes that affect the fraction of time the open 
channel is accessible by the antagonist (e.g. a change in mean channel open time). 
We are currently testing whether LTP involves one of these use-related mechanisms.

Supported by grants from the NIH and the Mathers Charitable Foundation.

753.11
RE-STRUCTURING OF SYNAPSES 24H AFTER INDUCTION OF LTP IN 
DENTATE GYRUS: THE BIOPHYSICAL CONSEQUENCES. D.A.Rusakox . 
MG. Stewart, E. Harrison, G Richter-Levin. and T.V.P.Bliss. (SPON: Brain 
Research Association). Dept. of Biol.. The Open Univ., Milton Keynes MK7 6AA. 
UK. Dept. of Phsychol., Univ. of Haifa. 31905 Israel; Natl Inst, for Med. Res.. 
London NW7 1AA, UK.

In 6 male rats. LTP was induced unilaterally in the dentate gy rus (3 trains/5G 
pulses/200Hz applied to perforant path). 24 h later, synaptic stmcture was 
examined via electron microscopy, using design-based stereological techniques. 
Volume densities (corrected per neuron) of axo-spinous. but not axo-dendritic, 
synapses were found to be -20% higher in middle (but not inner) molecular layer 
in the potentiated vs. control hemisphere (2.03 and 2.50 pm'3. /><().015). No inter-
hemispheric difference was found in the mean lateral area of sy naptic active zones 
(AZs) per unit tissue volume, although there was an LTP-associated trend towards 
smaller individual AZs (from 0.035 to 0.027 pm2). These data suggest that 24 h 
after LTP induction, AZs of existing axo-spinous sy napses either split forming 
separate contacts, or shrink while new synapses are formed.

The physiological impact of the changes observed was ev aluated using simulation 
experiments, (i) A compartmental model of a granule cell (built using NEURON) 
with a realistic sample of dual-component synapses on dendritic spines (Rusakov et 
al.. Neuroscience, 1996, 75: 315-323) was explored indicating that neither 
splitting, nor de novo formation of sy napses could increase post-sy naptic response 
unless the total sy naptic current is also increased, (ii) The early (<3 ms) 
intracellular Ca2' entry (diffusion and buffering) through individual channels 
(located in AZs). and the extrasynaptic diffusion and uptake of glutamate (with a 
non-instantaneous 3D source) were simulated indicating specific changes capable 
of affecting sy naptic function due to the LTP-associated structural alterations.

Supported by BBSRC Grant S02085 to MGS

COCAINE: GENERAL

754.1
INTERACTIONS BETWEEN SENSITIZATION AND TOLERANCE 
TO COCAINE-INDUCED BEHAVIORS IN RATS.
A. Dalia*, M.K. Norman, M.R. Tabet and A.B. Norman.
Division of Neuroscience, Department of Psychiatry, University of 
Cincinnati College of Medicine, Cincinnati. Ohio 45267.

The development of effective medications for the treatment of cocaine 
dependence relies on reliable animal models of this disorder. We 
investigated a cocaine dosing regimen that may reflect the “natural 
history” of cocaine abuse resulting in human cocaine dependence. To 
develop this model rats were sensitized by intermittent administration of 
cocaine (40 mg/kg, s.c.) (to reflect the development of cocaine 
dependence). Both horizontal ambulation and stereotypy in response to 
cocaine (7.5 mg/kg, s.c.) were then measured. Sensitized rats were then 
implanted s.c. with osmotic pumps infusing either cocaine (80 
mg/kg/day) (to reflect a binge) or saline for 6 days. Non-sensitized 
control rats were implanted with osmotic pumps infusing saline. One day- 
after the removal of the osmotic pumps, rats were challenged with 
cocaine (7.5 mg/kg, i.p.).Cocaine infusion induced profound tolerance 
to cocaine in sensitized rats. After a 10 day drug free period (to reflect 
withdrawal), tolerance reversed and the sensitized response to cocaine 
was again evident. These data are consistent with a temporary binge- 
induced tolerance which can override the behavioral output of a 
permanently sensitized system. If this model is reliable, these data 
predict that sensitization to cocaine would be apparent in some cocaine 
addicts after a protracted withdrawal period. (Supported by DA500038).

754.2
DOSE-RELATED ALTERATIONS IN NEOCORTICAL CYTOARCHITECTURE 
FOLLOWING PRENATAL COCAINE EXPOSURE. E Tabit, AB Russ, and BE 
Kosofsky Laboratory of Molecular and Developmental Neuroscience, 
Massachusetts General Hospital-East, Harvard Medical School, Boston, MA 02129.

We have developed a (SW) mouse model of transplacental cocaine exposure to 
differentiate the effects between cocaine and cocaine-mediated malnutrition on 
neocortical cytoarchitectonic maturation. We created three prenatal treatment groups: 
a cocaine group (COC: 20 or 40 mg/kg, sc, cocaine HCI divided evenly across twice 
daily doses from E8-E17), a saline-injected pair-fed group (SPF), and a saline- 
injected group with food available ad libitum (SAL). On postnatal day (P)I, each 
litter was surrogate fostered. P9 (juvenile) or P50 (adult) animals were perfused 
with 4% paraformaldehyde, brains were sectioned at 50 microns, then stained for 
Nissl-substance with cresyl violet. Sections through the primary sensory cortex (SI) 
at the level of the anterior commissure were selected for analysis. Using an MCID 
image processing system, we analyzed coronal brain sections from 15-20 mice from 
each group, at each postnatal age. The full thickness of SI cortex was measured at 
5X mag including parcellation of infragranular and supragranular compartments. The 
cellular density of that same field of SI was quantitated at 20X mag by computer- 
assisted counting of labeled elements. Our data reveals that on P9 and on P50, 
animals exposed to cocaine prenatally demonstrate no difference in cortical 
thickness, but on P9 the supragranular compartment comprised a significantly 
greater fraction of the cortical thickness of COC20 and COC40 animals, as 
compared to SAL control animals (F(3,64)=7.15, pcO.Ol). In addition. P9 cocaine- 
treated animals had a significantly greater density of cells at the boundary of layers 
4-5 (p<0.05), and in deep layer 6 (p<0.01), as compared to SAL control animals. 
However, on P50, cocaine-exposed animals had a significantly lower density of cells 
at the boundary of layers 4-5 than did SAL control animals (p<0.05). This work 
extends our previous findings that gestational cocaine exposure disrupts neocortical 
cytoarchitecture in juvenile and adult animals (supported by DAOO175, DA 08648).
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754.3
LONGTERM COCAINE ADMINISTRATION MAY ALTER 
SPECIFIC GABAERGIC PATHWAYS. A.E. Morgan and S.L. Dewey* 
Chemistry Department, Brookhaven National Laboratory, Upton, NY, 11973.

A large number of studies have demonstrated that functionally-linked 
neurotransmitter systems modulate dopamine (DA) concentrations. With this 
knowledge, we have focused on pharmacologically targeting neurotransmitter 
systems that modulate brain DA in an effort to develop novel treatment 
strategies for cocaine abuse. In our laboratory, pharmacologically-induced 
increases in brain GABA concentrations attenuated cocaine’s effects on 
extracellular striatal and nucleus accumbens (NACC) DA in freely moving 
rats (Dewey et al., Synapse, 1997; Morgan and Dewey, in press). We have 
now examined these effects in the NACC in animals exposed chronically to 
cocaine (20 mg/kg, 24 days). An acute dose of gamma vinyl-GABA (GVG, 
vigabatrin, 300 mg/kg), a highly selective suicide inhibitor of GABA- 
transaminase, produced a significant attenuation of cocaine's effects on 
NACC DA. In contrast, however, the same acute dose of GVG potentiated 
cocaine's effects on NACC DA in animals chronically treated with cocaine— 
an opposite effect of that measured acutely in NACC and both acutely and 
chronically in the striatum. This may represent an alteration in specific 
GABAergic pathways responsible for modulating NACC DA. Studies are 
ongoing in an effort to examine the possibility that the delivery of GVG to 
the brain is altered following chronic cocaine administration. These studies 
will determine if this preliminary data is related to an actual change in 
GABAergic function or to alterations in drug delivery. DOE-OHER and 
MH49165.

754.4
COMPARISON OF THE EFFECTS OF VIGABATRIN ON COCAINE SELF-
ADMINISTRATION AND FOOD REINFORCEMENT. S.A, Kushner*, S.L. 
Dewey1 and C. Kometsky. Depts. of Pharmacology and Psychiatry, Boston 
University School of Medicine, Boston, MA 02118, and ’Dept. of Chemistry, 
Brookhaven National Laboratory, Upton, NY 11973.

Vigabatrin (y-Vinyl GABA GVG) acts as an indirect GABA agonist by 
irreversibly inhibiting GABA transaminase, the primary enzyme involved in GABA 
metabolism. We have previously demonstrated that acute administration of GVG 
raises brain stimulation reward (BSR) thresholds, attenuates cocaine-induced 
lowering of BSR thresholds, and inhibits cocaine self-administration on an FR5 
schedule of reinforcement, suggesting that increased GABAergic transmission has 
an inhibitory effect on the action of cocaine on the reward system. To test the 
specificity of this action of GVG, we compared the effects of GVG on lever-pressing 
behavior reinforced by food to its effects on lever-pressing for intravenous cocaine. 
The cocaine and food reinforcement groups were each run on an FR5 reinforcement 
schedule. In the rats self-administering cocaine (0.3 mg/kg/infusion), GVG dose- 
dependently reduced cocaine intake; 200 mg/kg reduced intake to 60% of baseline 
and 300 mg/kg to 6% of baseline. In cocaine-naive rats, 200 mg/kg GVG had no 
effect on food intake (animals responded at 99% of baseline), and doses of 300 and 
400 mg/kg GVG had only a modest effect on food intake; animals responded at 70% 
and 80% of baseline at the respective doses. Because responding for food was 
maintained at both the dose of GVG at which responding for cocaine extinguished, 
and also at a dose of GVG higher than the highest one tested on cocaine-reinforced 
responding, these results suggest that GVG more selectively blocks cocaine- 
reinforced behavior than food-reinforced behavior. This work was supported by 
NIDA grants DA02326 and KO-DA00099 to C. K. and U.S. Department of Energy, 
Office of Health and Environmental Research, NIMH grant MH49165 to S.L.D.

754.5
SODIUM EFFECTS ON HUMAN DOPAMINE TRANSPORTER 
INHIBITOR BINDING SITE REGULATION 
Karley Y. Little*, Lian Zhang
Department of Psychiatry, University of Michigan, and Ann Arbor 
VAMC

The uptake of dopamine is Na+-dependent in a complex manner not 
fully understood. The role of Na+ in the binding reaction of uptake 
inhibitors like cocaine to the dopamine transporter (DAT) is also fairly 
complex. The effects of Na+ and TRIS on DAT inhibitor binding sites 
have not been previously examined in post mortem human brain. In the 
present experiments the effects of Na+ and TRIS on DAT radioligand 
binding sites were explored in human striatal samples employing both 
equilibrium and kinetic experiments. In addition, the hypothesis was 
tested that tissue from human cocaine users previously found to exhibit 
increased striatal [3HJWIN 35428 binding versus matched controls, would 
display altered Na+ effects on binding kinetics.

Equilibrium experiments demonstrated an inhibitory effect of TRIS on 
[3H]WIN 35428 binding at higher concentrations (150mM), through an 
effect on Bmax, but not Kd. Na+ effects on [3H]WIN 35428 Bmax were 
mixed in the range from 10 to 180 mM, increasing binding in the lower 
range, and decreasing [3H]WIN35428 Bmax at higher concentrations. 
Kinetic experiments found that [3H]WIN 35428 binding was bi-phasic and 
that increasing [Na+] decreased the rate of [3H]WIN 35428 binding for the 
faster component. Ongoing experiments are comparing the effects of Na+ 
on [3H]WIN 35428 binding in cocaine users and controls. These results 
will be discussed in relation to earlier expe/ ^ents in other preparations. 
Supported by NIH award DA09491.

754.6
DISPLACEMENT OF BENZTROPINE ANALOGS FROM DOPAMINE 
TRANSPORTERS IN RHESUS MONKEY BRAIN. K.M, Wilcox1*. LA. Paul1. 
J.K, Rowlett1. R.H, Kline2. J.L, Katz2. A.H, Newman2 and W, L, Woolvcrion;. 
’Dept. Psychiatry & Human Behavior. University of Mississippi Med Ctr., 
Jackson, MS 39216 & 2Psychobioiogy Section, NIDA, IRP, Baltimore. MD 2 J 224.

Previous research in rodents demonstrated that the 31- mid 4’-Cl-substiluted analogs 
of benztropine (B) bound to die dopamine transporter (DAT), interestingly, 3 -CI had 
discriminative stimulus effects similar to cocaine (C), whereas 4'-Ci did not. 
Moreover, both compounds stimulated locomotor activity to a lesser extent than C 
In rhesus monkeys, 3'- and 4'-Cl, but not B, functioned as positive reinforcers in i.v. 
self-administration studies. The present study examined die in vitro potency of 3'-, 
4'-Ct, B and C at DAT and muscarinic receptors (MR) in rhesus monkey caudate/ 
putamen. Displacement of [3H]CFT and pHIN-methylscopoiaminc (NMS) were used 
to identify binding at DAT and MR, respectively.

DAT (nM) MR (11M)

c
IC50 site, 1

15 31
IC5OJiitc_2

538
IC50

>10jj M
3'-Cl 64 100 — 22
4’-Cl 90 100 — 16
B 412* 100 — 12
* p< 0.05 compared to 3'- and 4'-Cl
B, 3'- and 4'-Cl displaced [3H]CFT according to a single-site model, in contrast to die 
two-site model observed widi C. In rodents, these compounds were more potent at 
DAT, but the potency of 3'- and 4'-Cl, relative to B, was similar to the results found 
in the present study with monkeys. The addition of a Cl-substitution to B resulted in 
a 5-6-fold increase in potency of 3'- and 4'-Cl al the DAT relative to B. On (he other 
hand, B and analogs were equipment in displacing [3H]NMS. Increased potency of 
3'- and 4'-CI at DAT relative io die MR may contribute to the reinforcing effects ol 
these drugs in monkeys. (Supported by NIDA grant DA-10352)

754.7
REDUCED SENSITIVITY OF NEURONAL NOS KNOCKOUT MICE 
TO REPEATED COCAINE ADMINISTRATION. Y. Itzhak*, C. Gandia, 
E.F. Kellenberqer and P. Huang. Depts. of Biochem. & Mol. Biology 
and Microbiol. & Immunology, University of Miami Sch. of Med., Miami, 
FL 33101 and Cardiovascular Research Center, Massachusetts 
General Hospital, Charleston, MA, 02129.

The effect of repeated cocaine administration to neuronal nitric 
oxide synthase knockout (nNOS KO) and wild type C57BL/6 mice was 
investigated. Cocaine (15mg/kg) was administered for 5 consecutive 
days and then after a 10 day drug free period on day 15. On day 17, 
a saline injection was delivered to determine the development of 
conditioned locomotion. Ambulatory activity was recorded on days 1, 
5, 15 and 17. Female nNOS KO mice were significantly less sensitive 
to this schedule of cocaine administration than the male counterparts. 
Female nNOS KO mice showed no sensitization to the locomotor 
stimulating effect of cocaine on day 5 and 15. Male nNOS KO mice 
showed only a small increase in locomotor activity on day 15 
compared to day 1. Neither male nor female nNOS KO mice 
developed conditioned locomotion. In contrast, male and female wild 
type C57BL/6 mice demonstrated a remarkable sensitization to the 
locomotor stimulating effect of cocaine on days 5 and 15 compared to 
day 1, and also demonstrated a marked conditioned locomotion. 
These findings strongly support the role of nNOS in the induction of 
sensitization to the psychomotor stimulating effect of cocaine. 
Supported by DA08584 NIDA (Y.l.) and NS33335 NINDS (P.H.).

754.8
INCREASED SUSCEPTIBILITY OF MAO-B DEFICIENT MICE TO 
COCAINE-INDUCED REWARD. L. Chen*1, E. Sibillej, Z. Sarnyai2. J. Gal1, H. 
Baker3. J. C. Shih4 and M. Toth* . 'Department of Pharmacology, Cornell 
University Medical College, New York, NY 10021; 2Rockefeller University, New 
York, NY 10021; 3Burke Medical Research Institute, White Plains, NY 10605, 
^Department of Molecular Pharmacology and Toxicology, USC, LA, CA 90033,

Monoamine oxidase B (MAO B) catalyzes the oxidative deamination of 
monoamines, in particular phenylethylamine (PEA) and dopamine (DA). People 
who smoke show a reduction in brain MAO B, and lowered MAO B activity was 
demonstrated in tissues of alcoholics. However, it is not known whether low MAO 
B level contributes to the development of drug abuse or if it is simply a 
consequence of chronic drug use. Here we show that MAO B deficient animals are 
more responsive to cocaine's behavioral effects, including drug-induced locomotor 
stimulation, stereotypy, and drug seeking behavior. Based on the known effect of 
cocaine on the DA system, these results suggest a facilitated dopaminergic function 
in MAO B deficient animals. This notion was supported by the increased striatal c- 
fos response of cocaine injected mutant mice. It is known that cocaine activates 
immediate early genes via the DI dopamine receptor. As expected, PEA levels 
were increased several-fold in the mutant animals. By using an in vitro system, we 
demonstrated that PEA can effectively inhibit the DA transporter (DAT) mediated 
DA uptake; thus, elimination of DA from the synaptic cleft is likely prolonged in 
the presence of high PEA levels. Consequently, the high PEA level in MAO B 
deficient animals can facilitate cocaine's action resulting in increased drug seeking 
behavior. Since DA is a good substrate of the MAO B enzyme, it is also possible 
that MAO B deficiency increases total brain DA levels. However, DA levels were 
not increased in the mutants, presumably because MAO A could compensate for the 
loss of MAO B activity. This result suggests that the increased cocaine seeking 
behavior of the MAO B deficient animals is not due to an increased DA release, but 
rather it is the consequence of an additive effect of PEA and cocaine on DAT. 
Supported by NARSAD
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754.9
IN VIVO OCCUPANCY OF MONOAMINE TRANSPORTERS BY 
THE COCAINE ANALOG RTI-55 A. Biegon*. J, Gatlev#. S. 
Dewev#. B, Pyatt# and N. Volkow#, *Pharmos Ltd. Rehovot, Israel 
and #Brookhaven National Laboratory, Upton, NY 11973 USA.

Long-acting analogs of cocaine are being considered for treatment of 
cocaine abusers, RTI-55 being a prime candidate. The feasibility of this 
approach was examined in animals. Rats were injected with RTI-55 
0.25mg/Kg i.v once or twice (7 hours apart) and in vivo occupancy of 
monoaminergic transporters evaluated at several time points by ex vivo 
autoradiography. Animals (N-5/group, saline controls) were sacrificed 
at 1.5hr (group 1) or 7hr (group 2) after a single injection, (times 
coinciding with the peak and return to baseline of striatal DA release as 
determined by in vivo microdialysis, Dewey et al, in preparation), and 
2hr (group 3) or 17hr (group 4) after the second injection, coinciding 
with a second, higher peak of extracellular DA and return to baseline, 
respectively (ibid). I123-RTI-55 was used as a ligand for 
dopamine(DA), serotonin(5HT) and norepinephrine(NE) transporters 
with specificity of labeling being achieved by conicubation with selective 
unlabeled agents. Autoradiogrpahic analysis revealed a high level of 
occupancy of DA and 5HT transporters in group 1. Group 2 showed 
significant transporter occupancy, although lower than group 1. An 
increase in occupancy of both transporters, above group 1 levels, was 
observed in group 3 and a large decline in group 4. These results show 
that: A. RTI-55 in vivo occupies DA as well as 5HT transporters with a 
similar time course (hours). B. This long-term partial occupancy of 
transporters enhances, rather than prevents, the response to repeated 
drug administration.
Supported by NIDA grant DA06278 to Dr. Volkow

754.10
INCREASED BRAIN METABOLIC AND BEHAVIORAL SENSITIVITY TO 
BENZODIAZEPINES IN ACTIVE COCAINE ABUSERS. N.D. Volkow. G.-J. Wang. 
J. S, Fowler*. R. Hitzemann. S.J. Gatlev. S.L. Dewey, N. Pappas. Medical and 
Chemistry Departments, Brookhaven National Laboratory, Upton, NY 11973

Though cocaine enhances dopamine brain activity it is likely that both its acute as well 
as chronic effects also involve GABAergic effects since the expression of DA mediated 
behaviors requires the activation of GABA pathways. This makes GABAergic pathways 
particularly susceptible targets for cocaine's effects. In this study we measured regional 
brain metabolic responses to lorazepam, to indirectly assess GABA function 
(benzodiazepines facilitate GABAergic neurotransmission) in controls and in cocaine 
abusers. Methods: GABA brain function was assessed indirectly by measuring the brain 
metabolic responses to lorazepam a drug that facilitates GABA neurotransmission. 
Thirteen current cocaine abusers and fourteen controls were scanned twice with PET and 
FDG; the first scan was obtained 40 minutes after placebo and the second 40 minutes after 
lorazepam administration (30 pg/kg). Results: Despite significantly higher plasma 
lorazepam concentration in controls than in cocaine abusers (p < 0,0007) 
lorazepam-induced decrements in whole brain metabolism were significantly greater in 
cocaine abusers (21% ± 13) than in controls (13% ± 7 %) (p < 0.02). These differences 
were largest in striatum, thalamus and parietal cortex. Lorazepam-induced sleepiness in 
cocaine abusers was intense and was also significantly greater than in controls (p < 
0.0004). Lorazepam-induced sleepiness was correlated with lorazepam-induced changes 
in thalamic metabolism (r = 0.67, p < 0.0001). Conclusions. These results document an 
accentuated sensitivity to benzodiazepines in cocaine abusers which is compatible with 
disnipted GABAergic function in these patients. These changes may reflect, in part, 
cocaine withdrawal. The intense sleepiness induced by lorazepam in some of the abusers 
despite their significantly lower plasma concentrations should alert clinicians of the 
potential toxicity from accentuated responses to sedative hypnotics in active cocaine 
abusers. Supported DOE and NIDA (DA06891).

754.11
FMRI OF COCAINE INDUCED EUPHORIA AND CRAVING.
H. Breiter *. R. Gollub, RWg/eisskoff D, Kennedy, NHMakris, LGoodmau, W,
Kennedy. H. Kantor, D. Gastfriend, J. Berke, J, Riorden, T, Mathew, M, Strauss. T\ 
Campbell, M, Foley, VJZaviness^ A^Guimaraes, RJdyinam JL. Rosem MGH 
NMR Center & Dept. of Psychiatry, Charlestown, MA; & NIMH, Bethesda, MD.
We investigated brain circuitry mediating euphoria and craving using functional MRI 
(fMRI) during double-blind cocaine (0.6mg/kg) and saline infusions in cocaine- 
dependent patients. During scanning, subjects rated scales for rush, high, low and 
craving (range=0-3). Mean peak rush (2.1) and high (2.2) occurred 2-3 minutes post-
infusion, and mean peak low (1.0) and craving (1.5) occurred 11-12 minutes post-
infusion. The entire brain was imaged (ASE sequence) for 5 minutes before and 13 
minutes post-infusion. After motion-correction, 12 of 17 subjects had interpretable 
cocaine data, and 10 of 15 had interpretable saline data. Time-course data were 
Talairach-transformed, averaged, and mapped with Kolmogorov-Smirnov (KS) 
statistics. Cocaine induced focal signal increases (0.1-7.2%; KS p<7.1xl0exp-6 with 
Bonferroni correction) in, via Talairach coordinates, nucleus accumbens, caudate, basal 
forebrain, insula, lenticulate, hippocampus, perirhinal cortex, cingulate, lateral frontal 
and temporal cortices, parietal cortex, striate/extrastriate cortices, ventral tegmentum 
(VT), and pons, along with signal decreases in amygdala, temporal pole, and medial 
frontal cortex. Saline produced positive and negative activation in lateral frontal cortex 
and temporo-occipital cortex. Test-retest in 4 subjects showed good replication for 
cocaine and saline, with further activations on retest suggestive of expectancy. 
Regions correlated with rush and high ratings included VT, pons, basal forebrain, 
caudate, anterior cingulate, and lateral frontal cortex. In contrast, craving ratings 
correlated with positive signal in nucleus accumbens, perirhinal cortex, insula, and 
posterior cingulate, along with negative signal in amygdala-hippocampus and 
temporal pole. Thus, during an initial scan with cocaine, human euphoria correlated 
with activity in VT and basal forebrain, while craving, as a model of human 
motivation, correlated with differental activity in nucleus accumbens and amygdala- 
hippocampus. Support: NIDA DA09467-03, DA00265-02, DA00275-02, NARSAD.

754.12
DRUG ABUSERS SHOW IMPAIRED PERFORMANCE ON A TEST OF 
ORBITOFRONTAL FUNCTION. S. Grant* C. Contoreggi2, and E.D. London1, 
'Brain Imaging Center and 2Medical Affairs Branch, Intramural Research Program 
National Institute on Drug Abuse, NIH, Baltimore, MD 21224

Persistent drug use despite adverse health and social consequences is central to the 
definition and diagnosis of addiction. Previous research has shown aberrant glucose 
metabolism in the orbitofrontal region of the prefrontal cortex (orbitofrontal cortex, 
OFC) of polydrug abusers and abstinent cocaine abusers (Volkow et al., Am. J. 
Psychiat. 148:621, 1991, Synapse 11:184, 1992; Stapleton et al., Neuropsycho- 
pharm. 13, 21, 1995), but the relevance of this abnormality to behavior is unknown. 
The finding that patients with lesions of OFC are specifically impaired on a 
"Gambling" task that requires evaluation of future consequences in the presence of 
complex mixed reward/punishment contingencies (Bechara et al., Cognition 50:7, 
1994) suggested to us to that drug abusers may show similar deficits.

We found that drug abusers (n = 25) performed only one third as well on the 
Gambling task (net score = 8.3 ± 26,mean ± SD) as drug-naive controls (27.8 ± 23, 
n = 18). On the other hand, the performance of drug abusers on the Wisconsin Card 
Sorting task (WCS), which relies on integrity of the dorsolateral prefrontal cortex, 
was only slightly different from controls. Drug abusers did not complete as many 
categories (5.8 ± 20 vs. controls, 7.2 ± 0.6) due to a slightly higher number of non- 
perseverative errors (18.6 ± 1.4) compared to controls (14.3 ± 1.6). There was no 
reliable difference, however, between the number of preservative errors by drug 
abusers (20.5 ± 1.7) and controls (17.1 ± 2.0). Performance on the WCS was 
correlated with IQ, but there was no correlation between performance on the 
Gambling with IQ, age, or educational level.

Our results imply that "addictive" behavior, manifested as a bias towards 
immediate rewards despite even more substantial long-term adverse consequences, 
reflects dysfunction of OFC. (The NIDA Brain Imaging Center is supported in part 
by funds from the Office of National Drug Control Policy.)

754.13
PATTERNS OF CORTICAL ACTIVITY EXPRESSED IN QUANTITATIVE 
BLOOD FLOW IMAGES DURING COCAINE ADMINISTRATION: A PLACEBO- 
CONTROLLED TIME SERIES STUDY IN HUMANS WITH 133-XENON-SPECT.
C. Gottschalk*, E. Rubin, J. Moeller, R. Van Heertum, and M. Fischman.
Columbia College of Physicians & Surgeons, New York City, 10032.

Prior attempts to correlate cerebral activity with subjective state after cocaine 
administration in humans using emission tomography have been limited by technical 
constraints, giving mean metabolic activity over 30-40 mins or non-quantitative CBF 
at a single time point after drug or placebo challenge, and by analytical models which 
provide only point-correlations between a large number of ROIs and subjective scales.

This work is an attempt to apply advances in modeling of functional imaging data to 
a standard paradigm of psychopharmacology. Using dynamic 133-Xenon-SPECT, we 
measured absolute rCBF in 9 male chronic cocaine users, with additional substance 
abuse restricted to tobacco or alcohol and no other Axis I disorder, who abstained from 
drugs except caffeine and tobacco for one week prior to two consecutive days of 
imaging. On each day, after a resting baseline scan, subjects were given IV cocaine 
(32mg/70kg) or saline vehicle and then re-scanned at 4 min and again at 18 min after 
injection of drug or placebo. The raw CBF data shows high variability in the placebo 
condition, much more tightly clustered after cocaine. CBF increased early in both 
conditions and decreased at the later time point relative to baseline, and repeated- 
measures ANOVA showed a significant group x time interaction for cocaine at 18 
minutes in cortical regions which have strong limbic connections. Only in the cocaine 
condition were there significant correlations for some subjective measures of drug effect, 
and only at 18 minutes.

We now present PCA analyses of these data, using the Scaled Subprofile Model 
applied to subtraction images (SI-SSM), which yields regional covariance patterns in 
the CBF difference images and uses multivariate regression analysis to assess the 
expression of these patterns in individual subjects with significant correlations to 
specific subjective measures. The relative contribution of direct cerebrovascular effects, 
as opposed to network activation, to these patterns will be discussed.

SUPPORTED BY NIDA P50-DA-09236.
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755.1
CELLULAR AND NETWORK MECHANISMS GENERATING ADAPTATION 
TO CONTRAST IN THE VISUAL CORTEX: AN IN VIVO AND IN VITRO 
STUDY. M. V. Sanchez-Vives*, L. G. Nowak and D. A. McCormick. Section of
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Neurobiology. Yale University Medical School. 333 Cedar St. New Haven, CT. 
Threshold detectability of a low contrast grating shows a 5x increase after adaptation to a 

high contrast grating and is associated with decreased action potential discharge of striate 
cortical neurons, which may result from a hyperpolarization of these cells (e.g. Carandini 
and Ferster, Soc. Neurosci. Abst. 1996). Here we examined whether or not single visual 
cortical neurons may hyperpolarize in vivo and in vitro in response to repetitive activation 
and the physiological consequences of this hyperpolarization. In order to simulate the 
modulation produced by drifting gratings in simple cells we used intracellular injection of 
sinewave currents (see figure).

7116 intracellular injection of 2 Hz 
Drifting gratings current injection sinewave currents for 20-30 s generally

afterhyperpolarization 
1 10-40 s. During this

AHP, the response to low intensity 
2oo'nTa| o.< current injections was slightly

decreased for 8-12s. However, longer lasting current injections (1-2 min) were also 
followed by an AHP and sometimes by an ADP (afterdepolarization). Depending on the 
relative amplitudes of the AHP or ADP the responsiveness of the neuron may be either 
slightly decreased or increased. Intemeurons showed a similar behaviour to the rest of 
the cells. To test the possibility that PSP barrages may undergo decrement with repetitive 
activation, we activated barrages of PSPs at 2 Hz (with electrical stimulation in the white 
matter below layer VI in vitro). The repetitive activation of the PSP barrages resulted in 
an exponential decrease in their peak amplitude with a time constant of 7-11 s. Our 
results suggest that at least two mechanisms, a slow hyperpolarizing current and synaptic 
depression, may participate in contrast adaptation. These two mechanisms are currently 
being examined in detail. Supported by the NIH and NSF.

755.2
TIMING OF EXCITATION AND INHIBITION IN THE FEEDFORWARD 
PATHWAYS OF VISUAL CORTEX. I. RESPONSES TO NATURAL VISUAL 
STIMULI. J. G. Mancilla* and P. S. Ulinski. Comm. Neurobiol. and Dept. Org. 
Biol, and Anat, U. Chicago, Chicago, DL 60637.

The role of feedforward inhibition in controlling the responses of pyramidal cells 
in visual cortex remains an area of active interest. Recent work by Douglas and 
Martin (1991) using slices of cat visual cortex suggests that feedforward excitation 
is largely uncontrolled by inhibition. Since electrical activation of geniculate 
afferents in the white matter could produce unnatural responses, this issue was 
examined using an in vitro preparation of the geniculocortical pathway in the 
turtle, Pseudemys scripta. Visual cortex in turtles closely resembles that in 
mammals, including the presence of pyramidal cells with a regular spiking (RS) 
firing pattern and inhibitory intemeurons with a fast spiking (FS) pattern. Light- 
evoked responses were obtained from both RS and FS cells by presenting one 
second, square light flashes of varying intensities to the retina of the preparation 
while recording from cells in the cortex with sharp electrodes in current clamp. 
Cells show compound, depolarizing postsynaptic potentials at light onset that 
often lead to action potentials in FS cells. Mean peak times of responses in FS 
cells ranged between 193 +15 msec to 251 ± 28 msec as a function of light 
intensity and are significantly different from those of RS cells (450 + 36 msec - 
522 + 48 msec). The mean latency of action potentials for all intensities used is 
280 + 35 msec for FS cells and 639 + 64 msec for RS cells, indicating that FS 
cells reach firing threshold about 200 msec before RS cells. The results suggest 
that inhibitory intemeurons in layer one of turtle visual cortex reach firing 
threshold sooner than do pyramidal cells in layer two, so that feedforward 
inhibition can play a role in controlling the gain of die feedforward excitatory 
pathway. The difference between our results and those of Martin and Douglas may 
reflect differences in the responses of cortical microcircuits to activation of 
geniculate afferents by natural visual stimuli and electrical stimulation of the white 
matter. JGM is supported by the Training in Neural Systems Grant T326MO7839

755.3
FUNCTIONAL IMAGING OF LOCAL CIRCUIT INTERACTIONS IN VISUAL 
CORTEX BRAIN SLICES. D.A. Nelson* and L.C. Katz. Howard Hughes Medical 
Institute and Duke University Medical Center, Durham, NC 27710.

To examine spatiotemporal processing in local cortical circuits, voltage-sensitive 
dye was used to record the response to paired-pulse stimulation of the layer 6/wm 
boundary of rat visual cortical slices (ages P17-P21). One or two electrodes were used, 
with the two stimuli separated by 0 to 110 msec. Consistent with other reports, the 
imaged circuit-level interactions were always depressive. Depression strength correlated 
with the maximum response amplitudes evoked by the first and secorid stimuli delivered 
individually. The spatial distribution of paired-pulse depression showed features poten-
tially relevant to circuit function. Depression was strongest in lower layers. Activation 
via two separate pathways produced less circuit depression than same-site evoked 
activation of the same intensity. When pairs of stimuli were delivered through the same 
electrode, the circuit response to the second pulse became more sharply peaked near 
the electrode, but fell off less quickly in weaker, more distant regions of the response. 
For two-electrode stimulation, the first pulse selectively attenuated the second pulse- 
evoked response in the region activated by both electrodes. A computer model was 
developed which included both synaptic depression and circuit-level inhibition terms. 
The model including both of these effects fit the optically measured depression data 
better than a model including either mechanism alone. The fit constants obtained 
suggest that both local synaptic and circuit-wide mechanisms play roughly equivalent 
roles in shaping circiut response properties.

These observations show that the cortical circuit’s distributed response to a discrete 
input is shaped by mechanisms which emphasize distinction of inputs when strong 
responses interact; and integration where responses are weaker, or are induced by 
separate inputs. Supported by NIH grant NEIEY07690 and a Howard Hughes Predoctoral 
Fellowship (D.A.N.).

755.4
ROLE OF SHORT-RANGE EXCITATION IN DEVELOPMENT OF 
ORIENTATION TUNING AND ORIENTATION MAPS IN VISUAL CORTEX

A MODEL B.R.Sheth.* T.Sharma and M. Sur, Dept. of Brain and Cognitive 
Sciences, MIT, Cambridge, MA 02139.

Recent data demonstrate that an orientation map in primary visual 
cortex forms very early in development (Chapman et al., ’96), close to the time 
that the first oriented cells can be recorded (Chapman & Stryker, ’93). At this 
time, intracortical connections are predominantly short-range and excitatory 
(Dalva & Katz, ’94). The map remains stable while orientation tuning of single 
cells continues to sharpen and intracortical connections progressively duster. 
We propose that short-range excitation is critical for explaining the dynamics 
of intracortical development, the evolution of orientation tuning, and the 
stability of the orientation map. Our model relies on the development of 
short-range intracortical connections from a diffuse, orientationally isotropic 
state to a final, orientation-specific state. Initially, short-range connections link 
neighboring cells regardless of relative orientation preference. Adjacent cells 
develop similar orientation preferences as a consequence of influence from 
their neighbors, leading to the formation of orientation domains. This, in turn, 
causes the intracortical connectivity to become biased towards cells of the 
same orientation, resulting in a stable map. An initial mild orientation bias in 
a given cortical cell arises naturally from small fluctuations in the connection 
strengths of the set of its input projections. Short-range connections serve to 
sharpen orientation tuning in single cells as well. Thus, our model 
demonstrates that a single mechanism - the progressive sharpening of short- 
range excitation - accounts for the development of two related but temporally 
distinct phenomena : orientation tuning of single cells, and the formation of 
an orientation map. Supported by EY07023 and Fogarty Fellowship (JS )

755.5
SPECIFICITY OF INTRINSIC HORIZONTAL CONNECTIONS OF LAYER 2/3 
PYRAMIDAL NEURONS IN PRIMATE VI. N. H. Yabuta*. E, M, Callaway. 
Systems Neurobiology Lab., The Salk Institute for Biological Studies, 10010 N. 
Torrey Pines Rd, La Jolla, CA 92037.

Layer 2/3 pyramidal neurons have extensive horizontal connections that form 
patchy terminations. It has been reported that these periodic clusters preferentially 
link functionally similar regions. For example, in cat, ferret, and monkey visual 
cortex, iso-orientation columns are selectively connected. And in monkey VI, it 
was initially reported that cytochrome-oxidase blobs are selectively connected to 
blobs and interblobs to interblobs (Livingstone & Hubei, 1984). However, a recent 
report suggested that although connections are blob-specific and ocular dominance- 
specific overall, they are often highly non-specific (Yoshioka et al., 1996). To better 
understand the precise relationship between long-distance clustered connections and 
blobs, we intracellularly labeled 21 layer 2/3 pyramidal neurons in tangential living 
brain slices from the primary visual cortex of macaque monkeys. Instead of 
considering only the axonal clusters, as in previous studies, the locations of each 
cell body and the cell’s synaptic boutons were plotted and analyzed. The 
distributions of synaptic boutons relative to blob centers (the darkest stained point 
in each blob) were quantitatively analyzed. We observed a clear correlation 
between cell body location and the distribution of synaptic boutons. If the cell bqdy 
was near a blob center, most of its synaptic boutons were also near blob centers. 
And in cases where the cell body was far from a blob center, most of its synaptic 
boutons were far from blob centers. For ceils between these extremes the synaptic 
bouton distribution peaked at intermediate distances. Thus, the spatial distribution 
of synaptic boutons shifts gradually as the cell body gets further from a blob center. 
There is not a sharp transition that would suggest that blobs and interblobs are 
discrete, binary entities. Instead they appear to be extremes along a continuum. 
Similar gradual changes have been described for contrast sensitivity and spatial 
frequency, from the blob center outward (Edwards et al., 1995). Thus, preference of 
horizontal connections for functionally similar regions is likely to be a general 
feature and to include preference for spatial frequency and/or contrast sensitivity. 
Supported by NIH grant #R01EY 10742.

755.6
TIMING OF EXCITATION AND INHIBITION IN THE FEEDFORWARD 
PATHWAYS OF VISUAL CORTEX, II. A MODEL CIRCUIT. J. B. Colombe* 
and P. S. Ulinski. Committee on Neurobiology and Department of Organismal 
Biology and Anatomy, University of Chicago, Chicago, IL 60637

The experimental observation that presumed inhibitory cells fire well before 
pyramidal cells (Mancilla and Ulinski, 1997) raises the possibility that pyramidal 
cell activity is regulated by a balance of feedforward excitation and inhibition. 
Timing relationships between excitation and inhibition in the feedforward pathway 
of visual cortex were, thus, examined in a model consisting of a pyramidal cell, 
two smooth stellate cells and geniculate afferents with conduction velocities of 
0.18 and 0.01 m/sec. The 41-compartment pyramidal cell and 16-compartment 
stellate cell models were constrained by anatomical data and by biophysical data 
from intracellular recording experiments. Geniculocortical synapses were simulated 
by AMPA-like receptors; synapses from stellate cells to each other and to the 
pyramidal cell were simulated as GABAA-like synapses. Spike trains in geniculate 
afferents reflected the frequency adaptation typical of natural visual stimulation. 
The substantial (100-200 msec) differences in times-to-peak between pyramidal and 
smooth cell types recorded in vitro during natural visual stimulation can be 
attributed to the differences in capacitance and temporal dispersion of input between 
the cell types, as well as the relative differences in the number of geniculate inputs 
received by each cell type. Geniculocortical EPSPs have rapid rise-times in 
smooth cells and are sustained, depolarizing potentials in pyramidal cells. Because 
they fire first, the smooth cells slow the rising phase of the geniculocortical 
EPSPs in pyramidal cells and delay their peaks. The conduction times of 0.5 to 15 
msec from stellate cells to pyramidal cells are a minor factor in the delay. Both 
experimental and simulation studies, thus, suggest that feedforward inhibition can 
play an important role in controlling the activity of pyramidal cells in visual 
cortex. This is in contrast to suggestions (Douglas and Martin, 1991) that 
feedforward excitation is largely uncontrolled in cat visual cortex. JBC is 
supported by PHS Grant P32GM07839.

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM VISUAL CORTEX: STRIATE VIII 1945

755.7
FINE STRUCTURE OF THE MAP OF VISUAL SPACE IN TREE SHREW 
STRIATE CORTEX REVEALED BY OPTICAL IMAGING. W.H. BoskingTlC. 
Crowley & D. Fitzpatrick. Department of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

While the general layout of the map of visual space in striate cortex has long 
been established, the fine structure of the map and its relationship to other feature 
maps has remained unresolved. We examined these issues in tree shrew striate 
cortex using optical imaging of intrinsic signals. Video images of the cortical 
surface were collected during presentation of a single elongated bar of light 0.25°-1° 
wide panned within a l°-3° area and compared with those collected during 
presentation of a blank screen. The activated areas of cortex revealed by this 
technique consisted of small strips approximately 700-1200 pm in width (see figure, 
stimulus shown upper left, scale bar = 1mm). Within these strips, iso-orientation 
domains whose orientation preference matched the orientation of the stimulus were 
much more active than other regions. Movement of the stimulus in a series of 1° 
increments in visual space produced a corresponding series of approximately 200 
pm movements in the locus of cortical activation. Despite the fact that stimuli 
which differed in location by only 1° produced overlapping areas of activation, 
combining four to sixteen of these single position images produced a map in which 

ously over the cortical surface. We confirmed the 
accuracy of our position preference maps by 
obtaining single- and multi-unit recordings using 
the same set of stimuli used for optical imaging. 
These data suggest that the map of visual space in 
VI is remarkably continuous, and that the 
mapping of position is not distorted or interrupted 
by the mapping of other features. Supported by 
EY06821.

755.8
ORIENTATION BANDWIDTH OF HUMAN LINE DETECTORS. 
M, Fahle. Section Visual Science, University Eye Clinic, D72072 
Tubingen, Germany. (SPON: European Brain and Behaviour Society)

We wanted to measure the bandwidth of orientation-selective 
channels in the human visual system by means of psychophysical 
techniques. The experiments were based on the recent finding that 
improvement in hyperacuity tasks involving orientation cues does not 
transfer if the stimulus is rotated by 90 deg. Three groups with together 
18 observers trained, in a 2 alternative forced choice task, vernier 
discriminations. Stimuli were presented on an analog monitor 
(Tektronix 608) under control of a Macintosh computer via fast 16 bit 
D/A converters (>1 Megapixels/second). After 1 hour of training, 
leading to a mean improvement of performance by almost 50% percent, 
orientation of the stimulus was changed by 90 deg, 45 deg, or 20 deg, 
respectively, for the three groups of observers. There was no transfer of 
improvement for the groups whose stimulus orientation changed by 90 
or 45 deg; their performance dropped to initial baseline after the 
stimulus rotation. Rotation of the stimulus by 20 deg, on the other 
hand, led to a partial but not complete transfer of improvement. These 
results are in good agreement with earlier studies on the orientation 
bandwidth based on masking studies (Movshon & Blakemore, 1973).

Supported by Deutsche Forschungsgemeinschaft (SFB 307)

755.9
Perfusion and Oxygenation Changes in the Human Visual Cortex 
during Visual Stimulation at Different Flashing Frequencies: A
fMRi study at 4T. XJL Zhu. S:G. Kim^LAndasen. S, Qgawa*. K, UgurbiLt
W. Chen. CMRR, University of Minnesota, Minneapolis, MN55455, *Bell Labs 
Innovations, Murray Hill, NJ 07974, USA

Since the BOLD effect commonly used in fMRi mapping depends on many 
physiological parameters such as cerebral blood flow (CBF), cerebral blood volume 
and oxygen consumption rate (CMRq 2), whether the magnitude of BOLD changes is 
directly correlated with neuronal activity is not well known. It is generally accepted 
that the magnitude of CBF changes is correlated to neuronal activity and the CBF 
changes in the primary visual cortex (VI) have been shown to be sensitive to the 
flashing frequency of visual stimulation. In this study, we have (a) quantitatively 
measured both BOLD and CBF changes during visual stimulation at different flashing 
frequencies (1 -100 Hz) in each subject using the FAIR technique (Kim, S-G., 1995) 
at 4T magnetic field, (b) examined the correlation between BOLD and CBF changes 
for the commonly activated pixels in VI and (c) calculated CMR^ changes. A close 
relationship between the CBF and BOLD changes due to graded visual stimulation 
induced by varying the flashing frequency were observed in all subjects (n=5) and the 
changes reached maximal values at 6-8 Hz. This leads to a linear correlation between 
the CBF and BOLD changes. The intra-subject correlation was better than the inter-
subject correlation, especially for the flashing frequency at ~ 8 Hz. These results 
support the hypotheses that the local BOLD changes detected by fMRi for intra-
subject comparisons are well correlated to the CBF changes that reflect the neuronal 
activity. However, this linear correlation may not be valid for inter-subject 
comparisons or for different cortical regions for certain brain activity due to the 
significant variation caused by the spatial heterogeneity of hemodynamic and 
metabolic responses. Finally, the CBF and BOLD changes at different flashing 
frequency stimulation were used to calculate the CMRO2 changes. The results 
demonstrate that CMRO2 reached a maximal change at lower flashing frequency (~ 4 
Hz) compared to the CBF and BOLD changes.
Supported by NIH grant RR08079 and Whitaker Foundation.

755.10
NATURE OF LATERAL INTERACTIONS IN VISUAL CORTEX 
REVEALED BY REVERSAL OF TILT ILLUSIONS. M.K. Kapadia 
and C.D. Gilbert*. The Rockefeller University, New York, NY 10021.

Contour integration and surface segmentation may require opposing 
contextual interactions at the cellular level. Iso-orientation inhibition has 
been implicated in segmentation whereas iso-orientation facilitation has 
been implicated in contour saliency. We examined the spatial structure of 
contextual interactions by exploring the dependency of the tilt illusion on 
spatial configuration. We find that the direction of contextually induced 
tilts, which may arise from iso-orientation inhibition, can be reversed under 
conditions favoring iso-orientation facilitation.

Two flanking lines were positioned symmetrically around a vertical target 
during 100ms presentations. When the flanks were positioned on the sides 
of the target, the target appeared tilted away from the flanking orientation. 
Surprisingly, when the flanks were positioned at the top and bottom of the 
target in an end-to-end alignment, the induced tilt reversed direction such 
that the target appeared tilted toward the flanking orientation. This effect 
depended on the alignment of the lines - when the flanks were offset 
laterally relative to the target, the tilt reversed from an attractive to a 
repulsive effect. The magnitude and direction of induced tilts could also be 
influenced by the relative angle of the target and flanking lines.

These findings suggest a push-pull mechanism between facilitation and 
inhibition mediated by long-range horizontal connections which depends on 
the spatial arrangement of stimulus elements. The shift from facilitation to 
inhibition as lines outside the receptive field are changed from an aligned to 
an offset configuration may account for the shift from an attractive to a 
repulsive tilt effect. Supported by NIH grant EY07968.

755.11
RELATIVE MAGNIFICATION OF THE CENTRAL VISUAL FIELD 
REPRESENTATION IN STRIATE CORTEX OF MACAQUES AND 
HUMANS. J.C. Horton*. D.R. Hocking. Beckman Vision Center,
UCSF, San Francisco, CA 94143-0730.

In striate cortex of primates the representation of central vision (0° - 
12°) is highly magnified compared with peripheral vision. We inquired 
whether central vision is magnified to the same degree in humans and 
macaques. Complete reconstructions were prepared of the ocular dominance 
columns in 12 hemispheres from 6 normal adult M. fascicularis. The columns 
were visualized by staining for cytochrome oxidase after monocular 
enucleation. For comparison, column mosaics were reconstructed in 6 
hemispheres obtained post-mortem from 4 normal adult humans with a history 
of monocular blindness. We used the blind spot representation, easily 
identifiable as a prominent oval lacking ocular dominance columns, to 
delineate the central 12°. In both species, the blind spot extends from about 
12° - 18° along the horizontal meridian. The cortex was divided into central 
and peripheral regions by drawing a straight line (12° isoeccentricity contour) 
perpendicular to the V1/V2 borders (vertical meridia) which grazed the 
foveal-most edge of the blind spot. In the macaque, the mean VI area was 
1072 mm2 + SD 83 mm2. A mean of 59.7% + SD 2.5% was devoted to the 
central 12°. In the human, the mean VI area was 2457 mm2 ± SD 462 mm2. 
52.1% + SD 5.0% of VI was occupied by the central 12°. Our results 
confirm a previous study (Horton & Hoyt, Arch Oph 109:816, 1991) showing 
similar scaling of the visual field representation in humans and macaques, and 
fail to corroborate fMRi data reporting greater magnification of central vision 
in humans (Sereno et al, Science 268:889, 1995). If anything, central vision 
is relatively less magnified in humans. Supported by NEI

755.12
A fMRI STUDY OF CORTICAL ACTIVITY DURING VISUAL SEG-
MENTATION Jochen Braun*Q, Thomas Ernst6, Ruye Wangc, Linda 
Chang6, Laurent Itti®, Patrick Leddenc, Christof Kocha. Caltech®, Pasa-
dena, CA 91125; Harvey Mudd College6, Clairmont, CA 91711; MGH- 
NMR Center®, Boston, MA 02129; Harbor-UCLAd, Torrance, CA 90502.

The segmentation of a visual scene into regions corresponding to 
visual objects is thought to be mediated in part by long-range horizon-
tal connections (LRHCs) in early visual cortical areas (e.#., C. Gilbert, 
Cur Op Neur, 6: 269-74, 1996). We investigated this hypothesis with 
displays where visual segmentation results from differences in local im-
age orientation, using image elements whose size and separation were 
matched to the spatial range of LRHCs. Segmented displays consisted 
of elements of identical size (2D-Gabor functions, spatial period 0.1°- 
0.7°) in a dense array (mean separation 3-5 times spatial period) and 
differing in orientation inside and outside 3.0° eccentricity (total display 
size 12° x 12°). Non-segmented control displays were identical except 
that all elements had the same orientation. 3 subjects were imaged (4 
segmented and 4 non-segmented epochs per scan, each with 30 presen-
tations of Is, surface coil fMRi using BOLD contrast, 1.5T GE scanner 
with EPI, 3 x 3 x 6mm voxels, 4-8 slices parallel to the calcarine sul-
cus) while passively viewing the display (1280 x 1024 pixels RGB, 72Hz 
refresh, Barco ICD751 with additional magnetic shielding, viewed from 
5m through modified binoculars, Optolyth Alpin 8x30). Activity corre-
lated with visual segmentation was observed in the posterior folds of the 
ventral occipital lobe, including the calcarine fissure. Calcarine activity 
was more pronounced for displays with smaller elements. These results 
are consistent with a role of LRHCs in visual segmentation. (NIMH 
Grant MH56484-01 to CK and JB, NSF Engineering Research Center 
to Caltech.)
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756.1
PROTECTION OF BRAIN ENDOTHELIAL CELL INTEGRITY BY 
NIFEDIPINE DURING HYPOXIA. T, J, Abbruscato* and T.P, Davis. Department 
of Pharmacology, University of Arizona, Tucson, AZ, 85724.
Blood-brain barrier integrity has been shown to play an important physiological 
role during postischemic reperfusion {Yang and Betz, Stroke 25: 1658-1654,
1994) . Increased cerebrovascular permeability is by far the most important factor 
for the development of cerebral edema {Plateel et al., J. Neurochem. 68: 874-877, 
1997). This work modeled hypoxia at the level of cerebral capillary endothelial 
cells and investigated the permeability changes induced by 48 hours of ffpoxia. 
Hypoxia was induced in bovine brain microvessel endothelial cells using Modular 
Incubator Chambers (Billups-Rothenberg). 48 hours of hypoxia resulted in a 
significant increase in the permeability coefficient of [14C]sucrose at all time points 
( 30, 60, 90 and 120 min) (P < 0.01). Increased [14C]sucrose entry' is linked with 
increased permeability, thus we hypothesize that the hypoxia induced changes are 
due to morphological changes in the endothelial cells. Ca2+ has been indicated in 
hypoxic damage in other cell types and plays a role in maintenance of tight 
junctions. Thus, hypoxia experiments were performed in the presence of 10 nM 
nifedipine, a Ca2+ channel antagonist. Nifedipine significantly reversed the 
permeability changes induced by 48 hours of hypoxia at 30, 60, and 90 minutes (P 
< 0.05). This protection of endothelial integrity by nifedipine may be due to 
blocking Ca2+ influx or acting as a membrane antioxidant. The antioxidant 
activity of several Ca2+ blockers has been shown to protect against the impaired 
cell growth induced by oxy radicals {Mak et al., Biochem. Pharm. 50: 1531-1534,
1995) . (supported by NIDA #RO1 DAI 1271).

756.2
MAGNESIUM AND MEXILETINE COMBINED, ADMINISTERED 
DURING ISCHEMIA, RESULT IN SIGNIFICANT FUNCTIONAL 
NEUROPROTECTfON IN THE IN VITRO RABBIT RETINA. K. I. 
Maynard*. D. Chen and C. S. Ogilvy. Neurophysiology Laboratory, Neurosurgical 
Service, Massachusetts General Hospital and Harvard Medical School, Boston, MA 
02114.

Ca2+ and Na+ play a major role in the induction of processes leading to irreversible 
ischemic damage. Mg2’ and mexiletine (Mex) block the effects of these cations 
respectively. We therefore examined the effect of Mg2+(1 raM), Mex (300 pM), and 
Mg2+(1 mM) & Mex (300 pM), compared with control (untreated) preparations, 
during 2 h of simulated ischemia, on the recovery of light-evoked compound action 
potentials (CAPs) recorded from the optic nerve of isolated retinas.

Ischemia was induced by the reduction of oxygen (from 95 to 15%) and glucose 
(from 6 to 1 mM), which abolished the CAPs within 10 min.

Although Mg2+ and Mex individually improved the average recoveiy of neuronal 
function (CAPs) following ischemia, the outcome in each case was not significantly 
different from the control group (n==3 for each group). Retinas treated with both 
Mg2+ & Mex however, showed significantly' (using repeated measures ANOVA, 
followed by Fisher’s Protected LSD posthoc tests, p<0.01) better recovery of 
lunction compared with control (untreated) retinas.

Mg2+ & Mex combined, administered during ischemia, lead to significantly better 
recovery of neuronal lunction in this preparation. Ihe mechanism of protection 
remains to be clarified, but it is probably related to Mg2+ blocking various Ca2+ - 
mediated events, in addition to Mex acting as a Na+ channel blocker.

KIM is a Minority Scientist Development Awardee of the American Heart 
Association, and CSO is the recipient of NIH award 4 NSO1732.

756.3
EVALUATION OF SELECTIVE CHEMICAL INHIBITION OF THE 
RESPIRATORY CHAIN FOR INDUCTION OF HYPOXIC TOLERANCE
M. W. Riepe1,2*, A. C. Ludolph1,2, K. Kasischke1,2. 1 Dep. of Neurol., 
Univ. Ulm, Ulm, Germany and2Dep. of Neurol., Humboldt-Univ., Berlin, Germany

Previous studies showed that inhibition of mitochondrial complex II increases 
hypoxic tolerance in central nervous system by a mechanism related to preservation of 
cellular energy levels. The goals of the present study were to investigate hypoxic 
tolerance upon selective chemical inhibition of other complexes of the respiratory 
chain and to study whether measurement of NADH-autofluorescence provides a 
suitable screening method in hippocampal slices.

Rats (180 - 250 g) were treated in vivo with a single dose of different selective 
inhibitors of mitochondrial respiration (e.g. haloperidol, acetylsalicylate) 1 hour to two 
days prior to preparation of hippocampal slices. Population spikes were recorded in 
hippocampal region CA1 after bipolar stimulation of the Schaffer collaterals in 
hippocampal region CA3 at 0.1 Hz. NADH-autofluorescence was measured in 
hippocampal slices by excitation with 337 nm and detection at 460 nm.

In controls posthypoxic recovery (15 min hypoxia, 45 nun recovery) was 31 ± 10 
% (mean ± SE). In slices prepared from animals pretreated in vivo with 1 mg/kg 
haloperidol 1 hour prior to slice preparation posthypoxic recovery' was 98 ± 14 % (p < 
0,01 to controls). Similarly, neuroprotection was observed upon pretreatment with 
acetylsalicylate (posthypoxic recovery 87 ± 19 % ; p < 0,01). Increase of NADH 
upon severe chemical hypoxia with cyanide was reduced after preconditioning.

We conclude that early-onset and long-lasting neuroprotection via increase of 
endogenous hypoxic tolerance can be induced not only by chemical inhibition of 
mitochondrial complex II but also by other mitochondrial inhibitors. Measurement of 
NADH is a suitable instrument for on-line monitoring in hippocampal slices. 

Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

756.4
NEUROPROTECTION AND EEG STUDIES WITH DEXTROMETHORPHAN (DM) AND THE 
DM ANALOG AHN649: DIFFERENTIAL POST-TREATMENT EFFICACY AND IN VIVO 
NEUROTOXICITY IN RATS. F.C. Tortella*, A. Williams, X-C.M. Lu, A, 
Newman1 and P. Britton. Walter Reed Army Inst. Res., Washington, 
DC 20307 and XNIDA Addiction Res. Ctr., Baltimore, MD 21224.

The 3-amino-17-methyl morphinan derivative of dextromethorphan 
(DM), AHN649, has been previously described as possessing 
excellent neuroprotective potency in in vitro and in vivo rat 
models of CNS injury. In the present study we describe the dose- 
dependent, systemic (i.v.) efficacy of 1) post-treatment with 
AHN649 and DM to decrease infarct volume in the rat intraluminal 
filament model of temporary middle cerebral artery occlusion 
(MCAO)/reperfusion and 2) these drugs to differentially enhance 
cerebral excitability in a rat model of cortical EEG activity. In 
control rats, 2 h of MCAO followed by 72 h of reperfusion 
resulted in neurological impairments and infarction measuring 267 
±31 mm3, representing approximately 30% contralateral hemispheric 
infarction. Dosing with AHN649 or DM (0.5,1,2,4,6,24 and 48 h 
post-occlusion) significantly reduced maximal hemispheric 
infarction to a similar degree, i.e. 12.7% and 11.4% respectively. 
However, while the neuroprotective effects of AHN649 (0.625-10 
mg/kg) were positively correlated with dose, those of DM were not 
in that higher doses of DM (2.5-10 mg/kg) were less effective than 
lower (0.625 mg/kg) doses. In separate rats EEG studies revealed 
that acute, i.v. doses of DM caused seizures(ED50 = 26 mg/kg), and 
lethality (LD50 = 27 mg/kg). In contrast, AHN649 failed to induce 
EEG or behavioral signs of seizures at doses up to 100 mg/kg (LD50 
= 70 mg/kg). These results demonstrate that 1) AHN649 is 
neuroprotective as an i.v. post-treatment, 2) compared to DM, 
AHN649 possesses an an improved efficacy and safety profile, and 
3) the neuroprotective efficacy of DM is probably limited by its 
neurotoxicity (i.e. seizurogenic) properties. (DOD/MRMC Funding)

756.5
MILD HYPOTHERMIA IN FOCAL TRANSIENT ISCHEMIA: OPTIMAL 
DURATION, AND EFFECTS UPON APOPTOTIC CELL DEATH AND 
INFLAMMATION M- Cheng,_CJkL.Mflier, and G. K. Steinberg*. Dept. 
of Neurosurgery, Stanford University Medical Center, Stanford, CA 94305.

Previous work in our laboratory demonstrated neuroprotection with mild 
hypothermia (33°C). This study 1) evaluates its optimal duration, and 2) 
examines its effects upon a) inflammation by myeloperoxidase staining of 
neutrophils and b) apoptosis by TUNEL, morphology, and DNA laddering. 
33 rats underwent 2 hour occlusion of the left middle cerebral artery. The 
rats were randomized into 4 groups: 1) normothermic controls (37°C; n=8), 2) 
hypothermia (33°C; n=9) for 30 min at ischemic onset, 3) hypothermia for 1 
hour (n=8), and 4) hypothermia for 2 hours (n=8). After suture removal, the 
rats were returned to normothermia and reperfused for 72 h. Neurological 
outcome scores of hypothermic rats were significantly better than controls 
except the 30 min group, which showed no improvement. 2 h hypothermia 
decreased infarct area by 59%/72%/25% (hemisphere/cortex/striatum); 1 h 
reduced injury 84%/94%/60%; 30 min hypothermia did not show protection. 
Prelim data suggests neutrophil accumulation is significantly reduced with 1 
and 2 h hypothermia, but is unaffected by 30 min hypothermia. TUNEL- 
labeled cells were counted in cortex and striatum. Positive-control DNAse I 
treated sections exhibited widespread labeling, while negative controls 
omitting TdT showed no labeling. TUNEL staining was absent before 24 
hours post-ischemia. At 72 hours, preliminary data shows that 1 and 2 hour 
hypothermia significantly reduces TUNEL staining in cortex and striatum, 
whereas 30 minutes of hypothermia did not. We conclude that intraischemic 
mild hypothermia must be maintained for 1 to 2 hours to obtain optimal 
neuroprotection against ischemic cell death due to necrosis & apoptosis; this 
neuroprotection may be due in part to decreased neutrophil accumulation.

756.6
LONG TERM EFFECTS OF MILD HYPOTHERMIA ON NEUROLOGIC 
OUTCOME, INFARCT SIZE, APOPTOSIS AND INFLAMMATION IN A 
FOCAL MODEL OF TRANSIENT CEREBRAL ISCHEMIA C, M, Maier*.
M. Cheng, and G. K, Steinberg. Dept. of Neurosurgery, Stanford 
University Medical Center, Stanford, CA 94305.

Previous work in our laboratory demonstrated that mild intraischemic 
hypothermia (33“C) must be maintained for 1 to 2 hours to obtain optimal 
neuroprotection and improved neurological outcome in focal cerebral 
ischemia. The present study was undertaken to determine the long term 
effects of mild hypothermia. We studied 72 rats that underwent a 1.5 hour 
occlusion of the left internal carotid, anterior cerebral, and middle cerebral 
arteries by an intraluminal suture placed 19-23 mm into the ICA. Animals 
were randomized into 6 different experimental groups: hypothermic animals 
(33°C; n=36) survived for 3 days, 1 week, or 2 months; and a parallel set of 
normothermic ischemic controls (37°C; n=36). After suture removal the 
animals were returned to normothermia and were closely monitored 
throughout the recovery period for any neurological findings. Average post-
anesthesia recovery time showed that the animals in the 33°C group tended 
to recover at a faster rate {24+6.7; p=0.068) compared with the 
normothermic animals (31.2±11.9). Infarct volume was measured following 
fixation, sectioning and staining of the tissue with hematoxylin and eosin. 
To determine the effects of hypothermia upon neutrophil accumulation, 
immunohistochemical staining with myeloperoxidase was performed. To 
determine the effect of hypothermia upon apoptosis, paraffin-embedded 
tissue was examined by terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) to detect cells undergoing intemucleosomal 
DNA fragmentation. DNA was also extracted from microdissected tissue 
and was examined by electrophoresis.
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756.7
NOVEL SPIN TRAPPING AGENT USED TO CHARACTERIZE OXY-RADICAL TISSUE 
CONTENT AND TO PROVIDE PROTECTION IN A MODEL OF 
ISCHEMIA/REPERFUSION. J. S. Althaus, T. J. Fleck, D. A. Becker1, G. J. Fici, E. D. Hall, 
P. F. VonVoigtlander and K. A. Svensson*. CNS. Diseases Research, Pharmacia & Upjohn, 
Kalamazoo, MI 49001 and 'Department of Chemistry, Florida International University, 
University Park, Miami, FL 33199.

We present analytical and neuroprotective data on a unique spin trapping agent derived from 
a novel chemical class known as an azulenyl nitrone (AZN). Based on colorimetric properties, 
AZN was used to assess the formation of free radicals in a bilateral carotid occlusion (BCO) 
model in gerbils by monitoring the conversion of the nitrone to the aldehyde in affected tissue. 
In addition, AZN was tested as a neuroprotectant in this model regarding the preservation of 
CAI pyramidal cells of the hippocampus following transient ischemia/reperfusion. AZN was 
electrochemically oxidized to give the aldehyde using an HPLC system with on line 
electrochemical oxidation. The oxidation potential associated with a 50% loss of AZN 
occurred at about 600 mV (half-wave potential versus palladium electrode). The major product 
detected as AZN oxidation occurred in an aqueous methanolic medium was the corresponding 
azulenyl aldehyde. Oxidation of AZN was inversely related to the formation of the aldehyde. 
Based on this test, we considered the in vivo conversion of AZN to aldehyde to be a measure-

ment of oxidative stress in tissue. Results show that 0.3% of hippocampal AZN was converted 
to aldehyde in animals treated as shams. However, in gerbils subjected to a 7-min ischemic 
insult plus 7-min reperfusion, the conversion rate was 5 times higher at 1.5%. In this model, 
surviving CAI hippocampal neurons were counted from gerbils that were subjected to 7 mins 
of BCO followed by 5 days of reperfusion. In sham animals, about 89 cells were counted in a 
selected field of CAI neurons. With injury, only 27 cells on average survived (70% loss) and 
were counted from this selected field Under similar conditions and AZN treatment, 57 cells 
survived (36%) We conclude, therefore, that the demonstrated neuroprotection occurs because 
AZN neutralizes radicals which contribute to neuronal damage.

756.8
A MIXED CLASS I ANTAGONIST/CLASS II AGONIST OF METABOTROPIC 
GLUTAMATE RECEPTORS IS NEUROPROTECTIVE EVEN WHEN 
ADMINISTERED AFTER ISCHEMIA. P, Henrich-Noack, C. Hatton, K, 
Krautwald, K.G. Revmann*. Federal Institute for Neurobiology and Research 
Institute Applied Neurosciences Ltd., Brenneckestr. 6, 39118 Magdeburg, Germany.

Although several drugs acting on metabotropic glutamate receptors (mGluRs) 
have already been tested in vitro for their neuroprotective potency after 
hypoxic/excitotoxic conditions, not much is known about their influence on 
neuronal damage in vivo. Since in general it is assumed that class I mGluRs 
mediate excitation while class II/III mediate a depression of synaptic transmission, 
we tested (S)-4-carboxy-3-hydroxyphenyl-glycine (4C3HPG: an antagonist at class 
I and an agonist at class II mGluRs) in a model of global ischemia.

Male Mongolian gerbils were anesthetized on a heating plate with 2.5% halothane 
in an oxygen/N2O mixture (30:70). Transient global ischemia was performed by 
clamping both common carotid arteries for 5 min. Halothane concentration was 
lowered to 0.75% and rectal temperature was controlled. Seven days after ischemia 
brains were removed and histology was performed by conventional techniques.

4C3HPG applied icv in a dose of 42 pg/animal 20 min before ischemia led to a 
significant higher neuronal density in the CAI region of the hippocampus in 
comparison to the controls [neurons/500pm: 99.9 ± 25.7 (vehicle) versus 205.4 ± 
22.7 (4C3HPG); p=0.002]. Additionally we injected 4C3HPG (211 pg/animal) 15 
min after induction of transient ischemia. Also under these conditions we reached a 
neuroprotective effect which was as pronounced as in the preischemic application 
schedule [neurons/500pm: 93.3+28.2 (vehicle) versus 208±5.58 (4C3HPG); 
p- 0.002]. (Statistics: Mann-Whitney, U-test; values are mean ± SEM)

To sum up we could show that 4C3HPG has a strong neuroprotective effect in a 
model of transient global ischemia even if administered after the insult.
This work was supported by Land Sachsen-Anhalt FKZ 1877A/0025

756.9
METABOTROPIC GLUTAMATE RECEPTOR SUBTYPE 2 
MODULATES INTERNAL CELLULAR CALCIUM STORES. I. Ahmad*, 
M. TenBroeke. J. Gallant, and K. Maiese, Neurology, Anatomy and Cell Biology, 
Ctr. for Molecular Medicine, Wayne State Univ. Sch. of Med., Detroit, MI 48201

Activation of specific metabotropic glutamate receptor (mGluR) subtypes 
can prevent neurodegeneration during anoxia and nitric oxide toxicity (Maiese, et 
al. J Neurochem 66:2419-2428, 1996). This group of G-protein related receptors 
relies on the modulation of signal transduction pathways, such as intracellular 
calcium (Caj2+). We therefore characterized the ability of specific mGluR 
subtypes to modulate Ca/*. The mGluR agonists, 1S,3R-1 -aminocyclopentane- 
1, 3-dicarboxylie acid (1S,3R-ACPD) and L(+)-2-amino-3-phosphonopropionic acid 
(L-AP4), and the mGluR antagonist, dibutyryladenosine 3', 5'-cyclic 
monophosphate (L-AP3), were administered in increasing concentrations (50|nM to 
lOOOpM) with changes in Cai2+ imaged with FURA-2 microfluorometry in 
primary hippocampal neurons. The mGluR agonist 1S,3R-ACPD raised Cai2* t0 
a maximum of 46+4% (n=35, p<0.005) over baseline. In contrast, individual 
application of the mGluR agonist L-AP4 and the mGluR antagonist L-AP3 did not 
significantly alter Caj2+ from baseline. Using L-AP3, an antagonist of the 
mGluR subtypes mGluRl, mGluR2 and mGluR5, and (2S)-a-ethylglutamic acid 
(E-glu), an antagonist of the mGluR subtypes mGluR2 and mGluR3. we further 
examined the role of the mGluR subtypes responsible for Caj2+ release. 
Administration of L-AP3 (IOOOgM) or E-glu (1000|iM) with 1S.3R-ACPD 
(50|iM to 1000|iM) significantly reduced or prevented the release of Caj2+ by 
1S,3R-ACPD, suggesting that the mGluR2 subtype was responsible for the 
release of Cai2+. In addition, pharmacological inhibition of either inositol 
triphosphate calcium stores (heparin (2mg/ml) or neomycin (200gM)) or ryanodine 
sensitive calcium pools (ruthenium red (IOOji M) and 8-bromo cyclic ADP-ribose 
(3.5|lM)) significantly reduced 1S,3R-ACPD Caj2+ release, although the 
ryanodine sensitive calcium pools played a more critical role. Further 
characterization of the cellular calcium pools modulated by the mGluR subtypes 
may provide greater insight into the mechanisms that mediate neuronal survival.

Supported by the Alzheimer's Association, AHA (National), J&J Focused 
giving Award, NIH NINDS, and United States Cerebral Palsy Foundation.

756.10
METABOTROPIC GLUTAMATE RECEPTORS MODULATE DNA 
REPAIR MECHANISMS DURING NEURONAL INJURY. B. Y, Ahmed*, 
A. M. Vincent, and K. Maiese, Neurology, Anatomy and Cell Biology, Center for 
Molecular Medicine, Wayne State Univ. School of Medicine, Detroit, MI 48201

Metabotropic glutamate receptor (mGluR) activation prevents 
neurodegeneration against anoxic and nitric oxide (NO) insults (Maiese et al., J 
Neurochem 66:2419-2428, 1996). The cellular pathways that regulate protection 
by mGluRs remain under investigation, but may involve mechanisms that 
maintain DNA integrity. We therefore investigated whether endogenous 
deoxyribonucleases, enzymes responsible for DNA repair and degradation, mediated 
mGluR protection against NO. In rat primary hippocampal neurons, injury was 
assessed by using a 0.4% trypan blue dye exclusion method 24 hours following 
treatment with the NO generators sodium nitroprusside (300pM) or SIN-1 
(300pM). DNA digestion studies using neuronal cell extracts were employed to 
assess specific endonuclease activity. Individual application of aurintricarboxylic 
acid (ATA) (10(iM), an endonuclease inhibitor, or the mGluR agonists 1S,3R- 
ACPD (750(J.M) or L-AP4 (750|iM) prior to NO exposure significantly increased 
neuronal survival (NO = 23±4%; ATA = 73±4%; 1S,3R-ACPD = 72±4%; L-AP4 
= 71+3%; p<0.001). Yet, combination therapy with ATA (lOpM) and 1S,3R- 
ACPD (750|iM) or L-AP4 (750jiM) did not synergistically improve neuronal 
survival (NO = 23±4%; ATA/1S,3R-ACPD = 69+4%; ATA/L-AP4 = 67+4%), 
suggesting a common pathway of protection for ATA and the mGluRs that is 
dependent upon endonuclease activity. In further support of this premise, 
protection by the mGluR agonists 1S,3R-ACPD and L-AP4 was significantly 
decreased during enhancement of endonuclease activity with the zinc chelator, 
/V,/V,A7V',-tetrakis (2-pyridylmethyl) ethylenediamine (TPEN) (0.25|iM) (n = 6, 
pcO.Ol). DNA digestion assays identified two distinct mechanisms to maintain 
DNA integrity, a Mg2+-dependent endonuclease inhibited by 1S,3R-ACPD and a 
mildly acidic endonuclease (pH = 6) inhibited by L-AP4. Further investigation 
into the molecular pathways modulated by mGluRs may identify specific DNA 
repair mechanisms that are essential for neuronal survival.

Supported by the Alzheimer's Association, AHA (National), J&J Focused 
Giving Award, NIH NINDS, and the United Cerebral Palsy Foundation.

756.11
METABOTROPIC GLUTAMATE RECEPTORS: PRIMARY 
MOLECULAR PROTECTION AGAINST NITRIC OXIDE INDUCED 
PROGRAMMED CELL DEATH. A. M, Vincent*, Y, Mohammad, I, Ahmad, 
R, Greenberg, and K. Maiese. Neurology, Anatomy and Cell Biology, Center for 
Molecular Medicine, Wayne State University School of Medicine, Detroit, MI 
48201

Activation of specific metabotropic glutamate receptor (mGluR) subtypes 
prevents neuronal injury through the modulation of the signal transduction 
pathways of nitric oxide (NO) (Maiese et al., J Neurochem 66:2419-2428, 1996). 
Since NO, a free radical, may directly damage DNA, we examined whether 
neuroprotection through mGluR activation was dependent upon modulation of 
programmed cell death (PCD). The NO generators sodium nitroprusside (300gM) 
and 3-morpholino-sydnonimide (300|iM) were applied to induce NO toxicity in 
primary rat hippocampal neurons. PCD was assessed through hematoxylin and 
eosin staining, agarose, gel electrophoresis, transmission electron microscopy, and 
protein synthesis assays with [S-^j-methionine incorporation. Following NO 
exposure, induction of PCD was both robust and rapid. Evidence of PCD was 
present within 1 hour and significantly increased over time from 17±4% (0 
minutes) to 72±6% (24 hours), p<0.001. During this 24 hour period, new protein 
synthesis remained constant despite an approximate 70% reduction in the neuronal 
population following NO exposure. The neuroprotective mGluR agonists 1S,3R- 
ACPD (750pM) or L-AP4 (750|iM) applied one hour prior to NO exposure 
significantly reduced PCD from 74+5% (NO only) to 38±5% (1S,3R-ACPD/NO, 
p<0.001) and to 35±4% (L-AP4/NO, p<0.001). In contrast, L-AP3 (750gM), a 
mGluR antagonist that is not protective, did not prevent PCD induction following 
NO exposure. Surprisingly, protein synthesis was not altered by the mGluR 
agonists, but was significantly decreased by the antagonist L-AP3, suggesting that 
protein synthesis was not a principal pathway of PCD modulation. Further 
understanding of the genetic mechanisms of NO induced PCD by mGluR activation 
may lead to novel approaches to the treatment of neurodegenerative disease.

Supported by the Alzheimer's Association, AHA (National), J&J Focused 
Giving Award, NIH NINDS, and the United Cerebral Palsy Foundation.

756.12
CRITICAL TEMPORAL DEPENDENCY FOR LUBELUZOLE TO 
REVERSE PROGRAMMED CELL DEATH. J. A. Beniamins*, M. 
TenBroeke. A. M. Vincent, and K, Maiese, Neurology, Anatomy and Cell 
Biology, Center for Molecular Medicine, Wayne State University School of 
Medicine, Detroit, MI, 48201

Lubeluzole, a novel benzothiazole compound with potential clinical 
efficacy in the treatment of cerebrovascular disease, has recently been demonstrated 
to be neuroprotective through the signal transduction pathways of nitric oxide (NO) 
(Maiese, et al. J Neurochem 68:710-14, 1997). As a free radical, NO may be toxic 
to neurons through mechanisms that directly involve DNA damage. We therefore 
examined whether neuroprotection by lubeluzole was dependent upon the molecular 
pathways of programmed cell death (PCD). In primary hippocampal neurons, 
evidence of PCD was determined by hematoxylin and eosin (H&E) stain, 
transmission electron microscopy, gel electrophoresis, and annexin-V binding. NO 
administration with the NO generators sodium nitroprusside (300|iM) or SIN-1 
(300pM) directly induced PCD. Neurons positive for PCD increased from 25+4% 
(untreated) to 61±6% (NO) over a 24 hour period (n=10, p<0.001). Co-
administration of NO and lubeluzole (750nM), a neuroprotective concentration, 
actively decreased PCD expression on H&E stain from 72+7% (NO only) to 
39+3% (NO and lubeluzole) (n=6, p<0.001). Reduction in DNA fragmentation by 
lubeluzole also was evident on electron microscopy and gel electrophoresis. 
Application of lubeluzole in concentrations that were not neuroprotective or 
administration of the biologically inactive R-isomer did not significantly alter NO 
induced PCD, suggesting that neuroprotection by lubeluzole was intimately linked 
to the modulation of PCD. Lubeluzole also was able to actively reverse cellular 
membrane inversion labelled with annexin-V binding, an early and sensitive 
indicator of PCD. Interestingly, the critical period for lubeluzole to reverse PCD 
induction appears to be within the first 4 hours following NO exposure. Further 
investigation into the neuroprotective pathways of agents such as lubeluzole may 
provide greater insight into the molecular mechanisms that ultimately determine 
neuronal survival.

Supported by the Alzheimer’s Association, AHA (National), Janssen 
Research Foundation, NIH NINDS, and the United Cerebral Palsy Foundation.
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757.1
PROCESSING OF KJNAESTHETIC INFORMATION WITHIN 
HUMAN SOMATOSENSORY CORTEX STUDIED BY WHOLE- 
HEAD MAGNETOENCEPHALOGRAPHY. T, Mima*. T, Nagamine, 
S. Yazawa, H. Shibasaki. Department of Brain Pathophysiology, Kyoto 
University School of Medicine, Kyoto 606-01, JAPAN.

In order to delineate the cortical representation of joint movement sense 
in human, somatosensory evoked magnetic fields (SEFs) following the 
brisk passive extension movement at the wrist were studied in 10 normal 
volunteers. Three types of movement; 4, 8 and 12 degrees in 100 ms, 
were separately presented to the subjects as the stimulus. For control 
study, SEFs following the electric stimulation of the ulnar nerve which 
innervates the wrist flexors were recorded. Evoked responses to passive 
movement were observed at the contralateral central area (latency: 57 +
10 ms from the onset of the movement). Their strength or dipole 
moment was linearly correlated with the velocity of the movement (21.2 
nAm for 4 degree, 25.5 nAm for 8 degree, and 31.8 nAm for 12 
degree). Their estimated generator source was superimposed on the 
brain MRI and found to be localized at the contralateral postcentral gyrus 
(primary somatosensory cortex). The site activated by the passive 
extension movement at the wrist was localized significantly deeper 
compared with that activated by the electrical stimulation of the ulnar 
nerve, which suggests the contribution of area 3a in addition to area 3b 
for the processing of kinaesthesia.

This study was partly supported by Grant-in-Aid for Scientific 
Research (A) 08558083, (A) 06404031 and (C) 7670711 from the Japan 
Ministry of Education, Science, Sports and Culture.

757.2
SENSORIMOTOR INTEGRATION IN HUMAN PRIMARY AND 
SECONDARY SOMATOSENSORY CORTICES.
V. Tousmaki* and N. Forss. Brain Research Unit, Low Temperature 
Laboratory, Helsinki University of Technology, P.O. Box 2200, FIN- 
02015 HUT, Finland.

We measured somatosensory evoked fields (SEFs) to electric median 
nerve stimuli at the wrist from eight healthy subjects with a whole-head 
122-channel neuromagnetometer (Neuromag-122™) in two conditions:
(i) 'rest', with stimuli producing clear tactile sensation without any 
motor movement, and (ii) 'contraction' with similar stimuli as in 'rest', 
but the subject maintained a continous submaximal isometric 
contraction in left thenar muscle.

Our aim was to study the effect of isometric motor activity on the 
primary (SI) and secondary somatosensory (SII) cortices. N20m 
component of the SI cortex did not change with coincident isometric 
contraction, whereas P35m was clearly reduced. Activation of contra- 
and ipsilateral SII cortices was significantly enhanced during isometric 
contraction of muscles innervated by the same mixed nerve trunk to 
which the electric stimuli were applied.

We suggest that isometric contraction decreases inhibition of the SI 
cortex, resulting in subsequent enhancement of activation in the SIL The 
functional significance of enhanced activation of SII cortices may be 
tuning of SII neurons towards relevant tactile impulses from the 
contracting muscles.

Supported by the Academy of Finland.

757.3
RHYTHMICITY OF DESCENDING MOTOR COMMANDS 
COVARIES WITH THE AMOUNT OF MOTOR CORTEX 20-30 Hz 
RHYTHMS. S. Salenius*. N. Forss, R. Hari. Brain Research Unit, Low 
Temperature Laboratory, Helsinki University of Technology, Otakaari 3 A, 
Espoo, P.O. Box 2200, FIN-02015 HUT, Finland

We recorded whole-head MEG simultaneously with EMG from the first 
dorsal interrosseus and common index finger extensor muscles of the left 
hand from 6 healthy right-handed subjects during an isometric contraction 
task. In agreement with previous findings, signals from the contralateral 
motor cortex were found to be coherent with EMG signals at frequencies 
from 15 to 30 Hz (Conway et al., J Physiol 1995, 489: 917-924; Salenius et 
al. J Neurophysiol, in press), with the cortical signals leading the muscular 
signals by 20-30 ms (Salenius et al. J Neurophysiol, in press). Three 
subjects showed clear motor cortex oscillations with the same peak 
frequency as the coherence. Both these motor cortex rhythms and the 
coherence between cortical and muscular signals (MEG-EMG) markedly 
decreased, when the isometric contraction was accompanied by continuous 
movements of fingers III-V. Moreover, stimulation of the left median nerve 
(once every third second) during the contraction resulted in an increase of 
rhythmic activity from the contralateral motor cortex and a similar increase 
in MEG-EMG coherence, both peaking at 0.4-0.8 s after the stimulation, in 
all subjects. The amount of coherence between the two muscle signals 
(EMG-EMG) and between the cortical signals and the muscle signals 
(MEG-EMG) clearly covaried. We conclude that rhythmic activity of the 
motor cortex entrains efferent motor commands and that the strength of the 
resulting coherence between cortical activity and spinal motoneuron firing 
depends on the power of motor cortical rhythms at about 20-30 Hz. 
Supported by the Academy of Finland.

757.4
CHOICE AND STIMULUS-RESPONSE COMPATIBILITY: 
EFFECT ON CORTICAL MOTOR ACTIVATION. P. Dassonville*.
X.-H. Zhu, S. M, Lewis, H, E, Foster, S.-G. Kim, K. Ugurbil, J, Ashe. Brain
Sciences Center, VAMC, and Center for Magnetic Resonance Research, 
University of Minnesota, Minneapolis, MN 55417.

Choice response times are known to increase with the number of possible 
stimulus-response (S-R) pairs, especially under conditions of low S-R 
compatibility. To examine the functional substrate underlying these behavioral 
effects, we obtained BOLD-based fMRi multislice axial images at 4 Tesla while 
subjects used a joystick to control the movement of a cursor in response to cues 
presented on a visual display. Separate blocks of trials were run in which both 
the number of possible choices (2, 4 or 8) and the level of S-R compatibility were 
varied. S-R compatibility was manipulated in two ways. First, movement cues 
were either spatial or symbolic. Second, responses were aimed either directly at 
the indicated target (direct) or rotated 90° counter-clockwise (ccw). Confirming 
previous behavioral findings, response times increased with the number of 
possible S-R pairs; the smallest effect was seen for blocks with the highest degree 
of S-R compatibility (i.e., spatial-direct) and the largest for blocks with the 
lowest degree of S-R compatibility (i.e., symbolic-ccw). The volume of activation 
in cortical motor areas showed a similar pattern, increasing with the number of 
possible S-R pairs and with decreasing levels of S-R compatibility. These effects 
were most obvious in premotor cortex and the superior parietal lobule, indicating 
that the activation within these areas is related to the amount of information 
conveyed by a visual stimulus, and that this relationship is modulated by the 
degree of S-R compatibility. Notably, the effects of choice and S-R compatibility 
were minimal in primary motor cortex. (Supported by NIH grant NS32437)

757.5
FUNCTIONAL MRI STUDY OF HUMAN PRIMARY MOTOR CORTICAL 
REPRESENTATIONS FOLLOWING TRAUMATIC SPINAL CORD INJURY.
§. Shoham,_KBu...Burr*...... RaH, , Sphmjftt, Hf, Buzwgll & R,A-,.,.Np_rmarm
Bioengineering, Radiology & Neurosurgery Depts., U. of Utah, Salt Lake City, UT 
84112

Previously reported studies in spinal cord injured individuals have used magnetic 
stimulation and revealed rapid massive reorganization of MI, implying that the areas 
representing the nonfunctional limbs are overtaken by more proximal areas. Yet, upon 
cortical stimulation some patients reported parasthesias in deafferented limbs, 
implying the preservation of those representations. Are these representations activated 
when the patients make volitional attempts to move the paralyzed limbs?

We are currently investigating these issues by looking at rCBF at the pre and 
post central gyri regions using EPI BOLD fMRi imaging (1.5T GE Echo Speed 
Scanner, TR=3sec). To date 2 healthy and 3 spinal cord injured (injury levels: T6 
complete, T12 complete, C6 - sensory pathways preserved) were imaged while 
performing simple motor tasks involving the hands, feet, arms, shoulders, leg muscles 
and face muscles. Tasks consisted of 30 seconds motor activation periods alternating 
between different limbs. Roughly half of the tasks performed by the spinal cord injured 
were in paralyzed limbs (to date, these were only in the lower extremities) and thus 
did not involve any true motor output. Images were realigned, transformed to a 
normalized stereotactic space and spatially smoothed, resulting in an effective spatial 
resolution of roughly 1.5 cm3. Activation was defined as significant (P<0.001) levels 
of MR signal modulation with motor tasks (SPM96 software, the Wellcome Dept. of 
cognitive Neurology, London).

In the healthy subjects we observe reproducible sensory and motor activation in 
the anticipated homuncular areas. At present our main finding is that similar precentral 
regions are being activated when the injured subjects are trying to move their 
paralyzed lower extremities as are activated in the normal controls. Significant 
activation was observed in those cases in the supplementary motor area as well.

This work was supported by the Whitaker foundation, the W.M. Keck foundation 
and the radiology dept. of the University of Utah Hospital.

757.6
MOTOR PLASTICITY AND RECOVERY AFTER HEMISPHERECTOMY IN 
CHILDREN WITH EPILEPSY - FMRI STUDIES. C. Graveline*. P.A. Hwang. 
Hospital for Sick Children, University of Toronto, Toronto, Ontario, M5G 1X8.

Hypothesis: The recovery of ipsilateral motor functions after hemispherectomy (H) 
in children with epilepsy is localized to the contrasurgical motor cortex (MI). 
Purpose: 1. To identify the location and the extent of cortical activation resulting 
from recovered motor function . 2. To document and quantify the extent of the 
clinical motor recovery at gross and fine motor levels. 3. To document and determine 
the relationships between impairment and disability. Methods: Cohort study of 16 
children aged 0 to 20 years who have undergone an H involving MI. The remaining 
hemisphere serves as an internal control. Functional Magnetic Resonance Imaging - 
Blood Oxygen Level Dependent (fMRI-BOLD) studies are conducted using a 
conventional GE 1.5 Tesla magnet and a gradient echo spiral scan with a spatial 
resolution of 2.4 x 2.4 x 7 mm slice thickness per voxel. Ipsi and contralateral 
cortical motor activation maps are produced for the most dissociated and distal motor 
activity. Standardized gross motor, fine motor and disability evaluations are 
completed. Results: Data is collected in eight children. All children demonstrate 
clinical recovery of motor function on the contrasurgical side at different degrees. 
Three children have completed the fMRI-BOLD paradigm and display relocation of 
ipsilateral motor activity to the remaining hemisphere in the MI area. Gross Motor 
Function Measure overall scores average 49.1 ± 31.6%. Quality of Upper Extremity 
Skills Test scores average 9.63 + 5.54%, hemi side and 77.46 ± 21.74% healthy side. 
Activity Scales for Kids shows an average score of 40.4 ± 35.3% on ASKp and 49.5 
± 35.8% on ASKc. Pediatric Evaluation of Disability Inventory shows the majority 
of the normative values below scaled data. Conclusions: There is ipsilateral motor 
recovery after H in children with epilepsy. This novel motor activity is generated by 
MI of the remaining hemisphere. Most children with H are independent ambulators, 
present proximal upper extremity function, developmental delay and a wide range of 
abilities influencing greatly independence and autonomy outcomes. Supported by 
the Bloorview Epilepsy Program of the Bloorview Children's Foundation.
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757.7
PET STUDY OF VISUALLY AND NON-VISUALLY GUIDED FINGER 
MOVEMENTS IN PATIENTS WITH SEVERE PAN-SENSORY NEUROPATHIES 
AND HEALTHY CONTROLS.
R.A. Weeks*. C. GerloffandM. Hallett.
Human Motor Control Section, NINDS, NIH, Bethesda, MD, 20892, USA.

Patients with severe pan-sensory neuropathies and normal muscle power exhibit a 
disabling sensory ataxia, which can be controlled by an intense visual monitoring of 
movements. We hypothesised that during visually guided movements these patients 
would show overactivity of regions specialised for visuomotor control with possible 
involvement of areas involved in somatosensory control. We have, therefore, used 
positron emission tomography (PET) and the tracer H2^O to determine the functional 
anatomy of visually and nonvisually guided movements in 3 patients with longstanding 
pan-sensory neuropathies and normal muscle power and in 6 healthy controls. There were 
five conditions; a sequential finger movement task under visual guidance, a similar task 
without observation of the hand, visual monitoring of a video of the same sequential 
finger movement task, a passive visual task observing a reversing checkerboard, and a 
rest condition. Each condition was performed twice, in a randomised order. Data was 
analysed using SPM '95 with a threshold of Z>2.33 corrected for multiple comparisons. 
EMG recording was performed throughout all PET conditions in all subjects.

There were no areas of deficient activation in the patient cohort in any of the contrasts 
tested. In the non-visually guided movement task the patient group exhibited bilateral 
overactivity of primary motor cortex, without EMG evidence of mirror movements, 
possibly related to the increased difficulty the patients had with this task. In all 
conditions involving visual observation of hand movements there was highly significant 
overactivity of the left parietal operculum (SII) and right parieto-occipital (PO) cortex in 
the patient group. Recent non-human primate studies have suggested that the PO region 
contains a visual representation of hand movements. Overactivity of this area and the 
activation of SII by visual input suggests that a combination of compensatory 
overactivity of visual areas and cross-modal plasticity of somatosensory areas allows 
deafferented patients to compensate for their proprioceptive deficits.

757.8
INTERHEMISPHERIC VISUOMOTOR INTERACTION IN CALLOSAL 
AGENESIS: SPATIOTEMPORAL PATTERNS OF CORTICAL ACTIVATION. 
C.D. Saron1*, M. Lassonde2, H.G. Vaughan1, Jr., J.J. Foxe13, S.P. Alfhors1 and G.V.
Simpson1, 'Depts. of Neurosci. and Neurol., Albert Einstein Coll, of Med.. Bronx. NY.
2Dept. of Psych., U. of Montreal, and 3Dept. of Psych., Iona Coll., New Rochelle, NY.

This study investigated how the absence of the corpus callosum would be reflected
in visuomotor electrocortical activity using a task that we have extensively 
characterized in normal subjects. Two adults with callosal agenesis who had been 
examined on a variety of neuropsychological and behavioral dimensions were tested. 
Additionally, the effects of the presence versus absence of the anterior commissure 
(AC) were studied, as this commissure was present in the female, but not the male 
subject (both subjects had intact posterior commissures (PC) with no evidence of 
commisural hypertrophy). Event-related potentials from 122 scalp sites were elicited 
using wedge-shaped checkerboards in the left or right lower visual fields in a simple 
(left or right hand response) reaction time (RT) task. Control conditions used visual 
stimuli without motor responses and motor responses without stimuli. The monocular 
2 ms stimuli were 2° from fixation, 3° in extent, and had an ISI of 1.5-3.5 s. 
Responses from the acallosal subjects were compared to three normal control 
subjects, one of whom also viewed stimuli monocularly. Data analyses included 
topographic mapping of scalp current density as animated time series and spatio-
temporal dipole analysis (BESA) depicted within 3D MRI reconstructions of the 
subjects’ brains for both stimulus- and response-triggered averages. The effect of 
response speed was examined based on our previous evidence in normals suggesting 
that interhemispheric visuomotor transfer routes differ as a function of RT. Whereas 
contralateral posterior visual cortical responses were obtained in all subjects, 
ipsilateral responses were greatly diminished in the subject with an AC, and absent in 
the subject lacking an AC. This individual showed an unusually prominent bilateral 
fronto-central activation that began shortly following the onset of the initial posterior 
visual cortical response. This may reflect sensory activation of ipsilateral cortices via 
the PC. Additionally, the subject with an AC showed evidence of motor-related 
central interhemispheric transfer. These data demonstrate the efficacy of 
corticoafferent visual input via subcortical pathways as well as interhemispheric 
interactions mediated by the AC, both usually masked in the intact brain. Supported by 
NIDCD 95261122 and NINDS 2 7900 at AECOM and NSERCC and FCAR awards at UM.

757.9
IMAGING HUMAN INTRACEREBRAL CONNECTIVITY BY 
PETZTMS P, T, Fox*. R. Ingham. M, George. H, S, Mavbcrg, J. Ingham. J. 
Roby. C. Martin, P, Jerabek Research Imaging Center, UTHSCSA, San Antonio, 
TX 78284.
In vivo, non-invasive mapping of inter-regional connectivity in the human brain is a 
fundamental neuroscientific objective for which suitable methods have yet to be 
established. To this end, we tested the simultaneous use of PET and transcranial- 
magnetic stimulation (TMS). Left primary motor cortex for hand (L-Ml-hand) was 
stimulated (1 Hz, 120% motor threshold) with TMS; local and remote responses were 
recorded using blood-flow PET (H215O). TMS was applied for a single, 30-min (1,800 
pulses) stimulation session. PET scans were acquired at 10-min intervals before, 
during and after the stimulation session. Three, normal men were studied.

Direct Effects. TMS increased blood flow in L-Ml-hand (z-score = 4.2; p < 
0.00003) in a focal, well-circumscribed manner. No inhibitory surround or spread to 
adjacent areas of Ml was apparent. The local response had rapid onset, being present 
in a scan initiated 20 sec after stimulus onset. Unlike physiological stimuli, response 
magnitude increased over time, from 12% (1-min TMS), to 14% (10-minute TMS) to 
20% (20-minutc TMS) (r= 0.65; p < .05).

Remote Effects. Co-variance with the direct effects (i.e., at L-Ml-hand) was 
observed in five of seven regions selected a priori as having well-established 
connectivity with Ml. The most intense covariance was a negative (inhibitory) effect 
on R-Ml-hand (-0.86; p < 0.001). Inverse covariance indicates that TMS can induce 
orthodromic, trans-synaptic transmission of neural impulses. R-SMA showed strong 
positive covariance (r = 0.76; p < 0.003); L-SMA did not significantly covary. L-Sl 
(r = 0.73; p < 0.004) and L-S2 (r = 0.75; p < 0.003) both positively covaried. L-M2 
(ventral, lateral premotor cortex ) covaried positively, but less strongly (r = 0.68; p < 
0.006). (R-S2 and R-M2 were not sampled). PET/TMS is an effective tool for 
noninvasivc, in vivo mapping of inter-regional connectivity in the human brain.

757.10
SEQUENCE REPRESENTATION IN MOTOR CORTEX IS 
INDEPENDENT OF EFFECTOR: A PET MOTOR LEARNING 
STUDY. S.T, Grafton*. E. Hazeltine and R. Ivrv. Department of 
Neurology, Emory University School of Medicine, Atlanta, GA 30322

In previous studies we observed learning specific increases of brain 
activity in normal human motor cortex (MC) during implicit acquisition 
of a 6 element sequence using PET blood flow imaging*. We investigate 
specificity of this process in a motor transfer experiment.

Thirteen subjects learned a paced, non-spatial visually cued motor 
sequence using a right hand finger keyboard, with parallel increases 
(3.2%, p<0.05, ANOVA) in contralateral MC activity (Talairach -19, - 
33,64). A dual task (counting random tones) prevented development of 
sequence awareness. Switching to a random sequence caused a 50ms 
increase in reaction time (RT) (confirming learning) and a decrease in 
MC activity. Subjects then transferred to a large keypad requiring whole 
arm movements. After one random block they returned to the previously 
learned sequence. RTs decreased 62ms, confirming sequence transfer 
across effector, despite no explicit knowledge. MC activity increased at 
this random-sequence transition (2.4%, p<0.05), continued to increase 
with additional large keyboard practice (1.5%, p<0.05), and decreased 
(-2.2%, p<0.05) with subsequent random blocks. These changes were 
absent in a control group (n=l 1) using all random sequences, confirming 
the specificity of MC modulation for sequence acquisition.

The findings support the hypothesis that movement sequences can be 
represented, in part, at the level of MC. Effector independence suggests 
a role for MC in processing complex spatio-temporal movement patterns.

Supported by NINDS
*J Cogn Neurosci 7: 497, 1995 & Brain 120: 123, 1997

757.11
BILATERAL PREMOVEMENT ACTIVATION IN THE HUMAN MOTOR 
SYSTEM: PREMOTOR CORTEX (PMC) OR PRIMARY MOTOR CORTEX (Ml)? 
C, Gerloff1*. N, Uenishi2. T, Nay amine2. T. Kunieda2. L.G. Cohen1. M. Hallett1. H. 
Shibasaki2. tHuman Motor Control Section, NINDS, NIH, Bethesda, Md., USA, and 
2Dept. of Brain Pathophysiology, Kyoto University School of Medicine, Japan.

It has been controversial if and to what extent the generation of unilateral movement 
involves the cerebral motor system bilaterally in healthy humans. Bilaterally organ-
ized routes for motor output, especially if possibly originating from the Ml, have 
been of great interest since they have been proposed as basis for functional 
reorganization after brain lesions (e.g., stroke).

To address the issue of bilateral movement-related activity we used EEG (32 and 
128 channels) and magnetoencephalography (MEG; 122 channels, planar lst-order 
gradiometers) in 20 healthy subjects (Ss). This approach takes advantage of the high 
spatial accuracy and sensitivity for tangential cortical generators of MEG, and of the 
higher sensitivity for radial generators of EEG, and allows for better discrimination of 
intrasulcal (Ml) and superficial gyral (PMC) activation. Ss performed right-hand 
finger movements at a rate of 2 Hz. EMG-locked averages of >200 movements were 
computed for time windows from 300 ms before to 200 ms after EMG onset (EO). 
Equivalent current dipole modelling of MEG data and coregistration with anatomical 

high-resolution MRI showed premovement activity in the contralateral Ml starting 
88±20 ms before and peaking at 35±12 ms after EO. EEG dipole modelling pointed to 
premovement activation of the bilateral PMC (starting at 191 ±3 3 ms, peaking at 
57±21 ms before EO), followed by activation of the contralateral Ml similar to the 
MEG results. MEG and EEG source modelling revealed postmovement activation of 
the primary somatosensory cortex (SI), contralateral to the moving hand, occurring at 
105±14 ms (MEG) and 93±21 ms (EEG) after EO.

The present results indicate that simple unilateral finger movements are associated 
with a rapid sequence of bilateral PMC (“set”), contralateral Ml (“go”), and contralat-
eral SI activation (“feedback”), with peak amplitudes occurring within approximately 
100 ms before and 100 ms after EMG onset. We conclude that the contribution of the 
ipsilateral Ml to the actual excitatory efferent volley, which initiates a simple finger 
movement (“go”), is minor or absent in the normal brain, and that the bilateral com-
ponents of premovement activity are preparatory (“set”) rather than executive (“go”), 
and located in the PMC.

757.12
MODULATION OF PLASTIC CHANGES IN HUMAN MOTOR CORTEX 
AFTER FOREARM ISCHEMIC NERVE BLOCK. U. Ziemann*, B. Corwelt, 
M. Hallett, L.G. Cohen. HMCS, NINDS, NIH, Bethesda, MD 20982.

Rapidly increasing motor cortex excitability for muscles proximal to 
ischemic nerve block (INB) has been demonstrated in previous studies 
(Neurology 1992:42:1302, Brain 1993:116:511, Can J Physiol Pharmacol 
1995;73:218). The present paper evaluates whether it is possible to 
modulate this form of plasticity by transcranial magnetic stimulation 
(TMS) during INB. Five healthy volunteers participated in five sessions 
each. TMS was delivered through a figure-of-8 coil. Motor evoked 
potentials (MEP) were recorded by surface EMG from one biceps brachii 
(BB) muscle. INB of the forearm was obtained by a tourniquet across the 
elbow inflated to a suprasystolic pressure level for 45-60 min. TMS was 
given throughout ischemia at 0.1 Hz and 120% BB threshold intensity 
either ipsi- (iTMS) or contralateral (cTMS) to the target BB. Peak-to-peak 
MEP size was measured at an stimulus intensity of 30% above motor 
threshold. Thereafter, one out of five interventions was performed: INB 
alone; INB+iTMS; INB+cTMS; cTMS alone; iTMS alone. MEP size was 
re-measured 0, 20 and 60 min after intervention.

Results. Both intervention and time had a significant effect on MEP 
size (Fintervention(4,12)=5.08, p=0.008; Ftime(3,12)=5.27, p=0.015). iTMS or 
cTMS alone did not affect MEP size. INB alone showed a weak increase. 
INB+cTMS led to a strong increase. INB+iTMS induced a decrease in 
MEP size. Effects were significant 0-60 min after the end of intervention.

Conclusions: INB enhances the modifiability of excitability in contra-
lateral motor cortex, but the direction of excitability changes can be 
modulated depending on the input to the ‘plastic’ cortex: TMS to this 
cortex induces an increase in motor excitability, while TMS of the cortex 
ipsilateral to INB leads to a decrease, possibly through inhibitory 
transcallosal projections.

Dr. Ziemann was supported by DFG grant Zi 542/1-1
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758.1
A PERCEPTUAL CORRELATE FOR GAMMA-RANGE OSCILLA-
TIONS IN HUMANS. H. Ogmen*, G. Purushothaman and H. E. Bedell. 
Colleges of Eng. and Optometry, Univ. of Houston, Houston, TX 77204.

Oscillatory neural activities have been observed in the visual cortex 
of several species. However, the relationship between this rhythmic- 
ity and visual perception remains unknown. The analysis of a retino- 
cortical dynamics model (Ogmen, 1993) suggests that the perceived 
brightness of spatially-localized stimuli, as measured in a psychophysi-
cal metacontrast-masking paradigm, should exhibit gamma-range oscil-
lations when plotted against the target-mask onset asynchrony (SOA). 
We tested this prediction for target and mask stimuli consisting of two 
briefly flashed dots, each 1 arcmin in diameter and separated horizon-
tally by 9 arcmin. The data for all subjects (N=3) show multiple dips 
in the metacontrast-masking function. Estimates of the corresponding 
frequency spectra show peaks in the gamma range (30-70 Hz). Despite 
the oscillatory nature of neural activities in visual areas VI and V2, 
the phenomenal appearance of our environment is stable. The retino- 
cortical dynamics model suggests that this is a consequence of interac-
tions between distributed activities generated by spatially and tempo-
rally extended stimuli found in normal viewing conditions. This was 
tested in a second experiment where the dot stimuli were replaced by 
thin lines (1 arcminx30 arcmin). The results show that the oscillations 
are strongly attenuated and the metacontrast-masking functions tend 
towards the traditional U-shaped curves.
Supported by NIH grants R29-MH49892 and R01-EY05068.

758.2
RODS INFLUENCE HUE VS. CHROMATIC GRATING SENSI-
TIVITY BY DIFFERENT MECHANISMS. C. Zaroff, G. Psevdos ir, 
E. Lembessis, A. Dancygier, M. Trujillo, and T. E. Frumkes*.
Dept. Psychol, Queens College of CUNY, Flushing, NY 11367 
We previously showed that dark-adapted rods tonicly suppress 
achromatic cone sensitivity: rapid flicker sensitivity is influenced by 
a monocular (retinal outer plexiform layer) mechanism; high spatial 
frequency sensitivity is influenced by a binocular (cerebral?) 
mechanism. In the present study, we examined the influence of 
monocular and interocular rod-adaptation on sensitivity to monocularly 
viewed l°-3° sized chromatic stimuli presented parafoveally. Sensitivity 
to spatial frequencies >5 cpd increases as background field luminance 
increases to levels approaching cone-detection threshold, regardless of 
whether test stimuli are equiluminant red/green or blue/yellow 
chromatic gratings, or achromatic luminance gratings, and whether the 
viewing or contralateral eye is adapted. Specific (hue identification) 
threshold decreases in all observers during the rod recovery stage of 
monocular dark adaptation, most markedly (0.7-1.2 logi0 units) to 
wavelengths which appear green (500-540 nm) or red (>630 nm) in 
hue. This effect cannot be duplicated interocularly. We conclude that 
dark-adapted rods suppress chromatic vision by mechanisms 
demarcated by the Site of binocular convergence: a more distal 
mechanism affects hue perception, while a more proximal mechanism 
affects chromatic grating sensitivity.

Supported by PSC-BHE grants from CUNY.

758.3
TEXTURE SEGMENTATION AT DIFFERENT ECCENTRICITIES 
ACROSS THE VISUAL FIELD, W, H. Merigan* and K. Huxlin. 
Department of Ophthalmology and Center for Visual Science, 
University of Rochester, Rochester, NY 14642

It has been widely reported that texture segmentation is optimal, not 
at the fovea, but in the near periphery. This finding is somewhat 
surprising, because most visual abilities decrease monotonically with 
eccentricity, from a peak at the fovea. One account of why texture 
segmentation might peak away from fixation is that at such eccentricities 
there is a better match between the scale of the texture and that of 
mechanisms responsible for texture segmentation.

We first examined simple detection of a segmented region, an ability 
which has been reported to peak several degrees away from fixation. 
However, we found that the drop in performance near fixation was due 
to the very brief presentations which have been used to demonstrate this 
effect (under 100 msec, followed by mask). When texture elements 
were made highly visible at all eccentricities by increasing presentation 
time, but holding visibility constant by decreasing contrast, 
segmentation detection was best at the fovea.

We then studied discrimination of the shape of the segmented area. 
Unlike detection of segmentation, this ability peaked in the near 
periphery, even when all texture elements were made highly visible. 
This result indicates that shape recognition from segmentation of 
textures is indeed optimal several degrees from fixation, possibly 
because of a matching between the scale of the target and the visual 
mechanism involved.

Supported by NIH grant EY08898 and an unrestricted grant from Research to 
Prevent Blindness

758.4
IMPAIRED DYNAMIC VISUAL ACUITY DUE TO DEFICIENT 
SMOOTH PURSUIT EYE MOVEMENTS. T. Haarmeier*, P. Thier. Sekt. f 
Vis. Sensomotorik, Neurologische Universitdtsklinik, 72076 Tubingen, Germany.
It is usually assumed that the raison d’etre for smooth pursuit eye movements is an 

advantage in the visual analysis of moving objects due to the stabilization of the reti-
nal image on the fovea. Although plausible, attempts have been few to rigorously de- 
montrate such benefits resulting from foveal pursuit. Moreover, it is unknown if and to 
what extent pursuit deficits due to ageing or neurological disease impair vision. In or-
der to evaluate the perceptual benefits resulting from smooth pursuit eye movements 
we measured the acuity for moving objects (dynamic visual acuity, DVA) in a group 
of normal, healthy subjects (n=14) as a function of smooth pursuit performance. Re-
sults were compared with those obtained from patients (n=8) exhibiting impaired pur-
suit due to cerebellar lesions. Using two-alternative forced choice, acuity thresholds 
were determined for stationary Landolt rings and for Landolt rings moving at 4,8, or 
12 deg/s in a horizontal direction. In the control group pursuit eye movements were 
sufficient with gains better than 0.9 and resulting retinal position errors (i.e. angular 
distance of the retinal Landolt image from the fovea) less than 0.5deg. As a conse-
quence, only minor differences in acuity over the range of velocities tested were ob-
served. In contrast, all patients showed impaired tracking eye movements with de-
creasing pursuit gains for higher target velocities. This deterioration of pursuit was 
paralleled by an increase of DVA thresholds. For instance, the elevation of the DVA 
for a Landolt target moving at 12 deg/s as compared to acuity during stationary fixa-
tion averaged 0.62 min of arc (factor 1.73) and was as high as 1.67 min of arc (factor 
2.2) in individual patients. Additional experiments suggest that the deterioration of 
DVA in the patient group was mainly due to an increase of retinal position error. In 
summary, our results indicate that lack of adequate pursuit eye movements is deleteri-
ous for the visual analysis of objects moving at even comparatively modest velocities. 
Supported by the DFG ‘Klinische Forschergruppe: Neuroophthalmologie’.

758.5
DYNAMIC RETINOTOPIC CODING OF REMEMBERED VISUAL SPACE IN 
VIRTUAL-TARGET POINTING TASK. D.Y,P Henriques*, D.Lowey, and J.P 
Crawford. Department of Psychology and Biology, 4700 Keele St., York University 
Toronto, Ontario, Canada, M3 J 1P1.

If the brain stores visual space in a stable headcentric (retinal error + eye position 
frame (e.g., Andersen et al., Science, 1985), short-term visual memory should b 
independent of subsequent eye movements. However, if the brain uses a retinotopi 
frame then remembered visual space would have to a re-mapped during saccade 
(Duhamel et al., Science, 1992), and this re-mapping could lead to behavioural errors 
To test between these models, eye and arm orientations were recorded while 7 head 
fixed subjects (Ss) looked and pointed toward lights flashed briefly in the dark. Th 
paradigms were: (1) control, where Ss both looked and pointed toward remembere 
targets; (2) static, where Ss pointed to remembered targets flashed in their visua 
periphery (with eye fixed); and (3) dynamic, where Ss looked directly at the briefl 
flashed target before looking away and then pointing at it.. Control pointing wa 
relatively accurate in the horizontal direction, but systematic overestimation of retina 
error (indicated by pointing) was observed in the static condition (2.01°±.77). Th 
headcentric hypothesis suggested that pointing should be as accurate in the dynami 
condition as in the control (since Ss would compute target re:head while fixating th 
target) whereas the retinocentric hypothesis predicted inaccuracies similar to th 
static condition (since pointing would be based on target representations that wer 
shifted on a retinotopic map during eye movement). As predicted by the latter 
dynamic pointing errors (2.55°±1.04) were quantitatively indistinguishable from stati 
pointing errors (r = 0.79, slope = 0.97). Further, by varying target locations an 
fixation directions we confirmed that these errors were a function of retinal error, no 
eye position. We conclude that visual space is remembered relative o current visua 
gaze, such that it must be shifted within a retinotopic map during ea eye movement 
Supported by a Canadian NSERC grant and the A.P. Sloan Foundai n.

758.6
VISUAL-AUDITORY INTERACTION IN SACCADIC EYE 
MOVEMENTS. P. A. Arndt. H. Colonius, R. Weiler*. University of 
Oldenburg, D-26111 Oldenburg, Germany.

For eye movement control in a complex situation, the saccadic system depends 
critically on the correct integration of auditory and visual information.

Here, visual-auditory integration is investigated psychophysically in a focussed 
attention paradigm: the subject is asked to respond to a visual stimulus with a 
goal-directed saccade while ignoring an (accessory) auditory stimulus that is 
presented in spatio-temporal proximity to the visual target. Varying the distance 
between the visual and the auditory stimulus in space and time allows to measure 
the integration of the bimodal information by the eye movement control system. 
From focussed attention experiments with manual responses, it is known that the 
accessory auditory stimulus can have a facilitating or inhibitory effect on the 
response time to visual signals (Bernstein 1969).

A number of models have been proposed for the closely related redundant targets 
paradigm, where the subject is asked to respond to whichever stimulus - auditory 
or visual - is detected first and where responses to bimodal signals are significantly 
shorter than responses to unimodal stimuli (e.g. Diederich & Colonius, 1987).

The model of saccadic reaction times under visual-auditory stimulation which is 
presented here, is to assume that the auditory accessory stimulus exerts an 
influence on the control of the saccade towards the visual target only if it wins the 
race against the visual stimulus in the first, peripheral processing stage. The 
outcome of this race is mainly determined by the temporal arrangement of the 
stimuli. Thus, the spatial distance between the stimuli comes into play mostly in 
the second stage of processing the saccadic response.

Supported by DFG (SFB 517, 'Neurokognition)
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758.7
INTERACTIONS BETWEEN AUDITORY AND VISUAL MOTION
PERCEPTION: PSYCHOPHYSICS AND MEG. A.C, Hurlbert*, E.J, Coote, D, I, 
Bramwell, A.A. Ioannides*, G.G.R,Green, Physiological Sciences, Univ. Newcastle upon Tyne, 
NE2 4HH, England; ^Institute of Medicine, Juelich D-52425 Germany.

We studied the influence of concurrent and conflicting auditory movement on the 
discrimination of visual motion direction. The visual stimulus consisted of 300 randomly 
positioned white dots in a 25-deg dark field. The dots moved in random directions with random 
speeds (3.6±1.8 deg/sec) during an initial 2-sec noise phase. A 2-sec coherence phase 
immediately followed, during which a small percentage of randomly chosen dots moved 
uniformly left- or rightwards. The auditory stimulus was a supra-threshold 500 Hz tone that 
remained fixed at either the left or right of the screen for the noise phase, and moved from 
there to the other side during the coherent phase. Sound movement was generated by 
interaural amplitude and phase modulation. A fixation cross appeared to the left or right of the 
visual stimulus throughout each trial. The observer's task was to report the direction of visual 
motion only. All combinations of sound and dot movement for 5 motion coherence levels for 
one location of fixation cross were presented, in random order, in each experimental session.

For 2 out of 3 observers, when dot movement is towards the fixation cross, concurrent sound 
movement significantly lowers coherence thresholds for visual motion discrimination whereas 
conflicting sound movement raises thresholds, relative to the no-sound control condition. For 
all observers, when dot movement is away from the fixation cross, concurrent sound movement 
lowers thresholds, but conflicting sound movement has no significant effect. The results cannot 
be explained by assuming that observers attend to sound rather than visual movement. 
Coherence thresholds are not affected by the position of the fixation cross alone, nor by the 
position of a stationary sound played throughout both phases. These results exclude the 
possibility that the sound movement or initial position acts solely as an attentional cue. Pilot 
MEG studies (1 observer) reveal a significant peak in the global magnetic field power at 
approximately 270-300 msec into the coherence phase in response to supra-threshold 
concurrent stimuli, but not in response to conflicting stimuli. These studies suggest that the 
auditory-visual interaction takes place at a perceptual rather than attentional level.

758.8
THE PERCEPTION OF TRANSPARENT 3-DIMENSIONAL 
OBJECTS. D. Purves* and T, Andrews. Dept. of Neurobiology, 
Duke Univ. Med. Cntr., Durham, NC 27710.

When the proximal and distal elements of transparent objects are 
conflated, observers perceive illusory structures that no longer behave 
veridically. To explore these phenomena we constructed a variety of 
wire frame cubes that could be presented in different configurations. 
The ambiguous retinal stimulus generated by monocular viewing of 
such cubes is similar to that elicited by the familiar two-dimensional 
Necker cube. As a result, perception shifts between two equally 
plausible interpretations of the retinal image that interchange its 
proximal and distal elements. Although the two alternative 
interpretations of a 2-D Necker cube behave identically, conflating the 
front and back of a 3-D cube has substantial consequences. The aspects 
of a wire frame cube that change depending upon whether the stimulus 
is seen as veridical or illusory include such basic properties as the form 
of the object, its spatial relationship with other objects, and its direction 
of motion. In addition to their intriguing - and often amusing - nature, 
these alternative percepts raise the question of whether visual perception 
is based on the operation of apriori rules for processing information 
supplied by the retina, or is better understood in terms of aposteriori 
associations acquired by experience with objects in the real world. In 
fact, the phenomena we describe imply that what we normally see 
depends on visual associations generated by experience. The necessity 
of such learning may explain why the mammalian visual system is 
subject to a prolonged period of plasticity in early life, when novel 
circuits are made in enormous numbers.

Supported by NIH grant #NS29187

758.9
SIMILARITIES IN NORMAL AND BINOCULARLY RIVALROUS
VIEWING. T.J, Andrews?.an.d,Di.J?uryes. Dept. of Neurobiology,
Duke Univ. Med. Cntr., Durham, NC 27710.

We describe a series of observations which implies that visual perception 
entails competition between potential sets of elements in the scene. The 
stimuli used were patterns of lines, which we varied in orientation and hue 
to ask how the distinctiveness of sets influenced their perception; we also 
varied the size and spatial frequency of the stimuli to examine the 
influence of these factors in normal and rivalrous conditions. Subjects 
reported the frequency of perceptual alternation, i.e., the number of 
transitions per unit time from dominance by one set of stimulus elements to 
dominance by another. We report three major results. First, when subjects 
foveate on a scene in normal binocular view, elements that are 
differentiable as sets tend to fluctuate in visual perception. Second, 
competition among sets in normal binocular view is similar to the more 
obvious competition experienced during binocular rivalry (as well as during 
the dichoptic presentation of two monocular views that are not binocularly 
rivalrous). Third, when binocularly rivalrous stimuli are presented 
adjacent to similar non-rivalrous stimuli, the perceptual fluctuations in the 
two regions of the visual scene tend to alternate together. The fact that 
these several phenomena occur in both normal viewing and binocular 
rivalry suggests that what we see depends on which of the visual 
associations elicited by a particular scene is dominant at any moment. We 
suggest that the competition evident in both rivalrous and non-rivalrous 
viewing conditions derives from an ongoing evaluation of the variety of 
associations elicited by the stimulus, rather than a point by point 
comparison of spatial information in the right or left eye streams.

Supported by NIH grant #NS29187

758.10
A BEHAVIORAL DEMONSTRATION OF STEREOSCOPIC ABILITIES 
IN THE OWL. R. F. van der Willigen, B. J. Frost and H. Wagner ’. Institut fiir 
Biologie II, RWTH, KopemikusstraBe 16, D-52074 Aachen, Germany.

In two separate behavioral experiments we provide evidence for global 
stereopsis in two bam owls (Tyto alba) by using computer generated static 
random-element stereograms (RESs). When viewed through polarizing fil-
ters a time multiplexing system ensured that each eye saw only one of two 
RES matrices. Disparity was introduced by horizontally displacing a small 
subset of elements in one matrix of otherwise identical patterns.

We started with training one owl to respond differentially to two sets of 
RESs that were identical except that one set contained a small subset of trans-
lated elements. Reliable discrimination occurred under binocular viewing 
conditions. The animal showed chance rates under monocular conditions.

However, the apparent depth evoked by RESs can be configured in two ba-
sic forms by changing the sign and magnitude of the displacement: (1) crossed 
('c') - an 'object' appears to be in front of a similarly textured background -, 
and (2) uncrossed ('it') - a 'hole' in a textured surface that reveals a more 
distant similarly textured surface. The figure shows the topviews of three

+ a  B C _ _ crossed I uncrossed
2* __ _ _ _ *_ configured RES pairs
g. 0 • — — — — _ — (A, B and (2) relative to
■5 ~ """ ~~ ~ the zero disparity of the

cf u1 c2 u2 c3 u3 computer screen.
In view of the first result we trained a second owl to discriminate crossed 

(c2) from uncrossed (u2) RESs. The animal mastered this task and transfered it 
appropriately to novel RESs pairs (A, C). Since the owl was able to generalize 
the cl and c3 RESs as crossed and the ill and u3 RESs as uncrossed, we could 
rule out that the owl was only sensitive to the absolute disparity of a small 
subset of elements. Supported by DFG (WA 606) and Humboldt Foundation.

758.11
PERCEPTION OF LANGUAGE SYMBOLS IS FACILITATED 
OR DISTORTED BY MAGNETIC STIMULATION OF 
ANTERIOR FRONTAL LOBE. V.E, Amassian*.Z. Mari. L. 
Sagliocco, P.J. Maccabee, R.O, Cracco and I. Bodis-Wollner.
Depts. of Physiology and Neurology, SUNY Health Science 
Center at Brooklyn, Brooklyn, NY 11203

Phosphenes are facilitated by combined stimulation over 
occipital and frontal lobes with 2 magnetic coils (MC) (J.
Physiol., 1994, 477 P:55-56P). We extended this study by 
flashing on a 1/60 sec trace 4 randomly generated letters in a 
horizontal assay (subtending 2.5° visual angle); the luminance and 
contrast were reduced so 1-2 letters/trial were reported. A 
frontally sited oval MC (5.5-6.0 cm o.d.) energized at 80-100% 
stimulator output (2.2T) and delayed 20 ms after the visual 
stimulus, significantly increased die number of letters correctly 
reported (proportionality test; P values 0.05-0.01). The optimal 
frontal site was more than 5 cm anterior to the vertex, i.e. 
probably anterior to premotor cortex and close to the midline. As 
previously proposed, the enhanced perception is attributed to 
activation of thalamic intralaminar and higher level N by the heavy 
frontal projections there.

Unexpectedly, we also observed swift, highly confident, but 
erroneous letter reporting after frontal stimulation. This 
phenomenon appeared less related to confabulation (described 
after frontal lesions) than to an erroneous combination of letter 
fragments, only portions of letters being perceptually enhanced.

758.12
NEUROPHYSIOLOGICAL CORRELATES OF FACIAL AFFECT 
RECOGNITION AND VISUAL OBJECT RECOGNITION AS 
REVEALED BY MAGNETOENCEPHALOGRAPHY M. Streit1, 
A.A. Ioannides2, L.C. Liu2, W. Wolwer1, J. Dammers2, J. Gross2, W. Gaebel1 
and H.-W. Muller-Gartner2’* (SPON: European Brain and Behaviour Society) 
department of Psychiatry, University of Diisseldorf, D-40629, Germany; 
institute of Medicine, Research Centre Jiilich, D-52425 Jiilich, Germany.

Recognition of facial expressions and complex objects was studied in 5 right- 
handed healthy males. After presentation, subjects named the object (front 
views of horse-heads, faces, birds, flowers, lorries and chairs) or facial expres-
sion (Ekman and Friesen set) from a multiple choice list. Magnetic fields were 
recorded over the left and right fronto-temporal areas in 3 separate runs using 
the BTi MAGNES system (2x37 channels). Run 1: object recognition (in-
cluding faces). Run 2: facial affect recognition. Run 3: repetition of run 2, 
with slightly more frontal dewar position. After removing artifacts and filtering 
(DC-45 Hz), the signal was averaged for each object set and emotion. The cur-
rent density vector was estimated for each average signal using Magnetic Field 
Tomography (Ioannides et al 1990, Inverse Problem 6: 523-542). All 4 subjects 
(one was excluded because of artifacts) showed activations specific to faces in 
posterior parts of the temporal cortex (first 200 ms). Activations specific to 
affect judgment were observed bilaterally in inferior frontal, anterior temporal 
and parahippocampal regions, and in right mesio-temporal regions (200 to 650 
ms). Selectivity to faces, and particularly to facial affect often involved a second 
and third activation of areas previously activated. Furthermore, in some cases, 
the direction of the current density vector evoked by faces was opposite to the 
direction of the vector evoked by the other objects. It therefore appears that in 
addition to localization, temporal and directional features of the current density 
vector correlate with recognition of faces and facial expressions.

This study was supported by the Research Centre Jiilich GmbH.
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759.1
THE EFFECTS OF D-AMPHETAMINE ON LANGUAGE FUNCTION IN 
SCHIZOPHRENIA. D. M. Barchl. C. S. Carter! J. D. Cohenl and A. L. 
Sabb2i. lWestem Psychiatric Institute and Clinic, Pittsburgh, PA 15213; 
2\Yyeth-Ayerst Research, CN 8000, Princeton, NJ 08543-8000.

It has been hypothesized that language deficits in schizophrenia reflect a working 
memory dysfunction. More specifically, such deficits may be associated with a 
disturbance in the ability to generate and maintain discourse plans that guide and 
constrain subsequent language production. In turn, such working memory 
deficits in schizophrenia may be related to reduced dopamine effects in prefrontal 
cortex. To test this hypothesis, healthy controls and schizophrenic patients 
performed language and working memory tasks on each of two days, following 
administration of either d-amphetamine (0.25 mg/kg) or placebo (double-blind, 
randomized order). All schizophrenic patients were medicated with low dose (< 
250 mg CPZ equivalents) high potency neuroleptics. On each day, participants 
completed structured interviews to assess language function, our modified 
version of the Continuous Performance Test, and a spatial working memory 
task. Among controls, amphetamine significantly increased the amount and 
complexity of speech, and decreased pausing. Among patients, amphetamine 
increased verbosity and decreased pausing, while reducing formal thought disorder 
and unclear references. These findings are consistent with the hypothesis that 
language deficits in schizophrenia are associated with decreased dopamine effects 
in prefrontal cortex.

759.2
EFFECTS OF COCAINE INFUSION IN PATIENTS CO- 
MORBID FOR SCHIZOPHRENIA AND CHRONIC 
COCAINE ABUSE P.E. Konicki*, G.E. Jaskiw, J. Cho, B.K. 
Yamamoto Psychiatry Service d 16 A(B), Cleveland VAMC 
(541), Brecksville, OH 44141 and Dept of Psychiatry, Case 
Western Reserve University, Cleveland, OH 44106.

The incidence of cocaine abuse in patients with schizophrenia 
exceeds that in the general population. The latter is surprising given that 
cocaine is a potent indirect dopamine (DA) agonist, and conventional 
theories of pathophysiology would suggest that cocaine would augment 
the positive symptoms of schizophrenia. To evaluate this, we recruited 
patients with DSM-IV schizophrenia and cocaine dependence that had 
resisted specialized addiction treatment programs. Patients received 
three IV infusions in a pseudo-randomized order, placebo, cocaine 
20mg, and cocaine 40 mg. Vital signs, EKG, clinical symptoms, 
neuropsychological performance as well as plasma cocaine, 
homovanillic acid (HVA) and 5-hydroxyindoleacetic acid (5-HIAA) 
levels were monitored for 2 hrs after each infusion. Some patients were 
tested both during concomitant antipsychotic drug treatment as well as 
during antipsychotic drug withdrawal (> 2 weeks). Our preliminary 
analysis suggests that negative symptoms (poverty of speech and 
content, emotional blunting) improved during cocaine infusion, whereas 
positive symptoms did not generally worsen. These data will be 
discussed in terms of plasma HVA, 5-HIAA and cocaine levels, as well 
as neuropsychological performance. Supported by VAMC RAG grant.

Grant

759.3
CAPACITY LIMITATIONS IN WORKING MEMORY IN SCHIZOPHRENIA. T\ 
E, Goldberg.* K. Patterson, Y. Taqqu . K. Fleming. K, Wilder. D. R. Weinberger.
Clinical Brain Disorders Branch, IRP, NIMH Neuroscience Center at St. Elizabeths, 
Washington, DC 20032 USA

While capacity limitation notions of cognitive impairments in schizophrenia 
have often been advanced, they have generally not been applied to the working 
memory domain. To explore this issue we conducted two studies. In the first we used 
a simple measure of working memory, digit span in order to ascertain if deficits 
could be attributed to attentional dysfunction Forty three-digit trials and twenty six-
digit trials were administered to 16 schizophrenic patients and 21 normal controls. 
As the absolute number of stimuli and their duration were identical, subjects thus had 
equivalent opportunities in the two conditions to misallocate cognitive resources, i.e. 
become distracted. This was not found to be the case as the two groups differed only 
on the six digit trials. Thus, a capacity limitation rather than an attentional 
explanation appeared to fit the data best. In the second study we attempted to 
determine the effects of delay (5, 10, or 15 sec) and memory load (2, 4, or 6 words) 
in a divided attention short term verbal memory paradigm, the Brown-Peterson test 
(in which covert rehearsal was disrupted by color naming). Fifteen patients and 15 
controls received the test. Patients performed worse in all conditions. They also 
demonstrated a disproportionate attenuation in performance with interference and 
with increasing load, but not delay. These results suggest that schizophrenic patients 
have capacity limitations in the amount of material that can be represented for short 
term utilization and that the putative system responsible for maintenance rehearsal in 
the face of interference, the so called central executive of working memory, is 
impaired.

Supported by IRP, NIMH

759.4
TONE RECOGNITION LEARNING IN NORMAL HEALTHY VOLUNTEERS 
AND PATIENTS WITH SCHIZOPHRENIA. H. H. Holcomb*, L.W. 
Chen. P. J. Caudill. D, Medoff, A. Lahti, M, Weiler, and
C. A. Tamminqa. Maryland Psychiatric Research Center, 
Univ. MD., Baltimore, MD 21228

Patients with schizophrenia (SZ) do not, as a group, 
learn new difficult tasks as readily as unaffected 
subjects (NV). It is not clear how those SZ who are able 
to learn differ from those who are not. This study 
describes how SZ and NV volunteers learned a difficult 
tone recognition task in conjunction with extensive 
training and medication withdrawal. Twelve healthy NV 
and fourteen inpatient SZ volunteers participated. On 
the initial testing occasion each subject completed eight 
blocks of tone recognition trials. Subjects were required 
to identify the tone as either the reference 1500 Hz 
stimulus or the lower test tone, ranging from 700 to 21 
Hz difference from the reference stimulus. Block accuracy 
data were modeled using an exponential growth function. 
Learning was assessed by comparing the performance at the 
completion of a rigorous training period with the initial 
starting session. NV subjects exhibited a marked 
improvement in their ability to recognize tones after 
training whereas the SZ group diminished. The patient 
group exhibited marked individual variability with 
respect to training patterns and recognition performance. 
Research was funded by a private foundation.

759.5
GAMMA BAND ACTIVITY MAY ACCOUNT FOR THE P50 SUPPRESSION 
EFFECT IN SCHIZOPHRENIA: AN MEG STUDY. Brett A. Clementz*. Laura D. 
Blumenfeld, and Steven Cobb. Department of Psychology, University of California, 
San Diego, La Jolla, CA 92093-0109.

Auditory gamma band activity has a latency near 15ms, has a peak amplitude 
about 50-60ms post-stimulus, and decreases in amplitude with increasing stimulus 
frequency. Separate “components” of the middle latency response (e.g., P30, P50) 
may be subsets of gamma band activity. When stimuli are presented in pairs 
(500ms apart) with long interpair intervals (e.g. 10s), the P50 response to the 
second stimulus is normally smaller than to the first stimulus (“P50 suppression”). 
Schizophrenia patients and their relatives have poor P50 suppression, suggesting 
that this variable may be indexing liability for schizophrenia. It is possible, 
however, that P50 suppression is only estimating “gamma band suppression”. We 
studied 8 DSM-IV schizophrenia and 8 normal subjects. Auditory evoked fields 
were recorded using a 148-channel whole head biomagnetometer and auditory evoked 
responses were recorded from Cz. Two hundred pairs of 83dB (SPL) clicks (500ms 
interclick and 9s interpair intervals; 50dB white noise background) were presented 
binaurally. Gamma band activity and P50 were measured after applying 28-48Hz and 
10-70Hz filters, respectively. Magnetic and electrical responses were 
morphologically and temporally similar. The “P50 response” perfectly overlapped a 
subpart of the gamma band for every subject (the P50, however, did not always 
occur at the peak of gamma band activity). Schizophrenia patients had worse P50 
suppression than normal subjects; however, when using peak gamma band activity 
to define suppression, the between-groups difference was over twice as large 
(approximately 4 standard deviations) in this paradigm. These results suggest that 
poor P50 suppression is a manifestation of poor gamma band suppression, and 
using the latter measure may improve our ability to differentiate schizophrenia and 
normal subjects. Supported by USPHS grant MH51129.

759.6
CONDITIONED BLOCKING (CB), SERUM DOPAMINERGIC ACTIVITY 
AND BINDING IN SCHIZOPHRENIA. G. Sartory1, B. Muller4, S Bender4, 
M. L. Rao2, U. Henning3 and R. D. Oades4 Dept. Clin. Psychology, Univ. 
Wuppertal1, Adult Psychiatry, Univ.Bonn2, Adult Psychiatry, Univ.
Dusseldorf8, Clinics for Child, Adolescent and Adult Psychiatry, 45147 Essen , 
Germany. (SPON: European Brain and Behaviour Society)

CB measures the transient suppression of learning about a new stimulus in 
the presence of a conditioned stimulus with the same consequences. We sought 
to replicate our finding of reduced CB in nonparanoid schizophrenic patients, 
and see if serum levels of dopamine activity (DA) correlated with performance 
as reported for urinary measures (1). Twenty patients with schizophrenia were 
compared with age-gender matched healthy subjects on the mouse-in-house 
conditioning task. A reduction of CB on the first test trials was replicated for 
the patient group as a whole. Abnormal performnce tended to increase with 
global assessment of symptom-severity and decrease with time since admission. 
High levels of positive symptoms (PANSS) were specifically related to the 
absence of CB on the first trial. CB performance also related to that on memory 
and "Trails" neuropsychological measures of temporal and frontal function. 
Serum radioreceptor assay showed correlations between negative symptoms 
and increased DA D2 receptor binding. This binding related negatively to DA 
metabolism. But high levels of DA metabolism related to poor CB. The results 
imply that too much or too little activity at the DA receptor may impair normal 
strategies of attention in schizophrenia that rely on a frontal-temporal lobe 
dialogue.
(1) Oades et al., (1996) J.psychiat.Res., 30, 369-390
Supported by a German Research Council Grant DFG OA1/4-1
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759.7
CLOZAPINE TREATMENT OF TARDIVE DYSKINESIA. J. Lieberman. S. 
Szymanski, M. Chakos, A. Safferman, J Gilmore,* S. Pollack.. Dept. of 
Psychiatry, Univ. of North Carolina, Chapel Hill, NC 27599.

Tardive dyskinesia (TD) is a potentially severe and irreversible neurologic 
side effect of conventional antipsychotic drugs that occurs in approximately 20% 
of patients chronically exposed to treatment. Currently there is no proven 
effective treatment. We hypothesized that TD was due to an upregulation of D-2 
receptor mediated function and a consequent imbalance between the D-l 
mediated direct and D-2 mediated indirect pathways of the striatum, and that 
clozapine would be an effective treatment by restoring the normal equilibrium.

To test this hypothesis, 20 patients (67% male, X [SD] age - 35.7 [10] yrs) 
were treated under double blind conditions with clozapine or haloperidol for 12 
weeks, were washed out from medication, and then treated with clozapine for an 
additional 12 months followed by washout. At 12 weeks both treatments 
suppressed TD with clozapine being the superior, but not statistically significant, 
treatment (F = 3.25, df = 1, 14, p = .09). In the follow-up phase, clozapine 
produced a reduction in TD that was most prominent in patients with dystonic 
pathology. Furthermore, the reduction was greater in patients who had received 
clozapine (not haloperidol) in the double blind phase (F = 15.4, df - 1, 5, p - 
01).

These results suggest that clozapine is associated with time dependent 
therapeutic effects in TD. We believe that this is due to reversal of the imbalance 
between D-l and D-2 mediated striatal pathways.

Supported by the UNC-MHCRC #MH33127, #MH41960, and #MH45122.

759.8
EPILEPSY AND SCHIZOPHRENIA: ALTERNATIVE GENETICALLY 
DETERMINED EXCESSIVE EXCITATORY OR INHIBITORY RESPONSE 
TO BRAIN INJURY, INFECTION OR MALDEVELOPMENT. J.R.Stevens*,
D.D. Denney. Depts of Neurology & Psychiatry, Oregon Health Sciences 
University, Portland OR 97201.

Epilepsy, like schizophrenia, was once considered to be a mental illness 
which in severe cases led to progressive intellectual deterioration. Clinical 
features indicating varying sites of origin and spread of excessive neuronal 
activity, discovery of abnormal electrical activity, and hippocampal neurone 
loss led to recognition that epilepsies are heterogeneous disorders of brain 
hyperexcitability. Treatment with newer anticonvulsants that antagonize 
specific excitatory mechanisms or potentiate inhibition is increasing 
understanding of how physiologic neuronal activity is transformed into a 
number of different epilepsies.

Schizophrenia was also long considered a mental illness with nonspecific 
morphologic and physiologic abnormalities. Discovery of drugs 
(neuroleptics) which for the first time abolished psychotic symptoms in a 
significant number of patients focused attention on the underlying 
physiology and chemistry of this disorder. In direct contrast to the 
anticonvulsants, all neuroleptics antagonize one or more inhibitory systems 
and are to some degree proconvulsive. This suggests that, in contrast to 
the excessive excitability characteristic of the epilepsies, the schizophrenias 
result from too little excitatory activity or too much inhibition in critical 
neuronal networks. Clozapine, the most epileptogenic antipsychotic agent 
in current use, is generally acknowledged to be the most potent agent for 
amelioration of the “deficit" symptoms of schizophrenia. We have shown 
that clozapine excites specific subcortical arousal systems and causes 
myoclonus in animals. Clozapine may restore physiologic excitation in 
areas of the CNS that are critical to normal mental function

Supported by the Stanley Foundation (Dr. Denney)

759.9
EFFECTS OF THE NOVEL ANTIPSYCHOTIC ZIPRASIDONE ON 
DRUG-DISRUPTED PREPULSE INHIBITION IN THE RAT. E, W. 
Brooks and R. S. Mansbach*, Dept. of Neuroscience, Pfizer Central 
Research, Eastern Point Road, Groton, CT 06340

Ziprasidone is a new antipsychotic which has high affinity for 5-HT2, D2, 
5-HT1D, 5-HT2C and 5-HT1A receptors. In the present study, ziprasidone 
was evaluated in the prepulse inhibition (PPI) procedure, a model known to 
accurately identify clinically effective antipsychotic agents. In acoustic 
startle sessions, rats were presented with 120 dB[A] stimuli, alone and 
preceded by weak 72-76 dB[A] prepulses. Under control conditions, 
prepulses reduced the magnitude of acoustic startle responses by 50-60%. 
Given alone, the dopaminergic agonist apomorphine (1 mg/kg) completely 
blocked PPI; this disruptionwas fully reversed by the typical antipsychotic 
haloperidol (0.1 mg/kg). When administered in combination with 
apomorphine, ziprasidone (3-17 mg/kg), as well as the reference 
antipsychotics clozapine (1-5.6 mg/kg) and risperidone (0.3-3 mg/kg) 
reversed the apomorphine-PPI deficit. Ziprasidone was also evaluated 
against PPI deficits induced by the noncompetitive NMDA antagonist 
ketamine. Consistent with reports that atypical antipsychotics selectively 
reverse such deficits, ziprasidone blocked the PPI losses induced by 
ketamine (3 mg/kg), although haloperidol, previously reported to be 
ineffective against PPI deficits induced by NMDA antagonists, was also 
found to be active. These data indicate that ziprasidone is active in a PPI 
model of antipsychotic activity, extending the preclinical evidence (Seeger 
et al., JPET 275:101-113, 1996) for the drug’s therapeutic utility.

759.10
NEUROLEPTIC REDOX ACTIVITY: A MECHANISM FOR 
TARDIVE DYSKINESIA? G. Tsai, X. Huang§, R. E. Tanzi§, A. I. 
Bush*§, J. T. Coyle, Laboratory of Molecular and Developmental 
Neuroscience, & Genetics and Aging Unit§, Massachusetts General 
Hospital and Harvard Medical School, Boston
Tardive dyskinesia (TD) is a debilitating side effect of longterm 
neuroleptic exposure. The pathophysiologic basis for neuroleptic-induced 
TD remains unclear. There is accumulating evidence suggesting that 
neuroleptics can induce oxidative stress through a variety of mechanisms. 
One possibility is that an increased turnover of catecholamines results in 
free-radical formation. Nevertheless, it is unclear whether neuroleptics 
can directly generate free radicals and a reliable screening method for the 
potential of neuroleptic-induced TD does not exist. We found that 
conventional neuroleptics reduce copper and generate hydrogen peroxide 
simultaneously. Consequently, conventional neuroleptics generate 
hydroxyl radicals by Fenton chemistry which may damage striatal 
neurons. Therefore, brain copper homeostasis may be a variable that 
influences the ability of neuroleptics to cause damage to striatal neurons. 
Copper concentrations in the striatum are stringently regulated by energy- 
dependent mechanisms, and mutations of a Cu-ATPase cause Wilson's 
disease, another neurodegenerative striatal disorder. Interestingly, 
clozapine, antidepressants and other psychotropics did not generate 
hydroxyl radicals consistent with their low risk of causing TD. Our 
findings support the oxidative stress hypotheis of TD. Also, the method 
may provide a useful tool for appraising the risk for TD in potential 
antipsychotic reagents (Supported by the Stanley & Canavan 
Foundations (GT), NIH (1R29AG1268601), Alliance for Aging 
Research Paul Beeson Award, Commonwealth of Massachusetts (AIB))

759.11
CHANGES IN GLUTAMATE RECEPTOR SUBUNIT AND 
SUPEROXIDE DISMUTASE mRNA EXPRESSION IN A 
PRIMATE MODEL OF TARDIVE DYSKINESIA S. Chen, G. 
Tsai*, A. R. Crossman, J. T. Coyle, Deptartment of Psychiatry, 
Massachusetts General Hospital and Harvard Med. School, Boston 
The pathophysiologic basis of neuroleptic-induced tardive dyskinesia 
(TD) remains unclear. The dopamine supersensitivity hypothesis can not 
account for the delayed onset of TD nor for the persistence of TD and the 
associated structural changes after neuroleptics are discontinued. 
Evidence suggests that neuroleptics can induce a vicious cycle by 
triggering a mutually reinforcing cascade of glutamatergic activation and 
oxidative stress. The activity of the glutamatergic pathway is increased 
during long term neuroleptic exposure. The hyperglutamatergic state can 
have excitotoxic effects on the the GABAergic pathways from basal 
ganglia. On the other hand, neuroleptics increase the turnover of 
catecholamine and free-radical formation. We determined the mRNA 
expression of different glutamate receptor subunits and the main oxidative 
stress defense mechanism, superoxide dismutase, in the basal ganglia of a 
primate model of TD. Preliminary analyses indicated that in situ 
hybridization for NR1 mRNA in Cebus monkey with neuroleptic induced 
dyskinesia revealed fewer NR1 expressing neurons and lower NR1 signal 
intensity in caudate, putamen and globus pallidus in comparison to 
nondyskinetic and untreated control monkeys. In contrast, GluRl and 
GluR2 mRNA expression were not changed. Quantification of MnSOD, 
CuZnSOD, Di and D2 receptor mRNA expression is in progress. It is 
plausible that the pathophysiology of TD can be better explained by the 
enhanced oxidative stress and altered glutamatergic neurotransmission. 
(Supported by the Stanley and Canavan Foundations)

759.12
CANDIDATE GENE EXPRESSION IN INDIVIDUAL ENTORHINAL CORTICAL 
NEURONS IN SCHIZOPHRENIA. S.E, Hemby*, S.E. Arnold. J.O. Troianowski. 
and J.H. Eberwine, Depts. of Pharmacology, Psychiatry, Neurology, and Pathology 
and Laboratory Medicine, University of Pennsylvania, Philadelphia, PA 19104

Several neuropathological abnormalities have been identified for schizophrenia, 
although diagnostic molecular markers have remained elusive. It is possible that the 
molecular substrates for schizophrenia are subtle and correspond to changes in gene 
expression in discrete neuroanatomical loci. Previous studies have described 
abnormalities in stellate neurons of layer 2 of the entorhinal cortex (EC), including 
alterations in neuronal size and a decreased expression of specific cytoskeletal proteins. 
The present studies were undertaken to identify the molecular correlates of these effects 
as well as to begin to discern a molecular fingerprint of schizophrenia. Paraffin- 
embedded EC sections were obtained post-mortem from 10 chronically ill patients 
with schizophrenia (prospectively accrued and assessed) and 10 age-matched 
neurologically normal controls (ages 68-90). Adjacent sections were stained with 
acradine orange (to confirm the presence of nucleic acids in the stellate neurons) and 
immunohistochemically labeled with RMDO20, a monoclonal antibody for mid-sized, 
poorly phosphorylated neurofilament (to visualize neurons for subsequent mRNA 
analysis). Individual stellate neurons from the immunolabeled sections were aspirated 
into patch electrodes for the in situ transcription of mRNAs using an oligo-dT-T7 
RNA primer-promoter and avian myeoblastis reverse transcriptase. Following one 
round of aRNA amplification, a PCR-based differential display was used to identify 
candidate genes differentially expressed between schizophrenics and controls. From the 
resultant differential displays, numerous bands were identified that were unique to the 
schizophrenia or control group. Several bands have been isolated and are currently 
being sequenced. Identification of altered gene expression in individual stellate neurons 
from the EC will provide a molecular “fingerprint” of schizophrenia which could aid 
in the development of molecular strategies for early detection of the illness and 
possibly provides guideposts for testing therapeutic strategies. Supported by 
NARSAD Established Investigator Award (J.H.E.), NARSAD Young Investigator 
Award (S.E.H.), and NIH MH43880 (S.E.A. and J.Q.T.).
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760.1
INHIBITION OF SKIN MECHANO- AND NOCICEPTORS DURING TRAN-
SCRANIAL ELECTROANALGESIA (TEA) . VP.Lebedev* and L.D.Enin. Lab. 
of Electroanalgesia, Lab. of Sensory Peceptors, Pavlov Inst, of Physiology. 
St.Petersburg 199034, Russia.

It is well known that systemically or locally applied opioids inhibit the no-
ciceptors mainly in inflamed skin and joints. The aim of present study was 
to reveal is there inhibition of receptors of different type in normal skin during 
the analgesia elicited by transcranial electrostimulation (TES) of the brain stem 
endorphinergic structures. TEA accompanies by the sharp increase beta- 
endorphin blood concentration nevertheless its mechanims were assumed as 
centra! only. The non-noxious and noxious mechanical stimuli were applied to 
the hindpaw of the anesthetized rats. Types of activated receptors were esti-
mated by registration of discharges in single afferent fibres of the dissected 
tibial nerve. TES was produced through subcutaneous head electrodes ac-
cording the analgesic regimen elaborated by us previously (Lebedev et 
al.,1988). Naloxone as an opioid receptor blocker was injected i.v. or locally 
into the skin area of receptor location .After 15 min of TES onset the inhibitory 
effect was observed firstly in low threshold receptors. In high threshold and 
noxious receptors inhibition developed much slowly. The maximal increase of 
threshold and latency and decrease of spike numbers or total inhibition in 
these type of receptors were observed in 30 min of TES. After the end of TES 
noxious and low threshold receptors restored their activity in about 3 and 5 
min respectively. The inhibitory effects of TES in all receptor types were 
naloxone reversible.

It was concluded that TEA has an additional peripheral component based on 
direct inhibitory effect of opioid nature upon the different type of mechanore-
ceptors in normal skin.

760.2
SENSITIZATION OF AXOTOMIZED CUTANEOUS NERVE FIBERS IN 
RATS. M. Michaelis*, K.-H. Blenk, C. Vogel, A. Arnarson and W. Janig. 
Institute of Physiology, University of Kiel, 24098 Kiel, Germany.

Already within the first hours after distal transection and ligation of 
the sural nerve, many axotomized nerve fibers with myelinated as well as 
unmyelinated axons are sensitive to mechanical stimuli applied to the cut 
nerve end (Michaelis et al 1995, J. Neurophysiol. 74, 1020-1027). We tested 
the influence of inflammatory mediators or thermal stimuli, applied to the cut 
nerve end, on this ectopic mechanosensitivity. In anaesthesized Wistar rats 
(pentobarbital, 60mg/kg i.p.), neural activity was recorded from single axons 
teased from the sural or sciatic nerve proximally to the lesion site 2-72 hours 
after axotomy. Using calibrated v.Frey hairs (1.0-128.5 mN), the cut nerve 
end was mechanically stimulated before and 3-30 minutes after local 
application of a mixture of inflammatory mediators (inflammatory soup (IS), 
consisting of BK, 5-HT, PGE2, histamine, all 10pM, K+ 7mM at pH 7.0) for 2 
min. Both in axotomized A and C fibers, IS-application significantly reduced 
v.Frey thresholds (n-12, p<0.05, Wilcoxon) and increased the response 
magnitude (n=16, p<0.05, Wilcoxon). Whilst before IS-application A fibers 
fired significantly more action potentials during mechanical stimulation than 
C fibers, there was no difference after IS (p<0.02 vs. p>0.66, Mann- 
Whitney). The sensitizing effect lasted for 10-30 min following a 2-min IS- 
application. In further experiments, mechanosensitivity was tested before 
and after warming (46-48°C) or colling (6-8°C) the cut nerve end for 40s 
using a contact thermode Mechanically induced responses were either 
enhanced (mostly following cooling) or depressed (mostly following warming) 
in 9/14 A fibers. These results indicate that inflammatory mediators and 
temperature affect the ectopic mechanosensitivity of acutely axotomized 
cutaneous nerve fibers (Supported by the DFG and GIF).

760.3
Localization  of  Cannabinoid  Receptor  (CB1) mRNA in  
Neuronal  Subpopulations  of  Rat  Spinal  Cord  and  
DORSAL Root  Ganglia . A. G. Hohmann* and M. Herkenham. 
Section on Functional Neuroanatomy, NIMH, Bethesda MD 20892,

Cannabinoids modulate the activity of pain-sensitive neurons in the 
spinothalamic tract and are antinociceptive. Here, in situ hybridization 
histochemistry was used to show the distribution of mRNA for cannabinoid 
receptors (CB1) in lumbar spinal cord and dorsal root ganglion (DRG) of 
the rat. CB1 mRNA was found in all spinal laminae except IX. Expression 
was densest in X and sparsest in III and VII. CB1 mRNA was highly 
expressed in laminae V, VI and the medial part of IV. These laminae 
contained many large cells with high levels of expression. By contrast, the 
superficial dorsal horn (laminae I and II) had many small cells with low 
levels of expression. This region exhibits elevated levels of cannabinoid 
receptor binding and is the major site of termination of nociceptive primary 
afferents from the DRG. CB1 mRNA was highly expressed in neuronal 
subpopulations of the DRG. To examine the possibility that CB1 mRNA in 
the DRG co-localizes with substance P, we combined an 35S-labeled 
ribonucleotide probe for CB1 mRNA and a digoxigenin-labeled riboprobe 
for substance P mRNA. Neurons expressing substance P mRNA were 
CB1 mRNA-negative and smaller in size than the CB1-positive cells. The 
data suggest that CB 1 receptors do not co-localize with substance P in the 
DRG and that cannabinoid receptor binding in the superficial dorsal horn 
cannot be attributed to central terminals of substance P-containing primary 
afferents. These data provide anatomical evidence for cannabinoid 
modulation of sensory transmission at the level of intrinsic neurons of the 
dorsal horn as well as specific primary afferent terminals. (Supported bv a 
PRAT fellowship from NIGMS to AGH and the NIMH IRP).

760.4
TARGETED DISRUPTION OF GALANIN REDUCES NERVE REGENERATION 
AND NEUROPATHIC PAIN. !P.E, Holmes, 2S.B. McMahon, ]D. Murphy* and ]D. 
Wvnick. 'Bristol University, Bristol and 2UMDS, London, UK.

Galanin is widely distributed in the nervous system and is thought to act as a 
modulator of transmission in the dorsal horn of the spinal cord. Peripheral nerve injury 
(axotomy) induces a major and long lasting increase in the expression pattern and levels 
of galanin in primary sensory neurons. To further define the role played by galanin in 
the peripheral nervous system, we have generated a mouse strain carrying a loss-of- 
function germ-line mutation of the galanin locus. Germ line transmission of the 
disrupted galanin locus has been obtained and the mutation has been bred to 
homozygosity on the in-bred I29sv strain. Results of genotype analysis of live births are 
in the expected ratio predicted by Mendeiian genetics and the sex ratio is 1:1. Galanin 
levels were measured by R1A and were undetectable in mutants. Responses to noxious 
thermal and graded mechanical stimulation in the intact homozygote knockout animals 
are unchanged compared to wild-type controls, using the Hargreaves paw withdrawal 
test and Von-Frey hairs respectively. Autotomy (self mutilation of the digits of the 
denervated limb) of the deafferented hindlimb after section of the sciatic nerve is 
abolished in the mutants, whilst self mutilation in wild type littermates is severe and 
occurs in all axotomised control animals. Functional regeneration of sensory neurons 
as measured in-vivo by the pinch test is impaired at days two, four and six after the 
crush injury by 30-40% (equivalent to a delay of two days of regeneration) in the mutant 
mice when compared to wild type controls. Long term regeneration was measured using 
the toe spreading index. These data demonstrate that regeneration in the KO mice is still 
markedly impaired some six weeks after injury compared to wildtype controls which 
have completely regenerated within four weeks. These initial findings have important 
implications for our understanding, and potential therapeutic treatment, of sensory’ nerve 
regeneration and neuropathic pain and suggest a causal role for galanin as a growth 
factor for sensory neurons. Funded by MRC, UK

760.5
INVOLVEMENT OF N-TYPE CALCIUM CHANNELS IN THE 
HYPEREXCITABILITY OF DORSAL HORN SPINAL NEURONS INDUCED 
BY INTRA-ARTICULAR MUSTARD OIL IN THE RAT. J. Nebe, H. Vanegas* 
and H.-G. Schaible, Physiological Institute, Wurzburg University, Rdntgenring 9, 
97070 Wurzburg, Germany

Mustard oil (allyl-isothiocyanate) application to peripheral tissues produces a 
prompt excitation of afferent C-fibers and a consecutive long-lasting state of central 
hyperexcitability. In the present experiments an attempt was made to prevent such 
hyperexcitability by blocking N-type calcium channels with m-conotoxin GVIA 
(CTx). In rats deeply anesthetized with thiopental, responses of wide-dynamic- 
range neurons were recorded in the spinal dorsal horn when standardized 
stimulation with innocuous and noxious pressure was applied to the knee and ankle 
joints. Injection of mustard oil (1 % in paraffin oil) into the knee joint cavity gave 
rise to an initial neuronal discharge followed by an early (peaking at ca. 15 min) 
and a late (after 30 min) facilitation of responses to innocuous and noxious knee 
stimulation. Responses to ankle stimulation showed only the late facilitation. When 
mustard oil was injected into the knee while CTx (1 pM, 20 pi) was being applied 
into a small trough on the spinal, cord over the recording site, the effect of mustard 
oil was reduced. Namely, the early increase of the neuronal responses to innocuous 
pressure onto the knee dropped from a control value of 111+175 spikes/15 s 
(meamtSD) to -1±19 (p<0.01), and that to noxious stimulation dropped from 
226±442 spikes/15 s to 70±174 (n.s.). The late increase of responses to noxious 
pressure onto the ankle dropped from 76±58 spikes/15 s to -35±30 (p<0.005). 
These results reveal the involvement of N-type calcium channels in the fast and 
slow development of neuronal hyperexcitability produced by a strong excitation of 
afferent C-fibers, and contribute to the evidence that calcium channels are 
important for neuronal plasticity during persistent nociception,

(Supported by DFG SFB 353 and Ne 579/1-1. H.V. was on leave from IV1C, 
Venezuela, supported by the Humboldt-Stiftung.)

760.6
DOES DORSAL COLUMN STIMULATION (DCS) AT CLINICAL CURRENT 
INTENSITY ELICIT ANTIDROMIC MEDIATED CUTANEOUS 
VASODILATION? K.W. Barron', B. Linderoth1, M.J. Chandler and R.D, 
Foreman. Dept. of Physiology, Univ. of Oklahoma HSC 73190 and 1Dept. of 
Neurosurgery, Karolinska Hospital, Stockholm, Sweden.

Earlier studies by Linderoth et al. (1991,1994) demonstrate that DCS at 
2/3 of the current inducing a threshold motor (MT) response elicits cutaneous 
vasodilation due to reduction of sympathetic activity. Previous work by 
Croom et al. (1997) show that DCS at 200 pA elicits antidromically mediated 
cutaneous vasodilation due to release of calcitonin gene-related peptide 
(CGRP). The goals of the present study were: 1) to determine if DCS 
intensity <200 pA elicits antidromic vasodilation, and 2) to examine fiber types 
mediating antidromic effects of DCS. Male rats were anesthetized with 
pentobarbital and arterial pressure measured. After laminectomy, a DCS 
electrode was placed on the dorsal spinal cord surface at the L2/L3 spinal 
level. Blood flow was assessed in the hindpaw footpad with a laser Doppler 
flowmeter during 2 min of DCS (50Hz, 0.2msec). Current intensity at 2/3MT 
was determined in each animal (n-4, mean-160pA); this stimulus increased 
cutaneous blood flow by 179±34% of control and decreased vascular 
resistance by 60±3% of control. CGRP antagonist (8-37 fragment,2.6 
mg/kg,iv) reduced DCS-induced blood flow response to a 15±8% increase 
and vascular resistance response to a 8±4% decrease, in a separate study, 
compound action potentials in the sural nerve were recorded during DCS 
(2/3MT, 1 Hz). The predominant fiber type activated by DCS was in the range 
of fast A5 fibers. Thus, DCS intensities well within the therapeutic window 
elicit antidromic vasodilation mediated by small myelinated afferent nerves. 
We conclude, that in addition to DCS-induced sympathetic mediated 
vasodilation, antidromic mechanisms may participate in DCS-induced blood 
flow increases. Support HL52986;NS35471;OUHSC Provost Research Grant
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760.7
SUBNUCLEAR LOCALIZATION OF INTRACELLULAR MESSENGERS AND 
NEUROTRANSMITTER mRNAs IN THE PARABRACHIAL NUCLEUS OF 
THE RAT. O, Hermanson* and A. Blomqvist, Dept Cell Biol., University of 
Linkoping, S-581 85 Linkoping, Sweden.

The pontine parabrachial nucleus (PB) is a major target for nociresponsive spinal 
and trigeminal dorsal horn neurons. The neurons in PB are organized in subnuciei 
that show distinct efferent projections, and are distinguishable by Nissl-staining.

We have previously shown that the subnuclei of PB and the closely situated 
Kolliker-Fuse nucleus (K-F) display specific characteristics in their expression of 
intracellular signaling mediators and peptide mRNAs. Thus, neurons in the superior 
lateral subnucleus (PBsl) express CCK mRNA, CaMKII, and, after nociceptive 
stimulation, FOS and phosphorylated CREB, whereas those in the neighboring 
dorsal lateral subnucleus (PBdl) express dynorphin mRNA and noxious-evoked FOS, 
but little CaMKII or CREB. Further, we have demonstrated that the internal (PBil), 
ventral (PBvl) and external (PBel) lateral subnuclei as well as the K-F and parts of 
the central (PBcl) lateral subnucleus are rich in enkephalin mRNA-expressing 
neurons. Many enkephalinergic neurons, predominantly in PBil and K-F, express 
phosphorylated CREB after nociceptive stimulation, but few express FOS.

We now demonstrate the localization of Ca2+/calmodulin-dependent kinase IV 
(CaMKIV)-positive neurons in PB. Incubation of 40 pm sections through the 
pontine brainstem with a goat anti-CaMKIV antibody (Santa Cruz Biotechnology) 
for 16 hours at 4°C resulted in nuclear labeling in many regions, such as the locus 
coeruleus and PB. A large number of heavily labeled CaMKIV-positive neurons was 
found in PBil. Many labeled neurons were also present in PBvl and the neighboring 
parts of PBcl, whereas few CaMKIV-positive neurons were present in other parts of 
PB/K-F. We are currently investigating the colocalization of CaMKIV- 
immunoreactivity to enkephalin mRNA-expression. Our results suggest that 
different populations of enkephalinergic neurons in PB utilize different intracellular 
signaling mechanisms.

Supported by SMRC grant 7879.

760.8
DISTRIBUTION AND QUANTITATIVE CHARACTERIZATION OF NADPH-D REACTIVE 
NEURONS IN THE RAT MIDBRAIN: IMPLICATIONS FOR INVOLVEMENT OF NITRIC OXIDE 
IN ANTINOCICEPTION. Gonul Q. Peker*1. Vladimir A. Maisky2. Alexander I. Pilvavskii2. Oauz 

.Algaa-^ndhluran I..Hariri. Ege Uni. Sch. of Med., Physiology, Bomova, 35100 Izmir, TURKEY. 
2Bogomolets Inst, of Physiology, Natl. Acad, of Sci. of Ukraine, Kiev, Ukraine

Possible dual involvement of nitric oxide (NO) in nociception and antinociception in rat spinal 
cord, brain stem and midbrain has been reported according to various data obtained from 
histological and physiological studies. Subpopulations of neurons containing the co-enzyme 
NADPH-d in both central and peripheral nervous systems have been shown also as sites of co-
localization for nitric oxide synthase (NOS) immunoreactivity with very minor and limited 
exceptions in some areas. This study was designed to investigate the distribution and quantitative 
characterization of NOS containing neurons in the analgesic zones of the midbrain by NADPH-d 
histochemistry. A modified version of the technique introduced by Vincent and Kimura (1992) was 
applied to the 40p thick sections cut from the brain stem and mid brain of eight young adult 
Sprague Dawley male rats (190-250g) following transcardial paraformaldehyde perfusion. 
Adjoining neutral red- or cresyl violet- counterstained sections were also prepared. Under light 
microscopic evaluation, the NADPH-d-reactive neurons were found to be predominantly 
concentrated in the dorsolateral part of periaqueductal gray (PAG) and the dorsal raphe nucleus 
both of which are implicated in the control of nociceptive transmission. Such neurons were also 
present in the supraoculomotor cap and laterodorsal tegmental nuclei. In the dorsolateral part of 
PAG, the moderately stained small fusiform cells were revealed. Numerous processes of these 
neurons penetrated into the deep white layer of superior colliculus, medial and ventrolateral parts 
of PAG. In the dorsal raphe nucleus and laterodorsal tegmental nuclei, the densely stained 
multipolar or oval cells of larger size were abundant. The ventrolateral part of central gray, which 
is considered as "a pure analgesic zone" did not display almost any NADPH-d positive neurons. 
However, numerous processes from adjoining areas were observed in the very same area. In 
contrast, intensely labelled multiple neurons were found in ventral PAG (dorsal raphe nucleus) 
which is another structure also considered as "a pure analgesic zone". Quantitative analysis of 
the unilateral anteroposterior distibution of NADPH-d positive neurons at various coronal planes 
showed that, in general, the largest population had clustered at the levels from Fr -7.6 to -8.0 with 
the central gray, lateral dorsal (CGLD), the deep gray layer of superior colliculus (DpG), and the 
dorsal raphe nucleus (DR) displaying the highest accumulation. In conclusion, our data provides 
neuroanatomical evidence that NO synthesis in some PAG cells and the retrograde spreading of 
NO to some other cells in the adjoined analgesic zones in the same structure are predominantly 
involved in the mechanisms influencing the generation of antinociceptive effects that have been 
attributed to PAG. Supported by TUBITAK-NATO Advanced Fellowship (Type B) and EAC-IBRO

760.9
THE ROLE OF SEX STEROIDS IN GENDER DIFFERENCES IN 
PROSTAGLANDIN E2-INDUCED PERIPHERAL 
HYPERALGESIA. W.M. Isenberg, K.O. Alev, P.G Green*, and
J.D Levine. Depts. of OB/Gyn, Medicine, and Oral Surgery, UCSF, 
SF, CA 94F43.

Gender differences in nociceptive and antinociceptive mechanisms 
have been described, largely focusing on the CNS) In this study we 
examined the role of sex differences in the PNS, at the level of the 
primary afferent nociceptor. We evaluated differences in the response 
of male and female rats to an intradermal injection of prostaglandin E2 
(PGE2), and the role of sex hormones in these differences, using the 
Randall-Selitto paw withdrawal test. Baseline mechanical nociceptive 
thresholds were the same in both sexes and administration of the 
opposite gender’s major sex steroid did not change threshold.
However, female rats had a significantly larger decrease in nociceptive 
threshold in response to PGE2. When testosterone was administered to 
female rats, either in silastic tubes or as an intramuscular or ipsilateral 
intradermal injection, their nociceptive thresholds in response to PGE2 
were similar to those of control male rats. In contrast, when 17(3- 
estradiol was given to male rats by the same routes, the treated males’ 
nociceptive thresholds in response to PGE2 were like those of control 
female rats. To better understand the mechanisms underlying such 
hormonal effects, we used immunohistochemistry on rat dorsal root 
ganglia (DRG) to show that this tissue contains androgen receptor 
immunoreactivity. Similarly, using reverse transcriptase-PCR we 
show that DRG contains the novel estrogen receptor-(3.

Taken together, the studies described suggest that there are basic 
biologic differences at the level of the primary afferent nociceptor in the 
response of females and males to the direct-acting hyperalgesic agent 
PGE2, and that sex steroid hormones are key mediators of these 
differences.

This work is supported by the RSDP(NICHD K12-HD00849 and 
Berlex Fdn.), and NIH (NS21647).

760.10
GENDER DIFFERENCES IN REGIONAL CEREBRAL ACTIVITY 
ASSOCIATED WITH VISCERAL STIMULI. D.H.S. Silverman*, J. Munakata, 
C.K. Hoh, M.A. Mandelkern, E.A. Mayer, Depts. of Medicine and Nuclear 
Medicine, UCLA Medical Center and West LA VA Medical Center, Los Angeles, 
CA 90095.

Irritable bowel syndrome (IBS), like many other chronic visceral pain disorders, 
is found with greater prevalence in women than men. Profiles of predominant 
symptoms also vary by sex. Considerable controversy exists concerning what 
mechanisms underlie these gender differences. We examined whether sex differences 
occur in regional cerebral processing of visceral signals in patients with IBS.

Effects of noxious visceral stimuli on regional cerebral activity were assessed 
with O-15-water positron emission tomography (PET) in 30 subjects (15 males (M), 
38.2±3.6 yrs and 15 females (F), 37.8±3.3 yrs, av. age±SEM), 14 with IBS. A 
balloon catheter was placed in the distal intestine 30 min prior to imaging sessions. 
PET scans were obtained in each subject at baseline, and during both actual and 
simulated delivery of intestinal pressure stimuli. Scans were interpreted using 
statistical parametric mapping and region of interest methods of analysis.

During both actual and simulated delivery of intestinal stimuli, significant 
(p<0.01) activation was seen in right premotor cortex (Brodmann's area 6) and left 
anterior insula in the brains of M, but not F, IBS patients. Normal M and F 
subjects did not exhibit this difference under identical conditions. IBS patients of 
each sex analyzed separately exhibited a significant activation of the left prefrontal 
cortex not seen in normal subjects, as well as an absence of the activation of peri- 
genual anterior cingulate cortex seen in our normal subjects during processing of 
intestinal pain. The magnitude and spatial extent of these disorder-specific effects 
were comparable between males and females.

In conclusion, in the brains of male and female groups of IBS patients, regional 
processing of visceral information was associated with significant sex-specific 
differences, in addition to disorder-specific features found to be common to IBS 
patients of both sexes.

Supported by the National Institutes of Health, and the Veterans Administration.

760.11
PAIN THRESHOLD MEASUREMENTS WITH CUTANEOUS ARGON 
LASER, COMPARING A FORCED CHOICE AND A METHOD OF 
LIMITS Bengt Olausson*, Patrik Satero and Ulrika Klingenstiema, Inst, 
of Clinical Neurosci., Department of Psychiatry & Neurochemistry, 
Sahlgrenska University Hospital/ Molndal, S-431 80 Molndal, Sweden.

Two different methods were used to measure pain threshold with the 
argon laser technique. Pain thresholds at different locations of the body 
were also investigated using one of the methods. Healthy subjects (n=20) 
participated in two sets of experiment. The methods used were: (i) the 
method of limits (ML) and (ii) the forced choice method (FCM). In the 
ML, laser pulses were presented to the skin in pulsate (100ms, 10Hz) 
ascending stimulus ramps. The subjects were instructed to stop the laser 
at the first pain sensation. In the FCM, a computerised schedule was used 
with the positive criteria of two true replies in succession to the same 
stimulus intensity. Stimuli of different intensities were given in a pseudo-
random manner. In the second set of experiments the ML was used to 
investigate pain thresholds at 10 different locations of the body. The 
results show that the ML and FCM reflect pain thresholds equally well 
(r=0.85, p< 0.001). The ML was less time consuming and easier to 
perform. Pain thresholds (with the ML) was higher in glabrous skin and 
on the right side of the body, respectively. No sex difference were 
detected. Pain threshold patterns for individuals were reproducible.

The results indicate that the argon laser for sensory testing with a 
method of limits is a useful method for pain threshold measurements and 
preferred to the FCM, since the ML seems easier and less time 
consuming. The difference in pain threshold between body sides is 
suggested to be a central effect, while the differences in thresholds 
between glabrous and non-glabrous skin may reflect different thickness’ 
of the skin, (supported by the Swedish Medical Research Counsil proj no. 11009)
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761.1
Motor axon guidance and motor circuit formation in the zebrafish 
embryo. M.Granato, N.Malayaman, P.Stcrling* and J.Zeller. Cell &Dcv. Bio. 
University of Pennsylvania PA 19104; granatom@mail.ined.upenn.edu 
The zebrafish embryo provides an excellent system to study how spinal motor axons 
navigate to distant targets, and how motor circuit are established. To uncover genes 
which guide motor axons, we screened our collection of locomotion defective mutants 
for absence of or errors in motor pathways. Here, we focus on mutants of two genes, 
in which motor pathways are affected, but at clearly different points. Mutations in the 
diwanka gene cause failure of all motor axons to extend ventrally towards a common, 
intermediate target. Cell transplantation experiments demonstrate that the diwaiika 
gene is not required in motor axons but rather exhibits a cell non-autonomous 
function, consistent with diwanka functioning in the embryonic environment. Further 
analysis shows that diwanka is required in a remarkably local fashion for the ventral 
extension of motor axons, which raises the possibility that diwanka encodes a novel 
guidance function, specialized for motor axon navigation. Mutations in the unplugged 
gene cause a single motor axon to ignore a choice point and follow an aberrant 
pathway. Other spinal axons appear unaffected in unplugged mutants. Thus, we have 
identified two genes with key functions in motor pathway formation. The diwanka 
gene provides a guidance force in the enviromenl for motor axons to extend towards an 
intermediate target, where subsequently the unplugged gene controls the decision of 
particular axons to select their appropriate pathways.

To understand motor circuit formation, we focus on two groups of locomotion 
defective mutants in which components generating alternating or rhythmic tail 
movements are absent. Mutants in 10 genes offer the unique opportunity to study the 
molecular mechanisms by which specialized neural connections are organized and 
operate. In a simple model, the seven ‘accordion’ group genes ensure that opposite 
muscles never contract simultaneously and the three ‘twitch twice’ group genes 
provide an alternating rhythm between opposite motor systems (supported by: PENN 
Start up).

761.2
A ROLE FOR HEDGEHOG SIGNALING IN CELL DIFFERENTIATION AND 
AXON GUIDANCE IN THE VENTRAL FOREBRAIN. R, Karlstrom*, W, Talbot, 
and A, Schier. Developmental Genetics Program, Skirball Institute, NYU 
Medical Center, 540 1st Ave, New York, NY 10016.

Commissural axons must grow toward and across the midline of the CNS 
during development. In the ventral forebrain this directed growth may be 
mediated by midline cells in the region of the optic chiasm. 6 zebrafish genes 
(bel, con, dtr, igu, uml, and yof) were found that affect the ability of retinal and 
commissural axons to cross the ventral midline of the diencephalon (Karlstrom 
et al 1996, Development v123: 427-438). We have characterized the ventral 
forebrain defects in these mutants in order to understand the cellular cues that 
guide axons across the diencephalic midline.

We have focused our studies on two mutations, yot and syu. These 
mutations belong to the u-shaped somite class and are likely to affect 
components of the hedgehog signaling pathway. In yot, some midline cells 
fail to differentiate normally in the region of the optic chiasm. We hypothesize 
that these cells may function in the wildtype to guide axons across the midiine, 
a role shown for floorplate cells in the spinal cord. Anterior pituitary cells 
normally express the homeobox genes Iim3 and nk2.2. In yot Iim3 expression 
is absent or reduced and nk2.2 expression does not extend into the anterior 
pituitary. Another homeobox gene, Iim5, is normally expressed in a band of 
cells that spans the midline adjacent to the optic nerve. In yot Iim5 expression 
is absent in midline cells but not lateral cells. pax6 is expressed normally by 
cells in this region earlier in development, suggesting yot affects later 
differentiation events, yot is required in cells that respond to shh signaling in 
the trunk (vanEeden et a! 1996, Development v123:153-164). syu mutants 
have similar pathfinding defects to those seen in yot.

Our data suggest that the shh signaling pathway is involved in the 
differentiation of anterior pituitary and other midline cells in the ventral 
diencephalon and that some of these cells may guide axons across the 
midline. (Supported by an NIH Postdoctoral Fellowship to RK)

761.3
MUTATION IN CONTACTIN GENE CAUSES ATAXIA 
AND EARLY POSTNATAL DEATH
E.O, Berglund*. K. Murai. B. Fredette, B, Marturano and B.
Ranscht. The Burnham Institute, La Jolla, CA 92037, USA.

Contactin, a cell recognition molecule of the immunoglobulin gene
superfamily (IgSF), binds to receptor tyrosine phosphatase and 
members of the tenascin and IgSF gene families, and affects axon 
growth in vitro. To gain insights into the function of contactin in intact 
animals, we have generated and introduced into mice a mutation in the 
contactin gene. At birth, mice homozygous for the mutated contactin 
allele are indistinguishable from their wildtype litter mates. The mutant 
phenotype becomes apparent at postnatal day 10 and is characterized by 
the failure to thrive, hyperactivity, and ataxia of increasing severity. 
Mutants walk with a broad-based gait, fall over involuntarily, and fail 
to perform complex motor tasks, such as rope climbing and walking 
across an elevated beam. The mutation is lethal by postnatal day 17.
To define which axon pathways are altered in the contactin mutation, 
we have initiated histological and immunohistological analyses using 
mutant and wildtype litter mates between postnatal day 13-16, when 
the ataxic phenotype is most severe and 1-3 days before the mutation is 
lethal. Gross anatomical analyses of the cerebral and cerebellar 
cortices, brain stem and spinal cord, and nerve fiber staining for 
neurofilament revealed no apparent differences between wildtype and 
contactin-deficient mice. Current work is directed at revealing axon 
subpopulations potentially altered in the mutants. Results will be 
discussed.

761.4
X-CHROMOSOME GENES PROVIDE FURTHER INSIGHT INTO 
EMBRYONIC MOTOR AXON GUIDANCE. C. Korey. C, Bascom- 
Slack. D. Scalice, B. Percival. D. Van Vactor*. Department of Cell 
Biology and the Program in Neuroscience, Harvard Medical School, 
Boston, MA. 02115.

Neuromuscular connectivity in the Drosophila embryo provides an 
attractive system for the study of axon pathfinding and target recognition at 
a molecular level. Experimental manipulations in this system suggest a 
high degree of specificity in the mechanisms that establish the stereotyped 
pattern of innervation. Using both classical and molecular genetics, we 
have begun to dissect the mechanisms that control the navigational choices 
of particular motor growth cones in the Drosophila embryo. Analysis of 
autosomal genes points to three key steps in achieving neuromuscular 
specificity. First, motomeurons are guided towards the correct region of 
mesoderm, pathfinding across different substrates and navigating a 
sequence of important choice points. Second, growth cones display an 
affinity for a particular domain of neighboring muscles. Finally, each 
growth cone recognizes its individual target(s) within this domain. We 
have extended this work to further dissect the initial guidance process. Our 
X chromosome screen has uncovered mutations in three genes, 
circumventral, ziplock, and fastlane, which control different aspects of 
embryonic axon guidance. We have focused on one guidance decision 
where Segmental Nerve b (SNb) axons enter their specific target region.
The phenotypes of the mutations affecting SNb pathfinding suggest that a 
two step mechanism might be involved in the process of SNb exiting into 
its muscle domain. First, the SNb axons defasciculate from the 
Intersegmental Nerve pathway, followed by a second step in which the 
SNb axons enter their muscle target domain. This work was supported by 
the National Science Foundation (CK) and The Esther A. and Joseph 
Klingenstein Fund For Neuroscience (DVV).

761.5
ONTOGENY OF THE TECTO-ROTUNDAL PATHWAYS IN 
CHICKS (GALLUS GALLUS)-. A CHOLERA TOXIN B 
SUBUNIT STUDY. C.-C, Wu*, R, M, Russell and H, J, Karten, 
Department of Neurosciences, University of California, San 
Diego, La Jolla, CA 92037-0608

In order to investigate the development of neuronal connections in the tecto- 
rotundal pathway, we injected a 1% CTb solution into the optic tectum (TeO) of 
chick embryos at various developmental stages. After an 8-10 hour survival 
period, the subjects were anesthetized, perfused transcardially with 4% 
paraformaldehyde and cryosectioned coronally (10-20 pm). The sections were 
treated immunohistochemically and then examined using light microscopy to 
determine the timecourse of neuronal connections between TeO and nucleus 
rotundus (Rt). On embryonic day (E) 5, tectal axons were seen innervating 
ipsilateral Rt, where their collaterals began ascending to decussatio supraopticus 
ventralis (DSV). By E7, increased tectal innervations were observed in both 
ipsilateral Rt and DSV with no apparent contralateral innervation of Rt. By E8, 
collaterals of tectal axons ascended through DSV, terminating in the contralateral 
Rt. The bilateral innervations of Rt gained further density as embryonic age 
increased. By E13, tectal innervations became more regionalized within the 
contralateral Rt. The pattern of bilateral tectal innervations at E16 resembled 
that of the hatchling. The present study describes the timecourse of development 
for the tecto-rotundal pathway in chicks during embryogenesis.
Supported by EY06890 & NS24560 (HJK).

761.6
PATHWAY SELECTION CHOICES IN VESTIBULAR AFFERENTS AND 
EFFERENTS AS REVEALED BY RETROGRADE TRACING. A.A.F. 
Tohamy, T.J. Neary*, and B. Fritzsch. Creighton University, Omaha, NE 68178.

The inner ear develops from an invaginating placode which also produces 
the vestibular and cochlear ganglion cells. These cells migrate away from the ear and 
send processes out to connect both with the brain and specific sensory epithelia of the 
ear. In addition, a set of facial motoneurons projects to the ear as so-called efferents. 
We used Dil tracing in fixed animals to reveal (a) the degree of segregation of 
vestibular ganglion cells to various sensory' epithelia and (b) pathway choices for 
vestibular efferents. In neonatal rats and mice our data suggest that the ganglia 
projecting to the posterior vertical canal and the anterior and horizontal canals are 
spatially segregated. However, the ganglion cells projecting to the utricle overlap in 
part with those projecting to the anterior and horizontal canals. Most complex is the 
distribution of saccular ganglion cells which overlap in part with those projecting to 
the posterior vertical canal and in part with those projecting to the utricle. Moreover, 
saccular ganglion cells can be found in both the superior and the inferior vestibular 
ganglion. Thus there is an incomplete segregation of ganglion cells projecting to the 
various sensoiy epithelia and their fibers have to sort out on the way to the peripheral 
and central targets by unknown means. The efferent fibers reach the vestibular 
ganglion through the vestibular root. They then disperse among the vestibular 
ganglion cells and branch frequently to send collaterals to many sensory epithelia. 
Most prominent are collaterals from efferent fibers projecting to the posterior vertical 
canal which also have collaterals that reach the anterior vertical canal and, to a lesser 
extent, the horizontal canal and the utricle. Collaterals of the saccule and the 
posterior vertical canal could also be traced to the basal turn of the cochlea and 
collaterals of the utricle could be traced to the facial nerve. These data suggest that 
pathway selection properties of efferents are incomplete.
Supported by a grant from the Egyptian Government (AAFT).
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761.7
GENETIC ANALYSIS OF NCAM FUNCTION REVEALS AN 
ESSENTIAL ROLE IN AXONAL GROWTH AND 
FASCICULATION. H. Cremer*A. Represa, C. Goridis, G, Rougon 
and G. Chazal. LGPt), lBC>M, CNRS/ INSERM/ University de la 
M6diterran£e, Campus de Luminy, Case 907, F-13288 Marseille Cedex 9, 
France

To approach NCAM-function in vivo we used targeted inactivation of 
the NCAM gene to generate mice lacking all protein isoforms. These 
animals were found to have a size-reduced olfactory bulb, due to a defect 
in migration of olfactory neuron precursors, deficits in spatial learning 
and exploratory behaviour as well as deficient hippocampal long tenr, 
potentiation. The mutant mice are almost totally devoid of PSA, 
demonstrating that NCAM is by far the major carrier of this 
carbohydrate.
Here we present a detailed analysis of axonal growth processes in NCAM 
deficient mice. Focussing on the dentate gyrus of the hippocampus and 
its axonal projection, the mossy fibers, we demonstrate that quantity, 
pathfinding and laminar growth of these axons are strongly affected in 
the absence of NCAM and present evidence that the basis for these 
alterations is deficient fasciculation. Individually growing axons invade 
the CA3 pyramidal cell layer, thereby destroying its highly ordered 
organisation. As a consequence synaptogenesis of the mossy fibers on 
these target neurons is affected. In addition the phenotype is 
quantitatively and qualitatively more severe in adult than in young 
animals, suggesting an essential role for NCAM in the maintenance of 
plasticity in the mature nervous system.
These results provide the first genetic proof for a vertebrate cell adhesion 
molecule playing a key role in axonal growth and pathfinding.
Supported by EMBO, CNRS and the EC-Biomed program.

761.8
PATHFINDING OF ENTORHINAL FIBERS IS DEPENDENT ON 
TARGET- AND MATURATION SPECIFIC MEMBRANE-BOUND 
MOLECULES. N.E.Savaskan. O.Ninnemann. R.Nitsch, T.Skutella*, 
Department of Cell- and Neurobiology, Humboldt University Hospital Charite, 
Institute of Anatomy, D-10098 Berlin, Federal Republic of Germany.

Various genetic and epigenetic events determine the neuronal phenotype 
during the CNS development. During development of the entorhinal- 
hippocampal system, a specific projection between the cells of laminae II and 
III of the entorhinal cortex (EC) and the outer molecular layers (OML) of the 
dentate gyrus (DG) is formed. The factors determining the development of this 
specific connection are almost unknown, although a variety of molecules 
which influence long- and short-range interactions are known to be involved 
in the formation of axonal pathways. We used a stripe assay, adopted from 
Walter et al. (1987), to examine the impact of inembrane-bound molecules. 
Given a choice between alternating lanes of hippocampal and control 
membranes derived from other brain areas, EC neurites prefer to extend on 
hippocampal membranes. We tested the outgrowth of EC-explants from Pl 
animals on hippocampal membranes of different developmental stages 
(embryonic-postnatal-adult) in order to examine whether this effect is 
maturation dependent. Using the stripe assay, we were able to demonstrate 
that specific outgrowth of EC-fibers on hippocampal membranes is dependent 
on the maturation of target tissue. Our data suggest that specific cell adhesion- 
or extracellular matrix molecules in the hippocampal target tissue are 
regulated in a maturation-dependent fashion and could therefore control the 
outgrowth of the EC axons .
Walter, J. et al., Devel. 101:685-696 (1987).
This work was supported by the Deutsche Forschungsgemeinschaft: SFB 515 
and Ni 344/2-1.

761.9
A COMBINATORIAL MECHANISM FOR THE SPECIFICATION 
OF HIPPOCAMPOSEPTAL TOPOGRAPHIC PROJECTION. Y^ 
Yue1, P.-P. Gaof T. Yu*. D. P. CerrettiA M. Fox3. S. Jing3. C, F, Dreyfus4, 
and R. Zhou1 . ^ab. for Cancer Res., College of Pharmacy, Rutgers Uni., 
Piscataway, NJ 08855. 2Immunex Corp., Seattle, WA 98101. 3Amgen Inc., 
Thousand Oaks, CA 91320. 4Dept. of Neurosci. and Cell Bio., Robert Wood 
Johnson Med. School, Piscataway, NJ 08855.

The hippocampus, a key structure for spatial learning and memory, projects 
topographically to the septal target, such that the medial hippocampal axons 
connect with the dorsal lateral septum, while the lateral hippocampal axons 
terminate in the ventral target. The spatial order of the hippocampal output is 
believed to be critical for hippocampal function. We have shown previously that 
the Eph family molecules may play key roles in hippocamposeptal topographic 
projection. To examine systematically the involvement of the Eph family 
molecules, we investigated the developmental expression of most Eph receptors 
which are reported to have positive expression in the CNS and their ligands in the 
hippocampus and septum. Four receptors, EphA4 (Sek), A5 (Bsk), A6 (Ehk2), and 
A7 (Mdkl), showed a lateral (low) to medial (high) gradient of expression. The 
highest level of expression was observed from postnatal day (P) 7 to 14, a period 
critical for synapse formation. In contrast, three ligands, EfnA2 (Elf-1), A3 
(Lerk3), and A5 (Lerk7), are transcribed in the lateral septum in complementary 
(opposing) patterns, with highest levels in the ventrolateral and lowest levels in 
the dorsomedial target. The ligands are expressed in overlapping but distinct target 
areas, such that together they form a smooth dorsomedial to ventrolateral gradient. 
Consistent with a combinatorial role in specifying the septal target, all three 
ligands inhibit the growth of medial but not lateral hippocampal axons. These 
observations indicate that multiple Eph receptors and ligands specify the 
hippocampal target in a combinatorial fashion and play key roles in establishing 
the topographic hippocamposeptal projection, (supported by NSF grant 9409930).

761.10
CHICKEN EphA7 IS INVOLVED IN LIMB DEVELOPMENT AND 
INNERVATION. M.A. Nieto^.M. Araujo1. M.E. Piedra2 and M. Ros2 
'instituto Cajal, CSIC, 28002 Madrid, Spain and 2 Dept. Anatomia y Biologia 
Celular, Universidad de Cantabria, 39011 Santander, Spain.

We have isolated the chick Eph7A gene and previously shown data 
suggesting its role in anteroposterior patterning of the central nervous system 
and axonal tract formation, in agreement with the results obtained for other 
members of the Eph family of receptor tyrosine kinases and their ligands. Here 
we report a highly dynamic expression pattern of this gene in the developing 
limb bud. Expression is detected in a proximo-distally moving wave from 3 
days of incubation onwards (stage HH20), that is restricted to dorsomedial 
mesenchymal cells. These cells surround the routes where axons grow to 
innervate the dorsal muscle mass, suggesting a role for EphA7 in cell to cell 
contact-mediated signalling in dorsal limb patterning and/or axon guidance. 
Dorsalization of the limb bud has been shown to be mediated by Wnt7a, a 
factor secreted by the dorsal ectoderm. We have carried out experimental 
manipulations in the chick embryo limb buds that alter the dorsoventral 
patterning of the limb and analyzed EphA7 expression and the corresponding 
phenotype of the operated limbs. Our results indicate that the dorsalizing signal 
emanating from the dorsal ectoderm regulates Eph7A in such a way that, in its 
absence, the limb buds lack EphA7 expression and show defects in dorsal 
muscle mass innervation.
Supported by grants from the Spanish Ministry of Education and Science 
(DGICYT-PM95-0024), and the European Union (BIO4-CT96-0659).

761.11
THEORETICAL ANALYSIS OF AXON GUIDANCE BY A TARGET- 

DERIVED DIFFUSIBLE FACTOR. G.J. Goodhill*. Georgetown Institute 
for Cognitive and Computational Sciences, Georgetown University Medical 
Center, Washington DC 20007.

One mechanism by which axons can be guided to appropriate targets 
in the developing nervous system is by following the gradient of a target- 
derived diffusible factor. What shape does a gradient set up by diffusion 
have, and over what range is it capable of guiding axons? I consider a sim-
ple model for both the in vivo and in vitro situation: a point source produces 
factor at a constant rate, which diffuses into an infinite three-dimensional 
volume. In order for effective guidance to occur, I assume that (1) the aver-
age concentration of factor around the growth cone must be greater than a 
lower limit that depends on the dissociation constant for the receptor-ligand 
complex, and (2) the percentage change in concentration across the width of 
the growth cone must be greater than about 1%.

At large times, the gradient is stable and the maximum range over which 
guidance is possible is about 1mm. This is independent of the diffusion con-
stant of the factor. At earlier times however the constraints may be satisfied 
for distances up to several millimetres. The time it takes for this maximum 
guidance distance to fall to the asymptotic value depends on the diffusion 
constant. This time is a few hours for a small molecule, but as much as a few 
days for a large molecule. Guidance over larger distances than 1mm may 
therefore be possible, if the start of production of factor is carefully matched 
to the time when guidance is required. These limits on guidance suggest 
that the developmental mechanisms that construct a small animal cannot be 
simply scaled up to construct a large animal.

Supported by DOD grant DAMD17-93-V-3018.
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762.1
NEURONS AND GENES REGULATING EGG-LAYING IN C. ELECANS.
L. Waggoner, E, Bier* and W, R. Schafer. Dept. of Biol., Univ. of Calif, 
at San Diego, La Jolla, CA 92093

We have begun to investigate the molecular and neural mechanisms 
that control the temporal pattern of egg-laying in C. elegans. In order to 
observe egg-laying over long periods of time, we used an automated 
tracking system to record egg-laying events and then analyzed the data 
to measure intervals between events. These studies have allowed us to 
construct a model for egg-laying in which the animals fluctuate between 
two behavioral states: an active state, during which eggs are laid in 
clusters, and an inactive state , during which eggs accumulate in the 
uterus. Switching between states, as well as egg-laying within the active 
state, all model as independent Poisson processes whose rate constants 
determine the rate of egg-laying. Sensory cues and neurons both have 
direct roles in modulation of this behavior. High salt concentration slows 
the rate of egg-laying primarily by lengthening the inactive phase. 
Single cell laser ablation assays have identified two classes of 
serotonergic neurons that alter the duration of the two behavioral states 
of the vulval muscles and are required for modulation of egg-laying by 
sensory information. We have also studied the molecular nature of this 
regulation. Two G-proteins, Go« and Gqa, expressed in the vulval muscles, 
affect the egg-laying pattern: Goa appears to be required for the inactive 
phase while Gqa appears to facilitate the active phase. In addition, 
animals that are mutant for a Ca2+ channel subunit exhibit no clustering; 
thus, the behavioral states of egg-laying may correspond to the 
excitatory state of the Ca2+ channels in the vulval muscle.

Funding: Beckman Young Inv., NARSAD Young Inv.

762.2
GENETIC DISSECTION OF CHEMOTAXIS TO SOLUBLE COMPOUNDS IN C. 
ELEGANS. Stephen R. Wicks* and Ronald H. A. Plasterk. Netherlands Cancer 
Institute. 1066 CX, Amsterdam. The Netherlands.

The worm uses a well developed sense of taste and smell to navigate its environment; 
it can adaptively respond to a wide variety of soluble and volatile compounds. 
Although a number of chemotaxis mutants have previously been identified (reviewed 
in Bargmann and Mori, 1997), attempts to undertake an exhaustive screen for mutant 
worms that are defective in chemotaxis to soluble compounds has been hampered by 
the lack of a sufficiently tight assay for this behaviour.

We have developed a fast, efficient and sensitive assay for nematode chemotaxis to 
soluble compounds. The assay: 1) has been used to confirm previously described 
chemotaxis to a variety of salts with a chemotaxis index of 0.99 or higher for some 
compounds, 2) detects defective chemotaxis in strains that carry known chemotaxis 
mutations (e.g. tax-2), 3) detects chemotaxis to or away from several compounds 
previously thought not to be detected by the worm, including strong attraction to 
ammonium acetate and glucose, and repulsion from sucrose, and 4) has been used to 
isolate a large number of EMS-derived mutants which are fully or partially defective in 
chemotaxis to one of these novel attractants (ammonium acetate). About 20,000 
genomes were screened and about 20 chemotaxis-defective strains were isolated.

The efficiency of the EMS screen suggests that the assay will also allow the isolation 
of transposition-induced mutant strains. We have initiated such a screen and isolated 
several putative strains. These are now being characterized. The assay appears to be 
efficient enough to allow saturation mutagenesis, and thus should allow the rapid 
characterization of all required components of the substrate for chemotaxis to soluble 
compounds. Furthermore, since one requirement of an effective learning mutant screen 
is a reliable assay of the modified behaviour, this screen will be applied to an analysis 
of the adaptive modulation of chemotaxic behaviour as a consequence of experience. 
This work was supported by an NSERC post-doctoral fellowship to SRW.

762.3
ELECTROPHYSIOLOGY, NETWORK MODELING, AND 
BEHAVIORAL ANALYSIS REVEAL AN ALGORITHM FOR 
CHEMOTAXIS IN C. ELEGANS. S, R. Lockery, M. B. 
Goodman*. T, C. Ferree. and J. T. Pierce. Institute of Neuroscience, 
University of Oregon, Eugene, OR 97403.

The neural mechanisms of chemotaxis behavior are not well 
understood. Of the 302 neurons in C. elegans, 7 pairs of 
chemoreceptor neurons, 5 pairs of interneurons, and 4 pairs of motor 
neurons are candidate members of the neural network that controls 
chemotaxis. To determine how this network functions, we made 
whole-cell patch clamp recordings from the chemoreceptor neuron 
ASER. ASER exhibited nonlinear potentials that were graded and 
probably regenerative, but no classical action potentials. 
Experimentally measured whole-cell capacitance closely matched 
capacitance predicted from the surface area of ASER, indicating the cell 
is isopotential. Assuming the electrical properties of other neurons in 
the network are similar to those of ASER, we optimized model 
networks of single-compartment, linearized, graded potential neurons 
to control chemotaxis in a simulated worm. We found that the 
simulated worm produced chemotaxis by varying the angle of its neck 
as a function of the chemical concentration, C, and dC/dt. We are 
testing the model by analyzing chemotaxis behavior in real worms at 
high spatial and temporal resolution.

Supported by NiMH MH11373, NIMH MH51383, NSF IBN 
9458102, ONR N00014-94-1-0642, The Sloan Foundation, and The 
Searle Scholars Program.

762.4
LONG-TERM HYPEREXCITABILITY OF APLYSIA SENSORY 
NEURONS AFTER NERVE INJURY INVOLVES ACTIVITY- 
DEPENDENT INDUCTION SIGNALS. X. Gasull, T.P, Gunstream, M.R, 
Lewin and E.T. Walters*. Dept. of Integrative Biology, University of 
Texas - Houston Medical School, TX 77030.

Long-term hyperexcitability (LTH) of nociceptors may contribute to 
neuropathic pain induced by nerve injury in humans. Nociceptive 
sensory neurons in Aplysia show enhancement of soma and receptive 
field excitability that lasts months after nerve crush. Prevention of 
LTH by blockade of axonal transport but not by blockade of activity in 
the nerve indicates that LTH involves induction signals conveyed from 
sites of peripheral injury by retrograde axonal transport (Gunstream et 
al. J. Neurosci. 15:439, 1995). However, we did not exclude an inductive 
role for activity in the ganglion (e.g., delayed injury-related activity in 
modulatory neurons). Therefore, we bathed the ganglion and nerve 
during crush and then for 24 hr in solutions containing 60 pM TTX or high 
levels of divalent cations. In our standard protocol, both manipulations 
often blocked LTH produced by proximal nerve crush (when axoplasmic 
signals should have arrived). Reduction of excitability following distal 
nerve crush at 24-30 hr suggests an activity-dependent component of LTH 
that is independent of axoplasmic signals. Nerve crush in the absence of 
anesthetic caused robust LTH, even in somata not receiving axoplasmic 
signals. Increasing the concentration of anesthetic (~ lOx) during injury 
decreased (but did not block) LTH after proximal and distal crush in 
some protocols. These data suggest that LTH induction by nerve crush 
involves complex interactions among 1) slow axoplasmic injury signals,
2) immediate injury discharge, and 3) delayed central activity in 
modulatory neurons. Supported by NIH grants NS35882 and DK37260.

762.5
cGMP IS MORE POTENT THAN cAMP FOR INDUCING LONG-TERM 
HYPEREXCITABILITY OF APLYSIA SENSORY NEURONS BY 
PRESSURE INJECTION. M,,R- Lewin* and ET, .Walters. Dept. of 
Integrative Biology, Univ. of Texas - Houston Medical School, TX 77030.

Nociceptive sensory neurons (SNs) in Aplysia display short-term 
(STH) and long-term hyperexcitability (LTH) of their somata, 
receptive fields, and axons following peripheral injury or 5HT 
treatment. Pressure injection of 200-400 mM c AMP into SN somata causes 
LTH (Lewin & Walters, SNS Abstr. 22:1445,1996) and 24 hr reduction of 
outward currents in the soma (Scholz & Byrne, Science 240:1664, 1988). 
Using a standard pressure injection procedure, we compared dose- 
response curves of cAMP and cGMP for producing STH and LTH of the 
soma. The threshold concentrations for STH were about the same for 
cAMP and cGMP (~ 1 mM), with maximal STH occurring at 10-100 mM 
for each messenger. The threshold for cAMP-induced LTH was > 100 
mM, with maximal LTH occurring at 400 mM or above. By contrast, 
threshold for cGMP-induced LTH was ~ 1 mM (the same as for STH), 
with maximal LTH occurring at 40 mM. Experiments in progress are 
examining whether cross-activation of PKG or PKA by the heterologous 
messenger occurs during these injections. A possible explanation for the 
difference in potency, which remains to be tested, is that cGMP is more 
resistant to hydrolysis than cAMP. An important question concerns the 
extracellular signals that activate cGMP pathways in the SN. STH 
produced by exposure to 5 pM 5HT was not reduced by either injection or 
bath application of the PKG inhibitor, KT5823 (1 pM). We are currently 
examining the ability of this and other agents that interfere with 
cGMP-related pathways to perturb plasticity induced by 5HT 
application or nerve injury. Supported by NIH grant NS35882.

762.6
REGION-SPECIFIC, PROTEIN SYNTHESIS-DEPENDENT LONG-
TERM HYPEREXCITABILITY OF APLYSIA SENSORY NEURONS 
SUGGESTS LOCAL TAGGING OF AXONS BY 5HT. LD, Gunstream*, 
G.A, Castro and E.T, Walters. Dept. of Integrative Biology, University 
of Texas - Houston Medical School, TX 77030.

Nociceptive sensory neurons (SNs) in Aplysia display long-term 
reactions to peripheral injury that resemble mechanisms implicated in 
learning and memory. Because nerve injury in Aplysia is followed by 
local formation of 5HT-containing varicosities (Longley & Longley, /. 
Neurobiol. 17:339, 1986), and 5HT can induce long-term changes 
dependent upon protein synthesis in the soma (e.g. Bailey, Bartsch & 
Kandel PNAS 93:13445, 1996), we asked whether 5HT can induce long-
term hyperexcitability (LTH) of peripheral axons that depends upon 
central protein synthesis. SN somata were impaled while electrical 
test stimuli were applied to a nerve, with the nerve and ganglion 
bathed in a low-Ca2+, high-Mg2+ solution that blocks sheath 
contractions and central synaptic transmission. Both nerve crush and 
local application of 10 pM 5HT to the nerve for 2 hr significantly 
increased the number of SN spikes evoked by nerve test stimuli 24 hr 
later. Application of 5HT to the ganglion had no short- or long-term 
effect on test responses to nerve stimuli, while producing both short- and 
long-term hyperexcitability of the SN somata. Anisomycin (1 pM) 
applied to the nerve did not reduce LTH of SN axons induced by bathing 
the nerve in 5HT. However, axon LTH induced by 5HT application to 
the nerve was blocked by bathing the ganglion in anisomycin. This 
suggests that peripheral 5HT both induces central synthesis of proteins 
and tags the peripheral axon for expression of the proteins' effects on 
excitability. Supported by NIH grants NS35882 and DK37260.
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762.7
AXOTOMYINDUCED LONG-TERM ELECTROPHYSIOLOGICAL AND 
MORPHOLOGICAL CHANGES IN ISOLATED APLYSIA SENSORY NEURONS 
IN CULTURE ARE INHIBITED BY AXONAL REJOINING. S, S, Bedi* and D. L, 
Glanzman. Department of Physiological Science, UCLA, Los Angeles, CA 90095.

Axotomy of isolated Aplysia sensory neurons in cell culture induces long-term 
changes in these cells, among which are hyperexcitability and enhanced neurite 
outgrowth (Salim & Glanzman, 1995; Bedi & Glanzman, 1996). We now report that 
the long-term changes observed in axotomized sensory neurons are inhibited when the 
proximal stump of the severed axon is permitted to rejoin its distal end.

The excitability and structural complexity of Aplysia sensory neurons grown in cell 
culture were initially assessed. Axons of the neurons were then severed approximately 
halfway along their length. The distal segments of some axotomized neurons 
(Axotomized group) were removed, thereby preventing axonal rejoining. The 
proximal and distal ends of the other axotomized neurons (Rejoining group) were 
permitted to rejoin. The excitability and morphology of both groups were reassessed 
24 hr later. The excitability of Axotomized neurons (n = 9) was significantly 
increased (P < 0.03, paired t test). The excitability of Rejoining neurons (n = 7), by 
contrast, was unchanged (P > 0.5). Both Axotomized and Rejoining groups exhibited 
significant increases in neurite outgrowth. However, this increase was significantly 
less in Rejoining neurons than in Axotomized neurons, as determined by the difference 
scores (Day 2- Day 1) for the two experimental days (P < 0.03, unpaired t test).

These in vitro results suggest that there must be a retrograde signal, the disruption 
of which increases the excitability and outgrowth of sensory neurons. In order to 
trigger these long-term cellular changes, however, the disruption of the retrograde 
signal must persist for a critical period of time. Together with our previous results 
(Bedi & Glanzman, 1996), these results imply that persistent disruption of the 
retrograde signal activates a cAMP-dependent pathway within sensory neurons. 
Supported by NIH, NSF, and the University of California.

762.8
ACTIVITY-DEPENDENT EXPRESSION OF THE "COMMAND NEURONE" 
GENE IN THE SNAIL BRAIN. P. Balaban*, I. Zakharov, D. Potervaev1, M. 
Peigelman1, A. Belyavsky1. Institute of Higher Nervous Activity and 
Neurophysiology, Moscow, Russia; institute of Molecular Biology, 
Moscow, Russia

A neuropeptide precursor gene named HCS2 is selectively expressed in 
4 giant parietal intemeurons of the gastropod snail Helix involved in 
triggering the body and mantle withdrawal in the shell and conforming to 
the definition of "command neurons" for withdrawal behavior. The peptides 
encoded by this gene were shown to affect the rate of spontaneous activity 
of motomeurons involved in withdrawal. We tested the hypothesis that 
changes in neural activity and sensory inputs may influence pattern of 
expression of this gene, it was found that isolation of the central ganglionic 
ring and maintaining it in the saline for 24 hours (complete deafferentation) 
led to disappearance of expression in command cells and appearance of 
expression in unidentified small cells. We tested the effects on the gene 
expression pattern of: (a) deafferentation, (b) synaptic blockade with Mg 
application, (c) strong noxious stimuli evoking long- term sensitization (skin 
incision) applied 24 hours before animal sacrifice, and (d) application of 
serotonin to isolated nervous system. It was shown that deafferentation and 
synaptic blockade effectively decreased HCS2 expression in all cells, while 
noxious stimuli and serotonin application elicited significant additional 
expression in identifiable neurons and neural clusters in cerebral, pleural, 
and pedal ganglia. Possible relations of observed changes in gene 
expression pattern to behavioral function of neurons involved and to plastic 
changes in neural activity elicited by modifications in behavior are 
discussed.

The work was supported by grants of Russian Foundation for Basic 
Research and Howard Hughes Medical Institute

762.9
SHORT-, INTERMEDIATE- AND LONG-TERM MEMORY OF LEARNING THAT 
A FOOD IS INEDIBLE IN APLYSIA. D. Botzer, A. Weller* & A.J. Susswein, Depts. 
Life Science and Psychology, Bar Ilan University, Ramat Gan 52900, Israel 
Depts. Life Science and Psychology, Bar Ilan University, Ramat Gan 52900, Israel

An associative learning process in Aplysia leads to changes in the response to inedi-
ble food (seaweed wrapped in plastic net). As the animals learn, their responses change 
from bites and failed swallows to rejection responses, and eventually the animals stop 
responding. Memory (measured by savings in the time to stop responding, and by the 
changes in the motor pattern) is evident from 24 hours to 3 weeks after training.

In many animals, short-term and long-term memory are separable processes. To de-
termine whether this is true in our learning task, we have now examined memory at 
periods from 5 min to 24 hours after a single training session. Short-term memory was 
found to persist for less than one horn, whereas long-term memory appeared only after 
12-24 hrs. No memory was seen for an intermediate period of 1 - 12 hrs after training.

Long-term memory could be abolished while leaving the acquisition and expression 
of short-term memory intact. Cooling (-20° for 15 min) naive animals 15 min before a 
training session had no effect on training or on the subsequent expression of short-term 
memory (0.5 hrs). Cooling animals immediately after training also had no effect on 
short-term memory (0,5 hrs), but completely erased long-term memory (24 hrs).

The expression of short-term memory was not required for the subsequent expression 
of long-term memory. Abbreviated training (stopped after 5 min) produced long-term 
memory identical to that seen after a full training session, but did not cause short-term 
memory. Thus, the earlier portion of a full training session is sufficient for long-term 
memory, whereas the later portion is needed for short-term memory.

Although a single training session did not produce intermediate-term memory (4 hrs 
after training), memory at this period was obtained with a spaced training procedure (3 
training sessions of 5 min each, separated by 0.5 hrs).

These data show that training animals with inedible food can elicit three separable 
memory processes: short- (< 1 hr), intermediate- (~4 hrs) and long-term (> 12 hrs).

762.10
POST-LIGHT POTENTIATION AT TYPE B TO A PHOTORECEPTOR 
CONNECTIONS IN HERMISSENDA. L.M. Schultz** and G.A. Clark. ^Dept. 
of Psychology, Princeton University, Princeton, NJ 08544, and Department of 
Bioengineering, University of Utah, Salt Lake City, UT 84112.

The positive phototactic response of Hermissenda is suppressed following 
classical conditioning with a light conditioned stimulus (CS) and a rotation 
unconditioned stimulus (US). A lesser-understood, weaker suppression of pho-
totaxis results from CS-alone training. Given that the type A cells have been 
proposed to indirectly excite the motorneurons that drive phototaxis, a light- 
evoked increase in synaptic strength at the inhibitory type B to A photoreceptor 
connections could play a mechanistic role in CS-elicited nonassociative learn-
ing. Hence, we investigated whether the long (~ 30 sec) or short (~ 3 sec) light 
stimuli that have been used during behavioral training would yield post-light 
potentiation (PLP) at the type B to A cell connections. We found that a single 
30-sec light step induced PLP at these connections relative to both pre-light 
baseline and seawater control preparations, as did a series of nine 3-sec light 
steps (all p’s < .05). Furthermore, a 30-sec step of depolarization-elicited type 
B cell activity yielded potentiation relative to both pre-stimulation baseline and 
control preparations (p’s < .05), and this potentiation was comparable in mag-
nitude to that induced by a 30-sec light step. Thus, light-elicited type B cell 
activity and/or depolarization contributes to the induction of PLP. By contrast, 
3-sec light steps yielded potentiation greater than that induced by 3-sec steps 
of depolarization-evoked type B cell activity (p < .01), which did not yield any 
potentiation relative to control (NS). Hence, light-evoked processes other than 
type B cell activity (e.g., intracellular calcium release) also contribute to the 
induction of PLP.

Supported by an NSF Graduate Research Fellowship (L.M.S.) and a Whitaker 
Foundation Initiation Award, University of Utah (G.A.C.)

762.11
EVOLUTION OF NON-ASSOCIATIVE LEARNING: BEHAVIORAL ANALYSIS OF 
AN EVOLUTION-INDUCED NEUROMODULATORY LESION. W, G. Wright*, 
Department of Biology, Colorado State University, Ft. Collins, CO 80523.

A recent phylogenetic study (Wright et al., Evolution 50: 2248-2263) of learning-related 
neuromodulation in a lineage of opisthobranch mollusks identified one species, Dolabrifera 
dolabrifera, that was missing two neuromodulatory traits (serotonin-induced increases in 
spike duration and excitability of mechanosensory neurons), both of which likely contribute 
to learning in Aplysia. To test whether these two “phylogenetic lesions” reduce non- 
associative learning, we tested the tail-mantle withdrawal reflex of Dolabrifera as well as size- 
matched Aplysia for habituation, dishabituat.on, and short and long-term forms of 
sensitization. Reflexes were elicited with punctate tactile stimuli to the tail (habituation 25 
stimuli, 50 s interval; sensitization, 5 stimuli, 10 min interval). The facilitating stimulus 
consisted of a weak (dishabituation: 0.01 mA), or strong (sensitization: 1.0-1.8 mA) electric 
shock delivered with a suction electrode to the body wall anterior to the tail. Blind technique 
was used in all experiments: the observer scoring the withdrawal reflexes did not know 
which animals were shocked.

Learning
Aplysia

Mean 21
Dolabrifera

Mean N
Habituation 0.45‘ 12 0.581 18
Dishabituation 1.492 6 0.912 9
Short-term sensitization 1.883 7 ULZ3 12
Long-term sensitization 2.073 9 0.973 10

‘Proportion initial reflex; Proportion habituated reflex; Proportion pre-shock reflexes (5 
tests); Bold indicates significant (P<0.05) deviation from 1.0 (single-sample t-test); 
Underline indicates significant difference (two-sample t-test) between Aplysia and Dolabrifera.

Although habituation was observed in both species, only Aplysia showed significant 
dishabituation and short and long-term sensitization. These experiments suggest that the two 
previously identified neuromodulatory lesions in Dolabrifera may be responsible for its lack 
of non-associative facilitatory learning. Thus, these previously identified mechanisms of 
learning may also contribute importantly to the evolution of new behavioral phenotypes. 
Supported in part by NSF IBN-9632069

762.12
Regional GAP-43-Like Immunoreactivity in Adult Worker Honey Bee Brains.
D A. O’Dell* and E. Van Coverden Dept. Biol. Sci., Mary Washington College, 
Fredericksburg, VA 22401.

GAP-43 is a 43KD growth-associated protein that is generated in vertebrate nervous 
tissue during growth and regeneration, and has been found in those regions of the brain 
associated with learning. Previously we described immunocytochemical evidence that 
a similar protein may be present in the developing invertebrate nervous system. (Hicks 
and O’Dell, 1996). In this study, we have looked at the distribution of GAP-43-like 
immunoreactivity in the brains of adult worker honey bees.

Actively foraging worker honey bees (Apis mellifera) were collected as they arrived 
at the hive, fixed by injection with 4% buffered formalin, and the dissected brains were 
embedded in paraffin. 10pm serial sections were cut, dewaxed and incubated with the 
primary antibody (Anti-GAP-43, Boehinger-Mannheim). The location of the primary 
antibody was detected by a modification of the PAP technique (O’Dell and Watkins, 
1988). Controls consisted of sections of honey bee adult brain incubated in the absence 
of the primary antibody and sections of neonatal mouse brain and Apis thoracic muscle 
tissue incubated in the presence of the primary antibody.

Positive staining was observed only in the alpha lobe and layer 2 of the optic lobe of 
the foraging worker brain. This is in contrast to the widespread staining we previously 
reported for pupal brains. The alpha lobe is a region in the honey bee brain that has been 
implicated in learning processes in the bee and the presence of GAP-43-like 
immunoreactivity in this region supports this role. Thus, GAP-43-like immunoreactivity 
may be useful in studying changes in the insect nervous system during learning.

This work has been supported by an Undergraduate Research Grant from Mary 
Washington College.
JH Hicks and DA O’Dell (1996) Neurosci, Abs, (22) 1709,
DA O’Dell and BL Watkins. (1988) Cell and Tissue Research. (254) 635,
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763.1
NON-MONOTONIC CONTRAST DEPENDENCE OF PREFERRED- 
DIRECTION RESPONSES IN ON-OFF DIRECTIONALLY 
SELECTIVE GANGLION CELLS OF RABBIT RETINA. DK Merwine5. 
NM Grzywacz5. DS Tjepkcs2 and FR Amthor*2. Smith-Kettlewell Eye Research 
Institute5, SF, CA; Univ. of Alabama at Birmingham2, Birmingham, AL.

We have discovered an unusual contrast dependence for responses to preferred-direction 
motions in On-Off directionally selective (DS) cells. As the contrast of a sweeping bar 
exceeds 100%, responses do not just saturate, they decrease. In turn, null-direction 
responses do not decrease for contrasts up to 400%. Simultaneous blockades of NMDA 
and nicotinic receptors reduced responses without affecting the non-monotonicity of 
preferred responses. GABAergic blockade, however, eliminated the non-monotonicity. 
So, since this non-monotonic behavior does not occur in null-direction responses, it 
must depend on the mechanism of directional selectivity. (In contrast, it does not appear 
to depend on cholinergic or NMDA receptor inactivation.) Moreover, since blockades of 
nicotinic and NMDA pathways do not impair the non-monotonic behavior, at least one 
spatially asymmetric mechanism must exist that is independent of them. Our data show 
that this mechanism depends on GABAa  receptors, which, without nicotinic and NMDA 
activation, does not generate directional selectivity (Grzywacz et al. 1997, Soc. Neuro. 
Abs.). This could occur if there was an asymmetric GABAergic input to the distal 
dendrites of the DS cells and a bipolar excitatory input to the proximal dendrites, making 
the inhibition’s placement non-optimal for directional selectivity. Our data support the 
existence of direct GABAergic input to the DS cell (Grzywacz et al. 1997, Soc. Neuro. 
Abs.). We thus postulate that the non-monotonic behavior emerges from a shortening 
of the delay of inhibition in the preferred direction as contrast increases; at low contrasts, 
inhibition would be too delayed to have an impact on preferred responses. In contrast, 
for null-direction motions, shortening of delay has no impact, since, in this case, 
inhibition is thought to begin before excitation takes off.
Supported by EY08921 and EY11170 to NMG, and by EY05070 to FRA.

763.2
ROLES OF TWO EXCITATORY PATHWAYS IN RETINAL 
DIRECTIONAL SELECTIVITY. NM Grzywacz*5. DK MerwineLDS 
Tjepkes2 and FR Amthor2. Smith-Kettlewell Eye Research Institute5, SF, CA; 
University of Alabama at Birmingham2, Birmingham, AL.

A model for directional selectivity in directionally selective (DS) ganglion cells of 
rabbit (Grzywacz et al. 1997, Vis. Neurosci., 14:39) proposes spatially asymmetric 
nicotinic and GABA^ amacrine inputs to distal dendrites of these cells, and 
symmetric bipolar (mostly NMDA - Kittila & Massey 1997, J. Neurophys., 
77:675) inputs to proximal and distal dendrites. If this model were applicable, that 
DS receptive and dendritic fields tightly correlate (Amthor et al. 1984, Brain Res., 
198:187; Yang & Masland 1992, Science, 258:1949) suggests that bipolar inputs are 
the dominant excitatory inputs, thus mediating transient responses, contrast 
sensitivity, and hyperacuity. That facilitation extends outside the receptive field 
(Amthor et al. 1996, Vis. Neurosci., 13:303) suggests that nicotinic inputs mediate 
facilitation, which is sustained (Grzywacz & Amthor 1993, J. Neurophys., 69:2188) 
and thus may mediate low-velocity responses. The model also predicts that residual 
responses under simultaneous nicotinic and NMDA blockades are due to inputs to 
proximal dendrites and are not substantially affected by GABA. In our experiments, 
GABA reduced responses to exogenous acetylcholine under synaptic block, indicating 
GABA receptors on the cell. Combined NMDA and nicotinic receptor blockades 
with curare and AP7 reduced responses -85% over a range of contrasts, with AP7 
having the greater effect. Residual responses were not DS. Under curare, cells 
responded to smaller apparent motions than under AP7, and responses had an 
increased low-velocity cutoff. Thus, unimpaired synergism of NMDA and nicotinic 
activation is necessary for normal directional selectivity, with the former mediating 
contrast sensitivity and hyperacuity, and the latter providing facilitation and low- 
velocity sensitivity.
Supported by EY08921 and EY11170 to NMG, and EY05070 to FRA.

763.3
PATTERNS OF ACTIVITY IN THE VERTEBRATE RETINA 
A Jacobs, E. Nemeth, and F. Werblin*. Dept. of Molecular and 
Cell Biology, University of California, Berkeley, CA 94720

A computational model of retinal interactions predicted a novel 
mechanism for dynamic edge extraction: Laterally expanding 
neural activity representing the stimulus image at the bipolar cell 
layer is suppressed by a time-delayed version of itself mediated by 
the narrow-field amacrine cells, generating a neural image 
consisting of a ridge of activity representing the edges of the 
stimulus. We generated reconstructions of the spatiotemporal 
patterns of activity in amphibian and mammalian retinas by 
shifting an image to thousands of closely spaced points while 
recording from a single retinal ganglion cell with either 
extracellular or whole-cell patch electrodes and then playing the 
responses back at the appropriate positions in space. In this way, 
we were able to demonstrate directly how the retina transforms an 
input image. In accordance with differences in the presynaptic 
circuitry that drove them, the recorded ganglion cells fell into 
several classes, each carrying out a different spatiotemporal 
transformation upon the input image and these classes agreed 
with model predictions: in particular, they confirmed the dynamic 
edge extraction mechanism, which we were then able to elucidate 
further by applying pharmacological methods to selectively block 
components of the circuitry generating the responses.

NIHEY00561, ONRN00014-931-0700

763.4
THE DISTRIBUTION OF STIMULI PRECEDING A RETINAL GANGLION 
CELL BURST. S. M. Smirnakis*. E. Wu, and M. Meister. MCB Dept., 
Harvard Univ., 16 Divinity Ave., Cambridge, MA 02138.

Forward studies of retinal signaling try to predict firing events that occur 
in a ganglion cell spike train from the stimulus. Here, we investigate the 
reverse, i-.e. how reliably can a firing event define the preceding stimulus. 
Isolated larval tiger salamander retinae were stimulated with spatially 
uniform Gaussian full field flicker, while recording extracellularly from 
ganglion cells using a multi-electrode array. Spike trains were parsed into 
their constituent burst events (Smirnakis et at., Neurosci. '96), and Is long 
stimulus vectors preceding each type of event were accumulated.

The prior expectation for randomly picked stimulus vectors is that they 
form a Gaussian cloud in stimulus space, centered on the origin. Stimuli 
preceding a spiking event are a subset of these, and form a cloud around the 
average stimulus vector effective in eliciting the event (Mean Effective 
Stimulus). Analysis of ganglion cell firing usually focuses on the properties 
of the MES. Principal component analysis of the accumulated stimulus 
vectors allowed us, in addition, to assess stimulus variance around the MES.

For firing events consisting of single spikes stimulus variance decreased by 
a factor of 3-4 along the direction in stimulus space parallel to the MES, but 
increased along an independent direction for most of the ganglion cells 
studied. For events with greater number of spikes, the stimulus clouds were 
compressed along additional directions in stimulus space. The observation 
that the stimulus distribution was expanded or compressed along more than 
one direction is inconsistent with the simple LN cascade model and puts 
additional constraints on alternative models of ganglion cell firing.

Supported by grants from HFSP and NSF to MM, and by an HST RA to SS.

763.5
ANTICIPATION OF MOVING STIMULI BY THE RETINA.
Michael J. Berry*. Imart H. Brivanlou. Stelios M. Smirnakis. Justin R. 
Keat, and Markus Meister. Molecular and Cellular Biology 
Department, Harvard University, Cambridge, MA 02138.

Psychophysical experiments suggest that a stimulus moving 
steadily across the retina is perceived ahead of its physical location. 
For example, when a red bar is flashed briefly on top of a traveling 
green bar, the red bar is seen as trailing behind (R. Nijhawan, Nature 
386, 66). What role does the retina play in this apparent 
extrapolation of motion? We studied the neural representation of a 
traveling luminance edge in the salamander retina, by recording 
simultaneously the spike trains of many retinal ganglion cells with a 
planar electrode array. The traveling edge elicits a traveling pattern 
of excitation among ganglion cells. Remarkably, the wave of neural 
activity travels ahead of the moving edge. Rather than violating 
causality, this effect can be understood from spatial integration and 
temporal processing in these cells. Many ganglion cells are tuned to 
fire as soon as the luminance edge invades their receptive field. Over 
a wide range of edge velocities, this remote sensing more than 
compensates for the response latency, producing a sharp increase in 
firing rate before the edge passes over the ganglion cell. This 
mechanism requires no direction-selective circuitry and anticipates 
moving stimuli equally well in all directions. Subsequent visual 
processing stages with spatial convergence could contribute further 
to a predictive representation of steady motion.

Supported by an NEI grant to MJB and an NSF grant to MM.

763.6
PREDICTION OF PRECISELY TIMED SPIKE EVENTS IN 
RETINAL GANGLION CELLS.
Justin Keat, and Markus Meister*. MCB Dept., Harvard 
University, Cambridge, MA 02138.

In response to a variety of stimuli, retinal ganglion cells fire 
spike events consisting of single spikes or short bursts. The 
variation in the timing of these events across trials with identical 
stimuli can be as low as 1 ms (Berry et al., PNAS 94, 5411). We 
seek a method to predict the firing times and their variabiliy.

The tiger salamander retina was stimulated with spatially 
uniform random flicker, whose intensity was chosen from a 
Gaussian distribution every 30 ms. Ganglion cell spike trains 
were recorded with an extracellular electrode array. In the model 
to predict these responses, the stimulus is passed through a 
stationary nonlinearity followed by a second-order filter. The 
first spike of a burst is fired when this signal passes through zero 
in the positive direction. To account for trial-to-trial variability, 
Gaussian noise is added to the filtered input. This noise is taken 
to have a correlation time much longer than the variation in 
event times, but much shorter than the time between events. 
Numerical methods were developed to optimize the parameters 
in this nonlinear model. It has proven successful in matching the 
behavior of neurons with precisely timed responses.

Supported by an NSF fellowship to JK, and grants from HFSP 
and NSF to MM.
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763.7
DYNAMICS AND THRESHOLD SENSITIVITY OF ROD INPUT TO Hl 
HORIZONTAL CELLS IN MACAQUE RETINA.
J, Verweij, D. M. Dacev. S. L. Buck & O. S. Packer*. Departments of Biological 
Structure & Psychology, University of Washington, Seattle WA 98195.

In mammalian retina there are two pathways by which the rod signal can reach the 
ganglion cells. The first pathway is via rod bipolar cells, All amacrine cells and cone 
bipolar cells. The second pathway is more direct; via rod-cone gap junctions to cones 
and via cone bipolars to the ganglion cells. Rod signals in this second pathway have 
been recorded in cones in the primate and cat retina, and in cone-driven horizontal 
cells in the cat retina. Studies in cat retina suggest that this second rod pathway is 
less sensitive than the All rod pathway (Nelson, J Comp Neurol 172, 109; Lankheet 
et al., Vis. Res., 36, 3955). In this study we investigated the sensitivity and 
temporal characteristics of this second rod pathway specifically, by recording from the 
cell bodies of cone-driven Hl horizontal cells in the in vitro primate retina, using 
intracellular electrodes. With dark adaptation, Hl cells received a clear rod input as 
was evident from a slow but pronounced increase of the threshold sensitivity for 
short- but not for long wavelengths, a retardation of the response dynamics, and a rod 
aftereffect for the higher stimulus intensities. The pure rod response could be several 
millivolts in amplitude. The threshold for the rod input to the Hl cell was more than 
a log unit lower than the threshold for the cone input, but was considerably higher 
than the threshold for rod signals in the inner retina. The rod signal in the HI cells 
was low pass, with a corner frequency of about 2 Hz and a high frequency cut-off at 
approximately 10 Hz. The delay of the rod response reduced with an increase in 
intensity and ranged from less than 100 ms to about 200 ms. We conclude that the 
rod pathway via the rod-cone gap junctions in the primate retina is a slow rod 
pathway which is active at high scotopic and mesopic light levels. (EY06678; 
EY03221)

763.8
REGENERATIVE NA+ ACTION POTENTIALS IN THE DENDRITES OF 
MAMMALIAN RETINAL GANGLION CELLS T.J, Velte and R.H. 
Masland*. Howard Hughes Medical Institute, Massachusetts General 
Hospital, Boston, MA.

We made simultaneous whole-cell recordings from the somas and 
dendrites of ganglion cells in the intact retina of the rabbit. An adaptation of 
the methods of Peters and Masland (1996) was used to remove the endfeet of 
the Muller cells, exposing the somas and dendrites of ganglion cells. Positive 
pressure from a cleaning pipette separated a dendrite from other processes in 
the inner plexiform layer, making it available for patch recording.

When an action potential was initiated by depolarization of the soma, 
there was always (n=27) an action potential seen in the dendrite (30-300 pm 
from soma). A depolarizing pulse into the dendrite often (n=15) depolarized 
the soma and evoked a somatic action potential that back-propagated into the 
dendrites. However, in other cases (n=12), depolarization of the dendrite 
generated an action potential locally that traveled to the soma and produced a 
sub-threshold depolarization or an action potential there. In these cases, the 
action potential could be generated first in either the dendrite or the soma, 
depending on which was stimulated. When QX-314 was introduced into the 
soma during stimulation of the dendrite, the somatic impulses were abolished 
before the dendritic impulses.

We conclude that dendrites of ganglion cells in the rabbit support fast, 
Na+ dependent action potentials, such that an impulse generated in the soma 
is subsequently propagated regeneratively into the dendritic tree. We do not 
know if action potentials are normally propagated from dendrites to the 
soma.

Supported by HHMI

763.9
LOW CO2+ BLOCKS HORIZONTAL CELL FEEDBACK AND 
GANGLION CELL SURROUNDS IN FHE TURTLE RETINA.
P. Witkovsky* and J, Vigh, Dept. Ophthalmology, NYU Med. Ctr, New 
York, N.Y. 10016

Thoreson and Burkhardt (1990) found that sub-millimolar Co2+ blocked 
a depolarizing response in turtle cones that is dependent on horizontal cell 
(HC) to cone feedback. We report here that 0.25 mM Co2+ suppressed 
other measures of feedback, including the depolarizing response of 
chromatic HC's and part of the depolarizing rollback in both small-field 
and large-field luminosity HC's. Co2+ also reduced the receptive field size 
of the large-field HC. We recorded extracellular ganglion cell (GC) 
spikes and defined center and surround areas of the GC receptive field. 
Current injected into a nearby HC drove the GC. Low Co2+ selectively 
blocked the GC light-evoked surround response and prevented HC-GC 
communication; both effects were rapidly reversed in normal Ringer. To 
test whether feedback or reduction of HC receptive field underlay the 
Co2+ effect on HC-GC communication, we exposed retinas to 10 pM 
dopamine, which reduced the HC receptive field, but did not block 
feedback. Dopamine blocked neither the GC surround nor the ability of 
HC current to drive the GC. The results indicate that HC to cone 
feedback participates in the synaptic organization of bipolar and GC 
surrounds.
Supported by EY 03570 and Research to Prevent Blindness, Inc.

763.10
REPRESENTATIONS OF COLOR, FORM AND INTENSITY BY POPULATIONS 
OF TURTLE RETINAL GANGLION CFI T S, R.A. Normann*1. J. Ammermuller2, 
R, Osan1. and E. Fernandez3. ’The John Moran Laboratories, Univ. of Utah, Salt 
Lake City, UT 84112,2OIdenburg Univ., Germany, 3Univ. of Alicante, Spain.

While single retinal ganglion cell responses contain information regarding the 
color, intensity and the spatiotemporal pattern of the light striking the retina, we 
propose that one can only specify these stimulus features by observing the firing 
pattern of a network of ganglion cells. We are studying how these stimulus features 
are represented by small networks of ganglion cells, and the consequences of 
response variability on these representations.

We find that individual ganglion cells are poor specifiers of intensity, color and 
form. We have used an array of 100 microelectrodes to record the simultaneous 
responses of a small group of ganglion cells to simple patterns of light stimuli and 
have used artificial neural networks and multidimensional discriminant analysis to 
investigate the network representations of the stimulus features. We find that small 
populations of neurons improve the specification capability: fifteen randomly 
selected cells allowed good specification of the color, intensity, and form of our 
stimulus set. We have studied the consequences of response variability by treating 
responses as sequentially recorded data (responses from individual electrodes were 
"shuffled" in time): shuffling degrades stimulus classification.

We conclude that in spite of the variability of individual ganglion cell responses, 
even relatively small populations of ganglion cells can be used to unambiguously 
classify visual stimuli. Further, the consequences of response variability may be 
mitigated in a network of cells by interdependencies in their firing patterns. 
Supported by N.S.F. grant IBN-9424509, and the W.M. Keck Foundation.

763.11
ASSESSING THE EFFICACY AND QUALITY OF RETINA-IMPLANT STI-
MULATIONS BY RECORDING RETINAL AND CORTICAL SINGLE-UNIT 
AND MASS ACTIVITY IN CAT. R. Eckhom*, T. Schanze, M. Eger, M. Wilms, B, 
Nebeling. Deptm. Neurophysics, Philipps-University, Marburg, D-35032, Germany.

Scope. It has been shown that blind patients with degenerated photoreceptors per-
ceived localized phosphenes when their retinal surface was electrically stimulated by 
a small electrode. This demonstrated the excitability of their ganglion cells and their 
sensation of ganglion cell spike trains. However, the development of retina-implants 
requires extensive testing in animals before applications in humans are possible. 
Methods. We therefore developed methods for epi- and intra-retinal p-stimulation in 
anesthetized cats to optimize spatio-temporal selectivity while using minimal electri-
cal energy. A retina-manipulator was developed reaching most retinal positions with-
out rotating the penetrated eye. A fast isolation unit, a programmable stimulation-re-
cording device and real-time artifact suppression was developed enabling recordings 
0.5 ms after stimulation. Success of stimulation was assessed 1.) by retinal recording 
of spikes via the stimulation electrode, and 2.) by recording of cortical responses 
from A17/18 via a multiple p-electrode array (Eckhom & Thomas, J Neurosci Meth; 
49, 93) in receptive field (RF) positions aligned to those of the retinal stimulation 
sites. Dynamic RF-mapping (Eckhorn et al. Biol Cybem: 69, 93) for all retinal and 
cortical positions in parallel could be made in about 100 s (on-line), including single-
unit and mass activities. These methods enable us to distinguish fiber and soma 
stimulation by i) recording from axons or somata by the stimulation electrode, and ii) 
by comparing the RF-positions of retinal and cortical neurons activated by the same 
stimulation site. While retinal soma stimulation activates cortical neurons at the cor-
responding projection site, axonal stimulation activates neurons at other cortical posi-
tions. In this preparation the adequacy of electrical stimulation can also be tested with 
natural visual stimulation via the non-implanted eye, because the response spike pat-
terns can be compared in the same binocularly excitable cortical neuron to both 
stimulation modes. Conclusion. Our approach allows the optimization of spatio-tem-
poral current distributions for selective stimulation of ganglion cell somata while 
minimizing stimulation energy. (Supported by BMBF, grant 01 IN 501 F to R.E.)

763.12
COMPUTATIONAL MODEL OF SELECTIVE GANGLION CELL STIMU-
LATION BY RETINA-IMPLANTS. T. Schanze, A. Kremper, R. Eckhom, HJ. 
Reitboeck*. Deptm. Physics, Neurophysics, University Marburg, D-35032, Germany.

Scope. It has been shown that blind patients lacking their photoreceptors due to 
retinitis pigmentosa or macula degeneration perceive localized phosphenes when 
their retinal surface was electrically stimulated via p-electrodes. This demonstrates 
the excitability of their ganglion cells and the sensation of ganglion cell spike trains. 
Taken this as the basis for the development of retina-implants, two main tasks have to 
be solved. 1.) Implantation should be simple (epi- instead of intra-retinal), and 2.) 
stimulation should be locally selective (activating a single cell). We developed a 
computational model in which electrode geometries and spatio-temporal current dis-
tributions can be optimized with respect to the stimulation of single cells. Model. It 
consists of two parts: 1.) Neural tissue - in a first step represented by a discrete pas-
sive network approximation (membrane time constants 1-10 ms), and 2.) stimulation 
fields, including electrode geometry and spatio-temporal current distributions. Find-
ing exact solutions for the large network differential equations is computationally im-
practical for our purpose. However, we obtained spatial solutions by iterative methods 
based on over-relaxation. Temporal integration of the latently stiff sets of differential 
equations was performed by a backward Euler scheme. Results. 1.) Epiretinal stimu-
lation requires higher currents and energy and is locally less specific than intraretinal 
stimulation. 2.) Larger structures can be excited by lower currents with better speci-
ficity than smaller ones. 3.) The excitation probability of ganglion cells depends on 
electrode geometry and spatio-temporal current distribution: Multipolar stimulation 
can be optimized such that local dynamic fields with higher effective current densities 
are generated than with single electrode stimulation at the same distance. However, 
the former configuration requires in general more energy than the latter. 4.) Prelimi-
nary results show the possibility of how to favor soma against axon stimulation. 
Conclusion. Our results indicate how stimulation of ganglion cell somata can be fa-
vored over passing axons. In addition, it showed that magnocellular ganglion cells 
will be excited at lower thresholds than parvocellular ones.
(Supported by BMBF, grant 01 IN 501 F to R.E.)
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764.1
EARLY ONSET TORSION DYSTONIA CAUSED BY DOMINANT DEFECT IN 
ATP-BINDING PROTEIN. Xandra O. Breakefield1*, Jeffery Hewett1, Curtis Page1, 
Christo Shalish1, Susan Bressman2, Patricia Kramer3. Alan Buckler1, Mitchell Brin4.
Stanley Fahn2, Neil Risch5, David P. Corey1, James F, Gusella1 and Laurie J. Ozelius1.
’Molecular Neurogenetics Unit, Dept. Neurolog)', Massachusetts General Hospital and 
Neuroscience Program & Dept. Genetics, Harvard Medical School, Boston, MA; 
2Dept. Neurology, Columbia-Presbyterian Medical Center, New York, NY; 3Dept. 
Neurology, Oregon Health Sciences Univ., Portland, OR; 4Dept. Neurology, Mount 
Sinai Medical Center, New York, NY; 5Dept. Genetics, Stanford Univ., Stanford, CA

Torsion dystonia is a human movement disorder associated with contracted, twisting 
postures believed to arise from abnormal neurotransmission in the basal ganglia. The 
early onset, generalized form is caused by an autosomal dominant mutation in the 
DYT1 gene on chromosome 9q34. Symptoms commence in childhood in lower limbs 
and gradually involve muscles throughout the body with, however, only 30% of gene 
carriers being affected. The DYT1 gene has now been identified by positional cloning. 
Almost all affected individuals and obligate gene carriers for this form of dystonia are 
heterozy gous for a three base pair deletion in the coding region of a transcript encoded 
in this genomic region. This deletion results in loss of a glutamic acid residue near 
the carboxy' terminus of the deduced protein, termed torsinA. The protein is 333 
amino acids long, bears a putative membrane-association domain at the N-terminal, 
and has an ATP-binding domain. This protein defines a new gene family in 
nematodes, rodents and humans with distant relationship to the heat shock/Clp 
proteins. DYT1 transcripts are present in most tissues, with high expression in 
discrete regions of the human brain, including dopaminergic neurons in the substantia 
nigra (see Penney et al, abstract). The mutant protein may act in a dominant-negative 
manner to interior with dopaminergic innervation to the striatum, which coordinates 
movement. Supported by The Dystonia Medical Research Fdn., Histadrut Fdn., Jack 
Fasciana Fund for Support of Dystonia Research and NINDS Grant NS28384.

764.2
GENE FOR EARLY ONSET TORSION DYSTONIA: 
LOCALIZATION TO DOPAMINERGIC NEURONS.
J.B. Penney, Jr.*, L.J. Ozelius, I.K, Friberg, X.O, Breakefield,
P.G. Standaert. Neurology Service, Massachusetts General 
Hospital, Boston, MA 02114

A strong candidate for the gene on chromosome 9q34 that 
causes the most common form of dominantly inherited, early 
onset, generalized dystonia has recently been identified. This 
gene codes for a 332 amino acid protein (torsinA). A mutation 
producing a single glutamic acid deletion is present in virtually 
all families with this syndrome (Ozelius et al., submitted).

We performed in situ hybridization to post-mortem human 
brain using a 35S labelled cRNA probe to bases 828-1222 of 
the candidate gene, within the protein coding region. After a 1 
month exposure, there was moderately intense labelling of 
substantia nigra pars compacta (SNpc), as well as the dentate 
gyrus, hippocampal pyramidal fields and granule layer of 
cerebellum. Less intense labelling was found in the pontine 
nuclei, inferior olive and cerebral cortex.

Given the dopaminergic dysfunction in acute dystonic 
reactions after neuroleptic treatment and in Segawa's disease, 
we propose that dystonia in individuals with the DYT1 gene 
results from dopaminergic dysfunction induced by the 
presence of mutant torsinA in SNpc neurons.
Supported by NINDS NS28384, NS31579, NS34361, the 

DMRF and the Jack Fasciana Fund for Dystonia Research.

764.3
NEUROANATOMICAL CORRELATES OF TOURETTE SYNDROME IgG 
INDUCED DYSKINESIAS IN RATS. J^Jd^Ilfiri^G^StopaJ^CLJJdarlingx 
Barg, V. Knn-Lshlann, M. Datseris, P.M. Knopf, L.S. Kiessling Departments of 
Pediatrics, Pathology, Molecular Microbiology and Immunology, Brown 
University School of Medicine, Providence, Rl 02912

This study investigated whether gamma immunoglobulins (TS IgG) from 
children with Tourette syndrome (TS) would bind to neurons in rats. Using a 
neuroblastoma membrane ELISA, IgG have been found in a relatively high 
percentage of children with TS. Their specific role in the pathogenesis of TS, 
however, remains to be elucidated. Immunofluorescent studies of human 
brain tissue confirmed that TS IgG bind to cells in the basal ganglia. Diluted 
ELISA + TS sera continuously microinfused into the rostral striatum of rats 
for three days induces dyskinesias during the microinfusion and for seven 
days afterwards. This study used the same experimental design to micro-
infuse IgG isolated from ELISA + TS sera or as controls, IgG from ELISA- sera 
from children without TS. Daily behavioral observations were made. At 1,3 
and 10 days after the initiation of microinfusion, rats were killed, their brains 
harvested, successively placed in 4% paraldehyde then 30% sucrose and 
finally snap frozen in liquid nitrogen for storage. Adjacent coronal sections 
were stained either with the fluorescent probe, CY3 conjugated goat anti-
human IgG antibody, to identify IgG bound to CNS parenchyma, or with 
hematoxylin and eosin to observe any cellular changes or inflammation. 
Dyskinesias were consistently observed in the TS rats. Inspection of brain 
sections revealed fluorescence of large neurons within the rostral striatum of 
rats microinfused with TS IgG and in its absence in the large striatal neurons 
of rats microinfused with control IgG. The binding observed in this study 
demonstrates that microinfused TS IgG binds selectively to large neurons in 
the striatum. This binding suggests a mechanism by which TS IgG may 
induce dyskinesias. (Supported by The Rhode Island Foundation)

764.4
NURR1, A NUCLEAR ORPHAN RECEPTOR REQUIRED FOR DEVELOP-
MENT OF MIDBRAIN DOPAMINE NEURONS. RH Zetterstrom*1, L Solomin2. L 
Jansson2, BJ HofferT L Olson1, T Perlmann2. *Dept. of Neuroscience, Karolinska 
Institute, Stockholm, 2The Ludwig Institute for Cancer Research, Stockholm Branch, 
Stockholm, Sweden, and ^Intramural Research Program, National Institute on Drug 
Abuse, Baltimore, MD

Nurrl is an orphan member of the steroid/thyroid hormone receptor family ex-
pressed in the developing and adult CNS. Using in situ hybridization we found that 
Nurrrl mRNA is expressed in the mesencephalic flexure prior to tyrosine hydroxy-
lase or other phenotypic markers for the dopamine (DA) cells. In order to investigate 
the function of Nurrl we have generated mice in which the Nurrl gene has been 
disrupted by homologus recombination. Nurrl"^' mice are hypoactive, and die soon 
after birth. Strikingly, homozygous Nurrl-negative mice lack midbrain DA neurons 
as evidenced by the absence of 8 markers (cresyl violet histology, TH and ADH-2 
immunohistochemistry, TH, C-Ret, D2 receptor, and DAT in situ hybridization, 
nigral and striatal DA levels). As a ninth marker, we used a probe hybridizing to a 
non-deleted (transcribed, but not translated) area of the Nurrl gene. Its abnormal 
distribution in the ventral mesencephalon compared to the more normal distribution 
at other sites of Nurrl expression in mutant mice further emphasizes the critical role 
of Nurrl for DA neuron genesis. Consistent with a functional role for Nurrl in 
mature DA cells, Nurrl expression continues into adulthood and brains of hetero-
zygous, apparently healthy animals contain significantly reduced levels of DA and 
DOPAC. Ongoing work focuses on trying to rescue mutant pups by drug therapy, the 
possible emergence of abnormal non-DA neurons in mutants, and the possibilities of 
additional CNS abnormalities in the Nurrl mutants. We suggest that Nurrl ligands 
might become clinically useful regulators of dopaminergic function.

Supported by the Swedish medical Research Council and USPHS.

764.5
INWARDLY RECTIFYING POTASSIUM CURRENTS IN RAT NUCLEUS 
ACCUMBENS NEURONS
P.G- Mermelstein*, Z. Yan, P. Greengard and D.J. Surmeier
Dept. Anatomy and Neurobiology, Univ. Tennessee, Memphis TN and Dept. 
Molecular and Cellular Neuroscience, Rockefeller Univ., New York NY.

Inwardly rectifying potassium currents play an important role in cell 
excitability. Inwardly rectifying channels tend to stabilize a cell close to 
tire potassium equilibrium potential. Using whole-cell patch clamp 
techniques combined with single cell RT-PCR, we have isolated and 
characterized the inwardly rectifying potassium currents found in rat 
nucleus accumbens neurons.

RT-PCR experiments demonstrated that both IRK 1-3 and GIRK 1-4 
genes are expressed within the nucleus accumbens. However, based upon 
template abundance, we believe the predominant inwardly rectifying 
potassium current found in these neurons arise from IRK-class channels. 
Therefore, we initially characterized the inwardly rectifying potassium 
current from IRK channels. The reversal potential of the inwardly 
rectifying current shifted in a manner consistent with a potassium-selective 
channel. Moreover, the current is eliminated when extracellular potassium 
is exchanged with either rubidium or sodium. Although IRK 1-3 genes are 
all expressed in the nucleus accumbens, individual neurons, in general, 
expressed only a subset of channels. Typically, enkephalin-positive 
neurons expressed IRK channels 1 and 2. On the other hand, substance P- 
positive neurons and neurons positive for both enkephalin and substance P 
expressed IRK channels 2 and 3. Preliminary data suggest IRK 1 expression 
results in an inwardly rectifying potassium current which rapidly 
inactivates. Sponsored by USPHS grants NS 26473 and NS 34696 to DJS, 
MH 40899 to PG and NS 10028 to PGM.

764.6
THE ROLE OF ADENOSINE A2A RECEPTORS IN REGULATING GABAERGIC 
SYNAPTIC TRANSMISSION IN STRIATAL MEDIUM SPINY NEURONS. N 
Mori, T. Shindou, M. Ochi*, M. Ichimura, H. Nonaka and H. Kase. Pharm. Res. 
Labs.(Shizuoka 411), Kyowa Hakko Kogyo Co., Ltd., Japan
The adenosine A2a receptor is highly enriched in striatal medium spiny 
projection neurons, which constitute the majority of neuronal population in 
the striatum and utilize GABA as neurotransmitter. We demonstrated an 
adenosine A2a receptor mediated disinhibition of medium spiny projection 
neurons, using the intracellular recording and the whole cell patch clamp 
recording applied to these cells visually identified in thin rat striatal slices. The 
A2a receptor agonist CGS21680 (0.3-10 pM) suppressed GABAergic 
synaptic transmission onto these cells, in a manner inhibited by A2a receptor 
antagonists KF17837 and KW-6002 (0.1-1.0 pM). The suppression of 
inhibitory post synaptic currents(IPSCs) by CGS21680 was dose-dependent 
and saturated at 1pM: 66±10% (n=7, p<0.01) of control at 1pM CGS21680. 
The A-j receptor antagonists, KF15372 and DPCPX had no effect on the 
CGS21680(1 pM)-induced IPSC suppression at 0.1pM. KF17837 alone 
dose-dependently enhanced the IPSC amplitude: 140±19%(n=4) of control 
at 10pM KF17837. Furthermore, the Analysis of spontaneous miniature 
IPSCs indicated that the suppression of intrastriata! GABAergic synaptic 
transmission was attributable to presynaptic, but not postsynaptic, A2a 
receptors. In conclusion, these data show that presynaptic A2a receptors 
serve to modulate GABAergic synaptic transmission onto the medium spiny 
neurons, and so regulate a major feed back circuit and/or feed forward circuit 
within the striatum. It is likely that this will provide new insights into the 
physiopathology of adenosine in this area of the brain. We also suggest that 
this modulation plays an important role in the control of voluntary movement 
and may provide a new approach to the therapy of Parkinson's disease. 

Supported by KYOWA HAKKO KOGYO Co. Ltd.
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764.7
ENDOGENOUS ADENOSINE ACTING AT ADENOSINE A2a RECEPTORS 
TONICALLY ACTIVATES IMMEDIATE EARLY GENE EXPRESSION IN 
STRIATUM P. Svenningsson+, C. Le Moine#, G.G. Nomikos+, B. Kull'. B. Bloch*, B. 
B. Fredholm+* + Department of Physiology and Pharmacology, Karolinska Institutet, 
S-171 77 Stockholm, Sweden, #UMR CNRS 5541, Laboratoire. d'Histologie 
Embryologie, Universite de Bordeaux II, 33076 Bordeaux Cedex, France

Adenosine A2a  receptor are highly expressed in striatum where they are virtu-
ally confined to the dopamine D2 receptor expressing medium-sized spiny neurons that 
project to globus pallidus. We have treated rats with single injections of DPCPX, an 
adenosine Ai receptor antagonist, SCH 58261, an adenosine A2a  receptor antagonist, 
or the non-selective adenosine receptor antagonist, caffeine and studied the effects on 
the expression of immediate early genes (IEGs) such as c-fos, NGFI-A and NGFI-B. 
Doses of SCH 58261 (3.75 mg/kg) and caffeine (7.5 - 30 mg/kg) that increases motor 
behavior significantly reduced the IEG expression in striatum. By using double-
labeling in situ hybridization we found that the reduction occurred predominantly in 
neurons expressing dopamine D2 receptors and enkephalin. The effect is observed also 
after blockade of dopamine D2 receptors and is therefore likely to be mediated through 
a direct action at adenosine A2a  receptors. No similar effects were found in animals 
treated with DPCPX. A dopamine Di receptor agonist induced c-fos expression in 
striatum and the increase was enhanced by co-administration of the adenosine A2A 
receptor antagonist. Furthermore, the two drugs synergistically up-regulated c-fos in 
globus pallidus.

Thus, these results imply that endogenous adenosine via adenosine A2a  
receptors tonically activate strialopallidal neurons and that this influences the neuro-
transmission in both striatopallidal and striatonigral neurons.

Supported by grants from Swedish MRC and European Community

764.8
SPATIAL ORGANIZATION OF SOMATODENDRITIC AND AXONAL 
ARBORIZATIONS OF THE RAT SUBSTANTIA NIGRA PARS 
RETICULATA NEURONS. A THREE DIMENSIONAL ANALYSIS.
T.-M. Deniau, P.W. Suen, S. Charpier, P. Mailly, Y. Maurin, A. Menetrcv, and N.
LerescheY Lab. of Neurochimie-Anatomie and Lab.of Neurobiologie cellulaire et 
moleculaire, IDN-UPMC, CNRS URA 1488,75005 PARIS.

In a recent study we have disclosed that striatal afferents within the substantia nigra 
pars reticulata (SNR) exhibit a lamellar organization. We have proposed that this 
lamination represents a suitable anatomical substrate to maintain in the basal ganglia 
output pathways the segregation of cortical information achieved in the striatum. In 
this hypothesis it is assumed that the organization of SNR output neurons is 
conformed to the arrangement of striatal projections. In this study, SNR neurons 
electrophysiologically identified by their response to electrical stimulation of the motor 
cortex were labelled by juxtamembranous injection of neurobiotin and were 3-D 
reconstructed using the Neurolucida system. The results demonstrate that the dendritic 
arborization of SNR cells is largely conformed to the lamination of striato-nigral 
projections. The spatial organization of dendrites constitutes a series of curved laminae 
enveloping a dorso-lateral core. The axons of SNR cells arborize locally at distance 
from the parent somata and give rise to a wide range of terminal boutons (from 15 to 
150) suggesting synaptic interactions within and between laminae. Our results support 
the concept of a parallel architecture of the striato-nigral circuits. However it is likely 
that through inhibitory local interactions, the GABAergic SNR cells achieve 
integration of segregated cortical information. Supported by. CNRS and UPMC.

764.9
EVIDENCE FOR PHYSIOLOGICAL LONG-TERM POTENTIATION AT 
CORTICO-STRIAT AL CONNECTIONS IN VIVO.
S, Charpier, T.-P- Bourgeois"' and T.-M. Deniau. Lab. of Neurochimie-Anatomie, IDN- 
UPMC, CNRS URA 1488, 75005 PARIS and lab. of Neurobiologie Moleculaire, 
CNRS URA 1284, 75015 PARIS.

The glutamatergic cortico-striatal pathway provides the main input of the basal 
ganglia. From previous in vitro studies it has been proposed that long-term depression 
(LTD) constitutes the normal form of plasticity at cortico-striatal synapses. To test this 
hypothesis, we investigated in vivo the activity-dependent plasticity of cortico-striatal 
synapses. Electrical stimuli were applied in the facial motor cortex and intracellular 
recordings were performed in the ipsilateral striatal projection field of this cortical area. 
Recorded cells exhibited the typical morphological and electrophysiological properties 
of striatal output neurons. Subthreshold cortical tetanization produced short-term (<4 
min.) posttetanic potentiation or depression of cortically-evoked excitatory 
postsynaptic potentials (EPSPs). When coupled with a postsynaptic depolarization 
(induced by intracellular dc current injection) leading the membrane potential to a 
suprathreshold level, the tetanus induced long-term (>lh) potentiation (LTP), of 
cortico-striatal synaptic transmission. The mean increase of EPSPs amplitude was 16.1 
+ 8 % (n=5, mean + SD). Induction of striatal LTP was prevented by intracellular 
injection of a calcium chelator (BAPTA, 200 mM). Since our results have been 
obtained in vivo, we propose that LTP, rather than LTD, constitutes the normal 
form of use-dependent plasticity at cortico-striatal synapses. Functionally, it is known 
that striatal neurons discharge produces a disinhibition of premotor networks. 
Therefore, LTP at excitatory striatal inputs should favor the initiation of movements 
and consequently could be critical for the functions of basal ganglia in motor learning. 
Supported by CNRS, UPMC and BIOMED 2 programme-PL 962215.

764.10
FOCAL INHIBITION OF PRIMATE SUBSTANTIA NIGRA: A NEW MODEL 
FOR HUMAN DYSKINETIC AND DYSTONIC SYNDROMES. D.Dybdal*,
M.Dubach, R.Vaurio, I.Estabrooke, A.Heath and K.Gale. Department of 
Pharmacology, Georgetown Univ. Med. Ctr., Washington EXT, 20007 and University 
of Washington. Seattle WA, 98106.

Basal ganglia outflow via substantia nigra (SN) has been shown to regulate 
posture and motor activity in the rodent. Focal inhibition of the SN in awake rats 
elicits circling and stereotyped sniffing and gnawing. To date, there have been no 
comparable studies of the effects of focal inhibition of SN in the awake, freely 
moving primate. The aim of the present experiments was to identify the effects of 
focal, drug-induced inhibition within the SN on the behavior of the freely moving 
monkey. Muscimol (4.5 or 9 nmoles), a GABAa  receptor agonist, was infused 
either unilaterally or bilaterally into specific regions of SN in awake pigtailed 
macaques. Depending upon the specific region within the SN, unilateral infusions 
induced (l)athetoid-choreiform movements of the contralateral arms and/or legs, (2) 
contraversive torticollis (head tilt), (3)contraversive circling behavior, (4) excessive 
saccadic eye movements directed contraversively. These effects were dose dependent, 
and highly site-specific. Bilateral infusions evoked bilateral athetoid-choreiform 
movements and repetitive scanning movements of the head. The torticollis and 
athetoid-choreiform movements observed after unilateral or bilateral inhibition of SN 
in the monkey were unlike any behaviors observed after nigral manipulations in rats. 
On the other hand, the circling behavior observed in the monkeys was similar to that 
evoked in rats. The neck dystonia and torticollis in the monkey resembled the 
spasmodic torticollis seen in humans. Similarly, the athetoid-choreiform movements 
seen in these animals was remarkably reminiscent of those seen in human dyskinetic 
syndromes such as Huntington’s Disease. Based on our findings, we propose that 
GABAergic transmission in SN is an important anatomical substrate for the 
production of both torticollic and athetoid-choreiform syndromes. Supported by NIH 
grants # NS20576 and F31 MH10812

764.11
PALLIDOTOMY DOES NOT FACILITATE PARKINSONIAN 
MEDICATIONS IN REDUCING BRADYKINESIA OF ELBOW FLEXION 
MOVEMENTS. K.D. Pfann, R.D. Penn, K.M. Shannon. D.M. Corcos*. 
Univ. of Illinois, Chicago IL 60608 and Rush Medical Center, Chicago, IL 
60612.

Bradykinesia in Parkinson's disease (PD) has been thought to be due to 
excessive thalamic inhibition due to overactivity in the basal ganglia 
(DeLong 1990, TINS). Pallidotomy, by lesioning the major outflow from 
the internal segment of the globus pallidus to the thalamus, is hypothesised 
to disinhibit the thalamus and make movements faster. We tested whether 
pallidotomy facilitates parkinsonian medication in relieving bradykinesia. 
Nine patients were asked to perform elbow flexion movements "as fast as 
possible" over three different movement distances before and after surgery 
while "on" medication. We recorded position, acceleration and surface 
electromyograms. Patients showed significant improvement in "off' motor 
UPDRS scores and in drug induced dyskinesias following pallidotomy. 
Patients showed no change in mean peak velocity of elbow flexion 
movements on medication even though the patients' movements were 
significantly impaired compared to age and gender matched subjects with 
mild PD (who, in turn were impaired compared to similarly matched 
healthy subjects). A significant reduction in the variability of movement 
initiation time and peak acceleration were found as well as a non-
significant trend in the reduction in the variability of peak velocity and 
peak deceleration. As such, pallidotomy does not enhance the effects of 
parkinsonian medications in reducing bradykinesia in elbow flexion 
movements. These results are consistent with the interpretation that 
beneficial effects of pallidotomy are associated with the relief from 
interference in movement caused by an overactive GPi. The deficits 
associated with the lack of a properly functioning basal ganglia remain. 
SUPPORTED BY NIH-K04-NS 01508, R01-NS 28127, R01-AR 33189.

764.12
ANTICIPATION AND PACING OF REPETITIVE MOVEMENTS ARE 
DISSOCIATED IN PARKINSON DISEASE. J. Ventre-Dominev 1 *. P.F. Dominev1 and 
E. Broussolle2.1 INSERM, Vision et Motricite, Bron, 2 Department of Neurology, 
Neurology Hospital, Lyon, FRANCE
We studied anticipation and temporal pacing in motor performance in 9 patients with 
Hemiparkinson’s disease (P group) as compared to 9 age-matched control subjects (C 
group). The motor task was divided into 2 phases: -1) a stimulus phase, where the 
subject had to fixate or point with one hand to a visual target moving alternatively (+/- 
10 from the center) during 30 cycles at a fixed frequency (0.25, 0.5 and 1 Hz) and -2) a 
subsequent non-stimulus phase where the stimulus was extinguished and the subject 
continued the alternative motion for 15 cycles. This task was performed in 2 different 
sessions: -an oculomotor session where oculomotor performance only was tested and -a 
pointing session where both oculomotor and pointing performance of each hand were 
tested. The mean reaction time, percentage of anticipatory movements, mean frequency 
of motor responses and their variability over time were analysed by ANOVA. 
Anticipation performance: During the stimulus phase, the reaction time and the 
variability of the affected hand pointing and saccades were significantly increased and 
the percentage of anticipatory movements was significantly decreased, in P group. 
These disorders reflect a lack of anticipation ability in the oculomotor and in the 
somatomotor system, which was independent of the stimulus frequency.
Temporal pacing reproduction: During the stimulus phase, the ability to reproduce 
the stimulus frequency was significantly disturb in P group, only at high frequencies. 
This disorder in temporal performance was found while pointing with either hand. 
During the non-stimulus phase, the frequency of motor responses in P group, were 
normal and correlated with the previous movement frequency.
Interestingly, the saccadic deficits were more pronounced when the patients pointed 
with the affected hand as compared to the non affected hand or to the C group.
These data suggest in Parkinson’s disease, a dissociation between a mechanism for 
motor anticipation dependent on visuo-motor processing (hand effect) and a mechanism 
for temporal pacing which might be context and frequency dependent.
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765.1
NEURAL CORRELATES OF REMEMBERING WHAT AND 
REMEMBERING WHEN: A PET STUDY. R. Cabeza*, J. A. 
Mangels, L. Nvberg, R. Habib, A. R. McIntosh, & E. Tulving
Rotman Research Inst, of Baycrest Centre, Univ. of Toronto

Remembering an event involves not only remembering 
what happened (item memory), but also when it happened 
(temporal memory). We compared the neural correlates of 
these two forms of memory using H215O-PET. Twelve subjects 
studied a list of words, and were then scanned while 
retrieving what words were in the list (recognition) or when 
did they occur within the list (recency).

Compared to temporal memory, item 
memory was associated with temporal, 
parahippocampal, and ventromedial 
frontal regions. Compared to item 
memory, temporal memory was associ-
ated with dorsal frontal (areas 6, 9/46,
10), parietal (39/19), cuneus/pre-cuneus, 
and anterior cingulate regions (see 
Figure). These results replicate and 
extend previous lesion and functional 
neuroimaging data.
Supported by NSERC and Human Frontiers Science Program

765.2
MODULATION OF MOTOR CORTICAL EXCITABILITY BY REPETITIVE 
TRANSCRANIAL MAGNETIC STIMULATION INFLUENCES IMPLICIT 
LEARNING. F. Tarazona, I.M, Tormos. C, Canete, M.D, Catala and A. Pascual- 
Leone*. Univ. Valencia and CSIC, Spain; BIDMC & Harvard Med. School, Boston

Motor cortical excitability increases during implicit procedural learning. In the 
present study we investigated whether modulation of motor cortical excitability with 
repetitive transcranial magnetic stimulation (rTMS) prior to performance of a task 
can influence implicit motor learning. rTMS can increase or decrease cortical 
excitability depending on the stimulation parameters. Implicit, procedural learning 
was evaluated using a computerized version of the serial reaction time task (srtt) 
[Pascual-Leone et al., Science 1994], Subjects completed 3 srtt blocks in each of 
which a 10-item sequence was repeated 10 times. Then, they underwent either 
sham, 1 Hz, or 10 Hz rTMS at subthreshold intensity. Finally, they completed 3 
more srtt blocks with a different repeating sequence. Motor cortical output maps of 
intrinsic hand muscles were obtained before and after each srtt testing. Implicit 
learning was unaffected by sham rTMS. However, 1 Hz rTMS resulted in a 
significant decrease and 10 Hz in a significant increase in implicit learning despite 
not changing the performance in a choice reaction time task. Cortical output maps 
were unchanged by 1 or 10 Hz rTMS. However, the degree of change in map 
volume during the srtt was significantly increased by preceding 10 Hz rTMS and 
significantly decreased by the preceding 1 Hz rTMS. In conclusion, rTMS, by 
increasing or decreasing motor cortical excitability can enhance or reduce, implicit 
procedural learning without affecting motor performance non-specifically. These 
results emphasize the role of motor cortical activity in implicit learning and raise 
the possibility of externally influencing motor learning which might have 
implications for neurorehabilitation and treatment of learning disabilities.
Supported by DGICYT and Generalitat Valenciana

765.3
COHERENCE OF GAMMA-BAND EEG ACTIVITY AS A BASIS FOR 
ASSOCIATIVE LEARNING. W.H.R. Miltner, Ch Braun, M. Arnold and
E. Taub*. Department of Biological and Clinical Psychology, Institute of 
Psychology, Friedrich-Schiller-University, D-07743 Jena, Germany.

Recent studies have found that very fast electroencephalographic 
(EEG) activity in the gamma band (20-70 Hz) is involved in the formation of 
percepts and memory, and in a variety of other functions of fundamental 
significance to the organism. We show here that another measure, gamma 
band coherence, increases between the regions of the brain that receive the 
two classes of stimuli involved in an associative learning procedure in 
humans; it may be a signature for this and other types of learning. 60 trials 
were given in which a 3-s light of one color (CS+) was accompanied at its 
termination by a 10ms electric shock (UCS) delivered either to the dominant 
(8 subjects) or nondominant (8 subjects) hand. These trials were randomly 
interspersed with 60 CS-trials (no shock, another color light). Acquisition 
was followed by an extinction series. A current source density analysis was 
performed and the resulting wave forms were then submitted to a method of 
coherence analysis involving time-varying autoregressive (A-R) modeling of 
multivariate time series based on Kalman filtering. When shock was 
delivered to the nondominant hand, 5 electrode pairs spanning the occipital 
(CS+) and contralateral parietal cortex (UCS) exhibited greater gamma 
coherence during CS+ than CS-. When shock was delivered to the dominant 
hand, the laterality of increased coherence reversed.
Research was supported by grants from the Deutsche Forschungsgemein-
schaft (SFB 307 B2, Mi 265/3-1, Bi 195/24-1 and Bi 195/24-2) to W.M.

765.4
SPATIAL VIEW CELLS IN THE PRIMATE HIPPOCAMPUS: EFFECT OF 
REMOVAL OF VIEW DETAILS. E.T.Rolls*, R.G.Robertson and P.Georges- 
Francois. Univ Oxford, Dept Exptl Psychol, Oxford OXI 3UD, U.K.

Hippocampal function was analysed by making recordings from hippocampal 
formation neurons in monkeys actively walking in the laboratory. "Spatial view" cells 
which respond when the monkey looks at a part of the environment (Rolls, Robertson 
and Georges-Francois, 1997, European J. Neurosci., in press) were analysed. It is 
shown that many of these cells show only a small reduction of their responses (to on 
average 88%) when the view details are totally obscured by curtains and by darkness. 
It is shown that many of these cells respond more when the monkey is gazing towards 
one location in the room than towards other locations, even though none of the view 
details can be seen. Such cells were found in the CAI region, the parahippocampal 
gyrus and the presubiculum. Other cells, in the CA3 region of the hippocampus, had 
much smaller responses when the monkey looked towards the normally effective 
location in the environment if the view details were obscured (23% of the non- 
obscured value). The results indicate that for CA3 cells the visual input is necessary 
for the normal spatial response of the neurons, and for other cells in the primate 
hippocampal formation, the response still depends on the monkey gazing towards that 
location in space, when the view details are obscured. These latter cells could 
therefore reflect the operation of a memory system, in which the neuronal activity can 
be triggered by factors which probably include not only eye position command I 
feedback signals, but also probably vestibular and/or proprioceptive inputs. This 
representation of space "out there" would be an appropriate part of a primate memory 
system involved in memories of where in an environment an object was seen, and 
more generally in the memory of particular events or episodes, for which a spatial 
component normally provides part of the context.
Supported by the Medical Research Council PG87153790.

765.5
ASSOCIATIVE LEARNING OF TASK PROGRESS IS CODED BY 
MONKEY PERIRHINAL NEURONS BUT NOT BY TE NEURONS. 
Zheng Liu*, and Barry J. Richmond. Lab. of Neuropsychology, National 
Institute of Mental Health, NIH, Bldg. 49, Rm. 1B80, Bethesda, MD 20892

Neurons in the ventral striatum have been reported to code progress 
through a complex motivational task(Bowman et al, 1996). Because of its 
connections, we recorded neurons in perirhinal cortex(PRh). We also 
recorded lateral TE neurons. A rhesus monkey performed a multiple fixed- 
ratio reinforcement schedule(up to 3) combined with a delayed match-to- 
sample(DMS) task. The brightness of a rectangular cue bar shown at the top 
of the screen varied from black to white in direct proportion to schedule 
fraction, i.e., the ratio of trial number and schedule length/1/1; 1/2, 2/2; 1/3, 
2/3, 3/3). The cue was changed before each DMS trial and remained on. In 
another block, we randomized the cue sequence so that the cue lost its 
meaning. Although the monkey performed the task well(> 85% correct) for 
all fraction levels, the monkey made the fewest error(p<lxl0'8) when the 
reward was forthcoming. We recorded 42 visual TE neurons and 15 visual 
PRh neurons. Although they are no more than a few millimeters apart, the 
TE neurons and PRh neurons interpreted the cue differently. 18/42 of TE 
neurons responded to the cue, but none of the responses were related to the 
schedule fraction. 11/15 PRh neurons responded to the cue. When the cue 
had meaning, only cues from a subset of schedule fractions induced responses 
in the PRh neurons. When the cue was randomized, the responses stopped 
differentiating among the brightness levels. Therefore, the PRh neurons 
reflect the meaning of the cue through an associative mechanism. TE 
neurons seem to be influenced only by the stimulus configuration. Support: 
IRP/NIMH/NIH.

765.6
PROLONGED "ON" AND "OFF" RESPONSES IN THE PREFRONTAL CORTEX 
OF THE NAIVE RHESUS MONKEY. S. P. 6 Scalaidhe*, F.A.W. Wilson, and 
P.S. Goldman-Rakic. Sec. Neurobiology, Yale Med. Sch., New Haven, CT 06510.

It is commonly assumed that the delay-period activity of prefrontal neurons during 
delayed response tasks is acquired through training. However, the selectivity of these 
neurons is attributable in part to specific sensory input and many of them exhibit 
visually selective responses. We reason that stimulus selective delay activity in 
prefrontal cortex (PFC) neurons arises either directly from the same cells that have 
tuned visual responses or from neurons that are locally connected to them. In support 
of this reasoning, we have now found in a naive monkey two forms of prolonged 
activity that occur after stimulus offset: (1) continuation of an "on" visual response; 
and (2) a response that begins after stimulus offset, i.e. an "off" visual response.

We have recorded from 594 neurons throughout the dorsolateral prefrontal cortex of a 
monkey who was not trained on memory tasks but was trained to fixate during 
presentation of visual stimuli. Responses homologous to delay activity were found to 
be a common result of foveal visual stimulation using pictures of objects and faces, 
with 3/4 of neurons that have tonic visual responses continuing to respond from 200 - 
1500 msec (q = 540) after termination of the visual stimulus. More surprising, we 
also found prolonged activity in the form of visually selective responses beginning 
immediately after the offset of the visual stimulus and continuing for up to 2500 msec 
(q = 955). These responses were unrelated to eye movements or any other post trial 
behavior. These two homologues of delay activity occurred as often as delay activity 
recorded in 2 other monkeys doing an oculomotor delayed-response task. Furthermore, 
these forms of activity were more than 2.5 times as frequently seen in the inferior 
convexity of the PFC (IFC) as in other PFC regions, similar to the face and object 
selective delay neurons reported previously (Wilson et al., 1993).

A parsimonious interpretation of these results is that the activity of IFC neurons 
reflects an intrinsic property of these neurons that is expressed under natural 
conditions; and that visually selective mnemonic activity observed in trained monkeys 
may arise from neurons with such properties. (JSMF #91-47 and MH #38546)
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765.7
PROSPECTIVE MEMORY FOR OBJECTS IN THE MONKEY
PREFRONTAL (PF) CORTEX
G. Rainer, S.C. Rao, E.K. Miller Dept. of Brain and Cog. Sci. and Cntr. for Learning 
and Memory, MIT, Cambridge, MA 02139 
SPON: European Neuroscience Association.

Working memory for objects has been extensively studied using the delayed-match- 
to-sample (DMS) task. However, because the sample and the match are the same 
object, DMS does not allow a distinction between neural mechanisms involved in 
retaining the memory of the sample (retrospective coding) and those involved in 
anticipating the match (prospective coding). To dissociate these mechanisms, we 
trained a monkey to alternate between a delayed paired associate (DPA) and a DMS 
task. In the DPA task, when a given object appeared as a sample, the monkey had to 
choose its paired associate from a number of test objects. Thus, because the sample 
and its paired associate are different objects, we could distinguish between 
retrospective and prospective mechanisms.

We recorded from 243 lateral PF neurons, 59 of which (22%) showed high levels 
of activity during the delay of one or both tasks. Over 60% (38/59) of these neurons 
showed selectivity consistent with prospective coding. That is, their delay activity 
reflected the anticipated object regardless of whether the animal had been cued with 
its paired associate (DPA task) or with the object itself (DMS task). Examination of 
the monkey’s behavior also provided evidence for prospective coding. Behavioral 
errors were based on the similarity of the anticipated objects, not on the similarity of 
the preceding sample objects. Furthermore when the animal had to choose the same 
test object, reaction times were identical in the DMS and DPA tasks. This suggests 
that during the delay, the animal generated a prospective code of the anticipated 
object. These findings suggest that the PF cortex is involved in prospective working 
memory.

Supported by the Whitehall Foundation.

765.8
TYPE 1 INOSITOL 1,4,5-TRISPHOSPHATE RECEPTOR IS 
ESSENTIAL IN LONG-TERM DEPRESSION IN 
CEREBELLAR PURKINJE NEURON. T. Inoue* and BL 
Mikoshiba. Department of Molecular Neurobiology, Institute 
of Medical Science, The University of Tokyo, Tokyo, Japan.

The inositol 1,4,5-trisphosphate receptor (InsP3R) is an 
intracellular Ca2+ channel that releases Ca2+ from internal 
Ca2+ stores in response to InsP3. Although InsP3R is highly 
expressed in various regions of the mammalian brain, the 
functional role of this receptor has not been clarified. We 
show here that cerebellar slices prepared from mice with a 
disrupted InsP3R type 1 gene (InsP3Rl-/-), which is 
predominantly expressed in the cerebellar Purkinje cells, 
completely lack long-term depression (LTD) at the parallel 
fiber-Purkinje cell synapse, which is a model of synaptic 
plasticity in the cerebellum. Moreover, a specific 
monoclonal antibody against InsP3Rl, mAbl8A10, blocked 
the induction of LTD in cerebellar slices when it was applied 
from patch pipettes. These data indicate that Ca2+ release 
from InsP3R plays an essential role in the induction of LTD, 
suggesting the physiological importance of InsP3R in the 
Purkinje cell.
Supported by grants from the Ministry of Education, Science 
and Culture of Japan.

765.9
ACTIVATION OF SECOND MESSENGER KINASES FOLLOWING A 
HIPPOCAMPAL TASK IN RODENTS. F.S. Adams, A.N. Moore and P.K, Dash*, 
Dept. of Neurobiology and Anatomy, Univ. Texas Houston Medical School, 
Houston, TX 77225.

Although second messenger activated protein kinases have been shown to be 
necessary for various forms of neuronal plasticity such as long-term potentiation, their 
involvement in hippocampal learning and memoiy is poorly understood. To address 
this, we measured the activation of Ca27calmodulin-dependent protein kinases (CaMK) 
and cAMP-dependent protein kinase (PKA) at different time points after behavioral 
training. We used contextual fear conditioning, which has been shown to be dependent 
on hippocampal function, as the learning task. Following the completion of training, 
total as well as soluble protein extracts were prepared from the hippocampi of control 
and trained rats. Specific peptide substrates were used to assess Ca27calmodulin- 
independent CaMK activity and cAMP-independent PKA activity in vitro. Training 
enhanced the activity of both these kinases as compared to controls. These protein 
kinases have been shown to phosphorylate the transcription factor CREB (Ca2+/cAMP 
response element binding protein) which has been implicated in long-term memory 
formation.
Supported in part by MH49662 and IT32NS07373-01A2.

765.10
ANTISENSE “KNOCKDOWNS” OF SHAKER-CHANNELS: SPECIFIC 
EFFECTS ON MEMORY. N. Meirit*, C. GhelardiniL Z. Segalt. G, Tescot, N. 
GaleottiT D, Dahlt, D, Tomsict. S. Cavallarot, A, Ouattrone#, S, Capaccioli#, A.
Bartolinil D. L. Alkont, Wept, of Pharmacology, and ^Institute of General 
Pathology, University of Florence, Florence, Italy. tLAS/NINDS, NIH, Bethesda, 
MD 20892, USA.

Genetic approaches to study the physiological roles of proteins in memory have 
been used extensively, but interpretation of both Drosophila mutant and transgenic 
mouse studies have been complicated by developmental effects. We used here a new 
genetic approach, reversibly inhibiting potassium channels in the mature rodent brain 
by intracerebral injection of antisense oligonucleotides. In order to improve the half 
life and the cellular uptake of the antisense we modified the phosphodiester backbone 
and co-incubated it with cationic lipids. These modifications enabled us to inject the 
antisense every 48 hr so that the antisense penetrated the cells and inhibited the 
translation of potassium channels. Two different experiments using antisense specific 
to the sequence of either Kvl.l or Kvl.4 were conducted. Repeated 
intracerebroventricular injection of antisense oligodeoxyribonucleotides to Kvl.l 
mRNA, which codes for late rectifying K+ channels and is localized in the 
hippocampus to dendritic compartments, reversibly blocks memory but not learning 
of two rodent species i.e. rats spatial memory tested in the water maze and mouse 
passive avoidance. The memory impairment occurred without effecting other 
behaviors such as rat exploratory behavior in an open field, mouse spontaneous 
locomotor activity and motor coordination measured using a hole board test, and a 
rota-rod. In contrast to the memory related Kvl.l “knockdown” effect, inhibition of 
the A current related K+ channel, Kvl.4, did not effect rats performances in the water 
maze. Since LTP has been proposed as a model for learning we checked it in the rats 
injected with the antisense to Kvl.l. Although memory blockade was correlated with 
decreased Kvl.l mRNA and K+ current activation, indicating that the antisense 
obstructed its expected intracellular mRNA, it occurred in the absence of any 
measured changes of LTP recorded both from the CAI and dentate gyrus of the rat 
hippocampus.

765.11
OVEREXPRESSION OF CALCINEURIN IMPAIRS A NOVEL INTER-
MEDIATE PHASE OF LTP AND RESULTS IN DEFICITS IN SPATIAL 
LEARNING. I.M. Mansuy, M. Bach*, P.G. Winder, and E.R. Kandel, Ctr. 
Neurobiol. and Behav., Columbia Univ. Coll, of Physicians and Surgeons, and 
HHMI, NYC, NY 10032.

Intracellular signal transduction cascades are critical for the transmission of 
information in neurons. Whereas we now have a great deal of information about 
the role of Ca2+-dependent protein kinases as key components of the Ca2+-initiated 
signal cascades that have been implicated in long-term potentiation (LTP), a 
mechanism underlying memory storage, little is known about the involvement of 
protein phosphatases. To address the role of the Ca27calmodulin-dependent 
phosphatase calcineurin in synaptic plasticity and memory, we have generated and 
analyzed two types of transgenic mice overexpressing calcineurin (1) constitutively 
under the control of the CaMKIIa promoter or (2) in a regulated manner under the 
control of the tTA system. We find that in mice expressing calcineurin in 
hippocampus, there is a deficit not only in the late phase of LTP but also in a new 
intermediate phase, while the early phase of LTP is normal (Winder et al., Soc. 
Neurosci. Abstr., 1997). These mice also exhibit a spatial memory deficit on the 
Barnes circular maze but have a normal contextual learning on the fear 
conditioning paradigm. The LTP and spatial memory deficits are reversed in the 
tTA mice when the transgene is suppressed by administration of doxycycline, 
indicating that the impairments are solely contributed by the increase in calcineurin 
in the hippocampus and not by a developmental malformation. These results 
provide the first genetic evidence of an involvement of phosphatases in higher- 
order cognitive processes. (Supported by the Fyssen Foundation and HHMI.)

765.12
TESTING THE ESSENTIAL ROLE OF NMDA RECEPTORS IN THE CAI 
REGION FOR SYNAPTIC PLASTICITY AND SPATIAL MEMORY. P.T, Huerta*. 
S, Tonegawa. M.A, Wilson and J.Z. Tsien, HHMI, CLM, CCR, Biol., BCS, 
Massachusetts Institute of Technology, Cambridge, MA 02139

We have produced a mouse strain in which the deletion of the NMDAR1 
gene, which encodes the obligatory subunit for the NMDA receptor, is restricted to 
the CAI pyramidal cells of the hippocampus, using a new and general method that 
allows CAl-restricted gene knockout (Cell 87:1317, 96). The homozygous mutant 
mice grow into adulthood without obvious abnormalities. Whole-cell recordings of 
CAI pyramidal cells (age 21-25 days) from these mice showed that they lacked 
NMDAR-EPSCs but exhibited normal AMPAR-EPSCs (n=15). Conversely, dentate 
cells in the same slices showed normal NMDAR-EPSCs (n=12). CAI synaptic 
plasticity was also impaired in the mutants: a tetanus (lOOHz/ls) to CA3 afferents was 
unable to produce NMDA-dependent LTP (n=21). A higher frequency tetanus 
(250Hz/0.2s) produced a slowly-rising NMDA-independent LTP (35% increase, n=5). 
Low frequency stimulation (lHz/lOmin) was unable to produce NMDA-dependent 
LTD (n=8). In contrast, mutant dentate synapses exhibited normal NMDA-dependent 
LTP (55% increase, n=10). Finally, we tested the mutant mice in a spatial behavioral 
task (hidden version of the water maze) and found that they were impaired both in the 
acquisition and retention of a spatial memory. Mice were unimpaired in nonspatial 
learning (landmark task in the water maze). Nonspatial tasks that depend on the 
integrity of the hippocampus are currently underway. Our results strongly suggest that 
activity-dependent modifications of CAI synapses, mediated by NMDA receptors, 
play an essential role in the acquisition of spatial memories.
Supported by NIH grant NS32925 (ST), gifts from Shionogi Inst and Amgen (ST), 
awards from Seaver Inst and Sloan Foundation (MAW), and Pew Foundation (PTH)
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766.1
LINEAGE ANALYSIS OF THE ZEBRAFISH OLFACTORY PLACODE. L.K. 
Cole* and L.S. Ross. Neuroscience Program and Dept. of Biological Sciences, 
Ohio University, Athens, OH 45701.

The zebrafish olfactory epithelium contains basal cells, support cells, and 
sensory neurons. How do these different cell types arise? One possibility is that 
multipotent precursor cells give, rise to unspecified cells, and cell fate is 
determined by interactions with other cells. A second possibility is that restricted 
precursor cells produce specified cells, and lineage is the primary determinant of 
cell fate. We investigated whether precursor cells in the prospective olfactory 
placode are multipotent or restricted. We directly assessed the contributions of 
lineage to cell fate determination in the olfactory placode by injecting lineage 
tracers into single cells of the prospective olfactory placode region at 12 hrs. 
postfertilization. We analyzed clonal progeny by examining whole embryos and 
serial 5pm sections through the olfactory placode at 30 hrs. postfertilization. The 
reaction product of the permanent lineage tracer fills cell processes and bodies, 
facilitating identification of cell types. 66% of the resulting clones contained more 
than one cell type, and 34% contained only one cell type. Thus, there are both 
multipotent and restricted precursor cells in the olfactory placode at 12 hrs. Our 
results suggest that both lineage and cell interactions play an important role in 
establishing cell fate in the zebrafish olfactory placode. Supported by NSF IBN- 
9222896.

766.2
SEPARATION OF THE EYE FIELD DURING MORPHOGENESIS OF 
THE FOREBRAIN IN ZEBRAFISH EMBRYOS. Z. M. Varga*, J, Wegner 
and M. Westerfield: Institute of Neuroscience, University of Oregon, 
Eugene, OR 97403

The vertebrate brain develops from a sheet of ectodermal cells, the 
neural plate. To learn about the fates and the morphogenetic movements 
of the cells that form the telencephalon, diencephalon and retina, we 
injected single cells in the neural plate with fluorescent vital dyes using the 
expression domains of developmental regulatory genes as landmarks.

We find that during early neurulation, the anterior-lateral portion of the 
neural plate contains emxl-expressing telencephalic precursors. Caudal to 
this region is a uniform field of cells which gives rise to the optic stalks 
and retinal epithelial cells. Progenitors injected at the midline of this 
primordial eye field can give rise to cells in the left, right or both retinae. 
Posterior to this field, in the caudalmost region of the ot%2-expressing 
domain of the neural plate, we find the progenitors of the ventral 
diencephalon that lies between the eyes by 24 hours of development.

One hypothesis to explain how the eyes become positioned on either 
side of the brain is that midline signals induce medially located cells to 
form the ventral diencephalon. Alternatively, a mixed population of retinal 
and diencephalic precursors may sort by morphogenetic movements into 
medially located diencephalic cells and laterally located retinal precursors. 
Our fate map experiments suggest a third possibility, that cells labeled at 
the midline of the posterior region of diencephalic progenitors move 
forward to form the ventral anterior diencephalon thus separating the 
primordial eye field into left and right eyes.

Supported by a Boehringer Ingelheim Stipend to Z.V. and NIH 
HD22486.

766.3
THE DEVELOPMENT OF EYE IN THE ZEBRAFISH EMBRYO
Z. Li* and S. S. Easter. Jr. Dept. of Biology, Univ. of Mich., Ann Arbor, MI 48109 

Early in zebrafish eye development, 14-16 hours post fertilization (hpf), the optic 
primordium is a flattened optic “wing” that droops ventrally (Schmitt and Dowling,
JCN 344: 532-542, 1994), with an optic lumen separating lateral and medial layers 
of approximately equal thickness. Between 16-24 hpf, the number of cells in the 
medial (inner) layer decreased markedly, and those in the lateral (outer) layer 
became more numerous. The optic wing invaginated on the lateral side to form the 
neural retina (NR), and the original medial side became the pigmented epithelium 
(PE). The numbers of cells in both layers were estimated: 16 hpf, 1252 +/- 49; 18 
hpf, 1363 +/- 44; 20 hpf, 1327 +/- 67; and 24 hpf, 1406 +/- 42 (in mean +/- SD). 
Other observations showed that proliferation and cell death were not significant 
during this period, so we conclude that the vast majority from both lateral and 
medial halves ended up in the NR. Thus, the rearrangement of cells from the medial 
layer to the lateral layer was a major event in retinal morphogenesis. This 
rearrangement of cells was confirmed more directly by fate-mapping. At 14 hpf, we 
labeled a small cluster of cells (2-8 cells) with Dil in the medial layer; at 24 hpf, 
most labeled cells ended up in NR. Our present finding is contrary to the 
conventional view that the medial layer of the optic primordium is the presumptive 
PE; it contains the progenitors of the PE, but most of the medial cells will contribute 
to NR. The number of cells in the NR increases markedly between 24 hpf (1406 +/- 
42) to 36 hpf (3812 +/- 172); and we also observed more mitotic figures in these 36 
hpf eyes (3% at 24 hpf vs. 12% at 36 hpf). These results suggested that between 16- 
24 hpf there was very little cell proliferative activity within the eye; however, once 
the adult-like shape of the eye was established, there was a big surge of cell 
proliferation between 24-36 hpf. (Supported by NSF postdoc traineeship DIR- 
9014275 to Z.L, NIH grant EY-00168 to S.S.E.).

766.4
MICROPHTHALMIA EXPRESSION DURING EYE 
DEVELOPMENT K.M. Bumsted* and C.J, Barnstable. Department of 
Ophthalmology and Visual Science, Yale University School of 
Medicine, New Haven, CT 06520.

Microphthalmia (mi), a b-HLH-zip transcription factor, is suspected 
to be a master gene in the differentiation of melanocytes. Mutations in 
mi result in mice which have small eyes, reduced or absent skin and 
pelage pigmentation, and a thickened unpigmented retinal pigment 
epithelium (RPE). These mi mutant phenotypes suggest that mi not 
only is important in melanocyte differentiation, but that it also plays a 
key role in RPE differentiation. To investigate a possible role for mi in 
RPE development, the temporal appearance of mi was determined 
during rat eye development. mRNA was extracted from Embryonic 
day (E) 10 optic vesicles and E12 to adult rat RPE. RT-PCR was 
performed using mi specific primers, mi was detected at E10 before 
RPE differentiation. By El2, mi was localized to the RPE. mi 
expression in the RPE remained detectable throughout the remainder 
of embryogenesis and into adulthood. These data show that mi is 
present during the short developmental window when rodent RPE 
transdifferentiates in response to bFGF. During early eye 
development, RPE may be similar to melanocytes which down 
regulate mi after bFGF transfection. We are currently investigating 
whether the change in responsiveness of RPE to bFGF might be due to 
a change in mi regulation in response to this growth factor. The 
pattern of mi expression during early eye development strongly argues 
that mi is involved in restricting progenitor cells to a pigment epithelial 
fate.
Supported by NIH grants.

766.5
RETINAL STEM CELLS ISOLATED FROM ADULT MOUSE. B. J, 
Chiasson*1. V, Tropenc1. B.L.K, Coles1. R, R, Mclnnes2 and D. van der Koov1.
’Neurobiology Research Group, Dept. of Anatomy and Cell Biology, 2 Dept. of 
Molecular and Medical Genetics, University of Toronto, Toronto, Canada M5S 1A8.

Recent studies have demonstrated the presence of neural stem cells within the 
embryonic and adult mammalian brain. We now report the in vitro (serum free) 
isolation of clonally derived spheres of cells from the adult mouse retinal pigment 
epithelium (RPE) in either epidermal growth factor (EGF) or basic fibroblast growth 
factor (bFGF) (although spheres could also be isolated in cultures free of EGF and 
bFGF). More spheres were produced by the adult peripheral RPE (near the ciliary 
body) than by more centrally located RPE, and no spheres were produced from the 
adult neural retina. Although arising from single black RPE cells, the RPE derived 
spheres had a mottled appearance due to the presence of groups of pigmented and non- 
pigmented cells (generally more non-pigmented cells are present). The RPE and the 
progenitor-rich neural retina cultured from embryonic day 14 mice both gave rise to 
spheres but only the RPE spheres were composed of pigmented and non-pigmented 
cells; the neural retina derived spheres contained only non-pigmented cells. Many of 
the cells within the adult RPE spheres immunostained for CHX10 (a homeobox 
protein expressed selectively in embryonic retinal neuroblasts but not in RPE), 
whereas adult RPE spheres which had been plated down in serum following their 
initial serum-free proliferative phase decreased their CHX10 staining. Thus, many 
cells within the adult RPE spheres express a marker of retinal progenitor cells, which 
is down-regulated when the cells begin to differentiate. When the adult RPE spheres 
were plated down in scrum to encourage differentiation, they demonstrated positive 
staining for several markers not normally present in RPE cells. A large proportion of 
the non-pigmented cells from adult RPE spheres stained positive for neurofilament 
proteins and neuron specific enolase. Some cells stained for glial fibrillary acidic 
protein which is expressed at low levels by Muller glia. Thus, it appears that the RPE 
contains a population of cells which are multipotential retinal precursors. We are 
currently examining whether these cells can self-renew indefinitely to determine if 
they are true retinal stem cells. Supported by MRC and NCE Canada.

766.6
OTX-2 EXPRESSION IN MOUSE RETINAL PIGMENT 
EPITHELIAL AND RETINAL CELLS D. Baas**, D. Stull2, K.C. 
Wikler2. J.A, Martinez1. F, M, Vaccarino3 and C.J, Barnstable1 >2
iDept. of Ophthalmology, 2Sect. of Neurobiol. and 3Child Study 
Center, Yale Sch. Med., New Haven, CT 06520-8061

Otx-2, a vertebrate homologue of the homeobox gene 
orthodenticle (otd), is expressed in the pigment epithelial cell layer 
(RPE) and subsequently in the retina (Simeone et al., EMBO J., vol 
12, 2735-3747). We have previously reported the appearance of otx- 
2-positive cone photoreceptors in the outer layer of the embryonic 
retina (Wikler et al., Soc. Neurosci. Abstr., 1996). We also observed a 
single layer of otx-2 positive cells deeper within the retina at this 
stage. We now show that some of these are probably bipolar 
precursor cells since double-labelling revealed otx-2-positive bipolar 
cells at postnatal ages both in vivo and in vitro.

To determine if otx-2 is present in dividing or postmitotic cells, we 
examined otx-2 expression in culture. Otx-2 is expressed by dividing 
and postmitotic Y79 retinoblastoma cells. Moreover, otx-2 mRNA 
and protein are detectable in RPE up to 2 months after plating even 
though many other RPE specific molecules are downregulated. 
However, in retinal cell cultures from embryonic day 16 (El6) and 
postnatal day 1 (PN1), otx-2 is expressed only in postmitotic cells. 
The number of postmitotic cells expressing otx-2 in monolayer 
cultures of retina is increased by EGF and RPE conditioned medium. 
These results suggest that otx-2 may play multiple roles during eye 
development, including a role in the terminal differentiation of 
specific retinal cell types.
Supported by grants from NIH and the Kemper fund.
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766.7
DOWNREGULATION OF NOTCH ACTIVITY REINITIATES GANGLION 
CELL PRODUCTION IN OLDER DEVELOPING RETINA A.O. Silva and S.C. 
McLoon* Dept. of Cell Biology and Neuroanatomy, Univ. of Minnesota, 
Minneapolis, MN 55455.
The different cell types in the chick retina are generated in a sequential manner 

from a common set of progenitors with ganglion cells being the first born. It was 
shown previously that a decrease in Notch activity in embryonic day 4 chick retina, 
an age at which ganglion cells are produced at a high level, resulted in an increase 
in the number of ganglion cells produced (Austin et al., 1995). It is possible that 
blocking Notch activity increased production of the predominant cell type being 
produced at that time, or it could act specifically on ganglion cell production. Thus, 
we pose the question as to whether blocking Notch activity later in development 
will still bias progenitors towards the ganglion cell phenotype. We examined the 
effect of blocking Notch activity on ganglion cell production in older retina. Retinas 
of various ages were dissociated, reaggregated and maintained in culture in the 
presence of BrdU and antisense Notch oligonucleotides. The percentage of BrdU 
labeled cells that expressed the ganglion cell marker, RA4, were quantified with 
each of the ages and compared to cultures maintained without antisense Notch 
oligonucleotides. Significant ganglion cell production was reinitiated in older retina 
in the presence of the antisense Notch oligonucleotides. This suggests that when 
Notch activity is reduced, independent of age, progenitors are biased towards 
acquiring the ganglion cell phenotype. This result also suggests the possibility that 
Notch acts specifically to block acquisition of the ganglion cell phenotype rather 
than acting relative to the predominant phenotype under production at a given stage 
of development. (Supported by NIH grant EY09537.)

766.8
BASIC HELIX-LOOP-HELIX TRANSCRIPTION FACTORS 
REGULATE THE (33 NICOTINIC RECEPTOR GENE DURING 
RETINA DEVELOPMENT
L. Matter-Sadzinski, T. Roztocil, M. Ballivet and J.-M. Matter*.
Department of Biochemistry, Sciences II, University of Geneva, 1211 
Geneva 4, Switzerland.

Within the chick CNS, expression of the (33 nAChR gene is 
restricted to a subset of retinal neurons, i.e., amacrine and ganglion 
cells. Transient transfection in retinal neurons and in neural and non- 
neural cells from other regions of the chick embryo allowed the 
identification of the ds-regulatory domain of the (33 gene. Within this 
domain, a 75 bp fragment located immediately upstream of the 
transcription start site suffices to reproduce accurately the neuron- 
specific expression pattern of (33. This fragment encompasses an E- 
box and a CAAT box, both of which are key positive regulator)' 
elements of the (33 promoter. Co-transfection experiments into retinal, 
telencephalic and tectal neurons with plasmid reporters of (33 promoter 
activity and different vectors expressing neuronal (NeuroD, CASH-1, 
CTF-4) and non-neuronal (MyoD) bHLH transcription factors indicate 
that the crf-regulatory domain of (33 has the remarkable property of 
discriminating accurately between related members of the bHLH 
protein family. The sequence located immediately in 3' of the E-box 
participates in this selection and the E-box acts in concert with the 
CAAT box. Our study reveals that the finely tuned regulation of the (33 
gene depends on the ability of its promoter to select the appropriate 
bHLH factor(s), and on the availability of synergistic neuronal co-
activators.
Supported by the Swiss National Science Foundation and the State of Geneva.

766.9
THE ROLE OF PLACODALLY DERIVED SENSORY NEURONS 
IN THE INNERVATION OF TASTE BUDS. L.A. Barlow* and R.G. 
Northcutt. Dept. of Neurosciences, and Scripps Inst, of
Oceanography, UC San Diego, La Jolla, CA 92093-0201.
Taste buds of vertebrates are innervated by branches of the Vllth,

IXth and Xth cranial nerves. It is well known that the sensory neurons 
that comprise the ganglia of these nerves have a dual embryonic 
origin; they arise either from cephalic neural crest or a series of 
ectodermal thickenings termed epibranchial placodes. It is not known, 
however, to what degree the embryonic origin of sensory neurons 
determines their adult target specificity. In particular, do placodally or 
neural crest-derived neurons ultimately innervate taste buds in the 
oropharyngeal periphery? Using embryos of an aquatic salamander, 
the axolotl, we have performed a series of experimental 
transplantations to reveal the specific embryonic origin of the 
gustatory neurons of the Vllth, IXth and Xth cranial nerves. Donor 
embryos were injected at the 2-cell stage with either 10,000MW 
biotinylated dextran amine (BDA) or mRNA encoding for green 
fluorescent protein (GFP). At late neurula stages, GFP- or BDA- 
labeled placodal ectoderm was transplanted from injected embryos 
into unlabeled host embryos. Both cell bodies and neuritic processes 
of transplanted neurons were robustly labeled in BDA and GFP 
experiments. Thus, the peripheral projections of sensory neurons of 
known embryonic origin can now be assessed. We are currently 
examining experimental embryos at higher resolution, in conjunction 
with immunofluorescence, to determine whether or not taste buds are 
innervated exclusively by placodal neurons.
Supported by NIH grants DC00114 to LAB and DC01081 to RGN,

766.10
ECTOPIC EXPRESSION OF NEUROGENIN IN VIVO BIASES
NEURAL CREST CELLS TOWARD A SENSORY FATE. S, E, Perez*,
O, Ma,+ D, J, Anderson+. Div. of Biology. Howard Hughes Medical Institute +. 
California Institute of Technology. Pasadena, CA. 91125.

Trunk sensory neurons derive from the neural crest, and are located in the dorsal 
root ganglion (DRG). Little is known about either the temporal control of crest 
commitment to the sensory lineage, or about the molecular basis of DRG 
specification. Two recently identified bHLH genes, the neurogenins, are specifically 
expressed in the developing neural tube, migrating crest cells, and nascent DRG.
This study examines the consequences of forced expression of mammalian 
neurogenin 1 (m-ngn-1) in ovo.

The m-ngn-1 ORF was tagged with a myc epitope, and cloned into an avian 
retroviral vector, RCAS-B. To label the pre-migratory neural crest, injections 
were made of either the m-ngn-1 virus, or of a control reporter virus, into the 
lumen of the neural tube in chick embryos at HH stage 10-13. The injected 
animals were harvested 36-48 hours later, and frozen sections were processed 
to detect either reporter expression or the m-ngn-1 bearing virus. In a preliminary 
series of expts., control animals (n=17) displayed reporter expression in all neural 
crest lineages of the trunk (i.e.melanocytic, sensory, peripheral glia, sympathetic 
and enteric). All but one of the control animals showed reporter expression in 
multiple crest lineages, and the melanocytic (10/16), sensory (13/16), and 
sympathetic (8/16) lineages appear to label equally well. In contrast, cells 
expressing m-ngn-1 were primarily observed in the neural tube and the DRG 
(n=16; restriction to the DRG and/or neural tube observed in 12/16). One 
interpretation of our data is that m-ngn-1 is capable of committing naive neural crest 
cells to a sensory fate.

S. E. P. was supported by a Minority Postdoctoral Fellowship 
in Neuroscience from the APA.

766.11
A CONSTITUTIVELY ACTIVE BMP RECEPTOR PROMOTES THE 
DEVELOPMENT OF TH-POSITIVE CELLS IN QUAIL TRUNK NEURAL 
CREST CULTURES. J.E. Varleyl C.E, McPherson! H. Zou.2 L. NiswandeA 
and G.D. Maxwell—f ^Dept. of Anatomy, Univ. of Connecticut Health Ctr. , 
Farmington, CT 06030 and ^Memorial Sloan-Kettering Cancer Institute, New 
York, NY 10021.

Previous work has demonstrated that the growth factors BMP-2, BMP-4, and 
BMP -7 can promote the development of TH-immunoreactive ceils in quail trunk 
neural crest cultures. In the present work, we showed using PCR that mRNA for 
the type I bone morphogenetic protein (BMP) receptor IA (BMPR-IA, also 
known as ALK-3) was present after 4 days in vitro in neural crest cultures grown 
in the presence of BMP-4, while mRNA for BMPR-IB (ALK-6) was not 
detectable. We then used an avian retrovirus to introduce a mutated constitutively 
active form of a human BMPR-IA (ALK-3) into neural crest cells in culture. 
Cultures grown in the absence of BMP-4 and infected with this retrovirus 
containing this constitutively receptor construct developed 5 times the number of 
TH-positive cells observed in either uninfected control cultures or cultures 
infected with virus bearing the wild type BMPR-IA cDNA. The constitutively 
active and wild type constructs differed by only one amino acid. The morphology 
of the TH-positive cells which developed in cultures infected with virus bearing 
the constitutively active receptor was indistinguishable from TH-positive cells 
which developed in control cultures. Total cell number of was not altered by 
infection with the virus containing the constitutively active receptor construct. 
Taken together, these results indicate that actvity of the type I BMPR-IA is a key 
step in promoting the development of the adrenergic phenotype in some neural 
crest cells in culture.

Supported by NIH grants NS 16115 (GDM) and HD32427 (LN).

766.12
VIP AND NPY EXPRESSION DURING DIFFERENTIATION OF 
CHOLINERGIC AND NORADRENERGIC SYMPATHETIC NEURONS 
B^Sehutz, M, K,-H, Schafer, C, Brett, L, E, Eiden and E, Weihe*.
Dept. Anatomy & Cell Biology, Philipps Univ., D-35033 Marburg, Germany; Sec. 
Molecular Neuroscience, Lab. Cell Mol. Reg., NIMH, Bethesda, MD 20892.

We have re-examined the sympathetic ontogeny of VIP and NPY (see Tyrrell & 
Landis, J. Neurosci. 14:4529, 1994), co-stored in mature cholinergic and 
noradrenergic sympathetic neurons, to extend the recent hypothesis that cholinergic 
chemical coding in the sympathetic nervous system occurs prenatally, in a target- 
independent fashion (Schafer et al., PNAS 94:4149,1997).

NPY immunoreactivity (ir) was first detected in neurons of the primary 
sympathetic chain at embryonic day 12 (E12). VMAT2, and VAChT mRNA, are 
each expressed in a majority of ganglionic cells at El2. VAChT- and VIP-ir are both 
present at E14, but only in a subpopulation of neurons in the stellate and 
thoracolumbar paravertebral ganglia, whereas NPY and VMAT2 are expressed in 
most post-ganglionic sympathetic neurons. VAChT- and VIP-ir are seen in fibers 
innervating the forepaw sweat glands, a sympathetic cholinergic peripheral target, at 
around postnatal day 4. VMAT2- and NPY-ir varicose fibres are restricted to 
perivascular plexus. Cholinergic sympathetic nerve terminals retain tyrosine 
hydroxylase (TH)-ir into the second post-natal week (see Landis et al., Dev. Biol. 
126:129,1988) but are VMAT-negative, and hence not functionally noradrenergic.

VIP- and NPY-ir appear to co-segregate with VAChT- and VMAT2-expressing 
neurons, which could arise from a common VAChT+/VMAT2+ precursor cell 
during sympathetic development. In cranial parasympathetic ganglia, VAChT and 
VMAT2 are co-expressed at E16-E19, with later loss of VMAT2 expression. A 
VAChT+/VMAT2+ autonomic precursor cell may exist in which expression of 
VAChT and associated peptides is restricted in the sympathetic nervous system, and 
expression of VMAT2 and associated peptides is extinguished in the parasympathetic 
nervous system.
Supported by VW-Stiftung, DFG, and NIMH IRP.
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766.13
A NOVEL CELL POPULATION ORIGINATING IN THE 
VENTRAL NEURAL TUBE. G. S. Sohal*, M. M. Ali, D, S, 
Galileo and M. J, Mulroy. Department of Cellular Biology 
and Anatomy, Medical College of Georgia, Augusta, GA 
30912.

Neural crest cells arise from the dorsal portion of the 
developing neural tube and differentiate into a wide variety 
of cell types. We have recently reported that well after the 
completion of emigration of neural crest an additional 
population of cells emigrates from the cranial neural tube 
(IJDN: 14, 419-427, 1996). This cell population originates 
in the ventral portion of the neural tube. To follow these 
cells, the cranial neural tube of the chick embryo was 
labeled with retroviral vectors or Dil. The ventrally 
emigrating neural tube cells began to emigrate from the site 
of attachment of cranial nerves on embryonic day 3. They 
migrated into a variety of structures such as the peripheral 
nervous system, craniofacial tissues, eye, ear and heart. 
Thus, the ventral portion of the neural tube provides a cell 
population that migrates into tissues and organs derived 
from diverse origin. These results indicate that all ventral 
neural tube cells are not committed to give rise to the 
central nervous system. Supported by NIH grants.

766.14
GANGLION FORMATION IN LEECH. D. H, Shain and D. A. 
Weisblat*. MCB, 385 LSA. University of California, Berkeley, CA 
94720-3200.

Morphogenetic processes associated with ganglion formation in the 
glossiphoniid leech, Theromyzon rude were examined by microinjecting 
fluorescent lineage tracers into neurogenic stem cells (N^ and Nj^ teloblasts) and 
their progeny (blast cells). Cellular events in the N lineage were then 
characterized with reference to their clonal age, i.e. the time in hours (at 23°C) 
after birth of the blast cell. Each N teloblast divided repeatedly, producing a 
column of several dozen blast cells that coalesced along the ventral midline (-40 
h clonal age). Each column comprises two distinct classes of alternating blast 
cells, designated nf and ns. Shortly after coalescence, iterated bulges arose within 
each column, followed by the appearance of a distinct transverse cleft at the 
lateral edge of each bulge. The left and right clefts elongated rapidly and met at 
the ventral midline (—50 h), forming a fissure that subdivided the N-derived cells 
into prospective ganglia. Injecting lineage tracer into individual blast cells and 
their progeny revealed that the fissure invariably formed between clones derived 
from nf.p cells (anterior to the fissure) and ns.a (posterior to the fissure). Later 
(-60 h), two laterally directed stripes of cells emerged from the posterior region 
of each nf clone, forming cellular bridges that transiently connected the ganglion 
with the ventral body wall. ITse orientation of the stripes and the time at which 
they appeared make them candidates for guiding the outgrowth of segmental 
nerves. In particular, we propose that the anterior stripe of cells, which arises 
from the nf.a clone and whose members express the leech engrailed-c\ass gene, 
is required for the formation of the pcsteiior segmental nerve.
Supported by NIH NRSA 1 F32 HD 08084 to DHS and NIH Grant HD 23328 
to DAW.

766.15
Spontaneous Ca2+ transients regulate aspects of neuronal differentiation of the 
murine neural crest. M, B, Carey* and S. G. Matsumoto. Department of Biological 
Structure and Function, Oregon Health Sciences University, Portland, OR 97212.

Neuronal differentiation can be divided into two events. The first occurs when an 
undifferentiated cell commits to becoming a neuron. The second is a maturation 
process, where the committed cell acquires it’s full complement of physiological and 
biochemical attributes. Intracellular Ca2+ is thought to be an important 2nd 
messenger involved in aspects of each of these events. To explore this further, we 
have initiated studies examining the role of intracellular Ca2+ in the regulation of 
neuronal differentiation of cultured murine neural crest. Using the Ca2+ indicator dye 
Oregon-Green BAPTA-1, we monitored intracellular Ca2+ concentration ([Ca2+]j) and 
found that during the time in which neurons are generated in culture, neural crest cells 
exhibited transient increases in [Ca2+]j. Following the period of neuronal 
differentiation, the cells stopped exhibiting these Ca2+ transients. Using 
immunocytochemical and physiological markers which are differentially expressed 
during the course of neuronal differentiation, we have determined that early in culture 
(1 day after plating) 50% of the cells expressing Ca2+ transients did not express 
neuron-specific characteristics, while the remainder were at different stages of 
neuronal development. From 3-8 days, the cells exhibiting Ca2+ transients expressed 
some neuronal characteristics. By 12 days in culture when neuronal differentiation is 
complete, there were no Ca2+ transient producing cells. We have begun lineage 
tracing experiments to determine if undifferentiated cells exhibiting Ca2+ transients 
are differentiating into neurons. Using a variety of pharmacological agonists and 
antagonists of specific Ca2+ pathways, we have determined that Ca2+ release from 
intracellular stores is required for generating transients and that this release is 
probably IP3-dependent, since it was not blocked by ryanodine nor sensitive to 
caffeine, but it was blocked by LiCl and MgCl2. It is not certain as yet if 
extracellular Ca2+ is required. Understanding how Ca2+ transients are generated will 
allow us to determine if manipulating [Ca2+]j effects neuronal differentiation. 
(Supported by NIH grant 5R01NS29010).

766.16
EXPRESSION PATTERNS OF NOTCH FAMILY RECEPTORS AND LIGANDS 
DURING DEVELOPMENT OF THE MOUSE INNER EAR. A.K. Lewis1. G.D. 
Frantz2. F. Radtke3. W.-O, Gao*1. Dept. of Neuroscience1, Dept. of Pathology2, and 
Dept. of Molecular Oncology3, Genentech Inc., South San Francisco, CA 94080.

The Notch family of receptors are widely expressed during embryonic 
development and mediate a variety of cell interactions specifying cell fate. Notch 
receptors are activated by members of the Delta/Serrate/lag2 (DSL) family of ligands. 
Sensory epithelia of the inner ear are specialized regions of the otocyst and contain 
two primary cell types: hair cells, the mechanosensory transducers, and support cells. 
Specification of the sensory epithelium and differentiation of hair cells may occur 
through celkcell signaling mediated by the Notch receptor pathway. In the present 
study, we examined the spatio-temporal expression of Notch receptors (Notch 1-4) and 
their ligands, such as Jagged, by in situ hybridization.

Paraffin sections were prepared from mouse inner ear tissue from embryonic days 
9-19 and postnatal days 1, 8, 16 and adult. Jagged expression in early embryogenesis 
correlates with regions of the otocyst that will become sensory epithelia. Jagged 
expression continues through Pl, maintaining its defined localization within the 
sensory epithelia. Notchl expression is present in the epithelia of both the vestibular 
end organs and cochlear ducts, with slightly higher levels in the sensory epithelia. At 
all ages Notch2 expression is specifically localized to the mesenchymal tissue and 
excluded from all inner ear epithelia. These data suggest that Jagged is likely involved 
in defining regions within the end organ epithelia that will become sensory epithelia. 
While Notch2 is probably not involved in differentiation of cells within the inner ear 
epithelia, other Notch receptors including Notchl, Notch3, and Notch4 may contribute 
to the specification of cell fates in the inner ear epithelium. A complete picture of the 
expression patterns of the Notch receptor/ligand family members will aid in our 
understanding the role these proteins have in specification of the sensory epithelium 
and differentiation of hair cells in the inner car.

766.17
RETINOIC ACID RECEPTORS ARE EXPRESSED IN A RESTRICTED PATTERN 
IN THE EMBRYONIC ORGAN OF CORTI AND ARE NECESSARY FOR 
NORMAL HAIR CELL DEVELOPMENT. Y. Raz12* and M. W, Kelley1. 'Dept. of 
Cell Biology, Georgetown University, Washington DC, 20007, 2Dept. of 
Otolaryngology-HNS, Johns Hopkins University, Baltimore MD, 21205.

Experimental evidence suggests that retinoic acid plays a role in the formation of 
the sensory epithelium of the mammalian cochlea. To gain an understanding of the 
molecular pathways that are mediated by retinoic acid in the developing cochlea, the 
expression of mRNAs for different retinoid receptors (RARs and RXRs) was 
determined by whole-mount in situ hybridization. Expression of RXRy begins on 
embryonic day 14 (El4) and is more intense in the abneural half of the cochlear 
epithelium. At later developmental time points, expression of RXRy becomes 
progressively restricted to the developing sensory region of the organ of Corti, 
inclusive of both hair cells and supporting cells. By the early postnatal period, RXRy 
mRNA is present exclusively in the Deiter’s cells and inner phalangeal cells. RXRa, 
RXRP, and RARP demonstrate similarly restricted patterns of expression within the 
embryonic cochlea.

The pattern of expression of different retinoid receptors is consistent with the results 
of previous work demonstrating that addition of retinoic acid to embryonic cochlear 
cultures results in the formation of supernumerary hair cells within the organ of Corti. 
To determine whether activation of retinoic acid receptors is necessary for the 
development of the sensory epithelium, RAR activity was blocked in cochlear 
cultures using a specific antagonist. Data from these experiments indicate that 
interruption of the retinoid pathway at El4 results in a disruption of the formation of 
the cochlear sensory epithelium. These findings demonstrate that the expression of 
multiple retinoid receptors is restricted to the developing sensory epithelium and that 
activation of these receptors is necessary for proper formation of the cochlea.

Supported by funds from NIDCD

766.18
EXPRESSION OF NOTCH AND JAGGED CORRELATES WITH
DEVELOPMENT OF HAIR CELLS IN THE ORGAN OF CORTI 
P.J.Lanford1, Y, Raz12, C.E.Lindsell3. G.Weinmaster3 and M.W.Kellev'*. 'Dept. of 
Cell Biology, Georgetown University, Washington, D.C. 20007; 2Dept. of 
Otolaryngology-HNS, Johns Hopkins Univ., Baltimore, MD 21205; 3Dept. of 
Biological Chemistry, UCLA, Los Angeles, CA 90024.
The determination and differentiation of different cellular phenotypes from a 

population of equivalent progenitor cells is a key step in development. Within the 
organ of Corti, progenitor cells develop as distinct types of hair cells or supporting 
cells. The molecular pathways that mediate the determination of individual cell fates 
in the embryonic organ of Corti have not been determined, however the Notch-Delta- 
Jagged family has been shown to play a role in similar cell fate decisions in other 
systems. In situ hybridization techniques were used to determine the expression of 
Notch-1 and one of its ligands, Jagged-1, during the development of the embryonic 
organ of Corti of the mouse. Results indicate that mRNAs for Notch-] are expressed 
throughout the developing sensor)' epithelium from embryonic day 14 (E14) through 
post-natal day 3. By contrast, as early as El 4, expression of Jagged-1 is restricted to 
a narrow band of cells that extends along the length of the organ of Corti from base to 
apex. The location of this narrow band of Jagged-1 expressing cells appears to 
correlate with the region of the epithelium that will give rise to inner hair cells, 
suggesting that Jagged-1 may be expressed in cells that will differentiate as inner hair 
cells. The intensity of Jagged-1 expression in presumptive inner hair cells is high 
between E14 and E15 but appears to be significantly decreased by E17. In addition, 
at E14 progenitor cells located adjacent to cells expressing Jagged-1 appear to have 
increased levels of Notch-1 expression. These results are consistent with the proposed 
effects of the Notch pathway and suggest that Notch signaling plays a role in the 
formation of the cochlear sensory epithelium as early as embryonic day 14.

Supported by funds from the March of Dimes and NIDCD
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767.1
EXPRESSION AND POSTTRANSLATIONAL MODIFICA-
TION OF TRACTIN: A NOVEL NEURON-SPECIFIC Ig- 
SUPERFAMILY MEMBER IN LEECH. C, Jie. Y, Huang. J. 
Jellies^. K.M, Johansen, and J. Johansen*, Department of Zoology & Genetics, Iowa 
State University, Ames, IA 50011 and ^Department of Biological Sciences, Western 
Michigan University, Kalamazoo, MI 49008.

Tractin is a new member of the Ig-superfamily with a highly unusual 
structure. It contains 6 Ig-domains, 4 FNIII-domains, an acidic domain, 
12 repeats of a novel proline- and glycine-rich motif, a transmembrane 
domain, and an intracellular tail with an ankyrin binding motif. The 
predicted molecular weight of Tractin is 197 kD. However, antibodies to 
N-terminal sequence of Tractin do not recognize a full length version of 
the protein on immunoblots, but only a 130 kD glycosylated fragment. 
This in conjunction with the presence of a putative cleavage site of 
RKRRSRSK in the third FNIH-like domain suggests that Tractin may be 
co-translationally cleaved into a secreted as well as a 100 kD trans-
membrane protein. We are further characterizing this modification by 
making antibodies to the transmembrane fragment of Tractin. Antibodies 
to the core protein sequences of the secreted part of Tractin show that it is 
present on the surface of all central and peripheral neurons and their 
projections. Since this expression is detectable at the earliest extension 
of growth cones we are using these antibodies as tools for studying the 
formation of common pathways between central and peripheral neurons. 
Furthermore, immunocytochemical labeling with the Lan3-2 and Lan4-2 
mAbs which are specific to distinct glycoepitopes present on Tractin 
show that this modification of the protein only occurs in sensillar and 
extrasensillar peripheral sensory neurons that form specific axon 
fascicles in the CNS. Supported by NIH NS28857 (JJo) and NSF 9696018 (JJe).

767.2
CELL ADHESION MOLECULES INDUCE CALCIUM INFLUX IN 
NEURONS DEVELOPING IN CULTURE. F. Archer. P, Doherty1 and S, 
Bolsover*. Department of Physiology, University College London, London; 
department of Experimental Pathology, UMDS, Guy’s Hospital, London, UK.

Binding of bFGF or cell adhesion molecules (CAMs) promotes axonal growth 
by activating a second messenger pathway in neurons that requires calcium 
influx through high voltage activated calcium channels. However no change of 
calcium concentration in the growth cone can be directly detected upon binding 
of bFGF or the CAM LI. To reveal this influx of calcium at the level of the 
growth cone, cultivated dorsal root ganglion cells loaded with Fura-2 were 
bathed in a medium containing barium (20mM) instead of calcium ions, plus 
valinomycin (lpM) to prevent depolarization. The rate at which intracellular 
barium concentration rose give a measure of basal calcium influx.

In the rat, bFGF (lOOng/ml) or an Ll-Fc chimera (lOpg/ml) increased barium 
influx This increase was completely blocked by a cocktail of ro-conotoxin 
(O.25|iM) plus nifedipin (5pM), antagonists of N and L-type calcium channels 
respectively. In mice expressing the dominant negative mutant of the FGF 
receptor, no influx of barium was induced by Ll-Fc, compared to normal mice. 
Nifedipin by itself is as efficient as the nifedipine plus ©-conotoxin cocktail in 
preventing the influx of calcium, whereas co-conotoxin only blocks a small 
fraction of the increase.

Thus bFGF and LI increase calcium influx into the growth cones of sensory 
neurons. This influx requires an intact FGF receptor and occurs through 
voltage-gated calcium channels. Most of this influx occurs via L-type calcium 
channels opened by a biochemical cascade initiated at a tyrosine kinase 
receptor.

funding by the Welcome Trust

767.3
DEFECTS IN THE CORTICOSPINAL DECUSSATION OF LI -CAM MUTANT 
MICE.
N.R. Cohen1*, J.S.H. Taylor1, R.W. Guillery2, P. Soriano3 & A. Furley4
1 Dept. Human Anatomy, Oxford University, Oxford. OXI 3QX. UK.
2 Dept. of Anatomy, University of Wisconsin, Madison. W153705. USA.
3 Fred Hutchinson Cancer Institute, Seattle, Washington, WA9810Q. USA.
4 Developmental Neurobiology, N.I.M.R., London. NW71AA. UK.

In humans, a series of X-linked mental retardation syndromes (HSAS, MASA 
and X-Linked Spastic Paraplegia) are associated with mutations in the gene 
encoding the neural cell adhesion molecule, LI. Abnormalties of the corticospinal 
tract, including its absence, are common in these syndromes.

We have examined the corticospinal tract in male mice hemizygous (-/Y) for 
a null mutation of the murine LI gene, which are viable and grow to adulthood. 
We have used WGA-HRP to trace the corticospinal projection. In both developing 
and adult male mutant mice we detect striking abnormalities in the corticospinal 
decussation, with a varying, but substantial proportion of axons projecting 
ipsilaterally compared to wild type controls. There is also a varying, but always 
reduced population of corticospinal axons in the dorsal funiculus of the spinal 
cord. The internal capsule and pyramidal tract do not appear to be affected.

We propose that in these mice, and by inference in humans with LI-associated 
syndromes, developing corticospinal axons, which are normally LI 
immunopositive, fail to navigate the midline of the caudal medulla appropriately, 
in the absence of LI. We relate these findings to the guidance of corticospinal 
axons by both midline glia and other crossing axons at the point of decussation. 
This work is supported by grants from the Wellcome Trust and MRC. NJH

767.4
EXPRESSION OF CELL ADHESION MOLECULES IN RAT NEOCORTICAL 
NEURONS REVEALED BY DOUBLE LABELING OF IN SITU HYBRIDIZATION 
AND RETROGRADE LABELING. K.E.Euiimori*.Y.SugimototR.Takauji_and
N. Tamamaki, Department of Anatomy, Fukui Medical School, Fukui 910-11, 
Japan.

In the central nervous system, various cell adhesion molecules (CAMs) have 
been proposed to be working in the path finding mechanism of developing 
axons by switching the expression from one to another. For example, the 
spinal neurons in the dorsal column express TAG-1 before crossing floor plate 
and express L1 (also known as NgCAM) after crossing there. These axon- 
CAMs are known to be expressed also in the neocortex. However, it is 
unknown whether they play an important role in the formation of the 
corticifugal and/or corticocortical projections.

In this study, we investigated the relation between the projection mode of 
cortical axons and expression of axon-CAMs by double labeling of in situ 
hybridization and retrograde labeling. The projecting neurons were labeled 
retrogradely with lipophilic tracer Dil. The fluorescent signals were 
photoconverted into stable DAB precipitation, then the sections were 
processed for in situ hybridization with 35S-labeled cRNA probes of axon- 
CAMs.

Using this double staining technique, we directly showed that the layer V 
neurons projecting into spinal cord express the mRNA of L1 before and after 
crossing the decussation, but we could not detect the expression of TAG-1 
mRNA on these neurons. These results suggest that the cortical projecting 
neurons do not switch the expression of axon-CAMs during the axons reach 
and cross the midline.

767.5
INTERACTIONS BETWEEN NEURAL CELL ADHESION 
MOLECULES AND CHONDROITIN SULFATE PROTEOGLYCANS 
MAY BE INVOVED IN DEFINING DISCRETE AXONAL PATHWAYS 
OF DEVELOPING RAT CEREBRAL CORTEX. H, Kawano1. T, Fukuda1. 
K, Ohvama1, K. Takeuchi2. A, Oohira3 and K, Kawamura1* 'Dept. of 
Anatomy. KeiO Univ. Sch. Med., Tokyo 160. 2Dept. of Cell Biol., Graduate 
Sch. of Biology and Science, Nara Institute of Science and Technology, 
Ikoma 630-01, and 3DepL of Perinatology and Neuroglycoscience, 
Institute of Developmental Research, Kasugai 480-03, Japan.

Neural cell adhesion molecules, LI and TAG-1, are prominently 
expressed in particular neurons of the developing brain and are shown 
to promote axonal growth, bundle formation and axonal guidance of 
central neurons. In the developing rat cerebral cortex, LI and TAG-1 
immunoreactions were specifically localized on cortical efferent axons 
and thalamocortical axons, respectively. Ll-bearing thalamocortical 
axons preferentially travel in the subplate of the cortical anlage where 
neurocan. a chondroitin sulfate proteoglycan (CSPG), was specifically 
expressed. In contrast, axons immunoreactive for TAG-1 evaded the 
subplate and run in the intermediate zone where neurocan expression 
was less prominent. In addition. TAG-l-bearing axons extensively 
invaded regions expressing another type of CSPG. phosphacan. Although 
both TAG-1 and LI have been reported to bind both neurocan and 
phosphacan in vitro, various patterns of interactions between neural 
cell adhesion molecules and CSPGs may play important roles in the 
pathway formation of the forebrain, (supported by Grant-iri-Aid for 
Scientific Research from the Ministry of Education. Science. Sports and 
Culture of Japan)

767.6
NCAM AND L1 CELL ADHESION MOLECULES 
ACTIVATE MAP KINASE SIGNALING PATHWAYS.
R.S. Schmid*, John J. Hemperlv, M. Schaller, and P.F. Maness.
Depts of Biochemistry, and Cell Biology and Anatomy, University of North 
Carolina School of Medicine, Chapel Hill, NC 27599.

NCAM and L1 CAMs stimulate axonal growth by activating 
intracellular signaling cascades governed by the nonreceptor 
tyrosine kinases p590"i and pp60c‘src. Stimulation of the 
NCAM 140 isoform in rat B35 neuroblastoma or COS-7 cells by 
crosslinking using NCAM antibodies or purified protein also 
activates the focal adhesion kinase p125fa/f, recruiting p125ra* 
to the NCAM 140-p59zYn complex. It is now reported that 
antibody-mediated crosslinking of NCAM 140 or L1 caused 
rapid (within 10 min) and transient activation of the MAP 
kinases ERK1 and ERK2 in B35 or transfected COS-7 cells. 
Neither NCAM nor L1 activated the Jun kinase (JNK) pathway. 
MAPK activation by both NCAM and L1 was p125/a*-dependent, 
as the Fak-related nonkinase FRNK, which competes with 
p125fak binding to focal adhesions, inhibited MAPK activation. 
A dominant negative Ras mutant (Ras17N) disrupted MAPK 
signaling by NCAM but not L1, indicating that NCAM activated 
the MAPK pathway selectively through Ras. MAPK activation 
by NCAM or L1 may influence axon growth by modulating 
cytoskeletal dynamics, downregulating receptors, or inducing 
gene expression in developing neurons.
Supported by NIH grants NS26620 and HD35170.

Society  for  Neuroscience , Volume  23,1997



1970
AXON GUIDANCE MECHANISMS AND PATHWAYS: EXPRESSION OF CELL 

ADHESION MOLECULES WEDNESDAY PM

767.7
THE PATTERN OF INTRAMUSCULAR NERVE BRANCHING IS
DETERMINED BY THE INNERVATING MOTOR AXON AND ITS LEVEL OF 
POLYSIALIC ACID (PSA). V. F. Rafuse* and L. T. Landmesser. Department of 
Neurosciences, Case Western Reserve University, Cleveland, OH 44-106.

The distribution of synapses differs strikingly between avian slow and fast muscles. 
Slow tonic fibers are innervated at multiple, regularly spaced sites, while fast fibers 
are focally innervated. These differences in synapse distribution result from differences 
in the mode of nerve innervation; the main intramuscular nerve in slow muscles 
grows parallel to the myofibers giving off regularly spaced collateral sprouts while the 
main nerve branches in fast muscles grow transversely to the fibers and undergo a 
characteristic reductive branching pattern. The molecular basis for such different 
growth patterns is not known. Previously, we showed that the intramuscular nerve 
branching pattern of the iliofibularis (IFIB) muscle, which contains discrete fast and 
slow muscle regions, is very similar to normal when innervated by foreign 
motoneurons. This could indicate that the pattern of nerve branching is induced by 
some intrinsic property of the innervated muscle. Alternatively, since fast and slow 
motor axons were shown to selectively innervate the fast and slow muscle regions the 
possibility remained that some property, intrinsic to fast and slow motoneurons, 
determines their pattern of branching. To distinguish between these possibilities we 
took advantage of the fact that the chick plantaris muscle contains only slow muscle 
fibers while the quail plantaris contains a high proportion of fast fibers. By 
performing chick-quail chimeras we caused 1) fast quail plantaris motoneurons to 
innervate the all slow chick plantaris muscle and 2) slow chick plantaris motoneurons 
to innervate the fast quail plantaris muscle. We found that slow chick plantaris axons 
form a slow intramuscular nerve branching pattern when innervating the fast quail 
plantaris muscle. Thus some motoneuron property determines the brandling pattern. 
When PSA was removed from normal fast quail motoneurons by in vivo injection of 
Endo-N they formed a slow branching pattern. These results indicate that the pattern 
of intramuscular nerve branching is determined by level of PSA on the innervating 
motoneuron. Supported by NIH grants NS 19640 & NS23678 from NINDS.

767.8
PSA-NCAM AND MOSSY FIBER DEVELOPMENT IN 
HIPPOCAMPAL SLICE CULTURES. Rivkin. A? and Malouf, 
A.T. Departments of Pediatrics and Neuroscience, Case Western 
Reserve University, Cleveland, OH 44106

We are investigating the molecular mechanisms involved in 
mossy fiber development in hippocampal slice cultures. Mossy 
fibers originate from dentate granule cells and synapse in a narrow 
band on the proximal apical dendrites of CA3 pyramidal neurons. 
The mossy fiber pathway develops in the first 3 postnatal weeks 
and forms a normal innervation pattern in cultured hippocampal 
slices. There appears to be a developmental switch in guidance 
cues that regulate mossy fiber innervation of CA3 between the 1st 
and 2nd postnatal weeks (Nguyen et al., Dev.Brain Res.95:184- 
193,1996). The identity of the guidance molecules involved in 
normal mossy fiber development are unknown. PSA-NCAM, 
which has been shown to act as a guidance molecule in other 
neuronal systems, is highly expressed on mossy fibers. To 
examine the role of PSA-NCAM in mossy fiber development, we 
enzymatically removed sialic acid residues from PSA-NCAM in 
hippocampal slice cultures from postnatal day 6 rats. These 
preliminary data suggest that there was a small decrease in synaptic 
density but no change in the innervation pattern as demonstrated 
by Timm stain. Supported by the PEW Scholars Fund.

767.9
FASCICULATION OF SENSORY AXONS IN THE DEVELOPING CHICK 
HINDLIMB. Y. Xue* and M.G. Honia. Dept. of Anatomy and Neurobiology, 
University of Tennessee College of Medicine, Memphis TN 38163.

Our previous studies combining pathway tracing, immunofluorescent label-
ing and confocal microscopy have shown that sensory axons typically travel in 
bundles with other sensory axons as they course distally in the spinal nerves 
and through the plexus. However, with this approach we could not resolve in-
dividual axons nor could we determine the spacing between axons. To exam-
ine limb-innervating axons at higher resolution, we have turned to electron mi-
croscopy, using an antibody against axonin-1 and immunoperoxidase labeling 
to identify sensory axons. The EM studies confirm and extend the confocal re-
sults in revealing that sensory axons do form discrete bundles. At St. 30, the 
axons in those bundles are quite small (0.2-0.5pm in diameter) and very closely 
packed. In contrast, the unlabelled (i.e. motoneuron) axons tend to be more 
widely spaced. The tight apposition of sensory axons is consistent with our 
previous suggestions that they may fasciculate during axonal outgrowth, with 
later-growing sensory axons extending along sensory axons that grew out ear-
lier, and that this may facilitate their ability to choose the correct peripheral path-
ways. Interestingly, we found that axons situated at the periphery of sensory 
bundles are frequently labeled only partway around their circumference, such 
that axonin-1 labeling is found on membranes apposing other labeled axons 
but not on those facing unlabeled axons. This parallels findings from 
Sonderegger’s group, showing that in tissue culture axonin-1 redistributes to 
surfaces where it can bind either homophilically, or to NgCAM; this redistribu-
tion is associated with the formation of NgCAM/axonin-1 heterodimers in the 
plane of the membrane and subsequent changes in intracellular signaling. 
Thus, our EM observations suggest that axonin-1-mediated adhesion and sig-
naling may play an important role in sensory axon outgrowth in the developing 
Chick hindlimb. (Supported by NS-34404 to MGH)

767.10
IDENTIFCATION OF NGCAM DOMAINS INVOLVED IN HOMOPHILIC 
BINDING AND THE INTERACTION OF NGCAM WITH AXONIN-1. S. Kunz* 
M. Spirig, C, Ginsburg-Schuler, A. Buchstaller, P. Berger. C, Rader. B. Kunz and
P, Sonderegger. Institute of Biochemistry, University of Zurich, CH-8093 Zurich, 
Switzerland.

The axonal surface glycoproteins neuron-glia cell adhesion molecule (NgCAM) 
and axonin-1 are implicated in the promotion of neurite outgrowth, axonal guidance 
and neurite fasciculation. Both are composed of Ig domains in conjunction with 
FnlH-type domains. They exhibit homophilic interactions (axonin-l/axonin-1 and 
NgCAM/NgCAM) and a heterophilic interaction (axonin-1/NgCAM) which 
involves the four amino-terminal Ig-domains of axonin-1 and is suggested to occur 
in the plane of the same membrane (cis-interaction). In this study we report the 
identification of NgCAM domains involved in the homophilic NgCAM/NgCAM 
interaction and the heterophilic axonin-1/NgCAM interaction, respectively. Domain- 
deletion mutants of NgCAM were expressed in COS-cells and tested for binding to 
axonin-1-conjugated fluorescent microspheres. The homophilic NgCAM/NgCAM 
interaction was localized in the four N-terminal Ig domains of NgCAM. For the 
heterophilic binding to axonin-1 our data suggest two essential binding sites on 
NgCAM: One localized at the amino-terminus involving the Ig domains 2-4 and one 
membrane proximally in the third Fn III domain of NgCAM. The deletion of each 
site alone resulted in a complete loss of the binding capacity. Further analysis of the 
binding pattern of axonin-1 and NgCAM revealed that the homophilic 
NgCAM/NgCAM interaction can occur simultaneously with the the heterophilic 
axonin-l/NgCAM binding whereas the heterophilic axonin-l/NgCAM interaction 
and the homophilic axonin-l/axonin-1 binding are mutually exclusive. Based on 
these results we suggest models for heterooligomeric axonin-1/NgCAM complexes 
that are implicated as functional units in processes like neurite outgrowth on axonin- 
1 and NgCAM-substrata or neurite fasciculation.
(Supported by the Swiss National Science Foundation.)

767.11
NOVEL NEURAL ADHESION MOLECULES, NB-2 AND NB-3, IN 
THE CONTACTIN/F3 SUBGROUP OF THE IMMUNOGLOBULIN 
SUPERFAMILY. Watanabe, K*1., Ogawa, J.1, Kaneko, H.1, Nagata, 
S.2_and Hosoya, H? ^ept. Exptl. Biol., Tokyo Metropol. Inst. Gerontol., 
Itabashi-ku, Tokyo 173, JAPAN. 2Dept. Chem. Biol. Sci., Japan Women's 
Univ., Bunkyo-ku, Tokyo 112, JAPAN.

Cell adhesion molecules play important roles in the formation of neural 
network in the brain. Adhesion molecules in the immunoglobulin (Ig) 
superfamily are known to function in fasciculation and axonal guidance 
toward target cells. We cloned two novel cDNAs encoding adhesion 
molecules, NB-2 and NB-3, in the Contactin/F3 subgroup of the Ig- 
superfamily. NB-2 and NB-3 are comprised of 1099 and 1028 amino 
acid residues, respectively. NB-2 shared 51 % similarity with NB-3 in 
amino acid sequence. The amino acid sequences of NB-2 and NB-3 
exhibited approximately 40 - 60 % identities with other molecules in the 
Contactin/F3 subgroup. NB-2 mRNAs were detected in cerebrum and 
cerebellum, but not in spinal cord by Northern blot analysis. On the 
other hand, the expression of NB-3 mRNA was high not only in cerebrum 
and cerebellum, but also in spinal cord. The expression of both mRNAs 
was developmentally regulated. The results of in situ hybridization to 
locate the expression of NB-2 and NB-3 in rat brain will be presented.

767.12
cDNA CLONING AND CHROMOSOMAL LOCALIZATION OF THE 
NOVEL NEURAL ADHESION MOLECULE, NB-3, IN THE 
HUMAN. Y. Kamei*12. O. Tsutsumi1. Y, Taketani1 andK, Watanabe.2 
‘Dept. Obstet. Gynecol., Facul. Med., Univ. of Tokyo, Bunkyo-ku, 
Tokyo 113, JAPAN. 2Dept. Exptl. Biol., Tokyo Metropol. Inst. 
Gerontol., Itabashi-ku, Tokyo 173, JAPAN.

Neural adhesion molecules in the immunoglobulin superfamily are 
known to play essential roles in axonal guidance during development, 
plasticity and maintenance of synaptic connections in the adult brain. 
Recently, we reported two novel cDNAs encoding adhesion molecules, 
NB-2 and NB-3, in the Contactin/F3 subgroup of the immunoglobulin 
superfamily from rat brain. Here, we have isolated cDNA encoding 
human NB-3. The cDNA clone, hNB-3, consists of 3988 nucleotides 
that contain an open reading frame of 3084 nucleotides encoding 1028 
amino acids. It shares 86% identity in nucleotide sequences and 90% 
identity in amino acid sequences to rat NB-3. The chromosomal 
localization of human NB-3, using fluorescense in situ hybridization, 
proved to be localized on 3p25-26. cDNA cloning and chromosomal 
localization of human NB-2 will be also presented.
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767.13
MECHANISM OF HOMOPHILIC BINDING MEDIATED BY NINJURIN, A NOVEL 
WIDELY EXPRESSED ADHESION MOLECULE. T. Araki* and J. Milbrandt1 
1 Dept of Pathology, Washington Univ. Med. Sch., St. Louis MO 63110 , 
2Dept. of Anatomy & Neurosci. Osaka Univ. Med.Sch. Osaka 565 JAPAN

Ninjurin is a novel protein that is upregulated after nerve injury both in dorsal 
root ganglion(DRG) neurons and in Schwann cells. We previously reported 
that ninjurin demonstrates properties of a homophilic adhesion molecule and 
promotes neurite outgrowth from primary cultured DRG neurons. We have 
now found that ninjurin is widely expressed in both adult and embryonic 
tissue, primarily in those of epithelial origin. During development, ninjurin was 
found to be expressed in a variety of tissues, including radial glia and 
Bergmann glial cells in the central nervous system. Aggregation assays were 
used to demonstrate that ninjurin-mediated adhesion requires divalent cations 
and is an energy dependent process. The critical domain for ninjurin-mediated 
homophilic adhesion was localized to an 11 residue region between 26Pro 
and 37Asn) by mutagenesis and by employing synthetic oligopeptides as 
competitive inhibitors of ninjurin-mediated adhesion. Of particular importance 
are the Trp residue at position 29 and the 3 arginine residues in the region. 
Furthermore we show that the peptide which inhibits aggregation of Jurkat 
cells expressing ninjurin is also capable of blocking the ability of ninjurin to 
promote neurite extension from DRG neurons.
(NIH grant CA 53524 and a grant from Ronald McDonald Children's Charities)

767.14
IMMUNOLOCALIZATION OF THE HOMOPHILIC ADHESION MOLECULE 
NINJURIN INCREASES AFTER NEURAL INJURY IN A SNAIL. S.B. 
Moffett*. Dept. of Zool., Wash. State Univ., Pullman, WA 99164.

Ninjurin is a protein that is up-regulated in neurons and in Schwann cells 
following damage to the rat sciatic nerve; its molecular properties have 
been characterized by Araki and Milbrandt (1996). The binding of an 
antibody to ninjurin was examined using indirect immunofluorescence in the 
snail Melampus bidentatus, which has served as a model for neural 
regeneration. As described for rats, ninjurin-like immunoreactivity is found 
in a number of tissues outside the nervous system; in the snail, these 
include the digestive and reproductive systems. In control snails, sheath 
cells have detectable label, statocyst cells are brightly labeled, and a few 
neurons exhibit immunoreactivity in their somata and axonal projections. 
At 2 and 4 weeks after cerebral commissure transection or ganglion 
removal, expression of ninjurin in the neural sheath is up-regulated, 
especially in the pathway undergoing repair, and some additional axons are 
immunoreactive. In snails recovering from a given lesion, those rated at 
sacrifice as having the best regeneration were also those exhibiting the 
highest ninjurin expression. Previous studies had implicated the sheath in 
guiding regenerating axons, and visualization of the sheath cells with 
ninjurin antibody localization confirms that observation. Dual labeling with 
neurotransmitter antibodies (5-HT and SCPb) reveal that elongated streaks 
of ninjurin immunoreactivity in sheath cells in the repair zone parallel the 
paths of regenerating axons. The similarity in responses in gastropod and 
mammalian nervous systems suggests that ninjurin’s role in axonal 
guidance during regeneration is phylogenetically conserved. (Support by E. 
Meyer Grant; ninjurin antibody gift of J. Milbrandt and T. Araki).
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768.1
GLIAL CELLS ENHANCE THE EFFICACY OF SYNAPSES
F, W, Pfrieger*t, B. A. Barres. fSynapse Formation and Function Group, Max- 
Delbriick-Center for Molecular Medicine, 13122 Berlin-Buch, Germany; Dept. of 
Neurobiology, Stanford University, School of Medicine, Stanford, CA 94305-5401, 
USA.

In the developing nervous system, neuroglia guide axons to their target areas, but it 
is unknown whether glial cells help neurons to establish functional synaptic 
connections. We have studied the role of glial cells in the formation and function of 
synapses in cultures of purified rat retinal ganglion cells (RGCs) by whole-cell 
recording and electron microscopy. We reported previously that collicular glia strongly 
potentiated the level of spontaneous excitatory postsynaptic currents (EPSCs) in RGCs 
without affecting the survival or excitability of neurons.

Do glial cells enhance synaptic activity by increasing the synaptic efficacy or the 
number of synapses that form? Using electron microscopy, we observed that in the 
absence of glial cells, RGCs formed synapses with typical ultrastructure and that in the 
presence of glial cells, the number of synaptic contacts was increased by two-fold. This 
indicated that the low level of synaptic activity in glia-free cultures was caused by low 
synaptic efficacies rather than an absence of synapses. To study directly the efficacy of 
synaptic transmission, we examined EPSCs that were evoked by extracellular 
stimulation. In 10 to 15 day old, glia-free cultures, 53 ± 3% (mean ± SEM) of the 
stimuli failed to evoke EPSCs (n = 24), whereas in cocultures with glial cells the 
failure rate averaged 7 ± 2% (n = 28) indicating that glial cells increased the reliability 
of synaptic transmission. These findings show that neurons of the central nervous 
system can form synapses in the absence of glial cells. These synapses, however, are 
inefficient and require a glial signal to become fully functional.

Our work was supported by the Human Frontier Science Program Organization and 
the Deutsche Forschungsgemeinschaft (FWP) and The Searle Scholar Program/The 
Chicago Community Trust (BAB).

768.2
DOMAINS REQUIRED FOR THE SELECTIVE ASSEMBLY OF 
SAP97 AT SITES OF CELL-CELL CONTACT. H.Wu*, S.M.Reuver. 
S.Kuhlendahl. C.C.Garner (Department of Neurobiology, University 
of Alabama at Birmingham, Birmingham, Alabama 35294)

SAP97 is a synapse associated protein that contains three PDZ 
domains, an SH3 domain and a C-terminal GK domain. These domains 
are sites of protein-protein interaction. For example, the PDZ domains 
have been shown to bind with high affinity to the cytoplasmic C- 
terminal tSXV sequences in voltage-gated and ligand-gated ion channels 
as well as nNOS. The functional consequence of these interactions is the 
formation of macromolecular complexes that include ion channels at 
synaptic junctions. SAP97 is a member of a family of synaptic proteins 
including SAP90/PSD-95, SAP102 and PSD-93/Chapsyn 110 that are 
differentially localized within neuronal cells. At present, the cellular 
mechanism that leads to the selective localization of SAPs to either the 
pre- or postsynapse is unknown. In this study, we have used epithelial 
cells and a deletional analysis of SAP97 to identify the domains that lead 
to its selective recruitment to the cortical cytoskeleton at sites of cell-cell 
contact. This was accomplished by transfecting green fluorescent 
protein (GFP) tagged SAP97 constructs into the epithelial cell line 
CACO-2. Our results show that neither ion channel nor protein 4.1 
binding sites are required for the lateral membrane localization of 
SAP97. (NIH AG065609)

768.3
IDENTIFICATION OF A NEURONAL CELL SURFACE PROTEIN, 
GC26, REGULATED LATE IN DEVELOPMENT IN NEURONAL 
SUBSETS IN THE MURINE CNS
J. Miwa and N.Heintz* Lab. of Molecular Biology, The Rockefeller 
University, NY, NY 10021

We have isolated a gene highly expressed in neurons of the 
deep cerebellar nuclei. It undergoes a large increase in expression 
within the second to third postnatal weeks, a time of intense 
synaptogenesis in the cerebellum. GC26 is expressed in multiple 
circuits throughout the brain, with highest expression in the cerebellum, 
hippocampal formation, the cerebral cortex, and the olfactory bulb. 
Within each of these structures, GC26 expression marks subsets of 
neurons, such as CA3 pyramidal neurons in the hippocampus, the 
mitral cells of the olfactory bulb, the deep layer cortical neurons of the 
cerebral cortex, and the deep cerebellar nuclei of the cerebellum. The 
GC26 protein is localized to the somatodendritic region with intense 
staining at the periphery of the cell indicative of a membrane 
localization. In neurons with a highly polarized dendritic field, such as 
cortical pyramidal neurons, GC26 protein is restricted to apical 
dendrites, and not found in basal dendrites. This suggests that GC2b 
might have a functional role having to do with connections of cells 
which express this protein and their afferents. We are currently 
investigating the role of this protein in the specification of proper 
synaptic connnections, and the subsequent effect this may have on 
neuronal morphology and differentiation.

This research is supported by the Howard Hughes Medical Institute and 
a grant from the NIH, National Institutes of Neurological Disorders and 
Stroke (P01NS30532).

768.4
P-DYSTROBREVIN, A NEW DYSTROPHIN FAMILY MEMBER. M.F. Peters*. 
M.E. Adams, and S.C. Froehner. Dept. of Physiology, UNC-Chapel Hill, NC 27599.

The dystrophin gene family currently consists of four genes: dystrophin (the 
product of the Duchenne muscular dystrophy gene), utrophin, DRP-2, and 
dystrobrevin. Dystrophins bind the syntrophins, modular adapter proteins that recruit 
signaling proteins such as nNOS and voltage-gated sodium channels to membrane 
specializations (Gee et al., SEN abstract 1997). To identify additional syntrophin 
binding proteins, we searched the sequence data bases for sequences containing the 
syntrophin-binding motif of dystrobrevin. A human expressed sequence tag (EST) 
that was similar but not identical to the syntrophin binding region of dystrobrevin 
was identified. Complete sequencing of this EST and 5’ race produced a cDNA of
2.1 kb that contains an open reading frame encoding 598 amino acids (aa) with a 
predicted molecular weight of 67,990 Da. Northern blot analysis shows a single 
major band of 2.5 kb with highest expression in brain, kidney, and pancreas. 
Comparison of the amino acid sequence with the dystrophin family reveals closest 
similarity to dystrobrevin (78% aa identity). Hence we refer to this novel protein as 
P-dystrobrevin, while products of the previously described dystrobrevin gene are 
collectively termed a-dystrobrevins. Comparison of the homologous sequence 
present in all of the dystrophin family members reveals that dystrophin, utrophin, and 
DRP2, are more similar to each other (59-60% aa identity) than to the two 
dystrobrevins (29-31% aa identity). Thus, we suggest that the dystrophin 
superfamily is comprised of dystrophin and dystrobrevin subfamilies. Antibodies 
specific for p-dystrobrevins recognize proteins of -68 kDa and -40 kDa in rat brain 
extracts. Immunoaffinity purification reveals that P-dystrobrevin is associated with 
syntrophin and with low amounts of Dp71 (a dystrophin short form) but not a- 
dystrobrevin. Likewise, purification of a-dystrobrevin enriches for syntrophin and 
dystrophin but not p-dystrobrevin. These results suggest that, within the dystrophin 
superfamily, dystrophins and dystrobrevins form complexes. The pairing of 
particular dystrophins with particular dystrobrevins may be important for recruiting 
specific syntrophin(s) and signaling proteins to membrane specializations. Funding 
NIH Grant NS33145 and MDA.
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768.5
THE PIP3-B1NDING PROTEIN CENTAURIN a IS ENRICHED IN RAT 
CORTICAL NERVE TERMINALS. 5, I. Patterson* 1, C. N, Tomes2, A, 
Theibert^ and T. R. laekson 4. (l) Dept of Physiology and (2) CONICET, 
Universidad Nacional de Cuyo, Mendoza, Argentina; (3) Dept. of 
Neurobiology, University of Alabama, Birmingham, AL, US.A.; (4)
Babraham Institute, Cambridge, U.K.

A diverse collection of signalling molecules are found in growth cones, the 
motile tips of extendine^axons, and in synaptosomes, the mature nerve 
terminals specialized for neurotransmission. The changing functions of nerve 
terminals during development is accompanied by the altered expression a 
subset of cellular proteins, including the decline of growth-associated 
proteins and an increase in synaptosomal proteins. There is an intermediate 
period when both sets of proteins can be found at elevated levels in the 
nerve terminals of the rat cortex, that correlates with the known period of 
synaptic selection in the visual system. The presence of a number of 
signalling molecules, including GTP-binding proteins and protein kinases, 
has led to the suggestion that they might play key roles in orchestrating 
this transition. We report here the elevated expression of an additional 
regulatory protein during the critical period of synaptic remodelling - 
centaurin a, a 46 kd protein highly enriched in brain, that binds the lipid 
second messenger PIP3. Lipid binding may localize the protein to a specific 
membrane compartment. Centaurin a has homology to a wide range of 
proteins that modulate the small G-protein ARF. Nerve terminals also 
express ARF and another small G-protein, racl, in a developmentally- 
regulated fashion. Thus several components of the PI3-kinase signalling 
pathway are highly expressed in nerve terminals during this critical 
period, and may play an important role in determining synaptic 
connectivity. [Supported by CIUNC, Argentina and MRC, U.K.J

768.6
DEVELOPMENTAL EXPRESSION OF THE VESICULAR ACETYLCHOLINE 
TRANSPORTER (VACHT) IN FOOTPAD SYMPATHETIC INNERVATION.
G. Guidry and S.C, Landis*. Neural Development Section, NINDS/NIH, Bethesda MD 
20892.

Previous studies of sympathetic sweat gland innervation provided evidence that the 
initial transmitter phenotype is noradrenergic and that cholinergic and peptidergic 
properties are acquired later. In those studies, choline acetyltransferase (ChAT) activity 
was used to assess cholinergic function. The recent development of antisera that 
recognize VAChT, which is coexpressed with ChAT, offers a more sensitive assay for 
the onset of cholinergic properties. VAChT expression was examined in the innerva-
tion of interdigital pads from hind feet of developing rats and mice. Sequential sections 
were stained with two VAChT antisera, for tyrosine hydroxylase (TH), and for 
vasoactive intestinal peptide (VIP). TH-IR sympathetic fibers were evident around 
sweat gland primordia at postnatal day 1 (Pl), and by P4 an expanded TH -IR plexus 
was associated with the developing glands. VAChT-IR was not detectable in the 
regions containing TH-IR fibers at these ages. VAChT-IR first appeared co-localized 
with TH-IR on P6, several days after fibers associate with developing glands, and 
preceded VIP-IR by several days. VAChT-IR and VIP-IR were initally faint and present 
in a small proportion of fibers but increased in intensity and appeared in all fibers 
during the subsequent 3 weeks. VAChT-IR was also occasionally detected in 
presumptive sensory axons in the dermal papillae consistent with reports of 
CGRP/ChAT coexpression in lumbar dorsal root ganglia. The delayed appearance of 
VAChT in the developing sweat gland innervation is consistent with previous findings 
that acquisition of ChAT activity requires target interactions. To address this question 
with respect to VAChT expression, we analyzed footpads of tabby mutant mice, which 
lack sweat glands. Despite the absence of glands, catecholaminergic gland-targeted 
axons reach the region where glands should form and remain for two weeks in tabby 
mutants. At Pl 1, the TH-IR gland innervation in wildtype footpads colocalized with 
VAChT-IR, while the putative gland-targeted TH-IR axons in tabby littermate footpads 
did not have detectable VAChT-IR. Thus, VAChT-IR is not present in sympathetic 
axons when they reach the sweat glands and it does not appear in the absence of glands. 
Supported by: NS023678, the McKnight Foundation, and NINDS DIR

768.7
THE ROLE OF ErbB3 AND ErbB4 IN CEREBELLUM DURING 
SYNAPTIC MATURATION S. KISHIGAMI1), M. OZAKI1), T. 
HASHIKAWA2), and R. YANQ*I) l)Lab. for Cellular Information 
Processing, 2)Lab. for Brain Structure and Function, Frontier Research 
Program, RIKEN, Saitama 351-01 JAPAN

The developmental studies of neuromuscular junction (NMJ) have 
revealed the molecular mechanisms of innervation by motor neuron and 
of synaptic maturation. From the data of NMJ, ErbB2 and ErbB3 out of
F.GFR (epidermal growth factor receptor) family are thought to play' an 
important role in development and maturation of NMJ bv controlling 
gene expression via specific signal transduction pathway. We are 
examining functicns in central nervous system (CNS), and found that 
ErbB3 and ErbB4 were expressed m cerebellar granule cells but not in 
Purkinje cells by using immunostaining and in silu hybridization 
methods. ErbB4 was expressed constantly in granule cells throughout 
cerebellar development, whereas the ErbB3 expression increased in the 
process of the postnatal development and reached maximum level at 
postnatal day 18. ErbB3 expression seems to be correlated with the 
maturation of glomerulus structure where mossy fibers make connection 
with granule cell dendrites, suggesting that especially ErbB3 is involved 
in sync;ptic formation like tne case of ErbB2 and ErbB3 in NMJ. In the 
process, ErbB3 may have a functional interaction with the cadherins 
expressed in CNS and playing an important role in synaptic formation. 
Supported by Frontier Research Program, RIKEN.

768.8
EFFECTS OF 5-HT REDUCTION OR 5-HTIA RECEPTOR BLOCKADE ON 
SYNAPTOGENESIS IN THE POSTNATAL DENTATE MOLECULAR LAYER. 
K.M. Faber* and J.H. Haring. Dept. Anatomy and Neurobiology, St. Louis Univ. Sch. of 
Med., St. Louis, MO 63104.

We have reported that neonatal 5-HT reduction or 5-HTla antagonist treatment result in 
a significant and permanent decrease in the number of dendritic spines observed on 
Neurobiotion-filled dentate granule cells (Dev. Brain Res. 98:177-190, 1997). The 
purpose of the present study was to determine whether the loss of dendritic spines was 
accompanied by a decrease in the synaptic density of the dentate molecular layer (Mol). 
Rat pups were treated with either PC A (15mg/kg) on P3 and P4 or NAN-190 
(3.5mg/kg) daily from P3 to Pl4. Controls received sterile saline. Rats were studied on 
Pl4, 21 and 60. Animals were euthanized by sodium pentobarbital overdose and 
perfused by a mixed aldehyde fixative. The dorsal hippocampal formation was sliced 
transversely into 1mm blocks and the tissue was prepared for electron microscopy. 
Randomly selected blocks were analyzed to determine synaptic density in the region of 
Mol related to the middle of the suprapyramidal blade of the granule cell layer. Numbers 
of synapses determined in the control group at each age were comparable to values 
reported by other investigators (e.g. J. Comp. Neurol. 314:545,1991). At P14 numbers 
of synapses were 84.75% of control values in the PCA group and 67.7% in the NAN- 
190 group. By P21, the synaptic density of the PCA group was decreased to 76.8% of 
control, while the NAN-190 group was unchanged from P14 values. There was no 
difference in numbers of synapses determined for control and experimental groups 
studied on P60. These data suggest that 5-HT influences synaptogenesis in the 
developing area dentata and that this effect is mediated via 5-HTla receptors. Since 5- 
HT reduction by PCA is transient in neonates and NAN-190 treatment ceased on Pl4, 
the observation of normal synaptic densities in the experimental groups on P60 indicates 
that the formation and stabilization of synapses will resume once 5-HTla stimulation is 
re-established and is consistent with the idea that no critical period exists for the effects 
of 5-HT on synaptogenesis. Supported by NIH grant NS31574.

768.9
PERSISTENT MULTIPLE CLIMBING FIBER INNERVATION OF 
CEREBELLAR PURKINJE CELLS IN MICE LACKING THE 
PHOSPHOLIPASE C P4. M. Kano1*, K, Hashimoto1 2, M. Watanabe3,
H. Kurihara3, Y. Inoue3, S. Offermanns4, H, Jiang5, Y. Wu5, K-S.
Jun5, H-S, Shin6, M. I, Simon4 and D. Wu5. 'Lab. Neuronal Signal 
Transduction, Frontier Research Program, RIKEN, Wako, Saitama 351- 
01, Japan, 2Dept. Physiol., Jichi Med. Sch., Tochigi 329-04, Japan, 
3Dept. Anat., Hokkaido Univ. Sch. of Med., Sapporo 060, Japan, 4Div. 
Biol. Caltech, Pasadena, CA91125, 5Dept. Pharmacol, and Physiol., 
Univ. Rochester, Rochester, NY 14642-8711, 6Dept. Life Sci., Pohang 
Univ., Sci. and Tech. Pohang 790-784, Korea.

Activation of the P class of phospholipase C (PLC p) by the Gq 
family of GTP-binding proteins leads to production of diacylglycerol and 
inositol l,4,5rtrisphosphate. Among four isoforms of PLC P, PLC P4 is 
highly expressed in cerebellar Purkinje cells (PCs). We report that 
mutant mice lacking the PLC P4 are viable and fertile, but exhibit clear 
signs of motor discoordination. The anatomy of the cerebellum appears 
normal, and the excitatory synaptic transmission is functional. However, 
about 40% of adult PLC P4 mutant PCs remain multiply innervated by 
climbing fibers (CFs) due to a defect in regression of supernumerary 
CFs in the third postnatal week. The PLC P4 mutant mice resemble other 
three strains of mutant mice deficient in mGluRl, PKCy or the Gq a- 
subunit (Gaq). Thus, the present results strongly suggest that PLC P4 is 
a part of the signaling cascade including the mGluRl, Gaq and PKCy, 
which is involved in die elimination of multiple CF innervation.

Supported by grants from CREST (Core Research for Evolutional 
Science and Technology) of Japan Science and Technology Corporation 
and The Japanese Ministry of Education, Science, Sports and Culture.

768.10
DIFFERING PATTERNS OF EXPRESSION OF SYNAPTIC VESICLE 
PROTEINS IN THE DEVELOPING RAT SUPERIOR CERVICAL GANGLION. 
S.Narayan and K.F.Greif.* Department of Biology, Bryn Mawr College, Bryn 
Mawr, PA 19010.

The sequence of appearance of the various synaptic vesicle proteins at the nerve 
terminal during synaptogenesis may provide insight into their roles at the synapse. 
This study investigates the time course and pattern of expression of six synaptic 
vesicle proteins, synaptotagmin (p65), synaptophysin (p38), SV2, synaptobrevin II 
(VAMP II), synapsin and SNAP-25 in the rat superior cervical ganglion (SCG) in 
vivo. Sprague-Dawley rats aged pO, p4, p7, plO, pl4, p21 and adult are perfused 
through the heart with 3% paraformaldehyde in PBS. Fixed, frozen sections of the 
SCG are incubated with monoclonal antibodies directed against the synaptic vesicle 
proteins. A polyclonal antibody is used to detect VAMP II. Sections are processed 
for immunohistochemistry using a biotin-avidin system.

The patterns for p65, p38 and SV2 confirm previous results. All six proteins are 
detected in the principal ganglionic neuron cell cytoplasm at pO. Levels of p65, 
SV2, SNAP-25 and VAMP II peak at p4, while synapsin levels peak at p7. p38 
levels peak even later, at plO. The decline suggests that newly synthesized proteins 
are redistributed to terminals in target tissues. All the proteins are present at low 
levels in the adult

The pre-ganglionic terminals do not contain any of the proteins at birth. VAMP 
II, synapsin, SNAP-25 and p38 are present at p4, but p65 is not detectable until p7. 
Synapsin levels peak at p7 while levels of p65 and VAMP II peak at plO.

The patterns of developmental expression of these proteins are different. This 
suggests that protein levels and distribution patterns are subject to changes during 
growth and development of the SCG. Since these proteins are believed to function 
as part of larger complexes they may play different roles in mature and immature 
synapses. This may have important functional implications for the establishment of 
synaptic transmission in developing systems.

Supported by NIH Grant #R15NS31732 to KFG.
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768.11
DEVELOPMENTAL EXPRESSION OF TWO PRESYNAPTIC PROTEINS IN 
HIPPOCAMPAL CULTURES. C. C. Garner1/ S. Kindler2 , W. J. Chung* A 
FensterU E, D. Gundelfinger3: ^NRC, Univ. of Alabama a t Birmingham, AL 
35213-0021; 2Inst. for Cell. Biochem. and Clin. Neurobiol., Univ. of 
Hamburg, Germany; 3 Fed. Inst, for Neurobiol., Magdeburg, Germany

We have recently identified two novel presynaptic proteins, Bassoon 
and Piccolo. Immunohistochemical studies revealed that both proteins are 
situated at a variety of nerve contacts throughout the adult rat brain where 
they are concentrated at regions of the presynaptic membrane that are 
putative neurotransmitter release sites. Biochemical data suggest that the 
two proteins are associated with the presynaptic cytomatrix. Immuno-gold 
studies cn isolated synaptosomes revealed an association of both proteins 
with the amorphous material situated between synaptic vesicles. These 
data suggest that Bassoon and Piccolo may be components of the same nerve 
terminal. We began to address this question using a primary cell culture 
system of hippocampal neurons. To demonstrate the synaptic localization of 
Bassoon and Piccolo in this model system double-labeling 
immunocytochemistry was performed. In mature cultures, both Bassoon and 
Piccolo we found to strictly co-localize with the synaptic vesicle protein 
synaptophysin. Moreover, the two cytomatrix proteins display nearly 
identical synaptic distribution patterns supporting the idea that both 
proteins are components of the presynaptic cytomatrix within the same 
synapse. In addition, antibodies against both proteins lead to a similar 
punctate staining pattern in dendrites and growth cones of developing 
neurons implying an association with vesicular structures. Supported by NIH 
P50-HD32901 and the German BMBF.

768.12
SYNAPTOPHOSCAN (MAPIB) DISTRIBUTES ALONG THE DENDRITIC CELL 
MEMBRANE OF MITRAL CELLS OF OLFACTORY BULB AND CORTICAL 
PYRAMIDAL CELLS.
K. Muramoto k*. M. Matsuoka23. M, KawaharaL K. Kobavashi1. Y, Mori3. M, 
Ichikawa2 and Y, Kuroda1. 1)Dept. of Mol. & Cell. Neurobiol., and 2)Dept. of Anal. 
& Embryol., Tokyo Metropol. Inst, for Neurosci., Fuchu-shi, Tokyo 183, Japan, and 
s)Univ. of Tokyo,Bunkyo-ku, Tokyo 113, Japan.

Microtubule-associated protein (MAP) IB was identified as one of substrates by an 
ecto-protein kinase and may be involved in synaptogenesis through the 
phosphorylation of its extracellular domain (Kuroda, et al., Neurosci. Lett., 135 
(1992) 255, Muramoto, et al., B.B.R.C., 205 (1994) 1467). Since MAP1B is also 
homologous to a core-protein of keratan-sulfate proteoglycan, "claustrin", we propose 
to term MAP1B "synaptophoscan". In order to clarify whether or not synaptophoscan 
localize in synaptic structure and actually possess extracellular domains, we examined 
its immunocytochemical localization in the olfactory bulb and cerebral cortex by light 
and electron microscopic observation using specific antibody against synaptophoscan.

After immunoreactivities were visualized using avidin-biotin-peroxidase system and 
diaminobenzidine, synaptophoscan-immunopositive neurons were distributed 
throughout the frontal cortex in which neuronal cell bodies and dendrites were strongly 
stained. In olfactory bulb, synaptophoscan-immunoreactivities were especially 
recognized in mitral cells and external plexiform layer. Interestingly synaptophoscan- 
immunoreactivities were recognized along the cell membrane of dendrites of mitral 
cells in olfactory bulb and of apical dendrites of cortical pyramidal cells, strongly 
suggesting that synaptophoscan is a membrane protein. By the observation using 
electron microscope, synaptophoscan-immunoreactivities were observed in the 
postsynaptic structure and not detectable in presynaptic nerve terminals. Moreover, all 
post-synaptic structures were not synaptophoscan-immunopositive ones but only a 
part of them showed immunoreactivity. These results were consisted with that of our 
previous report (Muramoto, et al., Soc. for Neurosci. Abstr., 2 2 (1996) 1951). Such 
localization of synaptophoscan suggest the possibility that this molecule contains 
extracellular domains and also plays important roles in synaptic functions including 
the synaptogenesis.

768.13
LOCALIZATION OF GLYCOPROTEIN ENCODING MRNAS IN DENDRITES OF 
HIPPOCAMPAL AND CEREBELLAR NEURONS IN CULTURE. E.R.Torre* and O. 
Steward. Dept. of Neuroscience, University of Virginia, Charlottesville. VA 22908.

The mRNAs for several membrane glycoproteins have been detected in dendrites 
in vivo including the mRNAs for the inositol triphosphate receptor-1 (IP3rl; 
Furuichi et al., 1993), the glycine receptor (Racca et al., 1996) and the NMDA 
receptor-1 (Gazzaley et al. 1997). The mRNAs for other receptors including GluRl 
(Miyashiro et al. 1994) as well as the amyloid precursor protein (BAPP, Strong 
1990) have been detected in dendrites of neurons in vitro. If the proteins that these 
mRNAs encode are to be synthesized and processed in dendrites, the machinery for 
glycosylation must also be present. The present study evaluates the localization of 
IP3r 1, BAPP and GluRl mRNAs in hippocampal and cerebellar neurons in culture 
by in situ hybridzation, and compares the distribution of these mRNAs with the 
distribution of markers of the RER (Ribophorin I) and the GA (GPI 60; detected by 
immunofluorescence. We found that: A) in hipDOcampal cultures, the three 
mRNAs were expressed at different levels (GluRl > BAPP>IP3rl). GluRl mRNA 
was consistently found in proximal and middle dendrites whereas the mRNAs for 
IP3rI and BAPP were confined to the cell body and proximal dendrites. The 
distribution of GluRl mRNA was similar to that of 7SL RNA (a non translatable 
RNA and a component of the signal recognition particle) and parallels the 
distribution of the RER and the Golgi apparatus in dendrites. B) In cerebellar 
cultures the three mRNAs were expressed. IP3r-1 being the most abundant 
(IP3rl»GluRl> BAPP). IP3rl mRNA was detected in dendrites of presumptive 
Purkinje neurons and other cerebellar macroneurons. This distribution was similar 
to the RER and the 7SL RNA. In contrast, GluRl and BAPP mRNAs were found 
primarily in the cell body of these cells which coincides with the localization of 
the GA. The results suggest a close relationship between the localization of 
dendritic glycoprotein encoding mRNAs and the organization of the endomembrane 
complex. Supported by Grant NS 12333 to OS.

768.14
MULTIPLE FORMS OF P84 (SHPS-1, SIRPal) mRNA ARE 
GENERATED BY ALTERNATIVE SPLICING OF EXONS.
V, Narayanan*. P, Ishwad. S. Olinsky. C. Eckert, and C. Lagenaur,
Department of Pediatrics, Neurology, and Neurobiology, University of 
Pittsburgh, Pittsburgh, PA.

P84 is a synapse-associated cell surface glycoprotein that promotes 
neuronal adhesion and neurite outgrowth in vitro. We have recently 
cloned the murine P84 cDNA, and found that it belongs to the 
immunoglobulin superfamily. Search of sequence databases showed 
that P84 is identical to murine SHPS-1, a membrane glycoprotein that 
was shown to bind the non-receptor tyrosine phosphatase SHP-2 
(PTP1D). Other members of this phosphatase binding protein family 
have also been identified (called SIRPs) and it has been proposed that 
these molecules play an important role in modulating signal 
transduction via tyrosine kinases and tyrosine phosphatases. Based on 
the appearance of P84 in synapse-rich regions of postnatal brain, we 
have proposed that this molecule may be important in synapse 
formation and maintenance.

We have identified two forms of P84 mRNA, differing in size by about 
700 bases. The small P84 mRNA is generated by omission of a single 
exon. In order to better define the variety of P84 mRNAs generated by 
splicing, we have isolated mouse genomic clones corresponding to P84, 
and have determined the structure of the murine P84 gene. By using an 
RT-PCR approach, we examined different murine tissues for their 
patterns of expression of the various P84 mRNA species. In this report, 
we describe the distribution of these forms of P84 mRNA within the 
murine CNS at different stages of development, by RT-PCR and by in 
situ hybridization. Supported by the NIH (CL and VN, NS35361).

768.15
STRUCTURE AND CYTOPLASMIC LIGANDS OF CELL ADHESION 
MOLECULE P84 P.Jiang, C. Diges V. Narayanan, and C. Lagenaur*. 
Department of Neurobiology and Department of Pediatrics, Neurology, 
University of Pittsburgh. Pittsburgh, PA.

The cell adhesion molecule P84 is primarily expressed late in 
development and is associated with forming synapses. (Chuang and 
Lagenaur, Dev. Biol. 137:219, 1990). the sequence of P84 appears 
identical to murine SHPS-1, a phosphatase binding membrane 
protein. Immunoaffinity purified P84 includes peptides of 167, 85 
and 66kD. The 85kD is recognized by the PY20 anti-phosphotyrosine 
antibody but the other bands do not contain detectable
immunoreactivity. The nonreceptor tyrosine phosphatase PTP1D 
copurifies with P84 isolated from brain. Since this phosphatase is 
believed to bind to SHPS-1 via SH-2 domains, it is likely that it is 
bound to the 85 kD P84 peptide. Treatment of purified 85 and 66 kD 
peptides with endoglycodase F yields peptides of 64 kD and 55 kD 
respectively suggesting that these two peptides do not differ only in 
glycosylation. It is possible that these two peptides arise from 
alternative splicing or covalent posttranslational modifications other 
than glycosylation. Supported by NIH (CL and VN,NS35361).

768.16
LOCALIZATION OF P84 mRNA AND ULTRA STRUCTURAL 
DISTRIBUTION OF P84 IN MOUSE RETINA. Z-P, Mi*1. W-L. 
Wong2, V, Narayanan1*2 and.C. Lagenaur1 1 Department of 
Neurobiology, 2 Children's Hospital, University of Pittsburgh, PA 
15261.

Cell adhesion protein P-84 was observed to be strongly expressed in 
areas of CNS neuropil (Chuang and Lagenaur, Dev. Biol 137:219, 
1990). Recent sequence studies from two groups demonstrated that 
P84 belongs to a group of proteins that bind protein tyrosine 
phosphatase, PTP1D. To determine which cells produced P84 we 
carried out in situ hybridization on mouse retina with a P-84 c-DNA 
probe. P-84 monoclonal antibody was used in ultracryomicroscopy and 
pre-embedding immunoelectron microscopy to determine subcellular 
localization. In P84 antibody stained retina, the immunoreactive 
structures were found exclusively in the inner and outer plexiform 
layers(OPL) and the P-84 positive structures in outer plexiform layer 
were identified as a subclass of the processes of horizontal and bipolar 
cells that are invaginating into and forming ribbon synapses with 
photoreceptor terminals. Although it is difficult to tell whether the 
staining in OPL is pre- or post- synaptic, in situ hybridization 
revealed that cones but not rods expressed P84 message. This 
suggests that the immunostaining at the synaptic sites was 
contributed at least partially by pre-synaptic terminals. P-84 mRNA 
was also expressed in the inner nuclear layer and the ganglion cell 
layer of retina.

Supported by NIH (CL and VN, NS35361)
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768.17
PROTEIN KINASE C IS INVOLVED IN THROMBIN RECEPTOR 
ACTIVATION PEPTIDE (TRAP) INDUCED ACTIVITY-DEPENDENT 
SYNAPSE LOSS. M. Jia*. MX. Li. V, Dunlap and P.G, Nelson. Lab of 
Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892

Thrombin is an essential protease involved in blood coagulation but is also a 
proteolytic activator of a specific G-protein coupled receptor (thrombin receptor) on 
the plasma membrane (Vu, T.K. et al, 1991). Our work has shown that in a 
mouse ventral spinal cord and muscle preparation in vitro, neuronal electrical 
stimulation of 30 Hz, 2 second duration, every 10 seconds at 5 volts for 20 hours 
induced 35% synapse loss. Thrombin is responsible for this electrical stimulation 
induced synapse loss, since the specific thrombin inhibitor hirudin at a 
concentration of 2 unit/ml reversed the synapse loss. The effect of thrombin on 
synapse loss is mediated through thrombin receptor activation. After one day 
incubation in 1 pM thrombin receptor activation peptide SFLLRNPNDKYEPF 
(SELL), synapse loss was 39.7% (p<0.0001, compared with 4.5% synapse loss in 
control group). The thrombin receptor activation modulates a number of cellular 
processes (review, Grand, R.J.A. et al, 1996). Protein kinase activation may be 
involved in some cellular modulations initiated by the activation of the thrombin 
receptor. The effects of different protein kinase inhibitors on synapse loss induced 
by the thrombin receptor activation peptide (TRAP) SELL or electrical stimulation 
were observed. We found that the protein kinase inhibitor H-7 (10 pM) and 
staurosporine (3-10nM) reversed TRAP induced synapse loss. Staurosporine at a 
concentration of 3nM also significantly reduced electrical stimulation induced 
synapse loss. The specific protein kinase C (PKC) inhibitor, calphostin C, at 
concentrations of 50-70 nM reversed synapse loss induced by either TRAP or 
electrical stimulation. The specific protein kinase A inhibitor H-89 (200nM) did 
not reduce synapse loss induced by TRAP. These results suggest that a protein 
kinase mechanism, probably PKC, is involved in the synapse reduction mediated 
bv thrombin receotor activation at the mouse neuro-muscular junction.

768.18
MYOTUBE-SPECIFIC REGULATION OF MOUSE PROTHROMBIN 
GENE EXPRESSION. S, Kim* K. Singh and P. G. Nelson. Lab. of 
Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.

Thrombin mediates the activity-dependent synapse elimination at the 
neuromuscular junction co-culture system. The expression of 
prothrombin mRNA was demonstrated in mouse skeletal muscle, but 
mechanism of the regulation of its tissue-specific expression is yet 
unknown. To investigate factors responsible for the muscle-specific 
expression of prothrombin gene, we have isolated and analyzed a 1.3- 
kbp of the 5’-flanking region of mouse prothrombin gene. Using a 
series of plasmid constructs in which gene segments of the 5’-flanking 
region of prothrombin were linked to the luciferase gene, we have 
identified a region, nucleotide -249 through -406, that is active in C2 
myotube but not in C2 myoblasts, NIH3T3 fibroblasts, or HepG2 
hepatocytes. DNase I footprinting and electrophoretic mobility shift 
assays demonstrated that nuclear factors present in C2 myotube 
specifically bind to the sequences within the region. The distal region 
between nucleotide -807 and -1223 was shown to be active in both C2 
and HepG2 but the region 5’ to -989 showed a decreased activity in C2 
while the activity remained unchanged in HepG2. The region active in 
HepG2 encompasses the gene segment previously known as a liver- 
specific enhancer in the human prothrombin gene. We have also 
performed a quantitative RT-PCR on the RNA samples of both un- and 
differentiated primary mouse muscle culture, C2 and G-8 muscle cell 
lines, and fibroblasts, and we have found that the expression of 
prothrombin mRNA could be detected from the myotubes of primary, 
C2 and G-8 cells. The results thus suggested that the region between 
nucleotide -249 and -406 plays a role in a muscle-specific and 
differentiation-dependent expression of mouse prothrombin gene.

768.19
THROMBIN MEDIATES ACTIVITY DEPENDENT SYNAPSE 
REDUCTION AND DECREASES MUSCLE ACETYLCHOLINE 
RECEPTOR AGGREGATES IN VITRO. P.G. Nelson*. S. Kim, V, Dunlap. 
E, Snyder. R.W, Davenport. M.-X, Li and M, Jia. Lab of Developmental 
Neurobiology, NICHD, NIH, Bethesda, MD, 20892

Activity dependent competitive reduction of synapses occurs in an in vitro 
neuromuscular junction model system. This process is blocked by the specific 
thrombin inhibitor, hirudin, and by Protein Kinase C antagonists and is induced 
by agonists of the thrombin receptor (see Jia, M., et. al., these Proceedings). 
We wished to determine whether thrombin action would affect acetyl choline 
receptor (AChR) number or distribution. Cultured mouse myotubes (7-10 d.i.v.) 
were treated for ca. 24 hours with either thrombin or hirudin (2 u/ml). The 
myotubes were stained with rhodamine labelled a-bungarotoxin after the 
treatment and 20 fields in each of several plates counted for the total number of 
myotubes and for AChR aggregates. The thrombin treatment produced a decrease 
in the number of aggregates/myotube to 81% of control (p<0.01) while hirudin 
treatment produced a increase to 126% of control (p<.002). a-bungarotoxin 
labelled with 1-125 was used to test whether thrombin or hirudin affects the total 
number of AChR on the myotubes. The myotubes were treated for 24 hrs. with 
thrombin or hirudin and the total number of a-bungarotoxin binding sites 
(AChR) measured. No significant difference in receptor number was detected for 
either thrombin or hirudin treatment as compared to untreated controls. We 
conclude that AChR aggregate stability, but not total receptor number in the 
muscle membrane is affected by thrombin action. Thus, thrombin action in 
producing synapse loss could involve destabilization of synaptic AChR. We are 
using time lapse imaging techniques to test whether increased loss or decreased 
insertion of AChR in aggregates result from thrombin treatment.
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769.1
MODIFICATION OF SYNAPTIC STRENGTH IN
DEVELOPING FROG’S RETINOTECTAL PROJECTION
Gang-Yi Wu*. Roberto Malinow and Hollis T. Cline, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY 11724

Early in development synaptic responses are principally mediated by 
NMDA receptors and silent at hyperpolarized potentials. Later in 
development AMPA receptors contribute and thus transmission is 
functional at resting potentials. The mechanisms involved in converting 
“ silent “ synapses into functional ones remain unclear. One of the best 
candidate cellular mechanisms is long-term potentiation (LTP). Recent 
evidence in hippocampal CA1 and somatosensory cortex has shown that 
indeed LTP or a LTP-like mechanism is involved in the process. 
Surprisingly, under a conventional whole-cell voltage clamp configuration, 
recordings taken from the developing tectal neurons in the mid-tectal 
regions, where the cells have about 50% silent synapses, showed a strong 
long lasting depression in response to tetanus stimuli (50-100 Hz) or 
pairing presynaptic stimulation (2 Hz) with postsynaptic depolarization. 
This depression is Ca2+ and protein phosphatase dependent because it 
was blocked by application of a Ca2+ chelator, BAPTA (5 pM) in internal 
solution or an inhibitor of protein phosphatases, cyclosporin A (100 pM) in 
the bath solution. However, under a amphotericin perforated patch clamp 
configuration, this depression was largely absent. In contrast, in 30% of 
the cells recorded potentiation was induced. We are currently testing what 
factors might be responsible for generating of LTP and LTD in the 
developing nervous system.

Supported by NIH and NDSS.

769.2
A NOVEL ALTERNATIVELY SPLICED GENE EXPRESSED 
ASYMMETRICALLY ACROSS THE NASO-TEMPORAL AXIS OF THE 
DEVELOPING RETINA. DJ.,,,Selski, R.A- Padga*, W,M, Jurney and, S,C McLoon. 
Dept. of Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455.

Development of the topographic pattern of axonal connections from the eye to 
the brain is believed to involve molecules expressed asymmetrically across the retina 
that mark cell position. In an attempt to identify such molecules, representational 
display analysis was employed to isolate asymmetrically expressed mRNAs in the 
naso-temporal axis of the embryonic chick retina. A PCR product representing 
mRNA enriched on the nasal side of the retina was used to screen an embryonic 
retinal cDNA library. Seven clones were isolated that appear to be alternatively 
spliced variants of the same gene, based on two lines of evidence. First, restriction 
analysis revealed common sites that are positioned in the same relative order in all 
the clones. This order of restriction sites suggested that the 3' ends of the cDNAs are 
relatively conserved, whereas considerable variation exists in the 5' ends of the 
cDNAs. Sequence data provided additional evidence of alternative splicing by 
revealing regions of identical sequence and putative splice sites among the clones. In 
at least two of the clones, the differential splicing results in putative protein products 
with different carboxy termini. Sequence of one entire cDNA revealed a novel 
encoded protein with no homology to known proteins. However, several human 
expressed sequence tags showed significant similarity. RNA blot analysis suggested 
that the 3' region is expressed equally on the two sides of the retina, whereas 
transcripts containing either of two fragments from the 5' region were more abundant 
on the nasal side of embryonic retina. This asymmetric expression pattern is 
currently being analyzed in more detail with in situ hybridization and quantitative 
RNA analyses. These results suggest the existence of an alternatively spliced gene, 
the products of which are asymmetrically expressed across the developing retina. 
(Supported by NIH grants EY05371 and EY06734.)
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769.3
NMDA RECEPTOR MEDIATED REFINEMENT OF A TRANSIENT 
RETINOTECTAL PROJECTION IS DEPENDENT ON NITRIC OXIDE 
SYNTHESIS. A.F. Ernst, H.H. Wu*, E.E. El-Fakahany, S.C. McLoon. Dept. of Cell 
Biology & Neuroanatomy & Psychiatry, Univ. of Minn., Minneapolis, MN 55455.
A transient ipsilateral retinotectal projection is normally eliminated during embryonic 
development of the chick visual system. We previously showed that inhibition of 
nitric oxide (NO) synthesis prevented elimination of this projection. Here we show 
that systemic administration of the NMDA receptor (NMDAR) antagonist, MK-801, 
also prevented elimination of the ipsilateral retinotectal projection. Chick embryos 
were treated with MK-801 or saline from E9 to E16, the period during which the 
ipsilateral retinotectal projection is normally eliminated. E16 embryos received Fast 
Blue (FB) injections in one tectum to label retinal ganglion cells projecting to that 
tectum. The number of FB labeled ganglion cells in retinas ipsilateral to the injected 
tectum from embryos treated with MK-801 was significantly greater than the number 
in retinas from saline treated embryos. The effect of NMDAR blockade on nitric 
oxide synthase (NOS) activity was also assessed in chick embryos. NOS activity was 
assayed biochemically in cytosolic fractions of tectal tissue from embryos treated with 
MK-801 from E9 to E13. Increasing concentrations of MK-801 resulted in a dose- 
dependent decrease in NOS activity. This suggests that NMDAR activation can 
regulate NOS activity in tectum. The degree of rescue of the ipsilateral retinotectal 
projection was compared in embryos treated with either MK-801 or an inhibitor of 
nitric oxide synthesis, L-NoArg. For comparable levels of inhibition of NO synthesis, 
there was no statistically significant difference in the degree of rescue mediated by 
NMDAR blockade or NO synthesis blockade. These results suggest that NMDAR 
mediated refinement of the ipsilateral retinotectal projection is mainly dependent on 
the activity of NO and probably not the action of other signaling pathways 
downstream of NMDAR activation. (Supported by grants EY05371, EY07133 & 
NS25743)

769.4

LAMINAR DISTRIBUTION OF CADHERINS IN THE CHICK 
OPTIC TECTUM. Frank Miskevich. Yan Zhu, Chris Tierney, Barbara 
Ranscht, and, Joshua R, Sanes.* Dept. of Anatomy and Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110 and 
Burnham Institute, La Jolla, CA.

Axons from multiple sources often project to the same individual brain 
region, but arborize and synapse within distinct laminae. We previously 
suggested a role for N-cadherin in mediating such laminar selectivity in the 
chick optic tectum: N-cadherin is concentrated in synaptic clefts in the 
laminae that receive retinal inputs, and antibodies to N-cadherin perturb 
retinal arborization in vitro and in vivo (Yamagata et. al. J. Neurosci, 1995; 
Inoue and Sanes, Science, in press). Because cadherins are a large and 
diverse family, we hypothesized that other members might play similar 
roles for other inputs. We are taking two approaches to test this idea. First, 
we used cDNA and antibody probes to study the distribution of known 
cadherins, including R, T, K, P, and E, in tectum. At least 3 (N, R, and T) 
are found in distinct subsets of tectal laminae. Thus, cadherins are 
differentially distributed as expected for proteins mediating laminar 
targeting. Second, we used degenerate PCR to screen for cadherins 
expressed in the tectum during the period of synaptogenesis. To date, we 
have identified >15 members of this superfamily in the tectum, and are 
currently assessing their distribution. We hope to use cadherin expression 
in the tectum to gain a better understanding of synaptic specificity within 
the central nervous system. (Supported by NIH)

769.5
SYSTEMIC OR TOPICAL APPLICATION OF SERINE 
PROTEASE INHIBITORS DOES NOT PRESERVE THE 
IPSILATERAL RETINOTECTAL PROJECTION IN THE CHICK 
E. Thies*JKW. Davenport and P.G, Nelson
Laboratory of Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892 

During development of the chick a transient, ipsilateral retinotectal projection is
formed and eliminated. About 50% of retinal ganglion cells (RGCs) giving rise to 
this projection are lost during the period of developmental ganglion cell death. It 
is also likely that some of the cells withdraw their axons from the ipsilateral 
tectum and project to different targets. Competition and electrical mechanisms 
could cause nerve terminal lysis and therefore the retraction of the axon or the death 
of the cell. Activity-dependent nerve terminal withdrawal or degeneration in the 
neuromuscular junction is caused in part by the action of proteases. Protease 
inhibitors such as hirudin and protease nexin 1 (PN1) can prevent this synaptic 
loss in vitro and in vivo. We want to study whether part of the loss of the 
ipsilateral retinotectal projection is dependent on similar proteases, and try to 
maintain this projection by applying protease inhibitors to the system in vivo, 
during the period of maximal projection and throughout its natural elimination. 
Fertilized chick embryos (embryonic age E3) were removed from the shell and 
transferred to embryo culture chambers. Starting at E9 protease inhibitors (or 
saline as a control) were applied daily. At E16, the neuronal tracer fast blue was 
injected into the right tectum of the chick. 24 hours later, a time when ipsilateral 
projections are normally eliminated, the chick was sacrificed. Retrogradely labeled 
RGCs of the ipsilateral retina were counted. The number of ipsilateral cells in 
chicks treated with serine protease inhibitors, hirudin, PN1 and leupeptin, applied 
to the chorioallantoic membrane or injected into the yolk, was not substantially 
greater than in animals treated with saline. The data therefore provide no evidence 
for a role of thrombin (or other serine proteases) in the selective loss of the 
transient ipsilateral retinotectal projection. To study this question further we are 
currently injecting PN1 directly into the tecta. Ftrding source: NICHD

769.6
REDUCTION OF CEK4 EXPRESSION IN DEVELOPING CHICK 
RETINA ALTERS TOPOGRAPHY OF RETINOTECTAL 
PROJECTIONS. W.M,Ju.Lney.,..DL. J, Selski* and S. C. McLoon, Dept. 
of Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, 
MN 55455.

Retinal ganglion cell axons make connections with central visual 
nuclei in a precise, topographic pattern. The Eph subfamily of receptor 
tyrosine kinases and ligands are implicated in development of this 
precise pattern of connections. Cek4, an Eph receptor tyrosine kinase, 
is normally expressed in a nasal-temporal concentration gradient 
across the developing retina, with highest expression on the temporal 
side of the retina. Antisense oligonucleotides were designed to 
specifically hybridize to Cek4 mRNA. The anti-Cek4 oligonucleotides 
were injected into one eye of chick embryos to reduce expression of 
Cek4 throughout the period in which axons form connections in the 
tectum. Immunohistochemistry was used to demonstrate reduction of 
Cek4 expression in retinal ganglion cells. The resultant pattern of 
retinotectal topography was determined by injection of retrogradely 
transported microsphere beads into posterior tectum. One day later, the 
position of labeled ganglion cells across the retina was mapped. 
Reduction in Cek4 expression resulted in an increase in labeled cells 
on the temporal side of the retina and a decrease in labeling on the 
nasal side of the retina. We conclude that Cek4 is involved in guiding 
the development of topographic retinotectal connections. (Supported 
by NIH grants EY11926 and EY06734.)

769.7
INCREASED mRNA LEVELS OF PROTEIN TYROSINE 
PHOSPHATASES IN DENERVATED RAT SKELETAL MUSCLE. 
M. Tanowitz* and L. Mei. Dept. of Pharmacology, Univ. of Virginia 
Sch. of Med., Charlottesville, VA 22908

We have previously reported an increase in protein tyrosine 
phosphatase activity in rat skeletal muscle following surgical denervation. 
In an attempt to identify one or more tyrosine phosphatases whose 
message was increased by denervation we cloned eleven phosphatases 
from rat skeletal muscle cDNA using a PCR strategy based on the 
conserved catalytic region of previously characterized protein tyrosine 
phosphatases. RNase protection assays were then used to examine the 
relative transcriptional expression of the tyrosine phosphatases in 
innervated and denervated rat skeletal muscle. P-actin, whose 
transcription is unaffected by denervation, was used as a control. One 
cytosolic protein tyrosine phosphatase, RKPTP, was found to have a 
dramatically higher message level in denervated muscle compared to 
innervated muscle. A transmembrane tyrosine phosphatase, LRP, and a 
novel tyrosine phosphatase, PTPN3, were found to display a more 
modest increase in denervated muscle. Most other tyrosine phosphatases 
examined showed little or no change in response to denervation. These 
results indicate that the increase in protein tyrosine phosphatase activity of 
denervated rat skeletal muscle is likely due to increases in protein 
expression. Efforts are currently being made to study the possible roles 
of RKPTP, LRP and PTPN3 in the regulation of tyrosine 
phosphorylation at the neuromuscular junction. Supported by NIH grant 
NS34062.

769.8
TYROSINE PHOSPHORYLATION AND SYNAPSE
FORMATION IN DEVELOPING OLFACTORY GLOMERULI 
STL Dubuque5,2*, A, Nighorn2, N.J. Gibson2, and L.P. Tolbert^,
Cell Biology and Anatomy1 and ARL Division of Neurobiology\ 
University of Arizona 85721

As an initial screen for molecular signals that correspond with critical 
events in olfactory glomerulus formation, the post-translational 
modification, tyrosine phosphorylation, was observed in the developing 
antennal lobe of the moth, Manduca sexta. A monoclonal antibody 
and confocal microscopy revealed a pattern of tyrosine 
phosphorylated proteins that were focused in the region of the 
developing lobe believed to contain synapses. So far, all information 
about synapse formation in the developing antennal lobe of Manduca 
comes from electron microscopy studies because a light microscopy 
label for central synapses was not available. To remedy this problem, 
we have cloned Manduca synaptotagmin (Msynt), a highly conserved 
synaptic vesicle protein, using reverse transcriptase PCR and cDNA 
library screening. The predicted amino acid sequence of Msynt is 
58% identical with Drosophila synaptotagmin (Dsynt) overall and 89% 
identical with Dsynt in the highly conserved C2 domains. We are 
making a polyclonal antibody to a bacterially expressed protein from 
the cloned transcript. Our goal is to use this antibody to observe 
directly the spatial relationship between the observed tyrosine 
phosphorylation pattern and the pattern of developing synapses. This 
information will significantly increase our understanding of synapse 
formation in the developing olfactory system as well as help identify 
molecules that may mediate such important differentiation events in a 
developing primary olfactory center as synapse formation, (supported 
by NIH T32NS07363 & RO1 NS20040)
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769.9
NEUROTROPHINS INDUCE SYNAPTIC TRANSMISSION IN 
CULTURED HIPPOCAMPAL NEURONS. C. Vicario-Abejon*,
C. Collin, M. Segal and R.D.G. McKay NIH, NINDS, Lab of Molecular 
Biology, Bethesda, MD.

To study the initial events leading to the acquisition of functional 
synaptic transmission in the CNS, we used dissociated neuronal cultures 
prepared from embryonic day-16 (E16) rat hippocampus, plated on a 
monolayer of type-1 astrocytes and fed with serum-containing medium for 
two weeks. Under these conditions, most of the neurons do not form 
functional synapses. Addition of BDNF and NT-3 throughout the culture 
period did not change the total number of neurons, stained for the 
expression of microtubule associated proteins-2ab (MAP-2ab). The 
morphology of most MAP-2ab-positive neurons was not affected by the 
presence of neurotrophins. Synaptic structures were found at the EM 
level in both control and neurotrophin-treated cells, and both groups of 
neurons expressed similar amounts of synaptic proteins and glutamate 
receptors. Strikingly, treatment of the ceils with neurotrophins produced a
6-fold increase in the number of functional connections between cells in 
culture. Both BDNF and NT-3 promoted the formation of excitatory 
connections, however induction of inhibitory connections was mostly 
promoted by BDNF. In fact, GABAergic cells presented a more complex 
morphology and larger amount of glutamic acid decarboxilase (GAD) in the 
presence of BDNF than in NT-3 or control. These results suggest a major 
role for the neurotrophins in the induction and regulation of the first 
functional synaptic circuit in the developing hippocampus.
Supported by NIH.

769.10
NEUROTROPHINS INDUCE SYNAPTIC TRANSMISSION IN CULTURED 
HIPPOCAMPAL NEURONS II: FUNCTIONAL ANALYSIS. C. Collin*1. C, Vicario- 
Abeidn1. R. D. G. McKay1 and M. Segal2.1Lab. of Molecular Biology, NINDS/NIH, 
Bethesda MD, 20892; zThe Weizmann Institute, Rehovot 76100, Israel.

We investigated the time course and biophysical properties of the induction of 
functional synaptic connections by the neurotrophins BDNF and NT3 (NT) in 
developing rat hippocampal cultures. Dissociated neurons were taken from E16 
or E18 embryos, plated on astrocyte monolayers and shown at the light and EM 
levels to develop synapses. Patch clamp recordings in control, 12-14DIV, E18 
cultures showed that indeed 81% of the cells were functionally connected, ie. 
their stimulation produced PSC’s in following cells. In sharp contrast, only 10% 
of neighboring cells were functionally connected in cultures taken from E16 
embryos. Chronic treatment of cultures with NT, caused a minor increase in 
connectivity to 95% of the cells in E18 cultures, and a major increase from 10% 
to 64% of the cells in E16 cultures. BDNF, or NT3 alone increased connectivity 
in these cultures to the same extent. However, neurons treated with BDNF alone 
showed a higher frequency of inhibitory connections whereas NT3 alone 
promoted mostly excitatory connections. At least 24 hrs of exposure to NT were 
required to produce the effect of NT on E16 cells. The post-synaptic glutamate 
current also increased with NT treatment, but these changes took place only after 
72 hrs of exposure to the NT. Miniature synaptic currents (mPSC’s) were almost 
absent in E16 cells, but were abundant in the E18 ones. We investigated the 
effect of NT on mPSC’s elicited in TTX by high osmotic stimulation (300 mM 
sucrose) in E16 cultures. The amplitudes of excitatory and inhibitory mPSC’s was 
not affected significantly by the NT. The most dramatic effect of NT treatment 
was a 3 and 5 fold increase in frequency of mEPSC’s and mIPSC’s, respectively. 
We suggest that the NT produce changes in gene expression at the pre-synaptic 
level and increase release probability and thereby promote formation of 
functional synapses in the developing culture. Supported by NIH.

769.11
MUSCLE-SPECIFIC OVEREXPRESSION OF GDNF CAUSES DRAMATIC HYPER-
INNERVATION OF NEUROMUSCULAR JUNCTIONS DURING DEVELOPMENT. A.Sh. 
Parsadanian*, Q.T. Nguyen, W.D. Snider, J.W. Lichtman. Departments of Anatomy & 
Neurobiology, and Neurology, Washington Univ. Sch. of Med., St. Louis, MO 63110 USA.

Because of the marked ability of several neurotrophic factors to enhance axonal 
branching and synaptic function, there has been enthusiasm for the idea that target-derived 
trophic factors may play a central roie in synaptic maintenance and modifiability. However, 
there is little direct evidence in support of this theory. Previous work has shown that glial cell 
line-derived neurotrophic factor (GDNF) has a potent effect on motor neuron survival. In 
order to determine if increasing postsynaptic expression of GDNF can alter synaptic 
connections, we generated several lines of mice (myo-GDNF} overexpressing different 
levels of GDNF under a muscle-specific (myogenin) promoter. We found that GDNF 
overexpression dramatically increases the number of motor axons converging on a single 
muscle fiber in a dose dependent manner during early postnatal life. For example, in the 
highest GDNF expressing line, >80% of muscle fibers are contacted by two or more axons 
at their neuromuscular junctions at postnatal day 10 (vs. <5% in age-matched controls). In 
addition, some endplates have many more axons converging than ever seen in control 
muscles of the same age (e.g. 5-6 axons vs. 1-2 axons at P8). Physiological recordings of 
end-plate potentials demonstrate that the extra contacts are functional. The 
hyperinnervation persists through the third postnatal week in the transgenics and drops 
thereafter. In comparison, wild-type littermates become singly innervated two weeks 
postnatally. The GDNF overexpressors also display a high-frequency tremor during early 
postnatal life, suggesting that the extra innervation of muscle fibers may be associated with 
the prolonged maintenance of presynaptic terminals and larger motor units. The endplate 
hyperinnervation appears to be a specific consequence of target-derived GDNF, as neither 
the overexpression of GDNF by glia (GFAP-GDNF mice) nor the muscle-specific 
overexpression of NT-3 (myo-NT-3m\ce) has this effect, even though motor neurons have 
receptors for both of these factors. Ongoing experiments aim to determine whether GDNF 
is affecting presynaptic terminal formation or maintenance. Supported by grants from NIH.

769.12
LONG-LASTING SUPPRESSION OF TRANSMITTER RELEASE IN 
NEUROMUSCULAR JUNCTIONS TEMPORARILY BLOCKED BY FOCAL 
APPLICATION OF a-BUNGAROTOXIN IN VIVO. V. Pitaevski* and A.A. 
Herrera. Dept. of Biological Sciences, University of Southern California, Los 
Angeles, CA 90089-2520.

Activity-dependent synaptic plasticity plays an important role in synapse 
elimination, synaptic competition, learning, and memory. In the sartorius 
muscle of Rana pipiens, there are usually 3 widely separated neuromuscular 
junctions on each muscle fiber. This pattern of innervation makes it possible to 
selectively manipulate a portion of the synaptic inputs that converge onto the 
same postsynaptic cell. We blocked transmission at selected junctions by 
focally applying fluorescently labeled a-bungarotoxin via a micropipet in living 
adult frogs. The other 2 junctions on the same fiber were left intact. In control 
experiments, all 3 junctions were blocked or all 3 junctions were left unblocked. 
We used in vivo imaging with the vital dye FM-4-64 and electrophysiology on 
dissected muscles to study long-term effects of these manipulations.

Electrophysiology showed that transmission was immediately and profoundly 
blocked by a-bungarotoxin application but recovered slowly over the next week. 
If only a single junction was blocked, the fiber remained active due to the 2 
unblocked junctions. Eight days after a-bungarotoxin application, the formerly 
blocked junctions were morphologically unchanged. The amplitude and 
frequency of miniature endplate potentials had returned to the normal range, 
indicating that the most of the acetylcholine receptors had been replaced and that 
spontaneous transmitter release was unaffected. Surprisingly, EPP amplitude 
was significantly reduced compared to the controls, due to a reduction in quantal 
content. Thus there was a specific deficit in stimulation-evoked transmitter 
release. Since application of a postsynaptic toxin caused a presynaptic deficit, 
our results suggests that a retrograde, trans-synaptic, intercellular signal is 
involved in this form of activity-dependent, long-lasting suppression. [Supported 
by NIH grant 24805.]

769.13
SPECIFIC CONNECTIONS FORMED BY REGENERATING SENSORY 
AXONS ON MOTONEURONS AFTER SPINAL CORD INJURY IN THE 
NEONATAL OPOSSUM (MONODELPHIS DOMESTICA).
M. Lepre, W.B, Adams and J.G. Nicholls*. Department of 
Pharmacology, Biozentrum, University of Basel, 4056 Basel, 
Switzerland

For functional recovery after spinal cord injury, damaged fibers need to 
grow and reform appropriate connections with their targets. We have 
previously demonstrated that sensory fibers in the CNS of the neonatal 
opossum Modelphis domestica are directly connected to motoneurons 
of the same and of adjacent segments at the time of birth. The aim of 
the present experiments was to investigate if regenerating sensory 
fibers can regrow towards and reform synapses with motoneurons after 
spinal cord lesions. In isolated opossum CNS, sensory fibers and 
motoneurons above and below the lesion were labeled with HRP for 2- 
4 hours. A crush that disrupted all fibers between the two segments was 
made and the preparation was left in culture. After 5-7 days, DRG 
fibers had crossed the lesion site, reached the next segment and made 
contacts with motoneurons. Hence growing fibers having traversed the 
lesion had changed direction in order to reach their target. We are now 
investigating mechanisms that may be responsible for this pathfinding. 
Our results suggest that regenerating sensory fibers follow radial glia to 
reach the motoneurons to which they became reconnected with a high 
degree of specificity.

Supported by grants from the Swiss Nationalfonds (3100-42.028.94) 
and from the International Research Institute for Paraplegia.

769.14
STRUCTURE/FUNCTION RELATIONSHIPS OF MOTOR NERVE 
TERMINALS IN RAT FAST- AND SLOW-TWITCH MUSCLES.
B. Reid and G.S. Bewick*. Department of Biomedical Sciences, Institute of Medical 
Sciences, University of Aberdeen, Aberdeen AB25 2ZD UK.

The morphology and physiology of adult rat motor nerve terminals have been 
correlated with the muscle fibre type they innervate. In intercostal muscles, terminals 
on fast-twitch fibres enclose a larger area and have a more complex branching pattern 
than those on slow-twitch fibres. In rat hindlimb muscles, terminals in fast-twitch 
muscles exhibit short, high frequency bursts of activity with a high quantal content 
(QC) while those in slow-twitch muscles display chronic, low frequency activity with 
a low QC. However, the exact relationship between structure and function for 
individual terminals in mammalian skeletal muscle is unclear. We are therefore using 
combined intracellular recording of transmitter release and FM1-43 labelling of 
synaptic vesicles (SVs) at individual terminals to compare their morphology and 
vesicle trafficking kinetics in adult rat extensor digitorum longus (EDL, fast-twitch) 
and soleus (slow-twitch) muscles (n=10) during tonic, low frequency activity in vitro.

Despite the higher QC for EDL terminals (95.0 ± 17.6 vs 75.0 ±15.1 P<0.02), they 
contained a smaller initial number of SVs (178 x 103 ± 45 x 103 vs 262 x 103 ± 69 x 
103, P<0.02) than soleus terminals. After continuous stimulation for 10 minutes at 20 
Hz, EDL QC had decreased 10 fold (9.7 ± 4.7) while soleus QC had rundown only 
moderately (30.0 ± 8.2). SV recycle times (EDL 108.9 ± 35.1 s vs soleus 122.5 ± 
33.6 s, P>0.5) and terminal areas (EDL 408. 2 ± 134.1 pm2 vs soleus 340.3 ± 92.3 
pm", P>0.2), however, were not significantly different in the two muscles, although 
other morphological differences were present. Thus, soleus terminals had a lower SV 
release per unit area.

These data show vesicle trafficking characteristics of terminals in soleus, but not 
EDL, are well adapted to maintain tonic, low levels of neurotransmitter release.

Funded by The Wellcome Trust, the Physiological Society and the Royal Society.
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769.15
ACETYLCHOLINE RECEPTOR DISTRIBUTION AND POSTSYNAPTIC 
MEMBRANE TOPOGRAPHY AT THE NEUROMUSCULAR JUNCTION OF 
DIABETIC ANIMALS. M.J. Marques. H. Santo Neto\ E.J. Pavin’. C.A.Vilella1 and 
F, Langone. Dept. of Anatomy, Institute of Biology and Lab. of Endocrinology, 
Faculty of Medical Sciences1, UNICAMP, Campinas, SP 13083-970 Brazil.

Diabetes mellitus is a term used to classify a number of conditions characterized by 
abnormal carbohydrate metabolism that results in hyperglycemia and glycosuria. 
Alterations in the carbohydrate components of the extracellular matrix in diabetic 
tissue have been associated with peripheral neuropathy. At the present we 
investigated acetylcholine receptor (AChR) distribution and postsynaptic membrane 
topography at the neuromuscular junction of diabetic mice. Adult (5-6 months old) 
diabetic animals were obtained from spontaneous non-obese diabetic mice (NOD) 
breeding colony from Unicamp. Diabetic and non-diabetic age-matched control NOD 
mice had their sternomastoid muscles fixed and stained with alpha-bungarotoxin 
(BTX) labelled with rhodamine (5 ng/ml) for confocal fluorescence examination or 
biotin-BTX (1 ng/ml) followed by avidin-HRP (lp.g/ml), for reflected light confocal 
microscopy. Confocal examination of sciatic nerves showed no morphological signs 
of peripheral neuropathy at this age. AChRs of diabetic animals had a typical 
branched-pattem distribution and several branches were breaking apart into small 
AChR patches, extremelly faint. Diabetic endplates were significantly dimmer than 
control, suggesting a lower receptor density at these animals. The postsynaptic 
membrane showed regularly spaced junctional folds with AChRs distributed on their 
tops,showing that postsynaptic membrane topography is not impaired in diabetic 
animals. These findings suggest that AChRs metabolism might also be affected in 
diabetic animals, earlier than any morphological signs of peripheral neuropathy. 
Supported by grants from FAPESP (#95/6956-9, #95/6110-2) and FAEP-UN1CAMP

769.16
POSTNATAL INNERVATION OF THE HINDLIMB AND TAIL 
IN A MARSUPIAL (MONODELPHIS DOMESTICA). I.M, 
Sonea* Dept. of Veterinary Anatomy, College of Veterinary 
Medicine, Iowa State Univ., Ames, IA 50011.

In most mammals, sensory and motor innervation of the limbs is 
completed before birth. Marsupials are bom with rudimentary 
hindlimbs and tails: this study sought to determine whether motor 
or sensory innervation of these areas was complete at birth in M. 
domestica, a small, pouch-less marsupial.

The time-course of the innervation of the hindlimbs and tail was 
established using immunohistochemical and tract-tracing techniques 
in whole mounts or cryostat sections. Animals were examined at 
birth and up to 15 days of age. At birth, the skin of the distal tail 
and hindlimbs was not innervated. Developing muscles contained 
profusely branching nerves in the distal hindlimb; distal caudal 
muscles were covered by broad sheets of GAP-43 immunoreactive 
nerves. By 3 days of age, nerve terminals could clearly be 
identified in the muscles of the tail and hindlimb, and the distal 
skin of these extremities was partially innervated.

The accessible hindlimbs and tail of M. domestica represent a 
unique tool to study the factors influencing sensoiy and motor 
neuron development and survival in the intact animal.

Funded by a SRI grant from Iowa State University.

769.17
MORPHOLOGICAL AND FUNCTIONAL SPECIALIZATIONS OF DENTATE 
GYRUS GRANULE NEURONS IN THE ADULT RAT. J.M. Woitowicz*, B. 
Scott, S. Wang. Dept. of Physiology, University of Toronto, ON, M1S 1A8.

Using bromodeoxyuridine immunocytochemistry we have confirmed the 
presence of numerous dividing cells corresponding in size and location to the 
new-born granule neurons in 35-75 day old Wistar rats. Standard hippocampal 
slices were prepared from animals in this age range and whole-cell recordings 
were made from dentate granule neurons, which were labelled with Lucifer 
Yellow for localization within the granule cell layer (GCL) and tracing of 
dendritic and axonal projections. We compared the dendritic morphology of 
young granule neurons located near the edge of GCL and the hilus, and old 
granule neurons located on the outer edge of GCL bordering the molecular 
layer. The young neurons typically had a single primary dendrite extending 
partly through the GCL, and a bushy, cone-shaped dendritic tree. The distal 
dendritic branches were thin and often terminated before reaching the fissure. 
The old neurons had numerous dendritic branches extending fully towards the 
fissure, and tulip-shaped dendritic trees. Synaptic responses were evoked in 
both types of neurons by stimulating the medial perforant pathway in the 
molecular layer. With low stimulation intensities quantal EPSCs were recorded 
in the soma for quantal analysis. Paired-pulse facilitation measured at short 
(<60 ms) interpulse interval was evident in young neurons but not in old ones. 
The facilitation is the usual characteristic of low-output, low probability synapses 
studied in other preparations. In order to test the hypothesis that the young, but 
not the old, neurons possess synapses with low probability of release we 
analyzed quantal fluctuations in both neuronal types and estimated binomial 
parameter "p". The results confirmed the hypothesis. We conclude that within 
the adult dentate gyrus only the young population of granule neurons are 
endowed with low "p" synapses capable of presynaptic facilitation. In contrast, 
the old neurons have high (0.5) average but non-uniform "p". This may be 
related to the developmental differences and previous histories of these two 
neuronal populations. (Supported by Faculty of Medicine, Univ. of Toronto)

769.18
PERSISTENT MULTIPLE CLIMBING FIBER INNERVATION OF 
CEREBELLAR PURKINJE CELLS IN MICE LACKING THE a- 
SUBUNIT OF A GTP-BINDING PROTEIN Gq. K. Hashimoto14*, S. 
Offermanns2. M. Watanabe3. H. Kurihara3. Y. Inoue3. M. I. Simon2 and
M. Kano14. ’Dept. Physiol., Jichi Med. Sch., Tochigi 329-04, Japan, 
2Div. Biol. Caltech, Pasadena, CA91125,3Dept. Anat., Hokkaido Univ. 
Sch. of Med., Sapporo 060, Japan, 4Lab. Neuronal Signal Transduction, 
Frontier Research Program, RIKEN, Wako, Saitama 351-01, Japan

Each cerebellar Purkinje cell (PC) in adult mice is supplied with strong 
excitatory synapses from a single climbing fiber (CF). This one to one 
relationship is preceded, at early developmental stages, by a multiple 
innervation of PCs by CFs. Elimination of supernumerary CF synapses 
occurs during the first three postnatal weeks. Mutant mice lacking the a- 
subunit of a GTP-binding protein Gq (Gaq) are viable but ataxic, and 
exhibit clear signs of motor discoordination. The anatomy of the 
cerebellum, the morphology of PCs, and the morphology and density of 
parallel fiber (PF) to PC synapses appear normal. Excitatory synaptic 
transmission from CF to PC and that from PF to PC are functional. 
However, similar to the previously reported mGluRl and PKCy 
deficient mice, about 40% of adult Gaq mutant PCs remain multiply 
innervated by CFs due to a defect in regression of supernumerary CFs in 
the third postnatal week. These results strongly suggest that Gaq 
mediates signals from mGluR 1 to PKCy, which are involved in the 
elimination of multiple CF innervation during the third postnatal week.

Supported by grants from CREST (Core Research for Evolutional 
Science and Technology) of Japan Science and Technology Corporation 
and The Japanese Ministry of Education, Science, Sports and Culture.

769.19
DIFFERENTIAL DISTRIBUTION OF TISSUE PLASMINOGEN ACTIVATOR (tPA) IN 
DISSOCIATED HIPPOCAMPAL NEURONS.
LIGHT- AND ELECTRONMICROSCOPICAL OBSERVATIONS
C.B. Griesinger* and M. Schweizer, Center for Molecular Neurobiology, 20246
Hamburg, Germany

In the central nervous system, tissue remodelling takes places during 
development, regeneration and, to a much more subtle extent, during activity 
dependent synaptic plasticity. During the latter, axonal and dendritic arbors as 
well as synaptic contacts are reshaped. Likely candidates to mediate such 
remodelling are proteases and especially the plasminogen-activator/plasmin 
system. Circumstantial evidence suggests a role for tissue piasminogen activator 
(tPA) in activity-dependent structural plasticity: 1) tPA mRNA is upregulated in 
the dentate gyrus after seizures and induction of LTP (Qian et al., 1993, Nature, 
361:453), 2) specific inhibitors of tPA interfere selectively with progressive ocular 
dominance plasticity (Griesinger and Muller, 1996, Soc. Neurosci. Abstr., Vol.22: 
628.6).

In order to induce its proteolytic activity resulting in structural plasticity, tPA is 
expected to be expressed at synaptic contacts during synaptogenesis or synaptic 
remodelling. We therefore studied the subcellular localization of tPA in primary 
hippocampal neurons prepared from E18 rat pups. Cultures were stained with 
antibodies against tPA and synaptophysin. Immunofluorescence was analysed 
using a confocal laser scanning microscope. tPA is present from the first day 
after plating. It is strongly expressed in the somata and proximal neurites. 
Enhanced signal is present in growth cones. In 12 day old cultures, tPA is still 
present in the somata but is now enriched in presynaptic boutons. However, not 
all boutons appear to be tPA positive. Only a minor part (around 20 percent) of 
axosomatic and axodendritic synapses are labelled. In a second approach, 13 day 
old cultures were stained for tPA, using DAB as chromogen and processed for 
electron microscopical examination. Analysis of ultrathin sections revealed a 
polarized distribution of tPA within neurons. While somata, axons and some 
presynaptic boutons are intracellularly stained for tPA, dendrites and their spines 
are completely devoid of cytosolic signal. However, they exhibit strong labelling at 
the extracellular surface indicating membrane binding sites for tPA. The possible 
functional relevance of the differential expression of tPA in our cultures will be 
discussed. Supported by Boehringer Ingelheim Fonds to C.B.G.
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770.1
OPTICAL AND ELECTRICAL RECORDINGS OF SPONTANEOUS AND 
EVOKED ACTIVITY FROM IHE SPINAL CORD OF YOUNG (E5-E8) 
CHICK EMBRYOS. U.Cohen, M.Bak* P.Wenner, J.Tabak and MJ.O’Ponovan. 
LNLC, NINDS, NIH, Bethesda, MD.

In previous work we have used calcium imaging to visualize network 
activity in the spinal cord of the chick embryo. The majority of these recordings were 
performed when spinal networks are relatively mature (E9-E12; O’Donovan et al., 
J.Neurosci., 1994) and we have much less data on the spontaneous activity generated 
by younger embryos. To rectify this deficiency we have loaded spinal cords from 
E5-E8 embryos with the calcium sensitive dye fura2-am (lOpM). Spontaneous 
activity was imaged from the ventral surface or the cut, transverse face of the 
lumbosacral cord, using an intensified CCD camera. Electrical activity was recorded 
with suction electrodes applied to the cord surface, ventral roots or muscle nerves.

We found that episodes occurred every 2-4min, wliich is much faster than at 
later stages of development. The younger the embryo, the faster the rate. Episodes 
comprised 1-3 cycles with the youngest embry os exhibiting just a single cycle of 
activity in each episode. Optical signals were obtained from the ventral white matter 
during episodes of spontaneous activity. Although we have not yet identified the 
source of calcium entry into the ventral axons, these results suggest that developing 
axons contain calcium channels. Imaging of individual cells (at E8) revealed that the 
cellular calcium transients were synchronized with each other and with electrical 
activity recorded from the ventral roots or muscle nerves. Motoneurons and 
intemeurons were active at this stage and the majority of active cells were found in 
tire ventral part of tire cord.

Because the connectivity is not mature in the E5-E6 embryos, we anticipate 
that their spontaneous activity may be desynchronized along the cord. Imaging 
experiments are currently in progress to test this idea.

770.2
THE DEVELOPMENT OF RECURRENT CONNECTIONS IN THE EMBRYONIC 
CHICK. P, J, Whelan* & M. J, O’Donovan. Lab. Neural Control, NIH, Bethesda, MD.

Recurrent inhibition of motoneurons is due to activation by motoneuron 
collaterals of a group of intemeurons that project directly to motoneurons. While the 
characteristics of this pathway have been well described in the adult cat, little is 
known about its development. To address this issue we used the in vitro spinal cord 
of the embryonic chick, in which the ventral roots were stimulated using suction 
electrodes and the dorsal roots were cut. Stimulation of the ventral roots elicited a 
slow depolarizing potential in adjacent ventral roots lasting for 100-500 ms. The 
recurrent potentials could be reversibly blocked by the addition of nicotinic 
cholinergic, GABAa , and glvcinergic antagonists, suggesting that they may be 
generated by a pathway similar to that described in the cat. The characteristics of the 
recurrent potentials were compared in embryos at two different developmental stages 
to examine any age related changes (E9-11 embryos (n=4), E14-15 embryos (n=2)).
In the younger embryos, recurrent potentials had a longer duration and a higher 
amplitude compared to the older group (mean peak amplitude (54 pV, E9-11; 14 pV, 
E14-15); mean duration (497 ms, E9-11; 138 ms, E14-15)). In both the young and 
old group of embryos recurrent potentials could be recorded at least two lumbar 
segments away from the stimulated ventral root and in younger embryos it was 
possible to record potentials as far as four segments away. To establish if axons in the 
ventrolateral funiculus (VLF) mediated the intersegmental recurrent inhibition, this 
tract was lesioned in one animal (E9) between a stimulating and a recording electrode 
placed on ventral roots separated by four lumbar segments. The amplitude of the 
recurrent potential substantially decreased compared to prelesion values, suggesting 
that tire VLF carried the majority of these projections. Two questions arise from these 
results: (1) Do the depolarizing ventral root potentials eventually become 
hyperpolarizing in late embryos (El7-18) and (2) what mechanisms are responsible 
for the propagation of the recurrent potentials across many segments? These 
questions will be addressed in future experiments. Funded by NSERC, & AHFMR.

770.3
PHYSIOLOGICAL AND MOLECULAR CHARACTERIZATION OF INTERNEURONS IN 
THE DEVELOPING SPINAL CORD. P. Wenner*, M. Matise* and M.J. O'Donovan. LNLC, 
NIH, Bethesda, MD 20892, ASkirball Inst, NYU Medical Center, New York, NY 10016.

Several classes of interneuron, including the Renshaw cell and the 1a Inhibitory 
interneuron, have been well characterized in the adult cord. However very little is known 
about their development. To rectify this we have used whole-cell patch clamp recordings to 
characterize defined subsets of intemeurons in the developing spinal cord of the chick 
embryo. Interneurons were discriminated from motoneurons by the absence of an antidromic 
action potential following ventral root stimulation and, in some experiments, by antidromic 
stimulation of the VLF. The neurons were then characterized using several criteria. 1) The 
presence of synaptic inputs following stimulation of the ventral roots, muscle sensory 
afferents or the ipsilateral ventrolateral funiculus (VLF). 2) Their behavior during 
spontaneously occurring episodes of rhythmic activity. 3) The presence of functional 
connections with motoneurons determined by spike-triggered averaging the population 
ventral root potentials 4) And in some cells by intracellular injection of biocytin, which was 
included in the patch electrode solution. We have recorded and labeled cells that Tnay be the 
equivalent of the mammalian Renshaw and 1a inhibitory intemeurons. Putative Renshaw cells 
received prolonged depolarizing synaptic inputs from a single shock applied to the ventral 
roots. These potentials could generate spiking in the cell. Spike-triggered averaging 
revealed slow depolarizing ventral root potentials suggesting that these cells were 
connected monosynaptically with many motoneurons. Preliminary optical recordings from 
putative Renshaw cells have been made in one experiment by stimulating ventral roots and 
recording optical signals from interneurons back-labeled with calcium sensitive dyes. 
Putative 1a inhibitory intemeurons received direct depolarizing input from muscle nerves 
although we have not yet established their connections with motoneurons. The great majority 
of interneurons we recorded from, including putative Renshaw and 1a inhibitory 
interneurons, were rhythmically active. Cells labeled with biocytin are currently being 
processed to establish their morphology and location within the cord. In addition, spinal 
interneurons are being characterized for expression of certain transcription factors 
thought to play important roles in the development of spinal neurons. These experiments are 
being done in collaboration with AJoyner, A.Kottmann and T.Jessell.

770.4
COMPARISON OF NMDA-INDUCED MEMBRANE POTENTIAL 
OSCILLATIONS AND SPONTANEOUS RHYTHMIC ACTIVITY IN THE 
CHICK SPINAL CORD N. Chub, L.E.Moore, and M.J. O’Donovan*. LNLC, 
NINDS, NIH, Bethesda, MD.

Recently we have proposed a network-based mechanism for the 
genesis of spontaneous activity in the developing chick spinal cord but have 
not eliminated a contribution from voltage-dependent membrane properties. In 
the present work we compared the properties of NMDA-induced membrane 
potential oscillations and spontaneous rhythmic activity. Bath-application of 
NMDA (20-40(.iM) increased the duration of spontaneous episodes and then 
produced tonic discharge in motor nerves. After 5-10min of tonic activity, 
rhythmic oscillations appeared (4/5 embryos) that were ~2-3 slower than the 
cycle frequency within spontaneous episodes. During periods of slow 
oscillation, activity in flexor and extensor nerves, which alternates during 
spontaneous episodes, became synchronized. Addition of TTX (0.5-1 pM) to 
the perfusate containing NMDA completely blocked the tonic discharge and 
slow oscillations in motor nerves. However, whole-cell recording revealed the 
persistence of membrane potential oscillations in many (16/24) spinal 
neurons. Injection of depolarizing current increased the frequency of the 
oscillations and could eliminate them near -20mV. Replacing Ca2+ with 3mM 
Ba2+ blocked the oscillations. The membrane potential fluctuations became 
brief (with a sharp peak) and more frequent when the K+ channel blocker TEA 
(5-1 OmM) was added to the perfusate containing NMDA and TTX. Addition of 
TEA to normal Tryrode's (without NMDA and TTX) did not abolish 
spontaneous rhythmic activity but resulted in very prolonged and irregular 
episodes. These findings, together with the observation that spontaneous 
activity recovers in the presence of the NMDA receptor blocker AP-5, suggest 
that NMDA-induced membrane potential oscillations are probably not 
essential for spontaneous rhythmic activity in the chick embryo spinal cord.

770.5
MECHANISMS OF SPONTANEOUS RHYTHMIC ACTIVITY IN THE IN VITRO 
SPINAL CORD OF CHICK EMBRYOS. J, Tabak, C. G. Wilson , M, J. 
O'Donovan* Lab. of Neural Control, NIH, Bethesda MD 20892.
Recent experimental evidence and modeling studies have suggested that synaptic 
depression may be an important factor regulating the occurrence of spontaneous 
activity by the developing spinal cord of the chick embryo. It is proposed that a 
prolonged depression of synaptic transmission follows an episode of activity, limiting 
the occurance of the next episode. To test these ideas we monitored the spontaneous 
activity from ventral roots or the ventro-lateral surface of the cord for 12-24 hours in 
chicks from embryonic days 8 to 12. We found a positive correlation between the 
duration of the episode and its preceding interval - the relationship being steep for 
small intervals and flattening for large intervals. This is consistent with a mechanism 
based on (synaptic) depression: if an episode occurs before complete recovery, it will be 
shorter than an episode occurring after complete recovery. Once complete recovery has 
occurred there will be no change in episode duration. On the other hand, the data show 
no relationships between two consecutive intervals, nor between duration and next 
interval. The latter finding raises the possibility that synaptic depression saturates 
during an episode and that other factors contribute to interval duration.

The correlation between interval and duration was less clear for the two E8 embryos 
studied, because episode duration increased progressively during the first 8 hours of 
experiment. The spinal cord may have been developing in vitro, although this increase 
was not accompanied by a rise in interval length as expected for older embryos.

Synaptic fatigue, during an episode, could also lead to a desynchronization between 
different parts of the cord. To test this idea we measured the timing of cyclical activity 
generated at different positions along the cord (brachial, thoracic, sacral). In some 
experiments, delays between the different regions could progressively increase or 
decrease throughout the episode. This could also indicate that the site of origin of 
activity in the cord is moving throughout the episode. We also observed that activity 
in the lumbar cord could occur up to 200ms before that in the thoracic segments and 
that episodes sometimes stopped earlier on the rostral segments, indicating a higher 
excitability in the lumbo-sacral enlargement.

770.6
MARKOV KINETICS OF SYNCHRONIZED BURSTING IN DEVELOPING 
NETWORKS OF CORTICAL NEURONS. H.P.C. Robinson1*, E, Maeda2 and 
A. Kawana2. ‘Physiological Laboratory, Cambridge, CB2 3EG, UK, and 2NTT 
Basic Research Labs, Atsugi-shi, 243-01 Japan.
Repetitive (0.01 - 2 Hz), spontaneous synchronized bursting is widespread in the 
developing CNS, and is believed to drive activity-dependent refinement of 
connections in the visual system. However, an effective quantitative model of the 
generation of this type of activity has been lacking. Here, we have addressed this 
problem by examining synchronized bursting in cultured networks of neurons 
dissociated from E19 rat visual cortex. Recordings from 10-100 cells were 
carried out using planar electrode arrays. The distribution of intervals between 
synchronized firing events was constructed using an automated procedure. In 
networks where this was reliably stationary, we found that interval distributions 
were well fitted by Markov process models over a wide period in culture: 
synchronized firing events signalled transitions amongst connected “states”, at 
characteristic, stationary rates. At earlier stages in culture (1-2 weeks), 
distributions were Gaussian (large number of states), while with further 
development, distinct exponential components emerged as the number of 
required states was reduced - by about 4 weeks in vitro, interval distributions 
could be fitted by a 4-state Markov process. The results can be understood if the 
network occupies states of unsynchronized activity or silence, which see a 
constant probability in unit time of switching to another such state as a result of 
summation of independent, random excitation, with some types of transition 
visible as synchronized bursts. The ability of this kind of model to account for the 
form of burst interval distributions suggests that it can provide a useful 
quantitative description of stationary synchronized burst activity, as well as 
insight into its mechanisms. Supported by research grants from the HFSP, EC, 
Royal Society and Wellcome Trust.
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770.7
INTERMITTENT PERIODIC, DETERMINISTIC EPISODES IN 
SYNCHRONIZED FIRING OF DEVELOPING NETWORKS OF CORTICAL 
NEURONS. M. Juusola* and H.P.C. Robinson. Physiological Laboratory, 
Downing St., Cambridge, CB2 3EG, UK

Synchronized burst firing is believed to play an important role in the 
activity-dependent formation and refinement of connections in the developing 
nervous system. We have studied the mechanisms of generation of synchronized 
firing (0.01-2 Hz) in networks of rat visual cortical neurons cultured on the 
surface of planar electrode arrays, by carrying out simultaneous extracellular 
recordings from 64 channels in the electrode array, in normal external Ringer 
solution. Spikes from individual cells were resolved by clustering of the peak 
amplitudes and half-widths of action potentials, and the times of synchronous 
firing events were analysed by an automated procedure. We then examined the 
time series and return maps of these intervals. Over the first month in culture, 
burst interval distributions can be well fitted by assuming that they are generated 
by a stochastic (Markov) process, and can remain stationary over periods of 
hours, as we have described separately. Here, we describe a striking departure 
from this stationarity which appears in later cultures, in which intervals suddenly 
switch from a broad “stochastic” distribution to an almost constant value 
corresponding to precisely periodic firing, or to a sequence of progressively 
increasing values. These episodes are terminated equally abruptly after periods of 
a minute or more. Although this activity has some of the features expected of the 
evolution of a deterministic dynamical system towards chaos, return maps of the 
“stochastic” interludes showed no signs of deterministic structure. This type of 
behaviour was always associated with a high degree of synchronicity, with tight 
coupling between most or all recorded cells.
Supported by research grants from the HFSP, EC, Royal Society and Wellcome 
Trust.

770.8
OPTICAL MAPPING OF VAGAL RESPONSES IN THE 
EMBRYONIC RAT BRAINSTEM SLICE PREPARATION.
K. SATO, Y. MOMOSE-SATO, Y. ARAL T. SAKAI, A,
HIROTAL AND K. KAMINO*. Dept. Physiol., Tokyo Med. 
Dent. Univ. Sch. Med., Tokyo 113; Dept. Physiol., 
Shimane Med. Univ.i, Shimane 693, Japan.

The multiple-site optical recording technique was 
employed to assess the vagal response areas in the 
embryonic rat brainstem slice preparation. Preparations 
with vagus nerve fibers attached were dissected from 13 to 
16 days old embryonic (E13-16) rat brainstems, and stained 
with a voltage-sensitive merocyanine-rhodanine dye 
(NK2761). The neural activity in response to vagal 
stimulus was recorded simultaneously from many sites 
using a 1020-element photodiode array measuring system. 
In the E13-14 preparations, spike-like optical signals were 
recorded, and they were classified into two shapes: one was 
narrow (15 msec) signal (Type I), and the other was broader 
(20 msec) signal (Type II). The population of Type I- 
signals was generated in the dorsolateral area, and Type II- 
signals were recorded from the dorsomedial area in the 
stimulated side of the preparation. In the E15-16 
preparations, Type I-signals came to be followed by a slow 
signal related to glutamate-mediated EPSPs. Analyzing the 
dynamic spatial distribution of the optical signals, we have 
been able to trace the embryogenesis of the functional 
organization of the cranial nuclei of the vagus nerve.

770.9
ELECTRICAL STIMULATION INDUCED SELECTIVE SYNAPSE 
ELIMINATION IN MOUSE MOTOR-NEURON AND MUSCLE CO-CULTURE. 
MX.Li*. M Jia and P.G.Nelson. LDN, NICHD, NIH, Bethesda, MD 20892

Activity-dependent synapse loss was studied in mouse ventral spinal cord neuron 
and muscle co-cultures in multi-compartment chambers. Muscles were cultured in 
the central chamber and ventral hom neurons were cultured in the two side chambers 
so that the muscles could become innervated by two separate populations of 
cholinergic neurons. After three weeks co-culture, neurites reached the muscles and 
formed synaptic connections. Muscle contractions in some myotubes could be 
evoked by stimulation of inputs from each of the side chambers. After unilateral 
electrical stimulation for 1 to 20 hours, some synaptic responses were lost. The 
ratio of unstimulated side response loss vs. stimulated side response loss was about 
10:1. After unilateral stimulation for 2-5 days, the bilateral loss was significantly 
increased. In a new neuron-muscle co-culture model, neurons were added to only one 
side chamber and muscles could be directly stimulated. After 20 hours of direct 
muscle stimulation, neuronal connections to the directly stimulated muscles had 
decreased by 64% (p<0.0001, compared with control group). By contrast, after 
stimulation of neuronal inputs to the muscles only 7% of these neuronal 
connections were lost (not different from an unstimulated control group; p>0.4). 
Our experiments suggested that 1) For periods of 20 hours or less unilateral 
neuronal activation produced a selective synapse loss of the unstimulated inputs of 
the muscle. 2) Longer (2-5 days) neuronal stimulation produced more bilateral 
synapse loss. This latter result is in accord with the previous finding in which after 
more than one day of stimulation the total stimulated and unstimulated losses were 
not significantly different (in the present experiments 42% vs. 56% respectively, 
p>0.05 by X2 test). 3) Direct or neuronal muscle activation produced substantial 
loss of inactive connections. Since in unilaterally activated muscle, the active inputs 
were lost to a substantially lesser extent, neuronal activation may induce protective 
mechanisms, which tend to stabilize synapses of the active input.

770.10
SPINE CONTROL BY ELECTRICAL ACTIVITY IN PURKINJE CELLS. 
M. Bravin. L. Morando, F. Strata*, A. Vercelli, F. Rossi and P. Strata. Dept.
of Neuroscience, University of Turin, 1-10125 Turin, Italy.

Dendritic spines are considered important for learning and memory
processes. In different areas of the adult brain, an enhanced activity is 
commonly associated with an increase in spine size and density. Concerning 
Purkinje cells, little is known about the factors which control spine formation 
and maintenance in the adult. Here we show that following depression of 
electrical activity by means of chronic tetrodotoxin infusion (80p.M) in adult 
rat cerebella, a large number of new long-necked spines appear on proximal 
Purkinje cell dendrites. The majority of climbing fibers, labeled with BDA 
tracing, become atrophic, while some of them sprout thin collateral 
ramifications mainly directed towards the granule cell layer. These changes are 
fully reversible upon tetrodotoxin removal. By contrast, no Purkinje cell or 
climbing fiber modification is observed when muscimol is applied to the 
cerebellar cortex to selectively depress postsynaptic activity. A similar 
spinogenesis has been shown to occur following inferior olive lesion when 
Purkinje cells undergo long-lasting hyperactivity. We conclude that 
spinogenesis is an intrinsic property independent from the Purkinje neurons 
activity and it is specifically regulated in different dendritic domains by the 
electrical activity of their local afferents. Electrical activity is necessary to 
maintain the highly ordered pattern of connections in the adult cerebellar 
cortex. This work was supported by a European Community grant (ERBBIO- 
CT96-0774).

770.11
NORMAL DENDRITIC DIFFERENTIATION OF DENTATE 

GRANULE CELLS REQUIRES BOTH PRESENCE OF 
AFFERENTS AND NEURONAL ACTIVITY

A. Drakew, M. Frotscher, and B. Heimrich*
Inst. Anatomy, University of Freiburg, P.O.B. Ill, D-79001 Freiburg

In the absence of entorhinal afferents, dentate granule cells in slice cultures 
of hippocampus develop alterations of their dendritic arbor. These changes 
are reversed in co-cultures of entorhinal cortex and hippocampus 
suggesting a role of entorhinal input for normal granule cell differentiation. 
Here we addressed the question to what extent this differentiation- 
promoting effect depends on neuronal activity. Entorhino-hippocampal co-
cultures from newborn rats were incubated for 19±1 days with and without 
the sodium channel blocker tetrodotoxin (TTX). The anterograde tracer 
biocytin was used to label the entorhino-hippocampal pathway formed in 
vitro. Dendritic length and branching as well as spine density and spine 
length were measured in identified Golgi-impregnated granule cells. In 
both control and TTX-treated co-cultures entorhinal fibers formed a dense 
axonal plexus in the dentate molecular layer. Dendritic length, branching 
pattern and spine density were similar in both experimental groups. In 
contrast, in granule cells incubated with TTX spines were significantly 
longer when compared with controls. These data suggest that the mere 
presence of entorhinal fibers is required for normal dendritic 
differentiation whereas synaptic activity is needed for spine maturation. 
(Supported by the DFG: SFB 505).

770.12
MORPHOLOGICAL, NEUROCHEMICAL AND BIOELECTRICAL CHAR-
ACTERISTICS ON SYNAPTOGENESIS BETWEEN RAT ADRENAL 
CHROMAFFIN CELLS AND CAUDATE-PUTAMEN NEURONS IN CO-
CULTURE. L. Zhang*1. A. Castell2. M, E. Avila1. C, Bianco-Centurion1 '4. M, Palomero- 
Rivero3. W. Egido4. R. Drucker-Colin1,3 and A. Escobar5. 'Depto. Fisiologia & 2Depto. 
Biologia Celulary Tisular, Fac. Medicina, 3Depto. Neurociencias, Inst, de Fisiologia Celular, 
4Centro de Neurobiologia and Institute de Investigaciones Biomedicas, UNAM. Mexico D.F. 
04510, Mexico.

Adrenal chromaffin (AC) cell transplantation has been considered as one of the 
therapeutic strategies for Parkinson Disease (PD). This strategy presumes that AC 
cells could secret dopamine and innervate the striatal neurons. Although 
transplantation AC cells has provided some therapeutic benefits, direct evidences 
about this assumption remain poorly demonstrated. In order to establish a cellular 
model and evaluate the possibility of synapses formation between AC cells and 
caudate-putamen neurons and dopamine release, co-culture of newborn rat AC cells 
and caudate-putamen neurons at a ratio of 1 :1 was made. After one week the 
cultures were examined morphologically using immunocytochemical and ultra- 
structural techniques. These studies were designed to locate synapses between TH- 
immunoreactive cells (chromaffin cells) and DARPP-immunoreactive cells (striatal 
neurons). Quantitation of dopamine in the culture medium by high performance 
liquid chromatography with electrochemical detection (HPLC-ECD) and electro-
physiological recordings to identify synaptic transmission were also made. The 
presence of striatal neurons and the neurite outgrowth of AC cells were largely 
enhanced and there are numerous functional innervations between these two types 
of cells. It was also detected high concentration of dopamine in the co-culture 
medium comparing with the ones from media of one type of cells. The results 
obtained support that transplants in Parkinson’s disease are functional and may 
constitute a sound therapeutic procedure.(Supported by UNAM-DGAPA IN211296).
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770.13
SYNAPTOGENESIS IN THE HUMAN CEREBRAL CORTEX IN 
THE FIRST HALF OF GESTATION. N.Zecevie*. A.Andielkovicand
A.Milosevic. Department of Medicine, University of Connecticut 
School of Medicine, Farmington, CT 06030.

The prenatal synaptogenesis in the layer I of the cerebral cortex 
has been studied by electron microscopy in thirteen human fetuses 
ranging in age from 12 to 24 gestational weeks (g.w.). Results of 
quantitative analysis obtained in three areas of the cerebral cortex, 
indicate that during this period the lateral, cingulate and visual cortex, 
had the same rate of synaptogenesis within the layer I. In these three 
areas synaptic density remains in the range of approximately 20-40 
synapses per 100 ^m3 of neuropil throughout the entire period studied. 
To compare synaptic densities among cortical regions, we examined 
the prefrontal, motor, visual, insular, temporal and cingulate cortex in 
a group of five fetuses at midgestation (20 g.w.). Our counts indicate 
that the insular cortex had a significantly higher synaptic density than 
the lateral (p<0.05) and the cingualte (p< 0.001) areas. This finding 
suggests that the synaptogenesis in the human cerebral cortex starts in 
the insular region, in accord to the precocious neurogenetic and 
cellular differentiation of this region. However, once synaptogenesis 
starts the basic rate of synaptic addition does not differ significantly 
among cortical areas. Supported by grant MH53945.

770.14
A Potential Influence of Ovarian Cycle Day on the Presence of Polysialic Acid 
Neural Cell Adhesion Molecule (PSA-NCAM) in the Rat Hypothalamus A. V. 
Sison, T.L. Horvath, J.A. Chowen*, L.M. Garcia-Segura and F. Naftolin. 
Department of Ob/Gyn, Yale University School of Medicine, New Haven CT, 06520.

Introduction: Estrogen plays a potent role in the synaptic remodeling of the arcuate 
nucleus of the female rat hypothalamus during the ovarian cycle. We hypothesize 
that the ovarian cycle day influences the presence of PSA-NCAM, a specialized 
NCAM involved in cell-cell interactions, in the hypothalamic arcuate nucleus, thus 
implicating it in the process of estrogen-induced synaptic reorganization. 
Experimental: To examine PSA-NCAM on the transcriptional level, reverse 
transcription followed by competitive PCR was executed, employing the partial 
putative sequence of sialyltransferase (STX), the enzyme which catalyzes the final 
step in the production of PSA-NCAM. Utilizing proestrous and metestrous 
hypothalamic samples, data demonstrate apparently equivalent amounts of transcript 
levels in these females. Further, light immunohistochemistry and Western blot 
analysis were performed to examine PSA-NCAM expression. No significant 
difference in PSA-NCAM expression could be detected between the arcuate nucleus 
of proestrous and metestrous females. By light and electron immunohistochemistry, 
a higher amount of PSA-NCAM expression was visualized in the cytoplasm of 
proestrous females as compared to metestrous females. Metestrous females appeared 
to display more glycocalyceal PSA-NCAM immunoreactivity in the arcuate nucleus 
than proestrous females. Conclusion: Although proestrous and metestrous females 
displayed stable STX transcript and PSA-NCAM expression levels, high proestrous 
estrogen levels may have increased endocytosis of PSA-NCAM as visualized on EM 
studies. The new localization of PSA-NCAM from the glycocalyx to the cytoplasm 
could be vital to the estrogen-induced synaptic plasticity seen during the ovarian 
cycle. / HHMI Medical Student Fellowship

FORMATION AND SPECIFICITY OF SYNAPSES VII

771.1
FORMATION OF EN PASSANT SYNAPSES INVOLVES TRANSIENT CESSA-
TION OF GROWTH CONE ADVANCE BUT NOT MOTILITY. Y. Hatada* F, 
Wu, R. Silverman, S. Schacher and D. J. Goldberg. Dept. of Pharmacology and 
Ctr. for Neurobiology and Behavior, Columbia U., New York, NY 10032.

Synapse formation at sites like the neuromuscular junction involves conversion of 
the motile growth cone into the non-motile synaptic terminal. But, this need not be 
true when a neurite forms multiple synaptic varicosities along a target. Synaptic 
varicosities could form here by specialization of the neurite after the growth cone 
has advanced past the site. We have examined this issue by using co-cultures of 
identified sensory (SN) and motor (L7) neurons from Aplysia in which SN neurites 
form strings of synaptic varicosities on the main axon of L7. Living SNs were la-
beled with fluorescent Dil and their neurites were observed every few minutes 
growing along the axon of L7. Most varicosities (88%, n=83, 7 cells) indeed 
formed from the growth cone, but the growth cone displayed motile activity 
throughout the conversion. Growth cone advance slowed or stopped for a few min 
to an hour during varicosity formation. The growth cone often widened and showed 
considerable activity of its peripheral motile region. Often, the growth cone briefly 
collapsed and withdrew slightly, followed immediately by a small advance and the 
appearance of a distinct varicosity. Most varicosities left behind after the neurite 
resumed rapid growth displayed no motile, protrusive activity. The varicosity 
moved little during the next 24-48 hr, though it could swell or shrink. These older 
varicosities were shown by electron microscopy to contain features characteristic of 
active zones for transmitter release (n=8; 4 cultures). When a second neurite grew 
in contact with the first, varicosities formed exclusively at the sites of existing vari-
cosities. In summary, the early stages of formation of en passant synapses in the 
Aplysia culture involve an interaction of the growth cone with the nascent postsy-
naptic site, but the key effect is a transient cessation of elongation rather than of 
growth cone motility. (Supported by NIH grants NS36418 and NS27541)

771.2
INTERACTION WITH PRESYNAPTIC NEURON PRODUCES A TRANSIENT 
SITE-SPECIFIC INCREASE IN APV-SENSITIVE GLUTAMATE RECEPTORS 
ON POSTSYNAPTIC NEURON THAT CONTRIBUTES TO EARLY EVOKED 
RESPONSES IN APLYSIA SENSORIMOTOR SYNAPSES. F. Wu and S. 
Schacher*. Cntr. Neurobiol. & Behav., Columbia Univ. Coll, of P & S, NYSPI, 
New York, NY 10032.

NMDA-type glutamate receptors play important roles in synapse formation and 
stabilization during development and in long-term synaptic plasticity with learning 
and memory. Recent studies in Aplysia suggest that APV-sensitive receptors may 
contribute to some forms of long-term plasticity of sensorimotor synapses and con-
tribute to behavioral plasticity. In cell culture, functional glutamate receptors are en-
riched at sites along the motor cell L7 apposed to sensory neuron (SN) varicosities. 
To determine whether APV-sensitive receptors contribute to synapse formation and 
stabilization of SN synapses, we examined the contribution of APV-sensitive recep-
tors to responses in L7 evoked by action potentials in SNs and by brief focal applica-
tions of glutamate at various times after plating. Whereas acute applications of APV 
(25 pM) had little effect on the amplitude and shape of the EPSP evoked in 3-day 
SN-L7 cultures, APV reduced significantly both the amplitude and time course for 
the decay of the EPSP evoked in the same cultures at 20 hr after plating. In addition, 
the voltage dependence of responses evoked with glutamate applications to sites on 
L7 with SN varicosities changed with time. As the holding potential was depolarized 
(-65 mV to -50 mV), responses increased in amplitude on day 1, but decreased in am-
plitude on day 3. APV also affected glutamate responses on day 1; decline in ampli-
tude and a switch in voltage dependence to that observed for day 3 cultures. Without a 
SN, the voltage dependence of responses evoked by glutamate decreased with depolar-
ization both on day 1 and day 3. The results suggest that interaction with a SN 
evokes a transient increase in functional expression of APV-sensitive receptors at 
sites on L7 apposed to new SN contacts, and are consistent with the idea that 
NMDA-like receptors contribute to early stages of SN synapse formation.
Supported by grants from the NIH (NS27541) and NSF (BN9421438).

771.3
CELL-CELL SIGNALING MEDIATES THE FORMATION AND ELIMINATION 
OF NOVEL SYNAPTIC CONNECTIONS. T.M. Szabo* and M.J. Zoran, 
Department of Biology, Texas A&M University, College Station, TX 77843.

Establishment of appropriate synaptic connections is critical to the formation of 
functional neural networks. Electrical and chemical connectivity of identified 
motoneurons in the buccal ganglia of the snail, Helisoma, have been characterized 
based on electrophysiological analysis of motor patterns and image analysis of cellular 
morphology. In the present study, we investigated the nature of connectivity between 
two buccal neurons during regeneration of a feeding neural circuit. Hyperretractor 
motoneuron 19 (BI9) and retractor ventral neuron 10 (VB10) function out-of-phase in 
this feeding cycle and possess no direct electrical or chemical connections. Bilaterally 
paired motoneurons B19 are strongly electrically coupled. When the nerve containing 
axons from both neurons was crushed, B19 and VB10 formed a transient electrical 
connection and a unidirectional cholinergic chemical connection (VB10 to B19).

Following isolation into cell culture, neurons B19 were well-coupled after one day 
of contact and possessed an average coupling coefficient (cc) of 0.61 ± 0.09. Neurons 
B19 and VB10 also displayed strong electrical coupling after one day paired in culture, 
with a cc of 0.51 ± 0.06. However, after 5 days paired, coupling in B19-B19 pairs 
strengthened to 0.73 ± 0.04, while coupling between B19-VB10 pairs decreased to
0.16 ± 0.03. Again, a unidirectional chemical connection from VB10 to B19 was 
observed. To determine whether this chemical connection affected electrical coupling 
between B19 and VB10, cells were cultured for 5 days in the presence of the 
cholinergic antagonist, curare. The maturation of appropriate electrical coupling was 
significantly hindered by curare at both connections, as B19-B19 coupling failed to 
strengthen and B19-VB10 coupling failed to diminish over time in culture. Thus, the 
establishment of an appropriate dialogue between neurons during regeneration is 
crucial to the maintenance or elimination of these connections.

This work was funded by National Science Foundation Grant IBN-9421372.

771.4
MEMBRANE-BOUND POSTSYNAPTIC PROTEINS ARE REQUIRED FOR 
EXCITATION-SECRETION COUPLING IN HELISOMA MOTONEURONS. J. C. 
Pover* and M, J. Zoran. Department of Biology, Texas A&M University, College 
Station, TX 77843.

Motoneuron B19 of Helisoma requires appropriate target contact for the acquisition 
of localized excitation-secretion (E-S) coupling and a global increase in the 
spontaneous neurotransmitter release. Using a cholinergic reporter cell manipulated 
into neuritic contact to assay secretory properties, we find that B19-muscle cocultured 
for 24 hours induced evoked release in 25% of the preparations. In contrast, contact 
globally increased spontaneous release by 63% across the entire neuritic arbor of BI9. 
The dye FM1-43, a sensitive indicator of synaptic vesicle recycling, was employed to 
corroborate changes in E-S induced specifically at sites of muscle contact. Synaptic 
vesicle recycling was detected both at and near sites of neuron-muscle contact.

Whether the postsynaptic signaling molecules that mediate changes in secretory 
properties are membrane-bound and/or diffusible is unclear. Medium conditioned by 
sustained muscle presence and exposed to neurons, without target contact, was 
incapable of inducing changes in B19 secretory function, suggesting that direct neuron- 
muscle interaction was crucial to changes in secretory properties.

Acquisition of evoked release can be blocked by pharmacological inhibition of 
receptor/ligand interaction or non-specific enzymatic digestion of membrane-bound 
postsynaptic proteins. Removing the specific class of muscle-bound proteins that are 
anchored via phosphatidylinositol (PI) eliminated induction of evoked release, but did 
not restrain elevations in spontaneous release rate. This ability to upregulate 
spontaneous release suggests that B19 is able to recognize its appropriate partner 
without Pi-linked molecules, but that these proteins are required for acquisition of 
functional secretion; consequently, these two forms of transmitter release may be 
differentially regulated during synapse formation. This research was supported by NSF 
grant IBS-9421372
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771.5
INDUCTION OF EXCITATION-SECRETION COUPLING AT FORMING 
NEUROMUSCULAR CONTACTS REQUIRES SUSTAINED PROTEIN 
SYNTHESIS M.B. Turner* and M.J. Zoran
Department of Biology, Texas A&M University, College Station, TX 77843

Helisoma neuron B19, during early growth cone-muscle interactions, acquires 
presynaptic secretory properties in a target-dependent fashion. This induction requires 
a sustained period of specific muscle contact and is dependent on new macromolecular 
synthesis. Interestingly, neurons pulsed for Ih with anisomycin, a translational 
inhibitor, just prior to neuron-muscle contact did not undergo synaptic differentiation, 
but did gain excitation-secretion function if allowed to recover from inhibition for 2d 
prior to target contact. The finding that presynaptic induction was dependent on the 
relative timing of muscle contact and protein synthesis inhibition led us to hypothesize 
that a critical period of protein synthesis was involved in the acquisition of functional 
secretory properties.

To test this idea, neurons B19 were cultured for 2d, treated with anisomycin for 
lh, and plated into co-culture with muscle targets for another 2d. On d4 in culture, a 
second muscle fiber was plated just proximal to the original contact site. Upregulation 
of secretion was now detected demonstrating that neuritic sites previously exposed to 
anisomycin were competent to gain secretory function when new target contacts were 
established. Furthermore, when neuron-muscle contacts were allowed to establish for 
8-12h prior to the lh anisomycin pulse we again found no upregulation of secretory 
properties in these preparations. Thus, even though our previous results indicated a 
critical window of protein synthesis during initial target contact, these results suggest 
that presynaptic induction requires continuous protein synthesis in order for B19 to 
gain functional excitation-secretion coupling. We propose that sustained 
communication between neurites and muscle targets is required for maturation of this 
selective synapse formation and that this cell-cell communication can be disrupted by 
protein synthesis inhibition at any time during early stages of synapse formation. We 
are currently investigating the possibility that a transient, local signaling event initiates 
this protein synthesis-dependent induction of presynaptic neuron B19.
This work was funded by National Science Foundation grant IBN-9421972.

771.6
NEURITIC BRANCHING AND NEUROSECRETION ARE ALTERED BY 
MANIPULATION OF cAMP-DEPENDENT PROTEIN KINASE ACTIVITY.
M.J. Zoran*, K.M. Dyar. and J.C. Pover. Department of Biology, Texas A&M 
University, College Station, TX 77843.

Helisoma neuron B19 must interact with specific muscle targets prior to acquiring 
functional presynaptic properties including elevated spontaneous neurotransmitter 
release, local acquisition of excitation-secretion coupling, and an increased frequency of 
neuronal branching (Zoran et al., 1996, Dev. Biol. 179: 212-222). In addition, 
specific muscle contacts trigger an elevated accumulation of action potential-evoked 
intracellular calcium, at sites of specific muscle contacts, that is mediated by 
activation of cAMP-dependent PKA (Funte and Haydon, 1993, Neuron 10: 1069- 
1078). Thus, we hypothesize that cAMP-dependent mechanism mediate early stages 
of synapse formation at this invertebrate neuromuscular junction.

To determine whether B19 presynaptic properties were altered by manipulation of 
intracellular levels of PKA activity, neurons were plated into cell culture and injected 
with analogs of cAMP that specifically activate or inhibit PKA. Elevation of PKA 
activity with 8-bromo-cAMP and Sp-cAMP increased branching frequency by 87.1% 
and 65.5%, respectively. Inactivating PKA with Rp-cAMP injection had no effect on 
the capacity of B19 to branch as compared to control (DMSO-injected) neurons. Two 
activators of PKA, pCPT-cAMP and Sp-cAMP, elicited excitation-secretion coupling 
in 39.3% and 33.0% of preparations tested, respectively. No evidence of action 
potential-evoked transmitter release was detected in DMSO and Rp-cAMP injected 
neurons. Spontaneous transmitter release was not affected by elevation of PKA 
activity, but Rp-cAMP caused a significant reduction in release rate (SSPs/min). 
These data suggest a complex relationship between PKA activity, neuritic branching 
and neurosecretion in B19 growth cones and predict that target-dependent alterations in 
growth cone PKA activity can significantly alter emerging neuritic form and function.

This work was funded by National Science Foundation Grant IBN-9421372.

771.7
Neurite outgrowth from the identified Lymnaea neurons is suppressed 
during soma-soma synaptogenesis. Lukowiak, K*, Ping, Z-P., and Syed, N.I. 
Arabian Gulf University/CMMS, Manama, Bahrain and Department of 
Neurosciences, Faculty of Medicine, University of Calgary, Calgary, Alberta, 
Canada T2N 4N1

The nature of cellular and molecular signals that instruct the growth cone to "stop 
growing" upon its approach to a postsynaptic target cell and establish a synaptic 
terminal are largely unknown. In this study, we tested whether cellular machinery 
regulating synaptogenesis between the identified Lymnaea neurons could also 
influence their neurite outgrowth patterns in cell culture. Specifically, we 
demonstrate that the adult Lymnaea neurons right pedal dorsal 1 (RPeDl) and 
visceral dorsal four (VD4) exhibit robust neurite outgrowth when cultured in brain 
conditioned medium (CM) and develop specific chemical synapses. These 
inhibitory synapses between RPeDl and VD4 were similar to those seen in vivo 
and could also be reconstructed in a soma-soma configuration. In CM, the soma- 
soma synapses developed within 12- 18 hrs of cell pairings between RPeDl and 
VD4. Interestingly, we found that these soma-soma synapsed pairs failed to 
exhibit neurite outgrowth, even though these cells were maintained in CM. This 
neurite suppression was, however, transient as neuronal sprouting began after 24- 
48 hrs of cell pairings. To determine whether neurite suppression from soma - 
soma synapsed pairs was target cell contact and synapse specific, we paired 
RPeDl and visceral dorsal 1 (VD1) - a neuron which is not innervated by RPeDl 
either in vivo or in vitro. In complete contrast to RPeDl<-> VD4 pairs, soma- soma 
contacted neurons RPeDl and VD1 exhibited robust neurite outgrowth within 12- 
18 hrs of cell pairing. Synapses between these neurons could not be detected 
electrophysiologically. Taken together, our data show a reverse relationship 
between neurite outgrowth and synaptogenesis between identified Lymnaea 
neurons and serve to suggest that the cellular machinery regulating synaptogenesis 
may also function as a "stop growing" signal for the presynaptic growth cone.

771.8
Neurotrophic factors are required for the development of excitatory but not 
the inhibitory synaptic connections between identified Lymnaea neurons. 
Syed, N. I*., Hamakawa, T., Feng, Z-P., Lovell, P., Takasaki, M. and Lukowiak, 
K. Respiratory and Neuroscience Research Groups, Faculty of Medicine, 3330- 
Hospital Drive, NW. The University of Calgary, Calgary, Alberta, T2N 4N1 
Canada.

Neurotrophic factors are considered necessary for many aspects of 
neurodevelopment, but their direct involvement in synapse formation has 
not yet been fully deduced. To address this issue directly, we reconstructed 
synapses between the cell somata of identified Lymnaea neurons in the 
absence of neurite outgrowth. We demonstrate here that when paired in 
the presence of brain conditioned medium (CM), both excitatory and 
inhibitory synapses reform between the select pairs of pre and postsynaptic 
neurons. These synapses are similar to those seen in the intact brain. 
Specifically, when paired in a soma - soma configuration, appropriate 
inhibitory (VD4 <-> RPeDl, n= 50; VD4 <-> RPeDl 1, n=8) and excitatory 
(VD4 -» RPeD2/3, VF n=7) synapses developed between these neurons 
reliably. These synapses were similar to those seen in vivo. To determine 
whether this specificity of synaptic connections required CM - derived 
trophic factors, we paired these neurons in the presence of defined medium 
(DM - no trophic factors) only. We found that though all specific 
inhibitory connection reformed reliably in DM, the excitatory synapses not 
only failed to develop, but instead neurons established inappropriate 
inhibitory synapses (VD4 -» RPeD2/3, VF etc.). Taken together, our data 
demonstrate that the specificity of excitatory, but not the inhibitory 
synaptic connections is determine by trophic molecules. Moreover, since 
the lack of trophic support shifted the neuronal trend towards inhibitory 
synapses, we suggest the possibility that growth factors may regulate 
excitatory synapses via activity- dependent mechanisms.

771.9
Neurotransmitter secretory machinery of an identified Lymnaea neuron is 
transiently suppressed during synaptogenesis. Lovell, P.*, McMahon, B. and 
Syed, N.I. Departments of Biological Sciences and Neurosciences, Faculty of Medicine, 
University of Calgary, Alberta, T2N 4N1 Canada

Transmitter secretory capabilities of various presynaptic neurons have been shown to be 
“up-regulated” during synapse formation - little is however, known regarding the precise 
timing and the cellular mechanisms that regulate this event. In this study, using a highly 
tractable system of soma-soma synapses between identified Lymnaea neurons, we sought 
to identify various steps that regulate presynaptic secretory machinery during 
synaptogenesis. Right pedal dorsal 1 (RPeD 1) - the giant dopamine cell, and visceral 
dorsal 4 (VD4) are known to reestablish their mutual inhibitory synapses in cell culture 
in a soma-soma configuration. In this study, we monitored transmitter secretory 
capabilities of RPeD 1 at vanous stages of its synaptogenesis with VD4. We demonstrate 
here that when plated alone, RPeDl somata could be induced to release dopamine 
nonsynaptically. Specifically, using VD4 as a “sniffer cell” we show that when stimulated 
electrically, a single RPeDl secreted dopamine (n= 17). This transmitter release was, 
however, transiently suppressed (10-18 hrs) when RPeDl was paired with VD4 (N=7). 
This transmitter suppression was VD4 specific, and resumed after 24-30 hrs of cell 
parings. Moreover, since VD4 was always first to initiate synaptogenesis with RPeDl, 
we hypothesized that VD4- induced transmitter suppression from the dopamine cell 
required de novo protein synthesis. This possibility was tested by pairing RPeD 1 with 
VD4 in the presence of protein synthesis inhibitor - anisomycin. Under these 
experimental conditions VD4 failed to induce transmitter suppression from RPeDl (n=4). 
Taken together, this study provides first evidence for a “down-regulation” of transmitter 
secretory machinery during synaptogenesis. We postulate here that transmitter 
suppression form RPeDl is either a component of its inherent synaptic program - or it may 
reflect a competitive mechanism by which VD4 out competes RPeDl in synaptogenesis.

771.10
SELECTIVITY OF SYNAPSE FORMATION IN THE ADULT NERVOUS 
SYSTEM OF THE MARINE MOLLUSC CLIONE LIMACINA. Y.V. Panchin, L.B. 
Popova*, P.V. Zelenin, I.V. Kelmanson, T.A. Korshunova. Institute of Problems of 
Information Transmission, Russian Academy of Sciences and Moscow State 
University, Moscow, Russia.

The locomotor system of the pteropod mollusc Clione is extremely well 
characterized: all motoneuron and intemeuron classes of the locomotor central pattern 
generator (CPG) have been identified. Furthermore, the connections between these 
cells have been elucidated. It is important to know not only how this system works but 
also how correct connections between its elements are established. We focused on 
three different types of synaptic connections as model systems for our study: 1) 
connections of the locomotor intemeurons, 2) electrical connections between different 
groups of locomotor motoneurons, and 3) neuromuscular connections. Preparations of 
different complexity were developed to study the mechanisms of connection formation 
in situ (with nerves or commissures either cut or crushed) and in vitro (tissue culture of 
ganglia or cell culture of dissociated neurons both with and without muscles present). 
Based on observations of regeneration and synapse formation under these different 
experimental conditions, we made several general conclusions. First, in all three model 
systems new synapse formation occurred with a high degree of accuracy and 
selectivity. Thus the adult nervous system of Clione preserves the capacity for 
selective synaptogenesis and can be used as a convenient model to study the 
mechanisms of cell recognition and pathfinding. Second, it was found that in the 
absence of normal targets, aberrant connections were formed. In addition, when both 
correct and incorrect targets were present, aberrant connections often formed. These 
connections were transient and later eliminated, possibly as a result of competition.

This work was supported by RFBR grants 96-04-49115 and 96-04-63106 and by 
"Priority trends in genetics" 2-044 grant.
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771.11
SYNAPSE FORMATION BETWEEN IDENTIFIED MOLLUSCAN NEURONS: 
POSSIBLE ROLES FOR GROWTH FACTOR SIGNALING AND INDUCED 
GENE EXPRESSION. R.E, Van Kesteren*. Z.-P. Feng, N.I. Sved, A.B. Smit, 
A.G.M. Bulloch and W.P.M. Geraerts. Neuroscience and Respiratory Research 
Groups, University of Calgary, HSC, Calgary, AB, T2N 4N1, Canada; Department 
of Molecular Neurobiology, Vrije Universiteit, 1081 HV Amsterdam, The 
Netherlands.

The formation, refinement and plasticity of synaptic connections is believed to 
depend upon local interactions between pre- and postsynaptic cells and resultant 
changes in gene expression in both cells. Knowing the cause and the nature of these 
changes is important for our understanding not only of neural development, but also 
of synaptic plasticity in the adult brain and regeneration of the nervous system 
following aging-, disease- or trauma-induced degeneration. We have addressed this 
problem using a unique preparation of identified neurons from the snail Lymnaea 
stagnalis that selectively and reliably form a synaptic connection in vitro.

Growth factors play an important role in activity-dependent remodeling of 
synapses during development and in synaptic plasticity in the adult brain. To test 
whether growth factors may be involved in synapse formation, we used a homology- 
based PCR screen to identify putative growth factor receptors that are expressed in 
the cells of interest at the moment synapses are formed. We established the 
expression of Ltrk 1, a previously identified Trk receptor homolog, and are currently 
in the process of screening more clones in order to identify additional receptor types.

To identify mRNAs whose expression is changed upon target cell contact in 
either the pre- or the postsynaptic cell, and that have a potential role in the 
consolidation of the synapse, we employed single cell differential display PCR (DD- 
PCR). Several target cell-induced and -repressed mRNAs were identified that 
potentially function in synapse formation. The identity of these mRNAs is currently 
being investigated, and we are using reverse Northern blotting and in situ 
hybridization techniques in order to get independent confirmation of the regulated 
nature of these transcripts.

Supported by NWO (The Netherlands), AHFMR (Canada) and MRC (Canada)

771.12
PRESYNAPTIC FUNCTION DURING MUSCLE REMODELING IN INSECT 
METAMORPHOSIS. Christos Consoulas and Richard B, Levine*. Division of 
Neurobiology, University of Arizona, Tucson, Arizona 85721.

The leg neuromuscular system of the moth Manduca sexta undergoes an extensive 
remodeling during metamorphosis. The larval leg muscles degenerate and are 
replaced by new muscles in the adult (Consoulas et al., 1997) but both sets of 
muscles are innervated by the same pool of motoneurons (Kent and Levine 1988). 
The axons of these persistent motoneurons are in close association with the 
developing adult muscles and functional contact between the two is established very 
early during myogenesis (Consoulas et al., 1996). The present study addressed the 
function of presynaptic terminals during early stages of muscle development. Before, 
during and shortly after the breakdown of the larval leg muscles, the presynaptic 
vesicle protein, synaptotagmin, was localized to the presynaptic varicosities of the 
motoneurons. Similarly localized was the activity and Ca2+-dependent uptake of the 
fluorescent dye, FM1-43, which indicates vesicle recycling. During the early stages 
of adult muscle formatiori motor nerve branches re-expand and grow over the 
developing muscle anlagen. Synaptotagmin was widely distributed at a low level in 
axons and axonal sprouts. After the initial formation of muscle fibers, EPSPs could 
be evoked by nerve stimulation. Synaptotagmin disappeared from the primary axons 
but was still distributed in a punctate manner within the terminal branches. By 
contrast, specific FM1-43 staining was localized to the higher order terminal 
processes only. After the muscle fibers became striated and during the time of their 
growth and maturation both FM1-43 staining and synaptotagmin became localized 
within terminal varicosities. We conclude that synaptic vesicles may be made, 
transported and recycled in an activity dependent manner after the breakdown of 
larval muscles during nerve retraction, and during axonal re-growth. Presynaptic 
specializations become progressively restricted to the terminal varicosities during 
maturation. Supported by NIH NS24822.

771.13
Physiology and development of identified synaptic connections in the leech. F. 
James Eisenhart*1 and William B, Kristan, Jr. 1,2 Group in Neurosciences1 and 
Department of Biology2, UCSD.

A central question in neurobiology is, how do neurons find the right synaptic 
partners during development? We are addressing this question by studying the 
development of the synaptic connections between three identified neurons in the leech: 
cells 1, 102, and 3. These cells are motor neurons found in each segmental ganglion. 
Cells 1 and 102 inhibit the dorsal longitudinal muscles and also inhibit cell 3 centrally 
through graded synapses that are distributed across multiple synaptic sites. Previous 
work showed that cell 1 makes its entire connection on either the first or second major 
branch of cell 3, suggesting that there may be competition between either pre- or 
postsynaptic processes within the neuropil. We then used photoablation to isolate the 
site of the cell 102’s connection onto cell 3 and determine its relationship to the cell 1 
connection. Our results indicated that cell 102 also makes its entire connection on a 
single major branch of cell 3 and that it occupies the same branch as cell 1. To test this 
finding, we used a confocal microscope to examine the localization of presynaptic 
varicosities with respect to cell 3. Preliminary results show that varicosities from both 
cell 1 and cell 102 are in close apposition to secondary processes emerging from the 
same branch of cell 3, in agreement with our photoablation data. We are now generating 
three-dimensional reconstructions to determine if these are the only sites of possible 
synaptic contact.

We are also studying the development of these connections. Previous time-course 
work suggested that cell 3 initially produces excess central branches, which are then 
pruned during later development. We are again generating three-dimensional 
reconstructions to quantify these observations and extend them to the higher-order 
branches that appear to form the actual synapses. We are also extending our time-course 
study to cells 1 and 102 to determine when the three cells come into contact and when 
they form functional synapses.

Supported by NIH grants NS 25916 (WBK) and T32 AG00216 (FJE).

771.14
ESTABLISHMENT OF WHOLE EMBRYO CULTURES TO STUDY SYNAPSE 
FORMATION IN THE CERCAL SENSORY SYSTEM OF THE COCKROACH. M 
Sosa1,3* and J.M, Blagbum23. ‘Dept. of Anatomy, 2Dept. of Physiology & ’Institute of 
Neurobiology, University of Puerto Rico School of Medicine, San Juan, PR 00901.

The cereal sensory system of the cockroach (Periplaneta americana) is well suited for 
studying synapse formation, particularly due to the high degree of specificity of the 
connections formed between sensory afferents and their target giant intemeurons (GIs). 
We have previously described the development of synapses between the first instar’s two 
cereal sensory afferents and GI2 and GI3 using embryos. To further characterize the 
mechanisms involved in target selection among these neurons, we are devising a culture 
preparation that will allow us to perturb the system experimentally as the embiyo develops.

Culture chambers are built on slides using strips of polymerized Sylgard. The culturing 
protocol can be carried out on a benchtop, as long as all working surfaces and materials are 
sterilized. After sterilizing the ootheca (1 min in ethanol), embryos are isolated in medium 
(L-15 plus 0.15gg/ml eedysone and 0.1 mg/ml gentamycin) and transferred to the culture 
chamber, where they are stuck to the Vaseline-coated bottom, ventral side down. CNS 
neurons are exposed by opening the embryo and/or its cerci along the dorsal midline using 
fine forceps. After changing the medium, the chamber is sealed with a sterilized coverslip. 
Following this protocol, embryos as young as 15 days (~50% development) can be kept 
alive for at least 2 days in an incubator at 3(FC. The sensory afferents and GIs have normal 
membrane potentials, and the sensory afferents can generate action potentials. Embryos 
kept for longer periods of time (2-4 weeks) seem to develop at a slower pace than embryos 
kept undisturbed in their own oothecae. Also, embryos that are older at the time of culture 
have a better chance of being kept alive and healthy in the culture chambers.

Cultured embryos are currently being used in experiments to look at the effects of 
ablating one sensory neuron on the specificity of the connections established by the 
remaining afferent. The technique for establishing whole embryo cockroach cultures holds 
a lot of promise, as it could lay the groundwork for a wide array of additional approaches 
to study mechanisms involved in synapse formation and development. Support: NIH 
NS07464, RRO3O51 and NSF Minority Postdoctoral Fellowship.

771.15
ROLE OF THE fi-AMYLOID PRECURSOR PROTEIN IN THE
DIFFERENTIATION OF PEPTIDERGIC MOTORNEURON ENDINGS. NL 
Packard, L. Torroja, K. White, *M. Gorczvca, and V. Budnik. Dept.
Biology, U. Massachusetts, Amherst, MA 01003; Dept. Biology, Brandeis
U. Waltham, MA 02254
The 6-amyloid. precursor protein (APP) has been implicated in a variety of 
processes of both normal and diseased states. However, its normal function 
in the intact organism is not well understood. Many studies suggest that 
abnormal processing or accumulation of APP proteolytic fragments is a key 
feature of Alzheimer's disease pathology, but its exact involvement is 
poorly understood. The fruit fly Drosophila contains a protein, APPL, with 
many similarities to one of the vertebrate APP forms, APP695. In flies, 
APPL is expressed exclusively in the nervous system, and appears in 
differentiated neurons. To understand the role of APPL in synapse 
development and maturation, we used the Gal-4 enhancer trap system to 
target the expression of normal APPL, a secretion deficient APPLform, and 
a constitutively secreted APPL form, to a subset of peptidergic
neuromuscular junctions. We show that expression of the secretion-deficient 
APPL form results in striking alterations of peptidergic synapse structure. 
These results provide important insights into the role of this protein in the 
intact nervous system, and suggest mechanisms by which altered APPL 
processing may result in abnormal neuronal phenotypes. Supported by NIH 
grants RO1 NS30072 and KO4 NS01786.

771.16
STRUCTURAL DETERMINANTS FOR CLEAVAGE OF ARIA FROM ITS 
TRANSMEMBRANE PRECURSOR. B. Han and G.D. Fischbach*. Department of 
Neurobiology, Harvard Medical School, Boston, MA 02115

ARIA, a protein that stimulates acetylcholine receptor synthesis in skeletal 
muscle, is made in the motoneurons and released into the synaptic cleft. ARIA is 
initially part of a transmembrane precursor protein that has a large cytoplasmic 
domain (proARIA) and it is released via proteolytic cleavage of the ectodomain. 
We have examined structural features that determine cleavage of ARIA. After 
deletion or substitution of amino acid residues, mutant proARIAs were expressed in 
COS cells, and release of ARIA into the medium was assayed by phosphorylation 
of pi85 protein in cultured muscle cells. When juxtamembrane dibasic residues 
were changed to diacidic residues, or deletions of a stretch of 4-6 amino acid 
residues were made between the extracellular EGF-like domain and the putative 
transmembrane, no significant change was observed in ARIA release. Deletion of 
most of the amino acid residues from this region (>16 residues out of 20) was 
necessary to block cleavage of ARIA. Deletion in the cytoplasmic domain to 
convert the proARIA (pia isoform) to another naturally occurring isoform (Pic) 
resulted in significant reduction in both constitutive and PMA stimulated ARIA 
release. Unlike TGF-a, however, in which the C-terminal single hydrophobic 
residue is critical for PMA stimulated cleavage of the ectodomain, substitution of 
the C-terminal Val to Arg did not affect ARIA release. We conclude that there is 
no single major cleavage site including the juxtamembrane dibasic residues and that 
the mechanism of ARIA cleavage is different from that of TGF-a. Difference 
between the pi a and pic isoforms suggests distinct in vivo roles for these iso forms, 
each acting as a soluble and membrane bound form, respectively.

Supported by grants from the Harvard Mahoney Neuroscience Institute and 
Helen Hay Whitney Foundation (BH) and from NIH(NINDS) (GDF).
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772.1
BAX-w, A NOVEL ISOFORM OF BAX-a:CLONING, BIOCHEMISTRY AND 
FUNCTIONAL CHARACTERIZATION, M. Zhou, S.D. Demo, T.N. Me 
Clure, R. Crea and C.M. Bitler *̂ Dept. of Cell Biology, 
Neurex Corp., Menlo Park, CA 94025

Cell death plays an important physiological role in a 
number of physiological processes in all complex multi-
cellular organisms. One of the molecules that regulates 
this process is Bax, an integral membrane protein, that 
promotes apoptosis. Increased Bax protein levels have been 
seen in neuronal disorders such as ischemia, Alzheimer’s 
disease and head trauma. Transgenic mouse studies have 
demonstrated a role for Bax (as well as other Bcl-2 family 
members) in cell death following ischemia and growth fac-
tor deprivation. Using a human brain cDNA library, we have 
cloned a novel splice isoform of Bax which we have called 
Bax-w. Full length Bax-w encodes for a 222 amino acid pro-
tein, with a unique C-terminus that results from a trans-
lational frame shift. Interestingly, the frame shift 
occurs in the BH2 domain, a domain that shares homology 
with other Bcl-2 family members and is critical for dimer-
ization. We will describe the cloning, biochemical and 
functional characterization of Bax-w. We will also discuss 
the role of Bax-w in normal and degenerating neurons. 
Funded by Neurex Corporation

772.2
BAX DELETION FURTHER ORDERS THE CELL DEATH PATHWAY IN 
CEREBELLAR GRANULE CELLS AND SUGGESTS A CASPASE- 
INDEPENDENT PATHWAY TO CELL DEATH. T.M. Miller*, K.L. Moulder. 
C.M. Knudson, D.J. Creedon, S.J. Korsmeyer, E.M. Johnson, Jr, Washington 
University School of Medicine, Saint Louis, Missouri 63110.

Dissociated cerebellar granule cells maintained in medium containing 25 mM 
potassium undergo an apoptotic death when switched to medium with 5 mM 
potassium. Granule cells from mice in which Bax, a pro-apoptotic Bcl-2 family 
member, had beeh deleted, did not undergo apoptosis in 5 mM potassium, yet did 
undergo an excitotoxic cell death in response to stimulation with 30 or 100 pM 
NMDA. Within 2 hours after switching to 5 mM K+ both wild-type and Bar- 
deficient granule cells decreased glucose uptake to less than 20% of control.
Protein synthesis also decreased rapidly in both wild-type and Bax-deficient granule 
cells to 50% of control within 12 hours after switching to 5 mM potassium. Both 
wild-type and Bax -/- neurons increased mRNA levels of c-jun, and caspase 3 
(CPP32) and increased phosphorylation of the transactivation domain of c-Jun after 
K4 deprivation. Wild-type granule cells in 5 mM K+ increased cleavage of DEVD- 
AMC, a fluorogenic substrate for caspases 2, 3, and 7; in contrast, Box-deficient 
granule cells did not cleave DEVD-AMG. These results place BAX downstream of 
metabolic changes, changes in mRNA levels, and increased phosphorylation of c- 
Jun, yet upstream of the activation of caspases and indicate that BAX is required for 
apoptotic, but not excitotoxic, cell death. Boc-Asp-FMK and ZVAD-FMK, general 
inhibitors of caspases, blocked cleavage of DEVD-AMC in wild-type cells. 
However, these inhibitors had only a marginal effect on preventing cell death, 
suggesting that there may be a caspase-independent death pathway downstream of 
BAX in cerebellar granule cells. (Supported by NS 24679, AG 12947, and CA 
49712).

772.3
CASPASE ACTIVITY MEDIATES APOPTOSIS OF BCL-Xl -DEPENDENT 
AND BCL-Xl -INDEPENDENT IMMATURE TELENCEPHALIC NEURONS. 
K.S. Shindler* and K.A.Rotht. Depts. of Pathology and ^Molecular Biology and 
Pharmacology, Washington University School of Medicine, St. Louis, MO 63110.

Significant levels of apoptosis occur early in the developing CNS in populations 
of neural precursor cells and immature neurons. Targeted disruption of bcl-x 
causes massive cell death in the intermediate zone of the embryonic CNS, 
suggesting that Bcl-xL regulates neuronal survival during this period. This 
increased apoptosis is recapitulated in vitro by dissociated neuroepithelial cells 
from the embryonic day 12 mouse telencephalon grown for 48 hours in 
unsupplemented basal media. Recently, increasing evidence has indicated that 
another family of genes, the cysteine proteases which share sequence homology 
with the interleukin-1-p-converting enzyme (termed caspases), also mediates 
apoptosis in many neuronal and non-neuronal systems. The potential role of 
caspases in mediating apoptosis of wild-type and 6c/-x-deficient immature 
telencephalic cells was examined in primary cell cultures by addition of known 
caspase inhibitors. Caspase inhibitors blocked apoptosis of virtually all 
telencephalic cells, regardless of genotype, indicating that the death of both Bcl-xL- 
dependent and -independent cells is mediated by a member(s) of the caspase 
family. Telencephalic cells rescued by caspase inhibitors, however, demonstrated a 
reduced ability to differentiate into mature neurons. Wild-type cultures treated 
with inhibitors contained a significantly smaller percentage of neurons than 
untreated cultures, and treated neurons elaborated only short neuritic processes or 
no processes at all. Results indicate that caspase activity mediates apoptosis of 
immature neuronal cells, and functions downstream of Bcl-xL during early 
telencephalic development.

Supported by NIH grant NS35107

772.4
A TIME COURSE STUDY EXAMINING THE EXPRESSION OF BCL-2 
FAMILY MEMBERS DURING A WAVE OF NATURALLY OCCURRING 
CELL DEATH IN THE DEVELOPING CHICK RETINA. K. L. Drum*. C, E. 
Milligan and J, E. Johnson. Dept. Neurobiology and Anatomy, Bowman Gray 
School of Medicine of Wake Forest University, Winston-Salem, NC 27157.

Members of the Bcl-2 family have been implicated as positive and modulators of 
cell death. These members share two regions of high homology termed BH1 and 
BH2 domains. It is believed that Bcl-2 and Bcl-x (both negative modulators of cell 
death) interact with Bax (a positive modulator of cell death) through these conserved 
regions, and the ratio of Bcl-2 or Bcl-x to Bax dictates the cell’s susceptibility to 
naturally occurring cell death. The retinal ganglion cell (RGC) layer of the chick 
undergoes extensive naturally occurring cell death (a large portion by apoptosis) 
between E10 and El6, approximately the time when RGCs innervate their target, 
the tectum. This wave of cell death results in the loss of 40% of RGCs. We are 
beginning to investigate the role of Bcl-2 and its family members Bcl-x and Bax in 
regulating RGC death and survival. Western Blot analysis of retinal tissue harvested 
between E6 and El6 reveals a temporal expression of Bcl-2 and Bax corresponding 
to RGC death. Bax expression appears highest at E6 and E8, the period prior to 
RGC death, while Bcl-2 expression appears highest between E10 and El4 during the 
period of cell death. The results of the Western Blot analysis do not provide 
information about whether the expression of Bax and Bcl-2 is within dying or 
surviving RGCs. Therefore, immunohistological and TUNEL analysis is currently 
underway to examine the cellular localization of these proteins in the retina. These 
results indicate that a ratio of positive and negative modulators of cell death may 
contribute to the shaping of a mature chick retinal ganglion cell layer. (Supported 
by NEI, EY 11127, JEJ and a grant from NCBT to CEM)

772.5
IMMUNOLOCALIZATION OF BCL-X PROTEIN IN THE RAT CENTRAL 
NERVOUS SYSTEM.
I. Guillemain. I, Chaudieu*, G. Alonso, A, Pnvat and G.Patey.
INSERM U336, ENSCM, 34296 Montpellier, France.

The protein Bcl-xL is a death-inhibiting member of the Bcl-2 family. 
However, in contrast to Bcl-2, the study of knock-out mice bcl-x'z has 
identified Bcl-x as a critical regulator of neuronal survival during embryonic 
development.

In a preliminary histochemical study, we have shown that Bcl-x is 
expressed throughout the whole extent of central nervous system (CNS) of 
young rats. However, this expression is progressively restricted during the 
course of postnatal development. Indeed, in the adult CNS, the most intensely 
stained neurons are found in hypothalamic supraoptic nuclei and a strong 
immunostaining is found in mitrals cells of the olfactory bulb, in the granule 
cells of hippocampus, in the Purkinje cells layer of the cerebellum and in 
neurons of brainstem catecholaminergic nuclei.

In view of these results, we have undertaken a detailed study of the 
evolution of Bcl-x expression during the postnatal development of the CNS, 
and we are currently characterizing more precisely the phenotype of neuronal 
populations expressing this protein.

In conclusion, we propose that, in addition to possible stimulating effects 
on cell survival generally ascribed to Bcl-x, its expression in adult CNS could 
also characterise neuronal cells which display properties of plasticity.

Supported by 1RME and INSERM

772.6
RAPID REDISTRIBUTION OF BAX IN CELLS UNDERGOING

G. Xi1, and R. J. Youle1. ‘Biochemistry Section, Surg. Neurology Br., and 
2Light Imaging Facility, Lab. of Mol. Biology, Nat. Inst, of Neurological 
Disorders and Stroke, N. I. H., Bethesda Maryland 20892.

Bax, a member of the Bcl-2 protein family, accelerates neuronal apoptosis 
following growth factor deprivation. Family members including Bax have been 
characterized as intracellular proteins anchored into the membranes of organelles, 
particularly mitochondria, by a hydrophobic domain found at their COOH- 
termini. However, we have recently found by subcellular fractionation that Bax 
is exclusively soluble in healthy thymocytes and cerebellar granule cells, and 
associates with membranes only upon induction of apoptosis. To investigate 
this activity on a single cell level, we fused the green fluorescent protein (GFP) 
to the NH3-termini of Bax, Bcl-2, and Bcl-XL. Confocal microscopy performed 
on living Cos-7 renal epithelial cells and L929 fibroblasts reveals that GFP-Bcl- 
2 and GFP-Bcl-XL display a punctate distribution and co-localize with a 
mitochondrial marker, whereas GFP-Bax is found diffusely throughout the 
cytosol. Upon induction of apoptosis with staurosporine, GFP-Bax undergoes a 
marked shift in distribution towards a punctate pattern which partially co-
localizes with mitochondria. This shift occurs rapidly after stauropsorine 
treatment, prior to membrane blebbing or nuclear condensation. Removal of the 
COOH-terminal hydrophobic tail (ACT) from GFP-Bax prevents redistribution 
during apoptosis. In L929 fibroblasts, the ACT deletion abrogrates the death 
promoting activity of both Bax and GFP-Bax. These results demonstrate that in 
cells undergoing apoptosis, an early, dramatic change occurs in the intracellular 
localization of Bax, and that the COOH-terminal hydrophobic tail is required for 
both this shift and the ability of Bax to accelerate cell death.

K. G. W. is funded by the HHMI-NIH Research Scholars Program.
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772.7
BCL2 AND E1B19K RESCUE T-ag-INDUCED PURKINJE NEURON DEGENERATION. 
Wael S, Yunis, Maria Athanasiou, H, Brent Clark* and Rod M. Feddersen. Department of 
Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN 55455.

Normal nervous system development requires genetically specified programs of 
proliferation and cell death to generate appropriate populations of highly interactive 
neuronal cell types. Early, supernumerary neuronal populations appear to be corrected 
through limited target availability via apoptosis. Recent research indicates that the 
programmed cell death pathway remains operative in mature, functioning neurons and can 
be activated in response to numerous challenges. Neurodegeneration resulting from a 
compromise in the post-mitotic status of mature neurons appears to be a sensitive, and 
perhaps, default pathway.

We have directly stimulated cell cycle progression in cerebellar Pukinje cells by targeting 
the viral oncoprotein SV40 T-ag in transgenic mice. T-ag induced replicative DNA synthesis 
does not result in cell division and tumor formation, but rather apoptosis and ataxia. Pukinje 
cells therefore appear to be strictly post-mitotic: engagement of cell cycle/cell death 
response perhaps limits the otherwise devastating consequences of tumorigenesis. To 
further explore celi cycle/cell death interaction in Purkinje cells we have generated several 
lines of transgenic mice that overexpress the pro-survival proteins BCL2 and E1B19K.
These mice exhibit robust transgene expression limited to Purkinje cells and display normal 
cerebellar development. In an attempt to “rescue” T-ag induced degeneration we have now 
engaged in transgenic mice cross-breeding studies. Transient sparing of T-ag positive cells 
is observed with both human BCL2 and adenovirus E1B19K. Prolonged rescue in the 
E1B19K animals is likely related to a higher expression level than BCL2. Interestingly, 
cerebellar function, assessed via Rota-rod performance, does not correlate with Purkinje 
cell RNA, protein or cell counts. These results have important implications concerning 
abnormal neuronal function, the beneficial effects of neuronal cell death and potential 
therapeutic application. This research project was supported by NIH Grant PO1-NS31318.

772.8
BARREL CORES IN THE DEVELOPING MOUSE SOMATOSENSORY 
CORTEX ARE REVEALED BY IMMUNOHISTOCHEMISTRY FOR THE 
APOPTOSIS-ASSOCIATED PROTO-ONCOGENES BCL-2 AND BCL-X. J.K. 
Mai*1, K.W.S. Ashwell1, S.J. Krajewski2. M. Krajewski2, J.C. Reed2. 1. Dept. of 
Neuroanatomy, H.-Heine-University, Dusseldorf, D40001, F.R.G. 2. Burnham Inst., 
La Jolla, Ca. 92037.

We have examined the expression of the Bcl-2 family of apoptosis-associated 
proto-oncogenes (Bcl-2, Bcl-x, Bax, Bak) during postnatal mouse somatosensory 
pathway development. Postnatal mice (PO to P24) of the NMRI strain were 
overdosed with ether and their brains fixed in Bouin's fluid. Paraffin sections were 
cut at 5pm and processed for immunohistochemistry using polyclonal antibodies 
against the above Bcl-2 family members. Bcl-2 and Bcl-x were found to be 
expressed in the interior of barrelettes in the spinal trigeminal nucleus, barreloids in 
the ventroposteromedial thalamic nucleus and the centers of individual barrels of 
layer 4 of the somatosensory cortex at the end of the first postnatal week. Label was 
mainly fine and granular indicating expression in fine axon terminals at all 3 levels, 
although intense cytoplasmic labeling of a few somata was seen in the barrel field of 
the cortex. Septa between barrels were less immunoreactive than non- 
somatosensory cortical areas. Bax and Bak immunoreactivity did not localize to 
barrel-like structures at any level. Expression of both Bcl-2 and Bcl-x was no longer 
specifically found in the barrel-like configuration by P24. The results indicate that 
Bcl-2 and Bcl-x may play a role in aggregation of afferents into barrel centers at all 
levels of the trigeminal pathway. This is in addition to previously proposed roles in 
the control of neuronal apoptosis, which are based on cytoplasmic labeling of 
neuronal somata. Labeling of terminal fibres, as noted here, suggests a role of Bcl-2 
family members in terminal field specification or cellular interaction with post-
synaptic neurons.

772.9
PLACEMENT OF THE BCL-2 FAMILY MEMBER BAX IN THE 
DEATH PATHWAY ACTIVATED BY NGF DEPRIVATION OF 
SYMPATHETIC NEURONS. T.L Deckwerth** R.M. Easton.* CM. 
Knudson.^ S.I, Korsmeyer.S and E.M. Johnson. Jr.t Washington University 
School of Medicine, Departments of ^Molecular Biology and Pharmacology, 
^Neurology, SMedicine and Pathology, St. Louis, MO 63110, USA.

Members of the BCL2 family of proteins either promote or repress 
programmed cell death. In neonatal mammalian sympathetic neurons induced 
to die by withdrawal of their physiological trophic factor NGF, the death- 
promoting member BAX is required for the induction of apoptosis and the 
ensuing death. Neonatal sympathetic neurons deficient in box are NGF- 
indcpcndent for survival. This requirement for BAX in the degenerative 
process poses the question when and during which phase after NGF 
withdrawal BAX acts to promote apoptosis. For an answer we examined 
NGF-deprived /^-deficient sympathetic neurons for metabolic, molecular, 
and morphological markers characteristic of particular degenerative phases. 
Early markers such as declining protein synthesis, increased levels of the 
transcription factor c-jun, phosphorylation of c-Jun, and profound atrophy all 
occur in NGF-deprived /^'-deficient neurons. Late markers such as induction 
of the transcription factor c-fos and the apoptotic morphology remain absent, 
however. Thus BAX acts downstream of c-Jun phosphorylation and between 
the two phases of gene induction to control the activation of apoptosis after 
trophic factor deprivation. With BAX functioning upstream of the caspases, 
which act downstream of c-fos induction and which commit NGF-deprived 
neurons to die, BAX is an attractive target for the development of drugs that 
control neuronal apoptosis. Supported by NIH grants NS24769, AG12947, 
and CA49712.

772.10
HETERO- AND HOMODIMERIZATION DOMAINS OF BCL-2 ARE NECESSA-
RY FOR ATTENUATING MPP+ TOXICITY IN A DOPAMINERGIC NEURO-
NAL CELL LINE. J. Lotharius*1, Y. Oh2, and K. L. O’Malley1. 'Department of 
Anatomy and Neurobiology, Washington University, St. Louis, MO 63110. 
department of Biology, Yonsei University, Seoul, Korea.

Our lab has previously shown that over-expression of the human Bcl-2 proto-
oncogene resulting from transfection into dopaminergic cells is able to attenuate the 
deleterious effects of the neurotoxin MPP+. Furthermore, we have demonstrated 
that mutations in the BH1 and BH2 domains of the Bcl-2 protein do not significantly 
alter its ability to protect cells from MPP+ induced cell death. We hypothesized that 
either homodimerization via the BH4 domain was critical for Bcl-2’s protective 
function or that an apoptotic inducer lacking the BH1 and BH2 domain was 
involved. We therefore constructed a human Bcl-2 mutant lacking the BH4 domain 
(aa 1-81) and stably transfected it into an immortalized dopaminergic cell line 
(MN9D). We also transfected human Bik, a 19 kDa pro-apoptotic protein 
containing only the BH3 homology domain, and a Bcl-2 mutant lacking the BH3 
domain (aa 93-107) into MN9D cells In agreement with our previous studies (Oh et 
al, Neurobiol of Dis 1995, 2, 157-167), control MN9D cells exhibited only a 50% 
survival rate after 24 hr in 100 pM MPP+, whereas 80% of the cells transfected with 
wild-type Bcl-2 survived. In contrast, cells transfected with either Bcl-2ABH3 or 
Bcl-2ABH4 displayed the same sensitivity to MPP+ as did cells transfected with 
vector only. Thus, the putative homodimerization domain, BH4, as well as the BH3 
heterodimerization domain, but not BH1 or BH2, mediate the protective effects of 
Bcl-2 in response to MPP+ in MN9D cells. Also, Bik-transfected cells died 
significantly faster than either Bcl-2ABH3 or Bcl-2ABH4. Finally, 100 pM of the 
general caspase inhibitor BAF failed to confer protection against MPP+ induced cell 
death, suggesting that BAF-sensitive caspases are not involved in the cell death 
cascade that results from MPP+ treatment. Supported by NIMH 45530.

772.11
EXPRESSION OF BCL-W IN THE DEVELOPING RAT CENTRAL 
NERVOUS SYSTEM. 1 S. Hamner, 2I. Lundell* and 'D, Lindholm 'Dep.t of 
Developmental Neuroscience, Box 587. BMC, 751 23 Uppsala, Sweden . 2 Dept. 
of Medical Pharmacology, BMC, Uppsala, Sweden

Programmed cell death (apoptosis) plays an important role in the developing 
nervous system i.e to eliminate neurons making incorrect connections. Proteins 
belomging to the bcl-2 family are important in regulating apoptosis. Bcl-w is a 
newly discovered member of the this family. We have cloned the rat homologue 
of the bcl-w gene from developing rat brain. The rat clone shows a high 
homology to the human and mouse clones (93% and 98% respectively on the 
nucleotide level).
We have also performed in situ hybridizations for bcl-w on rat brain sections al 
various stages of embryonic and postnatal development. The bcl-w transcript is 
expressed at a low level all through the development, but at higher levels in 
postnatal and adult sections than in embryonic. In the embryonic animals the 
expression was highest in the cortical plate, the pineal gland and the trigeminus 
nerve whereas the highest expression in adult brain was found in the CA3 and 
CA4 of the hippocampus, in the cerebellum and in the habenular nucleus. 
Intraventricular injection of kainate resulted in an early downregulation of bcl-w 
in adult hippocampus. This implies that the death program after kainate treatment 
includes a downregulation of the protective molecule Bcl-W

Supported by the Swedish Cancer foundation

772.12
BCL-2 AND BCL-XL EXPRESSION IN 
NEURODEGENERATIVE DISEASE. Y. Sugita*l), K. Gotoi), M. 
Yoshikawai), H. Morii), Y. Mizunoi) and S. Ohta2). 1) Dept. of 
Neurology, Juntendo Univ., 2) Dept. of Biochemistry, Institute of 
Gerontology, Nippon Medical School, Tokyo, Japan

Apoptosis is a suspected mechanism of neuronal cell death in 
neurodenerative disease, bcl-2 and bcl-xL are proteins which inhibit 
apoptosis of various types of cells.

To investigate the role of bcl-2 and bcl-xL in neurodegenerative 
disease, we studied immunohistochemically the expression of bcl-2 
and bcl-xL in Parkinson's disease (PD), progressive supranuclear 
palsy (PSP) and Alzheimer's disease (AD) patients and control 
(CTL) individuals. We detected bcl-2 immunoreactivity mainly in 
the cytoplasm, and bcl-xL on the nuclear membrane and in the 
cytoplasm. The levels of bcl-2 and bcl-xL immunoreactivity in 
atrophic cortical neurons in the AD patients were higher than those 
in the CTL individuals, and bcl-xL immunoreactivity in dopaminergic 
nigral neurons in the PD patients were lower than those in CTL 
individuals and PSP patients. The levels of bcl-2 and bcl-xL 
immunoreactivity in astrocytes and microglia were also higher in the 
PSP and AD patients than in the CTL individuals. We detected bcl- 
2 and bcl-xL immunoreactivity in neurons of the tegmental area in 
all groups, but strongest in the PSP patients. These findings 
suggest that bcl-2 and bcl-xL play an important role not only in 
survival of neuronal cells but also in regulation of proliferation of 
reactive glial cells in neurodegenerative disease.
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772.13
PROTECTION OF PC-12 CELLS FROM MITOCHONDRIAL 
INHIBITOR TOXICITY BY NGF, CYCLIC AMP AND BCL-XL. 
C.R. Filburn*, O. Kawamura, A. Chesley, E.D. Arrington and 
John W. Kusiak. Laboratory Biological Chemistry, Gerontology 
Research Center, NIA/NIH, Baltimore, MD 21224.
Impaired energy metabolism can play a major role in neuronal 
cell death. We used naive and NGF differentiated PC-12 cells to 
study the protective effects of NGF, cyclic AMP, and overexpressed 
Bcl-XL against mitochondrial inhibitors. Simultaneous exposure of 
naive cells to NGF or 8-cpt-cyclic AMP along with rotenone, 
antimycin A, or oligomycin resulted in protection against inhibitor 
induced cell death for 2-3 days. Naive cells treated with both rotenone 
and NGF were enlarged and exhibited more total reductive capacity 
(MTS assay) than untreated control cells. Pretreatment with NGF 
protected for up to 3 days against rotenone, even though cells lost 
neurites at 1 day. NGF treatment also caused a modest upregulation of 
Bcl-XL mRNA. Cells overexpressing rat Bcl-XL were also resistant to 
rotenone, with no enhancement of resistance from pretreatment with 
NGF. Superoxide production, monitored by oxidation of 
nonfluorescent hydroethidine to ethidium, was increased significantly 
by antimycin A in a dose-dependent manner in both control and Bcl-XL 
overexpressing cells; rotenone had little or no effect. These studies 
indicate that both NGF and Bcl-XL protect against the toxic 
consequences of compromised energy metabolism. Further studies may 
elucidate the similarities or differences in the mechanism(s) by which 
this occurs. Supported by IRP, NIA/NIH.

NEURONAL DEATH: INDUCERS

773.1
TOXIC EFFECTS OF HYDROGEN PEROXIDE IN 
IMMORTALIZED NEURAL CELLS WITH 
OVEREXPRESSION OF SUPEROXIDE DISMUTASE AND 
CATALASE. H, Mann*, M. T. McCoy, J. Subramaniam,
H.V. Remmen#. and J.L. Cadet. Molecular Neuropsychiatry 
Section, NIH/NIDA/IRP, Baltimore, MD, #Department of 
physiology, GRECC 182, ALMMVAH, 7400 Merton Minter 
Blvd., San Antonio, Texas.

Hydrogen peroxide (H2O2) is a known toxicant which 
causes its damage via the production of hydroxyl radicals. It has 
been reported to cause both necrotic and apoptotic cell death. 
The present study was undertaken to evaluate the mode of H2O2 - 
induced cell death and to assess if overexpression of catalase 
could protect against its toxicity. H2O9 causes cell death of 
immortalized CSM 14.1 neural cells in a dose-dependent 
manner. H2O,-induced death was associated with DNA laddering 
as shown by agarose gel electrophoresis. Stable overexpression 
of catalase by transfection of a vector containing human cDNA 
into these cells markedly attenuated H2O2 - induced toxic effects. 
Transfection of a vector containing a SOD cDNA afforded no 
protection. These results indicate that H2O2 can lead to the 
activation of endonuclease enzyme that breaks DNA into 
oligosomes. These cells which overexpress catalase or SOD will 
help to determine the specific role of H2O2 or O2 in the 
deleterious effects of a number of toxins.

773.2
NEUROTOXICITY OF CHOLESTEROL OXIDES ON REGULAR AND 
NEURONAL PC12 CELLS. J,Y. Chang*»KP, FheUn and L2».Lin Dept. 
of Anatomy, Univ. Arkansas for Med. Sci. Little Rock, AR 72205

The effects of cholesterol oxides on regular and nerve growth factor- 
differentiated neuronal PC12 cells were examined. Among the 
cholesterol oxides tested, 7-beta-, 22(R)- and 25-OH-cholesterol were 
very toxic to regular PC12 cells such that approximately 80% of cells 
were killed after a 3-day incubation with 20 pg/ml (50 fiM) of these 
agents. The nerve growth factor-induced neurite outgrowth and nitric 
oxide synthase expression appeared normal in PC12 cells treated with a 
sub-lethal dose of 25-OH-cholesterol. Neurite regeneration from 
established neuronal PC12 cells was not inhibited by the presence of a 
toxic dose of 25-OH-cholesterol. Given the fact that 25-OH-cholesterol 
is a potent inhibitor of cholesterol synthesis pathway, these results 
suggest that the de novo synthesis of cholesterol may not be required for 
nerve growth factor-induced neurite outgrowth in PC12 cells. Cholesterol 
oxides caused cytotoxicity in neuronal PC12 cells at concentrations higher 
than those observed for regular PC12 cells. In contrast to observations 
made in other cell types, whole-cell patch clamp recording of neuronal 
PC12 cells revealed that 25-OH-cholesterol did not significantly alter 
calcium influx through voltage-dependent channels. Cells treated with 
25-OH-cholesterol showed condensed nuclei, a morphology similar to 
cells dying of programmed cell death. However, agents known to prevent 
neuronal programmed cell death (cyclic AMP, KC1, aurintricarboxylic 
acid, and cycloheximide) failed to prevent the cytotoxicity. On the 
other hand, the cell death was prevented by vitamin E and methyl-beta- 
cyclodextrin. (Supported by NIH grant NS32253, NS33959 and RPB)

773.3
CYCLO-OXYGENASE-2 INVOLVEMENT IN CYANIDE INDUCED 
REACTIVE OXYGEN SPECIES GENERATION: IMPLICATION FOR 
CYTOTOXICITY. P.G. Gunasekar*J.L. Borowitz and G.E. Isom. Dept. of Med. 
Chem. and Molec. Pharmacol., Purdue Univ., West Lafayette, IN 47907.

We have reported that KCN-induced generation of NO is related to PKC 
activation of NOS and reactive oxygen species (ROS) generation mediated by PLA2 
production of arachidonic acid (AA). This study further charcterizes the pathways 
involved in ROS generation and the subsequent relationship to cytotoxicity in 
cerebellar granule cells. ROS generation was analysed by microfluroescence using 
the oxidant-sensitive fluorescence dye, 2,7-dichlorofluorescin. Pretreatment of cells 
with indomethacin (INDO) or nordihydroguaiaretic acid (NDGA), inhibitors of 
cyclooxygenase (COX) and lipoxygenase (LOX), attenuated (-35%) KCN-induced 
ROS generation. Complete block (>80%) of oxidant generation was noted when L- 
NAME was combined with either INDO or NDGA. In order to elucidate the 
involvement of the COX-2 isotype in generation of ROS, the selective COX-2 
blocker, NS398, was used. Pretreatment with NS398 blocked >25% of ROS 
generation induced by KCN. The participation of cytochrome P450 in ROS 
generation was ruled out since SKF525 (cytochrome P450 inhibitor) did not block 
KCN-induced ROS. However, combination of L-NAME with either NS398 or 
SKF525 further attenuated ROS generation. A correlation was seen between oxidant 
generation and lipid peroxidation of cellur lipids (malonaldehyde, MDA). 
Pretreatment with INDO, NDGA or NS398 partially blocked MDA generation, 
whereas co-incubation of L-NAME with either INDO, NDGA or NS398 decreased 
MDA formation by 80-90%. KCN-induced cytotoxicity was partially blocked by 
either INDO or NS398 and significant protection was observed when L-NAME was 
combined with either compound. It is concluded that activation of PLA2 and in turn 
metabolism of AA by COX/LOX pathways contribute to the production of ROS by 
KCN. In the case of COX pathway, the COX-2 isotype is involved in KCN-induced 
generation of ROS (Supported by NIH grant ESO4140).

773.4
ROLE OF CYTOKINES IN THE CASCADE OF NEURODEGENERATION 
INDUCED BY THE CHOLINOTOXIN AF64A IN VITRO AND IN VIVO.
M. Lautenschiag.gr, D, Frsyer, .U..-S, Behmsdorf, J,R,. WgbeL H, HOrtnagT,
Inst, of Pharmacology and Toxicology and Dept. of Neurology, Med. Faculty 
Charity, Humboldt University Berlin, D-10098 Berlin, Germany

Increasing evidence indicates significant roles of cytokines in neurode-
generation and neuroprotection. The expression of cytokines, particularly inter- 
leukins-1 and -6 (IL-1, IL-6) and tumor necrosis factor a (TNFa) is rapidly and 
markedly induced in response to clinical neurodegeneration and to various 
forms of experimental brain damage including ischemia, excitotoxins or 
traumatic brain injury. The purpose of the present study was to evaluate the in-
volvement of cytokines in experimental neurodegeneration induced by AF64A 
under in vitro and in vivo conditions. For in vitro studies primary neuronal 
cultures of septum, hippocampus and cerebral cortex were obtained from E15- 
17 rat pups, cultivated in serum-free medium for 3 weeks and then exposed to 
various concentrations of AF64A (5 - 80pM). Neuronal cell death, as quantified 
by MTT dye assay, occurred with a delay of 2-3 days. At various times (8, 30, 
48 and 72 h) after exposure to AF64A, the release of TNFa was measured in a 
bio-assay based on the specific vulnerability of L929 cells. TNFa could not be 
detected in the medium at any point of time. For the in vivo study male 
Sprague Dawiey rats (300-400g) received bilateral stereotaxic infusions of 
AF64A (2 nmol) or vehicle into the lateral ventricles. Preliminary data indicate 
that the expression of IL-1 p mRNA does not change in the hippocampus and 
cerebral cortex 1 and 2 days after AF64A exposure as revealed by semi- 
quantitative RT-PCR. These results do not claim a substantial involvement of 
TNFa or IL-1 p in the mechanisms of AF64A-neurotoxicity. Further analysis of 
IL-6, IL-10 and TNFa mRNA expression by RT-PCR provides additional 
insight. Supported by DFG, INK 21/A1-1/B8; SFB 507/A3
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773.5
ROLE OF ANGIOTENSIN II TYPE 2 RECEPTORS IN NEURONAL 
APOPTOSIS. U. Shenoy, X-C. Huang, E. M. Richards and C. Sumners*. 
Department of Physiology, University of Florida, Gainesville, FL 32610.

Angiotensin II (Ang II) stimulates apoptosis of PC-12W pheochromocytoma 
cells, an effect mediated by Ang II type 2 (AT2) receptors (Yamada et al. PNAS 
93,156, 1996). During normal fetal brain development-70% of neurons undergo 
apoptosis. Since fetal brain expresses high amounts of AT2 receptors, we have 
investigated the role of Ang II, via AT2 receptors, on apoptosis of neonatal 
neurons. Incubation of neurons cultured from newborn rat hypothalamus and 
brainstem with Ang II (100 nM) for up to 48 hr resulted in a small but non-
significant induction of apoptosis, as measured by the TdT mediated dUTP nick 
end labeling (TUNEL) method. In many other cell types, concurrent activation of 
c-Jun N-terminal kinase (JNK) and inhibition of mitogen activated protein kinases 
(Erk 1, Erk 2) is critical for the induction of apoptosis. In cultured neurons Ang 
II (100 nM) caused an AT2 receptor-mediated decrease in Erkl and Erk 2 
activities, but did not alter JNK activity via AT2 receptors, perhaps explaining the 
lack of effect of this peptide alone on apoptosis. Exposure of cultured neurons to
U.V. radiation (20 J/cm2) for 4 sec caused a robust increase in JNK activity and 
significant apoptosis 48 hr after treatment. A significant decrease in the intact 
form of poly (ADP-ribose) polymerase (113 Kd) was detected by Western blot 
analysis 24 hr after U.V. radiation, indicating a role for ICE proteases in the U.V. 
radiation-induced neuronal apoptosis. Co-incubation of these neurons with Ang 
II (100 nM) produced a significant enhancement of the U.V. radiation-induced 
apoptosis, an effect that was abolished by the selective AT2 receptor blocker PD 
123319 (lpM). This was confirmed using DNA fragmentation. Based on these 
findings we conclude that Ang II, via AT2 receptors, plays a role in neuronal 
apoptosis. (Supported by NIH grant NS-19441).

773.6
ANDROGENS INFLUENCE OXIDATIVE STRESS-INDUCED 
CELL DEATH IN CEREBELLAR GRANULE CELLS.
L. Grandison, E. Ahlbom, E. Bonfoco and S. Ceccatelli*. Inst, of 
Environmental Medicine, Karolinska Institute, S-17177 Stockholm, 
Sweden.

Gonadal steroids affect different aspects of neuronal cells 
functioning, including growth and cell survival. In the present study 
we have investigated the effects of testosterone on neuronal cells 
exposed to toxic stimuli. Cerebellar granule cells (CGC) were 
prepared from rats treated with a single dose (5G0ug) of testosterone 
propionate (TP) on postnatal day 2. After 7 days in culture, cells were 
exposed to hydrogen peroxide, the nitric oxide donor S-nitrosocysteine 
or colchicine, three different toxic stimuli known to induce apoptosis 
in CGC. Cells with apoptotic morphology were visualised using 
propidium iodide or Hoechst DNA staining. Coverslips were mounted 
and examined with a Bio-Rad MRC 600 confocal microscope or a 
fluorescence microscope Olympus BX60. Cells obtained from TP 
treated rats were more resistant to hydrogen peroxide and nitric oxide 
toxicity, as shown by the 25% decrease in the number of cells with 
apoptotic morphology. TP did not seem to influence the susceptibility 
of CGC to colchine. We analysed the Bax protein with Western blot 
and found that the TP cells had a lower level of Bax compare to CGC 
made from untreated rats. Interestingly neuronal nitric oxide synthase 
mRNA was upregulated in the cerebellum of pups treated with TP. 
Our results suggest that androgens render CGC less vulnerable to 
oxidative stress-induced neuronal degeneration.
(Supported by the Swedish Medical Research Council)

773.7
NEUROTROPHIN WITHDRAWAL - INDUCED INTRACELLULAR 
MECHANISMS MEDIATING APOPTOSIS OF SYMPATHETIC 
NEURONS
R. Alovz, S.X . Bamii. F. Arab Said, C.D. Pozniak, L.Paquet, D.R.
Kaplari^nd F.D. Miller. Montreal Neurological Institute, McGill
University, Montreal, Quebec, H3A 1A8. Canada.
In this study we have examined whether p53 and/or its downstream targets 
play a role in apoptosis of NGF-dependent sympathetic neurons of the 
superior cervical ganglia. We have previously demonstrated that p53 
overexpression is sufficient to cause apoptosis of post-mitotic sympathetic 
neurons in the presence of NGF (Slack et al., 1996). In the present study, 
we examine endogenous levels of p53 protein, 4, 12, 16, 24 and 36 hours 
after NGF withdrawal. Our results demonstrate that p53 is upregulated 
over this time course beginning at 16 hours. We show that the levels of 
two downstream targets of p53, the cyclin dependent-kinase inhibitors, p27 
and p21, are also upregulated over this time course. We have also 
investigated the expression of two proteins involved in the apoptotic 
response, Bad and Bcl-2. We show that Bad (a proapoptotic protein) 
becomes upregulated and Bcl-2 (an anti-apoptotic protein) becomes 
downregulated in the absence of NGF. Using recombinant adenoviruses, 
we show that the overexpression of p53 protein kills SCG neurons in the 
presence of NGF, and that overexpression of the Bcl-2 protein rescues 
these neurons after NGF withrawal. We are currently determining whether 
the P53 pathway is completely or partially responsible for sympathetic 
neuron apoptosis following NGF withdrawal. Supported by the Network of 
Centres of Excellence and the Medical Research Council of Canada.

773.8
2’-DEOXYAD ENOSINE CAUSES CELL LOSS IN CHICK EMBRYO 
SYMPATHETIC GANGLIA, EYE AND BRAIN. Z, Zhao, J,S, Kultoal, 
ArunR,Wakade*,W.J.CrossIand. Departments of Anatomy and 
Pharmacology, Wayne State Univ. Schl. Med., Detroit, MI 48201.

The nucleoside 2'-deoxyadenosine (2dAdo) produces cell death in 
cultured neurons, and toxicity and teratogenicity in chick embryos. 
We wanted to know if this nucleoside was toxic to sympathetic 
ganglion cells and other developing neurons in vivo.

Fertile chicken eggs were opened on E6.5 and 300 pi (0.188 mg) 
aliquots of 2dAdo, containing the adenosine deaminase inhibitor 2- 
deoxycoformycin or saline, were pipetted onto the chorioallantoic 
membrane, the eggs resealed and put in the incubator until sacrifice 
on E9. The embryos were decapitated, the head and caudal abdomen 
(containing the lumbosacral enlargements) fixed, embedded in 
paraffin, and counts made of sympathetic ganglion cells.

The 2dAdo-treated E9 lumbosacral sympathetic ganglia 
contained significantly fewer neurons than control ganglia (2dAdo = 
1T7 ± 318, Saline = 4,256 ± 525; p < 0.001) but few dying cells. In 
contrast, many cells containing pyknotic nuclei and granular 
degeneration products were present in the developing E9 retina.
Most of the optic tectum and forebrain ventricular zones, normally 
thick at E9, were missing. The superficial tectal layers appeared 
normal.

We conclude that 2dAdo produces cell death in the sympathetic 
ganglia in vivo and in vitro, as well as in CNS cells. Whether the 
same mechanism underlies both CNS and PNS cell death, is 
unknown.
(Supported in part by EY-04068)

773.9
STAUROSPORINE-INDUCED SYMPATHETIC NEURONAL 
DEATH: COMPARISON WITH THE NGF DEPRIVATION- 
INDUCED PCD PATHWAY. M. Deshmukh* and E.M. Johnson, Jr. 
Washington University School of Medicine, St. Louis, MO 63110.

Sympathetic neurons from embryonic rat superior cervical ganglion 
(SCG) undergo an apoptotic programmed cell death (PCD) when 
deprived of nerve growth factor (NGF). This pathway of death is 
dependent on macromolecular synthesis, involves the phosphorylation 
of c-Jun, and is inhibited by high K+, cyclic AMP, and a general 
caspase inhibitor boc-aspartyl(OMe)-fluoromethylketone (BAF). We 
have examined the effect of staurosporine, a broad-spectrum kinase 
inhibitor that induces apoptosis in a variety of mammalian cells, on rat 
sympathetic neurons. We found that the pattern of staurosporine- 
induced sympathetic neuronal death is dependant on the concentration 
of staurosporine used. At lOOnM, staurosporine induces a BAF- 
inhibitable apoptotic death with morphological features and pattern of 
chromatin condensation identical to that seen after NGF deprivation.
In contrast, ljxM staurosporine induces a non-BAF-inhibitable death 
that is accompanied with a different pattern of chromatin 
condensation. A comparison of the death induced by staurosporine 
and NGF deprivation will be presented. We conclude that the pattern 
of death induced by Ili M staurosporine is distinct from that induced 
by lOOnM staurosporine. Supported by NIH grant AG12947.

773.10
BREFELDIN-INDUCED NEURONAL DEATH OCCURS THROUGH ER 
SIGNALING -DEPENDENT AND -INDEPENDENT PATHWAYS. T. KOiKET 
and S. NAKAMURA Graduate Program ir. Biological Sciences Hokkaido 
University, Sapporo 060, Japan.

Brefeldin (BFA) is a macrocyclic lactone blocking the transport of 
secretory proteins from the ER to Golgi apparatus, We found that BFA 
caused cel! death of superior cervical ganglion (SCG) neurons ir. vitro 
in a dose-dependent manner. Since only retrograde flow will occur in 
the presence of BFA, a possible involvement of ER stress in neuronal 
cell death was examined. Indeed, co-treatment with thapsigargin (TG) 
effectively delayed BFA-mediated death of SCG cells. In combination 
with herbimycin A, a potent blocker of tyrosine kinase, TG completely 
suppressed the neuronal death, suggesting that there are two distinct 
pathways, one dependent on, the other independent of, ER signaling. 
Moreover, inhibitors of DNA-dependent RNA and protein synthesis 
were capable of suppressing the cell death. Membrane depolarization 
or forskolin failed to blocke the neuronal death. Upon its treatment, 
neurons altered their morphology and nuclear condensation occurred.
A peptide inhibitor of CPP32, but not of ICE, effectively delayed the 
cell death. These results suggest that BFA-induced neuronal death in 
vitro offers a good model for dissecting molecular death cascades caused 
by a failure in the biosynthetic pathway in neurons. Supported in part 
by Japanese Health Sciences Reaserch Promotion grant 64-1 4.
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774.1
NEURONAL APOPTOSIS IS ASSOCIATED WITH INCREASED APP 
IMMUNOREACTIVITY. M, Lesort*, F, Terro, C, Blanchard I, Hugon. 
Neurobiol and Cell Path Unit, ERS CNRS 6101, Lab Histol and Cell 
Biol, Fac. Medicine, Limoges-FRANCE.

Apoptosis is a programmed cell death occurring during brain 
development and perhaps implicated in certain neurological diseases 
such as Alzheimer's disease (AD), b-Amyloid peptide which arise from 
the Amyloid Precursor Protein (APP) is a prominent component of the 
senile plaques of AD. APP metabolism could be modified during 
neuronal apoptosis. Using primary rat cortical cell cultures, we have 
analyzed the perturbations of APP immunoreactivity linked to neuronal 
apoptosis induced by trophic factors deprivation. The percentages of 
apoptotic neurons evaluated by TUNEL-method are 10.6 ±3.1% in 
control cultures and 41.5 ± 6.2% after 48 hours of serum deprivation. 
Control and deprived cultures were processed for 
immunohistochemistry study using the Abl-40 antibody (Sigma) and 
stained with the TUNEL-method to evaluate apoptosis. We revealed 
that neuronal apoptosis is associated with an increased APP 
immunoreactivity first in the axonal cone then in the perikarya where it 
seem to be accumulated. Densitometric analysis displayed that APP 
immunoreactivity is increased 2.6 times in the perikarya of apoptotic 
neurons as compared to controls. In addition a cellular APP release was 
observed around apoptotic neurons. This result was confirmed by 
immunoprecipitation of culture media. In conclusion, neuronal apoptosis 
is associated with major perturbations of the APP immunoreactivity and 
could contribute in vitro to the extracellular presence of APP and its 
potentially amyloidogenic products.

774.2
INCREASED EXPRESSION OF CELL CYCLE GENES IN ALZHEIMER’S 
DISEASE. N. Sun, Z. Tan, S. Sakhi, L. LeMay and S. S. Schreiber*. Dept. of 
Neurology, Univ. So. Calif. Sch. of Med., Los Angeles, CA 90033.

Recent experimental evidence suggests that selective neuronal degeneration 
may occur through an apoptotic pathway that is triggered when post-mitotic 
neurons attempt to re-enter the cell cycle. We, and others, have previously 
demonstrated that the p53 tumor suppressor gene, a major regulator of the cell 
cycle, plays an important role in animal models of neuronal apoptosis. To 
further understand the potential significance of cell cycle regulation in human 
neurodegenerative diseases, we analyzed the expression of p53, as well as the 
cyclin dependent kinase inhibitor, p21WAF1, and the retinoblastoma suseptibility 
protein, Rb, in the hippocampus of patients with Alzheimer’s disease. 
Employing mouse monoclonal antibodies and paraffin-embedded sections, 
increased p53, p21 and Rb immunoreactivity was observed in selected 
populations of neurons in Alzheimer’s patients, compared to age-matched non- 
demented controls. Adjacent sections stained with hematoxylin-eosin revealed 
the presence of injured, i.e. ischemic-appearing, neurons in these same 
neuronal populations. Positive correlations were observed between the number 
of immunoreactive cells and neuronal loss, senile plaques and neurofibrillary 
tangles. These results support the idea that aberrant activation of cell cycle 
genes contributes to the neuronal loss that occurs in Alzheimer’s disease and 
other neurodegenerative processes.
Supported by a grant from Sankyo, Co., Ltd.

774.3
CONSTITUTIVE EXPRESSION OF WEE1, CDC25 AND CDK7/CYCLIN H IN 
NEURONS OF HUMAN BRAIN. S-H Zhang, D.W. Dickson and I. Vincent*. 
Albert Einstein Col. Med. Depts. Pathology and Neurology, Bronx, NY 10461.

We previously hypothesized that a mitotic post-translation process is responsible 
for the accumulation of M phase phospho-epitopes in degenerating neurons of 
Alzheimer’s disease (AD) brain. We subsequently showed that mitotic cdc2 
kinase/cyclin BI, which is not normally present in postmitotic neurons, is activated 
in dying neurons. In mitotic cells, cdc2 is inhibited by tyr phosphorylation 
mediated by the weel kinase, and is activated by tyr dephosphorylation by the cdc25 
phosphatase. In addition, phosphorylation of a thr residue by the cdk7/cyclin H 
complex is essential. To determine whether similar enzymes activate cdc2 in dying 
neurons, we have examined their occurrence in human brain. Unlike cdc2/cyclin B, 
weel, cdc25, and cdk7/cyclin H are all present in neurons of normal human brain. 
The number of neurons stained varied from sparse to widespread, with some neurons 
showing stronger immunoreactivity. With the exception of the weel kinase which 
was principally nuclear, the cdc2 regulators were seen in the neuronal cytoplasm, 
often concentrated in a perinuclear compartment and extending into the apical 
dendrite. In AD brain tissue scattered neurofibrillary tangles and neurites were 
stained with some antibodies. Because of possible post-mortem autolysis in autopsy 
tissue, we also analyzed human temporal lobe biopsy tissue and mouse brain. In 
general, more neurons in biopsy tissue were stained for the above proteins than in 
autopsy tissue. Thus although cdc2 is not detectable in mature neurons, its 
upstream regulators are constitutively present. Only the cdk7 kinase showed a more 
scattered distribution in biopsy and mouse brain tissues, suggesting that expression 
of this protein may be in a dynamic state in neurons. Western blot analysis revealed 
the presence of the expected proteins in each tissue. The presence of weel, cdc25, 
and cdk7/cyclin H in differentiated neurons may be suggestive of diversified roles for 
these proteins in neuronal physiology. With respect to neurodegeneration, our data 
suggest that aberrant expression and activation of cdc2 and cyclin B in neurons may 
be the necessary trigger for neuronal death. AG/OD12721 & AG06803

774.4
BIOELECTRIC ACTIVITY REGULATES CYCLIN D1 LEVELS DURING 
APOPTOSIS IN CEREBELLAR GRANULE NEURONS. A.L. Boutillier*, P. 
Kienlen-Campard, Y. Larmet and J.P. Loeffler. URA 1446 CNRS, Univ. 
Louis Pasteur, Strasbourg 67000, France.

Apoptosis in the central nervous system is a phenomenon that results 
in neuronal loss during development or as a consequence of acute 
(stroke) or chronic neurodegenerative diseases (e.g. Alzheimer's or 
Huntington's diseases). Depolarization and subsequent calcium entry 
exert essential neuroprotective effects but the ultimate effector by 
which calcium blocks apoptosis is not known. TUNEL histochemistry 
revealed that switching the cells from 30 mM to 5 mM extracellular K+ 
concentrations during 6 hr results in massive DNA fragmentation. A 
time course shows that cells cannot be rescued by neuroprotective K+ 
concentration after 12 hr of K+ deprivation, as measured by the 
colorimetric MTT assay. These effects are mimicked by the Ca2+ voltage-
gated channel antagonist nifedipine (1 pM) and the divalent ions influx 
blocker lanthanum chloride (LaCI3, 100 pM). There is now growing 
evidence showing that neuronal apoptosis results from an aborted 
attempt of post-mitotic neurons to re-enter the cell cycle. As cyclin DI 
(CD1) drives cell cycle through G1/S progression, we studied its 
regulation during K+ deprivation-induced apoptosis. Western blot 
analysis revealed that low K+ concentrations (5 mM) and Ca2+ channels 
blockade induce CD1 accumulation. We are now investigating molecular 
mechanisms by which intracellular Ca2+ regulates CD1 levels during 
apoptosis.
This Work is supported by ARC (N°6089) and AFM

774.5
EARLY MOLECULAR EVENTS IN CORTICAL NEURONS UNDERGOING 
APOPTOSIS IN VIVO S.L. Wood4, Z-P Liu1-4, V.E. Koliatsos*M. Departments 
of Pathology1, Neurology2, Neuroscience3, and the Neuropathology Laboratory4. 
The Johns Hopkins Medical Institutions, Baltimore, MD.

Neuronal apoptosis (programmed cell death) is characterized by a distinct 
pattern of gene expression. To date, however, only in vitro models have been 
used to study the molecular events associated with this phenomenon. Unilateral 
bulbectonr in the rat provides a unique in vivo model of neuronal apoptosis. 
Within 14-24 hours of removal of the olfactory bulb, afferent deprivation of the 
olfactory cortex leads to transneuronal degeneration of pyramidal neurons. These 
cells exhibit a classic apoptotic profile as confirmed by TUNEL staining, a 
“ladder” pattern of DNA, and distinct morphological features (cytoplasmic 
condensation, blebbing and nuclear fragmentation). Our present study utilizes in 
situ hybridization and immunocytochemistry to study the time course of the 
expression of key genes prior to or around the time of initiation of apoptosis in 
cortical neurons. Using several time points ranging from 4 to 24 hours post 
bulbectomy, we have analyzed the expression of the immediate early genes c-jun, 
junB, c-fos, fosBl,and the cell cycle regulator cyclin DI. The earliest lesion 
signal is the upregulation of c-jun and cyclin DI eight hours postbulbectomy; 
c-jun expression returns to baseline at about the time of apoptosis. C-fos is 
upregulated around the time of apoptosis and returns to baseline 24 hours 
postlesion. These investigations provide the baftis for the clarification of 
mechanisms of neuronal apoptosis in vivo. This work was supported by grants 
from the NIH (NS20471, AG05146, AG07914, NS10580).

774.6
INVOLVEMENT OF CELL CYCLE REGULATORY MOLECULES IN 
APOPTOSIS OF SYMPATHETIC NEURONS. D.S. Park*’. B. Levine2, E.J. 
Morris3, H.M. Geller3, and L.A, Greene1 ‘Dept. of Pathology and Center for 
Neurobiology and Behavior, and 2Dept. of Medicine, Columbia Univ. College of 
Physicians and Surgeons, New York, NY, 10032, 3Dept. of Pharmacology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.

Previous studies indicated that pharmacological Gl/S blockers and inhibitors of 
cyclin-dependent kinases (CDKs) protected neuronally differentiated PC 12 cells 
and sympathetic neurons from multiple paradigms of death including NGF 
deprivation and DNA damaging agents (UV, camptothecin, AraC). Accordingly, 
we hypothesized that cell cycle regulatory molecules function in controlling 
neuronal apoptosis induced by these apoptotic stimuli. To test this hypothesis, 
we utilized the RNA alphavirus, Sindbis, to express three known cyclin dependent 
kinase inhibitors (CKIs) pi6, p21, and p27 as well as dominant negative forms of 
CDK2, 3, 4, and 6, in cultured rat superior cervical ganglion neurons. We 
demonstrate that expression of each of the CKIs via recombinant Sindbis protected 
the post-mitotic cultured neurons from apoptosis evoked by NGF deprivation and 
the DNA damaging agents UV and AraC. Infection of neurons with recombinant 
Sindbis viruses containing the appropriate “non-coding” control inserts had 
minimal effect on neuronal survival in the three apoptotic paradigms. In 
addition, we report that expression of dominant negative CDK4 and 6 but not 
dominant negative CDK2 and 3 protected sympathetic neurons from NGF 
deprivation, UV irradiation, and AraC treatment. These findings strongly suggest 
that participation of CDK’s and their cognate cyclins in several neuronal apoptotic 
pathways. They also illustrate the efficacy and efficiency of Sindbis for 
expression of heterologous genes in sympathetic neurons. This work was 
supported in part by grants from the NIH, March of Dimes, ALS foundation, Blanchette 
Rockefeller Foundation, and Aaron Diamond Foundation (LAG); NIH, James S. 
Mcdonnell Foundation, and Irma T. Hirschl Trust (BL); and NIH, and Cancer Institute of 
NJ (HMG). DSP is the recipient of an Aaron Diamond Foundation Fellowship.
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774.7
GENE EXPRESSION IN SYMPATHETIC NEURONS UNDERGOING 
NGF DEPRIVATION-INDUCED APOPTOSIS. H.M. Tucker*, J.N, 
Caldwell. M. Kihiko, and S, Estus. Dept. of Physiology, Sanders-Brown 
Center on Aging, University of Kentucky, Lexington, KY 40536

Using superior cervical ganglion sympathetic neurons isolated from 
embryonic-day-21 (E21) rat fetuses, we previously identified a temporal 
cascade of gene induction in neurons undergoing apoptosis because of 
NGF deprivation. Moreover, we found that the protein target of one of 
these induced genes, c-Jun, was necessary for death (Estus et al., 
JCB:127:1717 (1994)). To identify additional genes that are necessary 
for apoptosis, we are currently using several strategies. First, we are 
comparing neurons isolated from El8, E21, and post-natal day-3 rat 
fetuses; neurons isolated from each stage undergo similar 
NGF-deprivation-induced apoptosis. Examining gene expression, we 
find that genes induced early in the temporal cascade such as c-jun are 
induced in all three paradigms, but genes induced later in the cascade 
such as c-fos are induced only in neurons isolated from E21 and P3 stages; 
these results suggest that at least some of the genes induced later in the 
cascade are not necessary for death. Second, that c-Jun is a transcription 
factor suggests the existence of additional genes that are necessary for 
death; to identify these genes, we have undertaken a subtraction 
hybridization-based approach. This approach appears very fruitful based 
on preliminary results; data depicting expression patterns of 
representative genes will be presented. Supported by NIH grants 
T32AG00242 and NS35607.

774.8
END-l/SM-20, A GENE INDUCED DURING NEURONAL APOPTOSIS, IS 
LOCALIZED TO THE MITOCHONDRIA. E.A. Lipscomb1 and R.S. Freeman*2, 
'Department of Environmental Medicine and department of Pharmacology and 
Physiology, University of Rochester School of Medicine, Rochester, NY 14642.

The withdrawal of nerve growth factor (NGF) from sympathetic neurons of the 
rat superior cervical ganglion results in apoptosis. Since the death of these 
neurons is blocked by inhibitors of RNA and protein synthesis, we hypothesize 
that genes specifically expressed after NGF withdrawal are likely to be important 
in the apoptotic pathway. The expression of the End-l/SM-20 gene is upregulated 
during neuronal death with the highest level of expression occurring 10-15 hours 
after NGF withdrawal. End-l/SM-20 is also induced in smooth muscle cells after 
platelet-derived growth factor stimulation (J. Biol. Chem. 269:13041-13047, 
1994) and by rat embryo fibroblasts transformed with a temperature-sensitive p53 
mutant (Cancer Res. 56:5384-5390, 1996). The function of the End-l/SM-20 
protein and its role in neuronal death is unknown. As an initial step towards 
understanding End-l/SM-20 function, we performed transient transfection 
experiments to determine the subcellular localization of the End-l/SM-20 protein. 
Indirect immunofluorescence analysis of transfected cells suggested that End- 
l/SM-20 is localized to distinct organelles within the cytoplasm and, in a subset of 
cells, within the nucleus. In dual immunofluorescence studies using antibodies 
specific for End-l/SM-20 and the mitochondrial proteins cytochrome oxidase I 
and VI, we have further localized End-l/SM-20 to the mitochondria of transfected 
cells. Studies are underway to identify the mitochondrial targeting sequences 
within End-l/SM-20 and to investigate its function during cell death. Supported 
by grants from the NIH (NS34400), the Markey Charitable Trust, and the Paul 
Stark Endowment Fund at the University of Rochester (R.S.F.) and the NIH 
Toxicology Training Grant ES07026 (E.A.L.)

774.9
UP-REGULATION OF A NEW MICROGLIAL GENE (zw/-l) IN 
RESPONSE TO PROGRAMMED NEURONAL CELL DEATH.
S. Tanaka*1. K. Suzuki1, M, Watanabe2, S. Tone3, and T. Koike1,
1Mol. Neurobiol. Lab., Grad. Prog, in Biol. Sci., 2Dept. of Anat., Fac. of 
Med., Hokkaido Univ., Sapporo 060, and 3Tokyo Metropolitan Inst, of 
Med. Sci., Bunkyo-ku, Tokyo 113, Japan.

Cerebellar granule neurons isolated from P7 rats and grown in normal 
K+ (5.4 mM) medium undergo initial steps of differentiation for 3-4 
DIV, and then, begin to degenerate and decrease their numbers 
progressively (Suzuki and Koike, 1997). We searched for genes up- 
regulated during the neuronal death by differential hybridization where a 
subtracted cDNA probe was used to screen a cDNA library from 5 DIV 
mRNA. One of five genes isolated consists of 665 bp nucleotides and 
encodes a soluble protein with deduced 177 amino acids having a single 
EF hand motif. By Northern blot analysis, the transcript was up- 
regulated at 4 DIV and decreased at 7 DIV. The gene was also up- 
regulated during apoptosis of granule neurons when a high K+ medium 
was shifted to "low" K+ (5.4 mM) (D'Mello et al., 1993). 
Immunohistochemical analysis was made by preparing the antiserum 
against its recombinant protein. Surprisingly, the gene was expressed in 
microglia, but not granule neurons, and up-regulated in response to the 
death of granule neurons. We therefore named the gene microglial 
response factor By Northern blot analysis, the transcript was
found in cerebella in vivo with a peak around P7. Ramified microglia in 
adult rat brain appeared to be capable of synthesizing the MRF-1 
protein. These results suggest a possibility that mrf-1 plays important 
roles during various stages of brain development. Supported by special 
Grant-in -Aid for Promotion of Science in Hokkaido Univ.

774.10
ALTERED GENE EXPRESSION IN CORTICAL NEURONS UNDER 
GOING IONIZED-IRON-INDUCED APOPTOSIS. M, Kihiko, H.M, 
Tucker, and S. Estus*. Dept. of Physiology, Sanders-Brown Center on 
Aging, University of Kentucky, Lexington, KY 40536

We previously identified temporal cascades of gene induction in 
several models of neuronal apoptosis, including sympathetic neurons 
undergoing NGF deprivation, as well as cortical neurons undergoing 
amyloid-13 and amylin treatment. Since oxidative stress has been 
implicated as critical for neuronal death in each of these systems, we 
assessed the role of oxidative stress per se in neuronal apoptosis and in 
altered gene expression. Currently, we are treating rat cortical neurons 
with various concentrations of FeSOq. We observe a concentration 
dependent induction of apoptosis as discerned by chromatin 
condensation (Hoechst 33,258 staining) and DNA fragmentation (TUNEL 
labeling); neurons manifesting apoptotic bodies predominant at 
intermediate FeSO4 concentrations (~0.5 mM) while neurons 
manifesting exclusively pyknotic, but TUNEL-positive chromatin 
predominate at higher concentrations (2 mM). We then quantified changes 
in gene expression in cultures treated in parallel. We observed robust 
inductions of several classes of genes, including (i) genes we previously 
associated with apoptosis, e.g., c-jun, junB, c-fos, and fosB, and (ii) genes 
more typically associated with neuroprotection, e.g., BDNF, bFGF, and 
TNF. These results suggest that oxidative stress may induce genes that 
are important for both neuronal death and survival. Supported by NIH 
grants T32AG00242 and NS35607.

774.11
ACTIVATION OF A REPORTER GENE RESPONSIVE TO NGFI-B 
TRANSFECTED WITH POLYETHYLENE IMINE IN CULTURED 
NEURONS AND PC 12 CELLS UNDERGOING CELL DEATH. R. E. 
Paulsen1*, G. Eidem1, S. Sellereite1, Y. Larmet2, and J. P. Loeffler2.
'Biotechnology Centre of Oslo, University of Oslo, N-0316 Oslo, Norway, 
2CNRS-URA 1446, University Louis Pasteur, 67084 Strasbourg, France.

NGFI-B, also called nur77, is an immediate early gene originally 
identified by virtue of its rapid induction by nerve growth factor (NGF) in 
PC 12 cells and by serum in fibroblasts. NGFI-B is necessary for apoptosis in 
T-cell hybridomas. Its closely related gene family member NOR-1 was isolated 
from forebrain neurons undergoing apoptosis. We therefore wanted to 
investigate functional expression of these transcription factors in two 
established models of cell death in the nervous system, glutamate exposure of 
cerebellar granule cells and NGF deprivation of differentiated PC 12 cells. To 
this aim, the cationic polymer polyethyleneimine (PEI) was used to transfect 
cultured cerebellar granule cells or PC 12 cells with a reporter gene expressing 
luciferase responsive to NGFI-B/NOR-1. In both cell types an optimum of 
transfection was reached with 4 pg DNA, 4.5-9 equivalents of PEI and a 30 
min (cerebellar granule cells) or overnight (PC 12 cells) incubation time. Both 
cerebellar granule cells exposed to glutamate (100 pM, 15 min) and 
differentiated PC 12 cells deprived of NGF showed an activation of the NGFI- 
B/NOR-1 responsive reporter gene as early as 3-6 hours after the death- 
inducing stimulus. A similar reporter gene containing the minimal promoter but 
lacking the specific NGFI-B/NOR-1 response elements was not activated in 
these cell types.
Supported by NFR grant 111436/310 and DNK grant A97063.

774.12
DISAPPEARANCE OF ROHON-BEARD SENSORY NEURONS IN 
EMBRYONIC ZEBRAFISH. Rosie Reyes and Judith S. Eisen*. Institute of 
Neuroscience, University of Oregon, Eugene, OR 97403.

Rohon-Beard (RB) cells are large, mechanosensory neurons located in the 
dorsal spinal cord of fish and amphibians. In frogs, RBs die during 
development and their sensory functions are assumed by later developing dorsal 
root ganglion (DRG) neurons(l).The gradual disappearance of RBs appears to 
coincide with the progressive development of DRG neurons, suggesting that 
DRG neurons may trigger RB death. In newts(2) and lampreys(3), RBs survive 
into adulthood, maintaining a sensory function. The purpose of our study is to 
determine if RBs die in zebrafish embryos and, if so, whether death is triggered 
by DRG neurons. We addressed the first question using TUNEL, a cell death 
assay based on in situ labeling of DNA fragments generated when a cell 
undergoes apoptosis. We found that RBs, identified by an antibody that 
recognizes RBs and labeled with TUNEL begin dying as early as the end of 
embryonic day 1 and were essentially gone by the end of embryonic day 3. 
Since DRGs do not form until sometime on day 2, if seems unlikely that they 
are involved in early RB death. To learn whether DRGs trigger later RB death, 
we are examining mutants, such as Colgate and colorless, in which DRGs are 
aberrant or absent. If DRG neurons have a direct influence on RB death, we 
expect RBs to persist in these mutants.
Supported by NIH HD22486 and NIH 5 T32 HD07348.
(1) Eichler, V.B. et al. (1981) J. Comp Neurology, 203:121 -130;
(2) Burckhart, R. (1889) Arch. Mikr. Anat., 34:131-156;
(3) Nakao, T. et al. (1987) J. Comp. Neurology, 254:342-355.
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775.1
CHANGING PATTERN OF THE MAP-1B PHOSPHORYLATION ISOFORMS 
IMMUNOREACTIVITY IN THE MOUSE BARREL CORTEX DURING POSTNATAL 
DEVELOPMENT. J. Skangiel-Kramska* and B. Maiewska. Department of 
Neurophysiology, The Nencki Institute, 02-093 Warsaw, Poland.

Microtubule associated proteins (MAPs) are a family of proteins which show 
heterogenous spatial and temporal distribution within neurons. MAP-1B cellular 
distribution depends on its phosphorylation mode whereas MAP-2 high molecular 
weight (HMW) isoforms are known to be exclusively dendritic proteins. The two 
MAP-IB phosphorylation modes (I and II) and the MAP-2 HMW isoforms are 
developmentally regulated. To establish developmental changes in the distribution 
of MAP-IB modes I and II in the mouse barrel cortex - a part of the 
somatosensory cortex which shows structural and functional plasticity - we 
performed immunohistochemical studies using monoclonal antibodies 150 and 125 
(gift from Drs Avila and Ulloa) against the modes I and II, respectively. The 125 
fibrous immunoreaction first appeared in supragranular layers and in layer IV 
(P5), then strengthened (P12) and established a mature appearance (P21) when 
immunopositive pyramidal cell perikarya were also visible. The 125 positive 
fibers were identified as pyramidal cell apical dendrites as confirmed by a 
comparison with MAP-2 HMW immunoreactivity. The 150 immunopositive fibers 
were detectable on P5 in infragranular layers. Upon maturation the 150 
immunoreaction diminished (P8 and P10) and was not detectable on P12. On P21 
the immunoreaction re-appeared in layers II/III, IV and V. The differential and 
changing distributions as well the re-appearance of immunoreactivity in the barrel 
cortex implies a possible involvement of the investigated MAP-IB 
phosphorylation iso forms in neuronal plasticity.
Supported by the State Committee for Scientific Research grant 6 P04A 005 12.

775.2
QUANTITATIVE ANALYSIS OF THALAMOCORTICAL SYNAPSES 
IN DEVELOPING MOUSE BARRELS. D.L. Lev1. E. Barkai2. Y. 
Grossman2. E, Weinfeld1 and E.L. White1* Zlowtowski Center 
for Neuroscience, Dept.’s of Morphology1 and Physiology2, 
Faculty of Health Sci., Ben-Gurion Univ., Beer Sheva, 
ISRAEL.

various 
per axon

This study focuses on the development of synapses made b y 
thalamocortical afferents to mouse barrel cortex. Goals are 
to determine the timing of thalamocortical (TC)
synaptogenesis, whether TC synapses are subject to 
overproduction and elimination and at
developmental stages, the numbers of boutons 
length and the number of synapses per bouton, the 
identities of postsynaptic elements and whether changes 
occur during development in specific synaptic patterns. 
One approach to labeling TC axon terminals involves the 
anterograde transport of the fluorescent dye, Dil, following 
by photoconversion prior to electron microscopy. Results to 
date indicate that some TC synapses are formed as early as P7. 
All TC synapses are asymmetrical. A persistent problem with 
the Dil method is the inability in most instances to 
differentiate unequivocally between TC and local axon 
collaterals of retrogradely labeled corticothalamic cells. 
Because of this, TC afferents are also being labeled using the 
anterograde transport of intracellularly injected
horseradish peroxidase. Supported by Israel Science
Foundation 335/96 to E.L.W.; Israeli National Institute of 
Psycho&iol. and Ministry of Science and Arts to E.B. and Y.G.

775.3
DISTRIBUTION OF GROWTH-ASSOCIATED PHOSPHOPROTEIN 43 IN THE 
SOMATOSENSORY CORTEX AND THALAMUS OF MACAQUES. M.M. 
Glasier*, E.R, Ergenzinger, and T.P. Pons. Department of Neurosurgery, Bowman 
Gray School of Medicine, Winston-Salem, NC 27157.

Growth-associated phosphoprotein GAP-43 has been found in the inner side of 
the nerve cell membrane, especially in the growth tip of the neuron, where it is 
thought to be involved in plastic changes occurring in development and regeneration. 
Although there is ubiquitous expression of GAP-43 in development, it is found in a 
widely varying distribution in the adult mammalian brain. The goal of this study was 
to determine the distribution of GAP-43 in the somatosensory system of normal adult 
macaques, as the processing stations in this system are known to undergo 
reorganizational changes after centra! or peripheral perturbations. After 
immunocytochemical reaction of serial sections from normal adult macaques with 
GAP-43 monoclonal antibody, densitometric measurements were made of anterior 
parietal cortex (APC), second somatosensory cortex (SII), insular cortex (IC), 
cingulate gyrus (CG), the ventroposterior lateral nucleus (VPL) and the 
ventroposterior medial nucleus (VPM). While there was a relatively low level of 
immunoreactivity for GAP-43 in APC, other parts of the somatosensory system 
showed a higher density of staining. Analysis of variance of the density measurements 
in the cortical components of the somatosensory system indicated a significant effect 
in terms of staining differences. Post-hoc analysis using the Tukey-Kramer test 
showed that SII, IC, and CG all had significantly higher density of staining than 
APC. Staining in the thalamic nuclei VPL and VPM was not significantly different 
from SII, IC, or CG. We are currently assessing whether staining in VPL and/or 
VPM is statistically different from APC. The presence of GAP-43 in the 
somatosensory pathway provides the basis for a potential involvement of this protein 
in reorganizational plasticity following central or peripheral perturbations. The 
significance of the lower density of GAP-43 staining within APC compared to other 
cortical and subcortical somatosensory areas is not presently clear.
Supported by NIMH grant RO1 MH53669-02.

775.4
PRENATAL EXPRESSION OF THE LOW-AFFINITY NEURO-
TROPHIN RECEPTOR (p75) WITHIN TRIGEMINAL BRAINSTEM 
AND THALAMIC NUCLEI IN THE RAT. D.P. Crockett*. S.L. Harris 
and M.D. Egger. Dept. Neuroscience and Cell Biology, UMDNJ-Robert 
Wood Johnson Med. Sch., Piscataway, NJ 08854-5635.

Spatiotemporal alterations in p75 expression may provide clues to its 
function within the developing trigeminal system. Previously, we observed 
transient, vibrissae-related patterns of p75 immunoreactivity (IR) postnatally 
within the subnucleus interpolaris in the trigeminal brainstem complex (TBC) 
and the ventral posteromedial nucleus (VPM) of the thalamus. In contrast, 
a permanent vibrissae-related pattern was observed postnatally within the 
principal sensory nucleus (PrV) of the TBC. We now immunolocalized p75 
in developing Long-Evans rats on embryonic days (E) 12,5-14.5, 17.5, 19.5 
and 21.5 (E0.5 = day when plugs were observed). The embryos were 
sectioned (30-40 /xm) on a cryostat in either the coronal or sagittal plane. At 
all ages, intense p75-IR was observed on the central and peripheral branches 
of trigeminal ganglion cells. In E12.5 - E14.5 embryos, intense p75-IR was 
seen in the developing neuroepithelium of the medulla and pons. In El7.5 - 
E21.5 embryos, intense p75-IR was detected on axons innervating all 
subnuclei of the TBC. p75-IR was seen in the somatosensory thalamus on 
E17.5. OnE19.5-E21.5, p75-IR was detected in the medial lemniscus and 
the VPM. Apparent somata-associated p75-IR was detected in PrV on El9.5 - 
E21.5. No vibrissae-related patterns were detected at any time during the 
prenatal period.

775.5
DEVELOPMENT OF RECEPTOR FUNCTION AT THE CORTICOTHALAMIC 
SYNAPSE P. Golshani. R. Warren, and E.G. Jones*. Department of Anatomy and 
Neurobiology, University of California, Irvine, CA 92717.
Though the corticothalamic projection constitutes the largest synaptic input onto thalamic 
relay neurons, its role in thalamic function remains unclear. Corticothalamic input can 
facilitate the synchronous firing of thalamic neurons in response to sensory stimuli to 
modulate the gain of the thalamocortical system in the processing of complex sensory 
events and is also essential for the synchronization of spindle oscillations across large 
distances in the thalamus and initiation of spindling. There has yet been little or no 
investigation of the maturation of corticothalamic function. We have used an in-vitro slice 
preparation that maintains the corticothalamic innervation of the ventrobasal complex of 
the mouse thalamus to study the development of function at the corticothalamic synapse. 
Whole-cell recordings were performed in slices obtained from postnatal day 1 (Pl) - Pl6 
mice. Cathodal stimuli were applied to the corticothalamic tract. EPSCs could be evoked 
as early as Pl. Between Pl and P12, EPSCs typically reversed around 0 mV, showed 
strong voltage dependence at the peak of the current, were characterized by a fast rise and 
slow decay, and were reversibly antagonized by 90-100% by the NMDA receptor 
antagonist APV. In contrast, between Pl 3 and Pl 6, in 50 % of cells. EPSCs reversed near 0 
mV , showed no voltage dependence at the peak current, though they did show strong 
voltage dependence 100 ms after the stimulus, and were reduced by 60-80% by the NMDA 
receptor antagonist AP-V at the peak of the current. Currents recorded 100 ms. after the 
stimulus were completely blocked by APV. The APV-insensitive current showed a linear 
relationship to holding membrane potential, was characterized by a fast rise and fast decay, 
and was reversibly blocked by the non-NMDA receptor antagonist CNQX. EPSCs 
recorded in the remaining 50% of cells resembled those recorded in more immature slices. 
This indicates that while NMDA receptor mediated responses dominate the corticothalamic 
EPSC during the first 2 weeks of postnatal development, both NMDA and non-NMDA 
mediated currents can be evoked after the first 2 weeks. The dominance of the NMDA 
receptor mediated responses during early postnatal ages suggests NMDA mediated 
responses can play a large role in synaptic plasticity and refinement of synaptic connections 
at the corticothalamic synapse during the developmental period when the activity dependent 
refinement of sensory' maps is proceeding.

Supported by NIH grant 30109.

775.6
DIFFERENTIAL LOCALIZATION OF MGLUR RECEPTOR SUBTYPES 
IN POSTNATAL MOUSE THALAMUS. X.-B. Liu*, A. Munoz, V. Ngo and 
E.G. Jones. Department of Anatomy & Neurobiology, University of California, 
Irvine, CA 92697.

Metabotropic glutamate receptors (mGluRs) are thought to play important 
roles in the neuronal development. Recent electrophysiological and 
pharmacological studies have demonstrated that mGluRs are activate in the CNS 
at early postnatal stages. In situ hybridization and immunocytochemical studies 
have revealed that mGluR subtype mRNAs and proteins are expressed 
differentially during development. However, information regarding subcellular 
localization of different mGluR subtypes in developing thalamus is still lacking. 
In the present study, we applied immunocytochemistry and electron microscopy 
to localize mGluR la (class I) and mGluR2/3 (class II) immunoreactivity in 
somatosensory thalamus of postnatal mice. Both mGluRla and mGluR2/3 
immunoreactivities are present at birth and the staining pattern for each subtype 
remains similar at all postnatal ages (P0, P2, P4, P6, P9, P16 and P20). Dense 
mGluRla immunoreactivity is detected in the neuropil and on surfaces of cell 
bodies of the ventroposterior nucleus (VP) of the dorsal thalamus and more 
intense labeling was found in the lateral (VPL) than medial (VPM) division. In 
contrast, homogeneous, moderate mGIuR2/3 immunoreactivity is present in 
neuropil and somata in VP are unstained. Electron microscopically, at P0, 
mGluRla immunoreactivity is diffusely associated with cell membranes and 
occasionally found to concentrate at immature synapses. From P2 to P9, 
immunoreactivity is first mainly localized on membranes of somata and proximal 
dendrites but becomes progressively concentrated at postsynaptic membranes of 
smaller dendrites. At P16, the distribution pattern resembles to the adult and the 
immunoreactivity is mainly localized in small dendritic profiles and concentrated 
at excitatory synapses. mGluR2/3 immunoreactivity is detected in thalamus at P2 
and is absent from most cell bodies. At P9, immunoreactivity is mainly 
associated with glial processes and surfaces of some axon terminals. At P16, the 
staining pattern is similar to P9 but more immunoreactive glial processes and 
presynaptic axon terminals are found. These preliminary data indicate mGluRla 
and mGluR2/3 display distinct cellular and subcellular localization patterns and 
may play different roles in postnatal development. Supported by NIH grant 
21377.
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775.7
DEVELOPMENTAL TIME COURSE OF MONOAMINERGIC TRANSPORTER EXPRESSION 
IN RODENT THALAMUS. POSSIBLE ROLE IN DEVELOPMENTAL PLASTICITY. C 
Lebrand, J.P, Hornung*. P. Ezan. R. Wehrle. and P, Gaspar. INSERM U106, 
Salpetriere Paris, France, *IBCM, Lausanne, Switzerland.

We have previously shown that thalamic neurons express functional serotonin 
(SERT) and vesicular monoamine (VMAT2) transporters during development (Lebrand 
et al., 1996). To determine whether these expressions are related to critical periods of 
developmental plasticity we analyzed the time course of SERT and VMAT2 genes 
expression in different thalamic nuclei of OF1 mice, using in situ hybridization. 
VMAT2 expression was already visible in the thalamic anlage at E12 whereas SERT 
expression was delayed appearing at E16 in the somatosensory thalamus (VPM and 
VPL), and EI8 in the visual (DLG) and auditory (MG) thalamus. In the somatosensory 
thalamus, both genes were maximally expressed at P3 and extinguished at Pl2. In the 
DLG and MG, the peak of SERT and VMAT2 genes expression was P7 with an arrest 
at Pl4. SERT and VMAT2 mRNAs were also found in additional thalamic nuclei, 
VPPC and Sub (Franklin and Paxinos, 1997). VMAT2 gene expression was more 
extensive, being additionally found in the MD, Po and VM. Thus VMAT2 and SERT 
genes expression do not appear to be strictly co-regulated during thalamic development 
although their simultaneous extinction, in the somatosensory and the visual thalamus 
for instance, suggests a regulatory role of afferent neural input. To test this hypothesis 
we are examining the effects of enucleation and of infraorbital nerve transections on 
SERT and VMAT genes expression.

Serotonin (5-HT) uptake in thalamic terminals could be important in lesion-induced 
plasticity by modifying glutamatergic neurotransmission. We blocked 5-HT uptake 
with Fluoxetine (10 mg/kg/24h) from PO to PlO and did electrolytic lesions of row C 
follicles on the mystacial vibrissae pad on Pl. Morphometric analysis of the CO 
pattern of the barrelfield is performed in order to determine whether fluoxetine 
interferes with the cortical changes induced by the lesion.

775.8
THE TETRASPAN FAMILY MEMBER CO-029 IS SPECIFICALLY 
EXPRESSED BY PERIPHERAL NEURONS IN THE RAT NERVOUS SYSTEM.
R. Imondi*, Q. Zhu, E. Rttako, S.-Y., Yung, and Z. Kaprielian. Departments of 
Pathology and Neuroscience, Albert Einstein College of Medicine, Bronx, NY 
10461.

Tetraspan proteins mediate cell-surface signaling events that culminate in cell 
proliferation, activation, adhesion, and motility in a variety of in vitro systems. For 
instance, CD9, a tetraspan family member that is widely expressed at high levels in 
the rat nervous system, mediates neurite outgrowth and Schwann cell adhesion and 
migration. In Drosophila, the neural tetraspanin encoded by late bloomer facilitates 
motoneuron synapse formation. Here we report the expression of the tumor- 
associated tetraspanin CO-029 in the developing and mature rat nervous system. By 
Northern analysis, CO-029 mRNA is first detected in superior cervical ganglia 
(SCG) and dorsal root ganglia (DRG) during late embryogenesis. In both tissues, 
CO-029 mRNA expression is sharply upregulated by postnatal day (P)0 and peaks at 
P9, after which time expression declines to undetectable levels in later postnatal and 
adult tissue. In contrast, CO-029 message is conspicuously absent from embryonic 
and postnatal brain and spinal cord. Northern blots reveal CO-029 mRNA 
expression in enriched cultures of neonatal SCGs and DRGs, but not in primary 
Schwann cells. In situ analyses of transverse cryosections obtained from early 
postnatal SCG and DRG reveal the presence of CO-029 mRNA in neuronal cell 
bodies. Taken together, these observations identify CO-029 as a peripheral neuron- 
specific gene within the rat nervous system. Moreover, the highly restricted 
temporal expression of CO-029 mRNA suggests that the corresponding protein 
participates in neuron-Schwann cell interactions involved in myelination and/or 
regeneration.

Supported by a grant from the Paralyzed Veterans of America Spinal Cord 
Research Foundation (1630-1).

775.9
NEUROGENIC PLACODES IN AXOLOTLS ARISE FROM AN
ECTODERMAL FIELD IMMEDIATELY ADJACENT TO NEURAL
CREST. S.P. Matz*and R.G. Northcutt, Department of Neurosciences,
UC San Diego, LaJolla, CA 92093 

In vertebrates, substantial portions of the sensory ganglia of the cranial
nerves arise from two series of neurogenic placodes. A dorsolateral series 
gives rise to the receptors of the octavolateralis system and the cranial nerves 
that innervate these receptors. A ventrolateral (epibranchial) series of 
placodes develops dorsally adjacent to the posterior walls of the pharyngeal 
pouches and gives rise to the distal segments of the facial, glossopharyngeal 
and vagal nerves. Until recently, the precise ectodermal origin of each of 
these placodal series has been unclear. Homotopic transplantation 
experiments of neural folds of pigmented axolotls into albino embryos at 
stages 16-18 reveal that the dorsolateral placodal series arises from the lateral 
walls of the neural folds (Northcutt et. al., Amer. Zool. 36:74A, ‘96). 
Comparable transplantation experiments involving various segments of 
cephalic ectoderm were undertaken to identify the precise location of the 
origin of the epibranchial placodal series. These experiments reveal that the 
epibranchial placodes arise from an ectodermal field that is immediately 
adjacent to the lateral border of the ectodermal field that gives rise to the 
dorsolateral placodal series. Thus the placodal ectoderm of embryonic 
axolotls consists of a field of ectoderm that rings the lateral border of the 
neuroectoderm that is fated to form neural crest. Supported by NIH grant DC- 
01081 to RGN.

775.10
PRE- AND POSTNATAL DEVELOPMENT OF EFFERENT PROJECTIONS 
OF THE NUCLEUS OF THE SOLITARY TRACT. A Dil TRACING STUDY 
IN THE RAT. H.-J. Rietzel*. Dept. Animal Physiol., University of Tubingen, Auf 
der Morgenslelle 28, D-72076 Tubingen, Germany.

The nucleus of the solitary tract (NTS) is the first central relay for visceral sensory 
information which reaches the remaining brain via higlily organized projections of 
the NTS. These circuits participate in controlling all major autonomic functions. 
While the anatomical connections of the NTS in the adult rat are known in great 
detail, there is very little known about how and when these connections develop and 
mature during ontogeny. This question is of particular interest since immediately 
after birth the organism has to control autonomic functions independently.

To address this issue, small crystals of Dil were implanted into the NTS of 
formalin fixed brains of rats from embryonic day 16 (El6) to adults (E22 = day of 
birth = postnatal day 0). In the prenatal rat at El9, there was already a prominent 
projection from the NTS to the medullary reticular formation and to the pons, i.e. to 
the parabrachial complex (PB). At E20, axonal outgrowth from the NTS reached the 
forebrain with only a few' fibers present in the amygdala and the hypothalamus. In 
the following days, until postnatal day 1 (PI), the number of fibers in the forebrain 
nuclei had considerably increased. At P7 the efferent projections of the NTS 
appeared already adultlike, with presumed terminal axons in a distinct set of nuclei.

These data suggest that the projection from the NTS to the brainstem and pons is 
established early in development while the connections to autonomic forebrain 
nuclei establish just before birth and in the first postnatal days.
(Supported by Graduiertenkolleg Neurobiologie and DFG, grant He 1842/6-1)

775.11
EXPRESSION OF B50/GAP-43 IN THE SENSORY PERIPHERAL 
NERVOUS SYSTEM OF THE ADULT RAT. L. Verze°*. A, Paraninfo0. CL 
Ramieri00. S, Teich-AlasiaA. A.B, OestreicherAA. C.Viglietti-Panzica0. G.C.Panzica0. 
°Dept. Anatomy, Pharmacology, & Forensic Medicine, Univ. Torino, I- 10126 
Torino, Italy, °°Dept. Maxillo Facial Surgery, Torino, Italy, AFPSRU, CTO, Torino, 
Italy, AARudolf Magnus Inst, Utrecht, NL.

The Growth Associated Protein 43 (B50/GAP-43) is a neuronal membrane protein 
involved in axonal growth, regeneration and modulation of synaptic plasticity. We 
have here immunocytochemically analyzed the distribution of B50-immunoreactive 
(IR) structures in the skin and the mucosa of the lower lip of the adult rat. For 
comparison, we have investigated, on adjacent sections, the distribution of an 
ubiquitous neuronal protein the Protein Gene Product 9.5 (PGP 9.5). B504R thin 
unmyelinated nerve fibres were frequent in the superficial derma and the lower zone of 
epidermis. IR nerve structures were also observed associated with the hair follicles. 
Furthermore, autonomic fibres associated with blood vessels and glands were also 
positively stained for B50. PGP 9.5 immunostaining detected a larger amount of IR 
structures in the same regions. There were, however, some differences in the two 
staining patterns: i.e. Langerhans cells were B50 negative and PGP 9.5 positive, and 
motor nerve trunks directed to the striatal muscles demonstrated high number of PGP
9.5 IR fibres, and only a few IR for B50. These observations indicate that B50 is 
normally present in the mature sensory system, suggesting the presence of neuronal 
plasticity outgrowth phenomena in the adult rat skin. In a second experiment we have 
investigated the temporal pattern of reinnervation of the same region after surgical 
interruption of the mentonerum nerve. For the first 4 days we have observed a 
dramatic decrease of both B50 and PGP 9.5 IR structures. B50 IR nerve fibres 
increased from the 7th to the 14th day after the surgical operation, whereas the PGP
9.5 immunostaining augmented after the 14th day and reached its normal expression at 
the 30th day. These results suggest a possible B-50 and PGP 9.5 upregulation and 
interaction during sensory neuron regrowth. Work supported by FPSRU.

775.12
DISTRIBUHON OF NEUROPEPTIDE Y-IMMUNOREACTTVE CELLS IN 
THE TRIGEMINAL MESENCEPHALIC NUCLEUS AFTER INFERIOR 
ALVEOLAR NERVE TRANSECTION IN RAT. MKKiro* KS.Paik.
S.LHwang. Dept of Oral Anatomy, College of Dentistry, Seoul National 
University, Seoul 110-749.

The purpose of this study was to undertake the distribution of Neuropeptide 
Y(NPY)-immunoreactive(IR) cells in the trigeminal mesencephalic nucleus after 
inferior alveolar nerve transection in rat by means of immunohistochemistry. 
The Sprague-Dawley rats weighing about 20Qgm were used. Animals were 
sacrificed 7, 14, 21 and 28 days after inferior alveolar nerve transection. The 
brains were dissected out and immersed in the 4% paraformaldhyde in 0.1M 
phosphate buffer(PH 7.4). Serial frozen 30/zm thick sections were cut on a 
cryostat NPY antibody was used as a primary antibody with a dilution of 
R4000 in 0.01M phosphate buffer saline(PBS), placed into goat anti-rabbit IgG 
with a dilution of R100 in 0.01M PBS and incubated in rabbit PAP diluted 
R500. The peroxidase reaction was visualized by incubating the sections in
0.05% 3,3'-diaminobenxidine-tetrahydrochloride(DAB) with 0.01M PBS. Some 
sections were stained with toluidine blue and cresyl violet for counterstain. On 
the side contralateral to the nerve transection, there were no NPY-IR cells. 
However, on the side ipsilateral to the lesion, the numbers of the NPY-IR cells 
were increased gradually up to 14 days and decreased thereafter. The results 
suggested that neuropeptide Y play roles in adaptive process after peripheral 
nerve transection in trigeminal mesencephalic neurons as they are thought to do 
so in trigeminal ganglion neurons. This work was supported in part by the 
grant from Korean Basic Medical Scientists Fund.
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775.13
INFRAORBITAL NERVE DAMAGE ALTERS INTRACORTICAL 
PROJECTIONS AFTER THE BARRELS ARE ESTABLISHED IN THE RAT’S 
PRIMARY SOMATOSENSORY CORTEX. T.Crnko-Hoppenjans*. V, Strang, 
C.A. Bennett-Clarke, N.L. Chiaia, R.W. Rhoades. Dept. of Anatomy and 
Neurobiology, Medical College of Ohio, Toledo OH 43699

Intracortical connections in lamina IV of the rat primary.somatosensory 
cortex (SI) form a pattern complementary’ to the patches of cytochrome oxidase (CO) 
staining that correspond to the mystacial vibrissae. This pattern of intracortical 
connections becomes apparent on postnatal day (P-) 4 at least 2 days after the 
appearance of the vibrissae-related pattern of thalamocortical afferents. Transection 
of the infraorbital nerve (ION) at birth (P-0) disrupts both the CO and intracortical 
projection patterns. This series of experiments was undertaken to determine whether 
the patterning of either thalamocortical or intracortical projections defines the end of 
the period over which peripheral damage can alter intracortical projections in lamina 
IV of SI. The infraorbital nerve (ION) was transected in different cohorts of rats on P-1 
through P-5 and animals were allowed to survive s45 days at which time biotinylated 
dextran amine (BDA) injections were made into SI. After 7 days, animals were killed 
and alternate cortical sections were processed for the demonstration of BDA or CO. 
Transection of the ION on P-1 or P-2 altered the patterning of both CO and 
intracortical connections in SI. In contrast, cutting the ION on P-3 left the pattern of 
CO densities in SI intact, but significantly altered the patterning of intracortical 
connections. Transection of the nerve on P-5 resulted in qualitatively and quantitatively 
normal patterns of both CO densities and BDA-labelled intracortical projections. 
These results indicate that the establishment of a stable barrel pattern in layer IV of SI 
is not sufficient for normal adult patterning of intracortical projections in this lamina. 
However, once the mature pattern of intracortical projections in layer IV is established, 
ION lesions can no longer alter it. Supported by DE07734 and NS28888.

775.14
IMMUNOLOCALIZATION OF cAMP PHOSPHODIESTERASE IN THE 
MOUSE OLFACTORY SYSTEM DURING REGENERATION AND 
DEVELOPMENT. V.T. Pho, K.A. Coffman, H.A. Kindon, and J.A. Cherry*. 
Laboratory of Molecular Neurobiology and Behavior, Psychology Department, 
Boston University, Boston, MA 02215.

Recently, we have demonstrated that a mammalian homolog of the Drosophila 
dunce gene is expressed abundantly in olfactory sensory neurons (ORNs) of the 
mouse. To examine regulation of this homolog, called mPDE4a, during periods of 
neuronal reorganization and development, we monitored mPDE4a protein using an 
anti-mPDE4a antibody prenatally and following unilateral olfactory bulbectomy in 
adulthood. Immunoreactivity (ir) of mPDE4a as well as thickness of the olfactory 
epithelium was severely reduced ipsilaterally 7 days following bulbectomy, but by 
14 days post-surgery the number of mPDE4a-positive neurons had partially 
rebounded. By 30 days, mPDE4a-ir was again reduced in ORNs. At each age 
examined, mPDE4a expression appeared similar to that of olfactory marker protein 
(OMP), which was monitored in adjacent sections using anti-OMP antibody. 
During development, mPDE4a was first observed in a few ORNs by embryonic 
day 14 (El4), especially in axons projecting to the olfactory bulb. Increased 
numbers of mPDE4a-positive ORNs were observed at El7, and axonal staining at 
incipient olfactory bulb glomeruli was similarly increased. Western blot analyses 
were also conducted using olfactory and brain tissue at several developmental ages. 
In adults, three protein species representing different transcripts of the mPDE4a 
gene can be seen in different brain regions, including a ~120kD band found only in 
olfactory bulb and olfactory epithelium. The levels of these proteins increased 
consistently with age in the Olfactory epithelium and all brain regions. In 
summary, these data indicate that the onset of mPDE4a expression is concurrent 
with synaptogenesis between axons of ORNs and dendrites of olfactory bulb 
neurons, and suggest that regulation of cAMP by mPDE4a may be required early 
on in the formation of the olfactory system. Supported by DC03019 to JAC.

775.15
UNILATERAL NARIS OCCLUSION AND RNA EXPRESSION IN THE RAT 
OLFACTORY BULB. B.K. Fiske and P.C. Brunjes*. Program in Neuroscience, 
Univ. Virginia, Charlottesville, VA 22903.
Early unilateral naris occlusion results in a large (25%) reduction in the size of the 
ipsilateral olfactory bulb by postnatal day 30 (P30). Although this long term 
consequence has been well characterized, relatively little is known about the early 
cellular events that produce the change. Reduced 3H-leucine incorporation occurs 
24 hrs after occlusion, suggesting decreased protein synthesis in “deprived” bulbs. 
The present work examined the incorporation of 3H-uridine to characterize 
potential coincident changes in levels of newly synthesized RNA. Alterations in 
RNA (and thus protein) levels in response to unilateral naris occlusion may reveal 
active genetic mechanisms that induce the permanent effects seen after longer 
intervals. Rat pups were unilaterally occluded on Pl; 24 and 48 hrs later they 
received ip injections of 3H-uridine. Brains were removed 1 hr later and tissues 
processed for emulsion autoradiography. Silver grain distributions were quantified 
by image analysis. Ribosomal RNA density was also examined with a monoclonal 
antibody (Y10B, provided by Dr. E. Rubel), as ribosomes are a major component 
involved in protein synthesis. Rats were occluded on Pl and bulbs removed 24,48 
hrs or 30 days later. After processing for ABC immunocytochemistry, optical 
densities were measured. Interestingly, despite the reported early changes in protein 
synthesis after naris occlusion, RNA transcription, as measured via uridine 
incorporation, does not appear to be concomitantly affected. Furthermore, 
ribosomal density was not altered at early time points, although reductions were 
observed in some layers by P30. The results suggest that sensory deprivation by 
naris occlusion does not immediately affect levels of RNA transcription, and that 
the changes seen previously in protein synthesis may be regulated through other 
means. Supported by NIDCD grant DC-00338

775.16
EXPERIENCE-DEPENDENT CHANGES IN MAP2 PHOSPHORYLATION IN 
RAT OLFACTORY BULB. Benjamin D, Philpot*1, Jae H. Lim1, Shelley Halpam2, and 
Peter C. Brunjes’. 'University of Virginia, Charlottesville, VA 22903; 2 The Scripps 
Research Instititute, La Jolla, CA 92037.

Microtubule-associated protein 2 (MAP2) is a neuron-specific cytoskeletal protein 
enriched in dendrites and cell bodies. Previous research has demonstrated that MAP2 
regulates microtubule stability in a phosphorylation-dependent manner and thus may 
be important for shaping dendrites and stabilizing synapses. The present study 
employed immunocytochemistry using phosphoepitope-specific and phospho- 
independent antibodies to examine experience-dependent changes in MAP2 
expression during postnatal development of the rat olfactory bulb. Our results 
demonstrate that immunoreactivity for a phosphorylation-independent isoform of 
MAP2 reaches a high level of expression in the bulb by postnatal day (P) 20. The 
degree of staining is relatively unaffected by blocking odorant passage to one half the 
nasal epithelium via unilateral naris closure, a manipulation known to reduce neural 
activity in the olfactory bulb. However, olfactory deprivation from Pl dramatically 
reduces staining for antibody API8, an antibody that recognizes MAP2 only when 
phosphorylated on Seri 36. Quantification of staining in the granule cell layer indicates 
that the greatest difference (64%) between control and experimental bulbs occurs after 
occlusion from P1-P30 as compared to animals deprived from P1-P10 or P1-P20. The 
shift in MAP2 phosphorylation occurs even when deprivation is delayed until P30. 
Thus, the degree of ihe phosphorylation shift depends on the duration but not the time 
of onset of naris closure. Because the level of staining for the phosphorylation- 
independent forms of MAP2 in the bulb is unchanged by naris closure, the total 
amount of the protein per unit area is probably not significantly altered. However, the 
large reductions of AP18-immunoreactivity in the bulb after olfactory restriction 
suggest that there is an activity-dependent stimulation of MAP2 phosphorylation. 
Supported by National Research Service Award MH11068 (BDP), NIDCD grant DC- 
00338 (PCB), and NIH grant MH50861 (SH).

775.17
CHORDA TYMPANI TASTE RESPONSE DEVELOPMENT UNDER 
VOLTAGE CLAMP. R.E, Stewart1, S.J, Headricks1, Q,L, HeQk2, 4A 
DeSimone2 and D.L. Hill*1. 1Dept. of Psychology, Univ. of Virginia, 
Charlottesville, VA 22903; and 2Dept. Physiology, Med. Coll, of 
Virginia/Virginia Commonwealth Univ., Richmond, VA 23298.

In rat, chorda tympani (CT) nerve taste responses to Na+ salt 
stimuli increase to adult levels during the first several postnatal weeks. It is 
thought that the progressive addition of functional amiloride-sensitive 
Na+ channels to taste cell apical membranes underlies this developmental 
trend in Na+ sensitivity. In the present study, we used simultaneous in 
vivo lingual voltage clamping with chorda tympani neurophysiology to 
determine the biophysical bases for this developmental change. As 
expected, rats aged 10-14 days showed lowered CT responses to NaCI. 
In addition, these reduced NaCI responses demonstrated little voltage 
sensitivity. In comparison, CT responses to NaCI under voltage clamp 
from rats aged 19-23 and 29-31 days of age showed graded increases in 
magnitude. Concurrent with the increase in NaCI response magnitude, 
the voltage sensitivity of CT NaCI responses increased dramatically with 
advancing age. Preliminary kinetic analyses suggest that an increase in 
the relative density of functional, apical Na+ channels and an increase in 
the affinity of Na+ for the channel combine to cause the developmental 
changes in gustatory Na+ sensitivity. Therefore, dual regulatory 
processes may act to alter gustatory apical Na+ channel behavior during 
postnatal development.

Supported by NIDCD grants DC-00407 to D.L.H., and DC-00122 
and DC-02422 to J.A.D.

775.18
DEVELOPMENTAL CHANGES IN ELECTROPHYSIOLOGICAL PROPERTIES OF 
NEURONS OF MOTH ANTENNAL LOBES. A.R, Mercer12, P, Klonnenburg13 and 
J,G. Hildebrand1*. 'ARL Division of Neurobiology, Univ. of Arizona, Tucson, AZ 
85721; 2Deparment of Zoology, Univ. of Otago, Dunedin, New Zealand; and ’Section 
of Neurobiology and Behavior, Cornell Univ., Ithaca, NY.

During metamorphic adult development of the sphinx moth Manduca sexta, neurons 
in the antennal lobes (ALs) of the brain undergo dramatic changes in morphology, 
connectivity, and response characteristics. We used whole-cell patch-clamp recordings 
from AL neurons in vitro and in semi-intact brain preparations to examine changes in 
the electrophysiological properties of AL neurons during this transformation. A 
morphologically distinct subset of AL neurons examined in vitro (“RR neurons”) 
exhibits developmental changes typical of many, but not all, AL neurons. Relatively 
low resting membrane potentials typical of immature RR neurons become more negative 
during development, and the input resistance of these neurons decreases. Immediately 
following the appearance of fast, transient Na+ currents in the cells, which in most AL 
neurons occurs prior to stage 6 of the 18 stages of metamorphic adult development, RR 
neurons can generate trains of Na+-dependent action potentials in response to 
intracellular injections of depolarizing current. Immature RR neurons resemble older 
cells in exhibiting minimal spike frequency adaptation during such trains of impulses. 
During development, however, the spike waveform becomes shorter in duration and 
larger in amplitude, and the threshold for action-potential generation becomes more 
negative. Changes in the density of A-type currents, inactivating and non-inactivating 
delayed rectifier-like currents, and calcium-dependent K+ currents all seem likely to 
contribute to maturation of spike waveform. The timing of the appearance of 
voltage-dependent Na+ and K+ currents and the contribution of each type of current to 
the whole-cell current profile differ significantly in different cell types. Preliminary 
results suggest that differences in electrical excitability may reflect the different roles 
played by local AL intemeurons and projection (output) neurons in the AL of the moth. 
[Supported by NIH grant NS-28495 to JGH and ORG MFZB07 to ARM.]
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775.19
DEVELOPMENT OF THE ZEBRAFISH VESTIBULAR SYSTEM DEPENDS ON 
NORMAL GRAVITY. SJ., Moorman*, J, SlatCfL-K .CQrdQ\'a‘,..aid...C.-Burress’, 
Dept. of Anat. and Cell Bio., UNT Health Science Center at Ft. Worth, Ft. Worth, TX 
76107 and ‘North Side High School of Med. Prof., Ft. Worth, TX 76106

It has been suggested that stimulus dependence is a general feature of all developing 
sensory systems. To date, it has only been possible to test this idea for the developing 
vertebrate vestibular system in the microgravity environment of a Space Shuttle 
mission. For technical reasons, all attempts to perform these experiments have yielded 
inconclusive results. NAS A designed the Rotating Wall Perfused Vessel (RWPV) to 
simulate microgravity for cells in culture on earth. We replaced the culture medium 
with aquarium water allowing the RWPV to be used to simulate a microgravity 
environment for zebrafish eggs. Zebrafish eggs were collected once a week for 16 
weeks within 3 hours after they were laid and fertilized. About 50% of those eggs were 
transferred into a beaker with aquarium water and about 50% were placed in the RWPV. 
The zebrafish eggs/hatchlings were maintained in the RWPV for either 72 or 96 hours, 
(hatching occurs between 48 and 72 hours after fertilization). The hatching rate in the 
RWPV was >80% and identical to that of the controls. RWPV animals (n > 250) 
displayed a swimming behavior that was indistinguishable from the control animals 
when illuminated from above. However, when illuminated from below, RWPV 
animals not only swam dorsal surface up but also laying on their side, they 
corkscrewed, swam vertical loops, and occasionally even swam upside down. At 72 
hours, some RWPV animals were missing one or more otoliths. In connast, 100% of 
the control animals had 2 otoliths on each side. At 96 hours, no RWPV animals were 
missing otoliths and the saccular otolith was significantly smaller in the RWPV 
animals compared to the controls. Immediately upon removal from the RWPV, 
experimental animals showed some signs of compensatory eye rotation, but with a 
much less clear relationship between the orientation of the eye and the direction of 
gravity than the age-matched control animals. This difference was still very obvious 
one day later. These results support the idea that the development of the equilibrium 
receptor system in zebrafish is dependent on the presence of normal gravity.

775.20
FLOOR-PLATE DIRECTED OUTGROWTH FROM A SUBSET OF 
COCHLEAR NUCLEUS FIBERS IN A COLLAGEN-GEL MATRIX. 
B.H. Poe* and J.K, Brunso-Bechtold. Program in Neuroscience and Dept. of 
Neurobiology and Anatomy, Bowman Gray School of Medicine, Winston-Salem, NC, 
27517.

Peripheral auditory information enters the central nervous system through 
the cochlear nucleus at the medullary-pontine border. Ascending projections 
travel along three acoustic stria and the lateral lemniscus. The ventral 
acoustic stria, commonly referred to as the trapezoid body, is the 
commissural projection to the superior olivary complex (SOC). The nuclei 
of the SOC are the first major site of binaural auditory processing. The 
development of this projection system is directly related to proper sound 
localization and speech discrimination. The pioneer fibers of the trapezoid 
body project towards the midline at embryonic day (E) 13. Explants of the 
cochlear nucleus taken from El3 rat brain demonstrate directed outgrowth 
toward co-cultured explants of the floor plate (p<0.05 in post hoc /-tests). 
Fibers were counted in quadrants relative to the position of a co-cultured 
explant, or randomly for the cochlear nucleus explants cultured alone. Fibers 
leaving the cochlear nucleus explant demonstrate a specificity for growth 
from the explant margin facing the floor-plate explant when compared with 
forebrain or midbrain co-cultures or with cochlear nucleus explants cultured 
alone. Total fiber outgrowth from cochlear nucleus explants co-cultured 
with floor-plate or cultured alone is not significantly different. Supported 
byNIA grant 1 P01 AG 11370.
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776.1
RECOVERY OF PUPILLARY LIGHT REFLEX IN ADULT RATS WITH 
PERIPHERAL NERVE GRAFTS LINKING THE RETINA AND THE 
IPSILATERAL PRECTECTUM. Y. Sauv61* S. Whitelev1, R D. Lund1 and M. 
Vidal-Sanz2. Institute of Ophthalmology, UCL, London EC1V 9EL, U.K1; 
Laboratorio de Oftalmologia Experimental, Universitad de Murcia, 30.100 
Espinardo, Murcia, Spain2.

Axotomized adult rat retinal ganglion cell (RGC) axons can regenerate 
through peripheral nerve (PN) grafts, into the superior colliculus where they 
form synapses (J.Neurocytol.20:940, 1991). Here we investigate wether 
regenerated RGC axons can reinnervate the olivary pretectal nucleus and 
mediate a pupillary light reflex (PLR). In 15 adult Sprague Dawley rats, the left 
optic nerve (ON) was cut and one end of an autologous segment of PN was 
apposed to the ocular stump of the ON, while the other end was inserted in the 
lateral aspect of the ipsilateral pretectum. The right eye was enucleated. Five 
months later, animals were tested several times for their PLR, using an intense 
white light stimulus (-20000 cd/m2) of 5 secs duration. Responses were 
recorded via an infrared camera and analyzed for latency and amplitude in 
experimental and three additional intact control rats. For the control rats, the 
mean amplitude and latency were 62±3.7% and 0.337±0.007secs, respectively. 
For the experimental animals, 10 out of 15, showed consistent PLR in response 
to light stimulus. The mean amplitude and latency were 22.9±4.8% and 1.081± 
0.232secs, respectively. In the best case, however, the mean amplitude and 
latency were 32.4% and 0.713secs, respectively, which approximates 50% of 
the normal response. Smaller and slower responses were obtained using a 
light, 1 log unit dimmer. Since in albino rats PLR cannot be explained by 
autonomous local mechanisms (J. Neurol. Sci. 113:70, 1992), we conclude 
that regenerated RGC axons can mediate a simple visual function, the pupillary 
light reflex.
Supported by the British MRC, Spanish PB941146 and EU Biomed CT960976.

776.2
RETINAL GANGLION CELL AXONAL REGROWTH INTO THE PRETECTUM 
OF ADULT RATS WITH RESTAURED PUPILLARY LIGHT REFLEXES. ML 
Avil6s-Triaueros1, Y. Sauv62. M.P. Villegas-Perez1, S, Warton2, R.D, Lund2 and
M. Vidal-Sanz1* Laboratorio de Oftalmologia Experimental, Universidad de 
Murcia, 30.100 Espinardo, Murcia, Spain1; Institute of Ophthalmology, UCL, 
London EC1V9EL, U.K2.

In adult rats, regenerating retinal ganglion cell (RGC) axons guided to the 
pretectum through a peripheral nerve (PN) graft can mediate pupillary light 
reflex (PLR) responses (Sauve et al., Soc. Neurosci. Abstr. 1997). For the 
present study we have investigated the anatomical correlates in these and 
similarly prepared animals. In adult Sprague Dawley rats, the left optic nerve 
(ON) was cut and one end of an autologous segment of PN was apposed to the 
ocular stump of the ON, while the other end was inserted in the lateral aspect of 
the ipsilateral pretectum. The right eye was enucleated. Five to eight months 
later, the anterograde tracer cholera toxin subunit B (CTB) was injected into 
the PN-grafted eye, and the course and extension of regenerated RGC axons 
into the pretectal region was investigated with immunohistochemical methods 
revealing CTB (J. Neurosci. Meth. 65:101, 1996). Light microscopy studies of 
40 pm thick cryostat coronal sections revealed many CTB labelled-axons 
extending from the lateral aspect of the pretectum, where the PN graft was 
inserted, almost to the midline, for distances of about 3 mm. CTB labelled- 
axons extended and arborized into several pretectal nuclei, including the 
olivary pretectal nucleus (OPN), that subserves the pupillary light reflex. Thus, 
axotomized adult retinal ganglion cell axons guided through PN grafts to the 
pretectum may reinnervate the OPN, where they can restore a simple visual 
function, the pupillary light reflex.

Supported by the British MRC, Spanish PB941146 and EU Biomed 
CT960976.

776.3
THE ROLE OF FIBROBLASTS AND SCHWANN CELLS IN PROMOTING 
THE SURVIVAL OF AXOTOMIZED RETINAL GANGLION CELLS. S. X, Li. 
H, K. Yip, B. Hu and K.-F. So. (Spon: The Hong Kong Society of Neurosciences) 
Dept. of Anatomy, Faculty of Medicine, The University of Hong Kong, Hong 
Kong, China.

It has been demonstrated that axotomized optic nerve can regrow into 
peripheral nerve grafts. Schwann cells (Sc) in the graft is thought to play an 
important role in promoting axonal outgrowth. In this study, we examined the 
effects of intravitreal transplant of Sc and fibroblasts, the two major cellular 
constituents in the peripheral nerve, on the survival of rat retinal ganglion cells 
(RGCs) after optic nerve cut.

Different doses (2xl04, 2x10s and 2xl06) of purified Sc and fibroblasts from 
neonatal rat sciatic nerves were injected intravitreally 3 days before the optic 
nerves of adult rats were axotomized intraorbitally (2 mm from optic disc). The 
surviving RGCs were retrogradely labelled with Fluoro-Gold 1 week or 1 month 
after optic nerve transection. Two days later, retinal whole mounts were prepared 
and the number of surviving RGCs were counted with a sampling technique. At 
the dose of 2x10s cells, fibroblasts, but not Sc can enhance RGC survival for 1 
week. Sc can enhance RGC survival only at the higher dose (2xl06 cells). High 
dose of Sc can also promote the survival of RGCs up to 1 month. These data 
indicated that the neurotrophic effects of PNS transplants on RGC survival can be 
attributed to both fibroblasts and Sc. However, a higher number of Sc is required to 
promote RGC survival when compared with fibroblasts. High dose of Sc can also 
enhance long term survival of the injured RGCs.
[This project is supported by CRCG 335/031/0035 and Croucher Foundation 
394/031/1335]

776.4
ROLE OF METABOTROPIC GLUTAMATE RECEPTORS IN 
DELAYED DEATH OF AXOTOMIZED RAT RETINAL GANGLION 
CELLS IN VIVO.
P. Kermer, N. Klocker, M, Rott*, and M, Bahr, Dept. of Neurology, Univ. of 
Tubingen, D-72076 Tubingen, FRG.

Glutamate dependent neurotoxicity via excessive activation of ionotropic 
glutamate receptors has been implicated in the pathophysiology of CNS 
trauma. Since metabotropic glutamate receptors (mGluRs) are important 
regulators of glutamate neurotransmission, they might be a good target for 
neuroprotective treatment strategies. For further investigation of their role in 
secondary CNS injury, we tested whether activation or inhibition of specific 
mGluR subtypes prevents death of axotomized retinal ganglion cells (RGCs) 
in vivo. Female Dark Agouty rats were subjected to unilateral optic nerve 
(ON) transection and RGCs were retrogradely labeled with the fluorescent 
tracer Fast Blue. 1S,3R-ACPD (unspecific agonist), L-AP4 (agonist on 
subtypes 4, 6, 7, 8), MCPG (antagonist on subtypes 1, 5), and 4S,3C-HPG 
(agonist on subtypes 2, 3, and antagonist on subtypes 1, 5) were applied 
intraocularly on day 0, 4, 8, and 12 after ON transection. 14 days post- 
axotomy the retinae were examined by fluorescence microscopy, and the 
tracer-labeled RGCs were counted. Whereas 1S,3R-ACPD, 4S,3C-HPG and 
MCPG did not influence RGC survival after axotomy, L-AP4 slightly 
increased the RGC density compared to vehicle injection. Our data suggest, 
that modulation of mGluRs, and thereby excitotoxicity, is not a major 
determinant to promote RGC survival after axotomy but may serve as an 
additive therapeutical option in neuroprotective approaches.
(supported by BMBF Neurotraumatologie)
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776.5
EFFECT OF TECTAL ABLATION ON THE EXPRESSION OF GEFILTIN mRNA 
IN GOLDFISH RETINA DURING OPTIC NERVE REGENERATION. M. Niloff1. 
R.L. Levine* k and R. Dunn2. Dept. of Biology, McGill Univ., Mtl, Canada 1 and 

Centre for Research in Neuroscience, Mtl, Canada -.
Messenger RNA for the type IV neurofilament subunit gefiltin is differentially 

regulated in the retina during optic fiber regeneration in the goldfish (Glasgow et al., 
1994). Many other retinal ganglion cell (RGC) proteins which show changes in 
abundance during regeneration respond to local signals as the fibers grow. For 
instance, «-tubulin mRNA levels, which rise during early regeneration, return to 
normal values when optic axons reach the tectum, but do not do so if the tectum has 
been removed (Hicber et al.,1992). Perhaps the expression of gefiltin mRNA in 
RGCs during optic axon regeneration is also regulated by contact with the tectum. 
We used the ribonuclease protection assay to test this possibility. Experimental 
animals received cither a right optic nerve crush (NC) or right optic nerve crush with 
the entire tectum removed (NCETR). Total RNA was isolated from the retina of these 
animals at various time points, and samples were assayed for gefiltin message. In the 
operated retina of NC animals, we found a seven-fold increase in gefiltin message 
which perisisted for at least 115 days postoperative. In the NCETR animals, changes 
in gefiltin mRNA levels in the right retina (which had sustained a nene crush) were 
similar to those seen in the operated retina of NC animals. Thus, the tectum did not 
seem to influence the expression of gefiltin mRNA in these experiments. However, in 
the left retina of NCETR animals, where the nerve was intact and optic fiber 
regeneration had initiated at the site of tectal removal, gefiltin mRNA levels increased 
to approximately 3 times those seen on the nene crush side of these animals and 
remained at that level for at least 115 days. These observations suggest that in the 
absence of the optic tectum, gefiltin mRNA expression in the retina is sensitive to 
the anatomical level at which optic fibers arc sectioned. MRC grant MT-12947.

776.6
THE EXAGGERATED DORSAL LIGHT REACTION AS AN INDEX OF 
RETINAL REGENERATION IN ADULT GOLDFISH. M, K. Powers*. A C 
Palmer. K, L. Albert and J. C. Browning. Dept. Psychology and Vision Research 
Center, Vanderbilt University, Nashville, TN 37240.

The retina of the goldfish, Carassius auratus, can regenerate following 
destruction by intraocular (io) injection of the metabolic poison ouabain. We have 
previously shown that the electroretinOgram and several visually mediated 
behaviors return in conjuction with the regeneration of retinal tissue and 
subsequent re-connection of ganglion cell axons with the brain. In order to 
facilitate future experiments we have devised a simple index of visual function 
called the "exaggerated dorsal light reflex, ” or e-DLR: the tendency for 
unilaterally blinded fish to tilt dramatically more when room lights are turned on 
after dark adaptation than during steady-state illumination. This technique can be 
used to determine whether or not retinal destruction occurred after treatment, and 
to chart the approximate time course of regeneration when it occurs. The right 
eyes of 44 goldfish (6-10cm sbl) were injected io with 30pm ouabain. Eighteen 
fish were tested at 50d, 14 at 70d and 12 at 180d following injection.

At 50d and 70d, treated fish tilted 5-10 deg when steady-state DLR 
measurements were made; long-term regenerates and normal fish tilted less than 5 
deg (Lindsey, 1996). When tested under e-DLR conditions, with sudden onset of 
illumination, 50d fish tilted 24.9 deg (±3.5 sem) and 70d fish tilted 19.6 deg (±2.3 
sem). At 180d, fish either tilted less than 10 deg, suggesting that their retinas had 
at least partially regenerated, or tilted more than 25 deg, suggesting little or no 
regeneration. The e-DLR gradually subsides with time: fish tilt less over 20-40 
min following light onset, probably reflecting the time course of light adaptation. 
We conclude that the e-DLR can provide a quick assessment of visual ability in 
goldfish with regenerating retinas. Supported in part by EY-08256, EY-08126.

776.7
CELL PROLIFERATION AND Pax6 EXPRESSION IN THE 
RETINA OF THE MATURE GOLDFISH A.D’Costa, D.C.Otteson,
P.F.Hitchcock*. Departments of Ophthalmology and Anatomy & 
Cell Biology, University of Michigan, Ann Arbor, MI 48105.

In contrast to the mammalian retina, injury to the retina of some 
teleost fish stimulates cell proliferation and neuronal regeneration. 
Injury stimulates proliferation of cells, which are the progenitors of 
the regenerated neurons, and, as in the embryonic retina, express the 
developmental regulatory gene Pax6. A potential source of the 
Pard-expressing progenitors in the injured retina is a population of 
stem-like cells in the inner nuclear layer (Hitchcock et al., (1996) J. 
Neurobiol., 29:399). Long-term systemic application of 
bromodeoxyuridine (see Julian and Korenbrot, (1996) IO VS: 
37:S692) in juvenile goldfish labels a population of mitotically 
active cells in the inner nuclear layer of the uninjured retina. In 
conjunction with these studies, we isolated the goldfish Pax 6 from a 
retinal cDNA library. Sequence analysis shows that goldfish Pax6 
shows greatest homology to its zebrafish counterpart, including the 
translation start site, which is upstream of that found in mouse and 
human. Studies are in progress to determine if the mitotically active 
cells in the inner nuclear layer express Pax6. Supported by NIH 
grants EY07060, EY07003(CORE) and Research to Prevent 
Blindness, Inc. to PFH.

776.8
INDUCTION OF THE NEUROFILAMENT PROTEINS, PLASTICIN AND 
GEFILTIN, IN ZEBRAFISH RETINAL GANGLION CELLS AFTER OPTIC 
NERVE INJURY. W.S. Aseh*, D. Leake, A.K. Ganger, N. Schechter. Depts. of 
Biochemistry & Cell Biology and Psychiatry, State University of New York at Stony 
Brook, Stony Brook, NY 11794

Plasticin and Gefiltin are two neurofilament proteins discovered in the goldfish 
visual pathway. Using this system we characterized the spatial and temporal 
expression of these proteins in normal retina and after optic nerve injury. In normal 
retina, plasticin is expressed in young retinal ganglion cells (RGCs), whereas gefiltin 
is expressed in the older RGCs. Following optic nerve crush plasticin is expressed 
prior to gefiltin. These results led to the hypothesis that plasticin supports the initial 
phases of axonogenesis while gefiltin supports axons during the later stages of the 
growth process.

To investigate the functional role of plasticin and gefiltin during axonogenesis we 
turned to zebrafish which provide a true developmental model. We cloned plasticin 
and gefiltin from zebrafish, and used these cDNAs as molecular tools to characterize 
their respective mRNA expression in the wild type, optic nerve crush stimulated, and 
embryonic retina. Following optic nerve crush, plasticin mRNA levels dramatically 
rise in the RGCs peaking on day 10. By day 20 post crush, plasticin levels are nearly 
that of the uninduced retina. Similarly, gefiltin mRNA levels are extremely elevated 
by 10 days post crush and are returning to normal levels by day 20. While the time 
course for plasticin expression parallels that in the goldfish, gefiltin reaches its peak 
and returns to wild type levels more quickly. Moderate levels of mRNA induction 
can be detected in the unoperated eye of experimental fish, suggesting that soluble 
factors regulate the expression of these two proteins.

We are microinjecting dominant negative forms of plasticin and gefiltin into 
embryonic zebrafish to study their function. Moreover, the differing temporal 
expression of these two proteins in a single cell type offers the opportunity to study 
transcriptionally regulated genes during development. We cloned and sequenced the 
proximal promoters from both the plasticin and gefiltin genes and are studying their 
activities by microinjection into zebrafish embryos and transfection into PC 12 cells. 
(Support by EY05212 to N.S.)

776.9
MODULATED DISTRIBUTON OF CLUSTERIN mRNA IN LIGHT-INDUCED 
RETINAL DEGENERATION IN THE RAT. C. Jomary*1, P. Wong2. D. 
Organisciak3, A. Ahir'/M. J. Neal1 and S.E. Jones1 BRPS Laboratory. Rayne 
Institute. UMDS. St Thomas’s Hospital. London SE1 7EH. UK1; National Eye 
Insitute. Bethesda, MD. USA2 Department of Biochemistry and Molecular 
Biology, Wright State University. Dayton, OH. USA3.

Upregulation of retinal clusterin mRNA has been reported in retinitis 
pigmentosa and in animal models of retinal degeneration including light-induced 
retinal damage in rats. The present study defines the cellular distribution of 
clusterin mRNA by in situ hybridization in the retina of rats exposed to intense 
light. Cyclic light or dark-reared rats were exposed to intense green light for up to 
24 hours. The eyes were enucleated, fixed in paraformaldehyde, frozen in 
isopentane and 10 pm sections cut on a cryostat. For in situ hybridization, 
acetvlated sections were hybridized with 35S-radiolabelled sense and antisense 
riboprobes for mouse clusterin. and autoradiographed.

In untreated cyclic light and dark-reared rats, clusterin mRNA was localized in 
the retinal pigment epithelium (RPE), the inner nuclear layer (INL) and ganglion 
cell layer. /After 12 hours light damage, increased expression was detected mainly 
in the INL. A greater increase was observed following 24 hours continuous light 
exposure. In dark-reared (but not cyclic light-reared) animals, clusterin mRNA 
decreased in the RPE after 24 hours light damage and was not detectable in the 
inferior retina, which received high incident light.The upregulation of clusterin 
mRNA at the INL is consistent with reported elevated expression in Muller cells in 
response to light damage. In dark-reared animals, decreased expression of 
clusterin in RPE cells may reflect suppression of the protective mechanisms 
normally induced by light injury of the retina.
Supported by grants from the British Retinitis Pigmentosa Society'.

776.10
RESPECIFICATION OF CORTEX FOLLOWING PRENATAL ENUCLEATION IN THE 
MONKEY LEADS TO AN IMPORTANT EXPANSION OF THE VENTRAL VISUAL 
PATHWAY. PJ&amneL-C, Dehay., M...Berland, P. .Girpud, H,.Kj.l.lackeyJ and H. Kennedy. 
INSERM U371, 69675 Bron, France.

In monkey, early prenatal enucleation (prior E81) induces a large reduction in the dimensions 
of the striate cortex, and cortex that was destined to become area VI (default extrastriate 
cortex), acquires features indistinguishable from normal extrastriate cortex (Dehay et al. .1. 
Comp. Neurol 367, 1996). Here we report that early enucleation has a differential effect on the 
dimension and the connectivity of the functionally defined pathways, the dorsal and the ventral 
visual streams.

In 5 early enucleated monkeys and 5 controls, we determined the areal dimensions of cortical 
areas that belong to the dorsally and ventrally directed visual pathways and computed their 
proportions with respect to the total neocortex. Our results show that (i) despite a 70% 
reduction of area VI in the enucleate, the proportion of cortex that corresponds to total visual 
cortex (i.e. striate plus extrastriate areas), does not differ from that observed in normal animals, 
(ii) the dimensions of the cortex that constitutes the ventral stream (i.e. areas of the prelunatc 
gyrus and the inferotemporal lobe) are increased by 20% compared to normals (p<0.05).

We performed a quantitative analysis of the projections originating from cortical areas in the 
two pathways. Retrograde tracers were injected in the extrastriate area V2 of one enucleated 
and one normal monkey. The analysis of the distribution of the labelled neurons shows that (i) 
in the enucleate, labelled cells are observed in all cortical areas that normally project backward 
to area V2, (ii) in most of the connected areas, the density of projecting cells is considerably 
higher in the enucleate compared to the normal monkey, (iii) this increase in density affects 
selectively the areas of the ventral stream (prelunate gyrus-V4, the inferotemporal lobe-TEO 
and TE) and the parahippocampal cortex (TF and TH), (iv) in these areas, the mean number of 
labelled neurons per section is more than 10 times that observed in the controls.

These results show that early prenatal enucleation results in a massive reorganization of the 
cortical areas that leads to an expansion of ventral temporal visual cortex. These morphological 
changes are accompanied by a specific strengthening of the feedback connections from the 
ventral stream directed toward area V2. Supported by HFSP# RG-55/94B, Bionied PL951604.
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776.11
VISUAL DISCRIMINATIVE CAPABILITIES OF HAMSTERS WITH 
SURGICALLY INDUCED RETINAL PROJECTIONS TO AUDITORY 
CORTEX. M, Ptito*1. G. GingrasL G, Cassidy*. D. Boire1 and D.O. Frost2 
^Departements de Psychologie et d'Optometrie, Universite de Montreal, Montreal, 
Canada H3C 3J7 and department of Pharmacology and Experimental Therapeutics, 
University of Maryland School of Medicine, Baltimore, MD 21201.

We have investigated behaviorally the visual discriminative capabilities of 
neonatally operated adult hamsters whose visual cortex was ablated but which have 
surgically-induced retinal projections to the main thalamic auditory (medial 
geniculate; MG) nucleus. A two-choice apparatus was used to test the animals' 
ability to discriminate l)Light vs dark; 2) horizontal vs vertical stripes; 3) 
horizontal rows of squares vs vertical rows. Twenty stimuli pairs where presented 
daily in a Gellerman sequence. The criterion for successfull performance was 85% 
correct responses. Normal adult hamsters easily learn all 3 discriminations; 
following bilateral ablation of visual cortical areas VI, V2 and V3, only the ability 
to perform the light-dark discrimination is spared. Lesions of the primary auditory 
cortex (Al) did not alter the performance of previously normal hamsters. Hamsters 
with surgically-induced retino-MG projections learned all 3 discrimination tasks. 
After bilateral ablation of Al in these animals, only the ability to perform the light- 
dark discrimination is spared. We histologically confirmed all cortical lesions and 
the retinal projections of neonatally-operated hamsters. These data suggest that the 
retino-MG-Al pathway can mediate some of the behavioral functions normally 
subserved by the retino-geniculo-striate pathway. Our preliminary 
electrophysiological data demonstrate the presence of visually responsive neurons in 
Al cortex of hamsters with surgically-induced retino-MG projections.

Supported by the Medical Research Council of Canada (MP) and NIH MH49568 
(DOF).

776.12
RETINAL AXONS ARBORIZE IN THE MEDIAL GENICULATE NUCLEUS 
OF NEONATALLY-DEAFENED FERRETS. S,L, Mias* and D.R, Mwref. 
Dept of Biology, Georgia State University, Atlanta, GA 30303* and Laboratory of 
Physiology, University of Oxford, Oxford 0X1 3PT, UKf.

Previous studies have shown that retinal axons can arborize in the medial 
geniculate nucleus (MGN) of ferrets with midbrain lesions that remove retinal 
targets and deafferent MGN. These arbors resemble normal retinal W-axon arbors 
in the superior colliculus and LGN, rather than inferior collicular axon arbors in the 
MGN, suggesting intrinsic control of axon arbor morphology. We report here that 
retinal axons also arborize in the MGN of early-deafened animals.

At postnatal day 15, prior to the onset of evoked auditory activity, ferret kits 
were anesthetized and both cochleae were removed. After maturation and hearing 
tests, the eyes were injected with cholera toxin subunit B. Each animal was 
perfused after 3 days, and a series of brain sections was treated with cholera toxin 
antibody. Retino-MGN arbors were drawn using a camera lucida and photographed.

Auditory brainstem recordings and histological analysis confirmed that all seven 
experimental animals had complete bilateral cochlear ablations. Three had at least 
two retinal axon arbors in MGN. One of the three had numerous arbors in MGN 
bilaterally, and the other two had at least one arbor in each MGN. The arbors were 
found in the dorsal, ventral, and medial divisions of MGN as well as in the auditory 
region of the posterior thalamic complex. Bouton density and arbor morphology 
were similar to that seen in normal W-axons. No retinal axons were found in the 
MGN of 57 normal control animals. The results of this investigation show a 
remarkable potential for plasticity in retinal axon growth. Although the cochlea is 
several synapses away from the MGN, and normal retinal targets were intact, retinal 
growth cones can apparently detect and capitalize on a lack of auditory input to the 
MGN.
Supported by NSF IBN-9511430, the Whitehall Foundation, and the MRC (UK).

776.13
VISUAL DISCRIMINATION TASKS AFTER PRENATAL DAMAGE TO 
THE VISUAL CORTEX: FUNCTIONAL PLASTICITY WITH 
BEHAVIORAL RECOVERY. R.W,F Vitral*. G.F. Araujo. C.A. Felizardo, 
M.A. Marinho de Araujo. M.P. Cunha, R. Linden and S.L. Schmidt, Institute de 
Biofisica, UFRJ; Institute de Biologia, UERJ, Rio de Janeiro, Brasil

In a previous study we have shown that prenatal ionizing irradiation leads to a 
severe damage of visual cortex and a great reduction (70%) in the number of the 
retinal displaced amacrine cells. This study was designed to test associative 
learning for black and white and horizontal vs. vertical discrimination in prenatally 
irradiated mice. Pregnant female on the 16th gestational day (El 6) were exposed 
to an X-ray source, and received a total dose of 3 Gy. At adulthood, 6 irradiated 
and 6 normal mice descending from 12 distinct dams started learning in an 
apparatus designed to measure visual acuity in rats (Linden, R. et al, Exp. Brain 
Res. 51; 368-376, 1983), and downsized for mice. Initially the mice were tested in 
the black-white discrimination task. Tests were run daily in 30 min. sessions. 
Correct choices were rewarded with food pellets, while errors were punished with 
a foot-shock of 500 mA for 1 second. The criterion score was 85% correct choices 
in two consecutive sessions of 50 trials each. Irradiated mice reached the criterion 
after 394 consecutive trials, while normal mice reached it after 255 trials. On the 
horizontal vs. vertical grating discrimination task (spatial frequency = 0.15 
cycles/degree), there was no difference between the number of trials to get the 
criterion in the 2 groups (irradiated: 2120 trials, normal: 2260 trials). We conclude 
that prenatal X-irradiation leads to a mild impaired performance of learning in 
black and white discrimination possibly as a consequence of the reduction of the 
displaced amacrine cell number. There was no change in horizontal vs. vertical 
discrimination learning suggesting that, after prenatal cortical damage, plastic 
changes in behavioral development may restore functions of missing cortical 
areas. (CNPq, FINEP, FAPERJ).

REGENERATION VI

777.1
GENE EXPRESSION IN GLIAL SCARS FOLLOWING CNS INJURY. R.J. 
McKeon* and C.R. Buck. Depts. of Anatomy & Cell Biology and Physiology, 
Emory University School of Medicine, Atlanta, GA 30322.

Glial scars resulting from central nervous system (CNS) injury have long been 
considered barriers to axonal regeneration. Recent findings suggest that the scar is a 
biochemical barrier to regenerating axons, since neurite outgrowth inhibitory 
chondroitin sulfate proteoglycans (CS-PGs) are expressed in areas of CNS glial scar 
formation. Glial scars are predominantly composed of reactive astrocytes so it is 
likely that these cells generate at least some of the neurite outgrowth inhibitory 
molecules. In an attempt to identify molecules up-regulated during the formation and 
maintenance of the glial scar, we are examining gene expression in a well 
characterized model of glial scarring. Nitrocellulose membrane implants are used to 
stimulate reactive gliosis within the cerebral cortex of adult rats. Once the implant 
becomes infiltrated by reactive glia and glial processes, the implant/scar is removed 
from the cortex, and RNA isolated directly from cells intimately associated with the 
membrane. The steady state expression of specific genes is assessed using reverse 
transcriptase polymerase chain reaction (RT-PCR) and relative gene expression 
compared with RNA from the uninjured contralateral cortex and with RNA from 
primary rat astrocytes. We demonstrate that the mRNAs encoding two CS-PGs, 
phosphacan and neurocan, are differentially expressed in the glial scar and normal 
cortex. Relative mRNA levels of phosphacan are higher in the uninjured cortex than 
in glial scars but neurocan mRNA levels are higher in the scar than in uninjured 
cortex. Neuron specific gene expression (neurofilament M) is readily detected in 
uninjured cortex RNA but not in the glial scar or in cultured astrocytes. Cultured 
astrocytes express more neurocan mRNA, but less phosphacan mRNA than either the 
glial scar or uninjured cortex. Thus, gene expression in the CNS glial scar is both 
qualitatively and quantitatively different from either uninjured cortex or cultured 
astrocytes. CSPG expression by reactive astrocytes supports the suggestion that glial 
scars are a biochemical barrier to neurite outgrowth.

We are also using differential display PCR and subtractive’hybridization to identity 
molecules that are specifically up-regulated in glial scars. We anticipate that these 
analyses will identify molecules responsible for the neurite outgrowth inhibitory 
properties of CNS glial scars. Supported by Emory University Research Committee.

777.2
CHARACTERIZATION OF A NEW MYELIN-DERIVED GROWTH 
INHIBITORY ACTIVITY. Z-C.Xiao#. S, David. P, Braun#, and L, 
McKerracher*. Dept. Biochem.# and Centre for Res. Neurosci., McGill 
University, and *Dept. de pathologic et Cntr. Res. Neuro. Sci., Universite 
de Montreal, CP6128, Centre-ville, Montreal, Quebec H3C 3 J7.

Growth inhibitory proteins present in myelin are an important barrier to 
regeneration in the CNS. To identify growth inhibitory proteins we have 
used non-denaturing chromatography of octlyglucoside extracts of myelin. 
We separated myelin extracts on a DEAE ion exchange column and tested 
the fractions for growth inhibitory activity. We identified previously 
myelin-associated glycoprotein (MAG) as a major component of the 
growth inhibitory activity in the first peak. We also find that tenascin-R is 
present in the first peak and may contribute to the growth inhibitory 
activity in this peak. The second peak of inhibitory activity that elutes in 
high salt was further purified by additional chromatographic procedures 
to detect a potentially new inhibitory protein that we call arretin. The 
growth inhibitory activity of arretin was tested by bioassay with NG108 
cells and, like MAG, arretin strongly inhibits neurite outgrowth. We find 
that retinal neurons, cerebellar neurons, hippocampal neurons and dorsal 
root ganglion neurons are all strongly inhibited by arretin. We have 
generated polyclonal antibodies against arretin and further work is in 
progress to identify the primary sequence of this growth inhibitory 
protein. Supported by the NeuroScience Network, Canada.
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777.3
SOLUBLE MAG RELEASED FROM MYELIN INHIBITS 
AXONAL REGENERATION S, Tang, R.W. Woodhall, M.E. 
deBellard, and M.T. Filbin* Biology Dept., Hunter College & 
CUNY Graduate Center, New York, NY10021, U.S.A.

It is believed that inhibitors in myelin are responsible for the lack 
of regeneration in the mammalian CNS after injury. We have shown 
that myelin associated glycoprotein (MAG), when expressed by 
CHO cells or added in a soluble form, MAG-Fc (MAG extracellular 
domain fused to Fc region of human IgG), is a potent inhibitor of 
axonal growth from a variety of postnatal neurons. It has been 
reported that a proteolytic fragment of MAG, cleaved in the 
extracellular domain just as it enters the membrane, termed dMAG, 
is found in vivo and is released from purified myelin (Sato et al, J. 
Neurochem., 39, 97-105, 1982). Here, we show that dMAG released 
from myelin can inhibit axonal regeneration. dMAG, which runs 
just below full-length MAG on a Western blot, was released from 
purified myelin during incubation overnight at room temperature, 
in a time-dependent manner. The myelin-conditioned media 
inhibited neurite outgrowth in a dose-dependent manner relative to 
the content of dMAG. In contrast, grey matter-conditioned media 
did not inhibit axonal outgrowth. Furthermore, if dMAG was first 
immunodepleted from the myelin-conditioned media, before being 
added to the neurite outgrowth assay, cerebellar neurons had 
significantly longer neurites than neurons in dMAG-rich myelin- 
conditioned media. Taken together, we conclude that the soluble 
form of MAG released from myelin inhibits axonal outgrowth and 
may, along with MAG in the membrane, contribute to the lack of 
regeneration of the CNS. Supported by NMSSRG2760 and AHA.

777.4
IDENTIFICATION OF MYELIN-ASSOCIATED GLYCOPROTEIN (MAG) 
BINDING COMPONENTS. M-E. De Bellard*, S. Tang, and M. T. Filbin. Bio Dept., 
Hunter College and CUNY Graduate Center, New York, NY 10021.

Central nervous system myelin can inhibit axonal regeneration from adult neurons. 
We showed that MAG, a component of CNS myelin, can inhibit neurite outgrowth 
either when expressed in transfected CHO cells or in a soluble form. We also 
established that MAG binds to a sialoglycoprotein on neurons, and that this interaction 
is involved either directly or indirectly in the inhibition of neurite outgrowth. Recently 
we mapped the sialic acid binding site of MAG to to Rl 18. However, sialic acid- 
dependent binding alone is insufficient to effect inhibition of neurite outgrowth. Here, 
using a soluble form of MAG, MAG-Fc, which binds to neurons and inhibits 
outgrowth, we have identified neuronal proteins that bind specifically to MAG. In this 
assay, a single cell suspension of DRG or cerebellar neurons were surface biotinylated, 
washed and lysed in 1% NP-40. The lysates were pre-cleared with human IgG and 
precipitated with protein A sepharose. The precleared supernatant was incubated 
overnight with MAG-Fc aggregated by preincubation with anti-human Fc. MUC18- 
Fc, another 5-Ig superfamily member that does not bind to neurons, was used as a 
control. After incubation overnight at 4°C the aggregates were precipitated with 
protein A sepharose. After washing, the bound proteins were eluted by boiling in SDS 
sample buffer. The proteins eluted from the beads were separated in an 8% PAGE gel 
and transferred to PVDF membranes. Detection of precipitated, biotinylated proteins 
was with streptavidin-HRP using ECL reagents. We found that MAG binds 
specifically to at least two proteins of about 150 and 90kD in both types of neurons. 
These proteins are not apparent when the neurons were desialyated before lysis, nor 
when a MAG antibody was included in the aggregate mix. Neither protein was 
precipitated with the control, MUC-Fc. We also found that the 150kD band had a shift 
of its apparent molecular weight when separated under non-denaturing conditions. In 
conclusion, MAG binds specifically to at least two surface, neuronal proteins in a sialic 
acid-dependent manner. It is likely that one or both of these proteins is involved in 
transducing the signal from MAG to inhibit axonal growth. (NMSSRG2760)

777.5
TRANSPLANTATION OF ACTIVATED MACROPHAGES INDUCES 
AXONAL REGROWTH FOLLOWING INJURY. O. Lazarov-Spiegler, A. 
S. Solomon. A. Harel* and M. Schwartz. Department of Neurobiology, The 
Weizmann Institute of Science, 76100 Rehovot, Israel.

We have recently suggested that the failure of mammalian CNS axons to 
regenerate is associated with a deficient inflammatory reaction, that could be 
circumvented in transected adult mammalian optic nerve by local 
transplantation of blood monocytes, preactivated by regenerating tissue 
(sciatic nerve segments). Here we show that the resulting axonal regrowth 
extended at least as far as the optic chiasma. This was demonstrated by 
retrograde labeling following injection of either Fluorogold or the fluorescent 
dye 4-Di-10-Asp into the optic chiasma 10 weeks after optic nerve transection 
and inspection of the retina 2 weeks later. Regrowth of optic nerve axons was 
confirmed by a double labeling experiment: immediately after nerve transection 
and macrophage transplantation 4-Di-10-Asp was injected into the site of 
injury, and 10 weeks later Fast blue was applied distally to the injury site. No 
retinal ganglion cells (RGC) were labeled with the second dye only. Of the 
RGC that were labeled with the first dye, 47% were also labeled with the 
second dye, indicating regrowth of almost half of the injured axons following 
transplantation with sciatic nerve-preactivated macrophages. When the 
transected optic nerve was transplanted with macrophages preactivated with 
CNS (nonregenerative) nerve segments, fewer than 5% of the RGC labeled 
with the first dye were found to be labeled with the second dye as well. No 
double-labeled RGC were detected in control (nontransplanted) optic nerves. 
We further show that the axonal regrowth is associated with rapid and efficient 
myelin clearance from the site of injury in optic nerves transplanted with 
sciatic nerve-preactivated macrophages. This study thus suggests that the 
evolution of the mammalian CNS as an immune-privileged site is directly 
correlated with its failure to regenerate after injury.

777.6
CNS MYELIN FAILS TO DOWNREGULATE GAP-43 PROTEIN 
EXPRESSION IN DRG NEURONS. P. A. Andersen and D.J. Sc hr ever* 
Cameco MS Neuroscience Research Center, University of Saskatchewan, 
Saskatoon, Canada S7K 0M7

CNS myelin inhibits axon growth in vivo and in vitro. Inverse patterns of 
myelin distribution and GAP-43 expression in normal and pathological 
spinal CNS suggest that inhibition of GAP-43 expression may be involved 
in inhibition of axon growth by CNS myelin.

We have quantified the effects of CNS myelin membrane fragments on 
GAP-43 expression and neurite outgrowth by cultured adult rat DRG 
neurons. As measured by cell-ELISA, exposure to cAMP analogues, forskolin 
or cholera toxin for 7 d.i.v. reduces GAP-43 expression, but exposure to CNS 
myelin fragments for the same period does not. Counts of DRG neurons 
identified by immunocytochemistry for MAP-2 indicate that the 
experimental treatments have no effect on neuronal survival which would 
influence the ELISA data. Growth potential of DRG neurons after 7 d.i.v. 
was measured by dislodging DRG neurons and replating them under 
identical experimental conditions, then measuring neurite outgrowth after 8 
hrs. in secondary culture. Neurons exposed to cAMP analogues, forskolin or 
cholera toxin exhibit increased neurite outgrowth, but neurons exposed to 
CNS myelin fragments exhibit a dramatic' decrease in neurite outgrowth 
during this test period, as compared to control secondary cultures.

These results show that inhibition of growth of neurites by adult DRG 
neurons in vitro does not involve downregulation of GAP-43 protein. The 
inhibitory effect of myelin may therefore occur only at the level of the 
growth cone.

Supported by MRC Canada and Cameco MS Neuroscience Research Center

777.7
ASTROCYTES MODULATE GROWTH SPINDLE FORMATION IN 
NERVE REGENERATION CHAMBERS. R.J.Podhajsky*. D.M.McKalip 
and A.R.Bliqht. Division of Neurosurgery, University of North Carolina 
at Chapel Hill, NC 27599-7060.

We investigated the inhibitory properties of astrocytes to neurite out-
growth by inserting 3-dimensional astrocyte culture tubes in the gap 
space of peripheral nerve regeneration chambers. The purified cultures 
were placed in silicone tubes prior to the insertion of the proximal and 
distal stumps of transected rat sciatic nerve. A separate group received 
chambers that were frozen prior to implantation to assess the effect of 
astrocyte conditioned 3-dimensional cultures that did not contain initially 
viable cells. Empty culture tubes were used as controls. Regeneration 
chamber contents were evaluated 4 weeks after implantation by 
examining serial, transverse and longitudinal sections. Astrocytes in the 
gap space of nerve regeneration chambers significantly disrupted 
proximal but not distal growth spindle formation. In the few proximal 
growth spindles that did form in the presence of astrocytes, 1) spindle 
diameter was significantly smaller, 2) the number of blood vessels was 
significantly reduced, and 3) myelinated nerve fibers were not present 
where myelinated fibers were present beyond mid chamber in control 
and frozen chambers. The chambers with frozen astrocyte cultures 
were similar to controls in all measured parameters indicating that 
freezing astrocyte cultures prior to implantation reverses their inhibitory 
properties. Distal spindles formed in all chambers of all experimental 
groups with no significant difference in any measured parameter. 
Supported by Canadian Spinal Research Organization Grant 25207.

777.8
UPREGULATION OF THROMBOMODULIN IN ASTROCYTES IN VIVO 
AFTER LESION AND IN VITRO AFTER THROMBIN TREATMENT
A. Pindon1, M. Berry2 and D. Hantai* *. 'INSERM U153, Institut de Myologie, 
Hopital de la Salpetriere, Paris, France, department of Anatomy, UMDS (Guy's 
Hospital Medical School), London, UK.

Astrocytes are known to be very sensitive to the serine protease thrombin which 
is mitogenic and induces changes in morphology. We have shown that 
thrombomodulin (TM), a specific inhibitor of thrombin, was highly expressed and 
active on the surface of astrocytes. Injury of the CNS causes an astrogliosis, 
characterised by cell swelling and proliferation. Because of the similarities between 
astrogliosis and thrombin effects on astrocytes, we hypothesized that a high level of 
thrombin at the site of injury might initially induce the proliferation and later 
increase TM expression of astrocytes. TM could not only inhibit thrombin but also 
stabilize reactive astrocytes through its adhesive properties. In this work, we studied 
first the in vivo injury response of astrocytes in the anterior medullary velum of 
adult rat, immunostained with glial filament acidic protein (GFAP) and TM 
antibodies. TM was poorly expressed on astrocytes in normal tissue, increased up to 
2 days post-injury and was still highly expressed 6 days post-injury. To check that 
thrombin had a direct effect on TM expression by astrocytes, we used brain cortical 
astrocytes, primary cultured from new born mice, treated with thrombin at 2nM for 
9, 24, 36, and 48 hours respectively. Modification of TM expression was studied by 
Western-blotting and quantitative RT-PCR. TM protein content in the membrane 
fraction first decreased at 9 hours and then doubled after 48 hours of treatment. Gene 
expression of TM increased at 9 hours, was maintained at 24 hours and fell to reach 
control levels 48 hours after thrombin treatment. Taken together, these results show 
that 1) injury increases astrocyte TM expression, 2) thrombin might mediate this 
effect, and 3) support a role for the equilibrium between serine proteases and their 
inhibitors in astrogliosis. Supported by IRME, AFM and INSERM.
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777.9
Accelerated Nerve Regeneration is Mediated by Schwann Cells 

Expressing a Mutant Form of the POU Protein SCIP
M. Gondrel. C, Jacksonl. P, Burrola2 and D.E.Weinstein*! Depts of Neuroscience 

and Pathology, The Albert Einstein College of Medicine, Bronx, NY 10461. 
2Molecular Neurobiology Laboratory, Salk Institute,La Jolla, CA 92037

In the developing peripheral nervous system (PNS), SCIP, a POU 
transcription factor is expressed exclusively in the promyelinating Schwann cell (SC). 
An N-terminal deletion mutant of this factor (ASCIP) leads to the accelerated onset of 
the myelinating phenotype of SCs and results in aberrant development of the 
peripheral nerve. After nerve injury, SCIP is reinduced prior to re-myelination and is 
continuously expressed during regeneration. In this study, we examine the role of 
SCIP in the regenerating sciatic nerve of the adult mouse. We crushed sciatic nerve in 
wild-type(WT) and ASCIP adult mice, and harvested them for morphological and 
biochemical assessment. 1 wk post crush, the ASCIP mice had already begun 
regenerating while the WT nerve was still undergoing Wallerian degeneration. 30 
days post crush, we found WT nerves were mostly regenerated to baseline levels while 
the regenerating ASCIP nerve had surpassed the size of the parent fibers both in 
axonal diameter and in myelin thickness. Western blot analysis of the PNS myelin 
structural protein, Pq revealed 2IX more protein in ASCIP than WT animals. 
Moreover, a mAb against neuron-specific B-tubulin, also revealed a 21-fold 
overexpression of this protein in animals expressing the transgene. In vitro, ASCIP 
SCs induced extensive neurite outgrowth in dorsal root ganglia whereas this 
phenomenon was not observed in WT Schwann cells. These data demonstrates that 
although SCIP expression is restricted to the SC, it can induce dramatic changes in 
the neuron as well as the SC. This is the first model where this exaggerated 
hypermyelination and accelerated regeneration is observed.
Supported by: National Multiple Sclerosis Society #RG-2785-A-2.

777.10
ASTROCYTES FROM ADULT OPTIC NERVE PROMOTE EXTENSIVE 
NEURITE OUTGROWTH FROM ADULT HAMSTER RETINAL EXPLANTS 
E.Y.P. Cho*, F. Fan and A, Cheung. Dept. of Anatomy, The Chinese University of 
Hong Kong, New Territories, Hong Kong.

The issue of whether astrocytes inhibit neuronal regeneration is at present 
controversial. Although some studies indicate that in contrast to immature 
astrocytes, adult-derived astrocytes are not supportive of regeneration, there are 
contrary viewpoints to this. In an attempt to study the interactions of retinal ganglion 
cells (RGCs) with adult astrocytes of the optic nerve (ON), we co-cultured adult 
retinal explants with astrocytes derived from ON explants of adult hamsters. Adult 
astrocytes were sub-cultured from cells migrating out of the ON explant and used as 
a substrate for adult hamster retinal explants to be adhered to. After 2 to 4 weeks of 
co-culture in DMEM with N2 supplement, anti-neurofilament staining indicated that 
extensive neurite outgrowth from the retina onto the astrocyte substratum had 
occurred. The neurites could be seen to arise directly from RGC somata or dendrites, 
and they often fasciculated in bundles to leave the retina. Double staining with anti- 
GFAP revealed that the neurites have a strong preference to associate with the 
astrocytes: neurites often converged onto small islands of astrocytes and were closely 
aligned with astrocytic processes throughout their trajectories. Both astrocytes 
isolated from normal ONs or ONs pre-crushed 3 days before explantation were 
supportive of RGC neurite growth. In contrast, retinal explants placed onto poly-L- 
lysine produced only sparse short neurites, and retinas cultured on fibroblasts 
exhibited very much fewer and less extensive outgrowth compared to astrocyte co-
cultures. Our results suggest that adult astrocytes in the optic nerve have the ability 
to promote regeneration of adult RGCs, the axons of which are normally in close 
association with in vivo.
[Supported by RGC Earmarked Grant CUHK254/96M)

777.11
ADAPTIVE PLASTICITY OF GOLDFISH OLIGODENDROCYTES DURING 
RETINAL AXON REGENERATION. R. Ankerhold, C.A. Leppert. M. Bastmeyer, 
and C.A.O. Stuermer*. University of Konstanz, 78434 Konstanz, Germany.

Oligodendrocytes derived from the fish CNS differ from their mammalian 
counterparts in several respects: they do not inhibit but rather support axon growth 
in vitro, express the Ll-like adhesion protein E587 antigen (Ag) in vitro, and 
remyelinate regenerated axons in vivo. Here, we analyzed (1) whether 
oligodendrocytes express E587 Ag in vivo in particular after optic nerve section 
(ONS), and (2) whether E587 Ag expressing cells and remyelinating 
oligodendrocytes arise de novo or rather by dedifferentiation of mature cells.

(1) Using in situ hybridization and immunohistochemistry we detected cells in 
the optic nerve/tract that express the E587 Ag. Such cells appeared after ONS and 
have the ultrastructural characteristics of oligodendrocytes as determined by 
immunoelectron microscopy, but they are absent form the normal nerve. Whether 
the E587 Ag is involved in retinal axon/oligodendrocyte interaction, was tested in 
coculture experiments. In the presence of Fab fragments against E587 Ag 
significantly fewer axons grew on the surface of oligodendrocytes than in controls. 
Thus, E587 Ag is expressed by oligodendrocytes during axon regeneration in vivo 
and may support axon regeneration as found in vitro.

(2) Using the TUNEL method and BrdU-incorporation assays we analyzed 
whether ONS leads to death and/or proliferation of glial cell in the goldfish optic 
nerve/tract. After ONS no signs of DNA fragmentation were observed in the 
fascicles (formed by glial cells and bundles of retinal axons) and the majority of 
oligodendrocytes derived from these fascicles had not incorporated BrdU.

These findings suggest that fish oligodendrocytes survive ONS, change from 
myelinating into growth supporting cells, and later remyelinate the new axons. 
During these events oligodendrocytes undergo marked morphological changes as 
previously demonstrated (Ankerhold and Stuermer, Soc Neurosci Abstr 1995).

Supported by the DFG SFB 156 (CAOS) and the Boehringer Ingelheim Fonds (RA)

777.12
CHL1, A CELL RECOGNITION MOLECULE CLOSELY RELATED TO 
LI, IS EXPRESSED AT ELEVATED LEVELS BY CNS GLIAL CELLS 
UPON INJURY OR APPLICATION OF bFGF. D. Lang*, R. Hillenbrand,
Y. Zhang, P.N. Anderson, M. Schachner, U. Bartsch. Dept. Neurobiology, 
Swiss Federal Institute of Technology, 8093 Zurich, Switzerland and Dept. of 
Anatomy, UCL, London WC1E 6BT, England

CHL1 (Close Homologue of LI) is a new member of the LI family of 
neural recognition molecules. In the CNS, CHL1 and LI are both expressed 
by a variety of neuronal cell types, whereas only CHL1 is additionally 
expressed by some glial cells. We have studied the expression of CHL1 in 
the optic nerve and retina of adult mice and rats after optic nerve crush or 
intravitreal application of bFGF using in situ hybridization and immunoblot 
analysis. In untreated animals, CHL1 mRNA was restricted to a few cells 
located in the inner nuclear layer of the retina and to cells located in the 
optic nerve head. After intraorbital optic nerve crush, CHL1 mRNA became 
detectable in cells located in the retinal and chiasmal nerve stump. In rats, 
CHL1-positive cells in the distal stump were only present close to the crush 
site (~lmm), whereas in mice positive cells were seen along the entire distal 
stump. Lesion-induced expression of CHL1 mRNA in optic nerves was 
detectable at all post-lesion intervals studied (i.e. 2 to 62 days and 4 to 28 
days for mice and rats, respectively). Using GFAP antibodies, CHL1- 
positive cells in the optic nerve were identified as astrocytes. Immunoblot 
analysis of optic nerves confirmed a lesion-induced increase in CHL1 
protein. Protein levels in the retina, in contrast, were not detectably altered 
by the nerve crush. To further test a possible correlation between CHL1 
expression and reactive astrogliosis, bFGF was applied to the retina. High 
levels of GFAP mRNA were visible in retinal astrocytes and Muller cells 3 
and 7 days after a single intravitreal injection of bFGF. Interestingly, bFGF 
also induced strong expression of CHL1 mRNA in apparently the same cell 
types. Experimental analysis of CHL1-deficient mice eventually might help 
to elucidate the functional role(s) of CHL1 in the lesioned CNS.

777.13
BLOCKADE OF MYELIN-ASSOCIATED NEURITE GROWTH INHIBITORS AFTER 
UNILATERAL RYRAMIDOTOMY IN ADULT RATS RESULTS IN FUNCTIONAL 
RECOVERY OF FORELIMB USE. S.G.A. Metz, W.l, Z'Graggen, M.E, Schwab* and 
G.L. Tillotson. Brain Research Institute, University of Zurich, 8029 Zurich, 
Switzerland

After injury of the adult mammalian CNS, interrupted fiber tracts in 
general do not regrow. The application of the specific monoclonal antibody 
(mAB) IN-1, which neutralizes the inhibitory substrate property of CNS myelin, 
has been shown to enhance long-distance regrowth of injured axons. Sprouting 
and re-direction of intact neuronal pathways are also limited in the adult CNS. 
However, increased neuronal plasticity after adult CNS damage and treatment 
with the mAB IN-1 has recently been demonstrated in spinal cord and striatum.

The objective of this study was to examine restoration of function after a 
selective lesion of the corticospinal (pyramidal) tract in the rat. A unilateral 
transection of the medullary pyramidal tract rostral to the decussation in the adult 
rat produces a permanent, massive impairment in fine movements comprising 
digital manipulation (Castro, 1972; Whishaw et al., 1993). In the present study, 
skilled forelimb use following unilateral pyramidotomy and mAB IN-1 treatment 
were assessed in a food pellet reaching task. Our results indicate that the 
application of mAB IN-1 resulted in almost complete behavioral recovery in this 
task. Lesion only animals exhibited long lasting deficits in this task. The precise 
reaching in mAB IN-1 animals led to the return to baseline levels in quantitative 
and qualitative analysis. Motor functions examined in other paradigms like grid 
walk and rope climbing also showed functional recovery in lesioned animals after 
mAB IN-1 administration. Sensory deficits in forelimbs were assessed in the sticky 
paper test, which indicated complete sensory recovery mAB IN-1 treated animals. 
These results lead to the conclusion that the application of the mAB IN-1 and 
locomotor training:enhances'functional recovery after a selective CNS lesion. 
Supported by the Swiss National Science Foundation.

777.14
THE GLIAL TOXIN L-ALPHA-AMINO ADIPIC ACID REDUCES THE 
NUMBER OF REACTIVE ASTROCYTES AND CHONDROITIN 
SULFATE PROTEOGLYCAN IMMUNOREACTIVITY AFTER SPINAL 
CORD LESION. J. McGraw*, D.P. Fan and J. D.Steeves. CORD 
(Collaboraton On Repair Discoveries), Departments of Zoology, 
Anatomy and Surgery UBC, Vancouver, BC, V6T 1Z4

After spinal cord injury, reactive astrocytes form a glial scar around the 
lesion. This scar is believed to form an inhibitory barrier to regenerating 
neurons. The glial toxin L-alpha-aminoadipic acid (AA) has been 
reported to selectively remove astrocytes within the cortex. Here we test 
the effectiveness of A A to transiently remove the astrocytes at the site of 
injury in the spinal cord. A hemisection was performed at the fourth 
cervical level in Sprague-Dawley rats and gelfoam soaked in either 
phosphate buffer saline (PBS) or a solution of 20 or 40 ftg/ml of AA was 
inserted into the lesion. Within the first week, both concentrations of AA 
caused a 30% reduction (p<0.005) of astrocyte number when compared 
to PBS vehicle alone. After two weeks, this reduction was maintained only 
in the 40 ftg/ml group. Nuclear staining with Hoechst 33258 did not 
support an apoptotic mechanism for the reduction of astrocyte number. 
Even though the astrocyte numbers were reduced in the AA treated 
groups, the astrocytes appeared reactive and were arranged uniformly 
around the lesion. In contrast, astrocyte processes were more 
interdigitated in the control groups. The expression of chondroitin 
sulfate proteoglycan (CSPG), thought to be inhibitory to axonal 
outgrowth, was also affected. AA treatment resulted in a more punctate 
pattern of CSPG immunoreactivity (IR) distributed over a smaller area 
around the lesion site, compared to PBS controls. These data suggest that 
AA may reduce proliferation of reactive astrocytes and expression of 
CSPG-IR after spinal cord injury. Supported by the Canadian 
Neuroscience Network.
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777.15
SUBSTRATE PREFERENCE OF REGENERATING EMBRYONIC 
BRAINSTEM-SPINAL NEURONS IN VITRO. J.E. Borisoff*, D.M. 
Pataky, C. Huguenot, and J.D.,Steeves. CORD (Collaboration On Repair 
Discoveries), Depts. of Anatomy, Surgery, and Zoology, UBC, 
Vancouver, B.C., V6T 1Z4

Cell membrane-bound factors in the spinal cord have been implicated 
in affecting the growth of developing and regenerating spinal projecting 
axons. Additionally, these projections often grow in stereotyped dorso- 
ventral locations within the developing spinal cord. To assess the effects 
of membrane-bound factors on neurite outgrowth, we have devised an in 
vitro regeneration model of identified brainstem-spinal neurons micro- 
dissected from embryonic chick. Briefly, cell membranes from 
embryonic day (E)9 or El8 lumbar spinal cords were prepared by 
sucrose gradient centrifugation and plated onto laminin-coated culture 
dishes. Vestibular nucleus explants containing neurons previously 
retrogradely-labeled in ovo with a spinal implant of Dil were grown on 
the membrane carpets for 48 hours. The length of the regenerating 
neurites was then assessed in fixed cultures with fluorescent microscopy. 
Preliminary data showed that E8 vestibulospinal neurons grew longer 
neurites on membranes prepared from E9 lumbar spinal cord compared 
to membranes prepared from El8 lumbar cord.

We are now employing a membrane stripe assay to simultaneously 
offer regenerating vestibulospinal neurons a choice of different 
substrates. With this system, outgrowth on membranes prepared from 
spinal cord tissue of various ages will be assessed. As well, alternating 
stripes of membranes prepared from either dorsal or ventral spinal cord 
will be used to characterize the importance of the dorso-ventral 
expression of proteins in promoting the axonal outgrowth of 
vestibulospinal neurons. Supported by the MRC of Canada and the Rick 
Hansen Institute.

777.16
FGF-2, FGF-9 AND BDNF EXERT TROPHIC EFFECTS ON Dil- 
IDENTIFIED VESTIBULOSPINAL NEURONS IN VITRO. D.M. 
Pataky*, J. F. Borisoff, and J.P. Steeves. CORD (Collaborations On 
Repair Discoveries) Depts of Anatomy, Surgery and Zoology, UBC, 
Vancouver, BC, V6T 1Z4

We have exploited the use of Dil retrograde labelling to identify 
vestibulospinal neurons in cultures derived from the brainstem of the 
chick embryo. Briefly, crystals of Dil were implanted into the cervical 
spinal cord in ovo on embryonic day (E)5, and allowed three days for 
retrograde labelling. On E8, the vestibular nucleus was 
microdissected from brainstem slices and either dissociated prior to 
plating (cell survival assay) or plated as explants (neurite outgrowth 
assay). Trophic factors in serum free medium were applied and the 
cultures grown in a humidified atmosphere of 5%CO2/95% air for 40- 
48hrs. To date we have tested HGF, BDNF, NT-3, NT-4, FGF-1, 2, 5 
and 9.

Preliminary counts of Dil-identified dissociated vestibulospinal 
neurons indicated BDNF (100ng/ml) increased survival 31% above 
serum-free controls. FGF-2 (10ng/ml) and FGF-9 (10ng/ml) increased 
survival 95% and 70% respectively. In the neurite outgrowth assay, 
FGF-2 treatment (10ng/ml) produced 41% longer Dil-identified 
vestibulospinal neurites compared to control vestibular nucleus 
explants grown in serum-free medium. We are currently examining 
other known trophic factors as well as the expression of trophic factor 
receptors in vestibulospinal neurons. This assay system enables us 
to characterize trophic factors which may aid in the support and 
regeneration of specific brainstem-spinal projections after spinal cord 
injury. Supported by the Canadian Neuroscience Network.

777.17
INHIBITION OF AXOTOMY-INDUCED GLIAL CELL DEATH IN THE 
DEVELOPING CHICK SPINAL CORD. C. B, McBride*. J, F. Borisoff and J. D. 
Steeves. CORD (Collaborations On Repair Discoveries), Depts of Zoology, 
Anatomy, & Surgery, UBC, Vancouver, BC, V6T 1Z4.

Previously, we demonstrated a sensitive period of chick CNS development during 
which cells within the spinal white matter undergo apoptosis in response to cervical 
trasnsection. Spinal cord transection between embryonic day (E) 12-15 resulted in a 
large number of apoptotic cells confined to the white matter for several segments 
caudal to the lesion. The effect ocurred rapidly (seen within 16 hours after injury) 
and persisted for several days. Embryos transected before or after this period did not 
exhibit this response. Double-labeling of tissue sections from axotomized spinal 
cords for DNA fragmentation (TUNEL) and oligodendrocyte-specific antibodies 
(MBP, CA n, RIP) indicated many of the dying cells were oligodendrocytes.

In the present study, we attempt to determine some of the mechanisms involved 
in the apoptotic response within the axotomized spinal white matter. Caspases (ie. 
ICE-related proteases) and reactive oxygen species (ROS) are believed to play critical 
roles in the apoptotic pathway. Thus, we applied inhibitors of these death-related 
molecules in an attempt to inhibit axotomy-induced oligodendrocyte cell death. We 
used both specific (Ac-YVAD-CHO, Ac-DEVD-CHO) and non-specific (Z-VAD- 
CH2F, Boc-Asp-CH2F) inhibitors of the caspases, as well as N-acetyl-L-cysteine to 
block ROS. All inhibitors were applied direcdy onto the chorio-allantoic membrane 
at various times prior to, during or after an E13 transection of the cervical cord. 
Animals were sacrificed at various times after treatment and cryosectioned tissue was 
analyzed for DNA fragmentation using TUNEL. Preliminary results suggest only 
the nonspecific caspase inhibitor, Boc-Asp-CIUF reduced the number of apoptotic 
cells within the white matter, caudal to the transection. Supported by the Medical 
Research Council and the Rick Hansen Institute.

777.18
REGENERATION OF BRAINSTEM-SPINAL AXONS IN THE ADULT RAT 
AFTER CHRONIC LESION OF THE THORACIC SPINAL CORD AND DELAYED 
MYELIN SUPPRESSION. J.K. Dyer* and J.P. Steeves. CORD (Collaboration On 
Repair Discoveries) Depts. Zoology, Anatomy, and Surgery, UBC, Vancouver.

Recent studies have indicated that myelin is inhibitory to CNS regeneration after 
injury. This inhibitory activity has been attributed to specific myelin-associated 
molecules, and functional blockade of these molecules, or disruption of the myelin 
structure itself, can facilitate axonal regeneration by injured CNS neurons. Using 
retrograde labeling, we have previously described the regeneration of brainstem-spinal 
axons in the chick (embryonic and adult), as well as in the adult rat, after thoracic 
spinal cord injury. To date we have described acute injury repair only.

We now present data on the anatomical regeneration of brainstem-spinal axons 
where immunological treatment (i.e. myelin suppression) was withheld for weeks after 
a spinal lesion. Thoracic lesions were made to the left side of the cord (lateral 
hemisection) and the animals left untreated. At 2 month time points post-lesion the 
immunological reagents (guinea-pig serum complement proteins, polyclonal anti- 
galactocerebroside antibodies) were infused intraspinajly for a period of 2 weeks. After 
a further 2 weeks recovery the lumbar cord was exposed and Fluorogold injected 
bilaterally 1cm below the lesion site.

Regeneration was assessed, by retrograde labeling, in two nuclei associated with 
locomotion, the red nucleus (RN) and the lateral vestibular nucleus (LVe). Data from 
the two month group indicates that these nuclei exhibit axonal regeneration. However, 
the RN progressively loses its regenerative ability. Other times are under investigation.

Associated with the lesion and delayed immunological treatment, and with 
regeneration, are changes in RAG expression (such as Tai tubulin and actin) which 
we are currently assessing. This would support the concept that the immunological 
removal of myelin inhibitors may not only create a permissive environment but also 
enhance the regenerative propensity of injured neurons.

Supported by the NCE, MRC, Rick Hansen MIM Foundation and the SCRF (PVA).

777.19
STRUCTURAL AND FUNCTIONAL REPAIR OF ADULT RAT 
CORTICOSPINAL TRACT. Y. Li. P. M. Field and G. Raisman*. 
The Norman and Sadie Lee Research Centre , Division of 
Neurobiology, National Institute for Medical Research , MRC, 
London NW7 1AA, UK

Cultured Schwann and Schwann-like cells injected into the upper 
cervical level of the adult rat corticospinal tract are incorporated 
into the interfascicular rows of the host tract glial cells. After 
removal of degenerating host myelin, the axons are remyelinated by 
the transplanted Schwann cells. Complete unilateral lesions of the 
corticospinal tract totally and permanently abolish forepaw 
reaching. Transplants of cells aligned with the host fibre pathway 
induce regeneration of unbranched axons across the lesion. These 
regenerating axons enter directly into the caudal region of the 
corticospinal tract where they become myelinated by 
oligodendrocytes. Under conditions where the transplant induces 
a complete bridge across the entire lesioned area of the host 
corticospinal tract, the forepaw reaching function is restored.
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778.1
GRAFTS OF FETAL MESENCEPHALON TISSUE INTO THE 
STRIATUM, SUBSTANTIA NIGRA OR BOTH IN 6-OHDA 
LESIONED RATS.
R.E. Johnston* and J.B. Becker. Dept. of Psychology, Neuroscience 
Program and Reproductive Sciences Program, University of Michigan, 
Ann Arbor, MI 48104.

Previous studies have indicated that grafts of fetal ventral 
mesencephalon/ substantia nigra (VM) tissue into the DA-denervated 
striatum are capable of inducing behavioral recovery. By contrast, 
however, grafts of fetal VM tissue into the 6-OHDA lesioned substantia 
nigra (SN) have been mostly unsuccessful in inducing behavioral 
recovery. Recently, fetal VM has been transplanted into the dopamine- 
denervated striatum and lesioned SN simultaneously, leading to equal or 
greater recovery than with intrastriatal grafts alone.

The aim of the present experiment was to compare the relative 
behavioral effects of fetal rat VM tissue into both the striatum and SN of
6-OHDA lesioned outbred rats. Each rat received fetal VM tissue or 
fetal cortex (CTX) from rat into the striatum and the SN. Half of the rats 
in each group were treated post-operatively with 3mg/day cyclosporine 
(s.c.), and were assessed for behavioral recovery via amphetamine 
(AMPH)- and apomorphine (APO)-induced turning pre-graft and 
monthly for 5 months post-graft. The CTX groups, with or without 
cyclosporine, did not experience recovery on either measure. VM 
grafted rats with cyclosporine experienced greater recovery than those 
without cyclosporine for AMPH-induced rotation (p < 0.05), but there 
was no difference between the VM grafted groups on APO-induced 
rotation. At the conclusion of the experiment, brain sections were stained 
for tyrosine hydroxylase immunoreactivity to determine graft survival. 
These data suggest that grafts can undergo immune rejection, which can 
be reduced by cyclosporine. [Supported by USPHS Grant No. NS22157]

778.2
TRANSPLANTATION OF IN VITRO EXPANDED AND REAGGREGATED 
MESENCEPHALIC PRECURSORS LEADS TO BEHAVIORAL RECOVERY 
IN 6OHDA LESIONED RATS. L. Studer*1, V. Tabar12, and R.D.G. McKay1. 
Laboratory of Molecular Biology, NINDS, NIH, Bethesda, MD 208921, and
University of Massachusetts, Division of Neurosurgery, Worcester, MA 01604,

The availability of sufficient, functional, dopaminergic cells is a limiting factor 
in clinical neural transplantation. Expansion of defined neuronal precursor or stem 
cell populations prior to transplantation is a promising alternative to the use of 
primary dissociated cells. In addition to the numerical expansion of dopaminergic 
neurons, the in vitro phase allows for collection of tissue over longer time periods as 
well as for extensive cell characterization and manipulation prior to transplantation.

Tissue derived from the ventral mesencephalon of El2 rat embryos was grown at 
low density on polyornithine/fibronectin precoated dishes. The medium consisted of 
DMEM/F12/N2 supplemented with lOng/ml bFGF. Following an initial phase of cell 
death during the first 24 hours numerous dense clusters of dividing cells could be 
detected throughout the culture plate. After 7 days of expansion cells were incubated 
in Ca2+/Mg2+-ffee HBSS for 45 minutes and carefully removed from the culture dish 
and dispersed. Reaggregation was carried out at a density of 200,000 cells in a total 
volume of 1 ml in polystyrene tubes placed in a roller drum revolving at 2rpm. After 7 
days of differentiation spherical cultures of about 1mm in diameter were collected and 
used either for immunohistochemical analyses or for direct intrastriatal transplantation 
in 6OHDA lesioned rats using a blunt spinal needle. BrdU incorporation studies 
during early expansion showed cells to be double labeled for TH and BrdU. Between 
500 to 2000 TH-ir cells/aggregate could be found depending on the culture conditions 
during differentiation. Supplementation of the medium with either GDNF (lOng/ml) 
or 1-10% of FCS during aggregation led to a significant increase in dopaminergic 
neurons. Graft survival and behavioral recovery in 6OHDA lesioned rats could be 
demonstrated up to 80 days post transplantation. This work shows that long term 
maintenance and successful transplantation of bFGF expanded precursors is feasible. 
L.S. was supported by a grant of the Swiss foundation for biomedical grants.

778.3
IGF-1 AND bFGF IMPROVE DOPAMINE NEURON SURVIVAL AND 
BEHAVIORAL OUTCOME IN PARKINSONIAN RATS RECEIVING 
CULTURED HUMAN FETAL TISSUE STRANDS. E.D. Clarkson*. W.M. 
Zawada. P.K, Choi. K.P. Bell. C.J. Hutt and C.R. Freed. Univ. Colorado School 
of Medicine., Denver, CO 80262.

Fetal neural tissue transplants as a clinical treatment for patients with Parkinson's 
disease has been limited by poor survival of transplanted dopamine neurons. To see 
if growth factors could increase transplanted dopamine neuron survival, six human 
fetal ventral mesencephalons (7-8 weeks postconception) were cut in half along the 
midline, extruded through a 0.3 mm diameter glass extruder and placed in culture 
for two weeks prior to transplant. The strands were cultured in FI2 media with 5 % 
human placental serum, in presence or absence of insulin-like growth factor I (IGF- 
I, 150 ng/ml) and basic fibroblast growth factor (bFGF, 15 ng/ml). The strands 
were transplanted into the striatum of 6-OHDA lesioned, cyclosporine 
immunosuppressed rats (10 mg/kg/day s.c.). Methamphetamine and apomorphine 
induced rotational behaviors were measured at 4, 8 and 10.5 weeks post-transplant.

% of Pretransplant RPM 4 weeks 8 weeks 10.5 weeks
Methamphetamine

Control 95 % 75 % 70 %
Growth Factors 95 % 61 % 34 %

Apomorphine
Control 44 % 29 % 17 %.
Growth Factors 16 % 11 % 20 %

Growth factor treatment increased tyrosine hydroxylase immuno-positive neuron 
survival from 1294 ± 389 neurons to 2218 ± 666 neurons per 1/2 mesen. We 
conclude that transplants of human fetal tissue strands treated in culture with IGF-1 
and bFGF have improved cell survival and behavioral effects. Supported by NINDS 
NS 18639 and the National Parkinson Foundation.

778.4
CORRELATION OF DOPAMINERGIC CELL SURVIVAL TO MOTOR BEHAVIORAL 
IMPROVEMENT FOLLOWING INTRASTRIATAL TRANSPLANTATION OF FETAL 
MESENCEPHALIC (FM) TISSUE FROM A SINGLE DONOR . GW Hubert, T Subramanian*, 
RL Watts, and RAE Bakay. Depts. of Neurology and Neurosurgery, Emory University, 
Atlanta GA 30322 USA

Transplantation studies using human FM tissue in Parkinson's disease (PD) have 
suggested that improvement in parkinsonian symptoms occurs only when FM tissue from 
multiple donors is used. We hypothesize that motor recovery is possible in monkeys if FM 
tissue from a single donor is transplanted into the striatum. Two adult rhesus monkeys (R1 
and R2) were made hemiparkinsonian (HP) by intracarotid injections of MPTP. After 
observing a stable HP state in both animals, intrastriatal FM transplantation was performed. 
FM tissue was obtained from embryonic day 40-45 fetuses, divided into small pieces, and 
stereotactically placed into 3 targets (1 caudate and 2 putamen). Parkinsonian symptoms 
were assessed by a clinical rating and by a wrist flexion task which measures movement 
time (MT) by blinded investigators. After 12 months of observation, both animals were 
euthanized and their brains were examined for tyrosine hydroxylase (TH) and dopamine 
transporter (DAT) activity. Both animals achieved a stable and consistent MT 
(R1=149.5±30ms, R2=128.4±21ms) prior to MPTP treatment. In the stable HP state both 
animals were unable to perform the wrist flexion task. Following FM transplantation, both 
animals regained their ability to perform the wrist flexion task and achieved a MT of 
R1=711.7±266, R2=426.1±183 at 3 months, R1 =406.3+131, R2=247.1±170 at 6 months, 
and R1=377.0±121, R2=155.9±85 at 12 months. Improvement in the clinical rating 
paralleled that in the wrist-flexion task. Histology revealed TH and DAT positive cells in 
clusters at the intended targets with fibers extending into the host striatum in both animals. 
These results show that intrastriatal implantation of FM tissue from a single donor can 
produce improvement in parkinsonian motor symptoms in the HP monkey and is correlated 
with survival and integration of the graft derived dopaminergic cells. NIH R01-NS-24340- 
01A2

778.5
EFFECT OF GRAFTED FETAL VENTRAL MESENCEPHALON 
VOLUME ON RESTORATION OF DOPAMINERGIC 
FUNCTION IN MPTP-TREATED MONKEYS. J.D. Elsworth*. 
M.S. Brittan. J.R. Sladek Jr.t. J.R. Taylor. P.E. Redmond Jr, and R.H, Roth. 
Depts. of Psychiatry, Pharmacology and Neurosurgery, Yale University School 
of Medicine, New Haven, CT 06520; tDept. Neuroscience, Chicago Medical 
School, North Chicago, IL 60064.

Previously we have shown that transplanted fetal dopamine (DA) neurons 
from the ventral mesencephalon (VM) of 1 donor extend processes and produce 
DA ectopically in restricted regions of the striatum in MPTP-treated monkeys. 
In an attempt to increase the proportion of the striatum that receives graft- 
derived DA we decided to modify our technique by either grafting a greater 
amount of VM to the same number of sites, or by grafting the same amount of 
VM divided into a greater number of sites. The present data relates to our 
findings using the first of these alternatives.
MPTP-treated African green monkeys received intrastriatal grafts of VM from 

either 1 or 2 fetuses, with sacrifice 6 months later. Behavior was rated daily 
throughout the study. Tissue punches were removed from brain sections. The 
remainder of the sections were processed for either DA transporter 
autoradiography or tyrosine hydroxylase (TH) immunohistochemistry. SPECT 
scans using a ligand for the DA transporter were performed before 
transplantation and before sacrifice.
The data indicated that while there may be a ceiling effect in the density of 

grafted DA neurons that can be maintained, grafting a greater volume of VM 
was associated with an increased DA terminal density in the striatum.
Supported by NS-24032, K05-MH00643, Axion Research Foundation, St.
Kilts Biomedical Research Foundation, and the Parkinson s Disease Foundation.

778.6
OUTCOMES OF 17 PARKSINSON’S PATIENTS RECEIVING 
NEUROTRANSPLANTATION WITH SURAL NERVE CO-GRAFTS. O.V. 
Kopyov D.B. Jacques, C.M. Duma, A. Lieberman, K.S. Eagle, B. G. Copcutt.
The Neurosciences Institute, Good Samaritan Hospital, Los Angeles, CA 90017

Neurotransplantation has been shown to provide limited success in 
controlling motor symptoms in Parkinson's disease patients. While numerous 
clinical studies have found that nigral transplantation leads to moderate or robust 
improvement in the majority of patients, a small number of patients continue to 
exhibit only mild improvement, or no change at all. A range of factors may 
underlie this variability of patient outcome, including individual variation in 
graft placement or distribution, patient disease status or degree of striatal atrophy 
prior to surgery, and tissue survival following transplantation. Previous 
xenotransplantation and clinical studies have shown that approximately 5% of 
human substantia nigra neurons survive within the host striatum (Kordower et al, 
19,95). The provision of appropriate trophic factors may increase cell survival. 
One source of trophic support for dopaminergic nigral neurons is the Schwann 
cell, present within peripheral nerve. The present study was undertaken to 
investigate whether placement of fetal nigral tissue with co-grafts of autologous 
peripheral nerve led to improved patient outcomes or increased incidence of 
robust improvement following transplantation.

Seventeen patients received transplantation of human fetal substantia nigra 
tissue (18-30mm CRL) placed together with a segment of sural nerve taken from 
the patient's lower leg immediately prior to transplantation. Fetal tissue 
procurement was carried out in accordance with NIH guidelines, and dissected 
previously described (Kopyov et al, 1996). The segment of sural nerve was 
placed in a Petri dish containing DMEM and minced. MR imaging was used for 
computer mapping of transplant coordinates within the putamen in each 
hemisphere. Four grafts were placed in each putamen, each graft containing 
approximately 70 microliters of fetal tissue and 30 microliters of sural nerve 
tissue. Patient L-Dopa requirements and scores on the Unified Parkinson's 
Disease Rating Scale (UPDRS) at 12 months following transplantation are 
discussed.
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778.7
TRANSPLANTATION OF FETAL VENTRAL MESENCEPHALON IN 3 
PATIENTS WITH ADVANCED PARKINSON'S DISEASE (PD). M, Levivier. S. 
Dethv, M. Peschanski0, S. Goldman*. F, Rodesch, A. Vandensteene, P. David, P.
Ferv, F. Biver, M. Goldman, C. Liesnard, J. Hildebrand. J. Brotchi. Univ. Libre 
Bruxelles - Hop. Erasme, B-1070 Brussels, Belgium, °H6p. Mondor, Creteil, France.

Transplantation of fetal ventral mesencephalon in PD is now used for several 
years in selected centers. To launch a transplantation program in our center, we 
evaluated the safety and efficacy of the procedure in 3 patients with advanced PD.

Patients’ age ranged from 56 to 60 years. Inclusion criteria and clinical 
evaluation followed strictly the CAPIT. Hoehn and Yahr stages were 3 to 4. The 
transplantation procedure was based on the technique previously described by the 
groups in Lund, Sweden and Creteil, France. The patients were unilaterally grafted 
into the putamen contralateral to the site of predominant symptoms. A cell 
suspension of fetal ventral mesencephalon was prepared from 6-8 week-old human 
embryos obtained from same-day abortions. Eight deposits of 3 pi of the cell 
suspension were placed 1 mm apart along 3 implantation trajectory in the putamen.

The follow-up period has reached 1 year in all patients. Clinical changes 
appeared at 3 months and consisted in increase of ON periods duration in patients 1 
and 2, and in quantitative bilateral improvement of motor timed tests in patients 1 
and 3. In all patients, there was an improvement of UPDRS scores and improvement 
of rigidity. Tremor was unchanged, and there was a slight transient increase in 
dyskinesias. Neuropsychological follow-up revealed slight frontal alterations in 
patients 2 and 3 with improvement at 6 months in patient 2. PET demonstrated an 
increase of 18F-dopa uptake in the grafted site, appearing 3 and 9 months after 
transplantation. Adverse events include reversible Cushing syndrome secondary to 
immunosupression in patient 1 and a transient episode of confusion in patient 2.

Our results are in accordance with those previously reported and show that, using 
standardized neurosurgical techniques and methods of evaluation, transplantation is 
reproducible and safe, and provides clinical benefits to patients with advanced PD.

Supported by the Belgium National Funds for Scientific Research and a Biomed 1 
grant of the European Community to NECTAR.

778.8
CONTRIBUTION OF MEDIAL VENTRAL MESENCEPHALON 
TO DOPAMINERGIC NEURON PRODUCTION IN VITRO AND 
SURVIVAL, REINNERVATION AND FUNCTIONAL 
RECOVERY IN THE 6-OHDA LESIONED ANIMAL. N.S.K. 
Hague*. L, Costantini. C, J, LeBlanc, L, Lin and O, Isacson. Neuroregeneration 
Laboratory, Harvard Medical School, McLean Hospital, 115 Mill St., Belmont, 
MA 02178.

Clinical trials have demonstrated that intrastriatal transplantation of embryonic 
ventral mesencephalic (VM) tissue is a possible treatment for Parkinson's disease 
(PD). At present, the entire VM is used as donor tissue for grafting, however, a 
limiting factor is the low proportion of surviving dopaminergic (DA) neurons 
typically resulting from this approach. Using tyrosine hydroxylase (TH) and 
aldehyde dehydrogenase (AHD) as specific immunohistochemical markers for DA 
neurons in the substantia nigra, we determined whether differential dissection of 
the embryonic VM into its lateral and medial portions contributed equally to the 
number of surviving DA cells both in vitro and after transplantation in vivo. 
After two days in vitro, cultures of E14 medial ventral mesencephalon (MVM) 
contained a significantly higher proportion of DA (TH+ and AHD+) neurons (8- 
10%) compared to lateral ventral mesencephalon (LVM) (2%) or whole VM (4- 
5%). In vivo, embryonic tissue (E16) was transplanted as solid pieces into DA 
deafferented striatum. Groups received either one VM, two MVMs or two LVMs. 
The total number of surviving TH+ and AHD+ neurons in the VM and MVM 
groups was significantly higher than in the LVM group. Both VM and MVM 
groups showed a similar significant decrease in amphetamine-induced rotation 
over time, and TH/AHD neurons preferentially reinnervated their normal targets 
in dorsolateral striatum. These results indicate that selective dissection of fetal 
MVM can enrich cell preparations in their proportion of DA neurons, which may 
be useful for transplantation in PD. (McLean/MGH/NPF)

778.9
SURVIVAL OF TRANSIENTLY TRANSFECTED FIBROBLASTS AND 
ASTROCYTES EXPRESSING RECOMBINANT TH AND P-GAL FOLLOWING 
TRANSPLANTATION INTO THE RAT STRIATUM. S.M, Fleming. K.A, Boat, J, 
Moffett. A. Lieberman, E. Castaneda*. M. K. Stachowiak. Department of Psychology, 
Arizona State University, Tempe, AZ 85287; Laboratory of Molecular Neurobiology and 
the Muhammad Ali Parkinson Research Center at the Barrow Neurological Institute, 
Phoenix, AZ 85013.

The delivery of genes into the CNS is currently being developed as a transplantation 
technique involving genetically altered cells. Many transplantation studies use cells 
infected with retroviral vectors; however, expression of these vectors is often rapidly 
turned off. It is postulated that following a transient transfection transplanted cells cease 
to divide, so they may be able to maintain expression of the transfected plasmid.

In the present study primary fibroblasts and astrocytes were transfected with the 
plasmids containing CMV-TH, for the genetic expression of tyrosine hydroxylase, and 
CMV-P-gal, for histological verification of cell survival. Cells were transfected by DNA 
electroporation and two days later were transplanted into the 6-hydroxydopamine- 
denervated striata of rats. The efficacy for introducing these transgenes was assessed in 
vitro, before, and in vivo, after transplantation by staining for TH protein and P- 
galactosidase activity. Animals were sacrificed 14 days (astrocytes) and up to 30 days 
(fibroblasts) post-transplantation. Immunostaining for TH and staining for p-gal were 
both positive at 14 days for astrocytes and up to 30 days for fibroblasts indicating cell 
survival and gene expression. Therefore, current studies examine the behavioral effects 
of these implants in a rat model of Parkinson’s disease.

Supported by National Parkinson’s Foundation and Arizona State University Hispanic 
Research Center.

778.10
FUNCTIONAL EFFECTS OF INTRASTRIATAL HRPE GRAFTS IN
HEMIPARKINSONIAN RATS IS ENHANCED BY ADHERING TO
MICROCARRIER BEADS
B.M, Potter*3, W. Kidwell2 and M. Cornfeldt3 ^idlantic Bio-Research, Temple Hills, 
MD, 2Cellco Inc., Germantown, MD, 3Theracell Inc., Somerville, NJ 
Intrastriatal grafts of adrenal chromaffin cells can survive and reduce functional deficits 
in hemiparkinsonian rats, and the effects are enhanced by pre-adhering the cells to 
microcarrier beads. The molecular composition of the microcarrier appears to be an 
important variable, in that Cytodex beads promote greater efficacy when compared with 
glass bead microcarriers (Borlongan & Sanberg, Neurosci. Abs. 1995). Recently, 
striatal implants of human retina pigment epithelia (hRPE) cells adhered to glass 
microcarriers were shown to survive, express TH, synthesize and secrete DA, and 
reduce apomorphine-induced rotation in hemiparkinsonian rats (Beard, et al., 
submitted). This study extends those findings by evaluating hRPE cell implants 
administered as a suspension of free cells or as a complex of cells adhered to Cytodex 
beads. Sprague-Dawley rats sustained unilateral 6-hydroxydopamine-induced lesions of 
the nigrostriatal system. The lesion was evaluated by apomorphine-induced circling, 
with a criterion of >8 turns per minute over 30 min. Rats were then assigned to one of 
four groups; (1) Untreated Control, lesion only (n=l 1); (2) Cells Only, 104 hPRE cells 
in suspension (n=8); (3) Beads Only, 150 Cytodex beads in suspension (n=7); (4) 
Beads+Cells, hPRE cells adhered to Cytodex beads (150 beads; n=8). Implants were 
delivered stereotaxically in a volume of 3 fll at AP= 1.5, LM=-2.0, DV=-5.0. Animals 
were tested for apomorphine-induced circling every two weeks for 12 weeks. When 
compared to each group’s pre-implant baseline, all but the Untreated Control exhibited 
decreased circling at some point during the 12 weeks. This effect greater in animals 
that received implants of hPRE cells adhered to Cytodex microcarrier beads, indicating 
greater efficacy for cells adhered to the microcarrier compared to either beads alone or 
free cells. (Tissue was obtained from Advanced Biological Resources, Alameda, CA. 
This study was supported by Theracell Inc, Somerville, NJ).

778.11
SOMATIC DELIVERY OF CATECHOLAMINES IN THE STRIATUM ATTENUATE 
PARKINSONIAN SYMPTOMS AND WIDEN THE THERAPEUTIC WINDOW OF ORAL 
SINEMET IN RATS. M.A. Plone, S.R. Winn*, T.P. Mullins, S.E. Chandonait, J.A. Stott, T.J, 
Blaney, S.S. Sherman, D.F. Emerich, M.D. Lindner. CytoTherapeutics Inc., Four Richmond 
Square, Providence, Ri 02906

Guidelines for clinical transplantation studies for Parkinson’s disease emphasize that 
transplants should be considered as an adjunct to systemic L-DOPA, yet few preclinical studies 
have specifically assessed the potential of transplants as an adjunct to the clinical gold standard 
treatment. The objectives of the present study were to determine if encapsulated PC12-cells 
implanted in rats with severe unilateral dopamine depletions: (1) have a direct therapeutic effect 
on measures of parkinsonian symptoms; and/or (2) increase the therapeutic window of oral 
Sinemet in this model. Rats with severe unilateral dopamine depletions received striatal implants 
of encapsulated PC12-cells producing dopamine and L-DOPA. These rats were tested on a 
battery of behavioral measures of parkinsonian symp-toms, at a range of doses of oral Sinemet 
(0,12, 24 and 36 mg/kg). Stereotypies or dys-kinesias were also quantified after high doses of 
oral Sinemet (36 and 50 mg/kg). The results confirm that parkinsonian symptoms can be 
quantified in rats with severe dopamine depletions, and the validity and clinical relevance of 
these measures is supported by the fact that the clinical gold standard treatment, oral Sinemet, 
attenuates these parkinsonian symp-toms. Somatic delivery of dopamine and L-DOPA, directly 
to the dopamine-depleted striatum, also attenuate parkinsonian symptoms. In fact, the 
magnitude of the therapeutic effect produced by continuous, site-specific, somatic delivery of 
dopamine and L-DOPA was larger than the effect produced by acute, systemic, oral Sinemet. 
The beneficial effects of oral Sinemet and striatal implants of catecholamine-producing devices 
were additive, but there were no adverse effects related to striatal catecholamine-producing 
devices, and these devices did not increase the adverse effects related to oral Sinemet. 
Therefore, striatal implants of catecholamine-producing devices have direct therapeutic effects 
which are fairly robust, and they widen the therapeutic window of oral Sinemet. Funded by 
CytoTherapeutics, Inc.

778.12
CELLULAR DISTRIBUTIONS OF AMPA GLUTAMATE 
RECEPTOR SUBUNITS IN 6-OHDA RATS WITH 
INTRASTRIATAL GRAFTS. K. Todaka1. Y, Ishida1. L 
Kuwahara1. T, Nishimori2. H. Kobavashi3* and Y, Mitsuvama1. lDep. 
of Psychiatry, 2Div. of Biology and 3Dep. of Pharmacology, Miyazaki 
Medical College, 5200 Kihara, Kiyotake-cho, Miyazaki-gun, Miyazaki 
889-16, Japan.

To elucidate alterations in the cellular distributions of cc-amino-3- 
hydroxy-5-methyl-4-isoxazolepropionate (AMPA) receptor subunits 
(GluRl, GluR2/3 and GluR4) in the substantia nigra in a rat model of 
Parkinson's disease, immunocytochemistry was performed in animals 
with unilateral 6-hydroxydopamine (6-OHDA)-induced lesions of 
nigrostriatal dopaminergic neurons. Furthermore, we investigated the 
cellular distributions of the subunits in the grafts of fetal ventral 
mesencephalon (VM) in the denervated striatum In the hemisphere 
contralateral to the 6-OHDA lesions, cell bodies within the substantia 
nigra pars compacta (SNc) were intensely immunoreactive for GluRl or 
GluR2/3 but less immunoreactive for GluR4. The number of cells 
immunoreactive for AMPA receptor subunits was significantly decreased 
in the SNc ipsilateral to the lesions. In the VM transplants, the 
immunopositive cells for GluRl and GluR2/3 (not for GluR4) were 
detected in the vicinity of the aggregation of tyrosine hydroxylase-
positive cells. It is suggested that most of the dopaminergic neurons in 
the SNc and the VM transplants can be modified functionally by 
glutamatergic afferents via various glutamate receptors including GluRl 
and GluR2/3, but GluR4 with less significance. (Supported by the 
Ministry of Education, Science, Sports and Culture, Japan)

Society  for  Neuroscience , Volume  23,1997



2000 TRANSPLANTATION: PARKINSON'S DISEASE WEDNESDAY PM

778.13
Autoradiog raphic  Study  of  Amino  Acid  Receptors  in  the  Striatum  
of  Weaver  Mice  Receiving  Nigral  Transplants . K. Stasi, A. Mitsacos, 
P. Giompres, E.D. Kouvelas and L.C. Triarhou.* Dept. of Physiology, Univ. 
of Patras Med. Sch., 261 10 Patras, Greece and Dept. of Pathology and Lab. 
Med., Indiana Univ. Sch. of Med., Indianapolis, IN 46202.

Mesencephalic cell suspensions, prepared from El2 +/+ mice, were grafted 
to the right striatum of wv/wv hosts, which lose nigral DA neurons. Grafts 
led to amphetamine-induced turning behavior away from the graft. 
Autoradiography of 3 nM [3H]GBR-12935, 80 nM [3H]CNQX, 200 nM 
NMDA-sensitive [3H]glutamate and 8 nM [3H]flunitrazepam binding was 
effected to measure, respectively, the DA transporter, non-NMDA, NMDA 
and GABAa  receptors in the striatum of +/+ and recipient wv/wv mutants. 
Two months after grafting, host wv/wv mice showed a 30-65% increase in 
[3H]GBR-12935 binding in the grafted dorsal striatum over the non-grafted 
side. Significant increases in [3H]CNQX binding (31-36%) were found in the 
non-grafted wv/wv striatum compared to +/+, and somewhat higher increases 
(6-9%) in the grafted compared to the non-grafted wv/wv striatum. 
Significant increases in NMDA-sensitive [3H]glutamate binding (20%) and. 
in [3H]flunitrazepam binding (17%) were also found in both the non-grafted 
and grafted wv/wv dorsal striata compared to +/+. These data indicate that 
mesencephalic grafts partially replenish the missing DA innervation in 
wv/wv hosts; at the same time, the higher levels of non-NMDA receptors 
observed in the transplanted striatum of wv/wv mutants may indicate 
expression of these receptors on graft-derived DAergic terminals. (Supported 
in part by R29-NS29283, BMH1-CT94-1378 and fIENEA-95).

778.14
NORMALIZATION OF DI DOPAMINE RECEPTOR HYPERSENSITIVITY 
BY FETAL DOPAMINERGIC NEURONAL GRAFTING. B. Rajakumar, 
B.A. Flumerfelt* and N. Rajakumar, Dept. of Anatomy & Cell Biology, 
University of Western Ontario, London, Ontario, Canada, N6A 5C1.

Fetal dopaminergic neuronal grafting is widely used as a mode 
of supplementing dopamine in parkinsonian models. Grafted 
dopaminergic neurons restore neurochemical and behavioural deficits in 
these animals. This study was designed to examine whether fetal nigral 
neuronal grafting is capable of normalizing hypersensitive dopamine 
receptors caused by chronic intermittent administration of DI receptor 
agonist in a parkinsonian animal model. Adult male Sprague-Dawley 
rats were injected with 6-hydroxydopamine unilaterally into the median 
forebrain bundle. Two weeks after injection, animals were injected with 
±-Chloro-APB HBr (DI agonist; 2 mg/kg/day; s.c.; RBI) daily for 10 
days. Four days after the last injection, some animals were grafted with 
a ventral mesencephalic cell suspension from E14 rat fetuses into the 
dopamine depleted striatum. Rats were tested with a subcutaneous 
injection of DI agonist at 3 and 6 weeks postgrafting and rotational 
scores were recorded. Both grafted and control animals were perfusion- 
fixed and the striatum was examined for Gs and Golf immunoreactivity. 
Results showed that the rotational score increased from a mean of 3/min 
to 42/rnin during the course of DI agonist treatment. The mean 
rotational score was 20/min and 2/min at 3 weeks and 6 weeks 
postgrafting, respectively. The Gs immunoreactivity decreased while Golf 
increased following DI treatment in comparison to lesioned controls. 
However, at 6 weeks postgrafting, both Golf and Gs immunoreactivity 
returned to normal levels. This indicates that the grafted fetal dopamine 
cells are capable of normalizing hypersensitized dopamine receptors and 
associated G protein levels, [supported by J.P. Bickel Foundation]

778.15
SEROTONERGIC ACTIVITY IN THE NIGRA-GRAFTED 
STRIATUM IN A 6-OHDA RAT. Y Ishida1*. H, Hashiguchi1.
K. Todaka1.1. Kuwahara1. T. Nishimori2 and Y, Mitsuyama1. !Dep. 
of Psychiatry and 2Div. of Biology, Miyazaki Medical College, 5200 
Kihara, Kiyotake-cho, Miyazaki-gun, Miyazaki 889-16, Japan.

We investigated the effects of fetal nigra grafting on extracellular 5- 
hydroxytryptophan (5-HTP), serotonin (5-HT) and 5- 
hydroxyindoleacetic acid (5-HIAA) concentrations to assess serotonergic 
activity comprehensively in the denervated rat striatum using in vivo 
microdialysis technique. Methamphetamine (3 mg/kg, i.p.) induces 
rotational behavior ipsilateral to unilateral lesions of the nigrostriatal 
pathway induced by 6-hydroxydopamine (6-OHDA) injection into the 
left medial forebrain bundle. The substantia nigra (SN) transplants 
ameliorated the reduction of striatal dopamine and dihydroxyphenylacetic 
acid levels in rats with unilateral 6-OHDA lesions of the nigrostriatal 
pathway. The transplants also increased extracellular levels of 5-HT and 
5-HIAA in the denervated striatum. In response to NSD-1015 (an 
inhibitor of aromatic L-amino acid decarboxylase), 5-HTP levels were 
substantially elevated in the SN grafted striata as compared with those in 
the sham grafted controls, which continued even after subsequent 
administration of L-3,4-dihydroxyphenylalanine (L-DOPA; 100 mg/kg, 
i.p.). Immunohistochemical studies showed the 5-HT 
hyperimmunoreactivity in the grafted striatum which was consistent with 
the results from the microdialysis experiment. These results indicate that 
implantation of SN grafts into the 6-OHDA-lesioned striatum of rats 
induces hyperactivity of 5-HT synthesis, release and metabolism. 
(Supported by a Grant-in-Aid for Scientific Research from the Ministry 
of Education, Science, Sports and Culture, Japan)

778.16
CYCLOSPORINE-A INHIBITS CALCINEURIN ACTIVITY AND INDUCES 
NIGRAL DOPAMINE NEURITE OUTGROWTH, BUT DOES NOT IMPAIR 
MEMORY RETENTION IN RATS WITH DAMAGED BLOOD BRAIN BARRIER.
C.V. Borlongan*1, C.E. Stahl1, T. Fuiisaki2, L.L. Porter1, and S. Watanabe2
department of Anatomy and Cell Biology, Uniformed Services University of
the Health Sciences, Bethesda, MD 20814; department of Psychology, Keio 
University, Mita, 2-15-45 Minato-Ku, Tokyo, JAPAN 108.

New evidence from animal models suggests that the immunosuppressant 
Cyclosporine-A (CsA) may be beneficial for Parkinson’s disease, cerebral 
ischemia, and sciatic nerve crush. The neurobehavioral effects of CsA may 
have direct consequences on neural transplantation since CsA treatment has 
been used as an adjunctive therapy in most transplantation protocols. While 
the mechanism for such neurobehavioral potentiation is not clear, it is 
suggested that the early phase of immunosuppression involving calcium 
regulation may influence the neurodegeneration process. In the present study, 
the blood-brain barrier (BBB) of adult rats was compromised surgically as 
would happen in the neural transplantation protocol. Animals with damaged 
BBB received chronic injections of CsA (10 mg/kg, i.p., for 9 days) and were 
tested every other day in a passive avoidance task. CsA-treated rats did not 
display significant retention deficits. Immunohistological examination at day 9 
revealed that CsA significantly decreased the activity levels of calcium- 
calmodulin dependent phosphotase “calcineurin” and significantly increased 
nigral dopaminergic neuronal outgrowth. While these neuronal alterations did 
not affect the memory function of CsA-treated animals, they may underlie 
reported locomotor behavioral changes as well as neuroprotective effects of 
CsA. Adverse effects of CsA chronic administration, however, may limit its 
clinical use. Development of immunosuppressant derivatives or immunophilin 
ligands with minimal side effects may be the next logical step into exploring 
potential neuroprotective and functional benefits of immunosuppressants.

778.17
CCK-8S MODULATES DOPAMINERGIC METABOLISM IN THE NON-LESIONED STRIATUM 
OF UNILATERALLY GRAFTED RATS: IN VIVO VOLTAMMETRIC DATA. T. Reum*, 
R. Morqenstem, A. Scharkoff, A. Marburqer. Inst, of Pharmacology and Toxicology, Humboldt- 
University at Berlin, D 10098 Berlin, Germany.

Cholecystokinin (CCK) has been found in intrastriatal grate of fetal dopaminergic (DAergic) 
cells, but little is known about CCK effects on graft derived recovery after a nigrostriatal lesion. 
The 6-OHDA model of hemiparkinsonism of rats was used and successful grafting of intrastriatal 
cell supensions was evaluated by amphetamine-induced rotational behavior and by post mortem 
immunohistochemical analysis of tyrosine-hydroxylase. 10-14 weeks after grafting the rats were 
divided into several groups and sulfated octapeptide of CCK (CCK-8s) was injected either 
systemically (200 pg/kg i.p.) or locally into the graft (100 ng). The administration of CCK-8s was 
accompanied by i.p. injection of either 40 mg Kardopal® (36 mg/kg l -DOPA and 4 mg/kg 
carbidopa) or saline. The influence of CCK-8s was investigated by quantifying rotational behavior 
and by monitoring striatal extracellular electrochemical signal of DOPAC and DA in both 
hemispheres by differential pulse voltammetry (DPV) in anesthetized rats.

After systemic or local injection of CCK-8s both grafted rats and shamgrafted controls 
expressed a small number of ipsiversive rotations (towards the lesioned side) without differences 
between both groups. Kardopal®-induced rotations were strong contraversive in shamgrafted 
controls and significantly reduced in grafted rats. Neither systemic nor local administration of 
CCK-8s modulated Kardopal®-induced rotations.

Using DPV the basal DOPAC/DA signal in lesioned and grafted striata was significantly 
diminished in comparison to respective non-lesioned sides. In the non-lesioned striatum 
systemic, but not local injection of CCK-8s produced significantly lower DOPAC/DA signals in 
grafted rats compared to shamgrafted controls. CCK in combination with Kardopal® had no 
significant influence on the DOPAC/DA signal in both lesioned and non-lesioned striata of 
grafted rats in comparison to shamgrafted controls.

Our preliminary results demonstrate that systemic administration of CCK-8s differentially 
modulates DA metabolism in the non-lesioned striatum of either unilaterally intrastriatally grafted 
or shamgrafted rats. However, this effect of CCK-8s was not reflected in the rotational behavior. 
Supported by grant 01 ZZ 9511 (BMBF, Germany)
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779.1
ALTERATION OF FOS AND JUN PROTEINS IMMUNOREACTIVITY 
IN RAT HIPPOCAMPUS DUE TO AGING AND HYPEROXIA. U 
Tong*. S, Chen and J.R. Perez-Polo. Dept. of HBC&G, UT Med. Branch, 
Galveston, TX 77555-0652

Oxidative stress resulting from the toxic effects of oxygen free radicals 
has been implicated in the pathogenesis of many neurodegenerative 
diseases including Alzheimer’s disease. Hyperoxia has been considered a 
model of free radical reactive oxygen species production in aging and age- 
related disorders. The AP-1 transcription factor is made up of a family of 
regulatory proteins that are activated by oxidative stress. Previously, we 
studied the AP-1 DNA binding activity and its component proteins in the 
rat brain under oxidative stress induced by hyperoxia; we found that there 
were elevated AP-1 DNA binding activities in hippocampus and basal 
forebrain induced by hyperoxic treatment. In present study, we examined 
the immunoreactivity of c-Fos, c-Jun, and Jun B in hippocampus of young 
and aged rats after hyperoxia. Young (3 month) and aged (30 month) male 
Fish-344 rats were exposed to 100% oxygen under isobaric conditions for 
0-48 h. After hyperoxic treatments, the brains were perfused and 
dissected, and processed for immunostaining for c-Fos, c-Jun, and Jun B 
immunoreactivity. c-Jun immunoreactivity increased significantly in 
hippocampus of young but not aged rats after hyperoxia. These results 
suggest that AP-1 signaling is involved in brain responses to oxidative 
stress. Supported in Part by NINDS-NS33288. This is publication 77A 
from USPHS grant P01 AG10514 awarded by NIA.

779.2
APOPTOSIS, GFAP, AND BCL-2 IN DEVELOPING HUMAN 
PREFRONTAL CORTEX. R.M. Rodriguez*, C. Shannon Weickert, MJ.

Disorders Branch, NIMH Neuroscience Center, Washington D.C. 20032 
In order to better characterize the molecular and cellular changes occurring 

during postnatal development in the human dorsolateral prefrontal cortex, we 
have began investigating proteins which are thought to be related to 
programmed cell death. We are using postmortem brains from postnatal ages 2-
4 months, 5-11 months, 14-18 years, 20-24 years, 34-43 years, and 73-86 years. 
The B cell lymphoma/leukemia 2 (Bcl-2) protein, a repressor of cell death, was 
detected in cortical grey matter throughout development using a monoclonal 
antibody. Immunohistochemisty for Bcl-2 revealed a punctate staining pattern 
localized within the cytoplasm and around the outer cell membrane. Putative 
apoptotic cells were labeled for DNA fragmentation using the transferase dUTP 
nick-end labeling (TUNEL) technique. Interestingly, we found an increase of 
TUNEL-positive cells in the aging group, with only minimal TUNEL-positive 
labeling in other developmental ages. Conventionally, apoptosis was thought 
not to be accompanied by reactive gliosis. However, we detected a marked 
increase in glial fibrillary acidic protein (GFAP)-positive cells in the aging 
brain. We also found an apparent up-regulation of Bcl-2, coincident with the 
increase in both TUNEL-positive and GFAP-positive cells in the aging group. 
These data support a previous finding by Su et. al. (NeuroReport 7, 437-440, 
1996) which had suggested that cells undergoing DNA fragmentation may be 
up-regulating Bcl-2 in the aged Alzheimer’s brain; our work suggests that these 
processes may not be restricted only to Alzheimer’s disease. Additionally, the 
increase in GFAP-positive cells in the aging brain suggests that potential DNA 
damage labeled by the TUNEL reaction may not be due to an apoptotic 
process, or alternatively, that the events labeled by these reactions are distinct. 
Supported by NIMH-IRP

779.3
EXPRESSION OF KIN ZINC-FINGER PROTEIN IN NEURONS AND GLIAL 
CELLS OF AGING RATS S.Araneda. I. Ros.1 and J. Angulo2Depart. Med. 
Exp.. Univ. C Bernard Lyon. F.2 Lab. Genet Radiosensib.. CEA, Fontenay-aux- 
Roses, F.

Kin protein is a mammalian nuclear protein sharing a sequence homology with the 
bacterial RecA protein. The mouse KIN 17 gene was located on chromosome 2. band 
A. KIN 17 cDNA codes for KIN17 protein which contains a zinc-finger element 
ensuring efficient binding to DNA, a recognition domain for curved DNA and a 
nuclear localization signal. KIN protein binds efficiently to curved DNA, particularly 
at illegitimate recombination junction, and its expression is increased following 
gamma radiation. In the central nervous sy stem of adult rats, we have reported 
detection of high levels of KIN protein and its KIN 17 mRNA using 
immunocytochemistrv with anti-RecA antibodies and in situ hybridization. 
Moreover, we observed that KIN protein was located in the nucleus of the neurons 
but not in those of the glial cells. In this work, we study the distribution of KIN 
protein in neurons and glial cells of aging rats. Cryostat sections of 
paraformaldehyde-fixed brains were incubated with anti-RecA antibodies, 
biotinylated IgG and ABC complex. Immunoreaction was developed using DAB- 
nickel. After washing during one week, the KIN immunoreactive sections were 
incubated with GFAP antibodies (glial marker) and immunocytochemistry was 
developed using PAP/DAB. In brain sections of cortex and hippocampus we observed 
two stainings : a blue-dark staining (KIN protein) was observed in nucleus; a brun 
staining (GFAP) distributed on the cytoplasm and dendrites. Our results indicate 
that neurons more than glial cells expressed the nuclear KIN protein in adult rats, 
whereas KIN immunolabelling was observed in both neurons and glial cells of aging 
rats. Thus. KIN protein seems participate in DNA recombination-repair mechanism 
in adult as well as aging neurons, and it could be also involv ed in the neuronal-glial 
interaction in aging rats. This work was supported by CNRS and INSERM founds.

779.4
AGING AND NEURONAL DEGENERATION AFFECT THE REGU-
LATION OF TRANSCRIPTION FACTOR YY1. A, Salminen*. P. 
Korhonen and V. Huotari. Dept. Neuroscience and Neurology, Univ. 
Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

Transcription factor YY-1 is a zinc finger protein which can interact 
and form complexes with several proteins. Due to its binding partners, 
YY-1 can activate or repress the transcription of several genes. We 
studied whether the regulation of YY1 is affected by aging in the brain 
and by excitotoxic insults in primary neuronal cultures. Using EMSA 
technique, four distinct DNA-YY1 binding complexes were character-
ized in rat brain samples. The YY1 binding activity was most prominent 
in the cerebellum. A significant increase in binding activities of two 
complexes was observed in the cerebellum of 30-month-old Wistar rats. 
Age-related changes were not so remarkable in the cortex and hippo-
campus. In neuronal cultures, excitotoxic insult with glutamate induced 
a dramatic increase in the binding activity of the smallest complex both 
in the hippocampal and cerebellar granule cells. The same complex was 
also most enhanced in the aged brain. Western blot assays did not show 
any changes in the nuplear contents of YY1 protein. Phosphorylation of 
YY1 protein affects its capacity to form binding complexes. Our results 
suggest that aging and neuronal degeneration affect the regulation of 
YY1 transcription factor and YY1 can be a significant nuclear target for 
stress-related signaling pathways in neuronal degeneration. (Supported 
by Academy of Finland, University of Kuopio)

779.5
CHANGES IN EXPRESSION LEVELS OF mRNA AND 
PROTEIN FOR PHOSPHONEUROPROTEIN 14 (PNP14) IN 
RAT BRAIN DURING AGING
S. Nakajo*, T. Hirabayashi, T. Kanai, S. Shioda, Y. 
Nakai, and K. Nakaya Laboratory of Biological Chemistry 
(T.H., T.K., S.N., K.N.), School of Pharmaceutical Sciences 
and First Department of Anatomy (S.S., Y.N.), School of 
Medicine, Showa University, Tokyo 142, Japan.

We have isolated a novel phosphoneuroprotein with a 
molecular mass of 14 kDa (PNP 14) which is concentrated 
especially in presynaptic nerve terminals in rat brain. Age- 
dependent changes in the expression levels of PNP 14 and 
its mRNA in the rat brain were investigated by 
immunoblotting analysis using specific antibody against PNP 
14 and by in situ hybridization with oligonucleotide probes 
for PNP 14 mRNA. In the adult rat brain, PNP 14 mRNA was 
expressed extensively’ in the olfactory bulb, hippocampus, 
piriform cortex, and cerebellar cortex. PNP 14 mRNA 
expression in the cerebellar cortex and hippocampus was 
decreased with age, while its expression was not changed in 
the olfactory bulb during 5 weeks, 1 year, and 2 years after 
birth. Immunoblotting analysis revealed that PNP 14 
immunoreactivity was decreased wdth age in the olfactory 
bulb, hippocampus, and cerebellum. These findings suggest 
that PNP 14 is likely to modulate the function of neurons in 
the selected central nervous system. (Supported in part by 
Ministry of Education, Science, and Culture of Japan)

779.6
DEVELOPMENTAL AND AGE-ASSOCIATED CHANGES IN RECEPTORS 
FOR ACTIVATED C KINASE (RACK1) IN RAT CORTEX. A. Pascale* E.

Sci., Univ. of Milano, +Inst. of Pharmacology, Univ. of Pavia and IRCCS San 
Giovanni di Dio, Sacred Heart Hospital FBF, Brescia, °Dept. Exptl. Medicine and 
Biochemical. Sci., Univ. of Roma Tor Vergata, Italy.

Recent evidence has demonstrated that activation of protein kinase C (PKC), is 
controlled, in addition to the classical protein-lipid (membrane) insertion, by 
protein-protein interactions. A class of proteins, termed receptors for activated C 
kinase (RACK) in vitro bind PKC in presence of its activators and in vivo control 
PKC function, targeting PKC isoforms to different intracellular sites. Quantitative 
immunoblotting indicated that rat cortical RACK1 (the more extensively 
characterized member of this family) was low at birth and progressively increased 2- 
3 weeks postnatally, suggesting that RACK1 may coparticipate (with Ca++- 
dependent PKC isoforms) in regulating outgrowth of neuronal processes. During 
senescence changes in RACK1 levels correlated with Ca++-dependent PKC 
translocation in response to in vitro phorbol esters that was deficitary in aged but 
not in middle-aged and adult animals. PKCp isoforms, known to interact in vivo 
specifically with RACK1, did not translocate to plasma membrane in response to 
activation in aged animals, while the resting isoform levels remained unmodified 
throughout all ages. Ca++-independent PKC activity translocation did not correlate 
with RACK1 in middle-aged rats, the latter being unmodified in spite of a deficit in 
PKC translocation. The age-related deficit in RACK1 associated with that in PKC 
translocation confirm their interdependence in brain tissues as well. In light of 
recent developments in RACK-derived peptides interfering with PKC, compounds 
that increase or decrease this interaction may prove to be useful tools for 
modulating PKC-mediated functions. (Supported by the National Research Council 
of Italy, CNR).
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779.7
NO DIFFERENCE IN CHICK SYMPATHETIC NEURITE 
OUTGROWTH ON YOUNG AND AGED RAT BRAIN TISSUE 
SECTIONS. D.B. Pettigrew* and K.A, Crutcher, Dept. of Neurosurgery, U. of 
Cincinnati, Cincinnati, OH. 45267.

Several lines of evidence suggest that the brain exhibits reduced plasticity with 
aging. Most available evidence indicates that a variety of neurite outgrowth- 
promoting factors, such as the neurotrophins, are not decreased in the aged brain. 
However, membrane-bound or extracellular matrix components may also play a role 
since they have been demonstrated to be important in promoting axonal growth in 
several systems.

Tissue section culture provides a means to determine whether changes in 
membrane-bound or extracellular matrix components may also contribute to the 
reduction in plasticity seen in the aged brain. Embryonic chick sympathetic explants 
were cultured on unfixed, coronal, whole-brain sections cut at the level of the 
hippocampal formation of young and aged rats. Cultures were established in B27- 
supplemented Neurobasal medium and then switched to Ham’s FI2 medium. 
Explants were visualized with a vital dye and neurite outgrowth was assessed 
quantitatively using NIH Image software after three days in culture. Consistent with 
previous studies, extensive neurite outgrowth occurred on gray matter, but not on 
white matter areas of the sections. However, no consistent differences in the extent 
of neurite outgrowth were found between young and aged brain tissue sections. 
These results suggest that aging of the rat CNS is not accompanied by major 
alterations in the neurite outgrowth-promoting properties of the tissue. Supported by 
the NIH (NS 17131).

AGING AND BEHAVIOR

780.1
CORRELATION BETWEEN AGE-RELATED REDUCTIONS IN 
HIPPOCAMPAL VOLUME AND COGNITIVE DECLINE IN THE RHESUS 
MONKEY. J.D. Berman, D.L, Rosene*, M.B. Moss, RJ. Killianv, and J. G. 
Herndon. Dept. of Anatomy and Neurobiology, Boston University School of 
Medicine, Boston, MA 02118 and Yerkes Regional Primate Res. Ctr., Emory 
Univ., Atlanta, GA 30322.

The brains of young (4 to 14 years of age, X = 7.4) and aged (26 to 35 
years of age, X = 29.7) behaviorally assessed monkeys were perfusion fixed 
and frozen sections cut in the coronal plane at a thickness of 30pm through 
the entire hemisphere. One series was stained with thionin. The volume of 
the hippocampal formation (dentate gyrus, CA subfields and subiculum ) 
was estimated using a variation of the Cavalieri estimator. A set of 10 equally 
spaced sections spanning the entire hippocampal formation was traced at 
17.5X and measured on a WACOM digitizing tablet using the NIH Image 
program. There was a statistically significant correlation between age and 
hippocampal volume. Comparison of the morphological results with an 
index of overall cognitive function and with sub-indices of learning (acquisition 
of delayed non-matching to sample), memory (performance on DNMS at 
delays of 2 and 5 minutes) and recognition memory (performance on DRST 
with spatial and color conditions) revealed statistically significant correlations 
(p<0.05) between behavioral impairments and decreased volumes. Since we 
have also used the optical disector to count neurons in the hippocampal 
formation and found no loss of neurons, the decreases in overall hippocampal 
volume could be due to regression of dendrites or to loss of myelin or both. 
Since our previous studies have demonstrated an overall age-related reduction 
in subcortical myelin, loss of intra-hippocampal myelinated fibers may be an 
important factor contributing to age-related cognitive impairments and loss 
of volume. Supported by NIH grant PO1 AG00001.

780.2
BRAIN WEIGHT IS STABLE THROUGHOUT ADULTHOOD IN RHESUS 
MONKEYS. J. G. Herndon, S.A. Klumpp, D.C. Anderson, and J. Tigges*. Yerkes 
Regional Primate Res. Ctr., Emory Univ., Atlanta, GA 30322.

We constructed multiple linear regression (MLR) models to examine the 
relationship between age and brain weight in rhesus monkeys, while controlling 
statistically for effects of body size and sex. Data were obtained from computerized 
records of necropsies performed over a 10-year period on 369 rhesus monkeys (203 
females; 166 males), of ages covering the entire adult lifespan of the rhesus monkey. 
In addition to fresh brain weight, variables considered were age, sex, body weight, 
heart weight, identity of the prosector at necropsy, and circumstance of death. Initial 
analyses revealed no differences (p>.25) in brain weight as a function of prosector 
or of circumstance of death, so these variables were eliminated from further 
consideration. Variables found in univariate analyses to be significantly related to 
brain weight were sex (mean weight for males: 96.2g, mean for females 85.9g, 
pc.OOl), body weight (r=.49, p<.001), and heart weight (r=.54, pc.OOl). These 
variables, as well as age, were tested one at a time in MLR models. The model that 
best accounted for variance in brain weight revealed significant (pc.OOl), mutually 
independent effects of body weight and sex, such that (regardless of sex) a 1 kg 
increase in body weight was associated with an increase of .8g + .15 (SD) in brain 
weight and (when body weight was controlled for) males’ brains were 7g + 1.1 (SD) 
heavier than females’. Age was not associated significantly with brain weight in any 
of the models tested. In a complementary analysis, we grouped all data by sex and 
5-year age group, and conducted a two-way analysis of variance (ANOVA). The 
ANOVA confirmed both the presence of the sex difference and the absence of an 
age effect. The results suggest that brain atrophy is NOT a significant feature of 
normal aging in the rhesus monkey. (NIH grants PO1 AG00Q01, R55 AG12610, 
and RR 00165.)

780.3
AGE-RELATED CHANGES IN THE DOPAMINERGIC BRAINSTEM NUCLEI IN THE 
RHESUS MONKEY: Z. A. Siddiqi, T, L Kemper, A. Peters* and D. L. Rosene, Department 
of Anatomy and Neurobiology, Boston University School of Medicine, Boston, MA 02118.

Although a decline in cognition and a marked reduction in the cortical and striatal 
levels of dopamine (DA) have been observed in aging primates, the association between 
the two and to the age-related changes in the DAergic ventral mesencephalon (DVM) is 
not clear. These studies, in behaviorally tested rhesus monkeys, examined the effects of 
age on the neuronal numbers in the cortically projecting DAergic nuclei and on the 
ultrastructural morphology of the substantia nigra, pars compacta (SNpc). Cell counts 
with modern stereological principles showed a progressive decline of up to 25% and 
34% in the total number of neurons in SNpc and the paranigral nuclei respectively in the 
older animals (>30 years). A correlation of individual neuronal counts with the scores on 
behavioral tasks showed a number of significant correlations suggesting a role of DA in 
cognition. A detailed morphological study in the SNpc showed three types of neurons, 
small, medium and large, with the small neurons corresponding to the sparsely distributed 
GABAergic neurons. In old animals, all types of neurons showed signs of aging, with the 
small neurons appearing to be the most effected by the advancing age. The neuropil in 
old animals is marked by numerous profiles of degenerating dendrites, dystrophic axons 
and a profuse astrocytosis, particularly around the degenerating structures. Further, 
several novel profiles have been noted in the neuropil, the sources of which are unknown. 
The results of the present study indicate that an age-related neuronal loss in the DAergic 
brainstem nuclei may contribute to the decline in cognition. Further, age-related 
morphological alterations in the remaining SNpc neurons may also add to the decline of 
cortical levels of DA in old age, Interestingly, layer I in the prefrontal cortex, that receives 
a rich DAergic innervation from the DVM, has been reported to display similar age-related 
changes in the rhesus monkey. Whether it is the afferent DAergic fibres that are 
specifically effected remains to be seen. (Supported by NIH Grant 2 P01 AG00001)

780.4
AGE-RELATED DIFFERENCES IN TEXTURE PERCEPTION: A 
PET STUDY. BK Levine, LL Beason-Held, KP Purpura. NP Azari, LM Optican, 
A Dani*, P Pietrini, GE Alexander, SI Rapoport, and MB Schapiro. Laboratory of 
Neurosciences, NIA, Bethesda, MD 20892
Age-related differences in face perception have been previously demonstrated using 
positron emission tomography (PET). To determine if healthy aging is also associated 
with differences in simple feature extraction, brain activation patterns were assessed 
using PET in Young and Old subjects during passive visual perception. We examined 
8 Young (21-37 yrs.) and 8 Old healthy subjects (51-72 yrs.) by measuring regional 
cerebral blood flow (rCBF) during visual perception of two classes of achromatic 
textures. One class was designated Random (pixels randomly assigned colors of 
black and white) and the other Even (pixels were correlated to produce extended 
contours and rectangular blocks of a single color). All subjects had 8 scans, 4 scans 
during Even texture viewing alternating with 4 scans during Random texture viewing. 
Data were analyzed using SPM, where voxel by voxel comparisons determined 
significant changes in rCBF during Even stimulation relative to baseline Random 
stimulation (p<0.01). In Young subjects, Even stimulation increased rCBF in 
striate, extrastriate, lingual and fusiform gyri, and hippocampus relative to Random 
stimulation. In Old subjects, rCBF was increased in extrastriate, fusiform, middle 
and inferior temporal, middle frontal, and anterior/posterior cingulate gyri. Group by 
task interactions revealed significantly smaller rCBF increases in Old subjects relative 
to Young in fusiform, lingual and inferior frontal gyri, and hippocampus. Together, 
these results indicate that Young subjects activate a distinct occipitotemporal pathway 
including the hippocampus while Old subjects activate a less anatomically distinct 
pathway including frontal regions. Temporal lobe rCBF differences and the addition 
of frontal activation in the Old subjects may suggest reduced temporal lobe feature 
extraction capabilities and compensatory mechanisms involving the frontal lobe 
during passive visual perception and feature extraction. Supported by NIA IRP.
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780.5
EFFECTS OF AGING ON VIBROTACTILE SENSIBILITY: COMPARISON OF 
VIBROTACTILE DETECTION THRESHOLDS AT VARIOUS BODY REGIONS 
IN YOUNG AND ELDERLY HUMANS. A.B. Turman*, M. Stuart, J. Shaw, 
N, Walsh and V. Nguyen. Dept. Biomedical Sci., Univ. Sydney, NSW, Australia.

The capacity to detect mechanical sinusoidal vibrations applied to the skin is 
dependent on activation of two separate classes of afferent fibres associated with 
different receptor classes. High frequency (60-1000Hz) vibrations preferentially 
activate the Pacinian corpuscles (PC) and their associated afferent fibres while low 
frequency (2-100Hz) vibrations activate the Meissner's corpuscles in the glabrous 
skin and the hair follicle receptors in the hairy skin. To investigate the changes in 
vibration detection thresholds that may occur with advancing age a group of young 
(age 17 to 27 yrs) and a group of elderly (age 55 to 77 yrs) healthy individuals were 
tested. Four separate body regions (middle fingertip, forearm, shoulder and face) 
were examined bilaterally using three different frequencies (30, 80 and 200Hz) to 
preferentially activate the two functional classes of afferent units separately (30 and 
200Hz) and concurrently (80Hz). The vibrotactile stimuli were delivered by means 
of a mechanical simulator (GWV4) and the amplitude of these precise and 
reproducible mechanical sinusoids generated by a computer could be altered 
instantaneously. In one condition subjects were asked to detect the presence of 
vibration during a gradual increase in the amplitude of sinusoids while in the other 
condition report when they could no longer detect the vibration as the amplitude was 
lowered from an easily detectable amplitude. Each condition was repeated three 
times and the mean value calculated. The present results indicate that for each of the 
body regions, except for the fingertip, vibration detection thresholds for all 
frequencies tested are significantly elevated in elderly subjects compared to young 
subjects. Elevation of the vibrotactile detection thresholds with advancing age may 
be a consequence of changes at the receptor site or may reflect a decrease in the 
density of receptors.

780.6
UNDERESTIMATION OF TIME DURING AGING: THE RESULT OF 
AGE-RELATED DOPAMINERGIC CHANGES? P.A. Mangan*. P.K. 
Bolinskey. and A.L, Rutherford. Clinch Valley College of the University of
Virginia,.Wisg,. VA 24,293.

Evidence suggests that the perception of time, while involving various 
cognitive factors, also involves the activity of an internal clock and that dopamine plays 
an important role in the regulation of this internal clock. It has also been shown that 
elderly humans consistently underestimate time intervals suggesting that the activity of 
an internal clock has slowed.

Numerous neurological and physiological changes occur during the normal 
aging process, but a conspicuous change is the gradual reduction of dopaminergic 
neurons in the substantia nigra with a concurrent decrease in dopamine levels and the 
reduction of different types dopamine receptors in structures of the basal ganglia.
These reductions occur throughout adulthood, but the effects become apparent during 
the latter half of the fifth decade of life. These findings lead to the hypothesis that 
human subjects between 45-50 years of age should begin to show the effects of a 
slowing of an internal clock and underestimate the passage of time, though not to the 
same extent as 60-65 year old subjects.

Three groups of healthy active adults participated in this study. Group one 
was made up of subjects 20-25 years of age, subjects in group two were 45-50 years of 
age, and group three subjects were 60-65 years of age. All subjects were asked to 
perform two tasks, a visual complex comparison task and a simple counting task until 
they determined that a one minute or three minute period of time had passed. The 
actual time spent performing each task was recorded.

Comparison of the performance on the two tasks showed that both the 45-50 
and 60-65 year old groups underestimated the amount of time during all four 
conditions. The underestimation of time by the 45-50 year old group was less than 
that of the 60-65 year old group for both counting durations, but not for the two visual 
comparison durations. These findings support an age-related reduction in the 
effectiveness of the dopamine system that the accumulative effects of this reduction 
becoming apparent during the latter half of the fifth decade.

780.7
BEHAVIOR, BIOCHEMISTRY AND HIPPOCAMPAL MORPHOMETRY 
IN 10, 21, AND 27 MONTH-OLD MALE FISCHER 344 RATS. W.H. 
Jordan*, C.L. Gatlin, D.R. Helton. J.W, Hom. M.J. Kallman. B.D.
Sawyer, H.E. Shannon. W.C. Smith. J.P. Tizzano. K.A. Wightman and
S.L. White. Lilly Research Laboratories. Greenfield. IN 46140.

Age-related changes in the rodent CNS may be a useful model for
neurodegenerative diseases in humans. Following behavioral testing. 71 male 
Fischer 344 rat brains were subjected to either biochemical analysis or 
morphometry. The disector morphometric method was used to reduce bias 
caused by processing artifacts or changes in volume of target areas of the 
brain. Significant behavioral and minimal to slight biochemical and 
morphometric differences occurred between 10 and 27 months of age. 
Subpopulations were not identifiable within ages, Startle, avoidance, and maze 
activity levels were suppressed in 21 and/or 27 month-old rats. At 21 months, 
protein concentration was decreased in the hippocampus, but not in the 
striatum. At 27 months, protein concentration was decreased in both the 
hippocampus and striatum; however, choline acetyltransferase activity 
remained unaffected at both 21 and 27 months of age. Morphometric changes 
were consistent with compensatory synaptogenesis and neurogenesis. Between 
10 and 21 months, the synapse/granule cell ratio decreased while the total 
number of granule cells increased and the total number of synapses remained 
constant. Both the relative and absolute numbers of synapses and granule cells 
were unchanged between 21 and 27 months. Thus, depressions in behavioral 
responses at 21 and/or 27 months were accompanied by decreased 
hippocampal and/or striatal protein concentrations, decreased synapse/granule 
cell ratios and no change in total synapses.

780.8
AGE-RELATED MICROGLIAL ACTIVATION PRECEDES 
COGNITIVE AND MYELIN CHANGES. L.G. Sheffield* andN.E.J. 
Berman. Dept. Anat. & Cell Biol.. Univ. of Kansas Med. Ctr., 3901 
Rainbow Blvd.. Kansas City, KS 66160-7400. USA.

Although the cause of the cognitive decline seen in the elderly is 
unknown, a contributing factor may be microglial changes. In this 
study, we assessed microglial activation levels by image analysis of 
immunohistochemically labeled brain sections, using an antibody 
against the MHC class II (HLA-DR) antigen which is expressed in 
activated but not resting microglia. Three age groups of female M. 
nemestrina were used: juvenile (2-5 yrs; n=5), young adult (5-11 yrs; 
n=8), and mature (11-19 yrs; n=15). The greatest changes in activation 
level were seen in the white matter. Four separate white matter regions 
were evaluated: base of the precentral gyrus, lateral to the caudate 
nucleus, stem of the temporal lobe, and alveus overlying the CA1 
subfield of the hippocampus. Microglial activation was higher in all 
regions of the mature group, reaching the level of significance in all 
regions except the alveus. A subset of each age group was randomly 
selected and the myelin stained with gold chloride. No significant 
difference in myelin staining was seen between the young adult and 
mature groups. Our results indicate that, in the process of normal aging, 
microglial activation in the white matter precedes the cognitive decline 
and myelin degeneration reported in the aged nonhuman primate. 
(Supported by P30 AG10182, MH38399, HD02528, and RR00166.)

780.9
LOWER LEVELS OF HIPPOCAMPAL PLC-(3l ARE ASSOCIATED WITH BET-
TER SPATIAL LEARNING IN YOUNG AND AGED-UNIMPAIRED LONG EVANS 
RATS. M.M, Nicolle*, E. Skiba, E. Gianopoulos, M. Gallagher, and M.McKinney.
Mayo Clinic Jacksonville, Jacksonville, FL 32224 and Johns Hopkins University, Bal-
timore, MD.

Our laboratories have previously shown that muscarinic-stimulated phosphoinositide 
(PI) hydrolysis in the hippocampus of Long Evans rats declines with age and corre-
lates with impaired spatial learning. These changes in PI occur without concurrent 
changes in receptor density suggesting that there may be deficits in the signaling cas-
cade that are downstream from the receptor. This hypothesis was tested by comparing 
the levels of Got q/11 and PLC-pl from the hippocampus of young (N = 9) and aged 
(N = 16) Long Evans rats using quantitative Western blotting. Rats were characterized 
for spatial learning ability, sacrificed, and their hippocampi were dissected and quickly 
frozen (-70°C). Total protein was extracted from the hippocampus and protein concen-
tration was normalized across samples for equal sample loading. After electrophoresis 
and transfer, membranes were immunoblotted for Gaq/11 and PLC-(3l. Sample values 
were normalized across gels by the use of standards. The results from two experiments 
indicate that there is no effect of age on the levels of these proteins. However, the level 
of PLC-pl was significantly correlated with spatial learning in young rats (r = +.70, p 
<05) and learning-unimpaired aged rats (r = +.66, p <.05). Interestingly, the rats with 
higher levels of PLC-f3l were less proficient at spatial learning. This relationship be-
tween PLC-pl and spatial learning was not apparent in the aged learning-impaired 
rats, indicated by a trend in the opposite direction (r = -.70, p = .08). The relationship 
between Got q/11 level and spatial learning parallels that of PLC-Pl. The dissociation 
between these markers and spatial learning in the aged impaired rats may contribute to 
the decrease in PI hydrolysis previously observed. This work was supported by 
AG09973 to M.M..

780.10

REPRODUCTIVE STATUS PREDICTS COGNITIVE DECLINE 
IN AGED FEMALE MONKEYS. P R. Rapp1*, J.A. Roberts, K.V.K. 
Gilardi. and B.L. Lasley. Neurobiol. of Aging Labs., Fishberg Cntr. for 
Neurobiology, Dept. of Geriatrics and Adult Development, Mt. Sinai Sch. of 
Med., New York, NY 10029', California Regional Primate Res. Cntr., UC 
Davis, Davis, CA 95616.

Recent evidence demonstrates that a substantial proportion of aged female 
monkeys exhibit changes in ovarian hormone status and menstruation 
mimicking key features of menopause. The present investigation capitalized 
on these findings to examine potential endocrine contributions to age-related 
cognitive decline. Visuospatial memory was assessed in young (3.4-11.3 
years, n=13) and aged (20.4-27.2 years, n=12) rhesus monkeys using a 
delayed response (DR) task known to be sensitive to aging. Reproductive 
status was evaluated according to the incidence of menstruation over twelve 
months, and urinary excretion of estrone conjugates and pregnanediol-3- 
glucoronide sampled daily during the final three months of observation. On 
the basis of these parameters, and independent of the behavioral test scores, 
aged monkeys were classified as either pre- (PRE) or peri-/postmenopausal 
(PERI/POST).

DR accuracy was substantially impaired in the aged monkeys as a group 
(pcO.0001), consistent with numerous earlier reports. The more novel finding 
was that PERI/POST monkeys displayed significant DR deficits relative to 
both age-matched PRE females and young subjects (p’s<0.05). In addition, 
average estrogen metabolite levels and the incidence of menstruation were 
selectively correlated with behavioral performance measures that 
distinguished PRE and PERI/POST monkeys. Together, these findings 
suggest that endocrine decline exacerbates age-related cognitive dysfunction 
in the monkey. Supported by the NIH (AG10606 and RR00169).
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780.11
OVARIAN CONTRIBUTION TO THE COGNITIVE DECLINE IN 
AGING F 344 X BN FI FEMALE RATS. Gopal Rajakumar * NancyEllen 
dc Fiebreand James W. Simpkins. Center for Neurobiology of Aging and 
Dept. of Pharmacodynamics, College of Pharmacy, Univ. of Florida, 
Gainesville, FL 32610.

Post menopausal women are at increased risk for loss of cognitive 
function. We have recently demonstrated (Society for Neurosci. Abstract 
459.7, 1996) deficits in spatial learning in aging F 344 X BN FI (24-28 
mo old) female rats that showed repeated pseudopregnancy. In the present 
study we investigated task learning in Morris Water Maze of young (6 mo) 
and old (28 mo) F 344 X BN FI rats to assess the contribution of the ovary 
to poor spatial learning.

Task learning in young and old rats was assessed before and after 
ovariectomy. The results of training and probe trial in Morris Water Maze 
Task are as follows: (A) Target baseline tests before ovariectomy: (la) 
Learning curves revealed that the old rats learned significantly slower than 
the young rats during training sessions. Also, (lb) old rats took 
significantly longer (latencies) to cross the platform site when compared to 
the young rats (P<0.01). (2) Old rats did not show significant preference 
for the target quadrant by either measure assessed namely, crossings and 
time spent in quadrants. (B) Target reversal tests after ovariectomy: (3a) 
Old rats learned faster and (3b) took less time to cross the target site. (4a) 
Old rats crossed the target quadrant significantly more often (P<0.05) and 
(4b) spent significantly more time (P<0.05) in target quadrant than the 
other quadrants. Ovariectomy in aging pseudopregnant rats ameliorates 
their poor spatial learning, suggesting that elevated progesterone interferes 
with task performance. (Supported by NIH Grant AG 10485).

780.12
ENRICHMENT OR EXERCISE AT MID-LIFE ALTERS EXPLORATION, 
STARTLE RESPONSES, AND BASAL METABOLIC FUNCTIONING. R. 
Kovacevic*, B.M. Tannenbaum, C.Caldii and M.J. Meaney.. Douglas Hosp. 
Res. Ctr., Dept. of Psychiatry, Neurology and Neurosurgery, McGill University, 
Montreal, Quebec, Canada H4H 1R3.

Previous work suggests that exposing young rats to enriched environments and 
to physical activity has widespread effects on brain morphology and on the 
development of certain behaviors. Rats exposed to enriched environments show 
increased dendritic branching of the hippocampus and reduced fear to novelty. Daily 
exercise can increase NGF and BDNF mRNA in the hippocampus as well as 
improved performance on tests of spatial memory. Since it is well-known that 
aging in the rat can be accompanied by impairments in both spatial memory and 
metabolic function, altering the environment later in life may have beneficial 
effects on brain structure and function. Mid-aged Long-Evans rats were exposed to 
one of four regimens for 6 months: exercise rats were housed in a multi-level 
series of cages that were separated by tunnels, enriched rats had a selection of toys 
in their cages that were changed every week, isolated rats were singly housed and 
control rats were normally group housed. Baseline samples were obtained at the 
start of the study for measurement of corticosterone (B) and ACTH. Body weights 
and food intake were measured throughout the study. Rats housed in the exercise 
unit weighed significantly less than all other rats throughout the study; rats 
maintained in isolation consistently weighed the most. Isolated rats also ate the 
least while exercised rats ate significantly more than both the isolated and control 
rats. When tested at 21 months of age, rats exposed to the exercise set up showed a 
reduced startle response, especially at higher decibel tones. Enriched rats explored 
significantly more in the open field. These findings suggest that manipulating the 
environment in mid-life can alter the aging process. Interestingly, these effects are 
not uniform and are specific to the kinds of manipulations imposed. Supported by 
NIH (NIAG9488) to MJM.

780.13
ALTERED PROCESSING OF AMYLOID PRECURSOR PROTEIN 
IN AGED MEMORY IMPAIRED RAT. K. Sugava*. E, Skiba. M, 
Gallagher and M. McKinney. Mayo Clinic Jacksonville., Jacksonville, 
FL 32224 and University of North Carolina, Chapel Hill, NC 27599.

Our laboratories are investigating molecular indices in an aging rat 
model in which spatial learning is quantitated using a water maze. We 
reported elevated GFAP and amyloid precursor protein (APP) mRNA 
elevation in learning-impaired Long Evans rats. However, the level of 
APP N-terminal fragments detected by 22C11 using slot blot was de-
creased in the hippocampus from the aged-impaired rat. To investigate 
this, we conducted Western blot analysis using antibodies 2201, 4G8 
and 6E10 in this animal model.

The parietal cortex, the hippocampus and the striatum were dissected 
from 25 rats (8 young, 8 aged-unimpaired and 9 aged-impaired). The 
protein samples were prepared by Tri reagent (Molecular Research Cen-
ter, Inc.) and separated on NuPAGE Gels (NOVEX) under reducing con-
ditions. The separated proteins were transferred onto polyvinylidene 
difluoride membrane. The primary antibody bound on the membrane was 
detected by a [35S]-radiolabeled secondary antibody and visualized by 
film autoradiography. Signals on the films were scanned into a computer, 
normalized and quantitated with NIH Image.

In the hippocampus, most of the bands of APP-like immunoreactivity 
were decreased in aged-impaired animals, while a few of them were not 
changed or even slightly increased. These results are qualitatively in agree-
ment with our previous results using slot blots. These data indicate that 
spatial learning impairment in the aged rat is associated with alteration of 
APP expression and processing in complicated manner.

This study was supported by AG12653, AG09973 and Mayo foundation.

780.14
ENVIRONMENTAL ENRICHMENT INCREASES NGF LEVELS IN 
HIPPOCAMPUS AND VISUAL CORTEX IN ELDERLY RATS. U 
Pham, S. Soderstrom1, N. Bogdanovic, B.G. Henriksson. B. Winblad
and A.H. Mohammed Petit, of Clinical Neuroscience and Family 
Medicine, Karolinska Institutet, S-141 86 Huddinge, and ’Dept. of 
Developmental Neuroscience, Uppsala University, S-751 23 Uppsala, 
Sweden

Available evidence indicates the aging brain shows plastic changes in 
response to environmental influence. In previous work we found that 
adult rats housed for 30 days in enriched environmental condition (EC) 
compared to animals housed in impoverished condition (IC) had higher 
nerve growth factor (NGF) levels in hippocampus and were better in 
spatial learning. In the present study rats were housed in EC for a much 
longer period - during adulthood and as they approach old age. Male 
Sprague-Dawley rats were housed in EC or IC for 14 months, tested for 
spatial learning and sacrificed for analysis of NGF levels in olfactory 
bulbs, frontal, parietal, entorhinal and occipital cortices, hippocampus, 
striatum, hypothalamus and cerebellum. EC rats were better in spatial 
learning than IC rats, and had higher NGF levels in the hippocampus, 
entorhinal cortex and visual cortex. These results provide further 
evidence for the critical involvement of NGF in EC-induced neural and 
behavioural plasticity, and are compatible with the proposition that the 
brain maintains its capacity for structural reorganization with increasing 
age.

Supported by Swedish Medical Research Council and "Hjarn- 
fonden".

780.15
NEUROANATOMICAL CORRELATES OF COGNITIVE 
ASYMMETRIES ASSOCIATED WITH NORMAL AGING.
J.A. Teissere1, S.M. Roger*1, D. Howieson2, and 
J.A. Kaye2. 'Willamette University, Salem, OR 
97301 and 2Dept. of Neurology, Oregon Health 
Sciences University, Portland, OR 97201.

The physiology of aging includes progressive 
neuroanatomical atrophy. Cognitive assessment on 
visuospatial (Rasmusson & Brandt, 1995) and 
nonverbal (Lapidot, 1987) tests indicate that 
right hemispheric function may be increasingly 
impaired relative to left in normal aging. 
Volumetric analysis of annual magnetic resonance 
imaging (MRI) assessed if asymmetrical brain 
degeneration correlated with performance on a 
verbal and visuospatial neuropsychological test 
battery collected on 53 healthy elderly subjects 
(> 65) who were cognitively intact at entry (> 
24, MMSE). Subjects' performance declined over 
the course of the study on several psychometrics 
(Boston Naming, Digit Forward, Vocabulary); 
however, these changes did not appear to result 
from differential hemispheric degeneration. 
Supported by: Department of Veterans Affairs and 
Alzheimer's Disease Center NIA Grant P30 
AG08017.

780.16
AGING ATTENUATES HIPPOCAMPAL NEURAL RESPONSES IN DELAY 
TRAINING FOR RABBITS SWITCHED FROM A TRACE PARADIGM. M.A. 
Seager* and S.D. Berry. Center for Neuroscience and Department of Psychology, 
Miami University, Oxford, OH 45056.

We recently reported that aging rabbits take longer to reach a learning criterion in 
a trace conditioned jaw movement paradigm. Importantly, this deficit included a 
delay in the development of conditioning-related hippocampal activity just before US 
(water) onset. The magnitude of this hippocampal response early in training was 
negatively correlated with trials to criterion, r = -.60, g = .03. Once animals reached 
criterion, however, there were no age differences in hippocampal activity.

After at least one day of overtraining in the trace phase, all rabbits were transferred 
to a delay paradigm. The delay paradigm utilized the same tone CS (1 kHz, 80 dB) 
and water US (1 cc, 200 ms intraoral water) as in trace but with a 250 ms 
interstimulus interval. Animals were trained to a behavioral criterion of 8 
conditioned responses in any 9 consecutive trials or for a maximum of 12 days.

There was no significant difference between the two groups for trials to criterion, 
t( 12) = 1.02, g = .33. However, large age differences in the magnitude of 
conditioning-related hippocampal activity were found. Standard scores of 
hippocampal neural activity (across the entire trial) on day 2 were significantly 
larger for young rabbits than for aging, F( 1,14) - 19.93, g = 0008. Note that the 
groups did not differ on the last day of trace or on days 1 and 3 of delay training.
This large, but transient, difference in hippocampal responsiveness early in the delay 
ghase could indicate that the young rabbits were responding to the switch (at some 
level) differently than the aging rabbits. Due to the behavioral heterogeneity within 
age groups, we are conducting a case-by-case analysis of the relationship between the 
hippocampal response and behavior during the delay phase. We hypothesize that the 
hippocampal response may be important for an animal’s ability to adaptively change 
its behavior in response to changing environmental contingencies.
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780.17
COGNITIVE INFLEXIBILITY IN AGED MICE : A POTENTIAL MODEL FOR 
AGE-RELATED HUMAN DECLARATIVE MEMORY DECLINE ?
A. Mari ghetto, N. Etchamendy, K.Touzani, B.K. Yee and R. Jaffard*, LN2C, 
CNRS URA 339, Univ. Bordeaux 1, 33405 Talence, France

The decline in human memory performance during normal aging affects 
more specifically declarative memory than procedural or implicit memory. On the 
basis of a previous report on the contrasted effects of hippocampal damaging in rats 
as a function of what version of an odor-guided discrimination task was used 
(Eichenbaum et al., 1992), we designed 2 experiments aimed at assessing different 
expressions of the animal’s memory for a particular learning situation. In each 
experiment adults (4-5 months) and aged (21-23 months) naive mice were trained in 
discrimination tasks involving a set of 6 arms in a radial maze. A two-stage training 
procedure was employed wherein, once the subject had learnt about the reinforcing 
value of each of the 6 arms (stage 1), the way of presenting these familiar items was 
changed (stage 2). Manipulating the way of presenting a fixed set of iteihs (either 
separately or twice at a time, in a familiar or a novel combination), was intended to 
assess different expressions of the subject’s memory for these previously experienced 
items. Thus, in Experiment A, the 6 arms were presented by pairs during stage 1 
then, they were either recombined or presented separately during stage 2. Conversely, 
in Experiment B, the arms which were presented one by one during stage 1 were then 
combined into three pairs during stage 2 . Whatever the condition of learning during 
stage 1, results clearly showed that the effect of aging on the ability to accurately 
responding to previously experienced items during stage 2 strictly depended on how 
these items were presented. Specifically, aged mice were as accurate as adults in 
responding to successively presented familiar items (go-no-go), but were dramatically 
impaired when presented with a choice between two familiar items either recombined 
or combined (simultaneous discrimination) with respect to initial acquisition. 
Supported by the Conseil Regional d'Aquitaine.

780.18
MAZE PERFORMANCE AND PHARMACOLOGY OF FRONTAL CORTEX IN 
YOUNG ADULT AND AGING RATS. C.L. Wellman* and M.A, 
Pellevmounter. Dept. of Psychology, Indiana University, Bloomington, 
IN, and Dept. of Neurobiology, Amgen, Thousand Oaks, CA.
Previously, we have shown that age-related changes in the 

morphology of frontal cortex are nonlinear: neurons of lamina ll-li 
are hypertrophied in middle-aged rats; this effect is not present in 
aged rats. Furthermore, plasticity of frontal cortex is altered in 
middle-aged rats: lesions of the nucleus basalis produce larger deficits 
in maze performance and declines in dendritic morphology in middle- 
aged rats relative to either young adult or aged rats. To further 
characterize this age-specific alteration, we assessed maze learning 
and frontal cortical pharmacology in young adult and middle-aged rats. 
Male rats at 7 and 16 months of age were trained on a radial arm maze 
task. Middle-aged rats took significantly longer to reach criterion and 
made significantly more perseverative errors than did young adult 
rats. After behavioral testing, brains were processed for quantitative 
autoradiography using either [3H]desmethylimipramine (DMI) to 
assess alterations in noradrenergic reuptake sites or [3H]muscimol, 
[3H]quinuclidinyl benzilate (QNB), or [3HJAMPA to assess GABAa , 
muscarinic, and AMPA receptor binding. Quantitative densitometry 
revealed a 40% increase in DMI binding and a 29% decrease in AMPA 
binding in middle-aged rats. Muscimol and QNB binding did not differ 
between groups. Thus, alterations in frontal cortical morphology in 
middle-aged rats are correlated with alterations in both the 
noradrenergic and glutamatergic systems, and concomitant deficits in 
maze performance. Supported by NIH RO3 MH57071 to CLW.

780.19
BEHAVIORAL ALTERATIONS IN THE SENESCENCE-ACCELERATED 
MOUSE (SAM). A.L. Markowska*-, E, Spangler^, and D. Ingram-. ‘Dept. of 
Psychology, The Johns Hopkins University, and *GRC, NIA, NIH, Baltimore, MD.

The Senescence-Accelerated Mouse (SAM) is a purported murine model of 
accelerated senescence (Takeda et al., 1981) consisting of senescence-accelerated 
prone (SAM-P), and senescence-accelerated resistant (SAM-R) lines. In the present 
study, behavioral performance of SAM-P8 and SAM-R 1 mice were compared at 
two different ages; young (4 mo) and aged (15 mo). In place discrimination in a 
water maze, old SAM-P8 had significantly longer latencies to find a hidden 
platform, and a decline in all probe trial measures suggesting impairment of spatial 
memory. Performance of young SAM-P8 and SAM-R 1 was better than aged P8 
and not different from each other. However, lack of between-group differences in 
the distance traveled measures implied at least some contribution of motivational 
factors. Aged P8 mice were also deficient in a 24-hr step-through passive 
avoidance task compared to aged Rl, and young P8 and R1 mice. SAM-P8 mice 
demonstrated a reduction of anxiety-like behavior in a plus maze and in open field. 
SAM-P8 mice were hyperactive compared with SAM-R1 at 4 mo of age, but did 
not differ at 15 mo of age. However, deterioration of sensorimotor performance 
was accelerated with age in P8 mice but not in Rl. These data indicated a pattern 
of behavioral alteration in SAM mice not just in old age, i.e. as a function of 
accelerated senescence, but also in young P8 mice, and implied that SAM-P8 mice 
might not be a model for normal aging but might model specific pathological 
processes.

780.20
ACCELERATED COGNITIVE DECLINE IN APOLIPOPROTEIN E DEFICIENT 
AGING MICE IS INDEPENDENT OF SENSORIMOTOR DECLINE. S.R 
McDonald. H. Lal* and M, J, Forster. Department of Pharmacology, Geriatrics 
Education and Research Institute, UNTHSC, Fort Worth, TX 76107.

Apolipoprotein E is hypothesized to protect against oxidative stress, both in vitro 
and in vivo. The purpose of this study was to determine if mice missing the gene 
for apolipoprotein E have greater accumulation of oxidative damage and age- 
associated declines in cognitive and sensorimotor performance. Apolipoprotein E 
deficient (KO) mice and wild type (WT) controls were obtained from The Rocke-
feller University, New York, NY and tested cross-sectionally at 5 months or 18 
months of age. A swim maze task was used to measure spatial learning and mem-
ory; this test required mice to swim to a platform hidden in a tank of opacified wa-
ter. A battery of motor skill tests was used to assess sensorimotor performance. 
When 5 months of age, the EO and WT mice did not significantly differ in their 
abilities to learn or remember spatial locations. Their sensorimotor capacities also 
did not differ, as measured by maximum running capacity on an accelerating ro- 
torod, ability to tread on a suspended wire, or ability to walk on an elevated path 
without falling. When 18 months of age, however, the EO mice showed greater 
age-associated decrements in spatial learning and memory as measured by increases 
in path length and latency to find the hidden platform. The older EO mice also 
spent a smaller percentage of time during the probe trials in annulus 40, annulus 
20, or at the target site. The running capacity declined equally with age for both 
groups. There were no significant differences between the groups in their abilities 
to tread on a suspended wire or walk on an elevated path. The current findings 
suggest that apolipoprotein E is important in protecting against age-associated 
functional loss of cognitive abilities but does not have a role in sensorimotor age- 
related declines. (Supported by NIH-NIA Grant A607695)

POSTSYNAPTIC MECHANISMS V

781.1
SIMULATIONS OF THE TIMECOURSE OF GLUTAMATE AT 
CEREBELLAR GLOMERULAR SYNAPSES. V.V. Uteshev1, L.S. 
Overstreet2, P.S. Pennefather}*, and N.T. Slater2. !Dept. Physiol., Univ. of Toronto, 
Toronto and 2Dept. Physiol., Northwestern Univ. Med. School, Chicago IL 60611.

Mossy fibers (MF) form the major excitatory input to the cerebellar granular layer 
and the release of glutamate occurs at large presynaptic varicosities and rosettes (~5 pm 
in diameter), each decorated with hundreds of active zones (AZs). Each AZ is apposed 
to a single postsynaptic density (PSD) at the tip of a granule cell (GC) dendritic digit. 
MF rosettes also intertwine with the dendrioles of unipolar brush cells (UBCs) 
forming giant synapses with many AZs apposed to large PSDs. MF terminals are 
surrounded by a plexus of dendritic processes that is delimited by an astrocytic sheath 
to form a glomerular capsule. Glutamate transporters are restricted to the surrounding 
glial sheath. This glomerular structure may play a role in information processing by 
permitting glutamate that overflows from synapses to accumulate within the 
glomerulus and influence adjacent synapses. Indeed, at the MF-UBC synapse, which 
contains a total of 12-40 pm2 of perforated PSD, the evoked postsynaptic current 
exhibits a slow biphasic tail of synaptic current (>2s) mediated by both low affinity 
AMPA receptors and high affinity NMDA receptors, whereas at MF-GC synapses the 
timecourse of both components is fast. Both analytical and Monte Carlo simulations 
were used which incorporate the kinetic properties of glomerular glutamate receptors 
and transporters, together with anatomical considerations, to estimate the timecourse of 
intrasynaptic and glomerular glutamate transients and the resultant synaptic currents. 
Additional constraints were provided by measurements of the response of astrocytes and 
UBCs to MF stimulation. The results accurately simulated the timecourse of 
postsynaptic currents at each synapse, and support the notion that intrasynaptic 
glutamate transients may be prolonged due to entrapment within the MF-UBC 
synaptic cleft. Moreover, intraglomerular glutamate will accumulate during repetitive 
activation and is regulated by glutamate transporters, a result consistent with 
experimental observations. Supported by DC002764, NS34840 and the M.R.C.

781.2
IP,-INDUCED LONG-TERM SYNAPTIC DEPRESSION IN 
PURKINJE CELL DENDRITES. E.A, Finch* and G.J. Augustine. Dept. 
of Neurobiology, Duke University Medical Center, Durham, NC 27710.

The signaling pathways involved in cerebellar long-term depression 
(LTD) are not completely understood. Here we test the possible involvement 
of the intracellular messenger, inositol 1,4,5-trisphosphate (IP3). Whole-cell 
patch clamp recordings of parallel fiber (PF)-EPSCs were combined with 
confocal laser-scanning microscopic measurements of cytosolic Ca in 
individual Purkinje cells in cerebellar slices. Local photolysis of caged IP3 was 
used to generate IP3 in small regions of PC dendrites. This produced large 
increases in intracellular Ca concentration ([Ca];), presumably due to Ca 
release from intracellular stores, that spread no more than 20 pm from the 
uncaging site. Ca signals were of comparable amplitude and kinetics in 
dendritic spines and adjacent dendritic shafts, indicating that IP3 can elevate 
[Ca]; in the immediate vicinity of postsynaptic receptors. To examine the 
effects of IP3-induced Ca signals on PF transmission, a train of light flashes (1 
Hz, ~50 s) was applied near active PF synapses. Such stimuli produced 
multiple, highly localized Ca transients superimposed on an elevated [Ca]i 
plateau that declined to baseline levels within several seconds after IP3 
production ceased. This IP3-induced Ca signal caused a depression of PF 
transmission that developed over tens of minutes and remained for the duration 
of the recording (up to 2 hrs). During this depression, PF-EPSCs decreased in 
amplitude by -40% without changing time course. These data show that Ca 
signals produced by IP3 are sufficient to produce a long-lasting depression of 
PF synaptic transmission, supporting the idea that Ca signaling by IP3 may 
play a role in the induction of cerebellar LTD. NS-09586 and NS-34045,
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781.3
GLUTAMATE TRANSPORTERS SCULPT THE TIMECOURSE OF 
SYNAPTIC TRANSMISSION IN CEREBELLAR GRANULE 
CELLS. L,S, Oyerstreet, Y.-B. Liu and N. T. Slater*. Department of Physiology, 
Northwestern University Medical School, Chicago, IL 60611 U.S.A.

The role of glutamate transporters in shaping the kinetics of synaptic transmission 
has received considerable attention. We have previously shown that bath application 
of the glutamate transport inhibitor L-franj-PDC results in a prolongation of the 
AMPA receptor-mediated EPSC in cerebellar granule cells (GCS) following a 
repetitive stimulus (Slater & Kinney, Soc Neurosci Abstr. 22:796, 1996). To further 
investigate the role of glutamate transport in shaping the kinetics of synaptic 
transmission, the actions of transport inhibition were studied using whole-cell 
voltage- and current-clamp recordings in slices of rat cerebellum. Application of 200 
pM D-aspartate had little effect on the AMPA receptor-mediated EPSC following 
single stimuli, but significantly prolonged the EPSC decay following repetitive 
stimuli (x=120 ms vs. x=378 ms, n=5). Spillover of glutamate from adjacent 
glomeruli did not appear significant, as the synchronized activation of a large 
population of mossy fibers did not enhance the potency of L-rrans-PDC following 
repetitive stimuli (n=5). Enzymatic degradation of extracellular glutamate did not 
reverse the effects of L-tra/u-PDC. The isolated NMDA receptor-mediated EPSC was 
more sensitive to the effects of L-trans PDC than the AMPA receptor-mediated 
component, as there was significant increase in total charge following both single 
(180%, n=8) and repetitive stimuli (588%, n=9). In current-clamp recordings, L-trans- 
PDC also increased the total area of the EPSP evoked by single stimuli (624%, n=7), 
as well as repetitive stimuli (531%, n=5). These data indicate that glutamate 
transporters play a significant role in sculpting the timecourse of synaptic 
transmission at GC synapses by influencing the rate of glutamate clearance from the 
synaptic cleft. The contribution of transporters is particularly striking during 
repetitive stimulus trains at physiologically relevant frequencies (40 Hz). 
Furthermore, transporters appear to participate in transmission by the rapid binding 
of glutamate during diffusional escape from the glomerulus, rather than by the main-
tenance of resting glutamate levels by reuptake. Supported by DC002764 to N.T.S.

781.4
CONTROL OF Ca2+ SIGNALLING IN RAT CEREBELLAR PURKINJE CELLS 
OF WILD-TYPE AND mGLURl DEFICIENT MICE. H. Daniel. C, Levenes. F. 
Conquet. N. Ropert* andF. Crepel. IDN-CNRS, University Paris VI, 75005 Paris, 
FRANCE.

mGluRla receptors have been shown to be involved in long-term depression of 
synaptic transmission at parallel fiber - Purkinje cell (PC) synapse (Conquet, 1994). 
These receptors, besides their role in activating protein kinase C, could also 
participate to this form of synaptic plasticity by increasing intracellular calcium 
(Ca2+) level. Indeed, in addition to the well known coupling of .these receptors to 
inositol-1,4,5-triphosphate (InsP3) production; it has been recently demonstrated that 
in cerebellar granule cells, mGluRl activation triggers a positive coupling between 
ryanodine receptors of internal Ca2+ stores and voltage-dependent Ca2+ channels 
(VDCCs) (Chavis, 1996). To test possible interactions between the various sources 
involved in Ca2+ signalling in PCs, intracellular dendritic Ca2+ levels have been 
measured by using combined whole cell patch-clamp and fluorometric methods, in in 
vitro slice preparations of wild-type and mGluRl deficient mice. Membrane 
depolarization of wild-type PCs induced a fast transient increase in cytosolic free Ca2+ 
concentration [Ca2+}, followed by a slow recovery. The fast transient results from 
activation of P-type VDCCs, since it was abolished by removal of extracellular Ca2+ 
or application of w-Aga-IVA; while the slow recovery is a consequence of the Ca2+ 
release from ryanodine sensitive stores, since it was inhibited by ruthenium red or 
imperotoxin inhibitor. Activation of mGluRl potentiated fast [Ca2+} transients 
induced by cell depolarization and this effect involved Ca2+ mobilization from InsP3 
sensitive internal stores, since it was abolished by thapsigargin and heparine. The 
lack of expression of mGluRla impairs the Ca2+ signalling through VDCCs and the 
release of Ca2+ from ryanodine sensitive internal stores, in addition to the expected 
supression of Ca2+ mobilization from InsP3 sensitive internal stores induced by 
mGluRl agonist. This work was supported by the E.U. grant BI04-CT96-0049.

781.5

COUPLING BETWEEN DENDRITIC SPINES AND 
SHAFTS IN CEREBELLAR PURKINJE CELLS
Michael Hausser*, Gerard Paresvs & Winfried Denk. Bell Labs, 
Lucent Technologies, Murray Hill, NJ 07974 and Laboratoirede 
Neurobiologie, Ecole Normale Superieure, 75005 Paris, France.

To determine diffusional coupling between dendritic spines and 
shafts, Purkinje cells were filled with fluorescein dextran using the 
patch-clamp technique and imaged with 2-photon microscopy. 
Photobleaching of fluorophore in spine heads was used to 
generate concentration gradients, with the time course of 
reequilibration related to the degree of chemical and electrical 
compartmentalization (Svoboda et al., 1996, Science 272: 716).

Parallel fiber spines, located on spiny branchlets, showed slow 
monoexponential reequilibration (t  = 50 ± 5 ms; range 16-98 
ms). Climbing fiber spines, located on the primary dendrites, were 
shorter and stouter, and were often arranged in clusters. These 
spines showed much faster reequilibration on average (t  = 28 ± 5 
ms; range 10-56 ms). Climbing fiber activation produced 
rapidly-rising voltage-dependent calcium increases in both spine 
types, indicating that the voltage changes in the spine heads are 
sufficient to activate voltage-gated calcium channels.

These findings demonstrate that two spine types receiving 
functionally distinct synaptic input also behave differently as 
chemical compartments. This may be related to the different roles 
these synaptic inputs play in Purkinje cell synaptic plasticity. 
Supported by the HFSPO and Bell Laboratories.

781.6
MODULATION OF SYNAPTIC INTEGRATION BY 
SINGLE AND MULTIPLE INTERNEURONS
B.A. Clark* and M. Hausser. Laboratoire de Neurobiologie, Ecole 
Normale Superieure, 46 rue d'Ulm, 75005 Paris, France.

To determine the effect of activity in presynaptic GABAergic 
interneurons on synaptic integration, whole-cell patch-clamp 
recordings were made from Purkinje cells and interneurons in rat 
cerebellar slices at 35 ± 1 °C. Apparent input resistance (Rjn) and 
membrane time constant (im) were determined using brief (0.5 
ms) current pulses at subthreshold potentials. Blocking GABAa  
receptors with bicuculline (10 pM), picrotoxin (30 pM) or SR95531 
(10 pM) substantially increased Rjn and Tm in both Purkinje cells 
and interneurons (up to 3-fold on average), indicating that 
spontaneous activity in the population of presynaptic GABAergic 
interneurons affects cable properties. Interneuron-interneuron 
and interneuron-Purkinje paired recordings demonstrated that 
single interneurons can cause significant changes in postsynaptic 
Rin and xm. Finally, excitatory synaptic inputs were simulated in 
Purkinje cells by injecting current waveforms shaped like EPSCs 
via a dendritic pipette. The integral, decay t , risetime and peak of 
the resulting somatic EPSPs were significantly increased when 
inhibition was blocked.

These findings demonstrate that activity in a small number of 
GABAergic interneurons can significantly alter the propagation of 
synaptic potentials and the time window for synaptic integration. 
Supported by the HFSPO, the European Community, and the CNRS.

781.7
VOLTAGE IMAGING OF PURKINJE CELLS IN ACUTE CEREBELLAR 
SLICES. M. O. Thomann* and A. Borst. Friedrich-Miescher-Laboratory of the Max- 
Planck-Society, Spemannstrasse 37-39, D-72076 Tubingen, Germany

A new method (Borst, A., Z. Naturforsch. 50c, 435-438, 1995) is applied which 
allows to image the steady-state distribution of the membrane potential of individual 
Purkinje cells in cerebellar slices of young rats (p 10-p 16). A detailed description of 
the method is given in (Thomann et al., Soc. Neurosc. Abstracts, Vol. 22, 387.2, 
1996). Purkinje cells were chosen because of their dendrites’ two-dimensional 
arborization pattern. This makes them a favorable object for voltage imaging because 
the whole dendrite can be observed in one focal plain. The neuron was clamped 
periodically to a set voltage or current. With the chosen magnification (63x/100x) we 
are able to receive voltage signals from extremely fine dendritic processes with a 
good signal-to-noise ratio. We see very little decrease of the optical voltage signal in 
the voltage image from the soma to even distant dendritic branches. This is valid for 
both clamping modi and for both directions of polarization of the cell. The only 
observable difference of the signal occurs during current clamp where the signal 
during depolarization is weaker throughout the cell compared to the signal of the 
same cell being hyperpolarized. However, as during hyperpolarization, no signal 
decay along the dendrite was observed during depolarization. To investigate whether 
this finding hints to a particular distribution of non-inactivating voltage-gated ion 
channels responsible for the observed outward rectification, we turned to 
compartmental modeling. Only when non-inactivating K+-channels were restricted to 
the soma of the model cell could the experimental data be reproduced. We conclude 
that Purkinje cells of young rats are electrically very compact during hyper- as well as 
during depolarization. The results further hint to a specific distribution of voltage-
gated non-inactivating ion channels concentrated on the somatic membrane.

This work was supported by the Max-Planck-Society.

781.8

A CRITICAL TIME-WINDOW FOR THE POTENTIATION OF SYNAPTIC GABA 
RESPONSES IN RAT CEREBELLAR PURKINJE CELLS. A. R. Boxall* & A. 
Martv. AG142, MPI fiir biophysikalische Chemie, Gottingen, Germany.

In cerebellar Purkinje cells (PCs), GABAa  receptor-mediated inhibitory 
synaptic currents and exogenous GABA-mediated currents can be 
potentiated following a large, depolarisation-evoked elevation in [Ca^+Jj, 
a phenomenon termed rebound potentiation (RP). In order to investigate 
RP, PCs from rat (13-16 days) slices, perfused with a standard Ringer 
solution containing NBQX (10 pM) and TTX (400 nM), were recorded in the 
whole-cell mode (WCR) using a CsCl-based recording solution containing 
Mg-ATP and Mg-GTP. PCs were held at -60 mV and their miniature IPSCs 
(mIPSCs) monitored. After a variable time period (3, 6 or 9 min) following 
WCR, the PC was depolarised 8 times to 0 mV for 100 ms. The degree of 
mIPSC RP was observed to be critically dependent upon the WCR dialysis 
period, with only a 9% potentiation after 9 min dialysis, a 27% 
potentiation after 6 min, and a 58% potentiation after 3 min (all data 
measured ~10 min after depolarisation). In contrast, a large RP (78%) was 
observed after at least 9 min WCR to exogenously applied GABA (10 |±M). 
Furthermore,“in 2 instances, a greater RP could be re-achieved after >35 
min WCR. Thus RP of synaptic GABA responses was only visible within a 6 
min time-window, suggesting that an intracellular factor was being 
washed-out from those synapses expressing GABAa  receptors. As RP to 
exogenous agonist was observable long after that of synaptic RP, synaptic 
GABAa  receptors may be under different modulatory control from non- 
synaptic GABAa  receptors in PCs. Alternatively, synaptic RP and non- 
synaptic RP could be two different phenomena. ARB is an Alexander von 
Humboldt Fellow.

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM POSTSYNAPTIC MECHANISMS V 2007

781.9
CURRENT SOURCE DENSITY ANALYSIS OF ACTIVE DENDRITES IN 
DENTATE GRANULE CELLS
B. Foster* and T.L, Richardson. School of Kinesiology, Simon Fraser 
University, Burnaby B.C., Canada, V5A 1S6.

The dendrites of neocortical and hippocampal pyramidal neurons support 
active action potentials that back-propagate from an initiation site at the soma 
(Turner et al 1991, Spruston et al 1995). However, the role of these dendritic 
spikes remains unclear. In a previous study (Foster and Richardson, in press) 
we have shown that the presence of orthodromically generated action potentials 
does not influence the response to subsequent orthodromic stimulation in 
dentate granule cells (DGCs) during paired pulse activation. This finding 
suggests that action potentials do not alter dendritic information processing 
during the first 50ms following somatic firing. Current source density (CSD) 
analysis was used to determine the extent of dendritic arbor invasion by action 
potentials in DGCs. Antidromically generated extracellular field potentials 
were recorded at 25p intervals along the dendrosomatic axis in 400 p. thick 
hippocampal slices to generate a laminar profile from which the CSD profile 
was calculated. In all slices, a current sink propagated from an initiation site in 
the soma, out to 125p into the molecular layer (n=17). Addition of DNQX, 
APV, and bicuculline to block possible synaptic contamination from hilar 
neurons did not alter the propagating sink. These results suggest that the 
dendrites of DGCs support back-propagating action potentials which invade the 
first 125p of the dendritic arbor but fail to propagate to the distal dendritic 
processes.

781.10
Synaptic signals in an active network have a minor 
influence on passive membrane properties
Morten Raastad*. Manuei Enriquez-Denton & Ole Kiehn. Section of 
Neurophysiology, Department of Physiology, University of Copenhagen, Denmark. 

The electrical resistance of the cell membrane (Rm) is important for the integration 
properties of neurons. Theoretical studies of mammalian central neurons have 
suggested that Rm can be reduced by a factor of ten due to background synaptic 
activity thereby changing their integration properties (Bemander et al. 1991. PNAS 
88). There have, however, been no direct measurements of the contribution of the 
synaptic conductance (Gsyn) to the total membrane conductance (Gtot) during 
physiological network activity. We have used the isolated neonatal rat spinal cord to 
provide such measurements. This preparation can, under activation by NMDA and 5- 
HT, produce a rhythmic locomotor pattern, resembling that seen in intact animals.

To estimate Gsyn, we compared the resistance to current injected into the soma (Rin) 
during Active locomotion and when al! spike activity was blocked by TTX. Rin was 
compared at different membrane potentials and in current and voltage clamp to obtain 
estimates for the total conductance that was independent of voltage activated 
membrane currents. Rin was, on average for 27 cells, 31% lower during locomotor 
activity, compared to Rin when all spike- and synaptic activity' was blocked by TTX. 
In contrast to the small conductance change over time, individual synaptic signals 
often introduced a peak conductance that was greater than the conductance of the 
whole cell. Individual inhibitory signals were, furthermore, ten times more potent than 
excitatory ones as contributors to Gtot. Our study demonstrates that synaptic 
signalling during physiological network activity can take place with relatively modest 
effects on the passive membrane properties.

Supported by the EU TMR programme, the Danish MRC and the NOVO Foundation.

781.11
POSTSYNAPTIC GLUTAMATE TRANSPORT AT THE CLIMBING FIBER - 
PURKINJE NEURON SYNAPSE. T.S. Otis, M.P.Kavanaugh & C.E.Jahr*, Vollum 
Institute, Oregon Health Sciences University, Portland, OR 97202.

The excitatory amino-acid transporters EAAT3 and EAAT4 have recently been 
shown to be expressed on Purkinje neurons (PNs) suggesting that glutamate may be 
cleared into postsynaptic cells during excitatory synaptic transmission. Furthermore, 
transport is associated with an anionic conductance which has a chaotropic selectivity 
sequence. To test for postsynaptic transport, whole cell recordings were made from rat 
PNs using pipette solutions containing either NO3 or SCN" as the major anion. 
Stimulation of climbing fiber (CF) inputs generated all-or-none, anion-selective 
currents in the presence of GABAa , AMPA and NMDA receptor antagonists. The 
kinetics of these responses (20-80% rise time 2.6 ms; double exponential decay, Ti - 
24 ms, T, = 95 ms, 75% fast) could be mimicked by brief applications of 2 mM L~ 
glutamate to outside out patches removed from PN somata, indicating that the 
transporters and glutamate receptors are exposed to similar concentration transients at 
the synapse. Both the synaptic and the patch currents were abolished by 300 pM 
THA, and were partially blocked by 300 uM PDC and 500 pM L-aminoadipate.

In order to estimate the amount of glutamate transported into the PN following CF 
activation, simultaneous measurements of charge and [3H]L-glutamate flux were made 
from EAAT3 or EAAT4 expressing Xenopus oocytes loaded with NO3". Values of 
charge/flux were then used to calibrate the 1.5 ± 0.2 pC of charge transferred by CF 
elicited transport currents from 10 PNs under identical ionic conditions. Upper and 
lower estimates of the number of glutamate molecules transported during the CF 
response were made by assuming that transport was mediated entirely by EAAT4 (8 x 
1(P molecules) or by EAAT3 (1.5 x 106). The mean quantal content of the CF EPSCs 
in these cells was 385 ± 57, thus, if the transport cycle is slow relative to the lifetime 
of transmitter in the synaptic cleft, > 200 postsynaptic transporters are engaged on 
average, at each release site. Supported by NS21419 (CEJ) and NS33270 (MPK).

781.12
SHORT-TERM DEPRESSION IN THE PARALLEL FIBER PURKINJE CELL 
SYNAPSE. M. Sugimori*& R. Limas, Dept. Physiology/Neuroscience, NYU 
Medical Center, 550 First Avenue, New York, NY 10016.

In in vitro mammalian cerebellar slices, long-term depression of the 
parallel fiber Purkinje cell synapse may be generated by repeated activation 
of the parallel fibers on their own or in combination with simultaneous 
activation of the climbing fiber afferent, under certain conditions (i.e. 
intracellular cesium or GABAa blockers). Using a similar stimulus paradigm 
and patch recording, but without cesium in the pipette vye find an unambiguous 
parallel fiber Purkinje cell synaptic depression, that recovers to normal 
amplitude within 5 to 10 minutes and was not modified by intracellular 
injection of 30 mM BAPTA indicating a calcium independent mechanism. This 
period maybe reduced by a rapid somatic hyperpolarization suggesting that 
depression may be due (in addition to specific synaptic mechanism) to a 
reduction of the EPSP driving force. This is to be expected since repetitive 
stimulation generates prolonged depolarizations of the peripheral dendritic 
arbor associated with voltage-dependent plateau potentials of long duration. 
Since such depolarization is particularly prominent during cesium related gK 
block or following GABAa blockers, remote dendritic depolarization may 
well explain part of the data shown by Konnerth et al. 1992 (Proc. Natl. 
Acad. Sci. USA, 89:7051-7055) and Kano, 1996 (Behav. & Brain Sci. 19:354- 
361).

Under circumstances where intracellular calcium levels increase, we 
observed long-term synaptic depression. This depression subsided when 
calcium levels return to normal, but remains depressed and could evolve to 
total synaptic block in cells that deteriorated during the recording session. 
We conclude that the long-term depression observed concomitantly with 
increased [Ca2+]i represent a neuroprotective mechanism geared to damage 
control of the Purkinje cell dendritic arbor. NINDS NS13742.

POSTSYNAPTIC MECHANISMS VI

782.1
MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERIZATION OF 
HIPPOCAMPAL CA3 NON-PYRAMIDAL NEURONS. D.B. Jaffe*, A. 
Hubbard, R. Chitwood, and B.J. Claiborne. Division of Life Science, University of 
Texas at San Antonio, San Antonio, TX 78249.

Inhibitory neurons are critically important for regulating the excitability of 
autoassociative neural networks, such as the hippocampal CA3 region. Non- 
pyramidai, and presumably inhibitory, neurons are found throughout the different 
substrata within the CA3 region. We have been using video/DIC microscopy to 
identify non-pyramidal interneurons with somas located in the different strata of the 
CA3 region [.?, oriens (SO), s. pyramidale (SP), s. lucidem (SL), s. radiatum (SR), and 
5. lacunosum-moleculare (SLM)} of 34-30 days old rat hippocampal slices. Their 
passive membrane properties were determined using whole-cell patch clamp 
recording methods. Morphology was studied using quantitative three-dimensional 
reconstructions of biocytin filled cells. From a total of 62 reconstructed cells, 32 cells 
were accepted for analysis based on a comparison of input resistance between 
experimental measurements and compartmental models based on each neurons 
morphology. Using this limited data set, neurons were qualitatively categorized as 
bipolar, pyramidal like, or nonpyramidal. This analysis suggested a heterogeneous 
distribution of neurons with SO primarily containing bipolar cells, bipolar and 
pyramidal-like neurons in SP, bipolar and nonpyramidal in SL, and predominately 
nonpyramidal in SR and SLM. In spite of these qualitative differences, we found no 
significant differences in input resistance, membrane time constant, or resting 
potential between neurons across strata. Furthermore, there were no quantitative 
differences in neuronal morphology (number of branches, total dendritic length, etc.) 
across or within strata. These results suggest that quantitative morphology and 
passive properties of inhibitory neurons may be conserved throughout the CA3 region 
leaving the shape of the neuron and active membrane properties as possible 
determinants of cell type. This work was supported by NSF grant 1BN-9511309

782.2
TEMPORAL OVERLAP BETWEEN ORTHODROMIC EPSP AND 
FEEDFORWARD IPSP IN CA1 PYRAMIDAL CELLS. A.Stelzer* and 
S.Karnup, Dept. of Pharmacology, SUNY Health Science Center at Brooklyn, 
Brooklyn, NY 11203.

Poststimulation latencies to onset of the feedforward IPSP were temporally 
correlated with the orthodromically evoked EPSP in CA1 pyramidal cells 
monitored in dual recordings with stratum pyramidale intemeurons. 
Interneurons were identified histologically by biocytin labeling. Onset of the 
feedforward IPSP was assessed indirectly by separate measurements of its 
two underlying components, i.e. ; 1) latency to peak of the stimulation-evoked 
action potential (AP) in intemeurons and 2) latency between the peak of 
spontaneous AP in intemeurons and onset of unitary IPSP in 
monosynaptically coupled pyramidal cells. Temporal correlation between 
feedforward inhibition and orthodromic EPSP in pyramidal cells was achieved 
by a scale that assigned factor “1” to pairs in which onset of feedforward 
IPSP coincided with the onset of the EPSP and “0” when the feedforward 
IPSP coincided with the peak of the EPSP. On average, feedforward IPSPs 
exhibited temporal overlap with the last 25% of the EPSP rising phase (factor 
0.25, n=25). For identified interneuron subtypes (based on axonal 
arborization), factor of temporal overlap between feedforward IPSP and 
EPSP were : 0.43 for axo-axonic cells (n~4), 0.23 for basket cells (n=9) and 
0.01 for bistratified cells(n=4). Supported by NIH grant NS 30144.
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782.3
INTRINSIC MEMBRANE POTENTIAL OSCILLATIONS IN HIPPOCAMPAL 
INHIBITORY INTERNEURONS IN VITRO. C.A. Chapman1*, C.J. McBain2 and J.-C. 
Lacaille1, 1 Centre de Recherche en Sciences Neurologiques et Dept. de Physiologie, 
Universite de Montreal (Qc), Canada H3C 3J7, 2Lab of Cellular and Molecular 
Neurophysiology, NICHD, NIH, Bethesda, MD 20892.

The ionic conductances underlying membrane potential oscillations of intemeurons 
located near the stratum lacunosum-moleculare/radiatum border (LM) of the CA1 region 
(Williams et al., J.Neurophysiol. 71:2217-35, 1994) were investigated using whole cell 
current clamp recordings. Conventional 300 pm hippocampal slices were obtained from 
4-6 week old rats and maintained submerged at 22-24°C. Recordings were obtained under 
visual control using pipettes containing (in mM) 140 K-gluconate, 5 NaCl, 2 MgCl, 10 
HEPES, 0.5 EGTA, 2 ATP-tris, 0.4 GTP-tris, and biocytin (0.1%). When LM cells were 
held near spike threshold by current injection, membrane potential oscillations occurred at 
a frequency of 2 to 5 Hz and generated low-frequency repetitive spiking. Membrane 
potential oscillations were voltage-sensitive and were eliminated by holding cells at 
potentials 10-15 mV below spike threshold. Blockade of ionotropic glutamatergic and 
GABAergic synaptic transmission with CNQX (20pM), AP5 (50pM) and bicuculline 
(25pM) did not reduce oscillations, indicating that synaptic input from other cells was not 
required. Oscillations were eliminated by TTX (0.5pM) indicating that inward Na+ 
currents contribute to the depolarizing phase of oscillations. They were not affected by 
Cd2+(50pM), suggesting that Ca2+ currents did not contribute. Blockade of K+currents by 
Ba2+ (ImM) or a low concentration of 4-aminopyridine (4AP, 50pM) reduced the 
oscillations, but Cs2+ (ImM) did not. These results suggest that voltage-dependent intrinsic 
membrane potential oscillations in LM cells of the CA1 region involve an interplay 
between a persistent inward Na" current and outward K+ currents sensitive to Ba2+ and low 
concentrations of 4AP. These oscillations may contribute to rhythmic inhibition and 
synchronization of principal neurons during periods of rhythmic EEG activity.

(Supported by MRC, FRSQ, NSERC, FCAR and NIH)

782.4
SPATIAL DISCRETIZATION AND CHANNEL CLUSTERING IN 
ACTIVE MEMBRANE COMPARTMENTAL MODELS K. Vanhoutte, 
R. M. Eichler West, P. Cras* and E. De Schutter, Born-Bunge Foundation, 
University of Antwerp, Belgium.
Compartmental models of neurons are discretized instances of the cable 
equation in space and time. A standard approach to find the optimal time- 
step is to compare solutions produced by successively smaller timesteps 
until they converge. Convergence of the spatial step (maximum electro-
tonic length of compartments) is not examined in most models. Instead, as 
a rule of thumb it is assumed that compartments should be smaller than 0.2 
X (Segev et al. 1989). This rule is based, however, on the analysis of 
passive cables. In our Purkinje cell (PC) model with active dendrite (De 
Schutter and Bower 1994) we used a smaller limit of 0.05 X, because 
activation of voltage-gated channels reduces X. With the advent of mesh 
generating software (Eichler West 1995) which transforms morphological 
data into compartmental models, it became possible to study spatial 
convergence systematically. We find that a PC model with twice as many 
compartments produces qualitatively similar, but quantitatively different 
responses to somatic current injection. Thus compartments of size 0.05 X 
are not sufficiently small for convergence of this active dendrite model. 
Second, we have investigated how sensitive the PC model is to clustering of 
channels by splitting each dendritic compartment (mean length 7.5 pm, 
range 0.6-31 pm) into two segments and clustering the voltage-gated chan-
nels on one segment of each pair. Again, this never caused any qualitative 
changes of the firing pattern. However, small changes in delay to first 
somatic spike and in the amplitude of dendritic spikes were found. These 
changes increased asymptotically for increased clustering of channels till 
only 1% of each compartment was active. We conclude that, with respect 
to electrical responses measured in the soma compartment, dendritic 
channel clustering at a resolution of 10 pm and less has very little effect. 
Supported by FWO (Belgium) and HFSPO.

782.5
IMPEDED DIFFUSION IN SPINY DENDRITES OF CEREBELLAR 
PURKINJE CELLS. G. Bormann, S.S.-H. WangA, E. De Schutter* and
G.J. AugustineA. Born-Bunge Foundation, Univ. Antwerp, Belgium and 
ADept. Neurobiology, Duke Univ. Med. Center, Durham, NC 27710.

The high degree of branching of cerebellar Purkinje cell (PC) dendrites 
may restrict diffusion, causing intracellular signals to be compartmen-
talized. We have photolyzed caged compounds in a small region of PC 
dendrites (Neuron 15:755) to measure how quickly and how far chemical 
signals spread. PCs in sagittal slices from rat (14-21 day old) cerebellum 
were filled with caged fluorescein dextran (FD, 3 kD, 5-50 mg/ml) using a 
whole-cell patch pipette. The spread of FD produced by a local light 
flash was monitored by real-time confocal microscopy (Noran 
Odyssey). The diffusion constant (Z)) of FD in aspiny proximal 
dendrites was 75-100 pm2/sec, as measured by the time-dependence of 
mean-squared displacement). In contrast, FD spreads 6 to 10-fold more 
slowly in fine spiny dendrites.

We used a Green's Function Monte Carlo 3D simulation method to 
better understand why diffusion is slowed in spiny dendrites. While 
locally produced FD is predicted to diffuse freely in aspiny dendrites, 
the axial spread of FD is slowed in spiny dendrites. In a dendrite with a 
diameter of 1.3 pm and 13 spines/pm (spines occupying 70% of the 
total dendritic volume), depending on the time of measurement, the 
apparent D is reduced by a factor of 1.1 to 3.0 compared to that of a 
similar dendrite without spines. The simulations indicate that while 
spines act as diffusion traps, such an effect does not entirely account for 
the slowing observed experimentally in PCs. Thus, dendritic diffusion is 
impeded not only by spines but also by dendritic cytoplasm.
Supported by FWO (Belgium) and NIH MH-52903, NS-34045 and NS-09457.

782.6
DIFFERENTIAL INVOLVEMENT OF INTRACELLULAR CALCIUM 

MOBILIZATION AND PROTEIN KINASE ACTIVITY IN SYNCHRONIZATION 

BY MUSCARINIC AND METABOTROPIC GLUTAMATE RECEPTOR 

ACTIVATION IN RAT HIPPOCAMPAL SLICES. H.W.G.M. Boddeke* and P H. 

Boeijinga1. CNS Department, Preclinical Research, Novartis Ltd., CH 4002 Basle, 

Switzerland. ’FORENAP, Rouffach, France.

We have the studied the role of calcium mobilization and activation of protein kinases in 

the rhythmic activity induced by activation of muscarinic and metabotropic glutamate 

(mGlu) receptors in the the CAI area of rat hippocampal slices. The muscarinic agonist 

carbachol (50 pM) and the mGlu agonist 1S,3R-ACPD (50-100 pM) both induced 

transient mobilization of calcium in the CAI area. The responses to carbachol and 1S,3R- 

ACPD were abolished by thapsigargin (1-10 pM). Carbachol (50 pM) induced local field 

potentials in the CAI area with a mean frequency of 9 ± 2 Hz (n=9). 1S,3R-ACPD (50- 

100 pM) also induced rhythmic activity with dominant frequency in the 15-25 Hz range. 

Thapsigargin (10 pM) suppressed the synchronizing effect of carbachol by 70 ± 6 % 

(n=3, p<0.05). Inhibition of protein kinase activity by staurosporin (20 pM) attenuated the 

response to carbachol by 63 ± 5 % (n=4, p<0.05). Neither thapsigargin nor staurosporin 

affected the rhythmic activity induced by 1S,3R-ACPD. Our data suggest involvement of 

calcium and protein kinases in the theta rhythmic activity but not in the 20 Hz oscillations.

782.7
FORWARD- AND BACK-PROPAGATING ACTION POTENTIALS IN THE 
DENDRITES OF MAMMALIAN CENTRAL NEURONS. W, R, Chen*. J, 
Midtgaard and G, M, Shepherd. Section of Neurobiology, Yale University School 
of Medicine, New Haven, CT 06510, USA; and Department of Medical 
Physiology, University of Copenhagen, DK-2200 N, Copenhagen, Denmark.

A major step in dendrite physiology is the recent direct demonstration that action 
potentials are first initiated in the initial axon segment of mammalian central 
neurons and then back propagate actively into the cell body and dendrites. 
However, it has also been speculated since the 1950s that dendrites themselves can 
fire action potentials which propagate forward to the soma, although there has so 
far been no direct evidence. Here we support this long-standing hypothesis by 
simultaneous whole-cell recordings from both soma and distal primary dendrite of 
mitral cells in rat olfactory bulb slices. An excitatory postsynaptic potential 
(EPSP) was evoked in the mitral cell by stimulating the olfactory nerve which 
terminates only on the glomerular tuft of the distal primary dendrite. With a weak 
EPSP, the action potentials were initiated first at the soma. The site could be 
shifted to the distal dendrite, resulting in forward impulse propagation to the soma, 
by increasing the EPSP amplitude or by eliciting inhibitory postsynaptic 
potentials (IPSPs) near the soma. Strong IPSPs could further block forward 
propagation and revealed at the soma a small fast prepotential, which corresponded 
in time to a full-size action potential in the dendrite. Besides this somatic 
prepotential, we also recorded a larger amplitude dendritic prepotential, indicating 
that active properties are present in the distal dendritic tuft. Impulse doublets in 
the distal dendrite further indicated the possibility of multiple impulse generation 
sites in the tuft. In conclusion, action potentials can be initiated both in the mitral 
cell soma and its distal primary dendrite, and the direction of propagation can be 
controlled by synaptic inputs.

Supported by grants from NIDCD and from NIMH, NASA and NIDCD (Human 
Brain Project).

782.8
SLOW INACTIVATION OF Na+ CHANNELS UNDERLIES THE 
ACTIVITY-DEPENDENT ATTENUATION OF DENDRITIC AC-
TION POTENTIALS IN HIPPOCAMPAL CAI PYRAMIDAL 
NEURONS C.M. Colbert*, D.A. Hoffman, J.C. Magee, and D. Johnston, 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030

During repetitive (10-50 Hz) firing, dendritic action potentials display a 
marked and prolonged voltage-dependent decrease in amplitude (Spruston et 
al., Science 268:297-300, 1995; Callaway and Ross., J. Neurophysiol. 74:1395- 
1403, 1995) that is not apparent in somatic action potentials. We investi-
gated the mechanisms of this activity-dependent attenuation in adult rats using 
whole-cell and cell-attached recordings. Simulated trains of action potentials 
in cell-attached patches were used to identify activity-dependent changes in 
currents. First, dendritic Na+ currents (50-300 /xm from the soma) decreased 
in amplitude (63±3%, n=ll) when repeatedly evoked by brief (2 ms at 20 
Hz) depolarizations. Recovery was very slow (r=5.6 s at 24° C) and voltage- 
dependent. Second, somatic Na+ currents decreased much less than dendritic 
Na+ currents (27±4%, n=12). Third, K+ currents remained constant during 
trains. In a second set of experiments using whole-cell recordings, the effect of 
the relative densities of Na+ and K+ channels was examined. Increasing the 
ratio of Na+/K+ channels (4AP, 3-8 mM) decreased dendritic action potential 
attenuation (from 41% to 15%, n=5), while decreasing the Na+/K+ ratio in 
the soma (TTX, 50 nM) increased the attenuation of somatic action potentials 
(4% to 18%, n=5). In a final experiment, dendritic hyperpolarizations were 
given between action potentials, reducing the activity-dependent attenuation. 
Taken together, these results suggest that slow Na+ channel inactivation must 
occur for the dendritic action potential amplitude to attenuate, but that the 
degree of attenuation depends on the ratio of Na+/K+ densities, which is low 
in the dendrites compared to the soma. (NS11535, MH44754, MH48432 and 
MH10896).
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782.9
DIVERSE NICOTINIC RESPONSES IN HETEROGENEOUS
INTERNEURONS OF AREA CAI IN THE RAT HIPPOCAMPUS. A.R. 
McQuiston* and D.V. Madison. Dept. of Mol. and Cell. Physiology, Stanford Univ. 
Sch. of Med., Stanford, CA, 94305.
Whole cell patch clamp recordings were made from visualized neurons in 300 to 400 
pm hippocampal slices from 17 to 52 day old Sprague Daw ley rats. Nicotinic 
responses were elicited by pressure application (100 ms, 10 psi) of 3mM 
acetylcholine (in 1-5 pM atropine), ImM 1,1-dimethyl-4-phenyl-piperazinium or 500 
pM nicotine onto the cell body of the neuron. All intemeurons in stratum radiatum 
(n=20) and stratum lacanosum-moleculare (n=17) responded with a homogeneous fast 
depolarization or inward current which could be inhibited by the a7 neuronal nicotinic 
receptor antagonists methyllycaconitine (1-10 nM), a-bungarotoxin (100 nM) or a- 
conotoxin Iml (100-500 nM). In stratum oriens (SO/A), 57 of 60 intemeurons showed 
similar fast a7 responses, however, 34 of these had a slower component which was 
insensitive to a7 antagonists but inhibited by 1 pM dihydro-3-erythroidine or 1 pM 
mecamylamine but not by the ct3(32 subunit selective antagonist a-conotoxin Mil 
(100-300 nM). Thirteen intemeurons of stratum pyramidale area (SP) did not respond 
to nicotinic agonist, 16 produced a fast response, and 2 had both fast and slow 
component responses. Furthermore, 5 cells in SP and SO/A which showed no 
postsynaptic response to agonist application demonstrated an increase in spontaneous 
excitatory postsynaptic current frequency. Pyramidal cells did not respond to nicotinic 
agonists. Fast and slow responses were not inhibited by cadmium, tetrodotoxin, 
NBQX, APV, bicuculline or zero calcium, but were partially or completely 
desensitized by bath application of 500 nM to 5 pM nicotine and had inwardly 
rectifying current-voltage relationships reversing between 0 and +10 mV. We 
therefore conclude that various intemeurons in area CAI of the hippocampus 
differentially express subsets of nicotinic receptors which may be important for their 
diverse roles in hippocampal function. Supported by NIH grant MH48874.

782.10
MODULATION OF INTRINSIC FIRING PATTERN BY SYNAPTIC ACTIVITY 
IN SIMULATED NEOCORTICAL PYRAMIDAL NEURONS. M. Beierlein* and 
B. W. Connors. Dept. Neuroscience, Brown University, Providence, RI02912.

Pyramidal cells in neocortex can be classified according to their intrinsic firing 
patterns. In layer V they are either regular spiking (RS) or intrinsically bursting 
(IB). Recent studies have shown that these somatic properties correlate with 
dendritic physiology. IB cells generate complex Na+- and Ca2+- mediated spikes 
whereas RS cells display primarily Na+- dependent spiking. Using compartmental 
modeling techniques in NEURON, we sought to determine what differences in 
functional electrical properties might exist between the dendrites of RS and IB cells, 
and how synaptic activity could modulate these properties. Using reconstructed layer 
V pyramidal neurons we found that the behavior of IB cell dendrites could best be 
simulated by assuming moderate densities of Na+ (100 pS/pm2) and high threshold 
Ca2+ (40 pS/pm2) channels. In contrast, RS cell dendrites are modeled with lower 
densities of Na+ (40 pS/pm2) and Ca2+ (10 pS/pm2) channels. In the model, dendritic 
spikes of IB cells have a fast Na+ and a slow Ca2+ component, accompanied by large 
Ca2+ influx. Ca2+ spiking and influx are reduced as the cell switches from bursting to 
single spiking at higher stimulation intensities. Dendritic spikes of RS cells are 
dominated by a Na+- mediated component, accompanied by small Ca2+ influx. 
Intracellular Ca2+ levels increase with increase in somatic firing frequency. Synaptic 
activity was modeled by varying the number and firing frequencies of afferents, as 
well as the ratio of excitation to inhibition. Intrinsic properties of IB cells and peak 
voltage levels reached in their dendrites are quite insensitive to synaptic activity, 
whereas dendritic Ca2+ influx is finely modulated. In contrast, both peak membrane 
potential and Ca2+ influx are more strongly modulated in the dendrites of RS cells. 
We conclude, that the small differences in dendritic channel density inferred 
between RS and IB cells result in significant differences in their susceptibility to 
synaptic activity. Supported by NIH and ONR

782.11
ESTROGEN INCREASES SPINE DENSITY BUT NOT NMDA-DEPENDENT SPINE-DENDRITE 
[Ca2-] GRADIENTS DURING SYNAPTIC STIMULATION IN HIPPOCAMPAL SLICE CULTURES. 
L.D. Pozzo-Miller*1, T. Inoue2, & D. DiEuliis Murphy1, lab of Neurobiology, NINDS, NIH, 
Bethesda MD 20892, &2Dept. Mol. Neurobiol., The University of Tokyo, Tokyo-108, Japan.

Spine density in CA1 neurons increases during the estrous cycle coincident with the es-
trogen peak (J Neurosci 10: 4035, ‘90), and 1712,-estradiol (EST) augments spine density in 
ovariectomized rats (J Neurosci 14:7687, ‘94). Similarly, EST doubles spine density in em-
bryonic hippocampal neurons in vitro (J Neurosci 16: 4059, ‘96). To investigate the physio-
logical consequences of higher spine density, we performed whole-cell recordings and im-
aging of intracellular [Ca2*] in CA1 neurons, with subsequent Dil confocal imaging in hippo-
campal slice cultures. Slices were exposed at 4-8 days in vitro to EST (0.2pg/ml) for 6-8 
days. Patch electrodes (5MD) contained bis-fura-2 (500pM, Kd=525nM) and QX-314 (5mM) 
in Cs+-gluconate intracellular solution. Neurons were maintained at +60mV in nimodipine 
(20|.tM) to inhibit voltage-gated Ca2+ influx, and picrotoxin (50pM) and CNQX (20pM) to iso-
late NMDA synaptic currents/potentials and [Ca2+j transients during afferent stimulation 
(50Hz). Digital imaging was performed using a cooled CCD camera (20fps) in an upright 
fixed-stage microscope. Saturated Dil in fish oil was pressure ejected into CA1 and CA3 of 
fixed slices, and z-sections were collected in a confocal microscope. Spine density in-
creased significantly in EST-treated slices in CA1 (11 vs. 21 spines/10pm) and CA3 (13 vs. 
21). No differences between control and EST-treated slices were observed in input resis-
tances (292±23 vs. 240±12MQ) or resting [Ca2+] levels in spines (536±60 vs. 542±85nM) 
or dendrites (500±28 vs. 518±98nM) at +60mV. [Ca2+] gradients between spine heads 
(1.4±0.2pM) and dendrites (1.1±0.1pM) were observed during high-frequency stimulation. 
Peak [Ca2-] levels in spines (2±0.6pM), and spine/dendrite gradients (351 ±126 vs. 
654±230nM), while larger, were not significantly different in EST-treated slices. Spine and 
dendritic [Ca2-] transients were reversibly blocked by d ,l -APV (100pM). The input/output re-
lationship of NMDA postsynaptic potentials was potentiated in EST-treated slices, consistent 
with an increase of spines containing NMDA receptors. These results suggest that EST- 
induced increases in spine density may have profound effects on NMDA-dependent synap-
tic phenomena in the hippocampus. Supported by NIH Intramural Research Program.

782.12
ANALYSIS OF SENSORY INPUTS BY WHOLE CELL RECORDING FROM 
A VISUALLY IDENTIFIED MOTONEURON IN AN ISOLATED SPINAL 
CORD OF NEWBORN RATS.
T. Ichinosftl, T. Mtiraknshi*2, and Y. Miyatak ^Dept. of Pharmacol., Nippon 
Med. School., and 2Dept. of Pharmacol., School of Med., Tokyo Med. & Dent. 
Univ., Bunkyo, Tokyo 113, JAPAN.

Excitatory and inhibitory synaptic responses elicited by dorsal root stimulation 
were studied from visually identified motoneurons in isolated spinal cords of 
newborn rats (1-5-day-old). Whole cell recordings were performed from the 
motoneuron with a diameter of about 30 pm viewed with a compound microscope 
in which an infrared filter was placed on a light path. Motoneurons were 
identified by antidromic spike generation in response to stimulation of a ventral 
root (L4 or L5). Membrane capacitance which represents neuronal size was more 
than 300 pF. The size of the motoneurons in the present study is larger than that 
in a slice preparation. Stimulation of the dorsal root corresponding to the ventral 
root at low intensity evoked monosynaptic excitatory as well as polysynaptic 
inhibitory postsynaptic currents (EPSCs and IPSCs). The reversal potential for 
monosynaptic EPSCs was around 0 mV and that for IPSCs was about -60 mV 
which is equal to the estimated value for Cl'equilibrium potential. After 
elimination of polysynaptic IPSCs by application of both 1 pM strychnine and 
1 pM bicuculline, polysynaptic EPSCs appeared, while monosynaptic EPSCs 
remained. The later EPSCs reversed differently from the monosynaptic EPSC 
within a given motoneuron. Different reversal potentials may be due to 
incomplete space clamp at different synaptic sites, or reflect that EPSCs are 
mediated by different receptors or neurotransmitters.

782.13
SLOW METABOTROPIC AMPLIFICATION OF FAST NICOTINIC 
EPSPS IN SYMPATHETIC NEURONS B. Gutkin. W-X Shen and
J.PHorn* Department of Neurobiology, University of Pittsburgh, School 
of Medicine, Pittsburgh, PA 15261.

Synaptic integration in paravertebral sympathetic neurons may arise 
from convergence of fast nicotinic and slow metabotropic EPSPs. The 
latter are mediated by muscarinic and peptidergic suppression of gKm. In 
addition to the primary (suprathreshold) nicotinic synapses present on all 
sympathetic neurons, there exist secondary (subthreshold) nicotinic 
synapses whose number varies with species and cell phenotype. It has 
long been recognized that increased membrane resistance during slow 
excitation can, in principle, increase the amplitude of fast EPSPs. Our 
present goal was to evaluate the magnitude of this synaptic amplification 
and determine whether it is sufficient to stimulate action potentials.

Earlier, we estimated that the firing threshold in bullfrog sympathetic B 
neurons is reached by a peak nicotinic conductance <90 nS, independent 
of electrode damage [Shen & Hom, 15:5025 (1995)]. We now report 
that the average strength of secondary EPSCs is 58±27 nS (n=5, mean 
±sd). We have studied interaction between metabotropic excitation and 
secondary7 nicotinic synapses using B-cell models. Calculations with EPSC 
records and a passive circuit model show that a decrease in resting 
conductance enhances fast EPSP duration and to a lesser degree EPSP 
amplitude. Simulations of an active conductance model show that for 
realistic estimates of resting potential and input resistance, a 20% 
decrease in gKm (2 nS) is sufficient to unmask individual secondary inputs. 
We conclude that metabotropic excitation can play a significant role in 
modulating the physiological integration of secondary nicotinic synapses 
by sympathetic neurons. Supported by NIH grant NS01427.

782.14
CALCIUM ELECTROGENESIS IN NEOCORTICAL PYRAMIDAL 
NEURONS IN VIVO E. Lebel*, E. Shink, E. I. Lang and D. Pare Depart, of 
Physiology, School of Med., Laval University, Quebec, Canada G1K 7P4

Evidence of electrotonically separated dendritic hot spots of HVA Ca 
channels has been obtained in neocortical pyramidal neurons in vitro under 
conditions of K channel blockade. However, Ca-imaging has revealed that 
action potential generation or intense synaptic stimuli are required to 
activate HVA Ca channels. Here, we provide further evidence for the 
existence of multiple dendritic clusters of HVA Ca channels that can be 
activated independently by spontaneous synaptic events in vivo.

In vivo intracellular recordings were obtained from cortical pyramidal 
neurons of the suprasylvian gyrus in barbiturate anesthetized cats. TTX 
was applied to the recording area to block all network activity. The 
effectiveness of TTX was demonstrated by the elimination of cortically- 
evoked responses and by the lack of fast spikes. In response to depolarizing 
current pulses bringing the Vm positive to -35 mV, pyramidal neurons 
generated prolonged Ca spikes (20-50 ms; 10-20 mV) that recurred at a 
frequency of 2-10 Hz. In contrast, cortical neurons dialyzed with Cs or QX- 
314 generated larger Ca spikes (up to 70 mV and 100 ms) from more negative 
Vms (-45 mV), thus indicating the presence of K currents opposing the 
activation of Ca channels. To verify if synaptic events can activate Ca 
spikes, another group of cortical neurons were dialyzed with QX-314, but in 
the absence of extracellular TTX. These neurons displayed large amplitude 
potentials (30-70 mV) that occurred in relation to spontaneous or cortically- 
evoked EPSPs. The amplitude of these large, presumably Ca-mediated 
events varied in a stepwise fashion, suggesting the presence of multiple 
dendritic hot spots of HVA Ca channels that can be accessed independently 
by spontaneous synaptic inputs. Supported by MRC, NSERC and NINDS.
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782.15
SILENT SYNAPSES IN THE DENTATE GYRUS: DIFFERENCES BETWEEN 
LATERAL AND MEDIAL PERFORANT PATHS. Ming-Yuan Min*, Fredrik 
Asztely and Dimitri M. Kullmann. Dept. Clinical Neurology, Institute of Neurology, 
Queen Square, London WC1N 3BG, United Kingdom.

At excitatory synapses on CA1 pyramidal cells, NMDA receptors sense a higher 
average number of quanta (quantal content) than AMP A receptors, reflecting either 
absence of AMPA receptors at some synapses, or inter-synaptic spillover of 
glutamate which selectively activates NMDA receptors. We asked if this asymmetry 
is also seen at perforant path (PP) synapses on granule cells of guinea pigs, studied 
in vitro at room temperature. First, we estimated the statistic 1/CV2 for population 
EPSCs, initially holding the cells at -80 mV (AMPA component), and then at +50 
mV in 10 pM DNQX (NMDA component). Second, we compared the failure rates 
with minimal stimulation at negative and positive potentials. Both approaches 
showed a large discrepancy in the quantal content mediated by AMPA and NMDA 
receptors for lateral PP EPSCs (mean ratio of 1/CV2 for NMDA and AMPA 
components: 1.98; mean ratio of failures at positive and negative potentials: 0.47), 
which was similar to that seen in CA1. For medial PP synapses, however, the quantal 
content was much more similar for the two components (ratio of 1/CV2: 1.14; 
different from lateral PP at p<0.01; ratio of failures: 0.85; different from lateral PP at 
p<0.02). This is unlikely to reflect different release probabilities in lateral and 
medial PP, which have been proposed to underlie differences in short-term 
facilitation, since, in CA1, altering the release probability by changing the Ca/Mg 
ratio had no effect on the ratio of quantal contents. The difference between lateral 
and medial PP may reflect different clustering or kinetics of glutamate receptors, or 
different obstacles to the diffusion of glutamate between synapses.

Supported by the MRC.

782.16
G-PROTEIN INHIBITION OF DENDRITIC CALCIUM INFLUX IN THE 
HIPPOCAMPUS. H, Chen and N.A. Lambert*. Department of Pharmacology and 
Toxicology, Medical College of Georgia, and Veterans Affairs Medical Center, 
Augusta, GA 30912-2300.

Activation of G-protein-coupled receptors inhibits voltage-gated calcium channels 
(VGCCs) in presynaptic terminals and neuronal cell bodies. Less is known about G- 
protein-mediated inhibition of VGCCs in dendrites. In area CA1 a large proportion 
of the VGCCs on pyramidal cell dendrites are T- and R-type channels, both of 
which are less prone to inhibition by G-proteins than VGCCs present on terminals 
and cell bodies. G-proteins also activate K+ channels on dendrites, which could 
indirectly increase calcium influx by deinactivating T-type channels, or decrease 
calcium influx by inhibiting action potential propagation.

CA1 pyramidal cells were loaded with fura-2-AM, and population calcium 
transients evoked by antidromic stimulation were recorded from the distal half of 
stratum radiatum/lacunosum-moleculare. Adenosine (lOOpM) inhibited calcium 
influx by 27 ± 2% under control conditions, and by 30 ± 2% (n=7; P>0.05) in the 
presence of 50pM Ni2+, which preferentially blocks T- and R-type channels; similar 
inhibition was produced by baclofen (10pM) or 5-HT (30pM). Adenosine inhibited 
the negative component of population action potentials recorded extracellularly in 
distal dendritic regions; population action potentials recorded in somatic or proximal 
dendritic regions were unaffected or increased slightly. These results suggest that 
the presence of T- and R-type channels on dendrites does not blunt inhibition of 
calcium influx by activation of G-protein-coupled receptors. This inhibition is 
mediated in part by inhibition of action potential propagation into distal dendrites. 
Additional experiments will be required to discriminate direct inhibition of dendritic 
calcium channels from inhibition of action potential propagation.
Supported by a VA Merit Review and NS36455.

782.17
ULTRASTRUCTURAL CONSTRAINTS ON EXTRASYNAPTIC GLUTAMATE 
DIFFUSION IN THE HIPPOCAMPUS. Dimitri M. Kullmann* and Dmitri A 
Rusakov1. Dept. Clinical Neurology, Institute of Neurology, Queen Square,
London WC1N 3BG, and ’Dept. Biology, Open University, Milton Keynes, MK7 6 
AA, United Kingdom.

It has been suggested that glutamate can diffuse out of one hippocampal synapse 
and activate NMDA receptors of a neighbouring synapse. We have estimated the 
spatiotemporal extent of diffusion of glutamate, guided by ultrastructural 
measurements in the dendritic region of rat CAL By applying principles of integral 
geometry and "design-based" stereological techniques, we obtained: mean nearest 
neighbour distance between synapses = 0.4 pm, tortuosity = 1.34, extracellular 
volume fraction = 0.12. We calculated the time course of the glutamate transient at 
different distances from a three-dimensional source (representing a synaptic cleft 
with a radius of 0.1 pm) by solving an equation describing diffusion in a porous 
medium convolved with a source rate simulating release through a fusion pore. We 
assumed a diffusion constant for glutamate of 0.75 pm/ms2 and that release of 4000 
molecules is 95% complete by 0.12 ms. The peak concentration fell steeply with 
distance, so that very little opening of extrasynaptic NMDA receptors was predicted 
from a kinetic model. We showed that the interaction of glutamate with high affinity 
binding sites (including transporters) can be treated analytically as a process 
analogous to the intracellular buffering and transport of Ca2+ ions (Zador & Koch, 
1994). Under certain physiologically plausible conditions this caused a reduction in 
the apparent diffusion constant, with the consequence that the extrasynaptic 
glutamate transient was greatly prolonged. The glutamate-buffering effect of binding 
sites may thus paradoxically lead to greater activation of extrasynaptic NMDA 
receptors than in their absence.

Supported by the MRC and the BB SRC.

782.18
THE ABSENCE OF A MAJOR CALCIUM SIGNALING PATHWAY IN 
GABA ERGIC NEURONS OF THE HIPPOCAMPUS. A, Sik*1. N. Haios2, A. 
Guldcsi1, I. Mody2, and T.F, Freund* ‘Inst. Exp. Med., Hungarian Acad. Sci., 
Budapest, Hungary, and Depts. of Neurology and Physiology, UCLA School of 
Medicine, Los Angeles, CA.

The Ca2+/calmodulin-dependent protein phosphatase 2B or calcineurin (CN) is 
part of several Ca2+-dependent signal transduction cascades thus contributing to the 
short- and long-term regulation of neuronal excitability. By using a specific 
antibody to CN, we have shown the absence of this phosphatase from hippocampal 
interneurons, and the physiological consequences of this absence on the regulation of 
NMDA channel activity. Light and electron microscopic immunohistochemistry in 
rat brain samples stained with anti-CN antibody revealed die presence of CN in 
principal cells, and the total lack of CN immunoreactivity in interneurons identified 
by their GABA immunoreactivity through the mirror technique. The calmodulin- 
dependent multifunctional protein kinase CaMKII was also absent from 
intemeurons, yet the nuclei of many intemeurons contained the cyclic AMP- 
responsive element binding protein (CREB), which is presumed to require CN for its 
dephosphorylation. Cell-attached recordings of NMDA channel activity in 
hippocampal neurons, identified by infrared DIC videomicroscopy in slices, 
corroborated the physiological correlates of our anatomical findings. Consistent with 
the absence of CN from intemeurons, upon inhibition of CN by its specific inhibitor 
FK-506, NMDA channel openings were significantly prolonged in principal cells 
(dentate gyms granule cells and CA1 pyramidal neurons) but not in various 
intemeurons. The lack of CN and of CaMKII in intemeurons suggests that synaptic 
plasticity in intemeurons and in principal cells obeys different mles. One of the most 
prominent consequences of a missing Ca2+-dependent major signaling pathway 
would be the absence of Ca2+-CaMKII-CN-dependent forms of synaptic plasticity 
from intemeurons. Forms of synaptic plasticity (e.g. LTP and LTD) which critically 
depend on postsynaptic rises of Ca‘+, should not be common to interneurons. 
Predominant fomis of synaptic plasticity in these cells may depend on presynaptic 
mechanisms. Supported by grants NS-27528 (IM) and OTKA 16942 (TFF).

782.19
SELECTIVE SUBCELLULAR LOCALIZATION OF THE A KINASE ANCHORING 
PROTEIN (AKAP79) IN THE HUMAN HIPPOCAMPUS T.F. Freund*. A. Sik1, A. 
Gulacsi1,1. Katona1. Y. Lai :‘. O. Lockerbie2. J.D. Scott3. W.M. Gallatin2 and I. Mody4
“Inst. Exp. Med., Hung. Acad. Sci., Budapest, Hungary, 2ICOS Co., Bothell, WA.
USA, 3Vollum Inst., Portland, OR. USA. 4UCLA. Los Angeles, CA, USA

Protein phosphorylation plays an important role in signal transduction and long-term 
changes in neuronal excitability. The phosphorylation state of proteins is regulated by 
diverse protein kinases and phosphatases. In neurons, the cAMP-dependent protein 
kinase A (PKA), protein kinase C (PKC), and the Ca’Vcalmodulin dependent 
phosphatase 2B (calcineurin) are attached to a scaffold protein. The A-kinase 
anchoring protein (AKAP79) is thought to anchor these three enzymes to postsynaptic 
densities and thus to ensure the spatial specificity of their regulatory function by 
positioning them in the vicinity of their substrates. In order to resolve its precise 
localization in neurons, we have investigated the cellular and subcellular distribution of 
AKAP79 in the human hippocampus using preembedding immunoperoxidase and 
imrnunogold histochemical methods. AKAP79 was present in the CA1 region, mostly 
in dendrites of pyramidal cells. Pyramidal cells in the CA3 region and dentate gyrus 
granule cells were negative for AKAP79 at the sensitivity level of the immunostaining. 
Some interneurons of the Ammon's horn and of the dentate gyrus were also 
immunoreactive. At the subcellular level, AKAP79 immunoreactivity was present in 
postsynaptic profiles near, but not attached to, the post-synaptic densities of 
asymmetrical (excitatory) synapses. Immunolabeling was rarely observed in the 
vicinity of symmetrical (inhibitory) synapses on pyramidal cells. Plastic changes in 
synaptic strength at glutamatergic synapses are dependent on the pho.sphorylation state 
of NMDA and AMPA channels. According to our results, the
phosphorylation/dephosphorvlation of these channels must be regulated with a 
remarkable spatial selectivity as a result of the presence of their anchoring protein, 
AKAP, at specific synapses.

Supported by grants NS-27528 (IM), OTKA 16942 (TFF).

782.20
SECONDARY STRUCTURE AND Ca2+-INDUCED CONFORMATIONAL 
CHANGE OF CALEXCITIN, A LEARNING-ASSOCIATED PROTEIN. G. A. 
Ascoli*,. K_)CJLuu, I, L. Olds, TJL Nelson, P. A. Gusev, E, Bramanti, A.
Raffaelli, P. Salvadori, D. L. Alkon. Dept. of Chemistry, Univ. of Pisa, Italy 
56100 and Lab. Adaptive Systems, NINDS, NIH, Bethesda, MD 20892.

Calexcitin (CE) is a GTP- and Ca2+-binding protein which is 
phosphorylated by PKC during associative learning, and reduces K+ currents 
in neurons. Here, the secondary structure of cloned squid CE was determined by 
circular dichroism in aqueous solution and by infrared spectroscopy in solution 
and on dried films. The results obtained with the two techniques were in 
agreement, and coincide with the secondary structure computed from the 
amino acid sequence. In solution, CE is one third helical and one fifth in 
sheet. The conformation of CE in solid state depends cn the concentration of 
the starting solution, suggesting the occurrence of surface-aggregation. The 
secondary structure also depends on the binding of Ca2+, which causes an 
increase in helix and a decrease in sheet. The conformation of CE is 
independent of ionic strength, and the Ca2+-induced structural transition is 
slightly inhibited by Mg2+ and low pH. The switch of CE's secondary 
structure upon Ca2+ binding, which was confirmed by intrinsic fluorescence 
spectroscopy and native gel electrophoresis, is reversible and occurs in a 
physiologically meaningful range of Ca2+ concentration. Unlike other EF- 
hand proteins, CE's overall lipophilicity is not affected by Ca2+~binding, as 
assessed by hydrophobic liquid chromatography. Preliminary results form 
patch-clamp experiments indicated that Ca2+ is necessary for CE to inhibit 
K+ channels and to increase membrane excitability. Therefore the Ca2+- 
dependent conformational equilibrium of CE could serve as a molecular switch 
for the short-term modulation of neuronal activity following associative 
conditioning. NIH (USA), C.N.R. Roma and S.N.S. Pisa (Italy)
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783.1
CALCIUM CURRENTS IN LEANER AND TOTTERING MUTANT MICE
N.M. Lorenzon1*, C.M. Lutz2, W.N. Frankel2, C.F. Fletcher3, N.G. Copeland3,
N.A. Jenkins3, K.G. Beam1. 1 Dept Anatomy & Neurobiology, Colorado State 
University, Fort Collins, CO 80523,2 The Jackson Laboratory, Bar Harbor, ME 
04609,3 Mammalian Genetics Laboratory, ABL-Basic Research Program, NCI- 
Fredrick Cancer Research & Development Center, Fredrick, MD 21702.

Recent studies have shown that defects in the gene encoding the alA calcium 
channel subunit are responsible for the phenotypes of tottering (tg) and leaner (tgla) 
mutant mice. Both tg and tg18 are inherited as recessive traits that result in mice that 
are phenotypically ataxic with cortical spike and wave discharges similar to absence 
epilepsy in humans. The tgla allele is also associated with a gradual, selective 
degeneration of cerebellar Purkinje and granule cells. Studies have shown that the tg 
mutation is the result of a single nucleotide change causing a proline to leucine 
substitution in the IIS5-IIS6 linker of the otlA subunit. The tg*8 mutation has been 
identified as a single base pair substitution in a splice donor consensus sequence of 
the alA subunit which produces a truncation in the normal open reading frame 
beyond repeat IV and expression of a novel carboxy-terminal sequence.

Using whole-cell patch clamp recordings of acutely-dissociated cerebellar 
Purkinje cells from 7-9 day old mice, we have measured voltage-gated calcium 
currents in tgla and tg mutant mice. We found no gross differences in kinetics or 
voltage-dependence of activation or inactivation of barium currents in tgla I tg1’, 
tgla /+, tg/tg, tg/+, and +/+ Purkinje cells. Moreover, the barium current densities in 
tgla /+, tg/tg, tg/+, and +/+ cells were similar. However, the amplitude of barium 
currents in tgla I tgla cells was reduced by approximately 50% compared to tgla /+, 
tg/tg, tg/+, and +/+ cells. After addition of 100 nM co-agatoxin IVA, the residual 
current was of similar amplitude in tgla I tgla and tgla /+ cells indicating that the 
P-type currents were reduced in tg'8/ tg18.

This work was supported by NIH grant NS24444 (K.G.B.).

783.2
N-TYPE CA2+ CHANNELS ARE PRESENT IN SECRETORY 
GRANULES AND ARE TRANSIENTLY TRANSLOCATED TO THE 
PLASMA MEMBRANE DURING REGULATED EXOCYTOSIS. M, 
Passafaro0, M.W. McEnerv#. P, Rosa. M. Francolini, F. Clementi* and
E. Sher. °CNR Inst, of Biotechnologies Applied to Pharmacology, Roc- 
celletta di Borgia (CZ), CNR Cellular and Molecular Pharmacology 
Center, Milan - Italy, and #Dept. of Physiology & Biophysics, 
Cleveland, OH.

We have recently described the presence of an intracellular pool of N- 
type VOCCs in PC 12 rat pheochromocytoma cells and human 
neuroblastoma cells. Intracellular N-type calcium channels (revealed by 
both psij-Q-Conotoxin GVIA ([12SI]-coctx GVIA) binding andaig 
specific antibodies) are accumulated in subcellular fractions enriched in 
chromogranin B-containing secretory granules and they translocate to the 
plasma membrane during regulated exocytosis. We have recently 
extended this study to chromaffin cells of the bovine adrenal medulla. 
Here N-type VOCCs are translocated to the plasma membrane in 
response to secretagogue agents (high KC1, high Ba2+). Furthermore, 
[i25l]-ractx GVIA binding sites, with a "classical" pharmacology, as well 
as the ais subunit, are present in a pure fraction of chromaffin granules. 
Finally, immunoelectron microscopy of frozen section of purified 
granules revealed a selective labeling of the granule membrane with the 
a1B antibodies. These data suggest that the secretory granules represent a 
intracellular compartment where N-type VOCCs are accumulated, readily 
available for insertion in the plasma membrane upon regulated 
exocytosis. A more "local" role of these VOCCs in granule biology 
cannot be excluded.

783.3
BINDING OF GABAPENTIN (NEURONTIN) TO
RECOMBINANT CALCIUM CHANNEL COMPONENTS.
J. Offord, S. Lu, D. Hidayetoglu, T. Z. Su and M.E. Morton*,

Molecular Biology, Parke-Davis Research, 2800 Plymouth Rd.,
Ann Arbor, MI 48105 and Department of Biology, College of the 
Holy Cross, Worcester, MA 01610.

The novel anticonvulsant drug, gabapentin, has been shown to bind 
to the alpha-2/delta subunit of voltage-dependent calcium channels.
In this study, gabapentin has been used as a probe to characterize 
structural properties of calcium channel subunits, specifically the 
interaction between the alpha-2/deIta subunit and two different classes 
of the alpha-1 subunit. Using membranes from cells which have been 
transfected with skeletal muscle alpha-2/delta alone, alpha-2/delta and 
a human neuronal beta 2, or alpha-2/delta, beta 2 and either the B 
(N type) or E class alpha-1, the affinity of gabapentin for its binding 
site on alpha-2/delta has been determined. Data indicate that the 
affinity of gabapentin for alpha-2/delta is the same in the presence or 
absence of an alpha-1 or beta subunit. These data suggest that the 
gabapentin binding site on the alpha-2/delta subunit is distinct from 
the site of alpha-1 and alpha-2/delta association. Furthermore, the 
results support the hypothesis that the alpha-2/delta subunit assumes 
its native conformation in the absence of other subunits. [Supported 
by Warner-Lambert Co. and a Research and Publications award from 
Holy Cross.]

783.4
LOCALIZATION OF THE 04 SUBUNIT OF CLASS A,B,C,D, AND E CALCIUM 
CHANNELS IN MOTOR NEURONS OF THE RAT SPINAL CORD. R.E. 
Westenbroek*. L. Hoskins and W.A. Catterall. Dept. Pharmacology, Univ. of
Wash., Seattle, WA 98195.

Motor neurons are the final integration point for electrical signals that initiate and 
control skeletal muscle contraction. Calcium channels play a critical role in this 
integration process. Site-directed anti-peptide antibodies generated against the cq 
subunit of rat brain voltage-gated calcium channels (class A, B, C, D, and E) have 
been combined with immunocytochemistry to identify their sites of protein 
localization in the cell bodies, dendrites and nerve terminals of motor neurons in the 
rat spinal cord. We have observed that class C, D, and E 04 subunits are localized 
predominantly in the cell soma. Class C channels have a punctate appearance, class D 
a I subunits have a smoother pattern of staining, while class E channels appear to 
have both a smooth and punctate pattern of staining over the surface of the cell soma. 
Localization studies of class A calcium channels reveal that there is extensive punctate 
staining along the cell soma and dendrites of motor neurons, consistent with the 
presence of this channel type in nerve terminals forming synapses on motor neurons. 
Class B calcium channels have both a smooth pattern of localization over the cell 
soma and dendrites of motor neurons and are also located in punctate clusters in nerve 
terminals forming synapses on motor neurons. These patterns of distribution were 
consistent along the rostro-caudal extent of the spinal cord. Class A calcium channels 
were localized in the nerve terminals of motor neurons that innervate the diaphragm, 
tibialis anterior, gastrocnemius, and the soleus muscle, but not class C, D, or E. 
Occasional staining of motor nerve terminals with class B antibodies was observed in 
the muscles of the hind limb. These localization studies suggest distinct functional 
roles for the various classes of calcium channels in the functioning of spinal motor 
neurons and will serve as the basis for future studies of development and plasticity. 
This work was supported by grants from the Muscular Dystrophy Association 
(R.E.W.) and NIH (W.A.C.).

783.5
SKELETAL MUSCLE CALCIUM CHANNEL a, SUBUNIT FUNCTION IS 
REGULATED AT THE GENE EXPRESSION LEVEL. J. Segovia*, M.C. Garcia and J. 
A. Sanchez. Depts. of Pharmacology and Physiology, CINVESTAV-IPN. Mexico, D.F. 
07000, Mexico.

Dihydropyridine receptors (DHPR) play a key role in skeletal muscle, both as the voltage 
sensors of excitation-contraction coupling, and as high threshold voltage calcium channels. 
DHPR are composed of a complex of a,, a25, P and y subunits. Expression of the a, 
subunit has revealed it is the DHPR and ion-conducting pathway. In the present work, we 
analyzed the effect of short-term depolarization on Ca2+ currents (ICa), charge movement, 
Ca2+ signal and contraction, and we sought to determine the molecular mechanism 
underlying these responses. Bundles of rabbit skeletal muscle were maintained in either 
standard Ringer's, or in 40 mM K+ solution at 4°C for two hours. Our results show that the 
K+treatment reduced the amplitude of the ICa by 40% at all membrane potentials; this effect 
was maximal after two hours of treatment, and was reversed after a prolonged wash with 
Ringer's. The relation between charge movement (Charge 1) and membrane depolarization 
remained unaffected by the K treatment. Twitch tension and Ca signals were greatly 
depressed by the depolarization, but fully recovered after 5 to 10 min in Ringer's. In 
contrast, K' contractures remained depressed following depolarization, in agreement with 
the observations on ICa. We also observed that the K treatment resulted in a dramatic 
decrease in the levels of the mRNA for the a, subunit, but it did not affect the level of the 
P subunit mRNA, as determined by RT-PCR. These results suggest that short-term 
depolarization inhibits the expression of the a, subunit gene, implying there is a very 
stringent control of its expression. The change in the level of the mRNA for the a, subunit 
takes place over a very short time, indicating a very rapid turnover of the mRNA. We 
propose that the down-regulation of the a, subunit plays a role in the reduction of ICa and 
K+ contractures, and that it is regulated at the level of gene expression. (This work was 
supported in part by CONACYT grants 4852-N to J.S, and M5337 to J.A.S)

783.6
THE DISTRIBUTION OF THE VOLTAGE-DEPENDENT CALCIUM CHANNEL 
ajA SUBUNIT THROUGHOUT THE MATURE RAT BRAIN AND ITS 
RELATIONSHIP TO NEUROTRANSMITTER PATHWAYS. SG Volsen, AD 
McAinsh, W Smith, RE Beattie, JV PriestleyJLY Yip^, S Averill 1, ER Longbottom,
SR Baker* and PJ Craig. CNS Research, Lilly Research Centre Ltd., Erl Wood Manor, 
Windlesham, Surrey, GU20 6PH, UK. 1 Department of Anatomy, Faculty of Basic 
Medical Sciences, Queen Mary & Westerfield College, London, El 4NS, UK. 2 
Department of Physiology, UMDS, St Thomas’s Hospital, Lambeth Place Road, 
London, SE1 7EH, UK.

The aj subunit provides both the voltage sensing mechanism and the ion pore of 
voltage-dependent calcium channels. Of the six classes of a] subunit cloned to date, 
ct} A is the subject of debate in terms of its functional correlate, though it is generally 
thought to encode voltage-dependent calcium channels of the co-agatoxin IVA sensitive 
P/Q type.

In the present study an a] a  specific riboprobe and antibody have been used with in 
situ hybridisation and immunohistochemical techniques to localise a, a  messenger 
ribonucleic acid transcripts and subunit protein throughout the mature rat brain. Dual 
localisation of ccja  protein and markers for acetyl choline, catecholamines and 5- 
hydroxytryptamine have also been performed in a number of discrete areas. Abundant 
and widespread distribution was found, with immunoreactivity occuring both in cell 
bodies and as punctate staining in areas of neuronal processes. Several associations 
were noted between a] a  localisation, defined neuroanatomical regions and 
neurotransmitter systems. However, ccja  expression was not confined to loci 
corresponding to any one neurotransmitter type, though a high level of expression was 
observed in cholinergic neurones. The distribution of the ct 1 a  subunit in the rat 
corresponded well with the limited human mapping data that is available.

Society  for  Neuroscience , Volume  23,1997



2012 CALCIUM CHANNEL EXPRESSION I WEDNESDAY PM

783.7
CLONING OF AN N-TYPE CALCIUM CHANNEL SUBUNIT (a1B) 
FROM BOVINE CHROMAFFIN CELLS A.L. Cahill* and A.P. Fox. Dept. 
Pharmacological & Physiological Sciences, The University of Chicago, 
Chicago, EL 60637.

N-type calcium channels exhibit varying degrees of voltage-dependent 
inactivation ranging from almost complete inactivation in dorsal root ganglion 
to virtually no inactivation in bovine chromaffin cells. In an attempt to determine 
the structural basis for this difference in inactivation we have cloned the «1B (N- 
type) calcium channel subunit from bovine chromaffin cells and compared its 
amino acid sequence to the four other cloned mammalian a1B subunits. The a1B 
cDNA clone was obtained by repeatedly screening a random-primed bovine 
chromaffin cell library (a generous gift from Dr. H. Pollard, NIH) with 32P- 
labeled probes derived either by reverse transcription-polymerase chain reaction 
from chromaffin cell mRNA or from previous screens of the library. Seven 
partially overlapping clones containing the complete coding sequence for bovine 
a1B were obtained from the library and spliced together using standard 
techniques to yield a full length cDNA clone. The predicted amino acid 
sequence of the bovine a1B was approximately 98% identical to the consensus 
sequence for the four cloned mammalian in the N-terminus and in the four 
putative membrane-spanning domains, but was only about 90% identical in the 
C-terminus and in the region between domains II and HI. These latter two 
regions are candidates for mediating die unique inactivation properties of the N- 
type channels in bovine chromaffin cells. This research was supported by 
USPHS 5 RO1 GM43560.

783.8
CORRELATION BETWEEN NATIVE NEURONAL CALCIUM 
CHANNELS AND CLONED CALCIUM CHANNEL SUBUNITS D 
Pietrobon*, A. Tottene. B. Hivert, R. Rizzuto and T, Snutch Dept. Biomedical 
Sciences, Univ. of Padova, 35121 Padova, Italy.

By combining single channel and whole-cell patch-clamp recordings we have 
characterized in rat cerebellar granule cells an inactivating P-type Ca^+ 
channel (Gl) and two toxin-resistant Ca^+ channels with distinct biophysical 
properties (G2 and G3) (A Tottene et al. J. Neurosci. 16: 6353-6363, 1996). 
Moreover, we have characterized in embryonic rat spinal motoneurons a 
putative P-type channel with biophysical properties different from those of the 
P subtype expressed in granule cells. The two P subtypes differ in voltage- 
range for steady-state inactivation and rate of inactivation, and also in the 
voltage range for activation and maximal open probability. They have the same 
unitary conductance and current and the same mean open time. With the aim 
of correlating the different native P-type and R-type channels with the cloned 
Ca^+ channel subunits, we have performed rybonuclease protection assays to 
measure the presence and the level of expression of al A and alE transcripts in 
our primary cultures. We have found that alA transcripts are expressed in 
both rat cerebellar granule cells and spinal motoneurons (purified by 
immunopanning), and that in rat cerebellar granule cells both alA and alE 
transcripts increase with increasing days in culture. alA and a IE increase 
with a different time course, which correlates well with the different time 
course of increase of the frequency of observation of Gl and G2 in cell 
attached patches. Our data are consistent with the conclusion that Gl channels 
are encoded by al A, and G2 channels are encoded by a IE.
Supported by Telethon, Italy, n. 720.

783.9
TWO VARIANTS OF THE 3-UTR OF THE N-TYPE Ca CHANNEL a1B 
SUBUNIT DIFFERENTIALLY AFFECT mRNA STABILITY. Stephanie Haus, 
Seema Gupta, Mark Bowe* & Diane Lipscombe. Department of Neuroscience, 
Brown University, Providence, RI 02912.

The 3' untranslated regions (3'UTRs) of many mRNAs contain elements known 
to influence mRNA degradation and as a consequence can profoundly affect 
protein expression. In a previous study we showed that two forms of the Ca 
channel a!B message, differing in the length of their 3'UTRs, are expressed in the 
central and peripheral nervous system of the rat (Lin et al., 1997). These different 
forms of the a1B message, 3'UTR-short (0.2 kb) and 3'UTR-long (2.6 kb), appear 
to encode identical N-type Ca channels since they are not linked to unique splicing 
patterns in the a1B coding sequence. Here we suggest a functional role for the 
expression of these 3’UTR variants of the a1B gene. The 3’UTR-long form of the 
a1B message dominates in rat brain and increases slightly relative to 3'UTR-short 
during development (-85% at E17 compared to -95% in adult). Sequence analysis 
revealed that: (i) The short 3'UTR is identical to the first 194 bases of the long 
3'UTR; (ii) the long 3'UTR contains three distinct poly adenylation consensus 
sequences, and two are located in the appropriate position for directing adenylation 
of the two 3'UTR forms of aiB identified in our studies and; (iii) the 3'UTR-long 
form contains a cluster of AU-rich destabilizing elements while the short form 
contains none. Consistent with this we have now shown that a reporter message 
attached to the a1B-associated long 3'UTR degrades approximately 10-times faster 
(t,/~8 min) in a cell-free assay compared to an equivalent reporter message attached 
to the a1B-associated short 3'UTR (t,/2~80 min). We suggest that the presence of 
3'UTR variants of the a1B gene might be important for regulating the expression 
of the N-type Ca channel and perhaps the efficacy of synaptic transmission in vivo. 
NIH NS29967.

783.10
CLONING OF cDNAs ENCODING TWO VOLTAGE-GATED 
CALCIUM CHANNEL SUBTYPES FROM SCHISTOSOMA MANSONI. 
R.M. Greenberg*, A.B. Kohn, M.C. Jeziorski, and P.A.V. Anderson.
Whitney Laboratory, University of Florida, St. Augustine FL 32086.

The platyhelminths, which include parasitic flatworms such as
Schistosoma mansoni, are the earliest known animals with a distinct rostral 
brain, and are thought to have emerged close to the divergence of 
deuterostomes and protostomes. The molecular structure of components 
underlying nervous system function in these animals should provide clues 
about nervous system evolution, insights into structure/function 
relationships in these molecules, and potential targets for new anthelmintic 
agents. Using degenerate primers and RT-PCR of adult worm RNA, we 
have cloned two S. mansoni cDNAs with high similarity to voltage-gated 
Ca2+ channel oti subunits. The deduced amino acid sequence of one 
schistosome cDNA most closely resembles ot3 subunit sequences from L- 
type Ca2+ channels (a!C, aiD, Otis)- The other schistosome cDNA encodes a 
protein that is most similar to non-L-type Ca2+ channel oq subunits (a1A, 
oc1B, «ie )- Both sequences are also found in cercariae, the free-living 
schistosome larvae that infect the mammalian host. The two schistosome 
cDNAs are more similar to their subtype counterparts in vertebrates than to 
one another, suggesting that the divergence of L-type and non-L-type Ca2+ 
channels substantially predates the emergence of the platyhelminths more 
than 500 million years ago. (Supported by NSF grant #IBN-94011217 to 
PAVA and RMG)

783.11
FUNCTIONAL CONSEQUENCES OF MUTATIONS IN THE HUMAN CC1A 
CALCIUM CHANNEL SUBUNIT LINKED TO FAMILIAL HEMIPLEGIC 
MIGRAINE. M. Hans*, M. Williams, A. Urrutia, P. Brust, A. Nesterova, C.C. Lu, 
E.C. Johnson, M. Harpold and K. Stauderman. SIBIA Neurosciences, Inc., La Jolla, 
CA 92037.

Familial hemiplegic migraine (FHM), a rare autosomal dominant form of migraine, 
has been linked to four missense mutations within the coding sequence of the human 
gene encoding the a1A calcium channel subunit (CACNL1A4; Ophoff et al., 1996). 
The identified mutations are located at positions 192 (R—>Q; IS4), 666 (T-»M; IIS5- 
S6), 714 (V—>A; IIS6), and 1811 (I—>L; IVS6). Two of these mutations, R192Q and 
T666M, are located in regions that have been shown to control Ca2+ channel 
function: the S4 segment, which forms the voltage sensor of the channel, and the S5- 
S6 linker, which forms the ion-selectivity filter of the pore and contributes to toxin 
binding sites. We investigated the functional consequence of mutations at positions 
R192Q, T666M or 1181 IL in the human cqA.2 Ca2+ channel subunit. Transient 
expression of each of the mutant a]A.2 subunits in HEK293 cells with a2b8 and p 
subunits resulted in functional Ca2+ channels. The basic biophysical properties 
(current-voltage relationship, kinetics of activation and inactivation, steady-state 
inactivation) of channels containing mutant a1A.2 subunits were similar compared to 
those containing wild-type atA.2. However, the current magnitude associated with 
a)A.2 mutants T666M and 1181 IL was 3-5 fold smaller compared to the wild-type 
cciA_2. These results suggest that the T666M and 1181 IL mutations may reduce the 
functional expression of the channel or perhaps alter the gating properties.

783.12
N-TYPE CALCIUM CHANNEL SUBUNIT ASSOCIATION IN YEAST USING 
TWO-HYBRID METHODS: IDENTIFICATION OF INHIBITORS. K.H. Young1, 
S. Hellings1, M. Modi, S. Lin, M. Husbands, R. Franco, J.T, Haskins* Molecular 
Genetic Screen Design, American Cyanamid, Princeton, NJ 08543; CNS Research, 
Wyeth-Ayerst, Princeton, NJ 08543, and Radnor, PA 19087

Ion channels are vital for normal CNS function, yet they are often implicated in 
neurological disease or traumatic insult. Neuroprotective effects have been observed in 
ischemic models by ion flow inhibition via N-type CA channel (NCC). Small peptides 
which inhibit alb /p3 interaction inhibit NCC activity. Yeast two-hybrid (YTH) 
methods enable detailed evaluation of protein-protein interactions, which are 
applicable to channel structures. An alb intracellular loop and the p3 subunit were 
modeled into standard and expanded YTH systems. This yeast system was then 
modified to identify small MW inhibitors of the alb/p3 interaction, to affect NCC 
activity. Yeast strains were generated containing both alb and p3 fusion constructs, or 
a single fusion construct and empty vector and tested for functional interaction of a!b 
/p3 fusion proteins by activation of a UASJial-HIS3 reporter gene, and histidine 
prototrophy. Only the strain expressing both fusion proteins grew on selective media. 
To further investigate this interaction, the alb subunit was coexpressed as a nonfusion 
protein and when expressed at high levels, the aib/p3 interaction was attenuated. 
Single amino acid mutations (albY392F; alb Y392S, P3 P237R) were also evaluated. 
Coexpression of P3 P237R with the alb fusion protein affected reporter gene activity, 
as compared to wildtype p3. To identify small MW inhibitors of the wildtype alb /p3 
interaction, the yeast system reporter gene was modified. A synthetic compound was 
identified in this system and subsequently demonstrated 100% block of NCC (IC50 
<100 pM) in SCG electrophysiology assays. YTH methods allow rapid structure 
/function analysis to define molecular aspects of ion channel biology. These data 
support investigation of ion channel domains in yeast and its utility for rapid 
identification of pharmacophores. Supported by Am. Cyanamid and Wyeth-Ayerst.
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783.13
SUBTYPES OF CAPACITATIVE CALCIUM ENTRY CHANNEL 
ARE DIFFERENTIALLY EXPRESSED IN MOUSE BRAIN.
Y, Mori1’2*. N. Takada1*2. T. Qkada1. M, Wakamori1. K. Imotok
H.Wanifuchi2 H. Oka2. A. Oba1, K. Ikenaka1, and T, Kurosaki3. 
iNIPS, Okazaki 444, Japan;2IMPB, Univ of Cinti., Cincinnati, OH 
45267;3Inst Hepatic Res., Kansai Med. Univ., Moriguchi 570, Japan. 
Capacitative calcium entry (CCE) is a transmembrane Ca2+ influx that is 
activated by depletion of internal Ca2+ stores, ER, to replenish ER with 
Ca2+. Although phosphatidyl-inositol (Pl)-dependent Ca2+ release from 
ER triggered by various neurotransmitters/hormones has been identified, 
CCE and its physiological importance in excitable tissues including CNS 
is not yet as clarified as CCE in non-excitable cells. To characterize 
CCE pathways in neurons, we isolated cDNAs from mouse brain for 
homologues of TRP that induces light-activated, Pi-dependent Ca2+ 
conductance in Drosophila photoreceptors. The proteins, designated as 
TRP3 and TRP4, showed significant structural relationship to voltage- 
dependent Na+ channels. Recombinant expression of the TRP4 protein 
in HEK cells produced Ca2+ current upon Ca2+ depletion of ER by IP3. 
Both TRP3 and TRP4 mRNAs were predominantly expressed in the 
brain, where they showed a sharp contrast in mRNA distribution. The 
TRP3 mRNA was concentrated in cerebellar Purkinje cells, whereas the 
TRP4 mRNA was highly expressed in CA1 hippocampal pyramidal 
neurons, dentate gyrus granule cells, and neurons in the cerebral cortex 
and septal nuclei. The results raise a possibility that highly divergent 
forms of CCE-dependent depolarizing potential are generated by 
heterogeneous sets of TRP channels in different types of CNS neuron.

CALCIUM CHANNEL EXPRESSION II

784.1
HIGH-VOLTAGE-ACTIVATED CALCIUM CURRENTS ARE 
REDUCED IN CEREBELLAR PURKINJE CELLS FROM THE 
LEANER MUTANT MOUSE. L. S. Dove*. L. C. Abbott and W, H, 
Griffith. Dept. Medical Pharmacol. & Toxicol., College of Medicine; 
Dept. Vet. Anat. & Public Health, College of Veterinary Medicine, Texas 
A&M University, College Station, TX 77843-1114.

Mutations in a gene encoding the P/Q type Ca2’ channel -subunit 
have been reported to underlie certain forms of cerebellar ataxia (Ophoff, 
et al., Celt 87:543-552, 1996; Fletcher, et al., Cell, 87:607-617, 1996). 
The present study examines the function of high-voltage-activated (HVA) 
Ca2' currents recorded in the cerebellar mouse mutant leaner (tgla/tgia}, a 
genetic model of ataxia. Whole cell voltage-clamp recordings of Ca2+ 
currents were made using 2mM barium (Ba2+) as charge carrier. Currents 
were recorded from acutely dissociated cerebellar Purkinje cells of 19-30 
day old leaner mice and compared to currents recorded from age-matched 
wildtype mice of the same strain. Ba2+ currents were elicited by voltage 
steps from holding potentials of -60mV and -80mV. There was no differ-
ence in current-voltage relationship between leaner (n=14 cells, 6 mice) 
and wildtype mice (n=12, 7 mice). In both groups the peak current oc-
curred at voltage steps to -lOmV. However, there was a reduction in peak 
current-density in leaner (-35.3 + 3.5 pA/pF) relative to wildtype mice 
(-98.5 +11.7 pA/pF, p<0.001). These results suggest a reduction in HVA 
current may contribute to the pathophysiology of the leaner phenotype. 
Supported by NIH grants AG07805 (WHG) and NS01681 (LCA).

784.2
EXPRESSION OF THE <x1A VOLTAGE-SENSITIVE CALCIUM CHANNEL 
SUBUNIT IN THE LEANER MOUSE. F, C, Lau*1, I, J. Rhvu2, H. Chin3 and L.
C. Abbott1. ‘Dept. of Vet. Anat. & Public Hlth., Texas A&M Univ., College 
Station, TX 77843-4458.2Dept. of Anat., Coll, of Med., Korea Univ., Seoul, Korea 
136-701. 3Lab. of Neurochemistry, NINDS, NIH, Bethesda, MD 20892-4130.

Among the approximately 20 known cerebellar mutant mice, the leaner (tgh!tg‘u} 
mouse suffers the most severe ataxia. Previous morphologic studies revealed a 
progressive loss of leaner cerebellar granule (gc’s) and Purkinje cells (Pc’s). Recent 
work by our group and others has shown that the gc’s die via apoptosis.

The genetic etiology of the leaner phenotype was identified by Fletcher et al. (Cell 
87: 607-617, 1996) to be a splice-site mutation in the voltage-sensitive calcium 
channel aiA subunit gene resulting in the production of aberrant transcripts and 
putative abnormal a,A proteins. Of the six calcium channel a, subunit genes 
identified thus far, the a1A subunit is most abundantly expressed in the cerebellum. In 
order to gain molecular insights into the relationship between the observed clinical 
pathology and the mutation in the a,A subunit of the leaner mouse, we investigated 
whether mutation in the a1A gene altered the expression of <x1A transcripts and proteins 
in the leaner cerebellum. Expression of aiA transcripts and proteins in postnatal 20- 
day old leaner and age-matched wild-type mice was examined by in situ hybridization 
and immunohistochemistry techniques, respectively. There was no significant 
difference in the quantity or the distribution of a1A mRNA between the leaner and the 
wild-type mice. aiA-immunoreactivity also showed no discernible difference in the 
expression of a1A protein in the cerebellum. Therefore, the splice- site mutation in the 
aIA gene of the leaner mouse did not appear to affect the expression or the localization 
of the mutant protein. It is possible that the observed neurologic disorders in the 
leanermouse is due to altered calcium channel function of the «1A subunit.
Supported by NIH (NSO1681) and a TAMU Interdisciplinary Grant (LCA) and by the 
NINDS, NIH Intramural Research Program (HC).

784.3
FUNCTIONAL AND MOLECULAR DIFFERENCES BETWEEN K4 CHANNELS 
EXPRESSED IN DENTATE GYRUS BASKET CELLS AND CA1 PYRAMIDAL 
NEURONS OF THE HIPPOCAMPUS. M. Martina*. J. H, Schultz8. H. Ehmke§. IL 
Monver* and P, Jonas. Physiologisches Institut Univ. Freiburg 79104, 
^Physiologisches Institut Univ. Heidelberg and *Zentrum fur molekulare Biologie, 
69120 Heidelberg, Germany.

We examined the functional and molecular properties of K+ channels expressed in 
fast-spiking hippocampal dentate gyrus basket cells (BCs) and regular-spiking CA1 
pyramidal cells (PCs) in slices from 10-15 days-old rats, using the nucleated patch 
technique and single-cell RT-PCR. In BC nucleated patches, test pulses applied from a 
holding potential of -90 mV produced sustained outward currents. The midpoint 
potential of the K+ channel activation curve was -20.2 mV (n = 10). The currents were 
blocked by 5 mM external TEA (80%) and by 50 pM 4-AP (40%), and the 
deactivation time course was fast (time constant 1.9 - 3.5 ms at -60 mV). Prepulses to 
-50 mV (8 s) inactivated about 60% of the K+ current; the remaining current was 
completely blocked by 5 mM TEA. This suggests that both a slowly inactivating and 
a non-inactivating population of K+ channels contributed to the macroscopic K+ 
current in BCs. Single-cell RT-PCR analysis showed that Kv3.1 mRNA was expressed 
in 80% of BCs, and Kv3.2 in 100% of BCs tested (n = 23 BCs in total), consistent 
with immunohistochemical data showing high levels of expression of Kv3.1 in certain 
intemeuron subtypes (Du et al. 1996, J. Neurosci., 15, 506-18). In contrast, Kv2 
mRNA was detected in only 45% of BCs tested. These results suggest that the BC K4 
current is mediated by Kv3 channels, sometimes together with members of the Kv2 
family. The same approach was used to study the K+ channels expressed in PCs. As 
shown previously for isolated neurons (Numann et al. 1987, J. Physiol., 393, 331-53), 
these cells showed both a sustained K+ current component (TEA-sensitive) that could 
be isolated holding the patches at -50 mV, and an A-type current (TEA-resistant). 
This component had a decay time constant of 10 - 30 ms and the midpoint potential of 
the steady state inactivation curve was -60 mV. 100% of PCs expressed Kv2 mRNA, 
whereas 0% expressed Kv3.1 or Kv3.2 (n = 11). These results suggest that channels 
responsible for sustained K+ currents are differentially expressed between fast spiking 
(BC) and regular spiking (PC) neurons. These differences in K+ channel subunit 
expression may contribute to the differences in action potential pattern between these 
two neuron types. Supported by GIF (I 0352-073.01/94) and DFG (M.O 432/3-1).

784.4
BLOCK OF N-TYPE CALCIUM CURRENTS BY INHIBITORS 
OF a]b/p3 SUBUNIT INTERACTION. E.S. Lee, R. Sun, S. Lin*, 
R. Franco, M. Husbands, and K. Young1. CNS Disorders, Wyeth- 
Ayerst Research and 'Molecular Genetic Screen Design, American 
Cynamid, Princeton, NJ 08543

The influx of calcium ions through N-type calcium channels is 
important for the release of neurotransmitters and normal CNS 
function. However, it also contributes to neuronal cell death that 
typically occurs in many neurodegenerative disorders and cerebral 
insults. Various neurotransmitters modulate N-type calcium channel 
activity via G-proteins. Research from several laboratories suggest 
that G-proteins inhibit the opening of N-type calcium channels by 
preventing alpha-beta subunit interactions. Synthetic compounds 
which inhibit calcium channel cxlb/p3 subunit association in a yeast 
two-hybrid system were identified and tested on N-type calcium 
channels in rat superior cervical ganglion (SCG) neurons. These 
compounds were also applied to cloned potassium channels (hKV 1.1 
and hKV2.1) in CHO cells as a selectivity control, to determine 
whether their effects were channel-specific. Whole-cell patch-clamp 
recordings identified two compounds that blocked N-type calcium 
currents with an IC50 <100|iM, one reversibly and the other 
irreversibly. The reversible compound exhibited selectivity for the N- 
type calcium channel versus the potassium channels, while the 
irreversible compound inhibited both types of channel at 
approximately equimolar concentrations, suggesting that these 
compounds act via different mechanisms.
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784.5
P-TYPE CALCIUM CURRENT REDUCED BY a,A ANTISENSE
OLIGONUCLEOTIDE IN CULTURED CEREBELLAR PURKINJE CELLS.
S. E. Gillard, S. G. Volsen, W. Smith, R. E. Beattie, D. Bleakman and D. Lodge*.
Lilly Research Centre, Erl Wood Manor, Windlesham, Surrey GU20 6PH, U.K.

The gene coding for the oq subunit of the P-type voltage-dependent calcium 
channel remains undefined. The prime candidate is the a)A gene, the mRNA of which 
is present in Purkinje cells which predominantly express the P-type current, defined 
by block with ca-AgalVA (Mintz et al., 1992, Nature, 355, 827-829).

Cultured cerebellar neurones from El6 rats developed Purkinje cell characteristics 
after 8-16 days in vitro (DIV), i.e. staining for calbindin and GABA and inhibition of 
the majority of the whole cell calcium current by 50nM (O-AgalVA. In these 
experiments Purkinje cells were incubated from DIV 0 with antisense or mismatch 
control phosphorothioated oligonucleotides (ODNs, Biognostik; lpM) against rat cti 
subunits. After 8-15 DIV, the morphology, viability and above immuno-
cytochemistry were unaffected by ODN application. Although there were no 
differences in calcium current density following ODN treatments, 50nM to-AgalVA 
reduced whole cell calcium currents by 19 ± 3% (mean ± S.E.M; n=30) in oqA 
antisense ODN treated cells and by 70 ± 4% (n=26) in mismatch ODN controls. 
Antisense ODNs against a1B and a1E subunits had no effect on the w-AgalVA 
sensitive component (59 ± 5% (n=l6) and 58 ± 4% (n= 14) respectively). Appropriate 
mismatch controls for ocIB and a]E gave reductions of 60 ± 5% (n=l 1) and 51 ± 4% 
(n=14). Similarly, after incubation with 50nM co-AgalVA, a1A antisense treated cells 
showed reduced staining to an anti-co-AgalVA antibody compared to mismatch ODN 
controls (348 ± 7 (n=10) vs 1092 ± 87 (n=8) electrons/pixel/sec).

These results indicate that the pore-forming subunit of the P-type calcium channel 
in Purkinje cells is encoded by the a]A gene.

784.6
RAPID STIMULATION OF CALCIUM CHANNEL ACTIVITY BY 
ESTRADIOL IN RAT PITUITARY MELANOTROPES. G. Cota*,
T. Perez, L. F. Lopez-Santiago and A. Marin. Dept. of Physiology, 
Biophysics and Neuroscience, Cinvestav-IPN, Mexico, D.F. 07000.

Estradiol is known to act rapidly, within a few hours of application, 
on melanotropes, the endocrine cells of the pituitary intermediate lobe 
(IL), to augment the secretion of a-MSH and other peptides. We show 
here that this action involves regulation of voltage-gated Ca channels. 
IL cells from adult female rats were kept in culture for 18 h and then 
exposed to 17li-estradiol (100 nM) or vehicle during 70 min to 7 h. 
Subsequently, melanotropes were examined at 20°C with the whole-
cell configuration of the patch clamp technique to record Ca channel 
activity (HP -80 mV; 5 mM external Ba2+). Peak current during pulses 
to +20 mV increased from -19±4 pA in control cells (meantSE; n=25) 
to -53±7 pA in treated cells (n=20). Membrane capacitance was close 
to 7.0 pF in both cell groups. A comparison of current amplitude at 
different voltages supplemented with tail current analysis revealed that 
estradiol selectively increases the activity of high-threshold Ca 
channels. Furthermore, the increase depended on the duration of 
estradiol treatment. A maximal elevation of current amplitude (four-fold 
increase above the control value; pulses to +20 mV) was observed 
within 70-90 min. Thereafter, current amplitude exponentially declined 
towards its basal level with a time constant of about 1.7 h. This 
marked and transient stimulation of Ca channel activity may have a 
strong impact on hormone secretion. Partially supported by the HHMI.

784.7
EXPRESSION OF N-TYPE Ca2+ CHANNELS BY RETINOIC ACID IN HUMAN 
NEUROBLASTOMA CELLS IS NOT RELATED TO REST GENE EXPRESSION. 
G. Campana, S. Cacciaguerra, I. Mengarelli, C. Selva and S.Spampinato*.
Department of Pharmacology, University of Bologna, Irnerio 48,40126 Bologna, Italy 

Neuroblastoma cells are capable of differentiating in vitro in response to 
pharmacological agents to mature neurons. Ca2+ channels have been implicated in 
controlling neuronal development and to influence multiple, distinct, long-term 
properties of the mature cells. Our aim was to evaluate the gene expression of the ro 
conotoxin-sensitive N-type Ca2+channel (a neuron specific protein) in IMR 32 human 
neuroblastoma cells differentiated with retinoic acid (RA ;10 pM) adopting a RNAse 
protection assay. Although few genes that are regulated by RA have been identified 
in the nervous system, we have found that this agent induced a significant increase of 
mRNA coding for the N-type Ca2+ channel; this increment was maximal at 24h of 
exposure (the increment was 58± 2.5 % over the control ;n=3) and, in parallel, RA 
inhibited cell proliferation and induced cell differentiation. In differentiated cells 
loaded with fura-2. a significant increase of cytosolic Ca2+. induced by 50 mM KCI
(139.8 ± 2.8 vs 84.3 ± 3.35 nM ; n=4 ;p<0.01) and blocked by co conotoxin GVIA 
(101.17 ± 5.49 nM ; n=4 ; p>0.05 vs control), was detected. Cells exposed for 2 days 
to RA, and deprived of this factor for 5 days, regain the proliferative properties; 
moreover, a significant reduction of mRNA levels coding for the N-type channel was 
observed (the increment was 3 ± 1 % over the control ;n=3). Neuronal differentiation 
not only entails the acquisition of various molecular characteristics but also involves 
the loss of expression of several' genes. REST, a factor that prevents the expression of 
neuronal genes as type II sodium channel in immature neuronal and in non-neuronal 
cells, has been included among these latter genes. We observed that mRNA coding 
for REST (detected by RT-PCR) is equally expressed in non differentiated and in 
RA-treated IMR 32 cells. Therefore, this silencer is not crucial to repress the 
expression of the N-type Ca2+ channel.

784.8
SINGLE CHANNEL AND MACROSCOPIC CURRENT ANALYSIS OF S3- 
S4 SPLICE VARIANTS OF THE N-TYPE Ca CHANNEL. Pascal Bochet, 
Zhixin Lin, Yingxin Lin & Diane Lipscombe*. Department of Neuroscience, 
Brown University, Providence, Rl 02912.

We have previously shown that alternative splicing in the S3-S4 extracellular 
linkers in domains III and IV of the Ca channel a1B-subunit generate N-type Ca 
channels with different kinetic properties (Lin et al., 1997). In addition, we have 
shown that these splice variants are expressed in rat sympathetic neurons and 
that their presence may account, at least in part, for kinetically distinct N-type 
Ca channels observed in the native cell. Here we begin to characterize the single 
channel properties of these a1B splice variants, transiently expressed in Xenopus 
oocytes. We obtained cell-attached patch recordings from Xenopus oocytes 
expressing either rnaIB.b (ASFMG IIIS3-S4; +ET IVS3-S4) or rna1B_d (+SFMG 
IIIS3-S4; AET IVS3-S4) together with rbP3. The average single channel 
conductance of the more slowly gating variant, rna1B.b, was 21 ± 1 pS (n=3) 
compared to 29 ± 2 pS (n^3) for rna1B_d (more rapidly gating). 110 mM Ba was 
used as the charge carrier. These conductance estimates suggest that splicing in 
the S3-S4 linker might influence ion permeation in the two a1B variants. Site 
directed mutagenesis studies have also indicated that the major determinant of 
the different gating kinetics between rna1B.b and rna1B_d is the presence or 
absence of the two amino acids ET in the IVS3-S4 extracellular linker. 
Interestingly, neutralizing Glu 1558, the only charged amino acid different 
between rna1B.b and rnaIB_d, to Ala had no affect on channel gating kinetics 
(E1558A: 3.0 ± 0.2 ms, n=7) compared to wild-type (2.9 ± 0.2 ms, n=6). We are 
currently analyzing single channel currents induced by the expression of the 
E1558A mutant to determine whether this mutation, which does not affect 
gating might influence ion permeation. NIHNS29967.

784.9
THE ROLE OF GLUTAMATE RECEPTORS IN THE DOWN-REGULATION OF 
THE T CURRENT IN IMMATURE HIPPOCAMPAL CA1 NEURONS. T.T. Le, S. 
Ge, J. Engel, Jr.* and C.E. Niesen. Div. of Neurology, Childrens Hospital Los 
Angeles, Univ. of Southern Calif., Neurosci. Program, Los Angeles, CA 90027 
and Dept. of Neurology, Reed Neurologic Res. Center, Los Angeles, CA 90024.

In the postnatal period, the T current undergoes a rise and later decline in 
size, being absent in CA1 neurons after 18-20 days of life. We have shown that 
this developmental decline is due to an activity-dependent process since incu-
bating hippocampal slices in tetrodotoxin (TTX) for one week prevented the 
down-regulation of the T current. To determine the membrane receptor and 
intracellular pathways that mediate this event, we prepared hippocampal organ-
otypic cultures according to Stoppini et. al. (1991) and exposed slices to various 
receptor/channel antagonists and kinase inhibitors. Slices were incubated in 50 
pM APV, 20 pM CNQX, 2 pM nimodipine, 2-3 pM genistein, 2 pM suramin or 
APV + CNQX for 7-9 days. Whole cell voltage-clamp recordings of calcium 
currents were performed on CA1 neurons at the end of the treatment period. 
Nimodipine and suramin, a purine, P2X/2Y, receptor antagonist, had no effect on 
the disappearance of the T current. Incubation with either glutamate blocker, 
APV or CNQX, partially preserved the T current, though its amplitude was 
smaller and its inactivation was slower than in TTX-treated neurons. The decay 
time (90%-10% peak amplitude) was 40-50 msec in APV or CNQX vs. 25-30 
msec in TTX, though the current's time to peak was unchanged. The combina-
tion of APV + CNQX had no additional effects. Genistein produced smaller 
high-voltage activated currents but the T current still disappeared. These results 
show that blockade of either NMDA or AMPA receptors prevented T current 
down-regulation, in part, but also altered channel kinetics. Tyrosine kinases and 
Ca2+ entry through L channels are not involved in the activity-dependent de-
cline of the T current. Supported by NIH NS K08-01747.

784.10
CYCLIC-AMP INCREASES EXPRESSION OF THE L-TYPE CALCIUM 
CHANNEL IN AtT20 CELLS
J. Xie, A.K.Ritchie*, G.T.Nagle, G.Taglialatela, and G.V.Childs. Depts. of Anat. & 
Neurosci., and Physiol. & Biophys*., Univ. Texas Med. Br., Galveston, TX 77555

CRH stimulates adenylyl cyclase and increases ACTH secretion in rat anterior 
pituitary corticotropes and in the murine AtT20 cell line. The stimulation of 
secretion is mediated by cAMP and is largely dependent on Ca2+ influx through 
voltage dependent L-type Ca2+ channels. To investigate whether cAMP also 
increases expression of the L-type Ca2+ channel in AtT20 cells, a RNase protection 
assay (RPA) was used to measure the alC mRNA that encodes the pore-forming 
subunit of the L-type Ca2+ channel. A 416-nucleotide RNA probe was developed 
from the rat anterior pituitary' by RT-PCR. The alC mRNA level was measured by 
autoradiographic densitometry and normalized to the |3-actin mRNA level in the 
same sample. The amount of L-type Ca2+ channel protein in AtT20 membrane 
fragments was measured using a [3H]200-l 10 binding assay. A 24 hr treatment with 
ImM 8Br-cAMP had no effect on the |3-actin level but significantly increased the 
otIC/|3-actin mRNA ratio by 39 ± 4% (Mean ± SEM, n=10) over its control. 8Br- 
cAMP had no effect on the ot 1C or |3-actin mRNA turnover rate, determined by 
measuring the half-time of the decrease in mRNA after inhibition of transcription 
with 2pM actinomycin D. The ti/2 for alC mRNA was 4.7 ± 0.3 hrs in control and
5.2 ± 0.6 hrs in the presence of 8Br-cAMP. These results suggest that the increase 
in alC mRNA induced by 8Br-cAMP is probably due to an increase in transcription 
rather than an increase in mRNA stability. A 24 hr treatment with 8Br-cAMP 
increased [3H1200-l 10 binding sites by 32% (Bmax = 36.0 ± 1.2 fmol/mg protein in 
control vs 47.4 ±3.2 fmol/mg protein in 8Br-cAMP treated cells; n = 3, p < 0.05) 
but did not change the Kd. We conclude that 8Br-cAMP causes a small but 
significant increase in the expression of ot 1C mRNA and L-type Ca2+ channel 
protein in AtT20 cells. Supported by NIH grant DK44363.
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784.11
ANALYSIS OF T-TYPE Ca CURRENTS IN CNS NEURONS USING AN 
ADENOVIRUS BASED ANTISENSE STRATEGY. D, Brink. H, Guthrie.
D. Nelson. I, Kovesdi and TX-Snutcht Biotechnology Lab., Univ. of British 
Columbia, Vancouver, BC, V6T 1Z3 and GenVec, Rockville, MD 20852.

Low voltage activated Ca currents (LVA or T-type) are prominent in CNS 
neurons including those from the habenula, thalamic reticular nucleus and 
cerebellum. LVA currents support low threshold spikes and burst firing, and 
are distinguished by a low activation threshold (~ -60 to -50 mV) and rapid 
inactivation kinetics. LVA currents are physiologically and
pharmacologically diverse and their study has been hindered by lack of 
specific and efficacious pharmacological probes. The aim of this work is to 
investigate the role of LVA currents in burst firing in thalamic neurons. We 
hypothesize that the LVA Ca current in thalamic neurons is, at least in part, 
encoded by the recently identified aJE Ca channel. To test this we inserted a 
145 bp antisense fragment of cciE into the pAdVA adenovirus vector.
Infection of the aJE virus into cultured neurons results in the high level 
expression of antisense a!E mRNA (est. > 105 copies per cell). At an moi of 
2, infection of a mixed population of cultured dorsal thalamic and habenular 
neurons significantly reduces endogenous LVA Ca currents (> 60%). The 
effect appears to be specific since there is no detectable effect of pAdVA 
antisense ajE on high threshold Ca currents in these cells. Similarly, LVA Ca 
currents are not affected by a control virus expressing Lac-Z. Preliminary 
evidence suggests that there may be multiple components to thalamic and 
habenular LVA Ca currents and we are testing whether pAdVA antisense cc!E 
inhibition is targeted to a single subtype of LVA Ca current.

Supported by the Savoy Foundation.

784.12
KINETICS OF co-CONOPEPTIDE BLOCK IN RECOMBINANT B-CLASS 
Ca2* CHANNELS ARE AFFECTED BY THE a25 SUBUNIT. D. M. Rock*1, S. 
J. Stoehr1 and J. Offord2. ’Neuroscience Therapeutics and ^Molecular 
Biology, Parke-Davis Pharmaceutical Research Division of Warner-Lambert 
Co., 2800 Plymouth Rd., Ann Arbor, Ml 48105.

Studies of the interaction of peptide toxins with voltage-gated Ca2+ channels 
have been useful in structure-function studies of the subunits of voltage-
gated Ca2+ channels as well as differentiating Ca2* channel subtypes. Last 
year we reported that the ro-conpeptides SNX-111 [MVIIA], SNX-230 [MVIIC] 
and SNX-238 [MVIID] blocked both recombinant B-class Ca2+ (a1B) channels 
and N-type Ca2* channels in rat superior cervical ganglion neurons. However, 
the rate of block was approximately 10 fold slower in the recombinant 
channels, suggesting distinct differences between the native neuronal 
channels and recombinant B-class Ca2+ channels.

Using whole-cell voltage-clamp techniques, we compared the kinetics of ©- 
conopeptide interactions with stably expressed recombinant Ca2+ channels 
formed by the combination of human neuronal a1B, human neuronal p2 and 
either rabbit skeletal muscle a28 or porcine neuronal a28 (cloned by Jason 
Brown; Gee,NS et al., JBC, 271:5768-5776, 1996) in HEK-293 cells. SNX-111 
[MVIIA] and SNX-230 [MVIIC] blocked Ca2* channels in both B-class cell lines, 
but there were differences in the kinetics of the block. On rates were slower in 
the B-class cell line with rabbit skeletal muscle a28 compared to the cell line 
with porcine neuronal a25 for both SNX-111 and SNX-230. The rate of block 
in B-class cell lines containing porcine neuronal a2S was similar to that 
observed in native neuronal N-type channels.

These studies suggest that the a28 subunit may either affect the 
conformation of the a! subunit or the local environment of the conopeptide 
binding site to modify the interaction between voltage-gated Ca2+ channels 
and ro-conopeptides,[Supported by Warner-Lambert Co. and Neurex Corp ]

784.13
STRUCTURAL AND FUNCTIONAL ANALYSIS OF THE CALCIUM 
CHANNEL SUBUNIT ENCODED BY THE C. ELEGANS unc-2 GENE.
E. Mathews*. G, Mullen, D. Brink. D.G. Moerman and T.P, Snutch.
Biotechnology Lab., Univ. of British Columbia, Vancouver, BC, V6T 1Z3. 

The unc-2 gene in Caenorhabditis elegans encodes a voltage-gated calcium
channel et] subunit most closely related to the cti subunits expressed in the 
mammalian nervous system. As part of our genetic and molecular study of 
calcium channel structure and function, a precomplementation screen was 
performed to isolate eleven new alleles of unc-2. These alleles result in mild 
to very severe defects in movement and egg-laying and we have begun 
sequencing them to identify the underlying sequence alterations. To date, 
mutations in four alleles have been identified: ra605, ra610, ra611 and ra612. 
Two of these, ra605 and ra610, are nonsense mutations that may eliminate 
unc-2 function. Two others, ra611 and ra612, are missense mutations in the 
pore region of domain IV and the carboxyl tail, respectively, and encode 
amino acids conserved between nematodes and mammals. We are presently 
introducing the ra611 and ra612 alterations into the rat brain cc!D N-type 
channel to determine their effects on channel properties. To study the 
distribution of the unc~2 subunit in situ we generated an antibody (FP2) that 
recognizes the intracellular linker connecting domains II and III. This 
antibody is currently being used to examine the expression pattern of the 
UNC-2 channel in wildtype and mutant animals. We are also undertaking 
reversion screens to identify second site mutations in unc-2 or in other genes 
which suppress the effects of the original mutations.

Supported by the Heart and Stroke Foundation of B.C. & Yukon.

ACETYLCHOLINE: RELEASE STUDIES

785.1
ROLE OF SEROTONINia  RECEPTORS IN ACETYLCHOLINE 
RELEASE IN THE RAT FRONTAL CORTEX: AN IN VIVO 
BRAIN MICRODIALYSIS STUDY.
H. Hirano*, M. Hirata, M. Yamada and Y. Matsuda. Department of 
Neuropsychiatry, Yamaguchi University School of Medicine, Ube City, Yamaguchi 
755,Japan.

The role of serotonin (5-HT)iA receptors in the serotonergic regulation ofcortically 
projecting cholinergic neurons was studied using in vivo microdialysis to measure 
extracellular acetylcholine (ACh) concentrations in the frontal cortex of freely moving 
rats.

Systemically administered selective serotonin (5-HT),A receptor agonist 8-OH- 
DPAT (0.1 mg/kg, s.c.) failed to affect cortical ACh output. Local application of the 
selective 5-HT uptake inhibitor fluoxetine (1 gM for 60 min) in the dorsal raphe 
nucleus significantly decreased basal ACh output. In contrast, locally applied 8-OH- 
DPAT (100 nM, 10 (J.M for 60 min, respectively) in the frontal cortex via reverse 
dialysis did not produce any change in basal ACh output. 8-OH-DPAT (10 ji M fa- 
60 min) applied in the frontal cortex 30 min after the injection of fenfluramine (10 
mg/kg, i.p.), however, significantly potentiated fenfluramine's ability to increase 
cortical ACh release. Intraperitoneal injection of 5-Methoxy-O-DMT (2.5 mg/kg) 
significantly increased cortical ACh output for 30 min.

These results suggest two possibilities. First, the 5-HT]A receptors in the dorsal 
raphe nucleus and in the cortex may play an inhibitory and stimulatory role, 
respectively, in the serotonergic regulation of ACh release in the frontal cortex. 
Second, the function of 5-HT!A may increase with increasing activity of 5-HT^, 
resulting in the increase in ACh release via 5-HT]A receptors.

(supported by the Ministry of Education, Science and Culture of Japan.)

785.2
SEROTONERGIC INPUT TO CHOLINERGIC NEURONS IN THE SUBSTANTIA 
INNOMINATA AND NUCLEUS BASALIS MAGNOCELLULARIS IN THE RAT,.A 
Gasbarri*-, A. Sulli-, C.Pacitti- and -J.L.McGaugh. 'Dept. of Science and Biomedical 
Technology, University of L’Aquila, L’Aquila (Italy) and 2Center for the Neurobiology 
of Learning and Memory , UCI, Irvine. CA 92717-3800.

The aim of the present study was to determine whether the serotonergic fibers originating 
from the dorsal raphe nucleus (DR-B7), medial raphe nucleus (MR-B8) and ventral 
tegmentum (B9) make synaptic contacts with cholinergic neurons of the nucleus basalis 
magnocellularis (NBM) and substantia innominata (SI)- For this purpose we utilized: a) the 
anterograde transport of Phaseolus vulgaris leucoagglutinin (PHA-L) combined with choline 
acetyltransferase (ChAT) immunohistochemistry; b) ChAT/tryptophan hydroxylase (TPH) 
double immunohistochemistry', and c) the Fluoro Gold (FG) retrograde tracer technique 
combined with TPH immunohistochemistry. Following iontophoretic injections of PHA-L in 
the DR, labeling was observed primarily in the ventral aspects of NBM and in the 
untermediate region of SI. When PHA-L was combined with ChAT immunohistochemistry, a 
close association between the PHA-L positive fibers and cholinergic neurons was observed, 
even though the majority of the PHA-L immunoreactive terminals seems to establish contact 
with non-cholinergic elements.. Following PHA-L injection in MR, very' few labeled fibers 
with no evident close contact with NBM and SI cholinergic neurons were observed. After 
TPH/ChAT double immunohistochemistry, a plexus of TPH positive fibers in the vicinity of 
ChAT-immunoreactive neurons of SI and NBM was observed, and some serotonergic 
terminals have been shown to come in very close contact with the cholinergic cells. Following 
FG injection in NBM and SI the majority of retrogradelv labeled neurons was observed 
mainly in the ventromedial cell group of DR. In this area a minority- of the FG positive neurons 
was TPH immunoreactive. These findings show that serotonergic terminals, identified in very 
close association with the cholinergic neurons in the SI and NBM, derive primarily from B7 
serotonergic cell group of DR, and provide the neuroanatomical evidence for a direct 
functional interaction between these two neurotransmitter systems in the basal forebrain. 
Supported by Italian MURST (CP).
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785.3
DIFFERENTIAL EFFECTS OF GALANIN ON BASAL AND SCOPOLAMINE- 
EVOKED ACETYLCHOLINE RELEASE IN THE STRIATUM AND HIPPO-
CAMPUS OF ANAESTHETIZED AND AWAKE RATS. J, Kehr*. K. Snitt. K. 
Antoniout. S.O. Ogren. Dept. of Neuroscience, Karolinska Institute, 171 77 Stock-
holm, Sweden; fDept. Exp. Pharmacol., Univ. of Athens, 11427 Athens, Greece.

Several biochemical studies indicate that galanin (GAL) may exert inhibitory mod-
ulatory actions on acetylcholine (ACh) release in the basal forebrain. We have previ-
ously reported that GAL (0.3 nmol/pl) perfused through a microdialysis probe 
implanted in the striatum (STR) of enflurane anaesthetized (AN) rats increased basal 
(5.46+1.21 pmol/20pl) ACh release to 160-200%, whereas in the ventral hippocam-
pus (HIP) of awake (AW) rats basal extracellular ACh (0.438±0.096 pmol/lOpl) was 
reduced by about 50% (Neuroscience,1996,75,1127-1140). The present study shows 
that the same dose of GAL in the STR of AW rats similarly reduced basal ACh 
release by about 40% of control values (8.22±1 pmol/20 pi). No effects of GAL 
were observed in the HIP of AN rats, where enflurane itself caused a decrease of basal 
ACh values down to 0.174+0.03 pmol/10 pi. Both the stimulatory and inhibitory 
effects of GAL on basal ACh release were concentration-dependent and reversible. 
GAL given i.c.v. (3 nmol/10 p.1) or through the probe (0.3 nmol/pl) in combination 
with scopolamine (0.1 mg/kg sc or lpmol/pl) significantly attenuated scopolamine- 
induced increase (850% or 500%) of ACh in the HIP but caused (0.3 nmol/pl) only 
partial attenuation in the STR of AW rats. A putative GAL antagonist M35 (0.1 
nmol/pl) caused a significant 20% reduction of basal ACh release in the STR of AW 
rats while a co-infusion of M35 and GAL (0.3 nmol/pl) in AW rats blocked fully the 
GAL-induced decrease of ACh release. These data suggest that GAL is a potent inhib-
itory modulator of both basal and scopolamine-induced ACh release in the STR and 
HIP of awake rats. The action of GAL on ACh release is mediated via stimulation of 
GAL receptors and is sensitive to general anaesthesia.

Sources of support: Swedish Medical Research Council, Ake Wibergs Stiftelse, Magnus 
Bergvalls Stiftelse and Loo och Hans Ostermans Stiftelse.

785.4
Inhibition of Synapticaliy Evoked Cortical Acetylcholine Release by 
Adenosine: An In Vivo Microdialysis Study. L, M. Materi*1. D, D, 
Rasmusson2, and K, Semba1. Departments of 1Anatomy & Neurobiology and 
2Physiology & Biophysics, Dalhousie University, Halifax, N.S., Canada

Acetylcholine (ACh) is implicated in cortical activation and its accumulation 
in the cortex is known to vary depending upon the behavioural state of the 
animal. Adenosine (AD) has been suggested to be a sleep-promoting factor. 
In order to identify the role of AD in regulating cortical ACh release, we 
examined the effects of AD and selective agonists and antagonists on 
cortical ACh release evoked by electrical stimulation of the pedunculopontine 
nucleus using microdialysis in urethane anesthetized Wistar rats. Once 
baseline cortical ACh levels were collected, one train stimulation (E1; 1/min 
for 20 min) was delivered. Following recovery, an identical second train (E2) 
was delivered with or without a drug added to the perfusate. Preliminary 
results show that the E2/E1 ratio for evoked ACh release in controls was
1.135. This ratio was significantly reduced in a dose dependent manner by 
AD (0.78 at 1 mM and 0.41 at 5 mM). Effects of the lower dose of AD were 
mimicked by low doses of the selective A1 receptor agonist CPA (0.76 at 0.1 
mM and 0.72 at 0.5 mM). However, a higher dose of CPA (2.5 mM) did not 
affect the ratio (0.98) possibly due to additional activation of excitatory A2a 
receptors. The non-selective AD receptor antagonist 8-PT (1 mM) increased 
evoked ACh release with the ratio of 1.30. These results suggest that AD 
inhibits synapticaliy evoked ACh release in the cortex in vivo, probably 
through activation of presynaptic A1 receptors, and that during sustained 
activation, metabolically released AD can inhibit cortical ACh release leading 
to decreased arousal and increased propensity to sleep. This work was 
supported by NSERC, MRC, and the Scottish Rite Charitable Foundation of 
Canada.

785.5
PREGNENOLONE SULFATE INCREASES CORTICAL AND 
HIPPOCAMPAL ACETYLCHOLINE RELEASE : A MICRODIALYSIS 
STUDY IN BEHAVING RATS. M. Darnaudery, M. Koehl, M, Pallares. M. Le 
Moal and W. Mayo*. Lab. de Psychobiologie des Comportements Adaptatifs, 
INSERM U.259, 33077 Bordeaux Cedex, France.

Neurosteroids are synthesized de novo in the brain independently of peripheral 
sources. Some of them are the most potent memory enhancers yet discovered, 
however the mechanisms underlying the link between neurosteroids and memory 
remain unclear. Pregnenolone sulfate (Preg-S) is the most active pro-mnesic 
neurosteroid. It reverses scopolamine-induced amnesia, and enhances memory 
performance when infused into the nucleus basalis magnocellularis (NBM) - the 
major source of cortical cholinergic innervation-, suggesting a possible 
modulatory action of neurosteroids on central cholinergic systems. In order to test 
this hypothesis, the effects of intra-cerebro-ventricular injections of Preg-S (5pg to 
80pg/20pl) on basal release of acetylcholine (ACh) were investigated in various 
regions of the brain, using in vivo microdialysis. Simultaneously, behavioral 
effects were quantified. Results show that Preg-S enhances in a dose-dependent 
manner ACh release in the prefrontal cortex and hippocampus, but is inefficient 
to provoke release in the striatum. 40pg Preg-S administration results in a two-
fold increase of ACh release in the frontal cortex, and five-fold in the 
hippocampus relative to baseline. Behavioral data show the same dose-effect on 
rats activity. This behavioral activation is associated with cortical and 
hippocampal ACh release but not with striatum release. As Preg-S is a negative 
allosteric modulator of the GABAa  receptor and it is known that GABA-mediated 
transmission exerts a tonic inhibition of cholinergic neurons in the NBM and in 
the medial septal nucleus, our results suggest that antagonism of GABAa  
receptors leads to an activation of ACh system and that this effect could mediate 
the pro-mnesic action of Preg-S.

785.6
REGIONAL SELECTIVITY OF THE a2-ADRENOCEPTOR ANTAGONIST 
DEXEFAROXAN (DXFX) TO INCREASE ACETYLCHOLINE (ACh) RELEASE IN 
THE RAT BRAIN IN VIVO. M. Marien*. S. Tellez, J-C. Martel and F. Colpaert, 
Centre de Recherche Pierre Fabre, Castres 81106, France.

We have previously shewn in microdialysis studies that the release of ACh in the 
medial prefrontal cortex (PFC) of conscious rats is modulated by a2-adrenoceptor 
agonists and antagonists (Tellez et al, 1997. J. Neurochem. 68, 778). For example, i.p. 
injection of the selective a2-antagonist DXFX increased ACh outflow by up to 300%. 
To evaluate the regional selectivity of this systemically-administered drug effect, 
microdialysis experiments targeted the following structures: medial prefrontal cortex 
(PFC), ventral hippocampus (HIP), amygdala (AMYG), dorsal thalamus (THAL) and 
caudate-putamen ;CP). After a 3 h equilibration period, ACh levels in baseline samples 
as measured by HPLC (0.5 pM neostigmine present) were (pg / 20 min sample / mm 
probe membrare length, mean ± SEM, n = 3-6 rats per region): PFC, 44 ± 6; HIP, 18 ± 
5; AMYG, 5’ ± 12; THAL, 13 ± 4; CP, 204 ± 55. Injection of vehicle i.p. alone 
produced an immediate 2-fold increase in ACh outflow in PFC, AMYG and HIP which 
returned to baseline within 40-60 min, while outflow was not affected in THAL or CP. 
DXFX injection (0.63 mg/kg i.p.) resulted in an immediate 2-2.5 fold increase in ACh 
outflow in PFC, AMYG and HIP which persisted for 2-3 hours post-injection; in 
contrast, ACh outflow in THAL and CP was not altered. The regional effects of DXFX 
when expressed as an area-under-the-curve measurement (cumulative % change from 
baseline between 0-200 min post-drug, mean of 3-6 rats), were: PFC, 1381; HEP, 970; 
AMYG, 480; THAL, 100; CP, 95. The ACh-releasing effect of DXFX appears 
selective for those cholinergic projection systems which respond to handling 
procedures (vehicle injection) and which are thought to be involved in vigilance, 
attention, learning and memory. As in PFC, the ACh projections to HIP and AMYG 
may be under a tonic noradrenergic influence that can be modulated by ot2- 
adrenoreceptors. a2-Adrenoceptor antagonists such as DXFX may have a therapeutic 
potential in disorders where deficits of ACh release in these brain regions are involved.

785.7
BASAL ACETYLCHOLINE RELEASE IN THE LEECH GANGLION 

MODULATES THE SEROTONERGIC RETZIUS NEURONS.
Antonia Marfn-Burgin and Lidia Szczupak*. Dto. de Fisiologta, Facultad tfe 
Medicina. Paraguay 2155 piso7, 1121 Capital Federal. Argentina.

The Retzius (Rz) neurons are a pair of large cells present in each segmental 
ganglion of the leech, that contain more than half the serotonin of the nervous system 
of this annelid. Cholinergic agonists produce complex electrophysiological responses 
in these neurons that are segment-specific. The aim of this work was to examine the 
effects of endogenous acetylcholine (ACh) inputs onto the Rz. neurons.

We performed intracellular recordings of Rz neurons in isolated standard 
midbody ganglia, superfused with solutions containing acetylcholinesterase (AChE) 
inhibitors. Eserine and neostigmine (1-100 pM) elicited a strong depolarization of Rz 
neurons that was sensitive to extracellular calcium levels, and whose amplitude and 
latency were dose-dependent. The neostigmine induced-depolarization was inhibited by 
the nicotinic antagonists curare (100 pM) and hexamethonium (20()pM) and by 
preincubation with nicotine (10 fiM), indicating that the response was mediated by 
receptors with nicotinic binding sites. On the other hand, superfusion of Rz neurons 
from reproductive segment 6 with neostigmine produced an hyperpolarizing response, 
in agreement with the segment-specificity of the cholinergic responses.

Exposing the ganglia to a dose of curare (100 pM) that abolished the 
neostigmine-induced depolarization caused, by itself, an increase of around 40% in the 
input resistance of Rz neurons. In these conditions the excitatory synaptic input from 
mechanosensory' neurons onto the Rz neurons was increased by 90%.

Taken together these data reveal the existance of a prominent spontaneous 
ACh release in the leech ganglia, that is efficiently counteracted by ganglionic AChE 
activity. Moreover, the results suggest that, in physiological conditions, this basal 
release activates depolarizing currents in the Rz neurons that exert a negative 
modulation of their synaptic responsiveness.
This project was supported by a grant from Fundacidn Antorchas.

785.8
THE PARALLEL ASSESSMENT OF ACETYLCHOLINE EFFLUX IN 
TWO CORTICAL AREAS: EFFECTS OF TACTILE STIMULATION 
AND CHOLINESTERASE INHIBITOR CONCENTRATION. A.M. 
Himmelheber*. J, Fadel. M. Sarter. and J.P, Bruno, Department of Psychology and 
Neuroscience Program, The Ohio State University, Columbus, OH 43210.

Cholinergic innervation of the neocortex is predominantly provided by neurons 
originating in the basal forebrain. These cholinergic projections appear to innervate 
different cortical regions in a diffuse, relatively uniform manner. While a comparison of 
results across studies suggests that acetylcholine (ACh) release may be similar in different 
areas of the cortex, few microdialysis studies have measured ACh efflux in more than one 
cortical area in the same animal. Furthermore, in most experiments that measure cortical 
ACh efflux, it has been necessary to include an acetylcholinesterase (AChE) inhibitor in 
the perfusion fluid to elevate ACh to detectable levels for analysis. The present study 
addressed both of these issues by simultaneously measuring ACh efflux from the medial 
prefrontal and the frontoparietal cortex, in the presence of a low (0.05 pM) or high (0.5 
pM) concentration of the AChE inhibitor neostigmine, under both basal and stimulated 
conditions. While the inclusion of 0.5 pM neostigmine in the perfusion fluid reliably 
increased baseline levels of ACh efflux in both cortical areas, the concentration of 
neostigmine did not significantly affect either the magnitude (120% change from baseline) 
or the duration (up to 30 min) of the increase in ACh efflux resulting from tactile 
stimulation. Furthermore, ACh efflux was similar in medial prefrontal and frontoparietal 
cortex both during basal sessions and following tactile stimulation. These results suggest 
that the cholinergic projections from the basal forebrain to different areas of the cortex may 
represent a globally regulated system, and indicate that the inclusion of up to 0.5 pM 
neostigmine in the dialysis perfusion fluid does not interfere with the responsivity of 
cortical ACh release under basal or stimulated conditions.
(Supported by NIA Grant 10173 to M.S. and J.P.B.)
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785.9
AGING-RELATED DEFICITS IN CORTICAL ACETYLCHOLINE 
RELEASE FOLLOWING BASAL FOREBRAIN CHOLINERGIC 
LESIONS. M, Sarter*, J. Fadel, and J.P. Bruno. Psychology Dept. and 
Neuroscience Program, The Ohio State University, Columbus, OH 43210.

The use of aged rodents as animal models of age-related cortical cholinergic deficiency 
has met with inconsistent and heterogeneous results. The use of age as an interacting, 
rather than independent, variable may represent a more powerful approach to revealing 
age-related deficits in cortical cholinergic transmission. Using in vivo microdialysis, we 
have previously demonstrated that an activating conditioned stimulus (darkness paired with 
palatable food) increases cortical ACh efflux, and that the magnitude of this effect is 
potentiated when preceded by systemic administration of the benzodiazepine receptor 
(BZR) selective inverse agonist ZK 93426. The present microdialysis experiments focus 
on interactions between aging and cholinergic basal forebrain lesions on cortical ACh 
efflux. No differences in basal or stimulated (darkness/fruitloop plus ZK 93426,1.0 or 
5.0 mg/kg, ip) cortical ACh efflux were observed between young (4-7 mo) and old (24-28 
mo) sham-lesioned male F344/BNNia rats. Furthermore, intrabasalis infusions of the 
selective cholinotoxin 192 IgG-saporin (0.56 gg/gl/henrisphere) produced significant 
(>60%) and comparable reductions in basal cortical ACh efflux in both young and old 
animals. However, whereas young lesioned rats retained a capacity for stimulated cortical 
ACh efflux comparable to that of non-lesioned animals, aged lesioned animals did not. 
These data do not support the existence of age-related differences in basal cortical ACh 
efflux in control or lesioned rats, but do indicate that the ability of a compromised 
cholinergic system to respond to various types of stimulation may differ as a function of age 
at the time of lesion.
(Supported by NIA 1073 to M.S. and J.P.B. and NIMH K02 01072 to M.S.)

785.10
BASAL FOREBRAIN GLUTAMATERGIC MODULATION OF 
CORTICAL ACETYLCHOLINE RELEASE J, Fadel*. M, Sarter. and J.P. 
Bruno. Psychology Dept. and Neuroscience Program, The Ohio State University, 
Columbus, OH 43210.
Despite a growing understanding of the dopamine- and GABA-benzodiazepine-receptor 

modulation of cortical acetylcholine (ACh) release, little is known about excitatory 
neurotransmission at the level of the cholinergic basal forebrain (CBF) to stimulate 
cortical ACh release. The high density of excitatory amino acid receptors in the CBF, 
and the existence of putatively glutamatergic projections to the CBF from forebrain 
regions such as the cortex and amygdala suggest that glutamatergic activity in the CBF 
may participate in tonic basal and/or phasic stimulated cortical ACh release. Here, we 
utilize in vivo microdialysis with a dual probe design to assess the effects of reverse- 
dialysis delivery of the non-specific ionotropic glutamate receptor antagonist kynurenate 
(KYN; 1 mM) into the CBF on basal and stimulated cortical ACh release. Cortical ACh 
release was stimulated by presentation of a complex conditioned stimulus (darkness paired 
with palatable food) or by systemic administration of amphetamine sulfate (AMPH; 2 
mg/kg), manipulations which typically increase cortical ACh efflux by >100% or >300%, 
respectively. Perfusion of the CBF with KYN prior to stimulation did not significantly 
affect basal cortical ACh efflux. However, intra-basalis KYN did abolish or significantly 
attenuate, respectively, the darkness/food- or AMPH-induced increases in cortical ACh 
efflux. We further investigated the ability of glutamatergic transmission within the CBF 
to stimulate cortical ACh release by intra-basalis perfusion with the glutamate receptor 
agonist N-methyl-D-aspartate (NMDA). NMDA (200 pM) rapidly and significantly 
(>200%) elevated cortical ACh efflux. Together, these data do not support the hypothesis 
that ionotropic glutamatergic transmission within the CBF plays a primary role in 
maintaining basal levels of cortical ACh release, but do suggest a significant 
glutamatergic contribution to stimulated cortical ACh release.
(Supported by NIA 1073 to M.S. and J.P.B. and NIMH K02 01072 to M.S.)

785.11
DOPAMINE-GABA INTERACTIONS IN THE MODULATION OF 
CORTICAL ACETYLCHOLINE RELEASE J.P. Bruno. H. Moore.LFadel. 
B. Givens* and M. Sarter. Psychology Dept. and Neuroscience Program, The Ohio State 
University, Columbus, OH 43210.
Dopamine (DA) transmission in the nucleus accumbens (NAcc) and acetylcholine (ACh) 

transmission in the neocortex, which have been postulated to underlie psychological 
processes such as stimulus-reward associations and selective attention, are co-stimulated 
in a variety of pharmacological and behavioral paradigms. The GABAergic projection 
from the NAcc to the cholinergic basal forebrain represents a mechanism by which NAcc 
DA transmission could modulate cortical ACh release. One pharmacological tool 
appropriate for the study of this relationship is the benzodiazepine receptor partial inverse 
agonist FG 7142, which has been shown to increase both accumbens DA and cortical 
ACh efflux. Using in vivo microdialysis, the present study assessed the ability of 
systemically- or intracranially- (intra-accumbens or intra-cortical) administered DA 
antagonists to attenuate or block the increase in cortical ACh efflux produced by a 
systemic injection of FG 7142 (8.0 mg/kg). Systemic administration of the D1 antagonist 
SCH 23390 (0.1,0.3 mg/kg) or the neuroleptic haloperidol (0.15,0.9 mg/kg) prior to FG 
7142 dose-dependently attenuated this increase. Intra-accumbens haloperidol strongly 
attenuated or blocked FG 7142-stimulated cortical ACh efflux at the low and high doses, 
respectively. Intra-accumbens administration of SCH 23390 or the D2 antagonist 
1-sulpiride attenuated, but did not block, the FG 7142-induced increase in cortical ACh 
efflux. Intracortical haloperidol, but not SCH 23390 or 1-sulpiride, also attenuated the 
effect of FG 7142 on cortical ACh, but to a lesser extent than intra-accumbens 
haloperidol. These results indicate that the effects of FG 7142 on DA transmission within 
the NAcc are sufficient to account for the ability of this drug to stimulate cortical ACh 
efflux, and that NAcc DA transmission is capable of trans-synaptically exerting a 
permissive influence on stimulated cortical ACh release.
(Supported by NIA 1073 to M.S. and J.P.B. and NIMH K02 01072 to M.S.)
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786.1
NEURAL AND CIRCULATING ACETYLCHOLINESTERASE IN APLYSIA- 
FURTHER CHARACTERIZATION M. Srivatsan* and B. Peretz Dept. of Physiology, 
Univ. of Kentucky College of Medicine, Lexington, KY 40536-0084

Acetylcholinesterase (AChE) is present in cholinergic and non-cholinergic 
neurons and in hemolymph of Aplysia, a marine mollusc. AChE from these two sources 
was partially characterized before (Giller and Schwartz, 1971; Bevelaqua et al., 1975). 
A high level of AChE in the hemolymph and its cholinergic and non-cholinergic effects 
on the neurons (Peretz, 1994; Srivatsan and Peretz, 1996) prompted us to further 
characterize this enzyme to understand the structure-function relationship of AChE in 
Aplysia. Hemolymph and central ganglia (CNS) from adult Aplysia were used in this 
study. CNSs were removed and homogenized; standard procedures (Massoulie and 
Toutant, 1988) were used to assay and characterize AChE activity in the homogenate and 
in the hemolymph. CNS enzyme hydrolyzed acetylthiocholine (AtCh) 7 times faster 
than butyrylthiocholine (BtCh)and 9 times faster than propionylthiocholine (PtCh). 
Whereas hemolymph enzyme hydrolyzed AtCh 24 times faster than BtCh and 88 times 
faster than PtCh. BW284c51, a specific inhibitor for AChE inhibited both CNS and 
hemolymph AChE with an 150 of 0.06pM. 10 and lOOpM of isoOMPA, a specific 
inhibitor of Butyrylcholinesterase did not inhibit CNS and hemolymph AChE. CNS 
AChE and hemolymph AChE had a Km of 1.4mM with AtCh as the substrate and 
exhibited excess substrate inhibition at 12mM, indicating the presence of peripheral 
anionic site(s) in the molecule since the peripheral site confers this property to AChE. 
CNS and hemolymph AChE bound to the lectin, concanavalin A (conA), showing that 
they are glycoproteins containing mannose sugars. Hemolymph AChE exists as a heavy 
molecule or aggregate as revealed by sucrose density gradient centrifugation and 
presence of triton X-100 did not alter this sedimentation profile. CNS AChE exists 
primarily as less salt soluble and detergent soluble forms, 41% and 52% of total activity 
respectively. Density gradient centrifugation revealed the presence of a lighter and 
heavier molecular forms of the CNS enzyme. These results show that Aplysia AChE is 
similar to vertebrate enzyme in the substrate preference, substrate inhibition, inhibitor 
and lectin binding characteristics. However both CNS and hemolymph AChE of Aplysia 
appear to be unique in their molecular forms, which are being analyzed further.

NIH AG07547 & UKMC RG (to B.P.)

786.2
IDENTIFICATION OF AN ESTROGEN RESPONSE ELEMENT OF 
THE CHOLINE ACETYLTRANSFERASE GENE. M.M. Miller1* and 
S.M. Hvder2, Dept. Obs/Gyn, McGill Univ., Montreal, QC, Canada H3 A 
1 Al1; Dept. Pharmacology, Univ. of Texas, Houston, TX, 772252.

Choline acetyltransferase (ChAT, E.C. 2.3.1.6) catalyses acetylcholine 
(ACh) synthesis. Vesicular ACh transporter [VAChT] is responsible for 
ACh storage. These proteins are encoded by two closely linked genes. 
The VAChT coding sequence is contained within the first intron of the 
ChAT gene. This unique organization suggests their coordinate 
regulation. We have observed putative estrogen response elements 
(EREs) in the VAChT open reading frame. To determine if the estrogen 
receptor (ER) would directly interact with the ChAT gene we used gel 
shift assay with rat uterus as the source of ER. Double stranded 
oligonucleotides with putative EREs from the ChAT gene were used as 
competitors against ER binding to consensus EREs. Labelled vitellogenin 
ERE (vit-ERE) was incubated with molar excess of the putative EREs in 
the ChAT gene. After electrophoresis, the intensities of migrated bands 
were compared to vit-ERE. A sequence homologous to vit-ERE was 
found to compete at 500 and 1000 fold excess. These data suggest a 
possible direct action of estrogen on the ChAT gene. Supported by the 
Fraser Endowment Fund of the Royal Victoria Hospital (MMM); a Grant 
in Aid from the American Heart Association, Texas affiliate, and NIH 
grant HD-08615 (SMH).
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786.3
MYRISTOYLATION DOES NOT REGULATE THE DIFFERENTIAL
SUBCELLULAR LOCALIZATION OF CHOLINE ACETYLTRANSFERASE IN 
THE LA-N-2 NEUROBLASTOMA, M. C. Resendes. R, J. Rvigtr. Dept. of 
Physiology, University of Western Ontario, London. Canada, N6A 6C3.

The neurotransmitter acetylcholine is synthesized by the enzyme choline 
acetyltransferase (ChAT) which exists as multiple isoforms. The identification of 
ChAT isoforms (cytosolic, ionically and non-ionically associated membrane 
ChAT) is based on their isolation by subcellular fractionation. Distinct 
physiological roles have not been ascribed to the different ChAT isoforms, nor is 
it clear how they are generated or distributed within the different fractions. Our 
laboratory has previously demonstrated that ChAT can exist as an acylprotein in 
LA-N-2 cells following metabolic labelling with 3H-myristic or 3H-palmitic acids. 
Acylation of a wide range of cellular proteins dramatically alters their subcellular 
distribution and function. We therefore investigated whether myristoylation of 
ChAT regulates the differential subcellular distribution of the enzyme. LA-N-2 
cells were incubated in the presence of 3H-myristic (0.4 mCi/ml_,24 h). Cells were 
harvested and subfractionated into cytosolic, ionically and non-ionically 
associated membrane ChAT-containing fractions. ChAT was immunoprecipitated 
and seperated by SDS-PAGE. ChAT immunoreactive bands were excised from 
gels and subjected to acid methanolysis to release protein bound fatty acids. 
Separation, identification and quantitation of released 3H-fatty acids was 
achieved by reverse phase HPLC and scintilation counting. Analysis revealed the 
major 3H-fatty acid in i|l subtractions of ChAT as myristic acid. These findings 
indicate myristoylation does not regulate the differential subcellular 
localization of ChAT. However prior myristoylation is required for subsequent 
cooperative or coordinated palmitoylation of many known membrane-localized 
proteins. This hypothesis is currently being investigated as we have previously 
identified acylated ChAT following metabolic labelling with 3H-palmitic acid. 
(Funded by the Medical Research Council of Canada)

786.4
MODULATION OF CHOLINERGIC LOCUS EXPRESSION BY
GLUCOCORTICOIDS AND RETINOIC ACID IS CELL-TYPE SPECIFIC.
B, Berse*1 and J.K, Blusztajn1?2. Departments of ‘Pathology and Laboratory 
Medicine and 2Psychiatry, Boston Univ. Sch. of Med., Boston, MA 02118.

The two proteins required for cholinergic neurotransmission, the synthetic 
enzyme choline acetyltransferase (ChAT) and the vesicular acetylcholine transporter 
(VAChT), are encoded by two genes that are closely linked, share some promoter 
elements, and together form the so-called cholinergic locus. Using two neuronal cell 
lines: SN56 (derived from mouse septum), and PC 12 (derived from rat adrenal 
medulla), we have been studying the modulation of ChAT and VAChT expression by 
the synthetic glucocorticoid dexamethasone, and by retinoic acid. The data 
demonstrate that the regulation of the cholinergic locus expression by those 
compounds differs in SN56 and PC 12 cells. A 48-hour treatment with 1 pM 
dexamethasone up-regulated ChAT and VAChT expression and acetylcholine 
production in SN56 cells by up to two-fold, while it had an inhibitory effect (50% 
decrease) on those markers in PC 12 cells . The stimulatory effect of retinoic acid on 
the cholinergic properties of SN56 cells was substantial (3-fold induction) and 
partially additive with that of dexamethasone, whereas it was only moderate and 
completely abrogated by dexamethasone in PC 12 cells. Dexamethasone increased 
the ACh content of SN56 cells in a time- and concentration-dependent, saturable 
fashion. The observation that, in both cell lines, the regulation of VAChT mRNA 
expression by dexamethasone parallels that of ChAT mRNA further supports 
previous findings that both genes are coordinately up-regulated by various 
extracellular stimuli. The result of the glucocorticoid treatment of PC 12 cells, 
however, provides the first demonstration of a coordinated reduction in mRNA levels 
of both genes. Although the mechanism of the dexamethasone effects remains to be 
elucidated, the presence of a glucocorticoid response element consensus site in the 
VAChT promoter suggests direct transcriptional regulation by glucocorticoids. 
(Supported by NIH grant AG09525)

786.5
DEVELOPMENT OF CHOLINERGIC NEURONAL FUNCTIONS AND 
AMPA RESPONSE IN CULTURED EMBRYONIC RAT SEPTAL CELLS
T. Suzuki1), T. Matsugjl), T. Nakamura^, Y. Kudo^, H. Misawa*^), K. 

Kawashima^. ^Dept. of Pharmacology, Kyoritsu College of Pharmacy, 

Tokyo 105, Japan, ^)Lab. of Cellular Neurobiology, Tokyo University of 

Pharmacy and Life Science, Tokyo 192-03, Japan, ^)Dept. of Neurology, 

Tokyo Metropolitan Institute for Neuroscience, Tokyo 183, Japan.

We examined the development of cholinergic neuronal functions and 
AMPA response in cultured embryonic rat septal cells. Choline 
acetyltransferase (ChAT) activity was detectable from 4 to 6 days in culture 
and reached to a plateau at day 8. At day 8, we detected the expression of 
mRNA of vesicular acetylcholine (ACh) transporter by RT-PCR method.
ACh release was detected at day 8 and the release was inhibited by treatments 
of omega-conotoxin, tetrodotoxin, vesamicol (vesicular ACh transporter 
inhibitor) and CNQX (AMPA receptor antagonist). Therefore, the ACh 
release is due to neuronal activity-dependent exocytosis process and AMPA 
receptor-mediated excitatory input is involved in this ACh release. And ChAT 
protein expression precedes the development of machinery for ACh release. 
AMPA-induced increase in intracellular calcium level was observed at day 3 
and most of AMPA-responsive cells coincided with high-potassium 
responsive cells. These results suggest that cholinergic neurons develop their 
neuronal functions about day 8 under the cultural conditions, and expression 
of AMPA receptors precede the cholinergic functional development.

786.6
DIFFERENT MECHANISMS OF ACEYTLCHOLINE ON 
MODULATION OF NEURONAL EXCITABILITY AND SYNAPTIC 
TRANSMISSION EVOKED BY LAYER I AND MIDDLE LAYER 
INPUTS TO SUPERFICIAL LAYERS OF RAT SOMATOSENSORY 
NEOCORTEX. H. F. Li* and L. J. Cauller. GR41, Neuroscience Program, 
University of Texas at Dallas, Richardson, TX 75083-0688.

The effects of ACh manipulations on pyramidal cell excitability and 
synaptic transmission were studied in slices of rat somatosensory cortex. 
Proximal PSPs evoked by stimulating layer VI or layer IV were compared to 
distal PSPs evoked by stimulating isolated horizontal layer I fibers. PSPs 
were recorded intracellularly in layer II/III during bath application of ACh 
agonists and antagonists. Unlike the synaptic responses evoked by layer I 
fibers which are monophasic EPSPs, the synaptic responses evoked by 
middle layer inputs are triphasic PSPs with an EPSP followed by a fastIPSP 
and a slowIPSP. ACh enhanced the membrane excitability of layer II/III 
pyramidal neurons while it had mainly suppressive effects upon EPSPs 
evoked by isolated horizontal layer I stimulation. Responses to glutamate 
picospritzer demonstrated this ACh suppressive modulation was at least 
partially mediated by postsynaptic ACh receptors. ACh reduced the EPSPs 
and sIPSPs evoked by middle layer inputs. Isolated flPSPs were relatively 
unaffected by ACh. sIPSPs were greatly attenuated by glutamate blockers. 
Further examination of the ionic mechanisms of this ACh effect using TTX 
and/or TEA to isolate the K+ and Ca** conductances demonstrated that ACh 
enhances the layer II/III neuronal excitability by attenuating the K+ 
conductance. This study was supported by the Whitehall Foundation.

786.7
DIFFERENTIAL CHANGE IN RAT CHOLINERGIC PARAMETERS 
SUBSEQUENT TO IMMUNOTOXIC LESION. J.J. Waite*, D.J. Jenden,
M.L. Wardlow, A.P. Chen. M. Roch. & L.J. Thai. Dept. of Neurosciences 
& Neurology, UCSD & VAMC, San Diego, CA 92161 & Dept. of 
Pharmacology, UCLA, Los Angeles, CA 90024.

The degree of depletion produced by the immunotoxin 192-saporin 
relative to controls was compared among three different measures of 
cholinergic activity. Extracellular acetylcholine (ACh) from in vivo 
microdialysis, in vitro activity of choline acetyltransferase (ChAT), 
and ACh synthesis after a pulse injection of deuterium-labeled choline 
(Ch) were compared in frontal cortex (FC) and hippocampus (HC) of 
rats given i.c.v. infusions of 192-saporin (8.2pg) or phosphate- 
buffered saline. Microdialysis in awake rats was performed 1 and 15 
weeks after surgery. In week 16, the rats were sacrificed by 
microwave irradiation of the head 1 minute after i.v. injection of 
deuterated Ch. Deuterium-labeled and unlabeled Ch and ACh were 
quantified by GCMS for determination of ACh synthesis rate. A 
separate set of rats was given the same dose of i.c.v. immunotoxin or 
saline and decapitated at 1 and 15 weeks post-surgery to assay for 
ChAT activity. At 1 week postlesion, microdialysis and ChAT measures 
were equivalent in both FC and HC. At 15-16 weeks, depletion was 
equivalent for all 3 methods in FC. In HC, ACh synthesis was higher 
than ChAT activity, but neither were significantly different from 
microdialysis. ACh synthesis may compensate for lowered ChAT 
activity in HC but not FC. Supported by Alzheimer’s Assoc.
FSA94019, NIH NS33371 and VA Medical Research Service.

786.8
REGIONAL CORTICAL CHOLINERGIC DENERVATION IN ALZHEIMER’S 
DISEASE: LOSS OF CHOLINERGIC INPUT TO LOCAL MICROVESSELS AND 
NADPH-DIAPHORASE NEURONS. X. Tong and E, Hamel*.. Montreal 
Neurological Institute, McGill University, Montreal, QC, Canada H3 A 2B4.

Cholinergic basal forebrain (BF) neurons have been implicated in die control 
of cerebral blood flow and have recently been found to project to microvessels 
and nitric oxide synthase neurons (NOS) in the rat cerebral cortex (Vaucher & 
Hamel, J Neurosci 15: 7427-7441,1995; Vaucher etal., Neuroscience 1997, 
in press). A pronounced cortical cholinergic denervation occurs in Alzheimer 
disease (AD) (Geula and Mesulam, Cerebral Cortex 6:165-177,1996) which is 
also accompanied by a variety of microvascular abnormalities. We analyzed by 
immunocytochemistry of choline acetyltransferase (ChAT), the cholinergic 
innervation of the frontal and temporal cortex, its input to the local 
microcirculation and to NOS intemeurons (histochemically identifed with 
NADPH-Diaphorase) in confirmed cases of AD and age-matched elderly 
controls (n=5 per group). The results show important decreases in cortical and 
perivascular ChAT terminals in the frontal (53% and 51%, respectively) and 
temporal (70% and 77%, respectively, p< 0.05) cortex of AD, with slightly but 
not significantly larger (T 30%) ChAT terminals. However, AD brains exhibited 
significantly larger blood vessel areas (285% and 353%, p<0.001, in frontal and 
temporal cortices, respectively) than controls. In normal subjects, about 25% 
of NADPH cortical neurons were contacted by ChAT terminals. This input 
decreased extensively in AD, in both the frontal (156%, p<0.05) and temporal 
(169%, p<0.05) cortex. These results show a regional, non selective 
cholinergic denerv ation of the cerebral cortex in AD that affects not only the 
neuropil but also the microvascular bed and the NOS intemeurons. This could 
jeopardize cortical perfusion and, possibly, the structural organization of the 
microvascular bed. Supported by the MRC of Canada.
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786.9
POSITRON EMISSION TOMOGRAPHIC IMAGING OF SUB-CORTICAL 
CHOLINERGIC MECHANISMS OF ANALGESIA. H.D, Gage*, J.C, Gage. R. Mach, 
R.L.E. Ehrenkaufer. J.C. Eisenach. Bowman Gray School of Medicine of Wake Forest 
University, Winston-Salem, NC 27157.

As part of a study of the cholinergic mechanisms of analgesia in the spinal cord, the 
impact of morphine on acetycholine release in the rhesus monkey basal ganglia was 
investigated in vivo using positron emission tomography (PET). Previously, evidence 
in rats and guinea-pigs has shown that opioids may indirectly impact acetycholine 
release in the basal ganglia through action on dopamine D2 receptors (DeBoer et al. 
JPET 277:775, 1996; Brent et al. Brain Research 654:191, 1994). Thus, the purpose of 
the current study was to confirm these observations in a rhesus monkey model.

After ACUC approval, rhesus monkeys underwent a series of 3 PET scans using the 
presynaptic cholinergic radiotracer, [18F]4-fluorobenzyltrozamicol (FBT) (Mach et al. 
Synapse, in press) injected 45 minutes after IV normal saline (NS), naloxone 1 mg/kg + 
morphine 10 mg/kg (NM), or morphine 10 mg/kg alone (MOR) under 1% isoflurane 
anesthesia. Monkeys then underwent colored microsphere blood flow studies at 
baseline and at 2 time points (45 and 120 min) after either IV NS or MOR to determine 
whether there were region specific changes in morphine’s action on cerebral blood 
flow.

As measured by PET, using the distribution volume ratio (Logan et al. JCBF 10:740, 
1989) as a metric, cholinergic activation in the basal ganglia was reduced following IV 
morphine as compared to both the saline and naloxone/morphine challenges. 
Microsphere blood flow results demonstrated a reduction in blood flow due to 
morphine action which was global and gradually recovered over time. Thus the 
distribution ratio should be insensitive to these blood flow changes (Logan et al. JCBF 
14:995, 1994). Therefore, as has been previously seen in rats and guinea-pigs, the 
results of this study indicate that morphine reduces cholinergic action in the basal 
ganglia in the rhesus monkey model.

786.10
CHOLINERGIC NEURONS IN THE PARACENTRAL NUCLEUS OF 
THE MACAQUE THALAMUS. B, Rico and C. Cavada*. Dept. Morfologia, 
Fac. Medicina, Univ. Autonoma de Madrid, 28029 Madrid, Spain.

Acetylcholine (ACh) was the first neurotransmitter to be discovered but has 
proved to be one of the most difficult to localize in the nervous system, 
immunohistochemical approaches using choline acetyltransferase (ChAT) 
antibodies have been the most useful tool to characterize cholinergic neurons. 
However, because the ChAT protein is very difficult to purify, there have been 
few effective ChAT antibodies available for use in the primate brain. A new 
cholinergic marker, the vesicular transporter of ACh (VAChT), has been 
discovered recently. We have used both polyclonal and monoclonal ChAT 
antibodies, as well as a polyclonal VAChT antiserum, to reveal cholinergic 
structures in the thalamus of adult Macaca nemestrina. Previous 
immunohistochemical studies had revealed a conspicuous mesh of cholinergic 
fibers in the primate thalamus but not cholinergic neurons.

We demonstrate the presence of cholinergic neurons in the paracentral 
thalamic nucleus (Pen). They are located in the dorsolateral aspect of the Pen all 
along its rostrocaudal extent. Thorough control procedures were carried out to 
discard false positive labeling. All antibodies used labeled the same cell 
population: the polyclonal anti-ChAT producing the most intense 
immunostaining of both the Pen neurons and other well-known brain cholinergic 
cell groups.

These findings provide the first evidence for the existence of cholinergic 
neurons in the primate thalamus. Because the cortical connections of the Pen 
are conspicuous and widespread, its cholinergic population might modulate the 
function of the cortex, possibly contributing to attentional mechanisms on which 
the intralaminar nuclei are engaged.

[Supported by DGICYT PM92-0040 and PM95-0028],

786.11
EFFECTS OF PHYSOSTIGMINE ON THE STARTLE IN GUINEA 
PIGS: TWO MECHANISMS INVOLVED. i.H.C.H.M. Phitippens,
B.P.C. Melchers, J.A.M. van der Heyden* and B.Olivier. TNO
Prins Maurits Laboratory (TNO-PML).R.G. Pharmacology, P.O.Box 45, 
2280 AA Rijswijk, The Netherlands.

The effects of the cholinesterase inhibitor physostigmine (PHY) on 
the auditory startle reflex in guinea pigs were studied. The dose 
response curve of PHY appeared bellshaped, with a maximum effect 
dose of 0.3 mg/kg. In addition, PHY altered the shape of the startle 
response, increasing the duration of the response. The muscarinic 
antagonist scopolamine (SCO) increased the startle at PHY doses 
above 0.3 mg/kg without affecting the PHY-induced shape of the 
response. The decreasing part of the startle due to PHY could be 
mimicked by the cholinesterase inhibitor soman in combination with
0.3 mg/kg PHY. Therefore, it can be concluded that the decrease of 
the startle reflex at higher dose levels of PHY is caused by the 
cholinesterase inhibitory action of PHY and, in view of the SCO effect, 
is mediated by muscarinic receptors. The increase of the startle 
response at low dose levels of PHY is probably caused by an agonistic 
action of PHY on neuronal nicotinic receptors since the antagonist 
mecamylamine (20 mg/kg) antagonized the effects of 0.3 mg/kg PHY 
both on the deflection and shape of the startle.

786.12
THE ROLE OF THE EYE VEGETATIVE INNERVATION IN 
REGULATION OF THE OUTFLOW OF INTRAOCULAR FLUIDS. 
M.Rasumovskij*, A.Grigorian and Yu.A.Korovianskii. Lab. of Vision 
Physiology, Inst, of Occup. Guidance and Disease, St.Petersburg, 
195096, Russia.

The influence of acetylcholine and noradrenaline on passage of the 
watery moisture through of comer of the anterior chamber of eye was 
studied on 31 male cats.The aim of present investigation is to 
determine the role of eye vegetative innervation in regulation of the 
outflow of intraocular fluids. It was shown that low concentration of 
acetylcholine (lxlO’10 g/ml) substantially reinforce the outflow of 

intraocular fluids (in average 225±12 %, p<0.02), without changing of 
intrasclerial venous pressure. Comparatively higher concentration of 
acetylcholine (lxlO'4 - lxl0'7 g/ml) was accompanied by significant 
reducing of the outflow intraocular fluids.The atropinization of the eye 
was removed these effects. The injection of noradrenaline in 
concentration (lxl 0'3 - lxl O'4 g/ml) accompanied by reduction of the 

outflow of cameras moisture in average on 53.40±4.14% (p=4).O3), 
without changing of pressure level in venous plexus of sclera. The 
received data suggest, that mediators of vegetative nervous system 
(acetylcholine and noradrenaline) participate in regulation of the 
outflow of intraocular fluids by direct action on the structures of eye 
trabecular apparatus.

ACETYLCHOLINE RECEPTORS: MUSCARINIC—NATIVE STUDIES

787.1
ETHANOL ALTERATION OF MUSCARINIC RECEPTOR CONTROL OF 
ADENYLATE CYCLASE ACTIVITY IN RAT BRAINSTEM. R.S. Aronstam*. 
H.L. Puhi and L.G. May. Guthrie Research Institute, Sayre, PA 18840.

The influence of ethanol on muscarinic receptor control of adenylate cyclase 
activity was determined in membranes isolated from rat brainstem. Basal adenylate 
cyclase activity ranged from 5 to 12 pmol/mg/min at 37°C, and cyclase activity 
was routinely stimulated 2-3 fold by 5 pM forskolin. Acetylcholine (ACh) had 
no significant effect on basal adenylate cyclase activity, but inhibited forskolin- 
stimulated activity by 20-40%. This inhibitory effect of ACh was markedly 
increased by ethanol, maximal inhibition being increased to 40-52%. The effect 
was almost maximal at 50 mM ethanol. Other studies involving 1) ligand bind-
ing, 2) GTPase modulation and 3) pharmacological studies, indicate that choliner- 
gic-G protein interactions are disrupted by ethanol. In agreement with the findings 
of others, ethanol increased the ability of isoproterenol (a P-adrenergic receptor 
agonist) to stimulate cyclase activity in brainstem membranes. Ethanol increased 
adenylate cyclase activity measured in the presence of 10 pM isoproterenol from 
11 to 20 pmol/mg/min at 37°C. ACh inhibition of isoproterenol-stimulated 
cyclase activity was also enhanced. We also examined the influence of ethanol on 
guanine nucleotide modulation of cyclase activity. GTP, Gpp(NH)p, and GTP-y- 
S stimulated basal adenylate cyclase activity in brainstem membranes, the stable 
nucleotides, GTP- y -S and Gpp(NH)p being more active in this regard. Ethanol 
enhanced activation by each nucleotide. At concentrations above 100 pM, there 
was a decrease in activity with both GTP and Gpp(NH)p. Ethanol also enhanced 
cyclase stimulation by NaF. These findings indicate multiple effects of ethanol on 
the control of adenylate cyclase. Receptor-mediated stimulation and inhibition of 
cyclase activity is enhanced by ethanol. Basal enzyme activity is not consistently 
affected, suggesting that its effects reflect actions on the regulatory mechanisms 
(i.e., receptors and/or G proteins) rather than the catalytic subunit per se. 
(Supported by Department of the Army Grant Number DAMD17-94-J-4011).

787.2
IDENTIFICATION OF MUSCARINIC RECEPTORS IN HUMAN AND RAT 
SPINAL CORD THAT MAY MODULATE NOCICEPTION. M.T, Borenstein.
P.S, Potter and L.T, Potter*. Molecular Pharmacology, University of Miami, 
Miami, FL and AT Levey. Neurology, Emory University, Atlanta, GA.

Muscarinic agonists and esterase inhibitors administered subcutaneously or into 
the lumbar intrathecal space in rodents cause a marked dose-dependent increase 
in the latency of hot-plate and tail-flick responses. Anti-nociceptive effects are 
blocked by atropine but not naloxone (Yaksh et al, Eur J Pharmacol 117,81,1985; 
Iwamoto and Marion, JPET 269,329,1993). Autoradiographic studies with 3H- 
pirenzepine showed Ml receptors concentrated in lamina II of the dorsal horn of 
the human spinal cord (Villiger and Faull, Brain Res 345,196,1985), suggesting 
that ml and/or m4 receptors mediate anti-nociception. The binding of 3H-N- 
methylscopolamine in lamina II of the human cord was partially reduced by mi- 
toxin, m4-toxin and both toxins, indicating ml, m4 and other receptors 
(Borenstein et al, Neurosci Abstr 22, 871,1996). M2-M4 but not Ml receptors 
were found in the rat cord (Hoglund & Baghdoyan, Neurosci Abstr 22,861,1996). 
Intrathecal pertussis toxin caused pronounced hyperalgesia in mice that was 
relieved by muscarinic agonists, suggesting that analgesia is mediated via m2 
and/or m4 receptors (Shannon et al, Life Sciences 60,969 and 1201,1997). Rat 
monoclonal anti-m2 antibodies and rabbit polyclonal anti-m4 antibodies were used 
for immunocytochemical studies of the human and rat spinal cord. The human 
cord shows both m2 and m4 receptors in lamina II of the dorsal horn, whereas the 
rat dorsal horn shows diffuse labeling only with anti-m2 antibodies. Thus multiple 
muscarinic receptors may modulate nociception in the spinal cord, and the 
populations of these receptors differ in different species. Supported by AG 06170.
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787.3
MUSCARINIC TOXIN 3 (MT3), A MUSCARINIC M4 RECEPTOR- 
SELECTIVE ANTAGONIST, INCREASES NEUROPEPTIDE mRNAS IN 
RAT STRIATUM. J, O, Wang*. M. Jolkkonen and J. F. McGinty, Dept. of 
Anatomy and Cell Biology, East Carolina University Sch. Med., Greenville, 
North Carolina 27858 and *Dept. of Molecular and Cellular Pharmacology, 
University of Miami Sch. Med., Miami, Florida 33101.

Intrastriatal muscarinic receptors regulate basal and dopamine receptor 
agonist-stimulated neuropeptide gene expression in striatal medium spiny 
neurons. For instance, the non-selective muscarinic antagonist, scopolamine, 
increases basal, and augments amphetamine-stimulated, preprodynorphin
(PPD) and substance P (SP) mRNAs, indicating a cholinergic inhibition of 
PPD/SP expression in striatonigral neurons. In order to clarify the subtype of 
muscarinic receptors mediating this inhibition, muscarinic toxin 3 (MT3) was 
used in this study. MT3, a peptide toxin recently isolated from green mamba 
venom, has a high selectivity for cloned m4 receptors and has been confirmed 
in vitro to be a competitive antagonist of M4 receptors, a subtype which is 
negatively coupled to adenylate cyclase. In chronically-cannulated Wistar 
rats, unilateral injection of MT3 (0.04-4 nmol/1 pi) into the dorsal striatum 
significantly elevated basal levels of PPD and SP mRNAs in the ipsilateral 
dorsal striatum as revealed by quantitative in situ hybridization. Pretreatment 
with MT3 at a dose of 0.2 nmol also augmented acute amphetamine (2.5 
mg/kg, i.p.)-stimulated PPD and SP expression in the dorsal striatum in a 
manner similar to that observed after systemic or intrastriatal injection of the 
muscarinic antagonist, scopolamine. In addition to upregulation of PPD/SP 
expression, intrastriatal injection of MT3 also increased preproenkephalin
(PPE) mRNA expression in striatopallidal neurons. These data indicate that 
the cholinergic inhibition of PPD/SP expression in striatonigral neurons is 
mediated by M4 receptors and that M4 receptors also inhibit PPE expression in 
striatopallidal neurons. This study supports the use of MT3 as a M4 subtype- 
specific antagonist in vivo, (supported by DA03982)

787.4
BIOTINYLATED m4-T0XIN, A SPECIFIC PROBE FOR m4 RECEPTORS. 
M.P. Santiago* and L.T, Potter. Molecular Pharmacology, University of 
Miami School of Medicine, P.O. Box 016189, Miami, FL 33101.

The most selective antagonist for m4 muscarinic receptors is m4-toxin, 
which binds reversibly and shows 103-fold higher affinity for m4 than ml 
receptors. m4-Toxin was purified from the venom of the green mamba, 
Dendroaspis angusticeps, by gel filtration, cation-exchange chromatography 
and reversed-phase HPLC (Liang et al, Toxicon 34, 1257, 1996). Derivatized 
biotin (NHS-LC-biotin; Pierce) was conjugated to m4-toxin at a molar ratio of 
5:1, and products were separated by HPLC on a C-18 column. The first peak 
eluted with acetonitrile was unreacted toxin. Multiple subsequent peaks were 
subjected to PAGE and western blotting, and were shown to contain both 
biotin (by ECL detection: Amersham) and anti-m4 activity. Pooled conjugates 
were tested for their ability to block the binding of 3H-N-methylscopolamine 
to pure ml-m5 receptors in CHO cell membranes. The Kd for m4 receptors 
was reduced 3-fold, the Hill coefficient was 0.91, and no blockade of other 
muscarinic receptors was seen. Thus biotinylation increases the specificity of 
m4-toxin for m4 receptors, conjugates retain high affinity, and the site of 
biotinylation on the toxin does not appear to be critical. Histochemical studies 
with the five CHO cell lines and avidin-peroxidase showed staining only of 
cells with m4 receptors. Cryostat sections of the rat brain prepared with 
biotinylated m4-toxin detected with avidin-fluorescein showed staining of 
medium sized striatal neurons. Controls without the toxin were not stained. 
We conclude that biotinylated m4-toxin is a specific probe for studying m4 
muscarinic receptors. Supported by AG 06170.

787.5
MUSCARINIC MODULATION OF CALCIUM AND M CURRENT IN MICE: A 
Ml RECEPTOR KNOCKOUT. M.D. Loose*,S.E. Hamilton, N.M. Nathanson, B. 
Hille. Oberlin Coll., Oberlin, OH, and Univ. of Washington, Seattle, WA , 98195

The Ml muscarinic receptor modulates several ion channels including M-type 
potassium and N-type calcium channels in rat neurons. Using whole-cell recording we 
have examined calcium and potassium currents in superior cervical ganglion (SCG) 
neurons from wild type (WT) B6129F2/J mice and from mice with a targeted 
disruption of the Ml receptor gene (MlKO). Calcium currents were measured in cells 
acutely dissociated from female mice (-100 days of age) and M current was evaluated 
in cells cultured for 24 hr. Oxotremorine-M (Oxo; 10 pM), a non-selective muscarinic 
agonist, inhibited M current in cells from WT mice by 91 ± 5% (N=7) but not Ml KO 
mice (0.1 ± 3%, N=9). Nevertheless, the M current in Ml KO cells was inhibited by 
Angiotensin II (500 nM, 47 ± 9%, N=8). Calcium currents are inhibited by Oxo via 
two different pathways in rats. One pathway has slower onset kinetics and can be 
activated by Ml receptors. The second pathway is faster, can be activated by M2 or 
M4 receptors and is preferentially blocked by N-ethylmaleimide (NEM). Calcium 
currents in both WT and Ml KO mice were inhibited by Oxo. The inhibition was less 
in the M1K0 (35 ± 4 %, N=13) than in the WT (62 ± 5%, N=9). In M1K0 mice only 
the fast pathway appeared to be present. Within 4 s of the onset of the effect, 
inhibition by Oxo reached 92 ± 2% of its final effect in Ml KO mice but only 40 ± 9% 
in WT. Application of NEM (50 pM, 2 min) was more effective in blocking the effect 
of Oxo in Ml KO cells (70 ± 4%) than in WT cells (38 ± 7%), as expected if only the 
WT cells had both inhibitory pathways. In summary, Oxo inhibits calcium current and 
M current in mice in a manner very similar to rats. After KO of the Ml receptor the M 
current is no longer modulated by a muscarinic agonist and the slow-onset modulation 
of calcium current is absent suggesting that Ml is the sole muscarinic receptor 
responsible for normal modulation by ACh of these pathways. Further, our data do not 
suggest any compensatory processes in the muscarinic modulation of these channels in 
Ml KO mice. Supported by NS08174, NS26920, and a grant from Oberlin College.

787.6
MUSCARINIC AGONIST-INDUCED EPILEPTIFORM POTENTIALS 
RECORDED IN IMMATURE OLFACTORY CORTICAL NEURONES IN 
VITRO. M. Postlethwaite*, A. Constanti & V. Libri. Dept. of Pharmacology, The 
School of Pharmacy, Univ. London, 29-39 Brunswick Square, London, WC1N 1AX.

The development of excitatory electrophysiological responses to muscarinic 
activation in neurones of the olfactory cortex was studied using intracellular single 
electrode current and voltage clamp recordings from deep (layer III) cells of olfactory 
cortical brain slices from both adult and young (P14-P22) rats. In 17 out of 28 
immature neurones tested, application of the potent muscarinic agonist oxotremorene- 
M (OXO-M, lOpM) induced spontaneous epileptiform bursting activity consisting of 
rhythmic, large amplitude depolarizing potentials with superimposed population 
discharges. This was reversible within 30 minutes of drug washout, and also blocked 
by co-application of atropine or tetrodotoxin (both at lpM, n=3). Bursting activity 
was accompanied by an enhancement/prolongation of synaptic potentials evoked by 
stimulating association fibres in layer II of the olfactory cortex. In adult neurones, 
muscarinic activation with OXO-M (lOpM) depolarized the cells without inducing 
muscarinic bursting, and suppressed evoked synaptic potentials. The broad spectrum 
metabotropic glutamate receptor agonist lS,3R-aminocyclopentane-l,3-dicarboxylic 
acid (1S,3R ACPD, 10-50 pM) also depolarized cells, but failed to elicit spontaneous 
epileptiform potentials in either immature or adult neurones, even in immature cells 
where muscarinic epileptiform activity had previously been demonstrated (n=4).

We suggest that only in immature olfactory cortical neurones, an increase in pre- 
and/or postsynaptic neuronal excitability following muscarinic activation leads to 
induction of epileptiform activity, similar in nature to that produced by the 
chemoconvulsant agent 4-aminopyridine (4-AP).

M. Postlethwaite was supported by a School of Pharmacy Studentship.

787.7
THE ml MUSCARINIC RECEPTOR MEDIATES POTENTIATION OF 
NMDA-RECEPTOR CURRENT IN CAI PYRAMIDAL CELLS. M.J. Marino*. 
S.T. Rouse, A.L Levey1, L.T, Potter*, and P.J.-Conn. Depts of Pharmacology and 
f Neurology, Emory University, Atlanta, GA 30322 and :Dept of Molecular and Cellular 
Pharmacology, University of Miami, Miami, FL 33101.

In hippocampal CAI pyramidal cells, muscarinic agonists produce a 
potentiation of NMDA-receptor current. Based on immunocytochemical 
localization of specific muscarinic acetylcholine receptor (mAChR) subtypes, 
one likely subtype which could mediate this effect is the ml mAChR. Here we 
present physiological and anatomical evidence in support of this hypothesis. 
Using whole cell patch clamp techniques on hippocampal CAI pyramidal cells 
we found that the mAChR agonist carbachol (10 pM) induces a marked increase 
in NMDA-evoked currents (293±0.46 % of control). This effect is extremely 
stable and exhibits no discernable rundown. Studies utilizing a highly specific 
ml-toxin which binds to the ml mAChR in an irreversible fashion have allowed 
us to definitively test for the involvement of the ml receptor. Pre-treatment of 
slices with ml-toxin markedly reduces the potentiating effect of carbachol 
(128±0.06 % of control). The ml-toxin does not alter the ability of IS, 3R- 
ACPD to potentiate NMDA-evoked currents, indicating that the effect of the 
toxin is specific for muscarinic receptors. We also studied the effect of ml-toxin 
on carbachol-induced decreases in evoked EPSCs, an effect that is unlikely to 
be mediated by the ml subtype of muscarinic receptor. EPSC reduction was not 
effected by ml-toxin, indicating that the effect of the toxin is specific for 
potentiation of NMDA receptor currents. Additionally, we have performed 
electron microscopic double-labeling immunocytochemical studies to 
demonstrate that the ml receptor and the NMDA receptor co-localize in CAI 
pyramidal cells and dendrites. Taken together, these data suggest that the ml 
receptor is likely to mediate the muscarinic-induced potentiation of NMDA 
receptor currents. [Supported by NIH NS 34876 (PJC), The Council for Tobacco 
Research(PJC), NINDS NS 10148 (MJM) and NS 30545(AIL)]

787.8
DISTRIBUTION OF M2 MUSCARINIC RECEPTOR mRNA IN THE RAT 
HIPPOCAMPAL FORMATION. B.E.F, Wee*. G.A, Hayne, W.C, Leung, 
D.L, Hurley and G.P, Dohanich. Neuroscience Program and Depts. of 
Psychology, Pathology, Cell & Molecular Biology, Tulane Univ., New 
Orleans, LA 70118.

Central muscarinic cholinergic neurotransmission is known to play a role 
in learning and memory and has been implicated in neurodegenerative 
diseases such as Alzheimer's Disease (AD). The m2 muscarinic cholinergic 
receptor (MChR) subtype has decreased levels of expression in AD and 
aged brains. While the functional role of m2 receptors in learning and 
memory has yet to be elucidated, determining the anatomical distribution of 
m2 receptors in the brain is an important prerequisite. Pharmacological, 
immunohistochemical and in situ hybridization histochemical (ISHH) 
studies of m2 receptor protein and mRNA distribution disagree regarding 
m2 distribution in the hippocampus. Therefore, m2 mRNA localization in 
the rat hippocampal formation was examined by ISHH using selective 
probes hybridizing to regions of predicted high accessibility from computer 
analysis of secondary structure. After RT-PCR amplification and cloning, 
35S-labeled riboprobes corresponding to two different regions of the 
molecule were generated by in vitro transcription and used for ISHH in rat 
brain. Signal specific for m2 mRNA was found in the pyramidal cells of 
CAI, CA2 and CA3 throughout the hippocampus; the signal was lessened, 
but still evident, in the caudal regions of the hippocampus. Signal was also 
present in the granule cells of the dentate gyrus. Intermediate to no signal 
was seen in the subiculum, presubiculum and parasubiculum. Designing 
subtype-specific probes with minimal interference from mRNA secondary 
structure for ISHH aids in the anatomical location of m2 subtype, which 
may account for discrepancies with previous ISHH studies. Regional 
localization will help define the neuronal pathways in the hippocampus that 
involve m2 MChR receptor activity in learning and memory. (Supported by 
NSF BNS-9514816 to GPD and NSF IBN-960805 to DLH)
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787.9
m2 MUSCARINIC RECEPTOR IMMUNOLOCALIZATION IN 
CHOLINERGIC CELLS OF THE MONKEY BASAL FOREBRAIN
J.F, Smiley* 1. A.L Levev^ and M.-M. Mesulam 1. ^Northwestern 
University, Chicago, IL, ^Emory University, Atlanta, GA

Pharmacological studies have shown that the m2 muscarinic receptor 
mediates presynaptic inhibition of acetylcholine release in cerebral 
cortex, suggesting that it functions as an autoreceptor of cholinergic 
axons and that it is therefore expressed by cholinergic ceils of the basal 
forebrain. To test this hypothesis in the monkey, we used a subtype- 
specific antibody to the m2 muscarinic receptor to label basal forebrain 
nuclei in macaque monkeys. Immunoreactive cells with the morphology 
and distribution of cholinergic cells were found in all of the cholinergic 
nuclei, including the medial septal nucleus (Chi) vertical and horizontal 
limb nuclei of the diagonal band (Ch2 and Ch3) and nucleus basalis of 
Meynert (nbM, Ch4). Some of these cells displayed intense m2- 
immunoreactivity, while others were lightly labeled. This heterogeneity 
was not based on peculiarities of methodology, because cholinergic cells 
of the striatum had a comparatively uniform labeling density. Double 
labeling with choline acetyltransferase (ChAT) immunoreactivity proved 
that most of the heavily m2~labeled cells were also ChAT positive. 
Similar to previous findings in the rat, such double labeled neurons 
accounted for approximately 15% of the cholinergic basal forebrain 
cells. Double labeling was difficult to ascertain for neurons that 
displayed faint m2-immunoreactivity. The findings demonstrate that at 
least 15% of the cholinergic cells in the basal forebrain of the monkey 
produce the m2-receptor protein, which can then act as an autoreceptor 
in cortical cholinergic axons. Supported by NS30454 (A.I.L.) and NS 
20285-12 (M.M.M.).

787.10
MULTIPLE ACTIONS OF MUSCARINE ON RAT SEPTO- 
HIPPOCAMPAL NEURONS. A. Kumar: W. Liu and M, Alreja.*
Dept. of Psychiatry, Yale Univ. Sch. of Med., CMHC, New Haven, CT 06508.

The cholinergic neurons of the medial septal/diagonal band complex (MSDB) 
make numerous local synaptic connections and receptor mRNA and binding 
studies have reported the presence of multiple muscarinic receptor subtypes in 
MSDB neurons. We tested the effects of 3 muscarinic agonists (muscarine, 
carbachol and oxotremorine-M) on electrophysiologically characterized MSDB 
neurons in an in vitro rat brain slice preparation using extracellular and whole-
cell recording techniques.

In whole-cell voltage-clamp recordings, bath-applied muscarinic agonists 
increased the frequency of bicuculline and TTX-sensitive IPSCs in a majority 
of cholinergic and non-cholinergic-type MSDB neurons and simultaneously 
produced TTX-insensitive outward or inward currents. Outward currents with 
an increase in input conductance were observed predominantly in cholinergic- 
type neurons whereas GABA-type neurons responded primarily with inward 
currents either with an increase or a decrease in input conductance. In extracel-
lular antidromic recordings, neurons with both inhibitory and excitatory re-
sponses to muscarinic agonists were found to project to the hippocampus. In 9/ 
11 cells tested, the excitatory responses did not desensitize even with 10-30 min 
applications of muscarine (100 p.M). The excitations were blocked by pirenzipine 
(400 nM; mean pA2 = 6.95 ± 0.1; n= 15) telenzipine (100 nM, mean pA2 = 7.82 
±0.08; n=10) and also by low concentrations of (50-200 nM) 4-DAMP-mustard, 
suggesting the involvement of predominantly non-Mt and possibly M3-receptor 
subtype. In conclusion, activation of muscarinic receptors in the MSDB in-
creases local inhibitory synaptic activity by exciting septohippocampal 
GABAergic neurons and also has a direct inhibitory effect on cholinergic-type 
MSDB neurons. Supported by NIH R 29 DA 09797 and NIDA PPG 08227.

787.11
ANALYSIS OF CHOLINERGIC DEPOLARIZATION IN ENTORHINAL 
CORTEX (EC) LAYER H NEURONS WITH WHOLE-CELL RECORDING 
IN RAT BRAIN SLICES. M.H. Shalmskv'. C.T. Dickson and A, Alonso. M.N.I. 
and McGill University, Montreal, Que. Canada.

Neurons in EC layer II occupy a critical position in the temporal lobe since they 
funnel convergent information from the entire cortical mantle into the hippocamp-
us. EC layer II neurons receive a robust cholinergic innervation from the basal 
forebrain and muscarinic activation directly depolarizes EC layer II neurons by a 
mechanism primarily based on the activation of a Ca2+-dependent cationic 
conductance (Klink and Alonso, J. Neurophysiol., 1997). To further this analysis, 
we have characterized EC layer II neurons using whole-cell patch-clamp recording 
techniques and examined muscarinic actions under current clamp conditions. The 
basic electrophysiological profile of the stellate cells (the principal cell type in layer 
II) was very similar under these conditions compared to that previously reported 
with sharp electrodes. Application of CCh (10-40pM) to these neurons in normal 
recording Ringer with or without TTX (IpM), Cs+(2-6mM) and Ba2+(2mM) 
produced membrane depolarization not associated to a detectable change in 
apparent input resistance. However, if the CCh-induced membrane depolarization 
was large enough to trigger Ca2+-spikes or if Ca2+ entry was facilitated by 
depolarizing current pulse injection, the initial CCh depolarization was largely 
enhanced and during this post-depolarization period the apparent input resistance 
of the cell was increased. These preliminary observations are in line with our 
previous sharp-electrode recording results and indicate that the cholinergic system 
has a robust neuromodulatory influence on EC layer II neurons and that this 
influence is largely mediated via the activation of a Ca2+-dependent cationic 
conductance mechanism(s). MHS was supported by an MRC scholarship, CTD by 
an NSERC fellowship and AA by MRC and HFSP operating grants.

787.12
MUSCARINIC CONTROL OF EXCITABILITY AND [Ca2+h IN LAYER III 
PROJECTION NEURONS OF THE MEDIAL ENTORHINAL CORTEX.
T. Gloveli, D. Schmitz, U. Heinemaim* and W. Muller. Institute for Physiology at 
the Charite, Humboldt University, Tucholskystr. 2, 10117 Berlin, Germany.

Medial entorhinal cortex (mEC) layer III neurons form an important direct input 
to the subiculum and area CAI of the hippocampus. Repetitive synaptic stimulation 
induced a prolonged (2-20 s) atropine-sensitive hyperpolarisation in these projection 
neurons of the mEC (Gloveli et al., in press). Using intracellular injection of fura-2 
in the rat combined hippocampal-entorhinal cortex slice we imaged changes in 
postsynaptic [Ca2+]; concentration in projection layer III neurons of the mEC evoked 
by repetitive synaptic stimulation or application of low concentration of carbachol 
(CCh). Repetitive synaptic stimulation induces a prolonged hyperpolarisation and 
slightly increases [Ca2+]; in the projection cells. Intracellular injection of the fast Ca2" 
buffer BAPTA, but not the slow buffer EGTA, causes significantly reduction of the 
prolonged hyperpolarisation, suggesting participation of fast [Ca2+J; changes in these 
responses. In contrast to synaptic stimulation, activation of muscarinic receptors by 
low concentration of CCh strongly increased intrasomatic Ca2+ accumulation in these 
cells. Additionally, in the presence of TTX or extracellular EGTA, CCh strongly and 
reversibly hyperpolarised the resting membrane potential of the projection neurons. 
Both effects were blocked by the muscarinic antagonist atropine. Depletion of 
intracellular Ca-stores by cyclopiazonic acid or caffeine reversibly prevented the 
Ca2+-increase as well as the hyperpolarisation induced by CCh. Our results 
demonstrate strong cholinergic control of excitability of projection cells of the mEC. 
The linkage of a fast Ca-signal to a prolonged hyperpolarisation suggests an 
involvement of a novel mechanism. Supported by DFG Mu 809/6-1.

787.13
MICE DEFICIENT FOR THE Ml MUSCARINIC RECEPTOR 
SHOW ALTERED SEIZURE RESPONSES TO PILOCARPINE 
S, E, Hamilton*. N, M. Nathanson. Department of Pharmacology, 
University of Washington, Box 357750, Seattle WA 98195-7750 
The five muscarinic receptor subtypes overlap in both localization 
and functional coupling. Of these the ml receptor, predominant in 
mammalian forebrain, has been implicated pharmacologically in 
learning, memory, perception of pain, and initiation of seizures. To 
determine the function of ml, we have generated mice deficient in 
this receptor. The absence of the ml receptor has been verified by 
immunoprecipitation and immunoblot analyses of forebrain samples. 
Immunoprecipitation analyses with antibodies specific for the m2, 
m3, and m4 receptors show no major alteration in expression of 
these receptor subtypes in forebrain from ml knock-out (KO) mice. 
The ml KO mice were used to determine the role of the ml receptor 
in seizure initiation in the pilocarpine model of epilepsy. 
Administration of 300 mg/kg pilocarpine (i.p.) resulted in multiple 
tonic-clonic seizures in 100% of the wild type (WT) mice, while no 
KO mice exhibited seizures. Only one out of eight heterozygotic 
mice experienced seizures at this dose. Administration of 25 and 35 
mg/kg kainic acid (s.c.) produced seizures of identical severity in 
WT and KO mice. These results demonstrate that the ml receptor 
plays a crucial role in the initiation of seizures in the pilocarpine 
model of epilepsy. Research supported by NIH grants NS26920 
and 5T32HL07312.

787.14
XANOMELINE STIMULATION OF PHOSPHOINOSITIDE HYDROLYSIS 
IN VIVO: COMPARISON TO OTHER MUSCARINIC AGENTS 
F, Bvmaster1*, P. Carter1, W. Zhang1, H. Shannon1, N. DeLapp1, C.
Whitesitt1, J. Ward1, D. Calligaro1, M. Sheardown2, A. Fink-Jensen2, L.
Jeppesen2, and P, Sauerberq2. 1 Neuroscience Division, Lilly Research 
Laboratories, Lilly Corporate Center, Indianapolis, IN 46285 and 2Health 
Care Discovery, Novo Nordisk AZS, 2760 Malov, Denmark

The selective muscarinic receptor agonist (SMRA) xanomeline in clinical 
trials reduced cognitive dysfunction and behavior symptoms in patients 
with Alzheimer’s disease. Activation of M1 receptors may stimulate 
phosphoinositide (PI) hydrolysis and result in enhancement of memory 
processes. Thus, we have investigated the ability of xanomeline and other 
muscarinic agents to stimulate in vivo PI hydrolysis using a radiometric 
assay in mice. In the presence of lithium chloride (10 mM/kg), xanomeline 
(3-30 mg/kg sc) increased conversion of inositol phosphates (IP) in a 
dose-dependent fashion up to 234 % of control and uniquely did not 
produce side effects at doses that stimulated PI hydrolysis. Xanomeline- 
induced increases in IP accumulation were blocked by centrally acting 
muscarinic antagonists. Thiopilocarpine and LY287041 (NNC-110309) 
also increased IP accumulation. In contrast, milameline, PD 142505, WAL 
2014, Lu25-109 and SKB 202026 did not appreciably increase IP 
conversion. Moreover, WAL 2014 and SKB 202026 totally blocked 
agonist-induced stimulation of IP. The acetylcholinesterase inhibitors 
physostigmine and tacrine did not increase IP conversion. Xanomeline 
also increased IP accumulation in rats. Thus, xanomeline effectively 
stimulates Pi hydrolysis in vivo without producing non-selective effects, 
demonstrating potential for effective therapy in Alzheimer's disease.
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787.15
EFFECTS OF XANOMEUNE ON MONOAMINE NEUROTRANSMITTERS AND 
METABOLITES IN RAT BRAIN AREAS AS MEASURED BY MICRODIALYSIS.
K.W. Perry*1, F, Bymaster1, H, Shannon1, N, DeLapp1, J, Ward1, C, Whitesitt1, A, Fink-

Jensen2, M. Sheardown2 and P. Sauerbera2. 'Neuroscience Division, Lilly Research 
Laboratories, Eli Lilly & Co., Indianapolis, IN 46285 and 2Health Care Discovery, Novo 
Nordisk A/S, 2760 Malov, Denmark. •

Xanomeline is a new selective muscarinic receptor agonist (SMRA) which has been tested 
clinically in patients with Alzheimer’s disease. In vitro studies with cells containing various 
muscarinic receptor subtypes have shown that xanomeline was more effective at the ml and 
m4 receptors than at the m2, m3 or m5 receptors. This type of SMRA has relatively few 
parasympathetic side effects and appears to be safe and well tolerated in humans. A six 
month clinical trial has shown that xanomeline stops the cognitive decline and reduces the 
hallucinations, delusions and vocal outbursts associated with Alzheimer’s disease. To better 
understand the biochemical mechanism of action, we examined the effects of xanomeline on 
dopamine(DA), norepinephrine(NE), and serotonin(5HT) and their metabolites in different rat 
brain areas using the technique of microdialysis combined with HPLC and electrochemical 
detection. We found that xanomeline (1,3 & 10 mg/kg s.c.) increased extracellular 
concentrations of both DA and its metabolite (DOPAC) in the prefrontal cortex (PFC) and 
nucleus accumbens (NAC), while only DOPAC increased in the striatum. The increase in DA 
was largest in the PFC, 275% of basal compared to 160% of basal in the NAC at the 10 
mg/kg dose. There were no significant changes in extracellular 5HT or NE but the 5HT 
metabolite, 5HIAA, was increased significantly (135% of basal) in the PFC at the 10 mg/kg 
dose. The elevation of extracellular DA in the rat PFC is a characteristic effect that has been 
obseived for various antidepressant drugs and atypical antipsychotics such as clozapine. 
Since stimulation of D1 receptors in the PFC has recently been theorized to be beneficial in 
relieving the negative symptoms and cognitive deficits of schizophrenia, xanomeline and 
other SMRAs could be useful as a new class of antipsychotic drugs.

787.16
THE M2 MUSCARINIC ACETYLCHOLINE RECEPTOR CONTRIBUTES TO 
RAT URINARY BLADDER CONTRACTION. A.S. Braverman, G.R. Luthin, and 
M.R. Ruggieri*. Dept. Ufology & Pharmacol, Temple Univ. Sch. Med., Phila., PA 19140 
(ASB, MRR), Dept. Physiol., Allegheny Univ. Health Sci., Phila., PA 19102 (GRL).

Rat bladder contractions in response to cumulative carbachol doses were measured 
in the presence of selective muscarinic antagonists from rats 3 weeks after bilateral 
removal of the major pelvic ganglion and controls. The affinities (pA2 values) in control 
bladders were: 4-Diphenlacetoxy-N-methylpiperidine methiodide (4-DAMP), 10.6; para 
fluoro hexahydrosilodifenidol (p-F-HHSiD), 7.8; Methoctramine (Meth), 6.0; Pirenzepine 
(PZP), 7.1; consistent with M3 mediated bladder contractions. Affinities in denervated 
bladders were: 4-DAMP, 8.4 and p-F-HHSiD, 6.22; consistent with M2 mediated 
contractions however, the Meth affinity (6.5) was intermediate between its reported 
affinity for M2 and M3 subtypes. Subtype selective immunoprecipitation revealed a 40% 
increase in m2 receptors with no change in m3 receptors.

In normal rat bladder strips, M3 receptors were selectively alkylated in-vitro with 40 
nM 4-DAMP-mustard while protecting M2 receptors with 30 nM Meth. 
Immunoprecipitation revealed that 65% of m2 while 85% of m3 receptors were 
inactivated by this treatment. In this tissue, the affinity of Meth for inhibition of 
carbachol induced contraction was still consistent with M3 mediated contractions 
(pA2=5.9). However, unlike in non-alkylated control strips, after the tissue was 
contracted with 90 mM KC1 then relaxed by raising cAMP with 30 pM isoproterenol, the 
affinity of Meth for inhibition of carbachol induced contractions was intermediate 
between its reported affinity for M2 and M, receptors (p^. =5.9 for control, 7.1 for 
alkylated).

Denervation leads to a selective increase in the density of m2 receptors, while our 
selective inactivation protocol decreases the density of functional m3 greater than m2 
receptors. In these circumstances, which may resemble some pathological conditions in 
humans, the M2 receptor appears to contribute to bladder contraction.
Supported by PHS grants RO1-DK43333 (MRR & GRL) and RO1-DK39086 (MRR).

787.17
MECHANISTIC BASIS OF THE MULTIPLE AFFINITIES REVEALED BY 
CARDIAC MUSCARINIC RECEPTORS. P, Chidiact M, A. Green. A. B. 
Pawagi and J. W. Wells* +Dept. of Pharmacology, Southwestern Medical Center, 
University of Texas, Dallas, TX 75235; Dept. of Pharmacology and Faculty of 
Pharmacy, University of Toronto, Toronto, Canada M5S 2S2.

A scheme based on cooperativity has been examined for its ability to describe 
the binding properties of muscarinic receptors in myocardial membranes. Data 
from native membranes are in excellent and mechanistically consistent agreement 
with the model provided that there are at least three and probably four interacting 
sites («), which presumably represent an oligomer. The lower limit on n emerges 
from the nature of the binding patterns and the conditions of the assays. A 
difference in the apparent capacity for [3H]quinuclidinylbenzilate and N-[3H]- 
methylscopolamine (NMS) can be attributed to negative homotropic cooperativity 
specific to the latter. The effect of GMP-PNP on the inhibition of [3H]NMS by 
agonists can be attributed to a shift in the distribution of receptors between 
spontaneously interconverting states differing primarily in their cooperative 
properties. Only two interacting sites are required after 80% of the sites recog-
nized by [3H]NMS have been blocked by propylbenzilylcholine mustard. The 
decrease in n is in accord with the reduced likelihood of cooperative effects if 
unreacted sites within an oligomeric array cannot regroup after the alkylation. An 
alternative scheme based on a ligand-regulated equilibrium between free and G 
protein-coupled monovalent receptors cannot account for the binding properties 
measured with [3H]NMS or for those of receptor-linked sites labeled by 
[35S]GTPyS. The model fails despite two refinements prompted by the data: i.e., 
a heterogeneous population of G proteins, and a subpopulation of G protein- 
inaccessible receptors. The results suggest that muscarinic receptors are not 
mutually independent in their interactions with cholinergic ligands and their 
sensitivity to guanyl nucleotides. (Heart and Stroke Fdn. of Ontario, NSERC)

787.18
FUNCTIONAL INTERACTION OF MUSCARINIC RECEPTOR RESPONSES 
WITH ISOPROTERENOL AND FORSKOLIN IN BOVINE TRACHEAL 
SMOOTH MUSCLE. R, S Ostrom* and F. J, Ehlert. Dept. of Pharmacology, 
College of Medicine, University of California, Irvine, CA 92697.

The muscarinic receptor population in many smooth muscle containing tissues 
consists of both M2 and M3 subtypes. The M3 subtype couples to 
phosphoinositide hydrolysis and elicits a direct contraction. The more abundant M2 
subtype couples to the inhibition of adenylate cyclase and appears to contribute to 
the contraction by inhibiting relaxant effects when they are present. Isoproterenol 
has been shown to be less potent at inhibiting muscarinic receptor mediated 
contractions as compared to histamine induced contractions of equal magnitude, 
presumably due to this two-pronged mechanism enacted by muscarinic agonists. 
However, previous reports using bovine trachea could not attribute this effect to the 
activation of M2 muscarinic receptors. In the present study, we have measured both 
contractile responses and cAMP accumulation in smooth muscle isolated from 
bovine trachea. The relaxation responses for isoproterenol and forskolin were 10.8- 
and 8.3-fold more potent, respectively, against histamine than against oxotermorine- 
M (oxo-M) induced contractions. Forskolin caused the same degree of inhibition of 
histamine- and oxo-M-induced contractions when cAMP levels were similar. These 
results suggest that the differential relaxant effect of forskolin on histamine- and 
oxo-M-induced contractions is due to M2 receptor mediated inhibition of cAMP. In 
contrast, isoproterenol elicited a maximal relaxant response at a much lower level of 
cAMP as compared to that observed with forskolin. Moreover, isoproterenol caused 
an inhibition of oxo-M-induced contractions at a much lower level of cAMP as 
compared to that observed for histamine-induced contractions. Our results indicate 
that part of the relaxant response to isoproterenol is mediated through a non-cAMP 
dependant mechanism. [Supported by N.I.H. grant NS 30882]

787.19
CARBACHOL ACTIVATES A MUSCARINIC RECEPTOR AND A 
POTASSIUM CONDUCTANCE IN NEURONS RECORDED FROM IN 
VITRO RAT SUPRACHIASMATIC NUCLEUS (SCN) NEURONS.
Z. G, JIANG* . Z. P. LIU, Y. O. YANG AND C.N. ALLEN Center for 
Research on Occupational and Environmental Toxicology and 
Department of Physiol, and Pharm., Oregon Health Sciences University, 
Portland, OR 97201.

Cholinergic transmission has been implicated anatomically and 
functionally in the SCN biological clock mechanism in mammals, but the 
cellular actions of acetylcholine in the SCN remain largely unknown. 
Using a whole-cell recording technique on horizontal brain slices from 
circadian rhythm-monitored rats, we tested acetylcholine analogs on these 
neurons in ventral part of the nucleus. It was found that: 1) carbachol or 
muscarine (1 - 100 pM) dose-dependently activated an outward current 
(5-75 pA) at -60 mV in about 45% neurons tested throughout the 24 hr 
cycle. 2) The outward current was associated with an increase in input 
conductance, was enhanced by depolarization, reduced and reversed its 
polarity upon hyperpolarization beyond -98 mV. The induced current 
was not affected by TTX (1 pM) but was reduced by the K+-channel 
blocker Ba^+ (1 mM). 3) Atropine (1 pM), pirenzepine (1 pM) or 
methoctramine (1 pM) completely antagonized the current effects of the 
agonists, whereas (+)-tubocurarine (30 pM) had no effect. 4) In some SCN 
neurons, large spontaneous GABAA-mediated inhibitory postsynaptic 
currents were inhibited by carbachol (10 pM). 5) Carbachol-sensitive 
neurons showed monopolar and curly bipolar types of soma-dendritic 
morphology. In conclusion, cholinergic inputs inhibit the SCN neurons by 
postsynaptic activation of M1/M2 muscarinic receptor(s) and its coupled 
potassium conductance. (Supported by grant AG 10794)

787.20
ENDOGENOUS ACETYLCHOLINE INCREASES NMDA RESPONSES 
RECORDED FROM STRIATAL SPINY NEURONS P. Calabresi *, D. Centonze, 
A, Pisani. P. Gubellini, G. Marfia and G. Bemardi Clinica Neurologica, Dip. 
Sanita’, Univ. Tor Vergata, Rome 00173 & Ospedale S. Lucia I.R.C.C.S. 
Rome, Italy.

We have studied the muscarinic effects on NMDA responses obtained from 
intracellularly recorded striatal spiny neurons. Muscarine (0.3-10 pM) 
produced a dose-dependent and reversible increase of the membrane 
depolarization/inward current induced by brief applications of NMDA. This 
effect persisted in 1 pM tetrodotoxin. Muscarine did not affect membrane 
responses caused by AMPA. The muscarinic potentiation of NMDA responses 
was mimicked by neostigmine (0.3-10 pM), an inhibitor of Ach-esterase. At 
these concentrations neither muscarine nor neostigmine produced, by 
themselves, significant changes of resting potential and membrane 
conductance. The effects of muscarine and neostigmine were antagonized by 
pirenzepine (10-100 nM), a Ml muscarinic receptor antagonist, but not by 
methoctramine (250 nM), a M2 antagonist. Accordingly, the muscarinic 
potentiation was mimicked by McN-A-343 (1-10 pM), a Ml receptor agonist, 
but not by oxotremorine (100-500 nM), a M2 agonist. Moreover, this 
potentiation was blocked either by utilizing BAPTA-filled electrodes or by the 
pretreatement with staurosporine (100 nM) and calphostin C (1 pM), inhibitors 
of protein kinase C. These data show that endogenous Ach enhances NMDA 
responses via Ml muscarinic receptors. This effect involves the regulation of 
intracellular calcium levels and protein kinase C activity and it might play a 
role in striatal synaptic plasticity.
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788.1
GROUP-J AND -II METABOTROPIC GLUTAMATE RECEPTORS 
(mGIuRs) DIFFERENTIALLY REGULATE ASTROCYTE 
PROLIFERATION IN CULTURE. 1R. Ciccarelli. 2F. Sureda. 
Casahonet. 1P^DLtorio1VLCamso, 3DJEXimdQrelli, 2/4F, Nicoletti* and1 
F, Caciagli. Institutes of Pharmacology, Univ. of ^Chieti and ^Catania; 
2I.N.M. Neuromed, Pozzilli; 3lnst. of Biochemistry, Catania Univ., Italy.

RT-PCR and Western analysis showed that cortical astrocytes in culture 
express mGluRS and -3, which belong to group-1 and -II mGIuRs, 
respectively. The selective group-1 mGluR agonist, 3,5- 
dihydroxyphenylglycine (DHPG), increased intracellular free Ca2+ and 
enhanced 3H-thvmidine incorporation in cultures growing in low 
concentrations of serum, as well as in syncronized cultures stimulated to 
proliferate with 2.5 ng/ml of EGF or with adenosine 5'-(^,Y-imido)- 
triphosphate, a stable analogue of ATP. The action of DHPG was 
antagonized by MCPG. In contrast, the selective group-II mGluR agonist, 
(2S,2'R,3'R)-2-(2',3,-dicarboxycyclopropyl)glycine (DCG-IV), reduced 3H- 
thymidine incorporation, particularly in cultures stimulated with high 
concentrations of mitogens. The action of DCG-IV was antagonized by 
(25,rR,2'S,3'R)~2~(2'-carboxy-3'-phenylcyclopropyl) glycine. The mixed 
agonists, 4-carboxy-3~hydroxyphenylglycine and L-CCG-I enhanced 3H- 
thymidine incorporation in cultures stimulated to proliferate with 2.5 
ng /ml of EGF, but produced opposite effects in the presence of higher 
concentrations of EGF. We conclude that activation of mGluRS and mGluRS 
respectively enhances and reduces DNA synthesis in astrocytes.

788.2
AIDA, A GROUP 1 METABOTROPIC GLUTAMATE RECEPTOR 
ANTAGONIST, REDUCES THE ISCHEMIA-INDUCED NEURONAL 
LOSS. A^Cozzi^M^nhardi^iJtoonaMO^Attucci^̂ JeniginHlUR,
Pellicciari~& F. Moroni. Dept. of Pharmacology, Univ. of Florence, 50134, 
Florence, Italy; ’inst. of Medicinal Chemistry, Univ. of Perugia, 06123 Perugia, 
Italy.

1-aminoindan-1,5-dicarboxylic acid (AIDA) is a relatively selective mGluR 1 
antagonist (pA^M.Zl; J.P.E.T. 1997 in press). An interesting role that 
metabotropic glutamate receptors (mGIuRs) play in the synaptic function is the 
modulation of depolarization-induced transmitter release. In vitro, activation of 
PLC-coupIed mGIuRs potentiates transmitter release, while activation of 
mGIuRs negatively linked to adenylate cyclase inhibits it. In the depolarization- 
induced outflow of D-[3H]aspartate in rat cortical slices, AIDA antagonized the 
stimulatory effect of (1S,3R)-ACPD, disclosing an inhibitory effect probably 
ascribable to (1S,3R)-ACPD activating niGluR2 and/or mGluR4. In rats 
bearing a microdialysis probe in their cortex, AIDA antagonized the (1S,3R)- 
ACPD-induced glutamate release. In parallel experiments, we evaluated in 
vitro and in vivo the possibility that AIDA reduces the ischemia-induced 
neuronal degeneration. When AIDA (100 nmoles twice i.e.v.) was administered 
to gerbils exposed to 5 min of cereberal ischemia, the typical selective loss of 
the pyramidal cells found in the CA! area was reduced by 75 %. In preliminary 
experiments, we noted that AIDA (300 -500 pM) reduced the neuronal damage 
in primary culture of mixed cortical neurons exposed for 60 min to 95% 
nitrogen. Studies are in progress to understand whether AIDA neuroprotective 
actions are related to the antagonism of mGluRl mediated facilitation of 
transmitter release. Supported by the E. U. grant (BMII4-CT96-0228).

788.3
RECEPTOR SUBTYPE SELECTIVITIES AND POTENCIES OF mGluR 
ANTAGONISTS IN CHO CELLS EXPRESSING hmGluR2 AND 4 USING 
[’"SjGTPyS BINDING. JLMJGwyMLXJisiaoLAAMJ^V^
K, Ghosh, and J.R, Tasse. Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543 
and ’Wyeth-Ayerst Research, Core Biotechnology, Radnor, PA 19087.

The use of a [35S]GTPyS binding assay as a method of functional assessment of 
mGluR ligands at cloned hmGluR subty pes 2 and 4 has been validated (Kowal et 
al, Neuropharm. 35:A17, 1996; Kowal et al, Soc. Neurosci. Abstr. 22:808, 1996; 
Tasse et al, Soc. Neurosci. Abstr. 22:808, 1996). Using this assay, the present 
study examines a series of mGluR antagonists for subtype selectivities and rank 
order of potencies at hmGluR2 and 4. Activities for most of the antagonists 
evaluated here have been previously reported in electrophysiological studies 
involving (1S,3S)-ACPD- or L-AP4-sensitive presynaptic mGIuRs in rodents (Jane 
et al, Neuropharm. 34:851, 1995; Thomas et al, Neuropharm. 35:637, 1996; Jane 
et al, Neuropharm. 35:1029, 1996.), but their selectivities and potencies at 
individual mGIuRs remain unidentified. An examination of the antagonists at 
hmG!uR2 revealed the following rank order of potency: PCCG-4>MSOP 
>CPPG=(S)-MPPG>(RS)-MPPG>MSOPPE>MSPG-MTPG>M3C4HPG. A 
similar evaluation of the antagonists at hmGluR4 yielded a potency order as 
follows: (S)-MPPG-CPPG>MSOP=(RS)-MPPG>PCCG-4>MSOPPE=MTPG 
=M3C4HPG=MSPG. The most selective and potent antagonist tested was PCCG- 
4, which produced a 33-fold selectivity for hmGluR2 and pA2 = 5.76.
Interestingly, this compound also exhibited weak partial agonism at hmGluR4 
only. MSOPPE displayed weak partial agonist activity at hmGluR2 and 
approximately 4-fold selectivity for that receptor. (S)- MPPG was less than 2 times 
more potent at each receptor subtype relative to its racemate. MSOP and CPPG 
possessed moderate potency at hmGluR2 (pA2 = 5.04 and 4.87, respectively) and 
hmGluR4 (pA2 = 4.73 and 4.92), yet lacked selectivity. The remaining 
antagonists were relatively weak (i.e. pA2 < 4.0) and lacked significant suhype 
selectivity''.

788.4
LIGAND ABILITY OF GLU-CONTAINING DIPEPTIDES; AN ANALYSIS OF 
[3H]L-QUISQUALATE BINDING TO THE BACULOVIRALLY EXPRESSED 
TYPE 1 METABOTROPIC GLUTAMATE RECEPTOR. H, QHASHL H, 
HIGASHI-MATSUMQTQ. T. MARUYAMA and Y. TAKEUCHI*. Tsukuba 
Research Institute, Banyu Pharmaceutical Co., Ltd., Okubo 3, Tsukuba 300-26, Japan

L-GIutamic acid (Glu) acts as a major excitatory neurotransmitter, exerting its 
fundamental roles in neuronal plasticity and neurotoxicity in CNS. Glu receptors are 
categorized into two major groups termed ionotropic and metabotropic receptors 
(mGIuRs). Here, we report a protocol to analyze radioligand binding to the 
recombinant type la mGluR. A full-length cDNA encoding mGluR la, which was 
isolated from a Xgtl 1 cDNA library of human cerebellar origin, was expressed in a 
baculovirus/Sf9 insect cell system. Membrane fractions with recombinant receptor 
expression was analyzed for the binding of pH]-labeled L-quisqualate (QA) that is 
known to be a potent agonist of mGluR la. An efficient binding of the radioligand to 
the receptor molecules was observed in a saturable manner. The apparent Kd was 52.6 
nM. pH]L-QA bound to the human mGluR la was displaced by other known ligands 
such as L-QA, L-Glu, t-ACPD with their ICjqs  of 0.02, 1 and 4 pM, respectively. 

AMPA and MCPG were with lesser potency. We then evaluated the effect of synthetic 
dipeptides in a similar way. Among peptides tested, Glu-containing dipeptides such as 
Glu-Tyr, Glu-Trp and Met-Glu exhibited, at 20 p.M, > 50 % inhibition of the ligand 
binding. Particularly, Met-Glu, when tested in relation to phosphatidyl inositol 
turnover in the mGluRla-express:ng CHO cells, functioned as an agonist with its 
potency comparable to that of Glu. Peptides without Glu residue were of no effect in 
these assays. Data shown here will provide a novel protocol to search for not only 
ligands for the type 1 mGluR, but also ligands for AMPA receptors, since QA is also 
known to be a potent ligand for the ionotropic GluRs.

788.5
CHIRAL ANALOGUES OF GLUTAMIC AND ADIPIC ACIDS AS 

GROUP II SELECTIVE METABOTROPIC GLUTAMATE RECEPTOR 
AGONISTS. H. Brauner-Osborne*, N. Skiaerbaek, R, Karla, B. Nielsen, T.N. 
Johansen and P. Krogsgaard-Larsen. Department of Medicinal Chemistry, 
Royal Danish School ofPharmacy, DK-2100 Copenhagen, Denmark.

In order to define new lead structures for the development of selective 
ligands for the metabotropic, glutamic acid (mGlu) receptors we have tested 
(25,4/?)- and (25,45)-4-inethyiglutamic acid (4-Me-Glu) and (/?5)-4- 
methyieneglutamic acid (4-Met-Glu at Chinese hamster ovary cells 
(generous gift from Professor S. Nakanishi) expressing mGlula, mGhty or

All three compounds displayed weak activities at mGhi}a and mGlu4a being 
at least 30 fold less potent than (S)-glutamic acid. However, at mGlu?, 
(25,45)-4-Me-Glu and (/?5)-4-Met Glu were both 2-3 fold more potent than 
(5)-glutamic acid, whereas (25,4/?)-Me-Glu was 30-fold weaker. Since these 
compounds also show activity at ionotropic glutamic acid. (iGlu) receptors 
we have synthesized 2-amino-5-methyl-adipic acid (I) and the unsaturated 
analogue II in an attempt to increase the mGlu selectivity. However, In 
contrast to our previous finding of 2-aminoadipic acid being a selective 
mGlu2 agonist, both I and II were inactive at all three receptor subtypes.

This work was supported by the Lundbeck Foundation and by a
H. Lundbeck A/S Post. Doc.-grant to H.B.-O,

788.6
NOVEL ANTAGONIST'S OF GROUP 11 AND Hi METABOTROPIC GLUTAMATE 
RECEPTORS. D.E. Jane, N.K.Thomas, J.C. Miller and J.C. Watkins*. Department of 
Pharmacology, University of Bristol, Bristol, BS8 1TD, U.K.

Metabotropic glutamate receptors (mGIuRs) have been placed in three mam 
subgroups according to their sequence homology, signal transduction mechanism and 
agonist selectivity. Group I mGIuRs are coupled to PI hydrolysis whereas Group II 
and III mGIuRs are negatively coupled to cAMP formation. Group II and III mGIuRs 
are selectively activated by (1S.3S)-ACPD and L-AP4 respectively. We have 
synthesised a range of phenylglycine analogues and tested them as antagonists of either 
(1S,3S)-ACPD or L-AP4-induced depression of the monosynaptic component of the 
dorsal root evoked ventral root potential in the neonatal rat spinal cord preparation. 
We have found that both a-ethvl- and a-butyl-4-phosphonophenylglycine are selective 
L-AP4 receptor antagonists (KD = 1.8 and 5.6 pM respectively), however both these 
compounds also antagonise responses due to (1S,3S)-ACPD (KD = 50 and 29 pM 
respectively). On the other hand, (RS)-a-methy!-3-chloro-4-phosphonophenylglycine 
was found to be much more selective as an antagonist of L-AP4 activated receptors 
(Kd  = 11 pM), having no effect at 200 pM at (1 S,3S)-ACPD activated receptors. Two 
compounds, a-cyclopropyl-and a-ethyl-4-tetrazolylphenylglycine were potent 
antagonists of (1S,3S)-ACPD activated receptors (KD 27 and 21 pM respectively). 
The activity of these two compounds on L-AP4-activated receptors has yet to be 
determined. a-(2-Carboxyethvl)-4-carboxyphenylglycine was relatively non-selective 
being an antagonist of both L-AP4 and (lS.3S)-ACPD-activated receptors (KD 25 
and 21 pM respectively). We thank the Medical Research Council, U.K. for financial 
support.
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788.7
INDUCTION OF LIMBIC SEIZURES IN MICE BY SYSTEMIC 
ADMINISTRATION OF 3,5-DIHYDROXYPHENYLGLYCINE (DHPG), A 
SELECTIVE GROUP 1 METABOTROPIC GLUTAMATE RECEPTOR 
AGONIST. J. P. Tizzano*, K. I. Griffey, J. A. Johnson and W, H. Jordan. 
Lilly Research Laboratories, Eli Lilly and Company, Greenfield, IN 46140.

Metabotropic glutamate receptors (mGluRs) are a heterogeneous family of 
receptors coupled to multiple second messenger systems via G-proteins. We 
have previously described that the mGluR group 1 selective agonists 1S,3R-1- 
aminocyclopentane-l,3-dicarboxylic acid (ACPD) and 3,5- 
dihydroxyphenylglycine (DHPG), when injected intrathalamic induce limbic 
seizures and produce selective neuronal injury in mice. In the present study 
we further evaluate the potential for DHPG to induce limbic seizures when 
administered systemically. DHPG was injected intraperitoneally at doses of 
250, 500 or 1000 mg/kg to male CD-I mice. Animals were observed for the 
onset of seizures, number of seizure episodes and duration of seizure activity. 
Systemic administration of DHPG produced a dose-related increase in limbic 
seizures. Behaviors that preceded limbic seizures included: increased 
scratching and face cleaning, ears pinned back, hunched posture, jumping, and 
head and tail extension. Limbic seizures in treated mice were characterized by 
the presence of at least one episode of clonic forelimb contractions followed 
by hindlimb rearing to a praying stance, then loss of balance and falling. The 
onset of these behaviors was within 15-30 minutes following injection, number 
of seizure episodes ranged between 25 and 40, and behaviors lasted 
approximately 4.5 hours. These data suggest that systemic administration of 
DHPG produces mGluR-mediated limbic seizures in mice that are a result of 
activating Pi-linked in situ mGluRs.

788.8
[3H]-2S-2-AMINO-2-(1 S.2S-2-CARBOXYCYCLOPROPAN-1 -YL)-3- 

(XANTH-9-YL) PROPIONIC ACID ([3H]-LY341495) BINDING IN 
MEMBRANES OF GROUP II METABOTROPIC GLUTAMATE RECEPTOR 
(MGLUR) EXPRESSING CELLS. B. G. Johnson*, R.A, Wright, P.L. 
Ornstein, and D.D. Schoepp, Lilly Neuroscience, Eli Lilly and Company, Lilly 
Research Laboratories, Indianapolis, Indiana 46285.

MGluRs are a family of eight known subtypes termed mG!uR1-8. These 
subtypes have been classified into three groups based on sequence 
homology, signal transduction pathways, and pharmacological profiles. In 
functional assays, LY341495 is a highly potent and subtype selective group 
II mGluR2/3 antagonist (see Ornstein et al.). In this study, LY341495 was 
radiolabeled to investigate its binding to membranes from cells expressing 
human mGluR subtypes. Scatchard analysis showed that the specific 
binding of [3H]-LY341495 to cells expressing human mGluR2 and mGluR3 
was saturable with relatively high affinity (Bmax 20.5 ± 5.4 and 32.0 + 7.0 
pmoles/mg protein; Kd=1.67+0.20 and 0.75+0.43 nM, respectively). Using 
1mM L-glutamate to define non-specific binding and rapid filtration to 
separate bound from free ligand, [3H]-LY341495 binding was generally >90% 
of total binding. No specific binding of [3H]LY341495 was found in 
membranes of ceils expressing group I (mGluR 1 and 5) or group III 
(mGluR4 and 7) expressing cells. Selective ionotropic compounds NMDA, 
AMPA, and kainate produced no appreciable displacement of specific 
binding of [3H]-LY341495 to either mGluR2 or mGluR3. The relative order of 
potency for displacement of [3H]-LY341495 binding to human mGluR2 by 
various mGluR selective compounds was LY341495 > LY354740 > L-CCG I 
> LY307452 > 2R.4R-APDC > 1S,3R-ACPD > quisqualate > L-AP4 > 
MCPG» DHPG. [3H]-LY341495 binding thus provides a useful way to 
determine the receptor expression level and pharmacological properties of 
mGluR subtypes in recombinant systems.

788.9
[3H]-2S-2-AMINO-2-(1 S,2S-2-CARBOXYCYCLOPROPAN-1 -YL)-3-(XANTH- 
9-YL) PROPIONIC ACID ([3H]-LY341495): A NOVEL AND POTENT 
RADIOLIGAND THAT BINDS TO METABOTROPIC GLUTAMATE 
RECEPTORS IN RAT BRAIN. R.A. Wright*, P.L. Ornstein and D.D, Schoepp. 
Lilly Neuroscience, Eli Lilly and Co., Indianapolis, IN 46285.

Until recently, the only radioligand for metabotropic glutamate receptor 
(mGluRs) binding in rat brain homogenates was [3H]-glutamate, which is 
nonselective and has relatively low affinity (^200 nM). 1S,3R-ACPD-sensitive 
[3H]-glutamate binding required addition of a cocktail of selective blockers and 
termination by centrifugation (Wright, et al., J. Neurochem 63:938, 1994). In 
this study we developed a filtration assay using a new radioligand, [3H]- 
LY341495, which binds to mGluRs in rat brain tissue. LY341495 is a highly 
potent and selective antagonist for group II mGluRs (mGluR2, 3) (see 
Ornstein, et al.). Scatchard analysis in rat brain demonstrated binding to a 
single site that was saturable and of relatively high affinity (Bmax: 3.9 ± 0.65 
pmol/mg protein, Kd: 0.84 ± 0.11 nM). The binding of [3H]-LY341495 (1 nM) 
reached equilibrium at 4°C within 30 minutes and dissociated completely 
within 45 minutes after addition of 1 pM cold LY341495. [3H]-LY341495 
binding was linear between 5 and 60 pg of protein, preferred Br over Cl', and 
was insensitive to K+, Na+, Ca++ and Mg++. Pharmacologic evaluation of [3H]- 
LY341495 binding in rat brain revealed a similar profile to that of mGluR3 
(see Johnson, et al.). The relative order of potencies for displacement of [3H]- 
LY341495 by mGluR selective compounds was LY341495 » L-Glu > 
LY354740 > L-CCG-1 > 2R.4R-APDC > 1S.3R-ACPD > MPPG > DHPG > L- 
AP4. [3H]-LY341495 was not displaced by the selective ionotropic glutamate 
receptor agonists, NMDA, AMPA or kainate, at concentrations up to 1 mM. 
Thus, [3H]-LY341495 is the first potent and selective radioligand useful for the 
study of the pharmacology and distribution of mGluRs in rat brain.

788.10
PHARMACOLOGICAL CHARACTERIZATION OF LY341495, A POTENT
ANTAGONIST OF METABOTROPIC GLUTAMATE RECEPTORS
P.L. Ornstein*. A, Kingston. T.J, Bleisch. M.B. Arnold, R.A. Wright, B.G.
Johnson, and D.D, Schoepp. Lilly Research Laboratories, a Division of Eli Lilly 
and Co., Indianapolis, IN 46285, USA and Lilly Research Centre, Ltd., 
Windlesham, Surrey, GU20 6PH, England

The identification of novel agonists and antagonists which are potent and 
selective for metabotropic glutamate receptors (mGluRs) is important to understand 
the pharmacology and define the therapeutic potential of ligands for these receptors. 
We recently discovered that the xanthylmethyl-substituted 
carboxycyclopropylglycine LY341495 is a mGluR antagonist. This amino acid 
was evaluated for agonist and antagoinst activity at Group I (mGluR 1 and 5), 
Group II (mGluR 2 and 3) and Group III (mGluR 4, 7
and 8) human mGluR receptor clones expressed in RGT 
cells (data shown below). No agonist effects were 
observed for LY341495 in these clones, and it was devoid 
of activity at ionotropic glutamate receptors. LY341495 
was most potent at mGluR 2 and 3, somewhat less 
potent at mGluR8, and significanly less potent at 
mGluR 1, 4, 5 and 7. Thus, LY341495 is a very potent

Clone Effector Agonist Challenge IC,„ (pM)
mGluRla tPI 3,5-DHPG 7.8 ± 6.4
mGluR5a Tpi 3,5-DHPG 8.2 ± 1.5
mGluR2 4-c -amp IS, 3/?-ACPD 0.023 ± 0.004
mGluR3 Tc -AMP 15,3/?-ACPD 0.010 ± 0.008
mGluR4 Tc -AMP L-AP4 22.0 ± 1.3
mGluR7 Tc-AMP L-AP4 0.99 ± 0.07
mGluRS 4-c-AMP L-AP4 0.17 ± 0.016

788.11
INTRACEREBRAL ADMINISTRATION OF mGluR AGONISTS DISRUPT 
PREPULSE INHIBITION OF ACOUSTIC STARTLE IN SPRAGUE-DAWLEY 
RATS. S.M, Grauer and K.L. Marquis*. Wyeth-Ayerst Research, CN 8000, 
Princeton, NJ 08543

Molecular cloning has identified eight known metabotropic glutamate receptor 
subtypes (mGluR 1-8). When these receptors are expressed in cell lines they can be 
subdivided into three groups on the basis of their sequence homology and 
biochemical and pharmacological properties. Since the characterization of these 
receptors, numerous molecules have been synthesized to discriminate between the 
different groups of receptors, and these include (R,S)-3,5 DHPG (Group 1 selective), 
1S,3R-ACPD (active at both Group 1 and Group 2 receptors), L-CCG-I (Group 2 
selective) and L-AP4 (Group 3 selective). In order to better understand the functions 
of this diverse and heterogeneous class of glutamate receptors, pharmacological 
studies are underway to elucidate the differential effects that various mGluR agonists 
have on behavioral and neurochemical endpoints. Prepulse inhibition (PPI), a 
measure of sensory gating, occurs when startle amplitude is decreased by the 
presentation of a weaker stimulus prior to the startle stimulus. The nucleus 
accumbens (NAC) appears to be one anatomical locus of modulation of PPL Our 
aim was to evaluate the effects of intra-accumbens administration of Group 1, 2, and 
3 selective mGluR agonists on PPI so as to better understand the functional role 
these receptors play in this phenomenon. Our results indicate that ACPD (0.5-1.0 
pmole/2 pi bilaterally) caused dose-dependent disruptions of PPI when administered 
into NAC, and in a second experiment, into the striatum (although the magnitude of 
the disruption was reduced). Intra-accumbens infusion of both DHPG (1 pmole/2 
p.1 bilaterally) and L-CCG-I (100 nmole/2 pi bilaterally) also led to statistically 
significant disruptions of PPL The administration of L-AP4 (0.4-1.0 pmole/2 pi 
bilaterally) into NAC did not have any effect on PPI. While additional studies are 
needed, these findings suggest a role for Group 1 and Group 2 receptors in the 
modulation of sensory gating.

788.12
SECOND MESSENGER RESPONSES INDUCED BY THE GROUP II 
METABOTROPIC GLUTAMATE RECEPTOR AGONIST LY354740 IN THE 
RAT BRAIN. D.D, Schoepp*, B.G. Johnson, R.A. Wright, C.R. Salhoff, and J.A. 
Monn. Lilly Research Laboratories. Eli Lilly &Company, Indianapolis, IN46285 USA

Since LY354740 is a highly potent and selective agonist for recombinant group II 
mGluRs (human mGluR2 and mGluR3). These studies were designed to further 
investigate the second messenger systems that are linked to activation of group II 
mGluRs in a native preparation. LY354740 effectively (>80%) and potently 
decreased forskolin-stimulated cAMP formation in slices of the adult rat hippocampus 
and cerebral cortex with ECS0 values of 22 ± 3 nM and 55 ± 3 nM, respectively. This 
effect of (+)LY354740 in the rat hippocampus was stereoselective as the (-) 
enantiomer of this compound (LY366563) was about 500-fold less potent. A 
maximally-effective concentration of LY354740 in these preparations (1 pM) was 
also examined in seven different brain regions of the rat for ability to suppress 
forskolin-stimulated cAMP formation. Complete (>90%) suppression of forskolin- 
stimulated cAMP was observed in cerebral cortex, hippocampus, and striatum, while 
partial suppression (about 50%) was found in midbrain regions and olfactory bulb. 
No significant LY354740 inhibitory effects against forskolin-stimulated cAMP 
formation were observed in the rat cerebellum and brainstem regions. Concentrations 
of LY354740 which suppressed forskolin-stimulated cAMP did not mimic group I 
mGluR agonist-evoked phosphoinositide (PI) hydrolysis in slices of the neonatal and 
adult rat cerebral cortex. In the neonatal rat hippocampus, LY354740 (10 or 100 pM) 
did not stimulate per se or inhibit PI hydrolysis evoked by the less selective mGluR 
agonist L-CCG I. Although in the adult rat hippocampus, LY354740 did not directly 
stimulate PI hydrolysis, it greatly potentiated stimulation of PI hydrolysis by the 
specific group I mGluR agonist 3,5-dihydroxyphenyIglycine (DHPG). These studies 
in rat brain tissues are consistent with the observations in cells expressing human 
recombinant mGluR subtypes that LY354740 is a potent, efficacious, and selective 
group II metabotropic glutamate receptor (mGluR 2/3) agonist.
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788.13
DIRECT EXCITATION OF CORTICAL INTERNEURONS BY 
METABOTROPIC GLUTAMATE RECEPTORS. F.-M. Zhou* and J, 
J. Hablitz. Department of Neurobiology, University of Alabama at 
Birmingham, Birmingham, AL 35294

Histochemical studies have shown that group I metabotropic 
glutamate receptors (mGluRs) are enriched in cortical GABAergic 
neurons, indicating that mGluRs may modulate intemeuron activities. 
In the presence of ionotropic glutamate receptor antagonists, the 
frequency of spontaneous IPSCs, recorded in the absence of TTX, was 
increased by bath application of mGluR agonist 1S,3R-1- 
aminocyclopentane-l,3-dicarboxylic acid (ACPD, 10-100 ji M) or 
group I mGluR selective agonist quisqualic acid (QA, 0.5-1 pM). 
mEPSCs, recorded in the presence of TTX, were not affected by ACPD 
or QA. However, ACPD decreased the frequency of mEPSCs by about 
50% without any changes in amplitude or kinetics. An inward current 
(up to 100 pA at -70 mV) with a reversal potential around 0 mV was 
induced by ACPD and more potently by QA. QA and ACPD induced 
action potential firing in layer I and deeper layer intemeurons whereas 
only a modest depolarization was induced in pyramidal neurons. We 
conclude that inhibitory synaptic transmission was enhanced by 
activation of mGluRs through firing GABAergic intemeurons whereas 
excitatory synaptic transmission was depressed by reducing 
spontaneous glutamate release. Supported by NIH grants NS 18145.

788.14
METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION IN 
CULTURED DRG NEURONES. J.H. Crawford, G.R. Seabrook, & 
R.H. Scott*. Dept of Biomedical Sciences, Aberdeen University, Aberdeen 
AB25 2ZD, Scotland, & Merck Sharp & Dohme Neuroscience Research 
Centre, Terlings Park, Eastwick Rd, Harlow, Essex, CM20 2QR, U.K.

The activation of metabotropic glutamate receptors (mGluR) with 
1S.3R-ACPD (20pM) on cultured dorsal root ganglion neurones from 
neonatal rats mobilises intracellular calcium stores, as measured using 
Fura-2 imaging techniques. These transients evoke calcium activated 
inward currents and can be blocked by the group 1 mGluR antagonist 
UPF 523 (100pM). The intracellular calcium stores involved in these 
responses and those seen following intracellular photorelease of cGMP are 
sensitive to ryanodine. Several pharmacological tools have been used to 
investigate the nature of the calcium release process and to determine 
whether mGluR and cGMP act via a common mechanism possibly 
involving production of cyclic ADPribose. Intracellular application via a 
patch electrode of the calmodulin antagonist W7, or nicotinamide, did not 
block ACPD-induced responses. However, both W7 and nicotinamide 
attenuate cGMP evoked events suggesting the involvment of cyclic 
ADPribose. The sensitivity of mGluR mediated responses to intracellular 
heparin suggest that IPg is involved, but that calcium mobilisation 
occurred in part via a ryanodine-sensitive mechanism. We conclude that 
several distinct mechanisms are associated with mGluR responses in these 
cells.

We thank the MRC and MSD for support.

788.15
Calcium oscillations controlled by metabotropic glutamate 
receptors.

Yamanouchi Pharmaceutical Co., LTD. Tsukuba-city, 305 Japan.

Glutamate evokes various types of calcium response in neurons 
and astrocytes via calcium entry through ionic receptors and 
calcium mobilization from intracellular stores through the 
activation of metabotropic receptors. In cells stably transfected 
with mGluRI or mGluR5, which are coupled to IP3/Ca2+ cascade, 
glutamate-induced [Ca2+]i increases were examined by the single 
cell calcium recording. In cells expressing mGluRI, glutamate 
induced single-peaked [Ca2+]i mobilization. In contrast, glutamate 
elicited calcium oscillations in cells expressing mGluR5. The 
response patterns of increase in [Ca2+]j depended upon the identity 
of a single amino acid, aspartate (position 854) or threonine 
(position 840), located within the G protein-interacting domains of 
mGluRI and mGluR5, respectively. Pharmacological and 
biochemical studies demonstrated that protein kinase C-dependent 
phosphorylation of threonine (840) of mGluR5 was responsible for 
the generation of calcium oscillations. We will present recent data 
and discuss how these two distinct calcium responses would 
contribute to diverging calcium signaling in glutamate 
transmission.

788.16
A CATIONIC CONDUCTANCE ACTIVATED BY METABTROPIC 
GLUTAMATE RECEPTORS IN CA3 HIPPOCAMPAL NEURONS 
CAN BE REDUCED BY TYROSINE-KINASE INHIBITORS.
C. Heuss, J.L. Bossu, B.H. Gahwiler and U. Gerber*. Brain Research 
Institute, University of Zurich, CH-8029 Zurich, Switzerland.

The signal transduction pathway mediating the activation of a cationic 
conductance in response to metabotropic glutamate receptor (mGluR) 
agonists was characterized in CA3 pyramidal cells in organotypic hip-
pocampal slice cultures. Recordings were obtained using the whole-cell 
patch-clamp technique under conditions of elevated [K+]o (16mM), 
which enhances this current. Bath-application of genistein (15-30 (iM), 
a specific tyrosine-kinase inhibitor, reduced the amplitude of the cati-
onic current to 23.9 ± 5.4 % of control. This effect was associated with a 
decrease in slope conductance but did not change the reversal potential. 
After a 15 min wash, the response partially recovered to 59.1 ±4.8 %. 
Experiments with the calcium indicator dye fura-2 showed that inhibi-
tion of tyrosine kinases also reduced the intracellular calcium signal in-
duced by activation of mGluRs. In contrast to this effect on the cationic 
current, the reduction of Ik ,leak in response to mGluR agonists was not 
affected by genistein. These results indicate that a tyrosine-kinase toni-
cally regulates the opening of the cationic channel either directly, or via 
a second messenger intermediate. Supported by Novartis, Basle and 
Swiss National Science Foundation Grant 31-45547.95.

EXCITATORY AMINO ACIDS: PHYSIOLOGY, PHARMACOLOGY AND 
MODULATION— METABOTROPIC RECEPTORS II

789.1
MECHANISMS OF METABOTROPIC GLUTAMATE INHIBITION OF 
EXCITATORY SYNAPTIC TRANSMISSION IN LOCUS COERULEUS 
NEURONS. G.R. Dube*, and K.C. Marshall, Dept. of Cellular and Molecular Medicine, 
University of Ottawa, Ottawa, ON. Canada.

In locus coeruleus (LC), activation of group II and III metabotropic glutamate receptors 
(mGluRs) has been shown to inhibit excitatory synaptic transmission through 
undetermined presynaptic mechanisms (Dube and Marshall, 1997, neuroscience, in press'). 
Both group II and III mGluRs have been shown to be coupled to a PTX-sensitive G- 
protein (G^) and, in certain systems, activation of these receptors results in a decrease 
of forskolin-stimulated cAMP levels. However, practically all G^-coupled receptors have 
been shown to block calcium channels in different cell types. We have studied addressed 
the cellular mechanisms by which zrans-aminocyclopentane (z-ACPD) or L- 
aminophosphonobutyric acid (L-AP4) (group I/II and III mGluR agonists respectively) 
inhibit excitatory postsynaptic potentials (EPSPs) in intracellularly recorded LC neurons 
in a rat brainstem slice preparation. First, the involvement of cAMP in mGluR group 
II- and Ill-dependent inhibition of synaptic transmission was assessed by testing t-ACPD 
and L-AP4 in the absence and presence of a “cAMP cocktail” (200pM 8-bromo-cAMP, 
20pM forskolin and ImM IBMX). Superfusion of slices with the cAMP cocktail resulted 
in a 85% ± 25% increase in EPSP amplitude (n=6) without any significant changes in LC 
responses to focally applied glutamate or in the cells’ input resistance. Under these 
conditions, application of L-AP4 or Z-ACPD produced a similar degree of inhibition of 
EPSP amplitude to that observed under control conditions. In a second set of experiments 
N-ethylmaleimide (NEM), a compound known to disrupt the interaction between G^ 
proteins and calcium channels, was tested. Pretreatment of slices with NEM (lOOpM, 15 
min.) resulted in an almost complete block of the effects of L-AP4 [L-AP4 vs L-AP4 
post-NEM (% of control ± SEM) 59.8±6.4 vs 96.5±4.8] and of z-ACPD (z-ACPD vs z- 
ACPD post-NEM 54.3±6.3 vs 80.2±8.5) without significant changes in input resistance. 
Together, these results suggest that L-AP4 and z-ACPD do not inhibit EPSPs through a 
cAMP-dependent pathway but rather through a G^-calcium channel interaction. 
Supported by the Medical Research Council of Canada.

789.2
EFFECTS OF METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION ON 
EXCITATORY AND INHIBITORY SYNAPTIC TRANSMISSION IN RAT 
HIPPOCAMPAL CULTURES. A. R, Zarrin* and C. F, Zorumski. Dept. of 
Psychiatry, Washington University School of Medicine, St. Louis, MO 63110.

Activation of metabotropic glutamate receptors (mGluRs) results in multiple pre- 
and postsynaptic changes in the hippocampus, making it difficult to study effects on 
monosynaptic transmission. Therefore, we have used microisland cultures of primary 
rat hippocampal neurons to examine alterations in excitatory and inhibitory synaptic 
transmission. Metabotropic GluRs can be divided into three groups based on 
pharmacology and sequence homology. Using specific agonists, we have determined 
that all groups can modulate transmission, as measured by changes in peak amplitude, 
total charge transfer, and decay rates, though effects are heterogeneous in both the 
direction and size of the response. For excitatory cells, our preliminary results 
indicate that application of a group I agonist (100 pM (S)-3,5- 
dihydroxyphenylglycine [DHPGJ) causes either depression or potentiation of synaptic 
responses, a group II agonist (10 pM (2S,3S,4S)-a-(carboxycyclopropyl)glycine 
[CCG-I]) causes depression or has no effect, and a group III agonist (1000 pM L-2- 
amino-4-phosphonobutyric acid [AP4]) causes depression in all cells. However, 
lower concentrations of AP4 (10 or 100 pM) cause depression in only a subset of 
cells. In all inhibitory cells tested, application of mGluR agonists results in speeding 
of the synaptic current decay. Ad( tionally, DHPG and CCG-I can potentiate or 
depress and AP4 can depress the peak amplitude in some inhibitory cells. These 
preliminary studies demonstrate that microisland cultures are an excellent system for 
studying both the potentiation and depression of hippocampal synapses. Future 
studies will further characterize the effects of mGluR activation and determine 
whether these drugs act via pre- or postsynaptic mechanisms to influence excitatory 
and inhibitory transmission.

Supported by NIMH and NIA.
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789.3
INTERNEURON AFFERENT AND EFFERENT SYNAPTIC CONTACTS ARE 
MODIFIED BY ACPD IN THE AUDITORY CORTEX. A.E, Bandrowski*.
V.B. Aramakis. S.L, Moore, anaJTLJlshe, Depts. of Neuroscience and 
Psychology, Univ. of California, Riverside, CA 92521.

Stimulation of underlying white matter (WM) elicits a fast-(l) and a slow-(s) 
IPSP in pyramidal cells via a polysynaptic pathway. The present work 
investigated the ability of trans-ACPD, a metabotropic glutamate receptor agonist, 
to modify IPSPs elicited in layer II/III pyramidal neurons of in vitro rat auditory 
cortex. Recordings were made from pyramidal cells and presumed intemeurons 
(i.e., fast spiking cells). Superfusion of ACPD (10-50 fiM) resulted in a dose 
dependent reduction of the f- and s-IPSPs recorded from pyramidal ceils by 
stimulation to WM. The f-IPSP was reduced by 18-36% (34/41) and the s-IPSP 
by 46-73%, (32/32).

WM stimulation elicits temporally overlapping glutamatergic EPSPs and 
GABAergic IPSPs in pyramidal cells, thus the decrease in IPSPs could be 
secondary to a change in amplitude of EPSPs. EPSPs elicited by stimulation to 
WM were therefore eliminated with CNQX and APV, and the stimulating electrode 
was moved to layer IV, within 300 pm of the recording electrode. Monosynaptic 
IPSPs could then be elicited without accompanying EPSPs. Isolated IPSPs were 
decreased in amplitude by ACPD (50 pM); the f-IPSP by 18 ± 7% (4/4), and the s- 
IPSP by 57 ± 10% (4/4). The results lead us to suggest that ACPD’s reduction of 
the IPSPs is not due to enhancement of EPSPs, and that at least one site of action 
of ACPD may be at the intemeuron to pyramidal cell synapse.

Recordings of EPSPs were obtained from 8 fast spiking neurons which are 
believed to be IPSP generating intemeurons. ACPD (50 pM) reduced the 
amplitude of the EPSP by 38 ± 4% (8/8). Thus, ACPD appears to modify 
synaptic activity at IPSP-generating intemeurons within auditory neocortex.

In conclusion, ACPD may modify synaptic activity that occurs between afferents 
to intemeurons and efferent contacts with pyramidal cells. Supported by NSF IBN 
9310582

789.4
ORIGIN OF INTRACELLULAR CALCIUM SIGNALS ELICITED BY mGluR 
STIMULATION IN HIPPOCAMPAL CA3 PYRAMIDAL CELLS. R. Bianchi,* 
S.R. Young, and,R.K.S. Wong. Dept. Pharmacol., SUNY-HSC Bklyn, NY 11203.

ACPD a broad spectrum mGluR agonist elicits prolonged seizure-like 
discharges in hippocampal CA3 pyramidal cells via an activation of Group 1 (GI) 
mGluRs (Taylor et aL, JNeurosci. 1995). As a first step in elucidating how GI- 
mGluR stimulation caused epileptiform discharges we examined the effects of 
mGluR stimulation in postsynaptic neurons. Synaptic (Bianchi & Wong, J.Physiol. 
1995) and agonist stimulation of GI-mGluRs produced depolarizations of CA3 
pyramidal cells. By recording both the membrane TOtential and intracellular free 
Ca2+ levels of single CA3 pyramidal cells in guinea-pig hippocampal slices, we 
showed that ACPD causes depolarization by activating voltage-dependent Ca2+ 
conductances. Significant intracellular Ca2+ accumulation also occurred via an 
influx of the ion through voltage-dependent channels. ACPD elicited also an initial 
transient Ca2+ rise that occurred at membrane potentials hypeipolarized to the 
threshold for voltage-dependent Ca2+ conductances. In addition, the time course of 
the transient Ca2+ was not affected by changes in membrane potential. The results 
suggest that the transient Ca2+ rise is probably caused by release of the ion from 
intracellular stores. Since tire activation of GI-mGluRs causes the hydrolysis of 
phosphoinositol, production of IP3, and release of Ca2+ from intracellullar stores, 
the results support our previous pharmacological studies suggesting an involvement 
of GI-mGluRs in sustaining the mGhiR-mediated synaptic depolarization. The data 
also show that no obvious relationship exists between the time course of the 
transient Ca2+ rise and the membrane potential suggesting that Ca2+ release via 
intracellular stores does not exert a direct membrane effect. Possible membrane 
effects of mGluR activation mediated by the signaling cascade involving 
intracellular Ca2+ release remain to be elucidated. (Supported by NIH)

789.5
ACTIVATION OF GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS LEADS TO PHOSPHORYLATION OF MAP KINASE IN 
CULTURED GLIA. RD. Peavy and P.J. Conn*. Department of Pharmacology 
and Program in Molecular Therapeutics and Toxicology. Emory University School 
of Medicine, Atlanta, G A 30322.

Previous studies suggest that metabotropic glutamate receptors (mGluRs) 
play an important role in regulating a variety of aspects of glial function. For 
instance, mGluR activation can induce cell swelling, filopodia extension, synthesis 
of immediate early gene products, and a variety of other responses in cultured glia. 
However, little is known about the signal transduction cascades involved in 
mediating the effects of mGluR activation in glia. We performed a series of studies 
to test the hypothesis that activation of mGluRs can lead to phosphorylation of 
mitogen-activated protein kinase (MAP kinase) in cultured cortical glia. Incubation 
of glia with the non-selective mGluR agonist 1S,3R-ACPD resulted in a 276 + 38% 
increase in tyrosine phosphorylation of MAP kinase, as determined by Western blot 
analysis using antibodies specific for the phosphorylated form of MAP kinase. 
Increased phosphorylation of a band corresponding to MAP kinase could also be 
seen with antibodies that react with all phospho-tyrosine residues. Pharmacological 
analysis revealed that this response is mediated by a group I mGluR. Thus, it could 
be elicited with the group I-selective mGluR agonists DHPG and quisqualate, but 
not by the group Il-selective agonist DCG-IV or the group Ill-selective agonist L- 
AP4. Furthermore, group II- and group Ill-selective mGluR antagonists failed to 
block the response to DHPG, whereas MCPG, an antagonist of group I and group 
II mGluRs inhibited, the response. Western blot analysis revealed that mGluR5 is 
abundantly expressed in these cells, whereas mGluR la is not. Thus, niGluR5 is 
likelv to be the predominant mGluR subtype involved in mediating this response. 
Supported by NIH NINDS grants NS31373 and NS34876 (PJC).

789.6
NATIVE METABOTROPIC GLUTAMATE RECEPTORS CAN ACTIVATE 
G-PROTEIN-COUPLED INWARDLY RECTIFYING POTASSIUM CHANNELS 
IN NEURONS. F. Knoflach* and J. A. Kemp, Preclinical CNS Research, Pharma 
Division, F. Hoffmann-La Roche Ltd., CH-4070 Basel, Switzerland.

Many members of the G-protein-coupled receptor superfamily modulate voltage- 
gated calcium channels (VGCCs) and. activate G-protein-coupled inwardly rectify-
ing potassium channels (GIRKs) in neurons. Although coupling of metabotropic 
glutamate receptors (mGiuPes) to VGCCs has been shown in numerous neuronal 
preparations, GIRK activation by mGluRs still remains to be demonstrated in 
mammalian CNS neurons. In the Xenopus oocyte expression system, coupling of 
recombinant mGluRs, particularly mGluR2, to GIRKs has been recently demon-
strated. As immuno-histochemistry in the cerebellum reveals high expression levels 
of mGluR2/3 in the dendrites and the cell bodies of intemeurons. but not granule 
cells or Purkinje cells, we tested tlie ability of the potent and selective mGhiR2/3 
agonist LY-354740 to activate GIRKs m freshly dissociated cerebellar neurons us-
ing the whole-cell configuration of the patch-clamp technique. Whereas LY-354740 
(IpM) inhibited VGCCs in 5 out of 5 putative Golgi neurons, no activation of K’ 
currents could be observed in 6 other putative Golgi neurons. However, in other 
interneurons that were clearly neither Purkinje cells nor granule cells, under 
recording conditions where K+ currents would be inward ([K+]o-30mM, Vhold—90 
mV), LY-354740 (IpM) induced reversible inward currents which displayed the 
characteristics of GIRKs i.e. the amplitude of the currents depended on the extra-
cellular K" concentration, current-voltage relationships obtained in the presence of 
LY-354740 (lp.M) displayed strong inward rectification and the activation of the 
currents became irreversible when GTP-y-S (300pM) was present in the pipette.
The demonstration that native group II mGluRs can functionally couple to GIRKs in 
a subset of cerebellar interneurons suggests that the absence of coupling in the 
majority of CNS neurons may be due to restricted cellular co-localization.

789.7
ISCHEMIA ACTIVATES G-PROTEINS DIRECTLY BUT 
UNCOUPLES G-PROTEIN-ASSOCIATED RECEPTORS IN RAT 
CA3 PYRAMIDAL CELLS IN VITRO,
M, Tanabe, B. H. Gahwiler, M, Capogna* and U. Gerber
Brain Research Institute, University of Zurich, CH-8029 Zurich, Switzerland

The effects of brief chemical ischemia (2 mM 2-deoxyglucose and 3
mM NaNs for 4-10 min) on G-protein-coupled responses were studied 
in CA3 pyramidal neurons using rat hippocampal organotypic slice 
cultures with the single-electrode voltage-clamp technique (KMeSO,r 
filled microeletrodes). In the presence of TTX, brief chemical ischemia 
induced an outward current associated with an increase in membrane 
conductance. Ischemia failed to induce outward current under 
conditions where G-protein function was disrupted by loading cells with 
GDPPS or GTPyS, indicating that G-proteins mediate the ischemic 
response. Ischemia may activate G-proteins directly, since adenosine or 
GABAb receptors were not involved in this response: the ischemic 
outward current persisted following pharmacological receptor blockade 
or pertussis toxin treatment. Moreover, G-protein-mediated responses 
induced by adenosine, baclofen, or the metabotropic glutamate receptor 
agonist ACPD, were suppressed during ischemia. In contrast the 
ionotropic response elicited by AMPA was not affected. Therefore, 
although the generation of the ischemic outward current requires the 
activation of G-proteins, receptors appear to be functionally uncoupled 
from G-proteins during ischemia. Supported by the
Swiss National Science Foundation (31-45547.95) and Sankyo Ltd.

789.8
METABOTROPIC GLUTAMATE RECEPTORS COUPLED TO 
PHOSPHOLIPASE D: ANTAGONIST PHARMACOLOGY S. Albani-
Torregrossa. M, Marinozzr. R. Pellicciarr, F. Moroni and D. E. Pellegrini-
Giampietro*. Dept. of Pharmacology, Univ. of Florence, 50134 Florence and 
’inst. of Chemistry, Univ. of Perugia, 06123 Perugia, Italy.

Metabotropic glutamate receptors (mGluR) coupled to PUD appear to be 
distinct from any known mGluR subtype linked to phospholipase C or adenyiyl 
cyclase (Pellegrini-Giampietro et al., Br. J Pharmacol. 118: 1035, 1996). The 
availability of selective antagonists may be helpful in elucidating their role in the 
CNS, but selective ligands for these receptors have not yet been identified. 
(-t)MCPG (at 1 mM) and DHPG (IC50 ■= 70 pM) inhibit the PUD response 
induced by agonists, but their antagonist effect is not selective for PLD-coupled 
mGluRs. hi the search for selective and more potent antagonists, we examined 
ihe effects of a series of sixteen stereoisomers of phenylcarboxycyclopropyl- 
glycine (PCCGs, Pellicciari et al., J. Med. Chem. 39: 2259, 1996) on the PLD- 
specific transphosphatidylation reaction resulting in the formation of 
[3H]phosphatidyl-ethanol ([3H]Pet) in rat hippocampal slices. The 

(2R,US,2’R,3’S)-PCCG stereoisomer (PCCG-16) antagonized the formation of 
[3H]Pet induced by 100 pM (1S,3R)-ACPD in a dose-dependent manner (IC50 = 

25 nM) and was unable to elicit a PLD response up to 1 mM. PCCG-16 had no 
effect (up to 300 pM) on phosphoinositide hydrolysis or adenyiyl cyclase 
activity in BHK cells expressing mGluR la, mGluR2 or mGluR4, nor on other 
receptors (op noradrenergic, Hj histaminergic) coupled to PLD. In addition, 
increasing doses of PCCG-16 displaced the agonist dose-response for 
quisqualate to the right, suggesting that the antagonist effect was competitive.

Supported by the European Commission (Biomed 2 BMH4-CT96-0228 project)
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789.9
ADENOSINE A2A AND GROUP I METABOTROPIC GLUTAMATE
RECEPTORS SYNERGISTICALLY MODULATE THE BINDING AND 
FUNCTIONAL CHARACTERISTICS OF DOPAMINE D2 RECEPTORS IN THE 
RAT STRIATUM. S. Ferre*. P, Ponoli. R, Rimondini, A, Andersson and K,-F_uxe. 
Department of Neuroscience, Karolinska Institute, S-171 77, Stockholm and 
Pharmacology Department, Istituto Superiore di Sanita, 00161 Rome.

It has been found that the striatal administration of 15-3/?-ACPD induces 
contralateral turning in the rat, an effect most probably dependent on group I mGluR 
stimulation. Many experimental data suggest the existence of a functionally 
important interaction between adenosine A2A and dopamine D2 receptors in 
striatum. The A2A-D2 interaction takes place mainly in the GABAergic striopallidal 
neurons. Group I mGluRs (especially mGluR 5) are also highly expressed in the 
stiopallidal neuron. Dopamine and adenosine A2A receptors have been suggested to 
be involved in the turning behaviour induced by lS-3/?-ACPD, since it can be 
counteracted by dopamine depletion or the administration of dopamine or adenosine 
A2A antagonists and potentiated by adenosine A2A agonists. Therefore interactions 
between group I mGluRs and A2 and D2 receptors might underlie the behavioural 
effects induced by 15-3/?-ACPD. In membrane preparations from rat striatum 15- 
3/?-ACPD was found to modulate the binding characteristics of dopamine D2 
receptors in a similar manner as the A2A agonist CGS 21680, with a significant 
decrease in affinity of the high-affinity state of dopamine D2 receptors for 
dopamine. Furthermore, a strong synergistic effect was observed when the striatal 
membranes were exposed to both CGS 21680 and 15-3/?-ACPD. The effect of 15- 
3/?-ACPD was counteracted by group I, but not group II, mGluRs antagonists and it 
was not counteracted by adenosine antagonists. In unilateral 6-OH-dopamine 
lesioned rats, 15-3/?-ACPD counteracted the turning behaviour induced by the D2 
agonist quinpirole, but not by SKF 38393, and it synergistically potentiated the 
antagonistic effect of CGS 21680 on quinpirole-induced turning behaviour. Group I 
mGluR antagonists may therefore represent a new type of antiparkinsonian drug.

789.10
METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED INHIBITION OF 
NMDA RESPONSES IN RAT HIPPOCAMPAL GRANULE CELLS A. Contractor1* 
and A. J. Gibb, Department of Pharmacology, University College London, London 
WC1E 6BT, UK.

Metabotropic glutamate receptor (mGluR) activation has been shown to modulate 
NMDA responses. In this study we have investigated this modulation using 
perforated-patch whole-cell recordings from granule cells in rat hippocampal slices.

Voltage ramps were applied to cells before, during and after application of 20 pM 
NMDA and 5 pM glycine to allow measurement of the voltage-dependence of the 
NMDA conductance in control solution and in 50 pM and 100 pM Mg2+ (in all 
recordings, 1 mM Ba2+ was substituted for extracellular Ca2+ to avoid calcium-loading 
of the cell). After 10 mins application of the mGluR agonist (IS, 3R)-ACPD (50 pM), 
NMDA I-V relations were again recorded in the absence and then in the presence of 
Mg2+. ACPD reduced the NMDA conductance at all membrane voltages between - 
100 mV and +40 mV (30 ± 9%, n = 9 at -60 mV). Fitting the NMDA I-V relation 
using a modified Goldman-Hodgkin-Katz (GHK) equation, to allow estimation of the 
voltage dependence and equilibrium constant for Mg2+ block, suggests that mGluR 
activation does not affect Mg2+ block. The fraction of the membrane potential sensed 
by Mg2+ at its binding site, 5, = 0.92 ± 0.06 (n=14) in control and 1.05 ± 0.12 (n=10) 
after ACPD. Estimates of the equilibrium constant for Mg2+ block at OmV, KMg(0mV) 
were more variable: 4.5 ± 2.6 mM (n=14) in control and 5.1 ± 1.6 mM (n=10) after 
ACPD. These estimates depend on assumptions regarding the NMDA receptor 
channel Popen. However, the results suggest that there is no change in Mg2+ block of 
the NMDA receptor channel following mGluR activation, inferring that mGluR- 
mediated inhibition of NMDA responses does not involve a change in Mg2+ sensitivity 
of the NMDA receptor.
1 Present address: MNL-H, The Salk Institute, La Jolla, CA 92037.
Supported by the MRC, Royal Society and Nuffield Foundation.

789.11
GLUTAMATERGIC DEAFFERENTATION ENHANCES THE 
EXPRESSION OF mGluRla METABOTROPIC GLUTAMATE RECEPTOR 
IN RAT OLFACTORY BULB. * P, BovolinT M.V, Catania^. G. CasabonaT
N. Ferraris1. I, Perroteau1, F, Nicoletti3'4 and..A.,_.Fa§plQ1. ^ept. of 
Human and Animal Biology, Torino Univ.; 2I.B.F.S.N.C.-C.N.R., Catania; 
^I.N.M. Neuromed, Pozzilli; ^Inst. of Pharmacology, Catania Univ., Italy.

Glutamate is the neurotransmitter at the synapsis between olfactory 
fibers and mitral and periglomerular cells in the olfactory bulb (OB). 
Postsynaptic responses to glutamate involve the activation of mGluRla, 
which leads to an increase in intracellular Ca^+ in mitral cells. We have 
examined whether glutamatergic deafferentation produced by ZnSO4 
lesion of the olfactory mucosa induces plastic changes in the expression of 
mGluRla in the OB. Semiquantitative RT-PCR showed an increase in 
mGluRla mRNA levels early after the lesion (2 days), followed by a 
delayed decrease, detected at 16 days. We have extended the analysis to 
the expression of mGluRla protein. Immunohistochemical analysis in 
sham-operated animals showed that mGluRla expression was prominent 
in the olfactory glomeruli and in the mitral cell bodies, as expected. 
Deafferentation led to an increase in mGluRla immunoreactivity, which 
was detected at 2 and 16 days after the lesion and was mostly localized in 
the external portion of the glomeruli. A substantial enhancement in 
mGluRla expression in the OB was also detected by Western blot analysis, 
at 16 days after the lesion. We conclude that olfactory denervation leads 
to a prolonged up-regulation of mGluRla protein, which is early induced 
and is accompanied by a late reduction of mGluRla mRNA levels, perhaps 
resulting from product-inhibition of gene expression.

789.12
CHARACTERIZATION OF 3H-GLUTAMATE BINDING TO THE 
METABOTROPIC GLUTAMATE RECEPTOR mGluRla - MODULATION BY 
CALCIUM AND GUANINE NUCLEOTIDES. F.H. Marshall. K. Patel, 
A, Rhodes. E.S.Rees. M.G.Lee and A.G.Haves* Receptor Systems Unit, Glaxo 
Wellcome Research and Development, Stevenage UK.

It has recently been reported that the rat mGluRla can be activated by both 
glutamate and Ca2+ (Kubokawa, 1996). In this study we have examined the effect 
of calcium on the binding of 3H-glutamate to the human mGluRla expressed using 
the Semliki Forest virus system. Addition of extracellular Ca2+ (5mM) caused a 162 
± 40% increase in specific binding of lOnM 3H-glutamate. Similar effects were 
observed with other divalent cations with the rank order of effectiveness being 
Ca2+>Mg2+>Mn2+>Ba2+. In the absence of Ca2+ the Hill coefficient (nH) for the 
displacement of lOnM 3H-glutamate binding with cold glutamate was 0.5 suggesting 
that binding was to more than one site. In the presence of Ca2+ the Hill coefficient 
was closer to unity (nH=0.8) and the IC50 for glutamate was 0.30pM. In order to 
investigate whether these effects were mediated by a shift in the number of high 
affinity state G-protein coupled receptors or whether the effect was due to an 
allosteric modulation of 3H-glutamate binding to the receptor we examined the 
effect of guanine nucleotides on the calcium potentiation of binding. In the presence 
of GppNHp (O.lmM) and no Ca2+ there was an increase in nH to 0.82 and the IC50 
for glutamate was 7.0pM. In addition, the presence of GppNHp blocked the 
potentiation of binding by calcium. These results are consistent with an effect on the 
G-protein coupling of the receptor and it remains to be determined whether there is 
an allosteric interaction between the two proposed ligands for this receptor namely 
glutamate and Ca2+.

789.13
PHARMACOLOGY OF mGluRs IN THE RAT SPINAL CORD AFTER 
UNILATERAL UV-IRRADIATION OF THE HINDPAW. SJ. Boxall, XA, Berthele, 
*T.R. Toile. ?A.H, Dickenson, L. Urban*. Novartis Institute for Medical Sciences, 
London, UK, 'Clin. Neuropharm., Max Planck Inst, of Psychiatry/Clinical Inst., 
Munich, Germany and 2Dept. of Pharmacology, University College London, UK.
We have previously shown that metabotropic glutamate receptors (mGluRs) 
contribute to the spinal nociceptive reflex and that mGluR3 mRNA is upregulated 
during inflammatory hyperalgesia. In this study we have investigated the 
pharmacology of the specific mGluR agonist (1S,3R)-ACPD in a model of 
inflammatory hyperalgesia in an in vitro preparation of the neonatal (11-14 day) rat 
hemisected spinal cord.
Bilateral mechanical hyperalgesia was induced on postnatal day 9 by exposure of both 
surfaces of the left hindpaw to a cold UVA light source for 90 seconds in two sessions 
with an 18 hour interval. Pups were sacrificed one day later, spinal cords removed and 
set up in vitro as previously described (Boxall et al. 1996). All results are compared to 
corresponding experiments carried out using age and weight-matched naive rats. 
Superfusion of (1S,3R)-ACPD to the spinal cord produced a concentration-dependent, 
reversible ventral root depolarisation in both naive and hyperalgesic animals with no 
significant difference in ECW values (58.1±7.2pM and 67.5±23.2pM respectively, 
n=4). However, maximum responses from hyperalgesic animals were significantly 
enhanced by 23% (p<0.05) compared to naive animals. The NMDA receptor 
antagonist D-AP5 (40pM) reversed this effect but had no effect on the (1S,3R)-ACPD 
dose response curve in naive animals. (1S,3S)-ACPD and L-CCG-I, compounds more 
selective for group II mGluRs, showed similar dose response curves in naive and 
hyperalgesic animals. The specific, non-selective mGluR antagonist MCPG dose- 
dependently (lpM-lmM) reduced ventral root depolarisation produced by lOOgM 
(1S,3R)-ACPD with no significant difference between naive and UV-treated animals. 
However, the group II antagonist MCCG (lpM-lmM) enhanced (1S,3R)-ACPD 
responses in naive animals but dose-dependently reduced the response in hyperalgesic 
animals (IC,()=522±41pM, n=5).
These results highlight the complex nature of EAA receptor contribution to spinal 
transmission during inflammatory hyperalgesia. (Supported by BBSRC.)

789.14
A GROUP I, MCPG-RESISTANT, MGLU RECEPTOR-MEDIATED 
INWARD CURRENT IN BASOLATERAL AMYGDALA (BLA) NEURONS 
IS UPREGULATED IN KINDLED RATS. N. B, KEELE*AND P. Shinnick - 
Gallagher . Department  of  Pharmacology , University  of  Texas  
Medical  Branch , Galveston , TX 77555-1031.

Whole-cell voltage-clamp recording in brain slices from control rats 
was used to define the pharmacological subtype of mGlu receptor coupled 
to Na-Ca exchange in BLA neurons. Quisqualate (QUIS) (30 pM) evoked 
an inward current not associated with a significant conductance change, 
characteristic of the Na-Ca exchange current previously described, as did 
the group I mGlu receptor-selective agonist DHPG (300 pM) and the 
endogenous agonist glutamate (300 pM). In concentration-response 
relationships, QUIS is a more potent agonist than either glutamate or 
DHPG, and DHPG may be a partial agonist.

The agonist-evoked currents were significantly inhibited by 4C3HPG (1 
mM), but not by MCPG (1 mM). 4C3HPG (1 mM) inhibited the currents 
evoked by QUIS (30 pM), DHPG (100-300 pM) and glutamate (0.3-1 mM) 
by 67%, 74% and 75%, respectively. In MCPG (1 mM), the QUIS (30 
pM), DHPG (300 pM) and glutamate (0.3-1 mM) -evoked currents were 
diminished respectively by only 23%, 36% and 15%.

Concentration-response relationships for agonist-evoked exchange 
currents were analyzed in slices from control and amygdala-kindled rats. 
The QUIS-induced inward current was not affected by kindling, whereas 
the DHPG curve was shifted upward and to the left suggesting that the 
efficacy of DHPG was enhanced in kindled neurons. These data in BLA 
neurons are consistent with full agonist and partial agonist activation of 
Na-Ca exchange in a spare receptor system where kindling upregulates a 
group I, MCPG-resistant, mGlu receptor. [Supported by NS24643].
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789.15
PROPERTIES OF THE DEPOLARIZING RESPONSE INDUCED BY GROUP I 
mGluR AGONISTS IN CA3 HIPPOCAMPAL PYRAMIDAL CELLS. Chuang S- 
C„ S.R. Young, R. Bianchi, and R.K.S. Wong*. Dept. of Pharmacology, SUNY- 
HSCB, Brooklyn, NY 11203.

ACPD, an agonist of Group I and Group II mGIuRs, depolarizes hippocampal 
pyramidal cells. Data suggest that the mechanism of depolarization involves either 
a block of a voltage-activated potassium conductance and/or an activation of a non- 
selective cation conductance. Group I (GI) agonists S-3HPG (250 pM) and DHPG 
(50 pM) produced depolarizations of hippocampal cells. We explored the ionic 
conductances underlying the depolarization. Experiments were carried out in acute 
slices of adult guinea pigs. Intracellular recordings were made from CA3 
pyramidal cells. Addition of a GI agonist to the perfusing solution in the presence 
of ionotropic glutamate receptor blockers (CNQX and CPP, 20 pM each) produced 
a depolarization that was sustained for the duration of agonist perfusion. 
Hyperpolarizing pulses applied to the cell, when the cell was at this depolarized 
state, elicited ‘non-linear' responses. The cell was hyperpolarized by the applied 
pulse in two phases, an initial presumed passive rapid hyperpolarization followed 
by a more gradual hyperpolarization. At the termination of the hyperpolarizing 
pulse, the return to the resting potential also proceeded rapidly and then gradually. 
When the cell membrane potential was preset to a more hyperpolarized level, slow 
responses associated with the hyperpolarizing pulses no longer appeared. The 
membrane response to the onset and termination of the hyperpolarization pulse 
now consisted of a fast hyperpolarization and a rapid retun to the baseline. Our 
data suggest that GI agonists produce a depolarization of CA3 pyramidal cells 
either by (1) activating a voltage-dependent inward current or (2) by blocking an 
outward current in a voltage-dependent manner so that the block is released upon 
membrane hyperpolarization. (Supported by NIH)

789.16
ACTIVATION OF THE GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS PRODUCES LONG BURST-ASSOCIATED 
DEPOLARIZATIONS IN RAT SPINAL DORSAL HORN NEURONS.

Pharmacol., Iowa State University, Ames, IA 50011.
The presence of the Group I metabotropic glutamate receptors (mGluR) on rat

spinal cord dorsal horn (DH) neurons has been reported, and there is evidence far 
their involvement in persistent hyperalgesia and allodynia following tissue and 
nerve injury. However, the cellular mechanism(s) by which the Group I mGIuRs 
may mediate their effects is unknown. We examined the effects of the activation 
of the Group I mGIuRs by (S)-3,5-dihydroxyphenylglycine (3,5-DHPG), a 
preferential mGluR! agonist, on the membrane properties of the rat spinal DH 
neurons. The membrane actions of 3,5-DHPG on DH neurons (LIII-V) have 
been investigated by means of conventional intracellular recording technique in 
the young rat (18-22-days) spinal cord slice preparation. In the presence of 
competitive (CNQX, D-APV) ionotropic glutamate receptor antagonists, bath 
application of 3,5-DHPG (50-100pM) caused a slow depolarization accompanied 
by an increase in synaptic activity (both EPSPs and IPSPs) and the burst firing. 
Long bursts (>60min) consisted of 15-25s depolarizations with overriding action 
potentials and occurred rhythmically at approximately 1 min intervals. The 3,5- 
DHPG-induced depolarization was reduced in a proportion of the examined cells 
by cyclothiazide, a claimed selective antagonist at mGluRi. The results suggest 
that the excitatory effects resulting from the activation of the Group I mGlu 
receptors, in particular mGluR!, may play an important role in mediating 
nociception. Supported by the USPHS Grant NS-26352 and NSF Grant IBN- 
9604654.
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790.1
GROUP-1, 11, AND 111 METABOTROPIC GLUTAMATE RECEPTOR 
AGONISTS/ANTAGONISTS MODULATE VENTRAL ROOT POTENTIALS IN 
RAT SPINAL CORD. Jin V. Wu* and Joan J. Kendig. Department of 
Anesthesia, Stanford University, Stanford, CA 94305.

Slow ventral root potential (sVRP) in isolated neonatal rat spinal cord lasts 
over ten seconds following high intensity dorsal root stimulation. Its high 
sensitivity to selective analgesics indicates a role in nociceptive 
neurotransmission and functional involvement of specific receptors. To 
explore if metabotropic glutamate receptors (mGIuRs) contribute to the sVRP, 
we examined the sVRP in the presence of group-1, II, and III mGluR agonists 
and antagonists, while simultaneously monitoring the monosynaptic reflex 
(MSR) and the DC potential at the ventral root (DC-VRP). The group-1 mGluR 
agonist Quis depresses the sVRP (K, = 0.24 pM) and also causes a transient 
shift of the DC-VRP in the positive direction. Adding the group-1 mGluR 
antagonist 4CPG (2 pM) further depresses the sVRP and transiently shifts the 
DC-VRP in the positive direction; during the recovery phase of this shift, the 
MSR is reduced, abolished, or even reversed in polarity. The group-II mGluR 
agonist L-CCG depresses the sVRP (K, = 2.5 pM). EGLU, a group-II 
antagonist, (up to 80 pM) has little or no effect on the sVRP, MSR, or DC- 
VRP. The group-ill mGluR agonist L-AP4 produces a dose dependent 
depression of the sVRP (K, = 2.7 pM). CPPG (a group-ill antagonist) 
completely reverses the effect of L-AP4. The depressions of sVRP caused by 
the tested agonists are all accompanied with reductions in the MSR. Blocking 
the MSR, however, by the NMDA receptor antagonist MK-801 has minimal 
effect on the L-AP4 induced sVRP depression. These results suggest that the 
functional group-l, II, III mGIuRs in the neonatal rat spinal cord are important 
contributors to the sVRP, and these contributions are independent of 
ionotropic NMDA receptors. (Supported by NIH grant NS13108 to JJK).

790.2
EFFECTS OF THE SELECTIVE GROUP II METABOTROPIC GLUTAMATE 
RECEPTOR AGONIST LY3 54740 ON ENERGY METABOLISM IN THE RAT 
BRAIN. A. G. M. Lam1, D. Lodge2 and J. McCulloch1*. ’Wellcome Surgical 
Institute & Hugh Fraser Laboratories, University of Glasgow, Glasgow. G61 1QH. 
UK; 2Lilly Research Centre, Erl Wood Manor, Windlesham, Surrey. GU20 6PH. UK.

The use of metabotropic glutamate receptor (mGluR) ligands as pharmacological 
tools in vivo has been limited due to their poor bioavailability in the CNS. The novel 
mGluR agonist LY3 54740 is effective systemically and is selective for mGluR 2/3. 
The aim of this study was to investigate the effects of LY354740 following systemic 
administration using the 14C-2-deoxyglucose (14C-2DG) autoradiographic technique.

LY354740 was administered i.v. in doses of 0.3, 3.0, and 30 mg/kg 10 minutes 
prior to the i.v. injection of 50 pCi 14C-2DG, whilst control animals received 0.9% 
saline (total n = 20). Arterial samples were collected at fixed time points over the 
following 45 minutes. Local rates of glucose utilisation were assessed in 40 brain 
regions quantitatively using a computer based densitometer (MCID).

LY354740 produced anatomically widespread and dose-dependent changes in 
glucose utilisation. Glucose use was substantially elevated in the superior colliculus 
superficial grey layer whilst the superior colliculus deep layer displayed a 
concomitant reduction in glucose use. Marked reductions in glucose utilisation were 
also observed in other brain regions including the substantia nigra pars compacta, 
mammillary body, lateral habenulae and selective cortical regions. All physiological 
variables measured were unaffected. These changes in glucose use suggest the 
functional involvement of the limbic system in response to the activation of mGluR 
2/3 with LY354740.
(Supported by a MRC-CASE award)

790.3 790.4
NEW QUISQUALATE ANALOGUES ARE SELECTIVE ANTAGONISTS OF 
GROUP II METABOTROPIC GLUTAMATE RECEPTORS. A. P. Kozikowski*1. 
D. H. Steensma', S. Pshenichkin2, E. Surina2, and J. T. Wroblewski2, 1 Georgetown 
Institute for Cognitive and Computational Sciences and department of 
Pharmacology, Georgetown University School of Medicine, Washington D.C. 
20007.

Quisqualic acid is a very potent agonist of phospholipase C-coupled 
metabotropic glutamate receptors (mGluRl and mGluR5), However it fails to 
activate mGluR2 and acts as a weak agonist of mGluR6. We have synthesized two 
new analogues by introducing a methyl and a benzyl group to the oc-position of 
quisqualate molecule. The biological activity of the new compounds was tested on 
CHO cell lines with stable expression of the particular mGluR subtypes. Receptor 
activation was determined by measurements of phosphoinositide hydrolysis for 
group I mGIuRs, and of forskolin-induced cyclic AMP accumulation for group II 
and III mGIuRs. Neither compound showed agonist properties at any of the tested 
mGIuRs. In contrast, both compounds showed antagonistic properties with a similar 
degree of selectivity at the particular mGluR subtypes. Methyl-quisqualate was a 
potent competitive antagonist of group II mGIuRs inhibiting the activity of both 
mGluR2 and mGluRJ receptors. It was less potent as an antagonist of mGluR5 and 
mGluRl, and had no activity at mGluR6. Similarly, benzyl-quisqualate antagonized 
group II mGIuRs, with little activity at group I receptors and no activity at mGluR6. 
It may be concluded that the introduction of a methyl or benzyl group to 
quisqualate causes the loss of its potent agonist action at group I mGIuRs and 
allows it to acquire antagonistic properties with relative selectivity for group II 
metabotropic glutamate receptors. {Supported by NIH grants NS28130 and 
NS01720.)

EXTRACELLULAR CALCIUM REGULATES GROUP I METABOTROPIC 
GLUTAMATE RECEPTORS. S, Pshenichkin*. A, Surin, E, Surina and J.T, 
Wroblewski. Dept. of Pharmacology, Georgetown University Medical Center, 
Washington, DC 20007.

Group-I metabotropic glutamate receptors (mGluRl and mGluR5) are 
positively coupled to phospholipase C activation and intracellular Ca2+ mobilization, 
while the remaining mGIuRs inhibit cAMP formation. The recent cloning of a 
calcium- and glutamate-sensitive receptor from salmon brain and its high homology 
with mGluRl a suggested that mammalian mGIuRs may respond to elevated Ca2^ 
concentrations. To examine this hypothesis we used CHO cell lines with stable 
expression of the particular mGluR subtypes. Receptor activation was determined by 
measurements of phosphoinositide (PI) hydrolysis and intracellular Ca2+ 
mobilization for group I mGIuRs, and of forskolin-induced cAMP accumulation for 
group II and III mGIuRs. In Ca2+-free medium, cells expressing mGluRl a and 
mGluR5a receptors showed a greatly reduced level of agonists-induced PI hydrolysis 
and Ca2± signals. In contrast, the activity of cAMP-coupled receptors, mGluR2 and 
mGluR6, was not reduced in Ca2+-free conditions. However, Ca2+-free conditions 
decreased only the ability of mGluRl a to enhance PI hydrolysis but not its ability to 
increase cAMP concentrations suggesting the inhibition of phosholipase C activity, 
rather than of group I mGIuRs. In absence of receptor agonists, extracellular Ca2+ (5- 
80 mM) caused an elevation of basal [Ca2+]j and a dose-dependent increase of PI 
hydrolysis in CHO cells expressing mGluR la and mGluR5a receptors. PI hydrolysis 
was not increased in untransfected CHO cells. High Ca2+ also failed to affect cAMP 
formation in cells expressing mGluR2 or mGluR6 receptors. Moreover, the effects 
of high Ca2+ on PI hydrolysis, in cells expressing mGluRla, were inhibited by the 
receptor antagonists MCPG and 4CPG. These results suggest that the action of high 
Ca2+ concentrations on PI hydrolysis is mediated through group I receptors, rather 
than through direct activation of phospholipase C. In CHO cells expressing 
mGluR la and mGluRSa receptors in presence of agonists, elevated Ca2+ 
concentrations potentiated PI responses induced by low, but not by maximal agonist 
concentrations. Ca2+ also potentiated the effect of low concentrations of mGluRl 
agonists on its ability to enhance cAMP formation. These results indicate that 
extracellular Ca2+ can interact with group I mGIuRs acting as an agonist and as a 
positive modulator. (Supported by NIH grants NS28130 and NS01720.)
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790.5
METABOTROPIC GLUTAMATE RECEPTORS mGluRla AND mGIuRSa 
INDUCE DISTINCT CALCIUM RESPONSES IN TRANSFECTED HEK-293 
AND CHO CELLS. A. Surin*. S, Pshenichkin. E. Surina and J.T, Wroblewski, 
Dept. of Pharmacology, Georgetown Univ. Med. Center, Washington, D. C. 20007.

Group-I metabotropic glutamate receptors (mGluRl and mGluR5) are 
positively coupled to phospholipase C activation and intracellular Ca2+ mobilization. 
Recently, it has been shown (Kawabata et al. 1996) that stimulation of mGluR5a, 
expressed in HEK293 cells, results in periodic spikes of free intracellular Ca2+ 
concentration ([Ca2+];) whereas activation of mGluRla causes transient [Ca2+], 
increases. Also in CHO cells, stable expression of mGIuRSa but not of mGluRla 
resulted in [Ca2+]s oscillations. Frequency of [Ca2+]j oscillations, caused by 
stimulation of mGluR5a in HEK293 and CHO cells increased with agonist 
concentrations. At high agonist concentrations cells elicited transient [Ca2+I 
increases similar to those evoked by mGluRla. In contrast, stimulation of mGluRla 
caused mostly transient [Ca2+]; increases at all agonist concentrations. Both mGluRla 
and mGluR5a-mediated Ca2+ signals were due to Ca2+ release from intracellular 
stores, but their maintenance depended on the presence of extracellular Ca2+ . 
Preincubation of CHO cells expressing mGluRla with pertussis toxin revealed 
significant delays in the desensitization phase of transient [Ca2+], increases induced 
by low agonist concentrations and caused the appearance of oscillating cells. To 
examine the influence of phosphorylation and dephosphorylation on mGluRla- and 
mGluR5a-induced Ca2+ signals cells were treated with bisindolyimaleimide (BIM), 
or okadaic acid (Oka), the respective inhibitors of PKC and protein phosphatases. 
Treatment of HEK293 cells, expressing mGluR5a, with BIM or Oka increased 
oscillation frequency or converted agonist-stimulated [Ca2+]; oscillations into 
transient [Ca2+I increases mimicking mGluRla. These observations are not fully 
consistent with the previously proposed (Kawabata et al. 1996) mechanism 
explaining [Ca2+]s oscillations by cyclic phosphorylation-dephosphorylation of 
Thr840 located in the N-terminal segment of mGluR5a C-terminus. Moreover, the 
pattern of [Ca2+]s spikes in CHO cells stably expressing the mGluRl a-Asp840/Thr 
mutant was modulated by forskolin and 8-Br-cAMP, suggesting a role for protein 
kinase A in the mechanism of [Ca2+T oscillations generated by mGluR5a and in 
desensitization of mGluRla-induced calcium signals. {Supported by NIH grants 
NS28130 andNS01720.)

790.6
CHRONIC COCAINE ANO EPILEPTOGENESIS, MODELS OF NEURO-
PLASTICITY, DIFFERENTIALLY ALTER THE SENSITIVITY OF 
GROUPS II AND III METABOTROPIC GLUTAMATE RECEPTORS 
(mGluRs) IN AMYGDALA NEURONS. V. Neugebauer*, N.B. Keele, J.P, 
Gallagher, and P. Shinnick-Gallagher. Dept . of  Pharmacology , The  University  
of  Texas  Medical  Branch , Galveston , TX 77555-1031.

Modulation of excitatory synaptic transmission in the central amygdala nucleus 
(CeA) by presynaptic mGluRs was examined in brain slices from control rats, rats 
treated with cocaine (15 mg/kg; twice daily; 2 weeks), and folly kindled rats.

CeA neurons were recorded in whole-cell voltage-clamp. Monosynaptic EPSCs 
were evoked by stimulation of afferents from the basolateral amygdala (BLA) and 
the ventral amygdaloid pathway (VAP). Drugs were applied by superfosion.

L-CCG, a group II agonist, dose-dependently depressed the evoked EPSCs in 
control neurons (ECJ0: ~86 nM [BLA] and ~700 nM [VAP]). In chronic cocaine 
neurons, however, L-CCG (<10 pM) had no significant effect. In kindled neurons 
the potency of L-CCG was increased 2 fold (BLA) and 60 fold (VAP). L-AP4, a 
group III mGluR agonist, depressed EPSCs in control neurons (ECj0: ~65 nM 
[BLA] and ~14 nM [VAP]). Again, in chronic cocaine neurons L-AP4 (<100 pM) 
was without significant effects whereas in kindled neurons the agonist potency in-
creased 24 fold (BLA) and 4 fold (VAP). Neither L-CCG (<10 pM) nor L-AP4 
(<50 pM) evoked membrane currents and changes in slope conductance, which is 
consistent with a presynaptic site of action.

The differential and synapse-specific changes of mGluRs in chronic cocaine 
(downregulation) and epilepsy (upregulation), clinically relevant models of neuro-
plasticity, underscore the potential role of mGluRs as selective targets to treat long-
term alterations of brain functions.

Supported by NIH (DA 07287-02 and NS 24643)

790.7
mGluR7 IMMUNOLOCALISAION IN RAT AND HUMAN 
CEREBELLAR CORTEX T. Phillips*1. A. MakofiT E, Murrisonk S. Rees3-, 
and P. Emson1
'MRC Molecular Neuroscience Group, Department of Neurobiology, Babraham 
Institute, Cambridge CB2 4AT, UK.
department of Psychological Medicine, Institute of Psychiatry, Denmark Hill, London 
SE5 8AF, UK.
3Receptor Systems Unit, GlaxoWellcome Research and Development, Gunnels Wood 
Road, Stevenage, Herts, SGI 2NY, UK.

Metabotropic glutamate receptors (mGluRs) are a heterogeneous family of G protein- 
coupled receptors that are linked to multiple second messenger systems, which regulate 
neuronal excitability and synaptic transmission. Of the eight known members, mGluR7 
is the least characterised. It is the most conserved member of the mGluR family with 
only six amino acid differences between the rat and human receptors. To evaluate the 
physiological role of this receptor in CNS function/dysfunction at the receptor protein 
level requires the use of selective antibodies to determine the phenotype of cells 
expressing the receptor. As a prelude to a more detailed investigation, the present study 
has examined the cellular distribution of mGluR7 receptor protein in rat and human 
cerebellar cortex. Antibodies were raised against a fusion protein containing amino acid 
residues located in the extracellular domain that is common to both rat and human 
mGluR7a and mGluR7b splice variants, and used for an immunohistochemical 
investigation. The antibodies specifically detected mGluR7 in transfected mammalian 
cells. At the light microscope level the staining pattern obtained in both rat and human 
tissue sections was identical, being characterised by the presence of a strong 
immunoreaction in Purkinje cell bodies of the Purkinje cell layer. In the molecular layer 
mGluR7-like immunoreactivity was observed in associated ascending dendrites. These 
data are in good agreement with mGluR7 in-situ hybridisation studies, and encourage 
further work with this antibody to elucidate the distribution of this receptor in other 
brain regions.

This study was funded by a MRC/Glaxo Wellcome studentship awarded to the author.

790.8
In vitro binding characteristics of [3H]DCG-IV in rat brain
V. Mutef J.R. Pink. R. Gill*, J. Messer. Z. Bleuef S. Chaboz, A.
Klingelschmidt, J. Wichmann, J.A. Kemp and J.G. Richards
Pharmaceuticals Division, Preclinical CNS Research, F.Hoffinann-La 
Roche Ltd, CH-4070 Basel, Switzerland.
The in vitro binding properties of [3H]DCG-IV, the first subtype selective 
mGlu receptor radioligand, have been investigated in rat brain. In 
addition, we compared the distribution of binding sites with mGlu2/3 
transcripts and immunoreactivity, and agonist-induced stimulation of 
GTPy[35S] binding, in adjacent brain sections. [3H]DCG-IV (s.a.
0.649.1012Bq/mmol; synthesized at Roche Isotope Laboratory) displayed 

« 80% specific binding to cortical membranes. The rank order of potency 
for compounds inhibiting the binding was : LY354740 > L-CCG I = DCG 
IV > 1S,3R-ACPD > MCCG > (+)MCPG -quisqualate. NMDA, (S)- 
AMPA, KA, L-THA, and (S)-DHPG had Ki values > ImM. [3H]DCG-IV 
binding was concentration-dependently inhibited by GTPyS. Quantitative 
receptor radioautography and image analysis revealed a high density of 
high-affinity specific binding in the molecular layers of the hippocampus 
and dentate gyrus, CA3, presubiculum, retrosplenial cortex, in cortical 
layers (1, 2 > 3-6) striatum and cerebellar granular layer. There was an 
overlapping distribution of [3H]DCG-IV binding, mGlu2/3 receptor 
immunoreactivity, and LY354740-stimulated GTPy[35S] binding. We 
conclude that [3H]DCG-IV is a specific metabotropic receptor ligand with 
a pharmacology and restricted brain distribution reflecting its selectivity 
for group II mGlu receptors.

790.9
ALL THREE GROUPS OF METABOTROPIC GLUTAMATE RECEPTORS 
COEXIST AND COFUNCTION IN MICROCULTURE OF SINGLE 
SUPRACHIASMATIC NUCLEUS NEURONS. G. Chen* and A, N. van den 
Pol. Dept. of Neurosurgery, Yale Univ. Med. Sch., New Haven, CT 06520.

Substantial expression of metabotropic glutamate receptors (mGluRs) 
has been detected in the suprachiasmatic nucleus (SCN) of the 
hypothalamus with the use of immunocytochemistry. We employed patch 
clamp electrophysiology to study actions of multiple mGluRs in single 
isolated SCN neurons in microcultures. Agonists for each of the three 
group mGluRs were applied sequentially onto single neurons to test the 
effects on evoked autaptic GABA transmitter release. We found that about 
one third of the neurons examined (n=45) responded to all three groups of 
agonists, DHPG (group I), 4C3HPG (group II), and L-AP4 (group III), 
while postsynaptic GABA receptors were not affected, suggesting a 
coexpression of all three groups of mGluRs in the same axon terminals of 
these single neurons. Other neurons responded to two agonists (27%), 
one agonist (18%), or showed no effect (22%). DHPG (200 p.M) and 
4C3HPG (200 (dM) could either increase or decrease GABA release, 
whereas L-AP4 (500 qM) decreased GABA release. DHPG, but not 
4C3HPG or L-AP4, produced a long-term depression on the evoked 
GABA release. The response to DHPG could be modulated by 
pretreatment of L-AP4. Most neurons showed a decrease in GABA 
release upon the first application of DHPG, whereas a majority of neurons 
showed an increase in GABA release in response to DHPG if applied after 
pretreatment with L-AP4. These results demonstrate a coexpression of 
multiple mGluRs in single axons, and these coexpressed mGluRs may 
modulate each other possibly by acting on common signal transduction 
systems. (NIH grants NS-34887, NS-10174, NS-31573, and AFOSR)

790.10
METABOTROPIC GLUTAMATE RECEPTOR AGONIST INDUCES A 
SODIUM-DEPENDENT AFTERCURRENT IN THE LATERAL SEPTUM OF 
RAT. S. Albert*, P. Pierson, D. Metzger and M. Raggenbass. Department of 
Physiology, University Medical Center, 1211 Geneva 4, Switzerland.

The mechanism by which (1S,3R)-ACPD, a metabotropic glutamate receptor 
agonist, induces burst firing in lateral septal neurons of the rat was investigated in 
coronal brainstem slices. Membrane currents were characterized in voltage clamp 
using whole-cell recordings. In the presence of (1S,3R)-ACPD, following 
depolarizing voltage jumps, repolarization towards the holding potential 
generated an inward aftercurrent. This (lS,3R)-ACPD-dependent aftercurrent was 
accompanied by an increase in cell conductance and was reduced following partial 
replacement of extracellular sodium by N-methyl-D-glucamine. It persisted in Cs- 
loaded neurons or following partial replacement of extracellular chloride by 
isethionate. This suggests that it was mainly carried by sodium. Loading neurons 
with the calcium chelator, BAPTA, or blocking transmembrane calcium currents, 
suppressed the (lS,3R)-ACPD-dependent aftercurrent. Partial replacement of 
extracellular sodium by lithium did not affect it. Thus, this current was dependent 
upon calcium influx but was not due to a sodium/calcium exchanger. It was 
probably mediated by G protein activation. Indeed, in neurons loaded with GTP-v- 
S, following depolarizing voltage jumps, repolarization towards the holding 
potential revealed an inward aftercurrent having properties similar to those of the 
(lS,3R)-ACPD-dependent current. We suggest that (1S,3R)-ACPD induced 
calcium-activated non-selective channels. This mechanism is probably responsible 
of the (lS,3R)-ACPD-induced burst firing observed in lateral septal neurons in 
current clamp. Work supported by the Swiss National Science Foundation (Gram 
31.43436.95).
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790.11
(1S,3S)-ACPD ELEVATES EXTRACELLULAR GLYCINE LEVELS IN 
THE NUCLEUS ACCUMBENS AND STRIATUM OF FREELY- 
MOVING RATS. J. Ge, I, C, Kilpatrick, S. Long1, N, J. Toms and P, J. 
Roberts*. Dept. of Pharmacol., Sch. of Med. Sci., Univ. of Bristol, Bristol, 
BS8 1TD, UK and Solvay Duphar B V., 1380 DA Weesp, The 
Netherlands.

The G-protein coupled mGluRs modulate cAMP, PI hydrolysis and 
intracellular Ca++ release in the CNS. In the present studies, we 
investigated the effect of (1S,3S)-ACPD on extracellular levels of glycine, 
aspartate and glutamate in the nucleus accumbens and striatum of freely- 
moving rats using intracerebral microdialysis. In the nucleus accumbens, 
local administration of (1S,3S)-ACPD (0.5 and 1.0 mM) increased 
extracellular glycine levels to 183 ± 14 and 221 ± 8 % of the basal levels, 
respectively, whereas aspartate and glutamate levels were significantly 
decreased. The selective group III mGluR antagonist (RS)-CPPG (1.0 and 
3.0 mM) alone had no effect on basal glycine, aspartate and glutamate 
levels, but significantly inhibited the increase in glycine levels (125 ± 8 % 
of the basal values) induced by (1S,3S)-ACPD (1.0 mM). In the striatum, 
(1S,3S)-ACPD (0.5 and 1.0 mM) increased glycine levels to 186 ± 12 and 
213 ± 15 % of basal levels, respectively. (RS)-CPPG (1.0 and 3.0 mM) 
alone had no effect on basal glycine levels, but significantly reduced the 
increases (132 ± 6 % of the basal values) induced by (1S,3S)-ACPD (1.0 
mM). The selective group III mGluR agonists L-AP4 (1.0 mM) and L-SOP 
(1.0 mM) failed to modify glycine levels in both areas. These findings 
suggest that (1S,3S)-ACPD may act via presynaptic or glial-localised group 
II mGluRs to modulate local extracellular glycine concentrations. This 
might therefore be relevant for the regulation of NMDA receptor activity. 
Supported by Solvay Duphar and the EC Biotech Programme

790.12
EFFECTS OF UNILATERAL 6-HYDROXYDOPAMINE LESION AND AGING ON
METABOTROPIC GLUTAMATE AGONIST-INDUCED ROTATION. J.A. Feelev Kearney*. J.B. 
Becker and R,L, Albin. Neuroscience Progam , Depts. of Neurology and Psychology, 
Reproductive Sciences Program, The University of Michigan, Ann Arbor Michigan 48109 and 
the GRECC, VA Medical Center, Ann Arbor Michigan 48105.

Metabotropic glutamate receptors (mGluRs) are a major class of excitatoiy amino acid 
receptors. Eight mGluR subtypes have been cloned and have been classified into three 
groups based on their amino acid sequence homology, effector systems and 
pharmacological profile. The striatum possess a high density of mGluR binding sites and 
several mGluR mRNAs and proteins are expressed by striatal neurons, including members 
of all three groups. In rats, unilateral striatal administration of the group I mGluR agonist 
DHPG results in vigorous contralateral rotation in rats, whereas group II and group ill 
agonists have no effect (Kearney et al, 1997, J Neurosci,). Functional neuroanatomical 
studies suggest this occurs secondary to strong activation of the subthalamic nucleus 
(STN). Excessive STN activity is a major feature of Parkinson's Disease (PD), and it has 
been suggested that group I mGluR antagonists may be useful for treatment of symptomatic 
PD. We sought to determine if there are any functional changes in mGluR agonist effects in 
the unilateral 6-hydroxydopamine (6-OHDA) rat model of PD or in aged rats.

F344 BN F1 rats aged 6-18 months show no difference in 1S,3R-ACPD-induced rotation 
versus 2-3 month Sprague Dawley rats, while rats aged 24 month show a decrease.

6-OHDA lesioned rats show contralateral rotation following unilateral striatal DHPG, 
although the magnitude is 50% that seen in intact rats. They also show similar patterns of 
FOS-like immunoreactivity (FLIR) and local cerebral glucose metabolism (ICMRglu) as that 
seen in intact rats. Taken together, these results suggest that there are no functional 
changes in the effects of striatal group I mGluR stimulation following chronic dopamine 
denervation. Likewise, unilateral striatal administration of the group II mGluR agonist L- 
CCG-I elicits the same behavioral and FLIR effects in 6-OHDA or intact rats, suggesting that 
there are also no changes in the effects of group II mGluR stimulation.

Unilateral striatal administration of the group III mGluR agonist L-AP4 in 6-OHDA lesioned 
rats results in contralateral rotation that is not seen in intact rats. In addition, they show a 
different pattern of FLIR. This suggests that chronic dopamine denervation leads to 
changes in the effects of striatal group III mGluR stimulation.
Supported by USPHS grants AG08671, NS0772

790.13
ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTORS 
DELAYS APOPTOSIS OF CULTURED CHICK MOTONEURONS.
J.M.H. Anneser, S. Horstmann and G.D. Borasio*. Department of 
Neurology, University of Munich, D-81366 Miinchen, Germany.

Glutamatergic excitotoxic mechanisms, mediated by ionotropic 
glutamate receptors, have been implicated in the pathogenesis of 
motor neuron disease. However, stimulation of metabotropic gluta-
mate receptors (mGluRs) has been shown to exert neuroprotective 
and neurotrophic effects in vitro. We therefore sought to investigate 
the effect of mGluR stimulation on primary motoneuronal cultures.
In situ hybridisation studies of human spinal cords using sets of three 
different oligonucleotides directed against the mRNAs coding for 
mGluR1-7 revealed expression of group I (mGluRI) and III (mGluR4 
and 7) mRNAs in lumbar and cervical motoneurons. We then tested 
the selective mGluR group I agonist (RS)-3,5-Dihydroxyphenylglycine 
(DHPG) as well as the selective group III agonist L-2 Amino-4 phos- 
phonobutyric acid (L-AP4) in primary chick embryonic motoneuron 
cultures enriched by panning with the motoneuron-specific SC1-anti- 
body. Addition of DHPG or L-AP4 resulted in a significant delay of 
motoneuronal apoptosis in a concentration-dependent manner. 
DHPG at 200 pM increased the survival rate to 45% after 24 h 
(control 24%) and 35% after 48 h (controls 13%). L-AP4 was most 
effective at 100 pM (38% survival after 24 h and 27% after 48 h). 
Thus, the effect of glutamatergic stimulation of cultured motoneurons 
seems not restricted to excitotoxic damage. Experiments to further 
investigate the interplay of the different types of glutamate receptors 
expressed by cultured motoneurons are currently in progress.

790.14
ACTIVATION OF mGluRs EVOKES SLOW OSCILLATORY Ca2+ RESPONSES 
IN ORIENS-ALVEUS INTERNEURONS OF RAT HIPPOCAMPUS. G.L. 
Woodhall*, R. Robitaille. and J.-C. Lacaille. Department of Physiology, Universite de 
Montreal, Quebec, Canada, H3C 3J7.

Metabotropic glutamate receptors (mGluRs) are heterogeneously expressed in 
hippocampal intemeurons, but their signal transduction mechanisms remain unclear.
We have characterized a slow, oscillatory Ca2+ response activated by mGluRs in 
hippocampal oriens-alveus (OA) intemeurons (n=68) using the whole cell patch-clamp 
technique in bridge mode and simultaneous confocal laser imaging of Ca2+ using the 
indicator calcium green-1. When lOOpM 1S,3R-ACPD was bath applied for brief 
periods (3-5 min), a slow, long-lasting Ca2+ signal accompanied by burst-spiking 
activity was observed in OA neurons. In most cells, multiple Ca2+ transients were 
evoked by a single application of ACPD, a response which was repeatable upon 
reperfusion with ACPD. Perfusion with tetrodotoxin (TTX) revealed an underlying 
membrane depolarization occurring in synchrony with Ca2+ rises. Both the membrane 
depolarization and the intracellular Ca2+ signals were abolished by removal of Ca2+ from 
the perfusate or by prior application of 50pM Cd2+, suggesting involvement of voltage-
gated Ca2" channels. However, blockade of intracellular Ca2+ release with 10pM 
ryanodine or lpM thapsigargin also abolished the oscillatory response in these cells as 
did the mGluR antagonist MCPG (400pM). These data suggest that slow Ca2+ 
oscillatory behaviour is generated through group I or II mGluRs by a coupling of 
external Ca2+ entry through voltage-gated Ca2+ channels and Ca2+ release from internal 
stores. By contrast, lacunosum-moleculare (LM) intemeurons (n=12) showed a low 
amplitude, short duration response to ACPD, with no oscillatory behaviour. Thus, 
mGluR-mediated oscillatory Ca2’ responses are expressed in a subtype of hippocampal 
intemeurons. Since these interneurons are selectively vulnerable to glutamate-mediated 
excitotoxicity, such Ca2+ responses may play an important role in their selective death 
following epileptiform activity. (Supported by MRC, FRSQ, and FCAR)

790.15
QUISQUALATE INDUCES AN INWARD CURRENT IN 
NEOCORTICAL NEURONS VIA mGluR ACTIVATION. Zhiguo 
Chu and John J. Hablitz* Depts. of Neurobiology and Psychology, 

Univ. of Alabama at Birmingham, Birmingham, AL 35294.
Activation of metabotropic glutamate receptors (mGluRs) has 

multiple effects on the excitability of pyramidal neurons in rat 
neocortex. Synaptic and intrinsic excitability are both affected. During 
studies of the effects of quisqualate (Quis) on synaptic activity, it was 
observed that Quis induced an inward current in neocortical neurons. 
Whole-cell patch clamp recordings were obtained from layer IL/TII cells 
of neocortical slices in vitro. The bath solution contained APV, CNQX 
and bicuculline to block glutamate ionotropic and GABAa  receptors. At 
a holding potential of -70 mV, Quis (2 p,M) induced an inward current 
of about 60 pA. The response was reversible upon washing. This 
current was associated with an increase in conductance and was not 
blocked by TTX. ACPD and DHPG were less effective in inducing an 
inward current. Including GDP-J3-S in the recording pipette reduced the 
current by 72%. It was also reduced by 200-400 fiM MCPG. These 
results suggest that the Quis induced inward current requires activation 
of specific G-protein coupled mGluR subtypes located postsynaptically 
either by an unidentified 2nd messenger or via a membrane-delimited 
G-protein action. Supported by NS 18145.

790.16
DIRECT BEHAVIOURAL SUPPORT FOR THE SIGNAL TO NOISE THEORY 
OF mGluR FUNCTION IN MEMORY FORMATION. G. Riedel*, N.R, 
Harrington, A.P. Kozikowski, K, Sandager-Nielsen and E.M. Macphail. Dept.
Psychol., Univ. York, York, UK; Georgetown Univ. Med. Center, Drug Discovery 
Laboratory, Washington, DC 20007-2197.

The signal to noise predicts that unspecific pretraining activation of metabotropic 
glutamate receptors (mGluRs) increases the noise in neuronal networks, thereby 
preventing a behavioural signal to produce a memory trace. However, increases in 
the learning-relevant stimulus should, on the background of increased noise, still be 
capable of generating learning. Experiments were performed addressing this issue 
using APEX? (4-aminopyrrolidine-2,4-dicarboxylic acid), a novel and specific 
agonist against class II mGluRs.
Intraperitoneal injection of APEX? (0.03 mg/kg) 30 min prior to acquisition of a 
shock (0.25 mA) reinforced context and cue conditioning paradigm similar to the 
one described previously (Philipps and LeDoux, Behav. Neurosci. 106, 274-285; 
1992) caused a severe learning deficit in freezing to context (pre-CS), but not cue 
(tone CS, 10 kHz, 80 dB), compared with vehicle-treated controls. Increasing the 
shock intensity (0.75 mA) caused normal freezing to context in both drug and 
vehicle-injected groups. Prolonged extinction training also did not reveal any 
differences. Increasing the salience of the context (insertion of a black/white-striped 
pattern and application of the odour eucalyptus oil) also resulted in normal freezing 
to context in APDC animals compared to controls.
These data have three important implications: 1) Since contextual conditioning is a 
hippocampus-dependent task, it appears likely that mGluRs located in the 
hippocampal formation are particularly important for contextual conditioning. 2) 
Given the specificity of APEX?, it seems that specifically class II mGluRs are 
involved in memory formation of this task. 3) The pattern of results supports the 
theory that mGluRs modulate the signal to noise ratio in learning.
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791.1
MRNA DISTRIBUTION OF THE THYROTROPIN-RELEASING 
HORMONE (TRH)-DEGRADING ECTOENZYME IN RAT CNS AND

iMax-Planck-Inst. f. exp. Endocrinology, Hannover and 2 Inst. of 
Anatomy and Cell Biology, Philipps Univ. Marburg, Germany

A vast body of evidence has accumulated to suggest that in 
extrahypothalamic brain areas the neuropeptide TRH may act as a 
neurotransmitter and/or neuromodulator. This hypothesis is supported by 
the identification of a TRH-specific Zn++ metallopeptidase (TRH-DE) 
recently cloned in our laboratory (Schauder et al, 1994, Proc Natl Acad 
Sci USA 91:9534-9538). TRH-DE is localized on the surface of neuronal 
cells and seems to be important for the termination of TRH-signals. In the 
present study we investigated the gene expression of TRH-DE and its 
cellular distribution pattern at the mRNA level in rat brain, spinal cord and 
pituitary gland. In brain, strongest signals were observed in all regions of 
the olfactory bulb, in cerebral cortex, the granular layer of cerebellar 
cortex, the pyramidal cells of the Ammon's horn, the medial habenulae, 
the lateral septal nuclei and several hypothalamic subregions. In the 
mesencephalon and brainstem, moderate signals were present in the 
superior colliculi, substantia nigra, dorsal raphe, interpeduncular nuclei 
and in the periolivar region. Low mRNA levels were observed in striatal 
interneurons and in few areas of thalamus. In spinal cord, TRH-DE 
mRNA positive neurons were present in all layers with slightly higher 
levels in the superficial dorsal horn and the motoneurons. In pituitary, 
TRH-DE mRNA was found in a subpopulation of cells both in anterior 
and posterior lobe, but not in intermediate lobe. The very distribution of 
the enzyme among different brain regions strongly supports the concept 
that this peptidase serves very specialized functions. Supported in part by 
the German Research Foundation.

791.2
STRUCTURAL DETERMINANTS OF CORTISTATIN ACTIVITY. J.R.
Criado \ H, Li Liapakisl M, Spina1, O. Prospero1, X. Jiang2, S. J.
Henriksenh G,F. Koobi,_J1P, Taulane2, T. Reisine3, J.G. Sutcliffe4. M.
Goodman2. L. de Lecea4*. Depts. of Neuropharmacology 1 and Molecular 
Biology4, The Scripps Research Institute. La Jolla, CA 92037. Dept of Chemistry 
& Biochemistry2, University of California, San Diego. La Jolla, CA 92093. Dept. 
of Pharmacology3, University of Pennsylvania. Philadelphia, PA 19104.

Cortistatin is a putative novel neuropeptide that shares 11 of its 14 residues 
with somatostatin, yet has very different effects on locomotor activity and sleep. 
In this study we analyze the structural basis for cortistatin’s distinct biological 
activities. As with somatostatin-14, cortistatin-14 does not show any preferred 
conformation in solution, as determined by circular dichroism and nuclear 
magnetic resonance. Since the loop formed by the two cysteines has virtually the 
same amino acid sequence in somatostatin and cortistatin, we hypothesized that 
the distinct biological properties of cortistatin could be explained, at least in part, 
by differences in their terminal residues. We took advantage of the well known 
properties of cyclic somatostatin analogues to design and synthesize cyclic 
penta- and hexapeptides with different substitutions at their termini. We assayed 
the synthetic analogues for their binding affinities to the five somatostatin 
receptors, their ability to provoke changes in locomotor activity and sleep, and 
for two “in vivo” electrophysiological parameters that have been characterized 
with somatostatin and cortistatin: primary response to an evoked population 
spike in the hippocampal CAI and paired pulse inhibition. Compounds with an 
additional C-terminal lysine showed different binding affinities to somatostatin 
receptors but displayed essentially somatostatin-like biological activities. In 
contrast, substitution of the N-terminal residue with a proline converted 
somatostatin-like compounds into cortistatin-like analogues. Our data strongly 
suggest that the N-terminal proline is necessary for cortistatin’s binding to its 
specific receptor. Supported by NIGM, NIDA, NIMH, N1HDK.

791.3
ENDOPROTEOLYTIC PROCESSING OF PROCORTICOTROPHIN-RELEAS1NG 
HORMONE BY PROHORMONE CONVERTASE (PC) I AND PC2 WITHIN STABLY 
TRANSFECTED CHO CELL LINES. M. J. Perone and M. G. Castro*. University of 
Manchester. Mol. Med. Unit. Dept. of Med.. Slopford Bldg. Rm 1-302, Oxford Rd. 
Manchester. M13 9PT. U.K.

The biosynthesis of prohormones is generally mediated by the concerted action of 
endoproteolytic enzymes and other post-translational modifying enzymes. Corticotropliin- 
releasing honnone (CRH) is a 41 aminoacid peptide which plays a crucial role in the 
regulation of the endocrine response to stress through its ability to stimulate the sy nthesis 
and release of ACTH and other POMC peptides from the anterior pituitary gland. CRH is 
synthesised as a large precursor protein: pre-proCRH (ppCRH). PCi and PC2 are co-
localised with proCRH in neurons of the hypothalamic nuclei. CHO cells alreadv 
expressing PCI or PC2 (kindly provided by Dr. Linderberg. Louisiana State University) 
were transfected with an expression plasmid contaimng the ppCRH cDNA. We generated 
stably transfected CHO cell lines co-expressing ppCRH and PCI or PC2. Co-localisation 
of immunoreactive (IR)-CRH and PCI or PC2 was studied by double 
immunofluorescence. 1R-CRH and PC2 showed both a reticular staining pattern 
corresponding to the endoplasmic reticulum (ER): meanwliile. 1R-PC1 was predominantly 
seen witliin the Golgi apparatus. These findings indicate that CRH. PCi and PC2 are 
targeted to the secretory' pathway witliin transfected CHO cells. Analysis of cell extracts 
and secreted medium from these cell lines using size exclusion chromatography followed 
CRH-radioimmunoassay and immunoprecipitaton followed by SDS-PAGE and 
autoradiography point to PC2 as an efficient endoprotease for the specific cleavage of 
proCRH within the secretory' pathway of eukary otic cells.
Supported by the BBSRC. Chemical and Pharmaceutical Directorate. UK.

791.4
REGULATION OF NOCICEPTIN AND MU OPIOID RECEPTOR 
GENE EXPRESSION BY NEUROTROPHIC FACTORS IN 
STRIATAL NEURON CULTURES. B. Buzas, A. Symes and B.M. 
Cox*, Dept. of Pharmacology, Uniformed Services University, 
Bethesda, MD 20814.

Nociceptin/orphanin FQ is a new opioid neuropeptide, which was 
identified as an endogenous ligand for the opioid receptor like orphan 
receptor, ORL-1. We developed a competitive RT-PCR assay for 
measuring nociceptin mRNA levels, and studied the regulation of its 
expression in cultured striatal neurons. The basal nociceptin mRNA level 
was similar to that of proenkephalin. Ciliary neurotrophic factor (CNTF) 
and leukemia inhibitory factor increased nociceptin mRNA levels to 5 
and 3.5 fold of control levels, while other members of this cytokine 
family (IL-6, cardiotrophin-1) were not effective. IL-Ip elevated 
nociceptin mRNA levels approximately 2 fold, while interferon-y and 
activin did not have any effect. Brain derived neurotrophic factor and 
neurotrophin-3 increased nociceptin mRNA levels about 2-fold, while 
nerve growth factor did not elicit any change. The time course and 
concentration dependence of CNTF regulation of nociceptin expression 
was similar to that of other neuropeptides (e.g. VIP). CNTF regulation 
was sensitive to the kinase inhibitors H7 and genistein, but not to the 
protein synthesis inhibitor cycloheximide, which is consistent with the 
possible role of STAT proteins in the transcriptional regulation of 
nociceptin by CNTF. None of the above treatments altered mu opioid 
receptor gene expression in these cells. Induction of nociceptin 
expression by CNTF and BDNF, factors known to protect striatal 
GABAergic neurons, may point to a role of nociceptin in neuronal 
survival. (Supported by NIDA Grants DA 03102 and 04933).

791.5
ROLE OF PROTOONCOGENES IN THE REGULATION OF 
PROENKEPHALIN mRNA LEVEL INDUCED BY PROSTAGLANDIN E2 
IN RAT GLIAL CELLS S, 0. Huh, J, S, Won, Yung H, Kim, Dong K, 
Song and H, W, Suh* Department of Pharmacology, College of Medicine, 
Institute of Natural Medicine, Hallym University, Korea

The effect of prostaglandin E2 (PGE2) on proenkephalin (proENK), proto-
oncogenes in primary cultured rat glial cells was studied. The proENK mRNA 
level was increased by the treatment of PGE2 (10 jxM). The pre-treatment with 
cycloheximide (CHX; 10 |iM) potentiated proENK mRNA level induced by 
PGE2 although CHX alone did not affect the basal proENK mRNA level. In 
addition, c-fos mRNA level was also induced by PGE2 treatment. However, 
c-jun mRNA was not affected by PGE2. c-Fos protein level was increased by 
PGE2 treatment and further increased by the pre-treatment with CHX. 
Furthermore, c-Fos protein (55 kDa) level induced by PGE2 were further 
phosphorylated (62 kDa) by pre-treatment by CHX. In addition, PGE2 
increased the 36 kDa- and 46 kDa-Fra protein levels and the expressions of 
these proteins were effectively increased by CHX. PGE2 markedly enhanced 
the phosphorylation of CREB protein but the kinetics of CREB protein 
phosphorylation was not correlated with proENK mRNA expression. The pre-
treatment with CHX showed a potentiative effect in CREB phosphorylation 
induced by PGE2. The treatment of cells with (o-conotoxin GIVA '(1 pM), 
nimodipine (1 pM), calmidazolium (1 pM), and KN-62 (1 pM) did not affect 
PGE2-induced increase of proENK mRNA level. The results suggest that 
PGE2 increases the proENK mRNA expression and this response was 
potentiated by pre-treatment with CHX in primary cultured rat glial cells. The 
c-Fos may be involved in the regulation of proENK mRNA expression 
induced by PGE2. In addition, PGE2-induced proENK mRNA expression 
may not be involved with the phosphorylation of CREB, Ca^+ influx through 
Ca~+ channels, calmodulin, and Ca2+/calmodulin dependent protein kinase II.

791.6
PRODUCTION OF FROENKEPHALIN-DERIVTD OPIOID PEFHDES BY 
RECOMBINANT PROHORMONE CONVERTASES 1 AND 2: AN IN VITRO STUDY.
K. Johanning and I. Lindberg* Dept. Biochem. & Molec. Biol., LSUMC, New 
Orleans, LA 70112.

Peptide hormones and proneuropeptides are synthesized as large precursors 
which are endoproteolytically processed by prohormone convertases such as PCI 
and PC2. Proenkephalin (PE), a proneuropeptide, is cleaved into intermediate- 
sized peptides that ultimately yield active enkephalins. Previous in vivo studies 
with PE from our laboratory have demonstrated that PCI is mostly involved in 
earlier cleavages of this precursor while PC2 preferentially cleaves intermediate-
sized peptides, resulting in the production of active opioids. To investigate the 
specificity of PCI and PC2 for intact PE and derived peptides, and for comparison 
with in vivo results, in vitro studies were performed to determine the kinetic 
properties of these two enzymes with recombinant PE and smaller-sized synthetic 
intermediates (Peptides B, E and F). Digestion of PE with PCI resulted in the 
production of intermediate-sized peptides (18 kDa, 5.3 kDa, Peptides B, E), and 
Met-enkephalin (Met-enk) as the only active opioid. By contrast, processing of PE 
by PC2 resulted in some production of intermediates but mostly the active opioid 
peptides such as Leu-enk, Met-enk, Met-enk-Arg-Phe and small amounts of Met- 
enk-Atg-Gly-Leu. Although PCI and PC2 have similar Kms for Peptides B, E or F, 
their Vmaxs differ considerably. PC2 had a higher rate of product formation from 
all of these peptides than PCI. In addition, when the Keat/Km for the different 
peptides were compared, both PC2 and PCI appeared to prefer Peptide E over 
Peptides F and B. Interestingly, PE digestion by PC2 pioceeded at a higher rate than 
with the synthetic peptides at similar concentrations, showing a preference for the 
precursor. We conclude that both the linear sequence surrounding a particular site 
as well as more distant, conformationally relevant features of the prohormone 
contribute to cleavage site specificity. Future studies will include analysis of mutant 
PEs. Supported^ DA 05084
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791.7
HETEROGENEITY IN POMC EXPRESSION AMONG MELANOTROPES 
DECREASES WITH TIME IN CULTURE AND WITH CHRONIC DOPAMINE D2 
RECEPTOR STIMULATION. Diane M. Beatty*, Stephen J. Morris, Bibie M. 
Chronwall. School of Biological Sciences, University of Missouri-Kansas 
City, Kansas City, MO 64113-2499

In vivo, the biosynthetic activity of rat intermediate lobe melanotropes 
is inhibited by stimulation of dopamine D2 receptors. individual 
melanotropes are differentially innervated by dopaminergic axons and vary 
in their levels of pro opiomelanocortin (POMC) mRNA. We tested the 
hypothesis that placement of the lobe in primary culture, which removes 
the inhibitory innervation, would abolish the heterogeneity in POMC 
expression among melanotropes.

When tested on culture day 10, 16, and 20, POMC mRNA levels 
increased successively in untreated melanotropes. With time in culture, 
few melanotropes contained low POMC mRNA levels with the majority 
having high levels, making expression appear uniformly high by day 20. If 
treated with a D2 receptor agonist (1 //M bromocriptine) from culture day 
1, POMC mRNA levels were significantly decreased thoughout the testing 
period. No melanotropes expressed high levels, rendering a homogeneously 
low POMC expression by day 20. If the agonist was removed on day 16 
and cells tested on day 20, POMC mRNA average increased. When the 
agonist was added to untreated cells on day 16, POMC mRNA decreased 
in a biphasic manner by day 20, revealing two subpopulations with 
different POMC mRNA levels.

Thus, in untreated melanotropes, initial heterogeneity in POMC mRNA 
levels subsided over time in culture and overall levels increased 
significantly. POMC mRNA levels could be regulated by application or 
withdrawal of a D2 receptor agonist. A short agonist treatment resulting 
in subpopulations responding differently to the agonist.

Supported by NIH grant NS28019.

791.8
TWO NOVEL HYPOTHALAMIC PEPTIDES RELATED TO SECRETIN 
DERIVED FROM A SINGLE NEUROPEPTIDE PRECURSOR. J.G. 
Sutcliffe*, K.M. Gautvik, T.S. Kilduff, T. Horn, P.E.
Foye, P.E. Danielson, F.S. Bartlett III, W.N. Frankel,
F.E. Bloom and L. de Lecea. The Scripps Research
Institute, La Jolla, CA 92037, University of Oslo, 
Blindern N-0317 Oslo, Norway, Stanford University, 
Stanford, CA 94305 and The Jackson Laboratories, Bar 
Harbor, ME 04609. We used directional tag PCR 
subtractive hybridization to identify 38 rat mRNAs 
selectively expressed within the hypothalamus. In situ 
hybridization revealed that one of these, called H35, was 
expressed exclusively by a bilaterally symmetric 
structure within the posterior hypothalamus. Rat H35 
encodes a 130 amino acid putative secretory protein with 
4 sites for potential proteolytic maturation. Two of the 
putative products, which appear to be C-terminally 
amidated, share 14 identities across 20 amino acids. This 
region shares a 7/7 match with the gut hormone secretin. 
Mouse H35 differs from rat at 7 amino acids. These 
differences obliterate 2 of the possible proteolytic 
products, but preserve the peptides that are related both 
to each other and to secretin, consistent with an 
evolutionarily conserved function for the 2 new peptides. 
The H35 gene, which in mouse is located on chromosome 11, 
is expressed most prominently after postnatal week 3. 
Intracerebroventricular administration of a synthetic 
version of one of the peptides caused a dramatic decrease 
in body temperature, supporting a role for these peptides 
in homeostasis. (Research supported by NIH GM32355, 
NS33396, AG11084, Norwegian Research Council, Air Force 
Office of Scientific Research, Army Office of Research, 
and Digital Gene Technologies).

791.9
DISTRIBUTION OF IMMUNOREACTIVE NEURONS AND FIBERS FOR A 
HYPOTHALAMIC NEUROPEPTIDE PRECURSOR RELATED TO SECRETIN.
C. Pevron. P.K, Tighe. B.S. Lee, L, de Lecea. H.C. Heller. J.G, Sutcliffe and T.S.
Kilduff*. Ctr. for Sleep and Circadian Neurobiology, Stanford University, Stanford, 
CA and Dept. of Molecular Biology, The Scripps Research Institute, La Jolla, CA.

Using directional tag PCR subtraction, Gautvik et al. (1996; PNAS 93; 8733- 
8738) identified sequences expressed selectively in the rat hypothalamus. In situ 
hybridization indicates that the neurons expressing hypothalamic clone 35 (H35) 
mRNA are located exclusively in the posterior hypothalamus. The 569 nucleotide 
sequence of H35 encodes a 130-residue putative secretory protein with 4 sites for 
potential proteolytic maturation. A polyclonal antiserum was raised in rabbits 
against the C-terminal 17-residue peptide conjugated with glutaraldehyde to the carrier 
protein KLH. We undertook an immunohistochemical study to determine the 
distribution of H35 immunoreactive (H35-ir) neurons and fibers in the brain. 
Classical Western blot and immunohistochemical tests showed that the antiserum is 
specific to H35. Adult male W is tar rats were deeply anesthetized with Nembutal and 
perfused transcardially with 0.9% saline followed by 4% paraformaldehyde and 0.25% 
glutaraldehyde in 0.1M phosphate buffer. The brains were post-fixed for 12h, 
cryoprotected with 30% sucrose for 48h and sliced into 20gm thick coronal sections. 
The sections were incubated in 1) anti-H35 antiserum (1:5000) overnight; 2) anti-
rabbit biotinylated Ig (1:2000) 90 min; 3) avidin-biotin-peroxidase complex (1:1000) 
90 min. Labeling was then developed using DAB-nickel. In accord with the in situ 
hybridization data, H35-ir cell bodies were observed exclusively in the perifomical 
nucleus and the dorsal and lateral hypothalamic areas. H35-ir fibers were located 
throughout the posterior hypothalamus, and in the preoptic area, the mediodorsal and 
reuniens nuclei of the thalamus, the dorsal raphe nucleus, the locus coeruleus, the 
laterodorsal tegmental nucleus, the central gray, the colliculi and the nucleus of the 
solitary tract. Few labeled fibers were located in cortical regions. These results 
indicate that H35 is translated as a peptide in the rat hypothalamus and transported to 
several brain areas (Research supported by NIH AG11084, GM32355 and NS33396, 
the Army Research Office and a fellowship from the Fyssen Fondation).

791.10
CHARACTERIZATION AND LOCALIZATION OF GALANIN RECEPTORS IN 
HUMAN ENTORHINAL CORTEX. D.C. Deecher1*, D. C. Mash2, J. K. Staley2, 
K. Anderson5 and E. J. Mufson4 'Women’s Health Research Institute, Wyeth Ayerst 
Research, Radnor, PA 19087. 2Dept. Neurology, University of Miami Sch. Med., 
Miami, FL 33101. ’Abbott Laboratories, Abbott Park, IL.60064 4Dept. Neurological 
Sciences, Rush Presbyterian Med. Ctr, Chicago, IL 60612

The neuropeptide galanin (GAL) is widely distributed within the normal human 
cortex and is overexpressed in Alzheimer's disease (AD). Although the entorhinal 
cortex (EC) displays severe degeneration in AD, very little is known about the 
pharmacology of the GAL receptor (GALR) in the normal human EC.
Therefore, we pharmcologically charactaerized GALR and visualized their distribution 
using radioligand binding and in vitro receptor autoradiography, respectively. No 
statistically significant differences in binding parameters were noted between males 
and females or 30 ± 1.8 versus 54 ±7 yr. of age. Therefore data was generated using 
tissue samples from patients 28-61 years of age and either sex. Association of 
[125I]gaianin (human) (hGAL) occurred over 3.5 h and the binding could not be 
reversed in the presence of excess unlabeled peptide. Scatchard analysis of 
[12511^0^ binding performed at saturation showed Kd  values of 86.7 ± 3.2 pM 
and Bmax values of 27.4 ± 0.4 fmol/mg protein. Competition of GAL and GAL 
chimeric peptides for the binding of [l25I!hGAL showed rank order differences in 
potency between peptides. In the presence of GppNHp (100 jiM) the specific binding 
of U25I]hGAL was abolished indicating agonist activity of this radioligand. 
Autoradiograms revealed intense GALR labeling mainly within the rostral EC, 
substantia innominata and the bed nucleus of the stria terminalis. Experiments are 
underway to determine alterations in GAL receptor pharmacology in AD.

Funding: NIA (AG-05128-07S2A1), (AG10688), (AG09466) and Nat’l Parkinson 
Foundation, Miami, FL.

791.11
COLCHICINE FAILS TO INDUCE GALANIN mRNA EXPRESSION 
IN GLIAL CELLS IN ADULT HYPOTHYROID RATS. 1M. Zanni*, 1-2L. 
Calzlk 1L, Giardino, 3T. Hokfelt, ‘Pathophysiology Center for the Nervous 
System, Hesperia Hospital, Modena, Italy; 2Inst. of Human Physiology. 
University of Cagliari, Italy; 3Dept. of Neurosci., Karolinska Institutet, 
Stockholm, Sweden.

Neuronal synthesis of several peptides is altered in different brain 
areas during hypothyroidism. In particular, galanin mRNA expression is 
suppressed in the paraventricular nuc. (PVN) of rats which were made 
hypothyroid in postpuberal age. Since the galanin synthesis is up-regulated in 
rat glial cells in vivo after colchicine administration and in view of the 
different distribution of thyroid hormone receptor isoforms in glial cells and 
in neurons, we have studied the regulation of galanin and galanin-message- 
associated peptide (GMAP) synthesis in glial cells in vivo during 
hypothyroidism and after colchicine administration. The rats were 
thyroidectomized 60 days after birth and groups of hypo- and eu-thyroid rats 
were injected with colchicine (intrastriatal, 75pg/5pl/animai. survival time 
24-48hrs). Galanin mRNA expression was investigated by means of in situ 
hybridization. Colchicine injection induced a dramatic up-regulation of 
galanin and GMAP mRNA expression in glial cells and in neurons in a wide 
area around the injection side in control rats, whereas it completely failed to 
induce galanin and GMAP mRNA expression in glial cells in hypothyroid 
rats. On the contrary, colchicine injection restored galanin and GMAP 
neuronal mRNA expression in the PVN of hypothyroid rats. The identity of 
the glial cells expressing galanin and GMAP after colchicine administration 
has not been established so far. Immunocytochemical, double labeling 
experiments did not reveal colocalization of GAL and GMAP with GFAP or 
0X42 immunoreactivity.

791.12
GALANIN EXPRESSION IS DOWN-REGULATED BY NGF AND 
BY COTRANSFECTION OF THE NGF-INDUCIBLE FACTOR 
NGF1B. I D Comess*, B Stevens2, S M Dudek*2, M Figliola3, T 
Hokfelt, A J Symes3. *Dept. of Neuroscience, Karolinska Institutet, 
17177 Stockholm, Sweden, 2LDN, NICHD, NIH, Bethesda, MD 
20814, 3Dept of Pharmacology, USUHS, Bethesda, MD 20814.

In the first part of this study we have used the RT-PCR 
amplification procedure to detect changes in the expression of 
galanin mRNA in one-month old dorsal root ganglia cultures made 
from E13.5 mice. We have shown through this method that the 
addition of 50ng/ml of nerve growth factor (NGF) to the culture 
medium results in a significant reduction in the expression of galanin 
mRNA over cultures grown for four days in NGF-free conditions. 
Conversely, levels of neuron specific enolase (NSE) within the same 
samples remained unchanged by the treatment.

In the second part of this study we looked at a possible factor 
which may be involved in the NGF-mediated response on the 
galanin-gene promoter. We chose to transiently transfect the NGF- 
inducible factor NGF1B together with a reporter-gene construct 
driven by a section of the galanin-gene promoter into a 
neuroblastoma cell line. We found that cotransfection of the two 
constructs into SK-N-MC cells resulted in a 50% reduction in the 
levels of reporter-gene expression over that of controls transfected 
with carrier alone. These results were corrected for differences in 
transfection efficiency through the use of a CMV-driven 8- 
galactosidase standard. Supported by Swedish MRC 04X-2887, 
NICHD (NIH) and USUHS grant RO75EX.
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791.13
IMMUNOHISTOCHEMICAL DISTRIBUTION OF THE PROHORMONE 
CONVERTASE PC5 IN RAT BRAIN: ANATOMICAL EVIDENCE FOR ITS 
INVOLVEMENT IN THE PROCESSING OF THE PRECURSOR OF 
NEUROTENSIN. P, Villeneuve’. N.G. Seidah2, P. Kitabgi3 and A. Beaudet*’. 
’Montreal Neurological Institute, Montreal, Qu6., Canada H3A 2B4; iIRCM, 
Montreal, Qu6., Canada H2W 1R7; 3C.N.RS., 06560 Valbonne, France.

Neuropeptides are synthesized as inactive pro-proteins that are cleaved at 
specific sites by kexin/subtilisin-like endoproteases. In the present study, the 
regional distribution of the prohormone convertase PC5 was investigated by 
immunohistochemistry in rat brain using a N-terminal-directed specific antibody. 
PC5 immunoreactivity was extensively distributed throughout the brain. Intense 
neuronal labeling, in the form of small intracytoplasmic somatodendritic granules, 
was detected in the olfactory bulb and tubercle, magnocellular preoptic area, 
diagonal band of Broca, globus pallidus, paraventricular, supraoptic and arcuate 
nuclei of the hypothalamus, reticular and paraventricular nuclei of the thalamus, 
and entopeduncular nucleus in the midbrain. Moderate to dense neuronal labeling 
was also evident in the cerebral cortex, lateral and medial septum, caudoputamen, 
bed nucleus of the stria terminalis, ventral pallidum, suprachiasmatic and 
periventricular hypothalamic nuclei, medial preoptic and lateral hypothalamic 
areas, subiculum, hippocampus, ventral nuclei of the lateral lemniscus, trigeminal 
nucleus and area postrema. In addition, intense PC5 immunoreactive glial cells 
were evident in the paraventricular and supraoptic nuclei of the hypothalamus, 
median eminence and paraventricular nucleus of the thalamus. Comparison 
between the distribution of PC5 and of neurotensin (NT) immunostaining in 
adjacent sections from colchicine-treated rats revealed a striking overlap between 
the two markers. Not only did virtually all regions exhibiting NT-immunoreactive 
nerve cell bodies contain PC5 but, within individual regions, there was a good 
correspondance between the distribution and intensity of the two labels. These 
findings strongly suggest that PC5 may play a role in the maturation of the NT 
precursor in mammalian brain. Supported by MRC of Canada.

791.14
PROTEIN TYROSINE KINASE ACTIVATION IS NECESSARY 
FOR 6-PRE-PROTACHYKININ GENE EXPRESSION 
INDUCED BY INTERLEUKIN-16. QJUsw£l_andJO^Filla, 
Division of Pharmacology, UMKC Schools of Pharmacy & 
Medicine, Kansas City, MO 64108.

Besides the effect on the immune response, interleukin-1 (IL-1) is 
a pleiotropic cytokine actively involved in the initiation and 
consolidation (maintenance) of the inflammatory process. 
Interleukin-16 (IL-16) drastically increases substance P-like 
immunoreactivity (SP-Li) and the mRNA coding for its prohormone 
precursor, 6-preprotachykinin (6-PPT), in cultured neonatal dorsal 
root ganglia (DRG). IL-1 receptor antagonist (IL-Ira) abolished IL- 
16-induced effect in a concentration-dependent manner. However, 
the molecular signaling mechanisms that underlie the increase in 6- 
PPT mRNA expression by IL-16 in the DRG are not completely 
Understood. The effects of protein tyrosine kinase inhibitors on IL- 
16-induced 6-PPT mRNA expression in the DRG were investigated. 
Two protein tyrosine kinase inhibitors that act by different 
mechanisms, genistein and herbimycin A, significantly decreased 
SP-Li in a concentration-dependent manner. In addition, both of 
these inhibitors blocked IL-16-induced 6-PPT mRNA expression in 
a concentration-dependent manner. These data suggest that protein 
tyrosine kinase(s) plays a central role in IL-16 signaling to attenuate 
6-PPT gene expression in the rat DRG in cytokine-mediated 
peripheral inflammatory processes. Supported by USPHS grant AR 
41606.

791.15
EXPRESSION AND COLOCALIZATION OF PREPROTACHYKININ, 
PC1, AND PC2 mRNA IN DORSAL ROOT GANGLION NEURONS OF 
RATS. R. Kream*, B.M. Cain, and J. Marchand. Dept. of Pharmacology 
and Experimental Therapeutics, Tufts University, School of Medicine, 
Boston, MA 02111.

We have evaluated the post-translational processing of 
preprotachykinin(PPT), the precursor to substance P(SP) and related 
tachykinins, via coexpression of the subtilisin-like processing enzymes 
PC1 and PC2 in dorsal root ganglion(DRG) neurons. Since PC1 and 
PC2 have the ability to cleave neuronal prohormones, it is highly 
probable that PPT is processed by one or both of these enzymes within 
DRG neurons and that expression of PPT and PC1 and PC2 are 
regulated by pharmacological and physiological events. The objective 
of this study was to determine the extent of colocalization of PC1- and 
PC2-encoding mRNAs within PPT-positive DRG neurons and whether 
nerve injury and/or opioid administration affected their expression. 
During the course of the study,
riboprobes for labeling PPT mRN
specific for PC1 and PC2 mRNA were synthesized and purified prior to 
conducting single- and double-label in situ hybridization 
histochemistry(ISHH). Data from single- and double-label ISHH 
confirmed both the presence and colocalization of PC1- and PC2- 
encoding mRNAs with PPT-positive neurons and their modulation by 
nerve injury. In addition, mRNA for PC1 and PC2 was detected in 
greater than 80% of the DRG neurons, whereas PPT mRNA was 
detected in only 20% of the cells, thus indicating that PC1 and PC2 may 
be responsible for the cleavage of other neuronal prohormones, as well 
as PPT. Supported by NIDA grant DA04128

nonisotopic-digoxigenm(DIG)-labeled 
< and isotopic- P-labeled riboprobes

791.16
CHOLECYSTOKININ(CCK) LEVELS ARE SEVERELY REDUCED IN 
THE FOREBRAINS OF CPE^/CPE™7 MICE: A REGIONAL 
DIFFERENCE IN THE INVOLVEMENT OF CARBOXYPEPTIDASE 
E(CPE) IN PRO-CCK PROCESSING. B.M. Cain, W. Wang, and M.C. 
Beinfeld*. Dept. of Pharmacology and Experimental Therapeutics, Tufts 
University, School of Medicine, Boston, MA 02111.

In order to assess the possible role of carboxypeptidase E(CPE) in 
pro-CCK processing, tissues from the Cpe^/Cpe^ mice were analyzed 
for CCK content using specific RIAs directed against different portions 
of pro-CCK. Levels of amidated CCK were decreased by about 80% in 
whole brain of Cpe^/Cpe™ mice in comparison to control mice, while 
levels of amidated CCK in intestine were only reduced by about 36%. 
In contrast, using an antiserum specific for CCK 8-Gly-Arg-Arg, 
Cpefaf/Cpefaf mice brain had about 13-fold higher levels of this peptide 
relative to controls, whereas there was no significant difference in levels 
of this peptide in Cpefa'/Cpe'af mice verse controls for duodenal tissue. 
The results of this study demonstrate a regional difference in the 
involvement of CPE in pro-CCK processing because it appears to be 
more involved in the processing of pro-CCK in brains than in 
duodenums. However, the Cpe'a'/Cpe'af mice did not have a complete 
block of pro-CCK processing which suggested that other 
carboxy peptidases may be involved in the processing of this peptide. 
In addition, we present definitive proof that the first dibasic cleavage 
occurs between the Arg-Arg and Ser of the carboxy-terminus. The 
Cpefaf/Cpe'af mouse phenotype involves many endocrine defects, 
however, it is tempting to speculate that this severe CNS deficiency in 
fully processed CCK may be related to the obesity seen in this mutant 
mouse. Supported by NIH NS18667 and NS 31602

791.17
PKA PHOSPHORYLATION INTRODUCES ALTERATIONS IN THE CATALYTIC
ACTIVITY OF ENDOPEPTIDASE EC 3.4.24.15
J.W. Tullai*, P.M. Cummins, J.L Roberts. M.J. Glucksman.
Fishberg Res. Ctr. for Neurobiology, Mt. Sinai School of Med., New York, NY 10029

Endopeptidase EC3.4.24.15 (EP24.15) is a soluble,thiol-activated metalloendopeptidase 
which acts as an extracellular peptide processing/degrading enzyme whose physiological 
substrates include neurotensin, bradykinin, and gonadotropin-releasing hormone (GnRH). 
Using both enzyme activity assays and immunohistochemical techniques, EP24.15 has 
been localized in high levels to the brain, pituitary, and testis. The authors hypothesize 
that phosphorylation may serve a possible role in the regulation of this enzyme. In this 
regard, quantitative examination in vitro using recombinant EP24.15 reveals a saturable, 
time-dependent incorporation of 32P label in the presence of PKA (cAMP-dependent 
protein kinase) to a level of 1.11 ±0.12 moles of phosphate/mole of EP24.15 (n=11), 
suggesting one PKA phosphorylation site. To address the possible effect of 
phosphorylation on catalytic activity, phosphorylated and non-phosphorylated EP24.15 
were incubated with a number of physiological substrates (GnRH, neurotensin, bradykinin, 
GnRH vg) as well as a flourimetric substrate (Mca-Pro-Leu-Gly-Pro-D-Lys(Dnp)). 
Reaction products were analyzed by reverse-phase HPLC and flourimetry, and kinetic 
constants evaluated by double-reciprocal plot analysis. Phosphorylation appears to cause 
a decrease (=50%) in the specificity constants (kcat Km) for both the fluorimetric substrate 
and for GnRH 14. Almost no decrease was observed in the k^t for GnRH. However, 
there appears to be a =7-fold increase in both the Km and k^ upon phosphorylation of 
EP24.15 using GnRH as a substrate. To investigate whether EP24.15 active site 
availability is altered by PKA phosphorylation, we will further examine how 
phosphorylation affects the Kj of the enzyme with a specific transition-state inhibitor (cFP- 
AAF-pAB) in the presence of the fluorimetric substrate. These data suggest that 
phosphorylation of EP24.15 by PKA alters to a varying extent the specificity it displays 
toward different substrates, suggesting a possible regulatory role in vivo. [PHS Grant T32- 
DK07645 (J.W.T.), PHS grant 2T32-DA07135-16 (P.M.C.), NIH Grant DK45493 (M.J.G.)]
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792.1
DISTRIBUTION OF CHROMOGRANIN A, B AND SECRETOGRA- 
NIN II IN THE RAT PELVIC NEURONS AND THE VAS DEFERENS 
J.-Y, Li*. B, Leitner# . H, Winkler# and A. Dahlstrflm Dept. Anat. and Cell Biol., 
GOteborg Univ., Sweden. #Dept. Pharmacol., Univ. of Innsbruck, Austria

The family of chromogranins (CG)/secretogranin (Sg) peptides comprises three 
major subtypes: CGA,CGB and Sgll. We have characterized them in rat vas deferens 
and pelvic ganglia. Firstly, extracts of vas deferens were subjected to HPLC followed 
by RIA. The results indicate that CGB and Sgll are processed to small peptides, i.e. 
PE-11 and secretoneurin (SN). Secondly, we investigated the localization of each of 
these peptides in the pelvic ganglia and the vas deferens. Comparisons with the 
distribution of TH, ChAT, and vesicular acetylcholine transpor-ter (VAChT) were 
carried out. All TH-positive neurons contained NPY, but, many NPY-containing 
neurons were negative for TH. CGA in the pelvic ganglia was widely localized in the 
NPY-positive neurons, 65% of CGA containing neurons were positive for TH, 
suggesting the adrenergic nature. However, CGA was present in nerve terminals of the 
vas deferens at very low level. Die CGB derived peptide PE-11 was absent from the 
large sized, TH-positive neurons, but present in some small sized neurons that were 
ChAT-/VAChT-positive and TH-negative. In the vas deferens, PE-11 was present with 
intense immunoreactivity in nerve terminals of the lamina propria, but very sparse in 
the muscular layer and colocalized with VAChT-LI, suggesting a cholinergic nature. 
SN-LI was distributed with strong immunoreactivity in the somata of pelvic ganglion 
neurons, 72% of which also contained TH, as well as in nerve terminals in the 
muscular layer and the lamina propria of the vas deferens. Most, if not all, SN-positive 
terminals in the pelvic ganglia and vas deferens were positive for ChAT-/VAChT-LI. 
Retrograde tracing with fluorogold demonstrated that the majority of fluorogold labelled 
neurons in the pelvic ganglia were positive for either CGA or SN.The results indicate 
that 1) CGA, CGB, and Sgll are proteolytically processed to a high degree in the 
nerves of the rat vas deferens, 2) they are heterogeneously localized in subsets of 
neurons of the pelvic ganglia and in different sets of nerve terminals in the vas 
deferens. Support: The Swedish MRC (2207) and EU grant BMH4-CT 96-1586.

792.2
MULTIPLE MODULATORS DIRECTLY TARGET THE LATERAL PYLORIC CELL 
OF THE STOMATOGASTRIC GANGLION. A. Swensen* and E. Marder, Volen 
Center, Brandeis University, Waltham, MA 02254

The crustacean stomatogastric ganglion (STG) contains the neurons responsible for 
producing the well described pyloric and gastric rhythms. These rhythms are modulated 
by a number of peptides and amines present as circulating hormones, inputs from higher 
ganglia and inputs from sensory neurons. The effects of many of these modulators have 
been examined at the network but not at the cellular level. The direct targets of many of 
the modulators, as well as the biophysical and biochemical mechanisms of modulation, 
are still not known.

The STG was isolated from higher modulatory input using a sucrose block of the 
stomatogastric nerve. Neurons were semi-isolated from each other using picrotoxin to 
block glutamatergic synaptic transmission and photoinactivation to eliminate electrically 
coupled cells. Modulators and known transmitters were then bath applied to the STG and 
two-electrode voltage clamp recordings were made of the lateral pyloric (LP) cell to 
determine which substances act directly on it.

At least ten substances (acetylcholine, glutamate, GABA, dopamine, octopamine, 
serotonin, CabTRP [cancer borealis tachykinin-related peptide], CCAP [crustacean 
cardioactive peptide], proctolin, RPCH [red pigment concentrating hormone] and 
TNRNFLRFamide) appear to have direct effects on LP. The effects seen include the 
following: induction of bursting (CabTRP, CCAP, proctolin and RPCH), induction of 
plateau potentials (CCAP), shifts in the threshold for action potential generation 
(dopamine), excitatory depolarizations (GABA) and inhibitory hyperpoiarizations 
(glutamate). Our data show significant convergence of modulators onto the LP neuron. 
We now wish to see if there is also convergence onto second messenger pathways and 
membrane currents.
Supported by NS 17813 and MH19929.

792.3
MODULATION OF THE ISOLATED STOMATOGASTRIC GANGLION IN 
HOMARUS AMERICANUS. K. S. Richards* and E. Marder. Volen Center, Brandeis 
University, Waltham, MA 02254.

The stomatogastric ganglion (STG) of Crustacea is an excellent system for studying 
the modulation of circuits. The STG houses two pattern generators that participate in 
the generation of both the gastric mill and the pyloric motor patterns. This study 
focuses on the triphasic pyloric pattern of the lateral pyloric cell (LP), pyloric cells 
(PY) and pyloric dilator (PD) cells. The STG is connected to anterior ganglia via the 
stomatogastric nerve (stn), and blocking this nerve removes all anterior derived 
chemical and modulatory synapses.

In most crustacean species, blocking the stn results in partial or complete loss of 
rhythmic pyloric activity, which is restored by the exogenous application of a large 
number of modulatory substances.

We previously reported that the STG of H. americanus is sensitive to many 
modulatory substances that are active in the other species. That study however, was 
done with the anterior ganglia connected. When the stn of H. americanus is blocked, 
the PD cells alone continue to burst at a slower frequency, and all other units are silent. 
Here we report that the STG of H. americanus is largely insensitive to previously 
studied modulators when the stn is blocked. In fact of the various substances tested 
thus far, such as the peptide proctolin, amines like dopamine as well as acetylcholine 
agonists (e.g. oxotremoreine), only crustacean cardioactive peptide (CCAP) is capable 
of restoring the triphasic pattern in the blocked preparation. All other modulatory 
substances tested thus far alter either the burst frequency or intraspike frequency of the 
PD cells, but does not restore the triphasic pattern.

This information supports the idea that the STG of H. americanus is dependent on 
anterior input for the expression of the effects of most modulatory substances, and is 
therefore quite different in organization from other previously studied species. 
Supported by NS 17813 and NS07292.

792.4
CALCITONIN GENE-RELATED PEPTIDE IS INCREASED IN 
MOTONEURONS AND AT MOTOR ENDPLATES OF TYPE IIB MUSCLE 
FIBRES IN THE RAT MEDIAL GASTROCNEMIUS FOLLOWING 
EXERCISE. D. Homonko* and E. Theriault, Dept.of Surgery,The University of 
Toronto, and Playfair Neuroscience Unit, The Toronto Hospital, Toronto, 
Ontario, Canada.
Calcitonin gene-related peptide (CGRP) is a neuroactive peptide present in 
spinal cord motoneurons and at motor endplates in skeletal muscle. Most 
evidence associates CGRP with fast twitch motor units, although low levels 
are detectable in slow twitch motoneurons. Levels of CGRP mRNA/protein 
change after perturbations of neuromuscular connectivity, however, a clear 
understanding of its physiological role in the motor system is lacking. We 
have recently described increased levels of CGRP in the triceps surae (TS) 
motoneuron pool following downhill exercise. The purpose of this study was to 
identify the responding population(s) of motoneurons with CGRP within the 
TS by using a retrograde tracer. Forty-one female Wistar rats were divided 
into three groups: control, 72 hours (72hrs), and 2 weeks (2 wks) post-
exercise (pEX). FluoroGold (15 pi) was injected into the SOL, LG, or proximal 
(pMG), or distal (dMG), compartments of the MG. Exercise groups ran 
downhill for one 30 min. period. Paraformaldehyde-fixed, 30pm sections of 
lumbar spinal cord (L2-L4) were incubated with polyclonal antisera to CGRP. 
The number of CGRP+ve motoneurons in pMG and dMg increased 
significantly by 72hr pEX (P<0.05) vs. control. The number of CGRP+ve 
motor endplates was significantly increased in type IIB (fast glycolytic) fibres 
exclusively in both pMG and dMG at 72hr and 2wks pEX (P<0.05). These 
data indicate that CGRP with is differentially regulated by exercise-induced 
changes in neuromuscular function related to motor endplate plasticity at type 
IIB muscle fibres. Supported by NSERC.

792.5
ECTOPIC EXPRESSION OF TYROSINE HYDROXYLASE IN RAT 
MAGNOCELLULAR HYPOTHALAMIC NEURONS. EFFECTS OF 
HYPEROSMOLARITY AND AGING.
F, Marsais, E. Terao1 and A. Calas*. Institut des Neurosciences, URA 1488 CNRS, 
UPMC, Paris, France,1 Lab. Biol. Cell., UCL, Louvain, Belgique.

Magnocellular hypothalamic neurons represent a powerful model of 
neurochemical plasticity since a single neuron can express various combinations 
of neuropeptides under different physiological conditions. Tyrosine hydroxylase 
(TH) has been shown to occur ectopically in various non-catecholaminergic (CA) 
neurons. We investigated the content of magnocellular neurons in vasopressin 
(VP) and oxytocin (OT) as well as their expression of TH in male rats under 
hyperosmotic stimulation (2% salt added in drinking water). Expression of TH, 
VP and OT was visualized, either by an immunoperoxidase technique at optic and 
electron microscopic levels, or by radioactive in situ hybridization with 
oligonucleotide probes labeled by [a,:>S]dATP to their respective mRNAs. Both 
techniques were used alone or combined on the same section. Osmotic stimulation 
greatly increased the levels of TH and its mRNA in magnocellular neurons of the 
supraoptic nucleus (SON) and the paraventricular nucleus (PVN). TH was co-
localized with VP but scarcely occurred in OT neurons. TH-positive neurons 
lacked other elements of CA-biosynthesis, such as aromatic amino-acid 
decarboxylase (AADC) and seemed to be devoid of L-DOPA. Similarly male 
senescent rats (24-30 months) displayed an increased basal expression of TH 
compared to young controls. This osmotic- or aging- induced expression of TH in 
VP-containing neurons suggests an unexpected role of TH, which could be 
independent of CA-biosynthesis.

792.6
DEVELOPMENT OF TRITONIA PEDAL PEPTIDE (TPEP) IMMUNO-
REACTIVE NEURONS IN THE PEDAL GANGLIA OF LYMNAEA 
STAGNALIS APPRESSA. M. Peterman and R. D, Longlev*. Pacific Sciences 
Institute, P. O. Box 835, Friday Harbor, WA 98250.

The initial appearance of TPep, a recently sequenced peptide from 
Tritonia diomedea, is described in certain neurons of the embryonic L. s. 
appressa. Embryos were raised under constant illumination in filtered pond 
water at 25 deg. C. and were staged from time of first cleavage. Using 
standard antibody techniques, immunoreactivity (IR) of antibodies to TPep 
and SCP (Small Cardioactive Peptide) was used to co-stain embryos. SCP 
IR, which appeared earlier than TPep IR, marked pedal ganglia location. 
At 110 hours of development, a few hours after the appearance of eye 
pigment and radula teeth, the first pair of TPep IR cells (Pel) could be 
faintly distinguished in the anterior, medial part of the pedal ganglia. 
Axons from these neurons first went anteriorly to the eye tentacles and 
later to the lip and posteriorly into the foot. The second pair of TPep 
neurons (Pe2) seen about one day later were in the posterior, lateral part of 
the pedal ganglia with axons initially extending anteriorly and medially 
in the ganglia and then turning back to exit in the inferior pedal nerves. At 
this time a plexus of small axon processes with TPep IR could be seen in the 
foot and lip. Other smaller and more irregularly located TPep IR neurons 
also appear in the pedal ganglia before hatching, but Pel and Pe2 neurons 
are unique in that they can be recognized by IR in adult ganglia. Pel cells 
are embedded in the 5-HT A cluster neurons, but Pe2 cells, in an area free of 
5-HT neurons and with axons going into the posterior part of the foot, offer 
the possibility of determining the function of these putative TPep neurons 
by intracellular recording in the adult. (This work was supported by use 
of facilities at Friday Harbor Laboratories).
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792.7
NEUROPEPTIDE FF (NPFF) AND OPIOID MODULATION OF EXCITATORY 
SYNAPTIC TRANSMISSION IN THE LATERAL PARABRACHIAL NUCLEUS 
(LPBN) NEURONS IN VITRO. K.H. Harris*, J.A. Zidichouski, and J.H. 
Jhamandas. Department of Medicine (Neurology), University of Alberta, 
Edmonton, Alberta, Canada, T6G 2B7.

NPFF, a morphine modulatory peptide with opioid and anti-opioid profile, 
is localized within discrete central autonomic regions. Cardiovascular 
stimulation results in an activation of NPFF neurons in the dorsomedial 
medulla that project to the LPBN. We have previously reported that 
glutamate receptor subtypes mediate excitatory synaptic transmission 
within the LPBN. The present study examined the modulation of excitatory 
neurotransmission within the LPBN by NPFF and opioid peptides.

LPBN neurons were recorded from 400 pm thick coronal brainstem slices 
using the whole-cell patch clamp technique and monosynaptic excitatory 
post-synaptic currents (EPSCs) were evoked by intra-LPBN stimulation. 
Bath application of NPFF (5 //M) or 1DME (5 //M), a metabolically stable 
analogue of NPFF, reduced EPSC amplitude by 63.5 ± 5.3% (n = 5). No 
concomitant change to the resting current (Vh0|d = -60mV) or to the current 
generated during voltage ramp (-110 to -40 mV; 10sec) was observed. 
DAGO (5//M), a //-receptor opiate agonist, similarly reduced the amplitude 
of the EPSC by 62.8 ± 5.7% (n = 3). However, application of DAGO 
(5//M) resulted in an outward current that reversed at a membrane 
potential of -96.5 ± 3.8 mV (n = 5). These results provide evidence for 
NPFF modulation of glutamatergic EPSCs presynaptically. In contrast, 
opioids have a direct effect on LPBN neurons and depress excitatory 
synaptic transmission.

Supported by the Medical Research Council of Canada.

792.8
EFFECTS OF GALANIN ON NEURONS FROM THE HORIZONTAL LIMB 
OF THE DIAGONAL BAND OF BROCA (hDBB) IN THE RAT: AN IN 
VITRO ELECTROPHYSIOLOGICAL STUDY. B.S, Jassaf, K.H. Harris, 
and J.H. Jhamandas. Department of Medicine (Neurology), University 
of Alberta, Edmonton, Alberta, Canada, T6G 2B7.

The neuropeptide galanin (GAL) has been postulated to influence 
learning and memory processes by modulating cholinergic function. In 
the rat, GAL-immunoreactive fibres are present within the hDBB, a basal 
forebrain cholinergic nucleus, which mediates memory and learning 
mechanisms. In the present study, we characterize the actions of GAL 
on voltage-dependent ionic currents in hDBB neurons. Whole-cell patch 
clamp recordings were obtained from acutely dissociated hDBB 
neurons. Under voltage clamp conditions, bath application of GAL 
(300 nM) resulted in a reversible decrease in outward current at 
voltages above 0 mV (n = 6). GAL reduced whole-cell currents at 
+ 30 mV by approximately 20%. Using the application of an external 
medium containing 0 Ca++, we determined that the actions of GAL 
were mediated through blockade of voltage-dependent Ca++-activated 
potassium conductances (lc). In preliminary studies we have also 
observed that application of GAL did not influence currents through 
voltage-gated calcium channels which were recorded in these neurons 
using barium ions as the charge carriers. The effects of GAL on the lc 
conductance appears similar to some of the responses evoked by 
another peptide vasopressin on hDBB neurons.

Supported by the Medical Research Council and the Alzheimer Society 
of Canada.

792.9
MODULATION BY GLUCAGON-LIKE PEPTIDE-1 OF RAT HIPPOCAMPAL 
ACTIVITY. J.-t, Oka*, N.Goto, and T. Kameyama. Dept. Chem. Pharmacol., 
Fac. Pharm. Sci., Meijo Univ., Nagoya 468, Japan.

Glucagon-like peptide-1 (GLP-1), an intestinally derived hormone with an 
insulinotropic effect, and its receptor were identified in several regions of the 
rat's brain, and its role in the feeding and temperature regulation has been 
reported. In the present study, we examined effects of two naturally 
produced active fragments of GLP-1, i.e. GLP-1 (7-36) amide and GLP-1 (7- 
37), on hippocampal activities in male Wistar rats anesthetized with urethane 
(1 g/kg, i.p.) and a-chloralose (25 mg/kg, i.p.). Anesthesia was maintained at 
a level that just abolished the corneal reflex, and animals were artificially 
ventilated. (1) The intracerebroventricular injection (i.c.v.) of GLP-1 (7-37) (1- 
10 |tg in 5 pi) dose-dependently decreased the 0 wave duration in the 
hippocampal EEG recorded from the CA1 for 1 hr (Max. by 50%, n=4), while 
induced no change in the cortical EEG. GLP-1 (7-36) amide (3 jxg in 5 |xl, 
i.c.v.) induced similar effects to those by the same dose of GLP-1 (7-37). 
Scopolamine (3 mg/kg, i.v.) reduced the hippocampal 0 wave by 40% (n=20), 
however, concurrently induced an increase in the cortical fast wave duration 
by 30%. Pretreatment of scopolamine occluded the effects of GLP-1 (7-37). 
Related peptides, e.g. insulin and glucagon (3 ng in 5 fil each, i.c.v.), had no 
effect on either EEG. (2) Single unit activities were recorded from the 
pyramidal neurons in the hippocampal CA1 combined with pneumatic drug 
administration using multibarrel micropipette assemblies. GLP-1 (7-36) amide 
(10-8 m , 8 psi, 1 sec) transiently increased the firing followed by an inhibition 
to 20% for 3 min after the ejection. The 10-sec ejection caused stronger 
effects in both directions. These results indicate that GLP-1 receptors exist in 
the hippocampus and may regulate hippocampal activity. Since selective 
release of glutamic acid induced by GLP-1 (7-36) amide in the basal ganglia 
has been reported, the transient increase in hippocampal activities shown in 
this study may be due to increased release of glutamic acid. The inhibition 
and the effects on hippocampal flwave are questions for future experiments.

792.10
ACTIVATION OF G-PROTEINS BY FULL AND PARTIAL D2 DOPAMINE 
RECEPTOR AGONISTS IN RAT STRIATUM B.L. Blake, J.L. Sloan, C.D. 
Striplin, M.M. Rasenick1, P.E Nichols2*, R.B. Mailman, and C.P. Lawler. Univ. of 
North Carolina, Chapel Hill, NC 27599, 'Univ. of Illinois Coll, of Med., Chicago, IL 
60612-7342, and 2Dept. Med. Chem., Purdue Univ., W. Lafayette, IN. 47907

D2-like-dopamine receptors are linked directly to effector systems via the 
pertussis-toxin sensitive G-proteins, Gs and Go. The inhibition of adenylate cyclase by 
D2 agonists occurs via activation of the a subunit of Gi5 whereas Gao is thought to 
couple to the opening of potassium channels. For a number of G-protein coupled 
receptors, agonist efficacy in functional paradigms correlates well with the ability to 
activate specific G-proteins. In the present study, we investigated G-protein subunit 
activation by dopamine D2 receptor agonists in rat striatal membranes. The hydrolysis- 
resistant photolyzable GTP analog [32P]GTP azidoanilide was used to measure G- 
protein subunit activation. Photolabeled G„ subunits were immunoprecipitated using 
peptide-specific antibodies, and separated by SDS-PAGE. The degree of change in 
radiolabel incorporation induced by agonists was quantified by scanning laser 
densitometry of dried gels, or by scintillation counting of corresponding 40-45 kDa Ga 
subunit bands cut from the gels. Drugs of three types were tested: typical full agonists 
(dopamine and quinpirole); partial agonists (terguride and 3-PPP); and “functionally 
selective” drugs (e.g., dihydrexidine, a compound having full functional activity at 
some D2-mediated functions, and antagonist activity at other D2 functions). The data 
available indicate that all of the compounds caused a significant increase in Gai 
labeling, although not all were as efficacious as dopamine. While these data are 
consistent with the hypothesis that partial D2 agonists induce G-protein activation with 
lower efficiency than full agonists, they do not explain the functional selectivity of 
dihydrexidine. Comparative studies looking at other a isoforms (e.g., Gao) may provide 
the mechanisms for the unusual actions of this drug. (Supported by MH53356, 
MH42705, MH40537, Center grants HD03110, MH33127, and Training Grants 
HD07201 and MH14277)

792.11
FUNCTIONAL INTERACTIONS BETWEEN MYENTERIC NEURONES AND 
EPITHELIA IN CULTURE. H. M. Cox. (SPON; Brain Research Association)
Dept. of Pharmacology, St Thomas' Hosp. Medical School, London SE1 7EH, U. K.

In vitro studies have shown that electrical stimulation of the enteric nervous system 
results in rapid, significant changes in epithelial electrolyte secretion, which are 
cholinergic and noncholinergic in character. Here we report that this mixed functional 
phenotype is maintained following isolation of myenteric plexi from rat colon and, 
that in the absence of other mucosal cell types, epithelia respond accordingly to 
enteric neurotransmitters released following neuronal depolarisation with veratridine.

Descending colons (from four 16-20 day old rats) were rinsed, cut into ~5mm2 
pieces, collagenase treated (2 hr at 4°C, 30 min at 37°C) and plexi were then 
microdissected from the surrounding smooth muscle. Pooled plexi were then placed 
on a Millipore filter (presoaked in DMEM) adjacent to the basolateral surface of a 
confluent epithelial layer and clamped gently between two halves of an Ussing 
chamber. Human colonic adenocarcinoma cells were maintained in culture prior to 
this assembly, as described previously (Cox & Tough, Br. J. Pharmacol. 113.1243- 
1248, 1994). Vectorial ion transport across the epithelial filter was measured 
continuously under voltage clamp (0 mV) conditions (Cox & Tough, 1994).

A stable basal short-circuit current (Isc) was achieved within 30 min, after which 
various drugs were added to the basolateral compartment without intermediate 
washes. Physostigmine (P, 100 |iM) increased Isc, reaching a maximum of 4.8 ±1.0 
(lA/cm2 (n=8) after 10 min. Addition of veratridine (V, 30 pM) 10 min later further 
increased the Isc to 5.8 ±1.2 pA/cm2 and 75% of this response was atropine sensitive 
(10 pM, a concentration which abolished responses to carbachol). There were no 
significant changes in Isc upon addition of either P or V to epithelia alone.

This data indicates that epithelial ion secretion is sensitive to neurotransmitters 
(ACh and other, as yet unidentified secretagogues) released from myenteric neurones 
placed close to the basolateral epithelial surface. Future studies will attempt to 
establish methods for the preparation of submucous plexi, and conditions suitable for 
enteric neurone-epithelial cell co-culture. This work is funded by the MRC
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793.1
THE EFFECT OF MENTAL STRESS ON PLASMA 
HOMOVANILLIC ACID LEVELS IN HEALTHY SUBJECTS. T\ 
Sumivoshi*, T. Yotsutsuii, M. Kurachi, H. Itoh, K. Kurokawa and O,
Saitoh. Dept. of Neuropsychiatry, Toyama Medical and Pharmaceutical 
Univ. Fac. of Med., Toyama, 930-01 JAPAN.

Plasma levels of homovanillic acid (pHVA) have been suggested to 
provide a measure of dopaminergic activity in the central nervous 
system. In this study, the effect of mental stress by Uchida-Kraepelin 
test (U-K test), a test of continuous arithmetic addition of single-digit 
figures for thirty minutes, on pHVA levels was investigated in nine male 
psychiatrically-normal healthy volunteers (mean ± SD age = 29.4 ± 2.7 
yr). Following an overnight fast and restricted physical activity, plasma 
samples were collected through an intravenous line immediately before 
and after the administration of U-K test (9:00 - 9:30 a.m.). pHVA levels 
were measured by high-performance liquid chromatography. pHVA 
levels were significantly reduced by U-K test (pre- vs. post-U-K test 
values = 6.86 ± 0.49 vs. 6.28 ± 0.25 ng/ml, p < 0.05 by two-tailed 
paired t-test). The values of change in pHVA levels by U-K test 
significantly correlated with pre-U-K test pHVA levels (t  = 0.56, p < 
0.05). The observed reduction in pHVA levels by mental stress in 
normal subjects may be a manifestation that the dopaminergic system 
resists mental decompensation by lowering its own activity. Altered 
responses of pHVA to mental stress are expected in patients with 
schizophrenia, where disregulated central dopaminergic activity has been 
indicated.

793.2
GM1 RESTORES DOPAMINERGIC INDICES IN THE AGED BRAIN 
V, Goettr T.A. Wemlinqer, A.-M. Duchemin, N.H, Neff and M.
Hadiiconstantinou M. Depts. of Pharmacology and Psychiatry, The 
Ohio State University College of Medicine, Columbus, OH, 43210,

The monosiaioganglioside GM1, is known to exert neurotrophic- 
like activity in vitro and in vivo. In particular, GM1 has been found to 
improve neuronal function in aged animals or animal models of 
neurodegenerative diseases, GM1 improves cholinergic neuron 
morphology and chemistry and learning abilities in cognitively 
impaired aged rats and young animal with cholinergic lesions. 
Additionally, GM1 improves dopaminergic parameters in animal 
models of Parkinson’s Disease. We now present evidence that GM1 
restores dopaminergic deficits in the nigrostriatal neurons of aged 
animals. Administration of GM1 to aged Sprague-Dawley rats 
enhanced the low activity and protein content of tyrosine hydroxylase 
(TH) in the midbrain and striatum, and restored the content of 
dopamine and its metabolite HVA. The number of TH 
immunopositive neurons was found low in the A10 and A9 but not A8 
midbrain nuclei of aged animals, and treatment with GM1 appeared 
to partially restore the neuronal loss. These findings support the 
notion that the aged dopaminergic neurons respond to GM1 and 
strengthen the utility of the compound for combating age-associated 
neuronal deficits.

793.3
THE RELEASE OF ENDOGENOUS DOPAMINE IN VITRO DEPENDS 
ON TYPE II CORTICOSTEROID RECEPTORS.
F. Rouge-Pont*, C. De Jesus Oliveira, D.N. Abrous, M. Le Moal and P.V. Piazza.
INSERM U. 259, Universite de Bordeaux II, 33077 Bordeaux Cedex, France. 
Stimulation of dopamine release by glucocorticoids plays an important role 
in determining vulnerability to drug abuse. We developed a model to study 
this effect of glucocorticoids in vitro using cultures of embryonic 
mesencephalic dopaminergic neurons. In the first experiment, we evaluated 
the release of endogenous dopamine by measuring the concentrations of this 
neurotransmitter in the incubation buffer by means of coulometric detection. 
Dopamine concentrations reflected dopamine release since they were: i) 
TTX-sensitive and Ca2+-dependent; ii) increased by depolarizing stimuli such 
as K+ and by the dopamine auto-receptor antagonist sulpiride, or by the 
indirect dopamine agonists amphetamine and cocaine; iii) decreased by 
hyperpolarizing stimuli such as the dopamine auto-receptor agonist 
quinpirole. In the second experiment we studied the effects of selective 
corticosteroid receptor antagonists, spironolactone for the type I and RU 
39305 for the type II receptors. Treatment of the cell cultures with RU 
39305, but not with spironolactone, dose-dependently decreased basal and 
K+-stimu!ated dopamine release. All these features of dopamine release in 
vitro as well the influence of corticosteroid antagonists were similar to those 
observed in vivo. In conclusion these results point out an in vitro model that 
allows studying the release of endogenous dopamine and the effects of 
glucocorticoid hormones. Such a model may contribute to the understanding 
of the cellular bases of vulnerability to drug abuse.
Supported by INSERM, Universite de Bordeaux II and Conseil Regional d'Aquitaine.

793.4
EFFECT OF ADRENALECTOMY ON THE EXTRACELLULAR LEVELS 
OF DOPAMINE IN THE NUCLEUS ACCUMBENS FOLLOWING 
ADMINISTRATION OF THE NON-COMPETITIVE NMDA 
ANTAGONIST, KETAMINE. Anita Verma* and Alan F. 
Schatzberg. Department of Psychiatry and Behavioral 
Sciences, Medical School Laboratory Surge Building P-104, 
Stanford Medical Center, Stanford, CA 94305-5485.

The present study was undertaken to study the modulation 
of dopamine-glutamate interaction by corticosteroids in the 
nucleus accumbens. In vivo microdialysis performed one 
week after adrenalectomy (ADX) revealed a significant 
decrease in baseline extracellular dopamine levels in the 
nucleus accumbens as compared with the sham ADX group. 
Non-competitive NMDA antagonist, ketamine (30 mg/kg) 
produced a significant increase in dopamine efflux as 
compared with the vehicle in the Sham ADX group. A 
significant decrease in ketamine response was, however, 
observed in the ADX group as compared with the sham ADX 
group as indicated by a significant attenuation of 
ketamine-induced increase in extracellular levels of 
dopamine in ADX as compared with Sham ADX group.

The above research was supported by the 'Young 
Investigator Award' of NARSAD (1HSA662) to A.Verma.

793.5
PHENYLAMINOTETRALINS MODULATE DOPAMINE SYNTHESIS IN 
RAT NUCLEUS ACCUMBENS IN VIVO BY A PRESYNAPTIC HrTYPE 
RECEPTOR. N.Y. Choksi*, S.P. Wyrick, R.G. Booth. Division of Medicinal 
Chemistry', University of North Carolina, Chapel Hill, NC, 27599-7360.

We proposed that novel brain sites, recognized by phenylaminotelralins (PATs), 
represented a subtype of sigma (a) receptors and termed these sites PAT-cy. Recently, 
however, we determined that PAT-csy receptors exhibit similar brain density and 
distribution not only to cq/c^ receptors, but also to histamine Hj receptors. 
Furthermore, the ligand binding profile at [3H]-PAT-csy receptors correlates more 
closely to the profile of Hs receptors (r2=0.9) than to the profile of a receptors 
(r2<0.1). Since the pharmacological profiles of PAT-o3 and Hi receptors in whole 
brain are similar, but not identical, our studies have focused on testing the hypothesis 
that a certain population of brain PAT receptors represent an Hj receptor subtype 
Functionally, several PATs moderately stimulate in vitro brain dopamine (DA.) 
synthesis (max. ca. 150% of control). Here we report the effects of PATs on in vivo 
DA synthesis in a presynaptic receptor model system. ICV administration of (i)-trans- 
H2-PAT, that has high affinity' for PAT and H, receptors, modulates DA synthesis 
selectively in rat nucleus accumbens (i.e., not in striatum) in a biphasic manner. Doses 
from 0.08 to 8 nmole/rat. stimulate DA synthesis (ca. 200% of control), while doses 
from 20 to 200 nmole/rat decrease DA synthesis to control levels. (±)-CA-H2-PAT 
and triprolidine, antagonists that have high affinity for both PAT and H, receptors, 
block (±)-Zrara-H2-PAT-induced stimulation of DA synthesis. These results suggest 
that (±)-Zrara-H2-PAT activates nucleus accumbens DA synthesis through a 
presynaptic receptor mechanism. The selective H, agonist 2-thiazolylethylamine does 
not stimulate DA synthesis in our model, suggesting presynaptic H] receptors do not 
activate nucleus accumbens DA synthesis. We propose that (±)-Zrara-H2-PAT-induced 
stimulation of in vivo DA synthesis in rat nucleus accumbens occurs through 
activation of presvnaptic receptors that may represent a novel H, receptor subtype. 
[Support: NINDS NS35216, EPA/UNC CT90298]

R3
2) R,= Rj - R3=H
3) R,= Cl, R2 = OH R3=H
4) R,= R2 = H. R3=CI

molecular modeling

793.6
DESIGN OF PHENYLAMINOTETRALINS SELECTIVE FOR PROPOSED 
HISTAMINE Hj RECEPTOR SUBTYPES IN MAMMALIAN FOREBRAIN. 
E.C. Bucholtz, S.P. Wyrick, R.L. Brown, R.G. Booth* Division of Medicinal 
Chemistry & Natural Products, Univ. of North Carolina, Chapel Hill, NC 27599

We have described novel brain sites that are linked 
functionally to modulation of dopamine synthesis and 
recognized by l-phenyl-3-aminotetralins (PAT) as “PAT- 

’’receptors. Recently, however, we discovered that PAT-O-, 
receptors exhibit similar brain density and distribution not only 
to a receptors, but also to histamine H| receptors. 
Furthermore, using whole brain homogenates, the ligand 
binding profile of PAT-cq receptors correlates more closely to 
the profile of Hi receptors (r2=0.9) than to o receptors 
(r2<0.1). We have re-focused our studies on testing the 
hypothesis that certain populations of brain PAT-c-. receptors 
may represent a subtype of histamine H| receptor. The H, 
antagonist (-)-chlorpheniramine (1), also a high-affinity 
(K05=0.3 nM) PAT ligand, was used as a lead compound for 

studies. The PAT receptor may accommodate the chloro-
substituted phenyl moiety of I in a manner similar to the pendant phenyl moiety of 
(±)-/ra/iv-H2-PAT (2) (Ko.5 pat  L4 nM) or the 6.7-Cl,OH-tetralin moiety of Cl,OH- 
PAT (3) (Ko .5 pat  = 0-3 nM). To test this hypothesis, we have synthesized (±'}-trans-\- 
(4-chlorophenyl)-3-(Af,A'-dimethylamino)-l,2,3.4-tetrahydronaphthalene (4). The 
affinity of 4 is ca. 10-fold lower than 2 at PAT sites (K05= U and 1.4 nM, 
respectively); a similar reduction of affinity (Ko5= 40 and 3.4 nM, respectively) is 
observed at H, receptors. We conclude that 1 interacts with the PAT receptor more 
like 3 than 4. The steric and electrostatic parameters of this interaction are being 
assessed to determine if pendant phenyl ring substituents may provide ligands that are 
selective for proposed novel PAT vs. known H, receptor subpopulations. [Support: 
NINDS NS35216]
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793.7
EFFECTS OF SELEGILINE ON CATECHOLAMINE AND INDOLEAMINE 
CONTENT RELATE TO MONOAMINE OXIDASE-A INHIBITION IN RAT 
brain , k , A, Shfionan*. R. M. Fiance. W« Qianow ana L.WacteL
Dept. Pharmacol. & Therap., Univ. So. Florida Coll. Med., Tampa, FL 
33647

Although selegiline, a preferential inhibitor of monoamine oxidase-B 
(MAO-B), has been shown to be beneficial in Parkinson's disease, the 
mechanism mediating this effect is unclear. Previous studies of selegiline 
regarding the role of MAO-B in dopamine (DA) metabolism in normal, adult 
rat brain have not achieved complete, yet selective inhibition of MAO-B. 
Therefore, we have used transdermal delivery of selegiline (STS) for 24 hr, 
which inhibits brain MAO-B selectively by >90% across a 5-fold dose 
range, to reinvestigate the role of MAO-B in striatal and mesoiimbic DA 
metabolism in 4 mo. old Sprague-Dawley rats. The effects of higher doses 
of selegiline that additionally inhibit brain MAO-A were also determined. 
Neither DA nor its deaminated metabolites, dihydroxyphenylacetic acid 
(DOPAC) and homovanillic acid (HVA) were affected by MAO-B-selective 
doses of selegiline in striatum or olfactory tubercle (OT). However, higher 
doses decreased HVA and DOPAC content in direct proportion to MAO-A 
inhibition. DA, as well as norepinephrine (NE) and serotonin (5HT) levels 
were increased, but only after doses of selegiline that produced at least 
70% MAO-A inhibition. NE showed the most consistent and robust effect. 
5HT content also increased markedly, although its metabolite, 5- 
hydroxyindole acetic acid (5-HIAA), showed little change even when MAO- 
A was inhibited >90%. DA levels increased in striatum, but were less 
affected in OT after STS. Thus, these results confirm the primary role of 
MAO-A in DA metabolism in normally innervated rat brain tissue and 
furthermore indicate that >70% inhibition of the A-form of MAO is required 
to affect regional content of the parent monoamines. (Supported in part by 
APK-011-94B from Somerset Pharmaceuticals)

793.8
CELLULAR DISTRIBUTION OF MONOAMINE OXIDASES IN HUMAN 
PERIPHERAL TISSUES N, Mahy1*. J. Saura1. E. Billett2. C. Finch2 and M. 
Rodriguez1 ]U. Bioquimica, Fac. Medicina, Barcelona Univ., Barcelona, Spain. 2Dept 
Life Sciences, Fac. Science and Mathematics, Nottingham Trent Univ., Nottingham,
U.K.

Monoamine oxidases A and B localization in peripheral human tissues was studied by 
immunohistochemistry with mouse monoclonal anti-human MAO-A (6G11/E1) and anti-
human MAO-B (3F12/G10/2E3) primary antibodies. Heart, lung duodenum, liver, 
pancreas, spleen, thyroid gland, adrenal gland and kidney were studied. Kidney showed 
marked differences between MAO-A and MAO-B immunoreactivities, i.e. podocytes, 
Bowman's capsule and all types of renal tubuli showed MAO-A immunoreactivity, 
however collecting ducts and glomeruli were devoided of MAO-B immunoreactivity. In 
pancreas a strong MAO-A immunoreactivity was observed in exocrine cells and in 50% of 
islet cells, whereas MAO-B antibody staining was only present in centroacinar cells and in 
islet peripheric cells. Moreover, thyroid gland showed a strong MAO-A immunoreactivity 
in all cell types, but was MAO-B negative. There were differences in lymphatic vessels too: 
endothelial cells showed MAO-A immunoreactivity but no MAO-B. Arteries and veins 
presented the same distribution patterns, they did not stain neither MAO-A nor MAO-B 
antibodies in endothelial cells but muscular layers and fibroblasts had both 
immunoreactMties. Duodenum also presented the same localization patterns: staining was 
in enterocytes, muscularis-mucosa and the muscular layers. MAO-A and MAO-B 
immunoreactivities also coincided in the spleen and adrenal gland. Finally, both 
immunoreactivities showed a homogeneous distribution in heart, lung and liver. These data 
are to our knowledge the first study with cellular resolution of MAO-A and MAO-B for 
most of the human tissues included. It shows that both enzymes have a widespread 
distribution in the human body with a matching pattern in many, but not all, tissues, and 
with strong differences with respect to the pattern of distribution in rat. (C. Finch was 
supported by The Wellcome Trust).

793.9
USE OF IN VITRO SUPERFUSION TO ASSESS THE DYNAMICS < 
STRIATAL DOPAMINE TRANSPORTERS: EFFECTS OF ESTROGEN AND 
NOMIFENSINE, K.A. Disshon* and D.E. Dluzen. Dept. Of Anatomy, 
NEOUCOM, Rootstown, OH, 44272.

The effects of 17B-estradiol upon dopamine (DA) uptake 
were examined using in vitro superfusion. Striatal tissue from 
male rats was infused with 10 uM DA, a combination of DA and 
nomifensine (1 mM), or DA and 17B-estradiol (300 nM). 
During the 90 minute superfusion, effluent was collected at 10 
minute intervals and DA concentrations determined using HPLC. 
Each group was challenged at interval 4 with a 10 uM DA infusion, 
and maximal differences in DA efflux were seen among groups 
during interval 6. Addition of nomifensine (1 mM) to the medium 
during the one interval DA challenge resulted in a significantly 
higher DA efflux (58.5 ±. 15 pg/mg of tissue/min) than DA 
infusion alone (14.7 ±. 3). The addition of 17B-estradiol to the 
medium throughout the entire superfusion also resulted in a 
significantly higher DA efflux (25 ±. 4 pg/mg/min) than DA 
infusion alone. These results show that: 1) a superfusion system 
can be used to dynamically evaluate DA reuptake processes, and 2) 
under conditions of in vitro superfusion, 300 nM 17B-estradiol 
can act as a DA reuptake inhibitor.

This work was supported by funds from NEOUCOM and the
NIH.

793.10
TRANSMEMBRANE PHENYLALANINES CONTRIBUTE TO 
DOPAMINE TRANSPORTER FUNCTION. Z. Lin, W, Wang,
T. Kopajtic, and G.R. Uhl. Mol. Nbiol., NIDA IRP & Depts. Neurol. & 
Nsci., JHUSM, Balt., MD 21224.

Dopamine transporter (DAT) recognition of cocaine, cocaine analogs 
including carboxyflurotropane (CFT) and dopamine could involve 
hydrophobic interactions between aromatic DAT transmembrane 
domain (TM) residues and catecholamine catechol groups, cocaine 
phenyl groups, and the halogenated phenyl group of CFT. To define such 
interactions, we have used site-directed mutagenesis to substitute 
alanines (A) for the 29 phenylalanine (F) residues in DAT TM domains, 
examined transporter localization in expressing COS cells by 
immunohistochemistry and function by [3H] dopamine uptake and }3H] 
CFT binding assays. Transport rate is influenced by many TM F-A 
substitutions. Substitutions in TM 1,2,7 and the fourth putative 
extracellular loop reduced plasma membrane and enhanced perinuclear 
immunoreactivity, consistent with abnormal DAT trafficking. Reduced 
affinities for dopamine were most prominent for F- A substitutions in 
TMs 1, 3, and 7. Subsitutions in TMs 2,6,7,8,11 and the fourth 
extracellular loop lowered CFT affinities. These data support 
contributions of specific aromatic amino acids to correct DAT 
configurations and/or hydrophobic pocket formation essential for 
normal transporter assembly, cocaine analog recognition and dopamine 
uptake. Supported by NIDA Intramural Research Program.

793.11
BIDIRECTIONAL TRANSPORT BY STRIATAL DOPAMINERGIC 
TRANSPORTER USING ROTATING RING DISK ELECTRODES IN VITRO. 
Mitchell Green* and James O. Schenk. Depts. Chemistry & Biochemistry/ 
Biophysics, Programs in Pharmacology/Toxicology and Neuroscience, 
Washington State University., Pullman, WA 99164.

The transport cycle of a membrane transporter such as the dopaminergic 
transporter involves molecular recognition of substrate at the outward surface of 
the membrane, binding of substrate to the transporter, translocation of substrate 
across the membrane, and reorientation of the binding site of the transporter to 
the outward mode so that another molecule of substrate can be transported. In 
our kinetic studies we have found that some pharmacological agents block the 
inward mode of operation of the transporter preferentially (such as cocaine) 
whereas other agents, acting like substrate analogs (amphetamine and the 
tyramines), competitively inhibit transport inwardly while stimulating outward 
transport of intracellular substrate. In order to begin to understand the 
mechanisms of action of the transporter itself and these agents it is necessary to 
be able to measure time-resolved activity of the transporter operating in the 
inward and outward modes in the same experiment. To do this we propose to use 
a rotating disk electrode system with two sensors to measure the bidirectional 
transport of two substrates, /n-tyramine and dopamine, loaded on opposite sides 
of the membrane and fluxing across the membrane in opposite directions with an 
ca. 20 nM detection limit. Example experiments in striatal suspensions and HEK 
cells expressing human dopamine transporter will be illustrated, methods to 
estimate limits on the kinetic of reorientation of the transporter will be estimated, 
and comparison between the two systems will be made. Supported by NIDA 
grant, DA07384 and the State of Washington. IO S. is also the recipient of a 
NIDA Research Scientist Development Award. KO2 DA00184.)

793.12
COMPARISON OF DOPAMINE TRANSPORT AND ITS INHIBITION IN 
HEK CELLS EXPRESSING HUMAN DOPAMINE TRANSPORTER TO THAT 
OBSERVED IN RAT NUCLEUS ACCUMBENS AND STRIATUM BY 
ROTATING DISK ELECTRODES IN VITRO.
Cynthia Earles* and James O. Schenk. Depts. Chemistry & Biochemistry/ 
Biophysics, Programs in Pharmacology/Toxicology and Neuroscience, 
Washington State University., Pullman, WA 99164.

There are a number of transfected cell lines that express the dopamine 
transporter and they are being used as a model to understand dopamine 
transporter functioning in native systems. This poster compares the basic kinetic 
mechanism of transport in human embryonic kidney (HEK) cells expressing the 
human dopamine transporter to that observed previously by this laboratory in 
crude synaptosomal preparations of the mammalian (rat) brain. Dopamine, Na\ 
and Cl dependencies and multisubstrate mechanisms will be compared as well as 
the mechanisms of inhibition by cocaine, an apparent non-transported inhibitor, 
and amphetamine, an apparent transported competitive inhibitor.

Supported by NIDA grant, DA07384 and the State of Washington. J.O.S. is 
also the recipient of a NIDA Research Scientist Development Award. KO2 
DA00184.)
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793.13
KINETIC ANALYSES OF OUTWARDLY-DIRECTED STRIATAL 
DOPAMINERGIC TRANSPORT IN VITRO.
Hollie Wavment* and James O. Schenk. Depts. of Chemistry and 
Biochemistry/Biophysics , Programs in Pharmacology/Toxicology and 
Neuroscience, Washington State University., Pullman, WA 99164.

Under resting conditions the membrane dopamine transporter functions to 
take up dopamine (DA) into the cytosolic compartment of a dopaminergic 
neuron. Under depolarization conditions it operates in an outwardly-directed 
mode. The results of our studies suggest that the resting asymmetry of striatal 
DA transporter function is 104 in the inward direction, and that this bias is 
reversed linearly with the transmembrane potential toward outward functioning. 
In the outward functioning mode at a fixed membrane potential the function of 
the transporter follows Michaelis-Menten kinetics and is dependent on 
intracellular [Na+] with the asymmetry of function defined by relative values of 
Kn on the two sides of the membrane. (Supported by National Institutes on Drug 
Abuse (NIDA) grant, DA07384 and the State of Washington. J.O.S. is also the 
recipient of a NIDA Research Scientist Development Award, KO2 DA00184.)

793.14
EXPLORATION OF DOPAMINE TRANSPORTERS BY SPET: VALIDATION OF 
A NEW SELECTIVE LlGAND IN A RAT MODEL OF PARKINSON’S DISEASE. 
S, Chalon, P. Emond, L, Mauclaire, C. Belzung , J.C. Besnard and D. Guilloteau.
INSERM U316, Lab. Biophys., Fac. Pharmacie, F-37200 Tours (Spon.: EBBS). 

Exploration of dopamine transporters (DAT) by SPET (single photon emission
tomography) could be of great value for diagnosis and follow-up of Parkinson’s disease 
(PD). Several radioligands have been proposed, but they lack selectivity or have kinetics 
unsuitable for early quantification. We therefore developed a new cocaine derivative: (£> 
N-(3-iodoprop-2-enyl)-2p-carbomethoxy-3P-(4’-methylphenyl)nortropane or PE2I. It had 
high affinity (Kd=0.09 nM) and selectivity for the DAT (no binding to serotonin 
transporters), bound in vivo in rats with high specificity to the DAT, and SPET studies 
in monkeys showed early striatal uptake with equilibrium state allowing precocious 
DAT imaging. However, it was necessary to validate PE2I in pathological situation. 
We then tested it in rat model of PD (unilateral infusion of 6-OH-DA in substantia 
nigra). In vitro and ex vivo autoradiographic studies were performed 3 weeks after lesion 
(n=I0-14per study). In vitro binding studies were realized on 20 pm coronal sections 
with [125IJ-PE2I for DAT, and on adjacent sections with [125IJ-IBZM for DA-D2 
receptors. On lesioned side, striatal binding of 0.01 ±0.01 fmol/mg protein (vs
1.00+0.23 fmol/mg on intact side) and 13.20+2.79 fmol/mg (vs 10.35±1.95 fmol/mg) 
were measured for [1251]-PE2I and [125I]-IBZM, respectively. Striatal binding of PE2I 
was then 90% decreased, showing the reduction in DAT due to degenerescence of the 
nigro-stiatal neurons, and binding of IBZM was 28% increased, showing 
hypersensitivity of DA-D2 receptors known in this model. In ex vivo studies, rats were 
i.v. injected with [125I]-PE2I; 2hr later brains were frozen, 20 pm coronal sections 
were cut, exposed on films and striatum/frontal cortex radioactivity ratios were 
calculated. On lesioned side, this ratio was 88% decreased (0.086+0.010 vs 7.20+0.91 
on the intact side). It therefore appeared from these results that PE2I is suitable to detect 
in vivo specific injury of dopaminergic cells and that [ 123I]-PE2I could be a very useful 
radioligand for SPET studies in suffering from PD patients.

793.15
THE NK, ANTAGONIST GR2O5171 BLOCKS APOMORPHINE-INDUCED 
INCREASES IN LOCAL RATES OF CEREBRAL GLUCOSE USE. J.A.Pratt* 
and K.H.M. McAllister. Dept of Physiology and Pharmacology, University of 
Strathclyde, Glasgow G1 1XW, U.K.

Neurokinin! (NKt) receptor antagonists have been shown to block conditioned 
taste aversions induced by dopaminergic agents. However, the neural substrates 
involved in these antagonist actions are unknown. The aim of this study was to 
determine the ability of the NK; antagonist GR205171 to modify activity in neural 
systems recruited in response to apomorphine using quantitative 2-deoxyglucose 
autoradiography. Groups of rats received apomorphine (0.25-0.5 mg kg'1; sc) with 
or without GR2O5171 (0.3 mg kg‘!; sc) pretreatment. Control groups received 
vehicle and GR2O5171 alone. Apomorphine (0.25-0.5 mg kg-1) evoked dose 
related increases in local rates of cerebral glucose use (LCGU) in structures of the 
basal ganglia circuitry, the dorsal raphe, amygdaloid nuclei, ventral tegmental area, 
nucleus accumbens and the nucleus tractus solitarii (NTS) compared to vehicle 
treated controls. GR2O5171 antagonised apomorphine-induced changes in LCGU 
in these structures. For example, apomorphine increased LCGU by 48% in the 
NTS (controls 64±2; apomorphine 95±2 pmol /100g/min) and this effect was 
significantly antagonised by pretreatment with GR205171 (78±3 pmol/lOOg/min). 
In this structure GR2O5171 alone did not affect LCGU compared to controls. 
However, GR2O5171 alone increased LCGU in some motor and limbic structures 
suggesting that endogenous substance P tone exists in these structures. The results 
reveal the brain structures critically involved in the ability of GR205171 to modify 
responses to apomorphine. We suggest that the ability of GR205171 to modify 
apomorphine-induced motor behaviours is mediated at the level of the basal ganglia 
whereas the NTS, amygdala and nucleus accumbens may be involved in the 
antagonistic effects of GR2O5171 on aversive behaviours evoked by apomorphine. 
Supported by the University of Strathclyde, S.H.E.R.T and Glaxo Wellcome.

793.16
REGIONAL BLOOD FLOW CHANGES INDUCED BY L-DOPA METHYL ESTER 
IN NORMAL MONKEYS. T, Hershev*. K.J, Black. J.Carl. and J.S. Perimutter. Depts 
of Radiology, Psychiatry, and Neurology, Washington U. Sch. of Med., St. Louis, MO

We measured rCBF responses to L-DOPA methyl ester (L-DOPA) using PET and 
[15O]water in 6 sedated baboons (7 studies) and one awake nemestrina (3 studies). 
Baboons: Carbidopa (5mg/kg)was given ip. Then 3 scans were done before and after 
3 iv doses of L-DOPA (.05, .5 and 5mg/kg). Nemestrina: lOOmg carbidopa was given 
po. 2-3 scans were done before and after L-DOPA 5mg/kg iv. Plasma L-DOPA and 
carbidopa levels were measured. PET scans were aligned to each animal’s MRI and 
placed in stereotactic space. L-DOPA produced no significant shifts in global CBF. We 
then analyzed qualitative PET data in 2 ways. 1) A third of the baseline and high dose 
scans were randomly selected from each baboon study and used for hypothesis- 
generation. An automated routine selected peak regions of change. The 5 obtained 
regions were applied to the remaining scans to test replicability. rCBF changed 
significantly (p<.009) in 2/5 areas: the midbrain (decrease) and the right temporal 
cortex, near the inferior claustrum and lateral amygdala (increase). Borderline changes 
were in left caudate (decrease) and anterior frontal cortex (increase). No significant 
changes were seen in these regions in the awake monkey. 2) We previously found that 
in humans, L-DOPA increased rCBF in midbrain, putamen and amygdala. No changes 
were seen in the predicted direction in these regions in the baboons, but the nemestrina 
showed significant increases in the left putamen (8.4%) and the left amygdala (6.9%). 
Thus, similar rCBF responses were found in our awake nemestrina and human studies. 
The sedated baboons had qualitatively different rCBF responses following L-DOPA, 
which may be due to differences in experimental design, plasma levels or an interaction 
with sedation. Notably, previous studies have shown that specific dopaminergic agents 
(U91356a, pramipexole) produce similar regional responses in the awake monkey and 
sedated baboon. (Support: NIH grants NS-32318 & NS-31001, NIMH grant MH- 
17104, the Charles A. Dana Foundation, the Greater St. Louis Chapter of the APDA, 
the McDonnell Center for Higher Brain Function, and the EFA).

793.17
2-DEOXY-D-GLUCOSE (2DG) INCREASES FOS EXPRESSION IN 
HINDBRAIN CATECHOLAMINE NEURONS THAT PROJECT TO 
THE PVN, BUT NOT THOSE PROJECTING TO THE SPINAL CORD.
T, T, Dinh* and S. Ritter Department of VCAPP, Washington State 
University, Pullman, WA 99164, USA.

2DG decreases glucose utilization and activates a number of 
glucoregulatory responses, including food intake and adrenal medullary 
secretion. Previously, we found that 2DG increases Fos-immunoreactivity (- 
lr) in the adrenal medulla and in adrenal medullary preganglionic neurons In 
the hindbrain, Fos-ir is increased primarily in adrenergic (PNMT-ir) neurons 
in the caudal % of Cl, although a few neurons in C2, C3, A6 and rostral A1 
neurons are also activated. Adrenergic neurons in rostral C1 have been shown 
to project to the spinal cord, while those in caudal Cl project to the PVN. In 
this experiment, we injected the retrograde tracer CTB-gold into the spinal 
cord (T2-T4) or PVN to determine whether 2DG activates neurons projecting 
to the spinal cord, the PVN, or both. Three weeks later, rats were injected 
with 250 mg/kg of 2DG and killed after 2 hours. Brain sections were silver- 
intensified to reveal lysosomal gold particles and double-labeled for Fos- and 
TH-ir. CTB-gold injected into the cord retrogradedley-labeled TH-ir neurons 
in rostral Cl, in C3, A5, ventral A6 and subcoeruleus, and A7 PVN 
injections labeled TH-ir neurons in Al, caudal % of Cl, A2 and a few in the 
area of C2. Triple-labeling was present only in TH-ir Cl neurons projecting 
to the PVN. No spinally-projecting TH-ir neurons in any location were triple 
labeled, suggesting that TH-ir do not directly control 2DG-induced adrenal 
medullary secretion.

793.18
EFFECT OF ESTROGEN (E) AND PROGESTERONE (P) ON CSF 
CONCENTRATIONS OF BIOGENIC AMINES IN PIGTAIL MACAQUES WE. 
Schutzer*, A.A, Widmann and C.L. Bethea. Division of Reproductive Sciences & 
Neuroscience, Oregon Regional Primate Research Center, Beaverton, OR 97006

Depression is twice as frequent in women than men and has been correlated with 
withdrawal of the ovarian steroids, E and P, which occurs in pre-menstrual syndrome, 
post-partum, with menopause and hysterectomy. We have previously shown that E and 
E+P increase tryptophan hydroxylase (TPH) mRNA which could increase serotonin 
levels. Serotonin (5HT), 5-hydroxyindol-3-acetic acid (5HIAA) and other amine 
neurotransmitters are detectable in CSF with high pressure liquid chromatography 
(HPLC) and have been correlated with brain function. Therefore, we questioned whether 
E or P could alter amine levels in CSF. HPLC was utilized to measure amine levels in 
CSF in ovariectomized-hysterectomized-control (SPAY), E treated (28 d) and E+P 
treated (14 d E + 14 d E+P) monkeys (n=4/group). CSF samples were obtained from 
the cisterna magna of Ketamine tranquilized animals before and after placement of 
Silastic capsules containing E and P. Samples were purified through 10,000 MW 
exclusion columns and diluted (1:1) in HPLC mobile phase (citrate-acetate, EDTA, 1- 
octane-sulfonic acid, methanol, pH 4.0). Compounds were separated through a C,x 
reverse phase column. In animals treated with E-alone, norepinephrine (NE) 
concentrations decreased (p<0.01) and 5HIAA concentrations increased (p<0.01) relative 
to SPAY. In E+P treated animals, homovanillic acid (HVA) and 5HIAA concentrations 
were decreased (p<0.05) compared to E alone. Steroid treatment did not effect 1-dopa, 
dopamine (DA), epinephrine or 5HT concentrations. The ratio of 5HT/5HIAA, which 
reflects turnover, was increased (p<0.05) only in E+P treated animals (SPAY=E<E+P). 
The conversion of 5HT to 5HIAA and DA to HVA is accomplished by monoamine 
oxidase (MAO) which may be inhibited by the presence of P. Dysfunction of MAO has 
been previously implicated in mood disorders. In summary, addition of P to an E 
regimen elevated the ratio of 5HT/5HIAA and DA/HVA perhaps by decreasing the 
activity of MAO. Hence, depression associated with reproductive state may be due to 
steroid mediated alterations in metabolic enzymes, such as MAO, as well as changes in 
synthetic enzymes, such as TPH. Supported by HD 17269, HD18185, RR00163
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793.19
ESTROGEN DECREASES CORPUS STRIATAL NEUROTOXICITY 
IN RESPONSE TO 6-OHDA. J, L, McDermott* and D, E. DIuzen. 
Dept. Medicine, Edwin Shaw Hospital, Akron, OH 44312 and Dept. 
Anatomy, NEOUCOM, Rootstown, OH 44272.

Ovariectomized rats treated or not with an estradiol pellet were 
subjected to a unilateral infusion of 6-OHDA into the corpus striatum 
(CS). Dopamine (DA) concentrations (pg/mg) within the 6-OHDA 
lesioned CS of estradiol treated rats were significantly greater than 
non-estradiol treated rats (5988 ± 492, N=6 vs. 4023 ± 696, N=7). 
No difference in DA concentrations between estradiol vs. non-estradiol 
treated rats were obtained on the contralateral, control CS (14827 ± 
326 vs. 15432 ± 456). The DA/DOPAC ratios from the control side 
of the CS were significantly greater in estradiol vs. non-estradiol treated 
rats (9.81 ± 0.6 vs 8.0 ± 0.6). No significant differences between 
estradiol vs. non-estradiol treated rats were obtained in DA/DOPAC 
ratios from the 6-OHDA lesioned side (6.32 ± 0.85 vs. 5.13 ± 0.3). 
These results demonstrate that estradiol attenuates the depletion of 
CS DA produced by 6-OHDA. This effect may be exerted through 
actions upon uptake processes as indicated by results obtained from 
the DA/DOPAC ratios.

This work was supported by funds from the NIH.

CATECHOLAMINES: NOREPINEPHRINE

794.1
ACTIVATION OF RAT LOCUS COERULEUS NEURONS BY l2- 
IMIDAZOLINE RECEPTORS. J, Pineda*, J. A. Ruiz-Ortega, and L. Ugedo. 
Dept. of Pharmacology, Fac. of Medicine, Univ. of the Basque Country, E- 
48940 Leioa, Vizcaya, Spain.

l2-imidazoline binding sites (l2-IBS) are present in locus coeruleus (LC) 
nucleus, as reported in autoradiographic studies. Moreover, a functional role 
for l2-IBS has been proposed in the LC in vivo (Ugedo et al., Soc. Neurosci. 
Abstr. 22: 1562, 1996). To further characterize the effects mediated by l2-IBS 
in the LC, single-unit extracellular recordings of LC neurons were done in rat 
brainstem slices. Bath applications of the h/l2-IBS selective ligands 2-(2- 
benzofuranyl)-2-imidazoline (2-BFI, 1 pM-1 mM) and 2-(4,5-dihydroimidazol- 
2-yl)-quinoline (BU224, 1 pM-1 mM) and the mixed a2-adrenoceptor/l2-IBS 
ligand idazoxan (1 pM-1 mM) caused concentration-dependent increases in 
the firing rate of LC neurons. Analysis of the cumulative concentration-effect 
curves for these drugs revealed the following order of potencies: BU224 s 2- 
BFI > idazoxan. 2-BFI caused the strongest maximal effect (-125% increase 
in firing rate), whereas BU224 and idazoxan had lower intrinsic activities. 
Application of the mixed a2-adrenoceptor/lrIBS ligand efaroxan (1 mM) failed 
to affect the basal firing rate or the activation induced by 2-BFI in LC neurons. 
The non-imidazoline compound yohimbine, at concentrations that blocked the 
a2-adrenoceptor-mediated effect of norepinephrine, did not change the basal 
firing rate of LC cells, nor did it antagonize the activation induced by 2-BFI. 
These data, together with previous results using agmatine in the LC (Pineda 
et al., Neurosci. Lett. 219: 103, 1996), suggest that LC neurons have l2- 
imidazoline receptors that modulate the activity of these cells.

(Supported by PI95/55 and SAF 96/0071. J.P. and J.A.R-O. were recipients 
of fellowships from the Basque Government and MEC respectively).

794.2
THE CLONIDINE-INDUCED INHIBITION OF LOCUS COERULEUS 
NEURONS IS POTENTIATED BY 5-HT1A RECEPTOR ACTIVATION.
J.A. Ruiz-Ortega, J. Pineda and L. Ugedo*. Dept. of Pharmacology, University 
of the Basque Country, E-48940 Leioa, Vizcaya, Spain.

Several studies have shown that 5-HT neurotransmission plays a role in 
the modulation of LC neurons. ARC 239 and chlorpromazine, which are 
considered as good tools to study the a2B/c adrenoceptor subtype, also 
recognize 5-HT receptors (Meana et al., Eur. J. Pharmacol. 312, 385, 1996; 
Roth and Meltzer, The Fourth Generation of Progress, 1215,1995).

In order to investigate whether 5-HT receptors modulate the activity and 
the clonidine-induced inhibition mediated by a2 adrenoceptors of LC neurons, 
and what receptor was involved in the effects induced by the ARC 239 and 
chlorpromazine on LC, single-unit extracellular recordings of LC neurons 
were performed in anaesthetized rats. Dose-response curves to clonidine 
inhibitory effect were constructed 3-5 min after administration of 8-OH-DPAT, 
ARC 239 and chlorpromazine. 8-OH-DPAT (1 pg/kg, i.v.), which did not 
modify the basal firing activity, caused a potentiation of the clonidine-induced 
inhibition of LC neurons (ED50 decrease by 77%). ARC 239 (75 pg/kg, i.v.) 
and chlorpromazine (75 pg/kg, i.v.), which slightly increased the basal firing 
rate, also potentiated the inhibitory effect of clonidine (ED50 decrease by 38 
and 46% respectively).

These results suggest that 5-HT1A receptor activation potentiates the 
inhibition of LC neurons mediated by a2 adrenoceptors. ARC 239 and 
chlorpromazine effects might be mediated also by 5HT receptors which 
should be taken into account when studying functions associated with each a2 
adrenoceptor subtype

(Supported by PI95/55. J.A.R-O. and J.P. were recipients of fellowships 
MEC and Basque Government respectively).

794.3
PLASTICITY OF NORADRENERGIC PHENOTYPE IN THE ADULT MOUSE 
CORTEX: D.Weissmann*, L.Groc, L.Bezin, CM.Ranqon and JF.Puiol. 
Molecular Neuropharmacology, Facultede Mddecine Laennec-CNRS, Lyon, 
France

From recent and convergent studies it has been possible to redefine the 
phenotypic expression of tyrosine hydroxylase (TH), the key enzyme in 
catecholaminergic neurons, not only in terms of tissue and cellular 
concentrations but also in terms of topological area of expression of this 
protein.Numerous, biochemical and anatomical studies have described 
differences in TH phenotype between 2 strains of mice, Balb/C (C) and 
C57Black/6 (B6), known to have obvious behaviors. Differences in Th 
phenotype occured in the organization of the cell bodies and their 
efferences in cortical areas. Following pharmacological treatment with RU 
24722, known to induce long term increase in TH level within the LC, a 
plasticity of TH phenotype was reported in the LC of C mice characterized by 
an increase in the number of TH expressing cells. This phenotypic plasticity, 
due to the switch-on of TH gene in cells, so-called "sleeping cells" at the 
vicinity of the LC, equalized the RU 24722 treated LC of a C mouse to a B6 
one . The am of this study was to determine wether such a plasticity 
underlies afunctional adaptation to this pharmacoogical stimulus. Therefore, 
we have measured, after TH immunohistochemistry, the spread of NA 
innervation in the cingular cortex of both strains in control and RU 24722 
treated animals. After treatment, noradrenergic innervation increased in the 
congualte cortex of C mice only, by 67,4% in the caudal part and 94,5% in 
the rostarl part. The potential phenotypic plasticity present at adult stage in 
the LC induces changes in the organization of efferent catecholaminergic 
territories suggesting afunctional role for these sleeping cells.

794.4
NORADRENALINE INCREASES SIGNAL-TO-NOISE RATIOS IN 
RAT FRONTAL CORTEX. B.A.Field*. N.D.Comsia and R.T. 
Marrocco. Institute of Neuroscience, University of Oregon, Eugene,
OR 97403-1254.

The noradrenergic system previously has been investigated for its role 
in controlling “signal-to-noise ratios” (SNRs) of neuronal firing rate. 
These studies have reached differing conclusions as to whether 
noradrenaline (NA) increases cortical SNRs. One reason for this may 
be that neurons signal using a time code. Here we measured both firing 
rate and spectral density power to learn if NA might increase either 
firing rate or spectral density SNRs.

We recorded frontal cortex single-units in Sprague-Dawley rats (200- 
300g) anesthetized with isoflurane. Assemblies consisting of tungsten 
microelectrodes separated by 60-250pm from pulled triple-barrel 
pipettes (tip diameters 15-25 pm) injected glutamate (500 pM), NA (10 
pM) and saline onto cells. Noradrenaline altered neuronal firing 
responses to glutamate (p < .05), but did not significantly increase the 
SNR as measured by firing rate. However, when overall power in the 
neuron’s spectral densities were measured, NA induced significant 
changes (p < .004). NA caused a marked increase in SNR, particularly 
in the 30 to 65 HZ band. This data may suggest that NA facilitates 
information transmission. Supported by the McDonnell-Few 
Foundation and NIH grant NS32973.
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794.5
HALOTHANE DECREASES EXCITABILITY OF LOCUS COERULEUS 
NEURONS IN THE NEONATAL RAT BRAINSTEM SLICE. T. Southard* and 
J.B. Dean. Dept. of Physiol, and Biophys., Wright State Univ., Dayton, OH 45435.

Noradrenergic neurons in the locus coeruleus (LC) have been implicated in 
physiological functions, such as respiratory chemosensitivity, vigilance and atten-
tion, which are attenuated during halothane anesthesia. To determine the effects of 
halothane on excitability of LC neurons, the present study employed the rapid perfo-
rated-patch technique (amphotericin B) in slices (300pm; PO-14 rats) visualized 
using IR video microscopy. CO2 chemosensitivity of the LC neurons was assessed 
and electrophysiological responses (e.g., changes in membrane potential, Vm; firing 
rate; action potential characteristics; subthreshold rhythmic oscillations, SROs; and 
input resistance, RN) to 1-3% halothane were measured. Of the LC neurons studied, 
84% were CO2 excited (depolarized and/or increased firing rate in 10% CO2). 
Ninety-six percent of the LC neurons tested were inhibited by halothane, showing 
either a decrease in firing rate or hyperpolarization. Although spontaneous firing 
was absent in most cells during halothane exposure, CO2-induced depolarization 
was generally maintained. Halothane effects were concentration dependent: 1% 
halothane reduced or eliminated spontaneous activity (action potentials and SROs) 
while 2-3% halothane blocked all spontaneous activity and hyperpolarized the neu-
rons by an average of 3 mV. The halothane-induced hyperpolarization reversed at a 
Vm ~-10Q mV. At all concentrations, halothane exposure resulted in a decrease in 
both Rn  and amplitude of the afterhyperpolarization (AHP) of evoked action poten-
tials. AHP amplitude, proposed to be dependent upon K+ ion conductance, was not 
affected by either TEA (1 mM) or apamin (10 nM), but was decreased in low 
Ca^/high Mg+t~ medium. In other pontine areas, including vestibular nuclei, mes-
encephalic trigeminal nucleus and the central gray, neurons were less sensitive to 
halothane; inhibition was only seen at high (>3%) concentrations of halothane. We 
conclude that halothane decreases excitability of LC neurons, possibly by affecting a 
Ca^-sensitive K7 conductance. (NIH HL 46308, WSU BMS Program).

794.6
ICV CRF EVOKES CEREBRAL VOLTAMMETRIC RESPONSES 
SUGGESTING NOREPINEPHRINE RELEASE.
A. H. Swiergiel*, V. S. Palamarchouk, J. J. Zhang and A. J. Dunn.
Dept. Pharmacology, Louisiana State University Medical Center, 
Shreveport, LA 71130-3932.

Previous studies have indicated that intracerebroventricular (icv) 
infusions of corticotropin-releasing factor (CRF) activate locus coeruleus 
noradrenergic neurons and norepinephrine (NE) metabolism in several 
brain regions. To further examine the presumed release of NE, the 
oxidation current was recorded using carbon fiber voltammetric probes 
placed in hippocampus (HP) or frontal cortex (FCX). CRF (1 pg, icv) 
significantly increased oxidation current above basal with a mean onset 
around 7 min (HP) and 13 min (FCX). The maximal responses 
corresponded to NE concentrations of 610 nM (HP) and 1.2 pM (FCX) 
and were observed at around 30 min, returning to the pre-infusion 
baseline by about 65 min after CRF. Pretreatment with the ganglionic 
blocker, chlorisondamine (3.0 mg/kg), did not alter the magnitude of the 
CRF-induced responses, suggesting that they were not sympathetically 
mediated. The HP response was markedly diminished when CRF was 
infused into animals pretreated with DSP-4, which depleted cortical and 
hippocampal NE by more than 70%, suggesting that the observed current 
resulted from oxidation of NE. The effect of CRF-was attenuated by 
prior icv infusion of 25 pg alpha-helical CRF9.41, suggesting that the 
response was mediated by cerebral CRF-receptors. The results are 
consistent with other evidence suggesting that cerebral CRF can activate 
cerebral noradrenergic systems. [Supported by MH50947]

794.7
EXTRACELLULAR LEVELS OF NOREPINEPHRINE (NE) IN PARIETAL 
CORTEX OF A BEHAVING PRIMATE DURING A VISUAL TASK CAN BE 
MONITORED USING IN VIVO MICRODIALYSIS. M.E. Page*, K.C. 
Anderson, E.D. Abercrombie and R.M. Siegel. Center for Molecular & Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102

Parietal cortex lies at the apex of the dorsal processing stream and is crucial for 
spatial perception. Previous studies have shown that an animal’s attentional state 
can influence the responses of parietal neurons to visual stimuli. These studies have 
led to a number of hypotheses; few if any consider the modulatory role and 
projections of sub-cortical structures. The locus coeruleus has diffuse noradrenergic 
projections to many cortical regions of monkey, including the parietal cortex. As a 
first step to determine if these projections might underlie attentive changes in neural 
activity, microdialysis was used to assess norepinephrine levels during a series of 
visual detection tasks requiring a continuum of vigilance. Standard methods were 
used to prepare the monkey as for single unit recordings (Siegel and Read, 1997). 
Two stainless steel 16 mm diameter chambers were centered over the intraparietal 
sulcus under isoflurane anesthesia. The animal was allowed to recover for 7 days prior 
to initiation of dialysis experiments. Behavioral testing was continued during this 
time period. A two stage microdrive was used to lower a stainless steel guide tube 
with a concentric microdialysis probe custom designed to fit inside. The beveled tip 
of the guide cannula was used to puncture the dura and advanced approximately 4 
mm. The microdialysis probe was then slowly lowered 9-11 mm into the area of 
interest. Basal extracellular levels of NE were monitored for at least three hours prior 
to initiation of behavioral tasks. A 43% increase in NE was observed during 
performance of a psychophysical task requiring high vigilance. Following a rest 
period, infusion of the 0.2 receptor antagonist, idazoxan (5mM) through the dialysis 
probe resulted in a 5-fo!d increase in extracellular NE. Levels approached baseline 
values approximately 1.5 hours after reperfusion with CSF. This work supported by 
MH 10969 (MEP) and NIH EY09223 (RMS).

794.8
IDENTIFICATION OF NUCLEUS ACCUMBENS SUBFIELDS IN VIVO BY 
EXTRACELLULAR CATECHOLAMINE PROFILE: PREDOMINANT ROLE FOR 
NOREPINEPHRINE IN SHELL. C.R. McKittrick* and E.D, Abercrombie. 
CMBN, Rutgers University, Newark, NJ 07102.

Connectivity studies have shown that the nucleus accumbens (NAc) 
can be divided into two distinct subregions: the core and the shell. 
Comparative neurochemical data characterizing these regions are few, 
however, in part because the small size of the NAc makes it difficult to 
delineate these two subfields using traditional histological analysis. It 
has recently become apparent that NAc shell receives a prominent 
noradrenergic innervation that is absent from NAc core. In order to 
determine if catecholamine profiles could be used to differentiate 
between the shell and core in vivo, we simultaneously monitored 
extracellular levels of norepinephrine (NE) and dopamine (DA) in NAc 
using microdialysis techniques. Basal levels of NE were higher than 
basal levels of DA for probe placements within the NAc shell. In these 
cases, systemic administration of amphetamine (AMPH; 4 mg/kg, i.p.) 
increased extracellular NE 1 5-fold, compared to a 5-foid increase in 
DA. In NAc core, in contrast, both basal NE levels and the magnitude of 
AMPH-induced NE responses were lower than basal and stimulated DA 
levels, respectively. In addition, basal levels of the catecholamine 
metabolite, DOPAC, were up to four times greater in NAc core. 
Considerable variability in the catecholamine parameters was found in 
histologically ambiguous regions along the border between shell and 
core. These data suggest that, in vivo, NAc shell can be distinguished 
from core by relatively high NE levels combined with low DA and 
DOPAC levels. NE is likely to be an important modulator of limbic 
transmission through the NAc shell. [Supported by DA08086(EDA)]

794.9
EFFECTS OF DIABETES AND ESTROGEN ON NOREPINEPHRINE 
RELEASE IN FEMALE RAT HYPOTHALAMUS, PREOPTIC AREA AND 
CORTEX. G.B. Karkanias*, J.C. Morales and A.M. Etgcn. Dept. Neurosci., 
Albert Einstein Coll. Med., Bronx, NY 10461

These studies determined whether diabetes and estrogen treatment altered 
electrically stimulated norepinephrine (NE) release from hypothalamus, preoptic 
area, and cortical slices from ovariectomized female rats. Rats were made diabetic 
by a single i.p. injection of streptozotocin (100 mg/kg). Animals were sacrificed 
12 days after the onset of diabetes, 48 hr following the injection of either vehicle 
or estrogen. Brain slices were preloaded with 3H-NE, and release was evoked 
twice (S1 and S2) by electrical stimulation. Rats in which streptozotocin produced 
diabetes showed significantly increased hypothalamic NE release during SI 
regardless of the administration of vehicle or estrogen. A similar trend towards 
elevated NE release was observed in the preoptic area but was not statistically 
significant. Neither estrogen treatment nor diabetes alone affected NE release 
during S2 in the hypothalamus or preoptic area. Interestingly, estrogen elevated 
NE release in the preoptic area during S2 but only in diabetic animals. Moreover, 
estrogen elevated cortical NE release during S2 regardless of the presence or 
absence of disease. We also examined whether cz2-adrenoceptor regulation of NE 
release was influenced by diabetes or hormone treatment. Enhancement of NE 
release by ot2-adrenoceptor antagonism was evident in all three brain regions. 
However, a2-adrenoceptor regulation of NE release was unaffected by diabetes 
and hormone treatment. These findings suggest that diabetes alters NE release in 
the hypothalamus and preoptic area of female rats. Additionally, this work 
identifies a novel action of estrogen to elevate NE release in the cortex of female 
rats. Supported by an American Diabetes Association Grant to GBK and by 
MH41414 and RSDA MH00636 to AME.

794.10
PROLONGED INCREASE IN EXTRACELLULAR NOREPINEPHRINE 
(NE) CONCENTRATION IN RAT FRONTAL CORTEX AFTER A DSP-4 
LESION: INCREASED NE RELEASE RATE IN SURVIVING 
NEURONES? Z.A. Hughes* and S.C. Stanford. Dept of Pharmacology, 
University College London, Gower St., London WCIE 6BT, UK.

The effects of the selective neurotoxin A/-(2-chloroethyl)-A-ethyl-2-bromo- 
benzylamine (DSP-4) on norepinephrine (NE) efflux in the rat frontal cortex 
were investigated using microdialysis in vivo. A lesion of NE neurones was 
induced in male SD rats (260-320 g) by injecting DSP-4 (40 mg/kg i.p.) 4 
days later, microdialysis probes were implanted, under halothane anaesthesia, 
in both DSP-4 and saline controls (2 ml/kg i.p). 24h after recovery from 
surgery, probes were perfused with Ringer’s (1 fil/min) and dialysates 
collected every 20 min (Hughes & Stanford. 1996). The NE content of 
dialysates was analysed using HPLC-ECD. Postmortem measurements 
confirmed that DSP-4 caused a 45% reduction in cortical NE content 
(PcO.001, of saline). Despite this lesion, basal NE efflux in vivo was 
significantly greater than in control rats (H, |3= 14.97; P=0.02). When the 
selective NE uptake blocker, desipramine, was infused via the probe (5 uM), 
NE efflux increased in both DSP-4 and saline pretreated rats but the increase 
was greater in the lesioned group (Fj.12=5.92; P=0.032).

These results suggest that NE uptake is greater after a DSP-4 lesion. Since 
basal efflux was also greater, we conclude that the rate of release of NE is 
increased in the surviving neurones.

Hughes. Z.A. V Stanford, S.C. (1996) Ear. J. Pharmacol. 317, 83-90.
Z.A. Hughes is an MRC (UK) scholar.
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794.11
EFFECTS OF NOREPINEPHRINE UPON NEURONS IN THE RAT’S 
VENTRAL POSTEROMEDIAL THALAMIC NUCLEUS IN VITRO. Min 
Chen*, N.L. Chiaia, R.W. Rhoades. Dept. of Anatomy and Neurobiology, 
Medical College of Ohio, Toledo OH 43699
The ventral posteromedial thalamic nucleus (VPM) in the rat is heavily 

innervated by norepinephrine- (NE) immunor eactive axons and contains high 
densities of multiple receptors for tliis amine However, little is known about 
the effects of NE on the responses of VPM cells. In the present study, VPM 
cells recorded from slices of this nucleus in vitro and effects of NE and 
agonists upon membrane potential and transynaptic responses evoked by 
stimulation of the medial lemniscus (ML) were evaluated. Application of NE 
hyperpolarized 76% of 83 cells tested and depolarized only 19%. 
Application of either methoxamine or phenylepherine also depolarized VPM 
cells suggesting that the depolarizing effect of NE was mediated, at least in 
part, by oq receptors. Application of either /?ara-aminoclonidine or 
dobutamine hyperpolarized VPM cells, suggesting that NE-induced 
hyperpolarization was mediated by a combination of a2 and p, receptors. NE 
or agonists almost invariably reduced the magnitude of the EPSPs evoked by 
ML stimulation. There was no significant relationship between the effects of 
NE or its agonists on membrane potential and suppression of ML-evoked 
EPSPs. These results indicate that NE has the capability to strongly modulate 
the responses of neurons in the rat’s VPM and they are consistent with results 
from previous experiments from our laboratory showing strong effects of NE 
upon the sensory responses of vibrissae-sensitive neurons in this nucleus.

Supported by DE08971 and DE07734.

794.12
REVERSE MICRODIALYSIS OF ISOPROTERENOL IN DORSAL DENTATE 
GYRUS POTENTIATES THE PERFORANT PATH EVOKED POTENTIAL. 
J.C. Knight, C.W. Harley and J.H. Evans*. Faculty of Medicine and Dept.of 
Psychology, Memorial University, St. John's, Newfoundland A1B 3X9.

Isoproterenol (ISO) , a beta-agonist, applied at concentrations of 1 pM or 
higher, results in a long-term potentiation of the medial perforant path (PP) 
field potential in the dentate gyrus (DG) in vitro. 75 nM ISO results in a 
transient potentiation of only the population spike (Dahl and Li, 1994). While 
beta-antagonists attenuate norepinephrine-induced potentiation in vivo, ISO 
penetrates the blood brain barrier poorly. In vivo, ISO effects have only been 
evaluated using iontophoresis. Iontophoretic application of ISO depresses 
the PP evoked potential (Winson and Dahl, 1985).

The present study used reverse microdialysis to assess the effects of ISO 
on the PP evoked potential in vivo. ISO + aCSF was infused into the dorsal 
DG of urethane-anesthetized rats for 10 minutes through a concentric 
microdiaiysis probe while the evoked potential was concurrently monitored 
with a microelectrode within -500 pm of the probe. PP was stimulated with 
0.2 ms pulses at 0.1 Hz. In general there was a progressive increase in 
evoked potential parameters over the first hours of the recording session.
ISO (20-1 OOpM) increased the population spike amplitude in the majority of 
experiments. Effects on EPSP slope were more variable with both increases 
and decreases observed. These data support the hypothesis of intradentate 
beta-receptor mediation of norepinephrine-induced potentiation.

This research was supported by NSERC research grant # A9791 to 
C.W.H.

794.13
NOREPINEPHRINE EVOKED MODULATION OF A POTASSIUM 
CHANNEL IN PINEAL CELLS. 20.HasggawaL N. Daryigh and I,.X 
Russell LCMN, NICHD, NIH, Bethesda, MD 20892

We have analyzed norepinephrine evoked modulation of potassium 
channel activity in isolated rat pineal cells in culture using patch clamp 
techniques. Single channel currents were recorded in the cell-attached 
patch mode and potassium channel currents were identified. One of them 
was an outwardly rectified cation conductance which was further 
characterized. In the resting cell, at a holding potential of -40 mV, brief 
channel openings were recorded which increased with increasing 
depolarization. The unitary conductance of this potassium channel was 
100pS. Cells were stimulated by continuous perfusion of norepinephrine 
(NE, 4pM) which resulted in a gradual increase in the mean open time and 
open probability of the channel. This change was followed by sustained 
oscillations of NP which were periodic and were maintained for up to 60 
minutes of recording. Concomitant with the increase in NP, a decrease in 
the unitary conductance was observed. In the inside-out mode, by changing 
ionic concentration in the bath, the ion selectivity was found to be 
K+>NH4+ and the channel was impermeable to Na+ and Li+. The slope 
conductance of the channel remained unchanged between the cell-attached 
patch recordings (4.5 mM K+ in the pipette) and in inside-out patch 

recordings with symmetrical K+ concentrations (4.5 mM) on both sides of 
the patch. These data show that in rat pineal cells, norepinephrine causes 
long lasting oscillatory changes in the open probability of a potassium 
channel with a concomitant decrease in the unitary conductance. Y.H. is a 
JSPS Research Fellow.

794.14
SEROTONIN ia  RECEPTOR AGONISTS INDUCE FOS PROTEIN 
EXPRESSION IN THE LOCUS COERULEUS OF THE CONSCIOUS RAT
T. Hamamura, Y. Lee, Y. Fujiwara , S. Kuroda and Y.Ichimaru*
Department of Neuropsychiatry, Okayama Univ. Medical 
School, 2-5-1 Shikata-cho Okayama, 700 Japan. * Meiji Seika 
Kaisha, Ltd.

The azapirones, which are partial agonists of the 
serotonin(5-HT)lA receptor, possess anxiolytic activity. 
Although the mechanisms underlying the anxiolytic effect 
have been postulated in the context of the serotonergic 
system, several studies have recently shown that the 
azapirones also activate the noradrenergic system. However, 
the mechanism underlying this effect remains unclear. To 
determine whether these drugs activate noradrenergic 
neurons via 5-HT ia  receptors, we have evaluated the 
expression of the immediate early gene c-fos in the locus 
coeruleus. Tandospirone(l, 5 mg/kg) and ipsapirone(l, 
5mg/kg) each induced expression of Fos protein in the 
noradrenergic neurons of the locus coeruleus of conscious 
rats in dose dependent manner. This effect was completely 
reversed by pretreatment with (+)-WAY100135(5mg/kg), a 
specific 5-HT ia  antagonist. These results clearly demonstrate 
that azapirones activate noradrenergic neurons via 5-HT ia  
receptors.

794.15
DOSE DEPENDENT EFFECTS OF a- AND p-ADRENERGIC AGONISTS ON GLUTAMATE 
EVOKED DISCHARGE OF SINGLE NEURONS IN LAYERS ll/lll AND V OF RAT BARREL FIELD 
CORTEX D. M. Devilbiss, B. D. Waterhouse, and J. J. Rutter* Dept. Neurobiology and Anatomy, 
Allegheny University of the Health Sciences, Philadelphia, PA 19129

Previous studies from our laboratory and elsewhere have shown that both iontophoretically 
applied and synaptically released norepinephrine (NE) can either facilitate or suppress sensory 
cortical neuronal responses to excitatory synaptic stimuli. We have since characterized the 
interactions between NE and glutamate and demonstrated two distinct iontophoretic dose response 
relationships: 1) a dose dependent suppression of glutamate evoked discharge by NE and 2) an 
inverted U relationship where low doses of NE facilitated and high doses of NE suppressed the 
glutamate evoked response. The goal of the present investigation was to identify the adrenergic 
receptor subtypes responsible for each of these dose dependent actions. To this end we used an 
in vitro cortical tissue slice preparation to distinguish between a- and p-adrenergic agonist effects 
on glutamate evoked discharge in barrel field neurons of the rat primary somatosensory cortex. 
Extracellular responses to iontophoretically applied glutamate (10-70 nA, 7 sec. pulses 30 sec. 
intervals) were recorded from single cells in layers ll/lll and V before, during and after incremental 
microiontophoretic doses of phenylephrine or isoproterenol (1 -50nA). For each neuron iontophoretic 
dose response relationships were determined from quantitative analysis of peri-event histograms. 
Our results showed that for individual neurons in both layers ll/lll (n =9) and V (n =11): isoproterenol 
mimicked the dose dependent suppressant action of NE on glutamate evoked discharge, whereas 
phenylephrine mimicked the dose dependent facilitating effect of NE on glutamate responses. 
Actions of both agonists were demonstrated in aCSF containing low Ca2+ and high Mg2+. In 
summary, these results show that postsynaptically-acting phenylephrine and isoproterenol can mimic 
the facilitating and suppressant actions, respectively, of NE on layer ll/lll and layer V pyramidal 
neurons in the rat somatosensory cortex, We conclude from these data that the nature of NE's 
modulatory action on individual cerebrocortical neurons is dictated by the postsynaptic receptor 
compliment of individual cells and the local concentration of synaptically released NE. We believe 
it is significant that our finding of an "inverted U" dose response relationship for a-adrenergic agonist 
/glutamate interactions compiiments the the results of Aston-Jones et al. (1995) who have 
demonstrated an “inverted U“ relationship between vigilance and tonic rates of locus coeruleus 
neuron discharge in primates, and Arnsten et al. (1996) who have demonstrated the importance of 
the a-adreneraic receptor in attention deficit disorder. Supported by NINDS NS32461 and DA05117 
to BDW.

794.16
NOREPINEPHRINE INHIBITS NEURONS OF THE INTER-
MEDIATE SUBNUCLEUS OF THE RAT LATERAL SEPTUM 
VIA q2 ADRENOCEPTORS. W. Liu* and M. AlrejaDept. of Psvchia- 

try, Yale Univ. Sch. of Med. New Haven, CT 06508.
The intermediate subnucleus of the rat lateral septum (LSI) contains a high 

density of noradrenergic terminals which originate primarily from the locus 
coeruleus. While previous in vivo and in vitro extracellular studies, have 
reported both inhibitory and excitatory effects of norepinephrine (NE), phar-
macological and intracellular studies on the effects of NE are lacking. In the 
present study, the effects of NE on LSI neurons were studied in an in vitro rat 
brain slice preparation using intracellular recordings.

Bath-applied NE (100 pM) inhibited 72% (85/118), excited 6.8% (8/118) and 
had no effect on 21.2% (25/118) of LSI neurons tested. This study focussed 
primarily on the inhibitory effects of NE. In intracellular current-clamp record-
ings with KCl-containing microelectrodes, NE (TOO pM) produced a mean 
hyperpolarization of 10.74 ± 0.83 mV (n=68) and in voltage clamp recordings 
it produced a mean current of 228 ± 29 pA (n=21) at -60 mV. The NE-induced 
outward current was TTX-insensitive and was associated with a 75 ± 6% 
increase in input conductance; it reversed near Ek (mean -94 ±3.3 mV) and was 
blocked by external Ba2+ (100-300 pM). The a2 agonist UK14.304 (3-10 pM; 
n=12), but not clonidine (1-3 pM; n=6) mimicked the inhibitory effect of NE 
and the a2 antagonists, yohimbine (10 nM) and rauwolscine (10 nM), blocked 
the effect of NE with pA2 values of 7.4 ± 0.7 (n=2) and 7.9 ± 0.04 (n=3) 
respectively, that suggest involvement of the a2 (possibly a2c) receptor 
subtype. This is consistent with the presence of a high density of a2C receptor-
binding sites and mRNA in the LSI. In conclusion, NE opens K+ channels and 
inhibits LSI neurons via Ot2 adrenoceptors. Supported by NIH R 29 DA 09797 and 
NIDA PPG 08227.
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794.17
PROPRANOLOL ATTENUATES HALOPERIDOL-INDUCED FOS 
EXPRESSION IN REGIONALLY SPECIFIC MANNER IN RAT 
BRAINS. K. Qohashi, T. Hamamura*, Y. Lee, and S. Kuroda. 
Department of Neuropsychiatry, Okayama Univ. Med. Sch., 
Okayama, Japan.

Neuroleptics induce several extra-pyramidal side 
effects(EPS), such as akathisia, acute dytonia and 
parkinsonism etc. Although recently developed atypical 
neuroleptics ameliorate some of these side effects, akathisia 
remains a common and severely distressing adverse reaction. 
For the pharmacologic treatments of akathisia, several drugs 
are reported to be of clinical use. Most of all, p -adrenoceptor 
blocker, propranolol, has been widely used for the treatment 
of akathisia, but does not posess theraputic efficacy on other 
EPS. To elucidate the neural substrates of akathisia, the 
present study investigated the effects of j3 -adrenoceptor 
blocker, propranolol, on haloperidol-induced Fos expression 
in rat brain. Haloperidol (lmg/kg) induced Fos-positive 
nuclei in several region of brain. These include prefrontal 
cortex, nucleus accumbens, caudate putamen, lateral septum, 
and parietal cortex. Pretreatment with propranolol (5mg/kg) 
reduced the number of Fos in Cg3 and parietal cortex. Results 
demonstrated a possible neural frame work responsible for 
akathisia.
Supported by grant from Ministry of Education.(#8770770)

794.18
EVIDENCE FOR ALTERED CENTRAL NORADRENERGIC ACTIVITY 
IN RATS WITH ACUTE LIVER FAILURE
A.Michalak, C.Rose, P.N.T.Buu* and R.F.Butterworth. Neuroscience 
Research Unit, Hop. Saint-Luc (U. of Montreal), Montreal, Canada H2X 3J4

It has been suggested that dysfunction of noradrenergic activity could 
contribute to the pathogenesis of hepatic encephalopathy (HE) in acute liver 
failure (Murakami et al., Gastroenterol Jpn 28:191, 1992; McKinzie et al., J 
Neurochem 66:56, 1996). In order to evaluate this possibility, rats with 
ischemic liver failure resulting from portacaval anastomosis followed by 
hepatic artery ligation were subjected to microdialysis probe implantation 
(CMA/12: 2mm x 0.5mm). Noradrenaline (NA) concentrations in extracellu-
lar fluid were analysed by HPLC and were increased during the progression 
of HE (p<0.01, by ANOVA). In a separate series of experiments, binding 
sites for the adrenergic receptor ligands: [3H] prazosin (a, receptors), pH] 
RX821002 (a2 receptors) and [125I] iodopindolol (0 receptors) were assessed 
by quantitative receptor autoradiography in the brain of rats at coma stages of 
HE. Combinations of [l25I] iodopindolol and ICI118551 (a blocker of 02 
receptors), and [125I] iodopindolol and ICI89406 (a blocker of 0, receptors) 
were used for the determination of binding to /3, and j32 receptors respectively. 
Binding sites for the receptor ligands were significantly decreased in 
cerebral cortex and thalamus (p < 0.05); binding sites for /3, receptor ligands 
were reduced in cerebral cortex (p<0.05); whereas binding sites for o:2 and 
02 receptor ligands were within normal limits. Thus, ischemic liver failure is 
characterized by increased extracellular NA concentration and concomitant 
reductions in a, and /3, adrenergic binding sites. These results suggest that the 
adrenergic neurotransmitter system is implicated in the pathogenesis of HE in 
acute liver failure.
[Funded by MRC Canada and The Canadian Liver Foundation]

794.19
ROLE OF SYMPATHETIC POSTGANGLIONIC NEURONS IN 
ENDOGENOUS PERIPHERAL OPIOID ANALGESIA. L. Zhou*,
Q. Zhang, C. Stein. Preclin. Pharmacol., NIDA/IRP/NIH and Dep. of 
Anesthesiology, Johns Hopkins, Baltimore, MD 21224
We have previously shown that antinociception in inflammation can 
be brought about by the release of endogenous opioids from immune 
cells following cold water swim (CWS) stress, and the subsequent 
activation of opioid receptors on peripheral sensory nerves. In vitro 
studies have demonstrated opioid release from immune cells by 
adrenergic agonists. The present study investigates whether 
catecholamines released from sympathetic postganglionic neurons 
(SPN) might activate adrenergic receptors and release these opioid 
peptides to produce analgesia. In Wistar rats, a painful hindpaw 
inflammation was induced by intraplantar (i.pl.) Freund's adjuvant and 
nociceptive thresholds were assessed by a paw pressure test. 
Pretreament with intraperitoneal 6-hydroxydopamine (25-125 
mg/kg/day, over 3 days) dose-dependently attenuated CWS stress- 
induced analgesia in the inflamed paw. Furthermore, this effect was 
dose-dependently reversed by the a-adrenergic receptor antagonist 
phentolamine (10-1000 ng i.pl.) but not by p-adrenergic receptor 
antagonist propranolol. Norepinephrine (1-1000 ng i.pl.), but not 
isoprenaline (10-10000 ng i.pl.), produced dose-dependent 
antinociceptive effects in inflamed paws. These results suggest that 
SPN mediate CWS stress-induced local analgesia, most likely by 
releasing norepinephrine and a subsequent activation of a-adrenergic 
receptors on immune cells in inflamed tissue. Supported by 
NIH/NINDS grant RO1NS32466

TRANSPORTERS: GABA

795.1
RETHINKING NEUROTRANSMITTER TRANSPORTER TOPOLOGY.
N. Yu, Y-W. Cao, H. A. Lester*, S. Mager. Division of Biology 156-29, California 
Institute of Technology, Pasadena, CA 91125.

Covalent cysteine-modification was used along with site-directed mutagenesis to 
study the membrane topology of the GABA transporter GAT1. Treatment of 
Xenopus oocytes expressing GAT1 with either (2-sulfonatoethyl)methane- 
thiosulfonate (MTSES) or [2-(trimethylammonium)ethyl]methanethio-sulfonate 
(MTSET) (3.75 mM, 30 min) significantly decreased the GABA transport current 
(to 22% and 10% of control, respectively). Substitution of cysteine at position 74 to 
alanine (C74A) eliminated the sensitivity to these membrane-impermeant 
compounds, indicating that C74 is exposed to the extracellular side. Furthermore, 
wild-type (WT) GAT1 treated with MTSET generated large Na+ leakage currents 
that were undetectable with unmodified WT transporters; Li+ leakage currents also 
increased several-fold. MTSET had no effect on either Na+ or Li+ leakage currents 
in the C74A mutant. Interestingly, substitution of tryptophan to leucine at position 
68 (W68L), a mutation that affects ion binding and permeation, decreased the 
transporter’s sensitivity to both reagents. Effects of C74 modification on ion 
conductance and altered reactivity observed with the W68L mutant suggest that 
C74 lies in or near the permeation pathway. These findings, together with recent 
evidence placing the TM2-TM3
loop on the extracellular side, 
suggest that the TM2 region does 
not traverse the membrane. We 
speculate that TM2 may form a 
loop structure reminiscent of the 
cation channel P-loop.
(Supported by NIDA and NINDS)

795.2
A Protein Factor that Inhibits ATP-dependent Glutamate and GAPA
A«.umulation.into.Syngp.ti£..¥fiskl€aL..TuDiicatiQP,aDdJiQltial
Characterization *
Eric D. OzkanS^ Francis S. Lee+ and Tetsufumi Ueda+t§
Departments of ^Pharmacology and ^Psychiatry, Medical School, and 
SMental Health Research Institute, The University of Michigan, Ann 
Arbor, Michigan, 48109 USA.

We have identified and purified to apparent homogeneity a protein from 
brain cytosol that inhibits glutamate and GABA uptake into synaptic 
vesicles. This protein is termed "inhibitory protein factor" (IPF) and refers 
to three distinct proteins with relative molecular weights of 138,000 (IPF 
a), 135,000 (IPF p), and 132,000 (IPF y), respectively. All IPF species share 
an elongated structure, identical Stokes radii (60 A) and identical 
sedimentation coefficients (4.3 S). Partial sequence analysis shows that 
each IPF species is derived from the 240-kDa a subunit of the protein fodrin 
(non-erythroid or brain spectrin). Interestingly, neither fodrin itself nor 
proteolytic products produced from it by the protease calpain, possesses 
inhibitory activity. In contrast, IPF a inhibits ATP-dependent glutamate 
uptake into purified synaptic vesicles with an IC50 of ~ 26 nM, while 
showing no ability to inhibit ATP-independent uptake at concentrations up 
to 100 nM. Moreover, IPF a neither inhibited ATP-dependent 
norepinephrine uptake into chromaffin vesicles nor Na+-dependent 
glutamate uptake into synaptosomes. However, IPF a inhibited GABA 
uptake into crude synaptic vesicles isolated from spinal cord, suggesting 
that inhibition may not be limited to glutamatergic systems. We propose 
that IPF could be a novel component of a presynaptic regulatory system. 
Such a system might modulate neurotransmitter accumulation into synaptic 
vesicles and thus regulate the overall efficacy of neurotransmission. This 
work was supported by NIH Grant NS 26884.
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795.3
ANTICONVULSANT ACTION OF TWO GABA-UPTAKE 
INHIBITORS, NNC 05-2045 AND NNC 05-2090.

Man1. P.O.Sarensen and B, Meldrum1. Novo Nordisk A/S Denmark ’Institute 
of Psychiatry, Department of Neurology, De Crespigny Park, Denmark Hill, 
London, England
Two novel nipecotic acid derivatives, l-(3-(9H-Carbazol-9-yl)-l-propyl)-4- 
(4-methoxyphenyl)-4-piperidinol (NNC 05-2045)
and-(3-(9H-Carbazol-9-yl)-l-propyl)-4- (2-methoxyphenyl)- 4-piperidinol (NNC 
05-2090) have been tested for inhibition of y-amino butyric acid (GABA) 
transporters in synaptosomal preparations of rat cerebral cortex and inferior 
colliculus and found to differ markedly from gabitril® (tiagabine), a selective 
GAT-1 inhibitor. The anticonvulsant action of both compounds was tested in 
four rodent models after intra peritoneal (i.p.) injection. Both NNC 05-2045 
and NNC 05-2090 dose-dependently inhibited sound-induced tonic and clonic 
convulsions in DBA/2 mice. NNC 05-2045 also antagonized sound-induced 
seizures in genetic epilepsy prone rats (GEP rats) Both NNC 05-2045 and NNC 
05-2090 dose-dependently antagonized tonic hindlimb extension in the maximal 
electroshock (MES). In amygdala kindled rats NNC 05-2045 and NNC 05-2090 
significantly (P < 0.05) reduced generalized seizure severity (seizure grade 3-5) 
at highest doses and NNC 05-2090 also significantly reduced afterdischarge 
duration at these doses (P < 0.05). It is proposed that inhibition of GAT-3 
(mouse GAT4) is primarily responsible for the anticonvulsant action of these 
two nipecotic acid derivatives in MES, amygdala kindled rats and in sound- 
induced seizures in GEP-rats and DBA/2 mice.

795.4
UNILATERAL INTRACEREBRAL COLCHICINE INJECTIONS INDUCE 
UPREGULATION OF GABA TRANSPORTERS, GAT-1 AND GAT-3, IN 
ASTROCYTES AND INTERNEURONS IN NEOCORTEX AND HIPPOCAMPUS 
OF BOTH HEMISPHERES IN ADULT RATS. C. E. Ribak* and X. X. Yan. Dept. 
of Anat. & Neurobiol., Univ. of Calif, at Irvine, Irvine, CA 92697,

GABA transporters (GATs) determine GABA's action in synaptic transmission and 
other functions by a translemmal transport mechanism in neurons and astrocytes. To 
understand better the role of GATs in brain function, GAT-1 and GAT-3 were 
studied in adult rat cerebrum after unilateral injections of colchicine (7^g in 7/d 
saline) in the cerebral cortex with immunocytochemical methods. GAT-1 and GAT-3 
are localized mainly to neuropil in adult neocortex and hippocampus, with GAT-1 
present in both axon terminals and astrocytic processes and GAT-3 only in astrocytic 
processes. Four days postinjection, both GATs were dramatically increased in the 
neuropil of hippocampal and cortical areas near the injection site and needle path, 
whereas only a few GAT-1 positive neuronal somata were noticed. An increase of 
GAT-1 and GAT-3 neuropil labeling also occurred in the homologous cortical and 
hippocampal regions in the contralateral hemisphere. In addition, numerous somata 
of interneurons labeled for GAT-1 but not GAT-3 appeared in the homologous 
occipital cortex of the contralateral hemisphere, with an enhancement of GAT-1 
immunostaining of chandelier cell axon terminals in the CAI region of the 
hippocampus. The immunolabeling for GATs in unaffected cortical areas of both 
hemispheres was normal. Electron microscopic preparations are being examined to 
confirm the upregulation of both GATs in astrocytes and GAT-1 in GABAergic 
interneurons after colchicine injections. The increased expression of GATs in 
neurons and astrocytes at the injection site may be related to colchicine's effect on 
axonal transport and neuronal trauma associated with the injection. However, the 
labeling of GABAergic interneurons with GAT-1 in the contralateral homologous 
neocortex does not have an apparent cause but may relate to transcellular 
degeneration or signaling caused by the colchicine injections.
Supported by grants from NSF (IBN 9422392) and NIH (NS 15669).

795.5
INCREASED EXPRESSION OF GABA PLASMA MEMBRANE 
TRANSPORTERS, GAT-1 AND GAT-3, IN THE DEAFFERENTED 
SUPERIOR COLLICULUS OF THE RAT FOLLOWING OPTIC NERVE 
TRANSECTION. X. X. Yan*andC.E. Ribak. Dept. of Anatomy & Neurobiology, 
Univ. of Calif, at Irvine, Irvine, CA 92697.

GABA plasma membrane transporters (GATs) play a critical role in GABAergic 
synaptic transmission. Both GAT-1 and GAT-3 are present in astrocytes and GAT- 
1 is also found in axon terminals in adult rat brain. Glial cells, especially 
astrocytes, are involved in traumatic responses to various neuropathological 
stresses by displaying morphological and molecular changes after neuronal injury. 
The present experiment evaluates whether GATs change following neuronal 
trauma using a model of nerve deafferentation. GAT-1 and GAT-3, together with 
glutamic acid decarboxylase (GAD)-65 and GAD-67, were studied 
immunocytochemically in the rat superior colliculus (SC) after unilateral optic 
nerve transections. GAT-1 and GAT-3 were both increased in the neuropil of the 
denervated SC, whereas GAD-65 and GAD-67 immunostaining remained largely 
unchanged. The alteration in immunolabeling for GATs was detectable at 1 day 
and became more evident between 3-30 days after optic nerve lesions. Electron 
microscopic analysis of the enucleated SC conducted at 7 and 14 days postlesion 
revealed degenerating axons and an increase in immunoreactivity for both GAT-1 
and GAT-3 within hypertrophied astrocytes. Thus, deafferentation and its resulting 
terminal (Wallerian) degeneration induce an apparent upregulation of GAT-1 and 
GAT-3 in astrocytes. This change suggests that astroglia may play an important 
role in the determination of GABA's action in the denervated SC. Therefore, these 
data support the notion that neuroplasticity of the GABAergic system occurs 
following deafferentation.
Supported by grants from NSF (EBN 9422392) and NIH (NS 15669).

795.6
DIFFERENTIAL GABA TRANSPORTER IMMUNOREACTIVITY IN 
THREE INVERTEBRATE SPECIES
W.S. Neckameyer*, M. van Kanegan and R.L. Cooper1. Dept. of Pharm. & 
Physiol. Sci., St. Louis Univ., St Louis, MO and Sch. of Biol. Sci., Univ. of 
Kentucky, Lexington, KY.

Comparative cellular distributions for three subtypes (GAT-1, GAT-2, 
and GAT-3) of the mammalian GABA transporter were determined in three 
evolutionarily diverged invertebrate species using polyclonal antisera specific 
for each subtype. Immunocytochemical localization of the three transporter 
subtypes in embryonic, larval and adult tissues of Drosophila melanogaster 
revealed non-overlaping patterns of expression, demonstrating the presence of 
conserved GABA transporter epitopes in this species. In addition, expression 
of these subtypes is temporally and spatially regulated. Cellular distribution 
of GABA in these same tissues, visualized with a polyclonal antisera raised 
against the neurotransmitter, revealed that the three transporter subtypes 
recognize only a subset of GABAergic cells. Localization of the GABA 
transporter subtypes in adult crayfish (Procambarus clarkii) revealed a sparse 
staining among neurons within the ganglion for GAT-3. No staining could be 
observed for GAT-1 and GAT-2. Not all the neurons that contain GABA as a 
major transmitter stained. In the leech (Hirudo medicinalis) only GAT-3 
revealed any significant staining and it was associated with pressure 
(P)sensory neurons. We conclude that GABA transporter subtypes are highly 
conserved in evolutionarily distinct species, and that in invertebrates, as in 
mammals, there are multiple GABA transporters whose expression is highly 
regulated. Supported by NARSAD (W.S.N.) & U.K. start-up funds (R.L.C.).

795.7
GABA TRANSPORT INHIBITION BY QUININE AND QUINIDINE 
IN SKATE RETINAL HORIZONTAL CELLS. Kristen A, Andersen. 
Leena Patel. Marina Doliner and Robert Paul Malchow* Dept. of 
Biological Sciences and Dept. of Ophthalmology7 & Visual Sciences, 
University of Illinois at Chicago, Chicago, IL 60612.

The horizontal cells of the all-rod skate retina posses an electrogenic 
transport protein for the inhibitory neurotransmitter GABA. Two sodium 
ions and one chloride ion are believed to be co-transported with each 
molecule of GABA. The inward current induced by exogenously applied 
GABA can be measured in isolated horizontal cells using the whole-cell 
version of the patch clamp technique. The cinchona alkaloids quinine 
and quinidine, well known antiarrhythmic drugs, suppress a variety of 
membrane conductances in numerous excitable cell types, and there have 
been recent suggestions that these compounds may also interfere with 
certain transport mechanisms. When applied extracellulary to isolated 
skate horizontal cells held at -70 mV, quinine and quinidine reversibly 
block the GABA transporter current. The concentration of quinine at 
which a half-maximal block occurred was 311 pM. Quinidine, the 
stereoisomer of quinine, was found to be a more potent GABA transport 
inhibitor, producing a half-maximal block at 148 pM. GABA dose- 
response studies in the presence and absence of quinidine indicated that 
this alkaloid inhibits the GABA transporter non-competitively. We are 
currently attempting to determine whether the inhibition by quinidine is 
competitive or non-competitive with sodium, one of the ions necessary 
for GABA transport. Funded by EY 09411 from the National Eye 
Institute.
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796.1
ADENYLYLCYCLASE IN LYMPHOCYTES OF ALCOHOLICS: A MODEL 
FOR ETHANOL ACTION IN BRAIN T, Pauly, N, Dahmen, D. Bonke*, A. 
Szegedi, H. Wetzel, and C. Hiemke
Department of Psychiatry. University of Mainz, D-55131 Mainz, Germany and 
Merck KGaA, D-64271 Darmstadt, Germany

The adenylylcyclase (AC) signal transduction pathway is altered in vitro and 
in vivo by acute and chronic exposure to ethanol. In 13 actively drinking 
alcoholic patients, admitted to the hospital for detoxification we found a 
negative correlation between basal and via forskolin and GTPyS stimulated AC- 
activity and the blood ethanol level. Compared to the AC-activities of age- 
matched healthy controls we found an elevated AC-activity in patients with 
blood ethanol level below 65 mM and a decreased AC-activity in patients with 
blood ethanol levels above 65 mM. After two days, in the state of withdrawl, the 
negative correlation between blood ethanol level at day 0 and AC-activity had 
disappeared. Furthermore, at day 2, AC-activities were reduced compared to 
those of the controls. It is concluded that consumption of ethanol transiently 
affects the AC-activity in lymphocytes by a mechanism that remained 
measurable even after washing out ethanol.
Currently, 10 isoforms of AC have been cloned. Humans sequences, are 
published for the isoforms II, VII and VIII. It has been demonstrated that 
ethanol has differential effects on the AC isoforms. In order to study the 
observed effects on a molecular level we examined the expression of AC 
isoforms in human lymphocytes by RT-PCR with AC isoform specific and with 
degenerate primers. Our results give evidence for at least two forms (type II and 
VIII) of AC expressed in human lymphocytes.
Supported by BMBF grant 01EB9416/0.

796.2
INFLUENCE OF CHRONIC ETHANOL TREATMENT ON THE 
EXPRESSION OF G PROTEINS IN SIX REGIONS OF RAT BRAIN.
H.L. Puhi*, T. Shay, L.G. May and R.S. Aronstam, Guthrie Research 
Institute, Sayre, PA 18840

The influence of chronic exposure to ethanol on the expression 
of G proteins in six regions of rat brain was investigated. Four week 
old male Wistar rats were fed a liquid diet that included 5% (w/w) 
ethanol for 10 weeks; pair-fed control rats received an isocaloric diet. 
After 3 weeks of ethanol consumption, the body weight of ethanol- 
fed rats was consistently 13% lower than that of pair-fed controls. 
After 10 weeks, the brains were dissected into 6 brain regions 
(cerebral cortex, striatum, hippocampus, diencephalon, brain stem and 
cerebellum). Tissue samples (15 gg membrane protein) were 
separated by SDS-PAGE using 10% gels. The proteins were trans-
ferred to nitrocellulose membranes and labeled with polyclonal anti-G 
protein antibodies; the secondary antibody was 125I-labeled goat anti-
rabbit IgG. The membranes were placed in an autoradiography cas-
sette and exposed to a phosphor screen for 18-49 hours. Bound 
secondary antibody was quantified using a Storm Phospholmager 
(Molecular Dynamics) with ImageQuant software. The concentration 
of G{3 subunits was lower in forebrain regions (hippocampus, cortex 
and striatum) from ethanol-fed rats compared to pair-fed control rats. 
The Gocq/n protein content of each brain region was the same in 
membranes from the ethanol-treated and control animals. In contrast, 
Gaj3 expression was significantly lower in hippocampal membranes 
and elevated in brainstem membranes, while Gao expression was 
elevated in hippocampus and cortical membranes. The influence of 
ethanol treatment on G protein expression is being correlated to its 
influences on the neurotransmitter receptor expression and synaptic 
signaling. (Supported by Department of the Army Grant Number 
DAMD.17-94-J-4011).

796.3
CORTICOSTERONE ALTERS G PROTEIN LEVELS IN HIPPOCAMPAL 
SUBFIELDS. N.M. MumaT H.S. Kennedy, and S.G. Beck Pharmacology 
Department, Loyola University Medical Center, Maywood IL 60153

Corticosterone (CT), the hippocampus and the 5-HT receptor system are 
implicated in the etiology and treatment of psychiatric disease states, such as 
depression. CT alters 5-HT receptor mediated responses in areas CA1 and CA3 of 
the hippocampus and which are different between subfields. The effects of CT 
cannot be explained by changes in 5-HT receptor levels. Our hypothesis is that CT 
changes the number of G proteins within the different hippocampal subfields. Rats 
were treated for two weeks: ADX (bilateral adrenalectomy), ALD (aldosterone 
mini-pump to activate 60% of mineralocorticoid (MR), HCT (200 mg CT pellet to 
activate MR and glucocorticoid and SHAM. The dorsal hippocampus was removed 
and cut in 3mm transverse sections. The dentate gyrus (D), CA3 and CA1 subfields 
were dissected free for immunoblot analysis. The membrane proteins were isolated 
and used for immunoblotting. Each blot was prepared with extract from one subfield 
from one treatment group and from a group of naive rats. The table summarizes the 
significant changes in the levels of several Ga proteins in hippocampal subfields in 
treated rats versus naive rats found within immunoblots. The values for G protein 
levels in naive rats were used as a baseline to make comparisons among treatment 
groups (and thus among immunoblots). These data suggest that the CT treatments 
mediate the levels of G proteins which could impact on signal transduction for 5HT 
as well as other G protein linked receptors.

Gs Go Gil Gi2 Gi3
Sham CA1 CA1 CA1 CAl,D
ADX CA3 CA1 CA1 CA1
ALDO CA3 CA1,CA3,D
HCT D CA1,CA2,D CA3 CA3 CA3,D
Supported by PHS NS28512, RSDA MH-OO88O.

796.4
ACUTE STRESS INCREASES 3',5'-CYCUC AMP REGULATORY ELEMENT 
BINDING ACTIVITY IN THE HYPOTHALAMUS OF THE DEVELOPING RAT. 
C.G. Hatalski* S. Avishai-Eliner, B. Tantavanubutr, M. Bounthavong. M. Eghbal-
Ahmadi, L, Schultz and T.Z. Baram. Depts. of Anatomy & Neurobiology and 
Pediatrics, University of California, Irvine, CA 92697-4475

The hypothalamic response to stressful stimuli includes rapid hormone secretion 
as well as increased transcription of immediate-early and other genes. The ability of 
the developing rat (during the first two postnatal weeks) to mount the full complement 
of this stress response has been questioned. For example, unlike the adult, stress- 
induced up-regulation of the transcription of hypothalamic corticotropin releasing 
hormone is not observed early in postnatal development, consistent with immature 
regulation of this hypothalamic gene. The focus of this study was to explore the 
presence and physiological induction of transcriptional trans-activators that bind to the 
cAMP regulatory element (CRE) in the developing rat brain to regulate gene 
expression in response to stress. CRE-binding activity was detected via gel shift analysis 
in extracts from both the hypothalamus and the cerebral cortex of rats during the first 
two postnatal weeks. CRE-binding protein (CREB) was identified in these extracts by 
Western blot analysis and was shown to be the major contributor to the CRE-binding 
activity by gel shift analysis with two specific antibodies directed against CREB. 
Following acute hypothermic stress, the abundance of CRE-binding activity increased 
in hypothalamic but not cortical extracts. This enhanced CRE-binding activity was 
blocked by antiserum directed against CREB, and was accompanied by an apparent 
increase in CREB phosphorylation. These results indicate that transcriptional regulation 
of genes possessing the CRE sequence constitutes a potentially important mechanism 
in the response of the developing rat hypothalamus to stressful environmental stimuli 
(Supported by NIH NS289I2).

796.5
ELEVATED LEVELS OF CArG-BINDING PROTEIN mRNA IN THE 
STRIATUM IN NEUROLEPTIC-INDUCED DYSKINESIA. W. Rushlow*,
N. Raiakumar, C.G. Naus and B.A. Flumerfelt Dept. of Psychiatry and 
Anatomy & Cell Biology, Univ. of Western Ontario, London, Canada.

Chronic use of typical neuroleptics often results in unwanted 
motor manifestations. Dopamine receptor plasticity in the striatum is 
thought to be responsible for these effects. However, the precise 
mechanism underlying these changes is not clear. In this study, striatal 
genomic changes associated with the development of motor effects 
following chronic administration of typical neuroleptics were examined 
employing an RT-PCR based differential display technique. Analysis of 
approximately 60% of the cellular mRNA pool with various primer 
combinations under stringent conditions revealed a 2.1 kb single-copy 
transcript as differentially expressed. The level of expression of this 
mRNA in the striatum and the prefrontal cortex was increased by 30% 
and 60% following acute and chronic administration of fhiphenazine, 
respectively. Genebank analysis revealed that this transcript has >90% 
homology with the CArG-binding protein gene isolated from muscle. 
The CArG-binding protein presumably suppresses the transcription of 
genes containing CArG-binding motifs, such as c-fos and zif268. 
Therefore, persistent up regulation of this gene in the striatum following 
chronic administration of neuroleptics may play an important role in the 
plasticity of signal transduction mechanisms and associated motor 
manifestations. [Supported by MRC Canada; Dept. of Psychiatry, UWO; 
and London Health Sciences Centre].

796.6
SIGNAL TRANSDUCTION PATHWAYS INVOLVED IN
TRANSCRIPTIONAL RESPONSES OF PRIMARY STRIATAL 
CULTURES TO HALOPERIDOL E.H. Chartoff. M.R, Adams, and D.M. 
Dorsa* Neurobiology and Behavior Program and Depts. of Pharmacology 
and Psychiatry, University of WA, Seattle, WA 98195.

The typical antipsychotic drug haloperidol, when administered to 
rodents, promotes transcription of the immediate early gene c-fos and the 
gene for the neuropeptide neurotensin in the dorsolateral striatum and the 
nucleus accumbens. Using mice which through genetic recombination are 
deficient in the RII(3 subunit of the enzyme PKA, our laboratory has 
demonstrated that this induction of gene expression in the striatum requires 
PKA. To pharmacologically dissect the intracellular signaling events that 
lead to neurotensin induction in the striatum as a result of dopamine D2 
receptor blockade, an in vitro primary striatal culture system has been 
developed in both rat and mouse. Transient transfection of a reporter gene 
construct consisting of the neurotensin promoter fused to the luciferase gene 
into both the primaries results in induction of luciferase activity following 
treatment with such agents as forskolin. Conditions involving dopamine 
addition were also established under which haloperidol induces transcription 
of the construct. We propose that signaling pathways in addition to cAMP- 
PKA may contribute to the transcriptional responses to haloperidol. Using 
the mouse striatal primaries, we have begun to assess the potential cross-talk 
between D2 and glutamatergic - mediated signaling. We have shown that 
the noncompetitive NMD A antagonist, MK-801, attenuates the response of 
the transfected NT-LUC construct to dopamine and haloperidol.
Endogenous levels of neurotensin mRNA in cultures treated with haloperidol 
and glutamate or glutamate antagonists are currently being measured using 
RNAse protection assays. Supported by a NARSAD Distinguished 
Investigator Award and UNCF Merck Fellowship.
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796.7
a 9-tetrahydrocannabinol  INCREASES AP-1 binding  
ACTIVITY IN THE RAT BRAIN. A, Porcella, G.L. Gessa # and 
L, Pani # * “B.B. Brodie” Department of Neuroscience and #Center 
for Neuropharmacology, CNR. University of Cagliari, via Porcell, 4, 
09124-1 Cagliari, Italy.

Delta-9-tetrahydrocannabinol (A9-THC), the psychoactive principle 
of marijuana, has been shown to upregulate the mRNA levels of 
immediate-early genes in the rat brain. Using electrophoretic mobility- 
shift assay, we here report that A9-THC increases Activator Protein-1 
(AP-1) binding in the rat brain. One hour after the intraperitoneal 
administration of A9-THC at a dose of 5 to 15 mg/ml, AP-1 binding 
activity in the nucleus accumbens increased by 33% to 49%, in a dose 
related manner. In the cingulate cortex and caudate-putamen, A9- 
THC significantly increased AP-1 binding activity only at the highest 
dose used (57% and 71% respectively). The effect of A9-THC in the 
nucleus accumbens was suppressed by the specific cannabinoid 
antagonist SR141716A (3 mg/kg i.p.). A9-THC failed to modify 
Specificity protein 1 (Spl) binding activity. The results indicate that 
A9-THC activates gene coding for AP-1 binding proteins by an action 
on cannabinoid receptors, and suggest that this mechanism might be 
involved in the central action of cannabinoids. (Funded by MURST and 
CNR, Italy)

796.8
REGULATION OF TYROSINE HYDROXYLASE PROMOTER ACTIVITY BY 
CHRONIC MORPHINE AND COCAINE IN TH9.0LACZ TRANSGENIC MICE.
V. A, Boundv*, J. S. Chen, J. H. Son1, T, H. J oh1, and E. J. Nestler. Laboratory of 
Molecular Psychiatry, Depts. of Psychiatry and Pharmacology, Yale University 
School of Medicine, New Haven, CT 06508 and ^Laboratory of Molecular 
Neurobiology, Cornell University Medical Center, White Plains, NY 10605.

Pharmacological and behavioral studies have implicated the locus coeruleus (LC) in 
physical aspects of drug dependence and withdrawal and the mesolimbic dopamine 
pathway in drug reinforcement and reward. In the LC, chronic morphine treatment 
results in upregulation of the cAMP pathway including increases in levels of adenylyl 
cyclase and cAMP-dependent protein kinase. There is also an increase in levels of 
tyrosine hydroxylase (TH) immunoreactivity and mRNA in the LC following chronic 
morphine. In contrast, no changes to the cAMP pathway are observed in mesolimbic 
dopamine neurons located in the ventral tegmental area (VTA) following chronic 
morphine or cocaine. There is an increase in TH immunoreactivity in the VTA, 
however, along with a decrease in the level of neurofilaments and axonal transport to 
forebrain projection areas. In an effort to further understand the mechanisms 
underlying these changes in TH levels in the LC and VTA, we utilized transgenic mice 
which have the LacZ reporter gene under the control of 9.0 kb of the TH promoter. 
These TH9.0LacZ mice have been shown to have both appropriate expression of the 
reporter gene and cell-type specific functional regulation of this expression (Min et al, 
J. Neurochem. 67:11-18, 1996). Following chronic exposure to morphine, we found 
that the expression of 6-galactosidase in the LC of the TH9.0LacZ mice increases by 
>2-fold over sham control mice. In contrast, the expression of 6-galactosidase in the 
VTA was decreased by -20% below control levels. Thus, chronic morphine seems to 
upregulate TH via transcriptional mechanisms in the LC, but by post-transcriptional 
mechanisms in the VTA. We are currently investigating the effects of chronic cocaine 
on 6-galactosidase expression in the TH9.0LacZ transgenic mice. (USPHS DA 
07290 and 08227.)

796.9
ISOLATION OF MOOD STABILIZER VALPROATE REGULATED GENES 
IN RAT BRAIN. J.F. Wanq* and L.T. Young. Departments of Psychiatry 
and Biomedical Science, McMaster University, Hamilton Ontario, Canada, 
L8N 3Z5.

Bipolar disorder (BD) is a common psychiatric disorder, affecting 1.5% 
of the population, in which the specific pathophysiological mechanism is 
not yet clear. Valproate is one of the most effective agents used in treating
BD. However, the mechanism of its therapeutic action in this disorder is 
poorly understood. Chronic treatment with valproate is required for a 
lasting therapeutic response, and further long-term changes in neuronal 
synaptic function are related to induction of gene expression. We 
therefore, set out to study the effects of valproate on central nervous 
system gene expression. In the current study, we isolated several DNA 
fragments of candidate valproate regulated genes by using mRNA 
differential display PCR in rat brain. Total RNA samples were isolated 
from rat brain cortex after treatment with a therapeutically relevant dose 
(300 mg/kg, i.p.) of sodium valproate for three weeks. The RNA samples 
were reverse transcribed with three sets of different anchored oligo-dT 
(oligo-dTG, oligo-dTA and oligo-dTC). The resulting cDNA was PCR- 
amplified using an anchored oligo-dT primer, an arbitrary decamer and 
35S-dATP. These products were reamplified with the same primers and 
cloned. Six candidate genes were isolated and verified by Northern blot 
analysis. We will further characterize these candidate genes by 
sequencing and cDNA library screen. These preliminary results strongly 
suggest that valproate can regulate gene expression which may be 
relevant to its action in BD.

This study was supported by grants from Abott Laboratories (L.T.Y), 
NARSAD (L.T.Y) and a research fellowship from Canadian Psychiatric 
Research Foundation (J.F.W).

796.10
INCREASE IN THE EXPRESSION OF AP-1 REGULATED GENES 
IN BRAIN BY THE MOOD STABILIZING AGENTS LITHIUM 
AND VALPROIC ACID. P.X. Yuan, G, Chen, J.G. Granneman* and H.K. 
Manji. Schizophrenia and Mood Disorders Clinical Research Division, Dept. of 
Psychiatry & Behavioral Neurosciences, Wayne State Univ. Sch. of Med., Detroit, 
MI 48201

Lithium (Li) and Valproic acid (VPA) are widely used, clinically effective 
antimanic and mood-stabilizing agents, but despite extensive research, their 
molecular mechanisms remain to be elucidated. Our earlier in vivo and in vitro 
studies have demonstrated that both Li and VPA regulate protein kinase C (PKC) 
isozymes, as well as major down stream targets of the PKC signaling pathway, 
including the AP-1 family of transcription factors. Our in vitro studies have shown 
that both Li and VPA increase the expression of a reporter gene driven by an AP-1 
containing promoter/enhancer, and further that mutations on the AP-1 sites 
attenuated both Li and VPA effects. These data suggest that Li and VPA may 
produce long-term effects on neuroplasticity and neuronal excitability through 
transcriptional mechanisms. To investigate if Li and VPA increase the expression 
of genes regulated by AP-1 in vivo, we used quantitative RT-PCR and a panel of 
PCR primers for the specific amplification of targeted cDNAs (using p-actin as the 
reference standard). Rats were treated with Li or VPA for 5 days by i.p. injections. 
Among the genes examined, Li and VPA both markedly increased tyrosine 
hydroxylase and prodynorphin expression. The data suggest that when administered 
in a therapeutically relevant paradigm, Li and VPA enhance the expression of some 
AP-1 regulated genes relatively selectively, and further that for other genes, 
increased AP-1 DNA binding activity is not sufficient to significantly increase their 
expression. Together, the data suggest that the common effects of these two 
structurally dissimilar mood stabilizing agents on AP-1 may play a critical role in 
the coordinated regulation of the expression of subsets of genes in the CNS, and are 
worthy of further study.
SUPPORT: Joe Young Senior Research Fund

796.11
GEPHYRIN AND ETO mRNA LEVELS ARE DIFFERENTIALLY 

AFFECTED BY LITHIUM TREATMENT
Q^G _Iko.no mov*, W.Z, Zeng, A, Jiang, G. Chen, H,K... ...Manji

Dept. Psychiatry, Wayne State University School of 
Medicine, 2135 Scott Hall, 540 E. Canfield, Detroit, MI 48202

Chronic lithium (Li) therapy is effective in the clinical 
management of acute or recurrent episodes of bipolar 
disorder or depression. The detailed molecular mechanisms 
of Li action remain unknown. Chronic Li may selectively 
affect the transcriptional and/or postranslational 
regulation of target genes via alterations in PKC alpha 
activity. To identify potential Li target genes we quantified 
the mRNA levels of gephyrin and ETO - two genes markedly 
upregulated in the course of neuronal differentiation and 
implicated in postsynaptic glycine receptor clustering and 
acute myeloid leukemia, respectively.

In the frontal cortex of 5-week Li-treated rats with down 
regulated PKC alpha activity, gephyrin mRNA levels were 
reduced whereas ETO mRNA was induced from undetectable 
levels in the saline-treated controls. Both genes are 
expressed in human neuroblastoma-derived SY5Y cells and 
studies of the acute and chronic Li effects on their 
expression are underway.

In summary, Li treatment affects the mRNA levels of two 
highly evolutionary conserved genes that are upregulated 
during neuronal differentiation. Supported by Joe Young 
Senior Research Fund

796.12
A NEW COMMON TRANSCRIPTIONAL TARGET FOR THE 
MOOD-STABILIZING AGENTS LITHIUM AND VALPROIC 
ACID. H.K. Manii*, W. Z. Zeng. L. D. Huang, O.C. Ikonomov and 
G, Chen. Schizophrenia and Mood Disorders Clinical Research Division, Dept. 
of Psychiatry & Behavioral Neurosciences, Wayne State Univ. Sch. of Med., 
Detroit, MI 48201

Although lithium (Li) and valproic acid (VPA) are clinically effective antimanic 
and mood-stabilizing agents, their therapeutic effects are only observed after chronic 
(days or weeks) treatment. Such delayed effects suggest that the therapeutic effects 
may be modulated by the long-term modulation of gene expression. We have been 
using mRNA RT-PCR differential display (DD) as a screening method to identify 
genes, regulated in concert by these two structurally dissimilar agents, when 
administered in a therapeutically relevant paradigm. Using mRNA DD we found a 
cDNA fragment whose expression was markedly increased in the cortices of chronic 
(5 week) Li or VPA treated rats compared to saline treated rats. A BLAST search 
revealed that this cDNA has very high sequence homology to a mouse transcription 
factor: polyomavirus enhancer-binding protein 2 (PEBP2) (3 subunit (also known 
as core-binding factor (CBF) [3 and acute myelogenous leukemia 1 (AML1) (3). To 
determine if these effects also occur in human tissue and, if any increases in 
mRNA levels have any functional significance, we performed an in vitro study 
using human neuroblastoma SY5Y cells. In these cells, Li and VPA at 
therapeutically relevant concentrations significantly upregulated not only the levels 
of PEBP2 (3 mRNA, but also significantly increased the DNA binding activity to 
this transcription factor consensus element. In view of PEBP2's important role in 
neuronal development and apoptosis, the effects of Li and VPA on PEBP2 and 
PEBP2 regulated genes may play a role in the therapeutic effects of these agents. 

SUPPORT: Joe Young Senior Research Fund
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796.13
DIURNAL EXPRESSION OF MELATONIN ML1A RECEPTOR mRNA IN 
THE SON. J.M. Neu and L.P. Niles*. Department of Biomedical 
Sciences, McMaster University, Hamilton, ON, Canada L8N 3Z5.

Binding studies have indicated the presence of a marked diurnal 
rhythm in the density of melatonin ML1A receptors in the rat 
suprachiasmatic nucleus (SCN). In order to determine whether the 
MEL1A transcript exhibits a similar rhythmicity, we have used a reverse 
transcriptase-polymerase chain reaction (RT-PCR) procedure to 
examine melatonin ML1A receptor mRNA levels over the 24-hour cycle.

Male Sprague Dawley rats were maintained under a 12L:12D light- 
dark cycle, with lights on from 0800-2000 hours. Animals were 
decapitated and total RNA was isolated from basal hypothalami. cDNA 
was produced using a Superscript II reverse transcriptase kit (Gibco 
BRL). Transcript amplification was carried out with primers based on 
a previously reported partial rat ML1A receptor clone. Co-amplification 
of p-actin was carried out to control for variations in cDNA synthesis,
and the product density ratios of ML1A/p-actin determined.

A marked diurnal rhythm in ML1A receptor mRNA levels was found 
with maximal expression at 1300-1500 hours. Comparison with high- 
affinity 2-[125l]iodomelatonin binding revealed a lag of about 3-4 hours 
between peak ML1A mRNA levels and maximal receptor binding. The 
rapid decrease in ML1A receptor mRNA levels from 1500-1800 hours 
presumably accounts for the similar decline in binding late in the light 
phase or at the light-dark transition, when melatonin levels are still low. 
This is consistent with the view that in addition to melatonin, other 
agents are involved in regulating the ML1A receptor rhythm in the SCN 
(Supported by a NSERC (Canada) Strategic Grant).

796.14
ALTERATIONS IN TRANSCRIPTION FACTOR BINDING ACTIVITIES IN A 
RAT FOCAL CEREBRAL ISCHEMIA MODEL. M, Ishive. J.Sharkey and 
S.P.Butcher*. Fujisawa Institute of Neuroscience, University of Edinburgh, 
Edinburgh, EH8 9JZ, UK

Several transcription factors are activated following acute cerebral ischemia, a 
response that may contribute to neuronal death or survival. In this study, we 
examined changes in the activities (EMSA methods) of four transcription factors, 
AP-1, CREB, NF-k B and heat shock factor (HSF), in the rat cerebral cortex in 
response to focal ischemia produced by endothelin-1 mediated middle cerebral 
artery occlusion (MCAO) (Sharkey and Butcher, 1994). Accumulation of fodrin 
breakdown products, an index of ischemic neuronal degeneration, was detected in 
cortical samples ipsilateral to the injury site. In ipsilateral cortex, AP-1 and HSF 
binding activities increased 4-20 fold from 3 to 24 h, and 2-4 fold from 3 to 12 h, 
respectively after MCAO compared with control rats. In contrast, NF-k B binding 
activity increased 2-4.5 fold from 3 h after MCAO and remained elevated until 72 h 
after MCAO. CREB binding activity increased bilaterally 2-3.5 fold from 3 to 24 h 
after MCAO and then declined. Interestingly, AP-1 binding activity increased 7-13 
fold in contralateral cortex 1-12 h after MCAO. These results indicate that 
transcription factor activity is differentially regulated in response to an ischemic 
insult. Changes of AP-1, HSF and NF-k B binding activities in ipsilateral cortex 
may reflect oxidative stress or an inflammatory response to the degenerated tissue. 
The cause of the contralateral increase of both CREB and AP-1 binding activity in 
this model remains to be elucidated.
Sharkey J. and Butcher S.P., Nature 371. 336-339 (1994)

796.15
EXPRESSION OF NITRIC OXIDE SYNTHASE IN MOTONEURONS OF 
CRANIAL NERVES FOLLOWING AXONAL TRANSPORT BLOCKAGE.
W.H.A. Yu*. Department of Cell Biology & Anatomical Sciences, City University 
of New York Medical School, New York, NY 10031.

A variety of central and peripheral neurons which normally do not express 
nitric oxide synthase (NOS) or express it at very low levels would express the 
enzyme following axotomy. Postsynaptic targets have been implicated to negatively 
regulate NOS possibly via retrogradely transported signals. Accumulated evidence 
indicates that postsynaptic targets may not be the sole source of regulatory 
signals. This study examines whether disruption of axonal transport without 
physically disconnecting neurons from the targets would induce NOS. A segment 
of the right hypoglossal and vagus nerves of adult rats were exposed, and cotton 
pledges presoaked with 0.15 mM vinblastine in saline were applied to the nerves 
for 20 min. The nerves were rinsed with saline and the skin was closed with 
wound clips. Unilateral transection of the hypoglossal and vagus nerves or sham 
operation served as controls. At 1 and 6 wks postoperation, animals were 
processed for visualization of NOS by NADPH-diaphorase histochemistry and 
immunocytochemistry. Nerve transection as well as transport blockage induced 
NOS expression in neurons of the ipsilateral hypoglossal nucleus and the dorsal 
motor nucleus of the vagus.. However, the number of NOS-positive neurons in 
vinblastine-treated animals was about two-fold greater than those subjected to 
axotomy. These data suggest that axonal transport conveys to neurons NOS 
regulatory signals which were not derived exclusively from postsynaptic targets. 
Thus, axotomy interrupts only the target-derived regulatory signals, whereas 
transport blockage includes those originated elsewhere, thereby resulting in a 
greater magnitude of NOS induction. This is consistent with the notion that 
axonal ensheathing cells, most likely Schwann cells, are involved in regulation of 
NOS in neurons. Supported by PSC-CUNY Research Award #667240

HYPOTHALAMIC-PITUITARY-ADRENAL REGULATION V

797.1
ACTIVATION OF DORSOMEDIAL HYPOTHALAMUS (DMH) 
INCREASES PLASMA ACTH AND HEART RATE IN CONSCIOUS 
RATS. T. Bailey, S. M. Morin, and J. A. DiMicco* Dept of Pharmacol. & 
Toxicol., Indiana Univ. Sch. of Med., Indianapolis, IN 46202.

Our previous studies suggest that stress-induced cardiovascular changes 
are a consequence of activation of neurons in the DMH and not in the 
nearby paraventricular nucleus (PVN). A neuroendocrine hallmark of the 
response to stress is increased plasma ACTH. Inhibition of neural activity in 
either the DMH or PVN attenuates air stress-induced increases in plasma 
ACTH. We propose that stress-induced activation of the DMH triggers 
increases in plasma ACTH. Here, we compared the effects of chemical 
stimulation of the PVN and the DMH on heart rate (HR), blood pressure (BP), 
and plasma ACTH in conscious rats. Guide cannulae were implanted into 
either the PVN (n=10 rats) or the DMH (n=10). Each rat then received a 
microinjection of saline vehicle (SAL, 100 nl) and kainate (KA, 1 or 3 pmol) 
and/or bicuculline methiodide (BMI, 10 pmol). Baseline parameters were not 
significantly different prior to any treatment. Shown are mean increases 
+SEM over basal HR and BP (averaged over 10 min interval after treatment) 
and ACTH (sampled before and 10 min after treatment). *p<.05 compared to 
SAL; #p<.05 compared to both SAL and similar treatment in PVN.

SAL

n
PVN/DMH

10/10

ACTH
PVN
6+7

I (pg/ml) 
DMH

1 ±7

HR (bpm) BP (mmHg)
PVN

16±6
DMH

16 ± 11
PVN
3±3

DMH
5±3

BMI 8/10 19±9 142 ±19# 44±11 98 ±12# 13±2 16 ±2’
KA 1 8/8 15±6 48 ±19* 12±7 76 ±5# 3±3 10±4
KA 3 6/4 25 ±7 115 ±49# 29 ±12 109 ±24# 13±5 23 ±5*
Thus, site-specific activation or disinhibition of the DMH produces stress-
like changes in HR and ACTH, providing further evidence for a central role 
of the DMH in hypothalamic control of autonomic and neuroendocrine 
responses to stress. (Supported by USPHS Grant NS 19883)

797.2
CENTRAL PATHWAY-SPECIFIC ACTIVATION OF HYPOTHALAMIC 
CRF NEURONS IN NEONATAL RATS. Linda Rinaman*. Department of 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

Different experimental treatments activate the hypothalamic-pituitary- 
adrenal axis via distinct central neural pathways in adult rats. For example, 
pituitary release of ACTH after systemic cholecystokinin-8 (CCK) depends 
on vagally-mediated stimulation of noradrenergic inputs to 
tuberoinfundibular CRF neurons, whereas CRF stimulation and ACTH 
release after acute experimental hypernatremia occurs independent of 
ascending noradrenergic pathways. The present study examined whether 
CCK treatment or acute hypernatremia activates hypothalamic CRF neurons 
in neonatal rats. Sprague-Dawley rats aged Pl to P15 were given CCK 
(O.lgg/lOg bw; i.p.) or were made hypernatremic with 1M NaCl (O.lml/lOg 
bw; s.c.). Control rats received 0.15M NaCl (i.p. or s.c.). Rats were perfused 
with fixative 90 min after treatment. Double labeling immunocytochemistry 
was used to localize nuclear cFos protein expression (a marker for treatment- 
activated neurons) in DpH-positive (nor/adrenergic) hindbrain neurons and 
in CRF-positive hypothalamic neurons. In pups as young as Pl, CCK 
treatment activated 20-40% of hindbrain A1/A2 neurons (as in adult rats), 
whereas hypothalamic CRF neurons were not activated by CCK treatment 
until the second postnatal week of development. Conversely, acute 
hypernatremia consistently activated hypothalamic CRF neurons at Pl and 
later. Many other stimuli that cause ACTH release in adult rats do so in an 
attenuated manner (or not at all) in neonatal rats during the so-called "stress- 
hyporesponsive period". The present data suggest that neonatal 
hyporesponsitivity to stress stimuli is a central pathway-specific 
phenomenon that may be partly due to functional immaturity of ascending 
noradrenergic inputs to hypothalamic CRF neurons. NIH grant #MH01208.
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797.3
LESIONS OF THE LATERAL NUCLEUS OF THE AMYGDALA BUT NOT OF 
THE AUDITORY CORTEX SPECIFICALLY ATTENUATE CORTICOSTERONE 
RELEASE TO LOUD NOISE STRESS IN RATS. S. Campeau*, H. Akit and S,J, 
Watson. Mental Health Research Institute, University of Michigan, Ann Arbor, MI 
48109.

Loud noise elicits the release of corticosterone and the induction of the immediate 
early gene c-fos in many areas of the rat forebrain. We have demonstrated previously 
that lesions of the auditory thalamus specifically block corticosterone release and the 
induction of c-fos mRNA in several forebrain areas associated with loud noise 
exposure. The present study was aimed at testing the involvement of two major 
efferent targets of the auditory thalamus, namely, the lateral nucleus of the amygdala 
and the auditory cortex, in the release of corticosterone to loud noise stress.

Male Sprague-Dawley rats (n = 27) received either neurotoxic (ibotenic acid) lesions 
aimed at the lateral nucleus of the amygdala (n = 8) or the auditory cortex (n = 6), 
sham lesions (n = 6) or were unoperated (n = 4). Three rats served as naive controls. 
All rats except the naives were handled for 2 min and placed in the experimental cages 
for 10 min on each of 14 consecutive days following surgery. On Day 15, the rats 
were placed in the cages for 60 min, and a 105 dBA noise (20 - 20000 Hz) was turned 
on for the last 30 min. The rats were decapitated immediately upon removal from the 
cages, their trunk blood collected and processed for corticosterone radioimmunoassay. 
The brains were rapidly removed, frozen, and processed for c-fos in situ hybridization.

Loud noise produced a reliable increase in plasma corticosterone in the unoperated 
(18.5 ± 4.8 jxg/dl +SEM), sham-operated (13.6 + 3.4) and auditory cortex lesioned 
rats (14.2 + 3.2), but not in rats sustaining at least 50% cell loss bilaterally in the 
lateral nucleus of the amygdala (n = 5; 5.4 ± 1.6). Loud noise induced c-fos mRNA in 
many lorebrain areas of all the groups, except for the rats sustaining lateral amygdala 
lesions. Restraint and ether stress elicited similar corticosterone release in all groups. 
These results suggest that the lateral nucleus of the amygdala is a relay in the circuit 
involved in the release of corticosterone by loud noise. Supported by MRC of Canada 
and MH42251.

797.4
EVIDENCE FOR AN AUTONOMIC CONTRIBUTION TO GLUCO-
CORTICOID RESPONSES. Victor M. Wiegant*1)2), Ana Olariu0, Gerda 
Croiset0 and Adrian J. Punn3). ’Rudolf Magnus Institute for Neurosciences, 
Utrecht University, P.O. Box 80040, 3508 TA Utrecht; 2) Dept. of Human and 
Animal Physiology, Agricultural University, 6709 PJ Wageningen, The 
Netherlands; 3)Dept. of Pharmacology, LSU Medical Center, Shreveport LA 
71130-3932 USA.

Although studies of adrenal glucocorticoid secretion have focussed on the 
role of ACTH, some evidence suggests a role for the autonomic nervous system 
(ANS). We have studied the responses of plasma concentrations of ACTH and 
corticosterone to intracerebroventricular (icv) injection of corticotropin releasing 
hormone (CRH) or novelty after pretreatment with saline (SAL) or with 
chlorisondamine (CHL), a ganglionic blocking agent. Because CHL alone 
elevates plasma concentrations of ACTH and corticosterone, we used a low dose 
(250 /zg/kg iv) after which concentrations returned to baseline within 2 h. Rats 
were pretreated with CHL at this dose which was shown to prevent nicotinic 
agonist-induced increases in blood pressure for at least 3 h. Rats injected icv with 
2 /zg CRH 2 h after SAL pretreatment showed the expected increases in plasma 
ACTH and corticosterone. However, CHL pretreatment attenuated the 
corticosterone response but not that of ACTH. Furthermore, when rats were 
exposed to novelty, CHL was found to attenuate the subsequent increases in 
plasma norepinephrine and epinephrine, as well as that of plasma corticosterone, 
but not that of ACTH. These results suggest that the ANS and/or the adrenal 
medulla contribute to the icv CRH- and novelty-induced activations of adreno-
cortical secretion.

Ana Olariu was on leave of absence from Dept. of Animal Physiology, Iasi, 
Rumania, and supported by the Stichting Pharmacologisch Studiefonds, Utrecht.

797.5
THE ROLE OF MUSCARINIC AND NICOTINIC RECEPTORS IN 
INTERLEUKIN-2-INDUCED CORTICOTROPIN-RELEASING HORMONE 
RELEASE. S. Karanth and S.M. McCann*. Pennington Biomedical Research Center 
(LSU), Baton Rouge. LA 70808-4124.

In previous work, we found that interleukin-2 (IL-2) induced-corticotropin-
releasing hormone (CRH) release in vitro is mediated by muscarinic cholinergic 
activation of nitric oxidergic (NOergic) neurons which release NO that stimulates 
CRH release. To further characterize the mechanism of IL-2-induced CRH release, 
we evaluated the possible role of nicotinic as well as muscarinic receptors in IL-2- 
stimulated CRH release. Mediobasal hypothalami (MBH) from adult male rats were 
preincubated in Krebs-Ringer Bicarbonate buffer (KRB) for 45 min and incubated for 
an additional 30 min in KRB with the addition of various agents. As previously 
reported, acetyl choline (ACH) stimulated CRH release in a dose-related fashion. IL- 
2 (10'13M) stimulation of CRH release was unaffected by the lower concentration of 
ACH (10'7M), but was inhibited by a 100-fold higher concentration. As previously 
reported, atropine (ATR) (10"7M) blocked CRH release induced by ACH (10'7M) and 
ATR also completely blocked the release of CRH induced by IL-2. The cholinergic 
agonist carbachol (CAR) (10"7M) also released CRH and this action was blocked by 
ATR (10‘7M). CRH was lowered below basal when the dose of ATR was increased 
to 10'bM. CAR had an additive effect to release CRH when combined with IL-2 
(10'i3M). Nicotine (10'7M) also stimulated CRH release and this stimulation was 
completely blocked by 106M, but not 10'7M hexamethonium (HEX). The lower 
concentration blocked the stimulatory effect of ACH (10'7M) and IL-2. Combined 
blockade with ATR, plus HEX, completely blocked the action of ACH and even 
reduced the CRH level to below basal values, whereas combined blockade completely 
blocked the release of CRF-induced by IL-2. We conclude that nicotinic as well as 
muscarinic receptors play an important role in CRH release, and that they both act to 
mediate lL-2-stimulated CRH release. (NIH grants DK43900 and MH51853).

797.6
ALTERED CENTRAL EXPRESSION OF IL-6 AND IL-lp IN 
RESPONSE TO LPS DURING THE STRESS HYPO-RESPONSIVE 
PERIOD IN THE DEVELOPING RAT. N.Wood. P, Perks. M.G, 
T$r^zj*JLL. Lightman, N. Shanks. Depts of Anatomy and Medicine, 
University of Bristol, Bristol UK, BS2 8HW

Corticosterone responses to stress are dampened during the first and 
second postnatal week and this is generally referred to as the "stress 
hyporesponsive period" (SHRP). While potent stimuli such as endotoxin 
(LPS) can elicit hypothalamic-pituitary-adrenal (HPA) activity during the 
SHRP, rat pups of this age are particularly susceptible to sepsis and this 
may reflect altered neuroendocrine-immune regulation during 
development. We are currently investigating whether central expression of 
proinflammatory cytokines is dependent on HPA status and whether 
perturbations in central proinflammatory cytokine expression during the 
SHRP alters HPA regulation. Rat pups (days 3, 5,10, 15) were injected 
with endotoxin (salmonella enteritidis, 50pg/kg, ip) and sacrificed at 1,3 
and 5hrs postinjection. Hippocampus and hypothalamus levels of 
Interleukin-6 (IL-6) and Interleukin-lp (IL-1 p) were determined using 
competitive rtPCR and plasma corticosterone levels assessed using 
radioimmunoassay. Plasma corticosterone responses to LPS were 
significantly lower and hypothalamic DL-6 responses significantly higher 
in Day 10 rat pups compared to the other age groups. Hypothalamic IL-1, 
hippocampal IL-16 and IL-6 levels were all elevated in response to LPS, 
with greater IL-6 elevations evident in male pups of both ages. These data 
suggest that during the SHRP, hypothalamic cytokine expression in 
response to LPS may be dependent on, and does not appear to effectively 
drive peripheral corticosterone responses.
Supported by The Wellcome Trust and U. of Bristol Health Trust

797.7
EFFECT OF OVARIAN STEROIDS ON THE STRESS-INDUCED ACTIVATION 
OF THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS AND PROLACTIN 
SECRETION IN THE RHESUS MONKEY. B, E, Roy, L. E. Heisler. R. L. Reid, 
and D, A, Van Vugt*. Departments of Obstetrics & Gynecology and Physiology, 
Queen's University, Kingston, Ontario K7L 3N6.

Estrogen is known to sensitize the hypothalamic-gonadotroph axis to the inhibitory 
effects of stress. The present study examined the effect of ovarian steroids on stress 
induced stimulation of the hypothalamic-pituitary-adrenal axis and prolactin (PRL) 
secretion in female rhesus monkeys. Rhesus monkeys in the follicular or luteal phase 
or ovariectomized monkeys were acutely exposed to restraint (primate chair) or 
hypoglycemia (1 unit insulin/kg bw). Restraint markedly increased Prl secretion 
during the luteal phase of the menstrual cycle, but had no affect on Prl secretion in 
monkeys in the follicular phase or monkeys that were ovariectomized. The Prl 
response to restraint expressed as area under the curve increased from a basal level of 
33 ± 4 to 62 ± 9 ng/ml in the luteal phase compared to 29 ± 6 and 18 + 5 ng/ml in 
follicular phase and ovariectomized monkeys respectively. In contrast to Prl, the 
cortisol response to restraint was not different in ovary intact monkeys compared to 
ovariectomized monkeys. Restraint increased cortisol levels from 13.8 ± 0.8 to 36.7 
± 3.5 gg/dl and from 10.9 + 0.9 to 33.5 ± 3.8 /ig/dl (intact and ovariectomized 
respectively). Hypoglycemia transiently increased Prl levels from a mean baseline of
5.8 ± 0.9 ng/ml to 12.1 ±2.1 ng/ml at 60 minutes in ovary intact monkeys 
regardless of the menstrual phase. As with restraint, hypoglycemia did not stimulate 
Prl in ovariectomized monkeys (basal =7.8 ± 1.7; 60 minutes post-insulin = 6.3 +
1.3 ng/ml). Hypoglycemia-induced cortisol secretion was similar in both intact and 
ovariectomized monkeys. These result show that stress-induced Prl secretion but not 
cortisol secretion is modified by ovarian factors. Further studies are required to 
determine if tliis dissociation results from an effect of ovarian steroids at the level of 
the hypothalamus or lactotroph. (This work was supported by the MRC of Canada).

797.8
GLUCOCORTICOID NEGATIVE FEEDBACK IS EXERTED SELECTIVELY ON 
VASOPRESSIN GENE TRANSCRIPTION IN PARVOCELLULAR NEURO-
SECRETORY NEURONS. K.J. Kovac&nd P.E. Sawchenko. The Salk Inst., La Jolla 
CA 92037 and Inst. Experimental Medicine, Budapest, Hungary.

Despite intense study, there remain uncertainties as to how basal and stress-induced 
corticosterone (Cort) secretion negatively regulates genes encoding ACTH co- 
secretagogues. To address this issue, we compared the timing of ether stress-induced 
CRF and AVP hnRNA responses in the parvocellular paraventricular nucleus of rats 
that were intact, adrenalectomized (ADX), or ADX and replaced with constant-release 
pellets designed to mimic basal AM, basal PM or peak stress levels of Cort. Results in 
intact animals were compatible with previous findings, with CRF and AVP intronic 
expression peaking 5 min and 2 hr, respectively after stress. ADX rats showed 
elevated basal CRF hnRNA, but the timing of the rise, peak and decay of the response 
to stress was similar to those of intact rats. ADX animals replaced with Cort displayed 
dose-related decrements in the magnitude, but not the timing, of the CRF hnRNA 
response. The AVP intronic responses to these maneuvers were more dramatic, with 
ADX rats showing increased basal and peak responses, and, in addition, a shift in 
timing of peak response to 5-30 min post-stress. Increasing levels of Cort replacement 
yielded progressive decrements in the magnitude of basal and peak responses 
accompanied at lower doses by acceleration of the response. With respect to 
transcription factors implicated in these effects, manipulation of Cort status did not 
affect the early CREB phosphorylation seen at 5-30 min after stress. By contrast, 
steroid withdrawal advanced the time of maximal Fos induction from 2 hr post-stress 
(intact) to 1 hr (ADX). These data fail to support negative feedback effects of Cort on 
CRF hnRNA expression. Steroid dependent variations in the dynamics of the AVP 
hnRNA response suggest that the long latency to respond under normal conditions 
depends on the stress-induced rise in Cort (at 15-30 min) possibly by interactions with 
transcription factors encoded by immediate-early genes, (suported by HHMI&NS-21182)
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797.9
Noradrenergic regulation of the adrenocortical axis is altered during 
lactation in the rat. Donna J. Toufexis and C-Dominique Walker.* Dept of 
Psychiatry & Neurology and Neurosurgery, McGill University, Douglas 
Hospital-Research Center, Montreal, Canada.

Lactation brings about a set of distinct physiological adaptations 
including metabolic, behavioral and neuroendocrine changes to ensure 
successful interaction with the young. Lactation-induced changes in the 
hypothalamic-pituitary-adrenal (HPA) axis include elevated basal trough 
glucocorticoid levels and blunted ACTH and corticosterone (B) responses to 
stress. We previously showed that in vivo PVN norepinephrine (NEPI) 
secretion was decreased during lactation as was the activity of NEPI 
afferents to the PVN. Here, we compared the effects of NEPI a-1, and a-2 
receptor antagonists (corynanthine and idazoxan, respectively) and agonists 
(clonidine) on the acute stress response between lactating and virgin female 
rats in vivo. Intracerebroventricular (ICV) injection of idazoxan significantly 
increased ACTH and B stress response in virgin females, but had the 
opposite effect in lactating females. In contrast, corynanthine significantly 
decreased the ACTH response to stress in virgin, but not in lactating females. 
ICV injection of the a-2 receptor agonist clonidine resulted in a trend towards 
suppression of the ACTH response in both lactating and virgin animals.
These data indicate that the ability of PVN parvicellular neurons to respond to 
changes in synaptic NEPI levels is altered during lactation, and that part of 
these alterations can be explained by changes in receptor function and/or 
affinity for their endogenous ligand. (Supported by MRCCanada)

797.10
EFFECTS OF MALIGNANT HYPERTHERMIA ON BASAL AND STRESS 
INDUCED PLASMA CORTISOL AND ACTH IN BOARS: RELATIONSHIP TO 
BRAIN GLUCOCORTICOID RECEPTOR LEVELS. S.A. Weaver1*. P. Lepage2,
A.L. Schaefer2. W.T. Dixon1. ‘Dept of Animal Sci., Univ of Alberta, Edmonton, AB, 
Canada T6G2P5.2Agriculture and Agri-food Canada, Lacombe, AB, Canada T4L 1W1.

Malignant hyperthermia (MH) in pigs results from a single nucleotide substitution 
in the DNA sequence for the skeletal ryanodine receptor(sRyR) (Fujii et al. 1991). It 
has been proposed that these animals may differ in hypothalamic-pituitary-adrenal 
function (HPA) (Geers et al. 1994). The current experiment assessed HPA function in 
boars heterozygous or negative for mutated sRyR. Basal samples were obtained at 6 
time points. A nose snare was used as a stressor and plasma was sampled prior to, 
during, and post-termination of the stressor. Dexamethasone (dex) (0.04 mg/kg) was 
injected iv and samples were obtained 1,2, and 3 hours post-injection. Boars were 
sacrificed and the pituitary, hypothalamus, frontal cortex, and hippocampus were 
collected and whole cell extracts were analyzed by western blotting for glucocorticoid 
receptor (GR) levels. Heterozygous boars had significantly lower basal plasma ACTH 
at 14:00 and 15:00 and plasma cortisol at 10:00,14:00,15:00, and 16:00. Cortisol 
stress response was significantly lower in heterozygous boars at 120 minutes post-
termination of stressor. No significant effects of genotype were detected for dex 
suppression on plasma ACTH and cortisol, or brain glucocorticoid receptor (GR) 
levels. Across genotypes hippocampal GR was negatively correlated to basal ACTH 
levels at 8:00 (r=0.60) and pituitary GR levels were negatively correlated to cortisol 
during dex suppression at 1 hour post injection (r=0.67). These data suggest a role of 
hippocampal GR in regulating early morning ACTH levels and pituitary GR in 
mediating the effect of dex on cortisol release in pigs. Differential drive may exist for 
basal ACTH release during trough periods between genotypes. (Supported by AARI 
andAPPDC)

797.11
THE PARAVENTRICULAR THALAMIC NUCLEUS (PVTh)
REGULATES HYPOTHALAMIC PITUITARY ADRENAL (HPA) 
ACTIVITY IN CHRONICALLY STRESSED ANIMALS: POTENTIAL 
MECHANISMS. S. Bhatnagar* S. Choi. A. Chu & M.F, Dallman. Dept. 
of Physiology, UCSF, San Francisco, CA, USA, 94143-0444.

We previously showed animals exposed to chronic, intermittent cold 
stress exhibited elevated circulating levels of ACTH and corticosterone 
(B) in response to a novel stressor, restraint. Using fos immunoreactivity, 
we identified the posterior subdivision of the PVTh as a potential site 
mediating these elevated responses. Moreover, lesions of the PVTh 
enhanced HPA responses to restraint in chronically stressed but not in 
control animals, suggesting that the PVTh inhibits stress-induced HPA 
activity only under conditions of prior stress. In the present study, we 
examined whether the abundant population of CCK-B receptors in the 
PVTh is involved in this effect. Adult, male rats were implanted with 
guide cannulae into the medial/posterior subdivision of the PVTh. 48 
hours following surgery, animals were either exposed to 7 days of chronic, 
intermittent cold (4h/day at 4°C; CHR) or left undisturbed (CTL). On 
the eighth day, all animals received injections (250nl) of either saline or 
the CCK-B receptor antagonist, PD135-158 (62.5ng). Animals were 
sampled via the tail vein prior to, and at 15, 30 and 60 min following 
onset of 30 min restraint. We found that injection of PD135-158 enhanced 
ACTH and B responses to restraint in CHR animals without altering 
responses in CTL animals. These findings are similar to what we 
observed following PVTh lesions, suggesting that CCK-B receptors may 
mediate the inhibitory effects of the PVTh on acute stress-induced 
activity. However, these mechanisms are only activated in animals 
with a prior stress history.
Supported by the Medical Research Council of Canada and DK28172.

797.12
ALTERATIONS IN HPA AXIS REGULATION INDUCED BY MATERNAL 
DEPRIVATION CAN BE REVERSED BY FEEDING AND STROKING. H.J.J. van 
Oers12 E.R de Kloet2 and S. Levine*11 Dept. of Psychology, Univ.of Delaware, Newark, DE 
19716-2577,U.S. A.: 2Div. of Medical Pharmacology, LACDR, Univ. of Leiden, P.O. Box 
9503,2300 RA Leiden, the Netherlands.

Maternal deprivation of neonatal rats for 24 hours has both immediate as well as 
persistent effects on hypothalamic-pituitary-adrenal (HPA) activity. Therefore it has been 
suggested that the HPA axis is regulated by some aspects of maternal behavior. The current 
experiments test the hypothesis that the altered HPA axis regulation of such maternally 
deprived neonatal rats can be reversed by mimicking maternal behavior during the time of 
separation.

Litters were depnved for 24 hours on pnd 11, during which time they were either i) 
left undisturbed, ii) three times manually stroked or iii) stroked and continuously fed (cheek 
cannulation). Testing for HPA responsiveness occurred immediately after the deprivation 
period or at pnd 20. Basal and stress-induced (saline injection) levels of both ACTH and 
CORT were determined using radioimmunoassays (RIA). Basal mRNA expression of 
mineralocorticoid receptors (MRs) and glucocorticoid receptors (GRs) were measured in 
brain sections with in situ hybridization.

The results for the 12-day-olds showed that, although ACTH levels were markedly 
low in all the stroked animals, only non-ted pups showed a robust increase in basal and stress- 
induced CORT. Feeding and stroking prevented the deprivation-induced decrease in GR 
mRNA expression in these pups.The 20-day-old rats showed that stroking prevented partially, 
and feeding and stroking completely the deprivation-induced persistent effects on ACTH and 
GR mRNA levels. In conclusion, maternal regulation of the infant’s HPA axis occurs at 
multiple levels: the immediate and persistent effects of maternal deprivation can be reversed 
by mimicking some aspects of maternal behavior during the time of deprivation.
Supported by NIMH grant MH 45006 to S.L.

797.13
NEONATAL TREATMENT WITH TESTOSTERONE OR ESTRADIOL 
ATTENUATES SOME EFFECTS OF NEONATAL GONADECTOMY ON 
THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS IN ADULT 
RATS. C.M. McCormick*, M.J. Sawyer, & S.M. Donohue, Dept .of 
Psychology, Neuroscience Program , Bates College, Lewiston. ME 04240.

Hypothalamic-pituitary-adrenal (HPA) function is influenced by 
circulating levels of sex steroids. In this study, we investigated effects of 
sex steroids in early development on adult HPA function. Male rats were 
either GDX on the first day of life (neoGDX) or sham-operated. Each of 
the two groups received either 250 pg testosterone propionate (TP), 10 pg 
estradiol benzoate (EB), or vehicle (.05 cc peanut oil) s.c. also on the first 
day. As adults, neoGDX groups were given TP in s.c. pellets for 14 days 
before stress-testing. All shams were gonadectomized (adultGDX) and also 
given replacement TP. HPA function was assessed by determining plasma 
corticosterone (CORT) levels prior to, and at intervals following, 20 min of 
restraint stress. ANOVA of the integrated plasma CORT levels over the 
entire experiment indicated an effect of hormone treatment , F(2,40) = 
4.96, p = .01: Rats treated with oil had higher integrated CORT levels than 
rats treated with TP or EB, who did not differ. The effect of neonatal 
surgery was not significant. The interaction of surgery and treatment was 
significant, F(2,40) = 4.12, p = .02: NeoGDX+oil had higher integrated 
CORT levels than all other groups. The lower integrated CORT levels of 
neoGDX+TP approached significance compared to adultGDX+TP (p =
.06) and adultGDX+oil (p = .07). There was no effect of neonatal 
hormone treatment on plasma CBG values, F(2,35) = 0.40, p = .67. 
NeoGDX rats had higher CBG levels than adultGDX rats, F( 1,35) = 8.08, p 
= .007. The interaction of surgery and treatment was not significant, F(2, 
35) = 2.16, p = .13. These data suggest that neonatal sex steroids influence 
the sensitivity of the HPA axis to sex steroids in adulthood, and thus, that 
they have organizational effects in addition to activational effects on HPA 
function. [Supported by a Maine EPSCoR grant].

797.14
HUMAN GLUCOCORTICOID FEEDBACK INHIBITION EXHIBITS AGING- 
RELATED IMPAIRMENT IN THE EVENING AS WELL AS THE MORNING. C.W. 
Wilkinson*, E.R, Peskind, E. A, Colasurdo, S. Murray, M. Wamble. & M.A. Raskind.
VA Puget Sound Health Care System & University of Washington, Seattle, WA 98108. 

Aging-related reductions in the responsiveness of the hypothalamic-pituitaiy-adrenal
(HPA) axis to glucocorticoid negative feedback have been demonstrated in rodents. In 
these studies, altered negative feedback has generally been demonstrated in the morning, 
at the nadir of the glucocorticoid circadian rhythm when feedback sensitivity in rats is 
greatest. We have recently shown aging- and gender-related declines in human 
glucocorticoid feedback inhibition measured in the morning, near the peak of the human 
diurnal rhythm {Neuroendocrinology 65:79-90, 1997). In order to confirm our earlier 
findings and to determine whether age- and gender-related changes in human feedback 
responsiveness are even greater near the nadir of the human glucocorticoid rhythm, we 
measured plasma ACTH responses to glucocorticoid feedback in the evening. Young 
(20-36 years old) and old (greater than 65 years old) male and female subjects were 
studied in two conditions. In one condition, metyrapone, which blocks the synthesis of 
cortisol from 11-deoxycortisol, was administered in two equal doses (750 mg p.o.) at 3 
hours and immediately before an infusion of cortisol (0.06 mg/kg/h) for 150 min. The 
remaining condition was a placebo condition. Plasma ACTH, p-endorphin, cortisol, 11- 
deoxycortisol, and corticosteroid-binding globulin were measured in samples taken at 15- 
min intervals for 240 min. Preliminary data from 6 young male and 5 old male subjects 
indicate significant group and time effects on plasma ACTH concentration by repeated 
measures ANOVA. The post-metyrapone baseline plasma ACTH concentrations of 
young male and old male subjects did not differ significantly, but during the cortisol 
infusion ACTH values of the young men declined significantly from this baseline 30 min 
before those of the old men. Cortisol levels during the infusion did not differ between 
groups. The results confirm our earlier finding of impaired glucocorticoid feedback 
regulation in older human subjects. Supported by the Department of Veterans Affairs.
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797.15
PITUITARY-ADRENAL ACTIVITY DURING LIFESPAN OF THE BROWN 
NORWAY RAT IS DIFFERENTIALLY AFFECTED BY EARLY LIFE EVENTS.
J.O. Workel*, M.S. Oitzl and E.R. de Kloet. Div. of Medical Pharmacology, LACDR, 
University of Leiden, P.O. Box 9503, 2300 RA Leiden, The Netherlands.

Aging of the HPA axis in albino rat strains is associated with increased 
glucocorticoid secretion. In contrast, corticosterone levels in the aged Brown Norway 
rat are low, despite its increased ACTH levels (Van Eekelen et al., J.Gerontol. 50A: 
B8-B89, 1995). Early maternal separation can alter HPA activity at adulthood and high 
age in albino strains, depending on time, duration and frequency of separation. We 
studied in one cohort of male Brown Norway rats the time course of maternal 
deprivation at day 3 for 24 hours (DEP) on pituitary-adrenal response to novelty at the 
age of 3, 12 and 24 months. In addition, Brown Norway rats separated from the dam 
for 15 min/day from days 7-11 (HAN) were studied for their response at 12 and 24 
months of age. Compared to their non-deprived controls (N-DEP), DEP rats displayed 
a decreased CORT response at 3 months, while ACTH levels were similar. At 12 
months, DEP rats displayed an increased and HAN rats a decreased CORT/ACTH 
ratio. At 24 months the differences between DEP and N-DEP disappeared, but the 
HAN group still displayed a decreased adrenocortical sensitivity, as shown by their 
increased ACTH and decreased CORT response compared to N-DEP. At all ages basal 
ACTH and CORT levels were not different between treatment groups. Moreover, we 
observed an age-related decrease of 138% in stress-induced CORT levels in the N-DEP 
rats. In contrast, early maternal separation resulted in opposite effects: HAN resulted 
in a more pronounced decrease at 24 months (158%), while DEP rats displayed no 
significant age-related decrease in stress-induced CORT levels.

We showed that early life events differentially affects pituitary-adrenal activity during 
life of the Brown Norway rat. Individual differences in pituitary-adrenal activity at old 
age may be determined by early experiences. Supported by the Netherlands 
Organization for Scientific Research (NWO), grant # 554-545.

797.16
SECRETORY AND SYNTHETIC ACTIVITY OF THE HPA AND 
HYPOTHALAMO-NEUROHYPOPHYSIAL (HNS) SYSTEMS IN AGED RATS.
I. Neumann*, M.E. Keck, C.T. Wotjak, M. Hatzinger, F. Holsboer and R. Landgraf.
Max Planck Institute of Psychiatry, Munich, Germany.

In aging, alterations of the activity of the HPA and HNS are still a matter of debate.
First, we compare aged (22-24 mo.) and young (3 mo.) male Wistar rats with respect 
to the release of ACTH, Cort and both peripheral and intracerebral (using 
microdialysis within the paraventricular nucleus, PVN) AVP and OXT release under 
basal conditions and in response to emotional (open field, OF) and physical (90 sec 
forced swimming, FS) stress. In contrast to ACTH, basal plasma Cort levels were 
elevated in aged rats (60.3+15.6 vs. 21.6±6.6ng/ml, p<0.02), whereas the rise in both 
ACTH and Cort was similar in response to OF and FS exposure, with still enhanced 
Cort levels 60 min after FS in aged rats. Both basal AVP (20.6±3.2 vs. 13.8±1.2 
pg/ml) and OXT (13.6±3.5 vs. 6.3± 0.42 pg/ml, p<0.05) plasma levels were increased 
with an enhanced OXT response to OF (1.4-fold vs. 0.9-fold, p<0.05) and a blunted 
response to FS (1.5-fold vs. 4.3-fold, p<0.02) in aged rats, whereas plasma AVP 
remained unchanged in both groups in response to OF and FS. Within the PVN, there 
were no age-related differences in basal AVP or OXT release, whereas local AVP 
release was blunted in response to 10-min FS exposure (p<0.01) with increased age. 
In general, whereas the basal activity of both the HPA and HNS appear to be 
enhanced, the response to stress is rather blunted in aged rats.
Second, in situ hybridization revealed an enhanced synthetic activity of parvo-, but 
not magnocellular, AVP and also CRH neurons of the PVN in Dexamethason-pretrea- 
ted aged rats under basal conditions as demonstrated by an increased number of cells 
expressing AVP and CRH mRNAs (p<0.02). This points toward glucocorticoid 
feedback resistance of AVP and CRH PVN neurons as a possible cause for basal HPA 
hyperactivity in aging. Supported by DFG.

797.17
THE EFFECT OF ANAND AMIDE AND METHANANDAMIDE ON 
LUTEINIZING HORMONE (LH), ADRENOCORTICOTROPIN 
(ACTH), AND CORTICOSTERONE (CORT) RELEASE IN FEMALE 
RATS. L.L.Murphv*, Department of Physiology, Southern Illinois 
University School of Medicine, Carbondale, IL 62901.

In our previous studies, CNS cannabinoid receptors were shown to 
mediate the delta-9-tetrahydrocannabinol (THC)-induced inhibition of LH 
release and stimulation of ACTH secretion. The potential role of the 
endogenous cannabinoid ligand, anandamide, in neuroendocrine 
regulation of LH and ACTH release and on CORT levels was next 
examined. Adult rats were ovariectomized and 4 weeks later implanted 
with polyethylene cannulae inserted into the jugular vein for drug 
administration and blood withdrawal. Anandamide (ANAN; 1 or 3 mg/kg 
b.w.; RBI), the metabolically stable anandamide analog, methanandamide 
(METHA; 0.5, 1, or 2 mg/kg; RBI), THC (0.5 or 1 mg/kg) or their 
respective vehicles were administered at time 0 and sequential blood 
samples were taken for 1 hr for plasma LH, ACTH and corticosterone 
determinations. Plasma LH levels were significantly suppressed within 
20 min following METHA or THC administration (p<0.05). An LH 
decrease at 20 min following the highest dose of ANAN was 
insignificant. Plasma ACTH levels were significantly stimulated within 
10 min following METHA, ANAN or THC administration, in a dose- 
related manner, when compared to vehicle controls (p<0.05). Only the 
highest ANAN dose produced ACTH stimulation. Plasma CORT levels 
were significantly stimulated within 30 min following the administration 
of either METHA or THC when compared to vehicle controls (pc.05). 
The doses of ANAN tested in this study did not affect CORT release. 
These results suggest that endogenous cannabinoids may be involved in 
neuroendocrine regulation of LH and ACTH secretion.

797.18
EVIDENCE THAT 5-HT2 AND 5-HT1A RECEPTORS DIFFERENTIALLY 
MEDIATE ENDOCRINE AND BEHAVIORAL RESPONSES TO THE 
FORCED SWIMMING TEST (FST). P.A. Rittenhouse*, C. Lopez-Rubalcava.
G.P. Stanwood, and I, Lucki. Departments of Pharmacology and Psychiatry, 
University of Pennsylvania, Philadelphia, PA 19104.

Selective serotonin reuptake inhibitors may produce their antidepressant 
effects by activating different 5-HT receptors. To resolve the contribution of 
distinct classes of receptors to the endocrine and behavioral responses to 
FST stress in male rats, we compared the selective 5-HT iA receptor agonist 
8-OH-DPAT with the 5-HT2A/2C receptor agonist DOI. 8-OH-DPAT (1.0 
mg/kg, sc) or DOI (1.0 mg/kg, ip) were injected once daily for 2 weeks. Rats 
were subjected to 15 min of forced swimming in 24° water, their behavior 
videotaped for later analysis, then immediately decapitated and their trunk 
blood collected for determination of plasma corticosterone (CORT) and ACTH 
by radioimmunoassay.

FST alone significantly increased plasma ACTH by 4-fold, and CORT by 
13-fold. A dose-response experiment measured changes produced by the 
acute effects of the agonists. Acute DOI and 8-OH-DPAT dose-dependently 
increased CORT in both control and swim stressed rats. Chronic treatment 
with DOI, but not 8-OH-DPAT, significantly elevated plasma CORT in 
nonstressed controls (p<0.01). In addition, the CORT response to FST was 
diminished after chronic treatment with DOI, but not after chronic treatment 
with 8-OH-DPAT. In contrast, behavioral measures showed that treatment 
with 8-OH-DPAT, but not DOI, significantly reduced immobility (p<0.01) and 
increased swimming behavior (p<0.01), effects similar to those of 
antidepressant drugs. Taken together, these results suggest that 5-HT2a /2C 
receptors contribute to the regulation of the endocrine response to FST, while 
activation of 5-HTiA receptors produce antidepressant behavioral responses. 
This suggests that the endocrine and behavioral responses to serotonergic 
antidepressant drugs may be mediated by distinct mechanisms. Supported 
by USPHS grants DA 07421 and MH 36262.

797.19
ROLE FOR GLUTAMATERGIC NEUROCIRCUITRY IN THE GENERATION 
OF HYPOTHALAMIC-PITUITARY-ADRENOCORTICAL (HPA) AXIS 
RESPONSES TO STRESS. D.R. Ziegler* and J.P. Herman. Dept. Anatomy & 
Neurobiology, Univ. of Kentucky Medical Center, Lexington, KY 40536.

The present studies comprise an investigation of the role of hypothalamic 
glutamatergic circuitry in the activation of the HPA stress axis. Specifically, we 
have addressed two questions: I) is glutamatergic neurotransmission in the PVN 
involved in generating HPA axis responses to stress? and 2) what PVN-projecting 
regions are sources of that glutamatergic input? We addressed the first question by 
attempting to attenuate corticosterone (CORT) responses to acute restraint stress by 
microinjecting kvnurenic acid (KYN), a non-selective antagonist to ionotropic 
glutamate receptors, into the PVN. Adult male rats (270-330 g) with stereotaxically 
implanted cannulas received bilateral microinjections of KYN (lOOnl; ImM) or 
vehicle (aCSF) in the PVN and were immediately subjected to 30 min. restraint 
stress. Stress-induced CORT secretion was assessed from blood samples obtained 
by tail-nicking at 30, 60, 120, and 180 min following the onset of restraint. 
Accurate injections of KYN attenuated CORT responses to acute restraint stress 
versus vehicle controls, supporting the hypothesis that glutamatergic input to the 
PVN excites the HPA axis. In contrast, “missed” injections (anterior or anteroventral 
misplacement) resulted in prolonged CORT responses (impaired recovery to 
baseline). The latter effect is suggestive of a disinhibition of the PVN by blocking 
stimulation of inhibitory GABAergic neurons lying outside the PVN. Thus far, we 
have examined one PVN-projecting region as a potential source of glutamatergic 
input to the PVN: the dorsomedial nucleus of the hypothalamus (DMN). Using dual-
label immunocytochemistry, we found a substantial presence of puncta in the 
parvocellular PVN dual-labeled specifically for glutamate and for an anterograde tracer 
(PHA-L) injected into the DMN. We conclude that: 1) glutamatergic 
neurotransmission in the PVN could play a role in generating HPA axis responses to 
stress, and 2) the DMN is probably one source of that glutamatergic input. 
Supported by MH 4-26571

797.20
EFFECT OF 5-HT-1A RECEPTOR ANTAGONISTS ON THE 
SECRETION OF ACTH AND PROLACTIN
H.Jdrgensen. U.Knigge, A.Kiaer. J.Midtgaard* and J.Warberg, Department of 
Medical Physiology, University of Copenhagen, Denmark.

5-Hydroxytryptamine (5-HT) antagonists of different receptor types have 
different effect on 5-HT and stress-induced ACTH and prolactin (PRL) 
secretion. The aim of this study was to elucidate the effect of some novel 5- 
HT-1A antagonists on the secretion of ACTH and PRL, and to evaluate the 
importance of the route of administration on this response. Male Wistar rats 
were restraint stressed (RS) for 5 min or injected with 5-hydroxytryptophan 
plus fluoxetine (5HTPx; 25 + 10 mg/kg intraperitoneally (ip)) or with 5-HT 
(100 nmol; intracerebroventriculary (icv)). Other rats were pretreated with 
either saline or the specific and selective 5-HT-l A receptor antagonists 
WAY100635 (WAY: 2 mg/kg ip or 10 nmol icv) or LY206130 (LY: 2 
mg/kg ip or 10 nmol icv). Bloodsamples was collected by decapitation. 
Hormones were analyzed by RIA. Ip injection of WAY or LY had moderate 
inhibiting effect on the RS induced ACTH response but no effect on the PRL 
response, whereas both drugs administered icv had minor inhibiting effect on 
RS induced hormone secretion (NS). WAY or LY icv inhibited 5-HT indu-
ced ACTH and PRL secretion by approximately 50%, but were only effective 
on the 5HTPx induced PRL response and not on the ACTH response. WAY 
ip inhibited 5HTPx induced, but not 5-HT induced PRL. Conclusion: The 
way of administration (systemically versus centrally) of specific 5-HT-l A 
antagonist has different effect on the serotonergic- or stress induced ACTH 
and PRL secretion.
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798.1
NMDA-R1 (NR1) GENE EXPRESSION INCREASES DURING NEONATAL 
DEVELOPMENT IN THE NEUROENDOCRINE HYPOTHALAMUS OF 
FEMALE RATS. Michelle M. Adams* and Andrea C, Gore. Fishberg Res. Ctr. for 
Neurobiology, Mount Sinai School of Medicine, New York, NY 10029.

Pulsatile gonadotropin-releasing hormone (GnRH) release is necessary for 
the regulation of reproduction and varies developmentally, probably due to 
changes in inputs to GnRH neurons from other neurotransmitters, neurotrophic 
factors or steroids. One of the major stimulatory inputs to the GnRH system is the 
neurotransmitter glutamate, acting via the NMDA receptor. We have previously 
reported that NR1 mRNA levels in the preoptic area-anterior hypothalamus (POA- 
AH), the site of GnRH perikarya, do not change during pubertal development in 
female rats (J, Neurosci. (1996)16:5281). In the present study, we tested the 
hypothesis that an increase in glutamatergic inputs to GnRH neurons is involved in 
the regulation of GnRH gene expression in early development. Female rats aged 
embryonic day (E)18, postnatal day (P)0, P5, P10, and P15 were killed, the POA- 
AH dissected, and RNA extracted. NR1 mRNA levels in the cytoplasmic fraction 
were measured by RNase protection assay. The R1 subunit was chosen because it 
is obligatory for the formation of a functional NMDA receptor. It was found that 
NR1 mRNA levels underwent a 5-fold increase from E18 through P15 (p < 0.0001). 
Levels of NR1 mRNA were significantly greater at each age compared to the 
previous age from El 8 through P10. A small but significant decrease between P10 
and P15 was also observed. Thus, developmental alterations in POA-AH NR1 
mRNA levels are restricted to the late embryonic/early postnatal period or earlier 
in embryogenesis. Interestingly, this neonatal period corresponds exactly to that in 
which a large increase in GnRH gene expression occurs, suggesting the possibility 
that alterations in glutamatergic inputs to GnRH neurons may contribute to 
increases in GnRH gene transcription. Future experiments will examine the 
localization of NR1 receptors, and measure GnRH RNA levels in response to 
stimulation or blockade of the NMDA receptor in neonatal rats. (Funded by a 
Revson Foundation Fellowship to ACG)

798.2
IDENTIFICATION OF SEX STEROID INDUCIBLE GENES IN 
THE HYPOTHALAMUS OF NEONATAL RATS BY cDNA 
SUBTRACTION. M. Suzuki , M. Nishihpra, M. Takahashi*Dept. of 
Veterinary Physiology, Univ. of Tokyo, 1-1-1 Yayoi, Bunkyc-ku, 
Tokyo 113, Japan.

Sexual dimorphism of the rodent brain is manifested by the 
epigenetic action of gonadal steroids. Absen.e of testosterone (T) leads 
the central nerve system to develop parsL e'y in a primary fem.de 
fashion, while the presence of T induces the masculinization of the 
brain. The objective of the present study .* to identify sex steroid- 
inducible genes that are involved in the sexi, illy dimorphic function of 
the brain by means of the cDNA subtraction. Two-day-old female rats 
were treated with either lmg of testosterone propionate (TP) or its 
vehicle (sesame oil), and hypothalami wen’ dissected out 3 days later. 
mRNA was extracted, and the cDNA libraiy was constructed for each 
group. Following cDNA subtraction, 52 clones were selected as TP- 
inducible genes. Among them, 32 clones ’vcre found to be the partial 
homologs of the precursor gene of granu/c (epithelin or gm), known 
as a 6 kDa polypeptide promoting or inhibiting the growth of epithelial 
cells and hematocytes in vitro. In situ hybridization with the grn probe 
performed on the brain tissue obtained from 5-day old rats indicated 
that strong grn mRNA signals were induced by TP especially in the 
ventromedial nucleus of the hypothalamus (VMH), though the signals 
were widely expressed through the whole brain. As VMH is known to 
play a role in the dimorphic of sexual behavior, it is suggested that gm 
is a probable candidate to sexually differentiate some of the VMH 
functions through T-enhanced grn gene expiession. (Supported by 
JSPS and Ministry of Education, Japan)

798.3
ROLE OF DORSAL RAPHE NUCLEUS IN INDUCTION OF 
PROLACTIN NOCTURNAL SURGE IN OVARIECTOMIZED 
RATS: EFFECT OF NEURAL TRANSECTIONS. F. Maekawa',
N. Tamaya2, H. Tsukamura2, K.-I. MAEDA2, K. YAMANOUCHI1*
'Neuroendocrinology, Sch. of Human Sciences, Waseda Univ., 
Saitama 359, Japan, 2Animal Reproduction, Sch. of Agricultural 
Sciences, Nagoya Univ., Nagoya 464-01, Japan

The neural fibers of the dorsal raphe nucleus (DRn) were transected 
by the complete or the anterior cuts in ovariectomized rats. Two 
days after the brain surgery, the electrical stimulation of vagina (VS) 
was performed at 2030h in order to induce prolactin (PRL) surges. 
Blood samples were collected every 2 or 3 h for 24 h from 1500h on 
the day of the VS through the indwelling right atrial cannula. Plasma 
PRL levels increased from 0300h to 0800h on the day following the 
VS in the rats without brain surgery (control). Similar PRL nocturnal 
surges were observed in the rats with sham-oparation. In contrast, 
the PRL nocturnal surge did not occur in the rats with the complete or 
the anterior cuts. These results suggest that the DRn is neccessary to 
induce PRL nocturnal surges and the anterior fibers of the DRn might 
contribute to the PRL nocturnal surge-inducing mechanism in 
ovariectomized rats.

798.4
VGF-DEFICIENT MICE DISPLAY DECREASED BODY SIZE, 
REDUCED FERTILITY, NURTURING DEFICITS AND
INCREASED MORTALITY, £_ Hahm,..U,..Kelley....and„_S,RT
Salton*. Fishberg Research Center for Neurobiology, Mount 
Sinai School of Medicine, New York, NY, 10029.

The overall goal of these studies has been to determine the 
function of VGF, a neuronal and neuroendocrine secretory 
peptide precursor that is rapidly and selectively regulated by 
neurotrophic factors in vitro and by seizure and neuronal 
activity in vivo. VGF is expressed in the developing and adult 
CNS and PNS, abundantly in the hypothalamus. We have 
deleted the entire VGF coding sequence by homologous 
recombination in ES cells. Heterozygote crosses produced 
homozygous vgf-/vgf- pups in the expected Mendelian ratios. 
At birth -/- pups are indistinguishable from littermates but 
fail to suckle effectively and by weaning age weigh 60% of 
littermates. Adult male and female -/- mice have significantly 
reduced fertility, sexual behavior deficit and display 
neurologic abnormalities. -/- Females that did give birth to -/- 
or -/+ pups were unable to nurse and all pups died within 72 
hrs of birth. The mortality rate of -/- mice was 40 percent at 6 
months of age. These results suggest that VGF may play an 
important role in the nervous system and 
hypothalamic/pituitary axis. Supported by AG10676, AG05667, 
and the Dysautonomia Foundation.

798.5
ETHANOL ON MEDIAN EMINENCE IN VIVO BENDORPHIN RE-
LEASE, PLASMA CORTISOL AND PLASMA LH IN LUTEAL AND 
FOLLICULAR EWES J Klein, DG Grush. L Pohoreckv and JP Advis*. 
Departments of Animal Sciences and Biological Sciences' Center for Alcohol 
Studies, Rutgers University, New Brunswick, NJ 08903.

Although studies have explored effects of ethanol (EtOH) on the hy-
pothalamic-pituitary-adrenal (HPA) and hypothalamic-pituitary-gonadal (HPG) 
axis, few have focused on their interaction in females. Thus, we evaluated the 
effect of EtOH on LH and Cortisol in luteal and follicular ewes, and on in vivo 
median eminence (ME) release of Bendorphin (BEND), a putative hypothala-
mic input to both axis. Ewes were synchronized by sequentially introducing 
and removing progesterone and estradiol silastic implants, so that the pre-
ovulatory surge of LH occurred within a 2h window in a 20 day synchronized 
cycle. EtOH was administered at 9AM as a single bolus (2.5g EtOH I kbw) 
through an abomasal cannula. Blood EtOH was determined at hourly inter-
vals. In vivo ME-BEND release was obtained at 10-min intervals for 6h, by 
push-pull cannula (PPG) sampling. In an initial experiment, Cortisol and LH 
plasma levels were determined at hourly intervals for 24h, in luteal and 
follicular ewes. Plasma Cortisol exhibited a diurnal rhythm with its peaks at 
9AM and its nadir at 5-9PM. In contrast, plasma LH was similar, except at the 
time of the LH preovulatory surge when follicular values were high (P<0.01). 
EtOH prevented the diurnal decrease in Cortisol (luteal: 8.98±3.06 vs 3,32 
+1.66; follicular: 6.96±3.06 vs 3.99±1.66 pg/dl, n=8) in luteal (8.22+3.06 vs 
9.76+1.66 pg/dl) and in follicular ewes (10.82±3.06 vs 9.33±1.66 pg/dl), and 
tended to decrease plasma LH in follicular ewes (6.00±2.44 vs 2.61±1.25 ng/ 
ml). In contrast, EtOH increased in vivo release of ME-BEND (4.55+0.91 vs 
15.25+0.95 pg/100 pl PPC perfusate, n=6) but not that of NPY (91.61+ 
14.73 vs 74.7+ 8.39 pg/100 pi PPC perfusate). In conclusion, an increase 
in BEND release at the median eminence might be related to the effects of 
EtOH on the HPA and the HPG axis. Support NJAES-Hatch 06108 & USDA 
94-37203-0721 to JP Advis.

798.6
BRAIN-PITUITARY AXIS DEVELOPMENT IN THE CEBAS 
MINIMODULE.,LMagliulo-Cepriano M P. Schreibmaxr V Bleum’ 'State 
University of New York, Farmingdale; ’Brooklyn College, C U N Y. Brooklyn, New 
York; ’Ruhr University, Bochum, Germany.

The Closed Equilibrated Biological Aquatic System (CEBAS)
MiniModule, is a man-made aquatic ecosystem that incorporates animals and 
plants. It was designed to investigate the effects of zero-gravity on the 
development and functioning of various vertebrate physiological systems in 
long-term multi-generational experiments aboard the space shuttle, during 
space flight. Our current study involved the gathering of a comprehensive 
data base of information on the development and functioning of the brain- 
pituitary-gonad axis in the livebearing, freshwater teleost, Xiphophorus 
helleri (the swordtail), in the MiniModule, at ground level conditions. These 
data will provide a comparison when data from space flight experiments 
become available after our scheduled flight in January, 1998. Results of 
these ground studies have yielded a detailed map of several significant 
neuropeptides in the brain and pituitary gland of X helleri at important 
stages of sexual development. These neuropeptides include FMRF-amide, 
neurotensin, galanin, neuropeptide Y, and dynorphin. We have also 
investigated die distribution of steroid receptors in the brain and the role of 
these peptides and receptors in GnRH neuron physiology and in the 
chronological detailing of the process of sexual maturity in the swordtail. 
[Supported by NASA (NCC 2-963). ]
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798.7
DHEAS BLOCKS GABAa  RECEPTOR-MEDIATED RESPONSES 
IN POSTERIOR PITUITARY NERVE TERMINALS. S. Hansen . B. 
Ebert^and M.B. Jackson. Dept. of Physiology, University of Wisconsin, 
Madison, WI 53706, and The Royal Danish School of Pharmacy, 
Copenhagen, Denmark.

Posterior pituitary nerve terminal membranes contain a GABAa  
receptor that can be modulated by neurosteroids (Zhang and Jackson, J. 
Neuroendocrinol. 6, 533-538, 1994). This provides an avenue for the 
modulation of neuropeptide release by steroids during endocrine 
transitions. Previous work showed that GABAa  receptor-mediated 
responses in the posterior pituitary are enhanced by the progesterone 
metabolite allopregnanolone. Since dehydroepiandrosterone sulfate 
(DHEAS) has been shown to have an antagonistic action at GABAa  
receptors in nerve cell bodies, we tested the action of this neurosteroid in 
pituitary nerve terminals. DHEAS was found to block the nerve terminal 
GABAa  receptor reversibly with an EC50 of approximately 2 pM. This 
result suggests that the posterior pituitary GABAa  receptor is more 
sensitive to DHEAS than GABAa  receptors in other tissues. The 
physiological levels of DHEAS often exceed the EC50 measured here, 
indicating that circulating DHEAS can modulate the inhibition by 
GABA of oxytocin and vasopressin release. The changes in DHEAS 
levels during reproductive transitions and during stress could therefore 
have an impact on neuropeptide release. Supported by NIH grant NS 
30016.

798.8
APOPTOSIS IN THE RAT ANTERIOR PITUITARY AFTER 
CESSATION OF LACTATION. & Ahlbom*, L. Grandison, B.
Zhivotovsky,__S.__ Ceccatelli. Inst, of Environmental Medicine,
Karolinska Institute, S-171 77 Stockholm, Sweden.

During pregnancy and lactation the number of lactotrophs in the 
anterior pituitary increases up to 50% of the total number of cells. 
Interruption of lactation is followed by a massive degeneration of the 
lactotroph population. The aim of this study was to investigate the 
complex mechanism responsible for the degeneration of redundant 
lactotrophs. Three groups of animals were analyzed: a) dams nursing for 
7 days; b) dams 4 days after cessation of lactation; c) dams 7 days after 
cessation of lactation. The animals were anaesthetized and decapitated or 
perfused with fixative. The pituitaries were rapidly dissected and for 
Western blot analysis only the anterior lobe was collected. To 
characterize the mode of cell death, pulse gel field electrophoresis was 
used to detect high molecular weight DNA fragments. In situ 
hybridization, immunohistochemistry and Western blot were used to 
study the expression of p53 and Bcl-2 related proteins. Our results show 
that redundant lactotrophs die by apoptosis. The mRNAs for the pro- 
apoptotic proteins p53 and Bax were upregulated 4 days after cessation 
of lactation and a comparable increase was observed in p53 and Bax 
protein as detected by Western blot No changes were detected in Bcl- 
XLand Bcl-2 mRNA levels. However, a decrease in Bcl-2 protein was 
present in the pituitary of dams 4 days after cessation of lactation. Our 
findings show that the expression of genes such as p53, Bax and Bcl-2, 
known to modulate apoptotic cell death, varies during the post lactation 
period and point to an essential role of the Bcl-2 proteins family in 
regression of lactotrophs. (Supported by the Swedish Medical Research Council)

798.9
IDENTIFICATION OF NEURONAL INPUT TO THE ARCUATE 
NUCLEUS (ARH) ACTIVATED BY THE SUCKLING STIMULUS II: 
FOREBRAIN REGIONS. P, Chen , C. Li and M. S, Smith, Division of 
Neuroscience, Oregon Regional Primate Research Center; Dept. 
Physiol./Pharm., Oregon Health Sciences Univ., Beaverton, OR 97006.

The activitities of several neuronal systems in the ARH are altered during 
lactation; the NPY system is greatly increased, whereas the dopamingeric and 
POMC systems are suppressed. Alterations in these ARH neuronal systems 
during lactation may contribute to suppressed reproductive cyclicity, 
increased prolactin secretion and increased food intake. In a previous study in 
which cFos was used as a marker for neuronal activation, several forebrain 
regions were identified as being specifically activated by the suckling 
stimulus. In the present study, retrograde tracing combined with cFos staining 
was used to determine if the areas in the forebrain specifically activated by the 
sucking stimulus can directly participate in the regulation of ARH neuronal 
activity by sending projections into the ARH. The retrograde tracer, fluorogold 
(FG), was injected into the ARH (2% solution, iontophoresed by 5 uA current, 
pulsed at 7 sec intervals for 20 min) on day 4 postpartum. Rats were deprived 
of their 8-pup litters on day 9 postpartum, and 48 hours later, the suckling 
stimulus was reinitiated for 90 min. Brain tissue was subjected to 
immunohistochemistry to visualize both cFos and FG. cFos-positive FG cells 
were found in the medial preoptic area, periventricular preoptic area, 
supraoptic nucleus, medial amygdala, and the caudal portion of zona incerta. 
Small numbers of double-labeled cells were also found in the lateral septum 
and in the dorsal- and ventral-medial hypothalamic nuclei. These areas have 
been shown to express cFos specifically in response to the suckling stimulus. 
These results identify areas in the forebrain that are activated by the suckling 
stimulus and send direct projections into the ARH. Therefore, these areas are 
likely participants in the alteration of ARH neuronal activity during lactation. 
(Support: NIH grants; HD14643, RR0163).

798.10
EFFECT OF LACTATION ON ACTIVITY OF GABAERGIC NEURONS IN THE 
RAT HYPOTHALAMUS. J.J. Kombiatt and D.R, Grattan* Department of 
Anatomy and Structural Biology, University of Otago, Dunedin, New Zealand.

GABAergic neurons terminating in the hypothalamus have been implicated 
in the neuroendocrine regulation of reproductive hormones, particularly LH 
and prolactin. The aim of this study was to examine whether GABAergic 
neuronal activity in the hypothalamus was modified during lactation, and 
whether any observed changes correlated with changes in hormone 
secretion. Animals were divided into three experimental groups: diestrous 
controls, lactating with pups present (suckling), and lactating with pups 
removed for 4 hours (non-suckling). Animals were decapitated either without 
treatment, or 60 minutes after inhibition of GABA degradation by AOAA (100 
mg/kg, ip). The rate of GABA accumulation in the tissue after AOAA is a 
measure of GABA turnover. GABA turnover was estimated in 13 
microdissected brain regions, and serum prolactin and LH measured by RIA. 
Suckling was associated with significantly increased prolactin and significantly 
decreased LH compared with either diestrous or non-suckling rats. In suckling 
rats, GABA turnover was significantly increased in the cingulate cortex 
compared with diestrous rats. Suckling also significantly increased GABA 
turnover in the ventrolateral preoptic nucleus (VLPO) compared with diestrous 
or non-suckling rats. There was a significant decrease in GABA turnover the 
anterior hypothalamic area, ventromedial and dorsomedial nuclei in non-
suckling rats compared with diestrous rats. There were no significant changes 
in other brain regions examined. The results demonstrate that activity of 
GABAergic neurons in the hypothalamus and cerebral cortex is altered by 
lactation. It is hypothesized that suckling-induced increases in GABA activity 
in the VLPO may play a role in the inhibition of LH secretion during lactation.

(supported by NZ Lottery Grants Board)

798.11
FOS STAINING IN THE OLFACTORY BULB AFTER VAGINOCERVICAL 
STIMULATION: EFFECT OF SPECIFIC NEURECTOMY. R. Guevara-Guzman, 
B. Barrera-Mera, A. Larrazolo, D.L Trover* and M.L. Weiss. Dept. of 
Physiology, National University of Mexico School of Medicine and +Dept of 
Anatomy and Physiology, Kansas State University, Manhattan, KS 66506-5602

A previous study indicated that vaginocervical stimulation (VCS) increased Fos 
staining in .the main and accessory olfactory bulb (MOB and AOB; Guevara- 
Guzman et al., Brain Res. Bull., in press). The female reproductive tract is 
innervated by the pelvic and hypogastric nerves and the vagus. To better 
understand which nerves are mediating the Fos response to VCS, specific 
nerves were sectioned. Cycling rats (metestrus-diestrus, M-D or proestrus- 
estrus, P-E) received VCS one week after cutting either the hypogastric nerve, 
the hypogastric and pelvic nerves or control (8 rats per group). One hour after 
VCS, the brains were harvested and histologically processed. 
Immunocytochemistry using antibody directed against the Fos protein was 
performed on free-floating sections. The density of Fos-stained neurons in the 
MOB granular, output layer and the glomerular layers (MOBgr, MOBo, MOBgl) 
and the AOB granular and output layers (AOBgr and AOBo) was determined 
and compared to control animals. In the AOB, sectioning the hypogastric (or the 
hypogastric and pelvic) decreased the density of Fos-stained cells by 80% in 
AOBgr and 92% in AOBo in P-E animals and 87% in AOBgr and 80% in AOBo 
for M-D animals. In the MOB, cutting the hypogastric (or hypogastric and pelvic) 
nerves had no effect on Fos staining density. In the MOB, neurectomy had no 
effect on Fos staining density induced by VCS. In the AOB, the hypogastric 
nerves appear to be most important for Fos staining following VCS. Supported 
by IN 201195 to RGG.

798.12
NADPH-DIAHORASE EXPRESSION IN THE PARAVENTRICULAR 
NUCLEUS OF THE HYPOTHALAMUS FOLLOWING OVARIECTOMY.
F. . Sancho?*^, J- A M-E, Marttek. MA. P&sA
M, Santbsk M,Nl  Mfire.P.Q^..&rLd..R,..Ymwk 1Dept. Human Anatomy 
and Histology. ^Dept. Infonnatic and Automatic. Universidad de 

Salamanca. 37007 Salamanca Spain.
In order to evaluate a possible effect of estrogens on the number of 

neurons (magnocellular, parvicellular and mediocellular) expressing 
NADPH-diaphorase in the paraventricular nucleus of the hypothalamus, 
a combined histochemical and morphometric study was applied in 
Wistar female rats following ovariectomy (and ovariectomy+treatment 
with estradiol). Although a slight decrease in the number of NADPH- 
diaphorase neurons was observed following ovariectomy, no statistical 
changes were detected (p > 0.05) in the three types of neurons studied 
when compared to sham operated animals. In addition, these minor 
numerical changes were reversed following estradiol administration. 
These results extends previous studies about the behavior of the 
neurons producing nitric oxide in the paraventricular nucleus following 
different experimental states, suggesting that NADPH-diaphorase 
activity can be modulated by estradiol in the paraventricular nucleus.

Supported by a research project of the Junta of Castilla y Leon to FS
M.S. and MR. (SA 03/96).
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798.13
ESTROGEN RECEPTOR-BETA mRNA IN THE FEMALE RAT PITUITARY.
M.E, Wilson*1. R.H. Price. Jr.2 and R J, Handa12. 'Program in Molecular Biology 
and ^Department of Cell Biology, Neurobiology and Anatomy, Loyola Univ. Chicago, 
Stritch School of Medicine, Maywood, IL 60153.

Estrogen plays a role in the direct regulation of many pituitary hormones, and 
correspondingly, estrogen receptor (ER) binding has been demonstrated in the 
pituitary. The ER is encoded by two genes, designated a and p. The presence of ERa 
mRNA has been demonstrated in the adult anterior pituitary bv RT-PCR at a level 
much greater than ER|3. We examined the distribution of ERp mRNA in both 
prepubertal and adult female pituitaries. Using RT-PCR we confirmed that ERP 
mRNA expression is less than ERa mRNA levels in adults. In prepubertal 
pituitaries, however, ERP mRNA levels are greater than ERa. In situ hybridization 
(ISH) was performed on postnatal day (PND) 15 and adult female pituitaries with a 
ERp riboprobe transcribed from a cDNA generated by PCR. ERP mRNA expression 
was detected in the anterior pituitary only. Densitomeric analysis of whole pituitaries, 
similarly showed that ERP mRNA is greater in prepubertal pituitaries than in adult 
pituitaries. However, using emulsion autoradiography, the expression level per cell 
was not different with age. Cell counts confirmed that prepubertal and adult pituitaries 
differ, not in the level of ERp expression, but in the number of cells expressing ERp. 
In PND 15 anterior pituitaries, there were over twice as many cells/ mm2 than in adult 
pituitaries. To determine the cell types expressing ERP mRNA, we performed 
immunohistochemistry for FSH or prolactin (Prl) coupled with ISH for ERp. In 
prepubertal pituitaries 84.5 +/- 2.3 % of FSH-ir cells also express ERp. In adult 
pituitaries, 95.9 +/- 0.4% of FSH-ir cells express ERp. Of ERP positive cells, 46.7 
+/- 0.3% also contain FSH-ir. Prl-ir cells did not express ERP mRNA. These results 
are consistent with the observation that lactotrophs do not proliferate in the pituitary 
until the fourth week of postnatal life, and thus in the PND 15 pituitary there is a 
greater percentage of gonadotrophs resulting in greater number of ERp expressing 
cells/unit area than in the adult. Taken together, these data suggest that ERP may be a 
mediator of estrogen action in gonadotrophs, and not in lactotrophs. The identity of 
other cell populations expressing ERP is currently under investigation. Supported by 
NSF IBN 9408890 and NIH F31 AA05395.

798.14
Steroid hormones modulate the size and gene expression of neurokinin 
B neurons in the rat arcuate nucleus. Steve C. Panzer*, Robin O. Price, 
Nathaniel T. McMullen and Naomi E. Rance. Depts. of Cell Biology and 
Anatomy, and Pathology, U. of Arizona, Col. of Medicine, Tucson, AZ 
85724.

In the human arcuate nucleus, menopause is accompanied by 
neuronal hypertrophy and increased neurokinin B (NKB) gene expression 
(Rance and Young, J.Clin.Endo.Metab. 128:2239, 1991). In the present 
study, a rat model was used to determine if arcuate NKB neurons are 
modulated by gonadal steroids. Four groups of adult male rats were 
examined (n = 8/group): intact; gonadectomized (GDX); GDX plus 
estrogen, and GDX plus testosterone. Physiological levels of steroid 
hormone were achieved using subcutaneous implantation of silastic capsules. 
All animals were sacrificed two months after GDX or sham procedure. In 
situ hybridization was performed using a 48-mer cDNA probe 
complementary to NKB mRNA. An image-combining computer-microscope 
system was used to measure cell size and count the number of labeled 
neurons. Gonadectomy significantly increased the mean profile area of 
arcuate NKB neurons (intact, 95 + 5 pm2 versus GDX, 113 + 5 pm2, mean + 
SEM). In addition, the number of neurons/section expressing NKB mRNA 
was increased 38% in the GDX group. The increase in NKB neuron size 
and number was prevented by implantation of estradiol- or 
testosterone-containing capsules. These data demonstrate gonadal hormone 
modulation of NKB cell size and gene expression in the rat arcuate nucleus 
and support the hypothesis that the changes observed in postmenopausal 
women are a direct result of ovarian failure (supported by NIH AG-09214).

798.15
PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION IS DECREASED IN 
THE HYPOTHALAMUS OF POSTMENOPAUSAL WOMEN. T.W. Abel* and N.E. 
Rance. Dept. of Pathology, University of Arizona College of Medicine, Tucson, AZ 
85724.

Hypothalamic B-endorphin neurons have been shown to have an inhibitory role in 
the regulation of gonadotropin secretion in laboratory animals. In this study, we 
determined if there is a change in POMC gene expression accompanying the steroid 
withdrawal and gonadotropin hypersecretion of menopause. Hypothalami were 
collected from premenopausal (pre) and postmenopausal (post) women who died of 
sudden, unexpected causes (n = 8-9/group). Every 20th sagittal section was 
hybridized with a synthetic 35S-labeled 48-base cDNA probe complementary to 
POMC mRNA. The medial basal hypothalamus was divided into three divisions: 
retrochiasmatic, anterior and posterior infundibular (arcuate) nucleus. Labeled 
neurons were counted and their profile areas measured using an image-combining 
computer microscope system. We report a 65% reduction in the number of neurons 
containing POMC mRNA in the infundibular nucleus of the postmenopausal group 
(pre, 170.1 + 28.3 neurons/section versus post, 59.9 + 22.1 neurons/section, p =
0.006). In contrast, there was no significant difference in the number of neurons 
expressing POMC mRNA in the retrochiasmatic region. There were no changes in 
the cell profile area of POMC neurons between the pre-and postmenopausal groups 
in any region examined. These data suggest functional heterogeneity of POMC 
neurons within the human medial basal hypothalamus. The decrease in 
hypothalamic POMC gene expression in postmenopausal women may contribute to 
the gonadotropin hypersecretion that accompanies the ovarian failure of menopause 
(supported by NIH AG-09214).

798.16
Estrogen Receptor Exhibits Protein Disulfide Isomerase Activity 
Steven Will1. Charles Mobbs2, Hideo Makimura3. Michael Kaplitt13*
’Div. of Neurosurgery, Cornell Medical Center; 2Dept. of Neurobiolog}' 
Mt. Sinai School of Medicine; 3Lab. of Biochem. Genetics and 
Metabolism, Rockefeller University,New York, New York 
Considerable evidence has suggested that estrogen can influence brain 
function through non-classical mechanisms. We have previously 
shown that estrogen increases the levels of a member of the protein 
disulfide isomerase (PDI) gene family in the ventromedial nucleus of 
the hypothalamus. Members of the PDI/thioredoxin gene family 
contain at least one conserved motif, CXXCK, which appears to be 
essential for optimal PDI catalytic activity. Coincidentally, estrogen 
receptor (ER) contains the sequence CEGCK within its DNA binding 
domain. We obtained purified, recombinant ER in an attempt to show 
whether this site confers PDI activity to the ER. PDI activity, as 
assessed by both insulin degradation ahd reactivation of scrambled 
RNase, could be detected in the ER samples at a level greater than 24 
standard deviations above the negative buffer control (p < 0.001). This 
activity was titratable and was quenched by heat-treatment; these 
changes were proportionate to those seen with the PDI control. We are 
currently investigating the influence of estrogen binding on this 
activity. Thus, ER shows a novel protein-isomerization activity which 
is not dependent upon its classical transcription factor activity. This 
PDI activity may mediate some rapid, nongenomic effects of estrogen in 
the brain and other tissues.

798.17
Differential Distribution of Transcripts of the Protein Disulfide Isomei k .e 
(PDI) Family in Rodent Brain
Hideo Makimura1 .Charles Mobbs2.Tooru Mizuno2, Steven Wilf.Holly

’Lab. of Biochem. Genetics and Metabolism, Rockefeller University,2Dept. 
of Neurobiology, Mt. Sinai School of Medicine; 3Div. of Neurosurgery, 
Cornell Medical Center,New York, New York
In an attempt to identify mediators of estrogen action in the brain, we 
previously identified a protein called HIP-70 which is now known to be a 
protein disulfide isomerase (PDI). We have further shown by Northern blot 
that the HIP-70 transcript is more highly expressed in certain brain regions, 
including those which are estrogen responsive. Since there are several 
members of the PDI family, we have now used reverse-transcriptase PCR 
and in situ hybridization to examine the abundance and distribution of 
transcripts for other PDI family members in rat brain . Liver PDI was found 
in all brain regions tested and was highly abundant, consistant with a likely 
role as a general housekeeping enzyme. HIP-70 (TOR-2) was less abundant 
but was also found in much of the brain by both techniques. TOR-3 was 
present in most brain regions by PCR but was of very low abundance by in 
situ hybridization. Finally, TOR-4 was only identified in prefrontal corte.x 
but was absent from hippocampus, cerebellum, brainstem and other regions 
by PCR; in situ hybridization showed minimal signal throughout the brain. 
Quantitative regional analysis of the in situ hybridizations is currently in 
progress. This study suggests that different members of the PDI gene family 
may subserve distinct functions within the brain.

798.18
ESTRADIOL REGULATION OF THE METALLOENDOPEPTIDASE EC
3.4.24.15 IN THE RAT HYPOTHALAMUS: AN 
IMMUNOCYTOCHEMISTRY STUDY. T.J, Wu*. B.P. Tolchin, W.G, 
Janssen, J.C. King and J.L. Roberts. Fishberg Research Center for 
Neurobiology, Mount Sinai School of Medicine, New York, NY 10029 and 
Department of Anatomy, Tufts University School of Medicine, Boston, MA 
02111.

The endopeptidase EC 3.4.24.15 (EP24.15) is a zinc metalloendopeptidase 
that is widely distributed in a variety of tissues including the brain. Among its 
numerous roles in metabolizing and processing biologically-active peptides, the 
enzyme degrades gonadotropin-releasing hormone (GnRH) by cleaving the 
central Tyr5-Gly6 bond. Tbe aim of this study was to determine whether 
estradiol can modulate the expression of EP24.15 in the hypothalamus. To that 
end, we treated ovariectomized rats with a bolus injection of 50-pg estradiol-17b 
or vehicle. At 4-h post-injection, the rats were perfused with 4% 
paraformaldehyde and 0.5% glutaldehyde in phosphate buffer. Confocal laser 
scanning microscopy was used to quantify alterations in immunofluorescent 
intensity levels of EP24.15 within various regions of the hypothalamus. The 
data indicates that estradiol treatment in ovariectomized rats (n=2) increased 
EP24.15 staining intensity levels within 4 hours in comparison to non-estradiol 
treated ovariectomized rats (n=2) in the ependymal cell layer and the median 
eminence. In estradiol-treated rats, EP24.15 staining was most intense in the 
basal pole of the ependymal cell layer. Ultrastructural analyses indicate the 
presence of EP24.15 in both intracellular and extracellular compartments; 
EP24.15 was observed on the extracellular surface, both on the ventricular face 
as well as the basal face of the ependymal cells. The increase in
immunoflourescence may reflect an increase in synthesis or accumulation of 
EP24.15. The result suggests another means whereby estradiol may alter brain 
metabolism.
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799.1
ANXIOLYTIC-LIKE ACTIONS OF MELATONIN, 5-METOXYTRYPTOPHOL, 
5-HIDROXITRYPTOPHOL AND BENZODIAZEPINES ON A CONFLICT 
PROCEDURE. E.B. Naranjo-Rodriguez1, V. Mendoza-Fernandez2, M, Mendez- 
Diaz2. B, Barrera-Mera2*. and C Reves-Vazquez". ‘Section of Pharmacology, 
Department of Pharmacy, Faculty of Chemistry and 2Department of Physiology, 
Faculty of Medicine, UNAM. Mexico, D.F., CP. 04510, Mexico.

Hypnotic, sedative and anticonvulsive effects had been described after 
melatonin (MEL) systemic administration. However, the mechanism of action used 
by MEL to produce such effects are unknow. A GABA-ergic like mechanism has 
been proposed, because MEL enhances GABA binding “In Vitro ’ and elicits some 
biochemica effects those produced by diazepam (DIAZ), chlorodiazepoxide (CDP) 
and buspirone (BUS). These data suggest MEL could exert other effects of this 
kind of drugs like, anxiolysis. In the present studty we analize comparatively the 
anxiolytic action of MEL, 5-metoxytryptophol (5-Mol), 5-hydroxytriptophol (5- 
Hol), DIAZ and CDP, in pinealectomized and control rats. Male Wistar rats (180- 
230g) were deprived of water for 48 h before testing on Vogel conflict chamber. A 
drinkometer circuit was connected between a drinking tube of water bottle and the 
grid of the floor of a plexiglas box, the rat completed the circuit whenever it licked 
the tube. Each time, the rat closed the circuit, an electrical pulse (0.7 mA/2 sec), 
was delivered. The effects of two classical anxiolytic drugs, DIAZ (2 and 5 mg/Kg) 
and CDP ( 5 and 10 mg/Kg), and BUS (10 mg/Kg), were compared with MEL, 5- 
Mol and 5- Htol (1 and 2 mgZKg). Anxiolytic drugs as well as MEL, 5-Mol and 5- 
Hol, produce a dose dependent increase in the number shock, being MEL more 
potent. When the drugs were applied in pinealectomized rats, the effects were 
more significat. These results suggest that the three pineal indols used in this 
work, are involved in the modulation of the stress responses.

799.2
PROLACTIN RELEASE INDUCED BY STRESS IN THE RAT: 5-HT3 
RECEPTOR ANTAGONIST EFFECT. KO NON AKA*. Dept. Physiological 
Sciences, Federal University of S. Carlos - S. Carlos, SP - Brasil

Serotonin participate in the mediation of stress-induced prolactin (PRL) 
release in the rat. In order to elucidate the role of the 5-HT3 receptor in the PRL 
response to stress, we investigated the effect of Ondansetron, a 5-HT3 receptors 
antagonist, on the immobilization stress-induced release of PRL in male rats.

The day before the experiments an intra-atrial silastic catheter was implanted 
in adult male Wistar rats. Immobilization stress was accomplished by 
introducing the animals into plastic tubes specially designed to immobilize the 
animals without producing any visible signs of pain. Ondansetron was injected 
intraperitoneally 90 minutes before the stress. The doses administered were 
0,05; 0,10; 0,50 and 1,0 mg/kg, and saline was used in the control animals. 
Blood samples were collected before saline or drug injection (time O’), before 
the stress (time 0”) and after 5,10, 20 and 40 minutes of stress. Plasma PRL
were measured by RIA and expressed in terms of NIADDK-rPRL-RP3 (ng/ml).

O cr 5’ 10’ 20 40
sat. 3.410.5 4.910.8 23.013.4 26.013.1 30.015.1 23.913.7
0,05 2.110.6 3.110.8 20.713.9 25.714.1 33.216.7 22.414.6
0,10 2.51D.4 2.510.5 12.811.5 19.013.5 15.312.3 15.112.8
0,50 3.110.4 3.711.3 14.312.0 15.511.7 14.112.2 11.312.2
1,0 2.810.3 3.810.6 12.711.3 15.711.2 20.312.1 14.812.3

The smaller dose used did not modified the PRL response to stress. The others
higher doses used reduced the PRL increase induced by the stress, without 
differences among the three doses.

The data show that 5-HT3 receptors participate in the regulation of PRL 
response to stress, but the blockade of those receptors were unable to block 
completely the response. Financial Support: CNPq.

799.3
LONG-TERM ADRENALECTOMY DOWN-REGULATES THE 
EXPRESSION OF GLUCOCORTICOID RECEPTOR AND ITS 
mRNA IN THE RAT BRAIN. Z. Hu*, K, Yuri, H, Ozawa. M. 
Kawata Dept. of Anat. and Neurobiol., Kyoto Pref. Univ. of Med., 
Kawaramachi-Hirokoji, Kyoto 602, Japan

In the negative feedback system, loss of glucocorticoids after 
adrenalectomy up-regulates the expression of glucocorticoid receptor 
(GR) and its mRNA. To further elucidate the effect of chronic deletion 
of glucocorticoids on the expression of GR and it mRNA, we used 
immunohistochemical and in situ hybridization methods to examine the 
long-term alteration of GR mRNA and protein levels in the forebrain of 
adrenalectomized rats. We found that constant lack of glucocorticoids 
resulted in marked decrease in the expression of GR mRNA and GR 
protein synthesis in many forebrain regions. Particularly, in the 
suprapyramidal blade of the hippocampal granule cell layer and cerebral 
cortex, many cells showed almost loss of GR mRNA signals and 
protein content. These results suggest that long-term loss of 
glucocorticoids down-regulates GR mRNA levels, leading to reduction 
in the synthesis of glucocorticoid receptors in the rat forebrain. Thus, 
the presence of endogenous glucocorticoids is vital to the continued 
expression of GR and its mRNA.

Supported by the Grant-in-Aid from the Ministry of Education, 
Science, Sports and Culture of Japanese Government.

799.4
ASYNCHRONOUS APPEARANCE OF PEPTIDERGIC NERVES IN THE 
DEVELOPING RAT ADRENAL. C. Wotus and W.C. Engeland.* Depts of 
Surgery and of Cell Biology and Neuroanatomy, Graduate Program in Neuroscience, 
University of Minnesota, Minneapolis, MN 55455.

During late gestation in the rat, the adrenal medulla is formed as chromaffin and 
ganglion cells migrate into cortical tissue from a neuroectodermally-derived 
blastema. Neural elements appear to enter the adrenal concurrently with the 
formation of adrenocortical zonation. Whereas effects of adrenal steroids on 
chromaffin cell development have been established, it is unclear whether neural 
elements contribute to the development of cortical zonation and function. The goal 
of this study was to define the pattern and timing of adrenal innervation during late 
organogenesis by staining with antibodies directed against the neuropeptides 
vasoactive intestinal peptide (VIP) and calcitonin gene-related peptide (CGRP), and 
the catecholamine biosynthetic enzyme, tyrosine hydroxylase (TOH), all of which 
have been localized in neuronal fibers projecting into the cortex of adult adrenals. 
Fetal adrenals were fixed,, cryosectioned at 100 um and immunostained using Cy3- 
conjugated secondary antibodies. At embryonic day 17 (E17), low intensity, diffuse 
staining of VIP and CGRP was present in the capsule and subcapsular layers of the 
cortex, whereas TOH was localized in chromaffin cells. By El9, VIP staining was 
increased in the capsule and subcapsular layer, CGRP appeared in a subpopulation of 
chromaffin cells and in fibers throughout the medulla, and TOH-positive ganglion 
cells appeared with fibers extending into the cortex. At E20 both VIP and CGRP 
staining in the outer cortex was localized in fibers that subsequently increased in 
staining intensity and number at one day after birth (DI). Staining of VIP in DI 
adrenals was also localized in cell bodies of ganglion cells distributed throughout the 
cortex. Changes in TOH staining between E19 and DI were insignificant. These 
data show that phenotypically distinct neural elements appear at different stages of 
adrenocortical development. The presence of neural elements in contact with adrenal 
cortical cells supports the possibility for autonomic neural control of adrenocortical 
development. Supported by NIH grant GM5O15O and NSF grant IBN9319097.

799.5
CELLULAR LOCALIZATION OF ANGIOTENSIN (ANG) RECEPTORS IN 
ANTERIOR PITUITARY. Z, Lenkei. A.-M, Nuyt. F.A.O, Mendelsohn*.P, Corvol 
and C, Llorens-Cortes. INSERM U36, College de France, 75005 Paris, France, 
*DepL of Medicine, Univ. of Melbourne, Heidelberg 3064, Australia.
Ang participates in the regulation of anterior pituitary hormone secretion by acting 

either directly on the anterior pituitary or indirectly on the hypothalamus. 
Intracerebroventricularly injected Ang increases ACTH and LH and inhibits 
prolactin release, whereas when applied directly on pituitary cells, Ang increases 
both ACTH and prolactin secretion. Ang has also been reported to affect growth 
hormone (GH) secretion. Three distinct subtypes of Ang receptors (AT1A, AT1B 
and AT2) have been identified; they are unequally distributed in various tissues. 
We have previously demonstrated that in the hypothalamus only AT1A is present 
while anterior pituitary cells express predominantly the AT IB subtype (Lenkei et 
al, Mol Brain Res 1995; 30:53-60). Using in situ hybridization in combination with 
immunohistochemistry, the aim of the present study was to determine the cellular 
localization of the AT1B receptor mRNA in the anterior pituitary of adult male 
Sprague-Dawley rats. We found that AT1B receptor mRNA is expressed 
predominantly by lactotropes, to a low degree by corticotropes and is barely 
detectable in somatotrophes. These results show that in adult male rats, Ang 
directly stimulates prolactin and ACTH release though activation of AT1B 
receptors expressed on lactotropes and corticotropes. However, the relatively low 
level of ATIB mRNA expression in corticotrophes suggests that at least part of 
Ang stimulation of ACTH secretion may involve indirect mechanisms. Indeed, in 
vivo and histological evidences show that Ang influences the production and 
liberation of corticotropin releasing hormone (CRF) through AT1A receptors. Thus, 
neuroendocrine effects of Ang might be mediated not only at different levels but 
also via two different receptor subtypes. Since gene expression of both receptor 
subtypes appears to be differently regulated, the net effects of Ang on pituitary 
hormone release may vary under different pathophysiological conditions.
Supported by the joint french-hungarian fund "Balaton".

799.6
PREPRO-TRH 178-199 SECRETION IS INHIBITED BY DEXAMETHASONE IN 
AtT-20 CELLS TRANSFECTED WITH THE RAT PREPRO-TRH CDNA. S. Y. 
Revskoy and E. Redei* The Asher Center, Department of Psychiatry and Behavioral 
Sciences, Northwestern University Medical School, Chicago, IL 60611.

We have previously shown that AtT-20 cells stably transfected with rat prepro-TRH 
cDNA (prepro-TRH/AtT-20) have increased sensitivity to dexamethasone (DEX) 
compared to wild-type cells. This phenomenon was significantly modified by culture 
conditions. The purpose of this study was to determine whether prepro-TRH 178-199 
mediates the increased sensitivity to DEX in these cells. This peptide has been shown to 
inhibit ACTH secretion in vitro, and therefore, DEX-induced increase in its secretion 
could mediate the increased sensitivity of prepro-TRH-transfected cells to DEX. In this 
study prepro-TRH/AtT-20 cells were cultured at various cell densities either in complete 
or steroid depleted medium. The effect of these culture conditions on the secretion of 
prepro-TRH 178-199 and its regulation by DEX was determined by specific RIA.

In complete medium, increased cell density resulted in suppression of prepro-TRH 
178-199 secretion, the opposite to what was found for ACTH secretion. Steroid 
depletion also had opposing effects on prepro-TRH 178-199 and ACTH secretion in 
cells growing at low density: decreasing prepro-TRH 178-199 and increasing ACTH 
secretion. DEX (0.1-100 nM) inhibited secretion of prepro-TRH 178-199 in a dose- 
response manner in cells growing at low density. This is in agreement with a finding 
of suppressive effect of DEX on prepro-TRH 178-199 content in rat hypothalamus. Both 
observations demonstrate that the increased sensitivity of prepro-TRH/AtT-20 cells to 
DEX is not due to prepro-TRH 178-199. We suggest that i) serum factors might 
stimulate secretion of prepro-TRH 178-199 in vitro, ii) increased cell-cell interaction 
inhibits peptide secretion, iii) DEX inhibits secretion of prepro-TRH 178-199 in vitro, 
and iv) prepro-TRH/AtT-20 cell line is an appropriate model to study the regulation of 
preproTRH-derived peptides and their interaction with ACTH.
Supported by NARSAD Foundation.
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799.7
EFFECTS OF MICROINJECTIONS OF DOPAMINE AGONISTS 
INTO THE NUCLEUS ACCUMBENS AND MEDIAL PREFRONTAL 
CORTEX ON PLASMA CORTICOSTERONE IN RATS. S.Ikerooto* 
and N, Goeders. Dept. of Pharmacology & Therapeutics, LSU Medical 
Center, Shreveport, LA 71130.

The systemic administration of dopamine agonists results in 
increased plasma adrenocorticosteroids. More specifically, the 
administration of cocaine and amphetamine increases plasma 
corticosterone in rats, while endogenous corticosterone appears to play 
an important role in mediating the reinforcing effects of these drugs. 
Since the mesocorticolimbic dopamine system has been implicated in 
reinforcing effects of psychomotor stimulants, we hypothesized that the 
nucleus accumbens (NAC) and the medial prefrontal cortex (MPC) are 
also involved in mediating the elevated plasma corticosterone observed 
following dopamine agonist administration. Adult male Wistar rats were 
implanted with chronic indwelling jugular catheters and guide cannulae 
stereotaxically aimed at the NAC or MPC. The unilateral microinjection 
of a mixture of the dopamine DI agonist SKF 38393 (2.5 nmol) and the 
D2 agonist quinpirole (2.5 nmol) into the NAC increased plasma 
corticosterone by 95 % of baseline 15 and 30 min after the injection. 
These results suggest that the NAC is involved in mediating elevated 
plasma glucocorticoids in response to dopamine agonists. Experiments 
are currently ongoing to determine the potential role of the MPC. This 
work was supported in part by USPHS grants DA06013 and DA04243.

799.8
2-PHENYL-IMIDAZO [1,2-aJPYRIDINE DERIVATIVES HAVING HIGH IN 
VITRO AFFINITY AND SELECTIVITY FOR PERIPHERAL 
BENZODIAZEPINE RECEPTORS STIMULATE STEROIDOGENESIS IN 
ADRENAL AND BRAIN. G. Biggio*, A, Concas. E, Sanna, L, Dazzi, M.L. 
Barbaccia1, R.H. Purdy2, G. Trapani3, M. Franco3, G. Liso3 and M, Serra.
Universities of Cagliari, Roma2, San Diego2, Bari3, Italy - USA.

The peripheral type benzodiazepine receptor (PBR) localized in the outer
membrane of the mitochondria, specifically promotes steroidogenesis in peripheral 
tissues and in CNS. 2-phenyl-imidazo [l,2-a]pyridines derivatives (CB 34, CB 50 
and CB 61) prepared by reactions of the suitably substituted 2-aminopyridines with 
the appropriate bromoketoamides, in vitro, potently displaced [3H]PK11195 
binding in brain (IC5o=O.3-O.7 nM) and in peripheral organs (IC50=2.5-6 nM) but 
were inactive at the central benzodiazepine binding sites. Acute injection of CB 
compounds (3-50 mg/Kg i.p.) elicited a selective and dose-dependent increase of 
brain cortical neuroactive steroids. 30 min after injection of CB 34 (25 mg/Kg) the 
levels of pregnenolone, progesterone, allopregnanolone and 
allotetrahydrodeoxycorticosterone reached the maximal increase (+95%, +120%, 
+115%, and +100%, respectively) returning to control values within 60 min. 
Plasma levels of these steroids, and plasma corticosterone were also dramatically 
(+80-200%) increased. CB 34 increased pregnenolone in c. cortex of 
adrenalectomized/castrated rats pretreated with trilostane (200 mg/kg), an inhibitor 
of pregnenolone metabolism. On the contrary even at high doses these molecules 
failed to alter ACh release in the rat c. cortex and hippocampus, and did not 
antagonize PTZ-induced convulsions. These compounds seem to be the most 
potent, efficacious and selective PBR agonists stimulating steroidogenesis in 
adrenals and brain.

799.9
INCREASED EXPRESSION OF CORTICOTROPIN-RELEASING HORMONE 
mRNA IN THE CENTRAL NUCLEUS OF THE AMYGDALA BUT NOT IN THE 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS FOLLOWING PSYCHO-
LOGICAL STRESS IN THE RAT. S, Makino1*. T. Shibasaki2 N. Yamauchi3. M. 
Nishivamak I, WakabavashP, and K. Hashimotok 2nd Dept of Internal Medicine, 
Kochi Medical School 1, Okoh-cho, Nankoku, Kochi 783, and Dept of Physiology^ 
and Dept of Medicine-^, Nippon Medical School, Sendagi, Bunkyo-ku, Tokyo 113, 
Japan.

Clinical syndromes such as melancholic depression, which are associated with 
pathological hyperarousal and anxiety, could theoretically reflect an overexpression of 
stress-responsive arousal-producing neuropeptides such as corticotropin-releasing 
hormone (CRH). Shibasaki et al. previously reported that a centrally administered 
CRH antagonist, a-helical CRH, inhibited the psychological stress-induced 
shortening of sleeping time of pentobarbital anesthesia. They also demonstrated that 
an increase in psychological stress-induced arousal did not accompany increases in 
plasma ACTH or catecholamine (Brain Res; 618: 71-75, 1993). These results 
suggest that extrahypothalamic CRH system is involved in the psychological stress- 
evoked arousal. In the present study, we examined CRH mRNA expressions in the 
hypothalamic paraventricular nucleus (PVN), the central nucleus of the amygdala 
(CEA) and the bed nucleus of the stria terminalis (BNST) following psychological 
stress, as measured by in situ hybridization histochemistry. Rats were placed in a 
communication box to be exposed to psychological stress for 30 min, and then 
sacrificed 60 and 150 min after cessation of stress. CRH mRNA in the CEA and 
dorsolateral part of the BNST, but not in the PVN and the ventral BNST, increased at 
both 60 and 150 min compared with that in non-stressed rats. These results support 
previous findings by Shibasaki et al. and suggest that CRH in the CEA and the 
dorsolateral BNST may contribute to the psychological stress-evoked fear-related 
behavior such as hyperarousal.

799.10
RAPID EFFECTS OF CORTICOSTERONE ON CENTRAL MONOAMINES 

Patrick J. Ronan, Earl T. Larson, Pete Hofmann, Aaron J. Emerson, 
Kenneth J. Renner, J.L. Johnson* and Cliff H. Summers 
Dept of Biology, University of South Dakota, Vermillion, SD 57069

Glucocorticoids secreted during stressful conditions appear to affect 
monoaminergic activity. Social stress from aggressive interaction is 
manifest rapidly (1 h) as serotonergic activation in hippocampus 
(medial cortex), nucleus accumbens and brainstem of subordinate male 
Anolis carolinensis, but more slowly (1 w) in medial amygdala 
(paleostriatum). Corticosterone administered into the hippocampus by 
dialysis probe stimulates rapid serotonin release. This experiment was 
undertaken to determine if systemic corticosterone, operating like 
natural feedback, would affect central monoaminergic activity.
Lizards (N=8 each group) were injected (IP) with 10 or 100 mg 
corticosterone, 10 mg testosterone or saline (in 50 pi). After 20 min 
brains were rapidly dissected, frozen (-80°C), sectioned at 300 pm 
then regions microdissected (punch = 300 pm diameter) and analyzed 
by HPLC. Serotonergic turnover (as measured by 5-HIAA/5-HT) was 
significantly enhanced by systemic corticosterone in two regions of the 
brain associated with social stress. Since hippocampus and medial 
amygdala appear to mediate social stress via serotonergic activity in a 
different temporal manner, the effect of corticosterone may result in 
the same regulatory effect even though 5-HT responses are similar. 
Supported by NSF grants IBN-9596009 and OSR-9108773

799.11
CIRL, A NOVEL G-PROTEIN-COUPLED RECEPTOR IS UPREGULATED BY 
STRESS. A.R. Little* V. Krasnoperov. K. Salnikow, O. Chepurny, A, Plotnikov, R. 
Beavis . H.L. Evans. A.G. Petrenko . Dept. Environ. Med., Dept. Physiology and 
Neuroscience *, The Skirball Biomedical Inst.**, NYU Medical Center., New York, NY 
10016

a-Latrotoxin is a potent stimulator of neurosecretion. Its action requires 
extracellular binding to high affinity membrane receptors. Here we describe molecular 
cloning and functional expression of the calcium-independent receptor of a-latrotoxin 
(CIRL) which is the major mediator of a-latrotoxin's effects. CIRL appears to be a 
novel orphan G-protein-coupled receptor, a member of the secretin receptor family. 
In contrast with known serpentine receptors, CIRL has two subunits, 120 kd and 85 kd, 
that are the result of endogenous proteolytic cleavage of a precursor polypeptide. CIRL 
is found in brain where it is enriched in the striatum and cortex. Syntaxin, a 
component of the fusion complex, co-purifies with CIRL on an a-latrotoxin affinity 
column and forms stable complexes with this receptor in vitro. The interaction of 
CIRL with a specific presynaptic neurotoxin and with a component of the docking- 
fusion machinery suggests its physiological role in regulation of neurosecretion.

The 5'-untranslated region of CIRL cDNA contains a consensus sequence for 
glucocorticoid response element (GRE) suggesting that CIRL expression may be 
controlled by glucocorticoids which are known to be potent regulators of gene 
expression in the CNS. These hormones are normally produced in response to stress and 
influence the expression of at least 50 proteins in the CNS. We found five-fold elevation 
of corticosterone in the serum of rats exposed to toluene (lOOOppm by inhalation, 
6hr/day for 3 or.7 days). Toluene disrupts the hypothalamo-pituitary-adrenal axis and we 
believe that elevated corticosterone would be one of the effects of such an exposure 
based on our previous experiments. We found that CIRL concentration in the thalamus 
of toluene-exposed rats was double that of controls. Further, there was a high correla-
tion between elevated corticosterone levels and CIRL concentration. We hypothesize that 
the CIRL expression can be upregulated by a stress factor via glucocorticoid-depend-
ent transcriptional regulation. Supported by grants R01NS35098 and R01NS34937 from 
NINDS, P01ES00260 from NIEHS and the American Petroleum Inst.

799.12
RECURRENT HYPOGLYCEMIA REDUCES FOS EXPRESSION 
IN RAT HINDBRAIN. N.M. Sanders* and S. Ritter. Department of 
VCAPP, Washington State University, Pullman, WA 99164-6520.

Decreases in plasma glucose normally activate counterregulatory 
mechanisms that prevent or attenuate hypoglycemia. However, 
recurrent hypoglycemic (RH) bouts result in diminished 
counterregulatory responses, a condition known as hypoglycemia 
unawareness. In previous studies of the hindbrain using Fos 
immunohistochemistry, we found that insulin-induced hypoglycemia 
(IIH) induces Fos-immunoreactivity (-ir) in catecholaminergic neurons 
in A1/Cl and C3 and in non-catecholaminergic neurons in the NTS. In 
the present experiment, we examined Fos expression in response to 
recurrent exposure to hypoglycemia. Rats were given daily 
subcutaneous injections of insulin (1.0 U/kg) or saline (1 ml/kg) for 3 
weeks. They were then challenged with insulin (1.0 U/kg) and killed 2 
hours later. Brain sections were double labeled to reveal tyrosine 
hydroxylase (TH) and Fos-ir. Recurrent insulin decreased Fos-ir in 
response to insulin in Al/Cl and C3 neurons, in non-catecholaminergic 
NTS neurons and in the adrenal medulla compared to recurrent saline 
or naive rats challenged with the same insulin dose. Results suggest 
that neurons normally activated in response may reflect metabolic 
adaptation to hypoglycemia or reduced responsiveness to other effects 
of insulin.
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800.1
VASOPRESSIN (VP) FAVORS THE EXPRESSION OF A MEDIUM PHASIC 
PATTERN OF ACTIVITY BY RAT HYPOTHALAMIC MAGNOCELLULAR VP 
NEURONS IN VIVO. F Moos. L Goazenes & N. Hussy*. Biologie Neurones 
Endocrines, CNRS UPR 9055, CCIPE, rue Cardonille-34094 Montpellier Cdx 5 - Fr.

VP neurons in the rat supraoptic (SO) or paraventricular (PV) nuclei display phasic 
activity, i.e., a succession of active and silent periods characterized by the activity 
quotient (Q - proportion of time during which a neuron is active) and the intraburst 
frequency (/), two parameters determining the amount of VP released by the 
neurohypophysis. This activity, reinforced by hyperosmolarity and hemorrhage, is 
modulated by VP released by the dendrites and soma in the extracellular compartment 
of magnocellular nuclei. We studied this autocontrol by testing the effects of local 
applications of VP (0.1-10 pM) on the electrical activity of VP neurons in rat SO or 
PV nuclei in vivo. The effects of VP depend on the initial level of activity of the 
neurons: VP triggers or reinforces phasic firing (increasing duration of active periods 
and decreasing silences) in weakly active neurons, and inhibits (reducing duration of 
active periods and increasing silences) highly active neurons. Those with intermediate 
phasic activity are not affected. So, local autocontrol by VP results in standardazing the 
activity pattern of VP neurons, bringing the whole population to discharge with a 
medium phasic activity, characterized by a Gaussian distribution of 0 centered around 
a mode of 0.54±0.01 (n = 50). / is mostly enhanced or not affected by VP and rarely 
inhibited, independently of initial pattern. Paired SO-SO or PV-SO recordings showed 
that application of VP into one nucleus simultaneously affects VP neurons in the 
contralateral SO nucleus, indicating the presence of functional interrelations between 
nuclei. Changes in firing pattern of contralateral neurons depend similarly on their 
initial Q. Action of VP is specific to VP neurons since basal and bursting activity of 
oxytocin neurons in lactating rats are not affected. In conclusion, the role of VP is to 
favor the expression of a specific neuronal phasic pattern of activity known to optimize 
the release of VP from the neurohypophysis.

800.2
CENTRAL HISTAMINERGIC NEURONS MAY BE RESPONSIBLE 
FOR THE DIURNAL CHANGE OF TUBEROINFUNDIBULAR 
DOPAMINERGIC NEURON ACTIVITY AND PROLACTIN 
SECRETION IN OVARIECTOMIZED, ESTROGEN-TREATED 
RATS. L.L. Wang, S.H.H. Chan* and J.T. Pan. Dept. of Physiol, and 
Neurosci. Res. Ctr., Natl. Yang-Ming Univ., Taipei, Taiwan R.O.C.

Central histamine (HA) has been shown to play an important role in 
the secretion of prolactin (PRL). Previous study, however, did not find 
any significant effect of exogenously administered HA on the activity 
of tuberoinfundibular dopaminergic (TIDA) neurons in the male rats. 
Since the TIDA neuronal activity of the female rats exhibits a diurnal 
difference, it is of interest to test if HA plays a role in that aspect. 
Central injection of HA (30 pg, icv) indeed had no significant effect on 
median eminence DOPAC and serum PRL levels in the morning (1000 
h), while the same injection in the afternoon significantly stimulated the 
lowered median eminence DOPAC level at 1500 h and blocked the 
afternoon PRL surge. The effect of HA was both dose-dependent and 
receptor-specific. Doses less then 30 pg were not effective, and co-
injection with pyrilamine, an H, receptor antagonist, could prevent 
HA’s effect. We further used central injection of pyrilamine in 2 doses 
(10, 30 pg) either in the morning or in the afternoon, and found that 
pyrilamine alone significantly lowered the morning TIDA neuronal 
activity, while it had no significant effect in the afternoon. In summary, 
the present findings indicate that there exists an endogenous rhythm of 
HAergic neuron activity, i.e., high in the morning and low in the 
afternoon, which may partly be responsible for the genesis of the 
diurnal rhythm of TIDA neuronal activity in female rats.
(Supported by National Science Council of the Republic of China)

800.3
TEMPORAL CHANGES IN HYPOTHALAMIC C-FOS EXPRESSION AND 
PROLACTIN SECRETION IN THE PREGNANT RAT. Y. Lee and J. L. Voogt* 
Dept. of Molecular and Integrative Physiology, Univ. of Kansas Medical Center, Kansas 
City, KS 66160-7401.

Prolactin (PRL) is an important luteotrophic hormone in the rat showing two daily 
surges during the first half of pregnancy. The preoptic area (POA), dorsomedial nucleus 
(DM) and ventromedial nucleus (VM) of the hypothalamus have been implicated in PRL 
secretion during early pregnancy. However a temporal relationship between neuronal 
activity in these areas and PRL secretion has not been demonstrated. To investigate this 
relationship during pregnancy, we examined c-Fos expression as a marker of neuronal 
activity by performing immunocytochemistry (ICC) in the DM-VM and in 4 different 
subareas of die POA. Perfusion and ICC were performed at 9 different time points during 
early pregnancy (day 6-7) and 3 different time points during late pregnancy (day 16-17) in 
Sprague-Dawley rats. Plasma PRL levels determined by RIA revealed two daily surges 
during early pregnancy, which were completely absent in late pregnancy. As we 
previously reported, neuronal activity in 3 subareas of the POA was highly correlaied 
with PRL levels in early pregnancy. These areas were the anteromedial preoptic nucleus 
(AMPO), die medial preoptic area (MPA) and the medial preoptic nucleus (MPO). When 
PRL was maximum at 0200h and 1800h neuronal activity in these areas was very high 
but decreased significantly during the intersurge time (1400h). c-Fos expression in the 
DM-VM showed the same profile as PRL surges in early pregnancy. During late 
pregnancy when the PRL surges were absent, die pattern of neuronal activity over time 
was reversed. The number of c-Fos positive cells was low at 0200h and 1800h and was 
very high at 1400h. The difference in c-Fos expression at 1400h between early pregnancy 
and late pregnancy was significant. These results demonstrate that termination of the 
PRL surges at midpregnancy is accompanied by major changes in the temporal pattern of 
c-Fos expression in those hypothalamic areas known to influence PRL secretion. 
(Supported by NIH grant HD24190 and AG11561)

800.4
ANGIOTENSIN II RECEPTOR SUBTYPE AT] IN MEDIAL PREOPTIC 
AREA AND THE LUTEINIZING HORMONE AND PROLACTIN 
RELEASE. R.C.M.Dornelles*; C.R.Franci; Faculdade de Medicina de Ribeirao 
Preto. Universidade de Sao Paulo, Ribeirao Preto - SP, Brazil, 14049 900.

Angiotensin II (A II) act on control of pituitary hormones secretion in 
female rats, as luteinizing hormone (LH) and prolactin (PRL). This action is 
mediated by receptor subtype ATb Medial preoptic area (MPOA) contains LH- 
releasing hormone (LHRH) neurons wich are stimulated by A II. The aim of this 
study was investigate the action of A II and the blocked by losartan into MPOA 
on LH and PRL release and modulation by estrogen (E2). Adult ovariectomized 
rats with cannula into the MPOA received subcutaneous injection of estradiol 
benzoate (OVBE group) or vehicle (OVV group) during 3 days. Jugular vein was 
cannulated one day before the experiment. Blood samples were collected 10 
minutes before microinjection of saline (0.15 M) or losartan (100 pmol) in the 
MPOA. Ten minutes after this first microinjection, saline or A II (100 pmol) 
were microinjected in the same area and blood sample for LH and PRL 
radioimmunoassay were collected immediately before and 10,20,30 and 60 
minutes after. The A II stimulated of LH and inhibited PRL release in both of 
groups. The stimulatory effect of A II on LH release in the OVBE group was 
blocked by losartan, but in OVV group, losartan associated or not with A II, 
inhibited the LH release. In both of group, the losartan into MPOA not altered 
PRL release but blocked the inhibitory effect of A II. Thus, the endogenous A II, 
through receptor AT j into MPOA, participate in the controle of LH secretion of 
the females OVV but not in the control of PRL secretion.
Grants from:CAPES and FAPESP. Technical Support: Sonia Zanon Baptista.

800.5
NEUROTENSIN MEDIATES STIMULATORY EFFECTS OF PROLACTIN 
ON TUBEROINFUNDIBULAR DOPAMINERGIC NEURONS. Kenneth 
Hentschel, Kenneth E. Moore and Keith J. Lookingland*. Department of 
Pharmacology & Toxicology', Michigan State University, East Lansing, MI 
48824.

Prolactin elicits a biphasic stimulatory effect on tuberoinfundibular (TI) 
dopamine (DA) neurons; a rapid ‘tonic’ (2-4 hr) and delayed ‘induction’ (12-24 
hr) action (Demarest et al., Neuroendocrinology 43:291, 1986). Neurotensin, a 
tridecapeptide located in the hypothalamic arcuate nucleus, is a potent stimulator 
of TIDA neurons (Pan et al., Life Sci. 50:2011, 1992). The purpose of the 
present study was to determine if neurotensin mediates the activation of TIDA 
neurons by prolactin. The activity of TI and nigrostriatal (NS) DA neurons was 
estimated by measuring DA and 3, 4-dihydroxyphenylacetic acid (DOPAC) 
concentrations in the terminals of these neurons in the median eminence (ME) 
and striatum (ST), respectively. Haloperidol activates TIDA neurons as a result 
of its ability to increase circulating levels of prolactin and NSDA neurons as a 
result of blocking DA autoreceptors. Twelve hours after injecting haloperidol (1 
mg/kg, sc) the DOPAC/D A ratio was increased both in the ME and ST of both 
male and female rats. The administration of a neurotensin antagonist SR-48692 
(lG-lOOOpg/kg, ip; Labbe-Jullie et al., Mol. Pharm. 47:1050, 1995) 1 hr prior to 
sacrifice had no effect on TIDA or NSDA activity in vehicle-treated rats, nor did 
it alter the haloperidol-induced activation of NSDA neurons. On the other hand, 
SR-48692 produced a dose-related reversal of the haloperidol-induced, prolactin- 
mediated activity of TIDA neurons in both male and female rats. These results 
suggest that neurotensin mediates the delayed, but not the tonic activation of 
TIDA neurons by prolactin.

800.6
TREATMENT OF CYSTEAMINE IN PREPUBERTAL FEMALE RATS 
MAY IMPAIR THE DEVELOPMENT OF TUBEROINFUNDIBULAR 
DOPAMINERGIC NEURONS: POSSIBLE ROLE OF PROLACTIN. K.R. 
Shieh*, S.L. Liang and J.T. Pan. Department of Physiology, National 
Yang-Ming University, Taipei, Taiwan, Republic of China

Earlier studies reported that there is a gradual increase of serum prolactin 
(PRL) levels from neonatal to pubertal stages in rats. We recently found that 
the activity of tuberoinfundibular dopaminergic (TIDA) neurons in female 
rats also exhibits a gradual increase from pre- to postpubertal stages. Since 
PRL exerts a short-loop feedback control of its own secretion, it was of 
interest to learn if PRL plays a role in the development of TIDA neurons 
during peripubertal stage. Twenty-eight-day old female Sprague-Dawley rats 
were treated with cysteamine (2-aminoethanethiol, 100 mg/kg, ip), a potent 
depletor of PRL, twice daily (0700 and 1900 h) for 7, 14 or 21 days, and the 
rats were decapitated in the morning on days 35, 42 and 49, respectively. 
Serum PRL levels in cysteamine-treated groups were significantly depleted. 
The median eminence (ME) DOPAC levels increased nearly 3-fold over 21 
days and were lowered to 50% (on day 35), 34% (day 42) and 32% (day 49) 
of control levels by cysteamine. The ME dopamine contents changed little 
over time, and treatments of cysteamine decreased those to around 50% with 
no significant age difference. In 35-day old prepubertal female rats, treatment 
of cysteamine for 3 days had the similar effects on TIDA neurons, i.e., 
DOPAC lowered to 47% and dopamine to 49%. These rats were given 
another injection rPRL (0.1 or 1 mg/kg, ip) on day 40 and sacrificed 14 h 
later. The replacement of rPRL dose-dependently elevated ME DOPAC and 
dopamine levels to those of control rats. These results strongly indicate that 
increases in PRL secretion is a determining factor for normal development of 
TIDA neurons in prepubertal female rats. (Supported by N.S.C. of R.O.C.)
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800.7
PROGESTERONE ADVANCES THE DIURNAL RHYTHM OF 
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONAL ACTIVITY 
AND THE PROLACTIN SURGE: ITS POSSIBLE ACTION 
MECHANISMS. S.H. Yen, J.C. Jea and J.T. Pan *. Dept. of Physiol., 
National Yang-Ming University, Taipei, Taiwan, R.O.C.

A diurnal change of tuberoinfundibular dopaminergic (TIDA) 
neuronal activity exists in the female rats, which is prerequisite for the 
estrogen-induced afternoon prolactin (PRL) surge. The decrease in 
median eminence DOPAC levels occurred between 1300 and 1400 h 
correlates well with the initiation of the PRL surge. Progesterone (P4) 
treatment is able to advance and potentiate this PRL surge. Whether its 
effect is acting through the TIDA neurons was the focus of this study. In 
estrogen-primed ovariectomized rats, P4 (2 mg/rat, sc) injected at 0800 
h significantly advanced the decrease of TIDA neuronal activity from 
1400 to 1300 h. A dose-dependent (from 0.5 to 4 mg) effect of P4 was 
also shown. The effects of P4 on rhythms of TIDA neuron and serum 
PRL could be prevented by pretreatment of repeated injections of 
RU486 (5 mgx3) for one or two days before. RU486 alone had no 
significant effect on the estrogen-induced afternoon PRL surge and the 
TIDA rhythm. We have previously shown that central cholinergic, 
opioidergic and serotonergic neurons are involved in the control of 
TIDA rhythms. We also showed in this study that mecamylamine (6 
mg/kg, ip), naloxone (10 mg/kg, ip), or ketanserin (10 mg/kg, ip) given 
at 1200 h all significantly prevented the advancing effect of P4 on TIDA 
neuronal activity. In all, P4 could play a significant modulatory role on 
the rhythmic change of TIDA neuron activity, and its effect may involve 
central cholinergic, opioidergic, and serotonergic neurons.
(Supported by National Science Council of R.O.C.)

800.8
BOMBESIN MAY NOT BE THE TROPHIC FACTOR
RESPONSIBLE FOR SUPRACHIASMATIC NUCLEUS CONTROL 
OF THE TUBEROINFUNDIBULAR DOPAMINERGIC NEURON 
ACTIVITY. L.M. Mai*, K.R. Shieh and J.T, Pan. Dept. of Anatomy* 
and Physiology, Natl. Yang-Ming University, Taipei, Taiwan, R.O.C.

We have previously shown that bombesin (BB) injected intracere- 
broventricularly or directly into the suprachiasmatic nucleus (SCN) 
could prevent the diurnal change of the tuberoinfundibular dopamin-
ergic (TIDA) neuron activity and inhibit the afternoon prolactin surge. 
BB not only stimulated the DOPA levels in the median eminence (ME), 
but also those in the SCN and paraventricular nucleus. A 24-h change 
of BB content in the SCN was also observed, with higher levels at both 
early (0900 h) and late (1800 h) hours during the day. Central injection 
of a BB antagonist, LtpLB, could lower the TIDA neuron activity in the 
morning, but not in the afternoon, indicating a higher endogenous BB 
tone in the morning. We further showed that lesion of the SCN not only 
blocks the diurnal change of TIDA neuron activity, it also significantly 
depleted the dopamine content in the ME. This effect occurred as early 
as in 2 days and lasted for at least 6 days. The acute stimulating effect 
of BB, however, could still be shown in SCN-lesioned rats. We then 
used daily injection of BB (0.75-1 jag, icv at 0900 h) in SCN-lesioned 
rats from day 1 to day 4 after the lesion, and determined their TIDA 
neuron activity on day 5. The treatment, however, was not effective in 
preventing the lesion effect. On the contrary, it further lowered the 
TIDA neuron activity. In summary, SCN may possess a trophic effect 
on the TIDA neurons, and factor(s) other than BB may be responsible 
for the effect. (Supported by NSC, ROC)

800.9
EFFECTS OF NEONATAL MONOSODIUM GLUTAMATE TREATMENT 
ON BASAL AND DIURNAL CHANGES OF TUBEROINFUNDIBULAR 
DOPAMINERGIC NEURON ACTIVITY AND ON SINGLE-UNIT 
ACTIVITY OF DORSOMEDIAL ARCUATE NEURONS. J. Y. Lin* and J. 
T. Pan. Dept. of Med. Technol., Chung-Tai Jr. Coll., Taichung; Dept. of 
Physiol., Sch. of Life Sci., Natl. Yang-Ming Univ., Taipei, Taiwan, R.O.C.

Neonatal monosodium glutamate (MSG) treatment has been shown to 
produce significant toxic effects on the development of hypothalamic arcuate 
nucleus (ARC). Whether the tuberoinfundibular dopaminergic (TIDA) 
neurons located in the dorsomedial (dm) ARC are also affected has not been 
ascertained. MSG (4 mg/g, BW, sc) or saline was given to neonatal Sprague- 
Dawley rats on days 1, 3, 5, 7 and 9 after birth. When they were 60 days old, 
the female rats were ovariectomized and treated with estrogen. Neonatal 
MSG-treatment produced significant decrease of both dihydroxyphenylacetic 
acid (DOPAC) and dopamine (DA) levels in the median eminence, but not so 
much in their ratios, indicating a decrease in TIDA neuron population, but 
not its individual activity. The diurnal change of TIDA neuron activity, 
nevertheless, still persisted in neonatal MSG-treated rats; so did the estrogen- 
induced afternoon prolactin surge. Using single-unit recording of dmARC 
neurons in brain slices, we found that DA exhibited significantly less 
inhibitory effect (28.2%, n=39) on dmARC neurons in slices prepared from 
MSG-treated rats than those from saline-treated rats (73.3%, n=l 5). In 
contrast, the excitatory neuropeptide, bombesin, produced similar effects in 
both groups. Both results indicate that neonatal MSG-treatment decreased the 
number of TIDA and DA-responsive dmARC neurons. The remaining TIDA 
neurons, however, seemed to be able to maintain their activity and rhythm. 

(Supported by NSC86-2745-B-166-001)

800.10
PRIOR PARITY REDUCES THE LIGHT-DARK SHIFT-RELATED 
INCREASE IN STRIATAL DOPAMINERGIC AND SEROTONINERGIC 
ACTIVITY IN RATS AS MEASURED USING IN VIVO MICRODIALYSIS 
E.E.T.S. Hucke*. P.E, Cruz-Casallas. J.C. Florio. L.F. Felicio and R.S.
Bridges Dept. Pathol., School of Vet. Med. Univ. of Sao Paulo, Brazil, 
05508-970.

Reproductive experience (RE) influences basal and pregnancy profile of 
prolactin blood levels in women and rats respectively. Endocrine responses to 
dopaminergic antagonists are modified by RE as well. Caudate-putamen extra-
cellular dopamine and serotonin metabolites were measured by HPLC-ED in 
(20 min) perfusates obtained by 2pl/min flow microdialysis in non anestethized 
freely moving nulliparous and primiparous female rats. In addition another set 
of nulliparous and primiparous animals were decapitated and neurotransmitters 
metabolites concentrations measured in striatal homogenates. No statistical 
differences were observed either among primiparous and nulliparous baseline 
HVA, DOPAC, and 5H1AA concentrations or metabolites levels measured in 
tissue homogenates as obtained during the base line time period of microdialy-
sis. Once a baseline was obtained, three perfusates in a row with less than 20% 
variability, data were collected for at least 7:20 hours. This period always in-
cluded the light-dark shift at 18:00h. During one hour before and after the mo-
ment of the light-dark shift HVA, DOPAC and 5HLAA concentrations in the 
perfusates increased significantly in nulliparous as compared to primiparous 
rats. These data revealed a different pattern of dopaminergic and serotoninergic 
anticipation and response to the shift in the light-dark cycle in nulliparous as 
compared with primiparous females. The results suggest that RE can modulate 
striatal activity of dopaminergic and serotoninergic terminals.
Financial support by FAPESP 96/4193-0 and CNPq 520234/96

800.11
NEUROENDOCRINE CHANGES DURING PROLONGED PARTIAL 
SLEEP DEPRIVATION (PSD). J. Mullington*, M. Carlin, S. Samuel, S. 
Kapoor, K. Gary & D. Dinges. Univ. Pennsylvania, Sch. of Med., PA.

We have investigated cumulative decrements in neurobehavioral output 
produced by sustained PSD at 4 h/day. Subjects are permitted to sleep 8 
h/night (BL) for the first 3 nights («1 lpm-7am), then 4 h/night (PDS) for 
the next 14 nights (~3am-7am), followed by recovery sleep (R) for 3 
nights (8h). Subjects had an indwelling catheter inserted into a 
superficial forearm vein for 27 h, on the 3rd BL day, 10th day of PSD and 
1st R day. Plasma samples were collected at Yih intervals, assayed for 
thyroid hormones (TSH, T3, T4), melatonin, TNF-a and TNF-r-P55. 
Neurobehavioral data were collected from 6 and plasma from 3 subjects. 
Assays completed for 1 subject showed a normal circadian pattern of 
cortisol without elevations during PSD. Melatonin peaked at the same 
time under all 3 conditions, but was reduced during the nocturnal period 
during PSD as compared with BL and R nights. TNF-a showed sleep 
associated increases in all 3 conditions, TNF-r-P55 showed no changes. 
T3 was reduced in daytime and nocturnal levels during PSD and 
remained low during the first R night, relative to BL. There were no 
changes in daytime levels for T4, but it dropped during the night of PSD, 
relative to BL and R nights. TSH demonstrated a decline from BL during 
PSD and further during R sleep. These preliminary data suggest changes 
in neuroendocrine output attributable to alterations in the sleep/wake 
behavior. Supported by NINR 0428103, AFOSRF49620, IEP Res. Foundation

800.12
MOUSE SEROTONIN V-ACETYLTRANSFERASE: NIGHTTIME 
PINEAL-SPECIFIC EXPRESSION AND CHROMOSOMAL 
LOCALIZATION. P.H. Roseboom1*, M.A Namboodiri4, D.B. Zimonjic2,
N.C. Popescu2, I.R. Rodriguez3 and D.C. Klein1. 'Natl. Inst. Child Health 
Human Devel., 2Natl. Cancer Inst., 3Natl. Eye Inst., Natl. Inst. Health, 
Bethesda, MD 20892, 4Dept. Biol., Georgetown U., Washington, DC 20057.

The circadian rhythm in the activity of serotonin /V-acetyltransferase 
(arylalkylamine V-acetyltransferase, AANAT; E.C. 2.3.1.87) drives the daily 
rhythm in circulating melatonin in vertebrates. This rhythm is important in 
the reproductive response to changes in photoperiods. In mice, the C3H/He 
strain makes melatonin with a normal rhythmicity, whereas the C57BL/6 
strain does not. To further analyze this difference, pineal AANAT cDNAs 
were cloned from these two strains. Northern blot analysis revealed 
expression of the pineal AANAT gene is detectable during the night in both 
strains of mice. The nighttime pineal signal consisted of five bands of 1.6kb,
1.8kb, 2.3kb, 2.6kb, and 5.2kb and was not detected in other central and 
peripheral tissues. Sequence analysis showed the C3H/He pineal AANAT 
cDNA encodes a 205 amino acid protein (23.1 kDa) that shows 96% identity 
to the rat AANAT. DNA sequence comparison to the C57BL/6 AANAT 
cDNA reveals five single residue differences and a 102bp insertion that 
results in the truncation of the predicted open reading frame of the C57BL/6 
AANAT cDNA to 104 amino acids. This may account for the lack of 
AANAT activity and melatonin production in C57BL/6 mice. In related 
work we have determined that the mouse AANAT gene (~ 5.3. kb) is located 
on chromosome 11, confirming prior genetic analysis. Supported by 
NICHD-IRP, NCI-IRP, and NEI-IRP.
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800.13
DIFFERENTIAL ELECTROPHYSIOLOGICAL RESPONSES FROM THE 
ANTERIOR HYPOTHALAMUS TO MELATONIN APPLICATION DURING 
THE ESTROUS CYCLE OF THE RAT. B. Prieto-Gomez^, M. VeUzquez- 
Paniagua. J.A. Garcia-Segoviano- and C- Reyes-Vazquez, Departamento de 
Fisiologia, Facultad de Medicina, UNAM, Mexico, D.F.

The role of melatonin in mammalian reproduction has been widely suggested. 
However, the mechanisms underlying the effects of this indole on the 
hypothalamic-pituitary-gonadal axis are still unclear. In brain, the medial basal 
hypothalamus seems to be the target site to melatonin, since the local application 
of this indole reduces the excitability of these neurons. However, there is no 
information concerning the action of melatonin along the different phases of the 
estrous cycle. In the present study, the melatonin effects on the extracellular unit 
activity from anterior hypothalamus were analyzed in every day of the 4-day rat 
estrous cycle. Adult Female Wistar rats, housed under a 14-h light: 10-h darkness 
schedule, underwent daily vaginal smears to determine their estrous cycles. Rats 
were anesthetized with urethane and the extracellular unitary activity was 
recorded using conventional techniques and equipment. Melatonin systemic 
application elicited a long lasting decrease of the spontaneous activity in the 
majority of the recorded cells. However, the intensity, as well as the duration was 
more powerful when the indole was applied on the diestrus day. On the other 
hand, the melatonin effects were less intense in estrous day. These results show 
that melatonin action on the modulation of anterior hypothalamus excitability is 
different along the estrous cycle, reflecting an interaction between the 
concentrations of sexual hormones and this indole.
Supported by grant DGAPA IN-205395.

800.14
DAILY MELATONIN INJECTIONS REDUCE HYPOTHALAMIC NOREPINEPH-
RINE AND DOPAMINE LEVELS IN SYRIAN HAMSTERS. TH Chamonev*. K 
Appel and J Prado. Dept Human Anat, Texas A&M Univ, College Station, TX 
77843-1114.

Melatonin (MEL), a hormone produced by the pineal gland, produces 
numerous physiological changes in hamsters when given daily during the late 
afternoon for ten weeks. These changes include a reduction in reproductive 
status, an increase in body weight and other changes associated with the 
transition from a summer to winter morphology. MEL is believed to produce its 
effects at hypothalamic nuclei by modifying setpoints of homeostatic 
mechanisms.

The present studies examined cortical, hippocampal and hypothalamic levels 
of catecholamines, indoleamines and gamma-aminobutyric acid (GABA) in male 
and female Syrian hamsters after 8 -10 weeks of daily MEL (25 pg, sc, 1700 
hrs) or vehicle injections. At the end of the treatment period, the hamsters were 
anesthetized with methoxyflurane and decapitated. Trunk blood was collected 
for hormonal determinations and cortical, hippocampal and hypothalamic 
(mediobasal hypothalamus) regions were collected for neurochemical 
determinations (Champney, et a I.,1992, J Chromat Biomed Appiic, 579:334- 
339). Both male and female hamsters that received MEL treatment had 
increased body weights, decreased reproductive organ weights and depressed 
hypothalamic norepinephrine (NE) and dopamine (DA) levels (p < 0.05). No 
consistent changes in catecholamine, indoieamine or GABA levels were 
observed in the cortex or the hippocampus.

These results suggest that MEL acts on NE and DA systems within the 
hypothalamus without altering GABA content, serotonin or 5-hydroxyindoleacetic 
acid levels. Therefore, as has been hypothesized in the past, it appears that 
MEL specifically modifies catecholaminergic systems within the hypothalamus. 
These studies were supported by private research funds.

800.15
PINEAL NICOTINIC RECEPTORS: CHARACTERIZATION AND 
FUNCTIONAL ROLE. T, Uz. J.-M. Mienville* and H. Manev. The Psychiatric 
Institute, The University of Illinois at Chicago, Chicago, IL 60611.

A cholinergic innervation of the pineal gland has been proposed as an alternative to 
the well-described adrenergic control of melatonin synthesis. Only scarce evidence is 
available relating to expression and the functional role of nicotinic acetylcholine 
receptors (nAChR) in pinealocytes. Using the RT-PCR assay of mRNAs and Western 
immunoblotting of proteins we found evidence for the presence of several subunits 
(i.e., a7, a4, p2) of ionotropic nAChR channels in the rat and the human pineal gland, 
and in primary cultures of rat pinealocytes. We performed pharmacological and 
functional characterizations of nAChRs in primary rat pineal cultures using: a) single-
cell fura-2 calcium imaging; b) patch-clamp recordings; and c) quantitative RT-PCR 
assay of serotonin N-acetyltransferase (NAT) mRNA. This enzyme regulates a rate-
limiting step in melatonin synthesis. In the rat pineal gland, an increase in melatonin 
synthesis requires up-regulation of NAT gene expression. Only pinealocytes (round 
cells) but not the glia-like cells responded to nicotine with an increase in intracellular 
free calcium levels. A comparable increase was observed with pM nicotine or nM 
epibatidine. The responses were transient and to a great extent depended on the 
activation of voltage-gated calcium channels (i.e., they were diminished but not 
blocked by nitrendipine). The responses to nicotine were blocked by an a4/p2 
antagonist, dihydro-P-erythroidine. A selective a7 antagonist, methyllycaconitine, 
reduced only a portion of the response. Processless round pinealocytes were also patch 
clamped to record whole-cell currents elicited by fast application of 100 pM nicotine. 
The currents were characterized by inward rectification, fast inactivation, run-down 
and sensitivity to nAChR antagonists. Nicotine, as well as isoproterenol increased the 
expression of NAT mRNA in pineal cultures. We propose that nAChR-mediated 
signaling may play an important role in the regulation of melatonin synthesis and that 
cigarette smoking might affect circadian rhythms by a direct effect of nicotine at the 
pineal level. FOS TW/NS527I-02.

800.16
DIRECT PATHWAYS FROM THE BRAINSTEM TO THE 
SUPRAOPTIC NUCLEUS ARE ACTIVATED AT PARTURITION

University of Washington, Seattle, WA98195; ^Dept. Physiology, University of 
Edinburgh Medical School, EH8 9AG, UK; ^The Babraham Institute, Cambridge 
CB2 4AT, UK.

Catecholaminergic neurones in the brainstem are activated in parturition in the rat 
(Luckman et al, J.Neuroendocrinol. 5: 7-12, 1993; Antonijevic et al, Endocrinology 
136: 154-163, 1995). These cells may be a link between the uterus and the 
hypothalamic magnocellular neurones regulating the pulsatile release of oxytocin 
from the neurohypophysis during delivery. To investigate this pathway, fluorescent 
latex microspheres were stereotaxically injected into the supraoptic nucleus (SON) of 
virgin 250g female Sprague-Dawley rats to retrogradely label afferent neurones. 
Animals were killed either as non-pregnant virgins, on the day of expected 
parturition or 90 min following expulsion of the first pup. Double 
immunocytochemistry for Fos and tyrosine hydroxylase (TH) was performed on 
brain sections. Parturition significantly induced Fos expression within TH cells in 
both the nucleus tractus solitarii (NTS) (P<0.001) and ventrolateral medulla 
(P<0.001) (A2/C2 and Al/Cl cell groups respectively) vs. virgin and pregnant 
controls. In the NTS, 48.4 ± 6.2% (n=22 rats) of all retrogradely labelled cells were 
immunoreactive for TH and of these 9.2 ± 4% (n=12 rats) were activated at 
parturition. Of all NTS Fos labelled cells projecting to the SON, only 54.5 ± 13% 
(n=12 rats) were TH positive, suggesting that other types of neurone relay 
information to the SON in parturition. In the Al/Cl group, 40.6 ± 5% (n=25) of 
all retrogradely labelled cells were TH positive and of these 30.7 ± 11.5% (n=12) 
were activated (P<0.05 vs. controls). Of all activated neurones projecting to the 
SON from Al/Cl, 21.5 ± 8.8% were TH positive, indicating that other types of 
input to the SON from the Al/Cl group are predominantly activated during delivery. 
Supported by the BBSRC.

800.17
ALPHA-ADRENERGIC RECEPTORS CONTROL
INTRANUCLEAR OXYTOCIN RELEASE DURING
SUCKLING. S. L. Bealer*and W. R. Crowley. Univ. Tenn., 
Memphis, TN 38163.

The CNS neurotransmitters which control intranuclear release of 
oxytocin (OXT) in the paraventricular (PVN) and supraoptic (SON) 
nuclei during suckling have not been defined. The purposes of these 
studies were to determine: 1) if suckling caused norepinephrine (NE) 
release in the PVN and SON in lactating rats, and 2) the role of 
alpha-adrenergic receptor stimulation in intranuclear release of OXT. 
Female, Holtzman rats, 8-12 days post-partum were implanted with 
microdiaiysis probes aimed at the PVN or SON. The following day, 
the pups were isolated from the dams for 4 hrs. Microdiaiysis 
probes were perfused with ACSF and dialysate collected prior to 
return of the pups, during suckling, and after the pups had again 
been removed. In other animals, pups were not returned. In addition, 
some dams were perfused with dialysate containing phentolamine. 
Dialysate samples were analyzed for either NE or OXT. Extracellular 
NE increased in the PVN during suckling, but was not detectable in 
the SON. Furthermore, dialysate OXT significantly increased in both 
the PVN and SON during suckling. Finally, phentolamine prevented 
the suckling-induced increase in OXT release in both nuclei. These 
data demonstrate that NE release is increased by suckling, and that 
subsequent stimulation of alpha-adrenergic receptors mediates release 
of intranuclear OXT. (Supported bv USPHS Grants HD 32156 and 
HD 20074).
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801.1
RESPONSE PROPERTIES OF AREA 17 NEURONS IN THE 
ALERT CAT. Bevil Conwav, Saniav Maaavi, Margaret 
Livingstone*. Program in Neuroscience, Harvard Med. Sch., 
Boston, MA 02115.

We have developed a method for examining the spatial and 
temporal response properties of heurons (in area 17) to briefly 
flashed stimuli in an alert cat. The cat was trained to view a 
computer monitor with his head fixed, and eye movements were 
monitored with an eye coil in a magnetic field. Optimal orientation 
of single units was determined by generating a tuning curve 
using full-field flashed parallel bars as stimuli. Then, an optimally 
oriented bar was flashed repeatedly at random positions in and 
around the cell’s receptive field. From a continuous record of eye 
position, bar position and spike history, a spatial plot of the 
relative bar-eye position (i.e. bar position on the retina) every time 
the cell spiked was made. The resulting maps show clustering of 
spikes that reflect each cell’s receptive field. We then 
determined latencies of on-responses and off-responses from 
post-stimulus time histograms (PSTHs) of the spikes in the core 
of the clusters. Not surprisingly, the on-latencies of the cells 
(mean=31ms, range=26-44ms) were shorter than those 
recorded in earlier work done on anesthetized cats and are 
comparable to latencies recorded in the awake monkey V1. The 
PSTHs also showed an off-response (mean=71ms, range=65- 
79ms) to stimulus cessation that had a latency much longer than 
the on-response to stimulus onset.
Supported by an NIH grant EY1023 (M.L.) and an NSERC (B.C.).

801.2
Plasticity of visual receptive fields in V1 of adult rabbits following retinal lesions.
J. R. Newton1, R.W. Sikes1, A.A. Skavenski1 * and C. Trempe2 ’’Northeastern 
University and 2' Schepens’Research Institute, Boston, MA 02115.

In the adult monkey and cat, VI receptive fields show clear plasticity following 
focal retinal lesions in which neurons in the deafferented region of cortex develop 
novel receptive fields outside the scotoma. In adult rabbits and rats, previous studies 
reported no plasticity of visual fields after unilateral enucleation which raises the 
possibility that plasticity is dependent on cortical processing mechanisms typical of 
frontal-eyed animals that are absent in the lateral-eyed animals. However, recovery 
from enucleation would require functional connections to be formed to the eye which 
lies contralateral to the lesion. This differs substantially from plasticity across 
receptive fields within the same eye. In this study, we demonstrate that plasticity of 
deafferented V1 cells does occur in adult rabbits with focal retinal lesions.
Following our previous protocol in monkeys, unilateral laser lesions were placed in 
the retina of Dutch belted rabbits, and single or multiunit V1 recordings were made 
to determine the extent of plasticity of the receptive fields.

In one rabbet with a 12 degree lesion near the center of its visual field, complete 
recovery of visual responses in the deafferented region of the visual cortex occurred 
rapidly. Within two weeks, all neurans in this area responded to stimuli placed 
outside the scotoma. The responses of these neurons were normal in terms of 
receptive field size. While this recover)' was much more rapid than the plasticity we 
observed in monkeys, the area of deafferented cortex was small, about I square mm. 
Consequently, in a second rabbit a 50 degree lesion was made. After one month, the 
deafferented neurons show clear responses to stimuli presented outside the scotoma. 
The responses, however, are alnorn.il with large receptive fields. Thus, lateral-eyed 
animals like the rabbit do show plasticity when the source of the recovered responses 
arises in the same retina as the le.-ion.

801.3
PHYSIOLOGICAL EVIDENCE FOR A CRITICAL PERIOD IN VISUAL 
CORTEX CELLS OF CATS FOLLOWING POSTNATAL 
DEAFFERENTATION. U. Yinon* and I. Spivak. Physiol. Lab., Goldschleger 
Eye Res. Inst., Tel-Aviv Univ. Fac. Med., Sheba Med. CTR, Tel-Hashomer, 
52621, ISRAEL.

Restorative processes were studied in primary visual cortex cells of cats, 
following cortical deafferentation made at various postnatal ages. The 
experimental groups were kittens operated at one (N-7 animals, n=269 cells), two 
(N=6, n=504), four (N=4, n=332), eight (N=5, n=437) and twelve (N=7, n=487) 
weeks of age. Adult operated (N=10, n=734) and intact (N =14, n=429) cats were 
studied as controls. A parasagittal incision was surgically made in area 17, 
between the sagittal suture and the lateral or postlateral sulci. Single cells were 
recorded in the PRE and POST-lesion regions, following anesthesia, paralysis and 
respiration, using microelectrodes. Receptive fields were mapped, orientation and 
direction selectivity examined, PSTH’s computed and electrode tracks 
histologically varified. The responsiveness levels were high and very significant 
(P<0.001) in the PRE- compared with the POST-lesion regions in the younger 
operated groups (1 week: PRE: 65.3%, POST: 57.1%; 2 wks: PRE: 76.6%, POST: 
54.5%). The levels obtained in the older operated groups were smaller, but the 
differences between the PRE- and POST-lesion regions significant (P<0.01) (4 
wks: PRE: 53.0%, POST: 33.1%; 8 wks: PRE: 50.9%, POST: 23.2%; 12 wks: 
PRE: 47.3%, POST: 36.3%). Similarly, the values of the responsiveness in these 
regions were lower in the operated controls (PRE: 67.0%, POST: 33.3%). The 
responsiveness level was remarkably higher in area 17 of the intact cats (86.5%). 
Our results indicate the existence of a postnatal critical period prior to 4 weeks of 
age in the deafferented cat visual cortex, during which functional restoration 
takes place.

801.4
CONTRASTING EFFECTS OF EYELID SUTURE AND RETINAL 
LASER LESIONS UPON CYTOCHROME OXIDASE ACTIVITY IN 
LAYER IVc OF MACAQUE STRIATE CORTEX. D.R, Hocking*. LC, 
Horton. Beckman Vision Center, UCSF, San Francisco, CA 94143-0730.

Monocular suture in juvenile monkeys, initiated after the critical 
period, produces thin dark CO bands alternating with wide pale CO bands in 
layer IVc/3 of striate cortex (Horton, 1984). This pattern reflects the 
subdivision of ocular dominance columns into core zones and border strips 
revealed by the Liesegang stain. We closed one eye in 7 macaques aged 
1,5,12,28,28 weeks and 9,15 years to examine the CO pattern induced by 
deprivation starting at a wide range of ages. The ocular dominance columns 
were labelled by eye injection of [3H]proline in some animals. Eyelid suture 
at 1 week produced no CO pattern in layer IVc0. At all other ages, suture 
resulted in a characteristic pattern of thin dark CO bands alternating with wide 
pale CO bands. The thin dark CO bands fit in register with the open eye’s 
ocular dominance columns, but were narrower. For example, suture at age 
5 weeks resulted in thin, dark CO bands occupying the centers of expanded 
proline columns. Even in animals sutured after the critical period, the dark 
CO bands were narrower than the ocular dominance columns. In the 2 oldest 
monkeys, we made small retinal laser lesions in the open eye. In one animal 
the lesion was confined largely to the photoreceptor layer. In the other 
animal, all retinal layers were destroyed. The CO staining in both animals 
resembled the pattern seen after monocular enucleation, rather than eyelid 
suture. We conclude that 1) eyelid suture and photoreceptor destruction have 
different effects upon CO activity in layer IVc/3 and that 2) the CO bands in 
layer IVc/3 seen after deprivation by monocular suture are not ocular 
dominance columns. Supported by NEI

801.5
CYTOCHROME OXIDASE BLOBS IN PRIMARY VISUAL CORTEX OF 
EULEMUR FULVUS AND MICROCEBUS MURINUS
R, Jeok M, Sereno2 and J. Allman1*. 1 Div. Biology 216-76, Caltech, Pasadena, CA 
91125; 2Dept. of Cognitive Science, UCSD, La Jolla, CA 92093.

We had the unique opportunity to study the brain tissues from two lemuroid 
primates: the brown lemur (Eulemur fulvus) and the mouse lemur (Microcebus 
murinus). The Eulemur, a member of a breeding colony at Caltech, presented with a 
large, fast growing testicular carcinoma that was deemed inoperable and was clearly 
causing the animal significant discomfort. It was therefore decided by the attending 
veterinarian that the animal should be euthanized. The animal was deeply anesthetized 
and was perfused transcardially with a buffered saline solution. The Microcebus, 
obtained from Duke University, was found dead in its cage and was not perfused. In 
both cases, the brain was quickly removed and photographed, and each hemisphere was 
physically flattened and fixed. We then cut 50 pm thick frozen sections parallel to the 
cortical surface and stained for cytochrome oxidase (CO) activity. For both Eulemur 
and Microcebus, CO staining revealed a system of dark staining CO blobs in primary 
visual cortex. Area V2 of Eulemur showed some patchy CO staining, but a 
stereotyped system of prominent, dark staining, thick and thin stripes (present in old 
and new world monkeys) was not evident. Microcebus did not show any evidence of 
V2 stripes; however, the absence of CO stripes in Microcebus V2 could be attributed 
to the condition of the brain tissue at the time of histology. In Eulemur we were able 
to identify area MT, primary auditory cortex (Al) and primary somatosensory cortex 
(SI), based on dark cytochrome oxidase staining patterns. These findings together with 
recent data from the dwarf lemur (Cheirogaleus medius) indicate that two characteristic 
features of the visual cortex in anthropoid primates, namely the cytochrome oxidase 
blobs in VI and cortical visual area MT, are also present in lemuroid primates. (Preuss 
and Kaas, Brain Behavior and Evolution 1996, Paolini et al., Society for Neuroscience 
Abstracts 1994). On the other hand the presence of prominent thick and thin CO stripes 
in V2 may be a specialization of the visual system in anthropoid primates. Supported 
by NIH grants EY 11759-01 and DA 08944-03

801.6
LAMINAR AND COMPARTMENTAL ORGANIZATION OF 
IMMUNOCYTOCHEMICALLY LOCALIZED NMDA RECEPTOR 
SUBUNITS IN MACAQUE PRIMARY VISUAL CORTEX. R.K. 
Carder*. Dept. Neurology, University of Chicago, Chicago, IL 60637.

N-methyl-D-aspartate (NMDA) receptors are important for many 
forms of synaptic plasticity, and may also serve to amplify 
excitatory signals in the visual system. Cloning and expression 
studies have demonstrated that NMDA receptors are composed of a 
principal subunit constituent (NMDAR1) that combines with subunits from 
the NMDAR2 subunit family to form heteromeric channels that vary in their 
functional and pharmacological properties. By use of subunit-specific 
antibodies, this study explored the organization of NMDA receptors 
within the adult macaque primary visual cortex (V1). 
immunoreactivity for NMDAR1, and two subunits from the NMDAR2 
family, NMDAR2A and NMDAR2B, consisted of rich plexuses of 
punctate profiles localized within the neuropil, and to varying 
degrees somata and proximal processes. NMDAR1, NMDAR2A, and 
NMDAR2B immunoreactivity was present through the thickness of 
V1, but was densest in two bands that corresponded to layers IVA and 
IVC. Within these layers immunostaining for each of the NMDA 
subunits was not uniform. In layer IVA, intense subunit staining 
formed a conspicuous honeycomb pattern; and in layer IVC subunit 
staining formed a very fine lattice. The principal observations of the 
present study are that the major subunit variants of the NMDA 
receptor are distributed in very similar patterns, with the greatest 
densities in zones of geniculocortical afferent terminations.
Supported by NS 28130
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801.7
THE SIZE OF THALAMIC INPUT TO SIMPLE CELLS OF 
THE CAT VISUAL CORTEX Soovoung Chung and David Ferster* 
Dept. of Neurobiology, Northwestern Univ., Evanston, IL 60208.

According to different anatomical experiments, the proportion of exci-
tatory synaptic inputs to cortical simple cells arising from the lateral 
geniculate nucleus ranges anywhere from 5% to 30%. This quantity is 
critical in evaluating current models for the origin of orientation tuning of 
simple cells. We have measured this quantity physiologically by selec-
tively inactivating cortical inputs. To suppress cortical activity, we evoked 
a long-lasting (-100 ms) inhibition by stimulating electrically the superfi-
cial layers of the nearby cortex less than 300 pm from the recording elec-
trode. Extracellular records showed that within a 1200 pm diameter region 
centered on the stimulating electrode, spike responses to briefly flashed 
gratings were completely suppressed throughout the cortical layers, 
whereas the responses of geniculate neurons to the same stimuli were 
unaffected. Therefore, flash-evoked synaptic potentials recorded 
intracellularly in cortical cells during this inhibition must arise largely from 
geniculate afferents.

As expected from the suppression of cortical spikes by the electrical 
stimulation, visually evoked synaptic potentials were completely 
suppressed in 16 out of 19 cortical cells that receive input only from other 
cortical neurons (as indicated by the latency of EPSPs evoked by 
geniculate stimulation). In 15 simple cells that received monosynaptic 
geniculate input, the electrical stimulation reduced the size of the visually- 
evoked EPSP to 51% of normal on average (range: 16-86%). The 
electrically evoked cortical inhibition had no consistent effect on the 
orientation tuning of the flash-evoked EPSPs in 11 simple cells tested. We 
conclude that LGN relay cells provide input to simple cells that is 
proportionately larger than what is suggested by anatomical data.

Supported by National Eye Institute Grant R01 EY04726

801.8
RETICULAR ACTIVATION FACILITATES USE-DEPENDENT
PLASTICITY OF ORIENTATION PREFERENCE MAPS IN THE CAT 
VISUAL CORTEX
R.A.W, Galuske*. W, Singer and M.H.J, Munk. Max-Planck-Institute for Brain 
Research, Deutschordenstr. 46,60528 Frankfurt/M, FRG

In the visual cortex neurons with similar orientation preferences are grouped 
together into iso-orientation (IOD). In the present study we examine whether this 
layout is susceptible to use-dependent modifications under conditions of increased 
cortical synchronization. To this end orientation preference maps (OPM) were 
visualized in the visual cortex (area 18) of 4 adult cats by optical imaging of 
intrinsic signals after stimulation with whole field gratings of 4 different 
orientations (0, 45, 90, 135°). Subsequently one of these gratings was selected and 
exclusively presented for about 300 trials, each time preceeded by electrical 
activation of the mesencephalic reticular formation (MRF) which is known to 
enhance stimulus dependent neuronal synchronization and facilitate use-dependent 
synaptic gain changes. In 10 of 13 cases the conditioned IODs increased in contrast 
and expanded, these effects lasting for more than 2 hours post-conditioning. 
Expansion occurred mainly into territories which formerly contained broadly tuned 
cells responding to the conditioned as well as to adjacent orientations. The IODs of 
the non-conditioned orientations tended to decrease in size and contrast. In 5 
control experiments, in which the repeatedly (300 trials) presented stimuli were not 
preceeded by MRF activation, the corresponding IODs remained unchanged or 
decreased in contrast. In simultaneous EEG recordings y-power increased during 
conditioning and remained high during testing with the conditioned but not with 
the un-conditioned orientations.

We conclude that OPMs are susceptible to use-dependent modifications and 
suggest that the observed changes result from recruitment of broadly tuned cells 
into the conditioned IODs because of proceeding synchronous activation.

801.9
LATE DEVELOPMENTAL CHANGES IN THE MAP OF ORIENTATION 
PREFERENCE IN FERRET VISUAL CORTEX. B.D. Rubin*, L.E. White, D. 
Fitzpatrick. Department of Neurobiology, Duke University Medical Center, 
Durham NC 27710.

We have used optical imaging to reveal the organization of orientation 
preference maps in visual cortex of female ferrets over a broad range of ages. Angle 
maps of orientation preference were constructed by vector summation of data 
acquired during presentation of full-field, square wave gratings at each of four or 
eight orientations? In ferrets of all ages examined, the map of orientation preference 
was largely continuous with multiple point discontinuities, called pinwheel centers, 
around which orientation preference cycled in a radial manner.

A marked difference in the spatial organization of these maps was apparent when 
the juvenile ferrets (6-8 weeks old) were compared to the older animals (>9 months 
old). On average, the density of pinwheel centers in the older group (5.1 ± 0.6 mm2, 
n = 5) was about 30% greater than in the juvenile group (5.1 ± 0.6 mm2, n = 12; 
pcO.Ol, Wilcoxon Rank Sums test). Similarly, the mean nearest neighbor distance 
between adjacent pinwheel centers was significantly less for the older ferrets than 
for the juveniles (p<0.001). Furthermore, juvenile iso-orientation domains (dark and 
light regions seen in difference maps of orthogonal orientations) tended to be larger 
and more stripe-like than domains in the older animals, which were generally 
smaller and more punctate. Examination of pinwheel density in ferrets of 
intermediate ages suggest a shift toward higher pinwheel density at about three 
months of age, near the time of sexual maturity. These data imply a reorganization 
of the map of orientation preference in ferret visual cortex late in postnatal 
development, an implication that should be confirmed by repeated imaging of the 
same ferrets at multiple developmental stages.

Supported by EY06729 and EY01778

801.10
HOW DISORDERED IS THE ORIENTATION MAP IN CAT AREA 17?
N.V, Swindale* & P.A. Hetherington. Department of Ophthalmology, University of 
British Columbia, Vancouver, B.C., Canada, V5Z 3N9

Hubei and Wiesel's studies (1974) of the orientation map in the macaque 
monkey suggested that it might be perfectly smooth, with neighbouring neurons 
(<100 pm apart) having almost identical orientation preferences. However 
recordings in cat visual cortex (Albus, 1975; Maldonado & Grey, 1996; 
Hetherington et al., 1995 S.N.A., 20, 1649) have shown that nearby, or 
simultaneously recorded groups of neurons show a significant degree of scatter 
(typically ± 10-15°) in their preferred orientations. This suggests that on a cellular 
level, the orientation map in the cat may, like the retinotopic map, be locally 
disordered. However, because orientation preference changes relatively rapidly 
across the surface of the cortex (~180°/1.2 mm) it is possible that some of the 
variation in orientation preferences between simultaneously recorded neurons 
reflects differences in their tangential positions within the cortex. We asked how 
much orientation scatter would be observed in a perfectly smooth orientation map, 
given that cells recorded with tetrodes or individual microelectrodes can be expected 
to be scattered within a volume of tissue possibly as large as 150pm in diameter 
(Grey et al., 1995).

Monte Carlo simulations were done using a simulated, smooth, orientation map 
whose periodicity and singularity density were similar to that observed in cat area 
17. The amount of scatter in preferred orientation was measured as a function of the 
scatter of points around simulated, randomly positioned recording sites within the 
model map. We found that the orientation scatter observed in our tetrode recordings 
(a median absolute difference between neighbouring pairs of 9.4°) could be 
explained by a Gaussian distribution of recorded cells around recording sites with a 
a = 60 pm. This suggests that the orientation map, like the retinotopic map 
(Hetherington & Swindale, this meeting), may be smoother than suggested by 
previous single unit studies. -Supported by MRC of Canada (MT-12848)

801.11
RECEPTIVE FIELD SCATTER IN CAT AREA 17 IS SMALLER THAN 
RECEPTIVE FIELD SIZE. P.A. Hetherington* & N.V, Swindale. Dept. of 
Ophthalmology, Univ. of British Columbia, Vancouver, BC., Canada V5Z 3N9

Receptive field (RF) scatter is the variability in RF center positions among 
neighboring (<100gm) cells. If RFs were mapped smoothly across the cortex then 
the RF center positions of neighboring cells should be nearly identical. Yet many 
reports have found that RF scatter is as great or greater than RF size (e.g., Albus, 
1975; Creutzfeldt et al., 1974; Hubei & Wiesel, 1962, 1968, 1974). Most of these 
estimates were based on sequential recordings and from hand plotted RFs which 
tended to exclude the RF inhibitory component. These factors served to increase 
measurement error and therefore overestimate the amount of scatter.

Errors associated with sequential recordings and hand plotted RFs may be 
overcome by using tetrode simultaneous recordings and by fitting simple cell RFs 
with Gabor functions. Using these methods, we recorded 355 cells at 72 sites in cat 
area 17 (mean number of cells per site was 4.93). In all of our recording sites RF 
scatter (4SD=1.43°±0.95°) was smaller than die mean aggregate RF size (4SD of 
Gaussian/Gabor fits = 4.03°±1.39°), although as in previous reports, RF scatter did 
increase with aggregate RF size (r=0.30, p<.0001). The average ratio of the RF 
position difference between cells (0.82°±0.59°, N=478) to the mean RF size of the 
cell pairs was 1:4.02. Those groups of cells which were highly vertically scattered in 
one eye were also highly vertically scattered in die other eye (r=0.65, p< 0.01), bit 
this relationship did not hold for horizontal scatter (r=-0.12, p=NS; combined, 
r=0.59, p< .01). Individual cell RF position deviations from group means were 
correlated across the eyes (r=0.45, p< 01). We found no significant difference in 
amount of RF scatter between the ipsilateral (4SD=1.39°±0.61°, N=18) and 
contralateral eye (4SD=1.46°±0.88°), or between the amount of vertical 
(4SD=1.64°±1.03°) and horizontal scatter (4SD=1.57°±1.11°).

Tetrodes reduce measurement error associated with sequential recordings, and 
Gabor fits reduce plotting error and biases. We conclude that RF scatter increases 
with RF size, and that the cortical map of visual space in the cat is smoother than 
was previously thought. - Supported by MRC of Canada, MT12848.

801.12
MERGING OF M AND P PROPERTIES: A MODEL FOR GENICULOCOR- 
TICAL INFORMATION PROCESSING IN MACAQUE STRIATE CORTEX 
M. Scholz1, U. Bauer2, J. B. Levitt3, K. Obermayer1 and J. S. Lund*3
Fachbereich Informatik, Technische Universitat Berlin, Germany1;
Technische Fakultat, Universitat Bielefeld, Germany2;
Dept. of Visual Science, Institute of Ophthalmology, UC London, UK3;

A neural network model has been made of the transfer of visual informa-
tion between LGN and layer 4C of macaque primary visual cortex. It tests the 
hypothesis that purely feedforward, excitatory convergence of P- and M-inputs 
onto layer 4C spiny stellate neurons is sufficient to explain the experimentally 
observed gradual change of receptive field size and contrast sensitivity with 
depth in the layer. The connectionist neural network model is based on the 
different receptive field sizes and achromatic contrast sensitivities of LGN M 
and P cells, size and overlap of individual M or P axon arbors in 4C, segrega-
tion of M and P terminals in layer 4C and the size of the postsynaptic cells; 
it shows that the transformation from discrete input channels to a gradient of 
physiological properties can be achieved in lower 4C/3 and mid-4C by dendritic 
overlap of the postsynaptic cells between M and P input zones alone. By split-
ting the M population in two distinct groups, where those cells with the most 
extreme physiological parameters project exclusively to upper 4Ccx, a good fit 
was achieved for the gradient of physiological properties through depth of 4C. 
The properties of the two M inputs were constrained by physiological data for 
LGN M cells and based on anatomical evidence for the existence of a second 
group of M fibers entering upper 4Ca, which is predicted by our model to make 
up at most 12% of the M-population. The transformation from the two distinct 
M and P properties to a gradient of change is of considerable importance to 
understanding properties of the three output pathways from layer 4C to more 
superfical laminae of primary visual cortex, which in turn relay information to 
different extrastriate areas.
Supported by NEI-EY10021, MRC9203679N, MRC9408137, IIFSPO grant 
RG-98/94, DFG scholarship 231 and DFG grant Ob-102/2-1.
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801.13
BALANCE OF THALAMO-CORTICAL TO INTRACORTICAL PROCESSING IN 
VISUAL CORTEX EVALUATED FROM EXTERNALLY INDUCED REORGANI-
ZATION OF THE ORIENTATION TUNING MAP. D. M, Gorinevski*. F, Worgetter. 
U, T. Evsel. Dept. of Neurophys., MA4, Ruhr Univ. of Bochum, 44780 Bochum, FRG.

The intrinsic optical signals in the visual cortex correlate with the electrophysiolog-
ical activity and can be used for the computation of the orientational selectivity map in 
the form of tuning strength and preferred orientation. Its mapping in Area 17/18 of the 
cat visual cortex is known to be spatially organized in orientational domains with frac-
tures and singulatrities (pin-wheels). We developed a neural field model for the orienta-
tion selectivity emerging due to the balance between the thalamo-cortical and 
intracortical connections. The shape and geometrical distribution of both these compo-
nents were interpolated from the anatomical data and than allocated accordingly to the 
optically recorded maps of orientational preference. This way, the model was adapted 
to simulate the distribution and the form of the receptive fields and point spread func-
tions in the visual cortex. In order to find out the functional thalamo-cortical vs. intrac-
ortical trade-off we applied our model to simulate changes in the orientational map 
induced by intracortical heat or excitotoxic lesions. This kind of intervention preferably 
disturbs the intracortical circuitry but not the thalamo-cortical input and resulted in the 
change of preferred orientation in domains and in the displacement of pin-wheels close 
to the lesion. This effect could be modelled by cutting off parts of the interaction ker-
nels getting their input from the lesioned areas. We have found that the best fit of the 
model is obtained by weighting intracortical interactions 5-10 times stronger than the 
thalamo-cortical inputs under the assumption of the linear spatial summation. The same 
model proved applicable to simulate the effects of retinal scotomata which mainly 
affect the thalamo-cortical input and are known to only moderately change the orienta-
tional map (Das & Gilbert, Nature 375,1995). This is only possible if the feed-forward 
inputs do not functionally dominate the intracortical connections.

Supported by the DFG (KOGNETII- Ho 450/21-2, SFB 509 TPC4, Ey 8/23)

801.14
SIGNAL-SYMBOL ENCODING IN A MODEL NEOCORTICAL COLUMNAR UNIT 
AND THE EMERGENCE OF INPUT DRIVEN REPRESENTATION IN A 
RESPECTIVE NETWORK MODEL OF EARLY VISUAL PROCESSING. H. Tsujino* 
and E. Koerner. Wako Res. Ctr., HONDA R&D Co., Ltd., Wako, Saitama, 351-01 Japan.

We propose that at the cortical level not single neurons but columnar units are in a 
well-defined relation to a phenomenon within the environment and represent it as a 
symbol. A model neocortical columnar processing module consists of 3 sub-modules 
abducted from general features of neocortical columns: layer IV, supragranular layers III, 
II, and infragranular layers V, VI. We assume that the major recipients of afferent inputs, 
the spiny stellate cells of layer IV, define the coarse tuning characteristics of a columnar 
module, while the supragranular pyramids encode detailed variations of this coarse 
characteristics. Activity distribution across the neurons within the supragranular layers is 
assumed to define the signal quality description of the contemporary instantiation of the 
respective symbol, which in turn is defined by the activation of the column.

To evaluate and visualize the model, we simulated early visual processing in the 
ventral pathway. The model columnar units were arranged into macro-columns, and 
clusters of macro-columns compose a respective cortical area. Simulation of the 
emergence of feature representation in a columnar structure of the primary visual area 
(V1) shows that LGN neurons need to have not only a concentric receptive field but also 
a weak orientation selectivity (as it can be generated by prenatal retinal activity waves). 
According to the model simulation, complex cells in VI represent a compact variety of a 
set of features defined by the spiny stellate cells of the same columnar module, and the 
tuning characteristics of those pyramids together with the shape of V2 constitute the most 
important factor for emergence of stripe-like columnar arrangement in V2.

The model provides a potentially powerful scheme for both invariant representation 
and smooth transition from signal to symbol processing at any level of encoding. 
Simulations show that this model may provide a consistent theory on the neural basis of 
visual coding that can explain experimental data on a variety of tuning characteristics of 
the neurons observed in the ventral visual pathway of primates.

This work was supported by HONDA R&D Co., Ltd.

801.15
A MODEL OF THE ON/OFF ORGANIZATION OF LAYER IV SIMPLE 
RECEPTIVE FIELDS IN CAT AREA 17. N. Gazeres*, L. Borg-Graham, and
Y. Fregnac Institut A. Fessard, CNRS, 91198 Gif-sur-Yvette, France.

Spiny and basket cells in layer IV of cat visual cortex are part of a reciprocally 
connected network with the majority of synapses on each being excitatory and 
of intracortical origin (Ahmed et al. ’94, ’97). In addition, the predominantly 
Simple receptive fields (RFs) of neighbouring cells may differ in their number of 
subfields and tend to be slightly displaced with respect to each other (Hubei and 
Wiesel ’62). In view of these facts, it is not obvious why the spatial organization 
of the ON and OFF zones should be (a) so similar to the pattern laid out by the 
thalamo-cortical afferents to the cell (Alonso and Reid ’96), and (b) have such 
well-defined spatial borders. We addressed these, issues with simulations using a 
ID network of multi-compartmental biophysically detailed layer IV cells. Linear 
filters and Erlang processes were used to generate the thalamic input to SI, S2 
and S3 Simple cells. Cortical cells were connected with AMPA and GABAa  
synapses depending on the overlap and relative polarity of their subfields. The 
model reproduces the excitatory agonist responses, the inhibitory antagonist 
responses, and the characteristic subfield antagonism of Simple cells. Mimicking 
the block in LGN of ON-center responses by intra-ocular injection of APB (Sherk 
and Horton ’84) abolishes ON-responses in Simple RFs but leaves OFF zones 
almost unaffected. Simulating inhibition block either in a volume of cortex 
(Sillito ’75, Shulz et al. ’93), or on a single cell (Nelson et al. ’94) reveals sub- or 
suprathreshold excitatory antagonist responses. The model behaviour is robust 
over a range of intracortical synaptic conductance values. We are exploring 
the possible involvement of these subthreshold inputs in the activity-dependent 
induction of Complex responses in Simple RFs (Fregnac and Debanne ’93).

N.G. is supported by a grant from M.E.S.R., and L.BG. is supported by a 
CNRS Associate Scientist Fellowship. This work was funded by grants to Y.F. 
from GIS-Cognisciences and HFSP (RG/69-93B).

801.16
SELF-ORGANIZED HIERARCHICAL NETWORK MODEL FOR THE 
EMERGENCE OF SIMPLE AND COMPLEX CELLS M. Mivashita* ’, D.-S. Kim2, 
and S. Tanaka2. ’Fundamental Research Laboratories, NEC, 2Lab. for Neural Modeling, 
FRP, The Institute of Physical and Chemical Research (RIKEN), Japan

Responses of neurons in the primary visual cortex of cats and monkeys to 
light stimulation are characterized by their spatiotemporal receptive field(RF) profiles. 
Recently, it has been reported that experimentally observed RFs of simple cells can be 
classified into "separable" and "inseparable" types. Separable profiles are represented by 
the product of their spatial and temporal components. On the other hand,' inseparable 
profiles cannot be factorized into spatial and temporal components, and the spatial phase 
of the profiles changes continuously with time, resulting in direction selectivity. Based 
on the model for self-organization of simple cell RFs and related maps, we conducted 
computer simulation, assuming that a model cortex receives afferent inputs from four 
types of model LGN cells: ON-center/nonlagged, ON-center/lagged, OFF- 
center/nonlagged, and OFF-center/lagged cells. Our simulation results indicated that 
both separable and inseparable spatiotemporal RF profiles emerge in the same layer of 
the visual cortex, and hence the direction selectivity of simple cells can be generated 
only by direct feedforward inputs from LGN. Next, we examined spatiotemporal RF 
profiles of cells which receive self-organized feedforward inputs from the “first-order 
cells" (simulated simple cells). These simulated “second-order cells” tended to show 
orientation and direction selectivity. More interestingly, responses of the second-order 
cells to stationary grating stimuli were invariant to changes in stimulus position within 
their RFs. These properties closely agree with response properties recorded from 
complex cells in the superficial layer of the visual cortex. Thus, experimentally 
observed response properties of not only simple but also complex cells can be explained 
in terms of a hierarchical organization of neural networks, as originally proposed by 
Hubei and Wiesel.

801.17
EFFECT OF PASSIVE EYE POSITION ON ORIENTATION TUNING IN VI

Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
The establishment of a stable coordinate system in which visual 

information is referenced to the environment requires integration of signals 
from the retina and the oculomotor system. Afferent information from 
extraocular muscles enters the visual pathway at an early stage. Previous 
studies have demonstrated the influence of eye position on responses of 
LGN neurons in anesthetized cats (Lal & Friedlander, 1989) or VI neurons in 
awake cats (Weyand & Malpeli, 1993).

We studied the effects of passive translation and rotation of the eye on 
orientation selectivity in VI and V2 in anesthetized (isofluorane), 
paralyzed (gallamine triethiodide) cats using optical imaging of intrinsic 
signals. The contralateral eye was moved passively by anchoring the 
extraocular muscles or the conjunctiva, and monocularly stimulated by full - 
field square wave gratings randomly presented in 4 or 8 orientations. After 
collecting data with the eye facing forward, it was translated 10-20 degrees 
laterally or medially, or rotated 22-30 degrees.

In VI, eye rotation produces a commensurate change in the angle of 
orientation preference of imaged pixels, while shifting the distribution of 
orientation vector magnitudes. Eye translation does not appear to change 
orientation preference in VI or V2. However, lateral and medial translation 
broadens the distribution of orientation vector magnitudes in VI and V2, 
indicating an effect on the sharpness of orientation tuning. These data 
suggest that afferent information from extraocular muscles can modulate 
orientation tuning in VI and V2, and point more generally to a role for 
extraretinal influences in shaping emergent responses even in early visual 
cortex. Supported by EY07023.

801.18
BASIS OF THE OBLIQUE EFFECT. D. Coppola*, L, White, D. 
Fitzpatrick and D, Purves. Dept. of Neurobiology, Duke 
Univ. Med. Cntr., Durham, NC 27710.

The ability to discriminate line orientations in humans and 
many other animals is greater near the horizontal and vertical 
axes of the visual field than at oblique angles, a phenomenon 
called the oblique effect. Although the effect has been 
demonstrated for a variety of visual tasks, its significance and 
neurobiological underpinnings remain obscure. To explore this 
issue, we first assessed how vertical and horizontal contours are 
distributed in a variety of scenes. Sobel directional and 
magnitude filters were applied to 512 by 512 image arrays to 
determine the orientation and gradient change at each pixel. 
These analyses indicated that vertical and horizontal contours 
are more prevalent than oblique angles in both natural and 
structured environments. In view of the effects of neural 
activity on cortical growth and development, this result 
suggested that we might find differences in the amount of 
cortical territory that responded to different oriented contours. 
If so, perhaps the oblique effect derives from a relatively 
diminished allocation of cortical space to angles less frequently 
encountered. Accordingly, we have begun to analyze the area 
of striate cortex activated by stimuli at specific orientations 
using optical imaging.

Supported by NIH grant #NS29187 and EY11488
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801.19
A MODEL FOR GENERATION AND SHARPENING OF ORIENTATION SELEC-
TIVITY WITH THE SAME CORTICAL MICROCIRCUITS IN MACAQUE STRI-
ATE CORTEX
P. Adorjan1, J. S. Lund2 and K. Obermayer*1 1FR2-1, Fachbereich Informatik, 
Technische Universitat Berlin 10587, Germany; 2Dept. of Visual Science, Institute of 
Ophthalmology, UCL London, UK

In macaque VI, a full range of orientation selectivity first emerges in upper 4C'o 
which receives direct thalamic input. This layer has excitatory spiny stellate neurons 
and inhibitory interneurons which both make long, lateral axon projections. We sug-
gest these recurrent lateral connections serve as a substrate for both generation and 
sharpening of orientation selectivity.

We investigate this hypothesis by constructing a neural network model. Building 
upon a biologically detailed connectionist model of the afferent M-pathway we add 
recurrent excitatory and inhibitory connections between cortical units in upper 4Ca. 
All cortical units have circular symmetric input fields. Units, whose input fields are 
shifted approximately along a line in visual space, are connected by strong excita-
tory interactions, such that the sum of afferent inputs to the strongly coupled cells is 
largest when, e.g. a grating, matches its orientation. Excitatory interactions between 
units corresponding to differently oriented lines fall off with their angular difference, 
so do inhibitory interactions, albeit less strongly. In contrast to previous approaches 
there is no afferent orientation bias included, it is generated by the anisotropic lateral 
interactions and is then amplified, i.e. orientation bias and tuning are generated by the 
same circuitry. The model exhibits contrast invariant tuning, stronger iso-orientation 
and weaker cross-orientation inhibition, and is in accordance with experiments block-
ing inhibition within one unit as well as within a whole hypercolumn. The recurrent 
lateral interactions also influence the receptive fields of cortical cells with respect of 
elongation and ON-OFF segregation. In contrast to models which include an affer-
ent orientation bias, this model predicts non-specific PSP's in the transient phase of 
a unit's response, similar to what has been reported, e.g. for cat striate cortex (X. Pei 
et al., 1994), and predicts that a blockade on the excitatory lateral connections de-
stroys orientation selectivity. (Supported by HFSPO grant RG-98/94 and DFG grant 
Ob 102/2-1.)

801.20
A MODEL OF SIMPLE CELL ORIENTATION TUNING: THE ROLE OF 
SYNAPTIC DEPRESSION. N.J. Priebe, A.S. Kayser, A.E. Krukowski 
and K.D.Miller*, Graduate Groups in Neuroscience and Biophysics, W.M. Keck 
Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143-0444.
In previous work, we demonstrated that a simple correlation-based (push-pull) 
cortical connectivity scheme (excitation onto cells of similar preferred orienta-
tion and similar spatial phase, inhibition onto cells of similar preferred orien-
tation and roughly opposite spatial phase), along with Hubei-Wiesel connec-
tivity from LGN, can explain the sharpness and contrast invariance of orien-
tation tuning in layer 4 of cat VI. We now address the role that short-term 
(frequency-dependent) synaptic depression can play in forming the contrast re-
sponse properties of these cells. We previously showed that, in response to full 
field sinusoidal gratings, the Fl component of the LGN input to a simple cell 
should be well tuned for orientation, as observed by Ferster (1996); but that 
the untuned mean (DC) component should rise in a contrast-dependent way. 
By eliminating DC, cross-phase inhibition suffices to explain tuning and con-
trast invariance of responses to these stimuli, as well as to transient stimuli (eg. 
moving or flashed bars). We show that synaptic depression can also contribute 
to contrast invariance, since the level of depression of individual synapses is 
dependent upon the DC. Because its action is akin to a temporal differentiator, 
synaptic depression can also account for other significant response nonlineari-
ties. Strong synaptic depression of feedforward synapses leads to a large increase 
in temporal phase - larger than observed physiologically - and relative enhance-
ment of response to higher temporal frequencies with increasing contrast. We 
are currently exploring whether the weak synaptic depression observed physi-
ologically in feedforward synapses and in intracortical synapses in layer 4 can 
give an accurate quantitative account of the temporal phase and tuning shifts 
observed in simple cells.
Supported by NIH Predoctoral Training Grant GM07449 (N.J.P.), MSTP Fel-
lowship (A.S.K.), a Howard Hughes Predoctoral Fellowship (A.E.K.), and by 
grants from the Whitaker Foundation, the Searle Scholars’ Program and the 
Lucille P. Markey Charitable Trust.

VISUAL CORTEX: EXTRASTRIATE IX

802.1
SPATIAL STATISTICAL ANALYSIS OF SEGREGATION AND 
INTEGRATION OF V2 THIN STRIPE AND INTERSTRIPE AXONAL 
PROJECTION FIELDS IN AREA V4. Y. Xiao, A, Zvch, Q. Huang, 
and D.J. Felleman*. Department of Neurobiology and Anatomy, 
University of Texas-Houston Medical School., Houston, TX. 77030.

Optical recording of intrinsic cortical signals was used generate functional 
maps of V2 in macaque monkeys which were used to guide the placement 
of distinguishable anterograde tracers into different functional 
compartments and subcompartments. Previously, we showed that 
individual V2 compartments terminate in a primary focus and in multiple 
smaller secondary foci across more than 20 mm2 of V4 (Xiao and Felleman, 
‘96). The primary foci from different V2 compartments are completely 
segregated, whereas the secondary foci from one stripe are closely 
associated with the primary foci from the other stripe. In the current study, 
quantitative spatial analysis is applied to the axonal termination patterns in 
tangentially sectioned portions of parafoveal V4. Overall, the projections 
from different V2 compartments are significantly segregated (repulsive) 
from each other (p<0.0005) while those from the same stripe type show 
significant attraction (p<0.0005). Furthermore, secondary foci from inter 
stripes are segregated (p<0.0005) by insertion into a gap in the primary 
focus of the thin stripe. However, the segregation is reduced (p<0.025) by 
the overlap of the secondary foci from the thin stripe with the primary focus 
from the interstripe. The pattern by which the secondary foci from one 
compartment interlock with gaps in, or partial overlap with, primary foci 
from the other stripe compartment, may facilitate the integration of these 
cortical streams by intrinsic connections within V4. Supported by NIH EY 
08372 to DJF, NIH EY 10608, and grant GA95061 in honor of Bob Hope of 
the Fight for Sight, research division of Prevent Blindness America.

802.2
MODULATION BY SELECTIVE ATTENTION OF NEURONAL RESPONSES 
IN AREA V4 OF THE MACAQUE. A.E, Ipata1, G. di Pellegrino2, G, Berlucchi1* 
and L. Chelazzi1. ’Dept. of Neurol, and Vis. Sci., University of Verona, Italy, and 
2Dept. of Psychol., University of Bologna, Italy.

Last year we reported that some neurons in area V4 of a behaving macaque 
respond differently to a bar presented inside the receptive field (RF) when the 
animal discriminates the color versus the orientation of the same stimulus (Ipata et 
al., Neurosci. Abstr., 22, 1996, 475.1). Here we compare responses measured in 
either discrimination task with responses to the same stimuli when the animal’s 
attention was directed away from the RF. The stimulus set consisted of 16 colored, 
oriented bars, whose pair of features resulted from all possible combinations of 4 
colors and 4 orientations. In the color and orientation discrimination task the 
stimulus was preceded by a foveal cue indicating which feature was relevant and 
which was to be ignored in a given trial. In the “attend-away” condition no cue 
was presented, and the animal was either attending to the fixation point (61 
neurons) or to a small white spot contralateral to the location of the RF stimulus 
(34 neurons) in order to detect a luminance change. About 45% of the recorded 
neurons showed elevated baseline activity preceding onset of the stimulus when 
attention was directed to the RF relative to the attend-away condition (see Luck et 
al., J. Neurophysiol., 77, 1997, 24-42). In addition, several neurons responded 
differently to the RF stimulus depending on the task. This task-dependent 
modulation was very weak until around 350 ms post-stimulus onset, but it 
strengthened thereafter. In a time window between 350-550 ms post-stimulus onset 
about 50% of the neurons produced larger responses during either discrimination 
task than the attend-away condition. We are currently testing whether this late 
effect reflects the influence of spatially-selective attention or the operation of a 
mechanism for the maintenance in short-term memory of a relevant stimulus. 
Supported by MURST and CNR.

802.3
ILLUSORY FORM PERCEPTION ACTIVATES VISUAL CORTEX ANTERIOR 
TO VI AND V2 IN MAN. J, Larssorlf B. GulvAs and P. E. Roland. Division of 
Human Brain Research, Karolinska Institute, S-171 77 Stockholm, Sweden.

Illusory contours (ICs) have been proposed to be caused by contour-completing 
visual processes that normally facilitate recognition of occluded forms. This suggests 
that ICs are mediated by neural mechanisms similar to those mediating real 
(luminance) contours. Imaging studies of illusory contour perception in humans have 
yielded divergent results and have mostly focused on Kanizsa-type ICs, rather than ICs 
formed by abutting gratings. We investigated whether the latter kind of illusory forms 
would activate the same visual areas as forms defined by luminance contours. Six 
volunteers were scanned with 15O-butanol PET. Regional cerebral blood flow (rCBF) 
was calculated and individual rCBF images were spatially standardized based on 
anatomical MR scans of the subjects' brains. Subjects performed two form 
discrimination tasks and a control task. In the form tasks subjects were shown three 
forms side by side on a screen, one of which differed from the other two by being 
more or less elliptical, and indicated the location of the odd one. The forms were 
outlined by thin contour lines against a background of randomly oriented lines, or 
were defined by abutting grating-style illusory contours formed by a subset of the 
background lines. In the control task subjects indicated when a fixation point 
appeared. rCBF images during tasks and control were compared with each other and 
significant changes were determined in t-images by cluster analysis. Illusory contour 
perception gave rise to a significant (p<0.05) activation in the right fusiform gyrus. 
There was also a non-significant increase in the corresponding location in the left 
hemisphere. The activation was anterior to the N2[N3 border (Talairach coordinates 
30, -70, -10). The results indicate that perception of illusory forms defined by 
abutting line ends activates a separate region of the human brain and that this region 
is not located in early visual areas. Since perception of illusory contours is usually 
linked to the segmentation of the visual input into figure and background, this region 
may be involved in processing the depth of objects in the visual scene. - Support for 
this study was provided by the Volvo Research Foundation and the Swedish Medical 
Research Council.

802.4
FEATURE SYNTHESIS IN MACAQUE AREA V4. A. Pasupathy 
and C.E. Connor*. Krieger Mind/Brain Institute and Department of 
Neuroscience, Johns Hopkins University, Baltimore MD 21218.

According to many theories, complex shapes are represented in 
terms of their elementary parts or features. This kind of 
representation requires not only identification of individual features 
but also some mechanism for perceptually synthesizing multiple 
features and encoding their spatial relationships. This latter process 
(feature synthesis) was investigated in macaque area V4.

A monkey was trained to fixate a spot on a video monitor while 
shape stimuli were presented in the receptive field of the V4 cell 
under study. The elementary features in the stimulus set were straight 
edges, angled vertices and curve segments (standard contour features 
in 2D shape processing schemes). These features were presented at 8 
orientations and in 3 fill conditions (convex, line drawing, and 
concave), alone and in combination with one or more other features. 
Tuning for individual contour features was typically broad and 
complex, with multiple peaks. Most cells showed strong tuning for 
feature combinations, with responses depending on both the identities 
and spatial arrangement of the individual features. The results suggest 
that area V4 is engaged in representing specific spatial combinations 
of elementary features as a step towards complex shape recognition. 
Supported by the Lucille P. Markey Charitable Trust.
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802.5
SPATIAL ATTENTION AND FEATURE-DIRECTED ATTENTION CAN 
BOTH MODULATE NEURONAL RESPONSES IN MACAQUE AREA V4.
C.T. McAdams* and T.H.R. Maunsell Division of Neuroscience, Baylor 
College of Medicine, Houston, TX 77030

We examined whether neuronal correlates for spatial attention and 
feature-directed attention are present in cortical area V4 and whether a 
single neuron's reponses can be modulated by different forms of attention. A 
rhesus macaque performed a delayed match-to-sample task in which two 
visual stimuli were presented on each trial, one inside the receptive field 
(RF) and one outside. In the spatial and feature-directed attention (SFA) 
task, the stimuli differed in both the spatial location and the feature to 
be attended: during "attend" trials he matched the orientation of a 
counterphasing gabor in the RF while during "no attend" trials he 
matched the color of a gaussian patch outside the RF. In the spatial 
attention (SA) task, the two stimuli differed only in the spatial location: 
during "attend" trials he matched the orientation of a gabor in the RF 
while during "no attend" trials he matched the orientation of a gabor 
outside the RF. We screened for cells showing attentional modulation in 
the SFA task (39/74 cells). Each of these neurons also showed an increase 
in responses to the preferred orientation in the "attend" mode of the SA 
task relative to the "no-attend" mode of that task, with a median 31% 
increase in the firing rate. The median attentional modulation for these 
cells in the SFA task was a 51% increase in firing rate. Additionally, 
30/39 of these cells showed more attentional modulation in the SFA task 
than in the SA task, suggesting that the responses of a single neuron may 
be affected by multiple types of attention. Our results support the presence 
of neuronal correlates for both spatial attention and feature-directed 
attention in area V4. Supported by NIH EY RO1-05911, T32-07001

802.6
DEFICITS IN FORM PERCEPTION DURING REVERSIBLE 
INACTIVATION OF MACAQUE AREA V4. P. Girard*1. S.G. Lomber2, B.R. 
Pavne2. B. Coquard1 and J. Bullier1 INSERM 371, 59675 Bron, France1 and 
Boston University School of Medicine, USA2.

In two awake monkeys, area V4 was reversibly inactivated to 
examine its role in form and color vision. Unilateral cooling probes were 
chronically implanted in contact with cortex of the left prelunate gyrus and eye 
movements were monitored using the scleral search coil technique. During 
fixation of a central spot, monkeys performed a two-choice match-to-sample 
task with the sample presented in either the parafoveal lower visual field region 
represented beneath the cooling probe or in the homologous region of the 
opposite hemifield (control). After a 0.5s fixation period, the sample 
disappeared and the two potential match stimuli were presented in the upper 
visual quadrants. Correct responses were indicated with a saccade to the match 
stimulus. Reversible inactivations of V4 induced a deficit on discriminations of 
both simple forms (square vs circle) and when there was an additional color cue 
(white square vs green circle), although no deficit was observed when color 
was the sole variable (red square vs green square). No deficit was observed 
when stimuli were crosses composed of small bars of different colours. A 
marked deficit was observed for orientation discrimination (horizontal bar vs 
vertical bar or horizontal ellipse vs vertical ellipse or bar).
Deficits were strongest when the sample and match were presented in the same 
hemifield. Following rewarming of the cortex, behavioral performance on the 
impaired match-to-sample tasks returned to normal levels. Detection of small 
bars presented anywhere in the visual field was unaffected by similar levels of 
cooling deactivation which were applied in the match-to-sample task. These 
results show that area V4 contributes importantly to form perception.
Grant support from INSERM, NATO and NIH.

PUPILLARY RESPONSES TO CHROMATIC AND ACHROMATIC STIMULI 
FOLLOWING ABLATION OF AREA V4 OR ANTERIOR IT CORTEX IN THE 
RHESUS MONKEY. C.A. Hevwood-, J.J. Nicholas2, C. LeMare~ and A. Cowev3 
LPsychol. Dept., Univ. of Durham, Durham DH1 3LE, UK. 2:NIMH, NIH, 
Bethesda MD 20892. 3:Psychol. Dept., Univ. of Oxford, Oxford OXI 3UD, UK. 
Pupillary responses provide an objective measure of achromatic and chromatic 
visual thresholds. We measured pupillary responses in 3 rhesus monkeys {macaca 
mulatto). Pupil diameter and eye position were measured every 20ms with an 
accuracy greater than +/-0.01mm and 1 deg. of arc, respectively. Monkeys were 
trained to fixate a cross and detect its dimming, which followed the Is. presentation 
of a sinusoidally modulated grating. Averaged responses to foveal presentation of 
achromatic gratings (1.27 and 4 cycles deg1, 80% contrast, mean luminance 16.79 
Cdm'2) were greater for the higher spatial frequency than the lower (8.6% and 5.6%, 
respectively; mean resting diameter 4.45mm), consistent with measurements on 
people. One monkey received a unilateral ablation of anterior inferotemporal cortex, 
AIT. In the second, cortical area V4 was removed unilaterally. In the third, V4 and 
AIT were removed on opposite sides. Postoperatively, pupillary responses to 
isoluminant chromatic gratings, presented in the hemifield contralateral to the AIT 
lesion, were abolished but achromatic responses remained unchanged. Moreover, 
responses to both achromatic and chromatic gratings were unaffected in the 
hemifield contralateral to the V4 ablation. These findings support the view that 
inferotemporal cortex plays a prominent role in the processing of chromatic 
information but not lightness. This dissociation is a feature of the human disorder of 
cerebral achromatopsia. The finding that the pupillary response to a chromatic 
grating is intact following removal of cortical area V4 complements studies which 
show no appreciable impairment of color discrimination in monkeys with extensive 
lesions of area V4. This research was funded by MRC GRANT G9024591

802.8
INFORMATION ANALYSIS OF INFERIOR TEMPORAL (IT) 
NEURONS OF THE MONKEY DOING PATTERN RECOGNITION 
TASK WITH VISUAL NOISE. M. Shidara*, Z. Liu & B. J. Richmond. 
Neuroscience Sect., Electrotechnical Lab., 1-1-4 Umezono, Tsukuba-shi, 
Ibaraki 305, Japan*, & Lab. of Neuropsychology, NIMH, Bethesda, 
MD20892, USA.

To study how we might recognize objects even when they are masked 
with visual noise, we recorded lateral TE neurons in a monkey performing 
a sequential delayed match-to-sample(DMS) task using 8 black and white 
patterns. We added different amounts of noise by reversing the contrast of 
5, 10, 15, 20, or 25% of the pixel dots, and we reduced the contrast. The 
responses changed with each of these manipulations. A feed-forward 
neural network was used to calculate the information about the stimuli 
carried in the neuronal responses(Kjaer et al. 1994). We reported here 
(1996) that the increase in behavioral response latency in the noise 
conditions was closely paralleled by the increase in time necessary for the 
information carried by the neurons to rise. Now, we would like to know 
whether the monkey could use a constant strategy for recognizing the 
stimuli with different amounts of noise. Again, we used the network as a 
model for the monkey’s ability to classify the patterns. We adapted the 
network in one condition, e.g., no noise, and measured how well(the 
network’s error measure) it classified the patterns using the responses 
from the degraded stimuli. The network created by adapting to the 
responses when there was no visual noise was unable to classify the 
patterns degraded by noise, but it was able to classify the patterns when 
the contrast was reduced. The results suggest that, if IT neuronal 
responses are important for carrying out this task, the monkey must learn 
a different strategy for each of these noise levels but not at the lower 
contrast. Support: AIST/MITI and IRP/NIMH/NIH.

802.9
DISTRIBUTION OF AMPA-TYPE GLUTAMATE RECEPTORS 
ALONG THE VENTRAL VISUAL CORTICAL PATHWAY IN THE 
MACAQUE: A GRADIENT REFLECTING THE CORTICAL 
HIERARCHY. L.H. Xu, H. Tanigawa and I. Fujita*. Dept. Cognitive 
Neurosei., Osaka Univ. Med. Sch., Suita, Osaka 565, Japan

Glutamate receptors play a crucial role in information transmission 
through thalamocortical and corticortical pathways. An immuno-
histochemical analysis with subtype-specific antibodies was conducted for 
determination of the distribution of ionotropic, ot-amino-3-hydroxy-5- 
methyl-4-isoxalone propionic acid (AMPA)-type glutamate receptors 
(GluRs 1-4) along the ventral visual cortical pathway in Japanese monkeys 
{Macaca fuscata).

Each subtype showed cellular, laminar and regional distribution patterns 
different from those of the others. An antibody against GluRl moderately 
stained a group of neurons, most of which were of nonpyramidal types and 
were found in layers 2, 5, and 6. GluR2/3-immunoreactive cells were 
distributed mainly in layers 2, 3, 5 and 6 as well as layer 4A in VI, and were 
mostly pyramidal cells. An antibody against GluR4 stained astrocytes evenly 
distributed across all layers. Both GluRl- and GluR2/3-immunoreactive cells 
exhibited a distinct gradient in their regional distributon along the pathway: 
the number of positive cells in each layer increased from area VI through 
areas V2, V4 and TEO to area TE. Particularly, the number of GluR2/3- 
positive cells in layers II and III increased two-fold at the transition from VI 
to V2, so that a sharp boundary was seen at the border between the two areas. 
Darkly stained GluR2/3-positive cells in VI formed clusters in layers II and 
III, which were in register with cytochrome oxidase blobs.

The specificity and diversity of the distribution patterns of AMPA 
receptors along the pathway may at least paritially contribute to the functional 
diversity of specific neuronal circuits (e.g., blobs vs interblobs) or different 
visual areas. Supported by CREST.

802.10
TOPOGRAPHICAL RELATION BETWEEN HORIZONTAL 
PROJECTIONS FROM ADJACENT SITES IN THE MACAQUE 
INFERIOR TEMPORAL CORTEX: A DOUBLE ANTEROGRADE 
LABELING STUDY. H. Tanigawa* and I. Fujita Dept. Cognitive 
Neurosei., Osaka Univ. Med. Sch., Suita, Osaka 565, Japan.

Intrinsic horizontal axons with patchy clusters of terminals in layers 2 and 
3 are a basic anatomical feature shared by various cerebral cortices. The 
projection pattern of horizontal axons is an important factor in 
determination of the contribution of these axons to the overall functional 
architecture and information processing of a cortical area. Here we analyzed 
the topographic relationship between terminal clusters of horizontal axons 
originating from adjacent sites in the inferior temporal cortex (area TE) of 
the Japanese macaque monkey.

Two anterograde tracers, Phaseolus vulgaris leucoagglutinin and 
biotinylated dextran amine, were focally administered into pairs of adjacent 
sites in layers 2 and 3 of area TE. The center-to-center distance between the 
paired injections was 0.5-1 mm, so that the two injection sites abutted each 
other. Each injection produced 5-15 clusters of terminals of labeled 
horizontal axons, which were in many cases distributed in an elongated 
manner in one direction across the cortex. The direction of elongation 
varied among injections. Most of the clusters produced by the two 
injections neither overlapped nor abutted each other, although in one or two 
of the clusters, projections from two injection sites overlapped partially or 
extensively.

The results show that adjacent sites in area TE are largely connected to 
spatially distinct sets of sites via horizontal axons. Given the extensive fiber 
connections between neighboring sites, we suggest that the organization 
revealed in this study increases the opportunity for interaction among 
columns which are selective for different visual object features, compared to 
an organization in which adjacent columns project to adjacent sites.

(Supported by CREST)
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802.11
DISPARITY SENSITIVITY AND REPRESENTATION OF 3- 
DIMENSIONAL SURFACE STRUCTURE IN MONKEY INFERIOR 
TEMPORAL CORTEX. T. Uka*. H. Tanaka. M, Kato. and I. Fujita. Dept. 
of Cognitive Neurosci., Osaka Univ. Med. Sch., Osaka, 565, Japan

Neurons in the monkey inferior temporal cortex (IT) are known to respond 
to 2-dimensional (2-D) visual features of objects. Here we investigated whether 
IT neurons also encode information on disparity and 3-D surface structure of 
objects.

We recorded extracellular neuronal activity in IT of a Japanese macaque 
monkey performing a fixation task. During each fixation period, several visual 
stimuli were sequentially presented on a color display, with addition of crossed 
or uncrossed disparity by using a liquid crystal stereoscopic modulator. Forty- 
five percent of the neurons analyzed changed their responses to the stimuli upon 
addition of disparity. To investigate a possible coding of 3-D surface structure, 
we further analyzed responses of IT neurons to a cross, perceptually segmented 
into two bars, one in front of the other, by adding disparity to either the 
horizontal or the vertical arms. Thirty-seven percent of the neurons responding 
to a 2-D cross responded differentially to such segmented crosses. In some of 
these neurons, the preferred disparity (i.e., crossed or uncrossed) reversed 
depending on whether disparity was added to the horizontal or the vertical arms. 
The results indicate that this differential responsiveness depended on perceived 
3-D structure (i.e., a horizontal bar in front of a vertical bar or vice versa), 
regardless of the type of disparity added. We suggest that a population of IT 
neurons encode not merely the disparity added to the stimulus, but the perceived 
3-D surface structure of objects. Supported by a grant from CREST.

802.12
EXTERNALLY CUED SACCADES PRODUCE A WIDE VARIETY OF 
RESPONSES FROM SINGLE UNITS IN VENTRAL TEMPORAL 
CORTEX OF MACAQUE.
S. Sobotka* and J.L. Ringo. Neurobiology and Anatomy, University of 
Rochester, Rochester, NY 14642.

The activity elicited by saccadic eye movements from units recorded in 
ventral temporal cortex was studied in two monkeys in darkness. A 
monkey was first required to fix it’s gaze on a small cross presented 
briefly on the screen in front of it. An average of 0.5 s after the cross 
disappeared a small dot was presented briefly above, below, to the left or 
to the right. The monkey was rewarded for making a saccade to this dot. 
In control trials the monkey’s task was to withhold the saccade despite the 
presentation of similar dots. We analyzed 134 units (from inferotemporal 
cortex, hippocampal formation and parahippocampal gyrus), which did not 
show visual response to the dot in the control condition. Of those, 57% 
showed statistically significant (p < 0.01) saccadic modulation related to 
target directed eye movements. Many units (17%) showed directional 
sensitivity.

Robust responses came in a wide variety of forms (excited, inhibited, 
biphasic) and time courses. Interestingly, a grand mean response formed 
from all responsive neurons was relatively flat. This would suggest that 
saccade related activity of ventral temporal lobe may be overlooked when 
studied by techniques based on the measure of averaged activity of 
neurons from broad areas.

Supported by a grant from NINDS.

802.13
EFFICIENCY OF ENCODING OF NATURAL SCENES BY NEURONS IN THE 
INFERIOR TEMPORAL CORTEX. M.C.A.Booth*, S.Panzeri, A.Treves. M.J.Tovee 
and E.T.Rolls. Univ Oxford, Dept Exptl Psychol, Oxford 0X1 3UD, U.K.

The responses of single neurons to a large set of 65 natural images were recorded 
in the cortex of macaques performing a visual fixation task. To quantify the speed of 
information transmission by these neurons, we measured the information rate in short 
time periods, e.g. 25 ms and 50 ms, and found it to be in the order of 15 bits/s. We 
also expressed this as bits per spike of the neuron, which gave a value of 0.2-0.3 
bits/spike. Now the optimal encoding in bits/spike would be provided by binary 
information transmission, with the cell either firing or not in the time window being 
considered (e.g. 25 ms). The neurons have an efficiency (relative to the optimal value 
corresponding to binary encoding with the same sparseness) of 65%. (For sparseness, 
see Rolls and Tovee, 1995, J.Neurophysiol 73: 713-726). Why is the efficiency of the 
neurons not 100%? The reason we propose is that the neurons have a graded 
distribution of firing rates, with many low rates and a steadily decreasing probability 
of high rates (Rolls et al, 1997, J. Computational Neurosci, in press). This graded 
distribution of firing rates achieves the moderate information transmission rate of 0.2-
0.3 bits/spike just quantified, but is able to provide a higher information transmission 
rate in bits/s, because sometimes the cells can produce many spikes in a short time 
window. Another advantage of the graded distribution of firing rates found is that 
more information about a stimulus can be potentially transmitted (because information 
is contained in the different rates). Similar results for the efficiency were obtained 
when monkeys were looking at continuously recorded visual scenes. In this case, the 
information can be calculated by considering fast response variance (relative to the 
time window) as noise, and the slow response variance (differences between time 
windows) as related to the stimulus being seen. This supports the hypothesis that the 
results are a general property of encoding by inferior temporal cortex neurons. 
Supported by the Medical Research Council PG87153790 and the Wellcome Trust.

802.14
RECURRENT CIRCUITS CONTRIBUTE TO THE FORMATION 
OF STIMULUS SELECTIVITY IN THE INFEROTEMPORAL 
CORTEX. H, Tamura1,2* and K, Tanaka1.1RIKEN, Wako, Saitama, 351 - 
01, Japan, ^IBH, Tsukuba, Ibaraki, 305, Japan.

We studied the contribution of recurrent circuits to the processing of 
complex visual images of objects in the visual cortex of the macaque 
monkey. Cells in the inferotemporal cortex respond selectively to 
complex features of object images. If recurrent circuits contribute to the 
formation of the selectivity, it will develop through the time course of 
responses. To test this possibility, we recorded spike activities of 43 
cells in the inferotemporal cortex of awake monkeys performing the 
fixation task and examined the time course of their responses to a set of 
100 object images. We found that the moderately strong responses 
returned to the baseline more rapidly than the strongest response, and 
consequently the later components of the responses were more 
stimulus selective than the initial components in most of the cells. The 
interval between the peaks of the discharge rate and the selectivity index 
(response to the best stimulus divided by the sum of all the responses to 
the 100 stimuli) varied from cell to cell, but the latency of stimulus 
selectivity peaks was at least 20 ms longer than the latency of their 
discharge rate peaks in 63% of the cells. The discharge rate averaged 
across the cells peaked at the bin of 100-120 ms, while the averaged 
selectivity index peaked at the bin of 180-200 ms. These results 
suggest that recurrent circuits, either intra-areal or inter-areal, contribute 
to the formation of stimulus selectivity in the ventral visual cortical 
pathway. Supported by RIKEN and the HFSP.

802.15
INVARIANCE FROM JUST ONE VIEW: A MODEL OF INFEROTEMPO- 
RAL CELL TUNING PROPERTIES. M. Riesenhuber1, T.Poggio*’1, J. Pauls2 
and N. Logothetis2. Center for Biol, and Comp. Learning and Dept. of Brain and 
Cognitive Sciences, Massachusetts Institute of Technology, E25-201, Cambridge, MA 
02139, USA, and 2Div. of Neuroscience, Baylor College of Medicine, One Baylor 
Plaza, Houston, TX 77030, USA.

Neurons in macaque inferotemporal cortex (IT) have been found to respond selec-
tively to complex shapes while showing broad tuning (“invariance”) with respect to 
stimulus transformations such as translation, scale changes, or rotation in depth. Many 
existing studies employ stimuli such as faces, which are well familiar to the animal, 
making it difficult to establish if the observed invariances are the result of the animal’s 
experience with exhaustively many transformed instances of an object or if there are 
mechanisms that allow the cells to show response invariance also to previously unseen 
instances of that object. Training monkeys with just one view of novel, paperclip-like 
objects, Logothetis et al. found object-selective cells in anterior IT which exhibited 
translation invariance (i.e., maintained a higher firing rate to the training object than 
to distractors) over several degrees of visual angle, rotation invariance over an average 
of 30° and invariance to changes in stimulus size.

We present a simple feedforward model in which the stimulus excites a layer of 
afferent cells (with tuning properties as found in V4) which in turn feed into a layer 
of “IT” neurons. Using the same stimuli as in the experiment, we find that model 
IT neurons exhibit invariance properties which closely parallel those of real neurons. 
These invariances are the result of the afferent cells’ activity being more similar for 
transformed versions of the same object than for different objects. We have also tested 
the model on occluded stimuli and compared its performance to recent physiological 
findings. Simulations show that the model is capable of unsupervised learning of 
view-tuned neurons.

We find that a nonlinear, “winner-take-all”-like response of afferent neurons and 
modulation of afferent cell response with stimulus location in the cell’s receptive field 
appear to be crucial to achieve both insensitivity to transformations and a high degree 
of selectivity.

802.16
VISUAL INFORMATION PROCESSING OF 3D FEATURE OF OBJECTS: 
FUNCTIONAL ANATOMY BY POSITRON EMISSION TOMOGRAPHY. M 
Taira*. R. Kawashima, K. Inoue, K. H, Fukuda and H, Sakata. 1st. Dept. of 
Physiology', Nihon Univ. Sch of Med., Tokyo, Japan, 173: Dept. of Nuclear Med. and 
Radiology, IDAC, Tohoku University, Sendai, Japan, 980-77.

The purpose of this study is to identify the cortical areas of the human brain that 
are concerned with the visual information processing of three-dimensional (3D) 
features of objects. The regional cerebral blood flow (rCBF) was measured with a 
positron emission tomography during following three tasks of visual discrimination of 

computer generated figures presented on a head-mounted display. A) 3D shape 
discrimination (3DSD): Subjects discriminate a set of protruded or recessed cones of 
the same silhouette presented stereoscopically with binocular disparity. B) Surface 
orientation discrimination (SOD): Subjects discriminate the 3D orientation of the 

plate of different shapes presented stereoscopically. C) Two-dimensional (2D) shape 
discrimination (2DSD): Subjects discriminate six different 2D polygons. All rCBF 
images were transformed into the standard anatomical format using Human Brain 
Atlas system. Fields of significant rCBF changes (p<0.005) weie identified by 
subtracting mean rCBF images of 3DSD task minus 2DSD task and SOD task minus 
2DSD task. Common activation fields in these subtraction analysis were the parietal 

cortex around the intraparietal sulcus, the prefrontal cortex of both hemispheres and 
the left orbitofrontal cortex. The results indicate that the binocular disparity signals 

are processed in the dorsal visual pathway and that posterior parietal association 
cortex may play an important role in extraction of 3D features of the objects .
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802.17
NEURAL SUBSTRATES OF PERCEPTUAL GROUPING R. Marois1*. 
I. Gauthier^ and J. C. Gore1 Departments of Diagnostic Radiology1 and 
Psychology ’̂ Yale University, New Haven CT 06520.

Perceptual grouping is an important stage in visual processing. Different 
stimulus attributes can lead to perceptual grouping, two of the most salient being 
the proximity and similarity of visual features. We have used fMRI to examine the 
neural substrates of perceptual grouping according to principles of similarity 
(SIMI) and proximity (PROXI). Stimuli consisted of arrays of circles and squares 
that could be perceptually grouped as horizontal and vertical lines, based on either 
their similarity or proximity. Control stimuli consisted of horizontal and vertical 
gratings matching the spatial frequencies of the SIMI and PROXI arrays. Subjects 
performed an orientation judgment while presented with each of the four conditions 
(PROXI, SIMI, and the two grating CONTROLS). Each scan included two 21-sec 
epochs for each condition - epochs and trials within epochs were randomized for 
each run. SIMI minus its matched-grating control revealed activation in extrastriate 
areas (inferior occipital and fusiform gyri activations), with negative activation 
near the striate cortex. PROXI minus its matched-grating control yielded occipito-
temporal activation (in the inferior occipital, fusiform and inferior temporal gyri), 
as well as activation in the posterior intra-parietal sulcus and surrounding areas. 
PROXI minus SIMI revealed activation in the inferior occipital gyri, right inferior 
temporal gyrus and the parieto-occipital junction. Our results suggest that a 
network of occipito-parietal and -temporal regions are engaged during the 
perceptual grouping necessary to perform an orientation judgment. Grouping 
according to proximity revealed stronger activation than grouping by similarity, 
although a smalt region in the fusiform gyrus showed selective activation 
associated with SIMI. This suggests that perceptual grouping according to 
similarity and proximity engage cortical netwroks that share common 
components.

VISUAL CORTEX: EXTRASTRIATE X

803.1
PYRAMIDAL CELL MORPHOLOGY INCREASES IN COMPLEXITY 
ALONG THE OCCIPITOTEMPORAL PATHWAY IN THE MACAQUE.
G, Nx,.Elstonx M._G1.,P._Rosa and P, ,.Qsbprne*z Vision, Touch & Hearing Res. 
Ctr, The University of Queensland, AUSTRALIA.

The morphology of the basal dendritic fields of layer III pyramidal cells 
was compared in the blobs and interblobs of the primary visual cortex (VI), 
the interbands of the second visual area (V2), the fourth visual area (V4), 
cytoarchitectonic areas TEO and TE, and the superior temporal polysensory 
area (STP). Neurones in fixed (4% paraformaldehyde) flattened cortical 
slices (250pm) were injected with Lucifer Yellow and processed for a 
permanent diaminobenzidine reaction product. Basal dendritic fields of 
neurones became larger with increasing level in the proposed hierarchy of 
visual areas’. For example, the average dendritic field area of neurones in 
area STP was 6.4 times that of VI. The complexity of the basal dendritic 
fields (evaluated by Sholl analysis) also increased with rostral 
progression through the visual hierarchy, as did spine density. The 
increase in size, complexity and spine density of the basal dendritic field 
results in neurones in higher order areas having many more spines (e.g., a 
7.5-fold difference between TEO and VI). Therefore, pyramidal neurones in 
high-order areas are presumably able to integrate a larger number of more 
diverse excitatory inputs. Pyramidal cells located in the interblobs of upper 
layer III of VI had significantly larger basal dendritic fields than those 
located within the blobs (26.99±l.lxl03 pm2, 20.06±1.53xl03 pm2, 
respectively; U'=2778, p < 0.001). Furthermore, there was a high proportion 
of neurones with morphologically orientation-biased2 dendritic fields in 
the interblobs in VI, less in the blobs, and relatively few in extrastriate 
areas. These findings demonstrate wide morphological variation in layer 
III pyramidal neurones in the occipitotemporal pathway.
1 Felleman and Van Essen (1991), Cereb Cortex. 1:1-47.
2 Elston and Rosa (1997) Cereb Cortex, in press.
Supported by grants from the NH& MRC, Australia.

803.2
BINDING IN RECEPTIVE-FIELD-BASED VISUAL REP-
RESENTATIONS. J. Fiser*, Dept. of Computer Science & B. W. Mel, 
Dept. of Biomedical Eng., MC 1451, USC, Los Angeles, CA 90089.

The representation of objects in the ventral stream of the primate 
visual system appears to be mediated by a population of neurons whose 
receptive fields (RF’s) respond to specific visual mini-patterns, but tol-
erate substantial changes in stimulus position, size, and other viewing 
parameters (Ito, et al., J. A europhysiol., v. 73, 1995). While previous 
workers have shown that this type of spatially-invariant RF represen-
tation is effective for representing the shapes of objects (Fukushima et 
al., 1983, Califano & Mohan, 1994, Mel, 1997), the way in which a col-
lection of spatially “unbound” shape descriptors combine to represent a 
specific shape, while excluding scrambled or disjoint versions of that or 
other shapes, remains poorly understood. We show how the geometric 
“mating conditions” that hold between individual RF shape descrip-
tors act as a form of “glue” that implicitly binds the components of a 
shape together-akin to pieces of a jigsaw puzzle. We identify a crucial 
interaction between the “invariance load” borne by the individual de-
tectors, i.e. the spatial degrees of freedom that the RF must ignore while 
retaining shape selectivity, and the complexity of the RF shape selectiv-
ity profiles needed for effective binding. We illlustrate these principles 
in a visual domain which is complex (printed words), but where the 
objects (words), parts (letters), part-part relations (letter tuples), and 
low-level shape descriptors (conjunctions of line segments), are easily 
visualized and interpreted. This work was supported by the ONR.

803.3
SLOW BUILD-UP OF COLOR AND ORIENTATION SE-
LECTIVITY IN AREA V4 E. Bricolo1, A.E. Ipata2. L. Chelazzi2", 
and A. Treves1 ^ISSA - Neuroscience, Trieste, Italy, 2Dip. di Scienze 
Neurologiche e della Visione, University of Verona, Verona, Italy,

The responses of cells in primate cortical area V4 are selective for 
a variety of simple object features including color and orientation of 
elongated bars. Applying an analysis based on information theory to 
quantify the selectivity, over time, of a population of V4 cells, we find 
novel aspects of selectivity not evident from the raw responses of in-
dividual cells. The analysis proceeds with the construction of pseudo- 
simultaneous population response vectors, and the use of decoding algo-
rithms to estimate which of a set of bars, of four possible orientations 
and four possible colors, elicits a response in a pseudo-simultaneous trial. 
The comparison of actual and predicted stimuli yields measures of per-
cent correct and transmitted information. Both measures increase rather 
slowly and non-monotonically after presentation of the visual stimulus 
at the center of the receptive field, reaching a first peak around l‘20ms 
and a second, higher peak around ‘220ms post-stimulus onset (stimu-
lus duration: 200ms). These peaks are not affected markedly by the 
different attentional demands (color vs. orientation discrimination vs. 
passive viewing) imposed on each particular block of trials - attentional 
demands affect instead the later course of the response. The slow build-
up of feature selectivity in area V4 suggests that it depends only in part 
on the pattern of feed-forward inputs. Local circuits and/or signals from 
other structures (such as higher visual areas) may instead contribute to 
refinement of feature selectivity over time.

Supported by MURST, CNR.

803.4
SUPPRESSION AND FACILITATION MEDIATE SPATIAL 
EFFECTS OF DIRECTED ATTENTION IN MACAQUE AREA V4. 
J,C, Makous*, D.C. Preddie, C.E,. Connor,. and.Dr^Van E_ss„en..
Department of Anatomy and Neurobiology, Washington University 
School of Medicine, St. Louis, MO 63110.

Previous recordings from macaque V4 have demonstrated changes 
in the classical receptive field (CRF) profile that vary with the location 
of attention outside of the CRF. In many neurons, the response 
profile shifts towards the attended location ('shift effect'). Here, we 
examine the relative importance of suppressive versus facilitatory 
mechanisms in mediating the shift effect. Single unit activity was 
recorded from 53 cells in macaque V4 during a spatial attention task. 
A monkey was trained to direct his attention to a transiently cued ring 
stimulus outside the classical receptive field, while maintaining 
fixation. Throughout each trial, an optimally oriented bar stimulus was 
present at one of five fixed locations within the CRF. In a population 
analysis of the 27 cells that showed a significant shift effect, the 
attentional cue caused an abrupt increase in the firing rate for bars 
immediately adjacent to the attended ring and a decrease in firing rate 
for bars more distant from the attended ring. There was a substantial 
difference in the time-course of the two effects. The proximal 
facilitation peaked at about 100 ms after the cue onset, whereas the 
distal suppression peaked at about 180 ms after the cue onset. There 
was no significant change in the firing rate in response to the 
attentional cue alone, in the absence of a bar stimulus in the CRF. 
These results indicate a spatially inhomogeneous combination of 
effects underlying the attentional shift effect. Supported by ONR grant 
N00014-95-01-0416.
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803.5
RESPONSES OF MONKEY INFERIOR TEMPORAL NEURONS TO 

DISPARITY GRADIENTS. P. Janssen, R. Vogels and G.A. Orban. Lab. 
Neuro- en Psychofysiologie, KUL, B-3000 Leuven, Belgium.

In order to determine whether the shape representation in inferior 
temporal cortex (IT) is 2- or 3 dimensional (depth), we measured the 
selectivity of IT neurons to stimuli with different binocular disparity 
gradients. The stimuli were foveally presented Fourier shapes, filled with a 
texture of random dots (density 50%). Concave or convex 3D surfaces 
(filling the shapes) were created by virtue of disparity gradients along the 
vertical axis. First, we trained rhesus monkeys to discriminate the internal 
3D curvature of 20 shapes (convex versus concave). At the end of the 
training period, the performance was on average 84% correct when the 
stimuli were presented stereoscopically, and 44% correct (chance 
level=50%) when presented monocularly, indicating that the monkey used 
disparity information to solve the task. Then, we recorded the responses of 
IT neurons when the same monkey performed the task or during passive 
fixation. Each of three shapes, selected using a preliminary test with 20 
shapes at two different gradients, were presented with five different 
disparity gradients. Overall, there was only a weak effect of the disparity 
gradient on the responses of IT neurons (N=46, all selective for 2D shape), 
the median change in net respons (best gradient versus worst gradient) 
being 43%. A statistically significant main effect of the disparity gradient 
was observed in 6 (13%) neurons (median change in net respons 167%). 
The interaction of shape and gradient was statistically significant in only 3 
(7%) neurons. These results suggest that inferior temporal neurons are 
only weakly affected by a disparity gradient of the surface filling a 2D 
shape.
Supported by FWO Vlaanderen and GAO95/6.

803.6
REPRESENTATION OF FACE IN INFERIOR TEMPORAL 
CORTEX: A PET STUDY IN BEHAVING MONKEYS. H. Onoe1. M. 
Kato2*, H. Tsukada3, and I, Fujita2 *Dept.Neurosci., Osaka Bioscience 
Institute, 2Dept. Cognitive Neurosei., Osaka Univ. Med. Sch., Suita, Osaka 
565, Japan; Tlamamatsu Photonics, PET Center, Hamakita, Shizuoka 434, 
Japan.

Neurons in the monkey inferior temporal cortex (IT) respond 
preferentially to complex visual features of objects. Among them are a 
population of neurons which selectively respond to the sight of faces. Face- 
responsive neurons have been suggested to be clustered in particular regions 
of the IT and adjacent cortices within the superior temporal sulcus. In the 
present study, we applied positron emission tomography (PET) scanning 
techniques to awake monkeys to determine whether specific regions of the 
IT are active during presentation of visual images of faces to the monkeys.

A set of pictures of monkey faces or a set of other 2-D geometrical 
figures (GFs) were sequentially presented to monkeys {Macaca mulatto) 
which were fixating on a spot on a CRT display. Activated brain regions 
were examined by regional cerebral blood flow measurement using 15O- 
labeled water, and were analyzed by the statistical parametric mapping 
(SPM) method.

Significantly stronger activation was produced by either faces or GFs 
than by the fixation spot in a series of cortices (striate and prestriate cortices 
as well as areas TEO and TE in the IT) along the ventral visual pathway. 
Although the regions activated by faces and those activated by GFs 
overlapped extensively, discrete regions in the most posterior/dorsal part and 
an anterior part of area TE were activated by faces, but not by GFs. These 
findings suggest that subregions in area TE are specifically involved in 
visual information processing of faces.

Supported by CREST.

803.7
CHANGES IN FACE-SPECIFIC INTRACRANIAL ERP AMPLITUDE AS A 
FUNCTION OF REPEATED STIMULUS PRESENTATION. A. Puce*. G. 
McCarthy, and T. Allison. Neuropsychology Laboratory, VAMC, West Haven CT 
06516 USA, and Depts. of Neurosurgery and Neurology, Yale University School of 
Medicine, New Haven CT 06510 USA.

Intracranial face-specific event-related potentials (ERPs) have previously been 
recorded from the fusiform and inferior temporal gyri (Allison et al. J Neurophysiol 
1994). In this study, we examined the effect of repeated presentation of unfamiliar 
faces on intracranial face-specific ERP amplitudes in 15 epilepsy surgery patients.

Patients first participated in a screening task in which faces were presented among 
other stimulus categories including flowers, cars, letterstrings and scrambled faces, 
enabling face-specific ERP activity to be identified. The patients then passively 
viewed sequentially presented 45 black and white unfamiliar faces, with each face 
being presented eight times in succession. ERPs were recorded to each individual 
stimulus and averaged across presentation number. The peak amplitudes of N200 
and P250 were normalized (within each subject) for 28 electrode sites on the 
fusiform and inferior temporal gyri and analyzed as a function of presentation 
number. P400 ERPs to faces (Allison et al. Cereb Cortex 1994) were recorded from 
six inferior anterior temporal lobe sites.

Overall, N200 and P250 amplitude did not significantly change across the eight 
stimulus presentations, however, post-hoc comparison showed a significant decrease 
in N200 amplitude across the first and second presentations. P400 amplitude 
decreased in most of the six inferior anterior temporal electrode sites.

These results suggest that early and late face-specific ERPs mediate different 
aspects of face processing. N200 and P250 do not habituate or augment, and may 
reflect initial, mandatory structural encoding of face information. P400 may reflect 
recognition or semantic processing of faces.

Supported by the Department of Veterans Affairs and NIMH Grant MH-05286.

803.8
DIVERGENT BACKWARD PROJECTION FROM AREA TE OF THE 
MACAQUE INFEROTEMPORAL CORTEX.
W. Suzuki12*, K.S. Saleem1 and K. Tanaka1; 1RIKEN and 2Osaka University, 
Japan.

The organization of backward projection from area TE of the inferotemporal 
cortex has been studied in the macaque monkey by using anterograde tracer 
PHA-L. A single iontophoretic injection of PHA-L (width of about 0.7 mm) was 
made in the dorsal part of TE in three monkeys.

Dense labeled terminals were found in area TEO in all the cases, and in 
addition, less dense terminals were also observed in areas V4 (in all of the 3 
cases), V2 (2 cases), and V1 (1 case). There were also labeled terminals in the 
lower bank and fundus of the superiortemporal sulcus at TEO level in 2 cases. 
The distribution of the labeled terminals in TEO extended several millimeters (4 
to 6 mm) across the cortical surface and was more divergent than the forward 
projection from TEO to TE.

Single reconstructed axons projecting from TE to TEO (8 axons) showed 
complex branching patterns with multiple arbors (1 to 11). The size of their 
individual arbors ranged from 0.3 to 3.3 mm mediolaterally and 0.1 to 5.1 mm 
rostrocaudally, and the total extent of individual axons’ terminal fields ranged 
from 0.5 to 6.7 mm rostrocaudally. These sizes of individual arbors and the total 
extent of individual axons’ terminal fie Ids were larger than those of the forward 
TEO to TE axons. The laminar distribution of arbors varied between different 
axons. Arbors were found preferentially in layers 1 to 3 in 4 axons; layers 5 to 6 
in 2 axons; and in layers 1 to 6 except Iayer4 in 2 axons. No arbors were found 
in layer 4. Different from backward axons in earlier stages, the distribution of 
terminals in layer 1 was not denser than those in other layers.

These results showed that the backward projection from TE shares most 
properties with other backward projections, while the total layer distribution of 
terminals is more even than the earlier backward projections.

(Supported by Frontier Reserch Program, Japan)

803.9
PET ACTIVATION STUDY OF RESIDUAL VISION AFTER 
HEMISPHERECTOMY. A. Ptito1*. K. Zive1 . T, Paus', J. Faubert2 and M. Ptito12. 
Montreal Neurological Institute5, McGill University, Montreal, Quebec, Canada H3A 
2B4 and Ecole d’Optometrie, Universite de Montreal2.

Our previous studies showed residual visual abilities in the blind field of 
hemispherectomized human subjects (Hd). To investigate further the neural pathways 
involved, we used the water bolus method to measure cerebral blood flow (CBF) in 
three Hd who were viewing a monitor (40° x 30°) under three conditions: BASELINE, 
INTACT Field and BLIND Field. In all conditions, they fixated a central red dot (1 °) 
displayed on a background of randomly moving dots (1Hz; BASELINE condition). In 
the INTACT and BLIND Field conditions, a semi-circular ring (inner radius: 10°, outer 
radius: 16°) with two embedded gratings (3°) moving vertically in opposite directions 
(8 Hz) was presented on the background of moving dots. This stimulation eliminated 
light scatter; eye movements were monitored with an 1SCAN camera. In each subject, 
12 60-sec PET scans were acquired (4 scans/condition). The images were aligned, co-
registered with the patient’s MRI and transformed to the standard stereotaxic space. 
After normalizing for global differences in brain counts, INTACT-BASELINE and 
BLIND-BASELINE subtraction images were generated for each subject. The INTACT- 
BASELINE subtraction yielded significant increases in CBF in primary and secondary 
visual cortex. In the BLIND-BASELINE subtraction, individual differences in CBF 
changes were noted, although all subjects reported being unaware of the visual 
stimulation in their blind field. JB (left Hd) showed increases in the intact hemisphere 
in the post central gyrus, lingual gyrus and precuneus. In DR (right Hd), there was an 
island of spared occipital cortex thought to be disconnected and non-functional. This 
area showed highly significant CBF increases. SE (partial right Hd) demonstrated 
increases in CBF in premotor cortex, orbitofrontal cortex, putamen and claustrum on 
the intact side. These results suggest that in Hd, visual information presented in the 
blind field can modulate neural activity in the remaining hemisphere. (NSERC, FCAR).

803.10
BRAIN MAPS DURING SIMPLE IMAGING PROCESSES IN 
BLIND AND SIGHTED SUBJECTS. 0. Diez-Martlnez1. G.J, Prieto1 
and J.P, Segundo*2. 1 Psicologia, Universidad de las Americas, Cholula 
72820, Puebla, MEXICO1 and Neuroscience, University of California 
at Los Angeles, Ca. 90095, U.S.A.2

Mental image generation is important in certain thought processes. 
Imaging implies internal representation of an idea or concept which 
may not require direct sensory stimulation. Blind people form images 
of the external world that differ from those of sighted persons. 
However, some describe mental visual imagery analogous to that 
reported by those endowed with sight. If so, activity in cortical areas 
involved in visual processes would be expected to occur. 
Electroencephalographic recordings and topographic neural maps 
were obtained from nine blind and five sighted subjects. Participants 
were required to imagine a sphere in several experimental conditions. 
Blind subjects showed a significantly lower proportion of alpha 
generated exclusively in central regions. Relative power of delta was 
significantly higher. During imaging, 20% showed activation of 
primary visual cortices. The remainder, only showed activation of 
secondary visual areas. During imaging, the predominant occipital 
alpha of sighted subjects lateralized to the corresponding dominant 
hemisphere. Primary visual activation in blind indicates that a 
certain degree of function remains. This was observed even when 
subjects were blind since birth or sightless for 20 years or more. 
Activation of secondary visual areas suggests their participation in 
the generation of visual imagery.
Partially supported by CONACYT, Mexico 581300-5-21 10-PM.
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803.11
FUNCTIONAL MAPPING OF COLOR AND MOTION PERCEPTION IN 
MONKEY VISUAL CORTEX BY POSITRON EMISSION TOMOGRAPHY.
N, KATSUYAMA1). H. QNQE1- 2>, K, IMAMURA*1- 2>, M, KQMQRI0, M. KATO*3*.
H. TSUKADA2 Y, WATANABEr>rDept~ Neurosci.. Osaka Bioscience Institute.
Suita, 2Subfemtomole Biorecognition Project, Japan Science and Technology 
Corporation, Toyonaka, 3Dept. Cognitive Neurosci., Osaka Univ. Med. Sch., Suita, 
Osaka 565,4PET Center, Hamamatsu Photonics K. K., Hamakita, Shizuoka, 434.

Functional mapping of human brain by PET and fMRI have provided 
valuable information on higher brain functions. However, we sometimes face 
to the difficulties in interpreting the data of the activated brain regions in 
functional neuroimaging since it does not measure directly the electrical 
activity of neurons. Therefore, we have developed the PET system for 
behaving monkeys, which enables to use other neuroscience techniques such 
as electrophysiology in combination. Here, as the first step to evaluate this 
system with very high spatial resolution (2.8 mm FWHM), we examined if the 
small cortical structures were successfully delineated by color and motion 
perception tasks. Two rhesus monkeys were trained to perform a fixation task. 
In color perception study, colored Mondrian patterns were presented around 
the fixation point. When PET images obtained during color perception task 
were compared with those obtained during fixation task, significant signals 
were observed in the occipital cortex (VI, V2 and VP) and part of V4, whereas 
the intensities of signals were different between both hemispheres. The 
subtraction between images obtained in the color perception task and those in 
the presentation of isoluminant gray Mondrian patterns showed small clusters 
of signals in regions, including in V4 and the inferior temporal cortex. These 
results suggest that V4 and the inferior temporal cortex are important for color 
perception. When images obtained by presentation of a drifting grating were 
compared with those obtained by flickering grating pattern, signals were 
observed in V3, MT and part of V6. Hemispheric difference in the activation 
was also clear in the motion perception task. These suggests that in addition to 
V3 and MT, V6 may participate in motion perception. We thus obtained an 
experimental system to combine neuroimaging with other invasive 
neuroscientific techniques for further understanding of brain functions.

803.12
MODULAR ARCHITECTURE WITHIN THE SUPERIOR TEMPORAL 
POLYSENSORY REGION IN MACAQUES. J. Padberg*, B. Seltzer, and 
C.G. Cusick. Depts. of Anat. and Psvchiat. & Neurol., Tulane Med. 
Sch.;V.A. Med. Ctr., New Orleans, LA 70112.

In a previous study, three separate regions, termed rostral (TPOr), 
intermediate (TPOi), and caudal (TPOc) divisions of the presumed 
polysensory region TPO (Seltzer and Pandya, 1978) were identified in 
coronal sections of the upper bank of the STS based on staining 
differences for parvalbumin and SMI-32 immunohistochemistry (Cusick 
et al., 1995). Area TPOc was notable for patchy staining of both 
markers in layers III and IV. In order to better understand the possibly 
modular organization of area TPOc and distinguish it from areas TPOi 
and TPOr, we sought to identify chemoarchitectonic units in the 
tangential plane. Blocks of the entire length of the superior temporal 
gyrus from rhesus monkeys were cut on a freezing microtome parallel 
to the surface of the upper bank of the STS. Sections were stained for 
cytochrome oxidase (CO) or acetylcholinesterase (AChE) 
histochemistry, SMI-32 immunoreactivity, or for myelinated fibers. 
Within area TPOc, there was patchy CO staining, with small patches of 
more intense stain approximately 300-400 pm across and wider patches 
ranging from about 600-1000 pm. The patches of CO stain extended 
through all cortical layers but were most prominent in layers III and IV. 
The CO patches were overlapped by regions containing numerous SMI- 

32 neurons found in layers III and V. In addition, within layer IV or 
near its junction with layer III, the SMI-32 stain formed a honeycomb-
like pattern with comparatively unstained “holes” 300-400 wm across. 
TPOc also displayed dense myelin stain and numerous fibers stained for 
AChE. More rostral cortex, including TPOi and TPOr, did not exhibit 
obvious CO patches, supporting the concept that these areas are 
architectonically and perhaps functionally distinct. Supported by NIH 
grant EY08906 and V.A.M.C. New Orleans.

803.13
SUBDIVISIONS OF THE INFERIOR PULVINAR OF HUMANS 
VISUALIZED BY ACETYLCHOLINESTERASE HISTOCHEMISTRY 
AND CALBINDIN IMMUNOSTAINING. D. N. Gray*, M. Cola, B. 
Seltzer, F., Aydin, and C.G. Cusick. Depts. of Anat., Neurosci. Training 
Prog., Psychiat. and Neurol., and Pathol., Tulane Univ., New Orleans, LA 
70112.

Previous studies have demonstrated that the inferior pulvinar complex 
(PI) of both New and Old World monkeys contains 
chemoarchitectonically distinct medial (PIM), central (PIC), lateral (PIL) 
lateral-shell (PILS), and posterior (PIP) subdivisions (Gutierrez et al., 
1995; Gray et al., 1996). Because these subdivisions appear homologous, 
it might be predicted that the PI in humans is organized into similar 
subdivisions. To test this hypothesis, normal and Alzheimer’s diseased 
brains were collected at autopsy, postfixed in 4-6% paraformaldehyde, 
sectioned at 40jum on a freezing microtome, and further processed for 
calbindin-D28k (CB) immunostaining and acetylcholinesterase (AChE) 
histochemistry. There were no noted differences in histochemical 
staining patterns between normal and AD brains. The AChE staining 
showed an intense and patchy medial region, bordered laterally and 
medially by AChE poor regions. These patterns correlate closely with 
PIM, PIC, and Pip, respectively, in macaque and squirrel monkeys. In 
addition, AChE staining identified a large, moderately stained lateral 
region and a more intense, patchy lateralmost region, apparently 
corresponding to PIL, and PILS. Borders identified by AChE staining 
were also exhibited by variations in CB immunostaining. Histochemical 
staining patterns suggest that at least PIM, PIL, and PIL S extend above and 
behind the brachium of the superior colliculus (bsc). Thus, these 
findings suggest that the PI contains five subdivisions, extends above the 
bsc and may be functionally similar in all primates. Supported by NIH 
grant EY08906, The Pine Foundation and V.A.M.C New Orleans.

893.14
TRIMODAL, VISUAL-TACTILE-AUDITORY NEURONS IN A SUBREGION 
OF VENTRAL PREMOTOR CORTEX OF THE MONKEY BRAIN. Michael S. 
A. Graziano*, Lina A. Jin, and Charles G. Gross. Department of Psychology, 
Princeton University, Princeton, NJ 08544.

Most neurons in the ventral premotor cortex of the monkey brain respond to 
tactile stimuli. The tactile receptive fields (RFs) are somatotopically organized: the 
arm is represented medially, the mouth is represented laterally, and the face is 
represented between. About 30% of the somatosensory neurons also respond to 
visual stimuli. These bimodal, visual-tactile cells have tactile RFs on the face or 
arms, and corresponding visual RFs that extend outward from the tactile RFs, into 
the space surrounding the body. Most bimodal neurons respond best or only to 
visual stimuli that are placed close to the tactile RF, within about 20 cm.

In the present experiment, we studied a region of the somatotopic map where the 
tactile RFs include the back of the monkey’s head. Some neurons had tactile RFs 
exclusively on the back of the head, and others had tactile RFs that also included the 
sides or front of the head. Of 54 such neurons, 48 also responded to visual stimuli. 
Of the 48, 24 were trimodal, responding to visual, tactile and auditory stimuli. That 
is, every neuron with an auditory response also had a visual and tactile response. In 
some cases, the auditory response was strongest near the monkey, within about 20 
cm of the tactile RF, and weak or absent at greater distances. This sensitivity to 
distance was unrelated to the intensity of the auditory stimulus. We also studied 95 
neurons with a tactile RF that did not include the back of the head. Of these, 52 had 
a visual response, but only 1 was trimodal, visual-tactile-auditory.

Supported by N. I. H. EY11347 and McDonnell Pew 90-16.

803.15

A MODEL OF SENSORIMOTOR INTEGRATION FOR THE 
GENERATION OF SACCADES. P. Konig* and M. Rucci, The Neurosciences 
Institute, 10640 J.J. Hopkins Drive, San Diego CA 92121.

During the analysis of a scene, the sensory and motor systems closely 
interact to generate eye movements, which in turn determine successive sensory 
inputs. Surprisingly little is known about how visual stimuli influence the 
generation of saccades.

Here we present a theoretical study of a scheme of interaction between the 
visual and the oculomotor systems. By means of computer simulations, several 
areas of the ventral cortical stream (V4, PIT, AIT) and motor areas (FEF, 
SEF) were modeled along with their known patterns of connectivity. The 
input to this model was a space-variant sampled image, which takes into 
account the decrease of visual acuity with eccentricity in primates. Two 
crucial assumptions of the model were that reentrant connections from all 
areas had a modulatory action, and that forward connections were subject to 
short-term plasticity.

The system was analyzed in the presence of input stimuli extracted from a 
database of facial portraits. In these experiments, the model generated sequences 
of saccades similar to those found in psychophysical studies. Two main 
factors contributed to this result: first, short-term plasticity allowed the 
integration of visual information across successive saccades, thus providing a 
link between the physiological and behavioral time-scales. Second, reentrant 
connections played an important role in the selection of informative saccades.

By emphasizing the close coupling between visual and motor systems, and 
the involvement of sensory areas in the production of eye movements, this 
model provides an alternative functional interpretation of the neuronal response 
properties in "high-level" visual cortical areas.

Supported by Neurosciences Research Foundation.
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804.1
SOUND LOCALIZATION IN EARLY BLIND HUMAN SUBJECTS. R 
Lessard*!. M. Pare2. F. Lepore 1.2 and M. Lassondel.2. 1. Groupe de Recherche en 
Neuropsychologie Experimentale, Univ. de Montreal, Canada, H3C 3J7. 2. Centre 
de recherche en sciences neurologiques, Univ. de Montreal, Canada, H3C 3J7.

Early permanent deprivation of one sensory modality has been shown to cause 
plastic changes in neuronal populations involved in sensory processing in other 
modalities (Hyvarien et al., 1981). This may lead to supranormal performance using 
these sensory systems which must in part compensate for the deficient one. Deprived 
subjects (Ss) may also simply learn to better utilize the remaining modalties. The 
present study was carried out to evaluate how early blind subjects (EBs) localize 
sound in three dimensional space. Response accuracy to monaurally and binaurally 
presented auditory targets on the horizontal plane was evaluated. Three groups of Ss 
were used to examine this problem: a- EBs, b-blindfolded normal Ss and, c- normal 
control Ss. They were asked to localize broad band noise bursts (BBNBs) of fixed 
intensity presented on the horizontal plane in an anechoic chamber. BBNBs were 
delivered randomly through 16 loudspeakers, which were mounted at 10° intervals on 
a calibrated perimeter frame. Listeners had to report the apparent stimulus location 
by pointing with the index finger its perceived position. In the binaural condition, 
results indicated that EBs were as accurate as the two other groups, performance 
being nearly perfect for the three groups. Under monaural listening conditions, the 
two normal groups localized sounds on the side of the unobstructed ear, 
independently of the side from which the sound actually originated. On the other 
hand, most of the EBs localized the sound on the appropriate side, i.e., even when it 
was presented on the side of the obstructed ear. This suggests that totally blind 
humans utilize more efficiently spectral cues to auditorily explore their environment 
and to determine the origin of sound sources. Studies are in progress to evaluate 
whether this superior performance is due to neuronal reorganizations or to better use 
of residual structures.
Supported by NSERC (Canada) and FCAR (Quebec).

804.2
BINAURAL SOUND LOCALIZATION IN HUMAN LISTENERS: IMPORTANCE 
OF SPECTRAL RANGE AND DISPARITY. J, Villemagne 1, J.-P, Guillemot 1, M, 
Lassonde 1, N. Lessard 1, L. Richer* 2 and F. Lepore 1. 1, Groupe de Recherche en 
Neuropsychologie Experimentale, Univ. de Montreal. 2, Univ. du Quebec a 
Chicoutimi. Canada.

The present study aimed at assessing how sound localization is affected by the 
sound spectrum and how it varies as a function of spectral disparities, in order to 
evaluate whether this fits pinna sound transformation capacities (PSTC). The detection 
accuracy of subjects (Ss) to auditory targets presented binaurally on the vertical plane 
was therefore examined. Dynamic sound stimuli were randomly delivered through 123 
audio transducers mounted at 2.5° interval on a perimeter frame located inside an 
anechioc chamber. Ss had to localize the simulated moving sound by pointing first to 
the perceived beginning of its trajectory and secondly to its end. Responses were 
captured using a spatial tracking system and pointing error measurements were 
computed for each trial. Broadband noise burst bandwith (BBNBB) of three different 
spectral ranges were presented. The first range was within PSTC whereas the second 
was below PSTC and the third covered both areas. Localization was tested for two 
vertical orientations: with the perimeter oriented on the mid-sagittal line or on the 
interaural axis. BBNBBs and orientations were also tested in two disparity conditions: 
with normal hearing disparity and with an abnormal disparity effect induced by adding 
acoustical paste into the contours of a single pinna, without occluding the auditory 
canal. Results indicate that spectral disparity enhances localization abilities more 
evidently in mid-sagittal orientations. Nevertheless, localization on the interaural axis is 
more accurate due to the presence of AT and Al, which have a stronger effect on sound 
localization than spectral content and disparity.

Supported by NSERC (Canada) and FCAR (Quebec)

804.3
AN AUDITORY FIELD ON THE POSTERIOR SUPERIOR TEMPORAL GYRUS 
OF HUMAN CEREBRAL CORTEX. M.A. Howard*. I.O. Volkov, R. Mirskv. M.D. 
Noh. M, Granner, P. Abbas. H. Damasio. M. Steinschneider, R.A. Reale. J.E. Hind, and
J.F, Brugge Division of Neurosurgery, Dept. of Head and Neck Surgery, Dept. of 
Neurology, Univ. of Iowa, Iowa City, IA, Dept. of Neurology, Albert Einstein College 
of Medicine, New York, NY, Dept. of Neurophysiology and Waisman Center, Univ. of 
Wisconsin, Madison, WI, USA.

Subdural clinical grid electrodes (20- or 64-contact arrays) were placed on the 
superior temporal gyrus (STG) and depth electrodes were implanted in Heschl’s gyrus 
(HG) of patients undergoing evaluation for intractable epilepsy. Recordings were 
begun several days after recovery from implant surgery and were continued for periods 
up to two weeks in a quiet room with the patient sitting comfortably in a bed. A train 
of five clicks at 100 Hz delivered to both ears via insert earphones at a moderate level 
was a highly effective stimulus and hence was used routinely in mapping the spatial 
distribution of average evoked potentials on the STG. Electrical stimulation was 
applied to selected electrode sites for the purpose of eliciting a sensation from the 
patient or for evoking an electrical response at distant electrode sites. Experimental 
protocols were approved by the University of Iowa Human Subjects Review Board.

Acoustically evoked potentials were confined to an area approximately 2-3 cm in 
diameter on the posterior third of the superior temporal gyrus. The latency of the 
average evoked potential was 25 to 40 ms. We refer to this area as the posterior 
superior temporal field (PST). The evoked potentials recorded from PST is abolished 
by general anesthesia whereas that recorded simultaneously in Heschl’s gyrus remains. 
Electrical stimulation of Heschl’s gyrus through a single contact on the depth electrode 
evoked short-latency potentials in PST. Supported by: The Hoover Fund and Carver 
Trust, NIDCD DC00120 (MH), Beth Abraham Hospital Institute for Music and 
Neurologic Function and DC00657 (MS) and DC00398 and HD03352 (JB, RR, JH).

804.4
DAMAGE TO RIGHT PRIMARY AUDITORY CORTEX IN HUMANS IMPAIRS 
JUDGEMENT OF DIRECTION OF PITCH CHANGE, BUT NOT PITCH 
DISCRIMINATION OR GAP DETECTION. I.S. Johnsrude* and R.J. Zatorre. 
Cognitive Neuroscience Unit, Montreal Neurological Institute, McGill University, 
Montreal, Canada H3A 2B4.

Previous lesion and functional imaging studies in humans suggest a greater 
involvement of right rather than left auditory cortical areas in the processing of 
pitch. In the present study, transformed up-down psychophysical procedures were 
used to determine auditory perceptual thresholds in 12 neurologically normal 
subjects, and in 36 patients who had undergone surgical resection from either the 
right or left temporal lobe for the relief of intractable epilepsy. In a subset of the 
patients, the lesion encroached significantly upon Heschl's gyrus or its underlying 
white matter. Three perceptual tasks were administered. In one requiring the 
judgement of direction of pitch change, the subject had to decide whether pitch rose 
or fell from the first tone of a pure-tone pair to the second. In the pitch 
discrimination task, the subject had to decide whether two elements of a pure-tone 
pair were at the same pitch, or were different. In the gap detection task, subjects had 
to determine whether there was a short interval of silence between two bursts of 
white noise. Thresholds were determined by observing the minimum values of the 
relevant parameter (pitch difference or silent-interval duration) required for correct 
task performance. In both the gap detection and pitch discrimination tasks, mean 
thresholds of all patient groups did not differ from the mean threshold observed in 
normal subjects. In contrast, patients with temporal-lobe lesions that encroached 
upon Heschl's gyrus in the right hemisphere (but not in the left) showed significantly 
elevated pitch-difference thresholds when judging the direction of pitch change. 
These findings support a specialization of ftinction linked to right auditory cortical 
areas for the processing of pitch, and specifically suggest a dissociation between 
simple sensory discrimination and higher-level perceptual tasks. Supported by the 
Medical Research Council of Canada, and by the McDonnell-Pew Program in 
Cognitive Neuroscience.

804.5
REDUCED BRAIN SIZE AND FASTER AUDITORY DISCRIMINATION 
LEARNING IN LABORATORY GERBILS COMPARED TO WILD MON-
GOLIAN GERBILS (MERIONES UNGUICULATUS). I. W, Stuermer*. K, Plotz. 
W, Wetzel. T, Wagner. A. Levbold2. H. Scheich, Federal Institute for Neurobiology, 
Brenneckestr. 6, D-39118 Magdeburg, Germany ;2 Institute for Research on Domesti-
cation of Animals, University of Kiel, Olshausenstr. 40, D-24118 Kiel, Germany.

Mongolian gerbils are widely used in auditory research and represent an established 
model for studying epileptiform seizures. We suspected that brain size and behavior 
may have been affected by continuing laboratory breeding bases on only 9 specimen 
originally imported to North America in 1954. To test this hypothesis, brain measures 
of wild Meriones unguiculatus (WILD) trapped in their natural habitat (47° N, 105.5° E) 
were compared to laboratory gerbils (LAB). Additionally, learning perfomance were stu-
died in LAB and wild specimen taken to Europe and kept under laboratory conditions.

Brain
weight
-17.7%

Brain size was related to body weight 
(without fat, skin and intestines) in 
an allometric analysis. Among adult 
males, brain weight was 17.7 % lower 
(p < 0.001) in LAB (circles, n = 46) 
compared to WILD (triangles, n = 17). 
This represents the highest intraspecific 
decrease in brain size among rodents. 
Eye weight in LAB (- 26.5 %, p <

__ _ 0.001) was even more reduced.
1.25 1.45 1.65 a iyj To estimate functional intraspecific

differences, adult males were trained in a footshock-motivated shuttle-box avoidance 
go / no go procedure to discriminate between upward (0.5 - 4.0 kHz = CS +) and 
downward (4.0 - 0.5 kHz = CS -) frequency-modulated tones on 10 consecutive days 
and on the 25th day. LAB (n = 8) reached the discrimination criterion (CS + versus 
CS -, p < 0.01) on the 3rd day, WILD (n = 8) on the 6th day. LAB and WILD showed 
no further differences in discrimination performance on day 6-10 and 25.

In contrast to their frequent occurence in LAB, epileptiform seizures were never 
seen in wild Mongolian gerbils (n > 150) and their offspring (n > 1000) in either sex 
or at any age, although trapping, offroad and aerial transports caused extraordinary 
stress to wild specimen during our expedition. Brain size reduction, seizures and 
different learning performance in gerbils bred as an isolated laboratory population for 
decades pointed to a new case of domestication in a rodent species.

804.6
C-FOS IMMUNOCYTOCHEMISTRY APPLIED TO A PHYSIOLOGICAL 
MODEL FOR TINNITUS: ACTIVATION OF AUDITORY AND LIMBIC 
BRAIN AREAS. E. Wallhaufier-Franke*, S. Braun, R. Oliva, and G. Langner. 
Institute of Zoology, Technical University of Darmstadt, Germany.
Tinnitus is an auditory percept without counterpart in the outside world. We used 

salicylate as a tinnitus evoking agent. After systemic application of salicylate, we 
found reduced activity in the auditory brainstem, whereas activity was high in the 
auditory thalamus and cortex (Wallhaufier-Franke et al., NeuroReport 7, 1996, 
1585). These results suggested a central generation of salicylate-evoked tinnitus. 
Salicylate effects were subsequently investigated with the c-fos method 
(Wallhaufier-Franke, NeuroReport 8, 1997, 725). Adult gerbils received an injec-
tion of 350 mg/kg salicylate in order to evoke tinnitus, or of saline as a control. In 
the auditory brainstem c-fos activity was negligible after salicylate. However, in 
some non-auditory brainstem nuclei (e.g. Locus coeruleus) many fos-immuno- 
reactive neurons were found.

We now report, that after application of salicylate numerous fos-immunoreactive 
neurons are seen in the auditory, prefrontal and entorhinal cortex, in the medial, 
lateral, and central amygdala, in the nucleus accumbens, the septum, and along the 
thalamic midline. The amygdala which receives input from auditory cortex and 
thalamus is supposed to endow sensory stimuli, here probably the activity in audi-
tory cortex correlating to the salicylate evoked tinnitus, with emotional signifi-
cance, thereby possibly enhancing an initially weak cortical activation, and leading 
to an enduring sensation, in this case to a subjective tinnitus. These findings are 
consistent with the hypothesis of a centrally generated tinnitus.
Supported by the Bundesministerium fur Bildung, Wissenschaft, Forschung und 
Technologie, BMBF - OIVJ9407/8.

Society  for  Neuroscience , Volume  23,1997



2068 AUDITORY SYSTEMS: AGING AND CLINICAL CONDITIONS WEDNESDAY PM

804.7
EXOGENOUS CALCIUM EFFECTS ON SALICYLATE INDUCED 
AUDITORY DEFICITS IN RATS.
J.F. Brennan*. Parmly Hearing Institute, Loyola University Chicago, 
IL 60611.

72 male Sprague-Dawley rats were given calcium enriched water 
(25-, 50-, or 100-mM) 2 days prior to the start of continuous exposure 
to 60-dB noise. Subjects were then deprived of ad lib fluids and were 
trained to lick the respective calcium solutions during daily 50 min 
sessions during which the noise was constantly present as in the 
home cage. Conditioned suppression sessions with a pulse of mild 
footshock at the end of 1-min periods of noise offset were followed by 
7 extinction sessions in order to assess recovery of drinking during 
noise offsets. Half of the subjects received s.c. sodium solicylate 
injections of either 233- or 320-mg/kg beginning either before or after 
suppression training.

The magnitude of salicylate effects was dose related as well as 
determined by the time of initiation of injections -- i.e. before or after 
training. More intense salicylate effects were found when associated 
with the aversive agent within both dose levels. Recovery was faster 
when salicylate injections started after training. However, the 
salicyalte effects within both doses was attenuated as the calcium 
level increased suggestion some protection from calcium enriched 
diet.

Supported by NIH/NIDCD R21 DC03252

804.8
MAPPING OF NEAR-FIELD PATTERN OF CLICK-EVOKED 
BRAINSTEM AUDITORY EVOKED RESPONSES (BAER) 
OVER THE SKULL OF THE LONG-EVANS RAT. K, H, Reid’. 
C. Chih and V. G. Iyer Depts Anat Sci Neurobiol and Neurology, 
University of Louisville School of Medicine, Louisville KY 40292.

Click-evoked responses as large as 40 gV can be recorded from 
sites near the cochlea in the rat. Using small surface electrodes, we 
explored the lateral and ventral skull, seeking the best site for 
recording each wave of the BAER. The 5 waves relating to the 
auditory nerve, the cochlear nuclei, and the auditory brainstem were 
mapped over the lateral surface of the skull with 0.5 mm resolution 
in Ketamine-anesthesized Long-Evans rats. Waves 1-5 proved to 
have distinctly different distributions. On the lateral skull, the 
largest wave was N2-P2,15-20 gV in amplitude 3 mm caudal to the 
external auditory meatus. There were significant differences in 
latency with position for all waves; the largest was 0.3 msec for N2. 
On the ventral skull only waves 1 and 2 were seen, with the largest 
amplitude just medial to the bulla: this could reach 40 /xV peak- 
peak. Waveforms changed markedly with position around the bulla; 
these differences in morphology were useful in positioning 
percutaneous electrodes. These large signals proved useful in 
following rapid changes in the responses of the rat auditory system 
to global ischemia and resuscitation. Supported by a grant from the Jewish 
Hospital Foundation, Louisville, KY.

804.9
ENHANCED EXCITABILITY OF THE AUDITORY BRAINSTEM RESPONSE 
IN AUDIOGENIC SEIZURE-PRONE LONG-EVANS RATS. J.R. Coleman12*.
K.C, Ross1. M.M. Mullanev and W.A. Cooper3. Depts. of Psychology1, 
Physiology2, and Speech-Language Pathology & Audiology3, Univ. of South 
Carolina, Columbia, SC 29208.

Development of audiogenic seizures (AGS) in the Long-Evans rat occurs 
as a result of priming during a sensitive period. The present study examined 
changes in excitability in the auditory pathway of AGS using the auditory 
brainstem response (ABR). Subjects primed for AGS (n=5) on PND 14 by 
exposure to 10 kHz tone bursts for 8 m at 125 dB p.e. SPL were tested for 
AGS on PND 28 using 125 dB white noise. Controls were not exposed to 
sound (CNE) (n=5) or exposed to the testing stimulus at PND 28 (CE) (n=5). 
AGS subjects and CE subjects were behaviorally tested for AGS; AGS 
subjects displayed seizure activity (wild running or wild running followed by 
tonic-clonic convulsions). CE subjects displayed no seizure activity.

ABR recordings (vertex) were made at five and seven months. Stimuli were 
delivered unilaterally at 50, 70, or 90 dB p.e. SPL using tone-bursts (8 kHz 
and 40 kHz) with rise/fall times of 0.5 ms and 1 ms at max. amplitude 
presented at 21/s. Analysis of ABR waveform latencies before behavioral 
testing revealed shorter latencies for higher intensities for Waves la, In, II, V 
and VI at 8 kHz and 40 kHz stimulation (p<.05). After testing, latencies for all 
components were shorter at higher intensities (p<-05). At 8 kHz, AGS animals 
displayed shorter latencies than CE and CNE animals for Waves III and V at 
90 dB, but longer latencies at 50 dB (p<.05) which provides support for 
enhanced central auditory excitability in seizure-prone rats. Examination of 
components at 30 dB revealed longer latencies for AGS animals indicating 
peripheral hearing loss from developmental priming. These data suggest that 
the ABR of the Long-Evans rat is differentially influenced by AGS 
susceptibility induced by acoustic exposure during a developmentally 
sensitive period. (Supported by NSF SBR-00285 and SBR-9619958)

804.10
DEVELOPMENT OF AUDIOGENIC SEIZURE ACTIVITY IN THE SEIZURE- 
RESISTANT LONG-EVANS RAT. K.C. Ross1*. D. Wagner and JjL 
Coleman1,2. Depts. of Psychology1 and Physiology2, Univ. of South Carolina, 
Columbia, SC 29208.

The goal of this research is to characterize behavioral features and optimal 
testing ages of audiogenic seizure (AGS) activity in Long-Evans rats. 
Previous AGS research has utilized albino rat strains to generate 
susceptibility. In the present study, seizure-resistant Long-Evans rats (n=70) 
were primed for AGS at PND 14 by exposure to 10 kHz tone bursts for 8 m at 
125 dB p.e. SPL. Animals tested for AGS between PND 24 and PND 36 using 
125 dB white noise were videotaped for seizure activity (none, wild running 
(uniphasic or biphasic), or wild running followed by tonic-clonic convulsions 
(TCC)). Characteristics of wild running (direction, duration, uniphasic/biphasic 
pattern) and TCC (latency and duration) were also recorded.

AGS behavioral testing revealed the highest incidence of TCC for subjects 
tested on PND 33 (38%). Testing on other days also yielded AGS 
susceptibility: PND 28 (13%); PND 29 (13%); PND 36 (25%). Mean latency to 
TCC was 63.24 s (SD=4.96) and mean duration of clonus was 21.82 s 
(SD=5.64). Uniphasic wild running (43%) were observed less often than 
biphasic (57%) during testing. More circles were run in the second phase of 
the biphasic pattern (1st: M=2.57 SD=3.05, 2nd: M=10.86 SD=4.22; p<.001). 
Latency to second phase was longer than to first phase (1st: M=23.59 s 
SD=3.93; 2nd: M=52.95 s SD=3.09; p<.05). Shorter TCC latencies were 
observed in older animals (PND 46-63: M=49.39 s SD=9.37; PND 120: 
M=33.74 s SD=10.5); TCC durations were similar across testing age (PND 
28-26: M=23.85 s SD=13.29; PND 120: M=23.88 s SD=7.4)

These data demonstrate AGS susceptibility in the Long-Evans rat and 
reveal age-related parameters fortesting.
(Supported by NSF SBR-00285 and SBR-9619958)

804.11
AGE-RELATED INCREASE IN CHLORIDE UPTAKE IN RAT 
INFERIOR COLLICULUS. 'T.M. Holder, 2D.K. Naritoku.3L.F. Hughes, 
l,3D.M, Casparv*. Depts. of'Pharmacology, 2Neurology, and 3Surgery, SIU 
School of Medicine, Springfield, IL 62702.

A number of pre- and postsynaptic age-related changes involving y- 
aminobutyric acid (GABA) neurotransmission have been described in the 
inferior colliculus (IC). Postsynaptic changes suggestive of age-related 
GABAa subunit switching include an age-related increase in the 
efficacy/potency of GABA as indicated in its ability to inhibit ligand binding 
at the picrotoxin site, and an age-related increase in a2 and y, subunit mRNA 
and protein levels as measured by in situ hybridization and Western blotting 
(Milbrandt et al., 1996a,b;1997). The present study used synaptosomes 
prepared from the IC of 3-, 18-, and 26-month-old Fischer 344 rats to 
determine the effect of the suggested subunit switch on GABAa  receptor- 
mediated chloride uptake. Chloride uptake was measured in the presence of 
0, 30, and lOOpM GABA. A significant dose-related increase in chloride 
uptake was observed for all three age groups (p<0.01). An age-related 
increase in GABA-mediated chloride flux was also observed (p<0.05). 
Pentomeric GABAa  receptors containing more a, and y2 subunits and fewer 
a2 and y, subunits could result in receptors which flux more chloride for a 
particular dose of GABA (Ducic et al., 1995). Increased sensitivity of the 
aged rat IC to GABA may reflect a compensatory increase in inhibitory 
function aimed at maintaining inhibition in the face of declining presynaptic 
GABA levels.
Supported by NIH grant DC00151.

804.12
TEMPORAL PROCESSING IN THE AUDITORY SYSTEM OF 
YOUNG AND OLD RATS. C. Ricketts, J.R. Mendclson and P.
Heil* Div. of Life Sciences, Univ. of Toronto, Scarborough, Canada 
MIC 1A4; *Dept. of Psychology, Monash Univ., Melbourne, 
Australia

A common complaint among the elderly is a difficulty in 
understanding speech. One factor that may contribute to this difficulty, 
is an age-related deterioration in temporal processing speed which may 
in turn manifest itself in a decreased ability to process the dynamic 
aspects of speech such as the formant transitions. Thus the goal of this 
study was to explore possible neural mechanisms underlying the 
effects of aging on auditory temporal processing. A useful stimulus 
for this investigation is the frequency modulated (FM) sweep which 
resembles formant transitions. Extracellular single unit responses were 
recorded in auditory cortex of young and old Long Evans Hooded 
rats. Tone bursts were initially presented followed by linear FM 
sweeps (low to high and high to low) at different rates of modulation 
(speed). Results show that the majority of cells recorded from young 
rats responded best to fast FM sweeps while those from old rats 
preferred slow speeds. This suggests that there is a difference in 
cortical temporal processing speed between young and old rats for 
dynamic stimuli. We are currently exploring the extent to which these 
results are unique to the auditory cortex.
This research is supported by a grant from NSERC.
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804.13
AGE ALTERS FREE-FIELD SPEECH PERCEPTION IN NOISE FOR HUMAN 
LISTENERS WITH NORMAL AUDIOMETRIC THRESHOLDS. D.R, Frisina* 
and RD. Frisina. Rochester Inst, of Technol. and Otolaryngology Div., Univ. of 
Rochester Med. Ctr., Rochester, NY 14623.

This study is part of a research program whose aim is to characterize presbycusis 
and to determine its neural bases. We have previously isolated an age effect for 
speech perception in background noise. We demonstrated a central auditory 
dysfunction associated with aging wherein young adults’ speech recognition in 
noise performance was better than that of elderly subjects although their peripheral 
sensitivities and cognitive abilities did not differ. We conjecture that neural 
processing in the elderly human brainstem is reduced. Here we measure free-field 
binaural reception of speech in noise and test the hypothesis that the binaural 
advantage present in young adults is not maintained in elderly persons. We 
compared the performance of young and elderly normal listeners to determine a) the 
effect of age and b) normal-hearing elderly and elderly hearing-impaired to 
determine the effect of hearing loss and age on spatial location processing. 
ANOVAs showed a) significant age effect across noise locations and greater 
masking of speech in the elderly, and b) greater masking of speech when noise was 
presented at +90 degrees (right ear) vs. -90 degrees (left ear) for both groups which 
is consistent with previous research on “right ear advantage.” Elderly hearing-loss 
groups are now being tested to determine the effects of peripheral hearing loss.

Supported by NIH-NIA Grant PO1 AG09524

804.14
NOISE MASKING OF THE ACOUSTIC STARTLE REFLEX 
(ASR): AGE EFFECTS ON AMPLITUDE AND LATENCY AS A 
FUNCTION OF STARTLE STIMULUS INTENSITY. J. R. Ison*
& P, Agrawal. Brain & Cognitive Sciences, Univ. of Rochester, 
Rochester NY 14627.

Acoustic masking by noise is exaggerated in aged humans listening 
to complex signals [Frisina et al. (1995) Neurosci. Abstrs, 21:908], 
and in general processing time is slowed in aged humans [Birren & 
Fisher (1995) Ann. Rev. Psychol.]. Here we report how masking 
affects the ASR elicited by noise bursts as a function of age in mice, 
measuring both latency and amplitude. The ASR has theoretical interest 
because its reflex arc of only 4 to 5 synapses provides but few 
brainstem sites where age and masking could have their effects [Lee et 
al., J. Neurosci. 16: 3775]. CBA mice (3, 6, 12 & 24 m) received 
noise bursts of 94 to 139 dB (SPL) in 70 dB noise or in quiet. Young 
mice responded faster and with greater force; old mice were slower 
even for matched amplitudes. Young mice tested in quiet had a 
non-monotone increase then decrease in ASR with stimulus intensity, 
while old mice had a monotonic increasing function. Background 
noise: a) depressed amplitudes at low startle intensities (masking), 
equally for all ages; b) increased ASRs at high intensities 
(potentiation), less so in the old; and c) did not affect ASR latencies. 
CBA x C57 hybrid mice (3 vs 24 m) provided similar age effects. 
Adult humans showed masking effects, but ASRs increased with 
stimulus level.
Supported by NIH Grants AG09524 and EY01319, and by RICHSR.

804.15
AGING AND SENSORINEURAL HEARING LOSS AFFECT THE NEURAL 
PROCESSING OF TEMPORAL GAPS IN ONGOING SOUNDS. XP. Walton,
K. Barsz, W.W. Wilson, M I .ynch-Armour* and R.D. Frisina Otolaiyngology Div., 
Univ. of Rochester Medical Ctr., Rochester. N Y, 14642-8629, USA.

Auditory processing of rapid changes in sound amplitude plays a critical role in the 
perception of species-specific vocalizations, such as speech. Psychoacoustical- 
evidence suggests that aged listeners display deficits in gap detection. In contrast, 
young listeners with mild-to-moderate peripheral deficits often exhibit normal gap 
detection. One hypothesis put forth is that aging results in a global temporal slowing 
in the speed of information processing by the brain. To test aging and sensorineural 
hearing loss (SNHL) effects on the neural coding of gaps we compared minimal gap 
thresholds (MGTs) of inferior colliculus (IC) neurons measured in four subject groups: 
young (2-4 mon) and old (>24 mon) CBA/CaJ mice, and young (1-2 mon) and 
middle-aged (8-10 mon) C57B1/6 mice.

Neurons were characterized by their best frequencies, rate/intensity functions, first 
spike latencies and MGTs measured in quiet. "Gap series" typically consisted of gaps 
ranging in duration from 0 (control) to 96 ms long, presented at 65 to 80 dB SPL. 
MGT was quantified by comparing (Wilcoxon nonparametric test) spike counts in time 
windows around the gap. A total of more than 250 single units from the four groups 
were analyzed. The degree of threshold shifts displayed in the old CBA and middle- 
aged C57 neurons overlapped to some degree, while thresholds for both young groups 
were similar. Mean MGTs from units in the young and old CBA were found to be 
significantly different. Moreover, approximately one-third of the old neurons had 
mean MGTs that were nearly 3 times those of the young units. In contrast, the mean 
MGTs for the normal and hearing-impaired C57 groups were comparable. These 
results suggest that SNHL exerts minimal effects on the neural coding of gaps, and the 
poor temporal resolution observed in older neurons may represent a fundamental age- 
related central auditory deficit. Supported by NIH-NIA Grant P01 AG09524

804.16
AGING INFLUENCES ON THE CALCIUM-BINDING PROTEIN
IMMUNOREACTIVITY IN THE COCHLEAR NUCLEUS OF C57 AND CBA 
MICE. R.D^-Frisina?, M.L. Zettel, Chad A. Wyckoff and W.E. O’Neill. 
Otolaryngology Div., Surgery and Neurobiology & Anatomy Depts., Univ. of 
Rochester Medical Ctr., Rochester. N Y, 14642-8629, USA.

Age-related hearing loss - presbycusis - results from deficits developing over time in 
the ear and brain. Oftentimes, age-induced neuronal dysfunction is related to 
inadequate intracellular calcium regulation. We have previously reported that for the 
auditory midbrain, where we have demonstrated age-related physiological temporal 
processing deficits, age-related changes in calcium-binding protein immunoreactivity 
occur. Specifically, in CBA and C57 mice, calbindin antibody staining declines, and 
in CBAs calretinin immunostaining increases with age. The purpose of the present 
study was to conduct similar analyses in the posteroventral (PVCN) and dorsal (DCN) 
cochlear nucleus. Following measurement of ABR audiograms and behavioral gap 
detection thresholds, the brains of young (3-9 mon) and old (>24 mon) CBAs and 
young (2-3 mon) and old (> 26 mon) C57s were sectioned and immunoreacted with a 
monoclonal antibody against calbindin (Sigma C-8666) or a polyclonal anti-calretinin 
(Chemicon AB 149). ABR audiograms of old CBA mice showed an average flat loss of 
about 20 dB, and gap detection thresholds lengthened. The old C57s were totally deaf, 
but had normal hearing when tested at 3 mon, similar to the young mice of both 
strains. Blind (in regard to age) counts of stained neurons were performed using 
counting grids. In the DCN, for both calbindin and calretinin, small declines in the 
number of stained neurons were not statistically significant. In the PVCN, the same 
was true for calbindin, but significant increases in the number of calretinin 
immunoreactive neurons were observed for both strains. In regard to all of our 
calcium-binding protein findings so far at different levels of the central auditory 
system, if changes with age occur, they are always declines for calbindin and increases 
for calretinin. Supported by NIH-NIA Grant P01 AG09524

804.17
CALBINDIN D-28K IMMUNOREACTIVITY IN THE MEDIAL NUCLEUS OF 
THE TRAPEZOID BODY DECLINES WITH AGE IN C57BL/6, BUT NOT 
CBA/CAJ, MICE. W. E, O'Neill*, M, L. Zettel, K, R. Whittemore. R. D. Frisina, 
Depts. of Neurobiology & Anatomy, Brain & Cognitive Sciences and Div. of 
Otolaryngology, Dept. of Surgery, Univ. of Rochester Medical Ctr., Rochester, NY 
14642, USA

In a previous study we demonstrated significant age-related decreases in calbindin 
D-28K (CB) expression in the inferior colliculus of two mouse strains. C57B1/6 mice 
exhibit progressive peripheral (sensorineural) hearing loss between 4 and 12 months of 
age, whereas CBA/CaJ mice show little change in peripheral sensitivity until very late 
in life. In this study, we compared CB immunoreactivity in the medial nucleus of the 
trapezoid body (MNTB) from the same mice used in the previous study: young (3-4 
month old) and old (24-26 month old) CBA/CaJ mice, and young (3-4 month old), 
middle-aged (6.5-8.5 month old), and old (24-29 month old) C57B1/6 mice. Old CBA 
mice were selected for study whose auditory brainstem response audiograms matched 
those of young CBA and C57 controls. Middle-aged C57 mice showed elevated 
thresholds indicative of peripheral degeneration.

Brain sections were reacted with antibodies to CB. Staining patterns in Nissl and 
anti-CB material were characterized and cells were counted. We found no significant 
change in the number of CB+ cells or the total number of cells in the MNTB of old 
CBA mice compared to young controls. However, the mean number of CB+ cells 
decreased by 11 % in middle aged, and by 14.8% in old C57 mice. Since the decline in 
C57 mice was significant by 6.5 to 8.5 months of age, it is possible that the decrease 
could be the consequence of a loss of input from the cochlear nucleus, where cell 
numbers are known to decline by this age in this strain. Total cell number in MNTB 
assessed from Nissl material showed a more modest 7.1% decline with age in C57 
mice, implying that the greater loss of CB immunoreactive cells with age cannot be 
completely attributed to a reduction in the total number of cells.

Supported by NIH-NIA Grant P01 AG09524

804.18
CO-LOCALIZATION OF CALBINDIN AND CALRETININ IMMUNOREACTIV-
ITY IN THE NUCLEUS OF THE COMMISSURE OF THE INFERIOR 
COLLICULUS OF YOUNG CBA MICE. M.L. Zettef.W.E. O'Neill .R.D.Frisina, and 
J. Holliday. Otolaryngology Div., Surgery and Neurobiology and Anatomy Depts., 
Univ. of Rochester Medical Center, Rochester, NY 14642, USA.

We have previously shown a significant decrease in the number of Calbindin (CB)- 
positive cells in the commissural nucleus of the inferior colliculus (NCO) of old 
CBA/CaJ and C57/B1 mice. By contrast, Calretinin (CR) + NCO cells increased in the 
old CBAs, but remained unchanged in old C57 mice. Two cell types were visualized in 
the NCO using these calcium binding proteins, but single labeling could not provide 
information on whether CB and CR were colocalized in the same cell types or were 
isolated in separate populations. This study presents results from the first part of a 
double-labeling study done to answer this question and to examine how the ratio of 
cells expressing these proteins might change with age.

Sections from the same young CBA mice which were used in the previous study 
were double labeled using a monoclonal antibody against calbindin (Sigma) visualized 
with Rhodamine and a polyclonal antibody against Calretinin (Chemicon) visualized 
with Fluorescein. The numerous small NCO cells (12-17um) were CR+ and CB- 
confirming previous results. The larger cells (22-28um) were immunopositive with 
both CB and CR, and double labeling gave interesting results. Some large cells were 
CB+ only, others CR+ only, and still others were both CB+ and CR+. In the cells 
which showed co-localization, CB and CR often appeared to be localized to different 
regions of the cells.
Supported by NIH-NIA Grant P01 AG09524
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805.1
FREQUENCY-SPECIFIC PLASTICITY OF BINAURAL TUNING IN 
THE BARN OWL FOREBRAIN RESULTING FROM ALTERED 
AUDITORY EXPERIENCE. G.L, Miller and E.I. Knudsen*. Department of 
Neurobiology, Stanford University School of Medicine, Stanford, CA 94305.

In the barn owl, parallel pathways through the midbrain and forebrain mediate 
sound localization behavior. Early auditory and visual experience exert a powerful 
influence on unit tuning for binaural localization cues in the midbrain pathway. 
However, the influence of experience on the forebrain representation of auditory space 
has not been well-characterized. In the current study, we assessed the influence of 
early auditory experience on the representation of interaural time and level difference 
(ITD and ILD, the principal cues used for sound localization) in the output structure 
of the forebrain sound localization pathway, the auditory archistriatum (AAr).

Extracellular recordings of responses to dichotically presented broadband and 
narrowband stimuli were made in order to assess unit tuning for ITD and ILD in the 
AAr of control owls and owls raised wearing an acoustic filtering device that caused 
frequency-specific changes in experienced ITD and ILD. Rearing owls with this 
device has been shown to cause adaptive, frequency-specific changes in ITD and ILD 
tuning in the midbrain.

In control owls, ITD and ILD tuning at most sites in the AAr was independent 
of stimulus frequency and closely matched tuning measured with broadband stimuli. 
The frequency-independence of binaural tuning in the AAr of control owls reflects the 
frequency-independence of acoustic ITD and ILD for locations in frontal space. In 
device-reared owls, unit tuning for ITD and ILD in the AAr was highly dependent on 
stimulus frequency. The observed changes in ITD and ILD tuning likely reflect 
adaptations to the acoustic modifications induced by the filtering device. Similar 
shifts in binaural tuning were observed in the midbrain of the same owls, suggesting 
that forebrain and midbrain representations of auditory space remain mutually 
consistent even when both representations are altered by early sensory experience.

Supported by NIH R01 DC00155-16 and NRSA 1 F31 MH11238-01.

805.2
EFFECTS OF ANESTHESIA ON STIMULUS REPRESENTATION AND 
PROCESSING IN THE RAT AUDITORY CORTEX. B, H. Gaese* and J. 
Ostwald. Dept. of Animal Physiology, University of Tubingen, D-72076 Tubingen, 
Germany

The vast majority of investigations of central auditory processing has so far been 
performed in anesthetized preparations. It is assumed that basic principles of 
information processing are not influenced by this experimental manipulation. To test 
this assumption we investigated response properties of primary auditory cortical 
neurons using multiple chronically implanted electrodes in freely moving rats. Sets 
of single neurons were first recorded in the awake state and right afterwards under 
the influence of Equithesin-anesthesia.

These experiments revealed a strong influence of anesthesia on basic properties of 
auditory cortical neurons. Besides a reduction of spontaneous activity to 20.5% 
(median) major changes in tuning characteristics were observed. Many neurons 
completely lost their tuning under anesthesia. The rest still showed tuning to about 
the same characteristic frequency with unchanged minimum threshold. The tuning 
curve area, however, was significantly smaller, therefore the sharpness of tuning 
must have increased. Cross-correlation analysis between pairs of spontaneously 
active neurons revealed that under anesthesia the percentage of correlated cell-pairs 
was much higher (85%). This was perhaps due to more bursty firing patterns of cells 
under these conditions. Under anesthesia correlation peaks were located more 
peripheral and were slightly broader. Peak height, however, did not change 
significantly.

These results suggest that investigations performed under anesthesia might find 
only a small subset of active units. These neurons might, in addition, respond only to 
a reduced range of stimulus parameters and show more correlated activity than under 
awake conditions.
Supported by Deutsche Forschungsgemeinschaft (SFB 307) and GK Neurobiologie 
Tubingen

805.3
AUDITORY FREQUENCY DISCRIMINATION AND THE EFFECTS OF INTRA-
CORTICAL MICRO-STIMULATION IN THE BEHAVING WHITE RAT. S. K. 
Talwar & G. L. Gerstein*. Dept. of Neuroscience, University of Pennsylvania, 
Philadelphia, PA 19104.

Recent experiments have shown that a period of intra-cortical microstimulation 
(ICMS) with a weak electric current causes reorganization of neuron assemblies in 
the auditory (Al) cortex of the white rat (Exp Brain Res (1996) 112:420-430). We 
speculate that such sensory map reorganization might effect the perception of the rat 
in an appropriate behavioral paradigm.

Auditory frequency discrimination ability was systematically investigated in the 
albino rat and its sensory resolving power indexed with the aid of operant 
conditioning procedures and receiver operating characteristic (ROC) analysis. 
Classical thresholds were measured by the method of constant stimuli. Fine wire 
electrodes were then implanted into the Al cortex and the receptive fields of cells 
defined in the anesthetized and awake subject. The characteristic or best frequency 
of cells surrounding a particular electrode site was noted and the frequency 
discrimination performance of the awake animal was then analyzed around that best 
frequency in several test sessions. Before some of the sessions the cells in the 
electrode vicinity were stimulated with repeated short trains of 5 pA pulses to assess 
its effect on performance.

The albino rat is capable of making finer frequency discriminations than has been 
previously reported. Under appropriate conditions classical weber fractions of around 
2-3% are obtained. Behavioral data obtained in the rat are consistent with the signal 
detection theory model and provide an index uncorrupted by response bias. In the 
awake animal receptive fields of Al cells are significantly different from those 
obtained in the anesthetized subject. So far (N=5) our study shows that ICMS 
induced plasticity has no statistically significant effect on a white rats's ability to 
discriminate frequencies. [NIH MH 46428; NIH DC 01249]

805.4
AUDITORY THALAMOCORTICAL AND INTRACORTICAL 
SYNAPTIC TRANSMISSION IN VITRO. R. Metherate*. Dept. of 
Psychobiology, University of California, Irvine, CA 92697.

We have investigated the nature of auditory cortex responses to 
stimulation of afferents from the medial geniculate (MG) in vitro. 
Slices whose plane of section was slightly off-horizontal (anterior 0- 
10 deg, lateral 15-25 deg above horizontal) were obtained from 10-30 
day old rats or mice and maintained using conventional methods. 
Electrical stimulation of the thalamic radiation (rat, mouse) or MG 
(mouse) elicited in the middle layers of auditory cortex a focus of 
excitation, a fast negative field potential, followed by a slow negative 
potential of -100-400 ms duration. With anterior movement of the 
recording electrode within layer 4 away from the focus, the amplitude 
of both fast and slow potentials fell off within 1-2 mm. With 
posterior movement the fast potential decremented similarly, while 
the slow potential occurred at longer latency with unchanged or 
increased amplitude. At posterior distances >2-3 mm (rat), 
stimulation elicited a negligible fast potential and a robust slow 
potential. Thus, the slow potential appeared to propagate in the 
posterior, but not anterior, direction. The NMDA receptor antagonist 
APV selectively blocked the slow potential. The nonNMDA 
antagonist CNQX reduced both potentials sequentially, with the slow 
potential being reduced faster than the fast potential.

We hypothesize that thalamocortical afferents engage primary 
auditory cortex via NMDA and nonNMDA receptors, and that 
intracortical pathways relay information via NMDA receptors, 
preferentially to more posterior cortex. Support by NSF and NIDCD.

805.5
NICOTINE ENHANCES NMDA RECEPTOR MEDIATED 
SYNAPTIC TRANSMISSION IN AUDITORY CORTEX OF 
JUVENILE RATS IN VITRO. V, B, Aramakis*. N, Patel and R, 
Metherate. Dept. Psychobiology, Univ. California, Irvine, CA 92697.

Primary sensory cortex of juvenile rats exhibits a transient period of 
heightened cholinergic function as reflected by increased acetyl-
cholinesterase (Robertson et al, 1991) and nicotinic receptor (Broide et 
al, 1996) expression in cortical layers III and IV. We examined 
nicotinic modification of glutamatergic transmission in slices of 
auditory cortex from 10-16 day old rats, using whole-cell recording 
techniques on visualized (Nomarski optics) pyramidal neurons. 
Electrical stimulation within layer IV elicited glutamate-mediated 
EPSPs. Pressure ejection of nicotine (0.5-25 ji M), from a drug 
pipette placed adjacent to the proximal apical dendrite, increased the 
magnitude of the late phase of the EPSP in 35/70 neurons. The 
enhancement was increased by membrane depolarization and was 
prevented by the NMDA receptor antagonist APV (50 JiM), but not 
the AMPA/KA receptor antagonist, CNQX (20 |iM). In some cells, 
nicotine by itself produced a delayed onset membrane depolarization 
that also was prevented by APV, but not CNQX. Both actions of 
nicotine were reduced by the alpha-7 nicotinic receptor antagonist 
methyllycaconitine citrate (5 nM). Together these data lead us to 
suggest that ACh may act at nicotinic receptors to enhance 
glutamatergic transmission at synapses with NMDA receptors in 
developing auditory cortex. Supported by NSF and NIDCD.

805.6
DIFFERENT CALCIUM SENSITIVITIES OF FAST AND SLOW 
SYNAPTIC DEPOLARIZATION IN NEURONS OF RAT AUDITORY 
THALAMUS IN VITRO. D. M. Mooney* and B. Hu. Loeb Research 
Institute, Ottawa Civic Hospital, Ottawa, Ontario, Canada K1Y 4E9.

Repetitive stimulation of putative brainstem input to the medial geniculate 
body (MGB) of the rat thalamus in vitro evoked fast epsps and a slow 
depolarization (SD; Soc. Neurosci. Abstr. 22:1065, 1996). The SD could be 
isolated from fast epsps by a mixture of ionotropic glutamate antagonists (-)- 
AP-5(200pM) + CNQX(50pM). In this study, we examined the calcium 
dependence of these two types of synaptic response. Electric stimulation was 
applied at 5-40Hz near the border of the MGB maintained in brain slices. 
Bath application of a zero-calcium medium containing either 3-5 mM Mtr 
or 5 mM Mn:' plus the calcium channel blocker Cd2 (40pM, HEPES buffer) 
reliably eliminated fast, glutamatergic epsps (n= 10). The disappearance of the 
fast epsps under both conditions was relatively rapid; the time constant of 
peak amplitude reduction was about l09±37s (n = 9). In contrast, the 
amplitude decline of the SD was remarkably less sensitive. In Cd 2*- 
containing zero-calcium medium, the SDs declined with an estimated time 
constant of 502±290s (n = 3), which is significantly (P < 0.05) longer than 
that of epsp elimination. Therefore we suggest that different synaptic 
transmission mechanisms may be involved in slow and fast synaptic 
responses in MGB neurons. Supported by grants from MRC of Canada and 
the Ontario Graduate Scholarship Program.
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805.7
APAMIN AND IBERIOTOXIN EFFECTS ON CELLS IN LAYER V OF RAT 
AUDITORY CORTEX. B. J. Hefti* and P. H. Smith. Neuroscience Training 
Program and Dept. of Anatomy, University of Wisconsin, Madison, WI53706.

In other rodent sensory cortical areas, a subset of large pyramidal neurons confined 
to layer V displays a unique set of anatomical and physiological features. We have 
begun to characterize these large layer V neurons, as well as other cortical cells, 
using neurobiotin-filled sharp microelectrodes in slices of rat primary auditory 
cortex. Most pyramidal cells, in layer V and elsewhere, generate spike trains 
classified as “regular spiking” (RS) with different degrees of spike frequency 
adaptation (RSI < RS2). In contrast, the large layer V cells display an intrinsic burst 
response (IB) to depolarizing current pulses. This response is characterized by a 
high frequency burst of 2-5 spikes riding on a brief depolarization of 20-30 ms at the 
onset followed by a pause, then single spikes at a very regular rate. The burst rate 
and duration are usually constant, and independent of current strength. Previous 
reports showed that initiation of the burst appears to depend on a persistent sodium 
conductance (Franceschutti et al., ’95), but our results indicate that the calcium 
influx during the burst influences the time course of this event. Apamin, a specific 
blocker of the small conductance calcium activated potassium channel (SKCa), 
prolongs the burst. At just threshold current strengths, where the burst was the only 
supratheshold event, the depolarizing plateau and the burst firing continued for 80 to 
100-plus ms. At intermediate currents the prolonged burst is followed by a pause and 
single spikes at a regular rate. At high currents the cells fired tonically with no pause, 
and some spike frequency adaptation similar to the RS category of response. We are 
currently testing the effects of Iberiotoxin (IbTX, which blocks the BKCs channel) on 
the IB cell response which, in intial experiments, seem to have a relatively small 
influence. In contrast, RS cell responses are not greatly affected by either apamin or 
IbTX, although IbTX has some effect on the ability of RS2 cells to adapt.
This research is supported by NIH grants DC00256 (B.J.H.) and DC01999 (P.H.S.).

805.8
CONTEXT-DEPENDENT PLASTICITY OF RESPONSE PROPERTIES IN THE 
PALLID BAT AUDITORY CORTEX. A.R. Khaleel, T. Lohuis and Z.M. 
Fuzessery/bept. of Zoology/Physiology, Univ. of Wyoming, Laramie, WY 82071.

The hunting pallid bat is faced with an unusual problem obtaining a unified 
acoustic image of its external world. It uses biosonar for general orientation, but 
relies on passive listening to detect and locate noise transients produced by terrestrial 
prey. Consequently, it must simultaneously process two different forms of acoustic 
input to capture prey. It has been established that the auditory pathways that 
process these inputs are segregated at the level of the inferior colliculus (IC). 
Moreover, sounds that excite IC neurons serving prey detection inhibit neurons 
dedicated to biosonar, suggesting a priority system that allows the bat to focus 
attention.

The present study examines how the auditory cortex organizes the input from 
these two ascending pathways. Functional mapping of auditory cortex has 
demonstrated that, unlike the IC, surprising few loci respond exclusively to biosonar 
or prey-generated sounds. Instead, most of cortex responds to both sound categories. 
This study focuses on whether single cortical neurons receive converging input from 
both ascending pathways. Results demonstrate that many neurons have bimodal 
tuning curves, and respond to both low-frequency noise and echolocation pulses. Of 
particular interest is that other response properties, such as binaural response 
properties, change in a stimulus-dependent manner. A neuron may be monaural 
when presented with echolocation signals, but binaurally inhibited when presented 
with low-frequency noise. Such results suggest that single cortical neurons inherit 
different suites of response properties from the two converging pathways, and that 
they may switch function with behavioral context. This unusual "hard-wired" 
response plasticity lends itself to establishing neural correlates of selective attention. 
Supported by NIH grant DC00054.

805.9
SPATIAL RECEPTIVE FIELDS OF Al NEURONS ARE ALTERED BY THE 
PRESENCE OF CONTINUOUS BACKGROUND NOISE. J.F, Brugge*. R.A, 
Reale and J.E, Hind. Dept. Neurophysiology and Waisman Center, University of 
Wisconsin, Madison, WI 53706.

Neurons in primary auditory cortex of cat are sensitive to the direction of a sound 
source in virtual acoustic space (Brugge et al. J. Neurosei. 16:4420, 1996). This 
is revealed by the structure of their virtual space receptive fields (VSRFs) studied 
when anechoic conditions are simulated with no competing background sounds. In 
the natural world directional hearing takes place in noisy environments. The 
present experiments explored the extent to which the structure of VSRFs of Al 
cells is altered by the presence of a continuous broadband background noise. 
Single neurons in Al were recorded extracellularly in pentobarbital anesthetized cats 
using conventional methods. Broad- or narrow-band transient directional signals 
were synthesized in virtual acoustic space and delivered to both tympanic 
membranes via sealed and calibrated earphone systems. VSRFs were mapped with 
a spatial resolution of 9 degs using these transient signals combined with various 
levels of continuous background noise. The steady-state background noise was 
non-directional and when presented alone does result in steady-state firing of an Al 
neuron. As a rule, the size of the VSRF was reduced by systematically increasing 
the background noise level above a threshold value. The effects of increasing noise 
level on the response evoked at any stimulus direction within a cell’s VSRF were 
to lengthen the onset latency and decrease the probability of firing. The range over 
which continuous noise influenced a cell’s discharge was around 10-20 dB. VSRF 
data were also obtained when only the level of the signal was varied in the absence 
of background noise. Analyses of the data indicate that continuous noise tends to 
mask directional signals in such a way that the changes in VSRFs observed under 
continuous noise conditions are similar to those that would occur with changes in 
response threshold. (Supported by DC00116 & HDO3352).

805.10
LONG-LATENCY NEURONS IN AUDITORY CORTEX INVOLVED 
IN TEMPORAL INTEGRATION: THEORETICAL ANALYSIS OF 
EXPERIMENTAL DATA. J. He*1- 2’ 3. Advanced Research Laboratory, 
Hitachi Ltd., Hatoyama, Saitama 350-03, ^Laboratory for Brain Structure and 
Function, Frontier Research Program, The Institute of Physical and Chemical 
Research (RIKEN), Wako, Saitama 351-01, and ^Department of Electrical and 
Electronic Engineering, The University of Tokushima, Tokushima 770, Japan

A previous experimental study (He et al., 1997, J Neurosei 17:2615-) found 132 
duration-selective neurons with long latencies of greater than 30 ms in the dorsal zone 
of cat auditory cortex. These neurons could be divided into three basic classes: 
essentially long-duration selective, short-duration selective, and duration-tuned. 
About 40% of the long-duration selective neurons only responded if duration was 
longer than a certain threshold, and were called duration-threshold neurons.

In the present study, we employed a one-layer perceptron to examine the temporal 
relationship between the stimuli and neuronal responses of the above experimental 
results. The perceptron was trained by using the spike data as the desired outputs and 
the acoustic stimuli (in digital format) as the inputs. The adaptive weights between 
the outputs and the inputs after training indicated the temporal relationship between 
neuronal responses and the stimuli. Long-duration-selective neurons showed mainly 
positive values over the adaptive weight matrix. Short-duration-selective and 
duration-tuned neurons exhibited both positive and negative weights. Duration- 
threshold neurons showed a restricted number of non-zero values in the adaptive 
weight matrix, suggesting that the responses of the duration-threshold neurons were 
mainly the result of restricting effective input from the stimulus to limited time 
periods.

The results suggest a mechanism for temporal integration processing in which 
sound information is segmented into sequential short time epochs; signals related to 
each epoch are transmitted in parallel and are integrated with varied integration weight 
in auditory cortex.

(Supported by Hitachi, Ltd. and Frontier Research Program, Japan)

805.11
RESPONSES OF FIELD AES NEURONS TO VIRTUAL SPACE STIMULI.,! 
Nelken*. O, Bar Yosef and Y, Rotman. Dept. of Physiology, Hebrew University - 
Hadassah Medical School, Jerusalem 91120, ISRAEL

Field AES (FAES) is a secondary auditory field in cat cortex, lying in the 
posterior part of the anterior ectosylvian sulcus. Units in FAES often have wide 
tuning curves and may respond better to wideband stimuli than to pure tones.

We use virtual space techniques to study the spectral integration mechanisms 
responsible for the generation of spatial sensitivity in FAES. Virtual space 
techniques make it possible to study in isolation the major cues for spatial 
localization: interaural time differences (ITD); interaural level differences (ILDs); 
and spectral notches, which are a potentially powerful cue in the cat.

Under chloralose anesthesia, most FAES units had only a phasic response. We 
found virtual spatial sensitivity based on temporal patterns, similar to the results 
in free field studies. For these units, it seemed that ILD by itself was the major 
determinant of spatial sensitivity. A second class of units had sustained responses 
to broadband stimuli (and not to tones, thus showing highly non-linear spectral 
integration mechanisms) but no virtual space sensitivity. Some of these units may 
had somatosensory receptive fields on or near the pinna.

Under halothane anesthesia, FAES units were much more sensitive to the fine 
spectral structure of virtual space stimuli. Although ILD was still the major 
determinant of the azimuthal virtual receptive fields, removing the notches 
eliminated the sensitivity to the elevation of virtual sound sources in the responses 
of some of these units.

These results suggest that major features of the spatial sensitivity of FAES units 
may be generated by relatively simple mechanisms, although tlie presence of 
spectral notches may be crucial for the generation of elevation sensitivity.

This research was supported by grant no. 93-00057 from the United 
States-Israel Binational Science Foundation (BSF), Jerusalem, Israel

805.12
IS THE POSTERIOR FIELD OF CAT AUDITORY CORTEX AN AREA 
SPECIALIZED FOR CODING OF SOUND INTENSITY? P, Heil and
D.R.F, Irvine*. Dept. of Psychology, Monash Univ., Clayton, VIC 3168, 
Australia.

The mammalian auditory' cortex is composed of multiple fields, but their 
functions are poorly understood. The posterior auditory field (P) in the cat 
contains a very high proportion of neurons whose responses change non- 
monotonically with the sound pressure level (SPL) of tonal stimuli, leading to 
circumscribed frequency versus SPL response areas, and it has therefore been 
suggested that field P may be specialized for processing of sound intensity. 
We demonstrate here in barbiturate-anesthetized cats and by varying tone 
SPL and rise time, that, as in the primary auditory cortex (Al; Heil, J. 
Neurophysiol, in press), the onset response of a field P neuron is not an 
invariant function of SPL, as for a given SPL the response varies with rise 
time, but of the instantaneous peak pressure (envelope) at the time of 
response generation. That time is given by the difference between response 
latency and minimum latency. Such responses could be used to track 
transients or represent envelopes in more general terms, rather than to code 
SPL. Compared to Al, field P neurons have relatively long minimum 
latencies along with a large jitter in spike timing. Such responses would not 
provide the temporal accuracy required for tracking of rapid transients, such 
as the onsets of high-SPL, short rise time tones, and consequently one 
function of the inhibition generating non-monotonicity in field P might be to 
suppress responses to such stimuli. We suggest therefore that field P may be 
specialized for coding of slowly time-varying envelopes rather than of sound 
intensity. (Supported by the NHMRC of Australia).
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805.13
CORTICOCORTICAL CONVERGENCE OF SHORT- AND LONG-RANGE 
PROJECTIONS TO PHYSIOLOGICALLY DEFINED SUBREGIONS OF CAT 
PRIMARY AUDITORY CORTEX (Al).
H.L. Read*1,2, J.A. Winer2 and C.E. Schreiner1. W.M. Keck Center for Integrative 
Neuroscience5, University of California, San Francisco, CA 94143. Dept. of 
Molecular and Cell Biology2, University of California, Berkeley, CA 94720.

Though neurons in dorsal and ventral halves of Al share a common characteristic 
frequency (CF), they display marked differences in thresholds, sharpness of tuning, 
and sensitivity to noisy auditory stimuli. Since thalamocortical connections between 
these two subdivisions are highly overlapping, these physiologic differences may 
arise from specific patterns of corticocortical connections.

Two retrograde tracers (cholera toxin 8 sub-unit [CTB] and wheat germ apo-HRP 
gold [WAHGj) were used to identify neurons converging upon the narrowly- and 
broadly-tuned subdivisions of AI. A map of CF’s spanning several frequency 
contours was generated using brief duration (50 msec) binaural pure tone stimuli. 
Tuning curve widths and binaural summation/inhibition response properties were 
assessed and injections were made into regions lacking binaural inhibition. CTB or 
WAHG was injected (46 nl) at four depths from layers II to VI. After perfusion, the 
lateral convexity of cortex including areas AAF, AI, All, V, P and VP was flattened 
and sectioned tangentially. Two projection patterns were observed. A short-range 
projection pattern was formed by discrete neuronal clusters radiating 500 gm from a 
deposit in either subdivision of AI. A long-range projection came from large (0.5-2 
mm) neuronal clusters located 1-15 mm from the injection within and beyond AI. 
The dimensions of neuronal clusters giving rise to the long-range projection varied in 
depth and were aligned in a columnar fashion. Injections in the two subdivisions of 
AI labeled separate clusters of neurons in P, V and AAF. Double-labeled and 
overlapping populations of neurons were located in VP and ventral AAF. Thus, 
functionally distinct auditory cortical regions have different extrinsic cortical 
connections. Supported by United States Public Health Service grants R01 
DC02260-02 and R01 DC02319-17

805.14
THE ROLE OF THE FOREBRAIN IN SOUND LOCALIZATION IN CATS. 
S.B. Frost, K.K. Glendenninq* and R.B. Masterton. Prog. 
in Neuroscience, Psychology, Florida State Univ., 
Tallahassee, FL 32306-1051.

In order to study the contribution of the forebrain to 
sound-source localization in cats, ablation-behavior 
experiments were performed and a conditioned-avoidance 
paradigm was used (Heffner and Whitfield, 1976; Masterton 
and Granger, 1988) . Cats were trained to lick at a food 
trough such that their heads were held in a fixed 
position. An array of 15 closely matched speakers were 
centered on the midpoint of the cat's interaural line. 
Random intensity noise pulses at 5/sec emanated from one 
or another speaker to serve as a 'safe' signal. 
Alternation of noise pulses between one speaker and any 
other served as the signal warning of impending shock. 
Cats avoided the shock by withdrawing momentarily from 
the food trough.

Unilateral lesions of the brachium of the inferior 
colliculus or of medial geniculate resulted in permanent 
deficits in the ability to detect a change in a sound 
source contralateral to the lesion. Lesions of auditory 
cortex, no matter how large or small, resulted in no 
permanent deficit in the ability to detect sound-source 
changes. We conclude that only subcortical lesions 
result in sound localization deficits using this 
conditioned-avoidance paradigm.
Supported by NIH NS07726 and DC00197.

805.15
MAPPING OF AUDITORY CORTEX IN THE MOUSE OPOSSUM 
Monodelphis domestica. P. Melzer*, T. Hackett, R. B. Masteron and J. H. 
Kaas. Dept. of Psychology, Vanderbilt University, Nashville, TN 37240, and 
Dept. of Psychology, Florida State University, Tallahassee, FL 32306.

Sound-evoked single- and multi-unit responses were recorded from the 
neocortex of adult mouse opossums anesthetized with intraperitoneal 
injections of urethane (30%; 1050 mg/kg b.w.), Auditory cortex was localized 
in respect to visual and somatosensory areas. Isofrequency domains were 
mapped by testing units with wide-hand noise for their responsivity to sound 
and, subsequently, with tone bursts of varying pitch for their best 
frequencies. We have identified one tonotopically organized area posterior to 
somatosensory cortex along rhinal fissure. Anteriorly and posteriorly it is 
delimited by prominent blood vessels that run lateromedially across parietal 
cortex. Precise boundaries were not determined because neurons with crisp 
and sharply-tuned auditory responses gave way to neurons that responded 
to wide-band noise, but were tuned so broadly that best frequencies could 
not be ascertained. Best frequencies in the tonotopic field were organized in 
bands that progressed caudorostraily from low (ca. 2 kHz) to high {>17 kHz). 
Using electrolytic iesions as landmarks, recording sites were brought into 
register with sections through cortical flatmounts that were stained for 
cytochrome oxidase and acetylcholine esterase. The comparison showed 
that the tonotopic map is congruent with a distinct area that is rich in both 
enzymes. We concluded that this area is the primary auditory cortex (Al). 
Consistent with this interpretation, injections of wheat germ agglutinin- 
conjugated to horsradish peroxidase (Sigma L 3892, 2% solution) into Al 
revealed connections with medial geniculate nucleus (support: NiH NS07726 
to FL B. M. and NS 16445 to 3. H. KA

805.16
CHARACTERISTICS OF FREQUENCY TUNING OF NEIGHBORING 
NEURONS IN THE PRIMARY AUDITORY CORTEX OF THE WAKING 
GUINEA PIG. DAMcLin. SI and N. M. Weinberger, Dept. 
Psychobiology and Cntr. Neurobiol. Learn. & Memory, Univ. California Irvine, 
Irvine, CA. 92697-3800.

Neurophysiological studies of the mammalian primary auditory cortex (ACx) 
have revealed a tonotopic (Woolsey & Walzl, Bull. Johns Hopkins Hosp. 71: 
315-344, 1942), columnar (Abeles and Goldstein, J. Neurophysiol. 
33(1 ):172-187,1970) organization; cells within a column possess the same 
characteristic frequency (CF) and adjacent columns respond best to 
adjacent frequencies. This organizational schema has been replicated and 
extended by subsequent studies of both cluster (CL) and single unit (SU) 
recordings (for review, see Aitkin, The Auditory Cortex, 1990). However, 
little is known of the frequency tuning organization at a smaller spatial scale, 
i.e., of adjacent neurons within a column, particularly within the awake animal 
To address this issue, frequency receptive fields (FRF) were obtained from 
the ACx of awake guinea pigs with fixed acoustic stimulation (0.5 - 45.0 kHz, 
0-90 dB) in both acute and chronic preparations. Simultaneous SU 
waveforms were isolated using waveform sorting algorithms (Datawave 
Technology, Longmont, CO); 2-5 SUs obtained per site were evaluated 
statistically to compare the degree of FRF similarity. Our analysis revealed 
that the CFs and suprathreshold best frequencies of neighboring cells were 
generally highly similar. However, differences were noted in suprathreshold 
responses to other frequencies. Thus, neighboring neurons are not simply 
"functional replicates" of each other but rather exhibit some local 
heterogeneity in tuning that is best revealed at stimulus levels above 
threshold.

Supported by NIDCD# DC02346to N.M.W., NIMH #MH10266 to D.S. and 
NIMH #MH 14599 to D.M.

805.17
REPRESENTATION OF COMPLEX SPECTRA IN AUDITORY 
CORTEX, 5. A. ShammaX D. A. Pepireux, I. Z. Simon. Institute for 
Systems Research, University of Maryland, College Park, MD 20742.

Natural sounds are broadband and dynamic. To understand their 
encoding in the primary auditory cortex (AI), we have characterized 
the responses of units in AJ with elementary versions of such spectra — 
moving ripples. Ripples are broadband, consisting of 101 tones equally 
spaced along the log frequency axis, with a sinusoidal envelope that 
moves up or down with a constant velocity. Speech spectra can be 
decompo.sed into a superposition of many ripples with different 
densities and velocities.

If AI units are linear, then it is possible to predict how a unit 
responds to such a stimulus by first measuring its responses to all 
elementary ripples (i.e., measure the ripple transfer function), and then 
superposing the responses to these ripples, each according to its 
weight in the input. We have successfully demonstrated the linearity of 
AI units in the past using ripples either stationary or moving only 
downward in frequency. The data described in this poster will show 
that transfer functions are also separable for up-moving ripples, but 
that the two transfer functions may well be different. Hence AI units 
are not always fully separable, but only separable by quadrant. We 
shall discuss the implications of these results, data analysis, and 
prediction procedures, and show examples of predicted and measured 
responses to speech and musical sounds.
Supported by grants from ONR, NIDCD, and NSF.

805.18
RIGHT AUDITORY CORTEX LESION BLOCKS DISCRIMINATION 
OF FREQUENCY-MODULATED TONES IN MONGOLIAN GERBILS. 
W, Wetzel*, F, Qhl, T, Wagner and H, Scheich. Federal Institute for 
Neurobiology (IfN), P.O.B. 1860, 39008 Magdeburg, Germany.

In previous investigations in Mongolian gerbils we found that bilateral 
auditory cortex lesions block discrimination of frequency-modulated tones, 
whereas the same lesions have no influence on discrimination of pure tones. 
On the other hand, a number of studies have shown that, depending on 
animal species, type of stimuli, and other experimental conditions, there is a 
different involvement of right and left hemisphere structures in processing of 
complex auditory stimuli. Thus, in the present unilateral lesion study we 
investigated the role of right and left auditory cortex in discrimination of 
frequency-modulated tones (FM). Adult male Mongolian gerbils (Meriones 
unguiculatus) with lesion of the whole auditory cortex either on the right or 
the left side were used, shame-lesioned gerbils served as controls. In a 
footshock-motivated shuttle-box avoidance go/no go procedure, the 
conditioned stimuli (CS+, a linearly increasing 1-2 kHz FM; CS-, a 
linearly decreasing 2-1 kHz FM) were given in randomized order in daily 60- 
trial sessions. In these experiments, the right auditory cortex lesioned animals 
were clearly impaired in FM discrimination learning; their discrimination 
performance was nearly the same as in bilaterally lesioned animals of our 
previous study. The gerbils with left auditory cortex lesion, however, were 
indistinguishable from controls. These findings indicate that, under our 
experimental conditions, the right auditory cortex of Mongolian gerbils plays 
a dominant role in discrimination of direction of frequency-modulated tones.
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805.19
HIERARCHICAL PROCESSING OF MONKEY CALLS WITHIN DIFFERENT 
AREAS OF AUDITORY CORTEX IN THE MACAQUE, B. Tian*1'2, J, Fritz2, 
H. Ojima3, M. Mishkin2, and J.P. Rauschecker1-2, 5Georgetown Institute for 
Cognitive and Computational Sciences, Georgetown University Medical Center, 
Washington, DC 20007, ?Lab of Neuropsychology, NIMH, NIH, Bethesda, MD 
20892, 'First Dept. of Anatomy, Toho Univ,, Tokyo, 143 Japan.

Neurons in the lateral belt areas (AL, ML, and CL) on the superior temporal gyrus 
(STG) of the rhesus monkey are known to respond better to complex sounds, such 
as band-passed noise (BPN) bursts, frequency modulated (FM) sounds, and monkey 
calls (MC), than to pure tones (Rauschecker et al., 1995). Using a standard set of 
seven representative monkey calls, a majority of neurons (118/196=60%) was found 
to respond selectively to only four or fewer MCs. In addition, significant numbers of 
combination-sensitive neurons (23/75=31%) were found. To test the hypothesis that 
selectivity for more complex stimuli, such as MC, is created in hierarchically higher 
areas by virtue of integration in the frequency and time domain, we compared the 
responses to MC in lateral belt neurons with those in primary auditory cortex (A3).

When responses to different stimuli were compared quantitatively in the same 
neurons, cells in Al responded better to pure tones (PT) than to monkey calls (MC) 
(p<0,05; paired t-test). This is consistent with the fact that Al neurons are more 
sharply tuned for frequency. Using the same set of MCs as in lateral belt, we found 
that only 33% (24/72) of Al neurons responded selectively to four or fewer calls; 
only one neuron showed a preference for a single call and only one was combination- 
sensitive. Based on the spectral contents of the MCs, the calls were classified into 
three categories: tonal, harmonic, and noisy. When the proportions of the preferred 
MC in each class were compared between Al and lateral belt, more neurons in Al 
preferred tonal calls, whereas neurons in the lateral belt areas preferred harmonic calls 
(p<0.01, x2-test). It appears, therefore, that any MC selectivity in Al neurons is 
largely based on their frequency tuning.

As in the visual system, auditory cortical areas seem to be organized into a 
processing hierarchy (starting out in Al), in which successively higher areas process 
increasingly complex stimuli. Like visual neurons selective for faces or other 
complex visual objects, auditory' neurons truly selective for vocalizations may not 
be expected to occur at lower levels of that hierarchy. Supported by DOD grant 
DAMD17-93-V-3018 and NIDCD grant RO1-DC-03489-01.

805.20
HIERARCHICAL PROCESSING WITHIN HUMAN AUDITORY CORTEX 
EXAMINED WITH FMRI. C.M. Wessinger1*, B, Tian1, J.W. VanMeter3, R.C. 
Platenberg2, J, Pekar1, J.P. RauscheckerVGeorgetown Institute for Cognitive and 
Computational Sciences, and department of Radiology, Georgetown University 
Medical Center, Washington, DC 20007; 3Sensor Systems, Sterling, VA 20164.

Perception of complex sounds, including human speech, is thought to be enabled 
by a processing hierarchy of multiple cortical areas, similar to the organization 
known to exist within the visual system. A Siemens 1.5 Tesla whole body scanner 
equipped with functional magnetic resonance imaging (fMRI) capabilities was used 
to test this hypothesis in humans. An air conduction sound system (Resonance 
Technology) designed to isolate the subject from the scanner noise was used to 
deliver sounds inside the MR gantry. To assess processing differences with regard to 
frequency and complexity, we employed a stimulus matrix consisting of tones and 
band-passed noise bursts, with center frequencies of the latter matched to the tones. 
Each stimulus (500 msec in duration) was presented at a rate of 1 Hz in separate 
functional runs composed of alternating “sound-ON” and “sound-QFF” epochs. 
Local blood-oxygenation level-dependent (BOLD) differences in image intensity were 
used to assess functional activation. MEDx software (Sensor Systems) was used for 
data analysis and image visualization. Activation z-maps were derived by contrasting 
the ON and OFF intervals for the different stimuli on a voxel-by-voxel basis. These 
z-maps were used to perform a cluster analysis assessing the significance of the 
activated areas based upon both magnitude and extent. Evaluation of activation in 
terms of frequency differences revealed stimulus-specific clusters demonstrating 
tonotopic organization. Increasing stimulus complexity resulted in stronger and 
more widespread activation, as well as a greater number of clusters, suggesting the 
involvement of several cortical areas. Currently, we are examining the representation 
of speech and speech-like sounds using forward and reversed consonant-vowel pairs. 
Preliminary data indicate that these frequency-varying stimuli lead to additional 
activation. The present results are in good agreement with our previous human 
fMRI (Wessinger et al., 1997) and monkey electrophysiological (Rauschecker et al., 
1995) work, supporting the notion that complex sounds are hierarchically processed 
in multiple auditory cortical areas. Supported by DOD grant DAMD17-93-V-3018 
and NIDCD grant RO1-DC-03489-01,

805.21
PHYSIOLOGICALLY DEFINED REGIONS OF THE AUDITORY BELT 
CORTEX OF THE SUPERIOR TEMPORAL GYRUS TARGET SPECIFIC 
PREFRONTAL REGIONS IN THE RHESUS MONKEY. L.M. Romanski1*. FL 
Ojima2. J. Fritz3. B. Tian4, M. Mishkin’, P.S. Goldman-Rakic’. J.P. Rauschecker4,
‘Yale University Section of Neurobiology, New Haven, CT;2 First Dept. Anatomy, Toho 
Univ., Tokyo, Japan; ’Lab. of Neuropsychology, NIMH, Bethesda, MD; ’Georgetown Inst, 
for Cognitive and Computational Science, Washington, D.C.

Prior research has demonstrated that selective areas within the prefrontal cortex 
(PFC) receive afferents from the superior temporal gyrus (STG) in the macaque. To 
provide more direct evidence of the auditory nature of these connections we have 
now examined the prefrontal terminations of projections from physiologically defined 
injection sites in the auditory belt and parabelt cortex of the STG. The three tonotopic 
fields which have been identified in the lateral belt/parabelt portion of the STG: AL, 
ML and CL (Rauschecker et al., 1995) were physiologically mapped in anesthetized 
rhesus macaques, using complex acoustic stimuli and single-unit microelectrode 
recording. The auditory stimuli consisted of bandpassed noise bursts, frequency 
modulated sweeps and monkey vocalizations. After the physiological mapping was 
concluded, injections of anterograde and retrograde tracers were made into each of 
the lateral belt regions of the STG and the projections to the PFC were analyzed. Our 
results show that there are several regions of the PFC which receive inputs from 
auditory responsive cortex of the STG. Labeled cells and fibers could be found in five 
regions: rostrally on the dorsal lip of the principal sulcus (areas 9, 10 and 46); deep 
within the dorsal bank of the principal sulcus (area 46d); on the inferior convexity 
and lateral orbital surface (area 12 lateral and orbital); in the cortex of the arcuate 
sulcus near the frontal eye fields (area 8a); and within orbitofrontal cortex (areas 11 
and 13). Knowledge of these prefrontal targets can direct future research aimed at 
deciphering auditory mnemonic processes including that of language.
Supported by MH38546; DAMD17-93-V-3018; and RO!-DC-03489-01.

805.22
EFFECTS OF BICUCULLINE INFUSION ON TEMPORAL PROCESSING IN 
MONKEY PRIMARY AUDITORY CORTEX (Al). D Reser*, Y Fishman, J 
Arezzo, and M Steinschneider. Albert Einstein Coll, of Med., Bronx, NY 10461.

We have initiated a series of pharmacological manipulations to characterize the 
contribution of GABAergic inhibition following the initial activation of A1. Using a 
multicontact linear electrode equipped with an infusion cannula, we recorded auditory 
evoked potentials (AEP), multiunit activity (MUA), and current source density (CSD) 
from macaque Al before, during and after administration of bicuculline (BIC).
Stimuli consisted of single clicks, click trains, and trains of tone bursts.
Onset responses in thalamorecipient laminae of Al were characterized by an initial 

depolarizing current sink followed immediately by a current source lasting 25-75 
msec. Because this current source was often associated with below baseline MUA, we 
hypothesized that it could represent a GABAa  mediated active inhibitory process. 
Infusion of BIC greatly enhanced the initial depolarization, and prolonged the 
following current source to 75-200 msec. The amplitude of this current source was 
not diminished as BIC was incrementally increased to a level sufficient to cause a 
paroxysmal discharge, and returned to pre-drug levels during recovery. Prolongation 
of the current source following initial depolarization was associated with disruption of 
processing of later components in trains of stimuli.

We conclude that BIC relieved inhibition of neuronal firing in lower lamina III at 
stimulus onset, but did not reduce the hyperpolarization which immediately followed 
the initial excitation. We are currently testing several agents besides BIC to clarify the 
origin of this hyperpolarization. Pharmacological manipulation of synaptic activity 
within neuronal ensembles in Al may provide insight into deficits of temporal 
processing which affect perception of complex streams of sounds.
Supported by DC00657 and the Institute for Music and Neurologic Function of Beth 
Abraham Hospital.

805.23
MULTIPLE CODING OF THE TEMPORAL STIMULUS CONTEXT IN 
MACAQUE AUDITORY CORTEX. M, Brosch*, A, Schulz, E, Budinger and H. 
Scheich. Institut fur Neurobiologie, 39118 Magdeburg, Brenneckestr. 6, Germany.

Psychoacoustical studies have revealed that the perception of an individual 
stimulus event is strongly affected by the temporal stimulus context. Successive 
events may be integrated into the same or segregated into different auditory' streams 
or may alter perceptual qualities of individual events. The aim of the present study 
was to investigate the neural processing in auditory cortex underlying such 
temporal stimulus interactions. Experiments were conducted on ketanune/xylacine 
anesthetized macaqua fascicularis. We recorded simultaneously local slow wave 
field potentials and action potentials of neural groups with several electrodes from 
the primary auditory cortex and several belt areas. Stimuli were sequences of up to 
3 pure tone bursts of variable frequency and temporal separation. Stimulus 
interactions were assessed by comparing the neural response to an isolated tone 
with the neural response to the same tone preceded by other tones. A time- 
dependent analysis of PSTHs and evoked potentials revealed that the neuronal 
responses consisted of several temporally distinct intervals. Early and late response 
components could be discerned which systematically varied with the frequency and 
temporal separation of the preceding stimulus. Early responses (< 100 ms) were 
mostly attenuated by a specific range of frequencies. The attenuating effect of the 
preceding stimulus typically fell off with the temporal separation of the stimuli. 
Late responses (> 100 ms), in contrast, were less frequently encountered. They 
could be attenuated or enhanced by the preceding stimulus. Early and late response 
components were often differently affected by the preceding stimulus, i.e. were 
influenced from a different range of frequencies and temporal separations. Our 
results indicate that the temporal stimulus context is represented in multiple neural 
response components in auditory cortex. These components reflect different 
processing steps among parallel distributed neural groups, presumably representing 
various aspects of the relation of successive stimulus events.

805.24
RESPONSES EVOKED BY 2-TONE STIMULI MODEL THE VOICE ONSET 
TIME (VOT) PHONETIC PARAMETER IN PRIMARY AUDITORY CORTEX 
(A1) OF THE AWAKE MONKEY. M Steinschneider*, D Reser, Y Fishman 
and J Arezzo. Albert Einstein College of Medicine, Bronx NY, 10461.

Perceptual studies have used stimuli composed of 2 tones whose onsets 
vary with respect to each other in order to model important features of the 
VOT phonetic parameter. We have previously shown that VOT is encoded by 
categorical-like responses to the unvoiced and voiced segments of stop 
consonant-vowel syllables in auditory cortex of humans and monkeys. This 
study investigated whether 2-tone stimuli could generate similar response 
patterns and further clarify neural mechanisms associated with VOT encoding.

We examined multiunit activity and current source density evoked by 1.2, 
2.4, 4.8 and 9.6 kHz tones coupled to tones that were %, 1, 114 or 2 octaves 
lower in frequency in monkey A1. Onset times of the 2 tones varied from +50 
msec (higher tone leading) to -50 msec in 10 msec increments.

Responses evoked by the onsets of the 2 tones exhibited categorical-like 
boundary effects similar to those observed in VOT encoding. Importantly, A1 
sites were identified that displayed response patterns mirroring the trading 
relations effect frequency has on modifying the perceptual VOT boundary. 
These sites had a strong response to the initial tone of the 2-tone complex.
As the 2nd tone of the stimulus became increasingly separated in frequency 
from the 1st tone a longer interval was required to produce a transient 
response to its onset.

We conclude that A1 responses elicited by 2-tone stimuli contain features 
relevant for the encoding of VOT, and may be a useful model for defining 
neural mechanisms associated with phonetic processing.
(supported by DC00657 and Beth Abraham Hospital Institute for Music and 
Neurologic Function)
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805.25
NEURAL CORRELATES OF ROUGHNESS AND CRITICAL BANDWIDTH IN PRIMARY AUDITORY 
CORTEX {A1} OF THE AWAKE MONKEY. Y Fishman, D Reser, J Arezzo* and M Steinschneider.
Albert Einstein College of Medicine, Bronx NY, 10481.

Natural sounds are often composed of frequencies that are integer multiples, or harmonics, of a 
common fundamental frequency (fe). Complex sounds whose components are unresolved by the 
auditory system, i.e., whose frequency separation (df) does not exceed the critical bandwidth, evoke 
the sensation of "roughness." Roughness is correlated with rapid amplitude modulations in the 
compound waveform. In contrast, harmonic complex sounds whose df s exceed the critical band width 
are perceived as consonant and evoke global pitches at the fa, even in the absence of spectral energy 
at the f0 {virtual pitch). Psychoacoustic studies have shown that the df required to produce the 
maximum roughness increases with the absolute frequency of the components of a complex tone, 
reaching an upper limit of df at 150 Hz for component frequencies greater than 5kHz. One goal of this 
study was to examine whether limitations on neural phase-locking at modulation frequencies above 
150 Hz account for this upper perceptual boundary. We measured neuronal ensemble responses to 
harmonic complex tones as a function of df and center frequency in A1 of the awake monkey using 
multiple unit activity {MUA) and current source density (CSD) techniques. Complex stimuli consisted of 
three equal-amplitude consecutive harmonics of fos ranging from 5 Hz to 2kHz, with center frequencies 
ranging from 0.4 to 10kHz presented at 60 dB SPL. The center frequencies of the complex tonas 
corresponded to the best frequency (BF) of the location.

Higher BF areas displayed greatly enhanced phase-locking at all modulation frequencies below 200 
Hz relative to lower BF areas. The df at which maximal phase-locking was evoked increased as a 
function of BF and reached a maximum at df« 150 Hz for BFs greater than 8kHz. In addition, the 
amplitude of MUA and various CSD components were maximal when the df of the harmonic complex 
exceeded the critical bandwidth. This peak in amplitude may reflect the increase in resolution of the 
lower harmonics of complex tones necessary for the perception of virtual pitch. We propose that 
spectro-temporal aspects of neural ensemble responses in A1 correlate with roughness and other 
critical bandwidth-dependent perceptual phenomena. {Supported by DC00857 and Beth Abraham 
Hospital Institute for Music and Neurologic Function).

805.26
RESPONSES IN THE SQUIRREL MONKEY (Saimiri sciureus) AUDITORY 
CORTEX TO PERIODIC ACOUSTIC CLICK TRAINS P. Bedenbaugh*, 
S. W. Cheung, C. E. Schreiner, M. M. Merzenich, S. Nagarajan, Department 
of Otolaryngology and Keck Center for Integrative Neuroscience, Univ. of 
California at San Francisco, San Francisco, CA

Multiunit responses to periodic 2 to 38 clicks/sec (cps) acoustic click 
trains were recorded in the auditory cortex of four squirrel monkeys.

Most units responded with a vigorous, low-jitter, short-latency response, 
to the first click in a click train, and with smaller, iess phasic responses to 
successive clicks. The population average spikes/click was low-pass. Popu-
lation averages for vector strength and spikes/second during the click train 
were hand-pass, with a maximum at 10-12 cps, which corresponds to the 
typical phrase rate in the squirrel monkey twitter vocalization.

Many units showed a late response 100 - 160 msec after a single click. This 
late response sometimes repeated for multiple cycles. After fast click trains 
(typically > 18 cps), many units showed one or more cycles of an “offset” 
response, beginning about 80 msec after the last click in the click train.

The click driven responses were statistically decomposed into the sum of 
components with the same period as the click train and twice the period 
of the click train, and a component that was phasic but not locked to the 
phase of the click train. The size of the offset response was quantified as a 
separate phasic but not. phase locked component. This decomposition show’s 
that the responses to click trains are a continuum, with no natural class 
boundaries. There was some spatial organization of the responses orthogonal 
to the tonotopic gradient. Click following tended to be better on the posterior 
side of the Al iso-frequency axis, and poorer anteriorly. Responses on the 
anterior side of Al were more likely to have a greater disparity between the 
magnitude of the single click response and the entrained response.

Supported by NTH DC00144, DC02260 and NS10414, and by Hearing Research Inc.

805.27
DISCRIMINATION OF COMPLEX AUDITORY STIMULI BY THE RHESUS 
MACAQUE, K. N. O'Connor*1, P. Barruel1, M. D. Hauser2, and M. L. Sutter1. 
Yenter for Neuroscience, U. of California, Davis CA 95616; 2Depts. of Anthropology 
and Psychology. Program in Neuroscience, Harvard U„ Cambridge MA 02138.

The rhesus macaque (Macaca mulatta) displays a rich vocal repertoire compris-
ing 25 to 30 different acoustically complex calls conveying social as well as ecological 
information (Hauser & Marler, Beh. Ecol., 4, 194, 1993), giving this species a largely 
unrealized potential for neurobehavioral studies of complex auditory perception. In 
order to realize this potential it is essential to examine discrimination within individual 
subjects on a range of stimuli comprising both natural and synthetic sounds, thereby 
permitting precise manipulation of acoustic parameters thought to be important in 
communication signals, while controlling for individual differences in performance.

We have begun this work with a macaque trained to detect a target stimulus as 
different from a series of repeated standard sounds (a “go/no-go” task), requiring deci-
sions based primarily on temporal or spectral information. The stimulus set includes 
natural calls and simpler synthesized sounds selected for the determination of temporal 
(detection of sine-amplitude modulation (AM) of broad-band noise) and spectral 
(defection of pure-tone, sine-frequency modulation (FM) and sine-ripple stimulus 
modulation (RM)) psychophysical thresholds. All stimuli were-presented in pseu- 
dorandomized order within sessions, in the free-field at a constant level (~55dB SPL)

A temporal AM transfer function revealed high temporal sensitivity relative to 
humans, essentially band-pass (.peak --30Hz), comparable to previous findings in ma-
caques (Moody, JASA, 95, 3499, 1994). FM detection thresholds were inversely pro-
portional to carrier frequency (l-8kHzj, within the scope of previous frequency- 
difference limen determinations in macaques (Prosen et. al. JASA, 88, 2152, 1990). 
Frequency (cycles/octave) RM transfer functions were low-pass, with sensitivity and 
cut-off declining with the number of sine-components in the stimulus. These estimates 
reveal rather low spectral sensitivity relative to humans. Discrimination between natu-
ral calls was overall poorer than the best discrimination levels found between synthe-
sized sounds. Together, these results suggest that macaques may be better at exploit-
ing complex temporal, rather than spectral information, in natural signals.
Work supported by NTH Grant R03MH56649-01 and NIDCD Grant DCO2514-01 AL

OLFACTORY SYSTEMS: OLFACTORY RESPONSES

806.1
OLFACTORY BULB MITRAL CELL ACTIVITY DURING 
OLFACTORY DISCRIMINATION AND LEARNING IN THE RAT.
L.M. Kay* and G. Laurent. Biology Division 139-74, California 
Institute of Technology, Pasadena, CA 91125

The field potential of the mammalian olfactory bulb has been 
extensively studied in behaving animals. Relationships between mitral 
cell firing and population activity have been studied in anesthetized and 
awake animals without behavioral training. We relate the firing of 
individual mitral cells in the olfactory bulb of behaving rats to the field 
potential and to each other during olfactory discrimination and learning. 
To characterize patterns and changes in neuronal firing, we adapted a 
simple learning paradigm to allow stable recording of mitral cells before, 
during, and after learning. The odor-cued taste avoidance task is 
modeled after that of Darling and Slotnik (Physiology and Behavior, 
1994, 55; 817-22). Head entry and drinking are controlled and 
monitored so that odor identification is confined to a period of 200-500 
msec. After familiarization with the apparatus, animals can learn simple 
odor associations, contingency changes, and show extinction in a single 
session of n < 100 trials. In awake animals, mitral cell spikes are 
obscured by high coherent background activity. Recording techniques 
were adapted to overcome this and also to allow the animals maximum 
freedom of movement. Single units and local field potentials are 
recorded with chronically implanted and moveable tetrodes and single 
electrodes. Units are isolated with off-line cluster analysis, and 
statistics computed on the spike timing relative to other mitral cells and 
the local field potential. Most mitral cells show differential firing upon 
exposure to at least one food odor. Funded bv the Sloan Center for 
Theoretical Neurobiology and the NSF.

806.2
OLFACTORY MEMORIES DO NOT RECOVER AFTER COMPLETE 
BILATERAL BULBECTOMY. J.H. Fecteau, L. Chebaro, R.M.D. 
Holsinger, N.W. Milgram*. University of Toronto at Scarborough, 1265 
Military Trail, Scarborough, Ontario, Canada M1C 1A4.
The olfactory system is one of the few CNS structures that retains the 
capacity for neurogenesis in adults. Thus, new receptor neurons are 
generated after olfactory bulbectomy and these form new connections with 
the forebrain. However, the functional significance of these new 
connections remains controversial: Some studies have reported recovery of 
function, some have failed to find recovery, and some have found recovery 
only when the lesions were produced in neonates. We investigated 
olfactory memory in control rats and in rats that received either partial or 
complete bulbectomies, The animals were tested either 6 weeks or 6 
months after learning an olfactory discrimination task. Control animals and 
animals with partial olfactory bulbectomies showed virtually perfect 
retention at the 6 week interval and this was also true for the majority of 
animals tested at six months. The performance of animals with large 
lesions (75-95%), in contrast, was variable: Some of the animals from the 
six week group showed almost perfect retention. No animal from the six 
month group showed retention and none were able to relearn the task. All 
subjects with complete lesions performed randomly, and could not relearn 
the task. These results demonstrate first, that olfactory memory can be 
extraordinarily stable; second, that bulbectomy is disruptive only 'when it 
leads to anosmia; and third, that the establishment of new anatomical 
connections is without obvious functional significance.
Supported by NSERC, Canada to NWM.
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806.3
HABITUATION TO ODOR STIMULI BY RAT ANTERIOR PIRIFORM CORTEX 
SINGLE-UNITS. P.A. Wilson.* Department of Zoology, University of 
Oklahoma, Norman, OK 73019

The anterior piriform cortex (aPCX) is the primary olfactory sensory 
cortex. The aPCX has been shown to demonstrate robust synaptic 
plasticity, and a variety of models have been developed to describe 
potential mechanisms of memory in this cortical structure. Habituation to 
odors, a simple form of non-associative memory, was examined in the 
present experiment with single-unit recordings of Layer ll/lll neurons in 
the aPCX. Comparisons were made with simultaneous multi-unit 
recordings in the ipsilateral olfactory bulb.

Long Evans rats were anesthetized with urethane. Single-unit aPCX 
responses and multi-unit olfactory bulb responses were recorded to 10 
repeated 2 sec odor stimuli (30 sec ISI) and/or to a single 50 sec odor 
stimulus. Odors included isoamyl acetate, anisole, eugenol, camphor and 
peppermint at 10'1 dilution of saturation. Respiration cycle was also 

monitored. Response magnitude and phase relationships to respiration 
were compared across the habituation training session. Repeated short 
stimuli produced habituation of olfactory bulb response magnitude to SO-
TO0/© of initial values after 10 stimuli. In contrast, aPCX unit responses 
habituated significantly faster, frequently resulting in complete 
elimination of detectable responses within 5-10 stimuli. Analysis of 
respiration phase relationships showed that aPCX phase relationships were 
dramatically altered by odor onset and that this phase change was gone 
after 25 sec of stimulation. These results provide evidence for 
differential processing of olfactory memory in the olfactory bulb and 
piriform cortex. This research was supported by NIH grant DC01674.

806.4
OSCILLATORY FAST WAVE ACTIVITY IN THE
RAT PYRIFORM CORTEX: RELATIONS TO
OLFACTION AND BEHAVIOR. E. M. Zibrowski*
and C.H. Vanderwolf. Graduate Program in
Neuroscience, University of Western Ontario, London,
ONT. Canada, N6A 5C2.

Bursts of rhythmical fast waves [>lmV, peak frequency 16 Hz; 
mean frequency =20 Hz] are elicited in the olfactory bulb and 
pyriform cortex in waking or anesthetized rats by olfactory 
stimulation with organic solvents [xylene, toluene, methyl 
methacrylate, oil of turpentine] or components of the anal gland 
secretions of rat predators [2-propylthietane, weasel; trimethyl 
thiazoline, red fox]. These waves are specifically related to 
olfaction since they: a) are blocked when the nares are sealed; 
b) are not elicited by non-olfactory stimuli; c) are unrelated to 
concurrent motor activity; and d) can only be elicited in 
anesthetized, tracheotomized rats when an odorous airstream is 
drawn through the nasal passages. Pyriform fast waves appear to 
be somewhat specific to the odors of organic solvents and predators 
as other strong odors [ammonia, caproic and butyric acids, 
cadaverine] are ineffective. During natural sleep or after 
scopolamine hydrobromide, low voltage pyriform background 
activity is replaced by larger amplitude, irregular 1-20 Hz waves. 
The scopolamine-induced waves are not blocked by spontaneous 
motor activity. We suggest that the pyriform cortex, like the 
archicortex and the neocortex, receives a cholinergic activating 
input [supported by NSERC of Canada].

806.5
NEURONAL ACTIVITY IN DEEP AND SUPERFICIAL CORTICAL LAYERS 
CONTRIBUTE TO THE VOLTAGE-SENSITIVE OPTICAL SIGNAL IN THE 
ISOLATED GUINEA PIG BRAIN. I. Takashima1’*, M. de Curtis2. G. Biella2 and T. 
Iiiima1. 1 Mol. & Cell. Neurosci. Sect, Electrotechnical Laboratory, Tsukuba 305, 
Japan and 2Dipartimento di Neurofisiologia, Istituto Nazionale Neurologico, 20133 
Milan, Italy.

High resolution optical imaging of neuronal signals has been employed to analyze the 
distribution and the propagation of the activity generated by large assemblies of 
neurons in the in vitro isolated guinea-pig brain. The response to stimulation of fibers 
afferent to the piriform and entorhinal regions was analyzed by correlating the optical 
signal with the electrical field potentials simultaneously recorded at different sites in 
the rostro-caudal extension of the cortices. Staining of the brain was performed by 
circulating 1 mg of the voltage-sensitive dye RH-795 through the arterial system (5 
ml/min for 5 minutes). We evaluated the contribution of different layers of the cortex to 
the generation the optical signal, through the employment of pairing stimulation 
paradigms. Lateral olfactory tract (LOT) stimulation induced throughout the piriform 
cortex two peaks of optical signal corresponding to the afferent monosynaptic and the 
associative disynaptic responses, generated in layers Ia and lb, respectively. The 
contribution of the monosynaptic potentials to the optical signal was isolated in the 
second of a pair of LOT stimuli delivered with a 20-30 msec interval. The disynaptic 
optical response was obtained by subtracting the conditioned to the conditioning 
responses recorded during LOT pairing. Stimulation of the CA1 region induced 
electrical and optical activity in the entorhinal cortex. The optical activity generated by 
the monosynaptic CA1 afferents to deep layers was isolated in the conditioned response 
to a paired stimulus. The present study demonstrates that excitatory neuronal activity 
generated in superficial and deep layers of the cortex contribute to the optical signal 
evoked by stimulation of afferent fibers in the piriform and entorhinal cortices.
The research has been partially supported by the AIST and the HFSP grant n-RG 19/96.

806.6
SPATIAL-TEMPORAL PATTERNS OF ACTIVITIES OF THE PIRIFORM 

CORTEX EVOKED BY OLFACTORY NERVE STIMULATION. T.Sato,

I. Takashima, K.Tsukada, M.Ichikawa* and T.Iijima. Electrotechnical Laboratory, 

Tsukuba, 305,Japan

The neural response of the piriform cortex (PC) to the electrical stimulation of the 

olfactory nerve was studied in the isolated guinea-pig brain by field potential 

recording and real-time optical imaging with a voltage-sensitive dye. In the centro- 

medial PC the olfactory nerve stimulation caused a transient membrane 

depolarization which was followd by a long-lasting membrane hyperpolarization. A 

stronger stimulation induced other peaks in membrane depolarization. The latency of 

the depolarizing signal in the centro-medial PC was ca. 12 ms which was much 

longer than that of the anterior lateral olfactory tract (LOT) stimulation. The 

waveforms of responses to olfactory nerve stimulation were largely different between 

the medial and lateral PC. For example, a olfactory nerve stimulation evoked a 

response with two peaks in the depolarizing signal in the centro-medial PC and four 

peaks in the anterior-lateral PC. The spatial-temporal patterns of activities of the 

PC was examined in details by optical imaging.

This work was supported by the grant of MITI of Japan.

806.7
CHARACTERIZATION OF A DELAYED RESPONSE IN 
DIFFERENT OLFACTORY AREAS FOLLOWING STIMULATION 
OF THE OLFACTORY BULB IN RAT R, Gervais*. A.M. Moutv and P. 
Litaudon*. CNRS Inst. Sciences Cognitives, Lyon, France, * CNRS Neuroscience 
et Systemes Sensoriels, Univ. Lyon 1, Lyon, France.

Brief (200 psec) electrical stimulation of the mitral cell layer of olfactory 
bulb (OB) evokes in the piriform cortex (PC) the classical early component 
sometimes followed by a massive late component (LC). In a recent study 
using optical recording with voltage-sensitive dyes, we observed that 
learning increased the probability of occurrence of the LC in the PC. The 
present study was aimed at further characterizing the LC in different 
olfactory areas. Thus, in anesthetized rats, local field potentials evoked in 
response to electrical stimulation of the OB were recorded simultaneously in 
the OB, the anterior PC (aPC), the posterior PC (pPC) and the entorhinal 
cortex (EC).

The LC was observed in aPC, pPC and EC whereas it was never recorded 
in the OB. LC occurred preferentially for low stimulation intensity and its 
occurrence remained stable over a narrow range of frequency (0.1 Hz to 1 
Hz) and intensity (40 pA ). LC presented the highest amplitude and shortest 
latency in the pPC. In the optimal intensity range, the amplitude of the LC 
remained stable while the amplitude of the early component increased with 
intensity. The results suggest that the LC appeared first in the pPC in an all- 
or-none fashion and then propagated to neighboring areas. The data further 
stress the functional difference between aPC and pPC.

806.8
ALTERED RESPONSE CHARACTERISTICS OF NEURONS IN PIRIFORM 
CORTEX FOLLOWING HIGH-FREQUENCY STIMULATION OF CORTICAL 
ASSOCIATION FIBERS. J, S, Stripling* and J. L. Cauthron. Department of 
Psychology, University of Arkansas, Fayetteville, AR 72701.

Repeated high frequency stimulation of association fibers (AF) in the piriform cortex 
(PC) potentiates late components of potentials evoked in the PC and olfactory bulb 
(OB). In the OB this potentiation is accompanied by increased excitation of granule 
cells and increased inhibition of mitral cells in response to AF stimulation. Because PC 
AF make excitatory synapses on granule cells in the OB, these findings can be 
explained either by enhanced transmission at synapses between PC AF and OB granule 
cells (i.e., long-term potentiation) or by increased numbers of action potentials in PC 
AF due to altered excitability of neurons within the PC. In either case similar changes 
should be seen in neurons in the PC that are activated synaptically by PC AF. The 
present study examined this issue by recording the response of PC neurons to AF 
stimulation. Following the induction of potentiation in male Long-Evans rats by daily 
high-frequency stimulation of PC AF, extracellular recordings of neurons in layers II 
and III of the PC were made under urethane anesthesia (1.4 g/kg). In the majority of 
cells recorded, AF stimulation evoked one or more action potentials at variable latency 
(5-30 ms), followed by a period of inhibition of spontaneous firing. In one subset of 
cells the reinstatement of potentiation by high-frequency stimulation of PC AF 
enhanced both of these effects, while in a second subset of cells the evoked response 
to AF stimulation was diminished. Furthermore, in comparison to electrode 
penetrations in control animals, previously potentiated animals yielded more cells 
driven by AF stimulation at a lower current intensity. These results indicate that high- 
frequency activation of AF alters the response characteristics of PC neurons in ways 
that may contribute to potentiation seen in potentials evoked in the OB and PC by AF 
stimulation. Supported by NIH grant DC02271 and the Marie Wilson Howells Fund.
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806.9
DIFFERENTIAL EFFECT OF SCOPOLAMINE ON ODOR- 
INDUCED SYNCHRONIZATION BETWEEN OLFACTORY AREAS 
IN RAT. P. Chabaud. N, Ravel. A. Didier*. R. Gervais, and D. A. Wilson* 
CNRS Inst. Sciences Cognitives, Lyon France,* Dept. Zoology, Oklahoma Univ., 
Norman, USA.

In rat olfactory system, the olfactory bulb (OB), the anterior and posterior 
part of the piriform cortex (APC, PPC) are highly interconnected by 
reciprocal cortico-cortical connections. In addition, these areas receive an 
important cholinergic innervation from basal forebrain. Here we 
investigated the role of the cholinergic neuromodulation in synchronization 
between olfactory areas during odor perception. This question was 
addressed in freely-moving rats (n=5) by simultaneous recording of local 
field potential (LFP) in the three structures. Recordings were obtained 
following scopolamine (muscarinic antagonist, 0.125 mg/kg) or saline 
treatment. In 6 frequency bands (bandwidth 15 Hz each), a dynamic 
coherence analysis was used to quantify synchronization on the first 3 sec 
following odor onset. The scopolamine treatment significantly modified 
coherence in the OB-APC pair: a decrease in the 30-45 Hz band and an 
increase in the 0-15 Hz and 60-75 Hz bands. Interestingly, there was no 
significant effect on the OB-PPC and APC-PPC pairs. These results suggest 
that during odor presentation the cholinergic system from basal forebrain 
plays an important role in the synchronization of activity between the OB 
and the APC. This effect could partly explain why scopolamine injection 
i.p. or into the olfactory bulb disrupts short-term olfactory memory (Ravel et 
al. 1992 Psychopharmacol., 109: 439-443; 1994 Behav. Neurosci. 108: 317-324.)

806.10
CHANGES IN INTRACELLULAR CALCIUM IN RAT ANTERIOR 
PIRIFORM CORTEX IN RESPONSE TO THREONINE (THR) AFTER
THR DEPRIVATION. LJ, Magrytft, A,J,...Rschs>-MA .Bigkman,,t, E,N,
Sassenrath* and D.W.Gietzen. Dept: VM:Anat Physiol,Cell Biol, UCD, 
Davis, CA 95616,“Dept Clin Sci, Col VM, Kan St U, Manhattan KS, 66506.

Our previous findings support the hypothesis that the anterior piriform 
cortex (APC) of the brain may serve as the chemosensor for amino acid 
deficiency in the rat. In this study, we have examined changes in intracellular 
calcium in APC slices after modifications of the amino acid concentration of the 
medium. APC slice preparations 150pm thick were made as previously 
described from 14 to 21 day old Sprague-Dawley rats. Slices were placed on 
Millicell filters over Neurobasal medium plus or minus Thr and incubated at 
37°C in a 5% CO2 atmosphere for 2.5 hr. Slices were then loaded with 5pM 
fura-2 AM for 45 min at 37°C. Changes in intracellular calcium were 
monitored using an ImageMaster Ratio Fluorescence Imaging System (Photon 
Technology International) equipped with a Nikon inverted microscope. The 
addition of 10 mM Thr to slices previously incubated in Thr-devoid medium 
resulted in a significant and sustained increase in intracellular calcium 
compared with slices which were pre-incubated in Thr-containing medium. The 
addition of 10 mM glutamic acid following Thr addition caused little additional 
increase in intracellular calcium in Thr-deprived slices,, while it caused a sharp 
increase in intracellular calcium of the control slices. Neither the addition of 10 
mM alanine nor glycine had an effect on intracellular calcium levels of either 
group. These results demonstrate that the APC responds to the addition of Thr 
after short term deprivation by an increase in intracellular calcium.
Supported by NIH grant DK50347 and USDA grant 94-37200-0655.

806.11
KORIANDR SMELL EXCITATORY ACTION ON THE 
HUMAN BRAIN: MULTISENSORY EVOKED 
POTENTIALS STUDY. K. Trinus*, L. Hirska, I. Komar. 
Neurootology, POBox B-14, Kyiv, 252001, Ukra'ina.

Long latency multisensory evoked potentials (MVP): acoustic, 
somatosensory, vestibular and visual are used'to study the 
influence of the koriandr smell on the brain. The latter has been 
injected into the air flow in the molecular portions with the 
intervals of 5 sec with the help of the specially designed device. 
The procedure of the investigation has included control 
recording of the MVP, then sitting 15 minutes in the smelling air 
flow, and at last recording of the MVP. During the second 
session the placebo effect has been ruled out - water wapour 
being used instead of the smelling substanse. 11 payed healthy 
volunteers have agreed to participate in the study, with average 
age of 23±6,5 years old. 7 out of them have been female and 4 
male with no signs of obuse, drugs or chronic diseases.

Among MVP the greatest impact has been recorded in the 
vestibular EPs: Pl from 46,2± 19,4 ms to 87,7±29,3 ms (placebo - 
59,1±27,3), Nl from 83,3±23,1 to 129,0±35,l (placebo - 
106,4+37,9), and P2 from 141,4±23,8 to 83,2±27,2 (placebo - 
162,0+37,7) ms. The other EPs have not demonstrated significant 
changes neither in koriandr nor placebo examination version. 
The olfactory EPs seems to be next step to be examined. The data 
shows the possible functional links between olfactory and 
vestibular systems.

806.12
FUNCTIONAL MRI OF OLFACTORY AND INTRANASAL CHEMO-
SENSORY TRIGEMINAL NERVE ACTIVATION. T. Hummel*1,
P.M. Yousem1,2. D.C. Alsop2. R.J, Geckle1,2 and R.L. Doty1. ’Smell & 
Taste Center, Department of Otorhinolaryngology: HNS, department of 
Radiology, University of Pennsylvania, Phialdelphia, PA 19104, USA

Functional MRI of the cortical areas involved in the processing of 
olfactory information was performed by means of MRI (1.5T, 4T) in 13 
healthy subjects. Gradient echo echoplanar fMRI scans (TR3000, TE 
30ms) were performed in the axial plane and were group-averaged for 
final analysis. Stimulants were presented within a constantly flowing 
airstream (4 L/min) birhinally to activate CN I (phenylethyl alcohol, 
H2S) or CN V (CO2), or to produce a mixed activation of CN I + V 
(benzaldehyde). Trains of stimuli (1 s duration) were applied every 4 s 
during 6 periods of activation; 30 s intervened between these periods.

Olfactory stimulation activated the insular cortex, cerebellum, and right 
dorsolateral prefrontal cortex. Intranasal trigeminal stimulation led to an 
activation of the secondary somatosensory cortex, antero-inferior 
temporal lobe, and brainstem. Cerebellar activation was reduced relative 
to odorous stimuli. Combined trigeminal-olfactory stimulation
activated the frontal pole of the temporal lobe, gyrus rectus, thalamus, 
and cerebellum. For all stimuli, right-sided activity was more 
pronounced. These results clearly demonstrate that fMRI can be used to 
differentiate CNS activation induced by trigeminal or olfactory 
stimulation, and provide support for the emerging view that the 
cerebellum may play a role in some sensory processes.
This research was supported by NIDCD grant PO1 DC00161, and the 
Research Foundation, University of Pennsylvania, Philadelphia, USA.

806.13
SEXUALLY DIMORPHIC NEURONAL FOS RESPONSE TO MALE BEDDING 
IN THE VOMERONASAL PROJECTION PATHWAY OF MICE. H.A. Kindon*.
J.A. Cherry and M.J, Baum, Departments of Biology and Psychology, Boston 
University, Boston, MA 02215.

Olfactory cues from a male influence LH secretion and the endocrinology of 
pregnancy in female mice. We used nuclear Fos protein immunoreactivity (Fos-ir) as 
a marker of neural activation to look for sex differences in the processing of male 
odors in the main and accessory olfactory systems. We also examined the ability of 
estradiol benzoate (EB) to modulate these neuronal responses to male bedding. 
Sexually naive male and female mice were gonadectomized and treated with either EB 
or oil vehicle for three weeks. They were then isolated for 4 days prior to exposure to 
either soiled bedding from an adult, gonadally intact male or clean bedding for 90 
minutes. Mice were perfused with 4% paraformaldehyde, and their brains were 
processed for Fos-ir. In the accessory olfactory bulb (AOB), which receives sensory 
input from receptors in the vomeronasal organ (VNO), male and female mice showed 
equivalent, significant increments in the number of Fos-ir granule cells after exposure 
to male bedding. No such effect occurred in granule cells of the main olfactory bulb. 
In the downstream segments of the VNO projection pathway, including the posterior 
medial amygdala (MeP), the bed nucleus of the stria terminalis (BNST), and the 
medial preoptic area (mPOA), female subjects had significantly more Fos-ir neurons 
after exposure to male bedding whereas male subjects showed less of a response. 
Finally, there was no effect of EB treatment on the Fos responses to male bedding in 
any of the brain areas examined. Our study shows that the initial processing of male 
odors in the VNO projection pathway is similar in both sexes. However, in the more 
central regions of this pathway the processing of chemosensory cues from males is 
sexually dimorphic, and this sex dimorphism does not depend on the concurrent, 
activational effect of estradiol. Supported by HD21094 and MH00392-MJB and 
DC03019-JAC.

806.14
Modulation of Spontaneous Action Potential Frequency in Mouse 
Vomeronasal Sensory Neuron by Putative Pheromones 
C.R.Yu*, N.Barazangi. and L.W.Role. Center for Neurobiology and 
Behavior, Columbia University, 722 W. 168'" Street, PI-Annex 807,New 
York, NY 10032
The vomeronasal organ (VNO) is the sensory organ of the accessory 
olfactory system that is responsible for pheromone detection. It is 
functionally and physically distinct from the main olfactory epithelium. 
Both physiological and molecular analyses suggest that the mammalian 
VNO receptor neurons utilize distinct receptor signaling mechanisms to 
detect pheromones than those utilized by the main olfactory sensory 
neurons in odor detection.
To investigate the mechanism of pheromone detection in mammalian 
VNO, we record from mouse VNO slices using conventional and 
perforated patch whole cell recording techniques. These neurons are 
relatively depolarized at rest (-45 mV), despite the high cellular input 
impedance (2-8 GD). These results are similar to those reported for 
dispersed VNO cells in vitro (Liman and Corey, 1996). VNO sensory 
neurons fire spontaneous action potentials at frequencies of 1-4 Hz. The 
rate of spontaneous activity is modulated by small current injection (1-5 
pA). In preliminary experiments, application of diluted lipid extract of 
adult male mouse urine to VNO neurons elicits a rise in intracellular 
calcium and a decrease of the spontaneous firing rate. We propose that 
modulation of basal firing rate of VNO neurons by exposure to 
pheromones be involved in pheromone information processing.
(Supported by NS29832.)
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806.15
SEPARATE CEREBELLAR COMPONENTS SUBSERVE SNIFFING AND 
SMELLING. N. Sobel*1. V. Prabhakaran1. J.E. Desmond2. G.H. Glover3, E.V. 
Sullivan4*1. J.D.E. Gabrieli2’1. Prog, in Neuroscience1, Depts. of Psychology2, 
Radiology^, and Psychiatry & Behavioral Sciences4, Stanford University, Stanford, 
CA 94305.

Sniffing is an integral component of mammalian olfaction. We used fMRI in 
order to localize the human cerebellar substrates involved in sniffing. In addition, 
we examined cerebellar activation induced by the presence of an odorant (smelling), 
regardless of sniffing. The sniffing experiments consisted of 8 alternating 40s 
blocks of sniffing/no-sniffing. The smelling experiments consisted of 8 alternating 
40s blocks of odorant/no-odorant, with sniff-rate held constant at once every 8s. 
Sniff duration was held constant by following a visual sniff command that remained 
projected for Is at the onset of every sniff. Odorants were delivered using an 
olfactometer that offered odor rise time under 500 msec. The alterations between 
odorant/no-odorant conditions were not accompanied by any tactile, thermal, 
auditory or visual cues. Functional data were acquired from six 4mm slices, 2mm 
skip, taken at a plane parallel to the brainstem at 1.5 T using a T2* sensitive 
gradient echo spiral sequence (TR=720, TE=40, flip angle=65°, 4 interleaves). Data 
were motion corrected, and analyzed using the cross-correlation method of Friston et 
al (1994). Two right handed non-smoking subjects were scanned, one woman and 
one man, ages 39 and 30. Sniffing induced activation primarily in anterior 
cerebellar regions, specifically the biventral lobule and tonsil. Whereas sniff-induced 
activation in one subject was bilateral, activation in the other subject was primarily 
in the right cerebellar hemisphere. Sniff-induced activation was also seen in the 
right dentate in this subject. In contrast, smelling (odorant presence) induced 
activation primarily in posterior cerebellar regions, specifically in the left superior 
semilunar lobule in both subjects. This is the first evidence for cerebellar 
involvement in olfaction.
Supported by grants : AG12995, AA10723, Phil & Allen trust.

806.16
ODOR-INDUCED ACTIVATION IN RAT OLFACTORY BULB OBSERVED BY 
FUNCTIONAL MAGNETIC RESONANCE IMAGING. Xiaoiin Yang1. Fahmeed 
Hvder2. Mohammed Sideek2. Charles A, Greer3. Gordon M, Shepherd*3 and Robert G,
Shulman2. ‘Department of Chemistry, ‘Department of MB&B, ‘Section of Neurosurgery 
and Neurobiology (School of Medicine), Yale University, New Haven, CT 06520, U.S.A. 
yang@mrcbs. med.yale. edu

In the mammalian olfactory pathway, axons from 107- 10” olfactory receptor cells 
(ORC) in the epithelium converge onto -2000 glomeruli in the olfactory bulb (OB). 
Functional analyses with 2-deoxyglucose (2DG) and more recent molecular analyses of 
odor receptor expression suggest that the convergence of subsets of axons from ORC onto 
specific glomeruli may underlie the establishment of an odor map in the OB. Functional 
magnetic resonance imaging (fMRI) provides a completely non-invasive method for 
mapping brain activation, based on activation-induced changes that are blood-oxygenation 
level dependent (BOLD). Using fMRI, we had previously mapped the activation of single 
whisker barrel in rat brain ( PNAS 93, p475). In the present study, we apply fMRI to map 
activation in the rat OB in urethane-anesthetized rats stimulated with amyl acetate or 
propionic acid, using the multi-slice gradient-echo imaging method at 7 Tesla (in-plane 
resolution = 220pmx220pm, slice number = 4 and slice thickness = 1 mm, imaging time 
= 30s, experiment protocol =16 images per experiment, 1-8 as control and 9-16 with 
stimulation). With each odor stimulus, we observed spatially localized and statistically 
significant activation (p>0.001) in the the OB, apparently correlating with the location of 
the glomerular layer. The spatial location of the activation for a given odorant was 
reproducible intra-animal, and was significantly different between amyl acetate and 
propionic acid. Prior analyses of functional activity within the OB have been either 
spatially limited, as occurs with electrophysiological analyses, or temporally limited, as 
occurs with 2DG methods. fMRI overcomes both of these limitations in that the entire OB 
can be repeatedly assessed non-invasively with high spatial and temporal resolution (e.g., 
up to 100x 100x500pm per voxel and 200 ms per image), thus enabling intra-animal 
comparisons with the same or different odor stimuli over extended periods of time .

Supported by NIH DK27121 and by NIDCD, NASA & NIMH (Human Brain Project).
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807.1
DEVELOPMENT OF PRIMORDIAL OLFACTORY BULB IN PdnIPdn 

MICE THAT LACK OLFACTORY AXON INNERVATION.
K. MORI,1* A, TAMADA1, S. MITSUI1, Y,... YOSHIHARA2, and..I.

NARUSE3. 'Lab. for Neuronal Recognition Molecules, Frontier Research 
Program, RIKEN, Wako, Saitama 351-01, Japan, 2Dept. of Neurosei. 
Osaka Biosci. Inst. Suita, Osaka 565, Japan, 3Congenital Anomaly Res. 
Ctr. Sch. of Med., Kyoto Univ., Kyoto 606-01, Japan.

Olfactory bulb (OB) morphogenesis depends on the direct contact of 
olfactory axons with telencephalic vesicles during embryonic 
development. However it is not known whether the contact causes initial 
induction of OB at the region of olfactory axon innervation in otherwise 
equivalent telencephalic vesicles, or the contact instructs later maturational 
processes of the telencephalic region that is intrinsically determined as an 
OB primordium. To explore the role for the olfactory axons in the OB 
development, we examined immunohistochemically the embryonic 
development of OB in wild-type and PdnJPdn mutant mice, the latter 
lacking olfactory axon innervation to the telencephalic vesicle. 
Antibodies against a novel cell adhesion molecule OCAM labeled subsets 
of olfactory axons and olfactory bulb neurons in all the embryonic stages 
examined, and turned out to be a good marker for the embryonic OB. In 
PdnIPdn mice, a primordial OB with OCAM-positive mitral/tufted cells 
was observed in a rostrodorsolateral portion of the telencephalic vesicle 
on El 3 - P0. Even on P0, the primordial OB did not evaginate into a 
mature bulb form, and remained within the telencephalic vesicle. These 
results suggest that (1) regional differentiation of telencephalic vesicle 
into primordial OB occurs even in the absence of olfactory axon 
innervation, and that (2) formation of mature bulb-like structure of OB 
requires the interaction between olfactory axons and the primordial OB.

Supported by Frontier Research Program, RIKEN.

807.2
ASSOCIATION FIBERS OF SINGLE PYRAMIDAL CELL IN 
SUPERFICIAL PART OF LAYER III IN PIRIFORM CORTEX OF 
THE GUINEA PIG. S.Y.Chen, K. Murakami, and K. Kishi*.
1 st Dep. of Anatomy, Toho Univ. Sch. of Med., Tokyo 143, Japan

To elucidate the distribution of association fibers of single 
pyramidal cell in superficial part of layer III of the piriform cortex 
(PC), adult guinea pigs were anesthetized with pentobarbital. 
Biocytin (3-5% solution) was intracellularly injected into nerve cell 
in PC following stimulation of the olfactory bulb. Five to 12 hr after 
the injection, the animals were fixed by perfusion. Eighty j/m thick 
frozen sections were cut, and stained with ABC reagent followed 
by DAB reaction. Pyramidal cells in the superficial part of layer III 
showed an apical dendrite extended to layer la and 5 to 8 basal 
dendrites distributed mainly in layer III. The main axon of 
pyramidal cells emitted around 10 axon-collaterals at the points 
of 300 to 600 j/m away from the cell bodies. They gave off 
around 40 terminal branches. They terminated in layers II and I of 
PC (about 12 of 40 terminals), in layer III of PC (11 of 40), in the 
endopiriform nucleus (4 of 40), and in lateral entorhinal cortex (7 
out of 40) in addition to 1 branch that ran caudally about 9000 
/jm and entered into the anterior commissure, (grants from the 
Ministry of Education, Science and Culture of Japan (No. B- 
07458202)).

807.3
Neurons in the prefrontal-supraorbital brain region (PSO) project axons to the 
ipsilateral and/or contralateral main olfactory bulb (IMOB;CMOB) of the South 
American Armadillo (Chaetophractus vellerosus). A combined electrophysiological and 
neuroanatomical study.
H. Ferreyra-Moyam?, J.S.de Olmos , C.A. Beltramino and A. Bueno - INIMEC, 
Cordoba 5000, Argentina.

Electrical stimulation of the IMOB and CMOB antidromically discharged neurons 
throughout the ipsilateral prefrontal cortex of the Armadillo. Mean antidromic latency 
was 104- 3.5msec (range = 4-15 msec) for 65 discharged neurons in the ipsilateral 
PSO from the IMOB and 19+^ 5.4msec for 36 neurons antidromically activatedfrom 
the CMOB. At varience with a previous report, a supernormal period of decreased 
control antidromic latency and increased excitability was found in 87% of 
antidromically activated neurons following double electrical shocks delivered to the 
IMOB.
Deposit of HRP, fluorochrome or Na selenite in the IMOB filled retrogradely neuronal 
somas approximately in the same prefrontal regions were antidromically eliceted soma 
responses were also found. Many of the retrogradely labeled neurons were of fork type, 
suggesting that several of these cells belong to a primitive neuron type; in addition, the 
majority of these neuronal bodies contained zinc.
These results are the first to demonstrate that the prefrontal region should be added to 
several other tele and mesencephalic brain regions which have repeteadly been shown 
to project axons centrifugally to the MOB.
Supported by grants from CONICET and CONICOR.

807.4
INDIVIDUAL DIFFERENCES IN THE HUMAN VOMERONASAL 
ORGAN. S. Jacob*, B, Zelano, A. Gungor, J.P, Corey, R.M, Nacleno 
and M. K. McClintock. Committee on Neurobiology and Dept. of 
Surgery, University of Chicago, Chicago, IL 60637.

Although the human vomeronasal organ (VNO) has been regarded as 
absent or vestigial for years, recent studies based on gross morphology 
have reported an incidence in adults to be ranging from 39% (Johnson et 
al., 1985) to 100% (Moran et al., 1991). This discrepancy may be due to 
individual variation in VNO morphology, the level of magnification 
used, or a biased sample of patients (e.g. those seeking septorhinoplasty). 
We examined the nasal septum and floor using a 30 degree Storz 
endoscope in sixty-six adults with no history of sinus or nasal problems. 
At least one presumed VNO was visible in 94% of our subjects. Septal 
deviations or spurs possibly prevented detection in half of the other 
remaining sites. We identified distinct features that have not been 
discriminated in previous human studies such as the organ’s fossa and 
aperture. There was considerable individual variation in the fossa that 
was located on the anterior third of the septum, above the junction of the 
nasal floor, and about 2 cm from the nasal opening. The fossa was either 
round (16%), oval (60%), spindle-shaped (20%), or tubular (4%). In 19% of 
the subjects, a small, round aperture was located off-center on the fossa’s 
floor. Although variability of the VNO has been noted between species, no 
studies have focused on individual differences within a species. Since it 
has been claimed that the human VNO is functional (Monti-Bloch et al., 
1991,1994), it is now important to determine whether variation in either 
the fossa or aperture has any functional consequences in a potential 
human accessory olfactory system. Supported by the MacArthur 
Foundation Research Network on Mind-Body Interactions.
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807.5
IDENTIFICATION AND SEX COMPARISON OF THE FERRET VOMERONASAL 
ORGAN AND ACCESSORY OLFACTORY BULB K.R. Kelliher*, S.R. Wersinger,
K. Rudnitsky, M.J. Baum and M. Meredith. Department of Biology, Boston University, 
Boston, MA 02215 and Department of Biological sciences, Florida State University, 
Tallahassee, FL 32306.

The vomeronasal organ (VNO) and it's accessory olfactory bulb (AOB) projections 
detect and process chemosensory cues which affect reproduction in many rodent species. 
We asked whether a VNO and AOB exist in a carnivore, the ferret, and if so, whether 
this system differs morphologically between the sexes, as was previously reported in 
rodents? A paired VNO was observed in 15 um coronal parffin sections of male and 
female snouts stained with cresyl violet and luxol fast blue. No obvious differences 
between males and females could be detected. Soybean agglutinin (SBA) has been 
shown to bind specifically to vomeronasal nerve (VNN) fibers in many species. In the 
ferret, SBA immunoreactivity (ir) was present in VNN fibers projecting into the 
glomeruli of the AOB in both sexes. Additional evidence for the presence of the AOB 
was obtained through the use of antisrea against, tyrosine hydroxolase (TH) and 
luteinizing hormone releasing hormone (LHRH). As reported for other species. TH-ir 
was highly concentrated in periglomerular cells of the ferret's main olfactory bulb 
(MOB) but was completely absent from the AOB. By contrast, LHRH-ir fibers were 
found throughout the glomerular and cell layers of the AOB but were lacking within the 
MOB. Using cresyl violet staining, the ferret's AOB could be divided into distinct 
glomerular and cell layers. In contrast to rodent species, a distinct lamination of cell 
types is not obvious in the ferret's AOB. Total volumes for both layers were calculated 
in gonadectomized male and female ferrets after treatment for 5 weeks with either 
testosterone propionate or oil vehicle. In contrast to rodent species, no sex difference 
could be discerned in total AOB volume or in the volume of the two layers, regardless 
of steroidal condition. Our results show that a VNO and AOB are present in both male 
and female ferrets. However both structures are comparatively smaller than those seen 
in rodent species, and their size is not sexually dimorphic. Future studies will assess the 
reproductive function, in any, of the VNO and AOB in this carnivore. (Supported by HD 
21094; MH 00392; DC 00906).

807.6
VOMERONASAL ORGAN (VNO) INPUT INTO THE ACCESSORY 
OLFACTORY BULB (AOB): EVIDENCE FOR A RELATIONSHIP 
BETWEEN ANATOMICAL ORGANIZATION AND FUNCTION. 
C,A. Dudley VC,E. Morrison, and R.L. Moss. Department of 
Physiology, UT Southwestern Medical Center, Dallas, TX 75235

Previous research has indicated two populations of VNO neurons 
which are distinguished from each other by location of their cells bodies 
in different portions of the VNO and termination of their axons at 
separate sites in the AOB (Jia and Halpem, 1996). In the present study, 
these observations were confirmed and extended. Injections of 
retrograde tracer into the rostral portion of the AOB resulted in labeled 
cells located in the most medial aspect of the VNO, close to the lumen. 
Injections of tracer into the caudal portion of the AOB produced 
retrogradely labeled cells in the most lateral aspect of the VNO, away 
from the lumen. Both populations of VNO cells send projections to the 
lumen. The functional significance of the rostral/caudal gradient in 
VNO projections to the AOB was examined using c-fos 
immunocytochemistry as a marker of neuronal activation. Female mice 
exposed to male urine exhibited higher numbers of c-fos immunopositive 
cells in the mitral layer of the AOB than females exposed to distilled 
water. Furthermore, when cellular activation in the AOB was high, the 
c-yds-positive cells were more likely to be located in the caudal portion 
of the mitral layer than in the rostral portion. The results suggest that 
sub-classes of VNO cells may be differentially activated by 
physiologically relevant stimuli. Supported by MH41784.

807.7
CELL PROLIFERATION INCREASES IN THE ACCESSORY OLFACTORY BULB OF 
GARTER SNAKES WITH VOMERONASAL NERVE LESION. D.A. Holtzman* and T. Cohen. 
Dept. of Brain and Cognitive Sci., University of Rochester, Rochester, NY 14627.

In order to study the effects of peripheral stimulation on cell proliferation in the accessory 
olfactory bulbs (AOB) of adult garter snakes, we quantified cell proliferation in the AOBs of 
snakes that received either a vomeronasal nerve lesion unilaterally (U-VNNX), bilaterally (B- 
VNNX), or were left untreated (n=6). VNNX animals were allowed to survive for either 2 weeks 
(n=3 for U-VNNX, n=3 for B-VNNX) or 4 weeks (n=3 for U-VNNX, n=2 for B-VNNX). All animals 
received a single injection of 1 pCi of 3H-thymidine/g of snake, one hour prior to sacrifice. 
Snakes were then anesthetized with a lethal dose of sodium pentobarbital, fixed in Bouin’s 
fixative, embedded in paraffin, immunostained for Hu proteins (an early neuronal marker), and 
then processed for standard emulsion autoradiography. Ten pm sections were stored for 26 
days at 4°C before developing. All lesions were verified by blind analysis of the integrity of the 
vomeronasal epithelia of all snakes. AOBs were analyzed for total numbers of 3H-thymidine- 
labeled cells/section and numbers of labeled cells/section for the glomerular, mitral cell, internal 
plexiform, and granule cell layers. 5-6 sections were analyzed for each snake. No differences 
were found between sides for any of the five groups or for any of the layers examined (p>0.05). 
A significant difference was found in the total number of labeled cells/section between groups 
(p<0.05). More labeled cells/section were found in U-VNNX snakes surviving 4 vs. 2 weeks 
(p<0.05); and both U-VNNX and B-VNNX groups surviving for 4 weeks had more labeled 
cells/section than snakes without lesions (p<0.05). Of the four layers analyzed, only the mitral 
and granule cell layers showed.significant differences between treatment groups (p<0.05). For 
the mitral cell layer, all VNNX groups showed more labeled cells/section than snakes without 
lesions (p<0.05). For the granule cell layer, snakes surviving for 4 weeks after U-VNNX or B- 
VNNX showed more labeled cells/section than snakes without lesions (p<0.05). These data 
suggest that VNNX affects cell proliferation in the AOB 4 weeks after lesion. While cell 
proliferation can occur throughout the AOB, this process only appears to be responsive to VNNX 
in the mitral and granule cell layers. The surprising lack of a side effect in the U-VNNX group 
suggests that there may be an influence of U-VNNX on the contralateral AOB. We are currently 
quantifying the number of cells double-labeled by Hu and 3H-thymidine.
Supported by NCRR grant RR08700 to DAH.

807.8
Reciprocal Interactions between the Olfactory System and the 
Horizontal Limb of the Diagonal Band of Broca.
Christiane Linster*. Bradley Wvble and M. E. Hasselmo, Department 
of Psychology, Harvard University, Cambridge MA 02138

Modeling results investigating cholinergic modulation of the 
olfactory bulb and cortex suggest reciprocal regulation of activity 
between olfactory structures and cholinergic neurons projecting to 
them (Linster and Hasselmo, 1997, Beh. Brain Res. 84: 117-127, 
Hasselmo, 1993, Behav. Brain Res., 67: 1239-1246). Here we present 
preliminary data supporting these theoretical predictions.
In urethanized rats, recording and stimulation electrodes were 
stereotaxically guided into the olfactory bulb (OB), lateral olfactory 
tract,(LOT) anterior piriform cortex (aPC) and horizontal limb of the 
diagonal band of Broca (HDB). Stimulation of the HDB resulted in the 
previously described response in the OB (Nickell and Shipley 1988, J. 
Neurosc. 8(12): 4482-4502). In layer lb of piriform cortex, the evoked 
field potential consisted of a negative wave (peak at 10.6 ms), followed 
by a positive wave (peak at 26 ms). In 3 animals, injection of .5mg/kg 
scopolamine resulted in a significant suppression (30-60%) of the first 
phase of field potential in both OB and PC, while having no effect on 
the response to LOT stimulation. Stimulation of the LOT resulted in a 
small evoked field potential recorded in the HDB, consisting of a fast 
wave with positive polarity (mean latency to peak 5.47 ms) often 
followed by a slower wave of negative polarity. These results suggest a 
feedback interaction between the olfactory system and the neurons in 
the HDB projecting to it. Further experiments will test if spiking 
activity in the HDB can be regulated by stimulation of the olfactory 
bulb and cortex. Supported by NIMH award R29 MH5273201.

THALAMUS

808.1
PHARMACOLOGICAL PROPERTIES OF THE RESPONSE OF THALAMO-
CORTICAL NEURONES TO BRIEF HYPOXIA. V. Crunelli*, G. Erdemli. 
University of Wales, College of Cardiff, Physiology Unit, CARDIFF, CF1 3US, UK.

The response of thalamocortical neurones to brief periods of hypoxia (3-4 min of 95 
% N2 - 5 % CO2) was investigated in submerged slices from dorsal lateral geniculate 
nucleus at 32°. Whole cell patch electrodes were filled with: (in mM) KMeSO4 (or in 
some experiments CsF or KC1) (118), KC1 (or CsCl) (18), HEPES (10), EGTA (0.2), 
Mg-ATP (2), Na.GTP (0.3), NaCl (8). In presence of kynurenic acid (1 mM), 
picrotoxin (100 pM) and TTX (IpM), hypoxia induces an increase in cell input 
conductance (GN) by 98.9±24.3 % accompanied by an inward shift in baseline 
holding current (AIBh =-38±13 pA) and a depression of voltage-activated outward 
current (lour) at 30 mV by 70.6±16.6 %, (n=14). The hypoxic response was not 
affected by intracellular Cs or Cl. In 6 cells recorded with CsF-containing electrodes 
and 3 other cells with KC1, hypoxia induced usual changes in GN, IBh  and IOut  (with 
CF1: AGN= 82.6 ± 26.3 %, AIBH=-45±16 pA and IOUT = -64.5±11.4 %; with KC1: AGN 
= 84.0 ± 23.6 % , AIbh  =-35±l 1 pA, AIOut  = -70.3 ± 27.4 %). However, in 6 cells, 
after H-current (IH) was blocked by ZD 7288 (300 pM), hypoxia failed to induce any 
significant change in GN (AGN= 4.9±14.6 %), IBH (AIBH= -26±10 pA). The depression 
of outward current by hypoxia was prevented by nifedipine - a voltage-activated Ca- 
channel blocker (2 pM, AIOut = -6.3±22 %, n=2).

In conclusion: 1. Since intracellular Cs and Cl failed to produce any significant 
effect on hypoxic increase in GN, it is unlikely that K and Cl conductances 
significantly contribute to hypoxic response. 2. Sensitivity of hypoxia-induced 
conductance increase to ZD 7288 suggests that IH may be activated during hypoxia. 3. 
Blockage of depression of IOur by nifedipine implies that activation of inward 
current(s) carried or modulated by Ca is responsible for the depression of IOut  •

This work was supported by Wellcome Trust

808.2
EFFECTS OF HYPOXIA ON THALAMOCORTICAL NEURONES 
RECORDED BY WHOLE-CELL PATCH CLAMPING. G. Erdemli*. V, 
Crunelli. University of Wales, College of Cardiff, Physiology Unit, 
CARDIFF, CF1 3US, UK.

Effects of brief periods of hypoxia (3-4 min of 95 % N2 - 5 % CO2) were 
examined in dorsal lateral geniculate nucleus slices (from Wistar rats) kept 
submerged at 32°. Patch electrodes were filled with (in mM) KMeSO4 
(118), KC1 (18), HEPES (10), EGTA (0.2), Mg-ATP (2), Na-GTP (0.3), 
NaCl (8). In 14 cells clamped at -60 mV, hyperpolarizing and depolarising 
pulses having duration of Is were applied to evoke voltage activated 
currents. In presence of kynurenic acid (1 mM), picrotoxin (100 pM) and 
TTX (IpM), 16 hypoxic tests induced an increase in cell input conductance 
(Gn ) by 98.9±24.3 % (from 5.1±0.6 nS; AGN= 4.2±0.8 nS) accompanied by 
an inward shift in baseline holding current (AIBH=-38±13 pA) (n=14). 
Voltage activated outward current measured at 30 mV was also depressed 
during hypoxia by 70.6±16.6 % (AIOut = -431±116 pA, n= 14) Effects of 
hypoxia on membrane properties were reversible; 6-7 min after returning to 
normoxia GN, IBH and lour were not different from initial control values 
(AGN= 0.5±0.3 nS, AIBH=-17±8 pA, AIOVr =-10.3±36.9 %, n=14). The 
current(s) evoked by hypoxia has a reversal potential of -44±5.8 mV. In 17 
cells hypoxia depressed the H-current inward relaxations (I„) evoked with 
hyperpolarizing pulses by 63.9±8.7 % (measured at -120 mV).

In conclusion: 1. Brief period of hypoxia causes an increase in GN 
accompanied by an inward shift in IBH. 2 Significant depression of IH 
inward relaxations during hypoxia implies that modulation of IH by hypoxia 
may be responsible for the changes in GN and IBh .

This work was supported by Wellcome Trust.
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808.3
INVOLVEMENT OF THE MEDIAL GENICULATE NUCLEUS IN 
PREPULSE INHIBITION OF THE ACOUSTIC STARTLE 
RESPONSE. L. Svensson*, J. Zhang and J. A. Engel. Department of 
Pharmacology, Institute of Physiology and Pharmacology, Goteborg 
University, Medicinaregatan 7, S-413 90 Goteborg, Sweden.

Prepulse inhibition of acoustic startle is the normal reduction in 
startle response to an intense auditory stimulus when this stimulus is 
immediately preceded by a weaker prestimulus. Previous studies 
have shown that prepulse inhibition is modulated by several 
neuroanatomical structures and pathways in the brain. In the present 
study, the functional importance of the medial geniculate nucleus in 
the modulation of prepulse inhibition was investigated. To this end, 
in vivo brain microdialysis probes were used to perform local 
infusions of drugs into the brain of awake, freely moving rats in 
parallel with startle response and prepulse inhibition measurements. 
Local infusion of the sodium channel blocker, tetrodotoxin (TTX), 
into the rat median geniculate nucleus significantly reduced prepulse 
inhibition without affecting baseline startle magnitude. A similar 
effect was obtained after local infusion of the GABA„ receptor 
agonist, baclofen, while local infusion of flurazepam, an agonist at the 
benzodiazepine-sensitive binding site of the GABAa receptor 
complex, did not significantly affect prepulse inhibition. These 
studies suggest that auditory information relayed via the medial 
geniculate nucleus to various suprathalamic areas in the brain is 
important in the modulation of prepulse inhibition, and that this 
information may be subjected to an inhibitory influence of GABA-
ergic activity at the level of the medial geniculate nucleus involving
i.a. GABA0 receptors. Supported by the Swedish MRC (4247).

808.4
PALLIDOTHALAMIC AND CEREBELLOTHALAMIC AFFERENTS 
OF THE PRE-SUPPLEMENTARY MOTOR AREA IN OWL 
MONKEYS: A Triple Labeling Study. S.T.Sakai*1.1.Stepniewska2.
H. Oi2. and J. H. Kaas2. xDept of Anatomy, Colleges of Medicine, 

Michigan State University, East Lansing, MI 48824, and 2Dept of 
Psychology, Vanderbilt University, Nashville, TN 37240.

There is the evidence that cortex just rostral to the supplementary 
motor area and eye-field constitutes a pre-supplementary motor area 
(pre-SMA), that is involved in complex motor behavior. In the present 
study, we sought to determine the sources of thalamic inputs to pre- 
SMA and the relationship of these thalamocortical projection neurons to 
pallidothalamic and cerebellothalamic inputs. Patterns of thalamic 
labeling were analyzed in three adult owl monkeys (Aotus trivirgatus) 
following injections of the retrograde tracer, cholera toxin subunit B 
into pre-SMA as defined by location and microstimulation of SMA. In 
die same animals, globus pallidus and (or) cerebellar nuclei projections 
to the thalamus were labeled by injections of the anterograde tracers, 
biotinylated dextran amine or WGA-HRP. We found that the neurons 
projecting to pre-SMA occupied a wideband of thalamic tissue 
extending anteriorly from VApc, through VLx and IL to the caudal part 
of lateroventral MD, and included parts of VLa, VLd and VLm. 
Pallidothalamic label overlapped pre-SMA neurons in VApc, VLa and 
occasionally in VLm. In addition, the pre-SMA labeled cells 
overlapped cerebellothalamic label in VLx, VLd, MD, IL and possibly 
in VApc. These results further implicate pre-SMA cortex in motor 
functions by demonstrating inputs from both pallidal and cerebellar 
projection zones in the motor thalamus. (Supported by NIH grant NS- 
16446)

808.5
NEURONAL ACTIVITY IN THE BASAL GANGLIA AND CEREBELLAR- 
RECEIVING AREAS OF THE MONKEY THALAMUS DURING VISUALLY 
TRIGGERED AND INTERNALLY GENERATED ARM MOVEMENTS. P, van 
Donkelaar*1, J.F. Stein1, RK Passingham2 and R,C. Miall1. 'University Laboratory of 
Physiology and department of Experimental Psychology, University of Oxford, Oxford 
0X1 3PT, UK.

The basal ganglia and cerebellum are able to influence motor cortical processing 
through their respective projections via the thalamus. We examined the contribution of 
each of these subcortical structures during visually triggered (VT) and internally 
generated (IG) arm movements by recording from the basal ganglia and cerebellar- 
receiving areas of the thalamus.

A rhesus monkey was trained to make limb movements in response to the appearance 
of a visual target (VT task) or spontaneously without any external cues (IG task). A total 
of 136 cells which showed a relationship to arm movement were recorded from the 
basal ganglia- (VLo and VApc) and cerebellar- (VPLo and area X) receiving thalamic 
subnuclei. Within each of these areas the majority (-65%) of cells displayed an increase 
in activity prior to or during the movement. In VApc most of these cells (51%) showed 
an increase in activity during the IG task only, a smaller group (30%) fired in relation 
to both tasks, and a minority of cells (19%) fired exclusively during the VT task. In area 
X the converse was true with most cells (54%) firing only during the VT task, fewer 
(39%) during both tasks, and a small number (7%) exclusively during the IG task. In 
contrast to this marked task specificity, most cells (-60%) in VLo and VPLo burst in 
relation to both tasks with relatively fewer coding exclusively for either the VT or IG 
task - although in VPLo there was still a large proportion (35%) of VT only cells.

This pattern of results demonstrates that the functional distinctions apparent within 
different parts of the basal ganglia and the cerebellum as well as in the motor cortical 
areas to which they project are maintained at the level of the thalamus.
Supported by the Wellcome Trust.

808.6
CORTICOFUGAL NEURONS INDUCE OSCILLATORY RESPONSES IN CUNEO- 
THALAMIC CELLS. J, Marino and A. Canedo*. Laboratories de Neurociencia y 
Computation Neuronal, asociados al CSIC-Instituto Cajal. Dep. Fisiologia, Fac. Medicina. 
15705-Santiago de Compostela, A Corufla. Spain.

The aim of this work was to test if the slow oscillations (< 1 Hz) that occur in the cuneate 
are induced by the cortex. The experiments were conducted on anesthetized (a-chloralose) 
and paralyzed (pavulon) cats. Two basic experimental approaches were used while stimulating 
the sensorimotor cortex: 1) simultaneous extracellular recordings (through tungsten 
electrodes) in contralateral cuneate and homolateral thalamic ventroposterolateral nuclei, and 
2) bilateral extracellular fiber recordings from the medial lemniscus. Electrical stimulation 
was achieved through bipolar electrodes placed in sensorimotor cortex, medial lemniscus, 
pyramidal tract (PT), reticular formation (RFo) and in the center of the cutaneous peripheral 
receptive field (RF; through needle electrodes). The gross cortical activity was recorded 
through a bipolar electrode placed in the sensorimotor cortex. In addition, the pyramidal tract 
was electrolitically lesioned at P8, and the sensorimotor cortex removed. Cortical stimulation 
at frequencies comprised between 20 and 100 Hz induced oscillatory responses in cuneo- 
thalamic neurons (CTNs). These oscillations were in most cases synchronized with the delta 
or spindle rhythmic activity which was also induced at cortical and thalamic levels. The same 
effect was observed after pyramidal lesions. Simultaneous high frequency stimulation (100- 
150 Hz) of the RF prevented the apparition of the cortically induced oscillations. Pyramidal 
lesions did not avoid the apparition of spontaneously occurring slow oscillations in CTNs. 
After removal of the sensorimotor cortex, the slow cuneate oscillations dissappeared but the 
delta rhythms were still present. Stimulation of RFo originated changes in the activity of 
CTNs, but stimulus-induced oscillations were not observed. These results make evident the 
efficacy of corticofugal input in driving and imposing oscillatory patterns over CTNs. The 
cortex synchronized the CTNs within the rhythmic activity of the thalamocorticothalamic 
nerwoik. Since the cortically-induced oscillations in CTNs were observed in absence of the 
pyramidal tract, the cortex appears to be able to induce cuneate oscillations as well as cuneo- 
thalamic synchronization through different pathways, including the PT and probably also the 
adjacent reticular formation. The observation of delta rhythms after sensorimotor cortex 
remotion suggests that the CTNs have an intrinsic capacity to generate these oscillations. 
This work was supported by DGIC YT. J. M. was a fellow of the Xunta de Galicia.

808.7
THREE-DIMENSIONAL MORPHOMETRIC ANALYSIS OF THE AXONAL 
ARBORIZATION OF JUXTACELLULARLY STAINED THALAMIC 
RETICULAR NEURONS IN THE ADULT RAT.
D. Pinault* and M. Deschenes Physiologie, Faculte de Medecine, Univ. Laval 
Robert-Giffard, Beauport, Que., Canada

Thalamic reticular (Rt) neurons of mammals project practically to all thalamic 
nuclei. Whether all the Rt axonal projections have common projection and 
innervation patterns is a question of great importance to further our knowledge of the 
functioning of the Rt. The present study provides morphometric data of individual, 
anterogradely labeled axonal arbors that were issued from different Rt sectors. One 
hundred and twenty-seven Rt neurons were marked juxtacellularly with biocytin or 
Neurobiotin all over the Rt in urethane-anesthetized adult rats. Fourteen three- 
dimensional reconstructions of single tracer-filled Rt neurons were done from serial, 
frontal, horizontal or sagittal sections. The units projected into the ipsilateral, first- 
order and higher-order thalamic nuclei according to a non-strict parallel manner. 
Thalamic reticular axons commonly displayed a single (rarely two) well- 
circumscribed arbor containing a total of about 4000 ± 1000 boutons. Every arbor 
was composed of a dense central core, which encompassed a thalamic volume of 5 
-63 x 106 pm 3 and was made up of patches of maximal innervation density (10 + 4 
boutons per tissue cube of 25 pm each side), surrounded by a sparse field of branches 
and terminations. When assessing the metric relationships between the Rt axonal 
arbors and the dendrites of the corresponding recipient thalamocortical neurons, we 
found that both the size and maximal innervation density of the axonal patches fit in 
with the somatodendritic architecture of the target neurons.

In conclusion, regardless of their thalamic target, the Rt axonal projections are 
characterized by a compact terminal field with a patchy distribution of boutons. The 
role of the Rt-mediated thalamic inhibition and disinhibition might be to contrast 
significant with non-relevant ongoing thalamocortical information.
Supported by the Medical Research Council of Canada.

808.8
DISTRIBUTION OF CALBINDIN-D28k, CALRETININ AND PARVALBUMIN 
IN THE HUMAN THALAMUS. M.C. Munkle, H.J. Waldvogel, L.F.B. 
Nicholson* and R.L.M. Faull. Department of Anatomy, School of Medicine, 
University of Auckland, Private Bag 92019, Auckland, New Zealand.

Calcium-binding proteins have a heterogeneous distribution in the mammalian 
central nervous system and are useful markers for identifying neuronal populations. 
We have investigated the distribution of the three major calcium-binding proteins 
calbindin-D28k, calretinin and parvalbumin in five neurologically normal human 
thalami using immunohistochemical techniques. Most of the thalamic nuclei 
showed immunoreactivity of cell bodies for two or all three calcium-binding 
proteins. All of these nuclei showed immunoreactivity for calbindin except the 
reticular nucleus which showed immunoreactivity only for calretinin and 
parvalbumin. Immunoreactivity of cell bodies for calbindin and calretinin was seen 
in the basal ventral medial nucleus and in all the intralaminar nuclei except for the 
Centre Median Nucleus (CM). Immunoreactivity for calbindin and parvalbumin 
was seen in the ventral anterior nucleus, the mediodorsal nucleus and the 
anteroventral nucleus. Immunoreactivity for all three calcium-binding proteins - 
calbindin, calretinin, parvalbumin - was seen in the ventral lateral nucleus, the 
ventral posterior inferior nucleus, the ventral posterior lateral nucleus, the lateral 
dorsal nucleus, the lateral posterior nucleus, the pulvinar nuclei and the dorsal 
lateral geniculate nucleus. Very few thalamic nuclei showed exclusive cell body 
staining for only one calcium-binding protein. The most conspicuous of these was 
the CM nucleus which contained only parvalbumin immunoreactive cell bodies, 
These results show that the calcium-binding proteins are heterogeneously 
distributed within the human thalamus and that they are useful markers for 
identifying the various thalamic nuclei. This work was supported by the Health 
Research Council of New Zealand, the New Zealand Neurological Foundation and 
the German Academic Exchange Service (Doktorandenstipendium HSPII/AUFE).
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808.9
ULTRASTRUCTURAL STUDY OF NERVE GROWTH FACTOR 
RECEPTOR LIKE IMMUNOREACTIVFFY IN THE RETICULAR 
THALAMIC NUCLEUS OF YOUNG RATS.

Dep. of Anatomy, Toho Univ. Sch. of Med., Tokyo 143, Japan.
The reticular thalamic nucleus (RTN) receives cholinergic

fibers from both the basal forebrain (BFB) and the brainsetm 
(BS). Recent studies have shown that the nerve growth factor 
receptor (NGFr) is synthelized in cholinergic neurons only in BFB 
but not in BS. In this study, to isolate cholinergic fibers 
originating from BFB, we used a monoclonal antibody against 
NGFr (192-IgG) and have characterized the ultrastructure of BFB 
derived fibers in the rostral part of RTN in 3-week old rats.
In light microscopic observation, positive neurons were chiefly 
distributed within the basal forebrain with some in the internal 
capsule immediately adjacent to the rostral part of RTN. In the 
RTN, the labeled structures were distributed throughout the 
nucleus. In electron micrographs, most of labeled fiber terminals 
were consistently small, contained densely packed vesicles, and 
established asymmetric synaptic contacts with thick postsynaptic 
density on distal dendritic profiles. Some labeled terminals, 
however, made synaptic contacts with considerably thin 
postsynaptic thickenings, suggestive of thin-asymmetric 
contacts. In addition, the labeled dendritic profiles were observed. 
They received non-labeled asymmetric and symmetric synaptic 
contacts. These findings suggest that the BFB cholinergic system 
provides a variety of synaptic structures to the RTN.
(Supported by Toho University).

808.10
HETEROGENEOUS DISTRIBUTION OF ZINC-RICH TERMINAL HELDS IN 
THE THALAMUS OF THE RAT. E. Meneual *». C. Casanovas-AcuilarJ. Pdrez- 
Clausell J.M. Gimdnez-Amava 1,2. ’Dept. Anatomfa. Universidad de Navarra. 
31080 Pamplona. Spain. 2Dept. Morfologfa. U.A.M. 28029 Madrid. Spain. ’Dept. 
Biologia Cellular AiV. Universitat de Barcelona. 08071 Barcelona. Spain.

Zinc is present in several regions of die CNS in association with the synaptic 
vesicles of some axonal boutons. A relation between this vesicular zinc and excitatory 
amino add neurotransmission has been reported (Frederickson and Moncrieff, 1994). 
In the present work, the distribution of vesicular zinc in the thalamus of the rat was 
studied. Adult male Wistar rats were injected with sodium selenite (15 mg/kg body 
weight, i.p.) and sacrificed after one hour’s survival. Adjacent series of 40 pm 
cryostat sections were processed to reveal either the location of zinc (Danscher, 1981), 
the acetylcholinesterase (AChE) activity or the toluidine blue stain. Zinc-rich 
terminals were heterogeneously distributed in the thalamus of the rat. However, most 
thalamic nuclei displayed an even distribution of vesicular zinc. The densest zinc-rich 
terminal fields were located in the anterodorsal and laterodorsal thalamic nuclei and in 
the dorsal tip of the reticular thalamic nucleus. Moderately dense terminal fields were 
found in the rostral intralaminar thalamic nuclei, in the midline nuclei, and in the 
ventral lateral geniculate nucleus. Most of die remaining thalamic nuclei, such as the 
parafasdcular nucleus or the mediodorsal nucleus, displayed a light presence of zinc, 
whereas the anteroventral and anteromedial thalamic nuclei, the gelatinous nucleus and 
the medial geniculate nucleus appeared almost devoid of zinc-rich terminals. When 
compared to the distribution of AChE activity, no correlation was found with the 
density of zinc-rich terminal fields, but there was a very good correlation in the 
thalamic parcellation revealed by the two activities. In conclusion, 1) the distribution 
of zinc-rich terminal fields could be used as another useful chemoarchitectonic tool in 
the delineation of thalamic nuclear boundaries, and 2) since zinc-rich nerve terminals 
arise from cortical and amygdaloid neurons, we suggest that some cortical neurons 
may be giving rise to descending glutamatergic projections to the thalamus that 
would be modulated by zinc. Supported by HS 95/0654, HS 96/0488 and by 
Universidad de Navatra (P1UNA).

LESIONS AND PLASTICITY

809.1
Effects of afferent stimulation and DA application on prefrontal cortical 
cells recorded intracellularly in vivo: Comparisons between intact rats 
and rats with pharmacologically-induced disruption of cortical 
development A. Lavin* and A.A, Grace, Depts. of Neuroscience & Psychiatry, 
Univ. Pittsburgh, Pittsburgh, PA 15260

in the present study, we investigated the responses of neurons located in the deep 
layers (IV-VI) of prefrontal cortex to stimulation of the mediodorsal thalamic nucleus 
(MD) and ventral tegmental area (VTA) using in vivo intracellular recordings, and 
examined the effects of dopamine applied locally. In intact adult rats, stimulation of the 
MD induced a transynaptic hyperpolarization of the membrane potential in 5/7 cells, 
which occurred independent of the antidromic-like activity that was evoked in one case. 
The hyperpolarization was more evident during the negative phase of neurons exhibiting 
a biphasic membrane potential and was followed by a decrease in excitability and input 
resistance. VTA stimulation induced a transynaptic depolarization in 4/7 cells, 
accompanied by an increase in firing frequency. Local application of dopamine 
hyperpolarized all of the cells tested (n=3),producing a decrease in excitability, firing 
frequency, and input resistance. In the intact group, 5 neurons were classified as 
intrinsically bursting and two neurons as regular spiking (Yang et al., 1996). In adult 
animals in which cortical development had been disrupted by administration of the 
antimitotic agent MAM during gestational day 15, stimulation of the MD did not 
produce any observed effect on the cells tested. VTA stimulation induced depolarization 
of the membrane potential of the cells but, unlike the controls, the depolarization 
interrupted the bistable membrane oscillations, causing the cells to enter a constant 
depolarized state. In the MAM group 3 cells were classified as intrinsic bursting and 3 
as regular spiking. According with our results using in vitro recordings, the response 
of cortical cells recorded in vitro to dopamine was not predictive of the responses 
recorded in vivo. These physiological changes may be relevant to the developmentally- 
related physiological disturbances that may be present in schizophrenia. Supported by 
NaRSAD, USPHS MH 45156, MH 01055

809.2
MODEL OF CORTICAL-CEREBELLAR NETWORK DEVELOPMENT AND 
ADULT PLASTICITY: A MECHANISM FOR EXPORTING MOTOR 
PROGRAMS FROM CEREBELLUM TO MOTOR CORTEX. S.E. Hua and J.C 
Houk*. Dept of Physiology, Northwestern University Medical School, 303 E. 
Chicago Ave, Chicago, IL 60611.3008.

The cerebellum plays an important role in sensorimotor learning. Imaging and 
animal studies show that the cerebellum is particularly active during the acquisition 
phase of motor learning, while after learning activity is more prominent in cortical 
areas. These studies are consistent with the hypothesis that the cerebellum is 
important in the acquisition of motor and cognitive tasks, and this learning is then 
exported to brainstem and cortical sites for more efficient execution.

Although cerebellar learning has received much attention, the exportation of 
cerebellar learning is not well understood. We present numerical simulations that 
model the exportation of cerebellar learning to motor cortex. The model consists of a 
three layered recurrent neural network representing the cerebello-thalamocortical-ponto- 
cerebellar limb premotor circuit. The cerebellar cortex is not explicitly modeled.

Our simulations show that Hebbian learning in the limb premotor network allows 
the emergence of reciprocal and modular structure in the connections within the three 
layered network. Reciprocal connections allow activity to reverberate in specific 
channels within the network. Modularity organizes the connections into specific 
channels. In our simulations, inhibition from cerebellar cortex directs the organization 
of modular connections in the network. We also simulate developmental alignment of 
visuomotor connections and their realignment as a consequence of prism exposure. 
These simulations support the hypothesis that the cerebellum can export visuomotor 
tasks to cortico-cortical connections through the modular and reciprocal premotor 
circuits. This exportation may allow faster and more efficient execution of learned 
sensorimotor transformations. Supported by NIMH Center Grant P50 MH48185.

809.3
AGE-DEPENDENT EFFECTS OF ABNORMAL TACTILE EXPERIENCE ON 
SHAPING REPRESENTATION PATTERNS IN MOTOR CORTEX. G.W. Huntley 1* 
Fishberg Research Center for Neurobiology, Mount Sinai, New York, NY 10029.

This study was undertaken to examine the role of early sensory experience in 
shaping the functional organization of motor cortex (Ml). Somatosensory feedback 
from the vibrissa was altered in rats by unilateral whisker-trimming, an innocuous 
manipulation (thereby avoiding effects of damage to follicles or nerves) which 
leads to receptive field abnormalities in SI (e.g. Simons and Land, Nature 326, 
1987). Electrical stimulation was then used to map bilaterally the motor cortices of 
three groups of adult rats: (1) birth-trimmed (vibrissa clipped daily from birth to 
adulthood); (2) adult-trimmed (subjected to comparable periods of daily clipping, 
but which began/ended in adulthood); and (3) adult control (untrimmed). Four 
principal findings emerged. First, unilateral trimming from birth, but not when 
initiated in adulthood, led to a significantly smaller sized Ml vibrissa 
representation in the hemisphere contralateral to the trimmed whiskers, with no 
evidence for concomitant changes in size of the adjacent forelimb representation or 
of the vibrissa representation in the ipsilateral hemisphere. Second, in both 
hemispheres of the birth-trimmed group, the current thresholds for eliciting 
movement of the trimmed whiskers was significantly lower than normal; this was 
not evident in the adult-trimmed group. Third, in the contralateral hemispheres of 
both birth- and adult-trimmed groups, whisker-trimming led to an abnormal pattern 
of evoked vibrissa output in which bilateral or ipsilateral (intact) whisker 
movement predominated; this effect was greater in the birth-trimmed group. Fourth, 
in the adult-trimmed group, but not in the birth-trimmed group, there was a decrease 
bilaterally in the relative frequency of dual forelimb/vibrissa sites which form the 
common border. These results show that sensory experience early in life exerts a 
significant influence in sculpting motor representations in Ml. The mature motor 
cortex is more resistant to the type and magnitude of influence that tactile 
experience has upon developing Ml, which may indicate that such an influence is 
constrained by a developmentally-regulated critical period. (Supported by NIH grant 
#NS34659 and an Irma T. Hirschl Career Scientist Award).

809.4
CHANGES IN MASTICATORY MOVEMENTS AND MOTOR NEURONAL 

ACTIVITIES AFTER LESIONING OF THE PERIORAL OR TONGUE 
PROJECTION AREA OF THE FIRST SOMATOSENSORY CORTEX IN 
AWAKE CATS. HIRABA, H„ YAMAGUCHI , Y„ KAMOGAWA, H. Dept. of 
Physiol., Div. of Pathophysiol. , Nihon Univ. Sch. of Dent., Tokyo 101, Japan

We have studied the activity patterns and properties of mastication-related 
neurons (MRNs) in the orofacial first somatosensory (SI) and motor (MC: areas 
M, P and C) cortices of awake cats. Most MRNs in SI, area M, area P and area 
C had common receptive fields in perioral or tongue regions. Over 90% of 
MRNs in SI showed activity changes that followed the masticatory rhythm (R- 
MRN). On the other hand, over 50% of MRNs in area M showed sustained 
activities (S-type) before and during masticatory movements. About 40% of 
MRNs in area P showed activity changes before movements of the jaw, 
tongue and lip (T-type). About 50% of MRNs in area C were R-MRNs.

To investigate the function of MRNs in the perioral or tongue projection 
area of SI, we created a lesion by injection of kainic acid (1 %, 2 pi) into each 
projection area After lesioning of the perioral or tongue projection area (PL 
and TLcats), we compared the differences in orofacial behavior and activities 
of MRNs in MC for 5-6 weeks. PLcats showed a delay in the start of 
mastication and dropping of ingested food. TLcats showed prolongation of 
the masticatory time and an increase in the frequency of swallowing. On the 
other hand, the proportion of MRNs with receptive fields in the perioral region 
of PLcats was reduced by 70% in comparison with intact cats. MRNs with 
receptive fields in the tongue of TLcats were not recorded in area P. PLcats 
showed decreased proportionsof S-type MRNs in area M and R-type MRNs 
in area C. TLcats showed decreased proportions of T-type MRNs in area P 
and R-type MRNs in area C. On the basis of these findings, we discuss the 
function of sensory information in the orofacial SI for the performance of 
mastication.
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809.5
APRAXIA OF HAND MOVEMENTS IN YOUNG MONKEYS AFTER 
BILATERAL SENSORIMOTOR CORTEX LESIONS. J.A. Vilensky*. J.A. Cook. 
S. Gilman and R.J. Morecraft. Dept. Anatomy, Indiana Univ. Sch. Med., Fort 
Wayne, IN 46805; Dept. Neurology, Univ. Michigan Sch. Med., Ann Arbor, MI 
48109; Dept. Anatomy, Univ. S. Dakota Sch. Med., Vermillion, SD 57069.

We used the Denny-Brown collection of primate films [1] to evaluate the long-term 
behavioral effects of bilateral pre- and postcentral gyrus lesions on young animals 
that survived for at least 1 year after surgery. Four animals fit this category, 3 of 
which were subjected to cerebral ablations in infancy and survived for 14 months to 
over 3 years. The 4th animal was 2 years old at the time of surgery and survived for 
15 months. Postmortem examination, based on photographs of the brain at autopsy 
and histological slides, verified the complete removal of die sensorimotor cortex with 
sparing of the cingulate (limbic) motor area. In all 4 cases, by 90 days after ablation 
hand function recovered sufficiently to grasp food objects (apple slices, grapes) and 
bring them to the animal's mouth. Nevertheless, the animals often ate by placing 
their mouth directly on food items without using their hands for assistance, which is 
extremely atypical even in very young intact animals. This behavior continued for up 
to 40 months. Such long-term persistence of "mouth-feeding" despite recovery of 
adequate prehension was also described by Bucy et al. [2] after bilateral 
pedunculotomy, but was unexplained. This phenomenon appears to represent an 
apraxia in which manual strength and coordination sufficient to hand-feed recovers, 
but is often not used. Thus, in these animals neural mechanisms for mouth-feeding 
become evident and co-exist with hand-feeding, perhaps because of modification of 
behavior by limbic motor areas in the absence of the primary motor and 
somatosensory areas. Supported by NIH NS33782.
1. Vilensky et al., Ann. Neurol., 36:247-251,1994
2. Bucy et al., J. Neurosurg., 25:1-20,1966

809.6
EFFECTS OF REVERSIBLE COLD BLOCK OF PRIMATE FACE PRIMARY 
SOMATOSENSORY CORTEX (SI) ON FACE MOTOR CORTEX (MI) 
CHEWING-RELATED AND PERIPHERALLY EVOKED NEURONAL 
ACTIVITY. D.Y. Yao. N. Narita, G. M. Murray, B, E. Cairns and B.J, Sessle*. Fac. 
of Dentistry, Univ. of Toronto, Toronto, Ont. M5G 1G6, Canada

Our previous data from awake monkeys have shown that rhythmical jaw 
movements can be evoked by intracortical microstimulation within face SI and tace 
MI as well as the classical cortical masticatory area, and that bilateral reversible cold 
block of SI or these other two areas can interfere with natural chewing (Huang et al.,
J. Neurophysiol., 1989; Lin et al., J. Dent. Res., 1991; Narita et al., Abstr. Soc. 
Neurosci., 1995). Given these findings pointing to an involvement of face SI in 
chewing, plus documentation that many face MI neurones show chewing-related 
related activity and have an orofacial mechanosensitive afferent input (Huang et al., 
J. Neurophysiol., 1989; Martin et al., Abstr. Soc. Neurosci., 1994), our aims were to 
test whether the MI neuronal chewing-related activity and responses evoked by 
orofacial stimuli are dependent upon an intact SI. A cranial chamber was 
chronically implanted in each of two monkeys (M, fascicularis) to allow for the 
placement of a thermode (2.5x7.5 mm) on the dura overlying the delineated face SI 
and microelectrode recordings of neuronal activity in the ipsilateral face MI (defined 
by ICMS <30 pA). A warm or cold alcohol-water solution was pumped through the 
thermode while the monkey chewed standardized amounts of fruit during pre-cool 
(thermode temperature 37°C), cool (0°C) or rewarm (37°C) conditions. An acute 
experiment was also carried out on one of monkeys under pentobarbital anaesthesia 
to test the effects of SI cold block on MI neuronal activity evoked by orofacial 
stimuli. To date, a total of 25 single neurones that showed chewing-related activity 
have been recorded in face MI in the awake monkeys. Cold block reduced the 
spontaneous activity of 6 of these neurones and decreased chewing-related activity 
in 5 of the neurones. A further 8 single face MI neurones were recorded during the 
acute experiment; none showed any apparent change in their peripherally evoked 
activity during SI cold block. These preliminary data suggest that chewing-related 
activity in a subgroup of MI neurones may be dependent upon an intact SI but this 
dependency might not apply to orofacial sensory inputs to face Ml.
Supported by Canadian MRC Grant MT-4918

809.7
RECOVERY OF MOTOR FUNCTION AFTER CORTICAL INJURY IN 
PRIMATES: COMPENSATORY MOVEMENT PATTERNS USED 
DURING REHABILITATION. K.M. Friel & R.J. Nudo*. Center on 
Aging and Dept. of Molecular & Integrative Physiology, Univ. of Kansas 
Medical Center, Kansas City, KS 66160.

Hand movements used by adult squirrel monkeys to perform a skilled 
motor task were analyzed before and after a focal ischemic infarct to the 
hand area of primary motor cortex (Ml), as might occur in stroke. After 
training, each monkey used one individualized specific movement pattern 
to retrieve food pellets in over 80% of trials. Thus, trained monkeys 
retrieved pellets using individualized, highly stereotyped movement 
patterns. After unilateral injury to the hand area of Ml, monkeys were 
required to retrieve pellets using their impaired forelimb. Immediately 
after cortical injury monkeys used a higher number of finger flexions to 
retrieve pellets than were used before injury, indicating a deficit in 
skilled use of the fingers. Stereotyped movement patterns used prior to 
infarct were used less frequently. After rehabilitation skilled use of the 
fingers appeared to recover, as indicated by a reduction in the number of 
finger flexions per retrieval, and a return of stereotypy in movement 
patterns. However, four of five monkeys performed the task using 
stereotyped movement patterns different from those used before injury. 
Thus, this study provides strong evidence that compensatory movement 
patterns are used in recovery of motor function following cortical injury. 
Recovery of function after Ml injury is not recovery in the sense that 
specific movement patterns are relearned. Instead, reattainment of 
motor abilities usually is achieved by learning new, compensatory 
movement patterns, even after extremely small cortical lesions.
Supported by NIH NS 30853. This work was done during the tenure of 
an Established Investigatorship from the American Heart Association.

809.8
PRECISION GRIP DISTURBANCES FOLLOWING MUSCIMOL INJECTION IN 
THE FIRST SOMATOSENSORY CORTEX. T. Brochier. M. Pare, Y. Lamarre* and 
A.M. Smith, Centre de Recherche en Sciences Neurologiques, Universite de Montreal, 
Canada.

Peripheral deafferations in man or monkey are known to cause severe disturbances in 
the control of manipulative hand movements. However, the specific contribution of the 
first somatosensory area in relaying feed-back information to the motor cortex as well 
as the transmission pathways remain unclear. In this study, we injected muscimol into 
the cortex of a behaving monkey to determine the contribution of area SI to the control 
of grasping and lifting forces. The monkey was trained to grasp and lift an object 
between the thumb and index finger and to hold it stationary within a narrow position 
window for 3 seconds. Single unit recordings were used to map the cortical hand area 
and specifically the region representing the thumb and index finger from the central 
sulcus to the intraparietal sulcus. A single injection (lpl, 5gg/jrl) into the thumb or 
index region of either the deep post-central gyrus or into areas 2 and 5 near the 
intraparietal sulcus had no effect on the task performance. Two injections spaced 2 
mm apart in the mediolateral plane were required to affect the precision grip; one into 
the thumb-forefinger region and the other in the region of digits 3, 4 and 5. The first 
changes in the monkey’s behavior were observed 15 minutes after the injections. The 
pattern of grip force was more irregular throughout the holding phase and the monkey 
often failed to maintain the object within the position window. The deficits became 
more pronounced during the next 30 minutes. These injections also affected the food 
grasping behavior as described by Hikosaka et al. (1985) and Iwamura and Tanaka 
(1991). These results suggest that the SI efferents to motor cortex are necessary for 
accurate control of both grip forces and hand position.

This work was supported by MRC of Canada and FCAR of Quebec

809.9
NON DISSOCIABLE EFFECT OF FRONTAL VERSUS PARIETAL CORTICAL 
LESIONS ON REACTION-TIME PERFORMANCE IN THE RAT 
M, Amalric. C Baunez A. Nieoullon* Cellular and Functional Neurobiology 
Laboratory, CNRS, 13402 Marseille ex 20 (France).

Lesions of the cerebral cortex induced by thermocoagulation of pial 
vessels has been shown to increase of enkephalin, substance P and GABA 
expression in the basal ganglia, subcortical structures known to be involved 
in sensorimotor control. The present study examined the ability of rats 
bearing extensive bilateral fronto-parietal cortical lesions by 
thermocoagulation to perform a reaction time task that provides sensitive 
measures of sensorimotor control. Rats were trained to release a lever after 
the onset of a visual stimulus within a time limit (reaction-time, RT) to 
obtain food reward. Seven days after lesion, although the animals showed no 
obvious deficits in spontaneous motricity their performance in the RT task 
was severely impaired. While the latency to release the lever was 
dramatically increased during the first post-operative sessions and gradually 
returned to baseline values within eighteen days, a concomitant increase in 
premature responding (lever release before the visual stimulus onset) was 
maintained in the lesion group throughout the thirty-five days of testing. To 
investigate whether each of these deficits could be related to a specific 
cortical area, the effects of lesions restricted to the anterior frontal or 
fronto-parietal cortical territories were tested. No clear dissociation of the 
two cortical lesions on performance was found except in the duration of the 
effects. Whereas fronto-parietal cortical lesions clearly reproduced the 
deficits induced by the previous extensive cortical lesions, discrete frontal 
lesions produced a similar pattern of incorrect responding although with a 
weaker and short-lasting effect. These results support the prominent role of 
the rat neocortex in the mediation of complex sensorimotor tasks and further 
indicate that both frontal and parietal cortical areas may control the various 
cognitive and motor processes involved in reaction time performance.

809.10
DELAYED RESPONSE DEFICITS INDUCED BY LOCAL 

INJECTION OF DOPAMINE ANTAGONIST (SCH23390 OR 
CLOZAPINE) INTO AREA 46 IN INFANT RHESUS MONKEYS.
K. Kubota Dept. of Behavioral and Brain Sci., Primate Res. Inst., Kyoto 
Univ., Inuyama, Aichi 484, Japan.

For elucidation of the role of dopamine in behavior control in the 
prefrontal cortex in freely moving monkeys, a small amount of a 
dopamine Dl-like antagonist, SCH23390 (25 E g dissolved in IE 1 
Ringer solution) or D2-like antagonist, clozapine (30 E g dissolved in 1 
E 1 0.1N HC1), was injected under anesthesia into area 46 of infant 
rhesus monkeys and induced deficits in the performance of a delayed 
response task were studied. Both antagonists caused a decrease in the 
number of trials the monkey performed the task and the correct 
performance rate, and an increase in the number of perseverative errors. 
When the same amount of the drug was injected into the contralateral 
hand motor area, such changes did not occur. Furthermore, both reaction 
time and movement time in correct performance of the task were 
significantly longer after area 46 injection than in the case of no injection 
or after injection into the hand motor area. Thus, both DI- and D2-like 
receptors are involved in the correct and smooth performance of the 
delayed response task.
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810.1
CONNECTIONS OF THE CAUDAL VENTROLATERAL MEDULLA (CVLM) 
WITH NON-CARDIOVASCULAR AREAS IN THE CAT BRAINSTEM. RC 
Steinbacher Jr.*. S.D. Stocker. C.D. Balaban and B.J. Yates. Depts. of 
Otolaryngology, Neuroscience and Neurobiology, Univ. of Pittsburgh, Pittsburgh, 
PA 15213.

Traditionally, the principal role attributed to the CVLM has been control of 
sympathetic nerve activity and blood pressure. Previous experiments showed that the 
CVLM projects to the rostral ventrolateral medulla (RVLM) and specific subnuclei of 
the nucleus of the solitary tract (NTS). However, several electrophysiological and 
lesion studies have also suggested that the CVLM has functions in addition to 
cardiovascular control. The retroambigual area of the CVLM, which is mainly located 
dorsal and lateral to the cardiovascular region, participates in the regulation of 
respiration and vocalization. Thus, the CVLM would be expected to have connections 
with areas in addition to those that regulate blood pressure; these connections have not 
been fully elucidated. In the present study, the anterograde tracers Phaseolus vulgaris 
leucoagglutinin (PHA-L) and the anterograde/retrograde tracer tetramethylrhodamine 
dextran amine were injected iontophoretically into the CVLM to determine the efferent 
connections of this region in the brainstem. A distinct pattern of labeled 
terminations was observed across the medio-dorsal and ventromedial subnuclei of the 
facial nucleus and the lateral and ventrolateral portions of the hypoglossal nucleus. In 
addition, there were prominent projections to nucleus ambiguus, the retrofacial 
nucleus, and nucleus intercalatus. We also confirmed connections of the CVLM with 
cardioregulatory areas, mainly the RVLM, NTS, and lateral tegmental field. These 
data provide further evidence to suggest that the CVLM is a multi-functional area that 
participates in cardiovascular regulation, respiratory control, and control of laryngeal, 
oropharyngeal, pinna, and middle ear musculature.

Supported by NIH grants R01 DC00693 and R01 DC00739.

810.2
DIFFERENTIAL MODULATION OF RAT PHRENIC MOTO-
NEURONS (PMNS) DURING INSPIRATORY AND NON- 
INSPIRATORY PERIODS. M.A. Parkis*, X.-W. Dong. J.L, Feldman &
G.P. Funk. Dept. Physiol., Univ.of Auckland, Auckland, New Zealand.

To investigate whether PMNs are differentially modulated during the 
inspiratory phase relative to the interburst interval, we recorded from 
PMNs in rhythmically-active brainstem-spinal cord preparations from 
neonatal rats using whole-cell patch-clamp techniques. NBQX and/or 
CNQX (0.25-0.5 mM), and MK801 (0.5-1.0 mM) were applied locally 
over C4 to block all glutamatergic inspiratory-related synaptic input to 
PMNs. Firing responses to 400-600 ms positive current steps injected 
during the inspiratory period (determined from extracellular recording 
of Cl inspiratory activity) and at two times during the interburst interval 
were compared. Consecutive pulses during the interburst interval 
produced similar firing behavior. Firing frequency during inspiration, 
however, was significantly reduced relative to the interburst interval in 13 
of 18 PMNs. In these 13 cells, current pulses corresponding to 1.25 and
1.5 times rheobase produced mean discharge frequencies of 9.7±1.5 and 
18.2±1.0 Hz during inspiration compared to 11.1±3.6 and 20.5±2.4 Hz 
during the interburst interval. The reduced firing was due, at least in part, 
to an inhibitory synaptic input to the PMNs which arrived during the 
inspiratory period. The inhibitory input was observed in 7 of 13 PMNs 
and was reduced by bicuculline (0.1 mM; n=4) or membrane 
hyperpolarization (n=4). A preliminary observation indicated that 
bicuculline also abolished differences between inspiratory and interburst 
firing behaviour (n=l). Results indicate that PMNs are differentially 
modulated during the inspiratory phase of respiration and provide 
evidence for behaviourally specific modulation of MN properties. 
Supported by the Marsden Fund, Lotteries Health, Auckland Medical 
Research Foundation, HRC of New Zealand, and NIH Grant NS 24742.

810.3
MODULATION OF RODENT INSPIRATORY HYPOGLOSSAL 
MOTONEURON (XII MN) ACTIVITY BY EXTRACELLULAR 
ATP: A MOLECULAR PHYSIOLOGICAL ANALYSIS. G.P. Funk*, 
R, Kanjhan, C. Walsh, J. Lipski. A.M. Comer. M.A. Parkis & G.P. 
Houslev. Pept. Physiol., University of Auckland, Auckland New Zealand.

In situ hybridization indicates ubiquitous expression of P2 receptors in 
cranial and spinal MNs (Collo et al., J. Neurosci. 16:2495-2507, 1996). 
To investigate the role of ATP acting through P2 receptors in controlling 
motor outflow from the central nervous system we examined: (i) the 
effects of ATP (1.0-10 mM) applied to the XII nucleus of rhythmically 
active medullary slices from neonatal mice (postnatal day 0-3) and 
anesthetized adult rats, ii) expression of P2X2 receptor subunit mRNA in 
micropunches of tissue taken from the XII nucleus using RT-PCR, and 
iii) distribution of P2X receptors using antiserum against the P2X2 
receptor subunit. Application of ATP to the XII nucleus of mouse slices 
and anesthetized rats produced a suramin-sensitive (1 mM) excitation of 
XII nerve activity. Additional in vitro effects included: potentiation of 
inspiratory XII nerve output via a suramin- and pyridoxal-phosphate-6- 
azophenyl-2',4'-disulphonic acid (PPAPS)-sensitive (5 |LM) mechanism; 
XII MN depolarization through activation of a suramin-sensitive inward 
current; decreased MN input resistance; and, a delayed theophylline- 
sensitive reduction of inspiratory output likely resulting from hydrolysis 
of extracellular ATP to adenosine and activation of Pl receptors. RT- 
PCR identified mRNA for three different P2X2 receptor subunit isoforms 
within the XII nucleus. Immunohistochemically, P2X2 receptors were 
detected in inspiratory XII MNs that were labeled with Lucifer Yellow. 
Data support a role of P2 receptors in modulating XII MN activity, and, 
combined with extensive P2X2 labeling in MNs (ibid.), a general role of 
P2 receptors in modulating motor outflow from the CNS. Supported by 
AMRF, HRC of New Zealand, Lotteries Health, Marsden Fund, NZ 
Neurol. Foundation, NZ Cot Death Assoc. & Wallath Trust.

810.4
IN VITRO RETROGRADE LABELING OF PREMOTOR NEURONS IN 
NEONATAL RAT BRAINSTEM. C.M. BocchiaroL J.C. ReklingL A.J. Tobin** 
and J.L Feldman**. Departments of Physiological Science4-, Neurobiology*, 
and Neurology*, UCLA, Box 951527, Los Angeles, CA 90095-1527.

Respiratory-related rhythmic motor output is present in in vitro brainstem 
slices and en bloc brainstem-spinal cord preparations from neonatal rodents. 
To elucidate the premotor circuitry involved in the generation of this motor 
behavior we mapped afferent projections to hypoglossal (XII) motoneurons by 
injection of biocytin into the XII motor nucleus in rhythmically active slices 
in vitro. XII motoneurons were labeled in the immediate vicinity of the 
injection site. Retrograde labeling of numerous premotor neurons was seen as 
soon as 3 hours postinjection. Premotor neurons were labeled in a Golgi-like 
fashion, and were located ipsi- and contralaterally in: i) lateral reticular 
formation; ii) medial reticular formation; iii) solitary tract nucleus; iv) raphe 
obscurus nucleus. Iontophoretic injection of biocytin into the ventral horn of 
the spinal cord at the C4 level, i.e., phrenic nucleus, induced retrograde 
labeling of reticulospinal neurons up to the level of the caudal part of the 
facial nucleus after =8 hours postinjection time. We conclude that injection of 
biocytin in respiratory-related motor nuclei in vitro leads to Golgi-like 
retrograde labeling of premotor neurons. This technique will be useful for 
morphological analysis of premotor neurons, identification of their transmitter 
phenotype(s), and the expression pattern of receptors. Supported by NIH Grant 
HL37941 and NS22256.

810.5
PUTATIVE RESPIRATORY NEURONES IN THE TADPOLE BRAINSTEM 
LABELLED WITH FLUORESCENT, ACTIVITY-DEPENDENT UPTAKE 
DYES. RJ,A.Wilson Syed. J.E. Returners- Department of Biophysics &
Physiology, Faculty of Medicine, University of Calgary, Calgary, Alberta Canada. 
T2N4N1.

We have shown that the tadpole in vitro brainstem preparation has several 
attributes that make it a good preparation for studying the neuronal control of 
respiration, including: (i) the core of the brainstem is not hypoxic; (ii) the activity 
recorded in cranial nerves (Active respiration) resembles closely efferent cranial 
nerve activity during respiration in semi-intact preparations; and (iii) Active 
respiration persists for many hours. We are now poised to determine the cellular 
mechanisms that drive the respiratory rhythm.

Classically, respiratory neurones have been identified by comparing the activity 
of individual cells to the respiratory rhythm recorded in cranial nerves. However, 
the persistence and dominance of the respiratory rhythm suggests that respiratory 
neurones might be identified by their sustained high average activity. Neurones 
with high levels of activity can be labelled using fluorescent activity-dependent 
uptake dyes such as sulforhodamine or lucifer yellow. These dyes are taken up by 
cells during synaptic vesicle recycling. Unlike other activity-dependent labelling 
methods, such as those based on c-Fos expression or 2-deoxyglucose uptake, the 
fluorescent dyes can be imaged in living tissue.

Exposure of the tadpole in vitro brainstem preparation, exhibiting gill and lung 
Active ventilation, to sulforhodamine or lucifer yellow for lh resulted in specific 
staining of cells in regions that have been implicated previously as having a role 
in the neuronal control of ventilation. Our next steps will be to: (i) verify that 
stained cells are indeed respiratory neurones using electrophysiological recording 
techniques; and (ii) extract and culture the stained neurones so their intrinsic 
properties can be better determined. This work was supported by MRC of Canada.

810.6
RHYTHM IN NEONATAL RAT MEDULLARY SLICES ORIGINATES 
IN PREBOTZINGER COMPLEX (PREBOTC) BUT NOT THE SITES 
DORSOMEDIAL TO NUCLEUS AMBIGUUS
O.J. Ge* & J.L, Feldman. Departments of Physiological Science & 
Neurobiology, UCLA, Los Angeles, CA 90095-1527

We have postulated that the preBotC is the site for respiratory rhythm 
generation in mammals (Smith et al., Science 254:726, ‘91). We previously 
established that AMPA receptor activation is essential for generation of 
respiratory rhythm in medullary slices of neonatal rats. The AMPA 
antagonist (GYKI52466) completely blocks respiratory motor output when 
bath applied or local injected within preBotC; and local application of 
AMPA within preBotC increases the frequency of respiratory motor output. 
In this study, we locally applied AMPA at various sites within the slice, 
including a site dorsomedial to nucleus ambiguus postulated to be critical for 
gasping (St. John, J. Appl. Physiol. 81(5): 1865, ‘96). Increase in respiratory 
frequency was greatest when AMPA was applied ventrolateral to nucleus 
ambiguus, i.e., within the preBotC; while no significant change in frequency 
was observed when it was applied in the middle of the postulated gasping 
center. Toward the XII nucleus, or at dorsomedial parts of the “gasping 
center”, little change in frequency was observed. These observations support 
the postulate that the rhythm within the slice is not gasping, and that the 
source of the rhythm is within the preBotC. Supported by NIH Grant 
NS40959.
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810.7
Medullary  sites  with  respiratory -related  
ACTIVITY IN VITRO REVEALED BY VOLTAGE-SENSITIVE 
DYE NEURONAL POPULATION RECORDINGS. X.M. Shao1, J. 
Fang2, L.B. Cohen2, J.L. Feldman*1, & Y-W Lam2. ‘Departments of 
Neurobiology and Physiological Science, UCLA, Los Angeles, CA 
90095-1527. department of Cellular and Molecular Physiology, Yale 
University School of Medicine, New Haven, CT 06520-8026.

The preBotzinger Complex (preBotC) in the rostral ventrolateral 
medulla is hypothesized to be the site for respiratory rhythm generation 
in mammals. We evaluated this hypothesis by recording population 
neuronal activity from a medullary slice of neonatal rat that generates 
respiratory-related rhythm. The slice was stained with the voltage 
sensitive styryl dye, JPW2005. The change in fluorescence was 
monitored with a 464-element photodiode array. We observed 
endogenous signals from the preBotC and hypoglossal (XII) nucleus 
which were synchronized to the inspiratory bursts of electrical activity 
recorded from XII nerve root (Xlln). Rhythmic optical activity was not 
detected elsewhere in the slice. This is the first illustration of optical 
recording of a spontaneous behavior-related activity from mammalian 
brain. Field potentials were also recorded from these two areas. With the 
better signal-to-noise ratio and better time resolution of field potential 
recordings, a small signal was detected from the preBotC which started 
prior to the onset of both inspiratory bursts from Xlln and any signal 
detectable by optical recording. Since the XII nucleus is not the source 
of respiratory rhythm, the parsimonious interpretation of our data is that 
the preBotC is the site of respiratory rhythm generation. Supported by 
NIH grants NS08437, HL37941 and HL40959.

810.8
BIDIRECTIONAL ELECTRICAL COUPLING BETWEEN INSPIRATORY 

NEURONS IN THE NEWBORN MOUSE BRAIN STEM IN VITRO.
J. C. Rekling* and J. L Feldman. Departments of Physiological Science and
Neurobiology, UCLA, Box 951527, Los Angeles, CA, 90095-1527.

Gap junctions between neurons allow for passage of small molecules and
current between two or more neurons, and may serve to synchronize 
biochemical and electrical activity in functionally related neurons. Here we 
show that inspiratory-modulated brain stem neurons in the region of nucleus 
ambiguus are bidirectionally electrically coupled. Single and dual whole cell 
patch recordings were made from type-3 inspiratory neurons in the rostral 
ventral respiratory group (VRG) in a rhythmic brain stem slice of newborn (1-6 
day) mice. The identity of the type-3 neurons was based on their distinct 
electroresponsive profile (Rekling et al. (1996), J. Neurophys. 75: 795). They 
are most likely vagal or glossopharyngeal motoneurons, since intracellular 
injection of biocytin revealed that they were located within or just ventral to 
nucleus ambiguus. Approx. 30% of these neurons showed dye-coupling, with a 
weakly stained soma close to the recorded cell. Approx. 20% of intracellularly 
recorded pairs of type-3 neurons showed evidence for bidirectional electrical 
coupling. Spike activity in one cell elicited small spikelets in the other, and 
hyperpolarization of one cell lead to hyperpolarization of the other, with a 
coupling ratio (AV2/AV,) of 0.03-0.13. During inspiratory bursts, spike activity 
in coupled cells tended to be synchronized - one cell leading the other. We 
conclude that putative laryngeal or pharyngeal motoneurons in the newborn 
mouse are bidirectionally electrically coupled, which may serve to synchronize 
their spike activity during inspiration. Supported by NIH grant HL40959.

810.9
DIFFERENTIAL PROJECTIONS FROM THE PERIAQUEDUCTAL GRAY 
(PAG) VOCALIZATION AREA TO THE MEDULLARY RESPIRATORY 
NEURONS IN CATS. T. Sakamoto*, A. Katada, M. Nomura and S. Nonaka, 
Dept. of Physiol., Asahikawa Medical College, Asahikawa, 078 Japan.

Train pulse stimulations (20-100 £fA, 0.2 ms, 100 Hz, lasting for 2 to 5 sec) 
delivered to the periaqueductal gray (PAG) induce vocalization in 
decerebrate cats. A neuroanatomical study demonstrated that the neurons 
within the PAG vocalization area project their axonal terminals to the nucleus 
retrofacialis (NRF) and the nucleus retroambigualis (NRA). In this study, we 
investigated whether the axonal projections to both nuclei arise from the 
same cells in the PAG. For this purpose, the retrograde labeling technique 
with fluorescent tracers was employed to determine the cells of origin of the 
projections to either nucleus.

Under halothane nitrous oxide gas anesthesia, Fast Blue and Dlamidino 
Yellow, respectively, were injected stereotaxically into NRF and/or NRA in 8 
adult cats. After 10 days, the animals were perfused with 4% 
paraformaldehyde after administration of overdose of sodium 
pentobarbiturate. Frontal sections with 20 /jm thickness were examined 
using afluorescent microscope.

Cells projecting to the NRF and those projecting to the NRA were labeled 
in the lateral column of the PAG, where electrical stimulation induces 
vocalization. There was no difference between the distribution of the cells 
of origin of the projections to both nuclei. Double-labeled neurons, i.e., 
cells projecting to both nuclei, were rarely observed.

These results suggest that there are differential projections from the PAG 
vocalization area to the medullary respiratory neurons.

810.10
S YN APTOLOGY OF AFFERENTS FROM THE NUCLEUS OF THE 
SOLITARY TRACT TO PHARYNGEAL MOTONEURONS IN THE 
SEMICOMPACT FORMATION OF THE AMBIGUUS NUCLEUS OF THE 
RAT. T. HAYAKAWA*1, J, Q. ZHENG1, M. SEKI1 and Y, YAJIMA2. 
Dept. of Anatomy1 and Physiology2, Hyogo Coll, of Med., 
Nishinomiya, Hyogo 663, JAPAN.

The semicompact formation of the ambiguus nucleus (AmS) is 
composed of small neurons, medium-sized neurons, and large 
pharyngeal (PH) motoneurons. The nucleus of the solitary tract (NTS) 
serves as premotor neurons in the pharyngeal phase of swallowing. We 
investigated whether the NTS neurons projected directly to the PH 
motoneurons or to the other kinds of neurons in the AmS. When WGA- 
HRP was injected into the NTS after CT-HRP injection into the 
pharyngeal muscles of male SD rats, many anterogradely WGA-HRP 
labeled terminals contacted retrogradely CT-HRP labeled PH neurons. 
More than 65% labeled axodendritic terminals contained pleomorphic 
synaptic vesicles (Gray’s type II), and about 30% contained round 
synaptic vesicles (Gray’s type I). About 15% of axosomatic terminals 
of the PH neuron in a sectional plane were anterogradely labeled, and 
about 70% of the labeled terminals were Gray’s type II. Observation of 
serial ultrathin sections revealed that both small and medium-sized 
neurons received only a few labeled axosomatic terminals which were 
exclusively Gray’s type I. Thus, the NTS may send mainly inhibitory 
inputs by direct projections to the PH motoneurons in the AmS.

810.11
HOW MANY MESENCEPHALIC CELL POPULATIONS PROJECT TO THE Cl 
SEGMENT OF THE CAT? F.J.R. Richmond*1. T. Satoda2, H. Matsumoto3. L,
Zhou1 and P.K. Rose1. ‘MRC Group in Sensory-Motor Neuroscience, Queen’s 
University, Kingston, Ontario K7L 3N6,2School of Dentistry, Hiroshima University, 
Japan, 3School of Dentistry, Tokushima University, Japan.

Reviews of mesencephalic connections to the feline cervical spinal cord most 
commonly emphasize two descending pathways, one from the superior colliculus and 
the other from the interstitial nucleus of Cajal. However, injections of fluorescent 
tracers or WGA-HRP into the Cl segment label at least nine cell populations whose 
distribution and intensity of labelling appear to differ when the injections are placed 
in different parts of the ventral horn. Injections of Fluororuby or WGA-HRP into 
intermediate or lateral regions labelled many cells of origin of the tectospinal and 
interstitiospinal tracts. They also labelled many cells in the fields of Forel, and the 
“cunieform” region deep to the caudal superior colliculus. In contrast, labelled cells 
were sparse or absent in the interstitial nucleus of Cajal, the superior colliculus, the 
fields of Forel and the cunieform region when injections of Fluororuby or Fast Blue 
were placed in the dorsomedial part of the ventral horn. Both dorsomedial and 
intermediate/ventral injections labelled three additional cell populations, one in the 
mesencephalic reticular formation dorsolateral to the interstitial nucleus of Cajal, a 
second in the nucleus of the posterior commissure, and a third in the periaqueductal 
grey matter. Dorsomedial injections were the only ones that labelled cells in the 
dorsal raphe nucleus. All injections placed in the ventral horn failed to label cells in 
the red nucleus. However, such cells were labelled by more dorsal injections 
impinging on lamina V. Injections of tracers into segments C5-6 were much less 
effective at labelling most cell projections except that to the red nucleus, possibly 
suggesting that many of the descending mesencephalic pathways to Cl play a 
significant role in head movement.

Supported by the MRC of Canada.

810.12
THE DIFFERENCES IN CENTRAL PROJECTION AND 
SPATIAL DISTRIBUTION OF SYNAPTIC CONTACTS ON 
MOTOR NUCLEUS NEURONS BETWEEN PRIMARY AND 
SECONDARY JAW-MUSCLE SPINDLE AFFERENTS IN 
THE CAT. H. Kishimoto1, Y.C. Bae2, A. Yoshida1, S. Nakagawa1,
M. Moritani1, M. Takemura1, S. Nakagawa1, Y. Nagase1, T. Inoue3*
and Y. Shigenaga1. Dept. Oral ‘Anat. and 3Physiol., Osaka Univ. Fac. 
Dent, Osaka565, Japan, and 2Dept Oral Anat., Kyungpook Natl. Univ. 
Sch. Dent., Taegue 700-422, Korea.
The present study was attempted to classify cat spindle afferents on the 
basis of a quantitative analysis of stretch responses before and after 
succinylcholine (SCh) infusion, and to examine the morphological 
characteristics of the physiologically classified afferents at the light and 
electron-microscopic levels by using the intra-axonal HRP injection 
technique. The SCh converted the single skew distribution of dynamic 
index (DI) into a clearly bimodal one. Fifty-eight and 61 afferents were 
assigned as group la and group II afferents, respectively. The central 
projections of ten la and seven II afferents were examined. Both groups 
of afferent terminated in the supra-trigeminal nucleus (Vsup), the dorsal 
and lateral parts (region h) of the trigeminal motor nucleus (Vmo), and 
Vmo but differed in density of their terminals in Vsup and Vmo. The 
density of la afferent terminals was higher in Vmo but lower in Vsup than 
that of II afferent terminals. Within Vmo, the density of la afferent 
terminals was higher in the central regions but lower in the peripheral 
regions than that of II afferent terminals. The terminal boutons from the 
two groups of afferent were distributed w idely from the soma to distal 
dendrites, but II afferent terminals made synaptic contacts on more distal 
dendrites than did la afferents.
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810.13
QUANTITATIVE ANALYSIS OF JAW-MUSCLE SPINDLE AFFERENT BOUTONS 
CONTACTING TRIGEMINAL PREMOTOR NEURONS. P. Luo* and D, Dessem. 
Dept. Oral & Craniofacial Biological Sci., Univ. Maryland, Baltimore, MD 21201.

Previous studies have shown a positive correlation between bouton size, active 
zone area (Pierce & Mendell.J. Neurosci.,1993) and postsynaptic potential 
amplitude (Kuno et al.,J. Physiol., 1971). The number, size, and location of jaw- 
muscle spindle afferent boutons contacting trigeminal premotor neurons was 
analyzed therefore to gain insight into disynaptic spindle circuits. Horseradish 
peroxidase (HRP) was iontophoresed (5/2A,10min.) into the trigeminal motor 
nucleus (Vmo) in 19 rats (c?,300-350g). Two days later 1-5 jaw-muscle spindle 
afferents were physiologically identified and intracellularly stained with 
biotinamide. Following histochemical processing, close appositions between 
premotor neurons retrogradely labeled with HRP and intracellularly-stained spindle 
boutons were found in the ipsi- and contralateral: supratrigeminal region (Vsup); 
dorsomedial trigeminal principal sensory nucleus (Vpdm); dorsomedial spinal 
trigeminal subnuclei oralis (Vodm) and interpolaris (Vidm); parvicellular reticular 
formation (PCRt); parvicellular reticular formation, alpha division (PCRtA); dorsal 
medullary reticular field (MdD); and contralateral Vmo. The morphometry of 1569 
spindle afferent boutons contacting 657 trigeminal premotor neurons was digitally 
analyzed. Premotor neurons in Vsup (n=64) were smaller (p< 001) than other 
premotor neurons while those in Vodm (n=118;p<.001) and Vpdm (n=45;p=.O3) 
were larger. The size of spindle afferent boutons contacting premotor neuron 
somata were not significantly different from those contacting premotor neuron 
dendrites (p=.O72). The number of spindle afferent contacts per premotor neuron 
was greatest in the contralateral Vidm (x=3.33), ipsilateral Vsup (x=3.25) and 
ipsilateral Vodm (x=2.77) and lowest in the ipsilateral Vidm (x=1.90) and ipsi- and 
contralateral MdD (x=1.25,1.71). These results indicate that multiple disynaptic 
masticatory muscle spindle-motoneuron circuits exist with the strongest muscle 
spindle input occurring in Vsup, Vidm and Vodm. Support: NIH DE10132

810.14
USE OF MULTIPLE FLUORESCENT TRACERS TO ASSIST IN 
HYPOGLOSSAL MOTONEURON IDENTIFICATION. ‘A, 
Sawczuk* and 2J. M. Tepper. ‘Depts. of OPBDS & Neuroscience, 
University of Medicine and Dentistry of New Jersey, Newark, NJ 
07103; 2Rutgers University, CMBN, Newark, NJ 07102

Hypoglossal motoneurons (HG-mns) are somatotopically arranged in 
the hypoglossal nucleus of the caudal brainstem into 3 major 
populations that provide neural control to the protruder, retruder, and 
intrinsic tongue muscles. In vitro studies of HG-mn activity and 
communication with other neurons have primarily been focused on a 
single motoneuron population, typically those that control tongue 
protrusion. For our in vitro studies involving 3 different populations of 
HG-mns, we have employed three retrograde fluorescent tracers to aid 
in identifying each of the three HG-mn groups.

Unilateral pressure injections (3-5 separate injections of 2 pi each) of 
fluorogold, fast blue, and fluororuby were made into the genioglossus 
(protruder), styloglossus (retruder), and adjacent intrinsic muscles. 
Five to 7 days following this injection the rats were sacrificed, and the 
tissue was fixed, sliced and mounted on slides. The slides were viewed 
under epi-fluorescence. HG-mn groups were easily identified using 
this method of labelling and their positions correlated well with 
previous studies. Protruders were primarily in the ventral lateral aspect 
of the caudal 2/3 of the HG nucleus whereas retruders were primarily 
in the dorsolateral aspect of the rostral 2/3 of the nucleus with intrinsic 
motoneurons throughout the nucleus in the medial aspect. We are 
currently introducing these methods into our in vitro studies of 
hypoglossal motoneuron discharge, (supported by NIH Grant 
NS01650)

810.15
THE LOCALIZATION, MORPHOLOGY, NEUROCHEMICAL PROPERTIES 
AND SYNAPTIC INPUTS OF LAST ORDER PREMOTOR INTERNEURONS IN 
THE LUMBAR SPINAL CORD OF RATS. M. Antal* and Z. Puskar. Department of 
Anatomy, University Medical School, Debrecen, H-4012, Hungary

There is strong evidence that neural circuits underlying certain rhythmic motor 
behaviours are located in the spinal cord. Such local central pattern generators are 
thought to coordinate the activity of motoneurons through specific sets of last-order 
premotor intemeurons that establish monosynaptic contacts with motoneurons. After 
injections of biotinylated dextran amine into the lateral and medial motor columns as 
well as the ventrolateral white matter at the level of the upper and lower segments of 
the lumbar spinal cord, we intended to identify and localize retrogradely labelled 
spinal intemeurons that can likely be regarded as last-order premotor intemeurons in 
rats. On the basis of the size and shape of cell bodies and the dendritic arborization 
patterns, small and large pyramidal-like cells, multipolar and small fusiform neurons 
could be identified. Regardless of the location of the injection site labelled 
intemeurons were revealed in laminae V-VIII along a 3-4 segment long section of the 
spinal gray matter. Although most of the stained cells were confined to laminae V- 
VIII in all cases, the distribution of neurons within the confines of this area varied 
according to the site of injection. Investigating the immunoreactivities of the labelled 
neurons for the inhibitory amino acid neurotransmitters, GABA and glycine, positive 
immunostaining could be detected in 25-30% of the total population of putative last 
order premotor intemeurons. In order to identify some of the possible synaptic inputs 
of the labelled neurons double and triple tracing protocols were used. In addition to 
the retrograde labelling of spinal intemeurons, primary afferents and rubrospinal 
fibres were also labelled by applying horseradish peroxidase onto spinal dorsal roots 
and/or injecting Phaseolus vulgaris leucoagglutinin into the red nucleus. Close 
appositions between axon terminals of primary afferents, rubrospinal fibres and 
spinal intemeurons were investigated. Synaptic contacts between the labelled axons 
and neurons were identified in a consecutive ultrastructural study.
(Supported by the Howard Hughes Med. Inst, and the Hungarian Natl. Sci. Fund)

810.16
EXTERNAL URETHRAL SPHINCTER MODULATION VIA DIRECT 
MICROSTIMULATION OF THE SACRAL SPINAL CORD. R.R. Carter*, D.B. 
McCreerv, L.A. Bullara, and W.F. Agnew. Neurological Research Laboratory, 
Huntington Medical Research Institutes, Pasadena, CA 91105.

In normal urogenital system function, bladder voiding involves a voluntarily 
controlled reflex action in which an increase in bladder lumenal pressure is 
accompanied by a decrease in external urethral sphincter (EUS) pressure. Hyper-
reflexive bladder paralysis and detrusor/EUS dyssynergia is common following 
spinal cord injury that remove voluntary control. Such conditions continue to pose 
serious health risks due to infection. Previous work in our lab has shown that 
micturition may be evoked by direct electrical stimulation of appropriate neural 
elements of the sacral spinal cord. Here we report the results of acute and chronic 
experiments in adult cats aimed at decreasing EUS tone by direct stimulation of the 
spinal cord using arrays of activated iridium microelectrodes (50 pm diameter).

Results from these studies have shown that EUS tone may be decreased either 
with or without a concomitant change in bladder pressure. The response is diffuse, 
being elicited by stimulation throughout the caudal SI and rostral S2 level of the 
cord. EUS relaxation is quite repeatable between successive trials and is 
qualitatively similar across animals. The response is best modulated by changes in 
the amplitude of the stimulation (20-80 pA) and to a lesser degree by pulse width 
(50-400 ps). Stimulation frequency (10-40 Hz) did not effectively modulate the 
response. Administration of a smooth muscle blocking agent (Hexamethonium, 2 
mg/ml, iv, 10-12 mg total) did not eliminate the EUS response by did eliminate 
any simultaneous bladder pressure increase. This suggests that the response is due 
mainly to striated muscle and is not the result of a reflex action mediated by 
receptors responding to bladder pressure changes.

Supported by NIH Contract No. NO1-NS-2333.

810.17
DENDRITIC INTERACTIONS OF THE SYMPATHETIC
PREGANGLIONIC NEURONS IN THE THORACIC SPINAL CORD.
G. Carrington.* W.J. Anderson and K. Humphrey. Terre Haute Center, 
Indiana University School of Medicine, Terre Haute, IN 47809.

Sympathetic preganglionic neurons (SPN) are located in 4 
distinct cell clusters within the spinal cord. In this study we 
determined their anatomical interactions with other cholinergic 
neurons. Five Long-Evans adult rats were transcardially perfused 
with 4% paraformaldehyde and their spinal cords were sectioned 
in 3 different planes on a freezing microtome. Forty pm-thick 
sections were processed free-floating for peroxidase- 
antiperoxidase immunohistochemistry. They were incubated 
overnight in the primary antibody (polyclonal goat antibody raised 
against choline acetyltransferase; Chemicon; diluted 1:100) at 37°
C. Within each thoracic segment, bundles of immunoreactive 
nerve cell processes were observed between the following: 1) the 
intercalated nucleus (IC) and intermediolateral cell column (IML),
2) the IC and cholinergic neurons, and 3) the IML and cholinergic 
neurons. Bundles of immunoreactive processes between 1) the 
central autonomic nucleus and motoneurons and 2) the IML and 
motoneurons had an alternating distribution pattern. This 
evidence indicates possible specific interactions 
between the SPN, cholinergic neurons and LMN which 
have not been previously described. (This work was ) 
supported by funds from the Indiana U. Sch. Med. THCME.

810.18
ANTIDROMIC ACTIVITY IN LUMBAR DORSAL ROOTS OF THE 
NEONATAL RAT. L. Vinay*, F. Brocard and F. Clarac. Lab. Neurobiologie et 
Mouvements, CNRS, 31 chemin Joseph Aiguier, F-13402 Marseille ex 20, France.

Lumbar dorsal roots were recorded in the in vitro brain stem / spinal cord 
preparation of the neonatal (postnatal day (P) 0-6) rat. Microstimulation delivered to 
the ventral funiculus (VF) of the spinal cord at the Cl level evoked antidromic 
discharges in dorsal roots. These had a longer latency than the motor bursts evoked 
in ventral roots. The number of antidromic action potentials evoked in dorsal roots 
by VF stimulation increased significantly in saline solution with chloride 
concentration reduced to 50% of control. Bursts of action potentials disappeared 
when chloride was removed completely. Antidromic discharges are therefore 
generated by chloride -dependent afferent terminal depolarizations reaching spiking 
threshold. The number of action potentials evoked in ventral roots was increased in 
low chloride saline solutions. Removing chloride from the bathing solution resulted 
in an unstable ventral root activity. Bath application of the GABAa  receptor 
antagonist, bicuculline (5-10 pM) blocked the VF-evoked antidromic discharges. 
The increase in chloride conductance which generates the depolarizations 
underlying the dorsal root discharges is therefore mediated by an activation of 
GABA^ receptors.

Antidromic discharges were also evoked by stimulation of neighboring dorsal 
roots (dorsal root reflex). Although they were significantly reduced, some 
antidromic discharges persisted in the presence of bicuculline. Bath application of 
AP5 (100 pM) and CNQX (10 pM) to block NMD A and non-NMDA receptors 
respectively, did not block the dorsal root reflex completely, although the ventral 
root activity was abolished.

These experiments demonstrate the existence of an important antidromic activity 
in dorsal roots of the neonatal rat.
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810.19
A LAMPREY INTO NEWT TRANSFORMATION: A SIMULATION STUDY. 
T, Bern (1), P. Kudela (2). I. Delvolve (3), J.-M. Cabelgucn*(3), O. Ekeberg (4)
and S. Grillner (5), (1) Inst, of Biocyb. and Biomed. Eng., Polish Ac. of Sciences 
Trojdena 4, 02-109 Warsaw, Poland, (2) Lab. of Medical Physics, Warsaw Univ., 
Warsaw, Poland (3) Lab. de Neurobiol. et Phys. Comp. Univ. Bordeaux 1, 
Arcachon, France, (4) Royal Inst, of Techn., Dept. of Numerical Analysis and 
(5) Karolinska Inst., Nobel Inst, for Neurophys., Stockholm, Sweden.

Our aim was to test the hypothesis that both swimming and stepping trunk 
motor patterns in the newt can be generated by a lamprey-like segmental network 
if it is influenced by the limb CPGs in a way depending on a locomotor mode. We 
have tested the influence of different spatio-temporal patterns of excitation and 
inhibition simulating a possible action of limb CPGs on a model of the trunk 
CPG basing on data for the CPG for swimming in the lamprey. The stepping 
trunk pattern is generated if (i) inhibitory connections of the segmental network 
have a mirror symmetry instead of a rostro-caudal anisotropy and (ii) a pattern of 
excitation has a form of a standing wave with two nodes which suggests that 
during ongoing stepping movements the network may be entrained by intraspinal 
stretch receptors. If the sensory entreintment has a form of a travelling wave with 
two discontinuities corresponding to the hypothetically stiffer parts of the trunk 
where the limbs are held against the body, a three-wave swimming pattern is 
generated.

We conclude that (i) basic features of both newt trunk patterns can be produced 
by a lamprey-like network and (ii) limb CPGs may influence the trunk CPG 
rather through sensoiy feedback than directly through propriospinal pathways. 
Supported by Swedish Institute.

CONTROL OF POSTURE AND MOVEMENT: COMPLEX ARM MOVEMENTS

811.1
Selective visual feedback disrupts coordination in two-joint, bilateral 
arm movements. T. Yoneda. K.K. Maitra, E. J. Park, J.D. Cooke*. 
Applied Health Sciences, University of Western Ontario, London, 
Canada.

Previous studies have shown that the coordination of movements about 
single joints (wrist or elbow) made simultaneously with both arms is 
disrupted by selective visual feedback arising from one arm alone. We 
have extended this to movements involving both the elbow and wrist. 
Subjects initially (n = 6; age 25 - 56; right handed) made bilateral flexion - 
extension movements of self-chosen amplitudes without visual guidance. 
Thereafter they performed 10, 30 and 50 deg movements about both the 
elbow and wrist with visual feedback of the movements being made by one 
arm. Visual feedback was provided on a computer screen on which a 
representation of the movement targets was also shown. Direct vision of 
the arms was blocked.

With no visual feedback, the timings and kinematics of the movements of 
the two arms were closely matched. With visual feedback from one arm 
this matching was disrupted. Movements about the elbow were 
consistently larger and faster for the non-guided arm. Compared to the 
visually guided arm, movements about the wrist of the non-guided arm 
were variable in amplitude and speed. Some subjects effectively restricted 
movement of the non-guided arm to movement about the elbow.

Bilateral movements involving two joints are closely coordinated in the 
absence of visual information. This coordination may utilise proprioceptive 
information. Visual information from one arm dominates the proprioceptive 
information and leads loss of coordination.

Supported by the Natural Sciences and Engineering Research Council, 
Canada

811.2
Effect of visual feedback on two-joint, bilateral arm movements of 
“self-selected” size. K.K Maitra* T. Yoneda, J.D. Cooke. Applied 
Health Sciences, University of Western Ontario, London, Canada.

Recent studies have shown that selective visual information disrupts 
the co-ordination of bilateral arm movements involving either a single 
joint or two joints in each arm. In these studies the sizes of the 
movements to be made were explicitly determined by the experimenter. 
In the present study we examined the effect of visual information when 
the sizes of the movements were selected by the subjects themselves. 
Subjects (n = 5; age 25 - 53; right handed) made simultaneous 
movements of both arms using both wrist and elbow. Subjects were 
asked to make “small", “medium" and “large" amplitude movements in 
the absence of visual feedback. Thereafter, they made movements of 
the same approximate sizes following presented targets. Visual 
feedback was given of movements made by one arm.

In the absence of visual feedback, movement about the elbow were 
consistent and graded. Movements about the wrist were relatively 
variable in amplitude and not graded. Both with and without the visual 
feedback, movements of the two arms were closely matched. Matching 
was better for movement around the elbow than the wrist and for the 
larger than the smaller movements.

Selective visual information had relatively little effect on the co-
ordination of these two-joint, bilateral movements. This is in contrast to 
other studies in which visual information disrupted co-ordination when 
movement sizes were imposed on the subjects.
Supported by the Natural Sciences and Engineering Research Council, 
Canada

811.3
PLANNING OF COMPLEX ARM MOVEMENTS CONTINUES AFTER 
MOVEMENT ONSET. E. Todorov, A. Siapas*, M. Jordan, Brain fc Cognitive 
Sciences, MIT, Cambridge MA. It is often assumed that movements of short 
duration are generated by a detailed ’’motor program”, that is formed prior to 
movement onset and contains sufficient detail to carry out the desired movement 
even in the absence of feedback. Kinematic regularities observed in simple tasks 
suggest that arm movements indeed follow a detailed plan, with possible on-
line corrections cancelling the error between hand and target. We show evidence 
that continuous, rapid (1-1.5 sec) movements through intermediate targets are 
being planned to a large extent on-line, and that the motor system is balancing 
its available resources between two competing processes - correcting deviations 
from the current target and planning the details of the rest of the movement.

Subjects moved a virtual cursor through a sequence of targets (T1-T5), 
whose locations were varied over trials. We displaced T4 in the middle of 
the saccade from T2 to T3, and restored its original location in the middle of 
the saccade from T3 to T4 (about 275 ms later). Since the hand was always 
close to the fixation point at saccade onset, T4 was displaced during the hand 
movement from T2 to T3. Thus the displacement of T4 was present only while 
the subject was fixating on T3 and moving the hand to it, i.e. no visual error in 
the movement towards T4 was introduced. Yet, the hand path was perturbed 
significantly in the direction of the displacement, consistent with the hypothesis 
that planning of each ’’segment” is completed while the previous one is executed.

Additional evidence for on-line planning is provided by the timing of eye 
movements. Eye fixation at a current target continued for 75 ms after the hand 
had passed through it, i.e. visual information in the vicinity of a target was 
processed after any corrections in the movement to that target could be imple-
mented. That delay was not fixed, but instead could be altered by a number of 
task manipulations; the delay was systematically longer when visual estimation 
and planning of the remaining part of the movement was more difficult.

811.4
THE TRACKING OF OBJECTS MOVING IN TWO DIMENSIONS
K.C. Engel, J.F. Soechting* Graduate Program in Neuroscience, University of
Minnesota, MN 55455

In previous work by other investigators the question of how the nervous system 
tracks a moving object with the hand has mostly been addressed in the context of 
one-dimensional movements. In these studies it was shown that the error signal 
used to guide the hand depends primarily on the distance and speed of the target 
in relation to the current hand position. The question of how one accomplishes 
the task of tracking an object moving in two-dimensions adds numerous degrees 
of complexity to the task. In two-dimensional tracking, further information 
beyond that necessary for one dimensional tracking include factors such as target 
direction, trajectory, and curvature.

We have begun to study the problem of tracking a target moving in two 
dimensions through the use of a touch sensitive computer monitor that can both 
present a moving target and record finger position as the subject tracks the target. 
Our initial experiments have looked at the tracking of an object as it moves 
initially at a constant velocity in a straight downward trajectory and then, at some 
random time, changes direction.

Preliminary results have shown that the visual-motor system is capable of 
anticipating the future position of an object based on its previous location and 
velocity. Furthermore, the system appears capable of computing the kinematics 
of an intercept trajectory, such that both the trajectory and velocity of the target 
are matched at the time of intercept. Subsequent experiments will look at factors 
such as: l)The effect of varying the velocity and acceleration of the target. 
2)Tracking an object as it moves in a curved trajectory. 3)Reducing the amount 
of visual information in relation to target position and trajectory.
Supported by Human Frontier Science Program.
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811.5
MODULATION OF SPINAL CORD OUTPUT DURING BIMANUAL
COORDINATION. R,G...Carin'. $, Rigk\ jtnd P, gaw^*. Dept. of Human

2
Movement Studies, The Univ. of Queensland, Brisbane, Qld, 4072, Australia. Sch. 
of Kinesiology, Simon Fraser Univ., Burnaby, BC, Canada, V5A 1S6.

Modes of bimanual coordination in which the limbs cycle in opposite directions 
(antiphase) are less stable than those in which the limbs move in the same direction 
(inphase). In order to understand contributions of the spinal cord circuitry to these 
tasks, the modulation of the H-reflexes and motor evoked potentials (MEPs) produced 
by transcranial magnetic stimulation (TMS) were examined. Four subjects produced 
coordinated movements which consisted of flexion and extension of the wrist in 
ipsilateral (right wrist only), contralateral (left wrist only), inphase (both wrists in a 
synchronous pattern), and antiphase (both wrists in an asynchronous pattern) 
conditions. In one session, TMS stimulated the left motor cortex to evoke MEPs in 
flexor carpi radialis (FCR); in another, the median nerve at the cubital fossa was 
stimulated electrically to elicit an H-reflex in the right FCR. Each movement cycle 
was divided into 8-segments. In total, 10 stimuli were delivered during each segment 
in each condition, at 2 movement frequencies. One subject participated in an 
additional session in which H-reflex and TMS responses were elicited on alternating 
trials for each set of movements.

Both the H-reflex and TMS responses were modulated during different phases of the 
cycle, and the patterns of modulation were essentially similar for both inputs, and for 
all four sets of movements. These modulations were independent of the background 
EMG activity suggesting premotoneuronal changes in excitability of the spinal cord 
during various phases of movement. The magnitudes of the responses to TMS were 
greater in the antiphase than in the inphase mode of coordination. On the other hand, 
the magnitude of the H-reflex responses were similar in the two conditions. These 
findings suggest that the excitability of the motor cortex may be greater during 
antiphase than inphase patterns of interlimb coordination. Contributions of the spinal 
cord to this differential effect are not ruled out.

Supported by the Australian Research Council and NSERC of Canada.

811.6
THE EFFECTS OF HEAD POSITION ON BIMANUAL COORDINATION. E.L, 
Flansburg, S.H. Brown*. Center for Human Motor Research, Division of 
Kinesiology, University of Michigan, Ann Arbor, MI 48109-2214.

In the absence of visual feedback, simultaneous limb movements are 
characterized by a high degree of spatial and temporal coupling. The extent to 
which bimanual coordination can be influenced by sensory feedback is still unclear. 
For example, we have demonstrated that spatio-temporal coupling can be disrupted 
by selective visual feedback (Flansburg et al., 1996). In the present study, the 
effects of sensory feedback generated by changes in head position were examined 
for muscle homologous elbow movements. Subjects grasped instrumented 
manipulanda which rotated about the elbow in the horizontal plane. Subjects made 
movements in the absence of visual feedback (eyes closed), and were instructed to 
make movements that were of the same amplitude and duration. In the first 
condition (static), movements were made with the head fixated in one of three 
positions: neutral, rotated to the right, or rotated to the left. In the second condition 
(head tracking), subjects were required to track the position of one arm by 
appropriate movement of the head (e.g. right extension accompanied by rightward 
rotation of the head).

Across all conditions, the matching of movement duration was 
unaffected by changes in head position. In contrast, subjects consistently made 
larger amplitude movements by both limbs when the head was rotated to either the 
right or left. This effect was most dramatic in the head tracking condition as 
opposed to when the head was held in a static position. Furthermore, in the head 
tracking condition, there was a tendency for the right arm to move farther than the 
left when the head was rotating to the right and vice versa for leftward head 
rotation. These findings support the notion that sensoiy feedback arising from head 
movement may influence the generation of voluntary motor output as has been 
shown for isometric force tasks (Shea et al., 1995).

811.7
CONTEXT EFFECTS IN PLANNING MOVEMENT SEQUENCES. L. 
Kalbfleisch, E.Roy*, and P. Weir. Department of Kinesiology, Univ. Of Waterloo, 
Waterloo, ON N2L 3G1

Movement planning has been examined using a sequential movement paradigm 
in which the characteristics of the second movement have been shown to affect 
planning of the first (e.g., Weir et al, 1995; Roy et al, in press). In this experiment 
the spatial precision requirements of the second relative to the first movement were 
examined. There were four conditions, three of which involved a two movement 
sequence. Using a mouse on a graphics tablet participants (10 university student) 
moved a cursor on a computer monitor from a central starting position to two 
targets situated on the midline, one placed 15 cm from the start and the second 
placed 15 cm ahead of the first. In all three conditions the first target was 10 mm 
in diameter, while the second target was the same size as the first in one condition 
and either larger (15 mm) or smaller (5 mm) than the first in the other two 
conditions. The control condition involved a single movement to the first target. 
Analyses of reaction time to initiate movement revealed no differences among the 
conditions, suggesting that neither the number of movement elements nor the 
relative spatial precision requirements of the movements in a sequence had an 
effect on this early phase of movement planning. Kinematic analyses of movement 
to the first target, however, revealed significantly smaller peak velocity and more 
time in deceleration for the single movements, while analyses comparing the three 
two movement sequences revealed a greater peak velocity for the movements in 
which the second target was the same size as the first. Two aspects of movement 
planning are revealed in these findings: 1) movements which must be terminated 
(i.e., single movements) are made more slowly and require more time in 
deceleration and 2) within a sequence the first movement element is made more 
quickly if the second shares the features of the first (i.e., the same target size). 
Funded by NSERC and the Ontario Mental Health Foundation.

811.8
HANDEDNESS AND TASK COMPLEXITY: THE RELATIONSHIP OF 
PREFERENCE AND PERFORMANCE. P.J. Bryden, E.A.Roy, M.P. Bryden,
R. Boucher, K.M. Pryde, J.S. Frank*. Department of Kinesiology, University of 
Waterloo, Waterloo, ON, N2L 3G1

Handedness has been examined using both preference and performance measures. 
Preference measures, however, are affected by the respondents’ interpretation of the 
response categories such as “always” or “some times” use one or the other hand 
for a particular task. One solution to this problem of subjectivity has been to 
develop performance measures of preference (e.g., Bryden & Edmonds, 1995; 
Bishop et al, 1996). In developing these measures it is important to consider task 
demands, since these have been found important in our work on performance 
measures (Roy et al, 1996; Roy, in press). Recently, we have developed a 
performance measure of preference in which task demands are a factor. In this task 
seven dowels were placed at 30° intervals from 90° to the left of the subject to 90° 
to the right. Participants were then asked to cany out some action on these dowels 
and we observed which hand the used to do so. The various actions involved 
simply touching the dowel, knocking it over with a sweeping motion, picking it up 
and tossing it on the table, and picking it up and placing it in a small receptacle. 
Subjects crossed the midline with their preferred hands far more often than with 
their nonpreferred hands. Furthermore, as task complexity increased, the preferred 
hand encroached further into contralateral space. These findings indicate that the 
region of space in which the preferred hand is used is larger for complex actions 
than for simple ones. Thus, performance and preference appear closely related. 
The hand which actually has an advantage in performing these more complex tasks 
is the one participants preferred to use when given a choice. Funded by grants from 
NSERC and the Ontario Mental Health Foundation.

811.9
TIMING VARIABILITY IN THE PERFORMANCE OF RHYTHMIC ARM 
MOVEMENTS. T. Liberzon*. K M. Jablonski and S.H, Brown. Center for Human 
Motor Research, Division of Kinesiology, Univ. Michigan, Ann Arbor, MI 48109.

The effects of rhythmic auditory cueing and spatial configuration on the 
performance of a sequential grasp and place task were examined in young, normal 
subjects. The task required picking up a series of eight balls from a midline 
position and placing them in a box located to the side or in front of the subject. 
Subjects were asked to move rhythmically at a comfortable speed with or without an 
auditory tone. Three spatial configurations were examined: side placement (SS). 
alternating side and forward placement (SF), side placement plus one forward 
placement (SSF). Tasks were performed from either a seated or standing position. 
Variability in timing intervals was calculated for each movement segment (time 
from grasp to release or release to grasp, MS) and for release to release intervals 
(RR).

Auditory cueing had no consistent effect on MS or RR timing variability 
regardless of spatial or postural configuration. As spatial complexity increased 
requiring a shift from a forward to side direction or vice versa (SSF, SF), an 
increase in timing variability was observed, both in the standing and seated 
positions. That is, variability increased during the grasp phase when the task 
required a change from forward to side or side to forward placement. Timing 
variability associated with ball release was smaller compared to MS variability 
across all spatial configurations.

The observation that an increase in variability was observed in seated conditions 
suggests that the timing of a complex motor sequence is influenced more by spatial 
rather than postural demands per se. Further, it would appear that the ability of 
external cueing to reduce timing variability is also affected by the spatial complexity 
of a motor sequence. (Supported by NIH)

811.10
BIMANUAL COORDINATION OF RHYTHMIC ARM MOVEMENTS IN 
HUMANS. F. Ullen*1,3, H. Ehrsson1'2 and H. Forssberg1,2. ‘Pent of Neuroscience and 
2Dept of Woman and Child Health, Karolinska Institute, S-171 77 Stockholm, Sweden 
and 3Inst for Biomusicology, Mid Sweden University, S-831 25 Ostersund, Sweden.

The movement patterns employed during rhythmic two-joint drumming movements 
with the hand and lower arm at different frequencies were recorded in professional 
musicians, with the main aim of characterizing how the movement patterns used during 
unimanual drumming are modulated in different types of bimanual coordination. 
Movement kinematics were recorded with the MacReflex system; in some cases, EMG 
recordings were also made from flexors and extensors at the elbow and wrist joints. 
Unimanual drumming with gradually increasing frequency and approximately constant 
intensity typically showed the following characteristics: (1) decreasing amplitude of 
the elbow flexion/extensions, (2) increasing amplitude of the wrist flexions/extensions, 
at higher frequencies (>3-4 Hz) and (3) decreasing amplitude and increasing speed of 
the hand movements. These characterics were qualitatively similar for both hands. 
Similar changes in movement pattern were also seen when sudden changes in 
frequency were performed. During bimanual drumming with increasing frequency, 
changes in movement amplitude and speed, as well as the transition from elbow 
movement to wrist movement were highly correlated between the hands, in particular if 
both hands were drumming at the same frequency (in phase or anti-phase). The linking 
of the activity on the two sides was typically less pronounced in complex modes of 
coordination, where the hands were drumming at different frequencies or changing 
frequency differentially. This could indicate that, in trained subjects, the involved 
neural circuits for the two arms can operate both in a more autonomous manner, as in 
complex polyrhythmic drumming, and strongly linked, as during drumming at the same 
frequency. The linking of activity between the sides could be both due to interactions 
between the neural circuits for each limb, and common central inputs to the two sides. 
Supported by the Swedish Medical Research Council (MRC MX-5925)
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811.11
VISUAL CONTROL OF REACHING TO SERIAL TARGETS.
M.A. Pizzimenti, D. Frerichs. W.G. Darling* Department of Exercise Science, 
University of Iowa, Iowa City, IA, 52242.

The role of vision in pointing tasks has been studied primarily for 
movements to a single target or to a repeated set of two targets. In this study 
we investigated a task of pointing to a series of targets under different visual 
conditions. We hypothesized that a visuomotor transformation is made such 
that each target-to-target movement in a series is programmed in advance of 
the movement to the first target.

Five subjects were instructed to accurately point to three targets, in the 
order they were presented, on a computer monitor equipped with a touch 
screen to record motions. The visual information available during movements 
was varied in 5 conditions: normal vision (V); after movement initiation, no 
vision (NV) or no targets visible (NT); while acquiring target 1, no vision 
(NV/1) or no targets visible (NT/1). Random ordering of different target 
combinations and visual conditions ensured that subjects could not predict 
the availability of visual information for each trial. Except for the full vision 
condition in which errors were similar for each serial target, errors in distance 
increased with increasing serial target number (p<.05). Movements to the 
first target were of similar accuracy (distance from the target center) in all 
conditions except NV/1. Errors in distance and reach directions for 
movements to serial targets 2 and 3 increased when visual information was 
altered. Furthermore, such errors were greater when the subject’s vision was 
obscured than when only the targets were extinguished and vision of the hand 
remained. These data suggest that sensorimotor transformations for 
movements to the first target are quite accurate. However, sensorimotor 
transformations generated for movements to targets 2 and 3 before 
movement initiation are inaccurate. There may also be improper updating of 
such transformations under conditions of altered vision.

811.12
ENTRAINMENT OF VOLUNTARY MOVEMENT BY RHYTHMIC 
AUDITORY INPUT. S.D.R.R. Makhamra, K.E, Pape, R.V. Harrison , A.W, 
Smith, P.W. Tsang and W.A. MacKay* Pent. of Physiology, University of 
Toronto, ON, Canada.

The present research examines the interactions between rhythmic 
sound patterns and rhythmic movement. It is hypothesized that there is an 
entrainment of rhythmic auditory input of the central pattern generators for 
movement when the temporal characteristics of the sound stimulus is similar to 
that of the ongoing voluntary movement. Subjects with no neurological 
impairment participated in a self-paced uni- and bimanual finger tapping 
experiment while listening to the following sound conditions: 1) sound 
feedback of the tapping; 2) no feedback of the tapping (white noise); 3) single 
beats; 4) rhythmic beats and 5) a sweep of beats with decreasing and increasing 
inter-beat interval. Preliminary results indicate that there is an entrainment of 
the tapping by the sound stimulus: subjects' tapping rate is either enhanced or 
delayed when the sound stimulus rate is within a window of 0.3 Hz of the rate 
of the ongoing finger movement. When the tapping is entrained to the sound 
stimulus the onset of the tap pressure is synchronous with the onset of the 
sound beat. This suggests the possibility of a natural conditioning of the 
tapping with the sound normally associated with it. These results may have 
implications for therapy in neuromuscular rehabilitation. Findings are in 
agreement with previous research indicating that rhythmic auditory stimuli 
may change the excitability of the monosynaptic tendon reflex and the H-reflex; 
and with clinical studies which have found rhythmic input to be effective in 
improving temporal and spatial gait parameters in patients with stroke, 
Parkinson's disease, and cerebral palsy.

811.13
Neuromagnetic  Field  Dynamics  During  Rhythmic  Sensorimotor  
Coordination
T. Holroyd*, J.A.S. Kelso, A. Fuchs, D. Cheyne^ and H. Weinberg^.
Program in Complex Systems and Brain Sciences, Center for Complex Systems, 
Florida Atlantic University, Boca Raton FL 33431 and f Simon Fraser University, 
Burnaby, B.C. Canada.

In order to investigate the dynamics of human auditory and sensorimotor 
areas during a rhythmic coordination task, magnetic brain activity was recorded 
using a whole-head, 64-channel SQuID magnetometer (CTF Systems Inc., Van-
couver) while subjects (N=3) performed right and left index finger flexions in 
time with an auditory metronome. Subjects began in an anti-phase coordination 
pattern and switched spontaneously to an in-phase pattern as the metronome 
frequency increased. Magnetic field measurements were decomposed linearly 
into auditory and motor components based on dipolar field patterns obtained 
from separate auditory- and motor-only control conditions, representing activa-
tion of primary auditory and sensory cortex, respectively. Frequency analysis of 
the resulting component dynamics revealed synchronized activity at the stim-
ulus frequency, with additional spectral peaks at twice the stimulus frequency 
in the motor components. The phase of the auditory component varied sys-
tematically with stimulus frequency as expected for activation of the auditory 
cortex at a constant latency, while the phase of the motor components dis-
played phase-locking and shifted abruptly at the same time as the behavioral 
anti-phase to in-phase switch; preceding this transition the variability of the 
phase increased in a manner consistent with a nonequilibrium, self-organizing 
system losing stability. Thus the complex spatiotemporal magnetic field of the 
human brain during this rhythmic task was decomposed into components whose 
dynamics yield insight into the organization of auditory-motor coordination. 
Supported by NIMH grant MH42900 and NIMH Training Grant MH19116.
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812.1
PREPARATORY SPINAL MOTION PRECEDES VOLUNTARY ARM 
MOVEMENT. P. W. Hodges, A. G. Cresswell, and A. Thorstensson*. Dept. of 
Neuroscience, Karolinska Institute, Box 5626, S-l 14 86, Stockholm, Sweden.

Feedforward activation of the trunk muscles precedes voluntary limb movement and 
is thought to contribute to preparing the body for the postural disturbance produced by 
the movement. Previous investigations of trunk motion associated with limb 
movement have produced conflicting explanations for the function of the preparatory 
trunk muscle activity. A detailed investigation of the kinematics of the perturbation to 
the spine and the potential for preparatory spinal motion was undertaken to resolve 
this issue (n=8). Optoelectronic registration of spinal motion involved 13 infra-red 
markers (Selspot) attached to specific sites over the spine, pelvis, thigh and arm. 
Spine, hip and shoulder motion was calculated for the performance of bilateral and 
unilateral shoulder flexion, abduction and extension. Measurement of transversus 
abdominis, obliquus externus and internus abdominis, rectus abdominis, lumbar 
erector spinae and deltoid electromyographic (EMG) activity was made using a 
combination of indwelling and surface electrodes. In addition, intra-abdominal 
pressure and ground reaction forces were measured. The results indicate that a small 
movement of the spine (0.5-2.5 degrees) occurs prior to the initiation of motion of the 
arm in the direction opposite to that expected from the reactive forces acting on the 
trunk as a result of limb movement. The magnitudes and onsets of EMG activity of 
the majority of the trunk muscles varied between movement directions and were 
appropriate to produce the observed motion. This was not true for transversus 
abdominis which maintained a consistent temporal relationship with deltoid, although 
its EMG magnitude was greater with flexion than extension. An increase in intra-
abdominal pressure also preceded the onset of arm movement and was greater in 
magnitude with flexion compared to extension or abduction. The results suggest that 
the feedforward activation of the trunk muscles is specifically linked with the control 
of spinal stability and not the control of the displacement of the centre of mass.
Funded by Wenner Gren Foundation and Swedish Council for Work Life Research.

812.2
ARE COMPLEX COMMANDS REQUIRED FOR THE CONTROL 
OF ARM MOVEMENT? P.L. Gribble1*, D.J. Ostry1, V, Sanguineti2, & 
R. Laboissiere3 1 McGill University, Montreal, Canada; 2 DIST, Genova, Italy; 
3 ICP, Grenoble, France.

It has been proposed that the control signals underlying arm movements have 
a non-monotonic time-varying form (Gomi & Kawato, 1996; Latash & Got-
tlieb, 1991), and a number of empirical findings have been offered in support 
of this idea. In this paper, we address this claim using a model of two-joint arm 
motion based on the A version of the equilibrium-point. (EP) hypothesis. The 
model includes six one- and two-joint, muscles, reflexes, modeled control signals, 
muscle properties and limb dynamics. First, we address the claim that non-
monotonic control signals are required in order to account for non-monotonic 
joint impedance patterns observed during multi-joint movement. We show, using 
constant-rate EP shifts, that patterns of predicted joint stiffness during simu-
lated movements match the empirical patterns. Second, we address the claim 
that high levels of stiffness are required to generate rapid single-joint movements 
using simple control signals. We show, again using constant-rate EP shifts, that 
predicted joint stiffness of single-joint movements of various speeds matches val-
ues reported empirically. Lastly, we show that when predicted stiffness patterns 
are used with the algorithms proposed by Gomi & Kawato and Latash & Got-
tlieb to infer hypothetical EP trajectories, non-monotonic functions similar to 
theirs are recovered. Thus, using simple control signals, we are able to reproduce 
kinematics, impedance patterns, and even reconstructed non-monotonic “control 
trajectories”. Algorithms to reconstruct control trajectories are sensitive to the 
way in which muscle properties are modeled — simplified muscle models require 
complex control signals to generate the torques which underlie movements.

This work was supported by NIH DC-00594, NSERC-Canada, and FCAR-Quebec.
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812.3
A CORTICO-SPINAL MODEL OF REACHING AND PROPRIOCEPTION 
UNDER MULTIPLE TASK CONSTRAINTS. Paul Cisek*, Stephen Grossberg, 
and Daniel Bullock. Center for Adaptive Systems, Boston University, Boston,
MA 02215.

A model of cortico-spinal trajectory generation for voluntary reaching 
movements is developed to explain diverse movement data. The model 
functionally interprets these data while explaining how network operations adapt 
arm movement commands to widely varying positional, speed, and force task 
constraints. Automatic and volitional gating mechanisms vary the balance of 
static and dynamic feedback information that are used to guide the movement 
command and to compensate for external forces. For example, as movement 
speeds increase, the system shifts from a feedback position controller to a 
feedforward trajectory generator with superimposed dynamics compensation. 
Simulations of the model illustrate how it reproduces the effects of elastic loads on 
fast movements, endpoint errors in Coriolis fields, and several effects of muscle 
tendon vibration, including tonic and antagonist vibration reflexes, position and 
movement illusions, effects of obstructing the tonic vibration reflex, and reaching 
undershoots caused by antagonist vibration. The model offers several hypotheses 
on the functionally motivated mechanisms that underlie these phenomena. 
Supported by the National Science Foundation (NSF IRI-90-24877 and NSF IRI- 
90-00530) and the Office of Naval Research (ONR N00014-92-J-1309, ONR 
N00014-92-J-4015, ONRN00014-93-1-1364, ONR N00014-95-1-0409).

812.4
ENDPOINTS OF PLANAR REACHING MOVEMENTS SHIFT DUE TO 
TRANSIENT DISTURBANCES. F.C. Popescu and W.Z. Rymer*, Sensory Motor 
Performance Program, Rehabilitation Institute of Chicago, Chicago, IL 60611, and 
Department of Mechanical Engineering, Northwestern Univ., Evanston, IL, 60208.
A single force pulse was unexpectedly applied to the human arm during repetition of a 
straight planar reaching movement of 10 cm, performed against a powered two link 
manipulandum, without vision of the limb. The pulse was perpendicular to the 
direction of motion and was small (10N, 10 ms), so that it was barely perceptible. In 4 
subjects, the endpoints of the perturbed motions were found to be statistically different 
from those of the unperturbed movements, producing a terminal error varying from 1- 
40% of the movement distance in 6 subjects, (mean 12.2% and standard deviation of 
9.8%). The error was not necessarily in the direction of the perturbation and did not 
decrease significantly with practice. This result is contrary to predictions of the 
Equilibrium Point Theory and cannot be accounted for by linear models such as spring- 
mass-damper commonly used to characterize impedance of the arm. To ensure that the 
observed endpoint shift was not due to a mid-course corrective voluntary reaction, we 
only accepted trials in which movements settled to a final position before such a 
voluntary response to the perturbation could begin. The minimum reaction time (RT) 
for each subject was determined in supplementary experiments in which the subjects 
were instructed to move to a new target if perturbed and to the old target if no 
perturbation was perceived. The perturbation trials were found to stop or slow greatly 
at the old target, then re-accelerate to the new one. Each subject’s average latency of 
this second motion was used to estimate the voluntary reaction time. The reaction time 
averaged across the 6 subjects was 316 +/- 37 ms. A direct implication of these results 
is that, in voluntary upper limb reaching movement, the 'spring-like' property of 
muscles and reflexes alone is not able to regulate the endpoint of a movement in the 
face of transient disturbances. Looking at the evolution of the direction of movement 
and the residual forces measured at the handle, it was found that the hand neither drifts 
towards the desired endpoint nor pushes the manipulandum towards it prior to coming 
to rest, removing the possibility that friction in the apparatus or high viscous forces in 
the muscle prevented the endpoint from being achieved. Supported by NIH NS 19331

812.5
Differential  control : a  general  rule  for  initiating  multijoint  arm  movements ? 
J.C.Galloway* & G.F.Koshland. Physiol. Sci. Program, Univ. of Arizona, Tucson, AZ 85734

In multijoint movements, muscle torque and motion-dependent torques can interact 
differently at adjacent joints within an individual movement (Hoy et al 1985, Virji-Babul and 
Cooke 1995). These complex interactions may reveal important rules for multijoint aim 
control. The purpose of this study was to test the hypothesis that the nervous system 
selects muscle torque to serve fundamentally different roles at the shoulder and elbow 
joint as a general rule for initiating arm movements. This hypothesis predicts that at one 
joint (the ‘Launcher’), joint motion will be detemnined predominately by this joint’s muscle 
torque as evidenced by a strong positive correlation between joint velocity and muscle 
torque. At the other joint (the 'Responder'), joint motion will be determined predominately 
by motion-dependent torques. Consequently, muscle torque and velocity will not be 
correlated strongly.

Subjects performed fast horizontal pointing movements from a common initial position to 
equidistant targets across 12 directions. For each trial, generalized muscle torque and 
joint velocity were compared up to the time of peak linear acceleration of the fingertip for 
the shoulder and elbow joints, in each movement to 10/12 directions, one joint was 
identified as 'launched with the other joint a ‘responder1. Of these directions, subjects had 
at least 2 directions in which the elbow joint was launcher with the shoulder joint launching 
the remainder. In 2/12 directions, a determination of launcher or responder was unclear at 
one or both joints and may represent transitions. These preliminary results show that, in 
movements across multiple directions, muscle torque is primarily determining initial joint 
velocity at one joint whereas muscle torque is countering motion-dependent effects at the 
other. We propose this ‘differential control’ of muscle torque at adjacent joints may be a 
general rule used by the nervous system to deal with complex multijoint mechanics.
NIH 5T32NS0730909, APTA Neurology Section

812.6
TRIAL-TO-TRIAL DIFFERENCES IN MUSCLE TORQUES DURING THREE- 
JOINT ARM MOVEMENTS. G.F. Koshland*. B. Marasli and A. Arabyan. Dept. 
Physiology, Univ. Arizona, Tucson, AZ 85724

Muscle activities often differ between repetitive trials of the same task. For 
multijoint movements, a small difference in muscle activities and torque at one joint 
does not necessarily produce a linearly related change at all joints. This implies that 
small differences in muscle activities or torques at a joint can lead to small, large, or 
no difference in resultant hand trajectory. Simulations were performed using a three 
rigid-link model to address two questions; 1) Are the consequences of trial-to-trial 
differences in muscle torques uniform across all directions, or are the consequences 
systematically different for certain directions? 2) Are the consequences across target 
direction different for trial-to-trial changes in amplitude vs timing of muscle torques?

Two subjects pointed to 12 directions in the horizontal plane. The muscle torques 
at the shoulder, elbow, and wrist joints were computed and used as inputs for the 
computer model. The muscle torque at a single joint was subsequently altered by 
increasing or decreasing amplitude 20%, 30%, or by advancing or delaying the 
torque 50ms or 100ms. For each simulation, the altered torque produced relatively 
large changes in position and speed of the finger tip at 1/4 path towards several 
directions. For the remaining directions, negligible change in finger tip position or 
speed occurred. These findings suggest that imprecise inputs to the arm 
musculoskeletal system will not result in uniform inaccuracies across directions. 
Moreover, the central nervous system, as a controller, can allow imprecise inputs 
for some directions with no apparent consequence. In general, timing shifts 
produced much greater effects on both path position and speed than amplitude 
changes. These results argue against a strategy in which amplitude modulation is 
used to regulate speed and timing modulation is used to regulate position along a 
path.

812.7
A MODEL OF BIMANUAL COORDINATION IN SELF-REACHING.
D. S. Farrar* and D. Zipser. Department of Cognitive Science, University of 
California, San Diego. La Jolla, CA 92093-0515.

Reaching has traditionally been viewed as a movement directed toward a 
visual target external to the body. It is also possible to reach for a target on one’s 
own body - for example, when we scratch an itch on one arm with the other hand. 
In this case somatotopic and proprioceptive sensations can be used to guide the 
direction of movement. During self-reaching, the entire body posture can change. 
Although the target’s location on the body surface stays constant, its location in 
external space may vary. Both arms generally move in a coordinated way to bring 
a target site (such as an itch) and a contact point (such as the hand) together. The 
motor system is capable of planning this movement so as to avoid unnecessary self-
collisions. We ask the question, what kinds of neural computation are necessary 
for bimanual coordination and the avoidance of self-collisions? What are the brain 
mechanisms supporting these computations?

To formally address these questions we propose an artificial neural network 
model which is optimized to emulate the non-colliding, self-reaching behavior 
required by the “scratch-an-itch” task. The model controls a simple, two-armed 
body with four degrees of freedom. The model is provided with a somatosensory 
image of the body surface, and with proprioceptive information about the angles of 
its arm joints. After training, the model’s internal representations are of a kind that 
could be used by the motor, supplementary motor, somatosensory, and other 
cortices during reaching. Because the self-reaching problem involves nontrivial 
sequencing and coordination, a neural network model trained to solve this problem 
may also shed some light on the neural mechanisms underlying other sequential 
“planning” processes.

ACKNOWLEDGEMENTS: Ford Foundation Predoctoral Fellowship and NSF 
Training Grant to DSF.

812.8
A MODEL THAT SOLVES THE ILL-POSED MULTI-JOINT 
REACHING PROBLEM AND ALSO ACCOUNTS FOR 
THE PROPERTIES OF Ml NEURONS. Elizabeth B. Torres* 
and David Zipser. Department of Cognitive Science, University of 
California, San Diego. La Jolla, CA 92093-0515.

The primate arm has more degrees of freedom than there are 
dimensions in the space in which it moves. This leads to the ill-posed 
geometric problem of choosing joint angles from an infinite set of 
possibilities when generating reaching trajectories. We solved this 
problem by using gradient descent in joint angle space to minimize the 
distance in physical space between the current hand position and the 
target. This provides enough constraints to choose joint angle changes 
that generate reaching trajectories. The path of these trajectories, the 
postures as the arm moves and the final arm configuration all depend on 
the starting arm configuration and the target position, as has been found 
experimentally.

The gradient descent principle was used to train a feed forward neural 
network to output a set of joint angle changes that could be used to 
generate reaching trajectories. These trajectories resemble those 
observed experimentally. The model hidden units behave much like 
those in Ml during reaching experiments. They have preferred 
directions, are approximately sinusoidally tuned, and the population 
vector points in the direction of movement. This result leads to a 
possible new interpretation of the role of Ml neurons. Namely, that 
they solve the redundant joint angel problem and provide information 
that can be used to easily compute individual joint rotations during arm 
movement.
Supported by NRSA Pre-Doctoral Fellowship 5 F31 NS 10109-02

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM CONTROL OF POSTURE AND MOVEMENT: REACHING 2089

812.9
REACHING BEYOND REACH. M. Flanders*. L. Daghestani, and A.C. League. 
Physiology Dept., Univ. Minnesota, Minneapolis MN 55455 
The coordination of eye/head/body and arm movement was investigated by asking 

subjects to reach to visible or virtual targets placed slightly beyond reach. Subjects 
took one step and placed the tip of a pen at the real or remembered target location. 
Errors in the eyes-closed condition (gray stick figures) appeared to be related to a 
tendency to hold the head more horizontal than in the control condition (black stick 
figures). The figures exhibit final postures for three representative pairs of trials.

812.10
QUANTITATIVE EXAMINATIONS OF COMPUTATIONAL MODELS FOR ARM 
TRAJECTORY PLANNING. E,_NakanP12%K-Qsu3, H. Imamizu3. Y. Uno4. H. 
Gomi5. T. Yoshioka3, & M. Kawato1. ’ATR HIP, Kyoto, 2Kobe Univ., 3ERATO, 
KDB, JST, Kyoto, 4Toyohashi Univ., 5NTT Basic Res. Labs. Kanagawa, Japan.

For explaining multi-joint arm trajectory planning, minimum jerk model (Flash & 
Hogan, 1985) and minimum torque change model (Uno et al., 1989) have been 
proposed. The minimum jerk trajectory depends merely on start position, via-point 
and end position in the extrinsic space, while, in addition to these, the minimum 
torque change trajectory depends on the arm posture in intrinsic space, the arm 
dynamics, the external force and movement duration. Uno et al. (1989) has 
already shown that actual data verify these dynamic dependences. However, there 
has been no quantitative and statistical study that compares the two predicted 
trajectories when using a large amount of data. Furthermore, the values of inertia 
and viscosity used in Uno et al. (1989) can now be considered inappropriate in the 
light of current knowledge. In unconstrained and via-point movement, we 
examined both models by using numerous measured trajectories and reasonable 
values of inertia and viscosity (unconstrained tasks: 200 trials within horizontal 
and vertical planes, 3 subjects, via-point tasks: 11 via-points, and 6 trials each 
within horizontal plane, 2 subjects). The effect of learning was also examined in 
via-point tasks. In unconstrained tasks, the measured trajectories were statistically 
shown to be closer to the minimum torque change model (a curvature: pc.OOl, the 
squared error between measured and predicted one: p<.OO5-.O5, the torque profile: 
pc.OOl). In via-point tasks, the position of maximum curvature and the timing of 
maximum tangential velocity were skewed even if the via-points were 
symmetrically set to the line connecting start and end points. In adition the single- 
peaked and double-peaked velocity profiles were not distributed symmetrically. 
The minimum torque change model did predict these, but not the minimum jerk 
model. Furthermore, we confirmed that the learning caused the measured paths, 
velocity and torque profiles to approach to those of the minimum torque change 
trajectories. (Supported by HFSP)

812.11
REACHING ERRORS DEPEND ON SPEED OF ILLUSORY SELF-ROTATION: 
AUTOMATIC, GRADED PRE-PLANNING OF COMPENSATIONS FOR 
EXPECTED CORIOLIS FORCE PERTURBATIONS. J.V. Cohn*. P. DiZio, J.R. 
Lackner. Ashton Graybiel Spatial Orientation Laboratory and Volen Center for 
Complex Systems, Brandeis University, Waltham, MA 02254.

Reaching forward during body rotation generates a transient profile of lateral 
Coriolis forces (CFs) on the arm proportional to its velocity and to body rotational 
velocity. Subjects passively rotated leftward in a manner that denies them sensory 
information about rotation make reaching errors rightward in the direction of the CFs 
generated. By Contrast, during leftward illusory self-rotation induced by a rotating 
visual scene no Coriolis forces are generated but leftward deviations of reaching 
endpoint and trajectory occur. These errors are mirror-image to the ones that occur 
during real leftward rotation and are opposite to the direction of CFs generated by real 
leftward self-rotation. This means muscle commands are automatically pre-planned to 
compensate for the CFs associated with the direction of body rotation currently being 
signalled to the central nervous system.

Here, we examined reaching for visual targets without sight of the hand during 
illusory self-rotation induced by different speeds of scene motion. 12 stationary 
subjects viewed a 140° wide helmet-mounted display showing video images of a 
cluttered room rotating to the right at 30, 60, 90 and 120°/s, with each speed presented 
first to subsets of three subjects to control for order effects. At all speeds, leftward 
self-rotation and self-displacement were experienced and reaching endpoints were 
deviated leftward. These leftward endpoint errors were significant at 30%, larger at 
60%, and plateaued at higher speeds. To further examine response grading, three 
additional subjects were presented with 45% scene rotation. Their leftward endpoint 
errors fell midway between those of the subjects exposed initially to 30 and 60% 
scene rotation. The results mean that the central nervous system generates automatic, 
context specific compensations for CFs that are graded up to 60%.

Supported by NASA grants NAGW-4374 and NAGW-4375.

812.12
SPEED ACCURACY TRADE-OFFS FOR 

WRIST, ELBOW AND SHOULDER MOVEMENTS.
R.A, States*. C.E. Wright. J.M, Cissik. H.W, Gorde. J.K, Alexander. 
Department of Health & Kinesiology, Texas A & M Univeristy, College 
Station, TX 77843.

Models of speed accuracy trade-offs (SAT’s) assume that movement 
distance and target width, defined in an extrinsic coordinate frame, are 
the controlled variables. Contrary to this assumption, speed and accu-
racy measures vary for multi-joint movements of a given distance and 
target width when made in different directions or in different parts of 
the workspace. This study questions whether factors related to the 
observed joint coordination can account for these performance differ-
ences. We begin by characterizing SAT’s in single-joint movements.

SAT’s were observed as four subjects performed single-joint wrist, 
elbow and shoulder movements. Several angular distances and target 
widths were tested at each joint for both flexion and extension. Re-
gression modeling determined which of several factors best accounted 
for movement time (MT) variation. As expected, index of difficulty was 
a significant predictor, however, MT also depended strongly on joint 
identity, and less consistently, on direction of joint motion.

These results challenge existing models by suggesting that SAT’s 
depend on which joints are recruited and the magnitudes of their con-
tributions. Continuing research aims to improve SAT models for single 
& multi-joint movements by incorporating data about joint coordination.

Funded in part by NSF grant #SBR-9632058.

812.13
THE RELATION BETWEEN INDIVIDUAL JOINT KINEMATICS 
AND THE MINIMAL JERK PRINCIPLE AS APPLIED TO THE 
HAND DURING PLANAR MOVEMENTS. Laczko J *, Jaric S, 
Latash ML, Zatsiorsky VM. Hungarian University of Physical 
Education, Budapest, Hungary; University of Belgrade, Yugoslavia; 
The Pennsylvania State University, University Park, PA, USA.

Kinematically, jerk of the endpoint of a multi-joint kinematic limb 
depends upon the system's Jacobian, its first and second derivatives, 
angular velocities, accelerations, and jerks. We investigated how the jerk 
of the endpoint depended upon different derivatives of joint angles.

The subjects practiced movements of a standard computer mouse 
instrumented with miniature accelerometers from an initial to a final 
position while going around three obstacles. Shoulder, elbow, and wrist 
joint angles were measured with two-axes goniometers. The jerk of the 
endpoint (the mouse) was computed using two different methods: (a) as 
a derivative of the measured vector of the endpoint acceleration; and (b) 
as a sum of three components: Ja'" + 2J'a"+J"a' where J, J', and J" 
are Jacobian and its time derivatives, while a", and a'" are vectors 
of joint velocity, acceleration, and jerk, respectively. The comparison of 
the two methods shows that the first component in method (b) dominates 
while the second and third components are insignificant. Thus the jerk of 
the endpoint is determined by the Jacobian and the angular jerks in the 
individual joints. This finding suggests, in particular, that the minimum- 
jerk hypothesis can be satisfied by minimization of / IJa"'l2 dt.
Supported by NIH grants HD-30128 and NS-35032 and Hungarian grant MKM 282.

812.14
VECTOR ANALYSIS OF INDEPENDENT KINEMATIC SYNERGIES IN 
ARM-REACHING MOVEMENTS INVOLVING THE TRUNK. P. Pigeon*,
L.H. Yahia, A.B. Mitnitski and A.G. Feldman. Centre de Recherche, Institut de 
readaptation de Montreal, Montreal, Quebec, Canada, H3S 2J4.

The control of kinematically redundant motor systems may be simplified by the 
use of independent synergies that coordinate a reduced number of degrees-of- 
freedom. In arm-reaching movements involving the trunk, two such synergies 
may be used: one synergy involves only arm joints to produce an arm endpoint 
trajectory (the arm reaching synergy), while the other coordinates movements of 
the trunk and arm joints leaving the position of the arm endpoint unchanged (the 
compensatory synergy). To investigate whether these synergies can be accurately 
described as vectors in joint space, elbow, shoulder and trunk angles were 
recorded during reaching tasks involving the trunk. Subjects made fast planar 
movements of the index finger (the arm endpoint) from a near to a far target 
situated in the ipsilateral workspace at a 45° angle to the sagittal midline of the 
trunk. The arm movements were performed alone (control movements) or 
combined with a forward (in-phase movements) or a backward (out-of-phase 
movements) sagittal motion of the trunk. The movements were repeated with 
vision blocked upon initiation of the arm endpoint movement. Principal 
component analysis of elbow, shoulder and trunk angles recorded during control 
and combined movements generated vectors associated to the arm-reaching and 
compensatory synergies, as well as to the combined movements of endpoint and 
trunk. Substracting the arm-reaching vector from that of the combined 
movements in both visual conditions produced a resultant vector which formed an 
angle of less than 12° with the compensatory vector, suggesting that these are the 
same vector. This result supports the hypothesis the two synergies may be 
described as vectors in joint space and can be used independently or combined 
through linear summation. Supported by NSERC, MRC and FCAR grants.
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812.15
ITERATED HUMAN ARM MOVEMENTS CONVERGE TO A LINEAR 
COMBINATION OF TWO ELEMENTARY MOTOR PATTERNS.
T. D. Sanger*. MIT Room E25-526, Cambridge, MA 02139.

A new method for analyzing kinematic patterns during smooth human arm 
movements is proposed. At the start of a block of trials, a smooth curve was 
generated randomly and presented' on a video screen. 5 female and 3 male sub-
jects were asked to move the end of a two-joint manipulandum rapidly so that a 
corresponding point on the screen traced the target curve in less than 0.5 sec-
onds. The resulting hand movement was then presented as the desired curve for 
the next trial, and so forth until the curves converged over time to stable repeat- 
able movements. The stable curves were, in general, quite different from the 
initial random curves. This iterated practice was repeated in blocks of 20 trials 
in which each trial's target movement was the result of the preceding trial. Each 
block was initiated with a new randomly-chosen curve.

Each movement trial was represented by a set of (x,y) points. 50 points were 
chosen along the movement path and used to generate a 100-element vector. For 
each subject, the principal components of the initial movements for all blocks 
were calculated, and it was found that a linear combination of the first 5 princi-
pal components accounted for over 95% of the data variance. Further, it was 
found that during each block of trials, succeeding movements could be approxi-
mated with progressively fewer components, and on average all blocks of trials 
converged over time toward a repeatable linear combination of the first 2 princi-
pal components.

It is suggested that this remarkable convergence of the movement trajectories 
toward a very low dimensional linear space may be the result of a computational 
simplification used by the human motor system when making smooth patterned 
movements.

This research was supported by NIH grant MH481185 and ONR grant 
N00014-95-1-0445 to Dr. Emilio Bizzi.

812.16
COMPARISON OF VARIABILITY OF INITIAL KINEMATICS AND 
ENDPOINTS OF REACHING MOVEMENTS. J.Y, Messier* et J.F, Kalaska. CRSN, 
Dept. de Physiologie, U.' Montreal, Quebec, Canada H3C 3J7
Invariant patterns in the distribution of the endpoints and the patterns of errors of 
reaching movements have been used to infer the nature of the general organizing rules 
and sensorimotor tranformations by which the CNS plans and executes movements. 
If the dispersion of endpoints of reaching movements are mostly related to movement 
planning and consequently predetermined before the initiation of movement, then the 
initial kinematics of pointing movement should predict the endpoint distribution. This 
study examined this hypothesis by testing the interdependency between endpoint 
variability and the variability patterns of the (x,y) coordinates of positions of peak 
acceleration and velocity. Subjects made planar horizontal reaching movements to 25 
targets located at 5 different distances and directions without visual feedback during 
the movements, but they were shown their movement trajectory after each trial 
(Neurosc. Abst. 22:1639(1996)). Principal component analysis revealed that the 
spatial dispersion of the positions of these three events (peak acceleration, peak 
velocity and endpoint) were similar, in that they all tended to form ellipses oriented 
along the movement trajectory. Trial-by-trial analysis also found a high correlation 
between the (x,y) positions of the peak acceleration and peak velocity, but did not find 
high correlations between those two parameters and the (x,y) coordinates of the 
endpoint of each trial. Therefore, certain features of the spatial distribution of 
endpoints are evident in the early kinematics of the movements, as predicted by the 
hypothesis that they reflect planning processes. However the lack of a simple 
correspondence of the spatial distribution of the peaks of acceleration, velocity and 
endpoints indicates that the endpoints of the movements were not completely 
predetermined by the initial kinematics in a simple "ballistic" manner. Supported by 
MRC Group Grant in Neurological Sciences (JK), and FCAR studentship (JM).

812.17
USING INVARIANT FEATURES OF VOLUNTARY MOVEMENTS TO 
PREDICT HAND TRAJECTORIES. P.W. Franklin and T.E. Milner*. School of 
Kinesiology, Simon Fraser University, Burnaby, BC V5A 1S6.

Self-paced and rapid voluntary arm movements tend to have a very stereotyped 
velocity profile. When normalized in amplitude and duration, the profiles of 
movements in a particular direction are nearly identical. We exploited this invariance 
to predict the future evolution of the hand trajectory for periods of up to 100 ms.

Subjects moved a joystick from an initial position to a target position in a two- 
dimensional workspace. They were provided with knowledge of results of their peak 
velocity and instructed to reproduce similar velocities from trial to trial, such that the 
peak velocity would fall within a prescribed window. The velocity profiles of 10 
acceptable movements were averaged and used to generate a template. The template 
was scaled in amplitude and duration to produce a set of profiles, all achieving the 
same movement distance, which were stored for future reference.

Several points along the actual trajectory were selected as prediction onsets. As the 
movement evolved, the velocity was compared to the velocity of each stored profile at 
a few select points along the trajectory. The stored profile which best matched the 
actual profile up to the time of prediction onset was determined. This profile was then 
used to predict the trajectory for a subsequent period of 100 ms.

Experiments were carried out on 5 subjects, using 2 orthogonal movement directions 
and 2 hand speeds. The position error after 100 ms depended on when the prediction 
had been made. The earlier, in the movement, the greater the error. However, once the 
trajectory had passed the midpoint of the movement, i.e., the point of peak velocity, 
the error remained relatively constant. Using this method, we were able to predict the 
actual handpath with a cumulative error of less than 3 mm over 100 ms By refining 
the approach, we expect to achieve errors of less than half this value. The ability to 
accurately predict trajectories in two dimensions will allow the viscoelastic properties 
of the arm to be determined with greater accuracy during voluntary movement, using 
servo-controlled displacement of the hand. (Research supported by NSERC)

812.18
KEY ASPECTS OF REACHING IN SKILLED RATS. J, G. Keating* and G. L. 
Gerstein. Deptartinent of Neuroscience, University of Pennsylvania, Philadelphia, 
PA 19104.

A rat's reach for a food pellet is a complex and highly demanding task that has 
been extensively studied (e.g.,Whishaw & Pelhs, Behav. Brain Res. 1990). We are 
engaged in using this behavior to examine the relationship between the activity of 
assemblies of neurons in sensorimotor cortex and motor performance.

We used a capacitive proximity switch to detect the approach of the rat's paw and 
trigger video image capture. Rats reached through an 8mm wide opening in a wire 
cage to grasp and retrieve 40mg food pellets off the top of the proximity switch.

Both skilled (n=2) and neophyte (n=2) rats extended their digits during the 
approach. Neophyte rats swiped at the pellet, closing the digits only on contact. 
Skilled rats snapped their digits closed when attempting to grasp the pellet, often 
with the snap starting before contact was made. No preshaping of the digits was 
seen for either group. The skilled rats developed a "grasp cycle" approach. Reach 
attempts having as many as 8 cycles were seen. A cycle consisted of the rat 
extending its digits while approaching the target, snapping its digits closed at or 
near the target, and withdrawing its paw (but not all the way back into the cage). 
Typical cycles had proximity times of 40-80ms (paw within ~8mm of the pellet), 
and off times of 50-200ms. Successful grasping of the pellet resulted in withdrawal 
of the paw into the cage, and transport of the pellet to the mouth. Unsuccessful 
attempts, even those contacting the pellet, were usually followed by another cycle. 
Often accurately targeted and timed grasps were generated even though the pellet 
had been knocked off on a previous cycle.

The results suggest two key aspects of this skill: (1) linking digit closure to 
position, rather than target contact; and (2) using appropriate target contact to stop 
the grasping cycle, and start retrieval. We are investigating whether such events 
are reflected in sensorimotor cortex activity. [NIH MH 46428; NIH DC 01249]
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813.1
THE EFFECT OF AGE ON HANDLING SMALL OBJECTS: FAILURE 
TO SUPPORT THE THEORY OF IMPAIRED SENSORY-MOTOR 
INTEGRATION. K.J. Cole*, D.L. Rotella and J.G. Harper. Dept. Exercise 
Science, The University of Iowa, Iowa City, IA 52242.

Impaired dexterity in old age may result from well-known changes in 
hand sensory functioning. If so, older adults should show increased 
difficulty handling small objects without vision. Such tasks have proved 
effective for revealing cutaneous sensory impairments of the digits.

We measured the time human subjects (N=62; 22 -86 yr) used to grasp a 
small (20 mm dia.) polished steel sphere between their thumb and index 
finger with and without vision of the hand and sphere. Subjects quickly 
reached for, grasped, and transported the sphere to a receptacle. We 
measured the interval that began with first touch and ended when the 
sphere was lifted. Load cells and accelerometers embedded in the support 
surface permitted these measurements.

The time required to grasp the sphere increased with age (194, 252 and 
323 ms for ages 22 -49, 50-59, and 60-86 yrs, respectively; p<.0001) and 
when vision was not allowed (170 and 343 ms for vision and no vision, 
respectively; pc.00001). Without vision the older subject groups required 
no more time to grasp the sphere than predicted from the general age- 
related slowing evident when vision was allowed. The ratio formed by 
dividing the times measured for the nonvision and vision conditions did 
not differ across the three age groups (1.99, 1.89, and 1.92 for 22 -49, SO- 
59, and 60-86 yrs, respectively; pc.91). We conclude that cutaneous 
information is available in old age and used appropriately for handling 
small objects.
Supported by PHS Grant NIH R01 AG12557.

813.2
ACTIVITY OF BACK MUSCLES DURING REPETITIVE HAND 
MOVEMENTS. M. Zedka*, A. Prochazka. Division of Neuroscience, 
University of Alberta, Edmonton, T6G 2S2, Canada.

Phasic activity in human erector spinae muscle (ES) was studied during 
repetitive hand movements. These were elicited voluntarily by the subject or 
induced passively by the experimenter, through a servo motor or through 
electrical stimulation of forearm muscles. The goal was to determine whether 
the activation of ES was of supraspinal, intersegmental or segmental origin. 
Wrist angle, head acceleration and lumbar trunk acceleration were measured 
along with ES and wrist extensor electromyogram (EMG). Spectral analysis 
was performed to determine the frequency components of the mechanical 
and EMG signals accompanying hand movements. ES EMG bursts were 
always entrained to hand movements. This was true even when imposed 
hand movement frequencies far exceeded those attainable voluntarily either 
for the hand or the back. This showed that ES EMG responses could be 
evoked by the hand movements even when these were not generated by 
descending neural commands. Activation of ES via proprioceptive signals 
from the forearm was unlikely since a) simultaneous electrical stimulation of 
wrist extensor and wrist flexor muscles did not result in repetitive ES EMG 
bursting; b) cyclical vibration of the wrist extensors did not evoke ES EMG 
bursting; c) when the forearm was constrained and the hand was moved 
passively, the lower trunk accelerations and cyclical ES EMG both occurred 
at a harmonic of the hand movement frequency. We conclude that the 
repetitive ES EMG bursting during hand movements was likely due to a local 
segmental reflex rather than to descending commands. Remote mechanical 
oscillations of the trunk caused by hand movements evidently elicited 
proprioceptive reflexes in ES which presumably contributed to trunk 
stabilization.
Supported by AHFMR and Canadian MRC.
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813.3
THE ROLE OF THE TRUNK IN PREHENSILE ACTIONS. R. D. 
Seidler-Dobrin* and G. E. Stelmach. Motor Control Laboratory, 
Arizona State University, Tempe, AZ 85287-0404.

We sought to determine the manner in which an additional degree of 
freedom, trunk flexion, is incorporated into a prehension task when an object is 
located beyond the reach of the arm. In order to determine whether the trunk 
musculature participates in modulating performance in response to task 
constraints, we varied the temporal requirements of the prehension task. 
Multiple regression analyses revealed that the arm was more involved in 
modulating the hand transport in conditions requiring precise timing, probably 
because its lower inertia allows for rapid modulation. In contrast, the trunk 
played a larger role when subjects were free to move at a comfortable pace, 
presumably because the requirement for rapid modulation was reduced. 
Aperture formation was highly correlated with the hand transport. Whether the 
trunk or the wrist motion was highly correlated with the aperture depended on 
their role in transport of the hand to the target object. Wrist motion relative to 
the trunk exhibited a high frequency corrective component, suggesting that the 
arm musculature is responsible for compensating for the variability of the trunk 
motion, maintaining a smooth endpoint transport. The results suggest that the 
two task components of hand transport and grasp formation remain invariant in 
prehension movements involving the trunk. When required to extend the 
reach, the trunk plays only a general transport role, while the arm modulates 
the relative timing and compensates for trunk variability, resulting in a smooth 
hand trajectory.
Supported by the Flinn Foundation and NINDS NS 17421

813.4
PREHENSION INVOLVING THE TRUNK: ACCURACY AND TEMPORAL 
CONSTRAINTS INFLUENCE TRUNK KINEMATICS. J. Wang and G. E. 
Stelmach*. Motor Control Laboratory, Arizona State Univ., Tempe, AZ 85287.

Prehension has been extensively studied to understand the representations used 
by the central nervous system to program and coordinate multijoint movements. 
When an object is located beyond the arm’s reach, the trunk becomes involved in 
transporting the hand to the object. The present study examined the changes in 
kinematic properties related to the grasp and transport components when the 
object was located beyond the arm’s reach. Subjects were asked to reach for and 
grasp either a small or a large object either at a comfortable or fast speed. For the 
grasp component, relative time to peak aperture became shorter as the object size 
decreased and as the speed increased. For the transport component, relative time 
to peak velocity of both wrist and trunk became shorter as the object size 
decreased and as the speed increased. Peak velocity of the trunk increased as the 
reaching speed increased although it was not altered by the size of the object. Both 
the absolute and relative time to peak velocity of the trunk were significantly 
correlated with those to peak aperture, indicating that the grasp aperture was 
temporally coupled with the trunk motion. Regression analyses showed that the 
contribution of the trunk to the reach decreased as the object size decreased and 
as the reaching speed increased. Despite what has been recently suggested in the 
literature, these results suggest that when the trunk participates in extending the 
reach, both wrist and trunk are temporally coupled with the grasp component. In 
addition, the contribution of the trunk to the reach reduces when the accuracy and 
temporal constraints are increased.
This research supported by NINDS 17421 and Flinn Foundation.

813.5
COORDINATION OF A PREHENSILE ACTION DURING 
OBSTACLE AVOIDANCE J,L, Altos,t-M, Soling & O,E, Stelmach 
Motor Control Laboratory, Arizona State University, Tempe, AZ 85287.

Previously our laboratory has shown that grasp adjustment is guided by 
transport constraints. The aim of this study was to determine if altering the 
transport by obstacle placement differentially affected the temporal and spatial 
relationship between the transport and aperture components. Transport 
alteration was accomplished by placing an obstacle at either 10 (near) or 20 cm 
(far) from the hand starting position. The different obstacle locations produced 
dramatically different wrist paths. Results indicated that reaches over the near 
obstacle significantly prolonged transport time and time to peak velocity in 
comparison to reaches over the far obstacle. The aperture component 
displayed a similar pattern; reaches over the near obstacle resulted in a 
prolongation of grip duration, time to peak aperture, and time to peak opening 
and closing velocity. Grip closing velocity was similar in each obstacle 
location condition. Analysis of closure distance revealed that the onset of 
closure occurred at approximately the same distance from the object regardless 
of obstacle location. Closure time was similar for each obstacle location.
These results suggest that modifications are made during the reach to get the 
hand in the correct spatial position to begin an invariant aperture closure. 
Consistent closure distance and closure time across obstacle conditions appear 
to be essential control parameters for the coordination between the reach and 
grasp components.

This research supported by NINDS grant NS 17421.

813.6
GRASPING BEHAVIOR OF CONGENITALLY BLIND ADULT HUMAN.
M. Pare*. Centre de Recherche en Sciences Neurologiques, Universite 
de Montreal, Montreal, Canada H3C 3J7.

Hyvarinen et al. (1981) suggested that in monkeys the number of 
neurons responsive to somatosensory stimulation increases significantly 
in the posterior parietal cortex (area 7) as a results of early visual 
deprivation. However Carlson et al. (1989) found no differences 
between visually deprived and sighted monkeys in the ability to make 
roughness and size discriminations. Another possibility might be that 
visual deprivation enhances somesthetic perception in motor control. 
The goal of the present study was to evaluate wheather blind subjects 
are more efficient in adjusting their grip force to various conditions 
encountered during object manipulation such as changes in friction and 
load. Four congenitally blind adults, aged 26-51, were asked to lift and 
hold a manipulandum attached to the armature of a linear motor 
generating a 3.0 N opposing force to a height between 10 to 50 mm 
using a precision grip. Three surface textures and two coatings were 
used to vary the surfaces friction of the in contact with the fingers. Pulse 
and ramp-like perturbations to increase the opposing force of the 
manipulandum were applied in pseudo-random order. Preliminary 
results indicate that the blind subjects applied greater grip force than 
normally sighted subjects for the same object load. Contrary to what 
was expected, blind subjects appeared to adopt a greater safety margin 
than sighted subjects when lifting objects of different textures and load. 
Supported by MRC of Canada and FCAR of Quebec.

813.7
CONTROL AND PERCEPTION OF FINGER FORCES L.A. Jones‘ and 
I.W. Hunter, Department of Mechanical Engineering, Massachusetts Institute 
of Technology, 77 Massachusetts Ave, Cambridge, MA 02139 USA

The results from psychophysical studies of the perception of force Indicate 
that when subjects are required to match the forces produced by two 
corresponding muscle groups on the left and right sides of the body there is 
considerable variability associated with their judgments, although the average 
response is precise. When expressed in terms of a coefficient of variation 
(SD/mean *100) the typical value is 15%, which contrasts with a differential 
threshold of 6%, if subjects are simply required to state which of two forces is 
the larger. The discrepancy between these two estimates of perceptual 
resolution may reflect the accuracy with which forces can be voluntarily 
produced by subjects.

The objective of the present experiments was to measure the accuracy with 
which finger flexion forces are maintained when different types of feedback are 
available. Subjects were required to maintain one of four forces at a constant 
amplitude for two minutes using either visual and proprioceptive feedback, 
auditory and proprioceptive feedback or only proprioceptive feedback.

The accuracy with which forces could be maintained varied as a function of 
the type of feedback available and was best for the visual and proprioceptive 
condition, followed by the auditory and proprioceptive condition. When only 
proprioceptive information was available to control the force the average error 
was 6%, which is close to the limits of perceptual resolution. The errors 
decreased to an average of 4% when both visual and proprioceptive feedback 
were available. These findings suggest that the accuracy with which finger 
forces can be controlled using only proprioceptive feedback is constrained by 
the limits of the perceptual system.
[Supported by ONR and IRIS a Canadian network of Centres of Excellence!

813.8
THE CONTROL OF HAND POSTURE AS A FUNCTION OF OBJECT 
SHAPE. M, Santello* and J, F, Soechting. Department of Physiology, 
University of Minnesota, Minneapolis, MN 55455.

Studies on grasping have shown that maximum grip aperture during 
reaching is linearly related to object size. In this study, we address the 
question of whether subjects take the shape, as well as the size of the 
object, into account. The alternative is that object shape (e.g., convexity or 
concavity of the surface) is ignored during the transport phase and that 
subjects take advantage of the compliance of the hand to mold it to the 
shape of the object during grasping.

To address this question we used 15 different object shapes of similar 
size. We measured the posture of the hand throughout the transport phase 
of the movement using a glove (Cyber Glove, Virtual Technologies). 
Discriminant analysis and information theory were used to assess the 
extent to which the hand postures used to grasp different objects differed. 
As a control experiment, we asked subject to match object shape as if they 
were grasping the objects. The hand used for the matching task was not in 
view.

We found that different shapes required different hand postures to grasp. 
During the transport phase, object shape does not appear to be ignored 
entirely. However, the discrimination among hand postures at maximum 
hand opening is poor, gradually increasing until maximum value is 
attained at contact with the object.

(Supported by USPHS Grant NS-15018)
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813.9
THE DISCONTINUOUS NATURE OF MOTOR EXECUTION: INTERACTION 
BETWEEN DISCRETE AND RHYTHMIC SINGLE-JOINT MOVEMENTS 
G. Staude. W, Wolf. U. Kraut, and R. Dengler1. Universitat der Bundeswehr Miinchen, 
D-85577 Neubiberg, Germany. ’Medizinische Hochschule Hannover, D-30625 Hanno-
ver, Germany

Simultaneous execution of different motor tasks by the same effector (e.g., a muscle or 
joint) may result in a compound movement that significantly deviates from a pure linear 
superimposition of individual movements. A particular example is the simultaneous 
execution of a rapid discrete movement and a rhythmic movement by the same joint. It 
has been shown (Adamovich et al., Exp Brain Res, 1994; Staude et al., Movem Disord, 
1995) that the discrete response cannot be initiated independently from the cyclic 
movement. Rather, there exists a clear effect of phase entrainment, i.e., the discrete 
response tends to occur time-locked to the ongoing rhythmic component. We present a 
model-based approach to investigate this interaction between discrete and rhythmic 
tasks in more detail. The model assumes that, though motor commands may be inde-
pendently supplied by the CNS, motor tasks may interact at the level of alpha-motoneu-
ron recruitment due to the threshold-linear properties of the muscle and its tonic stretch 
reflex.

Five healthy subjects performed rapid lateral abductions of the index finger of the 
dominant hand in response to a visual go signal. During a portion of the experiments, 
subjects were additionally asked to produce small amplitude oscillatory movements 
before stimulus presentation with either the same finger (one-handed task), or with the 
index finger of the non-dominant hand (two-handed task). Results show a clear entrain-
ment effect when the discrete and rhythmic movements were simultaneously executed 
with the same hand. There was no entrainment when the tasks were executed with 
different hands. Reaction time was significantly prolonged when a secondary oscillatory 
movement was present with the delay being more pronounced in the one-handed 
condition. The model was capable of reproducing the observed effects in great detail.

We conclude that entrainment of rapid discrete by ongoing rhythmic movement 
reflects the characteristic discontinuous behaviour of the lower stages of motor execu-
tion and does not necessarily require nonlinear interaction of motor commands at higher 
levels of motor processing.
(This work has been supported by DFG grant WO 364/6-1)

813.10
CONTROL OF FINGERTIP FORCES IN MULTI-DIGIT 
MANIPULATION. J.R, Flanagan*. M.K.O. Burstedt. and R.S. 
Johansson. Queen's University, Kingston, Canada and Umea 
University, Umea, Sweden.

We measured fingertip forces and torques while subjects (1) 
lifted an object using a 3 digit tripod grip and (2) removed and 
replaced individual digits while holding the object aloft (toggling 
task). The contact surfaces, located on the sides of the object, 
were equidistant from the center of the object and perpendicular to 
the radius. The digits used and the mass of the object were varied.

During the load phase (prior to lift off) the 3 digits developed 
normal forces (NFs) in synchrony and, at each digit, NF 
increased in parallel with tangential load. During the subsequent 
hold phase, the NF safety margins at the 3 digits were similar 
despite differences in load across the digits.

When an object is held with > 3 digits, there are many possible 
solutions regarding the distribution of forces and torques. We 
found that subjects tend to orient their fingertip forces so as to 
minimize forces and torques tangential to the grip surfaces, even 
at a cost of increasing the total force exerted by all 3 digits.

In the toggling task, the forces and torques exerted by the 2 
digits remaining in contact with the object were greatly increased. 
However, the NF safety margins were no greater than in static 
holding despite the inherent instability of the object in hand. 
(Supported by the Canadian NSERC, the Swedish MRC, and the 
ONR, Arlington, VA.)

813.11
PROGRAMMING OF FINGER OPENING IN OVERARM THROWS OF 
DIFFERENT SPEEDS. J, Hore*, S. Watts. R. Wilson and D. Tweed. 
Physiology Dept., Univ. Western Ontario, London, ON N6A 5C1, 
CANADA

How does the CNS program finger opening in overarm throws of 
different speeds? Twelve subjects threw tennis balls while joint rotations 
were recorded with the search-coil technique. 1) For throws of the same 
speed there was variability in finger peak velocity and in finger amplitude 
to ball release, and a direct (saccade-like) relation between the two 
parameters. This relation was a result of mechanical factors, i.e., it was 
a consequence of the fixed time for the fingers to open as the ball rolled 
up, and was released from, the hand. This relation differed for throws of 
different speeds. 2) For throws of different speeds no tight direct relation 
was found between throwing speed and finger peak velocity. However, 
such a relation was found for throws of the same finger amplitude. 3) For 
throws of different speeds, joint space plots of finger opening against other 
joint rotations did not overlap. Thus fast throws were not slow throws 
whose pattern of joint rotations were sped up. 4) In contrast, plots of 
finger opening against hand angular position in space overlapped for throws 
of different speeds. It is proposed that in throws of different speeds finger 
opening is timed precisely based on an internal representation of hand 
angular position in space or a related variable, and that from throw to 
throw, neither finger amplitude nor finger velocity is specified precisely, 
presumably because neither is critical for ball accuracy.
Supported by Canadian MRC MT6773

813.12
CONTROL OF GRASP STABILITY WHEN HUMANS LIFT AND TILT OBJECTS WITH 
DIFFERENT SURFACE CURVATURES. P. Jenmalm1. A.W. Goodwin2. and R.S. 
Johansson1*. Dept. of Physiology, Ume& University, Sweden1 and Department 
of Anatomy and Cell Biology, University of Melbourne, Australia .

In the first task, human subjects grasped an object between thumb and index 
finger and lifted it vertically. The matching pair of grasped surfaces were 
spherically curved with one of 6 different curvatures (concave with radius 20 
or 40 mm; flat; convex with radius 20, 10 or 5 mm) and the object had one of 
5 different weights. The grip force, along the grasp axis through the center of 
the grasped surfaces, increased with increasing weight but was hardly affected 
by surface curvature. Likewise, surface curvature had only a small effect on 
the minimum grip forces required to prevent frictional slips. However, 
because the critical grip forces were slightly smaller for larger curvatures 
(concave and convex) the force safety margin against slips was slightly higher 
for these curvatures. In the second task, subjects rotated an object about the 
horizontal grasp axis, implying that the thumb and index finger were subjected 
to torsional load (maximum total torque: 10-138 mNm). The same 6 curved 
surfaces were used. Surface curvature had a large effect on the employed grip 
forces which increased with increasing curvature. Grip force and torque 
increased in parallel, from the onset of the tilting movement, with the grip 
force 'scaled' by surface curvature. By asking the subjects to let the object 
rotate passively under the influence of the torsional load, we assessed grip 
forces at which rotational slip occurred as a function of torque. The grip forces 
required for grasp stability at any given torque increased markedly with 
increasing curvature. The relative safety margin employed against rotational 
slips was approximately invariant with curvature. We conclude that surface 
curvature influences grip force regulation during manipulation primarily when 
the digits are exposed to torsional load.

Supported by Swedish MRC and ONR, Arlington, VA, USA. and the G. 
Gustafsson Foundation, Sweden.

813.13
ARE GRIP AND TRANSPORT CONTROLLED WHEN GRASPING? Jeroen B.J. 
Smeets* & Eli Brenner. Fysiologie, Erasmus Universiteit Rotterdam, The Netherlands

Reaching out for an object is often considered to consist of two components that are 
based on different (visual) information. Information about the object's position and 
orientation guides the hand to the object, while information about the object's shape and 
size determines how the fingers and thumb must change to successfully grasp the object.

The value of this description is limited. Firstly, for asymmetrical objects there is no 
direct relation between the perceived size and grip size, because the orientation 
influences the required grip-size. Secondly, if transport and grip are controlled, the size 
of the grip when reaching out for an object should be proportional to the perceived size 
of that object. We showed (EBR111 (1996):473-476 ) that an illusory change in object- 
size does not influence the distance between thumb and fingers.

We propose an alternative approach, which consists of determining suitable 
positions on the object -on the basis of its shape, surface texture, and so on- and then 
moving one's thumb and finger more or less independently to these positions. This 
allows the movements of finger and thumb during grasping to be controlled in the same 
way as when pointing.

To examine whether this approach is useful, we simulated the trajectories of thumb 
and finger using a minimum jerk model (Flash & Hogan, 1985). We modelled the 
contact surface by using as a boundary condition that tjie deceleration at the end of the 
movement was perpendicular to the object's surface. No parameter was fitted; to explore 
the range of behaviour we varied the value for the deceleration at surface contact.

The trajectories of finger and thumb during grasping could be reproduced by this 
minimum jerk simulation. Other characteristics of grasping were also reproduced. 
Reported slopes for the relationship between object size and grip size are between 0.71 
and 0.85; our model predicts 0.76-0.87, depending on the deceleration at the contact 
surface. The maximum grip-size is reported to occur between 58 and 73% of the 
movement, increasing with increasing object size. Our model predicts this increase, with 
peak opening occurring slightly later (between 65 and 76% of the movement time).

We conclude that by regarding grasping as a combination of pointing movements we 
can predict features of grasping which are unexplained by the standard approach.
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814.1
EFFECT OF TASK ON THE CUTANEO-MUSCULAR REFLEX.
K. Kuiirai12*, T. Kuiirai2. K. Kurokawa2, M. Kurimura2, H. Seki’.l. Kimura1.

1 Dept. of Neurology, Neuroscience Center, National Yamagata Hospital.,
2 Yamagata Univ. school of Med., Yamagata, Japan 990.

In order to investigate the effect of manual task on the cutaneo- 
muscular reflex (CMR), the cortical component of CMR (E2) in the first 
dorsal interosseous muscle (FDI) was studied in 5 healthy volunteers 
during the performance of two different tasks; a combination of flexion 
and abduction of an index finger (FXAB), and a power grip (GP). Area of 
E2 component was significantly larger during FXAB than during GP (P <
0.05). In the following experiment, the effect of cutaneous stimulation 
of the index finger on l-wave formation in FDI muscle during the each 
task was examined. Transcranial magnetic stimulation (TMS) or anodal 
electrical stimulation (E) was delivered over the hand motor area after the 
cutaneous stimulation (CS) (interstimulus interval = 50 ms) and single 
motor units from the FDI were analyzed using technique of peristimulus 
time histogram (PSTH). Preceding CS increased the number of single 
motor unit counts for l-wave around the latency of 75 ms, especially 
during FXAB. Analysis of task force of the index finger revealed 
increased its velocity and acceleration by CS. These findings suggest 
that motor cortical output is modulated by manual hand tasks as well as 
the peripheral cutaneous stimulation.

814.2
EFFECTS OF CHRONIC INACTIVITY ON THE MECHANICAL AND 
MYOSIN HEAVY CHAIN PROPERTIES OF ADULT CAT SOLEUS 
MOTOR UNITS. H. Zhong. R.R, Rov*. R.J, Talmadge. E.J, Grossman. J.A. 
Hodgson and V.R. Edgerton. Brain Research Institute and Physiological 
Science Department, UCLA, Los Angeles, CA 90095.

Spinal cord isolation (SI), i.e. spinal cord transections at a low thoracic 
and a high sacral level plus bilateral deafferentation between the transection 
sites, results in an inactive and "faster" soleus muscle. To examine the effects 
of 4 months of inactivity at the motor unit level, the fiber type distribution 
{myosin heavy chain (MHC) and sarcoplasmic reticulum Ca^+ ATPase 
(SERCA) immunohistochemistry} and in situ isometric mechanical 
properties of one motor unit from each muscle (identified by glycogen 
depletion) were determined. The soleus of some SI cats was stimulated for 
30 min/day during either an isometric (SI-I), concentric (SI-C) or eccentric 
(SI-E) phase of a simulated step cycle (1 cycle/s; 330:670 ms on:off at 40 
Hz). In 34/36 units examined, all fibers contained only slow MHC and 
SERCA. In one unit all fibers co-expressed type I and Ila MHC and had 
both SERCA isoforms. One unit had 4% pure type I, 61% type I+IIa (both 
SERCA isoforms) and 35% type I+IIa (only slow SERCA). Mean (range) 
contraction time was faster than control for all SI groups: 84 (53-114), 47 
(35-67), 41 (23-56), 54 (45-81) and 48 (41-66) ms for control, SI, SI-I, SI- 
C and SI-E groups. These data reflect a dissociation between a twitch speed- 
related property and phenotype following inactivity. Further, the 
maintenance of homogeneously slow units in chronically inactive muscles 
demonstrates a resistance to adaptation manifested at the motor unit level. 
Finally, the presence of a non-homogeneous unit (presumably converting 
from slow to fast) suggests that when adaptation occurs, it may not be in 
increments of whole units. (Supported by NIH Grant NS 16333).

814.3
RECRUITMENT ORDER AND PERIODONTAL REFLEXES OF 
MOTOR UNITS IN THE HUMAN MASSETER MUSCLE. K.S.Turker*, 
S.D.Scutter and J.Yang. Department of Physiology, The University of 
Adelaide, S.A.5005, Australia.

Recruitment order of motor units during slowly increasing isometric 
voluntary contraction, and the reflex responses of motor units to a mechanical 
stimulus applied on an upper incisor tooth were studied in young, healthy, 
consenting human volunteers. For the recruitment order studies, the subject bit 
the impressions of his/her dental arc which were carried on the bite bars of a 
tension transducer system. Subjects were asked to follow a slow isometric 
force ramp using visual feedback of bite force. The single motor unit 
potentials and the Macro EMG from the anterior portion of the masseter 
muscle were recorded. The recruitment order was determined by a spike- 
triggered averaging (STA) technique where the motor unit potentials were used 
as triggers and the Macro EMG as the source. Results illustrated that the 
motor units with smaller Macro EMGs were recruited at lower force levels 
compared with the motor units with larger Macro EMGs indicating orderly 
recruitment in this muscle. Once their relative sizes were determined, the 
reflex responses of these motor units to slowly-developing pressures applied on 
an upper incisor tooth were studied and compared. The results indicated that 
motor units of all sizes received a similar amount of synaptic input from the 
periodontal mechanoreceptors.
Supported by the National Health and Medical Research Council 
(NH&MRC) of Australia.

814.4
PREFERRED FORCE LEVEL, INFORMATION TRANSMISSION AND 
MOTOR UNIT RECRUITMENT STRATEGY.
A.B. Slifkin* and K.M. Newell. Depts. of Biobehavioral Health and 
Kinesiology, Penn State University, U. Park, PA 16802.

Efficiency in energy expenditure (O2 consumption) is maximized at self- 
selected (preferred) levels of rhythmic activity (e.g., cycling, locomotion). 
Increases or decreases from preferred rhythms reliably result in decreased 
efficiency (Sparrow, 1983). The purpose of the current research was to 
determine if a similar relationship exists in a task requiring minimization of 
motor output oscillation. Accordingly, subjects maintained index finger 
contractions for continuous, extended periods (15 s) over a broad range of target 
force levels [5 - 95% maximum voluntary contraction (MVC)], and in a 
subsequent condition force was produced at preferred levels. Preliminary 
analyses revealed that an information theoretic index of performance efficiency 
[signal-to-noise (S/N) ratio: mean force / standard deviation] increased from the 
initial requirements, stabilized between 15-45% MVC and decreased thereafter. 
Indeed, the preferred force level (-15% MVC) was within the range where the 
S/N ratio was maximized. Some evidence supports the conclusion that the region 
of maximum information transfer is where the degrees of freedom available for 
the independent control and flexible assembly of motor units (MUs) are also 
maximized. For example, beyond 20-40% MVC the blood supply to contracting 
muscles is nearly or altogether blocked (Freund, 1983). Also, increases in force 
up to 30-40% MVC are achieved by increasing the number of recruited MUs, and 
further increases in force are achieved by MU frequency modulation (Kamen, et 
al., 1995). Thus, force produced in this region may allow for the engagement of 
either or both MU recruitment strategies.

Supported by NIH (NICHD) F32-HD07885.

814.5
MOTOR UNIT BEHAVIOR DURING DYNAMIC AND ISOMETRIC 
CONTRACTIONS OF TRICEPS BRACHII. A. Del Valle, B, Bigland-Ritchie,* and 
C.K. Thomas The Miami Project to Cure Paralysis, Univ. of Miami Sch. of Med., 
Miami, FL 33136 and Dept. of Pediatrics, Yale Univ., New Haven, CT 06520.

Triceps brachii motor unit potentials were recorded with tungsten microelectrodes 
during voluntary contractions performed by 4 subjects. Motor unit (MU) firing rates 
during isometric 25, 50, 75 and 100 % maximal voluntary contractions (MVC) were 
compared with those recorded during alternating concentric and eccentric contractions 
(40°/s) against 25, 50, 75 and 100% maximal load. Triceps isometric force measured 
at 30°, 60°, 90°, 120° and 150° of elbow flexion was maximal at 90° (optimal 
length). Minimum MU firing rates during isometric and concentric contractions were 
6-24 Hz and 9-21 Hz at all joint angles, respectively, increasing to 11-33 Hz and 7-25 
Hz during MVCs. The cumulative distribution of MU firing rates for isometric data 
(all angles and intensities) was comparable to that for concentric contractions, with 
median frequencies of 18 and 16 Hz respectively. The cumulative MU rate 
distribution for eccentric contractions at all loads was shifted towards lower 
frequencies and had a lower median rate (12 Hz). The triceps muscles were then 
fatigued dynamically by repeated 6 s contractions against 50 % maximum load with 
4 s rest periods until the subject could not perform the task. On a different day, the 
triceps muscles were fatigued isometrically by 50 % MVC contractions using the 
same duty cycle and end point. During both dynamic and isometric fatigue tests: 1) 
triceps surface EMG increased with time; 2) initial MU firing rates were 15 Hz, with 
little change over time; results similar to Bigland-Ritchie et al. (Acta. Physiol. Scand. 
128:137-148, 1986) for isometric contractions of quadriceps. Throughout each fatigue 
test, the triceps muscles were almost always activated maximally by the CNS (mean 
± SD: 95 ± 5 %), as assessed by twitch occlusion. Thus, central fatigue was not a 
major cause of force loss.

Supported by USPHS grant NS-30226 and The Miami Project to Cure Paralysis

814.6
MOTOR UNIT FIRING RATES DECLINE DURING FATIGUING 
"SIMULATED MOVEMENTS" IN HUMANS. L. Griffin*, S.J. 
Garland and T. Ivanova. Dept of Physical Therapy, Univ. 
of Western Ontario, London, ON, Canada, N6G 1H1.

We have shown previously that motor unit discharge 
rates decline during sustained isometric contractions of 
elbow extensor muscles. However if the sustained 
contraction is interrupted by regular arm movements, the 
motor unit discharge rates fail to decline. To 
investigate the nature of this difference, we used a 
"movement simulation" paradigm to mimic the movement 
protocol in the latter experiment. The "movement 
simulation" paradigm involved isometric force pulses of 
10% of maximal voluntary contraction (MVC) that produced 
muscle activation patterns characteristic of movement 
without the mechanical and sensory consequences of 
movement. Subjects held a sustained isometric elbow 
extension contraction at 20% MVC with 50 "simulated 
movements" being superimposed (one every 5 s) for 250 s. 
Motor unit activity was recorded from the lateral head 
of the triceps brachii muscle. Interspike intervals 
during the sustained contraction were compared between 
the first third (unfatigued) and the last third 
(fatigued) of the sustained contraction. We found that 
motor unit firing rates declined during the sustained 
contraction despite the superimposition of "simulated 
movements". Thus, it is likely that feedback associated 
with the physical movement of the arm is implicated in 
the maintenance of motor unit discharge rates during the 
fatiguing protocol with true arm movements. Supported by 
NSERC Canada.
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814.7
Reduction  in  recruitment  threshold  of  human  motor  units  by  

REPEATED MUSCLE ACTIVATION. M. Gorassini*, D.Bennett, M. Siu, and J, 
Yang Div. of Neuroscience, U. of Alberta, Edmonton, AB, Canada T6G 2G4

While examining activation properties of single motor units of the tibialis 
anterior muscle during graded force contractions, we noticed that the subjective 
effort to recruit a motor unit was always much higher on the first contraction 
compared to subsequent contractions. To quantify this phenomenon, we measured 
the subject’s “effort” by monitoring 1) the exerted force and 2) the firing 
frequency of a control motor unit that fired at thresholds below that of the unit 
being tested. Subjects were instructed to slowly increase their force to recruit the 
control unit and then the test unit. They then slowly decreased their effort until 
only the test unit stopped firing (ie., was de-recruited). Shortly after the test unit 
was de-recruited, the subjects produced a second contraction. The force at which 
the test unit was recruited in the second contraction was much lower, as was the 
firing frequency of the control unit (eg. by ~5 Hz), both indicating that the effort 
was indeed lower to re-recruit the unit. In fact, in some trials when both units 
were de-recruited in the 1st contraction, the test unit would be re-recruited before 
the control unit (ie., recruitment reversal). This lowering of recruitment threshold 
only occurred if the interval between the first and second contraction was less 
than 4s and was more pronounced for longer contractions (>4s). In addition, at the 
end of the first contraction, the test unit was de-recruited at a lower effort (lower 
force and control unit firing frequency) than at which it was recruited, especially 
for long contractions (>8s). A similar time course of motoneuron facilitation has 
been shown for intrinsic properties of cat and turtle motoneurons (eg., plateau 
potentials, warmup) and this may underlie the reduction in human motor unit 
recruitment threshold reported here. Supported by Canadian MRC and AHFMR.

814.8
ELIMINATION OF HOMONYMOUS Ia AFFERENT INPUT DOES NOT 
ALTER RECRUITMENT ORDER OF CAT MOTONEURONS. V. K. 
Haftel, J. F. Prather, T. C. Cope*, Dept. Physiology, Emory Univ., Atlanta, 
GA 30322.

It has been suggested that monosynaptic excitatory input from Ia afferents is 
distributed so that it preserves size ordered recruitment of motoneurons 
(MNs) in the face of inputs which might otherwise disturb order (Heckman 
and Binder, J. Neurophysiol., 70:1993). To test the necessity of homonymous 
la afferent input for the maintenance of orderly recruitment of medial 
gastrocnemius (MG) MNs, we acutely sectioned the MG nerve. Pairs of MG 
MNs were penetrated intra-axonally and recruited in decerebrate cats by 
electrical stimulation of the sural nerve, (100 pps, 2 s), which, based on some 
studies of synaptic physiology, should produce recruitment reversals. For the 
six pairs of MG motor axons recorded both before and after nerve section, the 
unit with slower conduction veloicty (CV in m/s) was recruited first: 95/98, 
100/111, 84/96, 78/96, 76/80, and 74/93. None of these pairs demonstrated 
reversed recruitment order before or after section in any one of multiple 
recruitment trials. Other pairs of MG motor axons were recorded either 
before or after nerve section. Of these pairs, most were recruited in order by 
CV both before (17/19) and after (13/17) MG nerve section. We conclude 
that the absence of homonymous Ia input does not make MG MNs more 
susceptible to recruitment reversals. This finding is consistent with the 
suggestion that MN intrinsic properties dominate in determining recruitment 
order. Supported by NIH grant NS21023.

814.9
PHYSIOLOGICAL CHARACTERIZATION AND LOCALIZATION 
OF MOTOR UNITS IN THE RAT TONGUE BODY. A. J. Sokoloff* 
Dept. of Physiology, Emory Univ., Atlanta, GA 30322.

The independent control of different tongue regions observed in 
many oromotor behaviors is likely enabled by a discrete localization of 
motor units within the tongue body. Here, the location and contractile 
properties of individual tongue body motor units were determined in 
the rat via intra-axonal stimulation of hypoglossal motor axons and 
electromyographic recordings from the anterior, middle and posterior 
tongue body. Motor unit force was measured with a transducer 
attached to the tongue tip. Following intra-axonal stimulation, the 
electromyographic signatures of individual motor units were usually 
observed in only one of the three tongue body regions. Motor units 
produced 0.11-4.1 mN tetanic tension, 0.06-0.76mN twitch tension, 
reached peak twitch tension in 11-20 msecs, and were non-fatiguing 
(>70% initial tension after 120 seconds stimulation). Twitch/tetanus 
ratios ranged from 0.16-0.48. These findings are compatible with the 
hypothesis that hypoglossal motor units are comprised of few muscle 
fibers and are localized to a small region of the tongue body. Other 
physiological characteristics of hypoglossal motor units (e.g. oxidative 
composition of muscle fibers, intrinsic motoneuron properties, 
motoneuron bursting behavior) may be a consequence of small motor 
unit size. Supported by NIH grants R55 DC03302 and R01 21023.

814.10
LONGITUDINAL INTRA-FASCICULAR ELECTRODES FOR PERIPHERAL 
NERVE RECORDING AND STIMULATION. K. Yoshida, K. Jovanovic, J. Yang* 
and R.B. Stein. Div. of Neuroscience, Univ. of Alberta, Edmonton, AB, Canada 
T6G 2S2

Longitudinal intra-fascicular electrodes (LIFEs) are fine electrodes threaded into 
the extracellular space between axons in peripheral nerves or spinal roots. The 
electrodes are currently being developed for use in FES systems, but are also 
applicable in basic physiology. These electrodes offer greater recording/stimulation 
selectivity than that achieved with extraneural electrodes, and can be implanted into 
smaller nerves. Presently, we are evaluating LIFEs developed for chronic 
implantation for long term recording stability, durability, noise content and safety. 
Electrodes are implanted in peripheral nerve fascicles innervating the triceps surae 
in cats trained to walk on a treadmill. After a recovery period recordings are made 
during unrestrained awake walking on the treadmill. Electrode impedance and 
signals have been tracked for a period of 6 months. Preliminary results indicate that 
signal amplitude decreases rapidly in the first few days after implantation but 
stabilizes in the following weeks. EMG content and motion artifact in recordings 
during walking are minimal. We have showed lead integrity for about 90 days, but 
increases in longevity are expected with the current electrode design.

These electrodes are also being used in the in-vitro mudpuppy spinal cord 
preparation. Electrodes are implanted into multiple spinal roots and used for 
stimulation. They offer several advantages over traditional needle electrodes in that 
they produce smaller stimulus artifacts, do not require external support from 
micromanipulators, and allow for triggered patterned stimulation of multiple sites.

This work was funded by the Alberta Heritage Foundation for Medical Research 
and the NeuroScience Network of Canada

814.11
CONSEQUENCES OF HIGH VELOCITY INSERTION OF A MULTIELECTRODE 
ARRAY INTO PERIPHERAL NERVE. A. Branner*, R.A. Normann, John Moran Lab. 
in Applied Vision & Neural Sciences, University of Utah, Salt Lake City, UT 84112

The epineurium and perineurium surround peripheral nerves and fascicles and 
maintain the intraneural environment. Penetration of these structures with a micro-
electrode typically requires a sharp tip, a large force or cutting of the membranes. 
Implantation of single electrodes can cause temporary conduction block due to nerve 
crush and long-term degeneration of nerve fibers. Because multielectrode insertion 
could exacerbate these problems, we have investigated a high velocity insertion 
technique for implanting an array of 25 electrodes into peripheral nerve. We report 
physiological and anatomical consequences of this technique.

Three-day acute experiments were conducted in cat sciatic nerve. The absence of 
bleeding suggests that the impaled blood vessels were sealed by the electrodes. We 
have measured compound action potentials 30 min. before and after implantation of the 
array, and have tested recording and stimulation stability of the electrode array to assess 
the nerve health. As a consequence of array implantation, the peaks of the CAPs 
changed by 20 SD 13%. The stimulation thresholds for observable muscle twitches 
varied by less than 4.2 SD 3.6 pA. Six different single units from proprioceptors and 
hair cells were recorded and stable over 50 SD 5.7 hours although the leg moved as a 
result of manipulation and electrical stimulation. The amplitude of the signals 
deteriorated by 22SD15%. Histology showed the intrafascicular position of the 
electrodes and axonal compression was seen only at the tip of the electrodes.

The negligible conduction block and the long-term stability indicate minor axonal 
damage. The design of the array and the high velocity implantation method serve to self 
anchor it in the nerve. The tapered slopes of the electrodes seal blood vessels and the 
membranes minimizing loss of intraneural fluid. Finally, high velocity insertion is an 
effective technique for implanting multielectrode arrays in peripheral nerves. This 
technique enables long-term acute multielectrode recordings from peripheral nerves.

This work was sponsored by a State of Utah Center of Excellence Grant.
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815.1
MOTOR PREPARATION ABOLISHES 20-30 HZ COHERENCE BETWEEN 
RECTIFIED EMGS FROM HUMAN FOREARM MUSCLES. J.M. Kilner. S.N.Baker* 
& R.N.Lemon, Sobell Department of Neurophysiology, Institute of Neurology, Queen 
Square, London, WC1N 3BG. UK.

Our previous work in the monkey has demonstrated 20-30 Hz oscillations in the activity 
of motor cortex hand area during performance of a precision grip task. Oscillations 
appeared preferentially during the hold period of this task, and were coherent with the 
rectified EMG recorded from active contralateral muscles (Baker et al., 1997, J. Physiol. 
501:225-241).

We have now extended this work to non-invasive studies in man. Subjects gripped two 
spring-loaded levers between index finger and thumb, and received visual feedback on 
the lever positions by cursors on a video screen. They were instructed to position the 
cursors within larger target boxes; subjects tracked any target movements. EMG was 
recorded from up to 5 hand and forearm muscles using surface electrodes.

During a steady hold (hold  condition), significant 20-30 Hz coherence was seen 
between 85/116 muscle pairs across 12 subjects. Two experiments investigated motor 
preparation. In the PREPARE condition, the target box changed colour at a random time 
after task onset; 1 s later, the target boxes moved. In the control  condition, the colour 
change occurred, but no subsequent movement was instructed. All subjects were naive 
to the experiment purpose, and performed tasks in the order hold , control , prepare . 
Coherence differences between tasks were converted to Z-scores using an arctanh 
transform (Rosenberg et al., 1989, Prog. Biophys. Mol. Biol. 53:1-31), and combined 
across all subjects and muscle pairs with significant coherence. There was no significant 
difference between CONTROL and HOLD tasks. Comparing prepare  to hold , coherence 
fell significantly 0.32 s after the preparatory cue, then rose transiently before being 
abolished at the onset of movement.

These results are consistent with the interpretation of20-30 Hz oscillations in the motor 
system as an idling rhythm suited to steady holds, which is suppressed during complex 
movements or motor preparation.
Funded by the Wellcome Trust, the MRC and Christ’s College, Cambridge.

815.2
JOINT TORQUE AND EMG PATTERN DURING MULTIJOINT ARM 
MOVEMENTS IN DIFFERENT INERTIAL-VISCOSITY FORCE FIELDS
H. Gomi 1 * & G. Gottlieb 2. I NTT Basic Res. Labs. Kanagawa, Japan, 2 
NeuroMuscular Research Center, Boston Univ., Boston, Mass.
To explore the human arm movement strategies, the shoulder and elbow joint-torque 
and EMG patterns during multijoint point-to-point movements on a horizontal plane 
in different inertial-viscosity fields were investigated. The subjects hand was coupled 
with the handle of the manipulandum and supported in the vertical direction. The 
manipulandum could be moved only on the horizontal plane at the shoulder level. 
The subjects were requested to move the handle from start to end positions initiated 
by beeping sounds with visual feedback of current position projected on a horizontal 
plane just above the manipulandum.

As found in the previous studies of various unconstrained arm movements in a 
sagittal plane (Gottlieb 1996), the linear relationship between the shoulder and elbow 
torques was found for most directions of movements in a low-loaded force-field 
(1.2N/(m/s2), 2.9N/(m/s)), in a inertial force-field (4.0N/(m/s2), 8.2N/(m/s)), and in a 
viscosity force-field (0.9N/(m/s2), 29.5N/(m/s)). However in some proximal-distal 
movements linearity was observed in the initial trials and then violated with repeated 
movements. In all three force-fields, the spatial hand trajectory patterns in Cartesian 
coordinates became straighter after many trials.

On the other hand, in the coupling viscosity force field like in Shadmehr (1994), 
the linear relationship between the shoulder and elbow torque did not hold in many 
directions after practice. Additionally, the spatial pattern of hand trajectories were 
relatively curved and different between reversed directional movements. The curve- 
directions in a reversed force-fields (e.g. [Bxx, Bxy; Byx, Byy] = [5,20,20,5] <-> 
[5,-15,-15,5]) were switched. As trial increased, EMG pattern changed and co-
activation between flexor and extensor muscles decreased.

These observations suggest that the linear relationship could be a primitive 
strategy available in various kinds of arm movements, but it could be easily distorted 
by learning according to the dynamics of external environments to accomplish reaching 
movements, and the dynamics of external environments is accounted for in the 
optimization process for effortless movements.

815.3
NEUROMECHANICAL FUNCTION OF TRICEPS SURAE DURING 
ISOMETRIC PLANTAR FLEXION AND PASSIVE KNEE MOVEMENT.
N. Brown & G. Kerr*, School of Human Movement Studies, Queensland 
University of Technology, Brisbane, Australia.

This study examined how the synergistic behavior of triceps surae muscles 
was altered by changes in knee angle and magnitude of plantar flexion force. 
Eleven healthy subjects performed a motor task which required them to maintain a 
prescribed level of ankle plantar flexion force (25,50,75% of MVC determined at 
80° knee flexion) under two experimental conditions: (1) while their knee was 
statically positioned at 7 different angles (80°-170°); (2) while their knee was 
passively extended and flexed at 6 different velocities (20 - 70°/s) from 75° to 
175°. Ten trials were recorded for each condition. Electromyographic (EMG) 
activity was recorded (AMLAB, 1kHz) from lateral gastrocnemius (LG), medial 
gastrocnemius (MG) and soleus muscles. The EMG was quantified by full wave 
rectification and integration (DEMG). Soleus IEMG was greatest at the most flexed 
knee position and decreased with knee extension. MG showed the reverse pattern. 
In contrast, the IEMG of LG tended to remain constant across joint angle. Overall 
there was an increase in IEMG in all muscles with increased levels of plantar 
flexion force. However, a force normalised comparison of IEMG (IEMG / Force) 
found that this ratio decreased for soleus, remained constant for MG, and increased 
for LG. These results suggest that the control of triceps surae is dependent on a 
number of neuro-mechanical factors integrated via afferent feedback. The function 
of soleus and MG appears to regulated together according to alterations in muscle 
length and joint angle. In contrast LG and MG appear to be regulated together 
according to the required force output.

Supported by funds from the School of Human Movement Studies, Faculty 
of Health, Queensland University of Technology and AMLAB International 
(Sydney, Australia).

815.4
EFFECTS OF 17 DAYS OF SPACEFLIGHT ON THE ABILITY TO 
PERFORM CONTROLLED MUSCLE CONTRACTIONS. C. Goulet*, G.E. 
McCall, K. Fleishmann, G.I. Boorman, J.A. Hodgson, V.R. Edgerton.
Department of Physiological Science, UCLA, Los Angeles, CA. 90095-1527 

The degradation in skeletal muscle functions observed after exposure to
microgravity might be partially caused by altered motor functions. The 
objective of this study was to investigate the effects of muscle unloading 
caused by microgravity on the neuromuscular system. Before, during and after 
a 17 day spaceflight, four male astronauts of the STS-78 mission were asked 
to perform controlled isometric ramp contractions reaching either 10% or 
70% of their maximal voluntary contraction (MVC) torque while following a 
serie of torque curves presented on a computer screen. Five different ramps 
(SLOPE A: 10% MVC in 100 ms & 70% MVC in 700 ms, SLOPE B: 10% 
MVC in 500 ms & 70% MVC in 3.5 s, and SLOPE C: 70% MVC in 7 s) 
were randomly presented three times for either the “PUSH” (ankle 
plantarflexion and elbow extensipn) or “PULL” (ankle dorsiflexion and elbow 
flexion) tasks. Torque was measured by a strain gauge mounted on a torque 
velocity dynamometer, and aligned with the axis of rotation of either the 
ankle or elbow joint. EMG activity of the ankle (or elbow) extensor and 
flexor muscles was recorded using disposable bipolar surface electrodes. A 
significant difference in the ability to follow the slow (70% MVC in 7 s) or 
moderate (10% MVC in 500 ms or 70% MVC in 3.5 s) velocity ramps as 
compared to the very brief curves (10 % MVC in 100 ms or 70% MVC in 
700 ms) was observed. However, no significant effects of spaceflight on the 
ability to perform controlled low or high level isometric contractions were 
found. (Supported by NASA Grant NAS-9-18773)

815.5
VARIABLE UTILIZATION OF IDENTIFIED HUMAN SHOULDER MUSCLE 
COMPARTMENTS DURING VOLUNTARY ISOMETRIC CONTRACTIONS. 
J. H. Lawrence III*, M. M. May. Center for Biomedical Engineering, Univ. of 
Kentucky, Lexington, KY 40506-0070.

The human shoulder joint complex (SJC) has recently come under increasing 
consideration by researchers from several biomedical disciplines. This non- 
weightbearing joint serves a variety of roles during the control of posture and 
movement, including initial orientation of the arm for fine peripheral limb 
positioning and gross acceleration of the arm for ballistic endpoint translations. 
Consequently, loss of functional control at the SJC under different pathological 
conditions (e.g., hemiparesis from stroke) has severe implications for both home 
and workplace daily activities.

We have combined bipolar surface electromyography (EMG) with isometric 
joint torque analysis to investigate the actions of six identified muscular partitions 
or compartments within the human deltoid (DLT) and trapezius (TRP) muscles 
during voluntary shoulder rotation attempts by active adult (18-35 yrs., 140-190 
lbs.) subjects. Subject right arms were held in a brace at 90° elbow flexion. The 
braced arm was clamped at 90° SJC abduction to a six degree-of-freedom force 
sensor (JR3 Inc., Woodland CA). Subjects were asked to attempt shoulder 
rotations in each of ten prescribed directions. Bipolar EMG activity was recorded 
from the anterior, medial, and posterior DLT and the upper, middle, and lower 
TRP muscles. Preliminary results show that DLT and TRP compartments are 
most active during abduction and extension rotational torques. Also, differences 
between internal and external rotation torques were mediated by reciprocal 
changes in the medial DLT and lower TRP EMG activities. Finally, posterior 
DLT and upper TRP showed minimal EMG activity during flexion, while anterior 
DLT was silent during adduction SJC torques.

supported in part by the University of Kentucky Medical Center

815.6
MULTI-MUSCLE CONTROL IN HAMMERING AND 
POINTING MOVEMENTS: THE REFERENT BODY 
CONFIGURATION. A.G, Feldman*. P. Archambault, M.F. 
Levin, S, Ma. and A, Mitnitski. Rehabilitation Institute, 
University of Montreal, Montreal, Canada H2S 2J4

The coordination and gradation of activity of skeletal muscles 
likely depend on the difference between the actual and a referent 
configuration (R) of the body defined by the set of threshold 
angles at which muscles are recruited (Feldman and Levin 1995). 
These thresholds and the associated R are modified by the brain 
to produce active movements. In movements with reversal in 
direction, the R may transiently match the actual configuration of 
the body, resulting in the minimal activity of all skeletal muscles 
regardless of their biomechanical functions and the number of 
joints involved. We observed such ensemble minimal activity by 
analyzing the EMG patterns of 27 muscles of the arm, neck, 
trunk and legs during repeated hammering and pointing 
movements. Our findings imply the functioning of muscles in a 
united frame of reference composed of all possible configurations 
of the body. Active movements may be produced by changing the 
origin point (R) of this configurational space. Supported by MRC 
and NSERC.
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815.7
Activation  of  mono - and  bi -articular  human  
ARM MUSCLES AS A FUNCTION OF FORCE DIRECTION 
AND MOVEMENT DIRECTION OF THE WRIST.
C.C.A.M. Gielen*(y), B.M. van Bolhuisfl) &; G.J. van Ingen Schenau(2). 
1: Dept. of Medical Physics & Biophysics, Univ. of Nijmegen, P.O.Box 9101, 
6500 HB, Nijmegen. The Netherlands. 2: Faculty of Human Movement Science, 
Free Univ. of Amsterdam, 1081 BT, Amsterdam. The Netherlands.

Several studies investigating the problem of redundancy of the number of 
muscles crossing a joint have shown that the relative activation of muscles con-
tributing to a task varies for different tasks. This suggests that some underlying 
principles determining a variable use of synergetic muscles may exist. We have 
tested the hypothesis that mono- and bi-articular muscles have a different func-
tional role in the control of multi-joint movements.

Surface electromyographic (EMG) recordings of several arm muscles were 
obtained during voluntary slow arm movements in a horizontal plane in various 
directions and against external forces in different directions. In this way the 
activation of the mono- and bi-articular muscles could be investigated as a 
function of the movement direction and as a function of the direction of force.

The results showed that distinct differences exist between the activation of 
mono- and bi-articular muscles in a way that the activation of bi-articular mus-
cles is not affected by the movement direction. In contrast, the mono-articular 
muscles reveal more EMG activity during movements at which they shorten 
than during lengthening movements. The dependence on movement direction 
appeared to be independent of force direction.

Supported by grants from the Dutch Science Foundation.

815.8
OLDER ADULTS EXHIBIT DIFFERENT SPATIAL PATTERNS OF 
ACTIVATION DURING SUBMAXIMAL AND FATIGUING 
CONTRACTIONS. D.H. Laidlaw*. E, LaPresto1. and R.M, Enoka. 
Dept. Kinesiology, University of Colorado, Boulder, CO 80309-0354 
and ‘Dept. Neurosurgery, Cleveland Clinic Foundation, Cleveland,
OH 44195

Spin-spin relaxation time (T2) measured from the magnetic reso-
nance image of skeletal muscle varies linearly with the activation in-
tensity of the muscle. T2 was used to investigate the spatial patterns 
of activation of the first dorsal interosseous (FDI) muscle of six young 
and six older adults. Spin-echo images of one cross section from the 
midbelly of FDI were analyzed to determine differences in activation 
immediately following abduction exercises of the left index finger. 
Ten abduction contractions were performed against inertial loads of 
20%, 40% and 60% of the 1-RM load for each subject. After the last 
submaximal task, a series of fatiguing contractions were performed 
with the 60% load. For each image, the signal intensity at eight echo 
times (17, 34, 51, 68, 85, 102, 119, and 136 ms) were used to 
calculate T2 values for each pixel (~0.5 mm2) in the muscle cross 
section. Distribution histograms were used to characterize muscle 
activation patterns. There wer two major findings: (1) the distribution 
of pixels exhibited increased kurtosis after submaximal contractions 
and decreased kurtosis after the fatigue task; and (2) these effects 
were greater for older subjects compared with younger subjects 
These findings suggest that the spatial activation of the FDI muscle 
was nonhomogeneous and varied with both age and the task 
performed.
Supported by NIH grants AG 09000 and NS 20544 to RME.

815.9
EFFECT OF MOVEMENT VELOCITY ON MUSCLE SYNERGIES.
V. K. Mushahwar* and R. L. Segal. Div. Phys. Ther., Dept. Rehab. Med., 
Emory Univ. Sch. of Med., Atlanta, GA 30322.

In studying the relationship between voluntary and perturbation evoked 
neuromuscular synergies of the human upper limb, and the feasibility of 
modifying these synergies through operant conditioning to improve volitional 
function in subjects with motor deficits, preliminary experiments were 
conducted to determine the effect of movement velocity on synergies. Five 
able-bodied subjects were instructed to perform elbow flexion movements (60 
to 90° of flexion) at two different target velocities (100 and 170°/s). Subjects 
were seated in front of a computer monitor with the right forearm (pronated) 
secured to a torque motor interface and the elbow positioned coaxial to the 
motor shaft. Differential EMG activity was recorded through surface 
electrodes placed over the elbow flexors, and wrist radial and ulnar deviators. 
The time of onset of EMG activity for each muscle relative to the beginning 
of elbow movement (electromechanical delay), and the spatial and temporal 
patterns of muscle activation were determined for each trial.

The electromechanical delay of the elbow flexor muscles did not appear to 
be influenced by movement velocity. Similar spatial and temporal patterns of 
muscle activity were observed across velocities in three of the five subjects. 
At least one of the ulnar deviators in the remaining two subjects was 
primarily quiet during the lower velocity movements. While the elbow 
flexors and wrist radial deviators were consistently activated for both 
movement velocities, all subjects showed increased occurrence of ulnar 
deviator activation during the higher velocity movements. The results 
suggest that elbow flexion velocity primarily affects the coupling at the wrist, 
where greater stabilization may be needed at higher velocities.

Supported by NICHD NCMRR grant HD 32571

815.10
PUTATIVE NEUROMUSCULAR PARTITIONS IN THE FLEXOR CARPI 
RADIALIS AND THE EXTENSOR CARPI RADIALIS LONGUS. R.L. Segal*,
P.A. Catlin, K. Casey, D. Dombkowski, J, Frederick. Div. Physical Ther., Dept. 
Rehab. Med., Emory Univ. Sch. of Med., Atlanta, GA 30322.

Both the human extensor carpi radialis longus (ECRL) and flexor carpi radialis 
(FCR) muscles have been shown to be anatomically partitioned (Segal et al.,
1991, Acta Anatomica). During wrist flexion and extension ECRL and FCR are 
considered antagonists, while during wrist abduction (radial deviation) ECRL and 
FCR are considered to be agonists. The primary purpose of this study was to 
determine if the putative neuromuscular partitions formed the substrate for the two 
muscles having both agonist and antagonist relationships. EMG activity was 
recorded from fine-wire electrodes inserted into two sites within the ECRL 
[proximal-deep (pdECRL) and distal-superficial (dsECRL)] and three sites within 
FCR (medial oblique, central longitudinal and lateral oblique fibers) of 15 able- 
bodied human subjects while they performed randomly ordered isometric 
contractions of wrist extension, flexion and abduction. Wrist forces were 
measured by a 3D force/torque transducer. The parameters used to examine 
differences in motor unit activity recorded between insertion sites and across tasks 
were activation order/time and recruitment threshold (RT). During flexion and 
extension the antagonist muscle was inactive. Thus, comparisons between the 
partitions of FCR and ECRL were limited to abduction. At low forces, FCR was 
primarily acting as a flexor as shown by lower RT’s for flexion than abduction by 
motor units within the oblique partitions, and by motor units within the central 
partition and medial oblique partition being recruited earlier for flexion than 
abduction. Motor units from pdECRL were recruited before motor units of all 
FCR partitions during abduction. Motor units from dsECRL had lower RT’s and 
were recruited earlier for extension than abduction suggesting task specificity for 
this partition. Supported by NICHD NCMRR grant HD 32571.

815.11
DIFFERENTIAL CONTROL OF AGONIST AND ANTAGONIST MUSCLES AT 
THE WRIST A.M. Krylow, J.D, Given*, and W.Z, Rymer. Sensory Motor 
Performance Program, Rehabilitation Institute of Chicago, Chicago, IL 60611, and 
Department of Biomedical Engineering, Northwestern Univ., Evanston, IL, 60208.

Muscles exhibit several unique mechanical attributes: strong velocity dependent 
behavior, highly asymmetric properties depending on whether muscle fibers are 
shortening or lengthening, and stiffness characteristics dependent on the activation state. 
Such actuator properties impose important constraints on the planning and execution of 
voluntary movements. The influence of muscle properties on the voluntary control of 
inertially loaded, single DOF movements at the wrist was studied experimentally in 
human subjects and theoretically using computer models of muscle mechanics.

Two experimental protocols were performed. In the first (“torque goal”), subjects 
moved their inertially loaded wrist between specified initial and final angles in either the 
flexion or extension direction. The subjects were required to match the peak decelerating 
torque to a predefined level (-20% of MVC). In the second (‘Fixed movement time”), 
subjects moved the wrist to a specified target angle using a predetermined movement 
duration (-350 ms). Loads were applied at the wrist ranging from 2.5 to 150 times the 
hand inertia. Wrist angle, angular velocity, net torque, and electromyographic (EMG) 
signals from one primary wrist flexor (FCR) and extensor (ECRB) were recorded. A 
dynamic model of the tasks was developed that could reliably simulate observed wrist 
torques using measured EMG signals and the applied load as inputs.

Resulting movements showed damped oscillations about the final angle, with the 
degree of overshoot and frequency dependent on load magnitude. In the torque goal 
protocol, EMG signals scaled in amplitude for agonist but not for antagonist muscles as 
load was varied. This role dependent scaling was not observed in the fixed movement 
time protocol. Model analysis demonstrates that EMG patterns of both protocols can be 
understood on the basis of muscle mechanics, with force-velocity asymmetries defining 
the muscle roles. The model also predicts that the observed multiphasic EMG signals 
reduce effective damping at the final position, accentuating overshoot and ringing. 
Implications for optimal control strategies and reflex mechanisms in movement 
generation are discussed. Funding: NIDRR H133P20016; AR40425.

815.12
MUSCLE ACTIVITY IS COSINE-TUNED WITH DIRECTION OF WRIST 
MOVEMENT. S. Kakei, P.S, Hoffman and P.L. Strick*. Research Service, 
VAMC and Depts. of Neurosurgery and Physiology, SUNY-HSC, Syracuse, NY 
13210.

We recorded from 15 different muscles of the forearm while monkeys made 
step-tracking movements of the wrist that involved 8 different combinations of 
flexion-extension and radial-ulnar deviation. Movements were examined with 
the wrist in a mid-position (midway between pronation and supination) and fully 
pronated. Typically, muscles active during movement (n=10) displayed a 
phasic agonist burst whose amplitude varied with movement direction. Muscles 
with tonic activity in the hold period prior to movement onset (n=4) showed a 
marked decrease in activity for specific directions of movement. The "preferred 
direction" for active muscles was calculated using a cosine or linear fit of activity 
in a time window -30 to +30 ms relative to the movement onset. Increases (and 
decreases) of muscle activity were cosine-tuned (average r = 0.92; range 0.77 -
0.99) with movement direction for 8 of 10 muscles. The preferred direction of 
individual muscles was distributed in an asymmetric manner. For example, in 
the mid-position, no muscle had its preferred direction within ±45° of ulnar 
deviation. When the wrist was rotated 90° from the mid-position to pronated, 
the preferred direction of all muscles rotated only an average of 27.3° (range 
14 - 43°). These observations suggest that the cosine tuning of wrist muscles 
is in many respects similar to the tuning observed for cortical neurons related 
to elbow and shoulder movements. The shifts in preferred direction for wrist 
muscles observed with rotations in wrist position appear similar to the changes 
in the preferred direction of cortical neurons seen with alterations in shoulder 
position (e.g., Caminiti et al. '90, '91; Scott and Kalaska '97). These 
observations raise questions about the similarities and differences between the 
activity of neurons in the Ml and muscle activity. Supported by VA Medical 
Research Service.
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815.13
SPATIO-TEMPORAL PATTERNS OF MUSCLE ACTIVITY FOR 
WRIST MOVEMENTS IN DIFFERENT DIRECTIONS. D.S.Hoffman* 
and P.L.Strick. Research Service, VAMC and Depts. of Neurosurgery 
and Physiology, SUNY-HSC, Syracuse, NY 13210.

Human subjects performed step-tracking movements of the wrist in 
12 directions. Surface electrodes recorded EMG activity from 3-4 wrist 
muscles. For each muscle sampled, we defined an agonist burst 
interval and an antagonist burst interval based on the occurrence of the 
largest agonist and antagonist bursts. Changes in movement direction 
were associated with 2 distinct spatio-temporal patterns of muscle 
activity. The most common pattern, "amplitude graded", displayed 2 
bursts: one during the agonist burst interval and the other during the 
antagonist burst interval. The amplitude of each burst was modulated, 
whereas the timing of each burst remained nearly constant. The less 
common pattern, "temporally shifted", consisted of a single burst of 
muscle activity. The occurrence of this burst shifted gradually from the 
agonist burst interval to the antagonist burst interval as movement 
direction rotated from the best agonist direction. We observed the 
temporally shifted pattern for a small number of directions of movement 
that were specific for each muscle. An analysis of muscle action 
indicated that the isolated contraction of some wrist muscles produced 
movements with curved trajectories. We hypothesize that temporal 
shifting of EMG bursts functions to straighten movement trajectories. 
Supported by VA Medical Research Service.

815.14
PARTS OF CAT BICEPS FEMORIS PRODUCE DIFFERENT 
MECHANICAL ACTIONS ABOUT THE ANKLE AND KNEE
D.I.Carrasco and A.W. English*. Dept. of Cell Biology, Emory Univ., 
Atlanta, GA 30322.
To determine the mechanical actions of the anterior, middle, and 
posterior parts of cat biceps femoris muscle (BFant, BFmid, and 
BFpost, respectively), we measured isometric reaction forces and 
torques with a multiaxis force-moment transducer connected to the foot 
or to the leg after stimulation of the branches of the nerve to the BF. 
Torque vectors (pitch, yaw, and roll) were determined at the ankle and 
knee. All three parts of the BF muscle produced flexion, adduction and 
external rotation torques about the knee. The magnitude and direction 
of these torque vectors were significantly different (p<0.05) between 
parts. At the ankle, all parts produced plantarflexion torques. BFpost 
produced small abduction torque and a negligible external rotation 
torque. BFant and BFmid produced negligible yaw and roll torques. The 
magnitudes of vectors produced by BFpost at the ankle were a small 
portion of the magnitude of the torque produce by lateral or medial 
gastrocnemius. However, the direction of the torque vector produced by 
BFpost at the ankle was similar to those produced by the gastrocnemius 
muscles. It is concluded that parts of the cat BF muscle produce 
different mechanical actions at the ankle and at the knee. Supported by 
HD 32571 from the USPHS

815.15
EFFECTS OF COMPRESSIVE ATHLETIC TAPING ON CONTROL ANKLE 
MOVEMENT.. L.E.Tremblav * . C. Seguin. A .Barrass. N. Ferris . and A. Francis. 
Physical Therapy Dept., Fac.. Of Health Sciences, Univers. Of Ottawa, and Ottawa 
Rehabilitation centre. Canada.

A common treatment used on athletes ankle joint for improving joint stability is 
through the application of orthotic or athletic taping (AT). This study has been 
conducted to measure how the control of this joint movement is affected by this 
compressive device. Thirty healthy subjects (23.2 +/-2.4 years), participated in pre 
and post treatment sessions design . The comparison tests consisted in measuring 
without vision in control and post standardized AT , or orthotic, randomly, the reaction 
time (RT), sense of position (SP) and sensitivity treshold (ST). RT was measured using 
a surface EMG on right Peroneus Brevis (PB) (ankle eversor) . A low intensity electrical 
stimulus (1msec.) (1.2 X ST) was triggered on the right foot of the subject, and they 
were instructed to execute a rapid eversion of their right ankle immediately Upon sensing 
the stimulus . The time elapsed between the stimulus and the muscle reaction were 
measured . SP was measured with the KINCOM (passive mode) machine, with and 
without the assigned support device . The subject’s ankle was passively moved into 
inversion asking the subjects to indicate when they sensed that their ankle had reached 
the same angle produced by the KINCOM. The ST was measured under each condition. 
Paired-t tests show a significant increase of RT in compressive condition by 8% (235+/- 
34 and 253+/- 38msec. ,P<0.05) and a significant decreasing by 21 % in ST (2.2+/- .6 
and 1.84+/- ,5mV ,P<0.01). However, no significant difference in SP (14.1+/- 1.9 and 
13.6+/-1.1 degres) and the trend in decreasing precision was of 4 %. These results are in 
contradiction with the others works (on knee joint), suggesting the improvement of 
proprioception under AT. We believe that if PB’s RT increase and no improving in SP 
on ankle inversion suggest that the compressive device exerts negative effect on ankle 
control movement .Unless the cutaneous informations (ST decrease by 21 %) consists of 
a compensatory feedback mechanism for ankle motor control movement.

815.16
THE EFFECT OF EXPECTED AND UNEXPECTED LOADS ON VERTICAL 
LIFTING FORCES DURING THE SQUAT LIFT. D.G. Heiss*, R.K. Shields,
H. J. Yack. Physical Therapy Grad. Program, Univ. of Iowa, Iowa City, IA 52242

In lifts using a precision grip, the motor commands for the lifting force are 
programmed in advance based on anticipation of the weight of the load (Johansson et 
al., Exp Brain Res, 71:59-71, 1988). We determined whether anticipatory control of 
the vertical lifting force is also important during bent knee, whole body lifting.

Subjects (n = 22) lifted identical boxes loaded with 5, 20, or 35 percent of their 
maximum lifting capacity (MLC). The subjects lifted a series of loads of similar 
weight followed by a load which was heavier or lighter than expected, based on the 
previous lift. Seven lift conditions were studied: three expected loads magnitudes (5, 
20 and 35%); two heavier than expected (5-35%, 5-20%); and two lighter than 
expected (20-5%, 35-5%). Lifting forces were determined from the vertical ground 
reaction forces acquired with a Kistler force plate and load accelerations from 
position data using the Optotrak System.

During the loading phase, the period immediately prior to load liftoff, the force 
rates were pr'edictively scaled according to the magnitude of the expected load. When 
the lift was adequately planned, the peak lifting force rate (LFR) and the duration of 
the loading phase increased with increased load. When the load was heavier than 
expected, the peak LFR was lower than that of planned lifts of the same load and the 
load phase duration was prolonged. When the load was lighter than expected, high 
LFRs during the loading phase resulted in force overshoots immediately after liftoff. 
The results indicate that the motor commands for the lifting force during the squat lift 
also rely on anticipatory control, based on the expected weight of the object. The 
implications of these findings on whole body lifting movements under changing, 
potentially destabilizing, mechanical conditions will be discussed.

Supported by the Foundation for Physical Therapy

CIRCUITRY AND PATTERN GENERATION: MAMMALS

816.1
OPTICAL STUDIES OF AN ENTERIC PLEXUS: RECORDING THE SPATIO-TEMPORAL 
PATTERNS OF ACTIVITY OF AN INTACT NETWORK DURING ELECTRICAL 
STIMULATION AND PHARMACOLOGICAL INTERVENTIONS. Ana Lia Obaid* and
B.M. Salzberg. Department of Neuroscience, School of Medicine, and The David Mahoney 
Institute of Neurological Sciences, University of Pennsylvania, Philadelphia, PA 19104-6074.

Multiple Site Optical Recording of Transmembrane Voltage (MSORTV) [Salzberg et al., J. 
Neurophysiol. 40:1281, 1977; Grinvald et al., J. Neurophysiol. 45:829, 1981] and the 
fluorescent potentiometric dye di-8-ANEPPS [Bedlack et al., Neuron 9:393,1992] are used to 
record the spontaneous, as well as evoked, electrical activity from individual neurons of up to 
5 interconnected ganglia of the guinea-pig submucous plexus. The long term goals of this 
project are the identification of functional units within the submucous network, and, ultimately, 
the comprehensive description of an entire mammalian reflex. To this end, several criteria 
must be met: a) the records must be long enough to permit monitoring of basal activity, the 
effects of pharmacological or electrical interventions, and recovery; furthermore, the duration 
of the recordings must allow statistically significant conclusions about functional connectivity to 
be drawn from spontaneous activity; b) the detection of synaptic potentials is desirable; c) the 
role of the active cells within the network (e.g. sensory, intermediate or motor) should be 
established, so that the description of a circuit includes not only the neurons’ behavior, but 
also their functional modality. The results presented here demonstrate progress in each of 
these areas: a) continuous activity can now be recorded reliably for ~ 4 minutes; b) fast 
excitatory synaptic potentials, sensitive to curare and detectable with the present AC-coupled 
MSORTV system (AC coupling time constant = 100 ms) can be evoked and modulated by 
electrical stimulation and pharmacological agents; c) choline acetyltransferase and other 
intracellular markers are immunolocalized following optical recording, facilitating the functional 
identification of the active cells by their immunocytochemical signatures [Bornstein and 
Furness, J. Auton. Nerv. Syst. 25:1, 1988; Furness et al, Ann. Rev. Pharmacol. Toxicol. 
29:287,1989],

Supported by USPHS grants NS35561 (A.L.O.) and NS16824 (B.M.S.).

816.2
OPTICAL IMAGING OF DYNAMIC NEURON ENSEMBLES IN 
NEOCORTICAL SLICES J-.Y. Wu*. L Guan, and Y Tsau Department of 
Neurology and Institute for Cognitive and Computational Sciences, Georgetown 
University Medical Center, Washington DC 20007

Dynamic neural ensembles in cortex have been proposed as a substrate for 
sensory perception, working memory and other cortical function modules. We have 
previously reported voltage sensitive dye images of spatially confined activity 
centers traveling in cortical slices. Extracellular unit recordings suggest that this 
activity is an ensemble of active neurons with an elevated population firing rate. The 
ensembles developed spontaneously during 4 - 7Hz oscillations. In optical imaging 
(705 nm, dye signal) the ensembles were narrow strips (0.1 to 0.5 mm wide) of 
population neural activity traveling papendicular to cortical layers at an average 
velocity of 30 to 50 mxn/sec. The confinement and the unidirectional traveling of 
the ensembles made them appear substantially different from the paroxysmal events, 
which appeared as a wide wave of excitation spreading over the entire preparation. 
Each individual ensemble only traveled in one direction. In a series of consecutive 
ensembles, the traveling direction could change dynamically. Two ensembles could 
develop simultaneously at different locations and travel toward each other, resulting 
in collision and annihilation of the activity. The traveling was composed of a steady 
motion and some "jumps" which appeared as sudden increases in traveling velocity 
and lasted only a few milliseconds. The jumping locations changed dynamically 
with different ensembles. With certain pharmacological or physical manipulations 
the size and the traveling velocity of the ensembles could be substantially modified 
while the paroxysmal events and the 4 - 7Hz oscillations appeared to remain 
unaltered. Our data suggests that this kind of dynamic ensemble is sustained by 
intrinsic cortical mechanisms. The traveling of neuronal ensembles implies a novel 
form of cortical interactions (Supported by NIH NS 31425).

Society  for  Neuroscience , Volume  23,1997



2098 CIRCUITRY AND PATTERN GENERATION: MAMMALS WEDNESDAY PM

816.3
EFFECTS OF HANDEDNESS ON MOTION STARATEGIES 
REVEALED BY BOLD FUNCTIONAL MRI. T. Nakada*1’3, 
Y, Fuiii2, K. Suzuki1, and I. L. Kwee3. Depts. Of Integrated 
Neurosei.’and Neurosurg.2, Brain Res. Inst., Univ. of Niigata, 
951 Japan, Dept. of Neurology3, Univ. of Calif., Davis, CA 
95616

Preferential usage of one hand (handedness) and its 
relationship to cerebral dominance is a central dogma of 
cognitive neuroscience. Nevertheless, to date, the neuronal 
substrates underlying “handedness” have never been clearly 
defined. We have investigated hand motion strategies in right 
handed young normal volunteers by BOLD functional MRI 
using unilateral vs. bilateral hand motion paradigm. While 
bilateral hand motion produced activation of bilateral primary 
motor cortices (MI) symmetrically, unilateral hand motion 
produced significant asymmetric activation patterns, namely (1) 
right premotor cortex (PM) activation during unilateral right 
hand motion; and (2) variable activation of right MI during 
unilateral left hand motion compared to bilateral hand motion. 
The former indicates the presence of “don’t go” signals for the 
left hand during unilateral right hand motion, whereas the latter 
indicates that “variable effort” is necessary by the right MI for 
bilateral Hand motion compared to unilateral left hand motion. 
The findings suggest the presence of dominant hand 
“navigation” strategies for varying types of hand motions. 
Supported by the Ministry of Education (Japan)

816.4
VISUALIZATION OF FUNCTIONING NEURAL CONNECTIONS BETWEEN 
THE HUMAN RED AND DENTATE NUCLEI. Y. J. Liu*. J-H Gao. Y. Pu. L. 
PaiSQas, M. Liotti, P. T. Fqa ~ Research Imaging Center, The University of Texas 
Health Science Center, San Antonio, TX 78284

Functional magnetic resonance imaging (fMRI) was used to study the neural 
connections between the red nucleus (RN) and the dentate nucleus (DN) in humans as 
they performed motor tasks with/without sensory discriminations. The sustained 
co-activation of the RN and DN were found during tactile discriminatons accompanied 
by finger fine movements. Six healthy volunteers were scanned under three conditions: 
(1) a pure movement (grasping objects) task; (2) an active tactile discrimination task 
(grasping objects and covertly matching the shapes of the grasped objects); and (3) 
rest The task-induced co-activation between the RN and DN were determined by 
comparing activation patterns on the fMRI images and calculating spatial correlations 
of the mean activation strengths (the activated areas and the response intensities within 
the RN and DN) across subjects. Significant activations (p<0.05) were detected with a 
conventional fMRI sequence in the bilateral red nuclei and dentate nuclei in all the 
subjects. There were significant covariances between the activations in the RN and the 
contralateral DN (r=.72, p<0.05). The significantly greater activation in the DN during 
the tactile discrimination task was positively correlated with the comparably greater 
activation observed in the RN (r=.75, p<0.05), suggesting that both structures were 
proportionally active during the two tasks. These results, in combination with the 
consistently crossed activation patterns demonstrated on the images, implicate a 
functional co-activation of the RN and contralateral DN during the tactile 
discrimination task and the excitatory interconnections between them. Our findings 
not only confirmed the existence of distinct dentato-rubral pathways in humans but 
may also endow them with new functional meanings. Therefore, this study presents a 
valuable way to assess brain activation from an integrated view of localization and 
neural connectivity. Supported by a NIH/NIMH grant P20 DA52176.

816.5
3D TUNING OF DELTOID MOTOR UNITS. U, Herrmann* and 
M, Flanders. Neuroscience Graduate Program, University of 
Minnesota, Minneapolis, MN 55455.

Deltoid single motor units (SMUs) have been found to have 
different preferred directions for forces in the sagittal plane 
(Herrmann and Flanders, Soc. Neurosei. Abst., 1996). To fully 
characterize the directional tuning of deltoid SMUs, their activation 
patterns were studied during isometric forces in the sagittal, 
horizontal and frontal planes.

Forces at the wrist were recorded with a 6-degree-of-freedom 
transducer while human subjects produced force ramps in 60 
different directions covering all three planes. The activity of each 
SMU was recorded with intramuscular electrodes and identified 
off-line by its characteristic shape and amplitude. For each unit, 
threshold force for recruitment was determined for all directions.

Preliminary results from two subjects show that threshold force 
data in three dimensions can be fit by a plane. The orientation of 
the plane changes with the unit's location in the muscle: the most 
posterior SMUs tend to be activated for lateral-downward- 
backward forces, while more anterior units are better activated for 
lateral-forward-upward forces. Preliminary results also indicate 
that some SMUs have more than one preferred direction as their 
threshold data were best fit by two planes.

(Supported by NINDS Grant NS 27484)

816.6
FITTING MULTICHANNEL LOCOMOTION DATA TO A VECTOR 
FUNCTION OF STEP PHASE. W. B. Marks*. T. M. Norden- 
Krichmar. and R. E. Burke. Lab. of Neural Control, NINDS, NIH, 
Bethesda, MD 20892-4455

During fictive locomotion, electroneurograms (ENG), motoneuron 
intracellular potentials (MN IC), and modulation patterns of synaptic 
potentials provide multichannel indices of the operation of the central 
pattern generator (CPG). All of these variables show covarying changes 
that define phases of the step cycle (e.g., phase angle or flexion vs. 
extension). We have developed quantitative approaches to determine the 
central tendency (mean path in n-space) of such multichannel data and the 
statistics of departures from it. This analysis can in principle reveal 
patterns of covarying behavior that depart from the mean path but occur 
often enough that they can be regarded as alternative CPG states. In 

regular fictive locomotion the 
path of the combined 
vectorial function of all n 
variables, plotted in n-space 
(as in the fig. where n=3; 2 
ENGs and MN IC in an EDL 
moto-neuron), is a one-
dimensional closed loop 
function of phase that can be 
used to describe CPG

operation. Orchestrated departures from this trajectory would signal the 
existence of additional controlling variables that could have important 
functional or mechanistic interpretations (e.g., see figs. 7 and 8 in 
Moschovakis et al., Exp. Br. Res. 83:489, 1991).

816.7
NONLINEAR DYNAMICS OF AMPHIBIAN MYELINATED AXON 
MODEL. T. Hashiguchi*. M. Hashiguchi1, A, L Padien2 and G. Mandi2*. 
’Department of Physiology, Tokyo Medical College, Tokyo 60, Japan; 
department of Pharmacology & Therapeutics, McGill University, 
Montreal H3G 1Y6, Canada

The aim of the present study was to investigate the behaviour of 
peripheral myelinated axon under periodic stimulation. For this purpose 
we have used a computational model of large myelinated sensory axon in 
amphibian dorsal root (“leaky myelin model”, Hashiguchi & Padjen, Soc 
Neurosei Abstr, 20,1994: 1526). The model uses Hodgkin-Huxley 
formulations, detailed morphology (12 nodes and intemodes) and 
appropriate conductances, relying on abundant experimental data of 
electrical characteristics of both nodal and intemodal membranes obtained 
by our intra-axonal microelectrode recording and reported voltage clamp 
data.

The results of simulation indicate that the uniform myelinated axon 
model can act as an active filter which sorts out clusters of spikes 
generated at the driving point, thus determining the upper limit of firing 
frequency of propagating action potentials. Preferred rhythm of 
propagating action potentials is a 2:1, 4:1 or 6:1 phase-locking oscillation 
resulting from nonlinear dynamics of the model axon.

In conclusion, the spatio-temporal selection and patterning mechanisms 
may contribute to regular pattern of interspike intervals which has been 
experimentally observed in peripheral axons.
(Supported in part by the MRC of Canada)

816.8
A MUSCLE SPINDLE MODEL FOR LARGE SCALE NETWORK SIMUL-
ATION. J.P.A.Foweraker, M.Hulliger, D.P.Bashor*1 & E.Otten2 Dept. of Clini-
cal Neurosciences, Calgary, Canada, Dept. of Biology, Univ. North Carolina, 
Charlotte1, and Dept. of Medical Physiology, Groningen, The Netherlands2.

The mammalian muscle spindle (MS) is a highly complex organ which is 
essential to proprioception. To aid the theoretical study of its properties differ-
ent models have been formulated, of which the Otten model (J. Neurophysiol. 
65, 1297, 1991) has a strength in its interpretation of spindle physiology. How-
ever it is too complex for use with large-scale network models, such as Bash- 
or’s spinal motor circuit model (Soc. Neurosei. Abstr. 19, 65.6, 1993). Such 
models accumulate known single-cell behaviour into a whole, and explore the 
dynamics and emergent properties of interactions between neuronal populations 
which are difficult to achieve experimentally. However such a model is of 
greater value if its inputs are similar to those seen naturally, and its outputs 
feed back to the inputs through peripheral effector models.

We aim to fully integrate Otten’s MS model and the spinal cord model to 
form a closed loop system. A first step is the open loop scenario, where spinal 
cord output does not affect the MS. Elsewhere we present the effect of using 
experimental data as an input to the spinal cord model. Here we present the 
development of the MS model for use in the larger scale simulation project.

The MS model is too complex for simulations requiring 100’s of units. 
Thus we have developed new elements for the model, most significantly in the 
afferent branch tree, by replacing the six-dimensional modified Frankenhaeuser- 
Huxley equations by the much simpler MacGregor equations. This produces a 
model suitable for larger scale simulation, but which maintains the functional 
properties of the more complex version.

This allows us to develop a means of studying the dynamic nature of the 
interactions between the CNS and the muscle spindle, as well as the effect of 
muscle spindle feedback on spinal motor circuitry. In particular, with the 
addition of populations of y motoneurones it will be possible to examine the 
impact of various fusimotor activation strategies on the closed-loop behaviour 
of spinal motor networks. Supported by AHFMR.
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816.9
A SPIKE TRAIN ANALYSIS FOR DETECTING THE DEPENDENCE OF 
TEMPORAL SUMMATION CONTRIBUTING TO THE EXCITATION OR 
SUPPRESSION OF SPIKE FIRING IN NEURONS. D. C. Tam*. Center for 
Network Neuroscience and Department of Biological Sciences, University 
of North Texas, Denton, TX 76203. E-mail: dtam@unt.edu

A spike train analysis technique is presented to reveal the contribution 
of consecutive spike firing in one neuron to the probability of spike firing in 
another. Specifically, we examine the dependency of spike firing in a given 
neuron with respect to the temporal summation of spikes from another 
neuron. The current analysis considers the contribution of temporal 
summation of two or more spikes that is correlated to the probability of 
firing in another neuron. This technique also reveals whether such temporal 
summation would lead to excitation or suppression of spike firing. This 
analysis is an extension of the conventional cross-correlation technique 
which computes the probability of spike firing in a neuron based on a precise 
number of correlated preceding spikes. Furthermore, this conditional 
probability of spike firing is subtracted from the baseline uncorrelated 
conditional probability so that the level of excitation or suppression of 
firing in relation to the preceding summated spikes can be extracted. The 
characteristic topographical features revealed by the subtracted two- 
dimensional conditional probability density function would provide 
information about the specific time interval of temporal summation in 
which excitatory or inhibitory coupling of one neuron is correlated with 
another neuron. Applying this analysis to spike trains recorded in a 
network of neurons can provide quantitative information on the influence of 
temporal summation of burst firing in one neuron on the spike generation of 
another neuron. (Supported by ONR N00014-94-1-0686)

816.10
ACTIVITY-DEPENDENT GAIN IN SYNCHRONOUSLY BURSTING 
NEURONAL NETWORKS. S.L. Prestanski, G.W. Gross, J.M. Kowalski and
B.K. Rhoades*. Dept. of Biology, Wesleyan College, Macon, GA 31210 and 
Center for Network Neuroscience, Univ. of North Texas, Denton, TX 76203.

We have recently developed methods of spike-train analysis based on 
joint-interval distributions. These methods include distribution-free 
graphical and statistical methods for assessing serial dependence (J. 
Neurosci. Meth. 64:25-37, 1996) and enhanced correlational methods for 
revealing intemeuronal linkage patterns (Soc. Neurosci. Abst. 21:64.17, 
1995). We present here the results of this analysis applied to spike-trains 
recorded from isolated networks of cultured mouse spinal cord neurons and 
the output of a purely stochastic computer model which generates artificial 
spike-trains based on a set of defined probabilistic rules. Graphical 
analysis of spike-trains from the cultured neurons reveals evidence of 
activity-dependent interneuronal gam; i.e. for many neuronal pairs, 
strengths of specific linkages between the spike-trams vary with the local 
firmg rates of both the presumptive presynaptic and postsynaptic neurons. 
Linkage strength is maximal for intermediate firing rates and may drop to 
nearly zero at the high and low extremes of firing rates. Possible 
mechanisms underlying this pattern have been tested with the stochastic 
model. In the model relative linkage strength at high firing rates can be 
reduced if the maximal firing rate is restricted by the neuronal refractory 
period, while a drop in linkage at low firing rates can be generated by a rule 
reflecting spike threshold effects. Variations of the Kolmogorov-Smirnov 
statistic are presented as tools for comparing linkage patterns in a 
designated pair of neurons under different experimental treatment 
conditions. One implication of these results for a synchronously-bursting, 
epileptiform neuronal network is that the network may become functionally 
uncoupled at the peak of each burst and throughout each interburst period. 
Supported by the State of Texas Advanced Technology Program.

816.11
CONTRIBUTION OF NMDA AND NON NMDA GLUTAMATE RECEPTORS 
TO RHYTHMIC ACTIVITY IN THE NEONATAL RAT SPINAL CORD M, 
Beato, E. Bracci. L. Ballerini* and A. Nistri. Int. Sch. Adv. Studies (SISSA), 
34013, Trieste, Italy. In the neonatal rat spinal cord rhythmic patterns of 
motoneuronal activity characterized by left-right alternation are induced by agents 
such as 5-HT or NMDA. In the present report we show that high extracellular K+ 
per se also induced alternating activity in lumbar ventral roots. Persistent patterns 
were consistently elicited only within a very narrow (~lmM) range of K+ 
concentration (threshold for inducing rhythmic activity was 9.5±0.5 mM). In each 
preparation, high K+-induced patterns were significantly faster (42±6 cycles/min) 
than those maximally induced by 5-HT (20+5) and comparable in frequency to 
those maximally induced by NMDA (40±4). We examined the contribution of 
glutamate receptors to the generation of these spinal patterns. In all cases co-
application of NMDA and non-NMDA antagonists fully suppressed rhythmicity. In 
the presence of NMDA antagonists (10 pM CPP or 20 pM APV) an alternating 
rhythm could still be evoked by 5-HT or high K+, although in both cases it required 
significantly higher concentrations and displayed frequency lower than in control 
solution. In the presence of the non-NMDA antagonist CNQX (10 pM) alternating 
patterns were still evoked by 5-HT, high K+ or NMDA. Also in this case larger 
concentrations were necessary and pattern frequency was lower than in control 
solution. The frequency of rhythms evoked by each agent was similar in the 
presence of either receptor antagonist. Synchronous rhythmic bursts induced by 
pharmacological block of synaptic inhibition by strychnine and bicuculline 
persisted in the presence of either CNQX or APV provided 5-HT (2-10 pM) was 
co-applied. These data show that a common feature of different rhythmic patterns 
in the spinal cord is their persistence despite block of either NMDA or non-NMDA 
receptors, provided that neuronal excitability is increased. Supported by INFM.

816.12
SPINAL RELEASE OF MONOAMINES ASSOCIATED WITH BRAINSTEM- 
ELECTRICALLY-EVOKED LOCOMOTION IN THE IN VITRO NEONATAL 
RAT. D.M.Fvda. J.Vriend*, & L.M..Jordan. Dept. of Physiol., Univ. of Manitoba, 
Winnipeg, Manitoba Canada R3E 3J7.

Electrical stimulation of the medioventral medulla (MED) evokes locomotion in the 
in vitro neonatal rat brainstem-spinal cord preparation (Atsuta et al,, J. Neurophyiol., 
SAHY1, 1990) at a time when most supraspinal inputs to at least the caudal thoracic cord 
are intact (by E20.5) (Kudo et al., Neurosci. Res., 16:131,1993). Electrical stimulation 
(150//A, 0.5ms, 10Hz) of the MED evoked locomotion which was sustained for 30 min 
in the 1-3 day old neonatal rat brainstem-spinal cord preparation (post-collicular 
decerebration) with hindlimbs attached. Prior to, during, and following locomotion a 
0.2mm microdiaiysis probe was inserted into the medial region of L1-L4 and perfused 
aCSF was collected and analysed for monoamine (MA) content by reverse phase HPLC. 
Norepinephrine, 5-HT, 5-HIAA and HVA increased above baseline levels in 
association with locomotion. During non-locomotion periods, however, MA content 
returned to baseline levels. This pattern of locomotion - MA release, non-locomotion - 
no MA release was repeatable within the same preparation. During electrical stimulation 
of brainstem sites not associated with locomotion and during which no locomotion 
occurred, no increase in MA content of spinal perfusate was observed. This suggests 
that the release of MA was not a nonspecific response to brainstem stimulation. Bath 
application of Ketanserin, a 5-HT2 receptor antagonist, abolished electrically-evoked 
locomotion but had no effect on the increase in spinal MA content generally seen during 
locomotion. This finding supports the contention that an intact serotonergic system is 
necessary for locomotion. These results provide a first attempt at characterizing 
transmitter release in the spinal cord during Active locomotion and suggest possible 
pathways which may be involved in the initiation or maintenance of locomotion in the 
neonatal rat. Supported by the Medical Research Council of Canada.

816.13
CROSSED SYNAPTIC INPUT TO MOTONEURONS DURING SELECTIVE 
ACTIVATION OF THE CONTRALATERAL SPINAL LOCOMOTOR NETWORK. 
O. Kjaerulff* and O. Kiehn. Department of Medical Physiology, University of 
Copenhagen, Blegdamsvej 3, DK-2200 Copenhagen, Denmark.

We have used a longitudinal split-bath setup to chemically induce unilateral 
locomotor-related ventral root activity in the isolated spinal cord of the neonatal rat. 
By exposing one side of the cord to 5-HT and NMDA, keeping the other side in 
normal solution, rhythmic bursting could be induced in the ventral roots on the side 
with the agonists, while the ventral roots on the side kept in normal solution remained 
silent. During such unilateral rhythm, current-clamp recordings with sharp electrodes 
were made in L1-L3 motoneurons on the side kept in normal solution, to investigate 
the crossed synaptic input from the active contralateral rhythm-generating network. A 
rhythmic membrane potential depolarization was observed in phase with the 
contralateral ventral root burst in 45 of 60 motoneurons. Although depolarizing, this 
rhythmic input inhibited action potential firing during the contralateral burst. The 
amplitude of the rhythmic potential increased when hyperpolarizing the cell and also 
when including C1‘ in the electrodes, suggesting that the rhythmic potential resulted 
from an increase in the CT-conductance. Strychnine, added selectively to the 
intracellular recording compartment, to avoid influence on the contralateral rhythm, 
largely blocked the rhythmic potential in 4 of 6 motoneurons, while bicuculline 
reduced it in 1 of 4 cells. When the glutamate receptor antagonists APV and CNQX 
were added selectively to the intracelllular recording compartment, they fully or 
partially blocked the rhythmic depolarizing potential in 6/6 motoneurons. Polysynaptic 
compound EPSPs evoked by stimulating the dorsal roots were blocked in parallel. Our 
results suggest that motoneurons during locomotion receive a glycinergic, rhythmic 
inhibitory input from the contralateral rhythm-generator. This input is often mediated 
indirectly by glycinergic inhibitory relay neurons. These relay neurons are located on 
the same side as the motoneurons and are driven by a crossed glutaminergic excitation.

816.14
DISTRIBUTION AND PROJECTION PATTERN OF LUMBAR
COMMISSURAL INTERNEURONS IN THE NEONATAL RAT SPINAL 
CORD. A.L.Eide*, O. Kjaerulff, LC.Glover and O. Kiehn. Dept. Anat., Univ. 
Oslo, Norway, and Dept. Physiol., Panum Inst., Copenhagen, Denmark.

Commissural intemeurons (CINs) are important for the intersegmental 
integration and left/right coordination of muscle activity during rhythmic 
limb movements. To examine the CIN populations potentially involved in 
the production of alternating hindlimb locomotion in the neonatal rat (2-3 
days old), we have used Dil to label retrogradely lumbar CINs and 
anterogradely their axons. CINs with axons ascending to lower thoracic 
levels (A-CINs) are clustered into 4 main groups in the transverse plane: 
dorsal margin, dorsal, central, and ventral. The number of A-CINs falls 
monotonically as a function of distance, from over 400 in LI to under 20 in L5. 
Central and ventral A-CINs predominate in all segments. CINs with axons 
descending to lower lumbar levels (D-CINs) are primarily clustered into 
ventral and central groups; dorsal horn cells are rare and dorsal margin cells 
completely lacking. The number of D-CINs also falls monotonically with 
distance over a range of several segments. Axons from CINs in LI extend at 
least 3 segments in each direction in the contralateral ventral to lateral 
white matter and issue terminal collaterals over nearly the same segmental 
range. Terminal collaterals are concentrated in the ventral half of the grey 
matter at all levels, profusely within the 2 immediately adjacent segments. 
The lumbar spinal cord of the neonatal rat thus contains distinct CIN 
populations that can subserve substantial intersegmental and bilateral 
integration. We hope to identify which of these CINs are involved in 
hindlimb locomotion through combined anatomical and electrophysiological 
studies. Supported by the Nansen Fund (J.C.G) and the Danish MRC and the 
Novo Foundation (O.Kiehn).
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816.15
THE EFFECTS OF LARYNGEAL AFFERENT STIMULATION 
ON RESPIRATION AND LARYNGEAL CLOSURE. C, L.
Ludlow* and E.S. Luschei. Voice and Speech Section, NIDCD, 
Bethesda, MD 20082-1416 and Department of Speech Pathology 
and Audiology, University of Iowa, Iowa.

Intense laryngeal stimulation can produce both central apnea and 
vocal fold adduction. These responses can become life threatening 
when sustained as in laryngospasm. However, the degree to which 
central apnea and laryngeal muscle contraction are similarly related to 
laryngeal afferent stimulation is not known. An integrative study of 
these two processes was conducted in anesthetized cats. Trains of 10 
electrical 1 ms pulses were applied to the internal branch of the 
superior laryngeal nerve at various stimulus rates (between 10 and 0.1 
Hz) and amplitudes (between 300 and 2000 pA). The measures of 
respiration were inspiratory and expiratory cycle durations. The 
measures of thyroarytenoid muscle responses with continued 
stimulation were the percentage of the total amplitude of the first 
muscle response in a series. Both expiratory and inspiratory cycles 
increased in duration at stimulus rates of 2 Hz or greater (p<0005). 
The respiratory cycle durations were not affected by stimulus intensity 
or whether the stimulation was ipsilateral or bilateral. The continued 
muscle responses were suppressed to a greater degree at more rapid 
rates of stimulation with greater suppression at more intense 
stimulation levels (p=.O12). The results suggest that laryngeal afferent 
stimulation modulates the respiratory rhythmn independently and in 
different ways from its effects upon laryngeal adductor muscle 
responses. Supported by Division of Intramural Research, NIDCD- 
NIH

816.16
TRANSFORMATION OF RESPIRATORY RHYTHM IN VITRO BY 
PHASIC AFFERENT FEEDBACK. N.M. Mellen* & J.L. Feldman Depts. 
of Physiological Science & Neurobiology, UCLA, Los Angeles, CA 
90095-1527

In intact mammals, phasic feedback from lung mechanoreceptors 
modulates respiratory rhythm on a cycle-to-cycle basis. Removal of this 
feedback markedly reduces respiratory frequency in vivo and may 
contribute to the slower frequency observed in vitro. Using a lung-attached 
in vitro rat brainstem / spinal cord preparation, we reincorporated afferent 
feedback by inflating and deflating lungs triggered by inspiratory onset 
(<50 ms delay) to pressures within the physiological range (1-3 cm H2O). 
Respiratory frequency increased markedly, and became less variable (A).
In addition, inspiratory duration was shortened, consistent with the Breuer- 
Hering reflex in vivo (B).

Extracellular recordings from respiratory-modulated neurons in rostral 
ventrolateral medulla revealed that in cycles in which afferent feedback was 
present, neurons were active over a narrower range of phases than in 
control cycles. Supported by NIH Grant HL37941.

816.17
CORRELATION BETWEEN INSPIRATORY BURSTS IN LEFT AND RIGHT 
HEMIDIAPHRAGMS IN THE FETAL LAMB. P.J. BERGER*, M.A. 
KYRIAKIDES AND I.R.C. COOKE. Institute of Reproduction and 
Development, Monash University, Clayton, Vic, 3168 and School of 
Biological & Chemical Sciences, Deakin University, Geelong, Vic, 3217, 
Australia.

The fetal lamb from as early as 45 days gestation (G45: term = G147) 
makes breathing movements in which the left and right sides of the 
diaphragm are activated simultaneously, and no inappropriate activation of 
non-respiratory muscles occurs. Thus the basic anatomical organisation 
responsible for synchronising the left and right sides of the respiratory 
pattern generator, and for the selective activation of inspiratory motor 
pools, is established very early in gestation. In this study we addressed the 
question of whether a key functional feature of the mature system is also 
established during fetal life. Specifically, given that the activation of motor 
pools in adult mammals is generally considered to be orderly and 
stereotyped and to abide by the Henneman size principle, we tested 
whether there is a fixed relationship between the EMG intensity profiles 
recorded from left and right sides of the diaphragm in fetal life. Under 
maternal general anesthesia, 5 fetal lambs at G82 were instrumented with 
electrodes in left and right costal diaphragms. We recorded spontaneous 
EMG activity from G85-G125 and analysed the relationship between the 
EMG intensity profiles of the left and right diaphragm. We found that the 
relationship between the two EMG profiles was variable at both ages, 
although at G125 the correlation between them was stronger than at G85. 
These findings support our earlier work which suggested that once the 
basic structure of the neural system for respiration is established, its 
functional maturation proceeds gradually over the last half of gestation. 
Supported by the National Health and Medical Research Council of 
Australia and the Windermere Foundation.

816.18
CHARACTERISATION OF THE ROLE OF NUCLEUS PONTIS CAUDALIS 
IN MASTICATORY PATTERN GENERATION. G. Scott*, Z, Ali and J.P. 
Lund, Dept. de Physiologie, Univ. de Montreal, Montreal, Quebec, H3C 3J7, 
CANADA.
Neurones in the medial bulbar reticular formation (mRF) may be the first elements 
in the central pattern generator for mastication (Nakamura et al,, 1980; Chandler et 
al., 1990). They fire tonically during mastication and may receive monosynaptic 
inputs from the cortical masticatory area (CMA). Their output is thought to activate 
phasically firing neurones in the mRF that generate the rhythm and bursts. In these 
studies we measured the latency of neuronal responses to cortical and peripheral 
inputs and investigated the effects of blocking activity on mastication. mRF 
neurones in the nucleus pontis caudalis (nPC), digastric and masseteric EMGs and 
jaw displacement were monitored during mastication and the effects of 
microinjections of the lidocaine (2%; 200nl; n=14) close to the recorded neurones 
were determined. All cells were tonically active during mastication induced by 
repetitive stimulation of the contralateral CMA and responded to single pulses at 
latencies longer than expected for monosynaptic activation [(mean=3.38 ± 0.22ms; 
n=10) (>10ms; n=2)]. A group of cells also received longer latency input from 
inferior alveolar nerve (mean = 8.69 ± 0.24ms; n=5). Microinjection of lidocaine 
into the central area of the nPC affected all elements of the masticatory jycle, 
increasing cycle duration (CD), burst duration (BD), interburst interval (IB1) and 
decreasing digastric EMG area. At the dorsal and ventral boundaries of the nPC, 
injection of lidocaine increased both CD and BD, but had no effect on IB I and EMG 
area. These results suggest that subpopulations of neurones may exist in the nPC 
that exert different influences on distinct components of the masticatory pattern. 
However, these neurones are not the first relays in the sequence of events that 
determine the pattern of mastication.
Supported by the Canadian Medical Research Council.

816.19
IN-VITRO INVESTIGATION OF RELATIONSHIPS BETWEEN TRIGEMINAL 
LAST-ORDER INTERNEURONS AND MOTONEURONS IN RAT Arlette 
Kolta* CRSN & Dep. De Stomatolgie, Univ. de Montreal, C.P.6128, Suec. 
Centre-Ville, Mtl, P.Q., Canada, H3C 3J7.

Interneurons located in the zone surrounding the trigeminal motor nucleus 
(MotV) are thought to be very important in control of jaw movements and 
reflexes. In the present study, an in vitro slice preparation was used to investigate, 
their interactions with trigeminal motoneurons in rat. Synaptic responses were 
elicited by electrical stimulation of four different areas (the supra-, juxta- and 
inter-trigeminal areas and the parvocellular reticular formation ventral and caudal 
to MotV) of the peritrigeminal zone (PeriV). Several motoneurons received 
convergent inputs from two, three or four interneuron-containing areas. Short 
latency excitatory postsynaptic potentials (EPSPs) that followed 20 Hz 
stimulation were elicited in masseteric motoneurons following stimulation of all 
areas. IPSPs were either seen in biphasic responses where they followed EPSPs 
or unmasked after abolition of EPSPs with CNQX. Only responses obtained from 
stimulation of the juxtatrigeminal and intertrigeminal (IntV) areas seemed 
devoided of inhibitory components. The EPSPs were mediated through 
kainate/'AMPA receptors whereas the IPSPs appear to be due to GABA and 
glycine.EPSPs and IPSPs were also recorded in premotor interneurons of the 
supratrigeminal area (SupV) after stimulation of IntV and MotV respectively. 
Thus suggesting that reciprocal connections exist between premotor areas and 
also between premotor interneurons of SupV and inhibitory' interneurons located 
within MotV. It is concluded that the preparation used here will doubtless prove 
useful for further investigation of the circuitry involved in the bilateral 
coordination of the jaw. This work was supported by the Natural Sciences and 
Engineering Research Council of Canada.
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817.1
THREE-DIMENSIONAL RECONSTRUCTION OF PYRAMIDAL CELLS IN 
THE BASAL NUCLEUS OF THE RAT AMYGDALA Miia Savander*, Aame 
Ylinen and Asia Pitkanen. A.I. Virtanen Institute, University of Kuopio, P.O.Box 
1627, FIN-70211 Kuopio, Finland.

Morphological features and electrophysiological properties of the pyramidal cells in 
the basal nucleus of the rat amygdala were characterized by recording them 
intracellularly and filling with biocytin. The recordings were performed in vivo in 
urethane anesthetized rats. Three-dimensional reconstruction of the axonal plexus 
and dendritic processes was done by using a computer aided digitizing system 
(Neurolucida) attached to a microscope equipped with a motorized stage. One 
biocytin-filled neuron in the rostral parvicellular division of the basal nucleus had 
resting membrane potential of -55 mV and spontaneous action potentials (70 mV). 
During positive current pulses, the cell exhibited slightly accommodating trains of 
action potentials. The cross-sectional area of its soma was 180 pm2. The axon 
originated from the soma and it gave origin to 238 branches. The total axonal length 
was 87724 pm (without z-axis correction). The axon had 13300 varicosities. This 
reconstructed cell had six aspiny primary dendrites that gave origin to 12 secondary 
branches. The total length of the dendrites was 8425 pm and the total number of 
spines was 3840. The cross-sectional area of the soma of another reconstructed 
neuron was 140 pm2. The axon originated from the primary dendrite and it gave 
origin to 30 branches (presumably the axon was not completely filled with biocytin). 
The total axonal length was 9171 pm (without z-axis correction) and it had 1067 
varicosities. This reconstructed cell had five aspiny primary dendrites that gave 
origin to 10 secondary branches. The total dendritic length was 8529 pm. The total 
number of spines was 3852. These data provide the first quantitative measurements 
from the amygdaloid neurons for studies aimed at understanding the information 
processing in the amygdala at single cell level, (supported by the Finnish Academy of 
Sciences (A.Y. and A.P.) and the Vaajasalo Foundation (A.P.)).

817.2
ORGANIZATION OF AMYGDALAR PROJECTIONS TO THE 
HIPPOCAMPAL FORMATION: A PHAL STUDY IN THE RAT.
G. D. Petrovich*, N. S. Canteras and L. W, Swanson. NIBS Program and Dept. of 
Biol. Sci., USC, Los Angeles, CA 90089-2520

Total of eighty-six PHAL injections were stereotaxically placed into different rat 
amygdalar nuclei to describe the overall pattern of projections to the hippocampal 
formation. In addition, ten control injections were deposited into areas surrounding 
the amygdala, including the piriform and postpiriform transition (TR) areas, 
endopiriform nucleus, and substantia innominata.

Our results revealed topographicaly organized projections from amygdalar nuclei 
specifically to the ventral/temporal region of the hipocampal formation, where they 
innervate the entorhinal area, fields CA3 and CA1 of Ammon’s horn, subiculum, 
and parasubiculum. However, none of the amygdalar nuclei appear to project to the 
dentate gyrus, presubiculum, or postsubiculum.

Three separate groups with similar patterns of projections to the hippocampus 
emerged from analyses of our amygdalar PHAL injections, and the projections will 
be described in detail. The “basolateral group” including the lateral, basolateral, and 
basomedial nuclei; the “pheromonal group”, including amygdalar nuclei receiving 
direct (medial nucleus, and medial part of the posterior cortical nucleus), or indirect 
(posterior nucleus), pheromonal input; and the “olfactory group”, including cell 
groups receiving direct (lateral part of the posterior cortical nucleus), or indirect 
(anterior amygdalar area) main olfactory input, as well as the olfactory cortical area 
(TR) adjacent to the amygdala, because its projections to the hippocampus are 
similar to those from “olfactory” cell groups.

The results will be discussed with respect to overall amygdalar organization, and 
its functional relation to the hippocampal formation.

Supported by NIH Grant NS-16686

817.3
PROJECTIONS FROM THE LATERAL, BASAL AND ACCESSORY BASAL 
NUCLEI OF THE AMYGDALA TO THE PERIRHINAL AND POSTRHINAL 
CORTICES: A PHASEOLUS VULGARIS LEUCOAGGLUTININ STUDY IN 
RAT. V. Savander*. M. Miettinen. S. Ronkko and A. Pitkanen. A. I. Virtanen 
Institute, University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

Phaseolus vulgaris leucoagglutinin (PHA-L), an anterograde tracer was used to 
investigate topography and laminar distribution of projections from the lateral, basal 
and accessory basal nuclei of the rat amygdaloid complex to the perirhinal and 
postrhinal cortices. Altogether 55 PHA-L injections, located in different divisions of 
the lateral, basal and accessory basal nuclei, were analyzed. The lateral nucleus 
appeared to be the main source of projections to these cortical areas. Within the 
lateral nucleus the dorsolateral and medial division initiated substantially heavier 
projections than the ventrolateral division. The projections were directed mainly to 
layers I-V of area 35 of the perirhinal cortex, and to layers I-III of ventral portions 
of the postrhinal cortex. Substantial projections were directed also to layer I of 
ventral portion of area 36. The basal nucleus gave rise to light projections to the 
perirhinal and postrhinal cortices. Within the accessory basal nucleus the projections 
from the parvicellular division were heavier than those from the magnocellular 
division. The main target for accessory basal nucleus projections were layers I-V of 
area 35 and layer I of ventral portion of area 36. The postrhinal cortex received 
lighter projections. The present data demonstrate that the amygdala is strongly 
connected with the perirhinal and postrhinal cortices. These topographically 
organized projections might allow the amygdala to influence polymodal cortical 
sensory processing. On the other hand, they may offer one route through which the 
seizure activity of amygdala origin could spread within and out of the temporal lobe. 

Supported by The Academy of Finland and Vaajasalo Foundation (A.P.)

817.4
PROJECTIONS FROM THE BASAL AND ACCESSORY BASAL NUCLEI 
OF THE RAT AMYGDALA TO THE ENTORHINAL CORTEX. M, 
Miettinen*. V. Savander. S, Ronkko. and A. Pitkanen. A.I. Virtanen Institute, 
University of Kuopio, P.O. Box 1627, FIN-70 211 Kuopio, Finland.

The amygdalo-entorhinal-hippocampal pathway may be of significance in a 
process where the emotional state of an animal modulates memory processing. It 
may also play a role in the generation of temporal lobe seizure activity. However, 
the detailed topographical organization of the connections between the amygdala 
and hippocampal formation has remained undetermined. We injected the 
anterograde tracer, Phaseolus-vulgaris leucoagglutinin into the basal (n=16) or 
accessory basal (n=l 6) nuclei of the rat amygdala. The distribution and density of 
labeled terminals in the entorhinal cortex depended on the location of the injection 
in the various amygdaloid nuclei or nuclear divisions. Within the basal nucleus, the 
main projection originated in the parvicellular division and terminated primarily to 
layers III-V1 of the amygdalo-entorhinal transitional field. In addition, the medial 
portion of the parvicellular division gave rise to a moderate projection to the ventral 
intermediate and medial entorhinal fields. The magnocellular division of the basal 
nucleus gave rise to a moderate projection to layer III of the dorsal lateral entorhinal 
field. The major amygdalo-entorhinal projection from the accessory basal nucleus 
originated in the parvicellular division and was directed mainly to layer V of the 
ventral intermediate field. The magnocellular division of the accessory basal nucleus 
innervated layer III of the dorsal intermediate field. The present findings and our 
previous data show that (1) only selective regions of the lateral, basal and accessory 
basal nucleus project to the entorhinal cortex and (2) these projections are 
topographically organized.

This study was supported by the Vaajasalo Foundation, the Academy of Finland 
and the Research and Science Foundation of Farmos.

817.5
PROJECTIONS FROM THE AMYGDALOID COMPLEX TO THE BASAL 
FOREBRAIN CHOLINERGIC SYSTEM. E. Jolkkonen* and A, Pitkanen. 
A.I.Virtanen Institute, University of Kuopio, P.O.Box 1627 FIN-70211 Kuopio, 
Finland.

In order to study, whether the amygdaloid complex projects to the basal forebrain 
cholinergic system (Chl-Ch4), we injected anterograde tracer PHA-L {Phaseolus 
vulgaris leucoagglutinin) iontophoretically into different divisions of the lateral, 
basal, accessory basal and central nuclei of the rat amygdala. All divisions of the 
central nucleus and the parvicellular division of the basal nucleus projected heavily 
to the basal forebrain. Projections from the lateral nucleus, accessory basal nucleus 
and from the intermediate and magnocellular divisions of the basal nucleus were 
lighter. The labeled terminals were exclusively located in the substantia innominata. 
To investigate, whether the labeled terminals made contacts with Ch4 cholinergic 
neurons located in this area, we prepared sections that were double-immunostained 
with PHA-L and choline acetyltransferase (ChAT). Terminals originating in the 
capsular or lateral divisions of the central nucleus or in the parvicellular division of 
the basal nucleus made synaptic contacts with up to 30% of the ChAT- 
immunopositive neurons in the substantia innominata. Labeled terminals were 
apposed to ChAT-immunopositive cell bodies as well as to proximal and distal 
dendrites. Our data show that the amygdaloid complex gives origin to highly 
topographically organized projections to the basal forebrain. One component of this 
projection is presumably targeted to Ch4 cholinercig neurons. Via these projections 
the amygdaloid complex may modulate the cortical arousal evoked by basal 
forebrain cholinergic system.

Supported by the Vaajasalo Foundation and the Academy of Finland.

817.6
DIFFERENTIAL INNERVATION OF BASOLATERAL AMYGDALAR 
NEURONS BY DISTINCT SUBPOPULATIONS OF LOCAL CIRCUIT 
NEURONS. R.L. Betette and A.J. McDonald*. Dept. of Cell Biology and 
Neuroscience, Univ. of South Carolina Sch. of Med., Columbia, SC 29208.

The magnocellular basal nucleus of the amygdala (Bmg) contains several 
subpopulations of local circuit neurons that can be identified by their unique 
neurochemical signatures. Neurons containing vasoactive intestinal peptide (VIP) are 
small bipolar or bitufted neurons, whereas neurons containing the calcium binding 
protein parvalbumin (PV) are larger multipolar neurons. In the present study pre-
embedding EM-immunocytochemistiy was performed to determine if these, two 
neuronal subpopulations innervate different postsynaptic targets in the* Bmg. 
Although both PV+ and VIP+ axon terminals formed symmetric synapses, presumed 
to be inhibitory, they exhibited a differential innervation of postsynaptic structures. 
PV+ terminals mainly targeted somata (33%), axon initial segments (24%), and thick 
(>lum) dendrites (27%), whereas VIP+ terminals mainly targeted thin dendrites 
(57%), thick dendrites (21%), and dendritic spines (12%). Most of the somata 
innervated by PV+ terminals appeared to belong to pyramidal neurons. It was 
common to find several PV+ terminals synapsing with each pyramidal cell body. One 
axon initial segment of a pyramidal cell was innervated by 17 PV+ axon terminals. 
In contrast, VIP+ neurons appear to innervate thinner (distal?) dendrites, as well as 
the spines of pyramidal neurons. It is also possible that some of these dendrites may 
belong to nonpyramidal neurons. These data suggest that P V+ and VIP+ neurons may 
play distinct functional roles in the local circuitry of the Bmg. The PV+ neurons may 
be important for controlling the output of pyramidal projection neurons via synaptic 
contacts situated close to the axon initial segment. The synapses formed by the axons 
of VIP+ neurons appear to be in a position to interact with other inputs to the distal 
dendritic segments of pyramidal neurons, such as those from the prefrontal cortex and 
midline thalamus. Supported by NIH-NS19733.
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817.7
CORTICAL INPUTS TO INHIBITORY INTERNEURONS OF THE 
BASOLATERAL (BL) AMYGDALOID COMPLEX. I.-F. Pare1, Y. Smith1.
D. Pare2 and M. Filion* (I)Yerkes Regional Primate Center, Emory Univ., 
Atlanta and (2) Dept. of Physiol, Laval Univ, Sch of Med, Quebec, Canada.

We performed an EM study of synaptic inputs to parvalbumin positive 
(PV+) elements in the BL complex as this calcium binding protein is 
localized in a sub-population of GABAergic intemeurons of the amygdala. 
Two population of PV+ cells were identified on the basis of soma shape 
(ovoid versus polygonal). These PV+ neurons lay in a rich plexus of 
immunoreactive fibers and varicosities. The majority (96%) of boutons in 
contact with PV+ neurons formed asymmetric synaptic contacts, an 
ultrastructural feature of excitatory terminals. Only 4% of synapses formed 
symmetric contacts presumed to represent GABAergic inputs. Polygonal 
PV+ cells were much more densely innervated than ovoid neurons.

To identify the origin of synaptic inputs to PV+ interneurons, we 
combined anterograde tracing of Phaseolus ru/garzs-Leucoagglutinin (PHA- 
L) with PV immunohistochemistry. Iontophoretic injections of PHA-L in 
the entorhinal, perirhinal and pre-limbic cortex of cats as well as in the 
orbitofrontal cortex (area 25) of macaque monkeys produced dense 
anterograde labeling in the amygdala. At the EM level, PHA-L-positive 
fibers only formed asymmetric synaptic contacts mostly with unlabeled 
elements but also with PV+ dendrites and perikarya. Among PV+ elements, 
dendrites were the most frequent targets of cortical terminals. Thus, 
cortical afferents provide an excitatory drive to inhibitory interneurons of 
the amygdala thus leading to the genesis of feed-forward IPSPs in 
projection neurons.

Supported by MRC of Canada and grant RR-00165.

817.8
DIRECT SYNAPTIC INPUT FROM THE SUPERIOR COLLICULUS ON 
IDENTIFIED THALAMO-AMYGDALOID PROJECTION NEURONS AROUND 
THE MEDIAL GENICULATE BODY: EVIDENCE FOR A "FAST" VISUAL 
PATHWAY FROM RETINA TO AMYGDALA. R. Linke1*, AD, de Lima2 and H, 
Schwegler1, Tnst. Anatomy and Tnst. Physiology, Univ. Magdeburg, Leipziger 
Str.44, D-39120 Magdeburg, Germany.

Acoustic information reach the amygdala via the perirhinal cortex or, much faster, 
via a direct thalamo-amygdaloid pathway. An analogous thalamo-amygdaloid 
connection within the visual system has not been described. Visual information 
reach the amygdala via primary visual, association, and perirhinal cortices, or via 
pulvinar and perirhinal cortex. With combined retrograde and anterograde tracing 
techniques at the light and electron microscope level we look for a more direct 
pathway with less relay stations. Wistar rats received iontophoretic injections of 
Fluorogold into the lateral amygdala and/or PHA-L into the superior colliculus. 
Double tracing experiments revealed an extensive overlap of retrogradely labeled 
neurons and anterogradely labeled terminals in the following regions of the posterior 
thalamus: the suprageniculate nucleus (SG), the posterior intralaminar nucleus 
(PIN) and the medial division of the medial geniculate body (MGBm). At the light 
microscopic level axons with bouton-like swellings were detected on the somata and 
primary dendrites of retrogradely labeled cells. Detailed examinations at the EM 
level of SG and PIN sections where both tracers overlap, are currently under 
progress. We have demonstrated that visual information may reach the amygdala via 
only two relay stations, viz. the superior colliculus and some nuclei in the posterior 
thalamus. The suprageniculate nucleus may thus be a candidate for conveying visual 
information to the amygdala because neurons of the SG respond best to fast moving 
visual stimuli and have extremely large receptive fields. The number of relay 
stations for visual information is thus similar to that for acoustic information. 
Supported by the DFG SFB 426

817.9
NON-RADIOACTIVE IN SITU HYBRIDIZATION STUDY OF GAP-43 AND 
SCG 10 IN THE HIPPOCAMPUS, SUBICULUM AND ENTORHINAL CORTEX 
OF THE MACAQUE MONKEY (Macaca fuscata). N. Higo12. T. Oishi1 , A. 
Yarnashita1, K. Matsuda1 and M. Hayashi4. 'Neuroscience Sect., Information 
Science Div., Electrotechnical Lab., Tsukuba, Ibaraki 305, Japan, 2Dept. Physiol., 
Univ. of Tsukuba Sch. of Med., Tsukuba, Ibaraki 305, Japan, 'Dept. Anat., Nihon 
Univ. Sch. of Med., Itabashi, Tokyo 173, Japan, 4Dept. Cellular and Molecular Biol., 
Primate Res. Inst., Kyoto Univ., Inuyama, Aichi 484, Japan.

GAP-43 and SCG 10 are growth associated proteins whose expression in adult 
nervous system is related to synaptic plasticity. We performed non-radioactive in 
situ hybridization histochemistry in the monkey hippocampus, subiculum and 
entorhinal cortex to investigate the localization of neurons expressing GAP-43 and 
SCG 10. In general, the distribution patterns of each mRNA were overlapping. In 
the hippocampus, the most intense hybridization signals for both mRNAs were 
observed in the pyramidal cell layer of CA3 subfield of Ammon’s horn, whereas the 
moderate or intense hybridization signals were observed in the pyramidal cell layers 
of CA4, CA2 and CAI subfields. The moderate or intense hybridization signals 
were also observed in the polymorph layer of the dentate gyrus and the stratum 
oriens of Ammon’s horn. Throughout the subiculum, the hybridization signals for 
both mRNAs were weak. In the rostral field of the entorhinal cortex, intense 
hybridization signals for both mRNAs were observed in layers III and VI. In the 
intermediate and caudal fields of the entorhinal cortex, on the other hand, intense 
hybridization signals for both mRNAs were observed in layers II and V. These 
subregion-specific expression of GAP-43 and SCG 10 mRNA might reflect the 
degree of synaptic plasticity exhibited by the neural circuit in the entorhinal- 
hippocampal system of monkey. (This work was supported by the grant of AIST, 
MITI, Japan. We thank Dr. R. L. Neve and Dr. N. Mori for their generous gift of 
GAP-43 cDNA clone and SCG 10 cDNA clone, respectively.)

817.10
COLOCALIZATION OF NADPH-DIAPHORASE AND GABA IN 
THE MONKEY HIPPOCAMPAL FORMATION. A.L. Jongen-Relo*'
C. Crespo2 and J.R. Alonso21 Dept. of Psychiatry and Center for 
Neuroscience, University of California, Davis , Davis, CA 95616; 
2Universidad de Salamanca, Depto. Biologfa Celular y Patologfa, Facultad 
de Medicina, 37007 Salamanca, Spain.
Using sequential NADPH-diaphorase (ND) histochemistry and GABA 
immunohistochemistry or GAD67-mRNA in situ hybridization on the same 
sections, we investigated whether the ND positive cells in the monkey 
hippocampal formation also contain the inhibitory neurotransmitter GABA. 
Three Macaca Fascicularis monkeys were perfused with a mixture of 4% 
paraformaldehyde and 0.1% glutaraldehyde in phosphate buffer (pH 7.4) 
and the brains were sectioned at 30 pm using a freezing microtome. Free- 
floating sections were either single or double labeled (ND and GABA 
immunohistochemistry; ND and GAD67-mRNA in situ hybridization). For 
the double labeling experiments, sections were first processed for ND. The 
degree of ND/GABA colocalization varied substantially in the different 
regions of the hippocampal formation. Within the dentate gyrus, the highest 
colocalization levels were found in the molecular layer (86%), followed by 
the polymorphic layer (58%) and the granule cell layer (55%). The neurons 
that were found to be ND positive but GABA negative were typically large 
cells. In the hippocampus, 85% of the ND-positive cells also contained 
GABA. No dramatic differences were observed in the colocalization levels 
in the different fields and layers of the hippocampus. In the subicular 
complex, nearly all of the ND cells (91%) colocalize GABA, while in the 
entorhinal cortex we found 83% colocalization of ND and GABA. These 
results contrast with previous studies in rats showing that nearly all ND 
positive cells in the hippocampal formation are GABAergic.
Supported by NIH Grant NS 16980, RR 00169, the “Junta de Castilla y 
Ledn” and the DGICyES (PB94-1388)

817.11
LOCALIZATION OF CYTOCHROME OXIDASE (COX) 
ACTIVITY AND COX mRNA IN THE RHESUS MONKEY 
AMYGDALA. D.R. Brady*, S.I. Rapoport, K. Hatanpaa and K. 
Chandrasekaran. Lab, of Neurosci?, NIA, Bethesda, mD 20892.

The amygdala, a subcortical structure occupying a strategic 
position in the circuitry of the limbic system, links neocortical 
sensory input with subcortical neural systems. Phylogenetic 
development of the amygdala coincides with the expansion of 
neocortical association areas in primates. The chemo- 
architectural pattern seen in primate amygdaloid nuclei may 
reflect the diversity of its connections and thus metabolic 
needs. We expanded our studies on the localization of 
cytochrome oxidase (COX) enzyme activity and COX mRNA to 
the primate amygdaloid complex to assess the relative 
distribution of these markers of oxidative metabolism to the 
subdivisions of the amygdala. COX activity was assessed using 
diaminobenzidine histochemistry, and COX mRNA was 
localized by in situ hybridization using DNA probes to COX I, 
II and III subunits. The highest levels of CoX activity and 
mRNA expression were observed in the magnocellular 
basolateral and cortical nuclei. The magnocellular accessory 
basal, parvocellular basolateral and medial basal nuclei 
exhibited similar levels of activity and expression that exceeded 
those of the lateral nucleus. The central nucleus contained the 
lowest levels of COX activity and mRNA expression. The 
distribution pattern of the metabolic marker COX coincides 
closely with the pattern of choline acetyltransferase and 
acetylcholinesterase in the primate amygdala, suggesting 
greater energy demands on neurons associated with the 
cholinergic system.

817.12
COLOCALIZATION OF PARVALBUMIN, CALRETININ, CALBINDIN-D28k 
AND GABA IN THE RAT AMYGDALA. S, Kemppainen and A, Pitkanen*, 
A.I.Virtanen Institute, University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, 
Finland.
In the rat amygdaloid complex, calcium-binding proteins are typically present in 

nonpyramidal neurons. Whether they are located in the same neuronal 
populations, is largely unknown. In the present study, we investigated the 
colocalization of parvalbumin, calretinin and calbindin with GABA in the lateral, 
basal and accessory basal nuclei of the amygdala by comparing adjacent 
immunostained sections by mirror technique. We also studied whether 
parvalbumin, calretinin or calbindin are colocalized in the same cells.

We found that 95% of parvalbumin-immunoreactive (ir) and 75% of calbindin-ir 
cells were GABA positive, whereas only 24% of calretinin-ir cells were GABA-ir. 
Interestingly, most (78%) of the small multipolar calretinin-ir cells were GABA 
positive. However, only 11 % of the large multipolar or fusiform calretinin-ir cells 
contained GABA. Calretinin-ir cells did not contain either parvalbumin or 
calbindin whereas 26% of calbindin-ir cells were immunoreactive for 
parvalbumin.

In the deep nuclei of the rat amygdala, the vast majority of parvalbumin and 
calbindin containing cells colocalize with GABA. Also, the nonpyramidal 
appearance of these cells suggests that they represent inhibitory interneurons. 
Unlike in many other brain areas, we found numerous neurons containing both 
parvalbumin and calbindin. Calretinin-ir neurons differ from the parvalbumin-ir 
and calbindin-ir neurons in a sense that only a small percentage of them contains 
GABA and they do not colocalize with the two other calcium-binding proteins.

Supported by the Vaajasalo Foundation and the Academy of Finland.
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817.13
SPARSE COLOCALIZATION OF CALRETININ AND GABA IN 
INTERNEURONS IN THE ENTORHINAL CORTEX OF THE RAT F.G. 
Wouterlood*, J.C.M. van Denderen. Research Institute Neurosciences, Vrije 
Universiteit, Department of Anatomy, 7 van der Boechorststraat, 1081 BT 
Amsterdam, The Netherlands.

The general population of inhibitory, GABAergic intemeurons in cortical brain 
areas can be subdivided into several subpopulations, each characterized by the 
presence or absence of additional neurochemical markers. Among these are calcium-
binding proteins (calbindin, parv-albumin and calretinin [CR]) and peptides (NPY, 
somatostatin, VIP). Previously we have observed that CR-immunopositive entorhinal 
cells do not project to the hippocampus and therefore are most probably no projection 
neurons. In other brain areas, CR-positive projections have been demonstrated. 
Based on these findings we decided to investigate the degree of colocalization of CR 
with GABA in intemeurons in the entorhinal cortex. Serial sections of rat brain 
(n=5; cut in several planes) were incubated with a cocktail of mouse anti-GABA and 
rabbit anti-CR, followed by a cocktail of goat anti-mouse and anti-rabbit IgGs 
conjugated to CY2 (carbocyanine dye, green) and CY5 (carbocyanine infrared), 
respectively. The sections were studied with a two-laser (488, 633 nm), two-channel 
Zeiss confocal laserscan microscope. Cells in which colocalization of the 
fluorophores occurred were counted as well as cells without colocalization. The 
results show that GABA coexists in only 20% of the CR+ neurons. This is in line 
with observations in a single-label EM-study where we found that most CR+ axon 
terminals display asymmetrical synapses (by contrast, GABA+ terminals always 
display symmetrical synapses). Most colocalization of CR and GABA occurred in the 
deep (V-VI) cortical layers. In addition to CR+, GABA+ and CR+, GABA- neurons, 
we found an abundance of CR-, GABA+ neurons. We interpret the GABA-,CR+ 
neurons as excitatory intemeurons.

817.14
TOPOGRAPHICAL ORGANIZATION OF SUBICULAR PROJECTIONS 
TO THE RHINAL CORTEX OF THE RAT. T, van Haeften* and M.P. Witter. 
Research Institute Neurosciences Vrije Universiteit Amsterdam, Department of 
Anatomy and Embryology, Amsterdam, The Netherlands.

The subiculum is one of the major output structures of the hippocampal 
formation. It gives rise to a prominent projection to the entorhinal cortex (EC). 
Moreover, we have recently observed that the subiculum also projects directly to 
other parts of the rhinal cortex, i.e. the peri-and postrhinal cortices. In this study, 
we have analyzed the topographical organization of the subiculo-entorhinal 
projection in detail and related it to projections to the peri- and postrhinal 
cortices. In 24 rats, small injections with the anterograde tracers biotinylated 
dextran amine (BDA) or Phaseolus vulgaris-Ieucoagglutinin (PHA-L) were made 
into the subiculum in such a way that the total of injections covered most of the 
septotemporal as well as the entire transverse axis of the subiculum. Subicular 
projections to the EC terminate in the deep layers of the ipsilateral EC, especially 
in layer V, and to a minor extent in the superficial layers II and III. Analysis of 
the fiber patterns in the rhinal cortex reveals a topographical organization, 
depending on the location of the cells of origin along both the transverse and 
septotemporal axis of the subiculum. Projections from cells in proximal parts of 
the subiculum, i.e. close to CA1, terminate exclusively in the lateral entorhinal 
cortex (LEA) and in the perirhinal cortex, whereas projections from ceils in distal 
parts, i.e. close to presubiculum, terminate in the medial entorhinal cortex (MEA) 
and in the postrhinal cortex only. Intermediately located cells project, to both 
areas. In addition, cells in septal portions of the subiculum project to lateral parts 
of the EC and to peri- and postrhinal cortices, whereas cells in more temporal 
portions project to more medial parts of the EC. These results indicate that 
subicular projections to the rhinal cortex precisely reciprocate the known inputs 
from this cortex to the hippocampal formation.

817.15
RECURRENT COLLATERALS OF LAYER V/VI CELLS OF THE RAT 
ENTORHINAL CORTEX: POSTSYNAPTIC TARGETS IN LAYER III.
C. L. Dolorfo*, B, W. Leonard, and T, F, Freund. Institute of Experimental 
Medicine, Hungarian Academy of Sciences, Budapest, Hungary H-1450

Recent electrophysiological data suggest that reverberatory activity can be 
confined within the entorhinal cortex (EC) (Iijima et al. 1996; Science 272:1176- 
1179). Little is known about the synaptic organization of the local EC circuitry that 
may mediate this reverberation. In the present study local collaterals of layer V/VI 
EC neurons were anterogradely labeled and the type/GABA content of their 
postsynaptic targets in layer III were examined. Small iontophoretic injections of 
either biocytin or Phaseolus vulgaris leucoagglutinin were aimed into layers VZVI of 
the dorsolateral EC in male Wistar rats. In five rats the injections successfully labeled 
cells in layers V/VI. Typically, labeled axon collaterals were fine in caliber, bore 
numerous drumstick-shaped boutons, and as reported previously, ramified primarily 
in layer III of dorsolateral EC and to a much lesser extent in layers I and II. Electron 
microscopic examination of sections from 3 animals revealed that labeled boutons 
exclusively made asymmetric synaptic contacts onto small caliber dendritic shafts and 
spines. Post-embedding immunogold staining for GABA showed that the vast 
majority of these targets were GABA-negative. It is likely that these postsynaptic 
targets are the basilar dendrites of layer III pyramidal cells, since the dendrites of 
layer II stellate cells typically do not penetrate layer III, and only the thick apical 
dendrites of layer V/VI cells course through layer III before branching in layers I and 
II (Lorente de No, 1933; J. Psych. Neurol. 45:381-438; Lingenhohl and Finch, 1991; 
Exp. Br. Res. 84:57-74; Tamamaki and Nojyo, 1993; Hippocampus 3:471-480). 
Although very few targets were GABA-positive, at the light microscopic level, 
occasional biocytin-labeled boutons apposed parvalbumin-immunoreactive dendrites. 
In conclusion, these local excitatory connections from deep to superficial layers of the 
EC may be partly responsible for reverberatory activity within the EC, and in 
addition, may be an important component of the circuit through which hippocampal 
output to layer V can modify cortico-hippocampal input originating in layer III. 
Supported by OTKA-16962 and ETT, Hungary.

817.16
THE FASCIA DENTATA OF THE REELER MUTANT: 
ANTEROGRADE TRACING OF AFFERENTS WITH PHAL
T. Deller*, A. Drakew, B. Heimrich, and M. Frotscher. An atomical 
Institute, University of Freiburg, F.R.G.

The rodent fascia dentata is characterized by a lamina-specific 
termination of afferents: Entorhinal fibers terminate in the outer 
and commissural fibers preferentially terminate in the inner 
molecular layer. Cajal-Retzius cells expressing reelin in the outer 
molecular layer have been implicated in the layer-specific ingrowth 
and branching of entorhinal fibers during development (Del Rio et 
al., 1997; Nature: 385:70-74). Using Phaseolus vulgaris- 
leucoagglutinin tracing the lamina-specific termination of 
entorhinal and commissural fibers was investigated in the reeler 
mutant and the morphology of single fibers was analyzed. In the 
mutant, entorhinal fibers terminated in the molecular layer and 
formed a sharp border against the granule cell layer and hilus, 
similar to control animals. In contrast, commissural fibers were 
present in all layers and the hilus with only a slight preference for 
the supragranular zone. Single commissural fibers were often 
radially oriented and formed tangle-like structures. These data 
indicate that reelin plays an important role for the lamina-specific 
termination not only of entorhinal but also of commissural fibers to 
the dentate gyrus (supported by the DFG).

817.17
PrPc LOCALIZATION IN THE HAMSTER AND PRIMATE 
HIPPOCAMPUS. N. Sales, R. Hassi'g, K. Rodolfo, B. Faucheux, P. Hantraye,
F. Conde, J. Mikol, L. Di Giamberadino and K. L. Moya*. INSERM U334, 
CNRS URA 2210, SHFJ, CEA, Orsay; INSERM U289, Paris; Hopital Lariboisiere, 
Paris, France.

PrPc is a neuronally expressed glycoprotein. Recent evidence suggests that altered 
PrPres is not the infectious agent in transmissible spongiform encephalopathies, 
however, PrPres plays an important role in the adaptability of the infection (Lasmezas 
et ai., Science 275; 402, 1997). The hippocampus is one of the structures with the 
highest levels of PrPc (see Rodolfo et al., this meeting).

Immunohistochemistry of the hippocampus using mab3F4 revealed PrPc to be 
abundant in synaptic terminal fields. In the adult hamster, dense immunoreactivity 
(IR) was observed in the oriens and radiatum layers. The lacunosum moleculare and 
the stratum lucidum were slightly less IR and the molecular layer of the dentate gyrus 
showed only moderate IR. Cell bodies, notably pyramidal cells and granule cells of 
the dentate gyrus were devoid of IR. Some single fibers or fiber bundles were IR in 
the alveus and the fimbria.

A similar pattern of IR was observed in the macaque, baboon and human 
hippocampal formations. Dense PrPc IR was distributed in the neuropil of the 
radiatum and oriens layers as well as in the molecular layer of the dentate gyrus. 
While dentate granule and pyramidal cell bodies were devoid of IR, dense PrPc IR was 
present along the basal edge of the macaque pyramidal cell layer. PrPc IR was also 
noted in or around processes traversing the baboon granule layer. These results show 
that PrPc is in terminal fields of the brain and suggest a widespread synaptic function 
for the protein. In the case of altered protein conformation as in transmissible 
spongiform encephalopathies, altered PrP function in hippocampal synapses could be 
an underlying factor in associated cognitive deficits. We thank M. Clavier for 
assistance. Support: INSERM, CNRS.

817.18
DEVELOPMENTAL CHANGES AND ADULT REGIONAL 
DIFFERENCES IN HAMSTER BRAIN PrPc. K. Rodolfo, L. Di 
Giamberadino*, N. Sales and K. L. Moya. INSERM U334, CNRS URA 2210, 
SHFJ, CEA, 91401 Orsay, France.

Cellular PrPc is a glycoprotein especially expressed in neurons. While its 
function is still unknown, in vitro studies have suggested a role in cell adhesion. 
Here we characterized normal PrPc and examined developmental changes in the 
protein. We then examined regional differences in PrPc in adult hamster brain and 
determined if retinal ganglion cells (RGCs) synthesize PrPc.

2-D Western blot analysis with mab3F4 shows 3 major hamster PrPc 
electrophoretic variants: a basic, spot at 28kD, a more acidic streak at 32kD and an 
even more acidic streak at 37kD, which likely correspond to non-glycosylated, singly 
glycosylated and doubly glycosylated PrPc.

1-D Western blot analyses of equal amounts of total brain homogenate at different 
ages show maximal levels of the three isoforms on postnatal day (P) 14. On the day 
of birth, the levels are 46% of the maximum, increase to 55% and 69% on P3 andP7. 
PrPc then decreases to 81% on P21 and is at 77% in the adult brain.

In the adult brain, PrPc is most abundant in the hippocampus, neocortex and 
olfactory bulb. Moderate levels are present in the hypothalamus with less PrPc in the 
midbrain, cerebellum, brain stem. PrPc is barely detectable in the pituitary. The 
higher molecular weight PrPc is the most abundant in the brain at all ages. Immuno-
precipitation of metabolically radiolabeled PrPc from retinal terminals shows that 
RGCs synthesize PrPc and that glycosylated isoforms are sent to the synapse in vivo.

Our results show marked developmental changes in PrPc and considerable regional 
differences in the adult brain. The relative abundance of PrPc during the second 
postnatal week and its localization in synaptic terminal fields (see Sales et al., this 
meeting) suggest that glycosylated PrPc, may play a role in synapse formation or 
stabilization. We thank M. Clavier for assistance. Support: INSERM, CNRS
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818.1
A NEW NON-PARAMETRIC MODELING METHOD FOR 
MULTIELECTRODE RECORDING DATA M.A. Saglam*. V.Z, 
Marmarelis. and T.W, Berger Dept. of Biomed. Eng., Prog, in Neuroscience, Univ. 
of Southern California, Los Angeles, CA, 90089

The Volterra-Wiener (V-W) method is one of the most well-established approaches 
for non-parametric modeling of neurobiological systems. With this method, the 
nonlinear dynamics of a system are modeled as a set of input/output relations, i.e., the 
kernels of a functional power series. One of the advantages of this technique is that 
the model is derived directly from experimental data; few a priori assumptions are 
made as to the nature of the nonlinearities expressed by the underlying mechanisms. 
One of the disadvantages, however, is that the highest degree of nonlinearity that can 
be identified is limited, due to the fact that the amount of data needed for accurate 
kernel estimates increases exponentially with progressively higher order nonlinearities. 
The assumption of nonstationarity typically does not hold if experiments are 
prolonged to obtain such large (Lata sets. The V-W approach also can be used to 
characterize neural systems studied with multiple stimulation and recording electrodes 
(multiple input-multiple output), though the above problem are more severe in this 
case. For the single stimulation and recording experimental condition (single input- 
single output), we have shown previously that by using feedforward neural networks, 
the data record needed can be drastically reduced, allowing for identification of higher 
order nonlinearities. We show that the same neural network approach can be extended 
to the multiple input-single output case, in which cross-kernels tire used to express the 
dejiendence of a neural response to an input from one afferent on the time intervals 
since input events occurring on other afferents. This approach also allows an 
analytical formula to be obtained for the cross-kernel functions. Supported by ONR, 
NIMH, and NCRR.

818.2
INVESTIGATION OF UNOBSERVABLE NEURAL CIRCUITRY IN THE 
HIPPOCAMPUS WITH NONLINEAR SYSTEMS ANALYSIS.
M.T. Chian*. V.Z. Marmarelis. and T.W, Berger. Dept. of Biomed. Eng. & Prog, 
in Neurosei., Univ. of Southern California, Los Angeles, CA 90089

The network dynamics of the hippocampal formation can be defined as a 
composite of input/output functions(kemels of a functional power series) which 
characterize each of its subsystems(dentate, CA3, CA1, etc.). These time-domain 
kernels may then be transformed into the frequency domain to facilitate the 
combination or decomposition of complex neuroanatomical circuitry(e.g. addition, 
cascade, or feedback configurations). This method can be applied to study the 
nonlinear dynamic properties of the Dentate Gyrus-CA3 cascade system via random 
train stimulation at the perforant path. Since the mossy fiber output of the dentate 
gyrus provide the primary input to CA3, the dynamic properties of the CA3 
subsystem can be mathematically deduced without mossy fiber stimulation. 
Identification of unobservable elements for all three configurations has been tested 
using simulated data. For example, a simulated cascade system was created where 
the output of subsystem (A) acted as the input to subsystem (B) to produce an 
overall system. Subsystem A and the overall system are then individually 
stimulated by random impulse trains to produce stimulus/response data sets which 
are used in estimating the time-domain kernels for each system. If the estimated 
properties of subsystem A and the overall system are known, then the dynamic 
properties of subsystem B may be mathematically deduced without direct 
observation. Successful identification of unobservable elements depends on the 
accuracy of the initial estimates of observable systems which were observed to be 
most accurate for the addition model. Further investigation shows that estimation 
of input/output properties improves with larger stimulus/response data sets or when 
the system properties are less dynamic. Supported by ONR, NCRR, and NIMH.

818.3
PROGRAMMABLE ANALOG VLSI IMPLEMENTATION OF A NONLINEAR 
SYSTEMS MODEL OF A HIPPOCAMPAL NEURAL NETWORK. T.W. 
Berger*, B.J. Sheu, and R.H. Tsai. Depts. of Biomedical Engineering, and Electrical 
Engineering, Program in Neuroscience, University of Southern California, Los 
Angeles, CA 90089.

We have previously described an analog VLSI implementation of a nonlinear 
systems model of a network of hippocampal neurons receiving impulse inputs and 
generating impulse outputs (Tsai et al., Analog Integrated Circuits and Signal 
Processing, 1997). The dynamics of each neuron are determined experimentally and 
represented as the kernels of a functional power series. The kernels predict the 
response to a given input event in the context of a "sliding window" of the past input 
events (i.e., input pattern). We used the kernel models of dentate granule cells and 
inhibitory interneurons to implement a hardware model of a portion of the dentate 
gyrus. The circuit design is based on a model-based approach in which extracted 
parameters are used to present the first and second order kernels in analog 
current-mode to save silicon area and maintain high accuracy. For example, the 
second order kernel function can be approximated by a model with the equation: 
/i,(A,t ) = a exp'A(t) + c exp"2'0. The parameter values a and c are exponential decay 
time constants that determine the shape of positively valued components of the kernel 
function (facilitation); the parameters h and d are inverses of exponential decay time 
constants that determine the shape of negatively valued components of the kernel 
(suppression). For a reasonable range of parameter values, the model can flexibly fit 
a range of different kernel functions, allowing neurons with different dynamics to be 
represented with the same circuitry. The model can be implemented with Gilbert 
multiplier circuit whose output current is a function of input voltages, 
/Out  = rat>os °f a t0 c and t0 scale the kernel function and
thus provide a means for programming synaptic weights of connections between 
silicon neurons. Supported by ONR, NCRR, NIMH.

818.4
NONLINEAR SYSTEMS QUANTIFICATION OF POSITIVE FEEDBACK 
EXPLAINS INTERACTION OF AMPA AND NMDA RECEPTOR- 
MEDIATED EPSPs. S.S. Dalai,* V.Z, Marmarelis, and T.W, Berger. Dept. of 
Biomedical Engineering and Program in Neuroscience, University of Southern 
California, Los Angeles, CA 90089-1451.

We experimentally characterized the dynamics of pharmacologically isolaied 
AMPA and NMDA receptor-mediated EPSPs recorded intracellularly from 
hippocampal dentate granule cells during random impulse train (RIT) stimulation of 
the perforant path (mean frequency: 2 Hz). Nonlinearities of the synaptic responses 
were represented as the kernels of a functional power series, expanded on a set of 
Laguerre functions. The asymptotic exponential form of the Laguerre functions 
facilitated this parsimonious representation due to the similar exponential relaxation 
properties of the subthreshold EPSPs evoked in our study. A second order model 
was sufficient to represent each component of the system, as the cumulative mean 
square error (the difference between the measured output and that accounted tor bv 
the kernels) was only approximately 1.2% for the 600 inputs in each case.

Multidimensional discrete Fourier transforms of the kernels were used to model 
the overall system, ie. the control EPSP. We initially modeled the system as a 
simple summation of AMPA and NMDA power spectra. This configuration poorly 
estimated the nonlinearity determined from the control kernels. We then configured 
the system so that it included positive feedback of the membrane potential onto the 
NMDA subsystem. This mechanism accounted for the depolarization required to 
relieve the magnesium block of the NMDA channel. The output predicted by the 
positive feedback model was nearly identical to the measured control output 
(cumulative MSE=2 1%). The shape of the computed feedback function suggested 
that both the amplitude and falling phase of the intact EPSP are dynamically 
regulated by this process. Supported by ONR, NCRR, and NIMH.

818.5
DIRECT ENHANCEMENT OF NMDA RECEPTOR-MEDIATED EPSPs BY 
17p-ESTRADIOL IN HIPPOCAMPAL CA1 J, Xua„ X, Xiea*. R.D, Brintonb and 
T.W. Berger* AL)ept. of Biomedical Engineering, bDept of Molecular 
Pharmacology and Toxicology, abProgram in Neuroscience, Univ. of Southern 
California. Los Angeles, (A 90089

17p-estradioi enhances the magnitude of the AMPA receptor-mediated 
responses in hippocampal CA1 region (Wong and Moss. J, Neurosei., 12:3217. 
1992). It is unclear, however, whether or not there are direct effects of 17|3-cstradiol 
on the NMDA receptor-mediated responses although the number of NMDA receptor 
and NMDA receptor-mediated responses increase in CA1 of the chronically 17(3- 
estradiol treated animal (Woolley et al. J. Neurosei. 17:1848, 1997). We examined 
the direct effects of 17(3-cstradiol on pharmacologically isolated NMDA-mediated 
EPSPs in CA1 pyramidal cells of male rat hippocampal slices perfused with 
medium containing bicuculline (5pM) and Mg“’ (0.1 mM) to enhance the NMDA 
reccptor-mcdiated currents. DNQX (10 pM) was included to block the AMPA 
receptor-mediated component. Intracellular EPSPs were recorded from CA1 
pyramidal cell by stimulating Schaffer collateral fibers. Paired pulse stimulation 
using an interpulse interval of 60 mS or a train of 10 pulses (10Hz) were used in 
some experiments. Our results indicate that the effects of 17(3-estradiol on NMDA 
receptor-mediated activity were highly excitatory’. Concentrations above 10 nM 
induced seizure activity. Lower concentrations (InM) of 17(3~cstradiol markedly 
increased the amplitude of NMDA-mediated EPSPs (both the first and second 
responses in the case of paired pulse stimulation 280% and 250% respectively). The 
cumulative profile of the tram stimulation-elicited responses also was enhanced bv 
17(3-estradiol even in presence of higher concentration of Mg2’ (ImM). These data 
demonstrate that 17(3-estradioi can directly enhance NMDA receptor mediated 
currents when the channel is unblocked by either low magnesium or by 
depolarization. Supported by ONR, NCRR, Human Frontiers Org., and NIMH.

818.6
CA3 RECURRENT AND SCHAFFER COLLATERALS MAPPED BY CA1 
STIMULATION. C.Y, Perron* and T.W. Berger. Dept. of Biomedical Eng. and 
Prog, in Neuroscience, Univ. of Southern California, Los Angeles, CA 90089-1451.

Antidromically activated CA3 pyramidal cells (antiCA3) may be used to identify 
CA3 5. pyramidale (pyr) with in vivo extracellular field potential recordings 
However, we have previously reported (Perron et al, 1996) difficulty stimulating the 
appropriate Schaffer collaterals (Sch) in CA1 ,v. radiatum (rad), even though 
recurrent collateral tree) inputs to CA3c indicated that there were antiCA3 in other 
areas. In the present studv. our objective was to eleetrophvsiologicalh localize the 
CA3c Sch m both radial and longitudinal axes of CA1 Vertical multielectrode 
probes were lowered through CA3c to perform current-source densitv i( Sl)i 
analyses on halothane-anesthesized rabbits for different stimulation sites along the 
extent of CA1 neurons Based on the anatomv (Ishizuka et a! 1990), as the 
stimulating electrode is lowered from deep oriens to superficial rad in CA! the 
optimal area of antiCA3 and the corresponding CA3e rec sinks would shift from 
septal CA3a to temporal CA3c and from deep to superficial CA3c dendrites, 
respectively. Stimulating projection zone collaterals (pz) in CA1 rad would also 
result in septal CA3b and CA3c antiCA3.

Our multielectrode recordings revealed three main observations: (1) The 
strongest antiCA3 were often observed at more temporal superficial CA1 rad 
stimulation where the pz may lie; (2) Strong orthodromic activation was usuallv at 
the expense of strong antidromic activation, if both were present; (3) The rec sink 
shift from deep CA3c to CA3c rad was most evident when CA1 stimulator 
approached CA1 pyr and crossed into rad. while the shift to more superficial CA3e 
rad was at very superficial CA1 rad stimulation. In conclusion, these 
electrophysiological observations for antiCA3 and rec sink shift are consistent with 
our expectation based on the proposed anatomy.
Supported by ONR. NIMH and NCRR.
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818.7
IMPACT OF SYNAPTIC MORPHOLOGY ON PRESYNAPTIC CALCIUM 
DYNAMICS AND SYNAPTIC TRANSMISSION. T, Ghaffari-Farazi*. J.-S. Liaw. 
and T.W. Berger. Department of Biomedical Engineering and Program in 
Neuroscience, University of Southern California, Los Angeles, CA 90089

Though it has been consistently reported that after induction of LTP, structural 
modification is observed in hippocampal synapses, the mechanisms by which 
morphological alterations influence synaptic function remain unknown. Considering 
that the primary means of transporting free ions inside living cells is by way of 
diffusion, modification of the geometrical boundaries of the diffusion medium will 
alter the concentration of ions locally. In particular, the process of neurotransmitter 
release, which critically depends on the spatio-temporal distribution of free calcium 
ions, will be altered by a change in synaptic morphology. As such, structural 
modifications of the synapse contribute to changes in synaptic efficacy which may 
explain the coincidence of morphological changes and synaptic plasticity.

We have conducted a series of computer simulations of synaptic transmission using 
a two dimensional model of a synapse that incorporates morphological properties 
typical of "perforated" or "partitioned" synapses observed in the hippocampus after 
LTP (Geinisman, Hipp. 3:417-434, 1993). We assumed that the geometrical 
characteristics of the synapse in the third dimension is symmetrical with respect to the 
other two dimensions represented in our model. Results reveal that there are multiple 
morphological features that affect the diffusion pattern of calcium and 
neurotransmitter release. One such feature is the distance between the calcium 
channel/release site and the surrounding membrane wall. Another spatial feature 
observed in perforated synapses may be characterized as a small pocket like cavity that 
is partitioned by membrane from the rest of the spinule and only attached through a 
small neck to the main body of the terminal. Some spatial features affect the release 
process on a short time scale and some affect the release on a long time scale, leading 
to various synaptic dynamics. Supported by ONR, NIMH, and NCRR.

818.8
PROTOCOL-BASED SIMULATION WITH EONS. Ying Shu , J.-S Liaw2, and 
T.W. Berger2. JDept. of Computer Science, 2Dept. of Biomedical Engineering and 
Program in Neuroscience, Univ. of Southern California, Los Angeles, CA 90089

The goal of this study is to facilitate the integration of experimental and theoretical 
approaches to brain research by providing a means for researchers from these two 
disciplines to communication with each other. One of the most important aspects of 
both modeling and experimental studies is the formulation and verification of 
hypotheses. The experimental procedures for verifying a hypothesis is specified in the 
experimental protocols. Therefore, organizing a simulation by protocols can offer an 
important linkage between these two approaches. Furthermore, there are many levels 
of organizations in the brain, and the capability of simulating neural systems across 
different organizational scales is critical for an understanding of the brain function. 
We have developed a simulation system (EONS, Essential Objects for Neural 
Systems) to provide a way for capturing the fundamental and essential elements at 
different levels of neural organization. In EONS, neural components are represented 
as objects which form a library in such a way that new models can be constructed 
from existing ones. For each simulation, a protocol is generated to describe the 
procedures for testing a specific hypothesis. Similar to an experimental protocol, a 
simulation protocol is a specification of the actions performed on a set of parameters 
during the course of a simulation. By organizing a modeling study in terms of 
simulation protocols, a direct correspondence to the neural system being modeled can 
be established. This will not only greatly facilitate the search for experimental data to 
constrain model parameters, but also make die models more accessible to 
experimentalists. We will demonstrate the utility of this approach by an integrated 
study of the neural mechanisms underlying LTP in hippocampal neurons. Supported 
by ONR, NIMH, and NCRR.

818.9
DYNAMIC SYNAPSES: DANCES TO THE NEURAL TUNE. J.-S. Liaw* and 
T.W. Berger. Department of Biomedical Engineering and Program in Neuroscience, 
University of Southern California, Los Angeles, CA 90089.

The brain processes information robustly despite a high degree of variability and 
noise commonly embedded in the input signals. The computational capability of the 
brain is the result of a complex interaction among a larger number of underlying 
neurobiological mechanisms. One of the fundamental characteristics of 
neurobiological mechanisms is their dynamics, which is absent in the synaptic 
connections represented in most neural network models. We have developed a novel 
concept of dynamic synapse which incorporates presynaptic mechanisms such as 
facilitation, augmentation, and presynaptic feedback inhibition in regulating 
neurotransmitter release. The consequence of these presynaptic mechanisms is that 
the probability of release becomes a function of the temporal pattern of action 
potential occurrence, and hence, transforming a spike train into a sequence of release 
events. Furthermore, when the specific dynamics of presynaptic mechanisms vanes 
quantitatively across axon terminals of a single neuron, each tenninal transforms the 
same spike train into a distinct sequence of release events. That is, instead of a single 
action potential, a neuron is capable of generating an array of thousands of signals by 
ways of release events, giving rise to a tremendous gain in computing power. A 
dynamic learning algorithm has been developed for modifying presynaptic 
mechanisms such that each dynamic synapse performs a particular transformation 
function while changes in postsynaptic mechanisms determine how the synaptic 
signals are to be combined. The high computational capacity and the ability of 
changing synaptic dynamics allow a network of neurons to dynamically extract 
invariant features suited for each class of input signals. We demonstrate the 
computational capability of dynamic synapses by performing speech recognition from 
unprocessed, noisy raw waveforms of words spoken by multiple speakers with a 
simple neural network consisting of a small number of neurons connected by dynamic 
synapses. Supported by ONR, NIMH, NCRR, and Human Frontiers Org.

818.10
MODULATION OF HIPPOCAMPAL SYNAPTIC FUNCTION BY ESTRADIOL 
DEPENDS ON THE RATE OF TEST STIMULATION. M, R, Zamani* and W. B 
Lew. Department of Neurosurgery, University of Virginia, Charlottesville, VA 
22908.

The ovarian hormone metabolite, estradiol, induces morphological, biochemical, 
and electrophysiological changes in the brain. In the rat hippocampus, the evidence 
suggests that the immediate, nongenomic effect of estradiol is to increase the 
excitability of CAI pyramidal neurons. This effect is either by direct postsynaptic 
activation of glutaminergic receptors (possibly non-NMDA) and/or by modulation of 
these receptors already activated by glutaminergic agonists. However, this is not 
always the case.

Here we examined the effect of 17(3-estradiol in the adult, male rat hippocampal 
CAI region. Tissue slices (400 pm) were placed in an interface chamber at 35°C and 
were perfused with standard physiological medium, one of two rates of extracellular 
test stimulation in s. radiatum were applied in each slice: 1) Tow’ frequency, 0.017 
Hz, or 2) ‘moderate’ frequency, 0.5 Hz. After obtaining a stable baseline, each slice 
was continuously perfused with 10 nM estradiol, and the test stimulation was 
continued. Population spike (pop. spike) amplitudes were recorded in s. oriens, and 
population EPSP (pEPSP) slopes were recorded in s. radiatum. When using moderate 
frequency test stimulation, both pop. spike amplitude (—17±4%) and pEPSP slope 
(—20±4%) reliably and significantly decreased beginning 5-15 min after estradiol 
perfusion. However, estradiol had no consistent effect during low frequency test 
stimulation. These results suggest that, at a moderate stimulation frequency, estradiol 
amplifies a short-term synaptic depression. The biochemical mechanisms involved in 
this process are, however, unclear and are being investigated.

Supported by NIH NS 15488 and MH00622 to WBL.

818.11
ESTRADIOL ENABLES THE INDUCTION OF HOMOSYNAPTIC LTD IN 
HIPPOCAMPAL CAI OF THE ADULT, OVARIECTOMIZED RAT. W. B Levy*, 
D, X. Zhang and N, L Desmond. Dept. of Neurosurgery, Univ. of Virginia, 
Charlottesville, VA 22908.

One type of phasic synaptic remodeling in the adult, female CAI region depends on 
fluctuating levels of estradiol and progesterone (Woolley & McEwen, ‘92, ‘93) and 
on NMDA receptor activation (Woolley & McEwen, ‘94). Here we test the 
hypothesis that estradiol treatment of adult, ovariectomized (OVX) animals permits 
the induction of homosynaptic long-term depression (LTD) of CA3-CAI synapses in 
vitro. 6 to 8 days after bilateral OVX, each animal was injected s.c. either with 17(3- 
estradiol in sesame oil (N=7) or with oil alone (N=7). 24 h later, the injection was 
repeated. 48 hr later, hippocampal slices were prepared. Two independent 
stimulating electrodes were placed in CAI s. radiatum (SI and S2), and another was 
placed in s. oriens. A recording pipet was placed in s. radiatum and in s. oriens. The 
SI and S2 stimulating currents were set so that neither evoked a population spike nor 
was there any overlap among the stimulating electrodes. Conditioning stimulation 
consisted of 2 Hz trains of 900 pulses delivered asynchronously with a S1-S2 interval 
of 150 ms. After a 60-min test period, LTP was induced using only S2. In oil-treated 
animals, asynchronous activation of SI and S2 did not lead to LTD of any of the three 
responses. In contrast, in estradiol-treated animals, significant LTD was induced at 
the activated synapses in s. radiatum (25.8±4.7%, t=5.49). Subsequent S2 
conditioning induced significant LTP of the activated synapses in both estradiol- 
treated (26.1±7.0%) and oil-treated (23.4±6.1%) animals. Thus, we hypothesize that 
the newly formed axospinous synapses in estradiol-treated animals have the 
properties of recently potentiated synapses so that homosynaptic LTD can be evoked 
in an adult hippocampus.

Supported by NIH MH50670 and NSF IBN 9424286 to NLD and NIH NS 15488 
and MH00622 to WBL.

818.12
ULTRASTRUCTURAL FEATURES OF ESTRADIOL-DEPENDENT SYNAPSE 
FORMATION AND SYNAPSE LOSS IN THE ADULT, FEMALE HIPPOCAMPAL 
CAI REGION. N. L Desmond* and W. B Lew. Dept. of Neurosurgery, Univ. of 
Virginia, Charlottesville, VA 22908.

We are interested in the phasic synapse elimination and synapse formation that 
occurs in the adult, female hippocampal CAI region as a ftinction of fluctuating 
levels of ovarian steroids. Although phasic changes in the number of axospinous 
synapses and in astrocytic volume have been quantified, there is an absence of 
qualitative observations that may well provide insight into the cell biology underlying 
this estradiol-dependent plasticity. Here we illustrate ultrastructural characteristics of 
CAI neuropil from adult, female rats that were bilaterally ovariectomized (OVX) and 
then injected twice at 24 h intervals with either 17(3-estradiol in sesame oil (E) or 
vehicle alone (O). 48 h later, the rats were perfused transcardially with mixed 
aldehydes. Axospinous synapses from OVX+E animals have relatively vesicle-poor 
presy naptic profiles, and the PSD is disproportionately larger than the volume 
occupied by the synaptic vesicles. This incongruity is atypical of axospinous synapses 
in s. radiatum from OVX+O and from male animals, In s. moleculare of OVX+E 
animals, large, bulbous, nonpedunculated spine-like synapses occur frequently. 
Compared to OVX+O animals, other notable features in both CAI s. radiatum and s. 
moleculare from OVX+E animals include: numerous multivesicular bodies, coated 
vesicles, spine-associated polyribosomes, and clumps of electron dense material in 
dendrites and spines. PSDs also qualitatively differ, with thicker PSDs in OVX+E 
animals and thinner PSDs in OVX+O animals (which resemble those in normal 
males). These features may help us to identify newly formed synapses in adult CAI.

Supported by NIH MH50670 and NSF IBN 9424286 to NLD and NIH NS 15488 
and MH00622 to WBL.
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818.13
5-HT1A receptor  expression  in  immortalized  hippocampal  
NEURONAL CELLS: A MODEL FOR THE REGULATORY EFFECTS OF 
CORTICOSTEROIDS. O.C, Meijer*. MT. Dallmafl^and D. Pearce, UCSF, San 
Francisco, CA 94143-0444

Transcription of the 5-HTla receptor gene is suppressed by corticosterone (B) in 
rodent hippocampus (Meijer and de Kloet, Crit Rev Neurobiol, 1997). Reported 
differences between regulation of specific hippocampal cell types and the 
corticosteroid receptors (mindralocorticoid (MR) and glucocorticoid receptors(GR)) 
that are involved, make this gene an interesting model for the complex context- 
dependence of transcriptional effects of B. We have adopted the Hl 9-7 cell line as a 
model to study regulation of 5-HTla receptor expression by corticosteroids. These 
cells are derived from El8 rat hippocampal neurons immortalized with temperature- 
sensitive SV40 T-Antigen (TAg), When grown at high temperature (TAg inactive) 
under low serum conditions these cells develop neurite-like processes and express 
neuronal markers such as neuronal enolase and GAP-43 (Eves et al, PNAS 89:4373), 
Differentiated cells show high levels of GR mRNA and immunoreactivity (IR), and 
comparable IR but much lower mRNA levels for MR (Beauman-Hall et al, Brain 
Res 726:141). In order to further characterize the cells we have measured regulation 
of a transfected GRE-containing reporter construct, as well as that of the endogenous 
5-HTla receptor. Transfection of undifferentiated cells led to readily detectable GR- 
mediated stimulation of reporter activity after differentiation, but no effect of specific 
MR-activation on was found. However, cotransfection of an expression vector for 
MR into undifferentiated cells led to measurable MR-mediated effects. Additionally, 
we have used semi-quantitative RT-PCR to study expression levels of the 5-HTla 
receptor, normalized for expression of cyclophylin mRNA. Expression of 5-HTla 
receptor mRNA markedly increases upon differentiation. Preliminary data suggest 
that 24 hour treatment with a high dose of B is able to repress expression of the 5- 
HTla receptor mRNA. This effect is likely mediated by GR. The data show that the 
Hl 9-7 cells may serve as a model to study transcriptional effects of corticosterone in 
a controllable, hippocampus-like context (Supported by DK28172).

818.14
GLUCOCORTICOID RECEPTOR mRNA EXPRESSION FOLLOWING 
SELECTIVE REMOVAL OF HIPPOCAMPAL CHOLINERGIC INPUT IN THE 
RAT. ISJlaa1*, JUEuctaska2, P.K. Lund2, & MjQatiaghsi1- !Dept. of 
Psychol., Johns Hopkins Univ., Baltimore, MD 21218, Dept. of Physiol.,
Univ. of North Carolina, Chapel Hill, NC 27599.

Activation of intracellular glucocorticoid receptors (GR) may play a 
permissive role in mechanisms that cause degeneration of neurons in 
the hippocampus. Hippocampal neurodegeneration in Alzheimer’s 
disease occurs in concert with a loss of input from subcortical and 
cortical afferents, including a major loss of innervation from basal 
forebrain cholinergic neurons. We removed the cholinergic 
innervation to the hippocampus in male Long-Evans rats by 
microinjections of the immunotoxin 192 IgG-saporin into the medial 
septal area and vertical limb of die diagonal band. The methods used 
were earlier shown to spare non-cholinergic neurons at the injection 
sites and to produce a 90% reduction in choline acetyltransferase 
activity in the hippocampus. Rats were sacrificed either two weeks or 
four weeks after surgery. Quantitative analysis of GR messenger 
RNA using a ribonuclease protection assay revealed a greater 
abundance of GR mRNA in hippocampal homogenates at 2 weeks 
after surgery; GR mRNA expressed as a ratio of a control probe (6- 
actin) was increased approximately 43% in rats with cholinergic 
lesions. At the four week interval, however, no significant difference 
was detected between the control and experimental groups. The results 
suggest that a loss of cholinergic innervation may endanger 
hippocampal neurons through a dysregulation of GR expression that 
could contribute to neurodegeneration in Alzheimer’s disease. 
Supported by K05-MH01149 and P01-AG00973 to MG.

818.15
EPILEPTIFORM ACTIVITY IN INTACT HIPPOCAMPUS IN VITRO.
Khalilov I., Lamsa K. 1 *. Khazipov R., Leinekugel X., Medina I., Aqqoun-Zaoui 
J., Esclapez M., Ben-Ari Y. INSERM, Unite 29, 75674 Paris Cedex 14, 
FRANCE, 1Dept. Biosciences, Univ. Helsinki, 00014 Finland.
Epileptiform activity induced by convulsative agents was studied in rat 
hippocampus in vitro preparation (see Ben-Ari et al.). Bath application 
of bicuculline, kainate or high potassium induced ictal-iike epileptiform 
discharges in intact hippocampi, whereas only interictal activity could 
be observed in the slices (Khalilov et al., Eur. J. Pharmacol. 1997). Dual 
patch-clamp recordings revealed highly synchronous network 
discharges during the clonic phase of ictal-iike discharge and postictal 
refractery period. Ictal-like activity was blocked by application of 
glutamate receptors antagonists CNQX and APV. In simultaneous 
patch-clamp recordings and intracellular calcium measurements using 
either confocal or infrared microscope, ictai discharges were associated 
with synchronous and long-lasting augmentations of intracellular 
calcium. Ictai activity was also associated with a massive increase of 
extracellular potassium concentration (upto 15mM), biphasic alcalic-acid 
shift in pH and decrease of extracelluiar Ca2+. In intact hippocampus 
ictai activity is generated by powerful glutamatergic network as early as 
P2. Differences with slices are probably due to the better preservation 
of the network in intact hippocampus preparation and to the more 
efficient mechanisms of nonsynaptic communications. Thus, intact 
hippocampus is more relevant to in vivo situation than slices and is a 
useful model to study generation of epileptiform activities. Supported 
by INSERM and FRM grants. E-mail: ben-ari@cochin.inserm.fr

818.16
Moiphotogtcaland histological features of pyramidal cells and intemeurons 
in intact rat hippocampus maintened in vitro.
D. Aggoun. I. Khalilov, 1. Medina, R. Khazipov, S. Rivera*, Y. Ben-Ari. and
M. Esclapez. INSERM U29,123 Bid de Port-Royal Paris, France.
A novel preparation that enables long lasting electrophysiological 
recordings in immature rat hippocampus maintained intact in vitro were 
described (see Abstract Ben-Ari et al.). Viability of hippocampal neurons in 
this preparation were assessed with light and electron microscopic 
experiments performed after several hours of electrophysiological 
recordings. In all hippocampal regions, the vast majority of neurons were 
healthy and only rare cell death profiles were present. Pyramidal cells in the 
CA1 and CA3 regions were densely packed and exhibited a well formed 
nuclei surrounded by thin shell of cytoplasm containing all intracellular 
organelles. Extracellular spaces were well preserved. Immunohistochemical 
experiments for the detection of glutamate decarboxylase (GAD) 
demonstrated that the distribution patterns for GAD-labeled cell bodies, 
processes and terminals were similar to those previously reported in post-
natal rats (Dupuy and Houser, J. Neurosci. 1996) suggesting that protein 
synthesis in GABAergic neurons, one of the main neuronal network in 
immature brain, is not affected in this preparation.
Intemeurons and principal cells were filled with biocytin after patch clamp 
recordings, within the different layers of the hippocampus and dentate 
gyrus. Three dimensional reconstruction of neurons was performed with 
the Neurolucida System after detection of biocytin on adjacent sections 
from the entire hippocampal structure. Among the different types of 
neurons observed, we described the morphology of stratum oriens 
interneurons in the CA1 region that displayed extensive dendritic and 
axonal arborizations throughout the whole hippocampal structure.
The preparation of intact hippocampal structure in vitro offers major 
advantages in comparison to conventional slices for the study of neuronal 
networks. Supported by INSERM. E-Mail, esclapez@u29.cochin.inserm.fr

818.17
GIANT DEPOLARIZING POTENTIALS IN THE NEONATAL RAT INTACT 
HIPPOCAMPUS IN VITRO.
X. Leinekugel, R. Khazipov, I, Khalilov, E. Tremblay * and Y.Ben-Ari.
INSERM Unite 29, 123, Bd de Port-Royal, Paris, 75674, FRANCE

In the developing rat hippocampal slices, the spontaneous activity is
characterized by recurrent network driven Giant Depolarizing Potentials (GDPs), We 
used a novel in vitro preparation to study the activity of neurons in the intact 
hippocampus. Single hippocampi were dissected out from neonatal rat brains at the 
age P2-5. Hippocampal neurons were recorded from these in vitro intact hippocampi 
using the patch clamp technique. The addition of the tracer biocytin or of the 
fluorescent dye Lucifer Yellow in the recording solution allowed to identify the 
recorded neurons after experiments. Tonic GABAergic spontaneous EPSCs and 
spontaneous GDPs were observed in interneurons and pyramidal cells from various 
locations along the septo-temporal axis. GDPs could also be evoked by electrical 
stimulation using a bipolar electrode. Both spontaneous and evoked GDPs were 
blocked by the sodium channel antagonist TTX and by the glutamate (AMPA and 
NMDA) and GABA-A receptors antagonists CNQX, APV and bicuculline 
respectively. When the two hippocampi were dissected altogether (ie. by preserving 
the commissural connections between both hippocampi), spontaneous and evoked 
GDPs could be observed in both hippocampi. Electrical stimulation of the 
contralateral, as well as ipsilateral, hippocampus evoked GDP in the recorded cell, 
showing that connections between both hippocampi were functionnal and that GDPs 
propagate from one to another. These results suggest that GDPs represent the 
physiological activity of the hippocampus in the neonatal rat brain. The preparation 
of intact hippocampus in vitro is of major interest to study cellular interactions 
inside cortical structures with preserved neuronal network.
This work was funded by INSERM, FRM and MRE.

818.18
LTD AND LTP EXPRESSED IN THE INTACT HIPPOCAMPUS IN VITRO H. Gozlan. T.

Taira**, D. Diabira and Y. Ben-Ari. INSERM-U29, 123 Bd de Port-Royal, 75674 
Paris 14, France email: gozlan@u29.cochin.inserm.fr

Most of the data on the electrophysiological characteristics of glutamate and
GABA receptor-mediated synaptic transmission have been obtained using in vitro 
hippocampal slices. However, the damaged connectivity of the intrahippocampal 
netw ork as well as the relatively short survival time of the slice limit the usefulness of 
the preparation. Furthermore, a number of phenomena have been observed 
exclusively in the slice preparation thus rising a question of their physiological 
relevance. As an example, long-term depression (LTD), a well-known form of 
synaptic plasticity of glutamatergic synapses has not been authenticated in vivo. We 
have now used a novel preparation, the intact hippocampus in vitro (see Ben-Ari et 
al. Soc. Neurosci. Abstr. 23) which enables long lasting recordings (>24 h) and 
may avoid many of the limitations of the classical slice preparation, to study 
activity -induced changes in synaptic strength. We show’ here that a robust field 
excitatory postsynaptic potential corresponding mainly to an AMPA receptor- 
mediated response can easily be evoked in the in vitro hippocampus. Interestingly, 
both LTD and long-term potentiation (LTP) can be induced in this preparation. 
Thus at P7-9, a low-frequency stimulation (LFS: 1 Hz, 15 min) of Schaffer 
collaterals generated a persistent LTD (>12 hours) of AMPA synapses (50±3%) in 
area CA1. The LTD had classical properties; it was saturated by’ multiple LFS and 
rev ersed by application of high frequency stimulation (HFS: 2X100 HzZl s, ITI 20 
s) Further HFS had no effect whereas LFS again generated LTD. HFS-induced 
LTP (60±38%) could be persistently reversed by LFS. Present results are in 
agreement with those reported using hippocampal slices. In particular, the view 
that LTD may be a characteristic feature of intact hippocampus is supported by the 
present study. In vitro hippocampus may be a useful model for studies requiring the 
integrity of the neural network Dept. Biosciences, Univ. Helsinki, 00014 Finland

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM LIMBIC SYSTEM AND HYPOTHALAMUS V 2107

818.19
INTACT HIPPOCAMPUS IN VITRO: A NOVEL BRAIN 
PREPARATION TO STUDY CORTICAL BRAIN STRUCTURES.
Ben-Ari Y.*, Khalilov I., Khazipov R.. Medina I.. Aggoun-Zaoui J., Esclapez M,
INSERM, Unite 29, 75674 Paris Cedex 14, FRANCE
We have developed a novel brain preparation that enables to study 
isolated intact immature cortical structures in vitro. After heart perfusion 
by ice-coled sucrose solution, brain of Wistar rats (P0-10) was 
removed, the hippocampi dissected and kept before use in submerged 
chamber at room temperature. Histological study of semithin slices and 
electron microscopy revealed high level of vitability of neurons and 
preservation of tissue. Long-lasting (upto 40 hours) field potentials, 
intracellular, blind and infrared microscopy guided pacth-clamp 
recordings from identified neurons were routinely performed from 
different hippocampal regions followed by 3D reconstruction of neurons 
(see Esclapez et al..). Resting membrane potential, spontaneous and 
evoked synaptic activity were not significantly different from slices. 
[Ca2+]i measurements could be performed with the use of infrared or 
confocal microscope. Paired recordings were performed from two 
interconnected hippocampi and propogation of network driven giant 
depolarizing potentials was studied (see Leinekugel et al.). Epileptiform 
agents generated interictal (hundreds ms) activity in slices and ictal 
network discharges (about 1 min) in the intact hippocampus (see 
Khalilov et al.). Preliminary observations suggest that the entire 
neocortex or cerebellum can be similarly used. The intact hippocampus 
in vitro is a novel brain preparation that allows to study the intact 
network of cortical structures with the entire repertoir of 
electrophysiological, imaging and morphological techniques, it offers 
major advantages in comparison to slices. Supported by INSERM and 
FRM grants. E-mail: ben-ari@cochin.inserm.fr

818.20
PROPOFOL PRODUCES BIPHASIC EFFECTS - DEPRESSION AND 
WITHDRAWAL REBOUND - ON SOME BUT NOT ALL LIMBIC 
EVOKED POTENTIALS. Z.A. Hasan and D.E. Woolley*. Jordan Univ. 
of Science and Technology and *Univ. of Calif., Davis, CA 95616.

The short-acting general anesthetic propofol markedly enhances the action 
of GABA at the GABA-A receptor. We determined its effects on limbic 
evoked potentials in behaving rats. When the lateral olfactory tract (LOT) 
was stimulated, amplitude and frequency of afterpotentials in the piriform 
cortex (PC) response were greatly reduced so that only the first (surface-
negative) potential was relatively unchanged during propofol-induced sleep. 
A rebound increase in frequency and number of afterpotentials, as in an 
enhanced aroused state, was often seen during recovery about 3-4 hr after 
administration of propofol. When population slow waves (SWs) were 
elicited in the outer dendritic layer of the dentate gyrus (DG) by paired 
stimulation (32 ms interstimulus interval - ISI) of the PC, amplitude of the 
second SW (SW2) was markedly depressed during induced sleep but rapidly 
exceeded pretreatment amplitude during recovery 2-4 hr after propofol. 
This rebound overshoot was marked at low stimulus intensities, suggesting 
that the overshoot primarily reflected a decreased threshold. When 
population spikes were evoked in the DG by paired stimulation (20 and 32 
ms ISI) of the medial perforant path (PP), enhancement of both feedforward 
and feedback inhibition was observed during induced sleep. Recovery was 
not associated with withdrawal rebound. Thus the responses of the outer 
DG dendrites and the PC were sensitive to withdrawal rebound effects, 
whereas PP-evoked DG responses were not. These observations can be 
related to previously reported anesthetic and excitatory effects in limbic 
evoked potetentials. (Conducted in accordance with an approved 
institutional protocol. Supported by funds from the Univ. of Calif., Davis.)

COGNITION: LEARNING AND MEMORY—HUMANS: SPATIAL MEMORY

819.1
OBJECT-LOCATION MEMORY AS ASSESSED WITH A MULTI-TRIAL 
RECALL PARADIGM: A PET STUDY. J. Crane. B, Milner*, & A.C. Evans. 
McGill University, Montreal, Quebec, Canada, H3A 2B4.

In human subjects, deficits in memory for object-location (OL) have been 
demonstrated after resections that included extensive removal from the right 
hippocampus and parahippocampal gyrus. The present PET study examined the 
brain regions involved in the retrieval of OL information, using a multi-trial 
paradigm, and recall (rather than recognition) as the retrieval mode, to 
approximate more closely the memory tasks that reveal deficits in patient groups. 
Four encoding and four recall conditions were administered to 12 normal subjects, 
who were scanned during the first encoding trial and all four recall trials. The task 
first required the encoding of 8 OLs,'which had to be recalled on the subsequent 
scan. The subjects then had 4 new OLs to learn and 10 minutes later were scanned 
while recalling all 12 OLs. This procedure was repeated until, in the final scan, 
20 OLs had to be recalled. Subtracting the pattern of regional cerebral blood flow 
in the Encoding condition from that in the Recall conditions yielded positive peaks 
(z>3.5) of activation in superior precuneus and anterior cingulate (area 24/32) 
bilaterally, and negative peaks (z<-3.5) in auditory association cortices (area 22) 
bilaterally. The number of OLs to be recalled correlated (z > 3.5) positively with 
activity in the inferior precuneus bilaterally and left motor and sensory hand areas 
(4 & 1), and negatively with activity in right (areas 6 & 8) and left (areas 8 & 47) 
frontal lobe and in right inferior temporal gyrus (area 37). One interpretation of 
these findings is that right medial-temporal regions are involved in both encoding 
and retrieval of OLs and are not differentially activated over the range of memory-
load that we studied. These results also suggest that the precuneus is critically 
involved in the storage of OL information and may need to be reactivated for 
retrieval. (Supported by the Medical Research Council (Canada) and the McDonnell-Pew Program 
in Cognitive Neuroscience)

819.2
RIGHT HIPPOCAMPUS, LEFT HIPPOCAMPUS AND INFERIOR 
PARIETAL CORTEX ARE DIFFERENTIALLY INVOLVED IN HUMAN 
SPATIAL NAVIGATION. E.A, Maguire1*. N, Burgess2. J, Donnett2. C.D, 
Frithl and J. O’Keefe2-. 1 Institute of Neurology, 12 Queen Square, London 
WC1N 3BG 2Dept. of Anatomy, University College London, WCIE 6BT, UK.

Ten subjects learned a complex virtual reality town prior to being scanned 
using positron emission tomography (PET). In two of the tasks during scanning 
subjects navigated through the town, in one instance to a specific goal 
destination, in the other by following a trail of arrows through the town. Static 
scenes from the town were presented during a non-navigation baseline condition. 
Changes in regional cerebral blood flow (rCBF) were present during the arrows 
task relative to the baseline in bilateral medial parietal regions and also in the 
right inferior parietal cortex. Thus, movement through the town without the 
requirement to refer to an internal representation of the environment activated 
parietal areas but not medial temporal regions. In the condition where subjects 
had to navigate using internal spatial representations, several different behavioral 
patterns were noted: goal found via shortest direct path, or goal found via a 
circuitous indirect path, or goal not found subject ‘lost’. The right hippocampus 
was activated when direct wayfinding was compared to being lost. In contrast, the 
left hippocampus was activated when subjects used circuitous routes or were lost, 
relative to the arrows task or to the scenes baseline. These findings strongly 
support the idea that the right hippocampus in humans, as in other animals, 
provides a flexible allocentric map of space, while the parietal cortex is involved 
in egocentric route-based navigation. The left hippocampus is recruited when the 
topographical information available to the right hippocampus is not sufficient to 
produce correct and direct navigation to a destination.
(Support: EAM, CDF: Wellcome Trust; JO’K, JD: MRC; NB: Royal Society)

819.3
HOW VISUAL, PROPRIOCEPTIVE AND VESTIBULAR INFORMATION 
CONTRIBUTE IN THE ACQUISITION AND USE OF SPATIAL 
REPRESENTATION OF LARGE ENVIRONMENTS. F. Gaunet, P. Peruch and C. 
Thinus-Blanc*. CRNC-CNRS, Marseille, France.

Both visual and locomotor information interact in determining spatial invariants 
and in controlling action. We studied their respective role during the elaboration of 
representation in normal subjects. They learned a spatial configuration, either by 
visually exploring a virtual environment (Experiment 1, n=14) or by locomoting 
without sight (Experiment 2, n=14). In both conditions, memory of locations was 
assessed by locomoting without vision. Results of Experiment 1 show that visually 
acquired spatial information can be used in a matched layout to control subsequent 
spatial behavior while locomoting without vision. Unexpectedly, visual and 
locomotor exploration did not reveal different properties of spatial representation 
(reproduction of path or spatial inference tasks). Performing a path-integration-like 
task such as the one we designed does not allow one to dissociate the role of visual 
and locomotor information in extracting spatial invariant.

A third experiment was designed to study how visual and locomotor information 
contribute to the use of spatial knowledge. We compared the two latter properties of 
spatial representations in conditions in which spatial knowledge was acquired 
through exploration of the virtual world and tested either in the locomotor space 
without vision (Experiment 1) or in the virtual environment (Experiment 3, n=13). 
Performance level differences according to externalization mode of spatial 
knowledge were found. This result is discussed according to visuo-motor calibration 
processes. Finally, latencies were higher in experiment 1 in both comparisons 
suggesting that transferring spatial information of large-scale space from one 
modality to another requires more time than no-transfer condition. Convergence of 
visual, proprioceptive and vestibular pathways in the parietal cortex and cross- 
modal transfer theory may account for these results.

819.4
USE OF IMMERSIVE VIRTUAL REALITY TO EVALUATE THE EFFECT OF 
UNILATERAL TEMPORAL LOBECTOMY ON SPATIAL MEMORY IN 
HUMANS Michael Recce*, Robin G. Morris, Anatomy Dept., UCL, Gower St- 
London, UK and Psychology Dept., Inst. Psych., London, UK,

A modified form of the Olton radial arm maze was used to evaluate the 
spatial memory of 35 neurosurgical subjects who had undergone unilateral 
temporal lobectomy for relief of intractable epilepsy, and 18 matched control 
subjects (9 female, 9 male). The neurosurgical subjects included 19 (11 
female, 8 male) who had undergone left temporal lobectomy (LTL) and 16 (6 
female, 10 male) who had undergone right temporal lobectomy (RTL). In this 
virtual reality task the subjects searched for a blue cube hidden under one of a 
set of colored inverted hemispheres (shells) on a large table. Each subject was 
tested on seven tasks, four in which there were four shells, and three in which 
there were six shells. A task is divided into trials, and in each trial half of the 
shells are red and half are green. A blue cube is hidden under one of the 
green shells, and once it is found the set of red and green shells changes. 
Within each task the blue cube is placed exactly once under each shell, and an 
error occurs whenever a green shell that has previously hidden the blue cube is 
selected. No errors can occur on the first trial of a task, and chance level 
performance is computed by weighting equally each of the new green shells on 
subsequent trials within a task. The virtual table is too large to reach across, 
so the subjects must walk around the table to select a shell.

In each of the tasks the RTL group made the largest number of errors, 
followed by the LTL group and the control group. Based on an analysis of 
variance there was a significant difference in the mean number of errors made 
by each of these three groups, and the RTL group performed at near chance 
levels in the six shells tasks. An analysis of the sequence of choices made 
revealed that a common strategy was followed by the majority of the subjects in 
each group.
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819.5
HIPPOCAMPAL AND PARAHIPPOCAMPAL ROLE IN PROCESSING 
SPATIAL CONFIGURATIONS IN HUMANS:ERP AND LESION DATA.
L. Nadel1*, JJ.B. Allen1, V.D. Bohbot1, M. Kalina2, and K. Stepankova3. 
1Dept. of Psychology, University of Arizona, Tucson, AZ 85721, department 
of Neurology, Hospital Na Homolce, Prague, Czech Republic, and 3Neurology 
Clinic, 1st Medical Faculty, Charles University, Prague, Czech Republic.

Extensive data from animals support the importance of the hippocampus in 
processing spatial information; there are relatively few such studies in humans. 
We report a task that should depend on the integrity of hippocampal systems, 
requiring subjects to discriminate changes in spatial configurations among five 
unrelated objects. On 80% of the trials, a standard array of five objects 
appeared. On 10% of the trials, two of the objects exchanged spatial locations 
(Spatial Change) and on 10% of the trials a new object replaced one of the 
original five (Object Change). In counterbalanced order, Ss were asked to 
detect the spatial change (ignoring the object change) or vice versa. In Study 
1, Event Related Potentials were recorded from 27 scalp sites in college 
students. The Spatial Change and Object Change conditions produced 
distinctly different topography of scalp activity, suggesting that different brain 
systems are involved in detecting these two types of changes. In Study 2, we 
tested 11 patients with hippocampal or parahippocampal damage, and 18 
medical controls. All subjects had little trouble detecting the Object Change. 
Patients with right parahippocampal damage had the greatest trouble detecting 
changes in spatial configuration, and to a lesser extent patients with left 
parahippocampal damage and with right hippocampal damage had similar 
difficulty. Together, these results indicate that the hippocampus and/or 
parahippocampal region are critical in humans for the processing of spatial 
information. Supported by JSMF 95-14.

819.6
LESIONS TO THE RIGHT HIPPOCAMPUS CAUSE SPATIAL MEMORY 
DEFICITS IN HUMANS

V.D. Bohbot1*, M. Kalina2, K. Stepankova3, N. Spackova3, M. Petrides4, and
L. Nadel1

Psychology Dept. and ARL-NSMA, U. of Arizona, Tucson, AZ 85724,2Dept. 
of Neurology, Hospital Na Homolce, Prague, Czech Republic, 3Neurology 
Clinic, 1st Medical Faculty, Charles University, Prague, Czech Republic, 
4Montreal Neurological Institute, McGill University, Montreal, Quebec, 
Canada.

The effect of damage to the human hippocampus (hippocampus proper and 
dentate gyrus) on tasks known to be sensitive to medial temporal lobe lesions 
were investigated. Patients had undergone unilateral thermocoagulation with 
a single electrode along the amygdalo-hippocampal axis in attempt to alleviate 
their epilepsy. This procedure produced small, identifiable lesions. The 
lesioned sites were assessed with digital high-resolution magnetic resonance 
imaging and software allowing a 3-D reconstruction of the brain. Patients 
with lesions either to the right or to the left hippocampus were unimpaired on 
several memory tasks. However patients with lesions to the left hippocampus 
alone were impaired on verbal memory tasks such as the Rey Auditory Verbal 
Learning Task with delay; and patients with lesions to the right hippocampus 
alone were impaired on visuo-spatial memory tasks such as the object location 
task, and the Rey-Osterrieth Complex Figure with and without delay. This 
study confirms the involvement of the right hippocampus in memory for visuo- 
spatial information. Supported by JSMF 92-57 and GACZ 309/95/0730.

819.7
FINDING THE WAY BACK: A LOOK AT PLACE NAVIGATION IN 
HUMANS. M, G. Bigel* and C. G. Ellard. Dept. of Psychology. University of 
Waterloo, Waterloo, Ontario, CANADA N2L 3G1.

Can people solve simple place navigation tasks using similar methods? Part one 
of this study examined the influence of visual and non-visual information on place 
navigation in humans. Participants either a) viewed a distant target location (TL) 
prior to walking to it blindfolded (vision only), b) were blindfolded and led 
passively to and from a TL before walking to it blindfolded (vestibular only) or c) 
prior to returning to the TL blindfolded, they both viewed a distant TL and were 
led to and from it passively and while blindfolded (visual and vestibular). When 
vision was not made available upon initial navigation to the TL, participants were 
significantly less accurate at returning to the TL than when they were given some 
opportunity to view the target location. Further, combining visual and vestibular 
information did not enhance place navigation accuracy. These preliminary results 
suggest that vision of a target location alone is important for accurate place 
navigation. Part two of the study examined whether people could use landmarks to 
encode a place in space. Participants were trained over six trials to return to a 
target location that was within a set of 3 unique landmarks. On the seventh trial, 
the landmarks were moved 0.5 m laterally for condition 1, 0.5 m sagittally for 
condition 2 and were removed for condition 3. Results showed that moving and 
removing the landmarks influenced participants’ responses; they returned to the 
place in space relative to the landmarks. This suggests that people can use 
landmarks to encode a place in space, but more investigation is needed to assess 
the importance of landmark use in place navigation in humans. This research was 
supported by a grant to CE from the Natural Sciences and Engineering Research 
Council of Canada.

819.8
HOW VISUAL, PROPRIOCEPTIVE AND VESTIBULAR INFORMATION 
CONTRIBUTE IN THE ACQUISITION AND USE OF SPATIAL 
REPRESENTATION OF LARGE ENVIRONMENTS. F. Gaunet. P. Pcruch and C. 
Thinus-Blane*. CRNC-CNRS, Marseille, France.

Both visual and locomotor information interact in determining spatial invariants 
and in controlling action. We studied their respective role during the elaboration of 
representation in normal subjects. They learned a spatial configuration, either by 
visually exploring a virtual environment (Experiment 1, n=14) or by locomoting 
without sight (Experiment 2, n=14). In both conditions, memory of locations was 
assessed by locomoting without vision. Results of Experiment 1 show that visually 
acquired spatial information can be used in a matched layout to control subsequent 
spatial behavior while locomoting without vision. Unexpectedly, visual and 
locomotor exploration did not reveal different properties of spatial representation 
(repnxiuclion of paih or spatial inference tasks). Performing a path-integration-like 
task such as the one we designed does not allow one to dissociate the role of visual 
and locomotor information in extracting spatial invariant.

A third experiment was designed to study how visual and locomotor information 
contribute to the use of spatial knowledge. We compared the two latter properties of 
spatial representations in conditions in which spatial knowledge was acquired 
through exploration of the virtual world and tested either in the locomotor space 
without vision (Experiment I) or in the virtual environment (Experiment 3, n=13). 
Performance level differences according to extemalization mode of spatial 
knowledge were found. This result is discussed according to visuo-motor calibration 
processes. Finally, latencies were higher in experiment 1 in both comparisons 
suggesting that transferring spatial information of large-scale space from one 
modality to another requires more time than no-transfer condition. Convergence of 
visual, proprioceptive and vestibular pathways in the parietal cortex and cross- 
modal transfer theory may account for these results.

819.9
SELECTIVE ASSOCIATIVE AND SPATIAL LEARNING DEFICIT 
IN PATIENT DF WITH BILATERAL HIPPOCAMPAL ATROPHY
K. Henke1*, H. Behniea2, M. Miller3, N. Kroll2, D.G. Amaral2,
M. Gazzaniqa3. 1 Neurology, University Hospital, Zurich, 
Switzerland. 2 Center for Neuroscience, UC Davis, CA.3 Cognitive 
Neuroscience, Dartmouth College, NH .

We present a longitudinal neuropsychological study (20 
examinations within 18 months) of a 25 year old patient with 
bilateral atrophy of the hippocampal formation and globus pallidus 
resulting from carbon monoxide poisoning. Eighteen months post 
intoxication, the hippocampal volumes were reduced by 44% on 
the left and 29% on the right, the parahippocampal gyri were 
slightly atrophic, and the temporal lobes and mamillary bodies 
were normal. Initially, the patient presented with a severe global 
amnesia. Then he showed a gradual, yet selective, recovery of 
memory functions. Associative learning, especially learning 
associations between objects and spatial locations, remained 
severely reduced while single item learning (nonverbal more than 
verbal) improved. These results indicate that the hippocampal 
formation may be particularly involved in associative (mainly 
spatial) learning.
Supported by a scholarship of the Swiss National Science Foundation to 
K. Henke.

819.10
STRATEGIES HUMANS USE ON RADIAL-ARM MAZE TASKS. J.B, Ranck, 
Jr.\ E. Harris, M. Bleicher, A, Rotenberg, S.M. Stead, and J.L. Kubie Depts. 
of Physiol, and Anat. & Cell Biol., S.U.N.Y. HSCB, Brooklyn, New York

The radial-arm maze task developed by Olton has revealed spatial working 
memory capacities in rats and other mammals. Assumptions implicit in many 
studies are that: 1) the subject has an internal list of locations in space (arms 
on an eight arm maze embedded in the context of a room); 2) that, during a 
trial, each location stores a value of “visited” or “unvisited”; and 3) that the rat 
performs the task by moving to the diminishing list of unvisited locations.

We created variants of the radial-arm maze task for humans. The 
“apparatus” was a set of 8 cups containing coins, arranged on the floor in an 
octagonal array. In the basic task the subject was directed to remove the coins 
from four cups, and then asked to find the remaining coins. Later, the subject 
was interviewed about experiences and strategies. Eighteen adults have 
been studied. The most surprising result is that virtually no one reported 
using the strategy described above. That is, they did not report identifying 
“familiar” and “unfamiliar” locations. The most common strategy (n=8) was to 
create a “shape” of the visited locations, and then visit the locations that were 
not part of the shape. Other strategies were: 1) creating a list of local 
landmarks; 2) creating a list of egocentric directions (i.e., “behind me”); 3) 
creating a list of numbers corresponding to the sequence of adjacent cups or 
4) using a combination of these strategies. In a variant (modeled on the work 
of Beatty and colleagues) the task was interupted between choices 4 and 5, 
when the subject was taken to another room where a separate spatial task was 
run. These interruptions did not impair the subjects’ abilities to recall baited 
cups, even on trials when subjects were given several interpolated tasks. 
Subjects reported using the same strategy on interrupted trials that they used 
on the standard task. (Supported by NIH grant 20686 to JLK)
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819.11
MEMORY-GUIDED SACCADES WITH LONG DELAYS: THE INFLUENCE 
OF TIME ON SACCADE ACCURACY. C.J. Ploner1, B. Gaymard, 
S. Rivaud, C. Pierrot-Deseilligny*. INSERM U 289, Hopital de la Sal- 
petriere, 47, Bd. de I’Hopital, F-75651 Paris Cedex 13, France and 1Dept. of 
Neurology, Charite, Humboldt-University, D-10098 Berlin, Germany.

Accuracy of memory-guided saccades is believed to depend on an inter-
nal representation of visuospatial information, provided that perceptual or 
oculomotor deficits are ruled out. Whether time affects the stability of this 
representation has not systematically been investigated in humans. To 
settle this issue, horizontal memory-guided saccades were electro- 
oculographically recorded in 13 healthy human subjects after delays that 
were unpredictably varied between 0.5 and 30 seconds.

While delay length had no systematic influence on average gain of me-
mory-guided saccades (p = 0.42, Friedman-test), gain variability was signifi-
cantly affected by delay length (p = 0.0001). Gain variability increased pro-
gressively during the first 15 sec of the delay (p < 0.05, Bonferroni-corrected 
Signed-ranks test) and decreased significantly at 30 s delay (p < 0.05). 
Further analysis confirmed that saccade gains at 25 and 30 s delay were 
closer to average gain at 0.5 s delay than saccades at 15 and 20 s delay.

These results suggest the existence of two 
separate internal representations of visuo-
spatial information that successively calibrate 
the motor program of memory-guided sac-
cades.

Figure: Gain variability and delay length. 
Asterisks indicate significant differences to 
0.5 s delay.

Supported by the Deutsche Forschungs- 
gemeinschaft (Grant PI 248-1)10 IS 20 25 30 ! 

delay length

819.12
UNDERWATER NAVIGATION: A COGNITIVE ASSESSMENT J. Schrot*, 
S.T. Ahlers, and D. Shurtleff. Naval Medical Research Institute, Bethesda, MD 
20889-5607.

Recent research has demonstrated that people who are successful at 
terrestrial orienteering score high on tests measuring cognitive attributes such 
as spatial orientation and place memory. U.S. Navy SEALs are required to 
perform underwater navigation as part of their combat swimmer training and 
mission requirements. These missions are performed with the aid of only a 
compass, watch and depth gauge. The present study attempted to determine 
the cognitive abilities that are most highly correlated with successful 
underwater navigation. One hundred sixteen active duty Naval Special 
Warfare Personnel volunteered to serve as subjects while undergoing 
combat swimmer training. The subjects were administered a battery of six 
tests designed to measure spatial orientation, spatial rotation, time estimation, 
spatial memory, place memory, and spatial planning. Following 
administration of the cognitive tests data was collected on the accuracy of 
100 and 500 yard underwater swims to a fixed target buoy. These dives were 
conducted in accordance with standard SEAL dive procedures in the course 
of normal training exercises. Accuracy was determined by both Global 
Positioning System (GPS) and triangulation compass headings obtained from 
three fixed points on shore. The measurements were taken from a boat at the 
location where the diver surfaced. The results indicate that tests of cognitive 
abilities such as building memory and map memory correlated significantly 
with dive accuracy. Tests of spatial orientation that previous research 
indicated was important to successful land navigation, did not correlate with 
dive accuracy. The diving environment is visually impoverished and requires a 
set of skills that would appear to be unrelated to successful land navigation. 
The ability to internally visualize one's position relative to a cognitive map of 
the dive area is important to successful underwater navigation.

COGNITION: LEARNING AND MEMORY—HUMANS: WORKING MEMORY—IMAGING

820.1
INFLUENCE OF PROCEDURE AND STRATEGY ON CORTICAL 
ACTIVATION DURING NUMBER PROCESSING. P, Burbaud, O. Camus, 
D. Guehl, A, Sarrieau*, B. Bioulac, T. M. Caille and M. Allard. Universite 
Victor Segalen et CHU de Bordeaux, France. *
Mental calculation is a cognitive activity whose functional anatomy is still 
poorly documented. We used echoplanar fMRI to investigate the influence 
of procedure and strategy on the pattern of cortical activation during 
number processing in humans subjects. In a first series of experiments, they 
were asked to perform mentally four numeric tasks : (1) serial substractions, 
(2) a working memory task without calculation, (3) a simple calculation 
task without memorisation, (4) a slow generation of 3-digits numbers. In a 
second series of experiments, subjects were required to perform the first task 
with a verbal or a visual strategy. A common pattern of cortical areas was 
involved in these tasks, including the prefrontal cortex, premotor cortex, 
Broca's area, anterior insula and the parietal cortex with predominant 
activation in left versus right hemisphere and subtle differences between 
tasks. Brain activation (in pixels) was higher in the second task versus the 
first and the third tasks. Lateralization of cortical activation was less 
marked in the prefrontal cortex during the second versus the first and third 
task. The fourth task mainly activated Broca's area. Verbal or visual 
strategy clearly influenced lateralization of cortical activation. A verbal 
strategy requiring involvement of the phonological loop of working memory 
strongly activated the above mentioned areas on the left hemisphere. A 
visual strategy induced a bilateral activation in the prefrontal cortex and a 
specific activation in the left supramargynal gyrus. Taken together, our 
results suggest that a common neuronal substract is implicated in number 
processing with a relative contribution of various associative areas 
depending on procedures, attentional load and individual strategies.

820.2
THE ROLE OF PARIETAL CORTEX IN VERBAL WORKING 
MEMORY AS REVEALED BY PET. E. H. Schumacher^, J. Jonides*,
E. E. Smith’*, R. A. Koeppe*, E. Awh’’, P. A. Reuter-Lorenz^,
C. Marshuetz^, and C. R. Willist
+University of Michigan, Ann Arbor, MI 48109;
^University of California, San Diego, La Jolla, CA 92093.

Neuroimaging studies and studies of patients with focal lesions implicate
regions of parietal cortex in verbal working memory (VWM). Yet the role 
of parietal cortex in VWM remains unclear. Some evidence (Awh et al., 
1996) suggests that it mediates the storage of verbal information, but this 
study and all previous ones included a number of VWM processes - 
encoding and retrieval as well as storage and maintenance of verbal 
information. A recent PET study by Fiez et al. (1996) isolated storage 
and maintenance from other VWM processes and did not find reliable 
activation in parietal cortex. This result suggests that, contrary to previous 
findings, parietal cortex may not be involved in VWM storage. However, 
we report two behavioral studies that suggest that this null result may have 
occurred because some of the verbal material used by Fiez et al. did not 
require VWM in the sense of activation of phonological representations.
In addition, we report a PET study that isolated VWM encoding, retrieval, 
and storage and maintenance processes in different PET scans and used 
material likely to require phonological codes in VWM. After appropriate 
subtractions, the encoding condition revealed only one reliable activation, 
which was in extrastriate cortex; the retrieval condition revealed reliable 
activations in dorsolateral prefrontal cortex, anterior cinculate, posterior 
parietal cortex, and extrastriate cortex; and the storage condition revealed 
reliable activations in dorsolateral prefrontal cortex, inferior frontal 
cortex, premotor, posterior parietal cortex, and the cerebellum. These 
results suggest that parietal regions are part of a network of brain areas 
that mediate the short-term storage and retrieval of verbal material. 
(Supported by ONR and NIA.)

820.3
PET-CORRELATES OF VISUO SPATIAL ROTATION AND 
WORKING MEMORY. B. Suchan1, R.J. Seitz2, A.G.M. Canavan1’3,
L. Yaguez1, L. Tellmann4 H. Herzog4, V. Homberg1*. Neurological 
Therapy Centre1, Dept Neurology2, Diisseldorf Heinrich-Heine 
University, Germany, Luton Universtity3, UK, and Institute of 
Medicine, Research Centre Jiilich4.

We studied regional cerebral blood flow (rCBF) using [l5O] butanol 
in a visuo- spatial task requiring the comparison of 4 x 4 spatial 
matrices in 10 healthy right-handed Caucasian subjects. Stimuli were 
presented in 4 different conditions either simultaneously or successively 
and either in the same orientation or at 90° rotation.
Mental rotating stimuli resulted in bilateral superior parietal and 
bilateral (right more than left) prefrontal activation. Introducing 
additional working memory load activated a single focus in the left 
parietal cortex. Comparing the matrices under working memory load 
induced activation of multiple left hemisphere brain areas including left 
inferior frontal gyrus, posterior cingulate, precuneus and prefrontal 
areas. Activation of Broca's area might reflect verbal encoding 
strategies. Visuo-spatial working memory load resulted in left 
prefrontal activation, possibly representing increased activation of the 
"Central Executive". In contrast to former studies (e.g. Jonides et al., 
1993) these visuo -spatial tasks seem to engage more left hemispheric 
structures, especially when the increased working memory load is 
combined with mental rotation.
(Supported by the DFG, German Research Society).

820.4
FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI) OF 
FACE WORKING MEMORY USING RAPID AND RANDOM 
STIMULUS PRESENTATION. Y, Jiang*, J.V. Haxbv, J.Ma. Maisog, 
R. Parasuraman. Lab. of Brain and Cognition, NIMH, NIH, Bethesda, 
MD 20892; Cognitive Science Lab, Catholic Univ., Washington DC.

fMRI studies typically use block designs, in which the same type of 
stimuli are presented within blocks of trials. To investigate the neural 
response to individual stimuli, others have averaged responses to trials 
that are followed by a long blank delay. In the current experiment, we 
examined the differential response to the presentation of a target face in a 
working memory task in which the target was presented in a sequence of 
stimuli, shown at a rate of one stimulus every 2 seconds, that also 
included distractor faces. Participants were required to keep in working 
memory an initial sample face and respond to a subsequent face that 
matched it (target), while ignoring distractor faces, some of which were 
repeated within a block. T2*-weighted gradient echo-planar imaging with 
blood oxygen level dependent (BOLD) signals were obtained using a GE 
Signa 1.5 Tesla magnet (TR 3 seconds, TE 40 ms, flip angle 90°). 
Twenty-two 5 mm thick axial slices were acquired in 12 runs of 98 scans 
each. The BOLD signals were analyzed using multiple regression with 
orthogonal regressors to compare regional activation associated with 
perception of distractor faces and recognition of the target faces. Target 
recognition was associated with increased activation above activation 
related to face perception in the ventral temporal cortex. These results 
show that differential neural responses to single stimuli that differ from 
others in a block can be detected with fMRI, allowing greater latitude in 
the design of cognitive tasks for functional brain imaging research. (Y.J. 
and R.P. were supported by NIH grant AG07569).
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820.5
A fMRI STUDY OF FRONTAL ACTIVATION DURING SEMANTIC 
ENCODING AND VERBAL WORKING MEMORY. G.T. Stebbins*, 
J.D.E, Gabrieli, M, C. Carrillo, J.E. Desmond, F. Masciari, D Turner, and G.H.
Glover. Depts. of Neuro. Sci. and Radiology, Rush Medical College, Chicago, 
IL 60612, and Depts. of Psych, and Radiology., Stanford University, Stanford, 
CA 94305.

Prior studies have shown activation of left frontal regions during semantic 
encoding and verbal working memory tasks. In the present study, we directly 
compared regions of frontal activation in individual subjects performing a 
semantic encoding task and two versions of a Sternberg working memory task. 
Each subject received three fMRI studies: a working memory task which 
compared low-memory load (1 word to remember) to high-memory load (5 
words to remember) (WM1/5); a WM task which compared a low-memory load to 
a high-memory load with a concurrent cognitive task (verificaiton of an 
arithmetic problem) (WM 1/5+); and a semantic encoding task (LOP) which 
compared encoding words for meaning (man-made/natural) to encoding words 
for form (upper case/lower case). Brain images were collected from 4 oblique 
coronal slices rotated 90° from the AC-PC line to image the frontal lobes. 
Functional MRI (fMRI) images were obtained using a T2*-weighted gradient 
echo spiral pulse sequence (1.5 T, TR=300 msec, TE=40 msec, flip = 45°, 
thickness = 7mm, gap = 2mm). Results from 7 subjects showed similar areas of 
activation in left prefrontal (inferior and middle frontal gyri) and cingulate regions 
for WM1/5, WM1/5+, and LOP tasks. WM1/5 and 1/5+ tasks evoked more 
bilateral activation, with WM1/5+ greater than WM1/5. These results suggest 
that cingulate and left prefrontal regions are involved in both semantic 
encoding and verbal working memory while right prefrontal regions are more 
involved in verbal working memory processing.
Supported by ONR # N00014-J-184 and AG09466-07.

820.6
DORSOLATERAL PREFRONTAL CORTEX AND VERBAL WORKING 
MEMORY C, Marshuetz1 J. Jonides1 E.E. Smith1 P.A. Reuter-Lorenz1* R.A. 
Koeppe2 E.H, Schumather1 L. Gmeindl1 and E. Awh1. Dept. of Psych.1, Dept. 
of Nuclear Medicine2, Univ. of Michigan, Ann Arbor, MI, 48109

It has been proposed that dorsolateral prefrontal cortex (DLPFC) is involved in 
inhibitory cognitive operations (e.g., Diamond, 1990). Verbal working memory 
(WM) tasks may require inhibitory processes when: 1) The contents of WM must 
be deleted before additional information can be stored, 2) Prepotent responses must 
be suppressed in order for a correct response to be made. Furthermore, DLPFC 
involvement has been documented in various studies of WM (e.g., Jonides, et al., 
1997; Braver et al., 1997; Smith et al., 1996). We sought to isolate the role of 
DLPFC in verbal WM by using PET to compare two item-recognition tasks, one 
of which required a greater degree of response inhibition. For both tasks a memory 
set of four letters was presented on each trial. In the low-overlap (LO) task, no 
letter appeared in either the target set or as the probe more than once every three 
trials. In the high-overlap (HI) task, half of the letters in each set overlapped with 
the set from the immediately preceding trial. In addition, probes on two 
consecutive trials could be identical and require either the same response or a 
different response. In the HI-LO subtraction, a reliable area of activation was found 
in left BA 45. While this site is at the posterior boundary of DLPFC, it is 
anterior to Broca's area and premotor cortex. We take these results to suggest that 
DLPFC played a greater role in the performance of the HI task, which required 
greater response inhibition. The HI-LO subtraction also yielded separate, reliable 
activations in premotor cortex, Broca's area, and superior parietal cortex, areas 
reported to be involved in verbal WM.

Supported by NIA (AG 13027)

820.7
ROLE OF FRONTAL-STRIATAL-THALAMIC CIRCUITS IN WORKING 
MEMORY: AN fMRI STUDY. V, Prabhakaran1*. B. Rvnma2. J.E. Desmond2.
G.H. Glover^. J.D.E. Gabrieli2. Program in Neurosciences 1, Depts. of 

Psychology2 and Radiology^, Stanford University, Stanford, CA 94305.
Clinical lesions in humans and physiological and lesion studies in animals 

have provided evidence for fronto-striatal-thalamic and fronto-parietal involvement 
in working memory. With neuroimaging techniques, working memory fronto-
parietal interactions have been well-characterized in humans. Imaging studies have 
not, however, characterized the role of fronto-striatal-thalamic circuits in working 
memory. To localize neural substrates within the fronto-striatal-thalamic circuit 
that are involved in working memory, we had subjects perform a Sternberg-type 
working memory task during fMRI scanning. On each trial, subjects viewed six 
letters for 1.5 seconds. Letters to be remembered were enclosed in parentheses. 
Following a five second unfilled retention interval, subjects derided whether a 
single probe letter matched one of those enclosed in parentheses. Subjects 
performed four scanning sessions of this task. In each session, subjects were 
required to remember varying memory loads (3,4,5,or 6 letters). Each of these 
load conditions alternated with a condition in which subjects remembered one 
letter. A total of six cycles of alternating conditions was performed in a session. 
Imaging was performed at 1.5T, using a T2* sensitive gradient echo spiral 
sequence (TR=720 msec, TE= 40msec, flip angle=65°, interleaves = 4). Eight 
slices of 6 mm thickness , 0 mm inter-slice interval, 40 ’ clock-wise to the AC- 
PC plane were taken rostrally from the head of the caudate, extending caudally to 
cover basal ganglia/thalamus and frontal lobe. Activation within the basal ganglia 
was seen bilaterally in the body of the caudate, putamen, and insula. Activation 
was also observed bilaterally in dorsolateral prefrontal cortex, left inferior frontal 
operculum, anterior cingulate and dorsomedial thalamus. Activation in these 
regions varied with differing memory loads, suggesting that frontal-striatal- 
thalamic circuits may be recruited differentially with varying memory demands. 
This study was supported by NIH grants MH53673 and AG12995.

820.8
FUNCTIONAL ORGANIZATION OF SPATIAL AND NON-SPATIAL 
WORKING MEMORY PROCESSES WITHIN THE HUMAN LATERAL 
FRONTAL CORTEX. M, Petrides* A. M. Owen, C. E. Stern, R. B. Look, I. 
Tracey and B. R. Rosen, Cognitive Neuroscience Laboratory, Montreal 
Neurological Institute, Canada, Wolfson Brain Imaging Centre, University of 
Cambridge, U.K. and Massachusetts General Hospital-NMR Center, 
Charlestown, U.S.A.

It has been suggested that there may be modality-specific sub-divisions within 
dorsal and ventral regions of the lateral frontal cortex which independently 
subserve working memory for spatial and non-spatial information, respectively. 
This hypothesis has been widely accepted in the literature and has formed the 
theoretical background against which the results of several recent functional 
neuroimaging studies of working memory in humans have been discussed. The 
present study used functional magnetic resonance imaging (fMRI) to demonstrate 
that, within the human brain, spatial and non-spatial working memory tasks 
recruit the same regions of the lateral frontal cortex when all factors unrelated to 
stimulus modality are appropriately controlled. Thus, when activity in a spatial 
‘2-back’ task was compared with that in a visuomotor control condition, 
significant increases in signal intensity were observed bilaterally in dorsolateral 
area 46. The pattern of frontal signal intensity changes observed when an 
analogous non-spatial working memory task was compared to a non-spatial 
visuomotor control task was almost identical.

These results provide evidence that spatial and non-spatial working memory 
may not be as separated in the lateral region of the frontal-lobe, as widely 
assumed, and support the alternative notion that specific regions of the lateral 
frontal cortex make identical executive functional contributions to both spatial 
and non-spatial working memory.

Support: McDonnell-Pew Program in Cognitive Neuroscience

820.9
REDEFINING THE FUNCTIONAL ORGANIZATION OF SPATIAL 
WORKING MEMORY PROCESSES WITHIN THE HUMAN LATERAL 
FRONTAL CORTEX. A. M. Owen*, N, J, Herrod, D. K. Menon, J, C. Clark, S. 
Downey, T. A. Carpenter, P. Minhas and J. D. Pickard. Wolfson Brain Imaging 
Centre, University of Cambridge, Box 65, Addenbrooke’s Hospital, Cambridge, 
CB2 2QQ, U.K.

It is widely held that the frontal cortex plays a critical role in certain aspects of 
spatial and non-spatial working memory. One fundamental issue, which has 
recently provoked considerable discussion in the frontal-lobe literature, is whether 
there are functionally distinct sub-divisions of the lateral frontal cortex that 
subserve different aspects of working memory and, if so, how the functions of 
these regions might best be described. The present study used positron emission 
tomography to demonstrate that working memory processes within the human 
dorsolateral and ventrolateral frontal regions are organised according to the type 
of processing required rather than according to the nature (i.e. modality), of the 
information being processed. Two spatial working memory tasks were used which 
varied in terms of the extent to which they required different executive processes. 
During a ‘spatial span’ task that required the subject to hold a sequence of five 
previously remembered locations in working memory a significant change in 
blood-flow was observed in ventrolateral area 47 of the right hemisphere. By 
contrast, during a ‘2-back’ task that required the subject to continually update and 
manipulate an ongoing sequence of locations in working memory, significant 
blood flow increases were observed in area 47 and, in addition, in dorsolateral 
area 46 of the right hemisphere.

This dissociation provides unambiguous evidence that the dorsolateral and 
ventrolateral frontal cortical areas make distinct functional contributions to 
spatial working memory.

Support: University of Cambridge Pinsent-Darwin Research Scholarship.

820.10
FMRI ACTIVATION DURING PERFORMANCE ON OBJECT AND 
SPATIAL COMPONENTS OF A WORKING MEMORY TASK. M.N. Oster1,
M. gnow2, E,K. Miller2, S, Gorkin2*. ‘Harvard-MIT Div. of Health Sciences 
& Technology, Speech & Hearing Sciences Doctoral Training Program; 2Dept. 
Brain & Cog. Sciences & Clin. Res. Cen., MIT, Cambridge, MA 02139.

A controversy exists as to whether object and spatial working memory have 
separate or overlapping neural substrates. Some studies suggest that object 
and space are represented separately in ventral and dorsal prefrontal cortex, 
respectively, whereas other studies suggest that they overlap art the single 
neuron level (Rao et al., 1997). To address these issues, human subjects were 
scanned while performing a task in which an object and a spatial location 
were linked within a single trial. Subjects fixated a central target (14 sec); 
viewed a sample object at the center of gaze (2 sec); held the object in memory 
(14 sec), viewed 2 test objects, one of which matched the sample, (2 sec); held 
the spatial location of the match in memory (14 sec); and then moved a cursor 
to the remembered location of the match. Each 6 min 40 sec run comprised 8 
such trials. We obtained 26 runs from 4 subjects for a total of 208 trials.

The imaging methods were: whole brain fMRI using BOLD contrast, 1.5 
Tesla GE scanner with ANMR EPI upgrade, 3x3x7mm voxels, 10 coronal 
slices, and TR=2000 ms. Analyses used motion correction and the K-S test.
For all subjects, object vs. fixation and spatial vs. fixation analyses showed 
significant activation throughout prefrontal cortex bilaterally. Object vs. 
spatial and spatial vs. object comparisons revealed significant activation 
throughout prefrontal cortex in 2 subjects, with no dorsal-ventral segregation 
for object and spatial conditions. The other 2 subjects showed no significant 
activation in these comparisons. These data show no evidence of separate 
substrates for object and spatial working memory in prefrontal cortex.
Grant support NIA, NINDS
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820.11
AN OSCILLATORY NETWORK MODEL ACCOUNTS FOR THE 
STERNBERG AND SAT DATA ON SHORT-TERM MEMORY AND 
PREDICTS THAT THETA FREQUENCY SHOULD VARY WITH MEMORY 
LOAD
O. Jensen and J.E. Lisman*. Center for Complex Systems, Brandeis University, 
Waltham MA 02254-9110
We have proposed a multiplexing model for maintenance of ~7 short-term memories 
based on temporal segmentation. In the model, memories are sequentially activated 
in successive gamma cycles (30-50 Hz). The list of memories are reactivated in each 
theta cycle (4-10 Hz). The proposed network model is physiologically realistic: it is 
constructed of spiking neurons and we remain true to the kinetics of the relevant ion 
channels. Here we extend the model to account for the detailed data on reaction time 
distributions from the Sternberg paradigm. In the Sternberg paradigm a list of S 
items (<7) is presented to a subject. The subject then has to indicate whether a probe 
item is on the list or not. The basic finding is that the reaction time for both positive 
and negative probes increases linearly with S, consistent with a serial exhaustive 
scanning process. Also the variance and skewness of the reaction time distribution 
increase with S. Our model fits this entire data set quantitatively. To further test the 
model, we have applied it to the speed-accuracy-tradeoff (SAT) paradigm. This is 
similar to the Sternberg experiment, except that a subject is forced to answer at 
specific (but variable) times; the shorter the time, the more errors. With few 
modifications our model also accounts quantitatively for the SAT results. A crucial 
assumption of the model is that the period of the theta oscillation increases with 
memory load. This is plausible since theta is known to vary. This assumption can 
directly be tested: the changes in theta frequency with respect to memory load 
should be measurable by field electrode, EEG or MEG recordings. Supported by the 
Alfred P. Sloan Foundation (94-10-1)

820.12
RIGHT MOTOR CORTEX AND CHANGE OF VISUAL 
ENVIRONMENT IN HUMANS. R. Salmelin*, R. Miettinen, P. 
Helenius. Brain Research Unit, Low Temperature Laboratory, Helsinki 
University of Technology, FIN-02015 HUT, Finland.

We employed whole-head MEG to identify cortical areas involved 
in updating the internal representation of visual environment in 8 
healthy subjects (5 males, 22-31 yrs). Line drawings of objects and 
animals were projected on a screen while the subjects performed 
voluntary eye blinks once every 2-3 s, thus blocking the visual input 
for about 100 ms. During this interval, the picture was either replaced 
by another one or remained the same, in a randomized sequence.

In all subjects, the change of visual input was followed by a 
transient response over the right rolandic area, peaking at about 240 ± 
40 (S.D.) ms after the end of the blink (electro-oculogram 50% of 
maximum). This activation was localized in the right motor cortex, 
about 1.5 cm lateral to the hand motor area (5 subjects), or in the 
premotor cortex, at the level of the hand area (2 subjects); the inferior 
parietal cortices in both hemispheres were also sensitive to the change. 
The somatosensory 10-14-Hz rhythm, originating within 1 cm of the 
hand area, showed a bilateral increase 300-1000 ms after the blink. The 
modulation was stronger in the right than left hemisphere (p<0.05) 
when the picture had been changed during the blink.

The right motor/premotor cortex was sensitive to changes of the 
visual environment, in agreement with its suggested role in visuo- 
spatial attention or visual working memory. The observed latency of 
activation is not readily reconciled with the interpretation of this 
region as part of the human frontal eye field.
Supported by the Academy of Finland.

820.13
DERIVATION OF THE LIMIT OF SHORT-TERM MEMORY (7±2 items) 
FROM OBSERVED PROPERTIES OF BRAIN NETWORKS. Marco A. P. 
Idiart* and John E. Lisman Instituto de Fisica - UFRGS, Porto Alegre, RS, 
Brazil 91501-970 and Center for Complex Systems, Brandeis University, 
Waltham, MA 02254.
We have proposed that the theta (6Hz) and gamma (40Hz) brain oscillations reflect 
a multiplexing mechanism by which ~7 memories can be actively maintained in a 
network, thereby mediating short-term memory. Each memory is represented by a 
group of pyramidal cells that fire synchronously within a gamma cycle. The 
number of memories that can be held (N) is determined by the number of gamma 
cycles that can fit within a theta period (T). If gamma were faster, perhaps more 
memories could be held. We have used two approaches to identify constraints on N 
and found that 7±2 is a realistic limit. In one approach, which makes linear 
approximations, we show that a key constraint is d, the delay of the feedback 
inhibition (multiple cycles of feedback inhibition are what produces gamma). As 
feedback inhibition decays, one group reaches threshold and produces feedback 
inhibition to implement a winner-take-all process. If gamma is too fast, a second 
memory can become active during d, leading to improper segmentation. The limit 
for proper segmentation occurs when N=(T/d)1/2. For observed values (theta=6Hz 
and d=3ms ), results N«7, in accord with psychological measurements and the 
observed gamma frequency. In a second approach we used a dynamical model, 
making it possible to examine the influence of more factors (IPSP rise time, etc.). 
The results show for N=7 is a reasonable limit because higher values require highly 
restricted parameters. This approach also points to the importance of d. Given that 
feedback inhibition is disynaptic, the observed d seems remarkably fast. These 
considerations suggest that the brain has reached a fundamental limit on the 
number of memories that can be held in short-term memory.
This research is supported by the Brazilian agencies CNPq, and Fapergs and by the 
Alfred P. Sloan Foundation.

820.14
INDIVIDUAL DIFFERENCES IN HUMAN WORKING MEMORY (WM) 
ABILITY. M.E. Smith*, G. Rush, & A. Gevins. SAM Technology & EEG 
Systems Laboratory, One Rincon Center, 101 Spear., San Francisco, CA, 94105.

This study describes the task correlates and topography of spectral features of the 
human EEG associated with individual differences in WM, the ability to actively 
maintain and manipulate mental representations. Scores on die backwards digit 
span test were used to assign subjects to low (mean=6.7, SD=1.5; N=23) and high 
(mean= 11.0, SD= 1.1; N=23) ability groups. Mean age in both groups was 22 years. 
EEG was recorded from 27 channels during performance of a 2-back spatial WM 
task and a control task that had equivalent stimulus and response requirements to 
those of die WM task, but that lacked a significant working memory load. WM 
task reaction times were faster [F(l,44)=5.2, p < .03], and WM target detection 
accuracies were higher [F(l,44)=5.5, p < .03] in the high ability group. A prior 
study (Gevins, et al., Cerebral Cortex, 1997) indicated that changes in three EEG 
features characterize increasing WM load. A frontal midline theta (5-7Hz) signal 
increases with load. Dipole analysis localized this signal to the region of the 
anterior cingulate, an important component of a frontal attentional network. 
Conversely, both slow parietal alpha (8-10Hz) and fast occipital alpha (10-12Hz) 
signals decrease with load. Alpha signals are inversely related to cortical 
utilization. These findings were replicated in the current study for both ability 
groups. Additionally, the high ability group had greater frontal midline theta 
[F(l,44)=13.8, p < .001] and slow parietal alpha [F(l,44)=5.0, p < .04]than the 
low ability group. Fast occipital alpha did not differentiate between groups. These 
results suggest that the superior WM task performance displayed by subjects with 
high WM ability is associated with relatively greater involvement of the frontal 
attentional network, and relatively less activation of other cortical regions. 
Supported by the Air Force Office of Scientific Research.

820.15
STIMULUS EVALUATION AND WORKING MEMORY POTENTIALS 
MAY SHARE COMMON NEURAL GENERATORS. S, Watter, D.C. Smyth, 
G.S. Hooper, G.M. Geffen*, L.B. Geffen. Cognitive Psychophysiology 
Laboratory, The University of Queensland, Brisbane, Australia, 4072.

Event related potentials (ERPs) were recorded from 9 normal young adults (4 
males) in a task that allowed the separation of working memory (WM) 
maintenance from stimulus evaluation (SE) processes. Circular visual targets 
were presented every 2.2 seconds for 200 ms at pseudorandomly varying 
positions on a computer screen. Subjects maintained’ in WM a continuously 
updated series of either 1, 2, or 3 (n-back) most recent positions and responded 
with a choice button push to whether the current target position matched the n- 
back position. ERPs were recorded for 1500ms from target onset. Negative 
shifts in potential generated by WM maintenance (Geffen GM et al, 1997, J Cog 
Neurosei, in press) were adjusted for by baselining over the 200ms preceding 
the stimulus. P300 showed no latency differences with increasing WM load. 
P300 peak amplitude showed smaller deviations from the ongoing WM- 
maintenance potential with increasing memory load at Cz and Pz, but was 
constant at Fz. Following P300 the return to baseline was more prolonged for 
higher memory loads.

The smaller P300 amplitude changes with greater memory load at Cz and Pz 
suggest that SE and WM-maintenance potentials may share a subset of common 
generators. In contrast, the generators of SE and WM-maintenance potentials at 
Fz are more independent.

This research financially supported by the Human Frontiers Science Program.

820.16
MIGHT HARMONIES IN THE GAMMA BRAIN WAVE OCTAVE 
COORDINATE BINDING OF MULTIPLE ITEMS IN WORKING 
MEMORY? R. B. Glassman*, Dept. of Psychology, Lake Forest College, 
Lake Forest, IL 60045.

Working memory (WM) is a small "space" within which we reach for 
coherences during the present moment’s flow through time. The 7±2 
items in WM of humans and other mammals (see Miller, Psychological 
Review, 1956; Baddeley, Science, 1992; Glassman, et al., Brain 
Research Bulletin, 1994, Neuroscience Abstracts, 1991-1994, 1996) 
comprise a selected set of "chunks" from long-term memory (LTM), 
sometimes evoked by perceptual stimuli, whose interrelations are made 
plastic by their activation in WM. WM is a constantly refreshing/updating 
time series with running overlap of a trace of about 3 or 4 of the total 5 
to 9 items. The "binding hypothesis" (e.g. Treisman, Current Opinion in 
Biology, 1996) says that a single percept’s attributes are unified by EEG 
synchrony or phase-locking at about 30-60 Hz (Singer, Annual Review 
of Physiology, 1993) or 60-90 Hz (Eckhorn, et al. NeuroReport, 1993) 
across brain locations. But normal cognition requires intentional 
integration of more than one percept or concept-perhaps the main 
function of WM. One way in which several neurally distributed LTM 
representations might be both maintained in distinct activated states and 
also coordinated is by exploiting properties of harmonies. In explaining 
this hypothesis some basic principles of sinusoidal oscillations will be 
reviewed (e.g. Rossing, The Science of Sound, Addison-Wesley, 1990). 
Support: Sabbatical funding by Lake Forest College.
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820.17
HUMAN EVOKED POTENTIALS (EPs) OF SPATIAL AND VERBAL 
WORKING MEMORY (WM) L. McEvoy*, M. Smith, A. Gevins. EEG Systems 
Laboratory and Sam Technology, San Francisco, CA 94105.

EPs were measured to characterize the subsecond dynamics of cortical networks 
involved in WM task performance. 27-channel recordings were obtained from 8 
well-trained subjects performing Spatial and Verbal versions of a visual n-back WM 
task (n=l,2,& 3) (cf. Gevins et al. 1996, Electr. Clin. Neuro., 1997, Cereb. Cort.) RT 
increased and accuracy decreased as load level increased, but behavior did not differ 
between task types. A slow potential from 1.2s pre-stimulus to Is post-stimulus was 
largest at low load levels and larger in Verbal tasks. Transient (about 50ms long) 
post-stimulus responses differed as a function of task type and load: a 250ms vertex- 
maximal peak was largest in low-load Spatial tasks, while a 280ms posterior 
temporal response was largest in Verbal tasks. The amplitude of the 280ms response 
was larger over the right hemisphere but displayed stonger task effects over the left. 
From 300 to 450ms, similar responses were observed for both task types over 
dorsolateral frontal cortex, maximal over the left hemisphere. They were larger and 
occurred 30ms later in Verbal than Spatial tasks. At 300-500ms a response over 
parietal cortex was attenuated by increasing WM load, but was insensitive to task 
type. These results indicate that WM involves both sustained and transient processes 
that differ as a function of attentional strategy and WM load. The amount and type 
of load appears to be reflected in sustained activity that extends from the pre-
stimulus preparatory interval into the post-stimulus period. Transient EPs in the 250- 
300ms range reflect task-specific feature extraction, with spatial tasks appearing to 
activate a dorsal parietal pathway and verbal tasks a posterior temporal pathway. 
Similar transient EPs in the 300-500msec range over parietal and frontal regions for 
both task types may be associated with attention-demanding decision, updating and 
sequencing operations common to both spatial and verbal WM tasks. Supported by 
AFOSR&NIMH.

COGNITION: OTHERS—VISUAL COGNITION

821.1
NEURAL CORRELATES OF FACE PROCESSING WITH EVOKED-RELATED 
POTENTIALS AND SINGLE-SUBJECT ANALYSIS METHODS. B.Rossion12, 
S.Campanella1, L.Liard2, C.Gomez3, D. Debadsse1, S.Dubois12, RBruver1, J.-M, Guerir and
M. Crommelinck2*. 1 Lab. of Neuropsychology, UCL, Louvain-la-Neuve, 2 Lab. of 
Neurophysiology, UCL, Brussels, Belgium and 3Lab. of Psicobiologia, Universidad de 
Sevilla, Spain.

Neural correlates of face processing have been recently investigated by means of high 
spatial but poor temporal resolution techniques such as positron emission tomography (e.g. 
Haxby et al., 1996) and functional magnetic resonance imaging (e.g. Puce et al., 1996). 
These studies have shown that face processing involves many visual areas and relies 
primarily on a ventro occipito-temporal pathway, with a right hemisphere superiority.

The aim of this study was to investigate the time course of neural activation during face 
processing using 58-channel event-related potentials (analysis time 900 tns) in 10 normal 
subjects and a dipole localization procedure (Scherg & Berg, 1990).

In all subjects, face processing gave rise to seveial components which were either absent or 
largely reduced in a visuo-motor control task: a vertex positivity (latency 130-180 ms, right 
superiority) reversing polarity at occipital and temporal electrodes and anothei negative (Cz) - 
positive (Oz) complex occuring at about 220 ms. Following these two components, there was 
also a long-lasting central positivity (350-700 ms) clearly right lateralized, observed in nearly all 
subjects.

We did not find any familiarity (unknown or previously learned faces) or task (sex 
categorization or recognition of previously learned faces) effects (amplitudes and latencies) on 
the vertex positivity, suggesting a perceptual, stimulus-related, involvement of this component, 
as previously proposed (Jeffieys, 1996). Accordingly, the dipole localization showed a probable 
bilateral occipito-temporal median source of this component. Despite high inter-subject 
variability in terms of latencies, amplitudes and scalp topography of the vertex positivity, its 
source localization was remarkably consistent accross subjects. Later components, associated 
with more anterior sources, were influenced by face familiarity and face task and may be 
related to face memory search and recognition.

Finally, this study emphasizes some flaws of grand-average studies and encourages the 
development of single-subject analysis methods liable to deal with inter-subject variability.

Supported by FNRS and ARC n°95/00-!89.

821.2
NEUROPHYSIOLOGICAL INDICES OF THE DEVELOPMENT OF FACE 
PERCEPTION. M J1_Taylpr,..Q,, Edmonds,.T,. Aflispn* and.G,.. McCarthy Dept. of 
Neurology, Hospital for Sick Children, University of Toronto, Toronto, Canada, 
Neuropsychology Lab., VAMC, West Haven CT 06516 USA, and Dept. of 
Neurosurgery, Yale University School of Medicine, New Haven CT 06510 USA.

Prior studies have established that faces evoke category-specific ERPs within a 
170-220 ms latency range that can be recorded from subdural electrodes placed on 
the fusiform gyrus (Allison et al. 1994), and from scalp electrodes placed over the 
inferior temporal scalp (Bentin et al. 1996). The specificity of these ERPs for faces 
and isolated face components (such as eyes) suggest their utility in assessing the 
development of face perception in humans. Accordingly, we compared ERPs 
evoked by faces and other stimuli in 20 adults to ERPs recorded from 29 scalp 
electrodes in children in 5 age groups (6-7, 8-9, 10-11, 12-13, 14-15). A total of 
510 stimuli were presented equally drawn from 9 stimulus categories including 
upright faces, inverted faces, equiluminant but unrecognizable scrambled faces, 
eyes, flowers, and target checkerboards (to which subjects made button press 
responses).

The results for adults replicated Bentin et al. in that (1) faces evoked a right 
hemisphere dominant negative ERP, (2) eyes evoked a larger and later ERP than 
faces, and (3) non-face stimuli and scrambled faces evoked much smaller ERPs. 
Processing of upright faces is thought to be due to configural mechanisms, whereas 
processing of inverted faces may be more feature-based. It is notable that in adults 
inverted faces evoked a significantly larger and later ERP than upright faces, even 
though the faces were otherwise identical. A comparison of ERPs elicited by 
upright and inverted faces in children revealed little difference in amplitude until 
13 years, after which the difference approached adult levels. These results suggest 
that younger children may not use configural mechanisms in face processing. 
Supported by the Hospital for Sick Children and MH-05286.

821.3
HEMISPHERIC ASYMMETRIES IN FACIAL PROCESSING: 

SEX DIFFERENCES
G.,Edmonds~, E,W,.Pang~,M.L. Smith*A, (LMcCarthy+, M.J. Ta^lo_r~ 

“Neurology and APsychology, Hospital for Sick Children, University of Toronto, 
Toronto, Ont., Canada

+Neuropsychology Lab, VAMC, West Haven, and Depts. of Surgery, 
Neurology & Radiology, Yale University, New Haven, CT, USA.

The processing of facial stimuli was studied in 15 women and 15 men. 
Event-related potentials (ERPs) were recorded from 29 electrodes while 
subjects performed a visual search task in which they made a button press 
to target stimuli (checkerboards, p=.12). Other stimuli, equally 
represented, included faces, inverted faces, eyes only, lips only, faces 
with eyes closed, faces with eyes averted and flowers.

The posterior negative component occurring at a latency between 150- 
200ms (N160) was measured for the faces, inverted faces and eyes. This 
peak differed in latency only with stimulus type (pc.OOOl) (faces: 150ms; 
inverted faces: 177ms; eyes: 163ms). The amplitude also differed 
significantly with stimulus type (faces: -5.4pV; inverted faces: -7.4(iV; 
eyes: -7.5pV), and as has been previously reported (Bentin et al., 1997) 
was larger over the right than left posterior temporal areas for faces. 
However, the N160 amplitude also interacted with stimulus category, sex 
and hemisphere (pc.006). There was a larger N160 over the right 
posterior temporal regions for women for the faces, but over the left for 
men; the asymmetry was least marked for the eyes, and intermediate for 
the inverted faces. Consistent with studies of various other cognitive 
processes, these data suggest that hemispheric differences may also exist 
between the sexes for aspects of facial processing.
Supported by The Research Institute, Hospital for Sick Children.

821.4
FACE RECOGNITION ACROSS DIFFERENT SPECIES: EFFECTS OF 

INVERSION AND INSTRUCTION. O. Pascalis*, M, Coleman & R Campbell. 
Department of Human Communication Science, University College of London, 2 
Wakefield St., London WC1N IPG, UK.

There is controversy concerning the bases of cross-species face recognition: 
how specific to the species is human face recognition and its characteristics 
(including its sensitivity to inversion)? In two experiments, we investigated 
upright and inverted face recognition for human (HF), bovine (BF) and macaque 
(MF) faces. Firstly, a forced-choice matching task showed an advantage for 
upright human faces which was specifically affected by inversion. Monkey faces 
were susceptible to inversion, but to a lesser degree when accuracy scores were 
taken into account. The second study used a visual paired comparison task 
(VPC) analagous to tasks used with nonverbal subjects such as infants and 
monkeys. Once again HF showed a distinctive pattern. Only HF upright faces 
generated novelty preference, while inverted HF showed a familiarity preference. 
These data are not consistent with a unitary primate-specific or mammalian- 
specific face-recognition device. In addition, they suggest that VPC tasks with 
adult human subjects can generate useful and systematic data.
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821.5
FACE PROCESSING IN WILLIAMS SYNDROME: CONFIGURAL OR 
LOCAL STRATEGY? C. Deruelle1*. C, Casse-Perrot2. M.O. Livet2, I. 
Mancini2 and S. de Schonen1. 1 Center of Research in Cognitive 
Neuroscience, C.N.R.S., and 2Timone Hospital, Marseille, France.

Williams syndrome (WS) is a specific neurodevelopmental disorder 
with a unique neuropsychological profile. Subjects with WS are usually 
characterized by relatively preserved verbal skills but seriously impaired 
visuo-spatial skills. However, despite their spatial cognitive 
dysfunctions, WS subjects exhibit a good ability to discriminate 
unfamiliar faces (Bellugi et al., 1992; Wang et al., 1995). The first aim of 
the current study was to further investigate face processing in WS with 
tasks involving a matching based on facial expression, lip reading, age, 
gender, identity, and gaze direction. The second aim of this study was to 
assess the role of configural and local processing in faces and patterns 
perception in WS.

Eight subjects with WS from 8 to 23 years-old, eight subjects with Down 
Syndrome (DS) from 9 to 19 years-old, and eight normal subjects from 8 to 
23 years-old participated in these experiments. Results indicated that, on 
average, WS subjects performed better than DS subjects on all tasks 
involving face processing, but worse than normal subjects matched on 
chronological age. Moreover, data from a subset of our WS subjects, 
provide further support for a local bias in the processing of geometrical 
shapes (Birhle et al., 1989) as well of faces, suggesting that the use of local 
strategy could lead to efficient face processing. However, data from the 
rest of the WS group revealed a configural bias in faces and patterns 
processing. These results emphasize individuals differences in WS 
subjects.

821.6
PRODUCTION OF FACIAL EMOTION FOLLOWING UNILATERAL 
TEMPORAL LOBECTOMY. A. K. Anderson* and E. A, Phelns. Dept. of 
Psychology, Yale University, New Haven, CT. 06520

Recent case studies have suggested that damage to the amygdala can yield 
deficits selective for the perception of fearful faces (Adolphs et al., 1994), but such 
case studies have not addressed the specificity of the amygdala’s role in the 
production of facial emotion. The present study investigated the emotion-specific 
contributions of the amygdala and adjacent cortex to the production of six basic 
facial expressions. These results were compared with previously reported 
performance on a facial expression perception task from the same sample of 
patients who underwent either left or right unilateral anteromedial temporal lobe 
resection for intractable epilepsy, which includes unilateral removal of the 
amygdala.

As previously reported, right (RTL) but not left temporal lobectomy (LTL) 
patients were impaired on a task involving the rated intensity of presented facial 
expressions. These impairments were selective for particular emotions, including 
fear, disgust and sadness. In contrast, when asked to mimic these same expressions 
upon verbal command both RTL and LTL groups exhibited global diminished facial 
expressiveness relative to controls. Impairments in the perception of facial affect in 
the RTL group were found to be uncorrelatated with impairments in facial 
expression production. These results provide evidence for a division of the RH- 
based affective networks supporting the comprehension and production of facial 
emotion. In addition, a case study is reported of a RTL patient with additional left 
amygdala damage whose facial affect perception impairments were similar to the 
RTL group with a more marked deficit in evaluation of fearful faces. In contrast, 
she revealed intact production of all facial expressions, suggesting that the human 
amygdala may be important for the perception of fearful faces but not the ability to 
express fear.

Supported by NIMH MH50812 to E.A.P.

821.7
ASYMMETRIC ACTIVATION OF THE RIGHT HEMISPHERE DURING 
MENTAL ROTATION USING FMRI. G.A.Calvert1, E.Bullmore3, M. Brammer3, 
R.Bilder4, A.David3, S.Iversen2,*S. Williams3 and T.Crow1. ‘Dept of Psychiatry, and 
Experimental Psychology, University of Oxford, 0X3 7JX,UK.3 Institute of 
Psychiatry, London SE5 8AF. 4Hillside Hospital, PO Box 38, NY 10014, U.S. 
Neuropsychological evidence suggests that the left hemisphere typically displays an 
advantage for processing linguistic stimuli whereas the right hemisphere is 
predisposed to the faster analysis of visuo-spatial stimuli. Functional imaging studies 
are consistent with predominant left hemisphere activation during language tasks, 
however a similar asymmetric rightward bias has not been demonstrated as 
consistently for visuo-spatial tasks. In previous mental rotation tasks (e.g. Cohen et 
al; Brain, 1996, 119(1), 89-100), complex 3D block stimuli were presented 
simultaneously for comparison at a slow presentation rate. We report a delayed 
match-to-sample mental rotation task which demonstrates predominant right 
hemisphere activation. 4 male right handed subjects were scanned using a 1.5T GE 
Signa scanner with Advanced NMR operation console during a 5 minute run of 
alternating 30s ON and OFF conditions. In the ON condition, subjects were presented 
with an initial probe "angle" displayed for 0.5ms, and were asked to match this (using 
a button response box) to one of two subsequently presented target angles presented 
at 400ms and rotated from the original target. In the OFF condition, subjects matched 
a prior presented "X" to a subsequently presented pair of "X O'"s to control for the 
motor and low level visual matching components of the experimental task. Images 
depicting BOLD contrast were acquired with an in plane resolution of 3mm in 3s. 
Results demonstrate bilateral activation in the inferior parietal lobule though 
substantially stronger in the right hemisphere, and activation in the inferior and medial 
frontal gyri confined almost exclusively to the right side. The success at activating 
predominantly right sided structures during mental rotation may relate to the brief 
stimulus presentation or the greater spatial processing elicited by the delayed match- 
to-sample paradigm.(Funded by SANE UK).

821.8
BRAIN ACTIVATION PATTERNS IN MENTAL CONSTRUCTION 
REVEALED BY FUNCTIONAL MRI AT HIGH FIELD (4 TESLA) 
G.A. Tagaris*. K, Wang. W, Richter. S-G. Kim, M.A. Georgopoulos. K.
Ugurbil and A.P, Georgopoulos. Brain Sciences Center, VAMC and Center 
for Magnetic Resonance Research, Univ. of Minnesota Medical School, 
Minneapolis, MN.

Eight right-handed healthy human subjects (4 men, 4 women) performed 
two tasks in a randomized block design, while multislice BOLD functional 
images of the whole brain were acquired using a 4 Tesla system. Pairs of 
objects were picked randomly from a set of 25 oriented fragments of a 
square and presented to the subjects approximately every 3 s. In a 
construction (“fit”) task, subjects had to indicate, by pushing one of two 
buttons, whether the two fragments could match to form a perfect square, 
whereas in the other (“same-different”) task they had to compare the two 
fragments and decide whether they were identical or not. In a control task, 
preceding each of the two tasks above, a single square was presented at the 
same rate and subjects pushed any of the twro keys at random.

A number of cortical areas in the frontal, parietal and occipital lobes were 
activated in both tasks. However, the most consistent activation in the “fit” 
task was observed in the right anterior cingulate (8 out of 8 subjects), right 
superior frontal (6/8), right middle frontal (6/8) and right precentral (6/8) 
gyri; in addition, activation was observed in subcortical structures, mainly 
the right caudate nucleus (5/8). These results indicate a major role of the 
right frontal lobe in mental construction. (Supported by NIH grants 
NS32919 and RR088079 .)

821.9
DETECTION OF BRAIN ACTIVITY DURING MENTAL ROTATION IN A 
SINGLE TRIAL BY REAL-TIME FUNCTIONAL MAGNETIC RESONANCE 
IMAGING. W. Richter1, A. P. Georgopoulos2, K. Ugurbil1, and S.-G. Kim*1. 
‘Center for Magnetic Resonance Research, University of Minnesota, Minneapolis, 
MN 55455 and 2Brain Sciences Center, Veterans Affairs Medical Center, 
Minneapolis, MN 55417

When cognitive processes are investigated, it is extremely desirable to measure 
cortical activity by fMRI in a single trial. Here we studied a well-known cognitive 
task, the mental rotation of three-dimensional objects. This task involves many areas 
of the brain, and subjects generally require times on the order of several seconds to 
complete it. We demonstrate that a single execution of a mental rotation task can 
reproducibly be detected by fMRI.

Experiments were carried out with a whole body imaging system with a head 
gradient insert. An echo planar imaging sequence with a repetition time of 200 ms 
was used. Three contiguous coronal 10 mm thick slices were chosen, the most 
posterior of which contained the most posterior part of the parieto-occipital sulcus. 
During each run, two objects were shown that were either identical or mirror images 
of one another; the subjects pressed one of two buttons on a keypad accordingly.

Maps were calculated by a time course cross correlation method. The time course 
from each pixel was correlated with a three-dimensional set of trapezoidal reference 
functions of varying width, onset, and rise/fall time. Pixels were then thresholded by 
the maximum correlation coefficient in this set. Pixels active during a control task 
(0° rotation angle) were excluded. Activation was detected throughout the posterior 
parietal lobe. The width of the peak in the timecourses was equal to the time to 
complete the task plus a subject-specific offset. Hence the activation is indeed due to 
mental rotation per se.
Support by the NIH (Grants MH57180 and RR08079) is gratefully acknowledged.

821.10
AN fMRI ANALYSIS OF SEX AND LATERALITY EFFECTS IN 3-D MENTAL 
ROTATION. K, M.akarecxMP, McAndrews*, A, Crawely, &. D.J. Mikulis. Toronto 
Hospital, Western Division, Toronto, ON M5T 2S8.

Males consistently outperform females on 3-D mental rotation tasks. It has been 
suggested that this may reflect a greater lateralization of spatial abilities in males. 
Previous neuroimaging studies have documented left and right parietal activation 
during mental rotation but sex effects have not been adequately addressed. Thus the 
first purpose of this study was to explicitly test the hypothesis of greater lateralization 
in males on this task.

A second purpose was to determine whether parietal activation previously reported 
is specific to mentally rotating stimuli as opposed to reflecting attentional demands of 
the rotation task relative to the control task. To eliminate this possible confound we 
used a visual discrimination control task with high attentional demands.

Participants were 11 right-handed young adults (6 males and 5 females). Stimuli for 
the mental rotation task were cube figures derived from Sheppard and Metzler (1971). 
The control task comprised non-rotated cube images filled with various patterns. In 
each task participants decided if two simultaneously presented stimuli were the same. 
There were seven blocks of alternating rotation and control conditions. A spiral T2*- 
weighted scanning protocol was used to image six contiguous 7 mm coronal slices 
with in-plane resolution of 2.4 mm.

Significant activation for rotation minus control conditions (r > .20) was seen in 
superior and inferior parietal lobules for 10/11 participants; 7 bilateral, 2 left, 1 right. 
Area MT was also activated in 5 participants. Our findings are consistent with 
previous research and further demonstrate that mental rotation selectively engages 
these regions. Contrary to the hypothesis of differential lateralization, no reliable sex 
effects were found.

Support provided by the Dept. Of Medical Imaging, University of Toronto.
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821.11
THE LARGE MALE ADVANTAGE ON MENTAL ROTATION 
TASKS IS NOT DEPENDENT ON DEPTH PROCESSING. D.W. 
Collins & D. Kimura*. Psychology, Univ. Western Ontario, 
London Canada, N6A 5C2

One of the largest cognitive sex differences is found on the 
Vandenberg & Kuse Mental Rotations test (MRT). The MRT 
depicts rotations in 3-dimensional space, but a recent study 
in our lab found just as large an effect size with a difficult
2- dimensional rotation task employing a clock face (Behav. 
Neurosei., in press).

The present study compared performance on MRT figures 
when rotated in depth or in the picture plane (3- or 2- 
dimensional), as well on a novel task which gave added cues 
by embedding the target figure in a cylinder. Tests were 
administered to 56 undergraduates (28 M, 28 F). A large male 
advantage was found for both depth and picture-plane 
rotations, no interaction with sex. On the easier
3- dimensional cylinder task the male advantage was not 
significant.

The findings suggest that the critical factor in the large 
male advantage on the MRT may be difficulty level rather 
than processing in the 3rd dimension.
Supported by MRC, NSERC Canada.

821.12
BRAIN SYSTEMS THAT MEDIATE BEHAVIORAL INTERACTIONS IN 
THREE-DIMENSIONAL SPACE. F. H. Previc.* Armstrong Laboratory, Brooks 
AFB, TX 78235-5104.

A theoretical model of the brain systems that mediate the interactions of humans 
with their three-dimensional (3-D) environment is put forth. This model posits the 
existence of four major behavioral realms: 1) the peripersonal, in which reaching 
and other “nearby” perceptual-motor operations are carried out; 2) the focal 
extrapersonal, in which objects and other detailed visual information are searched 
for and recognized in more distant space; 3) the action extrapersonal, in which 
navigation, memory, and orientation in topographically defined external space occur; 
and 4) the ambient extrapersonal, in which information required to preconsciously 
orient ourselves in earth-fixed (gravitational) space is processed. Four largely 
distinct cortical neural networks, along with their aligned subcortical structures, 
subserve the operations in each of the 3-D realms: 1) a dorsal parietal-frontal system 
for peripersonal space; 2) an inferior-temporal/lateral-frontal circuit for focal 
extrapersonal space; 3) a superior-and medial-temporal/oibitofrontal system for 
action extrapersonal space; and 4) a superior-parietal/parietal-temporal/dorsal- 
frontal system for ambient extrapersonal space. Regulation of our 3-D attentional 
focus depends upon which of these systems is most active; in addition, 3-D emphasis 
is also influenced by lateralized cerebral activation (e.g., the left hemisphere is most 
involved in focal extrapersonal processing whereas the right hemisphere is 
specialized for peripersonal and ambient extrapersonal activity) and by the balance 
among the major neurotransmitters, with dopaminergic (and, to a lesser extent, 
cholinergic) excitation associated with greater extrapersonal emphasis and 
noradrenergic (and possibly serotonergic) excitation associated with greater 
peripersonal emphasis. The differential activation of the various 3-D brain systems 
is reflected in several clinical neuropsychological disorders in which severe 
imbalances of 3-D attention occur. Finally, the predominance of the extrapersonal 
systems in humans may underlie the vastly expanded space-time awareness that 
characterizes human intelligence

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—GENETICS

822.1
TEMPORAL ANALYSES OF CONTEXTUAL FEAR CONDITIONING: 
FURTHER CHARACTERIZATION OF DIFFERENCES BETWEEN C57BL/6J 
AND DBA/2J MICE. R. A. Radcliffe and J. M. Wehner*. Institute for Behavioral 
Genetics, University of Colorado, Boulder, CO 80303

Various lines of evidence suggest that contextual fear conditioning is mediated, 
in part, by the hippocampus. C57 and DBA mice are divergent in contextual 
conditioning with C57 showing a 2-fold greater response than DBA. It has been 
proposed that this is due to a genetically-mediated impairment in DBA 
hippocampal function {Behav. Neurosei., 108:810, 1994). The aim of the current 
research was to identify the phase of memory during which the strain difference 
emerges and to explore the potential role of stress in this difference. Conditioned 
fear was measured as the percent of time spent in a freezing posture when exposed 
to the same context in which the subject had previously received 2 footshocks 
during the course of a 5.5 min conditioning session. Freezing was found to be 
similar between the two strains immediately following the second shock. The C57 
response was complex with an increase at 30 min followed by a U-shaped 24 hr 
time course which was lowest at 3 hr. In contrast, DBA freezing was decreased 
after 15 min and remained low at time points through 24 hr. Pre-exposure to the 
context 24 hr before conditioning enhanced the DBA response to the extent that 
there was no longer a significant difference when compared to C57 controls, but 
pre-exposure had no effect on C57. Immediate post-training isolation attenuated 
C57 freezing to DBA control levels with the maximum effect occurring with 1 or 
more hrs of isolation. This treatment had no effect on DBA freezing. The results 
suggest that 1) a difference in middle-term memory processes (between 15 min and 
3 hr) mediates the DBA/C57 divergence in conditioned fear, at least in part, and 2) 
the degree and/or nature of stress during conditioning may influence the contextual 
conditioning of DBA mice. (Supported by NIH grants MH-48663 and HS-07189.)

822.2
LATE MEMORY-RELATED GENES IN THE HIPPOCAMPUS REVEALED BY 
RNA FINGERPRINTING. S. Cavallaro12, N. MeiriL C-L, Yi\ S. Musco1, W. Ma3, 
J. Goldberg1, D, L. Alkon*1.1 LAS. NINDS, NIH, Bethesda, MD 20892; 2IBFSNC- 
CNR Catania, Italy; ’Biotechnology Research and Applications Division, SAIC, 
Rockville, MD 20850.

Although long-term memory is thought to require a cellular program of gene 
expression, and increased protein synthesis, the identity of proteins critical for 
associative memory is largely unknown. We used RNA fingerprinting to identify 
candidate memory-related genes (MRGs) that were upregulated in the 
hippocampus of water maze-trained rats, a brain area which is critically involved 
in spatial learning. We isolated and sequenced 10 candidate MRG cDNAs 6 h 
after training. One of these is the rat homolog of the mouse ryanodine receptor 
type-2 (RYR2), a second is identical to the rat glutamate-dehydrogenase (GDH), 
and the remaining eight have sequences that have not been previously 
described. The changes of GDH- and RYR2-mRNA levels were further assessed 
by a combination of Northern-blot analysis and reverse transcription-polymerase 
chain reaction (RT-PCR). GDH mRNA-levels were increased by 110% 6 h after 
water maze-training and returned to normal values at 12 h. RYR2 mRNA-leveis, 
instead, were increased at 6 h (180%), remained elevated at 12 h (210%) and 
returned to normal values 24 h after the training. Levels of GDH- and RYR2- 
mRNAs were then measured 6 h after training in different subdivisions of the 
hippocampus by in situ hybridization. All trained rats exhibited a significant 
increase in GDH- and RYR2-mRNA levels in CA and dentate gyrus (DG) areas. 
GDH-mRNA was elevated more in CA1 (pyramidal layer and lacunosum- 
molecolare) than in DG, whereas RYR2-mRNA increased predominantly in DG 
and CAS. Successive RNA screening as illustrated here may help to reveal a 
spectrum of MRGs as they appear in distinct spatial and temporal domains of 
memory' storage.

822.3
ENHANCER-TRAP MICE EXPRESSING A REPORTER GENE 
SPECIFICALLY IN THE HIPPOCAMPUS M. Kojima1, T, Noce2, F, Saito3. 
M-YokoyamaVH, Shibata4, Y, Hayasizalrit-JL_ Inokuchi2* 'PRESTO, 
Mitsubishi Kasei Inst. Life Sciences, 3Tokyo Med. and Dent. Univ., 4RIKEN, 
Japan

To understand the functional role of a specific gene in learning and memory, it 
is now essential to generate a mouse line in which the expression of the gene of 
interest can be temporally controlled in a restricted region of the brain. We first need 
to isolate a region-specific enhancer/promoter element to accomplish this kind of 
study. By introducing the 5’-upstream sequence of zfp40 fused to the ZoeZ reporter 
gene, we have isolated an enhancer-trap mouse line (HXZ 3-13), in which lacZ was 
expressed exclusively in the embryonic limb bud and the adult hippocampal neurons. 
In this transgenic line, the lacZ expression seems to be under the control of an 
enhancer element located around the transgene. We isolated a 140 kb DNA segment 
from a mouse BAC library that corresponds to a flanking region of the transgene. 
This segment may contain an enhancer element that confers hippocampus-specific 
expression of lacZ in adult as well as a transcriptional unit whose expression is 
under the control of this enhancer. Zoo blot analyses allowed us to identify a novel 
transcriptional unit. In HXZ 3-13 line this transcriptional unit was disrupted by an 
insertion of the zfp40-lacZ transgene, suggesting that HXZ 3-13 has a functional 
mutation in this unit. Northern blot showed that the expression of the 
transcriptional unit was restricted to brain (mRNA, 2.3 kb in length), kidney (2.5 
kb) and skeletal muscle(2.8 kb).

822.4
Mapping of genes regulating contextual fear conditioning in mice. E. H. 
Owen*. R, A.Radcliffe. S. T, Rosmann, S, C. Christensen, J.M, Wehner.
Institute for Behavioral Genetics, University of Colorado, Boulder, CO 80309 

Previous studies have demonstrated that contextual fear conditioning is a
polygenically-regulated behavior in inbred mouse strains. Two strains, 
C57BL/6 (B6) and DBA/2 (D2), differ on contextual fear conditioning with the 
B6 strain performing better than the D2 strain. In order to map the genes 
regulating these strain differences, a quantitative trait loci (QTL) analysis was 
performed in a B6 X D2 F2 intercross generation and these results were 
compared with those obtained from a BXD recombinant inbred strain study 
(Owen et al., Behav. Neurosei., 111(2), 292-300, 1997). F2 mice (N=490) 
were scored for contextual fear conditioning using a two day procedure. Chi 
day 1 animals were exposed to the context followed by 2 rounds of conditioning 
with a 30 sec clicker CS paired with a 2 sec (.35 mAMP) shock (US). Twenty- 
four hrs later animals were scored for freezing to the context, in an altered 
context (pre-CS), and to the CS. Estimates of heritability ranged from 0.32-.34 
for the three measures. DNA from mice with the 20% lowest and highest scores 
for each measure were subjected to a full genome scan using microsatellite 
markers spaced at 20 cM intervals throughout the genome. QTLs with LOD 
scores between 2.84 and 5,5 were identified on chromosomes 1, 2, 3, 10, 11, 
and 16. At least two of these QTLs on chrom. 1 and 11 were also detected in 
BXD recombinant inbreds. The six major QTLs accounted for 88% of the 
genetic variation for contextual fear conditioning, (supported by MH-53668)
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822.5
TRANSGENIC APPROACHES TO THE INVOLVEMENT OF CREB IN 
MEMORY. J. H. Kogan*, S. Kida, and A. J. Silva. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York 11724.

CREB is a transcription factor that is thought to play a key role in long-
term memory. We have shown that mice with a targeted disruption of the 
a and the A isoforms of CREB (CREB"*) are impaired in both long-term 
memory and in hippocampal long-term potentiation (LTP). Importantly, 
spaced training rescues both the memory and the LTP deficits of the 
mutant mice. We have now shown that low frequency stimulation (1 
Hz/15 min) results in a similar depression of potentiated responses in 
mutants and WTs, indicating that the revearsal of LTP is normal in the 
mutants. These and other results suggest that the synaptic plasticity 
deficits of CREB"* mutants are specific to certain forms of LTP.

The CREB"* mutants lack CREB throughout development. Therefore, it 
is difficult to demonstrate that their memory deficits are due to the loss of 
CREB function during training. To circumvent this problem, we have 
derived mutant mice with tissue restricted and inducible expression of two 
CREB dominant-negative isoforms: ICER and a CREB protein with a 
mutation in ser 133. As a control, We have also generated similar mice 
with the WT CREB gene. With these inducible transgenic strains we will 
determine when during training CREB function is required for memory. 
Additionally, to reveal the brain regions and cell types involved in CREB- 
dependent memory we have made a transgenic mouse with a P-Gal-GFP 
fusion protein under the control of a CREB-dependent promoter. 
Behavioral training should trigger the expression of this fusion protein in 
cells where CREB-dependent genes are involved in memory formation. 
(Supported by grants from the NIMH and NINDS).

822.6
FEAR-POTENTIATED STARTLE AND PREPULSE INHIBITION IN CREB 
MUTANT MICE. S. Carlson*1. W.A, Falls1. J. H, Kogan2. M, Hasan1. J, F, 
Willott1 & AJ. Silva2, department of Psychology, Northern Illinois University, 
DeKalb, IL. & 2 Cold Spring Harbor Laboratory, Cold Spring Harbor NY.

Mice with a targeted disruption of the a and 8 isoforms of the transcription factor 
CREB show deficiencies in retention of both water maze performance and contextual 
fear conditioning (Bourtchuladze et al, 1994, Cell, 79(1)). These and other studies, 
strongly suggest that CREB plays an important role in memory.

To further investigate the role of CREB in memory, we examined fear-potentiated 
startle (FPS) in CREB mutant mice. The amplitude of acoustic startle was measured 
in CREB and wild type (WT) mice in the presence and absence of a 70dB SPL, 12kHz 
tone (the to-be conditioned stimulus; CS). One day later the mice were given 5 tone 
CS + shock pairings at a 1.5 min inter trial interval. One day later startle responses 
were again measured in the presence and absence of the tone CS. FPS was computed 
for each mouse in each test session by dividing the amplitude of startle in the presence 
of the tone CS by the amplitude of startle in the absence of the tone CS. Conditioned 
fear was defined as an increase in FPS from the pre training to the post training tests.

WT mice showed an increase in FPS from the pre training to the post training test 
indicative of conditioned fear. Inspection of the data from the CREB mice revealed that 
a portion of the mice did not show an increase in FPS (i.e., did not show conditioned 
fear) whereas other CREB mice showed a substantial increase in FPS (i.e., similar to 
WT’s). The variance in FPS prior to training was similar in the CREB and WT 
groups (F<1). After training the variance in CREB mice was significantly larger than 
the variance in WTs (F=5.4, pc.05). Control studies showed that the FPS cannot be 
attributed to shock sensitization because WT mice given 5 explicitly unpaired tones 
and shocks did not show an increase in FPS. Moreover, the differences in FPS cannot 
be attributed to differences in the behavioral salience of tones because both WT and 
CREB mice showed similar amounts of auditory prepulse inhibition of startle.

Together these results add to the body of literature supporting a role for CREB in 
memory. Furthermore, they suggest that in certain CREB mutant mice the deficit 
produced by the CREB mutation can be overcome. It will be important to determine 
what factors contribute to memory in this subset of CREB mice, (supported by 
Whitehall, Beckman, Klingenstein, McKnight and Merck Foundations and NIH 
PO1HD33098 to AJS)

822.7
EFFECTS OF INTRACEREBRAL INFUSION OF NR2B ANTISENSE 
OLIGODEOXYNUCLEOTIDE ON SPATIAL LEARNING IN RATS.
H. Nishijo*, T. Uwano, K. Shiraki, and T. Ono. Departments of Physiology 
and Virology, Faculty of Medicine, Toyama Medical and Pharmaceutical 
University, Sugitani 2630, Toyama 930-01, Japan.

The N-methyl-D-aspartate (NMDA) receptor that constitutes glutamate-
gated ion channels plays an important role in learning and memory. It has 
been reported that the NMDA subunit NMDAR2B (NR2B) mRNA is 
expressed in the frontal brain including limbic system, but not in the 
cerebellum in rats, and that reconstructed NMDA receptor channels of 
NR1/NR2B show similar characteristics to those of NMDA receptors in adult 
rats: glutamate-induced inward current with membrane voltage-dependent 
magnesium block. Since there are no selective channel blockers of the NMDA 
receptors consisting of NR1/NR2B, and mice lacking GluR e2 subunit 
(corresponding NR2B) can not survive after birth, we applied antisense 
oligodeoxynucleotide infusion to investigate a functional role of the NR2B 
subunit in learning and memory in adult rats. Antisense oligodeoxynucleotide 
have been used to arrest mRNA translation into functional protein in both vitro 
and vivo. In the present study, an antisense oligodeoxynucleotide 
corresponding to the NH .-terminus of the rat NR2B was infused into lateral 
cerebral ventricles of rats. Two kinds of the spatial memory task [the place 
learning task in which rats were required to learn the place where intracranial 
self-stimulation (ICSS) rewards were delivered, and Morris water maze] were 
tested. The antisense oligodeoxynucleotide-treated rats exhibited impairment 
in both spatial memory tasks, while the sense oligodeoxynucleotide-treated 
rats showed no impairment. However, infusion of antisense- 
oligodeoxynucleotide did not affect a simple instrumental behavior such as 
lever-press to obtain ICSS reward. The results suggest that the NR2B subunit 
of the NMDA receptor channel plays an important role in spatial learning and 
memory.

822.8
C/EBP8-DEFICIENT MICE DEVELOP NORMALLY AND DISPLAY 
ENHANCED CONTEXTUAL FEAR CONDITIONING.
E., Stemsck*1,.^ Paytor3, M. Libbey3. L. Tessarollo2. J. N. Crawley3, and P.JE.
Johnson1. Eukaryotic Transcriptional Regulation Group, 2Neural Development 
Group and Special Program in Germline Mutation; ABL-BRP, NCI-FCRDC; 
Frederick, MD; 3Section on Behavioral Neuropharmacology, NIMH, Bethesda, MD.

CCAAT/Enhancer Binding Protein delta (C/EBP8) is a bZIP transcriptional 
regulator implicated in the hepatic acute phase response and in adipogenic and 
myeloid cell differentiation. By in situ hybridization analysis we found that 
C/EBP8 is widely expressed in the peripheral and central nervous systems of adult 
mice, including neurons of the hippocampus and dentate gyrus. To examine the role 
of C/EBP8 in vivo, we generated mice with a targeted deletion of the C/EBP8 gene. 
This mutation did not interfere with normal embryonic and postnatal development, 
as homozygous mutant mice were bom at the expected frequency and lived into 
adulthood. At the gross anatomical level no defects woo observed in neural tissues 
of C/EBP8 null mice. Analyses of a battery of behavioral responses (simple 
neurological reflexes, Rotarod performance, tactile and acoustic startle, prepulse 
inhibition of startle, and open-field activity) demonstrated that various nervous 
system functions are normal. C/EBP8 mutant and wild-type mice also showed 
similar levels of auditory-cue conditioned fear. However, C/EBP8 null mice 
displayed significantly more conditioned freezing to the context, when tested 24 h 
after conditioning. These results suggest that C/EBP8 may contribute to the 
modulation of certain types of associative learning.

Research sponsored by the NCI, DHHS, under contract with ABL1’ 2; and by the 
IRP of the NIMH3.

822.9
ROLE OF SYNAPSIN I IN LEARNING AND MEMORY. L.-S. 
Chin1, J. J. Kim2, S. Maren3, M. Ramsay4, L. Chen2, S. Bao2, S. G.
Anagnostaras", M. S. Fanselow*, R.F. Thompson2, R. G. M. Morris'*,
Greengard* and L. Li*1. ‘Lab of Mol. and Cell. Neurosci., The
Rockefeller University, New York, NY 10021; 2Neurosci. Program, Univ. 
of Southern California, Los Angeles, CA 90089; 3Dept. of Psychology, 
Univ. of California, Los Angeles, CA 90210; 4Ctr. for Neurosci. and 
Dept. of Pharmacology, Univ. of Edinburgh, Edinburgh EH8 9LE, 
England.

Synapsin I is a nerve terminal-specific protein that regulates 
neurotransmitter release. To investigate its role in learning and memory, 
we have analyzed the effect of synapsin I null mutation on spatial 
learning, eyeblink conditioning, and fear conditioning in mice. 
Examination of performance in an open-field water maze using several 
different paradigms did not reveal any difference in visual cue learning, 
spatial reference memory, or working memory between the synapsin I- 
deficient mice and their wild-type littermates. However, eyeblink 
conditioning studies showed that although the synapsin I mutant mice 
displayed normal reflexive eyeblink response and sensitivity to the 
periorbital shock, they exhibited deficits in conditioned eyeblink 
responses on both acquisition and extinction tests. Moreover, fear 
conditioning studies demonstrated that although synapsin I mutant mice 
acquired the short-term conditioned fear, as shown by normal immediate 
post-shock freezing, they exhibited significantly less freezing than wild- 
type mice on both the tone and context extinction tests, indicating an 
impairment in consolidating or retrieving a long-term memory of 
conditioned fear for both tone and context. Taken together, these results 
suggest that synapsin I is involved in some but not all forms of learning 
and memory.

Supported by NIMH, NIA, NSF, UK MRC and Sankyo Co.

822.10
TWO MUTATIONS OF GAP-43 HAVE OPPOSITE EFFECTS ON SWIM MAZE 
PERFORMANCE IN TRANSGENIC MICE J. Arters. D. P. Wolfer. H. P. Lipp.
R. L, Neve. J, Berger-Sweeney*. Dept. of Bio. Sciences, Wellesley College, 
Wellesley, MA USA; Institute of Anatomy, Univ. of Zurich, Switzerland; Dept. of 
Genetics, Harvard Medical School and McLean Hospital, Belmont, MA. USA. 
GAP-43, a phosphoprotein found in growth cones and expressed in high levels during 
development, is thought to regulate formation of neural circuitry and perhaps play a 
role in learning and memory. GAP-43 localizes to the hippocampus and the 
association cortex of the adult brain and plays a vital role in synaptic plasticity 
including long term potentiation. We therefore hypothesized that alterations in GAP- 
43 expression might interfere with learning and memory. Two lines of transgenic 
mice in which mutant GAP-43 transgenes were expressed under the control of the 
neuron specific enolase promoter were created. In the CAM transgene, the 
calmodulin binding domain of GAP-43 was deleted; in the G19 transgene the ser41 
normally phosphorylated by protein kinase C was changed to an alanine. CAM and 
G19 mutants and transgene-negative littermate controls of both sexes were subjected 
to a behavioral battery which included open field and dark cycle locomotor activity 
measurements and testing on four swim maze tasks - cued, spatial, reversal, and 
working memory. Open field measurements revealed that CAM mutants spent 
slightly more time in contact with the wall than the G 19s or controls. CAMs were 
also slightly hypoactive compared to controls during their dark cycle. In the swim 
maze, CAM mutants were impaired on the cued, spatial, and reversal tasks when 
compared to controls. Specifically, the female CAMs performed poorly on the cued 
task while the male CAMs were impaired on the spatial and reversal tasks. In sharp 
contrast, the G19s performed better than controls on each of these tasks with male 
G19s outperforming all other groups. There were no differences between the groups 
on the working memory task. These results suggest not only that GAP-43 does play 
a role in learning and memory but that both the calmodulin binding site and the 
protein kinase C phosphorylation site are critical to its normal function. Supported 
by NSF IBN 9458101 and Whitehall Foundation.
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822.11
BEHAVIORAL REGULATION OF THE IMMEDIATE-EARLY GENE ARC 
AND ITS ROLE IN MEMORY CONSOLIDATION. J.F, Guzowski*1, J.M. 
Hittner1,2, C.A. Barnes3, P.F. Worley4, and J.L. McGaugh1,2. Center for the Neuro-
biology of Learning and Memory1, and Depart. Psychobiology2, University of Cali-
fornia, Irvine, CA 92697-3800; ARL NMSA3, University of Arizona, Tuscon, AZ 
85724; Dept. Neuroscience4, Johns Hopkins University, Baltimore, MD 21205.

Several neuronal IEGs have been identified recently that encode cytoplasmic 
“effectors”, proteins that can directly alter cellular function. Arc, one such effector 
IEG, encodes a novel dendritic protein that is upregulated by LTP-inducing stimuli 
and by natural synaptic activity. As an initial investigation into the role of experi-
ence-dependent Arc gene expression in memory consolidation, we are measuring Arc 
gene expression in different brain structures of rats following training in a complex 
motor task (rotorod) or the hidden platform (Morris) water maze task and comparing 
these results to those of the more extensively studied transcription factor (TF) IEGs 
c-fos and zi/268; RNA levels for the trained rats are compared to those of caged and 
other task-specific controls using a multiple probe RNase protection assay. In paral-
lel with these correlative studies, we are using intrahippocampal infusions of an-
tisense oligodeoxynucleotides (ODNs) directed against Arc mRNA to more directly 
test the hypothesis that experience-dependent Arc gene expression is integral to hip-
pocampal-dependent memory consolidation. Preliminary studies indicate that: i) Arc 
gene expression is dynamically regulated in several structures, including the hip-
pocampus, following rotorod and water maze training, ii) behavioral regulation of 
Arc RNA shares many parallels, but also exhibits some distinct differences, with that 
of the TF IEGs, and iii) posttraining intrahippocampal infusion of Arc antisense 
ODNs, but not buffer or control ODNs, impairs 48 hour hidden platform water maze 
retention performance. These preliminary findings support a role for Arc gene ex-
pression in memory consolidation.

Supported by T32 AG00096-12 (JFG), USPHS MH12526 (JLM), AG09219 (CAB 
and PFW), MH01227 (CAB), and MH01152 (PFW).

822.12
HIPPOCAMPAL-RELATED BEHAVIOR IS NORMAL IN MICE 
LACKING Ras-GRF. C, Rossi-Amud3*, H-P, Lipp^UxE,
Wolfer1, V. Cestari4, R,__ Brambilla2. 1 Anatom. Inst., Univ.
Zurich, Switzerland, 2EMBL, Heildeberg, Germany, 3Dept. 
Psychology, Rome Univ., 4Inst, of Psychobiol. & 
Psychopharmacol., C.N.R., Rome, Italy.

The discovery of a neuron-specific exchange factor for Ras 
proteins, Ras-GRF, suggested that Ras signaling might be 
involved in synaptic transmission and plasticity. Mice 
lacking Ras-GRF do not learn to fear and avoid aversive 
stimuli in amygdala-related emotional conditioning tasks (see 
abstract Brambilla et al.). Here we report that Ras-GRF 
mutants behave normally in tasks known to require 
hippocampal function. To monitor spatial learning, animals 
were subjected to the Morris Swimming Navigation test. Clear 
learning curves were observed for mutant and control mice 
with no differences in escape latency. In the retention test 
animals showed preferential searching in the old goal 
quadrant and no difference between genotypes was seen. The 
performance of wild type and mutant Ras-GRF mice was also 
compared in a radial 8-arm maze. Both • groups made 
significant progress in learning performance and did not 
differ in the number of correct arm choices throughout 
learning. These data indicate that mice lacking Ras-GRF do 
not have any apparent defects in hippocampal function 
suggesting that long term-plasticity in the hippocampus is 
less sensitive to Ras-GRF function than in amygdala.

822.13
BEHAVIORAL ANALYSIS OF THE ENDOTHELIAL NO-SYNTHASE 
KNOCKOUT MOUSE. J.P. Huston1*, A. Goedecke2, J. Schrader^, C. Frisch1, 
R.U. Hasenohrl1.11nst. of Physiol. Psychol., 2lnst. of Physiol., 12Ctr. for Biol. 
Med. Res., Univ. of Dusseldorf, D-40225 Dusseldorf, Germany.
Nitric oxide (NO) has been implicated in the control of vascular functions, in 
pathological states and in learning and anxiety-related processes. For 
example, a central role of non-neuronal NO synthase in hippocampal LTP 
was postulated prior to the detection of endothelial NO-synthase (eNOS) in 
hippocampal neurons. We examined the effects of the selective knockout of 
eNOS by targeted gene replacement in the mouse on behavior in the 
elevated plus-maze and in an open field habituation paradigm. In the 
elevated plus-maze, eNOS gene replacement led to increases and 
decreases in time spent on the closed and open arms, respectively, 
indicative of a general anxiogenic influence of the knockout. In the open field, 
knockout mice were less active during initial exploration but showed no signs 
of impaired habituation 24 hours later. During a third exposition to the open 
field 72 later, activity of the knockout animals was still decreased, as 
opposed to a marked re-increase in activity seen in control animals. The 
latter finding could be interpreted as an enhanced long-term memory 
capacity induced by inactivation of the eNOS gene. Taken together, the 
results point to an important role of eNOS in the general control of anxiety- 
and learning-related behavior. Further studies are under way in order to 
investigate the role of eNOS in complex learning tasks, like the Morris water 
maze. Supported by BMFZ.

822.14
SURNUMERARY CNS NEURONS IN MU-BCL-2 TRANSGENIC MICE 
PROVOKES MOTOR AND SPATIAL LEARNING IMPAIRMENT. Rondi-Reig
L. (1), Lemaigre-Dubreuil Y, (1), Muller D. (2), Lohof A. (1), Martinou
J.C. (3), Delhave-Bouchaud N. (1), Caslon J. (4), Mariani J. (1). SPON:
European Brain and Behaviour Society (1). CNRS URA 1488, 75005 
Paris, (2) 1228 Geneve (3) Institut Glaxo, 1228 Geneve. (4) 
Neurobiologie de la memoire, 76821 Rouen

During central nervous system (CNSJ development, many neuronal cell 
types undergo a period of naturally occuring cell death. Overexpression of 
the Hu-bcl-2 under the control of the neuron specific enolase promotor in 
transgenic mice decreases the extent of naturally neuronal occuring cell 
death with subsequent increase in many neuronal populations. For 
instance, in the NSE73a mouse line with embryonic overexpression of 
Hu-bcl-2, the average number of cerebellar Purkinje cells is increased by 
43% when compared to controls (Zanjani ct al. 1996), and the mean 
number of granule cells and olivary neurons are increased by 28% and 
29% respectively (Zanjani ct al.. 1997). Our aim was to study the 
capabilities for learning and memory in these mice, in order to assess the 
consequences of surnumerary neurons on such cognitive processes. For 
this purpose we used two experimental protocols, the rotarod test for 
motor learning, and the Morris water maze for spatial learning. Our results 
show that Hu-bcl-2 transgenic mice arc not ataxic but exhibit motor- 
synchronization learning impairment. Spatial learning is also impaired in 
Hu-bcl-2 as they show a delay in the acquisition of the task. 
Electrophysiological studies show that long-term potentiation of the 
hippocampus is reduced by 35 % in these transgenic mice. These results 
demonstrate that surnumerary neurons provoke cognitive deficits.

822.15
Expression of the Inducible Orphan Nuclear Receptor hzf-3 in 

the Rat Hippocampus is Associated With Spatial Learning.
5. Pena de Ortiz**, E.J. Barea-Rodriguez, J. Bowlin and J.L. Martinez Jr.

Division of Life Sciences, University of Texas, San Antonio, TX, 78249; 
^Department of Biology, University of Puerto Rico, Rio Piedras P.R. 00931-3360.

The immediate-early gene hzf-3, is a member of the inducible orphan nuclear 
receptor family and a candidate transcriptional gene regulator in synaptic plasticity 
processes in the brain. Expression of hzf-3 mRNA increases in the hippocampus 
following induction of opioid receptor-dependent LTP in rats (Onton et al., SNA 
1996). We have been studying the dynamics and opioid receptor dependency of 
hzf-3 mRNA induction during the acquisition of a water maze spatial learning task. 
Adult Long Evan Hooded rats are given one training session per day for 5 days; 
each training session consisting of ten 60 sec trials in which animals search for a 
hidden platform. Controls include naive and yoked subjects which swim in the 
maze for the same amount of time as the trained subjects, but with the absence of a 
platform. A group of subjects is treated with naloxone (10 mg/kg i.p.) 30 min prior 
to training. In situ hybridization analyses show a dramatic increase in hzf-3 mRNA 
levels in the brain at Day 3 of training, which corresponds with the time the animals 
first show significant learning of the maze. Highest hzf-3 mRNA levels are found 
in the corpus striatum and the hippocampal formation suggesting the activation of 
both motor and spatial learning centers in the brain. Naloxone significantly 
impaired learning and had an inhibitory effect on the learning-associated increases 
in hzf-3 mRNA levels. These results suggest that hzf-3 and opioid receptor function 
are associated with acquisition of the Morris water maze spatial learning task. This 
work is supported by NSF (J.L.M. grants IBN 9411-564 andDA 04195).

822.16
MICE LACKING THE GUANINE-NUCLEOTIDE RELEASING FACTOR 
(GRF1) ARE IMPAIRED IN LEARNING, K.P. Giese*1. E. Friedman1. Lz
B. Telliez. L.F. Feig2. and A.L Silva1. ^Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY 11724, USA, 2Institute for Neurophysiology, 
Tufts University, Boston.

The guanine-nucleotide releasing factor 1 (GRF1) catalyzes the release 
of GDP from Ras, so Ras can be activated by GTP binding. GRF1 can be 
activated by G-protein-mediated signals and Ca2+/calmodulin. The 
expression of GRF1 is restricted to the brain, and starts during postnatal 
development. To study whether the Ras signalling pathway is involved 
in learning, we have deleted GRF1 in mice via gene targeting. The GRF1- 
deficient mice were obtained in a Mendelian ratio, indicating that the 
loss of GRF1 did not lead to developmental lethality. The mutant mice 
had reduced body weight (for males by approx. 20%), but did not show 
any morphological abnormalities at the light microcope level. The 
GRF1-deficient mice seemed to be normal in motor coordination and motor 
strength and showed normal contextual conditioning. However, the 
mutants were impaired in two hippocampus-dependent tasks, the Morris 
water maze and the social transmission of food preference task. In 
contrast, the mutation did not affect basic behavioral mechanisms 
required for performance. These results suggest that the Ras signaling 
pathway is involved in hippocampus-dependent learning.
(supported by stipend from the Deutsche Forschungsgemeinschaft and by 
the Neurofibromatosis Foundation)
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822.17
GENETIC DIFFERENCES IN SERIAL REVERSAL LEARNING IN 
MICE. C,J, Heyser*, J.S. McDonald and L.H. Gold Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

The genetic make-up of an organism can influence the acquisition 
and/or maintenance of learned behavior. However, flexibility in learning 
and more appropriately, the transfer of information from one task to 
another or within the same task is also a critical component of information 
processing. To begin to address these issues, serial reversal learning was 
examined in Balb/cByJ, DBA/2J and C57BL/6xSJL FI hybrid mice, using a 
discriminated Y-maze task. This task measures the ability of the animal to 
discriminate between right and left and to initiate a response in order to 
avoid a negative outcome. It is also possible to examine the acquisition of 
a more complex learning set (i.e., reversing the significance of the arms). 
Mice were given 5 trials/day for 5 days and the number of avoidances and 
errors recorded. In each trial, if a correct choice was not made within 15 
sec, or if the mouse moved into the incorrect arm, a shock (0.4 mA) was 
delivered. On day 6 the significance of the arms was reversed and this 
procedure was repeated for 4 reversals. All mice acquired the initial task 
equivalently, whereas strain differences were observed during the serial 
reversals. C57xSJL mice showed significant positive transfer across 
reversals (i.e., acquisition occurred more quickly with each reversal). This 
type of "savings" was observed in the Balb/cByJ mice, but to a lesser 
degree. In contrast, DBA mice did not show any transfer effects, but rather 
displayed a similar pattern of acquisition across each reversal. Given that 
the reversals were conducted after a set number of sessions (history-based), 
it is possible that animals within a strain "acquired" the task at different 
points during training. To assess these effects on reversal performance, 
criterion-based (4/5 correct avoidances) procedures were used. Using this 
procedure, DBA mice exhibited significant reversal learning. Therefore, 
flexibility in learning is influenced by the parameters of the task and the 
genetic background of the organism. Supported by USPHS Grant MH47680.

822.18
HORIZONTAL-VERTICAL DISCRIMINATION LEARNING IN 
THE BXSB RECOMBINANT INBRED MOUSE STRAIN: A 
METHODOLOGICAL APPRAISAL S.A. Balogh*. L.A, Hyde & 
V.H. Denenberg Biobehavioral Sciences Graduate Degree Program- 
The University of Connecticut, Storrs, CT 06269-4154

BXSB mice are capable of black-white discrimination learning 
(B/W). The current study was therefore designed to assess their 
ability to learn a horizontal-vertical discrimination task (H/V) using 
black and white alternating stripes. Two different methods of positive 
stimulus presentation were used and their effectiveness assessed. Ten 
animals received B/W training in a water version of a T-maze 
followed by H/V training. The H/V stimuli consisted of two 4 x 4 cm 
squares located at the distal end of the start alley at the entrances to 
the choice alleys. Six other animals were given B/W training 
followed by H/V training in an eight-arm radial maze apparatus that 
had been modified to a T-maze formation. In this instance, however, 
the entire arm of one choice alley contained horizontal black and 
white stripes and the other arm contained vertical stripes. Each of the 
groups were given ten trials per day. The T-maze animals that were 
required to recognize and remember the positive stimulus prior to 
escape were unable to acquire this task over ten days of testing. In 
contrast, the mice that were surrounded by the positive stimulus from 
the moment they entered the correct alley readily learned the 
discrimination in five days. It is proposed that the differential 
memory constraints imposed by these two procedures may be 
responsible for the disparate performances on this task.

Supported in part by NIH HD20806

822.19
RAT AUDITORY LEARNING IS REGULATED BY PROTEIN KINASE C IN 
HIPPOCAMPAL DENTATE GRANULE NEURONS, AS SHOWN BY DIRECT 
GENE TRANSFER WITH A HSV-1 VECTOR THAT EXPRESSES A 
CONSTITUTIVELY ACTIVE PKC. A. Geller. *J. Neill. !M. Sarkisian. Y. Wang. 
*Z. Liu. L. Yu. P. Tandon*. and *G. Holmes. Div. Endocrinology, Children's 
Hospital, and ^Dept. Neurology, Harvard Medical School, Boston, MA 02115.

Genetic intervention directly into the adult brain may be useful for studying how a 
specific signal transduction enzyme, acting in a specific type of neuron, regulates 
specific behaviors, including learning and memory. We have previously described 
HSV-1 vectors that contain a catalytic domain from the rat PKC BII cDNA (pkcA). 
PkcA is a constitutively active enzyme, and, in cultured neurons, PkcA causes a long- 
lasting, activation-dependent increase in neurotransmitter release. Additionally, 
activation of PKC in nigrostriatal neurons alters dopaminergic neurotransmission, 
resulting in a long-term (>1 month) change in rat motor behavior.

We now use this genetic intervention approach to show that the PKC pathway in 
hippocampal dentate granule layer neurons regulates auditory discrimination learning. 
Rats were trained to discriminate 2 sound qualities (white noise versus 2 KHz in 
discrete trials) by giving food for lever presses during the positive stimulus (S+), and 
no food for lever presses during either the negative stimulus (S’) or during intertrial 
intervals (pseudotrials). Next, HSV-1 vectors expressing pkcA or controls were 
injected into the hippocampus, proximal to the dentate gyrus. After gene transfer, the 
S+ and S’ were reversed. The rats which received pkcA learned this reversal in an 
average of 6 days, which was 2-5 days faster than the rats in the control groups, and 
this difference was statistically significant. Moreover, the rats which received pkcA 
responded less to the new S’ than during pseudotrials, similar to the learning of the 
initial S’ (before gene transfer): in contrast, rats in the control groups continued to 
respond to the new S’ at levels above the responses during the pseudotrials.
Supported by the NIH, Neurovir, and the Burroughs Wellcome Fund.

822.20
VISUAL OBJECT DISCRIMINATION LEARNING MAY BE CHANGED BY 
DELIVERY OF A HSV-1 VECTOR EXPRESSING A CONSTITUTIVELY ACTIVE 
PROTEIN KINASE C INTO THE HIPPOCAMPUS. 1X.Langlois, 1Y. Wang, 
1R, Mishra, 1 J. Spears, 1 A, Permison, 1S, Afshar, 1L. Yu, 2R. Cook 
and 1A. Geller*. 1 Children’s Hosp., Boston MA, 2Dept.Psychol., Tufts 
Univ., Medford MA.

Protein Kinase C (PKC) pathways may play a role in long-term 
potentiation and/or associative learning. One approach to activate PKC 
in a specific group of neurons in the brain is by genetic intervention 
with a HSV-1 vector that expresses a constitutively active PKC 
(PkcA). We have previously used this approach to demonstrate that 
delivery of PkcA into nigrostriatal neurons modifies rat motor 
behavior (apomorphine-induced rotational behavior).

To apply this genetic intervention approach to learning and memory, 
we are developing a computer controlled apparatus for testing rat 
visual object discrimination. Initially, rats are trained on a 
brightness discrimination. Gene transfer is then performed into 
hippocampal dentate granule layer neurons with HSV-1 vectors 
expressing either PkcA or B-galactosidase. After gene transfer, the 
rats are tested for learning to discriminate between two different 
objects. The goal of this experiment is to determine if the rats which 
received PkcA learn this paradigm more rapidly, and/or with greater 
accuracy, compared to the control rats.
Supported by the NIH, Neurovir, and the Burroughs Wellcome Fund.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—PHYSIOLOGY AND PHARMACOLOGY

823.1
MOLECULAR MECHANISMS OF CONDITIONED TASTE AVERSION 
MEMORY IN THE RAT INSULAR CORTEX: POTENTIAL 
INVOLVEMENT OF PROTEIN KINASE C. A, Bahar. S. Hazvi. R, 
Lamprecht, N, Ofen and Y. Dudal*. Weizmann Institute of Science, 
Rehovot 76100, Israel.

We investigate mechanisms of conditioned taste aversion (CTA) in 
the rat insular cortex (IC) which contains the taste cortex. Within 
this framework, we microinject into the IC inhibitors of selected 
receptors, enzymes and transcription factors and test their effect on 
CTA Here we report results obtained using polymyxin B (PMXB), a 
relatively specific inhibitor of protein kinase C (PKC). Microinjection 
of 20 nmol PMXB into the IC 20 min before CTA training, diminished 
CTA memory tested 3 days later (aversion index (Al) 62+/-4 vs. 87+/- 
3 in PMXB- vs. saline microinjected controls). Microinjection of PMXB 
20 min before the memory test, 3 days after training, had no effect (Al 
= 83+/-9 vs. 83+/-6). CTA training involves administration of the 
conditioned stimulus (CS), which is an unfamiliar taste (e.g., 
saccharin) and, after a delay (e.g., 50 min), administration of the 
unconditioned stimulus (UCS) which is a malaise inducing agent, 
e.g., LiCl i.p.. Inhibition of PKC may thus affect both the CS and the 
UCS. In order to determine the role of PKC in taste learning in the 
absence of a UCS, we took advantage of the observation that 
familiarity with a taste diminishes its potency as a CS in CTA, and 
used a latent inhibition paradigm, in which rats were pre-exposed to 
saccharin 3 days before CTA training with saccharin as the CS. 
Whereas rats microinjected into the IC with saline 20 min before the 
pre-exposure to saccharin showed a decrease in CTA tested 3 days 
after CTA training (Al = 47+/-16), rats microinjected with PMXB 
showed no such effect (84+/-7). It thus appears that PMXB inhibits 
molecular mechanisms required for taste memory in the IC, possibly 
involving PKC. (Supported by the Grodetsky Center, Rehovot.)

823.2
HIPPOCAMPAL MARCKS EXPRESSION IS INVERSELY 
RELATED WITH SPATIAL LEARNING ABILITY AND 
INFRAPYRAMIDAL MOSSY FIBER LENGTH IN INBRED AND 
MUTANT MICE. R.K, McNamara1*. P.J. Stumpo5. M.H. Lewis13. L.M, 
Morel4. E.K, Wakeland4. P.J. Blackshear5. & R.H. Lenox12-3. Depts. of Psychiatry1, 
Pharmacology2, Neuroscience3, & Pathology4, Univ. of Florida Coll, of Med. & 
Brain Instit., Gainesville, FL 32610; 5HHMI, Depts of Med. & Biochem., Duke 
Univ. Med. Ctr, Durham, NC 27710.

The poor spatial learning ability of DBA/2 mice relative to C57BL/6 mice is 
associated with both lower hippocampal protein kinase C (PKC) activity/levels (e.g., 
Wehner et al., 1990) and a shorter infrapyramidal mossy fiber limb (Schwegler & 
Crusio, 1995). MARCKS (rayristoylated alanine-rich C kinase substrate) is a 
prominent substrate for PKC implicated in actin-membrane plasticity that is highly 
expressed in hippocampal granule cells. Since MARCKS expression is negatively 
regulated by PKC in vitro, we hypothesized that MARCKS would be differentially 
expressed in the hippocampus of DBA/2 and C57BL/6 mice. Using RNase protection 
and western blot assays, we indeed found that MARCKS mRNA and protein levels 
were significantly higher (-40%) in the hippocampi of DBA/2J (n=15) mice relative to 
C57BL/6J mice (n=15). These data suggest that hippocampal MARCKS expression is 
inversely related with spatial learning ability and infrapyramidal limb size in these two 
mouse strains. To assess the specificity of this finding, we examined spatial learning 
ability (Morris water maze) and mossy fiber distribution (Timm's stain) in Macs 
heterozygous mutant mice which exhibit -50% less MARCKS (mRNA & protein) 
expression in brain relative to wild-type mice. Heterozygote mice (n=ll) exhibited 
significantly longer (30%) infrapyramidal mossy fiber limbs relative to wild-type mice 
(n=7). In the water maze, wild-type mice (n=20) and heterozygote mice (n=20) 
exhibited comparable performance on a visible platform task. However, on the hidden 
platform task, heterozygous mice exhibited significantly faster acquisition but 
comparable probe trial performance. When the platform was reversed to the opposite 
quadrant, heterozygous mice again showed significantly faster acquisition and a 
significantly greater bias for the target quadrant during the probe trial. Collectively, 
these data indicate that hippocampal MARCKS expression is inversely related with 
infrapyramidal mossy fiber length and spatial learning ability. [Supported inpart by 
NARSAD, Established Investigator Award to R.H.L. & MRC to R.K.M.]
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823.3
TRANSLOCATION OF PROTEIN KINASE C y OCCURS DURING THE 
EARLY PHASE OF ACQUISITION OF FOOD REWARDED SPATIAL 
LEARNING B.R.K. Douma. E. A.Van der Zee*. P.G.M. Luiten. Dept. Animal 
Physiology, Graduated school of Behavioural and Cognitive Neurosciences, 
Univ. of Groningen, P.O.B. 14,9750 AA Haren, The Netherlands.

The present study deals with the translocation of the protein kinase C gamma 
isoenzyme (PKCy) in the hippocampus during food rewarded spatial learning. 
PKC isozymes comprise a family of related cytosolic kinases of which PKCy is 
brain specific, that translocate to the cell membrane fraction upon stimulation. 
Data considering the shift of PKC from cytosol to membrane, or reversely from 
membrane to cytosol is somewhat conflicting throughout the literature, whereas 
evidence for translocation of PKCy in relation to spatial learning and memory to 
our knowledge have not yet been reported. The lack of significant PKC 
translocation may be due to the choice of the post-training time point and 
experimental conditions.

Using the hole board test for spatial orientation and immunoblot analysis for 
assessment of PKCy in cytosolic, membrane inserted and membrane-associated 
fraction’s, we found that membrane-associated PKCy is increased significantly 
(p<0.03, n=6) during early acquisition of spatial learning, but not in a later 
phase of training. No correlation was found on both time points selected, 
however, between the degree of translocation and the increase in correct 
behavioral performance. These findings support the idea that PKCy is 
significantly involved in the biochemical events underlying learning and 
memory, notably during the period of novel information processing. These 
results further promote the hypothesis that the hippocampus is specifically 
involved in temporal information processing, which requires engagement of 
PKCy.

823.4
AGE- AND ISOFORM-SPECIFIC RELATIONSHIPS BETWEEN SPATIAL 
LEARNING AND HIPPOCAMPAL CONCENTRATIONS OF CALCIUM- 
DEPENDENT PROTEIN KINASE-C ISOFORMS. P.J. Colombo*. S.C. Clayton, 
'■2W.C. WetseL & 3M. Gallagher. Dept. of Psychol., Univ. of North Carolina, Chapel 
Hill, NC 27599, 'Dept. of Psychiatry and Beh. Sci., Duke Univ. Med. Ctr., Durham, 
NC 27709, 2Lab. of Signal Transduction, NIEHS, Research Triangle Park, NC 
27709,3Dept. of Psychol., Johns Hopkins Univ., Baltimore, MD 21218.

We reported previously that aged Long-Evans rats have higher concentrations of 
hippocampal PKC-y than young rats and that the subcellular concentrations of PKC-y 
are related to spatial memory within age groups. In the current study, we used 
quantitative Western blotting to determine the concentrations of the other primary 
calcium-dependent PKC isoforms-PKC-a and PKC-pn-in soluble and particulate 
subcellular fractions from the hippocampi of individual young and aged rats trained 
on spatial memory tasks. In addition, we examined the hippocampal distributions of 
PKC-y, PKC-a, and PKC-P,, in trained young and aged rats by 
immunocytochemistry. In contrast to results with PKC-y, we found no significant 
differences between young and aged rats in subcellular concentrations of either 
PKC-a or PKC-P,,. Among young rats, the best spatial learners also had the highest 
concentrations of PKC-P,, in the soluble (r = -.58) and particulate (r=-.44) fractions. 
Significant relationships were not found among aged rats between spatial learning 
and PKC-P,, concentrations or among either young or aged rats between spatial 
learning and PKC-a concentrations. Thus relationships between spatial learning and 
calcium-dependent PKC isoforms are age- and isoform-specific. These results are 
discussed in relation to the distribution of calcium-dependent PKC isoforms 
throughout the hippocampus.

Supported by F32-MH11337 to PJC, NIEHS intramural research program to 
WCW, and K05-MH1149 and P01-AG00973 to MG.

823.5
PROTEIN KINASE A IS ESSENTIAL FOR INTERMEDIATE AS WELL AS 
LONG-TERM MEMORY. R. Bourtchouladze* T. Abel, V. Winder, D. Winder, 
and E.R. Kandel. Ctr.Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.

To explore the role of protein kinase A (PKA) in memory consolidation, we 
generated transgenic mice that express R(AB), an inhibitory form of the regulatory 
subunit of PKA. In R(AB) transgenic mice, PKA activity was reduced and the late 
phase of long-term potentiation was significantly decreased in hippocampal area 
CA1. Behaviorally, R(AB) transgenics exhibited deficits in spatial memory (water 
maze, food maze, Barnes maze), and deficits in long-term but not short-term memory 
for social transmission of food preference, step-down, and contextual fear 
conditioning. The time course of the memory deficit of R(AB) transgenics in 
contextual fear conditioning paralleled that of wild-type animals treated with the 
protein synthesis inhibitor anisomycin.

Recent work (Winder et al., Soc. Neurosci. Abstr. 1997) suggests that there is an 
intermediate phase of LTP (between E-LTP and L-LTP) that requires PKA. Are 
there intermediate phases of behavioral memory that can be delineated in mice? If 
so, does PKA play a role in these intermediate forms of memory? We employed a 
variant of the water maze that provides a way of investigating intermediate memory 
independently of long-term memory. We first trained mice on a non-spatial visual 
discrimination task. Mice were trained next on a reference memory task and, finally, 
we trained mice on a “matching to sample” task. In reference memory and “matching 
to sample” tasks R(AB) transgenic mice have significantly less savings than wild- 
type mice on escape performance on each day and exhibit an even more severe 
deficit in savings between days. However, R(AB) transgenic mice have as good 
savings as wild-type mice on a non-spatial version of a visible platform task, 
indicating that the R(AB) transgene does not affect visual acuity, motor coordination, 
or motivation. These data support the role of PKA in the consolidation of long-term 
memory in mammals and indicate an additional role for PKA in an intermediate stage 
of spatial memory. (Supported by HHMI, NIH, NARSAD, and NYSPI.)

823.6
BEHAVIORAL INDUCTION OF THE DENDRITIC mRNA ARC.
C.S.Wallace*1.A.Mehra1. G.L, Lyford2. P.F. Worley2’3. O. Steward1. Dept. of 
Neuroscience1, Univ. of Virginia, Charlottesville, VA 22908. Dept. of 
Neuroscience2, Neurology3, Johns Hopkins School of Med., Baltimore, MD, 
21205.

The presence of selected mRNAs in dendrites suggests that an important aspect of 
neuronal gene expression is the targeting of new mRNA to specific intracellular 
domains. Recently, the first inducible dendritic mRNA was identified, a novel 
immediate early gene called "Arc" for Activity regulated cytoskeletal protein. After 
an electroconvulsive seizure (ECS) or LTP, expression of Arc mRNA is increases 
dramatically and the mRNA is rapidly targeted to dendrites.

We hypothesized that if Arc mRNA is involved in experience-dependent plasticity, 
the threshold for its induction must extend to behavioral stimuli. To test this, 
levels of Arc mRNA were compared by non-radioactive in situ hybridization in the 
brains of young male rats 1) housed undisturbed in standard laboratory cages (1-3 per 
cage) or 2) housed identically but transferred to a complex environment (EC) in 
groups of 2-3 for up to 2h. Comparisons of Arc mRNA expression revealed a clear 
elevation in the neocortex, striatum and hippocampal formation of the EC rats. In 
CA1, levels of Arc mRNA increased over the pyramidal cell layer within 15 min 
and migration into dendritic lamina was obvious after lh in EC. Notably absent 
was the uniform and pronounced induction in dentate granule cells observed after 
ECS. Instead, Arc mRNA expression was limited to a subset of neurons in both 
groups. These results indicate that the pool of mRNA present in dendrites can be 
influenced by an animal's behavioral state. Further, delivery of new Arc mRNA to 
dendrites occurs in a context and at a rate consistent with the consolidation of 
functional synaptic modifications.
Supported by NSF IBN92-22120 & NS12333 (O.S.), NIH MH 53603 (P.W.), 

NIH Training Grant Fellowship NS07199 (C.S.W.).

823.7
INDUCIBLE TRANSCRIPTION FACTORS IN RAT BRAIN ARE INVOLVED IN 
LEARNING AND MEMORY FORMATION. R. Grimm *; H. Schicknick, E. D. 
Gundelfinaer and W. Tischmever, Federal Institute for Neurobiology, POBox 
1860, D-39008 Magdeburg, Germany

Inducible transcription factors of the Fos and Jun families are supposed to 
couple short-term stimuli to long-term plastic changes in neurons by 
regulating the expression of late-response target genes. To assess the 
functional importance of inducible transcription factors during learning and 
long-term memory formation, experiments assaying the effects of inhibition 
of c-Jun, Jun B or c-Fos expression by intrahippocampally applied antisense 
(AS) phosphorothioate oligodeoxynucleotides (S-ODN) on acquisition and 
retention of a footshock-motivated brightness discrimination in rats were 
performed. Suppression of c-Jun expression influenced chiefly the 
acquisition of the learning task. This impaired learning performance is not a 
simple reflection of an altered state of activity, since behavior in an open field 
test was not affected. These findings suggest that c-Jun, expressed 
constitutively in rodent brain, is necessary for normal neuronal function 
during learning. In contrast, suppression of Jun B expression did not impair 
the brightness discrimination score. Inhibition of the training induced 
expression of c-Fos by application of AS S-ODN prior to training led to 
profound deficits in retention of the discrimination reaction during a 
relearning test 24 h after the initial training compared with control S-ODN- or 
saline-treated rats. Parameters monitored during the behavioral experiments 
indicate that this retention deficit does not result from influences on sensory 
or motor systems that may interfere with the acquisition of the task, implying 
that c-Fos is involved in mechanisms of consolidation of the discrimination 
reaction. (Supported by the Land Sachsen-Anhalt, grants 074A 1021 and 
074A 10213.)

823.8
PHARMACOLOGIC MANIPULATION OF NMDA RECEPTOR 
ACTIVITY ALTERS EXTINCTION OF AN INSTRUMENTAL 
RESPONSE. R.L. Port*, K.L. Barker and K.S. 
Sevbold Dept of Psychology Slippery Rock 
University, Slippery Rock, PA 16057.

NMDA-dependent synaptic plasticity has been 
implicated in learning and memory processes. 
While prior research indicates a prominent role 
in classical conditioning and spatial cognition, 
contributions to instrumental conditioning 
appear less robust. The present experiment 
examined effects of NMDA receptor manipulation 
on extinction of an appetitive instrumental 
response. Adult male Sprague-Dawley rats (n=28) 
were trained to a criterion of >100 responses on 
two consecutive days. Afterward, subjects were 
given i.p injections of MK801 (0.1 mg/kg), d- 
cycloserine (3 mg/kg) or vehicle-alone thirty 
minutes prior to a nonreinforced (extinction) 
session. Analysis of response rates indicated 
MK801 reduced average rates (37.1) and DCS 
increased average rates (78.5) in comparison to 
control data (57.6). Thus, NMDA receptor 
manipulation appears to have a robust impact on 
performance during extinction and suggests that 
in instrumental learning, the role is most 
profound in the maintenance of learned 
responses (memory). Supported by SRU.
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823.9
ROLE OF NMDA RECEPTOR ACTIVITY ON ACQUISITION OF AN 
OPERANT RESPONSE. K.S. Seybold*. S.E. Brown. M.W. 
Lazzari, and R.L. Port. Dept. of Psychology, Grove 
City College, Grove City, PA 16127.

There is increasing evidence that the neural 
mechanisms involved in learning and memory depend on 
the action of the N-methyl-D-aspartate (NMDA) 
receptor. Most of these studies have examined 
classical conditioning or spatial learning. The 
effect of the NMDA receptor on the conditioning of an 
operant response remains undefined. The present 
experiment examined the effects of the NMDA agonist D- 
cycloserine (DCS) on the acquisition of an operant 
response (autoshaped lever press).

Male Sprague-Dawley rats (N=13) were food deprived 
to 80% of their ad lib body weights and randomly 
assigned to one of three drug conditions: (a) control 
(0 mg/kg), (b) low dose (1 mg/kg), and (c) high dose 
(3 mg/kg). Subjects received daily injections (i.p.) 
of DCS (or saline) and, 30 min later, were placed in 
an operant conditioning chamber for a 20 min 
conditioning session during which a barpress response 
was autoshaped. No significant differences were found 
between the groups on days to criterion, responses 
made on the day criterion was met, or total responses. 
Results are consistent with those of other studies 
suggesting hippocampal synaptic potentiation, via the 
NMDA receptor, does not play a prominent role in 
instrumental learning as it seems to in classical 
conditioning and spatial learning. (GCC funds)

823.10
NMDA RECEPTORS AND INTRACELLULAR MECHANISMS WITHIN 
NUCLEUS ACCUMBENS CORE ARE INVOLVED IN APPETITIVE 
LEARNING. A.E. Kelley*, M.R. Holahan, S. Smith-Roe and A.E. Baldwin. Dept. 
of Psychiatry, Univ. Wisconsin Medical School, Madison, WI 53719.

As part of an ongoing study of the functional role of glutamate receptors within the 
nucleus accumbens, we investigated the effects of intra-accumbens infusion of AP-5, 
the selective competitive NMDA receptor blocker, in two types of appetitive learning 
paradigms. In the first study, food-deprived animals were infused with AP-5 (5 nmol) 
or vehicle in the accumbens core during acquisition of a radial arm maze task. Four of 
the eight arms were baited with sugar pellets. Rats were given 5 trials per day for 9 
days. On the first four days, they ran the maze following an intra-accumbens 
infusion. On the next four days, they were tested with no treatment. On the last day, 
they were once again given an intra-accumbens treatment of AP-5 or vehicle. AP-5 
increased trial durations, unbaited errors and baited errors during the treatment phase. 
There were also residual impairments on days 5 and 6 (when no treatment was given). 
By day 8, trial durations and errors were minimal in both groups. AP-5 infused on 
Day 9, after learning had occurred, had smaller effects on behavior, although unbaited 
errors were slightly increased. In the operant learning'paradigm, hungry rats were 
trained to lever press for food. Pretreatment with AP-5 in the accumbens core 
completely blocked acquisition of this response, which developed rapidly over several 
days in the control rats. Treatment with AP-5 after the response had been learned had 
no effect. Moreover, treatment with intra-accumbens protein kinase inhibitors (H-7, a 
PKA and PKC inhibitor, and bisindolyalemide, a selective PKC inhibitor) 
immediately after animals were in the operant chamber also impaired learning. 
Together these results suggest that activation of NMDA receptors and subsequent 
intracellular molecular events are important for response-reinforcement learning.

Supported by grant # DA04788 from National Institute on Drug Abuse

823.11
MODIFICATION OF NMDA RECEPTORS IN HIPPOCAMPAL 
SUBREGIONS, AMYGDALA AND FRONTAL CORTEX AFTER 
ODOR DISCRIMATION OR SPATIAL LEARNING P. Roullet, R. 
Bourne, Y. Moricard, M. Stewart & S.J. Sara (SPON: European Brain & 
Behaviour Society) Institut des Neurosciences, UPMC, 9 Quai St, Bernard, 
Paris; France; Dept Biology, Open University, Milton Keynes, UK

Changes in binding of the non-competitive NMDA receptor antagonist, 
MK801, after odor discrimination learning or after spatial training in a radial 
arm maze were evaluated in order to specify brain regions activated during 
learning and which might be involved in long term memory formation. Rats 
were trained in a 5 trial, 40 min session to discriminate among three odors to 
obtain food reinforcement. This procedure yields reliable retention of the 
odor-food association 48h later. Another group of rats were trained in an 8 
arm maze to always choose the same 3 arms to obtain food reinforcement; 9 
trials over 150 min. A nontrained control group was mildly food deprived 
and ate the reinforcement in a novel cage in the vivarium. Thirty min after 
training the animal was decapitated, the brain quickly removed and frozen at 
-80°. Autoradiography was carried out on triplicate 10 pm sections using 4.1 
nM 3H-MK801 in the presence of lOOpM unlabelled MK801.

MK801 binding was significantly reduced in hippocampal sub-regions 
CA3, CAI and the dorsal and ventral fascia dentata and in frontal cortex 
after odor discrimination learning. The only change seen after spatial 
learning was in the amygdala, where there was also a decrease in binding. 
The down regulation consistently obtained may reflect a training-induced 
increase in neuronal activity and release of glutamate. This could serve as a 
marker to indicate probable loci of activity-dependent morphological 
modification of synapses. Supported by ESF Program in Neuroscience and CNRS.

823.12
c-FOS INDUCTION TO A SACCHARIN CS IN MOUSE NUCLEUS 
TRACTUS SOLITARIUS AFTER TASTE AVERSION LEARNING 
DEPENDS CRITICALLY ON CONTEXTUAL CUES. M.W. Swank? 
Furman University, Greenville, SC 29613.

Recent studies have suggested that in rats, the response of cells in 
the intermediate/postremal region of the nucleus tractus solitarius 
(iNTS) to the conditioned stimulus (CS) taste is altered by taste 
aversion conditioning. Immunohistochemistry reveals that, in response 
to a forced intra-oral infusion of the CS, c-Fos appears in a subset of 
cells in iNTS only after conditioning; decerebration studies suggest 
that this gustatory-driven response is mediated by forebrain structures.

Using mice trained on a deprivation schedule, we demonstrate that 
c-Fos immunoreactivity in iNTS can be driven by a number of stimuli, 
including contextual cues, and this response can occur independent of 
any gustatory input. An increase in c-Fos immunreactivity to post- 
training saccharin was only seen when mice were conditioned and 
tested in a novel environment. Additional studies revealed that c-Fos 
immunoreactivity can be induced in iNTS not only by conditioned 
contextual cues, but also by a single exposure to a novel environment. 
These data suggest that at least in mice, the iNTS responds to multiple 
sensory inputs and is positioned to integrate these inputs into a 
coordinated response.

(Supported by N1H/NICHHD HHD33J38)

823.13
AUDITORY SYSTEM CORRELATES OF EXCITATORY PAVLOVIAN 
CONDITIONED FEAR MAPPED WITH CYTOCHROME OXIDASE 
HISTOCHEMISTRY.
A. Poremba*, D. Jones, and F. Gonzalez-Lima, Dept. of Psych, and Inst, for 
Neurosci., Univ. of Texas, Austin, TX, 78712

Quantitative histochemistry of cytochrome oxidase (C.O.), a rate-limiting 
mitochondrial enzyme of oxidative metabolism, was used to evaluate cumulative 
changes in metabolic capacity of the auditory system resulting from the entire training 
experience of excitatory Pavlovian conditioned suppression of drinking. Rats in the 
Excitor Group received pairings of a compound conditional stimulus (CS), consisting 
of a tone (1-2 KHz FM) and a light (flashing at 10 Hz), with a mild footshock to elicit 
conditioned suppression of drinking. Random Group rats received pseudorandom 
unpaired presentations of the same tone, light and shock stimuli. The Excitor Group 
exhibited significant suppression of drinking (p<.05) to tone presentations after 
training whereas, as expected, the Random Group did not. Metabolic mapping results 
for the auditory system demonstrated significantly elevated levels of C.O. activity for 
the Random Group compared with the Excitor Group for the lower auditory structures 
(p<.01; dorsal cochlear nucleus, ventral cochlear nucleus, dorsal, external and central 
nuclei of the inferior colliculus); whereas the higher auditory structures demonstrated 
the opposite pattern of C.O. activity, with significantly elevated levels of C.O. activity 
for the Excitor Group compared with the Random Group [p<.01; medial, dorsal and 
ventral divisions of the medial geniculate nucleus, auditory cortex (TE1, TE2)]. These 
findings suggest that 1) cytochrome oxidase histochemistry is a sensitive metabolic 
technique to effectively identify different learning circuits; 2) the patterns of C.O. 
activation are separated into two distinct responses mediated by die lower versus 
upper auditor)' system structures; increases in the lower are similar to metabolic 
activation after long-term habituation to a tone whereas increases in the upper are 
consistent with excitatory conditioning to a tone in other learning paradigms 
(Supported by NIH RO1 MH43353 and NSF grant IBN9222075).

823.14
SENSORY LEARNING: SAFETY SIGNAL INDUCED AUDITORY 
SYSTEM METABOLIC PLASTICITY DURING DIFFERENTIAL 
INHIBITION OF CONDITIONED FEAR.
S. Shin*, A. Poremba, D. Jones, and F. Gonzalez-Lima, Dept. of Psych, and Inst, 
for Neurosci., Univ. of Texas, Austin, TX, 78712

Is there specific sensory system learning-related neural plasticity in response to a 
safety signal, i.e., a conditioned stimulus (CS-) that is never paired with an aversive 
unconditioned stimulus (US) during conditioning? Although a negative contingency 
between the CS' and the US does not produce a conditioned fear response, associative 
learning occurs. Quantitative histochemistry of cytochrome oxidase (C.O.), the rate-
limiting mitochondrial enzyme of oxidative metabolism, was used to evaluate training- 
dependent changes in metabolic capacity after differential Pavlovian conditioned 
suppression of drinking. One group of rats (Differential Inhibition) received pairings 
of a light (CS+, flashing at 10 Hz) with a mild footshock (US) to elicit conditioned 
suppression of drinking, and tone (CS', 1-2 KHz) presentations not paired with the 
shock. A second group (Random) received pseudorandom presentations of the light, 
tone and shock stimuli. The Differential Inhibition Group exhibited suppression of 
drinking (p<.05) to light alone presentations after training but not to tone 
presentations. The Random Group did not show differential conditioned responses to 
light and tone presentations. The Differential Inhibition Group showed elevated C.O. 
activity in the dorsal lateral lemniscus nucleus, medial and dorsal divisions of the 
medial geniculate nucleus, and primary and secondary auditory cortex (p<.05). 
Tonotopic ratios (CS'-evoked to non-CS' evoked isofrequency bands) also showed 
increased C.O. in the ventral cochlear nucleus and inferior colliculus (p<.05). The 
findings indicate that distinctive neural changes at the sensory system level can be 
attributed to associative learning of a CS- sound that signals the absence of an aversive 
US. (Supported by NIH grant MH43353 and NSF grant IBN9222075).
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823.15
HIPPOCAMPAL NOREPINEPHRINE RELEASE INCREASES DURING 
SPONTANEOUS ALTERNATION PERFORMANCE: GLUCOSE ENHANCES 
PERFORMANCE BUT NOT NOREPINEPHRINE RELEASE. D.Men*, J.Gelfman, 
R, McCarty, and P.E. Gold. Dept. Psych., U. Virginia, Charlottesville, VA 22903.

Acetylcholine (ACh) release in the hippocampus increases when rats are 
tested for spontaneous alternation performance; glucose administration 
results in higher alternation scores and in a further increase in ACh release 
(Ragozzino et al., 1996). Using in vivo microdiaiysis procedures, the present 
study similarly examined norepinephrine (NE) release in the hippocampus 
while rats were tested for spontaneous alternation performance. A 
microdiaiysis probe (3 mm; flow rate - 2 pl/min) was inserted into the 
hippocampus via a previously implanted guide cannula. Dialysates were 
collected every 12 min and assayed later for NE content by HPLC-ECD. As 
shown before, glucose (250mg/kg, i.p) injected 24 min before behavioral 
testing significantly enhanced spontaneous alternation scores in a 4-arm plus 
maze. NE output in the hippocampus increased similarly by 31% and 33% in 
saline-treated and glucose-treated rats, respectively, during the 12-min test 
period. Neither saline nor glucose injection altered hippocampal NE release 
in rats under resting conditions. Thus, like ACh, NE release in the 
hippocampus increases during spontaneous alternation testing. Although 
glucose resulted in higher alternation scores, glucose did not influence NE 
release either at rest or during behavioral testing. The latter findings contrast 
with those showing that glucose augments the testing-related increase in ACh 
output in the hippocampus. Thus, while both ACh and NE release are 
increased by behavioral testing, the effects of glucose on spontaneous 
alternation performance appear to be linked to ACh but not NE mechanisms. 
Supported by NIA (AG07648) and NINDS (NS32914).

823.16
Microdialysis  Measurement  of  Brain  Extracellular  
Glucose  Concentrations : Basal  Levels  and  Changes  During  
Behavioral  Testing  in  Awake , Freely -Moving  Rats ., e .c . 
McNay* & P.E. Gold. Neuroscience Program, U. Virginia, Charlottesville VA 22903.

Administration of glucose, both peripherally and centrally, enhances learning and 
memory in both humans and rodents in a variety of tasks. Many potential 
mechanisms by which glucose might modulate memory would involve and require 
fluctuations in the level of glucose in the brain’s extracelluiar fluid (ECF) in response 
to a memory load, fluctuations which would presumably be modulated by glucose 
administration. In addition, both the basal level of glucose in the brain ECF and the 
possibility of changes in this concentration under physiological conditions have been 
subjects of some controversy.

In the present experiment, we determined ECF glucose levels in the hippocampus 
of 3-month-old Sprague-Dawley rats during both resting (basal) and behavioral 
(maze-learning) conditions. Rats in both conditions were allowed to move freely, in a 
novel holding cage or novel maze respectively. Each animal was used only once, at a 
single perfusate glucose concentration. Using the method of zero-net-flux (Ldnnroth 
et al., 1987), the basal ECF glucose level in the hippocampus was determined to be
1.0 mM. Moreover, repetition of the experiment with variation of flow rate showed 
that this result was independent of microdiaiysis flow rate.

The results of the behavioral experiment are especially interesting. Hippocampal 
ECF glucose level dropped significantly upon initiation of behavioral testing in a 4- 
arm spontaneous alternation task. This result demonstrates that physiological 
fluctuations of ECF glucose level occur in the hippocampus in response to behavioral 
conditions, perhaps reflecting regional changes in glucose demand. Moreover, the 
findings raise questions about theories of brain glucose flux which predict or require a 
constant ECF glucose concentration. Supported by NIA (AG07648) and NINDS 
(NS32914), and by a Glenn/AFAR Aging Research Scholarship.

823.17
EVIDENCE FOR OPIOID MEDIATION OF HYPOALGESIC 
RESPONSES INDUCED BY PAIRED OR SEPARATE PRE-
EXPOSURES TO NALOXONE AND A HEAT STRESSOR.
H. Foo*. Psychology, Northern Territory University
Darwin, NT 0909, Australia.

Previous research has shown that rats given separate or paired 
pre-exposures to naloxone and a heat stressor come to acquire 
conditioned hypoalgesia, as evidenced by their latencies to tail-flick 
(cf. Foo, 1996). The present experiments examined the nature of the 
hypoalgesic responses induced, using the criteria of naloxone 
reversibility and cross-tolerance with morphine to infer involvement 
of opioid-based mechanisms. Experiment 1 showed that the 
hypoalgesic responses detected were reversed by naloxone. 
Experiment 2 demonstrated that pre-treatment with morphine 
prevented acquisition of the hypoalgesic responses. Taken together, 
these findings suggest that the hypoalgesic responses detected in rats 
tested with the tail-flick radiant heat test are mediated by endogenous 
opioid mechanisms.
(This research was supported by a grant from the Northern Territory 
University)

823.18
HIPPOCAMPAL B-ENDORPHIN MAY MEDIATE THE
HABITUATION OF NOVELTY-INDUCED HYPOALGESIA
E. Spreekmeester*, A, Mar, B. Dubd, C. Gianoulakis & J. Rochford, 
Douglas Hospital Research Center, Department of Psychiatry, McGill 
University, Montreal, P.Q., H4H1R3.

Exposure to novel stimuli has been shown to activate endogenous 
antinociceptive substrates. This novelty-induced hypoalgesia (NIH) 
habituates with repeated exposure to the stimuli. The hippocampus has 
been implicated in many learning tasks, therefore Experiment 1 assessed 
the effect of bilateral, electrolytic lesions of the dorsal hippocampus on 
the rate of habituation of NIH. Lesioned and sham-operated animals 
were exposed to a novel hot-plate (48.5° C) for 8 days, and the latency 
to lick the hind paw (PLL) was used as a measure of pain sensitivity. 
Lesioning significantly attenuated the habituation of NIH, suggesting 
the involvement of the hippocampus in this form of habituation 
learning. Administration of the nonspecific opiate receptor antagonist 
naloxone also attenuates the habituation of NIH. Consequently, 
Experiment 2 examined B-endorphin (B-EP) levels in the hippocampus, 
frontal cortex, pituitary gland, PAG and hypothalamus in rats following 
0, 1 or 8 exposures to the hot plate. Animals receiving 8 exposures 
displayed lower levels of B-EP in hippocampus relative to those 
receiving 0 or 1 exposures. There were no differences in B-EP levels in 
any other brain region examined. These results suggest that repeated 
exposure to novel stimuli induces B-EP release in the hippocampus. 
Consequently, naloxone may attenuate the rate of habituation of NIH 
by inhibiting the effects of hippocampal B-EP release induced by 
exposure to novelty. We are currently pursuing this possibility by 
assessing the effect of intra-hippocampal administration of naloxone on 
the habituation of NIH. (Funded by the Natural Sciences & Engineering 
Research Council of Canada),

823.19
PARTICIPATION IN LEARNING AND MEMORY PROCESSES OF 
VARIOUS BEHAVIOUR TYPES IN ADULT RATS V.V, Sherstnev,
Z.I. Storogeva, M.V. Pletnicov, M.A. Gruden, E.A. Shumova (SPON: 
European Brain and Behaviour Society) P.K. Anokhin Institute of 
normal physiology, RAMS B. Nikitskaya, 6, 103009, Moscow, Russia. 
Influence of antibodies (AB) against protein A3G7, brain lectins CSL 
and R1 on elaboration, storage and retriavial of two forms of adult rats 
defensive behaviour - short-term and long-term habituation of acoustic 
startle reaction (ASR) and conditioned freezing was investigated. Protein 
A3G7 is associated with differentiation of cerebellar and hippocampal 
cells, lectines R1 and CSL - with synapto- and dendritogenesis. 
Monoclonal AB to protein A3G7 (obtained from Institute of Medicine 
and Biologic Kibemetic SD, RAMS) in dose 50 ng destroyed only 
long-term ASR habituation and there was no effect on freezing, in 
dose 5mkg - depressed long-term memory processes as of conditioned 
freezing and also of ASR habituation in adult rats. Application of AB 
against R3 and CSL in dose 5 mkg destroyed long-term habituation 
but not short-term habituation of ASR or conditioned freezing. At the 
same time selective action of studied AB in various concentrations at 
protein translation/trancription synthetic processes in mature rat brain 
was revealed. Data are testified the specific participation of trophic 
factors in various behavioural neurophysiological and molecular 
mechanisms in adult organism.

823.20
MEMORY IN MALE RATS IMPAIRED BY SUBCHRONIC 
ZINC OXIDE. H, L. Komiskev*. X. F. Chen, and D. Sarpong. 
College of Pharmacy, Xavier University of Louisiana, New Orleans, 
LA 70125.

Dietary zinc oxide has been reported to significantly impair a 
passive-avoidance response in male rats. However, the same dietary 
zinc intake did not influence the behavior detected by the Functional 
Observational Battery or the motor activity in a figure-8 maze. 
Although dietary zinc at 3228 ppm impaired the performance of rats 
on a passive-avoidance response, this impairment may be due to 
changes in anxiety, motivation, learning, and/or memory. Therefore a 
sequential, matching-to-sample task was used to assess the ability of 
dietary zinc oxide to impair memory. In this study, male Sprague- 
Dawley rats were trained to retain a specific sequence of events over 
intervals ranging from 0.25 to 5 seconds. After the rats maintained a 
stable performance they were fed a zinc oxide-enriched diet 
containing 3228 ppm zinc, and examined daily for changes in 
performance of the sequential, matching-to-sample task. The dietary 
zinc oxide reduced the accuracy of responding to a greater extent at 
the longest time delay. These results imply that a zinc oxide-enriched 
diet containing 3228 ppm zinc can impair memory in the male rat 
without influencing behavior detected by the Functional Observation 
Battery. (Support by ATSDR grant #U5O/ATU3 98948).

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HORMONES AND AGING 2121

824.1
TIME-DEPENDENT BIPHASIC ACTIONS OF GLUCOCORTICOIDS ON 
SPATIAL MEMORY AND NCAM EXPRESSION IN THE FRONTAL CORTEX 
OF RATS, C. Sandi*, M. Loscertales1, J. J. Merino, M, I. Cordero, and C. Guaza1. 
Dept. of Psychobiology, UNED, Ciudad Universitaria s/n, 28040 Madrid, Spain; and 
(1) Cajal Institute, CSIC, Madrid, Spain.
Stress and glucocorticoids modulate brain and cognitive function. In this study, we 
examined the effects of acute and chronic (21 days) exposure to stress-levels of 
corticosterone on: (i) performance and long-term retention (7 days posttraining) in the 
Morris water maze, and (ii) expression of the neural cell adhesion molecule (NCAM) 
in different brain regions (dentate gyrus, CA1-CA3, striatum, frontal cortex, and 
hypothalamus) with ELISA. The results showed that corticosterone (5 mg/kg, i.p.), 
administered immediately after each training session, improved both the acquisition 
rate and long-term retention of the water maze task, whereas sustained treatment with 
the steroid (subcutaneous continuous diffussion pellets) for 21 days resulted in 
impaired acquisition and long-term retention of spatial orientation learning. In a 
different experiment, a time-dependent, differential modulation of NCAM expression 
was found in the frontal cortex, with acute corticosterone enhancing, and chronic 
steroid treatment reducing, NCAM in this brain area. No modulation by corticosterone 
treatments was found in the other brain areas examined. Further experiments 
examined the role of a corticosterone action in the frontal cortex on spatial memory 
formation. Pretraining i.c.v. administration of the glucocorticoid receptor antagonist 
RU38486 (donated by Roussel Uclaf) interfered with performance in the water maze. 
These results indicate a time-dependent biphasic action of corticosterone on memory 
formation, and suggest NCAM modulation in the frontal cortex as a possible 
mechanism mediating these actions.

Supported by a grant from the DGICYT (PB94-0098), Spain.

824.2
BEHAVIORAL EFFECTS OF GLUCOCORTICOIDS IN ORCHIDECTOMIZED 
AND INTACT RATS. R.N. McLay, S.M. Freeman, A.J. Kastin* and J.E. 
Zadina Tulane University Medical Center and VA Medical Center, New 
Orleans, LA 70146.

Glucocorticoids and gonadal steroids have both been shown to have significant 
effects on learning and memory in rodents. Although studies have shown that the 
degree to which glucocorticoids can cause damage in the hippocampus is 
dependent on gonadal steroids, few studies have investigated the effects of 
interactions of these steroids on behavior. After training and pre-screening in the 
eight arm radial maze (RAM), rats were divided into four groups (Control, Orx, 
Cort, and Orx+Cort) of 11-12 animals/group. Rats were either castrated or given 
a sham operation, and given seven days to recover. Rats were then given 
injections of 20mg/kg corticosterone or vehicle for 30 days. On days 1,6,12,18,24, 
and 30 of these injections, rats were tested twice per day in the RAM. Rats were 
given one day to recover after completion of glucocorticoid treatment, and 
subsequently given one day’s acclimation and training in the Barnes circular 
platform maze (BCM), then tested 4 times per day for 4 days in this maze. A 
final block of 4 trials in the RAM was then administered 2 days after BCM testing 
( 8 days after the end of glucocorticoid treatment). No significant differences were 
seen between the groups in any measure of the RAM over the course of 
glucocorticoid treatment. Nor were any significant differences seen in the BCM. 
In the final block of RAM testing, however, Orx+Cort rats made significantly 
more errors in the RAM than did control rats. These results indicate that the 
glucocorticoid-induced hippocampal damage reported to occur in castrated rats 
does not result in behavioral impairment until after glucocorticoids are 
withdrawn.

Supported by the VA.

824.3
STRESS INDUCED FACILITATION OF EXCITATORY TRACE 
CONDITIONING IS DEPENDENT ON ENDOGENOUS 
GLUCOCORTICOIDS. A, V. Beylin*, T. J. Shore. Department of 
Psychology, Program in Neuroscience, Princeton University, 
Princeton, NJ, 08544-1010.

Using a classical delay paradigm in which the conditioned and 
unconditioned stimuli overlap and co-terminate, it was previously 
determined that exposure to a brief stressful event facilitates 
acquisition of the conditioned eyeblink response in the male rat. 
Here, we examined the effects of a stressor of restraint and 
intermittent tailshocks on trace conditioning, a hippocampal- 
dependent task, in which the CS and US were separated by 500 
ms. It was determined that exposure to 90, but not 30 brief, low- 
intensity tailshocks facilitated acquisition of the conditioned 
response (CR) [F(1,21) = 20.05; p < .001]. Due to the high 
concentration of glucocorticoid receptors in the hippocampus, we 
examined the role of glucocorticoids in the stress-induced 
facilitation of trace conditioning. Bilateral adrenalectomy prevented 
the facilitation of learning in trace conditioning after stressor 
exposure. These results suggest that glucocorticoids may be 
involved in the stress induced facilitation of a hippocampal 
dependent classical conditioning task.
[This material is based upon work supported under a National 
Science Foundation Graduate Fellowship.]

824.4
DOSE- AND TIME-DEPENDENT CORTISOL-INDUCED DECREASE 
IN MEMORY PERFORMANCE IN HUMANS J.W. Newcomer*. G, Selke. 
A, Kelly Melson, J. Gross, K. Richards, T. Hershev, S. Craft, A. Alderson,
L.Gottlieb. Washington Univ. Sch. of Med., St. Louis, MO 63110.

Glucocorticoids (GCs) can inhibit glucose transport and synaptic 
plasticity in hippocampal neurons. This group has previously reported 
dexamethasone-induced decreases in hippocampus-related declarative 
memory performance in humans (J Neurosei 1994:14(4):2047-20.53). 
This experiment aimed to assess the cognitive effects of two different fixed 
doses of oral hydrocortisone in young healthy adults (n=51) over four 
days of double-blind, randomized, placebo-controlled treatment, using 
repeated cognitive assessments at baseline, after one and again after four 
treatment days. Low dose treatment produced no change in circulating 
plasma (free) cortisol concentrations compared to placebo while the 
higher dose produced stable stress-physiologic plasma concentrations.

Results indicate dose- and time-dependent reversible decreases in 
verbal declarative memory performance. A significant interaction was 
detected between repeated paragraph recall performance and treatment 
condition (F[4,96]=2.41, p=0.05), explained by a difference in 
performance across treatment groups after four (F[2,48]=3.82, p=0.029) 
but not one day of treatment. Recall performance was significantly lower 
with higher dose treatment, compared to both lower dose (p<0.05) and 
placebo (p=0.01; effect size = approximately 1 S.D.). No treatment 
interaction with recall condition (immediate vs. delayed), or effect on a 
paragraph retention measure, was detected, suggesting a mechanism 
affecting encoding processes. No difference in performance across 
groups was detected after a six-day treatment washout. These results 
extend our previous report and indicate rhat reversible GC-induced time- 
dependent decreases in declarative memory performance can occur during 
physiologic stress level exposure to cortisol. Supported by a Scientist 
Development Award from NIMH (MHO 1045; JWN).

824.5
INFUSIONS OF PRO-MNESIC DOSES OF PREGNENOLONE SULFATE 
INTO THE NUCLEUS BASALIS INCREASE ACETYLCHOLINE RELEASE 
IN THE FRONTAL CORTEX AND AMYGDALA.
M Failures, M Damauday, J. Day, M Vallde* M Le Meal arri W. Mayo. I ah dePs^dxbktogiedes 
Cauportemaits Adaptatils, INSERM U.259,33077Boideaux Oedex, Franoe.
Pregnenolone sulfate (Preg-S) is a neurosteroid (NS) with memory enhancing 

properties when centrally injected at very low doses (Flood et al., 1995). This 
action could be related to modulation of central cholinergic systems. Indeed we 
have previously shown that 5ng of Preg-S infused into the nucleus basalis 
magnocellularis (NBM), the main source of cortical and amygdalar cholinergic 
innervation, enhances the memory performance of young rats (Mayo et al., 1993). 
Moreover when administered i.c.v., Preg-S increases the acetylcholine (ACh) 
release in the frontal cortex (FC) and hippocampus in a dose-dependent manner 
(Darnauderv et al., 1997). In order to characterize the relationship between Preg- 
S, ACh and memory, Preg-S (5ng/0.5gl) was administered into the NBM and 
ACh release in the FC and basolateral amygdala (BLA) was measured using in 
vivo microdialysis. Subsequently, the same subjects were tested in a two-trial 
spatial memory task (recognition of a familiar environment) following a second 
infusion of Preg-S into the NBM. Results show that Preg-S infusion into the NBM 
increases the release of ACh in the FC and BLA relative to a control injection 
more than 50% baseline and also induces a facilitation of memory performance, 
decreasing the time spent in the familiar environment. This enhancement of 
central cholinergic transmission could be attributed to the known action of Preg-S 
on GABAa  and NMDA receptors. Indeed this NS acts as a negative allosteric 
modulator of the GABAa  receptor complex and positively modulates the NMDA 
receptor resulting in a global stimulatory effect on cholinergic transmission, i.e. 
inhibiting the GABAergic inhibitory inputs and activating the stimulatory 
glutamatergic inputs on the cholinergic neurons.
Supported by: M.P.: Adinisterio Education y Cultura (Spain) fellowship.

J.D.: HFSP fellowship

824.6
CHOLESTEROL SYNTHESIS BLOCKING DRUGS IMPAIR ASSOCIATIVE 
LEARNING WITHOUT EFFECTING ACOUSTIC STARTLE RESPONSE

W.T. O’Brien , R.J. Servatius23, G. Xu2’3, G. Salem3 
’Grad. Sch. Biomed. Sci. 2Univ. Med. and Dent. N.J., Newark, NJ. and ’Dept. of

Veteran Affairs Med. Cntr. East Orange, NJ. 07103 
Smith-Lemli-Opitz syndrome(SLO) is a genetic disease of late 
cholesterol (CHOL) synthesis that results in severe mental retardation. 
Toward developing an animal model of SLO, we tested the effects of 
the late CHOL synthesis inhibitors, AY and BM on just-weaned days 
and mature rats. Treatment with these drugs leads to an accumulation 
of 7 dH CHOL; a pattern similar to the biochemical profile of SLO 
patients. AY or BNI were administered daily by gastric gavage. After 
1 month of treatment, the rats were tested for open field activity, pain 
sensitivity, acoustic startle and acquisition of the classically conditioned 
eyeblink response. For acoustic startle, the rats were exposed to 8 
trials of 82, 92, and 102 dB white noise bursts delivered randomly.
For eyeblink conditioning, a delay type paradigm was used with a 500 
ms CS-US interval. The CS was a 82 dB white noise burst with a 100 
ms duration; the US was a 10 mV periorbital stimulation. The drugs 
did not effect sensory-motor responding in the just-weaned rats. 
Nonetheless, just-weaned rats treated with the CHOL synthesis 
inhibitors displayed impaired acquisition of the conditioned eyeblink 
response compared to the non-treated controls. In contrast, the drugs 
did not effect either associative or non-associati^e learning in the 
mature rats. There appears to be a critica1 period for the delivery of 
CHOL blocking agents in order produce a learning deficit. This 
research advances the use of AY and BM as a model for SLO in rats. 
Supported by DVA Medical Research funds and the UMDNJ GSBS.
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824.7
HIGH DOSE OF ALPHA2-ANTAGONIST FULLY BLOCKS THE 
SPATIAL ESCAPE PERFORMANCE DEFECT OF ALPHA2C- 
ADRENOCEPTOR OVEREXPRESSING MICE. M.G.Biorklund*. J.Sirvio.
M.Riekkinen, PJakala, H-Tanila. I.SaUinen, JM,Scheinin._ A.Haapalinna.
B.Kobiika and P.Riekkinen Jr, Department of Neuroscience and Neurology, 
University of Kuopio, Finland

We investigated the role of a2C-adrenoceptors in spatial memory. Female 
FVB/N mice that overexpress a2C-adrenoceptors (OE) were tested in the 
stantard water maze task. During a free swim trial both OE and control 
(WT) mice explored the pool equally. The OE mice were impaired in 
developing normal search strategy during hidden platform training: OE mice 
swum more in the peripheral incorrect annulus than WT mice and less often 
found the platform. On atipamezole (1000 ug/kg s.c.) the performance of 
OE mice did not differ from the WT mice. Therefore, our data shows that 
the high dose of a2-antagonist can completely block effects of a2c-AR 
overexpression in OE mice and facilitate navigation behavior. We also 
evaluated the effects of a known anxiolytic drug, diazepam (0.3 - 1.0 mg/kg 
i.p.) on hidden platform performance. Both atipamezole and diazepam 
increased swimming in the middle platform-containing annulus, but unlike 
atipamezole diazepam impaired the ability to find the platform. The effects 
of diazepam were similar in OE and WT mice. Our findings confirm that the 
impaired search strategy in a2C-adrenoceptor overexpressing mice is due to 
the receptor overexpression and related to increased anxiety. The beneficial 
effect of atipamezole on WT mice suggest that another mechanism is also 
involved. (Sponsors: Univ. of Kuopio, Finnish Academy of Sciences and 
Orion-Farmos Ltd)

824.8
CHRONIC HYPERTENSION DOES NOT IMPAIR SPATIAL 
LEARNING IN SPRAGUE DAWLEY RATS.
I. Kadish, J.W. Brown*, X.H. Feng, J.M. Wyss and Th. van Groen. Dept.
of Cell Biology, University of Alabama at Birmingham, Birmingham, AL 
35294, USA

Our previous studies demonstrated that twelve-month-old 
(compared to 3-month-old) spontaneously hypertensive rats (SHR) have 
an impairment of spatial learning and memory in a water maze task, i.e., 
their escape latency increases from 7±2 sec to 34±10 sec. The present 
study tested the hypothesis that hypertension is a significant factor in this 
effect, by inducing chronic hypertension in Sprague Dawley (SD) rats. 
In six week old SD a clip was placed on the descending aorta above the 
renal artery, to increase arterial blood pressure above the clip, i.e., in the 
brain and upper body, but not in the lower body. Ten months later the 
animals were tested for five days in a water maze task with the hidden 
platform in a different position each day, and on the fifth day they were 
tested in a probe trial, i.e., no escape platform present. At the end of the 
training period, rats with longstanding hypertension (systolic arterial 
pressure > 200 mm Hg [SD-high], compared to 145 mm Hg for the 
control rats) showed no significant deficit in spatial learning and memory 
compared to control rats, i.e., an escape latency of 38 ±16 sec compared 
to 24 ±6 sec. In the probe trial, both the control rats and the SD-high 
showed a slight preference for the correct quadrant. These data suggest 
that in SD rats, chronic hypertension does not result in a significant 
impairment of spatial learning and memory. This study was supported 
by NIA AG 06569.

824.9
EFFECTS OF STRESS AND GLUCOSE ON MEMORY:
INTERACTIONS ON AN APPETITIVE TASK. L. H. White*. B. 
Sonnensehejn^. K M, .White, Dept. of Psychology, McGill University, 
Montreal, Quebec, Canada H3A 1B1

The effect of stress on memory depends on numerous considerations 
including the duration of the stressor (chronic vs acute), the number of times the 
animal is exposed (once vs repetitively), and the time of exposure (pre- vs 
posttraining). The efficacy of treatments known to modulate memory may 
depend on these considerations as well. The present experiments investigated 
the effects of glucose on memory in rats exposed to a variety of different 
stressors. Rats were trained on two different versions of an appetitive multiple- 
y maze task. In the open maze task, posttraining injections of glucose enhanced 
retention in rats with moderate, but not low, basal stress levels. Exposure to 
chronic stress two weeks before training did not affect retention in uninjected 
rats, or the memory-enhancing effects of glucose. However, chronic stress 
impaired retention in rats exposed to an additional stressor 15 minutes prior to 
training. Posttraining injections of glucose eliminated this effect. In the closed 
maze task, posttraining injections of glucose enhanced retention in rats whose 
basal stress levels were slightly higher than those of rats trained on the open 
maze task. Exposure to chronic stress two weeks before training did not affect 
retention in uninjected rats, but eliminated the memory-enhancing effects of 
glucose. These results suggest that memory is modulated by stress, glucose, 
and an interaction between the two. Research supported by grants from Fonds 
FCAR, Que. & Natural Sciences and Engineering Research Council of Canada

824.19
CORTICOSTERONE LEVELS AND AGE INFLUENCE PLACE NAVIGATION IN 
RATS. E. Hebda-Bauer* and B. Therrien. Univ. of Michigan, Ann Arbor, MI 48109

This study examined the effects of aging and corticosterone (CORT) injections on 
place navigation. Young (4-6 mos., Y), young-aged (23-25 mos., YA), and old-aged 
(31 mos., OA) male Fischer-344 x Brown Norway rats (N=51) received 6 testing days 
in the Morris water task to determine baseline place navigation performance. Next, 
half the animals in each group were given daily injections of CORT (2mg/ lOOgms 
wt.) for 15 days. During the last 6 injection days, all animals were again tested in the 
Morris task with the environment and goal location changed. Plasma CORT levels 
were determined by CORT radioimmunoassay from blood collected immediately 
prior to 1st CORT injection (baseline), 30-60 minutes after 8th injection (peak), and 19 
hours after last injection (clearance). During the first 6 testing days, YA animals 
swam as directly to the goal as the Y, but OA animals were impaired (p<.01). During 
the second 6 days, both YA and OA non-injected animals had significantly greater 
directional heading errors (DHE, p<.05) and flatter learning curves than the Y 
(F=3.72, p=.O7 and F=9.32, p<.01, respectively). Among injected animals, OA 
animals performed as well as the Y (F=0.81, p=NS), but YA did not (F-5.78, p<.05). 
Further, peak CORT levels moderately predicted DHE in Y and OA animals on 
several days such that, by the last day, peak CORT levels accounted for 60% and 56% 
of DHE variance, respectively (p<.05). Peak CORT levels, however, did not predict 
DHE in YA animals. A positive relationship exists between peak CORT level and 
DHE in OA animals, but an inverse relationship is found in the Y. A range of peak 
CORT values influences learning. All Y animals learn efficiently, with high (39-62 
pg/dl) CORT levels enhancing performance. OA animals with moderate (13-19 gg/dl) 
CORT levels perform better than OA with high (31-69 pg/dl) CORT levels (F=6.99, 
p<.05). Thus, the way plasma CORT levels influence spatial learning shifts with age.

Funded by NIA, NINR, University of Michigan, MHCERF, AANN, and STT.

824.11
ADULT SPRAGUE DAWLEY RATS REMEMBER THE WATER 
MAZE TASK FOR A TWELVE MONTH PERIOD.
Th. van Groen*, I. Kadish, Xin H. Feng and J.M. Wyss. Dept. of Cell 
Biology, University of Alabama at Birmingham, Birmingham, AL 35294.

Studies in our laboratory indicate that in old Sprague Dawley 
(SD) rats there is a selective breakdown in the limbic cortex, leading to 
impaired spatial learning and memory. At the end of a five day training 
period in the water maze, three-month-old SD have a short escape 
latency, i.e., 15±3 sec, 12-month-old SD are somewhat slower, 17±5 sec, 
and most 24-month-old SD (SD24MO) are still slower, 53 ±17 sec. 
Further, only young SD display a clear preference for the correct 
quadrant in the probe trial. In the present study we employed 
pretraining in the water maze task to test if memory is disturbed in 
SD24MO. In normal, non-pretrained SD24MO, escape latency improves 
from 76 ±20 sec to 49 ±19 sec. In contrast, SD24MO that were 
pretrained at 12 month of age, displayed residual memory of the spatial 
task in the first trial, i.e., an escape latency of 41 ±15 sec, but these rats 
did not improve, their final escape latency was 52 ±15 sec. SD24MO that 
were pretrained at 18 month of age displayed an intermediate escape 
latency on the first trial (61 ±21 sec), and improved slightly; they had a 
final escape latency of 43 ±18 sec. None of the SD24MO rats displayed 
a preference for the correct quadrant in the probe trial. These data 
indicate that pretrained SD24MO have residual memory for the water 
maze task and they appear to use a non-spatial strategy that allows them 
to find the escape platform relatively rapidly but leaves them with no 
preference for the site of the platform. Supported by NIA grant AG11958.

824.12
AGE-RELATED SUSCEPTIBILITY TO NEUROPATHOLOGY AND 
MEMORY IMPAIRMENT IN A RODENT MODEL OF WERNICKE- 
KORSAKOFF SYNDROME: L.M. Savage*, S.R. Pitkin, M.M. Fesel,
& J.M. Careri. Behavioral Neuroscience Program, Department of 
Psychology, State University of New York, Binghamton NY, 13902

Age is a risk factor for the development of many neurological disorders, 
and alcohol-related neurological disorders appear to be potentiated by 
aging. Thiamine deficiency is the primary etiologic variable responsible 
for alcohol-related disorder of Wernicke-Korsakoff Syndrome (WKS).
A rodent model of WKS, acute pyrithiamine-induced thiamine deficiency 

(PTD) produces thalamic damage that correlates with impairments in 
memory'. The pattern of neuropathological damage using PTD in the 
rat is similar to that found in the post-mortem brains of WKS patients 

(Langlais & Savage, 1995; Langlais, Zhang & Savage, 1996). Because 
glutamate and other neurotransmitter systems are altered during the 
course of aging, it is likely that older rats would be more vulnerable to 
the cascade of neurotoxic events caused by the PTD treatment. Young 
(2-3 mo) and Aged (22-23 mo) Fisher 344 rats were assigned to one of 
two treatment conditions: PTD or matched Pair-fed (PF). Rats in the PTD 
group were further divided into three groups that varied in the duration 
of PTD (Langlais et al, 1995). Our data revealed that aged Fisher 344 
rats displayed acute neurological disturbances during the PTD treatment 
regime early than young Fisher 344 rats, and developed more extensive 
neuro-pathology with a milder PTD treatment. Spatial memory was 
assessed using a Matching-To-Position task (MTP). Aged-PTD rats were 
more impaired than young PTD treated rats on this task. These results 
demonstrate that aging does potentiate both neuropathology and 
behavioral impairment associated alcohol-related neurological disorders. 
[This project was supported by a NIMH grant (R03MH55001-01) awarded to L.M.S.]
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824.13
HIPPOCAMPAL ENERGY METABOLISM IN MOTOR FUNCTION AND 
SPATIAL MEMORY: DIPOLES OF EFFICIENCY IN YOUNG AND OLD 
C57BL/6 MICE. A, Uecker1*, F. Gonzalez-Lima2, A. Cada2, and E.M. Reiman1. 
1 Dept. Psychiatry, Univ. of Arizona,2 Dept. Psychology, Univ. of Texas.

The hippocampus is a region of interest in aging due to its association 
with learning and memory. This region was examined further in 13 male 
C57BL/6 mice (6 = 24 mos and 7 = 12 mos) using a behavioral battery that 
included the Morris water maze and several measures of spontaneous motor 
activity and 14-C 2-fluorodeoxyglucose autoradiography, a functional marker 
of local neuronal activity. In comparison to the younger animals, the older 
animals had significantly reduced performance on the place memory version 
of the Morris water maze (p<.05) and had significantly reduced hippocampus 
metabolism in the resting state. Although there was no difference between 
the groups in swim speed down a straight alley or in the cue memory version 
of the Morris water maze, the older animals demonstrated less spontaneous 
locomotion during an open field task (p < 0.05). A correlation between 
spontaneous locomotion and place memory performance in the aged but not 
young group of mice precludes a strict interpretation of the Morris water 
maze as a learning and memory task. Additionally, an inverse correlation 
(wheel running r = -0.88, open field r = -0.81, and place memory r = -0.53) 
between spontaneous locomotion and hippocampus metabolism in the young 
but not the aged group of mice advocates a sensory motor interpretation to 
the problem of decreased hippocampal function in aging. Hippocampus 
glycogen metabolism has also been shown to decrease as a consequence of an 
animal's locomotion in the environment (Uecker et al., 1997). Thus, the lack 
of an association between hippocampus energy use and locomotion in the 
older mice highlights their independent relationship between hippocampal 
hypometabolism and sensory motor function. [MH43353 and Flinn Found.]

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—SEX

825.1
SEX DIFFRERENCES IN A SPATIAL NAVIGATION TASK WITH 
INTERMITTENT DISTAL SOUND CUES. R.E. Bowman. E.J. Moseley. J.L. 
Voiker, M.J. Sedevic* and’M.C. Zrull. Depts. of Psychology and Biology, 
Appalachian State University, Boone, NC 28608.

In navigation tasks designed to assess spatial learning and memory, distal 
visual cues typically provide the only, or major, source of information about the 
location of a goal objective. In this study, the generalizability of sex differences 
reported for visuospatial tasks to a task in which intermittent pairs of distal noise 
bursts (2x125 ms, 2-16 kHz, 50 dB) provided cues about the correct navigation route 
and goal was examined. Prior to experiments, brain organization was manipulated 
during development, to produce groups of normal (FCON, n=8) and masculinized 
(FEST, w=10, 5x10 pg estradiol benzoate) female, and normal (MCON, n=8) and 
demasculinized (MCAS, n=8, bilaterally castrated) male hooded rats. In Experiment 
1, the adult rats navigated through various, modified Hebb-Williams mazes (16 
sessions of 4 trials, mazes randomized within sessions) to obtain a water reward. 
MCON and FEST animals averaged fewer blind alley errors for both first (-21%) 
and subsequent (-63%) encounters with any particular maze than FCON and MCAS 
rats (p<.05). In Experiment 2, navigation was examined following injections of the 
vehicle only or testosterone propionate (TP, 250 pg) 72, 48, 24 hr prior to and each 
48 hr during 2 series of 16 sessions. While FCON, FEST and MCAS animals 
averaged fewer blind alley errors for both first (-36%) and subsequent (-30%) trials 
for mazes after TP injections, MCON rats made more errors for first (+89%) and 
subsequent trials with any particular maze after TP injections (p< 05). Results of 
Experiment 1 suggest that sex differences attributed to organizational effects of sex 
steroids can be generalized from visuospatial to acoustospatial navigation tasks. The 
results of Experiment 2 indicate that testosterone may have an activational effect on 
spatial navigation with excessive levels resulting in a decline in task performance. 
(Supported by a URC grant (ASU) and partially by NIDCD grant DC02476.)

825.2
THE RADIAL ARM MAZE: RELATIONSHIPS BETWEEN WORKING AND 
REFERENCE MEMORY. L. A. Hyde* and V. H. Denenberg. Biobehavioral 
Sciences Graduate Degree Program, University of Connecticut, Storrs, CT 06269

Many researchers have utilized the radial arm maze in order to assess working and 
reference memory in rodents. In a water version of the 8-arm radial maze, we 
examined differences in maze acquisition in which either 4 or 7 of the arms were 
reinforced with escape platforms (which were removed from the maze after each 
was located), in order to determine if working memory was affected by the amount 
of reference memory information also present in the task. Female BXSB mice were 
tested in the 4/8 (N=35) or 7/8 (N=15) condition once a day for 12 days. During the 
2nd, 3rd, and 4th choices of each daily session, mice in the 4/8 condition made 
significantly more working memory errors and had higher asymptotes than those in 
the 7/8 condition, even though, in theory, the probability of committing a working 
memory error is identical for both conditions. During the last 4 choices of each 
condition, the number of arms with and without platforms were identical, but the 
combination of working and reference memory needed to choose accurately was 
different. Mice in the 4/8 condition made significantly less total errors than mice in 
the 7/8 condition during the last 4 choices. In each condition, there was an identical 
amount of information to be retained to solve the maze, but the amount of each type 
of memory needed to retain the information was different The presence of 
reference memory, in addition to working memory, in the 4/8 condition retarded 
radial arm maze acquisition as measured by working memory errors, but aided 
learning as measured by total number of errors when compared to the 7/8 condition 
which required mostly working memory. These results suggest that working 
memory is highly dependent upon reference memory and that the ratio of working to 
reference memory requirements in the radial arm maze can have a major effect upon 
learning. Further, an apparent deficit in working memory in the radial arm maze 
may not be due to a problem with working memory, but instead, may be due to an 
increased susceptibility to the influence of reference memory. Supported in part by 
NIH grant HD-20806.

825.3
FEMALES ACQUIRE A WATER VERSION OF THE RADIAL ARM MAZE 
FASTER THAN MALES H.A. Bimonte & V.H. Denenberg* Biobehavioral 
Sciences Graduate Degree Program, University of Connecticut, Storrs, CT 06269.

Our laboratory has developed a water version of the 8-arm radial maze for the 
mouse (Hyde, Sherman, and Denenberg, Soc, Neurosci, Abs..l996) which we have 
extended to the rat. Because the land version of the radial arm maze typically finds 
males to be superior to females, we assessed both sexes in our study. Five male- 
female littermate pairs of Purdue-Wistar rats from our closed colony were trained 
on a water version of the 8-arm radial maze for one session per day for 12 days. 
Hidden platforms were located in 4 of the 8 aims at the start of the session, thus 
allowing us to quantitate working and reference memory errors. Rats swam through 
the maze until a platform was located, at which time the rat was returned to its 
home cage and the platform removed from the maze. We used Jarrard’s (1993) 
working memory correct, working memory incorrect, and reference memory 
measures. The first two measures were also summed to yield a working memory 
total error score. The females made less total working memory errors than the 
males, an unexpected finding (p<08). For reference memory errors, females had 
more systematic elimination of errors early on, but asymptoted at a higher level 
(Sex x Trials interaction pc.Ol). To further investigate these sex differences, a 
second, larger experiment was performed. Ten male-female littermate pairs were 
tested as described above. Females made significantly fewer working memory 
correct errors cm days 1 through 6, indicating superior acquisition (pc.Ol). There 
were no differences in reference memory errors. These results are contrary to 
expectations, as the land version of the radial arm maze typically reveals a sex 
difference favoring males in overall performance. In contrast, our water version of 
the radial arm maze indicates superior female performance. The opposing sex 
differences observed between the land and the water version may be due to the use 
of an appetitive reinforcer (food) versus an aversive reinforcer (escape from water).

825.4
PRELIMINARY EVIDENCE THAT THE Y-CHROMOSOME AFFECTS THE BEHAVIOR OF 
FEMALE OFFSPRING.

Blair Hopliyht*, L E Mobraaten, and Victor H.Denenberg Biobehavioral Sciences 

Graduate Degree Program, U-154, University of Connecticut, Storrs, CT 06269: Jackson 
Laboratory, Bar Harbor, ME 04609

The BXSB-Yaa recombinant inbred mouse strain was derived from a cross 
between a C57BI/6 female and an SB/Le male. After this strain was well established, a 
consomic strain was formed by crossing a BXSB female to a C57BI/6J male, followed by 
9 generations of backcrossing male progeny to female BXSBs. In theory, the two strains 
are identical except for different Y-chromosomes, though it is recognized that there 
may still be autosomal differences present. This consomic strain is designated as 

BXSB-Yaa+. Behavioral studies have found some notable differences between the 
strains, including unexpected differences between female offspring of the two male 
sires (Denenberg et al., Developmental Brain Research,1996,93, 100-108; Schrott et 
al., Brain, Behavior, and Immunity, 1993,205-223). These differences were thought to 
be due to the few remaining nonhomologous autosomes. To confirm this finding, 
backcrossing of BXSB-Yaa+ males to BXSB females was continued to the N24 

generation (thus eliminating the chance of autosomal differences). Both N24 BXSB- 
Yaa4' males and BXSB-Yaa males were then mated to BXSB females. Upon reaching 

adulthood, 73 female offspring were given a battery of behavioral tasks, including the 
spatial version of the Morris water maze. Females with lathers having the SB/Le Y- 
chromosome were less efficient in solving the Morris maze task than were females from 
lathers having the C57BL/6 Y chromosome. This finding implies that the Y 
chromosome of the lather can affect the behavior of their female offspring. Supported, 
in part, by NIH grant HD 20806
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825.5
XY FEMALES ARE BETTER AT MORRIS MAZE LEARNING THAN 
xx FEMALES: A REPLICATION. A, I, Seaman* and Y, H, .Denenberg. 
Biobehavioral Sciences Graduate Degree Program. University of 
Connecticut, Storrs CT 06269.

This study replicates findings that the Y chromosome affects spatial 
ability (Seaman & Denenberg, Soc. Neurosei, Absts. 1996). The Mus 
domesticus poschiavinus Y chromosome has been transferred onto the 
C57BL/6Ei genome. This cross results in morphological female 
offspring that are either XX or XY genotypes, and XY male offspring 
that are pseudohermaphrodites. Comparison of the XX and XY females 
allows us to determine what effect the Y chromosome may be having 
on non-reproductive behavior. Visuospatial learning was assessed via 
the Morris water maze task. The current study has replicated our 
earlier finding that the Y chromosome affects spatial ability. Significant 
differences in spatial learning were found with XY females 
demonstrating superior performance to XX females. However, these 
groups did not differ significantly on open-field ambulation or water 
escape performance. These data suggest that spatial performance is not 
dependent on the phenotype of the animal, but rather on the presence 
of the Y chromosome. Preliminary testosterone assays have shown no 
detectable level in either of these female groups. This replication 
demonstrates that the effects of the Y chromosome on spatial ability are 
robust and reliable.

825.6
EFFECTS OF OVARIAN STEROID HORMONES ON RAT WATERMAZE PERFORMANCE AND BRAIN 
NITRIC OXIDE: SEXUAL DIMORPHISM IN COGNITIVE STYLES. J.J. Furedv*, L. Kanit, 0. 
Taskyran, 0. Yilmaz, B. KulalV, S. Demirgoren and S. Pogun. Ege Univ. Center for Brain 
Research and TUBITAK Basic Neuroscience Research Unit, Bornova, Izmir, Turkey.

Sex hormones have organizational and activational effects on brain development and function 
resulting in sexually dimorphic cognitive styles. We have previously shown that despite absence 
of cognitive ability differences, male and female rats prefer different cognitive strategies in a 
water maze (WM) task if presented with a choice (Kanit et al, '96). The effect of nitric oxide 
on WM performance has been documented (Demirgoren and Pogun, '95) and recently we have 
shown regional sex differences in metabolites of nitric oxide, nitrate/nitrite, in rat brain and their 
sensitivity to ovariectomy in female rats (Taskyran et al., '97). The present study was 
undertaken to study the effects of ovariectomy and hormone replacement on cognitive 
performance in a WM task and brain nitrite/nitrate levels in Sprague Oawley rats (n-48). The 
experimental groups were as follows: Intact male (M) and female (F), ovariectomized female that 
received the vehicle (OVX), 50mg/kg oestradiol (OVX+E), 2 mg/kg progesterone (OVX+P) and both 
(OVX+EP). Behavioral testing started 3 weeks after surgery; hormone replacement started with 
behavioral testing and continued until the termination of testing (15 days). Rats were decapitated 
24 hrs. after termination of behavioral testing and nitrite/nitrate levels were determined in cortex 
and hippocampus. In accordance with our previous findings, Ms and Fs differed in their cognitive 
style. The behavior of OVX and OVX+P rats were similar, although not identical, to the Ms. 
OVX+E and OVX+EP rats behaved like Fs, indicating the role of E in female cognitive style. 
Nitrite/nitrate levels were lower in Fs than Ms specifically in the cortex. OVX caused a further 
decline which was restored by E and EP but not by P alone. There was a positive correlation 
between performance on the trial where sex differences were most prominent and nitrite/nitrate 
levels in the cortex. Our results suggest a biobehavioral connection between brain nitric oxide 
and the cognitive style preferences that produce sexually dimorphic behavior.

This study was supported by SBAG-U/15-1 from the Scientific and Technical Research Council 
of Turkey (TUBITAK).

825.7
EFFECTS OF PRIOR ESTROGEN EXPOSURE ON RADIAL 
MAZE ACQUISITION IN FEMALE RATS. J. M. Daniel*, A. L. 
Spencer, and G, P. Dohanich. Department of Psychology, 
Tulane University, New Orleans, LA 70118.

In a previous experiment, estrogen administered to 
ovariectomized rats 30 days prior to maze training significantly 
improved working memory performance in the radial arm maze. 
The present experiment examined the effects of varying 
durations of prior estrogen exposure on acquisition of an 8-arm 
radial maze and the persistence of these effects beyond the 
period of exposure. Adult rats were ovariectomized and 
implanted with 5-mm Silastic capsules containing either 100% 
cholesterol (CHOL) or 25% estradiol diluted with cholesterol 
(E2). Females were exposed to one of the following treatments: 
1) E2 for 30 days, 2) CHOL for 30 days, 3) CHOL for 22 days 
followed by E2 for 8 days, or 4) E2 for 8 days followed by 
CHOL for 22 days. All capsules were removed one day prior to 
initiation of training. During 24 days of maze training with all 
arms baited, females exposed to 30 days of E2 or to E2 for 8 
days followed by CHOL for 22 days made significantly more 
correct arm choices than females exposed to CHOL only. These 
results indicate that 8 and 30 days of prior estrogen exposure 
are equally effective and that the positive effects of estrogen 
persist well beyond the period of exposure.
NSF award BNS-9514816.

825.8
EFFECTS OF GONADAL HORMONES AND ENVIRONMENT 
ON WATERMAZE PERFORMANCE OF FEMALE RATS. S. L. 
Roberts*, L, Verbois, S, C. Wolff, P, M, Gallrtgly, A, B, Wecker,
and G. P. Dohanich. Department of Psychology, Tulane 
University, New Orleans, LA 70118.

The independent and interactive effects of gonadal hormones 
and environment on performance in the Morris watermaze were 
determined in adult female rats. Long-Evans female rats were 
ovariectomized (n = 19) or sham-ovariectomized (n = 19) at 35 
days of age and then housed in complex environments (n = 20) 
or in isolation (n = 18). After 1 month, all females received 24 
days of training in an 8-arm radial maze [see Daniel et al. (1996), 
Neurosei, Abs?22:1386 (547.7)]. Place training for 16 days in the 
Morris watermaze followed radial arm maze training. Each 
female received 2 place training trials daily separated by 2 
minutes during which latency to escape to a hidden platform was 
recorded. A probe trial with the platform absent was conducted 
for 1 minute every other day. Cued trials with a marked platform 
were conducted on 4 days following place training. Compared to 
the 3 other groups, intact females housed in isolation had 
significantly longer escape latencies on place training trials, and 
fewer platform crossings and shorter target quadrant times on 
probe trials. Escape latencies did not differ between groups on 
cued trials. Results indicate that gonadal secretions impair 
watermaze performance while exposure to a complex 
environment prevents this impairment. NSF award BNS-9514816.

825.9
EFFECTS OF ESTROGEN AND SCOPOLAMINE ON A 
RADIAL MAZE TEST OF WORKING AND REFERENCE 
MEMORIES. A. J. Fader*, P. E. M. Johnson, and G. P. 
Dohanich. Psychology, Tulane Univ., New Orleans, LA 70118.

Our laboratory has found that in female rats, estrogen 
improves acquisition of working memory tasks such as the T 
maze and 8-arm radial maze. Estradiol also prevents working 
memory impairments produced by the muscarinic receptor 
blocker scopolamine. In order to assess the impact of estrogen 
on acquisition of a task that measures both working and 
reference memory, ovariectomized rats were implanted 30 days 
prior to training on an 8-arm radial maze with Silastic capsules 
containing estradiol (25%) and cholesterol (75%) or cholesterol 
alone. Implants remained in place for 32 days of acquisition. 
With 4 of 8 arms of the maze baited, significantly fewer errors 
were committed by estradiol-treated females on the working 
memory component of the task. Estradiol did not affect 
reference memory. On day 33, scopolamine hydrobromide (0.2 
mg/kg ip) caused a significant increase in number of working 
memory errors committed by cholesterol-treated rats, but 
estradiol-treated females showed no performance impairments. 
None of the subjects displayed an increase in reference 
memory errors after scopolamine injection. These data confirm 
that estrogen can improve acquisition of working memory tasks 
and prevent impairments in the performance of these tasks 
produced by muscarinic blockade. NSF award BNS-9514816

825.10
CHARACTERIZATION OF SPATIAL BEHAVIOR AND 
HIPPOCAMPAL ELECTROPHYSIOLOGY zIN MALE ESTROGEN 
RECEPTORa- MINUS MICE. H.N.Fugger*1, P.A. Schiml2, E.F. 
Rissman.1 >2 and T.C. Foster J ^Neuroscience Graduate Program,^Department of 
Biology and 3Department of Psychology, Univ. of Virginia, Charlottesville, VA 
22903

Recent evidence has been presented to suggest that gonadal steroids act on 
the hippocampus to influence cognitive function. Electrophysiology and behavior 
were examined in estrogen receptora- minus (-/-) and wildtype (+/+) male mice. To 
assess the mechanism for the role of estradiol in spatial memory performance, male 
(2-3 mo) +/+ and -/- mice were gonadectomized at least 2 weeks prior to being 
tested on the Morris water task. Eighteen mice of each genotype were administered 
20 pg injections of estradiol or oil vehicle. A repeated measures ANOVA indicated 
learning across trials for all groups. There was a tendency for -/- mice to perform 
better on the task. Simple effects ANOVAs indicated only +/+ mice treated with 
estradiol showed increased performance relative to +/+ mice administered oil vehicle.

Following behavioral characterization, CA3-CA1 physiology was 
examined in a hippocampal slice preparation. Population spike responses were 
recorded in the cell body region of CA1. Population spike area was observed to 
increase following bath application of estradiol (10'8 M ) to +/+ male hippocampal 
slices. The results provide information about the role of the estrogen receptora 
during development as well as the role of estradiol in the adult on spatial behavior. 
The -/- genotype exhibited a similar or increased rate of learning suggesting estradiol 
may not be necessary for the development of hippocampal dependent behaviors. 
However, estradiol can alter cell excitability in the adult male +/+ hippocampus 
indicating that estradiol acts directly on CA1 cells to rapidly influence neural 
activity. Supported by NS3183O to TCF and NSF grant IBN-94121605 to EFR.
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825.11
CHARACTERIZATION OF THE INFLUENCE OF OVARIAN HORMONES 
ON SUSTAINED ATTENTION: CORRELATIONS WITH ESTROUS CYCLE, 
EFFECTS OF OVARIECTOMY AND INTERACTIONS WITH CORTICAL 
CHOLINERGIC DEAFFERENTATION. J, McGaughy* and M, Sarter. Dept. 
of Psychology, The Ohio State University, Columbus, Ohio 43210.

The precise cognitive correlates of fluctuations in ovarian hormone levels 
during the menstrual cycle and menopause remain unsettled. If ovarian 
hormones affect cognition, attentional functions are expected to be highly 
sensitive to ovarian manipulations. Furthermore, the neuronal mechanisms 
mediating the putative cognitive effects of ovariectomy and estrogen 
supplementation are unclear. The role of ovarian hormones in attention was 
assessed in rats using a previously validated operant procedure designed to test 
sustained attention (McGaughy & Sarter 1995). Hypotheses about estrous cycle- 
correlated performance changes and about the effects of ovariectomy were 
tested. Furthermore, the hypothesis that ovariectomized rats are partly protected 
from the detrimental attentional effects of cortical cholinergic deafferentation 
was examined (McGaughy et al. 1996). Female rats underwent ovariectomy or 
sham-ovariectomy prior to training in the sustained attention task to determine 
the effects of loss of ovarian hormones on acquisition. After the animals’ 
performance stabilized, the performance across the phases of the estrous cycle 
was determined. Afterwards, ovariectomized and control animals received intra- 
basalis infusions of the immuno-cholinotoxin 192 IgG-saporin or its vehicle. The 
results from these experiments form the basis for a rigorous assessment of the 
role of cortical acetylcholine in the attentional effects of ovarian hormones. 
Supported by PHS Grants MH01072, NS32938, AG10173

825.12
SEX DIFFERENCES IN AN ANIMAL MODEL OF AN ALCOHOL- 
RELATED DISORDER: WERNICKE-KORSAKOFF SYNDROME. 
K.M. Knitowski*, J.M. Maddux, H.L. Hohmann, & L.M. Savage.
Behavioral Neuroscience Program, Department of Psychology,
State University of New York, Binghamton, NY 13902.

Research suggests that women are over-represented in populations
exhibiting some forms of alcohol-induced neuropathology (Nixon, 
1994; Wagner-Glenn, 1993), particularly Wernicke-Korsakoff 
Syndrome (WKS). WKS is characterized by acute neurological 
disturbances, diencephalic neuronal loss, and chronic memory 
impairment. Pyrithiamine-induced Thiamine Deficiency (PTD), an 
established model of both acute and chronic WKS symptomatology 
(see Langlais, Zhang & Savage, 1996), was used to investigate sex 
differences in susceptibility to the neurotoxic effects of thiamine 
deficiency. Analysis of the acute neurological data revealed that PTD 
female rats, displayed signs of seizure activity 9.59 hours earlier, and 
lost a greater percentage of body weight (18.9 vs. 12.5), relative to PTD 
male rats. Gross neuropathological analysis revealed that both male 
and female rats exposed to PTD had decreased frontal cortical thickness 
and decreased thalamic mass. Working memory was assessed in both 
the Morris water maze and the radial arm maze. Although PTD groups 
were initially impaired on both tasks, there were no sex differences and 
PTD rats eventually mastered the task. In conclusion, following PTD 
treatment sex differences demonstrating increased female susceptibility 
were confined to acute neurological measures, suggesting more rapidly 
developed, but not more severe, thiamine deficiency-induced 
pathology.

[This project was funded by a SUNY faculty grant awarded to L.M.S]
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826.1
MICROCIRCUITS OF D1-POSITIVE CELLS IN THE PIGEON’S 
‘PREFRONTAL’ CORTEX AND THEIR ROLE IN WORKING MEMORY 
TASKS. O. Giinturkun*, D. Durstewitz, S. Kroner and A. Szpiegel. AE 
Biopsychologie, Fakultat fur Psychologie, Ruhr-UniversitSt Bochum, 
44780 Bochum, Germany.
Previous studies make it likely that the Neostriatum caudolaterale (NCL) 
of pigeons is equivalent to the mammalian prefrontal cortex (PFC) due to 
its similarities in connectivity, chemoarchitectonics, and function. PFC is 
characterized by a large number of D1-positive cells. We studied D1-cells 
of the NCL with antibodies against DARPP-32, a phosphoprotein related 
to D1 (kindly provided by H. C. Hemmings Jr.). DARPP-32 was abundant 
in basal ganglia, intermediate in association areas like NCL and almost 
absent in primary sensory structures. About one third of DARPP-32- 
positive NCL neurons received basket-type catecholaminergic input. 
DARPP-32 and GAD was never colocalized and in no case could a 
cooccurrence of GAD-labelling and basket-type input be observed. Thus, 
dopamine exert its effects primarily by modulating excitatory NCL- 
neurons. To test the functional importance of D1-cells within NCL, 
pigeons were trained in a labyrinth with 16 chambers in which reference 
and working memory performance could be tested separately. After 
reaching criterion, microcannulae were implanted in NCL and either 
saline or SCH23390, a D1 antagonist, was injected. Working memory 
performance declined selectively after SCH23390 injections without 
further cognitive pertuberations. Thus, D1-cells in the NCL seem to play a 
key role in mediating working memory functions in pigeons, similar to the 
PFC of mammals.
Supported by the Deutsche Forschungsgemeinschaft and the Alfried 
Krupp zu Bohlen und Halbach-Stiftung.

826.2
STRIATAL LESIONS BUT NOT HIPPOCAMPAL LESIONS IMPAIR 
RELATIONAL CATEGORIZATION LEARNING IN PIGEONS. IL 
Fremouw*. Dept. of Psychology, University of Utah, 
Salt Lake City, UT 84112.

Eichenbaum and his colleagues have suggested 
that the hippocampal system is responsible for 
flexible, relational processing. The present study 
explored this notion using a categorization task 
developed by Ashby and his colleagues in which a 
subject learns to optimally categorize multi-
dimensional stimuli based on a relation between 
stimulus features. In the present study, pigeons 
were given hippocampal, striatal, or sham lesions 
and were then trained to categorize visual stimuli 
composed of a vertical and a horizontal line (the 
left and bottom edges of a rectangle). The task 
was set up so that optimal categorization occurred 
if a bird made a left response to any stimulus that 
was "taller than wide" and a right response to any 
stimulus that was "wider than tall". Categorization 
by hippocampal lesioned birds did not differ from 
sham operated birds and was approximately optimal, 
while preliminary data indicate that the caudate 
lesioned birds categorized stimuli at highly 
suboptimal levels. At day 40, after both 
hippocampal and sham birds had reached stable 
levels of performance, the stimuli were rotated 180 
degrees. Both the hippocampal and the sham groups 
were unaffected by this stimulus rotation, 
suggesting both groups could utilize their 
knowledge of the categories in a flexible fashion. 
Supported by NIMH NRSA-MH11451.

826.3
HOMING PIGEON SPATIAL RELATIONAL LEARNING IS AFFECTED BY 
HIPPOCAMPAL LESIONS. A. R, White, R, Strasser * and V. P, Bingman. 
Psychology Dept., Bowling Green State Univ., Bowling Green, OH 43403.

A global account of the amniote hippocampal formation (HF) continues to be a 
focus of numerous studies. Recently, Bingman and colleagues (Soc. Neurosci, 
abstract, 1996) examined non-spatial relational learning in HF-lesioned homing 
pigeons, using a task that produces deficits in HF-lesioned rodents, and found that 
the avian HF is not critical for this type of learning. The importance of the avian 
HF for spatial cognition has been well documented (Bingman et. al., 1995). Indeed, 
learning the relationship among familiar landmarks may aid pigeons in returning 
home. To test if homing pigeons can use the relations among landmarks to find a 
goal in the laboratory, control pigeons and pigeons with lesions to the HF were 
required to learn a spatial relational task. Three colored food bowls (red, green, and 
yellow) were located in the test room, however, only one bowl contained hidden 
food. The positions of the bowls were randomly chosen for every trial. The food 
containing bowl was determined by the relations among the landmarks in the room 
which had two possible arrangements. If the landmarks were in the first 
arrangement (1,2,3,4,5) the red bowl contained food. If the landmarks were in the 
second arrangement (1,4,2,5,3) the green bowl contained food. The yellow bowl 
never contained food in either condition. Pigeons were given 5 randomly selected 
trials in both conditions a day. Bowl choices were scored until the birds pecked in 
the correct bowl and discovered the hidden food. Training ended when a pigeon's first 
choice was to the correct food containing bowl on 80% of the trials for 3 
consecutive days, with a maximum for 22 days of training. Preliminary results 
reveal that control pigeons learn the task (mean = 13 days), however, HF-lesioned 
pigeons never appear to make the discrimination and do not seem to improve by the 
end of the 22 days. Together, with past studies that show that non-spatial relational 
learning is unaffected by HF-lesions in birds, our results can best be interpreted as a 
deficit in spatial cognition.

Grant #MN52315

826.4
INHIBITION OF AROMATASE IN ZEBRA FINCHES IMPAIRS SPATIAL 
MEMORY PERFORMANCE AND HIPPOCAMPAL STRUCTURE. I: 
BEHAVIOR. N. S. Clayton*1. K. Sanford1. C, J. Saldanha2 & B. A, 
Schlinger2. 1 Section N.P.B., UCD, Davis CA 95616.
department of Physiol. Sci., UCLA, Box 951527, Los Angeles CA 90095. 
There is evidence that estrogens can influence memory function in humans and 
other vertebrates. Songbirds have exceptional spatial memories. They also 
express aromatase (estrogen synthetase) in high amounts in the hippocampal 
formation (HF), an area of the dorsomedial forebrain that is known to play a 
key role in spatial memory. Presumably, estrogens formed in the songbird HF 
may influence memory function. To test this hypothesis, 24 adult zebra 
finches were trained on a hippocampally-dependent memory task. Birds were 
trained daily to return to a 20 x 10 cm experimental tray that contained seed 
hidden under 1 of 7 flaps. Food was placed in the same location on every trial 
and birds had to remember the spatial location to relocate the food. We recorded 
the number of flaps that a bird removed within 5 min. to find the food per trial. 
After 20 trials, all birds made significantly fewer looks to find the food than 
that predicted if the bird were searching at random. Birds were then treated with 
either saline (CON), the aromatase inhibitor Fadrozole (FAD), or estradiol 
(EST). The treatments had no effect on a bird's ability to remember a spatial 
location that had been learned prior to the treatment. However, FAD-treated 
birds were incapable of learning a new location, at least within 20 trials. CON 
and EST birds learned the new task. To test whether the effects of FAD were 
cumulative, or whether FAD only affects a bird's ability to learn a new spatial 
location, birds were re-tested on the original tray set A for a further 10 trials. 
All groups performed significantly better than chance. These data suggest that 
inhibition of estrogen synthesis impairs the acquisition, but not storage, of new 
spatial memories, suggesting a functional role for HF aromatase in this species. 
Supported by UCD Alzheimer’s Disease Center & CA Dept. Health 95-23342.
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826.5
INHIBITION OF AROMATASE IN ZEBRA FINCHES IMPAIRS 
SPATIAL MEMORY PERFORMANCE AND HIPPOCAMPAL 
STRUCTURE II: ANATOMY. CJ Saldanha'*, NS Clayton2, K Sanford2 & 
BA Schlinger1. ‘Dept of Physio. Sci. & LNE, BRI, UCLA, Los  Angeles, CA 
90095&^Program NPB, UC Davis, Davis, CA 95616.

Estrogens exert potent effects on the vertebrate hippocampal formation 
(HF). In birds the HF plays a critical role in spatial memory. In the zebra 
finch (ZF), the HF contains high aromatase (estrogen-synthetase) activity 
and mRNA, suggesting that locally formed estrogens may modulate HF 
structure and function. We treated adult ZF with either saline (CON), the 
aromatase inhibitor fadrozole (FAD), or estradiol (EST) for 35 days during 
which the subjects were tested for performance on a spatial memory task 
(see Clayton et al., ‘97 Soc Neuro Abstr). All birds were perfused and the 
brains sectioned at 40p.m. Every fifth section was stained with thionin and 
the volume of the HF, HF cell number and soma size were measured. FAD 
dramatically decreased HF volume relative to telencephalic volume 
compared to CON and EST birds (by approx. 30%). However, no 
differences were detected in either cell number or size. Thus, FAD may 
affect a subpopulation of HF cells, and/or the arbors of HF cells. Sections 
were stained with an antibody against calbindin D28K (CaBp), a calcium 
binding protein abundantly expressed in the vertebrate HF and thought to 
modulate presynaptic transmission. HF neurons (125-150 per group) were 
sampled for measures of soma size and a camera lucida was used to draw 
the arbors of 20-25 neurons per group in 40pm sections. The soma size of 
CaBp-expressing neurons did not differ across groups, however, FAD birds 
had significantly shorter CaBp-expressing dendrites compared to CON and 
EST birds (approx. 50%). Estrogen may be necessary to maintain optimal 
HF structure, in part by regulating the dendritic arbors of CaBp neurons in 
the songbird. Supported by CA Dept of Health 95-23342 and UC Davis 
Alzheimers Disease Center.

826.6
THE EFFECTS OF HIPPOCAMPAL AND NEOSTRIATAL LESIONS ON 
TEMPORAL PROCESSING IN PIGEONS TESTED WITH A PRODUCTION 
PROCEDURE. J. M. Dose*1 & P. J. Kraemer2. Depts. of Psychology, ’St. Norbert 
College, De Pere, WI 54115 and the University of Kentucky, Lexington, KY 40506.

Previous research from our lab has shown that the use of a temporal discrimination 
procedure minimally disrupts temporal processing in the pigeon. In order to analyze 
comprehensively the role of the avian hippocampus in temporal processing, pigeons 
ability to judge a fixed duration using a production procedure was examined. During 
the training phase, each pigeon (N=15) received daily sessions composed of 48 trials. 
A trial was defined as the appearance of the duration signal (white houselight located 
in the center of the ceiling). The first response to the red key 30-s after the duration 
signal appeared produced 3-s access to grain and terminated the duration signal. All 
other responses to the red key had no programmed effect. Test sessions began once 
the pigeons showed a negatively accelerated response function. Test sessions 
differed from training sessions only with respect to a change in the nature of six of 
the 48 trials. On these probe trials, the duration signal was extended to 60-s and 
responding to the red key had no effect (i.e., reinforcement was omitted). Following 
preoperative testing, pigeons were randomly assigned to one of three lesion groups: 
sham surgery, bilateral hippocampal lesion, or bilateral neostriatal lesion. Following 
a seven day recovery, all birds received an additional four blocks of testing. 
Histological analysis revealed no difference in the total amount of tissue removed 
from either hemisphere between the hippocampal and neostriatal lesion conditions 
and no difference in the mean percent intact hippocampus between the right and left 
hemispheres. Pre- and post-lesion test performance showed a gradual acceleration 
in responding to a peak near the 30-s signal duration, at which point the response rate 
declined; there was no difference in peak duration or peak rate between the three 
groups. Results will be discussed in terms of processing differences in the avian and 
mammalian hippocampal systems.

826.7
EFFECTS OF HIPPOCAMPAL DAMAGES TO DISCRIMINATION TASKS IN 
PIGEONS. S.Watanabe* Dept.of Psychology, Keio University,Tokyo 108, 

Japan
Effects of hippocampal damages were examined in four different 

operant tasks. 1) Delayed alternation, 2) DRL( Differential 
Reinforcement of Law rate), 3) Spatial autodiscrimination, and 4) 
Color autodiscrimination. In the first task, pigeons were trained to 
peck two keys alternatively with darkend delay period. The delay 
period was gradually increased up to 8 sec. The subjects maintained 
this discrimination after the bilateral hippocampal lesions. The 
lesions did not impair behavior under DRL 10 sec in which the 
subjects had to withhold responding for 10 sec to get reinforcement.

The subjects received the hippocampal lesions before behavioral 
training in the autoshaping tasks. In the spatial autodiscrimination 
task, presentation of one of the two keys was followed by presentation 
of a food hopper while that of the other key was not. The pigeons with 
hippocampal damages showed severe deficits in acquisition of this task. 
On the other hand, they did not show deficits in acquisition of the color 
autodiscrimination in which one of the two colors on a single key was 
followed by presentation of the hopper. These results suggest that 
pigeon’s hippocampus has an important role in acquisition of spatial 
discrimination

826.8
INTERCONNECTIONS OF THE DORSOCAUDAL NEOSTRIATUM WITH 
FOREBRAIN AREAS RELEVANT TO LEARNING IN THE DOMESTIC CHICK
M. Metzger* and K. Braun Fed. Inst, for Neurobiol. 39118 Magdeburg, Germany

Domestic chicks have been extensively used as an experimental model to study 
the basic brain mechanisms that underlie auditory and visual filial imprinting. 
Whereas the mediorostral neostriatum/hyperstriatum ventrale (MNH) seems to be 
crucially involved in auditory imprinting, the intermediate and medial part of the 
hyperstriatum ventrale (IMHV) seems to be particularly involved in visual 
imprinting. In addition a distinct part of the dorsocaudal neostriatal complex (dNC 
complex), termed neostriatum dorsocaudale (Ndc), has been implicated in both, 
auditory and visual imprinting. Since there is evidence that the dNC complex 
consists of several distinct subareas, which might be important relay stations for 
sensory input to the MNH and IMHV, we investigated the neural connections of the 
dNC complex by retro- and anterograde pathway tracing. Results indicate that the 
dNC complex consists of at least three major constituents, the neostriatum dorsale 
(Nd), the Ndc and the neostriatum dorsolaterale (NDL), which are characterized by 
their specific afferents from parasensorty areas of different modalities. Whereas the 
Nd is mainly reached by auditory inputs, including those from the output layers LI 
and L3 of field L, the Ndc receives visual inputs from the ectostriatal belt (Ep) and 
adjacent neostriatum (N), and the Ndl is innervated by the neostriatum ffontale, 
pars trigeminalis (NFT). Furthermore, both Nd and Ndc receive thalamic input 
from the n. dorsolateralis posterior (DLP), project to the IMHV and are reciprocally 
connected with the MNH and archistriatum intermedium (AI). Results indicate that 
the different subareas of the dNC complex may be integral components of a general 
pattern of sensory processing in the avian telencephalon. The strong 
interconnections between Nd, Ndc and MNH as well as IMHV may constitute 
essential parts of auditory and visual imprinting circuits.
Supported by the Deutsche Volkswagenstiftung.

826.9
STM & LTM IN WHITE-CROWNED SPARROWS & BLACK 
CAPPED CHICKADEES ON A SHORT PHOTOPERIOD. P.W. 
Lee*, N, Brown, S. Chato, & N.S. Clayton. NPB, UCDavis, Davis, CA, 95616.

Studies have found that short-term memory (STM) is independent, but 
various forms of long-term memory (LTM) depend upon the integrity of the 
hippocampus in a variety of species. The hippocampal formation of food 
storing birds 1) increases in volume and neurogenesis during fall; 2) is 
necessary for memory of spatial but not visual cued tasks; and 3) is larger 
than non-storers. In many cases, storers are better than non-storers at 
spatial learning tasks. Also, some species of food-storing birds spend more 
time caching, cache more items, and leave their caches for longer periods of 
time during fall than in spring indicating that LTM may be superior during fall. 
If LTM for spatial learning in food-storing birds is hippocampus-dependent 
but STM is not, storers should have superior LTM but not STM compared to 
non-storers especially when kept in short photoperiods. To test this, food-
storing Alaskan black capped chickadees (Parus atricapillus) and non-storing 
Californian white crowned sparrows (Zonotrichia leucophrys) were 
maintained on an 8:16 photoperiod and trained to search and remove string 
knots on the faces of 7 visually and spatially unique "peanut feeders" to find 
food hidden in 1 of the feeders. They were then tested either 5 or 90 min 
later. Seven new visually identical feeders were placed in the same spatial 
locations as those used during training; thus to find food birds could rely on 
spatial but not visual cues. Data indicated that 1) both species showed 
memory in fewer trials when given the short rather than the long interval; 2) at 
the long interval, chickadees showed memory in fewer trials than sparrows; 
and 3) overall, chickadees showed better memory for this task than 
sparrows. Results partially confirmed the hypothesis: compared to non-
storing sparrows, food-storing chickadees showed faster acquisition of LTM 
and superior STM and LTM for this spatial learning task.

Supported by NIMH grant MH11109-03 (DWL).

826.10
VISUAL RESPONSIVENESS IN THE HIPPOCAMPUS OF VISUALLY NAIVE 
AND IMPRINTED DOMESTIC CHICKS. ‘A.U. Nicol*, 2M,W. Brown and ‘G. 
Hom. ‘Dept. of Zoology, Cambridge University, CB3 8AA, U.K. and 2Dept. of 
Anatomy, Bristol University, BS8 1TD, U.K.

When a visually naive chick is exposed to one object for ~2h it learns to recognise 
that object via the process of imprinting and subsequently approaches that object in 
preference to others. The intermediate and medial part of the hyperstriatum ventrale 
(IMHV) is crucial to the underlying memory system (Hom, 1990, Phil Trans R. Soc 
Lond B 329). Exposure to an object increases the proportion of IMHV neurons 
responsive to that object (Brown & Hom, 1994, Eur J Neurosci 6; Nicol, Brown & 
Hom, 1995, ibid, 7). Some IMHV neurons discriminate the training stimulus from 
other stimuli. Others discriminate the colour or shape of the training stimulus. We 
have now recorded visual responses from hippocampal neurons.

Chicks (~24h old) were placed in a running wheel and trained for 2h with either a 
rotating red box (RB, n=7 chicks) or a rotating blue cylinder (BC, n=5 chicks). A 
third group (n=4 chicks) was reared in darkness (dark-reared). Each chick was 
prepared under anaesthesia for recording from the left hippocampus. Next day, while 
the chick was in the running wheel, the activities of single neurons (n=424) were 
sorted from multiunit activity and tested for responsiveness to the RB and the BC.

Irrespective of training condition, a higher proportion of neurons was responsive 
to the RB than the BC. Irrespective of stimulus, a higher proportion of neurons was 
responsive in RB-trained chicks than in BC-trained or dark-reared chicks. Thus in 
the hippocampus a specific training condition (RB-training) increases responsiveness 
non-specifically (i.e. to both stimuli). No neurons responded, selectively to the 
training stimulus and, although there were neurons which discriminated the colour or 
shape of the stimuli, their incidence did not reflect the training condition of the chick.

Thus the effect of imprinting on visual responsiveness in the hippocampus differs 
markedly from that in the IMHV. (Thanks to S. Pinnock. Supported by BBSRC, UK)
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826.11
VISUAL DISCRIMINATION AND NEGATIVE PATTERNING PERFORMANCE 
FOLLOWING BILATERAL ABLATION TO THE PIGEON HIPPOCAMPUS AND 
AREA PARAHIPPOCAMPALIS. Nicola J. Broadbent and M. Colombo*. Department 
of Psychology, University of Otago, Dunedin, New Zealand.

The avian hippocampus and area parahippocampalis (Hp-APH) is considered to be 
an anatomical homologue of the mammalian hippocampal formation. There is some 
uncertainty, however, as to whether the Hp-APH is also a functional homologue, given 
that pigeons with lesions to the Hp-APH are unimpaired on tasks such as visual 
delayed matching-to-sample and visual concurrent discrimination. To further 
investigate the role of the pigeon Hp-APH, we tested nine sham operated control and 
nine Hp-APH lesioned pigeons on three additional tasks known to be sensitive to 
hippocampal damage in mammals: retention of visual discriminations, reversal of 
visual discriminations, and negative patterning.

In Experiment 1, the pigeons were trained on a 6-pair concurrent discrimination 
task. Following a three week delay period, the pigeons were presented with each of 
the six pairs of stimuli in a single test session. There was no difference between 
control and Hp-APH pigeons in their ability to remember the S+ (rewarded) stimulus. 
In Experiment 2, the pigeons were trained on both the acquisition and reversal of three 
successive 6-pair concurrent discriminations. Once again, the performance of Hp-APH 
pigeons was no different to that of the control pigeons, either in terms of the 
acquisition or reversal of the visual discriminations. In Experiment 3, we examined 
the effects of Hp-APH lesions on performance of a negative patterning tasL In 
contrast to experiments with rats, pigeons with Hp-APH lesions were no different from 
control animals in their ability to solve this task. These results further support the 
premise that the pigeon Hp-APH may not be important for the processing and 
retention of purely visual information.

This research was supported by Health Research Council of New Zealand Grant 95/070.

826.12
ENCODING SUBJECT-OBJECT DISTANCE IN A VISUAL RECOGNITION 
MEMORY SYSTEM. A.U, Nicol1. M.W. Brown2 and G. Hom1*. 1 Dept. of 
Zoology, Cambridge University, CB3 8AA, U.K. and 2Dept. of Anatomy, Bristol 
University, BS8 ITD, U.K.

Young domestic chicks form a social attachment to their mother hen, or to an 
artificial surrogate such as a rotating red box (RB). This attachment depends on 
their learning its characteristics and subsequently recognising it (Bolhuis, 1991 Biol, 
Rev. £6, 303-345). The learning process involved, a form of perceptual learning, is 
known as imprinting. Imprinted chicks follow the familiar object when it recedes. 
This behavioyr implies that the chick's brain possesses a mechanism for detecting 
the distance between itself and its mother. What may be the neural basis of this 
mechanism? Dark-reared, day-old chicks were imprinted by exposing them to an 
RB for 100 min. Each chick was anaesthetised and then a recording chamber fixed 
to its skull. After the chick had recovered, recordings were made in single 
penetrations through the intermediate and medial hyperstriatum ventrale (IMHV), a 
brain region involved in storing information about die imprinted object (Hom, 1990 
Phil. Trans R. Soc, Lond.B 329, 132-142). The responses to the RB were recorded 
in the left (n=8 chicks) and right (n=8) IMHV as the distance, d between the chick 
and the RB was varied. Some neurons responded equivalently, irrespective of the 
subject-object distance (d-invariant); other neurons responded differently at different 
values of d (J-sensitive). Both types of responses were found in chicks with both 
eyes exposed and also in chicks with only one eye exposed (monocular chicks). The 
action potential shape of d-invariant neurons was different from that of other 
neurons. Finally, the spontaneous firing rate of some neurons was correlated with 
locomotor activity. Taken together with previous results these findings suggest that, 
in addition to its mnemonic functions, IMHV also has a major role to play in the 
sensory and motor-control aspects of imprinting. (Supported by BBSRC, U.K.)

826.13
CAUSAL LINK AMONG C-FOS, LTP, AND MEMORY 
FORMATION IN NEONATAL CHICK TELENCEPHALON 
S. YANAGIHARA1. T. YAGP and T. MATSUSHIMA*1 
'Graduate School of Bioagricultural Sciences, Nagoya Univ., Furo- 
cho, Chikusa-ku, Nagoya 464-01, Japan., 2Bio-Mimetic Control 
Research Center, The Institute of Physical and Chemical Research 
(RIKEN), 8-31, Rokuban 3-chome, Atsuta-ku, Nagoya 456, Japan.

Expression of an immediate early gene c-fos (Anokhin et al. 1991, 
McCabe and Hom 1994), as well as synaptic potentiation in local circuit (Bradley et 
al. 1991, Matsushima and Aoki 1995), have been supposed to underlie the initial 
stages of filial learning (imprinting and passive avoidance) in neonatal chicks. To 
examine a possible causal link between c-fos and potentiation, we quantitatively 
analyzed Fos-like immunoreactive (Fos-li) cells around the site of tetanic 
stimulation in slices of telencephalic IMHV (intermediate and medial hyperstriatum 
ventrale).

Tetanic stimulation (5Hz x 300 pulses) was required for potentiation, but 
not for enhancing the c-fos expression. Conversely, a negative correlation appeared 
between them, and slices with relatively high density of Fos-li cells around the 
stimulation site significantly failed to show potentiation. Furthermore, drugs 
similarly effective in blocking potentiation (such as AP5 and bicuculline) had 
different effects on the c-fos induction. While AP5 had no effects on the c-fos 
expression, bicuculline enhanced it selectively around the site of stimulation.

Our results suggest that these two activity-dependent processes are distinct, 
and represent different aspects in the formation of memory traces. C-fos might be 
involved in a sort of ‘crystallization’ of the IMHV network, where synaptic 
plasticity is lost and no more information can be stored in the form of altered 
synaptic connectivity.

826.14
EXPRESSION OF IMMEDIATE EARLY GENES DURING A FOOD-
HOARDING TASK. T.V, Smulders*. S.W, Newman & T.J, DeVoogd. 
Dept. Psychology, Uris Hall, Cornell University, Ithaca, NY 14853.

Black-capped chickadees (Parus atricapillus) are food-hoarding birds. 
They scatterhoard food-items throughout their homerange and can use 
memory to retrieve them later on. The avian hippocampal formation (HF) 
is needed for this memory. It is not known however during which aspect 
of the memory process (storage and/or retrieval) the HF is most activated, 
nor is it known which other structures may play a role in this memory.

This experiment examined 3 treatment groups of 6 birds each. Birds in 
the Storing group were allowed to store seeds (range stored: 3-21 seeds), 
birds in the Retrieval group stored and then were brought back 24 hours 
later to retrieve their caches. Birds in the Explore group were flying in the 
experimental room for the same amount of time as a yoked Storing bird, 
but had only powdered sunflower seeds available to them, so they could 
not store. Biids were perfused 75 min. after the end of the experimental 
session and the tissue was processed for Fos immunocytochemistry (AB- 
1, Oncogene Sciences). This immediate early gene product has been used 
as a marker for neuronal activity in the bird brain.

Retrieving birds have significantly fewer cells stained for Fos than 
exploring birds (p<0.047) in a medial region of the hyperstriatum.
Storing birds had intermediate numbers of stained cells. This area is 
called IMHV in chicks, in which it is implicated in several visual learning 
tasks. In chicks, IMHV receives projections from HF. In preliminary 
counts, there are no significant group differences in HF or in a nearby 
control area not connected to HF.

Supported by MH56093 to TJD.

LEARNING AND MEMORY: PHARMACOLOGY VI

827.1
EFFECTS OF GLUCOSE AND AGE ON REACTIVATED MEMORIES.
C. A. Horne, W.A. Rodriguez*, and L.l. Maes. Psychobiology Lab.
N.M. Highlands Univ., Las Vegas, NM 87701.

Although the enhancing effects of glucose on memory have been 
well-established, the age-related nature of such effects has not been 
extensively investigated in an animal model. A passive avoidance-to- 
active avoidance negative transfer (discrimination reversal) paradigm 
was used to investigate in rats the age-related effects of glucose on 
reactivated memories. Three-, 6-, 9-, 12-, 15-, 18-, 21-, and 24-month 
old rats were trained to 3 consecutive correct responses on a passive 
avoidance task. The passive avoidance memory was reactivated 24 
hr later by re-exposing the rats to a mild footshock (0.5 mA, 1s) in the 
experimental room and reactivation treatment was followed 
immediately by administration of either saline or glucose (100 mg/kg 
s.c.). The rats were trained 24 hr later to 5 consecutive correct 
responses on an active avoidance task. Comparison of glucose- to 
saline-treated rats indicated enhanced memory at each age level. No 
statistically significant effect of age on reactivated memory in saline- 
treated rats was found. Both the linear and quadratic trends for age 
were statistically significant in glucose-treated rats. These data 
provide evidence of a memory-enhancing effect of glucose across the 
life-span with the most benefit received from glucose administration in 
middle-aged (9- and 12-month old) rats. Further research on the age- 
related dose-dependent effects of glucose on memory is needed.

This research was supported by NIGMS-MBRS GM-08066.

827.2
EFFECTS OF GLUCOSE, REACTIVATION TREATMENT, AND 
INJECTION ON MEMORY. W. A. Rodrigues C. A. Home, and 
S. B. Rodriguez*. Psychobiology Lab, New Mexico Highlands 
Univ., Las Vegas, NM 87701.

A passive avoidance-to-active avoidance negative transfer 
paradigm was used to investigate in rats the separate and 
combined effects of injection (SC), glucose (100 mg/kg), and 
reactivation treatment (re-exposure to a footshock in the 
experimental room) on memory. Immediate post-passive 
avoidance learning injections of glucose or saline, and 24 h 
post-passive avoidance learning reactivation or no reactivation 
treatment were combined factorially. Memory was tested 48 h 
after passive avoidance learning by measuring the number of 
trials required to reach criterion on the active avoidance task. 
The experimental design included a control group that received 
no injection and no reactivation. Both memory reactivation 
treatment and glucose enhanced memory both separately and 
in combination. There was no effect of injection itself on 
memory. Our results provide evidence that the modulation by 
glucose of a newly acquired memory and the environmental 
modulation provided by reactivation of an old memory work 
independently and cumulatively to enhance memory strength.

Funding source: NIGMS-MBRS GM-08066
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827.3
GLUCOSE AND TACRINE COMBINED FACILITATE AVOIDANCE 
LEARNING IN MICE F. Pavone*, F, Capone. M. Sansone Istituto 
di Psicobiologia e Psicofarmacologia, CNR, Roma, Italy

Glucose facilitates performance of various memory tasks 
and attenuates cognitive deficits induced by age or by 
pharmacological and physical agents. Moreover, glucose 
may mediate the memory-enhancing effects of epinephrine 
and, perhaps, the improving action on learning and 
memory exerted by some cognitive enhancers. The present 
study demonstrated facilitation of active avoidance learning 
in mice receiving glucose combined with tacrine, an 
acetylcholinesterase inhibitor clinically used as cognitive 
enhancer. Naive male mice, 9-10 weeks old, belonging to the 
randomly bred CD-I strain were subjected to five daily 100- 
trial avoidance sessions. Mice received a a first injection 
with glucose (0, 50 or 100 mg/kg), 30 min before each 
session, and a second injection with tacrine hydrochloride 
(0, 0.5, 1, 2 or 3 mg/kg), 15 min before testing. Glucose alone 
had no effect, while tacrine significantly improved 
avoidance acquisition at the dose of 2 mg/kg. However, mice 
receiving glucose combined with 0.5 or 1 mg/kg tacrine 
performed better than mice receiving saline solution or 
glucose alone. The results are in agreement with previous 
findings indicating that cholinergic mechanisms play an 
important role in the memory-enhancing effects of glucose. 
Any way, whatever the mechanism of action may be, a 
facilitation by glucose of the learning improving effects of 
cognitive enhancers could be of great clinical interest.

827.4
L-GLUCOSE, AT HIGH DOSES, ENHANCES SPONTANEOUS 
ALTERNATION BEHAVIOR BUT DOES NOT INCREASE BLOOD GLUCOSE 
LEVELS. Cheryl P. Talley*, Hope A. Claybum, Elizabeth Jewell, Richard McCarty 
and Paul E. Gold. Dept. Psychology, Univ. Virginia, Charlottesville, VA 22903

D-glucose administration enhances memory in rodents on a variety of tasks. 
The full dose-response curve appears to include two effective dose ranges, at 1-300 
mg/kg and at 2-3000 mg/kg. While enhancement at lower doses appears to act by 
direct brain actions, enhancement at higher doses may involve peripheral actions. 
Several glucose analogs that either do not enter the CNS or are not available for 
CNS metabolism also enhance memory at high doses. In this study we combined 
these strategies and examined the effects of peripheral L-glucose on Spontaneous 
Alternation Behavior (SAB). L-glucose is a stereoisomer of D-glucose that is not 
metabolized and does not readily cross the BBB. We then investigated possible 
mechanisms that could enable peripherally acting L-glucose to affect a hippocampal- 
dependent task such as SAB.

Previous findings have shown that in rats and mice, peripheral L-glucose 
attenuates morphine-induced deficits of spontaneous alternation performance on the 
Y-maze. Furthermore, unlike D-glucose, L-glucose administered in the medial 
septum does not reverse alternation deficits induced by septal-morphine in rats. The 
enhancing effects of L-glucose were more directly demonstrated in the plus-maze 
since attenuation of a pharmacologically induced deficit is not necessary to reveal 
facilitation. The results of this study showed that peripheral L-glucose enhanced 
SAB in the plus maze at a dose of 3000 mg/kg.

One possible mechanism by which L-glucose might act is by producing a rise 
in blood glucose levels, thereby simply being an indirect means of administering D- 
glucose. However, findings obtained with catheterized rats showed that L-glucose 
had no effect on blood glucose levels. Another possible mechanism by which L- 
glucose may influence behavior is by activation of transmission between peripheral 
neurons sensitive to changes in circulating glucose levels, such as those found in the 
hepatic branch of the vagus nerve, with the CNS. Preliminary results indicate that L- 
glucose may differentially affect FOS expression in the hippocampus and NTS of 
vagotomized rats versus sham-operated controls. Supported by NIA and NINDS.

827.5
IMPAIRMENT OF SPONTANEOUS ALTERNATION PERFORMANCE IN THE 
RAT BY INTRA-SEPTAL INJECTION OF THE K-ATP CHANNEL OPENERS 
GALANIN AND LEMAKALIM. M.R. Stefani* and P.E. Gold. Neurosci. Grad. 
Program & Dept. of Psych., U. of Virginia, Charlottesville, VA 22903.

Peripheral and central injections of D-glucose enhance memory on a 
variety of tasks by an as yet unknown mechanism. One possible mechanism 
is via the modulation of ATP-sensitive potassium channels (K-ATP). This 
channel is known to mediate the stimulus-secretion coupled release of insulin 
by pancreatic P cells, and is believed to contribute to the regulation of 
cellular excitability and neurotransmitter release in the CNS. The present 
experiments test the possibility that glucose acts by regulating central K-ATP 
channels. The K-ATP channel openers galanin and lemakalim were injected 
into the rat medial septal area 30 min prior to assessing spontaneous 
alternation performance in a 4-arm maze. Both galanin (2.5 pg) and 
lemakalim (1 nmol), produced significant decreases in alternation scores. 
Concurrent administration of glucose (20 nmol) blocked the impairments 
produced by both K-ATP channel openers. We have previously found that, 
like glucose, the sulfonylurea class K-ATP channel blocker glibenclamide 
enhances spontaneous alternation performance and attenuates a morphine- 
induced impairment in alternation performance. The results of these studies 
suggest that K-ATP channel openers produce effects on spontaneous 
alternation performance opposite to those observed for K-ATP blockers, and 
that glucose, perhaps acting to block K-ATP channels, is able to antagonize 
these effects. These findings provide further support for the hypothesis that 
the modulatory effects of glucose on memory and other brain functions are 
mediated, at least in part, via central K-ATP channels. Supported by NIA 
(AG07648), NINDS (NS32914) and NIMH (MH11057).

827.6
ESTRADIOL-ACETYLCHOLINE INTERACTIONS IN MEMORY
M. G. Packard* & L. A. Teather, Dept. of Psvchol., Univ. New Orleans,
N. O., LA770T4^

The present experiments examined acute post-training estrogenic 
influences on memory in ovariectomized rats. In experiment 1 rats 
received a single 8 trial (30 second ITI) training session with a 
submerged escape platform located in the same quadrant of a circular 
water maze on all trials. Following trial 8, rats received a post-training 
intraperitoneal injection of either an estradiol cyclodextrin inclusion- 
complex (0.1, 0.2, or 0.4 mg/kg), or saline. On a retention test session 
24 hours later, the escape latencies of rats given injections of estradiol 
(0.2 mg/kg) were significantly lower than those of saline treated rats, 
indicating an enhancement of memory. Injections of estradiol delayed 
2 hours post-training did not affect retention, demonstrating a time- 
dependent effect of estradiol on memory storage processes. In 
experiment 2, post-training injections of the cholinergic muscarinic 
receptor antagonist scopolamine (0.4 mg/kg) impaired memory in 
ovariectomized rats. In addition, the memory enhancing effect of 
estradiol (0.2 mg/kg) was blocked by concurrent post-training 
administration of a subeffective dose (0.1 mg/kg) of scopolamine, 
suggesting an interaction between estradiol and muscarinic cholinergic 
systems in memory modulation. In experiment 3, post-training 
injections of the cholinergic muscarinic receptor agonist oxotremorine 
(0.2 mg/kg) enhanced memory in ovariectomized rats. In addition, 
concurrent post-training injection of a subeffective dose of estradiol 
(0.1 mg/kg), and a subeffective dose of oxotremorine (0.1 mg/kg) 
enhanced memory, indicating a synergistic effect of estradiol and 
muscarinic receptor activation on memory. (Alzheimer's Association)

827.7
HORMONALLY-ORGANIZED SEX DIFFERENCES IN 
MORRIS WATER-MAZE PERFORMANCE CAN BE 
DEMONSTRATED BEFORE PUBERTY IN RATS.
N. J, Sandstrom* and C, L, Williams. Department of Psychology: 
Experimental, Duke University, Durham, NC 27708.

Previous researchers have suggested that sex and hormonally- 
organized differences in spatial ability emerge only after puberty. Others 
have reported the absence of any sex differences, when rats are tested 
on the Morris Water Maze (MWM) task. The present research examines 
the effects of neonatal estradiol exposure on performance of prepubertal 
rats in the MWM using a novel training procedure. Female rat pups 
were injected with either estradiol benzoate (EB) or oil on days 2, 4, 6, 
8, and 10 after birth. Behavioral testing began when the rats reached 35 
days of age. Training consisted of a single trial per day for 10 
consecutive days. Half of each group received cued training with a 
visible platform located in a different pool location on each day while 
the other half of each group received hidden platform training with a 
submerged platform located in the same location on each day. 
Following 10 days of training, a probe trial was administered during 
which the escape platform was removed from the pool. EB-treated rats 
showed faster acquisition of the task in the hidden platform condition 
but not in the cued platform condition. By the final day of training there 
were no differences between the groups; however, analysis of the probe 
trial revealed a significant difference between the EB-treated and oil- 
treated rats with EB-treated rats showing a stronger bias toward the 
target location. These findings clearly demonstrate differences in water 
maze performance of prepubertal rats resulting from the organizational 
effects of neonatal hormones. (Supported by AG09525)

827.8
SITE-SELECTIVE AND GENDER-SPECIFIC SUPPRESSION OF 
RECURRENT INHBITION IN THE HIPPOCAMPUS BY
ESTROGEN SULFATES R.H, Purdy*, T....Kruckgr. and.. S„C.
Steffensen, Scripps Research Institute, La Jolla, CA 92037

Several recent studies have established a role for estrogens in 
ameliorating specific neurodegenerative disorders, mainly those 
associated with the cholinergic neurons of the basal forebrain and their 
targets in the cortex and hippocampus. We sought to evaluate the effects 
of the estrogens, estrone 3-sulfate, estriol 3-sulfate and estradiol 3- 
sulfate as well as dehydroepiandrosterone 3-sulfate (DHEAS; positive 
control) and 17-deoxyestrone 3-sulfate (negative control) on 
monosynaptic field potential responses, EPSP facilitation and recurrent 
inhibition in the dentate and CAI hippocampus of male, sham-operated 
and ovariectomized rats in vivo and in vitro. Female sham-operated rats 
were controlled for phase of the estrus cycle. All three estrogen sulfates 
as well as DHEAS markedly decreased GABA-mediated recurrent 
inhibition in the CAI hippocampus of female sham-operated rats with an 
order of potency DHEAS>estrone 3-sulfate>estriol 3-sulfate>estradiol 3- 
sulfate. The lack of effect of 17-deoxyestrone 3-sulfate indicated the 
selectivity of the effect of the estrogens. Their effects on recurrent 
inhibition in CAI were similar to that of DHEAS; however, unlike 
DHEAS, the estrogens were without effect on recurrent inhibition in this 
subfield of the hippocampus. The magnitude of the disinhibition of CAI 
responses was considerably reduced in male rats and increased in 
ovariectomized female rats, suggesting gender bias and possible 
sensitization of estrogen reactive elements. This work supported by 
PHS grant AA10075 to SCS.
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827.9
ESTROGEN ENHANCEMENTS OF AND SEX DIFFERENCES IN 
OBJECT RECOGNITION MEMORY. V.N. Luine*, S. Richards, J. Tropp 

V. Bennett and K. D.Beck. Hunter College of CUNY, N.Y., N.Y. 10021.
Previous studies show sex differences and estrogen enhancements in 

spatial memory tasks. Object recognition memory, which does not utilize 
spatial or associative learning, was tested. Rats explored an object on the 
open field (Tl) and then with delays of up to 24 h after presentation of 
known object, they were presented with the known and novel object. 
Intact males and females spent more time exploring the novel object (T2), 
but there were no differences between them. Females spent less time 
exploring the known object (Tl); thus, their recognition memory maybe 
better. Ovx females were tested after short (6-8 days) or long term (35-42 
days) estrogen replacement. Long, but not short term, estrogen enhanced 
object recognition performance at long delays. Since estrogen treated 
females spent significantly more time with the object (Tl), estrogen may 
be increasing attention/arousal which leads to enhanced performance. 
Activity levels have been linked to performance of some tasks, therefore 
locomotor and exploratory activity on an open field was also investigated. 
Females were more active than males, showing more grid crossings and 
rearings. Short term estrogen treatment increased activity in Ovx females 
but this effect was not significant after long treatments. Results indicate 
that estrogen exerts time dependent enhancements of exploratory behavior 
and object recognition memory (NIH Grants GM08176, GM07823;
NSF, IBN14369).

827.10
FURTHER EVIDENCE FOR BEHAVIORAL ORGANIZATION IN 
THE RAT FETUS: PERSEVERATION/ISOLATION OF 
SPONTANEOUS MOTOR BEHAVIOR. GA. Mickley*, D.R, Remmers- 
Roeber, C.L. Carter, S.L.George. S.D. Crish. K.L. Randall. A.D. Carter and
M, Marinis. Department of Psychology, Baldwin-Wallace College, Berea, 
OH 44017-2088

Our view of the behavioral abilities of the fetus and neonate has evolved 
over the last decade as it has been shown that young animals can respond to 
changes in their environment and learn to associate stimuli (Smotherman et 
al., Psychol. Sci., 1990, 1, 97-106; Mickley et al., Dev. Brain Res., 1995, 85, 
119-127). In the current study we attempted to classically condition a 
chemically-activated motor response in El8 rat fetuses. Fetal rats received a 
CS [10 pi, 0.3% saccharin (SAC) orally] paired with a US (81 mg/kg LiCl, 
i.p., in 3 pi) in utero. Control rats received one of the following CS-US 
combinations: SAC+Saline; H2O+LiCl; H2O+Saline. Subjects were then 
tested for evidence of a conditioned response by re-exposing them to either 
oral SAC or H2O on E20 or P3. Our data were generally consistent with 
those reported by Smotherman et al. {Behav. Neurosci., 1985, 17, 661-674) 
who found that re-exposure to a stimulus paired earlier with LiCl resulted in 
a conditioned suppression of total activity. Fetuses that had not previously 
experienced SAC on El8, increased their total motor movements after the 
novel taste on P3. Through an in-depth analysis of component behaviors and 
contingent behavioral responses in fetuses and neonates, we also found 
stimulus-induced patterns of perseverative or isolated mouth movements that 
depended on the animal's previous experience with the chemical stimuli. 
These data reinforce the current conception of the fetus and neonate as 
sophisticated sensors and responders to the uterine and extra-uterine 
environment.
Supported by: NSF Award: 9514799.

827.11
SUPPLEMENTATION WITH METHYL GROUP DONORS, 
FOLATE OR CHOLINE, DURING LATE PREGNANCY IN 
RATS IMPROVES VISUOSPATIAL MEMORY OF THE 
OFFSPRING. R.W. Wong, C.B. Vipperman, W.H. Meek, and 
C.L. Williams*. Department of Psychology:Experimental, Duke 
University, Durham, NC 27708.

There is evidence that dietary supplementation with methyl donors 
during embryonic development provides lasting benefits to brain and 
behavior: 1) Supplementation with choline during embryonic days (ED) 
12-17 improves visuospatial memory of rats. 2) Periconceptual 
supplementation with folic acid reduces the risk of neural tube defects.

The purpose of this study was to compare the behavioral effects of 
maternal dietary supplementation with the methyl donors: choline, folate, 
and betaine. Pregnant Sprague-Dawley rats were fed Dyets (AIN76), 
with supplemental choline chloride , betaine, or folate in their food or 
water from ED 9-birth. Some pups were also injected postnatally with 
betaine or choline. As adults, rats were trained on a 12-arm radial-arm, 
and later on a working memory version of a Morris water-maze task. 
Prenatal supplementation of folate and pre- and perinatal supplementation 
of choline enhanced rat’s use of visuospatial memory on both the radial- 
arm and water maze, whereas perinatal supplementation of betaine had 
no effect. These data confirm our earlier findings of perinatal choline’s 
enhancement of memory, and provide the first evidence of folate’s long- 
lasting, beneficial effect on the offspring's behavior when given mid- to 
late pregnancy. These data point to a, heretofore unappreciated, role of 
folate in brain development, and suggest that adequate folate intake 
during the last half of pregnancy is as important as during the 
periconceptual period. (Work supported by AG09525 to CLW and WHM.)

827.12
CHOLINE AVAILABILITY TO THE DEVELOPING RAT FETUS 
PERMANENTLY ALTERS ATTENTIONAL MECHANISMS. W.H, Meek*1.
J.P, Jones. mA L.C,Paulding1, C.L, Williams1 & P.C.. Halland1 ■ Depts. of
Psychology: Experimental1 and Genetics2, Duke University, Durham, NC 27708

We investigated the effects of prenatal choline supplementation and deficiency on 
rats’ ability to increase attention to a conditioned stimulus (CS1) when its 
relationship to another cue (CS2) is altered in a Pavlovian sequential-cue paradigm. 
Sprague-Dawley rats were tested following prenatal (ED 9-birth) choline 
supplementation, deficiency, or control procedures. Phase I: On a random half of the 
trials a light (CS1) was presented followed by a tone (CS2) that was then followed 
by the delivery of food (US). On the remaining trials, CS1 was followed by CS2, 
which was followed by no US delivery. Phase II: Half of the rats were assigned to 
the Consistent (non-shift) condition, and half were assigned to the Shift condition. 
Consistent rats were trained exactly as in Phase I. Shift rats were given CS1-CS2- 
US trial sequences as in Phase I on a random half of the trials. On the remaining 
trials they were presented with the CS1 alone. Phase III: All rats received CS1-US 
pairings and the acquisition of conditioning to the CS1 cue was indexed by head 
entries into the food cup. Results from Phase IH indicated that Control-Shift rats 
exhibit more food cup behavior during presentation of CS1 compared to Control- 
Consistent rats, suggesting an increase in associative value of the light CS in the 
Shift condition. Choline Deficient-Shift rats, in contrast, showed significantly less 
food-cup behavior than the Choline Deficient-Consistent group. Choline 
Supplemented-Shift rats showed slightly more food cup behavior than the Consistent 
group, however, the magnitude of the enhancement of the associability to CS1 in the 
Choline Supplemented-Shift over the Choline Supplemented-Consistent rats was far 
less than the enhancement of Control-Shift rats over Control-Consistent rats. In 
addition to the large attentional deficits exhibited by the choline-deficient rats, 
acetylcholinesterase and Nissl staining suggests that prenatal choline deficiency 
altered cellular function in the central and basolateral nuclei of the amygdala without 
changing cell structure. (Supported by AG09525).

827.13
THE AVAILABILITY OF CHOLINE DURING PREGNANCY ALTERS 
HIPPOCAMPAL CHOLINERGIC FUNCTION IN THE OFFSPRING.
J.M, Cermak.*¥ T. Holler.¥ R, Loy J C. Fitzgerald.^ D.D, Heyert and J.K. 
Blusztainyt Depts. of Pathology and Laboratory Medicine,¥ Psychiatry ,t Anatomy 
and Neurobiology,§ Boston Univ. Sch. of Med., Boston, MA 02118, and Dept. of 
Neurology ,t Univ. of Rochester, Rochester, NY 14620.

Choline (Ch) supplementation during embryonic days (E) 12-17 enhances 
visuospatial memory in adult and aged rats and advances the ability of young rats 
[ages postnatal days (P) 18-22] to use distal cues in the Morris water maze test. To 
characterize the neurochemical mechanisms that may mediate this effect in young 
rats, we studied the development (P17 and 27) of choline acetyltransferase (ChAT) 
and acetylcholinesterase (AChE) activities, sodium-dependent high-affinity Ch-uptake 
(HACU) and potassium-evoked acetylcholine (ACh) release (AChRel) in the 
hippocampus as a function of prenatal Ch availability. During El 1-E17 pregnant 
Sprague-Dawley rats received a Ch-deficient, control or Ch-supplemented diet 
(average Ch intake 0,1.3 and 4.6 mmol/kg/day, respectively). Prenatal Ch 
deficiency lowered the total pool of ACh (by 30-40%), increased AChE activity (by 
12-25%), slightly increased ChAT activity (by 10-16%) and decreased HACU in the 
P17 and 27 hippocampus as compared to control animals. Overall, these results 
suggest that prenatal choline deficiency may reduce hippocampal ‘Cholinergic Tone’. 
Moreover, prenatal Ch supplementation enhanced 'Cholinergic Tone' in P17 and 27 
rats by increasing AChRel (by 25-35%) and by reducing AChE activity (by ~12%) as 
compared to control animals. In order to localize these changes in AChE activity 
anatomically, frozen, coronal brain sections were stained histochemically for AChE. 
Consistent with biochemical results, AChE staining intensity was reduced in P27 
prenatally choline-supplemented male rats compared to control rats in laminae 
corresponding to septal terminal fields. Thus, prenatal Ch availability has multiple 
effects on the cholinergic markers in the developing hippocampus. While the 
behavioral effects of prenatal choline deficiency remain to be explored, the 
biochemical changes following prenatal Ch supplementation may contribute to the 
memory enhancement in these animals. (Supported by AG09525).

827.14
PRENATAL CHOLINE SUPPLEMENTATION DECREASES THE 
THRESHOLD FOR INDUCTION OF LONG-TERM POTENTIATION (LTP) 
IN YOUNG ADULT RATS. G.K.. Pyapali*1, P.A, Turner12, C. Williams3, W, Meek3 
and H.S. Swartzwelder3. Neurosurgery1, Neurobiology2, and Psychology3, Duke 
University and Durham VAMC, Durham, NC, 27710.

Choline supplementation during gestation in rats permanently augments memory 
related processes in the offspring, and LTP in 12-14 month old rats. We hypothesize 
that choline manipulation will modify synaptic plasticity in the hippocampus in 
younger rats also, resulting in either an enhancement (with supplementation) or a 
decrease (with deprivation) of LTP.

Pregnant dams were given either normal, choline supplemented or choline deficient 
diets during embryonic days 12 through 17. When the offspring were three to four 
months of age, LTP was blindly assessed in hippocampal slices from animals in each 
group. In the first experiment, high-intensity (40 pulses, 100Hz, at 30% max 
dendritic field pEPSP), theta-burst stimulus trains induced LTP in slices from both 
control and supplemented animals. However, the magnitude of potentiation was not 
different between the groups (217±19% and 243±23% of baseline, respectively, 
mean ± SEM). In the second experiment, low-intensity (20 pulses at 100Hz, at 20% 
max) or sub-threshold (20 pulses, 100Hz, 10% of max) theta burst stimulus trains 
were used to test LTP induction in slices from animals in each of the three treatment 
groups. Low intensity stimulus trains induced LTP in slices from the control and 
supplemented groups (193±30% and 239±37% respectively) but not in those from 
the deficient group (112±19%). Sub-threshold stimulus trains produced potentiation 
of 132±15% and 126±7% over baseline in slices from control and deficient rats, 
respectively. In contrast significant potentiation was observed in slices from the 
supplemented group in response to these stimulus trains (186 ±12%, p<0.05).

These results clearly indicate that enhanced or decreased availability of choline 
during development results in alterations of hippocampal synaptic plasticity. This 
manifests as an apparent decrease of LTP threshold among prenatally choline 
supplemented animals, and an increase of LTP threshold among prenatally choline 
deficient animals. Enhanced synaptic efficacy during development as a result of 
choline supplementation may be responsible for improved memory in adulthood. 
Supported by NIA (DAT, HSS #AG09525) and VAMC (DAT, HSS).
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827.15
ALTERATIONS IN CHOLINE AVAILABILITY DURING 
DEVELOPMENT AFFECT FOREBRAIN NGF IN 
ADULTHOOD. R. Lov*1. N.J. Sandstrom2, and C.L. Williams2. 
Dept. of Neurology^ University of Rochester, Rochester, NY, 14620 
and Dept. of Psychology2, Duke University, Durham, NC 27708.

Previously we have reported that choline supplementation during 
pre- and postnatal development of rat pups results in increases in NGF 
protein in hippocampus when rats reach adulthood. In order to 
determine the factors that lead to this increase in NGF we extended 
these findings by asking: 1) What is the critical time-frame in 
development for choline supplementation’s effect on NGF levels?; 2) 
Does deprivation of dietary choline during prenatal development lead to 
decreases in NGF?; 3) Are there are sex differences in the effect of these 
dietary manipulations on NGF?; and 4) Are NGF levels altered in other 
forebrain regions? To prepare the subjects, pregnant Sprague Dawley 
rats received a choline deficient, control, or choline supplemented diet 
during embryonic days 11-17. Average choline intake was 0, 1.3, and
4.6 mmol/kg/day, respectively. Postnatally, pups were cross-fostered in 
mixed litters to untreated dams, with half males and half females in each 
litter. Some of the choline-supplemented rats also received daily choline 
injections through weaning. Rats were sacrificed on postnatal day 60, 
and the striatum, diagonal band, frontal cortex, and left and right 
hippocampus were dissected from fresh tissue, and rapidly frozen. 
NGF ELISA was used to analyze samples. Data revealed that alterations 
in choline availability during pre- and postnatal development have long 
lasting effects on NGF levels in several brain regions.
(Supported by AG09525 to RL and CLW.)

827.16
ETHANOL DISRUPTS THE USE OF SPATIAL INFORMATION WHILE 
ENHANCING THE USE OF NON-SPATIAL INFORMATION. M.A. 
Ilgen, D.B. Matthews. A.M. White, and P.J. Best*. Dept. of Psychology and 
Center for Neuroscience Research, Miami Univ., Oxford, OH 45056.

Research suggests that ethanol produces a pattern of learning and memory 
impairments similar to those that follow hippocampal damage (Matthews et 
al., 1996). Specifically, ethanol disrupts performance on spatial tasks while 
sparing performance on many non-spatial tasks. When given the opportunity 
to solve a task using either spatial or non-spatial information, intact subjects 
show a preference for the use of spatial information. If ethanol selectively 
disrupts performance on spatial tasks, then, when given the opportunity to 
solve a task using either spatial or non-spatial information, intoxicated 
subjects should display a preference for the use of non-spatial information. 
To test this hypothesis, rats were trained on an eight arm maze to locate food 
reward. The food was located on a single maze-arm which also contained a 
salient cue. On test day, the maze was rotated so that the arm containing the 
cue was 90 degrees to the right (clockwise) of its original location. Subjects 
were administered saline or ethanol (0.5, 1.5, or 2.0 g/kg) and given six free- 
choice trials. Intoxicated subjects chose the arm in the rewarded spatial 
location less often than control animals, but chose the arm containing the cue 
more often than control animals. Thus, rather than simply disrupt 
performance on the task, ethanol produced a predictable shift in the type of 
response committed during testing. (Supported by a grant from Miami University 
to M. Al. and from NSF to P. J.B.)

827.17
NONLETHAL DOSES OF METYRAPONE (MET) INJECTED INTO 
CHICKEN EGGS ON E13-E17 AFFECTS POSTNATAL DETOUR 
BEHAVIOR OF HATCHLINGS. M.C, Castelli and S.B, Sparber *. 
Dept. of Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455.

We are using MET for "chemically adrenalectomizing" chicken 
embryos in ovo by injecting it into eggs with embryos at late stages of 
development. At 250-500 mg/kg egg on El7 MET greatly suppressed or 
eliminated hatching, respectively, even though all embryos were alive 1 
day after injections (i.e. on El8), when serum corticosterone was dose- 
relatedly reduced. Herein, we report the effects of 15, 30 or 60 mg 
MET/kg egg injected on E13-E17 (total doses of 75, 150, 300 mg/kg 
egg) upon hatchability and detour learning/performance 1-2 weeks 
postnatally. Only the high dose of MET significantly reduced hatching 
(74% of controls, N=33-35). Food deprived (overnight) chicks of all 
groups (N=16/group) acquired a detour behavior task equally well, 
over 8 acquisition trials (4 trials/day). When allowed free access to food 
prior to retrials, the medium and high dose MET groups made the detour 
response significantly faster than the control and the low dose groups. 
Thus, it is not necessary to use doses of MET that interfere with 
hatching to observe postnatal behavioral consequences of late embryonic 
neuroendocrine perturbations. Supported in part by USPHS grants DA 
08131 and DA 04979.

SLEEP IV

828.1
TRANSSYNAPTIC RETROGRADE LABELING IN THE 
SUPRACHIASMATIC NUCLEUS (SCN) AFTER INJECTION OF 
PSEUDORABIES VIRUS INTO LOCUS COERULEUS (LC) IN THE RAT. S,
Chen*1, M. Yang2. R. R. Miselis2 and G. Aston-Jones1. 1 Dept. Psychiatry, 
Allegheny Univ., Philadelphia, PA; 2Dept. Anatomy, Univ. of Pennsylvania, 
Philadelphia, PA.

The.LC has been widely implicated in mechanisms regulating arousal 
and alertness. For example, discharge activity of LC neurons varies closely 
with stages of the sleep-waking cycle, and activation or inhibition of LC 
neurons alters EEG signs of arousal. The direct afferents to the LC nucleus 
provide only limited insight into how these properties may be generated. To 
better elaborate the afferent circuitry that regulates LC activity, we analyzed 
transsynaptic retrograde labeling from injections of a cocktail (20-40 nl) of 
pseudorabies virus Bartha strain (PRV-Ba; 6,000-24,000 pfu), plus the 
conventional retrograde tracer cholera toxin subunit B (CTb, 0.05-0.25%), into 
the rat LC. After a survival period of 1 to 4 days, rats were perfused and brain 
sections were processed for PRV-Ba and CTb immunocytochemistry. Labeling 
with the virus and CTb was found in the rostral ventrolateral and dorsomedial 
medulla, as well as the paraventricular nucleus, consistent with previous 
studies using conventional tracers. Additional brain areas consistently and 
strongly labeled with PRV-Ba included (but were not limited to) several 
hypothalamic areas, parts of the preoptic area, OVLT and the subfornical 
organ. One area of particular interest that was labeled with the virus, but not 
with CTb, was the SCN, indicating that the LC receives secondary or tertiary 
inputs from the SCN. It has been proposed that the SCN assures sleep-wake 
circadian rhythms by actively promoting wakefulness. Our data indicate that 
the LC may be regulated in a circadian manner and provide the first evidence 
that SCN's arousal promoting effect may be mediated, at least in part, via the 
LC-noradrenergic system. Supported by grants NS24698 and GM27739.

828.2
LOCUS COERULEUS (LC) NEURONS IN MONKEY ARE QUIESCENT IN 
PARADOXICAL SLEEP (PS). J. Raikowski*, V. Silakov, S. Ivanova and G. 
Aston-Jones. Allegheny University, Philadelphia, PA 19102.

LC impulse activity, EEG, electrooculogram, neck muscle EMG, head 
torque, and eye position were recorded continuously in 5 cynomolgus 
monkeys during sessions lasting up to 4 h. As animals became familiar with 
experimental procedures, episodes of drowsiness and sleep spontaneously 
appeared: animals were not sleep deprived.

During waking, LC neurons discharged continuously with a frequency 
of 2-7 spikes/s, subject only to minor fluctuations. In contrast, dramatic 
changes in LC tonic activity occurred during sleep. LC neurons decreased 
their impulse activity during periods of drowsiness, and became inactive in 
anticipation of, and throughout, EEG sleep spindles. Initial stages of sleep 
were interrupted by short epochs of waking and associated bursts of LC 
activity. The range of LC activity during slow-wave sleep (SWS) was 0.5-2 
spikes/s. Awakenings from SWS were typically preceded by LC activation, 
often characterized by robust bursts. Bursts of LC activity that accompanied 
sensory-evoked awakening were coincidental with eye opening, whereas LC 
bursts with spontaneous awakening tended to precede EEG changes and eye 
opening. PS episodes were observed in one monkey, and were characterized 
by immobility, increased oculomotor activity and desynchronized EEG. LC 
neurons remained totally inactive throughout entire PS periods (n = 11 cells). 
Typically, PS episodes ended with a transition to SWS and little or no LC 
activity, but rapid awakening from PS was marked by a burst of LC activity. 
Different LC neurons exhibited different thresholds for activity changes in 
sleep, i.e., some cells showed earlier and stronger sleep related changes than 
others. The above data are consistent with previous results in other species, 
and indicate that the LC may play a role in regulation of sleep and waking in 
primates. Supported by NIMH grant MH55309 and the Human Frontiers 
Science Program.
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828.3
SYNAPTIC INTERACTIONS OF vRPO NEURONS WITH STRUCTURES 
RELATED TO PARADOXICAL SLEEP GENERATION. M.L, Rodrigo-Angulo*, 
A. Nunez. I, de Andres and F, Reinoso-Suarez, Depto. Morfologfa, Fac. Medicina, 
Univ. Autonoma de Madrid, Madrid, 28029, SPAIN.
The neuronal population bearing the ventral part of the oral pontine reticular nucleus 
(vRPO) has been proposed to contribute to paradoxical sleep (PS) generation. To 
characterize the firing activity of that population and its response properties elicited 
by electrical stimulation of other regions implicated in different events of PS, 
extracellular recordings were performed in the vRPO of twenty cats anesthetized with 
urethane. Macroelectrodes for recording the field potential activity of the 
hippocampus, lateral geniculate nucleus and EEG were implanted. Recording 
micropipettes filled with 2% biocytin were aimed at vRPO. Bipolar electrodes were 
placed in the contralateral vRPO (CvRPO), and, in pedunculopontine tegmental 
(PPT) and reticular thalamic (RT) nuclei. In some cases, carbachol was 
iontophoretically injected in the vRPO using barrel micropipettes. Two types of 
cells were electrophysiologically characterized: 1) Type I cells displayed a low 
spontaneous firing rate (<10 Hz). They were activated anti- (1-3 ms latency) and 
orthodromically (3-20 ms latency) from the CvRPO and PPT and orthodromically 
from the RT (5-20 ms latency). Trains of electrical stimuli of CvRPO and PPT 
elicited simultaneously a sustained increase of their firing rate and evoked a 
desynchronization of the hippocampal, geniculate and EEG activities. 2) Type II cells 
displayed a pronounced rhythmic activity in spontaneous conditions at 10-25 Hz. 
They were orthodromically activated from CvRPO and PPT electrical stimulation. 
Trains of electrical stimuli of CvRPO and PPT elicited an inhibition of the firing 
rate or a biphasic response (excitation-inhibition). Carbachol evoked an increase of 
the firing rate of type I cells and an inhibition of the type II neurons. Both type of 
neurons were extracellularly stained with biocytin showing a multipolar cell body 
shape. Results reveal that the characteristics of synaptic interactions of vRPO 
neurons with other structures, are consistent with its attributed role in PS generation. 
Supported by DGICYT PB94-1545 and PM95-0034.

828.4
SPECIES DIFFERENCES AND CHOUNERGIC TERMINAL/RECEPTOR 
MISMATCH IN THE PONTINE REM-INDUCTION AREA. A. P. Ray*, M.
L. Gilmor. A. I, Levev, and D. B. Rve. Department of Neurology and 
Program in Neuroscience, Emory University, Atlanta, GA 30322.

The Pontine REM-induction Area (PRiA) is a pharmacologically 
defined area in the pons in which microinjection of muscarinic 
cholinergic agonists (e.g. carbachol) will induce rapid eye movement 
(REM) sleep. Attempting to clarify the anatomical substrates mediating 
this effect, we employed antibodies against the vesicular acetylcholine 
transporter (VAChT) and molecular m2 and m3 muscarinic cholinergic 
receptor proteins in an immunocytochemical study of the PRiA. The 
results suggest a remarkable difference in cholinergic terminal and 
receptor localization in the PRiA across species. In the rat, VAChT- 
labeled cholinergic cells were found only in the pedunculopontine 
tegmental nucleus (PPN) and laterodorsal tegmental nucleus (LDT). 
VAChT-immunoreactive (IR) terminals were distributed at low to 
moderate levels throughout the pontine reticular formation (PRF), with a 
dense field localized in the ventral tegmental nucleus of Gudden (VTg). 
The VTg also exhibited very dense m2-IR and moderate m3-IR. 
Moderate m2-IR, but virtually no m3-IR, was found in the PRF. In primate, 
only m2-IR was densely localized to the VTg, while VAChT-IR was 
localized in the PRF surrounding the VTg, and m3-IR was lightly 
localized to the VTg. These results demonstrate that there are significant 
species differences in cholinergic marker distribution. Furthermore, there 
is a terminal-receptor mismatch, implicating presynaptic auto- or 
heteroreceptors in modulation of activity in the PRiA. Ultrastructural 
evidence in the primate supports this hypothesis, showing the presence of 
m2-IR on both presynaptic and postsynaptic elements. This evidence 
suggests that in addition to traditional neurotransmission, volume 
transmission may also be occurring in the PRiA.

828.5
C-FOS EXPRESSION IN CHOLINERGIC, GABAERGIC AND 
MONOAMINERGIC CELL GROUPS DURING PARADOXCIAL SLEEP 
DEPRIVATION AND RECOVERY. KJ, Maloney and B.E. Jones*. Montreal 
Neurological Inst., McGill Univ., Montreal, Quebec H3A 2B4 Canada.

Lesion studies involving the pontomesencephalic tegmentum have shown the 
cholinergic cell areas to be critical for the generation of paradoxical sleep (PS). 
Physiological recording of tegmental neurons, have suggested that whereas 
‘presumed’ cholinergic neurons discharge during PS, ‘presumed’ monoaminergic 
neurons of the dorsal raphe and locus coeruleus are silent and could be actively 
inhibited by surrounding GABAergic neurons. The present study used a PS 
deprivation-recovery paradigm to enhance cellular activity, and a double- 
immunostaining procedure for c-fos protein and specific neurotransmitter enzymes. 
The results demonstrate an increase in c-fos positive (+) neurons during rebound 
from PS in only a limited number of areas within the tegmentum, including the 
lateral dorsal tegmental nucleus (LDTg) and the central gray (CG). In the LDTg, 
there was not a significant increase in the number of ChAT+ neurons expressing c- 
fos, while there was a significant increase in GND+tcfosv cells co-distributed with 
the cholinergic neurons. C-fos expression was also significantly increased during PS 
rebound in GAD+ cells in the central gray and in the raphe intermingled with 
serotonergic neurons. Furthermore, c-fos expression was found to be significantly 
decreased in the serotonergic neurons, a trend that was subsequently observed in our 
preliminary examination of the noradrenergic locus coeruleus neurons as well. 
Across conditions, the percent of time spent in PS during the three hours prior to 
sacrifice was found to be positively correlated with the number of c-fos+ cells in the 
LDTg and central gray; positively correlated with the number of GAD+/c/o5+ cells 
in the LDTg and raphe; and negatively correlated with the number of 
serotonin+/c/o5,+ neurons in the raphe. The findings support previous work 
demonstrating an important role for the LDTg in PS, and further suggest that 
GABAergic neurones in the LDTg may play a more critical role than that originally 
conceived. The findings also support a role for the GABAergic neurons in the active 
inhibition during PS of monoaminergic neurons. Supported by MRC Canada.

828.6
MEDULLARY RETICULOSPINAL NEURONS THAT MEDIATE 
PONTINE-INDUCED EARLY AND LATE MUSCLE TONE SUPPRESSION 
IN DECEREBRATE CATS. J. Kohyama*, Y. Y. Lai and J. M. Siegel.
Dept. of Psychiatry, UCLA School of Medicine, Neurobiology Research 
(151A3), Sepulveda VAMC, North Hills, CA 91343.

The pontomedullary region is responsible for muscle atonia during REM 
sleep and the cataplexy seen in narcoleptics. This study was aimed at iden-
tifying the medullary output neurons mediating muscle tone suppression.

Trains of 3 pulses (0.2 ms, 330 Hz, train durtaion; 6.3 ms) applied 
unilaterally to the pontine reticular formation suppressed hindlimb muscle 
tone bilaterally with a short (the mean latency-to-peak; 29 ms) and long (58 
ms) latency in precollicular decerebrate cats. The early suppression was 
found to be mediated by a reticulospinal projection with a conduction 
velocity of at least 30 m/s, while the late suppression we induced was 
estimated to be mediated by a projection conducting at less than 30 m/s.

The response of 238 reticulospinal units in the medial medulla of 22 cats to 
pontine stimulation that suppressed hindlimb muscle tone was classsified 
into 4 types; Type N, no change in firing (100 units); Type A, activated but 
ceased firing within 10 ms (59 units); Type B, activated and sustained firing 
for 26 ms on average (63 units); Type C, increased firing beginning 10 ms after 
the stimulation (16 units). Among 122 Type A and B units, 112 units 
conducted at more than 30 m/s, and comprised 41 % of identified units in the 
nucleus reticularis gigantocellularis (NRGc), 33 % in the magnocellularis 
(NRMc), and 74 % in the paramedianus (NRPm). Ten Type A and B units 
conducted at less than 30 m/ s, and their proportion was higher in the NRMc 
(10 %) than in the NRGc (3 %) and in the NRPm (2 %).

We hypothesize that the fast Type A and B units are responsible for the 
early suppression, while the slow Type A and B units are involved in the 
late suppression. Supported by HL41370 and the VA.

828.7
A METHOD FOR RECORDING EXTRACELLULAR NEURONAL 
ACTIVITY WITH ADJACENT MICRODIALYSIS IN FREELY MOVING 
RATS. M.N. Alam. R. Szymusiak , and D. McGinty, Research Service 
(151 A3), V. A. Medical Center, Sepulveda, California 91343.

Extracellular neuronal recording has Extensively been used for identification 
and characterization of neurons in terms of behavioral states, e.g., sleep- 
wakefolness. However, this method cannot identify the neurotransmitter(s) 
involved in the modulation of those neurons. Microdialysis allows continuous 
collection and perfusion of substances in brain with limited amount of tissue 
trauma and without disturbing the state of the animals. We attempted to record 
extracellular neuronal activity from lateral preoptic area (LPO) during sleep- 
wakefulness while simultaneously dialysing muscimol, a GABAa agonist, 
adjacent to the recording site.

Rats were stereotaxically implanted with EEG, EMG electrodes, a single barrel 
microdrive, and a stainless steel guide cannula (GC) for microdialysis probe 1-1.5 
mm lateral to the microdrive. Five pairs of microwires were passed through the 
microdrive barrel such that their tips projected into LPO. The microdialysis probe 
was inserted through the GC at least six hours before the experiment. aCSF or 
muscimol (1-10 pM) @2 pl/min was continuously perfused through the probe. 
Neuronal activity was recorded under normal condition for 30-45 min (baseline), 
during perfusion of muscimol for 15-30 min, and during recoveiy. The location of 
the microdialysis probe and the distribution of the recorded neurons was 
histologically identified.

The perfusion of muscimol resulted in slowing or complete suppression of 
neuronal discharge of all 9 neurons including 5 wake-related neurons. The 
continuous perfusion of aCSF/muscimol did not effect the signal/noise ratio or 
stability of the recording as compared to recording without dialysis (Supported by 
Veterans Administration and MH4748).

828.8
ACETYLCHOLINE (ACh) RELEASE IN THE MEDIAL 
PONTINE RETICULAR FORMATION (mPRF) IS 
REGULATED BY M2 MUSCARINIC AUTORECEPTORS.
H, A, Baghdoyan*, M. A. Fleegal and R. Lvdic. Dept Anesthesia, 
Penn State University College of Medicine, Hershey, PA 17033.

Postsynaptic muscarinic receptors (mAChRs) in the mPRF 
contribute to REM sleep generation (J Pharmacol Exp Ther 231:173- 
180, 1984). Recently, presynaptic muscarinic autoreceptors have been 
shown to regulate ACh release in the mPRF (NeuroReport 7:3069- 
3072, 1996). The present study used in vivo microdialysis to test the 
hypothesis that the mAChR regulating ACh release in the mPRF is the 
pharmacologically defined M2 subtype. Four antagonists with different 
binding affinities for the various mAChR subtypes were administered to 
the mPRF by microdialysis in concentrations ranging from 0.1 nM to
I. 0 pM. The goal was to determine the minimum concentration of each 
antagonist that significantly increased ACh release (7 Pharmacol Exp 
Ther 273:273-279, 1995). Based on 367 microdialysis samples 
obtained from 10 cats, the following minimum releasing concentrations 
were established: 1 nM for scopolamine (SCOP), 3 nM for AF-DX 116, 
300 nM for pirenzepine (PZ), and >1 pM for p-FHHSiD. AF-DX 116 
was more potent than PZ or p-FHHSiD in its ability to stimulate ACh 
release, and binding studies have shown that AF-DX 116 has a higher 
affinity for the m2 subtype than PZ or p-FHHSiD. These data support 
the conclusion that the pharmacologically defined M2 subtype regulates 
ACh release in the mPRF. This finding encourages continuing efforts 
to specify the role of mPRF M2 autoreceptors in REM sleep generation. 
Support: MH-45321 (HAB), HL-40881 (RL), Dept Anesthesia.
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828.9
CHOLINOMIMETICS, BUT NOT MORPHINE, EVOKE 
ANTINOCICEPTION FROM PONTINE RETICULAR REGIONS 
GENERATING REM SLEEP. A.M. Kshatri, M.A. Fleegal, 
H.A. Baghdoyan, and R. Lydic*. Department of Anesthesia, The 
Pennylvania State University, College of Medicine, Hershey PA 17033

Sleep disruption is the most common complaint of patients with 
chronic pain and cholinergic neurotransmission modulates both 
nociception and REM sleep generation. Intrathecal administration of 
cholinomimetics produces antinociception (Anesthesiology 82: 331, 1995) 
and pain causes increased CSF levels of ACh (Anesth. Analg. 82: 621, 
1996). Pontine administration of cholinomimetics enhances REM sleep 
(J. Neurosei. 13: 229, 1993) and during REM sleep ACh levels increase in 
the pons (J. Neurosei. 17: 774, 1997). To date, three cats have been 
studied to test the hypothesis that supraspinal cholinergic antinociception 
can be elicited from the medial pontine reticular formation (mPRF). The 
mPRF was microinjected with 0.25gl saline or an 88mM solution of 
carbachol (Carb), neostigmine (NEO), or morphine sulfate (MSO4). We 
quantified the effect of mPRF drug administration on sleep/wake states and 
latency to tail flick (TFL) induced by radiant heat. TFL was not altered by 
MSO4 or saline and was significantly increased by both Carb and NEO. 
Cholinomimetics significantly increased TFL during waking and REM sleep 
but not during non-REM sleep. Nociceptive input via A-delta and C fibers 
is known to be modulated by supraspinal pathways, but the neurochemical 
identity of these descending pathways remains incompletely understood. 
The results show for the first time that supraspinal cholinergic 
antinociception can be evoked from mPRF regions known to modulate 
breathing and REM sleep. Support: ASTRA Pain Fellowship (AMK) and 
Department of Anesthesia; MH-45361 (HAB); HL-40881 (RL).

828.10
[35S]GTPyS BINDING REVEALS G-PROTEIN ACTIVATION BY 
CHOLINERGIC STIMULATION OF BRAIN STEM NUCLEI KNOWN 
TO REGULATE REM SLEEP. M.L. Capece*, H.A. Baghdoyan, and 
R. Lydic. Department of Anesthesia, Pennsylvania State University, 
College of Medicine, Hershey, PA 17033.

Microinjection of the cholinergic agonist carbachol into the pontine 
reticular formation of intact rat (NeuroReport 6:532, 1995) and cat 
(Neuropsychopharm 2:67, 1989) induces a rapid eye movement (REM) 
sleep-like state. In vivo studies suggest that this cholinergic REM sleep 
enhancement is modulated by a pertussis toxin-sensitive G-protein (Am J 
Physiol 269.R308, 1995). The present study is testing the hypothesis that 
carbachol stimulates muscarinically-coupled G-proteins in sleep related rat 
brain stem nuclei. Basal (control) and carbachol-stimulated brain stem 
sections (20pm) were assayed in vitro for [35S]GTPyS binding (Proc Natl 
Acad Sci 92:7242, 1995) and G-protein stimulation was visualized using 
in vitro autoradiography. Activation of G-proteins was quantified by 
densitometric analysis of autoradiograms. Results (% of control) showed 
significant increases in carbachol-stimulated G-protein activation in the 
pontine reticular formation: nucleus pontis oralis (PnO=136.7%), and 
nucleus pontis caudalis (PnC=137.4%). Significant increases in activation 
were found in nuclei that provide cholinergic input to the PnO and PnC: 
laterodorsal tegmental nucleus (LDT=159.6%) and pedunculopontine 
tegmental nucleus (PPT= 136.8%). G-proteins also were activated in the 
dorsal raphe nucleus (DRN=144.8%), but not in the locus coeruleus 
(LC=112.6%). G-protein activation in PnO, PnC, LDT, PPT and DRN was 
completely reversed by the muscarinic antagonist atropine, demonstrating 
that cholinergic activation of G-proteins was mediated by muscarinic 
receptors. These data show that carbachol, via muscarinic receptors, 
stimulates G-proteins in rat brain stem nuclei regulating REM sleep. 
Support: HL-40881 (RL), MH-45361 (HAB), Departments of Anesthesia 
and Neuroscience & Anatomy.

828.11
STATE-DEPENDENT CHANGES OF AMINO ACIDS IN THE RAT 
ORAL PONTINE RETICULAR NUCLEI MEASURED BY 
MICRODIALYSIS. T. Hasegawa, S. Azuma. M. Kimura* and S. 
Inoue. Tokyo Med. Dent. Univ., Tokyo 101, Japan.

Some amino acids are very important neurotransmitters in the 
central nervous system, although few reports deal with their state- 
dependent dynamics. By means of microdialysis, we measured 
glutamate and glycine in the oral pontine reticular nuclei (PnO) in 
five freely behaving rats with special reference to their changes during 
wakefulness, rapid-eye-movement (REM) sleep and non-REM sleep. 
Dialysates were collected for 2 hours from 10:00 to 12:00 under 
normal artificial cerebrospinal fluid (aCSF) perfusion and 
subsequently for 2 hours from 12:30 to 14:30 under Ca+r-free aCSF 
perfusion in order to suppress synaptic release. Perfusion rate was 3 
plAnin,and each sample was collected every 1 min. Under the on-line 
monitoring of cortical electroencephalogram, sampling started from 
the beginning of each state. Samples taken in the same state and the 
same time-sequence were pooled into a single vial and analysed by 
high performance liquid chromatography. Glutamate concentration 
was significantly higher during REM sleep than during non-REM 
sleep and wakefulness for the 2-hour sampling period(Wilcoxon: p <
0.05 respectively). The concentration in glutamate were very deviated 
during REM sleep, and this deviation appeared only under normal 
aCSF perfusion. Glycine concentration was significantly higher 
during REM sleep than during non-REM sleep (ANOVA: p < 0.05) 
under normal aCSF. However, under Ca^-free aCSF perfusion, these 
state-dependent changes disappeared. Consequently, the release of 
glutamate and glycine from the PnO increased during REM sleep, 
especially the fluctuated release of glutamate was REM sleep- 
dependent.

828.12
IBOTENIC ACID LESIONS OF THE PRETECTUM AFFECT REM TRIGGERING BUT NOT 
REDISTRIBUTION OF SLEEP IN SHORT LIGHT-DARK CYCLES. A.M. Miller1*, W.H. 
Obermever2, M. Behan3 and R.M. Benca2. Neuroscience Training Program1, Dept. 
of Psychiatry2, and Dept. of Comparative Biosciences3, UW-Madison, WI 53719

Changes in light intensity have an immediate impact on behavioral state. We have 
studied two paradigms in which changes in light conditions affect sleep-wake 
behaviors in rats: 1) rapid eye movement (REM) sleep triggering by lights-off in 
albino rats, and 2) redistribution of sleep-wake in short light-dark cycles. We have 
determined that aspiration lesions of the superior colliculus and pretectum (PT) 
through overlying cortex extinguish both these responses to changes in light 
conditions, whereas lesions of the visual cortex alone have no apparent effect. In 
order to determine whether nuclei of the PT mediate acute responses to light-dark 
shifts, we performed fiber-sparing neurotoxic lesions of the PT in F344 albino rats 
(n=4). Bilateral pressure injections of ibotenic acid (lOmg/ml; 800nl at a rate of 
20|il/hr) were made through infusion cannulae terminating at a site located between 
the anterior and posterior pretectal nuclei. Several weeks later, electrodes were 
implanted according to standard procedures. Sleep was recorded over four days in a 
REM sleep triggering paradigm in which 5 min of darkness occurred every half an 
hour during the light period of a 12 h: 12 h light-dark cycle. REM sleep triggering 
was greatly reduced in all PT lesioned rats. Sleep was also recorded over four days 
on a short 3 h:3 h light-dark cycle. In this case, however, PT lesioned rats 
demonstrated normal redistribution of sleep to the light period and wake to the dark 
period. In conclusion, nuclei of the retinorecipient PT appear to play a role in REM 
sleep triggering by lights-off, but not in mediating overall shifts in sleep and arousal 
following changes in light conditions. Research supported by NRSA GM7505 to 
A.M.M., NIMH grants MH01224 and MH52226 to R.M.B.

828.13
Retinal Projection to the Sleep Active c-fos area in the Ventral Lateral 
Preoptic Area (VLPO) J, Lu1*, P, Shiromani2, C.B.Saper1. 1 Department of 
Neurology, Beth Israel Hospital, Harvard Medical School. ^Department of 
Psychiatry, Brockton Veterans Administration Hospital, Harvard Medical 
School
Recently, we identified a discrete cluster of cells in Ventral Lateral Preoptic 
Nucleus (VLPO) that show c-fos immunoreactivity only response to sleep 
(Sherin et al., 1995). We have also shown that the cells in VLPO project to 
the histaminergic cells in the tuberomammillary nucleus. Single cell 
recordings from the preoptic area show a higher percentage of sleep-active 
cells in VLPO compared with the adjacent preoptic area (Alam et al., 1996). 
Such convergence of findings indicate that the VLPO plays an important 
role in promoting sleep. The present study determined the retinal inputs to 
VLPO. Rats (male, 300 g) were received ocular injection of 1% cholera 
toxin B subunit (CTB, Biological List) 5JJ.1 at four to ten hours after light on. 
24 hrs later, the animals were anesthetized, perfused with 4% 
paraformaldehyde. The brains were then removed and sectioned at 30 pi in 
two series. One series was immunostained with CTB and the other series 
was stained with c-fos antibody (Oncogene Science, Ab2). We found the 
fibers in VLPO area. The c-fos immunostaining further verified the VLPO. 
These retinal fibers were originated from the lateral region of optic chiasm 
in rostral region, which then run lateral to VLPO. In more caudal region, it 
appeared that the retinal fibers in VLPO were from both median and lateral 
regions of optic chiasm. The fibers from median optic chiasm run across the 
suprachiasmatic nucleus (SCN). The projection is bilateral. Furthermore, we 
found that the retinal fibers terminated Fos active neurons and galanin 
stained neurons in the VLPO, indicating that retinal inputs can influence the 
activity of VLPO neurons. The retinal projections to VLPO provide 
anatomical support that the light can directly affect sleep.

828.14
A 24-hour  rhythm  of  Fos  expression  in  sleep -active

VENTROLATERAL PREOPTIC NEURONS IN THE RAT. Colleen M. Novak*, 
Antonio A. Nunez, and Laura Smale. Department of Psychology and 
Neuroscience Program, Michigan State University, East Lansing, MI 48824- 
1117.

The basal forebrain and anterior hypothalamus are involved in 
sleep initiation, and the ventrolateral preoptic area (VLPO) contains cells 
that are active during sleep (Saper et al., 1996). More VLPO cells 
contain Fos, an immediate-early gene product, in sleeping rats than in 
awake rats. Here we report on the rhythmic expression of Fos in the 
VLPO. Thirty-two rats (Rattus norvegicus) kept on a 12:12 light/dark 
cycle were perfused at 4 different times of day. With lights on at 
zeitgeber time (ZT) 0 and off at ZT 12, animals (n=8/group) were 
perfused at ZT1, ZT5, ZT12.5, and ZT17. Tissue was cut into 30pm 
section and processes for Fos immunocytochemistry (ICC). We found 
more Fos-immunopositive cells in the VLPO of animals taken at ZT 5 
and ZT 12.5 than in animals taken at ZT 1 or ZT 17. These and other 
observations (Saper et al., 1996) indicate that cells of the VLPO may 
integrate circadian and homeostatic aspects of sleep regulation (Borbely, 
1982). Experiments are currently under way to identify these sleep- 
active cells in the preoptic area of a diurnal rodent, Arvicanthis niloticus. 
(Supported by grants IBN 9514374 and MH 11232)
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828.15
SLEEP DEPRIVATION INCREASES THE SLEEP-RELATED 
DISCHARGE OF SLEEP-ACTIVE VENTROLATERAL PREOPTIC 
NEURONS. EL McGinty*, Md.N, Alam, and IL Szvmusiak.. V.A. 
Medical Cnt, Sepulveda, CA 91343 and Dept. Psych., UCLA.

We recently reported increased neuronal activity during sleep in a 
subset of ventrolateral preoptic (VLPO) area neurons, based on 
microwire recordings in freely-moving rats (Szymusiak et al, Soc. 
Neurosci. 22:27,1996). This site also exhibits increased c-fos 
expression during sleep (Sherin et al., Science, 271:216,1996). We 
have now examined the effects of 16 hour sleep deprivation on VLPO 
neuronal activity using the flower-pot-in-water method. Most NREM 
and REM were eliminated with this technique. Without sleep 
deprivation, sleep-active neurons (n=15) increased discharge during 
NREM sleep to 197% of waking levels. Following sleep deprivation, 
sleep-active neurons (n=8) exhibited much greater increases in 
discharge during NREM, to 395% of waking rates. Increased sleep- 
related discharge was associated with the increased cortical EEG 
spectral power density in the delta (0.3-4.0 Hz) frequency band that 
followed sleep deprivation. Unchanged following sleep deprivation 
were the waking discharge of sleep-active neurons and the decreases 
in discharge during NREM in wake-active neurons from the same 
region. These findings suggest that VLPO neurons encode the 
increased sleep depth following sleep deprivation, but do not reflect 
increased sleep propensity during waking. (Supported by the Veterans 
Administration and MH4748.)

828.16
AFFERENT CONNECTIONS OF THE POSTERIOR HYPOTHALAMIC AREA.
E.E, Abrahamson*, J. P. Card and R.Y. Moore. Depts. Of Psychiatry, Neurology and 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15261
Afferent connections of the posterior hypothalamic area (PHA) were examined using 
the retrograde tracer cholera toxin B subunit (CT) and the neurotropic pseudorabies 
virus (PRV). Very dense labeling is present in the dorsal and intermediate subdivisions 
of the lateral septum. Moderate to large numbers of retrogradely labelled cell bodies are 
also seen in the following areas: dorsal endopiriform cortex, anterior cingulate cortex, 
medial septum, median preoptic nucleus, medial preoptic area, lateral preoptic area, 
bed nucleus of the stria terminalis (principal subdivision), septofimbrial nucleus, 
anterior hypothalamic area (anterior subdivision), dorsomedial hypothalamus, medial 
amygdala, lateral hypothalamic area (medial regions), zona incerta, intergeniculate 
leaflet, perifornical area, retrochiasmatic area, lateral habenula, tuberomammillary 
nucleus (dorsomedial and ventrolateral subdivisions), periaqueductal grey matter, 
intermediate grey area of the superior colliculus, medial reticular nucleus, 
interpeduncular nucleus (lateral subnucleus), dorsal and medial raphe nuclei, 
parabrachial nucleus, pontine central grey and nucleus incertus. Variation in the 
location of retrogradely labelled cell bodies following CT and PRV is minimal and can 
be accounted for by differences in the precise location of the site of injection. 
Injections of the anterograde tracer, Phaseolus vw/gans-leucoagglutinin (PHA-L), into 
the PHA confirmed prior results (Vertes et. al., 1995, 1996), and demonstrate that the 
PHA projects to many of the regions it receives input from. An elucidation of the 
afferent input to the PHA is necessary to understand the putative role of the area in 
cardiovascular function, emotional behavior, antinociception, respiration and the 
maintenance of sleep or wakefulness. Application of PRV at longer survival times 
(allowing for trans-synaptic infection) may be useful in that it allows for a 
determination of second order connections, thus providing information on the 
integrated control of the area, (supported by NS-16304)

828.17
ELECTROPHYSIOLOGICAL PROPERTIES OF NEURONS IN THE 
VENTRO-LATERAL PREOPTIC AREA OF THE HYPOTHALAMUS. 
S.R. Morairtv*. D.G. Rainnie. P.J. Shiromani. R.W. McCarlev and R.W. Greene:
Harvard Medical School & Brockton VAMC, Dept. Of Psychiatry, Brockton, 
MA 02184, USA

The preoptic/anterior region of the hypothalamus has been implicated in the 
regulation of sleep and wakefulness. Neurons active during sleep are dispersed 
throughout this region. Recently a cluster of neurons in the ventro-lateral 
preoptic area (VLPO) which express c-fos immunoreactivity in response to sleep 
onset have been reported. This presents the opportunity to study the 
electrophysiological properties of neurons that are potentially important in the 
regulation of sleep.

Whole cell patch-clamp recordings were obtained from neurons in the VLPO 
region of a horizontal rat brain slice preparation using standard techniques. 
Patch electrodes (6-9 MQ) were filled with a recording solution containing (in 
mM): KGluconate, 120; KC1, 10; MgCl, 3; HEPES, 10: MgATP, 2; NaGTP, 0.2. 
Preliminary results from stable recordings of 12 VLPO area neurons suggests 
there are three identifyable electrophysiological sub-types. Type 1 (n=6) 
displayed a high input resistance (Rjn, 685 + 139 MQ, tau = 42 + 20 ms), 
displayed rhythmic firing patterns and did not express an IH-like current. Type 
2 (n=3) also displayed a high R,,, (651 + 59 MQ, tau = 49 + 27 ms), displayed 
depolarizing plateau potentials where bursts of spikes could occur and did 
express an IH-1 ike current. Type 3 (n=3) displayed smaller R,n (324 + 42 MQ, 
tau = 20 + 3 ms), displayed irregular firing patterns and expressed an IH-like 
current. All neurons displayed spontaneous synaptic potentials. Preliminary 
analysis show that 40 wM DNQX blocks the epsc’s and 50 wM bicuculline blocks 
the ipsc’s. Further pharmacological and morphological analysis is currently 
underway.

828.18
INCREASED EXPERIENCE-DEPENDENT MORPHOLOGICAL
DIFFERENCES FOLLOWING REM SLEEP FACILITATION. K.E. 
Armstrong*, S. Bury, A. Ahmed, P. Sinha, C. Solomon, W.T. Greenough.
Depts. of Biology, Psychology, Psychiatry, Cell and Struct. Biololgy, 
Neuroscience Program, Beckman Institute, Univ. of Illinois, Urbana, IL 61801.

We investigated the role of sleep in learning-associated neural plasticity and 
the existence of a "critical window" by using ambient temperature 
manipulations to facilitate REM sleep. Weanling, male littermates were 
placed, for 2h daily at 22 ° +/-1°C, in either an environmentally complex (EC) 
group or an individually caged (IC) group. EC and IC groups were then 
exposed to a 28° +/-1°C temperature chamber to facilitate REM sleep at 
immediate (Oh) and delayed (4h) timepoints (Szymusiak and Satinoff, 1985). A 
significant interaction between EC/IC condition and temperature treatment 
reflected a difference between the non-facilitation EC group and those at the 
Oh and 4h timepoints, with the 4h having the larger effect Our current 
findings suggest that as few as 10 days of EC exposure followed by REM sleep 
facilitation at both the Oh and 4h timepoints results in a greater increase in 
the occipital cortical thickness than that normally observed in non-sleep 
facilitated EC rats or IC rats. Also, this finding suggests that a longer 
"critical window" period during the sleep/wake cycle may exist in facilitating 
experience-dependent morphologcal changes than has been previously 
reported for deprivation to produce a deficit (Armstrong, et al, 1995). The 
developing brain may allow more time during REM sleep for complex 
information to be processed and consolidated resulting in observable and 
stable morphological changes. Supported by MH35321 and a NSF Minority 
Postdoctoral Fellowship.

828.19
NEURONAL ACTIVITY IN THE BASAL FOREBRAIN OF NARCOLEPTIC DOBERMAN 
PINSCHERS. S. Nishino, K, Honda, W, C, Dement* and E, Mianot, Stanford 
Sleep Disorders Center, Stanford University, CA.

Using a canine model of narcolepsy, we have recently demonstrated that cholinergic 
stimulation in the basal forebrain (BF) triggers cataplexy [1], This, together with the fact 
that human cases of symptomatic narcolepsy often involve hypothalamic or BF lesions
[2], suggests that the BF may be critically involved in the pathophysiology of the 
disorder. The neuronal mechanisms mediating cataplexy in the BF are however, still 
poorly understood. In this study, extracellular single units in the magnocellular BF were 
evaluated in freely-moving narcoleptic dogs during various sleep stages and cataplexy.

So far, a total of 35 neurons have been recorded in the BF of narcoleptic dogs. Among 
them, 8 were wake active and exhibit the highest discharge rate during active wake. 
Nine were wake/REM active and exhibit minimum discharge rate during slow wave sleep 
(SWS). Most of these wake/REM active neurons showed lower discharge rates during 
cataplexy than active wake or REM sleep. Three neurons were more active during 
REM/CAT than active wake. As reported in cats and rats, we also recorded a neuron in 
the BF of dogs which increases its discharge rate specifically during SWS. The other 14 
neurons are state-independent (SI) and did not significantly change their discharge rate 
across the various vigilance states. In order to perform pharmacological characterization 
of the neurons recorded in the BF, the response to systemic administration of 
physostigmine (0.05 mg/kg i.v.) was also monitored in 14 neurons. Systemic 
administration of physostigmine induces a long-lasting muscle atonia and decreases 
SWS in narcoleptic animals. We found that all 3 wake/REM and REM/CAT active neurons 
tested were excited by physostigmine. Interestingly, one SWS active neuron was 
tonically inhibited by physostigmine, as measured by a significant reduction in its firing 
rate. In contrast, all 3 SI neurons tested did not respond to physostigmine. The 
responses of wake-active neurons (n=6) were varied: 3 were excited, 1 was inhibited, 
and 2 showed no response.

Neurons that change their discharge rate across different vigilance states in the BF 
were identified in narcoleptic dogs and shown to be modulated by cholinergic 
stimulation. Some of these neurons may thus mediate sleep stage changes or the 
cataplexy effect observed after cholinergic stimulation in the BF.
1) Nishino S, Tafti M, Reid M, et al. (1995) J Neurosci 15: 4806-4814. 2) Aldrich MS, Naylor MW (1989) 
Neurology 39:1505-1508. Research supported by NIH grants NS27710 and NS23724.

828.20
ACTIVITY OF AMYGDALA NEURONS DURING CATAPLEXY IN THE 
NARCOLEPTIC DOG. S. A, Gulyani, M.-F. Wu*, B. Phan, and J. M. Siegel 
Neurobiol. Res. (151 A3), Sepulveda VAMC, North Hills, CA 91343 and Dept. 
Psychiat., UCLA, Los Angeles, CA 91020.

Cataplexy is a symptom of narcolepsy characterized by a loss of muscle tone 
triggered by sudden strong emotions. In narcoleptic dogs, cataplexy is readily 
triggered by the presentation of food and by play The amygdala has been shown to 
have an important role in the control of emotions. We have recently found that 
axonal degeneration is present in the amygdala of narcoleptic dogs. In the current 
study cells were recorded in narcoleptic dogs with microwire electrodes aimed at the 
central and lateral nucleus of the amygdala.

A total of 71 cells were recorded. Of these, 14 cells increased firing in cataplexy. 
Among them, 7 had their highest firing rate in cataplexy (CAT), active waking (AW) 
and quiet waking (QW), as compared to all sleep stages. During waking, these cells 
also increased firing in response to presentation of food or novel objects. Three of the 
14 cells increased firing in CAT, REM and SWS as compared to waking. Two of the 
14 cells had the highest firing in CAT, AW and REM sleep as compared to QW & 
SWS. The remaining 2 cells had the highest firing in CAT as compared to all other 
stages. Prazosin (0.5 mg/kg, p.o.), an oq antagonist which enhances cataplexy, 
increased waking firing rate by 20-30% in 7 of these 14 cells, decreased rate by 50- 
60% in 5 of these cells, with 2 cells not showing any change in firing rate. The rest 
of the recorded cells had either equal firing rate in CAT and all other states (23/71), 
increased firing only in AW with specific neck/limb movements (6/71), had highest 
firing in AW and REM (16/71), highest in sleep (4/71), or fired in waking only 
(8/71).

These studies suggest that there is a subpopulation of cells in the amygdala which 
are activated during cataplexy. These cells may be involved in the triggering of 
cataplectic attacks. (Supported by NS14610, NS23724 and the VA).
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829.1
BIPEDALISM AND SPEECH EVOLUTION. R, R, Provine* Dept. 
of Psychology, Univ. Maryland Baltimore County, Baltimore, MD 
21250.

I suggest that the evolution of bipedal locomotion was necessary 
for the evolution of human speech. Quadrupedal species usually 
synchronize their locomotor and respiratory cycles at a ratio of 1:1 
(strides per breath), a coupling required by the shared, rhythmic use 
of the thoracic complex (sternum, ribs, and associated musculature), 
and the need to endure powerful, repetitive impacts of the forelimbs 
during running. In contrast, human bipedal runners free of these 
mechanical constraints on the thorax employ a variety of phase- 
locked patterns (4:1, 3:1, 2:1 [most common], 1:1, 5:2, and 3:2), 
evidence of a more plastic coupling between respiratory rhythm and 
gait (Science, 1983, 219, 251-256). With bipedalism came a 
secondary and unrecognized consequence, the respiratory plasticity 
necessary for speech. Speech requires the capture and redeployment 
of the respiratory apparatus for sound-making, a capacity less well- 
developed in largely speechless, and more quadrupedal non-human 
primates. Contrasts of human and chimpanzee laughter reveal the 
rigid respiratory-vocal coupling of chimpanzees (Am. Sci., 1996, 84, 
38-45), the principal constraint on the evolution of speech in non-
human primates.

829.2
COMPONENTS OF ZEBRAFISH COURTSHIP. K.O. Darrow , C.E, Holt* 
and W.A. Harris Department of Biology, University of California - San 
Diego, La Jolla, CA 92093-0366

What drives the courtship of zebrafish? How many behaviors are 
needed for a repertoire to be complete enough for success? One can attempt 
to answer these questions by constructing an ethogram of the behaviors seen 
when a pair of sexually mature fish are introduced to each other. The basic 
courtship ritual in zebrafish, as described by van den Hurk, consists of 
chasing and quivering (male), inviting (female), and a nuptial dance (both 
male and female). In successful courtship, resulting in fertilized clutches of 
eggs, there is a stereotypical progression of these behaviors. To achieve a 
quantitative understanding of the repertoire, we have carefully observed and 
recorded on videotape each element of the behavior for a number of 
successful and unsuccessful mating experiments. The importance of these 
separate components was then determined by the success of the courtship in 
the presence or absence of the behavior.

To do these experiments, adult zebrafish pairs were kept overnight in 
a small viewing tank, separated by a plexiglas barrier until normal breeding 
time at sunrise. At time zero, the barrier was lifted and fish were observed 
and videotaped for 90 minutes by which time spawning had usually 
occurred.

To test for visual and olfactory stimulation of courtship, behaviors 
were compared in pairs that were separated by different kinds of barriers: 
opaque versus transparent to test the effect of visual stimulation, and porous 
versus water-tight to test the effect of pheromonal cues.

We are now in a position to set up a screen for courtship mutants, as 
well as to investigate existing mutants with possible visual, olfactory, 
pigmentation, and neuroendocrine defects. The parameters of normal, 
successful courtship characterize a wildtype ethogram against which we can 
compare mutant fish. (Supported by a Me Knight Foundation award to W.A. 
Harris)

829.3
CANID CACHING SEQUENCES AS A MODEL FOR MAMMALIAN 
MOVEMENT. S. Gadbois and J, C. Fentress*. Departments of Psychology 
and Neuroscience, Dalhousie University, Halifax, Nova Scotia, CANADA 
B3H 4J1

Canid food caching involves a number of discriminable actions that are 
combined into protracted sequential patterns. We have analyzed caching 
in foxes, coyotes and wolves to determine rules by which these sequences 
are organized in space and time. This permits evaluation of movement 
form as well as sequential and temporal variables in a natural comparative 
setting. Our interest is in issues of stereotypy and flexibility that reflect 
underlying parameters of movement control. As in many other forms of 
mammalian movement, food caching involves complex patterns of 
response perseveration, alternation, and specific sequence phasing. 
Prosodic modulations may operate throughout the sequence, thus clarifying 
hierarchical principles of movement control. Additionally, variations in 
overall sequence integrity are signalled by frequency ratios among early 
movement components. This suggests "programming decisions" that affect 
details of subsequent performance for many seconds. These constraints 
are particularly obvious in foxes, and less obvious in coyotes and wolves 
which are more flexible in their overall performance. Relative perseveration 
among action pairs can be used to predict other sequential and temporal 
parameters. By analyzing specific transition phases we demonstrate that 
sources of movement disruption and modulation change systematically with 
ongoing performance boundaries. Such data recommend naturalistic 
models of CNS motor control that can inform, and thus extend, traditional 
laboratory analyses of mammalian movement. [Supported by MRC and 
NSERC operating grants {Canada}]

829.4
HIPPOCAMPAL CORTEX VOLUME IS RELATED TO FORAGING 
STRATEGY AND BEHAVIORAL FLEXIBILITY BUT NOT SPATIAL ABILITY 
IN LIZARDS. L, B. Day*, D. Crews, W, Wilczvnski. Institute of Neuroscience, 
University of Texas, Austin, TX 78712.

Environments demanding intensive search for mates, food, and nests have selected 
for efficient spatial abilities and an enlarged hippocampus in many mammalian and 
avian species. Little is known about how such evolutionary constraints effect lizards 
and whether non-spatial hippocampally dependent memory is selected for in 
ecological niches demanding intensive search. Previously, we studied performance of 
Acanthodactylus boskians, an active forager that collects clumped, immobile prey 
and A. scutellatus, a sit-and-wait predator that collects distributed, mobile prey on a 
spatial task and reversal of a non-spatial discrimination. Active foragers did not differ 
from sit-and-wait predators on a spatial task but were significantly better at a 
reversal task. Neither species used mammalian-like strategies for solving the spatial 
task. These results suggested that pliancy (behavioral flexibility), not spatial ability, 
is an evolutionarily conserved attribute of the hippocampus that is selected for in 
ecological niches demanding intensive search. In die current study, we compared the 
volume of the medial, dorsal, and lateral cortices relative to telencephalon volume in 
the same animals that we behavior tested. In the active forager, the medial cortex, 
the putative hippocampal homologue, is significantly larger (F(l,10)=14.05, 
p=.004) and the dorsal cortex, a putative hippocampal and isocortical homologue, is 
marginally larger (F(l,10)=3.619, p=.09). Neither the lateral cortex, an olfactory 
area, nor the telencephalon differed in volume between species. Together these 
results support a pliancy theory of hippocampal evolution in lizards. This theory 
refers to selection in ecological niches that demand intensive search for the 
behavioral flexibity that is known to be associated with hippocampal function as 
opposed to selection in such niches for spatial abilities in particular. Funded by 
NIMH 5T32MH18837 to D.C. and NIMH 1F31MH11228 to L.B.D.

829.5
MITOCHONDRIAL DNA EFFECTS ON HIPPOCAMPAL INTRA- AND 
INFRAPYRAMIDAL MOSSY FIBER TERMINAL FIELDS AND 
CORRELATED BEHAVIORS IN MICE. F. Sluyter, L. F. Maarouf, C.C.G. 
Marican, W.E. Crusio and P.L. Roubcrtoux, Genetique. Neurogenetique et 
Comportement, Institut de Transgenosc, Orleans, France, 45071. SP0N:EBBS

Previous studies demonstrate a genetic correlation between the hippocampal 
intra- and infrapyramidal mossy fiber (IIPMF) terminal fields and specific 
behaviors. Offensive aggression correlates negatively with the IIPMF sizes, 
whereas radial maze performance (spatial memory) correlates positively. The 
aim of this study was to elucidate the role of mitochondrial DNA (MtDNA) on 
the IIPMF tenninal fields and the previously mentioned behaviors. Towards 
this end, reciprocal congenic lines for their MtDNA were developed from the 
highly inbred NZB (abbreviated N) and CBA/H (abbreviated H) strains, which 
differ in their origin of mtDNA. These congenic lines only differ from their 
parentals with respect to their mtDNA. Both parental (H, N; and congeftte 
(HmtN, NmtH) lines were tested in two paradigms of offensive aggression 
against a standard opponent (neutral cage and resident intruder paradigm) and 
radial maze performance, after which brains were processed for IIPMF 
quantification. No MtDNA effects were found on the sizes of the IIPMF 
terminal fields and aggression (measured as attack latency & number of 
attacks), whereas clear effects on radial maze performance (measured as the 
number of errors and correct entries over the last three days) were detected 
with MtDNA originating from the H background increasing spatial learning. 
These results suggest that MtDNA-dependent differences in spatial memory 
are not mediated by differential sizes of the IIPMF terminal fields.
This research was supported by the Fyssen Foundation and a Talent Stipend 
from the Dutch Organization of Scientific Research (NWO).

829.6
INTRAVENTRICULAR INFUSION OF CORTICOTROPIN-
RELEASING FACTOR INCREASES ACTIVITY IN A WILD 
PASSERINE. D. L. Manev*, C. W, Breuner, and J, C. Wingfield. 
Department of Zoology, University of Washington, Seattle, WA.

Activation of the hypothalamo-pituitary-adrenal (HPA) axis occurs in 
wild birds in response to unpredictable events such as inclement 
weather or habitat loss. During this response, glucocorticoids are 
thought to orchestrate coping mechanisms such as increased foraging 
and irruptive behavior. In addition to its role in glucocorticoid 
secretion, corticotropin-releasing factor (CRF) may act centrally to 
initiate these behaviors. Here we report that intraventricular 
administration of CRF increases perch-hopping in captive white- 
crowned sparrows, supporting our hypothesis that HPA secretions 
promote behaviors associated with escaping from local conditions.

Male white-crowned sparrows in reproductive condition were 
implanted with chronic cannulae aimed at the third ventricle, and 
transferred to individual cages that allowed remote electronic 
monitoring of their perch hopping activity. Subjects were housed 
separately to prevent visual and auditory contact. Prior to the 
experiment, birds were infused with 1 jil saline once per day for three 
weeks to minimize the »IPA response associated with the procedure. 
Perch hopping activity was recorded for 90 minutes following 
treatment. Subjects hopped significantly more after infusion with 25ng 
CRF than after infusion with saline (p < .05) or sham infusion (p < 
.05). There was no difference in perch-hopping between the saline and 
sham treatments. We plan to compare corticosterone levels in CRF vs. 
saline-treated birds to confirm that CRF is acting centrally rather than 
via pituitary and adrenal secretions. Funded, by NSF IBN 9631350.
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829.7
VASOTOCIN TREATMENT INHIBITS COURTSHIP BEHAVIOR IN MALE 
ZEBRA FINCHES; CONCOMITANT ANDROGEN TREATMENT INHIBITS 
THIS EFFECT. C.F. Harding* & S.A. Rowe. Biopsychology Program, Hunter 
College, CUNY, New York, NY 10021.

Historically, zebra finches dwelled primarily in arid areas. Their reproduction 
was stimulated by unpredictable water availability, not by changing photo-
period. It has been suggested that in animals relying on unpredictable cues, 
the primary mechanism controlling reproduction should be inhibitory. The 
onset of stimulatory environmental conditions removes the inhibition, allowing 
rapid initiation of breeding. As the primary hormone regulating water balance 
in birds, vasotocin (VT) appeared a likely candidate for such an inhibitory 
mechanism. Drought conditions cause sustained VT release, and in other 
species, increased VT acts on the testes to inhibit androgen synthesis. To test 
if VT could inhibit reproductive behavior, intact males received two 15min tests 
with a female. They were then divided into 3 groups matched for levels of 
courtship and implanted sc with 100/zl osmotic minipumps (Alza) containing 
either saline (SAL), 264ng VT, or 1320ng VT in saline. Although VT males still 
showed considerable interest in females, the high VT dose significantly 
reduced singing and courtship behavior. To test whether VT was acting by 
depressing androgen production, a second experiment was run. Males were 
given sc androgen implants and divided into two groups matched for their 
levels of courtship. One group received minipumps containing SAL, the other 
high dose VT. In the presence of exogenous androgen, both SAL and VT 
males showed the same high levels of courtship and singing. These data 
suggest that the high levels of VT secreted when water is not available may 
act to inhibit reproduction and that VT acts by inhibiting androgen production.

Supported by NSF IBN 941271

829.8
APOMORPHINE IMPAIRS COMPLEX LOCOMOTOR PERFORMANCE AND 
DECREASES THE NUMBER OF TYROSINE HYDROXYLASE 
IMMUNOREACTIVE CELLS IN THE BRAIN OF TOE FROG, RANA PIPIENS.

Institute of Neuroscience, University of Texas, Austin, TX 78712.
The dopamine agonist apomorphine (APO) has been show to effect motor

performance in mammals. In particular, dopaminergic function appears to be 
involved in movement initiation associated with weight shifting (Schallert, et al. 
1993. J. Neural Transpl. Plastic. 3:332-333). We investigated the effects of APO on 
an anuran amphibian, Rana pipiens, in a locomotor water task. Frogs were placed in 
a swim arena and were trained to locate a dry, elevated perch in the far comer of the 
tank. Water temperature was kept at 28°C in order to induce swimming. Animals 
were tested on two consecutive days. On Day 1, all animals were injected with 
saline, on Day 2 animals were injected with either a 20mg/kg body weight of APO or 
an equivalent volume of saline. We measured latency to swim across the arena and 
climb onto the perch, latency to swim to the perch, time spent climbing onto the 
perch, and number of attempts to climb the perch. Total latency to arrive at, and to 
climb onto the perch from the start comer was impaired with APO treatment ( p=
0.02, two-way ANOVA). Climbing latency and the number of climbing attempts 
increased as a function of APO (p = 0.016 and p <0.01, respectively). However the 
latency of first arrival at the perch was not affected (p = 0.8). Thus, the impairment 
was observed only in parameters that included perch climbing and not general 
activity. APO is known to decrease dopamine turnover and synthesis in mammals. 
To investigate this phenomena in frogs, brains from all subjects were processed for 
tyrosine hydroxylase immunohistochemical (THir) staining and THir cells in three 
representative dopaminergic areas were counted. APO treated animals had 
significantly fewer THir cells than saline treated animals (p<0.05). These results 
indicate that APO impairs complex motor behavior in frogs, and the pharmacological 
effects of APO can be observed in decreased numbers of THir cells. Supported by 
NIMH grant RO1 MH45696 to W.W.

829.9
EFFECT OF DOPAMINE AGONISTS ON IMMOBILITY REFLEX ELICITED BY 
CLAMPING IN THE RAT. E. Chuc-Meza *, E. Ramirez-SanJuan, M. Garcia. 
Dept. de Fisiologia, Escuela Nacional de Ciencias Biologicas, Instituto 
Politecnico Nacional, Mexico City, 11340, Mexico.

The immobility reflex (IR) is a condition shown by various species as a 
defensive strategy against predators (death-feigning) or as a component of the 
"transport response" of the pups observed in maternal care behavior. IR is 
potentiated with dopaminergic antagonists like SCH 23390 or haloperidol, but 
there are reports that mixed agonist apomorphine has also a potentiating 
action. To test if this action is linked to D1 or D2 activation we examined the 
effect of D1 and D2 dopamine agonists on the duration of IR elicited by 
clamping in the nape of the neck of rats previously tested for locomotor activity. 
Male naive Wistar rats were administered SC injections of D1 agonist SK&F 
38393 (0.1, 1 or 10 mg/kg) or D2 agonist Quinpirol (0.02, 0.2 or 0.8 mg/kg) or 
vehicle and after 30 min locomotor activity was measured during 3 min in an 
open square arena (1 m/side) using a video-digitalizing device. Afterwards the 
IR was evaluated measuring the duration of the inhibition of the righting reflex. 
SK&F 38393 not affected the locomotor activity but it potentiated IR at 10 
mg/kg, while Quinpirol had a biphasic effect on locomotor activity, diminishing it 
at 0.02 mg/kg but increasing it at 0.8 mg/kg and at the same dose the IR was 
increased. These results show that activation at D1 and D2 receptors increases 
IR, but unlike antagonists this potentiation can be elicited independently of the 
inhibition of locomotor activity, suggesting a different site of action not directly 
linked to nigro-striatal dopaminergic ways as has been proposed for the antago-
nists.
Supported by fellowships from COFAA-IPN.

829.10
STEREOTYPIES AND DOPAMINE RELEASE FROM CAUDATE NUCLEUS: A 
MICRODIALYSIS STUDY IN ANAESTHETIZED BANK VOLES 
(CLETHRIONOMYS GLAREOLUS). I.Vandebroek, R. Meeusen? J.Caemaert and
F.O.Odberg. Dep. of Neurosurgery, 2P2, De Pintelaan 185, B-9000 Ghent, Belgium. 
Bank voles frequently develop stereotyped jumping in conventional laboratory cages. 
According to their stereotypy-level, they can be divided into stereotyping (ST) or non-
stereotyping voles (NST) (average daily number of jumps at least 5000 and less than 
1000, respectively). Previous pharmacological studies have pointed to a role of central 
dopamine (DA) systems in this behavior. Furthermore, neurobiochemical changes 
during development distinguish beginning from established stereotypies.
Microdialysis and LC/dual electrochemical detection was applied to compare basal and 
potassium-evoked (50 mM during 25 min) extracellular levels of caudate DA, its 
metabolites DOPAC and HVA and the serotonin metabolite 5-HiAA between ST and 
NST younger than 4 and older than 12 months, respectively.
Our results show that basal DA levels of ST in either age group do not differ from age- 
matched NST, but 1) ST, as compared to NST, show a lowered response of DA release 
during infusion with high K+, and 2) the effectiveness of a high K+-Ringer solution to 
evoke DA release increases with age (in both ST and NST).
One possible explanation for these findings is that ST might have supersensitive 
presynaptic D2 receptors. When DA, released by high K+, binds to these 
supersensitive receptors further release is excessively inhibited, thus explaining reduced 
peak levels in ST. Further research with a selective and irreversible D2 antagonist, 
NIPS, is now conducted.
This research was supported by a specialization grant of the Flemish Institute for the 
Promotion of Scientific-Technological Research in Industry (IWT).

829.11
PREY CAPTURE IN THE FROG RANA PIPIENS: LUNGE PARAMETERS 
DETERMINE ADAPTATION TO PREY DISTANCE P, Patton* and A. 
Weerasuriva. Mercer University School of Medicine, Macon, GA 31207.

Anurans capture prey with their tongues, by means of a rapid sequence 
of movements, involving a forward lunge of the body, and a coordinated 
movement of the head, mouthparts, and tongue referred to as the snap. Prey 
capture as a function of prey distance was studied in 3 large (8.6 to 9.1 cm 
dorsal snout/vent length) and 3 small (4.3 to 4.9 cm) frogs. Mealworm prey 
were presented at distances from 1 to 12 cm (worm distance). Prey capture 
was imaged using a digital camera at 130 frames/sec. Lunge distance was 
strongly correlated with prey distance (Corr. coeff. R= 0.97 P<0.001). In each 
lunge, the frog's snout generally fell short of the worm by an amount 
referred to as the snap distance. Snap distance increased systematically with 
worm distance (R=0.70 PcO.001). Tongue extension beyond the snout varied 
from nearly 0 to 1.7 cm for large, and 0.8 cm for small frogs, but this variation 
was only weakly correlated with worm and snap distance. The same was 
found for other snap parameters. Adaptation to prey distance is mediated 
almost entirely by the lunge rather than the snap. Lunge properties vary 
with prey distance. After normalizing for body size, this variation was 
similar for large and small frogs. For prey within ~0.5 body lengths (bl) the 
frog rocked forward, with all four feet remaining planted. Lunges to greater 
distances involved forward forelimb movement. Between 0.5 and 0.75 bl the 
forelimbs often stepped or slid forward. For some lunges to worms as close 
as ~0.5 bl, and for all beyond -0.75 bl, the forelimbs were simultaneously 
removed from the substrate, while the rear limbs propelled the frog forward. 
Lunge timing does not vary isomorphically with body size. In body length 
relative terms, small frogs lunge faster than big ones. (NSF IBN-9420525).

829.12
A BIOMECHANICAL MODEL FOR THE SIMULATION OF PREY CAPTURE 
IN TOADS. K, C, Nighikawa\ E, .5,. MaUgtt.aid.-G,. X Yamagyphi. Dept of Biol. 
Sci., N. Arizona Univ., Flagstaff, AZ 86011-5640 and Dept of Chem., Bio and 
Matls. Engineering, Arizona State Univ., Tempe, AZ 85287-6006.

Prey capture by toads is analogous to prehensile actions of other vertebrates 
including humans and should exhibit similar mechanisms of motor control. This is 
an ideal system for investigating motor control because a toad’s tongue and jaws are 
very simple anatomically. The tongue consists of only two pairs of extrinsic muscles,
M. genioglossus and M. hyoglossus, which protract and retract the tongue 
respectively. During prey capture in toads, the tongue first shortens as the protractor 
muscles accelerate the tongue pad upward and forward while the mouth opens. The 
tongue accelerates at more than 31 times gravity during protraction and it elongates 
by as much as 180% of its resting length under its own momentum. The tongue tip 
follows a straight trajectory from mouth to prey as the tongue flips over the 
mandibles. We developed a planar, forward dynamic model of a toad’s tongue to study 
the dynamics of tongue protraction and retraction during prey capture. The model 
contains four degrees of freedom, including the lower jaw (fixed length) and three 
segments of variable length in the tongue. Dynamic equations of motion were 
developed and coded in FORTRAN and derived via Kane’s method. In the model, M. 
genioglossus and M. hyoglossus are used to actuate the tongue, while impulsive joint 
torques are applied at the jaw joint to open or close the mouth. Joint torques are 
obtained from a muscle model that incorporates non-linear springs and dampers to 
simulate the force-length-velocity characteristics of the tongue muscles. Simulations 
show that tongue movement is complex and the trajectory is sensitive to the values 
of anatomical parameters and to relative timing of activation of the jaws and tongue. 
Thus, the straight trajectory of the tongue tip depends upon precise coordination of 
tongue and jaw movements. (Supported by NSF grants BCS-9257395-01 to GTY and 
IBN-9507479 to KCN, and by a NIH-MBRS grant to KCN.)
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829.13
ADAPTABLE ASPECTS OF FROG PREY CAPTURE MOTOR PROGRAM 
EMERGE AFTER CHRONIC HYPOGLOSSAL NERVE TRANSECTIONS.
A. Weerasuriva* and J.D. Mills. Mercer Univ. Sch. of Med., Macon, GA 31207.
Anurans with permanently transected Xllth nerves start to open their mouths 

within a few weeks after the transection. The objectives of this study were to 
examine factors that influence this recovery of jaw movement and the adaptability 
of the prey capture motor program. The first objective was explored by studying 
prey capture in frogs prevented from feeding for 4 weeks after the transection, 
and in lesioned frogs offered earthworms as prey. Capture of earthworms requires 
a more active involvement of the jaws. The second objective was examined by 
monitoring the ability of Xllth nerve transected frogs to capture small mealworms. 
Normally, such small prey are captured with a fully extended tongue, and in the 
absence of a maneuverable tongue, the frogs are forced to utilize their jaws to 
capture small prey. Frogs offered earthworms opened their mouths sooner than 
those fed either size of mealworms to capture the prey with their jaws. When frogs 
were fed on small mealworms, the mouth opened much later than in those fed 
larger mealworms or earthworms, and correspondingly capture efficiency was 
also less than in those frogs offered large mealworms or earthworms. Frogs that 
were isolated for 4 weeks after transection were able to open their mouths during 
the first testing session, but the proportion was much less than that in the group 
that had already been tested for 4 weeks. These results lead to the following 
conclusions, (1) repeated attempts to capture prey hasten the start of mouth 
opening during lunges, (2) large prey, such as earthworms that normally require 
active involvement of jaws in prey retrieval, also induce an earlier opening of jaws, 
(3) A component of the inhibition of mouth opening is associated with neuronal 
changes induced by the permanent nerve transection, and (4) frogs when fed on 
small mealworms are capable of adapting their prey capture strategy to 
compensate for the absence of the tongue; but their capture efficiencies are less 
than that with large mealworms or earthworms (NSF IBN-9420525).

829.14
LACK OF EXPERIENCE DURING THE JUVENILE PHASE DOES NOT 
AFFECT THE DEVELOPMENT OF SEX-TYPICAL MOVEMENT 
PATTERNS. E. F. Field*, I.O, Whishaw and S.M. Pellis. Department cf 
Psychology, University of Lethbridge, Lethbridge AB. T1K 3M4.

Feeding rats will dodge laterally away from conspecifics who attempt to 
steal their food. Females and males, while appearing similar in the 
direction and the magnitude of a dodge, differ in the composition of the 
underlying movements. It has been shown that rats do not begin to show 
lateral evasive movements, to protect a food item, until 23-24 days 
postnatally. Further, it has been shown that sex differences in Ihe 
organization of movement patterns organization are dependent on exposure 
to gonadal androgens neonatally, but not at puberty. What is not known 
however, is whether interactions with conspecifics during the juvenile 
phase are necessary for the expression of these sex typical patterns in 
adulthood. We isolated male and female rats from weaning (21 days) until 
adulthood (90 days) and examined their lateral evasive movement 
patterns. We found that the male- and female-typical patterns of 
movement are present irrespective of whether a rat had the opportunity to 
interact with juvenile conspecifics. These findings suggest that sex 
differences in motor pattern organization do not depend on experience 
during the juvenile period. This research was supported by NSERC.

829.15
WHAT IS THE ROLE OF NECK MUSCLES (COMPLEXUS AND 
SPINALIS CERVICUS) IN HATCHING OF DOMESTIC CHICK? A.S. 
Fdmiston. T.D. Hernandez*, A. Bekoff. EPO Biology, Dept. of 
Neurosciences., U. Colorado, Boulder, CO 80309.

All embryos of egg-laying animals face a similar task: successful 
emergence from the shell. While hatching mechanisms in birds have been 
extensively described, little is known about the role of neck muscles, 
particularly the complexus (so-called “hatching muscle”) and the spinalis 
cervicus muscles, in the hatching process. The complexus muscle is a large, 
bilateral muscle located on the dorsal side of the chick’s neck; it overlies the 
spinalis cervicus and biventer spinalis muscles. We have confirmed 
previous work showing that beginning on embryonic day 17 (El7), the 
muscle swells with fluid and reaches a maximum wet weight on E20. 
Despite the implications of the complexus muscle being the “hatching 
muscle,” there was no empirical evidence to support this prior to this study.

In previous experiments from our lab, we injected lidocaine throughout the 
entire neck region and then placed them into glass eggs; they did not hatch 
until the anesthetic wore off. In the present study, we show that injecting 
lidocaine specifically into the complexus and/or spinalis cervicus muscles 
causes a significant (P< 0.001) delay in hatching. Additionally, EMG 
recordings show that complexus and spinalis cervicus muscles are 
coactivated with the ankle extensor, gastrocnemius, during hatching. These 
are the first experiments to show active participation, whether sensory or 
motor, of specific muscles of the neck during the stage-specific behavior of 
hatching.
Supported by NIH grant HD28247 & NSF grant 1BN9630498 to A. Bekoff

829.16
THE NEURAL BASES OF OPERCULAR ABDUCTION IN THE SIAMESE 
FIGHTING FISH. D. G. Polnau and P. M. Ma*. Marine Science Center, 
Northeastern University, East Point, Nahant, MA 01908
In fishes, opercular abduction is mediated by a single muscle, the dilator operculi 
(DO). The Siamese fighting fish (Betta splendens) uses opercular abduction in both 
vegetative and agonistic behavior. Vegetative functions are phasic and rhythmic (e.g. 
ventilation, feeding). Agonistic functions are tonic (e.g. frontal display). This study 
is an anatomical examination of the topological organization of the motor apparatus 
and a physiological analysis of the neural bases underlying these two behavior. DO 
consists of three subunits (DOa, DOP, DOy). Innervation of DO originates from two 
trigeminal motor subnuclei: the caudomedial (nVcm) and the caudolateral (nVcl). 
Injection of dextran amines into individual muscle subunits reveals a topological 
organization in motor innervation. DOa motoneurons are located in both nVcm and 
nVcl. Motoneurons projecting to DOp form the most caudal and lateral part of nVcl, 
but overlap with DOa and DOy motoneurons in rostral nVcl. DOy motoneurons are 
located mainly in nVcl with some somata distributed between the two subnuclei. 
EMG recordings from DO subunits combined with video analysis were used to 
examine motor output programs underlying agonistic display and ventilation. Two 
observations indicate that these two functions are under independent central control. 
First, display motor units generate larger spikes than ventilation motor units. This 
shows that opercular display is not the result of tonic activation of respiratory 
motoneurons. Rather, gradual recruitment and sustained activation of specific 
display motor units underlie frontal display. Second, during tonic display, the phasic 
motor program appears to be inhibited, implicating interactions between the two 
antagonistic functions. The topological organization of motoneurons may form the 
anatomical basis for the segregation of physiological functions. Opercular abduction 
in B. splendens might be a useful model for elucidating neural circuits underlying 
antagonistic motor output. (Supported by Whitehall Foundation and NIMH.)

829.17
PARTICIPATION OF THE BASAL MESENCEPHALON IN THE MODULATION OF THE 
AGONISTIC BEHAVIOR OF TOADS (BUFO PARACNEMtS). LH, Gamaglioni. A.S.F. 
Pereira and A, Hoffmann* Faculdade de Medicina de Ribeirao Preto, Universidade de Sao 
Paulo, Ribeirao Preto, SP Brazil 14049-900.

The objective of the present study was to determine whether electrolytic lesions limited to 
two mesecephalic regions (tegmentum and interpeduncular nucleus) alter the duration of 
tonic immobility (Ti) episodes (a component of the anti-predator response obtained in the 
laboratory by postural inversion and movement restraint) and the latency of the response to 
the hot plate test. Previous studies have shown that chemical stimulation of the basal 
mesencephalon of toads induces responses linked to defensive behavior. Toads weighing 
150 to 400 g were anesthetized and an electrode (anode) was introduced bilaterally into the 
mesencephalon to a depth of 2 mm from the exposed dorsal surface of the structure. A 
current of 1 mA was then applied over a period of 10 s. in one group (n=7) the lesion was 
performed 0.5 mm from the midiine in order to reach the interpeduncular nucleus. Control 
(n=7) and sham (n=12) groups were also used. Five Tl episodes were induced in each animal 
and their duration was measured and expressed in seconds. Two hours later the animals 
were submitted to 3 consecutive sessions of the hot plate test (52°C). A significant increase 
(p<0.05, Kruskal-Wallis test) in the duration of Tl episodes occurred in the groups submitted 
to lesion of the tegmentum (156.4 + 3.7 s) and in the interpeduncular nucleus (220.4 + 6.4 s) 
compared to control episodes (49.9 ± 1.4 s) and to the sham group (5.4 + 0.6 s). Only toads 
with lesion of the interpeduncular nucleus presented a significant increase in mean latency in 
the hot plate tests (11.8 ± 2.5 s) compared to the control (3.9 + 0.4 s) and sham (5.8 + J s) 
groups and the group with lesion of the tegmentum (5.4 ± 0.6 s). The data indicate that these 
sites must contain neurons that inhibit mesencephalic and extramesencephalic regions 
involved in Tl organization and that the interpeduncular nucleus also contains neurons that 
modulate the response to a noxious stimulus. Finnancial Support: FAPESP.

829.18
AMYGDALA AND THE CONTROL OF DORSAL IMMOBILITY IN RATS.
W. I. C. Albuquerque-Araujo*, M. R. Brentegani and A. Hoffmann. Lab. of 
Neurophysiology. University of Sao Paulo. Ribeirao Preto. SP 14049-900 Brazil.

Dorsal immobility (DI) is an inhibitory behavioral response that occur in 
the prey-predator relationship and in fight between conspecifics. Il is elicited by 
grasping the animal by the dorsal skin at the nape of the neck and lifting it off its 
feet. In the rat. the animal immediately exhibits a stereotypical immobility posture 
that persists until the animal suddenly emits escape-like behaviors. Extensive 
evidence indicates that the amygdala plays a crucial role in fear and anxiety. Many 
of the amygdaloid projection areas are critically involved in specific signs (changes 
in autonomic activity, simple reflexes) that are used to measure fear and anxiety. 
Local infusion of drugs (opiate agonists, benzodiazepines) have anxiolytic effects in 
several behavioral tests. In view of the above considerations the purpose of the 
present study was to investigate if the amygdala, the anxiolytic drugs, the 
cholinergic and GABAergic systems are involved in the modulation of dorsal 
immobility. A guide cannula was implanted into the basolateral amygdala of rats 
and the animals were individually submitted to five control maneuvers of DI 
induction. This procedure was performed before and after the microinjection of 
drugs. The drugs used were carbachol (lpg/0.2pl). atropine (O.5pg/O.2|il). 
midazolam (20nmol/0.2pl), fl-carboline (2gg/0.2gl), muscimol (0.6gg/0.2gl) and 
bicuculline (0.1 gl/0.2gl). Results: l)The decrease in the duration of DI induced by 
carbachol microinjection was blocked by pre-treatment with atropine, indicating 
that this action is mediated by muscarinic receptors: 2)GABAergic system, acting 
through GABAa receptors, is also involved in the modulation of DI. The 
microinjection of muscimol don’t interfere in the duration of DI. while bicuculline 
decreased the DI episodes. 3) Benzodiazepine potentiated the duration of DI and its 
inverse agonist decreased it.
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829.19
THE BASOLATERAL AMYGDALA AND CONTROL OF TONIC IMMOBILITY. C.R.A. Leite 
and L. Menescal-de-Oliveira*. Lab, of Neurophysiology, School of Medicine of Rib. Preto, 
University of Sao Paulo, Brazil -14049-900.
The defensive system comprises several neural structures, including amygdala, 
hypothalamus and periaqueductal gray matter. This system is active in situations of attack 
between intraspecific animals and in prey / predador confrontation. In these situations 
several patterns of defensive behavior may occur such as freezing, flight, fight and tonic 
immobilitiy (TI). Tonic immobility is thought to represent the terminal reaction in chain of 
antipredatory response to maintain survival. Evidence from our laboratory has demonstrated 
the participation of the cholinergic system in the modulation of tonic immobility in different 
neural substrates. The objective of the present study was to investigate the possibility of the 
basolateral amygdala (ABL) and cholinergic system actng in the modulation of TI in guinea 
pigs. A guide cannula was implanted into the ABL of guinea pigs (400 - 500g) and the 
animals were submitted to five control manuevers of TI induction before and after the 
microinjection of drugs. The induction consisted of the restraint and postural inversion of the 
animal, and the duration of the episodes was recorded in seconds. One week after the 
surgery the animals were microinjected with saline and 24 hours later carbachol (CCh, 1.0 
pg/0.2 pi). In an other group CCh was microinjected, followes 24 hours later by CCh 
preceded (20 minutes) by atropine (0.5 pg I 0.2 pi). The results showed that the 
microinjection of CCh into the ABL decreases (Duncan, p<0.05) the duration of TI when 
compared to the control and saline episodes. This decrease is reversed by previous 
administration of atropine. Since the participation of amygdaloid muscarinic receptors has 
been reported to modulated the fear response we suggested that the activation of 
muscarinic receptors of the ABL has an inhibitory effect on the duration of TI.

Grants from CAPES and FAPESP (Proc.ns 95/8926-0).

829.20
VENTROLATERAL PERIAQUEDUCTAL GRAY MATTER AND THE CONTROL OF TONIC 
IMMOBILITY. C.R Monassi.* and L, Menescal-de-Oliveira. Lab. of Neurophysiology, School 
of Medicine of Rib. Preto, University of Sao Paulo, Brazil -14049-900.
Because of its broad functional and anatomical heterogeneity, the Periaqueductal Gray Matter 
(PAG) has the capacity of integrating several patterns of defensive behavior. This region also 
contains neural circuits that participate in descending antinociception. Many lines of evidence 
suggest that these circuits might employ opiod peptides and GABA in series to inativete a 
tonic inhibition of PAG output neurons. Recent evidence from our laboratory demonstrated the 
participation of the cholinergic system and the ventrolateral PAG (PAGv) in the modulation of 
tonic immobility (TI), an specific type of inhibited defensive behavior, in guinea pigs. 
Cholinergic stimulation of this region increased the duration of TI. These lines of evidence, 
associated with other reports, motivated us to investigate the possibility that the ventrolateral 
PAG modulates TI episodes by an interaction between the cholinergic, opioidergic and 
GABAergic mechanisms. A guide cannula was implanted into the PAGv of guinea pigs and 
the animals were individually submitted to five control maneuvers of TI induction. This 
procedure was performed before and after the microinjection of drugs. The drugs used were 
carbachol (CCh, 1.0 pg/0.2 pi), naloxone (1.0 pg/0.2 pi), morphine (3.0 pg/0.2 pi), muscimol 
(1.0 nmol, 0.5 nmol, 0.26 nmol) and bicuculline (0.022 nmol, 0.2 nmol and 1.0 nmol). The 
results showed that the increase in the TI episodes induced by CCh microinjection into the 
PAGv seems to be opioid dependent because pre-treatment with naloxone blocks these 
increments and the microinjection of naloxone alone decreases TI. Microinjection of morphine 
into the PAGv also increased the TI episodes and this effect was antagonized by naloxone, 
indicating that this action is probably mecfiated by p-opioid receptors. These last results 
suggest an interaction between opioid and cholinergic mechanisms in the ventrolateral PAG 
during TI. The results also showed that microinjection of muscimol (at all doses used) 
decreased the TI episodes, while microinjection of bicuculline (0.5 pg/0.2 pi) increased the TI 
episodes. This result suggests that the gabaergics neurons of the PAGv have an inhibitory effect 
on TI which is possibly mediated by GABAa  receptors. Taken as a whole, the results suggest that 
the modulation of TI by the PAGv might occur via a neural circuit similar to that proposed for 
descending antinodception. Grants from CAPES and FAPESP,

829.21
ADULT DEVELOPMENT OF MULTIPLE INNERVATION IN 
TOADFISH SONIC MUSCLE. J.E, Hirsch. M.L. Fine* and J. W, Bigbee. 
Dept. of Biology and Anatomy, Virginia Commonwealth Univ, Richmond,
VA 23284-2012.

The sonic muscle of the oyster toadfish Opsanus tau produces unfused 
contractions at over 200 Hz for mating call production. The muscle is 
sexually dimorphic and grows for life by fiber proliferation and hypertrophy. 
Previous descriptions of multiple innervation by cholinesterase 
histochemistry did not consider fish size or sex. We examined fibers from 
fish between 123 to 343 mm in total length (24.7 to 790 g in mass), including 
both sexes. The basic unit of the neuromuscular junction, nmj, is a tubelike 
trough varying in length from 8 to 178 pm. Troughs are usually straight 
although some are made of consecutive ovals, and some are branched.
Median length of nmjs increased linearly with fish length (p = 0.002) from 58 
to 75 pm. Modes were mostly between 50 and 60 pm, indicating that the 
median increase was caused by an increase in large junctions in older fish. 
Median interval between nmjs (measured from the beginning of one junction 
to the next) ranged from 92 to 116 pm and did not vary with size (p = 0.285). 
Considering increasing fiber length, the data indicate an increase from about 
70 to 150 nmjs per fiber during fish growth. There were no significant sexual 
differences. Sonic fibers have slow conduction velocities, and we suggest the 
addition of new junctions and the relatively constant distance between them 
supports rapid and synchronized contraction necessary for sound production. 
Supported by NIH grant DCO 1083.

REPRODUCTIVE BEHAVIOR V

830.1
COMPARISON OF ESTROGEN RECEPTOR IMMUNOREACTIVITY AND 
[3H]ESTRADIOL BINDING DISTRIBUTIONS IN MACAQUE BRAINS. 
R. P. Michael*, A. N. Clancy and D. Zumpe. Department of Psychiatry and 
Behavioral Sciences, Emory University School of Medicine, GMHI, 1256 Briarcliff 
Rd., Atlanta, GA 30306.

We have now identified a primary anti-estrogen receptor (anti-ER) antibody (IDS 
monoclonal mouse anti-ER antibody, Zymed Laboratories) which reacts with the 
nuclei of neurons in the primate brain, and have compared the distributions of ER- 
immunoreactive (ER-ir) neurons with the distribution of autoradiographically 
labeled neurons following in vivo [3H]estradiol ([3H]E2) administration. In 
immunocytochemical studies, 5 female and 2 male cynomolgus monkeys {Macaca 
fascicularis) and 2 male rhesus monkeys {M. mulatto) were killed and perfused 
transcardially. Free-floating frozen coronal brain sections (40 pm) were incubated 
with undiluted antibody, and ER-ir labeling was visualized by the ABC 
immunoperoxidase method using diaminobenzidine as the chromogen. In 
previously published autoradiographic studies, rhesus monkeys were 
gonadectomized, injected with 1 mCi (2 females) or 5 mCi (4 males) [3H]E2 i.v., 
and killed one hour later. Coronal sections (4-6 pm) were processed by standard 
thaw-mount autoradiographic procedures. Preliminary results suggest considerable 
congruence between ER-ir and autoradiographic labeling distributions in the 
preoptic area, ventromedial hypothalamus, amygdala, arcuate nucleus, bed nucleus 
of stria terminalis, paraventricular nucleus and lateral septum of both sexes. This 
anti-ER antibody is compatible in dual-labeling procedures with anti-c-/os, anti-
androgen receptor, and anti-progesterone receptor antibodies known to interact 
with the primate brain, and will help to elucidate the neuroendocrine mechanisms 
underlying sexual behavior in male and female macaques.
(Supported by USPHS Grant MH 19506 and the Whitehall Foundation).

830.2
ESTROGEN RECEPTOR IMMUNOREACTIVE NEURONS IN THE 
PERIAQUEDUCTAL GRAY PROJECT TO THE NUCLEUS RETROAMBIGUUS 
IN THE OVARIECTOMIZED FEMALE CAT. V.G.J.M. VanderHorst*, E. Meijer,
F.C. Schasfoort, F.W, van LeeuwenY. and G, Holstege. Dept. of Anatomy, Univ. 
of Groningen, The Netherlands; ¥ Neth. Inst. Brain Res., Amsterdam, The 
Netherlands.

The nucleus retroambiguus (NRA) is a compact group of neurons located in 
the caudal medullary tegmentum. It forms a relay between the midbrain 
periaqueductal gray (PAG) and a distinct set of lumbosacral motoneuronal cell 
groups. The PAG-NRA-motoneuronal pathway is thought to be involved in 
receptive behavior. Females typically display receptive behavior when they are 
in estrus, i.e. have elevated levels of estrogen. In adult female cats, estrogen 
appears to induce outgrowth of the NRA-lumbosacral motoneuronal pathway. The 
mechanisms underlying this outgrowth are not known. Especially the role of 
estrogen concentrating neurons is unclear in this respect. Since the PAG and its 
laterally adjacent tegmentum are known to contain numerous estrogen 
concentrating neurons as well as NRA-projecting neurons, the aim of the present 
study is to find out whether PAG neurons projecting to the NRA contain estrogen 
receptors. In 4 cats, injections with cholera toxin subunit b (CTb) were made into 
the NRA to retrogradely label NRA projecting neurons in the PAG. Estrogen 
receptor immunoreactive neurons in the PAG were identified immuno-
histochemically using the estrogen receptor antibody H222 and a standard ABC 
technique. Numerous CTb-labeled estrogen receptor immunoreactive neurons 
were found in the dorsal, lateral and ventrolateral PAG, and the tegmentum 
lateral to the PAG. In the caudal PAG, these double labeled neurons were mainly 
located laterally, whereas more rostrally they were also present in the 
tegmentum laterally adjoining the PAG. Double labeled neurons in the dorsal 
PAG were diffusely distributed throughout its rostrocaudal extent. The results 
indicate that a significant part of the PAG-NRA projection is sensitive to 
estrogen.
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830.3
ONLY VENTROMEDIALLY LOCATED ESTROGEN RECEPTOR 
IMMUNOREACTIVE NEURONS IN THE LUMBOSACRAL CORD PROJECT 
TO THE PERIAQUEDUCTAL GRAY IN OVARIECTOMIZED FEMALE CATS.
E. Meiier. V.G.J.M. VanderHorst. F.C. Schasfoort, F.W. van Leeuwen¥, and G.
Holstege*. Dept. of Anatomy, Univ. of Groningen, The Netherlands; ¥ Neth. Inst. 
Brain Res., Amsterdam, The Netherlands.

The midbrain periaquaductal gray (PAG) plays an important role in the 
integration of emotional behavior, such as aggressive reactions, micturition, and 
female reproductive behavior. For the integration of receptive behavior, the PAG 
requires input from the pelvic viscera and sex organs. This information reaches 
the lumbosacral cord via the pelvic and pudendal nerves, and is conveyed to the 
PAG via a direct lumbosacral-PAG pathway, which originates from two distinct 
cell groups. The first cell group extends from the lateral dorsal horn in segments 
L7-S1 into the lateral intermediate zone of S2-S3, whereas the second cell group 
is located in laminae VIII and medial VII of segments L6, L7 and rostral SI. 
Since females only display reproductive behavior when they are in estrus, i.e. 
have elevated levels of estrogen, estrogen might affect the lumbosacral-PAG 
pathway. This raises the question of whether estrogen receptor immunoreactive 
(ER-IR) neurons are present in the lumbosacral cord of the cat, and whether they 
project to the PAG. In 4 ovariectomized adult female cats, injections with 
cholera toxin subunit (CTb) were made into the PAG to retrogradely label PAG 
projecting neurons in the lumbosacral cord. ER-IR neurons in the lumbosacral 
cord were identified immuno-histochemically using the antibody H222 and a 
standard ABC procedure. In the lumbosacral cord, ER-IR neurons were most 
numerous in the superficial layers of the dorsal horn, but were also present in 
laminae V, medial VII, VIII, and X. Although the distribution of ER-IR neurons 
and CTb labeled PAG projecting neurons overlapped considerably, in the dorsal 
horn no double labeled neurons were found. However, a few double labeled 
neurons were present in laminae VII-VIII. The results indicate that only a minor 
portion of the lumbosacral-PAG projection neurons are ER-IR.

830.4
SITE-SPECIFIC OPIATE RECEPTOR BLOCKADE INDUCES THE DISPLAY 
OF PROGESTERONE-FACILITATED LORDOSIS IN PREPUBERTAL 
GUINEA PIGS. P.H. Olster*. Psychology Department, University of 
California, Santa Barbara, CA 93106.

Systemic administration of the opiate receptor antagonist, naloxone, allows 
otherwise hyporesponsive, juvenile guinea pigs to exhibit progesterone- 
facilitated lordosis (Olster, 1994). This observation suggests that the display 
of lordosis is under tonic, inhibitory control by endogenous opiates in 
prepubertal females. This study was designed to ascertain the neural site(s) 
at which local injections of naloxone enhance sexual receptivity. Hartley 
guinea pigs were ovariectomized (OVX) at 11-12 days of age and implanted 
with bilateral cannulae aimed at the medial preoptic area/anterior 
hypothalamus (MPOA/AH), ventromedial/ventrolateral hypothalamus 
(VM/VLH) or midbrain central gray (MCG) at 14-17 days of age. At 18-21 
days of age, all females received estradiol benzoate (10 pg SC) followed 40 h 
later by progesterone (P, 0.5 mg SC). Four-five h after P injection, females 
received bilateral injections of naloxone (100 ng/0.5 pi/side) or saline (0.5 
pi/side) and were tested for the display of lordosis. This protocol was 
repeated 4 h later with the treatment groups reversed. At the end of the 
experiment, all animals were perfused for histological verification of cannula 
placement. The MPOA/AH site was the only one sensitive to injections of 
naloxone; 87.5% (7/8) females receiving naloxone into this region displayed 
lordosis, versus 12.5% (1/8) responding on the saline trial. For the other sites, 
positive lordosis responses were obtained in fewer than 15% of the trials 
(saline or naloxone injections). These data suggest that the MPOA/AH (but 
not the VM/VLH or MCG) is one site at which endogenous opiates tonically 
inhibit the display of progesterone-facilitated lordosis in prepubertal guinea 
pigs. (Supported by NIH HD 28636.)

830.5
NOCICEPTIN/ORPHANIN FQ FACILITATES SEXUAL RECEPTIVE 
BEHAVIOR IN THE HYPOTHALAMIC VENTROMEDIAL NUCLEUS 
OF FEMALE RATS. R. Baroudi, K. Sinchak and P. E Micevych*. Dept. of 
Neurobiology & Lab. of Neuroendocrinology, Brain Res. Inst., UCLA School 
of Medicine. Los Angeles, CA 90095.

Orphanin FQ is the putative endogenous ligand for the orphanin receptor - 
ORL1. Opioid peptides acting at the K-, 6- and p-opiate receptors have been 
implicated in the control of female rodent reproductive behavior. Orphanin FQ 
and its cognate receptor are distributed within regions of the hypothalamus that 
regulate female sexual receptive behavior, especially the ventromedial nucleus 
(VMH). To determine if orphanin FQ modulates lordosis behavior, 
ovariectomized rats were implanted with bilateral cannulae aimed at the VMH. 
Females were injected with 2 pg estradiol benzoate once every 4 days for three 
‘cycles.’ Orphanin FQ (lOnmol) or artificial CSF vehicle (0.5 pi volume) was 
microinjected approximately 30 hours after the final estradiol treatment 
Animals were tested for lordosis 10 mins and 60 mins after microinfusion. The 
lordotic responses of each female to 10 mounts by a reproductively vigorous 
male were used to calculate a lordosis quotient (LQ). Females microinjected 
with orphanin FQ were unreceptive at the 10 min test (LQ< 10) but were 
moderately receptive compared to controls at the 60 min test (LQ=62) 
indicating that orphanin FQ facilitates lordosis in subreceptive females. 
Although orphanin FQ induced a reduction of locomotor activity, no chewing 
behavior was observed as previously reported. Microinjection of the artificial 
CSF vehicle did not influence locomotor activity and control females were 
uniformly unreceptive (LQ=0). These data indicate that orphanin FQ may play 
a role in the opioid modulation of female sexual receptivity in the VMH. 
Supported by NS21220.

830.6
ESTROGEN AND THYROID HORMONE INTERACTIONS IN REGULATION OF 
CHOLECYSTOKININ, PREPROENKEPHALIN AND ESTROGEN RECEPTOR 
mRNA IN THE LIMBIC-HYPOTHALAMIC CIRCUIT.
K.L. Holland*. A. Norell, A. Smith and P.E Micevych, Dept. of Neurobiology, 
Laboratory of Neuroendocrinology, Brain Research Institute, UCLA, Los Angeles, 
CA 90095.

There have been a number of studies examining the interaction of thyroid 
hormone and estrogen on reproductive behavior, estrogen uptake and retention, and 
gene expression. It has been proposed that activated thyroid hormone receptors bind 
to estrogen response elements (ERE) and thereby antagonize the effect of estrogen 
on gene expression and levels of mRNA production. Since estrogen up-regulates 
the reproductively relevant neuropeptide cholecystokinin (CCK) and 
preproenkephalin (PPE) mRNA and down-regulates its cognate receptor mRNA, we 
examined the possibility that in the hyperthyroid condition, the estrogenic 
modulation would be antagonized. We administered estradiol benzoate (EB; 2 pg), 
EB + thyroxine (T3; 250 g/kg twice daily), T3 or oil vehicle for 10 days. Rats were 
sacrificed 24 hours after the last treatment. Levels of CCK, PPE and estrogen 
receptor (ER) mRNA were examined in the limbic-hypothalamic circuit using 
isotopic in situ hybridization histochemisrty. In situ hybridization reveals that levels 
ofCCK and PPE mRNA were similarly low in animals treated with thyroxine alone 
as ovariectomized animals; and ER mRNA levels were similarly elevated in these 
groups of animals. Animals treated with EB + T3 have significantly higher levels of 
ER mRNA compared with ovariectomized or T3 treated rats. CCK and PPE mRNA 
levels in EB + T3 animals were comparable to EB treated rats. In summary, T3 does 
not antagonize the estrogen induced elevation of these neuropeptide mRNAs. In the 
MPN and VMH, T3 did not antagonize the estrogen-induced down-regulation of ER 
mRNA, but significantly elevated ER mRNA levels. These results suggest that 
thyroid hormone modulation of estrogen actions in the brain are complex and that 
considerations such as gene and region specific effects are important. This research 
was supported by NS21220 and T32-GM07185.

830.7
TEMPORAL REGULATION OF CHOLECYSTOKININ RELEASE BY 
ESTROGEN IN MEDIAL PREOPTIC AREA OF FEMALE RATS 
MEASURED BY MICRODIALYSIS AND SOLID PHASE 
RADIOIMMUNOASSAY. K.Sinchak*.N. T. Maidment, & P. E Micevych, 
Dept. of Neurobiology, Psychiatry & Biobehavioral Sciences, & Laboratory of 
Neuroendocrinology, UCLA School of Medicine, Los Angeles, CA 90095.

In the medial preoptic area (MPO), cholecystokinin (CCK) acts to facilitate 
lordosis. CCK mRNA levels are increased 6h after, and peak 12 to 24h after 
estradiol (E2) treatment, in MPO and regions that project to MPO: posterodorsal 
medial amygdaloid nucleus (MeApd) and principal nucleus of the bed nucleus of 
the stria terminalis (BSTp). In order to understand the regulation and temporal 
relationship of E2 induced CCK mRNA production and CCK release to sexual 
receptivity, E2 regulation of CCK release in the MPO was examined by 
microdialysis of unrestrained female rats. Ovariectomized rats were treated with 
a series of 3 timed injections of 2 pg estradiol-benzoate (E2) or oil, one injection 
given every 4 days. CCK release was measured with a 1mm microdialysis probe 
implanted in the MPO perfused with artificial cerebrospinal fluid at 2.8 ul/min. 
Dialysate samples were collected every 30 min and analyzed for CCK content by 
solid phase radioimmunoassay. E2 induced an increase in CCK release in the MPO 
compared with oil controls starting approximately 24 h after E2 treatment which 
remained elevated through 39h after E2 treatment which coincides with the period 
of female sexual receptivity. Retrograde transport of fluorescent beads injected 
into the probe site revealed that cell bodies in ipsilateral MeApd and BSTp, areas 
known to contain estrogen responsive CCK cells that project to the region of the 
MPO sampled by the microdialysis probe. Results show that CCK release is 
elevated during sexual receptivity and suggest that estrogen may act through 
different mechanisms to stimulate CCK mRNA expression and peptide release. 
Research supported by NS21220 and HD07228 .

830.8
Microinjection of Cholecystokinin within the Medial Preoptic 
Nucleus (MPN) Stimulates Lordosis in the Dihydrotestosterone- 
Treated Female and Male Rat. P.C. Butler, R.H. Mills, S, Garrard,
P. Olson, D. Saxton, T. Sovereign, T, Baird, W. TohnsonJ.Meiners
G.T. Bloch* Dept. of Psychology, BYU, Provo, UT 84602 

5a-dihydrotestosterone (DHT) is a known potent inhibitor of
lordosis in EB primed female rats, and we recently reported the same 
for male rats (Bloch et al. Neurosei 22, ’96). Although there are other 
possibilities, one possible mechanism of action for DHT is that it could 
be interfering with the stimulating effects of neuropeptides. Since 
CCK-8 facilitates lordosis behavior in male and female rats when 
microinjected into the MPN (Bloch et al, Physiol Behav 46, ’89), we 
investigated whether DHT modifies the effects of CCK. Adult 
gonadectomized female and male rats were implanted with blank (BK) 
and DHT-filled Silastic capsules, and were given site-specific 
microinjections of 50ng CCK-8 or Saline(vehicle) into the MPN. 
Behavioral tests for lordosis were administered once a week in EB 
primed rats 10 minutes after microinjection. As expected, DHT 
significantly inhibited lordosis in females and males compared to BK- 
implanted controls (F(l,23)=17.34, p<0.0004 and F(l,30)=5.30, p<0.03, 
respectively). Interestingly, contrary to our expectations, lordosis did 
not remain suppressed in DHT-treated animals given CCK-8. Rather, 
the CCK-8 microinjected within the MPN completely overrode the 
DHT -induced inhibition (F(l,23)=7.99, p<0.01 and F(l,30)=6.50, 
p<0.02, respectively, for females and males). Supported by HD 27334.
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830.9
DIFFERENTIAL ROLE OF CHOLECYSTOKININ RECEPTOR 
SUBTYPES IN OPIOID MODULATION OF ONGOING MATERNAL 
BEHAVIOR. L.F. Fdido, C.M.M. Paiva, P.E. Mann* Department of 
Pathology, School of Veterinary Medicine - University of Sao Paulo, 
Brazil, 05508-97

Cholecystokinin (CCK) can have effects opposite those of opioids. The 
present study evaluated whether peripheral injections of antagonists of the 
CCK-A receptor (Lorglumide) and die CCK-B receptor (L-365,260) can 
influence the effects of morphine on maternal behavior during lactation. 
Eighty-nine female Wistar rats were tested on days 5 and 6 postpartum. 
Groups were randomly assigned: morphine vehicle (MV-sc) + saline (Sal- 
ip);MV + lorglumide (LOR: 1.0 or 10.0 mg/kg); MV + L-365,260 (10 
mg/Kg); morphine dorhydrate (MC: 7.0 mg/Kg) + Sal; MC + LOR (1.0 
or 10.0 mg/Kg) and MC + L-365,260 (10 mg/Kg). Maternal behavior 
testing began 30 min after the infusions at which time pups were placed 
throughout each mother's home cage. Latencies for retrieval, grouping and 
crouching responses were scored. The results show that both lorglumide 
and L-365,260 potentiated the MC-induced inhibition of maternal 
behavior. In addition L-365,260 treatment alone inhibited maternal 
behavior. Blockade of both the CCK-A and CCK-B receptors potentiated 
the morphine-induced disruption of maternal behavior, while CCK-B 
antagonism alone also inhibited this behavior. The results suggest that 
CCK antagonism of opioid-induced disruption of maternal behavior 
occurs due to CCK's action on both CCK-A and CCK-B receptor 
subtypes.
Financial support by FAPESP 96/4193-0 & CNPq 520234/96.

830.10
MK-801 BLOCKS ESTROGEN ELEVATION OF HYPOTHALAMIC a1B- 
ADRENOCEPTORS IN FEMALE RATS. C.S. Li* and A.M. Etoen.
Dept. Neurosci., Albert Einstein Coll. Med., Bronx, NY 10461.

MK-801, a noncompetitive NMDA receptor antagonist, inhibits 
hormone priming of female reproductive behavior (lordosis) when 
administered 30 min prior to estrogen (Brain Res. 568:138-146, 
1991). The present study assessed whether MK-801 influenced the 
ability of estrogen to increase the density of a1B-adrenoceptors in the 
hypothalamus-preoptic area (HPOA), an event believed to be critical 
for estrogen facilitation of lordosis in female rats (J. Neurosci. 
12:3869-3876, 1992). Ovariectomized female rats were injected sc 
with 0.5 mg/kg of MK-801 or vehicle 30 min prior to sc injection of 
2 pg of estradiol benzoate (EB). In some rats, progesterone (500 pg) 
was given 44 hr after EB, followed by lordosis behavior tests 4 hr 
later. MK-801 administered prior to EB significantly inhibited lordosis 
behavior (p<0.01). Other rats were sacrificed 48 hr after EB alone 
or in combination with MK-801, and a1B-adrenoceptor density in the 
HPOA, cortex and hippocampus was quantified by ligand binding 
methods. As reported previously, EB treatment significantly 
increased HPOA a1B-adrenoceptor density (p<0.01). This effect was 
completely blocked by MK-801. The NMDA antagonist alone had no 
effect on either total a,-adrenoceptor or on a1B-adrenoceptor 
density in any brain area. Thus, interference with NMDA 
neurotransmission at the time of estrogen priming prevents the 
estrogen-dependent elevation of hypothalamic a1B-adrenoceptor 
binding. Supported by MH41414 and RSDA MH00636.

830.11
ESTROGEN REGULATES ENKEPHALIN GENE EXPRESSION IN THE 
SPINAL CORD OF THE FEMALE RAT.
A. Amandusson*, M. Hallbeck. A.-L. Hallbeck. O. Hermanson. A. Blomqvist.
Dept. of Cell Biology, Faculty of Health Sciences, Univ. of Linkoping, S-581 
85 Linkoping, Sweden.

Several studies have shown that gonadal hormones such as estrogen modulate 
pain sensitivity. Although the mechanisms of this modulation are not known, 
previous findings suggest that the pain-modulatory effects of estrogen are due to 
alterations in the expression of endogenous opioids such as enkephalin. 
Estrogen receptors can bind to the promotor region of the preproenkephalin 
(ppENK) gene and is known to regulate the expression of enkephalin in select 
hypothalamic neurons. We have previously shown that there is a large number 
of neurons in the superficial dorsal horn of rats that show estrogen receptor-like 
immunoreactivity and that the majority of these neurons also express 
ppENK-mRNA (Amandusson et al., Eur. J. Neurosci. 8:2440-2445, 1996). This 
finding indicates that estrogen may regulate the expression of enkephalin also 
at the spinal level and thereby modulate pain sensitivity. In the present study 
we examine the expression of ppENK in the spinal cord of ovariectomized 
female rats. The rats were given a dose of estrogen benzoate (EB) diluted in 
olive oil s.c.. Controls were given olive oil only. Following different survival 
periods (ranging from 0.5 to 48 hours), spinal cord tissue was processed for 
Northern blot or in situ hybridization analyses using probes complementary to 
ppENK. Preliminary data suggest that there is an increase in the expression of 
ppENK-mRNA in EB-treated rats as compared to the controls. This increase is 
evident after approximately one hour and appears to be restricted to the 
superficial layers of the spinal dorsal horn. Hence, our data suggest that 
estrogen regulates the expression of the enkephalin gene in neurons located to 
areas of the spinal cord involved in pain processing, thereby providing a 
possible mechanism for pain modulation.
Supported by the SMRC (#7879) and the Trygg-Hansa Research Foundation.

830.12
BEHAVIORAL CHARACTERIZATION OF GONADECTOMIZED 
ESTROGEN RECEPTOR GENE DEFICIENT (ERKO) FEMALE 
MICE. Sonoko Ogawa1*. J. Taylor2. D, B, LubahnT K, S. Korach3. &

P.W. Pfaff1 1:Lab. Neurobiol. & Behav., The Rockefeller University, NY, 
NY10021, 2:Dept. Biochem. & Child Health, Univ. of Missouri-Columbia, 
Columbia, MO 65211 & 3:Lab. Reprod. & Develop. Toxicol., NIEHS, 
Research Triangle Park, NC 27709

Previously, we reported that estrogen receptor (ERa) gene disruption 
produced partial masculinization of behavioral phenotype in gonadally intact 
female mice (Ogawa et al., Neuroendocrinology, 64:467, 1996). In the 
present study, we investigated whether these behavioral changes by ERa gene 
disruption can also be seen in gonadectomized females, in which circulating 
levels of steroid are similarly reduced in both ERKO and wild type (WT) 
mice. It was found that ERKO female mice maintained high levels of 
aggressive behavior toward an intruder female mouse after gonadectomy 
(days 14, 33 or 52). An increase of aggressive behavior by ERa gene 
disruption in female mice contrasts markedly with a great reduction of 
aggression in male mice (Ogawa et al., PNAS. 94:1476, 1997). Reduced 
levels of maternal behavior (pup retrieving and crouching) and increased 
levels of infanticide in ERKO females in comparison to WT females also 
persisted after gonadectomy (days 16 to 24). Moreover, ERKO females 
tended to be less active and spend less time in a light chamber compared to 
WT females during the light/dark transition test after gonadectomy. Finally, 
ERKO females primed with either estrogen or estrogen and progesterone not 
only showed no lordosis but also showed very little sign of receptivity: stud 
male mice could only occasionally show attempted mounts but not full 
mounts or intromissions with ERKO females during lh tests. These results 
show that interesting behavioral modifications in female ERKO mice were 
not simply due to the changes of circulating levels of steroid at the time of 
testing. (Supported by Harry Frank Guggenheim Research Grant to SO.)

830.13
INDUCTION OF NEURAL PROGESTIN RECEPTORS BY ESTRADIOL IN 
ESTROGEN RECEPTOR-a GENE DISRUPTED MICE. C.A. Moffatt*1. E.F, 
Rissman2. and J.D. Blaustein1. ’Neuroscience and Behavior Program, University 
of Massachusetts, Amherst, MA 01003 & department of Biology, University of 
Virginia, Charlottesville, VA 22903.

Estrogen receptor-a gene disrupted (ERa-disrupted) mice bear two disrupted 
copies of the ERa gene. This severely impairs the synthesis of ERa which, in 
turn, renders the animals infertile and disrupts their behavioral responses to 
estradiol. That is, treatment with estradiol does not induce sexual receptivity in 
ERa-disrupted mice. Given the ubiquity of estradiol’s involvement in the 
regulation of reproduction, it is unlikely that this behavioral deficit can be attributed 
to the disruption of a single ERa-regulated process; rather, the impairment is 
more likely to reflect a constellation of neuroendocrine disruptions. With this 
caveat in mind, we investigated the effect of the ERa gene disruption on the 
induction of neural progestin receptors by estradiol, one element of the process 
by which estradiol and progesterone regulate female sexual behavior.

Female wild-type (WT) mice and their ERa-disrupted littermates were 
implanted with either estradiol-filled capsules or empty capsules for five days. 
Immunocytochemistry for progestin receptor-immunoreactive (PR-IR) cells was 
then performed to assess progestin receptor-irtduction. It was hypothesized that 
estradiol would induce progestin receptors in the WT but not the ERa-disrupted 
mice. This hypothesis was not supported. Although ERa-disrupted mice 
exhibited fewer PR-IR cells than WT mice, treatment with estradiol induced a 
significant number of PR-IR cells in the brains of both the WT and ERa-disrupted 
mice. The induction of PR-IR in the ERa-disrupted mice was 53% and 15% of 
that exhibited by WT mice in the caudal ventromedial hypothalamus and preoptic 
area respectively. These results suggest that either functional ERa receptors 
remain in ERa-aisrupted mice or that progestin receptors can be induced by 
estradiol through an ERa-independent pathway. This pathway could involve ERP 
which, in rats, is expressed in many areas of the brain that contain progestin 
receptors. Supported by HD08181.MH56187, MH01349, and ND35429.

830.14
STEROID-RESPONSIVE VASOPRESSIN INNERVATION IN THE BRAIN OF 
ESTROGEN RECEPTOR ALPHA MINUS MICE. G. J, DeVries. Koen Sannen, 
Emilie Rissman1. Neuroscience and Behavior Program, Department of Psychology, 
University of Massachusetts, Amherst, MA 01003; ’) Department of Biology, 
University of Virginia, Charlottesville, VA 22903.

Vasopressin expression in the bed nucleus of the stria terminalis (BST) and 
centromedial amygdala (CMA) is steroid responsive. Gonadectomy eliminates 
vasopressin expression; treatment of gonadectomized rats with estradiol but not with 
dihydrotestosterone reinstates vasopressin expression. In this experiment we tested 
whether the estrogen receptor a (ERa) gene is necessary for the expression of AVP 
in BST and CMA neurons in mice by comparing wildtype and homozygote ER a 
minus mice, which were treated with equal doses of testosterone. Indeed ERa minus 
mice had a much lower expression of AVP in BST and CMA projections than 
wildtype mice, confirming the importance of ER for AVP expression. However, 
because not all AVP immunoreactivy was eliminated, AVP expression in the BST 
and CMA of mice does not depend critically on the ERa. Interestingly, we also 
found that the sex difference in the AVP projections of the BST and CMA remained 
present in the ER a minus mice. We found the same for androgen receptor 
expression in the principal nucleus of the BST, suggesting that sexual differentiation 
of brain structures may not depend as heavily on ERa as is generally believed. .
This research was supported by NIMH grant MH47538 and NSF grant IBN 9421658 
to GJD and NIH grant MHO1349 AND NSF GRANT IBN 9412605 to EFR.
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830.15
CHARACTERIZATION OF PROGESTERONE-RESPONSIVE GENES 
FROM THE FEMALE RAT HYPOTHALAMUS ISOLATED BY THE 
DIFFERENTIAL DISPLAY POLYMERASE CHAIN REACTION C. J. 
Krebs*. E. D. Jarvis. D, W, Pfaff, Laboratory of Neurobiology and Behavior, 
Rockefeller University, New York, NY 10021.

The ovarian steroid hormone progesterone (P), in combination with 
estrogen, facilitates sexual behavior in the female rat which is mediated, in 
large part, by a change in gene expression within die ventromedial nucleus 
(VMN) of the hypothalamus. In the ongoing effort to identify P-sensitive 
mRNAs in the female rat VMN using differential display (DD)-PCR, we have 
identified three interesting transcripts that appear to be regulated by P. 
Differential slot blot analysis of the resulting clones using cDNA probes 
synthesized from hypothalamic mRNA of P- and vehicle-treated animals was 
used to verify their P-sensitivity. In situ hybridization is being used to further 
confirm the P-sensitivity as well as determine their expression patterns 
throughout the brain. Sequencing of these clones revealed that two of these 
transcripts correspond to the previously identified genes Hsc73 and Dx-25, 
while the third is from a novel gene not found in the public databases. We have 
characterized the novel gene through northern blotting, PCR and RT-PCR. 
Genomic Southern blots were also used to construct a long range restriction 
map of the corresponding chromosomal region. This map is being used to 
obtain additional sequence information for this novel gene. Future studies of the 
P-responsive genes identified by DD-PCR will be directed at elucidating their 
roles in the facilitation of female rat sex behavior.
This research is funded by NRSA training grant # MH15125-18 to C.J.K.

830.16
VAGINAL-CERVICAL STIMULATION INDUCES PDARPP-32 LIKE 
IMMUNOREACTIVITY IN PROGESTIN RECEPTOR-CONTAINING AREAS IN 
THE RAT BRAIN. J,M, Meredith*‘.Q. A- Moffati  ̂A,?..Auger1 ..G.LJSnyder2, P. 
Greengard2. J.D, Blaustein1. ‘Neuroscience and Behavior Program, University of 
Massachusetts, Amherst, MA 01003 & laboratory of Molecular and Cellular 
Neuroscience, Rockefeller University, New York, NY 10021

Vaginal-cervical stimulation (VCS) either by mating or by manual probing induces 
a number of physiological and behavioral events including the facilitation of mating 
behavior. The facilitation of one component of mating behavior - lordosis - by VCS 
does not require the presence of progesterone but appears to be mediated by neural 
progestin receptors (PR). Dopamine may play a role in the neural circuitry involved in 
VCS induction of lordosis based on observations that: 1) mating induces the release of 
dopamine in PR-containing areas of the brain 2) D, receptor stimulation changes the 
activational state of PRs in vitro, 3) D, stimulation facilitates lordosis in estradiol- 
primed rats via a PR-mediated event and 4) D! agonists induce neuronal responses in 
PR-containing areas and cells. The present study examined whether VCS induces 
neuronal responses in PR-containing areas as determined by immunocytochemistry for 
pDARPP-32 (phosphorylated dopamine- and cyclic AMP-regulated phosphoprotein, 
Mr=32,000), a protein the phosphorylation of which is often correlated with 
stimulation of D, receptors. Ten days following ovariectomy, female rats were 
injected with 2 pg estradiol benzoate s.c.. Forty eight hours later animals received 
VCS or control stimulation and were then perfused one hour later. VCS increased the 
number of cells expressing pDARPP-32 by 92% in the medial'preoptic area, 134% in 
the caudal ventromedial hypothalamic nucleus, 123% in the posterodorsal medial 
amygdala and 103% in the bed nucleus of the stria terminalis. These results suggest 
that some of the effects of VCS may be mediated by stimulation of D, receptors within 
PR-containing areas. Supported by MH10650, MH11392, MH56187, NS19327.

830.17
ESTRADIOL AND PROGESTERONE ALTER THE PHOSPHORYLATION OF 
DARPP-32 IN FEMALE RAT BRAIN. A.P. Auger*1, J.M. Meredith1. G.L. Snyder2. 
P, Greengard2 and J.D, Blaustein1. ‘Neuroscience and Behavior, Univ. of Mass, 
Amherst, MA 01003 & 2Laboratory of Molecular and Cellular Neuroscience, 
Rockefeller University, New York, NY 10021.

Recent studies suggest that progestin receptors are not only activated by progesterone 
but may also be activated by the neurotransmitter dopamine. Indeed, 
intracerebroventricular infusion of Db but not D2, dopaminergic receptor agonists 
increases estrous behavior in estradiol-primed rats, and treatment with progesterone 
antagonists blocks this facilitation. As treatment with either D, agonists or progesterone 
increases estrous behavior in estradiol-primed rats, we wanted to determine if treatment 
with ovarian steroids alters the activity of D, receptor-associated processes in progestin 
receptor-containing areas in rat brain. One D! receptor-associated phosphoprotein that 
may be influenced by steroid hormone treatment is a dopamine- and cyclic AMP- 
regulated phosphoprotein, Mr = 32,000 (DARPP-32). As DARPP-32 is phosphorylated 
in response to dopamine acting via a cAMP-dependent protein kinase and its 
distribution correlates well with the distribution of D,, but not D2, receptor-containing 
neurons, it provides a useful marker to examine where in the brain a particular stimulus 
alters the activity of D, receptor-containing neurons. Therefore, using an antibody that 
detects the phosphorylated form of DARPP-32, we immunocytochemically stained brain 
sections of female rats treated with behaviorally-relevant doses of ovarian steroid 
hormones or oil vehicle. We found that estradiol treatment increased the 
phosphorylation of DARPP-32 within the medial preoptic nucleus, bed nucleus of the 
stria terminalis, paraventricular nucleus of the hypothalamus and the ventromedial 
nucleus of the hypothalamus 48 h after treatment. Subsequent progesterone treatment 
(1 h) decreased pDARPP-32 immunoreactivity to levels that resembled oil-injected 
controls only in the ventromedial hypothalamus. Supported by MH 11392 to APA, 
MH10650 to JMM, NS19327 and MH56187 to JDB.

AMPHETAMINE: TOXICITY AND REGULATION OF TRANSPORTERS

831.1
EFFECT OF CYP2D1 INHIBITION ON METHAMPHETAMINE (MAMP)- 
INDUCED HYPERTHERMIA, HYPERACTIVITY AND SENSITIZATION. J. S. 
Silvestre, P.M. Tomkins* and E.M. Sellers. Addiction Research Foundation, Depts. 
of Pharmacology, Medicine and Psychiatry, & Women’s College Hospital, Univ. of 
Toronto, Toronto, Ontario, Canada

MAMP is metabolized in humans by the genetically polymorphic enzyme 
CYP2D6. Individual variation in CYP2D6 activity may put some individuals at risk 
of unexpected toxicity to MAMP. In humans and rats, MAMP induces hyperthermia, 
hyperactivity and sensitization, which have been linked with its toxicity. The aim of 
this study was to assess if inhibition of MAMP metabolism in male Wistar rats via 
CYP2D1, the rat equivalent of CYP2D6, exacerbates the behavioural and 
physiological effects of MAMP. MAMP (0.1- 1 mg/kg) produced a dose dependent 
increase in body temperature which was potentiated by pretreatment with the CYP2D1 
inhibitor, quinine (QN, 20 mg/kg). MAMP-induced hyperactivity was also markedly 
potentiated by QN pretreatment. In contrast, QN pretreatment did not alter cocaine- 
induced hyperthermia or hyperactivity. Cocaine is not a CYP2D1 substrate, 
supporting that alteration of MAMP’s effects following QN is due to inhibition of its 
metabolism. To determine if QN alters MAMP sensitization, rats were treated 
subchronically with 0.3 mg/kg MAMP, andon the test day were challenged with 0.1 
mg/kg and their locomotor activity was monitored. Repeated MAMP injections 
resulted in sensitization which was further enhanced by acute QN on the test day. 
Interestingly, concurrent QN and MAMP treatment, also resulted in increased activity 
on the test day following administration of MAMP alone. These data suggest that 
inhibition of MAMP metabolism has a significant impact on the acute and chrome 
behavioural and physiological effects of MAMP. These studies indicate that 
individuals with low or absent CYP2D6 activity may have increased risk of 
unexpected toxicity to MAMP. Supported by the Addiction Research Foundation & 
NIDA Grant DA 06889

831.2
METHAMPHETAMINE-INDUCED CHANGES IN ANTIOXIDANT 
ENZYMES AND LIPID PEROXIDATION IN COPPER/ZINC 
SUPEROXIDE DISMUTASE TRANSGENIC MICE. S. Jayanthi, B. 
Ladenheim and J. L. Cadet*. Molecular Neuropsychiatry Section, 
NIH/NIDA/IRP, Baltimore, MD 21224.

The mechanism of neurotoxicity of methamphetamine (METH) :s 
thought to involve superoxide radical formation. To further evaluate 
the role of free radicals in METH-induced toxicity, the present study 
was conducted to investigate the effects of the drug on brain cortical 
and striatal antioxidant defense systems. Because METH-induced is 
attenuated by copper/zinc superoxide dismutase transgenic (Cu/ZnSOD- 
Tg) mice, we sought to determine if METH had differential effect on 
antioxidant enzymes on these mice in comparison to wild type mice. 
METH (4 x 10 mg/kg) induced a three-fold increase in Cu/ZnSOD 
activity in the striatal regions without altering cortical enzymatic activity 
in wild type mice; no changes in this enzyme occurred in the SOD-Tg 
mice. In addition, METH caused marked decreases in catalase (CAT) 
activity in the frontal cortex of all three strains; in the striatum only 
homozygous SOD-Tg mice was affected. METH also induced increases 
in glutathione peroxidase (GSH-Px) in both cortical and striatal regions 
of all three strains of mice except for the striatum of homozygous SOD- 
Tg mice. There was METH-induced reduction in reduced glutathione 
(GSH) content in the cortical but not in striatal region of all three strains 
of mice. Lipid peroxidation was increased in both cortices and striata of 
wild type and heterozygous SOD-Tg mice whereas the homozygous 
SOD-Tg mice were not affected. These results will be discussed in terms 
of their substantiation of a roie for oxygen-based radicals in METH- 
induced toxicity in rodents.

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM AMPHETAMINE: TOXICITY AND REGULATION OF TRANSPORTERS 2141

831.3
METHAMPHETAMINE INDUCES A DELAYED INCREASE IN 
HYDROXYL RADICAL FORMATION IN THE RAT STRIATUM. ZL 
Wallace*.,..GV, Vorhees and G, Gudelsky- Neuroscience Graduate 
Program, Children’s Hosp. Res. Foundation, and College of Pharmacy, 
Univ. of Cincinnati, Cincinnati, OH 45267.

The repeated administration of methamphetamine (MA) elicits 
elevations in extracellular dopamine and glutamate concentrations and 
is neurotoxic to dopaminergic nerve terminals. The role of glutamate in 
MA-induced neurotoxicity is based on the findings of: 1). a delayed MA- 
induced rise in synaptic glutamate concentration, and 2). an attenuation 
of MA-induced DA depletion with MK-801. Although the exact 
mechanism underlying MA-induced neurotoxicity is unknown, it has 
been proposed that the production of oxygen radicals, specifically 
hydroxyl (-OH) radicals, contributes to this process. In this study, MA 
was administered with salicylate, a -OH radical trapping agent, and the 
production of 2,3-dihydroxybenzoic acid (DHBA) was quantified via 
HPLC. Tissue concentrations of 2,3-DHBA in the striatum were 
significantly increased in rats that had received four, but not one, 
injection of MA when compared to vehicle-treated controls. Treatment 
of rats with haloperidol, which has been shown to prevent the MA- 
induced release of glutamate and subsequent neurotoxicity, markedly 
attenuated the MA-induced increase in the striatal concentration of 2,3- 
DHBA. These data are supportive of the view that MA induces a 
delayed increase in the formation of -OH radicals, the production of 
which may be glutamate-mediated. (Supported by NIH grants DA07427 
and DA06733).

831.4
METHAMPHETAMINE AND REACTIVE OXYGEN SPECIES: 
EFFECTS ON DOPAMINE TRANSPORTER ACTIVITY. A.E. 
Fleckenstein*, R.R. Metzger, D.G. Wilkins, J.W. Gibb and G.R.
Hanson. Department of Pharmacology and Toxicology, University 
of Utah, Salt Lake City, UT 84112

Since methamphetamine (METH) administration causes reactive 
oxygen species formation in vivo, and oxygen radicals decrease 
dopamine transporter activity in vitro, effects of METH 
administration on dopamine transporter activity in rat striatum were 
investigated. A single METH injection caused a dose-dependent 
decrease in [3H] dopamine uptake into striatal synaptosomes 
prepared 1 h after METH administration; an effect attributable to a 
decreased Vmax of [3H]dopamine uptake. This phenomenon was 
not caused by residual METH introduced by the original in vivo 
treatment. Similarly, multiple high-dose administrations of METH 
decreased dopamine transporter function. These decreases in 
[3H]dopamine uptake after either a single or multiple METH 
administrations were reversed 24 h after treatment. Taken 
together, these data suggest that METH reversibly decreases 
dopamine transporter activity, perhaps through a reactive oxygen 
species-mediated mechanism. These findings may have important 
implications regarding the role of oxidative events in the 
physiological regulation of monoaminergic systems. (Supported 
by USPHS grants DA00869, DA04222 and DA05780)

831.5
METHAMPHETAMINE, FREE RADICALS AND THE PRODUCTION OF 
OXIDATIVE STRESS, B,K, Yamamoto* and W. Zhu. Department of Psychiatry, 
Case Western Reserve University, Cleveland, Ohio 44106.

Methamphetamine (METH) produces a long-term depletion of dopamine (DA) 
content in various forebrain regions including the striatum. We and others have 
shown that these presumed neurotoxic effects may be due to the high 
extracellular concentrations of DA and glutamate (Glu) produced by METH. 
Both DA and Glu can lead to the formation of free radicals which can lead 
eventually to cell damage. It was hypothesized that METH increases the 
production of intermediates such as uric acid involved in the production of 
oxygen-derived free radicals. In addition, we posited that hydroxyl radicals are 
formed which oxidize membrane lipids and eventually deplete DA tissue content.

Extracellular concentrations of hydroxyl free radicals in the rat striatum were 
measured in vivo by trapping hydroxyl radicals with salicylate (2.5 mM) perfused 
through a microdialysis probe while measuring the subsequent formation of 2,3 
dihydroxybenzoic acid (2,3 DHBA). In another series of experiments, uric acid 
and the lipid peroxidation product, malonyldialdehyde (MDA) were measured in 
tissue by HPLC with electrochemical or UV detection, respectively. Other 
groups of rats were pretreated with the free radical spin trapping agent 
phenylbutylnitrone (150 mg/kg, ip) prior to the repeated administrations of 
METH. Repeated administrations of METH significantly increased the 
extracellular concentrations of 2,3 DHBA as well as the tissue concentrations of 
uric acid and MDA by 29% and 47%, respectively. Moreover, phenylbutylnitrone 
attenuated the long term dopamine depletions produced by METH. These data 
indicate that METH produces oxidative stress as evidenced by the formation of 
hydroxyl free radicals and the attendant peroxidation of membrane lipids 
resulting in damage to DA nerve terminals. Supported by DA07606.

831.6
Dopamine Transporter Loss after Methamphetamine: A PET Study with [C-11]WIN 
35.428.¥LVlllginagne,DFWoKgF Yokoi, RF Dannals, P Finley. G Hatzidimitriou.
J. Yuan*. G.A. Ricaurte. The Johns Hopkins Medical Institutions, Baltimore, MD 21287

The purpose of this study was to test the hypothesis that methamphetamine (METH) 
produces a lasting loss of dopamine transporters, and that these effects could be detected 
in vivo using PET. Dopamine transporter (DAT) binding potential was assessed using 
C-l 1 WIN 35,428, a potent cocaine congener, over 90 minutes on a GE 4096+ PET 
scanner. Binding potential (BP) [Bmax /KD] was calculated as the k3/k4 ratio of a 
3-compartment model. The arterial input function was corrected for radiolabeled 
metabolites by HPLC. Paired PET studies were carried out in Papio anubis baboons (n 
= 9). First, three studies in baboons were performed to establish reproducibility. 
Thereafter, seven baboons were studied before and 2-3 weeks after treatment with 
various doses of METH ranging from 0.5 to 2 mg/kg. At the completion of the PET 
studies, the animals were sacrificed and the brains removed for neurochemical and in 
vitro radioligand binding correlation with the PET data. Statistical significance was 
determined by a two tailed paired Student's t test. Approximately 7% variability on 
test/retest was observed. Significant reductions (p< 0.05) in DAT BP were observed 
between the control mean 177 (SEM 0.3), and post-METH (mean 0.70 (0.1)) studies. 
Striatal DAT reduction ranged between 44-70% (mean 50 (4.1%)), depending on METH 
dose. This was confirmed by postmortem neurochemical evaluation. Correlation 
coefficient between striatal DAT reduction and METH dose was 0.67 (Spearman p= 
0.04). Upon completion of the precliuical studies, three abstinent male human volunteers 
(age: 38.7 (10)) with history of METH abuse were studied using the same procedures. 
Data from METH subjects were compared with data of age and sex-matched controls 
(age 33.7 (10)). Reduced DAT BP values were observed in MET subjects [mean 7.5 
(1.6)), and METH abusers 5.0 (0.2) studies. These results suggest that humans with a 
history of METH abuse have reduced DAT density, and that PET is useful for detecting 
DAT deficits. Supported in part by DA09487, DA09482.

831.7
NEUROPROTECTIVE ROLE OF HEAT SHOCK PROTEIN (HSP) IN 
METHAMPHETAMINE-INDUCED NEUROTOXICITY: CORRELATION 
WITH DOPAMINE DEPLETION IN STRIATUM. D. I. Kuperman, T. E. 
Freyaldenhoven*, L. Schmued, and S. F. Ali. Neurochemistry Laboratory, Division 
of Neurotoxicology, NCTR/FDA, Jefferson, AR 72079-9502.

In the present study, we evaluated whether METH-induced the production of 
HSP-72 in both the mouse hippocampus (HIP) and striatum (ST) and we also 
attempted to correlate this induction with monoamine depletion. Adult male 
C57BL/6N mice received METH (20 mg/kg, i.p.) in an ambient environmental 
temperature of 27°C and body temperatures were monitored for up to 4 hrs after 
treatment. Animals were sacrificed 12, 18, 24, 39, and 48 hours after treatment. 
One ST from each animal was examined for DA, DOPAC, and HVA levels using 
HPLC/EC and the contralateral ST, along with the HIP, was prepared for 
immunoblotting. HPLC/EC analysis revealed a significant depletion of DA, 
DOPAC, and HVA at all time points. There was, however, a significant increase 
in DA at 48 hours versus 39 hours. A biphasic production of HSP-72, in both the 
HIP and ST, was detected by immunoblot. HSP-72 production was prominent at 
12 hours which corresponds to neuronal induction. However, at 18 hours in the 
ST and 24 hours in the HIP, the induction appears to be reduced. A second phase 
of HSP-72 induction occurred at 39 hours in both regions. In a second 
experiment, mice were dosed according to the same paradigm and were perfused 
at 18 hours after treatment for immunohistochemical analysis. HSP-72 
immunoreactivity was found in astroglia and neurons of the CA1 and CA4 regions 
of the HIP, however, no detectable response was evident in the ST. These data 
suggest that a single injection of METH produces significant hyperthermia, 
depletion of striatal DA, DOPAC, and HVA concentrations, and a biphasic 
induction of HSP-72. Support was provided by the U.S. FDA.

831.8
CHLORPHENIRAMINE (CPA) PROTECTS AGAINST 3,4-
METHYLENEDLOXYMETHAMPHETAMINE (MDMA)-
INDUCED DEPLETION OF INDOLES IN RATS. S. Y. YEH 
Molecular Neuropsychiatry Section, NIDA/NIH, Intramural Research,
P.O. Box 5180, Baltimore, MD 21224.

Depletion of indoles by MDMA has been attributed to its metabolites. 
Formation of MDMA metabolites involves P450 enzymes. Antihistamines 
bind P450 enzymes. The present study was designed to determine the 
effect of CPA on this depletion. Rats were treated with two concurrent 
injections of MDMA (20 mg/kg S.C.) and CPA (10 and 25 mg/kg IP) 6 h 
apart. Control rats received saline. Rectal temperature was measured 
prior to and hourly following the drug injection for 5 h. Rats were 
sacrificed 5 days after the last drug injection. Monoamine ievels in the 
tissue were measured by HPLC. The effect of CPA on 5-HT, NE and DA 
transporters was assayed by binding of [3H]paroxetjne, [3H]nisoxetin and 
[3H]Win 35428, respectively. Rectal temperature of rats increased after 
MDMA, and decreased after CPA and MDMA plus CPA. As compared 
to saline controls, levels of 5-HT and 5-HIAA in the frontal cortex, 
hippocampus, striatum and brain stem of rats decreased significantly 
after MDMA, increased after MDMA plus 25 mg/kg of CPA, and did not 
significant differ after MDMA plus 10 mg/kg of CPA or after 10 mg/kg of 
CPA These results indicate that the mechanism of CPA and possibly 
ether antihistamines protect against MDMA-induced depletion of indoles 
via lowering of body temperature, and possible via inhibition of P450 
enzymatic activity and decreasing formation of MDMA toxic metabolites.
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831.9
STRIATAL VESICULAR MONOAMINE TRANSPORTER (VMAT2) 
LOSS DOES NOT PARALLEL DOPAMINE (DA) LOSS AFTER 
METHAMPHETAMINE TREATMENT OF MICE. K.A. Hogan*. L.Y, 
Mov and P.K. Sonsalla. Dept. Neurology, UMDNJ-RWJMS, 
Piscataway, NJ 08854.

Several markers for DA nerve terminals are reduced in post-mortem 
caudate or putamen of chronic METH users. However, failure to 
observe a decrease in [3Hl-dihydrotetrabenazine (3H-DTBZ) binding to 
VMAT2 raises concern as to whether the findings reflect regulatory 
changes in or degeneration of the DA nerve terminals. The purpose of 
the present study was to compare VMAT2 loss with DA loss in the 
striatum of mice treated with toxic doses of methamphetamine (METH) 
or 1-methyl-4-phenyl-1,2,3,6-tetrahyrdropyridine (MPTP). Striatal 
synaptosomal membranes were used to measure 3H-DTBZ binding to 
VMAT2 (approx 2 nM, Kd concentration). In mice treated 1 week 
earlier with METH (n = 12) or MPTP (n = 12), the reductions in striatal 
DA were similar (80±4% and 78±5%, x±SEM, respectively). In 
these same mice, 3H-DTBZ binding was reduced by only 44±6% and 
52 ±8%, respectively. The %loss of DA differed significantly from the 
%reduction in 3H-DTBZ binding. Moreover, in METH-treated mice 
with a significant, but less severe DA loss (38±3%, n = 8), no 
significant reduction in 3H-DTBZ binding was observed (8 ±4%). 
These findings indicate that DA loss exceeds VMAT2 loss by approx. 
30%. The reason(s) why VMAT2 losses do not parallel DA losses 
with nerve terminal degeneration remain to be elucidated. (Supported 
by PHS grants DA06236, AG08479, AG08671, MH 47611 and ES 
07148).

831.10
NEUROTOXICITY OF 3,4 METHYLENEDIOXYMETHAMPHETAMINE 
(MDMA) DEPENDS UPON SMALL INCREASES IN AMBIENT 
TEMPERATURES. Rr A, Dept.
of Pharmacol & Physiol Sciences, Univ. of Chicago, 947 East 58'*’ St Chicago 
IL 60637.

We show that MDMA, an amphetamine analog, is neurotoxic on 
central serotonin (5HT) in a dose and temperature dependent manner. Male 
Holtzmann rats (250-350 g) were group housed with free access to food and 
water. On the day of MDMA injections, rats were placed in temperature boxes 
where core body temperature (CORE TEMP) and ambient temperature (AMB 
TEMP) were measured and controlled. CORE TEMP was monitored over a 24 
hour period using a non-invasive peritoneally implanted temperature probe. 
AMB TEMP was maintained at 20, 22, 24, 26,28 and 30°C. Rats were 
adminstered (i.p.), 5 mg/kg (LO) or 10 mg/kg (HI) MDMA every two hours for 
a total of 4 injections. Two weeks after the final injection, rats were sacrificed 
and brain regions were assayed for 5HT and 5HIAA levels. At all temperatures 
examined, LO MDMA significantly reduced 5HT levels in the hippocampus. 
However in other regions such as the frontal cortex, somatosensory cortex and 
striatum, 5HT were reduced by LO MDMA only at 30°C. In contrast, HI 
MDMA reduced 5HT levels in the hippocampus, frontal cortex, somatosensory 
cortex at temperatures between 22 and 30’C. Both doses of MDMA reduced 
5HIAA levels in a similar manner to the reductions in 5HT. In addition, LO and 
HI MDMA produced an increase in lethality at 28-3(FC compared to that 
observed at 20-26X7 Together, these data clearly show dose-related depletions 
of 5HT and 5HIAA in 5HT containing brain regions; furthermore, these 5HT 
depletions from MDMA were dependent upon the AMB TEMP, and in specific 
brain regions a 2’C increase in the AMB TEMP engendered neurotoxicity, hi 
summary, when characterizing the neurotoxic profiles of amphetamine-like 
substances it is important to control for AMB TEMP. (This work was supported 
by research grant DAOOO85).

831.11
THE SELECTIVE RESPONSE OF CULTURED ASTROCYTES TO 
METHAMPHETAMINE-INDUCED INJURY. A, Stadliri^nd J.WS, Lau. Dept. of 
Anatomy, Chinese University of Hong Kong, Shatin, N T. Hong Kong.

Methamphetamine (METH) has long-lasting neurotoxic effects on the dopamine 
and forebrain serotonin systems. It was reported that METH would induce the 
release of glutamate within the striatum and also caused astrogliosis. The 
mechanisms of this release and subsequent neurotoxicity are not well defined. The 
aim of this study is to examine the response of cultured astrocytes after 
METH-induced injury. Astrocytes were cultured from neonatal C57BL/6 mice 
brains. Cells were obtained from the mesencephalon, striatum and cortex in order to 
examine any regional differences. Cells were treated with 4mM METH for 4, 8, 12, 
24 and 48 hrs. Lactate dehydrogenase (LDH) levels were used as a measure of cell 
viability. At various time points, the change in levels of glutamine synthetase (GS), 
the enzyme that catalyzes the synthesis of glutamine from glutamate and ammonia in 
astrocytes, was examined by Western blot analysis. The results showed that METH 
caused marked astrogliosis in striatal and mesencephalic astrocytes. Cells were 
transformed from protoplasmic (inactive) to fibrous (reactive) form after 48 hrs 
treatment. There were also large amounts of vacuoles present in the cytoplasm of 
these cells. LDH results showed that there was minimal decrease in cell viability. The 
amount of GS were depleted more rapidly in striatal astrocytes (50% of control by 8 
hr treatment) followed by mesencephalic astrocytes (24% of control by 12 hr 
treatment). Cortical astrocytes showed only a 50% depletion by 48 hr treatment, 
indicating that they were more resistant to METH-induced toxicity. The rapid 
depletion of GS obtained in striatal and mesencephalic astrocytes suggested that 
astrocytes of the dopaminergic system are more sensitive to METH-induced injury. 
This may be due to the direct effects of METH-induced oxidative stress on the 
mitochondria of these cells resulting in GS depletion and astrogliosis.
(Supported by RGC, Hong Kong)

831.12
DIFFERENTIAL EFFECTS OF METHAMPHETAMINE ON 
STRIATAL AMINERGIC TRANSPORTERS J. M, Kokoshka*.
G. R. Hanson, R. R. Metzger, J, W. Gibb, and A. E.
Fleckenstein. Department of Pharmacology and Toxicology, 
University of Utah, Salt Lake City, UT 84112

Methamphetamine (METH) administration causes reactive 
oxygen species (ROS) formation in vivo. Because of this, and the 
potential of ROS to modify a variety of neuronal proteins, effects 
of METH and ROS on dopamine, 5-hydroxytryptamine (5HT) and 
glutamate transporter function in rat striatum were assessed. 
Preincubation of striatal synaptosomes prepared from non-treated 
rats with the oxygen radical-generating enzyme, xanthine oxidase, 
decreased [3H]dopamine and [3H]5HT uptake, but had less effect 
on [3H]glutamate uptake. Similarly, multiple high-dose injections 
of METH decreased striatal [3H]dopamine and [3H]5HT, but not 
[3H]glutamate, uptake in synaptosomes prepared one hour after the 
last METH administration. Seven days after multiple injections of 
METH, [3H]dopamine uptake in synaptosomes prepared from 
treated rats was decreased: in contrast, synaptosomal [3H] glutamate 
uptake remained unaffected. These data demonstrate significant 
differences in the response of aminergic transporters to ROS and 
METH, and may have important implications regarding the role of 
ROS in both the physiological regulation of aminergic systems and 
the neurotoxic effects of METH. (Supported by USPHS grants 
DA00869, DA04222 and DA05780)

831.13
EFFECTS OF METHYLENEDIOXYMETHAMPHETAMINE AND 
OTHER PSYCHOSTIMULANTS ON DOPAMINE TRANSPORTER 
FUNCTION IN RAT STRIATUM.
R.R. Metzger*2, G.R. Hanson*>2, J.W. Gibb1 »2 and A.E. 
Fleckenstein1’2. Department of Pharmacology & Toxicology1 and 
Interdepartmental Neuroscience Program2, University of Utah, Salt 
Lake City, UT 84112.

The rapid effects of 3,4-methylenedioxymethamphetamine (MDMA; 
"ecstasy") administration, in vivo, on dopamine transporter function in 
the rat striatum were examined. A single injection of MDMA (2-15 
kg/mg; s.c.) induced a dose-related decrease in [3H]dopamine uptake 
into striatal synaptosomes 1 hr after treatment. Similar to 
methamphetamine, this rapid effect on [3H]dopamine uptake was 
reversible and returned to control levels within hours. A single 
administration of other amphetamine analogs, such as p- 
chloroamphetamine (10 mg/kg; i.p.), methamphetamine (15 mg/kg; 
s.c.), or methcathinone (30 mg/kg; s.c.) also rapidly decreased striatal 
[3H]dopamine uptake. Since reactive oxygen species have been 
implicated in the toxic effects of amphetamine analogs, and reactive 
oxygen species affect dopamine transporter activity, this rapid effect by 
acute administration of amphetamine analogs may be mediated by 
reactive oxygen species. Interestingly, cocaine (30 mg/kg; i.p.) had no 
effect on [3H]dopamine transport into striatal synaptosomes. These 
findings underscore the difference between dopamine transporter 
responses to amphetamine analogs and cocaine. (Supported by NIH 
grants DA04222, 05780 and 00869)

831.14
DIFFERENTIAL REGIONAL RESPONSES OF MONOAMINE 
SYSTEMS TO METHAMPHETAMINE. H. M, Haughev*, A. E, 
Fleckenstein, J. W. Gibb and G, R. Hanson. Dept. of Pharmacology 
and Toxicology, University of Utah, Salt Lake City, UT 84112.

Administration of high-doses of methamphetamine (METH) 
produces both acute and long-term deficits in neostriatal 
monoaminergic systems. For example, a single injection rapidly 
decreases activity of tryptophan hydroxylase (TPH), the rate-limiting 
enzyme in 5-hydroxytryptamine synthesis. Moreover, multiple METH 
injections cause long-term decreases in activity of tyrosine hydroxylase 
(TH), the rate-limiting enzyme in dopamine synthesis. To assess the 
regional selectivity of these phenomena, effects of METH on TPH and 
TH activities in several neostriatal subregions were assessed by 
measuring 5-hydroxytryptophan and 3,4-dihydroxyphenylalanine 
accumulation, respectively, after administration of a decarboxylase 
inhibitor. A single METH injection decreased TPH activity 1 h after 
adminstration in all caudate regions examined; the medial-ventral was 
affected more than the dorsal-lateral caudate while the globus pallidus 
was not altered. TH activity was not decreased in the caudate or 
globus pallidus after a single METH treatment. In contrast, 7-10 
days after multiple METH injections, TH activity was decreased in the 
caudate with the medial-ventral tending to be more affected than the 
dorsal-lateral region: again, the globus pallidus was not altered. These 
data demonstrate that the effects of METH vary regionally throughout 
the neostriatum; moreover, the response after a single injection was not 
necessarily predictive of long-term effects after multiple METH 
administrations. (Supported by USPHS grants DA00869 and 
DA04221)
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832.1
THE MOTIVATIONAL EFFECTS OF PHENTERMINE AND FENFLURAMINE 
IN RATS. W. P. Rea, R. B. Rothman1, M. Baumann1, and T.S. Shippenberq*. 
Integrative Neuroscience Unit, ’Clinical Psychopharmacology Section, IRP- 
NIDA/NIH, 5500 Nathan Shock Dr., Baltimore, MD.

The combination of phentermine (PHEN) and fenfluramine (FEN) is 
currently being evaluated as a treatment for alcohol and psychostimulant 
abuse. At present, however, the conditioned reinforcing effects of these 
agents remain unknown. The present study employed an unbiased place 
preference conditioning procedure in rats to address this issue. Male S/D rats 
received three conditioning sessions with saline and three with either FEN 
(0.3 mg/kg -3.0 mg/kg), PHEN (0.3 mg/kg -10.0 mg/kg), or FEN/PHEN (0.3 
mg/kg/3.0 mg/kg, 3.0 mg/kg/3.0 mg/kg). Parallel groups of animals were 
conditioned with amphetamine or morphine. Tests of conditioning were 
conducted 24 hr. later. FEN produced marked aversions for an environment 
previously associated with its administration and the minimum dose 
producing this effect was 3.0 mg/kg. In contrast, administration of PHEN, 
amphetamine (1.0-3.0 mg/kg), or morphine (3.0-5.0 mg/kg) produced dose- 
related preferences for the drug-paired place. However, the magnitude of the 
response to PHEN was less then that produced by the other prototypic drugs 
of abuse. In rats which received FEN (0.3-3.0 mg/kg) in combination with 
PHEN (3.0 mg/kg), the conditioned rewarding effects of PHEN were 
abolished. These data demonstrate that the rewarding effects of PHEN can 
be conditioned to stimuli previously associated with its administration. 
However, the conditioned response to this agent is less then that produced 
by prototypic drugs of abuse. The finding that PHEN-induced place 
preferences were attenuated by doses of FEN demonstrate that the 
combination of FEN/PHEN is devoid of motivational effects.

832.2
EFFECTS OF INTRA-AMYGDALA 7-OH DP AT ON THE PAVLOVIAN 
AND CONDITIONED INSTRUMENTAL PROPERTIES OF AN INTRA- 
ACCUMBENS d-AMPHETAMINE-ASSOCIATED STIMULUS. G.D. 
Phillips* and P.K-Hitchcott. Behavioural Neuroscience Laboratory, Dept 
of Psychology, University of York, Heslington, York YO1 5DD, UK.

Previous work in this laboratory indicated that post-session intra-
amygdala infusions of a D3, but not a D2 or DI dopamine receptor agonist 
enhanced learning of a stimulus-sucrose reward association. Here, rats were 
exposed either to correlated or noncorrelated stimulus-intra-accumbens d- 
amphetamine (AMPH) or vehicle pairings. Infusions were computer- 
controlled, and sessions were followed either by intra-amygdala 7-OH 
DP AT or vehicle. Acquisition of a conditioned locomotor response developed 
only to the stimulus correlated with imminent drug. 7-OH DP AT enhanced 
acquisition specifically of the correlated stimulus-drug relationship.

Six weeks later, animals received combined home cage infusions of AMPH 
(accumbens), 7-OH DP AT (amygdala) or one or both of the respective 
vehicles, on three occasions. Two novel levers were then presented, 
depression of one producing the stimulus paired previously with post-session 
vehicle, the second having no programmed consequences. Acquisition of a 
conditioned instrumental response to the stimulus correlated previously 
with intra-accumbens AMPH was robust, and enhanced by intra-accumbens 
AMPH. However, prior experience of AMPH in combination with 7-OH 
DP AT abolished responding to a drug-associated stimulus.

These data suggest a differential role of amygdala D3 dopamine receptors 
in associative learning and the value assigned to the unconditioned stimulus 
properties of psychostimulants, with consequent effects upon the conditioned 
instrumental properties of drug-associated stimuli. [Supported by The 
Wellcome Trust and Medical Research Council]

832.3
FETAL EXPOSURE TO METHAMPHETAMINE IN UTERO STIMULATES 
DEVELOPMENT OF SEROTONERGIC NEURONS IN REAGGREGATE TISSUE 
CULTURE. L. Won* and A. Heller, Dept. of Pharmacological and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

Three-dimensional reaggregate tissue cultures prepared from 
dissociated fetal cells of striatum and mesencephalon were used to follow 
the effects of in utero exposure to methamphetamine (Meth) on 
developing dopaminergic (DA) and serotonergic (5HT) neurons. In this 
culture system, the DA and 5HT mesencephalic-striatal projections are 
reconstructed and levels of neurotransmitters and their metabolites can 
be monitored over extended periods of time. Pregnant C57BI/6J mice 
were injected (s.c.) twice daily (8 hrs apart) from gestational day 
(GD) 6-13 with 40 mg/kg Meth or saline. At GD 14, cells from Meth 
and saline-exposed embryos were used to prepare reaggregate cultures. 
Samples of reaggregates were collected and analyzed for monoamine and 
metabolite content at 14, 29, 43 and 64 days of culture during which 
time, the monoaminergic neurons develop with a time course similar to 
that observed in vivo. Reaggregates prepared from Meth-exposed 
embryos showed a significant elevation of the slope of development of 
serotonin levels (53.8% higher at 64 days of culture) compared to 
reaggregates prepared from saline-treated embryos. 5-HIAA was also 
elevated in 14 and 29 day old cultures derived from Meth-exposed 
embryos. These findings are currently being examined in the intact 
animal. While the development of the DA nigrostriatal projection is 
fairly resistant to repeated in utero exposure to Meth, at least under 
this drug treatment regimen, exposure of the fetus to Meth, during 
early to midgestation, appears to produce a long lasting stimulatory 
effect on 5HT development in culture. Supported by DA09764

832.4
ACTIVATION OF 5-HT,B RECEPTORS IN THE NUCLEUS ACCUMBENS 
ATTENUATES THE POTENTIATING EFFECT OF AMPHETAMINE ON 
RESPONDING FOR CONDITIONED REWARD. P.J, Fletcher*, and K.M. Korth 
Clarke Institute of Psychiatry, Toronto, Ontario, Canada M5T 1R8

Previously we have demonstrated that injections of 5-HT into the nucleus 
accumbens (N.Acc.) attenuate the potentiating effects of d-amphetamine (AMPH) 
on responding for conditioned reward (CR) (Psvchopharmacol. 126: 62-69, 1996) 
This effect was blocked by the 5-HT1Z2 antagonist metergoline. The present studies 
examined the 5-HT receptor involved in this effect by investigating the effects of 5- 
HT agonists with differing affinities for 5-HT, and 5-HT2 receptors on AMPH- 
induced responding for CR. Agonists tested were 5-CT (non-selective 5-HT,), 8- 
OH-DPAT (5-HT,a ), RU24969 (5-HT1A/ib ), CP93,129 (5-HT1b ) and DOI (5-HT2). 
Male rats were prepared with cannulae aimed at the N.Acc. They were then water 
deprived and first trained to associate a light/tone stimulus (subsequently the CR) 
with water delivery. In the test phase, they were allowed access to a lever 
delivering the CR, and an inactive (NCR) lever. Responding on the CR lever was 
greater than responding on the NCR lever indicating that the light/tone stimulus 
functioned as a CR. Responding for the CR was selectively potentiated by N.Acc. 
AMPH (10 pg). This effect was reduced by 5-CT (0.5 and 1 pg), RU24969 (10 pg), 
CP93.129 (1.25 and 2.5 pg) but not by DOI (10 pg) or 8-OH-DPAT (2.5 pg). The 
lower doses of 5-CT and CP93,129 did not reduce baseline responding for CR, or 
responding for water in a separate group of animals. This indicates that the effects 
of these drugs were behaviourally selective, although this selectivity was lost at 
higher doses. The results indicate that activation of N.Acc. 5-HT,B receptors 
attenuates the effects of a dopamine-dependent behaviour, and that behaviourally 
5-HT may function to oppose dopamine transmission. (Funded by NSERC).

832.5
EFFECT OF DSP4 AND DESIPRAMINE ON THE MDMA-INDUCED 
RELEASE OF DOPAMINE AND 5-HT DEPLETION IN THE 
HIPPOCAMPUS. M. Shankaran and G.A, Gudelsky.* College of 
Pharmacy, University of Cincinnati, Cincinnati, OH 45267-0004.

The long term depletion of 5-HT produced by MDMA (3,4- 
methylenedioxy methamphetamine) is thought to be due to excessive 
dopamine (DA) release following acute MDMA administration. However, 
the role of dopamine in MDMA toxicity to 5-HT terminals is less clear in 
brain regions, such as the hippocampus, that are sparsely innervated by 
DA fibers. The purpose of this study was to examine the MDMA-induced 
release of DA in the hippocampus, and its role in the long term depletion 
of 5-HT in this brain region. MDMA produced a dose-dependent 
increase in the extracellular concentration of DA in the hippocampus, as 
determined by in vivo microdialysis. The MDMA-induced release of DA 
in the hippocampus, but not in the striatum, was almost completely 
suppressed in rats treated with norepinephrine (NE) uptake inhibitor 
desipramine as well as in rats in which NE neurons were lesioned with 
DSP4. The concentration of 5-HT in the hippocampus was reduced by 
approximately 50%, 7 days after the administration of MDMA (20 mg/kg, 
s.c.). Although desipramine markedly attenuated the MDMA-induced 
release of hippocampal DA, it did not alter the long term depletion of 5- 
HT produced by MDMA. These results are supportive of the view that 
the MDMA-induced increase in the extracellular concentration of DA in 
the hippocampus is the result of an enhanced release of DA from NE 
neurons. In addition, the mechanism of MDMA- induced depletion of 5- 
HT in the hippocampus appears not to involve DA related processes. 
(Supported by DA 07427).

832.6
LOCOMOTOR SENSITIZATION FOLLOWING CHRONIC (-)- 
EPHEDRINE HYDROCHLORIDE. IN RATS. P.J. Wellman*, D.K. 
Miller, T. Green, L.R. McMahon, and J.R. Nation. Department of 
Psychology, Texas A&M University, College Station, TX, 77843-4235.

Systemic injections of the sympathomimetic agent (-)-ephedrine 
hydrochloride [(-)-EPH] increase extracellular levels of dopamine 
within the nucleus accumbens (Wellman et al., Soc. Neurosci Abs, 
22:1160, 1996), an effect that may underlie the action of (-)-EPH on 
locomotion. In the present study, adult male rats received an injection 
(IP) of either vehicle, 10, 20, or 40 mg/kg (-)-EPH prior to assessment of 
locomotor activity over a 90 minute period. Acute administration of 40 
mg/kg (-)-EPH significantly stimulated locomotion on Day 1. Rats 
continued to receive an injection of (-)-EPH on each of an additional 10 
days. Rats receiving 20 or 40 mg/kg (-)-EPH exhibited significant 
locomotor sensitization on Day 11 of chronic treatment. No conditioned 
locomotor responses were observed on Day 12 when all rats received an 
injection of saline prior to the locomotion test. On Day 13, all rats 
received an injection of 10 mg/kg cocaine-hydrochloride. Locomotion 
after cocaine did not differ across ephedrine treatment groups, 
suggesting a lack of cross-sensitization. These findings strengthen the 
notion that (-)-EPH exerts excitatory effects on central dopamine 
systems that in turn alter behaviors such as locomotion.

Supported by funds from Thompon Medical Company and a grant from 
the US Public Health Service.
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832.7
THE EFFECTS OF THE 5-HT1B/1D ANTAGONIST GR 127935 ON THE 
LOCOMOTOR STIMULATION INDUCED BY ACUTE AND CHRONIC (+)-3,4- 
METHYLENEDIOXYMETHAMPHETAMINE (MDMA). M.G. Bankson, A.C. 
McCreary, J.M, Scalzitti, B. Haber,* and K.A. Cunningham Dept. Pharmacol. 
Toxicol., Univ. Texas Med. Branch, Galveston, TX, 77555-1031.

The locomotor stimulant effects of the 5-HT1B/1A agonist RU 24969 and the 
psychostimulant MDMA appear to be mediated through activation of the 5-HT IB 
receptor (Rempel et al., 1993). We have previously shown that the 5-HT1B/1D 
antagonist GR 127935 attenuates the locomotor stimulant effects of both RU 24969 
and MDMA (McCreary and Cunningham, NIDA, 1997). The goal of the present 
experiment was two-fold: (1) to determine the ability of the 5-HT1B/1D antagonist 
GR 127935 (2.5 mg/kg, SC) to attenuate the hyperactivity induced by acute (3 mg/kg, 
SC) or chronic MDMA (3 mg/kg, SC, for 5 days) and (2) to determine if chronic 
MDMA treatment was associated with an alteration in sensitivity to the locomotor 
stimulatory effects of the 5-HT1B/1A agonist RU 24969 (2.0 mg/kg, IP). Peripheral 
activity in the open field monitor was increased significantly by MDMA; GR 127935 
attenuated the MDMA-induced hyperactivity (p<0.05). Between Day 1 and Day 5 of 
pretreatment, increasing levels of activity were observed in rats treated either with 
MDMA alone or GR 127935 in combination with MDMA. Upon challenge 48 hrs 
after the last pretreatment injection, MDMA-treated rats exhibited an increase in RU 
24969-induced peripheral activity compared to saline controls (p<0,05). These data 
confirm previous findings that the 5-HT1B receptor contributes to the hyperactivity 
induced by acute MDMA administration, but may not be involved in mediating 
sensitization associated with chronic MDMA administration. To determine whether 
denervation supersensitivity contributes to the enhnaced response to RU 24969, both 
5-HT content and 5-HT IB mRNA levels will be determined. Supported by NIDA DA 
06511, DA 00260 and DA 07287.

832.8
HIGH-DOSE METHAMPHETAMINE ALTERS GABA
IMMUNOCYTOCHEMISTRY IN CAUDATE AND GLOBUS
PALLIDUS. Depts, of Behav.
Neurosei. and Pathology, Oregon Health Sciences University, and VA 
Medical Center, Portland OR 97201.
Methamphetamine (MA) treatment results in long-lasting depletion of 
dopamine (DA) in the caudate (CD). DA depletion induced by 6-OHDA. 
lesion is known to alter both GABA and glutamate (GLU) immuno-
cytochemistry. To determine if MA toxicity alters non-DAergic 
systems in a similar manner, postembedding immunogold electron 
microscopy was used to examine GABA and GLU immunolabeling within 
presynaptic nerve terminals in areas associated with the extra- 
pyramidal motor circuit. Rats were treated with 4 doses of 15 mg/kg 
MA repeated at 6 hr intervals. DA ievels within both the dorso- and 
ventrolateral CD were depleted by 95% 1 week following MA, and 
remained depleted by >85% even after 4 weeks. The density of 
presynaptic GABA immunolabeling was significantly increased within 
both the ventrolateral CD (p < 0.01) and globus pallidus (p < 0.05) 4 
weeks post MA treatment. Although DA levels were equally depleted 
within the dorsolateral CD, no changes in the density of GABA terminal 
labeling were found. The area of GABA-positive terminals was 
increased only in the ventrolateral CD (p < 0.05). MA treatment did 
not alter GLU immunoreactivity or terminal area. These results 
demonstrate that MA treatment results in long-lasting changes in 
GABAergic synapses within specific regions of the basal ganglia. Such 
changes may compensate for a loss of DA input. (Supported by VA 
Merit Review to C.K.M., and an individual NRSA award to K.B.B.)

832.9
THE ROLE OF BENZODIAZEPINE RECEPTORS ON THE DEVELOPMENT 
OF BEHAVIORAL SENSITIZATION TO METHAMPHETAMINE.
K. Ito*, T, Ohmori ,T. Abekawa, and T. Koyama. Department of Psychiatry, 

Hokkaido Univ. Sch. of Med., Sapporo 060 Japan.
The GABA-benzodiazepine neurotransmission has been implicated in various 

forms of plasticity such as kindling and learning. We examined that the 
effects of clonazepam and/or flumazenil, a GABA-benzodiazepine agonist 
and an antagonist respectively, on the development of behavioral sensitization 
to methamphetamine (MA). Rats ( Male Wistar-King rats) treated with MA (1 
mg/kg, sc.) for 10 days showed significantly enhanced motor activity compared 
to those treated with saline when tested with MA (1 mg/kg) after a 7-8 day 
withdrawal, indicating the development of behavioral sensitization. 
Pretreatment with clonazepam (0.5mg/kg) prior to MA administration prevented 
the development of the phenomenon. Rats treated with flumazenil (l0mg/kg) 
prior to cionazepam and MA administration showed enhanced motor activity 
as those treated with MA alone. These results suggest that stimulation of 
GABA-benzodiazepine receptors plays a role in the development of behavioral 
sensitization. This study was supported in part by Grant-in-Aid No 05670796 
and No 07671042 for Scientific Research from Ministry of Education, Science 
and Culture, Japan.

832.10
EFFECTS OF CHRONIC AMPHETAMINE ON GABAa  RECEPTOR 
BINDING IN THE PREFRONTAL CORTEX. S.C. Stoker, R.J. 
Gruen*. A.J. Friedhoff. and G.W. Bradberrv. New York Univ., NY. 
NY 10016 and Yale Univ., New Haven, CT 06510.
The results of recent studies suggest that the

GABAA/benzodiazapine receptor complex may be altered by 
psychostimulant use. To our knowledge, however, enduring GABA 
receptor changes following chronic exposure to amphetamine have not 
been examined. To address this issue, we exposed adult male rats 
to either D-amphetamine (2.5 mg/kg) (n=20) or saline (n=20) for 6 
days. Following a 14 day interval, 8 animals from each group were 
challenged with amphetamine (2.5 mg/kg). Two days later, all 
animals were sacrificed. Specific binding was assessed in the 
prefrontal cortex (PFC), hypothalamus (HYP), caudate-putamen (CP), 
and cerebellum (CB) using the GABAa  receptor antagonist |3H] SR 
95531 (Gruen et al., 1995, 1996; McCabe et al., 1988). No 
differences were observed between the amphetamine and saline 
preexposed animals under basal conditions. In the challenge 
condition, however, specific binding in the PFC in the saline 
preexposed group was significantly lower (t=2.58; p=.O22) than that 
in the amphetamine preexposed group. In addition, [3Hj SR 95531 
binding in the PFC was significantly lower (t=3.77; p=.001) in the 
challenged versus unchallenged saline preexposed animals; no 
differences were observed in the challenged versus unchallenged 
animals in the amphetamine preexposed groups, however. This 
suggests that GABAa receptors in the PFC display apparent 
tolerance following chronic exposure to amphetamine. DA-08073 
(CWB) and MH-08618 (AJF).

832.11
EFFECTS OF REPEATED ADMINISTRATION OF AMPHETAMINE ON 
ATTENTION IN RATS AND ROLE OF CORTICAL CHOLINERGIC 
INPUTS. T. Deller* and M. Sarter. Department of Psychology and Neuroscience 
program, Ohio State University, Columbus, OH 43210.

Repeated administration of amphetamine results in a lasting enhancement of 
mesolimbic dopaminergic transmission. Psychostimulant sensitization has been 
theorized to model aspects of the neuronal mechanisms of psychosis and drug 
addiction. As attentional dysfunctions are hypothesized to contribute to the 
development of psychosis, and as the “rewarding” properties of addictive drugs 
may be due in part to their cognitive effects, the present experiments intended 
to assess the consequences of repeated amphetamine administration on sustained 
attention. Furthermore, based on our data on the regulation of cortical 
acetylcholine by mesolimbic dopamine, and on our hypotheses about the role of 
this system in psychosis (Sarter 1994), the role of the basal forebrain cholinergic 
system m “sensitized attention” was examined. Rats were trained in a task 
designed to assess sustained attention (McGaughy & Sarter 1995). After the 
animals reached stable baseline performance, 3 mg/kg d-amphetamme was 
administered i.p. every other day for a total of 5 injections. The effects of this 
dose were again tested 7, 13, 19, 25 and 37 days following the initial regimen. 
In amphetamine-“sensitized” animals, amphetamine produced a robust increase 
in the false alarm rate, i.e,, an increase in the number of “claims” for signals 
during non-signal trials. Amphetamine-“sensitized” attentional dysfunctions are 
hypothesized to model major aspects of the neuronal and cognitive mechanisms 
underlying psychosis and drug addiction.
Supported by PHS Grants NS32938 and MHO 1072.

832.12

THE EFFECTS OF TWO DIFFERENT ROUTES OF
NALTREXONE ADMINISTRATION ON AMPHETAMINE- 
INDUCED CONDITIONED PLACE PREFERENCE IN RATS.
C.O. Milligan, R.E. Steinpreis*, N. A. Wetzel, and T. Houle. 
Department of Psychology, University of Wisconsin-Milwaukee, 
Milwaukee, WI 53211.

Naltrexone is a pure opiate antagonist with no known abuse 
potential of its own. The purpose of the present study was to examine 
the ability of two routes of administration of naltrexone in attenuating 
the appetitive effects of systemic amphetamine administration in an 
animal model. To test this hypothesis, the conditioned place 
preference paradigm was employed. A total of 192 male Sprague- 
Dawley rats served as subjects. Four doses of amphetamine or 
amphetamine vehicle, four implant sizes, including a placebo implant 
and four doses of systemic naltrexone administration were used.

Amphetamine produced a dose-dependent place preference in rats 
implanted with the placebo, 60 mg naltrexone implants. A dose- 
dependent preference for amphetamine was also established with lower 
doses of naltrexone injection. The 120 and 240 mg implants and the 
higher systemic naltrexone doses attenuated the place preference for 
amphetamine. The naltrexone implant may serve as a viable alternative 
for the treatment of human amphetamine addiction.
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832.13
U69.593, A KAPPA OPIOID RECEPTOR AGONIST, DECREASES 
AMPHET'AMINE-EVOKED EXTRACELLULAR DOPAMINE LEVELS IN THE 
NUCLEUS ACCUMBENS OF CONSCIOUS RATS. A, M. Gray and J. F. 
McGinty*. Dept. of Anatomy and Cell Biology, East Carolina University, Sch. 
Med., Greenville, North Carolina 27858.

The kappa opioid system modulates cocaine-induced behaviors and dopamine 
efflux. Kappa agonists have been shown to (1) reduce the discriminative stimulus 
properties of cocaine in squirrel monkeys and rats, (2) reduce motor effects 
produced by acute cocaine, (3) prevent cocaine-induced behavioral sensitization, 
and (4) decrease extracellular dopamine levels following cocaine challenge. We 
are investigating whether this action of kappa agonists is generalised to other 
psychostimulants, e.g., amphetamine. Using cerebral microdialysis in awake, 
freely-moving rats, we have studied the effects of U69.593 on the amphetamine- 
enhanced outflow of dopamine within the nucleus accumbens. Male Wistar rats 
were anesthetized 3-5 days before the dialysis experiment, and a guide cannula was 
implanted above the nucleus accumbens (AP: +2.2, ML: ±1.5, DV: 3.0, from 
bregma). A concentric dialysis probe (2 mm dialysis tip) was implanted 24 hrs 
before the dialysis procedure. Our preliminary data show that amphetamine (2.5 
mg kg'1, i.p.) enhanced extracellular levels of dopamine within the nucleus 
accumbens in the initial 15 mins with the maximal increase (3000%) in dopamine 
levels 30 mins post administration of amphetamine. This effect gradually declined 
over the next two hours. In a separate group of rats, pretreatment with U69.593 
(0.32mg kg'1, s.c.) 15 mins before amphetamine administration, attenuated the 
amphetamine-induced extracellular DA levels when compared to the vehicle plus 
amphetamine group. The maximal increase in dopamine levels for the U69.593 
pretreated group occurred 30 mins post amphetamine injection and was 
approximately 1200% over baseline. Kappa agonists may be suitable adjuncts for 
the treatment of psychostimulant abuse. Supported by DA 09258.

832.14
RESPONSE OF EXTRAPYRAMIDAL NEUROPEPTIDE Y 
SYSTEMS TO METHAMPHETAMINE TREATMENT.
S. C. Westwood, J. W. Gibb*, G. R. Hanson, Department of 
Pharmacology and Toxicology Univ. of Utah, Salt Lake City, UT 
84112.

Neuropeptide Y (NPY) is a 36-amino acid peptide found in high 
concentrations in extrapyramidai and limbic brain regions of several 
mammalian species. Alterations in NPY levels have been 
associated with several diseases including anxiety, schizophrenia, 
Alzheimer’s and epilepsy, suggesting a possible etiological role. 
Because methamphetamine abuse has also been implicated as a 
cause of schizophrenia and anxiety, we examined the possibility 
that treatment with this potent stimulant might significantly 
influence NPY activity. To test this hypothesis male Sprague- 
Dawley rats were given multiple doses of methamphetamine and the 
responses of NPY neurons were assessed by employing 
radioimmunoassays to measure NPY-like immunoreactivity in 
extrapyramidal structures, such as subregions of the caudate and 
substantia nigra. 18 hours after administering multiple doses of 
methamphetamine 10 mg/kg, NPY levels were reduced to 40% - 
61% of control throughout all striatal regions, but were not 
significantly altered in the substantia nigra. These findings 
demonstrate that methamphetamine effects selective and dramatic 
changes in NPY extrapyramidal systems, suggesting that this 
neuropeptide may contribute to the motor and/or psychiatric effects 
of this stimulant. Supported by NIH grant DA 09407.

832.15
THE SELECTIVE NEUROTENSIN RECEPTOR ANTAGONIST, SR48692, 
BLOCKS THE DEVELOPMENT OF AMPHETAMINE SENSITIZATION. P.-P. 
Rompre* and S. Perron. Centre de Recherche Fernand-Seguin et Departement de 
psychiatric, Universite de Montreal, Montreal(Quebec), Canada, H1N 3 V2.

Activation of neurotensin (NT) receptors on dopamine (DA) cell bodies stimulates 
DA neurotransmission and potentiates DA-dependent behaviors. An opposite effect 
on behavior is observed, however, when NT is microinjected in the ventral striatum, 
findings demonstrate the complexity of the functional interaction between NT and 
DA. This study was aimed at farther characterizing the role of NT in the 
modulation of DA-dependent functions by investigating the effects of SR48692, a 
selective NT antagonist, on sensitization to amphetamine-induced motor activity. 
Experiments were performed on different groups of rats which were injected on four 
occasions (every second day: Days 1, 3, 5 and 7) with SR48692 (40, 80 or 160 
pg/kg, i.p.) or its vehicle, followed 30 min later by amphetamine (1.5 mg/kg, i.p.) or 
saline. Motor activity was measured in photocell cages for two hours after the 
injection on each day. One week after the last injection (Day 14), sensitization to 
amphetamine (0.75 mg/kg, i.p.) was tested in all groups. Results show that 
SR48692 alone had no effect on spontaneous locomotion, except at 80 pg/kg that 
produced a significant decrease in non-ambulatory movements on Day 7. At the low 
dose, SR48692 potentiated amphetamine-induced motor activity, an effect observed 
on Day 7 but not on Day 1. Rats preexposed to amphetamine alone showed a 
significantly larger motor activity on the day of sensitization test than the saline 
preexposed rats, a sensitization effect that was blocked by SR48692 at 160 pg/kg 
and partially attenuated at 80 pg/kg. These results show that activation of 
neurotensin receptors play a role in the development of behavioral sensitization to 
amphetamine and in the expression of amphetamine-induced motor activity. 
Supported by a grant from MRC Canada.

832.16
ACUTE AND CHRONIC EFFECTS OF COCAINE ON ADAPTING VS NON-
ADAPTING LAYER V SOMATOSENSORY CORTICAL NEURONS. EM, 
Sessler*, J. Zhai, B.D. Waterhouse, R.C.S. Lin and J. Lehmann. Depts. of 
Neurobiol. & Anat. and Neurosurg., Allegheny University of the Health Sciences, 
Philadelphia, PA 19129.

In previous studies we have observed differential effects of cocaine on four 
major subtypes of electrophysiologically identified layer V pyramidal neurons of 
rat somatosensory cortex. The present investigation focused on two subtypes of 
regular spiking neurons characterized by tlieir adapting (RS-A) vs non-adapting 
(RS-NA) firing patterns in response to intracellular depolarizing pulses of current. 
By determining the actions of cocaine on these neurons we expect to better 
understand how this drug impacts on sensory processing functions. Intracellular 
recordings were conducted in vitro in slices from rat somatosensory cortex. 
Postsynaptic potentials (PSPs) were evoked by electrical stimulation of adjacent 
layers. Acute application of cocaine (0.1-iOuM) decreased rheobase and increased 
input resistance in 64% of RS-A neurons (n= 12) vs only 7% of RS-NA neurons 
(n=17). In addition, PSPs were suppressed by 12.6% and 43.4% in RS-NA 
neurons (n=17) following luM and lOuM applications of cocaine, respectively: 
whereas they were only suppressed by 1.2% and 17.1% in RS-A neurons (n=l 1) 
at these same concentrations. This assessement of cocaine effects on regular 
spiking neuron functions is being continued in animal chronically exposed to 
cocaine. In similar experiments, we found that amphetamine could mimic cocaine 
facilitating actions on cell excitability, suggesting that some of these effects may 
involve noradrenergic influences on local cortical circuits. Thus, the possibility 
that chronic cocaine treatment could result in reduced noradrenergic modulating 
influences in somatosensory cortical circuits is under investigation. The 
observations that cocaine impact significantly on sensory neuronal function 
suggests that altered sensory processing may contribute and reinforce the general 
actions of cocaine on the brain. (Supported by NIDA DA08405).

832.17
BEHAVIORAL AND NEUROCHEMICAL RESPONSES TO AMPHETAMINE ARE 
EXPRESSED DIFFERENTIALLY ACROSS THE ANTEROPOSTERIOR AXIS OF THE 
CORE AND SHELL SUBTERRITORIES OF THE NUCLEUS ACCUMBENS. Ch. A. 
Heidbreder* & J, Feldon. Institute of Toxicology, Behavioral Biology & Functional 
Toxicology, CH-8603 Schwerzenbach, Switzerland.

Recent evidence demonstrates that two subdivisions of the nucleus accumbens 
(NAC), the dorsolateral core and the ventromedial shell, can be distinguished by 
morphological, immunohistochemical and anatomical differences. These two 
subregions would also subserve different functions that are related to reinforcement 
induced by addictive drugs. In the present study, we sought to investigate if the 
direct infusion of d-amphetamine (AMPH) by reverse microdialysis into either the 
core or shell of the NAC across its anteroposterior axis differentially affects (1) 
dialysate DA and 5-HT levels and (2) simultaneous locomotor activity. Following the 
determination of basal DA and 5-HT levels, four increasing concentrations of AMPH 
(0.05; 0.10; 0.50; 1.00 pM) were substituted for the dialysis perfusate for 60 min 
each. Movement units were detected by an infrared sensor and were transmitted 
through a motion interface to an activity monitor analyzer. AMPH produced a dose- 
dependent increase in locomotor activity after microinfusion into either the core or 
rostral and caudal shell of the NAC. The potency of the AMPH-induced locomotor 
activating effect was significantly higher in the rostral shell of the NAC compared with 
the caudal shell and the core. The lowest concentration of AMPH (0.05 pM) produced 
an equipotent decrease in dialysate DA in either the rostral shell, caudal shell, or 
core. At 1.0 pM, however, AMPH selectively increased DA in the rostral shell, 
whereas DA reached baseline values both in the caudal shell and core. AMPH lost its 
ability to increase dialysate DA levels in the rostral shell of the NAC in the presence 
of tetrodotoxin (3 x 10 s M). Basal dialysate DA levels were significantly higher in the 
core relative to both the rostral and caudal parts of the shell. The highest dose of 
AMPH significantly increased dialysate 5-HT levels over baseline only in the caudal 
shell of the NAC. The basal dialysate 5-HT levels did not significantly differ between 
the three subterritories of the NAC. These results emphasize the heterogeneity and 
functional compartmentalization within the NAC, the differential regulation of 
neurochemical and motor responses across the anteroposterior axis of the NAC and 
the preferential effect of AMPH in the rostral shell subterritory of the NAC.

832.18
AMPHETAMINE SELF-ADMIN ISTRA TION IS ENHANCED BY 
EXCITOTOX1C LESIONS OF THE PEDUNCULOPONTINE 
TEGMENTAL NUCLEUS IN RATS. G.L. Keating*, C.D Biaha, P. Winn, P. 
DiCiano. M.P. Latimer and A.G. Phillips. Department of Psychology, Univ. 
British Columbia, Vancouver, V6T 1Z4, Canada (CDB, PD, AGP) & School of 
Psychology, Univ. St Andrews, KY16 9JU. Scotland (GLK, Mik PW).

The pedunculopontine tegmental nucleus (PPTg) is associated with several 
reward-related activities. It receives both dorsal and ventral striatal output and it 
has been argued that its functions are best understood in terms of a ‘ limbic- 
motor interface” - a point at which reward-related information can influence 
ongoing motor activity. One of the most potent rewards used to shape behaviour 
is intravenously self-administered amphetamine (AMPH) for which rats will 
work vigorously. The present experiments were intended to determine what 
effect PPTg lesions have on this. Rats were lever trained in double lever operant 
boxes before bilateral ibotenate lesions were made in the PPTg, Control rats 
received phosphate buffer injections. Following recovery from lesion surgery rats 
were equipped with intrajugular catheters. They were then allowed to work on 
an FR2 schedule for O.img doses of i.v. d-AMPH (max. 20 doses/3h). Control 
rats maintained a steady dose regime, receiving an average 6-7 doses/h over the 
3h test. In contrast PPTg rats received an average of over 18 doses within the 
first hour. When subsequently tested under a progressive ratio schedule, PPTg 
rats showed breaking points 7-fold higher than controls. These data are 
consistent with others showing PPTg rats to be behaviorally disinhibited when 
motivationally excited and are compatible with the hypothesis that a principal 
PPTg function is integration of reward-related information and motor outflow. 
Supported by a NATO Collaborative Research Award to CDB and PW and by a 
Canadian MRC grant to CDB and AGP.
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832.IS
AMPHETAMINE INFUSIONS INTO THE CENTRAL AMYGDALA 
PRODUCE CONDITIONED PLACE PREFERENCE. L.E. O'Dell*.
A.N. Sussman. K.A. Grote and J.L. Neisewander, Department of 
Psychology, Box 871104, Arizona State University, Tempe, AZ 85287.

The role of amygdaloid nuclei in locomotion and conditioned place 
preference (CPP) produced by psychomotor stimulants was examined. 
Five 2-day conditioning trials were conducted over consecutive days in 
an apparatus with 2 distinct compartments. Each compartment was 
equipped with photocells located 27 cm apart, and locomotion was 
measured daily as consecutive photobeam interruptions. On one day of 
each trial, rats received bilateral infusions of cocaine (0, 25, 50 or 100 
pg/0.5 pi) or d-amphetamine (0, 0.625, 1.25, 2.5, 5, 10 or 20 pg/0.5 pi) into 
the ventricles (ICV), the basolateral (BI) or the central (Ce) amygdala, 
and were then confined to a compartment for 30 min. On the other day, 
rats received sham infusions and were confined to the other 
compartment for 30 min. CPP was assessed 24 hr after conditioning as 
an increase in time spent in the drug-paired compartment relative to 
the other compartment, ICV infusions of cocaine or amphetamine 
potently produced locomotion and CPP. Intra-Bl infusions of cocaine or 
amphetamine did not produce CPP, however, the highest dose of cocaine 
increased locomotion. Similarly, intra-Ce infusions of the highest 
dose of cocaine produced locomotion and CPP. The behavioral effects of 
intra-amygdala cocaine may have resulted from diffusion to other 
brain regions since they occurred only at the high dose. In contrast, 
intra-Ce infusions of amphetamine potently produced CPP without 
altering locomotion. These results suggest that the Ce, but not the BI, 
amygdala plays a role in initiating the reinforcing properties of 
amphetamine. (Supported by DA07730, MH-19547 and HHMI),

832.20
GLOBUS PALLIDUS AND SUBSTANTIA NIGRA IRON AND FERRITIN 
IMMUNOREACTIVITIES INCREASE IN THE VERVET MONKEY AFTER 
METHAMPHETAMINE EXPOSURE.
W,P. MelegaL, G,-Lacan,,,M-L. Raleigh, A^attJPCTIaryey, Molecular and 
Medical Pharmacology, UCLA Sch. of Med. Los Angeles, CA 90095

Adult male vervet monkeys (Cercopithecus aethiops sabaeus) were 
administered methamphetamine (MeAmp) (2 mg/kg, i.m.; 2 injections - 4 h 
apart). This drug protocol effected significant decrements in presynaptic striatal 
dopamine system function as indexed by biochemical and positron emission 
tomography (PET) studies at 1 and 3 weeks post-drug. Long term behavioral 
alterations were not apparent beyond the pharmacokinetic time course of the 
drug. PET studies with 6 [18F]f!uoro-L-DOPA (FDOPA) and [11C] WIN 
35,428 (WIN) showed that relative to each subject's pre-drug scan, the FDOPA 
uptake rate constant (Ki) was reduced by 75% while WIN binding-Patlak values 
were reduced by 60-80%. Post-mortem biochemical analysis showed decreases 
in striatal dopamine levels of -85% and increases in the HVA/DA ratios. 
Relative to controls, immunohistochemical characterization showed extensive 
decreases in striatal tyrosine hydroxylase and aromatic amino acid 
decarboxylase inmunoreactivities (IR). Increases in GFAP-IR were observed in 
striatum, but not in cortex or nondopaminergic regions. In globus pallidus and 
substantia nigra-pars reticulata, ferritin-IR was selectively increased while 
increases in iron accumulation were shown with a modified Perl's stain. These 
increases were superimposed upon the intense staining patterns observed in the 
same regions of controls. These results indicate that acute MeAmp-induced 
neurotoxicity in the vervet monkey can be defined by long term losses in striatal 
dopamine function that secondarily produce a region-specific glial response as 
well as affect striatal projections that innervate nondopaminergic systems. 
Supported by the Department of Energy.
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833.1
EFFECTS OF D-PHE CRF12-41 ON FOOTSHOCK- AND 
COCAINE-INDUCED REINSTATEMENT OF COCAINE SEEKING 
IN RATS \S. Erb*,2 Y. Shaham, and ‘J. Stewart Center for Studies 
in Behavioral Neurobiology, Concordia University, Montreal and 
2ARF, Toronto, Canada

Footshock stress provokes relapse to cocaine seeking in animals 
trained to self-administer cocaine. The present experiment was 
conducted to investigate the effect of D-Phe CRF 12-41 (D-Phe), a 
selective CRF receptor antagonist, on the reinstatement of cocaine 
seeking by footshock stress and by a priming injection of cocaine.
Male Long Evans rats were trained to self-administer cocaine HC1 (1.0 
mg/kg/infusion, IV) during one 3-h session per day, 4-5 h after lights 
off. After 10 to 14 days of training, extinction conditions were 
introduced during which saline was substituted for cocaine. When 
animals reached an extinction criterion of 10 or fewer responses in 3 h, 
all animals were tested for reinstatement by; a priming injection of 
saline (IP), a priming injection of cocaine (20 mg/kg, IP), and 
exposure to intermittent footshock stress (10 min, 0.5 mA, 0.5 s on, 
mean off period of 40 sec). Forty min before each test, animals were 
pretreated (ICV) with either 0.0, 0.1, 0.3, or 1.0 pg (n=8-10 per 
group) D-Phe. Pretreatment with D-Phe blocked footshock-induced 
reinstatement of cocaine seeking at a dose of 1.0 pg and strongly 
attenuated the effect at doses of 0.3 and 0.1 pg; at all doses, D-Phe was 
without effect on the reinstatement of cocaine-seeking by cocaine. 
Supported by NIDA (USA), and FCAR (Quebec).

833.2
BRAIN BLOOD FLOW DURING CUE-INDUCED DRUG CRAVING AND 
OTHER AROUSAL STATES A^hildress^J^
C.P. O'Brien. Addiction Treatment Research Center, Univ. of Penn. School 
of Medicine, and Philadelphia VA Medical Center, Philadelphia, PA 19104

Drug-related cues have been used to induce craving states in the brain 
imaging setting, permitting in vivo study of brain activity during these 
states. Using this approach, our recent studies showed limbic (amygdala, 
anterior cingulate and temporal pole) increases and basal ganglia decreases 
in rCBF (regional cerebral blood flow) during cocaine craving induced by a 
cocaine video; this pattern did not occur in control subjects without a 
cocaine history.

We are investigating the generalizability of these limbic findings by 
imaging the response of opiate patients to opiate (and non-drug) videos. 
We are also testing the specificity of the limbic findings for drug craving by 
imaging the brain correlates of other cue-induced (appetitive or aversive) 
arousal states in drug users and in controls. As in the prior studies, rCBF is 
imaged during exposure to control and target video stimuli. Imaging of 
rCBF is accomplished with PET (Positron Emission Tomography) scans, 
using radioactively-labeled (0-15) water as the flow tracer. PET scans for 
each subject are co-registered with an MRI (magnetic resonance image) to 
permit anatomical localization of radioactivity. Results from these ongoing 
studies will help determine if the observed pattern of limbic activation is 
triggered by cues for other drug classes, and by cue-induced appetitive 
states other than cocaine craving.

NIH-NIDA R01DA10241-01

833.3

STRESS-INDUCED RELAPSE IS ASSOCIATED WITH RESISTANCE 
TO EXTINCTION: THE ROLE OF DEPENDENCE HISTORY, S.H. 
Ahmed, J.R. Walker, M.P. Epping-Jordan*, GF. Koob. DepartmenWoT 
Neuropharmacology, The Scripps Research Institute, La Jolla, California 
Reinstatement of drug-seeking behavior after extinction constitutes a 
potential animal model of relapse to drug abuse. In a typical reinstatement 
experiment, previously drug-trained rats undergo extinction during which 
responding is no longer followed by drug delivery. After significant 
extinction is observed, rats are then exposed to an event expected to 
reinstate drug-seeking behavior. Using this paradigm, we and others have 
recently reported that a brief uncontrollable stressor (footshock stress) 
reinstates heroin- and cocaine-seeking behavior in drug-trained, presently 
drug free rats. This effect of stress was specific to drug-seeking behavior: 
increasing drug-seeking but suppressing food-seeking behavior after 
extinction. Here, we report that resistance to extinction is associated with 
stress-induced relapse. First, in cocaine-trained rats, separating subjects 
according to their response to stress revealed that rats hypersensitive to 
stress-induced relapse (rats with a performance above the median) were 
slower to extinguish drug-seeking in comparison with rats hypersensitive to 
stress-induced relapse (rats with a. performance below the median). Second, 
preliminary data show that rats with a history of opiate- or cocaine- 
dependence were both resistant to extinction and hypersensitive to stress- 
induced relapse compared to non dependent rats. In conclusion, common 
mechanisms seem to govern resistance to extinction and sensitivity to 
relapsing events. Such mechanisms altered by a history of drug 
dependence are persistent over time.
This work was supported by grant DA76741 to G.F K,

833.4
EFFECT OF ADRENALECTOMY ON COCAINE'S FACILITATION OF 
MEDIAL PREFRONTAL CORTEX SELF-STIMULATION. G.C. 
Abrahamsen*, J.M. Ladigoski, and K.P, Carr. Department of Psychiatry, NYU 
Sch. of Med., New York, NY 10016.

A number of the effects of cocaine, including it's self-administration, have 
been shown to depend upon eorticosteronebioavailability, In the present study, 
effects of adrenalectomy (ADX) on self-stimulation oi the medial prefrontal 
cortex (PFCSS) and the facilitation of PFCSS by cocaine were investigated. 
Following establishment of baseline PFCSS thresholds, using rate-frequency 
methodology, bilateral adrenalectomy was performed. Three groups of rats 
were prepared: ADX with corticosterone replacement in drinking fluid (50 
pg/ml); ADX without corticosterone replacement, and sham- operated controls. 
Post-surgical monitoring of PFCSS indicated that ADX had no effect on PFCSS 
thresholds. Cocaine effects were evaluated by comparing thresholds obtained in 
pre- and post-injection tests within the same session. Mean decreases in post-
injection threshold produced by 0.0, 5.0, 10.0 and 20.0 mg/kg cocaine (i.p) 
were 4.6%, 15.8%, 24.0%, and 29.1%, respectively. This effect, as wellas the 
increase in asymptotic response rate produced by cocaine, was not significantly 
different among the three experimental groups. The failure of ADX to block 
cocaine facilitation of PFCSS agrees with our prior result obtained using lateral 
hypothalamic self-stimulation, yet contrasts with the effect of ADX on cocaine 
self-administration.
Supported by DA03956 and T32 DA07254 from NIDA/NIH.
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833.5
REINSTATEMENT OF DRUG-SEEKING BEHAVIOUR FOLLOWING LONG-
TERM EXTINCTION OF COCAINE AND HEROIN SELF-ADMINISTRATION: 
POSSIBLE ROLE OF BEHAVIOURAL SENSITIZATION. T.J. De Vries. A.N.M. 
Schoffelmeer*. A.H. Mulder and L.J.M.J. Vanderschuren. Research Institute 
Neurosciences Vrije Universiteit Amsterdam, Medical Faculty, Department of 
Pharmacology, Van der Boechorststraat 7,1081 BT Amsterdam, The Netherlands.

Relapse to drug use in formerly dependent drug users is one of the major problems of 
drug addiction. Besides conditioned drug-related cues and social factors, a major cause 
of relapse is re-exposure to the drug itself. In studies with laboratory animals, single non-
contingent injections of drugs of abuse have been shown to reinstate previously 
extinguished drug-seeking behaviour. In most studies these priming effects are studied 
after only a short (hours to a few days) period of extinction. In the human situation, 
however, individuals may go without talcing drugs for weeks or months before relapse 
occur. Moreover, we have shown previously that several neuroadaptive changes 
following repeated drug exposure have a delayed character. Therefore, we employed a 
reinstatement model in which the effects of priming injections on drug-seeking behaviour 
were determined following long-term extinction of drug-reinforced behaviour. Initial 
results showed that a non-contingent injection of amphetamine (1.0 mg/kg) selectively 
reinstated responding after 3 weeks extinction of both i.v. heroin and cocaine self-
administration. Heroin (0.25 mg/kg), however, reinstated responding in heroin, but not 
cocaine, trained rats. Locomotor activity tests revealed that animals with a history of 
heroin self-administration displayed an enhanced response to heroin compared to control 
animals, whereas cocaine experienced rats did not. The latter, however, showed robust 
locomotor sensitization to amphetamine. Experiments with dopamine receptor agonists 
showed an important role of dopamine D-2 receptors in drug-induced reinstatement 
following cocaine, but not heroin, self-administration. Our results demonstrate: 1) 
priming injections are effective in precipitating previously extinguished drug-reinforced 
behaviour following a prolonged drug-free period, 2) drug-induced reinstatement was 
positively correlated with the development of behavioural (cross-)sensitization and 3) 
differential mechanisms in cocaine- versus heroin-seeking behaviour.

833.6
CORTICOTROPIN-RELEASING FACTOR ANTAGONIST ATTENUATES 
THE “ANXIOGENIC-LIKE” EFFECT DURING COCAINE WITHDRAWAL IN 
RATS. A.M. Basso, M, Spina, J. Rivier1. W. Vale1. L.H. Gold* and G.F. Koob. 
The Scripps Research Institute, Dept. of Neuropharmacology and1 Clayton 
Foundation Laboratories for Peptide Biology, The Salk Institute, La Jolla , CA 
92037.

Chronic cocaine abuse is associated with the development of anxiogenic 
states in humans. Anxiety and depression are the major symptoms of 
cocaine withdrawal and may be considered as important factors that maintain 
the continued drug use. Corticotropin-releasing factor (CRF) is an 
endogenous neuropeptide that mediates endocrine and behavioral 
responses to stress. Since CRF plays an important role in the 
pathophysiology of anxiety and depression, it is possible to hypothesize that 
CRF is involved in the anxiety and/or stress responses associated with 
cocaine withdrawal. The role of endogenous CRF in mediating the “anxiety-
like” effect induced by cocaine withdrawal in rats was studied using the 
conditioned defensive burying paradigm. Rats were chronically treated with 
cocaine (20 mg/kg/day, i.p., for 14 days) or saline and tested 48 h after 
completing the chronic treatment. The “anxiogenic-like” effect of cocaine 
withdrawal was shown by shorter latencies to start burying and increase in 
total duration of burying relative to control rats. This “anxiety-like” behavior 
was attenuated by pretreatment with the CRF antagonist: D-Phe CRF12.41, 
administered intracerebroventricularly 5 min before conducting the test, in a 
dose-dependent way (0.04, 0.2 and 1.0 pg/ 5 pi). Only the highest dose of 
the antagonist had a significant effect in reversing the “anxiogenic-like” 
behavior observed in the behavioral test. These data suggest that CRF may 
substantially be involved in the development of anxiety related to cocaine 
withdrawal and could be an important area of investigation for future drug 
dependence treatment. Supported by NIH DK 26741.

833.7
REINSTATEMENT OF COCAINE SELF-ADMINISTRATION BY A 
CONDITIONED STRESSOR FOLLOWING CHRONIC EXTINCTION: 
ROLE OF CORTICOSTERONE. J.R. Mantsch* and N.E. Goeders. 
Department of Pharmacology & Therapeutics, LSU Medical Center, 
Shreveport, LA 71130.

It has been demonstrated that exposure to a variety of stressors engenders 
cocaine-appropriate responding in rats trained to discriminate cocaine from 
sa me using a drug discrimination design. If stressful environmental stimuli 
produce interoceptive cues which are similar to those associated with cocaine 
self-administration, then these same stimuli may be expected to induce craving 
and promote the relapse of drug-seeking behavior in abstinent cocaine users. 
In the present experiments, 24 adult male Wistar rats were trained to self- 
administer cocaine (0.5 mg/kg/inf) under a fixed-ratio 4 schedule of 
reinforcement with a 90 second limited-hold during daily 2-hour sessions. 
Once stable self-administration was observed, this behavior was extinguished 
by presenting no programmed consequences associated with responding. 
Following extinction, the ability of a conditioned stimulus (tone) paired with 
the delivery of electric footshock (EFS) under a random-interval 5-minute 
schedule during daily 1-hour sessions (n=12) or a neutral stimulus (same tone 
not paired with EFS, n=12) to reinstate responding was determined. One 
hour after the start of reinstatement sessions, these stimuli were presented and 
the number of responses and completed ratios was recorded. To determine if 
stress-induced corticosterone secretion was required for reinstatement, 6 rats 
from each group were pretreated wih the corticosterone synthesis 
inhibitor/Type II corticosteroid receptor antagonist ketococonozole (25 mg/kg, 
IP), while the other 6 were pretreated with vehicle. The results of these 
experiments will be presented. Supported by USPHS grant DA6013 from NIDA

OPIOIDS: PRENATAL EFFECTS

834.1
NEONATAL OPIATE WITHDRAWAL: RELATIONSHIP TO 
TREATMENT DURATION. P. Ceger and C. M. Kuhn* Dep’t of 
Pharmacology Duke Univ. Med. Ctr. Durham NC 27710 
Treatment of developing rat pups with morphine (MOR) results in the 
development of physical dependence, but the relationship of the withdrawal 
syndrome to the duration/intensity of treatment has not been described. The 
purpose of this study was to investigate the emergence of various behavioral 
components of this response as chronic treatment progresses.

Rat pups were treated with MOR (20 mg/kg s.c., bid) for 0, 1, 2, 3, 4 or 5 
days. On day 6 (PN 10), pups were treated with saline (SAL) or MOR (25 
mg/kg) followed 2 hrs. later by SAL or naloxone (NAL, 0.1, 0.5 or 2.5 
mg/kg). Tremor, locomotion, mouthing, wall climbing, vocalization and 
Straub tail were quantitated for 10 min. Pups were also given an aggregate 
withdrawal score. A second group of pups was treated for 1,3 or 5 days 
with SAL or MOR, given the same NAL challenge, and killed 20 min. later. 
Serum was collected for analysis of growth hormone (GH). Results were 
analyzed by 3-way ANOVA. The aggregate score increased with increasing 
NAL dose, and also indicated that withdrawal intensity increased with 
duration of treatment. NAL-induced GH suppression also increased with 
duration of treatment. However, the most prominent behavior (tremor) was 
nearly maximal after a single day of MOR, while others (e g. mouthing) 
appeared later in chronic treatment. These results demonstrate that 
neonatal opiate withdrawal is related to duration of treatment. However, 
the prominence of tremor and its early emergence suggest that the intensity 
of neonatal withdrawal may not reliably reflect the extent of MOR exposure. 
Supported by DA02739

834.2
NEOSTRIATAL PROENKEPHALIN mRNA EXPRESSION IN THE NEWBORN 
RAT AFTER CHRONIC IN UTERO MORPHINE EXPOSURE
D. D. Song* AND R. E. Harlan. Dept. of Neurology, Univ. of Rochester Medical 
Center, Rochester, N.Y., 14642; Dept. of Anatomy and Neuroscience Training 
Program, Tulane Univ. School of Medicine, New Orleans, L.A., 70112.

The effects of chronic opiate agonist or antagonist exposure on opioid peptide or 
mRNA expression in the central nervous system (CNS) have been contradictory. 
This may be due to differing or contradictory changes in specific regions of the 
CNS, even within the relatively homogenous neostriatum where the highest 
expression of proenkephalin (PE) in the CNS occurs.

In this study, pregnant rats were treated daily with morphine (n=4) or saline (n=4) 
from embryonic day 5 (E5) to the last day of gestation. Brains were collected from 
newly born rat pups anesthetized by hypothermia. Coronal cryostat sections of the 
neostriatum at the level of the posterior limb of the anterior commissure were 
made. Patch and matrix compartments of the neostriatum were identified using 
immuno-histochemistry for both substance P and bromodeoxyuridine incorporation 
at E14. In situ hybridization for PE mRNA was performed using antisense mRNA 
transcripts labeled with S35-CTP. Grain counts over an entire 40X field centered 
within either a patch or the matrix compartment were performed using a Macintosh 
based image analysis system (Image, Wayne Rasband, NIH). After chronic in utero 
morphine exposure, the expression of PE mRNA became more distinct in the 
patches of the neostriatum. This was a result of a significant increase in the ratio of 
number of grains in the patch vs matrix in the morphine-treated animals vs. controls 
(Supernova-repeated measures, P=.0004). Additionally, a 30% increase in the 
number of grains in the patches of morphine-treated animals vs. controls (repeated 
measures, P=0.0376) was found. Essentially no difference in the number of grains 
in the matrix was seen in morphine-treated animals vs. control.

These results indicate that morphine exposure during development has selective 
effects on the expression of PE mRNA in the patch compartment of the 
neostriatum. Supported by DA05523 (DDS) and NS24148 (REH)
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834.3
THE EFFECTS OF PRENATAL HEROIN EXPOSURE ON THE DEVELOPING 
DOPAMINERGIC SYSTEM OF THE RAT BRAIN. H.L.Choi and A.Stadlin. 
(SPON: The Hong Kong Society of Neurosciences). Dept. of Anatomy, The 
Chinese University of Hong Kong, Shatin, N.T., Hong Kong

Prenatal heroin exposure results in the development of neonatal withdrawal 
symptoms like tremulousness and irritability, impaired cognitive and psychomotor 
functions. The dopaminergic system have been implicated in the motivational state, 
stress responses and locomotor-activating effects of many drugs of abuse. The 
present study examines the effects of prenatal heroin exposure on the dopaminergic 
system of the offspring rat brain during postnatal (PN) development in order to 
assess the role of these systems in causing such withdrawal symptoms. Pregnant 
Sprague-Dawley rats were administered with heroin (lOmg/kg/day, s.c.) from 
gestational day 8 to 20. Receptor ligand binding assays were used to study the 
changes in the dopamine transporter (DAT), dopamine (DA), DI and D2 receptors 
in the frontal cortex, striatum, midbrain, hypothalamus, hippocampus, cerebellum, 
olfactory tubercle and brainstem of the male and female offspring at PN 0 - 3 weeks. 
Of all the brain regions studied, at PN 3 weeks, decreases in DAT and DI receptor 
binding was observed in the striatum and hypothalamus. The striatum showed a 
41% and 17% decrease in DAT binding activities in the male and female offsprings 
respectively whilst these was a 26% decrease in DI receptors for both male and 
female offspring. The hypothalamus however showed a 35% and 24% decrease in 
DAT binding in the male and female offspring respectively whilst the decrease in DI 
receptor binding was 26% and 40% in the male and female respectively. The results 
from this study suggested that prenatal heroin exposure may result in the delayed 
development of DAT and DI receptors and that the response is different between 
the male and female offspring. This change in the DA system may account for some 
of the early withdrawal symptoms found in these offspring.
(Supported by the Ear-marked grant CUHK 237/96M awarded to A S.)

834.4
EXPOSURE TO MORPHINE DURING GESTATION ALTERS 
CATECHOLAMINERGIC IMMUNOREACTIVITY IN THE 
HYPOTHALAMUS AND THE LOCUS COERULEUS OF ADULT 
MALE RATS. H-J. He*. O. C.Hnatczuk and I. Vathv, Depts. Psych, and 
Neurosci., Albert Einstein Coll. Med., Bronx, NY. 10461.

Our previous work showed that exposure to morphine in utero (10 
mg/kg/twice daily on days 11-18 of gestation) increases hypothalamic 
norepinephrine (NE) content and turnover in adult male rats (Vathy and 
Katay, Dev. Brain Res., 68:125-134, 1992; Vathy et al., Brain Res., 
662:209-215, 1994). The increase in hypothalamic NE content and turnover 
may be related to an increase of NE innervation of the hypothalamus, or to 
an increase in the activity of NE cellbodies in the brain stem of prenatally 
morphine-exposed male rats. The present study, examined the effects of 
prenatal morphine exposure on the catecholamine neurons and fibers at the 
level of the hypothalamus and on locus coeruleus cell bodies in adult male 
rats using immunocytochemistry. Animals were perfused with 4% 
paraformaldehyde, brains were removed, post-fixed, saturated with sucrose, 
frozen and stored in -80° C. Coronal sections of 10 pm were cut with a 
cryostat, and the number and density of tyrosine hydroxylase- 
immunoreactive (TH-IR) and dopamine (3-hydroxylase immunoreactive 
(DBH-IR) cells and fibers were identified in alternate sections. Prenatal 
morphine did not alter DBH-IR, but increased the number and the optical 
density of TH-IR cells in the paraventricular nucleus of the hypothalamus. 
It also increased TH-IR in cells of the locus coeruleus of exposed male rats. 
The results of the present study correlate with our previous work 
demonstrating effects of prenatal morphine exposure on utilization of NE. 
Supported by DA 05833 to IV.

834.5

EXPRESSION OF PROENKEPHALIN mRNA IN ADULT MALE AND 
FEMALE RATS TREATED PRENATALLY WITH MORPHINE. Q C. 
Hnatczuk* and I. Vathv. Dept ofPsychiat. and Neurosci., Albert Einstein 
College of Medicine, Bronx, NY 10461

Prenatal morphine induces permanent, sexually dimorphic alterations in 
adult rat sexual behaviors, catecholaminergic systems, and opioid receptor 
levels. Gestational morphine exposure also alters met-enkephalin levels in 
the hypothalamus of newborns; however, it is unknown if these alterations 
persist into adulthood. Using in situ hybridization, we examined the 
expression of proenkephalin mRNA in adult male and female rats exposed 
prenatally to morphine. Pregnant rats received 10 mg/kg injections of 
morphine or saline twice daily on days 11 - 18 of gestation. Adult female 
rats were ovariectomized one week prior to sacrifice. One group received 
no hormone replacement, while two other groups received 3 pg estradiol 
benzoate (EB) 48 hours prior to sacrifice, or EB + 500 //g progesterone 
4 hours prior to sacrifice. Males remained gonadally intact until sacrifice. 
A 1 kb 35S-labeled probe (pRPG2) was used to recognize proenkephalin 
mRNA. Slides were hybridized with 5 X 107 cpm/slide for approximately 
20 hours at 60°C. Slides were exposed to autoradiographic film and 
developed 7 days later. Prenatal morphine exposure did not alter the 
general distribution pattern of proenkephalin mRNA expressing cells. The 
effects of steroid hormones and genetic sex on proenkephalin mRNA 
expression in rats prenatally treated with morphine is under investigation. 
Supported by DA 05833 to IV.

834.6
GABAa RECEPTOR mRNA IN PRENATALLY MORPHINE 
EXPOSED RAT BRAIN. C.J, Schindler* and I, Vathv, Depts. 
Psychiatry and Neuroscience, Albert Einstein Coll. Med., Bronx, 
NY 10461.

In humans, seizures are a recognized complication of the 
abuse of various illicit drugs, including morphine. Both opioids 
and GABA neurotransmitter systems have been shown to play 
a role in seizure propagation. Fluorythyl-induced seizure has 
been correlated with alterations in GABAa «1 receptor subunit 
expression in the substantia nigra pars reticulata. We have 
preliminary behavioral data suggesting that adult male rats 
exposed to 10 mg/kg of morphine on gestational days 11-18 
show a decreased susceptibility to fluorythyl-induced seizures. 
The present study investigated possible changes in GABAAa1 
receptor mRNA in the substantia nigra of prenatally morphine- 
exposed male rats. Animals were sacrificed during young 
adulthood, brains were removed, fresh-frozen in isopentane, and 
stored at -80°C. Fifteen //m coronal sections were cut and 
processed for GABAa o^ receptor mRNA using in situ 
hybridization with a [35S]-labeled mRNA probe. The effect of 
prenatal morphine exposure on GABAa  a1 expression and 
susceptibility to fluorythyl-induced seizure will be presented. 
Supported by DA 05833 to IV.

834.7
PRODYNORPHIN mRNA EXPRESSION IN PRENATALLY MORPHINE- 
EXPOSED ADULT MALE AND FEMALE RATS. I, Vathv.* O.C, Hnatczuk 
and H.-J.. He, Depts. Psych, and Neurosci., Albert Einstein Coll. Med., 
Bronx, NY. 10461.

Our previous work demonstrated that exposure to morphine in utero 
(10 mg/kg/twice daily on days 11-18 of gestation) differentially alters 
{j, 5 and K opioid receptor density in several brain regions including the 
hypothalamus, preoptic area, cortex, striatum, ventral tegmental area 
and the cerebellum of adult male and female rats (Rimanoczy and 
Vathy, Brain Res.,690:245-248, 1995; Vathy and Rimanoczy, 
Neuroscience, submitted). The differential alterations in the 
postsynaptic regulation of all tree major opioid receptor subtypes were 
site and receptor specific in male and female brains. The present study 
tests the hypothesis that the same prenatal exposure to morphine alters 
K opioidergic function in the brain of male and ferpale rats by modifying 
the expression of endogenous opioid peptide prodynorphin mRNA levels 
in a brain region specific manner. Males were gonadally intact, and 
females were ovariectomized (OVX) 4-7 days prior to sacrifice. Some 
females received a replacement dose of estrogen 48 hr before sacrifice, 
and some also received progesterone 4 hr prior to sacrifice. A 1700 
base 35S-labeled probe was used to recognize prodynorphin. Slides 
were hybridized with 1 X 107 cpm/slide at 60 C for about 20 hr, 
exposed to autoradiographic film and developed 7 days later. 
Prodynorphin mRNA expressing cells are presently under investigation. 
The effects of prenatal morphine exposure on prodynorphin mRNA 
expression in the brain of adult male and female rats, and the effects 
of exogenously administered estrogen and estrogen + progesterone in 
OVX females will be presented. Supported by DA 05833 to IV.
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835.1
SEDATIVE EFFECTS OF ANTIHISTAMINES IN HUMANS: A PET 
INVESTIGATION N. Okamura1 s. K, Yanai*2. M. Hfguchi13. M. Tashiro13. M. 
Itoh1, H. Sasaki3 and T. Watanabe2 Cyclotron and Radioisotope Center. Tohoku 
University. Departments of ^Pharmacology and Geriatric Medicine. Tohoku 
University School of Medicine, Sendai, 980-77. Japan

Histamine Hi antagonists often have some adverse effects such as sedation and 
drowsiness. To examine the mechanism of their sedative effect, we measured 
regional cerebral blood flow (rCBF) using positron emission tomography (PET) 
during visual discrimination task before and after intravenous administration of 
2 mg of d-chlorpheniramine. The relationship between the occupancy of Hi 
receptors and cognitive performance was also investigated. Healthy young 
volunteers participated in this study and engaged in reaction-time tasks with 
near-threshold presentation of visual stimuli during the PET measurements of 
rCBF using HJT). The presentation time of visual stimuli was altered to 3. 5, or 
20 msec period on each session. The data was analyzed with SPM96 software. 
The histamine Hi receptor occupancies were measured by PET using HC-doxepm 
and calculated from changes in the binding potential. The Hi occupancy was 
increased with the increment of doses of d-chlorpheniramine. Both reaction time 
and accuracy were deteriorated significantly after the administration of d- 
chlorpheniramine. The rCBF during visual discrimination t ask was significantly 
increased on bilateral prefrontal cortex, anterior cingulate, and nght inferior 
parietal cortex when compared to the control task. Activities obtained before the 
treatment with chlorpheniramine were subtracted from activities after the 
treatment, The rCBF was significantly increased on the light prefrontal cortex 
and right inferior parietal cortex, and decreased on the midbrain in 5 msec 
stimuli. These data indicated that Hi receptor blockade would be affected on the 
attention and arousal system of the brain that would be mediated by the 
ascending activating reticular system.

835.2
EFFECTS OF CHRONIC ADMINISTRATION’ OF BENZODIAZEPINE 
AGONISTS AND PARTIAL INVERSE AGONISTS ON HYPOTHALAMIC 
AND EXTRAHYPOTHALAMIC CRF NEURONAL SYSTEMS. K, M,
Hartline*. W. N. Morgan. J. C. Ritchie. C. B. Nemeroff, M. J. Owens. Lab. Oi 
Neuropsychopharmacology, Dept. Psychiatry md Behav. Sci., Emory Univ. Slh . 
Med., Atlanta, GA 30322

Corticotropin-releasing factor (CRF) is the major regulator of the hypothalamic- 
pituitary-adrenal (HPA) axis, and much eviden e has accumulated consistent v ith 
the hypothesis that it plays a role in coordina; ng the endocrine, as well as 
autonomic and behavioral responses of an org< to stress. Furthermore, CK; 
has been shown to produce anxiogenic effects .n . ,imal models. Benzodiazepines, 
in contrast, have been demonstrated to have many effects that oppose those of CRF 
Specifically, benzodiazepines suppress HP A axis activity in response to stress and 
are potent anxiolytics. In order to characterize die effects of drugs which are a ctive 
at the benzodiazepine receptor for their actions on CRF neurons after chronic 
administration, a benzodiazepine agonist, alprazolam, and a partial inverse 
agonist, FG7142, were administered to male Sprague-Dawley rats over a two v lek 
period. Semin drug concentrations were measured by HPLC, and
radioimmunoassays were utilized to measure plasma ACTH and serum 
corticosterone concentrations, as well as CRF concentrations in the locus 
coeruleus, amygdala, bed nucleus of the stria terminalis, dorsal vagal complex, and 
the PVN of the hypothalamus. Additionally, C RF receptor binding assays wer 
conducted to assess changes in the number of CRF receptors in these regions, .u 
situ hybridization data will also be presented, i: which mRNA expression for 
urocortin, CRF, and the two CRF receptor subtypes were measured. Alprazolam 
(serum concentration 106 ng/ml) activated the ' IP A axis, as determined by 
elevated concentrations of ACTH and corticost -one, decreased thymus weighu 
and decreased CRF receptor binding in the anterior pituitary'. (NIH DA-08705)

835.3
PHARMACOLOGICAL INHIBITION OF NEURONAL NITRIC OXIDE 
SYNTHASE INCREASES AGGRESSIVE BEHAVIOR IN MALE MICE
G.E. Demas*1. M.J.L. Eliasson6. L.J. Kriegsfeld’.T.M. Dawson5,6. V.L. Dawson4-5,6.
R.J. Nelson16 and S.H, Snyder2,3’6. Departments of ’Psychology, 2Psychiatry, 
’Pharmacology and Molecular Sciences, 4Physiology, 5Neurology, and 
6Neuroscience, The Johns Hopkins University, Baltimore, MD 21218.

Nitric oxide (NO) is a free radical gas formed by several isoforms of nitric oxide 
synthase (NOS) associated with diverse physiological and behavioral functions. 
Targeted disruption of the gene for the neuronal isoform of nitric oxide synthase 
(nNOS) results in mice that display elevated aggression. However, behavioral 
studies of mice with targeted gene deletions may be criticized because the gene 
product is missing throughout ontogeny and thus its function is confounded with 
developmental processes. To address this concern a specific pharmacological 
inhibitor of nNOS was utilized in the present study. Aggressive behavior, as well 
as brain citrulline and nNOS levels were assessed in adult mice after treatment with 
the specific nNOS inhibitor, 7 nitroindazole (50 mg/kg ip), 3 indazolinone (3-1), a 
related indazole that does not inhibit nNOS, or an oil vehicle. Mice treated with 7- 
NI displayed increased aggression compared to 3-1 or oil injected animals in both 
intruder aggression and grouped aggression in a neutral arena. Further, 
immunohisochemical staining for citrulline was reduced >90% in 7-NI-treated mice. 
Drug treatment did not affect nonspecific locomotor activities or body temperature. 
Taken together, these data suggest that nNOS is an important mediator of 
aggressive behavior in mice. The marked increase in aggression seen after 
administration of an nNOS inhibitor also raises concerns about adverse behavioral 
affects of such pharmacological agents. Supported by NIMH grant MH57757 and 
USPHS grants DA-00266 and NS01578.

835.4
DIFFERENTIAL SENSITIVITY TO THE BEHAVIORAL EFFECTS OF 
NITROUS OXIDE ON SPONTANEOUS MOTOR ACTIVITY AND 
SCHEDULE CONTROLLED BEHAVIOR IN THE RAT .

J. Hardouin, A. Courtiere, and J.L. Guillou*. Lab. Neurosei., Inst. 
Med. Navale, Toulon, 83800, France and *Dpt. Neurosciences, Univ. 
Bordeaux I, Bordeaux, 33405, France.

Nitrous oxide (N2O) effects were investigated on two behaviors, 
spontaneous locomotor activity and operant behavior maintained under a 
fixed-ratio (FR) schedule of reinforcement. The narcotic gas (15%-70%) 
increased significantly motor activity measured in an open-field by video-
tracking with a maximum at a concentration of 40% and 50%, and 
decreased response rate (lever- pressing rates) under a fixed-ratio 
discrimination procedure (FR15), both in a dose-related manner. Behavioral 
effects of N2O might be mediated by benzodiazepine and opiate receptors.

A pharmacological study was conducted and showed a decrease of 40% 
N2O-induced hyperactivity when animals were pretreated with a 
benzodiazepine receptor blocker Flumazenil (10 mg/kg). On the contrary, the 
deficit induced by 50% N2O in responding under the FR was not 
antagonized.

Furthermore, a pretreatment with Naltrexone (10 mg/kg), an opiate 
receptor antagonist, potentiated the decrease in responding but had no effect 
on motor stimulation induced by N2O.

These results suggest a different involvement of benzodiazepine and 
opiate receptors in nitrous oxide effects.However the behavioral action of the 
narcotic gas may be mediated predominantly by opiate receptors on operant 
behavior and by benzodiazepine receptors on locomotor activity, with a 
possible interaction between benzodiazepine and opiate systems.

This work was supported by DRET/DGA grant (n° 22/96).

835.5
THE NITRIC OXIDE SYNTHASE INHIBITOR 7-NITROINDAZOLE 
DISPLAYS ENHANCED ANXIOLYTIC EFFICACY WITHOUT 
TOLERANCE IN RATS FOLLOWING SUBCHRONIC ADMINISTRATION. 
R.W. Dunn*, T. A, W. Reed, P, D. Copeland and C. A. Frye,
NOS/CETS, P.O. Box 894, Old Lyme, CT 06371 and Neuroscience 
Program, Connecticut College, New London, CT 06320

The nitric oxide synthase inhibitor 7-nitroindazole (7-NI) 
dose-dependently (3-30 mg/kg) displayed anxiolytic activity, as 
measured by an increase in open arm exploration time (OAT) i n 
the elevated plus maze (EPM), following IP administration 
(admin.) in rats. Acute admin, of 7-NI at 30 mg/kg significantly 
(p<0.05) increased OAT by 176% compared to vehicle control, 
similar to the benzodiazepine diazepam at 1 and 3 mg/kg ( + 191% 
and +200%, respectively). No tolerance was observed 39 hours 
following subchronic 5-day admin, of 7-NI (30 mg/kg, bid) i n 
the EPM; in fact, a significant (p<0.01) enhancement in OAT was 
observed at 10 and 30 mg/kg (+309% and +665%, respectively). 
In contrast, subchronic admin, of diazepam (3 mg/kg, bid) 
resulted in tolerance, as measured by no difference in OAT at 1 
mg/kg compared to vehicle control, while the 3 mg/kg dose still 
produced a significant (p<0.05) 175% increase in OAT. I n
addition, 7-NI at 30 mg/kg was significantly (p<0.05) more 
efficacious than diazepam at 3 mg/kg following subchronic 
admin, in the EPM. Therefore, acute inhibition of nitric oxide 
synthase by 7-NI resulted in anxiolysis similar to diazepam. 
However, following subchronic admin., unlike diazepam, 7-NI 
displayed enhanced anxiolytic efficacy without tolerance. 
Supported by NSF CAREER grant IBN-9514463 to CAF.

835.6
D.L-KAVAIN MODULATES FAST EXCITATORY SYNAPTIC TRANSMISSION 
BUT NOT LONG-TERM POTENTIATION IN GUINEA-PIG HIPPOCAMPAL 
SLICES. C.Normann, J.M. Langosch, M, Berger. J, Walden*, Dept. of 
Psychiatry, University of Freiburg, Germany.

Kava pyrones (extracts of Piper methysticum) are extensively used in 
outpatient treatment for insomnia, anxiety and mild depression. However, the 
mode of action of these substances is largely unknown. A reduced glutamate 
release mediated by the inhibition of voltage dependent Na+-channels as well as 
local anaesthetic and anticonvulsive properties have been postulated; the 
activation of opioid and dopamin receptors has been excluded.

To further clarify this topic, we investigated the effects of D,L-kavain on 
extracellular field potentials (fp) in the CA1-region of guinea-pig hippocampal 
slices evoked by constant stimulation of the Schaffer collateral pathway. D,L- 
kavain reversibly reduced the amplitude of fp in a concentration dependent 
manner (1 pM: 12,5±4,7%, 10pM: 21,7±6,9%, 100 pM: 33,7±3,7%, 300 pM. 
52,5±8,9%; n=6 each). An EC50-value of approx. 100 pM was estimated.

In another series, long-term potetiation (LTP) was evoked by tetanic 
stimulation of the stratum radiatum of CA1. D,L-kavain showed no effect on initial 
potentiation nor on the amplitudes after 20 min of superfusion.

Our findings suggest that D,L-kavain is effective in modulating fast excitatory 
transmission but not synaptic plasticity in hippocampal neurons. A glutamate 
receptor-mediated mode of action might be postulated. However, given the 
apparent inefficacy on LTP, the involvement of NMDA-receptors seems unlikely. 
These findings on a neuronal level are in accordance with observations reporting 
sedation and reduction of central muscle tone but no impairment of learning 
tasks and memory in healthy subjects.
(supported in part by university funds and Krewel Meuselbach Co.)
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835.7
FACILITATING GABAergic TRANSMISSION AND ANXIETY RELATED 
BEHAVIOR IN RATS U, Schmitt*. M. Fickova and C, Hiemke. Department of 
Psychiatry, University of Mainz, 55131 Mainz, Germany.

GABAergic compounds, such as benzodiazepines, clinically administered to 
reduce anxiety can produce drug dependence in animals and in humans. To 
reduce this risk a combination of several strategies modulating GABAergic 
transmission may be useful. The present analysis was aimed to address behavioral 
changes after treatment with either a benzodiazepine, or a imidazopyridine which 
differentially act on GABAa  receptors and tiagabine a GABA-uptake inhibitor. 
The study included a total of 97 male rats of the strain PVG/OlaHsd (180-200g 
body weight). A test battery consisting of an standard open field, an enriched 
open field and an elevated plus maze was used to study rat behavior. In addition 
we quantified GABA-transporter mRNA in various brain regions to evaluate a 
correlation of medication effects with system specific expression patterns. Rats 
were devided in nine groups receiving either saline (0.9%), diazepam (1.5mg/kg) 
or zolpidem (0.05mg/kg) alone or in combination with tiagabine (4.5mg/kg and 
18.5mg/kg). Activity: Rats treated with high dose of tiagabine alone showed a 
reduced activity whereas combination treatment with high dose tiagabine and 
diazepam increased overall activity. Zolpidem with and without tiagabine exerted 
no specific effects. Exploration: Tiagabine increased exploration at high dose 
with and without diazepam. Zolpidem alone and in combination with high dose 
of tiagabine tended to decrease exploration. Anxiety: Tiagabine in high dose with 
or without diazepam reduced anxiety and increased risk assessment. Tiagabine in 
combination with zolpidem decreased risk assessment. These results give first 
evidence that GABA-uptake inhibitors might be useful in the treatment of 
anxiety, especially in combination with an anxiolytic compound like diazepam. 
This strategy might reduce the risk of benzodiazepine dependence.
Supported by DFG Be 454/4-1

835.8
THE 5-HTia  RECEPTOR ANTAGONIST, WAY-100635, POTENTIATES 
ANTIDEPRESSANT-INDUCED CHANGES IN RODENT SOCIAL AND 
AGONISTIC BEHAVIOUR.
P.J. Mitchell* and P.H, Redfern, Dept. of Pharmacol., Univ. of Bath. BA2 7AY. UK.

Recent studies suggest that pindolol (a p-adrenoceptor/5-HTjA receptor antagonist 
may augment the clinical response to antidepressant (AD) drugs (Artigas et al (1994) 
Arch Gen Psychiat 51, 248-251), but whether a selective 5-HTia  receptor antagonist 
also enhances ADs in behavioural animal models is unknown In a resident-intruder 
test, previous studies (Mitchell and Redfern (1992) J Psychopharmacol 6, 241-257) 
have shown that acute and chronic AD treatment induce diametrically opposite changes 
in the aggressive behaviour of resident rats. We have now examined the effect of the 
5-HTia  receptor antagonist, WAY-100635 (WAY), on AD-induced changes in 
agonistic behaviour. Furthermore, the time-dependent changes in behaviour during 
chronic treatment were examined by subjecting resident rats to daily social encounters.

Acute treatment with venlafaxine (5.54 mg/kg sc, Ven), reduced aggression by 48% 
(P<0.05 cf. vehicle), while WAY (0.1)+Ven reduced aggression by 90% (Ven vs 
WAY+Ven, P<0.001). During chronic treatment, fluoxetine (Flu, 0.3 mg/kg/day sc) 
increased aggressive behaviour from 5.1% of total behaviours at predose to 10.9% by 
treatment day 5 (P<0.05 cf vehicle), while Flu+WAY (0.1) increased aggressive 
behaviour from 5.1% to 10.7% by day 2 (P<0.05 cf vehicle & Flu). Treatment with 
WAY+Ven (5.54) and Ven alone both significantly increased aggressive behaviour by 
treatment day 2 (3.5% to 8.7%, and 3.9% to 8.5%, respectively, P<0.05 cf vehicle & 
WAY). Thus a selective 5-HTia  receptor antagonist may both potentiate the effect of 
acute treatment with Ven, and, during chronic treatment, reduce the time of onset of the 
Flu-induced increase in aggressive behaviour. Furthermore, during chronic treatment 
Ven has a more rapid onset of action than Flu. These results support the hypothesis that 
a selective 5-HTia  receptor antagonist may potentiate the effect of AD drugs. The 
resident-intruder paradigm enables the time-course of AD-induced changes in rodent 
behaviour to be determined, either when AD drugs are given alone or in combination 
with potential adjuvant treatments such as a selective 5-HT j a  receptor antagonist.

This work was supported by Wyeth-Ayerst Research, Princeton, NJ. USA.

835.9
ANXIOLYTIC EFFECT OF THE NEW 5-HT2C SELECTIVE COMPOUND 
EGIS-9933 IN RATS. I, Gacsalyi, I. Gyertyan, T. Szabados, E. Schmidt. J. 
Haller, A. Egyed, and G. Levav* Dept. CNS Pharmacology, EGIS 
Pharmaceuticals Ltd., H-1165 Budapest, Institute of Experimental Medicine, 
H-1450 Budapest, Hungary
Based on the observation that nonselective 5-HT2C antagonists possess 
anxiolytic properties, the potential therapeutic targets of 5-HT2c selective 
compounds have been identified as anxiety, obsessive compulsive disorders 
and other related diseases. The purpose of this study was to determine if the 
recently discovered compound EGIS-9933 (2-{2-[N-(3-trifluoromethyl-benzyl)- 
N-piperazinyl]-ethyl}-mercapto-4,6-diamino-5-(2-methoxy-benzyl)-pyrimidine- 
hydrochloride) displays anxiolytic properties in rodent models of anxiety. 
Receptor affinities of the compound were determined in binding assays and a 
good selectivity to 5-HT2C receptors was found in regard to the other 5-HT 
receptors. EGIS-9933 (and its base) showed profound inhibition of mCPP 
induced hyperthermia and hypomotility in rats. The compound exhibited 
significant activity in the well known rodent models of anxiety, with a minimum 
effective dose of 1 mg/kg in the elevated plus maze test (increase in time 
spent in the open arms and number of entries into the open arms), 1 mg/kg in 
the social interaction test (increase in time spent with social investigation) and 
20 mg/kg in the Vogel conflict test (increase in number of punished licks). 
Unlike the reference compound diazepam, EGIS-9933 did not inhibit the 
spontaneous motor activity in rats and mice, up to 100 mg/kg dose. The high 
effectiveness in anxiolytic .models and the low psychosedative potential of 
EGIS-9933 suggest good therapeutical perspectives in man. (Supported by 
EGIS Preclin. Res.)

835.10
INTERACTION STUDIES OF 5-HTIA RECEPTOR ANTAGONISTS 
AND SSRIs IN ISOLATED AGGRESSIVE MICE 
C. Sanchez and J. Hyttel*, H. Lundbeck A/S, Ottiliavej 9, DK-2500 Valby- 
Copenhagen, Denmark

Recently published studies suggest that behavioral and neurochemical 
changes induced by selective serotonin reuptake inhibitors (SSRIs) are 
potentiated by coadministration of a serotoniniA (5-HT]A) receptor 
antagonist. The potentiating effect is hypothesized to be due to antagonism 
of somatodendritic 5-HTIA autoreceptors. In the present study concomitant 
administration of an SSRI with a 5-HT1A receptor antagonist (N-[2-[4-(2- 
methoxyphenyl)-l-piperazinyl] ethyl] -N-(2-pyridinyl) cyclo-hexane- 
carbox-amide (WAY 100635) or a P-adrenoceptor and 5-HT1A/1B receptor 
antagonist (pindolol or (-)-penbutolol) were studied in isolated aggressive 
mice. WAY 100635 was inactive, but high doses of WAY 100635 
produced a marked antiaggressive effect when combined with a non- 
effective dose of citalopram or paroxetine. Low doses of pindolol, but not 
(-)-penbutolol, produced significant antiaggressive effect in combination 
with citalopram or paroxetine. High doses of pindolol or (-)-penbutolol 
inhibited aggressive behavior, an effect which was reversed by citalopram 
or paroxetine. The p-adrenoceptor antagonist, metoprolol, but not the ar 
adrenoceptor antagonist, prazosin, facilitated an antiaggresive effect of 
citalopram.

In conclusion, the results of the present study suggest that both pre- and 
postsynaptic situated serotonin receptor subtypes, i.e. 5-HTiA, 5-HT]B and 
5-HT2 receptors as well as adrenoceptors are involved in mediation of 
aggressive behavior.

835.11
THE ANXIOLYTIC EFFECT OF FLESINOXAN IN THE FEAR-POTENTIATED 
STARTLE RESPONSE PARADIGM IS NOT MEDIATED BY THE 5-HT1A 
RECEPTOR. R.J.E. Joordens, T.H. Hiizen and B. Olivier*. Department of 
Psychopharmacology, Faculty of Pharmacy, Utrecht University, Sorbonnelaan 
16, 3584 CA, Utrecht, The Netherlands.

The aim of the present study was to investigate whether the anxiolytic effect 
of the 5-HT1A receptor agonist flesinoxan in the fear-potentiated startle 
response paradigm could be antagonized by 5-HT1A receptor antagonists. 
Therefore, six groups of male rate (n=12 per group) received a contingent light- 
shock training for two consecutive days. Next day, they were orally injected with 
vehicle or flesinoxan (10 mg/kg), followed by a subcutaneous injection with (±)- 
pindolol (0, 3, 10 or 30 mg/kg), DU 125,530 (0, 1, 3 or 10 mg/kg) or WAY 
100,635 (0, 0.1, 0.3 or 1 mg/kg) 30 min later. Sixty min after flesinoxan or 
vehicle pretreatment, the animals were exposed to startle-eliciting stimuli in the 
presence and absence of the light in order to measure the potentiation of the 
startle response. In the three following weeks, the procedure was repeated until 
each animal received all of the four dosages of the assigned 5-HT1A receptor 
antagonist. Surprisingly, the three antagonists themselves as measured in the 
vehicle-pretreatment groups dose-dependently decreased startle potentiation, 
and were not able to reverse the attenuating effect of flesinoxan on startle 
potentiation. In contrast, the flesinoxan-induced lower lip retraction was 
antagonized by DU 125,530 and WAY 100,635, but not by (±)-pindolol. 
Consistent with earlier studies, (±)-pindolol induced a dose-dependent lower lip 
retraction itself. The present results suggest that the anxiolytic effects of 
flesinoxan in the fear-potentiated startle response paradigm are not mediated 
by the 5-HT1A receptor, as the 5-HT1A receptor antagonists were not able to 
antagonize the anxiolytic effect of the 5-HT1A receptor agonist flesinoxan. 
Furthermore, 5-HT1A receptor antagonists appear to have anxiolytic properties 
themselves. (Supported by Solvay Duphar B.V., Weesp, The Netherlands).
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836.1
EPILEPTOGENESIS IN CHRONICALLY INJURED
NEOCORTEX: MODELING THE ROLE OF INTRINSIC
CELLULAR, SYNAPTIC AND NETWORK CHANGES.
P.C. Bush**, P.A. Prince, and K.P. Miller*, fW.M. Keck Center for 
Integrative Neuroscience and Dept. of Physiology, UCSF, San 
Francisco CA 94143; |Dept. of Neurology and Neurological Sciences, 
Stanford University, Stanford, CA 94305.
Partially isolated cortical islands prepared in vivo become
epileptogenic within weeks of the injury. In this model of chronic 
epileptogenesis, in vitro slice recordings from the injured area often 
show spontaneous or long- and variable-latency multiphasic evoked 
epileptiform field potentials in response to white matter or subpial 
stimulation. These are initiated in layer V and are synchronous with 
polyphasic excitatory and inhibitory potentials (currents) in neurons 
that may last several hundred milliseconds. Stimuli that are 
significantly above threshold for triggering epileptiform events evoke 
only a single large EPSP followed by inhibition. We are investigating 
the physiological basis of these events using a layer V simulation 
consisting of 500 compartmental model cells, including intrinsically 
bursting, regular firing and fast spiking (inhibitory) cells. In 
preliminary studies, empirically observed cellular or synaptic 
increases in excitatory responsiveness introduced into the network 
can produce epileptogenesis, but are not sufficient to explain the 
suppressant effects of stronger stimuli. Instead, consistent with 
developmental studies in juvenile slices that have immature 
GABAergic inhibition and a similar blockade of polysynaptic 
responses by suprathreshold stimuli, suppression of the inhibitory 
system (e.g. an increase in threshold for activating intracortical 
inhibition) seems necessary. This effect could be produced by 
changes at the cellular or network level and is the subject of current 
investigation. Supported by a Whitaker Foundation Biomedical 
Engineering Research Grant to KDM; NIH grants NS06477 and 
NS12151 to DAP.

836.2
TETRODOTOXIN (TTX) DECREASES EPILEPTOGENESIS FOLLOWING 
NEOCORTICAL INJURY IN RAT. K. D. Graber* and D. A. Prince. Dept. of 
Neurology & Neurological Sciences, Stanford University Medical Center, Stanford, 
CA 94305.

Severe cortical trauma in humans frequently gives rise to epilepsy that begins 
after a latency of months to years. The mechanisms of such epileptogenesis are 
poorly understood. One hypothesis is that abnormal neuronal activities during the 
apparently quiescent period induce plastic changes leading to the development of 
epilepsy. To test this possibility we studied the effects of application of TTX to areas 
of cortical injury in an established model of chronic epileptogenesis.

Partially isolated islands of somatosensory cortex were made in anesthetized 
male Sprague/Dawley rats 28-30 days old (Prince and Tseng, J Neurophysiol,
69:1276, 1993). Leaving pial blood supply intact, two transcortical cuts were made 
along with a cut through the underlying white matter. Isolates measured 2.5 mm by 
5 mm. 200 pm thick pieces of Elvax polymer containing TTX (for chronic release) 
or control vehicle were placed subdurally over the lesions in littermates. Rats were 
reanesthetized 10-15 days later and 400 pm thick coronal neocortical slices 
obtained through the lesioned area for electrophysiologic studies. After a 2 hour 
incubation period in artificial cerebral spinal fluid to ensure washout of any residual 
TTX, slices were minimally submerged in a recording chamber and field potentials 
were obtained using standard in vitro recording techniques. The electrophysiologist 
was blinded as to whether TTX treated or control isolates were being studied. Slices 
from all animals (n=12) with lesions contacted by control Elvax (58% of 36 slices) 
exhibited evoked epileptiform field potentials and those from 4 rats had spontaneous 
epileptiform eveitfs. Only 2 of 11 lesioned animals (X2 ~ 16.1, p<0.01) and 9% of 
slices (n = 33, x2^?^, p<0.01) exposed to TTX exhibited evoked epileptiform 
potentials, and no spontaneous epileptiform events were observed in this group. 
There was no evidence of residual TTX after incubation of slices as judged by 
normal short latency field responses, and the capacity of slices to generate 
epileptiform potentials when exposed to picrotoxin or bicuculline.

These data suggest that neuronal activity-dependent processes play an important 
role in epileptogenesis following cortical trauma. (Supported by the Dana 
Fellowship Program in Neuroscience, the Pimley Fellowship Training Fund, and by 
NIH grant NS12151.)

836.3
EPILEPTOGENESIS FOLLOWING NEOCORTICAL TRAUMA FROM 
TWO SOURCES OF DISINHIBITION. L, Yang and L.S. Benardo*. 
Departments of Pharmacology and Neurology, State University of New 
York Health Science Center, Brooklyn, NY 11203.

Intracellular and field potential recordings were obtained from superficial 
and deep neurons from both intact coronal rat somatosensory neocortical 
slices, and slices which had been acutely divided into a superficial strip of 
cortex and a deep segment. Membrane properties for cells in the 
traumatized slices were similar to those of their counterparts in intact slices. 
However, synaptic hyperexcitability developed in the deep segments in 
which a majority of cells likely underwent dendrotomy. This 
hyperexcitability was manifested by epileptiform activity in 54% of 
traumatized slices. Measurements of fast GABAergic inhibitory strength 
showed these slices were disinhibited. Superficial delivery of tetrodotoxin 
to the upper 450 ^m of intact slices led to disinhibition of fast GABAergic 
transmission as well as an attendant increase in excitatory postsynaptic 
potential strength, but not epileptogenesis. Pharmacological maneuvers 
aimed at preventing glutamate-triggered increases intracellular calcium 
(glutamate ionotropic antagonists, dantrolene, and B APT A-AM) showed that 
a one hour treatment in these agents conferred protection against 
epileptogenesis. These results demontrate that the seizure-like activity 
developing in deep dendrotomized cortical segments resulted from two 
sources of GABAergic disinhibition: the physical removal of important 
superficial inhibitory circuits and glutamate-triggered increases in 
intracellular calcium. (Supported by NIMH grant MH51677)

836.4
NEOCORTEX IN THE HIPPOCAMPUS: MORPHO- 
FUNCTIONAL ANALYSIS OF CAI HETEROTOPIAE 
AFTER PRENATAL METHYLAZOXYMETHANOL IN RAT.
N. Chevassus-au-Louis*, P. Congar, I. Jorquera, A. Rafiki, Y.
Ben-Ari, J-L Gaiarsa and A. Represa.
INSERM U29, 123 Bd Port Royal, 75 014 Paris, France.

Injection of the antimitotic compound
methylazoxymethanol (MAM) at El 4 in rat leads to 
microcephalic offspring with diffuse cortical dysplasia 
including the presence of heterotopiae in the hippocampal 
CAI field. We have shown that: i) These ectopic neurons were 
labelled by a bromodeoxyuridine injection between El 6 and 
E20, were arranged in an inside first-outside last fashion and 
achieved their migration postnatally. ii) Ectopic neurons 
developed a phenotype (morphology, expression of calcium 
binding protein) typical of neocortical supragranular 
neurons, iii) Ectopic neurons did not express hippocampal 
marker such as the Limbic Associated Membrane Protein, iv) 
Ectopic neurons received functional afferents from the 
corpus callosum. We conclude that these CAI heterotopiae 
represent ectopic neocortex which conserved most of its 
original features. Tracing experiments and 
electrophysiological recordings showed that ectopic neurons 
also formed functional connections with surrounding fibres, 
such as the Shaffer's collaterals. This dual involvement in 
both the neocortical and the hippocampal circuitry may 
contribute to epileptogenic disorders reported in MAM rats.

Ecole Normale Superieure de Lyon and INSERM

836.5
ELECTROCONVULSIVE SHOCK ALTERS THE GABAERGIC SYSTEM IN 
NEOCORTEX OF ADULT RATS: A LIGHT AND ELECTRON 
MICROSCOPIC STUDY. K. L. Brunson*, O. Steward and C. E. Ribak. Dept. of 
Anatomy & Neurobiology, Univ. of California at Irvine, Irvine, CA 92697 and 
Dept. of Neuroscience, Univ. of Virginia Health Sciences Center, Charlottesville, 
VA 22908.

Electroconvulsive shock (ECS) therapy, an established effective treatment for 
depressive and psychotic disorders, has been reported to alter neurocbemicals in 
the brain without causing any structural brain damage. Using 
immunocytochemistry with antibodies directed to GABA and one of its transporters 
(GAT-1), we observed that a single ECS delivered via earclip electrodes at a 
current intensity of 40 mA and duration of 0.5 s, which elicits a tonic-clonic motor 
seizure, can cause an alteration in the GABAergic system in rat neocortex. 
Immunostaining for both antibodies showed a "patchy" appearance in various 
cortical areas (cingulate, frontal, parietal) where there was little or no 
immunoreactivity. Thus, GABA-positive somata and GAT-1-positive axon 
terminals were not present in these patches. This abnormal pattern of 
immunolabeling persisted for at least four days following a single ECS. Rats given 
a single ECS for four consecutive days (n=4) displayed more extensive patches of 
little or no immunoreactivity for GABA and GAT-1 in the same neocortical 
regions. Electron microscopic evaluation of such patches from this latter group of 
rats showed that the organization of synaptic vesicles was disrupted in axon 
terminals that were in a position to form axosomatic symmetric synapses with 
pyramidal cells. Such axon terminals were shown to be GABAergic in previous 
studies. In addition, pyramidal cells in the patches frequently displayed intranuclear 
rods, a structure found within neurons with high physiological activity. These 
results suggest that ECS may cause both neurochemical and ultrastructural changes 
in GABAergic axon terminals that may provide a basis for cortical excitability 
Supported by NIH grants NS-15669 to CER and NS-12333 to OS.

836.6
Relationship Between Neocortical Lamination and Cell- 
type Specialization and Lateral Activity Spread: A Model
Adrian Robert*. Department of Cognitive Science, University of California at 
San Diego, La Jolla, CA 92093-0515.

The neocortex possesses a laminar structure and a variety of celltypes with 
differing arborization patterns, however the functional correlates of these char-
acteristics are not known. As a step towards understanding, a model was con-
structed using integrate-leak-and-fire neurons with interconnections reflecting 
neocortical laminar and celltype arborization structure. The aim was not to 
model a specific cortical area but rather to capture the general characteristics 
of neocortical architecture that distinguish it from other neural structures con-
taining laterally-spaced excitatory and inhibitory cells. The model consists of 
a set of cell populations distributed as a stack of two-dimensional lattices rep-
resenting six layers in a small (4mm2) patch of neocortex. Each layer contains 
several subpopulations corresponding to anatomically observed neocortical cell- 
types, densities and interconnections of which were based on histological data.

The model’s behavior is compared to data from rat neocortical slices on the 
lateral spread of layer VI point-stimulation-induced activity measured in super-
ficial layers under varying levels of disinhibition. The data could be matched 
closely by the laminated model but only approximately by a simpler network 
consisting of two cell populations laterally interconnected in a single layer. The 
differences in behavior depend on two aspects of the laminated cortical model: 
the partial connectional separation of pyramidal cell populations in different 
layers and the presence of strong ascending inhibition mediated by superficial 
plexus and other celltypes. This investigation provides insight into mechanisms 
of neocortical activity spread and suggests that layer-specific corticocortical 
terminations may have differing effects on local activity.
(Support: UCSD McDonnelJ-Pew Cognitive Neuroscience Center)
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836.7
INITIATION AND PROPAGATION OF EPILEPTIFORM ACTIVITY 
IN NEOCORTICAL SLICES Y. Tsau*. L, Guan. J-Y. Wu Georgetown 
Institute of Cognitive and Computational Sciences, Georgetown University 
Medical Center, 3970 Reservoir Road, Washington D.C. 20007
The treatment of epilepsy can be achieved by shutting down the initiation or 
blocking the propagation of epileptic activity. However, little is known about 
the initiation process of epileptic activity and its propagation in the neocortex. 
To address such questions, we applied optical recording using voltage-sensitive 
dye, together with electrical recording, to visualize spontaneous paroxysmal 
synchronized activity (PSA) in neocortical slices perfused with zero Mg2" 
artificial cerebral spinal fluid. We demonstrate: (i) a single dominant focus for 
initiating PSA arises spontaneously, and PSA from such a dominant focus can 
be suppressed by evoked PSA events; (ii) more foci emerge as PSA event 
occurrence from the dominant focus becomes less frequent, suggesting that the 
PSA initiation site changes gradually and dynamically with time; (iii) PSA can 
be initiated in all the cortical layers by electrical stimulation, is not blocked by 
simultaneous lesions of both superficial and deep layers, and propagates in all 
cortical layers; (iv) the propagation velocity increases noticeably with time, 
probably due to longer PSA event intervals instead of the LTP facilitation 
mechanism. Our data suggest that epilepitic activity is well organized instead 
of a random process, where a stable initiation site is required in order to start a 
PSA event although the whole neocortical slice is hyperexcitable; the 
propagation is all-or-none across the cortex via nonspecific pathways. 
(Supported by NIH NS31425)

836.8
FORMATION OF EPILEPTIC FOCUS IS SUPPRESSED BY THE 
ACTIVITIES FROM OTHER INITIATION SITES L. Guan*. Y, Tsau. 
J-Y. Wu Georgetown Institute of Cognitive and Computational Sciences, 
Georgetown University Medical Center, 3970 Reservoir Road, Washington 
D.C. 20007
We have reported that spontaneous epileptiform activity is initiated by a 
dominant epileptic focus arising autonomously in the neocortical slice in zero 
Mg2' artificial cerebral spinal fluid (ACSF), and is characterized by 
paroxysmal synchronized activity (PSA) which originates at the epileptic focus 
and propagates across the cortex. A small piece of neocortex with all layers 
intact is capable of generating epileptiform activity in zero Mg2" ACSF, 
suggesting that such a focus can be formed in various regions in neocortex. 
When the time intervals between two consequential PSA epochs from the 
primary epileptic focus became longer than 20 sec, some PSA epochs were 
initiated from other locations, indicating that more epileptic foci emerged when 
less frequent epileptiform activity originated from the primary focus. PSA was 
reliably initiated at the electrode tip when electrical shocks were delivered via a 
two pole silver electrode placed in layer V (20-50V x 0.2msec). Evoked PSA 
has the same characteristics as the spontaneous ones. No spontaneous PSA 
epochs were observed when the evoked PSA epoch interval was set to 4 sec. 
Spontaneous PSA emerged soon after the electrical stimulation was stopped, 
indicating that an epileptic focus was autonomously formed. Since the majority 
of cortical neurons are activated by PSA and epileptic focus formation is thus 
suppressed, the passing PSA epochs seem to erase local neuronal activities 
necessary for forming the focus. (Supported by NIH NS31425)

836.9
ACTIVITY AT TWO DISCRETE SITES IN DEEP PIRIFORM CORTEX IS 
REQUIRED FOR EPILEPTIFORM DISCHARGE. R, Demir*, L.B, Haberly, 
and M.B. Jackson. Depts. of Physiology and Anatomy and Center for 
Neuroscience, University of Wisconsin, Madison, WI 53706.

Epileptiform activity in slices from rat piriform cortex (PC) was studied 
with the voltage-sensitive fluorescent dye RH414, using a 464-element 
photodiode array. Imaging experiments were performed in slices of PC in 
normal ACSF in which epileptiform activity was induced by prior exposure to 
a low-chloride bathing medium. Epileptiform discharges were evoked by 
electrical stimulation at several sites in the PC. These discharges originated 
in the dorsal-most part of dorsal endopiriform nucleus (dEn) that is subjacent 
to layer III of PC, and followed electrical stimulation with a latent period of 
up to 120 msec. During this latent period, fluorescent signals from the 
boundary region between layer III and the dEn exhibited a plateau, indicating 
a sustained low-amplitude depolarization (termed pre-epileptiform activity). 
This pre-epileptiform activity occurred at a distinct site, showing little if any 
overlap with the site of onset of the epileptiform burst. Local application of 
cobalt (Co2+) was used to inhibit synaptic transmission in selected locations. 
Co2+ applied to the site of pre-epileptiform activity as well as to the site of 
onset blocked epileptiform activity, whereas Co2+ application to other sites in 
the dEn or to sites in adjacent regions were ineffective. These observations 
support the hypothesis that pre-epileptiform activity is necessary for the 
genesis of epileptiform activity in piriform cortex. This suggests that different 
subdivisions of the dEn play distinct roles in epileptogenesis. Supported by 
the Wisconsin Alumni Research Foundation.

836.10
MICROINJECTIONS OF BICUCULLINE INDUCE GENERALIZED SEIZURES 
IN THE ANTERIOR AND POSTERIOR PART OF THE PIRIFORM CORTEX IN 
THE RAT. W. Loscher*, P. Wlaz and U. Ebert. Dept. Pharmacology, Toxicology & 
Pharmacy, School of Veterinary Medicine, D-30559 Hannover, Germany.

The piriform cortex has a high susceptibility for induction of seizures by chemical 
and electrical stimulation. While a small area in the deep anterior piriform cortex 
(aPC) was found to be most susceptible for seizures induced by microinjection of 
bicuculline, the most susceptible site for electrically-induced seizures, i.e. kindling, 
is located more caudally (Loscher & Ebert, Progr. Neurobiol. 50: 427-481, 1996). In 
order to test whether there is an anterior-posterior gradient for chemically-induced 
seizures in the piriform cortex, microinjections of bicuculline were done in the aPC 
("area tempestas"), the rostral part of the posterior piriform cortex (pPC, which 
includes the kindling-susceptible site) and the caudal posterior piriform cortex of 
female Wistar and male Sprague-Dawley rats. A total amount of 200 pmol bicuculline 
in 250 nl saline was infused over a period of 4 min and the seizure activity occurring 
within 15 min after starting the infiision was recorded. Before, during and after the 
infusion the EEG was recorded and checked for signs of paroxysmal activity. After 
the experiment the rats were perfused and injection sites were verified histologically. 
Bicuculline injections into all parts of the piriform cortex resulted in generalized 
seizure activity (score 4/5 of the Racine scale), although the incidence of generalized 
seizures was higher in the deep aPC of male Sprague-Dawley rats. Progression to 
more severe seizures tended to be faster in pPC sites, but no significant difference in 
latency to any seizure stage was found between locations. Injections outside the 
piriform cortex failed to elicit generalized seizures. Paroxysmal activity in the EEG 
was found after injections into all sites. The onset of spikes in the EEG usually 
occurred during infusion with no difference between injection sites. However, the 
latency to high-frequency bursting activity was significantly shorter for the deep aPC 
compared to other piriform regions. The number of bursts during the 15 min 
observation period was highest in the aPC. We conclude that small amounts of 
bicuculline can induce generalized seizures in all parts of the piriform cortex. The 
rapid transition from spiking to bursting activity may explain the higher incidence of 
generalized seizures after bicuculline infusion into the aPC. Supported by DFG

836.11
CHARACTERIZATION OF CLAUSTRUM AND ADJACENT CORTICAL 
KINDLING IN THE RAT. P, Mohapcl*. G.W. Gillespie. D.K, Hannesson.
L.L. Armitage & M.E, Corcoran, Dept. of Psychology, University of Victoria, POB 
3050, Victoria, B.C., Canada, V8W 3P5.

Recent research has implicated structures, such as the piriform and perirhinal 
cortices, as having strategic connections to the motor substrates that support limbic 
kindled convulsions. The claustrum (CLA) may also be an important mediator of 
seizure generalization since it contains extensive bilateral reciprocal connections with 
the limbic system and motor cortex. In the present study we examined the seizure 
profiles from rats that had kindling electrodes in the CLA and adjacent perirhinal or 
insular cortices. We observed that CLA kindling produces generalized bilateral clonic 
seizures within 4 stimulations that are more characteristic of kindled neocortical than 
‘limbic-like’ (i.e., amygdala (AM)) convulsions. During these initial seizures, 
afterdischarge durations are short (< 20 sec) and forced motor responses and strong 
clonic/tonic convulsions are typically evoked. With repeated stimulations (about 12) 
CLA kindled rats begin to display more ‘limbic-like’ convulsions which are 
characterized by longer afterdischarge and clonus durations with the absence of tonic 
convulsions. All generalized convulsions were associated with rapid latencies to onset 
of clonus (< 1 sec). We also found similar kindling profiles with rats that had 
electrodes in the adjacent deep laminar perirhinal or insular cortices. In addition, we 
examined the effect of transferring the kindling stimulation to the contralateral AM after 
stable ‘limbic-like’ convulsions were established in the CLA We observed a 20% 
savings in kindling from the AM following CLA kindling. Our results suggest that the 
CLA may play a crucial role in kindled seizure generalization since it exhibits rapid 
kindling, short latencies to clonus, and clonus profiles that have neocortical and limbic 
characteristics. (Supported by NSERC)

836.12
EXCITATORY POSTSYNAPTIC COMPONENTS OF EPILEPTIFORM 
DISCHARGES IN THE ENTORHINAL CORTEX IN VITRO: LAMINAR 
DIVERSITIES. V. Lopantsev* and M. Avoli. Montreal Neurological Institute 
and Dept. of Neurology & Neurosurgery, McGill University, Montreal, QC, 
H3A 2B4, Canada.

Interictal and ictal field-potential discharges induced by 4-aminopyridine 
(4AP, 50 pM) were abolished in layer II, but continued to occur in layers IV-V 
of the entorhinal cortex after surgical separation by knife cut. Intracellular 
interictal depolarizations in layers IV-V (amplitude=29.4±8.6 mV, duration= 
386±177.4 ms; n=17) were capped by action potentials bursts, while smaller 
interictal depolarizations in layer II (amplitudes 1.7±5.8 mV, duration= 
192.6±47.9 ms; n=10) were associated with single action potentials. Interictal 
depolarizations in layer II, but not in layers IV-V, were followed by 
hyperpolarizing potentials. The antagonist of the N-methyl-D-aspartate 
(NMDA) receptors 3,3-(2-carboxy-piperazin-4-yl)-propyl-l-phosphonate (CPP, 
10 pM) reduced the interictal depolarizations and blocked the associated 
action potential burst in layers IV-V, but had no effect on the interictal 
depolarizations in layer II. The antagonist of the non-NMDA receptors 6- 
cyano-7-nitro-quinoxaline-2,3-dione (CNQX, 10 pM) abolished interictal 
activity. Ictal discharges were initiated by interictal discharges, were 
characterized by a depolarization of 31.5±6.2 mV (n=12) in layers IV-V and a 
11.6±3.5 mV (n=7) in layer II, and were abolished by CPP (10 pM). Our 
results provide evidence for a role of NMDA-mediated postsynaptic 
mechanism in the appearance of interictal and ictal discharges in IV-V 
entorhinal layers. Lack of this mechanism and presence of inhibition may 
result in the attenuation of epileptiform activity in the superficial layers.

Supported by MRC of Canada (MT-8109).
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836.13
SYNAPTIC INPUT-DEPENDENT EPILEPTIFORM DISCHARGES IN THE 
DENTATE GYRUS IN VITRO. M, Barbarosie. J. Louvel, I. Kurcewicz, R. 
Spreafico* and M. Avoli. Montreal Neurological Institute, McGill University, 
Montreal, Quebec, H3A 2B4, Canada
We used an in vitro mouse brain slice preparation to study the relationship 
between entorhinal cortex and dentate gyrus during epileptiform activity induced 
by bath application of 4-aminopyridine (4AP, 50 pM). Simultaneous field 
potential and [K+]o recordings were made in combined hippocampal-entorhinal 
slices where only the entorhinal-hippocampal circuit was preserved. Such slices 
typically displayed synchronous, long lasting (up to 2s) GABA-mediated 
potentials which were resistant to excitatory amino acid receptor antagonists and 
prolonged, NMDA-dependent (range=30-160s) ictal events recorded in both 
entorhinal and dentate subfields. We found that entorhinal ictal events were 
accompanied by rises in [K+]o up to 15.9 mM (12.32±0.64 mV; n=5) and that 
dentate gyrus ictal discharges were accompanied by extracellular [K+]0 rises of up 
to 14.7 mM (12.12±1.51 mV; n=5). The in vitro dentate gyrus ictal discharges 
had field amplitudes in the range 6-12 mV (9.5±2.6 mV; n=12) which have been 
described as maximal dentate activation. Ictal discharges disappeared in the 
dentate gyrus (n=6) following sectionning of the preforant path while they 
remained unaffected in the entorhinal cortex. Rises in [K+],, in the dentate gyrus 
did not occur following the sectionning procedure, while ictal events and their 
corresponding [K+jo rises continued to occur in the entorhinal cortex (n=4). Our 
results indicate that ictal discharges in the dentate gyrus i) are reminiscent of 
maximal dentate activation; ii) result from synaptic propagation of ictal events 
originating in the entorhinal cortex; and iii) are associated with subsequent rises 
in [K+jo. Supported by MRC of Canada and Savoy Foundation.

836.14
DYNAMICAL ANALYSIS OF BURSTING IN CA3 PYRAMIDAL CELLS.
P.J.Hahn and D.M. Durand*. Depts of Neurosciences/Biomedical Engr., Neural 
Engineering Laboratory, Case Western Reserve University, Cleveland, OH 44106

Epileptiform activity consisting of periodic population bursts can be induced in 
the CA3 region of rat hippocampal slices by perfusion in high K+ solution. In 
vitro experiments have shown that application of a singular current pulse to the 
stratum pyramidale in the CA3 region can disrupt this potassium induced 
interictal activity. The phenomenon can be explained by the existence of a 
singular fixed point in the phase space of the oscillating system. We have 
investigated the existence of a singular fixed point in the dynamics of a single 
CA3 pyramidal cell. The analysis was applied to a Traub model of high K+ 
induced bursting in CA3. By adding current pulses at various phase and 
amplitude to the somatic compartment of the model, we have been able to 
demonstrate the existence of both strong and weak phase resetting properties. A 
single neuron bursts with period 706 msec (bias current 2 nA ). Pulses applied at 
650 msec (phase = .92) with amplitude 5 nA (pulse width .5 msec) result in an 
immediate burst, or strong resetting. Stronger pulses applied at earlier phases 
result in single spikes. However, the burst following such stimulus occurs at 706 
msec as if no pulse had been applied. Weaker pulses applied at 650 msec result in 
bursts earlier than the normal 706 msec, but later than the time of applied 
stimulus. The theory of phase resetting has shown that topological constraints 
imply the existence of a singular region in the phase space. Further analysis is 
aimed at characterizing the response of the system to pulses within the singular 
region.

This work was supported by NSF grant #IBN93-19591

836.15
Description of Cyclic Patterns In Neuronal Ensemble Activity

J, T. Francis *, P. So and S. J. Schiff. The George Washington University 
Neuroscience program and the Children’s Research Institute, 111 Michigan 
Ave. Washington D. C. 20010.

The purpose of the work presented here is to further our understanding of the 
dynamics inherent in neuronal ensemble activity. The seemingly erratic 
behavior from these neurons can be understood in terms of an infinite number of 
periodic yet unstable cycles. The system never settles down to one of these 
unstable periodic cycles. It will intermittently approach but only stay near these 
unstable periodic cycles for a short time. Using a detection technique developed 
in our lab (Phys. Rev. Lett. 73,4705) we have identified not only period one 
cycles, but also a hierarchy of higher order periodic cycles. A hierarchy of 
periodic cycles provides a means to dynamically model these complicated 
systems.

Four hundred pm thick transverse slices were cut from the hippocampus of 
125-150 gm Sprague-Dawley rats and perfused in artificial cerebrospinal fluid 
containing 3.5mM K+ for 90min. The perfusate was then switched to one 
containing 7.5-10.5mM K+. Extracellular burst discharges from the CA3 were 
recorded with saline filled glass micropipettes. Thirty-nine experiments were 
performed on 14 slices from 12 rats. In 66% of these experiments we identified 
periodic cycles. These periodic cycles change in time (nonstationarity), and may 
return at a later time in the experiment.

With this information on the system we hope to some day control the future 
dynamics of the neuronal ensemble based on its behavior. Classification of a 
neuronal ensembles dynamical properties may be a logical way to develop 
symbols for neuronal dynamics.
Supported by NIH grant # 1 R29 MH50006-05 and ONR # N00014-95-1-013
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837.1
SYNCHRONIZED BURST ACTIVITY IN THE ISOLATED HIPPOCAMPAL 
CA1 REGION OF KAINATE-TREATED, EPILEPTIC RATS. B.N. Smith* 
and F.E. Dudek Dept. of Anat. and Neurobiol., Colorado State Univ., Fort 
Collins, CO 80523.

The kainic acid (KA)-treated rat has been used as a model of temporal 
lobe epilepsy. Using simultaneous field potential and whole-cell patch- 
clamp recordings in isolated CA1 slices, activity in pyramidal cells of 
epileptic rats was compared with that of KA-treated animals with no 
behavioral seizures (i.e., <8 d post-treatment) and of saline-treated 
controls.

Afferent stimulation produced an all-or-none burst of spikes in CA1 
neurons from epileptic rats (n=11). In contrast, a graded response was 
observed in slices from controls (n=11) and KA-treated rats tested <8 days 
post-treatment (n=7), even though GAD-immunoreactivity was reduced in 
the stratum oriens of both groups of KA-treated animals (p<0.05).

In bicuculline, either reducing [Mg^+]0 or increasing [K+]o led to DNQX- 
sensitive spontaneous field and intracellular bursts in 6 of 8 isolated CA1 
slices from KA-treated rats, but not controls. Burst duration ranged from 
350-1500 ms, with an average frequency of 0.10 ± 0.03 Hz. Burst 
frequency was increased 24-100% by evoking action potentials 
intracellularly (330 ms pulses; 0.5-1 Hz; 60-120 s) in 3 of 3 slices from 
epileptic rats. No change in synchronous activity could be induced with 
intracellular stimulation in slices from non-epileptic animals. These data 
suggest that inhibition is decreased in the CA1 shortly after KA treatment, 
and that connectivity between pyramidal cells is increased in epileptic rats. 
Supported by NIH grant NS16683 (F.E.D.).

837.2
SPONTANEOUS EXCITATORY POSTSYNAPTIC CURRENTS IN 
HIPPOCAMPAL CA1 INTERNEURONS IN THE KAINATE MODEL OF 
EPILEPSY. Y. Perez* and J.-C. Lacaille. Center for Research in Neurological 
Sciences & Dept. of Physiology, University of Montreal, Montreal, Canada, H3C 3J7.

The epileptiform activity of hippocampal CA1 pyramidal cells in the kainic acid (KA) 
model of epilepsy may arise from changes in excitatory and/or inhibitory synaptic 
transmission. The aim of this study was to examine spontaneous excitatory postsynaptic 
currents (sEPSCs) after KA treatment in visually identified CA1 interneurons using 
whole cell recordings. Hippocampal slices were obtained from Sprague-Dawley rats 2-4 
weeks post-KA injections (0.55-0.65pg/0.5-lpl) and age-matched controls. Voltage- 
clamp recordings were made using patch electrodes (4-8MQ) filled with (in mM): 120 
Cs-CH3SO4, 20 QX-314, 5 NaCl, 1 MgCl2, 10 HEPES, 2 ATP-tris, 0.4 GTP-tris, and
0.1% biocytin. Spontaneous EPSCs were recorded in the presence of bicuculline 
(lOpM). In control slices (n=5) and at -70mV, sEPSCs were observed at a mean 
frequency of 19.6 Hz, and had a fast rise time (1.0ms) and decay time constant (5.91ms). 
At +50mV the kinetics of sEPSCs were slower (6.8ms rise time and 112.7ms decay time 
constant) and the frequency was decreased (4.5Hz). The different kinetics suggest that 
sEPSCs are composed of AMPA and NMDA components, and the reduced frequency 
may indicate that the AMPA mediated currents were inwardly rectifying. In cells from 
slices of KA treated rats (n=5) the kinetics of sEPSCs were slower at +50mV (14.7ms 
rise time and 214.2ms decay time constant) than in their control counterparts (p<0.05, 
one-tailed). At -70mV the rise time was significantly slower (3.6ms, p<0.05 one-tailed) 
and the decay time displayed a similar tendency (17.2ms). No difference in the 
amplitude or frequency of events was observed between cells in control and KA treated 
animals. The slower kinetics of sEPSCs suggest that AMPA and NMDA-mediated 
synaptic transmission may be altered in intemeurons after KA treatment. These changes 
could indicate a functional reorganization of excitatory afferents on inhibitory cells.

(Supported by MRC, FRSQ, NSERC, FCAR)
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837.3
ULTRASTRUCTURAL ANALYSIS OF GABA AND NON-GABA SYNAPSES OF 
HIPPOCAMPAL CAI INTERNEURONS AND PYRAMIDAL CELLS IN THE 
KAINATE MODEL OF EPILEPSY. F, Morin*, C. Beaulieu and J.-C. Lacaille, Center 
for Research in Neurological Sciences & Depts. of Physiology and Pathology, Univ. of 
Montreal, Montreal, Qc, Canada, H3C 3J7.

The epileptiform activity of CAI pyramidal cells in the kainic acid (KA) model may 
be caused by reduced function of inhibitory intemeurons. The aim of this study was to 
examine, using GABA postembedding immunocytochemistry and electron microscopy, 
if the number and length of GABA and non-GABA synaptic contacts were altered in CAI 
cells after KA treatment in rats. Synapses were measured on the soma and proximal 
dendrites of pyramidal cells and of two groups of inhibitory interneurons i) in stratum 
oriens/alveus (O/A) and ii) near the stratum radiatum and lacunosum-moleculare border 
(LM). In control animals (nM), the number of non-GABA synapses (x 10'2) per unit length 
(pm) was significantly different between cell types (O/A: 4,2±0.6 > LM: 2.2±0.4 > PC: 
0.3±0.1; p<0.05). Similarly, the length of non-GABA synapses (pm x IO’2) per unit length 
(pm) differed between cell types (O/A: 0.9±0.1 > LM: 0.4±0.1 > PC: 0.1±0.04; p<0.05). 
The number of GABA synapses was not different between cell types (range: 2.4-4.0), but 
their length was significantly less in LM intemeurons (0.5±0.1) than in O/A (0.8±0.1) and 
pyramidal (0.9±0.1; p<0.05) cells. The total length of synapses per cell was significantly 
greater in O/A (115.0±13.9 /zm) than in LM (43.1±4.6 /zm) and pyramidal (60.5±6.6 /zm; 
p<0,05) cells. The number and length of GABA and non-GABA synaptic contacts were not 
significantly different in each cell type between KA-treated rats (2 weeks post i.e.v 
injection of 0.55/zg//zl KA; n=4) and controls, except for longer GABA synaptic contacts 
in LM cells after KA (0.9x0.2 vs 0.5±0.1 in control; p<0.05). These results demonstrate 
that the number and length of GABA and non-GABA synapses on the soma and proximal 
dendrites of CAI inhibitory intemeurons and pyramidal cells are generally unaltered after 
KA treatment, except for longer GABA synapses onto LM intemeurons. Thus, 
morphological changes contributing to epileptiform activity after KA treatment may take 
place at more distal synapses. (Supported by MRC, FRSQ, FCAR and Savoy)

837.4
GRANULE CELLS ARE DEPOLARIZED BY GABAERGIC INTERNEURONS 
THROUGH A GABA-INDEPENDENT MECHANISM.
M. Forti and H.B. Mickelson*. Dept. of Pharmacology, SUNY-HSCB, Brooklyn, New 
York, NY 11203

Dual intracellular recordings of granule cells, hilar intemeurons, and CA3 
pyramidal cells were performed in transverse slices of the guinea-pig hippocampus. 
At resting membrane potential, in the presence of 4-aminopyridine, ionotropic 
glutamate receptor antagonists, and the GABAa  receptor antagonist bicuculline, the 
granule cells showed spontaneous large amplitude depolarizations corresponding to 
the synchronous bursting activity of the interneurons. In these conditions pyramidal 
cells exhibited large amplitude monophasic GABAb IPSPs synchronous with the 
GABAergic intemeuron discharges. The granule cells also received a GABAb input, 
which was evident only when the neurons were depolarized by DC current injection. 
The GABAb receptor antagonist CGP 55845A blocked the GABAb IPSPs both in 
pyramidal cells and in granule cells, whereas the depolarization in granule cells was 
unaffected by the drug.

The granule cell depolarization in the presence of CGP 55845A was monophasic 
and had a linear voltage-dependence with a reversal potential around -40 mV, 
suggesting that it was generated by a synaptic input activating a mixed cationic 
current. (S)-a-Methyl-4-carboxyphenylglycine (MCPG), propranolol, and atropine 
did not effect the granule cell depolarization, indicating that metabotropic glutamate 
receptors, P-adrenergic receptors, and muscarinic cholinergic receptors were not 
involved in the granule cell synaptic response.

These findings indicate that in the absence of both glutamatergic and GABAergic 
inputs, synchronous intemeuronal activity can produce a depolarizing synaptic 
response in the granule ceils. The neurotransmitter responsible for the depolarization, 
which is probably co-released with GABA by the intemeurons, is currently under 
investigation. Supported by NS33628.

837.5
Disinhibition in CA3 triggers epileptic activity more easily in the 
ventral hippocampus. C.M. Anderson and J.G.R. Jefferys (SPON: 
European Neuroscience Association). Dept. of Physiology, University of 
Birmingham, Edgbaston, Birmingham, BI5 2TT. U.K.

Susceptibility to epileptic activity varies between different areas of the brain. 
Previously we have reported that dorsal hippocampus is more resistant to acute 
disinhibition than the neocortex (Whittington et al 1995, J.Physiol. 486: 723-734). 
Here we show that the CA3 region in ventral (temporal) hippocampal slices, in 
vitro, requires significantly less acute disinhibition to elicit complex epileptiform 
activity than dorsal (septal) slices. The threshold dose for GABAa  antagonist 
bicuculline was 3.2±0.9/zM in the ventral pole compared to 5.3±O. 1 /zM dorsally 
(p<0.01). Ventral slices exhibited significantly more spontaneous activity than 
dorsal (70% versus 5%) and the bursts were more
complex (secondary bursts 76% versus 26%).
When [K+]o was raised from 3 to 6mM long lasting 
seizure-like events were always observed in ventral 
but not dorsal slices, which required a further 3mM 
increase. These results show that the ventral 
hippocampus is more susceptible to acute 
disinhibition than dorsal and adds to evidence from 
other models of the greater tendency to epileptic 
activity in the ventral pole. Whether the observed 
epileptogenic differences are due to inhibitory or in 
fact excitatory processes remains unclear.

837.6
HYPEREXCITABILITY IN VEHICLE AND KAINIC ACID TREATED 
HIPPOCAMPAL SLICE CULTURES ARISES FROM DIFFERENT 
HIPPOCAMPAL SUBREGIONS. Suzanne B, Bausch*1,2 and James O. 
McNamara1,2,3 Departments of Medicine^O^eurology)1, Neurobiology2 and 
Pharmacclogp7Duke University Medical Center, Durham, NC 27710.

Understanding the functional consequences of seizure-induced hippocampal 
circuitry rearrangements is crucial for determining the contribution of these 
changes to temporal lobe epilepsy. Organotypic hippocampal slice cultures 
treated with kainic acid (KA) to induce Ammon’s horn sclerosis and mossy fiber 
sprouting (Routbort & McNamara, 1996) were used to investigate this question. 
Recently Wuarin and Dudek (1996) reported that in the presence of the GABAa  
receptor antagonist, bicuculline (BMI), spontaneous bursting was seen in the 
granule cell layer of 53% of slices from KA treated rats, but not in slices from 
control rats. Similarly, in BMI, we recorded spontaneous bursts in 53% of KA 
treated cultures. Unexpectedly, however, 65% of vehicle treated cultures also 
showed spontaneous bursts. All bursts were abolished by the nonNMDA 
glutamate receptor antagonist, NBQX, suggesting that bursts were synaptically 
driven. When knife cuts were used to isolate the dentate gyrus, spontaneous bursts 
were observed in 23% of KA but in no vehicle treated cultures, suggesting that 
bursts can originate within the dentate gyrus of KA treated cultures. When knife 
cuts were used to separate CAI or CA3 from the dentate gyrus in vehicle treated 
cultures, the percentage of slices exhibiting spontaneous bursts was decreased to 
33% for each cut, suggesting inputs from CA3 and CAI. In KA treated cultures, 
no change was seen when a knife cut separated CA3, but the number of slices 
showing bursts was decreased to 25% when knife cuts separated CAI. These data 
suggest that spontaneous bursts arise from different hippocampal subregions in 
vehicle and KA treated cultures and further support the hypothesis that increased 
mossy fiber sprouting leads to hyperexcitability intrinsic to the dentate gyrus. 
Supported by NIH grants NS17771 (JOM), NS07370, NS10387 (SBB).

837.7
EXCITATORY SYNAPTIC INPUTS TO DENTATE INTERNEURONS IN 
SLICES FROM PILOCARPINE TREATED EPILEPTIC RATS.
J. Doherty , and R, Dingledine. Dept. of Pharmacol., Emory Univ., Atlanta, GA.

We have previously shown that excitatory synaptic input to dentate intemeurons
(Dis) in juvenile rats is regulated by metabotropic glutamate and adenosine receptors 
and that mGIuRs depress synaptic input to Dis following hypoxia. In this study, we 
examined excitatory synaptic input to dentate intemeurons in slices from both normal 
adult rats and pilocarpine-treated epileptic rats taken 2-7 days following status 
epilepticus. A single injection of pilocarpine (320-350 mg/kg, i.p.) induced an acute 
status epilepticus, followed by a brief (1-2 wks.) seizure free silent period, and finally 
a chronic state characterized by spontaneous recurrent seizures. Individual 
intemeurons at the dentate-hilar border were morphologically selected for whole cell 
patch recording using Hoffman modulation contrast optics. Identification was 
confirmed with post hoc biocytin staining following electrophysiological 
investigation. Minimal electrical stimulation of either DG granule cells or CA3 
pyramidal cells generated AMPA and NMDA receptor mediated excitatory' 
postsynaptic currents (EPSCs) in Dis in slices from both normal adult and 
pilocarpine-treated rats. Preliminary results indicate that during the silent period: 1) 
Paired pulse inhibition of perforant path input to dentate granule cells is impaired in 
pilocarpine-treated rats when compared to normal adult rats. 2) The progressive 
depression of granule cell input to intemeurons during a stimulus train (20 Hz) is 
enhanced in pilocarpine-treated rats. 3) Depression of the transmission rate of 
minimal granule cell-evoked EPSCs by the group II mGluR agonist, DCG-IV (1 pM), 
is enhanced in pilocarpine-treated rats. These results indicate that dentate 
intemeurons continue to receive excitatory input during the initial silent period 
following pilocarpine-induced SE, but suggest that these inputs have an increased 
susceptibility to activity-dependent suppression. Supported by NS 17771 and the 
American Epilepsy Society (JD).

837.8
REDUCTION OF THE FREQUENCY OF HIGH K-INDUCED
SPONTANEOUS BURSTS BY A SPERMINE ANALOG IN THE RAT 
HIPPOCAMPUS. Fernanda Laezza*, David D. Mott and Ray Dingledine. Dept. of 
Pharmacology, Emory Univ., Atlanta, GA.

Spontaneous bursts occur in hippocampal slices bathed in high [K]o solutions.
These bursts initiate in the CA3b area and represent the synchronous firing of 
pyramidal cells. Synchronization results from mutual excitation of pyramidal cells 
triggered by spontaneous EPSPs. Inhibitory intemeurons can modulate the rate of 
sEPSPs and therefore play a crucial role in burst initiation. In the CA3 stratum 
radiatum, interneurons receiving excitatory inputs from pyramidal cells fall in two 
groups based on the expression of AMPA receptors. Type I neurons possess AMPA 
receptors with low Ca2+ permeability and are insensitive to spermine analogs while 
type II express Ca 2+-permeable AMPA receptors and are blocked by the spermine 
analogs. In order to study the role of type II interneurons in regulating pyramidal cells 
excitability, we examined the effect of the spermine analog, N-(4-Hydroxyphenyl- 
propanoyl)-spermine (NHPPs), on the frequency of high K spontaneous bursting.

Extracellular electrodes filled with NaCl (154 mM) were used for recording field 
potentials from the CA3b area in hippocampal slices of adult rats. Slices were bathed 
in warmed ASCF containing 8.5 mM K+. After obtaining a stable burst rate, 10 pM 
NHPPs was applied in the bath solution. During application of NHPPs the burst 
frequency significantly decreased (p < 0.05, n=5), reaching a minimum at - 1 min 
after the onset of the drug application and gradually recovering to the control rate in 
~ 4 min in the continuous presence of the drug. The initial decrease in burst frequency 
in the presence of the NHPPs could be explained if type II interneurons project onto 
type I interneurons, which in turn directly inhibit pyramidal cells. According to this 
hypothesis, suppression of excitation of type II interneurons by NHPPs would increase 
excitability of pyramidal cells through a disinhibitory mechanism. This work was 
supported by NS 17771, NS 27452.
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837.9
ANTIDROMICALLY-EVOKED NMDA SYNAPTIC CURRENTS IN DENTATE 
GRANULE CELLS FROM RATS WITH AND WITHOUT RECURRENT 
MOSSY FIBER GROWTH. M.M. Okazaki* and J.V. Nadler. Depts. Pharma-
cology and Neurobiology, Duke Univ. Med. Ctr., Durham, NC 27710.

Recurrent mossy fibers invade the dentate molecular layer of epileptic 
brain and form synapses on granule cell dendrites. Mossy fiber sprouting 
may contribute to the development and propagation of seizures. Rats that 
develop status epilepticus after treatment with pilocarpine consistently dem-
onstrate robust recurrent mossy fiber growth. These animals were used to 
characterize synaptic transmission at mossy fiber-granule cell synapses. 
Slices of the caudal hippocampus were prepared, and excitatory synaptic 
currents evoked by low-frequency antidromic stimulation of the mossy fibers 
were recorded from dentate granule cells in the presence of bicuculline (30- 
100 pM). EPSCs were recorded from 88% of granule cells 3 months or lon-
ger after status epilepticus, compared with 50% of granule cells in control 
animals. In addition, the mean EPSC amplitude was greater in the status 
epilepticus group (62 pA vs. 26 pA). However, there were no apparent differ-
ences in latency to onset or time course of the EPSC. The contribution of 
NMDA receptors to the EPSC was assessed by clamping the membrane po-
tential at -30 mV in the presence of 5 pM NBQX. Similar NMDA receptor- 
mediated responses were recorded from both status epilepticus and control 
rats. These results suggest that the recurrent mossy fiber pathway repre-
sents expansion of a minimal pathway already present in the caudal dentate 
gyrus. Both AMPA/kainate and NMDA receptors contribute to the postsynap-
tic response. (Supported by NIH grant NS 17771.)

837.10
MOSSY FIBER-GRANULE CELL SYNAPSES STUDIED WITH WHOLE 
CELL PATCH CLAMP RECORDING AND LASER PHOTOSTIMULATION.
P. Molnar* and J.V. Nadler. Depts. Pharmacology and Neurobiology, Duke 
Univ. Med. Ctr., Durham, NC 27710.

Dentate granule cells become significantly interconnected in the hippocam-
pus of many persons with complex partial epilepsy. This recurrent mossy 
fiber pathway, if sufficiently large, may contribute to the development and 
propagation of seizures. Although several lines of evidence support the view 
that mossy fiber-granule cell synapses are functional, their synaptic physiol-
ogy is difficult to characterize unambiguously because electrical stimulation 
may activate other pathways and because there is a low probability of gran-
ule cell interconnection. This study utilized slices of the caudal hippocampal 
formation from pilocarpine-treated rats that either had or had not developed 
status epilepticus and robust recurrent mossy fiber growth. Slices were 
superfused with 200 pM (y-CNB-caged) L-glutamate and 30 pM bicuculline. 
Glutamate was released from the caged compound with highly-focused UV 
light in order to evoke action potentials in a small population of granule cells, 
and excitatory synaptic currents were recorded by the whole cell patch clamp 
technique. Laser photostimuiation evoked an apparently unitary EPSC in 
62% of granule cells from rats with dense mossy fiber growth and in 27% of 
granule cells from control rats. EPSCs from both groups had similar laten-
cies, 10-90% rise times (~3 ms), mean peak amplitudes (~30 pA) and half-
widths (~10 ms). A small NMDA receptor-mediated component of the EPSC 
was revealed by recording at a holding potential of -20 mV in the presence 
and absence of D-AP5 (50 pM). We conclude that pilocarpine-induced status 
epilepticus increases the number of granule cells with mossy fiber synapses. 
Like mossy fiber synapses in area CA3, these connections utilize mainly 
AMPA/kainate receptors but also utilize some NMDA receptors. (Supported 
by NIH grant NS 17771.)

837.11
EVIDENCE FROM FLASH PHOTOLYSIS OF CAGED GLUTAMATE THAT 
MOSSY FIBER SPROUTING IN THE DENTATE GYRUS OF SLICES FROM 
KAINATE-INDUCED EPILEPTIC RATS FORMS RECURRENT EXCITATORY 
CONNECTIONS BETWEEN GRANULE CELLS. Jean-Pierre Wuarin* and F. 
Edward Dudek, Dept. of Anatomy and Neurobiology, Colorado State Univ., Fort 
Collins, CO 80523.

Lesion-induced synaptic reorganization of hippocampal mossy fibers has been 
proposed to increase seizure susceptibility in the dentate gyrus by forming recurrent 
excitatory connections between granule cells. To test the hypothesis that aberrant 
mossy fibers project both to granule cells and inhibitory basket cells, we have used 
whole-cell patch-clamp recordings combined with flash photolysis of caged 
glutamate in normal medium to determine if local excitation of granule cells could 
evoke both excitatory (EPSCs) and inhibitory postsynaptic currents (IPSCs). 
Hippocampal slices from kainate-treated rats showing spontaneous recurrent 
seizures were perfused with standard ACSF containing caged glutamate (200-400 
pM). Flashes of UV light applied within the granule cell layer evoked short bursts 
of EPSCs in seven out of nine granule cells tested in four slices from four kainate- 
treated epileptic rats. With holding potential of 0 mV to reveal IPSCs, stimulations 
did not change frequency or amplitude of spontaneous IPSCs (n=5). Glutamate 
microstimulation evoked an increase of the excitatory input in only one out of 12 
granule cells from five saline-injected age-matched control rats, and in zero out of 
seven granule cells from 3 rats injected with kainate 7-8 days before the 
experiments. Timm's stain showed sprouting only in the slices from long-term 
kainate-treated animals. These results suggest that in slices from kainate-induced 
epileptic rats, aberrant mossy fibers form recurrent excitatory circuits involving 
mostly granule cells and not basket cells.

Supported by NIH grant NS 16683.

837.12
MOSSY FIBER SPROUTING IS NOT NECESSARY FOR 
SPONTANEOUS SEIZURES IN THE INTRA-HIPPOCAMPAL KAINIC 
ACID MODEL. B.M. Longo* and L.E.A.M. Mello. Dept. of Physiology. 
UNIFESP-EPM, Sao Paulo 04023-900, Brazil.

In a previous study, we suggested a dissociation between spontaneous 
recurrent epileptic seizures (SRS) and hippocampal mossy fiber sprouting 
(MFS) in the pilocarpine model of epilepsy (PILO). One possible 
explanation, would be that SRS in the PILO model do not originate in the 
hippocampus and thus do not depend on MFS. In the present study, we 
investigated whether MFS is necessary for SRS, that develop after a small 
intrahippocampal dose of kainic acid (KA), a model where seizures 
unquestionably start in the hippocampus.

Intrahippocampal injections of KA were performed in adult, male. 
Wistar-EPMl rats, with and without the concomitant administration of 
cycloheximide (CHX) (0.5 pg of KA and 6 pg of CHX, injected in a 0.2 
pL volume, over a period of 3 min.). After injection, recording electrodes 
were positioned in the same stereotaxic location (hippocampus; AP=4, 
LL=2, H=3). Here again, CHX was able to completely block (50% of 
animals) or reduce (50%) MFS, visualized by neo-Timm staining, without 
altering the frequency and intensity of ictal and interictal spontaneous EEG 
events. Our results indicate that, in the KA intrahippocampal model, as in 
the pilocarpine model, SRS do not depend on MFS. Thus, our results 
indicate that MFS is not necessary for SRS in at least 2 models of temporal 
lobe epilepsy.

Financial Support: FAPESP, CNPq, FINEP and PRONEX 
(Brazil); BML is a FAPESP fellow (96/6623-2).

837.13
SYNAPTIC REORGANIZATION FOLLOWING KAINIC ACID- 
INDUCED SEIZURES DURING DEVELOPMENT 
Y. Yang*, M R. Sarkisian, Z. Liu, P. Tandon and G.L. Holmes.
Department of Neurology, Harvard Medical School, Children’s 
Hospital, Boston, MA 02115.

Synaptic reorganization has been reported in adult rats, but few studies 
have been able to demonstrate reorganization in the immature brain. 
Here, we evaluated synaptic reorganization following kainic acid (KA)- 
induced seizures in the developing rat Male Sprague-Dawley rats of 
postnatal (P) day 12, 25, 35, 45 and 60 were used in this study. Two 
weeks after KA or saline systemic injections, all rats were perfused and 
stained for Timm histochemistry Timm granules in the supragranular 
region of the dentate gyrus were rated on a scale of 0 to 5. With the 
exception of P12 rats, Timm scores were significantly higher in the 
supragranular region of KA-treated rats as compared to controls (P25, 
p<0.05; P35, 45 and 60, p<0.01). In addition, an increase in sprouting 
correlated with an increase in age. Other studies have already shown that 
mossy fiber sprouting in the dentate occurs following KA seizures in 
adult rats, but here we report that sprouting also occurs in the 
developing brain. These findings are similar to that seen in children who 
have had temporal lobe epilepsy
(Supported by NINDS Grant NS27984 to GLH and Emily P. Rogers 
Research Fund)

837.14

RECURRENT SEIZURES IN IMMATURE RATS: EFFECT ON 
HIPPOCAMPAL MOSSY FIBER SPROUTING. Z. Liu*, Y. Yang, 
M. Sarkisian, P. Tandon, A. Hori, C.E. Stafstrom and G.L. Holmes.
Dept. of Neurology, Harvard Medical School and Children’s 
Hospital, Boston, MA 02115

It has been shown that prolonged seizures in mature animals can cause 
brain damage and synaptic reorganization, particularly in the 
hippocampus. However, it is not clear whether brief recurrent seizures 
can lead to similar damage in immature animals. To study the long-term 
consequences of recurrent seizures in the developing animal we subjected 
immature Wistar rats to a series of 50 flurothyl-induced seizures (3-5 
seizures/day) starting at postnatal day 11 (Pll). The effects of these 
seizures on hippocampal mossy fiber sprouting were assessed 4 weeks 
after the last seizures by Timm staining.

Rats with 50 seizures showed clear mossy fiber sprouting in the 
hippocampus Compared to litter-mate controls, the Timm staining scores 
for these rats were significantly higher in both supragranular layer of 
dentate gyrus and infrapyramidale layer of CA3 region. This study shows 
that serial recurrent seizures can lead to synaptic reorganization in the 
immature brain.
Supported by a grant from NINDS (NS27984) to GLH.
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837.15
MOSSY FIBER SPROUTING SUBSEQUENT TO ELECTRICAL 
KINDLING IN THE GUINEA-PIG. ‘L.L. Armitage*, ‘P. Mohapel, ^.LHuessen, 
TH- Gilbert, ^.C. Teskey & ‘M.E. Corcoran. ‘Dept. of Psychology, University of Victoria, 
Victoria, BC, Canada V8P 3P5 and 2Behav. Neurosei. Res. Grp., Dept. of Psychology, 
University of Calgary, Calgary, AB, Canada T2N 1N4

Similar to adult rats, guinea-pigs express progressive growth of afterdischarge and 
intensification of seizures subsequent to daily kindling stimulation. However, unlike rats, 
guinea-pigs manifest different behavioural seizures during kindling and fail to express fully 
generalized seizures unless alternate sites are kindled.

The progression of kindling and induction of fully generalized seizures is associated with 
anomalous mossy fiber sprouting in the dentate gyrus of rats. In this study we investigated 
the association between the intensity of mossy fiber sprouting and severity of seizures 
evoked in guinea-pigs following single and alternate site stimulations.

Bilateral electrodes were implanted into the amygdala of mixed-strain guinea-pigs. 
Kindling stimulation was applied once daily until 30 afterdischarges were evoked from one 
of either the left or right amygdala. Yoked controls carried electrodes and were handled but 
did not receive stimulation. Following a 1 or 20 day survival time, brains were perfused and 
prepared for Neo-Timm staining. Additional guinea-pigs carried electrodes in the amygdala 
and contralateral septum. These guinea-pigs received alternate site stimulations until 
approximately 40 afterdischarges were evoked from each site.

Moderate to intense levels of mossy fiber sprouting were detected following single and 
alternate site stimulations. Furthermore, the dorsal-ventral distribution and intensity of 
sprouting was more extensive subsequent to alternate site stimulations which evoked 
multiple fully generalized seizures from the septum.

Our results indicate that anomalous mossy fiber sprouting can be detected in guinea-pigs 
that fail to express fully generalized seizures. (Supported by NSERC & MRC)

837.16
IDENTIFICATION OF GENES UPREGULATED DURING THE 
ONSET OF MOSSY FIBER REORGANIZATION IN A RAT 
MODEL OF TEMPORAL LOBE EPILEPSY. L. Gitlin. R.C. 
Elliott*, and P.H. Lowenstein. Dept. of Neurology, Univ. of 
California, San Francisco, San Francisco, CA 94143.

Aberrant sprouting of hippocampal mossy fibers is a prominent 
feature of human temporal lobe epilepsy (TLE), and may play a role 
in the process of epileptogenesis. Patterns of mossy fiber 
reorganization and cell death similar to those found in TLE are 
observed in rats following induction of status epilepticus with the 
muscarinic agonist pilocarpine. Using this rat model of TLE, we are 
applying differential cloning strategies to identify changes in gene 
expression that are associated with seizure-induced mossy fiber 
sprouting. mRNA populations from microdissected dentate gyri were 
isolated from adult rats sacrificed 3 days after pilocarpine-induced 
status epilepticus or saline injection. cDNA derived from the two 
mRNA pools was then used in a supression subtractive hybridization 
to generate a cDNA library enriched for genes upregulated in the 
dentate gyrus 3 days following status epilepticus. Individual clones 
shown to be true positives by Northern blotting include sequences 
exhibiting high homology to an oligodendrocytic cell surface protein 
and a protease inhibitor previously implicated in neurite outgrowth, 
synaptogenesis, and synaptic remodeling. The precise relationship of 
these upregulated genes derived from our subtracted library to 
seizure-induced mossy fiber sprouting remains to be explored.

Supported by NINDS N535628 and March of Dimes Birth Defects 
Foundation.
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838.1
SUBCELLULAR DISTRIBUTION OF PROTEIN KINASE C 
ISOZYMES IN RAT HIPPOCAMPUS FOLLOWING KAINIC ACID- 
INDUCED SEIZURES. E.A. Wees1*. R.K, McNamara1 & R.H. Lenox12 3. 
Departments of Psychiatry1, Pharmacology2, and Neuroscience3, University of Florida 
College of Medicine & Brain Institute, Gainesville, FL, 32610-0256.

Protein kinase C (PKC) represents a family of at least 12 Ca2+ and/or phospholipid- 
dependent isozymes with differing cellular and subcellular distribution. Activation of 
PKC results in its translocation to different cell compartments, including the nucleus 
where it is associated with an increase AP-1 DNA-binding activity. Seizures elicited 
by kainic acid (KA) increase AP-1 transcriptional activity (Pennypacker et al., 1994) 
and induce the expression of a number of genes. We and others have previously shown 
that KA induces GAP-43 gene expression in hippocampal granule cells (e.g., 
McNamara & Routtenberg, 1995), and it has been reported that GAP-43 gene 
expression is regulated by PKC via posttranscriptional stabilization of GAP-43 
mRNA (e.g., Tsai et al., 1997). Here we investigated the subcellular expression of 
PKC isozymes in the rat hippocampus at several time points following KA treatment. 
Hippocampi were extracted and microdissected into dentate gyrus and hippocampus 
proper (CA1/CA3) from which membrane, cytosolic, and nuclear fractions were 
isolated. PKC isozyme (a,pn,y,8,e) expression was assayed by quantitative western 
blot analysis. In dentate gyrus, PKCa expression in the nuclear and membrane 
fractions decreased significantly at 24h. Since cytosolic PKCa expression in the 
dentate gyrus did not differ from control values at any time point after KA, the 
reduction in nuclear and membrane fractions may be due to proteolytic degradation 
following prior activation, rather than to translocation. Additionally, PKC(3n 
expression in the dentate gyrus increased significantly at 12h in the nuclear fraction 
only, whereas PKCy expression was unaltered in all fractions at 12h. In CA1/CA3, 
PKCa expression increased significantly in membrane and nuclear fractions at 12h, 
returning to control levels by 24h, whereas PKC(3n and PKCy expression exhibited 
only minimal fluctuations. At 5d, when KA-induced neurotoxicity is evident, 
significant reductions in PKCpn (dentate-membrane) and PKCy (all fractions) were 
observed whereas PKCa remained unaltered. Together these data indicate that KA- 
induced seizures result in significant and differential alterations in the subcellular 
distribution of PKC isozymes. The increased expression of PKCa and PKCPn in the 
nuclear fraction may be associated with the noted elevation in AP-1 transcriptional 
activity following KA. [NARSAD EIA to R.H.L. & MRC to R.K.MJ

838.2
GENE EXPRESSION IN RAT BRAIN AFTER ADMINISTRATION 
OF KAINIC ACID: CORRELATION WITH BEHAVIORAL 
CHANGES. K. Hashimoto*1’2’^. K. Watanabe0. M Ivo2) & Y, Minabe0. 
1}Natl. Inst. Neurosei., NCNP, Tokyo 187,2>NIMH, NCNP, Chiba 272, &
3)Present address: Yoshitomi Pharm. Ind. Ltd., Saitama 358, Japan.

Kainic acid (KA) has been established as a model for human temporal 
lobe epilepsy, and cause neuropathological and behavioral changes in 
animals. Furthermore, administration of KA to rats causes the expression of 
various genes in the several regions of brain. Though KA causes various 
behavioral changes, the behavioral changes are inconsistent between animals. 
In this study, we examined the relationship between gene expression (heat 
shock protein hsp-70 mRNA, brain-derived neurotrophic factor (BDNF) 
mRNA, and cyclooxygenase-2 (COX-2) mRNA) and neuropathological or 
behavioral changes. Vehicle (1 ml/kg) or KA (12 mg/kg) was administered 
i.p. into rats. Rectal temperature and behavioral changes (stage 1-5 for 
seizure score) were observed at 1-6 hours after administration. Animals were 
killed by sacrifice 6 hours after administration, and the expressions of hsp-70 
mRNA, BDNF mRNA, and COX-2 mRNA in rat brain were studied using 
in situ hybridization technique. Neuropathological study was done at 5 days 
after administration. The expression of hsp-70 mRNA, BDNF mRNA, and 
COX-2 mRNA and neuropathological damages in rat brain were clearly 
correlated with seizure intensity and duration. These results suggest that 
gene expressions by KA might be clearly correlated with behavioral changes 
such as seizure intensity. (Supported by the grant from the Ministry of 
Health and Welfare, Japan).

838.3
KAINATE-INDUCED SEIZURES INCREASE NOREPINEPHRINE 
TRANSPORTER AND TYROSINE HYDROXYLASE mRNA LEVELS IN 
LOCUS COERULEUS NEURONS. Nancy E. Buckley*!, Stefan R. Hansson2,

SeS^n’oTRestorat^
Neurology, Wallenberg Neuroscience Center, University Hospital, S-221 85 Lund, 
Sweden
Noradrenergic locus coeruleus and serotonergic raphe neurons have been 
proposed to exert seizure-suppressant effects in a variety of seizure models 
including kainate-induced epilepsy. Messenger RNA levels for tyrosine 
hydroxylase (TH), the norepinephrine transporter (NET) and the vesicular 
monoamine transporter 2 (VMAT2) in nucleus locus coeruleus were analyzed 
using in situ hybridization at 0.5, 4, 24, 48h and 1, 2 and 4 weeks following 
kainate-induced (lOmg/kg s.c.) seizures in the rat. 5-hydroxytryptamine 
transporter (5-HTT) mRNA levels were studied in the raphe nuclei at the 
same timepoints. The mRNA level for TH was markedly elevated at 24 h 
to 1 week following kainate-induced convulsions. At two weeks, TH mRNA 
levels had returned to baseline. A modest but significant increase in NET 
mRNA was seen already at 0.5 h following kainate and the elevation 
persisted at 1 week. No changes in VMAT2 mRNA were seen. The mRNA 
level for 5-HTT was transiently decreased throughout the raphe magnus 
complex at 0.5 h after seizures but was normal at 4 h. The present study 
demonstrates differential regulation of a catecholamine synthesizing 
enzyme and monoamine transporter mRNAs in brainstem nuclei following 
seizures. Increases in TH mRNA and presumed protein levels in the locus 
coeruleus following kainate may lead to enhanced synthesis of 
norepinephrine. Increased NET mRNA may reflect an increased need for re-
uptake in order to meet the increased extracellular levels of 
norepinephrine.

838.4
EARLY POSTNATAL SEIZURES DISRUPT CA2+ CURRENT DEVELOPMENT 
AND SYNAPTIC PROPERTIES IN HIPPPOCAMPAL CA1 NEURONS. S. Ge, 
V. Henderson*, and C.E. Niesen, Division of Neurology, Childrens Hospital Los 
Angeles, Univ. of Southern Calif., Neuroscience Program, Los Angeles, CA 
90027.

Recurrent seizures early in life can have long term effects on the maturation 
and functioning of the brain. In animal models of epilepsy, these effects may 
occur in the absence of any neuronal loss. To investigate the effects of 
prolonged seizures on the developing brain, we induced seizure-like activity in 
immature hippocampal slices maintained in static organotypic cultures and 
recorded Ca2+ currents and synaptic potentials in CA1 neurons 0-10 days later. 
Hippocampi were removed from Wistar rats on postnatal day 7, sliced at 400 pm 
and incubated according to Stoppini et al. (1991). After two days in culture, 
either 50 pM 4-aminopyridine or 4 mM KCI (to raise the external ^concentra-
tion to 8 mM) was added to the culture media for 4 days. Whole-cell Ca2+ 
currents were recorded in the first week after the removal of the seizure-inducing 
agents (SIA); synaptic events were recorded 7-10 days after their removal. After 
4 days of SIA, Ca2+ currents were completely suppressed. Nei- ther the low or 
high voltage-activated Ca2+ currents could be evoked. In the following 2-3 days, 
there was a gradual recovery of these currents. The amplitudes of the recovered 
Ca2+ currents returned to control levels, though the T current was less evident. 
The synaptic properties of CA1 neurons from slices exposed to SIA were 
abnormal. Stimulation of CA3 afferents produced large, depolarizing 
postsynaptic potenials which lasted 0.5-3.0 seconds. These prolonged bursts 
occurred at normal stimulation intensities and were never observed in control 
slices. We conclude that prolonged seizure-like activity in immature CA1 
neurons can transiently depress voltage-dependent Ca2+ currents and produce 
long term effects on neuronal excitability. Supported by NIH K08-NS01747.
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838.5
SYNAPTOTAGMIN I IS DECREASED FOLLOWING SEIZURES IN 
THE RAT. J. N. Armstrong*, E. M. Denovan-Wright, R. W Currie and H. 
A. Robertsorr Laboratory of Molecular Neurofeiology, Department of 
Pharmacology and Department of Anatomy & Neurobiology, Faculty of 
Medicine, Dalhousie University, Halifax, Nova Scotia, B3H 4H7

In the present study we examined the adult rat brain for changes in the 
expression of synaptotagmin I mRNA and protein 3, 6, 12 and 24 hours 
following systemic administration of kainic acid. Northern blot analysis 
revealed a decrease in the steady state levels of synaptotagmin I mRNA (4.6 
kb) in the hippocampus, piriform cortex and parietal cortex 12 and 24 hours 
following systemic administration of kainic acid. In situ hybridization 
revealed decreased expression of synaptotagmin I mRNA in the dentate 
granule cells, CA1, piriform cortex, perirhinal cortex and parietal cortex of 
animals that developed seizures compared to controls. The decrease in 
synaptotagmin I mRNA expression was observed 6, 12 and 24 hours 
following kainic acid administration. Western blot analysis of 
electrophoretically separated proteins from the piriform cortex, hippocampus 
and parietal cortex using a synaptotagmin I specific monoclonal antibody 
revealed a decrease in the steady state levels of the 65-kDa synaptotagmin I 
protein in the piriform cortex 3, 12 and 24 hours following kainic acid and at 
24 hours in the hippocampus. Suprisingly, little or no change was found in 
the steady state levels of synaptotagmin I protein in mossy fiber 
synaptosomes isolated from the hippocampus following kainic acid. 
Immunocytochemistry using the same synaptotagmin I specific monclonal 
antibody revealed a reduction in synaptotagmin I immunoreactivity in the 
piriform cortex and hippocampus 24 hours following kainic acid. The results 
of the present study demonstrate that there is a specific decrease in 
synaptotagmin I mRNA and protein in the hippocampus and piriform cortex 
following KA-induced seizures in the rat.
Supported by the Medical Research Council of Canada.

838.6
INHIBITORY LOSS PRECEDING DEVELOPMENT OF 
AFTERDISCHARGE: COMPARISON OF KAINIC ACID AND 
PILOCARPINE EPILEPSY MODELS. C.A. D’Souza, M. Michael, C.J. 
Douglas, R. Shin, M. Tran, and N.W. Milgram. University of Toronto at 
Scarborough, Division of Life Sciences, 1265 Military Trail, 
Scarborough, Ontario, Canada, M1C 1A4.

Disruption of neural inhibition is widely believed to precipitate the 
development of epileptic seizures. The evidence in support of this 
hypothesis, however, is largely indirect. To establish a direct link, it is 
necessary to show that changes in inhibition precede the occurrence of 
seizures. We have developed a protocol for doing this with rats chronically 
implanted with stimulation electrodes in the perforant path and recording 
electrodes in the dentate gyrus. Rats were stimulated with repeated pulse 
pairs at an intensity 2/3 of the maximum population spike amplitude. We 
monitored early inhibition (20-30ms), facilitation (45-90ms), and late 
inhibition (200-300ms). To test for the temporal relationship between these 
processes and seizures, animals were administered a program of 
stimulation immediately following a systemic injection of either kainic acid or 
pilocarpine. Kainic acid led to a progressive loss of early inhibition prior to 
the first afterdischarge. Pilocarpine, however, did not have a consistent 
effect on the early phase of inhibition. There were no differences between 
groups with respect to facilitation and late inhibition. These results suggest 
that different mechanisms underlie the onset of pilocarpine and kainic acid 
induced ictal activity. However, they don’t permit any general conclusions 
about the role of inhibitory loss in the development of epilepsy.

Supported by NSERC, Canada.

838.7
ASSESSMENT OF POTENTIAL TEMPORAL LOBE EPILEPSY- 
ASSOCIATED CHANGES IN GABAERGIC FUNCTION IN RAT

NEOCORTICAL NEURONS.
M. D^.Shumate*1, P, P. Lin2, P. A. CQulter!:.2:..^- Depts. of Physiology1, 
Pharmacology and Toxicology2, and Neurology3, Medical College of Virginia., 
Virginia Commonwealth University, Richmond, VA 23298

We have characterized significant functional alterations in GABAa - 
mediated responses in the hippocampus (HC) associated with the 
development of temporal lobe epilepsy (TLE) in the rat pilocarpine (PILO) 
model (Gibbs et al., J. Neurophysiol. 77 (4), 1997). Seizures in these PILO 
rats originate in HC, but rapidly generalize to and activate neocortex. In the 
present study, GABAergic function in neocortex was examined to assess 
whether epileptogenic alterations similar to those seen in HC were evident. 
Epileptic rats were prepared by PILO injection 2-17 weeks prior to use 
(Mello et al.. Epilepsia 34, 1993). All animals employed were epileptic, and 
were seizure free for 24 hours prior to recording. In whole cell recordings of 
GABA responses, neocortical neurons isolated from epileptic rats showed no 
difference in GABA maximal efficacy and potency (1114 pA and 22.0 //M 
respectively, n= 18) compared to controls (1015 pA and 14.0//M, n = 20).
In addition, no difference in clonazepam augmentation of GABAa  responses 
was evident between groups (106.8 ±21.3%, n = 26 control vs.
105.7 ± 12.2%, n = 24 epileptic). These data suggest that epilepsy- 
associated changes in inhibition may be confined to the seizure focus in this 
rat PILO TLE model. Supported by: NIH NINDS Grants NS 32403, NS 
31000.

838.8
EPILEPSY-ASSOCIATED ALTERATIONS IN THALAMOCORTICAL GABAa  
RECEPTOR SUBUNIT mRNA EXPRESSION IN THE PILOCARPINE (PILO) 

MODEL OF TEMPORAL LOBE EPILEPSY (TLE).
T.Y, Rikhter*1. Y.-F, Zhang1. M.P, Shumate2. T.A, Morris1. R.E, Blair3. R.J.
DeLorenzo1,3, and D.A. Coulter1,2,3. Depts. Neurologyd), Physiology (2), 
Pharmacology and Toxicology (3), Medical College of Virginia, Virginia 
Commonwealth University, Richmond, VA 23298.

In human TLE, seizures originate in the limbic system and rapidly 
generalize to and activate the thalamocortical (TC) system. We have 
identified epilepsy-associated alterations in GABAa  receptor (GABAa R) 
function in the hippocampus of PILO animals (Gibbs et al. J. Neurophysiol. 
77 (4), 1997) and were interested to see if similar GABAa R alterations in the 
TC system might facilitate generalization of seizures. The present study 
examined the levels of expression of mRNA encoding the a1 and y2 
GABAa R subunits in 3 brain regions: thalamic ventrobasal complex (VB), 
perirhinal cortex (PRC) and neocortex (CTX), comparing PILO treated 
epileptic and control animals. Total RNA from these regions was slot blot 
hybridized with radiolabelled cDNA probes specific for rat a1 and y2 
GABAa R subunits. Phosphorimaging of these blots was employed for 
quantitative analyses. A TLE-associated reduction in a1 mRNA was found in 
PRC (to 53% of control, n = 5). In VB, expression of both a1 and y2 mRNAs 
was increased in PILO animals (120%, n = 10 and 110%, n = 12, 
respectively). No substantial changes in expression of y2 mRNA were 
detected in PRC and CTX of PILO animals (104%, n = 7, and 99%, n=13, 
respectively) and in a1 mRNA expression in PILO CTX (95%, n = 10). 
Changes in expression of two crucial GABAa R subunit mRNAs in VB and 
PRC may affect GABAa R function, and could contribute to TLE excitability 
alterations. Supported by: NIH NINDS Grants NS 31000 and NS 23350.

838.9
EPILEPSY-ASSOCIATED ALTERED NMDA RECEPTOR VOLTAGE-
DEPENDENCE IN HYPEREXCITABLE HIPPOCAMPAL CULTURES.

D, D, Lin*1, M.P, Shumate2. S, Sombati3. R.J, DeLorenzo1,3, D, A.
Coulter1,2,3, Depts. Pharmacol.& Toxicol1., Physiology2, and Neurology3, 
Medical College of Virginia, Richmond, VA 23298.

Temporal lobe epilepsy is associated with marked changes in 
neurotransmitter receptor function. NMDA receptors may be crucial for 
initiating the synchronous firing that constitutes a seizure. One key feature 
of the NMDA receptor is the voltage-dependent blockade of the channel by 
Mg2+. In this study, possible epilepsy-associated changes in the voltage- 
dependence of the NMDA receptor were studied in a rat hippocampal 
culture model of epilepsy(Sombati & DeLorenzo, J. Neurophysiol. 73 (4), 
1995). Cultured neurons were exposed to a Mg2+-free medium for 3 hrs. 
After return to normal medium, the cultures displayed spontaneous 
seizure-like firing activity which persisted for the life of the culture (> 1 
week). Using whole-cell patch clamp, ramp I VS were recorded during 
NMDA exposure (100 pM). Epileptic neurons showed a significantly more 
depolarized Mg2+ unblocking potential (-22.5 ±1.8 mV, n = 33) compared to 
controls (-32.5 ±2.7 mV, n = 30, p< 0.005, t test). In epileptic neurons, 
42.4% unblocked between 0 and -20 mV, 51.5% between -20 and -40 mV, 
and 6.1 % between -40 and -60 mV. This differed from control neurons, 
where 26.7% cells unblocked between 0 and -20 mV, 40.0% between -20 
and -40, 26.7% between -40 and -60 mV, and 6.7% unblocked at 
potentials less than -60 mV. Maximal NMDA-activated inward current 
amplitudes were not statistically different in control and epileptic neurons 
(780±74.1pA and 645 ±70.6 pA, respectively). This altered voltage- 
dependence of NMDA receptors in epileptic neurons may be 
neuroprotective, since it will reduce activation of NMDA receptors at 
hyperpolarized potentials. Supported by NIH NINDS Grants NS-31000 and 
NS-23350.

838.10
Selective loss of GABAergic inhibition in the apical dendrites of CA1 
pyramidal neurons in temporal lobe epilepsy.
C. Bernard, M. Esclapez, F, Agid*, Y. Ben-Ariand J.C. Hirsch.
INSERM U29,123 Bid de Port-Royal. Paris, France.
Two fundamental features are thought to underlie epileptogenesis in 
human.temporal lobe epilepsy (TLE) and its animal models: an impairment 
of GABAergic inhibition, and/or an increase of the excitatory drive on 
principal cells. We have addressed the former issue in the CA1 area of 
hippocampal slices from pilocarpine or kainate treated rats with 
spontaneous recurrent limbic seizures. Patch clamp recordings of somata 
and apical dendrites of pyramidal neurons were performed using Caesium 
Gluconate with low chloride as the pipette solution. Neurons and 
recording sites were identified post hoc. Spontaneous GABAergic 
currents (sIPSCs) were recorded at the reversal potential for glutamatergic 
currents (+20 mV). The frequency of sIPSCs in the soma was identical in 
control and TLE. However, the frequency of sIPSCs in apical dendrites 
was reduced by 50% in TLE as compared to control. This partial loss of 
dendritic inhibition was morphologically correlated to the specific 
degenerescence of dendritic projecting interneurons located in Stratum 
Oriens, as revealed by GAD mRNA in situ hybridization. On the other 
hand, the relative preservation of the density of GABAergic terminals in 
the pyramidal cell layer is consistent with the apparent persistence of the 
spontaneous perisomatic inhibitory drive. We suggest that the complete 
reversal of the balance between excitation (see Esclapez et al) and 
inhibition in the dendrites of pyramidal cells is a major factor for 
epileptogenesis.
Supported by INSERM. E-Mail: bernard@u29.cochin.inserm.fr

Society  for  Neuroscience , Volume  23,1997



2158 EPILEPSY: BASIC MECHANISMS IV WEDNESDAY PM

838.11
Enhanced glutamatergic excitatory drive in the dendrites and 
aomata of CA1 pyramidal neurons in epilepsy.
M Esc.iapgzL J,C. Hirsgh^ajAjasgandten^Y.^ Bernard.
INSERM U28,123 Bid de Port-Royal. Paris, France.
Two fundamental features are thought to underlie epileptogenesis in human 
temporal lobe epilepsy (TLE) and its animal models: an impairment of 
GABAergic inhibition, and/or an increase of the excitatory drive on principal 
cells. We have addressed the latter issue in the CA1 area of hippocampal 
slices from pilocarpine or kainate treated rats with spontaneous recurrent 
limbic seizures. Biocytin-filled pyramidal neurons exhibited a profuse 
sprouting of their axonal collaterals, that invaded stratum oriens, the 
pyramidal cell layer and stratum radiatum. Many axonal varicosities 
(presumed boutons en passant) were observed in close apposition with 
somata and proximal dendrites of unlabelled pyramidal neurons 
suggesting the formation of synaptic contacts. Dendritic and patch clamp 
recordings from these pyramidal neurons revealed a massive increase of 
excitatory inputs, t - The frequency of spontaneous glutamatergic currents 
was increased five fold in the somata and the dendrites of these epileptic 
neurons as compared to age-matched controls. TTX abolished all 
spontaneous glutamatergic currents, indicating that the increased excitatory 
drive in the somata and dendrites was action potential dependent and 
network driven. 2- Synchronized spontaneous paroxysmal bursts were 
observed in simultaneous recordings from the soma of one pyramidal cell 
and the dendrite of another one. 3- Focal electrical stimulation of the alveus 
or of the subiculum evoked graded bursts in the somata and dendrites of 
pyramidal neurons located close to the subiculum. These observations 
provide evidences that the axon collaterals of CA1 pyramidal neurons 
sprout and suggest that they establish functional glutamatergic 
neosynapses on the somata and dendrites of other pyramidal cells. 
Supported by INSERM. E-mail: esclapez@u29.cochin.inserm fr

838.12
STUDIES OF INTERNEURONAL NETWORK MATURATION IN 
THE MOUSE HIPPOCAMPUS. Kto  L, SmiOuand John.Swann*- The 
Cain Foundation Laboratories, Department of Pediatrics, and Division of 
Neuroscience, Baylor College of Medicine, Houston, Texas 77030

Neurophysiological studies were undertaken to examine the presence and 
features of intemeuronal networks in the developing mouse hippocampus. Slices 
were prepared from three week old mice. Activity generated in hippocampal 
pyramidal cells by intemeuronal networks was isolated by bath application of the 
ionotropic glutamate receptor antagonist CNQX (10/^M) and APV (20/^M). 
Activity within networks was promoted by 4AP (5CfrzM). Extracellular field 
recordings for the CAS pyramidal cell body layer revealed large (0.5-3.5 mV), 
prolonged (0.5-2.5 sec) field potentials consisting of a brief positive followed by a 
more prolonged negative potential. A dramatic asynchronous discharging of 
action potentials rode the envelop of these events, which occurred spontaneously 
in an all-or-none like manner. Simultaneous intracellular recordings at resting 
membrane potential showed individual pyramidal cells underwent a complex 
triphasic event. This consisted of an initial brief hyperpolarization followed by a 
large prolonged depolarization which was followed by a long lasting 
hyperpolarization. Bath application of GABAa  receptor antagonist blocked the 
first two components. The prolonged hyperpolarization was sensitive to GABAb  
receptor antagonists. These results suggest that in the developing hippocampus 
of mice, networks of GABAergic intemeurons exist and are capable of producing 
complex responses in pyramidal cells. The predominate depolarizing component 
of these events appears to be unusually intense in developing hippocampus.

Supported by NIH Grants NS18309 and NS 11535

838.13
SIMPLE MATH MODEL OF SYNAPTIC INHIBITION AND ITS EFFECT ON 
NEURONAL EXCITABILITY. K. Uruno*. 3rd Dept. of Internal Medicine, 
Yamagata Univ. Sch. of Med., Yamagata 990-23, Japan.

In order to examine effects of feedforward synaptic inhibition on the neuronal 
excitability, we employed a simple mathematical model based on our previous 
study (K. Uruno, in "The Hippocampus: Functions and Clinical Relevance", Ed: N. 
Kato, Elsevier Science, 1996). In our model, response of a neuron to the synaptic 
input is expressed as a logistic function. Once depolarized, the membrane potential 
decays exponentially and there would be a summation of depolarization if another 
input arrives at a short interval. Either capacitance of the membrane or 
inactivation of ion channels is not considered. Feedforward synaptic inhibition is 
expressed as a constant which would change the threshold of neuronal firing. 
Feedback inhibition is implemented as a function of neuronal output which would 
in return suppress the neuron with a delay. The effects of two types of synaptic 
inhibition on the firing pattern of the neuron was examined by varying the strength 
of inhibition, and by feeding the model neuron with different input pattern, i.e., a 
random noise, a sine curve or a digital pattern (a low of 1 and 0). It was suggested 
that the feedback inhibition alone could not shut down the neuron, it would have 
little effect on the neuronal firing if the feedforward inhibition is strong, and the 
feedback inhibition might be functioning as a kind of safety valve keeping the 
neuron from bursting. On the other hand, the feedforward inhibition may play a 
major role in controlling, the neuronal excitability, which would be important for 
sparse coding of the neural signal. In regard to the seizure development, a decrease 
in the feedforward inhibition could be the key factor since it would cause a short 
burst of the neuron. If this happens in the dentate granule cells, the burst, even if a 
short one, could be amplified by the CA3 pyramidal cells resulting in a seizure-like 
activity of the CAI pyramidal cells.

838.14
DNA FRAGMENTATION IN THE RAT AMYGDALA FOLLOWING KAINIC 
ACID INDUCED STATUS EPILEPTICUS. K, Lukasiuk, J. Tuunanen, T. Halonen* 
and A. Pitkanen. A.I. Virtanen Institute, University of Kuopio, Kuopio, Finland.

There is growing evidence that the amygdaloid complex is involved in the 
pathophysiology of temporal lobe epilepsy. Degeneration of the amygdala has been 
shown in epileptic patients as well as in animal models of epilepsy, but little 
information is available about the distribution and molecular mechanism of seizure 
evoked amygdala damage. Here we present data on the distribution of DNA- 
fragmentation (one of markers of apoptotic cell death) in different amygdala nuclei 
in the kainic acid model of temporal lobe epilepsy.

Rats were injected with kainic acid (KA; 9mg/kg) and perfused 1, 2, 4, 8, 16, 24 
or 48 h after injection. Coronal sections of the amygdala were processed for TUNEL 
(in situ DNA end labelling). DNA fragmentation was progressive and showed 
nucleus-specific distribution. Typically TUNEL-positive cells were not found until 8 
hours after KA injection, when labelling was detected mainly in the parvicellular 
division of basal nucleus, accessory basal nucleus, posterior cortical nucleus and 
amygdalohippocampal area. Few TUNEL-positive neurons were found also in the 
medial and lateral nuclei. Sixteen hours after KA injection, clear labelling was found 
also in the anterior cortical nucleus, lateral nucleus (medial division most affected), 
intermediate division of basal nucleus, periamygdaloid cortex and also in the less 
affected central nucleus. At later time points, similar pattern of DNA fragmentation 
was observed but more TUNEL-positive cells were found mainly in 
amygdalohippocampal area, periamygdaloid cortex, medial and cortical nuclei.

Our data support previous finding, that KA evoked status epilepticus causes 
amygdala damage in nucleus-specific manner and suggest that apoptosis may be 
involved in amygdala degeneration.

Supported by The Academy of Finland and The Vaajasalo Foundation

838.15
STATUS EPILEPTICUS RESULTS IN ACUTE INHIBITION OF CAM KINASE II 
ACTIVITY AND BENZODIAZPINE BINDING IN CORTICAL TISSUE. S.B. Chum*,
L.P. Kochan and R.J. DeLorenzo. Department of Neurology, Medical College of 
Virginia. Richmond, VA 23298.

Status Epilepticus (SE) is a clinically important condition characterized by repeated or 
sustained seizure activity. Unlike typical seizures, SE is not self-limiting and has a high 
mortality rate if not treated. At present, little is known about the cellular mechanisms 
which underlie SE. Gamma-amino-butyric acid (GABA) is the primary inhibitory 
neurotransmitter in the cerebral cortex. Alteration of GABAergic tone has been shown 
to result in increased neuronal excitability. GABAergic tone has been shown to be 
modulated by phosphorylation. Calcium/calmodulin-dependent kinase II (CaM kinase 
II) is an important calcium-regulated neuronal enzyme that has been shown to regulate 
neurotransmitter-gated ion channels. In addition, CaM kinase II activity has been shown 
to be down regulated in models of increased neuronal excitability and neuronal cell death. 
Therefore, we initiated studies to determine the acute effect of SE on both CaM kinase 
II activity and benzodiazepine binding in crude cortical synaptic membranes. SE was 
induced by i.p. injection of 350 mg/kg of pilocarpine. Some rats received an i.p. bolus of 
MK-801 (4 mg/kg) 20 min prior to pilocarpine. All rats developed seizure activity within 
20 minutes and allowed to progress for 1 hr. Rat brain tissue was obtained by rapid 
decapitation and homogenization into 0.32 M sucrose buffer. P-2 fractions were isolated 
by standard techniques and studied for endogenous CaM kinase II activity and 
flunitrazepam (FNZ) binding. SE resulted in a 30% inhibition of endogenous CaM kinase 
II activity that was protected by MK-801 pretreatment. SE resulted in 31.7% decrease 
in FNZ (p < 0.01, n = 9). The effect of SE was modulated by pretreatment with MK-801 
(83.1% of control binding, n = 5). The FNZ binding in MK-801 pretreated animals was 
not significantly different from control binding. The results of this study demonstrate that 
SE results in a significant inhibition of both CaM kinase II activity and benzodiazepine 
binding in cortical tissue. R01-NS23350, P01-NS25630.

838.16
PERSISTENT SPONTANEOUS INTERICTAL EPILEPTIFORM DISCHARGES IN 
VITRO FOLLOWING STATUS EPILEPTICUS. A. Rafiq. S. Sombati, A. Rice. T.A. 
Morris*. and R. J. DeLorenzo. Dept. of Neurology, Medical College of Virginia/Virguiia 
Commonwealth University, Richmond, VA 23298

Spontaneous interictal spikes (SISs) are detected in EEG of patients with complex 
partial seizures and have been noted in some animal models. We used the pilocarpine model 
of chronic seizures to study the mechanisms promoting expression of spontaneous activity 
in the combined hippocampal-entorhinal cortical (HEC) slice (Rafiq et al., J. 
Neurophysiology 70: 1962, 1993). Extracellular and intracellular recordings were done 
simultaneously in CA3, CAI, Dentate Gyrus, and Entorhinal Cortex (layer II) in HEC slices 
from rats that developed status epilepticus following pilocarpine injection (350mg/kg) and 
exhibited spontaneous recurrent seizures after a mean latency of >7d. In all pilocarpine 
HEC slices SISs were synchronized throughout the slice. No SISs were observed in control 
slices. Two major type of SISs were observed. The first type consisted of multiple 
population spikes lasting 250 ± 50 ms, recurrent at 0.2 ± 0.5 Hz. With intracellular 
recordings in CA3 this interictal activity was found to be preceded by a series of 
depolarizations increasing in amplitude and duration culminating in a large interictal burst 
(30-50 mV) with high frequency spikes of long duration (250 ± 50 ms). The second type 
had a steady bursting pattern with each discharge consisting of one population spike. The 
intracellular recordings in CA3 revealed this type of activity to be of shorter duration (150 
± 60 ms) with a rate of 2 ± 0.2 Hz. These interictal epileptiform discharges were refractory 
to APV (100^M), CNQX (20//M), Phenytoin (1//M), and Diazepam (1/yM). The results 
demonstrate that spontaneous epileptiform discharges are prominent in HEC slices from 
epileptic animals and that this preparation can serve as a powerful model for studying 
epileptogenesis. This work was supported by R01-NS23350, P01-NS25630.
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838.17
STATUS EPILEPTICUS PRODUCES INCREASED STIMULATION-INDUCED 
SEIZURE ACTIVITY IN RAT HIPPOCAMPAL NEURONS. S, Sombati*. A. Rafiq. A. 
Rice and R. DeLorenzo, Dept. of Neurology, Virginia Commonwealth University, 
Richmond, Va. 23298

The injection of pilocarpine (PELO) produces status epilepticus (SE) in rats (Turski 
et al. 1984) and serves as a chronic model of epilepsy for the study of epileptogenesis and 
the consequences of repeated seizures. We are interested in investigating such a mechanism 
using the combined hippocampal-entorhinal cortical (HEC) slice (Rafiq et al., J. 
NeurophysioL 70:1962,1993). Animals with more than 2 episodes of recurrent spontaneous 
seizures following pilocarpine induced SE were used for this study. With extracellular 
recording electrodes in CA1, CA3, Dentate Gyrus and Entorhinal Cortex, stimulus trains 
apphed to Schaffer collaterals at 7-10 min intervals caused afterdischarges (5-15s duration) 
which often progressed to self-sustaining epileptiform activity (SEA)(0.2-5 Hz). In some 
slices the SEA was interspersed by large interictal bursts at 10-2 5 s interval, and eventually 
triggered recurrent spontaneous ictal-like discharge (10-15 s duration) every 40-60s. Such 
activity was not present in control age-matched rats. Intracellular recordings using whole-cell 
configuration from pyramidal and intemeurons in CA 1 or CA3 areas revealed 
synchronous activity of pyramidal neurons with extracellular spike activity. During spike 
afterdischarges epileptiform bursting acti vity (30-40 bursts) on top of a large depolarization 
(30-40 mV.5-12 sec) was present. Ictal-like discharges (10-20 second) were also observed 
(30-65 epileptiform bursts). Intemeurons showed various patterns of responses with the 
activities observed extracellularly. These findings demonstrate enhanced limbic 
epileptogenesis in vivo following status epilepticus, and may provide a valuable tool with 
which to elucidate the mechanisms underlying the epileptogenic effect of status epilepticus. 
Supported by R01-NS23350, P01-NS25630.

838.18
STATUS EPILEPTICUS PRODUCES ACUTE AND LONG-TERM ALTERATIONS 
IN CAM KINASE II ACTIVITY. L.D. Kochan1’, S,JB„ Churtf, A-C. Ric£ and R.J. 
DeLorenzo12, Departments of Pharmacology and Toxicology1 and Neurology2, Medical 
College of Virginia, Richmond, Virginia 23298.

Multifunctional Ca27calmodulin-dependent protein kinase II (CaM kinase II) is an 
important neuronal enzyme dedicated to the phosphorylation of many proteins, including 
proteins involved in neurotransmitter release and synthesis as well as modulation of 
receptor function. The pilocarpine model of status epilepticus (SE) has been well- 
characterized and is a model of limbic epilepsy. Studies were initiated to determine the 
effects of SE, in the pilocarpine model, on CaM kinase II activity immediately following 
SE and at several other time points. Four groups were studied: (1) pilocarpine-induced 
SE, (2) pilocarpine-induced SE with MK801 pretreatment to prevent the occurrence of 
SRSs (3) MK801 treatment and (4) saline control, each at 3 time points: (1) one hour 
following seizure activity (SE), (2) one week following SE (prior to onset of SRSs) and
(3) six weeks following SE (following the onset of SRSs). Sprague-Dawley rat brains 
were removed by rapid decapitation and subregions (cortex, hippocampus, thalamus, 
cerebellum) were dissected for assay of CaM kinase II activity using subregional 
homogenates. CaM kinase II activity was assayed using two measures: (1) substrate 
phosphorylation and (2) endogenous phosphorylation. The results for acute, short-term 
and long-term conditions will be presented. Long-term studies showed decreases in CaM 
kinase II activity, compared to control, in cortical and hippocampal homogenates isolated 
from SE rats with a history of SRSs. However, pretreatment with MK801 inhibited the 
long-term decrease in CaM kinase II activity. These results suggest that SE induces 
permanent decreases in CaM kinase II activity in select brain regions and that this 
decrease in enzyme activity may contribute to the long-term plasticity changes seen in 
this model of limbic epilepsy. This work was supported by R01-NS23350, P01-NS25630.

838.19
ANTI-FIBRONECTIN ANTIBODY REDUCES SYNAPTOGENESIS 
OF THE CORTEX AFTER STATUS EPILEPTICUS. L S.CHEN*. 
Div. of Neurology, Childrens Hospital Los Angeles, Univ. of Southern 
California, Los Angles, CA 90027.

Fibronectin (FN), an extracellular matrix molecule, influences axonal growth 
and synapses formation in the developing brain. Re-expression of FN after brain injury 
may promote aberrant neural sprouting which is one of the mechanisms underlying 
epileptogenesis in the brain area with neuronal loss.

Experiment 1: Kainc acid (KA, 10 ug / 2 ul) was unilaterally injected into 
striatum of adult rats. Brains were processed for synaptophysin (SNP) and FN 
immunohistochemistry at 1 day (n=4), 3 days (n=6) and 7 days (n=6) after KA injection. 
Experiment 2: Rats were given intraventricular (IV) anti-FN antibody (FN-Ab, n=5) or 
rat serum (RS, n=7) by osmotic pump for 7 days after KA injection, and were sacrificed 
for SNP immunostaining. The Mean + 3 SD of optical density of the contralateral cortex 
from 6-9 brain sections of each rat was used as background. The percentage of cortical 
area ipsilateral to KA injection with immunoreactivity (ir) greater than background was 
compared among groups of rats.

Intrastriatal injection of KA induced status epilepticus (SE) associated with 
neuronal loss in ipsilateral deep neocortex (layer V and VI) and entorhinal cortex 
associated with an increase of SNP-ir. The progressive increase of SNP-ir was correlated 
with FN-ir. IV infusion of anti-FN antibody significantly reduced the percentage of 
cortical area with an increased SNP-ir (10.1+3.3 % in FN-Ab vs 35.2 + 6.9 % in RS, 
p=0.013).

These data demonstrated that intrastriatal KA induced SE associated with 
neuronal loss, re-expression of FN and synaptogenesis, and indicated that a resurgence 
of FN contributes to synaptogenesis of the cortex after KA - induced SE.

838.20
WIDESPREAD INCREASE IN BRAIN PROTEIN SYNTHESIS 
FOLLOWING A SINGLE ELECTROCONVULSIVE SHOCK. Dt 
Koubi, A. Gharib, V, Leviel*, P. Bobillier and N. Sarda. Lab.of 
Molecular Neuropharmacology, CNRS, UMR 5542, Fac..Med. Laennec, 
Lyon, FRANCE.

Marked transcriptional activation of several genes concomitant with 
protein synthesis inhibition have been reported immediately after 
electroshock-induced seizures. Since proteins represent the molecular basis 
of the long-term adaptative neurochemical processes, we examined local 
rates of brain protein synthesis in freely-moving rats during the post-ictal 
recovery period following a single electroconvulsive shock (ECS), by 
using the quantitative autoradiographic method with L (35s) methionine as 
a tracer. One group of adult male rats (n=7) received a single ECS via 
earclip electrodes (50 mA sinusoidal current for a duration of 3 s), a 
second group (n=6) of unshocked rats served as control. The results show 
that, 4.5 hours after the delivery of a single ECS, plasma methionine 
incorporation rates into proteins were significantly increased (Student t 
test; p<0.01) in all the 35 analyzed brain structures (from 18% in the 
magnocellular part of the paraventricular nucleus to 21% in the locus 
coeruleus, 40% in the amygdala and 50% in the ventromedial 
hypothalamic nuclei) as compared to control animals. The response was 
marked in the hippocampal granular layer of the dentate gyrus (+40%) 
also, where numerous candidate plasticity-related genes have been found 
to be expressed after seizures. These results suggest that the widespread 
increase in brain protein synthesis may be involved in the long-lasting 
functional changes following ECS. The characterization of newly 
synthetized proteins by a quantitative two-dimensional gel electrophoresis 
should provide new insights into these complex molecular events.
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839.1
PRESYNAPTIC GABAb INHIBITION OF MONOSYNAPTIC IPSCs AND 
FIELD EPSPs in CA1 WAS DECREASED AFTER PARTIAL 
HIPPOCAMPAL KINDLING. C. Wu* and L. S. Leung, Dept. Physiology 
and Clin. Neurol. Sci., Univ. Western Ontario, London, ON N6A5A5.

Baclofen was used to directly activate GABAb receptors in hippocampal 
slices in vitro following partial hippocampal kindling in rats (15 
afterdischarges evoked). In a medium with NMDA and non-NMDA 
glutamate antagonists, monosynaptic GABAA-mediated inhibitory postsynaptic 
currents (IPSCs) in CA1 neurons were recorded (with QX-314 in the 
micropipette) following stimulation of stratum radiatum. Baclofen (10 pM in 
the bath) reduced the IPSC peak amplitude by 77+3% in control neurons, 
significantly more than the 56+5% in neurons 1 day after kindling. Paired- 
pulse depression (PPD) was larger in control than kindled neurons, and 
baclofen (or GABAb antagonist CGP35348 at 1 mM) decreased PPD 
significantly only in control neurons. In a normal medium, 10 juM baclofen 
reduced the slope of the field EPSPs (in str. radiatum) by 67±4% in control 
slices, significantly more than 56+5% in slices 1 day after kindling; similar 
results were found on day 21 after kindling. In conclusion, partial 
hippocampal kindling induced a downregulation of the presynaptic GABAb 
receptors on inhibitory (GABAergic) and excitatory (glutamatergic) terminals. 
The decrease in GABA autoinhibition may stabilize the postsynaptic neurons 
and prevent further seizures. In particular, we have shown that primed-burst 
induced long-term potentiation in CA1 was suppressed in kindled as compared 
to control slices 1 day after hippocampal kindling (Supported by NS25383, 
NSERC and LHSC grants).

839.2
CHANGES IN THE EXPRESSION OF THE NMDA R1 (NR1) ISOFORM 
CONTAINING THE EXON 22 SPLICE CASSETTE IN THE KINDLED 
HIPPOCAMPUS.
M. Rizzi1, A. Vezzani1, P, Tarroni, M. Tamburin* and L. Benatti. ‘istituto di 
Ricerche Farmacologiche Mario Negri, Milano and Pharmacia & Upjohn, CNS 
Research, Nerviano Italy.

Various evidence suggests that the NMDA subtype of glutamate receptors 
participates in the expression of the increased neuronal excitability of the kindled 
hippocampus. The functional and pharmacological properties of this receptor are 
altered in kindling and this may result from changes in the expression of spliced 
isoforms of the NR1 gene leading to different subunit combinations. We previously 
found that the NR1 isoform containing the first carboxy-terminal splice cassette 
(exon 21) was significantly reduced in fully kindled rats while the splice variants at 
the N-terminal domain (exon 5) did not change. We extend this study by examining 
the expression of the mRNA of the splice isoform containing exon 22 (C22) and the 
related protein using quantitative RT-PCR and Western blot analysis. We found a 
50% reduction (p<0.01) of mRNA levels encoding the NR1/C22+ isoform in the 
stimulated hippocampus one week but not 24 h after stage 5 seizures compared to 
sham- stimulated rats. A similar reduction was found in the corresponding protein 
level in the stimulated hippocampus while a 20% decrease (p<0.01) was observed 
in the contralateral ares. No changes were observed in the Pan NR1 mRNA and the 
related protein 24h and one week after kindling completion. The reduction in the 
expression of NR I transcript containing exon 22 and its related protein together 
with our previous findings on exon 21, indicates that changes in alternative 
splicing of NR1 transcript occur in kindling and may generate receptors with 
different functional properties.

Supported by a grant from the PNR/Neurobiologia (MURST-Italy).
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839.3
INTRAHIPPOCAMPAL INJECTION OF TRH PRODUCES
ANTICONVULSANT EFFECTS IN AMYGDALA KINDLED RATS 
R.-O. Wan*, E.C, Noguera and S.R.B, Weiss Biological Psychiatry 
Branch, NIMH, Bethesda, MD. 20892

Thyrotropin-release hormone (TRH) has been implicated as an important 
neuromodulator in epilepsy. Seizures elevate the expression of TRH mRNA and TRH 
content in several limbic and cortical areas; an effect that is quantitatively related to the 
number of stimulations and stage of the seizure. The hippocampus (HIP) is one of the 
prominent limbic regions showing altered TRH expression, content, and receptors 
following seizures induced by either kindling or electroconvulsive shock. Previous 
pharmacological studies have revealed modest anticonvulsant effects of peripherally 
administered TRH or its analogues, and a recent study by Kubek and colleagues (1996) 
demonstrated that intra-amygdaloid TRH can slow the development of amygdala 
kindling and decrease the seizure duration once generalized seizures occurred. In the 
present study, we examined the anticonvulsant effects of intrahippocampal injection of 
TRH on amygdala kindled seizures. Rats were implanted with an electrode in the left 
amygdala and four guide cannulae in the HIP, aimed at the dorsal dentate gyrus (DG) 
and ventral DG, bilaterally. Rats were kindled with electrical stimulation (100 Hz, 1 
ms pulsewidth for 0.5 sec) and afterdischarge (AD), seizure duration (SD), and seizure 
stage (SS) were recorded. TRH was infused into each of the four cannulae of freely 
moving rats at doses of 0 (PBS), 1.25, 2.5, and 5 gg/site. Five min after the last 
infusion was completed, the rats received electrical stimulation. TRH reduced the AD 
and SD in a dose-dependent manner when rats were kindled with a threshold+50gA 
stimulation. At the dose of 2.5 gg/site, TRH also reduced AD and SD in rats 
stimulated with superthreshold current (800 gA). However, TRH had minimal effects 
on SS. These results support the idea that seizure-induced elevations of TRH in the 
HIP may be part of an endogenous anticonvulsant compensatory mechanism and that 
further elevations in TRH in the HIP can produce antiepileptic effects mainly by 
reducing the AD and SD.

839.4
SUPPRESSED KINDLING EPILEPTOGENESIS IN TRANSGENIC 
MICE EXPRESSING NMDA RECEPTOR SUBUNIT NR2D IN 
FOREBRAIN NEURONS J. Bengzon1*, S, Okabe2, R.D.G. McKay3 and O. 
Lindvall1 1 Section of Restorative Neurology, Wallenberg Neuroscience Center, 
University Hospital, S-221 85 Lund, Sweden; 2National Institute of Bioscience and 
Human-Technology, 1-1, Higashi, Tsukuba, Ibaraki, 305, Japan; 3Laboratory of 
Molecular Biology, National Institute of Neurological Disorders and Stroke, 36 
Convent Drive, Bethesda, MD 20892-4092, USA

Effects of altered NMDA receptor subunit composition on seizure development 
in the kindling model of epilepsy were assessed in transgenic mice expressing high 
levels of NR2D, a NMDA receptor subunit normally present at a very low level in 
the mature forebrain. Expression of NR2D under control of the alphaCaMKU 
promoter reduced the rate of amygdala kindling in two independent lines of transgenic 
mice. Transgenic animals required significantly more stimulations to develop 
generalized seizures as compared to their wild-type littermates, and the progressive 
lengthening of the epileptiform discharges, which normally occurs in kindling, was 
also suppressed in transgenic animals of both lines. In contrast, seizure threshold as 
well as latency to and duration of behavioural convulsions did not differ between 
transgenic and wild-type mice. Long-term permanence of hyperexcitability in fully 
kindled mice was not affected by overexpression of NR2D. In situ hybridisation 
analysis of NMDA receptor subunit expression demonstrated abundant NR2D 
mRNA in neurons of most forebrain regions of transgenic mice and immunoblot 
analysis confirmed the presence of high levels of NR2D protein. A compensatory 
down-regulation of NMDA receptor subunit NR2B mRNA and protein was seen in 
regions displaying high levels of NR2D. No change in NMDA receptor subunit 
NR1 and NR2A protein levels was seen in transgenic mice.

We conclude that the NMDA receptor subunit composition is a critical 
determinant in the regulation of kindling epileptogenesis

839.5
IN VIVO ADMINISTRATION OF C-FOS ANTISENSE 
OLIGONUCLEOTIDES MODIFIES AMYGDALA KINDLING.
L.....Rocha£#j|.....M... Briones*__and_ Daniel....L..... Kau-fean .
^Institute Mexicano de Psiquiatria, Mexico 14370 and
University of California, Los Angeles, CA 90095.

Repeated subconvulsive electrical stimulation of
the amygdala leads to generalized seizures and 
provides an experimental model of epileptogenesis. 
Following electrical kindling stimulation the 
expression of c-Fos is rapidly induced. To evaluate 
the role of FOS protein in epileptogenesis, we used 
and antisense oligonucleotide strategy designed to 
inhibit its expression in the brain. Experimental and 
control oligonucleotides were delivery directly to the 
amygdala just prior to electrical stimulation. 
Immunocytochemical analysis showed that the 
administration of c-Fos antisense (but not sense) 
oligonucleotides inhibited expression of FOS in the 
amygdala following electrical stimulation. 
Behaviorally, treatment with c-Fos antisense 
oligonucletides significantly accelerated the 
development of fully kindling (stage V) seizures. 
These data suggest that the increased FOS expression 
following electrical stimulation may be part of a 
protective mechanism which acts to inhibit 
epileptogenesis in amygdala.
Supported by CONACyT 3918-N9402

839.6
FLUNARIZINE REVERSES THE DECREASE IN HIPPOCAMPAL 
ACETYLCHOLINE RET EASE IN PENTYLENETETRAZOLE KINDLED 
RATS. M. Serra*, L. Dazzi, M.F. Chessa, C. Acquas and G. Biggio.
Dept. of Exp. Biol. University of Cagliari, 09123 Cagliari, Italy 

Hippocampal acetylcholine (ACh) release was evaluated with
the microdialysis technique in freely moving rats either after 
chronic administration of pentylenetetrazole (PTZ) (30 mg/kg 
three times a week for 8 weeks) or after chronic administration of 
PTZ and the calcium channel antagonist flunarizine ( 7.5 mg/kg, 
1 h before each dose of PTZ). The expression of PTZ-induced 
kindling was not prevented by administration of flunarizine. As 
previously demonstrated (Serra et al., J. Neurochem. 68, 
313,1997), basal concentration of ACh in the dialysate from the 
hippocampus of kindled rats was significantly reduced (50%) 
relative to that of vehicle-treated rats. Long term treatment with 
flunarizine before each PTZ injection prevented the decrease in 
basal ACh output in the hippocampus of kindled rats. On the 
contrary, chronic flunarizine alone induced a small but 
significant decrease of basal ACh release. Finally, tha acute 
administration of flunarizine enhanced basal Ach output. These 
data indicate a role of flunarizine in counteracting kindling- 
induced impairment of cholinergic activity in the hippocampus 
and suggest a potential use of this drug in those diseases 
characterized by reduction in cognitive processes.

839.7
ELECTRICALLY STIMULATED GABA RELEASE IN RAT HIPPOCAMPUS 
CA1 REGION IS ENHANCED IN KINDLING EPILEPTOGENESIS. M. Zuiderwiik. 
G.C. Faas*. F.H, Lopes da Silva and W.E.J.M. Ghiisen, Graduate School for the 
Neurosciences, Institute for Neurobiology, University of Amsterdam, The Netherlands.

It is still unclear how the release of GABA and its presynaptic regulation is altered 
in kindling epileptogenesis. In the present study we investigated GABA release upon 
locally applied high frequency electrical stimulations in rat hippocampal slices of 
kindled and control animals. Male Wistar rats were kindled via implanted electrodes in 
area CA1 of the hippocampus by stimulating twice a day until 7 generalised 
tonic/clonic seizures occurred. Hippocampal slices were isolated and transferred to a 
submerged recording chamber. Stimulation electrodes were positioned in the Schaffer- 
collaterals and glass electrodes were placed in stratum radiatum to monitor field 
potentials. GABA release was measured by collecting 1-min fractions of extracellular 
fluid via a small glass cannula positioned just above the dendritic layers of CAI 
pyramidal neurones and analysed by HPLC. In order to measure GABA release, the 
presence of the GABA uptake carrier blocker SK&F 89976-A (SK&F) was required. In 
control slices, GABA release was transiently increased upon 50Hz electrical 
stimulation (3s trains of 50Hz stimuli, repeated every 20s during a 4min period). Both 
low frequency (0.07Hz) and 50Hz stimulated GABA release were significantly enhanced 
(P<0.05) in kindled compared to control slices. To test whether this effect depended on 
GABA-B autoreceptors, the GABA-B receptor antagonist saclofen was added. 
Application of saclofen significantly further increased the 50Hz stimulated GABA 
release in control slices (P<0.03), but had no effect in kindled slices. We further 
investigated the contribution of both GABA tranporters and GABA-B receptors to 
GABA-ergic transmission by analysing paired pulse facilitation (PPF) of field 
potentials, at 125ms interval, under low frequency stimulation. In control slices, the 
addition of SK&F significantly decreased PPF (P<0.04). This PPF was further 
decreased by addition of both SK&F and saclofen (P<0.04). In kindled slices, neither 
SK&F, nor saclofen affected PPF. In conclusion, high frequency electrically stimulated 
GABA release is enhanced in kindling. This enhancement could be due to impaired 
function of both GABA-transporters and GABA-B receptors. (Supported by grant 903- 
53-091 of the Netherlands Organization for Scientific Research}.

839.8
SPECIFIC 3H-L-GLUTAMATE BINDING AND K+-STIMULATED 
3H-D-ASPARTATE RELEASE FROM HIPPOCAMPAL TISSUE IN THE 
DEVELOPMENT OF PENTYLENETETRAZOL-INDUCED KINDLING IN 
RATS. H. Schroeder1, A. Becker1, T.L Pazdernik2* and V. Hoellt1. 11nst, 
of Pharm. & Toxicol., Univ., D-39120 Magdeburg, 2Dept. Pharm., Tox. 
& Therap., Univ. Kansas Med. Ctr., Kansas City, KS 66160 U.S.A.

Previous studies suggest that there is an increase in the density of 
glutamate binding sites after completion of pentylenetetrazol (PTZ) 
kindling, whereas glutamate release is not altered. In this context, we 
studied both parameters in the course of development of PTZ-induced 
kindling in rats. 3H-L-glutamate binding to hippocampal membranes as 
well as the K+-stimulated 3H-D-aspartate release from hippocampal 
slices of rats given PTZ 3, 7 and 13 times up to a fully kindling state 
were investigated. After 3 PTZ injections, amino acid release from 
hippocampal tissue slices was significantly enhanced in comparison to 
controls, whereas 3H-L-glutamate binding was not altered. After 7 
injections of PTZ, specific glutamate binding to hippocampal membranes 
tended to increase, and K+-stimulated 3H-D-aspartate release from rat 
hippocampal slices was normalized. The kindled stage was reached 
after 13 PTZ injections, and it was characterized by an enhancement of 
the density of glutamate binding sites, whereas chemically evoked amino 
acid release remained unchanged. It can be concluded that amino acid 
release is increased in the early phase of PTZ kindling development, 
whereas after completion of kindling, the density of excitatory amino acid 
binding sites are enhanced. Supported by the Deutsche 
Forschungsgemeinschaft SFB 426.
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839.9
KINDLING OF SPECIFIC AMYGDALOID NUCLEI INDUCES DIFFERENTIAL 
REGIONAL EXPRESSION OF c-fos, NGFI-A, AND BDNF mRNA. M.A, 
Sitcoske*,J.B. Rosen, R.M.Post, S.R.B, Weiss Biological Psychiatry Branch, NIMH, 
Bethesda, MD 20892.

Kindling is a process whereby subconvulsant electrical stimulation is applied 
repeatedly and intermittently to select brain regions to induce a generalized seizure. 
Kindling induces changes in mRNA expression for immediate early genes and 
neurotrophic factors. We and others have shown that within the amygdala (Am), there 
are differences in the threshold for seizure induction. Moreover, each amygdaloid 
nucleus has distinct cellular morphology, neuroanatomical projections, and 
neurochemical characteristics. In this study, we investigated whether regional 
differences in expression of c-fos, NGFI-A, and BDNF mRNA would be observed 
following stimulation of distinct amygdaloid nuclei. Male Sprague Dawley rats were 
stereotaxically implanted with electrodes in the basolateral (BL), lateral or medial 
central (CeL or CeM) nuclei. They were electrically stimulated at their afterdischarge 
(AD) threshold to one motor seizure (stage 3-4) and decapitated 30 min later. 
Placements were verified histologically and in situ hybridization for c-fos, NGFI-A, 
and BDNF mRNA expression was used as marker of neuronal activation. We 
demonstrated that: 1. the threshold to elicit an afterdischarge from the BL nucleus was 
lower than that of the CeM or CeL; 2. by stimulating the CeM, but not the CeL, AD 
and seizure duration and the neurochemical manifestations of seizures were 
diminished; i.e., CeM stimulation did not induce expression of any of the probes in the 
hippocampus; 3. the regional expression of c-fos, NGFI-A, and BDNF mRNA differed 
based on stimulation site but was remarkably similar for each probe; and 4. there were 
no significant differences in expression following stimulation of the BL or CeL 
ipsilateral to the electrode; however, stimulation of BL induced a greater expression of 
c-fos mRNA in the contralateral hemisphere. These data suggest that the site chosen to 
elicit kindling is important: CeM may contain endogenous anticonvulsant properties 
that limit seizure and AD duration and the BL nucleus may be essential to recruiting 
homonymous contralateral structures. Supported by the NIMH.

839.10
PROSTAGLANDIN F2a (PGF2a) SYNTHESIS INDUCED BY KINDLED 
SEIZURE Jianving Li*. Brian P. Gilmour. James O. McNamara. Departments 
of Medicine (Neurology), Neurobiology, and Pharmacology Duke University, 
Durham, NC 27710

Kindling is an animal model of epilepsy in which periodic elicitation of initially 
subconvulsive seizures leads to life long hyperexcitability evidenced by intense 
convulsive seizures. In vivo studies demonstrate that: 1 both NMDA receptor 
activation and expression of the immediate early gene, c-fos, are required for the 
normal development of kindling; 2 NMDA receptor activation triggers the 
transcriptional activation of c-fos during kindling development. Understanding the 
signal transduction pathways linking NMDA receptor activation to c-fos expression 
may provide therapeutic targets for prevention of epileptogenesis. In vitro studies 
demonstrate that NMDA receptor induced c-fos expression in dentate gyrus neurons 
requires activation of PGF2o synthesis (Lerea et al., 1997). We therefore 
hypothesized that kindled seizures evoke synthesis of PGF2a which in turn is required 
for c-fos expression in dentate granule cells in this model. To begin to test these 
ideas we determined whether PGF2(1 synthesis is induced by kindled seizure and 
whether indomethacin, an inhibitor of cyclooxygenase, prevents PGF2a synthesis.

PGF2a sy nthesis in hippocampi was measured by radioimmunoassay. PGF2ot 
synthesis was markedly induced by kindled seizure (140.5 ± 11.5 ng/gm of 
hippocampus) compared to control (10.7± 0.9 ng/gm). Indomethacin inhibited 
PGF2a synthesis induced by kindled seizure (2.3 ± 1.5 ng/gm). Kindling itself, in the 
absence of a recently evoked seizure, did not alter the synthesis (9.8 ±1.8 ng/gm). 
Current investigations are aimed at determining whether blockade of PGF2<X synthesis 
prevents seizure induction of c-fos expression and kindling development.

Supported by NS32334 from NINDS.

839.11
BDNF HAS NO EFFECT ON PAIRED-PULSE INHIBITION, BUT 
BLOCKS PERFORANT PATH KINDLING IN CHRONICALLY 
IMPLANTED ADULT RATS. P. Osehobo*. Y, Xu, M, Sazgar. R.J Racine, 
and M, Fahnestock. Departments of Biomedical Sciences and Psychology, 
McMaster University, Hamilton, Ontario, Canada.

We have previously shown that continuous infusion of BDNF into the 
hippocampus of adult rats blocked amygdala kindling without any significant 
effect on mossy fiber sprouting. Kindling suppression might be accounted for 
by a BDNF-induced long-term enhancement of inhibitory neuron function. We 
utilized the paired-pulse paradigm to investigate this possibility. Electrodes 
were implanted in the perforant path and the dentate gyrus of adult rats. 
Standard input/output curves (10 intensities ranging from 16-1259 pA) and 
paired-pulse interpulse-interval curves (12 intervals, ranging from 20-1000 ms) 
were obtained. BDNF (1 mg/ml) infused into the hippocampus had no effect 
on the stimulus intensity function (i/o curves); there was also no significant 
effect on paired-pulse inhibition. Although BDNF has been shown to decrease 
paired-pulse facilitation in hippocampal slices, this is the first report of the 
effects of BDNF in any paired-pulse measure in the freely moving animal. To 
investigate the residual effects of the chronic BDNF infusion, we kindled the 
perforant path of adult rats beginning 10 days after the end of the BDNF 
treatment. BDNF-treated rats required 18.3 + 4.0 stimulations whereas PBS- 
treated rats required 10.3 + 2.0 stimulations to reach the fully-kindled state. 
We conclude that in vivo, BDNF blocks kindling without affecting inhibitory 
neuron function. In addition, BDNF effects can last for many days after 
cessation of BDNF administration. Funded by grants from MRC Canada and the NCR 
NeuroScience Network to RJR and MF.

839.12
NADPH-DIAPHORASE POSITIVE CELLS IN THE HIPPO-
CAMPUS AND PERIRHINAL CORTEX IN FAST AND SLOW 
KINDLING RAT STRAINS BEFORE AND AFTER KINDLING. 
J.A. Grabowski and D.C. McIntyre*. Psychology Dept., Carleton 
Univ., Ottawa, Ont., Canada, K1S 5B6

The free radical nitric oxide (NO) is believed to mediate a variety of 
signalling functions in the CNS, including neurotoxicity and 
neuroplasticity. NO is produced by the enzyme NO synthase, and can 
be visualized using NADPH-d histochemistry. In the present project, 
we determined the frequency and distribution of NADPH-d positive 
cells in the hippocampus and perirhinal cortex in two strains of rats that 
were selectively bred for their speed of amygdala kindling (FAST and 
SLOW strains). The assessment of NADPH-d positive cells included 
both baseline profiles and changes associated with amygdala kindling 
either to 6 or more than 20 stage-5 convulsions.

In the dorsal hippocampus, there was a clear difference between 
the two strains before kindling, where SLOW rats showed many more 
medium-staining NADPH-d positive hilar cells (putative intemeurons) 
than FAST rats. Following protracted amygdala kindling, significant 
increases in cell numbers were observed bilaterally in both strains. In 
the perirhinal cortex, an important area for convulsive seizures, only 
small baseline differences were observed between strains before 
kindling, but following kindling, large increases occurred ipsilaterally 
in sublayer Vb in both strains. This increase was associated with the 
pyramidal cells that often survive the neurotoxicity of status epilepticus 
and, importantly, project to the frontal motor cortex.

Supported by a NSERC grant to D.C.M.

839.13
INCREASE OF MICROGLIAL MARKERS IN THE LIMBIC SYSTEM AND 
SUBSTANTIA NIGRA OF AMYGDALA-KINDLED RATS. U. EbertL S.W. 
SchoerU* and W, LoscherL iDept. Pharmacology, Toxicology & Pharmacy, School 
of Veterinary Medicine, D-30559 Hannover, Germany, and 2Dept. Neurology, 
RWTH Aachen, D-52057 Aachen, Germany.

Limbic epilepsy is associated with a number of pathophysiological events. Recent 
studies showed that kainate application in convulsive doses results in rapid microglia 
activation in various limbic brain regions suggesting that activation of resting 
microglia is an early marker associated with limbic epileptogenesis. We were 
interested whether and where microglia activation is found in amygdala-kindled rats 
i.e. another model of limbic epilepsy. For this purpose male Wistar rats were 
implanted with bipolar electrodes into the right basolateral amygdala and 
subsequently kindled according to conventional (once daily) or rapid kindling 
protocols (n = 5 each), while another set of rats was intraperitoneally injected with 
10 mg/kg kainate (n = 5) which also resulted in generalized seizures. One week after 
the last generalized seizure, the rats were perfused, and their brains underwent 
immunohistological processing for detection of resting and activated microglia by 
MUC101, MUC102, OX6 and 0X42 antibodies. Naive (n = 3) and amygdala- 
implanted, but not kindled animals (n=5) served as controls. All kindled and 
kainate-injected animals showed massive bilateral increase of microglia staining in 
the anterior and posterior piriform cortex, the dentate gyrus of the hippocampus and 
the substantia nigra pars reticulata, i.e. regions which were reported to be important 
in the generation or propagation of complex partial seizures. The shape of microglia 
changed from the resting to the activated form. Quantitative analysis of microglial 
staining revealed a several times increase in all regions being most pronounced in the 
substantia nigra. Interestingly, the sham-treated rats showed a similar induction of 
microglia supporting recent findings of our group that electrode implantation per se 
may have a proconvulsive effect. We conclude that, like kainate-induced seizures, 
amygdala kindling causes a massive induction of microglia staining in several brain 
regions which are thought to be involved in epileptogenesis. Whether this microglia 
activation is involved in epileptogenesis or is just a response to seizure activity in the 
brain has to be answered in further studies. Supported by the DFG

839.14
THE EFFECTS OF DORSAL HIPPOCAMPAL KINDLING ON DMTP 
PERFORMANCE IN THE MORRIS WATER MAZE. D. K, Hannesson*, A. E, 
Wallace, P, Mohapel, M, S, Pollock, & M. E, Corcoran, Department of Psychology, 
University of Victoria, POB 3050, Victoria, B.C., Canada, V8W3P5.

We have previously shown that kindling of seizures from the dorsal hippocampus 
(DH) results in an impairment of spatial reference memory in the Morris water maze 
(MWM) which outlasts the acute after-effects of seizure activity. In the present study, we 
addressed the following questions: 1) Does DH kindling also impair spatial working 
memory in the MWM (as has been shown in the radial arm maze); 2) Does the 
impairment appear progressively or abruptly, accompanied by any changes in 
electrographic or behavioral seizures, and 3) Does the deficit exhibit delay-dependence? 
Rats received electrodes implanted bilaterally in CAI of DH and were trained for 6 days 
on a delayed-match-to-place (DMTP) task in the MWM. Subsequently, afterdischarge 
(AD) thresholds were determined followed by retesting on the DMTP task (two 
consecutive days of two trial-pairs at two retention intervals [10 sec and 30 min]). 
Kindling then resumed at 5 stimulations per day with DMTP retesting (as above) after 6 
ADs, 11 ADs, 16 ADs, the first stage 1 convulsion, the first stage 5 convulsion, and 10 
stage 5 convulsions. In all cases, kindling and retesting phases were separated by at least 
2 days. Performance at both delays was mildly disrupted following even the first AD. In 
the 30 min delay condition, a more severe deficit was exhibited after 16 ADs which 
reached asymptotic levels after the first stage 1 convulsion. These results show that: 1) 
DH kindling disrupts spatial working memory in the MWM, 2) the deficit is progressive 
but only up to the point when motor convulsions first appear, and 3) the deficit is, at least 
partially, delay-dependent. We conclude that this paradigm (DH-kindling and DMTP 
testing) may be useful for elucidating the mechanisms underlying kindling-induced 
mnemonic disruptions, that the neural substrates underlying the deficit and those 
underlying motor generalization differ, and that the deficit represents, at least partially, a 
direct disruption of mnemonic processes. The effects of perirhinal cortex kindling on 
DMTP performance will also be discussed. (Supported by NSERC)
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840.1
NOVEL ANTICONVULSANT MECHANISMS OF a-SUBSTITUTED 
LACTAMS: MODULATION OF GABAa  RECEPTORS AND VOLTAGE

and S.M. Rothman1. Washington University School of Medicine, St, Louis, MO 
63110; 2 University of Texas Health Science Center, Houston, TX .

'The anticonvulsant a-substituted lactam rings act at the GABAa  receptor and 
augment GABA-induced currents. As these compounds are structurally similar to 
chemical moities on the convulsant, picrotoxin, it is thought that they act either as 
inverse agonists at the picrotoxin site, or as agonists at a distinct positive modulatory 
“lactam” site. The lactams surpass previously described picrotoxin inverse agonists 
in terms of their anticonvulsant efficacy. In addition, their protective indices 
(PI=TD50/ED50) compare favorably to those of clinically used anticonvulsants. These 
compounds potentiate currents elicited by low but not saturating concentrations of 
exogenously applied GABA in cultured rat hippocampal neurons. They also 
markedly prolong the decay of autaptic IPSCs recorded in micro-island cultures. 
Since the peaks of these IPSCs are not augmented by the drugs, it is likely that the 
decay prolongation is responsible for the lactams’ in vivo anticonvulsant activity. 
Experiments with saturating GABA concentrations and benzyl,ethyl valerolactam 
rapidly (2-3 msec) applied to excised outside-out patches produced similar but not 
identical alterations of current decay, suggesting that drug modulation of inherent 
GABAa  kinetics may partially underlie their effects on IPSCs. Additionally, we have 
discovered that several anticonvulsant lactones and lactams reduce peak voltage-
gated currents elicited by a 30 msec depolarization from -60 to 0 mV. Benzyl,ethyl 
valerolactam (600 pM) elicited a 20% block of peak Na+ inward current and a 30% 
block of peak K+ outward current. Thus, in addition to their effects on the GABAa  
receptor, these drugs influence cell excitability and action potential duration. 'This 
represents another potential mechanism of anticonvulsant activity.
(Supported by PSO NS 14834 from the NIH.)

840.2
THE ANTICONVULSANT D-23129 (RETIGABINEpINN) IS EFFECTIVE IN A 
HIPPOCAMPAL SLICE MODEL OF DRUG RESISTANT EPILEPSY 
C. Rundfeldt*, V. Armand 7 and U. Heinemannk Department of Pharmacology, 
Corporate R&D, ASTA Medica Group, Arzneimittelwerk Dresden, MeiBner Str. 35, 
01445 Radebeul, FRG.; Wept, of Neurophysiology, Charite, 10117 Berlin, FRG.

D-23129 (N-(2-amino-4-(4-fluorobenzylamino)-phenyl) carbamic acid ethyl 
ester) is a broadly acting anticonvulsant currently undergoing phase II clinical trials. 
An opening effect on potassium channels, a potentiation of GABA induced currents 
and a block of GYKI 52466 insensitive kainate induced currents was found using 
patch clamp techniques in neuronal cells. The goal of this study was to investigate, if 
D-23129 can block different patterns of epileptiform discharges in the low Mg2+ 
model of the combined hippocampus and entorhinal cortex (EC) slice preparation. 
Recurrent short discharges in the hippocampus are only sensitive to valproic acid 
while seizure like events in the EC are sensitive to currently marketed anticonvulsants. 
Late recurrent discharges which develop after a series of seizures can not be 
interrupted by those agents. All pattern of activity are sensitive to NMDA receptor 
antagonist. The reason why the late recurrent discharges become resistant is currently 
not known.

D-23129 was capable of blocking all types of discharges in a dose dependent 
manner. 20 min bath application of 20 and 50pM resulted in a full block of the 
discharges in area CA1 after 14 and 7.9 min, respectively. Application of 10 pM 
yielded to a reduction of the frequency to 20.2% after 20 min. Recovery was obtained 
in all slices. The seizure like events occurring in EC were fully blocked in 7 of 7, 5 of 
7 and 1 of 5 slices treated with 50, 20 and 10 pM, respectively. The late recurrent 
discharges in EC, which are otherwise resistant to treatment, were fully blocked in 5 
of 5 and 4 of 8 slices treated for 40 min with 100 and 50 pM, respectively; with 20 
and 10 pM, a significant reduction of the activity was obtained.

The results indicate, that with D-23129 a progress can be expected in the 
treatment of patients with drug resistant epilepsy.
The work was funded by AWD GmbH,

840.3
ANTICONVULSANT ACTIVITY OF AN ADENOSINE KINASE 
INHIBITOR, GP3269, AGAINST AMYGDALA-KINDLED 
SEIZURES IN RATS. *R. F. Berman*, *B. Cortese and 2J. B. 
Wiesner. lDept. Psychology, Wayne State University, Detroit, MI 
and 2Metabasis Therapeutics, Inc., San Diego, CA 92121

The anticonvulsant effects of a novel adenosine kinase inhibitor, 
GP3269, on amygdala-kindled seizures was examined in Sprague- 
Dawley rats. Rats were kindled to Stage 5 or greater and were then 
given GP3269 at 10,20 or 40 mg/kg, p.o. Two hr later animals were 
tested for behavioral seizure severity (i.e., seizure stage) and EEG 
afterdischarge duration (AD). GP3269 significantly reduced seizure 
stage severity at 20 and 40 mg/kg compared to vehicle-treated 
controls. Afterdischarge duration was also significantly reduced at 40 
mg/kg. The animals did not appear to be markedly sedated by 
GP3269.

Treatment Vehicle GP3269 GP3269 CARB
Dose (mg/kg) 0 20 40 40
AD (sec) 75.3 ± 9 56.7 ± 9 37.7 ± 15* 25.2 ± 14*
Stage (± SE) 5.0 ± .5 3.3 ± .5* 2.1 ±.7* 1.9 ±.7*

*p<05 vs Vehicle Controls

Carbamazepine (CARB) at 40 mg/kg, p.o., reduced seizure stage and 
afterdischarge duration to a similar degree. These findings support the 
role of adenosine in modulating neural activity, and suggest that 
adenosine kinase inhibitors, such as GP3269 may be useful 
anticonvulsants, specifically against partial seizures. (Funded by 
Metabasis Therapeutics, Inc)

840.4
PROFILE OF SB-204269, A MECHANISTICALLY NOVEL 
ANTICONVULSANT DRUG, IN RAT MODELS OF FOCAL AND 
GENERALISED EPILEPTIC SEIZURES. N, Upton*, W.N, CharA 
D, Cooper, M.L, Evans, A. Rav and_T.OA_St£aii Departments of 
Neurosciences Research and ^Medicinal Chemistry, SmithKline 
Beecham Pharmaceuticals, Harlow, Essex, UK.

SB-204269 (trarzA-(+)-6-acetyl-45-(4-fluorobenzoylamino)-3,4-dihydro 
-2,2-dimethyl-27f-benzo[h]pyran-3R-ol) is the best example of a 
mechanistically novel series of compounds possessing anticonvulsant 
properties in the mouse maximal electroshock seizure threshold (MEST) 
test (Chan et al., 1996, J. Med. Chem., 39, 4537-4539). We have now 
shown that SB-204269 is an orally-effective anticonvulsant agent, at 
doses (0.1-30 mg kg"l) devoid of overt behavioural depressant 
properties, in rat models of both electrically (MEST and maximal 
electroshock) and chemically (i.v. pentylenetetrazol infusion)-evoked 
tonic extension seizures. The compound also selectively reduces focal 
electrographic seizure activity in an in vitro elevated K+ rat hippocampal 
slice model at concentrations (0.1-10 pM) that have no effect on normal 
synaptic activity and neuronal excitability.

The overall efficacy profile in rodent seizure models, together with a 
minimal liability for inducing neurological impairment and an apparantly 
unique mechanism involving a selective interaction at a novel 
stereospecific binding site present in the CNS (Herdon et al., this 
meeting), highlight the therapeutic potential of SB-204269 for the 
treatment of refractory partial and generalised tonic-clonic seizures.

Supported by SmithKline Beecham Pharmaceuticals

840.5
CHARACTERISATION OF THE BINDING OF THE NEW 
ANTICONVULSANT SB-204269 TO A NOVEL BINDING SITE IN RAT 
BRAIN MEMBRANES. H.J. HerdonL J. Jerman, W.N, Chan* T.Q, Stean 
and N. Upton. Departments of Neurosciences Research and ^Medicinal 
Chemistry, SmithKline Beecham Pharmaceuticals, Harlow, Essex, UK,

SB-204269 (frans-(+)-6-acetyl-4S-(4-fluorobenzoylamino)-3,4-dihydro 
2,2-dimethyi-2/7-benzo[b]pyran-3R-o!) shows potent anticonvulsant activity 
in a range of animal seizure models, with a lack of neurological or 
cardiovascular side-effects (Upton et al, abstract at this meeting). The 
profile of the compound suggests that it may have a novel mechanism of 
action. We now report the discovery and characterisation of a specific 
binding site for [3H]-SB-204269 in rat forebrain membranes.

Specific [3H]-SB-204269 binding is saturable (Bmax 253 ± 18 fmoles/mg 
protein, Kj 32 ± 1 nM). Kinetic studies indicate monophasic association 
and dissociation. Specific binding is widely distributed in brain, but minimal 
in a range of peripheral tissues. Binding is highly stereoselective, with a 
1000-fold difference between the affinities of SB-204269 and its 
enantiomer SB-204268. None of the standard anticonvulsant drugs 
phenobarbital, phenytoin, sodium valproate, carbamazepine, diazepam, 
ethosuximide, or the newer anticonvulsants lamotrigine, vigabatrin, 
gabapentin or levetiracefam show any affinity for the binding site. A wide 
range of drugs active at amino acid receptors, Na+ or K+ channeis or 
various other receptors do not demonstrate any affinity for the binding site.

These studies indicate that SB-204269 possesses a specific CNS binding 
site which is likely to mediate its anticonvulsant activity. This binding site 
does not appear to be directly related to the sites of action of other known 
anticonvulsant agents, but may have an important role in regulating 
neuronal excitability. Supported by SmithKline Beecham Pharmaceuticals

840.6
PHARMACOKINETICS OF Co 102862 IN RAT AND DOG PLASMA. K 
Ramu1, L Nakamura1, G. Lam1, S. Wieland2*, R. N. Puthucode3 and J. R.
Dimmock3, Depts. "of^Drug Disposition and Analytical Chemistry and
^Regulatory Affairs, CoCensys, Irvine, CA 92718, 3Dept. of Chemistry, 
University of Saskatchewan, Saskatoon, Saskatchewan S7N 5C8.

Co 102862 is a novel anticonvulsant compound exhibiting potent 
effects in the maximum electroshock (MES) and corneal kindling models in 
rats. An HPLC assay was developed for Co 102862 using 200 pL of either rat 
or dog plasma. Detection was at 290 nm and the assay was linear from 25 to 
2,000 ng/mL. The absolute percent difference in assay accuracy was <10.1%. 
The pharmacokinetics of Co 102862 was determined in rats and dogs after IV 
and PO doses. The plasma profiles suggested the presence of nonlinear 
kinetics in the elimination of Co 102862 in rats but linear kinetics in dogs. The 
compound is well absorbed in rats oraily producing a Cmax of 529 and 821 
ng/mL after 1.5 and 10 mg/kg doses, respectively. Cmax of 1204 ng/mL was 
obtained in dogs after 2 mg/kg dose. The absolute oral bioavailability was 
greater than 82% for both species. The terminal half-lives were 2.1 and 5.5 
hours after PO dosing in rats (1.5 mg/kg) and dogs (2 mg/kg) respectively. 
Six hydroxyiated metabolites of Co 102862 were found in rat plasma and 
urine.

IV
Rat

PO
Dog

IV PO
Dose, mg/kg 2 1.5 10 0.4 2

Cmax, ng/mL NA 528.57 821.05 NA 1204.3
Tmax, h NA 1.5 1.0 NA 0.5

T1/2, h 1.0 2.1 3.7 5,4 5.5
F%a NA >100 82.9 NA 94.7

3 Calculated by AUCora/AUClv normalized for dose NA = Not applicable
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840.7
ANTINOCICEPTIVE EFFECTS OF Co 102862, A NOVEL 
ANTICONVULSANT, IN TAIL FLICK AND FORMALIN TESTS IN MICE.
M, Tran*1 K. Lutfv2, Z. Xu1, R.N. Puthucode3, J. R. Dimmock3, R. M.
Woodward1. ^oCensvs. Inc.. 213 Technology Drive. Irvine. CA 92618.
2Dept. of Psychiatry and Biobehavioral Sciences, NPI-UCLA, 760 
Westwood Plaza, Los Angeles, CA 90024. 3College of Pharmacology and 
Nutrition, University of Saskatchewan, Saskatoon, Saskatchewan, Canada 
57N 5C9.

Co 102862 is a structurally novel anticonvulsant compound that has 
potent effects in maximum electroshock-induced seizure (MES) and 
corneal kindling models in rat. The mechanism of action appears to 
involve inhibition of voltage-gated Na+ channels. To investigate whether 
Co 102862 also has antinociceptive activity we assayed the compound 
using tail flick and formalin tests in Swiss Webster NIH mice. In this 
strain, the ED50 in MES assays measured at the peak of activity is 1 mg/kg 
i.p. (15 min) and 1.5 mg/kg p.o. (30 min). In the rotorod test there is no 
evidence of ataxia at 15 mg/kg i.p. or p.o. Dosing for assays of 
antinociception were designed, as far as possible, to coincide with peak 
MES activity. In the tail flick test Co 102862 (5-30 mg/kg) produced no 
changes in latencies. In the formalin test Co 102862 produced dose- 
dependent reductions in the time spent licking: the EDso’s for both early 
and late phases were between 5-10 mg/kg i.p. or p.o. Our results suggest 
that Co 102862, and related compounds, may show utility in the treatment 
of chronic pain. (Supported by CoCensys, Inc.)

840.8
Co 102862, A NOVEL ANTICONVULSANT, IS A POTENT, VOLTAGE- 
DEPENDENT BLOCKER OF VOLTAGE-GATED Na+ CHANNELS IN RAT 
HIPPOCAMPAL NEURONS. V.I Ilyin* E.R, Whittemore1, R.N. Puthucode2, 
J.R. Dimmock2, R.M Woodward 1. 1CoCensvs. Inc.. 213 Technology Drive. 
Irvine, CA 92718. ^College of Pharmacology and Nutrition, University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada 57N 5C9.

Several classes of therapeutically useful drugs, including local 
anesthetics, antiarrhythmics and anticonvulsants, are modulators of voltage-
gated Na+ channels [Catterall, Trends Pharmacol. Sci. 8:57-65 (1987)]. To 
test whether Co 102862, a novel and potent anticonvulsant, interacts with 
Na+ channels we studied its effects in acutely dissociated rat hippocampal 
neurons. We found that the drug (0.1-10 pM) inhibited Na+ currents in a 
concentration-dependent manner and that the apparent potency of inhibition 
was highly sensitive to the holding voltage, increasing with depolarization. 
Co 102862 did not affect the time course of Na+ currents, or voltage- 
dependence of activation. Both onset and offset of Na+ current inhibition 
needed a few seconds to reach steady-state. A direct correlation was found 
between the potency of the blocker and the degree of Na+ channel 
inactivation [Kuo and Bean, Mol. Pharmacol., 46:716-725 (1994)]: voltage 
dependence of the reciprocal of the IC50 value was a mirror image of the 
conventional steady-state inactivation curve. Our results suggest that Co 
102862 binds preferentially to inactivated Na+ channels with a Kd of ~0.6 pM, 
while affinity for the resting channels is at least 70 times lower.

(Supported by CoCensys, Inc.)

840.9
CHARACTERIZATION OF THE ANTICONVULSANT PROPERTIES OF 
Co 102862, A NOVEL BLOCKER OF VOLTAGE-GATED SODIUM 
CHANNELS. R.B. Carter*1, K.E. Vanover1, H.S. White2, H.H. Wolf2, R.N. 
Puthucode3, and J.R. Dimmock3. 1Dept. of Pharmacology. CoCensys. Irvine. 
CA 92618, ^Anticonvulsant Screening Program, Dept. of Pharmacology, 
Univ. Utah, Salt Lake City, UT 84108, and 3Dept. of Chemistry, University of 
Saskatchewan, Saskatoon, Saskatchewan S7N 5C8.

Co 102862 is a novel anticonvulsant compound, structurally unrelated to 
the major drugs in clinical use. Mechanistically, Co 102862 is a potent 
blocker of neuronal voltage-gated sodium channels, with negligible action at 
other neuroeffector sites. In experimental seizure models, Co 102862 exhibits 
potent anticonvulsant activity against the tonic hindlimb extension induced by 
maximal electroshock (MES) in both mice and rats with oral ED50 of 2.0 mg/kg 
in mice and 1.5 mg/kg in rats. In addition, Co 102862 exerts potent anti-
convulsant effects against fully-kindled stage-5 seizures induced by corneal 
kindling in rats, with an oral ED50 of 3.9 mg/kg. Unlike other drugs with this 
activity, Co 102862 completely abolishes the behavioral manifestations of 
kindling, that is, reduces the seizure severity score to zero. Co 102862 
likewise exhibits efficacy against expression of fully-kindled hippocampal 
seizures, significantly reducing afterdischarge duration. The anticonvulsant 
effects of Co 102862 following oral administration are of long duration. An 
oral dose of 2.5 mg/kg of Co 102862 protects 75% of rats for 7 hours. 
Anticonvulsant activity is not associated with dose-limiting side effects even 
up to doses 10-40 fold greater than required to block seizures. For example, 
whereas the MES ED50 following i.p. administration in rat is 1.0 mg/kg, the 
ataxic dose (TD50) following i.p. administration is 44.9 mg/kg. Moreover, no 
lethality was observed in the rat at doses up to 160 mg/kg, i.p. These data 
suggest that Co 102862 has potential utility as a novel antiepileptic drug, with 
a high therapeutic index, useful in the treatment of generalized tonic-clonic 
and complex partial seizure disorders. (Hsw, hhw : supported by N01-NS-4-2311)

840.10
SPIRADOLINE SELECTIVELY BLOCKS RAT BRAIN IIA SODIUM 
CURRENTS EXPRESSED IN XENOPUS OOCYTES. M.K. Pugslev, E.J. Yu, 
and A.L. Goldin*. Department of Microbiology & Molecular Genetics, University 
of California, Irvine, CA, 92697.

Epilepsy is a syndrome characterized by sudden recurrent seizures that 
result from rapid, uncontrolled firing of action potentials in cerebral cortical 
neurons. Drugs that depress CNS function, such as local anesthetics, 
suppress convulsions associated with epilepsy. Phenytoin is an anticonvulsant 
drug with properties similar to lidocaine, a class lb local anesthetic 
antiarrhythmic. Both drugs block voltage-gated sodium channels. However, 
neither drug selectively blocks the neuronal isoform of the sodium channel, 
resulting in unwanted side effects. Spiradoline is a kappa opioid receptor 
agonist with potent sodium channel blocking properties in cardiac muscle. We 
compared spiradoline block of rat brain (rBIIA) and heart (rH1) sodium 
channels expressed in Xenopus oocytes to that of phenytoin and lidocaine to 
determine whether spiradoline showed any selectivity of block for brain 
channels. Currents were recorded in ND96 bath solution with 3-1,000 pM 
spiradoline, 1-300 pM phenytoin, or 10-10,000 pM lidocaine. The half-maximal 
block (EC50) for spiradoline was 30 pM for rBIIA and 177 pM for rH 1, the EC50 
for phenytoin was 400 pM for rBIIA and 1200 pM for rH1, and the EC50 for 
lidocaine was 935 pM for rBIIA and 560 pM for rH1. None of the drugs altered 
either the slope (z) or V1/2 for rBIIA or rH1 conductance. 300 pM spiradoline 
produced a -4 mV shift in V1/2 for inactivation of rBIIA without producing any 
shift for rH1. Phenytoin (300 pM) produced a -4 mV shift for rBIIA and -5 mV 
shift for rH1, while lidocaine (1000 pM) produced a -4 mV shift for rBIIA and -9 
mV shift for rH1. Thus, spiradoline blocks neuronal sodium currents with a 
potency of block ~2-fold greater than phenytoin and ~10-fold greater than 
lidocaine. Since spiradoline is structurally different from phenytoin and 
lidocaine, it may provide insight for the development of novel anticonvulsants. 
This research was supported by grants from the NIH and the MRC of Canada.

840.11
DP-VPA, A NOVEL PRODRUG OF VALPROIC ACID, 
HAS ENHANCED PROTECTIVE EFFECTS IN 
GENETICALLY EPILEPSY-PRONE MICE. A. Kozak, S, 
Polina. R, Kamburg* and J.E, Friedman. D-Pharm Ltd., Kiryat 
Weizmann, Rehovot, 76123 Israel

DP-VPA was designed as a prodrug of valproic acid (VPA) and is 
selectively activated in the focus of pathological neuronal activity (see 
abstract this meeting). The anti-epileptic activity of DP-VPA was studied 
using the model of Metrazol (PTZ, 85 mg/kg, s.c.) induced recurrent 
generalized seizures in BALB/c and Sabra mice. Although DP-VPA (20 
mg/kg) cannot prevent development of the first epileptic fit, the drug 
effectively abolished recurrence of the subsequent generalized seizures, 
suggesting enhanced drug activation in the post-ictal period. This 
phenomenon was studied here from a different perspective by the use of 
genetically epilepsy-resistant (ER) and epilepsy-prone (EP) mice (Dolina 
et al, 1993, Epilepsia 34:333). Metrazol (PTZ, 80 mg/kg, s. c.), 
induces a series of generalized clonic or clonic-tonic seizures in ER and 
EP in the following sequence of events: myoclonic jerks, body twitches, 
and Straub tail appeared within the first 4 min, followed by at least two 
generalized clonic seizures lasting 5-10 sec. In this model we found that 
similar doses of sodium valproate (Na-VPA) abolished the PTZ-induced 
seizures in both ER and EP (ED5o=125 mg/kg, i.p.). In contrast, DP- 
VPA (20mg/kg) exhibited enhanced protective effects in EP versus ER 
mice (9 out of 10 vs. 2 out of 10 seizure-free mice, respectively). We 
therefore propose that our prodrug is especially effective in mice that are 
genetically predisposed to seizures.
This project was funded by D-Pharm, Ltd.

840.12
ANTICONVULSANT ACTIVITY OF 4-UREIDO-5,7-DICHLOROKYNURENIC 
ACID DERIVATIVES, A. C. Nichols* and K. L. Yielding. Dept. 
of Chemistry, Univ. of North Alabama, Florence AL 35632.

Twelve 4-ureido-5,7-dichlorokynurenic acid derivatives 
were synthesized by reacting the 4-tosylimino derivative 
of 5,7-dichlorokynurenate methyl ester first with triphos-
gene and then with a secondary amine. Compounds were 
screened in mice for anticonvulsant activity using MES,
Met, and TTE tests. A rotorod test was used to determine 
neurotoxicity. Seven of the derivatives had anticonvulsant 
activity in TTE (threshold tonic extension) testing at 100 
mg/kg. One compound, 2-methyl carboxylate-5,7-dichloro-4- 
[[(diphenylamino)-carbonyl]amino]-quinoline, had an ED50 
value of 134 mg/kg (95£ Conf Int: low-78.5, high-205.7; 
slope 1.9, S.E. = 0.44) in TTE testing. Two derivatives 
had MES activity. Only one compound, an N,N-diethylamino 
derivative was neurotoxic in the rotorod test. Compounds 
were screened at a 10 uM concentration for activity in 
displacing 5,7-dichlorokynurenic acid from synaptosomal 
membrane fragments. As nine of the twelve compounds 
synthesized and tested have demonstrated anticonvulsant 
activity, this class of chemicals offers promise for the 
production of useful therapeutic agents.

Yielding and Daugherty Research
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840.13
CONANTOKIN-R, A SUBTYPE-SELECTIVE NMDA RECEPTOR 
ANTAGONIST AND POTENT ANTICONVULSANT PEPTIDE. H. S, 
White1. R, T, McCabe2. F, C. Abogadie3. J, Torres4. J. E, Rivier4, L 
Paarmann5, M, Hollmann5 & B. M. Olivera,3 L- J, Cruz3'6* 1 Depts. 
Pharmacol./ Toxicol. & 3Biology, Univ. of Utah, Salt Lake City, UT 84112; 
2Cognetix Inc., 421 Wakara Way, Salt Lake City, UT 84108; 4Salk Inst., La 
Jolla, CA 92037; 5Max-Planck Inst, for Exptl. Med., Hermann-Rein-Str. 3, 
D-37075 Gottingen, Germany; 6MSI, Univ. of Philippines, Diliman, Q. C.

We have characterized a novel Conus peptide which may 
preferentially inhibit hyperactive, compared to normally active neuronal 
circuitry. This peptide, conantokin-R is a subtype-selective NMDA 
receptor antagonist and a highly potent anticonvulsant agent, being 
400,000X more potent in an animal seizure model than is valproate, a 
commercial antiepileptic drug. Furthermore, in contrast to MK 801, a 
NMDA receptor inhibitor, conantokin-R exhibits a much more favorable 
protective index (17 vs. 2 in the Frings audiogenic seizure mouse model).

The peptide comprises 27 amino acids, including four y-carboxyglutamate 
residues and one disulfide bond; it has been chemically synthesized. 
Conantokin-R shows at least a 100-fold range in affinity for different 
combinations of NMDA receptor subunits and it does not have functional 
effects on non-NMDA receptors tested. A comparison of the protective dose 
against seizures (ED50) with the behaviorally toxic dose as assayed by a 
rotorod test (TD50) showed at least an 8-fold better protective index for 
conatokin-R than any other compound tested. Unlike most anticonvulsant 
compounds tested, it suppressed even the mild rapid running symptoms and 
not just the more extreme seizure symptomatology.
Supported by GM 48677 (National Institute of General Medical Sciences)

840.14
MELANOCYTE CONCENTRATING HORMONE INCREASES 
LATENCY TO HYPERBARIC OXYGEN INDUCED SEIZURES. C.R. 
Auker*, S.T. Ahlers, A. Prasad, H. Boyles, K. Kniqqe*. Naval Medical 
Research Institute, Bethesda, MD 20889-5607 and University of 
Rochester, Rochester, NY 14642.

Melanocyte concentrating hormone (MCH) has recently been shown 
to act as an anticonvulsant against s< 
pentylenetetrazole (PTZ) or kainic acid (KA).
We tested whether MCH also has 
anticonvulsant properties against seizures 
induced by exposure to hyperbaric oxygen 
(HBO2). Twenty-five male Sprague-Dawley rats 
(mean wt: 326g) were injected, via previously 
implanted ventricular guide cannulae, with a 5- 
pL volume of either 1.5 pg MCH (n=9), 3.0 pg 
MCH (n=8), or saline vehicle (n=8). Immediately 
following injection they were compressed to 6 
atmospheres absolute (ATA) using 100% O2.
Latency from time of reaching 6 ATA to onset of 
first stage 3 (or greater) seizure (forefimb clonus 
or worse) was recorded by a blinded observer.
Rats were then decompressed to room air.
Results are summarized in the accompanying bar graph. Three pg 
MCH significantly (p<.05, one-tailed t-test) prolonged seizure latency. 
These data indicate that MCH can prolong the latency to certain motor 
manifestations (foreiimb clonus or worse) of HBO2-induced seizures. 
(Supported by NMRDC Work Unit 62233N MM33P30.005-1519)

induced by

840.15
ANTICONVULSANT EFFECTS IN VIVO AND INHIBITION OF NEURONAL 
EXCITABILITY IN VITRO WITH AQUEOUS FRACTION OF DELPHINIUM 
DENUDATUM. M.Raza. S.Sombati. F.Shaheen*. MTChoudhaiy* and R. J.DeLorenzo*. 
Dept of Neurology, Virginia Commonwealth University, Richmond VA, 23298 
* HEJ Research Institute of Chemistry, University of Karachi, Karachi 75270, Pakistan.

Medicinal plants have contributed significantly to the development of modem medicines. 
This study is aimed at investigating the mechanism of anticonvulsant action of Delphinium 
denudatum W. (DD) which is presently being used for the treatment of epilepsy in folk 
medicine. In male CF-1 mice, subcutaneous CD97 pentylenetetrazole (scPTZ) injection 
produced a threshold seizure (n=13)(Loscher et al, Epilepsy Res. 8: 171-189, 1991)). 
Intraperitoneal injection of aqueous fraction of DD (AFDD) at a dose of 800 mg/kg 
preceding scPTZ had a significant inhibition of threshold seizures in 70 % of the animals 
(n = 11). In addition, AFDD decreased spontaneous motor activity significantly. The effects 
of AFDD on neuronal electrophysiological properties were studied using intracellular 
recordings of whole cell configuration on cultured hippocampal neurons prepared from 
neonatal rats (Sombati et al, Brain Res. 566: 316-319, 1991). Sustained high frequency 
spikes were elicited intracellularly with depolarizing pulses (500 m sec, 0.1 -0.5 nA, 0.5 Hz) 
while AFDD (0.3-0.5mg/ml) was applied to single neurons by microperfusion system. The 
number of spikes was reversibly reduced. At higher concentration of AFDD (0.6 mg/ml) 
no spikes were elicited. After hyperpolarization potential (AHP) was also increased by 
AFDD. In addition, AFDD also decreased the cell input resistance by 50% at the resting 
membrane potential. The results suggest that AFDD contains anticonvulsant compounds 
which significantly alter neuronal excitability. The compounds could ultimately serve as 
native agents for the development of a category of potent alternative anticonvulsants. 
Supported by FEMT to M.R. and RO1-NS2335O, P01-NS25630.

840.16
SELECTIVE DELIVERY OF THE ANTI-EPILEPTIC DRUG 
VALPROIC ACID (VPA) RESULTS IN INCREASED EFFICACY
AND REDUCED TOXICITY. JB^_Fr.iedm,a.n.*,>.R. Kambprg, M.. Polyak, A.
Kozak. D-Pharm Ltd., Kiryat Weizmann, Rehovot, 76123 Israel

Adverse effects as well as problems of drug - drug interaction can be dealt with by 
efficient drug targeting systems. A novel drug delivery technology, Regulated 
Activation of Prodrugs (RAP), has been applied in the design of DP-VPA. DP- 
VPA is a blood-brain barrier permeable, inactive, not readily metabolized prodrug of 
the well-known anti-epileptic drug Valproic acid (VPA). The prodrug activated by 
the seizure-enhanced increase in intracellular phospholipase A2 (PLA2) activity. 
Hence, release of the active drug is selective and controlled by the pathological 
process itself (Kozak et. al, Third Eilat Conference on Anti-Epilpetic Drigs,Eilat, 
1996). DP-VPA was tested using the model of recurrent generalized clonic or clonic- 
tonic seizures (GS) induced by Metrazol (PTZ, 85mg/kg, s.c.) in BALB/c and Sabra 
mice. In our hands 82% of control animals experience their first seizure within 5min, 
and 100% within lOmin (n=46). The second seizure occurs within 12 min of the 
first. VPA prevents GS in both BALB/c and Sabra mice in a dose-dependent manner 
(ED50 = 125 or 250mg/kg for drug given s.c. 30 or 60 min prior to PTZ, 
respectively). DP-VPA, administered either i.p. or s.c., from 15 min to 6 hrs before 
PTZ injection, protected 90% of the mice from requrent seizures and delayed onset of 
the first attack. 50% of DP-VPA treated mice had their first (and only seizure) within 
5min, and 62% within lOmin (n=25). Protection is dose-dependent, from 2.5- 
20mg/kg, ED50=7.6ntg/kg. The neuroprotective indices are 1.6 and 9.5 for regular 
VPA and DP-VPA respectively. Our data suggest that application of RAP 
technology is beneficial for enhancing the efficacy and safety of anti-epileptic drugs. 
This project was funded by D-Pharm, Ltd.

EPILEPSY: ACTIONS OF ANTICONVULSANT DRUGS

841.1
SYSTEMIC INJECTION OF VIGABATRIN AND GABAPENTIN ENHANCE 
PROMOTED RELEASE OF GABA IN NEONATAL RAT OPTIC NERVE.
S. Agulian, J. Yee, A. Williamson* and J. D. Kocsis, Dept. of Neurology, Yale 
Univ. School of Medicine, New Haven, CT 06510, and Neuroscience Research 
Center, VAMC, West Haven, CT 06516. The antiepileptic drug y-vinyl GABA 
(vigabatrin) is a selective and irreversible inhibitor of the GABA degradation 
enzyme GABA-transaminase (GABA-T), (Jung et al., J. Neurochem. 29:787-802, 
1977). One rationale for the antiepileptic action of vigabatrin and gabapentin is that 
they increase brain GABA level and if coupled to increased GABA release, result in 
increased neuronal inhibition, thereby reducing the probability of seizure discharge 
(Kocsis and Mattson, The Neuroscientist, 6:326-334, 1996). To further test the 
proposal that vigabatrin increases free GABA, we systemically injected vigabatrin 
(single dose: 100 mg/kg) or gabapentin (priming dose: 100 mg/kg; sustaining doses: 
50 mg/kg/hr for 2 hrs) into neonatal rats, removed their optic nerves after 5 hrs, and 
placed the nerves into a sucrose-gap recording chamber where nipecotic acid (NPA)- 
induced depolarizations were measured; NPA elicits cellular release of GABA by 
reverse operation of the GABA transporter. The mean NPA-induced depolarization 
of the optic nerve more than doubled after vigabatrin and gabapentin treatment, but 
the time to peak depolarization was similar to that of untreated nerves. Pretreatment 
of the nerves with bicuculline (100 pM) blocked the NPA-induced depolarizations, 
indicating that the responses are mediated by the activation of GABAa  receptors. 
Pretreatment with GABA transporter inhibitor NO-711 (10 pM; RBI) resulted in 
both a reduction in amplitude of the NPA-induced depolarization and a substantial 
delay in the time required to reach a peak depolarization. These results indicate that 
a systemic injection of vigabatrin and gabapentin result in metabolic changes 
consistent with elevation in free cellular GABA. Supported by NIH and the VA.

841.2

ANTICONVULSANT ACTIVITIES OF COMPOUNDS ACTING AT THE a25 
Ca2+ CHANNEL SUBUNIT. N.S. Gee2, R . Oles, L.S. Singh. Parke-Davis 
Neuroscience Research Centre, Cambridge University Forvie Site, 
Robinson Way, Cambridge, England, CB2 2QB.

A protein with high affinity for a tritiated analogue of the antiepileptic drug 
gabapentin (Neurontin) has been isolated from pig brain and identified as 
the a2S subunit of voltage-dependent Ca2+ channels (Gee et al., 1996). To 
investigate the role of the a25 subunit in the anticonvulsant action of 
gabapentin we have examined the ability of several a28 subunit ligands to 
block semicarbazide (SEZ)-induced seizures in mice. Groups of >6 BKTO 
mice were injected with test compounds intracerebroventricularly 30 min 
before SEZ (750 mg/kg, subcutaneously). Latency to tonic seizures was 
noted. Minimum effective doses for (S)-isobutylGABA, gabapentin, (R)- 
isobutylGABA and 1-amino-1-cyclohexanecarboxylic acid were 1.0, 3.0, 
10.0 and >300 ug i.e.v., respectively. In vitro potencies (IC50 values) of 
these compounds at the mouse brain a28 subunit were 0.04, 0.08, 0.62 and
7.7 pM, respectively. Other a25 Ca2+ channel subunit ligands are currently 
being evaluated in the SEZ seizure model. The results so far support the 
hypothesis that the anticonvulsant effects of gabapentin are mediated 
through a novel site on the a28 Ca2+ channel subunit. We also describe 
studies on the purification and structure of the a25 subunit.
Reference: N.S. Gee, J.P. Brown, V.K. Dissanayake, J. Offord, R. Thurlow 
and G.N. Woodruff Journal of Biological Chemistry 271, 5768-5776 (1996). 
Funded by Warner-Lambert.
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841.3
EFFECTS OF RILUZOLE ON VOLTAGE AND KAINATE-INDUCED 
INWARD CURRENTS IN RAT CORTICAL NEURONS IN CULTURE._C 
Zona*. A, Siniscalchi. N. B. Mercuri. G, Bemardi. I.R.C.C.S., S. Lucia, Via 
Ardeatina, 306-00179 Rome and Depart. Experimental Medicine and Public 
Health, University of Rome “Tor Vergata”, Via O. Raimondo, 1 - 00173 Rome, 
Italy.

ITie effects of riluzole, an anticonvulsant and neuroprotective compound 
which has beneficial effects in degenerative motoneurone diseases, were studied 
using the whole-cell patch-clamp recordings technique on die voltage-activated 
and kainate-activated inward currents in cortical neurons in culture. 
Extracellular application of riluzole (10-300 p.M) reduced in a dose-related and 
reversible manner the Na+ currents with an IC5o of 65 pM. The Na+ currents 
were elicited by depolarizing commands from an holding potential of -80 mV to 
command step of -10 mV (n=25 cells). The reduction of the inward Na+ 
currents exerted by riluzole was not associated to any significant change of the 
current decay, while the voltage-dependency of the steady-state inactivation 
shifted towards more negative values (Kd of - 64 mV under control condition 
and - 45 mV during application of 100 pM of riluzole, n=7 cells). The inward 
Ca++ currents evoked by depolarizing steps were not affected by riluzole (100 
pM). Bath application of kainate (100 pM) for 2-10 s. induced inward currents 
in almost all tested neurons. The amplitude of the kainate-induced currents was 
decreased when the cells were perfused with 100 pM of riluzole (n=8 cells). 
These findings indicate that riluzole modulates the Na+ and kainate-induced 
currents in cortical neurons in colture and this may partially explain its 
anticonvulsant and neuroprotective actions.

841.4
LAMOTRIGINE MAY LIMIT PATHOLOGICAL EXCITATION IN CA 1 
PYRAMIDAL CELLS BY MODULATING TRANSIENT OUTWARD 
CURRENTS. R.W.Greene1, J.Walden2, H.C.R.Grunze1’3 *. 1 Harvard Medical 
School & VAMC Brockton, MA 02401, 2 Dept. of Psychiatry, University of 
Freiburg, D-79104 Freiburg,3 Dept. of Psychiatry, LMU Munich, D-80336 Munich

The antiepileptic drug Lamotrigine (LTG) has received increasing interest as a 
potential mood stabilizer in psychiatry. To evaluate the electrophysiological 
properties of LTG, we performed in vitro whole cell patch clamp recordings from 
hippocampal CA 1 pyramidal neurons (rats 20-30 d). LTG was added to the ACSF 
for 30 min. Maximal AP frequency in response to current injections of 150 pA was 
reduced by -36 ± 27% (n=7, 25 pM LTG, p< 0.025, Mann-Whitney test). In 5/7 
cells, an increase of the latency to AP threshold of the first spike (Aap ) was observed 
(21± 16 %).These changes were partially reversible within 30 min wash-out. In 
addition, LTG (100 pM, n=6) caused a reduction of AP frequency for given current 
steps (-43± 20% at 350 pA, -42± 9% at 150 pA, both significant at p< 0.025), due to 
a reversible increase of the interspike interval with unchanged AP duration. Aap  was 
also increased by 55± 37% (p< 0.025) at 150 pA. Voltage clamp analysis was 
performed in 4 neurons (TTX 0.6pM, HP: -80 mV, steps +10 to +40 mV). In 3/4 
neurons, an increase of fast transient outward current was observed with a step 
command of +40 mV. This current consisted of a fast activating and rapidly 
decaying component, characteristic for IA and a second slowly decaying component, 
characteristic for ID. Extrapolating to t=0 showed a LTG- induced increase of 217 
pA for the early component made of IA and ID, and of 96 pA for ID. From these 
preliminary data, we conclude that LTG is a potential positive modulator of the 
transient outward K currents IA and ID. This finding may be of relevance in 
explaining antiepileptic and antimanic potencies of this compound.

841.5
CHANNEL BLOCK OF NMDA RECEPTORS BY THE ANTICONVULSANT 
ADCI: STUDIES WITH CLONED NRla/NR2A AND NRla/NR2B SUBUNITS. 
T.P. Harty* and M.A. Rogawski, Neuronal Excitability Section, Epilepsy Research 
Branch, NINDS, National Institutes of Health, Bethesda, MD 20892-1408.

ADCI [(±)-5-aminocarbonyl-10,11 -dihydro-5//-dibenzo[a,d]cyclohepten-5,10- 
imine], a channel blocking NMDA receptor antagonist, is an effective 
anticonvulsant with low toxicity. To investigate whether the reduced toxicity is 
related to the selective block of NMDA receptors composed of specific subunit 
combinations, we examined the blocking effect of the drug on cloned NMDA 
receptors composed of subunits NR la and either NR2A or NR2B. Transfections 
of human embryonic kidney (HEK) cells were carried out with the CaPO4 method 
in the presence of (±)-2-amino-5-phosphonopentanoic acid (AP-5). DNA encoding 
green fluorescent protein (GFP) was included to identify transfected cells. Whole 
cell tight-seal recordings were performed 48-72 hours following transfection. 
Solutions were applied using a multichannel fast perfusion system. Currents were 
evoked with 50 pM NMDA and 10 pM glycine. ADCI (2-200 pM; 15 sec) 
caused a relatively slow block of the NMDA/glycine current. The degree of block 
increased in a concentration-dependent fashion. The steady-state fractional block 
values obtained with a range of ADCI concentrations were used to determine the 
IC50 values for block. For cells transfected with cDNA for subunits NRla/NR2A, 
the IC50 was 14.3 pM (JV=4). For cells with receptors composed of subunits 
NRla/NR2B, the IC50 was 6.6 pM (7V=6). These results indicate that NMDA 
receptors composed of both NR2A and NR2B are susceptible to block by ADCI, 
although the drug is moderately more potent at receptors containing NR2B than 
NR2A.

841.6
SEROTONIN RELEASE BY FOCAL CARBAMAZEPINE IS NOT 
BLOCKED BY ZERO CALCIUM OR TETRODOTOXIN. J.W. Dailey*, 
M.E.A. Reith. Q-S. Yan, M-Y Li and P.C. Jobe. Department, of 
Biomedical and Therapeutic Sciences, University of Illinois College of 
Medicine, Peoria, Illinois 61605

Serotonin is anticonvulsant in most seizure models and its release is 
integral to the anticonvulsant mechanism of carbamazepine (CBZ) and 
several other antiepileptic drugs. To determine the cellular mechanism by 
which CBZ releases serotonin, it was administered focally to awake rats 
through a microdialysis probe in the hippocampus, an area rich in 
serotonergic terminals but devoid of cell bodies. Increasing CBZ 
concentrations (15, 65, 400 pM, corrected for probe recovery) caused 
corresponding increases in extracellular serotonin (approximately 200%, 
350% & 450% of control) from hippocampi of female Sprague-Dawley 
rats. These CBZ concentrations exceed the maximum CBZ concentration 
measured by microdialysis (12 pM, corrected for probe recovery) after a 
32 mg/kg systemic CBZ dose which caused approximately a 400% 
increase in extracellular serotonin. This result suggests that systemic CBZ 
has effects on cell bodies or axons as well as on terminals. The effect of 
focal CBZ (65 pM, corrected for recovery) on serotonin release was not 
decreased by tetrodotoxin (1.5 pM) or by zero calcium and EGTA through 
the microdialysis probe. These results suggest that serotonin release 
induced by focal CBZ is not mediated by sodium-dependent action 
potentials or by calcium-dependent exocytosis. Supported by NS32628.

841.7
ANTICONVULSANT ACTIVITY OF DEXTROMETHORPHAN ANALOGS 
IN MICE. T.G. Kokate*, A.H. Newman, N. Juhnq, S. Subramaniam and 
M.A. Rogawski. Neuronal Excitability Section, Epilepsy Research Branch, 
NINDS, NIH, Bethesda, MD 20892 and Psychobiology Section, NIDA, NIH, 
Baltimore, MD 21224.

Dextromethorphan (DM, [+]-3-methoxy-17-methylmorphinan) and its 
metabolite dextrorphan (DXT) are known to have anticonvulsant activity in 
various animal seizure models. We evaluated anticonvulsant and toxicity 
profile of DXT, DM and structural analogs with various substituents at the 
3- and 17-positions, in mice. These analogs have been shown to have po-
tent anticonvulsant activity with improved side-effect profile in rats (Tortella 
et al., J. Pharmacol. Expt. Ther. 268, 1994). The compounds were also 
evaluated for their ability to displace [3H]MK-801 binding to NMDA recep-
tors in rat forebrain membranes. DXT, DM and structurally related analogs 
showed potent anticonvulsant activity in the maximal electroshock (MES) 
seizure test (ED50s: 24-45 mg/kg, i.p.) and protected mice against NMDA- 
induced lethality (ED50s: 48-65 mg/kg, i.p.). These compounds also inhib-
ited equilibrium [3H]MK-801 binding to NMDA receptors (IC50s: 0.7-25 pM). 
The rank order of potencies in the binding assay was similar to that in the 
behavioral tests, suggesting that anticonvulsant activity of these analogs is 
likely to be mediated via NMDA receptor antagonism. Although DM and its 
analogs were potent anticonvulsants, they also produced motor impairment 
(TD50s : 63-90 mg/kg, i.p.) and lethality (LD50s: 120-180 mg/kg, i.p.) in 
doses only moderately higher than those that conferred seizure protection. 
Thus, therapeutic indices (Tl, LD5o/ED5o) for these compounds ranged from 
3.5-6. We conclude that although DM and its analogs are potent anticon-
vulsants, their therapeutic potential may be limited due to lethality seen at 
moderately high doses in mice. (Supported by NINDS, NIH)

841.8
EFFECTS OF GABAPENTIN, PHENYTOIN AND CARBAMAZEPINE ON 
CALCIUM CURRENTS IN HIPPOCAMPAL GRANULE CELLS FROM 
PATIENTS WITH TEMPORAL LOBE EPILEPSY. T.B, Schumacher*1, H. 
Beck1, I, Schramm2 and C.E, Eiger1. Departments of Epileptology1 and 
Neurosurgery2, University of Bonn, 53105 Bonn, Germany.

The' anticonvulsants gabapentin (GBP), phenytoin (PHT), and carbamazepine 
(CBZ) are commonly used in the treatment of temporal lobe epilepsy. Recently it 
was found that GBP binds to the a^S subunit of a neuronal calcium channel, 
suggesting that the modulation of voltage-dependent calcium channels may be 
important to the antiepileptic action of GBP. Ca2+ current modulation has also 
been proposed to contribute to the antiepileptic activity of PHT and CBZ. In the 
present study, the effects of these drugs on voltage-dependent calcium channels 
were examined in acutely isolated human hippocampal granule cells using the 
whole-cell configuration of the patch clamp technique. All neurons (n=50) were 
derived from the seizure focus of patients undergoing selective amygdala- 
hippocampectomy for pharmaco-resistant temporal lobe epilepsy. GBP showed no 
modulation of Ca2+ conductances. PHT and CBZ produced a reversible, 
concentration-dependent inhibition of high voltage-activated (HVA) Ca2+ 
currents with an IC50 of 89 pM and 244 pM and a maximal inhibition of 35% and 
65%, respectively, without affecting voltage-dependent activation. In contrast to 
CBZ, PHT produced a hyperpolarizing shift in the voltage-dependence of 
inactivation of HVA currents. 80 pM PHT shifted the potential of half-maximal 
inactivation by -3.4 ±1.2 mV (P < .05). T-type currents were not affected by either 
drug. At concentrations corresponding to CSF concentrations of patients with 
epilepsy, HVA currents were not significantly decreased by PHT and CBZ. 
However, PHT showed a 18% reduction of HVA currents at 80 pM, a 
concentration found in brain tissue of patients with epilepsy. These results suggest 
that in human hippocampal granule cells, the anticonvulsant action of PHT, but 
not that of GBP and CBZ includes a modulation of voltage-dependent calcium 
channels. Supported by a BONFOR grant of the University of Bonn.
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841.9
ANTICONVULSANT EFFECT OF THE COMBINED TREATMENT 
WITH POLYAMINE AND GLYCINEB RECEPTOR ANTAGONISTS 
IN AMYGDALA-KINDLED RATS. P. Wlaz, U. Ebert* and W. Loscher, 
Department of Pharmacology, Toxicology and Pharmacy, School of 
Veterinary Medicine, Biinteweg 17, D-30559 Hannover, Germany.

The discovery that activity of glutamate at the NMDA receptor is 
positively modulated by glycine and polyamines has enabled a new 
pharmacological strategy that NMDA receptor-mediated events could be 
antagonized indirectly at the strychnine-insensitive glycine co-agonist site 
and the polyamine regulatory site. Our recent study has shown that 
ifenprodil and L-701,324, polyamine and glycineB receptor antagonist, 
respectively, at ineffective per se doses produced marked increase in 
afterdischarge threshold (ADT) when applied together in amygdala- 
kindled rats (Ebert et al., Eur. J. Pharmacol., in press). Because ifenprodil 
exerts its pharmacological actions not only via the glutamatergic system, 
our current question was whether a combination of a more selective 
polyamine antagonist, eliprodil, and the glycineB receptor antagonist, L- 
701,324, would result in an over-additive anticonvulsant action. Eliprodil 
alone (10-40 mg/kg) showed no consistent ADT-increasing activity, L- 
701,324 (2.5 mg/kg) did not increase the ADT. When both substances 
were combined, a significant rise in ADT was observed. Likewise, other 
measures of seizure activity such as seizure severity and seizure duration 
were moderately but significantly reduced. With respect to behavioral 
impairments no signs of synergistic interaction were observed after the 
drug combinations. These data suggest that the combined treatment with 
antagonists at both polyamine and glycine sites could be a promising way 
to treat therapy-resistant complex partial seizures.

Supported by the DFG (Lo 274/5-2) and A. von Humboldt Foundation.

841.10
THE EFFECTS ON LEARNING OF PHENYTOIN IN 
ADULT RATS EXPOSED TO THE DRUG DURING 
DEVELOPMENT. J, Besheer2. J.L. Holloway2. M.K, 
Banks1.2. E. Phipps2, and P.E.GarraghtyL2*. !Prog. Neural 
Science, 2Dept. Psychology, Indiana University, Bloomington, 
IN, 47405.

We have evaluated the effects of prenatal and early postnatal 
phenytoin exposure in an instrumental task involving transfer 
from an appetitive to an aversive context. We studied two 
groups of adult rats: 1) rats whose mothers were treated with 
phenytoin throughout pregnancy and nursing, and 2) rats 
treated with phenytoin for 30 days beginning on postnatal day 
30. The animals were trained in an appetitive context in which 
a barpress during a tone period resulted in food reinforcement. 
After 31 days of training, the rats were transferred to an 
aversive context in which the same tone now signaled an 
impending shock which could be avoided or escaped by a 
barpress. Training in the aversive context continued for 25 
days.

In comparison to controls, both groups showed retarded 
acquisition of the avoidance response. In addition to this 
retardation of learning in the aversive context, rats exposed to 
phenytoin postnatally showed impairments in the acquisition of 
the appetitive response. Transient exposure to phenytoin 
during development, therefore, apparently has lasting effects on 
learning as measured in this paradigm.

841.11
A COMPARISON OF THE EFFECTS OF VALPROIC ACID, PHENYTOIN, 
AND CARBAMAZEPINE ON TRANSFER FROM APPETITIVE TO 
AVOIDANCE CONTEXTS IN ADULT RATS. M.K, Banks*.U. J. MaverL EL 
Phipps1. J, BesheerL H.E, Barrera1, and P.E. Garraghtv12. ’Prog. Neural Science, 
2Dept. Psychology, Indiana University, Bloomington, IN, 47405.

We have previously reported that two antiepileptics, phenytoin (DPH) and 
carbamazepine (CBZ), impair the ability of rats to acquire a tone-signalled avoidance 
response following training in an appetitive context in which the tone signalled food 
availability. These two medications produce differential effects, with phenytoin 
treatment impairing avoidance acquisition to a greater degree than does 
carbamazepine. In the present study, we have evaluated the effects of valproic acid 
(VPA) in the same behavioral paradigm. We first trained rats to obtain food 
reinforcement with a barpress (CR) in the presence of a tone (CS) for 21 sessions of 
100 trials each. Drug treatment with VPA was initiated on the evening of the 21st 
session and increased over the next 5 days to the final daily dose level (= 450 
mg/kg/day, to achieve serum levels averaging within the therapeutic range) that was 
maintained throughout the rest of the experiment. The effects of VPA on behavior 
in the appetitive context were assessed for 10 days (i.e., days 22-31). Animals 
demonstrated a slight decrement in appetitive performance, unlike the previous 
studies with phenytoin and carbamazepine. The rats were then transferred to the 
avoidance task for 25 days with 300 tone-signaled avoidance trials per daily session. 
Relative to control rats, VPA-treated rats demonstrated a retarded rate of acquisition 
of the avoidance response, but their ultimate avoidance rates were comparable.
Thus, while VPA does impair rats in the transfer task, its effects are much less 
severe than those of DPH or CBZ. Our results also demonstrate that this behavioral 
paradigm is sufficiently sensitive to detect performance differences between animals 
receiving different antiepileptic compounds.

841.12
THE EFFECTS OF ANTIEPILEPTIC DRUGS AND AMYGDALA KINDLING 
ON MORRIS WATER MAZE PERFORMANCE IN RATS. C.N. Hinko*. J.E, 
Emanuel, J.L. Hubbard, H.J. Rittenberger. R.J, Belloto, Jr. and W.S, Messer, Jr.
College of Pharmacy, The University of Toledo, Toledo, OH 43606 

Assessment of cognitive impairment in epilepsy is complicated by a number of
variables, including antiepileptic drug (AED) therapy and history of seizure activity. 
This study was designed to determine the relative effects of AED administration and 
amygdala kindling on spatial learning in adult Sprague Dawley male rats. The effects 
of acute intraperitoneal (ip) administration of AEDs, phenobarbital (PB; 10, 20, 30 
mg/kg), valproic acid (VA; 50, 100, 150 mg/kg) carbamazepine (CBZ; 10, 20, 30 
mg/kg) and MK-801 (0.05, 0.07, 0.10 mg/kg) on Morris water maze performance in 
non-kindled (NK) rats were assessed (3 rats/treatment; 12 trials/ rat). Mean escape 
times (sec + SEM) to platform were 52+8.0 & 55+7.2 for 20 & 30 mg/kg PB 
respectively, compared to 26+5.8 for controls. The mean escape time for 150 mg/kg 
VA was 53+8.2 compared to 25+5.6 for controls. The results suggest PB and VA 
impaired learning. Mean escape times were 41+5.9 & 45+6.8 for 10 & 20 mg/kg 
CBZ respectively, compared to 65+7.5 for controls. Mean escape times for MK-801 
were 22+4.0 & 28+5.8 for 0.05 & 0.07 mg/kg respectively, compared to 41+8.3 for 
controls. The results suggest lower doses of CBZ and MK-801 enhanced learning. 
Combined effects of amygdala kindling and acute ip administration of PB on Morris 
water maze performance were studied in 8 groups of 4 rats each: control NK, control 
kindled (K), PB 15 mg/kg NK, PB 15 mg/kg K, PB 30 mg/kg NK, PB 30 mg/kg K, 
PB 45 mg/kg NK, PB 45 mg/kg K. Mean escape time for all K rats was 78+3.3 
compared to 55+3.4 for all NK rats, suggesting overall that kindling impaired 
learning. K mean escape times were also greater than NK for each treatment. PB 
impaired learning in a dose dependent manner in both NK and K rats with a possible 
additive effect of PB and kindling observed. (Funded by the University of Toledo)

841.13
A COMPARISON OF THE EFFECTS OF PHENYTOIN AND
CARBAMAZEPINE IN ADULT RATS NAVIGATING A WATER MAZE. J.P, 
Churchill*1-2, J. Besheer2. S.E. Voss2. J.R. Szvpczak2 & P.E. Garraghtv1-2. 'Prog. 
Neural Science, 2Dept. Psychology, Indiana University, Bloomington, IN 47405.

We have previously reported that phenytoin (DPH) impairs performance of both 
classical and instrumental tasks in rats and rabbits (Mohr et al., 1994; Churchill et 
al., 1995). Since then we have shown that carbamazepine (CBZ) similarly affects 
performance when switching from an appetitive to an aversive context in an operant 
paradigm, albeit to a lesser degree than DPH (Banks et al., 1996). In the present 
study, we have evaluated the effects of these two antiepileptic compounds in rats 
challenged with locating a hidden platform in a Morris water maze task. Relative to 
controls, DPH-treated rats are impaired in the acquisition of the escape response, and 
the swim lengths of those that do learn the escape response are substantially longer. 
In contrast, CBZ-treated rats were indistinguishable from controls.

Successful mastery of the water maze task has been reported to rely upon a 
normally functioning hippocampal system (Morris et al., 1986). Given the high 
density of NMDA receptors in the hippocampus (Collingridge & Bliss, 1987) and 
the similarity in deficit patterns between the selective NMDA receptor antagonist, 
CPP, and DPH in both classical and operant paradigms, we suggested that DPH 
may be affecting NMDA receptors in the hippocampus (Banks et al., 1995; 
Churchill et al., 1996). The present results are consistent with the idea that DPH is 
affecting hippocampal activity. Finally, considering the comparable performance 
levels of CBZ-treated and control rats, the central effects of DPH and CBZ must be 
quite different.

841.14
MECHANISM-BASED MODELLING OF THE ADAPTIVE CHANGES IN THE 
PHARMACODYNAMICS OF MIDAZOLAM IN RATS WITH 
EXPERIMENTALLY INDUCED EPILEPSY. A.Cleton. R.A, Voskuvl, E, A. J. F. 
Lakke*. M. Danhof. Division of pharmacology, Leiden Amsterdam Center for 
Drug Research, Leiden, The Netherlands.

Pharmacotherapeutic resistance for the anti-epileptic effects of benzodiazepines, 
which modulate GABAa mediated inhibition, can be caused by chronic drug use or 
by the progression of the disease. The aim of the present study was to establish 
quantitatively whether epileptogenesis (amygdala kindling, cortical stimulation and 
genetic absence epilepsy (Wag/Rij)) is associated with a change in the 
pharmacodynamics of benzodiazepines in vivo.

By pharmacokinetic-pharmacodynamic modelling the individual concentration - 
EEG effect relationships of midazolam were derived in "epileptic" and control 
animals. The concentration - EEG relationships were successfully quantified by the 
sigmoidal Emax model. In epileptic animals the intrinsic activity was significantly 
decreased with 24, 49 and 37% in amygdala kindling, cortical stimulation and 
genetic absence epilepsy, respectively. The pharmacokinetics of midazolam were 
most adequately described by a bi-exponential equation, and were not affected by 
experimental epilepsy.

A mechanism-based modelling approach was applied to identify the parameters, 
that may have caused the decrease in intrinsic activity of midazolam. This analysis 
suggested a decrease in GABAa receptor functioning. This hypothesis was 
confirmed by the investigation of the GABAa receptor functioning in vitro, by 
measuring the muscimol-stimulated 36q - flux in synaptoneurosomes. The maximal 
muscimol stimulated ^^CT flux was decreased by 21% in amygdala kindled 
animals. Thus, it can be concluded on basis of a mechanism-based modelling 
approach that experimental epilepsy is associated with a decrease in post-synaptic 
GABAa receptor functioning in the cortex.
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841.15
VERAPAMIL ACCUMULATES IN HIPPOCAMPAL SLICES ErJ. Speck- 

Hohling, D.Kuhlmann, _R. Kohling, H. Straub Institut fur Physio-
logie, Universitat, 48149 Munster, Germany

An antiepileptic effect of verapamil has been demonstrated in various in 
vivo and in vitro models of epilepsy. Nothing is known about the concentration 
of verapamil that must be reached in brain tissue to exert an antiepileptic 
effect. Therefore the aim of the present study was to determine the concen-
tration of verapamil in the course of suppression of epileptiform activity in 
hippocampal slice preparations.

The experiments were performed in hippocampal slices (500 pm; n = 42) of 
guinea pigs. Epileptiform field potentials (EFP) were induced by superfusion 
with Mg^-free artificial cerebrospinal fluid (ACSF). Verapamil was applied in 
concentrations of 10, 20 and 40 pmol/l to the ACSF. Verapamil concentrati-
ons in the slices were determined by HPLC with UV detection (207 nm) at 30, 
60, 120, 180 and 300 min of verapamil application or at points of time at 
which frequency of occurrence of EFP reached 10% the initial value ( tog; 
90% depression).

With 40 pmol/l verapamil, substance concentration were 261 ±8 (30 min; 
n=6), 333±27 (60 min; n=6), 549±31 (120 min; n=6) and 607±33 pmo!/l (180 
min; n=6). With 20 and 10 pmol/l verapamil, the substance concentration was 
368±8 (n=5) and 236+24 pmol/l (n=6) after 300 min superfusion, respective-
ly. With tog,verapamil concentration in the slice was 511+34 pmol/l (40 pmol/i; 
n=6 of 6) and 460 pmol/l (20 pmol/l; n=1 of 6).

The results show that after application of verapamil, its amount in the slices 
increases time and concentration dependently. This accumulation may be 
attributed to binding of verapamil to tissue proteins.

Supported by the Deutsche Forschungsgemeinschaft

ALZHEIMER’S: PRESENILIN V

842.1
ULTRASTRUCTURAL LOCALIZATION OF PRESENILIN-1 IN 
TRANSGENIC MICE AND IN ALZHEIMER’S DISEASE BRAIN. 
A.L Levev*1, H. Yi1, H. Rees1, M.K. Lee2, D.R. Borchelt2, S,S_,
Sisodia2, E.J. Mufson3, S.M. Hersch1 and J.J. Lah1. 'Dept. Neurology, 
Emory Univ., Atlanta, GA; 2Dept. Pathology, Johns Hopkins, 
Baltimore,MD; 3Dept. Neurol.Sci., Rush Presb. St. Lukes, Chicago, IL

Mutations in presenilin-1 (PSI) are linked to the majority of early- 
onset familial cases of Alzheimer’s disease (AD). PSI is widely 
expressed in neurons and glia in normal brain. To more precisely 
determine the normal and pathological localization of PSI, we 
performed EM immunocytochemistry using a monoclonal antibody to 
the N-terminus of PS 1 with peroxidase and gold methods in transgenic 
mice expressing PS 1 as well as in postmortem brains from sporadic AD 
cases. In mice expressing wildtype or mutant (exon 9 deletion and 
A246E) human PSI, the protein localized to vesicles and smooth 
tubulovesicular membranes, as described for native PSI in primate 
brain. These results suggest that wildtype and mutant PSI function 
within endomembranous compartments resembling transport vesicles 
and SER. There was additional labeling of rough ER and nuclear 
membrane, possibly reflecting biosynthetic pools and the continuity of 
ER-nuclear membrane compartments, respectively. In AD brain, PS 1 
immunoreactivity localized at the light microscopic level to plaques and 
tangles. EM analysis of PSI in plaques revealed the protein is localized 
intracellularly to membranes of multi-lamellated dense bodies in 
dystrophic neurites surrounding the amyloid core. These findings 
suggest that the membranous dense bodies in plaques may originate 
from the biosynthetic or transport membrane compartments which 
normally express PSI and may participate in trafficking of amyloid.

842.2
The Role of Presenilin-1 in the Response of PC12 Cells to 
Nerve Growth Factor. J.J. Lah*. J.A. Bennett-Desmelik, C.J. 
Heilman, N.R. Nash, J.T. Greenamyre. and A.I. Levey. Emory 
University, Department of Neurology, Atlanta, GA.

Several lines of evidence suggest that the expression of 
presenilin-1 (PSI) maybe developmentally regulated and play a role in 
neural development. The expression of PSI as N-terminal and C- 
terminal fragments raises the additional possibility of two independent 
functional proteins. Stably transfected PC 12 cell lines expressing 
various levels of normal or mutant human PSI genes were studied 
using highly specific antibodies which selectively recognize each of the 
PSI cleavage products. PC 12 cells efficiently processed the proteins 
into N-terminal and C-terminal species, indicating that PC 12 cells have 
the capacity for efficiently regulating the expression and proteolytic 
processing of PSI.

Growth characteristics of transfected PC 12 cells suggest that 
expression of normal and mutant PSI proteins affects their 
differentiation state. Some of the cell lines expressing high levels of 
normal PSI protein show spontaneous neuritic outgrowth which was 
not observed in cell lines overexpressing mutant PSI. Nerve growth 
factor (NGF) stimulation of PSI-transfected cell lines induces 
additional differentiation. When studied by western blotting, NGF 
stimulation results in a marked reduction in levels of N-terminal protein 
with simultaneous increase in C-terminal protein. These findings 
suggest that PSI expression in PC 12 cells is regulated by NGF and the 
observations in cells overexpressing nonnal PSI suggests that it may 
play a role in neuronal differentiation.

842.3
SKELETAL AND CNS DEFECTS IN PRESENILIN-1 DEFICIENT 
MICE. J. Shenl R. T. Bronson^ D, F. Chen1. W. Xia3, D. J. 
Selkoe^, S. Tonegawa**. *Dept. of Biology, MIT, Cambridge, MA 
02139, ^Dept. of Pathology, Tufts Univ., Boston, MA 02111 and 
^Center for Neurological Diseases, Brigham and Women’s Hospital, 
Boston, MA 02115.

Presenilin-1 (PSI) is the major gene responsible for early-onset 
familial Alzheimer's disease (FAD). Mutations in PSI account for an 
estimated 70% of all early-onset FAD cases. To understand the 
normal function of PSI, we have generated a targeted null mutation in 
the murine homolog of PSI. We report that PSI -I- mice die shortly 
after natural birth or Caesarean section. The skeleton of homozygous 
mutants is grossly deformed, with defective ribcage, fused vertebrae 
and little ossification in the vertebral column. Hemorrhages occur in 
the central nervous system of PSI null mutants with varying location, 
severity and time of onset. The ventricular zone in the ganglionic 
eminence of homozygous mutant brains is markedly thinner by 
embryonic day 14.5, indicating an impairment in neurogenesis. 
Bilateral cerebral cavitation is prominent in the ventrolateral region of 
the ventricular zone and in the subcortical region of the temporal lobe 
in the mutant brain after embryonic day 16.5. These results show that 
PSI is essential for normal development of the axial skeleton, and that 
PSI is required for normal neurogenesis as well as survival of neural 
progenitor cells and neurons in specific brain sub-regions. Supported 
by Leukemia Society of America, NIH, HHMI.

842.4
FUNCTIONAL RESCUE OF EMBRYONIC LETHALITY IN 
PRESENILIN 1 NULL MICE BY NORMAL AND MUTANT 
(A246E) HUMAN PRESENILIN 1. S. Qian, P. Jiang, X. Guan, G. 
Singh. M. Trumbauer, Y, Hong. H. Chen. S. Sisodian‘. L.H.T. Van
der Ploeg and H. Zheng Dept. of Genetics & Mol. Biol., Merck 
Research Labs, Rahway, New Jersey 07065. nNeuropathology Lab, 
The Johns Hopkins Univ. Sch. of Med., Baltimore, Maryland 21205

Missense mutations in Presenilin 1 (PSI) are linked to the majority 
of early-onset cases of familial Alzheimer’s disease (FAD). PSI 
mutations display dominant inheritance and were shown to foster 
production of A|342 in FAD patients and in transgenic mice. Human 
PSI is a functional homologue of C. elegans sell2. PSI null mice 
exhibit dramatic axial skeleton malformation and CNS hemorrhage, 
phenotypes leading to embryonic lethality during late gestation. This 
provides an opportunity to determine whether human PS 1 FAD 
mutations are loss or gain of function mutations. We generated 
transgenic mouse lines expressing either the wild type human PSI 
protein or human PS 1 with the A246E FAD mutation, under the 
control of a human Thy-1 promoter. We show that both the wild type 
and FAD containing human PS 1 genes can rescue the embryonic 
lethality of the PS 1 knockout mouse, indicating that the mutation does 
not lead to a loss of PS 1 function during development.
Funded by Merck & Co.
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842.5
AN FAD-LINKED MUTANT PSI FUNCTIONALLY COMPLEMENTS 
PS/-NULL PHENOTYPES. WmLIA Pay#, H, .(teL&A.
IggbnsL_&£, CopeMt fiJL,.Erissl*tJX,K..WcM aM S,S,-SisafiaL,
1 Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205 and 2NCI- 
Frederick Cancer Center Research and Development, Frederick, MD 21701.

Mutations in the presenilin 1 (PS/) gene co-segregate with the 
majority of early-onset cases of familial Alzheimer’s disease (FAD). PSI is 
a functional homologue of sel-12, a C. elegans protein that facilitates 
signalling mediated by the Notch/lin-12 family of receptors. Mice with 
functionally inactivated PS/ genes (PSI ' } exhibited abnormal patterning of the 
axial skeleton and spinal ganglia, phenotypes traced to defects in somite 
segmentation and differentiation. Moreover, expression of mRNA encoding 
Notchl and Dill, a mammaliam Notch ligand, is markedly reduced in the 
presomitic mesoderm of PSI ' embryos compared to controls. Thus, PSI is 
essential for the spatiotemporal expression of Notchl and Dill, molecules 
required for somite segmentation and for maintenance of somite borders. To 
test whether FAD-linked mutant PSI could rescue the phenotypes observed in 
PSI'1' embryos, we bred mice expressing either human wild type or mutant 
PSI (A246E) into the PSI -null background by mating with PS/+/ mice. We 
report that both human wild type and A246E PSI efficiently rescue the 
phenotypes observed in PSI1 embryos, findings consistent with the view that 
FAD-linked PSI mutants possess normal function during mammalian 
embryonic development.

Supported by Adler Foundation, Develbiss Fund, Alzheimer's Association and 
NIH

842.6
GLIAL REACTIONS TO AMYLOID DEPOSITS IN TRANSGENIC MICE 
EXPRESSING BOTH PRESENILIN-1 AND AMYLOID PRECURSOR PROTEIN 
MUTATIONS. M.N., GpjdonLJ^A,.,^  ̂ Benkoyic, K.L. Wright, K.
Hsiao, E. McGowan, K^Duff and_D,G.. Morgan. Alzheimer Research Lab., Dept. 
of Pharmacology, Univ. of South Florida, Tampa, FL 33612-4799, Dept. of 
Neurology, Univ of Minnesota, Minneapolis, MN 55455, and Mayo Clinic, 
Jacksonville FL, 32224.

Male mice expressing a mutant APP gene APP695.K670N/M671L(Tg2576;
K. Hsiao) were bred with female mice expressing a mutant PS transgene 
(M146L; FAD4; K. Duff) resulting in progeny with 4 genotypes. These mice 
were genotyped and followed to 7 months of age. No differences in body 
weight or neurological function (balance, motor skills, audition, vision) were 
detected.

Mice between 5 and 7 months were killed and half brains fixed by immersion 
in paraformaldehyde and half frozen for AP measurements (see accompanying 
abstract by Duff et al). One 15 mo old Tg2576 mouse was also killed. Brains 
were immunostained for glial markers including GFAP. In NonTG, PS1 and 
Tg2576 mice (5-7 mo) there was faint GFAP staining in neocortex. In all PS- 
Tg2576 (n=6) and the 15 mo Tg2576 mice there were clusters of GFAP 
positive reactive astrocytes scattered throughout neocortex. Counterstaining 
sections with Congo Red revealed amyloid deposits near the center of these 
clusters. In the older Tg2576 mouse, these deposits were larger but in the PS- 
Tg2576 mice, the deposits were more numerous. In the 15 mo old Tg2576 
mouse, the astrocyte processes were retracted further from the amyloid than in 
the younger PS-Tg2576 mice. Supported by P01 AG14633(DGM, MNG & KD), 
the Benjamin Scholarship (KW), Alz Assn IIRG 93-083(DGM) and NS 33249 
(KH).

842.7
BEHAVIORAL CHANGES IN TRANSGENIC MICE EXPRESSING BOTH 
PRESENILIN-1 AND AMYLOID PRECURSOR PROTEIN MUTATIONS. L.A. 
Holcomb*, K.L. Wright, I. Saad. R. Mueller, M.N, Gordon, K. Hsiao. K. Duff, and
D.G, Morgan. Alzheimer Research Lab., Dept. of Pharmacology, Univ. of South 
Florida, Tampa, FL 33612-4799, Dept. of Neurology, Univ of Minnesota, 
Minneapolis, MN 55455, and Mayo Clinic, Jacksonville FL, 32224.

Mice expressing APP695.K670N/M671L(Tg2576) were bred with mice 
expressing PS1 FAD4 mutation as described in the accompanying abstract by 
Gordon et al. At 3 months of age, mice were tested for spontaneous alternation 
behavior in a symmetrica! Y-maze by recording the sequence of arm entries 
over 8 minutes.

MEASURE NonTg PS1-FAD4 Tg2576 PS1&Tg2576

Activity (#arms) 51.1 ±2.3 51.3 ±2.2 57.4 ± 5.0 65.6 ±6.5

Alternation (%) 59.6 ±1.4 60.6 ±2.0 53.4 ±2.5 53.8 ±2.8

# of mice 26 28 17 14

Two way ANOVA revealed a significant effect of APP expression on 
alternation percentage (the percentage of three consecutive arm entries that 
include all three arms) and activity. Examination of the means indicates that the 
bulk of the elevated activity was found in the PS-Tg2576 group, suggesting an 
interaction between the two mutations. Supported by P01 AG14633 (KD, MNG 
& DGM), the Benjamin Scholarship (KW), Alz Assn IIRG 93-083 (DGM) and NS 
33249 (KH).

842.8
UNEQUIVOCAL DEMONSTRATION OF THE CELL- 
SURFACE EXPRESSION AND SEVEN TRANSMEMBRANE 
SPANNING TOPOGRAPHY OF THE PRESENILINS.
N, N. Dewji *1 and S. J. Singer 2. University of California, San Diego, 

Departments of Medicine (1) and Biology (2), 0322, La Jolla, CA 92093.
The cell-surface expession and seven transmembrane topography of the 

presenilins (PS) have been disputed, although they were indicated by our 
previous studies (PNAS 93: 12575-12580, 1996). In order to finally settle 
these matters, we present results of the following experiments.

Using a total of eight antipeptide antibodies to different regions of PS 1 and 
PS2, we have now shown that live transfected DAMI and human cultured 
neuronal cells are immunofluorescently labeled with those antibodies anticipated 
to recognize epitopes exposed at the cell-surface, as determined by the seven- 
transmembrane topography, but not by those directed to epitopes expected to 
face the cytoplasm. The latter labeled cells only after they were fixed and 
permeabilized. Surface labeling could be eliminated with an excess of the 
specific peptides and by trypsin treatment prior to labeling. Furthermore, the 
same live transfected cells could not be labeled by antibodies to the 
intracellularly localized tubulin. Specificity of each antibody has been 
confirmed by single bands in immunoblots with sizes that are identical to the 
calculated full-length molecular weights for the two proteins which migrate 
with the in-vitro translation products and such labeling can be eliminated by 
competition with excess peptide. The reported smaller breakdown products are 
sometimes immunoblotted, but these are not the major bands, and these can 
also be blocked by specific peptides. Our work demonstrates, unequivocally, 
that the presenilins can exist at the cell surface and confirms their seven- 
transmembrane spanning topography. Furthermore, it shows that both proteins 
can exist as full-length proteins, without the necessity of any "clipping" event 
either for or as a result of membrane insertion.

Supported by NIH Grant 2 NS 27580 to N. N. D.

842.9
TRANSCRIPTIONAL REGULATION OF THE PRESENILIN-2 
GENE. K. R. Pennvpacker*, R. Xu, H. Hernandez and M. Hutton 
Dept. of Pharmacology, Univ. of S. Florida, Tampa, FL 33543 and 
Mayo Clinic, Jacksonville, FL 32224.
The presenilin 2 (PS-2) has been linked to the onset of Alzheimer's 
disease (AD). Although its exact role is unknown, it has been reported 
that PS-2 mRNA levels are significantly reduced in neurons from AD 
brains relative to levels found in control brains. In contrast, PS-2 mRNA 
content increases in astrocytes in only AD-afflicted areas. These reports 
suggest that the PS-2 gene is transcriptionally regulated in AD in a cell- 
specific manner. We have isolated a 3.6 kb segment from +701 to -2931 
relative to the first transcriptional start site of PS-2 gene and this DNA 
sequence contains both regulated and basal transcriptional activity. 
Transcription starts from at least 2 sites, +1 at the beginning of exon 1 
and +676 which is located within exon 2. There are 2 GC-rich regions 
that reside within the first few hundred bases upstream from each start 
site which function to regulate basal transcriptional activity. The GC-rich 
region within intron 1 exhibits several-fold more transcriptional activity 
than the region at +1 to -300. A repressor is located between -401 and - 
627. Regulated activity induced by treatment with phorbol esters and 
forskolin is conferred by sequences residing upstream from -1570 which 
is surprising since the regulated activity is upstream from several 
potential AP-1 and NFk P sites. Studies are being carried out to further 
define the regulator)' elements and elucidate the signal transduction 
pathways that regulate PS-2 in the normal AD brain. This work was 
supported by Grant 96-012 from the Institute on Aging at the University 
of South Florida.

842.10
STRUCTURE-DYSFUNCTION RELATIONSHIPS IN THE PRESENILIN 1 
GENE. M. Citron*. T.S.Diehl, B.L. Ostaszewskil. W.Xia. and D.J. Selkoe. Center 
for Neurologic Diseases, Brigham & Women’s Hosp. and Harvard Med. Sch., Boston.

Humans harboring missense mutations in the presenilin 1 (PSI) gene undergo 
progressive cerebral deposition of the amyloid B-protein (AB), particularly A842, at an 
early age and develop a clinically and pathologically severe form of Alzheimer's 
disease (AD). Because PSI mutations are the cause of the most aggressive form of 
AD known, it is important to establish their pathogenic mechanism. Previous studies 
have shown that AB42 is selectively elevated in the conditioned media of cells 
expressing mutant but not wild type PSI, suggesting that presenilin mutations 
influence BAPP processing.

We have analyzed quantitatively how PSI mutations influence the production of 
AB42. First, we tested whether a construct expressing only the PSI N-terminal 
fragment carrying the mutation YI15H causes the same AB42 increase as a full-length 
construct with the same mutation. We found that only the full-length construct 
produces the previously described AB42 increase, suggesting that the pathogenic effect 
of PSI mutations is attributable to the full-length molecule even though only a 
minor proportion of total PSI occurs as holoproteins in tissues and cell lines. Next, 
we tested whether the effects of two different PSI mutations are additive when they are 
engineered into the same PSI molecule. Indeed, we found a higher A842 increase in 
the double mutant line than in each of the parental lines. This indicates that two PSI 
mutations can cause more dysfunction than one alone and that the PSI mutations 
analyzed so far have not reached the maximum possible level of PSl-mediated AB42 
increase, a conclusion of interest for transgenic modeling. Finally, using a panel of 
cell lines expressing various PSI mutations we tested whether the historical mean age 
of clinical onset in families carrying a specific PSI mutation shows an inverse 
relationship with the degree of AB42 increase in cell lines bearing this mutation. We 
could not detect such a relationship, suggesting that unknown modifying factors 
influence the mean age of disease onset in the PSI families. (Supported by NIH 
AG05134 and AG 12749)
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842.11
TRANSFECTION OF PRIMARY NEURONS WITH NOTCH 
INHIBITS NEURITE OUTGROWTH. O.Berezovska*, P.McLean,
F.Lu, B.T.Hvman Alzheimer Research Unit, Mass General Hospital, 
and Children’s Hospital, Boston, MA 02129

Notch is large transmembrane glycoprotein. In Drosophila and 
C.elegans Notch plays an important role in cell fate decisions in 
uncommitted proliferative cells, including neurogenesis. We have 
shown previously that Notch (both mRNA and protein) is highly 
expressed in embryonal mouse and human brain, but surprisingly it 
remains expressed at low level in adult brain. Expresion vectors 
containing either full length Notch or constitutively active trunkated 
Notch were transiently transfected into primary cortical/hippocampal 
cultures.We found that 24 h after transfection of 1DIV neurons with 
Notch 1 the number of round cells significantly increased (p<0.0025), 
while the number of cells with multiple neurites significantly decreased 
(p<0.05). A similar but much stronger effect was observed 24h after 
transfection of 1 DIV neurons with truncated Notch. The same effect of 
Notch (full length and truncated) was found when we transfected 
2DIV, 3DIV or even 6DIV neurons. In all cases, transfection with 
Notch caused decreasing of the percentage of neurons in culture which 
had multiple processes. These results show that Notch retards 
maturation of postmitotic terminally differentiated neurons, suggesting 
that Notch plays a physiologically important role in the CNS beyond 
neurogenesis.
Supported by NIH grant 3P5O AG 05134

842.12
INVOLVEMENT OF CELL CYCLE AND CHROMOSOME
SEGREGATION DEFECTS IN ALZHEIMER’S DISEASE. H. Potter*, 
J. Li. L.N. Geller, J. Ma, M. Xu, H. Zhou. Department of 
Neurobiology, Harvard Medical School, 220 Longwood Avenue,
Boston, MA 02115, U.S.A.

A connection between Alzheimer’s disease (AD) and Down syndrome 
(DS; trisomy 21) is indicated by the fact that all DS individuals develop 
AD neuropathology by the fourth decade of life. We have suggested that 
small numbers of trisomy 21 cells in otherwise normal individuals could 
similarly lead to many cases of classical AD. Using quantitative 
fluorescence in situ hybridization (FISH) to examine cultured fibroblasts, 
we have found a significantly larger number of trisomy 21 cells in cultures 
from AD compared to control individuals.

This model and result suggest that defects in cell cycle regulation and/or 
chromosome segregation underlie many cases of AD. Of the fibroblast 
samples found to contain trisomy 21 cells, many were derived from 
individuals carrying a mutation in the recently-identified presenilin genes. 
The presence of several S/TPXX motifs that are targets of the 
cdc2/cyclinB kinase in the AD3/PS1 and AD4/PS2 proteins suggests a 
direct involvement in the cell cycle. Immunocytochemistry his localized 
these proteins in the nuclear envelope and other structures consistent with 
a role in chromosome segregation. The implications of these and other 
findings for the pathogenesis of Alzheimer’s disease and the development 
of therapy will be discussed. Supported by the NIH.

842.13
IDENTIFICATION AND CHARACTERIZATION OF PRESENILIN-1 
(PS-1) INTERACTING PROTEINS AS NOVEL THERAPEUTIC 
TARGETS FOR ALZHEIMER’S DISEASE (AD). AAJohnsinfth, H- 
C.Li1, N.K.Robakis & N.Tezapsidis*. Departments of Psychiatry & 
Biochemistry1 & Fishberg Research Center for Neurobiology, Mount Sinai 
Schoo! of Medicine, New York, NY 1002b

Certain missense mutations in the recently discovered presenilin-1 (PS-1) 
are associated with tire majority of all familial AD cases (FAD) The 
presumably newly gained function of mutated PS-1 causes an increase in 
AP]_42 levels in both in vitro and in vivo experimental models. However, 
the norma! function of PS-1 and how this is perturbed through the 
mutations has not yet been defined with confidence. Both sporadic and 
familial AD exhibit common pathologies and it is strongly believed that 
they also share a common padrway leading to disease. As an attempt to 
determine a function for PS-1, we screened a human brain kgtl 1 
expression library with PS-1 protein probes to identify interacting 
proteins. The probes were produced as GST-fusion peptides and purified 
from IPTG-induced bacterial lysates, transformed with vectors carrying the 
wild-tvpe (WT) or FAD-mutated PS-1 (both full-length or fragments of). 
Differential screening based on altered binding properties of the WT versus 
FAD-mutated PS-1 was utilized as an appoach to identify possible novel 
targets for therapeutic intervention. Candidates are currently evaluated in in 
vitro assays. (Sponsored by the Alzheimer’s Association grant RG196098 
to NT and the NIH grant AG08200 to NKR)
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843.1
ABNORMAL ACTIVATION OF THE HIPPOCAMPAL FORMATION IN MILD 
ALZHEIMER’S DISEASE DURING VISUAL ENCODING. J.F. Bates*, C.R, 
Savage, R.L. Buckner, D.L. Schacter, R, Weisskoff, B. Rosen, P.J. Whalen, D.N.
■Kennedy3_XLEJ_..Stern1..and_MJt Albert. Gerontology Research Unit and NMR
Center, Massachusetts General Hospital/Harvard Medical School, Charlestown, MA 
02129.

Neuropathological studies have demonstrated the importance of the hippocampal 
complex, particularly the entorhinal cortex, in early Alzheimer’s disease (AD). MRI 
studies have demonstrated reduced volume of the hippocampal formation in mildly 
impaired AD patients, but no fMRI data have yet been reported, to our knowledge. 
This study used fMRI and a visual encoding paradigm to compare hippocampal 
formation activation in normal elderly subjects and mild AD patients.

The cognitive activation task was presented in 6 runs, each containing three 
alternating blocks: 1) Fixation: subjects examined a fixation cross; 2) Novel: 
subjects examined novel scenes and tried to remember them; 3) Repeated: subjects 
examined 4 continuously repeating scenes. Subjects were tested for recognition of 
novel scenes immediately after scanning (25 targets, 25 distractors; mean accuracy = 
65% Elderly; 53% AD). fMRI data were collected in 17, 8mm coronal slices 
(TR=2.0, 114 images/slice) from 6 healthy elderly subjects (mean age=70) and 3 
mildly impaired subjects with probable AD (mean age=71; mean MMSE score = 
23.5), Data were motion-corrected, averaged across runs, and compared with a KS 
statistic between the conditions.

Contrasts between the Novel and Repeated conditions revealed significant signal 
change (p< 104) in the hippocampal formation for each elderly subject but none of the 
AD patients. In addition, the time course of signal variation was paradigm-locked in 
the normal elderly subjects only. Thus, mildly impaired AD patients show abnormal 
functional change in the hippocampal formation.
Supported by the NIH (AG04953 & MHO 1230).

843.2
BRAIN SPECT VERSUS DEMENTIA SEVERITY IN 
ALZHEIMER’S DISEASE. J. W. Ashford*, W.-J. 
Shih, J. Coupal, R. Shetty, A. Schneider, C.
Cool, V. Stipp, A. Aleem, and F. A. Schmitt.
Depts. of Psychiatry, Neurology, Nuclear 
Medicine, Sanders-Brown Center on Aging, Univ. 
of Kentucky, VAMC, Lexington, KY 40536-0226.

Studies of brain function in patients with 
Alzheimer’s disease (AD) show loss of activity, 
most marked in the temporo-parietal regions, 
usually examining horizontal brain slices and 
obtaining correlations with severity less than
0.6. This study used ECD (Neurolite, DuPont), 
a 3-headed Picker camera, and 3D computer 
rendering in 30 probable AD patients with MMS 
scores (0-30) transformed to the "time-index" 
measure of dementia severity (Ashford et al. , 
1995, Dementia, 6:269-280). Cortical surface 
blood flow (using greater cerebellar hemisphere 
as reference) showed inverse correlations with 
severity: posterior-temporal/inferior-parietal: 
r=-0.76(L); r=-0.73(R); prefrontal: r=-0.54(L); 
r=-0.45(R). Primary cortical regions, including 
Broca’s area, had lov/ correlations. Anterior- 
temporal and basal-frontal regions had low flow 
early in the disease. These techniques improve 
disease distribution analysis of the AD brain.
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843.3
ATROPHY OF MEDIAL TEMPORAL LOBE STRUCTURES IN NON- 
DEMENTED ADULTS WITH DOWN SYNDROME (DS). J.S. Krasuski. 
G.E. Alexander. B. Horwitz. P. Pietrini*. S.I. Rapoport. M.B. Schapiro. Lab.
of Neurosciences, NIA, NIH, Bethesda, MD 20892 

Trisomy 21 DS results in overproduction of A0 amyloid precursor protein,
hypothesized to play a role in the neuropathology of Alzheimer disease (AD). 
AD neuropathology begins in medial temporal lobe structures, but the temporal 
relation to dementia development is unclear. We hypothesized that atrophy of 
medial temporal lobe structures in non-demented adults with DS will be in 
excess of that in healthy non-DS older adults. We compared 13 healthy controls 
(age mean±sd, 30.9±4.Q, FZM, 6/7) and 18 non-demented adults with DS 
(34.7±4.0, 8/10) <40 years of age to 14 healthy controls (49.1±7.4,5/9) and 
15 non-demented adults with DS (50.2±5.7,8/7)2:40 years of age. Using 5 mm 
contiguous TI-weighted slices perpendicular to sylvian fissure obtained on a
1.5 T GE Signa II MR scanner, bilateral volumes of hippocampus, amygdala, 
anterior and posterior parahippocampal gyrus (PHG), and temporal pole CSF 
were measured in cm3 and normalized to total cranial volume. Significant 
group-by-age group interactions (p < 0.05) showed older adults with DS to have 
smaller volumes of hippocampus and posterior PHG than non-DS controls 
(e.g., L hippocampus, mean±s.d. volume; young controls 0.21±0.02, old 
controls 0.21±0.02, young DS 0.20±0.04, and old DS 0.17±0.03; p^O.05). In 
DS, atrophy of brain regions pathologically affected early by AD occurs prior 
to dementia and to greater degree than in normal aging. These findings support 
the study of non-demented adults with DS as a clinical model of the early 
effects of AD and suggest that evaluation of medial temporal lobe structures 
may assist in identifying subjects at risk for AD. Supported by NIA IRP.

843.4
ALTERED REGIONAL DISTRIBUTION OF BRAIN METABOLIC AND 
PATHOLOGICAL LESIONS IN THE VISUAL VARIANT OF ALZHEIMER 
DISEASE (AD). P. Pietrini, P. Hof. N.R. Graff-Radford, M.L. Furev. G.E. 
Alexander, M.J. Mentis. P. Nichelli*. A. Dani, C.A. Brown and M.B,-SchapirQx
Lab. Neurosci., NLA, NIH, Bethesda MD 20892; Neurobiol. Aging Lab., Mount 
Sinai School of Med, New York, NY; Mayo Clinic Jacksonville, FL, USA

A subgroup of AD patients (AD+VS) shows early and prominent visuospatial 
disturbances without memory complaints, a greater impairment of resting brain 
metabolism (rCMRglc) in the occipital and parietal visual cortical areas and a relative 
preservation of frontal, inferior temporal and limbic rCMRglc as compared to typical 
(AD-) AD patients (no hx of visual disturbances; memory first complaint) (Pietrini et 
al., Am J Psychiatry 153:1261, 1996). To verify the hypothesis that the 
neuropathological process in the AD+VS patients preferentially affects visual cortical 
areas while sparing the anterior regions usually affected in AD, we measured in vivo 
rCMRglc and post-mortem densities of neurofibrillary tangles (NFT) and senile 
plaques (SP) in a 67 y/o AD+VS patient who died 6 years after onset of dementia. At 
last evaluation (0.5 yr. prior to death), the patient was moderately demented (Mattis 
Dementia Rating Scale score 70/144); performance on some memory tests was 
significantly better than in age and severity matched AD- patients (z-score analysis), 
although worse than in healthy controls (HC). rCMRglc was significantly lower than 
in HC in left middle temporal, left inferior and bilateral superior parietal, bilateral 
association and left primary visual cortex but was normal and significantly higher than 
in AD- in frontal and hippocampal regions. Compared to post-mortem findings from a 
mild and a moderate-severe AD- group, the AD+VS patient showed NFT and SP 
densities significantly higher in V2, V3 and V4/VP but significantly lower in frontal 
and anterior medial temporal regions (CAI, Broadmann areas 9 and 20), where the 
NFT and SP densities were comparable to those observed in the mild AD- group. 
Thus, the AD process can develop in brain visual areas, thought to be less vulnerable 
to AD, with sparing of structures, such as the hippocampus, sometimes considered to 
be invariably affected since the early stages in AD. (Supported by NIA IRP/ERP).

843.5
DIMENSIONAL SHIFTS IN DISCRIMINATION LEARNING: A 
TEST OF FRONTAL LOBE FUNCTION IN A SAMPLE OF AGED 
BEAGLES G.E. Adam*1, J.P. Moore1, R.J. Sutherland1, H. Callahan2, 
C.W. Cotman3. N.W. Milgram2, & B A, Muggenburg4; ^epts. of 
Psychol. & Neurosci., U. of New Mexico, Abq.; 2U. of Toronto, 3U. of 
California-Irvine, 4Lovelace Respiratory Research Institute, Abq., NM

A key to understanding human age-related cognitive decline is the 
development of an animal model to relate behavior to brain abnormalities.
The search for a model has led to the discovery that certain dog breeds develop 
P-amyloid plaques which are seen in and around hippocampus and frontal 
cortex. We have developed an object discrimination task modeled on the 
Wisconson Card Sort Task (WCST). Our objects vary on three cue 
dimensions (size, odor, and brightness) and the objective of the task is to teach 
the dogs which dimension is relevant. We hope to determine if learning set 
differs with age and if prior learning of either an odor or visual discrimination 
affects the time taken to learn a new discrimination. We are testing 20 dogs (2 
to 15 yrs), with size or odor as the relevant dimensions. As each dog reaches 
stable performance, reward is contingent on the second cue dimension and the 
first becomes irrelevant. Finally, the dogs will be switched to a discrimination 
based on the brightness of the objects. Our preliminary results suggest that 
there is not a simple relationship of age and performance on the initial 
discrimination. We expect performance on the second and third phases of this 
task to be more sensitive to age effects. [Supported by grant AG 12694 to 
CWC, NWM, & BAM; and GRPT to GEA]

843.6
SCOPOLAMINE-INDUCED ATTENTION DEFICITS IN RHESUS MONKEYS 
USED AS A MODEL TO EVALUATE THE EFFECTS OF CHOLINOMIMETICS. 
M.J. Callahan*. Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co., 
Ann Arbor, MI 48105.

Deficits in attention are consistently reported in aged and demented humans. These 
deficits in attention are similar to those produced by scopolamine in otherwise cognitively 
intact humans and our monkeys. Scopolamine-induced attention deficits occur at lower 
doses than those required to induce memory deficits. Thus, deficits in attention may 
coexist with or be responsible for other cognitive impairments associated with 
anticholinergic treatment. The role of an intrinsic attentional deficit in Alzheimer's disease 
(AD) and the cholinergic contribution to this deficit may be important in developing 
appropriate therapy. In this study, test-experienced rhesus monkeys with established 
baseline performance were used. Responses on a continuous performance task were 
measured using a microcomputer-controlled test environment. Monkeys were rewarded 
for responding to a target object displayed on the screen of a touch-sensitive color 
television monitor (CRT). Display of the target object on the CRT was randomized with 
respect to time and spatial location. Scopolamine produced a dose-dependent impairment 
in sustained attention or slowing of information processing measured as a decrease in the 
number of responses. Treatment with the acetylcholinesterase inhibitor tacrine dose- 
dependently improved the performance of monkeys impaired by scopolamine. In AD 
patients, tacrine has been shown to produce dose-dependent clinical efficacy (Knapp et 
al., 1994, JAMA 271:985-91). However, cholinergically mediated side effects prevented 
some patients from receiving the highest dose. The muscarinic agonists milameline and 
CI-1017 were also effective in reversing the scopolamine-induced impairment in 
monkeys. In addition, the ml selective agonist CI-1017 exhibited an increased separation 
between efficacy and adverse events. This separation may be important for maximizing 
the clinical efficacy of cholinergic agents in a wider range of AD patients.
Supported by Warner-Lambert.

843.7
CHRONIC I.C.V. INFUSION OF OKADAIC ACID PRODUCES 
DIFFERENTIAL EFFECTS ON SPATIAL WORKING AND REFERENCE 
MEMORY IN RATS. K. Wilton*, K. Manser, and M. Good. School of 
Psychology, University of Wales, Cardiff CF1 3YG, U.K.

The chronic i.e.v. infusion of the protein phosphatase 1 and 2A inhibitor 
okadaic acid (OA) has been put forward as a rodent model of Alzheimer-like 
pA4-amyloid deposition and tau hyperphosphorylation (Arendt et al, 1995, 
Neuroscience, 69(3), 691-698). In the present study, we investigated the 
effects of OA administration on spatial learning and memory. Rats received 
i.e.v. infusion of OA (70ng/day) or vehicle (aCSF) via a cannula, implanted in 
to the lateral ventricle, attached to an osmotic minipump (Alzet, Model 
2002). Following pre-training as normal animals, the performance of spatial 
working memory in the T-maze (forced-choice alternation) and the water 
maze was impaired in OA treated animals from the start of testing. 
Furthermore, acquisition of the T-maze working memory task was also 
impaired in OA animals when training was conducted 3 days after pump 
implantation. In contrast, acquisition of spatial reference memory in the T- 
maze and the water maze was unimpaired in animals trained immediately 
after implantation or following 8 weeks of OA infusion, immuno-
cytochemical analysis showed changes in pA4 and hyperphosphorylated 
tau staining throughout the brain as a function of the length of OA 
administration. This pattern of results indicates that i.e.v infusion of OA 
produces an immediate deficit in spatial working memory. However, our 
initial results lead us to conclude that (1) the magnitude of this spatial 
working memory deficit does not change as a function of the length of 
exposure to OA and (2) that chronic OA administration does not produce a 
progressive and general decline in spatial learning and memory in rats. 
Supported by the Medical Research Council, UK (MG).

843.8
DEHYDROEPIANDROSTERONE-SULFATE (DHEAS) AND CORTISOL 
(CRT) LEVELS AND THEIR RELATION TO EVERYDAY MEMORY IN 
MEN AND WOMEN WITH ALZHEIMER’S DISEASE (AD) COMPARED 
TO AGE-MATCHED CONTROLS. L.E. Carlson*, B.B, Sherwin and
H.Chertkow. McGill University, Montreal, Quebec, Canada.

Fifty two age-matched AD patients (26 men, 26 women), mean age 76.2 
years, were assessed with the Rivermead Behavioural Memory Test (RBMT, 
which measures everyday memory) the Digit Span Test and the Boston 
Naming Test Clinical Dementia Rating (CDR) scores and Mini-Mental 
Status Examination (MMSE) scores were also assessed. Plasma levels of 
CRT and DHEAS were measured via radioimmunoassay. The AD patients 
were compared to a control group of age and gender-matched elderly men 
and women. Contrary to some reports (Sunderland et al, 1989, Svec & 
Lopez, 1989), no differences were found between the AD patients and the 
controls in DHEAS levels, in CRT levels, or in the DHEAS/CRT ratio. In 
the AD patients, there were no gender differences in DHEAS levels, in CRT 
levels, or the DHEAS/CRT ratio, in contrast to the findings of Leblhuber et 
al. (1993). In the AD group, there were no correlations between DHEAS 
and CRT levels or the DHEAS/CRT ratio and any of the memory tests. 
However, a median split showed that patients with high DHEAS levels 
scored better on the RBMT subtest of Remembering a Name (p<.02), Digits 
Forward (p<.03) and Digits Total (p<.05), and had slightly higher MMSE 
scores (p<.06) than those with low DHEAS levels. Those with low CRT 
levels were better at remembering a route after a delay (p<.02) than were 
those with higher CRT levels.

Funded by an operating grant from the Medical Research Council of Canada.
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843.9
NEUROENDOCRINE BIOMARKERS OF ESTROGEN ACTIVITY IN 
WOMEN WITH ALZHEIMER’S DISEASE. S. Asthana,* S. Craft, L.D. 
Baker, E. Avery, M.A. Raskind, S.R. Plymate. Geriatric Res., Edu. and 
Clinical Center (GRECC), VA Puget Sound Health Care System, 
Seattle/Tacoma, WA, and Univ. of Washington School of Med., Seattle, WA.

We have recently reported that treatment with transdermal 17 B-estradiol 
(Estraderm™) significantly enhances attention and verbal memory in 
postmenopausal women with Alzheimer’s disease (AD). In an attempt to 
identify neuroendocrine biomarkers of estrogen activity in patients with AD, 
we measured plasma concentrations of insulin-like growth factor-I (IGF-I) 
and its major binding protein IGFBP-3.

Twelve postmenopausal women with probable AD completed the study. 
Six women were randomized to receive a 2-month treatment with 0.05 
mg/day of transdermal 17 B-estradiol and the remaining six received a 
placebo skin patch. Treatment was discontinued after 2-months, and 
subjects were followed for additional five weeks. Following baseline 
assessment, subjects were evaluated at weeks 1, 3,5, and 8 on treatment, and 
at weeks 9, 10, 11, and 13 off treatment. For each testing visit, cognition 
was evaluated by neuropsychological tests and blood samples were collected 
to measure plasma concentrations of estradiol, IGF-I, and IGFBP-3. In the 
estrogen-treated group, a significant negative correlation (r= -0.93, p=0.02) 
was observed between mean plasma concentrations of estradiol and IGF-I. 
Moreover, for subjects treated with estrogen, a significant negative 
correlation was found between a measure of verbal memory (i.e., mean cued 
delayed recall test score of Buschke Test) and mean plasma concentrations 
each of IGF-I (r= -0.903, p<0.04) and IGFBP-3 (r= -0.99, p<0.01). No 
such significant relationships were identified for the placebo-treated group.

The results of this prospective, controlled clinical study demonstrate that 
plasma concentrations of IGF-I and IGFBP-3 are potential biologic markers 
of cognition enhancing efficacy of estrogen in women with AD. Supported 
by a grant from the Alzheimer’s Assoc, and by Ciba-Geigy Corporation.

843.10
THE PUTATIVE ANTI-DEMENTIA DRUG N-(4-ACETYL-1-PIPERAZ1NYL)-/5- 
FLUOROBENZAMIDE MONOHYDRATE (FK960) HAS CONCENTRATION- 
DEPENDENT ACTIONS ON GLUTAMATERGIC TRANSMISSION IN THE 
HIPPOCAMPUS. J.P.Hodgkiss. H.M.Marston* and J.S.Kellv. F.I.N.E., Department 
of Pharmacology, University of Edinburgh, EDINBURGH EH8 9JZ, U.K.

The amelioration by FK960 of memory impairment in rats induced by 
scopolamine may involve serotonergic, somatostatinergic and cholinergic 
transmitter systems in the CNS (Yamazaki et al (1996) JPET 279, 1157). We show 
here that FK960 enhances glutamatergic transmission in rat hippocampal CA1 
neurones in vitro. Whole cell recordings of excitatory post-synaptic potentials 
(EPSPs) evoked by stimulation (0.25-0.33 Hz) of the stratum radiatum were made 
from CA1 neurones at 20°C using a K gluconate-based pipette solution. The slices 
were exposed to an artificial CSF containing picrotoxin (lOOpM), bicuculline 
(lOpM) and D-AP5 (25-50pM). FK960 (94-100nM) significantly increased EPSP 
amplitude by on average 62% (2.68±0.45 mV (SEM, n=6) in control; 4.19±0.71 
mV after 22-32 mins in FK960; p<0.008 paired t-test). At 50 nM FK960 the mean 
percent increase in EPSP amplitude was 24% (1.96±0.62 mV in control; 2.44±0.77 
mV in FK960, n=3) and at 200 nM it was 7% (2.52±0.27 mV in control; 2.71±0.38 
mV in FK960, n=4) neither change in amplitude was significant, suggesting a bell-
shaped dose-response relationship (Yamazaki et al. ibid ). In 3 experiments in 
which the recording lasted for more than 55 mins EPSP amplitude gradually fell 
below control in 200 nM FK960; this was not seen with the other 2 concentrations 
of FK960. We conclude that over a narrow concentration range FK960 enhances 
glutamatergic transmission. It has yet to be determined whether the locus of action 
of FK960 at each of these concentrations is pre- or postsynaptic or a combination of 
both. The nature of the relationship between glutamatergic transmission and 
transmitter systems already implicated in the action of FK960 also requires 
clarification. Supported by Fujisawa Pharmaceutical Co., Ltd.

843.11
Stage  dependent  formation  of  amyloid  plaques , neuritic  plaques  and  PHF- 
t -protein  in  correlation  to  the  associated  inflammatory  reaction  and  to  
THE DEGREE OF DEMENTIA IN ALZHEIMER'S DISEASE. D.R. Thal~, T. Arendt", M. 
Holzer, G. Waldmann-, D. Zedlick-, R. SchoberL department of Neuropathology, 
Institute of Pathology, department of Neuroanatomy, Paul Flechsig Institute of Brain 
Research and department of Psychiatrics, University of Leipzig, Leipzig, Germany 
Alzheimer's disease (AD) is characterized by the progressive accumulation of 
neurofibrillary tangles and senile plaques. The occupation with neurofibrillary tangles 
starting in the transentorhinal region and spreading to the limbic system and then to 
the neocortex is the basis of the staging system of Braak and Braak (Acta Neuropath. 
82: 239; 1991). To correlate progressive accumulation of neurofibrillary tangles with 
the degree of dementia, with the state of the inflammatory reaction and with the 
formation of amyloid and neuritic plaques and hyperphosphorylated x-protein (t -P), 
we have investigated 160 autopsy cases including all stages of AD and control cases. 
The frequency of P-amyloid positive plaques, of neuritic plaques and HLA-DR 
positive microglial cells in the cortex and in the white matter was examined 
semiquantitativly in immunostained sections of the hippocampal, entorhinal, temporal 
and occipital cortex and adjacent white matter. The content of t -P was determined 
with quantitative ELISA. The degree of dementia (CDR-score) was estimated 
according to CERAD. All investigated parameters showed an increase up to stage V. 
The CDR-score increased with increasing stage displaying a linear progression 
throughout all stages. Although stage VI patients displayed dementia and large 
numbers of plaques the frequency of plaques and of reactive microglial cells was 
lower than in stage V. The results show that the occupation of the AD-brain with 
neurofibrillary tangles is correlated to an increasing degree of dementia throughout ail 
stages. The maximum frequency of amyloid and neuritic plaques and of reactive 
microglial cells in stage V may indicate resorptive phenomena involving the amyloid 
burden or the frequency of neurofibrillary tangles with a subsequent shift in staging. 
Supported by BMBF grant No. 01 KS 9504, TP Cl.

843.12
INTERACTION OF PRESENILIN 2 WITH APP. P.E. Merriam. R.M. 
Moir. A.C. Crowley. D.M. Romano and R.E. Tanzi. W. Wasco*.
Genetics and Aging Unit, Department of Neurology, Massachusetts 
General Hospital, Harvard Medical School, Boston, MA 02129-9142

To date, autosomal dominant mutations in the genes encoding the 
amyloid B protein precursor (APP) and presenilins 1 and 2 (PSI, PS2) 
have been identified and are believed to account for up to 50% of the 
early onset forms of familial AD (FAD). APP is the precursor of AB, 
the 39-43 amino acid peptide that is the main component of senile 
plaques. PSI and PS2 are members of an evolutionarily conserved 
gene family which also includes two C. elegans proteins, spe-4 and 
sel-12. Although it is now clear that the FAD-associated mutations in 
the presenilins are linked to modifications in the amounts and types of 
AB produced, it is not known if the observed changes in AB 
production are a result of mutation-induced alterations of a direct 
interaction between the presenilins and APP, or between the presenilins 
and other unidentified proteins in the AB-producing pathway. We have 
utilized co-immunoprecipitation, in vivo crosslinking and modified 
ELISA assays (see abstract by Moir et al.) to demonstrate that there is 
a direct interaction between PS2 and APP, and that the PS2 FAD- 
associated Volga German mutation adversely affects this interaction. 
In addition, immunofluorescence and subcellular fractionation have 
been used to demonstrate that APP and PS2 co-localize in the 
intracellular membranes of the ER and Golgi and that while normal, 
regulated cleavage of PS2 appears to takes place within the Golgi, an 
alternative cleavage of PS2, which is more prominently associated with 
FAD-associated N141I mutant forms of the molecule, takes place in 
the ER.

This work was supported by a grant from the NINDS. WW is a Pew Scholar.

843.13
CYCLOOXYGENASE-2 (COX2) RNA MESSAGE STABILITY IN 
ALZHEIMER'S DISEASE (AD) NEOCORTEX. W.J. Lukiw* and N.G. 
Bazan. LSUMC Neuroscience Center, New Orleans LA 70112, USA

Recent studies indicate that long term treatment by nonsteroidal 
antiinflammatory drugs (NSAIDs) are beneficial for the prevention of 
Alzheimer's disease (AD). Our laboratory has shown that inflammatory 
mediators promote transcriptional activation of cyclooxygenase-2 (COX2) 
in brain [PNAS 91:5252,1994; JBC 271:24794,1996], Using RT-PCR 
analysis and human-specific COX2 and b-actin primers, we have 
determined in 25 human post-mortem neocortical samples (age range 
60-82 yrs, post-mortem interval range 0.7-12.0 hrs) the levels of COX2 
RNA message signal in relation to b-actin RNA message levels. Our 
results indicate a large variation in the signal intensity for the COX2 
transcript in control and AD neocortex, ranging from 3.2-10.4% of the b- 
actin signal in controls to 3.4-13.5% of the b-actin signal in AD affected 
brain. Although there was a trend for higher COX2 RNA message 
abundance in AD neocortex to +11.5% of that of controls, it did not reach 
statistical significance (ANOVA=0.45). We noted a strong positive 
correlation between the post-mortem interval and the intensity of the 
COX2 RNA signal (ANOVA=0.006). Linear regression analysis indicated 
that the COX2 transcript is a relatively short-lived RNA species (half- 
life~3.5 hr) typical of primary response elements. The individual variability 
in COX2 RNA message abundance may reflect various degrees of 
expression of AD-related inflammatory processes.

843.14
SYNAPTIC AND CYTOSKELETAL RNA MESSAGE LEVELS IN 
ALZHEIMER NEOCORTEX. E.l. Rogaev1. W.J. Lukiw2, V, L. 
Marcheselli2* and N.G. Bazan2.1 Academy of Medical Sciences, Moscow, 
Russia, 2LSUMC Neuroscience Center, New Orleans, LA, USA;

Neuropathology of Alzheimer's disease (AD) neocortex reveals only 
marginal correlations between the degree of cognitive decline and plaque 
and tangle density. Deficits in the organization of the synapse have 
suggested that the integrity of the synaptic contact may be a more 
meaningful marker for AD. To evaluate the contribution of brain-specific 
transcription products to the signaling capacity of AD-affected cells, we 
have quantitated RNA message levels for 12 synapse- and cytoskeletal- 
related genes in 23 normal and sporadic AD neocortical samples (mean 
age 68.4 yr; age range 60-82 yr). RNA message levels were evaluated 
for synaptophysin, synapsin, synaptobrevin, GAP43, NFL, NFM, p-actin, 
a-tubulin, APP, tau and GFAP. APP and tau RNAs were not found to be 
significantly altered in abundance. Synaptophysin, synapsin, 
synaptobrevin, NFL and a-tubulin messages were reduced in AD to 51, 
46, 55, 33 and 58 per cent of controls, respectively (p=0.04-0.001). RT- 
PCR analysis for synaptophysin RNA message, using p-actin as an 
internal control, confirmed a significant reduction for this synaptic vesicle 
glycoprotein in AD affected neocortex. In normally aging brain, 
transcription products for synapse- and cytoskeletal-related genes 
constitute an abundant RNA message class. We propose that their 
selective reductions in neocortices afflicted with sporadic AD contribute 
to the altered synaptic cytoarchitecture characteristic of the AD brain.
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844.1
ASSOCIATION OF TRANSFERRIN C2 VARIANT WITH 
ALZHEIMER’S DISEASE. K. NAME KAT AT M..1MAGAWA-, IL 
ISHIGI2RQL3, F.QYAMA1, Y. IHARAL i Dpt of Neuropathology, Fac 
of Med, Univ of Tokyo, Tokyo 113, Japan; ^Hyogo Prefectural 
Amagasaki Hospital, Amagasaki, Hyogo 660, Japan; and 3Fujita Health 
Univ, Toyoake, Aichi 470-11, Japan

Transferrin (Tf), an iron transporting protein, has many variants as 
revealed by isoelectric focusing, but Cl and C2 variants account for the 
majority of the population in any race. Since Tf was reported to be 
associated with senile plaques in Alzheimer’s disease (AD), we 
examined the Tf allele frequency in AD patients. The Tf genotype was 
determined by IEF or restriction enzymatic cleavage of PCR-amplified 
Tf gene. The Tf C2 allele frequency in AD patients (n=294) was 
slightly higher than that in age-matched control (n=291; 0.22 vs. 0.28, 
p<0.04). In late-onset AD, the C2 allele frequency increased compared 
to that in age-matched control (0.22 vs. 0.29, p<0.02). Thus Tf C2 
appears to be weakly associated with late-onset AD. On the other hand, 
we made an unexpected observation; The C2 allele frequency in ApoE 
£ 4/4 group in AD patients (n=28) markedly increased amounting to as 
much as twice those in the remaining AD groups carrying other ApoE 
genotypes including single £ 4 allele. There was no £ 4/4 found in our 
controls. Although currently we cannot offer a proper explanation for 
this, it would be possible that an individual carrying £ 4/4 and Tf Cl/Cl 
may have been preferentially aborted before birth.

This work was supported by CREST of the Japan Science and 
Technology Corporation (JST).

844.2
a 1-ANTICHYMOTRYPSIN IS NOT ASSOCIATED WITH THE 

INCREASED FREQUENCY OF APO E £ 4 ALLELE IN NON-DEMENTED 

LEPROSY PATIENTS M. Endoh*, A. Ueki1 and T, Tabira2 Leprosy 

Research Center, NIID, Tokyo, 1Jichi Medical School, Omiya Medical 

Center and National Institute of Neuroscience, NCNP, Tokyo, Japan.

In our previous study, elderly leprosy patients have a low prevalence of 

senile dementia of Alzheimer type (SDAT), but the frequency of 

apolipoprotein E (apo E) £ 4 is elevated in non-demented elderly leprosy 

patients. Anti-leprosy treatment (Dapsone) could not attributed to either the 

incidence of dementia or that of apoE £ 4 in the leprosy patients. Recent 

study has shown that Alzheimer’s disease risk associated with apo E £ 4 

is significantly increased by the a 1 -antichymotrypsin (ACT) genotype AA. 

Therefore, we examined an association between ACT polymorphism and 

apo E £ 4 allele in 350 leprosy patients. None of our data found the 

association of ACT genotype and apo E £ 4 allele in leprosy patients. The 

allelic frequencies of the ACT gene did not differ even between demented 

patients with leprosy and age-matched controls. Our present data suggest 

that ACT polymorphism is not associated with the increased frequency of 

apo E4 in leprosy patients.

844.3
CANDIDATE GENES FOR ASSOCIATION WITH LATE-ONSET 
ALZHEIMER’S DISEASE. D, Fallin, A. Gauntlett, F, Crawford. R. 
Duara, J. Mortimer*, M. Mullan. Roskamp Labs, University of South 
Florida, Tampa, FL 33613

Although the genes associated with early onset Alzheimer’s 
disease (AD) are well-known, the complex genetic contribution to late- 
onset AD has not been well defined. The only consistent genetic 
association with late-onset AD is the increased risk for AD conferred 
by the s4 allele of the Apolipoprotein E (APOE) gene. However, it is 
apparent that among familial cases of late onset AD, APOE genotype 
alone does not account for all of the increased risk due to family 
history of AD. Therefore, other familial factors, either genetic or 
shared environmental factors, must contribute to the risk of AD. 
Further, e 4 is a risk factor for AD even in individuals without a family 
history of AD, so a community-based population, rather than a clinic 
or familial-based population is the most appropriate sample for the 
investigation of other genetic risk factors for late-onset AD. We have 
looked at several candidate genes for associations with AD both 
independently, and through interaction with the already established 
APOE risk. We report here preliminary results of a large community- 
based study investigating several candidate genes for association with 
late-onset Alzheimer’s disease.

funded by NIH R01 A612412

844.4
“PRE-CLINICAL” ALZHEIMER’S DISEASE; A DISTINCT PATHO- 
ANATOMICAL STAGE IN THE DISEASE? J. L. Price* and J. C. Morris. Depts. of 
Anatomy & Neurobiology, and Neurology, and the Alzheimer’s Disease Research 
Center, Washington University School of Medicine, St. Louis, MO 63110.

Apparently “pre-clinical” Alzheimer’s Disease (AD) cases were identified from a 
series of 35 non-demented cases that had been assessed in the Memory and Aging 
Project of Washington University, and assigned a Clinical Dementia Rating (CDR) =
0. These were compared with very mildly demented cases rated CDR=0.5. All of the 
CDR=0 cases had tangles in the hippocampus and parahippocampal areas; most cases 
either had no plaques, or had only diffuse plaques distributed in patches in the 
neocortex. Five CDR=0 cases had many more plaques, however, including neuritic 
as well as diffuse plaques, which were distributed widely throughout the neocortex. 
Although cognitive decline had not been detected during life in these cases, they 
resembled the CDR=0.5 cases pathologically, and were considered “pre-clinical” AD. 

Further analysis showed that ratio of
neuritic/diffuse plaques in “pre-clinical” 
cases was greater than in CDR=0.5 cases, 
although it increased again in more 
severely demented cases. This was due to 
the formation of both neuritic and diffuse 
plaques in the “pre-clinical” cases, the 
development of many additional diffuse 
plaques in the CDR=0.5 cases, and the 
formation of many more neuritic and/or 
cored plaques in the severe cases. This 
suggests that “pre-clinical” cases represent 
a distinct stage, in which there is rapid 
formation of neuritic plaques. Supported by Grant AG03991

844.5
HERPES SIMPLEX VIRUS INFECTION AND 
APOLIPOPROTEIN E4 ALLELE IN ALZHEIMER’S DISEASE.
T. Mntsui1, II. Arai*1. S. Itabashi1. S Higucbi3, T Terui2 and H Sasaki1.
Department of’Geriatric Medicine and 2Dermatology, Tohoku University 
School of Medicine, Sendai, Japan; department of Psychiatry, National 
Institute on Alcoholism, Kurihama National Hospital, Kanagawa, Japan

Herpes Simplex Virus (USX7) is a common neurotropic virus capable of 
long latencies in such as the trigeminal ganglia. This virus can cause focal 
demyelination in animals and accumulates especially in temporal cortex 
which also is a susceptible region in Alzheimer’s disease (AD). 
Accordingly, it seems to be closely associated with the etiology ofAD. We 
hypothesized that FISV latent infection and the subsequent reactivation 
conferred the risk of AD independently or in combination with the 
apolipoprotein E4 allele which has been known as an important risk factor 
for AD. We classified FISV infection under three types as follows: l)t,he 
past infection; 2)Iatent infection; 3)rcactivalion, and evaluated each type 
by examining: l)anti-ITSV antibody (TgG) titer in serum and cerebrospinal 
fluid (CSF); 2)detection of IISV DNA using polymerase chain reaction in 
postmortem brain samples and the trigeminal ganglia as well as in CSF;
3)immunobistochemical study of distribution of HSV in brain sections. 
We report here the frequencies of FISV infection in subjects with and 
without AD, and the ApoE genotypes of AD patients and control subjects 
with and without FISV.

844.6
CREUTZFELDT-JAKOB DISEASE FEATURES IN GENETICALLY 
DETERMINED ALZHEIMER’S DISEASE. K.H. El HACHIMI, P. BROWN, L. 
CERVENAKQVA, A, MALLART* and J.-F. FONCIN EPHE and INSERM 
U106, Hopital de la Salpetriere, 75651 Paris cedex 13 France and 
NINDS NIH Bethesda USA-

Alzheimer disease (AD) and Creutzfeldt-Jakob disease (CJD) are 
both characterized by middle- to late-age onset progressive dementia 
with a fatal outcome, and by degenerative neuropathology with 
neuronal loss. Earlier studies pointed to clinico-pathologic and genetic 
similarities between the two entities; more recently, the discovery of 
pathogenic mutations in genes on different chromosomes, producing 
chemically distinct amyloids, has emphasized their differences.
We have studied a family with clinical and neuropathological features 
of both diseases, namely neuritic plaques and kuru plaques, 
neurofibrillary tangles made of paired helical filaments and 
microspongiosis indistinguishable at the EM level from that of CJD. 
Both BA4 and PrP protein plaques-like deposits could be 
demonstrated immuno-histochemically. The pathology is linked to 
H163R mutation at presenilin-1 gene (PS) on chromosome 14. More 
recently, a proband from an other family sharing the same PS 
mutation was studied and significant similarity, in respect to PrP 
immunoreactivity, was observed.
The precise mechanism of amyloidogenesis, which may be induced by 
a nucleation process, requires more detailed knowledge. Presenilin, 
mutated or unmutated, as a chaperonin or binding protein could be a 
candidate associated with the configurational alteration of amyloids.
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844.7
EEG SLOWING AND CEREBROSPINAL FLUID TAU LEVELS 
V. Jelic, M. Blomberg. T. Dierks, J. Johnston*, H, Basun.
P. Julin, M. Jensen. L. Lannfelt, B. Winblad and L-O. Wahlund.
Dept. of Clinical Neuroscience, Division of Geriatric Medicine, 
Karolinska Institute, Huddinge, Sweden.
Dept. of Neurophysiology, Psychiatric Hospital, University of 
Frankfurt, Frankfurt, Germany.

We explored the relationship of CSF tau levels as indirect markers 
of tau related pathology in Alzheimer's disease (AD) and EEG 
slowing, a typical neurophysiological finding in the disease. In 14 
AD patients a positive correlation was found (r=0.65, p=0.01) 
between CSF tau levels and ratio of alpha and delta global field 
power .This relationship was better approximated by polynomial fit 
of 2nd degree (p=0.002). A subgroup of AD patients (n=7) with 
higher tau levels and shorter duration of illness showed a strong 
relation between CSF tau levels and alpha/theta (r=O.83, .p=O.O2), 
and alpha/delta (r=0.87, p=0.01) ratios of global field power. There 
was no significant correlation between the EEG slowing and CSF 
tau levels in 12 patients with mild cognitive dysfunction or in 
14 healthy control subjects. The relationship of CSF tau levels and 
EEG slowing can be observed only when the level of manifested 
clinical symptoms of the disease is reached. The finding that strong 
inverse correlation exists in AD patients with higher levels of tau and 
shorter duration of illness might imply that with longer duration of 
illness there is a tendency of decreasing CSF tau levels due to 
massive occurence of neuronal death.

Supported by Gamla Tjanarinnor Foundation, Stockholm, Sweden.

844.8
CEREBROSPINAL FLUID TAU PROTEIN IN THE DIAGNOSIS OF OLD- 
AGE DEMENTIAS. P. Mecocci*. A. Cherubini, M, Breenocchi. F. ChionneA, R. 
Cecchetti. F. Amone. U. Senin. Department of Gerontology and Geriatrics, 
University of Perugia, Perugia, Italy; AMedical Physics, Perugia Hospital, 
Perugia, Italy.

Tau, a 50-64 kD protein, physiologically promotes the aggregation and 
stabilization of microtubules in neuronal axon. Recently measurements of tau 
protein in cerebrospinal fluid (CSF) has been proposed as a possible in vivo 
marker of AD. In order to test the usefulness of CSF tau evaluation in the 
diagnosis of AD, we measured the CSF level of the protein in 29 patients 
suffering from AD, 10 from vascular dementia (VD), 10 from frontal lobe 
dementia (FLD) and in a group of 23 normal subjects, by means of a sensitive 
sandwich ELISA. Results are expressed as mean ± SE. CSF tau protein, in pg/ml, 
was significantly higher in AD patients (435.5 ± 6.8) .compared with FLD 
patients (179.1 ± 22.7, p<0.05), VD patients (229.2 ± 39.7, p<0.05) and controls 
(212.1 ± 41.6, p<0.01), while there were no significant differences between FLD, 
VD and controls. When AD patients were divided into subgroups according to the 
age of onset of the disease (early onset AD or EOAD and late onset AD or 
LOAD), tau protein was significantly elevated in LOAD ( 576 ± 112) compared 
to EOAD ( 285 ± 44.7, p<0.05). Furthermore, when controls were divided into 
two groups, considering 65 years as cut-off, tau level was significantly elevated in 
the older subjects compared with the younger ones (271.4 ± 58.6 vs. 100.9 ± 7.2, 
p<0.0001). A subgroup of 9 LOAD subjects underwent a second lumbar puncture 
after a mean follow-up period of twenty-four months. Tau levels did not 
significantly change from the baseline although a worsening of cognitive 
performances occurred. In AD CSF tau levels did not correlate with age, duration 
of severity of the disease, while a correlation with age was found in FLD and 
controls.

844.9
FERRITIN CONCENTRATION IS ELEVATED IN THE CEREBROSPINAL 
FLUID OF PATIENTS WITH ALZHEIMER’S OR VASCULAR DEMENTIA. 
S.R. Robinson1. W, Zhao2. K.T. Ng2. J. Clarey1* and A. McRae3-
'Vision, Touch & Hearing Res. Centre, Uni. QLD, St. Lucia, Australia, 4072. 2Dept. 
Psych., Monash Uni., Australia, 3168. 3Dept. Anat. Cell Biol., Uni. Goteborg, Sweden.

Amyloid plaques in the cerebral cortices of people afflicted with Alzheimer’s disease 
contain ferritin-rich microglia. Robinson et al. (1995) proposed that ferritin is released 
extracellularly in Alzheimer’s disease, causing iron and zinc ions to dissociate from the 
ferritin and precipitate p-amyloid [1]. It follows that the titre of extracellular ferritin 
should be elevated in Alzheimer's disease. We have measured the titre of ferritin in the 
cerebrospinal fluid (CSF) of 33 presumed Alzheimer's patients, 18 presumed vascular 
dementia patients, 10 Parkinson's disease patients and 8 non-demented control patients. 
All samples were taken with informed consent from living donors at the University of 
Goteborg (ethical approval #298-86), and stored at -70°C until use. Horse spleen 
apoferritin (ICN) was used as a positive control. Proteins in each sample were separated 
on SDS-PAGE, stained with Coomassie blue then subjected to a computerized 
densitometry scan. On SDS-PAGE, purified spleen apoferritin yielded several protein 
bands. The strongest band was at 20kDa, but other weak bands could be seen, including 
one at 53kDa. CSF from Alzheimer's and vascular dementia patients displayed a 
prominent protein band at 53kDa. Antisera to L-chain ferritin (ICN; 1:10,000) 
recognized a 53kDa band on Western blots of apoferritin. This band was absent from 
most control samples, but was strongly expressed in most Alzheimer's and vascular 
dementia samples. The mean concentration of the 53kDa protein in CSF was almost 10- 
fold higher in the Alzheimer's and vascular dementia groups than in the control group 
(p<0.001; ANOVA and Newman-Keuls multiple comparisons test). Titres in the 
Parkinson's disease group were mildly elevated but did not differ significantly from 
those in the control group. The 53kDa protein in CSF is probably a subunit of secreted 
ferritin; its normal function may be to bind and inactivate extracellular iron. In 
Alzheimer's disease, other factors (eg. acidic pH) may cause it to release metal ions, 
thereby precipitating P-amyloid.
Robinson, S.R. et al. (1995) Alzheimer’s Research 1: 191-196.
Supported by grants to SRR from the ARC and Utah Foundation Governor’s Trust

844.10
VALIDATION OF SERIAL MAGNETIC RESONANCE IMAGE (MRI) CO-
REGISTRATION METHOD FOR LONGITUDINAL STUDIES OF HUMAN BRAIN 
DISEASE.B Dickerson*. J Wang, I Goncharova, D Turner. L deToledo-Morrell. Depts 
of Neurological Sci., Diagnostic Radiology, Rush Medical College, Chicago IL 60612.

Quantitative MRI techniques provide invaluable tools for investigating sequential 
changes in brain-behavior relationships in aging and neurologic disorders. 
Comparison of data from serial MR images, required for longitudinal studies, is 
hindered by differences between scans in head positioning, which influences slice 
location and orientation. In this study, we validated a method that co-registers serial 
image data to correct for such differences. The method involves 1) 3D acquisition of 
images (124 contiguous SPGR images, 1.6mm thick, matrix=256x256, FOV=22 cm, 
TR/TE=26/7, FA=45, 1 NEX); 2) automatic identification of skin surface contours 
from axial slices by “thresholding”; 3) “hat-on-head” co-registration of contours from 
two-image sets (Pelizzari et al., JCAT, 1989; 13:20); 4) multiplanar reformatting and 
rcslicing of the second set using parameters from the first set. For validation, 5 healthy 
subjects were imaged twice, with the head tilted in one. 16 discrete anatomical 
structures were strictly defined and slice locations used to calculate the displacement 
of each structure in the tilted set from that in the reference set. Before the 2 scans were 
registered, the 5 subjects’ .mean displacements (for all structures) were 0.6, 1.7, 3.7, 
10.9, and 11.55 mm; after registration, they were markedly reduced to 0.05, 0.3, 0.55, 
0.1, and 0.3 mm, respectively. To assess registration errors more precisely, boundaries 
of 7 structures were traced and displacement estimated by slice-by-slice comparison of 
areas between registered image sets (mean and range in mm, respectively = 0.01 & 0- 
0.35, 0.35 & 0-1.34, 0.35 & 0-1.19, 0.13 & 0-0.93, and 0.14 & 0-0.97). The results 
suggest that this method can provide a high level of accuracy for aligning serial MR 
image sets; it allows reasonably reliable identification of particular slices of structures 
in serial scans. This method should be especially powerful for detecting sequential 
structural alterations in neurodegenerative diseases.

Supported by NIA grant P01 AG9466.

844.11
A DETECTION SYSTEM FOR MAPPING ABNORMAL STRUCTURE, 
ANATOMIC VARIABILITY & BRAIN ASYMMETRY IN ALZHEIMER’S 
DISEASE & AGING WITH 3D DEFORMABLE PROBABILISTIC BRAIN 
ATLASES Thompson PM, Mega MS, Blanton RE, Moussai J, Khan AA, Zohoori 
S, Mogy J, Aron J. Goldkom A. Holmes CJ. f Small G, tCummings J, tMacDonald
D, tEvans AC. Collins RC*, Toga AW, Laboratory of Neuro Imaging, Dept. 
Neurology, Division of Brain Mapping, fAlzheimer’s Disease Center, UCLA 
School of Medicine. Los Angeles CA 90095; ^Montreal Neurological Institute, 
McGill University. Canada.

High-resolution probabilistic atlases of the brain in normal aging and 
Alzheimer’s Disease (AD) were constructed from a reference archive of Tj- 
weighted 2562x170 resolution 3D MRI scans of 10 AD patients (age:71.9±10.9 yrs.) 
and 10 age-matched controls (72.9±5.6 yrs.), which were digitally transformed into 
Talairach stereotaxic space. Connected systems of parametric meshes were used to 
model internal trajectories of 33 different structures including parieto-occipital, 
calcarine, cingulate, marginal, callosal sulci, Sylvian fissures, 14 ventricular 
regions, superior and inferior hippocampal surfaces and other major lobar and 
cytoarchitectural boundaries in 3 dimensions. High-dimensional volumetric maps, 
with 0.1 billion degrees of freedom, were computed, fluidly reconfiguring the 
anatomy of different subjects into structural correspondence. Resulting information 
on complex variations in gyral and subcortical topography were encoded as a non- 
stationary Gaussian random vector field and used to detect, highlight and quantify 
regional patterns of deformity in the anatomy of new subjects. Both subject groups 
displayed striking asymmetries in ventricular and perisylvian anatomy, with 
selective callosal, hippocampal and cortical atrophy in AD. These probabilistic 
atlasing techniques generate anatomical templates and expert diagnostic systems 
which retain and exploit information on inter-subject and inter-group variations in 
brain architecture. Grant Support: (PT.) Howard Hughes Medical Institute, United States 
Information Agency & US-UK. Fulbright Commission; (AWT:) NIMH/NIDA 
(P20MH/DA52176), NSF (BIR9322434), NLM (LM/MH05639) and NCRR (RR05956).

844.12
QUANTITATIVE MRI IN ALZHEIMER’S DISEASE AND CONTROLS 
WITH AND WITHOUT THE APOLIPOPROTEIN E e4 ALLELE. C. 
Fennema-Notestine, S.L. Archibald, T.L. Jemigan and L.J. Thai*. UCSD 
Schpol of Medicine and the DVA Med. Ctr, La Jolla, CA 92093-0949

This study examines the progression of Alzheimer’s Disease (AD) with in 
vivo MRI and a detailed morphometric analysis of cortical and subcortical 
structures. Cross-sectional comparisons were made between normal 
elderly control (NC) subjects that do not carry the ApoE e4 allele, NC 
subjects carrying the s4 allele (e4NC), patients with mild probable AD, and 
patients with moderate probable AD.

Reduced volumes of mesial temporal lobe (MTL) structures and temporo-
parietal cortex were strongly associated with the presence of dementia, as 
were reduced volumes of caudate nucleus and nucleus accumbens. None of 
these measures differentiated moderately from mildly demented patients. 
However, volumes of lenticular nucleus and thalamus were reduced in 
moderately relative to mildly demented patients. Within nondemented 
subjects, only the volume of the MTL gray matter tended to be reduced in 
association with genetic risk . These results suggest that the earliest 
changes in the brains of AD patients are in MTL structures, that dementia is 
associated with significant further losses in limbic striatum, caudate 
nucleus, and neocortex, and that more severe dementia may be associated 
with thalamic and lenticular losses.
Supported by NIH/NIA 2P50AG05131 and DVA Medical Research Service
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845.1
DYNAMIC REGULATION OF GLYCERALDEHYDE-3-PHOSPHATE 
DEHYDROGENASE IN SEVERAL KINDS OF CELL DEATH;
IMPLICATION FOR SEVERAL NEURODEGENERATIVE DISEASES. 
A.Sawa*. L.D. Hester. A.A. Khan and S.H. Snyder. Dept. of Neuroscience, Johns 
Hopkins Univ. Sch. of Med., Baltimore, MD 21205

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is an abundant 
cytosolic glycolytic enzyme. Recently GAPDH was shown to bind to several gene 
products relevant to neurodegenerative diseases. GAPDH is a target of NAD 
related modification by nitric oxide. Recent reports show that antisense 
oligonucleotides to GAPDH have protective effects against some forms of 
neuronal death.

To elucidate roles of GAPDH in cell death, we used several systems of 
apoptosis.

In primary thymocytes and S49 cells treated with dexamethasone, GAPDH 
was initially overexpressed. Biochemical and immunocytochemical analyses 
using confocal microscopy also demonstrated translocation of GAPDH to the 
nucleus. We found protective effect of antisense oligonucleotides to GAPDH 
against the apoptosis of thymocytes.

In PC 12 cells with serum deprivation, or differentiated PC 12 cells with NGF 
deprivation, we also found GAPDH overexpression and translocation as well as 
partial protection from cell death by antisense oligonucleotides to GAPDH.

In primary cortical neuron cultures, GAPDH antisense treatment protects 
against cell death associated with aging. Nuclear staining of GAPDH was almost 
abolished by GAPDH antisense with slightly reduced staining in cytosol.

These results suggest that translocation of GAPDH to the nucleus modulates 
cell death, especially in apoptosis. This phenomenon is not just seen in 
postmitotic systems, but also in dividing cells.

845.2
INCREASED LEVELS OF A NOVEL cdc2-RELATED PROTEIN 
KINASE (PFTAIRE) IN A TRANSGENIC MOUSE 
OVEREXPRESSING HUMAN NF-H. H.Jacomv, J.Meier. 
M.Lazzaro. G.Doucet* and J.P.Julien. Centre for Research in 
Neurosciences, McGill University, General Hospital, Montreal, H3G 
1A4.

Neurofilaments, the major cytoskeletal structure of myelinated 
neurons, are known to be highly phosphorylated in vivo. CDK5, a 
p34cdc2-related kinase was shown to phosphorylate this cytoskeletal 
component in vitro. Recently, our laboratory cloned and sequenced 
another similar, novel cdc2-related kinase, PFTAIRE (Lazzaro et al., 
‘97). Preliminary results from immunohistological analysis reveal a 
wide distribution of the kinase in brain and spinal cord neurons. We 
also investigate the distribution of this kinase in a transgenic mouse 
line overexpressing the human neurofilament-H protein (Cote et al., 
‘92). In this model for Motor Neuron Disease (MND), trigeminal 
motor nuclei, facial motor nuclei and spinal motoneurons show 
aberrant perikaryal and axonal accumulation of neurofilaments and 
severely impaired axonal transport. Using immunohistochemistry 
with a specific antibody against PFTAIRE, we demonstrate that 
brainstem and spinal motor neurons in the hNF-H mice express much 
higher amounts of the kinase than in non-transgenic mice.

This observation suggests that PFTAIRE expression is upregulated 
in this model for MND and that its kinase activity may contribute to 
neuropathological conditions.

845.3
IMMUNOCYTOCHEMICAL LOCALIZATION OF NITRIC OXIDE SYNTHASE IN 
DEVELOPING RCS RAT RETINAS. R. K, Sharma, K. Warvinge. and B. Ehinqer.* 
Department of Ophthalmology, University Hospital of Lund, S-221 85 Lund, Sweden.

Nitric oxide (NO) has been reported to be both neuro-destructive and neuro- 
protective in the central nervous system, and could possibly play an important role in 
neuro-degenerative disorders. In one of the proposed mechanism excessive rises in the 
neuronal Ca++ lead to an increase constitutive nitric oxide synthase (NOS) activity, in turn 
leading to increased release of NO, which damages the surrounding neurons. On the 
other hand, others have not been able to demonstrate any NO toxicity on the cortical 
neurons, but found that NO-donor compounds protect against the NMDA neurotoxicity. 
To explain this paradox it was suggested that the reaction of nitric oxide with superoxide 
can be toxic by the formation of peroxynitrite. Transferring N0+ groups to thiols on the 
NMDA receptors protects by inhibiting the Ca++ influx. On the assumption that NOS may 
influence degenerative process in the retina, we have examined the development and 
distribution of NOS-immunoreactive cells in developing Royal College of Surgeons (RCS) 
rat retinas, which is an animal model for retinal degeneration. An antibody against 
neuronal NOS was used for immunocytochemistry on RCS rat retinas from postnatal (PN) 
day 3, 6, 10, 14, 18, 26, 32, 36, 56, 70, 84, and 1 year, and compared with that in the 
normal rats of PN day 3, 6,10,14,19,26, 34, and adults. Immunoreactive (IR) cells were 
not seen in PN 3 or PN 6 retinas but were distinctly seen in the PN 10 retina along with a 
plexus in the inner plexiform layer (IPL). In both groups (normal and RCS rats) a distinct 
sub-layering of the plexus in the IPL could be seen at PN 14. The immunoreactive cells 
were detected also in the-oldest retina examined, which was PN 1 year in the case of 
RCS rats. In both groups certain amacrine cells, certain bipolar cells, and certain 
horizontal cells were found to be immunoreactive. In conclusion, the developmental 
timetable of the NOS immunoreactivity was identical in the normal and the RCS rat 
retinas. The NOS-IR cells persisted in the RCS retinas even when the retina had 
degenerated extensively. (Grants)

845.4
THE EFFECTS OF SUPEROXIDE AND NITRIC OXIDE RADICALS ON 
MOTONEURONS IN CULTURE. E.C.A. Kaal, A.C. Kit E.A.J. Joosten. and 
P.R. Bar*. Utrecht University, Laboratory of Experimental Neurology, AZU, 
Room G.02.314, P.O. Box 85500, 3508 GA Utrecht, The Netherlands.

Free radicals are highly reactive chemicals containing an unpaired electron 
and are normally produced by the cellular metabolism. The lack of balance 
between the production of free radicals and the activity of the antioxidant 
defence is called oxidative stress. Oxidative stress might play an important role 
in neurodegenerative diseases like amyotrophic lateral sclerosis (ALS). In ALS, 
the subset of neurons that is affected and deteriorate are the motoneurons. To 
test the effects of oxidative stress on motoneurons in vitro, we added xanthine 
and xanthine oxidase (X/XO), a combination which generates superoxide (O2), 
or NOC-18 which slowly releases nitric oxide (NO) to the culture medium. Rat 
embryonic day 14/15 spinal motoneurons were cultured in 35 mm dishes with a 
grid. At DIV 1 (or DIV 2), the position of healthy motoneurons was marked in 
predetermined fields and the cultures were subsequently treated with O2‘ or NO 
generating systems. At DIV 2 (or DIV 3), each marked motoneuron was 
inspected and its morphological appearance (healthy or degenerating) was noted. 
To investigate the mechanism of motoneuron degeneration (apoptosis vs. 
necrosis), a combination of propidium iodide and Hoechst-33258 was added, 
and the nuclei of the motoneurons were inspected. Addition of 2.5 mU/ml XO 
and 10 mU/ml XO resulted in a loss of motoneurons of 28 % and 68% after 16 h 
resp. NOC-18 had a dose-dependent effect: a low concentration (1 pg/ml) 
resulted in a neuroprotective effect (10-20%) compared to the vehicle: less cells 
died than in controls. A high dose (100 pg/ml) resulted in complete motoneuron 
degeneration. Staining with propidium iodide and Hoechst-33258 showed that 
this degeneration was apoptotic. Both protective and toxic effects of NO were 
partially inhibited by adding reduced hemoglobin (10 pM) to the cultures. 
Future experiments will be designed to test combinations of superoxide and 
nitric oxide on motoneurons in culture.

845.5
DISTRIBUTION OF SODIUM AND POTASSIUM CHANNELS AND MYELIN ASSOCIATED 
GLYCOPROTEIN (MAG) DURING THE EARLY STAGES OF WALLERIAN DEGENERATION. 
A.M.B. MARTINEZ *. 1Dept. of Physiol., U. of Rochester NY, 2Dept. de Hist, e Embriol., 
UFRJ., Brasil.

During the early stages of Wallerian degeneration there is a progressive loss of axon 
cytoskeleton which has been related to an increase in the axonal Ca2+ concentration. At the 
same time nodes of Ranvier become increasingly larger due to early retraction of myelin 
paranodal loops. Both conditions could affect the distribution of Na* and K+ channels and MAG 
at nodal, paranodal and juxtaparanodal areas. Thus we have studied by immunofluorescence, 
the distribution of these proteins on rat sural nerves at 30, 36 and 48 hs.after surgical crush. 
The amount of labeled and unlabeled sites was quantified using a computer-linked microscope. 
Routine electron microscopy was also performed in order to investigate the success of the 
lesion in producing degeneration and also to evaluate the integrity of the axolemma and 
cytoskeleton. Our results show that 30 hs after crush, when approximately 25% of axons exhibit 
an absence of cytoskeleton components, many nodes display an increase in nodal gap but 
normal Na+ and K+ labeling can still be observed in 80% of cases. After this period of time this 
number was progressively reduced, but even at 48 hs a small amount of labeled sites (8-10%) 
can still be seen. These remaining nodal channel proteins are probably responsible for the 
maintenance of the nerve electrical activity during the first 4 days of Wallerian degeneration. 
Ultratructural analysis of longitudinal sections revealed areas of intact axolemma in presence of 
a partially or completely disrupted cytoskeleton. These results are in disagreement with the 
generally accepted view that axolemma and cytoskeleton disruption occur simultaneously in the 
peripheral nervous system. Our data also bring about a question concerning the mechanism 
underlying the disappearance of these channel proteins during degeneration of peripheral nerve 
fibres, since in this pathology the axon is affected primarily and Schwann cells and myelin are 
only affected later.
( supported by CAPES, NIH and NMSS)

845.6
EXPRESSION OF UBIQUITIN-CONJUGATING ENZYME GENE 
FAMILY IN THE BRAIN Yoshihiro Tanno, Tetsuji Mori, Teiii 
Yamamoto, Keiko Kato*, Akio Wanaka Department of Cell 
Science, Inst. Biomed. Sci., Department of Neurology, 
Fukushima Medical College, Fukushima 960-12 , Nara 
Advanced Institute of Science and Technology*, Nara 630-01, 
Japan

Ubiquitin system is one of the major protein degradation 
machineries in the cell. It consists of three enzymes, 
ubiquitin-activating enzyme (El), ubiquitin-conjugating 
enzyme (E2), and ubiquitin ligase (E3). Among these, E2and E3 
determine the substrate specificities and have molecular 
heterogeneities. Recent studies' suggest that E2 family plays 
important roles in the nervous system. For example, 
Drosophila benclless mutant, which has mutations in a E2-like 
gene, showed abnormal fiber connections in the nervous 
system. In the present study, we examined expression patterns 
of four members of E2 gene family (two bendless homologues, 
huntingtin-interacting protein-2, cyclin-specific E2) in the 
developing mouse brain. We found that three members were 
predominantly expressed in the nervous system with different 
distribution patterns. An exception was a bendless homologue 
that showed virtually no expression in the nervous system.
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845.7
DISAPPEARANCE OF GABAa RECEPTORS ON PRIMARY 
CULTURED ASTROCYTES FROM THE RAT BRAIN. N, Tateishi*. T. 
Shimoda. N, Katsube. H. Ohno and K. Kondo. Minase Research Institute, 
Ono Pharmaceutical Co., Ltd., Osaka 618, JAPAN

GABAa  receptors are widely distributed on a variety of cell types in the 
central nervous system. Astrocytes, a predominant cell type in the CNS, are 
such cell type that respond to GABA and contribute to inhibitory synaptic 
transmission. We investigated the time-dependent changes in GABA-evoked 
chloride response (GABAa  response) in primary cultured astrocytes from 
neonatal rat cerebrum. The GABAa  response was recorded in the whole-cell 
mode using a conventional patch-clamp technique under the voltage-clamp 
condition. At early stage (1-5 days in vitro), the GABAa  response was 
detected and enhanced by pentobarbital or diazepam treatment similar to that 
of neuron. However, the GABAa  response gradually decreased as the culture 
prolongation. The amplitude of the GABAa  response (pA;mean ± S.E.M.) at 
day 1, 3-5, 7-10, and 12-15 were 1019±97, 512±76, 84±21 and 22±9, 
respectively. Furthermore, the protein and mRNA of GABAa  receptor (3- 
subunit determined by immunoblotting and reverse transcriptase-polymerase 
chain reaction analysis gradually decreased depending on the culture period 
in accordance with the disappearance of GABAa  response and the increase 
of glial fibrillary acidic protein, a marker of reactive astrocytes. However, 
these changes were not observed when astrocytes were co-cultured with 
neurons. These results suggest that astrocytes lacking for the neuronal 
interaction in culture may be changed to the reactive-like astrocytes in a 
time-dependent manner, and the reactive-like astrocytes lacking for GABAa  
receptor may be associated with certain neuronal degeneration.

845.8
TIME-DEPENDENT HYPERTROPHIC CHANGES OF THE CULTURED 
ASTROCYTES. T._, Shimoda*, N. Tateishi, R, Shinagawa, K. Kondo, J, 
ICatagiJiJ^aJ^atsube^jjidlC^o  ̂Minase Research Institute, Ono 
Pharmaceutical Co., Ltd., Osaka 618, JAPAN

Reactive astrocytosis is one of hallmark a predominant feature of 
pathology in neurodegerative disease, but the function of reactive astrocytes 
has not been fully characterized yet both in vitro and in vivo. We have found 
the disappearance of GABAa  receptors on the cultured astrocytes which 
changed to reactive-like astrocytes. Therefore, astrocytes under typical culture 
condition are considered as reactive astrocytes. We investigated the properties 
of cultured astrocytes to examine the correlation with the hypertrophy in the 
neurodegenerative disease. The cultured astrocytes were prepared from 
neonatal rat cerebral cortex. GABAa  receptors and contents of glial fibrillary 
acidic protein (GFA), nerve growth factor (NGF), S-100 protein and amyloid 
precursor protein (APP) were determined by the conventional patch-clamp 
technique and enzyme-linked immunosolvent assay as parameters for the 
hypertrophy of astrocytes. The contents of GFA, NGF, S-100 protein and 
APP increased time-dependently in cultured astrocytes accompanying 
disappearance of GABAa  receptors disappeared. These findings suggest that 
cultured astrocytes are characterized as reactive astrocytes which are often 
detected in certain neurodegenerative disease, and may be a useful tool for the 
understanding of glial functions in the neurodegenerative disease taking 
account of this phenomenon.

845.9
ASTROGLIAL ACTIVATION PRECEDES THE NEURONAL 
DEGENERATION FOLLOWING 4 VESSEL-OCCLUSION. Y. 
Kagamiishi*, N. Tateishi, T. Shimoda, N. Katsube and K. Kondo. Minase 
Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 618, JAPAN

It has been reported that extensive gliosis (i.e. proliferation and 
overexpression of glial fibrillary acidic protein (GFA) immunoreactivity) 
was observed after the hippocampal CA1 pyramidal neuronal cell 
degeneration following transient cerebral ischemia. We report here for the 
first time that astroglial activation precedes the neuronal degeneration after 
the ischemic insult. The changes in both neuronal and glial cells were 
examined qualitatively and quantitatively in the four vessel occlusion model. 
Male Wistar rats were subjected to 10 min global cerebral ischemia followed 
by recirculation. Neuronal cell death in CA1 (number of neuron / mm; mean 
± S.E.M.) determined by Nissl staining and light microscopic observations 
on day on 0, 3, 5 and 7 after the recirculation were 180±5, 159±22, 29±9 
and 6±1, respectively. The GFA-positive gliosis in CA1 was also observed 
on day 5 and day 7 after recirculation. On the other hand, S-100 protein 
immunoreactivity, an astroglial marker, exhibited a transient increase on day 
3 and recovered to the basal level on day 5. These results suggest that 
astroglial activation precedes the neuronal degeneration in a ischemia model, 
and activation of astroglial cell may play a key role in the neuronal cell death 
in neurodegenerative diseases. We will term the transient activation of S-100 
immunoreactive astrocyte as “pre-mitotic S-100 peak (PSP)” astrocyte.

845.10
ASTROGLIAL ACTIVATION PRECEDES THE NEURONAL 
DEGENERATION FOLLOWING MCA-OCCLUSION. K. Shintaku*. N. 
Tateishi, Y. Kagamiishi. S. Satoh. N. Katsube, and K. Kondo. Minase 
Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 618, JAPAN

We have shown that astroglial activation precedes the hippocampal CA1 
neuronal degeneration in the transient global ischemia in rats. To confirm the 
astroglial activation in cerebral ischemia, we examined immunohistochemical 
changes in glial fibrillary acidic protein (GFA) and S-100 protein in focal 
ischemic rat brain (MCA-O). Male Wistar rats anesthetized with diethylether 
were subjected to ischemia by insertion of a piece of nylon thread from the 
right internal carotid artery to the MCA. After 1 hour occlusion, the thread 
was pulled out for the recirculation. Cerebral infarction determined by 
hematoxylin-eosin staining was slight on day 1 and further expanded on day 2 
and 3. Thereafter, GFA immunoreactivity was observed around the infarcted 
area. On the other hand, S-100 protein immunoreactivity increased in the 
ischemic area throughout after the recirculation without infarction, which 
would be the infarcted area. As the infarction developed, S-100 protein 
immunoreactive area was recognized adjacent to the GFA immunoreactive 
area but not in the infarcted area. These results suggest that astroglial 
activation, which would like to be called “pr'e-mitotic S-100 peak (PSP)”, 
precedes the neurodegeneration under the focal ischemia, and should be 
distinguished from so-called gliosis observed in the post-neurodegeneration 
and GFA-dependent astrocytic proliferation.

845.11
INDUCTION OF iNOS ON THE RAT FOCAL BRAIN ISCHEMIA AND 
CULTURED ASTROCYTES. R. Shinagawa*, N. Tateishi. T. Shimoda. Y. 
Kagamiishi, K. Kondo, K. Shintaku. N, Katsube and K. Kondo. Minase 
Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 618, JAPAN

There are many reports that brain ischemic injuries induce the inflammation-
like responses such as the induction of iNOS in glial cells. Activated glial cells 
release various cytokines and are implicated in neuronal function positively or 
negatively under the neurodegenerative conditions. We have shown the 
astroglial activation precedes the neuronal degeneration in the rat brain 
ischemic models. In this study, we investigated the induction of iNOS 
following focal ischemic injuries in vivo and treated with LPS in the cultured 
astrocytes. Furthermore, we found that LPS-induced neuronal cell death was 
mediated by astrocytes using a neuron-astrocytes co-culture system. Male 
Wistar rats were subjected to transient focal brain ischemia for 1 hour. The 
induction of iNOS mRNA was observed in the ischemic area but not the 
contralateral site using reverse transcriptase-polymerase chain reaction (RT- 
PCR) analysis. In the cultured astrocytes prepared from neonatal rat celebral 
cortex, the induction of iNOS mRNA and the accumulation of NO2 in culture 
media were also increased by treatment with LPS in a dose-dependent manner. 
In the neuron-astrocyte co-culture system, the treatment with LPS at the dose 
which induced iNOS specifically caused neuronal cell death. LPS treatment, 
however, did not cause cell death in the neuron-rich culture. The former 
correlated with the accumulation of NO2 in culture media. These findings 
suggest that the activations of glial cells in brain ischemic injury affect 
negatively (toxicity) the neuronal functions.

845.12
PAPILLOMAVIRUS GENES E6 AND E7 SHOW DISTINCT PATTERNS OF 
PROTECTION OF ASTROCYTE FROM STRESS INJURY. J.E. Lee,* A.J. Giaccia. 
and R.G. Giffard. Departments of Anesthesia and Radiation Oncology, Stanford 
University School of Medicine, Stanford, CA 94305.

Human papilloma virus-16 E6 and E7 genes are expressed in epithelial tumors, such 
as cervical cancer. Because many oncogenes are implicated in regulation of apoptosis 
as well as control of cell cycle, we tested whether expression of E6 and E7 could protect 
primary astrocytes from injury. Retroviral vectors containing E6, E7, or E6E7 genes 
were used to infect primary astrocytes. To confirm expression of the E6 and E7 genes 
in astrocytes, we performed reverse transcriptase-polymerase chain reaction (RT-PCR) 
using primers for E6 and E7 respectively. We found the expected size amplification 
product using RNA isolated from astrocytes expressing E6, E7 or E6E7, and not in RNA 
from uninfected or LXSN, the retroviral backbone without E6E7, infected astrocytes.

Astrocyte injury was estimated morphologically by trypan blue and propidium 
iodide-Hoechst staining, and quantitated by release of lactate dehydrogenase from lysed 
cells. Astrocytes expressing E6E7 suffered only 37+2% cell death in response to 
exposure to 400 pM H2O2 compared to 67+ 2%, and 89±4% for uninfected cells or 
LXSN infected cells respectively (p<0.05). When we compared astrocytes expressing 
only E6 or E7, we found E6 expressing astrocytes were not protected from hydrogen 
peroxide injury while astrocytes overexpressing E7 alone were. Astrocytes were 
deprived of glucose by replacing the medium with a balanced salt solution lacking 
glucose, and E6E7-cells suffered 30+3% injury compared to 54+3% and 50+5% for 
uninfected cells and LXSN-infected cells respectively (p<0.05). After 5 or 7 hr oxygen- 
glucose deprivation injury in an anaerobic chamber, E6-expressing cells were 
significantly protected compared to uninfected cells (p<0.05).

Expression of the papillomavirus gene E7 decreases vulnerability to both hydrogen 
peroxide and glucose deprivation injury while E6 decreases glucose and combined 
oxygen-glucose deprivation. These results are a first step at defining the interaction of 
oncogene expression and vulnerability to several different kinds of stress.

Society  for  Neuroscience , Volume  23,1997



2176 DEGENERATIVE DISEASE: OTHER—MISCELLANEOUS WEDNESDAY PM

845.13
HSP70 OVEREXPRESSION IN ASTROCYTES PROTECTS NEURONS FROM 
GLUCOSE DEPRIVATION AND COMBINED OXYGEN-GLUCOSE 
DEPRIVATION. L.J, Xu,* M.R, Emond, and R.G. Giffard, Department of Anesthesia, 
Stanford University School of Medicine, Stanford, CA 94305.

Our previous investigations showed that overexpression of HSP70 protected astrocytes 
from oxygen glucose deprivation (OGD) and glucose deprivation (GD) injury. In this 
study we tested whether long term expression of HSP70 in astrocytes could protect 
neurons plated in coculture with the HSP70 overexpressing astrocytes from similar 
injury paradigms. Astrocytes have previously been shown to protect neurons in mixed 
cultures from glutamate toxicity and oxidative stress. HSP70 itself is not a secreted 
protein; however, overexpression of this protein in astrocytes may have indirect effects 
that lead to neuronal protection, since better astrocyte function should protect neurons.

HSP70 was overexpressed in more than 95% of the astrocytes in primary culture with 
retroviral vectors. B-galactosidase (Lac Z) expressing and uninfected astrocytes were 
used as controls. Mixed cultures of neurons and astrocytes were obtained by plating 
cortical neurons from embryonic mice onto confluent astrocyte monolayers expressing 
the gene of interest or control astrocytes. The mixed cultures were injured by OGD for 
100 mins, reperfused with minimal essential medium containing both glucose and 
oxygen for 24 hr, and then assessed for neuronal injury. Neuronal injury by OGD was 
significantly less in cells cultured with astrocytes overexpressing HSP70 (50.6+4.7%) 
compared to Lac Z (73.0±3.8%) or uninfected control (91.3+15.0%) determined by LDH 
release and confirmed morphologically. Injury due to 13 hr of GD was also significantly 
less in neurons grown with astrocytes overexpressing HSP70 (23.0+5.4%) when 
compared to Lac Z (51.4+8.3%) or uninfected control (60.0+6.2%). Expression of 
HSP70 in astrocytes protects neurons from OGD and GD in mixed cultures. Supported 
in part by GM 49831.

ISCHEMIA: APOPTOSIS

846.1
A COMPARISON OF THE TUNEL AND ISEL TECHNIQUES IN
EXPERIMENTAL TRANSIENT FOREBRAIN ISCHEMIA AND A
DECAPITATION MODEL OF NECROSIS. M.A. Guglielmo*. P.T. Chan. C.E. 
Doberstein. C.E. Johanson. M. Epstein. Program in Neurosurgery , Brawn University.
and Rhode Island Hospital. Providence. R.LQ290X

Histochemical techniques for the in-situ end-labeling of DNA fragments generated 
during apoptosis have been widely used in a number of experimental models, 
including transient forebrain ischemia (TFI). The sensitivity and specificity of 
terminal deoxy nucleotidyl transferase nick-end labeling (TUNEL), however, has been 
questioned. The in-situ end-labeling (ISEL) technique, based on the Klenow enzyme, 
has also been utilized to identify apoptotic cells in tissue preparations. We sought to 
compare the two techniques in both a rat model of delayed neuronal death in TFI and 
in a decapitation necrosis model.

In the TFI model, normothermic rats underwent 6 minutes of bilateral carotid 
occlusion with hypotension and were sacrificed at 6, 12, 18, 24, 48 and 72 hours and 
7, 14 and 28 days (n=4, each time point). In the experimental necrosis model, 
animals were anesthetized and decapitated, and brains were removed and incubated at 
37°C for .5, 1, 4, 6, 12, 18, 24, and 36 hours. Normal and sham-operated animals 
were also included along with positive controls. Brains were removed, embedded in 
paraffin, and sectioned at 8 pm thickness. For TUNEL histochemistiy , the ApopTag 
in situ Apoptosis Detection Kit was used (Oncor), and ISEL was performed with the 
TACS 1 Klenow In Situ Apoptosis Detection Kit (Trevigen).

Histochemical results in TFI were similar for both TUNEL and ISEL, with dense 
nuclear staining in the CA-1 region of the hippocampus at 48 and 72 hours. In 
contrast, dense TUNEL staining in the necrosis model was seen in dentate, CA-1, 
and cortical regions at all time points from 4 hours onward, while faint ISEL staining 
of the CA-1 and dentate was noted only at 18 hours. Our results support that the 
confirmation of apoptosis in models of ischemia may require more than in situ 
histochemical techniques alone and suggest an increased specificity with the ISEL 
technique as compared with the TUNEL method. (RIH Developmental Grant 7742)

846.2
APOPTOTIC CELLS IN THE CA1 SUBFIELD OF THE 
HIPPOCAMPUS AFTER PERMANENT BILATERAL COMMON 
CAROTID ARTERY LIGATION IN THE RAT (BCO).
L. Peiic*1. L. Isaac? J.C. de la Torre2 and B.A. Pappas3.1 Pharmacology, 

UIC, Chicago, IL 60612. 2Neurosurgery, U New Mexico, Albuquerque, 
NM 87131 3 Inst Neurosci, Carleton Univ, Ottawa, Canada. K1S 5B6

BCO in 10 mos old rats results in an evolution of memory dysfunctions 
and delayed neurodegeneration of the CA1 (Pappas, et al., Brain. Res. 
708:50, 1996). To further characterize this model of chronic vascular 
insufficiency, we investigated the morphologic characteristics of cell death 
and its temporal pattern. To differentiate apoptosis from necrosis we used 
two methods. We employed TUNEL for the in situ detection of DNA 
fragmentation followed by light microscopy of each TUNEL-positive cell 
for apoptotic cellular morphology, e.g., condensed/shrunken nucleus 
and/or apoptotic cell bodies. Apoptosis was deduced if we observed both 
TUNEL-positive and apoptotic morphology.

Rats were killed 2 wks or 27 wks after BCO or sham surgery. We 
observed a significant increase in the number of apoptotic cells in the CA1 
brain sections of rats killed 2 wks after BCO compared with all other 
groups (Mann Whitney U, p = 0.001). Double-labeling studies using S- 
100 antibodies revealed that some apoptotic cells from these animals were 
glia. These findings suggest that apoptosis occurs more early on (2 wks) 
after BCO than later (27 wks) and involves both neurons and glia, 
(supported by CRB S95-121 & AFAR & UIC Neuroscience Initiative)

846.3
HYPOXIC SIGNALING AND ITS INFLUENCE ON DELAYED NEURONAL 
DEATH. M.W, Halterman. M.A.Atkinson and H.J.Federoff*. Departments of 
Microbiology, Immunology and Neurology: Division of Molecular Medicine &
Gene Therapy, University of Rochester School of Medicine, Rochester, NY, 14642.

Induction of ischemia in the central nervous system results in rapid alterations of 
tissue oxygen, glucose and pH. These perturbations serve as potent stimuli for new 
gene transcription, yet while upregulation of a number of pro-apoptotic genes have 
been described, it is unclear what factors regulate their induction. One potential 
candidate, hypoxia inducible factor 1, has been identified as a critical component in 
hypoxic signaling pathways. To investigate the importance of HIF1 -a mediated 
responses in cell death, we have employed a gene transfer strategy which is sensitive 
to activation of this signaling pathway. Transfection and infection studies in Hep3B 
cells have shown that inclusion of cis DNA elements from the erythropoeitin gene in 
the context of a herpes amplicon plasmid confers oxygen-dependent reporter gene 
upregulation. Co-transfection studies using a dominant negative form of HIFl-a 
demonstrate that this response is due largely to HIFl-a activation. To investigate 
potential influences of hypoxic signaling on programmed cell death, we have 
designed a model in which PC 12 cells undergo apoptosis when subjected to brief 
periods of hypoxia and hypoglycemia. Furthermore, this delayed death can be 
blocked by YVAD, cycloheximide and N-acetyl-cysteine illustrating the importance 
of cellular redox potential, new gene translation and activation of ICE proteases in 
hypoxia mediated cell death. These results implicate hypoxia responsive gene 
activation in the initiation of programmed cell death. This work was supported by 
PHS HD313OO (H.J.F.) and PHS 5T32 AG00107(M.W.H.)

846.4
MITOCHONDRIAL CYTOCHROME C RELEASE: EFFECTS OF BCL-2. 
C.M. Richards, G, Wang, B.E.Gever. G. Fiskum, and A.N. Murphy*. Dept of 
Biochem & Molec Bio, Geo Washington Univ Med Ctr, Washington, D.C. 20037.

Several studies have suggested that the release of cytochrome c (cyt c) from the 
intermembrane space of mitochondria is a triggering event in stimulation of the 
late steps of apoptosis, while others have proposed that the mitochondrial 
membrane permeability transition (MPT) is a critical event. We have initiated 
study of the conditions which induce cyt c release using mitochondria isolated 
from GT 1-7 hypothalamic tumor cells. Mitochondria oxidizing glutamate and 
malate release cyt c (as measured by Western analysis) in response to Ca2+ levels 
well below their maximal Ca2+ uptake capacity. It is conceivable, therefore, that 
respiratory inhibition due to the loss of cyt c may compromise the establishment 
of membrane potential and thus be involved in limiting Ca2+ uptake capacity. In 
this system, cyt c release takes place in the absence of detectable mitochondrial 
swelling as measured by light scattering. Mitochondria from bcl-2 overexpressing 
GT1-7 cells release less cyt c in response to the same subsaturating Ca2+ load. 
This inhibition is most evident when the mitochondrial incubation media contains 
KC1 as opposed to sucrose. This result is somewhat surprising, as physiological 
salt concentrations significantly enhance cyt c release from rat liver mitochondria 
during Ca2+ or mastoparan-induced swelling. In separate studies of the role of the 
MPT in apoptotic cell death, 10 nM to 10 pM cyclosporin A (a MPT inhibitor and 
immunosuppressant), but not FK506 (an immunosuppressant), was found to 
significantly enhance staurosporine-induced death in control cells but not bcl-2 
overexpressors. Further experiments will attempt to resolve whether the death-
enhancing effect of cyclosporin A relates to calcineurin inhibition or to effects on 
the MPT pore. (Office of Naval Res. #N00014-96-0284, NIH NS34154)
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846.5
ANALYSIS OF ISCHEMIC NEURONAL DAMAGES IN BCL-2 
TRANSGENIC MICE. H, JX Wane1. H, Nakanishih K, Hashimoto2. S, Y, Liou2. 
K, Shibata.*3, jf -c, Maninpu4 andK, YamamQtQ1, ’Dept. of Pharmacol., Fac. of 
Dent., Kyushu Univ., Fukuoka 812, Japan, 2Section I Pharmacol. Dept., Tsukuba 
Res. Lab., Nippon Glaxo Ltd., Tsukuba 300-42, Japan, 3Res. Lab. of Biodynam., 
Dept. of Pharmacol., Sch. of Med., Fukuoka Univ., Fukuoka 814-01, Japan and 
4Glaxo hist, for Mol. Biol., 1228 Geneva, Swizerland.

Recently intemucleosomal DNA fragmentation and some morphological changes 
similar to apoptosis have been observed in ischemic neuronal injury, whereas the role 
of apoptosis in ischemic neuronal death is still controversial. In the present study we 
examined the mechanism of ischemic neuronal death in the transgenic mice of which 
neurons overexpressed human Bcl-2, an anti-apoptotic oncoprotein. Both the transgenic 
and wild-type mice (3-4 months of age) were subjected to unilateral carotid ligation 
followed by a 60 min exposure to humidified gas mixture (8%02+92%N2 at 37°C) in 
an enclosed chamber. At 24 hr following hypoxic-ischemia (H-I), the transgenic mice 
showed neuronal damages evidenced by angulated morphology especially in the dentate 
gyrus of the contralateral hemispher, whereas the mean number of damaged neurons 
was significantly smaller than that of the wild-type mice. On the other hand, H-I led to 
infarction in the ipsilateral hemispher including the hippocampus of both groups. In 
the ipsilateral hippocampus of the wild-type mice, majority of neurons showed 
pyknotic changes and was positively stained by TUNEL method, whereas many 
pyramidal cells in the CA1 subfield of the transgenic mice showed apparently normal 
morphology. The damaged neurons in the ipsilateral hippocampus of the transgenic 
mice showed extensively shrunk cell bodies with condensed nuclei which were not 
stained by TUNEL method. This type of damaged neurons appeared to be removed by 
activated microglias until 4 days after H-I. These results strongly suggest that the 
overexpression of Bcl-2 markedly suppressed both necrotic- and apoptotic-like ischemic 
neuronal damages. Interestingly, some neurons in the transgenic mice exhibited a 
novel type of neuronal death different from either typical apoptosis or necrosis. Further 
characterization of this distinct type of ischemic damage may aid in understanding the 
role of Bcl-2 in processes of neuronal death.

846.6
CORTICAL OVEREXPRESSION OF BCL-2 DELAYS CEREBRAL 
INFARCTION AND PRODUCES A TIME DEPENDENT REDUCTION OF 
APOPTOSIS IN A RAT MODEL OF TRANSIENT FOCAL CEREBRAL 
ISCHEMIA. N.Panahian*M. Halterman, H.Federoff, Dept. Molecular 
Medicine & Gene Therapy and Neurology, Oniv. of Rochester, 
Rochester, NY 14642

Overexpression of bcl-2 using HSV amplicon vectors in stroke blocks 
apoptosis through an unknown, time dependent mechanism. Under halothane 
anesthesia 31 Sprague-Dawley rats underwent 1 hr filament occlusion of the 
MCA followed by either 23 or 30 hrs of reperfusion. Five hr prior to induction 
of ischemia 2 pi of viral suspension of either HSVbci-2 or HSVLac was 
stereotaxically injected into the border zone of distribution of ischemic core and 
penumbra. Consecutive sections were stained for H&E and labeled for TUNEL 
and bcl-2 protein. HSVbcl-2 treated rats sacrificed at 24 hr showed less 
ischemic changes in the cortex compared to HSVbc!-2 treated rats sacrificed at 31 
hr (176±26 mm3 (n=14) vs 407±40 mm3 (n=9), F=11.36, p<.001) and less 
cerebral edema (p<0.005). TUNEL labeling around the area of the HSVbcl-2 
injection tract in the ischemic cortex was biphasic: completely absent in coronal 
sections of rats sacrificed at 24 hr and present in rats sacrificed at 31 hr. Its 
extension perimeter outwards from the needle tract was 517±55um. This was not 
the case in either HSVlac treated groups of rats which demonstrated heavy 
TUNEL labeling patterns. Neovascularization as well as proliferation of tunica 
media and intima were observed in HSVbcl-2 treated rats. We conclude that bcl-2 
overexpression delays the onset of apoptosis but does not abrogate the 
mechanism completely, (supported by the Markey Foundation and NIA grant 
AG00107 to NP, 5T32 AG00107 to MWH, and NIH HD31300 TO HF)

846.7
EXPRESSION OF PRO- AND ANTI-APOPTOSIS GENE PRODUCTS (Bax, Bcl-2, 
Bcl-X, BAK and CASPASE-3 proteins) IN CANINE GLOBAL BRAIN ISCHEMIA.
J.C. Reed1 and G. Fiskum3. Urhe Burnham Institute, La Jolla, CA 92037^ USA,

2Fishberg Research Center For Neurobiology, Mount Sinai School of Med., NY 
10029 Department of Biochemistry and Molecular Biology, G. Washington 
University, Washington, D.C. 20037

In order to assess new therapeutic approaches to prevent massive delayed neuronal 
death after cardiac arrest we characterized the expression pattern of genes regulating 
apoptosis from the Bcl-2 family and Caspase-3/CPP32 cysteine protease in a canine 
cardiac arrest model of global brain ischemia during the first 24 hrs of reperfusion. As 
reported previously, global brain ischemia resulted in variably distributed neuronal 
death rate in the ischemia prone zones (hippocampus, cortical layer III-VI, basal 
ganglia, cerebellum) due to apoptosis related mechanisms, which was confirmed by 
dUTP-biotin nick end labeling (TUNEL). Bcl-2 family protein involvement in the 
process of cell death was investigated by immunocytochemistry and correlated with 
morphological /Tunel signs indicative of apoptosis, measured with an image analysis 
stereology. In neurons developing postichemic degeneration, there was significant 
increase of Bax, Bcl-x and Bak levels after 4,12, and 24 hours. At all time points 
examined after cardiac arrest, CPP32 immunoreactivity was present at low to moderate 
levels of most cell but occasional degenerating neurons displayed very intensely CPP32 
immunostaining in the cytoplasm. CPP32 staining, however, was not observed in 
nuclei of dying neurons. Surprisingly, many degenerating or pyknotic cells displayed 
nuclear Bax, Bak and Bcl-X immunoreactivity. Double staining for each of the Bcl-2 
family proteins and with TUNEL staining that nuclear expression of these proteins was 
associated with apoptotic-type neuronal death. These data implicate involvement of 
Bax, Bak, and possibly other members of the Bcl-2 family in mechanisms of neuronal 
apoptosis after global brain ischemia.

Supported by 5 R01 CA67329

846.8
BCL-2 EXPRESSION IN A NINE-VESSEL OCCLUSION MODEL OF 
FOREBRAIN ISCHEMIA: CORRELATION WITH NEURONAL 
ALTERATIONS. T. Lenzi, C.R. Owen. G. Krause* and J. A. Rafols. Department 
of Anatomy/Cell Biology and Emergency Medicine, School of Medicine, Wayne 
State University, Detroit, MI 48201

Transient cerebral ischemia followed by reperfusion sets into motion a series of 
pathological changes leading to neuronal injury and/or death. One factor 
attenuating this death is the expression of the protooncogene bcl-2, which has 
been reported to increase following ischemia (Neuroreport, 6, 1995, p.394). 
Furthermore overexpression of bcl-2 has been shown to be neuroprotective 
against apoptotic, and possibly oncotic, cell death.

A problem with most models of ischemia is the use of anesthesia which is 
known to be neuroprotective. We have developed a unique nine-vessel occlusion 
model of global forebrain ischemia which avoids this pitfall while sparing 
cardiovascular and respiratory centers in the brainstem.

The present study employed Sprague-Dawley male rats subjected to 10 min 
global ischemia followed by 24 or 48 hrs reperfusion. Neurons in the 
sensorimotor cortex were examined for the presence of bcl-2 using 
postembedding EM immunocytochemistry with a gold conjugated secondary 
antibody. Qualitative findings included bcl-2 localization in mitochondria, RER, 
and membranes of the nuclear envelope, particularly in and around nuclear pore 
complexes. Electron dense (putatively degenerating) neurons contained very little 
bcl-2 suggesting that these cells were either too damaged to synthesize bcl-2, or 
that they lacked sufficient bcl-2 to prevent their demise. Quantitative 
determination of bcl-2 are underway to determine levels at which cells will be 
prevented from dying. The study indicates an upregulation of bcl-2 following 
ischemia/reperfusion and suggests a neuroprotective role for bcl-2 in sensorimotor 
cortex. Supported by NIH grant RO1 NS33196.

846.9
DIFFERENTIAL REGULATION OF BAX, BCL-2, AND BCL-X PROTEINS IN 
FOCAL CORTICAL ISCHEMIA IN THE RAT. S. Isenmann1*, G. Stoll2. M. 
Schroeter2, S, Kraiewski3, T.C, Reed3, and M. Bahr3.
^Department of Neurology, University of Tub ingen, Germany, 
department of Neurology, University of Dusseldorf, Germany. 3The 
Burnham Institute, La Jolla, CA 92037, USA
Focal ischemia in the parietal cortex of the rat results in massive 
neuronal death in the infarct zone and penumbra between 12 hours and 6 
days after photothrombosis. To examine a possible role of Bcl-2 family 
proteins in this process of cell death, we investigated their expression by 
immunocytochemistry and correlated expression patterns with terminal 
deoxynucleotidyl transferase mediated dUTP-biotin nick end labeling 
(TUNEL) and morphological signs indicative of apoptosis.
In the center of the lesion, Bax immunostaining was increased in many 
degenerating neurons between 4 hours and 3 days after the induction of 
photo thrombosis. At all time points examined, Bcl-2 and Bcl-X protein 
levels were markedly reduced in injured neurons as compared to the 
unlesioned side. At the border of the lesion, two areas were 
distinguished: 1-2 days after induction of photothrombosis, pyknotic 
cells located in the penumbra immediately adjacent to the lesion core 
displayed nuclear Bcl-X and Bax immunoreactivity. In contrast, large, 
morphologically intact neurons located more towards the healthy brain 
parenchyma displayed an increase in cytoplasmic Bcl-2 and Bcl-X 
proteins. Double staining for each of the Bcl-2 family proteins and 
TUNEL revealed that DNA strand breaks and nuclear fragmentation seen 
in cells located in the lesion core were often associated with increased 
levels of Bax, but not with expression of Bcl-2 or Bcl-X proteins, 
suggesting a role for Bax in the induction of apoptotic death in these cells. 
The upregulation of Bcl-2 and Bcl-X expression in surviving neurons close 
to the penumbra might reflect an active survival mechanism that 
protects these neurons from cell death following a sublethal insult.

846.10
EXPRESSION PATTERN OF P53, CYCLIN G, P21^F7/C/Py AND 
BAX-a FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA: 
COMPARISON WITH EARLY DNA DAMAGE. M. van Lookeren 
Campagne* and R. Gill. Hoffinann-La Roche, PRPN, 4070 Basel, Switzerland.

Global cerebral ischemia induced by combined occlusion of both common 
carotid arteries and controlled lowering of the blood pressure induced early 
signs of DNA strand breaks after 24 h of reperfusion. We compared the 
temporal and spatial expression of p53 and its transcriptional targets p21, 
cyclin G and bax-a with the pattern of early DNA damage following 10 
minutes of transient forebrain ischemia.

p53 mRNA levels increased in the hippocampal dentate gyrus after 12 h and 
slightly decreased in the CA1, CA3, cortex and striatum over the next 2 days 
following reperfusion. Cyclin G, p21 and bax-a mRNA levels increased in 
neurons of the hippocampal subareas, cortex and striatum during the first 24 h 
post reperfusion but protein levels increased only in the striatum at 48 h. 
Single-stranded DNA breaks, detected with DNA polymerase I-mediated in 
situ nick translation repair, partly overlapped with nuclear cyclin G protein in 
the striatum, cortex and hippocampus at 24 h but at 48 h cyclin G remained 
elevated only in neurons bordering areas exhibiting DNA damage. Nuclear 
p53 protein, p21 mRNA and bax-a mRNA were absent in cells stained with 
the in situ nick repair method but were increased in neurons adjacent to those 
with detectable DNA nicks at 12 and 24 h following reperfusion.

The induction of cyclin G, p21 and bax-a in neurons surrounding areas with 
DNA damage indicates a role for these gene products in neuronal survival and 
plasticity rather than in neuronal death.
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846.11
A BCL-2 ANTISENSE OLIGODEOXYNUCLEOTIDE INCREASES AMP A 
TOXICITY IN CORTICAL CULTURES. S.M, Irvin. A.D. Sinor, MJ. White, J. 
Chen. R.L. Zhu, M J. DiCaprio. K, Jia. D, A. Greenberg* Departments of Neurology 
and Neurob’ology, University of Pittsburgh School of Medicine, Pittsburgh. PA 15261.

Both aipha-amino-3-hydroxy-5-methyIisoxazole-4-propionic acid (AMPA) receptor- 
mediated neurotoxicity and the induction of death-regulatory genes have been 
implicated in the pathophysiology of delayed ischemic neuronal injury. To assess the 
role of the antiapoptotic gene Bcl-2 in the modulation of AMPA toxicity, we exposed 
neui on-enriched cultures from rat cortex to AMFA, in the absence or presence ol an 
antisense oligodeoxynucleotide (ODN) directed against Bcl-2. AMPA produced 
concentration-dependent toxicity detected by a decrease in fluorescence cf the redox 
indicator A’arnar blue and by an increase in lactic acid dehydrogenase release. This 
effect was accompanied by the induction of Bcl-2 protein expression, with maximal 
induction at 100 liM AMPA. A phosphoiothioate antisense ODN against Bcl-2 
reduced the AMPA-stimulated induction of Bcl-2 protein levels, detected by Western 
blotting, by -70%. In the presense of the antisense ODN, but not sense or scrambled 
ODNs, the toxicity of 100 uM AMPA was increased by -60%. These findings suggest 
that induction of Bcl-2 expression by AMPA may have a protective role to limit AMPA 
receptor-mediated neuronal damage, and that modifying Bcl-2 expression could have 
therapeutic potential in ischemia.
Supported in part by NIK grant AA07032

846.12
DNA STRAND BREAKS MAY CONTRIBUTE TO DELAYED CEL L DEATH IN 
THE BRAIN AFTER TRANSIENT FOCAL ISCHEMIA KL Jin*, MZ C-hen, W Pei, 
K, Kawaguchi, DA. Greenberg, RP, Simon and J Chen, Depart, of Neurology, Univ. of 
Pittsburgh Sch of Med., Pittsburgh, PA15261.

DNA damage resulting from cerebral ischemia may involve both apoptotic and non- 
apoptotic mechanisms. Apoptotic DNA fragmentation (double strand breaks, DSB) is a 
genetically controlled active process of self-destruction and it occurs only at a late, 
irreversible stage of cellular' injury after ischemia. However, non-apoptotic DNA damage 
such as single strand breaks (SSB) resulting from direct attack of free radials may 
represent an early event after ischemia and neuronal injury. Non-apoptotic DNA damage 
has been suggested to be a trigger of the molecular cascade leading to apoptosis in many 
mammalian systems.

Using in situ DNA polymerase I-mediated nick translation (PANT) and terminal 
deoxynucleotidyl-transferase-mediated end-labeling (TUNEL), we have investigated the 
temporal profile and regional distribution of DNA strand breaks in the rat brain 
following transient focal ischemia (1 hour) and reperfusion. SSB detected by PANT were 
present in neurons after as little as 1 min of reperfusion. Neurons containing SSB 
increased progressively in the ischemic core, but decreased in the ischemic penumbra, 
after 1 hr of reperfusion. DSB detected by TUNEL were first seen in neurons after 1 hr 
of reperfusion and then increased progressively in the ischemic core, with a regional 
distribution similar to that of SSB. However the number of SSB-eontaining cells was 
greater than that of DSB-containing cells at all time points tested. At 16-72 hr of 
reperfusion, many SSB- as well as DSB-containing cells, including both neurons and 
astrocytes, showed morphological changes consistent with apoptosis. Gel electrophoresis 
of DNA isolated from the ischemic core showed DNA fragmentation at 24 hr, when both 
SSB and DSB were present, but not at 1 h, when only SSB were detected. These results 
suggest that damage to nuclear DNA is an early event after neuronal ischemia and that 
the accumulation of unrepaired DNA SSB may contribute to delayed ischemic neuronal 
death, perhaps by triggering apoptosis.

846.13
P21 PROTEIN AND mRNA ARE UPREGULATED IN VULNERABLE 
NEURONS FOLLOWING GLOBAL ISCHEMIA. RA Stetler, J Chen. K 
Uchimura. T Nagavama, RL Zhu, SH Graham*, RP Simon. Department of 
Neurology, University of Pittsburgh School of Medicine, Pittsburgh, PA 15261

p21 is a cyclin-dependent kinase (cdk) inhibitor protein that has recently been 
associated with apoptosis in non-neuronal cell lines. Inhibiting p21 protein 
expression has been shown to significantly suppress serum withdraw-indueed 
apoptosis in 3T3 thymocytes (J Cell Biochem, 64, 434). p21 appears to function by 
interacting with proliferating cell nuclear antigen (PCNA), thus inhibiting DNA 
replication and perhaps the DNA nucleotide excision repair action of PCNA.

We have studied the expression patterns of p21 mRNA and protein in a rat model 
of transient global ischemia using Northern blot analysis, in situ hybridization. 
Western blot analysis, and immunocytochemistry. p21 mRNA was upregulated 
throughout hippocampus, thalamus, and striatum beginning as early as 4 h after 
ischemia. After 24 h, mRNA levels returned to baseline in all areas except the CA1 
and thalamus, where the expression reached peak levels. Western blot analysis 
demonstrated that p21 protein expression increased at 4 h, peaked at 16 h, and 
remained elevated 24-96 h following ischemia. Basal p21 immunoreactivity was at a 
very low level and mainly in neurons. Immunoreactivity increased at 8-16 h 
throughout the hippocampus, thalamus, striatum and cortex. Thereafter, while 
protein levels subsided in most regions, p21 protein was persistently upregulated in 
the vulnerable regions of the CA1 and thalamus up to 96 h after ischemia. p21 
immunoreactivity and TUNEL double-staining of sections obtained 72-96 h after 
ischemia demonstrated co-localization of p21 protein and DNA fragmentation in 
many degenerating neurons of selectively vulnerable CA1 and thalamus regions.

These data suggest that p21 may be associated with delayed neuronal death 
following ischemia.
( supported by NIH/NINDS 24728)

846.14
ACTIVATION OF POLY( ADP-RIBOSE) POLYMERASE IN THE KAT 
HIPPOCAMPUS MAY CONTRIBUTE TO CELLULAR RECOVERY FOLLOWING 
TRANSIENT GLOBAL ISCHExMIA, T Nagavama, J Chen, RA Stetler. W Pei, SH Graham. 
and RP Simon*. Department of Neurology, University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261

Cellular responses to oxidative DNA damage may involve new gene expression and 
functional activation of DNA repair enzymes. Poly(ADP-ribose)polymccase (PARP] is an 
abundant nuclear protein that stimulates DNA base excision repair in the presence of oxidized 
nicotinamide adenine dinucleotide (NAD+). It has been suggested that PARP is actuated upon 
DNA strand breaks under many oxidative stress-related conditions and that inhibition of 
PARP activity in certain circumstances may have a detrimental or beneficial effect on cell 
survival which depends on cellular levels of NAD+. However, the role of PARP in the brain 
under pathological states is unknown.

We have investigated the role of PARP activation in the rat brain following transient 
global ischemia. Adult male rats were subjected to 15 min ischemia followed by 0.5 to 72 h of 
reperfusion. PARP mRNA expression was examined in the hippocampus using quantitative 
RT-PCR, Northern blot analysis, and in situ hybridization; protein levels measured by 
Western blotting; PARP enzymatic activity examined by measuring nuclear Tl-NAD 
incorporation. While PARP mRNA and protein expression were not altered after ischemia, its 
enzymatic activity was increased 4.37 fold at 1 li (p < 0 05 versus controls/ and 1.73 fold «p < 
0.05 versus controls) at 24 h of reperfusion. Cellular NAD+ levels were not significantly 
altered. Furthermore, systemic administration of 3-anf.nobenzamidc (30 mg/kg), a selective 
PARP inhibitor, prevented the increase in PARP activity at both time points tested (1 and 24 h 
after ischemia) and significantly decreased the amounts of surviving neurons in the 
hippocampal CAla-b regions 72 h after ischemia (41.2 ± 11 cells in saline controls, n = 9 
versus 5 ± 4.4 cells in 3-aminobenzamidc-treated group, n - 9; p < 0.01).

These data suggest that activation of PARP following transient ischemia without causing 
cellular NAD+ depletion may be neuroprotective in the brain. Whether the detrimental effects 
of PARP inhibition upon cell survival is due to preventing DNA repair remains to be 
determined, (supported by NIH/NINDS 24728 and University ol Pittsburgh Medical Center)

846.15
POLY (ADP-RIBOSE) POLYMERASE ACTIVATION IN VIVO IN 
ISCHEMIA-REPERFUSION INJURY. A.A. Pieper*. S. Blackshaw. 
P, Garcia-Pinto, A.J, White. S.H. Snyder, and A.Verma,

The eukaryotic enzyme poly (ADP-ribose) polymerase (PARP) 
mediates an early response to DNA damage. Upon binding to nicked 
DNA, this enzyme is activated to use nicotinamide adenine 
dinucleotide (NAD) as a substrate as it catalyzes the rapid synthesis of 
poly (ADP-ribose) polymer on nuclear proteins, including PARP 
itself. While the normal physiologic role of PARP is the subject of 
much debate, it is known that excessive PARP activation causes 
cellular NAD depletion and subsequent cell death in some experimental 
systems, such as glutamate toxicity in cortical neurons.

We have developed a rapid and highly sensitive assay for the 
visualization of in vivo PARP activation, based on the synthesis of 
[33P] poly (ADP-ribose) polymer. This signal is inhibited by selective 
PARP inhibitors. Regional differences in the basal activity of PARP 
in the brain do not correlate exactly with distribution of the enzyme or 
its product as judged by in situ hybridization for the enzyme and 
immunohistochemical localization of the enzyme and poly (ADP- 
ribose).

A role for PARP in stroke pathology has been suggested by 
previous in vitro studies of glutamate toxicity in cortical neurons.
With this assay of in vivo PARP activity we have demonstrated 
dramatic and early in vivo activation of PARP following ischemia and 
reperfusion in the rat brain.

846.16
ATTENUATION OF RETINAL ISCHEMIC DEGENERATION BY 
ALTERING APOPTOSIS RELATED GENES. P. S. Rosenbaum, D. M. 
Rosenbaum, H. Gupta, U. Guha, C. Guha, J. Roy-Chowdhury, S, Seto* and J.
A. Kessler. Depts. of Ophthalmology, Neurology and Neuroscience, Albert 
Einstein College of Medicine, Bronx, NY 10461.

Transient cerebral ischemia results in delayed cell death that has characteristics of 
apoptosis. Similarly we have found that transient retinal ischemia results in delayed 
cell death with the features of apoptosis. Furthermore, we have found that the retina 
is protected from an ischemic insult by anti-apoptotic agents administered before or 
after the insult. The molecular events regulating apoptosis are complex and involve 
genes that are both pro-apoptotic and anti-apoptotic. The purpose of this study was 
to determine if manipulation of apoptosis-related genes alters resistance of the retina 
to transient ischemia. Transgenic mice deficient in the p53 protooncogene were 
subjected to transient retinal ischemia by elevating intraocular pressure above 
systemic pressure for 60 minutes. Seven days later the eyes were examined 
histologically. The retinas of heterogygotes were relatively resistant to ischemic 
damage compared to either controls (wild type) or homozygotes. Present studies 
utilizing adenovirus-mediated delivery of the protooncogene bcl-2 are being 
completed to determine if increased expression of this gene also confers resistance to 
transient retina ischemia. These data further support the hypothesis that cell death 
that occurs as a consequence of transient retinal ischemia is, in part, apoptotic, and 
that manipulation of apoptosis- related genes can alter retinal susceptibility to 
ischemic insults.

Supported by NIH-EY11253 (DMR); NIH-NS20778, NS20013 (JAK); 
Research to Prevent Blindness (PSR).
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846.17
THE INNER RETINA IS PROTECTED FROM TRANSIENT ISCHEMIA 
BY THE INTERLEUKIN CONVERTING ENZYME (ICE) INHIBITOR 
YVAD. D. M. Rosenbaum*, P. S. Rosenbaum, J. Li, H. Gupta, and J. A. 
Kessler. Depts. of Neurology and Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461.

Transient retinal ischemic results in a delayed cell death of the inner retinal 
layers. In previous studies we found that this ischemic cell death occurs, at 
least in part, through apoptosis, and that intravitreous administration of the 
general endonuclease inhibitor, aurintricarboxylic acid, protects rat retinal 
cells from ischemic cell damage. Recent studies of transient neuronal 
ischemia have suggested a pathophysiologic role for interleukin converting 
enzyme (ICE). The purpose of this study was to determine if agents that 
inhibit ICE afford protection in a model of transient retinal ischemia. 
Transient retinal ischemia was induced by increasing intraocular above 
systemic pressure for 60 minutes. ICE inhibitor or vehicle was administered 
intravitreally 24 hours prior to ischemia. Seven days later the eyes were 
examined histologically. The retinal histoarchitecture was preserved in 
animals treated with the reversible ICE inhibitor YVAD but not with the 
irreversible ICE inhibitor ZVAD. These data further support the hypothesis 
that the delayed cell death that occurs following transient retinal ischemia is in 
part apoptotic, and that ICE plays a significant role in this process.

Supported by NIH-EY11253 (DMR); NIH-NS20778, NS20013 (JAK); 
Research to Prevent Blindness (PSR).

846.18
THE CASPASE INHIBITOR YVAD PROTECTS FROM ISCHAEMIC INJURY 
IN RAT ORGANOTYPIC HIPPOCAMPAL CULTURES.
M. L. Evans,* A. M. Ray, and C. D. Benham Neurosciences Research, 
SmithKline Beecham, New Frontiers Science Park North, Harlow, CM19 5AD 
UK.

Organotypic slice cultures were prepared from 9 day postnatal rat pups and 
grown on tissue culture membrane inserts following the Stoppini method. After 
14 days in culture slices were transferred to serum-free medium and subjected 
to 45 minutes of glucose free medium saturated with 95%N2/5%CO2. The 
ischaemic exposure was made in a temperature and humidity controlled 
chamber. At the end of the glucose and oxygen free period, cultures were 
returned to the standard incubator (air/5%CO2, 37°C) conditions for 24 hours. 
Cell death was assessed in the CA1 region by using the fluorescent dye 
propidium iodide which enters dead cells and stains the nuclear DNA. The 
percentage of the CA1 area (defined by a phase contrast image) occupied by 
PI stained nuclei was used as an indicator of cell death.

In untreated cultures there were usually less than 10% of dead cells as 
revealed by propidium iodide. 30 minutes of glucose and oxygen free 
conditions caused no additional cell death compared to untreated cultures, but 
45 minutes caused 60 to 80% damage. Treatment with tetrodotoxin (10 pM) 
before, during, and after glucose and oxygen free conditions reduced damage 
to 10 to 15%.

The broad spectrum caspase inhibitor acetyl-YVAD-chloromethylketone (10 
pM in 0.1% DMSO) was applied to cultures for 1 hour prior to the 45 minutes 
glucose and oxygen free conditions, and was present throughout and for the 24 
hours post glucose and oxygen free conditions. The percentage of damage 
was reduced to similar levels (10 to 15%) as observed with tetrodotoxin 
treatment. These data indicate that inhibition of caspases can protect the 
vulnerable hippocampal area CA1 from the neuronal degeneration induced by 
glucose and oxygen free conditions.

846.19
EVIDENCE OF MARKED APOPTOSIS FOLLOWING NEONATAL 
HYPOXIA-ISCHEMIA: DELAYED ADMINISTRATION OF BAF IS 
NEUROPROTECTIVE. Y, Cheng1*. M. Deshmukh2. J, A, DeMaro1. J. M. 
Gidday3. A. R. Shah3, M. F. Jacquin1. E, M, Johnsen. Jr.12. D. M. 
Holtzman1'2. Depts of Neurology1, Molecular Biology & Pharmacology2, and 
Neurosurgery3, Washington University School of Medicine, St. Louis, MO 
63110.

Some evidence suggests that apoptosis may be more prominent in 
the developing versus the adult brain following hypoxic-ischemic (H-I) 
insults. To further address this issue, we have looked for evidence of 
apoptosis in a well characterized neonatal rat model of hypoxia-ischemia. 
Following unilateral carotid ligation and exposure to 8% O2 for 2.5 hrs at 
postnatal day 7 (PD7), we found evidence of prominent apoptosis as assessed 
by TUNEL labeling, DNA fragmentation, and electron microscopy. These 
changes were only seen in the hemisphere ipsilateral to carotid ligation and 
occured from 6-24 hours after the H-I insult. Changes in the activity of CPP- 
32, a caspase involved in apoptotic cell death, was also elevaed ipsilateral to 
carotid ligation. Interestingly, ICV injections of boc-aspartyl-(OMe)- 
fluoromethylketone (BAF), a general inhibitor of caspases, significantly 
protected against neonatal H-I injury. Similar pro'.ective effects were seen 
with BAF given prioi to or 3 hours following the H-I insult (eg. about 50%- 
80% protection by BAF in cortex, hippocampus and striatum when given 3 
hours after H-I). Oar data strongly suggest that apoptosis is prominent in the 
neonatal brain following H-I irsults and that administration of small, anti- 
apoptotic molecules like BAF which can inhibit apoptosis may be useful as 
therapies for acute injuries to the developing brain, (supported by NIH grants 
NS35902, NS07129 and AG12947).

846.20
THE ABILITY OF HIPPOCAMPAL KINDLING TO REDUCE THE 
DAMAGING EFFECTS OF FOCAL CEREBRAL ISCHEMIA IS CLOSELY 
ASSOCIATED WITH INDUCTION OF NAIP. G.S, Robertson1-2. Z. G, Huang1. 
M.E. Kelly3. D.G. Xu1-2. C. Thompson2, A.M, Hakim4. J.-E, Ikeda5. R.G. Korneluk2-6 A.
MacKenzie2,6 and D. McIntyre7. Department of Cellular and Molecular Medicine1, 
Neuroscience Research Institute4, University of Ottawa, Ottawa, Ontario, K1H 8M5, 
Canada. Apoptogen2, Molecular Genetics Research Laboratory6, Children's Hospital 
of Eastern Ontario, Ottawa, Ontario K1H 8L1, Canada. Department of Pharmacology3, 
Dalhousie University, Halifax, N.S. B3H 4H7, Canada. The Institute of Medical 
Science5, Tokai University, Kanagawa 259-11, Japan. Department of Psychology7, 
Carleton University, Ottawa, Ontario K1S 5B6 Canada

Kelly and McIntyre [Brain Res. 634 (1994) 245-256] have recently 
demonstrated that rats kindled from the dorsal hippocampus are remarkably resistant 
to the damaging effects of kainic acid-induced status epilepticus. Given that excitotoxic 
mechanisms are thought to play a role in ischemic injuiy, we have determined whether 
hippocampal kindling can also reduce the loss of cortical neurons produced by transient 
focal cerebral ischemia. Rats were subjected to 90 min of focal cerebral ischemia 3 
weeks after the cessation of kindling or sham protocols. Histological examination 
revealed that infarct volume was markedly smaller in kindled than control rats. 
Western blotting and in situ hybridization histochemistry demonstrated that the 
neuroprotective effects of hippocampal kindling were associated with a dramatic 
upregulation of the novel anti-apoptotic gene NAIP but not other IAP family members 
such as XIAP and HIAP-2. These findings suggest that induction of NAIP may 
contribute to the neuroprotective effects of kindling and treatments that activate this 
anti-apoptotic gene may have utility in the treatment of stroke.

This work was supported by grants from the National Research Council of 
Canada (OGPIN-012) and Medical Research Council of Canada (MT-11539).

ISCHEMIA: GENE AND PROTEIN EXPRESSION

847.1
CHANGES OF THE GENE EXPRESSION IN RAT WITH 
PERMANENT OCCLUSION OF BILATERAL COMMON 
CAROTID ARTERIES. M.Tohda*, J.W. Ni, K. Matsumoto and H. 
Watanabe. Dept. Pharmacol., Res. Inst, for Wakan-yaku, Toyama Med. and 
Pharm. Univ., Toyama 930-01, Japan.

We have been reported that the rat with permanent occlusion of bilateral common 
carotid arteries (2VO) is a useful model for ischemic disorders, especially in 
cognitive deficits and neuronal damages. To identify physiological factors 
changing with the 2VO treatment, differential display method was carried out. 
Male Wistar rats, 13 weeks old, were 2VO operated. The learning and memory 
performance were examined using an eight-arm radial maze task. Sixteen weeks 
after the 2VO, the brain RNA was isolated from the rat with cognitive deficits and 
sham-operated rat without the deficits. RT/PCR was carried out using oligo(dT) 
primer and optional 10 mer primer. We isolated 8 clones showing the differential 
expression. The expression of five clones was enhanced by 2VO treatment. The 
molecular size was estimated in 770, 490, 400, 380 and 160 bp, although that may 
be partial sequences. The sequence of the 490 bp factor was determined (487 bp) 
and was highly homologous (>90%) with rat K+ channel RHK1 and RCK4. Three 
clones of the molecular size, which decreased by 2VO treatment, was estimated in 
780, 710 and 530. The 530 bp factor was revealed a novel sequence 
(homology<30%) with 523 bp. Other 6 clones are also analyzing, and functional 
significances are studying by in situ hybridization using the digoxigenin-labeled 
probes. This work was partly supported by a Grant-in-Aid from the Uehara 
Foundation in Japan.

847.2
IDENTIFICATION OF ACTIVITY REGULATED GENES 
POTENTIALLY INVOLVED IN ACUTE NEURONAL INJURY USING 
DIFFERENTIAL TECHNIQUES. E,. Zhukovsky*, A. Lanahan%, C.
Hashimotp*,, P, Worleyl. and.K,... Nikolich**. Lynx Therapeutics,
Hayward, CA 94545* and Dept. Neuroscience and Neurology, Johns 
Hopkins Univ., Baltimore, MD 21205%

In order to study genes involved in of acute neuronal injury, we 
analyzed genes induced by MECS (maximal electro convulsive 
stimulation). This stimulus is involved in regulation of a large number 
of genes whose expression may be involved in neurological injury. A 
subtracted library was prepared from rat hippocampus following MECS 
and prospective differential clones were identified. The differential 
nature of these clones was confirmed using reverse Northern analysis 
and the sequence of 500 ESTs was compared to the GenBank database. 
Sequence comparison identified more than 100 previously known genes 
and an equal number of unknown genes that varied in the degree of 
regulation by MECS stimulation. The analysis of the subset of known 
genes showed that most of them are immediate early genes (IEGs) 
encoding both intracellular and extracellular proteins. These genes 
represent transcriptional regulators, signaling and growth factors 
molecules, cell cycle regulators, as well as oxidative and reductive 
enzymes etc. We have begun to analyze the expression of these genes in 
neuronal injury paradigms. This analysis is expected to further 
facilitate the identification of novel genes involved in acute neuronal 
injury. Supported by Lynx Therapeutics.
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847.3
Identification of novel hypoxia-ischemia associated gene sequences in 
neonatal rat brain using Differential Display. S, Packianathan*. L, D, 
Longo. & M. De Le6n. Centers for Molecular Biology & Gene Therapy and Perinatal 
Biology; Loma Linda Univ. Sch. of Med., Loma Linda CA 92350.

Hypoxia-ischemia (HI) during the perinatal period represents a significant threat to 
fetal/newbom brain development. Although many of the cellular and molecular 
changes involved in HI-induced brain injury are known, the gene induction/repression 
patterns associated with this type of neuronal injury and repair remain poorly 
understood. To identify such gene expression patterns, we used the differential display 
technique in a neonatal rat brain model of HI. Under anesthesia, the right common 
carotid artery in seven day old Sprague-Dawley rat pups was cauterized. After 
recovery, pups and dams were subjected to hypoxic-hypoxia (10.5% FIO2) for 4 hours. 
Pups were sacrificed 3 d later and the midbrain from the ipsi- and contralateral brain 
hemispheres was frozen in liquid N2 for RNA extraction. Equal amounts of RNA 
from ipsi- and contralateral midbrain were reverse transcribed with one base anchored 
(A, C, or G) oligo T,, primers, then PCR amplified with these same primers together 
with one of eight random 13-mer oligos, fractionated side-by-side on 6% 
polyacrylamide sequencing gels, dried, and exposed to X-ray film. Ipsi- or 
contralateral cDNA fragments exhibiting upregulation when compared to their 
counterparts were then cut out and reamplified. Following confirmation of differential 
expression, upregulated fragments were cloned into suitable vectors and sequenced. 
Sequences were compared by use of the BLAST and ENTREZ programs at NCBI. 
Utilizing this protocol, 18 upregulated cDNA fragments were isolated and confirmed. 
Four of these were successfully cloned and from these, 9 separate sequences were 
obtained. Of these, 3 represented 18s rRNA genes (5-fold upregulation), 2 represented 
known sequences (6-fold), and 4 were unknown (1.5 - 6-fold). The 18s rRNA 
upregulation was only in the contralateral midbrain, while the other known and 
unknown sequences were found on both contra- and ipsilateral midbrains. In 
conclusion, our data suggest that the differential display technique can be adapted to 
categorize gene expression following HI brain injury. A complete analysis of HI- 
induced gene regulation may allow us to understand better the patterns and identity of 
gene products involved in neuronal injury, repair, and regeneration, and may help 
identify therapeutic approaches to ameliorating the effects of HI.
(Supported in part by USPHS Grant HDO387 to LDL and Supplement to MDL)

847.4
TNF AND TNF RECEPTORS EXPRESSION IN NORMAL AND ISCHEMIC RAT 
BRAIN. G. I. Botchkina* and K, J. Tracey. The Picower Institute for Medical 
Research & Dept. of Surgery, North Shore Univ. Hospital., Manhasset, NY 11030.

Although the induction of TNF mRNA and protein expression by cerebral 
hypoxia-ischemia was shown (Liu et al., 1994, Stroke, 25, 1481; Szaflarski et al., 
1995, Neuron, 10, 213), the cellular localization and distribution of TNF and TNF 
receptors (p55 and p75) in vivo, during ischemic brain damage is unclear. Permanent 
MCA occlusion induced dramatic appearance of TNF immunoreactivity (IR) within 
the ipsilateral cortex by 6 hr after the onset of ischemia. No TNF IR was observed in 
normal brains or within the contralateral, nonischemic cortex. Dense dot- and 
filament-like TNF IR within ischemic core and penumbra was the most typical, 
although many cell bodies expressed low-to-moderate IR. The similarity of this 
pattern of TNF IR to Tau and NF 200 IR suggests that TNF is predominantly 
localized within neuronal processes. Double-labeling with anti-TNF and several cell- 
specific markers indicated that many astrocytes and microglial cells also expressed 
TNF IR. MCA occlusion produced significant TNF IR within the glial processes in 
the outer most layer of cortex and on the surface of small brain vessels. The 
infiltrating PMNs also revealed dense granular TNF IR. No detectable level of p75 
IR was observed in normal brain and contralateral to the MCA occlusion, however, 
some choroid plexus cells expressed low-to-moderate level of p75 IR. In contrast, 
p55 IR was detected in glial processes in the outer most layer of cortex and as 
irregular islets of linear p55 positive fragments throughout brain tissue. MCA 
occlusion induced 5-10 fold increase of this pattern of p55 'IR, as well as the 
appearance of dot-like IR within ischemic cortex. Low-to-moderate expression of 
both TNF receptors was found in cytoplasm, however, p75 IR granules were also 
detected on the membrane surface. Comparative analysis of TNF and TNFRs gene 
expression in different cells in vivo using RT in situ PCR and immunocytochemistry 
will provide a better understanding of the role of TNF in stroke.

847.5
PERSISTENT PHOSPHORYLATION OF CREB AND ATF-2 
TRANSCRIPTION FACTORS IN THE RAT BRAIN FOLLOWING 
TRANSIENT CEREBRAL ISCHEMA. B, R. Hu* C. M, Fuxf M. E. 
Martone, M. H. Ellisman. M Schachnerf and J. A. Zivin. Dept.
Neurosciences and Natl. Center for Microscopy and Imaging Research, 
University of California, San Diego, CA 92093-0624. fDept. 
Neurobiology, Swiss Federal Institute of Technology, Honggerberg, CH- 
8093 Zurich, Switzerland

The level and phosphorylation of the transcription factors CREB 
and ATF-2, two cAMP response element binding proteins, were studied 
in rat brain after transient forebrain ischemia using Western blot and 
immunoctyochemical analyses. Rats were subjected to 15 min ischemia 
followed by 0 min, 30 min, 4 hr, 24 hr, 3 days or 7 days of reperfusion. 
The level of total CREB was decreased for at least 24 hr following 
ischemia. In contrast, phosphorylated CREB disappeared immediately 
^following 15 min ischemia, increased after 30 min of reperfusion and 
remained increased for at least 7 days after ischemia. The 
phosphorylated CREB was mainly distributed in dentate gyrus (DG) 
and neocortical neurons. Total ATF-2 was unchanged after ischemia. 
However, phosphorylation of ATF-2 was increased mainly in CA1 
pyramidal neurons at 24h reperfusion and was unchanged or tended to 
decrease in CA3/DG neurons. These results show that CREB is highly 
phosphorylated in regions where neurons are resistant to ischemia such 
as CA3/DG and most neocortical neurons. In contrast, the 
phosphorylation of ATF-2 is mainly increased in CA1 neurons, which 
are destined to die 3 days following the transient ischemic episode. 
These findings indicate that activation of the transcription factor CREB 
may be related to a repairing process while activation of ATF-2 may be 
related to programmed cell death following transient cerebral ischemia.

847.6
NEURON-DERIVED ORPHAN RECEPTOR (NOR-1) mRNA 
INCREASES WITH NGFI-B AND NURR1 mRNA AFTER TRANSIENT 
BRAIN ISCHEMIA IN RAT. R.Schmidt-Kastner *(1.2), R.Zetterstrom (3), 
T.Perlmann (4), L.Olson (3) and A.M.Hakim (1). 1) Neuroscience Research 
Institute, University of Ottawa, Ottawa, Ontario K1H 8M5, Canada; 2) 
Dept. of Neurology, University of Miami, USA; 3) Dept. of Neuroscience, 
Karolinska Institute, and 4) Ludwig-Institute for Cancer Research, 
Stockholm, Sweden.

Neuron-derived orphan receptor (NOR-1) was cloned from cultured 
embryonal neurons undergoing apoptotic cell death. NOR-1 is related to 
NGFI-B and NURR1, which are nuclear orphan receptors. NGFI-B and 
NURR1 can interact with the retinoic acid receptor, RXR, and they are 
expressed as immediate early genes in the injured brain. We tested 
whether NOR-1 mRNA expression changes after global brain ischemia.

Rats were subjected to 10 min of four-vessel occlusion and survived for 1, 3, 
6, 12 h, and 1, 3 and 7 d (n=3-4 per group). In situ hybridization for NOR-1, 
NGFI-B and NURR1 mRNAs was carried out on unfixed sections. In 
controls, NOR-1, NGFI-B and NURR1 mRNAs were found in CA1 neurons, 
and NOR-1 and NGFI-B mRNAs in CA3 neurons. Dentate granule cells 
were negative. Intense upregulation of NOR-1, NGFI-B and NURR1 
mRNAs was seen in the dentate gyrus by 1 h after ischemia, which then 
declined by 3 to 6 h. Neurons in CA1 to CA3 showed moderate elevations at 
1 to 3 h. NGFI-B was elevated in cortical cells by 1 to 3 h. Labelling also 
occurred with a vascular pattern. Ischemic cell death occurred only in 
medial CA1 by three days.

NOR-1 is a new immediate early gene induced by brain ischemia. Rapid 
de novo gene expression of three related nuclear orphan receptors in granule 
cells suggests a role in neuronal resistance to ischemia.
Supported by DFG (Schm 776/4-2), Heart Stroke Foundation Ontario.

847.7
GLOBAL ISCHEMIA INDUCES EXPRESSION OF THE DNA- 
DAMAGE-INDUCIBLE GENES GADD45 AND GADDI53 IN THE 
RAT BRAIN.
Torp. R *. Swan. J.H.. Meldrum. B. S, and Qttersen, O.P,
Department of Anatomy, Institute of Basic Medical Sciences, 
University of Oslo, P.O. Box 1105, N-0317 Oslo 3, Norway.
We have investigated the expression for two members of the family of 
the growth arrest and DNA damage-inducible (GADD) genes, which 
accelerate DNA excision repair and can be induced by a variety of 
DNA-damaging stimuli.
By use of immunocytochemistry the expression of GADD45 and 
GADD 153 was evaluated after global ischemia with 3h and 24 h 
reperfusion time. The GADD proteins were weakly induced after 3h, 
but fully induced after 24h reperfusion. The expression of GADD45 
protein was induced in neurones throughout the parietal and frontal 
cortex. Within the hippocampus induction was mainly found within 
subiculum, CA3 subfield and hilus region. The induction of GADD45 
proteins within the CA1 subfield was sparse. GADD 153 showed a 
strong expression within the deeper cortical layers, particularly layer 
VI of the parietal and frontal cortex. Within the hippocampus the 
pyramidal cells in all subfields were strongly induced after 24 hours. 
Although the two GADD-genes were induced within the same 
regions, there was a difference in the intensity and number of cells 
showing GADD induction. Our results suggest that expression of 
GADD-genes is important in the response of the brain following 
ischemia. Of particular interest is that GADD45 is induced only in a 
few cells within the CA1 subfield of hippocampus, a region which 
undergoes cell death within 72 hours postischemically in this model.

847.8
APOLIPOPROTEIN E IMMUNOREACTIVITY IS MARKEDLY INCREASED 
IN HUMAN HIPPOCAMPAL NEURONS FOLLOWING 
CARDIORESPIRATORY ARREST. K. Horsburgh*, D.I. Graham, J.A.R. Nicoll. 
Dept. of Neuropathology, University of Glasgow, Glasgow G51 4TF, UK.

Apolipoprotein E (apoE) may play a role in the response and recovery following 
brain injury by influencing neuronal survival. We have previously shown increased 
neuronal apoE following ischaemic injury in rat. The present study sought to 
provide information regarding neuronal apoE following ischaemic brain injury as a 
result of cardiorespiratory arrest in Man which results in selective neuronal 
damage.

ApoE immunoreactivity was determined in hippocampal sections of patients who 
sustained a cardiorespiratory arrest (n=57, 17-81 yr) and died (survival, lhr- 
18mths) and in neuropathologically normal controls (n=44, 18-82yr). Neuronal 
apoE immunoreactivity was semi-quantified in specific hippocampal regions 
(dentate fascia, CA sectors, neocortex) in the cardiorespiratory arrest cases and 
compared to the controls. In control cases there was minimal histological evidence 
of neuronal injury contrasted to the cardiorespiratory cases in which neuronal 
injury was marked in the hippocampal regions particularly CA1 sector. There was 
a statistically significant increase in neuronal apoE immunoreactivity in all 
hippocampal regions examined in the cardiorespiratory arrest group compared to 
controls. The CA1 sector exhibited the greatest increase in neuronal apoE. In the 
cardiorespiratory cases, increased neuronal apoE was observed predominantly in 
areas with neuronal injury.

The data indicate a significant increase in neuronal apoE occurs following 
cardiorespiratory arrest. Increased neuronal apoE may influence the pathological 
and clinical outcome following brain injury.
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847.9
EXPRESSION OF A TYROSINE KINASE-LIKE MOLECULE IN RAT 
HIPPOCAMPUS AFTER ISCHEMIA. Y. Kaiii, D. Xinomiya, M, Kato,
M. Mizuguchi, T. Nishikawa*, M. Saii. T, Katsumot.o, K. O'hpx S. 
Takashima and K. Onodera. Division of Agriculture and Agricultural 
Life Sciences, The University of Tokyo, Tokyo, 113, Japan.

Using a semi-nested PCR technique based on a short ammo acid motif 
of protein tyrosine kinases, we isolated a human genomic DNA encoding 
a peptide whose sequence was related to known mammalian protein 
tyrosine kinases. The expression was examined by Northern blot 
analysis, and transcripts were detected almost exclusively in the brain. 
The corresponding cDNA was sequenced, and it was revealed that the 
gene designated as byk coded for a receptor-like molecule with a motif o: 
protein tyrosine kinase. Immunohistochemical analysis demonsttacsr 
that the Byk protein was expressed mainly in neurons. To understand 
the physiological significance of the Byk protein, we investigated the 
behavior of this molecule in rat hippocampus after ischemia. Byk 
like-immunoreactivity disappeared from the neurons in the fields CAl 
through CA3 and the dentate gyrus of the hippocampus following 20 mm 
of ischemia. After recirculation of blood flow, neurons in the CA3 field 
and the dentate gyrus re-expressed Byk-like antigen but CA1 neurons 
did not. Interestingly, Byk-like immunoreacfivity was detected in 
microglial cells and astrocytes in the CAl field that were activated after 
ischemia. Induction of Byk seems to be a new type of marker fez 
activated glia and it would be a new tool to study the neuron-glia and 
glia-glia interactions.

847.10
INDUCTION OF ZFM1 mRNA, ENCODING A NOVEL NUCLEAR 
PROTEIN, IN RAT BRAIN AFTER GLOBAL ISCHEMIA N, Covini, G. 
Consalez1. P. Salvati and L. Benatti*. Pharmacia & Upjohn, CNS 
Research, 20014 Nerviano and ‘DIBIT Research Center, HSR, Milan, Italy 
Cerebral ischemia results in significant brain damage, but the molecular 
mechanisms associated with ischemia-induced brain injury are not 
defined. We have adopted a technique of differential display of PCR- 
amplified mRNA (DDPCR) to examine the nature and extent of changes 
in gene expression following transient cerebral ischemia. The protocol 
applied is an improved version of DDPCR that allowed us to increase the 
probability to isolate coding region-containing cDNA fragments. Among 
the different cDNAs isolated following transient forebrain ischemia in rat, 
PH3.3 was selected for further studies. Northern blot showed three specific 
bands, ranging from 1.7 kb and 4.2 Kb, induced both at 6h and 5 days 
after the ischemic insult. The search for homologies revealed that PH3.3 is 
the rat homologue to human Zinc Finger Motif 1 (ZFM1), a recently 
identified sequence encoding a nuclear protein and a candidate gene for 
Multiple Endocrine Neoplasia Type 1 (MEN1). The deduced amino acid 
sequence of PH3.3 (390 bp long) showed 99% identity with human ZMF1. 
Interestingly, a partial cDNA with a conserved domain homologous to 
ZMF1 has been identified as activated following p53-induced apoptosis 
(PNAS 93: 3953, 1996). Several lines of evidence suggest that p53 may 
play dual roles in the postischemic brain. The primary role of p53 is to 
activate DNA repair processes, but if repair fails, apoptosis will be 
initiated. We suggest therefore that ZFM1 may represent an interesting 
link between p53 and neuroprotective/neurodegenerative processes 
occurring following cerebral ischemia.

847.11
EFFECT OF HYPOXIA AND AGLYCEMIA ON HYPOXIA INDUCIBLE FACTOR 
IN AN IN VITRO MODELL OF CEREBRAL ISCHEMIA. K, Ruscher, N. Isaev, G. 
Trendelenburg. A. Bergk, U. Bruer, M. Weih*, A. Meisel, U. Dirnagl. Dept. of 
Neurology, Humboldt Univ., Schumannstr. 20-22, D-10098 Berlin, Germany 

Transcription factors are central regulators in a wide variety of physiological and 
pathophysiological processes. Hypoxia-inducible factor 1 (HIF-1) is a
posttranscriptional regulated transcription factor that regulates several hypoxia- 
inducible genes. As HIF-1 is an hypoxia-inducible transcription factor in all cell types 
studied so far we suggest a primary role of HIF-1 in neurons in cerebral ischemia. 
Neurons from whole cerebral cortex of fetal rats were grown in a humidified normoxic 
atmosphere. After 10 days in vitro cells were stimulated by 1% oxygen atmosphere for 
30, 60, 90 and 120 min. Crude nuclear extracts were prepared and HIF-1 binding 
activity was measured using a non-radioactive fluorescence-based electrophoretic 
mobility shift assay (fEMSA). 

Control 30 inin 60 min 90 min 120 min

100% 216% 202% 288% 219%
Table 1. DNA-binding activity of HIF-1 after hypoxia: Cells were stimulated for 30, 
60, 90, and 120 min in a 1% oxygen/hypoglycemic solution. HIF-1 binding activity is 
presented as a percentage of the value found in control.
Here we demonstrate that in primary cultures of embryonal cortical neurons in rat. 
signal induction by 1% oxygen atmosphere results in activation of HIF-1 in a time 
dependent manner. Reoxygenation for 30 min reveals a decrease of DNA-binding 
activity back to the base line. Hypoxia for a longer time (3 and 4h) shows a critical 
increase of cell death in cell culture. In conclusion we found for the first time a HIF-1 
binding activity in HT22 cells (human hippocampal cell line) and in primary 
embryonal neurons of rat and in hypoxic environment an upregulation of this activity 
in a time dependent manner.
This work was supported by DFG ME 1562/1-1 and DFG Di 454/8-1.

847.12
PROTEIN KINASE C (PKC) ACTIVITY AND EXPRESSION INCREASES 
POSTISCHEMIA. FE.Sieber*. R.J.Travstman. L.J.Martin The Johns Hopkins 
Hospital, Baltimore, MD 21287
We tested the hypothesis that elevations in activity and expression of the Ca2+- 
dependent PKC isoforms occur following brain ischemia. 12 beagles underwent 20 
minutes of global incomplete ischemia followed by either 1 (n=5) or 7 days (n=7) 
recovery. There were 6 sham controls. H&E staining was used to determine the % 
ischemic neurons in cerebellum and hippocampal CAI. Western blotting of 
membrane (P2) and cytosol (S2) fractions was used to analyze regional PKC 
expression. PKC activity was determined in P2 fractions. The % ischemic neurons 
increased from 13 + 10 to 40+35% in CAl and 24+25 to 59+16% in cerebellum 
from 1 to 7 days, respectively. By western blotting of P2 fractions, PKCa' was 
increased postischemia to 149% control in hippocampus. No increases occurred in 
cerebellum with any of the isozymes studied. PKC activity was increased 
postischemia to 275 and 284% control in cerebellar and hippocampal P2, 
respectively. By ICC, granule cells of the dentate gyrus and Purkinje cell bodies 
showed increased PKC expression postischemia. This study shows that sustained 
increases in total PKC activity and isoform specific expression and translocation 
occur postischemia. This suggests that increased protein phosphorylation occurs 
postischemia during the evolution of neuronal death.

Supported by NS 20020

847.13
CYCLOOXYGENASE-2 mRNA AND PROTEIN EXPRESSION IN A MOUSE 
MODEL OF MIDDLE CEREBRAL ARTERY OCCLUSION (MCAO). D.L.Kong, 
K, Hara. P.R.Weinstein*. and F.R.Sharp. Depts. of Anesthesia, Neurosurgery, and 
Neurology, Sch. of Med., Univ. of California, San Francisco, and Dept. of Veteran’s 
Affairs, San Francisco, CA 94143.

Inducible cyclooxygenase (COX2) is the predominant isoform expressed in the rat 
brain following kainate and cerebral ischemia. COX2 metabolism of arachidonic acid 
generates oxygen free radicals and eicosanoids, which may affect ischemic neuronal 
injury. MCAO was performed in isoflurane anesthetized CD-I mice with a 5-0 suture 
advanced beyond the bifurcation of the internal carotid artery. Utilizing in situ 
hybridization and immunocytochemical techniques, we studied the regional expression 
of COX2 mRNA and protein in adjacent frozen sections of mouse brains following 2 
and 6 hr permanent MCAO. At 2 hr, the COX2 mRNA signal was intense throughout 
the ischemic hemisphere, including cingulate cortex anterior and posterior to the 
MCAO. No signal was seen in the contralateral cortex. COX2 mRNA was also 
expressed in dentate gyrus and hippocampus bilaterally. COX2 protein staining was 
seen in neurons in the cingulate cortex, but was barely detectable in the
dentate/hippocampal region. At 6 hr, the COX2 mRNA signal intensified within the 
same cingulate cortical regions seen at 2 hr. Again, no contralateral expression was 
seen. The bilateral dentate/hippocampal COX2 mRNA signal also intensified, with 
greater expression ipsilateral to the MCAO. Strong COX2 protein staining was 
evident in neurons throughout the ipsilateral cingulate cortex medial to the infarct, 
especially in laminae II and III. Moderate COX2 protein was seen in neurons in 
dentate gyrus and hippocampus bilaterally. The data presented show that ipsilateral and 
bilateral regions of COX2 expression are induced in the mouse brain following 
unilateral MCAO. Ischemia, excitotoxicity, spreading depression, and other 
mechanisms could contribute to COX2 induction in these two different regions. 
(Veteran’s Affairs Merit Review Grant.)

847.14
EFFECT OF BRAIN ISCHEMIA AND REPERFUSION ON 
LOCALIZATION OF SER-51(P)-eIF-2ot. J.M. Sullivan1-2, D.J, DeGracia1. RW. 
Neumar1. S.S. Alousi1,3. B.C. White1,2. J.A. Rafols1,3*, and G.S. Krause1. From the 
Departments of Emergency Medicine1, Physiology2, and Anatomy and Cell Biology3, 
Wayne State University School of Medicine, Detroit, MI.

Protein synthesis is greatly reduced in selectively vulnerable neurons during post-
ischemic brain reperfusion. Phosphorylated eIF-2a leads to inhibition of the 
introduction of the first methionine for translation initiation, and we have reported 
(J Neurochem, 1997) in reperfused brain homogenates a shift in eIF-2a isoelectric 
focusing consistent with phosphorylation of 23% of eIF-2a. Here a synthetic 
phosphorylated (underlined) peptide ILLSELSRRRIRS from the conserved 45-57 
eIF-2a sequence was used to generate an antibody that recognizes purified eIF-2a 
only after its in vitro phosphorylation by HRI kinase. On Westerns of rat brain 
homogenates, this antibody recognizes only one band, and after a 10 min. cardiac 
arrest and 10 or 60 min. reperfusion, eIF-2(aP) is increased 19- or 23-fold.

Immunohistochemistry shows localization of eIF-2(aP) to only astrocytes in 
normal brains, a massiv e increase in cytoplasmic eIF-2(aP) in neurons after 10 min. 
reperfusion, accumulation of eIF-2(aP) in the nuclei of selectively vulnerable 
neurons at 1 hour reperfusion, and morphology suggesting pyknosis or apoptosis in 
neuronal nuclei that continue to display eIF-2(aP) after 4 hr. reperfusion. During 
reperfusion eIF-2(aP) accumulates in neurons that exhibit reduced protein synthesis. 
Furthermore, interrelations between accumulation of eIF-2(aP) and apoptosis are 
suggested by the morphology of vulnerable neurons that continue to exhibit elF- 
2(aP) after 4 hr. reperfusion and by R. Kaufman’s recent observation (personal 
communication) that conditional expression of a Ser51Asp eIF-2a mutant 
(mimicking permanent phosphory lation) induces apoptosis.

This work supported by NIH-NINDS RO-1 NS-33196.
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848.1
Electrical Stimqlation of the Cerebellar Fastigial Nucleus (FN) Increases 
Threshold of the Cortical Spreading Depression (SD).

Golanov*.E.V. and Reis, D.J.. Div. of Neurobiol., Depts of Neurol, and 
Neurosci. Cornell Univ. Med. Coll., New York, NY 10021.

Electrical stimulation of the FN for 1h in rat reduces the volume of focal 
cerebral infarction produced weeks earlier. Conditional stimulation of FN 
reduces the expression of periinfarction depolarizing waves (PIDS) in the 
ischemic penumbra (Golanov et al., 1996) an effect which correlates with 
smaller lesion size and suggests that FN stimulation may reduce the excitability 
of cerebral cortex. To test the hypothesis we investigated whether FN 
stimulation could suppress SD, an effect closely related to PIDS. Rats were 
anesthetized, intubated and ventilated controlling blood gases and body 
temperature. Cerebral blood flow (rCBF), EEG and DC potentials were recorded 
in parietal cortex. The threshold of SD was determined by applying cathodal 
electrical stimuli (0.5 sec) to the ipsilateral frontal cortex in incremental steps 
(0.25 mA) until SD appeared. The evoked waves of SD consisted of a fall of DC 
potential to a minimum of -24+1 mV in 28+5 sec recovering by 67+12 sec. Each 
wave spread at 3.8+.5 mm/min and was accompanied by an increase in rCBF 
up to 300+50 %. which appeared 26+13 sec earlier than the wave of 
depolarization, reached maximum in 93+15 sec and recovered in 189+56 sec. 
In parallel amplitude of EEG in the same hemisphere decreased by 85+2% 
recovering within 5+1 min. The threshold for eliciting SDS was 0.375+.15 
coulomb. Stimulation of FN for 1h increased the threshold required to trigger a 
SD in contralateral hemisphere by 500+100% (p<0.05, n=6) without altering the 
properties of the SD complex. Stimulation of cerebellar sites adjacent to FN had 
no effects. Stimulation of the FN or DN 72 hours prior to testing failed to 
increase the threshold of SD. We conclude that electrical stimulation of the FN 
produces increase in tolerance of the cerebral cortex to depolarization. The 
effect may relate to mechanisms whereby conditional stimulation of FN is 
neuroprotective. The study was supported by the NIH grant HL-18974.

848.2
ISCHEMIC PRECONDITIONING OFFERS NEUROPROTECTION AGAINST FO-
CAL CEREBRAL ISCHEMIA. G. N .CHIMON and P, T-H, WONG*. Dept. of Phar-
macology, Faculty of Medicine, National University of Singapore., Singapore 119260.

Ischemic preconditioning (IP) refers to a short period of ischemia prior to a 
complete and prolonged episode. It has been demonstrated1 that dogs subjected to IP 
developed smaller infarction in the heart following a 40-min coronary occlusion. A 
single 5-min IP period afforded protection for approximately 1 h. Multiple precondi-
tioning periods appeared to have no greater effect on reducing infarct volume.

In view of this phenomenon observed in the ischemic myocardium, we tested 
whether IP of the brain reduces infarct size during regional specific ischemic insults. 
Animals were subjected to permanent or transient occlusion of the left middle cerebral 
artery (MCA). For permanent occlusion the MCA was occluded by electro-cauteriza-
tion from the point where it crossed the inferior cerebral vein to a point proximal to the 
origin of the lenticulo-striate brancli(es). Transient MCA occlusion was performed by 
direct local application of endothelin-1 (2.5 nmol in 25 pi deionised water) via a micro-
pipette onto the exposed proximal portions of the MCA. Brains were removed 48 h after 
MCA occlusion for histological analysis.

We found that a 5-min IP by occluding the left carotid artery significantly re-
duced the volume of ischemic damage in rat brains subjected to permanent or transient 
MCA occlusion (P<0.001). Additionally, IP appeared to significantly reduce edema 
after permanent ischemia (P<0.05) but not transient ischemia, although a trend towards 
protection was apparent.

These results showed that IP may invoke endogenous mechanism(s) which af-
fords neuroprotection against focal ischemic insults. Understanding of such mechanism 
may provide further insight into the neuropathology and therapy of stroke.
1 Murray CE, Jennings RB and Reimer KA. (1986) Circulation 74, 1124-1136.
Funding provided by The National University Of Singapore Grant Number RP940312

848.3
Short Hypoxia Protects Cortical Neurons Against Hypoxia/Ischemia-Induced Death 
In Vitro J. Liu. I. Ginis. M. Spatz and J.M. Hallenbeck*. Stroke Branch, NINDS, 
NIH, Bethesda, MD 20892-4128
Animal models of global and focal brain ischemia suggest that sublethal brief 
ischemia protects against prolonged ischemic insult. Tolerant animals demonstrate 
a decreased neuronal loss and a smaller size of infarction after pre-conditioning. An 
in vitro model of hypoxic/ischemic tolerance has been developed and established. 
Primary cultures of cortical neurons from 2 day old SD rats were cultured on poly- 
L-lysine-coated plates and contaminating astrocytes were depleted by treatment 
with 5’-fluoro-2-deoxyuridine5’-monophosphate. Neuronal cultures were subjected 
to either 60 min hypoxia (H) or 60 min “ischemia” (I), (H plus glucose deprivation 
(GD)), and’ reoxygenated (with restoration of glucose concentrations) for various 
times. Cell death was quantitated using ethidium iodide exclusion fluorescence 
method. All the data are means±SEM of 3-5 experiments. The number of dead 
cells gradually increased over 8 hours of reoxygenation reaching 21.9+2.9% and 
32.1+5.4% at 8 hours of H and I respectively. Although GD exacerbated the effect 
of H, GD alone for 60 min did not cause neuronal death; after 8 hours the 
percentage of dead cells in GD cultures (8.6±0.4%) was not different from that of 
control, untreated cultures (8.0+0.9%,). Pre-treatment of neuronal cultures with 
short H (15 min) 24 hours prior to 60 min H, completely protected neurons: the 
number of dead cells in 15 min H pre-treated cultures was not different from that of 
control (9.4±0.3%). On the other hand 15 min H protected only partially against 60 
min I: the number of dead cells in pre-treated cultures decreased to 20.5±2.2% 
(compare to 32.1±5.4% of dead cells in cultures after I without pre-treatment). In 
conclusion, this new quantitative model of neuronal tolerance to H and I will be 
useful to elucidate cellular mechanisms protecting neurons.

848.4
PRECONDITIONING PROTECTS AGAINST COMBINED 
OXYGEN AND GLUCOSE DEPRIVATION-INDUCED INJURY IN 
MIXED NEURONAL/GLIAL CORTICAL CULTURES.
A.W. Probert*, P.A. Boxer, G.P. Schielke, R. Nath, and F.W. Marcoux,
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co., 
Ann Arbor, MI 48105.

The neuroprotective effects of hypoxic/ischemic preconditioning were 
evaluated in primary neuronal/glial cortical cultures exposed to increasing 
intervals of oxygen/glucose deprivation (OGD). A non-injurious 90 
minutes hypoxic exposure (1% O2) and 18 hour normoxic recovery 
increased the duration of OGD necessary to illicit injury onset and half- 
maximal injury. After preconditioning, an additional 40-80 minutes of 
OGD was required to generate 45Ca2+ uptake and LDH release levels 
similar to those seen in controls. The neuroprotective effects associated 
with hypoxic preconditioning were reduced when cultures were incubated 
with conditioned medium (medium removed from sister cultures, sterile 
filtered then added back to test wells) during the 18 hour recovery period 
prior to OGD. Present data suggests that hypoxic preconditioning can 
protect neuronal cultures against subsequent hypoxic/ischemic insults. 
However, expression of this phenomenon may be masked or prevented if, 
following the precondition stimulus, cultures are bathed in medium 
conditioned by previous exposure to sister cultures.

848.5
EFFECTS OF ISCHEMIC TOLERANCE ON EXTRACELLULAR GLUTAMATE 
ACCUMULATION DURING OXYGEN-GLUCOSE DEPRIVATION IN 
CORTICAL CELL CULTURE. M.C. Grabb*, D, Lobner, and D.W. Choi. Center 
for the Study of Nervous System Injury and Dept. of Neurology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

We have found that conditioning exposure of murine cortical cultures to a brief, 
sublethal period of oxygen-glucose deprivation (OGD) renders the neurons 
resistant to injury induced by a subsequent longer OGD insult (Grabb and Choi,
Soc. Neurosci. Abstr. 22: 1673, 1996). Such in vitro “ischemic tolerance” was 
associated with reduced accumulation of glutamate in the media after the longer 
OGD insult, compared to sham washed cultures. Prior studies have suggested that 
hypoxia- ischemia induces an initial buildup of extracellular glutamate by some 
combination of tetanus toxin-sensitive vesicular release, transport, and loss of 
cellular uptake.

In this study, we tested if high K+-stimulated, tetanus toxin-sensitive, glutamate 
release was diminished or glutamate uptake was increased in OGD-conditioned 
cultures. Conditioned (20-30 min OGD) and sham-washed cultures were exposed 
to 60mM KC1 for one min, and glutamate levels in the media were then analyzed by 
HPLC. No change in this depolarization-induced release of glutamate was detected. 
In addition, glutamate uptake did not appear to change in conditioned cultures 
compared to controls as assessed by 3H-aspartate uptake. These data suggest that 
lower glutamate levels in the media observed after OGD in OGD-conditioned 
cultures are not caused by less vesicular glutamate release or by enhanced glutamate 
uptake.

Supported by NIH fellowship NS 10291 (MCG) and NIH grant NS 32636 
(DWC).

848.6
INDUCTION OF TOLERANCE AGAINST OXYGEN-GLUCOSE 
DEPRIVATION BY 3-NITROPROPIONIC ACID IN CORTICAL NEURONS. 
M. Weih, M.C. Grabb+, N. Isaev, A. Meisel, U. Dimagl, D.W. Choi* +, Dept. of 
Neurology, Charite, Berlin, Germany; + Dept. of Neurology and Center for the 
Study of Nervous System Injury, Washington University St.Louis, MO, USA.

Sublethal ischemia protects the brain against injury induced by a subsequent 
more prolonged ischemic insult, a phenomenon dubbed ischemic tolerance. We 
have recently found that inhibition of oxidative phosphorylation by 3- 
nitropropionic acid (3-NPA, inhibits succinic acid dehydrogenase) can also 
induce ischemic tolerance in vivo (Wiegand and Dirnagl, unpublished 
observation) and in the slice preparation (Riepe and Dimagl JCBFM'97, 17, p 
257).

This study was performed to see if 3-NPA treatment would suffice to render 
cultured mouse cortical neurons resistant to oxygen-glucose deprivation- 
induced death. Mixed cell cultures containing neurons and glia were exposed 
to 100 pM - 1 mM 3-NPA for 30 - 45 min, and then 24 - 48 h later were 
subjected to a 50 - 60 min period of oxygen-glucose deprivation (OGD). This 
3-NPA exposure was not itself toxic, but mildly attenuated the neuronal death 
induced by later OGD, compared to sham washed cultures.

Our observations support the idea that inhibition of oxidative phosphorylation 
is sufficient to induce ischemic tolerance in a variety of in vivo and in vitro 
models of ischemic injury.
This work was supported by DFG grants Me J562/1-J and Di 454/8-1 (UD), as 
well as NIH grant NS 32636 (DWC).
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848.7
CHEMICAL PRECONDITIONING CAN BE INDUCED REPEATEDLY K.
Kasischke1,2*, D. Q. Carpenter 2, M. W. Riepe L Department of Neurology, 
University of Ulm, 89075 Ulm, Germany 1 and Wadsworth Center for Laboratories 
and Research, Albany, NY 12201-0509, US^.

Previous studies showed that mild chemical inhibition of mitochondrial complex II 
with 3-nitropropionate increases hypoxic tolerance in central nervous system - 
chemical preconditioning. The goal of the present study was to investigate whether 
increased hypoxic tolerance upon selective chemical inhibition of mitochondrial 
complex II can be induced repeatedly.

Rats (180 - 250 g) were treated in vivo with four i.p injections of 20 mg/kg 3- 
nitropropionate at time intervals of 24 hours and 72 hours. Population spike amplitude 
was measured in hippocampal region CA1 after bipolar stimulation of the Schaffer 
collaterals in hippocampal region CA3 at 0.1 Hz.

In controls, posthypoxic recovery (15 min. of hypoxia, 45 min. of recovery) was 
about 30 %. In slices prepared from animals pretreated 4 times with an interval of 24 
hours prior to preparation of slices, posthypoxic recovery was 38 ± 23 % (mean ± 
standard error; not significant to controls). Clinically, these animals were overreactive 
to exogenous stimuli. In slices prepared from animals pretreated four times with 3- 
nitropropionate with an interval of 72 hours between treatments, posthypoxic recovery 
was 106 ± 7 % (p < 0,05 to controls). These animals did not show gross clinical 
abnormalities.

We conclude that increased hypoxic tolerance upon chemical preconditioning with 
3-nitropropionate can be induced repeatedly.

Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

848.8
PRECONDITIONING DRAMATICALLY IMPROVES OUTCOME 
AFTER RETINAL ISCHEMIA IN RATS. S. Roth*, B. Li, P.S. 
Rosenbaum, H. Gupta, J.M. Giddav. Anesthesia and Critical Care, 
Univ of Chicago, Chicago, IL 60637; Ophthalmology and Pathology, 
Montefiore Medical Center, Bronx, NY 10467; Neurosurgery, 
Washington University, St Louis, MO 63110

Ischemia for 60 min results in significant changes in retinal 
structure and function in rats. We examined the hypothesis that 
preconditioning (PC) improves outcome after retinal ischemia. In 
anesthetized, dark-adapted rats, the electroretinogram (ERG) was 
measured to assess retinal function for up to 7 days after 60 min of 
ischemia. Ischemia was induced in one eye, while the other served as 
a control. PC for 5 min was followed either 1, 24, 72, or 168 h later 
(n = 6 per group), by 60 min of ischemia; an additional group was a 
non-preconditioned sham. ERG results were normalized to baseline, 
corrected for day-to-day variation in the control eye, and compared 
between groups using ANOVA. Retinal sections 1 pm thick were 
examined histologically at 7 days after ischemia. Recovery of the b 
wave referenced to baseline was (mean ± sem): sham, 11 ± 4%; 1 h 
PC, 4 ± 1 (p < 0.05 vs sham); 24 h PC, 113 ± 14% (p < 0.0001 vs 
sham); 72 h PC, 110 ± 8% (p< 0.0001 vs sham); 168 h PC, 20 ± 4 
(NS vs sham). Ischemic retinae in 24 and 72 h PC groups showed no 
significant decreases in retinal layer thicknesses or cell counts in the 
inner nuclear and ganglion cell layers; overall retinal thickness 
decreased 31% in sham rats (p < 0.005). PC results in a dramatic, 
time-related improvement in retinal function after ischemia. These 
findings are the first demonstration of a functional effect of PC in the 
intact in vivo CNS. Grant Support: NIH EY10343, 11253, 09678

848.9
ISCHEMIC TOLERANCE IN A QUANTITATIVE GERBIL MODEL; 
EVIDENCE AGAINST INVOLVEMENT OF KATp CHANNELS OR 
Al RECEPTORS. T. Sorimachi and T. S, Nowak Jr..* Dept. of 
Neurology, University of Tennessee, Memphis, TN 38163.

ATP dependent potassium (KAyp) channels and adenosine Al 
receptors have been implicated in mechanisms of ischemic tolerance in 
brain and heart. Glibenclamide (G), a blocker of KAtp  channels, and 
l,3-dipropyl-8-cyclopentyl-xanthine (DPCPX), an Al antagonist, were 
reported to block ischemic tolerance, while N6-cyclopentyladenosine 
(CPA), an Al agonist, was itself neuroprotective. We produced priming 
insults of varied duration by bilateral carotid artery occlusion in 
halothane-anesthetized gerbils, recording hippocampal DC potentials 
via glass microelectrodes as a quantitative index of insult severity. 
Intraventricular glibenclamide was administered at doses of 0.1, 0.3 or
1.0 pmol in 5 pi of DMSO 30 min before ischemia. DPCPX and CPA 
were injected intraperitoneally at a dose of 1 mg/kg. Standard test 
insults (6.5-8.5 min depolarization) were produced 2 days later and CA1 
neuron damage was assessed histologically after 5 days. Glibenclamide 
increased the duration of postischemic depolarization, resulting in CA1 
damage after brief occlusions that would not produce injury in untreated 
animals, but did not affect tolerance when depolarizations remained 
below the injury threshold. CPA produced long-lasting, neuroprotective 
hypothermia during 4-6 h recirculation but neither DPCPX nor CPA 
had any effect on depolarization or neuronal damage when temperature 
was adequately maintained. These results argue against a role of Al 
receptors or KAyp channels in ischemic tolerance, and emphasize the 
need for robust, well-controlled, quantitative models in such studies.

Supported in part by USPHS Grant R01-NS32344.

848.10
TOLERANCE TO FOCAL CEREBRAL ISCHEMIA INDUCED BY 3-NITRO- 
PROPIONIC ACID (3-NPA) IS MEDIATED BY FORMATION OF REACTIVE 
OXYGEN SPECIES (ROS).
Wiegand F., Lindauer U., Busch C„ Liao W., Megow D., Dimagl U*.
Dept. of Neurolog>', Humboldt University, Berlin, Germany

We have previously shown that in the rat a single systemic injection of 3-NPA, a
succinate dehydrogenase inhibitor (20mg/kg), 3 days before permanent middle cere-
bral artery occlusion (MCAO), induces robust (ca. 70 % protection) and long-lasting 
(2 days) tolerance to ischemic damage (measured 4 days after MCAO by histology). 
Since chronic 3-NPA treatment is causing CNS damage, supposedly by an excito- 
toxic mechanism, and the blockade of oxidative phosphorylation leads to mitochon-
drial ROS generation, we hypothesized that ROS might be involved as early signal in 
tolerance induction. When dimethyl thiourea (DMTU), a ROS scavenger was injected 
systemically 30 min prior to the 3-NPA
application, tolerance induction was completely 
inhibited (n=6, see fig.). With Lucigenin 
enhanced chemiluminescence (CL, sensitive to 
superoxide) we found that 3-NPA induces ROS 
production in vitro (CL measured in acute brain 
slices, 300 pM 3-NPA, see figure). ROS 
production was detected within lh after 3-NPA 
application. We speculate that the ROS burst 
induces the synthesis of antioxi dative proteins 
(f.e. SOD), which are responsible for the 
'protected' state of the brain. We are currently 
aiming to demonstrate directly the induction of 
these proteins by 3-NPA.
Supported by DFG and Deutsche Schlaganfall Stiftung.
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848.11
INTERLEUKIN-1 RECEPTOR ANTAGONIST (IL-IRA) IS NOT UPREGULATED 
BY IL-ip PRECONDITIONING R.P Stroemer*. T, Cartmell and N.J. Rothwell. 
School of Biological Sciences, Univ of Manchester, Manchester, Ml 3 9PT, UK.

Interleukin-ip (IL-ip) mediates ischemic brain damage, but can also protect when 
administered i.c.v. or in the striatum 2 to 5 days prior to ischemia. Since IL-Ira, 
which is neuroprotective, is upregulated by ischemia, we tested the hypothesis that 
striatal injection of IL-ip would result in the increased expression of IL-Ira in the 
hemisphere at 2 days following injection.

Rats were implanted with guide cannulae to inject either IL-ip (2.5ng/lpl) or 
vehicle into the striatum (n^-8). After 2 days, animals were sacrificed, brains quickly 
removed, dissected and frozen. Tissue homogenate IL-Ira levels were quantified 
using a rat specific ELISA (sensitivity 6pg/ml, NISBC, UK)

Injection of IL-ip did not increase levels of IL-lra ( 11.8±2.9 pg/mg wet weight) 
when compared to vehicle treated animals in the ipsilateral striatum (13.4±3.2), nor 
in the contralateral striatum (16.9+4. Iveh , 14.2.+5.7IL-1P ). There also was no 
difference in levels of IL-lra between IL-lp or vehicle treated animals in the 
ipsilateral (9.4±I.8veh, 10.5±3.2IL-ip) or contralateral cortex (10.9+3.9veh, 
9.8±2.8IL-lp). Furthermore, there were also no differences between hemispheres 
within groups.

Although IL-lra can dramatically reduce ischemic damage at ictus, these results 
suggest that it may not play a significant role in ischemic preconditioning.

This work was supported by the MRC.

848.12
MOLECULAR CLONING AND EXPRESSION OF THE RAT 
STRESS GENE CPN10 FROM ISCHEMIC BRAIN LR Zhu*, KL 
Jin, J Chen, RA Stetler, SH Graham, RW Hickey and RP Simon. Department 
of Neurology, University of Pittsburgh School of Medicine, Pittsburgh. PA 
15261

Chaperonin 10 (cpnlO or hspiO) is a newly identified stress-inducible 
mitochondrial matrix protein that is highly conserved from bacteria to mammals 
In cells, cpnlO forms a complex with another stress protein lisp60 to facilitate 
folding of nascent proteins, refolding of partially denatured proteins, and 
degradation of improperly folded proteins (Kandror et al. JBC 1994, 369:23575} 
and to regulate transport of proteins across the mitochondrial membrane (Hohlcld 
et al, JCB 1994, 126:305). Thus, cpnlO is an adaptive protein that may play a 
role in facilitating cellular recovery after stress.

Using a modified subtractive hybridization and differential screening method, 
we have isolated a full length cDNA encoding the cpnlO gene from a rat 
ischemia brain cDNA library. Full sequencing of this cDNA revealed 100% 
homology to rat cpnlO cloned from the liver (Ryan et al, FEES Letter 1994, 
337; 152). Subsequently, the expression of cpnlO mRNA and protein was 
examined in the rat brain using Northern blot analysis, in situ hybridization, 
Western blot analysis, and immunohistochemistry. cpnlO mRNA and protein 
were constitutively expressed in normal non-ischcmic brains, however, the levels 
were markedly increased in a number of brain regions including the 
hippocampus, cortex, and caudate putamen 4-72 hours following 15 min of 
transient global ischemia.

We conclude that Chaperonin 10 is an ischemia-inducible gene. The precise 
distribution of cpnlO expression in ischemic brain is currently under 
investigation and its functional role in brain ischemia remains to be determined.
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848.13
EXPRESSION OF THE 10 kD HEAT SHOCK PROTEIN FOLLOWING 
ASPHYXIAL CARDIAC ARREST IN THE RAT RW Hickey, RA Stetler. HL 
Alexander. KL Jin, J Chen, M Chen*, LR Zhu. NG Bircher. RP Simon. PM
Kochanek and SH Graham University of Pittsburgh, School of Medicine, 
Departments of Pediatrics and Neurology, Pittsburgh, PA 15213

HSP10 is a mitochondrial matrix protein that works in conjunction with 
HSP60 to facilitate folding of nascent proteins and refold partially denatured 
proteins. We sought to characterize its expression in brain after asphyxial 
cardiac arrest in rats.

Male, Sprague-Dawley rats (n=28) were anesthetized, intubated and 
chemically paralyzed. Experimental animals were disconnected from the 
ventilator for 8 minutes (asphyxia time). Cardiac arrest (no pulsatile blood 
flow) occurred within 3-4 minutes of cessation of ventilation. Following 8 
minutes of asphyxia, rats were resuscitated with chest compressions, 
epinephrine, sodium bicarbonate, and resumption of ventilation. A control 
cohort of rats were anesthetized, paralyzed, and ventilated without a period of 
asphyxia. Rats were sacrificed at 1, 8, 24, and 72 hours to measure expression 
of hsplO. A 40-mer oligonucleotide complementary to rat hsplO (100% 
homology, Genbank search) was synthesized for use in expression studies.

Northern blot analysis reveals basal expression in control animals with 
increased expression in asphyxiated animals. In-situ hybridization 
demonstrates increased expression in the cortex, septal nuclei, hippocampus, 
thalamic nuclei, purkinje cell layer of the cerebellum, and isolated brainstem 
nuclei of asphyxiated rats.

We conclude that the mRNA for hsplO is increased following asphyxial 
cardiac arrest in rats. These results suggest that increased hsplO expression 
may be an endogenous neuroprotective mechanism in hypoxia-ischemia.

Supported by Children’s Hospital of Pittsburgh.

848.14
HEAT SHOCK PROTEIN INDUCTION EXTENDS SURVIVAL OF 
RATS WITH HEATSTROKE BY ATTENUATING THE 
HEATSTROKE-INDUCED ISCHEMIA AND GLUTAMATE RELEASE 
IN CORPUS STRIATUM Y.-L. Yang. W.H.-T. Pan. T.-Y. Tseng . M.-T, 
Lin.and J.Y.H.Chan* Department of Physiology, National Cheng-Kung 
University, Tainan, Taiwan, R.O.C.; and Department of Pharmacology and 
Physiology, National Yang-Ming University, Taipei, Department of Medical 
Research, Veterans General Hospital, Taipei, Taiwan, R.O.C.

In order to explore the possible protection effects exerted by 72 KDa heat 
shock protein (HSP 72) during heatstroke formation, we compared the temporal 
profile of the survival time (interval between onset of heatstroke and death), 
striatal extracellular glutamate release, and striatal blood flow that occurred at 
the onset of heatstroke in rats with or without HSP induction. The presence of 
HSP 72 in brain tissue was detected by Western blot technique. In vivo 
microdialysis in combination with high performance liquid chromatography 
with fluoresence detector (HPLC-fluorescence) was used to determine the 
glutamate concentration of extracellular fluids collected from rat striatum. The 
cerebral blood flow was measured by autoradiographic diffusible tracer 
technique. It was found that, as compared to normothermia controls, rats 
without HSP 72 displayed shortened survival time (15 min), reduced striatal 
blood flow (28 ml/lOOg/min), and glutamate surge, following a 70-min heat 
exposure (42 °C). As compared to those of rats without HSP72, rats with HSP 72 
had higher values of survival time (>300 min) ,striatal blood flow (171 
ml/lOOg/min), a lower value of glutamate surge following a 70-min heat 
exposure. The data indicate that heat shock protein induction extends survival 
of rats with heatstroke by attenuating the heatstroke-induced ischemia and 
glutamate release in corpus striatum. (Supported by NSC862314B010117M10)

848.15
HEAT SHOCK PROTEIN 70 EXPRESSION IN BRAINS OF 
TRANSGENIC MICE OVEREXPRESSING THE RAT INDUCIBLE 
HEAT SHOCK PROTEIN 70 - PROTECTION AGAINST GLOBAL 
ISCHEMIA
S, Raidev1*, K.E, Solway1. R. Mestril2, W.H. Dillmann2 and F.R, Sharp1.
’Department of Neurology, UCSFZVAMC, San Francisco, CA 94121 and 
Department of Medicine, Div. Endocrinology, UCSD, San Diego, CA 92103.

It has been suggested that an inducible 70 kD heat shock protein (hsp70) 
contributes to protection against various injurious stimuli including ischemia. 
Transgenic mice overexpressing rat inducible hsp70 are being used to investigate the 
role of hsp70 in cerebral ischemia. Previous studies have shown that hsp70 is 
overexpressed in hearts of these transgenic mice and also confers protection against 
myocardial ischemic injury (Marber et al., J Clin Invest, 1995, 95:1446-1456). 
However, expression in brain and its role in cerebral ischemic injury is not known. 
When assessed by in situ hybridization, unstressed transgenic mice express higher 
levels of hsp70 mRNA in brain than their negative littermates. We are using a 
global ischemia model (8 min. bilateral MCA occlusion) to investigate the role of 
hsp70i in ischemic injury. At 3 days after ischemia, transgenic mice express 
significantly increased levels of hsp70i mRNA as compared to the wild type mice. 
At 24 hr. following ischemia, immunocytochemistry analysis using a monoclonal 
antibody specific for hsp70i indicates markedly increased expression of hsp70 protein 
in neurons in several brain areas including striatum, hippocampus and piriform 
cortex. As compared to wildtype nonlittermates, transgenic mice also appear to be 
less susceptible to ischemic injury following global ischemia. We are currently 
investigating the susceptibility of transgenic mice to ischemic injury in comparison 
to the negative littermates. The cell types overexpressing hsp70 mRNA and protein 
is also being evaluated.

This data supports a protective role for hsp70 induction in preventing further 
injury in cells injured by ischemia.
Supported by NIH grants NS28167 and NS14543.

848.16
THIOL REDUCING AGENT DITHIOTHREITOL (DTT) INHIBITS 
HSP72 mRNA INDUCTION IN RAT HIPPOCAMPAL SLICES 
SUBJECTED TO ANOXIA/AGLYCEMIA. Q. Zhou* and T. S. 
Nowak, Jr.. Departments of Anatomy & Neurobiology and Neurology, 
University of Tennessee, Memphis, TN 38163.

Mechanisms regulating stress-induced transcription of heat shock 
mRNAs remain to be fully defined, but there is evidence in some 
models that heat shock factor (HSF) is phosphorylated, and that its 
activation can be blocked by agents that reduce calcium influx, inhibit 
tyrosine kinases, or promote thiol reduction. We have begun to evaluate 
mechanisms regulating the postischemic stress response using an in 
vitro hippocampal slice anoxia/aglycemia model in which hsp72 mRNA 
is induced. Hippocampal slices (400 pm) were prepared from male 
Wistar rats (250-350g) and incubated in artificial cerebrospinal fluid 
(ACSF) at 34°C. Ischemia was produced by transfer to ACSF lacking 
glucose and oxygen for 4 min, and hsp72 mRNA expression was 
evaluated by in situ hybridization 2 h after the return to normal ACSF. 
In this model, calcium is reduced to 0.2 mM during the challenge to 
allow precise control of the insult duration that can be tolerated without 
producing acute neuron loss. It was therefore not surprising that 1 mM 
EGTA in calcium-free ACSFcompletely eliminated hsp72 expression. 
DTT was also effective, and a quantitative evaluation of dose-response 
effects in the 0.01-10 mM range demonstrated significantly reduced 
hsp72 expression at 0.3-1 mM with maximal inhibition at 3 mM. These 
results demonstrate the feasibility of applying pharmacological 
approaches in an in vitro model to study mechanisms of ischemia- 
induced changes in gene expression.

Supported in part by USPHS Grant R01-NS32344.

848.17
CRYPTIC EXPRESSION OF THE HEAT SHOCK PROTEIN, HSP72, 
AFTER TRANSIENT ISCHEMIA. J. B. Harrub* and T. S. Nowak, Jr.. 
Dept. of Neurology, University of Tennessee, Memphis, TN 38163.

Induction of the 70 kDa heat shock protein, hsp72, is readily detected 
in brain following transient global ischemia by immunocytochemistry 
and in situ hybridization techniques. Previous results suggest that there 
may be a considerable interval between the expression of hsp72 mRNA 
and the time at which hsp72 protein is detectable by immunoreactivity, 
even in neurons that express other proteins encoded by ischemia- 
induced mRNAs. In the present experiments, hsp72 expression in gerbil 
hippocampus was evaluated by immunocytochemistry and immunoblot 
methods at 2, 6, 24 and 48 h following 10 min ischemia. Hsc70, a 
constutively expressed member of the hsp70 family, was similarly 
analyzed. As previously observed, hsp72 staining was undetectable in 
postischemic neurons for at least 6 h following the insult. However, 
immunoblots of dissected gerbil hippocampus revealed substantial 
hsp72 expression as early as 2 hours postischemia, with near maximal 
accumulation evident by 6 h. Hsc70 did not show significant changes in 
level or distribution, except for depletion in CAl neurons at 48 h. These 
results define a period of cryptic hsp72 expression during which the 
protein is present but unrecognized in perfusion-fixed sections. It 
remains to be determined whether such an effect may be related to 
interactions between hsp72 and other proteins with which it may 
become associated in the course of its proposed function as a molecular 
chaperone. These results argue strongly against the use of hsp72 
immunoreactivity in sections as an index of the synthesis and 
accumulation of this protein.

Supported in part by USPHS Grant R01-NS32344.

848.18
HEAT SHOCK PROTEIN 70 PREVENTS CORTICOSTERONE 
FROM AGGRAVATING ISCHEMIC CELL DEATH. Y.-C. Chou1. 
S. Yu2* and C.L. Wu1. Inst, of Physiology, Natl. Yang-Ming Univ.1, Natl. 
Res. Inst, of Chinese Medicine2, Taipei, Taiwan, R.O.C.

Previous studies demonstrated that corticosterone (CORT) exacerbated 
ischemic cell death in the hippocampus. Given the cytoprotective effect of 
heat shock protein 70 (HSP70), we investigated the possibility that HSP70 
prevents CORT from aggravating cell death in hippocampal cultures 
during cyanide-induced ischemia. Heat pre-treatment (42°C) for 1, 2 or 3 
hr ameliorated ischemic cell death in neuron/glia mixed cultures. The effect 
of CORT on aggravating ischemic cell death was markedly reduced by a 
2-hr and, to a lesser extent, a 3-hr heat-shock pretreatment. Nevertheless, 
Western blot analysis revealed that HSP70 induction increased with the 
duration of heat-shock treatment. Neither cyanide nor CORT affected the 
temporal pattern of HSP70 induction. CORT decreased HSP70 expression 
in cells after a 2-hr heat-shock while having no effect on HSP70 induced 
by a 3-hr hyperthermia.

These data suggest that the level of HSP70 does not necessarily 
correlate with its cytoprotective effect on cell injury. Moreover, CORT 
may modulate the heat-stress response after a prolonged hyperthermia, 
thus rendering HSP70 less effective in protecting cells from ischemic insult. 
(Supported by NSC852311B010001B12 & VGHYM85T202, R.O.C.)
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848.19
UBIQUITIN-CONJUGATE LEVELS AND UBIQUITIN IMMUNOREACTJVITY 
IN THE IMMATURE RAT BRAIN ARE INCREASED BY HYPOXIA- 
ISCHEMIA. P. W. Beeslev*. R. Mummery. S. Vannucci1, R. Hawkes2 and C.C. Rider. 
School of Biological Sciences, Royal Holloway University of London, Egham, Surrey 
TW20 OEX, U.K., ‘Department of Pediatrics, The Milton S. Hershey Medical Centre, 
Hershey, Pennsylvania, U.S.A., ^Department of Anatomy, Faculty of Medicine, University 
of Calgary, Calgary, Alberta, T2N 4N1, Canada.

The functions of the low Mr polypeptide ubiquitin are mediated by its covalent 
conjugation to a wide range of target proteins. A major role of this conjugation is to target 
proteins for rapid degradation via the 26S proteasome complex, although ubiquitination 
has other functions which have not yet been clearly established. Ubiquitin acts as a heat 
shock protein since its mRNA levels are increased by a number of conditions which induce 
cellular stress, including transient global ischemia in adult rat hippocampus. Here we have 
used a monoclonal antibody specific for ubiquitin, RHUbl, to investigate the effect of 
hypoxia-ischemia (H/I) on ubiquitin conjugate levels and ubiquitin immunoreactivity in 
immature rat brain. Postnatal rats at 7 days of age were subjected to unilateral (right) 
carotid artery ligation followed by 1.5-2 h of hypoxia (8% O2/bal N2) at 37°C. This 
produces ischemic damage in the hemisphere ipsilateral to the ligation (right). Paired 
samples of right and left forebrain were analysed by immunodevelopment of Western blots 
with the RHUb 1 antibody. The results show a marked elevation in ubiquitin conjugate 
levels in the right, compared to the left, forebrain of H/I animals which was apparent 
immediately following hypoxia. Maximal elevation in conjugate levels occurred within 1 
h , persisted for 6 h, but had returned to normal by 24 h recovery. Immunocytochemical 
studies showed that ubiquitin immunoreactivity was increased in several right, but not left, 
hemisphere regions of H/I animals. No such changes in ubiquitin conjugate levels or 
ubiquitin immunoreactivity were observed in animals subject to either hypoxia or ligation 
alone. These results suggest that elevation of ubiquitin conjugation is an early step in 
ischemic damage. Supported by the Wellcome Trust, Canadian MRC and NIH-HD31521.

848.20
CHANGES IN DENATURED AND MULTI-UBIQUITINATED PROTEIN 
LEVELS IN HEAT-SHOCKED PC12H CELLS. K. Takada*1, M. Noea2, H. 
Yokosawa3 and K. Ohkawa1. ^ept. of Biochem. [I] and 2Dept. of Psychiat., 
Jikei Univ. Sch. of Medicine., Tokyo 105; 3Dept. of Biochem., Fac. of 
Pharmaceutical Science, Hokkaido Univ., Sapporo 060, Japan.
It has been reported that insoluble ubiquitin conjugates increased after 

transient forebrain ischemia in gerbil and rat brains, and is interpreted as 
ubiquitin-mediated degradation of denatured proteins induced by ischemic 
damage. However, there is little information on fundamental process of 
clearing the damaged proteins. We investigated changes in denatured 
proteins and multi-ubiquitinated proteins in heat-shocked PCl2h cells. 
Undifferentiated PCl2h cells were treated at 45°C for 5, 10 and 30 min, then 
returned to normal growing temperature for 0.5 to 24 h. Water-insoluble but 
8 M urea-soluble extracts were prepared from nuclear and cytoplasmic 
fractions of the cells. Levels of denatured proteins were deduced from 
protein contents in the water-insoluble extracts, and multi-ubiquitin chains 
were quantitated by an ELISA. After all heat treatments, levels of the 
denatured proteins were increased and then returned to control levels. By 
the heat treatments for 10 and 30 min, multi-ubiquitin chain levels were also 
increased. However, by the mild heat shock (for 5 min), multi-ubiquitin 
chain levels remained low. Therefore, the contribution of ubiquitin- 
conjugating system to degradation of the denatured proteins may depend 
upon the severity of heat shock. Effects of nerve growth factor and an 
inhibitor for proteasome on changes in these proteins will be also shown. 
Supported by grant in aid for Scientific Research on Priority Areas, 
(Intracellular Proteolysis).
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849.1
NORMOXIC VENTILATION MAY IMPROVE NEUROLOGICAL DEFICITS 
AFTER CARDIAC ARREST IN RATS. C.A. Lioinski, C.W. Callaway*. Dept. 
Emergency Med., Univ. of Pittsburgh Medical Center, Pittsburgh, PA 15213.

Reducing oxygen tension during reperfusion after cerebral ischemia may 
reduce formation of reactive oxygen species and brain injury. We examined 
the influence of normoxic (FiO2 = 0.21) versus hyperoxic (FiO2=1.0) ventilation 
on neurological outcome for 72 hrs after cardiac arrest and resuscitation in 
rats.

Under halothane anesthesia, asphyxia was induced in mechanically 
ventilated, paralyzed (2 mg/kg vecuronium) male rats (300-350 gm). Asphyxia 
produced cardiac arrest within. 200 seconds. After 8 minutes, circulation was 
restored by reinstituting normoxic or hyperoxic ventilation, performing chest 
compressions and administering epinephrine (0.05 mg/kg) and bicarbonate (1 
mEq/kg). Neurological deficit scores (NDS) (0=no deficit, 100= brain death) 
were determined for each animal at 24, 48 and 72 hrs.

At 24 and 48 hr, the NDS did not differ between the normoxia group 
(26.6±2.5, 16.6±6.0) (mean ±SEM) and the hyperoxia group (23.7± 6.2, 
18.7±3.4). At 72 hrs, there was a trend towards improvement in the normoxia 
group (15.0±5.0) relative to the hyperoxia group (21.2±7.7). Although return 
of circulation did not differ between groups, normoxia increased mortality. 
Aortic blood pressure tended to be lower after resuscitation in the normoxia 
group, but temperatures, pH, pCO2 and base deficits did not differ.

Reducing oxygen tension showed a trend towards improvement in NDS at 
72 hrs but not at 24 or 48 hrs after asphyxial cardiac arrest. Although 
resuscitation is possible with normoxic ventilation, survival beyond 24 hours is 
decreased perhaps due to hemodynamic compromise. Whether normoxic 
ventilation actually reduces free-radical induced damage to the brain or other 
organs requires further study. (Supported by the Emergency Medicine Foundation)

849.2
EVIDENCE OF OXYGEN RADICAL PRODUCTION IN THE ACUTELY 
INJURED HUMAN BRAIN. L, Hillered, P. Enblad, J. Valtvsson and L. 
Persson*, Departments of Clinical Chemistry and Neurosurgery, Uppsala 
University Hospital, Uppsala, Sweden.

Oxygen radicals are thought to play an important role in the patho-
physiology of acute brain injuries, including stroke and trauma. There is a 
need for methods by which oxygen radical activity can be measured in 
vivo. Here, the conversion of hypoxanthine to urate1 as well as the 
formation of allantoin2 was used as indicators of oxygen radical formation.

We used microdialysis3 to harvest hypoxanthine, urate, allantoin, lactate, 
and pyruvate in the frontal cortex of neurointensive care patients after 
aneurysmal subarachnoid hemorrhage. Dialysate samples were collected 
in 1-h fractions during 7-8 days and ananalyzed by HPLC.

Clinical events involving secondary ischemia as evidenced by increased 
lactate/pyruvate ratios3 were associated with a marked elevation of 
hypoxanthine. This was followed by a normalization of hypoxanthine and 
an increase of urate. Allantoin showed a fluctuating pattern with increasing 
trends in conjunction with ischemic events. In a patient with an uneventful 
clinical course, no signs of secondary ischemia, and a favourable outcome, 
the levels of hypoxanthine, urate and allantoin remained low (about 2, 10, 
and 0.5 pmol/L, respectively).

In conclusion, the results support the involvement of reactive oxygen 
species in human cerebral ischemia. Uric acid and its oxidation products 
may be useful for monitoring free radical activity in vivo and to evaluate 
pharmacological therapy with radical scavengers in acute brain injury.

1. McCord, New Engl J Med,1985; 312:159-163.
2. Gtootveld & Halliwell, Biochem J, 1987;73:803-808.
3. Persson & Hillered, J Neurosurg, 1992; 76:72-80.
Supported by the Swedish MRC, and Selander’s Foundation.

849.3
OXIDATIVE STRESS DURING ENERGY IMPAIRMENT IN MESENCEPHALIC 
CULTURES. JEhrhart*, L P. Bernard, W.J. Nicklas and G.P. Zeevalk 
Dept. of Neurology UMDNJ-Robert Wood Johnson Med. Sch. and Dept. of 
Toxicology, Rutgers Univ., Piscataway, N.J. 08854

Oxidative stress in cellular damage resulting from inhibition of the TCA cycle 
enzyme succinate dehydrogenase with the competitive inhibitor malonate (MAL) was 
studied in mesencephalic culture. In previous studies (Neurosci. Abs. 1996:562.4) 
reduction of total glutathione' with buthionine sulfoximine (BSO) was shown to 
potentiate MAL toxicity toward mesencephalic dopamine and GABA neurons. Spin 
trapping agents ameliorated both MAL toxicity and its potentiation by BSO, 
suggesting a role for reactive oxygen species. To further elucidate the role of oxidative 
stress in MAL toxicity, activities of the antioxidant enzymes glutathione peroxidase 
glutathione reductase and catalase were measured in the cultures, as were the effects 
of inhibitors for each of the enzymes, i.e. mercaptosuccinate, BCNU and 2,3- 
aminotriazole (ATZ), inhibitors of GSH peroxidase, GSH reductase and catalase, 
respectively. Cultures were exposed to 10 or 25 mM MAL for 24 hr in the presence or 
absence of the catalase inhibitor, ATZ, allowed to recover for 48-72hr and viability 
was assessed by simultaneous measurement of the high affinity uptake of 3l l-dopamine 
and UC-GABA. In concurrence with previous results, 10 mM MAL was not toxic and 
25 mM MAL resulted in a greater loss of dopamine uptake (50%) than GABA uptake 
(25%). The inhibition of catalase activity to 75% of control levels bv ATZ potentiated 
toxicity at both MAL concentrations, and similar to BSO, eliminated the differential 
sensitivity between the two neuronal populations. The effects of inhibition of 
glutathione peroxidase and reductase vs. MAL are under investigation. MAL exposure 
(50mM, 24 hr) also resulted in a 40-50% reduction in membrane protein thiols that 
was further reduced by ATZ or a combination of BSO plus ATZ. Ongoing studies will 
define these oxidative events in relation with the time course of malonate toxicity. 
These studies provide further evidence for the involvement of oxidative stress in 
malonate induced neuronal loss. This work was supported by PHS grants NS17360 
andES07148.

849.4
REACTIVE OXIGEN SPECIES (ROS) IN RAT BRAIN DURING ACUTE 
GLOBAL ASPHYXIA.F.Capani111. F. Aguirre(2), L.Piehl(2) and Jorge Pecci 
Saavedra*01 0)Inst. de Biologla Celular y Neurociencias and LANAIS-MIE, Fac. de 
Medicina and t2’ Catedra de Fisica and LANAIS-RLBM. Fac.de Farmacia y 
Bioquimica, Univ. de Buenos Aires. Argentina.

Using a model that induces acute global asphyxia we demostrated 
biochemical and morphological alterations in subsevere and severe asphyctic pups. In 
different times of oxygen lack, reactive oxy gen species (ROS) were measured in an 
electron paramagnetic resonance (EPR) spectrometer. Pregnant rats in the last day of 
gestation were utilized for this study.Uteri still containing foetuses were taken out by 
hysterectomy under deep anaesthesia and were placed in a 37°C water bath. The 
asphyctic pups utilized were: slight asphyctic (5-10 and 15min.), subsevere asphyctic 
(19 min.) and severe asphyctic (^20 min ). Controls were obtained by caesarea. 
Following asphyxia, animals were left to recover at different times of reoxygenation 
(0, 5, 15 ,30 and 60 min).Then, pups were sacrificed, samples of cortex homogenized 
in N-t-Butyl-a-Phenylnitrone spin trapping agent (PBN) and analyzed with a Bruker 
ECS 106 EPR spectrometer. Parietal cortex samples showed a peak of ROS release 
in the £20 min asphyctic pups with 5 min of reoxygenation. In asphyctic pups with 
15 and 30 min.of reoxigenation ROS release starts to decrease. It desappears after 60 
min of reoxigenation. Subsevere pups showed increase in ROS after 5 min. of 
reoxigenation.The increase is less important than that observed in severe asphyctic 
pups. ROS release was not detected in cortical controls and slight asphyctic groups. 
These results show that free radicals are released in parietal cortex during acute 
global asphyxia following different time of reoxygenation. These changes in ROS 
levels may explain the short and long term alterations previously observed. (This 
work was supported with grants from CONICET &UBA)
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849.5
HYPOXIA-ISCHEMIA IN NEWBORNS CAUSES NONAPOPTOTIC STRIATAL 
NEURON DEATH THAT EVOLVES WITH TRANSIENT MITOCHONDRIAL 
ACTIVATION, INCREASED PROTEIN PHOSPHORYLATION, OXIDATIVE 
INJURY, AND EARLY DAMAGE TO THE GOLGI. LJ Martin*. AM Brambrink. RN 
Ichord, C Portera-Cailliau, FJ Northington, RC Koehler and RJ Traystman. Johns Hopkins 
Univ. Sch. Med., Baltimore, MD 21205 and J. Gutenberg-Univ., Mainz, Germany.

The mechanisms for striatal neurodegeneration following hypoxia-ischemia (HI) in 
newborns are not understood. We used a piglet model of HI to test the hypothesis that the 
progression of striatal neuron death is associated with altered mitochondrial function, 
aberrant protein phosphorylation, and oxidative injury. Piglets (~1 week old) were 
subjected to 30 min hypoxia (arterial O2 saturation 30%) and then 7 min of airway occlusion 
(O2 saturation 5%), producing asphyxic cardiac arrest, followed by CPR, return of 
spontaneous circulation, and then recovery for 3,6,12 or 24 hours (h). Neuronal damage 
in putamen was 16%, 31%, 47%, and 79% at 3, 6, 12, and 24 h, respectively. 
Ultrastructurally, vesiculation of Golgi and fragmentation of rough endoplasmic reticulum 
(RER) with dispersion of free ribosomes occurred at 3-6 h, while mitochondria appeared 
intact until 12 h. Most degenerating neurons (> 95%) had nonapoptotic chromatin clumping 
and nuclear condensation. In agarose gels, striatal DNA was randomly fragmented at 6-12 
h. Biochemical assay of cytochrome oxidase (COX) activity in striatum revealed time- 
dependent changes in mitochondrial function; COX activity was 37%, 163%, 72%, and 
81% of control at 3,6,12, and 24 h, respectively. Histochemical assay for COX in putamen 
revealed a similar temporal profile. By immunoblotting, an unidentified striatal protein of 
- 60 kDa had increased serine phosphoiylation at 3-24 h, peaking at 6-12 h. Using 
nitrotyrosine modification of proteins as a marker for peroxynitrite-mediated oxidative 
stress, nitrated proteins (~45 and 68 kDa) in striatum were detected at 3-12 h. We 
conclude that the transient burst of mitochondrial function between 3-6 h recovery is linked 
to increased protein phosphorylation, free radical injury and damage to the Golgi and RER, 
thereby supporting an integrated mechanism for rapid neuronal necrosis in Hl newborn 
striatum. Supported by NS20020 andSS3410Q.

849.6
NEURONAL DAMAGE ARE REDUCED AFTER TRANSIENT 
GLOBAL ISCHEMIA IN CuZn-SUPEROXIDE DISMUTASE 
TRANSGENIC RATS?
M, Kawase1. E, Carlson2. K. Murakami1. S, F, ChenkC, J._Epstein2, P, H, Chan*k
CNS Injury and Edema Research Center, Departments of Neurological Surgery1 and 
Pediatrics2, University of California, San Francisco, CA, 94143-0651

We previously demonstrated that CuZn-superoxide dismutase (CuZn-SOD) 
transgenic (SOD-1 Tg) mice are highly resistant to cerebral infarction following 
transient focal and global ischemia. However, it is technically difficult to create 
reproducible damage induced by global ischemia in mice due to high mortality. To 
clarify the role of oxygen free radicals, particularly superoxide anion (O2 ), in selective 
vulnerability of the central nervous system, the damage to neurons in the 
hippocampus and other regions was investigated in Tg rats overexpressing human 
CuZn-SOD activity. The SOD-1 Tg rats overexpressing a 4-fold CuZn-SOD activity 
have been successfully made (Carlson et al.). The 10 min global ischemia was induced 
by bilateral common carotid artery occlusion with bleeding hypotension lowering 
mean arterial blood pressure to 35-40 mmHg. There were no marked differences in 
mortality between SOD-1 Tg rats and control non-transgenic (nTg) littermates. 
Histopathological damage was assessed from cresyl violet stained sections, using a 
scoring system of 0-6 points (no damage - complete neuronal death). The neuronal 
damage was significantly reduced in the cortex, striatum, thalamus, and hippocampus 
CAI sub-field, whereas no change was seen in the CA3 sub-field and dentate gyrus in 
SOD-1 Tg rats compared to nTg littermates. The quantitative analysis of the damaged 
area of the CAI sub-field showed a markedly protective effect against global ischemia 
in SOD-1 Tg rats. These results in SOD-1 Tg rats suggest that O2 may play a critical 
role in selective vulnerability associated with delayed neuronal death in transient 
global ischemia and reperfusion.
(Supported by NIH grant NO INS 52334)

849.7
FERRITIN IMMUNOSTAINING IN THE BRAIN FOLLOWING 
HYPOXIC/ISCHEMIC INSULT IN NEONATAL RATS.
P. Cheepsunthorn*, C. Palmer. R.L. Roberts and J. R. Connor.
Dept. of Neuroscience & Anatomy, Penn State University 
College of Medicine, Hershey PA 17033

Ferritin is the major intracellular iron storage protein and 
serves as a cytoprotectant from iron induced oxidative 
damage. Initially during development, ferritin is found 
primarily in microglia and then in oligodendrocytes. We 
examined the effect of hypoxic/ischemic (HI) insult on the 
cellular expression and distribution of ferritin using the 
Rice-Vannucci model of inducing HI in 7 day old rats. 
Twenty-four hours after the insult there was an increase in 
amoeboid ferritin positive microglia in the subcortical white 
matter on the ischemic side of the brain. Seven days
following the insult, ferritin positive microglia are seen 
throughout the cerebral cortex in both gray and white 
matter and also in the corpus striatum. The cells within the 
cerebral cortex are aligned in columns which extend from 
the pial surface to the underlying white matter. These 
columns of ferritin positive microglia are still present 3 
weeks after the insult. Also at 3 weeks post-insult the ferritin 
immunostaining pattern in the subcortical white matter on 
the ischemic side is different from normal. There are 
numerous ferritin positive cells present but they are 
predominantly immature oligodendrocytes. These results 
indicate a dramatic ferritin response in microglia to HI and 
reveal the white matter tracts are also affected. The presence 
of numerous immature oligodendrocytes in white matter at 
PND 30 indicates a delay in myelination is to be expected. 
Supported by NIH grant HD 30704.

849.8
TIN-MESOPORPHYRIN PROTECTS ASTROGLIAL CELLS 
FROM HYDROGEN PEROXIDE INJURY. B.E. Dwyer*, S.-Y. 
Lu and R.N. Nishimura. Molecular Neurobiology Laboratory, 
VA Medical Center, White River Junction, VT 05009-0001.

Hydrogen peroxide (H2O2) at initial concentrations of 0.2- 
0.3mM produced moderate injury (approximately 20-40%) in 
cultures of transformed rat astroglial cells (ATs). Tin- 
mesoporphyrin, a potent inhibitor of the enzyme heme 
oxygenase, which was shown to be neuroprotective in 
hippocampal slices against H2O2 injury (Panizzon et al, 
NeuroReport 7:662-666,1996) protected ATs when administered 
24 hours prior to the introduction of H2O2. Neither vehicle 
(DMSO) nor tin-mesoporphyrin (initial concentration = 50 
micromolar) increased the number of dead cells in control 
cultures (< 10%). Nor did DMSO afford protection against H2O2 
injury. The protective mechanism of tin-mesoporphyrin is 
under investigation. Experiments to date suggest that tin- 
mesoporphyrin does not accelerate the degradation of H2O2. 
Nor does it act as a superoxide dismutase mimetic as do some 
manganese centered metalloporphyrins (Patel et al, Neuron 16: 
345-355,1996).
Supported by the Office of Research and Development, Medical 
Research Service, The Department of Veterans Affairs.

849.9
HYDROGEN PEROXIDE COUNTERS HYPOXIC DEPRESSION 
OF SYNAPTIC TRANSMISSION IN THE RAT HIPPOCAMPAL 
SLICE. J.C. Fowler* Department of Physiology, Texas Tech 
Health Sciences Center, Lubbock, TX, USA, 79430

Subfields of the hippocampus are selectively vulnerable to 
ischemic damage. Some of the neuronal damage may originate 
from the generation of free radicals during reperfusion. 
Hydrogen peroxide is likely to be generated during reperfusion 
and may contribute to the formation of the more reactive 
hydroxyl radicals. Hydrogen peroxide has been shown to 
produce both presynaptic and postsynaptic damage in the 
hippocampal slice. On the other hand, added hydrogen peroxide 
as been shown to be a source of oxygen during hypoxia. We 
examined whether hydrogen peroxide could support synaptic 
transmission during hypoxia in the hippocampal slice. We also 
examined whether this effect could be due to a blockade of the 
adenosine receptor which is known to be activated during hypoxia 
and underlie much of the hypoxic depression. Standard 
techniques for hippocampal slice preparation and extracellular 
recording were used. Hypoxia was maintained by vigorous 
bubbling of the superfusion medium with 95% N2/5% C02- 
Hydrogen peroxide (H2O2, 3.3 mM) partially reversed the 
hypoxic depression of the evoked population spike recorded from 
CA1 region of rat hippocampal slices. Exogenous adenosine 
(100 pM) inhibited the population spike that had been partially 
resuscitated by H2O2 during maintained hypoxia. It is concluded 
that the ability of H2O2 to oppose hypoxic depression does not 
occur at the level of the adenosine receptor since added adenosine 
was still effective in inhibiting the evoked potential in the presence 
of H2O2. Supported by NIH, NINDS, NS28027.

849.10
FAILURE OF THE ANTIOXIDANT PBN TO REDUCE THE CAI 
DAMAGE AND ENHANCED LOCOMOTION PRODUCED BY 
GLOBAL ISCHEMIA IN GERBILS. J. E, Kelsey* and S. B. 
Abelson, Dept. Psychology, Bates College, Lewiston, ME 04240.

Recent evidence suggests that the brain damage produced by 
strokes is exacerbated by the generation of oxygenated free radicals. 
For example, various antioxidants, including the spin-trap phenyl a- 
zm-butylnitrone (PBN), are neuroprotective in several animal models 
of ischemia. The intent of this study was to determine if PBN would 
also protect against the behavioral changes produced by global 
ischemia in the gerbil. Replicating the results of others, we found that 
5 min of bilateral carotid occlusion in male gerbils, whose tympanic 
temperature was maintained at 36.5 ± 1 °C during and shortly after 
the stroke, produced substantial cell loss in CAI of the hippocampus 
and increased locomotor activity in an open field 4, but not 30, days 
following the stroke. This change in locomotion over time may reflect 
the excitatory effect of continued release of glutamate 4 days after the 
stroke or recovery of function 26 days later. In contrast to previous 
studies, we found that PBN, injected at 120 mg/kg i.p. 1 min before 
and 5 hr after the stroke and twice a day for the next 48 hr failed to 
reduce the effects of ischemia on cell loss or locomotion. In fact, 
PBN tended to exacerbate these effects. Thus, in our hands, the 
antioxidant PBN failed to be either neuro- or behavioral-protective. 
Because we used a dose regimen that was similar to those used by 
others who found neuroprotection, we tentatively speculate that our 
failure to find protection may be related to our rigid control of 
temperature during the stroke. (Support was provided by Bates 
College, the Hughes Foundation, and Sigma Xi.)
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849.11
CURATIVE EFFECT OF SALICYLATE IN ISCHEMIC GERBIL BRAIN.
G. Delbarre* and B. Delbarre. Laboratoire de Recherches 
Physiopathologiques, Facult6 de M6decine, 37032 Tours. France.

80 gerbils (40 males and 40 females), 20 to 24 months old, were 
subjected to left carotid occlusion during 60 minutes. They were 
selected according to Delbarre method (Delbarre, G., Stroke, 19: 26, 
1988). Salicylate (12.5 mg/kg, i.p.) was administered 15, 30 or 
60 min. after reperfusion. Control group received Saline 15 min. after 
reperfusion. Neurological signs were evaluated as Stroke Index (SI) at 
4h, 24h, 48h, 72h and 96h after release of the clip. Mann Whitney U 
test versus Saline was used to evaluate statistical differences.

In acute curative treatment, Salicylate 60 min. did not modify the SI 
versus the control group. 15 min. after reperfusion, Salicylate 
significantly improved the SI from 4h until 48h (p<0,05) and at 30 
min. Salicylate significantly improved the SI from 48h until 96h 
(p<0.05).

These results demonstrate the importance not only of doses of 
Salicylate (low dose : 12.5 mg/kg) but also of the time of reperfusion 
(30 min.).

849.12
PREVENTIVE EFFECT OF SALICYLATE IN ISCHEMIC GERBIL BRAIN.
B. Delbarre* and G. Delbarre. Laboratoire de Recherches 
Physiopathologiques, Faculty de M6decine, 37032 Tours. France.

120 gerbils (60 males and 60 females), 20 to 24 months old, were 
subjected to left carotid occlusion during 60 minutes. They were 
selected according to Delbarre method (Delbarre, G., Stroke, 19: 26, 
1988). Saline or Salicylate (200, 100, 50, 25 and 12.5 mg/kg, i.p.) 
was administered 10 min. before occlusion. Neurological signs were 
evaluated as Stroke Index (SI) at 4h, 24h, 48h, 72h and 96h after 
release of the clip. Mann Whitney U test versus Saline was used to 
evaluate statistical differences.

In acute preventive treatment, Salicylate, 200, 50 and 25 mg/kg 
did not modify the SI versus the Saline group, but at 100 and 12.5 
mg/kg, Salicylate significantly improved the SI from 4h (p < 0.05) 
until 24h (p < 0.05 and p < 0.01).

Beneficial effect of preventive administration of salicylate, 
1 OOmg/kg, until 24h, are in accordance with previous study showing 
this beneficial effect on the increase of glutamate during ischemia 
(Delbarre, G., Soc. Neurosc. Abstr., 22: 562.8, 1996). Salicylate, a 
scavenger of hydroxyl free radicals, might act also on levels of 
glutamate.

849.13
MELATONIN AND A NEW STRUCTURALLY RELATED COMPOUND 
PROTECT CAl HIPPOCAMPAL NEURONS AFTER TRANSIENT 
FOREBRAIN ISCHEMIA IN RATS. S. Cho* B.T. Volpe. J. Toth, and T. Joh. 
Lab of Molecular Neurobiology, Cornell University Medical College at Burke 
Medical Research Institute, White Plains, NY 10605.

Oxygen free radicals have been implicated in neuronal injury 
associated with ischemia/reperfusion stress. Recently we demonstrated that 
administration of melatonin, a free radical scavenger/ antioxidant, protected 
CAl hippocampal neurons after transient forebrain ischemia (Brain Res, in 
press). In the present study, we designed and synthesized a new organic 
compound that is structurally similar to melatonin, and tested whether the drug 
exhibited neuroprotective effects. Animals (N = 9) were subjected to 
four-vessel occlusion ischemia for 10 min. Intraperitoneal injection of 
melatonin-like compound (10 mg/kg) or vehicle was given at 0, 0.5, 2 hours of 
cerebral reperfusion. Seven days later, unbiased quantitative histopathology of 
CAl hippocampus revealed a significant increase in neuronal density in 
animals that received the melatonin-like compound compared to those who 
received vehicle (mean neurons/105 p3 (SEM): melatonin-like drug treated 
ischemic, 5.0 ± 0.7; vehicle treated ischemic, 1.1 ± 0.2; sham control, 15.1 ± 
0.6, p < 0.001). Possible mechanisms of neuroprotection by the melatonin-like 
drug include interfering with the cascade of lipid peroxidation, perhaps as a free 
radical scavenger or nitric oxide synthesis/ activity inhibitor. These preliminary 
results suggest a new class of potential neuron protection agents. (Supported by 
the BMRI, The National Parkinsons Disease Foundation and The Burke 
Foundation)

849.14
HIGH CONCENTRATION LYSINE ACETYLSALICYCLATE, 
GIVEN DURING ISCHEMIA, WORSENS THE RECOVERY OF 
NEURONAL FUNCTION IN THE IN VITRO RABBIT RETINA.
C, S. Ogilvy*, D. Chen and K. I. Maynard. Neurophysiology Laboratory, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA. 02114

Aspirin, an antiplatelet drug used in the secondary treatment of stroke, produces 
salicyclic acid, a mild antioxidant, which is potentially neuroprotective. We 
therefore examined whether, lysine acetylsalicylate (LASA), a water soluble form of 
aspirin, was neuroprotective during 1 h of simulated ischemia, on light-evoked 
compound action potentials (CAPs) recorded from the optic nerve of isolated rabbit 
retinas. Ischemia was induced by the reduction of oxygen (from 95 to 15%) and 
glucose (from 6 to 1 mM), which abolished the CAPs within 10 min. The table 
shows the °o recovery of the CAPs for retinas (mean+s.e.m), n^4 for each group. * 
means P<0.05 compared to the controls, using repeated measures ANOVA, followed 
by Fisher’s Protected LSD posthoc tests.

Time (hours) 0.5 1.0 2.0 3.0 4.0
Control 40±8 48±10 59±8 42+7 38+7
LASA 4 pM 34±16 51±8 60±l 1 63+9 56±12
LASA 40 pM 31±8 55±14 69+14 57+10 49±10
LASA 200 pM 20±6 35±10 43+1 2 33+6 35±9
LASA 2000 pM 15±3* 21±4* 25+7* 22±8* 19±9*

These results show that retinas exposed to high concentrations of LASA during 
ischemia recovered their neuronal function poorly relative to those exposed to low 
concentrations of LASA. The mild antioxidant effect of LASA, is therefore not 
sufficient to confer neuroprotection in this preparation.
KIM is a Minority Scientist Development Awardee of the American Heart 
Association, and CSO is the recipient of NIH award # NSO1732.

849.15
AN EPR STUDY OF THE NEUROPROTECTIVE EFFECT OF THE 
SULFATED POLYSACCHARIDE FROM LAMINARIA JAPONICA
X.H. Tian^ J.F. Gul, c.P. Sunl, and P. Wang2* 1. Institute of Health & 
Environmental Medicine, Tianjin 300050, China; 2. Dept. of Anatomy, 
Hahnemann University School of Medicine, Philadelphia, PA 19102

Free radicals play a major role in the neuronal death following brain 
ischemia, and may also be involved in that of Parkinson's and Alzheimer's 
diseases. Sulfated polysaccharide (SP) from the brown seaweed laminaria 
japonica has neuroprotective effects in experimental and clinical cerebral 
ischemia. In an attempt to understand the mechanisms of such protection, and 
using electron paramagnetic resonance (EPR) spectroscopy, we investigated 
the interactions of SP with two oxygen-based free radicals OH-, and 02"- in 
aqueous solution, and with carbon-based lipid free radical L- by lipid 
peroxidation in the mitochondria. The results showed that SP possesses 
significant scavenging effects on OH-, 02'-, and L-. The scavenging effect of 
15 mg/ml SP on OH- was 77.7% (P<0.01), and 3mg/ml SP on O2“- was 90.4% 
(P<0.01). The rate constants of SP for OH- and O2“- were 7.1 x lO^M’^S-^, 
and 3.7 x lO^M’^S'l, respectively. The scavenging effect of SP (15mg/ml) 
on L- was 65% (P<0.01). Through scavenging OH- and L-, SP inhibited 
mitochondria lipid peroxidation induced by the Fenton reaction. The 
inhibitory effects of 15 mg/ml SP on MDA generated by this system was 
71.2%, which correlated with its scavenging effects on OH- and L-. EPR 
spectrum of the mitochondrial membrane showed that SP protected 
mitochondria against oxidative damages such as reduced membrane fluidity 
and sulfhydryl groups on membrane proteins. These observations indicate 
that SP is a strong preventive and chain-breaking antioxidant. The free 
radical scavenging and antioxidative effects of SP may contribute to its 
neuroprotective mechanisms following cerebral ischemia.
Chinese Government Research Grant

849.16
THERAPEUTIC EFFECTS OF TAK-218, A NOVEL NEUROPROTECTIVE DRUG 
CANDIDATE, IN RAT MODELS OF TRANSIENT CEREBRAL ISCHEMIA. 
T.Hashimoto*, T.Nakayama, Y.Kiyota, S.Ohkawa and Y. Nagai. Pharmaceutical 
Research Division, Takeda Chemical Industries, Ltd., Osaka, 532, Japan.

The therapeutic effects of TAK-218 ((S)-2,3-dihydro-2,4,6,7-tetramethyl-2- 
[(4-phenyl-l-piperidinyl)methyl]-5-benzofuranamine dihydrochloride) on the 
functional and histopathologic outcome after transient cerebral ischemia 
were studied in rats using post-ischemia treatment schedules. In a rat four- 
vessel-occlusion model, TAK-218 given immediately, 2h and 24h after 
recirculation significantly decreased the mortality rate 14 days after 45-min 
ischemia at doses of 1 and 3 mg/kg, i.p. On the other hand, neither sodium 
pentobarbital (30 mg/kg, i.p.) nor MK-801 (3 mg/kg, i.p.) showed any 
significant effect on the mortality rate. When studied using a 31P-magnetic 
resonance spectroscopic technique, TAK-218 (3 mg/kg, i.p., immediately 
after recirculation) was found to significantly facilitate the recovery of brain 
high-energy phosphate metabolite, phosphocreatine and ATP contents after 
60-min ischemia. In a rat middle cerebral artery-occlusion model, TAK-218 
given immediately, 2h and 4h after recirculation significantly prevented the 
functional changes revealed by apomorphine (0.5 mg/kg, s.c.)-induced 
rotational behavior at a dose of 1 mg/kg, i.p., and the striatal histological 
damage revealed by 2,3,5-triphenyltetrazolium chloride staining at doses of 
0.3 and 1 mg/kg, i.p., 3 days after 20-min ischemia. In addition, the 
development of cerebral cytotoxic edema revealed by diffusion-weighted 
magnetic resonance imaging 24 and 48h after 30-min ischemia was 
significantly suppressed by TAK-218 given immediately and 24 h after 
recirculation at a dose of 3 mg/kg, i.p. These results indicate that TAK-218 
can improve the functional and histopathologic outcome after transient 
ischemia in rats and suggest that TAK-218 may be of use in treatment of 
clinical cerebral ischemia.
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849.17
ACTION MECHANISMS OF TAK-218, A NOVEL NEUROPROTECTIVE 
DRUG CANDIDATE, IN VITRO. K. Hirai, T. Iwama*, K. Fukatsu, S. Ohkawa 
and T. Hashimotp. Pharmaceutical Research Division, Takeda Chemical 
Industries, Ltd., Osaka 532, Japan.

We studied the action mechanisms of TAK-218 ((S)-2,3-dihydro-2,4,6,7- 
tetra methyl-2-[(4-phenyl-l-piperidinyl)methyl]-5-benzofuranamine dihydro-
chloride), a novel neuroprotective drug candidate. Firstly, TAK-218 showed 
binding affinity for the dopamine uptake site ([3H]GBR-12935 binding site) in 
rat striatum with an IC50 of 1.8 pM. TAK-218 concentration-dependently 
suppressed the aberrant Ca2+-independent [3H]dopamine release from rat 
striatal synaptosomes induced by sodium azide (3 mM) and veratridine (10 
pM). Secondly, TAK-218 displaced not [3H]saxitoxin binding (for sodium 
channel site 1) but [3H]batrachotoxin binding (for sodium channel site 2) with 
an IC50 of 1.4 pM in rat cortical synaptosomes. TAK-218 voltage- 
dependently blocked sodium currents of voltage-clamped, cultured rat 
hippocampal neurons with an IC50 of 11 pM at the holding potential of -60 
mV. TAK-218 negatively shifted the steady-state inactivation curve of the 
sodium currents and showed use dependence. TAK-218 also suppressed 
both the veratridine-induced sodium ion influx and cell death in cultures of 
rat cerebellar granule cells. Thirdly, TAK-218 inhibited spontaneous lipid 
peroxidation with an IC50 of 0.13 pM in rat cortical homogenates. The death 
of N-18-RE-105 hybrid cells caused by the application of 10 mM glutamate for 
24 hours, probably due to oxidative stress, was blocked by TAK-218 with an 
IC50 of 0.026 pM. These data suggest that TAK-218 has neuroprotective 
effects via three different mechanisms: suppression of aberrant dopamine 
release, modulation of sodium ion influx and inhibition of lipid peroxidation.

TRAUMA V

850.1
FUNCTIONAL IMPROVEMENT IN RATS WITH 
CHRONIC SPINAL CORD INJURIES AFTER EXPOSURE 
TO AN ENRICHED ENVIRONMENT. F.R, Fischer and J.D, 
Peduzzi*. Departments of Psychology and Physiological Optics, 
University of Alabama at Birmingham, Birmingham, AL 35294.

Modification of functional abilities after chronic spinal cord 
injury was attempted using environmental enrichment. Adult 
Sprague-Dawley rats received a contusive spinal cord injury (10 g 
wt. dropped 2.5 cm) at T8 vertebral level. At 3 months post injury, 
the behavioral deficits were measured using the combined 
behavioral score (CBS) testing (Gale, Kerasidis & Wrathall, 1985) 
and the BBB locomotor test (Basso, Beattie and Bresnahan, 1995). 
One group was placed together in an enriched environment 
allowing access to a running wheel and other ojects such as tubes 
and ramps with these items changed daily. The control group was 
housed 2 per standard laboratory cage. The behavioral tests were 
repeated at 4-5 months post injury. Most control animals had small 
increases in deficits over time while a lesser number improved 
slightly or did not change. Analysis showed that the rats exposed to 
an enriched environment scored significantly better on the CBS 
(p=0001) and the BBB (p=.O383) tests. Results from this study 
may have implications for recovery from chronic spinal cord 
injury in humans. Future studies will be aimed at determining 
whether an enriched environment combined with other treatments 
for chronic spinal cord injury will lead to further improvement.

Supported by the Spinal Cord Society.

850.2
CONCENTRATIONS OF GLUTAMATE RELEASED UPON SPINAL 
CORD INJURY AND THE THRESHOLD FOR GLUTAMATE- 
INDUCED DAMAGE TO SPINAL NEURONS. G. Xu, M.G. Hughes, 
G. Robak and D.J. McAdoo*. Marine Biomedical Institute, University of 
Texas Medical Branch, Galveston, TX 77555

Toxicity of released excitatory amino acids is considered a major 
contributor to secondary damage following spinal cord injury. Although 
it has been demonstrated repeatedly that amino acids are released upon 
spinal cord injury, whether the concentrations released are sufficient to 
cause damage is unaddressed. Therefore we determined the levels of 
aspartate and glutamate released upon spinal cord injury using careful 
calibration of microdialysis collecting procedures. Injury was inflicted by 
dropping a 10 g weight 2.5 cm onto the exposed spinal cords of 
anesthetized rats. The averages of the maximum concentrations released 
were glutamate 530 uM and aspartate 140 pM. Concentrations damaging 
to spinal cord neurons were next explored by determining the 
concentrations of glutamate and aspartate administered through one 
microdialysis fiber required to give the concentration collected upon 
injury in a second microdialysis fiber. Toxicity to spinal cord neurons 
was evaluated by counting the numbers of neurons present in the zone of 
administration two days after glutamate administration. Preliminary 
results give a threshold for detectable damage lower than 1400 pM 
glutamate, about an order of magnitude higher than the released 
concentration. (Supported by NS 11255.)

850.3
CSF CHANGES FOLLOWING BRACHIAL PLEXUS AVULSION AND SPINAL 
CORD INJURY. S, ZHAO. R. W. BEUERMAN. G. LU, R, VARNELL AND D.G. 
KLINE* Department of Neurosurgery and Eye Center, Louisiana State University 
Medical Center, New Orleans, LA 70112

Following spinal cord injury, spinal neurons continue to die during a period. This 
secondary deterioration is thought to be due to the release of deleterious substances 
immediately following the primary injury. Nerve root avulsion can induce spinal 
cord injury and degeneration of spinal neurons. The current study was undertaken to 
investigate the changes in the CSF after nerve root avulsion and spinal cord 
compressed injury. The rats were anesthetized with ketamine. In animals with 
avulsive injury, the nerve roots of C5 to C8 and T1 were exposed and stretched out. 
In animals with spinal cord compressive injury, lumbar spinal cord was exposed and 
compressed with a 50-gram weight for 5 min. CSF were sampled with glass 
micropipettes before and at various times after injury, and aliquots of each sample 
were examined with matrix-assisted laser desorption/ionization, time-of-flight mass 
spectrometry. Compared to before avulsive injury, mass spectra at 1-hr post-injury 
showed new peaks with m/z of686,2572, 8948, and 9905, and mass spectra at 24-hr 
post-injury showed new peaks with m/z of 66, 93, and 104. Three hours after spinal 
cord compression, a new peak with m/z of 106 appeared. Although these new peaks 
are not yet identified, those with an m/z less than 1000 probably are small molecular 
weight inflammatory compounds, and those with an m/z greater then 1000 are 
peptides resulting from cellular deterioration and/or synthesis of new proteins. 
Further study to investigate the type and the possible roles of the substances 
represented by the new peaks is needed. DAMD17-93-V-3013.

850.4
ACTIONS OF ENPROFYLLINE AND THEOPHYLLINE ON FUNCTIONAL 
HEMIDIAPHRAGMATIC RECOVERY FOLLOWING CERVICAL SPINAL CORD 
INJURY SUGGEST INVOLVEMENT OF ADENOSINE RECEPTORS.

K. D. NANTWI* andH. G. GOSHGARIAN.
Department of Anatomy and Cell Biology, Wayne State University, Detroit, MI

The objective in current investigation is to assess the effects of two 
methylxanthines, theophylline and enprofylline, on functional hemidiaphragmatic recovery 
after C2 spinal cord hemisection in adult female rats using electrophysiological techniques. 
Both drugs are bronchodilatory agents but, m addition, theophylline is an adenosine 
receptor antagonist, while enprofylline lacks this characteristic. Twenty four hours after 
hemisection, animals were reanesthetized with choral hydrate (400 mg/kg, i p )- A 
tracheostomy was performed, and the femoral artery and vein cannulated to monitor blood 
pressure and administer drugs respectively. The phrenic nerve ipsilateral to injury was 
exposed and placed on a pair of bipolar platinum recording electrodes. To prevent drying, 
the nerve was covered with mineral oil. The abdominal cavity was exposed and a pair of 
bipolar recording electrodes inserted into the crural region of the hemidiaphragm ipsilateral 
to the hemisection. The electrodes were sutured in place and the skin incisions closed with 
stainless steel wound clips.

In hemisected animals administered with theophylline (15 mg/kg), the drug 
induced respiratory-related functional activity in the phrenic nerve and hemidiaphragm 
ipsilateral to the injury in the majority of cases (6 out of 7) for 2-3 hr. In contrast, in 
hemisected animals (n=6) that were injected with enprofylline (15 mg/kg), the drug did not 
induce functional recovery in the phrenic nerve or hemidiaphragm ipsilateral to the injury 
for periods of 2-3hr. Because enprofylline has a pharmacological profile that is essentially 
like theophylline’s except for the fact that it has no obvious adenosine receptor antagonism 
at the dose tested, we conclude that theophylline’s actions on mediating functional 
restitution in our model of spinal cord injury may be related to its antagonism at adenosine 
receptors. Supported by NIH (NICHHD) Grant HD 31550
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850.5
GLUTAMATE DEHYDROGENASE AND GLUTAMINE SYNTHETASE 
mRNA AND IMMUNOREACTIVITIES FOLLOWING TRANSECTION OF 
THE RAT SPINAL CORD. R.L. Benton1*, K.E. Miller1, B, Srinivasan1, CD. 
Ross2 and R.M. Kriebel3. Depts. of ‘Anat. Sci. and 2Otorhinolaryngol., Univ. 
Okla. Hlth. Sci. Ctr., Oklahoma City, OK. 73190 & 3Dept. Anat., Phil. Coll. 
Osteopath. Med., Philadelphia, PA. 19131.

In the CNS, glutamate dehydrogenase (GDH) and glutamine synthetase (GS) are 
glial enzymes involved in glutamate metabolism. Following spinal injury, 
glutamate is released in large amounts and glial cells are active participants in the 
spinal cord’s response. This study was undertaken to determine if increased 
mRNA or immunoreactivity (IR) of GDH and/or GS occurs following spinal 
transection. Rats were anesthetized, spinal transections were made at mid-thoracic 
levels and animals survived 1,7 or >30 days. Tissue sections (20-40 pm) from 
spinal segments at, above and below the transection site were processed for either 
in-situ hybridization (1 day following transection) with GDH or GS 35 S- 
oligonucleotide probes or GDH-IR and GS-IR using avidin-biotin-peroxidase 
immunohistochemistry ( 7 and >30 days following transection). At 1 day, GDH 
and GS mRNA was markedly increased in the white matter throughout the spinal 
cord. At 7 & >30 days, glial cells in the white matter around the transection site 
appeared to contain large amounts of GDH- and GS-IR. Several conclusions are 
drawn from these results: 1) glial cells participating in gliosis contain GDH- and 
GS-IR, 2) spinal injuiy causes glial cells to produce more GDH and GS, 3) glial 
cells at the injury site maintain increased production of GDH and GS, and 4) 
GDH and GS may be important for the degradation of increased amounts of 
glutamate following injury and subsequent nervous tissue reorganization. 
Quantitative methods are currently being used to further investigate the above 
findings.
(Supported by NIH272213)

850.6
ELECTROPHYSIOLOGICAL EVIDENCE OF SPASTICITY IN CHRONIC 
SPINAL RATS. H, Mosser 1 G. Strain * 2 and C. Advokat1 1 Dept. of 
Psychology and 2 Dept. of Veterinary Physiology, Pharmacology & 
Toxicology, School of Veterinary Medicine, Louisiana State University, Baton 
Rouge, LA, 70803.

Clinical syndromes of spasticity may result from a variety of etiologies, 
involving damage or disease of the nervous system. This produces great 
variability in response to present medications. Because clinical scales may be 
poor indicators of treatment preference, there is a need for more quantitative 
measures of therapeutic efficacy. Regardless of origin, however, spasticity is 
often characterized by an increase in alpha motoneuron excitability, which 
may be indicated by an increase in the amplitude of the monosynaptic H- 
reflex. In this initial study, H-reflex amplitude was used to quantify the 
irreversible spasticity that develops after spinal transection in the rat. The 
reflex was evoked by electrical stimulation of the tibial nerve (0.2 ms, 1.5X 
threshold) and recorded from the ipsilateral plantar foot muscles of intact and 
chronic spinal rats, anesthetized with isoflurane. The average peak amplitude 
of 20 responses was determined for stimulation rates of 0.3,1.0 and 5.0 Hz. 
Although the groups did not differ in the stimulus intensity required to evoke 
the response (23 vs 21 mA), there was a significant increase in H-reflex 
amplitude in chronic spinal (60 days) vs intact rats at each stimulation rate. 
These studies may provide quantitative measures with which to monitor the 
clinical efficacy of present and future antispastic treatments. Supported by a 
donation from NPS Pharmaceuticals, Inc., Salt Lake City, UT and PHS grant 
02845 to C. Advokat.

850.7
THE CHANGES IN HUMAN SPINAL SYMPATHETIC PREGANGLIONIC 
NEURONS AFTER SPINAL CORD INJURY A.V. Krassioukov* R.P. Bunge. W.R. 
Puckett. & M.A, Bvgrave, The John P. Robarts Research Institute, London, 100 Perth 
Drive, Canada & The Miami Project to Cure Paralysis, Miami, FI. 33136.

We have applied a conventional histochemical and morphometric technique to study 
the changes within the human spinal sympathetic preganglionic neurons (SPNs) after 
spinal cord injury. These neurons are the major contributors to central cardiovascular 
control. SPNs are localized within the intermediolateral nucleus of the lateral horn at 
different levels of the spinal cord. SPNs in different thoracic segments in uninjured 
spinal cord were similar in soma size. Soma area' of SPNs was approximately 400.7±15 
pm2 and 409.9±22 pm2 at the upper thoracic (T3) and middle thoracic (T7) segments 
respectively. In spinal cord obtained from a person who survived for two weeks 
following a spinal cord injury, we found a significant decrease in soma area of the 
SPNs in the segments below the site of injury. Soma area of SPNs at T8 below the site 
of injury in this person was approximately 272.9±11 pm2. In spinal cord obtained from 
a person who survived twenty-three years after cord injury, the soma area of SPNs 
above (Tl) and below (T7) the site of injury was similar (416.2±19 and 425.0±20 pm2 
respectively). Soma area of the SPNs in the upper thoracic segments in all three cases 
were similar. The findings of this study demonstrate that the SPNs may undergo 
significant alteration of their size after spinal cord injury. The impaired cardiovascular 
control after spinal cord injury may be accounted, for in part, by the described changes 
of the SPNs. More studies are necessary to establish the precise time course of these 
morphological changes in the spinal preganglionic neurons. (Support: Heart & Stroke 
Foundation of Ontario, Paralysis Project of America).

850.8
DEVELOPMENT OF A LOW SPINAL SPASTIC RAT MODEL D.J. Bennett*, M. 
Gorassini. L, Sanelli and Y. Han. Division of Neuroscience, University of Alberta, 
Edmonton, Alberta, T6G 2S2.

We describe a minimally disruptive animal model of spinal cord injury for the 
study of trauma-induced spasticity and for the testing of anti-spastic drugs. Adult rats 
are lesioned at S2, thereby affecting motor control of the tail musculature while sparing 
spinal centres involved in locomotor and bladder function (Ritz et al., 1992). Handling 
of the tail is facilitated by restraining the body of the rat in a plexiglass tube that 
contains an exit port for the tail. EMG activity of the tail muscles are recorded in 
response to light touch, noxious skin pinch and muscle stretch before and after spinal 
injury. The segmental muscles of the tail are supplied by only a few motor axons, 
making it possible to record single motor unit activity with small Beckman electrodes 
placed on the skin of the tail. Surface stimulating electrodes are also used to elicit H- 
reflexes and F-waves to monitor changes in pre- and post-synaptic excitability during 
the development of spasticity. Various systemic anti-spastic drugs can be applied by 
cannulation of the superficial tail vein or alternatively, with an intrathecal pump 
(ALZET®). In preliminary studies, the onset of spasticity in tail muscles has a similar 
time course to that seen in limb muscles of the human, with sustained muscle tone 
developing 2 weeks post-injury and hyperreflexive responses developing after 4 weeks 
and remaining indefinitely (> 8months). Prolonged muscle activity (seconds) is 
produced by skin pinch or nerve stimulation (5-10xT), with the duration of the 
response increasing upon repeated stimulation. Clonus can also be induced by handling 
the tail or from noxious stimuli. Another advantage of studying the caudal spinal cord 
is that its small size (0.4-1.0mm) allows for in vitro recording (to examine changes in 
motoneuron/interneuron properties, effects of topical drug applications, etc.). This 
animal model is advantageous over other models using higher spinal lesions since the 
injury produces well defined motor deficits similar to that seen in trauma-induced 
spasticity in the human. Supported by AHFMR.

850.9
THE CONVERGENCE OF DESCENDING MOTOR VOLLEYS ONTO SPINAL 
MOTONEURONS IN INCOMPLETE QUADRIPLEGIA AFTER PAIRED 
TRANSCRANIAL MAGNETIC STIMULATION WN Bair, B Brouwer », K Smith.
School of Rehabilitation Therapy and Department of Rehabilitation Medicine, 
Queen’s University, Kingston, ON, K7L 3N6 

The temporal summation of descending motor volleys onto spinal motoneurons 
may be dispersed due to dismyelination after spinal cord injury (SCI). This study 
examined the recovery profiles of Flexor Carpi Radialis (FCR) using paired tran- 
scranial magnetic stimulation in a condition - test response paradigm. Stimulation 
threshold was determined under relaxed condition and with a 10 % maximal vol-
untary isometric contraction, (contracted) Threshold stimulation plus 20 % was 
applied contralaterally at interstimulus intervals (ISIs) ranging from 20 to 4000 ms. 
In 15 healthy control subjects, the mean recovery profile indicated that the test re-
sponse was facilitated at ISIs of 20 - 80 ms when the FCR was relaxed. With con-
traction, the test response was inhibited between ISIs of 20 to 100 ms which corre-
sponded to the end of the silent period. For the 5 SCI subjects, the recovery profile 
shows the same pattern of facilitation under relaxed conditions but unlike controls, 
the pattern was maintained under contracted conditions. This abnormal character-
istic was exaggerated in SCI subjects who had only trace or no FCR strength. The 
lack of inhibition under contracted conditions in SCI may reflect a downregulation 
of inhibitory circuits, however more studies are required to confirm this.

♦ Control,relaxed.
—O— Control,contracted.
- - ♦ - - SCI, relaxed.

SCI,contracted

20 30 40 50 80 100 200 300 500 1000 2000 4000
This project is funded by the American Paralysis Association. (BAI - 9601)

850.10
METABOTROPIC GLUTAMATE RECEPTORS (GROUP I) CONTRIBUTE TO 
SPINAL CORD WHITE MATTER INJURY.
S. K. Agrawal*. E. Theriault and M. G. Fehlings, Playfair Neuroscience Unit, The 
Toronto Hospital Research Institute, Toronto, Ontario, Canada

Activation of ionotropic glutamate receptors and increased glutamate release 
have been implicated in the pathophysiology of spinal cord injury (SCI). Metabotropic 
glutamate receptors participate in the regulation of glutamate neurotransmission but their 
role in the mechanism of traumatic spinal cord axonal injury has not been explored. In the 
present study we have investigated the role of group I mGluR receptors in mediating post- 
traumatic white matter axonal injury in an in vitro model of SCI.

A strip of adult rat dorsal column was pinned in a recording chamber which was 
perfused with oxygenated Ringer. Compound action potentials were recorded 
extracellularly from microelectrodes. Injury was accomplished by compressing the dorsal 
column strip in vitro with a 2 g clip for 15 sec. Immunocytochemistry for group I mGluR 
receptors was performed with double labelling for GFAP. For western blot analysis pure 
white matter was isolated and immunoblotting performed with polyclonal antibodies for 
mGluRL and mGluR5.

After injury, the compound action potential (CAP) amplitude was reduced to 
69.1 ± 5.4 % of baseline by one hour. Blockade of group I mGluR receptors with MCPG 
(400/^M) and 4CPG (30/zM) resulted in significant improvement in recovery of CAP 
amplitude (82.2 ± 2.0 % and 86.2 ± 3.9 % of control values). Application of DHPG 
(lOOnM; a specific agonist for group I) exacerbated the post-traumatic reduction of CAP 
amplitude to 51.1 ± 3.6 % of control values (66.8 ± 5.6 %). By western blot analysis 
mGluRL but not mGluR5 was detected in spinal cord white matter. 
Immunohistochemical analysis of fixed sections of spinal cord revealed mGluR L 
immunopositive periaxonal astrocytes in the white matter.

In summary, we have demonstrated that group I mGluR agonists exacerbate 
traumatic spinal cord white matter injury, and that group I mGluR antagonists improve 
recovery of CAP amplitude after SCI in vitro. The presence of mGluRL labelling on 
periaxonal astrocytes suggests a role for these cells in the mechanisms of traumatic spinal 
cord axonal injury. {Supported by PSI Foundation and Spinal Cord Research 
Foundation)
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850.11
Effects of Experimental Spinal Cord Injury on HindLimb Skeletal Muscle in 
Rat. K Hutchinson*, J Linderman, DM Basso. The Ohio State University,Cols, OH

Human spinal cord injury (SCI) results in paralysis and morphological changes in 
muscle despite some sparing of white matter at the lesion center. Experimental SCI 
in rats produces white matter sparing and paralysis similar to that in humans, but little 
or no data is available regarding the corresponding changes in muscle. The purpose of 
this study was to compare mm function, morphology and behavior in rats with 
moderate SCI (OSU device 1.1 mm displacement) to age and weight-matched 
controls (ctl). Control (n=12) and SCI (n=12) female rats were tested in the open 
field using the BBB locomotor rating scale and were sacrificed at 7,21, and 70 dpo. 
The effects of injury on mm were determined from wet weights of 6 mm and in vitro 
physiological testing of the soleus. SCI rats at ldpo have almost no HL movements 
but begin to step by 3 wks (mean BBB scores: ldpo =0.5, 7dpo =7,21 dpo = 10.5). 
Muscle atrophy (mean wet weight) was pronounced at 7 dpo SCI in all mm tested 
(EDL-12% SCI vs ctl, PL -22%, Sol -18%, MG -22%, LG -22% and TA -19%). By 3 
weeks, differences in wet weight were less striking and soleus weight was 10% 
greater than controls (EDL -6%, PL -12%, Sol +10%, MG -10%, LG -16%, TA - 
6%). Mean peak twitch (Pt) and peak tetanic tension (Po) were similar for both 
groups at one week (Pt: 266 g/g ctl, 280 g/g SCI; Po: 546 g/g ctl, 536 g/g SCI). At 3 
wks post SCI, Pt and Po showed marked decreases from ctls (Pt: 317 g/g ctl, 127 g/g 
SCI; Po: 550g/g ctl, 180 g/g SCI). Analyses of mm morphology using mATPase and 
SDS-PAGE will be presented along with physiological data from the 70 day time 
point. In conclusion, following SCI in rats, mm atrophy is seen at 7 dpo and 
correlates with low locomotor scores. By 21 dpo, physiological decline in the soleus 
occurs despite improvement in locomotor behavior. The soleus may contribute only 
minimally to locomotor recovery after SCI.

850.12
EXPRESSION OF TNF-a AND OTHER CYTOKINES FOLLOWING 
TRAUMATIC SPINAL CORD INJURY X. Z, Liu1*, X. M, Xu2, J. Xu1, Y. Q. 
Yang1, Z. Y. Hu1, G. S. Fan1, S. X. Zhang2, C. Y. Hsu1, D. W. Choi,1 'Center for 
the Study of Nervous System Injury and Dept. of Neurology, Washington Univ. 
Sch. of Med., St. Louis, MO 63110; 2Dept Anat. & Neurobiol., St. Louis Univ. 
Sch. of Med., St. Louis, MO 63104.

Traumatic spinal cord injury (SCI) is associated with an inflammatory reaction 
and the release of potentially cytotoxic cytokines. In the current study, we 
looked for the presence of macrophages and the expression of cytokines, after 
traumatic SCI induced by the NYU impactor device.

Following a weight drop of lOg for 12.5 mm upon the exposed TI0 cord in 
Long-Evans rats, RT-PCR revealed an elevation of mRNA for the cytokines 
TNF-a, IL-1, and IL-6, occurring as early as 1 hour after injury, with a peak 
after 4 hours. Expression of TNF-a protein was also demonstrated with a peak 
at 4 hours post-injury. Immunohistochemical staining for TNF-a was negative 
in control cord tissue, but revealed many TNF-a positive cells at and adjacent to 
the lesion site. Some of the TNF-a positive cells were noted to have a neuronal 
morphology. 1 week later, EDI immunoreactivity (a marker for macrophages) 
was markedly enhanced around the impact site.

These data are consistent with other studies in suggesting that traumatic spinal 
cord injury is associated with the rapid local expression of inflammatory 
mediators, and later with infiltration of macrophages, both of which may 
contribute to the pathogenesis of secondary cell death.

Supported by the American Paralysis Association (CYH and DWC), Paralyzed 
Veterans of America (JX and XMX), and Daniel Heumann Fund for Spinal 
Cord Research (XMX).

850.13
A NEW LOCALIZED SPINAL CORD COOLING (LSCC) DEVICE. 
Qaenen. G*. B.T. Stokest and JK Lucas. Departments cf Physiology and cf 
Surgery}:, The Ohio State University, Columbus, OH43210

Mild (33°Q whole body coding has recently been shown to be beneficial in head injury 
(Marku et at, NEIM 336$ and in the 1960’s and 70’s, deep (5°Q local hypothermia 
proved beneficial in spinal cad injury (SO) (Hansebout et aL, Spine 9$. In vitro studies 
have shown that coding lesicned spinal cod (SC) neurons to 17®C for 2 h increases survival 
(Lucas et al., JNeurotrauma 11,1) but cooling to KFC caused an increase in [Gluje and 
(Aspfeandanexcitotoxicinjuiy (OaenenetaL,JNeurotrauma 13,12). We are conducting a 
systematic reexamination cf the effects and mechanisms cf non-freezing low temperatures on 
the uninjured SC and on the SC subjectedtoadefinedccmpiession injury.

To facilitate the investigation cf several hypothesized mechanisms, we developed a highly 
controlled and reliable LSCC device for use in the adult rat The device consists of an open 
bottomed perfusion chamber (0.4 ml vdume) placed over a laminectomy site (2x8mm) and 
two variable speed flow pumps perfusing the chamber with saline at various temperatures 
(flow rate=4ml/min.). Theperfusateten^esatureisregulatedusinganlsotenpRefiigerated 
circulator. Body temperature is maintained at 375°C using a heatlamp and heating pads.

In the initial studies, temperature gradients across the SC were characterized using a probe 
with 3 thermocouples placed in the dorsal, central, and ventral areas cf the cord . 
Thermocouple positions were verified histologically. Dorsal, central, and ventral 
temperatures for the 10,17,27, and 37°C groups (n=4 - 6 rats'group) respectively were 
lQtl, 19.7±1, and 282±,15°C; 17±5, 20.1±27, and 275+27°C; 27.1±2, 28.1+2, 
and 322±13°C; and 37+2,372±.3, and 37.4±.3°C. Temperatures in individual animals 
varied fess than 05°C for the 2h period for all temperatures above KFC Hood gas values 
remained within physiologic parameters for the 2h period There was no observable 
difference in temperature gradients or ramp times between contused (0.9 mm displacement, 
OSU injury device, n=2) and uninjured cords. Supported by NINDS grant29683 to JHL

850.14
INDUCTION OF NADPH-d DIAPHORASE IN AXONAL SWEL-
LINGS AFTER SPINAL CORD INJURY IN THE RAT. G. Guizar- 
Sahagun*, P. Garcia-Lopez, A. L. Espitia, R. E. Franco-Bourland, I.
Madrazo. Proyecto Camilla A.C., EMSS, INNSZ, Mexico City, 14050, 
Mexico.

Using NADPH-d histochemistry, we investigated the possible sites of 
nitric oxide synthase (NOS) expression in the injured spinal cord (SC). 
Adult rats were submitted to severe low thoracic SC contusion or 
complete transection, and were sacrificed at different times starting 1 
hour to 28 days post injury. Normal intact rat SC was used as control. 
In our study the most notable observations were the progress of 
formation and collapse of axonal swellings, and their expression of 
NOS. Axonal swellings could first be seen 6 hours after injury, although 
still not positive to NOS. Axonal swellings positive to NOS were first 
observed 12 hours after injury. The number of NOS positive bulb ends 
reached a maximum 3 days after injury. Axonal swellings gradually 
collapsed thereafter, leaving behind microcysts. At the end of the study, 
axonal swellings were scarce and negative to NOS. The enhanced 
production of nitric oxide in the tip of the damaged axons early after 
experimental SC injury, could be involved in the pathophysiology of the 
secondary damage, including neuronal degeneration. However, the 
expression of NOS after axotomy in both the central and peripheral 
nervous systems, has recently been associated with axonal regeneration. 
(Supported by CONACYT, grant # 0807P-M9506).

850.15
BLOOD-SPINAL CORD BARRIER BREACH AND OXIDATIVE STRESS 
FOLLOWING SPINAL CORD CONTUSION IN THE NYU MODEL. S.A.Baldwin*, 
R.Broderick, D.Osborne, D.A.Blades, G. Waeg1, S.W.Scheff. Sanders-Brown Center 
on Aging, Dept. of Neurosurgery, University of Kentucky, Lexington, KY 40536, 
’institute of Biochemistry, University of Graz, Schubertstr, 1, A8010 Graz, Austria.

Adult female F344 rats (200-250 gm) were subjected to spinal cord contusion 
utilizing the NYU spinal cord weight-drop model. The 10 gm rod was dropped from a 
height of 25 mm at the T10 spinal cord level. Breakdown of the blood-spinal cord 
barrier was assessed by injecting the protein horseradish peroxidase (HRP) 10 minutes 
prior to or at various times following injury (1, 3, 6 hours, 1, 2, 7 days). A second set 
of animals underwent identical surgery procedures but without HRP injection and were 
assessed at 1, 6 hours, 1, 2 and 7 days following surgery with a monoclonal antibody to 
the 4-hydroxynonenal (HNE)/protein complex, an aldehydic product of membrane lipid 
peroxidation. Animals killed 2 days following injury were also assess with an anti-rat 
IgG antibody. A third set of injured animals were evaluated with a dot-blot protein 
assay for alteration in HNE/protein complex.

HRP staining pattern revealed maximum reaction product to animals given HRP 10 
min prior to injury with a significant (p<0.05) decrease at 1 hour and further decrease at 
2 days post-injury to sham control levels. Maximum HNE/protein stain occurred 2 days 
following injury. Spinal cord levels T6, T8, T9, Til, T12, and LI staining intensity 
was analyzed at that time point in the gray and white matter with the HNE/protein 
complex and IgG antibodies, and HNE/protein complex positive neurons were counted. 
This analysis revealed a graded but asymmetrical rostral-caudal response relative to the 
T10 injury site. With both HNE/protein complex and IgG, the caudal levels Til and 
T12 were significantly more intense (p<0.05) than the rostral levels T9 and T8 
respectively. The number of HNE/protein positive neurons reflected the same 
asymmetrical staining pattern with more neurons seen caudal than rostral at the above 
mentioned levels. Dot blot analysis also revealed the rostral-caudal asymmetry. 
Supported by KSCHIRT BA-9803-K1

850.16
OLIGODENDROCYTES UNDERGO APOPTOSIS FOLLOWING SPINAL CORD 
CONTUSION: TIME COURSE AND DISTRIBUTION. S.L. Shuman*, J.C. 
Bresnahan, and M.S. Beattie. Neuroscience Program, Dept. of Cell Biology, 
Neurobiology & Anatomy, The Ohio State University, Columbus OH 43210

Apoptosis is a form of active cell death characterized by morphological features 
such as condensed chromatin, reduced cytoplasmic volume and membrane blebbing. 
Following contusion injury to the rat spinal cord, apoptotic cell death is present 
primarily in degenerating white matter tracts, and we have previously shown that some 
of these cells are oligodendrocytes. We used immunocytochemical techniques to 
examine the extent and distribution of oligodendrocyte loss via apoptosis. Ten rats 
received a 25g-cm contusion injury at T10 using the NYU weight drop device. 
Animals were sacrificed at 8 days (n=4), 3 weeks (n=3), or six weeks (n=3) post-
injury. Control cases included one 8 day survival with a laminectomy and one animal 
that received no surgical intervention. Spinal cord tissue was sampled at 1,7, and 
13 mm rostral and caudal to the lesion center. Tissue sections were labeled with the 
monoclonal antibody CC1 to identify oligodendrocytes and counterstained with cresyl 
violet. Apoptotic profiles were identified by the presence of two or more round, 
condensed clumps of Nissl-stained material. At 8 days post-injury, apoptotic 
oligodendrocytes were most common 7 and 13 mm rostral to the lesion center; very 
few were observed caudal to the site of impact. By three weeks post-injury, the 
numbers of apoptotic oligodendrocytes rostral to the lesion center had declined, in 
contrast to a significant increase in numbers 7 mm caudal to the lesion center. At 6 
weeks post-injury, apoptosis in the oligodendrocyte population at all sites sampled 
was not significantly different than control or sham injured tissue. Apoptotic 
oligodendrocytes were localized to areas of axonal degeneration and myelin sheath 
disruption. Death of oligodendrocytes in regions of intermingled degenerating and 
intact fiber tracts may result in demyelination and dysfunction in axons otherwise 
spared by contusion injury. (Supported by NS-32000 and NS-10165).
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850.17
ASYMMETRY OF INFLAMMATORY CELL DISTRIBUTION IN 
SPINAL CORD FOLLOWING IMPACT INJURY. S. L. Carlson*. M. 
E, Parrish. L, M, Dossettand K, Dotv, Dept. of Anatomy & 
Neurobiology, Univ. of Kentucky Medical Center, Lexington, KY 
40536-0084.

Spinal cord damage following contusion injury is increased through 
the development of secondary damage surrounding the impact site. The 
inflammatory response, including neutrophils and activated 
macrophages/microglia, are likely to play a role through the release of 
reactive oxygen species. The purpose of this study was to determine the 
rostral-caudal extent of neutrophil and macrophage/microglia infiltration 
in the rat spinal cord during the first 48 hours following contusion injury. 
Neutrophils were examined in cresyl violet-stained transverse sections of 
the cord and by assay of myeloperoxidase (MPO) activity. Activated 
microglia/macrophages were visualized with EDI and OX-42 antibodies. 
Only cells of the phagocytic microglia/macrophage phenotype were 
counted. Analysis of tissue sections 1-10 mm rostral and caudal to the 
impact site revealed that the number of neutrophils and 
microglia/macrophages was greater in sections rostral to the lesion 
compared to the same levels caudal to the lesion. In general, the majority 
of the cells were located between 6 mm rostral and caudal to the lesion, 
although MPO activity was elevated at all levels examined compared to 
controls. ED-1 and OX-42 labeled macrophages/microglia were localized 
predominantly in the gray matter of lesioned cords. Understanding the 
localization of these inflammatory cells is important for future studies 
determining the role these cells play in the development of secondary 
damage following spinal cord injuiy. Supported by KY Spinal Cord and 
Head Injury Research Trust Grant CA-9601-K2 to S.L.C.

850.18
INDUCTION OF HEMEOXYGENASE-1 (HO-1) AFTER SPINAL CORD 
INJURY IN THE RAT. L.J. Noble*, M. Sato, S.S, Panter, F.R, Shaaiaod 
D, Kim. Depts. of Neurosurgery and Neurology, Univ. of Calif., San 
Francisco Gen. Hosp., and DVA Med. Center, San Francisco, CA 94110.

The acutely contused spinal cord exhibits a typical pattern of 
intraparenchymal hemmorhage; hemorrhage occurs throughout the 
central and dorsal coFd at the site of impact and within the dorsal 
columns along the axis of the cord. HO-1, the 32kDa heat shock 
protein, is induced by various stimuli, including heme. We have 
hypothesized that heme induces HO-1 in the acutely injured spinal 
cord.

HO-1 was immunolocalized in the uninjured spinal cord and at 1, 2, 
3 and 4 days after a moderate contusive injury. In the uninjured 
spinal cord, HO-1 was primarily immunolocalized in ventral horn 
neurons. HO-1 was consistently induced at the impact site in the 
central grey matter, particularly around the central canal, and in the 
dorsal columns. At sites more remote from the impact, HO-1 was 
induced in the dorsal columns. Although HO-1 was induced at all 
timepoints, it was most pronounced at 3 and 4 days post injury.

The protein was induced in glia and macrophage-like cells. The latter 
cell type, which was characterized by a round soma with few 
processes, dominated in the dorsal columns.
These findings demonstrate a parallel between the characteristic 

pattern of intraparenchymal hemorrhage and induction of HO-1 and 
support the hypothesis that heme is a potent inducer of HO-1 in the 
acutely traumatized spinal cord. (Supported by NS23324, NS14543, 
NS28167, HL53040, DODDVA Cooperative Res. Prog., and the DVA 
Merit Rev. Prog.)

850.19
INDUCTION OF HEMEOXYGENASE-1 (HO-1) IN GLIA AND
MACROPHAGES AFTER SPINAL CORD HEMISECTION. A. M. Mautes, S.S, 
Panter*, M, Sato and LJ, Noble. Departments of Neurosurgery and 
Neurology, University of California, San Francisco General Hospital 
and DVA Medical Center, San Francisco, CA 94110.

Hemeoxygenase if a 32-kD stress responsive heat shock protein that 
is expressed in low levels in the central nervous system and is induced 
by a various stimuli including heme and oxidative stress. We have 
recently demonstrated induction of HO-1 in degenerating pathways in 
the spinal cord after hemisection. This study focuses on the cell types 
that express this enzyme.

Animals were euthanized at 24 hours and, 1,2,3,4, and 6 weeks 
after hemisection at the T-10 vertebral level. HO-1 was 
immunolocalized in cross sections along the axis of the cord. 
Immunofluorescent double labeling was used to define those populations 
of astrocytes and microglia/macrophages that expressed HO-1.

In the uninjured spinal cord, HO-1 was localized in neurons. At all 
time points, HO-1 was induced ipsilateral to the hemisection in 3 
phenotypes; round cells with no processes, cells with oval somas 
bearing 2-3 processes, and cells with angular somas and multiple 
branching processes. The former 2 phenotypes corresponded to 
microglia/macrophages, whereas the latter to astrocytes.

These findings demonstrate induction of HO-1 in glia and 
macrophages after hemisection in regions of degenerating spinal cord. 
This induction may reflect a response to the presence of heme proteins 
in degenerating pathways and/or oxidative stress. (Supported by 
NS23324, NS14543, HL53040, DODDVA Cooperative Research 
Program, and BMBF Grant 01K094054/5.)

850.20
IMMUNOLOGICAL AND CLINICAL EVALUATION OF SPINAL CORD 
INJURED RATS WITH OR WITHOUT CYCLOSPORIN-A TREATMENT. A. 
Ibarra*, A. Mora, A. Bercian, J. Villegas, I. Madrazo, I. Grijalva, G, Guizar-Sahagun,
and D. Correa. Unidad de Invest. Med. en Enf. Neurologicas. H.E., CMN Siglo XXI, 
IMSS; Proyecto Camina A.C.; INDRE, Mexico, D.F., Mexico.

After spinal cord (SC) injury, a cascade of autodestructive phenomena including a 
suggested autoimmune response and the production of certain neurotoxic substances 
like nitric oxide (NO) may play an important role in tissue damage and SC regeneration 
inhibition. Cyclosporin-A (CsA), has been proposed as a neuroprotective agent, in 
addition to its immunosupressive effect. Because its mechanism of action (inhibition of 
calcineurin phosphatase), CsA may inhibit NO production after injuiy 
(neuroprotection). Furthermore, inhibition of calcineurin activity, could promote axonal 
regeneration by the action of GAP 43. Thus CsA may be used to inhibit the suggested 
autoimmune response if it exist and the NO production as well as to promote SC 
regeneration after injury. We performed a immunological and a clinical evaluation after 
SC injury in two groups of syngenic female Fischer 344 adult rats which were 
submitted to a low thoracic (T8-T9) SC compression (experimental groups). One group 
with laminectomy was used as control. One experimental and the control group 
received CsA treatment under a pre-established scheme, while the other experimental 
group received the CsA vehicle. The presence of a specific cellular response against 
neural antigens was evaluated in all groups at 15, 45 and 90 days after injury. 
Locomotion and motor activity recuperation were evaluated by footprint and grid 
runway tests during 90 days. Twenty five to 50% of the SC injured rats with CsA 
treatment, while none of the SC injured animals with CsA presented cellular response 
against neural antigens. Furthermore, clinical evaluation showed a significant recovery 
(p< 0.05) in the SC injured rats with CsA treatment. These results demonstrates that 
CsA originates a better environment for SC regeneration and thus for clinical 
improvement.

TRAUMA VI

851.1
ACUTE MICRO VASCULAR RESPONSES JN RAT CORTEX FOLLOWING 
TRAUMA. A..B.Page, C.R.Owen, T.Petrov*, and J.A.Rafols. Department of 
Anatomy & (jell biology, Wayne State University, Detroit, Ml; 48201.
Using an acceleration impact model of traumatic brain injury (TBI), we studied the 
acute responses of the microvasculature in sensorimotor cortex of male Sprague- 
Dawley rats. At various time points up to 24 hours after injury, tissues were 
processed for electron microscopy. Sections 0.1 pm in thickness were stained with 
uranyl acetate and lead citrate. Analysis of cerebral microvessels in experimental 
animals showed distinct morphological alterations after injury, compared with 
controls. These included: 1) gross distortion of the overall shape of the 
endothelium (due to infolding of the luminal membranes); 2) an increase in the 
number of endothelial microvilli projecting into the lumen; and 3) swelling of the 
perivascular astroglial sheath. Vessels were chosen on the basis of morphological 
criteria that identified arterioles of similar caliber. Morphometric analysis of 
vessels with mean cross-sectional areas of about 17pm2 was carried out. A 
statistically significant decrease of the mean diameters to approximately 40% of 
control values was found at all time points. The luminal area showed a 
corresponding decrease of about 50% from controls. In contrast, the mean cross- 
sectional area of the perivascular astroglial sheath increased rapidly to a maximum 
of approximately three times the size of control values by 4 hours, decreasing 
significantly (to 1.8 times that of control) by 24 hours post TBI.
The data suggests that the persistence of the luminal nanowing beyond the time of 
decrement of maximal perivascular edema, may indicate dysfunction of vascular 
autoregulatory mechanisms,rather than purely mechanical compression resulting 
from the edema. We are currently investigating the impact of TBI on vasoactive 
factors which control this regulation. Research funded by the Detroit Neurotrauma 
Institute at Wayne State University School of Medicine.

851.2
Sensitivity to delayed traumatic brain damage in the rat is age dependent.
P. Bittigau, D. Stadthaus, D. Pohl, P. Lang, J. Vdckler, C. Hubner and C.
Ikonomidou*. Dept. Ped. Neurology, Humboldt University, Berlin, Germany. 

Mechanical trauma to the parietal neocortex of 7 day old rats produces an acute
local lesion and delayed, disseminated lesions which are fully developed within 24 
hrs. We investigated the pattern and severity of delayed traumatic lesions in the rat 
brain during development. Under general anesthesia, 3-30 day old Wistar rats 
sustained a right parietal contusion. The trauma device consisted of a 40 cm long 
cylinder which guided a 10 g weight to fall onto a footplate (2 mm diameter) which 
rested on the infant skull. In rats aged 3-10 days the skull remained unopened for 
the trauma, in older animals the cortex was exposed. A force of 160g/cm was 
chosen to produce the brain contusion. After a 24 hr survival period rats were 
transcardially perfused and the brains processed according to the DeOlmos cupric 
silver staining protocol and the TUNEL method. Widespread lesions were found in 
the frontal, parietal, cingulate and retrosplenial neocortices, various thalamic nuclei 
and the subiculum, mainly ipsilaterally to the site of impact. Densities of silver 
positive, degenerating cells and TUNEL positiv profiles were calculated in affected 
brain regions using a stereologic method of optical dissector. The highest 
vulnerability’ was observed in 3 and 7 day old rats. The distribution patterns 
differed some in that 3 day old rats showed more severe lesions in the contralateral 
retrosplenial cortex but less sev ere lesions in the ipsilateral retrosplenial cortex and 
the contralateral frontal and parietal neocortices compared to 7 day old rats. At the 
age of 10 days lesions were limited to directly damaged cortical areas and 
ipsilateral thalamic nuclei. After the age of 14 days the damage was limited to the 
area of primary impact. TUNEL staining demonstrated a similar vulnerability 
profile and distibution pattern. These results demonstrate that vulnerability to 
delayed posttraumatic damage in the rat brain is age dependent with a peak 
betw een 3 and 7 days of age. Supported by BMBF grant TPA3, 01K09515.

Society  for  Neuroscience , Volume  23,1997



2192 TRAUMA VI WEDNESDAY PM

851.3
THE FOCAL ADHESION KINASE p125 FAK IS STRONGLY INDUCED IN 
ASTROGLIA AFTER LATERAL FLUID PERCUSSION BRAIN INJURY._A 
Bien1*, K.E. Saatman2, T.K. McIntosh2, B.A. Sabel1, M.R. Kreutz11lnst. of Med. 
Psych., ' Otto-von-Guericke Univ., Magdeburg, Germany; 2Dept. of 
Neurosurgery, Univ. of Penn., Philadelphia, U.S.A.

In previous studies, we found an upregulation of the cell adhesion kinase 
CAKB/PYK2, a homologue of focal adhesion kinase p125FAK, in retinal 
ganglion cells following optic nerve crush. To extent these observations from 
retinal tissue, we investigated the expression profile of both enzymes in 
response to traumatic brain injury. Male Sprague-Drawley rats were subjected 
to lateral fluid percussion brain injury (n=11) or surgery without injury (n=6) and 
sacrificed at 1 day, 1 week or 2 weeks post-injury. Brain tissue was processed 
for immunocytochemistry using monoclonal or polyclonal antibodies directed 
against p125 FAK or CAKIi. Both antibodies exhibited no crossreactivity as 
evidenced by western blot analysis. Brain injury induced a decrease in 
neuronal p125FAK- and CAKB/PYK2-immunoreactivity especially in cortex and 
hippocampus in the injured hemisphere. At present it is unclear whether this 
decrease precedes or is a consequence of neuronal cell loss. However, in the 
surviving neuronal population the staining intensity of cell somata was very 
weak, whereas white matter tracts on the injured side appeared to be more 
intensely stained with the CAKB antibody. Interestingly, we found a dramatic 
increase of p125 FAK but not CAKB immunostaining in cells which, by 
morphological appearance, were judged to be astrocytes. Moreover, the time 
course of p125 FAK upregulation coincides with astroglia proliferation in 
response to injury as evidenced by GFAP staining.
Supported by grants from BMBF Neurotrauma TPA2, Magdeburg/Berlin and 
the Land Sachsen Anhalt; NINDS POI-NS08803 and ROI-NS26818, and a VA 
Merit Review Grant.

851.4
ACUTE NEURONAL INJURY CORRELATES WITH SUBCELLULAR LIPID 
PEROXIDATION AFTER FLUID-PERCUSSION BRAIN TRAUMA IN RAT
B.D. Watson, R. Prado, O. Alonso, W.D, Dietrich, Neuro- 
trauma and Cerebral Vascular Disease Research Centers, 
Dept. of Neurology, Univ. of Miami, Miami, FL 33101

Very early lipid peroxidation induced by traumatic 
brain injury (TBI) may presage or enhance the development 
of cell morbidity and mortality. Right parietal cortex 
TBI was induced by fluid percussion (1.7 - 2.0 atm, n=13) 
followed within 1.5 min by perfusion with a methanolic 
solution of thiobarbituric acid (TBA). The heads were 
then immersion-heated to 80°C to generate subcellular TBA 
adducts indicative of lipid peroxide decomposition in 
vivo (White et al, Acta Neuropath 86:1-9, 1993).

Fluorescence microscopy (X400) of coronal sections 
revealed neuronal cell bodies and their processes flooded 
with TBA-fluorescent products that obscured subcellular 
organelles. Such diffuse cytoplasmic fluorescence was 
correlated with neuronal damage expressed histologically 
in adjacent sections from several brain regions:

% TBA-Positive Neurons % Damaged Neurons
Cerebral Cortex 
Hippocampus 
Dentate Hilus

Sham operated

49.0 + 7.84 54.0 + 10.4
26.1 + 7.09 30.6 + 13.8
44.9 + 15.4 46.7 + 17.6

animals (n=6) evinced no intracellular
TBA reaction products or histopathological damage. These 
data suggest that acute radical scavenging therapy would 
be ineffective but radical propagation of secondary dam-
age to adjacent zones might be mitigated.

Supported by NINDS grants RO1-NS23244 and PO1-NS30291.

851.5
EXERCISE ALTERS BDNF mRNA EXPRESSION, BUT NOT 
BEHAVIOR, AFTER FLUID PERCUSSION BRAIN INJURY IN RATS. 
R.R. Hicks1*, A. Boggs1, S. W. Scheff2, P. Kraemer3, R. Brown3, L. Zhang2, 
K.B. Seroogy2. Depts. of Physical Therapy1; Anatomy and Neurobiology2; 
and Psychology3, University of Kentucky, Lexington, KY 40536.

Previous studies have suggested that brain-derived neurotrophic factor 
(BDNF) is involved in memory and learning, and may be neuroprotective 
following various brain insults. Exercise has been found to increase BDNF 
mRNA levels in various brain regions, including specific subpopulations of 
hippocampal neurons. In the present study, we were interested in whether 
following traumatic brain injury, exercise could increase BDNF mRNA 
expression and improve cognitive and neuromotor performance. We 
subjected 19 adult male Sprague-Dawley rats to a moderate (2.0 atm) fluid- 
percussion brain injury, followed by either 2 weeks of treadmill exercise 
(n=10) or handling (n=9). Spatial memory was evaluated in a Morris Water 
Maze (MWM) and motor function was evaluated with a battery of 
neuromotor tests. Expression of BDNF mRNA in the hippocampus was 
assessed with in situ hybridization and densitometry. Hybridization for 
BDNF mRNA was significantly increased bilaterally in the exercise group in 
the CAl and CA3 regions (p < 0.05), but not in the dentate gyrus. However, 
no significant differences were observed between the groups in MWM or 
neuromotor performance. This study suggests that after traumatic brain 
injury, exercise upregulates BDNF mRNA in specific regions of the 
hippocampus, but this upregulation does not result in improved function. 
(Supported by DOD grant DAMD17-97-1-7011 and NIH grant NS35164).

851.6
LEFT SUPERIOR CEREBELLAR PEDUNCLE (SCP) LESIONS 
DO NOT AFFECT MOTOR RECOVERY AFTER RIGHT 
SENSORIMOTOR CORTEX (SMCTX) INJURY IN THE RAT.
L.B. Goldstein* & S. Bullman. Durham VA & Duke Univ., Durham, NC 27710 

The ability of rats to traverse a narrow elevated beam can be used to
measure recovery of hindlimb motor function after unilateral SMCTX injury. 
Pharmacological studies suggest that this recovery can be modulated by 
drugs affecting central norepinephrine (NE). Consistent with these data, a 
locus coeruleus (LC) lesion 2 weeks prior to a right SMCTX lesion impairs 
beam-walking (BW) recovery (Goldstein 1997). Further, a left but not right 
dorsal noradrenergic bundle lesion impairs recovery after right SMCTX injury 
(Goldstein & Bullman 1997). We now determined the effect of a left SCP 
lesion on recovery after right SMCTX injury. Rats underwent either a left SCP 
or sham SCP 6-OHDA lesion. Two weeks later, rats had a right SMCTX 
suction-ablation or sham cortex injury. BW recovery was measured over the 
next 12 days. The extent of the cortex lesion, NE levels in cerebral and 
cerebellar hemispheres, and LC cell counts were measured. SCP lesions did 
not affect BW training or recovery after SMCTX injury (ANOVA F313=4.7, 
p<.02; Fisher LSD, p=.26 for sham SCP-lesioned/cortex lesioned vs. SCP- 
lesioned/cortex lesioned rats). There was a decrease in NE content in the 
cerebellar hemisphere ipsilateral to the SCP lesion (Two-way repeated 
measures ANOVA F113=9.9, p=.007) but not in the cerebral cortex (ANOVA 
F113=.1.9, p=.19). LC cell counts were not affected by the SCP lesions and 
there was no difference in the extents of the cortex lesion between rats with 
and without SCP lesions. These data suggest that the detrimental impact of 
an LC lesion contralateral to SMCTX injury is mediated through effects in the 
contralateral cerebral but not cerebellar hemisphere.

Supported by the Department of Veterans Affairs.

851.7
CYCLIC AMP INHIBITS INJURY-INDUCED PROLIFERATION OF 
CORTICAL ASTROCYTES IN PRIMARY CULTURE. Y.H. Chang, W 
Ma1, R. Nelson*1 and J.L. Barker, Lab of Neurophysiology, NINDS, NIH, 
Bethesda, MD 20892; Biotechnology Division, Science Applications 
International Corporation, Rockville, MD 20850.

The effects of the membrane permeant second messenger Dibutyryl cyclic 
AMP (dBcAMP) on injury-induced astrocytic proliferation were studied 
using an in vitro model in which confluent, growth-arrested cultures of 
newborn rat cortical astrocytes were scratched and then maintained in 
serum-free medium for 24 hours. Scratching the monolayer of astrocytes 
always resulted in a healing response that was characterized by cell 
proliferation, migration and increased nestin immunoreactivity. Astrocytes in 
serum-free medium were exposed to BrdU for 24 hours after scratch to index 
proliferation which was quantified by counting the number of BrdU* nuclei 
vs the total number of nuclei stained with a Hoechst dye. During the 24 
hours after injury, 12 ± 3.2% (n=4 independent experiments) of the cells in 
and around the scratch incorporated BrdU, whereas only 0.5% of the cells in 
surrounding, uninjured areas were BrdU*. Inclusion of 1 mM dBcAMP in 
the culture medium during the 24 hours promoted the outgrowth and 
expression of nestin immunoreactivity of astrocytes but significantly reduced 
the fraction of proliferating cells in and around the scratch to 3.5 ± 1.2% 
(p<0.005; n=3). No significant change in BrdU labeling was found in 
uninjured areas. The inhibition of injury-induced astrocytic proliferation by 
dBcAMP may be important in vivo and could provide a therapeutic avenue 
for modifying glial scar formation after brain injury.

851.8
INCREASED FERRITIN SYNTHESIS PROTECTS CORTICAL 
ASTROCYTES FROM HEME-MEDIATED OXIDATIVE INJURY. R. F. 
Regan*, N. Kumar, F. Gao, and Y.P. Guo. Division of Emergency Medicine, 
Thomas Jefferson University, Philadelphia, PA 19107.

In murine cortical cultures, 24-48 hr exposure to hemoglobin results in 
widespread neuronal death but spares glia. However, glia are vulnerable to the 
more rapidly evolving injury produced by hemin, and to hemoglobin in the 
presence of the protein synthesis inhibitor cycloheximide. In this study, we 
tested the hypothesis that enhanced ferritin synthesis in response to hemoglobin 
protected glia from subsequent heme-mediated injury. In pure cultures (>95% 
GFAP+), glia exposed to hemoglpbin for 24 hrs were diffusely immunoreactive 
when stained with a specific anti-ferritin antibody; only scattered staining was 
observed in control cultures. Upregulation of ferritin production was further 
examined with western blot analysis, which revealed an increased 22-kDa band 
in hemoglobin-treated cultures, consistent with the ferritin H chain. The density 
of this band was about 40-fold greater than that from control, untreated cultures. 
An increased 22-kDa band was also present in cells pretreated with exogenous 
apoferritin 2 /zg/ml for 24 hrs, consistent with apoferritin uptake by astrocytes. 
Glia pretreated with hemoglobin or apoferritin were resistant to hemin toxicity. 
About 80% of glial death after 3-6 hour exposure to 30 /zM hemin was 
prevented by 24 hr pretreatment with 7.5 /zM hemoglobin or 1.5 ^ig/ml 
apoferritin; this protective effect was overcome by increasing the hemin 
concentration. These results suggest that cortical astrocytes respond to 
hemoglobin by markedly increasing ferritin synthesis. This upregulation may 
contribute to glial resistance to hemoglobin toxicity.
Supported by the Emergency Medicine Foundation.
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851.9
TREATMENT WITH BCL-2 PEPTIDE PROVIDES PROTECTION AGAINST CA1 
TRAUMATIC NEURONAL INJURY TO HIPPOCAMPAL SLICES. R.A. Wallis*, 
K.L. Panizzon, L. Adams and D. Shin, Dept. of Neurology, UCLA, Los 
Angeles, CA 90024 and Sepulveda VAMC, Sepulveda, CA 91343.

Neuronal cell death from trauma appears to occur predominately through 
two processes, necrosis and apoptosis. The bcl-2 gene appears to play a 
critical role in apoptosis, since expression of the bcl-2 gene can prevent 
apoptosis. Although the mechanisms underlying bcl-2 action are not well 
understood, recently the bcl-2 peptide product has been shown to have anti-
oxidant properties. Since oxidative stress has been shown to help mediate 
traumatic neuronal injury, we investigated whether treatment with bcl-2 
peptide would provide protection against acute traumatic injury to CA1 
neurons, a population known to be markedly sensitive to the effects of 
trauma. Therefore, to clarify the role of bcl-2 during traumatic neuronal 
injury, we investigated whether treatment with bcl-2 peptide would provide 
protection to traumatized CA1 neurons in hippocampal slices. To induce 
trauma, slices were placed within a specialized chamber filled with artificial 
spinal fluid. This fluid was percussed and changes in evoked response were 
monitored. Slices given trauma alone demonstrated severe neuronal injury 
with CA1 orthodromic and antidromic response recovering after 60 mins, to 
a mean of only 16% ± 2. In contrast, treatment with 75 pg bcl-2 peptide 
which was initiated after trauma, provided significant protection with 
orthodromic and antidromic recoveries improving to 92% ± 1. These results 
indicate that bcl-2 peptide is protective against traumatic injury. They also 
suggest that the protection seen with bcl-2 expression, may involve acutely 
occurring mechanisms such as anti-oxidant properties. These results further 
suggest that expression of the bcl-2 peptide may be a useful therapeutic 
approach to traumatic neuronal injury. Supported by VA Research Service.

851.10
Sex Differences in Retrograde Amnesia After Cortical Impact Trauma in 
Rat D.L. Stibick* & D.M. Feeney, Depts. of Psychology & Physiology, 
University of New Mexico, Albuquerque, NM 87131

Retrograde amnesia is a well documented consequence of traumatic 
brain injury (TBI) but has received little attention in laboratory studies of 
experimental TBI. In this study, male and female Sprague Dawley rats were 
trained to find a hidden platform in the Morris Water Maze prior to TBI, then 
were tested for retrograde memory deficits. Groups received either a right 
sensorimotor cortex (SMCx) TBI by weight-drop impact or sham surgery.
One week after surgery, rats were tested for ability to escape the maze. The 
data reflect retrograde amnesia rather than learning deficits after TBI which 
have been described elsewhere (Feeney, D.M., Weisend, M.P. & Sutherland, 
R.J. (1994) Soc. Neurosci Abstr, 20.197) as only the last and first 4 trials 
before and after surgery, respectively, were examined. Both male and 
female TBI rats had significantly longer escape latencies than sham controls 
or their pre-TBI baseline. Despite no pre-TBI group differences, after TBI 
females took significantly longer to escape than males. During probe trials 
with the platform removed, male and female TBI groups were not different in 
time spent in the correct quadrant of the pool. This difference in escape 
latency after TBI is not due to more severe motor impairments in females 
since neither swimming speed nor hemiplegia (Stibick, D.L. & Feeney, D.M. 
(1996) Soc Neurosci Abstr, 22,1186) data were different. Amnestic males 
swam significantly faster before than after TBI while female swim speed did 
not change. The data suggest that retrograde amnesia follows TBI in both 
male and female rats but is significantly worse in females. Histology did not 
reveal any difference in hippocampal injury between males and females from 
this study. (Supported by UNM RAC grant)

851.11
FLUOROMETRIC ASSAY OF NITRITE AND NITRATE IN BRAIN TISSUE 
AFTER HEAD INJURY AND ISCHEMIA. A, M. Rao*. J, F, Hatcher. M. K. Baskava.
A. Dogan. R. Vemuganti, and R, J. Dempsey: Department of Neurological Surgery, 
University of Wisconsin, Madison, WI53792.

The increasing importance of nitric oxide synthase has been underscored by the 
elucidation of its role in a growing number of normal and pathophysiologic processes. In 
view of the fact that NOS is distributed within the brain, nitric oxide (NO) could be involved 
in the patho-physiology of head injury and cerebral ischemia. Because NO decomposes 
within seconds into nitrite (NO2‘) and nitrate (NO3‘) we determined the levels of those stable 
end products after the CNS insult in the brain tissue. The tissue NO/ / NO3' levels are much 
lower than plasma levels and are below the detection limit of the Griess reaction. Hence we 
refined a fluorometric assay using NO3'reductase and NADPH regenerating system to 
properly quantitate NO2' and NO3' present in picomole levels. NO/ levels in ultrafiltered (10 
KDa cutoff) tissue extracts were determined by the reaction of NO2’ with 2,3- 
diaminonaphthalene and the measurement of the fluorescent product. Total NO//NO/ levels 
were measured after reduction of NO/ with NO/ reductase. We used NADPH (1 pM) 
regenerating system (glucose-6-phosphate + G-6-P dehydrogenase) to minimize the 
NADPH interference in the assay. Using this method, we determined the cerebral levels of 
NO/ and NO/ after controlled cortical impact injury and middle cerebral artery occlusion, 
two conditions known to alter the NO levels. In both these conditions, there is a change in 
the total NO/and NO/ levels in ipsilateral vs contralateral brain regions. In 10 min 
permanent focal ischemia of rat, total NO//NO/ levels were: ispsilateral (I) (cortex (C)
1407 pmol/mg cytosolic protein; hippo-campus (H) 3217) vs. contralateral(C) (C 764 and H 
2362). After 20 min of permanent focal ischemia these values were IC 819, IH 3929 vs. CC 
1124, CH 3840. In head injured rats after 1 hour, these levels were IC 335, adjacent C 573, 
CC 424, IH 738, CH 660. In all these cases NO/levels were ~15% of the total NO// NO/ 
levels. The sensitivity of this assay is about 10 picomoles/l 15 pL of the total reaction 
mixture.
Funded by NIH and Department of Veterans Affairs.

851.12
[3JHEMICHOLINIUM BINDING AFTER CONTROLLED CORTICAL 
IMPACT IN RATS: AN AUTORADIOGRAPHIC STUDY. Dixon, C.E.*, 
T. Gegeny, B. Wolfson, H. Q. Yan, J.R. Ciallella, R. L, Hayes, P. K.
Kochanek, S. T. Dekoskv, and D. Marion. Depts. of Neurosurgery and 
Psychiatry, Univ. of Pittsburgh and The Vivian L. Smith Ctr. for Neurologic 
Research, Dept. of Neurosurgery, Univ. of TX-Houston Health Sci. Ctr.

Several reports demonstrate cholinergic neurotransmission deficits after 
experimental traumatic brain injury (TBI) that may be associated with cognitive 
deficits. Cholinergic neurotransmission deficits may be attributable to 
reductions in the ability of cholinergic neurons to synthesize acetylcholine 
(ACh) and/or a loss of cholinergic neurons. Choline transport, the rate-limiting 
step for ACh synthesis, is chronically impaired (tissue homogenates) after TBI. 
It is unknown whether this results from cholinergic deafferentation. Thus, we 
examined the effects of TBI on cholinergic terminal density by measuring 
hemicholinium-3 (HC3) receptor binding. We examined HC3 binding in the 
brains of rats at various times after TBI using semi-quantitative receptor 
autoradiography. Rats were anesthetized and surgically prepared for controlled 
cortical impact injury (6 m/sec, 2.5 mm) or sham surgery. Injured and sham 
rats (5-7 per group) were sacrificed at 1 day, 1 week, or 2 weeks post injury and 
duplicate coronal sections cut through the medial septal area, nucleus basalis, 
and dorsal hippocampus. [3H]HC3 binding to the high-affinity choline uptake 
sites were quantified by densitometry, The optical density values of the binding 
sites were calculated in a total of 25 brain regions. No differences in receptor 
densities were found in any region or at any time point after TBI between sham 
and injured groups. These results suggest that post-injury cholinergic 
neurotransmission deficits, for at least up to 2-weeks post injury, are not 
attributable to a decrease in cholinergic neuron terminals. Supported by NIH- 
NS33150, CDC-R49-312296, NIH-NS21458 and NIH P50NS30318.

851.13
MOTOR EVOKED POTENTIALS AND H-REFLEXES USED IN 
ASSESSMENT OF CORTICOSPINAL FUNCTION AFTER SEVERE 
BRAIN DAMAGE IN MAN. S.H, Moosavi1. M. Catlev1, PH. Ellawav*1 and M.J. 
Stokes2. ’Charing Cross and Westminster Medical School, London W6 8RF, UK. 
& ^he Royal Hospital for Neuro-disability, London, SW15 3SW, UK.

We have investigated 19 post-coma patients (6 female, 13 male) who had 
experienced either traumatic or anoxic brain damage. Eleven showed no conscious 
awareness (category 1) and eight exhibited limited non-verbal responses to simple 
commands (category 2). EMG recordings were made simultaneously from the first 
dorsal interosseus (1DI) and abductor digiti minimi (ADM) muscles of the hands. 
Using transcranial magnetic stimulation (TMS) with a round coil (9 cm average 
diameter, Magstim 200) placed over the vertex, compound motor evoked potentials 
(cMEPs) could be elicited in all category 2 patients and in eight of the eleven 
category 1 patients. Mean thresholds (±SE) to TMS as % maximum stimulator 
output (%MSO) were significantly elevated (P<O.C1 Mann-Whitney) in category 1 
(49.6±2.2), but not in category 2 (45.9±3.1), conpared with matched control 
(n=13) subjects (40.8L1.1). Electrical stimulation of the ulnar nerve elicited H- 
reflex responses in ADM and 1DI in six patients (3 in each category) but no control 
subjects. H-reflexes were related to absence of cMEPs or high threshold (>65% 
MSO) to TMS. The coefficients of variation (CV) for cMEPs at comparable 
strengths TMS above threshold were similar for all three groups. The CVs of 
cMEPs were at least double those of H-reflexes. Regression analysis revealed 
significant positive correlations between cMEPs in the two muscles of a hand, 
equally frequently for all three groups. We conclude that the motor cortex may have 
the capability of generating corticospinal output to a muscle even though voluntary 
movement of that muscle is not evident. Fluctuations in cortical excitability 
revealed by the variability and regression analyses may indicate the presence of 
active cortical inputs or intrinsic cortical rhythms in severe brain damage. 
Supported by The Wellcome Trust and the Living Again Trust.

851.14
THE REACTION OF NEURONAL AND NON-NEURONAL CELLS IN THE 
BRAIN OF THE ADULT RAT FOLLOWING EXPOSURE TO AIR BLAST.
A, Salio1-2. A, Suneson*2.1.-L. Larsson2 and J.K.E. Persson2-3. ’Department of 
Surgery, University of Gothenburg, S-413 45 Goteborg, Sweden. 2Department of 
Human Studies, National Defence Research Establishment, S-172 90 Stockholm, 
Sweden. -3Karolinska institutet, Department of Clinical Neurophysiology, Huddinge 
University Hospital, S-141 86 Huddinge, Sweden.

Detonation of explosives in air produces a blast wave which in severe cases may 
cause injury to various organs, such as the tympanic membrane, middle ear, lung, 
gastrointestinal tract and brain. The aim of this study was to elucidate if a moderate 
air blast, not causing any parenchymal damage to the brain, would effect neurones or 
non-neuronal cells in the CNS.

Anaesthetized rats were exposed to a pressure characterized air blast generated by 
0.5 or 2 gram charge weights of pentaerythrittetranitrate at a distance of 1 m in an 
open detonation chamber. Six hours, 18 hours, 48 hours, one and three weeks, 
respectively, following blast exposure the rats were reanaesthetized, perfused and the 
brain removed followed by immunocytochemical processing for detection of markers 
which label neurones (c-fos protein), microglial cells (complement receptor CR3), 
astrocytes (glial fibrillary acidic protein), oligodendrocytes (transferrin) and endothelial 
cells (tight junction protein), respectively.

Compared to sham-exposed rats, there was a qualitative and quantitative microglial 
cell reaction and an increased neuronal cell activation following exposure to either of 
the charges. Astrocytes and oligodendrocytes showed, however, no reaction with our 
immunocytochemical techniques. In addition, there was a regional reduction in 
endothelial tight junction protein labeling, indicating damage of the blood-brain 
barrier. Light microscopic examination of cresyl violet stained sections from 
representative parts of the brains did not reveal any histological differences between 
the experimental and the sham groups. Immediately after the blast exposure and during 
the following survival period there were no behavioural differences between the 
experimental and the sham rats, indicating any blast-caused soft-tissue damage or 
fracture otherwhere.
The mechanism(s) behind or outcome of these cell reactions are unclear. Glial cell 
activation as well as changes in neuronal cell integrity have been frequently reported 
after various experimental models of brain injury as well as in clinical material. If the 
structural CNS changes following the moderate non-penetrative trauma used in this 
study have any effects of brain function remains, however, to be evaluated.

This study was supported by grants from the Swedish National Defence Research 
Establishment.
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851.15
TEMPORAL AND SPATIAL PROFILE OF p-AMYLOID PRECURSOR 
PROTEIN FOLLOWING PARASAGITTAL FLUID-PERCUSSIVE BRAIN 
INJURY IN THE RAT. H.M.Bramlett*, E.J,Green ,and W,D. Dietrich, Depts. of 
Neurology and Psychology, Neurotrauma Research Center, University of 
Miami, School of Medicine, Miami, Florida 33101.
We characterized the temporal and spatial profile of p-amyloid precursor 

protein (P-APP) following moderate fluid-percussive (FP) injury and also 
documented differences observed between moderate and severe FP injury. 
Anesthetized animals were subjected to moderate (1.8-2.1 atm) or severe 
(2.4-2.5) right parasagittal FP injury at normothermic brain temperature (37°C). 
Moderately injured animals were sacrificed at 24h, 72h, 7 days or 30 days. 
Animals undergoing severe trauma were sacrificed at 72h (ail groups n=6). 
Paraffin embedded sections were immunostained for p-APP (Boehringer 
Mannheim, clone 22C11); an established marker for axonal injury. p-APP 
profiles were counted within the following structures anterior to the epicenter 
of the injury: dorsolateral striatum (DLS), external capsule (EC); at the 
epicenter: external capsule, thalamus (TH), internal capsule (IC), subthalamic 
radiation (STR), and cortex (CTX); posterior to epicenter: external capsule. 
Overall group differences between moderately injured animals were 
significant (p<0.05) for DLS, TH, IC, and EC (all 3 levels). The presence of p- 
APP profiles in DLS and IC occurred early (24h) but declined by 72h and even 
further by 30 days. The appearance of p-APP profiles within the TH was low at 
24h but increased by 7 days. Comparisons between moderate and severely 
injured animals at 72h indicated significant differences for DLS, TH and STR. 
There was a transient expression of p-APP within certain subcortical structures 
that may be due to initial shearing forces seen after FP injury. This was 
followed by a late p-APP accumulation within the TH possibly due to delayed 
injury processes. Injury severity also influenced the number of p-APP profiles 
within certain structures. These data demonstrate widespread axonal damage 
resulting from the FP injury, and provide an important outcome measure for 
therapeutic intervention. (NS 30291)

851.16
THE EM VISUALIZATION OF ANTIBODIES TARGETED TO AMYLOID 
PRECURSOR PROTEIN IN AXONS UNDERGOING TRAUMATICALL Y INDUCED 
REACTIVE CHANGE. J. Stone. C, Christman* and J.T. Povlishock. Dept. of Anatomy, 
Medical College of Virginia, Virginia Commonwealth University, Richmond, VA 23298.

Within the last four years, antibodies to the amyloid precursor proteins (APP) have 
become routine markers for detecting traumatically induced axonal damage in animals and 
man. Unfortunately, the techniques used to visualize these antibodies employ antigen 
retrieval which entails microwave heating of tissue, and thus, these techniques are not 
compatible with routine ultrastructural analysis. To overcome this shortcoming, we 
describe, in the current communication, a new method for visualizing antibodies to APP 
at the EM level. Further, we use this EM approach to provide new insight into the 
pathobiology of traumatically induced axonal injury. Rats were subjected to an impact 
acceleration traumatic brain injury and allowed to survive postinjury for varying periods 
ranging from minutes to hours. The animals were then perfused, and the brains were 
removed and sectioned on the vibratome. Brain sections were prepared for routine 
immunocytochemistry with the exception that the sections were processed using a 
programmable microwave with a short magnetron cycle and high power output. To 
control temperature rise, automatic water cooling was utilized together with placement of 
the sample in a designated cold spot, allowing the generation of electromagnetic waves, 
thereby increasing the ease of antibody penetration without generating significant heat. 
This approach allowed us to recognize APP antibody at the EM level with excellent tissue 
preservation. The antibody was consistently localized in axons undergoing reactive 
change. The antibody was identified within 30 min postinjury in axons in which focal 
impairment of axoplasmic transport occurred due to cytoskeletal collapse. Over time, the 
antibody remained localized at the sites of axonal swelling which continued to expand and 
ultimately detach to form immunoreactive axonal bulbs. Collectively, we believe that 
these studies confirm the utility of antibodies to APP in identifying traumatically induced 
axonal damage while also showing its usefulness for dissecting out the ultrastructural 
correlates of these axonal changes in brain-injured animals and man. Supported by 
NS20193.

TRAUMA VII

852.1
LIPOSOME-MEDIATED NGF cDNA TRANSFER RESCUES CHOLINERGIC 
NEURONS FOLLOWING TRAUMATIC BRAIN INJURY IN RATS. 'K. Yang*. 
'L.L. Zou,__ U^BjackJW^Le,____'J. Chen,__ 'R.L. Hayes, 'G.L. Clifton.
'Neurosurgery', U of TX Health Science Ctr., Houston, TX 77030; 2Neurology, 
Baylor College of Medicine, Houston, TX 77030.

Previous studies have demonstrated the loss of cholinergic neuron staining in the 
rat brain septum following injury, which can be effectively attenuated by continuous 
administration of nerve growth factor (NGF) (Dixon, et al, Exp. Neurol, In press). 
Recently, we applied a cationic liposome-mediated gene transfection system in this 
study. One day after unilateral cortical inpact injury, DC-Chol liposome complexed 
with NGF cDNA was injected into the cerebroventricle. Following a 3 or 7-day 
survival period, rats were perfused and immunohistochemical procedures were 
performed to detect choline acetyltransferase (ChAT) immunoreactivity in the medial 
septum. The ChAT positive neurons in both sides were counted. W'e observed a 
significant (P<0.05) decrease in the number of ChAT-positive neurons in the septal 
region 7 days post injury. Compared to sham-injured controls, injured rats displayed 
a 50% ChAT-positive neuronal loss ipsilateral and a 30% loss contralateral to the 
injury side. However, NGF cDNA transfection significantly (P<0.05) attenuates 
neuronal ChAT immunostaining loss (about 90% preservation of ChAT-positive 
reurons compared w ith sham-injured controls) in both sides. To further confirm the 
liposome-mediated transgene expression, cDNA encoding either P-galactosidase or 
alkaline phosphotase was injected into rat ventricle using the same liposome vector 
system. Consistently, ihe transfection of two reporter genes induced ependymal cells 
lining the ventricle to express respective protein up to seven days. These results 
suggest that liposome-mediated neurotrophic gene transfection has a potential for 
treatment of brain injury (Supported by Vivian L. Smith Center for Neurological 
Research Fundation and NIH RO1-NS21458)

852.2
CALPAIN AND CASPASE PROTEOLYSIS OF a-SPECTRIN FOLLOWING 
TRAUMATIC BRAIN INJURY. B.R, Pike*. X. Zhao. K.K.W, Wang. S.J. Liu. J.K. 
Newcomb, T, Gegeny, R.M. Posmantur, G.L. Clifton, and R.L. Hayes. Department of 
Neurosurgery, The University of Texas Medical School, Houston, TX 77030.

Although proteolysis of cytoskeletal proteins is an important biochemical event in 
the pathogenic response to traumatic brain injury (TBI), the relative contributions of 
various proteases to cytoskeletal processing are unknown. a-Spectrin is a sub-
membrane cytoskeletal protein and preferred substrate of activated calpain following 
TBI. However, a-spectrin is also a substrate of the ICE family of cysteine proteases 
(caspases). Using a lateral controlled cortical impact model of TBI in rodents (n=40), 
this experiment provides the first in vivo characterization of a-spectrin proteolysis by 
calpain and caspases. We employed an antibody that recognizes intact a-spectrin (240 
kD), calpain specific (145 kD), and caspase specific (120 kD) (Nath et al., 1996, 
Biochem J) spectrin breakdown products (SBDPs) to examine tissue extracts from 
cortex, hippocampus, thalamus, and striatum at nine post-injury time-points (15 min to 
14 days) using semi-quantitative Western blot immunoassays. Immunoblots revealed 
regionally and temporally distinct patterns of calpain- and/or caspase-mediated a- 
spectrin proteolysis compared to sham controls (p<0.05) as follows: Cortex: rapid and 
sustained accumulation of calpain-specific 145 kD SBDP (3 h to 5 days post-TBI). 
There was no significant accumulation of the caspase specific 120 kD SBDP. 
Hippocampus: rapid but brief accumulation of 120 kD SBDP (15 min to 6 hours) 
followed by delayed but prolonged appearance of 145 kD SBDP (24 hours to 7 days). 
Thalamus: rapid and increasing accumulation of 145 kD SBDP (15 min to 14 days) 
and a brief appearance by the 120 kD SBDP (15 min to 3 h). Striatum: predominately a 
caspase-mediated event with significant 120 kD SBDPs from 3 h to 48 h post-TBI. The 
regionally and temporally distinct profiles of a-spectrin processing by calpains and 
caspases, and the prolonged duration of calpain activation in subcortical nuclei, are 
novel findings that have important therapeutic implications. (Supported by NS 21458).

852.3
THE EFFECTS OF APOPTOSIS OR NECROSIS ON SEPTO-HIPPOCAMPAL 
GLIAL-NEURONAL CULTURES. X. Zhao. B.R. Pike. J.K. Newcomb. R.M.
£osmantur^.-KtK.W.__Wang>...G,U Cliftpn, and ...RL,...Hayes*,, Deptartment of
Neurosurgery, The University of Texas Medical School, Houston, TX 77030.

The hippocampus is a major site of TBI-induced pathology; however, no study has 
examined trauma related biochemical events in rat embryonic mixed glial-neuronal 
septo-hippocampal cultures (SHCs). The purpose of this experiment was to dissociate 
glial and neuronal cell vulnerability to selective biochemical inducers of apoptosis or 
necrosis. The effects of the pro-apoptotic compound staurosporine, a nonselective 
inhibitor of protein kinase C (PKC), and the pro-necrotic murine toxin maitotoxin 
(MTX), a highly potent calcium channel activator, on rat glial-neuronal SHCs was 
examined. Exposure of SHCs to 0.05-2.0 pM staurosporine produced concentration- 
dependent selective neuronal apoptosis over 24-48 h. Apoptosis was characterized by 
intemucleosomal fragmentation (DNA laddering). Apoptotic morphological alt-
erations, i.e., membrane blebbing (FDA/PI staining), chromatin condensation (Hoescht 
33258 staining), were confined to neuronal cells. Additionally, calpain-specific (145 
kD) and caspase-specific (120 kD) proteolytic fragments of the cytoskeletal protein a- 
spectrin were observed on Western blots. The 120 kD a-spectrin breakdown product 
(a-SPDP) has been reported to be an apoptotic marker of spectrin proteolysis (Nath et 
al., 1996, Biochem J). In glial cells, staurosporine produced reversible changes in 
astrocyte morphology and limited astrocytic cell death at high concentrations (>1.0 
pM), while lower concentrations were non-lethal and had no effect on GFAP staining. 
In contrast, exposure of SHCs to 0.01-0.5 nM MTX (2 hrs) caused a concentration- 
dependent selective neuronal cell death at lower concentrations and non-selective glial- 
neuronal cell death without DNA laddering at higher concentrations. Calpain-specific 
145 kD but not 120 kD a-SBDP was observed in MTX-treated cultures. This study 
indicates that neuronal cells are selectively vulnerable to staurosporine-induced 
apoptosis in SHCs. In addition, the presence of 145 and 120 kD a-SBDPs suggests that 
calpain is activated in apoptotic conditions. (Supported by NS 21458).

852.4
GLOBAL CHANGES IN EXPRESSION OF NEUROTROPHIC FACTORS 
AND THEIR RECEPTORS FOLLOWING GRADED ACUTE 
TRAUMATIC BRAIN INJURY IN ADULT RAT BRAIN. N.M. 
Oyesiku*, C.O. Evans, C.E. Dixon. Department of Neurosurgery, Emory 
University School of Medicine, Atlanta, GA 30322 and Department of 
Neurosurgery, University of Pittsburgh, Pittsburgh, PA.

We analyzed the effect of acute traumatic brain injury (TBI) on the 
level of expression of the neurotrophic factors (NTFs): NGF, BDNF, 
CNTF and their receptors: TrkA, TrkB and CNTFRa in whole rat brain. 
The injury model was a graded (mild, moderate and severe) focal impact 
hemispheric lesion with post-TBI survival times of 12 hrs, 1 day, and 5 
days. Northern blot analysis was used to determine the levels of 
expression of NGF, BDNF, CNTF, TrkB, CNTFRa, and semi quantitative 
RT-PCR was used to analyze TrkA.

The level of expression of NGF was unchanged in animals with mild 
injury. NGF levels increased 3 fold at 12 hrs and returned to control levels 
at 5 days, in the severe injury model. BDNF did not change in the mild 
and moderate paradigms, but was upregulated 4 fold at 12 hrs post-severe 
injury and returned to control levels by 24 hrs. CNTF expression 
remained unchanged in all conditions. The level of expression of TrkA, 
TrkB, and CNTFRa remained constant.

These data suggest that the upregulation of NGF and BDNF expression 
are early responses to severe acute TBI. However, we suspect that the 
lack of changes in the expression of CNTF, TrkA, TrkB, and CNTFRa 
may be due to a dilutional effect from analysis of whole brain RNA 
extracts. Further studies are needed to define regional changes. This work 
was supported by a grant from the Brain Trauma Foundation to NMO.
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852.5
BOTH ACIDIC AND NEUTRAL SPHINGOMYELINASE ACTIVITY IS 
INCREASED FOLLOWING TRAUMATIC BRAIN INJURY IN RATS 
T.M. Delahunty*. R.T. Black, R.F. Franson, and B.G. Lveth Depts. of 
Neurosurgery and Biochemistry, Medical College of Virginia, Richmond VA 
23298-0693

The generation of ceramide through the sphingomyelin pathway results in the 
induction of apoptosis in a number of cell lines. A number of cytokines, including 
TNFa, induce apoptosis by stimulating sphingomyelinases and generating 
ceramides. TNFa levels are increased following trauma but the role of this 
cytokine in trauma is not known. It is also unknown whether trauma activates 
sphingomyelinases and we now report that trauma results in selective activation of 
hippocampal sphingomyelinase activity. Sphingomyelinase activity was measured 
at 5 minutes following central fluid percussion TBI. The brain tissue was 
regionalized and sphingomyelinase activity was assessed using 14C labeled 
sphingomyelin at a pH of 7.5 and 4.5. No significant change was observed between 
sham and injured animals in cortical tissue but in hippocampus a significant 
enhancement of sphingomyelinase activity was observed at both acidic and neutral 
pH. Sphingomyelinase activity measured at pH 7.5 was enhanced by 32% 
(p=0.006) and sphingomyelinase activity measured at pH 4.5 was enhanced by 
15% (p=0.009). This data indicates a differential regional response in 
sphingomyelinase activity following brain trauma. The enhanced activity in 
hippocampus may indicate greater stimulation of sphingomyelinase activity due to 
enhanced release of endogenous activators or may reflect an intrinsic difference in 
enzymatic regulation in brain regions. NIH NS 12587

852.6
IN VIVO EVIDENCE FOR IRON-CATALYZED HYDROXYL RADICAL 
FORMATION FOLLOWING TRAUMATIC INJURY. Danxia Liu*1-2, Jing Liu1 
and Jing Wen1. Departments of Neurology1 and Human Biological Chemistry & 
Genetics2, University of Texas Medical Branch, Galveston, TX 77555-0653.

To demonstrate in vivo that the iron-catalyzed Haber-Weiss reaction is 
one of the major pathways for hydroxyl radical ( OH) formation and that OH 
formed from superoxide anion (O2') may be involved secondary damage to spinal 
cord neurons, we measured the time courses of formation of O2', iron ions and 
OH following impact injury to the rat spinal cord.

The time course of O2 ' formation was measured by microcannula 
sampling. Cytochrome c (50 jxM in ACSF) was pumped through the cannula 
inserted laterally through the cord and delivered into the tissue through two pair 
of holes made in the cannula and reduced cytochrome c was determined 
spectrophotometrically at 550 nm. The levels of O2 ‘ in the extracellular space 
increased about 2 fold and remained elevated for over 10 h; at 12 h post injury 
the O2 ‘ returned to near the basal level. Superoxide desmutase (SOD, 60 U/ml) 
significantly reduced the elevation (p=0.016). Iron ions play a critical role in the 
metal-catalyzed Haber-Weiss/Fenton reaction. Their release was also determined 
by microcannula sampling from the extracellular space and the perfusates were 
analyzed by a Zeeman graphite furnace-atomic absorption spectrophotometer. We 
observed that iron ions tremendously increased immediately after impact injury. 
The time course of extracellular levels of OH formation following impact injury 
was obtained by administering 5 mM salicylate in ACSF (pH adjusted to 7.2) 
through a microdialysis fiber and measuring the products of salicylate 
hydroxylation, 2,3- and 2,5-dihydroxybenzoic acid (2,3- and 2,5-DHBA), from 
the microdialysates using HPLC and electrochemical detection. We demonstrated 
that impact injury induced both 2,5- and 2,3-DHBA production. The increases 
of O2 ', OH and iron ions following impact spinal cord injury strongly support 
iron-catalyzed OH formation contributing to traumatic spinal injury. The 
relatively long-lasting formation of O2 " - the precursor of most destructive OH - 
may be a realistic target for reducing injury caused by free radicals. (Supported 

by NIH NS34048 and Texas Advanced Research Program #4952)

852.7
IL-lp ICV ADMINISTRATION LEADS TO INCREASED TNF-a 
IN THE CNS. G. Lum. J, Blanchard. J. Martens. K. Song. P. Rhee. S. Zeidman 
and G.S.F. Ling*. Division of Critical Care Medicine, Department of Anesthesia, 
Uniformed Services University of the Health Sciences, Bethesda, MD 20814.

Following traumatic injuiy, brain inflammation rapidly develops. IL-1 (3 has a well 
characterized peripheral inflammatory role and is also found in CSF of brain 
injured patients. In this study IL-ip was administered icv to uninjured dogs to 
model release after injury. As TNF-a is an important proinflammatory cytokine, it 
was measured to determine if it played a role in IL-ip mediated neuroinflammation.

Dogs (n=4) were each surgically prepared with a chronic intracerebroventricular 
(ICV) catheter. This permitted administration of hIL-ip (200 ng/kg) directly into 
the CNS without causing acute injury. Controls received equal volumes of PBS. 
CSF and blood were obtained just prior to and at selected times for 24 hours after 
dosing. CSF and blood cell counts were determined using a laser based hematology 
analyzer and cytokine levels were measured using an electrochemiluminescence 
assay. Body temperature was measured in nonsedated dogs.

Following IL-ip administration, there was a significant increase in CSF white 
blood cell (WBC) and TNF-a levels. Peak WBC counts were 176 cells/mm3 + 55 
(SEM) and peak TNF-a was 182 pg/ml + 54 (SEM). TNF levels coincided with a 
second rise in cells counts, which persisted. CSF WBC and TNF-a values were all 
significantly different from control (p<0.05, t-test). During this period, body 
temperature and blood WBC levels did not rise above baseline.

In conclusion, in dogs, icv IL-1J3 leads to CSF leukocytosis that is biphasic. The 
second phase coincides with an increase in TNF-a. The results of this study suggest 
that the neuroinflammatory cascade initiated by IL-lp may also be mediated in part 
by TNF-a. Furthermore, the CNS concentrations at which IL-ip has 
neuroinflammatory activity is different than that required for fever.

This study was approved by USUHS LARB and supported by USUHS R08072-01.

852.8
DISRUPTION OF MAP-2 IMMUNOSTAINING IN RAT HIPPOCAMPUS 
AFTER TRAUMATIC BRAIN INJURY. 1 >2M. M. Folkcrts. ^2R. F. 
Berman, }J. P. Muizelaar, ^Qteri Owen, 2J.H. .Hannigan*. and ^3J. Rafols. 
1 Detroit Neurotrauma Institute, 2Dept. Psychology, & 3Dept. Anatomy and 
Cell Biology, Wayne State University, Detroit, MI. 48201

The effects of diffuse brain injury on somatic and dendritic 
cytoarchitecture were examined in rats using the impact-acceleration 
model of Marmarou, 1994. The neuronal cytoskeleton was assessed 
at light levels using microtubule associated protein-2 (MAP-2) 
immunohistochemistry at 24, 48 and 72 hr after injury. Post-injury 
behavioral assessments were carried out in parallel. A time-dependent 
disruption in MAP-2 immunostaining in dendrites of pyramidal 
neurons was observed in hippocampal CAl, cerebral cortex, and in a 
subpopulation of hilar cells. In contrast, no cytoskeletal alterations 
were detected in the dentate gyrus or in CA3. The most severe 
disruption was observed at 48 hr, when dendrites appeared fragmented 
and swollen. A mixed pattern of immunostaining was observed in 
hilar neurons such that some cells had lost their polygonal shape, and 
had little or no immunostaining while others appeared normal. In 
addition, the hilar neuropil contained numerous dendrites with 
cytoskeletal alterations. A partial recovery of the cytoskeleton in CAI 
and cortex, but not in hilus, occurred by 72 hrs. Semiquantitative 
analyses confirmed the qualitative findings. Immediate postinjury 
behavioral evaluations were compared with degree of alteration to the 
cytoskeleton. The results demonstrated sublethal injury to the 
dendritic cytoskeleton of selected populations of forebrain vulnerable 
neurons. They also indicate a rapid recovery of cytoskeletal structure 
after injury. Supported by the Detroit Neurotrauma Institute and 
NIDDR H133A20016.

852.9
ELECTROPHYSIOLOGY & OPTICAL RECORDINGS OF VOLTAGE & CA2+ 
RESPONSES IN CORTICAL SLICES AFTER TRAUMATIC BRAIN INJURY 
G. Golarai*. A. C. Greenwood. D. Stibick. D, M. Feeney, and J. A. Connor. LRRI & 
Univ. of New Mexico, Albuquerque, NM 87108.

Traumatic Brain Injury (TBI) from cortical impact leads to the delayed loss of 
many cortical neurons and long-term disabilities. We are examining the in-vitro 
physiology of cortical neurons during the weeks after TBI, using a well-defined rat 
model. To begin testing the hypothesis that TBI induced depression of local glucose 
utilization (DLGU) across ipsilateral cortex during several days after TBI reflects 
reduced neuronal responsiveness, we used electrophysiological and optical methods 
to examine somatosensory cortex and hippocampus in brain slices 3-7 days after 
TBI. In slices ipsilateral to TBI, activation of layer 1 reliably evoked field responses 
in layers I & II that were similar to normals (1.5-2 ms delay, ~15 ms duration, -1-2.5 
mV max. amp.) albeit with lower amplitudes (< 1 mV) within -1 mm of the cyst (n 
= 4). The potentiometric fluorescent dye (Di-2-ANEPQ) showed an altered 
spatiotemporal pattern of activity in the somatosensory cortex ipsilateral to TBI. In 
normals, activation of layer I evoked early (< 4 ms) depolarization in layers I & II 
that later spread to deeper layers (n = 15). After TBI in studies to date, activation of 
ipsilateral layer I evoked a lower amplitude early depolarization in all cortical layers. 
In hippocampus ipsilateral to TBI, activation of the perforant path evoked multiple 
population spikes in the dentate gyrus, suggesting a greater propensity for 
epileptiform activity 3-7 days after TBI. In CAl contralateral to TBI, normal 
responses to depolarization were observed with intracellular recording and Ca++ 
imaging. Field response to Schaffer activation was also normal (n = 2). Thus, in our 
preliminary experiments cortical neurons in brain slices were electrophysiologically 
responsive during the first week after TBI. This preparation should be valuable for 
isolating and studying the cellular mechanisms of delayed cell death with in-vitro 
electrophysiology and imaging methods. Supported by NS35644.

852.10
QUANTITATIVE ANALYSIS OF CYTOSKELETAL PROTEIN BREAKDOWN 
IN HUMAN CORPUS CALLOSUM FOLLOWING HEAD INJURY. E.McCracken,
D. I Graham & D.Dewar*. Wellcome Surgical Institute & Hugh Fraser Laboratories. 
University of Glasgow, Glasgow, G61 - 1QH, U K.

A role for cytoskeletal breakdown in diffuse axonal injury (DAI) resulting from 
blunt head injury has been suggested from experimental animal models. The aim of 
the present study was to determine the status of axonal cytoskeletal proteins in 
human post mortem brain from head-injured patients.

Samples of corpus callosum from 10 head-injured patients (5 w ith DAI,5 without 
DAI) and 6 uninjured control cases (matched for postmortem delay and age) were 
analysed by SDS-PAGE and western blotting. Proteins w ere detected with antibedies 
against low molecular neurofilament (NF-L: NR4 against 68kD protein): f-tubulin 
and lau. Protein bands were quantified by measuring optical densities (OD) on the 
immunoblots.

There was a marked loss of 68kD NF-L in the head injured patients compared to 
controls. The mean OD value was reduced by 68% in patients with DAI and by 34% 
in patients without DAI compared to controls. Patients with DAI also showed an 
increase of 38% in the signal detected at 43kD while those without DAI showed no 
change compared to controls. The mean OD for Tau 1 was also reduced in the head- 
injured patients compared to controls : by 53% in those with DAI and 23% in those 
without. There was no significant difference between the head-injured and the 
control group in the P-tubulin signal.

The changes in NF-L and tau proteins in human post mortem brain support a role 
for cy toskeletal breakdown in axonal damage after head injury'.
E. McCracken is a MRC Case Award student with Smithklinc Beecham.
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852.11
TRAUMATIC BRAIN INJURY PRODUCES CHRONIC DECREASES IN 
M2 MUSCARINIC RECEPTOR. H. Q, Yan*, J. R. Ciallella, X. Ma, D, W, 
Marion, S. T. DeKosky, and C. E. Dixon, Depts. of Neurosurgery and Psychiatry, 
University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania.

Chronic functional deficits in cholinergic neurotransmission following traumatic 
brain injury (TBI) may result from change in the receptors for acetylcholine (ACh). 
Muscarinic receptor changes may underlie the well characterized observation that 
scopolamine evoked ACh release is decreased during the chronic phase after TBI. 
Using newly available antibodies, we examined the effect of TBI on M2 muscarinic 
subtype receptor protein at 4-weeks after injury. Rats were anesthetized and 
surgically prepared for controlled cortical impact injury (4 m/sec, 2.5-2.9mm) and 
sham surgeiy. Injured and sham rats were sacrificed 4-weeks post injury. For M2 
immunohistochemistry, injured (n=5) and sham rats (n=3) were sacrificed after 4 
weeks and coronal sections were cut through the medial septal area, nucleus basalis, 
and dorsal hippocampus and processed for M2 immunoreactivity. Semi- 
quantitative measurements of M2 protein in cortical and hippocampal homogenates 
from injured (n=6) and sham (n=4) rats sacrificed 4-weeks after injury were 
assessed using western blot analysis. Both methods demonstrated cortical and 
hippocampal loss of M2 protein at 4-weeks post injury. Semi-quantitative analyses 
revealed a 25-30 % decrease in injured rats compared to sham controls. This loss 
of M2 protein may represent a compensatory response of cholinergic neurons to 
downregulate presynaptic inhibitory receptors to increase the efficiency of ACh 
neurotransmission chronically after TBI. Supported by CDC-R49CCR-312296, 
NIH-R01NS33150, and NIH-R01NS21458.

852.12
CHRONIC EFFECTS OF TRAUMATIC BRAIN INJURY ON VESICULAR 
ACETYLCHOLINE TRANSPORTER (VAT) PROTEIN IN RATS. J. R. 
Ciallella*, H. O. Yan, X. Ma, D. W. Marion. S. T. DeKosky. and C. E. Dixon.
Departments of Neurosurgery and Department of Psychiatry, University of 
Pittsburgh Medical Center, Pittsburgh, Pennsylvania.

Experimental traumatic brain injury (TBI) produces cholinergic 
neurotransmission deficits that may contribute to chronic spatial memory deficits. 
Cholinergic neurotransmission deficits may be due to alterations in the storage and 
release of acetylcholine (ACh). The vesicular ACh transporter (VAT) mediates 
accumulation of ACh into secretory vesicles that are required for cholinergic 
neurotransmission. We examined the effects of controlled cortical impact (CCI) on 
regional VAT protein levels at four weeks following injury. Rats were anesthetized 
and surgically prepared for CCI injury (4 m/sec, 2.5-2.9mm) and sham surgery. For 
VAT immunohistochemistry, injured (n=5) and sham rats (n=3) were sacrificed 
after 4 weeks and coronal sections were cut through the medial septal area, nucleus 
basalis, and dorsal hippocampus and processed for VAT immunoreactivity. Semi-
quantitative measurements of VAT protein in cortical and hippocampal 
homogenates from injured (n=6) and sham (n=4) rats sacrificed 4-weeks after injury 
were assessed using western blot analysis. An increase in cortical and hippocampal 
CA3 VAT protein was demonstrated at 4-weeks in injured rats compared to sham 
controls. This increase in VAT protein may represent a compensatory response of 
cholinergic neurons to upregulate the storage capacity and subsequent ACh release 
and increase the efficiency of ACh neurotransmission chronically after TBI. 
Supported by CDC-R49CCR-312296, NIH-R01NS33150, andNIH-R01NS21458.

852.13
ACTIVATION OF CPP32-LIKE CASPASES CONTRIBUTE TO 
NEURONAL APOPTOTIS AND NEUROLOGICAL DYSFUNCTION 
AFTER TRAUMATIC BRAIN INJURY. A.G.Yakovlev*, S.M.Knoblach, 
Lei Fan, and A.I.Faden. Georgetown Institute for Cognitive and 
Computational Sciences, and Dept. of Neurology, Georgetown University 
Medical Center, Washington DC 20007.

We examined the temporal profile of apoptosis following fluid 
percussion-induced traumatic brain injury (TBI) in rats and investigated 
the potential pathophysiological role of CPP32-like caspases in this 
process. Time dependent increases in DNA fragmentation were observed 
in samples from injured cortex and hippocampus, but not from 
contralateral tissue, beginning 4 hr after TBI. Maximal degree of DNA 
fragmentation was observed 3 days after trauma. Cytosolic extracts from 
injured cortex and hippocampus, but not from contralateral or control 
tissue, induced intemucleosomal DNA fragmentation in isolated nuclei 
with temporal profiles consistent with those of DNA fragmentation 
observed in vivo. CPP32 mRNA levels, estimated by semiquantitative RT- 
PCR, were elevated 5 fold in ipsilateral cortex and 2 fold in hippocampus 
by 24 hr after TBI. ICE mRNA content was also increased after trauma, 
but to a lesser extent and occurred 3 days after trauma. Increased CPP32- 
like, but not ICE-like, enzymatic activity was found in cytosolic extracts 
from injured cortex. Intracerebroventricular administration of z-DEVD- 
fmk, a specific tetrapeptide inhibitor of CPP32-like caspases, prior to and 
following injury markedly reduced posttraumatic apoptosis as 
demonstrated by DNA electrophoresis and TUNEL staining, and 
significantly improved neurological recovery. Together, these results 
implicate CPP32-like caspases in neuronal apoptosis induced by TBI, and 
suggest that blockade of such caspases can reduce posttraumatic apoptosis 
and associated neurological dysfunction.

852.14
MARKERS OF VASOSPASM: HEAT SHOCK PROTEINS (HO-1, HSP70, 
HSP47) INDUCED FOLLOWING SUBARACHNOID INJECTION OF BLOOD. 
Christopher P, Turner*. S, Scott Panter & Frank R. Sharp. Dept. Neurology 127, 
VA Medical Center, 4150 Clement St., San Francisco, CA 94121, USA.
In the brain, the pro-oxidant heme is metabolized to biliverdin, iron and carbon 
monoxide by the enzyme hemeoxygenase (HO). HO activity is accounted for by 
two separate genes, HO-1, found mainly in glia, and HO-2 found mostly in 
neurons. We have previously shown that injection of purified oxy-hemoglobin 
(Ao-Hb) into the subarachnoid space of adult rats leads to a global induction of 
HO-1 protein in microglia throughout the brain. In addition, we have shown rat 
lysed blood can induce HSP70 in focal regions of the brain. We now extend these 
observations by demonstrating that rat lysed blood induces HO-1, HSP70 and 
HSP47 (a member of the serine protease inhibitor super family). All three proteins 
are expressed in microglia, astrocytes and neurons in the same focal regions, as 
demonstrated by immunohistochemistry on adjacents sections. These focal areas are 
most prominent in the dorso-medial cortex but also include the lateral cortex. The 
foci extend in a rostral-caudal manner from the frontal cortex to the retrosplenial 
cortex. Co-expression of the same three proteins was also observed in the striatum 
and cerebellum. Injections of Ao-Hb induced HO-1 but not HSP70 or HSP47. In 
some brains, rat lysed blood induced HO-1 but not HSP70 or HSP47. However, 
whenever HSP70 was expressed, HO-1 and HSP47 were always co-expressed. Hb 
is a known spasmogen and we propose that these three proteins are focally induced 
as a result of local vasospasm. It is possible that Fe-induced lipid peroxidation 
plays a critical role in the genesis of vasospasm since preliminary studies have 
shown that antioxidants have prevented rat lysed blood-induced HO-1, HSP70 and 
HSP47 expression. This study was funded by grants from the NIH and NINCDS, 
NIHL the Merit Review Program of the Department of Veterans Affairs, and a 
joint program of the Departments of Veterans Affairs and the Department of 
Defense.

INFECTIOUS DISEASES: HERPES

853.1
ANTEROGRADE TRANSPORT OF HSV TYPE 1 VIRAL STRAINS 
IN RETINAL GANGLION CELLS. J.A. Garner* and J.H. LaVail. Cell and 
Neurobiology, USC Sch. of Med., Los Angeles, CA, 90033 and Anatomy and 
Neuroscience Program, UCSF, Sari Francisco, CA 94143

Factors governing the anterograde movement of newly synthesized herpes 
simplex (HSV) type 1 virus and its ultimate targeting in CNS neurons have not 
been well-defined. Evidence of infection of postsynaptic target cells of a 
primary infected cell in a time frame consistent with active axonal transport and 
release from terminals has been the basis of the assumption that such 
transport takes place. However, details concerning the rate of anterograde 
transport, whether such transport is active, and what host cellular organelles 
may be involved remain to be determined. In this study, we compared the 
axonal transport of three different HSV strains: F strain, H129, and Mclntyre-B 
(Mcl-B). Equivalent titers (5 x 104 pfu) of plaque-purified viral strains were 
injected intraocularly in BALB/c mice. After 2,3,4, or 5 days, the animals were 
killed, and retinae, optic nerve, chiasm, tract, and superior colliculi were 
collected. Western blots with auti-HSV polyclonal antibody (Accurate) 
revealed that no detectable amounts of envelope or capsid proteins could be 
found in the optic pathway prior to the third day after intraocular injection. By 
4 days, H129 had spread rapidly through the optic pathway, F strain spread 
more slowly and exhibited a proximo-distal gradient, and Mcl-B accumulated 
only in the most proximal optic nerve. At later times after injection, Mcl-B virus 
could only be seen faintly in distal optic pathway. In addition, Western blots of 
both retinae and optic pathway revealed that a single major protein band 
(-100 kDa) was greatly reduced ir. the Mcl-B strain. Efforts to identify this 
protein are currently underway. These results suggest that different viral 
strains exhibit different abilities to engage the host anterograde transport 
system, and that this differential ability may be correlated with altered 
expression of certain viral proteins. (Supported by NIH and That Man May 
See, Inc.)

853.2
NEURAL-IMMUNE INTERACTIONS IN THE ESTABLISHMENT OF 
HSV LATENCY. S.L. Turner1'2, W.F. Goins3, and F.J. 
Jenkins1,2. Center for Neuroscience1, Pittsburgh Cancer 
Institute2 and Dept. of Molecular Genetics and 
Biochemistry3, Univ. of Pittsburgh, Pittsburgh, PA 
15213.

A proposed model for the establishment of herpes 
simplex virus (HSV)latency in trigeminal ganglia (TG) 
involves an interaction between cytokines,
neurotrophic factors and cellular transcriptional 
factors. This model is based on in vitro studies and 
predicts a specific interaction between IL-1|3, NGF 
and Oct-2. Our laboratory is currently investigating 
the validity of this model in vivo using a corneal 
model of HSV-l(F) infection which produces both acute 
replication and latent infections within TG. We are 
measuring by RT-PCR analysis ocular and TG mRNA 
inductions of: the acute phase cytokines IL-1, IL-6 
and TNF-a, the cellular transcription factors Oct-1 
and Oct-2, and the neurotrophic factor NGF
immediately following infection and at various time 
points approaching the cessation of acute replication 
and the establishment of latency. We have also 
determined that ocular expression of these molecules 
by plasmid vectors and infection with recombinant 
viruses expressing NGF, provide a mechanism with 
which to alter these levels prior to HSV infection.
We are currently investigating whether prior
expression of such molecules is capable of changing 
HSV replication in the eye and TG and whether such 
expression may alter the neuronal response to HSV 
infection.
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853.3

DETECTION OF HERPES SIMPLEX VIRUS TYPE I IN MICE 
DEVELOPING BRAIN DEMYELINATION. L.F.Kastrukoff*. 
A.S. Lau. G.Y, Leung, E.E. Thomas. Demyelinating Disease Study 
Group, University of British Columbia, Vancouver, Canada.

Lip inoculation of 10-12 week old male SJL/J, A/J, and PL/J mice with HSVI 
results in the development of recurrent multifocal brain demyelination (MBD). 
Active lesions develop serially throughout the brain in all 3 murine strains during 
the acute stage of demyelination (<24 days PI) but randomly in the brains of A/J 
and PL/J mice during the chronic stage (>24 days PI). To further investigate the 
relationship between virus and demyelinating lesions, brains from infected mice 
were examined up to 6 months PI, using in-situ hybridization, solution phase PCR, 
and immunohistochemistry.

During the acute stage, focal areas of viral antigen positive neuronal and non-
neuronal cells are present throughout the brain in 3 murine strains. These areas 
co-localize with areas of MBD. In in-situ hybridization studies, viral nucleic acid 
(NA) positive cells are identified in 65% of demyelinating lesions overall but up to 
90% of active demyelinating lesions for up to 8 weeks PI. Although viral NA 
positive cells are rarely associated with demyelinating lesions beyond 8 weeks, 
solution phase PCR identifies viral NA in the brain of over 90% of HSVI infected 
A/J and PL/J mice from 8 weeks to 6 months PI. Expression of viral antigens in 
relation to the development of MBD appears to continue during the chronic stage 
(up to 8 weeks PI) in both A/J and PL/J mice.

The development of recurrent MBD in A/J and PL/J mice, following infection 
with HSVI, is associated with the expression of viral antigen in the brain for at 
least the first 8 weeks PI.

853.4
CONSTRUCTION OF A GREEN FLUORESCENT PROTEIN 
LABELED gE MUTANT OF HSV FOR STUDIES OF 
INTERCELLULAR VIRAL SPREAD. M.S, Chin, T.P. Maraolis*, N.T. 
Mendoza and J.H. LaVail. Depts. Anatomy and Ophthalmology and 
Neuroscience Program, UCSF San Francisco, CA 94143.

Corneal infection by Herpes simplex virus, type-1 (HSV) is the most 
common cause of infectious blindness in the united States. HSV may 
initially infect epithelial cells, replicate and then spread to trigeminal 
nerve endings. Little is known about how HSV or other viruses spread 
between trigeminal nerve endings and corneal epithelial cells or 
between corneal cells following viral reactivation from the latent state. 
The spread of virus from cell-to-cell may occur by two possible 
mechanisms; (1) enveloped virus is released from the first neuron into 
the extracellular space and attaches and fuses with the plasma 
membrane of the second cell; or (2) virus spreads to neighboring cells 
via cellular junctions. We have begun to investigate the role of 
trigeminal innervation on the spread of virus in recurrent corneal 
infection, using HSV mutants which have the green fluorescent protein 
(GFP) of Aequorea victoria fused to either the amino or carboxyl 
terminus of viral glycoprotein E. After infecting Vero cultures with 
equivalent titers, the mutant with GFP fused to the amino terminus of 
gE (GFP-gE) formed smaller plaques than the wild-type virus (strain F) 
or the mutant fused to the carboxyl terminus of gE (gE-GFP). Twenty- 
four hours after corneal scarification and inoculation with equivalent 
titers of the strains, we found all 3 strains infected the corneal 
epithelium, including: the squamous-like cells coupled by tight 
junctions; wing cells; and basal cells. Efforts to determine the temporal 
sequence of spread of the viral strains from squamous-like cells to 
underlying epithelial and stromal cells are underway. (Supported by 
NIH and That Man May See, Inc.)

853.5
IFN-y IS NOT REQUIRED IN THE IL-12 PROMOTED RECOVERY FROM 
VSV INFECTION OF THE OLFACTORY BULB. T. Komatsu and C.S. 
Reiss*. Dept. of Biology and Ctr. for Neural Sci., New York Univ,
New York NY 10003

The role of IFN-y in host defense to exogenous IL-12 and clearance 
of vesicular stomatitis virus (VSV) from the central nervous system 
(CNS) was examined. Wildtype and interferon-gamma (IFN-y) 
knockout mice (GKO) infected with VSV were treated with IL-12 or 
medium. In both groups, IL-12 treatment resulted in: 1) substantially 
decreased VSV titers in brain homogenates and diminished 
immunohistochemical detection of VSV Ags in tissue sections; 2) 
induction of Types 1, 2, and 3 Nitric Oxide Synthase (NOS); 3) 
induction of major histocompatibility complex (MHC) molecules and 
rapid infiltration of both T cells and NK cells. These results suggest 
that IFN-y production both systemically and in the olfactory bulb 
contribute to, but is not essential for, clearance of VSV from the 
brain. Neutralization of TNF-a in GKO mice treated with IL-12 was 
accompanied by the same immunohistochemical changes, implying 
that neither IFN-y nor TNF-a were required. In vitro studies using 
purified IL-12 or IFN-y in culture medium induced NOS isoforms in 
neurons, glia, and macrophages, and MHC II on glia and 
macrophages. These data suggest IL-12 directly activates neurons 
to promote viral clearance in vivo.

853.6
STRAIN DIFFERENCES IN ANTEROGRADE AXONAL 
TRANSPORT CONTRIBUTE TO SELECTIVE PATTERNS OF 
TRANSNEURONAL SPREAD OF HSV IN TRIGEMINAL
neurons . . .LaVail*, K.£, .Topp, P,A- Glbiin and J-A, Garner*, Dept.
Anatomy, Neuroscience Program and Program in Physical Therapy, UCSF 
San Francisco, CA 94143 and ADept. of Cell and Neurobiology, U.S.C., Los 
Angeles, CA 90033.

In viral encephalitis and retinal necrosis, different strains of Herpes simplex 
virus (HSV) spread between neurons in the CNS by distinctly different routes. 
We examined the steps of viral infection in a single neuron type and nearby 
glial cells in vivo to determine whether three different strains of HSV (F, H129 
and Mcl-B) induce characteristic features of proliferation, transport or release 
of virus in infected host cells. The corneas of BALB/c mice were inoculated 
with equivalent titers of the strains, and the animals were killed 2 to 5 days 
later. The trigeminal nerves, ganglia and roots as well as brainstem were 
dissected. The spread of viral proteins within trigeminal cells was examined 
using immunocytochemistry, EM and Western blots with anti-HSV polyclonal 
antiserum. The most significant differences were: 1) inoculation with Mcl-B 
virus resulted in fewer labeled trigeminal ganglion cells, possibly as a result of 
reduced viral production in the corneal epithelium or trigeminal ganglion cells; 
2) although the Mclntyre-B strain was at least as, if not more efficient, at 
retrograde transport than the other strains, the amount of Mcl-B virus that was 
transported in an anterograde direction was significantly less than the other 
strains; 3) H129 was transported either more efficiently or more rapidly than 
the other strains; and 4) uptake by satellite cells in the ganglion appeared to 
be qualitatively similar for the three strains, but maturation and release of virus 
from satellite cells to other neurons was reduced in the Mcl-B. These 
characteristics may account for the preferential retrograde transneuronal 
spread of Mcl-B strain and raise the possibility of using these viral strains to 
investigate the biochemical and molecular basis of organelle attachment to 
specific cytoplasmic motors. (Supported by NIH and That Man May See, Inc.).

853.7
ECTOPIC EXPRESSION OF INTERFERON-GAMMA IN THE RETINA 
MEDIATES SURVIVAL OF LETHAL CNS INFECTION WITH HERPES
SIMPLEX VIRUS TYPE 1 (HSV-1) IN IMMUNOCOMPROMISED SCID MICE. 

1 7K. D. Geiger* and N. E. Sarvetnick~. Edinger-Institut, University of Frankfurt, 
60528, Germany ’ Department of Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037, USA2.

To investigate cytokine mediated antiviral mechanisms in viva, we studied 
the outcome of intraocular HSV-1 infection in mice with the severe combined 
immunodeficiency mutation (SCID) and in SCID transgenic mice that express 
Interferon-gamma (IFN-y) in the retinal photoreceptors (SCID/rhoy). Their right 
eyes were injected intravitreally with I05 pfu of HSV-1 F. Pathological changes 
were assessed by histology and immunocytochemistry. Apoptosis in the brain was 
evaluated by in situ labeling of 3'-OH DNA ends. The mice developed viral 
infection of both the inoculated and the uninoculated eyes, the optic nerve and the 
brain. Nontransgenic SCID mice died by day 6-8. Transgenic SCID/rhoy mice 
survived HSV-1 infection. Survival was correlated with markedly lower numbers of 
cells undergoing apoptosis and upregulation of the protooncogene bcI-2 in the 
brains of transgenic mice. Our observations demonstate that the function of B- and 
T-cells, which is lacking in SCID mice, is not mandator}' for the survival of HSV 
infection. These results also emphasize the importance of macrophage function, 
which may be activated by IFN-y. Furthermore, it is possible that exposure of the 
virus to the cytokine in the eye alters the gene expression of the virus, allowing for 
the survival of infected neurons by induction of bcl-2 expression and prevention of 
apoptosis. Supported by NIH grant MH 47680 and DFG.
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854.1
L-PROLINE TRANSPORTER mRNA: LOCALIZATION IN HUMAN 
HIPPOCAMPUS/ENTORHINAL CORTEX, CORRELATION WITH 
GLUTAMATE TRANSPORTER mRNA & REDUCTION IN SCHIZOPHRENIA
S.E, Bachus *#. T.M, Hyde #. M.M, Herman #. R.T. Fremeau. Jr.t. R.P.
Blakely §. & J.E. Kleinman #. # CBDB, NIMH Neurosci. Ctr. at St. Elizabeths, 
Wash., DC, 20032; f Dept. Pharmacol., Duke Univ. Med. Ctr., Durham, NC, 
27710; § Dept. Pharmacol., Vanderbilt Univ., Nashville, TN, 37232.

L-proline transporter is specific to a subpopulaton of glutamate neurons- 1). 
Hippocampal neuronal glutamate transporter mRNA is reduced in 
schizophrenia (2). We compared levels of mRNA for the l-proline transporter 
between schizophrenics (n=11), normals (n=11), bipolar affective disorder 
patients who received neuroleptic treatment (n=5), and nonpsychotic suicide 
controls (n=7). In situ hybridization with an [35-S]-labeled oligonucleotide 
probe for human l-proline transporter mRNA (1) was performed on 14 p thick 
sections containing dentate gyrus, CA1-4, subiculum and caudal entorhinal 
cortex. Data were sampled with NIH IMAGE. Statistics were by 2 way 
ANCOVA with group and region as factors and white matter label as a 
covariate, plus post-hoc pairwise group and regional comparisons.

Label exceeded background in CA1-4, subiculum and deep entorhinal 
cortical layers, consistent with the localization in rat (1). Levels were positively 
correlated with those for glutamate transporter mRNA (2) in CA4 (r=.49), CA3 
(r=.65), subiculum (p=.57) and deep layers of entorhinal cortex (r=.34). 
Cortical levels were higher in “nonlimbic” inferior temporal cortex.

Schizophrenics had reduced levels relative to normals in CA3 and CA1 
(p< 05) with a trend toward a reduction (p=.O8) in CA4. Similar decreases in 
bipolars and suicides suggest that effects of chronic illness &/or drug 
treatment could contribute to these results.
Supported by Stanley Fdn. (SEB). (1) Fremeau et al., Neuron 8:915,1992. 
(2) Bachus et al., Neurosci. Abstr. 1996; Murray et al., Neurosci. Abstr. 1996.

854.2
A MORPHOMETRIC AND IMMUNOHISTOCHEMICAL STUDY OF THE 
ROSTRAL ENTORHINAL CORTEX IN NEUROPSYCHIATRIC PATIENTS 
AND CONTROLS: HETEROTOPICALLY DISPLACED LAMINA II NEURONS 
ARE NOT INDICATIVE OF SCHIZOPHRENIA. H.-G. Bemstein,H. Henning, P. 
Danos.D. Krell, P. Falkai, H. Stark*, B, Baumann, B. Bogerts. Dept. Psychiatry, 
Univ. Magdeburg, Inst. Neurobiol. Magdeburg, Dept. Psychiatry Univ. Bonn,FRG

More than a decade ago subtle cytoarchitectural abnormalities of the rostral 
entorhinal cortex have been reported to be characteristic for schizophrenics. A 
main finding was the heterotopic displacement of lamina II neurons (which 
appeared morphologically immature) into layer III in a subgroup of patients. 
Recent findings suggesting a considerable cytoarchitectural hetergeneity of the 
normal entorhinal cortex renewed the interest in this problem and promted the 
question to which extent "aberrantly" located clusters of neurons are really 
disease-related. We analyzed quantitatively the amount of entorhinal 
"heterotopias" in 31 schizophrenics (S), 7 depressive patients (D) and 46 controls 
(C). The investigators were blind to the diagnosis. It was revealed that heterotopic 
cells occur in S, D and C. One third of the controls but one tenth of the 
schizophrenics were free of heterotopias. However, S and C did not differ 
significantly with regard to the amount of heteropias per slice. Depressive patients 
had significantly more "displaced" cell groups than S and C (p< .05). To further 
characterize heterotopic neurons immunohistochemically, we applied antisera to 
several cell markers: Calretinin, parvalbumin, somatostatin, met-enkephalin, B- 
endorphin, NO-synthase, GFAP, Alz-50, APP-A4 and ornithine decarboxylase. 
The staining pattern of heterotopic neurons for these substances was similar to 
normal entorhinal pre-alpha (and sometimes pre-beta) neurons. Hence we have no 
evidence for the immature nature of heterotopic neurons. Our data show that 
heterotopias are common to the rostral part of human entorhinal cortex and that 
they are not a suitable anatomical marker for schizophrenia.
Supported by DFG, BMBF, Hertie-Stiftung and Stanley Foundation.

854.3
SCHIZOPHRENIA: NEURONAL MEASURES IN LEFT AND RIGHT 
LANGUAGE AND VISUAL CORTICES.
D.P.Holinger*. C.Mori. and A.M. Galaburda. Beth Israel Deaconess Medical 
Center and Harvard Medical School, Boston, MA 02215.

The posterior superior temporal gyrus (STG) is important in humans for auditory and 
language-related function. In schizophrenia, a relationship has been demonstrated 
between auditory hallucinations and temporal lobe abnormalities using functional and 
structural multimodal imaging measures. Using histological measures, we previously 
reported neuronal differences between schizophrenic and control brains in the posterior 
STG. In contrast to convergent reports of functional, structural, and histological 
abnormalities in the posterior STG, there is little evidence of visual abnormalities 
related to clinical symptoms in schizophrenia. We hypothesized, therefore, that there 
would be no cellular anomalies in the visual cortex, whereas there would be neuronal 
alterations in the posterior STG. We present additional histological data on the 
posterior STG (Area 22) in addition to new histological data on the primary visual 
cortex (Area 17).

A cell-counting-box system was used to measure cell-packing densities and cross- 
sectional neuronal areas of Layers I, II, Ilia, IIIc, IV, Va, and Vlb of both the left and 
right posterior STG in eight schizophrenic male and four control male brains. We 
also used the same measures for Layers II, III, IVa, IVb, IVca, IVcp, V, and VI of 
both the left and right primary visual cortex in three schizophrenic male and three 
control male brains from this same group.

Our posterior STG analysis showed a significant Layer by Diagnosis interaction; 
this finding supports our earlier report of decreased neuronal density in 
schizophrenia in Layer? II and Ilia. In contrast, there was no similar interaction in 
neuronal density in primary visual cortex. The significance of these findings in 
schizophrenia is twofold: (1) the lack of cellular differences between schizophrenic 
and controls in primary visual cortex is congruent with the lack of visual symptoms; 
and (2) the decreased cell density in the posterior STG provides additional support 
for our hypothesis that histological alterations underlie functional and structural STG 
abnormalities related to positive symptoms. Supported by a grant from the EJLB 
Foundation. Brain Tissue provided by HBTRC, MH31862.

854.4
ANTERIOR CINGULATE CORTEX PATHOLOGY IN SCHIZOPHRENIA. 
E, KflyarLP, GiannakoireulQS, L.Bidaut. J, Guimon. C» Bouras*.
Department of Psychiatry, HUG-Belle-ld6e, 1225 ChSne-Bourg, 
Geneva, Switzerland.

To explore the role of the anterior cingulate cortex in schizophrenia 
we performed a quantitative analysis of cortical thickness, neuron 
densities and neuron size in 8 patients with schizophrenia (6 men, age 
range: 55.5 ± 2.5 years old; and 2 women, 51 and 71 years old) and 10 
controls matched for age, sex, post-mortem interval and time of tissue 
fixation.Paraffin-embedded blocks from the anterior cingulate cortex 
were cut into 50 pm thick sections. Total cortical thickness was 
measured with the image-analysis apparatus, and additional manual 
measurements of laminar width were made. Estimates of neuron 
densities and neuron size were measured using the optical disector, an 
unbiased stereological counting method.

In patients with schizophrenia, total cortical thickness of both left and 
right anterior cingulate cortex was significantly decreased compared to 
controls. There was a significant narrowing of layer V, but not of layers I- 
IV and VI, in these areas in schizophrenics compared to controls. No 
statistically significant differences were found in total and laminar 
neuron densities as well as in neuron size between the two diagnosis 
groups.

Our data reveal a significant decrease of cortical thickness in the 
anterior cingulate cortex bilaterally in patients with schizophrenia, and 
suggest that this decrease is not due to neuronal loss or decreased 
neuron size but might be the consequence of synaptic or neuropil 
alterations in the course of this disease.

854.5
VIRAL AND VIRUS-ASSOCIATED RNA TRANSCRIPTS ARE DIFFERENTIALLY EXPRESSED 
IN THE BRAINS OF INDIVIDUALS WITH SCHIZOPHRENIA AND BIPOLAR DISORDER. 
F, Yee*, N.L. Johnston, F. Leister, S. Li, C.A. Ross#, E.F. Torrey. R.H. Yolken and the Stanley
Neuropatholqy Consortium. Stanley Neurovirology Laboratory, #Depts. of Psychiatry and 
Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD 21205.

We have examined the hypothesis that RNA expression in the brain may be altered in 
schizophrenia and other neuropsvchiatric illnesses, including bipolar disorder. In the 
present study, a modified version of the arbitrarily primed-polymerase chain reaction (AP- 
PCR) method (Welsh et al, Nucl. Acids Res. 20: 4965,1992) was used to determine whether 
RNAs are differentially expressed in cortical regions obtained postmortem from individuals 
with schizophrenia and normal controls with no prior history of mental illness.

Higher frontal cortical levels of several RNA transcripts were found in an individual with 
schizophrenia compared to the normal control. These candidate clones were then 
screened for disease specificity using semi-quantitative (random primed and oligo dT- 
primed) reverse transcription-PCR with RNAs obtained postmortem from individuals with 
schizophrenia (n=21), bipolar disorder (n=19), non-psychotic depression (n=13), 
Huntington’s disease (n=6), and unaffected controls (n=9). Levels of one candidate 
transcript were higher in both the schizophrenic (p<.03) and bipolar groups (p<.02), and its 
sequence was nearly identical to the DB1 zinc finger protein (>99% predicted amino acid 
similarity), which interacts with the tax protein of human T-cell leukemia virus to increase 
interleukin-3 transcription. The second candidate RNA displayed 77% amino acid 
homology to the Pol polyprotein of simian retrovirus (SRV-1), which is a primate type-D 
retrovirus, and elevated cDNA levels were found in the bipolar group (p=.004). Levels of 
the third candidate clone were also increased in the bipolar group (p<.01), and its 
sequence is distantly related to a paramyxovirus, simian virus (SV)-5. Higher levels of the 
fourth candidate were found in the schizophrenic group (p<.02), and the sequence of its 
putative peptide is similar to the envelope protein of an avian retrovirus, avian reticulosis 
virus. Ribonuclease protection assays are underway to confirm the differential expression 
of these candidate RNAs . Our preliminary findings indicate that viral and virus-associated 
RNA transcripts are expressed in the brains of some individuals with schizophrenia, as well 
as bipolar disorder, and may play an important role in disease pathogenesis.

This research was supported by The Theodore and Vada Stanley Foundation.

854.6
DEVELOPMENTAL REGULATION OF DOPAMINE D,-LIKE RECEPTORS 
IN HUMAN CAUDATE. D.M. Montague*, C.P. Lawler, R.B. Mailman and J.H. 
Gilmore,. UNC Neuroscience Center, Mental Health Clinical Research Center, and 
Department of Psychiatry, University of North Carolina School of Medicine, Chapel 
Hill, NC 27599.

Perturbations in the developmental regulation of the dopaminergic system have 
been hypothesized to participate in the age-dependent onset of schizophrenia, a 
disorder whose symptoms emerge typically during late adolescence. Studies in non-
human primates indicate that this developmental period is marked by decreases in 
dopamine D,-like receptors There is less information available concerning the 
developmental expression of dopamine receptors in human brain, particularly during 
adolescence and young adulthood.

The present study employed quantitative receptor autoradiography to measure 
dopamine D,-like receptor density and affinity in anterior caudate of humans. 
Caudate samples were obtained postmortem from 15 subjects at various ages (2 
months to 49 years). Samples were grouped, a priori, into three classes: infants (n=4, 
mean age = 10.5 months), adolescents (n=6, mean age = 16.8 years), and adults (n=5, 
mean age =39 years). Saturation isotherms of [3H]SCH23390 binding were 
conducted on slide-mounted thin sections from each subject. Densitometric analysis 
of film images of caudate revealed no consistent differences in D, receptor affinity 
among the age groups (K05 ca. 1.5 nM). Moreover, D, receptor densities were 
similar among infants and adolescents. There was, however, a strong tendency for 
adults to display lower densities compared to the two younger age groups. The 
results of this study suggest, then, that changes in the expression of D,-like receptors 
do occur between adolescence and adulthood, and raise speculation concerning the 
relevance of these and other changes in the dopaminergic system to the 
developmental expression of certain psychiatric disorders. (Supported by MH50356 
and MH40537 and Center grants HD03110 and MH33127)
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854.7
SERIAL ANALYSIS OF GENE EXPRESSION OF BRAIN TISSUE FROM
INDIVIDUALS WITH SCHIZOPHRENIA AND BIPOLAR DISORDER. Y.Sun,
R.E.Sheridan*, R.H.Yolken, and the Stanley Neuroviroloqy Consortium. The
JohnsHopkins University School of Medicine, Baltimore, MD 21205.

Schizophrenia is associated with structural and functional abnormalities.
within the central nervous system. It is hypothesized that a perturbation of normally 
well-regulated gene expression may be associated with the pathogenesis of 
schizophrenia. Many factors, including virus infection and immune activation may 
influence gene expression. To test this hypothesis, we employed the technique, 
serial analysis of gene expression (SAGE) to analyze postmortem brain tissue of 
patients with schizophrenia, bipolar disease and controls. Total RNA from the 
frontal cortex region was extracted and converted to cDNA by a modification of 
Capfinder method (CionTech). The cDNA was then digested with the restriction 
enzyme, Nlalll, so that a pool of genomic fragments were generated and ligated to a 
pair of linkers. The linkers contain a recognition site for BsmFI which exerts its 
enzymatic activity at a distance of 9-base pair apart from the recognition site. A 
representative of each gene was thus generated and subjected to PCR amplification. 
The PCR products were then ligated, cloned, and sequenced. The sequences 
were analyzed using a computerized program which utilizes data base extracted from 
the GenBank. Among the first 1000 tags analyzed, at least 6 genes were found to 
be differentially expressed. One tag, which did not match the GenBank database, 
was found to be 15 times more frequent in schizophrenia than in bipolar. Five tags 
which were significantly more abundant in bipolar than in schizophrenia were 
identified as serotonin transporter, MHC class transactivator, HTLV-I cDNA and 
two different tags on hydroxy-indole O-methyl transferase. Ongoing analysis is 
directed at the investigation of the role of these molecules in the etiopathogenesis of 
human neuropsychiatric diseases.

This work is supported by the Theodore and Vada Stanley Foundation.

854.8
THE CALBINDIN IMMUNOREACTIVITY IN THE 
HIPPOCAMPAL FORMATION AND NEOCORTEX OF 
SCHIZOPHRENIA. S.Iritani*L, N.Kuroki K.Niizatok K. 
Ikeda% & H.Kazamatsuri -T 1 Dept.of Psy. Tokyo Metropolitan 
Matsuzawa Hosp.,Setagayaku Tokyo 156 Japan, 2Dept. of 
Neuropathology, Tokyo Institute of Psy., Setagaytaku Tokyo 156 Japan

CalbindinD28K (CaBp) is widely distributed throughout 
the central nervous system, although its physiological role 
in the brain is unknown. It is said that CaBp 
immunoreactive neurons mostly belongs to subpopulation of 
GABAergic interneurons in the human cerebral cortex. On 
the other hand, GABAergic dysfunction has been implicated 
in the pathophysiology of schizophrenic disorder. In this 
study, we observed CaBp-immunoreactivity in the 
hippocampal formation and the neocortex of schizophrenia 
using the technique of ABC method, and compared to the 
facts which demonstrated in normal human brains in the 
previous studies. In the hippocampal formation of 
schizophrenia, some CaBp-immunopositive cell bodies and 
fibers of area CA1 and CA2 were altered in their 
arrangements. In the frontal and temporal cortex, some 
immunopositive cell bodies in the layer III and/or IV 
showed irregular arrangements in their axes and disarray 
of their fibers. These facts may suggest that the altered 
distribution pattern of CaBp- immunopositive products 
indicate the dysfunction of GABAergic neuron of 
schizophrenic disorder.

854.9
ULTRASTRUCTURAL CHANGES IN DOPAMINERGIC NEURONS IN THE 
SUBSTANTIA NIGRA PARS COMPACTA OF SCHIZOPHRENICS. R.C. 
Roberts*, R.A. McKim. K. Crosby, M. Force and L. Kung. Maryland Psychiatric 
Research Center, Department, of Psychiatry, University of Maryland School of 
Medicine, MD 21228.

An abundance of evidence suggests that the dopamine system is perturbed in 
schizophrenia. The goal of this study was an electron microscopic examination of 
dopamine neurons in the substantia nigra pars compacta (SNc) in schizophrenics. 
Post-mortem tissue from schizophrenics (SZ, n=5), normal controls (NC, n=5) and 
psychiatric controls (PC, n=3) was obtained from the Maryland Brain Collection. The 
ages and PMIs for each group were: 41.0±10.9yrs, 6.4±1.9hrs (SZ); 45.0±14.2yrs, 
6.2±1.6hrs (NC); 67.3±9.1, 6.0±1.7hrs (PC). Tissue was fixed in 4%
paraformaldehyde and 1% glutaraldehyde, and processed for the immunocytochemical 
localization of tyrosine hydroxylase (TH, 1:1000). Dopamine neurons from the SNc, 
identified by TH-labeling or morphological criteria, were studied. The ultrastructural 
features of the SNc in normal humans are similar to those of other species. In the 
schizophrenics, a striking change in rough endoplasmic reticulum (rER) in dopamine 
cells was evident. In several cases, the stacks of rER were clumped and condensed, 
such that the normal parallel arrays of strands of rER were no longer evident. The 
dense clumps consisted mainly of polyribosomes with an occasional short strand of 
rER. Moreover, in some cases, there were numerous cytoplasmic dilations and 
vacuoles. Some of these structures were dilations of RER, others were swollen 
mitochondria. Clumped and condensed rER was observed in the PC cases which were 
treated with typical neuroleptics. These alterations cannot be accounted for by 
differences in PM1 or age, as these parameters were matched. The abnormalities may 
be a drug effect, as some were present in the PC cases and chronic treatment with 
haloperidol in rats produces changes in the structural integrity of rER. Nevertheless, 
the results have clinical implications for the function of dopamine neurons in 
schizophrenia. Supported by MH40279, the Stanley Foundation & Scottish Rite.

854.10
PYRAMIDAL CELL ORIENTATION AND DENSITY OF THE 
LEFT HIPPOCAMPUS IN SCHIZOPHRENIC BRAINS.

Iwanamfi & H. Kazamatsud1 jDepX. of Psy. Tokyo Metropolitan 
Matsuzawa Hosp., Setagayaku Tokyo 156 Japan, 2Dept. of Neuropathology, 
Tokyo Institute of Psychiatry, Setagaytaku Tokyo 156 Japan, ^Dept. of 
Psychiatry, Faculty of Medicine, Tokyo University, Bunkyoku Tokyo 113 
Japan. ^Department of Psychiatry, Showa University School of Medicine, 
Shinagawaku Tokyo 142, Japan

Several neuropathological findings concerning the hippocampus 
in schizophrenia were recently reported. However, no consistent 
findings have been found in the previous studies. In the present 
study, pyramidal cell orientation and density of the hippocampus 
in 24 schizophrenic patients and 20 age- and sex-matched normal 
controls were examined. Significant differences in pyramidal cell 
orientation were found at CA1 between two groups. Sections from 
schizophrenic group have slightly higher density than control 
group. Significant differences in pyramidal cell orientation were 
found at CA1 among subtypes of schizophrenia. Pyramidal cell 
disorientation is the most pronounced in the catatonic group. 
Sections from the catatonic group have slightly higher density. No 
correlations between pyramidal cell disorientation and any 
psychiatric symptoms were found. No correlations between 
pyramidal cell density and any symptoms were also found. It is 
suggested that some subgroups of schizophrenic patients have 
cytoarchitectural abnormalities.

854.11
VARIATIONS IN HIPPOCAMPAL PYRAMIDAL NEURON 
ORIENTATION IN SCHIZOPHRENIA. M.W, Vogel*. O. Jin, R.C. 
Roberts, and L, Pezawas. MD Psychiatric Research Center, Dept. of Psychiatry, 
University of Maryland Medical School, Baltimore, MD 21228.

Some of the more striking findings in the last decade of postmortem 
research in schizophrenia are reports of altered hippocampal pyramidal 
cell orientation. The findings remain controversial because more recent 
studies have failed to replicate the original findings. To investigate the 
discrepant findings in pyramidal cell orientation in schizophrenics, we 
have prospectively collected postmortem hippocampi from 24 subjects 
from the Maryland Brain Collection (9 controls, 9 schizophrenics, 1 
schizoaffective disorder, and 5 suicides). Pyramidal cell orientation was 
assayed in 6 to 10 sections from the middle of the hippocampus for each 
subject using NIH Image. The circular variance of the neuronal angles 
was calculated for 12 pyramidal cells per field from two microscope 
fields of the CA1 and CA2/3 regions of the hippocampus.

Although the mean circular variance values were slightly higher in 
the schizophrenic and suicide groups compared to controls, the 
differences are not significant (p > 0.05). The salient feature of the data 
was the large amount of variation between different fields within the 
same subjects. As a result the standard deviations calculated for the. 
mean circular variances for each subject could be quite high. One 
possible implication of this finding is that false positive results for 
differences in pyramidal cell orientation could be discovered if the 
frequency of sampling is low and, by chance, sections with large 
circular variances are picked for one experimental group and sections 
with smaller circular variances are picked for another experimental 
group. Research support provided by the Stanley Foundation and MH40279.

854.12
A COMPARISON OF THE DENSITY OF PYRAMIDAL (PN) AND 
NONPYRAMIDAL (NP) NEURONS IN THE ANTERIOR CINGULATE 
CORTEX (ACCx) OF SCHIZOPHRENIC (SZ) AND MANIC 
DEPRESSIVES (MD). S.L. Vincent*, M.S. Todtenkopf, F.M. Benes. 
Laboratory for Structural Neuroscience, McLean Hospital, Belmont, MA; 
Department of Psychiatry and Program in Neuroscience, Harvard 
Medical School, Boston, MA.

A recent postmortem study has reported a reduced density of NPs in 
layers ll-VI of ACCx in schizoaffective (SA) subjects and raised the 
question as to whether this finding may covary more strongly with SZ or 
with affective disorder. To clarify this issue, a two-dimensional analysis 
of the density of PNs, NPs and glial cells (GC) was performed in a 
300um-wide column through layers l-VI of ACCx from 12 normal 
controls (CON), 11 SZs and 10 MDs matched for age and postmortem 
interval. In layer II, the density of NPs was reduced by 27% in MDs (p = 
0.027), but only by 15% in SZs. The density of PNs was also 
significantly reduced, but only in layer IV of SZs (by 36.6%; p = 0.02). 
There was no difference in the size of either PNs or NPs in SZs. For 
MDs, however, the size of NPs in layers II (22.4%; p = 0.05) and III 
(23.6%; p = 0.02), as well as PNs in layers II (24.3%; p = 0.004) was 
significantly larger than that in either the CONs or SZs. An Abercrombie 
correction for cell size resulted in a greater level of significance for the 
differences in NP density in MDs. No change in glial density was 
observed in any layer of either patient group. Overall, these results are 
consistent with the view that a reduction in the density of NPs in layer II 
of ACCx is more prominently present in subjects with MD, although 
decreases of PNs may occur in deeper laminae of SZs. Supported by 
MH00423, MH42261, MH31862.
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854.13
REDUCED NUMBER OF MEDIODORSAL THALAMIC NEURONS IN 
SCHIZOPHRENICS. K,F, Manayc*. D C, German. C-L. Liang. PB. Hicks and 
KA, Young, Dept. of Psychiatry, Univ. of Texas Southwestern Med. Sch., Dallas 
TX 75235-9070, and Texas A&M Univ. Health Sci. Cntr., Scott & White Clinic, 
and VA Central Texas Health Care System Neuroscience Lab, Waco TX 76711.

Changes in thalamic neuronal populations in schizophrenia have not been 
systematically studied. The mediodorsal (MD) nucleus is the only thalamic nucleus 
that has been examined, and it was reported to have significantly fewer cells than 
normal (Pakkenberg, 1990). Our group is examining the number of neurons in all 
thalamic nuclei in the schizophrenic brain using the optical dissector stereological 
technique. The present report deals with our initial findings in the MD nucleus 
using 4 schizophrenic and 4 non-psychiatric control brains. We examined the left 
side of the brain, in 60 pm thick coronal sections, hi the control cases, the MD 
nucleus contained 3.8 ± 0.1 x 106 neurons (mean ± SEM) and occupied 5 x 10” 
pm3. In schizophrenic brains the MD nucleus contained significantly fewer cells 
(34%, Welch’s t=4.57, p-0.006), and occupied significantly less volume (20%, 
Welch’s t=3.16, p=0.026). The robust reduction in the MD thalamic nucleus in 
schizophrenia, now independently replicated, strongly indicates that abnormalities 
exist in thalamocortical circuits of the schizophrenic brain. Studies in progress 
will determine whether other thalamic nuclei are also affected in schizophrenia. 
Supported by MH55897.

854.14
PYRAMIDAL NEURONS IMMUNOREACTIVE FOR NONPHOSPHORYLATED 
NEUROFILAMENT PROTEIN IN THE PREFRONTAL CORTEX OF SUBJECTS 
WITH SCHIZOPHRENIA. J. N. Pierri* and D. A. Lewis. Departments of 
Psychiatry and Neuroscience, University of Pittsburgh, Pittsburgh PA 15213

In the prefrontal cortex (PFC), deep layer 3 pyramidal neurons are likely to be 
involved in the pathophysiology of schizophrenia due to their role in corticocortica! 
connectivity, their location in the projection zone of afferents from the medial dorsal 
thalamic nucleus, and the refinements in connectivity that they undergo during 
adolescence. Indeed, previous studies have reported that the size (Rajkowska et al, 
Schizo. Res. 15:31) and dendritic spine density (Glantz and Lewis, Soc. Neurosci. 
Abst. 22:1679) of deep layer 3 pyramidal neurons are reduced in the PFC of subjects 
with schizophrenia. We used an antibody against nonphosphorylated neurofilament 
protein (NNFP) to study a subpopulation of deep layer 3 pyramidal neurons in PFC 
area 46 from ten subjects with schizophrenia (SZ), who were case matched for age, 
sex, race, and postmortem interval, to ten normal (NC) and ten psychiatric controls 
(PC). Somal size, the relative quantity of NNFP-immunoreactivity (IR) as 
determined by somal light transmittance, and the number of basilar dendrites were 
measured for 50 intact cells in each subject. Preliminary analyses have not revealed 
any significant differences in mean+SD somal size (pm2) (SZ=320.1+39.5, 
NC=372.8±102.3, PC=322.6±51.0), light transmittance measures (SZ=69.8±7.3, 
NC=68.1±8.0, PC=63.2±9.0), or the number of basilar dendrites/cell (SZ=9.1+1.2, 
NC=9.0±.6, PC=9.3±1.3). We interpret these results to suggest that, in 
schizophrenia, either other aspects of the NNFP-IR subset of deep layer 3 pyramidal 
cells are affected, or that other populations of layer 3 pyramidal cells are altered. 
Additional assessments of NNFP-IR layer 3 pyramidal neurons are in progress. 
Supported by MH45156.

854.15
Transcriptional modifications of genes encoding the y2 subunit of 
the GABAa receptor in prefrontal cortex of schizophrenics. M, M.
Huntsman* and E, G. Jones. Dept. of Anatomy and Neurobiology, University of 
California, Irvine, CA 92697.

Schizophrenia is a chronic disorder that afflicts nearly 1% of the American 
population. Schizophrenia expresses itself in a variable array of symptoms that 
are likely to result from disturbances of multiple neurotransmitter systems 
involving a number of brain regions. The major inhibitory neurotransmitter 
system, involving y-aminobutyric acid (GABA), has been shown to be affected 
in schizophrenics both pre- and post-synaptically. The GABAa receptor is 
modulated by a number of CNS depressant drugs, e.g., benzodiazepines, 
previously shown to have decreased binding in schizophrenics. The goal of the 
present study is to determine if there is a molecular basis for this decrease by 
examining transcript levels of the y2 subunit, an essential requirement for 
benzodiazepine binding. Our previous investigations using in situ hybridization 
histochemistry of subcloned y2 subunit cDNAs yielded decreased transcript levels 
in schizophrenic tissue that were not statistically significant (Akbarian et al., 
Cerebral Cortex 5, 550, 1995). Therefore, a more sensitive approach - PCR 
amplification of total RNA extracted from schizophrenic and matched control 
pairs - was used by designing oligonucleotides flanking the cytoplasmic loop 
from the human y2 sequence. This region includes a 24 bp alternatively spliced 
segment known to effect the efficiency of receptor function. We found decreases 
in overall transcript levels in schizophrenic brains compared to matched pairs, 
with a tendency for increased amounts for the 24 bp insert. Decreased levels of y2 
transcripts in prefrontal cortex of schizophrenics may be a compensation brought 
on by faulty inhibitory neurotransmission in schizophrenics. Supported by 
Markey Foundation in Human Neuroscience and MH 54844.

854.16
HIPPOCAMPAL NMDA RECEPTOR SUBUNIT mRNA IS ALTERED IN 
SCHIZOPHRENIA WITHOUT A CHANGE IN NMDA RECEPTOR BINDING.
C.A. Tamminqa*, X.-M. Gao. K. Sakai, R.C. Conley, R.C. Roberts. M.P.R.C., 
University of Maryland at Baltimore, Box 21247, Baltimore, MD 21228.

Several lines of evidence implicate the hippocampus (H) and the anterior 
cingulate cortex (ACC) in the pathophysiology of schizophrenia. Based on the 
human functional imaging data and animal PCP pharmacology from our own 
laboratory, we have speculated that a reduction in the activity of the efferent 
excitatory glutamate-mediated neuronal pathway from H to ACC in 
schizophrenia and could underlie positive symptoms. To test this hypothesis, 
we gathered paired hippocampal and anterior cingulate tissue samples from 
12 normal and 15 schizophrenic persons (obtained from the Maryland Brain 
Collection), matched for age, PMI, and sex. In all subfields of the 
hippocampus (dentate, CA4, CA3, CA2, CA.,) binding to the glutamate ionotropic 
receptors, NMDA and AMPA, was similar between control and schizophrenic 
tissue. Kainate binding was modestly decreased in dentate and CA2. 
However, NR1 mRNA expression was significantly decreased in CA3 (C=59 
±17; S=41±7) and in dentate (C= 100+32; S= 70+14), but not in the ACC. 
NR2A mRNA was unchanged between the two groups. But, NR2B mRNA was 
increased in the schizophrenic group in CA2 and CA3 (C= 8.5+1; S= 10.5+1). 
These results suggest that the subunit composition of the NMDA receptor 
might be altered in CA3 and/or dentate gyrus in schizophrenia. Because the 
alteration involves a reduction in NR, units (critical for receptor function) and 
an increase in NR2B units (modulatory), the possibility exists that NMDA 
receptor-bearing neurons in H, transmit a reduced excitatory signal to the 
overall efferent hippocampal glutamatergic pathway, leading eventually to 
reduced anterior cingulate cortex stimulation. Additional measures in H and 
ACC will be reported. (Supported by NIMH.)

854.17
REDUCTION IN HIPPOCAMPAL LIMBIC SYSTEM-ASSOCIATED 
MEMBRANE PROTEIN (LAMP) mRNA IN SCHIZOPHRENIA.
T.M. Hyde #, S.E. Bachus #, P. Levitt t, M.M. Herman #, A.F. Pimenta t§.
J.E. Kleinman *# & D.R. Weinberger#. # CBDB, NIMH Neuroscience Ctr. 
at St. Elizabeths, Washington, DC, 20032; t Dept. Neurobiology, Univ. 
Pittsburgh Sch. Med., Pittsburgh, PA, 15261; § Dept. Neuroscience & Cell 
Biology, Univ. Med. Dent. NJ, Piscataway, NJ, 08854.

Schizophrenia has been linked to abnormalities of limbic system 
development. We compared postmortem levels of mRNA for LAMP, a 
protein that appears to be preferentially expressed by neurons in limbic 
brain regions, in schizophrenics [n—11 ] relative to several control groups 
(normals [n=11 ], bipolar affective disorder patients who received 
neuroleptics [n=5], and nonpsychotic suicide controls [n=5]). In situ 
hybridization with an [35-S]-labeled oligonucleotide probe for human LAMP 
mRNA was performed on 14 p thick sections containing dentate gyrus, CA1- 
4, subiculum and caudal entorhinai cortex. Data were sampled with NIH 
IMAGE. Statistics were by 2 way ANOVA with group and region as factors 
plus post-hoc pairwise group and regional comparisons.

A significant group effect (p=.0001) was found. Pairwise group 
comparisons revealed lower mean LAMP mRNA levels in schizophrenics 
relative to normals (p=.0001). The reductions ranged from 10% in 
entorhinai cortical layer ii to 39% in CA4 (p<.05). Schizophrenics also had 
reduced LAMP mRNA relative to suicides (p<.05). Suicides did not diff'r 
from normals. However, bipolars also ha', educed hippocampal levels 
relative to normals (p=.003), although this did not reach significance in any 
individual region. These data, while potentially adding to evidence 
implicating hippocampal molecular pathology in schizophrenia, also could 
reflect effects of chronic illness or drug treatment.
Supported by NIMH Grant MH 45507 & a NARSAD Windisch Grant (PL) & 
The Theodore and Vada Stanley Foundation (SEB).

854.18
N-CAM mRNA DIFFERENCES IN THE HIPPOCAMPUS OF
SCHIZOPHRENIA, BIPOLAR DISORDER AND SUICIDE VICTIMS.
M. P. Vawter*1, T. M. Hyde*. S. E. Bachus*. M. M. Herman*, J. E. Kleinman* 
and W. J. Freed1. 1 Section on Preclinical Neuroscience, and # Clinical Brain 
Disorders Branch, NIMH Neuroscience Center at Saint Elizabeths, Washington 
DC 20032.

Cell adhesion molecules are involved in neuronal migration, synaptogenesis, 
and hippocampal long-term potentiation. Studies of neuronal cell adhesion 
molecule (N-CAM) in CSF and brains of patients with schizophrenia have 
implicated N-CAM in the pathophysiology of the disorder. We measured the 
levels of mRNA for N-CAM, and the variable alternatively spliced exon (VASE) 
of N-CAM by in situ hybridization on hippocampal sections from patients with 
schizophrenia (n=l 1) or bipolar disorder (n=5), suicides (n=6) and normal 
controls (n=10). Groups were matched for age, post-mortem interval (PMI), and 
storage time. The mean density of [35S]-oligonucleotide probes were sampled in: 
dentate gyrus (DG), CA4, CA3, CAI, subiculum, and entorhinai cortex (EC) 
layers ii, iii, v/vi. In order to examine large regional changes, the DG - CAl 
regions and subiculum - EC v/vi regions were combined. PMI was entered as a 
covariant in a three-way ANOVA. For N-CAM, significant group (p = 0.037) 
and group x region (p = 0.025) effects were obtained. N-CAM mRNA was 
significantly lower in the bipolar group in both regions as compared to all other 
groups. In suicides, N-CAM mRNA was increased in both regions compared to 
controls. N-CAM mRNA was increased in schizophrenics only in the subiculum 
- EC v/vi sublevels. No difference in VASE mRNA expression was found.
These results suggest a different regional expression of N-CAM mRNA in 
bipolar disorder, suicide victims, and patients with schizophrenia in the 
hippocampus and parahippocampus. Supported by the NIH Intramural Research 
Program.
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854.19
IDENTIFICATION OF DIFFERENTIALLY EXPRESSED 
MESSAGES FROM THE POSTMORTEM BRAINS OF 
SCHIZOPHRENIC AND BIPOLAR INDIVIDUALS. Nancy L. 
Johnston*, Robert H. Yolken, E. Fuller Torrey_and the Stanley
Neurovirologv Consortium. The Johns Hopkins University 
School of Medicine, Baltimore, MD 21205.

An objective and comprehensive method of look in at 
differences between the brains of mentally ill and unaffected 
individuals is to use subtractive techniques to compare the RNA 
from the brains of cases and controls. Messages that are 
present in significantly different levels in the brains of affected 
individuals may be identified and subsequently screened 
against a bank of samples to verify their correlation with 
disease. We used this approach to compare RNA derived from 
the brains of schizophrenic, bipolar and unaffected individuals. 
Comparisons of frontal cortices and posterior hippocampus 
showed a number of differentially expressed messages. This 
was further verified by screening against 80 cDNAs derived 
from the frontal lobes of individuals of varying diagnoses. This 
approach provided a viable method to identify messages 
potentially involved in mental illness.

854.20
TYROSINE HYDROXYLASE mRNA LEVELS IN LOCUS 
COERULEUS NEURONS OF SUICIDE VICTIMS AND MATCHED 
CONTROLS. M.C, Austin. S.M, O'Donnell*. J.L, Rhodes, Department of 
Psychiatry, University of Pittsburgh, School of Medicine, Pittsburgh, PA 15213.

Several lines of evidence have suggested that noradrenergic neurotransmission is 
altered in suicidal behavior and depression. Two recent studies have examined the rate-
limiting enzyme, tyrosine hydroxylase (TH), in locus coeruleus (LC) neurons of 
suicide victims (Biegon and Fieldust 1992; Ordway et al. 1994). However, these 
studies, using different techniques to measure TH protein, yielded conflicting results. 
Biegon and Fieldust (1992), using TH immunohistochemistry, reported a decrease in 
staining intensity of LC neurons in the suicides, whereas Ordway and colleagues 
(1994) reported elevated TH protein levels from LC tissue slices of suicide victims 
using an immunoblot assay. The present study was designed to investigate whether 
TH mRNA levels are altered in LC neurons of suicide victims. We chose to examine 
the rostral levels of the LC because this region of the human LC contains a dense 
network of CRH axons (Austin et al. 1995) and that enhanced CRH neurotransmission 
in the rat LC has been shown to mediate the effects of stress on LC neurons. Fifteen 
human brainstems of suicide victims were matched with fifteen controls based on age, 
gender and postmortem interval. Slide-mounted coronal tissue sections (20 pm) were 
selected at 600 pm intervals from the rostral portion of the LC and processed for in 
situ hybridization. Silver grain density corresponding to TH mRNA signal was 
quantified in individual LC neurons using a Leitz microscope equipped with a polarized 
illuminator and the MCID M2 imaging software. The mean grain density of TH 
mRNA positive LC neurons was not significantly different between the control group 
(x ± SEM = 110.5 ± 8.0 grains/mm2) and the suicide group (120.5 ± 14.1 
grains/mm2). While these preliminary data may suggest that TH gene expression is 
not altered in LC neurons of suicide victims, future studies employing both TH in situ 
hybridization and radioimmunohistochemistry on adjacent LC tissue sections from 
cases with complete psychological autopsies will help to establish whether alterations 
in TH biosynthesis occur at the transcriptional or translational level and whether they 
Me specific to suicidal behavior or depression. (Supported by MH51159).

854.21
BRAIN 5-HTi RECEPTOR SUBTYPES IN MAJOR DEPRESSION: 
AN AUTORADIOGRAPHIC STUDY. T. Romon, M. E. Castro and A. 
Pazos*. Dept. Physiol. Pharmacol., Univ. Cantabria, Santander, Spain.

It is well known that serotonin (5-HT) has been postulated to be 
involved in the pathogenesis of major depression. Therefore, we have 
studied the status of 5-HT1A, 5-HT1B/D and 5-HT1F receptors in 
postmortem human brain tissue obtained from 13 suicide victims with a 
diagnosis of major depression according to DSM-III-R categories. For 
this purpose, we performed autoradiographic labelling in tissue 
sections from different brain areas.

No significant changes were found, in general, in 5-HT1A receptor 
densities labelled by the agonist 3[H]-8-OH-DPAT along the different 
anatomical regions studied (cortex, hippocampus, thalamus, 
brainstem). On the other hand, 5-HT1B/d and 5-HTiF subtypes were 
conjointly labelled by the agonist 3[H]sumatriptan. We have not 
observed significant modifications in the density of these binding sites, 
although there was a slight tendency to the decrease in the frontal 
cortical layers and the hippocampus with respect to a group of "control" 
matched brains, without any modification in the remaining regions.

The absence of dramatic changes here reported indicates that 5-HTt  
receptor subtypes, at least at the density level, are not severely altered 
in the brain of depressed patiens.

Supported by DGICYT SAF95-0362 and Salud 2000 Foundation.

854.22
bFGF AND FGFR1 mRNA LOCALIZATION IN THE HUMAN 
HIPPOCAMPUS AND ENTORHINAL CORTEX: COMPARISON 
BETWEEN SCHIZOPHRENICS AND NORMALS. P.A. Kittell*. T.M, 
Hyde. C. Shannon Weickert, M.M. Herman, and J.E. Kleinman Clinical Brain 
Disorders Branch, IRP, NIMH Neuroscience Center at St. Elizabeths, 
Washington, DC 20032

Neuroimaging, neuropsychology, and neuropathology studies have implicated 
hippocampal abnormalities in schizophrenia. Basic fibroblast growth factor 
(bFGF) has a neurotrophic role within the hippocampus, enhancing survival, 
neurite outgrowth, and plasticity of neurons. To test the hypothesis that decreased 
neurotrophin levels may contribute to molecular pathology in the schizophrenic 
hippocampus, bFGF and fibroblast growth factor receptor-1 (FGFR1) mRNAs 
were examined. Messenger RNA in 14|i sections of postmortem tissue was 
analyzed in the hippocampus from schizophrenics (n=13), bipolars (n=6), suicides 
(n=9), and normal controls (n= 13) using in situ hybridization with 35-S labelled 
riboprobes. NIH Image Analysis was used to measure mRNA levels in the 
dentate gyrus (DG), CA subfields, subiculum, and the entorhinal cortex. There 
was no detectable difference in bFGF and FGFR1 mRNA between groups. 
However, in all subjects a distinct anatomical distribution was evident. bFGF 
mRNA was widely distributed throughout the hippocampus, with highest levels 
of gene expression in the DG, CA3, and CA3/CA2 subfields (p<.0001). FGFR1 
mRNA within the hippocampus was highest in the CA3 and CA3/CA2 subfields 
(p<.0001). Results suggest that bFGF may be anterogradely transported from the 
DG to neurons in the CA3/CA2 subfield. bFGF may also be functioning locally 
to stimulate the putative proliferation of neurons within the dentate gyrus. As it 
stands, hippocampal dysfunction in schizophrenia does not seem to be related to 
or reflected in changes in bFGF mRNA or that of FGFR1. Supported by NIMH 
IRP.

854.23

THE DISTRIBUTION OF DOPAMINE RECEPTORS IN 
SCHIZOPHRENICS -IMMUNOHISTOCHEMICAL STUDY-
K. Niizato X, N. Kuroki X S. IritaniX, A. Iwanami* \ H. Akiyama

K. Ikeda A, and H. Kazamatsuri X
^Dept. of Psychiatry, Tokyo Metropolitan Matsuzawa Hosp., 2-1-1 Kamikitazawa, 

Setagaya-Ku, Tokyo 156, Japan. ^Dept. of Psychiatry, Showa Univ., 3 Dept. of 
Neuropatholgy, Tokyo Institute of Psychiatry.

Imbalances in dopaminergic transmission are thought to play an 
important roles in schizophrenia. In this study, the distribution and 
the degree in appearance of dopamine(DA) receptors were examined 
in monkey and human (schizophrenics and normal controls). Small 
blocks of the brain tissue were dissected at the time of autopsy, fixed 
in 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4 for 1 day 
in cold and then transferred to a maintenance solution of 15% sucrose 
in 0.01 M phosphate-buffer saline (PBS), pH 7.4. Sections were cut 
on a freezing microtome at 30 pm and immunostained with avidin- 
biotinylated HRP system. DA receptor antibodies used here were anti 
DI, D2, D2/D3, D4 receptor antibodies. The pattern of the staining 
was supportive of previous investigations of the DA receptor 
distribution using in vitro autoradiographic ligand binding or in situ 
hybridization for its messenger RNA, we had, however, some 
unexpected results. We suggest that these abnormal findings may 
underlie the development of schizophrenia symptoms.

854.24
LOSS OF SUBICULAR MAP2 IMMUNOREACTIVITY IN SCHIZOPHRENIA IS 
NOT ASSOCIATED WITH GLIOSIS. A.J, Dwork*. G.B. Rosokliia. New York State 
Psychiatric Institute and Columbia University, New York, NY 10032.

We observed loss of subicular immunoreactivity for microtubule-associated protein 
2 (MAP2) with similar frequency in psychiatric patients with a diagnosis of 
schizophrenia and in those with a primary diagnosis of dementia. However, the latter 
group frequently displays obvious neuropathologic features in the subiculum, while 
these are not often present in schizophrenia. We therefore postulated that the loss of 
subicular MAP2 in dementia reflected a more generalized process of neuronal injury, 
while that in schizophrenia was more specific. To test this hypothesis, we performed 
immunohistochemistry for glial fibrillary acidic protein (GFAP) on subicular sections 
from 26 cases from state psychiatric hospitals: 6 schizophrenia cases and 4 dementia 
cases with low subicular MAP2 immunoreactivity, and 11 schizophrenia cases and 5 
dementia cases without low subicular MAP2 immunoreactivity. All of the slides were 
coded and then ranked subjectively for intensity of subicular GFAP immunoreactivity; 
a similar number of extraneous cases were included in order further to blind the rater 
to the identities of the cases. The ranks of the cases with and without low subicular 
MAP2 immunoreactivity were then compared within each diagnostic group by Mann- 
Whitney U-test. Subicular GFAP immunoreactivity was similar in schizophrenics with 
and without low subicular MAP2 immunoreactivity (U = 27, W = 60, p = .30), while 
in the dementia group, there was more GFAP immunoreactivity in the cases with low 
subicular MAP2 (U = 2.0, W = 12.0, p = .06). We thus propose that in dementia, 
subicular MAP2 immunoreactivity is lost as a result of neuronal destruction, while in 
schizophrenia, it results from more subtle processes that are not yet known. Supported 
by AG10638, MH50727, NARSAD, and the Stanley Foundation.
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854.25
CHANGES IN GFAP STAINED PROFILES IN SCHIZOPHRENIC THALAMUS, 
STRIATUM AND INTERNAL CAPSULE. L. B. Jones*1 B. Quinn2 and W. Byne1. 
’Dept. of Psychiatry, Mount Sinai School of Medicine, New York, NY 10029. 2Div. of 
Neuropathology, Northwestern University, Chicago, IL 60611.

Two of the most consistent findings observed in schizophrenia are a decrease in 
thalamic volume and an increase in-ventricular size. Preliminary results in our 
laboratory suggest an overall decrease in thalamic volume, but not all nuclei are 
affected equally. We chose, therefore, to examine possible changes in glial fibrillary 
acidic protein (GFAP) staining in the thalamus. We used a floating-section/antigen- 
retrieval technique to immunostain representative sections through the extent of the 
thalamus, and characterized the staining pattern in five thalamic nuclei, the putamen, 
caudate, and internal capsule. The results suggested that the pattern of GFAP positive 
profiles are affected in some areas and not others. In control brains the striatum 
exhibited strong GFAP fiber staining, whereas the schizophrenic brains had very little 
fiber staining and GFAP stained profiles appeared to be reactive. Similar results were 
seen in the internal capsule. The thalamic nuclei that appeared altered in 
schizophrenics were the lateral dorsal nucleus and the medial aspect of the medial 
dorsal (MD) nucleus. In controls the lateral dorsal nucleus exhibited dense fiber 
staining whereas there was no staining in the lateral dorsal nucleus of the 
schizophrenic brains. The medial aspect of the MD nucleus in the controls showed 
very little staining. In contrast, schizophrenic tissue showed strong periventricular 
and subventricular staining. There appeared to be a mixture of reactive and inactive 
astrocytes Reactive astrocytes are a marker for changes in the extracellular 
environment. These results are consistent with a change in the extracellular 
environment in schizophrenics versus controls. In addition, this change could be 
related to a change in neuronal activity. Further studies will help address mechanisms 
of glial alteration in these different regions. (Supported by the Stanley Foundation and 
NARSAD)

854.26
ABNORMAL REGULATION OF HIGH AFFINIJY NICOTINIC RECEPTOR 
BINDING IN SCHIZOPHRENICS. CR Breese, CE Adams, B Sullivan, J 
Logel, C Drebinq, KM Gillen, MJ Marks, AC Collins, S Leonard. Dept. of 
Psychiatry, Univ. of Colorado Health Sciences Center, and V.A. Medical 
Center, Denver, CO 80262.

It has been reported that schizophrenics smoke to a greater degree than is 
found in the general population. While it has been established in animals and 
humans that chronic nicotine exposure evokes a dose dependent increase in 
brain nicotinic receptor numbers, no studies have examine the regulation of 
the high affinity nicotinic receptors in relation to smoking history in 
schizophrenics. The present study compared the increase observed in [3HJ- 
nicotine binding in human postmortem hippocampus and thalamus of normal 
smokers, with that of subjects diagnosed with schizophrenia. In contrast to the 
normal population, no difference was found in the means of rH]-nicotine 
binding in either brain region of schizophrenic non-smoking and smoking 
subjects (hippocampus: p=0.645; thalamus: p=0.37), and schizophrenic 
subjects had a lower mean pHJ-nicotine binding when compared to the means 
of normal control smokers (p<0.04). While schizophrenic subjects did 
demonstrate a dose dependent increase in hippocampal fHj-nicotine binding 
(r=0.516, p<0.02), the slope of the regression line was decreased to 42% of 
the rate of normal smokers (normals, m=6.58; schizophrenics, m=3.77). In 
contrast to the dose dependent increase observed in thalamus of normal 
smokqrs (r=0.41, p<0.05), no correlation was found between nicotine dose 
and [ H]-nicotine binding (r=-0.15, p=0.58), and only a non-significant 
decrease was seen in [ H]-nicotine binding in schizophrenic compared to 
normal smokers (p=0.66). These results suggest there is an alteration in the 
regulation of high affinity nicotinic receptor expression by nicotine use in 
schizophrenia, although it is unknown if this is a direct result of 
neuropathophysiology in schizophrenia or a result of neuroleptic treatment. 
[Support provided by USPHS Grants MH44212, DA09457, AA11164, and the 
VA Medical Research Service]

854.27
GENE EXPRESSION FOR PARVALBUMIN IN THE PREFRONTAL 
CORTEX IN SCHIZOPHRENIA. T,Takahashi*1)2). H.Arai1), T,Qhflyma1)2\
H.Shimadal), HBaba1), NShibata1), P,J,McKenna3) and P.C,Emsop2> l)DePt. of 
Psychiatry, Juntendo Univ. Sch. of Medicine, Hongo, Tokyo 113, Japan 2)MRC 
Molec. Neurosci. Group, Dept. of Neurobiology, The Babraham Institute, 
Babraham, Cambridge CB2 4AT, UK 3)Dept. of Psychiatry, Univ. of Cambridge, 
Cambridge CB2 2QQ, UK

Multiple lines of evidence have implicated the prefrontal cortex (PFC) in the 
pathophysiology of schizophrenia. PFC dysfunction in schizophrenia has been 
reported to be associated with abnormalities in GABAergic neurotransmission. They 
may be consistent with the hypothesis that gene expression in GABAergic neurons 
is altered in schizophrenia. Understanding the functional consequences of these 
abnormalities depends upon a knowledge of which populations of GABAergic local 
circuit neurons are affected in this disorder The calcium-binding protein parvalbumin 
(PV) expressed neurons mostly belong to several subpopulations of GABAergic 
intemeurons in human PFC. Two classes of inhibitory local circuit neurons, both of 
which express PV, could powerfully modulate the activity of PFC circuitry through 
synaptic input to pyramidal neurons. We have used in situ hybridization technique 
with an antisense oligonucleotide probe specific for PV mRNA to detect sites of 
gene expression in postmortem human PFC (areas 9, 10 and 11). PV mRNA levels 
in brains from schizophrenics and from matched normal controls have been 
determined using computer assisted image analysis. PV mRNA was expressed with 
similar pattern in all subjects. There was no significant differences in PV mRNA 
levels between schizophrenics and controls, however that of schizophrenics tended to 
be decreased than controls. These results suggest that alterations in inhibitory 
circuitry in schizophrenia might involve local circuit neurons that do not express 
PV. Alternatively, functional alterations in basket and/or chandelier neurons might 
not be reflected to some extent in levels of PV expression.

854.28
SCHIZOPHRENIA: INCREASED SYNAPTOPHYSIN 
MESSAGE IN THE PREFRONTAL CORTEX -C.N. Karson*, 
R.E. Mrak, W.S.T. Griffin. University of Arkansas for Medical 
Sciences, Arkansas 72205.

Impaired prefrontal function (hypofrontality) in 
schizophrenia is suggested by studies. We recently found 
decreased levels of synaptophysin (a structural synaptic 
vesicle protein) and SNAP-25 (a 25 kDa presynaptic protein) 
in prefrontal cortex (area 10) in schizophrenia. We now show 
increased levels of synaptophysin mRNA in schizophrenia 
(16,017 + 8600 vs 6738 + 5017 absorbance units, p < 0.01), 
using Northern blot analysis of area 10 samples from 10 
schizophrenic and 11 control patients. In controls, the levels 
of synaptophysin mRNA were positively correlated with the 
levels of synaptophysin protein (rs = 0.64, p< 0.040).
However, this relationship did not obtain in schizophrenics (rs 
= 0.26, p > 0.45). This dissociation between levels of 
snyaptophysin and its encoding mRNA suggests an ongoing 
dysregulation of synaptophysin synthesis in prefrontal cortex 
in schizophrenia, which may explain the reported decrements 
in synaptophysin content and prefrontal brain function in 
schizophrenia.

NEUROTOXICITY: OTHERS I

855.1
EXPRESSION OF TISSUE NECROSIS FACTOR IN THE CEREBROSPINAL 
FLUID AFTER EXPERIMENTAL INTRACEREBRAL HEMORRHAGE 
Adnan 1. Qureshi, Geoffrey S.J.Lingt. Anish Bhardwai*. David A. Wilson. Daniel
F, Hanley. Richard J. Traystman. The Johns Hopkins Medical Institutions, Baltimore 
and tUniformed Services University of the Health Sciences, Bethesda, Maryland. 
Background and purpose: Expression of cytokines has been described in traumatic 
and ischemic neuronal injury, however, their role in intracerebral hemorrhage (ICH) 
is not defined. We performed this study to evaluate the expression of cytokines in 
central nervous system after ICH.
Methods: We introduced ICH in 11 pentobarbital-anaesthetized mongrel dogs by 
autologous blood injection under arterial pressure in the deep white matter adjacent 
to the left caudate region. Two different volumes of hematomas were used: 2.8 ml 
(n=6) and 4.4 ml (n=5). We collected cerebrospinal fluid (CSF) samples from the 
cisterna magna at baseline and 120 minutes after introduction of hematoma. The 
levels of tissue necrosis factor (TNF) were measured in the CSF using an 
electroluminescence standard assay. We measured serial regional cerebral blood 
flow (rCBF) using radiolabelled microspheres at baseline, 45, 90 and 120 minutes 
after introduction of hematoma.
Results: There was a significant elevation in TNF levels (pcg/ml ± SE) in the CSF 
after introduction of ICH compared with baseline (0 versus 270± 81.8 , p=0.03). 
There was no significant difference in TNF levels when comparing large hematomas 
with smaller hematomas: 381± 177 vs 177±128, p=0.5, respectively. No ischemia was 
observed during rCBF measurements at specified intervals around or distant to the 
hematoma. Conclusions: We conclude that expression of TNF in the CSF after ICH 
supports the role of cytokines in the pathophysiological events following ICH. The 
TNF response occurrs in the absence of demonstrable ischemia in ICH.

855.2
INDUCTION OF CLUSTERIN mRNA IN THE RAT INFERIOR OLIVARY 
COMPLEX AND PONTINE NUCLEI DAMAGED BY VOLKENSIN. P 
Strocchi*, D, Cevolani. Department of Pharmacology, University of 
Bologna, Via Imerio 48, 40126 Bologna, Italy.

In the present study we explored the expression of clusterin-mRNA, by 
in situ hybridization, in the inferior olivary complex and pontine nuclei, 
lesioned by volkensin injection in the cerebellar cortex. It has been shown 
that clusterin, the sulfated glycoprotein discovered in many neuronal and 
non-neuronal tissues, is enhanced in neurodegeneration (1). In a recent 
study, we provided evidence of retrograde transport of, and degenerative 
changes induced by volkensin, a ribosome inactivating protein, in the 
inferior olivary complex and pontine nuclei. We have induced neuronal 
degeneration of inferior olivary complex and pontine nuclei by injection of 
volkensin in the cerebellar cortex of adult male Sprague-Dowley rats. We 
observed an induction of clusterin transcript in the above decribed 
structures 10 days after the injection of the toxin. Alternate sections were 
hybridized with p5S] labelled oligonucleotide probe, exposed to film and 
optical density determined or stained with cresyl fast violet. The results 
demonstrate an increase of clusterin-mRNA in the inferior olivary complex 
and pontine nuclei 10 days after volkensin injection. This finding is 
consistent with the induction of clusterin-mRNA observed in animal brain 
injury and human neurodegenerative diseases.
(1) Cevolani D., Strocchi P., Bentivoglio M., Stirpe F., Suicide retrograde 
transport of volkensin in cerebellar afferents: direct evidence, neuronal 
lesions and comparison with ricin. Brain Res., 1995, 689:163-171 
(Supported by CNR grant 95.04643).
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855.3
EFFECT OF ARACHIDONATE ON PROTEIN SYNTHESIS AND 
LOCALIZATION OF cIF-2(aP) IN NB104 CELLS. B.J. O’Neil1*. D.J. 
DeGracia’. S.S. Alousi1,3. B.C. White1,2 and LA. Rafols1,3. From the Departments of 
Emergency Medicine1, Physiology2, and Anatomy & Cell Biology3, Wayne State 
University School of Medicine, Detroit, MI.

Brain ischemia induces release from lipids of free arachidonic acid (AA), which 
can reach 180 pM. The increased concentration of AA is known to be prolonged in 
selectively vulnerable neurons, which display greatly reduced protein synthesis 
during reperfusion. We observed that AA induces Ca2+ release from intracellular 
stores in neuronally-dilTerentiated NB104 (NDNB104) cells. Others have found that 
release of Ca2+ from the ER induces activation of the eIF-2a kinase PKR and 
phosphorylation of eIF-2a on Ser-51, which leads to inhibition of translation 
initiation. Our laboratory, utilizing an antibody specific to Ser-51 (P)-eIF-2a, has 
observed during reperfusion a rapid ~20-fold increase in eIF-2(aP), initially 
displayed in the cy toplasm of vulnerable neurons and later in their nuclei. Here we 
studied the effect of AA on protein synthesis and localization of eIF-2(aP) in 
NDNB104 cells. We added 3H-leucine 10 min. after introducing AA to 40 or 80 p.M 
and assayed 3H in protein 45 min. after AA was introduced. In comparison to cells 
without AA, protein synthesis was decreased 60 % by 40 pM AA and by 89% by 80 
pM AA. Immunohistochemistry for eIF-2(aP) in NDNB104 cells exposed to 40 pM 
AA for 30 minutes did not show the massive increase in eIF-2(aP) seen in 
vulnerable neurons during reperfusion, but showed an increase in nucleolar staining 
and a loss of concentric perinucleolar granules observed in cells without AA. These 
granules did not stain w ith Nissl and are thought to be associated with euchromatin. 
AA-induccd inhibition of protein synthesis involves mechanisms other than 
increased eIF-2(aP), but AA may be involved in alterations of the nuclear 
localization of eIF-2(otP).

This work supported by NIH-NINDS K08 NS-01585.

855.4
NEURONS ADAPT TO NEUROTOXIN INSULTS BY ALTER AP-1 BINDING 
ACTIVITIES IN RAT BRAIN. Y. Xiao, R, Xu, B, H, A. Sokolowski*, G, J, 
Harry, M, N. Gordon, K, Pennvpacker, College of Medicine, University of 
South Florida, Tampa, FL 33612.

Exposure to trimethyltin (TMT) adversely affects susceptible neurons 
in specific areas of the brain while the other regions are unaffected. The 
biochemical mechanism for this neurotoxic effect appears to be at the 
level of the genome. Activator protein-1 (AP-1) transcription factor is 
activated by a variety of stimuli and may play a role in the response to 
neurotoxins by regulating genes related to neuronal death or survival. 
Adult Long-Evans rats were treated with a single dose of TMT 8.0mg/kg 
b.w. and sacrificed at 1 hour, 3 hours, 6 hours, 12 hours, 1 day, 3 days 
and 8 days following exposure. Nuclear extracts from hippocampus and 
frontal cortex from the treated rats were examined by electrophoresis 
mobility shift assay for AP-1 DNA binding activity. The AP-1 DNA 
binding activity begins to increase at 1 hour and remains elevated at 
least 8 days after treatment. Western blot analysis of these nuclear 
extracts from the hippocampus revealed that Jun protein, a component 
of AP-1 transcription factor dimer, was increased at 1 hour after 
treatment and then followed similar time course as AP-1 DNA binding 
activity. Elevated Jun immunoreactivity was detected in TMT-damaged 
hippocampal areas two days after TMT treatment. The surviving neurons 
appear to express Jun to adapt the neurotoxin-altered environment. Our 
studies may lead to the understanding of the signal transduction pathway 
involved in neuronal survival after neurotoxic insult.

855.5
3-NITROPROPIONIC ACID PRODUCES HYPOTHERMIA AND 
INHIBITS HISTOCHEMICAL LABELING OF SUCCINATE 
DEHYDROGENASE IN RAT BRAIN. P.A.Nonv, A.C.Scallet, 
R.L.Rountree, X.Ye, and Z.Binienda. Div. of Neurotoxicology, National 
Center for Toxicological Research (FDA), Jefferson, AR 72079.

3-nitropropionic acid (3-NPA) is produced in neurotoxic amounts on 
moldy sugarcane and is a suicide inhibitor of mitochondrial succinate 
dehydrogenase (SDH). Rats were dosed with 30 mg/kg S.C. of 3-NPA 
to determine if hypothermia results from acute hypoxia caused by suicide 
inhibition of SDH. Animals were sacrificed at 1, 3, 6, and 120 hours 
after dosing, post-mortem core temperature was measured rectally, brains 
were frozen and sectioned, and SDH activity was measured in situ by 
quantitation of histochemical labeling of SDH by NitroBlue Tetrazolium 
(NBT) in six brain regions. 3-NPA caused progressive hypothermia of 
nearly 3° C that was accompanied by lethality if not reversed by 3-4 
hours. Core temperature returned to normal in all subjects by 120 hours. 
Optical density of the NBT stain was significantly decreased by three 
hours, and labeling was significantly blocked for 120 hours in all regions 
except the thalamus. Core temperature returned to normal by 120 hours 
despite persistent reductions of brain SDH activity. Therefore, peripheral 
effects may have contributed to the reversal of hypothermia that occurred 
before normal neuronal energy production was restored. SUPPORT was 
provided by the U.S. Food and Drug Administration and the University 
of Arkansas for Medical Sciences.

855.6
CASPASE-2 UPREGULATION & PROCESSING IN NEURODEGENERATION 
IN VITRO & IN VIVO: INHIBITION OF CELL DEATH BY ACETYL-YVAD- 
CHLOROMETHYLKETONE. MF James, DR Howlett*. CA Campbell. JB Davis, SJ 
Hadingham, DC Harrison, VA Holland. PD King. KB Mackay, JE Meakin, D Owen.
GJ Rilev. J Tomlinson. Neurosciences Research. SmithKline Beecham 
Pharmaceuticals, Harlow, Essex CMI9 5AW, UK.

Caspase (ICE-like) proteases are apoptosis effectors implicated in 
neuro-degeneration. We selectively evaluated caspase (C) mRNA expression (by RT- 
PCR and in situ hybridisation), processing (western blots) and inhibition in the HT-22 
neuronal cell-line and in rat brain. In vitro. HT-22 cells treated with Glu (5 mM) 
undergo apoptosis in 20 hrs, upregulate C-2 (but not C-3 or C-4) mRNA and process 
C-2 protein (from -50 to -30 kD) by 8 hrs. HT-22 apoptosis was blocked (-75%) by 
AcYVADcmk (IC50 7 pM) added up to 4 hrs after Glu, but using DEVD inhibitors 
we could not separate protective from cytotoxic effects. (AcYVADcmk, 10 pM, also 
rescued rat hippocampal cultures from hypoxic cell death - see Evans ML, Ray AM, 
Benham CD, this meeting.)

In vivo, probes for C-2 & C-4 mRNA hybridised over rat brain neurones. 
Following permanent MCAO (18 hrs), neuronal C-2 mRNA expression increased 
ipsilaterally (but brain C-3 & C-4 expression appeared unchanged) and C-2 protein 
was processed in both cortex and striatum. In transient (2 hrs) MCAO, AcYVADcmk 
(400 ng icv at 0.5 & 3 hrs post occlusion) significantly reduced total lesion volume 
(by 52%) and hemispheric swelling (by 48%) assessed at 24 hrs.
These data further implicate caspases in neuronal degeneration, and suggest that 
caspase-2 may play a pivotal role. Molecular targeting of C-2 and cross-linking 
studies will help confirm these initial findings.

SmithKline Beecham Pharmaceuticals

855.7
CALBINDIN-D28K OVEREXPRESSION PROMOTES CELL SURVIVAL IN 
PC12-CELLS. R. Wemvi1, M. P. Mattson2, E. J, Morris3, H.M. Geller3 and S. 
Christakos1*. ’UMDNJ-New Jersey Medical School and Graduate School of 
Biomedical Sciences, Newark, NJ 07103,2 Sanders-Brown Center on Aging, 
University of Kentucky, Lexington, KY 40536 and 3UMDNJ-Robert Wood 
Johnson Medical School, Piscataway, NJ 08854.

Calcium is thought to play an important regulatory function in activation of 
nuclear endonuclease and signal transduction pathways which may trigger the 
antiproliferative state characteristic of apoptosis. In our earlier studies we 
reported, using cell cultures of embryonic hippocampal cells, a correlative 
relationship between calbindin immunoreactivity and resistance to cell toxicity 
induced by calcium ionophore and excitatory amino acids (Mattson et al Neuron 
6: 41-51, 1991). In order to obtain direct rather than correlative evidence for a 
role for calbindin, calbindin-D28k was stably transfected and overexpressed in a 
subline of PC-12 cells (PC6-3; in collaboration with R. Pittman). Cytotoxicity 
in response to calcium ionophore was measured by the accumulation of 
extracellular lactate dehydrogenase (LDH) activity in vector transfected cells 
and in two calbindin transfected clones. Calbindin overexpression was detected 
by Western blot and immunocytochemistry. Stably expressed calbindin was 
found to increase cell survival in the presence of calcium ionophore A23187 (1 
pM, 12 and 24h after treatment p<0.05; 5(iM A23187 at 4, 8, 12 and 24h after 
treatment p<0.05). Preliminary results suggest that although PC 12 cells 
overexpressing calbindin are more resistant to Ca++ overload, cell death induced 
by serum withdrawal is not attenuated in the presence of calbindin. These data 
suggest that calbindin may protect cells by buffering changes in calcium but 
may not be able to provide protection against trophic factor deprivation 
(supported by NIH).

855.8
C-JUN PHOSPHORYLATION FOLLOWING OKADAIC ACID- 
INDUCED APOPTOSIS AND NGF-INDUCED PROCESS 
SPROUTING. M. Dragunow*, A-M Woodgate, R. A. Xu, B Connor,
P. A. Lawlor, and M. During. Depts. of Pharmacology and Molecular 
Medicine, Auckland Univ., Auckland, New Zealand.

c-Jun has recently been implicated in neuronal apoptosis and in 
process outgrowth/neuronal differentiation (Brain Research Reviews, 
21, 1-28, 1995). The phosphorylation state of c-Jun regulates its DNA- 
binding activity, and presumably biological functions. Using antibodies 
that detect c-Jun protein (Oncogene Science, PC06) and c-Jun 
phosphorylated on serine-63 (KM-1, Santa Cruz, SC822), we 
investigated the induction and phosphorylation of c-Jun after okadaic 
acid-induced apoptosis and NGF-induced process outgrowth in PC 12 
cells. Okadaic acid produced a dose- and time-dependent increase of c- 
Jun and c-Jun phosphorylation in PC 12 cells that was followed by 
apoptosis. In contrast, preliminary results indicate that NGF (50 ng/ml) 
administered chronically produces c-Jun induction and process 
outgrowth after 7 days, but no increase in c-Jun phosphorylation. 
Furthermore, preliminary results suggest that AAV/c-jun plasmid 
transfection of PC 12 cells, which does not lead to apoptosis, but 
produces process outgrowth (Xu et al, this meeting), also does not 
appear to result in increased c-Jun phosphorylation, and may lead to 
enhanced survival of these cells. Thus, the function of c-Jun may be 
regulated by its state of phosphorylation.

Supported by grants from the Health Research Council, Auckland 
Medical Research Foundation, New Zealand Neurological Foundation 
and the Lotteries - Health.
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855.9
Uptake, Stability and Localization of DNA in vivo after Intracerebroventricular 
Delivery to Rat Brain, J-K Cui*. CY Hsu and PK Liu. Dept. of Neurosurgery, 
Baylor College of Medicine, Houston, TX 77030; Dept. of Neurology, 
Washington University, St Louis, MO 63110-1093

To better understand the uptake and distribution of oligodeoxynucleotide (ODN) 
in brain tissue, we delivered phosphorothioated rncfosr115 that is 26 nucleotides in 
length with antisense or sense sequence to c-fos mRNA, to the brain of male 
Long-Evans hooded rats (N=22) by infusion into the lateral cerebral ventricle. 
The ODN was labeled with biotin or digoxigenin. Immunohistochemical analysis 
using antibodies against biotin or digoxigenin indicated that the ODN appeared in 
the hippocampus within 6 h of delivery, and that was 18 hr earlier than those in 
the cortex. Morphologically, the nucleotide appeared in the area within and 
surrounding the nucleus. Nucleotides that were 15-26 nucleotides in length could 
be recovered from the nuclear fraction of the cortex, hippocampus and 
cerebellum. We recovered three tenth of one percent of the infused ODN from the 
brain at 48 hr post-delivery. Although the recovery at 48 hr after delivery was 
approximately the same in each brain area, little nucleotide was recovered at 72 
hr from hippocampus and cerebellum, suggesting that the nucleotide may be 
preferentially degraded in these two regions. We observed an inhibition of nuclear 
c-Fos expression within 24 hr of infusion in animals received anti-rncfosr115. 
Therefore, there is an agreement between the morphological localization of ODN 
and the knockout of c-Fos antigen. This study established a set of complementary 
assays for pharmacokinetic study of ODN uptake in the brain. [Research 
supported by grants from Am. Heart Association (94012700 & 9640202N to 
PKL); NIH-NINDS (NS34810 to PKL, NS25545 & NS2899 to CYH)].

855.10
PLATELET ACTIVATING FACTOR INDUCED TOXICITY IN RAT 
HIPPOCAMPAL NEURONS. M.L Klein*, K.-W. Yoon, S.Q. Nguyen, and 
A.V. Palagiri. Dept. of Neurosurgery and Surgical Research Institute, St. 
Louis University Health Sciences Center, St. Louis, MO.

Platelet activating factor (PAF), a phospholipid produced and 
released by various sources upon tissue injury, has been shown to be 
synthesized by injured brain. PAF has been demonstrated to increase in 
generalized convulsions and ischemia. Proposed PAF injurious effects 
include platelet aggregation causing thrombosis, increased vascular 
permeability and stimulation and accumulation of polymorphonuclear 
leukocytes causing tissue edema. PAF is proposed to activate receptor- 
coupled phospholipase C leading to the release of intracellular calcium. 
Since PAF synthesis in brain damage is accompanied by synthesis of other 
vasoactive lipid mediators such as arachidonic acid and its metabolites and 
neurotoxins such as excitatory amino acids and free radicals, PAF’s specific 
role remains uncertain.
Exposure of dissociated rat hippocampal cultures in vitro (grown 10-14 days) 
to PAF produced neuronal death. Cells were exposed to PAF for one hour 
at 37°C and assayed 24 hours later with Trypan blue dye exclusion test. 
Maximal toxicity was demonstrated in exposure to 100pM of PAF (95.5 ± 
1.2, n=6). Exposure to 1pM of PAF produced intermediate toxicity (60.6 ± 
4.7, n=11). The control death was 22.1 ±1.8 (n=18). Dantrolene (10pM) did 
not block cell death (cell death rate 65.9 ± 6.2). PAF toxicity is partially 
mediated by NMDA receptor activation because MK801 (10pM) partially 
blocked its toxicity (48.1 ±3.9, n=4). The morphological changes assessed 
by Hoechst 33342 stain demonstrated chromatin condensation and nuclear 
fragmentation. The in situ TUNEL labeling also demonstrated DNA damage 
of the neuron. PAF induces apoptosis in dissociated hippocampal neurons 
via activation of NMDA receptors.

855.11
REGULATION OF p53 PROTEIN AND p53-RESPONSIVE 
GENE PRODUCTS IN RAT STRIATUM BY THE 
NEUROTOXIN MALONATE. T. Gearan, M.A. Schwarzschild, Z-
H. Qin', J.S. Finkf'T.N.Chase1 and. J-F. Chen Mol. Neurobiol. 
Lab. Mass. Gen. Hospital/Harvard Med. Sch. Boston, MA 02129 
and dETB, NINDS, Bethesda, MD 20892.

The neurotoxin malonate causes defects in mitochondrial 
energy metabolism, and leads to excitotoxicity and neuronal death 
that resemble neurodegenerative diseases such as Huntington’s 
disease. The tumor suppressor gene p53 has recently been 
associated with the induction of cell death in response to cellular 
damage. To study the molecular events underlying malonate- 
induced neurotoxicity, we examined the effects of striatal lesioning 
with malonate on the expression of p53 protein and p53-responsive 
gene products in rat striatum. Male Sprague-Dawley rats were 
lesioned unilaterally with malonate (3 pmole/striatum) in the striatum 
and the expression of p53 protein as well as the p53-responsive 
genes, p21 and GADD45 were determined by Western blot analysis. 
p53 protein was markedly induced in 10 minutes, peaked at 3 hours 
and lasted for 24 hours in the lesioned striatum, compared to 
unlesioned striatum. Furthermore, GADD45, a critical protein in 
DNA repair, was also significantly induced by malonate. In 
contrast, the cyclin-dependent kinase inhibitor p21 was significantly 
down-regulated in the lesioned striatum. These results suggest that 
induction of p53 protein and p53-responsive gene products may be 
involved in malonate-induced neuronal excitotoxic cell death in 
striatum. (Supported by PHS grant: DA07496)

855.12
THE MITOCHONDRIAL INHIBITOR MALONATE PRODUCES AGE- 
DEPENDENT STRIATAL LESIONS. A, Meldrum*, B. J. Everitt, S.B, 
Dunnett. MRC Cambridge Centre for Brain Repair, Forvie Site, Robinson 
Way, Cambridge, CB2 2PY, U.K.

The progressive degeneration present in Huntington’s disease (HD) may be 
due metabolic impairment. This defect in energy metabolism, when 
accompanied by the decline in mitochondrial function associated with aging 
may account for the delayed mid-life onset of HD.

Previous studies have shown that 12 month-old rats are more vulnerable to 
malonate, a competitive succinate dehydrogenase inhibitor, than 1 or 4 month- 
old animals (Beal et al, J.Neurochem. 61:1147-1150, 1993). We have 
extended this observation investigating malonate toxicity in 6 week, 3 month, 
9 month, 15 month and 27 month animals.

Ten male Lister-Hooded rats at each of the five age groups received 
unilateral stereotaxic infusion of malonate, 0.5M (n=5) or 1.0M (n=5). 
Fourteen days after the lesions rats were perfused with 4% paraformaldehyde 
and 60 micrometer frozen sections were either (i) stained with Cresyl violet, 
(ii) processed histochemically to demonstrate cytochrome oxidase or NADPH- 
diaphorase, (iii) processed immunocytochemically to demonstrate calbindin 
and glial fibrillary acidic protein immunoreactivity.

The animals aged up to 15-months displayed greater neuronal loss with 
increasing age, as assessed stereologically. The oldest age group were no 
more vulnerable than the 15-month group, suggesting that the age-related 
effects malonate do not simply follow the generalised susceptibility of aged 
neurones to cytotoxicity. Supported by the Medical Research Council.

855.13
BRAIN NATRIURETIC PEPTIDE (BNP) PROLONGS THE SURVIVAL 
OF SERUM-DEPRIVED PCI2 PHEOCHROMOCYTOMA CELL, San 
Pun, Alex W.K. Tu and Ronald R. Fiscus (SPON: The Hong Kong 
Society of Neurosciences). Dept. Physiol., Fac. Medicine, Chinese Univ. 
of Hong Kong, Shatin, N.T., Hong Kong.

Atrial natriuretic peptide (ANP, ANF) stimulates cyclic GMP (cGMP) 
production in PC 12 pheochromocytoma and C6 glioma cells, elevating 
cGMP in both intra- & extra-cellular spaces (Fiscus, Robles, Waldman & 
Murad. J. Neurochem. 48: 522-528, 1987). We found that a related peptide, 
brain natriuretic peptide (BNP), was even more effective elevating cGMP in 
PC 12 cells. A physiological function of this response could be protection 
against neural cell death. Indeed, hippocampal neurons treated with /3-APP 
or nitric oxide (NO), which elevate cGMP, show prolonged survival (Barger, 
Fiscus, Ruth, Hofmann & Mattson, J. Neurochem. 64: 2087-2096, 1995). 
Recently, NO was shown to delay onset of apoptosis in PC12 cells (Farinelli, 
Park & Greene, J. Neuroscience 16: 2325-2334, 1996). In the present study, 
we have tested whether BNP, via the prolonged elevation of cGMP, could 
delay apoptosis in PC12 cells. Cells were plated at 0.8 million cells/well in 
6-well Primaria trays and serum withheld for 1, 2 and 3 days. By 4.5 hr, 
DNA laddering was apparent (indicating apoptosis) and, by 24 hr, more than 
half of the cells were lost. BNP (1, 10 & 100 nM), added once at the 
beginning of serum removal, dramatically protected against cell loss at 1, 2 
and 3 days, delaying onset of cell death by at least one day. This 
corresponded to prolonged (>6 hr) cGMP elevations in PC 12 cells. The 
data suggest that BNP, via cGMP elevation, slows down the progression of 
apoptosis in serum-deprived PC 12 cells. (Supported by Hong Kong RGC 
Earmarked Grant #CUHK 266/96M and Direct Grant, Fac. Med., CUHK)

855.14
INTRAVENTRICULAR INJECTION OF COLCHICINE TRIGGERS 
APOPTOSIS IN GRANULE CELLS OF THE DENTATE GYRUS.
S. Ceccatelli, E. Ahlbom, A. Diana, M. Ankarcrona* and B,
Zhivotovsky. Inst, of Environmental Medicine, Karolinska Institute, S-
17177 Stockholm, Sweden.

Colchicine, a chemical that binds to tubulin and inhibits microtubule 
assembly, has been extensively used as investigative tool in 
neurobiology and neurotoxicology. It has become evident that 
intraventricular (i.vt.) administration of colchicine affects other 
mechanisms than solely axonal transport, inducing c-fos activation and 
changes in the mRNA level of several transmitters, neuropeptides and 
neurotrophins. Direct application of colchicine into various brain 
regions has neurotoxic effects with degeneration of specific neuronal 
populations, i.a. granule cells of the dentate gyrus. Recently, we have 
shown that cerebellar granule cells exposed to colchine in vitro die by 
apoptosis. In the present study we have investigated whether also i.vt. 
administration of colchicine causes degeneration of granule cells of 
the dentate gyrus and of the cerebellum. We tried to characterise the 
mode of neuronal cell death induced by in vivo administration of 
colchicine looking at the formation of high molecular weight DNA 
fragments by pulse gel field electrophoresis, detecting single DNA 
strand breaks using the TUNEL technique, and evaluating nuclear 
morphology. The activation of CED/ICE related proteases has been 
also analysed. The results show that colchicine induces degeneration 
of hippocampal and cerebellar granule cells also when administered 
i.vt. and that the affected neurons undergo apoptosis.

(Supported by the Swedish MRC)

Society  for  Neuroscience , Volume  23,1997



WEDNESDAY PM NEUROTOXICITY: OTHERS I 2205

855.15
INTRACEREBROVENTRICULAR ADMINISTRATION OF p-AMYLOID 
PEPTIDE (25-35) INDUCES BEHAVIORAL DEFICIT, OXIDATIVE STRESS 
AND NEURODEGENERATION IN RAT BRAIN. N.V, Gulyaeva*, I.V. VictorovR 
M.Yu Stepanichev, M.V. Onufriev, O.S, Mitrokhina, Yu.V. Moiseeva and N.A,
Lazareva. Inst. Higher Nervous Activ. & Neurophysiol., Russian Acad. Sc. and 
"Brain Research Inst., Russian Acad. Med. Sc., Moscow, Russia.

T.Maurice, P.Lockhart and A.Privat [Brain Res. 706 (1996) 181-193] reported that 
centrally administered aggregated p-amyloid peptide fragment 25-35 (PA25-35) 
induced Alzheimer’s-type amnesia mediated by cholinergic dysfunction in mice. The 
aim of this study was to investigate effects of pA25-35 in rats.

Aggregated (3A25-35 was administered to Wistar rats in a dose of 15 nmol/rat icv., 
bilaterally. Two to four weeks after the surgery these rats demonstrated the 
impairment of spontaneous alteration performance (spatial working memory 
performance) in Y-maze and decrease of locomotor activity in the «open field» test. 
No differences were revealed between rats treated with pA25-35 and sham operated 
rats in the performance of a passive avoidance task. A slowly developing oxidative 
stress was evident in brain tissue of rats treated with PA25-35, though the time 
course of 2-thiobarbituric acid-reactive material, hydrogen peroxide-induced 
chemiluminescence and superoxide scavenging/ generating activity was different in 
neocortex, hippocampus and cerebellum. Nitric oxide synthase activity in neocortex 
and hippocampus decreased 1-3 days after PA25-35 injection and showed an 
increase in neocortex 5 days after the surgery. Pathohistological staining 
(Hematoxylin-Eosin, Cresyl Violet, Vanadium Acid Fuchsin) revealed massive 
bilateral neuronal degeneration in cingulate and primary olfactory cortex, sparse 
degenerated neurons in fronto-parietal cortex and hippocampus of rats treated with 
(3A25-35. The results suggest that central administration of aggregated (3A25-35 to 
rats induces behavioral deficits mediated by oxidative stress and neurodegeneration.

855.16
EFFECT OF GINKGO BILOBA EXTRACT (EGb 761) ON NEUROLEPTIC- 
INDUCED RETINAL ALTERATIONS. M.T. Droy-Lefaix*. B. Bonhomme. J. Cluzel 
and M. Poly. INSERM U. 71, Biophysics Laboratory, 63001 Clermont Ferrand, France.

Neuroleptics are known to induce after chronically administration the damage of 
neuronal membranes in patients. As the retina is the neuro sensorial tissue of the eye, it 
may be very sensitive to neuroleptics. On brain degenerative processes seem associated 
with free radical release linked to lipoperoxidation. The aim of this study was to assess 
the effects of sulpiride, tiapride, levomepromazine. chlorpromazine and haloperidol on 
the b-wave amplitude of the electroretinogram (ERG). To protect the retina against 
neuroleptic oxidative damage, we used Ginkgo biloba extract (EGb 761, IPSEN France) 
known to be a scavenger of superoxide anion (O2) and radical hydroxyl (OH).

The ERG was recorded each 5 minutes on isolated rat retina maintained in survival by 
perfusion. For each neuroleptic, 2 groups of animals (Wistar rats : 300 - 350 g) were 
used : 1) an untreated group receiving only the perfusion solution (n = 5-11); 2) a group 
tested with neuroleptic pretreated with EGb 761 (100 mg/kg/po/day for 15 days) (n = 
4-6). Neuroleptics were directly applied during the retina survival at the concentration 
of 10'3 M and the variations of ERG b-wave amplitude versus time were compared to 
those obtained in control group (n = 6). After sulpiride and tiapride addition, we 
observed no difference with the untreated animals but levomepromazine, 
chlorpromazine and haloperidol induce a rapid fall in b-wave amplitude. With the EGb 
761 treated rats, sulpiride, tiapride, haloperidol, levomepromazine provoked an increase 
of the b-wave amplitude compared to control; with chlorpromazine, no difference was 
observed compared to untreated rats. Our results show the marked influence of some 
neuroleptics on the visual function and on the contrary, no influence for others. A 
pretreatment with an antioxidant such as EGb 761 is able either to protect the retina 
against potential neuroleptics visual side effects or even to increase in the presence of 
neuroleptics the electrical activity of the retina.

NEUROTOXICITY: OTHERS II

856.1
BIOCHEMICAL, HISTOLOGICAL AND FUNCTIONAL ALTERATIONS 
INDUCED BY X-IRRADIATION COULD BE PARTIALLY RESTORED BY 
AMIFOSTINE, A FREE RADICAL SCAVENGER. L.R, Guelman*, M.Zorrilla 
Zubilete, H.Rios, A.M.Dopico and L.M.Zieher. la Catedra de Farmacologia, 
Facultad de Medicina, Universidad de Buenos Aires, (1121) Buenos Aires, 
Argentina and Dept Pharmacol., University of Massachusetts Med. Center, 
Worcester, MA 01655, USA.

Developing Nervous System is very sensitive to ionizing radiations. Neonatal X- 
rays exposure induces biochemical, morphological and functional changes. 
Neonates were irradiated with 5 Gy applied up to 72 hours after birth. Amifostine 
(a free radical scavenger) was s.c. administered at 100 pg/g 1 hour prior to 
irradiation. Cerebellar noradrenaline (NA) concentration was determined 
spectrophluorometrically and motor gait was quantified by an “ad-hoc” motor test.

The data show that amifostine can restore cerebellar NA concentration, increased 
by radiation (rx) treatment, with p< 0.05 (in percent of control, mean ± SEM: rx: 
231.5±23.9; rx+amif: 149.1+18.5). Motor abnormalities induced by X-rays, 
characterized by ataxia and fine tremor, were also prevented by amifostine pre-
treatment. Moreover, cerebellar cytoarchitecture altered in irradiated animals was 
partially restored in amifostine-treated rats.

These results show' that amifostine is capable of preventing the biochemical, 
morphological and motor abnormalities induced by X-rays treatment, supporting 
the hypothesis of a role for free radicals in the action mechanism of radiation in 
this model. In conclusion, NA increases observed at long term in rats irradiated at 
birth is correlated with the generation of free radicals and the histological finding 
suggest that a free radical scavenging system can protect cerebellar disarrangement 
leading to motor compensation.

This work was supported by University of Buenos Aires grant, ME-077.

856.2
AN ELECTROPHYSIOLOGICAL INVESTIGATION OF THE EFFECTS OF 
RADIOFREQUENCY RADIATION ON RAT HIPPOCAMPAL SLICES. S.J. 
Wood, J.J. Nettell and J.E.H. Tattersall*. CBD Porton Down, Salisbury, SP4 OJQ, 
UK.

The effects on biological systems of exposure to radiofrequency radiation (RFR) at 
levels which do not produce thermal changes are largely unknown. Since it has been 
suggested that the nervous system may be sensitive to this type of radiation, we have 
investigated the effects of exposure to RFR on spontaneous and evoked field 
potentials in rat hippocampal slices.

Hippocampal slices (400pM thick) from adult Porton strain rats were maintained in 
a Haas-type interface chamber. Extracellular field potentials were recorded using 
glass microelectrodes filled with 2M NaCl. Bipolar concentric stainless steel 
electrodes were used for electrical stimulation of stratum radiatum.

A calibrated stripiine waveguide system was used to expose the slices to 
radiofrequency electromagnetic fields (Tattersall, Baldwin, Wood & Crisp, J. Physiol. 
495P: 6P, 1996). In approximately 50% of the slices tested, 700MHz RFR (63 Vm'1) 
reduced the population spike (PS) in CA1 to less than 50% of control values but had 
no effect on paired-pulse inhibition. Lower field strengths (25-40Vm'‘) produced an 
increase of up to 20% in PS amplitude in approximately 50% of slices tested. The 
changes were statistically significant (ANOVA, P<0.001) and were not always 
reversible.

These effects were observed at levels below current safety guidelines and were not 
associated with gross temperature increases. We are now investigating the frequency 
dependence of these effects and attempting to eliminate the possibility of artefacts 
due to the presence of the metal stimulating electrode in the RF field. Preliminary 
experiments in which the stimulating electrode is absent suggest that RFR may affect 
epileptiform bursting induced by 4-aminopyridine.

Funded by the Ministry of Defence.

856.3
HYPERBARIC OXYGEN ENHANCEMENT OF RADIATION THERAPY VIA 
CENTRAL NERVOUS SYSTEM OXYGEN TOXICITY SUPPRESSION. S.M. 
Karlovits, D.M. Bajic, E.P. Kindwall, J.E. Moulder, H.T.
Whelan*. Neurology, Hyperbaric Medicine, and Radiation 
Biology, Medical College of Wisconsin, Milw., WI 53226, & 
Naval Hospital-Great Lakes, IL 60088.

Hypothesis: The tumoricidal effect of radiation can be 
enhanced by oxygen. This is known as the Oxygen 
Enhancement Effect. CNS O2 toxicity at 5 atm of hyperbaric 
oxygen (HBO) has prevented routine use of concurrent 
radiation and HBO at 5 atm. Diethyldithiocarbamate (DLC) 
rs a cytochrome P-450 inhibitor which we have shown co 
suppress CNS O2 toxicity at 5 atm HBO with the control mice 
seizing at 5 min ± 1 min (n=24) and DDC created mice 
seizing at 29 min ± 1 min (n=12), eight of whom did not 
seize at all during 30 min of HBO exposure. Using the DDC 
to prevent CNS O2 toxicity, we should be able to increase 
the tumoricidal effect of radiation with concurrent HBO at 
5 atm. Method: Mice carrying a SCC7 carcinoma received a 
seizure-blocking dose of DDC (300mg/kg) i.p. At a maximum 
pressure of 5.1 atm HBO, they were irradiated with 15 Gray 
of orthovoltage X-ray. Clonogenic cell survival assays 
were performed using the procedures developed by Twentyman 
et al. for RIF-1. Results: The group receiving radiation 
and HBO at 5 atm had a surviving tumor fraction (STF) of 
2.6% ± .47 compared to a 13.6% ± 2.0 STF in those 
receiving radiation alone. At the more clinically safe 
HBO pressure of 3 atm, the STF was 3.0% ± .93. There is 
no significant difference in the tumoricidal effect of 
radiation at 3 and 5 atm HBO.
Supported by: NAV HOSP G LAKES P1355, CHLD HOSP FOUND 
#2200648, USAF-DAVIS HYPERBARIC LAB.

856.4
Activation  of  the  rat  brain  poly  (ADP-ribose ) polymerase  (PARP) by  
exposure  to  Hyperbaric  Oxygen  (HBO2). C.M. Cortes1, A. White2, W. Watson2 
A Pieper2, J.R. Thomas1*, C.R. Auker1, ST. Ahlers1 and A. Verma7~TDiving 
Environ. Physiol~Depart., Naval Med. Res. Inst., Bethesda, MD; zDepL Neurol,
Uniform. Serv. Univ. Health Sci., Bethesda, MD.

Hyperbaric Oxygen (HBO2) has been demonstrated to have beneficial and
deleterious effects depending upon the duration and depth of the exposure. 
Relatively brief exposures to HBO2 are used to treat a variety of diseases. 
Extended-exposure to HBO2 has toxic effects, producing convulsions and overt 
neuropathology. The present study was undertaken to determine if exposure to 
HBO2 precipitates the intrinsic mechanisms involved in DNA repair in the rat brain. 
We have utilized a recently developed assay to localize tissue responses to DNA 
damage by following PARP activity in situ (Pieper & Verma). PARP is a chromatin 
enzyme that is selectively activated by DNA strand breaks. PARP utilizes NAD 
as a substrate in catalyzing the poly-ADP-ribosilation of several chromatin- 
associated proteins. This response is believed to assist in DNA repair and serves 
as a robust signal for identifying DNA damage. Overactivation of PARP by more 
extensive DNA damage on the other hand, has been shown to result in NAD and 
ATP depletion resulting in cytotoxicity. We have localized PARP activation in adult 
rat brain following exposure to 4 atmospheres absolute HBO2 for duration’s 
ranging from 1-40 min. High basal PARP activity was observed in cerebellum and 
hippocampus in non-exposed control animals. A gradual elevation of benzamide 
sensitive covalent 33P NAD incorporation into rat brain sections was observed as 
the duration of HBO exposure increased, particularly in the cerebral cortex and 
striatum. Brain stem structures were not significantly affected by HBO2 using this 
assay. These results indicate that 1) exposure to HBO2 can initiate the DNA 
repair cascade in selective brain regions and 2) that the in situ analysis of PARP 
activity is sensitive to oxidative stress. (Supported by NMRDC work unit 
#62233MM33P30.005.1519 and USUHS Grant #RO9271)
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856.5
A NOVEL INHIBITOR OF SECRETORY PHOSPHOLIPASE A2 (sPLAj IS 
NEUROPROTECTIVE AGAINST sPLA2 INJURY, BUT NOT HYPOXIA/ 
HYPOGLYCEMIA, IN PRIMARY CORTICAL NEURONS. L, Clapp1'2, R, Franson3, 
J.R, Dave2* and F.C, Tortella2. xDept. Neurol., Walter Reed Army- 
Med. Ctr. and 2Div. Neurosci., Walter Reed Army Inst. Res., 
Washington, DC 20307 and 3Dept. Biochem., Virginia Comm. Univ. 
Richmond, VA 23298/

Phospholipases A2 are ubiquitous cellular enzymes whose 
overactivation may be a factor in neuronal injury resulting from 
hypoxia/ischemia. We have previously described the potent 
neurotoxic potential of a sPLA2 in vitro (rat forebrain primary 
neuronal cultures)(Brain Res. 693:1995) and demonstrated the 
ability of the novel sPLA2 inhibitor PX52 to limit sPLA2-induced 
neurotoxicity (Neurosci. Abst. 22:1996). It was recently reported 
that s PLA2 is released at synapses from vesicles storing glutamate 
and at low neurotoxic concentrations synergizes with glutamate 
neurotoxicity, further supporting an involvement of sPLA2 in 
excitotoxicity and, possibly, modulation of glutaminergic function 
(J. Biol. Chem. 271:1996). The present study examined the role of 
s PLA2 in hypoxia/hypoglycemia induced neuronal injury. Consistent 
with previous reports, 50 nM MK-801 provided nearly complete 
protection in neuronal cultures exposed to 3 hours of hypoxia/ 
hypoglycemia (MTT viability assay). In contrast, PX52, while dose- 
dependently limiting sPLA2-induced neurotoxicity, failed to 
attenuate neuronal injury induced by 1, 2 or 3 hours of hypoxia/ 
hypoglycemia. Furthermore, a maximally protective concentration of 
PX52 (i.e. 10 /xM against sPLA2-induced injury) did not improve the 
neuroprotection provided by 25 nM MK-801 against hypoxia. These 
results suggest that sPLA2 may not play a primary role in 
hypoxia/glutamate related neuronal injury and that the utility of 
selective sPLA2 inhibitors against injuries involving 
glutaminergic neurotoxicity may be limited. (DOD/MRMC Funding)

856.6
CONTRASTING EFFECTS OF OSMOTIC STRESS ON 
EXTRACELLULAR VOLUME FRACTION AND DIFFUSION 
COEFFICIENT MEASURED WITH TMA*, C. Nicholson* and J. Kume-Kick, 
Dept. Physiol. & Neurosci., NYU Med. Ctr., New York, NY 10016.

The extracellular space (ECS) varies in response to the swelling or shrinking of 
neurons and glia. Such changes in cellular dimensions result from insults such as 
hypoxia and osmotic challenge. By diffusing tetramethylammonium (TMA* 74.1 
MW), the ECS volume fraction (a), the apparent diffusion coefficient (D) and 
nonspecific uptake (kr) of TMA* can be determined. We investigated the effect of 
osmotic stress on rat neocortical ECS following hypo- and hyperosmotic stress, by 
measuring these parameters (Krizaj et al., 1996 J. Physiol. 492: 887).

TMA* was iontophoresed in 400 pm thick rat neocortical slices and measured 
with ion-selective microelectrodes at -100 pm away from the release site to 
determine D* a (Nicholson & Phillips, 1981 J Physiol 321:225) and k’ 
(Nicholson, 1993 J Neurosci Meth 48: 199). Bathing solution osmolarity was 
altered from a control value of 315 mOsM to a set of hyposmotic levels (250, 200, 
150 mOsM) or hyperosmotic levels (350, 400, 450, and 500 mOsM), by varying 
NaCl concentrations.

Volume fraction, a, decreased during hyposmotic stress (-28%, -40% and - 
45%), but overshot significantly after restoration to control conditions (up to 
46%). In contrast, a increased during hyperosmotic stress (28%, 33%, 47%, 
86%) then undershot by as much as -23% upon return to control conditions. D* 
decreased to a constant value of about 18% below control during hyposmotic stress 
in all solutions and did not recover on return to control. During hyperosmotic 
stress, D* increased to approximately 5 % above control in all solutions, then 
undershot upon restoration to control conditions. All osmotic stress conditions 
resulted in decreased uptake Qd), with no amelioration upon restoration.

Thus, volume fraction and apparent diffusion coefficient, as measured with 
TMA*, react differently to osmotic stresses. The overshoots and undershoots in 
diffusion parameters suggested that cell volume regulation was dynamically 
regulated.

Supported by NIH Grants NS 28642 and NS 34115.

856.7
EFFECTS OF OSMOTIC STRESS ON 3000 MW DEXTRAN DIFFUSION 
IN EXTRACELLULAR SPACE STUDIED WITH INTEGRATED OPTICAL 
IMAGING L. Tao * and C. Nicholson. Dept. Physiol. & Neurosci., NYU Med. 
Ctr., New York, NY 10016.

When brain tissue is subject to osmotic stress, the size of the extracellular space 
(ECS) varies as cells swell or shrink. These changes have been defined in the rat 
neocortical slice using the small (74.1 MW) molecule TMA* (see poster by 
Nicholson and Kume-Kick). Here, we explored how the larger 3000 MW dextran 
molecule migrated through the ECS as the space varied in response to osmotic 
challenge.

The apparent diffusion coefficient, D\ of dextran molecules labelled with Texas 
Red (Molecular Probes) was measured in rat neocortical slices using integrated 
optical imaging (Nicholson & Tao, 1993 Biophys. J. 65:2277). Bathing solution 
osmolarity was altered from a control value of 300 mOsM to a set of hyposmotic 
levels (250, 200, 150 mOsM) or hyperosmotic levels (350, 400, and 500 mOsM), 
by varying NaCl concentrations.

Hypotonic stress caused reversible decrease in D’ within minutes. As the 
osmotic strength varied from control to 150 mOsM though the set of hyposmotic 
solutions, D decreased by -22%, -35% and -44%. Except after extreme 
hyposmotic stress D* returned to normal values on restoration of control solution. 
After exposure to 150 mOsM solution, however, the recovered £)’ showed a 
sustained overshoot. Weak hyperosmotic stress (350 mOsM) caused reversible 
increases of 15% in D*. Further hyperosmotic stress did not cause further 
increases in D After the 500 mOsM solution was removed, the recovered D* also 
showed a sustained undershoot.

Comparing results with dextran and TMA , shows that as volume fraction falls, 
D* obtained with TMA+ attains a fairly constant value, but that measured with 
dextran decreases. In contrast, both molecules diffuse with a constant value of D* 
in hyperosmotic media, though volume fraction continues to expand. Combining 
these results suggests that the narrowing spaces between cells provided more 
obstruction to the larger molecules.

Supported by NIH Grant NS 28642.

856.8
ADULT NEURONAL CULTURES FROM RAT CORTEX: 
POSTMORTEM INTERVAL AND TEMPERATURE SURVIVAL 
EFFECT, JJ, Viel. D O. McManus* and G J. Brewer. Southern Illinois 
Univ. Sch. Med., Springfield EL. 62794

Adult neuronal cultures can serve as an ischemic model. Neuronal 
survival was determined at different postmortem times at normothermic 
and hypothermic conditions. We began these studies after optimizing a 
serum-free medium for the growth of embryonic rat neurons. Frontal 
cortex sections (5-200 mg) were removed from adult rats immediately 
following sacrifice and at different postmortem intervals during which 
the head was stored at either room temperature (22°C) or on ice (4°C). 
Cells were purified by density gradient centrifugation and plated at 320 
cells/mm2 in B27/Neurobasal A medium with 5 ng/ml FGF2. Room 
temperature (22°C) neuronal cultures at 0 hr. postmortem showed 72% 
survival and declined to 20% after 6 hours postmortem (5 days in vitro). 
Hypothermic (4°C) neuronal cultures at 0 hour postmortem showed 80% 
survival and declined to 70% after 24 hours postmortem (5 days in 
vitro). Neuronal cells immunostained for neurofilament 200, glutamate, 
Map2 and tau. These experiments show that neuronal cells survive many 
hours beyond animal death. The neuronal survival time is increased 4 
fold with profound hypothermia. (Supported by Alzheimer’s 
Association, NIA Pilot and Life Technologies).

856.9
EFFECT OF AMMONIUM CHLORIDE ON METABOLISM OF PRIMARY 
ASTROCYTES AND C6-GLIOMA. N, Haghighat* and D.W, McCandless. 
Department of Cell Biology and Anatomy, Chicago Medical School, 3333 Green Bay 
Road, North Chicago, IL, 60064.

Increased ammonia has been considered a key factor in the genesis of hepatic 
encephalopathy. The high concentration of ammonia interferes with oxidative 
metabolism in the brain through an inhibitory effect on the tricarboxylic acid cycle 
(TCA). Inhibition of the TCA cycle may result in depletion of ATP. Due to the 
involvement of astrocytes in brain detoxification of ammonia, these cells are good 
candidates for studying ammonia's effect on energy stores in the brain. To test this, 
we observed the acute and chronic effects of NH4CI (7.5 or 15mM) on the 
metabolism of isolated astrocytes and C6-glioma cells. Primary astrocytes were 
isolated from the cerebral hemispheres of 1-2 day old Sprague-Dawley rats, and C6- 
glioma cells were purchased from the American Type Culture Collection (ATCC). 
Following treatment with NH4CI, glucose, lactate, glutamate, ATP, and PCr were 
assayed according to the procedures of Lowry and Passonneau. Our data showed that 
at 15 minutes following treatment with NH4CI, there were no significant differences 
in the concentration of metabolites measured in astrocytes. However, following 15 
minutes of treatment with NH4CI, the concentration of some metabolites changed 
significantly in C6-glioma cells. We have shown that 24 hours of treatment was 
sufficient time to see significant biochemical changes but not morphological changes 
in either cell type. Simultaneous biochemical and morphological changes were 
observed 48 hours following treatment in C6-glioma cells and at 9-10 days following 
treatment in primary astrocytes. In primary astrocytes at 24 hours following 
treatment glucose utilization increased. This high utilization of glucose was in 
accordance with the increase in lactate and glutamate production and the decrease in 
ATP and PCr formation. In C6-glioma cells the utilization of glucose increased but 
this high utilization of glucose was consistent with a significant decrease in the 
concentration of lactate, glutamate, and ATP. The possible method of action of 
NH4CI in both cell types is discussed. Grant: U.S.E.P.A.

856.10
ELECTROCHEMICAL TRAPPING OF NH4+ IN CULTURED ASTROCYTES - 
A PUTATIVE PATHOGENETIC MECHANISM IN HEPATIC 
ENCEPHALOPATHY. N. Allert. H. Koller*, M. Siebler. Dept. of Neurology, 
Heinrich-Heine-University, MoorenstraBe 5, 40225 Diisseldorf, Germany.

Astrocytes appear to be particularly susceptible to the toxic effect of increased 
concentrations of ammonia and, hence, play a pivotal role in the pathogenesis of 
hepatic encephalopathy. We were interested in electrophysiological changes and 
examined the effect of ammonia (NH4CI) on the membrane potential of cultured rat 
cortical astrocytes by means of perforated patch recordings. NH4CI induced a dose- 
dependent and reversible depolarization consisting of a small rapid initial 
component followed by a more prominent slow process. At 20 mM NH4CI the cells 
were depolarized by 47.9 ± 1.9 mV (n=6, S.E.M.). In order to examine the 
underlying mechanisms we determined changes in the fractional ion conductances 
(as revealed by the response of the membrane potential to intermittent rapid changes 
in the extracellular K+, Na+, NH4+ and Cl' concentration). No significant activation 
of Na+ or Cl' conductances was found. The almost exclusive fractional K+ 
conductance decreased only slightly corresponding to a small but significant 
fractional NH4+ conductance. These changes in ion conductances explained the 
small initial depolarization induced by NH4CI. In contrast, the more prominent slow 
process of depolarization most likely reflected changes in intracellular ion 
concentrations rather than changes in ion conductances. Driven by the K+ 
dependent high membrane potential NH4+ electrochemically accumulated 
intracellularly via the NH44' conductance pathway. Correspondingly, the 
intracellular K+ concentration decreased and resulted in significant depolarization of 
the cells. These NH^4- accumulative properties may importantly contribute to the 
particular susceptibility of astrocytes to toxic effects in hyperammonemia. 
(Supported by the Deutsche Forschungsgemeinschaft, SFB 194, B7)
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856.11
ASSOCIATION OF TUBERCULIN SKIN TEST (PPD) WITH 
ACUTE TRANSVERSE MYELITIS. W. Jing, M.D., Ph.D.*, M. 
Patel. M.D. and M. Nathanson, M.D. Department of Neurology, 
Medicine and Radiology, Long Island Jewish Medical Center

The tuberculin skin test is carried out internationally to detect 
prior or present exposures to mycobacterial infection. There has been 
no documented neurological complication associated with this test. A 
case of acute transverse myelitis (ATM) is reported in a 5 6-year-old 
Chinese woman who, almost immediately following a severe booster 
reaction to PPD, developed spinal cord dysfunction. One year prior, 
the patient had her initial tuberculin skin test, which was strongly 
positive but was without neurological consequences. The 
chronological association following her second PPD and the signs and 
symptoms of ATM was quite apparent. Acute transverse myelitis has 
been shown to be a potential neurological complication of various 
vaccinations, but until now not of PPD test. The radiographic lesions 
and subsequent resolution of those lesions suggest an inflammatory 
demyelinating process. We postulate that an autoimmune reaction to 
PPD may have caused the patient’s neurological symptoms. We 
recommend that a strongly positive skin reaction to PPD may be a 
contraindication for further tuberculin skin testing.

856.12
PRESENCE OF THE CYTOKINE, APO-2L (TRAIL), IN THE 
CEREBROSPINAL FLUID OF MULTIPLE SCLEROSIS PATIENTS
J. Belliveau, A. Menard, C. Sutton, J. Cottrell and F. Rieger*. Lab. de 
Neuromodulations Interactives et Neuropathologies, INSERM, 75005 
Paris, FRANCE; Thermo Bioanalysis Ltd., Hemel Hempsted, Herts HP2 
4TG, UK.

A search for possible toxic factors in the cerebrospinal fluid (CSF) of 
multiple sclerosis (MS) patients yielded a protein which caused 
morphological changes and apoptotic death of mouse astrocytes and 
oligodendrocytes, but not fibroblasts, myoblasts, endothelial cells and 
neurons, in vitro (Menard, et al., submitted). CSFs from other 
neurological diseases showed no toxicity. This protein was characterized 
chromatographically as a stable 17 kD glycoprotein. A MALDI mass 
spectroscopic analysis of a partially purified MS CSF sample yielded 
evidence for the presence of the TNF family cytokine, Apo-2L or 
TRAIL. A comparison of known properties of Apo-2L with those of the 
toxic factor from the CSFs of MS patients suggests intriguing common 
functional and apoptosis inducing properties. Possible implications for 
the pathogenesis and potential therapeutics of MS will be presented.

856.13
GLUCOCORTICOID’S EXACERBATION OF GP120 NEUROTOXICITY IS ENERGY- 
DEPENDENT
Sheila M, Brooke *, Sarah A, Howard and Robed M, Sapoisky, Department of 
Biological Sciences, Stanford University, Stanford CA, 94305.
The HIV glycoprotein gp120 is now recognized as a possible factor in the development 
of AIDS dementia. There is good evidence that gp120 can damage neurons by activating 
NMDA receptors and mobilizing cytosolic calcium through a multistep process that 
involves macrophages and microglia. We have previously shown that glucocorticoids 
(GCs) exacerbate both gp120-induced calcium mobilization and neurotoxicity in 
hippocampal and cortical cell cultures. GCs are hormones secreted during stress that 
endanger neurons during other neurotoxic insults such as ischemia, and EAA exposure 
by decreasing the available energy. We have taken three approaches in determining 
whether the GC exacerbation of gp120 effect is also energy-dependent. 1) Increasing the 
amount of energy available. We were able to eliminate the GC’s exacerbation of gp120 
neurotoxicity and increased calcium mobilization effect by increasing glucose 
concentrations. 2) Examination of the mitochondrial membrane potential. We 
demonstrated , using the dye tetramethyl rhodamine, that in ceils subjected to GC+ 
gp12Q, membrane potential decreased significantly faster than in control cells. 3) 
Measurement of ATP concentrations. With GC+gp120 treatment the levels of ATP in 
cultures were significantly decreased compared to treatments of GCs and gp120 alone. 
We conclude that GCs exacerbation of gp12G neurotoxicity is in part energy-dependent. 
These findngs support the hypothesis that gp120 neurotoxicity is a result of NMDA 
receptor stimulation in so far as the enhancement of neurotoxicity by GCs is similar to 
that seen in other instances of EAA neurotoxicity. Since megadoses of GCs that could 
exacerbate AIDS dementia are used in the treatment of Pneumocystis carinii in AIDS 
patients, this work may have clinical implications.
(This work supported by NIH Grant# 1 R01 MH5381401A2)

856.14
SYNERGISTIC NEUROTOXIC EFFECTS OF COMBINED TREATMENTS 
WITH CYTOKINES IN PRIMARY MIXED GLIA/NEURON
CULTURES. Q.-H, Jephn, L„-Y„. Kong, B,Wilson, P, Hudson.. aad
J.-S. Hong*. Neuropharmacology Section, Laboratory of 
Toxicology, NIEHS/NIH, Research Triangle Park, NC 27709.

Stimulation of brain glial cells with the bacterial toxin 
lipopolysaccharide (LPS), the HIV-1 coat protein gpl20, or p- 
amyloid-derived peptides, increases the expression of several 
cytokines, including tumor necrosis factor-a (TNFa), 
interleukin-1 (IL-1) and IL-6, and nitric oxide (NO) which 
have been proposed as causes of neurodegeneration in the 
brain. In the present study, the neurotoxic effects of several 
cytokines and NO, alone or in various combinations, and the 
correlation of the release of cytokine(s) and NO in brain 
neuronal cell injury were investigated in mixed 
glial/neuronal cell cultures. A specific combination of 
cytokines, i.e., TNFa (10 ng/ml) + IL-la (1 ng/ml)/IFNy (200 
unit/ml), induced a dramatic neuronal death in the primary 
mixed glial/neuronal cell cultures, and its cytotoxic profile 
was very similar to that seen with the LPS-triggered and 
IFNy-primed neuron injury. This indicates that among the 
many toxic immune mediators produced in response to LPS, 
the two cytokines, IL-la and TNFa, can replace LPS as the 
triggering signals and primary mediators for glia-mediated 
neuron injury in the presence of IFNy. This study provides 
new insights about the cytotoxic mechanism(s) for in glia- 
mediated neuron injury.

856.15
NEUROHISTOLOGICAL ASSESSMENT OF THE ANTI-HIV THERAPEUTIC 
2',3’-DIDEOXYINOSINE (DDI) IN RAT SCIATIC NERVE. T.A, Patterson*, 
L.C. Schmued. J.A. Sandberg and W. Slikker, Jr, Division of 
Neurotoxicology, National Center for Toxicological Research/FDA, 
Jefferson, AR 72079-9502.

The anti-HIV therapeutic dideoxyinosine (ddl) has been reported to 
produce a painful, dose-limiting peripheral neuropathy in HIV-infected 
patients after chronic administration. We have previously demonstrated 
ddl-induced neuropathy in a non-HIV-infected rat model after 20 weeks of 
dosing, characterized by myelin splitting and intramyelin edema. The 
present study examined the time course needed to produce the ddl-induced 
neuropathy. Adult male Sprague-Dawley rats were gavaged with vehicle 
or 415 mg/kg ddl twice daily for up to 20 weeks. Groups of treated (n — 6) 
and control (n = 3-5) animals were sacrificed after 5, 10, 15 and 20 weeks 
of dosing and the distal end of the sciatic nerve was removed. The nerve 
was immersion post-fixed in neutral phosphate-buffered formalin, 
dehydrated in graded alcohols and embedded in plastic embedding media. 
One //m-thick sections were cut and stained with toluidine blue and basic 
fuchsin. Plasma levels of ddl on the day of sacrifice were greater than 10 
//g/ml within the first hour after dosing and fell rapidly to less than 1 //g/ml 
(clinical range = 1-2 //g/ml) within three hours after dosing. The 
abnormalities observed in the sciatic nerve were few, if any, after 5 or 10 
weeks, but very prominent after 15 weeks of dosing. Four of the 6 ddl- 
treated rats exhibited abnormal morphology as evidenced by myelin splitting 
and ballooned myelin sheaths. Although abnormal morphology was present 
at 20 weeks of dosing, the effect was not as robust as at 15 weeks. This 
suggests that the nerve may partially recover from the effects of ddl with 
time, (supported by NIEHS IAG #Y01 -ES-10187)

856.16
ROLE OF ORGANELLAR-DERIVED CALCIUM IN NEUROTOXICITY 
OF THE LOCAL ANESTHETICS, LIDOCAINE AND BUPIVACAINE.
M.E, Johnson*, C.B. Uhl. Anesthesiology Dept, Mayo Foundation and Mayo 
Clinic, Rochester, MN 55905.

High local anesthetic concentrations, achievable clinically during 
microcatheter administration into the subarachnoid space, are neurotoxic. We 
have previously shown that 2.5-5% lidocaine (L) caused >3-fold elevation of 
cytoplasmic Ca2+ (Ca2+cyt) and up to 20% cell death during 60 min exposure.1 We 
have subsequently tested the effect of bupivacaine (B) on Ca2+cyt in the neuronal 
cell line, ND7, using ratiometric, digitized, video fluorescence microscopy with 
fura-2, as well as the effect of B and L after thapsigargin (Tps) or EGTA 
pretreatment (N>15 cells, 60 min exposure to B or L for each condition tested).

B (4-fold more potent on % basis than L) <0.625% (maximum concentration 
at 37 C, pH 7.4) caused <50% increase in Ca2+cyt for <10 min, followed by a return 
to baseline and no cell death. Pretreatment with thapsigargin (Tps) 100 nM caused 
a transient increase in Ca2+cyt. Subsequent addition of 5% L caused a rapid 
increase in Ca2+cyt and cell death, while 2.5% L caused a slow, sustained 2-7 fold 
increase in Ca2+cyt with no cell death. Addition of <0.625% B after Tps caused 
minimal change in Ca2\.>:. In separate experiments, addition of L or B after 2 min 
pretreatment with 4 mM EGTA caused a transient increase in Ca2+cyt with return to 
baseline within 5 min. Subsequent addition of 4 mM Ca2+ caused minimal 
increase in Ca2+cyt with <0.625% B, as opposed to > 10-fold increase in Ca2+cyt with 
2.5-5% L, followed by cell death in >50% of cells within 60 min.

We conclude that L is more toxic than an equipotent concentration of B. The 
Tps-releasable pool of Ca2+ is the main source of the transient moderate increase in 
Ca2+cyt seen with B, while other sources of Ca2+ are responsible for the large 
sustained increase in Ca2+cyt seen with 2.5-5% L that is associated with neuronal 
death. Supported by
American Society of Regional Anesthesia Carl Koller Grant and Mayo Foundation.

‘Society for Neuroscience Abstracts 22:273, 1996
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856.1?
SPINAL CORD NEURONS AS SENSOR/TRANSDUCER ELEMENTS IN A 
CELL-BASED SENSOR. P. Manos*, T. L. Custer, M. G. Coulombe, D.S. Cutting, 
J.J. Pancrazio and J.J. Hickman. Science Applications International Corp., 
Biotechnology Research Applications Division, 6 Taft Court, Suite 300, Rockville, 
MD 20850.

Cell-based biosensors offer a physiologically-relevant platform for broad-based 
detection of chemical and biological toxins as well as a functional assay for 
pharmaceutical screening. We are developing a biosensor system utilizing embryonic 
spinal cord neurons as sensor/transducer elements which relies on extracellular 
recording of biopotentials with a microelectrode array. The microelectrode array 
consists of 32 gold electrode sites of 14 pm diameter each with the surrounding 
surface passivated with SiN2; in some cases, electrodes were platinized causing a 
decrease in impedance from approximately 60 MQ to 100 MQ. Spinal cord neurons 
(dorsal and ventral) from E-15 rats were dissociated enzymatically with papain in 
MEM + N3 media. Neurons at a density of 8 X 104/cm2 were plated on 
microelectrode arrays coated with DETA which presents a cell-permissive self- 
assembled monolayer conducive for neuronal adhesion and growth . Under serum- 
free conditions, we have been able to maintain spinal cord neurons for up to 3-weeks 
in culture. Biopotential signals of amplitude ranging from 60 to 140 pV have been 
detected after 8 days in culture. Addition of 30 mM KC1, but not NaCl, triggered 
enhanced activity consistent with a voltage-dependence of biopotential activity. The 
stability of recording appears to be strongly influenced by pH; pH elevations from 
7.4 to 8.0 caused the monitored biopotential activity to cease. Future experiments 
will be focused on improved longevity, pharmacological and signal characterization. 
This work is supported by Naval Research Laboratory contract N00014-95-C-2128.

856.18
ORGANOTYPIC SLICE CULTURES GROWN ON SILICON-BASED ARRAYS OF 
ELECTRODES. H. Jahnsen* & O. Hansen. Division of Neurophysiology, The Panum 
Institute, Univ. of Copenhagen, and Microelektronik Centret, The Technical University of 
Denmark.

Organotypic slice cultures can be maintained for many weeks in vitro and the tissue 
has been shown to possess most properties found in brain tissue in situ. The cultures, thus, 
are veiy useful as a tool for the investigation of cellular and network properties of the CNS 
over extended periods of time. However, in situations where it is desirable to stimulate the 
same site within the tissue during several experimental sessions it is difficult to ensure that 
the stimulating electrode is placed at the right spot each time. Similarly, if it is necessary 
to record the activity of a group of cells at different times there is no way of knowing 
whetlier a standard recording electrode is indeed picking up the activity of the same cells 
during each recording session.

In order to solve these problems we have developed an array of 3x200 platinum 
electrodes embedded in a silicon chip using semiconductor micro technology. The inter-
electrode distance is 50 pm and they are connected through embedded polysilicon wires 
to platinum contact points at the edge of the chip. Using standard culture techniques with 
a pre-coating of the array with collagen it is possible to attach brain slices from newborn 
rats to the array and to maintain them for weeks.

We have found that we can record normal electrical activity from these organotypic 
slices for weeks and stimulate the same afferents to the recorded cells in several sessions. 
The technique is useful for long-term investigations of development, membrane properties, 
synaptic transmission and actions of drugs and toxic substances.

Supported by The University of Copenhagen, The Technical University of Denmark and 
the Danish Medical Research Council.

NEUROTOXICITY: METALS

857.1
THE EFFECTS OF TRIETHYLENETETRAMINE AND

CATECHOL ON THE MURINE NERVOUS SYSTEM. J.L. 
Mason* and G.K. Matsushima. Neuroscience Center, University 
of North Carolina Sch. of Med., Chapel Hill, NC 2759 Cu/Zn- 
Superoxide dismutase (SOD), a metalloenzyme, has recently 
been linked to amytrophic lateral sclerosis (ALS). Only 10% of 
all ALS cases are familial, which suggests that the other 90% of 
the cases may be due to environmental causes. We have 
exposed mice to two different environmental copper chelating 
agents, trien and catechol, that have been shown to inhibit SOD 
in vitro. The trien-treated mice do not seem to exhibit any 
behavioral changes; however, brain sections from trien-treated 
animals showed a decrease of myelin in the medial region of the 
corpus collosum. similarly, catechol-treated mice showed a 
decrease in myelin and a possible loss of axons in the medial 
region of the corpus collosum. Interestingly, catechol-treated 
animals displayed behavioral changes and hind-limb paralysis. 
These results show that exposure to copper-chelating chemicals 
found in the environment can lead to behavioral and 
neurological abnormalities. These agents may provide a model 
for non-familial ALS.

NIH Grant # N535372-01A1

857.2
NEUROMODULATION AND TOXICITY BY ZINC AND COPPER AND THEIR 
INTERACTIONS WITH CARNOSINE. M.S Horning. J, Dodge, and P.O. 
Trombley* Dept. of Biology., Florida State Univ., Tallahassee, FL 32306

The olfactory bulb (OB) contains one of the highest concentrations of zinc and 
copper of any brain region. Because zinc released by neurons under some conditions 
(e.g. ischemia) can be neurotoxic, we examined the possibility that physiological 
concentrations of copper could be neurotoxic. Furthermore, because we demonstrate 
that carnosine, a neuropeptide highly concentrated in olfactory sensory neurons, can 
modify the neuromodulatory actions of zinc and copper on amino acid receptors, we 
also tested whether carnosine can modify their toxicity.

OB neurons from E21 to Pl rats were cultured for 2 to 18 days. For experiments 
on toxicity, the culture medium was replaced with a buffer containing the metals 
(10-6M to 10-4M), carnosine (10-3M or 10-2M), or a mixture of metal and 
carnosine. After exposure for 1 hour, the buffer was replaced with Minimum 
Essential Medium with 4% glucose and neuronal viability was assessed hourly. 
Electrophysiological experiments used standard whole-cell recording techniques.

We found that zinc had a neurotoxic effect on OB neurons similar to its reported 
effect on hippocampal neurons. Furthermore, we are the first to report similar 
actions by copper. Both metals had an apparent LD50 between 10-5M and 10-6M, 
well within the range of reported synaptic concentrations. However in the presence 
of ImM carnosine, low pM concentrations of copper had a dramatically reduced 
neurotoxic effect. Carnosine had less of a neuroprotective action on zinc toxicity. 
These results are consistent with our electrophysiological results. Zinc and copper 
inhibited NMDA and GABA receptors and also reduced or eliminated spontaneous 
synaptic activity. Carnosine was more effective in modifying the actions of copper 
than zinc on both amino acid receptors and synaptic activity. These results suggest 
that although zinc and copper may act as neuromodulators, in some circumstances 
physiological concentrations may be neurotoxic. Although earlier studies have not 
identified a clear role for carnosine in the olfactory system, our results also suggest 
that carnosine may act as a neuromodulator and a neuroprotective agent.
Supported in part by a grant from the NIDCD.

857.3
NITRIC OXIDE SYNTHASE AND OXIDATIVE STRESS 
INDUCED IN THE BRAIN FOLLOWING EXPOSURE TO 
ALUMINUM. $, C, Rondyt-and.„S8. Xa ..Gu q 2Rqs §. Center for 
Occupational and Environmental Health, Dept. of Community and 
Environmental Med., Univ. of Calif., Irvine, CA 92697.

Aluminum has been implicated in Alzheimer’s Disease but this 
potential correlation remains controversial. Increased oxidative 
stress has been identified as a contributory factor in a wide range 
of neurological disorders including Alzheimer’s disease, 
Parkinsonism, amyotropic lateral sclerosis, epilepsy and stroke. 
Therefore, the potential of aluminum salts to effect increased 
production of reactive oxygen species was of interest. While 
aluminum salts alone are not able to promote pro-oxidant events in 
isolated systems, they are able to potentiate the free-radical 
inducing properties of iron.
Treatment of adult rats with aluminum over a two week period 

increased the rate of generation of reactive oxygen species in 
cerebral tissues while glutathione levels were also higher. These 
effects were not enhanced by a concomitant exposure to dietary 
iron. Levels of cerebellar nitric oxide synthase were also elevated 
in aluminum-treated animals. Apopain, an enzyme selectively 
induced in cells undergoing apoptosis, was specifically elevated 
following aluminum exposure. Thus, aluminum may promote 
pro-oxidant status and cell death within the brain, and an induction 
of nitric oxide synthase may underlie these events. Supported by 
NIH Grant #ES 7992.

857.4
GLUTAMATERGIC STIMULATION INCREASES THE PRODUCTION 
OF REACTIVE OXYGEN SPECIES AND LEAD NEUROTOXICITY IN 
GT1-7 CELLS. J. Loikkanen, J. Naarala and K. Savolainen*. Department of 
Pharmacology and Toxicology, University of Kuopio, P.O.B. 1627, FIN- 
70211 Kuopio, Finland.

Effects of glutamate (1 mM Glu), lead acetate (1 mM PbAc) and their 
combination on the production of reactive oxygen species (ROS), the levels 
of intracellular glutathione (GSH) and cell viability were studied in mouse 
hypothalamic GT1-7 cells in the presence and absence of extracellular 
calcium (1.3 mM). Glu alone increased ROS production and depleted GSH, 
but had no effect on cell viability. PbAc alone did not affect ROS production, 
but depleted GSH and decreased cell viability. The presence or absence of 
extracellular calcium did not modify effects caused by Glu and PbAc alone. 
PbAc amplified strongly Glu-induced ROS production, but only in the 
absence of extracellular calciurti. In this case ROS production was partially 
blocked by a protein kinase C (PKC) inhibitor (1 pM Ro 31-8220) and 
superoxide dismutase (100 pg/ml SOD). Together Glu and PbAc depleted the 
levels of GSH and decreased cell viability more markedly than they did 
alone, but the effects were similar both in the presence and absence of 
extracellular calcium, and they were not modified by a PKC inhibitor and 
SOD. These data suggest that glutamatergic neuronal stimulation increases 
the production of ROS and lead neurotoxicity. The joint cytotoxicity of 
glutamate and lead seems to be induced preferentially through mechanisms 
other than ROS production. Supported by the Academy of Finland.
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857.5
NANOMOLAR LEAD EXPOSURE ALTERS CALCIUM RESPONSES IN 
DEVELOPING CEREBELLAR GRANULE NEURONS IN CULTURE. T. R. 
Mhyre*,-D, N, Maine. and J,Holliday- Dept. of Neurobiology & Anatomy, Univ. of 
Rochester School of Med. & Dentistry, Rochester, NY 14642.

It has long been known that neuronal development is especially sensitive to lead 
(Pb2+); however, the critical cellular mechanism(s) affected by Pb2+ have not been 
identified. Our preliminary results suggest that non-intoxicating levels of Pb2+ 
specifically affect granule neurons in the developing rat cerebellum. Lead has been 
shown to affect a variety of proteins involved in calcium signal transduction, 
including the endoplasmic reticular calcium ATPase (CaATPase). This, coupled with 
our observations of changes in granule neuron expression of CaATPase during normal 
cerebellar development, suggest that alterations in CaATPase may be involved in the 
decreasing sensitivity to Pb2+ with age. We have now begun to characterize the direct 
cellular effects of lead on developing granule neurons in the reduced tissue culture 
environment.

Granule neurons were isolated from post-natal day 7 (P7) rats and maintained in vitro 
according to standard protocols. Treated neurons were exposed to 10 nM lead acetate 
beginning on the first day in vitro (1 DIV). Resting intracellular calcium ([Ca2+]i) is 
significantly increased in lead-treated neurons at 3 DIV, but returns to control values 
by 7 DIV. Measurement of [Ca2+]i responses to a depolarizing stimulus at 3 DIV 
reveal a lead-dependent decrease in peak [Ca2+]i. Further analysis using the 
CaATPase-specific inhibitor, 2,5-di-tert-butylhydroquinone (DTBHQ), indicates that a 
significant portion of the control peak response is due to release from intracellular 
stores, whereas lead-treated neurons appear to lack this component. By 7 DIV control 
peak [Ca2+]i responses have increased and appear to be influx mediated. In contrast, 
lead-treated neuronal responses at 7 DIV now have a significant release component and 
resemble control 3 DIV responses. These data suggest that nanomolar concentrations 
of lead delay the maturation of calcium homeostatic mechanisms in granule neurons. 
(This work was supported by the Patterson Trust, National Parkinson Foundation, and 
NIH 5 P30 ES01247-23.)

857.6
ASTROGLIAL CULTURES FROM LEAD-TREATED RAT PUPS: 
GLUTATHIONE LEVELS AND GLUTATHIONE-S-TRANSFERASE ACTIVITY. 
L Schneider Lindahl, R Barhoumi, GR Bratton, RC Burghardt, E Trffanv-
Castiglioni*. Department of Veterinary Anatomy and Public Health, Texas A&M 
University, College Station, TX 77843.

Previous studies in our laboratory have shown that glutathione (GSH) levels 
are altered in astroglial cultures that have been treated with 1 pM Pb. The 
purpose of this study was to compare GSH alterations in astroglia exposed to 
Pb in culture with those of astroglia from rat pups exposed to Pb in utero. 
From 30 days prior to breeding through gestation, dams received 2mg sodium 
(from sodium acetate), 1mg Pb, 2mg Pb, or 4mg Pb (from Pb acetate 
trihydrate) by gavage once per day. Pb levels in blood and brain of 1 -day-old 
pups were measured by graphite furnace atomic absorption spectroscopy. 
Both tissues exhibited a dose-dependent increase in Pb. Astroglial cultures 
were prepared from the cerebral hemispheres of 1-day-old pups from each 
dose group. After 10 days in culture, GSH and glutathione-S-transferase 
(GST) activity were measured on an ACAS Ultima workstation with the 
fluorescent probe, monochlorobimane. GSH levels were significantly reduced 
in astroglia from pups of both the 2mg and the 4mg treatment groups. GST 
activity was significantly increased in the cultures from pups of the 2mg dose 
group and significantly decreased in those from pups of the 4mg dose group. 
GSH levels and GST activity of astroglia from pups of the 1mg dose group 
were not different from those of the control pups. These results indicate that 
prenatal exposure alters GSH levels and GST activity in rat brain astroglia in 
a dose-dependent manner. It also appears that in astroglia from pups of the 
1mg dose group these parameters either were not affected by Pb or recovered 
during the 10-day culture period.
Research supported by NIH grant #ES00279-03

857.7
ROLE OF THE BLOOD-BRAIN BARRIER IN THE REGULATION OF 
LEAD ACCUMULATION INTO THE BRAIN. L. Claudio*. S.K. Lee. 
PJ. Landrigan. Div. of Environmental Medicine, Mount Sinai Med. Ctr., 
& Dept of Biology, NYU Med. Ctr. New York, NY 10029.

We hypothesize that one mechanism of lead neurotoxicity involves 
disruption of the blood-brain barrier (BBB). To explore this, we have 
used two mouse strains which differ in the gene for 6-aminolevuIinate 
dehydratase (ALAD), an enzyme implicated in susceptibility to lead 
intoxication. We have shown previously that mice with a duplication of 
the ALAD gene (DBA) accumulate twice the amount of lead in blood 
than mice with a single copy of the gene (C57) when exposed to the 
same acute oral doses. We investigated whether this increased binding of 
lead in the blood compartment reduced accumulation in other organs or 
whether it increased the distribution of lead into tissues. After thorough 
perfusion, the accumulation of lead in brain, kidney and liver as 
determined by atomic absorption spectrometry.

The data showed that lead accumulated in target organs in a manner 
proportional to the blood lead levels obtained for the animal, regardless 
of the dose of exposure. Interestingly, the proportion of blood to brain 
lead levels was 1:1 at oral doses of up to 500 ppm, suggesting that the 
diffusion of lead between blood and brain had equilibrated. At doses of 
1000 ppm, DBA animals showed higher accumulations of lead in the 
brain than in the blood. Assessment of the permeability of the BBB in 
these animals showed that barrier breakdown had occurred. This 
suggests that at high doses, lead can cause disruption of the BBB which 
further increases accumulation and neurotoxicity in the brain.

These data suggest that lead may induce increased BBB permeability in 
susceptible animals. This murine model may be useful for the study of 
genetic susceptibility to lead-induced toxicity as observed in humans. 
(Funded by the Environmental Health Foundation and NIEHS ES07298)

857.8
INORGANIC LEAD REDUCES INTRACELLULAR FREE CALCIUM ION 
CONCENTRATIONS IN CULTURED RAT HIPPOCAMPAL NEURONS 
THROUGH A CALMODULIN-MEDIATED MECHANISM. C. Ferguson, M. 
Kern, G. Audesirk and T. Audesirk*. Biology Department, U. Colorado 
at Denver, Denver, CO 80217.

Pb2+ has been reported to activate calmodulin, which in turn should 
activate many cellular processes, including the plasma membrane 
CaATPase, which is thought to regulate the resting intracellular free Ca2+ 
ion concentration ([Ca2+]j). In preliminary experiments, we found that 
exposure of cultured rat hippocampal neurons to 100 nM Pb2+ for 1 hour 
to 2 days reduced ICa2+Ij by approximately 25%, as estimated by fura-2 
digital imaging microscopy. We hypothesized that intracellular Pb2+, by 
activating calmodulin and thereby activating the plasma membrane 
CaATPase, enhances Ca2^ extrusion, which reduces Ca24^. We found 
that 100 nM Pb2+ stimulated 45Ca efflux from preloaded neurons but had 
no effect on 46Ca uptake, indicating that this concentration of Pb2+ 
stimulated Ca2+ extrusion without blocking Ca2+ influx. Calmidazolium, 
a specific calmodulin inhibitor, completely blocked the stimulation of 45Ca 
efflux by Pb2+. Low concentrations of calmidazolium and an unrelated 
calmodulin inhibitor, zaldoride, which themselves do not alter [Ca2+]J, 
completely reversed the reduction of [Ca2+]j by Pb2+. A specific peptide 
inhibitor of the Na+/Ca2+ exchange protein had no effect on the 
reduction of [Ca2+]j by Pb2+. Together, these data indicate that 
intracellular Pb2+ reduces [Ca2+)i by stimulating Ca2+ extrusion by the 
plasma membrane CaATPase, probably by activating calmodulin.

This research was supported by grant ES05372 from the National 
Institute of Environmental Health Sciences.

857.9
CULTURED RAT HIPPOCAMPAL NEURONS AND ASTROCYTES DIFFER 
GREATLY IN THE INDUCTION OF PROTEIN SYNTHESIS BY INORGANIC 
LEAD. G. Audesirk*, C. Ferguson, M. Kern, and L, Cabell. Biology 
Department, U. Colorado at Denver, Denver, CO 80217.

Many heavy metals induce synthesis of proteins, particularly stress 
proteins, in a variety of cell types. Opanashuk and Finkelstein (1995) 
reported that lead, at concentrations of 5 to 50 jwM, induced synthesis 
of several proteins in cultured rat cerebral cortical astrocytes, including 
"heat shock" proteins and probably a lead-binding protein (DuVal and 
Fowler, 1989). However, cerebrospinal fluid concentrations of lead, 
even in highly exposed humans, are well below 1 jj M. We investigated 
whether low lead concentrations would alter protein synthesis in cultured 
rat hippocampal neurons and astrocytes. In cultured neurons, lead 
concentrations as high as 250 //M failed to affect protein synthesis 
significantly. In contrast, at concentrations as low as 100 nM, lead 
induced synthesis of several proteins in cultured astrocytes. High lead 
concentrations (1 to 100 z/M) induced synthesis of proteins with 
approximate molecular masses of 90, 72, 57, 45, 32, and 23 kDa. Long 
exposures to low lead concentrations (100 to 250 nM for 5 to 14 days) 
induced synthesis of proteins with approximate molecular masses of 45, 
32 and 23 kDa (the last is probably the lead-binding protein). Induction 
of protein synthesis was enhanced by reduction of serum in the medium 
from 2% to 0.5%. Reducing serum also resulted in increased lead 
uptake in astrocyte cultures, suggesting that intracellular lead may be an 
important stimulus for induction of protein synthesis.

This research was supported by grant ES05372 from the National 
Institute of Environmental Health Sciences.

857.10
DEVELOPMENTAL LEAD (Pb) EXPOSURE ALTERS EXPRESSION OF 
NICOTINIC RECEPTOR BINDING SITES IN RAT BRAIN: 
AUTORADIOGRAPHIC STUDIES WITH [125i]ot-BUNGAROTOXIN AND 
[125I]EPIBATIDINE. D.A. Jett*. Department of Environmental Health Sciences, 
School of Hyg. and Public Health, Johns Hopkins University, Baltimore, MD 21205.

Quantitative autoradiography was used to determine the effect of chronic in vivo 
lead (Pb) exposure on nicotinic receptor sites in rat brain that bind the toxins [125I]a- 
bungarotoxin ([l25I]BTX) and [l25I]epibatidine ([l25I]EB). These ligands have different 
affinities for sites on receptors containing the a7 and a4132 subunits, respectively, and 
identify a majority of nicotinic receptors expressed in mammalian brain. 
Developmental Pb exposure occurred in utero, and from lactating dams receiving 750 
ppm Pb acetate in their diet. Blood lead levels in the pups ranged from 30.9-52.6 
pg/dL in postnatal day (PN) 21 rats, and did not alter body weight when compared to 
controls at any age. Pb exposure caused a significant increase (26%) in [125I]BTX 
binding in the inferior colliculus, but did not affect [123I]EB binding in rats examined 
at PN3. However, significant reductions (5-23%) in binding of both ligands were 
observed in various structures within the telencephalon, thalamus and brainstem of 
PN21 rats. Binding of both ligands was also reduced in the hippocampus and superior 
colliculus of dams that provided offspring for developmental studies. Their blood Pb 
levels ranged from 20.3-34.8 pg/dL. Adult males exposed to dietary Pb for five weeks 
(blood Pb 6-19.5 pg/dL) exhibited reduced expression of [l25I]BTX, but not [125I]EB 
sites. These in vivo studies are consistent with the inhibitory effects of Pb on 
nicotinic receptor function demonstrated in vitro (e.g. Ishihara et al., 1995, 
JiPharmacol. Exp. Therap., 273: 1471-82), and results indicate that Pb may alter the 
expression of nicotinic receptors during CNS development, and possibly induced 
changes in receptor expression in the adult brain. These effects on nicotinic receptor 
expression and function may underlie some of the behavioral dysfunction associated 
with low-level environmental Pb exposure in children and adults.
Supported by New Faculty Develop. Award, Sch. of Hyg. and Public Health, JHU
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857.11
INHIBITION OF MK-801 BINDING TO N-METHYL-D-ASPARTATE 
(NMDA) RECEPTORS BY SUBMICROMOLAR CONCENTRATIONS OF 
FREE LEAD (Pb+2) ION. S.M. Lasley*, M. E. Gilbert and M.C. Green.
Dept. of Biomed. and Ther. Sci., U. of Illinois Coll. Of Med., Peoria, IL 61656 
and National Research Council, U.S. EPA, Research Triangle Park, NC 
27711.

The chemistry of Pb+2 in physiological media is complicated due to formation of 
soluble complexes or precipitates with commonly used components. Previous 
studies (Alkondon et al., 1990’ Guilarte and Miceli, 1992; Schulte et al., 1995) 
have reported an inhibition of 3H-MK-8O1 binding to NMDA receptors from 
exposure to Pb+2 in vitro, but relied on nominal Pb+2 concentrations. This study 
was performed to characterize the Pb+2-induced inhibition of MK-801 binding 
employing chelating agents and binding constants to produce known 
concentrations of free Pb+2 in the assay mixture. Male 75-day old Long-Evans 
hooded rats were sacrificed and tritonized cortical membranes prepared (Yoneda 
and Ogita, 1991). Binding was measured in 50 mM Tris-acetate (pH = 7.0) with 
25 nM 3H-MK-8O1 in the presence of 20 |iM glutamate and glycine. Unlabelled 
MK-801 (100 |±M) was utilized to determine non-specific binding. Nitrilotriacetic 
acid or citric acid were employed with the Chelator software (Schoenmakers et al., 
1992) to define the amounts of Pb+2 necessary to add to set final free ion 
concentrations in the range of 0.001-3.2 (iM in the assay medium. Pb+2 inhibited 
MK-801 binding under these experimental conditions with an IC50 of 
approximately 0.6 uM and a maximal inhibition of 75-80% relative to binding in 
the absence of Pb . This finding extends previous observations of Pb+2-induced 
inhibition of the NMDA receptor channel to the true free ion concentrations 
producing the effect, which are about an order of magnitude lower than the IC5o’s 
reported by the workers cited above. In addition these data permit direct 
comparison of the sensitivity of the NMDA receptor to the actions of Pb+2 with the 
published sensitivity to Pb+2of other neuronal processes, such as protein kinase C 
activity or exocytotic transmitter release (Tomsig and Suszkiw, 1993,1995), in 
which the free Pb+2 concentrations were also defined. (Supported by NIH 
ES06253, the National Research Council and U. S. EPA)

857.12
A PRELIMINARY TEST OF THE HYPOTHESIS THAT IMPAIRED 
STIMULUS-REWARD LEARNING IN LEAD-EXPOSED RATS REFLECTS 
AMYGDALA DYSFUNCTION. MJ. Higlev, H. Garavan, B.L, Finlay*, &
B.J. Strupp. Division Nutritional Sciences & Dept. Psychology, Cornell 
University, Ithaca, NY 14853.

Previous studies in our lab have shown that the reversal learning impairment of 
lead (Pb)-exposed rats is not due to increased perseveration of the previously 
correct response, but rather to an elongation of the post-perseverative learning 
phase in which the rats gradually learn to associate the new correct odor and 
reward. The pattern of errors indicated an impairment in linking stimuli with 
affective consequences. Lesions of the amygdala have been shown to produce 
this same behavioral profile in reversal tasks (e.g., Jones & Mishkin, 1972), 
suggesting the hypothesis that Pb-induced impairment of associative learning is 
due to amygdala dysfunction. The present study was therefore designed to assess 
the effects of early lead exposure on amygdala function. Rats exposed to Pb 
during early development (n = 20) and controls (n = 20) were tested as adults in 
a conditioned place preference paradigm, a task known to be sensitive to 
amygdala lesions. Preliminary analyses indicate that the Pb-exposed rats were 
significantly impaired in this task under certain testing conditions but not others. 
While these results provide tentative support for the hypothesis, additional 
experiments are needed to further delineate the conditions under which the Pb- 
exposed animals are impaired relative to controls. Ongoing experiments with 
other tests of amygdala function will further evaluate this hypothesis.

Supported by NIEHS grants ES07457 & ES05950

857.13
EXPOSURE TO LEAD DURING DEVELOPMENT ALTERS
AGGRESSIVE BEHAVIOR IN GOLDEN HAMSTERS. Y, Delville*. 
Psychiatry Department, University of Massachusetts Medical Center, 
Worcester, MA 01655.

Early exposure to lead has been associated with aggressive and impulsive 
behavior in humans. The present experiments test the effects of early 
exposure to lead on aggressive behavior in golden hamsters. Female golden 
hamsters were mated in the laboratory. Their pups exposed to lead acetate 
(PbAc; 0, 10, 100 or 1000 ppm) through the drinking water from embryonic 
day 8 through lactation and weaning until postnatal day 42. The animals 
were tested for aggression in a resident/intruder model (for testing offensive 
aggression) on postnatal day 45 and in a neutral arena model a week later for 
4 consecutive days (for establishing dominant/subordinate relationships). 
Animals exposed to 1000 ppm PbAc were less likely to attack the intruders 
and more likely to retreat from them. In contrast, the group of animals 
exposed to 100 ppm PbAc contained a significantly larger proportion of 
aggressive animals. During repeated testing in the neutral arenas, animals 
treated with 0 or 10 ppm PbAc developed normal dominant/subordinate 
relationships, marked by a reduction of aggressive behavior. However, in 
animals treated with 100 PbAc, dominant/subordinate relationships were 
characterized by sustained and elevated aggressive behavior. These results 
show that aggressive behavior in adult golden hamsters is correlated with 
their level of exposure to PbAc during development. These results also 
suggest that early exposure to lead affects an animal capacity to adapt to 
social relationships.

857.14
MTF-1-INDEPENDENT TRANSCRIPTIONAL ACTIVATION OF MOUSE 
METALLOTHIONEINI PROMOTER BY CADMIUM IN HUMAN NEURO-
BLASTOMA CELLS. J.A. Johnson1*, J.D, Moehlenkamp1 W.H. Chu1, D. Bittel2, 
and G.K. Andrews2. Departments of1 Pharmacol., Toxicol.& Thera., and 2Biochem., 
and Mol. Biol, University of Kansas Medical Center, Kansas City, KS 66160

Metallothioneins (MTs) are cysteine-rich proteins that bind metal ions with high 
affinity. In all cell types that have been examined, mouse MT-I (mMT-I) and MT-II 
are up-regulated by zinc (Zn), cadmium (Cd), as well as pro-oxidants (tert-butyl- 
hydroquione, tBHQ). The 5’-flanking region of the mMT-I gene contains multiple 
cis-acting elements that bind the trans-acting factors Spl, MRE-binding transcription 
factor-1 (MTF-1) and upstream stimulatory factor (USF). There is also an antioxidant 
responsive element (ARE) which overlaps the USF binding site. Transcriptional 
activation of mMT-I has been extensively studied, however there is little data on 
regulation of the mMT-I promoter in neuronal cells. Truncations of the mMT-I 
promoter were inserted into a luciferase (luc) reporter construct. IMR-32 cells were 
cotransfected with the mMT-I luciferase constructs and a RSV-B-galactosidase 
constitutive reporter, and treated with tBHQ (10 pM), Cd (0.5 pM), and Zn (100 
pM). The -250 mMT-I-luc, -150 mMT-I-luc, -150 mMT-IAUSF/ARE-luc (USF/ARE 
deleted) and MREds-luc were activated by Cd (7- to 12-fold). Remarkably, these 
same constructs were not activated by Zn or tBHQ. Electrophoretic mobility shift 
assays suggest that a functional MTF-1 is not present in the IMR-32 cells. Thus, the 
absence of MTF-1 could account for the lack of a Zn response. Overexpression of 
mouse MTF-1 (CMV-mMTF-1) in IMR-32 cells regenerated a Zn-mediated induction 
for all the mMT-I reporter constructs and MREds-luc. Notably, activation these 
constructs by Cd was unaffected by overexpression of mMTF-1. These data suggest 
that Cd activates the MRE by a MIT-1-independent mechanism in human IMR-32 
neuroblastoma cells. (Supported by ES 08089 & ES 05704)

857.15
HISTOLOGICAL AND BEHAVIORAL ANALYSIS OF FERROUS IRON 
TOXICITY IN CENTRAL NERVOUS SYSTEM. M. HIRONISHI1, E. 
SQNODA1, T. KIHIRA2, I. WAKAYAMA*3, E. SENBA1. Dept. Anat. 
Neurobiol.1, Div, Neurological Diseases2, Wakayama Medical College, 
27 9-Bancho, Wakayama 640, Kansai College of Oriental Medicine3, 
Kumatori, Sen-nan, Osaka 590-04, Japan.

The potential role(s) of transitional metals have been suggested in the 
neurodegenerative mechanisms through neurochemical processes, 
particularly oxidative stresses. We injected various concentrations (1.6 
nmol to 1 micro-mol/2 micro-1) of ferrous chloride (FeCl2) into the ventral 
midbrain, and the striatum of Sprague-Dawley rats to investigate the 
toxic effect of ferrous iron in the central nervous system. High 
concentrations of FeCl2 (1 micro-mol and 0.2 micro-mol) induced 
fuluminant hemorrhagic encephalitis followed by animal death within 
48 hrs. Lower concentrations of FeCl2 showed a dose dependent damage of 
the midbrain tissue including the substantia nigra. Microscopic 
observation revealed inflamed center surrunded by the area showing 
nuclear ballooning and vacuolar degeneration of neurons, and coarse 
matrix indicating swelling of myelin. Hippocampus neurons of the 
ipsilateral CA3 region represented swelled nuclei. FeCl2 injected rats bent 
its trunk intensely to the contralateral side when they were suspended by 
their tails lasting about 7 days. They made contralateral rotation 
respoded to startling stimuli representing dopaminiergic system 
dysfunction. Collectively, ferrous iron is toxic at nanomolar quantity and 
could be one of the important criminals for neurodegenerative diseases, 
such as Parkinson's disease.

857.16
PROFOUND ALTERATION OF IRON METABOLISM IN THE BRAIN OF 
TRANSGENIC MICE WITH ASTROCYTE TARGETED EXPRESSION OF
INTERLEUKIN-6. P,„. C^stelnau^LL., Campbe.lL._NYu*...and H.C^Powell.
Department of Pathology, UCSD, The Scripps Research Institute and the VAMC 
Research Service, La Jolla, CA, USA.

Transgenic mice expressing interleukin-6 (IL6) in astrocytes under the control of a 
GFAP promoter exhibit a constitutive blood brain barrier (BBB) breakdown and 
develop, between 9 and 12 months of age, a neurodegenerative disease. Based on light 
and electron microscopic observations of pigmentary deposits in the brains of these 
GFAP-IL6 mice, we hypothesized that the cerebral metabolism of iron was altered. 
Enhanced histochemical detection of iron confirmed an early accumulation in 
perivascular macrophages and oligodendrocytes from 1 month of age. 
Immunohistochemical studies showed significant modifications in the expression of 
the three major iron-binding proteins (IBP) expression including; an increased ferritin 
expression and a decreased expression of transferrin and its specific receptor, reaching 
a quasi total extinction of the transferrin receptor expression at symptomatic stage. 
To determine if the accumulation of this highly oxidant metal was toxic, we looked 
for evidence of oxidative stress in the brains of GFAP-IL6 mice. Ultrastructural 
analysis revealed extensive Wallerian degeneration and lipofuscin deposits in neurons. 
Taken together, these results suggest that the IL6-induced BBB breakdown 
precipitates iron accumulation in the brain of the GFAP-IL6 animals and that IBP are 
subsequently regulated in order to increase its storage and decrease its uptake as 
protective responses. As these defenses become overwhelmed, iron may promote 
toxic lipid peroxidation which contributes to the neurodegenerative disease of the 
GFAP-IL6 mice. This transgenic model provides a unique opportunity to better 
understand the regulation of iron metabolism in the brain and the detrimental 
properties of IL6 in the nervous system. This work was supported by an AFM- 
France fellowship and USPHS grants NS 14162, MH54260 and the Veterans Affairs 
Research Service.
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857.17
D-PENICILLAMINE Abft) PRUSSIAN BLUE AS TREATMENT AGAINST 
THALLOTOXICOSIS IN THE BRAIN OF RATS. Villeda-Hemandez J, Barroso- 
Moguel R*, Mdndez-Armenta M, Rios C. and Galvan-Arzate S. Lab. de 
Neuromorfologia Celular y Depto. de Neuroquimica Inst. Nac. Neurol. Neurocir. 
14269 Mexico.

Rats were intoxicated with a single dose of thallium acetate (32 mg/kg i.p.) and 
the effect of the Prussian blue and D-penicillamine antidotes alone or in 
combination were assesed to study the histological lesions in the parietal cortex, 
hyppocampus and thalamus produced by the thallotoxicosis. After the 
intoxication with thallium (24 hrs) the antidotes were administered during 5 days, 
D-penicilamine (DP) 25 mg/kg i.p. twice a day; Prussian blue (PB) 50 mg/kg o.r. 
twice a day, the combination of PB+PB a at the same concentrations and routes 
before mentioned. The group treated with DP+PB showed few shrunken neurons, 
alterations in the nuclear chromatin in comparison with the rats treated with 
thallium, showing an adequate protection against thallium’s neurotoxicity. The 
group treated with Dp shows in addition to the lesions already mentioned, a 
shrunken and hyperchromatic nucleus with a highly eosinophilic cytoplasm, 
chromatolysis, sinous axons and dendrites, engrossed fibers and interstitial 
edema. The group treated with PB displayed similar lesions in several cells. The 
results of the present study indicate that thallium’s toxic action is due to the fact 
that in replaces potassium in many of the cellular functions, interacts with the 
sulphydryle groups altering and inhibiting the actions of several enzymes, 
producing progressive and irreversible neuronal lesions. The effects produced by 
the treatment with DP+PB to protect against the thallium’s neurotoxicity is to 
accelerate the disposal of the toxic metal and to prevent its redistribution. These 
confirm the efficacy of the combined treatment of DP and PB against The toxicity 
of thallium in rats.

857.18
EFFECTS OF REPETITIVE EXPOSURES TO METHYLMERCURY ON 
SPATIAL LEARNING. S, Beaudin1*. M, Ptito1-3. S, Chakrabarti2. S, Durham^ 
and j.C, Panissel^. ^Dcpartemcnts de Psychologic et ^Medecine du Travail et 
Hygiene du Milieu, Univ. de Montreal and -^Montreal Neurological Institute, 
McGill Univ., Montreal. Qe, Canada.

Rats exposed to high doses of methylmercury (MeHg) during gestation show 
impairment on simple learning tasks. We previously demonstrated a spatial 
learning deficit in adult rats exposed to a final cumulative dose of 20 and 40 mg/kg 
in a two-choice water escape task. This study examined the effects of repetitive 
exposures of adult Sprague-Dawley rats to MeHg on motor behavior and spatial 
learning with special reference to learning a win-stay working memory strategy. 
Rats were treated by gavage with daily dose of 0,2,4, or 6 mg/kg of MeHg for 10 
consecutive days (total cumulative dose of 0, 20, 40 or 60 mg/kg). After the fifth 
treatment day. equilibrium behavior and spatial learning in the Morris task and the 
two-choice water escape task were assessed. No sign of the typical hindlegs 
crossing was observed even in the 60 MeHg-treated rats, suggesting the absence of 
clinical symptoms. In the rolarod task, no loss of motor coordination was noticed 
in MeHg-treated groups and controls (non significant differences between mean fall 
latencies, F(3. 297)= 2.49, p> 0.05). However, in the Morris task, a learning 
deficit was observed only in the 60 MeHg-treated group i.e.rats made longer 
trajectories before reaching the invisible platform (F(3, 297)= 4.79, p< 0.005). 
Results in the two-choice water escape task replicated previous observations by 
revealing significant difference between mean number of trials to criterion and 
correct responses on test runs in all MeHg-treated groups as compared to controls 
(F(3, 31)= 9.37, p< .001; F(3, 248)= 6.68, p< 0.005). We suggest that MeHg at 
subclinical doses might intefere with processing of spatial information above all in 
more demanding experimental situations.
*Supporied by the Medical Research of Canada (MRC), Hydro-Quebec and CEA.

857.19
PRENATAL EXPOSURE TO METHYLMERCURY ALTERS 
LOCOMOTOR ACTIVITY IN A GENDER DEPENDENT 
MANNER. A.D. Rossi*1, E. Ahlbom1, S.Q. Ogren2 and S. 
Ceccatelli1. ’Inst, of Environmental Medicine and "Dept. of 
Neuroscience, Karolinska Institute, S-17177 Stockholm, Sweden.

In the present study the neurotoxic effects of a low dose (0.5 
mg/kg/day) of methylmercury (MeHg) on the developing 
nervous system were investigated. Pregnant rats were exposed to 
MeHg from day 7 of pregnancy to day 7 of lactation. Locomotor 
activity (locomotion, motility and rearing) and spatial learning 
ability were tested in the offspring (male and female) and in the 
dams 6 months after the exposure. The expression of tyrosine 
hydroxylase (TH) was examined by immunohistochemistry and 
in situ hybridization. A significant decrease in spontaneous 
motility and rearing was observed only in the MeHg treated male 
rats. After administration of a low dose of d-amphetamine (0.5 
mg/kg) no differences could be observed between control and 
MeHg treated male rats, suggesting that changes in dopaminergic 
transmission were involved. However, no changes in TH mRNA 
expression were observed. No changes in spatial learning 
acquisition or memory were shown in MeHg treated rats. Taken 
together, these findings show that during development a very low 
dosage of MeHg exerts neurotoxic effects detectable in 
adulthood and that susceptibility is gender-dependent.
(Supported by the Swedish MRC and Environmental Protection Agency)

857.20
METHYLMERCURY INDUCES ALTERATIONS IN CYTOCHROME P450 
ISOZYME EXPRESSION IN NEONATAL MOUSE ASTROCYTES. B. Han. & 
Yee. R. C, Kim and B.H. Choi.* Div. of Neuropathol., Depts of Pathol, and 
Commun. & Environ. Med., Univ. of Calif. Irvine, CA 92697.

Cytochrome P450 isozymes play a key role in the oxidative 
biotransformation of endogenous substrates as well as exogenous 
chemicals, including drugs and other xenobiotics. To examine whether or 
not prenatal low level exposure to methylmercury (MeHg) may affect brain 
cytochrome P450 isozymes, monolayer cultures of neonatal mouse 
astrocytes were exposed to 1.0 pM methyl mercuric chloride (MMC) for 3 and 
24 hours, and expression of cytochrome P450 IA1 and IIB2 was examined 
by Western blot analysis. Significantly reduced expression of both 
cytochrome P450 IA1 and IIB2 was observed after 24 hour exposure, the 
finding that was not observed after 3 hours. When astrocytes exposed to
1.0 pM MMC for 24 hours were washed and replaced with control culture 
medium and kept for 5 days, expression of both cytochrome P450 IA1 and 
IIB2 was significantly enhanced as compared to that of the control. In 
addition, astrocytes cultured from neonatal mouse brains obtained from 
pregnant mothers injected with 5.0 mg/kg of MMC at embryonic day 15 
demonstrated a significant reduction in expression of both cytochrome 
P450 IA1 and IIB2. Exposure of these astrocytes to MMC further reduced 
expression of both cytochrome P450 isozymes, and overrided induction of 
cytochrome P450 IIB2 by Phenobarbital. These data suggest that prenatal 
MeHg exposure can either down- or up-regulate expression of brain 
cytochrome P450 isozymes that may eventually affect the effects of a variety 
of pharmacologically active agents and the rate of biotransformation of 
steroid hormones essential for many cellular regulatory processes in the 
developing brain. (Supported in part by NIH grant ES 02928).

857.21
MELATONIN, TRYPTOPHAN AND SEROTONIN AS METAL 
SCAVENGERS IN THE BRAIN. J. L. Limson, S. Dava* and T, 
Nyokong. Departments of Chemistry and Biochemistry, Rhodes Univ., 
Grahamstown, South Africa, 6140.

The neurotoxic effects of heavy metals in the brain are well known. 
These include the heavy metals, Lead, Zinc, Iron and Copper. 
Aluminium has also been postulated to play a causative role in the 
etiology of Alzheimers Disease. The effects of these metals on the brain 
presupposes a means of metal control, storage and release in the brain. 
Metallothionein (N4T) is known to regulate zinc, copper and magnesium 
homeostasis in the brain. Theories of the involvement of brain 
indoleamines in anti-aging mechanisms in the brain prompted us to 
investigate the ability of these agents to bind metal ions. Using a 
sensitive electrochemical technique, adsorptive stripping voltammetry, 
we were able to demonstrate that these indoleamines can bind 
aluminium, cadmium, copper, iron, lead and zinc. Melatonin, the pineal 
hormone, functions effectively in neuroprotection and aging, as a free 
radical scavenger and general antioxidant. The reduction in melatonin 
secretion with age is associated with the onset of aging diseases such as 
Alzheimers Disease. Thus the accumulation of aluminium in Alzheimers 
Disease may be linked to the reduced secretion of melatonin with aging, 
implying that less aluminium would be eliminated from the brain 
because of the reduced melatonin secretion.

FRD, South Africa
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858.1
Loss of Mitochondrial Function in Oxidatively Stressed Astrocytes K.J, 
Thompson.* S.J, Robb-Gaspers, L.D. Robb-Gasperst & J.R. Connor.
George M. Leader Family Laboratory, Dept. of Neuroscience & 
Anatomy, M. S. Hershey Med Center, Penn State University, Hershey, 
PA 17033. fDept. of Pathology, Anatomy & Cell Biology, Thomas 
Jefferson University, Philadelphia, PA 19107

This research studies the mechanism of peroxide-induced oxidative 
stress in enriched astrocytic cultures generated from C57/BI6 mouse 
pups. Tert-butyl hydroperoxide t-bOOH) was used as an exogenous 
source of peroxide and lactate dehydrogenase (LDH) release as a 
measure of cytotoxicity. Fluorescence digital imaging microscopy of 
single astrocytes was used to measure cytosolic calcium ([Ca2+]c) 
with Fura 2, mitochondrial membrane potential (AH'mjto) with tetra 
methyl rhodamine ethyl ester (TMRE), and superoxide (O2 ') 
production with dihydroethidium. Addition of t-bOOH caused an 
immediate increase in [Ca2+]c, |Oss of ATmito. and increase in 
generation of 02 ". Superoxide production could be colocalized to 
mitochondria by the addition of TMRE. While all sites of O2 ' 
production colocalized to mitochondria, not all mitochondria produced 
O2-'. Electron microscopy was used to examine structural changes in 
response to t-bOOH exposure. Mitochondrial swelling and disruption 
of cristae was observed in t-bOOH treated astrocytes. All of the 
aforementioned events occurred prior to LDH release. In addition, iron 
chelation with desferal (DF) decreased the mitochondrial changes and 
prevented LDH release, while increasing iron with 3,5,5-trimethyl 
(hexanoyl) ferrocene (TMHF) enhanced the mitochondrial changes and 
LDH release. Supported by NS22671 (NIH)

858.2
DEPOLARIZATION-INDUCED CALCIUM FLUX IN SYNAPTOSOMES. 
N.A. Denisova*. S.A. Erat, and J.A.Joseph. USDA-HNRCA at Tufts University, 
Boston, MA 02111.

In aging, it has been shown that there are substantial alterations in Ca2+ 
homeostasis that could lead to increased cytosolic Ca2+ and ultimately, cell death 
(e.g., decreases in activities of the plasma membrane Ca2+-ATPase and Na+/Ca2+ 
exchanger). Results using PC-12 cells suggest that the alterations in Ca2+ 
regulation are the result of oxidative stress (OS) and additional experiments have 
suggested regional specificity of the disregulation. Thus, present experiments 
were carried out using striatal, hippocampal and frontal cortical (FC) 
synaptosomes (Young 6-8 mo and Old 22-24 mo Fischer F344 rats) to determine 
OS (300 pM H2O2) effects on 45Ca2+ flux under basal (5 mM KC1), 
depolarization (DEP)(30 mM KC1) and Recovery (REC, the ability to reduce 
cytosolic 4SCa2+ levels following DEP at 30 and 60 s) conditions. Results showed 
that there were significant OS-induced alterations in peak DEP in striatum and 
FC (e.g, FC decreases in 45Ca2+ flux, Young 19%, Old 18%) but not in 
hippocampus. In the hippocampus OS reduced recovery in both age groups such 
that the AREC between DEP and 30 s did not significantly differ in either age 
group (A 7% young, 14% old p > 0.05), while FC diffs. in AREC at 30 sec were 
greater in the young than in old. However, in the striatum, less AREC at 30 sec 
was observed in the old than in the young, and cytosolic 45Ca2+levels actually 
increased. Thus, the results suggest area specific alterations in Ca2+regulation in 
aging in response to OS, with the striatum showing the greatest age-related 
increases in OS vulnerability.
(Supported by USDA intramural)

858.3
Dissociation of Calcium from Oxidative Death in Astrocytes S.W, 
H.u,let,*_S,J, Robb-Gaspers, L.D; Robb-Gaspers,:..& J.R. Connor.
George M. Leader Family Laboratory, Dept. of Neuroscience & 
Anatomy, M. S. Hershey Med Center, Penn State University, Hershey, 
PA 17033, fDept. of Pathology, Anatomy & Cell Biology, Thomas 
Jefferson University, Philadelphia, PA 19107

Calcium has been proposed to contribute to oxidative death. 
This research examines cytosolic calcium ([Ca2+]c) changes and their 
contribution to peroxide-induced oxidative stress in enriched 
astrocytic cultures generated from C57/BI6 mouse pups. Tert-butyl 
hydroperoxide (t-bOOH) was added to the media as an exogenous 
source of peroxide. Digital imaging microscopy of Fura 2 fluorescence 
was used to measure [Ca2+]c in single astrocytes and loss of viability 
measured as lactate dehydrogenase (LDH) release. Addition of t-bOOH 
caused biphasic changes in [Ca2+]c: an initial transient increase in 
[Ca2+]c, followed by a slow increase of [Ca2+]c prior to membrane 
rupture. Astrocyte LDH release was 90% of total following 4 hours 
exposure to t-bOOH. Calcium chelation with excess EGTA did not 
decrease LDH release. Additionally, supplementing calcium in the 
media did not enhance LDH release. Thapsigargin (Tg) was used to 
increase [Ca2+]c. Thapsigargin alone caused transient increases in 
[Ca2+]c, as measured in single astrocytes. Neither the addition of t- 
bOOH, nor iron chelation by desferal (DF) followed by t-bOOH affected 
Tg-induced [Ca2+]c changes. However, Tg did not cause LDH release, 
Tg did not enhance t-bOOH-induce LDH release and DF pretreatment 
prior to Tg plus t-bOOH prevented LDH release, suggesting t-bOOH- 
induced LDH release can be dissociated from intracellular calcium 
levels. Supported by NS22671 (NIH)

858.4
LY231617: MECHANISM OF PROTECTION AGAINST 
HYDROGEN PEROXIDE NEUROTOXICITY. K.S. Fuson*, R.J. 
Mark, J.A. Panetta, and P.C. May. Lilly Research Laboratories, 
Neuroscience Research Division, Eli Lilly and Company, 
Indianapolis, IN 46285-0424.

The antioxidant LY231617, [2,6-bis(1,1-dimethylethyl)-4- 
[[(1-ethyl)amino]methyl]phenol hydrochloride], is a potent 
neuroprotective compound. We have previously shown that 
LY231617 markedly attenuates the induction of GFAP mRNA in both 
hippocampus and caudate nucleus following transient global 
ischemia by 4VO in rat, consistent with the significant 
neuroprotection observed histologically (May et al 1996). 
Additionally, we have demonstrated that co treatment with LY231617 
affords neuroprotection in vitro against hydrogen peroxide-induced 
toxicity (unpublished). To explore the mechanism of protection by 
LY231617, we varied the exposure paradigm. All primary 
hippocampal cultures were treated for 15 minutes with H2O2; 
LY231617 was added for 15 minutes prior to H2O2 (pre treat), during 
H2O2 exposure (co treat), or 15 minutes after H2O2 (post treat). Our 
results show that the brief pre and post treatments are effective 
(73% neuroprotection/pre, 81%/co, 80%/post). To further study the 
antioxidant properties of LY231617, we used an El A system for 
detection of a marker of oxidative stress, 8-isoprostane, to correlate 
hydrogen peroxide toxicity with oxidative stress. LY231617 blocks 
the hydrogen peroxide-induced elevation in 8-isoprostane (50% 
reduction/pre treatment, 87% reduction/co treatment, 40%/post 
treatment), suggesting that LY231617 does affect the H2O2-induced 
neurotoxicity by attenuating the oxidative stress. [Eli Lilly and Co.]

858.5
NGF PROTECTS DRG FROM OXIDATIVE STRESS BY 
LOWERING INTRACELLULAR PEROXIDE LEVELS.
J. L. Podratz, S. W. Carmichael*, and A. J. Windebank. Program in 
Molecular Neuroscience, Mayo Clinic and Foundation, Rochester, MN 
55905 USA.

One complication for patients on hemodialysis is the development of 
peripheral neuropathy. Serum from these patients put into tissue 
culture medium was toxic to dorsal root ganglion neurons (DRG), in 
vitro. We have shown that a neurotoxic activity could be extracted 
from the hemodialyzer and these extracts had peroxide activity that 
was inhibited by catalase. Nerve growth factor (NGF) has been shown 
to protect PC 12 cells from hydrogen peroxide (H2O2) toxicity by 
upregulating catalase, superoxide dismutase (SOD), glutathione (GSH) 
and glutathione peroxidase (GPX). Our previous studies have shown 
NGF protects DRG neurites from both dialyzer treated medium and 
H2O2. This protection was inhibited by aminotriazole (Az), a specific 
catalase inhibitor, and 1,3-bis(chloromethyl)-l-nitrosourea (BCNU), a 
GPX inhibitor. When exposed to dialyzer treated medium, DRG cell 
survival decreased to 46%. NGF treatment increased cell survival to 
84%. Dichlorofluorescein was used as an indicator of intracellular 
peroxide levels together with quantitative fluorescence microscopy on 
both PC 12 cells and DRG. Exposure of both cell types to H2O2 in the 
medium resulted in a reproducible rise in intracellular peroxide. 
Pretreatment with NGF inhibited this increase. These results indicate 
that NGF protects DRG and PC 12 cells from oxidative stress induced 
by hemodialyzers and hydrogen peroxide by lowering intracellular 
peroxide levels. This may be due to NGF regulation of catalase and 
GPX. (NIH, NS 14304)

858.6
POST-TREATMENT WITH GINKGO BILOB A EXTRACT (EGb 761) OR 
DEHYDROEPIANDROSTERONE (DHEA) PREVENTS HIPPOCAMPAL CELL 
DEATH INDUCED BY HYDROGEN PEROXIDE IN RAT: S. Bastianetto*,C. 
Ramassamy, J. Poirier and R. Quirion. Douglas Hosp. Res. Centre, Dept Psychiatry, 
Me Gill University, Montreal, Quebec, Canada, H4H1R3.

The etiology of Alzheimer's disease (AD) and the mechanisms of impaired cellular 
function during aging are mostly unknown. One of the most attractive theories 
relates to an increased production of free radicals. This theory is based on the 
deleterious effects of accumulating free radicals induced by oxidative stress in 
disease states and in the aged brain. We have shown that treatments with either 
DHEA or a Ginkgo biloba extract (EGb 761, IPSEN laboratories) prevented cell 
death induced by the pro-oxydant hydrogen peroxide (H2O2) (Bastianetto et al., Soc 
Neurosci Abst, 26, 1919, 1996). Interestingly, cell survival estimated 24hr after an 
exposure to H202 was lower than at 3hr. Therefore, the aim of this study was to 
investigate if treatments with either DHEA or Egb 761 following a 3 hr exposure to 
H2O2 attenuated cell death. Primary cultures of hippocampal neurons were prepared 
under serum conditions from 19/20-day-old rat embryos. After 7 days in culture, 
cells were then incubated (37°C) for 3 hr in D-MEM alone or in presence of H2O2. 
After this period, medium was replaced with a Neurobasal Medium supplemented 
with N2 and the cells were treated with either DHEA or EGb 761. Viability of cells 
was determined 24 hr later using the MTT and neutral red colorimetric assays. 
Post-treatment with EGb 761 (50 pg/ml) resulted in significant protection against 
H2O2 toxicity (50 pM) whereas post-treatment with DHEA was less effective. These 
data indicate that EGb 761, and to a lesser extent DHEA, can rescue hippocampal 
cells from H2O2 toxicity. This may be relevant to the purported efficacy of EGb 761 
in the treatment of AD. (Supported by MRCC and IPSEN laboratories).
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858.7
h 2o 2 injury  in neuroblastoma  cells  over - and  under  
EXPRESSING HEME OXYGENASE-1 S.-Y. Lu, M.A. Smith, N.G. Abraham, R.N. 
Nishimura, J.T. Laitinen, R.B. Petersen, B.E. Dwyer (SPON: Society of 
Neuroscientists of Africa). Molecular Neurobiology Laboratory, VA Medical Center, 
White River Junction, Vermont 05009, Department of Pharmacology, NY Medical 
College, Valahala, New York 10595, and Institute of Pathology, Case Western 
Reserve University, 2085 Adelbert Road, Cleveland, Ohio 44106.

Heme oxygenase-1 is induced in a number of neurodegenerative and traumatic 
neurological conditions. In order to determine the role of heme oxygenase-1 in the 
context of the nervous system, we used M17 neuroblastoma cells stably 
overexpressing human heme oxygenase-1, expressing heme oxgenase-1 RNA in the 
antisense orientation, or vector alone. Our preliminary investigations were to 
determine what role heme oxygenase-1 plays in oxidative injury to neurons. 
Neuroblastoma cells were exposed to hydrogen peroxide (H2O2) in serum-free medium 
and cell death was assessed 24 hours later by trypan blue uptake. Trypan blue-positive 
cells were expressed as a percentage of total cells and cell death was ranked by 
percentage of dead cells. Moderate oxidative injury was produced by adding H2O2 to 
cell cultures at a concentration of 0.3mM. Transfected cells overexpressing heme 
oxgenase-1 were significantly protected compared to cells transfected with antisense 
heme oxygenase-1. The basis for this order of sensitivity is likely related to the 
antioxidant activity of heme oxygenase-1.

These results support the notion that heme oxygenase-1 may serve a protective role 
in oxidative stress based on the results in model systems and future investigations 
using inhibitors of heme oxygenase-1, such as metalloporphyrins, are currently 
underway to determine the mechanism of this protection.

Supported by the Office of Research and Development, Medical Research Service, 
The Department of Veterans Affairs (BED, SYL, RNN) and American Health 
Assistance Foundation (MAS). MAS is a fellow of the American Philosophical 
Society.

858.8
THIOPENTAL SODIUM INHIBITS NITRIC OXIDE-INDUCED 
CELL DEATH OF CNS NEURONS IN VITRO. S. Shibuta.T, Mashimo. 
I, Yoshiva. Y. Fukuda# and J, Kosaka#*. Dept. of Anesthesiology and 
#Dept. of Physiology, Osaka University Medical School, Suita, Osaka 
565, JAPAN.

Excessive amount of nitric oxide (NO) is known to be toxic to CNS 
neurons. This study was undertaken to clarify the role of thiopental 
sodium, an anesthetic agent which is accepted as a free radical 
scavenger, on NO-mediated neurotoxicity in CNS neurons. Cortical and 
hippocampal neurons were isolated from E16 Wistar rat embryos and 
cultured for two weeks with Dulbecco's modified MEM supplemented 
with 10% FBS on poly-L-lysine coated dishes. The survival rates of 
neurons were detected by staining with trypan blue in this study.

Twenty-four hours after the administration of an NO donor, NOC-5 
(1, 10, 20, 30, 100, 300 and 1000 mM), into the cultures, survival rates 
of neurons decreased in a dose-dependent manner. However, with 
pretreatment of 100 mg/ml thiopental sodium, prior to NO exposure, 
survival rates increased from approximately 10 % in untreated cultures 
to 70 % in treated ones. From the present in vitro study, we conclude 
that thiopental sodium is capable of protecting CNS neurons from NO- 
mediated neurotoxicity.

Supported by Grants in Aid for Scientific Research from the Ministry 
of Education, Science and Culture of Japan.

858.9
HPLC-ELECTROCHEMICAL ARRAY DETECTION OF PROTEIN OXIDATION 
AND NITRATION PRODUCTS IN CNS TISSUE. K. Hensley1. L. Maidt1. Robert E. 
Anderson2-*, M. Wack3 and R.A. Flovd1 ‘Oklahoma Medical Research Foundation, 
2Oklahoma Center for Neurosciences, and 3 VA Medical Center, Oklahoma City, OK 
73104.

Reactive oxygen species (ROS) and reactive nitric oxide-derived species 
(RNOS) have been widely implicated in the etiology of age-related and inflammatory 
disease states. The practical study of ROS / RNOS has been limited by the lack of 
specific and sensitive techniques for ascertaining protein modification by exposure to ROS 
I RNOS in vivo. High pressue liquid chromatography with electrochemical array 
detection (HPLC-ECA) allows sensitive detection of hydroxylated and nitrated phenolic 
compounds with detection limits in the low picomole range. Methods were developed for 
assay of protein-bound 3-nitrotyrosine (3-NT) and 3,4-dihydroxyphenylalanine (3,4- 
DOPA) which required minimal sample preparation with no need for organic extractions 
or chemical derivatizations. Protein-bound 3-NT and 3,4-DOPA were detected in 
proteolytic digests of bovine albumin exposed to peroxynitrite, as well as in proteins 
obtained from primary rat glial cell culture treated with interleukin-1 (L Forty eight hours 
after exposure to 20 ng/mL ILip, glial cells demonstrated a nitrotyrosine burden 
equivalent to 8.6 ± 0.6 moles 3NT /103 mole tyrosine and a 3,4-DOPA content of 2.3 
± 0.4 moles /104 mole tyrosine (N = 4). Control cells contained negligible quantities 
of protein-bound 3-NT or 3,4-DOPA. Protein nitration did not correlate with nitrite 
levels in cell medium as assayed by Griess diazotization assays. The nitrone radical 
trapping compound phenyl-te/V-butylnitrone (100 pM) prevented IL 1P -mediated protein 
nitration and hydroxylation while having no effect on nitrite concentration in the cell 
medium. The HPLC-ECA methodology is currently being applied to measurement of 3- 
NT and 3,4-DOPA in human cerebrospinal fluid and other central nervous system tissue. 
Supported in part by NIH grant NS35747.

858.10
GINSENOSIDES RBI AND RG3 ATTENUATE GLUTAMATE- 
INDUCED NEUROTOXICITY IN PRIMARY CULTURES OF RAT 
CORTICAL CELLS. Y. C. Kim, S. R. Kim, T. H. Oh* and G. J. 
Markelonis. Coll. Pharmacy, Seoul National Univ., Seoul, Korea, 
and Dept. Anatomy & Neurobiology, Univ. Maryland Sch. 
Medicine, Baltimore, MD, 21201, USA

We are attempting to identify neuroprotective agents from 
natural products and Oriental herbal remedies. In our studies, 
primary cultures of rat cortical cells are used in an in vitro test 
system to evaluate neuroprotective effects of isolated compounds. 
The neurotoxicity caused by L-glutamate could be attenuated 
appreciably by the compounds, ginsenosides Rbl and Rg3, isolated 
from Panax gingseng C. A. Meyer (Araliaceae). At a concentration 
of 100 nM, ginsenosides Rbl and Rg3 inhibited the overproduction 
of NO which routinely follows glutamate neurotoxicity. 
Furthermore, ginsenosides Rbl and Rg3 elevated the diminished 
level of superoxide dismutase in glutamate-treated cells. Finally, 
ginsenosides Rbl and Rg3 inhibited the formation of 
malondialdehyde, a compound produced by lipid peroxidation, in 
cultures treated with L-glutamate. These results show that the 
two ginsenosides can inhibit the formation of NO, malondialdehyde 
and can prevent a fall in superoxide dismutase activity. As such, 
these compounds may be efficacious in protecting neurons from the 
oxidative damage caused by excess L-glutamate. Supported by the 
Korea Research Foundation (01 F0119-YCK) and the NIH (NS 
34534 and Office of Alternative Medicine-THO).

858.11
INCREASED CYTOTOXICITY OF CYTOKINE TO MIXED CORTICAL AND 
PIAL CULTURES IN THE PRESENCE OF SUPEROXIDE DISMUTASE AND 
CATALASE . S.-I, Chi* . T -L. Pai. C.-H. Chen and T.N, Lin . Department of
Physiology, Tzu-Chi College of Medicine, Hualien and Institute of Biomedical 
Sciences Academia Sinica, Taipei, Taiwan, ROC.

The protective effect of superoxide dismutase (SOD) has been controversial. In 
our mixed neuronal-glial-vascular cell culture system, a large amount of NO was 
induced by exposure to a combination of interleukin-ip (IL-ip) and interferon-y 
(IFNy) ( 10 ng/ml IFNy plus 250-500 pg/ml IL-1 P). At 48 hr, NO production was 
76± 8 uM (n=5) which was not cytotoxic yet unless longer exposure for 3-4 days 
( NO assessed by release of nitrite into medium and cell injury by phase-contrast 
microscopy and lactate dehydrogenase). The threshold for NO to be toxic was 
usually over 100 uM in our culture system. However, in the presence of low dose 
of SOD (25-50 u/ml) and catalase (50-120 u/ml) which did not significant change 
the concentration of cytokine-induced NO, severe cell injury was found including 
breaks of vascular feeding layers and nearly 100% death of neurons. In contrast, in 
pial-vascular cultures, NO production was less, 18± 3 uM, ( n=6 ) and there was 
no cell injury in the presence of SOD/catalase at 48 hours. Until 5-6 days 
exposure, the amount of NO was increased to 51± 9 uM, ( n=5 ), the increased 
cytotoxicity of the cytokines by SOD/catalase appeared. In mixed neuronal-glial 
cultures, much less NO production was induced by the cytokines ( 6± 2 uM, n=6 ) 
at 48 hours. The cytotoxicty of cytokines with SOD / catalase did not occur if the 
amount of NO was less even after prolonged exposure. The results suggest that the 
potentiation of cytokine toxicity by SOD / catalase may be due to the increase the 
half-life of NO. It is possible that SOD/catalase antioxidants may not be beneficial 
during iNOS induction in chronic inflammation stale and neurodegenerative 
disease of the CNS. This project is supported by NSC and Tzu-Chi foundation.

858.12
PD98059 BLOCKS INDUCTION OF TYPE II (INDUCIBLE) NITRIC OXIDE 
SYNTHASE EXPRESSION IN CULTURED ASTROGLIA. R. C. Moore. I. M. 
O'Donnell* and L. I. Chandler . Department of Pharmacology, 
Louisiana State University Medical Center, Shreveport, LA 71130.

The present study investigated the effects of the MEK inhibitor PD98059 on 
transcriptional activation of type II nitric oxide synthase (NOS) gene expression 
in primary cultures of rat astroglia. Addition of PD980591 hr prior to addition of 
lipopolysaccharide (LPS; 100 ng/ml) inhibited the subsequent accumulation of 
nitrite in the culture media measured after 24 hrs and 48 hrs. The 
concentration-response curve for PD98059 inhibition of nitrite accumulation was 
steep, with no inhibition at 10 gM and ~70% and -80% inhibition at 30 gM and 
100 fj,M, respectively. In addition to inhibition of LPS induced nitrite 
accumulation, PD98059 (30 gM) also inhibited nitrite accumulation stimulated 
by combinations of LPS/IFN-y (50 U/ml), TNF-a (100 ng/ml)/IL-l|3 (10 ng/ml) or 
TNF-a/IL-ip/IFN-y. The degree of inhibition by PD98059 was variable and 
appeared to be inversely related to the degree of stimulation. Western blot 
analysis of the time-course of Type II NOS protein showed a time-dependent 
increase in expression at 4 hrs, 8 hrs, 16 hrs, and 24 hrs after exposure to 
LPS/IFN-y. Type II NOS protein expression was reduced throughout the time- 
course by PD98059, and the degree of inhibition of protein expression roughly 
correlated with the degree of inhibition of nitrite accumulation. These 
observations indicate that signaling though the MEK/MAPK pathway plays an 
important role in transcriptional regulation of Type II NOS gene expression in 
astroglia, and suggests that MEK/MAPK inhibitors may have potential therapeutic 
value by blocking toxic production of NO during certain pathological conditions. 
Supported by a grant from the Louisiana Educational Quality Support Fund.
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858.13
NEUROPROTECTIVE ACTIVITY OF HEME OXYGENASE IN PRIMARY 
HIPPOCAMPAL CULTURES SUBJECTED TO OXIDATIVE STRESS 
injury . S, P9.re*.vK_Zakhai^..Ct.Ex.£eiiis>.S^.RJ. Jaffrgy, L D- Hester 
Snyder. Dept. Neuroscience, Johns Hopkins University, Baltimore, MD, 21205.

Heme oxygenase (HO) mediates the conversion of heme to carbon monoxide 
(CO) and biliverdin, which is immediately reduced to bilirubin (BR). Two HO 
isozymes, products of distinct genes, are known. HO-1 is a stress response protein 
and ubiquitously distributed. HO-2 is a constitutive enzyme and present in high 
concentration in the brain being particularly enriched in the hippocampal 
formation. We have previously shown that CO can act as a neurotransmitter (Soc. 
Neurosc. Abst. 22:1566, 1996). In this study, we explored the possible anti-oxidant 
properties of BR. H2O2 was used as a model of oxidative injury inducing cell death 
on neurons. We observed that rat embryonic (El9) hippocampal neurons cultured 
for 4 days in serum-free conditions were sensitive to 10-300gM H2O2-induced 
toxicity as determined using the MTT colorimetric assay and confirmed by Trypan 
blue cell exclusion. Exposure of neurons to 75pM H2O2 resulted in a survival rate 
of approximately 50% after 24h incubation period. Pre-treatment (24h) with 
phorbol ester (PMA) elicited a concentration-dependent (0.01-lpM) neuro-
protective effect. The inactive isomer, 4-a-PMA, had no significant effect on 
neuronal survival. Interestingly, tin protoporphyrin IX (SnPPIX; lOpM), a specific 
inhibitor of HO activity, abolished neuroprotection. After PMA treatment, HO-2 is 
presumably activated by phosphorylation and HO-1 expression is likely to be 
stress-induced. The overall increase in HO activity would result in BR formation. 
Using a specific antibody against BR, neuronal BR staining was found to be 
increased after PMA treatment. These findings suggest that HO activity and 
expression are increased after phorbol-ester treatment and anti-oxidant properties of 
BR are sufficient to prevent oxidative injury.

858.14
GLUTATHIONE-S-TRANSFERASE AND QUINONE REDUCTASE 
EXPRESSION AND TRANSCRIPTIONAL REGULATION IN IMR32 
HUMAN NEUROBLASTOMA CELLS. Jeffrey D, Moehlenkamp* and 
Jeffrey A. Johnson. Dept. of Pharmacology, Toxicology and 
Therapeutics, Univ. of Kansas Medical Center Kansas City, KS 66160.

Glutathione-S-transferases (GST) catalyze the conjugation of 
xenobiotics, confer protection from oxidative stress and are associated with 
neuronal survival in vivo. NAD(P)H;quinone oxidoreductases (QR) 
catalyze the two electron reduction of quinones to hydroquinones. 
Increased QR activity has been associated with neuronal survival in 
cultured neuroblastoma cells. The antioxidant responsive element (ARE), 
is an enhancer, located in the 5’-flanking region of genes encoding 
members of both enzyme families. The aim of these studies was to 
examine the endogenous expression of GSTs and QRs in cultured IMR32 
human neuroblastoma cells and to determine if these cells can 
transcriptionally activate the ARE. IMR32 cells were cultured in 10 cm 
dishes and treated with tert-butyl hydroquinone (tBHQ). The treatment 
resulted in a minimal increase in GST activity and a 3-4 fold increase in 
QR activity. ARE sequences from rat QRi (rQRQ, mouse GSTA1 
(mGSTAl), rat GSTA5 (rGSTA5) and rat GSTP1 (rGSTPl) were inserted 
into a TATA-Inr minimal promoter:luciferase reporter construct and then 
cotransfected with a constitutively active RSV/B-galactosidase reporter. 
Treatment with tBHQ, cadmium (Cd) and L-dihydroxy-phenylanine (L- 
dopa) activated rQRi (12 fold), rGSTPl (10 fold), and rGSTAl (4 fold) 
ARE-driven luciferase expression while the rGSTA5 ARE did not respond 
to these treatments. These data suggest that the core ARE sequence is not 
sufficient for activation by oxidative stress in neuroblastoma cells. 
(Supported by ESO8O89)

858.15
EXPRESSION OF GLUTATHIONE-S-TRANSFERASES (GSTs) AND 
QUINONE REDUCTASE (QR) IN RAT PRIMARY NEURONAL AND 
GLIAL CELLS UNDER OXIDATIVE STRESS. J.A. Ahlgren- 
Beckendorf? Joseph W. Herdler and Jeffrey A. Johnson. Dept. 
Pharmacology, Toxicology and Therapeutics, University of 
Kansas Medical Center, Kansas City, KS 66160

Cerebellar cells from 8 to 10 day-old Wistar rats were 
cultured in one of three media; i) neurons in Neuronal Cell 
Media (NCM) with the DNA synthesis inhibitor cytosine 
arabinoside, which prevents multiplication of glial cells; ii) 
glial cells in NCM without cytosine arabinoside, and iii) media 
specific for Bergmann radial glial cells. Cells were treated 
daily with a compound known to participate in redox cycling, 
tert-butylhydroquinone (tBHQ), with doses from vehicle to 40 
pM. GST activity increased in treated cells compared to 
controls. HPLC analysis indicated that Alpha-class GST subunit 
rGSTA3/5 and Pi-class subunit rGSTPl were induced 
significantly in glial cells. Increased expression after 1 day 
of treatment was negligible; maximal expression in glia was 
observed at 20 pM tBHQ after 3 days and did not increase 
through 7 days of treatment. QR activity demonstrated a 
similar trend in glial* cells. Neuronal cells were more 
sensitive to the toxic effects of tBHQ. Expression of rGSTAe/5 
and rGSTPl, as well as QR activity, was increased only sightly 
in neurons by treatment with tBHQ. (Acknowledgements: 
Funded by NIEHS ES08089)

858.16
a-LIPOIC ACID ATTENUATES L-HOMOCYSTEIC ACID- 
MEDIATED NEUROTOXICITY IN RAT PRIMARY 
NEURONAL CULTURES
B. Lockhart, C. Cuismier. N. Villain, C. Jones, P. Lestage. V. Audinot*.
J, Lepagnol Institut de Recherches Sender, 125 Chemin de Ronde, 78290 
Croissy sur Seine, France.

a-Lipoic acid and its reduced form dihydrolipoic acid (DHL) have been 
described as possessing antioxidant capacities. DHL can notably react with 
several reactive oxygen and nitrogen species. In the present report, the ability of 
both oxidised and reduced lipoic acid and its enantiomers was investigated to 
protect against oxidative stress-mediated neurotoxicity in rat neuronal cultures 
based on depletion of intracellular glutathione (GSH) levels. Exposure of rat 
hippocampal neurons to L-homocysteic acid (L-HCA), an inhibitor of cystine 
uptake, for 48hr produced a dose-dependent toxic effect (EC5o=21OpM) 
contiguous with a significant depletion in the intracellular levels of GSH. A 
series of anti-oxidants including propyl-gallate, a-tocopherol and N-acetyl- 
cysteine protected neurons against the neurotoxic action of L-HCA based on 
assay of LDH release and MTT reduction. Pretreatment of cells with lipoic 
acid, dihydrolipoic acid and the enantiomers R-lipoic acid and S-lipoic acid 
protected cells against L-HCA-mediated toxicity with similar potency (PC5o=4- 
7pM) but failed to protect cells against die degeneration induced by prolonged 
exposure to buthionine sulphoximine, an inhibitor of y-glutamylcysteinyl 
synthetase. It is likely that lipoic acid by enabling cystine to bypass its 
transport system, and by acting as an antioxidant can prevent L-HCA-mediated 
neuronal degeneration resulting from the intracellular depletion of GSH levels.

858.17
THE ROLE OF ANTIOXIDANT METABOLISM IN THE PROTECTION OF 
NEURONAL CELLS AGAINST GLUTAMATE AND AMYLOID BETA 
TOXICITY. Y, Sagara*. R. Dargusch. J, Davis. D. Schubert, and P, Maher# Die 
Salk Institute, San Diego, CA 92186 and #The Scripps Research Institute, La Jolla, 
CA 92037

Oxidative stress has been implicated in several neuropathologies such as 
Alzheimer’s disease and Parkinson’s disease. As a model system to study the response 
of nerve cells to oxidative insults, glutamate toxicity in a mouse hippocampal cell 
line, HT-22, and amyloid beta (AP) toxicity in PC12 cells were examined. HT-22 dies 
upon glutamate addition via a non-receptor mediated pathway, in which reactive 
oxygen species (ROS) causes the toxicity. Addition of Ap to PC 12 also triggers the 
production of ROS. HT-22 subclones (HTrs) that are resistant to glutamate and PC 12 
subclones (rCls) that are resistant to Ap were isolated and characterized.

Both of the resistant cells were doubly resistant to glutamate and Ap. In addition, 
these cells were more resistant to hydroperoxides than the parental cells. Both HTrs 
and rCls had higher expression levels of the antioxidant enzyme catalase, but only rCls 
had elevated levels of GSH peroxidase. Although the parental and the resistant cells of 
both paradigms had similar basal levels of GSH, HTrs and rCls had the enhanced rates 
of GSH replenishment. This may be attributed to the higher expression levels of the 
GSH metabolic enzymes y-glutamylcysteine synthetase and GSH reductase in HTrs 
than in HT-22. In rCls y-glutamyltranspeptidase, the GSH salvage enzyme, was 
overexpressed. Due to the increased expression of these enzymes as well as of GSH S- 
transferases, HTrs and rCls were also more resistant to chemicals such as BSO, 
BCNU, cisplatin, and melphalan. These results indicate that multiple changes in the 
antioxidative capacity of the cells - catalase and the GSH metabolic enzymes - may be 
responsible for resistance to toxicity against glutamate and Ap. The results also 
suggest that neuronal cells may combat different oxidative insults with specific 
antioxidants. NIH grants: 1F32NS1OO32(YS); NS09658(DS); NS28121(PM).

858.18
ELEVATED CATALASE LEVELS PROTECT PC12 CELLS FROM 
OXIDATIVE DAMAGE. D. Jiang , J. Q. Mo , J.K. Andersen*, Division of 
Neurogerontology, Andrus Gerontology Center, and Program of 
Neurobiology, University of Southern California, Los Angeles, CA 90089- 
0191

Free radicals are constantly produced in biological systems as by-products 
of normal metabolism and as a result of environmental stress. These highly 
reactive oxygen species can damage cellular components and are implicated in a 
variety of disorders including neurodegenerative such as Parkinson's disease. 
Free radicals are normally efficiently removed by systems including antioxidant 
enzymes (eg. superoxide dismutase, catalase and glutathione peroxidase). 
Neuronal cell death in the aging central nervous system may at least partially 
result from the inability to maintain oxidative homeostasis. To investigate 
secondary effects of antioxidant enzymes in the prevention of free-radical 
damage, we transfected PC 12 cells with catalase cDNA and established several 
cell lines which express elevated levels of this enzyme. CAT cell lines were 
found to have significantly lower levels of hydroperoxides compared with 
control as measure by DCF fluorescence. Increased CAT levels conferred 
elevated levels of GSH (the reduced form of glutathione) on PC 12 cells. GSH is 
an antioxidant which is essential for regulation of brain redox state and 
mitochondrial function. In addition, CAT' cell lines were also found to have 
increased mitochondrial function as indicated by increased MTT reduction, a 
measure of electron transport function. In conclusion, elevation of catalase 
expression in PC 12 cells may protect cells from oxidative damage to the 
mitochondria by removal of hydroperoxides that would normally deplete GSH.

( Suoported by NIA AG-09793)
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858.19
EFFECTS OF ANTIOXIDANTS ON SPATIAL LEARNING DEFICITS INDUCED 
BY DECREASED BRAIN GLUTATHIONE LEVELS AND DOPAMINE. B. Shukitt- 
Hale*. G. Mouzakis. H. Wang, and J.A. Joseph. USDA, Human Nutrition Research 
Center on Aging at Tufts Univ., Boston, MA 02111.

Increases in oxidative stress (OS) vulnerability, similar to those seen in aging, can be 
produced by glutathione (GSH)/.depletion via buthionine sulfoximine (BSO) 
administration. Under these conditions, administration of the pro-oxidant, dopamine 
(DA), which rapidly oxidizes to form reactive oxygen species, increases the OS and leads 
to deficits in cognitive behavior. This study examined the ability of two antioxidants, 
Vitamin E and a-phenyl-terf-butylnitrone (PBN), to protect against these OS effects. 
Male Fischer 344 rats were pretreated with either Vitamin E (100 mg/kg 2X/day), PBN 
(10 mg/kg, 2X/day), or vehicle (ip) for two weeks. Subsequently, BSO (3.2 mg in 30pl 
Ringer's solution) was administered (i.c.v.) to these rats every other day and DA (15pl of 
500pM) was administered daily (Ih after BSO) for 4 days, during which time spatial 
learning was assessed with the Morris water maze (six trial/day). Control rats given 
BSO+DA and pretreated with vehicle demonstrated deficits in spatial learning and 
memory. Vitamin E was protective on one measure of learning, demonstrating 
significantly shorter escape latencies and swim distances than the vehicle group to leam 
a new platform location during reversal training on Day 4. PBN also tended toward a 
protective effect on these parameters, but the differences did not reach significance. No 
differences were seen between the groups with respect to swim speed and GSH levels 
were similarly depleted in all groups. Therefore, the cognitive behavioral consequences 
of reducing GSH brain levels with BSO in conjunction with DA administration are most 
likely mediated by OS, since they can be reversed with antioxidants. These findings 
suggest that antioxidants may help protect against OS-mediated cognitive deficits seen 
in aging.
(Supported by USDA Intramural)

858.20
CHARACTERIZATION OF NITRIC OXIDE DEPENDENT 
PATHWAYS INVOLVED IN HIV-1 COAT PROTEIN TOXICITY.
K.L. Kopnisky*, D.C. Adamson, T.M. Dawson, and V.L. Dawson. Depts. 
of Neurology, Neuroscience and Physiology, Johns Hopkins Univ. Sch. 
of Med., Baltimore, MD 21287.

Twenty to thirty percent of patients with acquired immunodeficiency 
syndrome (AIDS) develop dementia during their illness. Loss of cortical 
neurons is evident despite the lack of neuronal infection by human 
immunodeficiency virus (HIV-1) indicating that brain degeneration is 
mediated by secondary mechanisms. The HIV-1 coat protein, gp41, and 
inducible nitric oxide synthase (iNOS) are elevated in brains of AIDS 
patients with severe dementia. gpl20 is not detectable in post mortem 
brain tissue but has been shown in vitro to enhance excitotoxic neuronal 
injury in an NO dependent manner. Using cortical cultures from 
transgenic neuronal NOS (nNOS) and iNOS knockout mice, we 
demonstate that gpl20 induced toxicity is mediated by nNOS and not 
iNOS while gp41 induced neurotoxicity is exclusively mediated by iNOS 
and not nNOS. Cultures were treated with gp41 for one week. gp41 is 
toxic to WT and nNOS null mice. The toxicity is blocked with the NOS 
inhibitor N-Arg, and this blockade is reversed with the NOS substrate L- 
Arg. iNOS null cultures are protected from gp41 induced toxicity. gpl20 
is not toxic under these conditions. Cultures were exposed 1 day to 
gp!20 then exposed for 5 min. to subtoxic concentrations of glutamate. 
nNOS null cultures are not sensitive to gpl20/glutamate treatment, 
whereas WT and iNOS null cultures are sensitive to gpl20/glutamate 
induced toxicity which is blocked with N-Arg, MK801, SOD, Bzd or 
FK506 Supported by NIH NS26643. Some of the authors own stock (T.M.D.) and are 
entitled to royalties (T.M.D., V.L.D.) from Guilford Pharm. Inc., which is developing technology 
related to the research described in this abstract.

THURSDAY AM SYMPOSIA

859
SYMPOSIUM. CELLULAR MECHANISMS FOR BINAURAL 
PROCESSING IN THE AUDITORY SYSTEM. E. Covey. Univ. of 
Washington (Chairperson). W. J, Spain, Univ. of Washington. G.D. Poliak, Univ. 
of Texas. D.H, Sanes. New York Univ.

Recent studies of binaural hearing in birds and mammals provide new insight 
into neural mechanisms for processing information distributed over time. Speakers 
will explore cellular mechanisms through which neurons compute interaural time 
disparities of a few microseconds, process simultaneous signals from multiple 
locations in space, and analyze acoustic motion. William J. Spain will discuss 
cellular mechanisms for coding interaural time disparities in the avian nucleus 
laminaris, including the roles of voltage-sensitive channels in integrating 
phase-locked events from the two ears, allowing cells to operate as coincidence 
detectors in the microsecond range. George D. Poliak will discuss the 
contributions of excitatory and inhibitory inputs to shaping binaural properties of 
neurons in the dorsal nucleus of the lateral lemniscus (DNLL), and discuss the 
role of DNLL in processing multiple signals that originate from different regions 
of space. Ellen Covey will discuss the processes through which neurons in the 
inferior colliculus integrate multiple excitatory and inhibitory inputs with different 
time-courses, focusing on the complex sequence of synaptic events evoked by 
binaural signals and the interactive nature of monaural and binaural inputs.Dan 
H. Sanes will discuss recent studies on enhancement of responsiveness to binaural 
signals by inhibitory innervation in the inferior colliculus and present evidence that 
a novel inhibitory coupled mechanism contributes to the processing of sustained 
time-varying binaural stimuli such as acoustic motion.

860
SYMPOSIUM. NEURAL INDUCTION AND DETERMINATION 
IN VERTEBRATES. G. G. Leblanc, NIH-NINDS (Chairperson);
R. M. Harland. Univ. of California, Berkeley; J. Rossant, Univ. of 
Toronto; C. R. Kintner, Salk Institute; D.J. Anderson, California 
Institute of Technology. This symposium will address the 
mechanisms that direct ectodermal cells to differentiate into neurons. 
The emphasis will be on recent advances in our understanding of the 
molecular signals controlling this process. G. Leblanc will provide a 
short historical overview of research in neural induction. R. Harland 
will describe potential molecular mechanisms for neural induction 
and early patterning, focusing on the roles of bone morphogenetic 
proteins (BMPs) and their antagonists in these processes. J. Rossant 
will discuss transgenic mouse studies illuminating the sources of 
neural inductive and patterning signals within the embryo. C.
Kintner will discuss mechanisms by which cells of the neural plate 
make the decision to become neurons rather than non-neuronal cells, 
focusing on the process of primary neurogenesis in Xenopus. D. 
Anderson will address the roles of transcription factors and 
environmental signals in directing neurogenesis, using the neural 
crest as a model system.

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: APOLIPOPROTEIN E AND AMYLOID PRECURSOR PROTEIN

861.1
GENES AND ONSET AGE OF ALZHEIMER DISEASE 
H Pavami. S Zareparsi. J Kaye*. G D Schellenbere, S S Matsuyama, LE
Jarvik. D O McManus. B Miller. T D Bird. R Katzman. L Heston. G J
Sexton. M A Head. D Norman. G Small, Oregon Health Sciences University, 
Portland, Oregon 97201; Universities of California at Los Angeles and San 
Diego; University of Washington; Southern Illinois University.

Two genes have been associated with susceptibility to common, late-onset 
Alzheimer disease (AD): Apolipoprotein E (APOE) on chromosome 19 and 
Human Leukocyte Antigen (HLA)-A on chromosome 6 (Neurology, in press). 
We studied HLA-A, APOE and age at onset in 297 AD patients. Patients with 
one or two copies of the HLA-A2 allele had 3.4 years earlier onset than those 
without A2 (mean onset age in yrs ± SD: 65.0 ± 10.8 vs. 68.4 ± 10.3, 
p=.OO5). In 54 subjects for whom A2 dosage was known, age at onset was 
earlier in A2 homozygotes (63.0 ± 7.1) than for A2 heterozygotes (67.3 ± 
10.5), a non-significant trend consistent with a dosage effect Patients with 
one or two copies of the APOE-e4 allele had 0.6 years earlier onset than those 
without e4 (67.2 ± 10.1 vs. 67.8 ± 12.1, p=,7). e4 homozygotes had 
significantly earlier onset (63.0± 8.4) than e4 heterozygotes (68.6 ± 10.2). A2 
and e4 had additive effects on onset, with the mean onset ages ranging from 
60.3 ± 8.0 for e4 homozygotes with A2, to 70.6 ± 11.8 for subjects who 
lacked both e4 and A2 (p=.002). Preliminary data showed the earliest onset in 
A2 homozygotes, and the latest onset in patients without A2 who also had the 
protective APOE-e2 allele. Thus, genetic variation at these two loci may 
account for more than 10 years of variation in age at onset

Supported by grants from NIH and Alz. Association.

861.2
IS THERE A RELATIONSHIP BETWEEN APOE GENOTYPE 
AND ARTERIOSCLEROSIS IN ALZHEIMER’S DISEASE?
R. N. Kalaria*, S. Khan and D.R.D. Premkumar.
Departments of Neurology, Neurosciences and Pathology, Case Western 
Reserve University, Cleveland, Ohio 44106-4938, USA

Recent advances implicate vascular risk factors in the etiology of late- 
onset Alzheimer’s disease (AD). These include previous history of 
hypertension, stroke episodes and inheritance of the apolipoprotein E 
(APOE)-e4 allele. Most recently, atherosclerosis has been suggested to 
be a risk factor for dementia. We examined the reports of demented 
subjects who were 65 years or older, clinically diagnosed with AD and 
who also had had a full body autopsy. Frozen brain tissue was used for 
APOE genotying. Of 65 subjects, we found that 77% of the AD 
subjects had clear evidence of what was broadly classed as 
cardiovascular disease (CVD). This included moderate to severe 
arteriosclerotic lesions involving aortic branches or atherosclerotic heart 
disease. APOE genotype frequencies between the subjects with CVD 
and those without were significantly different (P< 0.005; Pearson’s y2 
analysis) implying a relationship between presence of CVD and e3/e4 
or e4/e4 genotype. Further, the proportions of AD subjects with CVD 
carrying any e4 was greater than those with e3/e3 genotype. (OR 2 .5 
(95% CI 1.7-3.8). Our observations suggest an interaction between 
CVD and the APOE-cA in subjects with AD. APOE may modify the 
pathophysiology of the cerebral circulation or perfusion during aging.
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861.3
Family History of Dementia and Apolipoprotein E e4 Allele 

Reverses Normal Hippocampal Asymmetry
Michael S. Mega, Gary W. Small*, Mina L. Xu, Richard S. Kim, Arthur W. Toga

Objective. To determine if the apolipoprotein E (Apo-E) e4 allele, and family 
history of Alzheimer's disease (AD), are associated with a reversal of hippocampal 
volume asymmetry in nondemented elderly.
Background. A normal right greater than left hippocampal asymmetry has been 
found to reverse (i.e. left > right) in nondemented persons carrying the e4 allele. 
However, family history of AD probably determines other genetic risks that may 
influence hippocampal asymmetry.
Methods. High resolution 3D brain MRI was performed on 20 nondemented 
subjects: 10 had > 1 first degree relatives with AD (AD+Hx)—7 were &4+, 3 £4-, and 
10 had no AD family history (AD-Hx)—2 were e4+, 8 e4-. Each scan was aligned in 
the Talairach coordinate space and re-sliced with a 1 mm z perpendicular to the long 
axis of the hippocampus which was manually outlined with volumes determined. 
Bootstrap analysis determined significant differences.
Results. Comparison of the Apo-E groups' mean hippocampal volumes was not 
significantly different however a significant difference in right minus left hippocampal 
volumes was found (p < 0.01): £4-: 132mm3 (mean MMSE 29.1, mean age 73), 
£4+: -216mm3 (mean MMSE 29.3, mean age 70.7). Comparing groups by family 
history revealed a significant decline (p < 0.05) in the AD+Hx vs AD-Hx right 
hippocampal volumes (1803mm3 vs 2213mm3) resulting in a significant difference in 
right minus left hippocampal volume (p < 0.01): AD+Hx: -159mm3 (mean MMSE 
27, mean age 62), AD-Hx: 164mm3 (mean MMSE 29, mean age 75).
Conclusion. The presence of the £4 allele or a family history of AD is associated 
with a reversal of normal hippocampal asymmetry in nondemented elderly, confirming 
a prior association between £4 allele and hippocampal morphologic change, and 
implicating other genetic risks associated with a family history of AD.
Support. VA Neuroscience Fellowship (MSM), an NIMH 1R01 MH52453 (GWS), 
and the Human Brain Project NIMH/NIDA: P20MH/DA 52176, (AWT).

861.4
UPTAKE OF CSF LIPOPROTEINS IN PRIMARY ASTROCYTES 
VIA A SCAVENGER RECEPTOR. G.W. Rebeck*. O. Berezovska, 
J. Yess, M. Freeman, and B.T. Hyman. Dept. of Neurology, 
Massachusetts General Hospital, Boston MA, 02129.

Apolipoprotein E (apoE) has been implicated in the pathogenesis of 
Alzheimer's disease (AD), with inheritance of APOE-e4 associated 
with increased risk of AD. In the central nervous system, apoE is 
associated with CSF lipoproteins similar in density to plasma high 
density lipoproteins (HDL). To better understand the metabolism of 
apoE-lipoproteins in the CNS, we examined the uptake of these 
lipoprotein particles using primary cultures of astrocytes. Di-I or 
DiO-labeled CSF lipoproteins were taken up by astrocytes and 
accumulated in perinuclear vesicles. This accumulation was not 
blocked by RAP, an inhibitor of the low density lipoprotein (LDL) 
receptor-related protein, or by LDL. The intracellular vesicles 
distribution was distinct from dil labeled LDL. Accumulation of CSF 
liporoteins was completely inhibited by maleylated BSA, a blocker of 
scavenger receptors. To rule out the possibility that the CSF 
lipoproteins were simply oxidized, we generated synthetic particles 
using plasma HDL enriched with exogenous apoE. These particles 
were also taken up by astrocytes via a scavenger receptor-mediated 
mechanism, but HDL without apoE were not. There was no obvious 
difference between uptake of apoE3- and apoE4-containing HDL. 
These data indicate that in astrocytes, CSF lipoproteins are 
metabolized by an unexpected mechanism, and further that these 
particles can be mimicked using apoE-enriched HDL.

This work is supported by NIH R29 AG14473 and P50 AG05134.

861.5
DIFFERENTIAL ACCUMULATION OF APOLIPOPROTEINS E3 AND E4 BY 
CELLS IS MEDIATED BY CELL-SURFACE HEPARAN SULFATE 
PROTEOGLYCANS. Z.-S. Ji. R.W. Mahley. L. Supekova. and R.E. Pitas*, 
Gladstone Institute of Cardiovascular Disease, San Francisco, CA 94141-9100 
Incubation of neurons with apolipoprotein (apo) E3- or apoE4-enriched ^-migrating 
very low density lipoproteins (P-VLDL) or with cerebrospinal fluid lipoproteins leads 
to differential effects on neurite outgrowth and on the cytoskeleton. Lipoproteins 
enriched with apoE3 stimulate outgrowth and enhance microtubule stability, whereas 
those enriched with apoE4 inhibit outgrowth and disrupt microtubules. These effects 
are associated with a greater intracellular accumulation of apoE3 than apoE4. The 
current studies were performed to determine the mechanism for the differential 
accumulation of apoE. The difference in apoE3 and apoE4 levels in cells incubated 
with both apoE and P-VLDL was not due to a difference in lipoprotein uptake. 
Incubation of Neuro-2a cells with apoE3- or apoE4-enriched 12H-P-VLDL or 
fluorescently labeled p-VLDL resulted in a similar cell association of the p-VLDL, as 
well as a similar increase in the cholesterol content of the cells. Immunocyto-
chemistry, western blotting of cellular proteins, and quantitation of 125I-apoE, 
showed two- to threefold greater accumulation of intact apoE3 than apoE4 in both 
Neuro-2a cells and fibroblasts. The effect was mediated by the apoE-enriched P-VLDL 
and not by free apoE in the mixture. The low density lipoprotein (LDL) receptor and 
the LDL receptor-related protein were not responsible for the differential 
accumulation of apoE3 and apoE4 since cells deficient in these receptors also 
displayed the differential accumulation. The effect was mediated by cell-surface 
heparan sulfate proteoglycans (HSPG). The retention of both apoE3 and apoE4 was 
reduced, and the differential accumulation of apoE3 and apoE4 was eliminated in 
mutant Chinese hamster ovary cells that do not express HSPG and by heparinase 
treatment of cells expressing HSPG. The data demonstrate that the differential 
accumulation of apoE by cells results from HSPG mediated internalization. Whether 
or not this novel mechanism for the uptake and cellular accumulation of apoE 
contributes to the effects of apoE on neurite outgrowth remains to be determined. 
Funded by NIA Grant AG 13619, NHLBI Grant HL41633, and by a Cambridge 
Neuroscience/Gladstone collaborative research agreement.

861.6
THE SEPTO-HIPPOCAMPAL CHOLINERGIC SYSTEM: NORMAL 
DEVELOPMENT AND AGING IN APOE KNOCKOUT MICE.
A.M. Fagan.1* B. Murphy? J. Kilbridge.2 W. Mobley,2 A.L. Schwartz? CL 
Bu.3 and D.M. Holtzman.1 Departments of Neurology1 and Pediatrics3, 
Washington University School of Medicine, St. Louis, MO 63110; 
Departments of Neurology and Pediatrics, UCSF, San Francisco, CA 94143.

Understanding the role of apolipoprotein E (apoE) in the normal brain may 
provide insight as to why the presence of the e4 allele of apoE confers a risk for 
developing Alzheimer's Disease (AD). To this end, we investigated the basal 
forebrain cholinergic system, a system known to be vulnerable in AD, during 
normal development and aging in apoE (-/-) mice. Using unbiased quantitative 
methods, we counted and sized cholinergic, p75NTR-positive neurons in the 
medial septum of wildtype (C57B1/6) mice and apoE knockouts (C57B1/6 
background) at 3 months and 2 years of age. In addition, we assessed cholinergic 
fiber density in the hippocampus during development and aging, and measured 
regional ChAT activity in aged animals. Medial septal cholinergic neuron 
number and size in apoE-null mice did not differ from controls at any age. 
ChAT activity in cortex, hippocampus and striatum also remained unchanged in 
knockouts. Cholinergic fibers in the hippocampus of apoE (-/-) mice appeared 
to develop normally and maintained the same density as control mice up to 2 
years of age. Preliminary results suggest that adult (3 month old) apoE 
knockouts exhibit an abnormal response following a denervating lesion to the 
CNS. These results suggest that while apoE is not required for maintaining the 
integrity of the basal forebrain cholinergic system during normal development or 
aging in the mouse, it may play a role in degenerative processes in response to 
CNS injury. (Funded by grants from the McDonnell Center for Neuroscience, 
an AFAR Beeson Physician Faculty Scholar Award, and NIH grant AG 13956.)

861.7
GFAP-APOE TRANSGENIC MICE: TOOLS FOR STUDYING FUNCTIONS 
OF HUMAN APOE ISOFORMS IN THE CNS. Y. Sun1. S, Wu1, W. Tate1, 
K, Salimi*, A. M. Fagan*, and D. M. Holtzmank2*. Departments of 
Neurology^, Center for the Study of Nervous System Injury, and Molecular 
Biology & Pharmacology2, Washington University School of Medicine, 
St. Louis, MO 63110.

The £4 allele of apolipoprotein E (apoE) is a major risk factor for 
Alzheimer's disease (AD). ApoE in the CNS is derived from within the blood- 
brain-barrier where it is produced predominantly by astrocytes. To study the 
neurobiology of human apoE produced in vivo, we have generated transgenic 
mice in which human apoE expression is under the control of the astrocyte- 
specific glial fibrillary acidic protein (GFAP) promoter. We have generated four 
apoE3 and nine apoE4 transgenic founders as assessed by both PCR aid 
Southern blotting. By immunocytochemistry and immunoblot analysis, we have 
obseived expression of human apoE protein within astrocytes and neuropil at 
levels comparable to that observed in the human brain in two of four apoE3 and 
three of nine apoE4 independent transgenic lines. Following entorhinal cortex 
lesions, we have found that human apoE protein is upregulated in activated 
astrocytes within the outer molecular layer of the hippocampus in a fashion 
similar that observed for endogenous apoE. We have now bred these mice onto 
an apoE knockout background. The animals should be a useful model to study 
the influence of human apoE isoforms produced specifically by astrocytes in 
models of AD as well as other forms of CNS injury. (Funded by grants from the 
McDonnell Center for Neuroscience, an AFAR Beeson Physician Faculty 
Scholar Award, and NIH grants AG13956 and AG05681.)

861.8
ROLE OF LRP IN MEDIATING THE ISOFORM-SPECIFIC EFFECTS OF 
APOLIPOPROTEIN E ON CELL SURVIVAL AND P-AMYLOID 
INDUCED TOXICITY IN RAT HIPPOCAMPAL NEURON CULTURES.
T. TordanK M.F. GalindoU R.T, MillerL C.A. Reardon^., G.S. GetzA and
M.T. LaDu2*. Dept of 1 Pharmacological and Physiological Sciences, and
2Pathology, University of Chicago, Chicago, IL 60637.

To determine whether apoE influences the neurotoxic actions of P~
amyloid (AP), we examined the effect of native preparations of apoE3 
and E4 on Ap-induced toxicity in primary cultures of rat hippocampal 
pyramidal neurons. The source of apoE was conditioned media from HEK- 
293 cells stably transfected with human apoE3 or E4 cDNA. Neuronal 
cultures were treated on day in vitro (DIV)-5 with'apoE3 or E4 (lOpg/ml) 
and IOjx M Ap. Cell viability was analyzed at DIV-10. ApoE4 alone was 
toxic to the cultures. ApoE3 pretreatment prevented the toxicity induced 
by Ap(l-40) or AP(25-35). The apoE3 protective effect appears to be 
specific to AP-induced toxicity as apoE3 did not protect against the 
cytotoxicity produced by NMDA or staurosporin, nor did apoE3 affect the 
increase in intracellular calcium induced by either NMDA or KC1. ApoE3 
had no effect on the toxicity produced by Ap in the presence of receptor 
associated protein (RAP, 0.5pM), an inhibitor of apoE receptors, 
particularly LDL-receptor related protein (LRP). Interaction with apoE 
receptors may not mediate the toxic actions of apoE4 as RAP did not 
affect apoE4 induced neurotoxicity. Consistent with our previous 
biochemical experiments, analysis of the culture media revealed that 
apoE3:AP complex is present in greater abundance than apoE4:Ap 
complex. Thus, the protection from Ap-induced neurotoxicity by apoE3 
may result from clearance of the peptide by apoE3:Ap complex formation 
and uptake by apoE receptors. Grant support: PHS DA02121, DA02575, 
MH40165, AHAF 95100.
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861.9
DROSOPHILA MELANOGASTER AS AN ANIMAL MODELSYSTEM 
TO ANALYSE THE FUNCTION OF HUMAN AMYLOID 
PRECURSOR PROTEIN (APP) IN VIVO
A, FoBgreen1, B. Bruckner1, C. Czech2, R. Paro1, G. Miinch3*,
C. L. Masters4, K. Beyreuther 7
? ZMBH, Univ. Heidelberg, INF 282, 69120 Heidelberg, Germany; 2 Rhone-Poulenc 
Rorer, France; 3 Biozentrum, Univ. Wurzburg, 97074 Wurzburg, Germany; 4 Dept. 
of Pathology, Univ. of Melbourne, Parkville, Victoria 3052, Australia

A role of APP in Alzheimer's disease (AD) has been substantiated by 
the identification of familial APP and presenilin mutations and its link to
AB. Although APP has been discovered more than 10 years ago, very 
little is known about its normal and direct pathogenetic function of this 
ubiquitous expressed protein. In this work Drosophila melanogaster is 
used as a model system to analyse the function of APP and its impact to 
Alzheimer’s disease pathology. We have used in our fly system GAL4- 
directed transcription of the human APP gene. By crossing APP flies 
with a fly line which is transgenic for the yeast transcriptional activator 
GAL4, the human APP is expressed. Transgenic Drosophila 
melanogaster with human wild-type and the Swedish mutation of the 
APP gene show a blistered-wing phenotype. The wing of Drosophila 
melanogaster contains a dorsal and ventral epithelial cell layer. In the 
blistered-wing phenotype these cell layers are not connected any more. 
To analyse the phenotype in more detail, we expressed APP fragments 
(SPA4CT, APP/deltaCT) and chimeric APP/APLP2 in transgenic flies. 
The blistered-wing phenotype was obtained only with full-length 
molecules. Because the same phenotype is described for integrin knock-
out flies, APP overexpression acts like a dominant negative integrin 
mutation. This supports a function of APP as an integrin antagonist.

861.10
ALTERNATIVE SPLICE REGULATION OF APP EXON 15 BY A 
WEAK 3’ SPLICE ACCEPTOR SITE. C. Bergsdorf1, S. Kreger1, K. Paliga1, 
C.L. Masters2 and K. Beyreuther1*. ‘Centre of Molecular Biology Heidelberg 
(ZMBH), University of Heidelberg, Germany. Department of Pathology, 
University of Melbourne, Parkville, Victoria 3052, Australia

Amyloid precursor protein (APP), the precursor to the 4 kDa BA4-peptide 
of amyloid deposits characteristic for Alzheimer’s disease is composed of 15 
constitutive and the three alternative spliced exons 7, 8 and 15, which are 
spliced into 8 isoforms. APP molecules containing exon 15 are the only 
isoforms expressed in neurons while in peripheral organs both the exon 15- 
containing (APP) and -lacking isoforms (L-APP) are present. Functional 
diversity of the two isoforms is reflected in regard to proteolytic processing, 
sorting in polarized cells and post-translational modification with 
chondroitin sulfate glycosaminoglycan side chain (CS-GAG) at a site 
generated by skipping exon 15.
To identify cis-acting elements involved , in the regulation of exon 15 

splicing a transient APP minigene expression system was established with a 
genomic 13 kb DNA fragment of murine APP containing exons 14 to 16 and 
the corresponding intronic sequences. The minigene derived transcripts were 
processed in the same way as those of the endogenously expressed APP, 
demonstrating the presence of all cis-regulatory elements. Deletions 
proximal to the 3’ splice acceptor site of exon 15 turned off the tissue 
specific splice regulation in the non-neuronal cells. Point mutations in the 
corresponding polypyrimidine tract and upstream of the branchpoint are 
consistent with alternative splice regulation by the weak 3’ splice acceptor 
site of exon 15.
This work was supported by the DFG through SFB 317 and BMBT grant 
(0310666).

861.11
MOLECULAR MECHANISM OF APP FUNCTION AS A PEROXIDASE. 
G. Multhaup1*, A. Schlicksupp1, T. Ruppert2, L. Hesse1, C. L. Masters3 and
K. Beyreuther1. ‘Center of Molecular Biology Heidelberg (ZMBH), 
^Department of Virology, University of Heidelberg, Germany. Department 
of Pathology, University of Melbourne, Parkville, Victoria 3052, Australia

Previously we showed that the extracellular domain of transmembrane 
BA4 amyloid precursor protein (APP) contains a copper-binding site with a 
low energy barrier between Cu(II) and Cu(I). Here, we report which 
disulfide bond is formed in the redox reaction of Cu(II) to Cu(I). The metal 
acts as a template bringing reacting groups into the correct relative 
orientation for reaction and thus favors rapid electron transport. To elaborate 
the vulnerability of APP-Cu(I) complexes to reactive oxygen species, 
purified APP was exposed to H2O2. Site-specific and random fragmentations 
of APP were observed in a time-dependent manner and at physiological 
concentrations of H2O2. Analysis of the products revealed the generation of 
C-terminal BA4-containing peptides.

Thus, APP-Cu(I) complexes catalyzed the reduction of H2O2, thereby 
acting as a peroxidase. The resulting reoxidation of Cu(I) to Cu(II) is 
suggested to involve a copper-hydroxyl intermediate [APP-Cu(II) («OH)] 
which could lead to the protein degradation in a Fenton’s type of reaction. 
Consequently, the production of reactive oxygen species by APP-Cu(I) 
complexes could contribute to neurodegeneration in Alzheimer’s disease. 
This work was supported by the DFG through SFB 317 and BMBT grant 
(0310666).

861.12
INCREASED EXPRESSION OF APP AND APLP2 DURING
PROGRAMMED CELL DEATH OF NEURONAL PC 12 CELLS.
Wataru Araki* and Richard J. Wurtman Department of Brain and 
Cognitive Sciences, Massachusetts Institute of Technology, Cambridge,
MA 02139.

Programmed cell death (PCD) (apoptosis) is implicated in the neuronal 
cell death of Alzheimer's disease. We investigated the relationship between 
expression of amyloid precursor protein (APP) and amyloid precursor-like 
protein 2 (APLP2) and the occurrence of PCD in neuronal cells. PCD was 
induced in neuronally-differentiated PC 12 cells by depriving them of nerve 
growth factor (NGF). Neuronal PC 12 cells underwent PCD within two days 
of exposure to NGF-free medium. Northern blot analysis showed that total 
APP mRNA levels increased gradually after 24 h, reaching levels -250% 
higher than those in control cells at 48 h after NGF withdrawal, and total 
APLP2 mRNA levels also increased similarly at 48 h. Basic fibroblast 
growth factor, which prevented the cell death, inhibited the increases in 
APP and APLP2 mRNA levels induced by NGF deprivation. Immunoblots 
using antibodies to the C-terminus of APP or the Kunitz protease inhibitor 
(KPI) insert indicated that cellular levels of total APP or KPI-containing 
APP holoprotein increased by -60% or 90% respectively at 48 h after NGF 
withdrawal. Cellular levels of APLP2, detected by an anti-APLP2 antibody, 
also increased substantially at 48 h. These data demonstrate that expression 
of both APP and APLP2 increases during PCD of neuronal PC 12 cells, and 
suggest that alterations in APP and APLP2 expression are involved in 
neuronal PCD.
Supported by the National Institute of Mental Health (MH-28783) and The 
Center for Brain Sciences and Metabolism Charitable Trust.
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862.1
SYNAPTIC AND NEURITIC DEGENERATION IN AN OVINE MODEL OF 
ALZHEIMER’S DISEASE. R.O. Kuliis*. Neurology Service and Geriatric 
Center (GRECC), Department of Veterans Affairs Medical Center and Department 
of Neurology, University of Miami, Miami, FL 33136.

Alzheimer’s disease (AD) is apparently a uniquely human condition. 
None of the animal models to date have the full set of histopathological lesions. 
Five Dorset and Rambouillet sheep 10-13 years of age were fixed with 4% 
paraformaldehyde after a Nembutal overdose. Series of brain sections were 
stained with hematoxylin and eosin, thioflavin S and Congo red, or impregnated 
with silver according to the modified Bielchowsky, Galiyas’ and Campbell’s et al. 
methods, and immunolabeled with antibodies/antisera to tau protein, AT8, and the 
p/A4 amyloid protein. Observations with epifluorescence, differential 
interference contrast optics, darkfield and conventional brightfield optics, revealed 
numerous paired helical filament-containing neurofibrillary tangles in thioflavin, 
tau, AT8, Bielschowsky, and Galiyas’ preparations. No senile plaques, dystrophic 
neurites or amyloid deposits were observed with the light microscope. However, 
electron microscopic observations reveal abundant grossly dystropic axons, with 
fragmented myelin sheaths, cytoskeletal disruptions, excrescences and 
constrictions, located frequently in the vicinity of rarefied neuropil. In addition, 
there are markedly swollen synaptic terminals that have lost their internal 
architecture and have the features of the so-called “watery” as opposed to “dark 
degeneration. These unequivocally degenerating profiles are not recognized by 
the light microscopic methods used, yet their presence indicates that ovines may 
be useful to study the pathogenesis of several of the lesions found in AD. It 
remains to be determined if these novel lesions may develop into an Alzheimer- 
like condition in substantially older ovines.
Support: DVA Merit Review 5065.01, Pfizer, Inc. & Eisai, Inc.

862.2
Hippocampal Parvalbumin-positive (GABAergic) cells do not contain 
neurofibrillary tangles and do not participate in the sector specific cell 
loss in Alzheimer’s disease. B, Schonheit, M, Rossler, U. Schad, R, Zarski, 
R. Deisz* and T. G. Ohm. Department of Clinical Cell- and Neurobiology, 
Institute of Anatomy, Charite, Humboldt University, 10098 Berlin, Germany 
Intraneuronal pathology .in Alzheimer’s disease (AD) is characterized by the 

formation of paired helical filaments (PHF) composed by hyperphosphorylated 
tau protein. Antigenic changes of tau as seen in AD cells can be induced by 
glutamate, resulting in increases in free intraneuronal calcium levels. Neuron 
loss, another common feature of AD-brains, can be experimentally induced by 
increasing the level of free calcium. To determine whether cells equipped with 
a high level of Calcium-binding proteins develop PHF and are susceptible for 
the cell loss inducing mechanism, we performed a double immuno-
fluorescence staining for the calcium-binding protein Parvalbumin (Parv) and 
PHF. In addition, we investigated the regional cell loss in 13 autopsy 
hippocampi being staged for PHF-pathology according to the Braak- 
classification. Among 1820 Parv-positive cells in a total of 8 cases there were 
only 3 with a certain or questionable PHF-formation, all located in CA1. Neuron 
loss as determined by stereology using the optical disector approach was 
restricted to CA1 (60%, p<0.05) with minor- or no changes in the other sectors 
or the fascia dentata. Comparison of Parv-positive cell numbers from brains of 
various PHF-load revealed no loss of Parv-positive cells, either for multipolar 
or for bipolar subclasses. Taken together, it is unlikely that Parv-positive cells 
do develop PHF or participate in the neuron loss accompanying the 
progression of AD. However, Parv-positive cells may be transneuronally 
altered in terms of a long-lasting regression of their dendrites (Munch et al., 
1994, Soc Neurosci Abstr, 20:522.4). This altered dendritic geometry probably 
causes an altered dendritic processing of incoming signals as seen in 
experimental and computational approaches.
This work was supported by the DFG: SFB 507-C2 and Oh48/1-3, the Biomed 
ll-program, the Hertie-Stiftung and the Forschungskommission der Charite.
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862.3
ESTROGEN INCREASES NEURONAL EXPRESSION OF 
BCL-X: RELEVANCE TO ALZHEIMER’S DISEASE 
PATHOLOGY. C.J. Pike*. Institute for Brain Aging and Dementia, Univ, of 
California Irvine, Irvine, CA 92697-4540 USA.

Recent data suggest that estrogen replacement therapy is beneficial in both 
delaying the onset of and treating Alzheimer’s disease (AD). The cellular responses 
to estrogen contributing to these therapeutic effects are not definitively known. In 
this study, a novel candidate action of estrogen is proposed that stems from recent 
observations in non-neural hormone-responsive tissues where estrogen appears to 
regulate cell viability by modulating expression of anti-apoptotic Bel-related 
proteins. To assess whether estrogen may also regulate Bel-related proteins in 
hormone-responsive neuronal populations, the relationship between Bc 1-xl  
expression and estrogen action were evaluated both in cell culture paradigms and in 
immunohistochemical analyses of aged human brain. In cultured rat hippocampal 
neurons, exposure to 17J3-estradiol resulted in a moderate but significant increase in 
Bc 1-xl  protein levels and enhanced cellular viability. In AD and normal aged human 
brain, a similar relationship between estrogen and Bcl-xt expression was suggested. 
Within the hippocampus, monoclonal estrogen receptor antibodies preferentially 
labeled neurons in CA3, hilus, and dentate gyrus. A nearly identical staining pattern 
was observed with Bcl-x antibodies. Double-labeling studies confirmed a strong 
colocalization within individual neurons between estrogen receptor and Bcl-x. PHF- 
1 immunolabeling demonstrated relatively low levels of neurofibrillary tangles and 
dystrophic neurites in hippocampal subfields exhibiting significant estrogen receptor 
and Bcl-x immunoreactivities. Together, these data support the novel theory that 
estrogen may enhance cellular resistance to apoptotic stimuli in hormone-responsive 
neurons by increasing expression of the anti-apoptotic protein Bcl-xt- This 
estrogen action is predicted to modulate neuronal viability across several conditions 
ranging from normal development to age-related degenerative pathologies including
AD. (Supported by Alzheimer Association/TW A Clipped Wings Inti. PRG-95-066).

862.4
RE-EXPRESSION OF CDC2-LIKE PROTEINS IN DIFFERENTIATED SH-SY5Y 
NEUROBLASTOMA CELLS EXPOSED TO NEUROTOXIC CONCENTRATION 
OF DOXORUBICIN. Rizzini C, Fontanini A, Uberti D, Belloni M, Piccioni L, Borsini 
F*, Spano PF, Memo M Div. Pharmacol., Dep. Biomed. Sci. & Biotechnol., Brescia 
University, School of Medicine, 25123 Brescia, Italy

Members of the cdc2 family of protein kinases are best known for the pivotal role 
they play in the regulation of the eukaryotic cell cycle. Little is known about the 
expression and the functional role of these kinases in post-mitotic cells, like neurons. 
Previous observations have revealed that neurofilaments and tau can be phosphorylated 
by cdc2-like kinases. In addition, i.r. for cdc2-like kinases was found in neurofibrillary 
tangles, one of the neuropathological feature of Alzheimer’s desease brain. We 
performed a set of experiments using the neuroblastoma cell line SH-SY5Y 
differentiated in neuron-like cells after treatment with retinoic acid for three weeks. 
Doxorubicin, an anthracycline antibiotic, was chosen to induce cell degeneration. We 
evaluated the pattern of expression of cdc2-like proteins by Western blot analysis using 
two different polyclonal antibodies: the first recognizes cdc2-like proteins 
independently of their phosphorylation state and the second reacts with an epitope of 
the protein (Tyr 15) in a specific phosphorylation state. We found that undifferentiated 
SH-SY5Y cells express significant levels of cdc2-like proteins in their phosphorylation 
independent state, as expected in proliferating cells; and a little but significant amount 
of proteins in their phosphorylated form. After differentiation the expression of cdc2- 
like proteins were virtually abolished. A re-expression of cdc2-like proteins in both 
their forms was found after exposing the cells to doxorubicin. The effect was 
concentration and time-dependent. A strict correlation was found between the 
concentration of doxorubicin (ranging from IO 8 to 10'6 M) capable to induce cell death 
and those neurotoxic able to re-express cdc2-Iike proteins. These data sugget that 
neurotoxic events leading to cell death may re-activate a set of proteins involved in cell 
cycle control. It is still unclear whether these processes are related to defence 
mechanisms or more tightly to the chain of events that lead to a cell death program.

862.5
KAINIC ACID ACTIVATION OF THE DNA MISMATCH REPAIR GENE MSH2 
IN RAT BRAIN. M. Belloni, D. Uberti, C. Rizzini, A. Torsello1*, P.F, Spano and M. 
Memo Div. of Pharmacol., Dept. of Biomed. Sci. & Biotechnol., Brescia University 
School of Medicine, 25123 Brescia, Italy; 'Dept. of Pharmacol. University of Milan, 
20129 Milan, Italy.

Damage to cellular DNA can result in the loss of genetic information and can lead 
to genomic instability, mutations and cell death. Several agents, both endogenous or 
exogenous, may induce a DNA damage. The cells are provided of multiple repair 
systems, different in the damage they can repair and in the way they work. Systems 
directed to the repair of non-replicating DNA can be of great importance in neurons, 
since the long life of these cells. Mismatches represent one of the possible DNA 
damage, MSH2 is one of the protein involved in the recognizion of this type of 
damage. We analysed the distribution of MSH2 in rat brain. The 
immunohistochemical analysis revealed a heterogeneous level of expression. We 
observed the highest intensity of staining in the pyramidal neurons of the 
hippocampus, in the entorhinai cortex and in the fronto-parietal cortex. Positive cells 
were observed in the substantia nigra and in the cerebellum (granular cells and 
Purkinje cells). We investigated the possibility of a modulation in the expression of 
this protein after neuronal damage, in the kainic acid (KA) model. The sistemic 
administration of KA induces various behavioural alterations and a typical pattern of 
neuropathology, with cell death in specific brain areas. The pyramidal neurons of the 
fields CAl and CA3 of the hippocampus appear to be the most vulnerable. In our 
study KA was administered intraperitoneally in a dose of 10 or 15 mg/kg body weight 
of and we examined the effects after a survival period of 8 h. We observed a marked 
increase in the MSH2 immunoreactivity in the hippocampal neurons known to be 
sensitive to kainic acid (CAl and CA3 fields). The effect was specific, since no 
changes in immunoreactivity was detected in other areas. The overexpression was 
induced also by the lowest dose, which did not result in a significative cell loss.
This study was supported by CNR.

862.6
PROTEIN KINASE C ACTIVATION RESTORES TEA-INDUCED CALCIUM 
RESPONSES IN FIBROBLASTS FROM ALZHEIMER’S DISEASE PATIENTS.
S. Bhagavant*. D, Ibarretat. A.P. Kozikowskit, R, Etcheberrigaravt fLab. of 
Applied Neuroscience, J Drug Discovery Laboratory,-Institute of Cognitive & 
Computational Sciences, Georgetown University Medical Center, Washington, DC 
20007
Several alterations have been described in fibroblasts of Alzheimer’s disease (AD) 

patients including alterations in calcium regulation, protein kinase C (PKC) and 
potassium (K+) channels. Potassium channel dysfunction was demonstrated both 
directly using patch-clamp and indirectly using calcium imaging. Studies have also 
found reduced levels of the a-isoform of PKC in brains and fibroblasts of AD 
patients. Since PKC is known to regulate ion channels, we studied K+ channel 
activity in fibroblasts from familial and sporadic Alzheimer’s disease (FAD and 
SAD, respectively) patients in the presence of (25,55)-8-(l -decynyl) benzolactam 
V (BL), a novel a,j) isozyme-selective activator of PKC. We present evidence for 
restoration of normal K+ channel function, as measured by TEA-induced [Ca2+]; 
elevations, due to activation of PKC with this BL. Treatment with BL significantly 
(p < 0.05) increased response to TEA in FAD (18.79%) and SAD (20.39%) 
compared to untreated cells (6.75%, 5.51%, respectively). In age-matched controls, 
there was no significant change in % TEA response (untreated: 13.15%; BL- 
treated: 12.46%). Immunoblotting analyses using an a isozyme-specific PKC 
antibody confirm that BL-treated fibroblasts of AD patients show increased PKC 
activity and translocation. The work suggests that PKC activator based restoration 
of K+ channels may offer another attractive approach to the development of AD 
therapeutics.

DOD grant SB, RE & AZ; Minst. Educ. (Spain) fellowship:DI.

862.7
CHARACTERIZATION OF FAC1 INTERACTING PROTEINS IN 
ALZHEIMER'S DISEASE. K. L. Jordan-Sciutto* and R, Bowser. 
Dept. of Pathology, Univ. of Pittsburgh Medical Center, Pittsburgh, 
PA.

FAC1, a novel gene product identified in human brain, is 
associated with a subset of amyloid containing plaques and is expressed 
at increased levels in Alzheimer’s Disease (AD) brains as compared to 
non-demented controls. The subcellular localization of FAC1 is 
developmentally regulated as FAC1 is contained in both the cytoplasm 
and nuclei during development, but predominately in nuclei in adult 
brain. This suggests that a mechanism exists which regulates FAC1 
localization during neural development and in response to neuronal 
injury. This regulation is likely to occur via protein:protein interaction 
with FAC1 to alter its nuclear or cytoplasmic localization. Using a 
human fetal brain cDNA library in the dihybrid yeast screen, four 
known and three novel proteins were identified as potential FAC1 
interacting proteins. These interactions have been confirmed in vitro 
using affinity chromatography. Among the interacting proteins are the 
promyelocytic leukemia zinc finger protein (PLZF) and the Myc 
associated Zinc finger protein (MAZi). PLZF and MAZi have zinc 
finger domains and activation domains common to transcriptional 
regulators. This is interesting as FAC1 also contains these domains and 
has been shown to bind DNA and activate transcription. We are 
currently characterizing the possible involvement of FAC1 associated 
proteins in AD and their role in regulating FAC1 function (i.e. DNA 
binding, subcellular localization). NIH AG132O8; Alzheimer’s Assoc./ 
Edward K Nesbitt Pilot Research Grant.

862.8
EFFECT OF ALZHEIMER’S DISEASE ON POSTTRANSCRIPTIONAL 
REGULATION OF GLUT1. D,Bx. Jacobs1, A.M, Mandolin1. R. Wang1. A. 
Bloom:,...P, Antuono2, T^Giordano.3*, ’Dept. of Biol. Chem., The Chicago 
Med. Sch., N. Chicago, IL 60064; 2Depts. of Pharm. and Neuro., Med. Col. 
ofWI.; 3ArnaX, Frazer, PA.

To investigate a possible molecular mechanism for the observed decrease 
in brain glucose transport in Alzheimer’s Disease (AD), regulation of GLUT1 
gene expression (Gexp) was examined by Northern blot (NB), Western blot 
(WB), and mobility shift (MS) assays. MS was used to examine the posttran-
scriptional regulation (PTR) of GLUT1 RNA via binding of RNA binding 
protein (s) to an AUUUA region of the 3’ UTR of GLUT1 mRNA., These 
studies were performed using tissue from the parietal (P) and temporal (T) 
cortex from age-matched normal (NOR) and AD brains., There was a 
significant decline in Gexp in P and T obtained from AD brains compared to 
NOR (reported as % decline from NOR; n=3, all data at least p<0.05; AD--P: 
NB=53±8%, WB=45±4%, MS=56±7%, AD-T: NB=35±5%, WB=36±5%, 
MS=40±4%). To further examine the effects of conditions of low glucose on 
PTR, human neuroblastoma cells (IMR-32) were incubated for 24 hr. under 
conditions of either normal glucose (NG), or low glucose (LG). In sharp 
contrast to the results obtained with AD brain, Gexp was up-regulated in LG as 
a compensatory response to low cellular glucose (reported as % above NG; 
LG: NB=168±16%, WB=172±19%, MS=164±12%). In conclusion, the data 
implicates a decrease in PTR as the molecular mechanism involved in a 
decline in Gexp, which ultimately results in decreased glucose transport in AD 
brain. These studies present the possibility for potential new strategies for 
the treatment of AD. Funded in part by Bader foundation.
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862.9
TRK-NGF RECEPTOR IS ACTIVATED IN DYSTROPHIC NEURITES 
FROM A VARIETY OF CONDITIONS, BUT NOT IN ALZHEIMER’S 
DISEASE.
Massimo Tabaton1 2 . Seraio Cammarata1. Angelo Schenone1, Lucilla
Nobbio Giovanna AnaelinF* Debora DapinoT Giovanni Mancardi1 &
Damiano Zaccheo .1. Department of Neurosciences, 2. Institute of 
Anatomy, 3. Cancer Institute; University of Genova, Italy.
Tyrosine kinase A (Trk A), a high affinity receptor for NGF, is activated 
during differentiation and regeneration of selective neuronal populations. 
We investigated the presence and distribution of Trk A in cerebral cortex 
from cases with Alzheimer’s disease (AD), normal aging, and a variety of 
conditions (AIDS, cystic fibrosis, cerebral infarcts) characterized by intense 
neuroaxonal dystrophy. Serial sections of frontal cortex were 
immunostained with a rabbit antiserum specific for Trk A (Santa Cruz Biot.) 
as well as with antibodies to amyloid p-protein (Ap), ubiquitin and PHF-tau. 
The concentration of Trk A was ascertained in AD cases on western blots 
by densitometry, and compared to that of normal controls, free of senile 
plaques. Trk A was immunocytochemically detected in almost all neurites 
surrounding Ap deposits in normal aging, as well as in non specific 
dystrophic axons. Trk A and ubiquitin immunoreactivity colocalized. 
Instead, in AD cortex, the amyloid associated degenerating neurites, 
identified with the anti-PHF-tau antibody, were Trk A negative. The 
concentration of Trk A in total omogenates of cerebral cortex from AD 
cases did not differ from that of controls. The absence of Trk activation in 
amyloid associated neurites in AD, but not in normal aging, indicates a 
different reaction of neuronal tissue to Ap deposition, and suggests that 
other factors, besides Ap, mediate neuronal degeneration in AD.
Supported by grants from Telethon (E.126), CNR (96.03350.CT04), NATO 
(CRG.940642)

862.10
DISTRIBUTION OF NUCLEOLIN IN ALZHEIMER'S DISEASE 
AND CONTROL BRAINS. A, Dranovskv^^. L. Gregori^. A. 
Schwarzman2.1. Vincent^. P, Davies^, and D. Goldgaber2*. JMSTP 
and 2Dept. of Psychiatry, SUNY at Stony Brook, Stony Brook, NY 
11794; ^Dept. of Pathology Albert Einstein Col. of Med., Bronx, NY

We previously reported that mitotic, but not interphase nucleolin is 
the cellular antigen for neurofibrillary tangles (NFT) specific 
monoclonal antibody TG3. The present study investigates the 
distribution of nucleolin in AD and control brains using anti-nucleolin 
monoclonal antibodies. The distribution of nucleolin immunoreactivity 
was examined in the hippocampus, temporal cortex and frontal cortex. 
Both cell-layer specific and cell-type specific distributions were 
observed. Nucleolin immunoreactivity was observed in the neuronal 
nuclei, neuronal cytoplasm, as well as in axons. While biochemical 
evidence suggests a cytoplasmic role for nucleolin, this is the first 
immunohistochemical localization of the protein to the cytoplasm. 
Furthermore, nucleolin was localized to the NFT in brains from AD 
affected individuals. Nucleolin localized to early, interneuronal NFT 
and was absent from late, extracellular tangles. Nucleolin 
immunoreactivity partially colocalized with TG-3 immunoreactivity by 
laser confocal microscopy in the tangles suggesting that nucleolin is 
recognized by TG-3 in the AD brain. Our results suggest that in 
addition to its nuclear function, nucleolin has a cytoplasmic function in 
neurons and that nucleolin is involved in AD pathology.

Supported by L1AF and the AFAR Glenn Foundation Scholarship to AD.

862.11
EVIDENCE OF ELEVATED REACTIVE OXYGEN SPECIES DURING 
OLFACTORY NERVE REGENERATION. Robert G. Struble*, Kazim Husain, and 
Satu Somani. Alzheimer Center and Department of Pharmacology, Southern 
Illinois University School of Medicine. Springfield, IL 62794.

Alzheimer's and Parkinson's disease display evidence of perturbations of the free 
radical scavenging system. We hypothesized that abortive attempts of regeneration 
might be involved in these diseases. Therefore, we reversibly lesioned the olfactory 
nerve in rats to determine if perturbations of the free radical scavenging system 
occurred during degeneration and subsequent nerve regeneration.

Nerve was lesioned in adult rats by a single dose of diethyldithiocarbamate. The 
activities/levels of superoxide dismutase (SOD), catalase (CAT), glutathione 
reductase (GR), glutathione peroxidase (GPx), glutathione (GSH) and 
malondialdehyde (MDA) were determined in fresh-frozen olfactory bulb, dorsal 
neocortex and cerebellum at 1-42 days following lesion.

Olfactory bulb showed numerous statistically significant (p<0.005) changes 
persisting over the six weeks of this study. In contrast, no changes occurred in either 
neocortex or cerebellum. Olfactory bulb GSH decreased by 40%, CAT activity 
increased by 37%, and GR decreased by 18%. SOD activity decreased by 32% at 
three days post lesion then recovered, reaching 138% of control levels at three weeks 
and 120% of control at six weeks. Malondialdehyde levels did not reach required 
statistical significance (p<0.008) but were elevated throughout the post-lesion period 
by a factor of 2.5. GPx did not show any changes.

In aggregate, these data suggest that increased reactive oxygen species were 
present in the olfactory bulb during nerve regeneration. If regeneration occurs in 
degenerative neural diseases, then reactive oxygen species produced during 
regeneration may cause damage to local cells. These effects might underlay 
hypothesized reactive oxygen species' damage in Alzheimer's and Parkinson's 
diseases. (Supported by PHS/NINDS NS35271)

862.12
IN SITU GENERATION OF OXIDIZING SPECIES BY NEUROFIBRILLARY 
TANGLES AND SENILE PLAQUES IN ALZHEIMER DISEASE M.A. Smith, 
P.L.R. Harris, L.M. Sayre, G. Perry. (SPON: Society of Neuroscientists of Africa). 
Institute of Pathology and Department of Chemistry, Case Western Reserve 
University, Cleveland, Ohio 44106.

There is growing evidence that free radical damage and oxidative stress play pivotal 
roles in the pathogenesis of Alzheimer disease (AD). However, while oxidative 
damage and antioxidant response are well characterized, the source(s) of damaging 
reactive oxygen species are yet to be established. To address this issue, we used a 
detection system, based on the oxidation of 3,3’-diaminobenzidine, to determine the in 
situ localization of generations of reactive oxygen species (ROS).

In Alzheimer disease, the generation of ROS was restricted to neurofibrillary tangles 
and senile plaques and found to be dependent on transition metals since chelation with 
deferoxamine completely dissipates ROS production. Because of the known 
importance of iron in the generation of ROS, we also examined the distribution of iron 
using a modification of the Prussian blue method. This method involves binding of 
ferrocyanide to iron(III) in tissue to give a brilliant blue mixed-valence iron (II/III) 
complex. In reverse, application of ferric iron(III) allows detection of ferrous iron(II). 
Both ferrous iron(II) and ferric iron(III) were found to be prominent in senile plaques 
and neurofibrillary tangles. While the source of lesion-associated iron is unknown, it is 
interesting to note that the pattern of redox-available iron in neurons is strikingly 
similar to the localization of heme oxygenase-1, an enzyme responsible for the 
conversion of heme into antioxidant tetrapyrroles and free iron.

Taken together, the findings presented here implicate iron-centered ROS production 
in the oxidative stress characterizing Alzheimer disease and suggest that chelation 
treatment coupled with antioxidant regimens will be of therapeutic benefit.

This work was supported through grants from the National Institutes of Health, the 
American Health Assistance Foundation and the American Philosophical Society.
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863.1
HYPERPHOSPHORYLATION OF TAU PROTEIN IS ESTROGEN- 
INDEPENDENT AND PREVENTED BY ANDROGENS: IMPLICATIONS FOR 
ALZHEIMER’S DISEASE. S. Ch, Papasozomenos*. Dept. of Pathology, University 
of Texas Medical School, Houston, TX 77030.

In a previous abstract (Soc. Neurosci. Abstr. 22:974, 1996) we presented 
preliminary data on the effects of gonadectomy on the heat shock-induced rapid 
dephosphorylation of x in both female and male rats and its subsequent 
hyperphosphorylation only in female rats (J. Neurochem. 66:1140, 1996). To 
complete the study, 186 2-3-month-old Sprague-Dawley rats were ovariectomized 
(OVX), orchiectomized (ORX) or sham-gonadectomized and received replacement 
therapy with daily s.c. injections of 20 pg/100 g estradiol benzoate (EB), 1 mg/100 g 
testosterone propionate (TP) or sesame oil (SO) vehicle for 2-3 wk, respectively. At 
0, 3, 6 and 12 h after heat shock, immunoblot analysis of SDS cerebral extracts was 
performed using phosphate-dependent and -independent anti-x antibodies. Seven 
groups of rats were analyzed: i) sham-OVX + SO (n=34); ii) OVX + SO (n=24); 
iii) OVX + EB (n=23); iv) sham-ORX + SO (n=26); v) ORX + SO (n=24); vi) 
ORX -I- TP (n=30); and vii) ORX (n=25). In all seven groups, there was 
dephosphorylation of x at 0 h after heat shock. In all three groups of female rats, there 
was hyperphosphorylation of x at 3 h after heat shock (P=0.0319, F=0.0055, and 
P=0.0042, respectively, in comparison with their non-heat-shocked controls), and its 
degree and temporal pattern were identical between the OVX + SO and OVX + EB 
groups. In male rats, there was hyperphosphorylation of x at 3 h after heat shock in 
both ORX + SO and ORX groups (P=0.0027 and P=0.0003, respectively), and its 
degree was reduced in the ORX + TP group. Thus, dephosphorylation of x is gonadal 
hormone-independent, but while its hyperphosphorylation is estrogen-independent it is 
prevented by androgens. Because x is abnormally hyperphosphorylated in Alzheimer 
disease, which is more frequent in women than men, these findings suggest that 
androgens may exert a neuroprotective effect.

863.2
THE USE OF MULTIPHOSPHORYLATED SYNTHETIC TAU PEPTIDES IN THE 
BIOCHEMISTRY AND IMMUNOLOGY OF PAIRED HELICAL FILAMENTS. IL 
Hoffmann, V.M.-Y. Lee and L, Otvos, Jr*. The Wistar Institute and Dep. of Pathology 
and Lab. Medicine, Univ. of Pennsylvania, Philadelphia, PA 19104.

The paired helical filaments (PHF) present in the brains of Alzheimer’s disease (AD) 
patients are made of abnormally hyperphosphorylated versions of the low molecular 
weight microtubule-associated protein tau. “True” PHF-specific monoclonal antibodies 
(mAbs), such as PHF-27 and AT10, selectively bound to the corresponding synthetic 
peptide sequences multiply phosphorylated on serine and threonine residues separated by 
2-4 amino acid residues. Although PHF-specific epitopes are located at highly 
immunogenic domains of tau, only a very small fraction of the anti-protein mAbs 
recognize PHF-tau specifically over fetal-tau or biopsy-originated tau. This can be 
attributed to the heterogeneous phosphorylation pattern and increased stability of some of 
the phosphoamino acids compared to others. The double phosphorylated tau peptides 
coupled to a T-helper cell determinant peptide fragment of the rabies virus nucleoprotein, 
however, elicited antisera with high titer and PHF-specificity in C3H mice. Both the 
antisera and the resulting mAbs recognized PHF-tau but not normal tau on ELISA and 
Western-blot. Our conformation-sensitive ELISA indicated that PHF-specific mAbs 
recognized not only the multiple phosphate groups on the antigens, but also the local 
secondary structure around the phosphorylation sites. Based on molecular modeling of 
the epitopic regions we determined the distance between the phosphate groups. This 
information allows the design of multiarm compounds that are suitable for concomitant 
binding to the double phosphorylation sites and is potentially useful in elimination of the 
abnormally hyperphosphorylated protein. We investigated this possibility by studying 
the changes in the mAb binding of the synthetic peptides in the presence of diamines that 
carried the positive charges in the approximate distance range of the abnormal phosphate 
groups. Interestingly this spacing is identical to the distance between the amino groups 
of endogenous brain polyamines involved in a number of neuronal functions:
This work was supported by NIH grants AG 10210 and AG 10670.
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863.3
REGULATION OF TAU PHOSPHORYLATION BY PROTEIN 
PHOSPHATASES. C.-X. Gong*, T. Lidskv, L.G. Zuck, I, Grundke-Iqbal and 
Khalid Iqbal, NYS Institute for Basic Research in Developmental Disabilities, 
Staten Island, NY 10314.

Microtubule-associated protein tau is abnormally hyperphosphorylated in 
Alzheimer disease brain. This hyperphosphorylated tau can be readily 
dephosphorylated in vitro by protein phosphatases type 1 (PP-1), type 2A (PP-2A) 
and type 2B (PP-2B) isolated from mammalian brain, but not type 2C . In order to 
investigate which of these phosphatases is involved in dephosphorylation of tau in 
brain, metabolically active rat brain slices (400 pM) cut from 2-month-old male CD 
rats were incubated for three hours at 33°C with various specific protein phosphatase 
inhibitors in oxygenated artificial cerebrospinal fluid (aCSF), followed by Western 
blotting with phosphorylation-dependent tau antibodies. When 0.1 pM okadaic acid 
(which inhibits PP-2A and PP-1 activities) was added in aCSF for incubation, an 
increase in tau phosphorylation at Ser-198, Ser-199 and Ser-202 (Tau-1 site), Ser-262 
and Ser-356 (12E8 site), and Ser-422 (R145 site) was observed. Okadaic acid at 1.0 
pM (which inhibits all of PP-2A and most of PP-1 activity but minimal of PP-2B 
activity) induced higher phosphorylation of tau at above sites. As compared with 1.0 
pM, 5.0 pM okadaic acid (which completely inhibits PP-2A and PP-1 activities and 
partially PP-2B activity) induced increased phosphorylation only at Ser-422 of tau. 
In contrast, cyclosporin A (up to 10 pM) and deltamethrin (1.0 pM), both of which 
are PP-2B specific inhibitors, induced only a slight increase in phosphorylation of tau 
at Ser-262, Ser-356 and Ser-422, but no significant changes at other sites examined. 
These results suggest that PP-2A and PP-1 are the major phosphatases involved in 
dephosphorylation of tau at the sites studied in brain. (Supported by the New York 
State Office of Mental Retardation and Developmental Disabilities, NIH Grants 
AG05892, AG08076, NS18105, P30AG08051, and the Zenith Award [to K. Iqbal] 
from Alzheimer’s Association, USA.)

863.4
MARK KINASES: DOXYCYCLIN-INDUCIBLE EXPRESSION IN CHO- 
AND N2A-CELLS LEADS TO PHOSPHORYLATION OF M APS, 
MICROTUBULE-DISRUPTION AND CELL-DEATH
A. Ebneth, G. Drewes, U. Preuss, E.-M. Mandelkow* and E. Mandelkow
Max-Planck Unit for Struct. Mol. Biol., Notkestr. 85, 22603 Hamburg, 
Germany

MARK is a novel protein kinase that phosphorylates the microtubule- 
associated proteins MAP2c, MAP4 (Illenberger et al., JBC 271, 10834-10843, 
1996) and tau (Drewes et al., JBC 270, 7679-7688, 1995) in vitro in their' 
microtubule-binding domain. It has been shown, that phosphorylation erf 
Ser-262, located in the microtubule-binding domain of tau, is elevated in 
tau protein isolated from the neurofibrillary tangles of Alzheimer's diesease 
brain (Hasegawa et al., JBC 267, 17047-17054, 1992). To study the in vivo 
activity of MARK on MAPs we transiently transfected the kinase in CHO- 
cells and the neuronal cell-line N2a. Since high level expression leads to 
drastic morphological alterations in these cells leading to detachment and 
presumably cell death within few hours, we established a doxycycline- 
inducible expression in both cell lines. Induction of epitope-tagged MARK 
kinases drastically alters the organization and stability of the microtubule 
network (Drewes et al., Cell, in press), that appears to be fragmented and 
less dense than in control cells. Immunofluorescence- and blot-analysis 
reveals phosphorylation of transiently transfected tau-protein and 
endogenous MAPs. Phosphorylation takes place at KXGS-motifs in the 
microtubule-binding domains, which can be detected with 12E8, an 
antibody raised against a phosphorylated peptide from the first repeat of 
tau (Seubert et al., JBC 270, 18917-18922, 1995). Experiments to study the 
effects on microtubule-stability and cell morphology of MARK in 
differentiating, doxycycline-inducible N2a-cells are underway.

863.5
RNA STIMULATES AGGREGATION OF MICROTUBULE-ASSOCIATED 
PROTEIN TAU INTO ALZHEIMER-LIKE PAIRED HELICAL FILAMENTS. 
P. Friedhoff, T. Kampers, T. Biernat, E.-M. Mandelkow, E. Mandelkow*
Max-Planck-Unit for Structural Molecular Biology, Notkestrasse 85, D-22607 
Hamburg, Germany

One of the hallmarks of Alzheimer's disease is the presence of neurofibrillary 
deposits. The principal component of these deposits are paired-helical 
filaments (PHFs) which are built from the microtubule-associated protein tau. 
To understand the mechanism of tau's abnormal assembly into PHFs we have 
studied the influence of cytosolic components (Kampers et al., (1996) FEBS 
Lett. 399, 344-349). Here we report that PHF assembly is strongly enhanced by 
RNA or certain acidic peptides. Their effect appears to be similar to that of 
extracellular matrix components such as heparin (Perez et al., (1996) J. 
Neurochem. 67,1183-1190; Goedert et al., (1996) Nature 383 550-553). We have 
monitored the formation of PHF-like filaments qualitatively by electron 
microscopy and quantitatively by fluorescence spectroscopy. Furthermore we 
compared the stability of these artificial PHFs with Alzheimer PHFs. The 
assembly of PHFs depends on the dimerization of tau protein by formation of 
an intermolecular disulfide bridge involving Cys322 in the third repeat of tau 
(Schweers et al., (1995) PNAS 92 8463-8467). When Cys322 is mutated to 
alanine PHF assembly is strongly suppressed. Three-repeat constructs 
polymerize most efficiently, two repeat constructs do as well but one repeat 
constructs fail to form PHFs. All six full-length isoforms of tau can be induced 
to form PHFs by RNA. The occurrence of cytosolic factors capable of 
promoting PHFs in vitro suggests pathways of PHF assembly in the cytosol.

863.6
CEREBROSPINAL FLUID TAU LEVELS INCREASE WITH AGE IN 
HEALTHY INDIVIDUALS.
M. BJomberg*, M, Jensen, H- Basuikl, Lannfelh L-Q. WahM,
Karolinska Institute, Department of Geriatric Medicine B 56, Huddinge University 
Hospital, S-141 86 Huddinge, Sweden

Cerebrospinal fluid (CSF) tau is a promising biochemical antemortem marker for 
Alzheimer’s disease (AD). Several authors have shown increased CSF tau in AD. 
Neuronal death and axonal degeneration are conceivable sources for this increase in 
CSF tau. Mukaetova-Ladinska et al have shown an age-related decrease of tau bound 
to paired helical filament and soluble tau without subsequent increase in 
neurofibrillary tangles in brains from non demented. We studied 29 healthy 
individuals from 45 to 80 years with the purpose of further investigating tau levels 
in normal aging. Mean value of MMSE in the group was 28.8 (minimum 26, 
maximum 30). CSF tau concentrations (pg/ml) were measured by ELISA (Innotest 
hTau antigen, Innogenetics, Belgium). Mean tau level was 270+125 (±SD, 
minimum 141, maximum 680). We found a statistically significant increase in 
CSF tau with increasing age (r=0.456, p=0.013). The mean CSF tau value did not 
correlate to gender, family history of dementia, APOE genotype or increased 
permeability of the blood brain barrier. Neuronal loss during normal aging and 
redistribution of soluble tau from the brain into CSF might explain these results.

This work was supported by: 
the Swedish Society of Medicine, 
Clas Groshinsky foundation and 
Old Servants foundation

age (years)

863.7
STRONG CORRELATION BETWEEN CSF TAU AND ALZHEIMER'S 
DISEASE SYMPTOMS IN CARRIERS OF PS-1 AND APP670/671 
MUTATIONS WITH £4+ OF APOLIPOPROTEIN E. L. Lannfelt*, M. 
Jensen, K. Amberla. M. Viitanen. L-Q. Wahlund, H. Basun. O. Almkvist.
Karolinska Institutet, Dept. of Geriatric Medicine, Huddinge University 
Hospital, Sweden.

CSF tau levels are elevated in Alzheimer's disease (AD) compared to 
controls although there is a substantial overlap between the groups. We 
recently demonstrated that tau values increased during follow-up in AD 
patients with apolipoprotein E £4+ (APOE=gene; apoE=protein), but not in 
£4- AD cases (Blomberg et al. 1996). In the present study, we investigated 
disease duration and neuropsychology in relation to CSF tau and APOE. 
Normal and abnormal mental performances were quantified using eight 
neuropsychological tests. Symptomatic and presymptomatic mutation- 
carriers as well as healthy non-carriers from two PS-1 gene mutation 
families (Ml46V and H163Y) and the Swedish APP670/671 mutation 
family were investigated. Highly significant correlations between impaired 
cognitive functions and high tau levels were found in £4+ mutation-carriers 
(n=5), but not in £4- mutation-carriers (n=7). The highest correlation was 
found for Block Design (r=0.985; p<0.01). This test puts heavy demands on 
posterior association areas of the brain, that are affected early in AD. 
Furthermore, there was a highly significant correlation between long 
duration of disease and high tau levels in £4+ mutation-carriers (r=O.98O; 
p<0.01), but not in £4- mutation-carriers. In conclusion, a strong 
relationship was found between tau and the disease process across the 
preclinical as well as clinical stages of AD, but only in £4+ mutation- 
carriers. This suggests that tau metabolism in AD is influenced by apoE in 
an isoform-specific manner. Supported by the Swedish Medical Research 
Council (project no 10819).

863.8
CEREBROSPINAL FLUID LEVELS OF TAU PROTEIN IN
ALZHEIMER'S DISEASE AND CNS INJURY. Frank Zemlan*, Tom 
Campbell & Gary Dean. University of Cincinnati College of 
Medicine, Cincinnati, OH 45267 & Isolab, Norton, OH 44203.

Monoclonal antibodies (Mabs) were raised against tau 
purified from human brain. Developed Mabs recognized 30-50 kD 
brain proteins that were also labeled by Mab PHF-1 raised against 
paired helical filaments (PHF). Developed Mabs recognized 
recombinant tau and PHF on Western blots. Mab binding was 
insensitive to alkaline phosphatase treatment indicating binding to 
phosphorylation-independent epitopes. Developed Mabs appeared 
to recognize low abundance conformational states of tau also 
preferentially recognized by PHF-1.

An enhanced sensitivity sandwich ELISA was developed 
employing one of our tau Mabs for capture and two HRP- 
conjugated tau Mabs for detection. The tau-bound Mab-HRP 
complex was used to dimerize and deposit biotinylated-tyramine 
which was reacted with AP-conjugated avidin. Cerebrospinal 
fluid tau levels were significantly elevated in patients with acute 
CNS injury (4,031 ± 984 pg/ml, N = 10) and Alzheimer's disease 
(355 ± 7.9 pg/ml, N = 20) with respect to neurologic controls 
(117 ± 5 pg/ml, N = 24) and normal controls (85 ± 0.3 pg/ml,
N = 38). The present study suggests that CSF tau levels reflect 
active axonal degeneration which is particularly severe after 
acute CNS injury. Supported by NIH AG12572
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863.9
EVIDENCE FOR THE PRESENCE OF THE MICROTUBULE- 
ASSOCIATED PROTEIN TAU IN HUMAN PLASMA. M, Ingelson*. E. 
Benedikz, E. Karlsson. L, Lannfelt, Karolinska Institute, Dept. of Geriatric 
Medicine, Huddinge University Hospital, Sweden.

One of the main neuropathological features of Alzheimer's Disease (AD) 
is the neurofibrillary tangle, which consists of the microtubule-associated 
protein tau in a hyperphosphorylated form. Tau is expressed as six 
isoforms of 48-67 kDa and as isoforms of higher molecular weight, big 
tau. Tau is present in cerebrospinal fluid (CSF), predominantly as 
fragments of 26-28 kD. Higher levels of tau are seen in CSF in AD 
compared to controls, which could be used for diagnostic purposes. Tau is 
also found in various peripheral cell-types like myocytes and fibroblasts. 
We now propose that tau is also present in human plasma. Peripheral blood 
samples were collected from individuals with and without AD. A sandwich 
ELISA, with the mAbs AT 120 as primary antibody and HT7/BT2 as 
secondary antibodies (Innotest hTAU Antigen, Innogenetics, Belgium) 
displayed plasma tau levels between 0- 2550 pg/ml. The sample with the 
highest tau concentration (2550 pg/ml) was gel-filtrated (Sephadex G150, 
Pharmacia, Sweden) and measurements on the fractions indicated 
immunoreactivity in the range of the known molecular weights for tau. 
Immunoprecipitation was carried out with the monoclonal Tau-1 as 
precipitating antibody. Three bands in the range of 60-75 kDa were found 
in the precipitate on a western blot with the polyclonal antibody DJ as 
detecting antibody. Our preliminary findings suggest that the tau protein is 
present in detectable amounts in human plasma. Our aim is to characterize 
the present tau isoforms and evaluate the potential of detecting tau in 
plasma as a diagnostic tool for Alzheimer's disease. Supported by the 
Swedish Medical Research Council (project no 10819) and the Gamla 
Tjanarinnor Foundation.

863.10
IDENTIFICATION OF e-(y-GLUTAMYL)LYSINE ISOPEPTIDE BONDS 
WITHIN PROTEINS FOUND IN NEUROFIBRILLARY TANGLES ISOLATED 
FROM ALZHEIMER’S DISEASED BRAIN TISSUE.
M. A. Norlund*, N. Muma Dept. of Pharmacology, Loyola University of Chicago, 
Stritch School of Medicine, Maywood, IL 60153.

Neurofibrillary tangles (NFT) and senile plaques are characteristic of Alzheimer’s 
disease (AD). NFT are insoluble, highly stable protein aggregates and as such, 
resemble other proteins containing the isopeptide e-(y-glutamyl)lysine bonds. 
These covalent cross-links are specifically catalyzed by the Ca2+-dependent 
enzymes transglutaminases. Previous in vitro studies demonstrated that NFT 
components such as tau, P-amyloid and neurofilaments, can serve as substrates for 
transglutaminases. The objective of this study was to determine if e-(y-glutamyl) 
lysine bonds are present within NFT isolated from AD brain tissue. NFT protein 
fractions (100,000xg) as well as normal CNS tau were isolated from both post-
mortem AD and non-AD age-matched controls. The presence of E-(y-glutamyl) 
lysine isopeptide bonds within these protein fractions was examined by Western 
blots using two cross-link directed monoclonal antibodies. E-(y-glutamyl)lysine 
bands (~68 KDa) were detected within the NFT protein fractions isolated from both 
AD and non-AD brain tissue. However, the intensity and the size of the bands were 
significantly greater (p<0.05) in protein fractions isolated from AD frontal and 
parietal cortices compared to non-AD controls. Normal CNS tau proteins isolated 
from both AD and non-AD control cortices, did not contain £-(y-glutamyl)Iysine 
cross-links. Further, in AD brain tissue, s-(y-glutamyl)lysine cross-links co-migrate 
with a neurofilament and a paired helical filament protein band. This study 
indicates a possible role for transglutaminases in catalyzing the covalent cross-
linking of cytoskeletal proteins found within AD NFT. Work supported by the 
Retirement Research Foundation #96-400.

863.11
IDENTIFICATION OF A PERLECAN DOMAIN I (EXON 5) SPLICE VARIANT 
SPECIFICALLY IMMUNOLOCALIZED TO THE NEUROFIB RILL ARY TANGLES 
OF ALZHEIMER’S DISEASE. G.A. Maresh. C, Mueller. L.-W. Jin*, and 
A.P, Snow. Dept. of Pathology, Neuropathology Labs, Box 356480, Univ. of 
Washington, Seattle, WA 98195-6480.

Perlecan is a specific large heparan sulfate proteoglycan (PG)(~800 kDa) postulated to 
play primary roles in the pathogenesis of Alzheimer’s disease (AD) by contributing to 
the formation, deposition, and persistence of A6 amyloid in brain. Perlecan is also 
specifically immunolocalized to all three characteristic lesions of AD including neuritic 
plaques, cerebrovascular amyloid deposits and neurofibrillary tangles (NFTs). In our 
search for possible structural alterations of PGs which may be important for AD 
pathogenesis, RT-PCR technology and cloning methodology led to the discovery of a 
unique perlecan splice variant in human cortex which occurs as a result of deletion of 
exon 5. The splicing out of exon 5 results in a new open reading frame containing a 
stop codon in exon 7 which encodes for a predicted protein of 169 amino acids. New 
sequence consisting of 72 amino acids occurs at the beginning of exon 6 and through 
part of exon 7. Within this new 72 amino acid sequence is a Ser-Gly-Asp (SGD) 
sequence suggestive of a new glycosaminoglycan (GAG) attachment site.This perlecan 
splice variant therefore consists of a -17-18 kDa perlecan core protein potentially 
containing 4 GAG attachment sites (instead of 3 found in normal perlecan). Using a 
specific primer across the new exon junction, the exon 5 perlecan deletion variant was 
detected in total RNA isolated from the hippocampus of 10 individuals with confirmed 
AD. Antibodies made against the unique amino acid sequence of the perlecan exon 5 
deletion variant specifically immunolabelled NFTs (intraneuronal and ghost tangles) in 
AD brain. Since recent studies indicate that heparan sulfate GAGs cause induction of 
paired helical filament formation (Goedert et al, Nature 383:550-553, 1996), the 
discovery of a small perlecan splice variant which may contain an extra heparan sulfate 
GAG chain, and which co-localizes to NFTs, suggests its potential importance in 
tangle pathogenesis in AD. Supported by NIH AG 12953-03 and AG 05136-03 (ADS).

863.12
AXONAL CYTOSKELETAL PROTEINS: PHYSIOLOGICAL AND 
PATHOLOGICAL TARGETS FOR OXIDATIVE STRESS G. Perry*, D, A. 
Zelasko, L. M. Sayre, M. A. Smith. Institute of Pathology, Case Western Reserve 
University, 2085 Adelbert Road, Cleveland, Ohio 44106

Numerous studies have shown that the cytoskeleton is susceptible to oxidative 
modification in neurodegenerative diseases. To understand whether such 
modification is related to the physiological function of the cytoskeleton, we 
undertook an immunocytological and immunoblotting analysis of normal neurons 
and their processes by using antibodies against protein-adducts of the highly 
reactive lipid peroxidation product, hydroxynonenal (HNE), representing Michael 
addition or pyrrole formation. Physiologically, HNE-immunoreactive adducts 
were prominent and confined to axons. Immunoblots prepared from axons show 
selective HNE modification of neurofilament heavy subunit (NFH).

Specific modification of NFH is consistent with the tandem lysine rich repeats 
in the c-terminal domain, sequences shared with t  protein which is HNE modified 
in Alzheimer disease. These findings suggest that NFH modification may play a 
physiological role, possibly to protect the membrane rich axon from lipid 
peroxidation products. This role may be essential to axons where protein turn over 
is low. Increased HNE-adduction in the cell body of neurons in disease may 
reflect use of the mechanism that protects the axon normally to protect the cell 
body as a response to increased oxidative stress. These findings suggest a 
mechanistic link between the prominent abnormalities in neurofilament 
organization in a wide range of neuronal degenerative and injury conditions.

This work was supported by the National Institutes of Health (AG09287 and 
NS22688) and the American Health Assistance Foundation. DAZ is a Ruth Salta 
Student Research Fellow.

OCULOMOTOR SYSTEM: HUMAN STUDIES AND IMAGING

864.1
PROPERTIES OF SACCADES ACCOMPANIED BY BLINKS. K.G. 
Rottach, A.Z. Zivotofskv, M. Esser, V.E. Das, R.L, Ruff,* R.J. Leigh.
Zentralklinikum Augsburg, Dept of Neurology, 86156 Augsburg, 
Germany, and Ocular Motor Lab., VA Medical Center and Case Western 
Reserve University, Cleveland, OH 44106

Large saccadic gaze shifts are frequently accompanied by blinks. Using 
the magnetic search coil technique for eye and lid movement recording we 
investigated the effect of voluntary blinks on saccades of five normal 
subjects. The task was to perform 20 or 40 deg saccades between two 
continuously visible targets; first, without blinking and second, with a 
blink together with each saccade. The saccadic gain was slightly increased 
(on average 3.9%) for 20 deg saccades but not significantly affected for 
40 deg saccades. Blinks caused considerable changes in the dynamic 
properties of saccades: for 20 deg saccades the peak velocity was 
decreased in all subjects (average 19%) as compared to their saccades 
without blinks. The peak acceleration was, on average, decreased by 19%, 
and the peak deceleration by 32%. On the other hand, the duration of 
saccades with blinks was increased by an average of 36% for 20 deg 
saccades. The effects of blinks on 40 deg saccades were similar, but the 
changes were somewhat smaller. Three of five subjects showed a 
significantly increased incidence of dynamic overshoot in saccades 
accompanied by blinks. This effect was most pronounced in the subject 
with the fastest saccades.
Supported by Dt. Forschungsgemeinschaft, NIH EY06717, Veterans 
Affairs, Armington Fund.

864.2
HUMAN SACCADIC GAZE SHIFTS TO TARGETS FLASHED BEFORE OR 
DURING GAZE PURSUIT. T.M. Herter* and D. Guitton. Montreal Neurological 
Institute and McGill University, Montreal, Quebec, Canada, H3A 2B4

Previous studies have shown that head-fixed humans (Ohtsuka, 1994) and monkeys 
(Schlag et al., 1990) are able to make accurate saccades to targets flashed during 
pursuit eye movements. This ability indicates that changes of eye position relative to 
the head can update an eye-motor-error signal that accesses the saccade generator. It 
has also been demonstrated that vestibular information regarding changes of head 
position in space can reach the human saccadic system (Bloomberg et al., 1988).

We have carried out analogous experiments with head-free human subjects to 
affirm whether eye-in-head and head-in-space signals are summated to generate an 
eye-in-space (gaze) signal, whose change can update a gaze-motor-error signal. 
Subjects were asked to make gaze-saccades to a target (T) flashed before or during 
gaze-pursuit (head unrestrained). On all trials, a central fixation point (FP) appeared 
on a tangent screen positioned in front of the subjects. Before or while FP was ramped 
to either the right or left for up to 30 degrees, T was briefly flashed between 0 and 30 
degrees to the left or right. On some trials FP was not moved after T was flashed, 
creating control trials where the task was the classical remembered target paradigm. 
The tasks were performed by all subjects with the head both restrained and 
unrestrained.

The gaze-pursuit displacement that intervened between the onset of T and the 
initiation of the targeting gaze shift was accurately compensated for by the subjects. 
Furthermore, accuracy with the head unrestrained did not significantly differ from that 
with the head restrained; nor did accuracy of head-free test trials significantly differ 
from trials using the classical head-fixed remembered target paradigm.

Supported by the Medical Research Council of Canada
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864.3
PERTURBATIONS OF HORIZONTAL SACCADE VELOCITY PROFILES IN 
HUMANS AS A MARKER OF BRAINSTEM DYSFUNCTION IN WERNICKE- 
KORSAKOFF SYNDROME. A.R.G. Jack. J.N. Currie. S.K. Harvey. L.M. Qptican, 
P. Lefevre, E.J, FitzGibbon*. Clinic E, University Clinic, Westmead Hospital, NSW 
2145, Australia and National Eye Institute, NIH, Bethesda MD.

We will describe a novel finding of abnormal high frequency oscillations in the 
saccadic velocity profile of patients with Wernicke’s encephalopathy (WE). These 
oscillations are similar to those produced by modeling of the superior colliculus burst 
neuron/pause neuron loop (Lefbvre et al:1996).

Eye movements were recorded using infrared oculography in 13 patients with acute 
WE and subsequently during their clinical recovery phase. Subjects performed a 
horizontal random saccade task with targets of 2.5 to 30° amplitudes, and a ±15° 
predictive saccade task. The high frequency components were analyzed in 3 ways: 
Fourier transformation, detection of local minima, and a derived overall measure of 
curve perturbation. Comparison was made with 5 patients exhibiting acute, then 
resolving alcohol related cerebellar impairment.

All subjects in the acute phase of WE exhibited significant abnormalities in both 
number of minima and curve perturbation measure. However only 38% of these 
subjects were abnormal on the Fourier transform measures. The degree of velocity 
profile perturbation increased exponentially with saccade amplitude. In the cerebellar 
subjects 40% exhibited abnormal results for both minima and curve smoothness and 
20% were abnormal in Fourier transform results. As clinical recovery from WE 
progressed, the saccadic velocity perturbations decreased but nonetheless remained 
present even after complete clinical resolution.

This data suggests that quantification of abnormalities in saccade velocity profiles 
is a sensitive and specific tool for measuring brain stem function in WE patients. The 
comparative failure of the Fourier transform analysis may be ascribed to the presence 
of components in the initial take off period of the saccade which are in the same 
frequency range as the oscillations that occur later in the saccade.

864.4
MOTOR BASIS OF DISPARITY MEMORIZATION Z. Kapoula*, M,P, Bucci. 
M. Bernotas. LPPA, CNRS-College de France, Paris France.

Memory-guided saccades to a disparate target flashed 1 sec earlier become 
disconjugate following repeated trials (Neurosci Abstr. 382.10,1996). After 15 min 
of such training, the disconjugacy can persist even when the target to memorize is 
no longer disparate. This suggests memory-based learning. Learning, however, fails 
to occur if during the repetition trials the memory delay is 2 sec. We hypothesize 
that disparity can be memorized only when a saccade is made shortly afterwards. 
We report here 3 experiments in which 4 subjects were trained for 15 min periods.

Exp 1, No-saccade. Subj wore an afocal magnifier (8%) in front of one eye. They 
fixated a central spot on an arc of LEDs. For each trial, a target letter was flashed 
to the left or to the right at 5°, 10° or 15°. The target size and its eccentricity were 
8% larger in the eye with the magnifier and thus were disparate. After the memory 
delay of 1 sec, subj continued fixate the central spot that stayed on for another sec. 
Exp 2, Intention to saccade. After the 1 sec memory delay, the central spot could 
be turned off to signal a saccade to the remembered target. This occurred randomly 
on 10 or 20% of the trials; on all the trials, the subj had to prepare the saccade. 
Exp 3, Antisaccade. The central spot was always turned off after the 1 sec memory 
delay and subjs had to saccade to the position opposite to that of the remembered 
target. For all 3 exps, before and after training, a standard memory-evoked saccade 
task was done. The target to remember was flashed to one eye only (no disparity); 
the memory delay was 1 sec and the subj was required to make a saccade to the 
remembered target location. Binocular recordings were made with an IR device.

Exps 1 & 2 produced no consistent (before-after training) change in the 
disconjugacy of saccades. In contrast, in exp 3, 3 out of the 4 subj developed 
disconjugacy appropriate to the disparity of targets sensed during training with the 
antisaccade task. Thus, the disparity of potential saccade targets has no lasting 
effect on the disconjugacy of saccades if a saccade is not made during training. 
These findings support the idea that disparity memorization has a motor basis.

864.5
THREE-DIMENSIONAL ORIENTATION OF OCULAR ROTATION 
AXES DURING CONGENITAL NYSTAGMUS. D. Straumann*, P.S. Zee, 
D. Solomon. Neurology Dept., Johns Hopkins Hospital, Baltimore, MD, USA.

In patients (N = 6) with horizontal congenital nystagmus, we recorded three- 
dimensional movements of both eyes (search coil technique) and determined the 
orientation of the ocular rotation axis during nystagmus as a function of gaze ele-
vation. Paradigms consisted of attempted binocular or monocular fixations to tar-
gets at 20° horizontal and vertical eccentricities. For each trial, three-dimensional 
velocity vectors co of rotation vectors r were expressed by co « r + a • (r x r). The 
factor a was iteratively adjusted until the pitch angle between the first-order linear 
regressions through velocity vectors in upward and downward gaze became mini-
mal. a = 1 corresponds to the definition of space-fixed angular velocity vectors, 
and a = -l to the definition of eye-fixed retinal velocity vectors. If a - 0, the vec-
tors co coincide with coordinate velocity, as would be expected if Listing's law is 
obeyed. For 10 measured eyes, the factor a averaged 0.00 ± 0.25 SD (range: 
-0.40 - 0.30). There were no significant differences in a between binocular and 
monocular viewing, and a was always similar in both eyes. Velocity trajectories 
of single nystagmus phases did not strictly align with best-fit regression lines, but 
showed some deviations into the torsional direction. The fact that the pitch angle 
of best-fit coordinate velocity vectors modulates minimally with vertical eye posi-
tion, indicates a global accordance of horizontal congenital nystagmus with List-
ing’s law. Hence; transient deviating of nystagmus into the torsional direction 
only leads to short-term violations of Listing's law. We conclude that in congeni-
tal nystagmus the basic configuration of Listing's plane remains intact. This may 
serve as another argument that Listing's law is implemented close to the ocular 
motor output, e.g. in the neural eye position signal and / or the eye plant.

Supp. by Schweiz. Stiftung fur medizin.-biolog. Stipendien and NIH EY01849.

864.6
FUNCTIONAL ANATOMY OF MEMORY-GUIDED SACCADE SEQUENCES IN 
HUMAN CEREBRAL CORTEX. W. Heide-1. F. Binkofski2. S. Posse3, R.J. Seitz2. D. 
Kompf1, H.-J. Freund2. Depts. of Neurology, Univ. of Lubeck1 and Dusseldorf2; Inst, 
for Med., Res. Ctr. Jiilich3; Germany (SPON: European Brain and Behaviour Society).

According to previous studies, memory-guided saccades are controlled by a network 
of frontal and parietal cortical areas. Their differential role for saccadic sequences was 
examined by fMRI using echoplanar sequences (TR=3s, TE=66ms, a=90°, slice thick-
ness 3mm) of the whole cerebral cortex in 6 healthy right-handed adults. The protocol 
consisted of 6 cycles alternating between activation (24s) and control conditions (24s). 
After realignment, spatial normalization and smoothing, individual and group analysis 
was performed. Task-control comparisons were thresholded at P<0.01 for each voxel 
and at P<0.05 for spatial extent. The critical task was a triple-step stimulus consisting 
of 3 successively flashed laser targets that had to be memorized and fixated in darkness 
after a delay of 500ms. Five other tasks served as control: visually-guided saccades, 
single memory-guided saccades, fixation, and a spatial working memory (SWM) task 
where a target had to be acquired by a saccade only when its location was identical to 
one of the 3 targets presented 2.5s before. Performance was controlled by EOG recor-
dings. Triple-step saccades as well as the SWM task activated both frontal eye fields 
(FEF) in the anterior precentral gyrus, further the left supplementary eye field (SEF), 
the premotor cortex (PMC), and the intraparietal sulcus (IPS) bilaterally. The pattern of 
activation in all task-control conditions lead to the following conclusions: FEF activity 
reflected the execution of memory-guided saccades and the suppression of inappro-
priate reflexive saccades. The main correlates of saccade-related SWM were in the 
PMC and in the anterior IPS. Its posterior portion (the "parietal eye field") was more 
active when a saccade to a pre-defined location was intended, but its activity was not 
particularly related to the use of extraretinal spatial information in the triple-step task. 
Activity in the left SEF reflected learning and initiation of saccadic sequences, whereas 
the prefrontal cortex was not activated in the saccade tasks, but only in the SWM task.

864.7
BRAIN ACTIVATION DURING ORIENTING, LOOKING, AND READING: 
AN MEG STUDY. K.Purpura*1. N.Schiff1, S.Kalik1. U.Ribary2. J.Cappell2. 
E.Kronherg2 and R.Lliriiis2. ^ept. Neurol. & Neurosci., Cornell Univ. Med. College, 
New York, N.Y., 10021; 2CNM, Dept. Physiol. & Neurosci., New York Univ. Med. 
Center, New York, N.Y., 10016.

Saccades organize in different temporal sequences in orienting reflexes 
(optokinetic nystagmus, OKN), voluntary shifts between targets, and in the acquired 
skill of reading. The intersaccadic interval (ISI) in each of these behaviors is the 
period in which visual perception takes place. The spatiotemporal patterns of brain 
activity before and during the ISI were studied in 9 subjects during OKN, self-paced 
looking at targets, and reading. Magnetic recordings were made using a 148-channel 
Magnes 2500 whole-head magnetometer (BTi). Five hundred epochs (300-500 ms 
duration) of activity (sampling rate, 1 kHz) time-locked to saccades were averaged 
and filtered into 3 frequency bands (8-14 Hz, 15-25 Hz, 26-46 Hz) for each task. The 
averaged filtered responses were fit with a single dipole model and coregistered with 
MRI in 4 of the subjects. During OKN, well localized, robust, and repeatable 
responses, consistent across subjects, were observed in ventral posterior parietal 
cortex (PPC) and cerebellum (CD) in the 8-14 Hz and 15-25 Hz frequency bands. In 
the ISI of self-paced saccades, a repeating pattern of activity appeared in the basal 
ganglia, that spread back into the midbrain, CB and then dorsal PPC over a period of 
-40 ms. During reading, activity occurred in the CB and PPC early and late in the 
ISI. Activity in the 8-14 Hz band spread down the ventral “what” pathway to the 
temporal lobe in the middle to late ISI. Simultaneously, an exchange of activity 
between the posterior thalamus and PPC repeated several times in the 26-46 Hz 
frequency band. These results demonstrate that distributed cortical and subcortical 
circuits are repeatedly recruited in specific temporal patterns by different oculomotor 
tasks.
Charles A. Dana Foundation (RL), NS01677 (KP)

864.8
MAPPING DISTINCT CORTICAL EYE FIELDS FOR SACCADIC

AND PURSUIT EYE MOVEMENTS IN HUMANS USING fMRI
J.A. Sweeney*, B. Luna, M.H. Strojwas, and K.R. Thulborn

University of Pittsburgh Medical Center, Pittsburgh, PA 15213.
Saccadic and pursuit eye movements are subserved by several brain 

regions including the frontal (FEF), supplementary (SEF) and parietal eye 
fields. Recent data from monkey studies indicates that pursuit and 
saccade-related areas in each of these cortical eye fields may be distinct. 
Previous human neuroimaging studies have not differentiated these 
subregions, though they may have lacked the spatial resolution needed to 
achieve this aim. We used high resolution echo-planar fMRI (0.8mm X 
1,6mm in-plane resolution) at high field to study frontal and parietal cortex 
during pursuit and saccade tasks in 5 healthy adults. At this high spatial 
resolution, differences in regions of activation were evident during pursuit 
and saccade tasks in FEF, SEF and parietal cortex. Activations in the 
precentral sulcus (FEF) were greater on the anterior bank during saccades 
and the posterior bank during pursuit, paralleling the relative organization 
of the arcuate sulcus in monkeys. Activation in the anterior aspect of SEF 
was more prominent during saccade tasks. Precuneus activation, 
especially in the right hemisphere, was greater in the pursuit task. These 
results localize dorsal cortical regions involved in the control of eye 
movements in humans, and provide preliminary evidence for distinctions 
between the functional anatomy of cortical areas subserving pursuit and 
saccades. Supported by MH42969, NS33355 & MH45156.
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864.9
fMRI STUDIES OF CORTICAL REGIONS SUBSERVING 
VISUALLY-GUIDED SACCADES B, Luna, M.H. Stroiwas, K.R. 
Thulborn, and J.A. Sweeney. University of Pittsburgh, Pittsburgh, PA 
15213. Monkey unit recording studies, and human lesion and imaging studies, 
have provided evidence for a distributed cortical network subserving visually- 
guided saccades including frontal eye fields (FEF), supplementary eye fields 
(SEF), and posterior parietal cortex (PPC). We investigated dorsal stream 
cortical areas believed to be involved in controlling saccadic eye movements in 10 
healthy adults using echo-planar functional magnetic resonance imaging (fMRI). 
The human FEF were restricted to the precentral sulcus (PCS) and did not 
proceed anteriorly to Brodmann’s Area 8, the region traditionally considered to be 
the human FEF. This finding suggests that the FEF in humans may be located in 
cortex that is cytoarchitectonically different from that of the macaque monkey. 
Alternatively, granular frontal cortex may extend more posteriorly to include 
regions of the PCS as indicated in the Vogts’ cytoarchitectonic map. The SEF 
were located along the interhemispheric fissure superior to the anterior cingulate 
gyrus. Parietal activation was seen along the intraparietal sulcus extending to 
superior parietal lobule and precuneus, in addition to the inferior parietal lobule. 
We did not find evidence for hemispheric asymmetry in the above regions. 
Saccades to spatially and temporally unpredictable targets resulted in greater 
activation than predictable saccades. These results localize dorsal cortical regions 
involved in saccade generation, and suggest differences between human and the 
macaque monkey in both frontal and parietal cortex that might have functional 
implications for the roles these areas play in sensorimotor and cognitive 
processes. Supported by MH42969, NS33355 & MH45156.

864.10
SENSORY, MOTOR AND ATTENTIONAL COMPONENTS OF 

EYE MOVEMENT INDUCED CORTEX ACTIVATION 
REVEALED BY FMRI

S.A. Brandt, A.M. Dale, R. Wenzel, J.C Culham, J.D. Mendola, R.B.H. Tootell*
MGHNMR Center, Charlestown, MA. 02129, brandt@nmr.mgh.harvard.edu

Eye movement induced cortical activation comprises visual sensory input, the attentive 
tracking of the target and the motor signal itself. We explored the relationship between 
motion perception, visually guided smooth pursuit and saccades, acoustic triggered saccades 
and attentive tracking, by measuring the response properties of extrastriate cortical areas 
using functional magnetic resonance imaging (FMRI). FMRI images (asymmetric spin echo) 
were acquired in a 1.5 T GE scanner and a 3T GE with echo-planar imaging in multi-slice 
(16) mode. Activation was calculated byF-statistics comparing the ratio of the signal power 
at the stimulus frequency to the power at other frequencies. Cortical surface reconstruction 
and flattening techniques were used to clarify the cortical topography. Subjects (n=15) eye 
movements were recorded (infrared oculography) during FMRI to calculate retinal slip of 
the target during eye movements. Smooth pursuit versus fixation induced a velocity- 
dependent activation in visual motion areas (MT/MST, V3A) and a new area in the superior 
parietal occipital region (SPO). Further increase in target speed, unpredictable target motion 
and visually guided saccades progressively activated the superior parietal lobule (SPL), 
intraparietal sulcus (IPS), posterior superior temporal sulcus (PSTS) and the parieto-insular 
cortex (PIC). Interestingly acoustically triggered saccades in complete darkness only 
activated areas SPO and the IPS, but not the motion areas (MT/MST &V3A). Comparison 
of overt tracking with covert tracking revealed that most of the SPL activation is attention 
related. We conclude that most of the eye movement related activation in motion areas 
(MT/MST &V3 A) can be explained by sensory and attentional components, while SPO and 
IPS are predominantly driven by eye movements themselves and SPL, PSTS and PIC also 
by attention and full field motion alone.

864.11
ACCOMMODATION RELATED MEG IN HUMAN LENS COTROL.
T. Takeda1,2*, H, Endo2 and K. Hashimoto2 1 Dept. of Mathematical Eng. and 
Information Physics., University of Tokyo, 7-3-1 Kongo, Bunkyo,Tokyo, 
JAPAN; National Inst, of Bioscience and Human-Tech., 1-1 Higashi, Tsukuba, 
JAPAN

The control center of lens accommodation in the human brain cortex is still not 
well known. In order to localize its center and reveal its dynamic characteristics non- 
invasively, a whole-head type magnetoencephalography (MEG) system was applied. 
A special relay lens system has been developed to deliver visual stimuli while 
measuring the accommodation responses with a dynamic refractometer from outside 
of a magnetically shielded room.

Subjects were 5 right-handed volunteers with adequate accommodative power 
and no ocular problems other than myopia. The measurements were done on the 
right eye, occluding the left eye with an eye patch. The experiments consisted of 
more than 64 recordings; the collected data were averaged after discarding those 
contaminated by eye blinks. The sampling rate was set to 250 Hz. The record was 
started 1 s before the onset of the stimulus and lasted 2.5 s. The evoked fields, the 
accommodation response and the target position were simultaneously recorded by a 
personal computer. The trigger signal for MEG measurements was made by a 
predetermined threshold of the target position. The MEG signals were band-pass 
filtered between 0.5-40 Hz and the DC offset was removed using a 1 s pre-recording.

It was found that there were two large synchronized responses at 0.1 and 0.2 s 
prior to the accommodation response rising at 0.3 s. After conducting several control 
experiments, it was determined that the second peak response had close relationship 
with accommodation control and its control center at the vicinity of parieto-occipital 
sulcus. Those new knowledge is expected to foster new approach to deal with 
anticipated health problem with prolonged usage of head mounted and/or stereo 
displays.

STAINING, TRACING AND IMAGING TECHNIQUES IV

865.1
DISSECTION OF THIN TISSUE SECTIONS RECONSTRUCTED IN 3D BY 
EM TOMOGRAPHY; A NOVEL METHOD FOR STUDYING THE 
MOLECULAR ARCHITECTURE OF NERVE CELLS AND THEIR 
SYNAPSES. M.Harlow1, A, Koster2. J. Walz2. R. M. Marshall1, 
Theosodopolous1, M.Schwarz1 and UJ. McMahan*1. 1 Dept. of Neurobiol., 
Stanford Univ. Sch. of Medicine, Stanford, CA 94305-5401, USA.
2Department for Structural Biology, Max-Plank-Institute for Biochemistry, D- 
82152 Martinsried, Germany
2D EM projections of sections of tissues fixed with aldehyde and stained with 

heavy metals have long provided useful information about the architecture of 
cells and extracellular matrix. However, precise localization and relationships of 
structures, particularly those having dimensions less than the thickness of a 
section, and the positions of specific protein labels within a section are often 
uncertain because of the absence of z-axis information. We have undertaken a 
long range study aimed at determining whether the accuracy of fine structural 
information from 50nm tissue sections can be improved by making 3D EM 
tomographic reconstructions. We used sections from the neuromuscular junction 
of the frog, where proteins crucial to synaptic function are highly concentrated in 
material lining the cytoplasmic surface of the pre- and postsynaptic membranes 
and occupying the synaptic cleft, all of which appears amorphous in 2D 
projections. We found that when we collected data at a magnification of 35K and 
used appropriate algorithms for making and denoising reconstructions, point to 
point resolution can be below 2.5nm in all three axes and the image quality can 
be equal to or better than that obtained from 2D projections. Plane cutting 
algorithms permitted us to make serial slices as thin as 0.25nm in any plane 
through a section. Volume rendering the reconstructions together with plane 
cutting revealed in sharp detail individual components of the pre- and 
postsynaptic and synaptic cleft material. Immunogold labels for specific 
synaptic proteins are closely associated with such components.
Supported by NIH GRANT NS 14506.

865.2
SPATIAL ISOTROPIC SAMPLING. A STEREOLOGICAL TECHNIQUE FOR 
ESTIMATION OF LENGTH DENSITY FROM ARBITRARILY ORIENTATED 
THICK SECTIONS. J. O. Larsen*1'2’3, H.J G. Gundersen3 and J. Nielsen4 
^Institute of Pathology, Aalborg Hospital, 2)Centerfor Sensory-Motor 
Interaction, University of Aalborg, 3)Stereological Research Laboratory, 
University of Aarhus4) Department of Biometry and Informatics, Research 
Centre Foulum, Tjele, Denmark.

Existing unbiased estimators of length density (Lv) require random rotation 
of the tissue specimen, prior to sectioning, to ensure isotropy. In some 
regions of the central nervous system it is impossible to define the region of 
interest, unless the tissues be sectioned in a specific orientation. Sampling 
with virtual isotropic planes circumvents the use of physically isotropic or 
vertical sections. The lineal structure that is contained in a thick physical 
section is investigated with software-randomized isotropic, virtual planes in 
systematic sampled microscope fields using computer assisted microscopic 
analysis (CAST-GRID, Olympus Denmark). The virtual plane is visualised on 
the screen as a line that moves as the focal plane is moved through the 
section, the speed and direction of movement depending on the virtual 
plane.
Sampling with virtual planes provides a basis for Lv estimates from a set of 
physical sections of any orientation, preferred by the investigator, and can be 
applied to any linear structure that can be stained throughout thick physical 
sections. This method provides optimal conditions for the quantitative study 
of capillaries and neuropil in the central nervous system.

This study was supported by grants from The Danish Technical Research 
Council and The Danish Medical Research Council.
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865.3
3D-ATLAS OF THE RAT BRAIN FOR REGISTRATION OF 

EXPERIMENTAL IMAGES. G. Tocco*, R. Simantov, F. Uddin, L. 
Swanson, R.F. Thompson and M. Baudrv. Neuroscience Program, 
University of Southern California, Los Angeles, CA 90089-2520.

Several 2D-Atlas of rat brain have been generated and are the main 
source of information for comparison of neuroanatomical data. More 
recently, various warping programs have been developed and used to 
compare images obtained from different brain sections to a common 
"defined standard". However, warping can only provide a gross 
anatomical approximation because the plane of sectioning of the 
experimental brain seldom, if ever, matches that of the standard brain. 
One approach to remedy this problem is to use a 3D-Atlas that can be 
resectioned to provide optimal matches for experimental sections. We 
have pursued such an approach by using a commercially available 3D 
CAD software program (Microstation form Bentley). The software is 
used to "stack" in the antero-posterior axis the 2D drawings that form 
the basis for a published 2D-Atlas of the rat brain (Swanson). Each line 
drawings corresponding to the same neuroanatomical structure is then 
isolated and a "skin" constructed along its antero-posterior axis thereby 
generating a 3D structure. Each individual neuroanatomical structure is 
also linked to a Database containing any desired information concerning 
this structure. We also developed a subroutine allowing the resectioning 
of the 3D-Atlas at varying angles along the 3 axes. In this way, warping 
programs can be used to provide the best matches between the thus- 
created 2D profiles and those obtained from experimental brains. 
Finally, our 3D model can be used quite efficiently as a teaching tool for 
neuroanatomy.
Supported by a Grant from the Human Brain Project (MH52I94)?

865.4
IN VITRO MONITORING OF THE PERFORANT PATH IN ORGANOTYPIC 
ENTORHINAL-HIPPOCAMPAL COMPLEX SLICE CULTURES.
A. Scheidereiter1, N.P. Hailer1,1. Bechmann1, T.L. Horvarth1’2 and R. Nitsch1* 
'Department of Cell- and Neurobiology, Institute of Anatomy, Humboldt University 
Hospital (Charite), Berlin, FRG and department of Obstetrics and Gynecology, Yale 
Medical School, New Haven, USA

Alzheimer's disease related intraneuronal alteration leads to anterograde 
degeneration of perforant path axons and subsequent deafferentation of the 
hippocampal formation. Organotypic slice cultures can be used as a model to study 
entorhinal-hippocampal interaction under physiological and pathological conditions in 
vitro, provided the slice culture contains the entorhinai cortex, its projection to the 
hippocampus, the perforant path, and the dentate gyrus. To date, visualization of this 
pathway could only be achieved after fixation of the tissue, which meant that no 
observation was possible on the dynamics of the changing perforant path under 
different experimental conditions. In an attempt to eliminate this shortcoming, we 
used an in vitro tract tracing approach. Horizontal slices of the temporal entorhinal- 
hippocampal region of the rat were cut on a vibratome and cultured on membranes. 
Perforant path axons were traced by placing small crystals of the 10 kD biotinylated 
and rhodamine-conjugated dextran amine, Mini Ruby, on the surface of the slice 
under visual control. After 2 days the perforant path became visible in most of the 
cultures. Even in 350 pm thick living slices, entorhinai neurons and single perforant 
fibres which could be followed to the outer molecular layers of the dentate gyrus 
could be observed under the fluorescence microscope. Transsection of the prelabeled 
perforant path in vitro resulted in anterograde degeneration and phagocytosis of 
axonal material by glial cells similarly visible with fluorescence microscopy. As we 
were able to confirm the results obtained during the in vitro monitoring of the 
perforant path after fixation of the tissue using light and electron microscopy, we 
conclude that this approach allows for characterization of this pathway in the course 
of in vitro experiments.
This work was supported by the DFG: SFB 507; Ni 344/2-1

865.5
A SIMPLE AND ECONOMICAL METHOD FOR PHOTOLYTIC CLEAVAGE 
OF CAGED NEUROTRANSMITTERS. K. Kandler* and L.C. Katz, Howard 
Hughes Medical Institute and Dept. of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

Photolytic cleavage of ‘caged’ bioactive compounds, such as caged 
neurotransmitters or caged intracellular messengers, offers numerous advantages 
over conventional drug delivery methods (review: JM Nerbonne, Curr. Opin. 
Neurobiol. 6:379, 1996). This approach has not been fully exploited, however, 
partly because it requires expensive and complex equipment such as high intensity 
lasers or custom made optical systems.

Here we describe a simple and economical method capable of fast and 
focal uncaging. Our system consists of a 100 W mercury lamp which has multiple 
outputs ports coupled to fused silica optical fibers. The light-emitting end of these 
fibers generates small, high intensity UV light spots (10-500 pm) which can be 
easily directed to the surface of brain slices. The duration of the light pulse is 
regulated by shutters between the lamp housing and the optical fibers. We tested this 
system in hippocampal and neocorticial slices superfiised with 50-200 pM p- 
hydroxyphenylacyl glutamate (gift from R. Givens, Univ. of Kansas) or 100-500 
pM CNB glutamate (Molecular Probes).

In whole-cell patch clamp recordings, light pulses as short as 3 ms 
consistently evoked direct inward currents (20-500 pA). 5-10 ms long pulses 
generated sodium dependent and calcium dependent action potentials. In neocortical 
slices, inhibitory and excitatory synaptic currents could be elicited with pulses 
longer than 5 ms. No responses were observed with light pulses up to 500 ms in the 
absence of caged glutamate or in the presence of the glutamate antagonists APV 
(100 pM) and CNQX (50pM). Using optical calcium imaging with fura-2 we found 
that responses generated with a 50 pM fiber could be confined to a few cells located 
immediately adjacent to the end of the fiber. Thus our system method offers an 
inexpensive and straightforward method for uncaging and allows uncaging to join 
the standard technical repertoire for electrophysiological and optical experiments. 
Supported by HHMI and NIH EY06730-02.

865.6
FAST MEMBRANE POTENTIAL DYNAMICS DETERMINED BY 
RATIOMETRIC FLUORESCENCE MEASUREMENTS USING A 
VOLTAGE-SENSITIVE DYE AND HIGH-SPEED, RANDOM-ACCESS, 
LASER-SCANNING MICRCOSCOPY. Andrew Bullen* and Peter Saggau.
Div. Neuroscience. Baylor College of Medicine. Houston, TX 77030.

A high-speed, random-access, laser-scanning, fluorescence microscope 
configured to make ratiometric determinations of membrane potential from small 
cellular structures is presented. Previously, we have described a random-access 
scanning system capable of high resolution measurements (< ms, 2 pm, 16 bit) 
from small neuronal structures (Bullen & Saggau, 1997). Here we extend this 
method to include the capability to make ratiometric determinations with 
voltage-sensitive dyes (VSD) without temporal averaging. This approach utilizes 
the voltage-dependent shift in the emission spectra of the VSD, Di-8-ANEPPS. 
Fluorescence was elicited with a fast scanning laser source (488 nm) under 
computer control that was focused through a high numerical aperture objective 
(Fluar, lOOx: Zeiss). Emission light was collected using an epifluorescence 
configuration and further processed by a secondary dichroic mirror (570 nm) and 
two emission filters (540/50 nm & OG570). The ratio of fluorescence intensities at 
these wavelengths was used to generate a quantitative measurement of membrane 
potential that is independent of localized differences in dye staining, emission 
intensity and bleaching. Calibration of this ratio was achieved using simultaneous 
optical and patch-clamp measurements from adjacent points. These calibrations 
were conducted in voltage-clamp mode under conditions that favor good space 
clamp and accurate voltage control. Data demonstrating the resolution, linearity 
and accuracy of this technique will be presented. Representative ratiometric 
recordings of action potentials and synaptic potentials from the dendrites of 
cultured hippocampal neurons will be used to illustrate the usefulness of this 
approach.
Supported in part byNSF Grant BIR95211685.

865.7
GREEN FLUORESCENT PROTEIN AS A REPORTER FOR RETROVIRUS AND 
HSV-1 AMPLICON VECTOR MEDIATED GENE TRANSFER INTO MAMMALIAN 
CELLS IN CULTURE AND ZV VIVO. Andreas Jacobs, Cornel Fraefel, Karen S. Aboodv- 
Gutermann, David R. Jacoby, Peter A. Pechan, Miyuel Sena-Esteves, David P. Corey* &
Xandra O. Breakefield. Neurogenetics Unit and Howard Hughes Medical Institute, 
Massachusetts General Hospital, Harvard Medical School, Boston, MA.

The green fluorescent protein (GFP) was used as a marker to: (i) isolate various retrovirus- 
transduced glioma lines by cloning and FACS sorting; (ii) visualize tumor cells after grafting 
of these glioma cells into the rodent brain; (iii) monitor the production of helper virus-free 
HSV-1 amplicon vectors, and (iv) demonstrate HSV-1 amplicon vector-mediated gene 
transfer into neural cells in culture and in the rat brain. After retrovirus vector-mediated GFP- 
transduction of different glioma cells lines, gfp expression remained stable over at least 3 
months. Selected pools of transduced CNS-1 cells were injected into the brains of mice; gfp- 
fluorescent cells were detectable for at least three weeks, which facilitated the identification 
of the infiltrating tumor edge. To evaluate the potential usefulness of GFP as a marker for 
cells of the CNS, we constructed HSV-1 and HSV/AAV hybrid amplicons encoding GFP. 
First, helper virus-free packaging of GFP-amplicons into HSV-1 virions was observed over 
time: 24 h post transfection (p.t.), approximately 10 % of the cells were green-1, uorescent, 
and this number increased to over 50 % by 84 h p.t. Electron microscopy at that stage 
revealed vector particles in various states of generation. Relatively high vector stocks (after 
purification and concentration) of 3-4 x 108 t.u./ml were generated. Two days after infection 
of cultured primary rat striatal cells with 105 t.u. of GFP-amplicons, - 10 % of the cells were 
green-fluorescent without apparent cytopathic effect. This number remained relatively stable 
over the 8-day period of the experiment. Two days after injection of 105 to 106t.u. of GFP- 
amplicons into both, the rat striatum and hippocampus, many cells adjacent to the injection 
site were GFP-positive, and most displayed neuronal morphology with easily detectable 
dendrites and axons. Hybrid vector-mediated expression of GFP was approximately 2-fold 
higher at day 8 than at day 2, whereas expression of gfp from the traditional amplicon 
declined to 60 % within one week. In conclusion, this study consistently demonstrates the 
versatility of GFP as an in vivo marker of virus vector-mediated gene transfer.

865.8
POSTMORTEM TRACING IN HUMAN BRAIN REVEALS HYPOTHALAMIC 
PROJECTIONS OF THE BIOLOGICAL CLOCK, J. Dai , P.F. Swaab, J. van der Vliet, 
R.M. Buijs (SPON: European Neuroscience Association). Netherlands Institute for Brain 
Research, Meibergdreef 33, 1105 AZ Amsterdam, The Netherlands.

Human neuroanatomy is hampered by the lack of suitable neuroanatomical methods 
that allow the determination of connections between different functional areas of the 
central nervous system. In the present study a method was developed which made 
anterograde tracing in the adult human postmortem brain possible. This method is 
utilized to trace efferent connections of the biological clock, the suprachiasmatic nucleus 
(SCN) in the human hypothalamus. The human biological clock was found to be 
connected with other hypothalamic nuclei such as paraventricular nucleus (PVN), the 
medial part of the anteroventral hypothalamic area (AVH) and dorsomedial nucleus of 
hypothalamus (DMH), which are involved in hormonal secretion, cardiovascular 
regulation and behavior. Human SCN projections appear comparable with those in the 
rodent brain with some discrepancy. The evidence from the present tracing study also 
confirms our previous findings for SCN projections using immunocytochemical staining 
for SCN neurotransmitters-vasopressin (VP) and vasoactive intestinal polypeptide (VIP). 
In addition, the present study also illustrates that, with suitable in vitro treatment, 
survival of human brain cells is possible up to 8 hours postmortem delay, in such way 
that they still have the potential of recovering their axonal transport.
Successful postmortem tracing now enables us to study neuroanatomical connections 

in the human brain. Using this technique, we also demonstrated human 
retinohypothalamic tract (RHT) and introhypothalamic projections of human DMH. 
Therefore, the present method may contribute substantially to our understanding of 
normal interactions of human brain structures and may also help reveal differences in 
connectivity underlying neurological or psychiatric diseases.
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866.1
GLUTATHIONE AND NEURONAL CELL DEATH:
THE ROLE OF MITOCHONDRIAL FUNCTION, 
REACTIVE OXYGEN SPECIES AND NO SYNTHASE
U.Wiillner*, J.Seyfried, M.Heneka, D.Bremen, M.Weller, J.B.Schulz.
M.Gleichmann, P.-A.Loschmann, T.Klockgether. Dept. of Neurology, 
Eberhard-Karls-Univ., Hoppe-Seyler-Str.3, 72076Tiibingen, Germany. 
We used L-buthionine sulfoximine (BSO), an inhibitor of y-glutamyl- 
cysteine synthase to preferentially deplete cytosolic glutathione (GSH) 
and etacrynic acid (EA), which is directly conjugated to GSH, to deplete 
mitochondrial and cytosolic GSH. BSO (10pM-2mM) led to a time- and 
dose dependent loss of GSH of cerebellar granule cells in vitro, followed 
by neuronal death, when GSH levels reached a critical level. During 
depletion of cytosolic GSH by BSO, no increased generation of reactive 
oxygen species (ROS) was detected. EA (lOOgM) induced a large 
increase of ROS after 90 min, a collapse of the mitochondrial membrane 
potential and subsequent cell death. This increase of ROS was prevented 
by rotenone (IOjxM), an inhibitor of complex I of the respiratory chain. 
BSO treatment on the other hand, resulted in activation of NF-k B and 
induction of iNOS. GSH-ethyl-esther (10-lOOjiM) and N-acetylcysteine 
(100|iM) protected against BSO toxicity, while non-thiol free radical 
scavengers, such as a-phenyl-N-tert-butylnitron (lOOfiM) had little 
effects, suggesting that cellular thiols might regulate the induction of 
iNOS and that the protection of mitochondrial thiol groups is essential 
for cell survival.
Our data suggest that acute depletion of mitochondrial GSH leads to the 
generation of ROS and loss of mitochondrial membrane potential while 
chronic inhibiton of GSH synthesis results in the induction of iNOS.

Supported by the fortune program of the University of Tubingen (UW).

866.2
TRANSCRIPTIONAL REGULATION OF nNOS DURING NEURONAL 
DEVELOPMENT AND PLASTICITY IS CONTROLLED BY MULTIPLE 
PROMOTERS. M. Sasaki*, H. Huang, X. Wei, J.F. Dillman, V.L. Dawson 
& T.M. Dawson. Departments of Neurology and Neuroscience, Johns 
Hopkins University School of Medicine, Baltimore, MD 21287.

Neuronal nitric oxide synthase (nNOS) is dynamically regulated 
during neuronal development, plasticity and in response to neuronal 
injury. The molecular mechanisms controlling nNOS protein and mRNA 
levels are poorly understood. To determine the cis-regulatory elements 
that control nNOS transcription we have cloned and sequenced the mouse 
nNOS promoter and conducted promoter expression analysis.

The mouse nNOS genome was cloned by screening a bacterial artificial 
chromosome (BAC) library and two independent clones were identified. 
Analysis of these clones yielded a 5 kb insert that contained the putative 
TATA box. Sequencing of the mouse nNOS promoter region revealed 
significant homology with the human nNOS exon la promoter. Through 
primer extension and 5’RACE we have identified three major transcription 
start sites and at least 3 additional promoters. Reporter gene constructs 
containing the major promoters controlling nNOS transcription have been 
studied in neuroblastoma N2A cells. We have identified the critical cis- 
regulatory elements that control basal nNOS transcription. We have also 
begun to identify cis-regulatory elements that control nNOS transcription 
during neuronal development, plasticity and injury.

The nNOS promoter has a complex organization with multiple exons 
that control transcription in a developmental and tissue-specific fashion 
and identification of the cis-regulatory elements that control the expression 
of nNOS may lead to greater insight into the molecular mechanisms that 
control neuronal development and plasticity.
Supported by NIH, AFAR, & AHA.

866.3
DEVELOPMENTAL REGULATION OF BAX EXPRESSION IS CORRELATED 
WITH SENSITIVITY TO NGF WITHDRAWAL-INDUCED APOPTOSIS IN 
DORSAL ROOT GANGLION (DRG) NEURONS, IN VITRO. Michael A, 
Vogelbaum M.D.. Ph.D., Jianxin X. Tong M.D. and Keith M. Rich MD,*
Department of Neurosurgery, Wash. U. School of Medicine St. Louis, MO 63110

Programmed neuronal death occurs via apoptosis and is recognized to be a 
critical physiologic process during development. Like other cells of neural crest 
origin, embryonic rat dorsal root ganglion (DRG) neurons, both in vivo and in 
vitro, are strongly dependent upon nerve growth factor (NGF) for survival. 
However, as DRG neurons age in culture there is a striking loss of dependence on 
NGF for survival It has been speculated that the relative levels of pro- and anti- 
apoptotic members of the bcl-2 gene family are important in controlling sensitivity 
to apoptotic stimuli. We evaluated the hypothesis that changes in expression of 
members of the bcl-2 gene family in developing rat DRG neurons are correlated 
with the change in sensitivity to loss of NGF.

We performed RT-PCR to determine the relative levels of box and bcl-xl mRNA 
in E-15 DRG neurons maintained in culture for 5 or 21 days. When normalized to 
gapdh, box mRNA levels were nearly 300% higher in day-in-culture (DIC) 5 than 
DIC 21 DRG neurons in the presence of NGF. In contrast, normalized bcl-xl 
mRNA levels were slightly more than 50% higher in DIC 21 than DIC 5 DRG 
neurons in the presence of NGF. The resulting baxtbcl-x ratio was over 500% 
higher in the DIC 5 neurons. Western blots confirmed the differential expression 
of bax\ bax protein was present in much greater quantities in DIC 5 than in DIC 21 
cell lysates.

Our data show that the bax/bcl-xl ratio changes in a way that is consistent with 
the change in sensitivity to NGF withdrawal observed during DRG neuronal 
development. The change in ratio is, for the most part, due to a decrease in bax 
expression. Supported, in part, by PHS 1 F32-NS10295-01 to MAV

866.4
THE TRANSLOCATION OF c-JUN N-TERMINAL KINASE-2 (JNK-2, 
SAPK) INTO THE NUCLEUS OF APOPTOTIC ADULT NEURONS 
FOLLOWING UV-IRRADIATION IS ANTAGONIZED BY THE 
IMMUNOSUPPRESSANT FK-506. T.Buschmann1, C.Winter1, A.Martin- 
Villalba1, J.Schenkel1, M.Zimmermann1 and T.Herdegen1,2 (SPON: European
Neuroscience Association), ’ll. Institute of Physiology, 69120 Heidelberg, 
Germany; institute of Pharmacology, 24105 Kiel, Germany.

We studied the cellular distribution of JNK and its relation to c-Jun 
phosphorylation in correlation with cell death following UV-irradiation. The 
ultraviolet (UV) response of adult dorsal root ganglion (DRG) cells is characterized 
by neurodegeneration preceded by a rapid AP-l/c-Jun protein expression. AP-1 
transcriptional activity results from enhanced phosphorylation of the c-Jun N- 
terminal activation domain (serine 73 and 63). We synthetized a novel specific rabbit 
polyclonal antiserum against the JNK-2, the essential JNK isoform. 
Immunocytochemistry of UV-irradiated DRG cells showed a translocation of JNK-2 
from the cytoplasma into the nucleus. The neurons with a positive nuclear JNK- 
immunoreactivity undergo apoptosis, visualized by positive TUNEL-labeling, 
whereas neurons with cytoplasmic JNK immunoreactivity survived the UV 
stimulation. The immunosuppressant FK-506, an immunophilin (FK-binding 
proteins) agonist and modulator of the intracellular Ca2+ homeostasis and protein 
phosphorylation, completely prevented neuronal cell death and the translocation of 
JNK-2 into the nucleus when applied prior to UV irradiation. Besides JNK 
translocation, FK-506 also prevented the phosphorylation of c-Jun as visualized by a 
specific antibody against the phosphorylated serine-73 residue. These results 
demonstrate that JNK translocation and subsequent c-Jun phosphorylation mediate of 
neuronal cell death that can be effectively protected by immunosuppressant drugs.

Supported by DFG, Zi 110/22-3, He 1561 and LGFG, T. Buschmann

866.5
PHYSIOLOGIC PROPERTIES OF SCG NEURONS PREVENTED FROM 
UNDERGOING PROGRAMMED CELL DEATH. J.L. Werth*, J. Cocabo, M. 
Deshmukh, E.M. Johnson, Jr., and S.M. Rothman. Departments of Neurology and 
Pharmacology and Molecular Biology, Washington University School of Medicine, 
St. Louis, MO 63110.

NGF withdrawal induces programmed cell death (PCD) within 48 hours in 
cultured rat sympathetic neurons. This death can be prevented by treatment with the 
caspase inhibitor boc-aspartyl(OMe)-fluoromethylketone (BAF, 30 pM). Neurons 
saved in this maimer show decreased rates of protein synthesis and shrinkage of the 
cell soma. We compared various electrophysiologic properties of NGF-deprived, 
BAF-saved neurons to those maintained in NGF. NGF-deprived, BAF saved neurons 
were slightly depolarized compared to control (-52 mV vs. -57 mV) and exhibited 
broader action potentials due to a decreased rate of repolarization. Whole cell 
voltage clamp studies showed a significant decline in response to 10 pM nicotine in 
BAF-saved vs. control neurons (8.0 vs. 19.7 pA/pF) while whole-cell Na current was 
not diminished. Fura-2 microfluorimetry showed that NGF-deprived, BAF-saved 
neurons had resting [Ca2+]; similar to control but showed a significantly diminished 
response to 30 s of depolarization (net peak [Ca2+]; 943 vs. 1751 nM). Neurons 
deprived of NGF for 5-6 days but saved by BAF treatment can be ‘rescued’ by 
readdition of NGF. These neurons resumed growth and were indistinguishable from 
control neurons by 9 days after readdition of NGF. Action potential duration 
returned to control within 3 days while nicotinic current returned to control levels by 
2 days after NGF rescue. These studies demonstrate that NGF-deprivation alters 
electrophysiologic properties of sympathetic neurons, but normal function is 
regained after NGF rescue. These data indicate that inhibition of PCD may be 
clinically useful for preventing neuronal loss following ischemia and trauma and in 
some neurodegenerative disorders.
Supported by NIH grants NS 19988, NS32568 (SMR), NS07057 (JLW), and 
AG 12947 (EMJ).

866.6
NF-k B MODULATES EXPRESSION OF NEURONAL Mn-SOD 
AND GLUTAMATE RECEPTOR SUB-UNITS: ROLES IN 
NEURONAL SURVIVAL AND PLASTICITY. M. P. Mattson*. K. 
Furukawa, and A. J. Bruce. Sanders-Brown Research Center on Aging and 
Dept. Of Anatomy & Neurobiology, Univ. of Kentucky, Lexington, KY 40536.

Tumor necrosis factor-a (TNFa) can prevent death of hippocampal neurons 
induced by excitotoxic, metabolic and oxidative insults in cell culture (Neuron 
12: 139-153) and in vivo (Nature Med. 2: 788-794). The transcription factor 
NF-k B may mediate anti-death actions of TNFa (PNAS 92: 9328-9332; J. 
Neurochem. 66: 869-872; Mol. Brain Res. 40: 116-126). We now report that 
agents that activate NF-k B (TNFa and ceramide) induce the expression of the 
antioxidant enzyme Mn-SOD, and modulate expression of AMPA and NMDA 
receptor subunits in rat hippocampal cell cultures. Induction of Mn-SOD was 
correlated with decreased levels of mitochondrial peroxynitrite accumulation and 
membrane lipid peroxidation following exposure of cells to oxidative insults. 
Whole-cell patch clamp analyses showed that 24-48 hr exposures to TNFa and 
ceramide results in decreases in currents induced by NMDA, AMPA and kainate. 
Preliminary western blot analyses indicate that TNFa and ceramide regulate 
levels of expression of the AMPA subunit GluRl. The abilities of TNFa and 
ceramide to protect neurons against oxidative injury, and to modulate the 
expression of Mn-SOD, were abolished in cultures cotreated with k B decoy 
DNA. Because NF-k B activity is induced by neuronal activity and tissue injury, 
modulation of Mn-SOD and glutamate receptor subunit expression by NF-k B 
likely plays important roles in regulation of neuronal plasticity and survival, 
particularly in injury settings such as ischemia and trauma where TNFa 
expression oxyradical production is induced.
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866.7
INCREASED SUPEROXIDE DISMUTASE ACTIVITY ATTENUATES 
DEVELOPMENTAL NEURONAL DEATH IN THE SUBSTANTIA 
NIGRA OF THE MOUSE. Vemice Jackson-Lewis*, Vladimir Kostic, 
Charles J. Epstein, and Serge Przedborski. Columbia University, New York, 
NY; and Univ. California San Francisco, San Francisco, CA.

Neuronal death with the morphology of apoptosis occurs during 
development of the central nervous Systran. We recently demonstrated that 
apoptosis occurs in the substantia nigra pars compacts (SNpc) during 
development in mice. Increased copper/zinc superoxide dismutase (SOD1) 
activity was shown to be anti-apoptotic in vitro. To examine the possibility 
that increased SOD1 activity inhibits developmental apoptosis in the SNpc 
in vivo, we compared the magnitude of apoptosis in SOD 1-transgenic mice 
and their nontransgenic littermates. Counts were performed through the 
entire extent of the SNpc using Nissl and tyrosine hydroxylase stained 
sections from postnatal day 2 to postnatal day 28. We found that SODI- 
transgenic mice had consistently lower numbers of apoptotic neurons than 
their nontransgenic littermates. Moreover, these differences are consistent 
with the demonstration that adult SODl-transgenic mice have higher 
numbers of SNpc neurons than their nontransgenic littermates. This study 
demonstrates that development neuronal death in SNpc is attenuated by the 
free radical scavenger enzyme SOD 1.

This work is supported by the NINDS, the Parkinson’s disease 
Foundation, and the Lowenstem Foundation

866.8
ELEVATED EXPRESSION OF THE METABOTROPIC 

GLUTAMATE RECEPTOR-4 GENE IS ASSOCIATED WITH 
NEURONAL SURVIVAL. K Borodezt, P. Tsai *, S.R. D’Mello. 
Department of Physiology and Neurobiology, University of Connecticut, 
Storrs, CI’ 06269.

Cerebellar granule neurons die by apoptosis when switched from 
culture medium containing elevated potassium (K‘) to one with low K+. 
Although cell death begins at about 16 hr, commitment to death occurs 
between 4 - 6 hr after the switch to low K+ medium. We have used this 
paradigm to examine the role of various metabotropic glutamate receptor 
(mGluR) genes in the regulation of neuronal survival. We find that the 
expression of the one of these genes, the mGluR-4 gene, is associated with 
increased neuronal survival. Lowering of K+ leads to a 5-fold 
downregulation of mGluR-4 mRNA within 6 hours. Downregulation of 
mGluR-4 mRNA expression is prevented by inhibitors of apoptosis such 
as IGF-1, cAMP, and thapsigargin. The decrease in mRNA expression is 
followed by a decrease of mGIuR4-immunoreactive protein. To test 
whether mGluR-4 expression is causally involved in the maintenance of 
granule neuron survival, we examined the effect of antisense mGluR4 
oligonucleotides. Preliminary results indicate that treatment with antisense 
mGluR-4 oligonucleotides induces apoptosis in otherwise healthy 
cultures. Finally, we have observed that selective agonists of mGluR-4 and 
other Class III mRNAs inhibit low K+ -induced apoptosis, while 
antagonists of this receptor induce death even in the presence of elevated 
K+. We have initiated experiments aimed towards understanding the 
molecular mechanisms underlying the apoptosis-induced lowering of 
mGluR-4 mRNA. We find that the decrease in mRNA level is due to an 
inhibition of mGluR-4 transcription rather than increased mRNA 
breakdown.

Supported by grants from the Whitehall Fdn. and NSF to S.R.D.

866.9
CASPASE INHIBITORS ARE NEUROPROTECTIVE IN A RAT 
NEONATAL EXCITOTOXICITY MODEL. M.G, Vartanian*. P.A, Boxer, 
and B.D, Shivers Neuroscience Therapeutics and Cell Biology, Parke-Davis 
Pharmaceutical Research, Div Warner-Lambert Co., Ann Arbor, MI 48105.

Interleukin-1 p converting enzyme (ICE) is the prototypical member of a family of 
cysteine proteases that have been re-named the caspase family. To determine the 
neuroprotective potential (i.e., relative efficacy and/or brain availability) of caspase 
family inhibitors, we used a model of NMDA-induced neurodegeneration in perinatal 
rats. Unilateral striatal microinjections of NMDA (15 nmol/0.5 pi) were performed 
at postnatal day (PND) 7. Brain injuiy was determined on PND 12 by comparing the 
wet weights of the cerebral hemisphere ipsilateral and contralateral to the injection 
site. Test compounds were administered at 30 mg/kg, IP 15 min after NMDA 
injection and results are expressed relative to vehicle control (2-tailed t-test). 
Significant protection was observed with the irreversible ICE inhibitor from Sandoz 
(Z-VAD-CMK; 47%; p<0.02). Two reversible peptide caspase inhibitors that target 
preferentially either ICE (YVAD-CHO) or CPP32 (DEVD-CHO) produced a similar 
degree of neuroprotection (30.3 % and 37% respectively). Several other peptidic 
caspase inhibitors were also neuroprotective. A control peptide with no caspase 
activity, Y-NMe-VA-NMe-D (6.4 %) was not neuroprotective. None of these 
compounds was as effective as the NMDA antagonist MK-801 (85.0 % at 1 mg/kg). 
Additional studies with Z-VAD-CMK indicated that the activity was dose dependent 
(significant at >10 mg/kg, IP) and that significant neuroprotection was observed even 
after delaying treatment up to 6 hrs. These results demonstrate that systemic 
administration of peptidic caspase inhibitors can ameliorate excitotoxic injury in the 
neonatal rat brain, suggesting that targeting of ICE and/or other caspases may prove 
of utility in the treatment of acute neurodegenerative conditions such as stroke, 
trauma, or viral infection. [Supported by Warner-Lambert Co.]

866.10
GENE-TARGETING OF CPP32 DECREASES APOPTOSIS 
DURING MOUSE BRAIN DEVELOPMENT. *P, Rakic. C. Kuan. 
ICKuida, T,S. Zheng^S_.2^andR.A- FlayelL Section of Neurobiol. 
and Immunobiol., Yale Univ. Sch. of Med., New Haven, CT 06510.

Although histogenetic neuronal cell death is an established 
phenomenon, it is unclear whether there is a genetic basis of 
morphogenetic cell death in early development of mammalian 
brains. CPP32/Yama/Apopain is the member of the ICE protease 
family that has the highest sequence homology and substrate 
specificity to the cell death gene ced-3 in C. elegans. To examine 
the possible involvement of CPP32 in developmental cell death, 
we have generated CPP32-deficient mice by gene targeting 
technique (Kuida et al., Nature 384: 368,1996). We found that 
CPP32-deficient embryos exhibited supernumerary cells and 
markedly decreased pyknotic clusters in the developing 
nervous system. In postnatal mutant mouse brains, these 
supernumerary cells are post-mitotic, terminally differentiated 
and often form ectopic structure with phenotypic and histotypic 
characteristics consistent with the normal counterpart. The 
phenotype of CPP32 null mutation in mammals is in essence 
similar to the loss-of-function mutation of ced-3 in C. elegans.
Our results therefore indicate that CPP32 plays a critical role in 
the morphogenetic cell death of the mammalian brain, and that 
the basic machinery of programmed cell death is evolutionarily 
conserved. Whether CPP32 is also involved in other types of 
neuronal apoptosis is currently under investigation.

866.11
PROSAPOSIN AND PROSAPTIDE PREVENT TNFa-INDUCED CELL 
DEATH IN NS20Y AND CG4 CELLS
E. M. Taylor and J. S. O’Brien*, Department of Neurosciences, Center for 
Molecular Genetics, University of California, San Diego, La Jolla, CA 
92093-0634

TNFa has been implicated in the death of oligodendrocytes and neurons in 
multiple sclerosis and AIDS dementia, respectively. Recently, prosaposin 
was described as a novel neurotrophic factor and a 14 amino acid peptide, 
prosaptide, was identified which contains the neurotrophic activity of this 
protein (PNAS 1994; 91: 9593-9596). The aim of this study was to 
determine if prosaposin and prosaptide could prevent TNFa-induced cell 
death in neurons and oligodendrocytes. NS20Y and CG4 cells were 
exposed to lOOng/ml TNFa for 24-96 hr in the presence or absence of 
increasing concentrations of prosaposin or prosaptide. At the end of each 
time point a MTT assay was used to determine cell viability. No decrease in 
viability was seen at 24 hr. However, at 48-96 hr TNFa caused a 30-50% 
decrease in viability in both cell lines. At 48hr and 72hr, both prosaposin 
and prosaptide could attenuate this cell death in a dose dependent manner, 
completely preventing it at 5nM and 50nM, respectively. At 96hr the 
protective effect of prosaposin was diminished, however the protective 
effect of prosaptide was maintained. This data demonstrates that prosaposin 
and prosaptide can prevent TNFa-induced cell death in both a neuronal 
and an oligodendroglial cell line. This may have important implications for 
the treatment of multiple sclerosis, AIDS dementia and other neurological 
disorders mediated by TNFa. (This research was funded by a grant to JSO 
from Myelos Neurosciences)

866.12
BCL-2 REGULATES LEVELS OF THE CYSTEINE PRO-
TEASES ICH AND CPP32/YAMA IN HUMAN NEURONAL 
PRECURSOR CELLS: D. Lindholm*, S. Hamner, P.-A. 
Olsson and L. Korhonen. Department of Developmental 
Neuroscience, Uppsala University, BMC, Box 587, S- 
751 23 Uppsala, Sweden.

Members of the Bcl-2 family are major regulators of 
cell death and survival. Bcl-2 has been shown to hetero- 
dimerize with the death inducing protein Bax but the me-
chanism of action of Bcl-2 is not fully understood. Here 
we show using the human NT-2 neuronal cell line that 
overexpression of Bcl-2 leads to a dramatic down regula-
tion of the cysteine proteases ICH and CPP32/Yama which 
are directly involved in cell death. In addition, the nuc-
lear enzyme, PARP was cleaved in control but not in 
Bcl-2 overexpressing cells following induction of apoptosis. 
The mRNA levels of ICH and CPP32/Yama were differenti-
ally affected by Bcl-2 overexpression suggesting both 
transcriptional and posttranscriptional effects of the pro-
tein. These results demonstrate novel mechanisms of ac-
tion of Bcl-2 in influencing expression of death effectors 
like the cysteine proteases. The relative levels of Bcl-2 
and of various cysteine proteases ultimately determine 
survival and death of different cells including neurons. 
Supported by Cancerfonden, Sweden.
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867.1
THE LATENCY OF THE RECOGNITION POTENTIAL PREDICTS READING 
ABILITY. A. P. Rudell* and J. Hua. SUNY Health Science Center at Brooklyn, 
Brooklyn, N.Y. 11203.

The recognition potential (RP) is an electrical response of the brain that occurs in 
response to recognizable images, such as words, pictures, or faces. Its latency is 
about 200 ms less than the latency of the P3 event-related potential component. 
Readers with well-developed language ability probably recognize words more 
rapidly than less skilled readers. If the latency of the RP reflects the speed of word 
recognition, it might serve as a predictor of reading ability. Twenty university 
graduates detected words in a background stream of random letters. RP latency, P3 
latency, and behavioral reaction time (RT) were measured. Later the subjects took 
the verbal portion of the Graduate Record Examination. RP latency was the best 
predictor of success on the verbal test. The correlation coefficients for the 
prediction of verbal score were -.74 for RP latency, -.42 for RT and .08 for P3 
latency. The greater power of RP latency to predict verbal score, relative to RT, 
was attributed to insensitivity of the RP to skill in motor preparation and the 
tradeoff between speed and accuracy. Between-subject variance in these factors 
was thought to limit the predictive power of RT. P3 was thought to be an amalgam 
of multiple long latency responses, which resulted in a peak latency that was poorly 
related to the speed of information processing across subjects. A motor potential 
time-locked to the behavioral response seemed likely to be one of the contributors 
to the compound waveform. RP latency, behavioral RT, and P3 latency all 
reflected differences in the difficulty of words. These were within-subject 
comparisons. Words were designated as easy or hard based on the judgments of 24 
persons who assigned difficulty levels to 870 words. The power of RP latency to 
reflect both within- and between-subject variables was considered to be one of the 
valuable features of the RP for the study of perception.
Supported by NINDS 1 R01 NS29340-01A1

867.2
LEXICAL MEMORY OF IDEOGRAPHIC CHARACTERS T. Makahe'3. W.B. 

Edmister, K.K, Kwong1. H.D. Rosas2, B.R, Rosen, I, Date*3. S. Asari3, T.

Ohmoto . B.G. Jenkins MGH-NMR Center and and Dept. Neurology, Mass. 

General Hospital, Boston, MA 02129, Dept. Neurological Surgery, Okayama Univ. 
Med. School, Okayama, Japan 700

Alexia (disruption of the ability to read) is a well known syndrome that was 
first reported by the French neurologist Jules Dejerine about a century ago. The 
syndrome is believed to be due to a disconnection of the visual cortex from relevant 
language areas - presumably the left angular cortex. On the other hand, two rare 
types of alexia which can not be explained by the Wemicke-Geschwind model have 
been reported in Japanese patients, corresponding to difficulties with kanji (ideogram 
or morphogram) or kana (phonogram or syllabogram). We studied the lexical 
representational difference of reading both types of characters. Nine native Japanese, 
7 bilingual, and 5 naive subjects were studied to detect lexical representation of 
Japanese reading using functional MRI (BOLD, 1.5T GE scanner with ANMR EPI, 
3x3x7 mm voxels, TR = 3 sec, 14 coronal slices covered whole the temporal and 
parietal lobes). Tasks consisted of kanji, kana, and fixation for control. Kanji and 
kana had identical semantic (meaning) and phonological segments. In the native 
group, inferior temporal (IT) areas (the language dominant side > the non-dominant 
side) and posterior parietal (PP) areas in the language non-dominant side were 
preferentially involved in ideogram over phonogram. Posterior superior temporal 
areas in the language dominant side were involved in phonogram over ideogram. In 
the bilingual group, activation in IT and PP during ideogram reading was correlated 
to degree of knowledge of the language. In the naive group, activations in IT were 
lower than those of other groups. Our data strongly suggest IT activations in the 
language dominant side are related to orthographic lexical memory. Alexia for 
ideogram may occur after destruction of this area.

867.3
A NEUROCOGNITIVE NETWORK FOR READING, SEMANTIC 
DECISION AND INNER SPEECH: PATH ANALYSIS OF fMRI 
DATA IN NORMAL AND SCHIZOPHRENIC SUBJECTS. E.T. 
Bullmore1, B, Horwitz*2. V.A. Curtis1, R.G. Morris1, P.K, McGuire1, T. 
Sharma1, S. C. R. Williams1, RMLJJurray.1, M.J. Brammer1. 1 Institute of 
Psychiatry, London UK; 2Lab. Neurosci., NIA, NIH, Bethesda MD 20892.

Functional magnetic resonance imaging (fMRI) data were acquired at 1.5T from 5 
right-handed volunteers during periodic performance of a task that entailed reading 
nouns, making a semantic (living/nonliving) decision about each noun, and 
subvocally articulating the decision. This task activated a distributed *network of 
cortical regions, including ventral extrastriate cortex (VEC), superior temporal gyrus 
(STG), inferior frontal gyrus (IFG), dorsolateral prefrontal cortex (DPC) and 
supplementary motor area (SMA). Individual images were stereotactically normalized; 
centered and detrended regional mean timeseries were obtained from the group average 
volume at coordinates corresponding to activation foci; 10 correlations between 5 
regional mean timeseries in the left hemisphere were computed. We assumed that 
VEC is the input node of the network and that residual variance at each region is the 
proportion of total variance accounted for by white noise in the timeseries. The 
observed correlation matrix could be well fit (using LISREL.v7) by a path analytic 
model comprising 6 nonzero coefficients parameterising the following direct, 
effective connections between regions: VEC—>STG; STG—»DFC; DFC—»SMA; 
SMA—>IFG; IFG—>STG; VEC-»IFG. This model implies that task related variance 
in DFC may parsimoniously be accounted for by an effective connection from STG, 
and task related variance in SMA by an effective connection from DFC. fMRI data 
from 5 schizophrenic subjects could not be well fit to this model; in particular, DFC 
variance in the schizophrenics could not be adequately accounted for by an effective 
connection from STG. These results show the applicability of path analytic 
techniques to fMRI data, and suggest abnormal effective connectivity between left 
superior temporal and prefrontal regions in schizophrenics performing this linguistic 
task. (Supported by The Wellcome Trust and NIH)

867.4
DIFFERENT PATTERNS OF BRAIN ACTIVATION ASSOCIATED WITH 
PROPER VS. COMMON NAMES RETRIEVAL: AN ERP STUDY.
A. M. Proverbio*, S. Lilli, C. Semenza & A. Zani. Lab. of Cognitive 
Electrophysiol., Dept. of Psychology, Univ. of Trieste, 34123 Trieste, Italy.

Functional neuroimaging and neuropsychological findings have shown a 
differential activation of language-related brain areas for words processing 
as a function of their category and function. We investigated spatio-
temporal dynamics of brain activity during memory retrieval of proper Vs. 
common names. Event-related brain potentials (ERPs) were recorded to 
probes and syllables in a phonological decision task involving names 
retrieval upon written definition. High density montage EEG and EOG 
were recorded from 8 right-handed students. The task consisted in silently 
retrieving target names on the basis of a short definition, and to decide 
whether a syllable presented right after was part of the target by awnsering 
'yes' or 'no' with a button press. Target names were balanced for length, 
syllables, frequency of use and facility of retrieval. Names retrieval, which 
preceded the phonological decision, was associated with a series of 
negative ERP deflections over the left hemisphere. N200 was much larger to 
common than proper names and had a posterior temporal distribution 
which spread over secondary visual areas in the case of common names. 
At P300 latency range the left dorsolateral prefrontal area was selectivelly 
activated by proper names retrieval, while right parietal areas showed the 
same activation during retrieval of both name categories. As for the 
phonological task, correct syllables elicited a large centro-parietal P300, 
while uncorrect syllables elicited a left frontal N400 to phonological 
incongruence which was much larger for common names and spread 
toward Brodmann areas 44 and 45. These findings suggest a differential 
activation of language-related brain area as a function of name category.

867.5
ROLE OF LEFT PREFRONTAL CORTEX IN RETRIEVAL OF SEMANTIC 
KNOWLEDGE: A RE-EVALUATION. S.L. Thompson-Schill*1. M. 
D'Esposito2. G.K. Aguirre2. & MJ;.„ Farah1. Departments of Psychology1 
and Neurology2, University of Pennsylvania, Philadelphia, PA 19104.

The left inferior prefrontal cortex (LIPC) has been described as the site of 
semantic knowledge retrieval based on findings that LIPC activity 
increases during semantic classification (e.g., abstract/concrete judgments) 
and association (e.g., verb or color generation). However, not all semantic 
tasks result in increased LIPC activity (e.g., similarity judgments, picture 
naming). The current study tests the hypothesis that it is the selection of 
a response among competing alternatives from semantic memory that is 
associated with increased activity in LIPC and not the access of semantic 
knowledge per se. In three experiments, two semantic tasks which 
previously showed LIPC activity (i.e., verb generation and semantic 
classification) and one semantic task which did not (i.e., similarity 
judgments; see abstract by Farah et al.) were modified to vary the 
requirement of selection among competing responses. Multiple whole brain 
echoplanar fMRI scans were collected from five subjects and analyzed with 
a modified general linear model for autocorrelated observations. Across 
all three experiments, overlapping regions of increased activity were 
found in LIPC during conditions requiring greater selection among 
competing responses (i.e., verb generation with many possible responses, 
judgments of specific aspects of similarity, attribute classification) 
relative to conditions with fewer competing responses (i.e., verb generation 
with few possible responses, judgments of global similarity, name 
classification). The modulation of LIPC activity in these experiments 
suggest that it is not semantic processing but response selection that drives 
activity in LIPC. (Supported bp James S. McDonnell Foundation)

867.6
fMRI REVEALS A DEVELOPING LANGUAGE SYSTEM IN A 15- 
MONTH OLD SEDATED INFANT. J. Hirsch*1,5, K. H. S. Kim’’5, M. M4. 
Souweidane ' ,__ R. McDowall , M, I, Ruge', D. D. Correa, and G. Krol .
Department of Neurology', Division of Neurosurgery2, Division of Pediatric 
Anesthesiology , and Department of Radiology , Memorial Sloan-Kettering Cancer 
Center; Department of Neurology and Neuroscience and Division of Neurosurgery6, 
Cornell University Medical College, New York, NY 10021

We present the first observation of specific brain structures associated with the 
developing human receptive language system using functional magnetic resonance 
imaging (fMRI). A 15-month old female patient who was able to verbalize simple 
words was imaged using a standard functional sequence (GE 1.5T; echo planar, T2‘, 
TR 3000, TE 60, flip angle 90°; 4.5 mm thick 16 contiguous slices covering the 
entire brain; in-plane resolution 1.5mm x 1.5mm). She was sedated with IV 
propofol by continuous infusion with supplemental O2 via nasal cannula as part of a 
routine MRI study in the treatment of a left temporal PNET. Vital signs including 
pulse oximetry and capnometry were monitored and remained stable. The language- 
sensitive functions were measured by presenting a 30 sec recording of the mother’s 
voice consisting of words and sentences familiar to the patient presented through 
headphones designed to filter out background scanner noise. We observe a 
constellation of multiple and anatomically remote structures associated with the 
passive listening task including presumptive Heschl’s gyrus, superior temporal 
gyrus, inferior and middle frontal gyrus, cingulate gyrus, thalamus, putamen, and 
calcarine sulcus (confirmed in a subsequent study using flashing (8Hz) photic 
stimulation through closed eyelids). This intrinsic global array of connected cortical 
systems suggests that the cooperation of multiple functional areas may be a 
fundamental process involved in early language development.
(Supported by the Charles A. Data Foundation, Johnson & Johnson Focused Giving 
Foundation, Cancer Center Support Grant NCI (JH); William T. Morris Foundation 
Fellowship and the Tri-Institutional M.D./Ph.D. Program (KK)).
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867.7
PLASTICITY OF BRAIN LANGUAGE REGIONS REVEALED BY BILINGUALS.
D, Perani*. E, Paulesu. N, Sebastian. E, Dupoix. S, Dchacne. T. Schnur. S.F. 
Cappa. J. Mehler. F, Fazio. INB CNR, Scientific Institute H San Raffaele, Milano, 
Universities of Milano and Brescia, Italy

In the study of bilingualism it is still unknown whether the age at acquisition of 
the second language, or the level of proficiency in its use, has any effect on its 
neural substrates. A recent PET study demonstrated that, in subjects who had lew 
proficiency in the second language (English) compared to their first language 
(Italian), listening to a story in the native language engaged an extensive network of 
left hemispheric areas. Conversely, a more restricted pattern of bilateral activation 
was associated with the same task in the second language (Perani et al., 
NeuroReport 1996). In the present study, our aim was to evaluate, with the same 
comprehension paradigm (listening to stories), highly proficient bilingual subjects 
with early or late acquisition of the second language. The first group included nine 
Italian subjects with initial exposure to English after the age of ten, and high 
proficiency achieved in adulthood. They underwent a PET rCBF activation study 
(GE-Advance, 3D mode, 35 transaxial images), during the following tasks: (1) 
listening to different stories in Italian and (2) in English; (3) listening to language 
played backward (control condition). The second group included twelve adult male 
subjects from Catalunya, who were exposed to and had learned two languages since 
birth. They were studied with PET while listening to stories in both their native 
languages (Spanish and Catalan) and to language played backward (control 
condition). Data were analyzed using SPM-95 (Wellcome Department of Cognitive 
Neurology, London, UK). In these two groups, a large network of brain regions, 
more prevalent in the left hemisphere and comparable to those previously observed 
only for the first language in low-proficiency subjects, were activated by both 
languages. In contrast with the low proficiency subjects, the temporo-parietal 
junction and the left temporal pole were involved in native and/or highly proficient 
language processing. These findings suggest that the level of proficiency, more than 
the age at acquisition, is a crucial factor for the plasticity of brain areas devoted to 
linguistic processing. Sources of funding: C.N.R., Italy; HFSPO.

867.8
CEREBRAL ORGANIZATION FOR LANGUAGE IN THE ABSENCE OF SOUND: 
A PET STUDY OF DEAF SIGNERS PROCESSING SIGNED LANGUAGES. L, A, 
Petitto*, R. J. Zatorre, E. J, Nikelski, K, Gauna, D, Dostie, and A. C, Evans. McGill
Univ. Psych. Dept., Montreal Neurological Institute, MTL, QC, Canada H3A-1B1. 

Positron emission tomography (PET) studies have demonstrated increased cerebral
blood flow (CBF) at discrete sites in the left hemisphere while processing speech and 
language. Are these sites "speech-specific,” or are they more general neural substrates 
tuned to specific types of patterns encoded in natural language? To address this issue, 
CBF data were obtained using H2O15 PET from 12 deaf native signers of two signed 
languages, 6 ASL and 6 LSQ, with 8 hearing controls. In 4 conditions, subjects saw 
videotapes of (1) baseline fixation point, (2) meaningless finger movements, and (3) 
meaningful signs; in (4) they saw signed nouns and generated appropriate, signed verbs. 
Hearing controls received the same conditions, but for (4) they saw a printed word and 
generated a spoken verb. PET data were stereotaxically transformed and averaged and 
superimposed on MRI for anatomical localization. As expected, comparisons of 
conditions (3) and (1) showed similar visual cortical activation in deaf and hearing 
subjects. However, left temporal-occipital (area 37) activation was observed in the deaf 
but not the hearing subjects. Importantly, comparisons of (4) and (1) demonstrated left 
inferior prefrontal cortex activation (areas 47-11) in deaf and hearing subjects, the 
semantic search and retrieval areas. By contrast, hearing controls showed no activation 
of these areas (47-11) when they viewed real signs in (3) as compared with moving 
fingers (2). In further comparisons of (4) and (1) the Deaf showed activation in the left 
temporal-occipital site, whereas the hearing showed activation in the left superior 
temporal gyrus, suggesting possible migration of posterior speech zone to 
accommodate primarily visual versus auditory processing. The discovery of common 
activation sites in signed and spoken language suggests that these sites are dedicated to 
processing specific patterns unique to natural language, rather than to speech or sound, 
per se. At the same time, this pattern sensitivity appears to be modifiable and can 
recruit multiple pathways as a result of environmental input.
Supported by NSERC, MRC (Canada), and McDonnell-Pew.

867.9
PRESERVED LANGUAGE BUT IMPAIRED VISUOSPATIAL FUNCTIONS 
IN THE ISOLATED RIGHT HEMISPHERE. E. Isaacs1. L. Weiskrantz2, C.E. 
Polkev3 and F. Vargha-Khadem1. ‘Cognitive Neuroscience Unit, Institute of Child 
Health, London WC1N 1EH, ’Department of Experimental Psychology, 
University of Oxford 0X1 3UD and ’King’s College Hospital, London SE22 8PT 
UK. (SPON: European Brain and Behaviour Society)

Case HW suffered an extensive ischaemic lesion of the left hemisphere during 
the third trimester of in-utero life. Following normal psychomotor and language 
development up to age seven, she presented with intractable epilepsy leading to 
left hemispherectomy at the age of ten. Follow-up neuropsychological 
evaluations revealed a verbal IQ in the average and a performance IQ in the low 
average range. Verbal memory and learning, expressive and receptive language, 
including syntax, phonology, and semantics, as well as academic attainments, 
were all spared and consistent with overall intelligence. In contrast, visuospatial 
functions, particularly the higher-order aspects, were impaired. Comparison of 
HW's verbal and visuospatial functions with those of her sibling and parents 
showed that the latter functions were selectively lowered. These results are 
consistent with the "crowding" hypothesis [H.L.Teuber, Outcome of Severe 
Damage to the Central Nervous System, CIBA Foundation Symposium (34), 
1975], suggesting that the right hemisphere can subserve normal verbal functions 
but that this reorganization is at the expense of visuospatial abilities. The critical 
variables that culminate in such an outcome are those of congenital onset of 
pathology followed by a prolonged period of seizure-free development during 
childhood.
SUPPORTED BY THE MEDICAL RESEARCH COUNCIL (UK)

867.10
BILATERAL ABNORMALITIES OF THE CAUDATE IN A FAMILY WITH 
AN INHERITED SPEECH AND LANGUAGE DISORDER. K.E. Watkins'.
R.RPas_singhamLR.Vargha-Khadem', J. Ashbumer3, K-J- Friston3, A, Connelly2
and D.G. Gadian2. ‘Cognitive Neuroscience Unit and ’Radiology and Physics 
Unit, Institute of Child Health, London WC1N 1EH, ’Wellcome Department of 
Cognitive Neurology, Institute of Neurology, London WC1N 3AR and 
“Department of Experimental Psychology, University of Oxford OXI 3UD, UK. 
(SPON: European Brain and Behaviour Society)

The aim of this study was to identify abnormalities of brain structure in the 
affected members of a large three-generational family with an inherited disorder 
of speech and language. This disorder is best described as a verbal dyspraxia, 
and is associated with severe articulatory problems and orofacial dyspraxia 
[Vargha-Khadem et al., Proc. Natl. Acad. Sci. USA 1995], 3-D MRI datasets 
were obtained from 10 affected and 7 unaffected family members, using a 1.5T 
clinical imaging system. Statistical parametric mapping was used to compare the 
grey matter density of the affected and unaffected family members. Significant 
differences were revealed in several regions of the brain, including the caudate 
nuclei, where there was less grey matter in the affected members than in the 
unaffected members. Furthermore, volumetric measurements demonstrated a 
significant reduction (by 20-25%) in the volumes of the caudate nuclei bilaterally 
in the affected family members (p<0.0005). We suggest that a critical site of 
pathology is in the basal ganglia, in turn affecting cortical areas mediating motor 
units and sequences, including those of speech and language.
SUPPORTED IN PART BY THE WELLCOME TRUST

867.11
INFORMATION SYSTEM FOR MAPPING AND STUDYING CORTICAL 
LANGUAGE LOCALIZATION. B. Modayur, G. Ojemann, E. Lettich, R. Jak 
obovits, J. W. Sundsten*, and J. Brinkley. University of Washington, Seattle. 
Cortical language maps, obtained through intraoperative electrical stimulation 
studies, provide a rich source of information for research on language organiza-
tion. We have built a computer system for mapping the stimulation data onto 
a 3D MRI-based neuroanatomic model of the individual patient, and for sav-
ing the maps in a multimedia database. Repeatability studies were performed 
to validate the accuracy of the mapping technique. Six observers independently 
mapped 218 stimulation sites from 12 patients. The mean distance of a mapping 
from the true location of each site was within 5.07 mm with 95% confidence. 
Since the surgical sites are accurate within approximately 1 cm, these results 
show that our mapping technique is accurate within the limits of the stimula-
tion maps. The 3D MR coordinates of the mapped sites, and other associated 
information, are stored in a web-based repository. The repository was used in 
a preliminary exploration of correlations between the mapping data and factors 
such as verbal IQ (VIQ). T tests have revealed some interesting trends even 
within the existing set of 12 patients. Even though there were no significant 
differences in language distribution between men and women, there were dif-
ferences between women with low VIQ and women with high VIQ (3 females 
with VIQ <= 99 had a mean language site to stimulation site ratio of 0.2176; 
2 females with VIQ > 99 had a mean language site to stimulation site ratio of
0.1255, p < 0.05). This suggests that language sites occupy a larger portion of 
perisylvian cortex in low VIQ females compared to High VIQ females. Although 
these initial results need to be confirmed with more patients, they demonstrate 
the power of our brain map information system in integrating and analyzing 
functional brain data. This work was funded by Human Brain Project Grant 
DC/LM02310.

867.12
CHIMPANZEE BRAIN: LEFT-RIGHT ASYMMETRIES IN 
TEMPORAL SPEECH REGION HOMOLOG. P, J. Gannon*.
R. L, Holloway. D. Broadfield. N.M, Kheckand A. Braun. Dept. 
Otolaryngology, Mount Sinai School of Medicine, New York, NY.

Three decades after the landmark human study by Geschwind and 
Levitsky (1968) we report the presence of a similar pattern of 
morphology and left hemisphere predominance of the planum 
temporale (PT) in the temporal lobe of chimpanzees, our closest 
living primate relative. Critical landmarks of Heschl’s gyrus vs PT, 
that were defined previously in humans using cytoarchitectonic 
analysis, were used for this analysis. The sylvian fissure was spread 
open and thin sheets of black plastic were cut to shape and placed so 
they conformed to the cortical surface extent of PT. Plastic sheets 
were scanned to BMP files and surface areas calculated in mm2.

PT cortical surface area was 67±20% larger on the left hemisphere 
in 10 of 11 chimpanzee brains. In humans, the left planum temporale 
is considered to be a key component of Wernicke’s posterior 
language area. Clearly, marked hemispheric asymmetry of this brain 
“language area" is not unique to humans as previously suggested. 
Chimpanzees are considered to be highly cognitively advanced 
compared to other non-human primates. We propose that 
chimpanzees may also use this highly asymmetric cortical region for 
species-specific inter-individual communication, possibly via 
primary use of the visual-gestural modality.
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868.1
THE ORGANIZATION OF COLOR-SPECIFIC DOMAINS IN PRIMATE V4.
D.Y. Ts’o* and G.M. Ghose. The Rockefeller University, NY, NY 10021 and 
the Division of Neuroscience, Baylor College of Medicine, Houston, TX 
77030

We have used a combination of in vivo optical imaging, electrophysiology, 
and anatomical injections to study functional organization of primate visual 
area V4, over the pre-iunate gyrus. These studies have revealed a 
patchwork of overlapping modules for orientation, color and stimulus size. To 
further probe the representation of color information in V4, we have employed 
optical imaging with a stimulus set consisting of gratings modulated along 
different axes in the DKL color space. Included were modulations within the 
isoluminant plane, both along and off the cardinal axes, as well as gratings 
adding luminance and chromatic modulation.

Our preliminary results, confirmed by single unit recordings, indicate an 
organization in V4 for particular directions in color space. These results 
contrast imaging results in areas V1 and V2, where the segregation of color 
directions has been more difficult to visualize. The addition of luminance 
modulation to the color stimuli did not appreciably alter the pattern of 
activation in V2, whereas in V4 the patchy pattern of activation shifted in 
distribution. Using the information collected on color-specific patchy 
activation, we have constructed a map of color space in V4. We did not 
observe any consistent relationship between these color-specific modules 
and the other functional modules we have studied in V4 (orientation and 
size). This finding leads us to speculate a model of functional organization in 
V4 consisting of a collection of overlapping and interacting modules for 
orientation, size and color.
(Supported by grants EY06568, EY08240 and the McKnight Foundation).

868.2
Elaboration of visual features within posterior inferotemporal 
cortical columns. Longtang L, Chen* and Keiii Tanaka. RIKEN, Japan

We examined visual feature selectivities of cells in single columnar 
regions in the posterior inferotemporal cortex (PIT or TEO), an intermediate 
stage in the ventral visual pathway. The designated recording site was 
marked with ink, permitting for repetitive penetrations; the electrode was 
aimed perpendicular to the cortical surface. An image simplification method 
was adopted, in order to extract the simplest stimulus features required to 
drive individual cells maximally. The identified, simpler features (which we 
called "critical features") were further manipulated in various ways in order to 
explore different dimensions of feature selectivity. Typical manipulations 
included changing the number of repetitive patterns, alteration of radial 
symmetry, reversal of contrast polarity, straightening the curved contours, or 
extending the width and length, etc.

The results showed that, within the same columnar region, the feature 
selectivity of PIT neurons varied significantly; however, the variation 
appeared to occur in certain limited feature dimensions with common 
elementary features. The variety of features could be constructed based on 
repetition and modification of some common elementary features. For 
instance, the critical features determined for cells in a column studied 
extensively could be formed by grouping 2-pieced gray-tone patches in one 
of several different ways, e.g. opposing, circular, and radial arrangement. 
Such elaboration of features was found commonly to exist in other PIT 
columnar regions, each of which showed different elementary features and 
dimensions of variation.

Our results confirmed the hypothesis that the PIT columns were not 
organized by simple feature parameters as in earlier visual cortices. We 
suggest that the network within individual PIT columns elaborates feature 
differences in various dimensions.

(Supported by FRP, Science and Technology Agency)

868.3
RESPONSES OF INFERIOR TEMPORAL (IT) NEURONS IN THE 
MACAQUE MONKEY TO MORPHED SHAPES. B. Jagadeesh*. 
R. Desimone, Lab of Neuropsychology, NIMH, NIH, Bethesda, MD 20892.

Many basic stimulus features have natural dimensions. Motion, for example, 
can vary according to direction and speed. However, the natural dimensions of 
more complex features, such as shape, are unknown. Here we ask whether the 
responses of IT neurons can be used to order complex stimuli along a dimension 
of visual similarity. The similarity dimensions were created by morphing 
techniques to generate intermediate stimulus forms that spanned the range 
between good and poor stimuli for a given cell. We could then quantitatively 
compare the responses of the cell along this new dimension with the monkey’s 
perceptual judgments along the same dimension, as has been done for direction 
of motion in area MT (Britten, J NS, 1992).

Each cell was first tested during passive fixation with a range of complex 
images, and a good stimulus, which activated the cell well, and a poor stimulus, 
which activated the cell poorly, were chosen. Intermediate forms were produced 
by graphically interpolating (morphing) between two images. Responses of cells 
in IT tended to vary smoothly along these new dimensions. To study the 
monkey’s perceived similarity of the stimuli along the new dimensions, behavior 
was tested in a discrimination task, in which the original good and poor stimuli 
were selected to be the positive and negative stimuli. The stimuli were displayed 
together, extrafoveally, and the monkey was rewarded for saccading to the 
positive stimulus. After learning these stimuli, the morphed forms of the positive 
and negative stimuli were introduced in probe trails. The monkey’s performance 
with this new image set followed a pattern similar to that of the cells. ROC 
analysis was used to compute “neurometric” functions of the cell’s ability to 
discriminate the stimuli. These “neurometric” curves were compared to 
psychometric functions fit to the behavioral data. For many cells, there was a 
good correlation between the neuron’s and the monkey’s performance, and a 
few cells discriminated the stimuli as well as the monkey. Thus, the neurons’ 
selectivity for complex stimuli seems to be correlated with the perceptual 
similarity of the stimuli, as reported by the monkey. (Supported by NIMH-IRP).

868.4
RESPONSE OF THE HUMAN FUSIFORM FACE AREA TO 
FACELIKE STIMULI. N. Kanwisher*1,2. O. Weinrib1. F, Tong1. & K. 
Nakavama1. ^Dept of Psychology, Harvard University, Cambridge, MA, 
02138. ^MGH-NMR Center, Charlestown, MA, 02128.

We studied the response of human fusiform face area (FFA) using a 
variety of face and facelike stimuli in an effort to better characterize the 
perceptual operations carried out in this region. Functional MRI images 
were collected using multislice echo planar surface coil imaging at 1.5T. 
The FFA was first localized in individual subjects as the region in the 
midfusiform gyrus which responded significantly more to human faces 
than common objects. Subsequent analyses tested the stimulus 
characteristics necessary for the FFA response. In Experiment 1, 
upright or upside-down faces were presented for passive viewing or "1- 
back" repetition tasks. Most subjects (N=4) showed little or no 
difference in FFA activation in these two conditions. Experiment 2 
(N=4) tested whether this response could be attributed to the presence of 
eyes alone. Compared to a fixation baseline, percent signal changes 
were smaller for houses (0.8%) and eyes alone (1.3%) than faces with 
eyes occluded (1.8%) or complete faces (2.1%). Experiment 3 (N=4) 
explored whether the FFA response would generalize to nonhuman 
faces or to simple geometric stimuli arranged in a facelike pattern. Signal 
changes were almost as strong for cat face photos (1.4%) as for human 
faces (1.7%), and much weaker for schematic faces (0.8%) and objects 
(0.6%). These results suggest that the FFA is not solely involved in 
computing eye gaze, shape from shading (given the lack of shading on 
cat faces) or facial organization independent of feature elements. 
Supported by NIH grant MH56037 to NK.

868.5
EXPERTISE TRAINING WITH NOVEL OBJECTS CAN RECRUIT THE 
FUSIFORM FACE AREA. I. Gauthier1 *. M. J. Tarr2. A, W. Anderson3.
P. Skudlarski3 and J. C. Gore3 Departments of Psychology1 and Diagnostic 
Radiology-^, Yale University, New Haven CT 06520; Dept. of Cogn. & Ling. 
Sciences2, Brown University, Providence, RI 02912.

Five right-handed subjects participated in a training to be experts at recognizing 
and discriminating novel 3D objects that have similar configurations (Greebles - 
training procedure adapted from Gauthier & Tarr, 1997). Each subject was studied 
on 5 occasions using fMRI, once prior to any experience with Greebles and the 
other four times at regular intervals during training. Six 7mm-thick adjacent 
transverse oblique planes parallel to the superior temporal sulcus were imaged. 
Each subject's fusiform "face area" was identified during the first and fifth session 
using a comparison of passive viewing for faces vs familiar objects. In each 
session, subjects also performed a sequential-matching task for faces, upright and 
inverted, and Greebles, upright and inverted (faces were different in the matching 
and passive viewing tasks, Greebles used for sequential matching were not used 
during training, new sets of 8 Greebles and 8 faces were used in each fMRI 
session). Preliminary analyses indicate that the striate cortex was more active 
during matching of upright than inverted stimuli while the inferior temporal gyri 
were more active during matching for inverted stimuli. The "face area" observed 
throughout training was more active fro matching upright than inverted faces. The 
same area for three subjects was selectively engaged by matching upright as 
compared to inverted Greebles (two subjects by the third session, one by the fifth 
session). All Greeble experts are currently participating in additional training and 
scanning sessions. The finding that the putative face area (as described by previous 
groups, e.g., Sergent et al. 1992; Puce et al., 1995; Kanwisher et al., 1997) can 
be recruited by experts when processing homogeneous non-face objects suggests 
that this brain area is not specialized for face recognition alone.

Support provided by the Salomon Faculty Research Award (to MJT)

868.6
FMRI REVEALS DIFFERENTIAL ACTIVATION IN THE VENTRAL VISION 
PATHWAY DURING THE PERCEPTION OF DIFFERENT OBJECT 
CATEGORIES A. Ishai *. L.G. Ungerleider. A, Martin. J.M. Maisog. J.V. 
Haxbv Laboratory of Brain and Cognition, NIMH, Bethesda, Maryland, USA

Recently we have demonstrated a dissociation in human ventral extrastriate 
cortex between subregions that respond more to photographs of faces, houses or 
chairs (Ishai et al., Neuroimage 1997 5(4)). In both passive viewing and delayed 
match-to-sample tasks, responses to faces, measured with functional magnetic 
resonance imaging (fMRI), were strongest in a subregion in between a more medial 
subregion that responded more strongly to houses and a more lateral subregion that 
responded more strongly to chairs. To rule out the possibility that this segregation 
was due to the surface qualities of the visual stimuli, we have repeated the 
experiment but with line drawings of faces, houses, and chairs. Changes in blood 
oxygen level dependent T2*-weighted MRI signal were measured while 6 subjects 
performed delayed matching tasks with line drawings and photographs, and a 
control task with scrambled line drawings and photographs. In each time series, 91 
volumes, each containing 18 5-mm thick coronal slices, were obtained using 
gradient echo echoplanar imaging (TR = 3 s, TE = 40 ms, FOV = 20 cm). Data 
were analyzed using multiple regression to identify regions that responded more to 
meaningful stimuli as compared to control stimuli, and to test whether these 
regions responded differentially to faces, houses, and chairs. Visual presentation of 
objects, as compared to control stimuli, activated a large region of ventral 
occipitotemporal cortex bilaterally. Both line drawings and photographs of objects 
activated the same regions in the fusiform gyrus, with an area most responsive to 
faces embedded in between a medial area most responsive to houses and a lateral 
area most responsive to chairs. These results indicate that the differential 
activation in ventral extrastriate cortex cannot be attributed to different surface 
qualities of the stimuli, but rather are due to some other structural or semantic 
properties that distinguish these categories of objects.
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868.7
LOCATION AND SCENE SELECTIVE RESPONSES IN THE MACAQUE 
ENTORHINAL AND PERIRHINAL CORTICES. W.A. Suzuki*, M. Fiorani Jr. 
and R. Desimone. Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892.
A critical aspect of declarative memory is the ability to remember the context in 

which a specific event occurred. Damage to the hippocampus in rats impairs the 
ability to remember a spatial location in the context of its environment and rat “place 
cells” respond selectively to specific spatial locations within a specific environmental 
context (i.e. a maze or scene). Analogous studies in monkeys show that medial 
temporal lobe damage impairs memory for the locations of rewarded objects in 
different visual scenes (Gaffan, 1994). To test the role of perirhinal and entorhinal 
neurons in location and scene memory, we trained a monkey to perform a "location-in- 
scene" memory task. The monkey first fixated a spot at the center of a screen and one 
of a set of complex visual "scenes" was presented. Each scene contained four 
identical location markers, one of which was designated "positive" and the remaining 
three "negative". Saccadic eye movements to the positive marker location were 
rewarded. Because the location of the positive marker varied for each scene, the 
animal was required to remember many different location-scene associations to 
perform the task correctly. To test the spatial selectivity of the cell within each scene, 
the monkey was also taught a second task in which it was rewarded for making an eye 
movement to a special probe marker whose location within a scene varied from trial to 
trial. We found 45% and 100% of the visually responsive neurons in the entorhinal 
and perirhinal cortices, respectively, responded selectively to different scenes. Many 
cells also showed selectivity for particular spatial locations, and, for some, the spatial 
selectivity was different in different scenes. Surprisingly, spatial selectivity in 
perirhinal cortex was comparable to that in entorhinal cortex. Thus, entorhinal and 
perirhinal cells carry information about the locations of relevant stimuli (Suzuki et al. 
Soc. Neurosci. Abstr., 1995) and the environmental context in which the stimuli occur. 
Supported by NIMH-IRP.

868.8
COMPARISON OF MOTION INTEGRATION AT THE CORTICAL AND SUB-
CORTICAL LEVEL: PATTERN-SELECTIVE RESPONSES TO MOVING PLAIDS 
IN THE CAT LP-PULVINAR COMPLEX. L. Merabet*. A. Desautels, K. Minville, 
C. Casanova. School of Optometry and Center for Research in Neurological 
Sciences: University of Montreal, Canada.

Traditionally, the thalamus has been regarded as a relay station carrying visual 
signals to the cerebral cortex. However, in light of its massive bidirectional 
connections with the cortex, it has been proposed that some thalamic nuclei may 
play a more active role in the analysis of complex visual scenes and subsequently 
reflect higher-order computations carried out at the level of the neocortex (Mumford, 
Biol. Cybern., 65:135,1991). The LP-pulvinar complex is a vast region of the 
thalamus believed to play an important role in visual motion processing (Casanova 
and Savard, Neurosci.,70:439,1996). We have investigated the possibility that cells 
in the LP nucleus may participate in the analysis of global motion as defined by a 
moving plaid pattern; a stimulus previously used to demonstrate higher order-motion 
processing in primate extrastriate cortical areas (e.g. MT). Experiments were 
performed on anesthetized normal adult cats. To date, 30 cells have been recorded 
in the LP nucleus and, for comparison, in the postero-medial lateral suprasylvian 
(PMLS) cortex. Receptive fields of recorded units were characterized using drifting 
sine-wave gratings and symmetrical plaids differing in 135° in orientation and at 
identical optimal spatial and temporal frequencies. In LP-pulvinar, 20% of the cells 
recorded were characterized as “pattern-selective” type, i.e. the directional 
preference and profile of response to the plaid pattern was the same as that for 
gratings alone. Another subset of cells (26%) were classified as “component- 
selective”, i.e. they responded to the direction of motion of the oriented component 
gratings within the pattern, and not to the overall direction. The remaining units 
could not be classified in either category (“unclassified”: 53%). In comparison, the 
large majority of cells (87%) in the PMLS cortex were found to be component- 
selective and no pattern-selective cells were found as expected from previous data 
reported (Gizzi et al., J. Neurophysiol. 63:1529,1990). These results suggest that 
neurons in the LP-pulvinar are part of a pathway involved in the signaling of the 
global direction of motion and support theoretical notions that the LP-pulvinar may 
represent a unique sub-cortical platform interplaying with the cortex in the analysis 
of complex visual scenes. Supported by MRC, FCAR, FRSQ.

868.9
TEMPORAL DYNAMICS OF BRAIN ACTIVATION DURING OBJECTIVE MOTION, 
APPARENT MOTION AND APPARENT MOTION OF ILLUSORY CONTOURS: A 
COMBINATION OF fMRI AND MEG STUDIES. R. Goebel*, M. Scherq, D.E.J 
Linden, and W. Singer. Max-Planck-lnstitute for Brain Research, 60528 Frankfurt, 
FRG; Biomagnetism, Dept. of Neurol., Univ. of Heidelberg, 69120 Heidelberg, FRG.

We performed fMRI and MEG studies in order to investigate the perceptual 
phenomenon of apparent motion with high spatial and high temporal resolution. 
Perception of apparent motion was inducea using two squares which were presented 
in alternation on the left and right side of a fixation spot. The stimulus for apparent 
motion of illusory contours consisted of alternating Kanizsa squares. In a flickering 
control condition the illusory Kanizsa squares appeared and disappeared 
simultaneously on both sides of the fixation cross whereas in the apparent motion 
condition they appeared and disappeared four times in alternation (SOA=290 ms). An 
objective motion stimulus consisting of 400 dots moving radially outward was 
compared to 400 stationary dots in order to delineate area MT/MST.

The fMRI studies (GE EPI sequence, 1.5 Tesla Siemens Magnetom Vision, voxel 
size = 1.6x1.6x3 mm) revealed that cortical area MT/MST is the first area of the 
dorsal processing stream responding with a clear increase in signal intensity to 
apparent motion and apparant motion of illusory contours. Functional connectivity of 
activated areas was revealed by dipole source analysis of magnetic fields 
(Neuromag-122 MEG system) of the evoked potentials to the same stimuli presented 
to the same subjects. The responses to all conditions could be explained by a model 
containing four dipole sources in each hemisphere. The location or the dipoles was in 
good agreement with the main foci of the fMRI studies including two dipoles for early 
visual areas (V1-V3), and a dipole for area MT/MST. The waveforms at surface 
electrodes in the proximity of area MT/MST as well as the source waveform of the 
MT/MST current dipoles revealed a higher peak amplitude during objective motion 
and apparent motion as compared to the static control condition. The onset of the 
MT/MST dipole source activity occured about 20-30 ms after that of the V1 dipole 
(onset latency around 95 ms). The first of the four alternating presentations of the 
Kanizsa squares elicited a considerably larger source activity in MT/MST than 
following identical stimulus displays during illusory motion perception. These results 
demonstrate that a combination of fMRI and MEG provides the essential data for the 
analysis of neuronal processes, their topological distribution and their precise timing. 
Supported by the Max-Planck-Gesellschaft, Univ. Heidelberg, and Picker Int. GmbH. Hofheim

868.10
SECOND-ORDER MOTION MAY BE DETECTED IN VISUAL AREA 
V2 IN HUMANS: AN fMRI STUDY A.T, Smith1*. M.W. Greenlee2. K 
D. Singh1. F. M. Kraemer2. J. Hennig2 Department of Psychology, Royal 
Holloway College, Univ. London, UK1 and Departments of Radiology & 
Neurology, Univ. Freiburg, FRG2

We have investigated the cortical areas that are activated by first- and 
second-order motion with fMRI techniques. Imaging was performed with 
a 1.5T whole body Siemens Magnetom (Vision). Ten 4-mm-thick slices 
positioned in posterior cortex were imaged every 3 sec using a T2*- 
weighted echo-planar imaging sequence. Head motion was minimized 
with a vacuum cap. Visual stimulation consisted of alternately expanding 
and contracting radial gratings (typically 0.8 c/deg, 4.4 deg/sec) which 
were gamma-corrected and back-projected onto a screen by an LCD 
projector. Three types of second-order motion were used (contrast- 
modulated static and dynamic noise and flicker-frequency-modulated 
noise) together with appropriate first-order controls. Each baseline epoch 
(27 sec; blank field, same mean luminance) was followed by an epoch of 
motion stimulation. Highly significant BOLD contrast effects were evident 
in all subjects (n=8) in VI and in the motion area V5 (MT) for both first- 
order motion and second-order motion (all 3 types). Activation levels in 
V5 were similar for the two types of motion. Two areas were identified 
which clearly responded more strongly to second-order motion than to 
first-order. One was ventral (mean Talairach co-ordinates ±25, -88, -2; 
n=12 hemispheres) and one dorsal (±20, -93, 14; n=8), probably 
corresponding to V2v (upper field) and V2d (lower field) respectively. 
These areas may be the site of detection of second-order motion while V5 
may be the site of integration of the two types of motion signal.
Supported by: Schilling Foundation, Wellcome Trust

868.11
FMRI RESPONSE OF VI AND THE MT COMPLEX IN DYSLEXIA.
J.B, Demb*, G.M. Boynton, and D.J. Heeger. Dept. of Psychology, Stanford 
University, Stanford, CA 94305-2130.

Purpose: To measure the neural response in V1 and the MT complex (MTC) 
of adult dyslexic and control subjects, and to correlate these responses with 
behavioral measurements.
Background: There are several lines of evidence for a magnocellular (M) 
visual pathway deficit in dyslexia, although many results that support this 
hypothesis are controversial. To measure the integrity of the M pathway, we 
used a low mean luminance stimulus (parvocellular pathway retinal neurons 
respond poorly under this condition) and measured responses in both V1 and 
MTC (macaque MT receives a dominant M pathway projection).
Methods: 10 subjects (5 dyslexic, 5 control) participated in several fMRI and 
behavioral experiments. Areas VI and MTC were localized in each subject 
using standard experiments that measure retinotopic organization and 
sensitivity to motion. We measured fMRI response amplitudes to a moving 
0.4 c/deg grating (5 cd/m2 mean luminance) at several contrasts. We also 
acquired several reading scores and a velocity discrimination threshold for 
each subject.
Results: We were able to localize VI and MTC in every subject. In both 
groups, fMRI responses increased with increasing contrast in both cortical 
areas. However, the dyslexic group had a lower contrast gain in both VI and 
MTC. Reading rates, MTC responses, and velocity discrimination thresholds 
were strongly correlated across all subjects.
Conclusion: Our results support the hypothesis for an M pathway deficit in 
dyslexia.

Support: Stanford GRO Funds, Orton Dyslexia Society, NIH grants MH50228 
and MH10897, Stanford OTL, and an Alfred P. Sloan fellowship to DJH.

868.12
CONVERGENCE OF VISUAL CUES: STRUCTURE-FROM-MOTION, 
STRUCTURE-FROM-TEXTURE AND LUMINANCE CONTRAST IN THE 
HUMAN LATERAL OCCIPITAL COMPLEX (LO) K. Grill-Spector1 T. Kushnir,
T. Hendler2, S. Edelman1, P.R. Harvey3, Y. Itzchak^and R. Malach*1.
1 Weizmann Inst, of Science, Rehovot 76100, Israel 2The Chaim Sheba Med. 
Center, Tel Hashomer 52621, Israel 3 Elscint Ltd., Haifa 31004, Israel.

It is an open question whether cortical visual areas specialize for primary 
visual cues, e.g., luminance contrast or motion, or alternatively, for visual tasks 
such as object recognition or localization. To address this question we 
examined cortical activation in human occipital lobe using fMRI. Subjects 
performed a fixed visual task- object recognition- using three different primary 
visual cues: motion, texture boundaries and luminance contrast.

Six healthy adult subjects participated in the study. The scans were 
performed on a 2T MRI system (Elscint, Ltd.) using a multi-slice EPI gradient 
echo pulse sequence. Visual stimuli were presented in epochs lasting 30 
seconds and containing 15 different images. The first experiment consisted 
of four types of epochs: stationary random dots, full-field coherently moving 
random dots, object silhouettes formed by coherently moving random dots and 
the same object silhouettes produced by luminance contrast. In all subjects 
the LO complex was preferentially activated by both luminance (77±15% 
increase) and motion-defined object silhouettes (75±18%) as compared to 
stationary and moving random dot patterns. The second experiment consisted 
of three types of epochs: stationary texture patterns, objects defined by texture 
contrast and objects defined by luminance contrast. Again, all subjects 
showed enhanced activation in the LO complex to pictures of objects defined 
both by luminance (56±7% increase) and texture (56±10%) contrast compared 
to texture patterns. These results strongly support a role for LO in object 
recognition and indicate that LO can utilize various cues for this task. This 
study was funded by US-lsrael BSF 93-00077.
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869.1
EFFECTS OF ACAMPROSATE ON OPIATE-INDUCED SENSITIZATION 

PROCESSES AND SELF-ADMINISTRATION. R. Spanagel*1, I, Sillaber', C. 

Kirschke1, W. Zieglgansberger1, J. Stewart2 and Y. Shaham3, 'Max Planck Institute 

of Psychiatry, Munich, Germany; 2Concordia University, Montreal, Canada, 

’Addiction Research Foundation, Toronto, Canada.

The action of acamprosate, a putative anti-craving compound, on morphine- 
induced behavioral sensitization, dopamine release in the nucleus accumbens 
(mesolimbic sensitization) and heroin self-administration and reinstatement were 
studied. In the sensitization study, rats were injected daily with either morphine (10 
mg/kg s.c.) or saline for 14 days. 3 days following the last morphine injection the 
animals were tested for locomotor activity by a video tracking system or were 
implanted with a microdialysis probe placed in the nucleus accumbens. Animals 
were than challenged with a 10 mg/kg dose of morphine. A strong behavioral as 
well as mesolimbic sensitized response (context-dependent) occurred. Pretreatment 
with acamprosate (2 injections of 200 mg/kg given 12 h apart) attenuated the 
expression of the sensitized responses. However, 3 out of 12 animals did not 
respond to the acamprosate treatment and showed an enhanced behavioral 
stimulation. In contrast, preliminary data indicate that acamprosate (50-200 mg/kg 
i.p.) neither affected intravenous heroin self-administration (50-100 pg/kg/infusion) 
during the maintenance phase nor altered reinstatement of drug-seeking induced by 
a heroin priming injection (0.25 mg/kg s.c.) or intermittent footshock (15 min; 0.5 
mA). In conclusion, although acamprosate attenuated the expression of behavioral 
sensitization and augmented dopamine release in the nucleus accumbens, it did not 
alter the reinforcing effects of heroin and reinstatement induced by heroin or stress 
in the drug-free period.

869.2
MORPHINE ALTERS PULMONARY IMMUNE RESPONSES TO 
INFLUENZA VIRUS INFECTION IN RATS
Mary E. Coussons-Read1*, Mary Daniels2, and Matthew Ian Gilmour3,
'Dept.of Psychology, Univ. of Colorado at Denver, 2National. Health Effects 
Research Lab., ’Center for Environmental Medicine and Lung Biology, Univ. 
of North Carolina, Chapel Hill, NC, 27599.

Although the in vitro immunomodulatory effects of morphine are well- 
documented, few studies have explored the impact of morphine on viral 
infection in intact rats. We report that morphine can alter in vivo immune 
responsiveness to pulmonary influenza virus infection in Lewis rats. We 
studied rat-adapted influenza virus (RAIV) infection, which is a unique 
infectious disease system because normal rats develop an acute inflammatory 
response to RAIV in the lung, and rapidly clear the virus within a few days, 
with essentially no mortality. Male Lewis rats were implanted with 75mg 
morphine pellets or placebo pellets 72 hours prior to intranasal RAIV 
infection. Rats were euthanized at 0, 24,48,72, and 96 hours after infection 
and inflammation and viral load were measured in the lungs. Placebo-treated 
and control rats showed marked inflammatory responses to RAIV infection, 
and quickly cleared the virus from their lungs. Morphine-treated rats 
mounted less vigorous inflammatory responses to the infection, had a lower 
initial peak of viral replication, and appeared to clear the virus more slowly 
than placebo-treated and control rats. Although these initial data indicate that 
morphine can alter the response to RAIV, additional studies are necessary to 
fully characterize these effects. Future studies aimed at determining the 
mechanism and generalizability of these effects will be discussed. Supported 
by DA10648 and U. S. E. P. A. Cooperative Agreement #817643.

869.3
ORPHANIN FQ EXPRESSION SUGGESTS A ROLE IN MORPHINE 
TOLERANCE. T. Darland*J. Grisel. J. BunzQ^_amLD,-GrarKk. 
Oregon Health Sciences University, Portland, OR 97201.

Despite intensive research, the mechanism of morphine 
tolerance is still unclear. While some aspects of morphine 
tolerance undoubtedly involve the classical opioid receptors, it is 
probable that other neuropeptide systems are involved as well. 
The opioid-like peptide, orphanin FQ (OFQ) antagonizes many of 
the effects of morphine including analgesia, hypothermia and 
Straub tail. It is therefore possible that an upregulation in the 
OFQ system in response to chronic morphine contributes to the 
formation of tolerance. We show mRNA expression of prepro OFQ 
(ppOFQ) and its receptor (OFQR) in several brain areas believed 
to mediate morphine tolerance as well as reward and dependence. 
We also show that changes in ppOFQ and OFQR mRNA and protein 
levels occur in mice that are tolerant to morphine. These data 
suggest that the OFQ system is important in the formation of 
morphine tolerance.

This work was supported by NIH grant #DA08562 DKG.

869.4
MONOCLONAL ANTIBODY AS A DRUG CLASS-SPECIFIC ANTAGONIST 
FOR THE EFFECTS OF PHENCYCLIDINE AND OTHER 
ARYLCYCLOHEXYLAMINES. J.S. Hardin. W.D. Wessinger, and S.M. 
Owens*. Department of Pharmacology and Toxicology, College of Medicine, 
University of Arkansas for Medical Sciences, Little Rock, AR 72205

The development of treatment strategies for drug intoxication has been hindered 
in part by the lack of clinically useful antagonists. Consequently, the major goal 
of this study was to demonstrate that murine monoclonal antibody Fab fragments 
can be an effective drug class-specific pharmacokinetic antagonist for reversing 
drug-induced central nervous system toxicity. Changes in drug-induced 
behavioral effects were used to assess the ability of the anti-phencyclidine Fab 
fragment (anti-PCP Fab) to reverse the effects of phencyclidine (PCP) and other 
potent arylcyclohexylamines in male Sprague-Dawley rats. In experiments to 
determine the minimal effective dose of the anti-PCP Fab (0.18 mole-equivalent, 
P < 0.05) and the ED50 value (0.38 mole-equivalent), the anti-PCP Fab reversed 
PCP-induced effects in a dose-dependent manner. The anti-PCP Fab was equally 
effective in decreasing behavioral toxicity induced by PCP and two potent 
analogs, l-[l-(2-thienyl)cyclohexyl]piperidine (TCP) and A-ethyl-l- 
phenylcyclohexylamine (PCE) (P < 0.05). The average distance traveled (and 
duration of effects) after saline or anti-PCP Fab treatments for PCP were 417 vs. 
76 m (80 vs. 18 min), for TCP were 541 vs. 107 m (98 vs. 21 min) and for PCE 
were 691 vs. 125 m (138 vs. 27 min), respectively. These results indicate 
antibody-based therapies can be developed to treat toxicity caused by classes of 
drugs, as well as by individual drugs. (Supported by NIDA grant DA07610, 
Research Scientist Development Award K02 DA00110 to S.M.O., and NIDA 
predoctoral fellowship T32 DA07260 to J.S.H.)

869.5
INCREASED MORPHINE REWARD AFTER MIDBRAIN 
MICROINJECTIONS OF A HSV VECTOR EXPRESSING 
GLUR1. W. A. Carlezon Jr.*, C.N. Haile,, V. A. Boundv, R. G. 
KalbA, R. L. NeveAA, and E. J, Nestler. Lab. Molec. Psychiatry and 
ADept. Neurology, Yale Univ. Sch. of Med., New Haven CT, and 
AAMolec. Genetics Lab., Harvard Med. Sch., Belmont MA.

Repeated exposure to morphine sensitizes rats to its rewarding 
actions. Repeated administration of morphine has also been shown to 
selectively increase expression of GluRl (an AMPA receptor subunit) 
in the ventral tegmental area (VTA), a midbrain region implicated in 
morphine actions. By use of herpes simplex virus (HSV) vector- 
mediated gene transfer, we show that increased expression of GluRl 
in the VTA can increase morphine’s rewarding actions. Rats given 
unilateral microinjections of HSV-GluRl (2.0 pi at 2 x 107 iu/ml) into 
the VTA showed larger increases in the time spent in an environment 
repeatedly paired with administration of a threshold dose of morphine 
(0.5 mg/kg, SC) than did control rats, indicating that the potentiation 
of morphine’s rewarding actions caused by drug pre-exposure is 
mimicked by HSV-mediated expression of GluRl in the VTA. 
Immunohistochemical analysis revealed that the large majority of 
neurons immunoreactive for GluRl were also immunoreactive for 
tyrosine hydroxylase (indicating infection of dopamine neurons), and 
that morphine was most rewarding in rats with large increases in 
GluRl expression in the rostral portion of the VTA. These results 
confirm the importance of AMPA receptors in the rewarding effects of 
opiates, and demonstrate that changes in the expression of a single 
localized gene product can lead to specific behavioral and motivational 
adaptations. (Supported by DA05758 and DA08227).

869.6
ENHANCED SENSITIVITY TO THE EFFECTS OF MORPHINE IN 
TRANSGENIC MICE WITH IMPAIRED GLUCOCORTICOID RECEPTOR 
FUNCTION IS NORMALIZED BY LONG-TERM ANTIDEPRESSANT 
TREATMENT. I. Sillaber1, E. Poppel*2, A, Montkowski1, R. Landgraf*, F, 
Holsboer1 and R. Spanagel'. 'Max Planck Institute of Psychiatry, 80804 Munich, 
Germany, institute of Medical Psychology, 80336 Munich, Germany.

The activity of the hypothalamic-pituitary adrenocortical (HPA) system has 
been suggested to contribute to individual differences in sensitivity to drugs of 
abuse. In the present study we investigated the influence of an altered activity of 
the HP A system on the effects of morphine in transgenic mice with impaired 
glucocorticoid receptor (GR) function resulting from expression of antisense 
directed against GR mRNA. There is evidence that long-term treatment with 
antidepressants can mute HP A dysfunction. Therefore, we also treated transgenic 
and control mice with the antidepressant moclobemide (15 mg/kg/day) over a 
time period of 8 weeks.
By means of microdialysis in freely moving mice we found elevated basal levels 
of corticosterone and serotonin in the nucleus accumbens of transgenic mice. 
Following morphine injection (15 mg/kg, i. p.), the transgenic mice had higher 
mesolimbic dopamine and serotonin release than control mice and in parallel 
enhanced locomotor activity was observed in these animals. Following 
moclobemide treatment, elevated basal levels of both corticosterone and serotonin 
were normalized in transgenic mice. Furthermore morphine-induced dopamine 
as well as serotonin release and behavioral stimulation were suppressed in 
transgenic mice and similar to that in control mice. The results indicate that 
impaired GR function influences the basal release of serotonin in the nucleus 
accumbens. This alteration has no effect on basal but on morphine-stimulated 
dopamine release in the mesolimbic system. An enhanced sensitivity to the 
effects of morphine is apparently related to elevated brain corticosterone and 
serotonin levels and can be normalized by long-term antidepressant treatment.
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869.7
POTENTIATION BY (-)PINDOLOL OF THE ACTIVATION OF 
POSTSYNAPTIC 5-HT)A RECEPTORS INDUCED BY VENLAFAXINE.
J.C. Bei'que*, G. Debonnel and C. de Montigny. Neurobiological Psychiatry Unit, 
McGill University, Montreal, Quebec, Canada, H3A 1A1.

The increase of extracellular 5-HT in brain terminal regions produced by the acute 
administration of 5-HT reuptake inhibitors is hampered by the activation of 
somatodendritic 5-HT1A autoreceptors in the raphe nuclei. Accordingly, the 
coadministration of a 5-HT reuptake inhibitor and a 5-HT1A antagonist, such as 
(-)pindolol or WAY 100635, produces a greater increase of extracellular 5-HT in terminal 
regions. The present in vivo electrophysiological studies were undertaken in the rat to assess 
the effects of the coadministration of venlafaxine (VLX), a dual 5-HT:NE reuptake inhibitor, 
and (-jpindolol on pre- and postsynaptic 5-HT1A receptors. A short-term treatment with 
VLX (20 mg/kg/day x 2 days) resulted in a 90% suppression of the firing activity of 5-HT 
neuron/in the dorsal raphe nucleus. This was prevented by the coadministration of the 
somatodendritic 5-HT1A autoreceptor antagonist (-)pindolol (15 mg/kg/day x 2 days). The 
functional outcome of this effect VLX on the degree of postsynaptic 5-HT1A receptor activation 
was then assessed. The acute administration of VLX (0.5 to 5 mg/kg, i. v.) induced a dose-dependent 
suppression of the firing activity of dorsal hippocampus CA3 pyramidal neurons. This 
suppressi on by VLX was markedly potentiated by a pretreatment with (-)pindolol (15 mg/kg, 
i.p.). That this effect of VLX was mediated by an activation of postsynaptic 5-HT!A receptors 
was shown by its complete reversal by the 5-HT1A antagonist WAY 100635 (100 pg/kg, 
i.v.). Taken together, these results indicate that (-)pindolol can potentiate the activation 
of postsynaptic 5-HT1A receptors resulting from 5-HT reuptake inhibition by blocking 
the 5-HT,A somatodendritic autoreceptor, but not its postsynaptic congener. Moreover, 
our results suggest that despite the fact that WAY 100635 is a somatodendritic 5-HTIA 
autoreceptor antagonist and that it increases extracellular 5-HT, it would not potentiate, 
in contrast to (-)pindolol, the increase in 5-HT neurotransmission produced by 5-HT reuptake 
inhibitors because of its postsynaptic 5-HT1A receptor antagonistic activity.These results 
confirm and extend previous findings providing a biological substratum for the efficacy 
of (-)pindolol augmentation strategy in major depression.

869.8
CHRONIC ANTIDEPRESSANT TREATMENT ALTERS THE 
INTERACTION BETWEEN G PROTEINS AND THE CYTOSKELETON.
S. Toki* and M. M. Rasenick. Dept. of Physiology and Biophysics, 
University of Illinois College of Medicine, Chicago, IL, 60612

Previous studies from this laboratory have suggested that chronic 
antidepressant treatment increases the physical coupling between Gsa and 
adenylyl cyclase. Since treatment of C6 glioma cells with a variety of 
antidepressant drugs has a similar effect, it was suggested that 
antidepressants had a direct post-synaptic effect. It was hypothesized that 
the target of antidepressant action was some component of the membrane 
or cytoskeleton which might regulate coupling between G-protein and 
adenylyl cyclase. Rats were treated with tricyclic antidepressants 
(amitriptyline or imipramine) or an atypical, non uptake inhibiting 
antidepressant (iprindole) for 1 day (acute) and 21 days (chronic). 
Synaptic membranes were exposed to the photoaffinity GTP analog, 
azidoanilido GTP (AAGTP) and membrane proteins were extracted 
sequentially with Triton X-100 and Triton X-114. Triton X-100 extracted 
about 40% more Gsa subunit in membrane prepared from chronically 
treated rats than that from acute rats. The total AAGTP labeling of Gsa 
was equal in the two groups. Furthermore, no obvious differences were 
observed in the total membrane protein extracted into the different 
fractions, as coomassie blue staining patterns were identical for chronic 
and acute treatment groups. Thus, it appears that Gsa is shifted into a less 
hydrophobic portion of the membrane after antidepressant treatment. 
This may be due to diminished association with the cytoskeleton. 
Supported by NIMH.

869.9
EFFECT OF CHRONIC TREATMENT BY HALOPERIDOL 
OR CLOZAPINE ON IEG EXPRESSION, AP-1 BINDING 
ACTIVITY AND FOS-RELATED ANTIGEN EXPRESSION 
IN VARIOUS BRAIN REGIONS OF THE RAT. P. Rogue*,
G. Vincendon. UPR416-CNRS, Center for Neurochemistry,
5 rue Blaise Pascal, Strasbourg 670S4 France.
Acute haloperidol treatment (2 mg/kg I.P.) transiently 

induces c-fos and jun B expression as well as an increase in 
AP-1 binding activity in the striatum (Str) and nucleus 
accumbens (NAc) of the rat. Acute clozapine (20 mg/kg) also 
raises c-fos mRNA and AP-1 activity in the Nac; clozapine 
treatment also has an effect in the prefrontal cortex (PFC) but 
not in the Str. After prolonged haloperidol administration, 
though c-fos and jun B induction in the Str and NAc were 
dessensitized, AP-1 binding activity remained elevated. 
Similar results were found in the NAc and PFC after 
prolonged clozapine treatment. By means of gel-supershift 
and Western blot experiments using an antibody produced 
against a conserved peptide sequence in Fos-related antigen 
(FRA) proteins, we show that protracted expression of FRA 
proteins occurs after repeated administration of both typical 
and atypical antipsychotics despite dessensitization of c-fos 
expression. Data will be presented concerning the possible 
identity of these antigens.

869.10
SYSTEMIC HALOPERIDOL HAS A LOW IMPACT ON ACh RELEASE IN 
THE PREFRONTAL CORTEX, NUCLEUS ACCUMBENS AND 
STRIATUM. M.A.Parada*, M.Puig de Parada, and L.Hernandez. Department of 
Physiology, School of Medicine, Universidad de Los Andes, Merida 5101 - A, 
Venezuela.
We have shown in previous reports that acute ip administration of the atypical 
neuroleptic clozapine releases ACh preferentially in the rat prefrontal cortex (PFC) 
as compared to the nucleus accumbens (NAC) and striatum (STR) (1, 2). The 
present study shows a different profile for ACh release induced by the typical 
neuroleptic haloperidol. Simultaneous triple brain microdialysis was used to test the 
effects of a single ip injection of haloperidol (5 mg/Kg; n=7) on the ACh release in 
those cholinergic fields. Haloperidol had a small effect on the ACh release in the 
three areas under study. The increase in the ACh release induced by haloperidol in 
the PFC (149±14 % above baseline; F4/24; 5.2; p<0.01) was much lower than the 
increase after 20 mg/Kg of clozapine obtained in four different groups of rats (N=5 
- 9 animals) and ranging between 310 and 355 % above their respective baselines. 
This difference could partially explain the disparate therapeutic efficacy of both 
compounds. ACh increased also slightly in the NAC (119± 10 % (F: 3.15; p<0.05) 
and STR (122±9 % (F: 2.79; p<0.05). The low impact exerted by haloperidol on the 
ACh release in the STR is particularly intriguing for we hypothetized that a large 
ACh release in this area would explain the propensity of atypical neuroleptics to 
produce motor side-effects including catalepsy. Our results suggest that at least 
catalepsy induced by the acute administration of a large dosis of haloperidol is not 
associated to an ACh overflow in the STR.
1.- Parada et al. JPET 280(1): ? 1997 (In Press).2.- Parada et al. Neurosci. Abst. 
75-11 (1996).
Supported by CDCHT-ULA grant M-574-96-B.

869.11
OLANZAPINE VS. CHLORPROMAZINE IN TREATMENT-RESISTANT 
SCHIZOPHRENIA. R. R. Conley*, C. A. Tamminga, MD Psychiatric Research Center, 
Baltimore, MD 21228.

Objective: The purpose of this study is to determine the efficacy of olanzapine, 
compared to chlorpromazine plus benztropine, in patients with well-defined treatment- 
resistant schizophrenia. Methods: One hundred four patients with well-defined 
treatment-resistant schizophrenia were given a prospective 6-week trial of 10-40 mg/dav 
haloperidol. Eighty-four of these patients both failed to respond to that trial and agreed 
to be randomized to an eight-week fixed-dose trial of 25 mg olanzapine versus 1200 mg 
chlorpromazine plus 4 mg/day benztropine mesylate. Patients began the trial after a one- 
to-two-week drug washout. Patients were rated weekly for change. Results: Seven 
percent of olanzapine treated patients responded by a priori criteria. No chlorpromazine 
treated patients responded. These response rates were not statistically different. There 
was a similar dropout rate in both arms of the study. Seventy percent of the subjects 
completed the trial. The analysis of the main criteria of improvement (BPRS total score, 
positive symptoms, SANS global score and CGI) by repeated measure in study 
completers also showed no differences between drugs. Endpoint analysis showed 
significant improvement in the BPRS anxiety score in the olanzapine group. 
Olanzapine-treated patients had fewer side effects than the chlorpromazine-treated 
patients. Rates of EPS and akathisia were similar between the groups and significantly 
lower than the rates a priori therapy. Conclusions: Olanzapine and chlorpromazine 
showed similar efficacy in this study. The total amount of improvement in the patients 
was modest. Olanzapine treatment was associated with fewer side effects than 
chlorpromazine treatment and olanzapine-treated patients had lower scores on the BPRS 
anxiety subscale. Olanzapine treatment at 25 mg/day was safe in this group of patients, 
but did not show the type of efficacy typically associated with clozapine therapy in 
treatment-resistant schizophrenia. Supported by NIMH MH 47311, Lilly 
Pharamaceutica provided olanzapine.

869.12
A PILOT BRIDGING STUDY OF CI-1007 IN SCHIZOPHRENIC PATIENTS.
N.R. Cutler*, E. L. Posvar, J.J. Sramek, S.S. Jhee, and M.A. Eldon. California 
Clinical Trials, 8500 Wilshire Blvd. 7th Floor, Beverly Hills, CA 90211

CI-1007 is a potent dopamine autoreceptor agonist with partial D2/D3 receptor 
agonist properties which is currently under development for the treatment of 
schizophrenia. CI-1007 inhibits dopamine neuronal firing, synthesis, and release in 
the brain. In preclinical studies in rats and monkeys, Cl-1007 demonstrated effects 
consistent with antipsychotic efficacy and a lower liability for EPS and tardive 
dyskinesia than dopamine antagonists. In a previous study in healthy subjects, single 
oral doses from 0.5 to 5 mg were well tolerated. Adverse events increased at the 10 
mg dose level and were limiting at 15 mg. This single-blind, rising multiple-dose, 
inpatient bridging study was designed to evaluate the safety and tolerability of CI- 
1007 in consecutive panels of schizophrenic patients. Following a four-day placebo 
washout period, 16 patients (n=4 per panel) were assigned to receive one of four 
fixed doses of CI-1007 (5, 10, 15, or 20 mg ql2h) for 5 days. Escalation to the next 
dose level was contingent upon the absence of significant adverse events at lower 
doses. CI-1007 was well tolerated over the dose range evaluated. Adverse events, 
including mild sporadic orthostatic hypotension and/or nausea and vomiting, were 
most commonly observed following the initial drug dose and decreased following 
repeated dosing. The frequency and intensity of adverse events were greatest at the 20 
mg ql2h dose level, where nausea (4 of 4 patients), vomiting (3 of 4 patients), and 
transient symptomatic orthostatic hypotension (SBP ~ 68-89 mmHg; 2 of 4 patients) 
were observed on the first three days of drug treatment; these symptoms subsequently 
lessened and CI-1007 was reasonably well tolerated for the remainder of the dosing 
period, indicating that tolerance to adverse events developed rapidly; The most 
commonly observed adverse events are characteristic of dopamine receptor agonists. 
Extrapyramidal symptoms were not observed. Doses tolerated by patients in this 
study to date were four times higher than those previously tolerated by healthy 
subjects. However, the true maximum tolerated dose in patients, as well as the 
parameters important for the development of tolerance to adverse events, need to be 
investigated further. This study was supported by Parke-Davis Pharmaceutical 
Research.
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870.1
SIMULTANEOUS PROTEOLYTIC PROCESSING OF CYTOSKELETON AND 
NUCLEAR SUBSTRATES OF CASPASES IN A NEURONAL APOPTOTIC 
PARADIGM. Rand Posmantur*#, Kim McGinnis#, Jon Morrow%, Susan Glantz%, 
Rathna Nath#, and Kevin K.W. Wang#. *Parke-Davis Pharmaceutical Research, 
Warner-Lambert Company, 2800 Plymouth Road, Ann Arbor, MI 48105 * Yale 
University School of Medicine, New Haven, Connecticut

We characterized the activation of caspase-3 (CPP32) in human neuroblastoma 
cells (SH-SY5 Y) following staurosporine challenge, an established agent known to 
induce apoptosis. Western blot analyses using anti-a- spectrin, anti-3-spectrin, anti- 
PARP and anti-CPP32 revealed breakdown products suggestive of caspase-3 
activation as early as 3 hours following staurosporine challenge. In this apoptotic 
paradigm a-spectrin breakdown products of 150 kD (aSBDP150) and 120 kD 
(aSBDP120) and P-spectrin breakdown product s of 110 kD (pSBDPl 10) and 85 
kD (PSBDP85) were presumably produced by caspases and calpain. In this 
apoptotic paradigm, we also observed the calpain mediated 145 aSBDP 
(aSBDP 145). In contrast, in a necrotic paradigm (using the calcium channel opener, 
maitotoxin) with no apparent caspase activation, the detection of only calpain- 
mediated aSBDP 150 and aSBDP 145 were observed. P-spectrin was also degraded 
by calpain to 110 kD and 55 kD fragments. N-terminal sequencing data of the major 
fragments produced following staurosporine challenge revealed that DETD,,a< *^1186 
and DSLD1478*SU79 correspond to aSBDP 150 and aSBDP 120, respectively whale 
DEVD,«,*S,«flcorresponds to both PSBDPl 10 and pSBDP85. Calpain-produced 
a-SBDP150 and aSBDP 145 correspond to VYn,t*Glty, and 
respectively. Inferred CPP32 activation was substantiated by the hydrolysis of toe 
CPP32 substrate Ac-DEVD-MCA as early as 3 hr after staurosporine challenge that 
became maximal at six hours suggesting a delayed and sustained period of activation. 
Moreover, we employed the first immunohistochemical examination of a-spectrin, 
P-spectrin, CPP32 and PARP in cells following an apoptotic challenge. Importantly, 
a pan caspase inhibitor (carbobenzoxy-Asp-CH2OC(0)-2,6-dichlorobenzene) was 
able to attenuate a -spectrin, p-spectrin, PARP, and CPP32 cleavage and altered 
immunohistochemical staining patterns for all studied proteins following 
staurosporine challenge.

870.2
ELEVATED FREE NITROTYROSINE LEVELS IMPLICATE 
TYROSINE NITRATION AS AN ABERRANT PROPERTY OF 
ONE FAMILIAL ALS-LINKED SOD1 MUTANT. L.I, Bruim1*. 
M.F. Beal2, M.W, Becher3, J.B, Schulz2. P.C. Wong3, D.L. Price3, and
D.W, Cleveland1’Ludwig Institute, UCSD, La Jolla, CA 92093,2Mass. 
General Hospital, Boston, MA 02114 and 3Johns Hopkins Sch. of 
Med. ,B altimore,MD21205.

Mutations in SOD 1 are responsible for a proportion of cases of 
familial ALS through acquisition of an as yet unidentified toxic 
property(ies). Two hypotheses are that toxicity arises from imperfectly 
folded mutant SOD1 catalyzing the nitration of tyrosines through use of 
peroxynitrite or from peroxidation through use of hydrogen peroxide as 
a substrate. To test these proposals, levels of nitrotyrosine and markers 
for hydroxyl radicals/ peroxidation were measured in mice that develop 
motor neuron disease from expressing human familial ALS-linked 
SOD1 mutation G37R. Relative to normal mice or mice expressing 
high levels of wild type human SOD1, 3-nitrotyrosine levels were 
elevated by 2-3 fold in spinal cords coincident with the earliest 
pathology and throughout progression of disease. There was no 
evidence for enhanced production of hydroxyl radicals or lipid 
peroxidation. Elevated nitrotyrosine throughout disease demonstrates 
that tyrosine nitration is one in vivo aberrant property of this mutant. 

MDA Fellowship, ALS Association and NIH Grants

870.3
ARE NEUROFILAMENTS NECESSARY FOR THE 

PATHOGENISIS OF SOD1 MEDIATED ALS IN MICE?
T.L. Williamson1, L.I. Bruiin’. K.Anderson1, J.-P. Julien2 and
D.W. Cleveland1*. ’Ludwig Institute for Cancer Research, La Jolla, 
CA 92093, and 2McGill University, Montreal, H3G 1A4.

Neurofilaments have been proposed to play a key role in the 
pathogenesis of Amyotrophic Lateral Sclerosis (ALS) either due to 
mutations in neurofilament genes or due to aberrant modification of 
neurofilament proteins, for example, through SOD 1-mediated 
tyrosine nitration. To determine whether neurofilaments are important 
for the pathogenesis of ALS, we have utilized transgenic mice that 
express human SOD1 bearing a mutation (G85R) that is known to 
cause human familial ALS. These mice show late onset hind limb 
paralysis, progressing ultimately to death arising from selective 
degeneration of motor neurons. SOD1 mutant mice were mated to 
mice lacking neurofilaments, produced by disruption of the NF-L 
gene by homologous recombination. In order to produce controls of 
every possible genotype, NF-L+/- mice were mated to NF-L+/-, 
SOD1 mice. Of 224 mice genotyped so far, 25 were positive for the 
transgene and NF-L deleted. The age of onset, progression, axonal 
numbers and axonal caliber will be determined for all genotypes. 
Evidence from the first 8 mice analyzed strongly suggest that the 
absence of neurofilaments does not accelerate the onset of disease. 
Analysis of the remaining mice will demonstrate whether 
neurofilaments are primary targets for damage mediated by this SOD1 
mutant. Funded by MDA Fellowships (T.W. and L.B), LICR and an NIH grant.

870.4
MOTOR NEURONS VULNERABLE TO ALS AND TO KAINATE 
TOXICITY ARE ENRICHED IN NON-PHOSPHORYLATED 
NEUROFILAMENTS. C. Geula*, E. Kasarskis1 and D. Saroff. Harvard 
Medical School, Boston, MA 02215 and ’University of Kentucky Medical 
School, Lexington, KY 40536.

The majority of spinal cord motor neurons and certain populations of 
cranial motor neurons degenerate in amyotrophic lateral sclerosis (ALS). 
Recent in vitro experiments have indicated that staining for non- 
phosphorylated neurofilaments (NPNF) may be a good marker of motor 
neurons. In this study, we investigated the feasibility of using NPNF as a 
marker of vulnerable motor neurons in ALS by employing the SMI-32 
antibody. In normal human spinal cord, all of the large a-motor neurons 
were SMI-32-positive. The rest of the spinal cord was virtually free of 
neuronal SMI-32 staining except rare small SMI-32-positive neurons in the 
dorsal and intermediate horns. Very few SMI-32-positive motor neurons 
were observed in ALS spinal cord. Within the brainstem, SMI-32 staining 
was observed in all cranial motor nuclei, including those resistant to ALS 
pathology, such as the oculomotor nucleus. SMI-32 staining was seen in 
motor neurons even after prolonged fixation. In organotypic slice cultures 
of rat spinal cord, the large a-motor neurons were also SMI-32-positive. 
Furthermore, these SMI-32-positive motor neurons were selectively lost after 
exposure of cultures to the non-NMDA receptor agonists kainic acid and 
quisqualic acid.

These results indicate that NPNF immunoreactivity is a good marker for 
lower motor neurons of the human brain in health and disease and in 
models of motor neuron degeneration.

870.5
BCL-2 THERAPY PROLONGS HEALTHY LIFE IN A 
TRANSGENIC MOUSE MODEL OF FAMILIAL AMYOTROPHIC 
LATERAL SCLEROSIS. Vladimir Kostic. Vemice Jackson-Lewis, 
Fabienne De Bilbao, Michel Dubois-Dauphin, and Serge Przedborski*.
Columbia University, New York, NY; and HUG, Division of 
Neuropsychiatry, Geneva, Switzerland.

Mutations in the copper/zinc superoxide dismutase (SOD1) gene 
produce an animal model of familial amyotrophic lateral sclerosis (FALS), a 
common fatal paralytic neurodegenerative disorder. To test a new 
therapeutic strategy for FALS, we examined the effect of the proto-oncogene 
bcl-2, an inhibitor of neuronal death mediated by various mechanisms, on 
SOD1 mutation-induced neurodegeneration. Overexpression of bcl-2 
delayed onset of motor neuron disease and prolonged survival in transgenic 
mice expressing the FALS-linked mutation glycine 93 to alanine. It did not, 
however, alter the duration of the disease. Overexpression of bcl-2 also 
attenuated the magnitude of neurodegeneration in the FALS-transgenic mice. 
These results indicate that bcl-2 interacts with a critical step in the 
mechanism by which SOD1 mutants initiate motor neuron disease and 
suggest that it may have a place as protective agent in the treatment of ALS.

This work is supported by the NINDS, MDA, and the Lowenstein 
Foundation.

870.6
ANALYSIS OF THE HUMAN IgG REPERTOIRE REACTIVE WITH NEURAL 
ANTIGENS. G.Goldsteins’, N.Vartiainen’, R.Roivainen*’'2,1.Alafuzoff2, H.Soininen2 
and J. Koistinaho’. ’A.I.Virtanen Institute, University of Kuopio, 2Neurology Clinic, 
Kuopio University Hospital, P.O.Box 1627, FIN-70211 Kuopio, Finland.

Autoimmunity towards neuronal proteins is one of the most intriguing hypotheses 
concerning the cause of amyotrophic lateral sclerosis (ALS). Several autoantigens, 
including voltage sensitive calcium channel proteins, have been suspected to trigger 
immunity-mediated degeneration of motor neurons. Though immunization of 
laboratory animals with bovine spinal cord ventral horn homogenate yields symptoms 
similar to ALS, reports about the presence and specificity of autoreactive IgG in 
humans are contradictory. On the other hand, a wide range of naturally occurring 
antibodies towards self antigens has been recently described.

In order to evaluate the possible contribution of humoral autoimmunity in ALS 
pathogenesis, 10 sera from patients with ALS diagnosis and 64 controls were screened 
against neural proteins extracted from rat and human spinal cord. Proteins were 
separated by SDS-PAGE, blotted onto a PVDF membrane and probed with diluted 
sera. Bound IgG was visualized employing peroxidase labeled secondary antibodies 
and scanned on a densitometer.

The patterns obtained showed a wide diversity between samples in reactivity against 
rat antigens in the range of 30 - 150 kDa, while the repertoire recognizing human 
antigens was notably less heterogeneous. The main variation of IgG binding to human 
antigens was observed for 46 and 65 kDa bands. The significant reactivity with either 
one of those proteins was twice as common in ALS patients, being present in 5 of the 
10 ALS sera (50%) and 15 of 64 control sera (23%). The treatment of the blotted 
proteins with alkaline phosphatase resulted in a loss of binding to 65 kDa protein 
suggesting the presence of phosphorylated amino acids in the epitope.

The results suggest that the self-reactive antibody repertoire is altered in ALS 
patients, which may be related to the neuronal degeneration in ALS.
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87®.7
CELLULAR PHOSPHORYLATION OF NEUROFILAMENT HEAVY 
SIDE-ARM DOMAINS BY PROLINE DIRECTED KINASES

VtAntosQU, M, Kibble, g, AI-Sarraj/.RlSL ]^sgh.aad
C.C.T. Miller, Dept of Neurology, Institute of Psychiatry, Denmark Hill, 
London, SE5 8AF.

Perikaryal accumulations of phosphorylated neurofilament heavy (NF- 
H) side-arm domains in motor neurones are a characteristic pathological 
feature of amyotrophic lateral sclerosis (ALS). Antibodies to 
phosphorylated neurofilament proteins are thus commonly used 
reagents in the investigation of ALS.

In order to map the epitopes for these diagnostic antibodies and to 
further understand the cellular mechanisms regulating their reactivity, 
we have constructed three fragments of the multi-phosphorylation 
repeat domain (MPR) of NF-H, and have studied their antibody 
reactivity profiles in COS cells co-transfected with the proline directed 
kinases, cyclin-dependent kinase-5 (cdk- 5) together with its activator, 
p35, and glycogen synthase kinase 3-a (GSK 3-a). The first of these 
fragments spanned the entire MPR domain, the second spanned the 
carboxyl part of the MPR domain encompassing the putative cdk-5 sites, 
and the third consisted of the amino portion of the MPR domain.

The epitopes for the NF-H monoclonal antibodies, 8D8, RT97 and 
SMI34, all appear to be contained within fragment 2, and their reactivity 
is greatly enhanced by cdk-5/p35 induced phosphorylation. In contrast, 
RMO24 reactivity appears to be regulated by GSK-3-a induced 
phosphorylation and its binding site may well bridge fragments 2 and 3. 
The epitope for the putative PO4[-] antibody, SMI32, appears to be 
contained within fragment 3.

Wellcome Trust & Medical Research Council

870.8
IMPROVEMENT BRAIN ACTIVITY BY ELECTRIC FIELD IN AMYOTRO-
PHIC LATERAL SCLEROSIS PATIENTS.G.Markarov*,L.Chernico- 
va,V.Barhatova. HOSP83,POB53,Moscow 115598, Russia.

OBJECT:To check the possibility to control brain 
tone, neurohaemodynamic, clinical indices in Amyotrophic 
Lateral Sclerosis Patients /ALSP/ by electric field/EF/. 
MATHERIALS,METHODS: The Main group/13ALSP/ underwent the 
EF, drug/D/-treatment. Control 1 /10ALSP/- EF placebo+D, 
Control 2/10ALSP/-only D.Control 3/10ALSP/- only EF. 60- 
80hz, lmv/cm, generated by "Infita" device, directed to 
the eyes, head of patients during 3-15 min.,10 days. 
RESULT,DISCUSSION:In the Main, 3d Control group the 
intensity of headache,dizziness,muscular twitching, tone 
in the ALSP were decreased after the treatment, more 
pronounced in the Main.These data well correlated with 
stabilisation brain level constant potential, increase % 
in delta-,teta-ranges/EEG data/in the level of its 
coherence, what confirmed the sedative effect of the EF 
in the ALSP.The decrease glutamat, glycin, tendency to 
reduction aspartat, noradrenalin indirectly confirmed 
arrest the brain excitotoxicity effect under the EMF 
treatment in the Main ,3d Contol group. In these groups 
were shown the tendecy to the conrol of blood pressure. 
In 1,2 Control groups the dynamic wasn't .
CONCLUSSION: The research stated sedative effect and 
control of bba, improvement haemodynamics, neuro-
transmitters changes, clinical indicies in ALSP under 
the special frequencies of EF dosed in time, space.

870.9
EVIDENCE FOR ALTERED MITOCHONDRIAL FUNCTION IN AN 
INSULIN DEFICIENT MODEL OF DIABETES MELLITUS. S. Srinivasan 
and J. W. Wilev*, University of Michigan, Ann Arbor, MI 48109.

Using a Streptozotocin-induced model of diabetes mellitus, we measured the 
mitochondrial membrane potential (Ay) in control and diabetic dorsal root ganglion 
(DRG) neurons. Male Sprague Dawley rats (age 3-4 mo) were injected with 
streptozo'tcin (45 mg/kg) intraperitonealy, and developed hyperglycemia (395 + 65 
mg/dl) within lweek. Four to six weeks after induction of diabetes, DRG neurons 
were isolated from control and diabetic animals, and plated on coverslips. 
Experiments were performed within 6 hours of plating. Ay was measured using the 
confocal laser microscope and the ratiometric indicator JC-1 (5,5',6,6',-tetrachloro- 
1,l',3,3', tetraethyl benzimidazolocarbocyanine). Ratios (527 nm/590 nm) < 1 
correlate with a Ay < -100 mV and > 1 with Ay > -lOOmV, the latter correlating 
with decreased ATP generation (Reers et al., 1991). DRG neurons were loaded with 
JC-1 (2.5 pg/ml) for 20 minutes at room temperature, and ratios were obtained 
under basal conditions, stimulated (10 pM glutamate for 5 min in Mg^ -free buffer 
supplemented with lOpM glycine), and recovery (defined as return to 65% of basal 
ratio at 50 minutes after glutamate wash-out). The basal mitochondrial ratio was 
significantly higher in diabetic neurons compared to controls (diabetic 2.34 ± 0.2; 
n=63; 3 animals, control 1.13 + 0.1; n=50; 4 animals, p=0.006). During 
depolarization with glutamate, peak ratios were significantly higher in diabetic 
neurons compared to controls (diabetic 6.1 ±1.6 ; n=54, control 1.59 + 0.5 ; n=35, 
P--0.02). Forty-three percent of the diabetic neurons recovered, compared to 75% of 
control neurons. These results indicate that, 1) it is feasible to monitor Ay in real-
time under culture conditions, 2) mitochondrial de-energization and resultant ATP 
depletion occurs relatively early in diabetes, and 3) this may contribute to the 
pathogenesis of diabetic neuropathy.
Supported by NIH and VA Merit Awards to JWW

870.10
FACTORS INFLUENCING POTENCY OF BOTULINUM TOXIN 
IN MAN. H. Bigalke*, K. Wohlfarth§, J, Ahmadpour, J. Freverff, R. 
Dengler§. Inst, of Toxicology and §Dept. of Neurology, Hannover 
Med. School, 30623 Hannover, sBioteCon, 13355 Berlin, Germany.

The efficacies and potencies of different preparations of botulinum neuro-
toxins type A were investigated in vitro, using the mouse phrenic nerve- 
hemidiaphragm which is an approved tool for measuring biological activity 
of clostridial neurotoxins. In addition, in a double-blind trial involving 
volunteers, two commercial products were tested for their capacity to cause 
muscle paralysis in vivo. Although the activities of both products are ex-
pressed in units the specific activities differ with regard to molarity. 
Dysport™, a toxin-hemagglutinin complex (M/? 900,000), was as potent as 
our own neurotoxin 1, whereas neurotoxin 2 (Mft 150,000 each) was 10 
times more potent. The dose-response curve of Botox™, however, which is 
also a complex neurotoxin, was shifted to the right by a factor of 10 and 100, 
when compared with neurotoxins 1 and 2, respectively. Since Dysport™ was 
reported to be 5 times less active in patients with regard to activity as expres-
sed in U the contribution of the formulations of the commercial products to 
potency was investigated in vivo and in vitro. The extent of failure in muscle 
paralysis depended cm the vdume injected and could be reduced by injecting 
larger volumes. If diluted too much, however, stabilizing albumin present in 
the toxin products lost some of its protective effect. The addition of small 
amounts of the protein could compensate for the loss in potency. On the 
basis of our findings we would like to suggest that a toxin of the highest 
specific activity, similar our neurotoxin 2, should be prepared and suitable 
formulation chosen so as to allow maximum exploitation of biological 
activity. This would minimize the risk of stimulating antibody production.

870.11
EFFECT OF DILUTION ON ACTIVITY OF COMMERCIAL 
PREPARATIONS OF BOTULINUM TOXIN A IN* MAN. BL

of Neurology arid institute of Toxicology, Medical University 
Hannover, 30623 Hannover, Germany.

At present, focal dystonias are treated with two commercial preparations 
of botulinum toxin A, DYSPORT™ and BOTOX™. As our previous 
studies have shown, these products have identical activities on a unit-to- 
unit basis (WOHLFARTH et al. 1997), but their protein contents and 
protein concentrations differ considerably, and differing numbers of units 
are applied for therapeutic purposes. Using high doses raises the problem 
of a response by the immune system. To j/oid the immunological 
response, we diluted DYSPORT™  ̂to 50U= 1.2 ig/ml, reduced the dose to 
25% its usual former value and administered )• to 20 patients who had 
previously received larger doses of DYSPORT™ at a higher concentration 
(200U=5.0ng/ml). One half of these patient1 suffered from torticollis 
spasmodicus, while the other half suffered f?om blepharospasm. The 
therapeutic effect was assessed with the help of modified clinical scoring 
(TSUI et al. 1986, ELSTON et al. 1988). Intraindividual comparison 
revealed similar results with each dosage. In particular, both the time of 
onset and the duration of clinical improvement remained unchanged. Side 
effects, on the other hand, were significantly reduced when the lower dose 
and lower concentration were used. In summaj) low dose treatment with 
less concentrated toxin resulted in clinical effectiveness combined with 
fewer side effects. Moreover, the risk of dose-dependent formation of 
neutralizing antibodies can be kept to a minimum.
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871.1
CHROMATOGRAPHIC CHARACTERIZATION OF AMYLOID S PEPTIDE 
IMMUNOREACTIVITY IN ALZHEIMER DISEASE BRAIN TISSUE. B. E. 
Boves*1, D. G. Walker21)Hewlett-Packard Company, Little Falls Analytical 
Division-Newport Site, Newport, DE 19804, USA., 2) Div. of Neurological 
Sciences, Dept. of Psychiatry, Univ. of British Columbia, 2255 Wesbrook Mall, 
Vancouver, B.C. V6T 1W5 Canada.

In the Alzheimer Disease (AD) brain, amyloid precursor polypeptides (APPs) 
are processed in a fashion which ultimately leads to the deposition of 
extracellular amyloid plaques. The major peptidic components of the plaques 
are the amyloid S peptides (ASs), which extend to the C-terminal 40-43 
residue positions. Chromatographic separations of the amyloid peptides would 
aid in detailing the heterogeneity of peptides present in tissue, but have been 
problematic, exhibiting poor resolution and recovery under standard gradient 
reversed-phase HPLC (RP-HPLC) conditions. Conditions are described which 
permit highly-efficient HPLC separations of the synthetic ASs, allowing 
baseline resolution and high mass recovery. This separation has been applied 
to the measurement of the levels of resolved AB peptides in AD brain tissue, 
using off-line immunoassays. The use of elevated column temperature 
permits crude formic acid extracts of AD brain tissue samples to be directly 
injected, while minimizing the differential loss of immunoreactive materials. 
Fractions of the RP-HPLC resolved extracts were assayed for AS 
immunoreactivity by sandwhich ELISAs and immunoblotting. Two major 
peaks of AS immunoreactivity were observed in AD tissues, corresponding to 
AS(1-42) and to a co-eluting mixture of several discrete higher molecular 
weight species. The ready recovery of these higher molecular weight species 
permits analysis of their structures by direct protein chemical methods.

This research was supported by Rockland Technologies, Inc. (BEB), Hewlett- 
Packard (BEB) and by the Alzheimer Society of B.C. (DGW).

871.2
COMBINATION ASSAY FOR CEREBROSPINAL FLUID TAU AND 
BETA-AMYLOID IN ALZHEIMER'S DISEASE. M. Kanai*, E. Matsubara. M. 
Watanabe. M. Shizuka, Y. Ikeda, Y. Tomidokoro, Y. Igeta, T. Kawarabayashi, Y.
Harigaya, K. Ishiguro, K. Okamoto and M. Shoji, Dept. of Neurolgy, Gunma Univ. 
Sch. of Med., Maebashi, Gunma 371, JAPAN

We studied cerebrospinal fluid (CSF) samples from 217 subjects consisting of 93 
patients with sporadic Alzheimer's disease (AD), 35 age-matched normal control 
subjects (NC), 33 age-matched patients with non-AD dementia (NA), and 56 
patients with other neurological diseases (ND), examined by ELISA of CSF tau 
(Innogenetic, Belgium), Api-40 and Ap 1-42(43) (Suzuki, 1994), In the NC group, 
CSF tau was inceasing with aging (Y=2.61X+54.39, r2=0.196, p<0.001). The AD 
group (465.1 ± 272.9 pg/ml (mean +/- SD)) had a significantly higher level of tau 
than the NC group (219.0 ± 137.0 pg/ml) (p< 0.001), the NA group (252.3 ±
135.3 pg/ml) (p<0.001), and the ND group (197.8 ±88.8 pg/ml) (p<0.001). When 
the cut off value was set at the mean + 2SD in the NC group, the diagnostic 
sensitivity was 35% and specificity was 88%. CSF Api-40 levels did not show any 
significant difference. Although the level of Ap 1-42(43) was decreased 
significantly in the AD group (126.3 ± 64.4 fmol/ml) compared to the NC group 
(285.4 ± 221.6 fmol/ml) (p< 0.005), the overlaps of Ap 1-42(43) level among all 
groups meant that none of the AD samples exceeded the cut-off value, the mean - 
2SD of normal control subjects. Reduction of Ap 1-42(43) level in AD resulted in a 
significant increase in the ratio of Api-40 to Ap 1-42(43) (Ap ratio) as an improved 
marker. The diagnostic sensitivity and specificity' were 52% and 65% respectively. 
The AD index, using production of CSF tau and Ap ratio, showed better sensitivity' 
(71%) and specificity (79%) than any methods reported before. Combination assay 
for CSF tau, Api-40 and Ap 1-42(43) in CSF is a biological marker of AD and may 
be useful for biochemical monitor to subjects under treatments.

871.3
CEREBROSPINAL FLUID A(340 IS DECREASED AND A(342 IS
INCREASED IN SUBJECTS WITH MILD TO MODERATE ALZHEIMER'S 
DISEASE. M. Jensen^. M. Blomberc . B. Engvall . T. Hartmann2. N. Ida2. K 
Bevreuther2. H. Basun1. L.-O. Wahlund' and L. Lannfelt1 Karolinska institute. 
Dept. of Clinical Neuroscience and Family Medicine. Huddinge Hospital. S-141 
86 Huddinge. Sweden. ‘Zentrum fur Molekulare Biologie Heidelberg tZMBH j. 
Universitat Heidelberg. 69120 Heidelberg. Germans.

The amyloid [3 peptide (A3) is the mam constituent et the senile 
plaque, a neuropathological marker of Alzheimer disease (AD). A(3 is secreted 
from carious tissues and occurs m soiunle terms m Goad Jia mrebrospmal fluid 
(CSF) We ha\e dec eloped two enzcme linked immunosorbent mm ELISAs) 
to specifically measure A3 terms ending at jams mT ->1 and 42 m CSF 
samples The sublets m this studs were eitr.er diagn sea as im d m no derate 
AD (n=29 a mild cogmtme impairment (n=± ir.do uaJs aith c< gmm e 
symptoms not \et secere em ugh to fulfil me critei.c ft i aemeruai o; w eic 
healthy, age-matched controls ,n=2u) From all >udem ever: tne c m\s. mco 
samples were taken with a mean time lap of )5 mentr.s Tne lesulw stem eu 
lower lecels or Ag>4<1 in AD compared m the cento L i .oz+z-Ui s 
2270+519 pM, p=d()12 i AD did mu uitte; s.gmiwanth, ? nm gmtr.e 
impairment, and both showed a deeiease ot A3411 from the first saimde .mNeri 
to the second (p=0.O37 >. For A342 there was no difference oetween the two 
sample occasions, but AD ( 15U±S4 pM) and mild cognitive impairment 
(207±105 pM ) were both sigmticanth increased compared to the control g: am 
(93+39 pM) (p=().U007 and p<0.0001 respectively). The A342 levels m AD 
were significantly lower than in mild cognitive impairment (p=0.01 1 u An 
earlier study (Motter et al.. Ann Neurol 19951 3»:64?-648 > snowed decreased 
levels of A(342 m Alzheimer patients more severely demented than the ones m 
our study. The four most demented Alzneimer subjects m this study all had low 
levels of A(342. Taken together, these results suggest an increase ot A(3-2 m 
CSF in early stages of Alzheimer dementia, and that the levels of A)340 as well 
as A{342 might decrease as the disease pi ogresses This studs was supported b\ 
the Gamla Tjanarinnor foundation and the Swedish Medical Research Council 
(no. 10819).

871.4
BINDING AND TRANSPORT OF AMYLOID-S PEPTIDE AT THE HUMAN 
BLOOD-BRAIN BARRIER IN VITRO. B.V. Zlokovic* J.B. Mackie, M.
Stins, J.G.-McCc-mb, S.D. Yan, D. Stern, J. Ghiso, B. Frangione and
K.S.Kim. Dept. Neurol. Surg, and Divn. Nrsg. Childrens Hospital USC Sch. 
Med. Los Angeles, CA 90033, Dept. Pathol. New York Univ. Med. Center 
NY 10016, and Dept. Pathol. Columbia Univ. New York, NY 10032

Endothelial binding, transport and metabolism of amyloid-S (1-40) 
peptide (AS) were studied using in vitro model of human blood-brain barrier 
(BBB). Both, binding and transport of AS across human brain 
microvascular endothelial cell (HBMEC) monolayer were initiated at the 
luminal side, but were not detectable from the abluminal side. Two specific 
acceptor BBB luminal sites with respective Kds of 7.9 and 58.8 nM 
mediated AS binding to HBMEC in normal adults. Antibody against the 
receptor for advanced glycation end products (RAGE) and acetylated low- 
density lipoprotein (AcLDL) produced maximal 63.5% and 32.8% inhibition 
of AS luminal endothelial binding, respectively. Specific transport system 
(Km of 45 nM) sensitive to RAGE blockade was involved in luminal to 
abluminal translocation of intact AS across HBMEC. Up to 20% of peptide 
was metabolized by adult HBMEC, while > 90% of transported AS was 
intact. HMBEC from Alzheimer’s Disease patients retained and transported 
60-80% more intact peptide than adults. We conclude that endothelial 
RAGE and scavenger receptors participate in binding and cellular uptake 
of AS at the luminal side of human BBB, while RAGE and/or specific 
transporter might be responsible for its transcytosis.

Grants NS 34467 and AG14526

871.5
ENHANCED MICROVASCULAR SEQUESTRATION AND BRAIN UPTAKE 
OF ALZHEIMER’S AMYLOID-3 PEPTIDE IN AGED SQUIRREL MONKEY.
J.B. Mackie* M.H. Weiss, W. Miao, J. Ghiso, M. Calero, J, Badinq, B.
Frangione, and B.V. Zlokovic Dept. Neurol. Surg. and Divn. Nrsg. Childrens 
Hospital, and Dept. Radiol. USC Sch. Med., Los Angeles, CA 90033, and 
Dept. Pathol. New York Univ. Med. Cntr. NY 10016

Senescent non-human New World primate squirrel monkey (Saimiri 
sciureus) is a valuable model to study pathogenesis of cerebrovascular 
amyloid angiopathy (CAA). We compared in vivo pharmacokinetics, brain 
uptake, cerebral capillary sequestration and metabolism of systemically 
administered [125l]-amyloid-p (1-40) peptide (Ap) in adult (8-10 yrs old) and 
aged (24 yrs plus) squirrel monkey. The half-elimination and mean 
residence circulation time of intact Ap were about 1.5-fold longer in aged 
animals. After 1 hr, 72% of peptide was intact in plasma of aged monkeys 
vs. 59% in adults. Brain uptake of intact Ap corrected for the distribution of 
the vascular space marker inulin, was about 2-fold higher in aged monkeys; 
the sequestration by cortical capillaries and uptake by small leptomeningeal 
vessels were 7.3 and 2.3-fold higher, respectively. After 1 hr, > 90% of 
peptide was still intact in cerebral microvessels of aged monkeys in 
comparison to 80% in adults. In brain, 70% of circulating Ap remained intact 
in parenchyma of aged animals vs. 45% in adults. Cerebrovascular 
permeability to inulin was not altered by aging. It is concluded that vascular 
barriers of the CNS in aged squirrel monkeys may favor cerebrovascular 
retention of Ap through increased mechanisms for cerebrovascular uptake 
of intact peptide and reduced systemic and CNS degradation. This, in turn 
may enhance the development of CAA.
NS 34467, AG 14526 and AG 10953

871.6

CEREBROVASCULAR SMOOTH MUSCLE CELLS INTERNALIZE 
ALZHEIMER AMYLOID BETA PROTEIN VIA A LIPOPROTEIN 
PATHWAY- PATHOGENETIC RELEVANCE IN CEREBRAL AMYLOID 
ANGIOPATHY R, Prior *, B, Urmoneit. I. Prikulis. G. Wihl, D. D’Urso. R. Frank, 
J, Heeren and U. Beisiegel. Department of Neurology, Heinrich-Heine-University of 
Diisseldorf, 40225 Diisseldorf; Medical Clinic,University Hospital Hamburg,Germany.

Cerebral amyloid angiopathy (CAA) is caused by the cerebrovascular deposition of 
Alzheimer amyloid beta protein (AB) and shows an increased incidence in carriers of the 
apolipoprotein E (APOE) epsilon4-genotype. To study the pathogenesis of CAA, 
primary cultures of human and canine smooth muscle cells from leptomeningeal 
vessels were incubated with fluorescein- and biotin-conjugated amyloid (3-protein. In 
the presence of human serum or cerebrospinal fluid. AB1-40 and A131-42 were rapidly 
internalized and appeared within endosomal and finally lysosomal vesicles. The 
accumulation of intracellular AB was enhanced by forskolin and chloroquine and was 
blocked by cycloheximide, brefeldin A and pretreatment with trypsin suggesting that 
internalization of AB occurs by receptor-mediated endocytosis. The internalization of 
AB was also inhibited by lipid-free serum or by incubation with the 39-kD receptor- 
associated protein (RAP) indicating that AB is internalized via a receptor of the low 
density lipoprotein receptor (LDLR) family. A lipoprotein pathway was confirmed by 
colocalization of cell surface bound or internalized AB to APOE and LDLR-related 
protein (LRP) using confocal laser scanning microscopy. We propose a pathogenetic 
model of CAA, where AB-APOE-complexes contained within lipoproteins of the 
cerebrospinal fluid or the extracellular fluid of the brain are internalized and 
accumulated in cerebrovascular smooth muscle cells. Such a model can explain the 
preferential localization of CAA to the outer and middle layers of cortical and 
leptomeningeal arterioles and indicates a mechanism by which the APOE-genotype 
might determine the risk of CAA. Supported by DFG (Mu 630 5-1).
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871.7
AB DEPOSITION, CLEARANCE AND TOXICITY IN A RAT MODEL
S.A. Frautschv*, J.J. Sigel 4T Mendoza, M.E. Harris-White and G.M. Cole 
Depts. Medicine and Neurology, University of California, Los Angeles, 
CA 90095 and GRECC, Sepulveda VAMC, Sepulveda, CA 91343

Since nothing is known about normal CNS AB clearance, we screened a 
panel of protease inhibitors for their ability to inhibit the loss of AB from 
human and rat astrocyte conditioned media and selected two inhibitors 
for further in vivo study using our two-site ventricular AB infusion/injection 
model and quantitative image analysis. The cysteine protease inhibitor 
leupeptin increased the total number and area of immunoreactive (ir) AB 
deposits in rats co-infused with AB40. Co-infusion of the serine protease 
inhibitor aprotinin with AB40 significantly increased total plaque area in 
the whole brain, but increased number of deposits only in the 
hippocampus. Infusion of vehicle alone also seemed to induce some 
deposits, suggesting the involvement of injury-induced factors in 
endogenous AB deposition. Confirming our published work, injection of 
TGFB1, further increased the number of deposits. Using TUNEL, which 
detects DNA fragmentation, to characterize toxicity, we found that 
protease inhibitors increased, and addition of AB40 and TGFB1 further 
increased, TUNEL labeling. Studies on progression of plaques, and a 
quantitative analysis of gliai response and neuron loss associated with 
this and other infusion models are underway. In summary, in addition to 
the previously identified TGFB1, protease inhibitors capable of reducing 
AB degradation represent a new class of factors promoting AB deposition 
and toxicity in vivo. Supported by grants NS30195 and AG10685.

871.8
PRESENILIN 2 MUTATIONS LINKED TO FAMILIAL 
ALZHEIMER’S DISEASE INCREASE THE PRODUCTION OF
AB42. T, Iwatsubo*1, T. Tomita1, S, Tokuhiro1, T. Hashimoto1, T.C. 
Saido2, K, Maruvama3. 1 Dept. of Neuropathol. & Neurosci., Univ. of 
Tokyo 2 Tokyo Metr. Inst. Med. Sci. 3 Natl. Inst. Phys. Sci., Japan

To elucidate the mechanisms whereby mutations in presenilin (PS) 
genes cause early-onset familial Alzheimer’s disease (FAD), we transfected 
cells with cDNAs encoding wild-type (wt) or mutant (mt: N141I or M239V) 
PS2 linked to familial Alzheimer’s disease (FAD), and quantitated the levels 
of secreted AB40 and AB42 by AB C-terminal specific ELIS As. The 
percentages of AB42 that comprised the total AB (%AB42) in culture media 
of human neuroblastoma IMR32 cells stably transfected with mt PS2 were 
46.9%(N141I, AB1-42), 40.0% (N141I, ABx-42), 38.1% (M239V, AB1- 
42), 32.4% (M239V, ABx-42), respectively, that were 3-5 fold higher than 
those in cells transfected with wt PS2 (%Afil-42: 9.6%, %ABx-42: 10.5%). 
The extent of the increase in %AB42 was significantly higher than those in 
IMR32 cells transfected with M146Vmutant PSI (%ABl-42: 16.4%, %AB 
x-42: 12.2%). The %AB42 in mouse neuroblastoma N2a cells transfected 
with N141I mt PS2 was 52%, which was ~4 fold higher than those in cells 
with wt PS2. These results strongly suggest that PS2 mutations lead to 
FAD by fostering the production and deposition of AB42 as amyloid. PS2 
are proteolytically cleaved into two fragments. To determine whether full- 
length mt PS2 or N-terminal fragments (NTFs) thereof (that harbor the 
mutations) are more potent in their capacity to increase the production of 
AB42, cDNAs encoding truncated wt or mt PS2 corresponding to the NTF 
are currently being transfected into cultured cells. The changes in the 
secretion of AB42 in cells transfected with antisense PS cDNAs that are 
depleted of endogenous PS will also be presented. (Supported by CREST 
and by Grants-in-Aid from the Ministry of Education, Science, Culture and 
Sports and Mitsubishi Foundation, Japan.)

871.9
AB1-40 OR AB1-42 LEVELS ASSOCIATED WITH APOLIPOPROTEIN E 
GENOTYPE IN SPORADIC ALZHEIMER'S DISEASE. K, lshii(1,2k A. 
Tamaoka(2), S. Shoji(2k M. Gearing(3), S. Mirra(3), H, Mori.*(1) Dept. of Mol. 
Biol., Tokyo Inst, of Psychiatry, Setagaya-ku, Tokyo 156 (1); Dept. of 
Neurology, Univ. of Tsukuba, Tsukuba, Ibaraki 305, Japan (2); VA Medical 
Center and Department of Pathology and Lab. Med., Emory Univ. Sch. of 
Med., Atlanta, GA 30033 (3).

Apolipoprotein E (Apo E) e 4 is recognized to be a risk factor for the 
development of late-onset Alzheimer's disease which is associated with 
increased amyloid deposition. We recently reported that Apo E e4 dosage 
correlates with an increase in A(3 1-40 but not 1-42(43) immunostained 
plaques (Gearing et al. Ann. Neural.(1996) 39,395-399). In the present 
study, we biochemically studied this relationship using a sensitive sandwich 
ELISA system to measure the amounts of A(31-42(43), 1-40, X-42(43) and X- 
40. Total AB was extracted with formic add from frozen brain tissue derived 
from 36 autopsy cases of late-onset sporadic AD. We measured the levels of 
two AB species ending at residue 40 or at residues 42(43) by the ELISA 
system. Apo E genotype was determined on DNA extracts of frozen brain 
tissue by PCR/restriction enzyme digestion (Hixson & Vernier. J. Lipid 
Res.(1990) 31,545-548) The results indicate that ApoE allele dosage 
correlated significantly with cortical AB 1-40 and X-40 levels, while AB 1- 
42(43) and X-42(43) levels showed no significant association with genotype. 
These results reinforce our immunohischemical findings, and suggest that A 
B 1-40 dose not influence the onset time, but accelerates the development 
of the disease.

871.10
PEPTIDE COMPOSITION AND PROTEOLYSIS OF AMYLOID 
P-PROTEIN ARE AFFECTED BY PRESENILIN 1 MUTATIONS
R. Wang1*, L. Mazzarelli1, B.T. Chait1, H. Xu2, M. Seeger2, S. Gandy2,
S. Wagner3, G. Thinakaran4 & S.S. Sisodia4. laboratory for Mass 
Spectrometry, The Rockefeller Univ., New York, NY 10021; 2Dept. of 
Neurology & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021; 
3SIBIA Neurosci, Inc., La Jolla, CA 92037; ^Neuropath. Laboratory, The 
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205

Recent studies show that missense mutations in the presenilin 1 (PSI) 
and presenilin 2 (PS2) genes, which cause many cases of early-onset 
familial Alzheimer’s disease, increase the ratio of AfWAp40 peptides. To 
understand the mechanism of this elevation of AfWAj^o caused by PSI 
mutations, we have analyzed the total peptide composition of Ap secreted 
by N2a cells stably co-transfected with human APP cDNA and human wt- 
, M146L-, A246E-, exon-9 deletion-PSl cDNAs by immunoprecipitation- 
mass spectrometry analysis. Increased Ap43 and other AJ3 variants, for 
example which resulting from cleavages at Y10-En, K28-G29, by some of 
the PSI mutations as well as the elevated A|WAp4o were observed. 
Further more, we have investigated the effects of these PSI mutations on 
proteolysis of AJ3 by incubating synthetic human AjLo and A^42 with the 
conditioned media of above cells. The association of different Ap peptide 
composition pattern, the degraded Ap fragments and degradation rates to 
PSI mutations allow us to propose a possible mechanism of how PSI 
effects soluble Ap. Results from the analysis of AP peptide composition in 
human brain tissue specimens obtained from carrier of mutant PSI genes 
further indicates the effect of PSI mutation on Ap in Alzheimer’s disease.

Source of support: Alzheimer's Association RG1-96-070 (RW)

871.11
ANALYSIS OF PLASMA Ap CONCENTRATION. C.B. Eckman1-2, N. Graff- 
Radford1, D. Yager1, L.H. Younkin1* and S.G. Younkin1. ’Mayo Clinic Jacksonville, 
Jacksonville, FI; department of Neuroscience, Case Western Reserve University, 
Cleveland, OH.

We have previously demonstrated elevations in plasma AP concentration in 
carriers of presenilin 1, presenilin 2, and APP mutations linked to familial 
Alzheimer’s disease. During the course of this analysis we observed an apparent 
correlation between Ap concentration and age. To pursue these observations further 
we analyzed a large group of non-demented control patients. This analysis 
confirmed that Api-40 is the major species of the peptide in plasma, identified a 
small subset of the population in which AP42 concentration was elevated in the 
range associated with AD, and showed an age related increase in the concentration 
of both Api-40 and Ap42. Patients with Down’s syndrome invariably develop 
Alzheimer like pathology provided they live past the age of 40. To determine 
whether or not plasma Ap concentration is elevated in these patients we examined a 
series of Down’s Syndrome patients ranging from newborn to 40 years of age. These 
results showed a highly significant increase in the concentration of both Api-40 and 
AP42 in these patients when compared to age matched controls. Interestingly, a 
significant decline in AP42 concentration was observed in the Down’s syndrome 
population with increasing age. This result may be due, at least in part, to declines in 
detectable Ap concentration resulting from either aggregation and/or deposition of 
the peptide and is consistent with the declines observed in CSF in patients with 
Alzheimer’s Disease. The diagnostic potential and implications for measuring both 
increases and declines in AP concentration will be discussed.

Supported by an ADCC Pilot (CBE) and the NIH (SGY).

871.12
N-TERMINAL HETEROGENEITY OF B-AMYLOID DEPOSITS T.L, Tekirian*.
T.C, Saido, P.R, Wekstein. W.R, Markesberv, MJ, Russell, E, Patel. D.M, Snow. J.W,
Geddes, Sanders-Brown Center on Aging, Dept. Anatomy and Neurobiology, Univ. 
Kentucky; Dept. Molecular Biology, Tokyo Metropolitan Institute of Medical Science, 
Tokyo, Japan; Anesthesiology, School of Medicine, Univ. California, Davis-

N-terminal heterogeneity may play an important role in the aggregation, toxicity, and 
stability of B-amyloid (AB) deposits. Parenchymal and cerebrovascular AB (CVA) deposits 
are observed in the aged human brain and in several aged non-human mammals. 
Immunocytochemistry and image analysis were used to examine the distribution and 
abundance of four AB N-terminal isoforms in hippocampi and temporal cortices of 
Alzheimer’s disease (AD) cases, non-demented elderly controls, aged beagles and polar 
bears. Tissues were examined using affinity-purified polyclonal antibodies specific for AB 
beginning at position one [ABNl(L-Asp)], racemized N1 [ABNl(D-Asp)], pyroglutamate 
at N3 [ABN3(pyroGlu)j, and p3 [ABN17(Leu)j. Diffuse plaques and CVA in each species 
were immunostained with each of these antibodies. In diffuse plaques, ABN3(pyroGlu) 
was most abundant, and appeared to be deposited initially along with ABNl(L-Asp). The 
deposition of these two isoforms was followed by the ABN 17(Leu) and finally by ABN 1 (D- 
Asp). The detection of ABNl(D-Asp) in diffuse plaques in all species suggests that these 
deposits are stable. Mature, cored plaques immunostained with ABN3(pyroGlu) and 
ABNl(L-Asp) in AD cases, and were additionally immunoreactive with ABNl(D-Asp) in 
non-demented individuals with cerebral atherosclerotic and vascular hypertensive changes. 
ABN17(Leu) was absent from cored plaques in all but one case, the oldest individual 
examined. In human CVA, ABNl(L-Asp) and ABN17(Leu) were detected prior to 
ABN3(pyroGlu) and ABNl(D-Asp). Aged canines exhibited numerous N-terminal AB 
immunoreactive CVA deposits; such CVA was only mildly abundant in the polar bear. 
Taken together, the results illustrate that diffuse plaques, cored plaques, and CVA deposits 
are each associated with unique patterns of AB N-terminus isoform deposition. This work 
was supported by NIMH 1F31MH11650-01 (TLT) and NIAR35 AG08974 (JWG).
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872.1
THREE-DIMENSIONAL MOVEMENTS AT CONSTANT AFFINE VELOCITY. 
F.E. Rollick*, T. Flash§, P.J, Giblint and G. Sapirot ‘ATR HIP Labs, Japan; 
§Weizmann Institute of Science, Israel; tUniversity of Liverpool, England 
and ^Hewlett-Packard Labs, Palo Alto, USA.

It has been shown for two-dimensional (2D) drawing movements that the 1/3 
power law relating 2D Euclidean velocity to inverse 2D curvature is 
consistent with a differential geometric description of motion at constant 
affine velocity (Rollick & Sapiro, Vis. Res. 37(3)\ Flash & Handzel, Neurosci. 
ab. 96). \Ne extended this affine analysis to three-dimensional (3D) 
movements and tested the predicted relationship among 3D Euclidean 
velocity (V), torsion (r) and curvature (k ). Namely, for nonzero torsion, the 
condition for a movement to be at constant affine velocity is that: 
V&k 2t  = constant, and thus a 1/6 power law relation is obtained between V 
and This relationship was applied to the drawing data of 4 subjects
performing unconstrained 3D scribbles. Entire movement sequences were 
divided into nearly planar parts with |x|<0.025cm and nonplanar parts with 
|x|>0.025cm. Data from the nearly planar regions were analyzed by fitting 
linear regressions between log(V) and log(l/K), and provided an average 
slope of 0.338 (SD=0.041), r2 =0.74. Data from the nonplanar regions 
were analyzed by fitting linear regressions between log(V) and log( i/(k 2|t 0) 
and provided an average slope of 0.164 (SD=0.020), r2 =0.79. These 
results suggest that both planar and nonplanar regions of human 3D 
drawing motions conform to motion at constant affine velocity.

Supported by HFSP

872.2
BEYOND LOCALIZATION: MEG IDENTIFIES DIRECTIONAL 
AND TEMPORAL FEATURES OF CURRENT DENSITY WHICH 
CORRELATE WITH TASK ATTRIBUTES
A.A. Ioannides1,2’*, L.C. Liu2, G.K. Kostopoulos3 and H.-W. Muller-Gartner2
Physics Department, The Open University, Milton Keynes MK7 6AA, U.K.; 
institute of Medicine, Research Centre Jiilich, D-52425 Jiilich, Germany; 
3Medical School, Department of Physiology, University of Patras, Greece.

Magnetic Field Tomography (MFT) provides estimates of the current den-
sity vector J(f) from Magnetoencephalographic (MEG) signals, with millisec-
ond time, /, resolution. We have used MFT to probe both localization (when 
and where |J(/)| is focal and large) and direction. A correlation between the 
direction of J and task attributes has been observed in the context of face and 
face affect recognition (Streit et al, this volume).

We report a single subject MFT study using symmetric avoidance GO/NOGO 
paradigm. Separate recordings were made for left/right ear (warning and im-
perative tones separated by 3.5 seconds) and left/right index finger (no) move-
ment (see Liu et al. (1996) Human Brain Mapping 4:254-264). The MFT 
solutions from averaged signals filtered in the 3-20 Hz band, showed consistent 
directional activations for all conditions in motor related areas. The expected 
activation perpendicular to the central sulcus, in the contralateral (to the move-
ment) sensorimotor hand area, was observed before movement onset in all GO 
conditions about 170 ms after the onset of the imperative tone. In all other 
cases a slightly earlier activation (130 ms) was observed in the same area, but 
only in the right hemisphere irrespective of finger involved. The direction of J 
for this inhibitory activation was along the central sulcus. The systematic be-
havior of these activations were further delineated by MFT analysis of average 
and single trial signals filtered between 0-20 and 35-45 Hz.

Supported by The Leverhulme Trust and The Open University (U.K.).

872.3
FLEXIBILITY AND STABILITY OF PATTERNS IN HAND AND ARM 
COORDINATION. S. A. Wallace*, B. K. V. Marail T, Graham, C. Gleason 
and J.A.S. Kelso2. Dept. of Kinesiology, Univ. of Colorado at Boulder, 
Boulder, CO 80303, Department of Kinesiology, Louisiana State University!, 
Center for Complex Systems, Florida Atlantic University2.

Recent research on arm-hand coordination in humans suggests a bi-stable 
attractor landscape in which the most stable relative phasing patterns between 
finger aperture and arm movement are 0 and 180 deg. However, transitions from 
less stable phase relations to either the 0 or 180 deg patterns were not readily 
observed as frequency of movement was increased. These data suggest that 
subjects recruited additional biomechanical degrees of freedom in the arm 
trajectory to help stabilize less stable coordination states (Kelso et al. Phys. 
Letts A 179, 364-371). This hypothesis was tested in the present experiment by 
mechanically suppressing the degrees of freedom of the arm movement 
trajectory. Motion was constrained to the sagittal plane and side-to side 
movements in the transverse plane as well as up-down movements in the frontal 
plane were artificially restricted. Visual templates of the required trajectories of 
the finger and thumb were provided in order to facilitate production of the 
patterns (0, 90 and 180 deg relative phase). Subjects (N=4) performed reaching 
trajectories under both constrained and free conditions. Results showed that 
switching from the less stable (90 deg) to the more stable patterns 0 or 180 deg 
was more frequent in the constrained than in the free condition. Kinematic 
analysis showed the involvement of additional biomechanical components in the 
free condition that served to stabilize arm-hand coordination and reduce 
switching. These results indicate that (at least) two generic mechanisms support 
stable, yet flexible arm-hand coordination: switching among coordinative states 
and recruitment of "new" (redundant) degrees of freedom.

872.4
THE TIME COURSE OF MOTOR CORTEX EXCITABILITY IN REACTION TIME AND SELF- 
PACED MOVEMENTS. R. Chen, Z. Yassen, K. Ishii*, L.G. Cohen and M. Hallett. Human 
Cortical Physiology Unit, Human Motor Control Section, NINDS, Bethesda, MD 20982

Progressive rise in motor cortex excitability begins about 80 ms before onset of simple 
reaction time (RT) movements. Motor cortex excitability before self-paced movements 
and after RT or self-paced movements is not known. We studied the time course of motor 
cortex excitability in simple RT and self-paced movements in 6 healthy subjects. Motor 
cortex excitability was tested with subthreshold transcranial magnetic stimulation (TMS). 
Motor evoked potentials were recorded from the abductor poliicis brevis muscle and 
amplitudes were expressed as a percentage of the maximum M-wave to median nerve 
stimulation (MEP%). In the simple RT paradigm, the subject abducted the right thumb in 
response to a visual go signal. TMS was delivered to the motor cortex 30 to 600 ms after 
the go signal in increments of 30 ms in a random order. In the self-paced paradigm, the 
subject abducted the right thumb about once every 4s. TMS was delivered between 
2700 to 3500 ms apart in a random order. The time between TMS pulses and onset 
(negative indicating TMS pulse delivered before EMG onset) or cessation of EMG activity 
was measured and analyzed in bins of 20 ms. Increase in motor cortex excitability began 
at -87 ± 37 ms for simple RT and at -93 ± 21 ms for self-paced movements. The MEP% 
reached a maximum of 70% at -20 to 0 ms in both paradigms. After cessation of EMG 
activity there was a period of increased excitability for 133 ± 27 ms in the free and 170 ± 
65 ms in the simple RT movement, with MEP% ranging from 5 to 11%. In most subjects (4 
in RT and 5 in self-paced movement paradigms) this period of increased excitability 
consisted of 2 or more phases interspersed with periods of baseline excitability. Our 
results suggested that self-paced movements are preceded by a period of rising 
excitability in the motor cortex similar to simple RT movements. Cortical excitability did not 
return to baseline for about 150 ms after voluntary movement.
Supported by NINDS intramural program.

872.5
ADAPTATIONS IN ANTAGONIST MOTONEURON EXCITABILITY IN 
YOUNG & OLDER ADULTS C. Patten*, K.A. Rainsford, G. Kamen & M.M. 
Porter. Motor Control Lab, Univerisity of Massachusetts, Amherst, MA 01003

In an effort to better understand motor control mechanisms governing the 
accurate control of muscular force, 6 young (mn=19 yrs) and 2 older (mn=72 
yrs) adults practiced a trajectory task (30 s duration) involving isometric ankle 
dorsiflexion over 6 weeks. H-reflexes were simultaneously measured from the 
soleus at each force level. Accuracy improved significantly following one

week of training in the Y group (p<0001) but continued throughout the 6 
weeks’ training for the older adults (p<0001). H-reflex amplitudes modulated 
with the varying force levels and adapted in a task specific manner in the 
young group (p< 05). In the older adults H-reflex modulation was poorer pre-
training, however, a pattern of modulation appeared to be emerging by the 
end of training. The present data suggest that adaptation and modulation of 
motoneuron excitability may be associated with quality of motor performance.

Funded by the Foundation for Physical Therapy

872.6
ADAPTATION TO TIME-VARYING FORCES. F. A. Mussa-Ivaldi*, M. A, Con- 
ditt. SMPP, Rehab. Inst. Of Chicago, Chicago, IL 60611.

These experiments are aimed at understanding to what extent temporal information 
is accurately represented within the motor control system. In particular, we have 
studied whether or not motor commands may be adapted to compensate for an exter-
nal perturbation that depends smoothly upon time. Previous experiments have shown 
that subjects can successfully adapt reaching arm movements to external force fields 
that generated forces directly related to the state (position and velocity) of the arm. 
These experiments also demonstrated that after practicing on a set of training trajecto-
ries, subjects were able to correctly extend (or generalize) the adaptation to novel tra-
jectories that passed through the same positions and velocities as the training trajecto-
ries albeit in a different temporal order. This finding demonstrated that the motor sys-
tem is capable of accurately learning the forces as a function of state rather than as 
functions of time.

In the present study we have considered the complementary situation in which the 
disturbing forces depend on time and not on state. To this end, we asked our subjects 
to execute a variety of reaching hand movements while holding the handle of an in-
strumented manipulandum. During the movements, the manipulandum applied a force 
to the hand of the subject with amplitude that varied sinusoidally in time (1 Hz) and 
with constant direction. All subjects were able to adapt the movements that were re-
peated during the training phase. However, when asked to repeat novel circular 
movements that passed through the same positions and velocities, the degree of gener-
alization was found to be only marginal. This indicates that subjects were not able to 
form an appropriate representation of the time-varying perturbation. This finding is 
somewhat paradoxical, as subjects were consciously more aware of the time- 
dependent perturbation than of the state-dependent field used in the other experiments. 
Our result indicates that the adaptive controller of the arm does not involve an accu-
rate representation of time. Supported by NIH (I-RO1-NS35673),
ONR (N00014-95-I-0571), and NIMH P50MII48185-0500.
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872.7
INTERACTIVE PROCESSING OF SENSORY INPUT AND MOTOR 
OUTPUT IN HUMAN HIPPOCAMPUS. C.P. Tesche* and J, Karhu. Brain 
Research Unit, Low Temperature Laboratory, Helsinki University of 
Technology, FIN-02015 HUT, Finland.
Recent studies of visuomotor integration suggest the intimate involvement of 
the motor system in the detection of sensory cues. The final stage of sensory 
processing for salience and novelty detection occurs in the hippocampus, a 
structure which is not usually associated with motor action in man. We 
studied neuronal population responses to visual and auditory cued finger 
movements in six normal human subjects with a 122-channel 
magnetoencephalographic (MEG) array. Binaural tone bursts (50 ms 
duration, 75% at 1 kHz, 25% at 2 kHz) and centrally presented colored 
squares (50 ms duration, 75% green, 25% red) were randomly presented at 
intervals of 0.15-0.3 s. Neuromagnetic responses were averaged time- 
locked to the oddball stimuli and to oddball-triggered lifting of the right index 
finger. Signal-space projection (SSP) was used to identify waveforms for 
localized population responses in auditory and sensorimotor cortex and in 
hippocampus and for distributed parieto-occipital activity.
Hippocampal responses about 300 ms before to 200 ms after cued finger 

lifts were enhanced over activity observed during self-paced movements. 
Comparison of activity level timelocked to the oddball cue with that 
timelocked to the movement revealed intervals of remarkable similarity in 
time course and amplitude both in cortex and hippocampus. For example, 
the offset of hippocampal activity observed in response to auditory oddballs 
occurred within an interval of 30-50 ms for all subjects, compared with a 
reaction time jitter of 190-380 ms. Synchronization of activity in 
hippocampus and sensory cortical areas, paced by an intrinsic mechanism 
rather than by stimulus presentation or motor response, may provide a 
substrate for interactive processing in cortico-hippocampal networks.
Support: NIH NINDS grant NS34533.

872.8
DISTRIBUTED NEURAL SYSTEMS UNDERLYING THE 
TIMING OF MOVEMENTS: AN FMRI STUDY. S. M, Rao*. D. L. 
Harrington. K, Y, Haaland. J. A, Bobholz, R, W. Cox and J. R.
Binder. Department of Neurology, Medical College of Wisconsin, 
Milwaukee, WI 53226.

Timing is essential to the execution of skilled movements, yet our 
knowledge of the neural systems underlying timekeeping operations is 
limited. Using whole-brain functional magnetic resonance imaging, 
subjects were imaged while tapping with their right index finger in 
synchrony with tones that were separated by constant intervals 
(Synchronization; S), followed by tapping without the benefit of an 
auditory cue (Continuation; C). Two control conditions followed in 
which subjects listened (L) to tones and then made pitch 
discriminations (D). Both the S and the C conditions produced 
equivalent activation within the left sensorimotor cortex, the right 
cerebellum (dorsal dentate nucleus), and the right superior temporal 
gyrus. Only the C condition produced activation of a medial premotor 
system, including the caudal SMA, the left putamen, and the left 
ventrolateral thalamus. The C condition also activated a region within 
the right inferior frontal gyrus, which is functionally interconnected 
with auditory cortex. Both control conditions produced bilateral 
activation of the superior temporal gyrus, and the D condition also 
activated the rostral supplementary motor area (SMA). These results 
suggest that the internal generation of precisely timed movements is 
dependent on three interrelated neural systems, one that is involved in 
explicit timing (putamen, ventrolateral thalamus, SMA), one that 
mediates auditory sensory memory (inferior frontal gyrus, superior 
temporal gyrus), and another that is involved in sensorimotor 
processing (dorsal dentate nucleus, sensorimotor cortex). (Supported 
by NTH P01-MH51358.)

872.9
FUNCTIONAL MRI ANALYSIS OF BRAIN ACTIVITY 
PATTERNS DURING MOTOR TASKS IN RECOVERING 
STROKE PATIENTS. D, Leifer*, J. Zhong, R.K. Fulbright, C. 
Lacadie, J.C. Gore.. Departments of Neurology and Radiology, Yale 
University School of Medicine, New Haven, CT 06520.

Many patients recover after strokes that damage the motor system, 
but little is known about how the brain compensates for injury caused 
by strokes. Functional magnetic resonance imaging (FMRI) provides 
a non-invasive method for studying brain activity. We have used 
FMRI to study 21 patients and 12 age-matched control subjects. 
Studies were performed on a 1.5 T GE scanner with an echo-planar 
gradient-echo sequence. Images were obtained at rest and during 
performance of simple finger-tapping sequences. Motion correction 
was performed using the SPM 96 package. Significantly activated 
pixels were identified by t-tests. To permit quantitative analysis, data 
were converted to Talairach space, and activity in specific regions of 
interest was quantified. When stroke patients use their affected hand, 
there is increased activity in the primary motor cortex ipsilateral to the 
affected hand and in premotor, supplementary motor and parietal 
cortex bilaterally in combinations that vary from patient to patient. 
There are similar but lesser increases in activity outside of primary 
motor cortex when stroke patients use the hand not clinically affected 
by their stroke. FMRI can thus help to identify patterns of brain 
activity during recovery after stroke. We are now correlating the 
FMRI activity patterns with lesion location and neurologic deficit.

Support: Amer. Heart Assoc., Gaylord Rehab. Research Inst., 
Yale U. Claude D. Pepper Older Americans Independence Center.

872.10
PATHWAYS OF INTERHEMISPHERIC TRANSFER OF VISUOMOTOR 
INFORMATION IN NORMAL AND SPLIT-BRAIN SUBJECTS: A PET STUDY. 
C, A, Marzi* k C, Miniussi1 , G. Tassinari1. A. CoUeluori2 E, Paulesu2, 3L 
Schnur2. D, Perani2 1 Department of Neurological Sciences and Vision, University 
of Verona, 2INB-CNR, Scientific Institute HSR, Milano, Italy.

Human subjects lacking the corpus callosum are known to be impaired in a series 
of cognitive operations requiring interhemispheric transfer (IT) of information. 
However, they can still perform various forms of IT. For example, they are able to 
respond unimanually to a light flash lateralized to the opposite visual hemifield. The 
only impairment found is represented by the longer IT time, as measured by 
subtracting the mean reaction time (RT) for the uncrossed hemifield-hand 
combinations from those for the crossed combinations. To try and cast some light on 
the pathways responsible for IT following callosotomy we have studied, together 
with normal subjects, a patient (M.E.) who underwent total callosotomy with sparing 
of the anterior commissure. Positron emission tomography (PET) was applied (GE- 
Advance, 2-3D mode, 35 transaxial images), when subjects were required to perform 
a simple visuomotor RT task with lateralized light stimuli and manual responses. 
Data were analyzed using statistical parametric mapping (SPM-96, Wellcome 
Department of Cognitive Neurology, London, UK). Statistical threshold was set at p 
<0.01, Z=3D 2.33. In normal subjects in the crossed hemifield-hand combinations 
there was a selective activation of precentral and posterior parietal areas. In the split- 
brain subject, the differential activation was instead localized to prefrontal areas. 
These findings indicate that normal visuomotor IT involves high-order visual areas 
in the parietal lobe, which are known to be rich in callosal connections, as well as 
portions of motor-premotor areas. The different pattern of activation observed in the 
split-brain subject suggests that the slow IT in the absence of corpus callosum is 
mediated by prefrontal regions, either through the anterior commissure or indirectly 
through subcortical projections. Supported by MURST and HCP of the EC.

872.11
EXTRA LIMBS: DISTORTED BODILY AWARENESS. R. Hari*. 
R. Hanninen, T. Makinen, V. Jousmaki, N. Forss, M. Seppa and O.
Salonen. Brain Res. Unit, Low Temp. Lab., Helsinki Univ. Technol., 
02015 HUT, Dept. Neurol., Central Hosp. Central Finland, 40620 
Jyvaskyla, and Dept. Radiol., Helsinki Univ. Central Hospital, Finland.

A healthy human's unitary bodily awareness relies on a stable body 
scheme. We have followed, for 3 years, patient E.P. whose body 
scheme became distorted after an operation of a ruptured aneurysm of 
the pericallosal artery, complicated by an infarction of the right frontal 
lobe, including the pre-SMA. The MRI also revealed an apparently peri-
natal lesion of corpus callosum. Soon after the operation, E.P. started to 
occasionally perceive a 'ghost' hand which follows the previous posi-
tions of the left hand but, puzzlingly, with a 0.5-1 min time lag; the 
ghost copies the movement patterns from the right hand. Occasionally a 
third leg, also beyond voluntary control, appears and interfers with 
E.P.'s walking.

Neuromagnetic responses of the second somatosensory cortex, 
recorded with a whole-scalp neuromagnetometer, were repeatedly 
strongly suppressed during the ghost arm percept, thereby providing an 
objective correlate for E.P.'s sensations.

These findings imply that the awareness of limb positions can, due to 
brain lesion, be based on neural representations which have emerged at 
considerably different times.

Supported by the Academy of Finland.
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873.1
ONCOLYTIC EFFICACY AND SAFETY STUDIES FOR DIFFERENT MUTANT 
STRAINS OF HERPES SIMPLEX VIRUS. N.H. Qureshi1'2; K. Ikeda1-2; M, Chase2;
K.M, Suling2; G.R. Harsh IVU and E.A. Chiocca12*. Department of Neurosurgery1 
and Molecular Neuro-oncology2, Massachusetts General Hospital East, Harvard 
Medical School, 13th street, Bldg-149, Charlestown, MA 02129.

Two mutants of HSV-1; hr/?3 and MGH-1, were compared in vitro for extent of 
tumor cell lysis, yield of progeny viruses, and marker gene delivery. Rodent (9L & 
CNS-1), human (U87 & T98) glioma cell lines and primary human pilocytic 
astrocytoma cells (Hy-QC) were infected. Safety was assessed by stereotaxic injection 
of viruses in right frontal lobe of nude mice (nu/nu). hr/?3, derived from wild-type 
KOS strain, is inactivated in ribonucleotide reductase (rR) gene function, while MGH- 
1, derived from wild-type F strain, in addition also has deletions in gamma 34.5 gene.

hrR3 was more efficient than MGH-1 in producing oncolysis at all multiplicities of 
infection (MOI; 0.01, 0.1 and 3) and against all cell lines except Hy-QC. Maximal 
difference between the two mutant viruses was seen against T98 cell line (MOI=0.1; 
p<0.02). The yield of progeny viruses obtained was in agreement with viral oncolytic 
effects, i.e; lower virus production by cells infected with MGH-1, presumably due to 
its Y34.5' mutation. Marker gene delivery was not significantly different. Strain 
difference could not account for the observed results, since F strain was more efficient 
than KOS in cell lysis (MOI=0.01; p<0.02). In safety studies MGH-1 was less toxic 
than hrR3. There were no animal deaths with MGH-1 even with inoculation of 2xl07 
pfus, whereas hrR3 had an LD50 of approximately 2xl05 pfus. Both wild-type viruses 
were highly toxic although deaths with KOS were at a lower pfu than F strain.

Therefore, the single rR mutant of HSV-1 is a more effective oncolytic agent but 
the double rR and '/34S mutant is less toxic. These studies should have relevance in 
designing mutants of HSV-1 for gene therapy of brain tumors.
Key words: HSV-1, gene therapy, viral therapy, brain tumors.

Supported by NIH/NCI CA62924

873.2
TREATMENT OF INTRACRANIAL GLIOMAS WITH BONE 
MARROW-DERIVED DENDRITIC CELLS PULSED WITH 
TUMOR ANTIGENS.
Bronstein, and K, L, Black. Division of Neurosurgery & Department of 
Neurology, UCLA School of Medicine, Los Angeles, CA 90095.

A novel approach towards the treatment of intracranial gliomas was developed in 
a rat model. In this study, we investigated the ability of “professional” antigen- 
presenting cells - (known as dendritic cells) - to enhance host anti-tumor immune 
responses when injected as a vaccine into tumor-bearing animals. Dendritic cells, 
the most potent antigen-presenting cells in die body, were isolated from rat bone 
marrow precursors stimulated in vitro with granulocyte/macrophage colony- 
stimulating factor (GM-CSF) and interleukin-4 (IL-4). Cultured populations were 
confirmed to be functional antigen-presenting cells on the basis of expressed MHC 
molecules, as analyzed by FACScan cytofluorography. These dendritic cells were 
then pulsed (co-cultured) ex vivo with acid-eluted tumor antigens from 9L glioma 
cells. Thirty adult female Fisher 344 rats harboring 7-day-old intracranial 9L 
tumors were treated with three weekly subcutaneous injections of either control 
media (n=10), impulsed dendritic cells (n=6), or 9L tumor antigen-pulsed dendritic 
cells (n=l2). Animals were followed for survival, and Fisher’s exact method was 
used to interpret the significance of differences between experimental groups. 
Using the intracranial 9L glioma model in Fisher 344 rats, tumor peptide-pulsed 
dendritic cell therapy resulted in the regression of established day-7 tumors and 
prolonged survival in 42% (5/12) of treated animals; whereas 0% (0/16) of the 
animals treated with control media or impulsed dendritic cells alone survived past 4 
weeks. Immunohistochemistry analysis documented a marked peri-lesional and 
intra-tumoral infiltration of CD8+ and CD4+ T-cells in the groups treated with 
tumor antigen-pulsed dendritic ceils, but not in the control groups. Based on these 
results, we believe that dendritic antigen-presenting cells pulsed with acid-eluted 
peptides derived from autologous tumors represent a novel approach to the 
immunotherapy of established intracranial gliomas.

873.3
VIP RECEPTOR ANTAGONISTS INHIBIT THE GROWTH OF 
GLIOBLASTOMA CELLS. T.W. Moody, J. Leyton, I. Gozes, M. 
Fridkin, K. Takahashi, F. Jameison, M. Koh and M. Knight*.
Medicine Branch, National Cancer Institute, Rockville, MD 20850, 
Department of Clinical Biochemistry, Sackler School of Medicine, 
Tel Aviv, Israel and Peptide Technologies, Gaithersburg, MD 
20877.

The effects of VIP receptor antagonists on glioblastoma cell lines 
were investigated. Neurotensin6.nVIP7.28(VIPhybrid), (N-Stearyl- 
Norleucine17) VIPhybrid ((SN) VIPhybrid) and PTC4495 inhibited 
125I-VIP binding to U-87 cells with IC50 values of 70, 500 and 7000 
nM respectively. Using molecular biology techniques, VIPj receptor 
mRNA was detected in glioblastoma cells by RT-PCR and Northern 
blot. (SN)VIPhybrid (1 pM) had no effect on basal cAMP but 
strongly inhibited the increase in cAMP caused by 10 nM VIP and 
the order of peptide potency was (SN)VIPhybrid > VIPhybrid > 
PTC4495. (SN)VIPhybrid was more potent than VIP hybrid at 
inhibiting U-87 colony formation in vitro using soft agar. Using an 
MTT assay, 1 pM (SN)VIPhybrid had little effect on basal 
proliferation but synergistically interacted with taxol to inhibit 
growth. These data indicate that VIP receptor antagonists may 
enhance the potency of chemotherapeutic agents to inhibit 
glioblastoma proliferation.

873.4
GLIOMA CELL INVASION MEDIATED BY BEHAB/BREVICAN IN VITRO AND 
IN VIVO. FL Zhw^KeJiy.X^ZerilloJ^
Hockfield*. Section of Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06520.

The hallmark of malignant gliomas is aggressive invasion into normal brain tissue. 
Tissue- or glioma-specific extracellular proteins are prime candidates for mediating the 
distinctive invasive behavior of glioma. BEHAB is a CNS-specific extracellular protein 
that includes an aggrecan-like hyaluronan (HA) binding domain (Jaworski et al, JCB 
125:495), and represents the 5' portion of brevican (Yamada et al, JBC 269:10119). 
BEHAB/brevican is specifically and consistently expressed in surgical samples of 
human glioma, and is not detectable in tumors of non-glial origin (Jaworski et ah, 
Cane. Res. 56:2293), making BEHAB/brevican a specific marker for CNS glioma.

Human and rat glioma cell lines maintained under standard cell culture conditions do 
not express BEHAB/brevican. When grown as intracranial grafts, invasive cell lines are 
induced to express BEHAB/brevican, while non-invasi've cell lines are not (Jaworski et 
al, Cane. Res. 56:2293), suggesting a role for BEHAB/brevican in tumor invasion.

To determine whether BEHAB/brevican plays a role in glioma invasion, 9L cells 
(which do not express BEHAB/brevican in vitro or when grown as intracranial grafts) 
were transfected with full length BEHAB/brevican (kindly provided by Dr. Y. 
Yamaguchi), the HA-binding domain of BEHAB/brevican or a control vector. 
Transfected cells were tested for invasion in vitro and in vivo. 9L cells transfected with 
either full length BEHAB/brevican or the HA-binding domain showed an increase in 
invasiveness in vitro. When grown as intracranial grafts, 9L cells transfected with full 
length BEHAB/brevican showed no increase in invasion into surrounding brain when 
compared with control transfected ceils. However, 9L cells transfected with the HA- 
binding domain of BEHAB/brevican did show increased migration into surrounding 
normal brain. These data suggest that the capacity of ceils to migrate in the context of 
the brain is mediated in a complex manner by HA-binding proteins. Supported by 
NS35228 (SH).

873.5

THE NESTIN REGULATORY REGION AND ITS USE IN 
SPECIFIC GENE THERAPY AGAINST BRAIN TUMOURS 
C. Lothian P, L. Wahlberg o and U. LendahHT
ip Dept. of Neurosurgery and ¥ Dept. of Cellular and Molecular Biology, 
Medical Nobel Institute, Karolinska Institute, S-171 77 Stockholm, Sweden.

CNS tumours are the second most common pediatric neoplasms after 
leukemia. Many tumours are still uncurable by currrent treatment including 
surgery, irradiation and chemotherapy, We want to introduce a specific 
adenoviral gene therapy model against glioblastoma tumours by using the nestin 
regulatory region to drive the expression of the suicide gene; herpes simplex 
thymidine kinase (HSV tk) in these cells.

The nestin gene encodes for an intermediate filament protein which is 
predominantly expressed in the progenitor cells of the developing CNS. When 
the progenitor cells differentiate to neurons or to glial cells they downregulate 
the expression of nestin and express other members of the intermediate filament 
family. However many CNS tumours re-express the nestin gene, a property 
which enables us to develop our specific treatment against these ceils.

The HSV tk protein phosphorylates the drug ganciclovir which leads to DNA 
breaks and inhibition of transcription, causing cell-death. We generated 
adenoviral vectors carrying the lacZ gene or the thymidine kinase gene under 
the regulation of the human nestin enhancer, called ad.nes.McZ and ad.nes.tk 
respectively. In vitro transfection of human glioblastoma cells with ad.nes./ucZ 
showed that 60-70% of the cells expressed lacZ. In ongoing studies the ad.nes.tk 
vector is evaluated in a glioblastoma rat model, which enables us to quantify rhe 
tumor eradication in vivo.

In conclusion we have shown that the nestin enhancer is functional in 
glioblastoma cells. The possibility of specifically expressing the HSV tk gene in 
CNS tunour cells but not in surrounding CNS tissue in vivo will be discussed.

873.6

THE ROLE OF BCL-2 AND METALLOTHIONEIN IN DEVELOPMENT 
OF RESISTANCE TO ANTINEOPLASTIC AGENTS. G, Helal, J.F. 
Rodriguez-Sierra*. R.M. Bashir and M. Ebadi. Depts. of Pharmacology,
Cell Biology and Anatomy and Neurology, Univ. of Neb. Coll, of Med., 
Omaha, NE 68198-6260.

The development of resistance to treatment with platinum compounds or 
alkylating antineoplastic agents, are mediated by multiple factors such as an 
alteration in drug accumulation, increased potential for drug inactivation, 
increased DNA repair, resistance to DNA damaging effects of drugs, and in 
a variation in apoptotic pathway. The Bcl-2 protooncogene inhibits the onset 
of apoptosis in neuronal cell lines caused by withdrawal from growth factor 
or application of cytotoxic agents, y-irradiation, or corticosteroids, factors 
known to induce the synthesis of metallothionein (MT), a zinc binding 
protein. Furthermore, zinc itself inhibits apoptosis characterized by 
intracellular acidification, increased accumulation of Hoeehst 33342, DNA 
digestion, and enhanced chromatin condensation by activation of ICE/CED-3 
proteases. By using cerebellar glioma rat model, we have shown that 
semustine caused lipid peroxidation and apoptosis and at the same time 
increased the levels of MT, Bcl-2, and glutathione. The enhanced level of 
MT and glutathione is interpreted to suggest the activation of a mechanism to 
attenuate semustine-induced oxidative damage. (Supported in part by a grant 
from USPHS, NS34566).
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873.7
PRECURSOR GELATINASE B AND ACTIVATED GELATINASES 
A AND B IN CSF CORRELATES WITH MALIGNANT 
ASTROCYTOMAS AND METASTATIC BRAIN TUMORS. M. H, 
Friedberg*. M, J. Glantzt and George Perides. New England Medical 
Center, Boston, MA 02111, t Memorial Hospital of Rhode Island, 
Pawtucket, RI, 02680

Matrix metalloproteinases (MMPs) are implicated in the progression 
of systemic and CNS malignancies. We determined the MMP profile 
in the cerebrospinal fluid (CSF) of patients with brain tumors.

CSF from 57 patients with WBC counts < 5/p.l were analyzed for 
the presence of gelatinolytic activity by zymography. 31 had primary 
or metastatic malignant brain tumors, and 26 were used as controls.

The CSF from all patients with malignant astrocytomas or brain 
metastases contained precursor gelatinase A (pMMP2) and precursor 
gelatinase B (pMMP9) while all other CSF samples contained pMMP2 
but not pMMP9. All patients with a positive CSF cytology had 
activated MMP2 and activated MMP9.

The distribution of gelatinase activity in CSF reliably distinguishes 
patients with malignant gliomas or brain metastases from those without 
brain tumors, and also distinguishes patients with meningeal 
carcinomatosis from those without CSF spread of tumor, regardless of 
their brain tumor status. Analysis of MMPs in the CSF may be a 
sensitive technique to diagnose brain tumors and provide an early 
indication of tumor recurrence. This technique may also provide 
longitudinal information useful in evaluating ongoing treatment and 
predicting tumor behavior.,

873.8
Genetic and epigenetic mechanisms control the progammed cell death induced 
by 1,25-dihydroxy vitamin D3 (calcitriol) in rat C6 glioma 
P.Brachet*.C.Canova. N.Davoust.C.Baudet. G.Chevalier. D.Couez and D.Wion 
INSERM U298, CHU, F-49033 Angers, France
The genomic action of 1,25-dihydroxy vitamin D3 (1,25-D3) is mediated by a 
specific nuclear receptor, the VDR, which acts as a transcription factor. Besides its 
action on calcemia and bone metabolism, 1,25-D3 has target cells in the immune and 
nervous systems, and several lines of evidence have shown tliat astrocytes or 
oligodendrocytes may express the VDR, and respond to the hormone. In addition,
1.25- D3 has antitumoral activity and can inhibit the proliferation of numerous 
transformed cells. We have isolated a subclone of rat C6 glioma cells in which 1,25- 
D3 induces a delayed cell death program (clone C6-9; Baudot et al., J.Neursci.Res., 
46 [1996] 540-550). In this cell line, 1,25-D3 triggers a dramatic accumulation of 
VDR transcripts and protein, as shown by northern blotting and 1.25-D3 binding 
assay. This is followed by the death of the cells 5-6 days after their treatment with 
the hormone. This lethal effect is accompanied by the induction of genes such as c- 
myc and p53, and is blocked by the protein synthesis inhibitor, cycloheximide. 
Another subclone of C6 cells (clone C6-4) was isolated on the basis of its resistance 
to 1,25-D3. These cells turned out to contain very low levels of VDR transcripts and 
protein. However, transformation of these cells with a vector driving the expression 
of a VDR cDNA restored susceptibility to the cytotoxic action of 1,25-D3. Epigenetic 
factors, however, can also affect the responsiveness of the cells, since a treatment of 
C6.9 cells with 5-azacytidine, a demethylating agent, renders the cells resistant to
1.25- 03. These data suggest that in C6 cells, VDR expression plays a key role in the 
triggering of a death program, and that the response to the hormone is modulated in 
part by epigenetic factors such as the level of DNA methylation.
Supported by INSERM and ARC.

INTERACTION BETWEEN NEUROTRANSMITTERS

874.1
EFFECT OF DEXFENFLURAMINE ON DOPAMINE RELEASE IN RAT 
STRIATUM: A MICRODIALYSIS STUDY . A. Balciogiu* and R.J. Wurtman. 
Department of Brain and Cognitive Sciences, MIT, Cambridge MA 02139.

We studied the effect of dexfenfluramine (d-fen) on striatal dopamine (DA) 
and serotonin (5-HT) release, using microdialysis in freely moving rats.

We had previously shown (Balciogiu and Wurtman Soc. Neurosci. Abstr. 
1996) that d-fen increased striatal DA release when given high doses (2.5 
mg/kg, i.p.), but increased 5-HT release at lower doses (0.5 mg/kg, i.p.): We 
hypothesized that the increase in DA release was mediated by a 
serotoninergic mechanism.

We now demonstrate that the sodium channel blocker tetrodotoxin (TTX; 
lpM; administered through microdiaiysis probe) completely blocks the DA 
release induced by d-fen (152+16'/. of baseline) while not affecting that 
induced by amphetamine. This suggests that d-fen does not affect DA release 
via an amphetamine-like, carrier-mediated mechanism. WAY100635 (0.2 
mg/kg, s.c.), a 5-HTja  receptor antagonist, caused only modest additional 
increases in 5-HT release (to 686±215% versus 472±69% of baseline) by d-fen 
without significantly affecting its DA-releasing property, possibly because 5- 
HT levels were already exerting maximum effects. Local application of 5-PIT 
(3 or 10'pM, through the microdiaiysis probe) increased striatal DA release 
to 131±6% or 229±29% of baseline, respectively. The mixed-acting 5-HT 
receptor antagonist methiothepin also blocked the DA-releasing effect of d- 
fen, implying that serotoninergic receptors are involved in d-fen-induced DA 
release in rat striatum.

In conclusion, d-fen increases striatal DA release by a TTX-sensitive,. 5-HT- 
dependent mechanism.

This work was supported by the Center for Brain Sciences and Metabolism 
Charitable Trust.

874.2
NITRIC OXIDE-MEDIATED cGMP PRODUCTION IN THE 
CAUDATE PUTAMEN COMPLEX OF THE RAT: THE EFFECT OF 
6-OH-DOPAMINE LESIONING
H. W.M. Steinbusch*, MJ^xkeniikAanlttersumz MTtaig, and
I. de Vente. Dept. of Psychiatry and Neuropsychology, University of 
Maastricht, POB 616, 6200 MD Maastricht

The caudate putamen (CPU) of the rat is a brain area which 
contains a relatively high amount of the enzyme nitric oxide synthase 
(NOS), the enzyme which synthesizes nitric oxide (NO). A small 
percentage, about 2%, of the cells in the CPU contains NOS. 
However, the ramifications of these cells provide the CPU with a 
dense network of varicose fibers which contain high levels of NOS. 
Recent data showed that NO, released after activation of 
glutamatergic receptors, stimulated the release of all major 
neurotransmitters in the CPU. A major effect of NO is the activation 
of the soluble isoform the guanylyl cyclase, resulting in an increased 
synthesis of cGMP. We analyzed biochemically the activities of NOS 
and soluble guanylyl cyclase in control and 6-OH-dopamine lesioned 
CPU of the rat. In addition, using brain slices Incubated in vitro, we 
characterized the localization of the NO-mediated cGMP response in 
relation to the major neurotransmitters and NOS in this brain area, 
cGMP response to 0.1 mM sodium nitroprusside was not changed, 
quantitatively and qualitatively after 6-OH-DA lesioning. Double 
immunostaining of DA and cGMP did not show any cGMP- 
accumulation in DA fibers. These experiments lead to the conclusion 
that NO - cGMP signal transduction is not involved in the direct 
release process of dopamine.

874.3
DOES THE DOPAMINE D4 RECEPTOR SELECTIVE ANTAGONIST, PNU- 
101387G, BLOCK AMPHETAMINE SENSITIZATION BY ENHANCING 
DYNORPHIN NEUROTRANSMISSION? B. Garimella*, H. Wu, C. S. Fitch, K. 
Essani, and K. M. Merchant Dept. of Biological Sciences, Western Michigan 
University, and CNS Diseases Research, Pharmacia & Upjohn, Inc., Kalamazoo, Ml 
49007.

A dopamine D4-selective antagonist, PNU-JO1387G, blocks the initiation and 
expression of behavioral sensitization to amphetamine (AMP). Studies of the effects of 
PNU-101387G on acute AMP-induced c-fos and NGFI-A gene expression indicate 
that the effects of the D4 biocker may be mediated by modulation of AMP-induced 
phenotypic alterations in neostriatal neurons. To investigate this further, the effect of 
D4 blockade on Amp-induced neostriatal neuropeptide gene expression was evaluated. 
Acute administration of PNU-101387G (0.1 or 10 mg/kg, i.p.) failed to modulate 
preprodynorphin mRNA in the neostriatum but augmented the induction produced by 
AMP (5 mg/kg, s.c.). These data and the effects of K-opiate agonists on AMP 
sensitization led us to hypothesize that an increase in dynorphin neurotransmission 
played a role in the blockade of expression of AMP sensitization by PNU-101387G. 
This hypothesis was verified using a selective K-opiate antagonist, DIPPA. As shown 
before, AMP-primed rats expressed behavioral sensitization when challenged with 
AMP alone (1 mg/kg, s.c.) but not when administered PNU-101387G (0.1 mg/kg, s.c.) 
with AMP during the acute challenge. However, pre-treatment with DIPPA (at a dose 
that did not alter locomotor activity by itself) during the challenge with PNU-101387G 
+ AMP showed a robust sensitization similar to that seen in rats challenged with AMP 
alone. Finally, similar to the effects of k  opiate agonists, the D4 blocker failed to 
antagonize the expression of behavioral sensitization to nicotine. Taken together, these 
data indicate that dopamine D4 receptors regulate dynorphin neurotransmission and 
thereby modulate behavioral sensitization to AMP. (Supported in part by a grant from 
The Stanley Research Foundation).

874.4
NICOTINE MODULATES BRAIN NITRIC OXIDE. S. Pognii*. S.Demirgoren. 
D.Taskiran, L.Kanit. O.Yilmaz. and B. Balkan Ege Univ. Center for Brain Research 
and TUB1TAK Basic Neuroscience Research Unit. Bornova. Izmir. Turkey 

Nicotine exerts its central actions by impinging on nicotinic acctlycholine receptors 
and regulating ionic fluxes. These actions, however, exhibit sexual dimorphism in the 
sense that, in rats, males and females show differences in receptor densities and 
regulation by chronic nicotine treatment (Pdgun et cd. 1995). Nicotine max be 
modifying events occurring beyond the nicotinic receptor, including the regulation of 
nitric oxide (NO) synthesis, either by increasing intracellular Ur or through the 
actions of hormones and neurotransmitters involved in its action Sex differences in 
brain NO;/NO? levels, stabile metabolites of NO (Taskiran et al. 1997). and 
modulation by gonadectomy (Kanit et al. 1997) have been shown. The present study 
was undertaken to study the effects of acute (2 hours after injection) and chronic (15 
days/oncc daily) nicotine administration (0.4 mg,deg. sc) on NOYNO, lexels (pniol/g 
wet wt) in male and female rat brain (cortex, cerebellum, hippocampus, corpus 
striatum); control animals received saline injections. Our results show tliat nicotine 

increases brain NO. 
although there arc 
sex differences m 
the degree of 
stimulation and the 
regions affected, as

well as variance between acute and chronic administration: The effects on cortex and 
cerebellum are similar, but the effects on hippocampus are more pronounced in 
chronic than acute administration. As this is the first report of the modulation of brain 
NO by nicotine, further studies are required to elucidate the mechanism of action. 
Involvement of NO in some of the central effects of nicotine is deemed probable.

This siuiiy was sup[)ortcd hv grants SltU' 1-t ’ 15-1 and 15-3 from 71 Idl'AK.

M Control 
M Nicotine 
F Control 
F Nicotine

ACUTE 
Ctx CB Hipp C Str
37,5 48,0 33,2 21.5 
67,4 56,4 37,8 77,8 
25,0 36,8 25,2 18,5 
55,7 49,2 38,5 28,0

CHRONIC 
Ctx CB Hipp C Str
30,6 48,5 41,8 33,
49.9 47,6 59,8 124.3
23,4 42,3 34,0 31,7
41.9 45,5 42,5 38,7
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874.5
ROLE OF SHT IN THE L-ASCORBIC ACID-INDUCED MODULATION OF 
NEUROSTEROID SYNTHESIS/ACCUMULATION IN RAT BRAIN TISSUE.ML. 
Barbaccia*,G. Roscetti, R. del Carmine, M, Massotti#, R.H. Purdy@ and M. 
Trabucchi. Dept.Exp.Med., Univ. of "Tor Vergata", 00133 Rome,#Istituto Superiore 
di Sanita', 00161 Rome, Italy and @Dept. Psychiatry, UCSD School of Medicine, San 
Diego, CA 92161,USA.

We asked whether the synthesis/accumulation of neurosteroids, i.e. brain-produced 
steroids putatively endowed with modulatory’ actions in the CNS (Robel and Baulieu, 
TEM 5:1-8, 1994), is regulated by receptor-mediated mechanisms. The incubation of 
L- ascorbic acid (L-AA) with brain cortical minces from male rats (Sprague-Dawley, 
175-250 g) results in a concentration- (0.07-1.0 mM) and time-dependent (5-30 
min) increase of the pregnenolone (PRE, +210%), dehydroepiandrosterone (DHEA, 
+250%) and allotetrahydrodeoxycorticosterone (THDOC, +70%), but not 
progesterone (PRO) and allopregnanolone (AP) levels, as measured by RIA following 
extraction and HPLC purification. The stimulatory action of L-AA on PRE and 
DHEA is also observed in adrenalectomized/ orchiectomized or dexamethasone 
treated rats. The L-AA effects are brain region specific: in hippocampal minces L- 
AA increases also PRO (+60%) and AP (+54%) but decreases DHEA (- 42%), while 
in striatal minces L-AA increases only PRO (+105%). Among various receptor 
agonists tested only 5HT (lOpM) slightly increases PRE (+40%) and DHEA (+30%), 
however, the depletion of SHT by a pretreatment with p-chlorophenylalanine (400 
mg/Kg,i,p,, 2 days) blunts the L-AA-induced PRE and DHEA increase in cortical 
minces. Moreover, the L-AA action is blocked by the 5HT antagonists clozapine (100 
nM), pizotifen (1 pM) and methysergide (2 pM), but not by spiperone (10 pM), MDL 
72222 (1 pM), D,L- propranolol (10 pM), S-sulpiride (2 pM) nor prazosin (5 pM). 
These data support the view that brain neurosteroid synthesis/accumulation may be 
modulated by L-AA through the activation of the purported 5HT5 receptor (Hoyer et 
al., Pharmacol. Rev. 46:157-203, 1994) by endogenous 5HT. (Supported by grants 
n.94.02533.ctO4-CNR and n.960584-MURST-Italy).

874.6
EVIDENCE FOR A DIFFERENTIAL NUCLEUS ACCUMBENS CCKA AND 
CCKB RECEPTOR REGULATION OF GABA RELEASE IN THE VENTRAL 
PALLIDUM. A DUAL PROBE MICRODIALYSIS STUDY IN THE 
HALOTHANE ANAESTHETIZED RAT. William T. O’Connor*. Luca 
FerrarokTizianna Antonelli^nd Sergio Tanganelli1. Dept. of Human Anatomy 
and Physiology, Neuroscience Division, University College, Dublin, Ireland. Dept. 
of Pharmacology, University of Ferrara, Ferrara, Italy.
Recent studies have provided evidence for a functional interaction between the 
gastrointestinal octapeptide cholecystokinin (CCK-8), mesolimbic dopamine 
terminals and “postsynaptic” 7-aminobutyric acid (GABA) neurons in the nucleus 
accumbens (Acb) many of which project to the ventral pallidum (VP). In the 
present study we employed dual probe microdialysis in the halothane anaesthetised 
rat to investigate the effect of intra-Acb perfusion with CCK-8 and the selective 
CCKAand CCKB receptor antagonists L-364718 and PD134308 on GABA release 
in the ipsilateral VP.
Intra-Acb perfusion (60min) with the lOOnM and IjTM concentration of CCK-8 
decreased VP GABA release by -20±3% and -21±5% respectively from baseline 
control values. Interestingly, the intra-Acb CCK-8 (lflM) induced decrease in VP 
GABA release was prevented by co-perfusion with the soduim channel antagonist 
tetrodotoxin (1 |IM), the CCKB receptor antagonist PD 134308 (10 nM. 60 min) but 
not the CCKa  receptor antagonist L 364718 (10 nM, 60 min). Intra-Acb perfusion 
with the CCK-8 receptor antagonists alone was ineffective on basal VP GABA 
release.

The present data demonstrate a differential CCKA and CCKg receptor regulation 
of Acb-VP GABA transmission and provide in vivo evidence for a predominant 
inhibitory CCK-8 regulation of VP GABA release via the CCKB receptor subtype 
possibly located on Acb-VP GABA projection neurons.
Supported by the Stanley Foundation (USA), the Swedish Medical Research 
Council the Italian MURST and the Health Research Board (Ireland).

874.7
NO AND VIP IN GASTRIC EMPTYING AND NANC
TRANSMISSION IN THE GI TRACT. C.P. Ferris*, K.S. Wadwa.
W.H. Kuo, and S.H. Snyder. The Johns Hopkins University School of Medicine, 
Department of Neuroscience, Baltimore, MD 21205.

Nitric Oxide is a non-adenergic, non-cholinergic [NANC] transmitter in the GI 
tract. Targeted disruption of neuronal Nitric Oxide Synthase (nNOS) results in 
pyloric hypertrophy and dilated stomachs (nNOS -/- mice). We wondered whether 
absence of nNOS affects physiologic gastric emptying. Thus, we developed a 
model system using oral-gastric intubation and intra-gastric administration of 
phenol red labeled test meals (nutrient and non-nutrient). We found that gastric 
emptying of all test meals was profoundly delayed in nNOS-/- mice with retention 
at 20 min increasing from 31.5 +/- 1.4% to 61.2 +/- 3.6% [P<0.05] Increased 
caloric load caused a dose dependent delay in gastric emptying in wild type and 
nNOS-/- mice. VIP is also a candidate NANC transmitter and may be a co- 
transmitter with NO in the GI tract. We investigated whether intraperitoneal VIP 
regulates gastric emptying in our model system. VIP caused a dose dependent delay 
in gastric emptying consistent with its known role in gastric relaxation. In wild 
type mice @ 100 gg/kg, VIP increased 20 min retention from 29.1 +/- 4% to 55.2 
+/- 8%. In nNOS-/- mice VIP had no detectable effect on gastric emptying.

The pylorus is a major regulator of gastric emptying. We studied pyloric 
function in ex-vivo organ bath preparations. Both wild type and nNOS-/- pylori 
have normal dose dependent responses to Ach and SNP. Wild type pylori 
demonstrate NO mediated NANC relaxation in response to DMPP or EFS under 
isotonic conditions. nNOS-/- pylori had dramatically reduced NANC relaxations 
suggesting a primary role of nNOS in pyloric relaxation. We will study the effects 
of VIP in ex-vivo preparations to define the interactions between NO and VIP as co-
transmitters.

Disruption of the nNOS gene causes gastroparesis. VIP is without effect on 
gastric emptying in the absence of nNOS. NO derived from nNOS is a prime 
regulator of gastric emptying and may be required for VIP function.

EXPRESSION AND REGULATION OF TROPHIC FACTORS: NEUROTROPHINS V

875.1
A SINGLE PALINDROMIC NEURAL RESTRICTIVE SILENCER ELEMENT 
(NRSE) CONTRIBUTES TO THE REGULATION OF NEURONAL 
EXPRESSION AND ACTIVITY-DEPENDENT ACTIVATION OF THE BRAIN- 
DERIVED NEUROTROPHIC FACTOR GENE IN VIVO. Tonis Timmusk, Kaia 
Palm, Urban Lendahff and Madis Metsis*. Laboratory of Molecular Neurobiology 
and ^Laboratory of Developmental Biology, Karolinska Institute, S-171 77 
Stockholm, Sweden.

To better understand the functional role of NRSE located in the proximal region of 
the rat brain-derived neurotrophic factor (BDNF) promoter II (NRSEb(lnl) in the 
regulation of BDNF gene in vivo we generated transgenic lines carrying either intact 
NRSEbdnf motif (BDNFI+II-CAT) or several simultaneous base substitutions in 
both halves of the palindrome (BDNFI+IImut-CAT) in the context of a 9.5kb 
genomic fragment that included BDNF exons I, II and their flanking regions. Both 
promoter constructs were fused to the bacterial chloroamphenicol acetyl transferase 
(CAT) reporter gene. Mutation of the NRSEbdrd motif within the transgene was 
associated with a striking increase in the CAT gene expression as well as in CAT 
activity in various brain structures, especially in the hippocampus. Consequently, 
mutations introduced to a single cB-element in the regulatory region derived from 
the BDNF gene resulted in the loss of sensitivity of the transgene to the inhibiting 
activities present in the neurons of brain. Furthermore, in contrast to the expression 
pattern of the non-mutant transgene (BDNFI+II CAT) in the hippocampus after 
kainic acid administration, the level of induction of the BDNFI-i-IImut-CAT 
transgene was markedly enhanced in the pyramidal layers of CA3 and CA4, whereas 
the activity-dependent activation of the transgene was almost completely abolished 
in the granular neurons of dentate gyrus. Conclusively, the palindromic NRSE is a 
complex motif within the BDNF promoter II that contributes to the limited 
expression and activity-dependent activation of the BDNF gene in neurons, however 
is not the key mediator of the general repression of the BDNF gene in periphery.
This project was supported by a grant from Swedish Cancer Foundation.

875.2
SIGNALING ELEMENTS INVOLVED IN ACTIVITY-DEPENDENT 
EXPRESSION OF BDNF. P.B. Shieh1*, T. Timmusk2, A. Ghosh1. 'Department 
of Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD 
21205 and 2Department of Medical Biochemistry and Biophysics, Karolinska 
Institute, Stockholm, Sweden.

We have examined the signaling mechanism by which Ca2i influx regulates 
the expression of the BDNF in developing cortical neurons. Primary cortical 
cultures were transfected with various BDNF promoter sequences linked to a 
chloramphenicol acetyl transferase (CAT) reporter gene, stimulated with KC! or 
Glutamate, and harvested for analysis of the reporter gene. By analyzing a series of 
deletion constructs, we have identified a 70 base pair sequence that is in part 
responsible for activity dependent expression of this gene. This sequence contains 
a consensus cAMP response element (CRE) which has been previously implicated 
in Ca2+ dependent transcription through its cognate protein, CREB. The 
possibility that CREB may mediate Caz+ regulation of the BDNF promoter is 
supported by several lines of evidence: 1) depolarization with KC1 leads to 
sustained phosphorylation of CREB, 2) an E1A mutant that targets CREB 
binding protein (CBP) inhibits induction of BDNF. and 3) activated CaM Kinase 
IV, which is known to phosphorylate CREB, is sufficient to induce BDNF 
transcription. Our observations suggest that Ca2+ dependent transcription of 
BDNF is mediated by the Ca2+ dependent activation of CaM Kinase IV which in 
turn leads to transcriptional activation via CREB. Given the previously defined 
role of BDNF in enhancement of synaptic transmission, the signaling pathway we 
have identified may be critically involved in long term plasticity in the cortex. 
Supported by an EJLB Scholar award and a Klingenstem Fellowship (AG).
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875.3
POTENTIAL ROLE OF C/EBP8 IN THE TRANSCRIPTIONAL REGULATION OF 
NERVE GROWTH FACTOR BY p-ADRENERGIC RECEPTOR STIMULATION. 
A.M. Colangelo, P. F. Johnson and I. Mocchetti*. Dept. of Cell Biology, Division of 
Neurobiology, Georgetown Univ., Sch. of Med., Washington, DC 20007 and ABL- 
BRP, NCI-Frederick Cancer and Research Center, Frederick, MD 21702.

Activation of p-adrenergic receptors (BAR) increases Nerve Growth Factor (NGF) 
expression in the cerebral cortex. The present study was undertaken to characterize 
tissue specific transcription factors (TF) regulating NGF expression. The TF AP-1, 
which has been shown to play a role in the basal and inducible transcription of NGF 
gene, was not induced by BAR stimulation in the cortex, suggesting that TF other than 
AP-1 might be involved in the regional induction of NGF expression. We have used 
C6-2B rat glioma cells, a cell line in which BAR activation increases NGF expression, 
to identify TF that regulate NGF expression. Analysis of nuclear extracts from C6-2B 
cells by Electrophoretic Mobility Shift Assay and Western Blotting revealed the 
presence of two members of the CCAAT/enhancer binding protein (C/EBP) family of 
basic region-leucine zipper proteins, C/EBP6 and C/EBPp. The role of C/EBP6 in the 
activation of NGF transcription was examined by transiently transfecting C6-2B cells 
with a luciferase gene fused to a fragment of the NGF promoter extending to position - 
650. Cotransfection of a C/EBP8 expression vector elicited a 3-fold increase in 
luciferase activity, while C/EBPP had no effect. Transactivation by C/EBP6 was 
independent of the AP-1 site but was completely abolished when the NGF promoter 
was truncated to -60 nt, consistent with the results of DNase I footprinting analysis 
showing a C/EBP8 binding site between -70 and -85 nt in the promoter. Finally, we 
observed that C/EBP8 expression and binding activity were increased by activation of 
BAR both in vitro and in vivo. We suggest that while AP-1 is important for the basal 
level of NGF expression C/EBP6 might play an important role in the anatomical 
specificity of NGF mRNA induction following BAR activation. Supported by HHS 
grant NS 29664 and NCI under contract with ABL.

875.4
NERVE GROWTH FACTOR GENE EXPRESSION IS INCREASED BY
1,25-DEHYDROXYVITAMIN D3 VIA AN AP-1 ELEMENT IN THE NGF 
GENE. M. Fahnestock1*. T.D. Vecpstra2. and R, Kumar2,3. 'Department 
of Biomedical Sciences, McMaster University, Hamilton, Ontario, Canada 
L8N 3Z5, 2Nephrology Research Unit, and ’Departments, of Medicine, 
Biochemistry, and Molecular Biology, Mayo Clinic/Foundation, Rochester, 
MN, USA 55905.

Nerve growth factor (NGF) levels are regulated by 1,25-dihydroxyvitamin 
D3 (1,25(OH)2D3), the active metabolite of vitamin D, in many cell types 
including the osteoblast cell line ROS 17/2.8. To investigate the mechanism 
of 1,25(OH)2D3-induced NGF expression, we have transiently transfected 
ROS 17/2.8 cells with full-length (-2kb to +120 bp, including the AP-1 
site) and truncated (-2kb to +8, lacking the AP-1 site) NGF promoter- 
human growth hormone (hGH) reporter gene plasmids. 48 hr after 
transfection, 4-hr treatment of the transfected cells with 10'8M 1,25(OH)2D3 
gave a two-fold increase in the expression of hGH compared to control cells. 
Similar increases in NGF expression were observed in non-transfected cells 
treated with 1,25(OH)2D3. Successive 5' deletions of the NGF promoter 
region resulted in increased expression of hGH in both treated and control 
cells compared to the full-length promoter. This transcriptional enhancement 
has been shown to be a nonspecific effect of the plasmid sequences. ROS 
17/2.8 cells transfected with NGF promoter-hGH reporter gene constructs 
lacking the AP-1 site did not respond to treatment with 10 8M 1,25(OH)2D3. 
These results demonstrate that 1,25(OH)2D3 regulates NGF expression in 
osteoblasts via the AP-1 sequence in the first intron of the NGF gene. 
Funded by NIH DEI0448 to MF and NIH DK25409 to RK.

875.5
Pharmacologicql Evaluation of the Human Nerve Growth Factor 
Promoters in Mouse and Human Cells 
MM Racke*, JM Krakowsky, MD Linnik 
Hoeehst Marion Roussel, Cincinnati, OH, 45215 
Nerve growth factor (NGF) elicits neuroprotective and 
neurotrophic activities in several models of nerve cell death. One 
approach to increase NGF levels is to administer small molecules 
that upregulate NGF gene expression. While most prior 
investigations have evaluated the rodent gene, the current studies 
examined the effect of 3 NGF inducing agents on the isolated 
human NGF gene promoter regions. The two promoters from the 
human NGF gene adjoining exon 1 and exon 3 were cloned into 
luciferase reporter vectors and stably expressed in two cell lines 
that express NGF, a human astrocytoma cell line (UC11) and a 
mouse fibroblast cell line (L929). These cell lines were then 
challenged with 3 NGF inducing agents; serum, phorbol 12- 
myristate 13-acetate (PMA) and 1,25-dihydroxy vitamin D, 
(calcitriol). When expressed in mouse cells, the human exon 1 cell 
lines did not respond to serum or PMA, and showed decreased 
expression in response to calcitriol. However, when the human 
exon 1 promoter/reporter vector was expressed in human cells, 
serum and PMA elicited increases in expression, while calcitriol 
showed no effect. The exon 3 promoter cell line responded to 
serum but not PMA or calcitriol when expressed in mouse L929 
cells. This cell line was induced by PMA and serum, but not 
calcitriol in human UC11 cells. These findings demonstrate that 
the isolated human NGF promoters are responsive to some 
pharmacological agents that are effective on the endogenous 
rodent NGF gene. In addition, the human promoters were most 
responsive when expressed in the human astrocytoma cell line.

875.6
INCREASED NERVE GROWTH FACTOR mRNA STABILITY MAY UNDERLIE 
ELEVATED NGF SECRETION FROM HYPERTENSIVE VASCULAR SMOOTH 
MUSCLE CELLS. T.B.Sherer*. P.S.Neff. W.DSteers, J.B.Tuttle. Depts of 
Neuroscience and Urology, University of Virginia, Charlottesville, VA 22908

Altered regulation of nerve growth factor (NGF) has been linked to the patho-
physiology of bladder outlet obstructive disorders and hypertension. Vascular smooth 
muscle cells (VSMCs) derived from an inbred hypertensive, but not hyperactive, rat 
strain (WKHT) secrete NGF at a higher basal rate than cells from a hyperactive, 
normotensive strain (WKHA). A 2 h exposure to phorbol ester increased NGF 
secretion rates from WKHT (n=5) cells at 0-1,1-2, and 2-3 hs by 400-800% but not 
from WKHA (n=4) VSMCs as determined by an ELISA of conditioned media. This 
effect was only partially reduced by actinomycin D, an RNA transcription inhibitor, 
applied following the 2 h drug treatment. NGF secretion rates from WKHT (n=5) and 
WKHA (n=4) VSMCs were elevated by a 2 h co-administration of platelet-derived 
growth factor (PDGF) and transforming growth factor-P1 (TGFp 1) at 1-2 and 3-4 hs 
by 300-1000%. This response was only partially attenuated by actinomycin D added 
after the 2 h incubation period. However, NGF secretion rates remained increased 
above controls in VSMCs from both strains in the presence of actinomycin D at 1-2 and 
3-4 hs. These results suggest that growth factor regulation of NGF secretion does not 
occur solely at the level of transcription and that posttranscriptional mechanisms 
operate. Analysis of NGF mRNA stability by competitive, quantitative RT PCR in the 
VSMCs of the two strains in response to PDGF and TGF P1 treatment for 2 hs prior to 
actinomycin D exposure showed that the NGF mRNA in WKHT VSMCs had a half-life 
of about 1.5 hs while in WKHA VSMCs, the half-life was only 0.5 hs. In addition to an 
increased NGF mRNA stability in the WKHT VSMCs, these cells have an increased 
translational efficiency of NGF protein, an elevated synthesis of NGF protein per unit 
NGF mRNA. Differences in both NGF mRNA stability and an increased translational 
efficiency may play a role in the elevated NGF protein levels seen in VSMCs of 
hypertensive rats. (Supported by NIH Research and Training Grants).

875.7
NEGATIVE RESPONSE OF NEUROTROPHIN-3 GENE EXPRESSION TO 
AP-1 AND ISOLATION OF ITS NEW CLASSED TRANSCRIPTS IN RAT 
CULTURED VASCULAR SMOOTH MUSCLE CELLS. K. Nemoto*1,
K, Fukamachi1, Y. Iwayama1, F. Nemoto1, M. Sekimoto1, M. Hamada2,

I. Tomita1, E. Senba3 and T. Ueyama3. 1Lab. Health Science, Sch. Pharm. Sci., 

Univ. Shizuoka, Shizuoka 422 Japan; 2Div. Cardiol., Dept. Med. and 3Dept. 

Anat. and Neurobiol., Wakayama Med. Coll., Wakayama 640 Japan.
Mechanism of neurotrophin-3 (NT-3) gene expression and biological 

significance of its alternatively spliced transcripts have not yet been clarified. We 
examined the effect of serum stimulation on NT-3 gene expression in cultured rat 
vascular smooth muscle cells (VSMC) by semi-quantitative RT-PCR. We newly 
found the presence of at least four new classes of transcripts for NT-3 gene 
presumably generated by alternative splicing in 5' exon in addition to the two 
previously demonstrated transcripts. One of them suggested the existence of a 
new additional exon between exon 1 and exon 2 which encodes the mature NT- 
3 protein. These splicing variants were differentially expressed in the brain and 
various peripheral tissues including heart. In addition, the NT-3 gene expression 
was remarkably decreased in VSMCs in response to serum stimulation, while 
the serum starvation led to the increased expression of NT-3 gene. Thus, it was 
postulated that the NT-3 gene expression is negatively regulated by serum in 
contrast to NGF gene expression. Co-transfection of c-fos and c-jun expression 
vectors to VSMCs also attenuated the NT-3 gene expression, suggesting that 
AP-1 transcription factor acts as a negative regulator of the NT-3 expression. 
These results merit further study for understanding extraordinally complicated 
mechanism of the NT-3 gene expression.

875.8
NEUROTROPHINS INDUCE NEUROTROPHIN SECRETION: IMPLICATIONS 
FOR ACTIVITY-DEPEN DENI NEURONAL PLASTICITY.
M. Canossa, O. Griesbeck, B. Beminger, G.Campana, R. Kolbeck+ and H.
Thoenen*. Dept. of Neurochemistry and Neurobiochemistry+, Max Planck Institute 
for Psychiatry, Am Klopferspitz 18A, D-82152 Martinsried, Germany.

The secretion of NGF (nerve growth factor) and BDNF (brain-derived 
neurotrophic factor) from hippocampal neurons follows both a constitutive and 
activity-dependent regulated pathway. Regulated neurotrophin secretion is 
independent of extracellular Ca^+, but it requires intact intracellular Ca^+ stores 
and can be blocked by the high-affinity, intracellular calcium chelator BAPTA-AM. 
This strongly suggests that Ca^+ release from intracellular stores is an essential step 
in neurotrophin secretion. Here we report the identification of an additional 
regulatory mechanism for neurotrophin release. Exogenous application of 
neurotrophins to hippocampal neurons caused secretion of endogenous 
neurotrophins through a mechanism that involves the activation of their 
corresponding Trk receptors. Similarly to neurotransmitter/depolarization-induced 
secretion of neurotrophins, BDNF-induced neurotrophin release was independent of 
extracellular Ca^+, but required intact Ca^+ stores, pointing to Ca^+ mobilization 
from intracellular stores as the triggering step. Consistently, neurotrophin secretion 
is dependent on the activation of phospholipase-Cyl (PLCyl), as Trk receptor 
mutated for the PLCyl binding site failed to elicit neurotrophin release. Since there 
is evidence that neurotrophins are released both from dendrites and axons, 
enhancement of this release by neurotrophins could account for a mutual 
reinforcement between pre- and postsynaptic partners and may thus contribute to the 
activity-dependent stabilization/strengthening of specific synapses.
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875.9
GLIAL CELL-LINE DERIVED NEUROTROPHIC FACTOR (GDNF) 
RELEASE FROM RAT C6 GLIOBLASTOMA CELLS. A.N. Verity, 
T. Wyatt B. Haios, C.J. Emmett* and R.M. Johnson. Dept. of 
Neurobiologv, Center for Biological Research, Roche Bioscience, Palo 
Alto, CA 94304.

GDNF, a distant member of the transforming growth factor super 
family, is an approximately 20 kDa, glycosylated protein that exists as a 
homodimer in its native form. Although numerous studies have 
investigated the spatial and temporal pattern of GDNF mRNA 
expression, little is known with regard to corresponding GDNF protein 
levels and regulation of extracellular release. We have monitored GDNF 
secretion from rat C6 glioblastoma cells by enzyme-linked- 
immunosorbant assay (ELISA) in response to a wide range of cytokines, 
neurotrophins, growth factors and neuropeptides. While most factors 
tested had no or minimal effect, a 24 hr treatment with interleukin-Ip, 
tumor necrosis factor-a, lipopolysaccharide or fibroblast growth factor-2 
and 9 elevated GDNF protein levels in C6 cell-conditioned media. 
Parallel studies, aimed at elucidating the intracellular events regulating 
GDNF synthesis/release, demonstrated the presence of multiple signaling 
pathways. GDNF levels were increased by protein kinase C activation, 
phosphatase inhibition and by Ca2+ ionophores. Nitric oxide donors also 
elevated GDNF release, an effect potentiated by inhibition of guanosine 
3’,5’-cyclic monophosphate phosphodiesterases. Elevation of adenosine 
3’,5’-cyclic monophosphate (cAMP) levels either by forskolin or di- 
butyl-cAMP repressed GDNF secretion as did the glucocorticoid 
dexamethasone. Our results demonstrate that diverse biological factors 
are capable of modulating GDNF protein levels and that multiple signal 
transduction systems regulate GDNF synthesis and release.

875.10
DIFFERENTIAL SORTING OF NERVE GROWTH FACTOR AND BRAIN 
-DERIVED NEUROTROPHIC FACTOR IN HIPPOCAMPAL NEURONS. 
S. J. Mowla, J. P. Fawcett, S. Pareek, N. G. Seidahl, W. S. Sossin and R.A.
Murphy* Montreal Neurological Institute, McGill University, Montreal, Quebec, 
Canada. H3A 2B4. CRIM, University of Montreal. Montreal. H2W 1R7, Canada.

Neurons synthesise neurotrophins (NTs), however, the pathway by which they 
process and release NTs is not well understood. Previous studies from our lab 
(Fawcett et al. 1997 J. Biol. Chemistry 272: 8837-8840) show that BDNF is present 
in a vesicular fraction of brain synaptosomes suggesting that BDNF may be 
processed by the regulated secretory pathway. In this study, we used a vaccinia 
virus expression system to over-express NGF and BDNF in cultured hippocampal 
neurons, and followed the rate of the proteins by pulse-chase metabolic labelling and 
immunostaining methods. Over an eight hour period, neurons release NGF into 
conditioned medium while BDNF is retained within cell extracts. The differences 
are evident within 60 minutes and do not arise artifactually since BDNF is released 
continuously in Schwann cells, which have only a constitutive pathway. Some 
intracellular BDNF is released from neurons following treatment with KCL, as is 
secretogranin II, a protein in the regulated secretory pathway. 
Immunocytochemistry detects BDNF immunoreactivity within punctate structures 
in the cytoplasm and processes of virus-infected neurons, while NGF 
immunoreactivity is located diffusely in the peri-nuclear ER and Golgi stacks. 
Similar results were obtained in experiments in which NGF and BDNF were 
introduced into AtT20 and GH3 cells. Taken together, these results suggest that 
NGF in neurons is processed and continuously released by the constitutive secretory 
pathway. In contrast, BDNF is targeted to the regulated pathway and may be 
released in an activity dependent fashion, which may explain how BDNF can alter 
synaptic activity in brain neurons. Supported by the NCE Program In Neuroscience 
and by the Medical Research Council of Canada (RAM) and MCHE of Iran (SJM).

875.11
LOCALIZATION OF EPITOPE-TAGGED NERVE GROWTH FACTOR 
AND NEUROTROPHIN-3 TO DENSE CORE GRANULES IN 
NEUROENDOCRINE CELLS. J. C, Moller*. A. Kriittgen, J. V. Heymach 
Jr., R. J. Tolwani, E. M. Shooter. Dept. of Neurobiology, Stanford 
University School of Medicine, Stanford, CA 94305.

Current evidence suggests that the members of the nerve growth factor 
family play a role in synaptic plasticity. Release of these proteins in 
neuroendocrine cells and in CNS neurons takes place via the regulated 
secretory pathway, potentially representing a means for the local supply of 
these trophic molecules to active synapses. However, the identity of the 
intracellular storage compartment for neurotrophins undergoing activity- 
dependent secretion is still uncertain. In this study, a sequence encoding an 
epitope of the human myc protein was attached to the 3'-end of the nerve 
growth factor (NGF) and neurotrophin-3 (NT-3) cDNAs. The 
carboxyterminal myc-tagging did not affect essential properties of NGF o’ 
NT-3 such as their sorting into the regulated secretory pathway in 
transfected PC 12 and AtT-20 neuroendocrine cells. At a light microscopic 
level myc-tagged NGF and NT-3 colocalized with dense core vesicle- 
markers in both cell lines. Moreover, immunoreactivity for myc-tagged 
NGF was found over dense core granules (DCG) at an electron microscopic 
level in transfected PC 12 cells. These data indicate that neurotrophins are 
stored in DCGs in these neuronal model cell lines and, potentially, in 
neurons as well. Currently, transgenic mice expressing myc-tagged NGF 
under the control of a tetracycline-inducible promoter are being generated. 
These mice v/ill be used to verify the localization of myc-tagged NGF to 
dense core vesicles in different neuronal populations.
Supported by grants from NIH (WS04270) anti the Alzheimer's Association 
and fellowships from the DFG (JCM, AK).

875.12
ULTRASTRUCTURAL LOCALIZATION OF trkB IMMUNOREACTIVITY IN 
RAT HIPPOCAMPAL FORMATION. C.T. Drake*1, 3.L. Patterson2, and T.A. 
Miiner1. 1Dept. Neurology & Neuroscience, Cornell Univ. Med. Coll., NY, NY 
10021 and 2Ctr. Neurobiology and Behavior, Columbia Univ., NY, NY 10032.

Considerable evidence now suggests that the trkB neurotrophin receptors 
and their principal ligand, brain-derived neurotrophin factor (BDNF), are involved 
in activity-dependent plasticity. Specifically, expression of mRNAs for trkB and 
BDNF in neurons within the hippocampal formation is modulated by neural 
activity, and BDNF can modulate synaptic transmission. Light microscopic 
studies have localized BDNF and trkB immunoreactivity (ir) to discrete regions 
and celi populations, but a more precise knowledge of the subcellular distribution 
of neurotrophins and their receptors will contribute to a better understanding of 
their roles. Therefore, the distribution of trkB-ir in the rat hippocampal formation 
was analyzed using electron microscopy. A previously-characterized (Fryer et 
al. JCN 374:21, 1996) rabbit polyclonal antibody specific for the full-length trkB 
receptor was used to iabel acrolein-fixed hippocampal sections. TrkB-ir was 
striking and dense in the axon initial segments (AISs) of principal neurons 
(granule and pyramidal cells), while much lighter labeling was present in other 
compartments of these neurons. TrkB-ir in the AIS was widely distributed along 
the plasma membrane and microtubules, while the labeling in somatodendritic 
and axon terminal profiles was usually present in small patches along the 
plasma membrane or intracellular organelles. In addition to principal cell labeling, 
trkB-ir was present in other cell populations, including axon terminals in the hilus 
that formed symmetric (inhibitory-type) synapses, as well as neuronal somata 
and dendrites which did not resemble those of principal cells. In both the dentate 
gyrus and hippocampus, patchy trkB-ir was present in some myelinated axons 
and glial processes. These data suggest that trkB receptors are: (1) targeted to 
discrete compartments within principal cells, and (2) present in nonprincipal cells 
that may also mediate BDNF effects in the hippocampal formation. Supported 
by an Aaron Diamond Postdoctoral Fellowship, MH42834 and DA08259.

875.13
AXONAL TRANSPORT OF p75 AND ENDOGENOUS BDNF WITHIN THE
ADULT SPINAL CORD JJ, Lu,...RA...Rush... X.-F_ Zhou and IA Ferguson*
Department of Human Physiology, Flinders University School of Medicine, 
Adelaide, S.A. 5042 Australia
During development, low affinity neurotrophin receptor (p75) and brain derived 
neurotrophic factor (BDNF) are synthesised within the brain and spinal cord. This 
study1 aimed to provide evidence of the synthesis and utilisation of endogenous 
BNDF within the mature, uninjured central nervous system. Ascending and 
descending axons in the spinal cord were severed using a transverse knife cut. At 
various times after lesion, anaesthesised animals were perfusion fixed and spinal 
cords removed and processed for BDNF and p75 immunohistochemistry. Antibodies 
to BNDF were generated in rabbits immunised with recombinant BDNF and 
subsequently affinity purified. The mouse monoclonal antibody, IgG-192 was used 
to detect p75. BDNF or p75 immunoreactivity (-ir) could not normally be detected 
within intrinsic axonal pathways of the uninjured spinal cord. However, 24 hours 
after lesion, BDNF-ir and p75-ir was observed immediately proximal and distal to the 
lesion. Immunoreactivity was localised within swollen ends of axonal processes. 
BDNF-ir in these areas was not observed in animals 3 or more days post-lesion. 
Little BDNF-ir or p75-ir was detected between two lesions 2 mm apart on the spinal 
cord indicating that the accumulation was not the result of synthesis at the injury 
site. These data provides evidence of the production of endogenous BDNF within the 
mature CNS and is consistent with: (i) the synthesis and anterograde axonal transport 
of BDNF within specific neurons in vivo, analogous to that which occurs in some 
primary sensory neurons2; and/or, (ii) retrograde axonal transport of BDNF following 
synthesis and release of BDNF from innervated target tissues in the spinal cord.
1 Supported by Spinal Research Fund of Australia
2 Zhou X-F and Rush RA (1996) Neuroscience 74: 941-951.

875.14

ENDOGENOUS NT-3 IS RETROGRADELY TRANSPORTED IN 
THE RAT SCIATIC NERVE A. Nitta*, Y. Jin-nouchi. Y. Qda. 
M. Hino, H. Fukumitsu, M. Sato. H. Nomoto, S. Furukawa. Lab. of 
Molecular Biology, Gifu Pharmaceutical University, Gifu 502 Japan

NGF, BDNF AND NT-3 are members of neurotrophin family 
proteins, and have been thought to act as target-derived 
neurotrophic factors. In order to address their active transport 
in the peripheral nerves, we measured NGF, BDNF and NT-3 
levels within the sciatic nerve of adult rats following transection 
by using sensitive enzyme immunoassays specific for respective 
neurotrophins. NT-3 level increased 1 day after transection in 
the distal segment, and returned to the original level 2 days later. 
A pattern of change was essentially similar to that of NGF. 
Whereas, an increase in BDNF level was observed 
simultaneously both in distal and proximal sites 3 days after 
transection. The increase in the distal site was considered to 
be de novo synthesis because ot a well coincidence with an 
elevation ot BDNF mRNA. These results suggest that 
endogenous NT-3 is retrogradely transported in the sciatic 
nerve from the periphery to the cell bodies of responsive 
neurons, and that endogenous BDNF is conversely transported 
from the central to the peripheral side. NT-3 is thought to play 
an important role in the conveyance of trophic signals from 
target organs to the neuronal cell bodies.
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875.15
ANTEROGRADE TRANSPORT OF ENDOGENOUS NT-3 FROM THE 
RETINA TO THE OPTIC TECTUM. C.S. von Bartheld*. Depts. of 
Physiology, Univ. of Washington, Seattle, and Univ. of Nevada School of 
Medicine, Reno, Nevada 89557.

Exogenous NT-3 is transported anterogradely after internalization by 
retinal ganglion cells (RGC) in chick embryos (von Bartheld et al., 1996; 
Nature 379:830-833). This study examined whether endogenous NT-3 is 
anterogradely transported by RGC. (1) Endogenous NT-3 protein is 
present in the ganglion cell layer, and in the stratum opticum (SO) and the 
SGFS layers a-f in the tectum. Tectal NT-3 immunolabel is largely 
reduced or abolished after treatment of the eye with colchicine or 
monensin, indicating that endogenous NT-3 is transported by RGC to the 
optic tectum. (2) Axonal transport of NT-3 is receptor-mediated. The 
ganglion cell layer expresses p75, trkB and trkC mRNAs. Immunolabel 
for p75, but not trkB or trkC, in the superficial tectum coincides with the 
NT-3 label. The p75 label in the SO and SGFS is largely reduced or 
eliminated by injection of monensin in the eye, indicating that p75 protein 
is exported along RGC axons to the retinotectal terminals. Consistent with 
the coinciding distribution of p75 and NT-3 in the SO/SGFS, crosslinking 
and immunoprecipitation of anterogradely transported NT-3 in RGC axons 
indicates that a major fraction of the axonally transported NT-3 binds to 
p75. (3) Chicken NT-3 mRNA is expressed in the ganglion cell layer. 
Endogenous NT-3 immunolabel in this layer is not decreased by intra-
ocular pertussis toxin or monensin which reduce secretion of proteins 
including neurotrophins. These results indicate that NT-3 is produced by 
RGCs, and that some of this NT-3 is transported anterogradely along the 
axon to the superficial layers of the tectum, possibly bound to p75 recep-
tors. We are currently exploring functions of NT-3 on synapse develop-
ment in the retinotectal projections. Antibodies provided by I. Bartke (Boehringer), 
R. Rush, L. Reichardt, F. Lefeort, H. Tanaka; NT-3 DNA by P. Maisonpierre, G. Yancopoulos 
(Regeneron); NT-3 by R. Lindsay (Regeneron). Supported by NIH grant HD 29177.

875.16
CONTRIBUTIONS OF THE OPTIC TECTUM AND THE RETINA AS 
SOURCES OF BDNF FOR RETINAL GANGLION CELLS IN THE 
CHICK EMBRYO. KMU_Herzog* and C.S. von Bartheld. Dept. of 
Neurobiochemistry, Max-Planck-Institute for Psychiatry, Martinsried, 
Germany, and Depts. of Physiology, Univ. of Washington, Seattle, and 
Univ. of Nevada, NV 89557.

Retinal ganglion cells (RGC) are supported by brain-derived 
neurotrophic factor (BDNF), but it is not known if BDNF acts as a target- 
derived factor, or as an afferent or autocrine trophic factor. Here we 
demonstrate that BDNF mRNA is expressed in the retinorecipient layer of 
the chick optic tectum as well as in the inner nuclear layer and ganglion 
cell layer of the retina. Destruction of RGC by section of the optic stalk 
did not significantly reduce BDNF mRNA in the retina, indicating that a 
major fraction of the BDNF in the retina is produced by cells other than 
RGC. Cells in the ganglion cell layer as well as the retinorecipient layers of 
the optic tectum were BDNF-immunolabeled. After injections into the 
tectum, radio-iodinated BDNF was transported to the retina where 
autoradiographic label accumulated in the inner plexiform and ganglion 
cell layers. After intraocular injection, iodinated BDNF accumulated in 
these same retinal layers and correlated with the distribution of p75 
neurotrophin receptor protein. The majority of crosslinked, receptor- 
bound BDNF in the retina immunoprecipitated with p75 antibodies. No 
difference in the intensity of BDNF immunolabel was observed in the 
experimental retina or tectum after optic stalk transection, indicating that 
most of the BDNF in the RGC was not derived from the optic tectum. 
These data show that a substantial fraction of the BDNF in the ganglion cell 
layer is derived from local sources, afferents within the retina, rather than 
from the optic tectum via retrograde transport. Materials kindly provided: 
BDNF (Regeneron), BDNF antibodies (S. Jungbluth, K. Bailey, Y.-A. Barde), trk 
antibodies: (L.F. Reichardt, F. Lefeort, D.O. Clary), p75 antibodies (H. Tanaka). 
Supported by the Max Planck Society and NIH grant HD 29177.

875.17
RETROGRADE TRANSPORT OF GDNF FROM VIBRISSAE AND TEETH 
SUGGESTS A NEUROTROPHIC ROLE FOR GDNF IN THE TRIGEMINAL 
SYSTEM. C.A, Nosrat, K. Fried*, L. Olson. Dept. of Neuroscience, Karolinska 
Institute, S-171 77, Sweden.

High levels of GDNF mRNA labeling in the developing teeth and vibrissae indi-
cate possible trophic and/or morphogenic effects of GDNF protein during tooth and 
vibrissae development. Pulpal tissue homogenate stimulates neurite outgrowth from 
different chick ganglia compatible with the presence of GDNF and neurite outgrowth 
can not be inhibited by blocking antibodies to NGF. We also know that retrogradely 
transported GDNF exerts neurotrophic activity in the mgrostriatal system.

To investigate the role of GDNF in the trigeminal system, we first studied the 
possible endogenous production of GDNF in adult vibrissae. Indeed, GDNF mRNA 
is expressed in developing and adult vibrissae. To investigate the possible neuro-
trophic role of GDNF in the trigeminal system 125I-GDNF (provided by Amgen) 
was injected to whisker pads and teeth of 3 day old and adult rats. 1251 -GDNF diluted 
1:100 in cold GDNF served as control. Animals were perfused, the trigeminal ganglia 
dissected, sectioned and processed for autoradiography. No signs of severe inflamma-
tion was seen in the injection sites in the vibrissae and moderate amounts of silver 
grains were located close to the injection sites. I-GDNF was retrogradely transported 
from the whisker pads in both neonatal and adult animals. Preliminary results indi-
cate a retrograde transport from the teeth as well. There was a larger amount of neu-
rons labeled in neonatal trigeminal ganglia than in the adults. GDNFR-alla and Ret 
mRNA are expressed in the trigeminal ganglion and trigeminal nuclei in the brain 
stem. Based on these findings, we conclude that GDNF may exert a classical neuro-
trophic effect in the trigeminal system.

Supported by the Faculty of Odontology, Karolinska Institute.

875.18
IS GLIAL-DERIVED NEUROTROPHIC FACTOR A TARGET 
DERIVED NEUROTROPHIC FACTOR FOR MATURE NEURONS?
A.E. Crowley, P.M. Webb, T.A, Barnhart and J.M. Spitsbergen Department 
of Biological Sciences, Western Michigan University, Kalamazoo, MI 49008.

Innervation of developing tissues, as well as the maintenance of mature 
neuronal connections, depends upon a steady supply of target-derived 
neurotrophic factors. One such factor is glial-derived neurotrophic factor 
(GDNF). Our research focuses on the link between the level of GDNF 
expression in peripheral tissues and the degree of innervation of these tissues.

GDNF expression was examined in vivo using peripheral tissues from adult 
rat and embryonic chicken. Tissues innervated by sympathetic, 
parasympathetic and somatic motor neurons were harvested, homogenized in 
buffered saline, centrifuged, and the resulting supernatant was assayed using 
an enzyme-linked immunosorbant assay specific for GDNF.

In adult rat, GDNF protein was detected in arteries, gastrointestinal system, 
skeletal muscle, but not in bladder. The concentration of GDNF measured in 
tail artery (0.55 ± 0.12 pg/mg wet weight) was nearly twice that measured in 
aorta (0.34 ± 0.003 pg/mg wet weight). In addition, the concentration of 
GDNF protein measured in skeletal muscle from embry onic chicken 
increased dramatically between day 11 (Ell) and day 15 (El5).

The observation that GDNF is expressed at higher levels in more densely 
innervated tissues (tail artery vs aorta and El5 vs El I chick skeletal muscle) may 
indicate that GDNF is acting as a target derived neurotrophic factor for neurons 
innervating these tissues.

(Supported by Western Michigan University)

875.19

EXPRESSION OF GDNF IN HUMAN SKELETAL MUSCLE 
H. Suzuki1,2, A. Hase2, H, Funakoshi3, Y. Miyata1, K. Arahata2, C.F.
Ibanez4, and C. Akazawa2* , Dept. of Pharmacol., Nippon Med. Sch., 
Tokyo 113; 2Dept. of Neuromuscular Res., NCNP, Tokyo 187; 
3Biomed. Res. Center, Osaka Univ. Med. Sch., Suita 565, Japan; and 
-Dept. of Neuroscience, Karolinska Inst. Stockholm 171 77, Sweden

Glial cell line-derived neurotrophic factor, GDNF. has been shown 
to exert a potent survival effect on motor neurons and has drawn an 
attention in the treatment of motor neuron diseases such as amyotrophic 
lateral sclerosis or spinal muscular atrophy. Although GDNF has been 
discussed as a target-derived neurotrophic factor for motor neurons, its 
expression in human skeletal muscle has not been fully described. We, 
therefore, characterized localization of GDNF mRNA and protein in 
adult human skeletal muscle. Northern blot analysis and in situ 
hybridization showed that GDNF mRNA was highly expressed in the 
skeletal muscle. Immunohistochemical analysis revealed that 
intramuscular nerve bundles were prominently stained. These results 
suggest that GDNF is secreted from human skeletal muscle, and is 
taken up by the nerve terminals and is transported by axonal flow to 
their cell bodies.
Supported by COE grant from the Ministry of Health and Welfare.
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876.1
Activin  and  bFGF in  the  Early  Neuronal  Response  to  Hippocampal  
Kainic  Acid  Lesion  Y-P-Tretter1. B. Munz2, G. Hiibner2. A.J.R. Chesi1, G. ten 
Bruggencate1, S..Werner2 andC, Alzheimer1 Dept. of Physiology, University of 
Munich, Pettenkoferstr.12, D-80336 Miinchen 2 Max-Planck-lnstitute for 
Biochemistry, Am Klopferspitz 18a, D-82152 Martinsried, Germany

We have recently shown that intracerebroventricular injection of kainic acid 
(KA) leads to a strong induction of activin Pa  mRNA in the ipsilateral mouse 
hippocampus within 6 h post lesion, suggesting that activin might play a role m the 
early neuronal response to brain injury {Neuroreport 7:1819-1823, 1996).
Because basic fibroblast growth factor (bFGF), a well-established neuroprotecuve 
factor, has been found to induce activin expression in fibroblasts (Hiibner and 
Werner Exp. Cell Res. 228:106-113, 1996), we were particularly interested whether 
such an interaction might also occur in the brain. For this purpose we investigated 
the effect of simultaneous icv. injection of 0.2pl KA (Ipg/pl) and 0.2pl bFGF 
(5qg/ml) on activin expression in the mouse hippocampus.

After co-injection of bFGF and KA, histological staining with cresylviolet 
showed no apparent damage of pyramidal neurons in the CA3 subfield of the 
ipsilateral hippocampus. This neuroprotective effect of bFGF was accompanied by a 
significant upregulation of Pa  mRNA expression (fivefold increase compared to 
KA injection alone) within 24h of lesion as determined by RNAse protection assay. 
Furthermore, in-situ hybridization demonstrated that bFGF can modulate the spatial 
expression of Pa  mRNA in KA-treated hippocampus. Our data suggest that activin, 
maybe stimulated by bFGF, might exert a protective action in the early neuronal 
response to CNS lesion.
(Supported by the BMBF)

876.2
EXPRESSION OF FIBROBLAST GROWTH FACTORS FOLLOWING 
INTRASTRIATAL QUINOLINIC ACID LESIONS IN MICE. M. G. Zurich* and 
M. Blum. Fishberg Ctr. for Neurobiology, The Mount Sinai School of Medicine, New 
York, NY 10029.

It is classically thought, that trophic factors are provided to the neurons by their 
target cells. This may not be the only source of trophic factors since in Huntington’s 
disease (HD) the nigrostriatal dopaminergic (DA) neurons survive in spite of the 
degeneration of their targets localized in the striatum. Instead of, or in addition to this 
target-derived trophic support, DA neurons may derive their trophic support m an 
autocrine manner. Alternatively this support may be provided by astrocytes. FGFs are 
present in the striatum and in the midbrain and may act as trophic factors for the DA 
neurons. Thus, we hypothesized that FGFs could be upregulated to sustain DA 
neurons in case of loss of their neuronal target cells.

C57BL/6 mice received an unilateral striatal injection of quinolinic acid (QA, 20 
or 75 nmoles), which has been shown to produce axon-sparing lesions similar to those 
observed in HD, or vehicle. They were sacrificed 1 week or 1 month later. TH 
immunostaining confirmed that DA neurons are preserved although their main targets, 
the GABAergic striatal efferents seen by calbindin immunocytochemistry, as well as 
the GABAergic interneurons stained for parvalbumin and the interneurons containing 
somatostatin/NPY visualized by NADPH-diaphorase activity, are lost in a dose- 
dependent way. GFAP immunostaining showed a gliosis in the striatum ipsilateral to 
the lesion. Furthermore a moderate gliosis was observed in the midbrain following 
only the highest dose of QA. A robust upregulation of aFGF in the striatum was 
observed by in situ hybridization, at the same time as the gliosis. No upregulation of 
bFGF was observed in the striatum, and FGFs do not seem to be upregulated in the 
midbrain. These results suggest that aFGF in the striatum, probably mostly provided 
by astrocytes, could afford protection to the DA neurons against excitotoxicity. The 
importance of this upregulation of aFGF for the survival of DA neurons will be 
investigated by conducting the same experiments in mice carrying an antisense for 
FGFs driven by a GFAP promoter. (Supported by NIH grant# AG08583).

876.3
INCREASED REL/NF-KB PROTEIN BINDING TO DNA AND INDUCTION 
OF A POTENTIALLY NOVEL NF-KB SUBUNIT OCCURS AFTER 
ADMINISTRATION OF QUINOLINIC ACID OR CNTF IN THE RAT 
STRIATUM. M F.J. Gilder and S.W. Davies (SPON:Brain Research Association) 
Dept. of Anatomy and Developmental Biology, University College London, Gower 
St., London, WC1E 6BT, UK.

NF-kB/Rel is a transcription factor family involved in various cellular responses, 
including the regulation of cytokine expression. In many cell types NF-kB is 
inducible, the p65 subunit of the complex (p65:p50) residing in the cytoplasm 
bound to the inhibitory protein IkB. Phosphorylation and subsequent degradation of 
IkB releases p65 which is then free to bind to p50 and translocate to the nucleus. In 
some cell types however NF-kB has constitutive activity’ as seen in the hippocampus 
and cerebral cortex. We confirm that both the p65 and p50 subunits of NF-kB are 
constitutively active in the striatum. Administration of the NMDA receptor agonist 
and excitotoxin quinolinic acid (QA), leads to an increase of protein binding to NF- 
kB oligonucleotides on EMSA. Western blots demonstrate no dramatic change in 
p65 and p50 subunit levels after QA lesion, however, a potentially novel protein is 
recognised by p50 antisera at 35kD which is rapidly induced at 24h post-lesion. 
Administration of the cytokine ciliary neurotrophic factor (CNTF) is known to 
induce gliosis in the CNS. A similar pattern of increased protein binding on EMSA 
and appearance of a 35kD band on Western blot is seen, following injection of 
CNTF, although peak expression is at 12h post-lesion. The nature of the 35kD 
protein is being characterized. Furthermore, Western blots indicate that endogenous 
levels of striatal CNTF increase following QA lesion. These results implicate NF- 
kB in regulating the glial response to striatal injuiy and that release of CNTF by 
damaged glia may be a signal inducing reactive gliosis in the striatum.
M.F.J.G. holds a UCL Graduate School Research Scholarship.

876.4
REACTIVE ASTROGLIOSIS: ASSOCIATION BETWEEN
INFLAMMATORY CYTOKINES AND NEUROTROPHIC FACTORS. U
Riscaldino, S. Chabot, J.P. Antel* and V.W. Yong. Neuroscience Research Group, 
University of Calgary, Calgary’, Alberta, Canada, T2N 4N1 and Department of 
Neurology and Neurosurgery, McGill University, Montreal, Quebec, FI3A 2B4.

Astrogliosis is a phenomenon that occurs after many types of injuries to the central 
nervous system (CNS). However, the functional relevance of astrogliosis is uncertain. 
There is evidence to suggest that both beneficial and detrimental consequences of 
reactive astrogliosis to CNS recovery exist and that levels of certain neurotrophic 
factors are elevated following CNS injury where the source appears to be reactive 
astrocytes. We have previously shown that the administration of exogenous 
inflammatory cytokines enhances astrogliosis following CNS trauma. In order to 
determine whether endogenous inflammatory cytokines are upregulated following an 
insult to the brain, adult mice were administered a stab injury to the cortex using a 
piece of nitrocellulose membrane and the mRNA levels of particular cytokines were 
subsequently measured by RT-PCR. A rapid and marked increase in the levels of 
mRNA for IL-la, IL-lp and TNF-a were seen, peaking between 3 and 12 hours. 
Early manifestation of astroglial activity, as demonstrated by an increase in GFAP 
mRNA, begins during and immediately preceding this rise in inflammatory cytokines. 
Determination of transcript levels for CNTF by quantitative PCR indicate that its 
expression is increased at 6 hours post-stab injury and is still apparent after 7 days. 
We are currently addressing whether other neurotrophic factors (bFGF, NT-3, NGF 
and IGF-1) are also elevated following CNS trauma, and whether the source of these 
is reactive astrocytes. Given the differential temporal increase in inflammatory 
cytokines and CNTF, we are also investigating whether the production of CNTF and 
other neurotrophic factors is regulated by the preceding rise in inflammatory 
cytokines. (Supported by MRC.)

876.5
EVIDENCE THAT TNF-a AND IL-Ip MEDIATE MICROGLIA-ASTROCYTE 
INTERACTIONS IN CNS RADIATION INJURY. S. Kyrkanides, J.A. Olschowka, 
J.T. Hansen* and M.K. O’Banion. Department of Neurobiology & Anatomy, and 
Neurology, University of Rochester, Rochester NY 14642.

Patients exposed to therapeutic doses of ionizing radiation for the management of 
brain tumors often develop a white matter radiation necrosis. Recent studies indicate 
that glial cells are rapidly activated in response to ionizing radiation and are likely to 
contribute to CNS inflammation and Blood Brain Barrier (BBB) breakdown. TNF-a 
and IL-1 p appear to play pivotal roles in CNS inflammation. The intercellular adhe-
sion molecule-1 (ICAM-1) is expressed by astrocytes and endothelial cells, and is 
implicated in BBB leakage. Cyclooxygenase-2 (COX-2) is a major determinant of 
inflammation and the primary target of non-steroidal anti-inflammatory- drugs.

We have shown that TNF-a, IL-1 p. COX-2 and ICAM-1 are induced in irradiated 
mouse brain at the mRNA and the protein level. In the present study we investigated 
the role of TNF-a and IL-ip in microglia-astrocyte interactions following radiation 
injury in vitro. Isolated primary cultures of microglia and astrocytes were prepared 
from mouse cortex. mRNA levels of TNF-a, IL-lp, COX-2 and ICAM-1 were as-
sessed 4 hours post-irradiation using semi-quantitative RT-PCR. Direct irradiation 
induced TNF-a and IL-lp in microglia, and up-regulated COX-2 but not ICAM-1 in 
astrocytes. In contrast, exposure of cultured astrocytes to conditioned medium from 
irradiated microglia resulted in induction of both COX-2 and ICAM-1, which was also 
observed in astrocytes treated with recombinant TNF-a or IL-1 p.

These results suggest that TNF-a and IL-1 P mediate microglia-astrocyte interac-
tions in CNS radiation injury. Understanding the mechanisms of radiation injury of-
fers new possibilities for pharmaceutical interventions that could protect normal brain 
tissue from the deleterious side-effects of ionizing radiation while allowing for better 
management ot brain cancer.

[Supported by the NIH (NS-33553) and The Lucille P. Markey Charitable Trust.]

876.6
ENHANCED EXPRESSION OF INTERLEUKIN-1 BETA (IL-ip) mRNA IN 
RAT FETAL BRAINS INDUCED BY MATERNAL ENDOTOXIN. P. G. 
Rhodes*, S. E. Wellman^and Z. Cai. Depts. of Pediatrics and tPharmacoi. 
& Toxicol., Univ. of Miss. Med. Ctr., Jackson, MS 39216.

Because of evidence linking maternal infection with fetal brain damage, 
we studied fetal brain cytokine expression following maternal endotoxin 
receipt. Expression of IL-1p and other cytokine mRNAs in fetal brain 
induced by maternal endotoxin was studied in fetal rat brains. On G20, 
lipopolysaccharide (LPS) suspension in saline was administered to dams 
(i.p.) at a dose range of 0, 1, 2, or 4 mg/kg of body weight. Expression of 
IL-1 (3 and other cytokine mRNAs in fetal and dam brain was determined 1 
hr after LPS injection, using a reverse transcription-polymerase chain 
reaction method. Expression of p-actin mRNA, a housekeeping gene, was 
also determined as an internal reference. IL-1 p mRNA expression in both 
the dam and the fetal brain was very low or undetectable under normal 
conditions. Administration of LPS greatly enhanced expression of IL-1 p in a 
dose dependent manner in both the dam and the fetal brains. Maternal 
adminstration of LPS also greatly enhanced c-fos mRNA expression in a 
dose dependent manner. However, induction of the expression of TNF and 
IL-6 mRNAs in the fetal brain was only detectable after maternal high dose 
LPS injection. Maternal LPS administration also enhanced inducible nitric 
oxide (iNOS) mRNA expression in the fetal brain. These results indicate 
that maternal infection during pregnancy may induce IL-ip and other 
cytokines not only in the maternal side, but also directly in the feta! brain, 
and that induction of these cytokines as well as iNOS in the fetal brain may 
be associated with the neurological impairment in the offspring due to 
maternal systemic inflammation. (Supported by UMC Newborn Med.funds.)
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876.7
CHARACTERIZATION OF TGF-B1 NEUROTROPHIC FACTOR CASCADE 
ASSOCIATED WITH MPTP-INDUCED INJURY OF DOPAMINE NEURONS IN 
YOUNG AND MIDDLE-AGED MICE. A. Ho* and M, Blum. Fishberg Res. Ctr. 
for Neurobiology. The Mount Sinai School of Medicine, New York, NY 10029.

TGF-81 is a cytokine that has been found to increase after neuronal injury and to 
play an important role in promoting recovery. TGF-B1 has been shown to provide 
neurotrophic support to midbrain dopamine neurons and can protect them against 
MPTP-induced toxicity. Since TGF-B1 has been thought to act indirectly to promote 
the survival of dopamine neurons, possibly TGF-B1 stimulates the release of 
dopaminergic neurotrophic factors from astrocytes. aFGF, bFGF and GDNF are 
dopaminergic trophic factors that can enhance the survival and plasticity of 
dopamine neurons, and can be synthesized by striatal astrocytes. Therefore, we 
speculated that the protective effects of TGF-81 on dopamine neurons after neuronal 
injury is mediated by astroglial-derived dopaminergic trophic factors.We found in 
primary striatal astrocyte cultures that TGF-B1 can regulate aFGF and bFGF mRNA 
differentially depending on astrocyte maturation in vitro. In young immature striatal 
astrocyte cultures that were 11-13 days in vitro (DIV), we found that TGF-B1 
induced aFGF mRNA and reduced bFGF mRNA. Conversely, in mature astrocyte 
cultures (DIV 23-25), TGF-B1 was shown to induced a selective increase in bFGF 
mRNA. No changes in GDNF mRNA were seen after TGF-B1 treatment in either 
the young and mature astrocyte cultures. To address the physiological role of TGF- 
61 and to examine whether there are aging-associated changes in the regulation of 
dopaminergic trophic factor synthesis by TGF-61 in vivo, intraventricular infusion of 
TGF-81 peptide was administered to young-adult and middle-aged mice. We found 
that TGF-B1 induced an increase in bFGF mRNA, but not aFGF mRNA in young- 
adults. There were no change in trophic factor gene expression in middle-aged mice 
after TGF-B1 infusion, suggesting an aging-associated decline in the ability of TGF- 
81 to induce synthesis of trophic factors. Further studies are exploring whether TGF- 
81 gene expression is altered after MPTP-induced injury of dopamine neurons in 
young and middle-aged mice. (Supported by NIH grant AGO8538)

876.8
CHEMOKINES IN NEURODEGENERATIVE DISEASES.
G. Kelner*, D. Maciejewski,, F. Menniken#, C. Liu, M. Clark, C. 
Liaw, K. Xu, D. Grigoriadis, G. Naeve, D. Chalmers, A. Foster,
S. Boehme, P. Crowe, R. Quirion#, E. De Souza and R. Maki, 
Neurocrine Biosciences, Inc. San Diego, CA 92121 and #Douglas 
Hospital Research Center, McGill University, Montreal, Quebec, 
Canada
A common feature associated with neurodegenerative diseases is 
gliosis. The activation of both astrocytes and microglia leads to an 
increase in the expression of various cytokines and chemokines. 
While toxic effects of cytokines secreted by glial cells have been 
observed, very little is known about the effects of chemokines. The 
present study was designed to address this. Models for the 
activation of both astrocytes and microglia were established and 
cultures of rat astrocytes and microglia were treated with various 
activating agents. Subtractive hybridization was then performed to 
identify genes that are induced. A large number of genes were 
identified from these cultures, including members of the chemokine 
family of cytokines. The chemokines induced include MCP1, MCP- 
3, MIPla, Rantes, Groa, Grob, LIX, and Exodus. To test whether 
these chemokines are induced in an in vivo disease model, in situ 
hybridization was used to evaluate their expression in the middle 
cerebral artery occlusion model of stroke; MIPla, LIX and Exodus 
were found to be induced in this model. The expression of 
chemokines in other models of neurodegeneration and their effect on 
neurons and glial cells will be presented.

876.9
ANALYSIS OF ISCHEMIA INDUCED CYTOKINE
EXPRESSION IN THE CNS. F.P. Eckenstein*, J.K. Hill, D. 
Kulhanek, N. Lessov, R. Nishi, W. Clark and M. Stenzel-Poore
Oregon Health Sciences University, OR 97201

Ischemic stroke is known to cause leukocyte infiltration and 
inflammatory responses in affected areas of the CNS. Some aspects 
of the inflammatory response may exacerbate stroke damage, thus 
interfering with the inflammatory response represents a target for 
stroke therapy. Cytokines are potent regulators of inflammatory 
responses, but their role in the ischemic CNS is not well 
understood. The present study used middle cerebral artery 
occlusion in the C57BL/6 mouse as a model of ischemic stroke and 
analyzed the time course of the regulation of expression of 22 
different cytokine mRNAs by a multiprobe ribonuclease protection 
assay. Induction of TNF alpha, IL- 1 beta, IL-1 receptor antagonist 
and IL-6 were prominent at 10 and 18 hours post-ischemia, while a 
marked increase in TGF beta 2 was observed after 96 hours. In 
general, permanent occlusion caused a more rapid induction than 
when reperfusion was allowed. Infarct size was correlated with 
cytokine mRNA level in a series of 16 animals. Interestingly, the 
pattern of cytokine expression was found to differ between animals 
showing medium size versus large size infarcts, in that IL-6 
expression was only detected in animals with large infarcts. These 
data form a baseline for further studies on the physiological role of 
cytokines in ischemic stroke.

Supported by NINDS

876.10
SIGNALS AND SIGNALLING IN INJURED SCIATIC NERVE. J.Y.
Sheu*, L. Thai, DJ. Kulhanek, and F.P. Eckenstein. Oregon Health 
Sciences University, Portland, OR 97201

Following injury, the peripheral nerve undergoes a stereotypical pattern 
of cellular changes accompanied by changes in gene expression. The 
combined effect of these injury responses makes the peripheral nerve an 
environment suitable for damaged axons to regenerate toward their target. 
Our goal is to determine which signalling pathways and signals cooperate 
in regulating these cellular changes. As a first step, we characterized the 
injury-induced activation of different signalling pathways (ERK, STAT3, 
etc.) which report the activation of specific growth factor and cytokine 
receptors. Using antibodies that specifically recognize the 
phosphorylated versions of several signal transduction molecules, we 
have set out to study the states of signalling pathway activities at 
different locations along transected nerves and at different post-injury 
time points ranging from 30 minutes to 32 days post-injury. Using Western 
blotting as a method of quantifying these changes, we found that several 
patterns of signalling activities emerged in the injured nerve, with 
different signalling pathways activated along different sites on the nerve 
and with different time courses. For example, the STAT3 transcription 
factor was activated transiently in the regions directly adjoining the 
injury; this is in contrast to the ERKs which showed a prolonged increase 
in its phosphorylation in the proximal stump adjoining the injury site as 
well as in the entire distal stump. This and other patterns of signalling 
cascade activation serve as an excellent baseline for the further 
investigation of molecules that act to regulate the post-injury events 
taking place within the peripheral nerve. We are following up by 
investigating the changes in growth factor and cytokine message levels in 
the injured nerve. (Supported by NIA).

876.11
THE BLOOD COAGULATION FACTOR XHIa AND REGENERATION OF 
THE NERVOUS SYSTEM. A. Monsonego, T. Mizrahi, I, Friedmann, S. 
Eitan, Y. Shani, F. Yoles*, R. Adanv and M. Schwartz. Department of 
Neurobiology. Weizmann Institute of Science, Rehovot, Israel.

Injury of the mammalian CNS is followed by a cascade of events that result 
in the creation of hostile environment for axonal regrowth in the short term 
and in degeneration of rescued axons in the long term. In contrast, the CNS of 
non-mammalian vertebrate or the PNS of mammals do regenerate in response 
to injury. A major factor that may contribute to this difference in post injury 
behavior of the tissue is the isolation of the mammalian CNS from the 
immune system, resulting in its status as an immune privilege site. In this 
study we show that factor XHIa, an enzyme that participates in blood 
coagulation by stabilizing the fibrin clot, is also expressed in the nervous 
system, where it may play a key role in healing of the injured tissue. An 
analysis of the kinetics of the enzyme expression in response to injury 
revealed relatively high enzyme levels in medium conditioned by the nerve 
tissues. Two hours after nerve injury down-regulation of the enzyme was 
observed in both regenerating and nonregenerating nerves. Subsequent 
elevation in the levels and activity of the enzyme occurred much faster in 
tissues that regenerate spontaneously such as fish optic nerve and mammalian 
sciatic nerve, than in mammalian optic nerve. The enzyme appears to reside 
in the nervous system, mainly white matter, as no differences in the enzyme 
levels observed in media conditioned by nerves that were excised before or after 
perfusion. Moreover detection of the b subunit, which is part of the nonactive 
complex circulating in the blood, was not correlated with the detection of the a 
subunit. We suggest that nonoptimal levels of factor XHIa in the mammalian 
CNS following injury may be part of the inadequate post-injury inflammation 
response critically for axonal regrowth.

876.12
IL-2 REGULATION OF CRF EXPRESSION IN THE RAT SUPERIOR CER-
VICAL GANGLION. S.M, Brouxhon, D,L, Bellinger, P, Mukheraii, and D.L, 
Felten* Department of Neurobiology & Anatomy, University of Rochester, Roch-
ester NY 14642.

Interleukin-2 (IL-2) is a modulator of neural, immune and neuroendocrine func-
tion. IL-2 can cross the blood-brain-barrier, potentially regulating bidirectional in-
teractions that occur between peripheral tissues and the CNS. CRF is releasable 
from slices of hypothalmus and amygdala following incubation with IL-2. IL-2 is 
hypothesized to bind to IL-2R on cholinergic neurons, inducing acetylcholine re-
lease, which acts on muscarinic receptors to release nitric oxide (NO) (Karanth et 
al.). NO then diffuses into the CRF neuron, and via cyclooxygenase and prosta-
glandin E2, leads to the exocytosis of CRF (Karanth et al.).

We investigated whether the SCG exhibits CRF immunoreactivity (ir) and if 
IL-2 can induce CRF expression in a dose dependent manner. Young adult male 
Fischer 344 (F344) rats were administered human recombinant IL-2 (hrIL-2; 0, 1, 
10, 25, 50, 100, or 200mg/rat, i.p.) and sacrificed at varying time points (0.5, 1, 
2, 4, 12, or 24 h) after treatment. In vehicle-treated and non-treated rats CRF-ir 
nerves were sparsely localized throughout the SCG. IL-2 administration resulted in 
a time and dose dependent increase in the expression of CRF-ir fibers which ap-
peared to encircle principal ganglion cells.

These results demonstrate that systemic IL-2 can induce the expression of 
CRF in the peripheral nervous system. IL-2 immunotherapy for malignancies, 
autoimmune diseases and prevention of transplantation rejection has had limited 
therapeutic efficacy due to toxic side effects on the CNS, PNS as well as peripheral 
tissues. We suggest that IL-2 effects on CRF expression is one such mechanism of 
damage.

[Supported by R37 MH42076 and a grant from the Markey Charitable Trust]
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876.13
INCREASED EXPRESSION OF MULTIPLE CHEMOKINES DURING THE 
EARLY RESPONSE OF SYMPATHETIC GANGLIA TO AXONAL INJURY. 
R. Schreiber, K. Krivacic, M. Tani, A. Chemosky, S. Vaccariello, R, Ranso-
hoff, and R. Zigmond*, Dept. of Neurosci., Case Western Reserve Univ. and 
Dept. of Neurosci., Cleveland Clinic Found., Cleveland, OH.

Transection of the axons of neurons whose cell bodies reside in the superior 
cervical ganglion (SCG) produces large alterations in non-neuronal cell popu-
lations within this sympathetic ganglion. For example, the normal rat SCG 
contains primarily resident ED2+ macrophages; however, by 48 h post- 
axotomy, abundant ED1+ hematogenous macrophages enter the ganglion 
(Schreiber et al., 1995). Nothing is currently known about the signaling mole-
cules that underlie this cell recruitment. Chemokines are chemoattractant cy-
tokines that signal to select populations of leukocytes in response to tissue in-
jury or inflammation. Recent studies have documented highly restrictive ex-
pression of monocyte chemoattractant protein-1 (MCP-1) by reactive Schwann 
cells during Wallerian degeneration of rat and mouse sciatic nerves following 
axotomy (Ransohoff et al., Key stone Chemokine Symposium, 1997), We used 
a quantitative RT/PCR blot hybridization assay to examine the following 
chemokine mRNAs in rat SCG after axotomy: MCP-1 (active towards mono-
cytes), MIP-la (active towards monocytes and T cells); GRO-a (neutrophils); 
and RANTES (T cells). MCP-1, MIP-la and GRO-a mRNAs increased dra-
matically by 6 h post-axotomy and subsequently declined towards control val-
ues. RANTES mRNA was not elevated at any time point. No changes in 
chemokine mRNA levels were found in ganglia following a sham-operation. 
These results indicate a surprisingly complex chemokine reaction of the SCG to 
axotomy, which differs from what is observed in distal stumps of axotomized 
sciatic nerves. Future studies will address cellular sources and functions of 
chemokines during the SCG response to axotomy. (NS17512 and NS32151)

876.14
CHANGES IN FGF-2, FGFR-1 AND FGFR-2 IN THE AXOTOMIZED 
FACIAL NUCLEUS AND RED NUCLEUS OF THE ADULT RAT.
K. Stilwell, N.R, Kobayashi, J.D. Sleeves* and W. Tetzlaff. CORD (Collaboration 
on Repair Discoveries), Depts. of Zoology, Anatomy and Surgery, University of 
British Columbia, Vancouver, Canada, V6T 1Z4

Facial motoneurons (FMN) survive with little atrophy after axonal injury 
which interrupts presumed target derived trophic support. Other sources of trophic 
suppport may substitute and we have previously reported a transient increase in 
BDNF expression within FMN after axonal injury (Kobayashi et al., 1996, Eur. J. 
Neurosci. 8:1018). In contrast to FMN, no increase in BDNF expression was seen 
in axotomized rubrospinal neurons (RSN) undergoing massive atrophy after 
axotomy. Here, we analysed the expression of basic fibroblast growth factor (FGF- 
2) and its receptors after axonal injury using RT-PCR, in situ hybridization and 
immunocytochemistry. Axotomized FMN showed a pronounced increase in FGF-2 
mRNA expression as early as lday after injury which was still evident at 14 days. 
In addition, FGFR-1 mRNA and FGFR-1 immunoreactivity (IR) increased in FMN. 
In contrast, FGFR-2 mRNA was found almost exclusively in glial cells and 
increased in parallel with the glial response to axotomy. Interestingly, both FGF-2 
and FGFR-2 IR decreased in FMN, but were detectable in some reactive glial cells, 
which also expressed FGFR-1 IR. The low FGF-2 IR in FMN in the presence of 
high FGF-2 mRNA expression might be due to increased turnover, secretion and/or 
axonal transport of the protein. Preliminary nerve ligation studies suggest that the 
decline in IR may in part be attributable to a decrease in retrograde transport. In 
contrast to FMN, RSN showed only minor changes in the above parameters, 
especially no FGF-2 mRNA increase was detected. A weak decline in the FGFR-1 
and FGFR-2 IR was only observed at later stages after injury (14 d) concomittant 
with the neuronal atrophy. In summary, these data suggest a role for FGF-2 in the 
regeneration process of FMN which appears to be lacking in RSN that fail to 
regenerate. Supported by NSERC and MRC of Canada & the Rick Hansen Institute.

876.15
EXPRESSION OF INSULIN-LIKE GROWTH FACTORS AND THEIR BINDING 
PROTEINS 1-6 mRNAs IN THE RAT VENTRAL HORN AFTER PERIPHERAL 
AND CENTRAL AXONAL INJURIES H.. Ham,mar,berg, T. H6kfelt,_MJ_JIi§.lingJ 
S. Cullheim. F, Piehl*, Dept. of Neuroscience, Karolinska Institute, S-171 77 
Stockholm, Sweden
Insulin-like growth factors have important roles for survival and regeneration of 
motoneurons (MNs) after lesions. By use of in situ hybridization, we have 
investigated the expression of mRNAs encoding IGF-1 and -2, and IGF binding 
proteins (BPs) 1-6 in the rat spinal cord in three lesion models affecting lumbar 
MNs; sciatic nerve transection, ventral root avulsion and intramedullary axotomy. 
IGF-1 was most intensely expressed in glial cells in the central scar and in the 
transected sciatic nerve, with maximum levels after 7 days, whereas IGF-2 was 
expressed in the nerve sheath in the distal part of the sciatic nerve, blood vessels and 
in meninges. A few weakly BP-1 positive cells could be detected in scar tissue and 
meninges, whereas BP-2, -3 and -5 were intensely upregulated in glial cells in the 
central and peripheral scar tissues. BP-2 and -5 also had a neuronal labelling profile 
in intact animals with no or little regulation by injury. BP-4 was mainly seen in 
blood vessels and the nerve sheath of the injured sciatic nerve. The expression of BP- 
6 was significantly upregulated in axotomized MNs with a labelling intensity ratio 
between the lesioned side and the contralateral side reaching a peak at 7 days after all 
three types of injury. At this time the ratio had increased by 70 % and 130 % after 
peripheral axotomy and ventral root avulsion, respectively. At later stages the BP-6 
labelling levels in MNs after sciatic nerve transection and intramedullary axotomy 
were normalized, while the levels remained upregulated three weeks after injury in 
surviving MNs after avulsion. These results may suggest regulatory effects by IGF 
producing cells in close proximity to the MNs or their axons on the levels of BP-6 
in lesioned MNs. It may be speculated that the increased expression of BP-6 in MNs 
is correlated to the degree of trauma to the MN. (Supported by grants from SMRC 
and Hjamfonden, Sweden).

876.16
CILIARY NEUROTROPHIC FACTOR (CNTF) AND CNTF-RECEPTOR 
EXPRESSION IN OPTIC AND SCIATIC NERVE FOLLOWING A CRUSH 
LESION IN THE RAT. M, Kirsch, T. Schneider, E, M. Kasper’1' and H.-D. Hofmann. 
Anat. I., Univ. Freiburg, P.O.B. Ill, D-79001 Freiburg, Germany.

While lesioned peripheral nerves are able to regenerate, lesions in CNS fiber tracts 
lead to degeneration of the projection neurons. The reasons for these differences in 
regenerative potential are largely unknown. In the PNS, CNTF is thought to play a 
role during regeneration. Il is produced by Schwann cells and supports the survival 
and regeneration of lesioned motor neurons. In the CNS, CNTF is produced by 
astrocytes and it has been suggested, that it participates in the generation of the glial 
scar at lesion sites.

We have studied the regulation of CNTF and CNTF-receptor (CNTFRa) expression 
by quantitative PCR, immunoblotting, immunocytochemistry and in situ hybridisation 
in rat optic (ON) and sciatic (SN) nerves after crush lesions.

Seven days after the lesion both CNTF-mRNA and protein levels in the lesion arsa 
are reduced to less than 50% in ON, concomitant with the disappearance of GFAP- 
and CNTF-immunoreactive astrocytes at the lesion site. Distal and proximal of the 
lesion site levels for CNTF and GFAP remain unchanged. In SN on the other hand. 
CNTF-mRNA is reduced to less than 10% of controls at and distal to the lesion area. 
CNTFRa-mRNA expression was found to parallel those found for CNTF m SN. In 
ON. however, CNTFRa-mRNA and protein are reduced proximal and distal to the 
lesion site to 40% and virtually unchanged at the lesion site itself. This would 
suggest, that despite considerable cell loss, CNTFRa- expression is upregulated at the 
lesion site which has been confirmed by in situ hybridisation for CNTFRa.

Our results demonstrate that peripheral and central lesions affect CNTF- and 
CNTFRa-mRNA levels differently. This may contribute to the observed differences in 
glial responses. In the CNS, CNTF may act in an autocrine or paracrine fashion and 
thus may participate in the formation of a glial scar at the site of a lesion 
Supported by DFG (SFB 505/A4).

876.17
REGULATED EXPRESSION OF CNTF RECEPTOR a FOLLOWING 
SCIATIC NERVE LESION. AJ,,MacLennan*^D,L,, McLaurin^BX, 
Devlin, K.J. Anderson and N, Lee. Dept. of Neuroscience, University of 
Florida College of Medicine, Gainesville, FL 32610-0244.

Several lines of evidence suggest that CNTF receptor a (CNTFRa) 
plays a role in the regeneration of axotomized spinal motor neurons. 
CNTF protects spinal motor neurons in vitro and reduces their in vivo 
death resulting from programmed cell death, genetic mutation or 
axotomy. In addition, CNTF promotes in vitro and in vivo process 
outgrowth by these cells and is retrogradely transported at an increased 
rate following lesion of their axons. Finally, spinal motor neurons are 
dependent on CNTFRa as indicated by genetic “knockout” studies.

We hypothesize that an increase in CNTFRa expression by lesioned 
spinal motor neurons contributes to the increase in retrograde CNTF 
transport and the regeneration of the neurons. As a first test of this 
hypothesis, CNTFRa expression was immunohistochemically examined 
in the spinal cords of rats following unilateral sciatic nerve axotomy and 
religation. Data collected to date indicate that the lesioned neurons 
display a large increase in CNTFRa immunoreactivity 1 and 2 weeks, but 
not 1 day, after the injury.

This research was supported by grants to A.J.M. from NIH and the 
State of Florida Brain and Spinal Cord Injury Rehabilitation Trust Fund.

876.18

ACTIVATION OF ERBB2 AND ERBB3 DURING WALLERIAN 
DEGENERATION OF„ SCIATIC NERVE. Y. K. Kwon, C. D. 
Stiles1. S. L, Pomeroy , M. Kirn & K. Cheon. Dept. of Biology, 
KyungHee Univ, Seoul, Korea. ^Dept. of Microbiology & Molecular 
Genetics, Harvard Medical School, Boston MA. “Dept. of Neurobiology, 
Harvard Medical School & Children's Hospital, Boston MA.
Following surgical transection of sciatic nerve, the nerve fibers in the 

distal part undergo Wallerian degeneration. ErbB2 and ErbB3, the 
transmembrane tyrosine kinase receptors for neuregulins are viable 
candidates for regulating the schwann cell proliferation and 
differentiation that accompany regeneration of peripheral nerves. We 
have examined time and location of the activation of ErbB2 and ErbB3 
after transection of rat sciatic nerve. When the sciatic nerve was 
doubly ligated and cut to allow degeneration, ErbB2 phosphorylation 
increased from day 7, peaked between day 11 and 16 and then 
decreased by 3 weeks after injury. ErbB3 phosphorylation was highly 
activated in the opposite leg control and the proximal stump of the 
injured animal and decreased by 3 weeks. When the nerve was cut 
withtouf ligation, which allows axonal regrowth and nerve 
regeneration, the phosphorylation of ErbB2 and ErbB3 was higher 
than the ligated nerves which indicates neuregulins are secreted 
from axon terminals. About 5 weeks after regeneration, the second 
burst of ErbB2 and ErbB3 phosphorylation was stimulated. We used 
activation specific antibody as histochemical reagent to show that 
nerve damage induces a phosphorylation event at tyrosine #1248, which 
couples ErbB2 to the ras/raf/MAP kinase signal transduction pathway. 
Phosphorylation of ErbB2 occurs within schwann cells and coinsides 
in time and space with schwann cell mitotic activity, whereas ErbB3 
is located on the membranes where schwann cells contact with axon 
membranes. These results suggest that activation of ErbB2 and ErbB3 
links to the schwann cell proliferation and differentiation that 
accompanies nerve regeneration in animals. This work is supported 
by grants from Biotech 2000 and SRC, KOSEF.
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876.19
STRUCTURAL DIVERSITY WITHIN THE SENSORY AND MOTOR NEURON- 
DERIVED FACTOR (SMDF) SUBFAMILY OF NEUREGULINS. S.L, Carroll* 
and S.S. Kim. Washington Univ. Sch. of Med., St. Louis, MO 63110.

Schwann cell dedifferentiation and proliferation is required for subsequent axonal 
regeneration in the injured adult peripheral nervous system. We have proposed (J. 
Neurosci. 17: 1642-1659) that Schwann cell proliferation during Wallerian 
degeneration is initially driven by (3-neuregulins (NRGs) released from the 
degenerating axon, with subsequent NRG actions mediated by (3-and/or a-NRGs 
derived from the Schwann cell themselves. Analysis of this hypothesis requires 
characterization of NRG splice variants expressed in both Schwann cells and neurons 
projecting into the injured nerve and production of appropriate recombinant proteins. 
As the SMDF subfamily of NRGs is expressed in rat lumbar sensory (dorsal root 
ganglion) and motor (spinal cord) neurons, we have isolated genomic and cDNA 
clones of these molecules. The complete sequence of a 2856bp SMDFjila cDNA was 
determined and found to encode a 700 amino acid transmembrane precursor with EGF- 
like, transmembrane and carboxy terminal sequences identical to those of the 
corresponding mesenchymal NRG splice variant. Alignment of the predicted rat and 
human SMDF protein demonstrates 76% sequence identity within the SMDF amino 
terminal regions. We have also isolated and sequenced partial cDNAs encoding 
previously undescribed SMDF02 and SMDFP4 splice variants as well as SMDFfB. In 
situ hybridization analyses of NRG expression in DRG and spinal cord neurons 
suggest that the majority of these neurons express SMDF splice variants. These 
observations, combined with PCR fingerprint and ribonucleace protection assays, 
indicate that SMDFJ31 is the most abundant NRG isoform in lumbar DRG and cord. 
We have therefore engineered mammalian cell lines stably producing SMDFfMa 
protein. We conclude that the SMDF subfamily of neuregulins is more structurally 
diverse than has been previously appreciated, including both secreted and 
transmembrane variants. These SMDF expressing cell lines should be useful in 
studies of the actions of these proteins during Wallerian degeneration.
Supported by: Howard Hughes Medical Institute.
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877.1
SENSITIZATION OF NOCICEPTORS TO NOXIOUS HEAT BY NT-4 AND 
BDNF BUT NOT BY NT-3. X-Q Shu, A. Llinas and L.M. Mendell*, Dept. of 
Neurobiology and Behaviour, SUNY, Stony Brook, Stony Brook, NY 11794

In previous work with an in vitro skin-nerve preparation from the rat hindpaw 
we demonstrated an electrophysiological correlate to rapid NGF-induced 
thermal hyperalgesia. Individual A8 and C-fiber nociceptors in the saphenous 
nerve were sensitized to noxious heat after 15 min. direct application of NGF 
(400 ng/ml) to the receptive field on the corium surface (Rueff and Mendell, J. 
Neurophysiol., 1996). Application of vehicle elicited no sensitization. 
Unexpectedly, application of NT-4, whose high affinity receptor is trkB rather 
than the trkA activated by NGF, also sensitized individual afferents to noxious 
heat. The unexpected sensitizing effects of NT-4 prompted the present work 
using NT-3 which activates the trkC receptor. NT-3 applied locally to the 
receptive field on the corium surface did not sensitize C-fibers to noxious heat. 
However, BDNF (like NT-4, a ligand for trkB) had a sensitizing effect. In 
parallel behavioural experiments each of these neurotrophins (200 ng in 20pl) 
was injected locally into the plantar surface of the paw (and PBS at the same 
pH injected into the contralateral paw) to assess thermal hyperalgesia over the 
initial 24 hrs using the Hargreaves test. The experimenter was blinded as to 
which paw received the neurotrophin. NGF- treated rats exhibited the most 
severe thermal hyperalgesia (15 min. to 6 hours after injection). NT-3 had no 
effect. BDNF and NT-4 elicited intermediate sensitizing effects over this time 
period. As with systemic injections of NGF, prior mast cell depletion using 
48/80 attenuated the NGF-induced hyperalgesia. The NT-4- induced thermal 
hyperalgesia was reduced by 48/80 suggesting that it also involves mast cell 
degranulation. We conclude that both BDNF and NT-4 as well as NGF can 
acutely sensitize nociceptors to heat and cause thermal hyperalgesia. 
However, NT-3 has no such action. Supported by NIH. NGF and NT-4 
courtesy of Genentech; BDNF and NT-3 courtesy of Regeneron.

877.2
Overexpression of NT-3 in the CNS causes behavioral abnormalities. 
S. Ozaki*, L. Zhou, J. Harding, and W.D, Snider. CSNSI. Depts of Neurology and 
Anatomy and Neurobiolgy. Wsahington Univ. Medical School. St. Louis Mo. 63110

NT-3 is proposed to have a variety of functions in the CNS including 
promotion of differentiation of neuronal precursors, both enhancement and inhibition 
of dendritic arborizations, attraction of axonal projections into target fields and 
regulation of several aspects of cerebellar development. However, in contrast to the 
situation in the PNS, it has been difficult to assess functions of NT-3 related to CNS 
development in vivo because of early lethality of NT-3-/- mice. In order to address 
functions of NT-3 in the CNS, we have performed gain of function experiments in 
which NT-3 has been overexpressed in transgenic mice under the control of nervous 
system-specific promoters. We have produced 2 lines of mice with overt phenotypes. 
In one, NT-3 was overexpressed under control of the pan-neuronal promoter a-tubulin 
(Tal-mNT-3 mice). In the highest expressing line, all positive offspring died on the 
day of birth, although surprisingly the founder appeared normal. These mice have 
intense overexpression of NT-3 throughout the CNS as early as El 1. Brains of these 
mice are larger than wild type littermates. Measurements of cross-sectional areas of 
brainstem and forebrain show increases of roughly 10%. Whether this is due to 
increases in neuron number or increases in neuron size and neurite elaboration is under 
study. The dorsal root axon projection to ventral spinal cord has been analyzed in 
detail in Tcc/-mNT-3 mice. There are many more axons present than normal and the 
projections are substantially defasciculated. Additional lines of mice which overexpress 
mNT-3 under control of the pan-astrocytic promoter GFAP (GFAP-mNT-3) have also 
been generated. These mice are viable. Interestingly, several of the founders have overt 
behavioral abnormalities including difficulties with gait and righting reflexes. Detailed 
analysis of the brains and spinal cords of these mice is ongoing. Our results suggest 
that NT-3 has a profound regulatory effect on CNS development in vivo and that 
mice overexpressing NT-3 in the CNS will provide valuable insights into NT-3 
functions. This work is supported by NINDS

877.3
SPATIAL LEARNING AND CHOLINERGIC FUNCTION IN ADULT 
RATS IMPLANTED WITH HYBRIDOMA CELLS SECRETING 
NEUTRALIZING ANTIBODIES TO NGF R.M. Costagliola, M.C. Cenni, F. 
Casamenti, A. Cattaneo, L. Maffei and N. Berardi*. 1st. di Neurofisiologia del CNR,I- 
56127 Pisa, Scuola Normale Superiore, Pisa, Dip. Farmacologia Univ. Firenze and 
SISSA, Trieste (Italy)

We have recently demonstrated that antagonising endogenous NGF action by 
means of intraventricular (i.v.) implant of aDll hybridoma cells secreting 
neutralising antibodies (Mabs) to NGF in normal adult rats impairs their learning 
performance in a radial maze (four arms baited). Performance of control rats 
implanted with parental myeloma cells is unaffected. The impairment in aDl 1 rats is 
specific for spatial learning. We have now tested whether this spatial learning 
impairment is ascribable to a possible hypofunction of the cholinergic input from the 
basal forebrain (BF) brought about by anti-NGF Mabs. Normal adult rats have been 
i.v. implanted with aDll or control myeloma cells (10 6 cells). Ten days after 
implant Mabs titre in the CSF was assessed (ELISA). Release of Acetylcholine (Ach) 
in the hippocampus was then evaluated by in vivo microdialisys in all animals (freely 
moving) between 15 and 18 days after implant, which corresponds to the central days 
of testing in the behavioural paradigm. Cholineacetyltransferase (ChAT) activity was 
measured in the cortex and hippocampus. Preliminary results indicate that there is no 
difference in the hippocampal release of Ach between aD 11 and control rats, either in 
basal condition (values around 0.07 pmol/pl,) or after depolarization with 100 mM K' 
(increase around 70%). Also hippocampal and cortical Chat activity does not differ 
between the two groups. This suggests that BF cholinergic function is not grossly 
altered in aDl 1 rats. Supported by HFSP grant RG93/93

877.4
ALTERED NGF REGULTION MAY LINK HYPERTENSION TO HYPERACTIVE 
VOIDING. D.B. Clemow*, R. McCarty, W.D. Steers, J.B. Tuttle. Depts. Neurosci., 
Psychol., Urol., Univ. of Virginia, Charlottesville, VA 22908.

Elevated nerve growth factor (NGF) secretion from vascular (VSMC) and bladder 
smooth muscle cells (BSMC) has been suggested as a putative mechanism in the 
development of hypertension and hyperactive voiding in spontaneously hypertensive 
rats (SHRs) when compared to normotensive Wistar-Kyotos (WKYs). Augmented 
levels of NGF may be involved in vascular and bladder hyperinnervation causing a 
neurally-mediated change in vascular and bladder physiology. In order to test a 
possible genetic linkage between hypertension and hyperactive voiding behavior, 
SHRs were crossed with WKYs to produce a gene-segregating F2 rat population 
(F2s). Direct blood pressures (BP) and voiding behavior were monitored for 41 F2s. 
Linear regression analysis revealed a positive correlation (R=0.75) between BP and 
voiding frequency. High BP F2s (BP>130 mmHg) voided at a significantly higher 
rate (6.2 ± 0.5 voids/6 hrs) than Low BP F2s (BP<100 mmHg: 1.0 ± 0.5 voids/6 hrs). 
A two-site ELISA was used to determine supernatant NGF levels from cultured Low 
and High BP F2 BSMCs after the addition of isoproterenol (Iso: lOpM), platelet- 
derived growth factor (PDGF: 350 pM) or phorbol-12-myristate-13-acetate (PMA: 10 
pM). Iso and PDGF increased NGF secretion over control to a significantly greater 
extent in High BP F2 cultures (Iso: 1,620%; PDGF: 3,854%) than Low BP F2 
cultures (Iso: 220%; PDGF: 1,282%). While PMA had no effect on High BP F2 
BSMCs, it increased NGF output slightly in Low BP cultures (less than 2-fold 
increase). An increased sensitivity to signals that regulate NGF production may lead 
to altered trophic interactions in vivo resulting in hyperinnervation and disturbed 
neural regulation of function. These data suggest that high BP and hyperactive 
voiding in SHRs depend upon a common genetic disturbance in NGF output by 
smooth muscle. Supported by grants from NIH: DK 49431, DK 50164, DK 51364 
and a grant from the Am. Heart Ass., VA affiliate.
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877.5
COMPARISON OF INTRACEREBROVENTRICULAR AND
INTRAPARENCHYMAL NERVE GROWTH FACTOR ON WEIGHT GAIN 
AND SCHWANN CELL HYPERPLASIA. D.P. Pizzo*, J. Winkler. J.J.
Waite, L.J, Thai. Dept. of Neurosciences, UCSD, and VAMC, San Diego, 
CA 92161.

Intracerebroventricular (ICV) infusions of nerve growth factor (NGF) 
improve cholinergic functioning in lesioned and aged animals. Thus, 
treatment with NGF has been proposed for Alzheimer's disease patients, 
but ICV delivery leads to undesirable side effects including weight loss, 
changes in sensory and sympathetic innervation, and Schwann cell 
hyperplasia around the medulla and cervical spinal cord. To investigate 
whether intraparenchymal delivery can avoid the side effects of ICV NGF 
we delivered recombinant human NGF (rhNGF) intraparenchymaily into the 
nucleus basalis magnocellularis (NBM) of young F-344 rats. NGF (5 
pg/day) was delivered unilaterally via osmotic mini-pumps into the NBM or 
the lateral ventricle for three and six months. Cytochrome C (5 pg/day) 
infusions served as control. Animal weight was measured twice weekly. 
ICV NGF delivery caused weight loss (-6.7%) for the first four weeks before 
animals gained weight. In contrast, intraparenchymal NGF led to normal 
weight gain (+11.7%) compared to cytochrome c (+16.9%) and naive 
animals (+12.4%). Measurements of pia-arachnoid thickness and 
evaluation of NGF-induced Schwann cell hyperplasia around the medulla 
and cervical spinal cord are in progress. In addition, p75NGFr, S-IOOp, 
CGRP, and TH will be used to further characterize the NGF-induced 
hyperplasia. Supported by VA Medical Research Service, Alzheimer's 
Association, and a gift from Medtronic, Inc.

877.6
THE EFFECT OF TREATMENT WITH BRAIN-DERIVED NEUROTROPHIC 
FACTOR ON EXPERIMENTAL ALLERGIC NEURITIS. P.A. Felts*, K.J. Smith, 
R. Gallant, N. Gregson and R.A.C. Hughes. Department of Neurolog}’, UMDS, 
Guy’s Campus, London SE1 9RT, UK.

Paralysis is a common symptom of animals with experimental allergic neuritis 
(EAN), a model of Guillain-Barre syndrome. Both demyelination and Wallerian 
degeneration may be expected to contribute to this functional loss. Since there is 
reason to believe that brain-derived neurotrophic factor (BDNF) may protect against 
degeneration, particularly in motoneurons, we have examined the effects of daily 
treatment with BDNF on motor performance in EAN.

EAN was induced in 90 male Lewis rats (200-250g) by the subcutaneous injection 
of 2mg of bovine cauda equina myelin in complete Freund’s adjuvant. Animals were 
examined daily for neurological deficit by a blinded observer. At the onset of deficit, 
the animals were matched in pairs for similar deficit, and divided into 2 groups to 
receive daily subcutaneous injections of either vehicle, or BDNF (lOmg/kg). At 40 
days post-inoculation, animals were perfused for histological examination.

Onset of EAN occurred between days 12 and 14 post-immunization, and rapidly 
progressed to include partial hindlimb paralysis in many animals by day 16. There 
was a gradual improvement in deficit over the following 3 weeks. BDNF treatment 
did not significantly affect the magnitude of neurological deficit, but it caused a 
significant increase in the percentage of motor endplates which were innervated in 
the tibialis anterior muscle (54+15%. BDNF treated, versus 24+18% control; 
mean±2xSEM; P^O.Ol). In addition, the empty weights of urinary bladders from 
animals treated with BDNF were significantly lower than controls (41±6mg versus 
72+1 lmg; mean±2xSEM; P=0.04). Our findings indicate that in EAN, BDNF can at 
least partially ameliorate the denervation of skeletal muscle and bladder.
This work was supported by Amgen Inc.

877.7
THERAPEUTIC POTENTIAL OF TRK RECEPTOR DELIVERY IN 
N-MYC OVEREXPRESSING NEUROBLASTOMA. X.Feng, F.Asgarzadie- 
gadinx C.M. Edgar, W.A. Weiss, F. F. Eide.* Dept. of Neurology, University of 
Chicago, Chicago, IL. 60637.

N-myc amplified neuroblastomas correlate with a poor prognosis m children. 
Low levels of trkA and high levels of trkB may also correlate with .1 poor 
prognosis in children. Here we have used recombinant adenoviral techniques to 
test the hypothesis that a manipulation of trk receptor pathways inhibits the 
growth of tumors expressing high levels of n-myc gene.

The trkA receptor and a dominant negative mutant of the 'rkB receptor were 
cloned into mammalian expression or adenoviral plasmids. Replication- 
inconpetent adenovirus expressing these genes were generated by in vivo 
homologous recombination. Both receptors were tagged with an epitope from the 
c-myc protooncogene in order to distinguish their expression by Western blotting 
or immunohistochemistry. The trkA receptor was inserted under a promoter for 
the neurofilament light chain, and the trkB mutant, under the RSV promoter. 
Verification of trkA receptor function was obtained by infection studies of NNR5 
cells. Effects on tumor growth and differentiation were studied by adenoviral 
infection of neuroblastomas passaged in nude mice. These tumors were originally 
harvested from transgenic mice expressing n-myc under the control of the 
tyrosine hydroxylase promoter.

This work was supported by NIA grant K11 AG00568(F.F.E.) and a Howard 
Hughes Medical Institute Resource Allocation Award from the Biological 
Sciences Division at the University of Chicago (F.F.E.).

877.8
NEUROPROTECTION OF FETAL HIPPOCAMPAL NEURONS IN AN 
IN VITRO MODEL SYSTEM OF FETAL ALCOHOL SYNDROME.
J.J.Mitchell*, M.Paiva, D.B.Moore and M.B.Heaton.
Dept. of Neuroscience, Univ. of FL., Gainesville, FL 
32610-0244

Fetal alcohol syndrome (FAS) leads to central nervous 
system anomalies, particularly within the hippocampus.
In addition to ethanol's direct neurotoxicity, 
conditions such as hypoglycemia and hypoxia may 
contribute to FAS. Recent evidence suggests a role for 
neurotrophic factors, such as brain-derived neurotrophic 
factor (BDNF) and ciliary neurotrophic factor (CNTF), in 
ameliorating toxic effects associated with ethanol. 
Therefore, the ability of BDNF and/or CNTF to protect 
against an 18 hour ethanol insult and/or hypoglycemia 
was investigated using an embryonic (E18) rat
hippocampal culture model system. Both growth factors 
were present 24 hours before and during the insults at 
50ng/ml. Neuronal viability was determined using an MTT 
assay. BDNF protected against ethanol exposure (200 and 
400 mg/dl) and hypoglycemia (glucose-free media) 
separately, but not in combination. CNTF, alone or with 
BDNF, had no significant protective effect against these 
insults. Future studies will assess potential in vitro 
protection by BDNF and/or CNTF in hippocampal neurons 
after chronic prenatal ethanol treatment (CPET) or 
postnatal ethanol treatment (PNET) during the brain 
growth spurt.
Supported by NIAAA Grant AA09128.
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878.1
LOCALIZATION OF mRNA FOR ACTIVITY-DEPENDENT-NEUROTROPHIC 
FACTOR III (ADNF III) IN MOUSE EMBRYO AND ADULT CNS. S.K. McCune*, 
J.M. Hill, S.J. Lee, S,.J. SeryossJVi. Bassan^^Zamc^no^A-DayidsorLL
Gozes, and D.E. Brenneman. Div. of Neonatology, Johns Hopkins University, 
Baltimore, MD 21287, Clin. Biochem., Sackler Med. School, Univ. of Tel Aviv, 
Tel Aviv, Israel. Sect, on Devel. and Molec. Pharm., NICHD, NIH, Bethesda, MD 
20892.

The cDNA of a novel femtomolar-acting neuroprotective protein, activity- 
dependent-neurotrophic factor III (ADNF III) has been isolated from a P19 cell 
line (mouse embryonic carcinoma) which was induced by retinoic acid to 
differentiate into neurons and glia. The related molecule, ADNF I, has been 
shown to be an important regulator of embryonic growth during the early 
postimplantation period of development (see abstract this meeting Hill et al.). 
In the current study, in situ hybridization histochemistry was used to localize 
ADNF ill mRNA in the mouse developing embryo and adult CNS.

An oligonucleotide probe 40 bases in length was generated from the 5’ 
region of the cDNA sequence. Frozen sections of mouse embryonic day 
(E)8-E12 embryos as well as adult brains were hybridized with 35S-dATP end- 
labeled oligonucleotide probe. During development, ADNF III mRNA was 
present in extraembryonic tissues including the trophoblast and the placenta. 
At all embryonic ages examined, ADNF mRNA was diffusely expressed in the 
embryo with particular localization in neuroepithelial tissues including the 
floorplate. Although generalized in its adult CNS localization, ADNF III mRNA 
was especially intense in the olfactory bulb, thalamus, hippocampus and 
cerebellum.

These results demonstrate that ADNF ill mRNA is produced in the CNS of the 
embryonic and adult mouse. ADNF III, like ADNF I, may be important in 
regulation of neuronal growth and differentiation, particularly in the early 
postimplantation embryo, and may be involved in neuroprotection in the 
mature CNS.

SKM supported by NIH grant P-30-HD27799

878.2
A 9 AMINO ACID PEPTIDE FRAGMENT OF ACTIVITY-DEPEN-
DENT NEUROTROPHIC FACTOR (ADNF) PROTECTS NEURONS 
FROM OXIDATIVE STRESS-INDUCED DEATH. G. W, Glazner*, D. 
E^Brenneman^I-Gozes and M...P^Mattson. Sanders-Brown Research Center on 
Aging and Dept. of Anatomy & Neurobiology, Univ. of Kentucky, Lexington, KY 
40536. Lab of Devel. Neurobiol., NICHD, NIH, Bethesda, MD 20892. Dept. of 
Clinical Biochemistry, Sackler School of Med., Tel Aviv Univ., Tel Aviv, Israel.

Activity-dependent neurotrophic factor (ADNF) and a 14 amino acid fragment of 
this peptide (sequence VLGGGSALLRSIPA) have been shown to protect neurons 
from death associated with an array of toxic conditions, including amyloid p-peptide. 
N-methyl-D-aspartate, tetrodotoxin, and the HIV envelope coat protein GP120 (J. 
Clin. Invest. 97: 2299-2307).We report that an even smaller, 9 amino acid fragment 
(SALLRSIPA) rapidly protects primary neurons from oxidative injury and death 
induced by FeSO4. Cultured embryonic (El8) rat hippocampal neurons were left 
untreated or were treated with 0.5 pM FeSO4, ADNF peptide (1 fM-1 nM) or a 
combination of FeSO4 and ADNF peptide for 24 hours, and neuronal degeneration 
was quantified by cell counting using morphological criteria. Treatment with FeSCF 
caused greater than 80% cell death, compared to less than 20% death in untreated 
cultures. Co-treatment with ADNF peptide significantly protected neurons from 
FeSO4-induced death, with the range of mortality being 24%-32%. Protection was 
seen even in the absence of pre-treatment. To further investigate, this protection, 
neurons were treated as above, using a dose of FeSO4 (1 pM) that induces apoptosis 
as indicated by nuclear condensation and DNA fragmentation. Counts of cells in cul-
tures stained with the fluorescent DNA-binding dye Hoescht 33342 revealed that 
greater than 70% of neurons in FeSO4-treated cultures manifest apoptotic nuclei, 
compared to 18% of neurons in control cultures. In cultures co-treated with 10 pM 
or 1 nM ADNF peptide and FeSO4, only 22-28% of the neurons exhibited apoptotic 
nuclei. We are currently performing experiments to elucidate the signal transduction 
mechanisms that mediate the anti-apoptotic actions of ADNF. (support: NIHI.

Society  for  Neuroscience , Volume  23,1997



2250
BIOLOGIC EFFECTS OF CYTOKINES AND OTHER FACTORS: 

ACTIVITY-DEPENDENT NEUROTROPHIC FACTOR THURSDAY AM

878.3
PROTECTION AGAINST DEVELOPMENTAL RETARDATION AND 
LEARNING IMPAIRMENTS IN APOLIPOPROTEIN E-DEFICIENT MICE BY 
ACTIVITY-DEPENDENT FEMTOMOLAR-ACTING PEPTIDES. A. Davidson?* 
E.Giladi1 M.Bachar1, A.Bardea1, S.Rubinraut2, M.Fridkin2,D.E.Brenneman3 and
I.Gozes1 ’Clin. Biochem, Sackler Med. Sch, Tel Aviv Univ.,69978; 2Weizmann 
Inst,Rehovot,Israel,76100;3SDMP,LDN, NICHD.NIH, Bethesda, MD 20892, USA.

Activity-dependent neurotrophic factors (ADNFs) belong to a new family of 
growth factors defined as proteins that (at femtomolar concentrations) protect 
neurons from death associated with electrical blockade. ADNFs are secreted from 
astroglial cells in the presence of the neuropeptide vasoactive intestinal peptide 
(VIP). The aim of this study was to identify in vivo activity for ADNF-derived 
peptides. Two models were utilized: l.mice deficient in apolipoprotein E (ApoE), a 
molecule associated with the etiology of Alzheimer's disease; 2. cholinergic- 
deficient rats treated with the cholinotoxin AF64A. In comparison to control 
animals, the ApoE-deficient mice exhibited: 1. reduced VIP mRNA; 2. reduced 
cholinergic activity; 3. retardation in the acquisition of developmental milestones: 
forelimb placing behavior and cliff avoidance behavior; 4. learning and memory 
impairments. Daily injections of an 8 amino acid peptide derived from ADNFIII 
(ADNF-8) to ApoE-deficient new-born pups resulted in marked improvements in 
the time of acquisition of behavioral milestones, with peptide-treated animals 
developing as fast as control animals and exhibiting improved cognitive functions a 
week after cessation of peptide treatment. ADNF-14 (14 amino acids) that 
exhibited a narrower range of active concentrations in vitro, was not as efficacious, 
while preliminary' results indicated that ADNF-9 (9 amino acids) had a similar 
efficacy'. Improved cognitive functions were also observed in peptide-treated 
AF64A-impaired animals. As certain genotypes of ApoE increase the probability 
of Alzheimer's disease, early counseling and ADNF-based preventive treatments 
now offer a novel therapeutic approach.

878.4
THE cDNA STRUCTURE OF A NOVEL FEMTOMOLAR-ACTING 
NEUROPROTECTIVE PROTEIN: ACTIVITY-DEPENDENT-NEUROTROPHIC 
FACTOR III (ADNFIII). I. Gozes* M. Bassan. R, Zamostiano, A, Davidson. O. Perl, 
H. Bassan. C, Blat, G. Gibney. G. Glazner. and D. E. Brenneman. Clin.Biochem., 
Sackler Med. Sch., Tel Aviv Univ. 69978, Israel; SDMP, LDN, NICHD. NIH, 
Bethesda, MD 20892, USA.

Recently, potential new neuroprotectants, Activity-Dependent Neurotrophic 
Factors (ADNFs), were identified. ADNFI exhibited five unique characteristics: 1] 
activity at femtomolar concentrations; 2] structural similarity to an intracellular stress 
protein (heat shock protein 60, hsp60); 3] a peptide fragment mimicking the activity 
of the entire protein; 4] requirements for neuron-glial interaction; i.e., secretion from 
glial cells after stimulation by the neuropeptide vasoactive intestinal peptide (VIP); 
and 5] breadth of neuroprotection that is not observed with currently known 
neurotrophins. Several femtomolar-acting neuroprotective fractions were evident 
during purification: ADNFI (14 kD) and ADNFII (150 kD). Here, the complete 
cDNA sequence of the novel ADNFIII is revealed (787 amino acids, pi 5.72). An 
expression cDNA library derived from a neuro-glia cell line was screened utilizing 
antibodies against the previously isolated ADNFI. Sub-femtomolar concentrations 
of ADNFIII protected neurons from death associated with electrical blockade, 
defining it pharmacologically as activity-dependent. ADNFIII mRNA was identified 
in astroglial cells and ADNFIII-like immunoreactive protein was detected in the 
extracellular milieu of these cells. Based on similarities to ADNFI and to hsp60, an 
8 amino acid peptide derived from ADNFIII was synthesized and found to exhibit 
neuroprotection against (3-amyloid peptide (the Alzheimer’s disease neurotoxin), N- 
methyl D-aspartate (excitotoxicity) and HIV envelope protein (gpl20) at sub- 
femtomolar concentrations. With the discovery of ADNFIII a novel basis for 
therapeutic intervention against neurodegenerative diseases is realized.

878.5
NEUTRALIZING ANTISERUM TO RAT ACTIVITY-DEPENDENT 
NEUROTROPHIC FACTOR (ADNF I) DETECTS A HUMAN HOMOLOGUE. 
CLGjbneyjTR^Castellon, G.W. Glazner, I. Gozes and DE.,.Brenneman. Section on 
Developmental and Molecular Pharmacology, NICHD, NIH, Bethesda, MD 20892; 
Department of Clinical Biochemistry, Tel Aviv University, Israel.

Activity-dependent neurotrophic factor I (ADNF I) is released from cultured rat 
cerebral cortical astrocytes stimulated with 0.1 nM vasoactive intestinal peptide 
(JCl 97: 2299, 1996). /ADNF I acts with femtomolar potency, in a bell-shaped 
dose-response relationship, to rescue cultured neurons from the apoptotic death 
caused by tetrodotoxin (TTX) blockade of spontaneous electrical activity. Partial 
peptide sequencing of rat ADNF I has revealed extensive sequence identity with a 
region of heat shock protein 60. ADNF-14 (VLGGGSALLRSIPA), a 14-amino- 
acid synthetic peptide with 87% identity to heat shock protein 60, recapitulates the 
neurotrophic activity of ADNF I in preventing TTX-induced neuronal death. We 
have characterized, by immunoassay, a peptide-directed antiserum (anti-VLG,5) 
with specificity for ADNF-14. Dissociated rat cerebral cortical cultures were 
utilized to examine the biological effects of the antiserum. Titration of anti-VLG15 
reactivity with purified ADNF I in neuronal survival assays demonstrated 
considerable antibody avidity for the parent protein. Results indicated that 
antiserum (1:3000 dilution) neutralized -99.9% of the functional activity of 
picomolar ADNF I. Anti-VLG15 (1:3000) killed neurons with the same efficacy as 
1 pM TTX, presumably by binding endogenous glia-secreted ADNF I. Finally, we 
report that anti-VLG15 cross-reacted with a human neurotrophic activity. 
Conditioned medium from cultures of a human astrocytoma line rescued rat neurons 
from TTX-induced death. The survival-promoting activity was neutralized by anti- 
VLG!5, providing the first evidence for a human homologue of ADNF I.

878.6
IDENTIFICATION OF A NINE AMINO ACID CORE PEPTIDE FROM 
ACTIVITY DEPENDENT NEUROTROPHIC FACTOR I. D.E. Brenneman*, 
E.A. Neale. L.C. Williamson, M. Fridkin, S. Rubinraut, A. Davidson and I.
Gozes. Sec. Dev. Mol. Pharmacol., NICHD, NIH, Bethesda, MD 20892: 
Weizmann Inst., Rehovot, Israel 76100; Sackler Medical School, Tel Aviv 
Univ., Tel Aviv, Israel 69978

Activity-dependent neurotrophic factor l(ADNF) is a glia-derived protein that 
is released by vasoactive intestinal peptide and is neuroprotective at 
femtomolar concentrations (JCI 97:2299, 1996). A fourteen amino acid 
peptide of ADNF (ADNF-14) has been reported that protects cultured 
neurons from toxicity associated with NMDA, gp120, beta amyloid peptide and 
tetrodotoxin (TTX). In the present studies, structure activity relationships have 
been examined on peptides related to ADNF. A nine amino acid core peptide 
(ADNF-9) has been identified that exceeds the potency and effective range 
of intact ADNF or ADNF-14 in preventing cell death associated with TTX 
treatment of cerebral cortical cultures. These peptides have structural 
similarity, but not identity to an intracellular stress protein, heat shock protein 
60 (hsp60). Chemical modifications of ADNF-9, including addition of hsp60- 
derived sequences at either end, systematic deletions as well as conservative 
substitutions, resulted in decreased potency, decreased activity range and 
decreased efficacy. ADNF-9 contains two serines that are obligatory for full 
biological activity. Conservative substitution of these serines resulted in 
substantia! loss of efficacy. Comparative studies of ADNF-9 action in mixed 
(glia plus neurons) versus neuronal cultures indicated that ADNF-9 can act 
directly on neurons. Kinetic studies indicated that ADNF-9 was required to be 
in contact with the cultures for only 2 hours to produce a five day protection 
against the neuronal killing action of TTX. Pre-treatment of cultures with 
bafilomycin A1 prevented the neuroprotective action of ADNF-9. These 
studies identify ADNF-9 as an attractive compound for drug deveiopment.

878.7
LEARNING IMPAIRMENT IN ADULT MICE PRODUCED BY EARLY 
EMBRYONIC ADMINISTRATION OF ANTISERUM TO ACTIVITY- 
DEPENDENT NEUROTROPHIC FACTOR (ADNF). I. M, Hill*, S. Chang, J. R. 
Glowa, P. Gressens, D. T Abebe, C. Libel, D, Dibbern, S. J. Lee, G. Gibnev, I.
Gozes, G- W. Glazner and D. E. Brenneman. Section on Developmental and 
Molecular Pharmacology, NICHD, NIH, Bethesda, MD. 20892; Service de 
Neuropediatrie, Hopital Robert-Debre, Paris, France; Clin. Biochem., Sackler 
Med. Sch.. Univ. of Tel Aviv, Tel Aviv, Israel: Dept. of Pharmacology and 
Therapeutics, Louisiana State Univ., Shreveport, LA 71130.

ADNF has been shown to play a role in the regulation of early embryonic 
growth (Soc. Neurosci. Abstr. 21: 1545, 1995). We show' here that the 
peptide ADNF-14 stimulated growth of embryonic day (E) 9.5 mice in vitro 
(p<0.01) and an ADNF antiserum (anti-VLGi5z see abstract this meeting, 
Gibney et al.) inhibited growth (pcO.001). In addition, pregnant mice were 
treated with anti-VLGi5 for one day on each of days 6 through 12 of 
pregnancy. Examination of pups on E17 revealed that only on days 8, 9, and 
10 did blockade of ADNF significantly inhibit growth (p<0.001) and produce 
microcephaly (pcO.001). Growth of brain and body was inhibited, 15% and 
10% respectively, with no apparent malformations. When dams were treated 
with ADNF antiserum on days 8 through 10 of pregnancy, pups exhibited 
reduced performance of righting behavior as neonates (p<0.02). The progeny 
were also tested as adults on an incremental DRL schedule, with acquisition 
monitored over one week. Numbers of successful tries increased (p<0.0001) in 
both groups; however, mice treated with anti-VLGiy exhibited a profound 
deficit in performance (p<0.002) throughout testing. These results suggest that 
ADNF has an important regulatory role in both brain and body development 
during early embryogenesis (E8-E10) and that blockade of ADNF at this 
period results in a permanent impairment of cognitive perfomance.
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879.1
TRANSGENIC MICE FOR FOLATE BINDING PROTEINS: POTENTIAL 
ROLE IN NEURAL TUBE CLOSURE. J. Gelineau-van Waes*, J.A. 
Piedrahita, B. Oetema, G.D. Bennett. S. Lacey, B. Kamen and R.H. Finnell.
Dept. of Veterinary Anatomy and Public Health, Texas A & M Univ., College 
Station, TX 77843, and Dept. of Pharmacology and Internal Medicine, Univ. 
of Texas Southwestern Medical Center, Dallas, TX 75235.

The two murine folate binding protein genes, FBP-1 and FBP-2, were 
inactivated by homologous recombination in embryonic stem cells to develop 
mice that had significantly impaired ability to internalize folic acid. This 
vitamin co-factor has been shown in numerous epidemiological studies to 
significantly reduce the occurrence and recurrence of neural tube defects 
when provided to the mother during the periconceptional period. The 
mechanism underlying this beneficial effect is unknown, as is the issue of 
whether the observed neural tube defects are the result of insufficient folic 
acid concentrations or due to altered levels of other important biochemical 
intermediates, such as homocysteine. The development of these knockout 
mice demonstrate that adequate folic acid concentrations are essential for 
the embryos to progress normally through neural tube closure. In the FBP-1 
heterozygote incrosses, the embryos develop in a folate deficient 
environment. The nullizygous (-/-) embryos fail to complete neural tube 
closure and die in utero, while the FBP-1 +/- embryos progress through the 
various stages of neurulation at the same rate as do the wildtype embryos. 
In contrast, the nullizygous FBP-2 dams maintain normal plasma folate 
concentrations and the embryos all complete neural tube closure and 
develop normally.
Supported by NIH grants: ES07165 and ES35396.

879.2
EXPOSURE TO DEXTROMETHORPHAN OR OTHER NMDA 
RECEPTOR ANTAGONISTS INDUCES NEURAL TUBE DEFECTS IN 
DEVELOPING AVIAN EMBRYOS. Vincent J. Andaloro*. Thomas H. 
Rosenquist. and Daniel T. Monaghan. Departments of Pharmacology (VJA, 
DTM) and Cell Biology & Anatomy (THR), University of Nebraska Medical 
Center, Omaha, NE 68198-6260.

N-Methyl-D-Aspartate (NMDA) receptors are a calcium-conducting class of 
excitatory amino acid receptors which are involved in neuronal development and 
migration. We have studied the effects of NMDA receptor antagonists on early 
developing chicken embryos and have discovered that the channel blocker class 
of NMDA receptor antagonists can be potent and effective teratogens.

Treatment with 0.5 pmoles/egg of NMDA receptor channel blockers 
(dextromethorphan, (+)MK-801, (-)MK-801, or memantine) for 3 consecutive 
days, beginning four hours after fertilization, resulted in a significant and 
profound increase in the incidence of craniofacial and spinal developmental 
lesions. Dextromethorphan and memantine also caused a significant increase in 
the likelihood of embryonic death. In contrast, several known glutamate or 
glycine site NMDA receptor antagonists were only weak inducers of 
developmental defects using our model. NMDA receptor agonists also displayed 
weak toxicity relative to their known potencies at brain NMDA receptors. Taken 
together, these data indicate that NMDA receptor antagonists, particularly channel 
blockers, are potent and effective teratogens in the early developing chicken 
embryo.

Supported by grants from the National Institutes of Health (HL-55940) and 
US Army (DAMD-17-94-C-4050).

879.3
PRENATAL RETINOIC ACID EXPOSURE PRODUCES STRUCTURAL 
AND FUNCTIONAL CHANGES IN THE DEVELOPING RAT RETINA.
W.J. Crossland*, M.W. Church, and L.D. Hazlett. Depts. of Anat. & Cell 
Biol., and Obstet. & Gyn., Wayne State Univ. Schl. Med., Detroit, MI 
48201.

Retinoic acid (RA) is teratogenic to the human nervous system and 
eye. We wanted to know if relatively small doses of RA given to rats 
during the prenatal or neonatal period could produce functional and 
morphological changes in the retina, as well as other ocular tissues.

Pregnant rats were given all-trans-retinoic acid (10 mg/kg) orally 
on 3 successive days: gestational days (GD) 7-9 or 14-16, or postnatal 
days 10-12. The rats were sacrificed later with an overdose of 
anesthetic. Histologic examination of the eye included qualitative 
observations of ocular morphology, measurements of retinal layer 
thickness and nuclear cross-sectional area of cells in the outer 
nuclear layer (ONL) and inner nuclear layer (INL).

The rats exposed prenatally to RA had increased ERG thresholds 
and decreased amplitudes, as well as significantly (p < 0.01) thinner 
retinas and inner plexiform layers than control rats. In some cases 
the ONL was thin or missing. Other ocular changes included small or 
missing optic nerves unilaterally, malformed lens fiber cells, blood 
vessels and connective tissue in the vitreal chamber and 
myelination of axons in the retinal optic nerve fiber layer. No such 
effects were seen in postnatally RA-treated rats or vehicle-treated 
control rats.

Thus relatively low doses of RA, especially at GD 7-9, lead to 
structural and functional changes in the eye, including the retina. 
(Supported by NIH DA05536, AA07606 to MWC; EY-04068 to LDH)

879.4
MANIPULATIONS OF RETINOID SIGNALING ALTER DISTINCT ASPECTS 
OF MOUSE OLFACTORY PATHWAY DEVELOPMENT J.G. Whitesides IIIL
R.M. Anchan, N.A. Jemmott and A-S. LaMantia Department of Neurobiology, 
Duke University Medical Center, Durham, N.C. 27710

Citral, a general blocker of alcohol dehydrogenases, and all trans retinoic acid 
(RA), a ligand for several retinoid receptors, elicit changes in RA-mediated 
gene expression that differ in their location and magnitude. We have now 
asked whether these differences are reflected in distinct effects on morphological 
and cellular aspects of olfactory pathway development. Decreasing retinoid 
signaling by maternal administration of citral transiently arrests olfactory 
placode morphogenesis and ulimately results in a smaller olfactory 
epithelium and an undetectable olfactory bulb. Increasing RA-mediated gene 
expression with all trans RA at E8.5 does not interfere with olfactory pit or 
epithelium formation. The olfactory placode/pit of these embryos remains 
intact, and at later stages, if the linear extent of the epithelium is corrected for 
embryo weight, it appears that there is a relative increase in its size. 
Nevertheless, these embryos exhibit several other nervous system defects 
including gross anomalies in olfactory bulb morphogenesis and other aspects 
of forebrain regional differentiation. These malformations may reflect altered 
adhesivity since dissociated forebrain cells from embryos exposed to all trans 
RA at E8.5 show altered adhesive characteristics in vitro. Thus, manipulation 
of retinoid signaling by different teratogenic compounds—particularly 
transient disruption by citral or expansion by all trans RA—disrupts distinct 
aspects of early olfactory pathway development, perhaps in register with dif-
ferent effects on RA-mediated gene expression. Supported by NRSA 1 F32 
DC00244-01 (R.M.A.) and by NIH HD29178 (A-S.L.).

879.5
CORTICOSTEROIDS DELAY MYELINATION OF OPTIC AXONS IN FETAL 
SHEEP. S.A. Dunlop , J.A. Quinlivan1,2, C.G. Harper3, M.A. Archer1, J.P. 
Newnham2 & L.D. Beazley1. ’Dept. of Zoology, Uni. of Western Australia, 2Women 
& Infants Res. Found., King Edward Memorial Hospital, 3Dept. of Pathology, Uni. of 
Sydney, Aust.

Maternal administration of corticosteroids is used to promote lung maturation in 
human infants considered at risk of preterm delivery. Randomised trials of single-
course corticosteroid treatment indicated no adverse long-term neurological or 
cognitive effects. However, the current trend is to use multiple doses, a clinical 
practice not yet subject to randomised trials of outcome. We have examined the 
effect of multiple injections of corticosteroids on myelination of the optic nerve as an 
indicator of CNS maturation in fetal sheep for which lung maturation has been shown 
to be advanced (1). Pregnant ewes were injected with betamethasone (0,5mg/kg, 
i.m.) at 104, 111, 118 and 124 days gestation; shams received saline injections. After 
Caesarean section at 125 days (term 150 days; 12 ml Ketamine, lOOmg/ml i.m., 
followed by spinal block with 3ml 1% Lignocaine), newly delivered lambs were 
terminaHy anaesthetised with Ketamine (l-2ml,100mg/ml, i.v.) and perfused with 
Karnovsky’s fixative. Optic nerves were dissected and segments from behind the eye 
processed for electron microscopy. Transverse sections were photographed a-, a final 
magnification of 20,700x. In controls, the percentage of myelinated axons was 53% 
of the total; values were significantly lower (chi-square, p<0.001) after Ueroid 
treatment at 33%. Unmyelinated axons were significandy (p<0.001) greater in 
steroid-treated animals (54%) compared controls (37%). Axons in an intermediate 
state of myelination represented 10% in controls compared to 13% in the steroid 
treated group. The data indicate that multiple injections of corticosteroids delay the 
myelination of optic axons.
1. Newnham, J.P. M. Ikegami, A. Jobe, D. Polk, P. Sly and K. Willett (1997) Am. J. 
Obstet. Gynecol 176, 65.

879.6
EFFECTS OF IN UTERO ETHANOL EXPOSURE ON THE 
EXPRESSION OF GENES ENCODING SlOOp AND 
PROENKEPHALIN. J. Eriksen* H.-L.Hao and M.J. Druse- 
Manteuffel. Neuroscience Program and Dept. of Molec. & Cell. 
Biochem., Loyola U School of Med., Maywood, IL 60153.

Prior studies from this laboratory found that ethanol decreased 
the synthesis of essential astroglial neurotrophic factors. The 
present study extends that work by examining the expression of 
genes encoding two trophic factors: proenkephalin (PE) and SlOOp 
in brain areas of fetal, neonatal and developing offspring of rats that 
consumed a control or ethanol-containing liquid diet prior to and 
during gestation. In situ hybridization histochemistry was used to 
identify abnormalities in the synthesis of these factors. PE mRNA 
was quantitated in the nucleus accumbens, entorhinal cortex, and 
striatum. S100B was detected in multiple brain areas; its distribution 
is relatively diffuse as it is synthesized and secreted mainly by 
astrocytes.

The results of these experiments showed that there are substantial 
levels of PE mRNA during the neonatal and early postnatal periods. 
S100B could also be measured early in development. Both 
development- and ethanol-associated differences were identified.

Research supported by USPHS AA03490.
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879.7
CHRONIC HYPOXIA DURING LATE GESTATION RESULTS IN 
GLIOSIS AND REDUCED MYELINATION IN THE CEREBRAL 
HEMISPHERES. E.C.Mallard1*, M.Tolcos1 M.Stringer1, M.Cock2, RHarding2 
and S.Rees1. ’Dept of Anatomy and Cell Biology, University of Melbourne, 
Parkville, VIC 3052 and 2Dept of Physiology, Monash University, Clayton, VIC 
3168, AUSTRALIA.

In this study we examined the effects of chronic in utero hypoxia on several 
aspects of brain development in fetal sheep. Chronic hypoxia was induced in 8 
fetal sheep from 120-140 days of gestation (term~145d) by injection of 
microspheres (40-70pm) into the umbilical circulation. Fetal PaO2 was reduced 
from 24,i±0.5mmHg prior to embolisation to 14.8±0.4mmHg after embolisation 
(p<0.05). At 140 days of gestation the fetal brain was perfused with fixative. 
Brains were examined in hypoxic fetuses and compared to 5 control fetuses using 
histological and immunohistochemical techniques. Optical density measurements 
demonstrated an increase in cortical gliosis and a reduction in sub-cortical 
myelination in hypoxic fetuses as visualised by glial fibrillary acidic protein and 
myelin basic protein immunoreactivity respectively (p<0.05). Leucomalacia in 
sub-cortical white matter was observed in two hypoxic fetuses. In contrast, no 
apparent change in myelination was detected in the brain stem of hypoxic fetuses. 
Axonal and dendritic growth was reduced in the cerebellum in hypoxic fetuses 
(p<0.05), but there was no change in the growth of neural processes in the 
hippocampus. We conclude that chronic hypoxia during the last third of gestation 
can affect neurodevelopmental processes occumng late in gestation such as 
growth of the cerebellum and myelination of cortical regions. In contrast, brain 
regions that develop earlier in gestation, such as the brain stem, appear less 
affected. These results emphasise the importance of the timing of the insult in 
determining the neural outcome following in utero hypoxia.

Supported by the National SIDS Foundation of Australia

879.8
IS THE BRAINSTEM VULNERABLE TO PRENATAL CARBON MONOXIDE 
EXPOSURE? M.Tolcos1*, E.C.Mallard1, H.P.McGregor2, D.W.Walker2 and S.Rees1. 
’Dept of Anatomy and Cell Biology, University of Melbourne, Parkville, VIC 3052 
and 2Dept of Physiology, Monash University, Clayton, VIC 3168, AUSTRALIA..

Smoking during pregnancy is known to be a significant risk factor in Sudden Infant 
Death Syndrome (SIDS). However, there is little data on the specific effects of the 
components of cigarette smoke, such as carbon monoxide (CO), on brain 
development. This study investigates the effects of prenatal CO-exposure on the 
neuroglial and neurochemical development of the brain in 1 week and 8 week old 
guinea pigs. Pregnant female guinea pigs (n=7) were exposed to 200 p.p.m CO for 10 
hours per day from 23-25 days of gestation until term (68 days). Newborns were then 
raised in air for either 1 or 8 weeks. Control mothers (n= 5) were housed in air-filled 
chambers. Brains were then perfused with fixative and examined using histological 
and immunohistochemical techniques. Quantitative analysis of CO-exposed medulla 
compared to controls revealed a significant increase in gliosis in the area postrema 
(AP) at 1 week and in the nucleus tractus solitarius (NTS), hypoglossal nucleus 
(Xlln), dorsal motor nucleus of the vagus (DMV), AP and reticular formation at 8 
weeks, as visualised by staining for glial fibrillary acidic protein. Tyrosine- 
hydroxylase-immunoreactivity (TH-IR) was increased in the lateral reticular nucleus 
(LRt) at 1 week, and decreased in the NTS, DMV, Xlln, AP, intermediate reticular 
nucleus and LRt at 8 weeks in CO-exposed animals compared to controls. Gliosis was 
also evident in the cortical and cerebellar white matter of CO-exposed neonates at 1 
week. No difference was present in TH-IR in the striatum or substantia nigra, nor in 
dendritic or axonal growth in the cerebellum in control compared to CO-exposed 
neonates. These results show that prenatal exposure to CO can have long lasting 
effects on neuroglial and neurochemical development, particularly in cardio-
respiratory’ centres of the brainstem, regions thought to be compromised in SIDS. 
Supported by the National SIDS Foundation of Australia.

879.9
SELECTIVE NEUROTERATOGENIC EFFECTS OF LYMPHOCYTIC
CHORIOMENINGITIS VIRUS INFECTION IN RATS. D.J. Bonthius*, S. Perlman 
and G.W. Van Hoesen. Departments of Pediatrics, Neurology and Anatomy, 
University of Iowa, Iowa City, IA 52242.

Lymphocytic choriomeningitis virus (LCMV) is a well-known human 
neuroteratogen that can severely damage the developing human brain. We 
studied the acute and long-term neuropathological and behavioral effects of 
LCMV infection in the neonatal rat, a model system in which the virus 
preferentially and heavily infects dividing neurons. Infant rats were 
injected intracerebrally on postnatal day (PD) 4 with 1000 pfu of LCMV. 
The infected animals remained healthy-appearing throughout life, but 
became acutely ataxic within several days of injection. Rotorod testing 
and gait analyses demonstrated that the ataxia was severe and permanent. 
The virus impaired brain growth and induced a permanent microencephaly, 
but substantial regional differences were evident, with cerebellar weight 
severely diminished, while brain stem weight was unaffected. Forebrain 
growth was intermediately affected. Cerebellar cortex histology was 
severely disrupted by PD1 8 and remained markedly abnormal with loss of 
all neuronal types by PD1 20. In contrast, histologic organization of the 
hippocampal formation appeared normal on PD18. However, by PD1 20, 
there was a severe and selective drop-out of dentate gyrus granule cells. 
Furthermore, the celi bodies of the granule cells that did survive were 
hypertrophied. The delayed loss of dentate granule cells coincided 
temporally with the onset of generalized seizures in many of the infected 
rats. Therefore, LCMV infection can induce severe, permanent and 
regionally-specific disruptions in brain growth, development and function. 
Supported by the John Martin Fund for Neuroanatomical Research.

879.10
CHRONIC LASIX TREATMENT EARLY IN LIFE DISRUPTS 
ADULT WATER BALANCE. G. Brandt, J. Diaz*, T. McCall and K. Capizzi 
Dept. of Psychology, University of Washington, Seattle. Wa. 98195.

Male and female Long-Evans Hooded pups were assigned to one of three groups: 
Furosemide-inject once per day, 60mg/kg of body weight, saline control-inject once 
per day at 60 mg/kg of body weight; or non-inject controls. Once per day from day 
zero (day of birth) through day nine, pups were removed from dams, stimulated to 
induce micturition, and weighed. Pups were injected or not, according to group 
assignment. Daily water and saline (.3 M) intake was measured for all animals from 
day 167 through day 199. Daily body weights were also recorded.

Both male and female Furosemide-treated animals drank significantly more water 
on all days than saline-inject and non-inject animals. There were no differences in 
water intake by saline-inject and non-inject animals. There were no significant 
differences between any of the groups in saline intake. Body weight of Furosemide- 
inject animals was significantly less than that of saline-inject and non-inject groups. 
There was no significant difference in body weight between the saline and non-inject 
groups.

These data support the hypotheses: chronic furosemide treatment during critical 
periods of development results in an impaired rate of somatic growth, and increased 
water intakes in the adult. "Whether furosemide directly alters the normal course of 
the development of specific metabolic systems involved in water and electrolyte 
balance will be examined next.

879.11
AMNIOTIC FLUID PROMOTES KAPPA OPIOID ACTIVITY AND ALTERS 
INTERLIMB COORDINATION IN THE RAT FETUS. K. K. Gierde, A. 1. 
Korthank, M. S. Blumberg*, and S. R. Robinson. Department of Psychology, 
University of Iowa, Iowa City IA 52242.

Recent evidence has shown that oral exposure to amniotic fluid (AF) 
promotes activity in the endogenous opioid system of the fetal rat, which 
alters fetal responsiveness to various forms of sensory stimulation. In the 
present study, E20 fetal rats were observed in 30-min observation sessions to 
assess the influence of amniotic fluid on the spatiotemporal patterning of 
spontaneous motor activity. Within the amnion, fetuses express temporally 
persistent, topographically delimited epochs of motor activity, a form of 
interlimb coordination that we have termed 'motor sets' (Robinson 1995). 
Motor sets comprise epochs in which hindlimb activity predominates, 
alternating with epochs involving more rostral parts of the body. Shuffling 
of time series indicates that epochs persist longer than expected by chance. 
However, externalization of subjects from the amniotic sac, or pretreatment 
of subjects with naloxone, reduces the persistence of motor sets, implying 
that the intra-amniotic environment promotes opioid activity that alters 
fetal motor activity. In this study, motor set organization was expressed in 
externalized fetuses that received intraoral infusion of AF, and the effect of 
AF infusion on motor sets was blocked by nor-binaltorphimine, a selective 
antagonist of kappa opioid receptors. The ability of AF to alter fetal motor 
behavior was dependent on the age at which AF was collected: E20 or E21 
AF, but not E19, promoted motor set organization in E20 rat fetuses. Fetal 
rats exposed to AF collected from fetal sheep and baboons also exhibited 
more persistent motor sets, suggesting that the opioid-inducing factor may be 
a general characteristic of AF across a range of mammalian species.

This research was supported by grant HD 33862 to SRR.

879.12
NORMATIVE CHARACTERISTICS OF THE NEWBORN EEG: CONTROLS 
FOR PRENATAL INSULT TO THE CNS. G.T. Livezey*, S. Yilk and C.V.
Smith. Dept. OB/GYN, Univ. Nebraska Med. Ctr., Omaha, NE 68198-3255.

Previous animal studies in our laboratory have demonstrated that subtle changes in 
brain function following prenatal exposure to psycho-active drugs are reflected in the 
electroencephalogram (EEG) of the adult offspring. The clinical literature has 
described alterations of the newborn EEG that were predictive of subsequent 
cognitive and motor development in severely retarded children as well as computer 
based sleep EEG analysis methods in the newborn. In the initial phase of our 
attempt to develop a more sensitive and objective newborn neurological diagnostic 
tool, we are collecting normative data from the children of patient volunteers who 
have every expectation of a "normal" outcome (no complicating prenatal diagnosis, 
or drug history). We record the EEG of these children for the first continuous 24 
hours after birth using radiotelemetry technology to minimize our impact on that 
precious time for mother and child. Our methods also contribute to better "normal" 
values as the basis for our subsequent analysis of children who have suffered some 
form of prenatal insult to the CNS. Our initial analysis describes the correlation of 
both classical EEG parameters and newer signal processing applications with 
normative outcome parameters (birthweight, gestational age, gender, etc). This is a 
small sampling, however we can establish the effect of various control factors on the 
characteristics of the newborn EEG to describe the normative ranges for our control 
dataset. By controlling for these normative influences, we can proceed to consider 
what remaining characteristics of the EEG may serve as biomarkers for
neurobehavioral teratological effects. It is our intent to develop a safe and sensitive 
diagnostic tool for both fetal monitoring and for newborn neurological evaluation. 
Early detection and characterization of subtle insults to the developing brain will aid 
in the design of individual specific treatments to limit, if not eliminate, their impact. 
Supported by the Leland J. and Dorothy H. Olson Center for Women’s Health.
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879.13
SPECTRAL FREQUENCY ANALYSIS OF VIGILANCE STATES IN RATS 
OF 30 DAYS OF AGE. P. Duran*, M.A. Guevara, I. Medina, A. Galvan,
S. Diaz-Cintra, and L. Cintra. Centro de Neurobiologia, Campus 
UNAM-UAQ Juriquilla, AP 1-1141Queretaro CP 76001 Qro., MEXICO.

Spectral frequency analysis using Fast Fourier Transform (FFT) has been 
used to study ECoG in rats and humans. The present study was designed 
to analyze the absolute and relative power density of vigilance states 0.75- 
32.0 Hz frequencies in the occipital cortex of 30 days old rats.

Stainless steel electrodes were implanted by stereotaxic method in the 
left occipital cortex and the dorsal neck muscles of 30 days old Sprague- 
Dawley male rats 7 days before recording sessions. During recording 
sessions 30 segments of four seconds each were captured in a 486PC-IBM 
compatible computer with a sampling frequency of 128Hz for each 
vigilance state: Wake (W), Slow Wave Sleep (SWS) and REM Sleep 
(REMS) between 10:30-11:00 am of the light period established (9:00- 
21:00). Results showed a peak frequency at 7.0Hz during REMS, and other 
peak frequency was found at 8.0 Hz during W. Statistical study of theta 
band (5.0-10.0 Hz) on three vigilance states, revealed a significant increase 
in both peaks when W vs. REMS, W vs. SWS and REMS vs. SWS were 
compared. The REMS (7.0Hz) peak contributed with 27%, whereas W 
(8.0Hz) peak contributed with 12% of the relative power density. Both 
peaks showed different amplitudes when they were compared. These 
peaks with very close frequency both different in their power density 
amplitude suggest that they are produced by two neuronal populations and 
maybe controlled by two different oscillators that could reflect the 
behavioral differences of both vigilance states. (Supported by DGAPA IN- 
208494, PD is fellow from DGAPA).

NEURONAL DEATH VI

880.1
EVIDENCE FOR APOPTOSIS IN PYRAMIDAL NEURONS Ol RATS FOLLOWING 
TRANSIENT GLOBAL ISCHEMIA. H.-M. Liu Z.-Q.Tonn* J.-D. Zhang T.-M. Gao Dept. Of 
Physiology,First Military Medical Univ..Guangzhou 5 I 05 15.P R China

Delayed neuronal death(DND)following focal ischemia is considered as 
apoptosis.Whether DND after global ischemia belongs to apoptosis is not well known.We 
investigated the pathological changes of hippocampus following global ischemia by light and 
electron microscopy.and furture the effects of protein synthesis inhibitor(cycloheximide)on 
these changes.Wistar rats(200-250g)were subjected 15 min global ischemia with the 
modified Pulsinelli’s model. J)/,ight micmscopy.The paraffin setions(5 p mjcontaining 
hippocampus were stained with HE after different durations of repeifusion (24,48,72,96h),or 
72h later in cycloheximide-treated animals(lmg/kg/24h,IP).By 48h post-ischemia,the CAI 
pyramidal cells showed pyknotic and dark nuclei and eosinophilous eytoplasm.After 
72h,compared with sham-operated groups.CAl pyramidal neuronal densities (neuron 
number/mm)were significantly reduced!46.8 I ± 18 22,p<O.OOI,n "5),reflecting a heavy 
neuronal death(CA3 were less damaged). But the pyramidal neuronal densities in 
cycloheximide-treated group(165.4I j 41.1 l,n-5 (showed a distinct difference in 
comparision with its control (saline-treated group,48.25 ± l9.61,p<0.001,n=5), suggesting 
cycloheximide could relieve pyramidal neuronal damage aftere ischemia. 2)Electron 
microscopy. U ltrathin slices from 48h post-ischemia pieparations were made after routine 
electron microscopic tissue processing. The pyramidal cytoplasm shrinked, with the 
appearance of a utophogosome, increased electron-dense free ribosomes,proliferative and 
dilatant rough endoplasmic reticula, file nuclei were irregularly pyknotic in which the 
nucleoli cleaved,and the chromatin became denser and collasped into patches against the 
nuclear membrane,which together with the cytomembrane remained intact. The present work 
demonstrates that cycloheximide can protect hippocampus from global ischemic 
damage,which together with the fact of DND(time consuming)reflects new protein might be 
synthesized to trigger cell death program. And the ultrastructra! changes also support the ideal 
that pyramidal neuronal death following ischemia belongs to apoptosis.
Supported bv NSEC and GSCl ’

880.2
TWELVE HOURS OF HYPOXEMIA AT MID-GESTATION HAS LONG-
TERM EFFECTS ON BRAIN DEVELOPMENT IN FETAL SHEEP. S. Rees,1* 
S. Breen? G. McCrabb? M, Stringer,1 & R. Harding/ Department of Anatomy & 
Cell Biology, University of Melbourne, Parkville, Victoria 3052, Australia1 and 
Department of Physiology, Monash University, Clayton, Victoria 3168, Australia?

Prenatal factors such as hypoxemia are important antecedents of neurological 
impairment postnatally, but little is known about their specific effects on brain 
development. We have examined the long-term effects of 12 hours of hypoxemia 
delivered near mid-gestation (at 90 days, term -147 days) on the development of the 
fetal brain in regions known to be susceptible to hypoxemic damage. In anaesthetised 
ewes (n=8) an externally adjustable vascular clamp was placed around the maternal 
common internal iliac artery and vascular catheters inserted into the fetus. After 5 
days recovery, the clamp was adjusted to reduce fetal SaO2 to 40% of control values 
for 12 hours. Control fetuses (n=8) were not made hypoxemic. At 125 days gestation, 
fetal brains were perfused with 4% paraformaldehyde. Tissue was removed from the 
cerebellum, the cerebral hemispheres and the ventral hippocampus for 
immunohistochemistry, Golgi and quantitative structural studies. There was overt 
damage in one of the hypoxemic fetuses with an infarction and gliosis above the 
lateral ventricles. In the hippocampus of hypoxemic fetuses compared to controls, the 
density of CAI neurons was significantly decreased and the density of neuroglial cells 
increased; the growth of processes of surviving neurons was not affected. In the 
cerebellum of hypoxemic fetuses compared to controls there were significant 
reductions in the density of Purkinje neurons, the area of their dendritic trees and in 
dendritic spine density. These results indicate that a brief episode of hypoxemia near 
mid-gestation can result in long term damage to the white matter, significant loss of 
neurons and a reduction in the growth of neuronal processes in those regions 
developing later in gestation such as the cerebellum.
Supported by the National Health & Medical Research Council of Australia.

880.3
Cell Stress as a Result of Hypoxia-Ischemia Transiently Increases 
Mammalian BI SINE Transcripts in Irreversibly Injured Cells Gilby, K.L., 
Deno van-Wright, E.M., Newton, R. and H.A. Robertson. Laboratory of 
Mol. Neurobiology, Dept. of Pharmacology, Dalhousie Univ., Halifax, NS, 
Canada, B3H 4H7. In order to investigate changes in gene expression which 
may be related to the cellular events following hypoxic-ischemic (H-I) -induced 
cell death we used young rats in the Rice-Vannucci model of hypoxia-ischemia. 
Post-natal day (PND) 25 male rats (20) were first divided into 2 groups (ligated 
control and hypoxic-ischemic animals). The H-I animals were then subdivided 
into an internal hypoxic control (contralateral hippocampus) and an H-I group 
(ipsilateral hippocampus). Total cellular RNA was isolated from the contralateral 
and ipsilateral hippocampi of all animals at 3, 6 or 12 hours post-hypoxia and 
used to generate differentially displayed PCR fragments. Using differential 
display a 167 bp fragment was isolated from reactions specific to the ipsilateral 
H-I hippocampus at 3 hour post-hypoxia. Following cloning and DNA 
sequencing, we identified this fragment to be generated from a rodent BI SINE 
element. Increased expression of the transcripts for the BI SINE element at 3 
hours post-hypoxia was confirmed by northern blot analysis. The results of this 
study support previous reports which have shown a rapid induction of other Pol 
III generated transcripts preceding the induction of heat shock protein specific 
messages. Together these findings suggest that an increase in BI SINE element 
transcripts may play a functional role in the initiation of the cell stress response. 
Alternatively, BI SINE elements may be one of the first steps in the cell death 
cascade, (supported by MRC)

880.4
EARLY PHYSIOLOGICAL AND MORPHOLOGICAL CHANGES IN RAT 
CAI PYRAMIDAL NEURONS BY TRANSIENT ISCHEMIA IN VITRO

Eac. of Dent.1 and Med?, Kyushu Univ.. Fukuoka, 812-82, JAPAN and 
Wadsworth Labs, NYS Dept. of Health? Albany, NY 12201 USA.

We have previously reported that brief transient ischemia caused loss of 
excitability, followed by a transient rebound, a spreading dcpression-like 
potential and beading formation at synaptic sites and finally cell death. 
Now we have studied the time-dependence of morphological and 
physiological changes ihat ixicur following transient ischemia. Hippcampal 
slices (400pm) were prepared from male rats (180-200g) under ether 
anesthesia, and population EPSPs from the dendrite layer and intracellular 
recordings wore made with stimulation of the Schaffer collateral pathway. 
After stabilization the slices were perfused with modified Ringer solutions 
which lacked glucose and oxygon (LGO). had reduced K and/or with AP-5. 
An iontophoretic electrode containing quisqualate and NMDA was 
positioned on the dendrites. The loss of excitability had the same time 
courses during 4.5 min of perfusior in IX10 Ringer, low K (J mM) LGO and 
AP-5 (5x105 M) LGO Ringer. Upon rcoxygenaimn, responses from slices 
with low K or AP-5 recovered almost to control hut those only in LGO 
Ririger did not. With intracellular recording we find membrane potential to 
be hyperpolarized at the time of loss of excitability, and iontophoretic 
responses increased for a short time. We conclude that synaptic 
transmission is blocked ai an early stage of ischemia, but that transmitter 
release and NMDA receptor excitation causes damage which leads to 
depolarization and death.
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880.5
INDUCTION OF BDNF IS INVOLVED IN NEUROTROPHIC 
ACTIVITY OF A 5-PHENYLPYRIMIDINE DERIVATIVE.
K. Yamamoto1, K. Matsumoto1, Y. Karasawa2, N. Hino2, H. Araki*2,
S. Okuvama1, T, Choshi3, E. Sugino3, S, Hibino3, and M.
Yoshimoto1. Medicinal Research Laboratories & Pharmaceutical 
Research Laboratories, Taisho Pharmaceutical Co., Ltd., Ohmiya, 
Saitama 330, Japan. 3Faculty of Pharmacy & Pharmaceutical 
Sciences, Fukuyama University, Fukuyama, Hiroshima 729-02, 
Japan

We found that a 5-phenylpyrimidine derivative, named FU290, 
had neurotrophic activity on primary neurons prepared from rat 
embryo, and that intraperitoneally injected FU290 inhibited 
delayed cell death of hippocampal CA1 neurons induced by 
transient cerebral ischemia in gerbils. Treatment of neuronal cells 
with the compound transiently increased intracellular calcium 
level, though it did not bind to any known receptors thus far 
examined. Subsequent involvement of Ca/CaM kinase in the 
neuroprotective action was suggested. Further analysis by RT-PCR 
has shown enhanced expression of several genes in survived 
neurons including the BDNF gene. Moreover, anti-BDNF antibody 
deteriorated the effect of the compound, whereas a control antibody 
did not. These results strongly suggest that enhancement of the 
expression of BDNF by the treatment with FU290 is, at least partly, 
responsible for the survival of primary neuronal cells in vitro as 
well as hippocampal neurons in vivo.

880.6
THE ANTI-APOPTOTIC EFFECTS OF 2IIMP IS DUE TO A DESMETHYL 
METABOLITE. I. A. Paterson , L. E. Dyck, D. A. Durden, B. A. Davis, Y. 
Liu & A. A. Boultorf? Neuropsychiatry Research Unit, Dept. of Psychiatry, 
Univ. Saskatchewan, Saskatoon, SK, Canada S7N 5E4

R-2-heptylmethylpropargylamine (2HMP) is an analogue of deprenyl 
which has similar biochemical properties but has the advantage that it 
does not form neurotoxic metabolites in vivo. Deprenyl and
desmethyldeprenyl have neuroprotective effects independent of MAO B 
inhibition in several models of cell death. The neuroprotective effects of 
2HMP and its desmethyl metabolite,2HPA, in two models of cell death 
were studied. Cultures of CGC obtained from 6-8 d old Wistar pups treated 
with 100 gM cytosine arabinoside undergo apoptosis which was blocked by 
the R-isomers of 2HMP and 2HPA and the latter was a 100-fold more 
potent. Apoptosis induced in CGC by low K+, however, was not blocked. 
Hypoxia-ischaemia in the male Wistar rat causes unilateral apoptotic 
death of neurons in the CA1 region of the hippocampus. Survival of these 
neurons was increased by s.c. injection of 0.1 pmol/kg of the R-, but not the S- 
isomers, of 2HMP and 2HPA. Proadifen blocked the effect of 2HMP but not 
that of 2HPA. A mass spectrometric method was used to measure R-2HMP, 
R-2HPA and other metabolites in brain, liver and plasma of male Wistar 
rats at various times after injection of 2HMP. For eg., 30 min after s.c. 
injection of 10 mg/kg, the brain levels of 2HMP and of 2HPA were 3709±633 
ng/g and 286±36 ng/g (mean±SD), respectively. We conclude that the 
desmethyl metabolite, 2HPA, is responsible for the cellular rescue or 
antiapoptotic effects of 2HMP. Supported by Sask Health and Novartis.

880.7
p53 Mediates Hypoxia-Induced Neuronal Apoptosis 

Kenneth Banasiak', Alia Bazzy-Assad***, and Gabriel G. Haddad**-Department of 
Pediatrics, Sections of Critical Care’ and Respiratory Medicine**, Yale University 
School of Medicine, New Haven, CT 06520
Neuronal death occurring during hypoxic-ischemic episodes in the brain has been 
attributed, in part, to apoptosis, a genetically controlled form of cell death. p53, a tumor 
suppressor gene, is believed to promote apoptosis but its role in hypoxic neuronal 
survival or death is not clear. We hypothesized that: a) p53 is increased during neuronal 
apoptosis and b) increased expression of p53 is associated with decreased neuronal 
survival during hypoxia. Methods. 7-10 day old cultured rat neocortical neurons were 
exposed to 0.1, 1, and 3% O2. Culture dishes were removed at 24-hour intervals for 
immunofluorescence staining, quantitative analysis by fluorescence confocal 
microscopy, and protein extraction for immunoblot analyses. Apoptosis was assessed 
by in situ (TUNEL method) and genomic DNA fragmentation. To assess the impact of 
p53 expression upon neuronal survival, p53 expression was attenuated by treating 
selected plates of neurons exposed to 0.1% O2 with 3pM antisense, nonsense, and sense 
oligonucleotides for p53 24 hours prior to hypoxic exposure. Neuronal survival was 
assessed by exclusion of Trypan blue. Results. At each level of hypoxia studied, in situ 
and genomic DNA fragmentation consistent with apoptosis was detected. Immunoblot 
analysis revealed an increase in neuronal p53 during hypoxic exposure. Using 
quantitative fluorescence confocal microscopy, neuronal p53 increased with increasing 
duration of hypoxia. At 0.1%.O2, the proportion of viable neurons was significantly 
greater in plates treated with 3 pM p53 antisense oligonucleotide (-60%) than in 
untreated plates (35-40%) or plates treated with nonsense and sense oligonucleotides. 
The proportion of viable neurons was not significantly different upon comparison of 
untreated plates with those treated with nonsense or sense oligonucleotide. Conclusions. 
p53 is increased in neurons during hypoxic exposure and increases with increased 
duration of hypoxia. Expression of p53, in part, is necessary for hypoxia-induced 
neuronal apoptosis. NIH#5-PO1-HD32573

880.8
MECHANISMS OF H2O2-INDUCED CALCIUM DYSREGULATION IN 
PC12 CELLS. H, Wang* and J. A. Joseph. USDA/HNRCA at Tufts University, 
Boston, MA 02111.

Oxidative stress (OS) has been implicated in various neurodegenerative 
diseases in aging. These neurotoxic insults from OS involve large increases in 
intracellular calcium (Ca2+). Failure to maintain calcium homeostasis will 
eventually lead to cell death. However the exact OS mechanisms on various 
parameters leading to increases in Ca2+ have not been specified. The results of 
a recent experiment showed that only quercetin (QU), a flavonoid compound 
commonly present in fruits and vegetables, provided complete protection against 
the OS-induced damage in the ability of PC-12 cells to lower cytosolic Ca2+ 
following KCl-induced depolarization. Several other agents [e.g., a Vitamin E 
analog (Trolox), a nitrone trapping agent, PBN] were ineffective in this regard. 
To delineate the possible protection mechanisms of QU, we investigated the 
possible the roles of membrane Ca2+ ATPases and NS /Ca+ exchangers 
contributing to H2O2-induccd [Ca2+ ]; dysregulation. Cytosolic free Ca2+ levels 
were analyzed via fluorescent imaging analysis system. The calcium 
homeostasis was examined by measuring Ca2+ flux in cells prior to and following 
depolarization (DEP) with KC1 in a control or Na+-free medium to inhibit Na+ 
/Ca2+ exchangers or in the presence or absence of orthovanadate (OV) (a Ca2+ 
ATPase antagonist) to reduce Ca2+extrusion. Results showed that either 
condition produced post depolarization increases in Ca2+ levels. But with H2O2 
(5 pM) pre-treatment, there was a synergistic effect with OVand further 
increases in Ca2+ levels. These cells eventually lysed. Similar results were 
seen with a 300 pM H2O2 concentration alone, suggesting that H2O2 inhibited 
both Ca2+ ATPases and Na+ /Ca2+ exchangers. Preliminary analysis of the QU 
effects suggest that although it has a slight inhibitory effect on Ca2+ ATPases, 
it is able to antagonize the H2O2 effects on these extrusion processes. 
(Supported by USDA Intramural)

880.9
MITOCHONDRIAL Mn-SOD PROTECTS NEURONS AGAINST 
APOPTOSIS INDUCED BY LIPID PEROXIDATION AND 
ISCHEMIA. J.N, Keller*. F.W, Holtsberg, A.J, Bruce-Keller. M.S. Kindv, 
S.C. Yen , D.K. St.Clair, and M.P. Mattson. Sanders Brown Research Center on 
Aging, Departments of Molecular and Cellular Biology, Anatomy & 
Neurobiology, and Biochemistry, and Graduate Center of Toxicology, Univ. of 
Kentucky, Lexington, KY.

Mitochondria are a primary contributor to free radical generation. Once formed, 
oxyradicals may have diverse actions, including perturbation of signaling cascades, 
alteration of transporter functions, and promotion of membrane lipid peroxidation. 
Such actions of oxyradicals may contribute to apoptotic neuronal cell death in many 
different disorders, including Alzheimer’s disease, ischemic stroke, and amyotrophic 
lateral sclerosis (see Pedersen et al., Kruman et at, and Guo et al., this meeting). 
We have generated PC6 cell lines and transgenic mice that express human Mn-SOD 
within the mitochondria, in order to elucidate the role of mitochondria-derived 
oxyradicals in neuronal apoptosis following oxidative injury. Levels of cellular 
peroxynitrite, peroxides and membrane lipid peroxidation induced by exposure of 
PC6-MnSOD cells to amyloid p-peptide (Ap) or iron were significantly reduced 
compared to vector-transfected control PC6 cells (PC6-V). Exposure to AP and iron 
resulted in apoptosis which was significantly reduced in MnSOD-expressing cells. 
Pretreatment with the antioxidants glutathione and propyl gallate resulted in 
significant protection from apoptosis induced by AP and iron. Apoptosis induced 
by 4-hydroxynonenal, a lipid peroxidation product, was also decreased in PC6- 
MnSOD cells, suggesting that mitochondria modulate lipid peroxidation-induced 
apoptosis. Infarct size following middle cerebral artery occlusion in adult MnSOD 
transgenic mice was significantly decreased compared to wild-type mice. Our data 
suggest that mitochondria-derived free radicals mediate neuronal apoptosis in several 
different paradigms, and that mitochondrial Mn-SOD has antioxidant actions that 
extend to multiple cellular compartments, including the plasma membrane, 
(supported by the NIH and the ALS Association).

880.10
7-NITROINDAZOLE PREVENTS DNA FRAGMENTATION IN ISCHEMIC 
NEONATAL RAT DENTATE GYRUS AND CORTEX. M, R, Pulera, L, M, 
Adams, D. G. Santos, R. N, Nishimura and C. G. Wasterlain*. Veteran’s Affairs 
Medical Center, Sepulveda, CA 91343 and UCLA School of Medicine, Los Angeles, 
CA 90095.

Nitric Oxide (NO) plays a dual role in cerebral ischemia as excitotoxic by its direct 
action on neurons but neuroprotective though its vasodilator properties. The selective 
neuronal nitric oxide synthase (nNOS) inhibitor, 7-nitroindazole (7-NI) has a low 
affinity for the endothelial form of nitric oxide synthase (eNOS) and may be able to 
block the excitotoxic action of NO without causing vasoconstriction. We wanted to 
test the neuroprotective potential of 7-NI in a rat pup model of hypoxia-ischemia, in 
which we have shown that DNA fragmentation and other hallmarks of apoptosis are 
quite prominent. In order to test the possible role of nNOS in excitotoxic cerebral 
ischemia, we bilaterally ligated the carotid arteries of 7-day-old rat pups and then 
subjected them to one hour of hypoxia (93.5% N2, 6.5% O2). A group of rat pups 
received 7-NI (Sigma, 25 mg/kg), intraperitoneally one half hour prior to hypoxia. 
Animals were sacrificed 4 days after ischemia. DNA was extracted from 
hippocampal dentate gyrus and cerebral cortex using a Qiagen QIAamp® tissue kit. 
Spectrophotometry revealed 26O/28o absorbance ratios of 1.8 to 2.0 indicating relative 
DNA purity. Approximately 5 pg/well of DNA were loaded on a standard 1.3% 
agarose gel. Non-ischemic tissue displayed no DNA fragmentation. Day 4 ischemic 
dentate gyrus and cortex exhibited a DNA laddering pattern consistent with 
internucleosomal DNA fragmentation. Day 4 7-NI-treated animals displayed no 
evidence of DNA fragmentation. Our results suggest that nNOS may function in the 
processes leading to DNA fragmentation following cerebral ischemia. The precise 
mechanism of nNOS in the process leading to DNA fragmentation after hypoxia- 
lschemia is unknown but may involve active processes such as apoptosis.

Research Grant NS 13515 from NINDS
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880.11
SUITABILITY OF N18-RE105 CELLS AS MODELS FOR 
THE STUDY OFTETANUS BASED DELIVERY OF 
THERAPEUTIC PROTEINS. C. C. Matthews*, J. B. 
Wollack, D. M. Figueiredo, P. S. Fishman. Depts of 
Neurology and Pediatrics, Univ. of Maryland 21201

Cells from the N18-RE105 line were used to determine the 
effectiveness of superoxide dismutase in blocking cell death 
induced by energy substrate deprivation. N18-RE105 cells 
were exposed to media containing glucose (0-25mM) or 
pyruvate (0- ImM) under norm- or hypoxic conditions. Cell 
death after complete substrate deprivation was shown to be 
due to apoptosis as judged by the time course of cell death, 
the pattern of DNA fragmentation and the formation of 
nyknotic nuclei. N18-RE105 cells were transfected with one 
of various expression constructs of green fluorescent 
protein-superoxide dismutase. Superoxide dismutase 
activity gels demonstrated that transfection with each of the 
constructs lead to increased levels of superoxide dismutase 
activity. Likewise, incubation of either N18-RE105 cells or 
mouse neocortical neurons with a tetanus C-fragment/green 
protein/superoxide dismutase fusion protein led to increased 
intracellular levels of superoxide dismutase activity. These 
results suggest that N18-RE105 cells may be used to 
compare the anti-apoptotic activity of overexpressed proteins 
with those delivered by a neuron-specific delivery system. 
Supported by NIH

880.12
TWO STRATEGIES FOR ATTENUATING ZINC NEUROTOXICITY ON 
CORTICAL NEURONS. C.T. Sheline* and D.W. Choi. Center for the Study of 
Nervous System Injury and Dept. of Neurology, Washington Univ. School of 
Medicine, St. Louis, MO 63110.

Zinc toxicity may play an important role in selective neuronal death following 
global ischemia. We studied the death of cultured cortical neurons induced by 
prolonged exposure to moderate zinc concentrations, in an effort to develop 
protective strategies, and report two such strategies here.

Mixed cortical cell cultures (DIV 12-14) containing both neurons and glia have 
undetectable levels of intracellular zinc by W-(6-methoxy-8-quinolyl)-/?arn- 
toluenesulfonamide (TSQ) fluorescence. A non-toxic conditioning exposure to zinc 
(13 pM for 36 h) induced the appearance of light TSQ fluorescence in neurons, and 
a mild attenuation of the neuronal death induced by subsequent toxic exposure to 
30-40 pM zinc for 24 h. This zinc conditioning exposure was associated with an 
increase in the constitutively expressed message levels for metallotheinins I and II 
in the cultures, as detected by RT-PCR, No baseline or induced message for the 
zinc transporter ZnTl, or for metallotheinin III was detected at the assay sensitivity 
used.

We next examined the effect of toxic zinc exposure on ATP levels, and found that 
exposure to 40 pM zinc produced a 50% reduction in culture ATP levels 6 h later, 
prior to LDH release. Examination of glycolytic metabolic intermediates showed a 
4-5x increase in dihydroxy-acetone phosphate after 4 h of zinc exposure. Adding 2 
mM pyruvate to the bathing medium produced a marked reduction in ATP loss and 
in neuronal death. This protective effect of pyruvate was only weakly (or not at all) 
mimicked by addition of other energy substrates such as a-hydroxybutyrate or acetyl 
carnitine.

Supported by NIH NINDS grant NS 30337.

880.13
NITRIC OXIDE (NO) DONORS OR cGMP REDUCE ZINC NEUROTOXICITY 
BY BLOCKING VOLTAGE SENSITIVE CALCIUM CHANNELS. B. J.
Snider*, J.Y. Choi, D.M. Turetsky and D.W. Choi. Center for the Study of 
Nervous System Injury and Dept. of Neurology, Washington Univ. School of 
Medicine, St. Louis, MO 63110.

Zinc influx has recently been implicated as a mediator of neuronal cell death in a 
rodent model of global ischemia (Koh et al. (1996) Science 272, 1013-6). We set 
out to test the hypothesis that this injury was at least partially mediated by activation 
of NO synthase and release of NO.

However, addition of 300 pM zinc inhibited rather activated rat brain NO 
synthase in crude extract. Further, addition of the nitric oxide donors DEA/NO or 
PAPA/NO reduced zinc-induced neuronal death in murine cortical cultures under 
depolarizing conditions (5 min exposure to 300-500 pM zinc in the presence of 45 
mM KC1, plus 100 pM d-CPP to block NMDA receptors). Reduction of zinc 
neurotoxicity was also produced by addition of 1 mM dibutryl cGMP. The 
neuroprotective effect of nitric oxide donors was partially blocked by 3 pM 
methylene blue, an inhibitor of guanylate cyclase, but was unaffected by lpM 
KT5823, an inhibitor of protein kinase G.

Voltage gated calcium channels are the major route by which zinc enters 
depolarized cortical neurons (Weiss et al. (1993) Neuron 10, 43-9; H. Ying et al. 
and Canzoniero et al., elsewhere this meeting). Consistent with the ability of NO to 
inhibit voltage-gated calcium channel currents in myocardial cells, we found that 
DEA/NO 1-1000 pM produced a dose-dependent decrease in KCl-stimuIated 45Ca2+ 
uptake into cortical neurons. This result suggests that the protective effect of NO 
upon zinc neurotoxicity may be mediated bv reduction of zinc influx through 
voltage-gated calcium channels.

Supported by NIH NINDS grants NS 01827 (BJS) and NS 30337 (DWC).

880.14
ZINC-INDUCED NEURONAL APOPTOSIS OR NECROSIS IN CORTICAL 
CULTURE. D. Lobner*1, F, Gottron1, H. Ying1, M. Tian1, L.L. Dugan1, C.M. 
Knudson2, S.J. Korsmeyer2, and D.W. Choi1. 'Dept. of Neurology and the Center for 
the Study of Nervous System Injury, 2Howard Hughes Medical Institute, Washington 
Univ. Sch. of Med., St. Louis, MO 63110.

Although zinc is normally stored and released in the brain, excessive exposure to 
extracellular zinc can be neurotoxic. The purpose of the present, study was to 
determine the type of neuronal cell death, necrosis versus apoptosis, induced by zinc 
exposure in cortical ceil cultures. Addition of 10-50 pM ZnCl2 to the bathing 
medium of mixed neuronal and glial cell cultures induced over the next 24 hrs a Zn2+- 
concentration-dependent neuronal death, together with some glial death at Zn2" 
concentrations above 30 pM. The selective neuronal death induced by 20 uM Zn2+ 
was characterized by cell body shrinkage, coarse chromatin condensation, and the 
formation of apoptotic bodies under confocal microscopic and electron microscopic 
study, as well as intemucleosomal DNA fragmentation by agarose gel 
electrophoresis. This apparent apoptosis was attenuated by addition of the caspase 
inhibitor, benzyloxycarbonyl-Val-Ala-Asp-CH2F (ZVAD, 100 pM), but not by the 
NMDA antagonist D-2-amino-5-phosphonovalerate (D-APV, 200 pM ). Death 
induced by 20 pM Zn2+ was nearly blocked in cortical cell cultures prepared from 
mice null for the Bax gene, compared with controls. In contrast, the neuronal death 
induced by 50 pM Zn2+ appeared to be a necrosis in that it was characterized by 
plasma membrane disruption and random DNA fragmentation, and was attenuated b; 
D-APV but not ZVAD. 50 pM Zn2+ toxicity was only weakly reduced in cultures 
prepared from Bax null mice. These results suggest that zinc can induce neuronai ce 
death with characteristics of apoptosis or necrosis depending on the intensity of the 
zinc exposure.
Supported by NIH NINDS grant NS 30337 (DWC).

880.15

DEATH INDUCES A QUIESCENT BRAIN STATE FROM WHICH NEURONAL 
ACTIVITY CAN RECOVER. S.Charpak* and^EAudinat, Laboratories of 
Physiology and . Neurobiology, ESPCI, CNRS URA 2054, 75005 Paris, France. 
...Death is associated with a loss of all brain functions which is thought to be 
irreversible within minutes. We investigated here the state of the brain in the hours 
that follow death. In rat brain slices obtained from animals up to six hours post-
mortem (PM) and perfused in vitro with oxygenated saline, we recorded cells from 
various brain regions with normal intrinsic membrane properties, spontaneous 
synaptic activity and typical morphological features. In addition to functional 
membrane channels, PM neurones expressed mRNAs, as revealed with single cell 
RT-PCR, and kept their ability to synthesise proteins de novo such as the early gene 
protein c-fos. We then raised the hypothesis that post-mortem neuronal activity 
could be reversible in an intact brain. Using an isolated guinea pig whole-brain 
preparation that was canulated and perfused after a PM delay of one to two hours, 
we show that cell activity and functional long range synaptic connections can be 
restored. Furthermore, bilateral synchronous and spontaneous epilepsy could be 
pharmacologically evoked in the temporal lobes. We conclude that, in rodents, death 
induces a "quiescent brain state" that lasts several hours, and that can be reversed to 
a comatose state with functional neuronal networks, providing that energy is 
supplied. (Supported by the ESPCI and the CNRS)
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881.1
MICROGLIAL NO INDUCES DELAYED NEURONAL DEATH 
FOLLOWING ACUTE INJURY IN THE STRIATUM. A. Takeuchi, 
K, Isobe,1 O. Miyaishi1, M. Sawada and K, Kiuchi* Laboratory for 
Genes of Motor Systems, Bio-Mimetic Control Research Program, 
RIKEN, 2271-130 Anagahora, Shimoshidami, Moriyama-ku, Nagoya 
463, Japan and ‘Division of Gerontology, National Institute for Longevity 
Sciences, 36-3 Gengo, Morioka-cho, Obu, Aichi 474, Japan

We have established a novel injury model in the central nervous 
system by a stereotaxic injection of ethanol into rat striatum to induce 
necrosis. With this model, we clarify a funciion of NO in a healing 
mechanism around a necrotic lesion. A semi-quantitative RT-PCR 
revealed that the iNOS mRNA arose at 6 h, peaked at 24 h, and declined 
to a lower level 48 h after intrastriatal 5-pl ethanol injection. From in 
situ hybridization, this iNOS mRNA was expressed in the area surrounding 
the injury. By immunohistochemistry,mononuclear cells at this boundary 
area of necrosis were stained with anti-iNOS antibody on the 1 st day 
after the injury . These cells turned out to be reactive microglia from the 
positive staining of GBS-LB4, ED-1 and OX-42. H-E staining showed 
that neurons in this boundary area gradually disappear up to 5 days after 
the injury with microglial invasion, and this area became cavernous. 
Nuclei of neurons in this area were stained positive by the TUNEL 
assay on the 1st day after the injury. These TUNEL-positive neurons 
were gradually eliminated with the invasion of microglia toward the 3rd 
days after injury. L-NAME administration diminished the elimination 
of neurons by microglia in this boundary area of necrosis. Microglial 
NO may act as a neurotoxic agent to eliminate damaged neurons near 
the necrosis in the form of delayed neuronal death, and may reintegrate 
the neuronal circuits with functionally intact neurons.

881.2
INCORPORATION OF ENDONUCLEASE INTO LIVING NEURONS 
INDUCES APOPTOSIS. L. Colombaioni* Istituto di Neurofisiologia del 
CNR, 56100 Pisa, ITALY.

Nuclei of apoptotic neurons undergo typical morphological changes. It has 
been proposed that this results from the activation of a specific endonuclease 
(as yet unidentified) which produces DNA double strand breaks at 
internucleosomal sites (Cohen & Duke 1984), Recently there has been a 
debate over the nature of chromatin structural changes responsible for 
nuclear alterations in cell death and also over the role and identity of the 
apoptotic nucleases. To determine whether the nuclear changes observed in 
neuronal apoptosis could be directly correlated to DNA degradation in 
oligonucleosomal fragments, isolated retinas were exposed to an exogenous 
prokaryiotic endonuclease characterized by the same cleavage properties of 
the endogenous endonucleases proposed as candidates for DNA 
fragmentation in apoptosis. This endonuclease was incorporated into living 
retinal cells by a transient permeabilization of plasma membrane. As a 
result of intracellular loading of the enzyme nuclear fragmentation rapidly 
appeared and a considerable number of nuclei showed the typical apoptotic 
morphology after 10 min.. After endonuclease loading, neurons showed also 
cytoplasmic collapse. Neurons permeabilized in control medium not 
containing endonuclease were normal. These results indicate that the DNA 
degradation in oligonucleosomal fragments is enough to induce the nuclear 
morphology of apoptosis and that an active endonuclease is capable of 
triggering neuronal apoptosis.
Supported by CNR and EC DGXII Biotechnology Program.

881.3
P53 MEDIATES NEURONAL INJURY IN THE ABSENCE OF ICE 
ACTIVATION IN PRIMARY HIPPOCAMPAL NEURONS IN 
CULTURE. M.P, Johnson*, H. Xiang, Y. Kinoshita, R.S. Morrison, Dept. of 
Neurological Surgery, University of Washington, Seattle, WA, 98195

Activation of interleukin 1-J3 converting enzyme (ICE) and related proteases 
(caspases) plays a pivotal role in neuronal cell death during development and after 
trophic factor withdrawal. However, the role of caspase activation after neuronal 
injury is poorly understood. Recent work in our laboratory has demonstrated a 
critical role for p53 in neuronal injury caused by excitotoxic and DNA damaging 
agents. In order to elucidate further the cellular mechanisms underlying neuronal cell 
death after injury, we have examined whether caspases are activated after neuronal 
injury caused by glutamate, ionizing radiation, or the topoisomerase I inhibitor, 
camptothecin. Immunoblot analyses indicated that irradiation or camptothecin 
treatment rapidly induced annexin V binding and cleavage of caspase substrates such 
as PARP and actin in cultured SH-SY5Y neuroblastoma cells. An ICE/CPP32 
inhibitor, zVAD-FMK (100 uM), blocked PARP cleavage and actin degradation, but 
failed to prevent cell death. Adenovirus-mediated overexpression of p53 also induced 
cell death in SH-SY5Y neuroblastoma cells, but failed to cause PARP cleavage or 
actin degradation. In primary hippocampal neurons obtained from newborn wild type 
mice, irradiation, camptothecin and glutamate (50 uM) all caused neuronal cell death. 
Neurons from p53 deficient mice were resistant to cell death caused by these agents. 
In contrast to the findings in the neuroblastoma cell line, no evidence for PARP 
cleavage or actin degradation was observed after glutamate exposure, irradiation, or 
camptothecin treatment in wild-type hippocampal neurons. Moreover, zVAD-FMK 
was unable to prevent hippocampal neuronal cell death under these conditions. 
Adenovirus-mediated overexpression of p53 in primary hippocampal neurons resulted 
in cell death, but did not lead to PARP cleavage or actin degradation. These findings 
suggest that p53 mediates neuronal cell death after glutamate exposure or DNA 
damage via an ICE/CPP32-independent mechanism. Support: NIH Grants NS31775 
and T32NS-07144.

881.4
P53 INDUCES NEURONAL CELL DEATH VIA A BAX-DEPENDENT 
PATHWAY.
H, Xiang*. Y. Kinoshita, C.M. Knudson1, S TKorsmeyer1, EA,_Schwartzkroin 
and R.S. Morrison, Department of Neurological Surgery, University of Washington, 
Seattle, WA 98195; ’Department of Pathology, Washington University School of 
Medicine, St. Louis, MO 63110

The tumor suppressor gene p53, has been implicated in neuronal cell death caused by 
excitoxic and DNA damaging agents. We have shown that adenovirus-mediated 
delivery of the p53 gene causes cortical and hippocampal neuronal cell death with 
some features typical of apoptosis. The signaling events associated with p53- 
mediated cell death in these CNS-derived neurons are not understood. In the present 
study, we determined if p53-mediated changes in neuronal viability were dependent 
upon members of the Bcl-2 family of cell death regulators. Primary cultures of 
newbron cortical neurons were derived from animals containing Bax or those deficient 
in Bax. Cell loss was assessed by direct cell counting and by measurements of MTT 
activity. Neurons containing at least one copy of Bax were killed by exposure to the 
excitotory amino acids, glutamate (50 pM) and kainic acid (40 pM). The 
accumulation of DNA strand breaks induced by the topoisomerase I inhibitor, 
camptothecin (5 pM), also caused severe cell loss in neurons containing Bax. In 
contrast, Bax-deficient neurons exhibited significantly less cell loss in response to 
excitotoxin and camptothecin treatment. Increased p53 expression, using adenovirus- 
mediated transduction, was sufficient to promote neuronal cell death in Bax wild-type 
neurons but had no effect on the viability of Bax-deficient neurons. These results 
demonstrate that p53-mediated death of CNS neurons depends upon Bax. Support: 
NIH Grant NS31775.

881.5
SIGNAL TRANSDUCTION OF DNA DAMAGE-INDUCED NEURONAL 
APOPTOSIS. E, J. Morris*!. D. S. Parkt J. C. Dreixlerf. L. A. Greenef. and H, M, 
Gellert. fDept. of Pharmacology, UMDNJ-Robert Wood Johnson Medical School, 
Piscataway, NJ, 08854. J Dept. of Pathology and Center for Neurobiology and B ehavior, 
Columbia Univ. New York, NY, 10032.

We have previously demonstrated that neurons undergo apoptosis following treatment 
with the DNA damaging agent, camptothecin (CPT). In this report, we examine initial 
DNA damage formation, as well as downstream signal transduction pathways of apoptosis 
in cortical neurons following CPT treatment, and compare these effects to treatment with 
cytosine arabinoside (araC), ultraviolet irradiation (UV-IR), and hydrogen peroxide 
(HjO^). Utilizing the single-cell gel electrophoresis (SCGE) “comet” assay, we 
demonstrate that short-term exposure of neurons to CPT, UV-IR, and H2O2, but not AraC, 
led to the formation of DNA strand breaks in a manner which correlated with their ability 
to kill neurons. In addition, we report that cyclin-dependent kinase (CDK) inhibitors (as 
well as RNA and protein synthesis inhibitors) protected neurons from death induced by 
both CPT, UV-IR, and araC, but not H2O2 suggesting differential activation of death 
pathways by these agents. Moreover, death induced by CPT, UV-IR, and AraC could be 
inhibited by the general caspase inhibitor, BAF, but not the more selective inhibitor, 
zVAD-fmk, suggesting the involvement of a protease other than caspase-1 and -3 during 
apoptosis. Treatment of neurons with CPT resulted in a small, but detectable, increase 
in the expression of the p53 tumor suppressor protein, but no overexpression of two 
products ofp53-transcriptionally activated target genes, the apoptosis-inducing protein, 
bax, and the CDK/JNK inhibitor, p21CIP1. These data demonstrate the involvement of 
unique signal transduction pathways during DNA damage-induced neuronal apoptosis, as 
well as differential activation of these pathways by various DNA damaging agents. 
Supported by the NIH, Cancer Institute of NJ, Blanchette Rockefeller Foundation, ALS 
Foundation and Aaron Diamond Foundation.

881.6
DECREASE OF MITOCHONDRIAL MEMBRANE POTENTIAL 
PRECEDES P53-DEPENDENT BUT NOT P53-INDEPENDENT 
APOPTOSIS D. Zhang and 1. A, Paterson* Neuropsychiatry Research 
Unit, Dept. of Psychiatry, University of Saskatchewan, Saskatoon, 
Saskatchewan, S7N 5E4, Canada.

Recent evidence suggests that the mitochondrial membrane potential 
begins to decrease well before the cells commit to apoptosis (Zamzami et 
al., I. Exp. Med., 182:367-77,1995; Tatton and Chalmers-Redman, 
Neurology, 47(suppl.3):S171-183., 1996). Using cultured cerebellar
granule cells, two modes of apoptosis were induced by adding cytosine 
arabinoside (Ara-c) (p53-dependent apoptosis) and lowering K 
concentrations of the medium (p53-independent apoptosis) (Enokido et al, 
Neurosd. Letters, 203:1-4, 1996). Cultures showed clear signs of increased 
apoptosis (chromatin condensation visualized with bisbenzamide) after 
24 hours. A fluorescent probe chloromethyl-tetramethylrhodamine 
methyl ester (CMTMR) is introduced to the medium 18h after induction of 
apoptosis. CMTMR is a lipophilic, potentiometric dye which has been 
demonstrated to accumulate within mitochondria in proportion to the 
mitochondrial membrane potential. The mitochondrial fluorescence 
intensity was estimated by acquiring intensity values of the cytoplasm. 
In Ara-c induced apoptosis, there was a shift of the distribution of cell 
population towards low intensity of CMTMR fluorescence, whereas in 
control and low K cultures, there was no such shift. An antiapoptotic drug 
R-2-Heptyl-N-methyl-propargylamine (R-2HMP) reversed the loss of 
mitochondrial membrane potential in Ara-c induced apoptosis but not low 
K induced apoptosis. In conclusion, the earlier decrease of mitochondria] 
membrane potential is involved in Ara-c induced, p53-dependent 
apoptosis but no such changes occur in low K induced, p53-independent 
apoptosis suggesting a different transduction and commitment to 
apoptosis. Supported by Saskatchewan Health and Novartis, Canada.
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881.7
PHOSPHOLIPASE A2 (PLA2) INDUCES APOPTOSIS IN RAT FOREBRAIN PRIMARY 
NEURONAL CULTURES. K^C,.„ CurievLU.-J-.-R.,- -Dave1, K, Hartman2, L. 
Clapp1'3, G. Kant1* and F.C. Tortella1. 2Div. Neurosci. and 2Div. 
Medicine, Walter Reed Army Inst. Res. and 3Dept. Neurol., Walter 
Reed Army Med. Ctr., Washington, DC 20307.

Secretory (Type II or inflammatory) Phospholipase A2 (sPLA2) has 
been identified in astrocytes and catecholamine-secreting neuronal 
synaptosomes. It has been shown to be involved in neuronal and 
glial signaling both as a primary effector and through the second 
messenger arachidonic acid and it has also been found to act 
synergistically with glutamate to produce excitotoxic neuronal 
injury (J. Biol. Chem. 271:1996). During initial studies of sPLA2 
neurotoxicity it was observed that many neurons were apparently 
distinguished by an apoptotic-like morphology. Therefore, 
investigations were initiated to directly and quantitatively 
assess the involvement of apoptosis in sPLA2-induced neuronal 
death. Light microscopic morphology, TdT end-labelling (TUNEL), 
Annexin V-FITC, and Field Inversion Gel Electrophoresis confirmed 
the presence of apoptosis in neurons exposed to sPLA2. 
Preliminary results using rat primary cortical cultures exposed to 
s PLA2 concentrations ranging from 10-100 ng/ml demonstrated 50-75% 
of the cell population to be apoptotic at 24 h post-treatment. 
This is in comparison to negative control cell populations 
exhibiting 18-27% apoptosis, or versus 58% apoptosis in positive 
(serum-deprived) controls. Interestingly, exposure to glutamate 
(100-1000 /iM) also yielded 55-71% apoptosis in cells surviving the 
initial necrotic injury. These results suggest that apoptosis 
represents a significant component of sPLA2 mediated neurotoxicity 
and that combinations of antagonists targeting the sPLA2 enzyme 
and apoptosis, such as the Bcl2 gene family, may represent useful 
neuroprotective strategies. (DOD/MRMC Funding)

881.8
LYSOPHOSPHATIDIC ACID CAN INDUCE NEURONAL APOPTOSIS 
OR NECROSIS. F.W. Holtsberg*, M.R. Steiner, J.N, Keller, R.J. Mark,
M.P. Mattson and S.M. Steiner. Univ. of Kentucky, Lexington, KY 40506.

Neuronal death plays a key role in developmental and pathological 
processes in the brain. Thus, the identification of a biomediator which 
induces neuronal apoptosis can provide insights into both norma! and 
pathological processes. This study identifies and characterizes neuronal 
apoptosis induced by the lipid biomediator lysophosphatidic acid (LPA). 
Treatment of rat hippocampal neurons with 0.1 or 1.0 pM LPA resulted 
in apoptosis, as determined by 1) chromatin condensation,
2) externalization of phosphatidylserine and 3) protection against 
chromatin condensation and phosphatidylserine externalization by 
pretreatment of neurons with zVADfmk, a broad spectrum inhibitor of 
lnterleukin-1 p converting enzymes (or caspases). Studies with 
antagonists of ionotropic glutamate receptors did not indicate a 
significant role for these receptors in apoptosis induced by 1 pM LPA, 
i.e., the AMPA/kainate receptor antagonist, DNQX, afforded a small 
degree of protection while the NMDA receptor antagonist, MK801 did 
not protect against apoptosis. Mitochondrial participation in apoptosis 
induced by 1 pM LPA is suggested by the findings of an LPA-mediated 
decrease in mitochondrial membrane potential and cyclosporin A 
protection against the LPA-induced changes in mitochondrial 
membrane potential and neuronal viability. As is typical for apoptosis- 
inducing agents, higher concentrations of LPA resulted in neuronal 
necrosis, as determined by release of lactic acid dehydrogenase and 
morphological changes. Supported by grants from the NIH, Alzheimer’s 
Assoc, and Amer. Paralysis Assoc./Ky Spinal Cord & Head Injury Trust.

881.9
CERAMIDE INDUCES CELL DEATH OF DIFFERENTIATED 
HUMAN NEURONS THROUGH ACTIVATION OF C-JUN 
KINASE. Z. Y. Gao*, M. Hong, V. M. Y. Lee and B. A. Wolf. Dept. 
Pathology & Lab Med., Univ. Penn. Sch. Med., Philadelphia, PA 19104

It has been reported recently that ceramide, the second messenger of the 
sphingomyelin pathway, is a mediator of apoptosis of human promyelocytic 
HL-60 cells and monoblastic leukemia cells. The current study was 
performed to investigate the effects of ceramide on differentiated human 
neurons (NT2N) viability. NT2N cells were treated with various 
concentrations (0.1 - 100 pM) of ceramide analogues (C2 and C6-ceramide) 
for various lengths of time (4 hours - 6 days). Both C2 and C6 caused NT2N 
death as shown by a decrease of cellular MTT metabolism and an increase of 
LDH release into the medium. The lowest effective concentration was about 
20 pM and the maximal effect was achieved by 100 pM. Ceramide-induced 
cell death occurred as early as 4 hours and reached a maximum at the third 
day. C-jun kinase activity of NT2N cells was measured as the incorporation 
of [3iP]ATP into c-jun fusion protein beads. It was found that C2 and C6 
ceramide increased c-jun kinase activity as early as 1 min. On the other 
hand, ceramide did not affect NT2N tau phosphorylation, which has been 
shown to be involved in neuronal death of some CNS diseases. In 
conclusion, the lipid second messenger ceramide may be a mediator of cell 
death through activation of c-jun kinase rather than tau phosphorylation in 
human NT2N cells.
Supported by NIA grant AG09215, AG11542 and NIH K04 DK02217.

881.10
Fas/Apo [Apoptosis]-1/CD95 Receptor Activation In The Developing 
Rat Cerebral Cortex Leads To Cell Death. Z.F. Cheema*, R.C. Miranda 
Dept. Human Anatomy and Medical Neurobiology, Reynolds Medical Bldg., Texas 
A&M University, College Station, TX 77843.

Fas is a cell surface receptor that induces apoptotic cell death in 
thymocytes and other non-neural tissues. However, our research suggests that 
Fas mRNA and protein are also localized to neuroblasts and neurons in the 
developing rat cerebral cortex during the peak period of apoptosis. The 
temporal and spatial patterns of Fas expression correlated with the expression 
of apoptotic profiles, suggesting that Fas is a likely candidate receptor that may 
regulate some developmentally-specific cell suicide. Therefore, we 
administered either an anti-Fas antibody or soluble Fas ligand (sFasL) to 
dissociated cultures of embryonic cerebral cortical neuroblasts. Within 48 
hours, both anti-Fas antibody and sFasL treatment led to a statistically 
significant decrease in neuroblast density. To examine whether the cell loss was 
specific to Fas-mediated cell suicide as previously described in the immune 
system, we concurrently administered interleukin-1 ^-converting enzyme (ICE) 
protease inhibitors (ICEi [Acetyl-YVAD-aldehyde], ICEu [Acetyl-YVAD - 
chloromethylketone] or ICEm [Acetyl-YVAD-axyloxymethylketone]). ICEi, 
ICEu and ICEm significantly attenuated sFasL induced cell loss, however only 
ICEm significantly attenuated anti-Fas antibody induced cell loss. Within 8.5 
hours following Fas activation, there was also a significant ICE protease- 
dependent increase in BRDU uptake, suggesting that Fas may directly or 
indirectly initiate mechanisms of DNA replication or repair prior to cell death. 
We are currently examining hormone-sensitive mechanisms that might underlie 
Fas-mediated de novo DNA synthesis. Funded by grants from NIH (MH55724) 
and TAMU (FM96-26) to RCM.

881.11
A POTENTIAL ROLE FOR THE 75 kD TNF RECEPTOR IN NEURONAL CELL 
DEATH K.J. Sipe1*, K.W. Kelley2, R. Dantzer3, D, Leder1, P. Spilotro1, and J.A. 
Weyhenmever1, Depts. of ’Cell and Structural Biology and 2Animal Sciences, Univ. 
of Illinois, Urbana, IL 61801 and 3INRA-INSERM, Unite 394, Bordeaux, France.

We are using the differentiable N1E-115 murine neuroblastoma line (N1E) as a 
model system to identify factors predisposing neuronal cells to tumor necrosis factor- 
a (TNF) mediated cell death. The NIE’s endogenously express mRNA for only one 
of the two TNF receptors (TNFR’s), the 55 kD receptor. TNF is toxic to both 
undifferentiated and differentiated NIE’s in the presence, but not the absence, of the 
transcriptional inhibitor, actinomycin D (ActD) (Sipe, et al., 1996). Previous results 
indicate that NIE’s express TNF mRNA, however assays using WEHI 164.13 cell 
death to determine TNF bioactivity demonstrated that NIE’s do not release TNF into 
the medium. These results suggest that TNF may remain membrane bound in the 
NIE’s. Lazdins et al. (1997) have reported that activation of the 75 kD TNFR by 
membrane associated TNF leads to cytotoxicity in a lymphoid cell line infected with 
HIV. We hypothesize that a similar mechanism may exist in the NIE’s. To 
examine this, NIE’s were stably transfected with the full length cDNA for 75 kD 
TNFR, as demonstrated by the expression of receptor mRNA and G418 resistance, 
however protein expression could not be detected using Western or flow-cytometric 
analyses. This is in contrast to transiently transfected COS-7 cells, which readily 
express the receptor protein from the same expression vector. Flow cytometric 
analysis of cell death indicated increased cell death in 75 kD TNFR transfected NIE’s 
12-24 hr. after transfection, with 46% of cells transfected with empty vector dying 
versus 53% of 75 kD TNFR transfected cells. NIE’s treated with ActD and TNF 
exhibited 66% cell death. These results suggest 75 kD TNFR binding to membrane 
TNF may mediate cell death in the NIE’s. Experiments to block the cell death using 
TNF-neutralizing antibodies are in progress.
(This work was supported by NIH Grant DK49311 and NSF Grant IBN 9320158.)

881.12
CULTURED MOUSE NEURAL STEM AND PROGENITOR CELLS 
UNDERGO APOPTOSIS UPON WITHDRAWAL OF GROWTH FACTOR . 
M.Y. Arceliana-Panlilio*, R, Galli, P. Hettiaratchi, P. Hill, and B.A, Reynolds.
NeuroSpheres, Ltd., Calgary, Alberta, CanadaT2N4N1.

During development, various mechanisms come into play that act to 
modulate total cell number and size of distinct populations, Induction of 
apoptosis in specific cells is thought to occur. In the developing CNS the 
competition for target-associated factors appears to determine cell 
survival. To determine whether an analogous situation might be simulated 
in vitro , neural stem and progenitor ceils, which had been isolated and 
propagated in the presence of epidermal growth factor (EGF), were then 
cultured in media devoid of EGF, and assayed at 0, 6, 24, 30 and 48 hr. 
Gel electrophoresis of genomic DNA showed the laddering indicative of 
intemucleosomal DNA fragmentation. Labeling of the DNA ends in situ 
by terminal deoxynucleotidyl transferase identified the cells undergoing 
apoptosis. Nuclear morphology typical of apoptotic cells was observed, 
specifically shrinkage and condensation, and even physical 
fragmentation. Flow cytometry profiles of permeabilized cells 
subsequently stained with propidium iodide revealed the hypodiploid 
peak characteristic of apoptotic cells. Reverse transcription polymerase 
chain reaction (RT-PCR) analysis of RNA showed the expression of both 
pro-and anti-apoptotic genes. The apoptotic program was not reversible 
by the inhibition of RNA synthesis by actinomycin D treatment nor by the 
inhibition of protein synthesis by cycloheximide.
These results suggest that while the cells respond to the removal of 

growth factor by becoming apoptotic, the time frame within which that 
death program is set is short.
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881.13
APOPTOSIS INDUCED BY SERUM WITHDRAWAL IN EMBRYONIC 
MESENCEPHALIC CULTURES IS MEDIATED BY p38 MAP KINASE. 
W.M.Zawada*2, M.K.MeintzerU C.R.Freed2, L.Shapiro3. and K.A.Heidenreich14=
Depts. Medicine and 'Pharmacol., 2Div Clin. Pharmacol., 2Div. Infect. Dis., U. 
Colorado Sch. of Med., Denver, CO 80262; * Denver VA Med. Ctr., CO 80220.

p38 is a member of the MAP kinase superfamily and a putative mediator of 
apoptosis. To examine if p38 is required for neuronal apoptosis, we studied effects of 
a specific p38 inhibitor (the PD 169316 pyridinyl imidazole cpd., a gift of Alan Saltiel, 
Parke-Davis) on apoptosis induced by serum withdrawal in El5 rat ventral mesen-
cephalic cultures. Primary cultures were grown in serum-containing medium for 24 hrs, 
At that time, medium was replaced with identical medium or medium lacking serum in 
the presence or absence of the p38 inh. (0.1-10/xM). After 20 hrs the total number of 
cells and the subset of dopaminergic (TH + ) neurons were determined. The percentage 
of apoptotic cells and p38 activity and levels were also measured. In serum containing 
cultures, the p38 inh. had no effect on the number of surviving cells. Serum withdrawal 
reduced the number of surviving cells to 13 % of serum controls. The p38 inh. restored 
the number of surviving cells to that observed in serum controls in a dose-dependent 
manner with die maximal effects observed at 10;iM„ Serum withdrawal also reduced 
the number of surviving dopamine neurons to 10% of serum controls and the p38 inh. 
(lOjtiM) completely prevented dopaminergic cell death. In die presence of serum, 1.4% 
of the cells were apoptotic after 20 hrs. Removal of serum increased the number of 
apoptotic cells to 14%. Thep38inh. blocked apoptosis by -90%. Western immunoblots 
probed with anti-p38 antibody revealed that serum withdrawal increased the level of p38 
> 3-fold. This increase in p38 levels was abolished by the p38 inh. Activated p38 
detected by a phosphospecific antibody was also increased in serum-withdrawn cultures 
and was blocked by the p38 inh. We conclude that apoptosis induced by serum 
withdrawal in primary neuronal cultures is mediated by p38 MAP kinase. Inhibitors of 
diis kinase may be beneficial in die treatment of neurodegenerative diseases involving 
apoptosis. Supported by NS 18639, GM07063, VA Merit, and NPF.

881.14
FURTHER CHARACTERIZATION OF NEURONAL DEATH INDUCED BY SERUM 
DEPRIVATION OF GLUTAMATE IN CORTICAL CELL CULTURES.
S. Sohrf1, E. Y. Kim2, B. J. Gwag2. 'Laboratory of Cell Biology, Ajou 
University Institute-for "Medical Science. Tept. of Pharmacology, 
Ajou University School of Medicine, Suwon, Korea.

Patterns of neuronal death following serum deprivation or 
glutamate treatment were studied in cortical neurons 'cultured 
for 7 d. Cortical neurons deprived of serum revealed cell body 
shrinkage, nuclear membrane disappearance, and aggregation and 
condensation of nuclear chromatin over the next 12 - 16 hr. 
The death was almost completely prevented with inclusion of 1 pg 
/ml cycloheximide or 50 ng/ml insulin. Neither the glutamate 
antagonists, 1 pM MK-801 and 50 pM CNQX, nor the antioxidant, 100 
pM trolox attenuated the serum deprivation-induced apoptosis. 
Cortical neurons underwent a widespread neuronal degeneration 24 
hr following exposure to 50 pM glutamate in the presence of 50 
ng/ml insulin. This death was blocked by inclusion of 10 pM MK- 
801 and 50 pM CNQX. The glutamate-mediated excitotoxicity was 
characterized by swelling of cell body and organelles, 
perforating and bursting cytoplasmic membrane, and scattered 
nuclear chromatin condensation with relatively intact nuclear 
membrane. The excitotoxic necrosis was not attenuated by inclusion 
of cycloheximide or trolox.

Sister cultures exposed to 2 mM glutamate underwent 
morphologically-defined neuronal necrosis similar to 
excitotoxicity in the presence of 10 pM MK-801, 50 pM CNQX, and 50 
ng/ml insulin. The overall degeneration was attenuated with 
inclusion of 100 pM trolox, suggesting that high concentrations of 
glutamate produced oxidative neuronal necrosis through non-
receptor-mediated mechanism.

Unlike the morphologically well-defined patterns of neuronal 
apoptosis and necrosis, intemucleosomal DNA fragmentation and 
chrcmatin condensation were observed in degenerating neurons 
following exposure to serum deprivation or glutamate, raising a 
caution that occurrence of DNA ladders and chromatin condensation 
was not specific to define apoptosis. The present study provides 
evidence that glutamate produces excitotoxic or oxidative 
neuronal necrosis. Supported by HMP grant 96-M-2-1046(BJG)

881.15
INHIBITION OF PANCORTLN (OLFACTOMEDIN-LIKE
MOLECULE) EXPRESSION RESULTS IN ROBUST CELL 
DEATH IN VITRO.
M.SatoA Nakamura", K. Noguchi'*, H, Takagi1
IFirsl department of Anatomy. Osaka City University Medical School, 
2Department of cell structure, Department of Bioscience, NAIST, 
3Department of Anatomy and Neuroscience, Hyogo College of Medicine, 
JAPAN

mRNA differential display has been conducted to search for genes that are 
expressed in a region-specific manner in the rodent brain, then several genes 
are identified. One of these genes, which we call pancortin based on its 
predominant mRNA expression in the cerebral cortex of adult, is studied. 
Pancortin cDNAs are grouped into 4 different types, designated as pancortin-1 
to -4. In situ hybridization histochemistry using oligonucleotide probes 
specific for 5'- and 3’- end variable parts has revealed that these 4 pancortin 
mRNAs are expressed differentially during ontogenesis. Transient expression 
of pancortin-3 and -4 mRNA is observed in the CNS during development. 
Expression of these pancortin mRNAs is confirmed in the imortalized cell 
line, MNS (generously provided from Dr, Nakafuku). An anitsense 
oligonucleotide treatment against these pancortins results in robust MNS cell 
death in vitro, suggesting that the involvement of these pancortins in cell 
survival and / or cell death.

881.16
MITOTIC ARREST WITHOUT NEW PROTEIN SYNTHESIS IS 
THE TRIGGER FOR APOPTOSIS OR MORPHOLOGICAL, 
DIFFERENTIATION IN NEURAL CREST TUMOR CELLS. N. 
F, Schor*, T, K. Smith, and K. D, Nylander, Division of Child 
Neurology, University of Pittsburgh, Children's Hospital, 
Pittsburgh, PA 15213.

We have previously studied the induction by DNA strand-
cleaving antimitotic agents of apoptosis and morphological 
differentiation in neuroblastoma cells. We now report the effects of 
vinblastine, an antimitotic agent without direct effect on DNA on 
neuroblastoma cells in culture. Exposure to vinblastine (0.5- 
2.0pg/ml) for 15 min was sufficient to induce apoptosis 48 hr later 
and differentiation 6 days later in a concentration-dependent fraction 
of neural- and epithelial-type neuroblastoma cells, respectively.
This indicates that mitotic arrest, and not DNA cleavage, is the 
proximate trigger for both apoptosis and differentiation induction. 
Exposure for longer periods of time did not increase the percentage 
of affected cells, raising the possibility of involvement of immediate 
early gene expression in this process. Examination by Western 
blotting of neural- and epithelial-type cell extracts for c-Jun and c- 
Fos content revealed no change within an hour of treatment. 
Furthermore, exposure to cycloheximide before and during 
vinblastine exposure did not alter the induction of apoptosis or 
morphological differentiation, implying that new protein synthesis is 
not required for initiation of these processes.

(Supported by the American Cancer Society)

881.17

THE dpp SUBGROUP OF BMPs PROMOTES APOPTOSIS OF 
IMMORTALIZED NEURAL CREST PROGENITOR CELLS AND 
INDUCES DEPENDENCE ON OTHER GROWTH FACTORS Q. Song, 
M.F. Mehler, P.C. Mabie, A. Peinado,* and J.A. Kessler. Depts. of 
Neurology and Neurosci., Albert Einstein Coll, of Med., Bronx, NY 10461

The bone morphogenetic proteins (BMPs) play important roles in pattern 
formation, lineage commitment, and other aspects of development of the 
vertebrate nervous system. We have used immortalized sympathoadrenal 
cells (MAH cells) to examine effects of the BMPs on neural crest 
development. MAH cells survive and proliferate without added growth 
factors. Treatment of MAH cells with BMP2 or BMP4 resulted in 
progressive pyknosis and dose-dependent cell death with 95% cell loss at 10 
ng/ml, and the cells required exogenous factors for survival after BMP 
treatment. Co-treatment with bFGF and NGF prevented BMP induced death 
and promoted neuronal differentiation. BMP7 treatment did not result in cell 
death suggesting specificity to the dpp subfamily of BMPs. DNA laddering 
and TUNEL labeling were both present after BMP2 treatment suggesting 
apoptotic death. Both the ICE inhibitor, VAD, and the endonuclease 
inhibitor, ATA, protected cells from death, consistent with apoptotic 
mechanisms. The BMP receptors BMPRIA, BMPRIB, and BMPRII were all 
expressed by MAH cells, and BMPRIA was phosphorylated in response to 
BMP2. These observations suggest that cell numbers in the developing 
nervous system may be regulated by pro-apoptotic cytokines as well as by 
survival factors, and that pro-apoptotic factors such as the BMPs may cause 
cells to become dependent upon other exogenous factors (such as bFGF and 
NGF) for their survival.
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882.1
Differential Cloning Of An Activity-Regulated cDNA From Developing Visual 
System. Roderick A. Corriveau*+. Gene S. Huh+. Sandra A, Wiese. Cynthia J. 
Cowdrey. Madhuri Rov, and Carla J. Shatz. HHMI and Department of Molecular and 
Cell Biology, University of California, Berkeley, 94720

Patterned electrical activity plays a fundamental role in the development of 
appropriate synaptic connections in the mammalian CNS, but little is known about 
the molecular mechanisms underlying activity-dependent synaptic rearrangements.
To identify genes that are (i) regulated by endogenous electrical activity during CNS 
development and (ii) expressed in the visual system during pattern formation, we used 
differential display to compare gene expression between control and activity-blocked 
(TTX-treated) lateral geniculate nucleus (LGN) during the time that the eye-specific 
layers form in the cat visual system. Of approximately 170 candidates generate 1 sing 
96 primer pair combinations, clone 153 has particularly compelling features. The 
corresponding mRNA is highly expressed in the LGN during eye-specific layer 
formation, decreases in LGN later in development, appears to be in neurons, and is 
clearly regulated by electrical activity. Moreover, in situ hybridization demonstrates 
that the spatial and developmental expression pattern of 153 elsewhere in the CNS 
correlates with previously characterized regions and times of synaptic plasticity. In 
primary visual cortex, levels of 153 are initially very low and increase with the onset 
of ocular dominance column formation. In the hippocampus, 153 mRNA is nearly 
undetectable prenatally, is abundant in CAI to CA3 by about two weeks after birth, 
and is maintained at relatively high levels at three months postnatally. Finally, 153 
appears to represent a transmembrane molecule and thus could be ideally positioned for 
a role in cell-cell signaling required for activity-dependent synaptic changes. +R.A.C 
and G.S.H. contributed equally to this work. Supported by NIH MH48108 and NSF 
IBN9319539 to CJS and a Damon Runyon-Walter Winchell Postdoctoral Fellowship 
to G.S.H.

882.2
ACTIVITY-DEPENDENT REGULATION OF EXCITATION IN 
CORTICAL INTERNEURONS BY BDNF. L.C.Rutherford*, S.B.
Nelson, and G.G.Turrigiano. Department of Biology and Center for 
Complex Systems, Brandeis University, Waltham, MA 02254.

It is known that the neurotrophin brain-derived neurotrophic factor 
(BDNF) regulates inhibition within cortical circuits by regulating the 
inhibitory connection between intemeurons and pyramidal neurons.

Here we show that BDNF also adjusts inhibition within cortical circuits via 
activity-dependent regulation of the amount of excitation received by 
cortical interneurons.

Dissociated cultures were made from P3-6 rat visual cortex. Whole-
cell, voltage clamp recordings were obtained from GABAergic intemeurons 
of bipolar morphology in sister cultures treated with TTX (0.1|iM), TTX+ 
BDNF (25ng/ml), BDNF, or untreated for 48 hours. Cultures were washed 
prior to recording. Treatment with BDNF significantly increased the 
amplitude of AMPA-mediated miniature excitatory postsynaptic currents 
(mEPSCs) compared to controls (27.91+4.47 pA and 16.16+3.25 pA, 
respectively, p<0.05, Students t test). The rise time and frequency of 
mEPSCs were not significantly effected. In the presence of TTX, BDNF 
had no significant effect on bipolar neuron mEPSCs. This suggests that 
BDNF regulates mEPSC amplitude via an activity-dependent mechanism. 
Consistent with this, we have found that BDNF alone increases intemeuron 
firing rate, whereas BDNF+TTX does not. Treatment with TTX alone had 
no effect on mEPSCs in bipolar neurons, whereas we have shown previously 
that TTX treatment dramatically increases the amplitude of mEPSCs in 
pyramidal neurons. Hence, excitatory synapses from pyramidal neurons 
are regulated differently based on the nature of the target neuron.
Supported by NSF, NIH, Sloan Foundation, and the Whitehall Foundation.

882.3
INTERNEURONAL LOCALISATION AND ACTIVITY DEPENDENT 
EXPRESSION OF NEUROTROPHINS AND NEUROTROPHIN RECEPTORS IN 
RAT VISUAL CORTEX Thorsten Gorba1, Joachim Pernberg*2 and Petra Wahle1. 
!AG Entwicklungsneurobiologie, 2LS Neurophysiologie, Ruhr-Universitat, 44780 
Bochum, Germany.

Our aim was to determine whether neurotrophins and/or their receptors are 
expressed in cortical intemeurons in order to obtain evidence on the mechanisms by 
which neuropeptide expression is regulated by neurotrophins. BDNF. NT-4/5, trkB 
and trkC are expressed in vivo and in organotypic cultures of rat visual cortex, as 
assayed by semiquantitative RT-PCR and in situ hybridization (ISH). ISH in 
combination with immunofluorescence revealed that BDNF is not expressed in 
intemeurons. For the neurotrophin receptors we found that 80% of the parvalbumin- 
ir (PV), 50% of the calbindin-ir and only 20% of the calretinin-ir neurons express 
trkB. Double-labelling with neuropeptides revealed that about 50% of the 
somatostatin-ir (SOM) and NPY-ir neurons coexpress trkB. In contrast, there is no 
coexpression of these intemeuron markers with trkC, except for about 10% of the 
PV-ir neurons. The coexpression of NPY with trkB, but not with BDNF and trkC 
was confirmed with double-ISH. This coexpression pattern explains why BDNF and 
NT-4/5 are most efficient regulators of the NPY/SOM expression via trkB receptors 
by paracrine or transsynaptic mechanisms. To examine whether the expression of 
neurotrophins depends on spontaneous bioelectrical activity, an activity blockade 
with 10 mM Mg2+ was performed in organotypic cultures of visual cortex. This 
blockade dramatically decreases BDNF mRNA. Washout of Mg2’ after a blockade 
for 30 days in vitro (DIV), leds within 5 DIV to a recovery of spontaneous activity 
and fully restores BDNF expression. In contrast, NT-4/5, trkB and trkC expression is 
not downregulated by an activity blockade.

Supported by DFG Neurovision

882.4
POSTNATAL DEVELOPMENT OF BDNF mRNA IN THE VISUAL 
CORTICAL NEURONS OF RAT. DARK REARING EFFECTS. S. Capsoni*, E, 
Tongiorgi, A, Cattaneo and L. Domenici. Inti. Sch. Advanced Studies (SISSA), 
Via Beirut 2-4, Trieste, 1-34014, Italy and Institute of Neurophysiology, CNR, Via 
S. Zeno 51,1-56127, Pisa, Italy.

Brain-derived neurotrophic factor (BDNF) is a neurotrophin involved in 
mechanisms underlying the maturation of the visual cortex. In this study we 
analyzed the laminar distribution of BDNF mRNA in the primary visual cortex of 
the rat during the postnatal development. Non isotopic in situ hybridization was 
performed on brain coronal sections taken at six different developmental stages 
starting from P10 to P35. BDNF mRNA was observed in pyramidal neurons 
throughout all cortical layers but layer I of the visual cortex and in non-pyramidal 
neurons of layers I and Vlb at all stages analyzed. At P10 and P13 BDNF mRNA 
was expressed in 90% of the total number of cells. At P15, after the eye-opening, 
we observed a decrease in the labeled population of cells in layers IV and V (from 
85% to 65% of total number of cells). At later stages, the percentage of labeled 
cells in layer IV and V progressively reduced reaching 50% and 45%, respectively. 
The number of neurons expressing BDNF mRNA in the other layer remained 
grossly constant. We hypothesized that this reduction was a consequence of the 
eye-opening. To verify this assumption we kept pups from birth in complete 
darkness. At P22 a group of pups reared in dark was sacrificed while the rest was 
exposed for five days to normal illumination. In the rats reared in complete 
darkness the decrease in the number of neurons positive for BDNF mRNA was not 
observed. The distribution of labeled cells resembled the one viewed before the 
eye-opening. Exposure to light after the period of darkness restored the pattern of 
BDNF mRNA in the visual cortex. Thus, the layering arrangement of neurons 
containing BDNF mRNA in the visual cortex is regulated by the sensory input 
during postnatal development.

882.5
GAD IMMUNOREACTIVITY IS REDUCED BY MONOCULAR ENUCLEATION AND 
MONOCULAR OCCLUSION IN THE LATERAL GENICULATE NUCLEUS OF THE 
INFANT RHESUS MONKEY. M A Mittelbronn. M H Tigges, A E. Hendrickson. R. H

New Orleans, LA 70112, Yeikes Regional Primate Research Center, Emory University, Atlanta, GA 
30322, and Department of Biological Structure, University of Washington, Seattle, WA 98195

We have previously shown that labeling of cells with antibodies to the inhibitory amino add 
neurotransmitter gamma aminobutyric add (GABA) is reduced significantly by enucleation but not 
by monocular deprivation in the lateral geniculate nucleus (LGN) of the adult Rhesus monkey. We 
now show teat antibody labeling of GABA's synthetic enzyme, glutamic add decarboxylase (GAD), 
is reduced by both enucleation and monocular occlusion. GAD immunoreactivity (ir) was examined 
in tee LGN of two visually deprived monkeys. One monkey wore a blade contact lens on one eye from 
birth until three months of age. The other monkey had one eye enucleated at 9 months of age for a 
period of six months. The fellow eyes were unmanipulated. Sections through the right and left LGN 
were stained for immunocytochemistry using a polyclonal antibody directed against GAD. The 
intensity of immunoreactivity was measured in 5-7 sections from each animal by use of a computer- 
based image analyzer to compute the optical density (OD) of the labeling in each layer. Six readings 
were obtained for each layer of tee right and left LGN. OD values were teen summed for each lamina 
and section, and paired ipsilateral and contralateral layers (i.e. 1-2,4-3 ;6-5) woe compared 
statistically using a t-test

GAD-ir was expressed in fine fibers and puncta throughout all layers of the LGN, but was most 
intense in magnocellular layers 1 -2. GAD-ir was reduced in layers connected to the enucleated and 
the occluded eye compared to adjacent non-deprived layers in bote the right and left LGN. OD 
values in the deprived laminae were reduced significantly (at least p<0.05) compared to the non- 
deprived laminae in most sections in both animals. Thus, GAD-ir is not only reduced by denervation, 
but also by deprivation of visual experience of one eye from birth through the first 3 months of 
postnatal development cf tee visual system Supported by NIH grants EY-02973 (RRM),EY-O9737 
(MHT), EY-01208 (AEH), and EY04536 (AEH).

882.6
AGE LIMITS ON EXPERIENCE-DEPENDENT CHANGES IN NMDA RECEPTOR 
MEDIATED VISUAL ACTIVITY IN THE RAT SUPERIOR COLLICULUS (SC). 
K.E. Binns* & T.E. Salt. Institute of Ophthalmology, University College London,
Bath Street, London, EC1V 9EL, UK.

In the SC of adult rats, NMDA receptors mediate some of the visual 
activity. But, in dark reared subjects they assume a much greater importance for 
visual transmission. These experiments were designed to answer the following 
questions: (i) Are the effects of developmental dark rearing permanent? & (ii) Do 
the effects of visual deprivation depend on the age at which dark rearing begins?

Seven-barrel electrodes were used for extracellular singe neuronal 
recording in the SC’s superficial grey layer in urethane anaesthetised rats. Visual 
responses were challenged with iontophoretic currents of AP5 which had 
previously been shown to selectively antagonise NMDA receptors.

In normal adult rats, AP5 reduced the visual responses of 66% of SGS 
neurones by 42±4 % of the control response, whereas, in rats dark reared from 
before eye opening (at P14) the visual responses of all SGS neurones (100%) 
were reduced by 65±4% from control levels. We found that the effects of dark 
rearing were not permanent. In rats dark reared from P7 and then allowed normal 
visual experience, for 40 days, from either P40 of P100 there was a total recovery. 
Rats dark reared from P40, P25 or P20, and recorded from 40 days later, were 
unaffected by dark rearing. But when dark rearing began at P18 or P14 there 
was an increase in number of neurones with visual responses which were 
sensitive to AP5 ejection and an increase in the mean reduction of the visual 
response during AP5 ejection. These data indicate that there is a limited 
developmental period (upto P18) when visual deprivation by dark rearing causes 
a change in the importance of NMDA receptors for visual transmission. However, 
the mature rat brain can recover from the effects of dark rearing. The age 
limitations of these effects correspond to the so called “critical period” when the 
rat visual system is plastic. Supported by the Wellcome Trust.
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882.7
LOSS OF NMDAR1 SUBUNIT IN VISUAL CORTEX FOLLOWING 
EARLY MONOCULAR DEPRIVATION IS RETINOTOPICALLY 
LOCALIZED. Kevin R. Duffy*, Christopher Trepel, Victor D. 
Pegado, & Kathryn M. Murphy. Depts of Psychology and 
Biomedical Sciences, McMaster University, Hamilton, ON L8S 4K1

During the critical period in early postnatal development, 
monocular deprivation causes physiological, anatomical, and 
behavioural changes. This plasticity' in the kitten visual cortex is 
mediated by activation of the NMD A receptor. Although previous 
studies report high levels of the NMD A receptor in area 17 during 
the critical period, long-term visual recovery from early monocular 
deprivation is very limited even when terminated during this 
period. To further examine this issue we have studied the 
distribution of NMDARlir neurons in sections from unfolded and 
flattened visual cortex of either normally reared or monocularly 
deprived kittens (3-6 weeks of age). NMDARlir neurons were 
plotted from different regions of area 17 representing central or 
peripheral visual field. There was an obvious loss of NMDARlir 
neurons in the supragranular layers within the region of area 17 
where the central visual field is represented. Thus, the effect of 
monocular deprivation is not uniform across the extent of area 17. 
These results suggest that the recovery of vision following early 
monocular deprivation may be limited by a loss of the NMD A 
receptor in the central visual field representation.

Sponsored by grants from NSERC & MRC

882.8
DARK REARING DIFFERENTIALLY REGULATES EXPRESSION OF 
NMDA RECEPTOR SUBUNITS DURING THE CRITICAL PERIOD IN 
RAT VISUAL CORTEX. Z^CaoL^I,Jdckeya,nd.EL Gordon. Institute of 
Neuroscience, University of Oregon, Eugene, OR 97403.

NMDA receptors may mediate activity dependent plasticity in the 
visual cortex during development. In rats, maximal visual plasticity 
begins at about P24 and ends between P34 to P50. To study the 
relation between NMDA receptor subunits and plasticity in the 
visual cortex of Long-Evans rats, we examined the effect of dark 
rearing on gene expression of NR1, NR2A, and NR2B during 
postnatal development with in situ hybridization. For normally-reared 
rats (with 12 hours of light per day) aged P14, P22, P30, P45, and 
P90, the levels of NR1 and NR2B mRNA decreased gradually with 
age. Dark-rearing from birth down-regulated expression of NR1 
during the critical period. Dark rearing depressed NR2B at P14, P22 
and P30, but enhanced it at P90. NR2A was only slightly affected by 
dark rearing and was much less age dependent than NR1 and NR2B. 
Thus, the three subunits were differentially regulated by age and 
experience. Changes in expression of NR1 and NR2B are more 
likely to be related to changes of cortical plasticity than are changes 
in expression of NR2A. Supported by NEI EY04050 to BG.

882.9
POSTNATAL DEVELOPMENT OF GLUTAMIC ACID DECARBOXYLASE 
EXPRESSION IN NORMAL AND DARK REARED CAT VISUAL CORTEX.
G.D. Mower*, Y. Guo, P.J. Kiser, N.G.F. Cooper. Department of Anatomical 
Sciences and Neurobiology, University of Louisville, Louisville, KY 40292.

The identification of two forms of glutamate decarboxylase (GAD87, GAD65), 
the synthetic enzyme for GABA, raises the possibility that they play different 
roles in the development of mature GABAergic circuitry. We have used 
antibodies to compare normal postnatal changes (1,2.5, 5, 10, 20 weeks, adult) 
in the expression of the two GADs and the effects of dark rearing (5, 20 weeks). 
Western blot analysis showed that the expression of both GAD67 and GAD65 
was very low at birth, increased to approximately two-thirds of the adult level 
during the first five postnatal weeks, and gradually increased thereafter. No 
significant differences were found in the levels of expression of the two enzymes 
between the normal and the dark reared cats at either 5 or 20 weeks. 
Immunohistochemistry was used to compare the laminar distribution of the 
GADs in the two rearing conditions. At both 5 and 20 weeks and in both 
rearing conditions, GAD67 stained cells bodies were distributed rather uniformly 
across all cortical layers. GAD65 primarily labeled puncta (synaptic terminals) 
and these were also distributed uniformly across all visual cortical layers in both 
rearing conditions. Thus, both GAD67 which produces the basal pool of GABA 
and GAD65 which is specialized to respond to short term increases in demand 
in synaptic terminals developed normal levels of expression and normal 
intracellular and laminar distributions in the absence of visual input.

Physiological studies suggest abnormalities in the GABA system of dark 
reared visual cortex. The present results indicate that such abnormalities are 
not due to presynaptic alterations in GABA synthetic enzymes.
Supported by NSF OSR-9452895

882.19
A ROLE OF POSTSYNAPTIC ACTIVITY IN THE PLASTICITY OF INDIVIDUAL. 
GENICULOCORTICAL ARBORS FOLLOWING MONOCULAR DEPRIVATION IN 
KITTEN VISUAL CORTEX. Y. Ratal*, T. Tsumotoi and M.P. StrykeA I Dept. 
Neurophysiol., Osaka Univ. Med. Sch., Suita 565 Japan, 2Dept. Physiol.. Univ. California, 
San Francisco, CA 94143-0444

After monocular visual deprivation during a critical period in early life, most visual 
cortical cells come to respond exclusively to the nondeprived eye. Anatomically, the corti-
cal territory serving nondeprived eye is dramatically expanded, and the territory serving 
deprived eye shows a compensatory shrinkage. Previous work demonstrated that the direc-
tion of plasticity is controlled by postsvnaptic activity, so that the open eye’s territory was 
shrunken and the deprived eye’s expanded when cortical cells were inhibited (Reiter & 
Stryker 1988, Hata & Stryker 1994). Mechanisms proposed to account for normal and 
reverse visual cortical plasticity make predictions about the sizes and shapes of individual 
geniculocortical arbors.

To measure geniculocortical arbors following reverse plasticity, we have labeled the 
geniculocortical afferents in four week old kittens by microinjection of anterograde tracer, 
PHA-L, within lamina A of LGN, while we suppressed the activity of visual cortical cells 
by continuous infusion of the GABAA receptor agonist, muscimol. Two days later, one eye 
was deprived of vision by eyelid suture. After two weeks, the cortical region inactivated by 
muscimol was delineated physiologically, and dye marks were made at the border of inac-
tivated area. For anatomical demonstration of the geniculocortical arbors, serial sections of 
visual cortex were stained immunohistochemically for anti PHA-L antibody.

Arbors of geniculocortical afferents serv ing the nondeprived eye (6 arbors from 2 kit-
tens) and the deprived eye (5 arbors from 2 kittens) were reconstructed in three dimensions. 
They were judged as being within the inactivated region of cortex because they were found 
between the infusion cannula and the dye mark at the border of muscimol effect. The 
quality of labeling of arbors serving the deprived and nondeprived eyes was similarly high. 
Arbors serving the nondeprived eye were much less elaborate in shape and much shorter in 
total length compared to those serving the deprived eye. These results are consistent with 
the reverse plasticity found previously with microelectrode and transneuronal labeling tech-
niques. They suggest that activity of postsynaptic cells plays an important role in the mor-
phological plasticity of individual geniculocortical afferent fibers. (Supported by grants 
from MESSC of Japan to Y.H. and T.T., and from NIH to M.P.S.)

882.11
DEVELOPMENT OF PYRAMIDAL NEURONS IN CAT VISUAL 
CORTEX FOLLOWING NORMAL OR MONOCULAR VISUAL 
EXPERIENCE. Michael I. Eckert, Victor D. Pegado, Kevin R. Duffy, 
and Kathryn M. Murphy*. Department of Psychology, McMaster 
University, Hamilton, ON Canada.

The monoclonal antibody SMI-32 labels a subset of pyramidal 
neurons that express the high molecular weight subunit of the 
neurofilament protein. In adult mammalian visual cortex, neurons 
expressing neurofilamenc-h are found in layers II/III, V, and VI. We 
examined the laminar development of SMI-32 immunoreactivity in 
the kitten visual cortex and the effect of monocular deprivation 
upon the pattern of labeled pyramidal neurons. SMI-32 label was 
apparent in neurons in layer V at the earliest age studied and 
reached mature levels by 3-4 weeks of age. Neurons in both layers 
II/III and VI did not begin to express neurofilament-h until 3-4 
weeks of age and then slowly matured to adult levels. Thus, the 
laminar pattern of expression of neurofilament-h does not follow 
the typical inside-out developmental sequence since layer VI 
develops much slower than expected. Following monocular 
deprivation the pattern of SMI-32ir in layer VI was notably patchy. 
The expression of SMI-32 in layer VI is therefore influenced by 
visual experience showing that the development of layer VI is 
dependent upon the pattern of retinally-driven activity.

Sponsored by grants from NSERC & MRC

882.12
Plasticity in the rat visual cortex; The sensitive period for the monocular 
deprivation effect lasts until P50 and is extended by dark rearing.
E.S.Guire. M.E.Lickey*. and B.Gordon. Inst, of Neuroscience. Univ. 
of Ore., Eugene, OR 97403.

In order to relate visual plasticity to its underlying cellular mechan-
isms, more information is needed about the monocular deprivation (MD) 
effect in rats. Here we report the sensitive period for the MD effect 
observed in 22 Long-Evans rats lightly anesthetized with halothane and 
NO2. The rats viewed a sinusoidal contrast grating that reversed phase 
at 3 Hz. During one 10-second trial, the contrast gradually increased 
from 1 to 80%, Extracellular recording pipettes were in the binocular 
portion of VI on both sides. The response was defined as the 6 Hz 
amplitude component (FFT) of the field potential. Thirty trials were run 
for each eye in 1 eft/right alternation. Prior to recording, the right eye had 
been sutured for 5 days. Age at recording varied from P24 to P91. The 
response from the deprived eye was depressed relative to the non-
deprived eye between P24 and P50 in 11 of 12 rats. There was no MD 
effect from P60 to P90 in normally reared rats (n = 9). Dark rearing until 
P90 followed by 5 days of MD resulted in a strong MD effect (n = 3). 
Dark rearing until P90 without MD did not diminish the response from 
either eye (n = 3). The sensitive period reported here lasts about 2 weeks 
longer than reported by Gordon and Stryker (1996), who used single unit 
recording in mice. Supported by NEW EY04050 to BG.
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882.13
SPONTANEOUS RETINAL ACTIVITY BEFORE EYE OPENING REGULATES 
THE MATURATION OF FORM AND FUNCTION IN THE LATERAL 
GENICULATE NUCLEUS. P.M. Cook*. G, Prusky, AND. A.S. Ramoa. Dept. of 
Anatomy, Virginia Commonwealth University School of Medicine, Richmond, VA 
23298, and Dept. Psychology, University' of Lethbridge, Lethbridge AB.
Major changes occur in tlie form and function of the lateral geniculate nucleus of 

ferrets (LGN) during the first postnatal month, -including maturation of neuronal 
membrane and synaptic properties and formation of eye-specific layers. These 
changes occur before eye opening, when patterned visual activity does not occur but 
spontaneous retinal activity is present. What role might such spontaneous retinal 
activity' play in determining the ontogeny of form and function in the LGN? To 
examine its possible significance, continuous intraocular application of tetrodotoxin 
(TTX) was used to block action potential activity in the retina starting during 
neonatal life. Monocular treatment was found to disrupt eye-specific segregation. 
Intraocular injection of Horseradish peroxidase revealed that terminals from the 
untreated eye extended into the inappropriate geniculate layer and occupied a larger 
proportion of the LGN than in normal animals. Physiologically, continuous 
binocular injection of TTX from neonatal life affected the maturation of synaptic 
properties in the retinogeniculate pathway. Patch clamp recordings in the slice 
preparation of the LGN revealed that treatment prevented the maturation of the slow, 
GABAb receptor-mediated, hyperpolarizing potential. This effect was selective, 
since maturation of the fast GABAa  receptor-mediated inhibition was not prevented. 
Other functional properties of LGN neurons, such as the low threshold calcium 
spike, were not affected by intraocular TTX treatment. These results demonstrate 
that retinal activity before eye opening guides the maturation of inhibitory 
intrathalamic circuits as well as extrinsic LGN circuits. In conclusion, early 
spontaneous retinal activity is fundamental to the anatomical and functional character 
of the LGN. NSF (IBN-9421983) and Whitehall Foundation to ASR.

STAINING, TRACING AND IMAGING TECHNIQUES V

883.1
ASTROCYTE CONNEXIN 43 AND OLIGODENDROCYTE CONNEXIN 32 LINK 
TO FORM HETEROLOGOUS, HETEROTYPIC GLIAL GAP JUNCTIONS.
H. S. Duffy, T. Yasumura and J. E. Rash*. Department of Anatomy and 
Neurobiology, Colorado State University, Fort Collins, CO 80523

In adult mammals, oligodendrocytes are extensively coupled with astrocytes 
via heterologous gap junctions. Astrocytes express primarily connexin 43, while 
oligodendrocytes express primarily connexin 32. A major unresolved question 
is whether the two glial cells form gap junctions consisting of a single connexin 
type (eg. 43/43 or 32/32) or form heterotypic gap junctions (i.e., consisting of 
two or more connexin isoforms). We have examined the connexin isoforms of 
heterologous astrocyte/oligodendrocyte gap junctions using immunofluorescent 
and freeze-fracture immunogold labeling. Cell co-cultures labeled with 
fluorescent antibodies to connexin 43 and connexin 32 revealed punctate 
fluorescence at sites where astrocytes contact oligodendrocytes, suggesting that 
oligodendrocyte/astrocyte gap junctions in vitro are heterotypic. To investigate 
the possibility of heterotypic coupling in vivo, we labeled detergent-washed 
freeze-fracture replicas of adult rat hippocampus and spinal cord using 
antibodies to connexin 43 and connexin 32, followed by secondary labeling with 
gold-conjugated protein A/G. Gap junctions between oligodendrocytes and 
astrocytes were strongly labeled at a ratio of one colloidal gold granule per 10-30 
connexons (i.e., up to 30 gold granules per glial gap junction), with non-specific 
"background" labeling found to be <0.1% of specific labeling. Replicated 
connexons of astrocytes were labeled only on their exposed cytoplasmic 
surfaces by anti-connexin 43 (and not by anti-connexin 32), whereas cytoplasmic 
determinants within oligodendrocytes were labeled by anti-connexin 32 (and not 
by anti-connexin 43). Thus, our data show that astrocytes and oligodendrocytes 
are extensively coupled by heterologous, heterotypic gap junctions.

Supported by NIH Grants RO1 NS-31027, S10 RRO-8329, and S10 RRO-5831.

883.2
SIMPLE RT-PCR BASED STRATEGY FOR SCREENING CONNEXIN 
IDENTITY. M. Urban, R. Rozentah F.-C. Chiu* and D C. Spray. Depts. 
Neuroscience and Anesthesiology, A. Einstein Coll. Med., Bronx, NY 
10461; Dept. Internal Medicine, Fed. Univ. Goias, Goiania, 74.000, Brazil.

Vertebrate gap junctions are aggregates of transmembrane channels, 
composed of connexin proteins (Cx), that interconnect neighboring cells. 
Cloning studies have so far revealed thirteen distinct Cx cDNA sequences 
encoded by different genes in rodent tissues with highly homologous 
isoforms in other mammals. Since more than one Cx-type can be expressed 
by the same cell and the same Cx-type can be expressed in different tissues, 
identification of which Cx-type is expressed has become quite laborious. The 
Cx family exhibits both conserved (extracellular and transmembrane 
segments) and divergent regions (cytoplasmic loop and carboxyl terminus). 
Based on their cDNA sequences, Cxs have been divided into two Groups: I 
({3; Cx26->Cx32) and II (a; Cx33-Cx50). We have now used "Universal 
Primers" (senseprimer” B'\ degenerate oligo corresponding to a region of 
the 1st extracellular domain; antisense primer ”C", degenerate oligo 
complementary to the 2nd extracellular domain) for RT- PCR assays to 
amplify unknown DNA sequences starting from total RNA; Cxs belonging 
to Groups I and II display sizes on gels of 350-390 and 420-520 bp, 
respectively. Using this method, we identified Cx26, Cx32, Cx33, Cx37, 
Cx40, Cx43, Cx45, Cx46 and Cx50 in different preparations. In addition, we 
have found the method to be highly effective when preceding routine 
Northern blot analysis, enabling rapid discrimination of connexins belonging 
to Group I from those belonging to Group II. (Supported by NIH grants).

883.3
A NEW HISTOCHEMICAL METHOD FOR ANALYSIS OF PHOSPHOLIPASE A2 
ACTIVITY IN RAT BRAIN
S. Lahtivirta, S.I. Rapoport,, M.C. Bennett* and, C.R. Jones.
Lab. of Neurosciences, NIA/NIH, Bethesda, MD 20892

We have developed a new histochemical method for the
detection and quantitation of the signal transduction 
enzyme phospholipase A2 (PLA2). The method is based on the 
enzymatic assay described by Bayburt et al. (Anal Biochem 
232 7-23). Fresh frozen sections of rat brain were 
incubated in the presense of l-hexadecanoyi-2-(1-pyrene- 
decanoyl)-sn-glycero-3-pnosphorylcholine up to 72 hours.
The increase in fluorescence following the release of 
1-pyrenedecanoic acid from the sn-2 position of the phospho 
lipid was viewed with a fluorescence microscope using a 
specific set of UV-filters. Images were analyzed using NIH 
Image 1.61. Enzyme activity was evaluated as the
fluorescence intensity per surface area. Regional
differences were detected in rat brain. Specifically, high 
activity was found in the cerebellar cortex, parietal 
cortex and basal ganglia. In the corpus callosum, high 
activity was present in neurites. Relatively low activity 
was detected in the hippocampus. This new method can be 
applied to evaluate regional changes in brain PLA2 activity 
which may arise in neurological disorders and 
neurodegenerative diseases.

Supported by NIA, NIH, Intramural Program

883.4
VISUALIZATION OF KAINIC ACID, IBOTENIC ACID, AND MUSCIMOL IN 
REVERSIBLE AND IRREVERSIBLE INACTIVATION STUDIES USING 
BIOTINYLATION TECHNIQUES. W. MetznerMI), J. Juranek (2) (1) Dept. of 
Biology, UCR, Riverside, CA 92521-0427, (2) Program in Neuroscience, 
Dept. Psychology, UCR, Riverside, CA 92521-0426.

Kainic acid (KA), Ibotenic acid (IA), and muscimol (MUS) are commonly 
used tools to selectively inactivate neuronal perikarya without affecting 
fibers of passage. A method is presented in which KA, IA, and MUS were 
conjugated with biotin and thus could be easily visualized histochemicaliy 
using a standard ABC/DAB reaction protocol. Biotinylated KA, IA, and MUS 
were pressure-injected into various hindbrain areas of the electrosensory 
system in electric fish and into mid- and hindbrain regions of the auditory 
system in bats. A protocol was also tested that allowed to biotinylate 
muscimol for iontophoretic drug injections. In general, neuronal responses 
at the Injection site were monitored and effects on the behavior assessed 
before, during, and after drug injection. Whereas the effects of biotinylated 
IA and MUS did not differ from those of the unbiotinylated form, biotinylated 
KA lost its physiological activity. In the case of biotinylated IA, the size of the 
gliosis seen after a survival time of seven days was similar to the extent of 
biotin label observed after injection of comparable volumes of biotinylated 
IA. Moreover, injection of biotinylated IA resulted in labeling of individual 
neurons presumably affected by IA and yielded information about their 
projection patterns which was comparable to labeling seen after intracellular 
injections of neurobiotin or biocytin.

Support from UCR, Acad.Sen.Res.Grant, and NIH
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883.5
MULTIPLE AXONAL TRACING: SIMULTANEOUS DETECTION 
OF THREE TRACERS IN ONE AND THE SAME SECTION. J.L,

Anatomfa. Universidad de Navarra. Spain. (2) Research Institute Neurosciences 
Amsterdam. Department of Anatomy. Vrije Universiteit Amsterdam. The Netherlands. 
(3) Departamento de Morfologfa. Universidad Autonoma de Madrid. Spain.

Evaluation of the question wherther two specific fiber inputs are associated with a 
particular population of projection neurons requires a triple staining procedure that 
allows the unequivocal detection of these three markers in one and the same 
histological section. In this regard the present study shows an experimental design 
combining dual anterograde axonal tracing with biotinylated dextran amine (BDA) and 
Phaseolus vi/Z^flra-leucoagglutinin (PHA-L) and retrograde axonal tracing using 
fluorogold (FG). This combination allows us to trace the circuits made up by axons 
coming from neurons located in two different brain areas A and B onto the cells 
whithin an area C which in turn project to another area D. Transported BDA was 
histochemically detected with an avidin-biotin-peroxidase complex, whereas PHA-L 
and FG were both visualized via PAP methods. The detection of the injected tracers 
was carried out according to a three-colour paradigm (Lanciego et al., 1997). The BDA 
protocol was completed using DAB-Ni as a chromogen, resulting in a blue-black 
precipitate. Transported PHA-L was stained in brown using regular DAB and FG- 
labelled neurons were purple-stained using the novel peroxidase substrate Vector® VIP 
(Zhou and Grofova, 1995). The sensitive and reliable method presented here results in 
a high sensitivity and an excellent colour separation. Special care should to be taken 
with the appearance of background staining. The incubations in the different 
chromogen solutions should be carefully monitorized under the microscope, in order to 
stop the reactions just before the appearance of background staining. V-VIP substrate 
shows little stability under standard ethanol dehydration. As an alternative, toluene 
should be used for dehydratation procedures. Supported by FIS. 96/0488 and 
Universidad de Navarra (PIUNA)

883.6
SIMULTANEOUS DEMONSTRATION OF ANTEROGRADE AND 
RETROGRADE CONNECTIONS IN THE BRAIN: CO-INJECTIONS OF BDA 
AND CHOLERA TOXIN. M.N. Lehman, H.T. Jansen*, R.L. Goodman*, R.I. 
Wood2 and L.M. Coolen3. Dept. Cell Biol., Neurobiol. & Anat., Univ. 
Cincinnati, Cincinnati, OH 45267; *Dept. Physiol., West Virginia Univ., 
Morgantown, WV 26506; 2Dept. Ob-Gyn, Yale Univ., New Haven, CT 06520; 
3Dept. Anat. & Neurobiol., Univ. Maryland, Baltimore, MD 21201.

In studying reciprocally connected networks, it is advantageous to use 
techniques that allow simultaneous visualization of both anterograde and 
retrograde connections from the same injection site. We report on a new 
technique to achieve this using pressure injections of a mixture of biotinylated 
dextran amine (BDA) and the beta subunit of cholera toxin (CTfi). Adult male 
hamsters (n=18) received 20-30 nl injections of either a 1:1 mixture of BDA 
(Sigma, 10%) and CTfi (List Biol., 0.5%), or each tracer by itself, into the 
medial amygdala. Adult female sheep (n=4) received 200-300 nl of the 
combined tracer into the A15 region of the hypothalamus. After one (hamster) 
or two weeks (sheep) survival, animals were perfused with 4% paraformal-
dehyde. Sections were double-labeled, first for BDA histochemistry using 
nickel-enhanced DAB, then for CTfi using a PAP technique and unenhanced 
DAB. In all animals, combined injections resulted in clear and consistent 
patterns of both anterograde and retrograde labeling. CTfi immunoreactivity 
was distinct and easily distinguished from BDA labeling. There was no 
evidence for loss of sensitivity of either tracer due to the combined delivery; 
no differences were seen between combined or single tracer injections in numbers 
of retrogradely-labeled cells or distribution of anterogradely-labeled fibers.
In summary, this is an easy and reliable technique for simultaneous afferent 
and efferent tract tracing in both small and large animals; it could potentially 
be combined with immunocytochemistry to determine the neurochemical 
content of labeled cells or fibers. Supported by NIH HD17864.

883.7
FMRI AND OPTICAL INTRINSIC SIGNALS IN CAT VISUAL CORTEX: 
DIFFERENCES IN RESPONSE DYNAMICS. D. Malonek1*, J.P. Rauschecker3, 
A. Grinvald1 and P. Jezzard2, ’Weizmann Institute, Rehovot 76100, Israel; ~LBC, 
NIMH, NIH, Bethesda, MD 20892, USA; ^Georgetown Institute for Cognitive and 
Computational Sciences, 3970 Reservoir Rd, NW, Washington, DC 20007, USA.

Functional magnetic resonance imaging has become the method of choice for 
functional mapping of the human brain although the specificity and the origin of its 
signals have not been fully identified. Since the intrinsic optical signals from 
anesthetized cat visual cortex have been thoroughly characterized, we chose this 
preparation to evaluate the dynamics of the “blood-oxygenation level-dependent 
(BOLD)” signal.

We have developed a protocol for obtaining fMRI signals from the visual cortex 
of anesthetized cats (0.8-1.5% isoflurane in 40/60% nitrous oxide/oxygen). The 
animal was placed in a 4.7 Tesla GE/Bruker Omega system, fitted with a 145 mm 
i.d. 140 mT/m gradient coil, and a 4 cm surface coil was placed over the animal’s 
head. An EPI gradient echo sequence (FOV=80 mm, 64x64 matrix, four 2-3 mm 
thick slices) was used with a TE=29 ms and a TR=4 s, emphasizing the “BOLD” 
signal. Data collection and stimulus presentation were synchronized to the 
respiration. Gated experiments were run to achieve an effective time resolution of 
0.5 seconds.

Consistent with optical imaging studies, activity-dependent changes (2-2.8%) 
were detected in cat area 18 (and to a lesser extent in area 17) while high-contrast 
drifting gratings (0.15 c/deg, 0.3 duty cycle, 20 deg/sec) were presented. Although 
signal dynamics were similar to those in awake humans at a similar magnetic field 
strength, intensities were down by a factor of 5-10. We found that the dynamics of 
magnetic signals were markedly different from the stereotypical deoxyhemoglobin 
concentration changes in the capillary' bed as measured by imaging spectroscopy, 
particularly in their delay from stimulus onset and decay to baseline. This difference 
raises the question of what fraction of the magnetic BOLD signal actually reflects 
the deoxyhemoglobin concentration change and which additional factors might 
contribute to this signal.

Supported by DOD grant DAMD17-93-V-3018 and NIDCD grant RO1-DC- 
03489-01.

NEUROGLIA AND MYELIN: ASTROCYTES AND MICROGLIA

884.1
HIGH LEVEL OF EXPRESSION OF GPI-ANCHORED 
CERULOPLASMIN BY LEPTOMENINGES. B. N, Patel*. M, M. 
Doroudchi and S. David. Centre for Research in Neuroscience, The MGH 
Research Institute & McGill University, Montreal, PQ, Canada, H3G 1A4

We have previously shown that a GPI-anchored form of ceruloplasmin is 
expressed by astrocytes in the CNS. The monoclonal antibody 1A1 that was 
used to identify this cell surface molecule on astrocytes also labels the surface 
of leptomeningeal cells and some fibroblasts in vitro. We now show that the 
135kDa molecule immunoprecipitated from cultured rat leptomeningeal cells 
with the mAb 1A1 is recognized by a rabbit antiserum against human serum 
ceruloplasmin on Western blots. We also show that the cell surface labeling 
of rat leptomeningeal cells in vitro with this monoclonal antibody can be 
eliminated by treating the cells with phosphatidyl inositol-specific 
phospholipase C (PI-PLC). Immunofluorescence labeling of cryostat 
sections with a rabbit anti-ceruloplasmin antiserum shows intense labeling of 
the leptomeninges. This labeling can also be eliminated by treating the 
sections with PI-PLC. In situ hybridization studies also indicate high levels 
of ceruloplasmin mRNA in leptomeninges. The labeling of the meninges is 
much stronger than that of astrocytes. The very high expression of the GPI- 
anchored form of ceruloplasmin by leptomeninges suggests that this 
ferroxidase plays an important role in oxidizing the highly toxic ferrous form 
of iron and thus protect the CNS from free radical damage.

884.2
IMMUNOHISTOCHEMICAL LOCALIZATION OF 
ASTROCYTE SUBTYPES IN THE HYPOTHALAMUS
OF MALE RAT. T. Watanabe*, S. Katoh and H. Yamashita.

Dept. Anatomy, Jikei Univ. Sch. Med., Tokyo, 105, JAPAN
Two micron serial sections of hypothalamus of Spraque Dawley 

male rats were made and subjected to single and double 
immunostain using the anti-GFAP polyclonal and the anti-S-100(3 
monoclonal antibody followed by the AEG (Histstain-Kit) method.

The astrocytes of the hypothalamus were divided into three 
subtypes based on the immunoreactivity against GFAP and S-100(3; 
GFAP dominant type(G-type), S-100(3 dominant type(S-type) and 
immunoreactivity against both GFAP and S-100(3(GS-type).

Throughout the hypothalamus, the astrocytes were mainly of the 
GS-type (71%), with the remainder being of the G-type (18%) 
and the S-type (11%). However, in the area of the Ventromedial 
nucleus(VM), the S-type cells represented 69% of all astrocytes and 
had no, or thin, and short cellular processes. The frequency of the 
S- and GS-type cells of the VM area were significantly increased 
and decreased (pc. 05, pc.01 respectively) as compared to areas of 
other nuclei. Our immunostaining data demonstrate that S-type 
astrocytes in VM suggest that their high frequency might be due to a 
specific function of these cells in the VM, and that G- and GS-type 
cell had abundant processes that attached to the nerve cell and/or 
perivascular space.
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884.3
STRUCTURAL AND ELECTROPHYSIOLOGICAL TRAITS OF 
ASTROCYTES IN ADULT HUMAN TEMPORAL LOBE CULTURES,

tNeurosurg., Univ. of Arkansas for Med. Sck, Little Rock, AR 72205. 
Several neuropathologic conditions including Alzheimer's disease

and head trauma elicit changes in the structural, immunocytochemical 
and functional profiles of astrocytes. As part of a strategy to explore 
the mechanisms underlying these events, primary cultures were 
derived separately from the gray and white matter of adult human 
temporal lobe. The composition of these cultures was heteroge-
neous, and contained a prominent astrocyte component consisting of 
several subpopulations of GFAP+ cells with distinct morphologies that 
were discernible by 5 DIV and retained at 50 DIV. Astrocytes were flat, 
bipolar or multipolar in shape and variable in size. The bipolar and 
multipolar cells were more abundant in white matter cultures and did 
not increase in number with time in culture. Bipolar cells tended to 
have long (600 pm) unbranched processes. Multipolar cells markedly 
resembled neurons in shape, but were immunonegative for neuro-
filament. These GFAP+ cells had 5 to 10 primary processes which 
branched. Whole-cell patch clamp recording of process bearing cells 
revealed prominent inward Na+ and transient and sustained outward 
K+ conductances. Distinct differences in the relative proportion of 
these conductances were evident but did not appear to be strictly 
correlated with cell morphology. The findings indicate that cultures of 
adult brain contain subpopulations of anatomically and eiectrophysio- 
logically pleomorphic GFAP+ cells, and may serve as a useful model 
for investigation of glial involvement in neuropathology.
Supported by: NIH grants PO1 AG12411 (OLD) and NS33959 (KDP).

884.4
DIFFERENTIAL DISPLAY ANALYSIS OF GENE EXPRESSION IN THE 
LONG-TERM CULTURED ASTROCYTE. Yutaka Honma, Ken-ya 
Kanazawa, Tetsuji Mori, Tctsurou Tsukamoto, Teiji
Yamamoto, Akio Wanaka* Department of Cell Science, 
Institute of Biomedical Sciences, Department of Neurology, 
Fukushima Medical College, Fukushima 960-12, Japan

As an in vitro model of the astrogliosis, we have been 
employing long-term (three months) culture of mouse astrocyte. 
These astrocytes show fibrous morphology, while the ones 
freshly prepared are protoplasmic. The long-term cultured 
astrocytes also have stronger immunoreactivities for GFAP and 
A2B5 than the fresh cultures. In the present study, to gain an 
insight into the molecular mechanisms rendering these 
different characteristics to “old” astrocytes, we compared gene 
expressions in these two astrocyte cultures by differential 
display-PCR. We identified a candidate, which is highly 
homologous to the Drosophila box-b binding factor-2 (BRF--2), a 
bZIP transcription factor. The expression of the BBF-2 homolog 
was induced in the long-term culture. In addition, we detected 
increasing signals for the BBF-2 homolog in the developing 
postanatal brain by in situ hybridization, while the expression 
in the embryonic brain was very weak. Further characterization 
of the expression patterns and determination of the molecular 
structures of this gene is now under way.

884.5
REGULATABLE TRANSGENE EXPRESSION IN ASTROCYTES. T 
Wakabavashi1,* A. Messing2, and M. Brenner1. 1Stroke Branch, NINDS, 
Bethesda, MD 20892 and^epartment of Pathobiological Science, School of 
Veterinary Medicine, University of Wisconsin-Madison, Madison, Wl 53706

Considerable information has been obtained using promoters derived from 
the GFAP gene to direct astroctye-specific expression of transgenes in mice. 
To increase the utility of GFAP-transgenes, we are testing the efficacy of 
systems in which transcription of the expressed gene is regulated by tetra-
cycline (tet) or ecdysone. These systems consist of two components. One 
component is a transcription factor (TF) whose activity is controlled by the 
presence of tet or ecdysone. Synthesis of this TF is placed under control of a 
tissue-specific promoter, so that it is only produced in the cell type of inter-
est. We have made constructs in which the 2 kb 5’-fianking region of the 
human GFAP gene (gfa2 promoter) drives expression of a TF that tet either 
turns off (gfa2-tTA) or on (gfa2-rtTA), and for the two subunits of the 
ecdysone-sensitive TF (gfa2-RXR and gfa2-VgEcR). The second component 
in each system is the coding sequence for the gene being studied, placed 3’ 
to multiple copies of the DNA binding site for the TF. We have used com-
mercially available reporter plasmids; pUHC13-3 for the tet system and 
pIND-lacZ for the ecdysone system. To test each system, the gfa2-driven TF 
and appropriate reporter plasmid were cotransfected into the human astro-
cytoma cell line U251. In the case of the gfa2-tTA system, addition of the tet 
analogue doxycycline decreased reporter gene activity about 25-fold, show-
ing that expression could be controlled by the presence of the drug. Control 
by doxycycline of the gfa2-rtTA system, or by ecdysone of the gfa2- 
RXR/gfa2-VgEcR TFs has been ambiguous. These systems are now being 
tested in mice.
Supported by the NINDS Intramural Research Program.

884.6
THE ACTIN-BINDING PROTEINS EZRIN AND VILLIN ARE LOCALIZED IN 
ASTROCYTES AND RETINAL MIJLLER GLIA.
A, Derouichjt Max-Planck-lnstitute for Brain Research, Deutschordenstr. 46, 
D-60528 Frankfurt/M, Germany

The thinnest, velate processes of astrocytes provide the perisynaptic glial 
sheath, which may be related to synaptic function. These processes display 
a high degree of plasticity but it is not clear how these processes, which are 
devoid of glial filaments, are maintained and how they change shape. This 
might be mediated by osmotic forces or by their actin based cytoskeleton 
and associated proteins. The aim of this study was to localize cytoskeletai 
proteins that might be involved in formation of astroglial filopodia.

Ezrin and villin, two actin-binding proteins related to formation of filopodia 
or microvilli in other cell types, were localized in the hippocampus, retina and 
cerebellum of the rat applying monoclonal antibodies and 
immunoperoxidase and -fluorescence techniques. The relation of 
immunolabelling to phalloidin-labelled actin filaments was investigated irs 
primary culture of cortical astrocytes.

Immunoreactivity (IR) for both, ezrin and villin was localized in cells of the 
astroglial cell family, i.e. in astrocytes, in retinal Muller cells, and in 
Bergmann glia. Immunolabelling was present even in the most peripheral 
processes of these cells. No staining was observed in neurones and 
oligodendrocytes. In cultured astrocytes, villin - IR was colocalized with actin 
filaments. IR for ezrin, a membrane-bound protein, showed a patchy 
distribution all over the cell. Both proteins were also present in astroglial 
filopodia. These data suggest that ezrin and villin may participate in filopodia 
formation in astrocytes. On-going experiments are aimed at elucidating their 
actual role in this process.

884.7
LYSOPHOSPHATIDIC ACID STIMULATES RHO-DEPENDENT STRESS 
FIBER FORMATION AND CELL CONTRACTION IN ASTROCYTES
T. J. Manning Jr.* and H. Sontheimer. Department of Neurobiology, University of 
Alabama at Birmingham, Birmingham, AL, 35294.
Lysophosphatidic acid (LPA) is a signaling molecule that has different effects in 
various cell types ranging from neurite retraction in neuroblastoma cells, to the 
induction of DNA synthesis and ionic currents in fibroblasts. Although LPA 
concentrations in the CNS are normally low, it has been demonstrated that LPA activity 
can increase markedly following hemorrhage and it is likely that LPA levels also 
increase during other conditions which result in a breakdown of the blood brain barrier. 
We previously showed that LPA stimulates Ca2+ mobilization and inhibits or even 
reverses the well described stellation of flat astrocytes induced by elevation of cAMP. 
We now demonstrate that these effects are a result of the stabilization and/or formation 
of actin stress fibers. Treatment of astrocytes with C3 exoenzyme, a potent and specific 
inhibitor of the small GTP binding protein Rho, inhibits LPA effects on cAMP-treated 
astrocytes suggesting an involvement of the Rho signaling cascade. Treatment of 
astrocytes with the myosin light chain kinase inhibitor ML-9 results in a dissolution of 
actin stress fibers and leads to astrocytic stellation reminiscent of cAMP treatment. 
Similar to its effects on cAMP-treated astrocytes, LPA can inhibit morphological 
changes induced by ML-9, again via stabilization of actin stress fibers. To allow’ for the 
visualization of forces generated by the cells on their substrate, astrocytes were cultured 
on a thin layer of elastic silicone. Forces manifested themselves as wrinkles which were 
readily visualized under phase contrast time-lapse microscopy. Application of LPA to 
cells in serum free media resulted in an increase in contractile forces as seen by silicone 
wrinkling. The ability of LPA to stabilize stress fibers in the presence of the myosin 
light chain kinase inhibitor ML-9 and it’s induction of contractile forces, suggests LPA 
is mediating these effects through the modulation of myosin. (Supported by NIH RO1- 
NS31234 and P50-HD-32901)

884.8
LOCALIZATION OF SLO CA2+-ACTIVATED K* CHANNELS 
IN RAT ASTROCYTES TO CAPILLARY ENDFEET. J.W, Ludwig1.. 
H. Mi2. T.L. Schwarz2, and M.H, Ellisman*1. ^ept. of Neurosciences, Univ. of 
California, San Diego, CA 92093-0608. 2Dept. of Molecular and Cellular Physiology, 
Stanford Univ., Stanford CA 94305.
Ca2*-activated K+ channels (Kca) are present in several neuronal and glial ceil types, 
including cortical pyramidal cells, mitral cells of the olfactory bulb, Schwann cells, 
and astrocytes. We have investigated the localization of Kca channels in adult rat 
astrocytes in situ through the use of an antibody to slo Kca channels. Confocal 
microscopy revealed slo immunolabeling throughout the brain and spinal cord. In 
many areas the most intense staining occurred around blood vessels, with a strong ring 
of labeling restricted to the perimeter of each vessel. Double-label experiments with 
antibodies to slo and glial fibrillary acidic protein (GFAP) demonstrated colocalization 
of GFAP and slo primarily in the perivascular region but not in other areas of neuropil. 
In order to determine if slo is present in astrocyte cndfect surrounding capillaries or in 
brain capillary endothelial cells, electron microscopy was performed on 
immunolabelcd tissue. No slo immunoreactivity was associated with capillary 
endothelial ceils or with the basal lamina separating the endothelial cells from the 
astrocytic endfeet. There was, however, strong slo immunoreactivity present in the 
astrocyte endfeet, with the immunoprccipitatc predominantly associated with the 
endfoot membrane directly adjacent to the abluminal surface of the capillary 
endothelial cell. (Further electron microscopic studies are in progress to characterize 
the ultrastructural localization of these channels in other areas of the astrocyte) These 
results suggest that slo Kq  channels have a polarized, non-uniform expression in 
GFAP-positive astrocytes, and that slo channels arc densely concentrated in astrocytic 
endfeet adjacent to capillary endothelial ceils. A role in astrocytic K+ fluxes, or blood 
flow regulation, via activation of calcium transients by neuronal activity is predicted 
by the localization of slo Kca channels in astrocytes. This work was supported by 
NIH grants NS 14718 and RR04050,
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884.9
THE 27-kDa HEAT SHOCK PROTEIN (Hsp27) IS ELEVATED IN THE 
CEREBELLUM AND BRAINSTEM OF THE RAT FOLLOWING 
HYPERTHERMIA. A.M. Krueger, J.N. Armstrong, D.A. Hopkins, H.A. 
Robertson, R.W. Currie.* Laboratory of Molecular Neurobiology, Departments of 
Pharmacology and Anatomy & Neurobiology, Faculty of Medicine, Dalhousie 
University, Halifax, Nova Scotia, Canada, B3H 4H7.

The 27-kDa heat shock protein (Hsp27) has been implicated in development and is 
rapidly induced in the nervous system following cellular metabolic stress. In this 
study we examined the expression of Hsp2 7 in the cerebellum and brainstem of the 
adult rat at 0, 1.5, 3, 6, 12, 24, 48 and 96 hrs following hyperthermic treatment 
(42°C, 15 min). Western blot analysis with a polyclonal antibody raised against the 
homologous murine Hsp25 revealed low levels of Hsp27 in the cerebellum and high 
levels in brain stem of control animals. Hsp27 was elevated in the cerebellum and 
brainstem at 3, 6, 12 and 24 hrs after heat shock. Immunohistochemistry using the 
same polyclonal antibody revealed little or no Hsp27-immunoreactivity (Hsp27-IR) 
in the cerebellum of control animals. However, elevated levels of Hsp27-IR were 
detected in Bergmann glia of the cerebellum at 3, 6, 12, 24, and 48 hrs following 
heat shock. In the brainstem of control animals, high levels of Hsp27-IR were 
detected in many sensory and motor neurons, although little or no Hsp27-IR was 
detected in the area postrema or the nucleus of the tractus solitarius. However, after 
heat shock, the area postrema and nucleus of tractus solitarius had increased Hsp27- 
IR in neurons at 6, 12, and 24 hrs. An increase in Hsp27-IR was also detected in 
the ependymal cells of the fourth ventricle and in the associated choroid plexus at 3, 
6, 12 and 24 hrs following heat shock. These results suggest that physiological 
stress can induce Hsp27 in a variety of CNS cell types.
Supported by the Scottish Rite Charitable Foundation of Canada, Heart and Stroke 
Foundation of New Brunswick and Medical Research Council of Canada.

884.10
EFFECTS OF ETB-RECEPTOR STIMULATION ON THE IMMUNO-REACTIVE 
PHENOTYPE OF RAT ASTROCYTES. E. Morga, Ch, Faber, P. Heuschling* 
Neuroimmunologie & Inflammation, CRP - Sante, Luxembourg, GD of Luxembourg 
Endothelin-1 (ET-1) originally characterized as a potent vasoconstrictor peptide 
secreted by vascular endothelial cells, has now been described to possess a wide range 
of biological activities within the cardiovascular system and in other organs. ET-1 is 
the most powerful vasoconstrictor peptide known to date and has mitogenic abilities. 
IRL1620 is a selective agonist for the ET receptor subtype B (ETB-R). Binding 
experiments showed that the ETB-R is the predominant subtype on astrocytes. Signal 
transduction passes through PTX-sensitive and insensitive G-proteins. Its biological 
effects are: Ca++ homeostasis, arachidonic acid metabolism, proliferation and nerve 
growth factor synthesis, y-interferon (y-IFN) and lipopolysaccharide (LPS) induce the 
astrocytes to adopt a reactive phenotype. There are a few major points that characterize 
this reactive state: cell proliferation, expression of MHC I and II, expression of several 
adhesion molecules, an increased production of cytokines and the synthesis of the 
inducible nitric oxide (NO)-synthase.
In this in vitro study, we analyze the effect of IRL1620 on the production of NO 
radicals and the synthesis of interleukin-6 (IL-6). To further investigate the effects of 
IRL1620, we also performed the experiments in the presence of y-interferon (y-IFN) 
and/or lipopolysaccharide (LPS). In the absence of y-IFN and LPS, IRL1620 decreases 
the basal NO synthesis. This inhibition is clear from I0~!4 M to 10 8 M IRL1620 and 
the effect is abolished at 1 pM. When the NO production is induced with 1 pg/ml LPS 
the inhibition by IRL1620 is even more effective. IRL1620 still induces a decrease of 
the NO production in the presence of 50 U/ml y-IFN and 1 pg/ml LPS. The astrocytes 
have a low basal IL-6 expression, the presence of IRL1620 induces a slight increase of 
this synthesis. LPS induces the production of IL-6 and IRL1620 potentiates this effect. 
IRL1620 is most effective between 10'14 M and 10’8 M, at 1 pM the IL-6 production is 
no more influenced.
The expression of endothelin peptides in reactive astrocytes is seen in many 
pathological conditions in the human brain. These results suggest that endothelin may 
not only act as a mitogen and influence microcirculation but it can also have an 
important immunomodulatory function, (supported by grant 92/03 CRP-Sante)

884.11
NICOTINAMIDE INHIBITS INDUCIBLE NITRIC OXIDE SYNTHASE mRNA IN 
PRIMARY RAT GLIAL CELLS. M, Fujimura,, T jQ!ninagaL..and.,T,.,Y.oshim^ 
Dept Neurosurgery, Tohoku Univ. Sch. of Med., Sendai, Japan

Glial nitric oxide (NO) production, mediated via induction of iNOS, 
enhances neurotoxicity associated with the N-methyl-D-aspartate receptor. The 
present study examined whether nicotinamide, an inhibitor of poly(ADP-ribose) 
synthetase, inhibits NO formation in primary culture of rat glial cells. iNOS mRNA 
was induced remarkably in glial cells 6 hrs after the stimulation with interferon-y 
(INF-y) and lipopolysaccharide (LPS). When nicotinamide (5-20 mM) was added 1 
hr before the stimulation, iNOS mRNA was decreased in a dose-dependent manner. 
Significant amount of nitrite was detected 24 hrs after the stimulation in the absence of 
nicotinamide (control value, 19.13 + 3.43 nmol/well). The nitrite levels in the 
presence of 5 mM nicotinamide were 12.03 + 1.31 nmol/well (p<0.001, vs. control), 
and 4.69 + 1.59 nmol/well for 20 mM (p<0.()01, vs. control; p<0.001 vs. 5 mM 
nicotinamide). This result is consistent with the iNOS mRNA levels. Interferon 
regulatory factor-1 (IRF-1), a transcription factor, plays an essential role in iNOS 
mRNA induction of macrophage and pancreatic p -cell. IRF-1 mRNA was 
significantly induced in glial cells as well from 1 hr after the stimulation.
Nicotinamide inhibited this IRF-1 mRNA expression at 20 mM but not at 5 mM.

In conclusion, nicotinamide suppressed iNOS mRNA expression and 
subsequent NO formation, which were induced by the combination of INF-y and LPS, 
in a dose dependent manner. In addition, high-coneentration (20 mM) nicotinamide 
decreased IRF-1 mRNA expression. These results suggest that nicotinamide may 
have protective effect on glia' NO-related pathologies by preventing iNOS mRNA 
induction.

884.12
IDAZOXAN DECREASES ASTROGLIAL INDUCIBLE NITRIC OXIDE 
SYNTHASE EXPRESSION
D.L. Feinstein*, S. Regunathan, and D.J. Reis. Div. Of Neurobiol, Dept. of 
Neurosci. and Neurol., Cornell Univ. Med. Coll., New York, NY, 10021.

We have previously shown that idazoxan (IDA) binding to imidazoline receptors 
(I.R subtype) on astrocytes increases expression of glial fibrillary acidic protein 
(GFAP). Since drugs which increase GFAP, such as norepinephrine (NE), also 
suppress induction of the calcium independent nitric oxide synthase (NOS-2) by 
endotoxin (LPS) and cytokines, we tested if IDA effected astroglial NOS-2 
expression. NOS-2 was induced in primary rat astrocytes and C6 glioma cells by 
incubation with 1 pg/ml EPS plus three cytokines (TNF-a, ILl-(3, and lEN-y, 
"CM"). Cells were incubated with 1 to 100 pM of IDA or NE, and 1 day later nitrite 
accumulation in the culture media was used to assess NOS-2 expression. In 
astrocytes and C6 cells, pre-incubation with IDA dose-dependently inhibited nitrile 
accumulation (IC,0 approximately 20 pM), with longer pre-incubation times yielding 
greater suppression, and maximal suppression (>90%) achieved after a 4 hr 
preincubation in 100 pM IDA. In contrast to NE, continuous incubation with IDA 
was required for suppression, and inhibition was less if IDA was added after EPS 
plus CM. IDA did not decrease steady-state NOS-2 mRNA levels, nor inhibit 
nuclear uptake of transcription factor NFkB. In contrast to NE, IDA also inhibited 
nitrite accumulation in macrophage RAW 264.7 cells. These results suggest that 
IDA binding to I.Rs in glial cells inhibits NOS-2 activity without effect on NOS-2 
transcription or mRNA levels, and therefore differs from the mechanism responsible 
for NE effects. Whether IDA interferes with NOS-2 protein synthesis, cofactor 
availability, and/or catalytic activity will be determined. Supported by NIH grant 
HL-18974 and National Multiple Sclerosis Society grant RG 2578-B-5.

884.13
ROLE OF GLIA IN REGULATION OF EXTRACELLULAR POTASSIUM 
DURING SEIZURES. Z.Q. Xiong and J.L. Stringer*. Dept. Pharmacology, 
Baylor College of Medicine, Houston TX 77030.

Glial cells are believed to play a major role in the regulation of the 
extracellular potassium concentration ([K+]o), particularly when the [K+]o is 
increased, as during seizures. Using ion-selective electrodes, we compared 
the [K+]o changes in the dentate gyrus of urethane-anesthetized adult rats 
during, and after, seizures in the presence of reactive astrocytes and after 
reduction of glial function. Seizures were produced by 20 Hz trains of 
stimulation to either the CA3 region or the angular bundle. Reactive 
astrocytes were induced by repeated seizures and their presence was 
confirmed by a qualitative increase in glial fibrillary acidic protein and the 
presence of vimentin. To reduce glial function, we used two selective glial 
toxins. Fluorocitrate, which reversibly inhibits glial metabolism, was injected 
into the right dentate gyrus region and changes in [K+]o were compared to the 
left dentate gyrus. The irreversible toxin, a-aminoadipate, was injected into 
the right hippocampus and loss of astrocytes in that region was demonstrated 
2 days later. In the presence of reactive astrocytes there was no significant 
change in the ceiling [K+]o during seizures or the rate of recovery of [K+]o 
after seizures compared to control animals. After injection of fluorocitrate, the 
ceiling [K+]o and rate of recovery of [K+]o transiently decreased, a- 
aminoadipate also significantly decreased the rate of recovery of [K+]o, but 
did not change the ceiling [K+]o. Overall our results suggest that regulation of 
the ceiling [K+]o may not depend on astrocytes. Normal glial function does 
appear to be required for the recovery of elevated [K+]o after seizures in vivo. 
Supported by NIH grant, NS 01784.

884.14
MATURE MICROGLIA RESEMBLE IMMATURE ANTIGEN-PRESENTING 
CELLS. M, J. Carson*. C, R, Reilly, I. Campbell. J, G. Sutcliffe, D. Lo. The 
Scripps Research Institute, La Jolla, CA 92037

Due to the difficulties of isolating adequate numbers of microglia from adult tissue, 
much of our understanding of their function is based on characterizations of microglia 
that develop in mixed glial cultures. To learn more about the nature of these cells in 
vivo, we have compared the phenotypes of murine microglia isolated from adults and 
neonates and from mixed glial cultures with spleen cells cells from fetuses, neonates 
and adults. In the adult CNS, the only resident population of cells which express 
CD45, a protein tyrosine phosphatase, are the F4/80+ and FcR+ cells: the microglia. 
In contrast to all other differentiated cells of hemopoetic origin, microglial CD45 
values fail to increase from the neonatal period through adulthood. Rather their 
levels are indistinguishable from the low levels found on a small population of 
embryonic day 16 liver cells. Conversely, while F4/80 values have been shown to 
decrease on splenic macrophages upon activation, we find that F4/80 levels are 
elevated in microglia as compared to splenic macrophages. Strikingly, microglia 
which develop in mixed glial cultures display a more activated phenotype, with low 
F480 values, weak MHC class II expression, and the appearance of a subset of cells 
positive for the dendritic cell marker, NLDC145. Additionally, CD45 values are 
elevated to a level intermediate between that of adult microglia and adult spleen, a 
level similar to that found on microglia activated in vivo. Consistant with this 
activated phenotype, indomethacin revealed the abilty of mixed glial microglia to 
present a peptide antigen to naive T cells expressing a defined T cell receptor. 
Although adult microglia did express costimulatory molecules, B7.2, ICAM-1,
CD40 and could be induced to express MHC class II, they failed to present antigen in 
the same assay. Interestingly, these same cells could stimulate T-cell proliferation in 
a mixed lymphocyte reaction but not in an allogeneic specific manner. Taken 
together these data suggest that adult microglia remain in a relatively immature and 
unactivated state of differentiation as compared to other tissue macrophages. This 
work was supported by Digital Gene Technologies and grants MH47680 (JGS), 
AI31583, AI38375(DL).
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884.15
CHARACTERIZATION AND POSSIBLE FUNCTIONS OF CATHEPSIN 
E EXPRESSED IN ACTIVATED MICROGLIA. H, Nakanishi*. D. F. 
Sastradipura, K. Tanabe andX. Yamamato Dept. of Pharmacology, Fac. of Dentistry, 
Kyushu University, Fukuoka 812, Japan.

There is growing evidence that proteinases produced by activated microglia at 
pathological sites are involved in neuronal damage, removal of neuronal debris, and 
tissue remodeling during regeneration via their proteolytic activities. We have 
previously reported that cathepsin E (CE), a non-lysosomal aspartic proteinase, was 
increasingly expressed as the mature form in activated microglia but not in reactive 
astrocyte during neuropathological changes in the rat. However, little is known about a 
converting mechanism of proCE into the mature enzyme. Furthermore function of CE 
upregulated in the activated microglia is currently unknown. The present study was 
undertaken to elucidate these essential aspects of CE in activated microglia. Microglias 
were isolated from mixed cultures of the cerebral cortex from 3-day old rats. The 
cellular phenotype of the primary cultured microglia resembled activated microglias at 
the sites of pathology. When the intracellular kinetics of CE was analyzed by pulse-
labeling experiment in the primary cultured microglia, CE was initially synthesized as 
the proenzyme and then converted into the mature form via the intermediate form. This 
conversion was completely blocked by bafilomycin Ab a vacuolar type H+-ATPase 
inhibitor. It was also noted that CE was partially secreted into the culture medium as 
the proform throughout the chase period and the secreted enzyme was markedly 
increased in the presence of bafilomycin Ab Immunoelectron microscopy revealed 
endosome-like distribution of CE. Possible functions of CE in the primary cultured 
microglia were examined by treatment with pepstatin A, an aspartic proteinase 
inhibitor. The most prominent change of the primary cultured microglia after treatment 
of pepstatin A was an intracellular vacuolarization. Furthermore, pepstatin A had a 
priming effect on the respiratory burst activity of the primary cultured microglia 
induced by opsonized zymosan. Either leupeptin or E64d, cysteine proteinase 
inhibitors, did not exhibit such effects. These results indicate that the processing and 
maturation of proCE occurs in endosome-like structures and suggest that CE is part of 
the basic machinery regulating the vesicular transport system in microglial cells.

884.16
INTERFERON-1/ INDUCES MAJOR HISTOCOMPATIBILITY COMPLEX 
(MHC) ANTIGENS IN PERIVENTRICULAR BRAIN REGIONS Ze-Chun 
Peng1*, M. Bentivoglio1. K. Kristensson2 . Tnst. Anat. Histol., Univ of 
Verona, Italy, 2Dept. Neurosci., Karolinska Institute, Stockholm, Sweden

Periventricular zones in the central nervous system are predilection sites for 
demyelination plaques in multiple sclerosis, whose pathogenetic mechanisms 
involve cell-mediated immune responses. A key immunoregulatory molecules 
for such responses is interferon-y that can be produced by activated T-cells and 
natural killer cells. We investigated whether the intracerebroventricular (icv ) 
administration of recombinant IFN-y in rats could induce an immune response 
in periventricular regions. Control rats were injected with saline. A remarkable 
induction of MHC class II antigen immunoreactivity was detected after the 
IFN-y injections in periventricular regions and in areas bordering the brain 
basal surface. The activated elements displayed the features of activated 
microglial cells. Their number was highest one day after the IFN-y icv 
injections and progressively decreased in the 3rd and 7th day. Double 
immunocytochemical procedures demonstrated that MHC class II antigen 
induction did not occur in GFAP-positive astrocytes. These data demonstrate in 
vivo that IFN-y can diffuse from the cerebrospinal fluid into periventricular 
regions to cause a marked activation of microglial cells inducing the expression 
of molecules essential for antigen presentation. Supported by the First MS 
Project of the Italian ISS.

884.17
SELECTIVE MODULATION OF NITRIC OXIDE SYNTHESIS IN A 
MICROGLIAL CELL LINE BY PERIPHERAL BENZODIAZEPINE 
RECEPTOR LIGANDS. C, H, Park < B, G, Xue1, B. Chao1, B. Kong1. E. 
Carboni2, P. L. Wood3 and K. W. Gee1. 1 Department of Pharmacology, 
College of Medicine, University of California, Irvine, Irvine, California, 
92697, department of Toxicology, University of Cagliari, Cagliari, Italy, 
and 3CoCensys Inc., 213 Technology Drive, Irvine, California, 92718

The effect of various PBR ligands, other benzodiazepines, and the L- 
arginine analog, L-NAME on LPS-induced NO accumulation in cultured 
murine BV-2 microglial cell line was determined. PBR ligands dose- 
dependently inhibited NO production in microglia stimulated by LPS or 
INF-y. Examination of the rank order of potency for the inhibition of NO 
production and binding affinity suggests that the inhibition of iNOS 
activity by PBR ligands is mediated by a PBR although a unique site of 
action cannot be ruled out. PBR ligands and dexamethasone, unlike L- 
NAME, were noncompetitive inhibitors of iNOS activity. LPS did not 
displace [3H]Ro5-4864 binding to the PBR. Subcellular fractionation 
studies showed that the preponderance of PBR sites and iNOS activity 
did not have a one-to-one correspondence. The results suggest that the 
site of action for the modulation of iNOS activity by PBR ligands is 
associated with events prior to LPS induction of iNOS enzyme. 
Collectively, ihese studies suggest that a PBR may be involved in the 
selective inhibition of LPS-induced NO synthase expression in microglia, 
and may thus provide a novel site for the modulation of NO mediated 
neurotoxicity. Supported by a grant from CoCensys, Inc (KWG).

884.18
MICROGLIAL ACTIVATION BY CELL WALL COMPONENTS OF GRAM-
POSITIVE AND -NEGATIVE BACTERIA: DIFFERENT ROLE OF SERUM 
FACTORS FOR THE INDUCTION OF K+ CURRENTS AND CYTOKINES.
U.-K. Hanisch1*, M. Prinz1,2, C. Nolte1, D. Freyer2, J.R. Weber2 and H. Kettenmann1.
*MDC Berlin, Department of Cellular Neurosciences, 13122 Berlin-Buch, 2Humboldt
University, Medical School, Department of Neurology, 10098 Berlin, Germany.

Bacterial meningitis caused by Gram-positive (Gram+) Streptococcus pneumoniae
associates - in contrast to Gram-negative meningitis - with high mortality (25%) and 
morbidity (50%). Microglia as early response elements in CNS pathology are activated 
by lipopolysaccharide (LPS), a useful agent in models of the Gram-negative disease, 
but little is known about microglial consequences of Gram+ infection. Pneumococcal 
cell wall preparations (PCW), inducing symptoms of Gram+ meningitis in vivo, and 
LPS were thus compared in this study of microglial activation. Induction of outwardly 
rectifying K+ currents (Zo) - a characteristic feature of microglial activation - was 
monitored by patch-clamp recording and cytokine release -- an important executive 
function - was measured by ELISA. Exposure to LPS or PCW (up to 24 h) in the 
presence of 10% serum triggered similar responses in cultured mouse microglia of 
postnatal day 1 (Pl), namely the rapid (3-6 h) induction of Ia in >94% of cells and 
secretion of TNFa, IL-6 and IL-12p40. LPS and PCW both failed to release IL-IB, IL 
2, IL-12p70 and IFNy. Detectable IL-10 was induced by PCW only. More differences 
became apparent when cells obtained from embryonic day E14 were studied: only LPS 
effectively stimulated Io (89% vs. 20% for PCW). This implies that E14 microglia are 
endowed with LPS, but not with PCW responsive elements. In the absence of serum, 
LPS stimulated Io expression in -45% (E14, Pl), PCW in only 13 and 20% of the cells 
(E14, Pl) indicating that cofactors are required for full Io activation. Addition of the 
serum component, LPS binding protein, partially recovered the effect of LPS (-65% Zo 
induction) but failed to restore that of PCW. In contrast, serum presence was required 
for LPS, but not absolutely for PCW to trigger TNFa secretion. Thus, both LPS and 
PCW activate microglia but differ with respect to serum cofactors and microglial 
sensitivity during development. Supported by the DFG and the BMBF of Germany.

884.19
THE DIVERSITY OF THE MICROGLIA/MACROPHAGE 
RESPONSE TO FOCAL CEREBRAL ISCHEMIA: CD4+ AND 
CD8+ POPULATIONS. G. Stoll*., M, Schroeter, D. D'Urso, OAV. 
Witte and S. Jander Dep. of Neurology, Heinrich-Heine-Univ., 
Dusseldorf, Germany

This study investigated the activation of microglia/macrophages in 
ischemic lesions of the rat brain induced by photothrombosis and 
permanent occlusion of the middle cerebral artery. Surprisingly, in 
both paradigms, a subpopulation of 0x42+ microglia/macrophages 
expressed CD8 as shown by double immunofluorescence using 
confocal laser microscopy. CD8+ microglia/macrophages reached 
their maximum during the first week with pronounced 
downregulation thereafter whereas the subpopulation of CD4+ 
microglia/macro-phages persisted at high levels into the second 
week. RT-PCR for CD4, CD8a , and CD8P confirmed these 
findings. In contrast to cerebral ischemia, macrophages in spleen and 
in Wallerian degeneration after optic nerve injury expressed CD4, 
but not CD8. During experimental autoimmune encephalomyelitis 
only rare microglia expressed CD8.
In conclusion, we show that focal cerebral ischemia triggers an 
unusual dual microglia/macrophage response in the rat. Our study 
provides the first evidence for a functional diversity of microglia 
/macrophage populations within a brain lesion.

884.20
INDUCTION OF ANGIOTENSIN CONVERTING 
ENZYME (ACE) AND OF PROINFLAMMATORY / 
POTENTIALLY NEUROTROPHIC FACTORS IN 
MACROPHAGES BY MYELIN PROTEINS C_ 
Constantinescu, D.B.P. Goodman, C. Achim and A.
Rostami*. Dept. of Neurology and Pathology, Univ. of 
Pennsylvania, and Dept. of Pathology, Univ. of Pittsburgh

Elevated ACE and proinflammatory cytokines derived from 
macrophage activation have been documented in demyelinating 
diseases. During demyelination, myelin breakdown products 
may activate macrophages, thus enhancing phagocytosis and 
further myelin destruction. To investigate the ability of myelin 
and myelin proteins to induce ACE and proinflammatory 
cytokines, we stimulated mouse thioglycolate-elicited peritoneal 
macrophages with CNS or PNS myelin and with myelin basic 
protein (MBP) and P2 protein. We demonstrated that this 
exposure induces TNF (as determined by ELISA) and ACE 
(enzyme assay) in supernatants of stimulated macrophages. The 
inducibility of ACE and TNF by P2 was higher than with MBP, 
and TNF and ACE inducibility correlated.This suggests a 
potential mechanism of induction of inflammatory substances 
during demyelinating conditions
Supported by NIH 1K11 HD-01049, NS-11037.
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885.1
ROLE OF GANGLIOSIDES AS FUNCTIONAL RECEPTORS FOR TETANUS 
TOXIN IN SPINAL CORD CELL CULTURES. L.C. Williamson*1. J. Clifford2.
V. Aldaia3 and E.A, Neale1. 1Lab. Develop. Neurobio!., NICHD, NIH, 
Bethesda, MD 20982; 2CBER, FDA, Bethesda, MD; 3Dept. Biol., Georgetown 
Univ., Washington., DC.

Tetanus neurotoxin (TeNT) produces spastic paralysis in vivo by cleaving 
the synaptic vesicle protein VAMP and blocking inhibitory neurotransmitter 
release in the spinal cord. While TeNT binds to di- and trisiaiogangliosides, the 
role of these neuronal surface membrane constituents as functional toxin 
receptors is not known. To determine whether gangliosides mediate TeNT 
toxicity, we have examined TeNT binding and action in spinal cord cell cultures 
grown in the presence of 20 pM fumonisin B1 (FB^), an inhibitor of ganglioside 
synthesis. Ganglioside content is greatly reduced in spinal cord cultures after 
treatment with FB-j for 2-3 weeks, and neither TeNT nor cholera toxin binding 
is detectable by toxin-HRP conjugates or immunofluorescence. The action of 
TeNT (100 ng/ml for 90 min) was assessed by its effect on potassium-evoked 
release of 3H-glycine, on activity-dependent uptake of the dye FM1-43 into 
synaptic vesicles, on double-label immunohistohemistry for VAMP and 
synapsin 1a, and on immunoblot analysis of VAMP cleavage, in TeNT- 
exposed cultures, evoked release of glycine is 90% blocked, FM1-43 labeling 
is barely detectable and, although synaptic structures are stained with anti- 
synapsin, anti-VAMP immunoreactivity is abolished. In marked contrast, in 
cultures pretreated with FB-j, TeNT inhibits glycine release by only 25%, 
FM1-43 uptake occurs with stimulation, and VAMP remains in synaptic 
terminals. These data indicate that gangliosides are an important component 
of the receptor mechanism for TeNT and strongly enhance its toxicity.

885.2
PURIFICATION AND CHARACTERIZATION OF PHOSPHOLIPASE D 
FROM RAT BRAIN. * J, H. F. Peng* and P. G, Rhodes. Dept. of Pediatrics, Univ. 
of Miss. Med. Ctr., Jackson. MS 39216.

Phospholipase D (PLD) catalyzes the hydrolysis of phosphatidylcholine 
generating phosphatidic acid, a novel second messenger and precursor of 
diacylglycerol which is important in signal transduction. Up-to-date molecular 
structure of PLD remains poorly defined. To unravel the structure and function of 
PLD, pure enzyme is needed for molecular dissection. To achieve this goal, rat 
brains were homogenized in Hepes buffer and the homogenate was centrifuged at 
low speed. Crude membrane fraction, which was recovered from the supernatant 
by centrifugation at 100,000 x g for 60 min, has a specific activity of 0.1 nmol 
PEtOH fotmed/min mg protein and was used for further purification. It was 
treated with 0.6M NaCl, centrifuged, and the pellet used for extraction of 
membrane-bound PLD with 1% Triton X-100. The PLD extract was applied to a 
heparin-sepharose column and separated into two peaks. The highly active 
GTPyS-stimulated PLD was recovered in the second peak. GTPyS-dependent 
PLD was further purified sequentially through phenyl-sepharose, SP-sepharose, 
and hydroxyapatite columns. Similarly, highly active PLD fractions at each 
chromatographic step were pooled, concentrated, and dialyzed for the next 
purification. PLD was purified about 1250 fold to a specific activity of 125 
nmot/min mg protein after final hydroxyapatite step with yeild of 2%. SDS- 
PAGE and silver staining of the purified enzyme revealed one major band having 
a mol. wt. of 160 KD and minor bands of >200 KD and 148 KD, as well as two 
<20 KD bands. Purified GTPyS-dependent PLD has a pH 7.2 optimum and was 
maximally stimulated by 7.5pM PIP2 (Supported by UMC Newborn Med. funds.)

885.3
INTERACTIONS OF PEPTIDES WITH LIPID VESICLE MEMBRANES STUDIED 
BY FLUORESCENCE CORRELATION SPECTROSCOPY.
A. Pramanik*, P. Thyberg and R. Rigler. Dept, of Medical Biophysics. MBB. 
Karolinska Institute, S-171 77 Stockholm, Sewden.

Vesicles have been studied intensively as a tool to determine the properties of 
biological membranes. The next important application of vesicles is in drug therapy as 
carriers of drugs. Vesicles, prepared with drugs entrapped inside, are being used as 
carriers for these drags to target organs. The enterior of the vesicles is an aqueous 
environment. With the extruder technique it is possible to prepare them with different 
substances/dye molecules entrapped inside. Thus, the external and interna! environment 
of the vesicles can be manipulated and studies can be conducted on their ability to 
incorporate or release molecules and their interaction with various substances (peptides, 
proteins, nucleic acids). Since the fluorescence correlation spectroscopy (EC'S) is a 
powerful biophysical tool for examining molecular interaertions of biological 
importance (Rigier. J Biotech. 4I (1995, 177-186), we have used this technique to 
study the interactions of the peptides melittin and magainin with lipid vesicle 
membranes. The beauty of the FCS technique is that there is no need for separating 
unbound component from bound one. Moreover, measurement can be done in a very 
tiny volume (5 p!) in a nanomolar range within very short time (30 s). in this study wc 
have used two types of vesicles - VLSI and VES2. VLSI is prepared from unlabeled 
phospholipids together with added rhodamine, which entrapped free rhodamine inside 
and VES2 - from rhodamine-labeled phospholipids, which did not entrap free 
rhodamine inside. It is found that melittin makes channels into the vesicle membranes 
since in the presence of melittin there is a release of rhodamine only from VESI but not 
from VES2 whereas magainin breaks the vesicles since in the presence of maganin 
there is a release of rhodamine from both kind of vesicles. As the inside of VES2 is free 
of rhodamine. the presence of rhodamine in the solution means that these vesicles are 
broken into phospholipids. This study is of pharmaceutical significance since it will 
provide insights how FCS can be used as a rapid protocol to test incorporation and 
release of drugs/substances by vesicles.

885.4
EFFECT OF DEHYDROEPIANDROSTERONE ON RAT BRAIN 
MEMBRANE FLUIDITY. T, Di Paolo*12. M, Morissettei;L-SJ-C.allterL3fc, 
Ras&ask-A, PicfaA u, P^okri, and K-LabadL- 'Dept. of Moiec. 
Endocrinology, CHUL Res. Center and Fac. of 2Pharmacv and 3Medecine, 4Sci 
and Engineering, Laval Univ., Quebec, G1V 4G2, CANADA,

Data is accumulating suggesting rapid effects of steroids on brain 
neurotransmission. Dehydroepiandrosterone (DHEA) is a steroid of adrenal origin 
as well as a neurosteroid. In humans during aging DHEA blood concentrations 
decrease extensively. The present study sought the effects of DHEA on brain 
membrane fluidity as determined by fluorescence depolarization of a lipid probe 
l,6-diphenyl-l,3,5-hexatriene (DPH). In brain DHEA exists, free (DHEA), as a 
sulfate derivative (DHEA-S) and as lipoidal derivatives (DHEA-L). Hence, in 
vitro, the effect of increasing concentrations of DHEA, DHEA-S and 
undecanoate-DHEA (as a representative DHEA-L) on rat striatal microviscosity 
was compared. Striatal microviscosity was reduced in vitro with increasing 
concentrations of DHEA, this effect was less with DHEA-S and greater with 
DHEA-L. Frontal cortex microviscosity was also reduced with in vitro DHEA. In 
vivo, ovariectomized female rat experiments showed that microviscosity was 
lower in the frontal cortex than the striatum and that in vivo DHEA treatment 
reduced microviscosity in the frontal cortex. FTIR spectroscopy experiments of 
the effect of DHEA and DHEA-S on phospholipid membranes suggest that the 
hydrocarbon chains of the lipid start to melt at a lower temperature in the 
presence of both steroids. Our results show that DHEA and its derivatives 
(DHEA-S, DHEA-L) decrease the viscosity of brain membranes. This may 
influence several neurotransmitters release, receptors, and transporter activity. 
This effect is not uniform in the brain with more extensive decreases in the 
frontal cortex. Supported by a grant from the MRC of Canada.

885.5

Specific interactions between neurofilament proteins and
membrane lipids
S.Gdlinas, C. Gicquaud, M.-G. Martinoli*
Dept, of Biochemistry, Universite du Quebec a Trois- Rivieres, Trois- 
Rivieres, Quebec, Canada, G9A 5H7
Neurofilaments proteins (NFs) are composed of three isoforms: low 
(NFL), middle (NFM) and high (NFH) molecular weights.They are 
the most abundant intermediate filaments in neurons and they support 
axonal transport as well as axonal structure. Protein-protein 
interactions have been extensively studied to explain the degeneration 
of neural cytoskeleton that occurs in several neurodegenerative 
diseases. For the first time, we show a specific interaction between 
membrane lipids and NFs in vitro by electron microscopy, differential 
scanning calorimetry and infra-red spettrometry. We used unilamellar 
liposomes, composed of dipalmitoyl phospatidylcholine (16:0) and 
sphingomyelin (DPPC-SM) in a molar ratio of 4:1, and purified NFs. 
By E.M., we show that NFs form a paracrystalline organisation with a 
specific periodicity. Further, by differential scanning calorimetry NFs 
affect the phase transition of DPPC and by infrared spettrometry our 
results are in the same perspective. These results indicate an interaction 
beetween NFs and some components of membrane lipids. In this view, 
it might be possible that in addition to protein-protein interactions, 
specific interactions between NFs and membrane lipids of cytoplasmic 
organelles contribute to the neural cytoskeleton degeneration 
caracteristic of some neurodegenerative diseases.
Supported by F.C.A.R. grant no.96-NC-1599 to M.-G. Martinoli.

885.6
CERAMIDE SELECTIVELY UPREGULATES CALPAIN I LEVEL AND 
DECREASES TAD PROTEIN LEVELS. H.-Q. Xie* and G. V. W. Johnson. 
Dept. of Psychiatry, Univ. of Alabama at Birmingham. Birmingham, AL 
35294-0017.

Ceramide has been recently proposed to be a signal mediator in important 
processes including apoptosis, cellular growth and differentiation. Because 
the calcium-activated cysteine protease calpains plays important roles in 
apoptosis and cytoskeletai restructuring, the effects of ceramide on the ex-
pression of two major calpain isoforms, calpain I and II were examined. 
Treatment of differentiated PC 12 cells with the cell-permeable ceramide 
derivative, N-acetylsphingosine (C2) resulted in a significant increase in 
calpain I level, but had no effect on calpain II level. Consistent with the in-
creased expression of calpain I, ceramide-treated cells exhibited a higher 
calcium-stimulated proteolytic activity than control cells, as measured by an 
in situ fluorescence assay using the calpain-selective probe Suc-LLVY- 
AMC. Moreover, ceramide treatment decreased levels of tau isoforms and 
increased breakdown product of brain spectrin, both of which are calpain 
substrates in vitro and/or in vivo. On the other hand, ceramide treatment had 
no effect on the levels of a-actin and a-tubulin. Furthermore, treatment with 
the calpain-specific inhibitor CBZ-LLY-DMK blocked the C2-induced de-
creases in tau levels. Interestingly, treatment of PC 12 cells with C2 in-
creased the calpastatin levels, albeit to a lesser extent than the calpain I in-
crease. These results indicate that ceramide may selectively regulate the 
levels of cytoskeletai proteins via modulation of the calpain system and thus 
have implications for normal and pathological neuronal processes. This 
work was supported by NIH grants AG12396 and NS27538.

Society  for  Neuroscience , Volume  23,1997



THURSDAY AM MEMBRANE STRUCTURE AND CYTOSKELETON III 2267

885.7
PROTEIN SYNTHESIS AT THE SYNAPSE: DEVELOPMENTAL CHANGES, 
SUBCELLULAR LOCATION AND REGIONAL DISTRIBUTION OF 
POLYPEPTIDES SYNTHESIZED IN SYNAPTODENDROSOMES. S. Villanueva. 
S. Medrano* and O. Steward. University of Virginia, Charlottesville, VA 22908

There is growing evidence that certain protein constituents of the postsynaptic 
domain of synapses are locally synthesized. This notion is mainly supported by the 
observation of polyribosomes beneath postsynaptic sites and by biochemical studies 
demonstrating protein synthesis in subcellular fractions enriched in pinched-ofT 
dendrites (synaptodendrosomes). In the present work, we characterized postnatal 
developmental changes, subcellular compartmentalization and brain regional 
distribution of the main proteins synthesized in rat synaptodendrosomal fractions.

Synaptodendrosomes were incubated at 37°C for 45 minutes in minimum 
essential medium (MEM) containing 0.1 mg/ml chloramphenicol (to inhibit 
mitochondrial translation) and 0.2 mCi/ml [35S]methionine. Metabolically labeled 
proteins were identified using SDS-PAGE and phosphorimager analysis. In these 
conditions, seven prominent labeled bands were observed at apparent molecular 
weights of 190 kDa, 55 kDa, 44 kDa, 32 kDa (a doublet), 27 kDa and 13 kDa. All 
these proteins were synthesized in synaptodendrosomal fractions isolated from 
different brain regions (forebrain, cerebellum and brain stem). The extent of labeling 
was higher in synaptodendrosomes obtained from animals in early developmental 
stages (4 to 18 days old), except for the 13 kDa band. Subcellular fractionation 
studies showed that the 13 kDa, 27 kDa and 32 kDa proteins were localized mainly 
in mitochondrial fraction and the 190 kDa, 55 kDa and 44 kDa proteins were 
present in both the cytosolic and postsynaptic density fractions. Our results indicate 
that the proteins synthesized in synaptodendrosomes have a widespread brain 
distribution, are developmentally regulated and several of them have a cellular 
location compatible with synaptic function.

Supported by Grant NS 12333 to O.S. S.V. was recipient of an international 
research fellowship award from the Fogarty International Center, NIH.

885.8
RNA TRANSPORT IN NEURONS: CONSERVATION IN EVOLUTION. 
I. A. Muslimov1, M. Titmus2. R. Bremer2, E. Koenig2. H. Tiedge1,3*, Departments of 
'Pharmacology and 3Neurology, SUNY Health Science Center at Brooklyn, Brooklyn, 
NY 11203, and /Department. of Physiology, SUNY at Buffalo, Buffalo, NY 14214.

Axons of invertebrates and lower vertebrates contain ribosomes and RNA, 
indicating the potential for local axonal protein synthesis [reviewed by van Minnen, J. 
(1994) Histochem. J. 26, 377-391]. In mammals, in contrast, axonal RNA localization has 
been suggested to be a feature restricted to immature or specialized neurons. Mechanisms 
of axonal RNA transport remain unknown. Here we used neuronal BCl RNA in a 
heterologous system to analyze axonal RNA transport in goldfish Mauthner neurons in 
vivo. BCl RNA is a non-coding RNA polymerase III transcript that is transported to 
dendrites of a subset of neurons in the rat nervous system; it has also been shown to 
transported along axons of magnocellular hypothalamic neurons in the hypothalamo- 
hypophyseal tract. Goldfish Mauthner neurons were microinjected with selected RNAs. 
We found that full-length BCl RNA and a 62-nt 5’ BCl segment were specifically and 
rapidly targeted to Mauthner cell dendrites and axons. Full-length BCl RNA and the 
5’ BCl domain were transported at significant distances along the Mauthner axon whereas 
other injected RNAs, including a 3’BCl segment, nuclear U4 and U6 RNAs, and 
irrelevant RNAs of similar length, did not leave injected somata to any significant extent. A 
cis-acting element that is responsible for dendritic transport of BCl RNA in sympathetic 
neurons in culture has recently been localized to the 5’ domain of the RNA, and the present 
data thus suggest that the same element is also recognized by dendritic and axonal transport 
systems in Mauthner neurons. These results indicate that RNA transport in nerve cells is a 
mechanism that has been ‘invented’ early-on, and conserved since, in evolution. It is 
conceivable that such mechanisms were in fact first established in axons, when dendrites 
were still rather rudimentary: in modern mammalian neurons with complex, elaborate 
dendrites, it appears that the significance of dendritic RNA targeting has eclipsed that of 
axonal targeting. [Supported in part by Human Frontier Science Program Organization 
Grant RG-84/94 B and National Institutes of Health Grant NS34l$8 (H. T.). I. A M. is 
an Aaron Diamond fellow.]

885.9
RECEPTOR-MEDIATED ENDOCYTOSIS IN PRIMARY AND IMMORTALIZED 
HUMAN BRAIN MICROVASCULAR ENDOTHELIAL CELLS R. Ball. R. 
Monette. A. Muruganandam, D. Small*. P. Morley and D. Stanimirovic IBS.
National Research Council. Ottawa. Canada K1A 0R6

Brain capillary endothelial cells limit passive diffusion of nutrients from blood to
brain and thus necessitate the presence of membrane-associated transport proteins 
and receptors to enable controlled delivery of noil-lipophilic compounds to brain 
parenchyma. In this study we used two m vilro models of human blood-brain barrier 
(BBB) to study endocytotic pathways: cultured primary human cerebromicrovascular 
endothelial cells (HCEC) and HCEC immortalized by the transfection and stable 
genomic incorporation of the SV 40 large T antigen (SV-HCEC). Both HCEC and 
SV-HCEC expressed factor VUI-related antigen and the class A scavenger receptor, 
implicated in endocytosis of modified low-density lipoprotein (LDL). Immunocy to-
chemistry using monoclonal anti-human transferrin receptor antibody (CD7L UBI) 
demonstrated intense staining of both HCEC and SV-HCEC. Morphological and 
dynamic properties of receptor-mediated endocytosis (RME) of Texas red-transferrm 
and bodipy -LDL were subsequently assessed by confocal microscopy and found to be 
similar in HCEC and SV-HCEC. Internalization of both transferrin and LDL was 
saturable and was reduced at 4"C and in the presence of excess unlabeled ligands 
Intracellular localization of transferrin-containing \esicles revealed a distinct 
perinuclear pattern, whereas LDL-contaimng vesicles were evenly distributed 
throughout the cytoplasm. The cytoskeleton-disrupting agent, cytochalasin D (0.5-5 
pg/ml). inhibited the uptake of LDL w hereas the phosphatase inhibitor, okadaic acid 
(0.1-1 pM). caused enlargement and persistent membrane association of LDL 
vesicles. Filipin. a cholesterol-depleting agent shown to inhibit endocytosis via 
caveolae. did not affect RME of either transferrin or LDL. The results suggest that 
both HCEC and SV-HCEC are suitable models for studying the dynamics and 
regulation of RME pathways expressed at the site of BBB.
Supported by the National Research Council of Canada

885.10
ABSENCE OF THE MID-SIZED NEUROFILAMENT SUBUNIT 
DECREASES AXONAL CALIBERS, LEVELS OF NF-L AND 
NEUROFILAMENT CONTENT. G. A. Elder *‘, V, L, Friedrich Jr.2, P, 
Bosco 2, C. Kang 2, P.-H. Tu 3, V. M.-Y. Lee 3 and R. A. Lazzarini2.
Departments of Psychiatry 1 and Molecular Biology 2, Mount Sinai School 
of Medicine, New York, NY 10029 and Department of Pathology and 
Laboratory Medicine 3, University of Pennsylvania School of Medicine, 
Philadelphia, Pennsylvania 19104.

Neurofilaments are prominent components of large myelinated axons and 
probably the most abundant of neuronal intermediate filament proteins. 
Using homologous recombination in embryonic stem cells we generated 
mice bearing a null mutation in the mouse NF-M subunit in order to better 
define the role of this subunit in CNS development. Here we show that 
NF-M -I- mice have dramatically decreased levels of NF-L and increased 
levels of NF-H. The calibers of both large and small diameter axons in both 
the CNS and PNS are diminished. Axons of mutant animals contain fewer 
neurofilaments and more microtubules. Yet the mice lack any overt 
behavioral phenotype or gross structural defects in the nervous system. 
These studies suggest that the NF-M subunit is a major regulator of the 
level of NF-L and that its presence is required to achieve maximal axonal 
diameter in all size classes of myelinated axons.

This work was supported by the American Health Assistance Foundation 
(G.E.) and NIA grant P50 AGO 5138-11 (R.A.L. and G.E.).

885.11
NEUROFILAMENTS ARE INFLUENCED IN ORGANIZATION AND 
PHOSPHORYLATION IN DYSMYELINATED AXONS IN JIMPY MUTANT 
MOUSE. T. GOTOWT O. TOKUNQl, M. KOUMURA1, Y. OHSAWAT T. 
WATANABE1, R. SHIBATA2, K. IKENAKA2, Y. UCHIYAMA*1. 1 Dept. of Cell 
Biol, and Anat. 1, Osaka Univ. Med. Sch., Suita, Osaka, 565, Japan, 2Lab. of 
Neural Information, Natl. Inst, for Physiol. Sci., Okazaki, Aichi, 444, Japan.

The jimpy is known as a point mutation in the fourth intron of the proteolipid 
protein gene, inducing the deletion of the fifth exon of its mRNA. In the 
developing jimpy mouse, immature oligodendrocytes die by apoptosis, 
resulting in disruption of myelinogenesis in the central nervous system. We 
compared these dysmyelinated axons with those from littermate control to 
know how neurofilaments (NF) are influenced by the myelin deficiency. In the 
jimpy mouse, with immunoblot concentrations of all NF triplet proteins 
increased. More importantly, there was a drastic increase in
nonphosphorylated form of NF-H, although the phosphorylation levels of NF-H 
and NF-M also increased slightly. Confocal laser and electron microscopic 
immunohisto/ cytochemistry showed extensive labeling of the 
nonphosphorylated form of NF-H in jimpy axons, but the labeling for its 
phosphorylated form was similar in the control and jimpy axons. There was no 
significant difference in phosphorylation levels of the NF-H form between 
control and jimpy somata. The NF density and minimum distance between NFs 
in jimpy axons were significantly higher and shorter, respectively, than those in 
the control. The results suggest that the myelination of normal axons is deeply 
associated with regulation of the phosphorylation and compaction of NF.

885.12
INTERMEDIATE FILAMENT FORMATION AND THE ROLE OF 
THESE STRUCTURES IN ASTROCYTE PROLIFERATION AND 
VOLUME REGULATION. C. Eliasson, M. Ding, C.-H, Berthold, C. 
Sahlgren, T, Andersson, J. Eriksson, C. Betsholtz, A. Hamberger and
M. Peknv*. Department of Medical Biochemistry, University of 
Gdteborg, Medicinaregan 9, S-413 90 Gdteborg, Sweden

Mice deficient for glial fibrillary acidic protein (GFAP-/-) or GFAP and 
vimentin (GFAP-/-vim-/-) were used to study intermediate filament (IF) 
protein interdependence in astrocytes, connection to other cytoskeletal 
components, astrocyte proliferation and the reaction of astrocytes to 
hypoosmotic stress. Astrocyte functions were analyzed both in vivo and 
in vitro. Based on our data, we suggest that to form IF, (a) vimentin 
needs either GFAP or nestin as a polymerization partner and (b) nestin 
needs vimentin. The astrocytes of GFAP-/- and GFAP-/-vim-/- mice 
contained increased number of microtubules and the latter also increased 
actin levels which suggests a connection between IF and the other 
cytoskeletal components. GFAP-/- and GFAP-/-vim-/- astrocytes 
exhibited increased proliferation and higher saturation cell density winch 
may imply the role of IF in cell proliferation and/or in cell-cell 
interactions. To counteract the development of cytotoxic brain edema, 
astrocytes release taurine presumably via cytoskeleton-linked, stretch- 
induced ion channels. We have found that following a hypoosmotic 
stress both in astrocyte cultures and brain slices from GFAP-/-vim-/- 
mice, the taurine release was reduced compared to controls. Thus, the 
presence of IF seems to be required for normal volume regulation in 
astrocytes

Sources of support: MFR, Cancerfonden, SSMF, Sv. Lakaresallskapet
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885.13
GLIAL FIBRILLARY ACIDIC PROTEIN IS NECESSARY FOR MATURE 
ASTROCYTES IN CULTURE TO INITIATE DRAMATIC REACTIVE 
GLIOSIS IN RESPONSE TO BETA-AMYLOID PROTEIN K. Xu*, A. 
Messing# and I. Silver. Depart, of Neurosci., Case Western Reserve Univ., 
Sch. of Med., Cleveland, OH 44106. #Depart. of Pathobiol. Sci., Univ. of 
Wisconsin-Madison, Sch. of Veterinary Med., Madison, WI 53706

Upregulation of the glial fibrillary acidic protein (GFAP) in astrocytes 
is a hallmark of the phenomenon known as reactive gliosis and yet the 
function of GFAP in this process is unknown. Our previous studies have 
shown that mature astrocytes react vigorously to substrate bound beta- 
amyloid protein (BAP) in a variety of ways (ie., increased GFAP, great 
motility, strange aggregation patterns, inhibitory ECM production). In 
order to uncover which, if any, of these phenomena are causally related to 
the function of GFAP, primary cortical astrocytes from GFAP-null mice 
were cultured and applied to BAP substrates at low or high density and at 
various lengths of time following in vitro maturation. Differences between 
mutant and control cells became progressively more obvious when cells 
were matured in vitro for longer than two weeks and especially in cultures 
that were at high density. Mature control astrocytes showed a dramatic 
response to BAP within just a few days by aggregating into tight, rope-
like structure that completely bridge over the peptide surface. In marked 
contrast, mature GFAP-null astrocytes initiated this response much more 
slowly and had a much reduced ability to aggregate tightly. Scanning EM 
analyses revealed these differences clearly. Our data suggests that GFAP 
may be essential for mature astrocytes to physically constrain certain 
types of lesions (such as BAP deposition) in the brain.

Supported by NIH NS25713

885.14
SLOW AXONAL TRANSPORT UNDERGOES PERIODS OF 
ACCELERATION AND DECELERATION ALONG THE SCIATIC NERVE. 
Z-S. Xu. V. Tung, and G. Wang*. Worcester Foundation for Biomedical 
Research, Shrewsbury, MA 01545.
Axons and their terminals play indispensable roles in neuronal function. Neurons 
develop and maintain these structures by constantly supplying macromolecules 
synthesised in the cell body by axonal transport. Microtubules (MTs) and 
neurofilaments (NFs) are major neuronal cytoskeletal components and have been 
shown to play important roles in maintaining the structural and functional 
integrity of axons. They are transported into axons by slow axonal transport. It 
has been previously shown that the transport velocity of MTs and NFs slows 
gradually along the axons (Waston et al., Brain Res. 477:225). By pulse labelling 
proteins in spinal motor neurons using 3SS-methionine, combined with SDS 
pofyacryamide gel electrophoresis and phosphorimaging, we measured the 
average transport rate of NFs and MTs along the sciatic nerve at 7 day intervals 
(3 to 5 mice were measured at each time point) up to 6 weeks after the initial 
labelling. We show that the transport velocity of NFs and MTs fluctuates along 
the sciatic nerve. The difference between the highest velocity and the slowest can 
be as large as 40 fold. To rule out the possibility that nerve branch pattern may 
cause these fluctuations, we also measured the transport rates in motor neurons 
after the transection of L4 and L6 roots and in dorsal root ganglion neurons, 
whose axons are not joined by axons from other neuronal groups. Velocity 
fluctuation was also observed in these two experiments. These results reveal a 
novel property of the slow axonal transport. The mechanism and significance of 
the velocity fluctuation remain to be determined.
Supported by NIH.

885.15
AN ANTIBODY AGAINST THE NEUROFILAMENT MEDIUM SUBUNIT C 
TERMINUS COLLAPSES THE NEUROFILAMENT NETWORK IN DORSAL 
ROOT GANGLION CELLS. L. Zhang*, D.L. Lewis§ and W.D. Hill, Dept. of 
Cellular Biology and Anatomy, Dept. of Pharmacology and Toxicology§, 
Medical College of Georgia, Augusta, GA 30912.

Neurofilament interactions and functions are poorly understood. Mutations 
to neurofilament sequences or inappropriate post-translational modifications 
are proposed to interfere with interactions of neurofilaments with each other 
or associated proteins. Disruption of normal neurofilament interactions may 
lead to the abnormal accumulations of neurofilaments characteristic of several 
neurodegenerative diseases (e.g. Amyotrophic lateral sclerosis, Parkinson's 
disease, diffuse Lewy body disease, Alzheimer's disease) and may play an 
important role in the pathogenesis of these disorders. To better understand 
the interactions and functions of neurofilaments we have used antibodies to 
specific epitopes to try to block normal interactions. Neurofilament medium 
(NF-M) and heavy (NF-H) subunit proteins have tong carboxyl (COOH) tail 
extensions with highly conserved subdomains. These subdomains are 
potential sites for protein-NF interactions. We microinjected antibodies to 
specific NF epitopes in cultured rat dorsal root ganglion cells (DRG) to block 
suspected subdomains. One antibody, SMI31, is a well characterized mAb 
which recognizes KSP based epitopes in NF-H and to some extent in NF-M 
COOH tails. A second antibody, AB 1987 is a pAb to an epitope in the final 
168 amino acids in the NF-M COOH tail. This region is one of the most highly 
conserved NF-M subdomains. Six days after injection, cells were fixed and 
examined. SMI 31 injected cells showed no obvious cytoskeletal changes. 
However, cells injected with AB 1987 demonstrated NFs collapsed around 
the nucleus. This suggests that the extreme COOH terminus of NF-M 
probably is important for maintenance of NF localization. Molecules that 
interact with the extreme COOH terminus of NF-M are unknown. Supported 
by NS32835 (WDH).

885.16
CHANGES IN DYSTROPHIN IMMUNOREACTIVITY AT POSTSYNAPTIC 
DENSITIES IN MOUSE SUPERIOR CERVICAL GANGLION INDUCED BY 
POSTGANGLIONIC NERVE CRUSH. M.L. Zaccaria1. M.E. De Stefano1, F. 
Properzi1, R, Medori2, T.C. Petrucci3 andP, Paggi1*. 'Dip. Biol. Cell., Univ. "La 
Sapienza", 00185-Roma, Italy. ^Bristol-Myers Squibb GMBH, D-80632-Munich, 
Germany, and -^Ist. Sup. SanitA, 00161-Roma, Italy.

Dystrophin (Dys), the protein product of the Duchenne muscular dystrophy locus, is 
also expressed in non-muscle cells. We previously studied the localization of Dys 
together with spectrin in mouse superior cervical ganglion (SCG). Dys and spectrin 
immunoreactivity (ir) was detected in ganglionic neurons, satellite and Schwann cells, 
associated with cytoplasmic organelles and with postsynaptic densities (PSDs) and 
adherens junctions (AJs). To gain an insight into the possible role played by Dys and 
its isoforms in nerve cells, especially at the PSDs, we performed postganglionic nerve 
crush of mouse SCG. This experimental condition is known to induce chromatolysis 
of the axotomized ganglionic neurons, detachment of the preganglionic boutons and 
disappearance of PSDs. Between 7 and 15 h after nerve injury, chromatolytic neurons 
show a decrease in Dys-ir. Dys-ir is absent at the remaining PSDs and AJs. No 
evident changes in the intensity and distribution of spectrin-ir are observed. Three and 
6 d after nerve crush, when postganglionic axons have already begun to regenerate, a 
progressive increase in Dys-ir is observed associated with the rough endoplasmic 
reticulum and the Golgi apparatus. On the contrary, the reestablished synaptic and 
adherens junctions are still Dys-immunonegative. In the time frame examined satellite 
and Schwann cells are always Dys-immunopositive. The disappearance of Dys-ir at 
PSDs might be one of the first signs of their disorganization. This suggests that Dys 
and its isoforms may be involved in the maintenance of structural and functional 
organization of PSDs, by connecting the extracellular matrix to the inner cytoskeleton 
and possibly anchoring acetylcholine receptors (AChRs) and/or ion channels. A 
comparative study of the distribution of Dys-ir and both AChRs and 3-dystroglycan 
-the protein which links Dys with the extracellular matrix- is in progress. Supported 
by Telethon #85 and Istituto Pasteur-Fondazione Cenci Bolognetti .

BLOOD-BRAIN BARRIER III

886.1
PLASMA PHARMACOKINETICS AND NERVOUS SYSTEM BIO-
DISTRIBUTION OF PUTRESCINE-MODIFIED CATALASE. M. M. 
Reinholz*, J. J. Haggard, G. L. Curran, and J. F. Poduslo. Molecular 
Neurobiology Laboratory, Mayo Clinic and Foundation, Rochester, MN 55905

Free radical-mediated oxidative damage has been proposed as an underlying 
mechanism in several neurodegenerative disorders, including amyotrophic lateral 
sclerosis (ALS). Because catalase is an antioxidant enzyme, the increased 
permeability and efficient delivery of putrescine-modified catalase (PUT-CAT) to 
affected populations of neurons and glia may allow for practical therapeutic 
treatment of a variety of neurodegenerative diseases, including ALS. The goal of this 
study was to examine, in perfused rats, the plasma stability and nervous system 
biodistribution of ,25I-PUT-CAT that has increased permeability at the BBB and 
BNB after parenteral administration. TCA precipitation and chromatographic 
analyses revealed 73 ± 16% and 81 ± 6% intact protein in the plasma, respectively, 
15 min after an i.v. bolus injection. TCA precipitation analysis of the biodistribution 
of PUT-CAT showed 40-70% intact protein in different brain regions and spinal 
cord and chromatographic analysis revealed 72% intact protein in the spinal cord 15 
min after i.v. bolus administration. TCA precipitation and chromatographic analyses 
further demonstrated 31% and 40% intact protein in the plasma, respectively, 15 
min after a single i.p. injection. TCA precipitation analysis of the biodistribution of 
PUT-CAT 60 min after i.p. injection showed 37-52% intact protein in different brain 
regions and spinal cord. Chromatographic analysis of the biodistribution of PUT- 
CAT in the spinal cord revealed 57% intact protein, which represented 14.3 ng of 
intact PUT-CAT. All values were corrected for an in vitro processing control 
determined separately. These results provide evidence that intact PUT-CAT is 
delivered to the nervous system following i.v. or i.p. administration and suggest that 
PUT-CAT may be effective in treating neurodegenerative disorders in which the 
underlying mechanisms involve the action of free radicals and oxidative damage. 
(Supported by RO1-NS35074 and the Mayo Foundation)

886.2
PUTRESCINE-MODIFIED CATALASE WITH PRESERVED ENZYMATIC 
ACTIVITY EXHIBITS INCREASED PERMEABILITY AT THE BLOOD- 
NERVE AND BLOOD-BRAIN BARRIERS. Thomas M. Wengenack*, 
Gcoffry L. Curran, and Joseph F. Poduslo. Molecular Neurobiology Laboratory, 
Mayo Clinic and Foundation, Rochester, MN 55905.

Much evidence exists in support of the hypothesis that free radicals contribute 
to the pathogenesis of several neurodegenerative disorders and that mechanisms of 
free radical generation occur both intracellularly and extracellularly. Previous 
studies in this laboratory have shown that covalent modification of growth factors 
and antioxidant enzymes with the naturally-occurring polyamine, putrescine 
(PUT), increases their permeability at the blood-brain and blood-nerve barriers 
(BBB and BNB), but does not significantly inhibit bioactivity. Furthermore, 
putrescine-modified superoxide dismutase (SOD) was shown to reduce 
neurodegeneration in a rat model of global cerebral ischemia. The purpose of the 
present study was to modify the antioxidant enzyme, catalase (CAT), with PUT at 
carboxylic acid groups whose ionization, and hence reactivity, was controlled with 
pH and investigate the effects on permeability and enzymatic activity. Modification 
of CAT with PUT increased its permeability two to three-fold and preserved 67% 
of its enzymatic activity compared to native CAT and 137% compared to 
lyophilized CAT. The results of this study indicate that modification of CAT with 
putrescine increases its permeability while preserving enzymatic activity. PUT- 
SOD administered in combination with PUT-CAT, may eliminate both the 
superoxide radical as well as the H2O2 produced from the dismutation of 
superoxide, respectively, and thus prevent the formation of hydroxyl radicals. This 
combination may exhibit increased neuroprotective effects, compared to native 
enzymes, following systemic administration for the treatment of free radical 
associated neurodegenerative disorders. (Supported by NIH grant R01-NS35074 
and Mayo Foundation.)
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886.3
IMMUNOCYTOCHEMICAL EVIDENCE FOR BLOOD-BRAIN BARRIER 
DISRUPTION AND COMPLEMENT ACTIVATION IN THE BRAIN FOLLOWING 
RAPID CORRECTION OF HYPONATREMIA IN RATS. J.G. Verbalis*, E.A. 
Baker, Y, Tian, and S. Adler. Departments of Medicine, Georgetown University, 
Washington, DC 20007 and University of Pittsburgh, Pittsburgh, PA 15260.

Rapid correction of chronic hyponatremia can produce myelinolysis in humans. 
In previous studies from our laboratories we developed a rat model in which 
demyelination is reproducibly produced following rapid correction of chronic 
hyponatremia. Using NMR imaging techniques, we demonstrated that chronic 
hyponatremia lowers the osmotic threshold for blood-brain barrier (BBB) 
disruption and that the development of demyelination in this model is strongly 
associated with NMR indices of BBB disruption. Because complement is known 
to be toxic to oligodendrocytes in culture, we have postulated that an influx of 
complement into the brain follows BBB disruption precipitated by correction of 
hypoosmolality and contributes to the demyelination that occurs under these 
conditions. To further test this hypothesis, we subjected perfused brains from 3 
groups of rats to immunocytochemical analysis using a primary antibody to the 
C3d split-fragment of activated complement (DAKO, 1:10K): 1) normal rats (N, 
p[Na+j = 140±3 mmol/L, n=4), 2) rats in which chronic hyponatremia was 
induced and maintained for 7 d (H, p[Na+] = 103±1 mmol/L, n=4), and 3) 
chronically hyponatremic rats in which the plasma [Na+] was rapidly corrected 
with hypertonic saline administration 20-24 h prior to perfusion (RC, p[Na+] 
increased from 104±1 to 134±2 mmol/L, n=14). A marked increase in C3d 
staining was observed in the brains of 13/14 of the RC rats, which was positively 
correlated (r=0.74, P<0.0Q1) with a neurological score based on observed 
deficits noted at the time of perfusion. In contrast, in the N and H rats only 
background staining was seen in areas lacking a BBB (e.g., circumventricular 
organs, median eminence) and in blood vessel walls. These results provide 
additional evidence for functionally significant BBB disruption following rapid 
correction of hyponatremia, and support the hypothesis that activation of 
complement is involved in the pathogenesis of the demyelination observed in 
this, and possibly other, disorders (supported by NS26610 and DK38094).

886.4
CYCLOSPORIN A AND RAPAMYCIN INHIBIT CYTOKINE-INDUCED 
NEUTROPHIL ADHESION TO HUMAN BRAIN ENDOTHELIAL CELLS 
D.Stanimirovie, A. Shapiro. R, Monette, K, Chaundy*. P, Morley and J. Durkin,
IBS, National Research Council, Ottawa. Canada KlA 0R6
Immunophilins are a family of proteins which bind to and mediate the effects of the 
immunosuppressants cyclosporin A (CsA), FK506 and rapamycin. Immuno-
suppressive actions of the CsA/cyclophilin A complex are at least in part mediated by 
its ability to inhibit the Ca" -dependent serine-threonine phosphatase, calcineurin. 
Conversely, the rapamycin-FKBP complex has been shown to inhibit various cell 
cycle kinases and has no effect on calcineurin activity. We examined the effects of 
CsA, rapamycin. and the selective calcineurin inhibitor, cypermethrine. on cytokine- 
induced adhesion of neutrophils to cultured human brain microvascular endothelial 
cells (HBEC). Both CsA (10-100 pM) and rapamycin (0.01-2 pM), but not 
cypermethrine (10-50 pM), inhibited ICAM-I up-regulation (determined bv 
immunocytochemistry and ELISA) induced by a 24 hour treatment of HBEC with 
100 u/ml TNFa or 200 u/ml IL-lp. The same concentrations of CsA and rapamycin 
also significantly reduced TNFa-stimulated adhesion of freshly isolated, 
fluorescently labeled human neutrophils to HBEC monolayers. The results suggest 
that CsA suppresses cytokine-induced neutrophil/HBEC interactions by a mechanism 
independent of calcineurin inhibition. Alternatively, these effects may be mediated 
by the known ability of CsA to inhibit cytokine-induced endothelial production of 
prostaglandins. In agreement with this observation was the finding that both 
cytokine- and ischemia-induced ICAM-1 expression and neutrophil/HBEC adhesion 
were reduced by the cyclooxygenase inhibitors, indomethacin and dexamethasonc. 
This ability of CsA and rapamycin to interfere with HBEC/neutrophii adhesion and 
the resultant recruitment of inflammatory cells to the sites of brain injury', likely 
plays an important role in the established efficacy of these drugs in animal models of 
neuroinflammation and stroke.
Supported by a grant-from the Heart and Stroke Foundation of Ontario

886.5
ET-1 AND ET-3 EFFECTS ON K+ AND Ca++ UPTAKE IN HUMAN AND RAT 
BRAIN CAPILLARY ENDOTHELIUM. M. Spatz*, N. Kawai and R. M. 
McCarron. Stroke Branch, NINDS, N.I.H., Bethesda, MD 20892-4128

Vasoactive peptides known to modify specific ion transport systems which 
are localized in the capillary endothelium (EC) are responsible for regulating 
water-electrolyte homeostasis in the brain. Using cultured endothelium de-
rived from Capillaries of human (HBEC) and rat brain (RBEC), this study ex-
amines the effect of ET-1 and ET-3 on K+ efflux and uptake as well as Ca++ 
uptake. K+ uptake and efflux into EC was assessed using 86Rb (2.5 pCi/ml) 
measured after 10 min incubation in HEPES-buffered medium 199 at room 
temperature. Na+K+ATPase and Na+K+Cf cotransport activities were deter-
mined by inhibition of K+ uptake in presence of ouabain and bumetanide, 
respectively. 45Ca++ (1 pCi/well) uptake was determined after 4 min at room 
temperature in presence or absence of Ca++chelator [BAPTA/AM (2.5 
mM/30 min)]. ET-1 and ET-3 dose-dependently stimulated K+uptake in rats 
(EC50 =0.68 ± 0.01 and 26.8 ± 3.8, respectively). However, only ET-1 was 
effective in humans (EC50= 0.66 ± 0.05 nM). In both cell types, K+ efflux 
(30 sec) occurred prior to that of K+ uptake (90 sec). In HBEC (as compared 
to RBEC), a greater proportion of the basal and ET-1-stimulated K+uptake 
was sensitive to ouabain. ET-1 and ET-3 dose-dependently stimulated Ca++ 
uptake in rats (EC50 =0.93 ± 0.26 nM and 127.8 ± 27.3 nM, respectively); 
only ET-1 (EC50 = 1.5 ± 0.4 nM) stimulated Ca++ uptake in humans. BQ123 
(ETA-receptor antagonist) but not BQ788 (ETb receptor antagonist) inhib-
ited K+efflux, K+uptake and Ca++uptake stimulated by both ET-1 and ET-3. 
Experiments indicate that phospholipase, receptor-operated Ca++channels 
and Ca++-activated K+channels similarly participate in the responses of 
RBEC and HBEC. However, the effects of ET-1 on protein kinase C were 
different in the two cell types. ET-1 stimulated K+ and Ca++ uptake through 
activation of ETA-receptor and PLC mediated by intracellular Ca++ and PKC 
in both HBEC and RBEC. ET-3 also elicited similar responses in RBEC, but 
not HBEC. These data, along with the divergent responses of PKC 
observed in HBEC and RBEC suggests the involvement of different 
mechanisms and/or signaling systems in these cells.

886.6
NEURONAL NITRIC OXIDE SYNTHASE IS EXPRESSED IN BRAIN BLOOD 
VESSELS. B, Seidel, A. Stanarius, P. Danos* and G. Wolf. Institute for Medical 
Neurobiology; Otto-von-Guericke University of Magdeburg, Leipziger Strasse 44, D- 
39120 Magdeburg, Germany.

Nitric oxide (NO) is a biologically active molecule exerting multiple functions in 
neurotransmission and neurodegeneration as well as in the regulation of blood pres-
sure. NO is synthesized by a family of enzymes known as nitric oxide synthases 
(NOS) which consists of at least three members: neuronal NOS (nNOS), endothelial 
NOS (eNOS) and inducible NOS (iNOS). nNOS is the most abundant isoform in the 
brain where it is expressed in a subset of neurons belonging to different anatomical 
and functional regions. There are only a few hints that it also localizes to non-
neuronal structures like glial and endothelial cells. Here we show7 by means of a 
sensitive in-situ hybridization method that nNOS is also expressed in pial rat brain 
vessels where it appears to be localized in the endothelial cell layer. However, brain 
capillaries were not stained by the nNOS probe. In Northern blotting, it could be 
shown that this finding is not due to a cross-hybridization of the nNOS cRNA to 
eNOS transcripts since the mRNA sizes of nNOS and eNOS are different (10.5 vs. 
4.4 kb).

The fact that nNOS is expressed in endothelia of blood vessels was proved by RT- 
PCR with nNOS-specific primers. In RNA extracted from human umbilical vein 
endothelial cells as well as from endothelial cells scraped from the rat aorta, a nNOS- 
specific PCR product of the expected size could be detected. Electron microscopical 
immunhistochemistry to detect nNOS in blood vessels revealed some but rather few 
antigen in endothelial cells which might be explained with the greater sensitivity of 
riboprobe-in situ hybridization and PCR. Hence, there are at least two constitutive 
NOS isoforms colocalized in some rat brain vessels (eNOS and nNOS). Therefore one 
could suppose that different regulatory processes involving a different set of 
regulatory molecules (hormones, shear-stress responsive elements) possibly govern 
the induction of the appropriate isoform resulting in an elevated NO level in either 
case.

886.7
CYCLIC GMP SPECIFIC PHOSPHODIESTERASE INHIBITION AND 
INTRACAROTID BRADYKININ INFUSION ENHANCES MOLECULAR 
TRANSPORT INTO BRAIN TUMORS . M.Sugita, K.L.Black, S.M.Lee*. 
Div. of Neurosurgery, Univ.of Calfomia LosAngeles, CA 90095

Intracarotid infusion of bradykinin selectively increases molecular 
transport of compounds into brain tumors. This study sought to determine 
the role of cyclic GMP in increased molecular transport across the blood- 
tumor barrier (BTB) after infusion of bradykinin. In permeability studies, 
Wistar rats with RG2 gliomas and C6 gliomas were utilized. Transport 
across the BTB was quantified by autoradiography and reported as a 
unidirectional transport, Ki, for [l4C]-dextran (A/W. 70000D) and [14C]- 
Aminoisobutyric acid (AHT. 103D) with or without inhibition of cyclic 
GMP specific phosphodiesterase or soluble guanylate cyclase. We also 
determined cyclic GMP levels in tumors and normal brain with or without 
intracarotid bradykinin infusion using radioimmunoassay. Intracarotid 
infusion of bradykinin selectively increased permeability in RG2 tumors 
and C6 tumors for both tracers. Simultaneous infusion of bradykinin and 
a cyclic GMP specific phosphodiesterase inhibitor, zaprinast (20mg/kg), 
resulted in significantly more molecular transport across the BTB 
compared to intracarotid bradykinin infusion alone. Zaprinast also 
significantly prolonged the permeability effects of bradykinin.
Pretreatment using intravenous infusion of the soluble guanylate cyclase 
inhibitor, LY-83583 (125pg/kg), significantly attenuated the bradykinin 
effect of opening the BTB. Cyclic GMP levels in RG2 and C6 tumors were 
significantly increased after intracarotid bradykinin infusion, 2.8-fold and
2.2-fold respectively. Cyclic GMP levels in normal brain was not increased 
by bradykinin infusion. These results show that increasing cyclic GMP in 
tumor microvcssels can increase molecular transport in response to 
bradykinin.

NIH Grants 1PO1NS25554 and 1RO1NS32103

886.8
Corticostero id regulation  of  blood -brain  barrier  permeability . P.J. 
Gaillard1, A.G. de Boer1, E.R. de Kloet,1 M. Joels2*, D.D. Breimer1.
Leiden/Amsterdam Center for Drug Research1, P.O. Box 9503, 2300 RA Leiden 
and Institute for Neurobiology2, kruislaan 320, 1098 SM Amsterdam, The 
Netherlands.
Endotoxin (lipopolysaccharide, LPS) was used to test blood-brain barrier (BBB) 
permeability in vitro, as a model for studying drug transport routes under disease 
conditions. A cell culture model of (bovine) brain capillary' endothelial cells, grown 
to confluent monolayers on permeable filter inserts and co-cultured with newborn 
rat astrocytes on the bottom of the filter was used. The permeability of the in vitro 
BBB was quantified by the trans-endothelial electrical resistance (TEER). Luminal 
exposure to LPS resulted in a transient, dose- and time-dependent decrease in the 
TEER. At LPS concentrations of 40 ng/ml or more, the monolayer was unable to 
recover from this cytotoxic insult. However, if co-cultured with astrocytes, the 
monolayers were able to recover at all concentrations of LPS (up to a range of 500 
ng/ml), indicating that, in vitro, astrocytes protect against the LPS-induced BBB 
breakdown. The LPS effects are modulated by a pre-incubation with corticosterone, 
but only after inhibition of the corticosterone-converting enzyme 11 
P-hydroxysteroid dehydrogenase (11 P-OHSD) with glycyrrhetinic acid. High 
corticosterone concentrations attenuate the LPS-induced BBB permeability increase, 
whereas low corticosterone concentrations impair the recovery after the LPS insult. 
The LPS-induced BBB permeability increase was not mediated through the 
following non-steroidal mediated pathways of; i.e., nitric oxide synthase, 
cyclooxygenase, lipoxygenase, platelet activating factor, ROS formation or 
glutamate receptor stimulation. In conclusion, we have shown that the LPS-induced 
BBB permeability increase is subjected to a concentration-dependent dual regulation 
by corticosterone, while 11 p-OHSD seems relevant in limitation of overexposure 
to high circulating corticosterone levels.
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886.9
MATRIX METALLOPROTEINASE mRNA EXPRESSION AND 
PROTEIN DISTRIBUTION IN THE LPS-INJECTED BRAIN.
S. Mun-Bryce* M. Lukes-Marx, A. Lukes, J. Wallace, K. M. Miller, G.
M. Wells, A. J. Gearing, G. A. Rosenbers. Dept. of Neurology and 
Anatomy, Univ. of New Mexico School of Medicine, Albuquerque, NM 
87131, British Biotechnology, Oxford, UK.

Induction of inflammatory cytokines and matrix 
metalloproteinases (MMPs) has been associated with several 
neuroinflammatory-related diseases. An intracerebral injection of 
lipopolysaccharide (LPS) causes a significant rise in gelatinase B (MMP- 
9) production, and increases blood-brain barrier (B3) permeability to 
small and large molecules. We studied the distribution of MMPs at 8 hrs 
after LPS injection into the caudate, using immunohistochemistry (IHC). 
In addition to the presence of MMP-9 protein, we found positive 
staining for matrilysin (MMP-7) and stromelysin (MMP-3) at the LPS- 
injection site. Each of these MMPs showed intense peroxidase staining 
around blood vessels near the lesion site but not in the uninjected 
hemisphere. Low levels of constitutively expressed gelatinase A (MMP- 
2) and MMP-7 proteins were apparent in normal brain tissue. RT-PCR 
of MMP-2, -3, -7, -9 and -13 mRNA was detected at 6 hrs, and showed 
increased levels at 24 hrs. Upregulation of MMP transcripts and protein 
in response to LPS stimulation suggests that several MMPs are involved 
in altered B3 permeability during neuroinflammation. Supported by 5S06 
GM08139-21 and NS 21164.

886.10
DENSITY OF ANIONIC SITES OF DURAL VESSEL ENDOTHELIAL CELLS: 
DOES IT ALTER IN NEUROGENIC INFLAMMATION? M, N, Ghabriel1. M,
X. Lu1, C, Leigh1. G. Allt2and M, Nordstrom3 *. Departments of 
Anatomy1 and Physiology3, University of Adelaide, South Australia, 
and Institute of Neurological Studies, University College London, UK2.

Dural blood vessels are a common source of headache and they 
participate in neurogenic inflammation (Nl) with increased 
permeability. Endothelial cell (EC) anionic sites are among
determinants of vascular permeability. It was of interest therefore 
to assess the density of dural EC anionic sites in Nl. Nl was induced i n 
6 Sprague-Dawley rats by i.v. injection of substance P (SP, 5 pg or 
10 pg/kg b wt) for 10 or 20 min. Three control animals were 
injected with saline. Cranial dura was removed after perfusion 
fixation with an EM fixative under anaesthesia, cut into 0.5-1 mm 
strips and labelled with cationic colloidal gold (CCG) either before 
embedding in epoxy resin or as ultrathin sections after embedding in 
LRW. The number of COG particles (P), labelling luminal B0 
membranes in the pre- and post-embedding methods and abluminal 
membranes including the basal lamina (BL) in the post-embedding 
method, was quantified in experimental and control animals. The mean 
densities of CCGP/pm were compared using the Student’s t test. No 
significant differences were found in labelling densities of luminal 
membranes, using pre- and post-embedding methods, nor of 
abluminal membranes/BL using post-embedding method. The results 
suggest that determinants other than anionic sites are operating in 
dural vessels neurogenic inflammation.

886.11
BLOOD-BRAIN BARRIER PENETRATION OF 2’,3’-DIDEHYDRO-3’- 
DEOXYTHYMIDINE (D4T) VERSUS 3’-AZIDO, 3’-DEOXYTHYMIDINE 
(AZT). S. A. Thomas, J. Szmvdynger-Chodobska* and M. B. Segal, Division of 
Physiology, UMDS St. Thomas’ Hospital, Lambeth Palace Road, London SE1 7EH, 
UK.

One of the most destructive aspects of AIDS is an encephalopapthy (AIDS 
dementia complex) associated with infection of the brain by the causative pathogen 
HIV-1. The passage across the blood-brain barrier (BBB) to gain entrance into the 
brain is therefore an important consideration in the evaluation of anti-AIDS drugs. 
Both 2’,3’-didehydro-3’-deoxythymidine (D4T) and 3’-azido, 3’deoxythymidine 
(AZT) are thymidine analogs which have been shown to have clinical efficacy in 
patients with HIV infection. The aim of this present study was to compare the brain 
uptake of [3H]D4T, [3H]AZT, [3H]thymidine and D-[,4C]mannitol (a non-penetrating 
marker) using an in situ brain perfusion technique in anaesthetised guinea-pigs 
(Thomas & Segal, 1996: Brain Res. 741. 230-239). The uptake into the brain of the 
radiolabelled solute was measured after a 20 minute intra-carotid artery perfusion and 
expressed as a percentage of that found in the perfusion medium (RBrain %)• Student’s 
t-test was used to compare [3H]D4T uptake against the other test solutes. The

Test Solute (n) Partition Coefficient RBrain ± SEM % P
[3H]D4T (6)
[3H]AZT (6) 
[3H]thymidine (7) 
D-[14Cjmannitol (4)

0.167±0.003
1.020±0.023
0.057±0.002
0.002±0.000

1.10±0.92
3.49±0.63
6.44±0.60
0.75±0.01

<0.005
<0.001
<0.05

The results indicated that [3H]D4T had a significantly lower uptake into the brain 
when compared to either [3H]AZT or its parent compound, [3H]thymidine. This may 
reflect differences observed in lipophilicity and/or the ability to use the nucleoside 
transporter present at the BBB.
This work was supported by GlaxoWellcome, UK.

886.12
DIFFERENCES IN INTRACEREBRAL VS PERIPHERAL BRADYKININ-INDUCED 
PLASMA EXTRAVASATION IN RAT. K. Walker*. D, Anthony and V. H. Perry. 
Pharmacology, Oxford University, Mansfield Rd., Oxford OXI 3QT, U.K.

Bradykinin (BK) is a potent activator of peripheral vascular endothelium where it 
rapidly induces plasma extravatation (PE). Although intra-cerebral (i.e.) endothelium 
also expresses BK binding sites, our understanding of the effects of BK on blood-brain 
barrier permeability remain incomplete. Previous studies have concentrated on the 
effects of BK on the blood-CSF barrier. Our study compared the acute effects of local 
BK injections on the PE of blood-borne tracers in rat dorsal skin vs. blood vessels 
within the brain parenchyma (striatum). Anaesthetised (Avertin) adult male Lewis rats 
received a single i.v. (vol. = 0.5 ml) injection of Evans Blue (EB: 50 mg/kg) followed 
immediately by either a subcutaneous (s.c.) or i.e. stereotaxic injection of bradykinin 
(concentration range: 0.001-10 nmol/pl; injection vol. = 1 pi) or saline. After 30 
min., the rats were anaesthetised and were then transcardically perfused with saline. 
S.C. injections of BK induced significant (n = 4, P < 0.05) increases in EB 
concentration in dorsal skin at all doses of BK. However, EB could not be detected in 
rat striatum (n=3/group) following injection of up to 100 nmol BK. Replacing EB 
with a more sensitive tracer, horseradish peroxidase (HRP, 60 mg/kg, i.v.), led to 
some detectable HRP extravasation within the striatum following 100 nmol BK. HRP 
could not be detected in striatum up to 4 h after local injections of 1-10 nmol of BK. 
Although BK did not induce PE from i.e. blood vessels, ICAM expression was 
upregulated on blood vessels in the ipsilateral striatum within 30 min. of a 10 nmol, 
but not 1 nmol, BK injection. Microglia in the ipsilateral striatum also displayed an 
activated phenotype, as indicated by up-regulation of complement receptor 3 (CR3) by 
30 min. following injection of 10 nmol BK. No increase in CR3 or ICAM was 
evident in animals treated with i.e. injections of sterile saline. These results suggest 
that although BK can rapidly activate i.e. endothelial cells, the specialised intracerebral 
endothelium is highly resistant to BK-induced PE as compared to the peripheral 
vasculature.

(Supported by a Wellcome Trust Fellowship No. 045972/Z/95/Z)

886.13
INTERACTION BETWEEN BRAIN ENDOTHELIAL CELLS AND ASTRO-
CYTES CONCERNING ANTIOXIDATIVE DEFENSE SYSTEM DURING HYP- 
OXI A/REOXYGENATION. M.L, Schroeter, K, Mertsch, M, Wienrich*1. I.E. Bla- 
sig. Inst. Mol. Pharmacol., 10315 Berlin; ’Boehringer, 55216 Ingelheim; Germany.

In vivo, astrocytes (AC) induce properties of the blood-brain barrier (BBB) in brain 
endothelial cells. However, the influence of AC on the antioxidative potential of the 
BBB is not known. In this study, a model of the BBB was used, consisting of immor-
talised rat brain endothelial cells (RBE4) and primary rat AC. RBE4 were cultivated 
on a filter. AC grew on the bottom of the same well. The antioxidative potential of 
the cells was determined by measurement of enzyme activities and content of antioxi-
dants involved in decomposition of reactive oxygen species: superoxide dismutase 
(SOD), catalase (Cat), glutathione peroxidase (GPx), and glutathione (GSH). In 
monoculture, AC expressed a higher antioxidative potential than RBE4 (MnSOD. 
2.7-fold; Cat, 1.5-fold; GPx, 4-fold; GSH, 1.4-fold). In co-culture, both cell types 
expressed significantly higher activities of antioxidatively acting enzymes (especially 
MnSOD increased in AC 5.2-fold, in RBE4 9-fold). As a model for alterations in 
BBB during ischemia/reperfusion, the influence of short-term hypoxia (2 h 95% N2/ 
5% CO2) followed by reoxygenation on the antioxidative defense system was investi-
gated. In monoculture (RBE4, AC), a decrease in the activity of CuZnSOD, Cat, GPx 
and in the content of GSH was observed during hypoxia/reoxygenation whereas 
activity of MnSOD was increased after hypoxia. Under these conditions, the defense 
system of AC was more resistant towards hypoxia/reoxygenation as compared to 
RBE4 (higher increase of MnSOD, lower decrease of other enzymes and GSH). In 
contrast, the antioxidative defense potential was not altered during hypoxia/ reoxy-
genation, when RBE4 and AC were co-cultivated. In conclusion, AC protect brain 
endothelial cells from oxidative stress due to their higher antioxidative potential. 
Moreover, co-cultures of brain endothelial cells with AC are more resistant to hyp-
oxia/reoxygenation probably by induction of defense enzymes. These results give 
further evidence that AC induce properties of BBB in brain endothelial cells. 
Supported by BMBF, BEO 021/0310015A/B.

886.14
LEAD POTENTIATES CYTOKINE-MEDIATED INCREASES IN ION 
PERMEABILITY OF THE BLOOD-BRAIN BARRIER. V.A. Dyatlov*,
D.A. Lawrence and D.O. Carpenter. Wadsworth Center, NYS Dept. of 
Health, and School of Public Health, Albany, NY 12201.

The ion permeability of the blood-brain barrier (BBB) was assessed 
by in situ measurement of transendothelial electrical resistance 
across arterioles in the temporoparietal cortex of anaesthetized mice 
between 10 and 40 days of age with a microelectrode technique. 
Electrical resistance increased with age, and was unaffected by 
chronic exposure to inorganic lead (Pb, 2.5 pg/g). Resistance was 
decreased after multiple subcutaneous injections of lipopoly-
saccharide (LPS, 100 ng/g) or interleukin-6 (IL-6, 5 ng/g). In animals 
exposed to both Pb and IL-6 or LPS there was a significantly greater 
increase in permeability as compared to that in IL-6- and LPS-treated 
mice, and this effect decreased with age. Intraarterial injections of 
glutamate had no effect, but topical application of glutamate (0.5 mM) 
on the cerebrum caused a reversible decrease in the resistance of 
control arterioles and an irreversible decrease in vessels from mice 
treated with lead. Injections of glutamate (0.5 mM) in the lumen of 
arteries in the parietal and temporoparietal brain areas of mice 
pretreated with lead, LPS and plus topical application of glutamate 
caused depolarization of neurons in the temporoparietal cortex, 
indicating that serum glutamate can excite neurons when the BBB is 
damaged. These results suggest that Pb potentiates a cascade of 
harmful actions on the BBB mediated by cytokines. Supported by 
ES04913.
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886.15
IMMORTALIZATION OF BOVINE BRAIN ENDOTHELIAL CELLS: A 
POSSIBLE USE OF THE IMMORTAL CELLS AS AN IN VITRO 
BLOOD-BRAIN BARRIER MODEL K, Sobue1, A. Ohashi2, H, Katsuva1.
K.Asai^. T, Kato2*. 1Dept. of Anesthesiol. and Resuscitol. and '^Dept. of 
Bioregl. Res., Nagoya City University Med. Sch., 2Dept. of 
Pharmaceutics, Fac. of Pharm. Sci., Nagoya City Univ., Mizuho-Ku, 
Nagoya 467, Japan.

The blood-brain barrier (B-BB) is known to restrict the free passage of 
hormones, drugs and other substances into the brain and to maintain the 
homeostasis of the central nervous system (CNS). To develop new 
techniques to deliver neuro-active drugs or neurotrophic factors for the 
therapy of the CNS disorders, it is essential to obtain an in vitro B-BB 
model providing the B-BB characteristics. We have attemped to establish 
such a model, using a coculture system of endothelial cells (bovine brain 
endothelial cells, BBECs; and bovine aortic endothelial cells, BAECs) 
with astrocytes. Consequently, it was suggested that our model retains 
the selective-flux of B-BB to a certain extent.

During the course of this in vitro B-BB research, the problem of how to 
prepare a large number of pure and viable endothelial cells arose. We 
therefore immortalized BBECs by transfection of the SV40 large T 
antigen, and finally isolated a clone, t-BBEC-117, which retains the 
phenotypes of the brain endothelial cells such as a spindle-shape 
morphology, a low-density lipoprotein receptor, multidrug resistance 
mRNA, glucose transporter (GLUT-1) mRNA expression and tight 
junction formation. This result prompted us -to propose the use of t-BBEC- 
117 for the improvement of drug delivery in the in vitro B-BB model . 
[Supported by the Grant-in-Aid for Scientific Research on General 
Research (B), the Ministry of Education, Science and Culture, Japan J

886.16
SCATTER FACTOR-BEARING GLIOMAS SHOW INCREASED BLOOD- 
BRAIN BARRIER PERMEABILITY TO HORSERADISH PEROXIDASE. A, 
A. Book*. K, E. Fielding, and J. Laterra. Johns Hopkins University School of 
Medicine and The Kennedy Krieger Institute, Baltimore, MD 21205.

Malignant gliomas are associated with a dysfunctional blood-brain barrier (BBB) 
that results in brain edema. Scatter factor (SF), also known as hepatocyte growth 
factor, is a plasminogen-related growth factor with several properties that suggest it 
may mediate BBB dysfunction of gliomas. We have previously shown that malignant 
human gliomas contain elevated SF levels and that SF gene transfer increases glioma 
angiogenesis. In this study, we compared the BBB permeability of rats bearing 
intracerebral gliomas derived from SF-negative 9L glioma cells (9L-neo) with those 
derived from 9L cells engineered to express SF (9L-SF). A total of 36 rats received 
105 9L-SF or 9L-neo cells in the caudate/ putamen. Post-operative survival times were 
selected to match tumor sizes and were as follows: 9L-neo: 8, 11, and 14 days; 9L-SF: 
7, 9, and 11 days (n = 6). At the appropriate times, animals received left ventricular 
injections of horseradish peroxidase (HRP) (100 mg/kg) and were decapitated 45 
seconds later. Brains were blocked coronally, fixed in 2.5% glutaraldehyde for 24 
hours, sectioned, and incubated with diaminobenzidine, which generates a brown 
reaction product in the presence of HRP. Sections were examined microscopically and 
HRP reaction product in regions 0.1 to 1.1 mm from tumor borders (and in 
contralateral hemispheres as background) was quantified by computer-assisted 
densitometry. At 0.1 and 0.3 mm from the tumor borders, optical density (OD) of 
HRP reaction product was increased nearly 3- and 4-fold, respectively, in SF-bearing 
tumors as compared to control tumors (p<0,05). The greater peritumoral permeability 
to HRP in SF-expressing tumors suggests that SF plays an important role in tumor 
BBB permeability and that this receptor-ligand system might be targeted in the 
treatment of tumor-associated brain edema. Supported by NIH NS32148.

886.17
IMPAIRED INDUCTION OF BLOOD-BRAIN BARRIER 
PROPERTIES IN AORTIC ENDOTHELIAL CELLS BY 
ASTROCYTES FROM GFAP DEFICIENT MICE. M. Peknv, K. 
A, Stanness#, C, Eliasson+, D. L. Silbergeld*, C. Betsholtz" and D.
Janigro* +Dept. of Medical Biochemistry, Univ. of Goteborg, Sweden; 
^Neurosurgery, Univ. of Washington, Seattle, WA 98104

We have used a recently developed tridimensional and dynamic in 
vitro model of the blood-brain barrier (BBB; Neurotoxicology, 17(2) 
481-496, 1996) to investigate the ability of astrocytes isolated from 
GFAP deficient mice to induce BBB properties in bovine aortic 
endothelial cells (BAEC). BAEC were seeded intraluminally in hollow 
fibers, co-cultured with extraluminally seeded GFAP deficient or control 
mouse astrocytes and exposed to intraluminal flow. Wild type mouse 
astrocytes induced blood-brain barrier properties in aortic endothelial 
cells following 3-4 weeks of co-culture. Thus, these endothelial cells 
restricted passage of Evans blue, potassium ions, 8-sulphophenyl- 
theophylline (8-SPT) and 14C-sucrose into the extracapillary space, and 
induced high transendothelial electrical resistance. GFAP deficient 
astrocytes failed to induce a significant restriction to the passage of 
potassium, sucrose and 8-SPT, and failed to induce high transendothelial 
electrical resistance while being capable of inducing exclusion of Evans 
blue by these endothelial cells. These results suggest that glial fibrillary 
acidic protein (and intermediate filaments) may play a role in the 
induction of BBB properties in non-blood-brain barrier endothelial cells. 
Supported by NIHLB 51614, NIEHS ES 07033, by the Swedish Medical 
Research Council, the Swedish Cancer Foundation.

886.18
DORSAL ROOT GANGLIA INDUCE BLOOD-NERVE BARRIER
CHARACTERISTICS IN ENDOTHELIAL CELLS OF NON-BARRIER ORIGIN 
IN VITRO
Nadya Homam and Charles H. Keith*. Dept. of Cellular Biology, University of 
Georgia, Athens, GA 30602.

To examine whether Schwann cells (SC) induce blood-nerve barrier (BNB) 
characteristics in endothelial cells (EC), human umbilical vein endothelial cells 
(HUVEC) were co-cultured with dorsal root ganglia (DRG) explants dissected from 
E16-E20 rats. After 3 days in co-culture, the HUVEC were confluent and were 
assayed for actin distribution by staining with rhodamine-phalloidin (Molecular 
Probes) and for down-regulated fluid-phase pinocytosis (FTP) of rhodamine- 
dextran (Molecular Probes; 70,000 MW; 10 mg/mL). These two parameters have 
been previously associated with blood-brain barrier induction.

Comparison of actin-labeled co-cultured HUVEC and controls showed an actin 
cytoskeletal reorganization from diffuse stress fibers throughout the cytoplasm to a 
localization at the periphery of the endothelial cell. In addition, the HUVEC 
appeared spindle-shaped rather than having a typical cobblestone morphology. 
Comparison with controls in the rhodamine-dextran assay for FFP showed a 
considerable decrease in the number of pinocytotic vesicles in co-cultured 
HUVEC. Both experiments suggest that these endothelial cells are being induced to 
undergo changes that contribute to barrier formation. It has been previously shown 
that astrocytes induce blood-brain barrier characteristics in vitro. These above 
experiments further indicate that comparable cells in the DRG (Schwann 
cells/SC) may induce a blood-nerve barrier. The use of DRG rather than isolated SC 
was pursued in order to account for the complex interactions seen among the cell 
types present. Tracer flux, transendothelial resistance, and tight junction formation 
are now being assayed as further indicators of barrier induction.

886.19
AFFINITY OF COMPETITIVE N-METHYL-D-ASPARTATE 
(NMDA) RECEPTOR ANTAGONISTS FOR THE NEUTRAL AMINO 
ACID TRANSPORTER OF THE BLOOD-BRAIN BARRIER. J. Oki.
C.F. Bigge1, B, Stewart1, hL-Surendran1, and Q.R. Smith.*. Lab. of 
Neurosciences, National Institute on Aging, NIH, Bethesda MD 20892 
and 1 Parke-Davis Pharmaceutical Res., Ann Arbor, Ml 48105.

Most competitive N-methyl-D-aspartate receptor antagonists 
show minimal uptake into brain, which limits their efficacy in the 
treatment of brain diseases (e.g., stroke, ischemia). This has 
stimulated development of new agents with improved brain 
bioavailability. Recently, Li et al. (J. Med, Chem. 38: 1 955-1 965, 
1995) reported on a series of phenylalanine methylphosphonate 
derivatives that are potent NMDA receptor antagonists and also 
exhibit affinity for the neutral amino acid transporter {L System) of 
Chinese hamster ovary cells. To determine if the same compounds 
exhibit affinity for the L System transporter of the blood-brain 
barrier, the ability of the compounds to block saturable L - 
[14C]leucine uptake into brain was determined using the in situ rat 
brain perfusion technique. Of the series, the m-2-naphthyl (PD 
159913), m-1-naphthyl (PD 158473) and m-phenyl (PD
155098) phenylalanine methylphosphonate derivatives exhibited 
greatest L System transport inhibition activity with 50% inhibition 
constants (Kj values) of 38 ± 5, 57 ± 4, and 174 ± 21 pM, 
respectively. Transport inhibition constants were comparable to 
norma! amino acid substrates, suggesting significant affinity for the 
transporter. The results demonstrate that competitive NMDA 
antagonists can be developed with affinity for the cerebrovascular L 
System transporter, even for compounds with charged side chains.
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887.1
BLOCKING OF TONIC INHIBITION INDUCES SIMULTANEOUS CHANGES 
OF EVOKED AND SPONTANEOUS EXCITATORY RESPONNSES AT THE 
CRAYFISH SYNAPSES. B.Alkahe and Y.Grossman* Department of Physiology, 
Faculty of Health Sciences, Zlotowsky Center for Neuroscience, Ben Gurion 
University of the Negev, Beer Sheva 84105, Israel.

According to the quanta! release theory, the independent spontaneous release is 
believed to be related to the evoked responses. Recent study from this laboratory 
demonstrated that prolonged reduction of GABA levels causes hyperexcitability of 
glutamatergic excitatory terminals. We studied the effect of blocking tonic GABAb  
mediated inhibition on various characteristics of evoked (EPSCs) and spontaneous 
(mEPSCs) release in ten crayfish neuromuscular synapses, using macropatch clamp 
technique. EPSCs and mEPSCs were recorded simultaneously before and after bath 
application of CGP-35348 (400-600 M), a known GABAb receptor blocker. 
Maximal amplitude, slope, rise time and half decay time (t1/2) were measured for 
each event. mEPSCs were mostly uniquantal with parameters quite similar to those 
of EPSCs. However, multiquantal mEPSCs were less synchronized then EPSCs with 
similar amplitude. Furthermore, control mEPSCs frequency was very low: 0.025Hz 
(mean). Application (10-20 min) of CGP-35348 dramatically increased mEPSCs 
frequency to 1.4Hz (n = 8). This was always associated with a 13% decrease of a 
single EPSCs, concomitantly with a greater reduction of 46% (mean) in potentiation 
of a five stimuli train (100 Hz.). In two synapses, in which no change of mEPSCs 
frequency occurred, the evoked response was potentiated by 25% rather than 
decreased. These results suggest a common pathway of evoked and spontaneous 
release. This pathway may become partly saturated with increased spontaneous 
release, as a result of a prolonged blocking of a certain GABAb mediated inhibitory 
mechanism.

887.2
FM1-43 AS AN INDICATOR FOR MINIATURE SYNAPTIC 
ACTIVITY AT SINGLE SYNAPSES OF CORTICAL NEURONS.
O. Prange* & T.H. Murphy, Kinsmen Laboratory, University of British 
Columbia, Vancouver B.C., V6T 1Z3, Canada.

The fluorescent dye FM1-43 (Betz and Bewick ‘92) was used to measure ac-
tivity dependent vesicle turnover at single synapses of cultured cortical neu-
rons. We have optimized the conditions for FM1-43 imaging to study exo- and 
endocytosis associated with spontaneous miniature synaptic activity. For ex-
periments on miniature exocytosis, terminals were pre-loaded with FM1-43 
using field stimulation and then extensively washed in a low Ca++/high Mg++ 
medium. After baseline acquisition, miniature release was stimulated by high 
Ca++ medium and destaining of single terminals was monitored using confocal 
microscopy (data collection every 20 sec, for 600 sec.). Data analysis was re-
stricted to sites that did not show lateral movement. We find that a subpopu-
lation of boutons (<1Q%) destain in response to high Ca++/TTX containing me-
dium at a rate of 0.14%/sec. (> 4X the rate observed in low Ca++ medium). 
From analysis of action potential dependent release, we calculated that a single 
quantum would reduce FM1-43 fluorescence by 0.46% (assuming reliable con-
duction and p=0.5). Therefore, maximal miniature release rates were esti-
mated to be 0.3 quanta/sec. by FM1-43 destaining. This estimate agrees with 
our direct measurements of postsynaptic miniature rates (0.2 quanta/sec.) using 
Ca++-imaging at highly active synapses. Consistent with these results, we ob-
served endocytosis of FM1-43 into a subset of boutons (<10%) associated with 
miniature synaptic activity. We plan the use of FM1-43 turnover to directly 
compare evoked and spontaneous release at single boutons. Supported by 
MRC Canada, the EJLB Foundation, and the Heinrich-Hertz-Stiftung.

887.3
EVIDENCE FOR MULTIVESICLE TRANSMITTER RELEASE 
FROM SINGLE CORTICAL NEURON TERMINALS.
T.H. Murphy*, Kinsmen Laboratory, University of British Columbia, 
Vancouver, B.C. V6T 1Z3 Canada.

Evidence has been presented that single presynaptic terminals of 
CNS neurons release at most 1 vesicle in response to a single action 
potential (Stevens and Wang 94’). To address this proposal confocal 
imaging of activity-dependent turnover of the styryl dye FM1-43 (Betz 
and Bewick 92’) was used. Primary cultures of cortical neurons were 
stimulated using extracellular field electrodes. It was assumed that if a 
high proportion of vesicles (within a terminal) were loaded with FM1-43, 
the amount of dye released per stimulus would be proportional to the 
number of quanta released and/or the probability of release at a terminal. 
To rule out differences in the amount of release due to release probability 
or incomplete loading of terminals conditions were chosen to maximize 
both release probability and terminal loading. 3-D reconstruction of 
terminals was employed to ensure that bouton fluorescence was 
accurately measured. Analysis of the relationship between the loading of 
terminals and release indicated that presumed larger terminals (> FM1-43 
uptake) release a greater amount of dye per stimulus than smaller 
terminals (slope ~0.3), suggesting multi-quantal release. The distribution 
of release amounts across terminals (n=98) was skewed and could be fit 
with 2 or 3 peaks, suggesting the release of multiple vesicles per action 
potential. Supported by the EJLB foundation and MRC Canada.

887.4
NON-MITOCHONDRIAL SEQUESTRATION OF [Ca2+J -RISE INDUCED BY 
K+-DEPOLARIZATION IN SYNAPTOSOMES. Vera Adam-Vizi,* C. 
Chinopoulos, L. Tretter. Department of Medical Biochemistry, Semmelweis 
University of Medicine, Budapest, Hungary

FCCP (carbonyl cyanide p-trifiuoromethoxy phenylhydrazone) was used to 
collapse the proton-gradient across the mitochondrial membrane and abolish 
the mitochondrial Ca2+ accumulation in synaptosomes. FCCP (0.1-1pM) 
increased the resting [Ca2+]j in the presence of external Ca2+. This was partly 
dependent on the presence of Na+ in the medium and could be ascribed to 
Ca2+ entry via Na+-Ca2+ exchange of the plasma membrane. FCCP elicited a 
rise of the intracellular Na+ concentration parallel to a decrease of the ATP 
level and [ATP]/[ADP] ratio. High [K+] (20 or 40 mM) induces a characteristic 
[Ca2+] signal in nerve terminals with a sudden sharp rise of [Ca2+]j followed by 
a decline to a stable, still-elevated plateau [Ca2+]j. When FCCP (1 pM) was 
added initially the basal [Ca2+]j increased and an altered [Ca"+]i signal due to 
K+-depolarization was detected. The peak [Ca2+]i-rise evoked by high [K+] was 
reduced, and instead of a decline to a plateau level, futher gradual increase of 
[Ca2+]i was detected. This increase in [Ca2+], required the presence of Na+ in 
the medium and is suggested to be the result of Ca2+ entry via Na+-Ca2+ 
exchange. In the absence of Na+ FCCP caused a smaller increase in the 
resting [Ca2+]i than in the presence of Na\ and the [Ca2+]i-rise due to K+- 
depolarization was followed by a decline to nearly the basal [Ca2+]j. These 
results indicate that in the absence of functional mitochondria Ca2+ can be 
removed from the cytoplasm and the nerve terminals are able to sequester 
the depolarization evoked [Ca2+]j rise.

887.5
Synchronous and asynchronous release of excitatory neurotransmitter in 
calcium and strontium: hippocampal neurons display heterogenous synchrony 
of release. M.P. Kaplan, K.S. Wilcox, D. Cummings, and M.A. Dichter* 
Depts. of Neurology, Pharmacology, and the David Mahoney Institute of 
Neurological Sciences, University of Pennsylvania, Philadelphia PA, 19104.

Evoked neurotransmitter release appears to consist of least two compo-
nents: a large amplitude multiquantal event (synchronous release), followed 
by a transient increase in the probability of smaller, single quantum events 
(asynchronous release). We used whole cell patch clamp recording to com-
pare synchronous and asynchronous release at excitatory synapses between 
pairs of cultured hippocampal neurons. These cells exhibited highly vari-
able synchrony of release: some neurons only released transmitter synchro-
nously, while for other cells, each synchronous event was accompanied by the 
asynchronous release of 10 or more additional quanta. This suggests that the 
molecular mechanishms underlying these two forms of release may differ 
between cells. Synchronous and asynchronous release also differed with re-
spect to paired-pulse plasticity: in calcium (Ca), the same interstimulus in-
tervals yielding depression of the synchronous EPSC resulted in facilitation 
of the asynchronous events. Substitution of strontium (Sr) for Ca reduced the 
synchronous EPSC by 51% (n=7), but dramatically increased asynchronous 
release. In Sr, the synchronous EPSC showed greater paired pulse depression 
than was seen in Ca; mean ppd was 0.66 in Ca and 0.51 in Sr (n=5). The plas-
ticity of the asynchronous events was more variable in Sr, showing facili-
tation in some cells (n=4), but saturation or depression in others (n=3). While 
release in Sr resembles asynchronous release in Ca in several respects, the 
higher rates of release observed in Sr suggest that substitution of Sr for Ca 
does not distinguish between two discrete processes but rather, may convert 
synchronous to asynchronous release. Supported by NS24260 (M.A.D.)

887.6
CALCIUM IMAGING OF DROSOPHILA LARVAL MOTOR NERVE 
TERMINALS. S. Karunanithi, J,. Georgiou, M.P, . Chariton_*_amj_ILL  ̂Atwood. 
Dept. Of Physiology, Med. Sci. Bldg., Univ. Of Toronto, Toronto, Ont., Canada 
M5S 1A8.

We have developed Ca2+ measurements in Drosophila larval motor nerve 
terminals in order to carry out genetic analysis of synaptic transmission,. Ca2? 
signals were collected for types lb and Is boutons innervating muscle 6 of segments 
3 or 4 in Canton-S wandering 3rd instar larvae. Fluo-3 AM was used to detect the 
A[Ca2+]j and images were acquired using a confocal microscope. Stimulus trains 
were delivered to motor axons for a duration of 5s and a 3-4 min resting period was 
allowed between trains. The Ca2+ signals recorded in the boutons were reproducible 
at the same stimulus frequencies and the resting Ca2+ fluorescence remained constant 
throughout the experiment. There was a significant increase in the average peak Ca2+ 
signals at 5 and 10 Hz as the [Ca2+]0 was raised from 0.5 to 0.7 mM, confirming 
these signals were indeed due to changes in [Ca2+L In experiments where both lb 
and Is boutons were visible in the same field of view, we found no significant 
differences in the peak Ca2+ signals between the two bouton types at 5 Hz and 20 
Hz, but there was a significant difference at 10 Hz. The Ca2^ signals of lb boutons 
increased from 5 to 10 Hz, but the increase from 10 to 20 Hz was not statistically 
significant. In contrast, significant increases occurred in Is boutons as the frequency 
was increased from 5 to 20 Hz. The decay of the Ca2+ signal was prolonged after 20 
Hz stimulation relative to 5 and 10 Hz where the signals relumed to resting levels 
within 20s. Overall, our results show that Ca2+ signals can be recorded from 
Drosophila larval motor nerve terminals and are similar in lb and Is boutons. Future 
work will examine the relationship between Ca2" signals and potentiation of 
transmitter release.

Supported by an NSERC collaborative program grant to H.L.A and MRC and 
NCE grants to M.P.C.
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887.7
REGULATION OF SYNAPTIC VESICLE POOL SIZE BY SEROTONIN. Chang 
Wang and Robert S. Zucker*. University of California, Department of Molecular 
and Cell Biology, Berkeley, CA 94720-3200

Serotonin is a neuromodulator at the crayfish neuromuscular junction. It has 
been shown that serotonin increases transmitter release by activating 
phosphatidylinositol and adenylate cyclase systems. However, the mechanism of 
this facilitation remains unclear. We used two independent methods to show that 
serotonin increased the number of vesicles involved in transmitter release in the 
synapses associated with one muscle fiber (total pool size). In the first method, 
high frequency stimulation (50 Hz) was used to deplete the vesicles in the pool. 
The depletion process was well fit with a single exponential, whose parameters 
allowed us to estimate the total pool size and the synaptic vesicle recycling rate 
(Liu and Tsien, 1995). Our results showed that the total pool had approximately 
120,000 + 20,000 vesicles. In serotonin, pool size showed a statistically 
significant increase compared to controls (~70%) while synaptic vesicle recycling 
rate was not changed. The second method to estimate the total pool size used FM1- 
43, a fluorescent indicator that can be used to label the vesicular pool. At a given 
frequency, the average decay time constant for destaining this pool equals the 
inverse of the fraction of vesicles released by each action potential. Total pool size 
can be estimated from the product of this constant and the number of quanta per 
EJP. The results confirmed that in serotonin, the total pool size increased about 
80% compared to controls. At 20 Hz, each action potential released about 0.02% 
of a total pool that had 110,000 + 40,000 vesicles. We have differentially labeled 
the pool released before and after serotonin exposure, using FM1-43 and FM4-64. 
The distribution of labeling ratios at individual active zones allows the 
identification of silent synaptic sites that may be recruited by serotonin.
Supported by NIH grant NS15114.

887.8
MEMBRANE DEPOLARIZATION DOES NOT EVOKE 
TRANSMITTER RELEASE IN THE ABSENCE OF CALCIUM 
ENTRY AT FROG SYNAPSES. Peter A, Pawson*. Dep't of 
Biology, Utica College of Syracuse University, Utica, NY 13502.

It has been hypothesized that transmitter release has both a 
calcium and a voltage dependent component, with release possible 
in the absence of external calcium if depolarizing pulses are 
delivered in the presence of sufficient internal calcium. In the 
present experiments, this hypothesis was tested at identified frog 
terminals while studying the tetanic potentiation of mEPP frequency 
in the presence and absence of external calcium. The latency of 
release was used to assess the voltage dependent component. In the 
presence of low levels of external calcium, release that is phase- 
locked to tetanic nerve stimulation is observed. In the absence of 
external calcium (a zero calcium/EGTA Ringer), no such phase- 
locked release is observed, despite the fact that there is a 
considerable increase in mEPP frequency, presumably reflecting an 
increased internal calcium concentration due to translocation from 
internal stores by the AP associated sodium influx. The data suggest 
that membrane depolarization alone, in the presence of increased 
internal calcium levels, cannot evoke transmitter release at frog 
motor nerve terminals. (Supported by the Burrstone Award by Utica 
College of Syracuse University).

887.9
DETERMINATION OF THE QUANTAL COMPONENTS UNDERLYING 
AUGMENTATION AND POTENTIATION OF TRANSMITTER RELEASE. HL 
Cheng and M.D. Miyamoto* Dept. of Pharmacology, J. H. Quillen Col. of Med., East 
Term. State Univ., Johnson City, TN 37614.

The increase in transmitter release following tetanic stimulation can be separated 
into four components: fast and slow facilitation, augmentation, and potentiation. 
Investigation of the quantal nature of these phenomena has been difficult because of 
the rapid changes in transmitter output and the short time periods involved. To 
solve this problem, we used a method that requires miniature endplate potentials 
(MEPPs) only (Am. J. Physiol. 264: C1051, 1993) to obtain estimates of m (no. of 
quanta released), « (no. of functional release sites), p (probability of release) and 
vargp (spatial variance in p) during these short time periods. MEPPs were recorded 
from isolated frog cutaneous pectoris using standard techniques. Basal MEPP 
frequency was increased by adding 100 mM sucrose to the control Ringer, and 
muscle contractions prevented by raising Mg27Ca2+. Data were recorded before and 
up to 125 sec after tetanic stimulation (40 sec at 80 Hz). Fluctuations in the 
estimates due to the short sample times were reduced using a moving bin (A - 5 sec) 
technique (J. Physiol. 309: 247, 1980). The averaged results from 5 experiments in 
4 preparations showed a monotonic decay in m at the end of stimulation and a 
similar decay in p over the same period. By contrast, there was a rapid decay in n 
but a leveling off at the 40 sec point, followed by a mild oscillation in n at this level. 
Values for var^ were positive for the first 40 sec and slightly negative thereafter. 
This time point coincides with the reported juncture between augmentation and 
potentiation. Conceivably, the increase in var^p prior to this point may be due to 
release of Cai+ from mitochondria (Neurosci. Lett. 185: 187, 1995), and the plateau 
in n may represent continual mobilization of vesicles to transmitter release sites. 
These findings suggest that this approach may be useful in investigating the 
subcellular dynamics of transmitter release following nerve stimulation. (Supported 
by Institutional Funds).

887.10
EFFECTS OF INTRATERMINAL [Ca2+| ON ASYNCHRONOUS 
TRANSMITTER RELEASE FROM FROG MOTOR NERVE 
TERMINALS. J.K, Angleson* and W.J. Betz. Dept. of Physiology, 
University of Colorado Medical School, Denver CO, 80262.

We used fluorescence ratio imaging of fura 2 in frog motor nerve terminals 
together with postsynaptic recordings of miniature end plate potentials to 
investigate the relationship between spatially averaged intraterminal [Ca2+J 
and the rate of asynchronous acetylcholine release. With external solutions 
containing 1.8 mM CaCl2, [K+] was varied over the range of 2 to 20 mM with 
offsetting changes in [Na+]. We found that increasing [K+] caused 
intraterminal [Ca2+] to change from resting values of approximately 100 nM 
to approximately 1 pM while MEPP frequency increased steeply to values 
greater than 300-fold of that in 2 mM [K+], When nerves were stimulated at 
30 Hz for 1 min in 1.8 mM CaCl2, 2 mM K1 external solution intratemunal 
[Ca2+] increased to 600-800 nM and displayed a slow component of decay 
from the end of stimulation with a time constant of 400 s The elevated MEPP 
frequency observed at the end of the stimulus train declined to resting values 
with a time constant of 950 s. This result together with the previous 
observation that the protein kinase inhibitor staurosporine reduced the 
frequency of MEPPs following stimulation (Henkel and Betz, (1995) 
J.Neurosci. 15; 8246) suggest the presence of a mechanism in addition to 
residual [Ca2+J which contributed to elevated asynchronous transmitter release 
which followed strong stimulation

Supported by NRSA Fellowship EY0666 (JKA) and NIH grant NS23466 (WJB).

887.11
FUNCTIONAL CHANGES OF NEUROTRANSMITTER 
RELEASE IN THE DEVELOPMENT OF CHICK IMHV REGION. 
K.KIYOSUE*, E.SHIMABAYASHI, T.TAGUCHI,
Osaka National Res. Inst.(ONRI), Ikeda, 563, JAPAN

Functional changes of synaptic transmission have been suggested to 
play important rolls in establishment of neuronal circuits. Recent studies 
showed developmental changes of postsynaptic function, including 
conversion of silent synapses to functional synapses in development. 
However, less knowledge has been obtained on presynaptic changes. Thus 
we addressed the presynaptic functional changes during development by 
using whole cell recording method to neurons in the IMHV region in the 
period of circuit formation. Paired-pulse depressions were more frequently 
observed in P0-1 chick than P5-7 chick. On the other hand, sEPSCs 
increased after paired-pulse stimulation in the P0-1 chick. Lowering the 
extracellular Ca2+ concentration decreased the depression ratio in the P0-1 
chick, not in the P5-7 chick. These results indicate the Ca2+ sensitivity of 
transmitter release decreases in the course of development.
This work was supported by MITI, Japan.

887.12
ACTIVATION OF ADENOSINE Aj AND A2 RECEPTORS 
DIFFERENTIALLY MODULATES ACETYLCHOLINE RELEASE FROM 
ELECTRIC ORGAN SYNAPTOSOMES. N. Hirashima*, Y, Satoh, H. 
Tokumaru and Y, Kirino. Laboratory of Neurobiophysics. School of 
Pharmaceutical Sciences, The University of Tokyo, Tokyo 113, JAPAN.

The effect of adenosine on transmitter release and its mechanism were 
investigated using synaptosmomes isolated from electric organ of Japanese 
electric ray Narke japonica. Adenosine inhibited the release of acetylcholine 
(ACh) evoked by high K+ depolarization from synaptosomes. An As receptor 
agonist A^-cyclohexyladenosine inhibited the release of ACh, on the other 
hand, adenosine together with an Aj antagonist, 8-cyclopentyltheophylline, 
potentiated the release. An A2 agonist 7V6-[2-(3,5-dimethoxyphenyl)-2-(2- 
methylphenyl)ethyl]adenosine facilitated the evoked ACh release. Thus, 
adenosine inhibits via the As receptor while it facilitates the evoked ACh 
release via the A2 receptor. The A2 receptor is further classified into A2a  and 
A^. Since CGS21680, an A^ specific agonist, had little effect, the facilitation 
of ACh release is probably the result of A2B receptor activation. The ECS0 of 
inhibition and facilitation by adenosine was about 1 and 41 pM, respectively. 
There are three types of voltage dependent calcium channels (N-, P- and L- 
type) in electric organ synaptosomes. The effects of type-specific Ca channel 
blockers on the modulation of ACh release by A, or A2 receptor activation 
revealed that the inhibition by A, is caused via inhibition of N-type calcium 
channel and the facilitatory effect by A2 receptor activation is via potentiation 
of P/Q-type calcium channel.
[supported by Sankyo Foundation of Life Science and MESSC (to Y.K.)]
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887.13
THE EFFECT OF EXOGENOUS CALCIUM BUFFERS ON TRANSMITTER 
RELEASE AT AN AXODENDRITIC SYNAPSE IN RAT NEOCORTEX. Ora 
Qhana,i jQhn„M;, Sakmarm. Dept. of Cell Physiol, Max-Planck-
lnstitute for Medical Research, Heidelberg 69120, Germany

Most CNS terminals are inaccessible for direct quantification of transmitter 
release processes, due to their small size and distance from soma. We developed a 
method for dialyzing presynaptic terminals at the axodendritic synapse between layer 
5 pyramidal neurons. Dual whole cell recording (WCR) of evoked presynaptic 
action potentials (AP) and the resulting EPSPs were performed. After obtaining a 
baseline of the EPSP amplitude, the presynaptic recording pipette was retracted and 
another WCR was established on the presynaptic cell, with a pipette solution 
containing an exogenous calcium buffer. Dialysis of the terminals with either 
BAPTA or EGTA, resulted in a reduction of the unitary EPSP amplitude, with a 
concomitant increase of the coeffient of variation of the EPSP. These effects reached a 
steady-state within 15-30 minutes of the patch formation. The reduction in EPSP 
amplitude was reversed during a subsequent presynaptic WCR with a control 
pipette solution.

The fast binding calcium buffer BAPTA, reduced the EPSP in a concentration 
dependent manner with half maximal effect at 0.75 mM. lOmM EGTA, A slow 
binding calcium buffer, reduced unitary EPSPs by 60%. Dialysis of the 
presynaptic neuron with only a control pipette solution, showed no change in the 
EPSP amplitude, indicating a low endogenous mobile calcium buffer capacity in 
these terminals.

The effect of relatively low concentration of EGTA on the EPSP amplitude is 
comparable to its effect in the calyx-type terminal of the medial nucleus of the 
trapezoid body, but different from the squid giant synapse, suggesting that phasic 
release results from a relatively leng elavationof presynaptic calcium.

0. O. was supported by the Minerva Fellowship

887.14
INTERSITE QU ANTAL VARIANCE IS REDUCED WHEN FEW RELEASE 
SITES ARE ACTIVE. M. Frerking1 and M. Wilson2*. ‘Dept of Cellular and 
Molecular Pharmacology, University of California, San Francisco, CA 94143 ;2Sect. of 
Neurobiology, Physiology, and Behavior, University of California, Davis, CA 95616.

Quantal analysis from central synapses suggests that the variability in 
quantal amplitude is small. In contrast, variance in the peak amplitudes of 
spontaneous miniature PSCs (minis) is large. One possible explanation for this 
discrepancy is that the variability in minis might be due to differences in 
quantal amplitude between release sites. Because the number of sites 
contributing to the mini distribution is large but the number of sites active 
during stimulation is small, intersite variance would allow the possibility that 
the sites activated during evoked release could have less quanta! variability 
than those sampled by the mini distribution.

We have tested this hypothesis by assuming that the variance in mini 
amplitude is due to intersite differences in quantal amplitude. The quantal 
amplitude at each activated release site can then be modeled as a single 
sample from the mini distribution. Under this assumption, we show that when 
a small number of release sites (<10) are stimulated, the average coefficient of 
variation (CV) is smaller than the CV of the mini distribution. However, this 
reduction in CV is only rarely large enough to reproduce the small quantal 
variance frequently seen in published quantal analyses. We conclude that 
intersite variance is not sufficient to explain the discrepancy between 
uniquantal variance estimated by quantal analysis and the variance of the mini 
distribution. Supported by EY04112 (MW) and NIH Training Grant 
2T32NS07067 (MF).

887.15
SIMULATION OF VESICULAR TIME COURSE .AND SYNAPTIC CLEFT 
CONCENTRATION PROFILE OF GLUTAMATE. B. Esplin'*and MI. Glavinovic2’3 
Departments of Pharmacology1, Anaesthesia Research2 and Physiology3 McGill 
University, Montreal PQ, CANADA

Neither the vesicular time course nor the spatial distribution of glutamate in the 
synaptic cleft are well known. In order to understand what determines the time course and 
the amplitude of the basic unit of quanta! release, and especially because of the 
implications for the synaptic plasticity, several attempts have been made to simulate such 
processes. These however, were limited to instantaneous release, or to analytical solutions 
that require a variety of simplifying assumptions. This is an attempt to go further and use 
Monte Carlo method, that is highly suitable for studying diffusion with complex 
geometry. Each molecule of glutamate is followed as it diffuses randomly from the vesicle 
through the fusion pore into the cleft where it interacts with 14 x 14 AMPA receptors 
distributed postsynaptically on a rectangular grid (Wahl et al., J. Neurophvsiol. 75, 597- 
608, 1996). We assumed the intravesicular concentration 100 mM, the length of the 
fusion pore 15 nm, the width and the length of the synaptic cleft 15 and 200 nm 
respectively. Gating kinetics of AMPA channels was as reported by Jonas et al. (J. 
Physiol. 472: 615-663, 1993), but adjusted for a difference in temperature, assuming Q10 
of 4.0 for all rates. Diffusion constant varied from that in aqueous solution to U of it, and 
vesicular diameters from 20 to 60 nm. Time course of vesicular concentration of 
glutamate had a fast (dominant) component that became longer as vesicle size increased 
and as diffusion constant or fusion pore diameter decreased. It was followed by a small 
but a prolonged tail. Glutamate cleft concentration at the mouth of the pore was not 
negligible compared to vesicular concentration. Their ratio increased with time and was 
greater for lower diffusion constants. The rise time of open channel currents was sensitive 
to the time course of release especially when desensitization of AMPA receptors was 
abolished in good agreement with our recent experimental findings; the agreement is 
better the slower diffusion of glutamate in the cleft.

Supported by the Medical Research Council of Canada.

887.16
CALCIUM REQUIREMENT IN EARLY STAGES OF CLATHRIN- 
MEDIATED SYNAPTIC VESICLE ENDOCYTOSIS. O. Shupliakov*. 
H. Gad. P. Low, E. Zotova and L. Brodin. Department of Neuroscience, 
Karolinska Institute, Stockholm, Sweden.

Prolonged high frequency action potential stimulation (20 Hz, 30 min) 
of giant reticulospinal axons results in a depletion of synaptic vesicles 
and an expansion of the presynaptic plasma membrane. This state can be 
trapped by a rapid exchange of the extracellular solution with Ca2+-free 
solution containing 10 mM EGTA (Gad et al., Soc.Neurosci.Abstr. 
1995). In the present study we tested whether the readdition of 
extracellular Ca2+ would result in an activation of clathrin-mediated 
endocytosis, which is thought to be a main pathway for retrieval of 
synaptic vesicle membrane.

Preparations subjected to depleting stimulation were maintained for 90 
min in 0 Ca2+ solution with 10 mM EGTA, and thereafter placed in 
Ca2+-containing saline for periods ranging from 20 s to 15 min before 
fixation. After embedding, synapses were examined in serial ultrathin 
sections. Control synapses fixed without exposure to Ca2+ exhibited only 
occasional coated pits (similar to the case for unstimulated axons). In 
contrast, synapses exposed to Ca2+ for 20 s - 240 s exhibited numerous 
clathrin coated pits in the plasma membrane around the active zones. 
The highest number of coated pits was observed after 40 sec. After 15 
min of Ca2+ exposure, the number of coated pits had returned to the 
level in control axons. As judged from the shape of the coated pits, the 
fixation had occurred during different steps of the retrieval process. 
Thus their appearance ranged from that of early stages with a dome-
shaped coated membrane, to fully constricted coated pits with narrow 
necks with dynamin rings. The results suggest that Ca2+ is essential at 
early stages of clathrin mediated endocytosis. Supported by the Swedish 
MRC.

887.17
Presynaptic Ca2+ Injections increase Synaptic Transmission and 
Decrease Synaptic Depression at a Fast Centra! Synapse. R.F. Waideck* 
and D.S. Faber. Dept. of Neurobiology and Anatomy, Allegheny University of the Health 
Sciences, Philadelphia. PA. 19129.

We have used simultaneous pre- and postsynaptic recordings at the axo-axonic 
connection between the goldfish Mauthner (M-) axon and identified crania! relay 
interneurons (CRNs) to study the mechanism of synaptic depression. M-axon 
activation reliably produces suprathreshold EPSPs in CRNs, which in turn drive the 
pools of cranial motoneurons that mediate the startle response. These high output 
synapses depress rapidly, as revealed by the paired pulse depression produced by 
following a conditioning stimulus (EPSP1) with a test one (EPSP2) at short 
iriterstimuius intervals. We previously found a change in latency of EPSP2 relative to 
EPSP1, and that EPSP2’s amplitude is independent of EPSP1. These results are not 
consistent with the simple depletion of vesicles as the major mechanism underlying 
depression.
To pursue this notion we have altered the basal level of release through presynaptic 
injections of 2mM Ca2+ which produced a lasting enhancement of the amplitudes of both 
EPSP1 and EPSP2. This increase was accompanied by a reduction in the magnitude of 
depression, expressed as AEPSP / EPSP1. That is, EPSP2 increased proportionally 
more than the first one (56 vs. 40 %, n-7). The increased amplitude lasted as long as 
the recordings, typically 10 minutes or more. The elevated Ca2+ injections also 
produced a maintained increase in spontaneous EPSPs. These persistent effects 
suggest Ca2+ is acting as a messenger since in that time Ca2+ levels would have 
returned to baseline.
These results along with those previously reported suggest that depression is due to a 
modification of the release process that occurs after the 0a2+ channels open and is not 
due to a simple depletion of a releasable pool of vesicles.
Supported by NIH grant NS21848.

887.18
CCCP-TREATMENT INHIBITS QUANTAL RELEASE AT K+-DEPOLARIZED 
SNAKE TWITCH FIBER END-PLATES. M.A. Nobef, G.M. Hendricks, L. A. 
Merriam and R. L. Parsons. Dept. of Anatomy and Neurobiology, Univ. of 
Vermont, Burlington, VT 05405.

We analyzed the effects of the mitochondrial protonophore carbonyl cyanide 
m-chlorophenylhydrazone (CCCP) on quantal release and morphological 
characteristics of motor nerve terminals innervating snake twitch muscle fiber 
end-plates. CCCP caused a time- and concentration-dependent (0.5-2^M) 
inhibition of miniature end-plate current (MEPC) frequency in preparations 
depolarized by exposure to 35 mM potassium propionate (35 KP). In contrast, 
MEPC frequency increased progressively in preparations maintained in control 
Na+ solution and exposed to 2 pM CCCP for a similar time period. Mean MEPC 
amplitudes were not changed by 2 /zM CCCP in preparations kept in either the 
control Na+ solution or the 35 KP solution. Optical analysis of vesicle 
endocytosis using the activity-dependent dye, FM1-43, indicated that CCCP had 
no marked effect on quantal release activated by brief exposure of 35 KP in end-
plates which had been maintained in control Na+ solution. However, at endplates 
exposed to 2pM CCCP and maintained in 35 KP for ~100 min prior to FM1-43 
exposure, FM1-43 staining was markedly reduced. Electron microscopic analysis 
showed that for preparations exposed to CCCP and 35 KP for ~100 min, twitch 
motor nerve terminals were greatly depleted of synaptic vesicles. In contrast, in 
preparations maintained in 35 KP, but not exposed to CCCP, nerve terminals 
contained numerous synaptic vesicles. Ongoing studies address whether the 
CCCP-induced inhibition of quantal release and apparent depletion of synaptic 
vesicles is due to a CCCP-induced alteration of Ca2+ homeostasis or initiation of 
metabolic imbalance.
Supported by NIH grant NS23978.

Society  for  Neuroscience , Volume  23,1997



THURSDAY AM PRESYNAPTIC MECHANISMS V 2275

887.19
CAFFEINE-SEROTONIN STUDIES IN CRAYFISH NEUROMUSCULAR 
SYNAPSES. K. Celenza. M. Marin-Padilla* and S.J. Velez. Dept. of 
Biological Sciences, Dartmouth College, Hanover, N.H. 03755.

Caffeine decreases junction potentials recorded from crayfish 
neuromuscular synapses while serotonin increases them (Soc. 
Neurosci. Abstr. 20:1338). To further elucidate the mechanisms 
of action of caffeine, synapses in the superficial flexor muscles 
of the crayfish Procambarus clarkii were exposed to a 
serotonin/caffeine combined solution, to adenosine and to a 
phosphodiesterase inhibitor for periods of up to 15 minutes. 
Junction potentials (jp’s) were monitored from the muscle 
fibers with microelectrodes while stimulating the nerve to the 
muscle. Within minutes of exposure to 10_5M serotonin, jp's 
produced by stimulation of one of the excitor axons increased to 
140% of their sizes in Ringers solution and remained higher 
than normal. Exposure to 5 mM caffeine caused an immediate 
decline in jp sizes to 40% of their size in Ringers, and this 
decline continued. In a combined 5mM caffeine/10'5M 
serotonin solution, jp's immediately declined to 60% of their 
pretreatment value and kept steadily declining to values that 
were higher than those recorded with caffeine alone. These 
results suggest that serotonin dampens the response of the 
terminals to caffeine. 10’3M adenosine has no effect on jp sizes 
while 10‘4M phosphodiesterase inhibitor slowly enhances jp 
sizes, suggesting that caffeine's effect does not occur by 
blocking adenosine receptors or inhibiting phosphodiesterase.

(Supported by Dartmouth College Research Funds)

887.20
Pre-synaptic activation of mGluRs activates the spontaneous release of 
transmitter at a glutamatergic synapse. Neil E. Schwartz* and Simon Alford. 
Dept. of Physiology, Northwestern University Medical School, Chicago IL 60611.

Synaptic release of transmitter is modified in many preparations by the activation 
of presynaptic metabotropic glutamate receptors (mGluRs). In the lamprey brainstem 
it was possible to retrogradely load, with Ca2+-sensitive dyes, either of the pre or post 
synaptic elements of the vestibulospinal reticulospinal synapses of the 
rhombencephalic reticular nuclei. Application of the putative group I mGluR agonists, 
(RS)-3,5-Dihydroxyphenylglycine (DHPG; 50-200|lM), (S)-homoquisqualate or 
quisqualate (5-25gM), leads to a reversible rise in intracellular calcium concentration 
in both pre- and post-synaptic compartments of the synapse. The response was present 
after superfusion of TTX (IpM) and the ionotropic glutamate receptor antagonists 6- 
cyano-7-nitroquinoxaline-2,3-dione (CNQX; lOpM) and D,L-2-amino-5-phosphono- 
pentanoate (AP5; lOOpM). A component of the response remained after block of Ca2+ 
channels with Cd2+. An effective receptor antagonist to this response has not, 
however, been identified. To confirm that the response was mediated by metabotropic 
receptors the post synaptic reticulospinal neurones were recorded from under whole 
cell patch clamp conditions. After obtaining whole cell access, the patch electrodes 
were perfused internally with a solution to which membrane impermeant Ca2+- 
sensitive dye and the non-hydrolysable GDP analogue, GDP-B-S, had been added. 
MGluR agonist application led to a reversable rise in Ca2+ that was eliminated as the 
dye concentration was seen to rise in the distal dendrites of these cells. Under these 
conditions, the control application of NMDA maintained a robust Ca2+ transient. This 
application of agonist led to an inward current activation in the post synaptic neurons 
after the block of the Ca2+ transient by GDP-G-S. This inward current was investigated 
further. Reticulospinal neurones were recorded in whole cell patch clamp with 
electrodes containing 1 mM GDP-B-S to block post synaptic mGluR activation. 
Application of 2 to 5(lM (S)-homoquisqualate in the presence of TTX (1 pM) and 
strychnine (5 |±M) led to inward current activation that comprised an increase in 
spontaneous EPSC frequency. This spontaneous activity was largely blocked by 
simultaneous application of AP5 and CNQX. Supported by NINDS grant NS32114.
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888.1
Presynaptic metabotropic glutamate receptors and the control of 
presynaptic calcium. Amanda J. Cochilla* and Simon Alford. Department of 
Physiology, Northwestern University Medical School, Chicago, IL 60611 U.S.A.

Presynaptic metabotropic glutamate receptors (mGluRs) have been shown to 
enhance or depress release of transmitter through mechanisms that are poorly 
understood. We present electrophysiological and optical evidence obtained by 
recording directly from presynaptic structures, that mGluRs modulate presynaptic 
Ca2+ concentration through at least two mechanisms: direct activation of a 
presynaptic K+ conductance and activation of calcium induced calcium release from 
internal stores. We made whole cell patch clamp recordings from axons in the spinal 
cord of the lamprey. Application of the mGluR agonists (1S,3R) 1- 
aminocyclopentane-l,3-dicarboxylic acid (ACPD) or L-2-amino-4-phosphonobutyrate 
(L-AP4) inhibits neurotransmitter release. Pressure application of small quantities of 
these agonists immediately over the spinal cord activates a rectifying outward 
conductance that is entirely blocked by the application of the potassium channel 
antagonist 4-aminopyridine (4-AP; 100 pM). In current clamp recordings, application 
of either of these agonists reduces the amplitude of action potentials and increases 
their latency to onset. Axons were voltage clamped in 4-AP and TTX. High voltage 
activated Ca2+ or Ba2+ currents were activated by voltage steps from -70mV to 
potentials > -30mV. Neither Ca2+ nor Ba2+ currents were affected by the application 
of ACPD, (R,S)-dihydrophenylglycine (DHPG) or L-AP4. To record Ca2+ levels 
optically, axons were labeled with dextran conjugated Oregon Green 488 BAPTA 1. 
Transient increases in fluorescence were readily apparent upon stimulation of the 
spinal cord. The amplitude of the Ca2+ transient was significantly reduced by 
application of ImM L-2-amino-3-phosphonopropionate (L-AP3) or ImM L-AP4 and 
to a lesser extent by lOOpM ACPD or 20pM DHPG. The effect of L-AP3 and L- 
AP4 was eliminated by the application of 4-AP (30 pM). Under these conditions, in 
14 of 21 axons, ACPD or DHPG significantly enhanced the amplitude of the Ca2+ 
transient. This enhancement was reduced by application of Ryanodine (20 pM) 
indicating that the increase in the Ca2+ transient is due to release of Ca2+ from 
internal stores. Supported by NINDS grant NS31713.

888.2
LEAD (Pb2+) INCREASES SPONTANEOUS AND BLOCKS EVOKED 
TRANSMITTER RELEASE IN RAT HIPPOCAMPAL NEURONS M.F.M, Braga12, 
M. Marchioro1,2 A.T. Eldefrawi*1. and E.X. Albuquerque1’2 1Dept. Pharmacol. Exp. 
Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 2Lab. Mol. 
Pharmacol. II, IBCCF, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

Pb2+ poisoning is one of the most common environmentally related intoxications 
and a major public health concern mainly because of the high susceptibility of 
children to the neurotoxic effects of this heavy metal. Although deficits in cognitive 
function have long been reported in children chronically exposed to Pb2+, the 
mechanisms underlying these cognitive impairments are poorly understood. In the 
brain, the hippocampus, the major structure involved in memory and learning 
processing, appears to be a primary target for Pb2+ actions. In the present study, 
we used the whole-cell mode of the patch-clamp technique to study the effects of 
Pb2+ on synaptic activity in rat hippocampal neurons in culture. In the absence of 
Ca2+, continuous exposure of the neurons to a concentration of Pb2+ as low as 
100 nM resulted in an increased frequency of spontaneous postsynaptic currents 
(SPSCs) mediated by glutamate or GABA. This effect was only partially reversible 
upon washing the neurons with Pb2+-free external solution. Also, there was a 
2-min latency for the effect of Pb2+ on SPSCs to be observed, indicating that such 
an effect may be mediated by an intracellular action of Pb2+. In contrast, there 
was an instantaneous blockade by Pb2+ of TTX-sensitive release of glutamate or 
GABA from the hippocampal neurons, indicating that the action of Pb2+ on evoked 
transmitter release is mediated by its binding to an extracellular target. This target 
is unlikely to be presynaptic NMDA or nicotinic receptors, because Pb2+-induced 
block of evoked transmitter release occurred in the presence of APV (100 pM; an 
NMDA receptor antagonist) and a-BGT (10 nM; an antagonist for the prevalent 
subtype of nicotinic receptor present on hippocampal neurons). The dual actions 
of Pb2+ on transmitter release in the central nervous system are likely to be 
associated with its neurotoxicity. (USPHS grant ES05730; CNPq & FINEP- Brazil)

888.3
PRESYNAPTIC POTENTIATION BY SARIN OF GLUTAMATERGIC 
TRANSMISSION: NON-CHOUNESTERASIC EFFECTS. E.S. Rocha* and E.X, 
Albuquerque. Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, 
MD 21201, USA.

The organophosphorus cholinesterase inhibitors sarin and VX are extremely 
lethal compounds. However, recent studies indicated that VX may exert its toxicity 
by increasing transmitter release via a mechanism unrelated to cholinesterase 
inhibition (Soc. Neurosci. Abs. 22:1740,1996). Here, we investigated the effects 
of sarin on glutamate-mediated excitatory postsynaptic currents (EPSCs) 
recorded from cultured hippocampal neurons under the whole-cell mode of 
patch-clamp technique. Several concentrations of sarin were applied for 5 min 
to the neurons through eleven-parallel microbarrels placed 100 pm away from 
the neuronal soma. The frequency and peak amplitude of EPSCs and miniature 
EPSCs (MPSCs) were analyzed. In within few seconds after the beginning of the 
perfusion of the neurons with sarin (0.1-1 pM), there was a two-fold increase in 
the frequency of MPSCs and EPSCs, which was reversible upon washout. In 
addition, there was an increase in the peak amplitude of EPSCs and an increase 
in the duration of the bursts of EPSCs recorded from the neurons. The action of 
sarin on transmitter release resulted in frequent activation of transient sodium 
currents in unclamped branches of the neurons. Sarin (1 pM) itself had no 
significant effect on voltage-gated Na+ channels. The effects of sarin on 
transmitter release resembled those of VX. These effects (i) were not blocked 
by the muscarinic receptor antagonist atropine; (ii) were not mimicked by nicotinic 
agonists and (iii) were mostly reversible upon washout, indicating that sarin- and 
VX-induced changes in synaptic activity are not associated with the ability of these 
compounds to inhibit cholinesterase. The substantial increase in the frequency 
of EPSCs by sarin and VX could be related to the mechanism by which these 
organophosphates induce seizures upon nerve-gas poisoning.
(Support: U.S. Army Contract DAMD-17-95-C-5063)

888.4
IBERIOTOXIN DECREASES NEUROTRANSMITTER RELEASE 
AT AN EMBRYONIC NEUROMUSCULAR JUNCTION. John M. 
Pattillo* and Stephen D. Merinev Department of Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260

The role of presynaptic calcium-activated potassium channels in 
regulating neurotransmitter release is poorly understood. Robitaille and 
Charlton (7. Neurosci., 1992) showed that blockade of BK channels with 
charybdotoxin caused an increase in neurotransmitter release and 
calcium influx in the nerve terminal of the adult frog neuromuscular 
junction. This was presumed to be due to a widening of the falling phase 
of the presynaptic action potential caused by BK blockade. To further 
investigate the role of presynaptic calcium-activated potassium channels 
in regulating neurotransmitter release, we measured the effect of the 
selective BK blocker iberiotoxin (IBTX) on evoked postsynaptic currents 
(EPC’s) measured in innervated myocytes of embryonic Xenopus nerve- 
muscle co-cultures. Bath application of IBTX (10-100nm) decreased 
EPC amplitude by 50-75%. We hypothesize that the decrease in release 
at these terminals is due to a difference in the timing of the contribution 
of BK channels to the embryonic terminal action potential such that they 
contribute only to the fast afterhyperpolarization (fAHP). Blockade of 
the fAHP could cause a decrease in driving force for calcium influx 
during the late phases of the action potential, leading to decreased 
neurotransmitter release. This hypothesis is further supported by data 
which show that application of Cd2+ (100-200pM) selectively blocks the 
fAHP of action potentials evoked at synaptic varicosities of cultured 
motoneurons. Taken together, these data suggest that BK channels are 
present at these embryonic nerve terminals and account for the fAHP. 
Supported by NIH NS32345 and MH 18273.
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888.5
INVOLVEMENT OF N- AND L-TYPE Ca2+ CHANNELS IN DSI OF 
GAWERGIC IPSCS IN RAT HIPPOCAMPAL CAI NEURONS. RA. 
Lenz*, J . J, Wagner, & B.E. Alger, Dept. Physiology, Univ. Maryland School of 
Medicine, Baltimore, MD 21201.

Depolarization-induced suppression of inhibition (DSI) is a transient 
reduction of GABA release which is induced by Ca2+ influx into postsynaptic cells 
through voltage-dependent Ca2+ channels (VDCCs). Numerous VDCCs exist in 
pyramidal cells and it is important to determine which are involved in the DSI 
process. Monosynaptic IPSCs were recorded under whole-cell voltage clamp 
from rat hippocampal CAI neurons in the slice preparation in the presence of 
CNQX (20 pM) and APV (50 pM).

We bath-applied various VDCC antagonists to determine which Ca2+ 

channels are involved in DSI Omega-conotoxin GVLA (150 pM -300 pM) 
greatly reduced IPSC amplitude and dramatically reduced DSI When stimulus 
intensities were increased to restore IPSCs to near control amplitudes, DSI was 
still diminished. The L-type channel blocker nifedipine (10 pM) did not affect 
IPSC amplitude, but reduced DSI induced with small voltage steps (20-30 mV). 
Larger depolarizing steps (50-70 mV) in the presence of nifedipine recovered 
DSI to control levels. Doses of co-agatoxin IVA that selectively block P-type 
channels did not affect DSI Similarly, NiCL (50-200 uM), which blocks T- and 
R-type channels, had no effect on DSI. We conclude that N- and L-type Ca2+ 
channels are involved in DSI of evoked IPSCs. The latter are likely to play a 
postsynaptic role, while the former may act pre- or postsynaptically, or both. 
NIH NS3 0219 and 22010,

888.6
ADENOSINE MODULATION OF RETINOTECTAL TRANSMISSION 
IN GOLDFISH. C.Y. Zhang* and J.T. Schmidt, Dept of Biological Sci., 
University at Albany--SUNY, Albany, NY 12222

Presynaptic adenosine receptors inhibit transmitter release at many 
synapses and are known to exist on visual terminals (Braas et al .1987 PNAS84: 
3906). Adenosine substantially decreases retinotectal (RT) field potentials, and 
here we investigate the mechanism. First, RT transmission is mediated almost 
exclusively by N-type calcium channels that are known to be modulated by 
adenosine Al receptors. Transmission is completely blocked bv either omega CTX 
GVIA (-100%, N-type) or MVIIC (-99%, N and Q-type), not significantly 
affected by AgaTX IVA (+l,7%+-9.3%, P-type) and augmented slightly by- 
nifedipine (+9.3+-2.I%, L-type). Second, the pharmacology indicates an Al 
receptor because the selective Al agonist cyclohexvl adenosine at 50nM caused 
a 21% decrease, while the selective A2 agonist DPMA at lGOnM caused a 24% 
increase in amplitude. Third, C-kinase activation eliminated the Al-mediated 
decrease, as expected. Fourth, the Al mediated decrease was presynaptic as 
indicated by a 43% increase in paired-pulse facilitation. In regenerating 
projections, adenosine also caused a decrease in transmission (-30+-12%), but 
after induction of LTP via trains of stimuli, the adenosine response was converted 
to an augmentation. Treatment with the phosphatase inhibitor okadaic acid also 
caused marked potentiation and similarly converted the adenosine effect into an 
augmentation. As potentiation is associated with C-kinase activation, this is 
consistent with C-kinase uncoupling the Al receptor from N-type Ca4*" channels 
that otherwise results in decreased release, and uncovering the A2-mediated 
augmentation that was demonstrated with DPMA. Such an effect could account 
in part for the LTP of immature synapses. Supported by NIH grant EY037.36,

888.7
PRESYNAPTIC P2X RECEPTORS ON DORSAL ROOT GANGLION AND 
SPINAL CORD DORSAL HORN NEURONS. J.G. Gu* and AB. MacDermott. 
Dept. of Physiology and Cellular Biophysics and the Center for Neurobiologv and 
Behavior. Columbia Univ.. 630 W. 368th St.. New York. NY 10032.

P?x receptors are a family of ion channels for which ATP is the endogenous 
ligand. In this study we examined whether P2X receptors are expressed 
presynaptically on DRG and DH neurons and if activation of these receptors 
modulates glutamate release. Using a co-culture system with a single DRG and a 
single DH neuron grown on. astrocyte microislands, effects of ATP on glutamate 
release from DRG presynaptic terminals were determined. Bath application of 100 
pM ATP caused a 500 % increase in mEPSC frequency recorded on DH neurons. 
The increase of mEPSC frequency was significantly reduced in low extracellular 
Ca2* and completely blocked in the presence of the P2X receptor antagonist 50 pM 
PPADS. These results indicate that P2X receptors are localized presy naptically on 
DRG neurons and that activation of these receptors increases spontaneous 
glutamate release. When 200 jiM ATP was focally puffed at or near presynaptic 
DRG terminals, it directly elicited action potentials and caused evoked glutamate 
release. To test if P2X receptors are also expressed presynaptically on DH neurons, 
we determined effects of ATP on autaptic mEPSCs recorded from single DH 
neurons grown on microisland culture. In 30% of DH neurons 100 pM ATP 
induced whole cell P2X receptor currents accompanied by an increase in the 
autaptic mEPSCs. suggesting the presence of presy naptic P2X receptors on DH 
neurons. We conclude that P2X receptors are major presynaptic ligand-gated ion 
channels at sensory synapses and may play a role in modulating sensory- 
information processing.

(Supported by NTH, Whitehall Foundation and MRC of Canada)

888.8
DIFFERENTIAL EFFECTS OF 5-HT1B RECEPTOR ANTAGONISTS IN 
.AREAS INNERVATED BY THE DORSAL AND MEDIAN RAPHE. C. 
Routledge^D.N. Middlemiss and C. Roberts. Neuroscience Research Dept. 
SmithKline Beecham Pharmaceuticals, Harlow, Essex UK.

To further define the role of 5-HT^p receptors in the control of 5-HT 
neurotransmission the effects of the selective 5-HTjp receptor antagonist, 
SB-224289, and the non-selective 5-HTj R/m receptor antagonist, GR 127935, 
on 5-HT release in different brain areas were determined. Dialysis probes 
were stereotaxically implanted into two brain areas innervated by dorsal raphe 
i.e. frontal cortex and striatum and an area innervated by the median raphe i.e. 
dentate gyrus of anaesthetised guinea pigs. Following a 24 hour recovery 
period dialysis probes were perfused with artificial cerebrospinal fluid at 
lul/min. 20 min samples were collected and analysed for 5-HT using high 
performance liquid chromatography with electrochemical detection (HPLC- 
ECD). SB-224289 (4 mg/kg p.o.) had no significant effect on 5-HT levels in 
the frontal cortex and striatum but significantly fp<0.05) increased 5-HT levels 
in the dentate gyrus to 151 + 19 % of preinjection control levels. In contrast, 
GR127935 (0.3 mg/kg i.p.) significantly (p<0.05) decreased 5-HT levels in the 
frontal cortex and striatum but, similar to SB-224289, significantly (p<0.()5) 
increased 5-HT levels in the dentate gyrus to 146 + 11 % of preinjection control 
values.
These data suggest that in brain regions innervated by the median raphe m ihe 
guinea pig e.g. dentate gyrus, 5-HT^r  receptors may be under increased tone 
when compared to those areas innervated by the dorsal raphe. The discrepancy 
observed between the effects of SB-224289 and GR 127935 in striatum and 
frontal cortex suggests the presence of functional 5-HT; n receptors in ihe 
dorsal raphe, though the role of these receptors remains unclear.

888.9
TRANSDUCTION OF THE cq-ADRENOCEPTOR SIGNAL AT THE 
MOTOR NEURON TERMINAL W.F, Drvden*and L, Cao. Division of 
Neuroscience, University of Alberta, Edmonton, AB, Canada, T6G 2H7. 
Transmitter release from the motor neuron can be modulated by agonist 
ligands at several presynaptic receptors including an a}-adrenoceptor. 
Transduction of this signal has been deduced to involve calmodulin as it 
was abolished by a calmodulin inhibitor, but evidence of other steps in the 
pathway has been inconclusive or lacking. The questions has been 
readdressed using more recently available reagents and techniques.
Mouse hemidiaphragms were pinned on the Sylgard® base of a 35 mm 
Petri dish and superfused with oxygenated Bretag’s Solution buffered with 
18mM HEPES. Miniature end plate potential frequency (MEPPf) was 
measured from recordings made with conventional intracellular glass 
electrodes passed through a gated counter and summated over minute 
intervals. Noradrenaline (lOpM) caused MEPPf to increase by 113% of 
control values within four minutes of exposure. Prior incubation with 
5pM Rp-cAMP-S, a selective inhibitor of PKA, had no effect on this 
response. However KN62 (2pM), a selective inhibitor of Ca2VCaM 
kinase II, completely abolished the effect. Heparin, an impermeant 
antagonist at the IP3 receptor on the endoplasmic reticulum, was delivered 
to the nerve terminal cytoplasm by liposomes (Dryden & Chu, Br. J. 
Pharmacol. 116:366P) and the rise in MEPPf caused by adrenaline 
(lOpM) was abolished. These findings confirm the earlier conclusion that 
transduction at the presynaptic adrenoceptor is mediated by IP3 and Ca2+

888.10
ADENOSINE-INDUCED SYNAPTIC DEPRESSION AT THE FROG NMJ IS 
NOT CAUSED BY A REDUCTION IN Ca2" ENTRY. R, Robitaille*1 and M.P, 
Charlton2, Departement de physiologic and CRSN. Univ. de Montreal. Montreal1 
and Department of Physiology-', Univ. of Toronto, Toronto2, Canada.

Adenosine reduces transmitter release in several synapses including the frog 
neuromuscular junction (nmj). Since adenosine reduces many Ca2 currents, we 
tested with Ca2* imaging, the hypothesis that it reduces transmitter release by 
acting on presynaptic Ca2+ channels. Presynaptic nerve terminals were loaded 
either with fluo 3-AM or with anterogradely transported Ca2" green-1-dextran (3 
Kd). Transmitter release was recorded using classical electrophysiological methods 
in normal frog Ringer (1.8 mM Ca2"). Muscle contractions were blocked by d- 
tubocurarine chloride (3 p.M) or p-conotoxin GIIIA (10 pM). Adenosine (10 pM) 
neither changed the resting level of Ca2" in the presynaptic terminal nor the entry 
of Ca2* evoked by stimulations of the motor nen e. However. adenosine reduced 
transmitter release by 65% and induced Ca2" responses in pensynaptic Schwann 
cells which are known to possess A1 receptors (J Neurosci 15,7121-7131. 1995). 
A 40% reduction m Ca2* entry was observed in conditions of high extracellular 
Mg2" that mimicked the effect of adenosine on transmitter release indicating that 
changes in Ca2+ entry by adenosine should have been detected. The induction of 
synaptic depression by brief trains of stimuli at high frequency (50 Hz. 30 s) or by 
prolonged and sustained stimulations at lower frequency (2.5 Hz, 20 mm) was not 
accompanied by a reduction m Ca2" entry'. Our results indicate that neither 
depression caused by adenosine nor that caused by repetitive stimulation are 
accompanied by reductions in Ca2" influx into the presynaptic terminal Hence, the 
reduction m transmitter release must be due to a step occurring after Ca2 entry into 
the nerve terminal. (Supported by MRC, FCAR. NCE and The Sloan Foundation)
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888.11
The volatile anesthetic isoflurane supresses release of neurotransmitters 
N.D.Foden1. G.Lees1 and Y. Li*2 1. Academic Anaesthetics and 2. Dept. of 

Physiology, Imperial College School of Medicine at St. Mary’s, London W2 1NY
Inhalational anesthetics depress glutamatergic synapses ( measured as field 

potentials) presynaptically [Maclver et al., Anesthesiology 1996,85, 823-34],
Under physiological conditions (2mM Ca2+, 2mM Mg2+) we have confirmed this 

observation in cortical cell pairs: evoked EPSCs fail in an all-or-none manner in the 
presence of isoflurane (160 to 1280pM, n=6). Amplitude and decay kinetics of 
EPSCs were not significantly altered.

To assess the mechanism for and selectivity of these observations, the effect of 
isoflurane on spontaneous mIPSCs and mEPSCs was investigated using whole cell 
recording of cultured rat cortical neurones perfused with saline containing 2mM 
Ca2+, 0.5mM Mg2+ and 50nM tetrodotoxin. mPSCs were sampled in 1-3 minute 
bins before during and after equilibration (for 2 min) with isoflurane. Spike2 
software (Cambridge Electronic Design, UK) was used for data analysis.

mPSC incidence (number of mEPSCs or mIPSCs per minute) was significantly 
and dose dependently suppressed (p<0.001 ANOVA, n=5) by isoflurane compared 
with time matched blanks (n=5), an effect apparent at all doses tested (3.2 to 
1600pM) for both mIPSCs and mEPSCs. mEPSC peak height and decay time were 
not affected by isoflurane (up to 1600pM). mIPSC decay was prolonged at doses 
(>100pM isoflurane) higher than that required to suppress transmitter release in the 
same group of cells (n=2). Inclusion ofpicrotoxinin (10|iM) ablated mIPSCs, but 
did not significantly affect the isoflurane induced suppression of mEPSC incidence 
(p>0.05 ANOVA versus previous data, n=5).

We conclude that isoflurane supresses transmitter release at both excitatory and 
inhibitory synapses (at lower concentrations than those required to modulate 
postsynaptic receptors). This may be fundamental to its molecular mechanism of 
action. Funded by the Association of Anaesthetists of Great Britain and Ireland.

888.12
OXYTOCIN MODULATES THE EXCITATORY SYNAPTIC 
TRANSMISSION BETWEEN CULTURED NEONATAL RAT SPINAL 
DORSAL HORN INTERNEURONS. Y.-H. Jo, M. E. Stoeckel, M -J. Freund- 
Mercier and R. Schlichter* Univ. Louis Pasteur, URA 1446-CNRS, 21 r. 
Descartes, 67084 Strasbourg (France).

A high density of oxytocin (OT) binding sites have been described in the most 
superficial laminae (I-II) of the rat spinal cord gray matter where most 
nociceptive primary afferents terminate. Our aim was to determine if these sites 
correspond to functional receptors possibly underlying a modulatory role of the 
oxytocinergic hypothalamo-spinal projection. We have developped a culture of 
dissociated dorsal horn (DH) neurons from neonatal rat spinal cord allowing the 
combined use of perforated patch clamp and immunocytochemical techniques on 
individual neurons. The neurons were classified into 4 types according to their 
spike accommodation properties. GABA and Met-enkephalin were mainly 
colocalized in neurons displaying moderate accommodation. OT (100 nM) 
increased the frequency of AMPA-receptor mediated glutamatergic excitatory 
synaptic currents in 31% of neurons recorded after having blocked inhibitory 
synaptic transmission with bicuculline (10 pM) and strychnine (1 pM). This 
effect was reproduced by [Thre]4-[Gly]7 oxytocin (100 nM), a selective OT- 
receptor agonist, and reversibly blocked by d(CH2)3 [Tyr (Me)2] ornithine 
vasotocin (dOVT, 500 nM), a selective OT-receptor antagonist. The effect of OT 
or of its agonist persisted in the presence of tetrodotoxin (500 nM).

Our results indicate that functional OT receptors are present on the terminals of 
glutamatergic spinal DH intemeurons and suggest that OT might play an 
important modulatory role in the processing of nociceptive information in the most 
superficial laminae of the DH.
This work was supported by a grant of the UPSA Pain Institute.

888.13
THE KAPPA RECEPTOR AGONIST U-50488 INHIBITS OXYTOCIN 
RELEASE FROM SPINAL CORD SYNAPTOSOMES VIA A G PROTEIN 
MEDIATED, c-AMP INDEPENDENT PROCESS. M. Schneider, I. Wong 
and J. Haidar*. Dept. of Biological Sciences, St. John's University, Jamaica, 
NY 11439.

Based on our previous work, we have hypothesized that the k  opioid receptor may 
be exerting a modulatory effect on oxytocin (OT) release in the spinal cord by 
coupling to such cellular effectors as adenylate cyclase, through a G protein. Our 
current experiments were designed to determine: 1) if indeed the inhibitory action of 
the specific k  receptor agonist U-50488 on spinal cord synaptosomes modulates OT 
release via a G protein mediated process, and 2) if U-50488 inhibits OT release from 
spinal cord synaptosomes by acting through a Gi protein to limit the production of c- 
AMP and the subsequent stimulation of protein kinase A (PKA). For each of our 
experiments, synaptosomes were prepared by the homogenization and differential 
centrifugation of rat spinal cord tissue. Synaptosomal pellets thus obtained were 
incubated in RPMI medium (Gibco) for twelve hours under physiological conditions 
with or without pertussis toxin (PTX). Next, a basal level of OT release was obtained 
by incubating pellets in a control solution (mM): NaCl 154, KC1 5.6, MgCl2 1, 
HEPES 10, glucose 10, and BSA 0.025%. The specific k  receptor agonist U-50488 
was then added to the synaptosomes followed by test solution alone or containing Rp- 
cAMPS, or Sp-cAMPS. Test solutions had the following composition (mM) NaCl 
103.6, KC1 56, CaCl2 2.2, MgCl2 1, HEPES 10', glucose 10, BSA 0.025%. Our 
results demonstrate that U-50488 inhibits the release of OT from rat spinal cord 
synaptosomes via a PTX sensitive G protein. Further, the G protein which is 
involved in this inhibitory process does not appear to be linked to adenylate cyclase 
since: 1) blocking the activity of PKA with the specific inhibitor Rp-cAMPS does 
not reduce the amount of OT that is released from spinal cord synaptosomes following 
PTX treatment and 2) the c-AMP analog Sp-cAMPS which stimulates PKA is not 
able to reverse the inhibitory action of U-50488 on spinal cord OT release. (Supported 
by St. John's University, and a fellowship from the Clare Boothe Luce Foundation).

888.14
MGluR-MEDIATED FACILITATION OF THE HAIR CELL-AFFERENT 
SYNAPSE IN FROG SEMICIRCULAR CANAL P.Guth*, P.Perin, C.Norris, 
A.Puri, L.Botta", G.Zucca* and P.Valli+ Tulane Medical School, Dept. of 
Pharmacology, 1430 Tulane Ave., 70112 New Orleans, LA, USA; Pavia 
University, Institute of General Physiology, viale Forlanini 6, 27100 Pavia, ITALY.

Glutamate (Glu) is believed to be the main transmitter at the type II hair cell’s 
afferent synapse. In frog semicircular canal (SCC), a facilitatory presynaptic effect 
of glutamate has been suggested [Valli et al. 1985; Prigioni et al. 1990], and may be 
important in the differential regulation of hair cell transmitter release in resting 
and evoked modes [Guth et al.1991]. The receptor involved in this effect has not 
been characterized yet. However, there is growing evidence that metabotropic 
glutamate receptors (mGluRs) are involved in presynaptic facilitation of Glu 
release in the brain [Sanchez-Prieto et al.,1996]. Therefore, we looked for a 
possible role of mGluRs at the hair cell’s afferent synapse. A selective mGIuR 
agonist (ACPD) was applied to frog SCC while recording resting multi-unit 
afferent firing rates. Applications of 100 pM ACPD reversibly increased 
spontaneous firing rate to 132 ± 8.9% of control values (baseline noise was 8 ± 
2.9% in the absence of agonist). The firing rate returned to normal after 7±1.5 min 
(n=8). After blocking transmitter release with low-Ca high-Mg solutions, ACPD 
effect became negligible (n=2), suggesting that the site of mGluRs is mainly 
presynaptic. These results suggest that a mGIuR present on hair cells is involved in 
glutamatergic presynaptic facilitation in frog SCC.. Supported by NICD-DC 00303- 
09.

888.15
IMPACT OF A] ADENOSINE RECEPTOR ANTAGONISTS ON 
TRANSMITTER RELEASE AT THE MAMMALIAN NEURO-
MUSCULAR JUNCTION. M. Malinowski. S. Cannady. K.V. 
Schmit. P.M, Barr. J.W, Schrock, and D.F. Wilson*. Zoo Dept., 
Center for Neuroscience, Miami Univ., Oxford, OH 45056.

The functional role of A] adenosine receptors on motoneurons was 
examined in the phrenic nerve-hemidiaphragm preparation of the rat by 
examining the effect of blocking these receptors with 8-Cyclopentyl-
1,3-dipropylxanthine (DPCPX) or 8-cyclopentyltheophylline (CPT). 
Intracellular recording techniques were used to monitor end-plate 
potentials and miniature end-plate potentials in the isolated transected 
preparation ( 40 stimuli of 1, 25, and 50 Hz were used). Quantal 
release and tetanic fade in the presence and absence of the antagonists 
were examined. DPCPX (0.1 uM and 0.5 uM) and CPT (10 and 100 
uM) enhanced quantal release and end-plate potential amplitudes but 
did not reverse tetanic fade. The data suggests that under invitro 
conditions there is a sustained leakage of adenosine from the tissue 
which results in tonic inhibition and this problem is not limited to the 
transection method. It is suggested that this sustained adenosine 
leakage may be due to moderate hypoxic problems associated with the 
underlying tissue, but this should not be true under invivo 
conditions. While this data supports the hypothesis that adenosine 
serves a role in depressing transmitter release our results do not 
support the hypothesis that adenosine buildup is the major mechanism 
for causing tetanic fade.

888.16
CYCLIC AMP MODULATION OF PRESYNAPTIC ACTIVITY 
VISUALIZED AT INDIVIDUAL CEREBELLAR PARALLEL FIBER 
SYNAPSES. P, Chavis. P. Mollard*. A. Malgaroli0, J, Bockaert and O, 
Manzoni. CNRS UPR 9023, INSERM U469, 141 rue de la Cardonille, 
34094 Montpellier, France and °Dibit, Scientific Institute San Raffaele, 
20132 Milan, Italy.

Using the sequential uptake of antibodies directed against the 
intraluminal domain of synaptotagmin I, we explored the effects of 
adenylyl cyclase (AC)-modulation on vesicular cycling at individual 
synapses of cultured cerebellar parallel fibers. Vesicular cycling was 
strongly increased by the AC activator forskolin and the permeant cAMP 
analog CPT-cAMP. The enhancements were blocked by the protein 
kinase-A (PKA) inhibitor Rp-cAMPs demonstrating the involvement of 
PKA. Strikingly, cAMP/PKA stimulation induced the apparition of 
synapses that were not detected during the control period. The cAMP- 
enhancement of release was long lasting since we observed a large 
increase in vesicular cycling 30 minutes after AC stimulation. We searched 
for receptor-mediated regulation of the cAMP/PKA release and studied the 
role of L-AP4-sensitive metabotropic glutamate receptors (mGluRs). 
Activation of mGluR4 subtype reduced both cAMP/PKA-dependent and 
basal vesicular release. Finally, both cAMP enhancement and L-AP4 
effect were unaffected by Cd++, excluding a role for presynaptic voltage- 
dependent calcium channels in these phenomena. Our work provides 
evidence for a novel form of synaptic plasticity where activation of the 
cAMP/PKA-cascade induces new presynaptic release sites.

This research was supported by grants from the CNRS, INSERM, CEE 
(BIO2-CT93-0243 and BMH4-CT96-0228), DRET, Bayer Company,
F.R.M., A.R.C., Ministere de la Recherche (ACC-SV11) and Region 
Languedoc-Roussillon.
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888.17
BLOCKING OF TONIC INHIBITION INDUCES SIMULTANEOUS CHANGES 
OF EVOKED AND SPONTANEOUS EXCITATORY RESPONNSES AT THE 
CRAYFISH SYNAPSES. B.Alkahe and Y.Grossman* Department of Physiology, 
Faculty of Health Sciences, Zlotowsky Center for Neuroscience, Ben Gurion 
University of the Negev, Beer Sheva 84105, Israel.

According to the quantal release theory, the independent spontaneous release is 
believed to be related to the evoked responses. Recent study from this laboratory 
demonstrated that prolonged reduction of GABA levels causes hyperexcitability of 
glutamatergic excitatory terminals. We studied the effect of blocking tonic GABAb  
mediated inhibition on various characteristics of evoked (EPSCs) and spontaneous 
(mEPSCs) release in ten crayfish neuromuscular synapses, using macropatch clamp 
technique. EPSCs and mEPSCs were recorded simultaneously before and after bath 
application of CGP-35348 (400-600 M), a known GABAb receptor blocker. 
Maximal amplitude, slope, rise time and half decay time (t1/2) were measured for 
each event. mEPSCs were mostly uniquantal with parameters quite similar to those 
of EPSCs. However, multiquantal mEPSCs were less synchronized then EPSCs with 
similar amplitude. Furthermore, control mEPSCs frequency was very low: 0.025Hz 
(mean). Application (10-20 min) of CGP-35348 dramatically increased mEPSCs 
frequency to 1.4Hz (n = 8). This was always associated with a 13% decrease of a 
single EPSCs, concomitantly with a greater reduction of 46% (mean) in potentiation 
of a five stimuli train (100 Hz.). In two synapses, in which no change of mEPSCs 
frequency occurred, the evoked response was potentiated by 25% rather than 
decreased. These results suggest a common pathway of evoked and spontaneous 
release. This pathway may become partly saturated with increased spontaneous 
release, as a result of a prolonged blocking of a certain GABAb  mediated inhibitory 
mechanism.

888.18
SEROTONIN AND OKADAIC ACID ENHANCE TRANSMITTER RELEASE 
AT THE INHIBITOR OF CRAYFISH OPENER MUSCLE BY ACCELERATING 
TRANSMITTER RELEASE KINETICS AND INCREASING THE
TRANSMITTER CONTENT OF THE EARLY COMPONENT OF RELEASE.
A. Vyshedskiv* and Jen-Wei Lin. Dept. Biology, Boston Univ., Boston, MA 
02215.

The inhibitor of the crayfish opener muscle was used to investigate 
the mechanisms of transmitter release enhancement. Two electrode voltage 
clamp was used to depolarize inhibitory axon to 0 mV for 20-ms. The 20-ms 
pulses evoke release of clearly identifiable component of continuous 
release that is defined as an early component. Inhibitory postsynaptic 
potentials (IPSP) were measured from the muscle fiber near the presynaptic 
voltage electrode. To characterize transmitter release time course IPSP were 
converted into conductance (IPSG). Transmitter release kinetics was 
characterized by the time when IPSG reaches its half-maximum (IPSG50), 
transmitter content of an early component was monitored by measuring area 
under IPSG activated by 20-ms pulse (IPSGarea). We have previously 
demonstrated that the F2 facilitation is associated with acceleration of IPSGgo 
but not with an increase of IPSGarea. In this study we show that unlike F2 
facilitation Serotonin (5-HT) and Okadaic Acid (OA) potentiate transmitter 
release by both accelerating IPSGgo and increasing IPSGarea. 5-HT (100 nM 
continuous application for 50 min) and OA (2.5 pM bath application for 50 
min) accelerated IPSGso by 3 ms and 3.6 ms respectively and increased 
IPSGarea by 50% and 37% respectively. The relationship between 
mechanisms involved in activity-induced and 5-HT/OA-induced facilitation 
are further investigated by comparing the effect of conditioning stimulation 
on control and 5-HT/OA-treated preparations. (Supported by NIHNS31707)

888.19
CHOLINERGIC MODULATION OF THE SPONTANEOUS RELEASE OF 
SYNAPTIC VESICLES IN CULTURED CA1-CA3 HIPPOCAMPAL 
CELLS. Alexandre Bouron* and Harald Reuter. Dept Pharmacology, 
Univ. Berne, Friedbuhlstrasse 49, 3010 Berne, Switzerland

We have investigated the effect of the cholinergic agonist carbachol 
(Cch) on the spontaneous transmitter release in cultured rat CA1-CA3 
hippocampal cells. Spontaneous excitatory postsynaptic currents 
(sEPSCs) through AMPA-type channels were recorded by means of the 
whole-cell configuration of the patch-clamp technique. Cch increased 
the sEPSC frequency in a dose-dependent manner. The kinetic 
properties of the sEPSCs and the amplitude distribution histograms 
were not affected by Cch, arguing for a presynaptic site of action. In 
agreement with this, the recording of the spontaneous endocytosis of 
synaptic vesicles stained with the dye FM1-43 indicated an increased 
turnover rate of the vesicular pool. The Cch-induced increase in sEPSC 
frequency, not mimicked by nicotine, could be blocked by atropine or 
by the Mi-muscarinic blocker pirenzepine. Intracellular Ca2+ signals 
recorded with the fluorescent probe Fluo-3 indicated that Cch 
transiently increased [Ca2*],. Thus, it appears that Cch is stimulating 
presynaptic M1 muscarinic receptors that are coupled to the 
production of diacylglycerol and inositol trisphosphate (IP3). The 
protein kinase inhibitor staurosporine as well as a down-regulation of 
PKC produced by a long-term treatment with 4beta-PMA inhibited the 
Cch effect. Cch increased the sEPSC frequency of BAPTA/AM-loaded 
cells, showing that Cch action does not depend on Ca2+ release from 
IP3-sensitive stores. Our data show that Cch acts at a presynaptic site 
and increases sEPSC frequency most probably by activating PKC.

This work was supported by the Swiss National Science Fondation 
(Grant 31-45093.95).

888.20
SEVOFLURANE AND HALOTHANE EFFECT BOTH EXCITATORY 
AND INHIBITORY SYNAPTIC TRANSMISSION BETWEEN 
IDENTIFIED LYMNAEA NEURONS IN CELL CULTURE. Hamakawa, T 
Takasaki, M., Lukowiak, K. and Syed, N.I. Respiratory and Neuroscience Research 
Groups, Faculty of Medicine, 3330 Hospital Drive, NW, The University of Calgary, 
Calgary, Alberta, Canada T2N 4N1

In this study we compared the effects of two clinically used inhalation anesthetics, 
sevoflurane and halothane on synaptic transmission between identified Lynmaea neurons 
in vitro. Specifically, we reconstructed either electrical, ( inhibitor}' and excitatory') 
synapses between defined sets of pre and postsynaptic neurons in a soma-soma 
configuration. Under these experimental conditions, synapses form between the cell 
bodies of the identified neurons. Therefore, not only the cell somata but also synapses are 
accessible to direct intracellular analysis. These in vitro reconstructed synapses were 
subsequently used to test for the effects of sevoflurane and halothane on synaptic 
transmission between the neurons. We found that neither sevoflurane (1- 6.0%) nor 
halothane (0.5 - 2.0%) affected electrical synapses between neurons left and right pedal 
dorsal 11 (n=5) - or left and right cerebral giant cells (n=5). These anesthetics did, 
however, suppress chemically mediated excitatory' (RPeDl—»VD2, n=3) and(VD4 
RPeD2, n=3) and inhibitory (VD4—♦RPeDl, n=16) synapaptic transmission between 
these identified neurons. Sevoflurane-induced synaptic depression occurred much faster 
(within 30-60 seconds) than halothane (120-180 seconds). Similarly, recovery from 
sevoflurane - induced synaptic depression was also much faster (180 seconds) than 
halothane (540 seconds). Taken together, these studies are in line with clinical 
observations and suggest that sevoflurane may be better general anesthatic as compared 
with halothane. Moreover, our model system now provides us with an excellent 
opportunity to determine cellular mechanisms by which general anesthetics effect synaptic 
transmission in the nervous system.

PRESYNAPTIC MECHANISMS VII

889.1
HIGH SPATIAL RESOLUTION COMPUTATIONS OF 
[Ca2+]i, [Na+lb [K+]h AT MULTIPLE ACTIVE ZONES 
IN MULTIPLE SYNAPSES ON AXON VARICOSITIES
J.L. Winslow*, Physiology Dept. & Biomedical Engineering,
U. of Toronto, Toronto, Ont. M5S 1A8.

Presynaptic axon varicosities at crayfish NMJ can have many 
individual synapses each of which contain multiple active zones 
(AZs). Each AZ contains voltage activated Ca2+ {Cav) channels 
stimulated by APs propagating on the axon.

The Hodgkin-Huxley equations with ENa1 EK, EL, for the crayfish 
preparation, were used to calculate APs which then drive the 
Llinas-Steinberg-Walton equations for Cav channels. These ion 
fluxes were balanced by membrane Na :K pumps and Na :Ca 
exchangers on a whole varicosity, discretised using tetrahedrons. 
The new solution method of finite volumes was used to solve the 
appropriate reaction-diffusion equations simultaneously with the 
channel and pump equations. Thus, predictions of [/Va +),-, 
and [Ca2+],-, were computed at higher spatial and temporal 
resolution than has been measured experimentally.

Rates and density of the Na:I\ pumps, Na-.Ca exchangers, density 
of AZs and total number of synapses strongly influence the rates of 
increase and decline of |/Va+],- and [Ca2+],. This in turn, effects the 
increase and decrease of homosynaptic facilitation or short term 
enhancement. Mitochondrial sequestration and release of Ca2* is a 
second order effect. Vesicles and mitochondria impede diffusion 
flow and help to trap Ca2+, thereby enhancing facilitation of 
neurotransmitter release. Funded by NSERC of Canada.

889.2
Dendritic  Action  Potentials  in  Olfactory  Bulb  Mitral  Cells . 
Josef Bischofberger and Peter Jonas*. Physiologisches Institut, Univ. Freiburg, 
D-79104 Freiburg, Germany.

The dendrites of many neurons are not passive, but contain active conductances. It 
was previously shown that action potentials are propagated actively from the soma 
into the dendrites of neocortical pyramidal neurons in a decremental manner (Stuart 
and Sakmann, 1994, Nature 367, 69-72). Dendrites of mitral cells of the olfactory 
bulb (OB) differ from those of cortical pyramidal neurons in their ability to rapidly 
release synaptic transmitter (presumably glutamate). To understand the dendro- 
dendritic synaptic interactions it is important to know whether the presynaptic 
voltage signal, which triggers the calcium influx for transmitter release, is a graded 
or an all-or-none event. We have made whole cell patch clamp recordings from 
mitral cell somata and dendrites (up to 210 pm from the soma) in slices of the rat 
OB (postnatal day 12-22, n=54). Depolarizing current injection lead to action 
potentials in the soma as well as in the dendrites. Simultaneous whole cell recording 
from soma and dendrite showed that the action potentials were initiated near the 
soma and then propagated back into the dendrites with a constant shape and 
amplitude (102+2.7 mV, mean±SEM). To analyze the basis of this backpropagation, 
we measured voltage-gated Na+ currents in somatic (n=21) and dendritic outside-out 
patches (n=28) excised from dendrites up to 340 pm from the soma. At a potential of 
-10 mV the current density in patches from somata and dendrites was 6.3+1.4 
pA/pm2 and 7.1+1.7 pA/pm2, respectively. The role of the dendritic Na+channels 
for nondecremental backpropagation was further investigated by application of an 
action potential waveform in the voltage clamp mode at the soma. 1 pM external 
tetrodotoxin reduced the amplitude of the backpropagated dendritic action potential 
from 102 mV to 66 mV (at 210 pm from the soma). This shows that the dendritic 
Na+ channels substantially contribute to the full amplitude spike propagation in the 
presynaptic dendrites of olfactory bulb mitral cells.
Supported by Deutsche Forschungsgemeinschaft
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889.3
ANALYSIS OF SINGLE-AXON CONNECTIONS BETWEEN PYRAMIDAL 
CELLS AND INTERNEURONS IN THE RAT CEREBRAL CORTEX. J, T. 
Porter*, E. Audinat, B, Cauli, J. Rossier Laboratoire de Neurobiologie et Diversite 
Celluiaire, CNRS URA 2054, ESPCI, Paris, France, 75005.

The interneurons of the cerebral cortex exhibit considerable diversity in their 
morphology, firing patterns, and expression of neurotransmitter receptors. Such 
differences presumably affect the synaptic transmission between the various 
interneurons and pyramidal neurons. However, little is known about the single-axon 
connections between cortical intemeurons and pyramidal neurons. To address this 
question, dual whole-cell patch-clamp recordings were done between pairs of cortical 
intemeurons and pyramidal neurons in layers II and III of parasagittal slices of the rat 
parietal cortex. Excitatory synapses from pyramidal to intemeurons produced 
DNQX-sensitive EPSPs (2.6 to 96.6 pA) and generally exhibited paired-pulse 
depression (8 to 65 % decrease). Inhibitory connections from interneurons to 
pyramidal neurons produced bicuculline-sensitive IPSPs (5.1 to 38.2 pA) which also 
usually exhibited paired-pulse depression (13 to 33% decrease). Analysis of the 
potency ratio of the first and second pulses and analysis of asynchronous release by 
substitution of strontium for calcium suggested that the majority of both the 
excitatory and inhibitory connections contained multiple release sites, although single 
release sites were also encountered. Variations in the number of release sites and in 
the degree of paired-pulse effects are likely to have important effects on synaptic 
integration within the cerebral cortex.
This work was supported by a Chateaubriand fellowship and the Centre National de 
la Recherche Scientifique.

889.4
Evoked IPSCs in magnocellular neurons are inhibited by activation of 
presynaptic GABAB receptors.
D. Mouginot*, S, B, Kombian and Q. J. Pittman 
Univ. of Calgary, Neuroscience Research Group, Calgary, AB, Canada 
Electrical activity of supraoptic neurosecretory cells is controlled by 
glutamatergic and GABAergic synaptic transmissions to the supraoptic 
nucleus (SON). Modulation of these inputs may affect the firing of the 
magnocellular neurons and hence release of oxytocin and vasopressin. 
Acute brain slices containing the SON and perforated-patch recordings 
of neurosecretory cells were used to study the role of GABAb receptors 
in the modulation of evoked IPSCs. Bath application of baclofen 
reduced IPSCs in a dose-dependent way without affecting, either the 
holding current and input resistance, or kinectics and equilibrium 
potential of IPSCs. In addition, baclofen changed the paired-pulse ratio 
of two consecutive IPSCs. These results are in favor of a presynaptic 
action of baclofen to decrease IPSC amplitude. The baclofen mediated- 
inhibition of IPSCs was blocked by Ba2+ ions but not by 18 hours 
pretreatment of slices with PTX (500 mg/ml), making involvement of a 
PTX-sensitive G-protein unlikely. Perfusion of CGP36742, a GABAb 
receptor antagonist did not affect IPSC amplitude, and enhancement of 
endogenous GABA release did not mimic the inhibitory action of 
baclofen, ruling out the involvement of classical GABAb autoreceptors. 
Supported by MRC (Canada) and AHFMR.

889.5
READING A NEURAL CODE VIA TEMPORAL SUMMATION 
Jonghan Shin* , Div. of Biology, Caltech 139-74, Pasadena, CA 91125.

Spiking neurons encode continuous, time varying signals into 
sequences of identical action potentials, or spikes. Bialek and Rieke 
(Science, 1991, 252:1854-1857) showed that continuous time-varying 
signals can be reconstructed from spikes by optimal linear filter de-
signed via statistical estimation theory. However, even in single neurons, 
the spike encoding and decoding processes are happening continuously; 
from continuous signal to spikes at soma, back to continuous signal at 
axon terminals for transmitter release, and from spikes to post-synaptic 
continuous waveforms at dendrites via synapse, etc. How do real neu-
rons reconstruct continuous, time-varying signals from spikes? We pro-
pose that real neurons can do reconstruct continuous signals from spikes 
via temporal summation which is a common operation in bioelectrical 
and biochemical signal processing. In the frequency domain, the tem-
poral summation can be expressed as a low-pass filtering procedure. As 
an example of signal reconstructions at real neurons, we present that 
intracellular calcium concentration via high threshold calcium channel 
can reconstruct the continuous signals from spikes. The reconstructed 
signal via intracellular calcium concentration could be utilized for adap-
tation and learning processes. Furthermore, various statistical features 
about continuous, time-varying signals could be extracted and utilized 
in neuronal information/adaptation processing, according to time con-
stant and order of versatile biochemical and bioelectrical decoding filters 
in nerve cells. (Supported by a Colvin Fellowship from Caltech.)

889.6
DENDRODENDRITIC SYNAPTIC ACTIVITIES IN MITRAL 
CELLS OF TURTLE OLFACTORY BULB SLICES. Varya Kirillova 
and Jen-Wei Lin*. Dept. of Biology, Boston University, Boston, MA 02215

A procedure for preparing slices from the turtle olfactory bulb is 
described in this report. Individual layers of the bulb could be identified 
in the slices which enabled the identity of cells under investigation to be 
clearly defined. Mitral cells retained extensive dendritic arborizations in 
slices of typical thickness, 300-400 pm. The presence of extensive 
dendritic processes was corroborated by the difficulties we encountered 
in our attempt to achieve adequate space clamp. On the few occasions 
where an adequate space clamp of a mitral cell was achieved, Ica 
exhibited a threshold of -50 mV and reached its maximal level at -10 
mV. In all cases where Iqa was analyzed (n=45), the current exhibited 
little inactivation. Activation of mitral cells by depolarizing steps also 
triggered a burst of feedback synaptic activity after the termination of the 
step. The intensity of feedback activity was closely correlated with the 
amplitude of the depolarizing step, reaching its maximal level at -10 mV 
ana declining with further depolarization. The bell shaped relationship 
between the feedback activity and mitral cell depolarization is consistent 
with the hypothesis that the feedback activity is mediated by the 
reciprocal synapses on the mitral cell dendrite. This hypothesis was 
further supported by the inhibitory nature of the feedback synaptic 
activity: (I) the polarity of the feedback synaptic current could be 
inverted at Eci, (2) the feedback activity could be completely blocked by 
10p.M bicuculline. In some mitral cells, the frequency of spontaneous 
activity was noticeably increased when the holding potential was 
depolarized. This correlation could be attributed to the activation of 
dendrodendritic synapses. Results shown in this report demonstrate 
that dendrodendritic synapses are viable in turtle olfactory bulb slices. 
Supported by BU fund 20617 and NTH NS31707 (to JWL).

889.7
A NEW APPROACH TO ANALYZING NEURONAL NETWORK 

ARCHITECTURE - SYNAPTIC CONNECTIVITY OF CULTURED 
HYPOTHALAMIC NEURONS. T. H. Muller*, D. Swandulia and H.U. 
Zeilhofer. Max-Planck-lnstitut fur biophysikalische Chemie, D-37077 
Gottingen; Universitat Eriangen-Nurnberg, Institut fur Experimentelle und 
Klinische Pharmakologie und Toxikologie, D-91054 Erlangen, Germany.

Excitatory and inhibitory synaptic connections were identified by record-
ing simultaneously from pairs of neurons using the whole-cell configuration 
of the patch-clamp technique and testing for evoked postsynaptic current 
responses to electrical stimulation of one of the neurons.

The latency between presynaptic stimulation and postsynaptic response 
showed a multimodal distribution, suggesting that responses via both mono-
synaptic and polysynaptic paths were recorded. On average, only one in 3-4 
excitatory events was transmitted to another excitatory neuron and resulted 
in an above-threshold stimulation. This indicates that in addition to evoked 
synaptic responses other sources of excitatory drive must contribute to the 
spontaneous activity observed in these networks. The occurrence of differ-
ent configurations of synaptic connections was compared to a probabilistic 
model of the network structure. This analysis provides estimates for the ratio 
of inhibitory to excitatory neurons in the network (1:1.5) and for the ratio of 
postsynaptic cells receiving input from a single GABA-ergic or glutamatergic 
neuron (3:1). Cell pairs mutually connected by an excitatory and an inhibi-
tory synapse occurred significantly more often than predicted by a random 
process. These results suggests that the formation of neuronal networks in 
vitro is controlled by cellular mechanisms that favor inhibitory connections in 
general, and specifically enhance the formation of reciprocal connections 
between pairs of excitatory and inhibitory neurons. These mechanisms may 
contribute to network formation and function in vivo, (supported by Deutsche 
Forschungsgemeinschaft: Mu 1243/1; SFB 353/A2; SFB 353/A8)

889.8
Glutamatergic  Excitatory  Synaptic  Transmission  between  Seroto -
nergic  Caudal  Raphe  Neurons : Properties  and  Presynaptic  Inhibition  by  
5-HTib  Receptors . Douglas A. Bayliss and Yu-Wen Li*. Dept. of Pharmacology, 
University of Virginia. Charlottesville, VA 22908.

To characterize local synaptic connections between serotonergic raphe neurons, 
whole cell excitatory postsynaptic currents (EPSCs) were recorded from visualized 
caudal raphe neurons following stimulation of neighboring cells. Most neuron pairs 
were tryptophan hydroxylase-immunoreactive, indicating that synaptic connections 
were indeed between serotonergic neurons. Evoked EPSCs reversed at ~0 mV and 
were blocked by kynurenate, a glutamate receptor antagonist; they were unitary (from 
stimulation of a single presynaptic neuron) and occurred at short latency with variable 
amplitude and apparent ‘failures’ at fixed stimulus intensity (1.5-2X threshold). At 
60 mV, EPSCs were wholly due to CNQX-sensitive, non-NMDA receptors: at more 

depolarized potentials, an AP-5-sensitive, NMDA component with slower kinetics was 
often observed. EPSCs were potently inhibited by 5-HT, with an EC50 of -0.1 pM and 
>80% inhibition at 1 pM; this effect was mimicked by 5-HTiB agonists, CP-93,129 and 
anpirtoline, but not by 8-OH-DPAT, a 5-HT1A agonist, implicating involvement of 
5-HT!b receptors. Inhibition of EPSCs by 5-HT was mediated presynaptically since: 
[1] currents evoked by direct glutamate application were unaffected by 5-HT and/or 
5-HTib  agonists; [2] the frequency, but not the amplitude, of spontaneous glutamatergic 
miniature EPSCs was diminished by CP-93,129; [3] 5-HT increased paired-pulse 
facilitation in raphe neurons; and [4] the 5-HT!B receptor agonists which most potently 
blocked synaptic transmission, had little or no effect on somatic Ca2+ currents or 
inwardly-rectifying K+ currents in raphe neurons. Therefore, serotonergic caudal raphe 
neurons interact via glutamatergic synapses, providing a local excitatory mechanism 
that could coordinate neuronal activity within the raphe nuclei. Presynaptic inhibition 
of that local excitatory glutamatergic transmission provides another level at which 
5-HT can exert negative feedback autoregulation of serotonergic neuronal activity.

Supported by NIH NS33583 and AHA 96010950 (DAB).
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889.9
TIMECOURSE AND MECHANISM OF GABA-MEDIATED 
HETEROSYNAPTIC DEPRESSION AT A CEREBELLAR 
SYNAPSE. J. S, Pittman* and W. G. Regehr. Department of 
Neurobiology, Harvard Medical School. Boston, MA 02115.

High levels of activity at a synapse can lead to spillover of 
neurotransmitter from the synaptic cleft. This extrasynaptic 
neurotransmitter can diffuse to neighboring synapses and modulate 
transmission via presynaptic receptors. We studied such modulation at 
the synapse between granule cells and Purkinje cells in slices from rat 
cerebellum. Brief tetanic stimulation of granule cell parallel fibers 
activated inhibitory neurons, producing a rapid and local increase in 
extracellular GABA, which in turn caused a short-lived heterosynaptic 
depression of the parallel fiber to Purkinje cell synapse. This synaptic 
inhibition is mediated by GABAb  receptors coupled to N and P/Q type 
calcium channels located on parallel fiber presynaptic boutons. 
Activation of these presynaptic GABAb receptors reduced action 
potential-evoked calcium influx. The magnitude and time course of the 
depression were mimicked by flash photolysis of caged GABA onto a 
small region of parallel fiber presynaptic terminals. We estimate that the 
uncaged GABA reaches a concentration of between 5 and 10 pM at the 
parallel fiber presynaptic terminal, leading to a substantial reduction of 
the calcium influx during a single action potential. Inhibition of 
presynaptic calcium influx peaks within 100 milliseconds and decays in 
less than 5 seconds at 32 °C. These results suggest that presynaptic 
GABAb  receptors can sense extrasynaptic GABA increases of several 
micromolar due to local inhibitory activity, and rapidly modulate the 
release of neurotransmitter via voltage-gated calcium channels.
This research is supported by NIH grant R01-NS32405-01

889.10
ORIGINS AND PROPAGATION OF A SYNCHRONOUS GABA-MEDIATED 
POTENTIAL IN THE HUMAN NEOCORTEX. M, Avoli*, J. Louvel. R. Kohling, 
I. Kurciewicz. A. Lucke. A. Siniscalchi and R. Pumain. Montreal Neurological 
Institute, McGill University, Montreal, Quebec, H3A 2B4, Canada.

Field potential and [K+L recordings were made in over 30 neocortical slices ob-
tained from patients with temporal lobe epilepsy. These tissue samples were not 
characterized by any structural derangement of the cortical organization. Bath ap-
plication of 4-aminopyridine (4AP, 50pM) and ionotropic excitatory amino acid 
antagonists (3,3-(2-carboxy-piperazine-4-yl)-propyl-l-phosphonate, lOpM and 6- 
cyano-7-nitro-quinoxaline-2,3-dione, lOpM) disclosed spontaneous and/or stimu-
lus-induced negative field potentials (amplitude=0.2-3mV;duration=200-800ms; in- 
terval=4-15s).These events attained maximal negative amplitude 800-1200pm from 
the pia, were associated with elevations in [K+]o (peak values^ up to 6.4mM from a 
3.2mM baseline) and were abolished by the GABAa  receptor antagonist bicuculline 
methiodide (10pM; n=4), the GABAb receptor agonist baclofen (lOOpM; n=3) or 
the g-opioid receptor agonist (D-Ala2-N-Me-Phe,Gly-ol)enkephalin (IOgM; n=2). 
Spontaneous and stimulus-induced negative field potentials were recorded simulta-
neously (though with small delays) from two sites in the neocortical slice (distance= 
up to 2,200pm); although the synchronicity of spontaneous events was disrupted 
following a surgical cut between the two recording sites, yet the stimulus-induced 
field potentials continued to propagate across such a cut.

Our data indicate that the synchronous field potentials recorded in the presence 
of 4AP and ionotropic excitatory amino acid antagonists represent monosynaptic, 
field inhibitory postsynaptic potentials (IPSPs) due to the release of GABA result-
ing from the synchronous firing of inhibitory intemeurons. As reported in rodent 
cortical structures these field IPSPs are associated with increases in |K+]O, a phe-
nomenon that may account for the ability of these events to propagate across the 
neocortex. Supported by the Medical Research Council of Canada (MT-8109).

889.11
IDENTIFICATION OF GAB A-IMMUNOREACTIVE AXON 
ENDINGS ASSOCIATED WITH PERIODONTAL 
MESENCEPHALIC AFFERENT TERMINALS AND 
MORPHOMETRY OF THE TWO TYPES OF TERMINAL IN 
THE CAT SUPRATRIGEMINAL NUCLEUS.
Y.C. Bae1, K.P. Park1, A. Yoshida2, S. Nakagawa2, S. Kurata2, M.
Takemura2, S. Inagaki3’* and Y. Shigenaga2, ‘Dept. Oral Anat., 
Kyungpook Natl. Univ. Sch. Dent., Taegue 700-422, Korea and 2Dept. 
Oral Anat, Osaka Univ. Fac. Dent, and 3Dept. Basic Lab. Sci., Sch. 
Allied Hlth. Sci., Osaka Univ. Fac. Med., Osaka 565, Japan.
The present study was attempted to identify neurotransmitter in P-endings 
associated with periodontal mesencephalic afferents and compare the 
ultrastructures of the two types of terminals in the cat supratrigeminal 
nucleus by using intracellular staining of horseradish peroxidase (HRP) 
combined with the postembedding immunogold methods. Sections 
were processed for postembedding immunogold labeling w ith antibodies 
to the neurotransmitter gamma aminobutyric acid (GABA). All of P- 
endings presynaptic to periodontal afferents showed GABA-like 
immunoreactivity, but the afferent terminals were free from the labeling. 
Among these, completely reconstructed axoaxonic synapses (31 afferent 
terminals and 38 GABA-immunoreactive P-endings) were subjected to a 
morphometeric analysis. The morphometric analysis indicated that 
bouton volume, apposed surface area, total active zone size, and 
mitochondrial volume were smaller in GABA-immunoreactive P-endings 
than in periodontal afferents, but the pooled data of the two types of 
terminal showed that each synaptic parameter was highly correlated in a 
positively linear manner with bouton volume.

MECHANISMS OF NEUROTRANSMITTER RELEASE VI

890.1
REGULATION OF NEURONAL NITRIC OXIDE SYNTHASE BY A NOVEL 
ASSOCIATED PROTEIN. A.M, Snowman*, S.R. Jaffrey. M.J.L, Eliasson, 
S.H. Snyder. Department of Neuroscience, Johns Hopkins University, 
School of Medicine, Baltimore, MD 21205.

Nitric oxide is an important neurotransmitter molecule implicated 
in synaptic transmission, long-term potentiation and neurotoxicity. Its 
biosynthetic enzyme, neuronal nitric oxide synthase (NOS), contains a 
modular sequence motif, the PDZ domain, which likely accounts for its 
localization to synaptic densities and its activation by neurotransmitters 
such as glutamate. To understand how this localization might be 
regulated, we searched for proteins which interact with this region. Here 
we report the identification of a novel -60 kD protein which interacts with 
the NOS PDZ domain. NAP transcripts are detected only in brain 
structures by RNA blotting and NOS and NAP exhibit extensive 
colocalizations throughout rat brain. The COOH-terminal 13 amino acids 
of NAP are sufficient for the interaction with the NOS PDZ domain in vitro 
and NAP-NOS complexes can be detected by coimmunoprecipitation 
from rat cerebellar lysates. These data suggest that NAP and NOS 
interact in vivo. Using in vitro experiments we find that NAP can inhibit the 
interaction of NOS with other PDZ domain-containing synaptic density 
proteins such as PSD95 at concentrations as low as 0.5 nM. This 
competition also occurs in transfected cells. Interestingly, peptides which 
bind to the PDZ domain of either nNOS or PSD-95 are sufficient to block 
the nNOS-PSD95 interaction. By regulating the association of NOS with 
synapses, NAP may regulate the sensitivity of NOS to neurotransmitter 
stimulation.

Supported by grants from NIDA

890.2
ALTERATIONS OF EARLY NEUROMUSCULAR TRANSMISSION IN A 
NEWLY ISOLATED DROSOPHILA MUTANT. Y, Kidokoro*. M.
YoshifctFL A, Veda, L, Takasu-IshikawaOnd.Y,.,Ho,tt.a#. Gunma
Univ. Sch. Med., 3-39-22 Showa-machi, Maebashi 371, Japan; # 
Dept. Phys., Grad. Sch. Sci., Univ. Tokyo 113, Japan

To elucidate the molecular mechanism of developmental steps 
during neuromuscular junction formation, we isolated a semi- 
lethal mutant, MY7919, using the enhancer trap technique. 
Reporter gene expression in MY7919 was found in neuronal 
cells including motoneurons. By in situ hybridization on 
polytene chromosomes, and recombination and deficiency 
mappings, the gene was located at 59E1 on the second 
chromosome. Neuromuscular transmission was found to be 
partially impaired in homozygous mutant embryos: spontaneous 
as well as evoked synaptic currents were smaller than in wild-
type. The failure rate was higher at a given concentration of 
external Ca2+ in the mutant indicating that presynaptic factors 
were involved in this impairment. In addition, postsynaptic 
function was also altered in MY7919. The unitary current 
amplitude of the junctional glutamate receptor channel was 
slightly but significantly smaller in the mutant. Other 
properties of the junctional receptor channel, i.e., current- 
voltage relation and desensitization, were within the normal 
range. It is possible that the postsynaptic alteration is a 
consequence of the primary presynaptic defect. Since no other 
genes involved in synaptic transmission are, to date, designated 
to this location on the chromosome, this gene might be coding a 
novel presynaptic protein.
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890.3
EFFECTS OF NITRIC OXIDE SYNTHASE INHIBITORS ON RAT 
BRAIN AMINO ACID LEVELS. J .SegiethLB .Pearce, L. Fowler and 
P.Whitton. Dept. Pharmacology, London Univ.Sch, of Pharm..London,
WCINIAX.UK.

Previous work from this laboratory has shown that nitric oxide (NO) 
donors regulate glutamate release in vivo and that this regulation is 
biphasic depending upon concentration of the donor. The purpose of this 
study was to examine this in more detail by assessing the effect of 7- 
nitroindazole monosodium salt (7NI) and L-nitro-arginine-methyl-esther 
(L-NAME). Rats were anaesthetised then implanted with concentric 
dialysis probes into the ventral hippocampus. 24h later dialysis was 
commenced for 2h to establish basal levels of extracellular glutamate, 
arginine and citrulline, the latter being used as a measure of NOS 
activity. Drug additions were made via the probe and the levels of amino 
acids in the dialysates determined for periods up to 4h. Extracellular 
concentrations of glutamate, arginine and citrulline were decreased by 7- 
NI, an effect which was reversed by an NO donor. In contrast, L-NAME 
increased glutamate and arginine release in a concentration dependent 
manner, but had little effect on citrulline. These results show that 
glutamate release is modified by NOS inhibition, however, the differing 
effects of the two NOS inhibitors suggest that the site of inhibition, 
neuronal or vascular, may be important in determining the resultant 
response.

Biotechnology and Biological Sciences Research Council.

890.4
MORPHOLOGICAL, IMMUNOCYTOCHEMICAL AND FUNCTIONAL 
IDENTIFICATION OF PEPTIDERGIC X-ORGAN NEURONS CO- 
CULTURED WITH TEGUMENTARY ERYTHROPHORES OF THE 
CRAYFISH. R. Alvarado-Alvarez, E. Becerra and U. Garcia*. Depto. 
Fisiologia, Biofisica y Neurociencias, CINVESTAV-IPN. Apartado Postal 
14-740, 07000 Mexico, D.F.

The aim of this work was to characterize the subpopulation of X-Organ 
neurons able to aggregate erythrophores in co-culture conditions. 
Incubation of neuronal cultures with a polyclonal antibody against the 
red pigment concentrating hormone (RPCH), reveals the presence of 
some immunoreactive neurons with diameters between 20-30 pm and 
branched growth. Partial aggregation of the pigmentary matrix in 
erythrophores neighboring to these neurons suggested spontaneous 
release of RPCH. This was correlated with spontaneous rises in the 
intracellular calcium levels explored with microfluorometric methods in 
neurons loaded with FURA-2. Three experimental maneuvers in co-
culture conditions were effective to induce complete aggregation of the 
pigmentary matrix in erythrophores: a) neuronal depolarization induced 
by incubating with high potassium saline solution (27 mM), b) neuronal 
firing evoked by intracellular current injection (10 pA, 500 ms, 1 Hz) and 
c) calcium entry through voltage-dependent calcium channels recorded 
in whole cell voltage clamp conditions. The aggregation time course was 
similar to that obtained with synthetic RPCH at 10 '18M. We conclude 
that X-Organ neurons in culture are able to release RPCH by both 
spontaneous and stimulated conditions in a calcium dependent manner.

890.5
MECHANISM FOR HYPOXIA-INDUCED SECRETION OF 
CATECHOLAMINES FROM ADRENAL CHROMAFFIN CELLS.
M. Inoue* and I. Imanaga. Dept. Physiol., Sch. Med., Fukuoka 
Univ., Fukuoka814-80, Japan.

Secretion of catecholamines (CA) from the adrenal medullae is vital 
for animals to adapt to various stressors, such as hypoxia. Thus, we 
investigated whether guinea pig adrenal medullary cells secrete CA in 
response to hypoxia and metabolic inhibition and if so, what 
mechanism is responsible for the secretion. Exposure to hypoxia or 
cyanide (CN) facilitated CA secretion with a latency of a few ten 
seconds, and this release was either abolished or markedly diminished 
by removal of Ca? ions or by application of Cd2+ ions or D-600. During 
exposure to CN (up to 5 min), cell volume was not altered noticeably, 
CN produced a depolarization with generation of action potentials, 
reversibly and increased [Ca2+]i determined using the Ca2+ indicator 
Fluo-3/AM in the presence of external Ca2". CN produced an inward 
current at E^, with an ED50 of 0.3 mM. Substitution of N-methyl-D- 
glucamine for 134 mM Na+ ions in the perfusate inhibited the CN- 
induced current by 71% and shifted the reversal potential from -24 to - 
35 mV. The I-V curve for the CN-induced current had a negative slope 
below -50 mV. We conclude that hypoxia and metabolic inhibition 
induce CA secretion through depolarization and the subsequent 
activation of voltage-dependent Ca2+ channels. This depolarization is 
probably due to opening of nonselective cation channels.

890.6
THE EFFECT OF ADENOSINE Al RECEPTOR AGONISTS CYCLO- 
PENTYLADENOSINE (CPA) AND 2-CHLORO-N6-CYCLOPENTYL- 
ADENOSINE (CCPA) ON NEUROTRANSMITTER RELEASE IS NOT 
MEDIATED BY cAMP LEVEL CHANGE H. Zhong*, C. Clough 
Helfman, G. F. Anderson, and J. C. Dunbar. Depts. of Physiol, and 
Pharmacol., Wayne State Univ. Sch. of Med., Detroit, MI 48201.

CPA and CCPA both adenosine (Ado) Al receptor agonists act as 
neuromodulators of norepinephrine (NE) and serotonin (5-HT) release. 
Isotherm binding of [3H]CCPA on rat cortical membranes had a KD of 5.1 
nM and Bmax of 357 fmol/mg. CPA displaced [3H]CCPA from cortical 
membranes with a Kj of 142.8 nM. We have also found that both CPA and 
CCPA displaced the Ado transport inhibitor [3H]nitrobenzyl-6-thioinosine 
([3H]NBTI) from cortical membrane preparations, Kj 0.5 and 3.2 /xM 
respectively, and blocked [3H]Ado transport into freshly prepared cortical 
synaptosomes also in the /xM range, EC50 9.1 and 5.8 /xM, respectively. 
Both CPA and CCPA have inhibitory actions on the evoked release of 
[3H]NE and [3H]5-HT from superfused rat brain slices in the 1-10 /xM range 
significantly reducing the S2/S, ratios. Incubated live 400 /xm cortical slices 
treated with 10 nM or 10 /xM concentrations with either CPA or CCPA for 
1, 5 or 20 min did not significantly alter the cAMP levels. These findings 
suggest that the neuromodulatory inhibitory effects of CPA or CCPA on NE 
and 5-HT release are more closely related to the [3H]NBTI transporter 
binding properties and inhibition of [3H]Ado transport into synaptosomes 
which are more than 600 times lower than the high affinity binding to 
specific Ado Al receptors. Supported by: NIH MH 47181 and MH 17153.

890.7
PHOSPHOTYROSINE PHOSPHATASE ACTIVITY ASSOCIATES WITH C- 
SRC AND THE NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR IN 
LARGE MULTIMERIC COMPLEXES ISOLATED FROM ADRENAL 
CHROMAFFIN CELLS. S. J. Parsons. C, S. Allen, F. Gaskin *, and M. L. van 
Hoek. Dept. of Microbiology and Cancer Center, University of Virginia Health 
Sciences Center, Charlottesville, VA 22908.

Chromaffin cells, which secrete catecholamines in response to acetylcholine, 
express high levels of the Src-family tyrosine kinases. These kinases contain 
protein-protein interaction domains which bind signal transduction proteins that 
participate in a variety of cellular processes. To determine if signaling proteins 
bind c-Src in chromaffin cells, we examined c-Src immunocomplexes for co-
precipitating proteins. We discovered a protein-tyrosine phosphatase (PTPase, EC 
3.1.3.48) activity which associates with specific subcellular pools of c-Src in vivo 
and which preferentially binds the SH2 domain of c-Src in vitro. Known PTPases 
were not identified by blotting c-Src immunocomplexes with a panel of PTPase 
antibodies, suggesting that the PTPase may be a novel family member. The c- 
Src/PTPase complex is enriched in the plasma membrane fraction and exists in 
several large complexes, as revealed by gel filtration analysis. This PTPase activity 
rapidly modulates following nicotine stimulation, decreasing within 30 sec and 
returning to basal levels by 60 sec of stimulation. Both the subcellular localization 
and rapid activity changes suggest that the c-Src-associated PTPase may function 
in early signaling events emanating from the nicotinic acetylcholine receptor 
(nAChR). In support of this is the co-precipitation of a PTPase activity with the 
nAChR and co-chromatography of the nAChr with one of the c-Src/PTPase 
complexes. This work was supported by grants CA 40042 and DK 44199 from the 
NIH.

890.8
FUNCTIONAL EFFECT OF DOPAMINE RECEPTOR COUPLING TO G- 
PROTEIN ACTIVATED INWARD RECTIFIER POTASSIUM CHANNELS 
IN MAMMALIAN CELLS.
E. V. Kuzhikandathil* and G. S. Oxford. Department of Physiology, 
University of North Carolina, Chapel Hill, NC 27599

The inhibition of neurotransmitter secretion by autoreceptors is thought to 
be mediated through hyperpolarization induced by G-protein activated 
inward rectifier potassium channels (GIRKs). We have previously shown 
that transiently-transfected human GIRK2 channels can effectively couple to 
either the human D2L or D3 dopamine receptors in Chinese hamster ovary 
cell lines (CHO) through a PTX-sensitive mechanism. Similar results were 
obtained when the human D3 dopamine receptor was stably transfected and 
expressed in the AtT20 mouse pituitary cell line. Using RT-PCR and 
Western blot analysis we have confirmed that AtT20 cells express 
endogenous GIRK1 and GIRK2. In the present study we examined and 
compared the ability of transfected human D3 dopamine receptor and 
endogenous somatostatin receptor to induce hyperpolarization and inhibit 
depolarization and spontaneous action potentials in these cells. Using the 
calcium imaging dye Fluo-3AM we show that dopamine receptor agonist 
quinpirole inhibits calcium influx into AtT20 cells stably expressing the 
human D3 receptor. However, in contrast to the inhibition observed with 
somatostatin, the quinpirole mediated inhibition desensitizes rapidly. Given 
the ability of quinpirole to inhibit calcium influx, studies are underway to 
determine if activation of the human D3 dopamine receptor in these AtT20 
cells can inhibit secretion of peptide hormones by these cells. This would 
provide a model cell system to examine the autoreceptor function of D3 
dopamine receptor. (Supported in part by NS18788 and Hoechst Marion 
Roussel).
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890.9
NEUROMODULATORY EFFECTS OF NITRIC OXIDE IN THE RAT 
STRIATUM. L.Trabace. V. Cuomo, L. Steardo* and K.M. Kendrick. Institute of 
Pharmacology, Medical School, University of Bari, Italy; Dept. of Neurobiology, 
The Babraham Institute, Cambridge, U.K.

Recent studies have shown that nitric oxide (NO) can modulate the release of a 
number of neurotransmitters in the rat striatum (1). However, the mechanisms 
underlying the capacity of NO to induce neurotransmitter release have not been 
clarified. The purpose of the present study was to investigate whether NO 
modulation of striatal GLU, GABA and DA release are mediated through cyclic 
GMP-dependent mechanism or by peroxynitrite (ONOO-) formation. In vivo 
microdialysis sampling was carried out in the striatum of urethane anaesthetised rats, 
as previously described (1). In a first experiment rats were given a 15 min 
retrodialysis infusion of two different NO-donors (SNAP and NOC18) on two 
occasions at 3h intervals. Striatal infusion of SNAP or NOC18 significantly 
increased GLU and GABA levels. Additionally, NO-donors significantly inhibited 
extracellular concentrations of DA. In a second set of experiments, six animals were 
co-perfused with SNAP or NOC18 and ODQ, a potent guanylate cyclase inhibitor. 
ODQ dose-dependently inhibited the action of NO-donors on GLU and GABA 
levels, but failed to affect NO-induced changes in DA levels. In a third experiment, 
rats were retrodialysed with L-cysteine, which inhibits ONOO-formation, during the 
second NO-donor challenge. This completely reverted the inhibitory effects of 
SNAP and NOC18 on extracellular concentrations of DA. Retrodialysis infusion of 
ONOO- showed the same effects of SNAP or NOC18 only on DA extracellular 
concentrations but not on GLU and GABA concentrations. These results suggest that 
NO effects on striatal extracellular concentrations of GLU and GABA are primarly 
mediated through the stimulation of cGMP whereas its action on DA may be mainly 
mediated through increased ONOO- formation within the brain.

(1) Guevara-Guzman et al., (1994) J. Neurochem. 62:807-810

POSTSYNAPTIC MECHANISMS VII

891.1
CONTROL OF OSCILLATORY DISCHARGE BY K+ CHANNELS UNDER-
LYING DENDRITIC SPIKE REPOLARIZATION. R.W. Turner*, S. Winters, 
and D.W. Eley. Dept. Anatomy, Univ. Calgary, Calgary AB Canada T2N 4N1

Pyramidal cells of the electrosensory lateral line lobe (ELL) of weakly elec-
tric fish generate oscillatory spike bursts which have a defined role in sensory 
processing in vivo. Spike bursts are initiated when a backpropagating Na+ 
spike increases in duration as it conducts through the apical dendritic tree. 
Inward current associated with dendritic spike discharge sources back to the 
soma to generate a depolarizing afterpotential (DAP) following the somatic 
spike. During repetitive spike discharge a gradual increase in DAP amplitude 
converts cell output from tonic firing to a rhythmic series of spike bursts. The 
present study examined the role for K+ channels in repolarizing somatic and 
dendritic spikes and in modulating DAP amplitude and oscillatory discharge.

Recordings were obtained from pyramidal cell somata or apical dendrites 
in an in vitro slice preparation. Somatic spikes were of narrow duration (0.9 
ms) compared to dendritic spikes (3-5 ms) recorded 2:100 pm from the soma. 
Focal pressure ejection of 4-AP (100 pM-5 mM),TEA (1-5 mM) or catechol 
(100 pM-5 mM) in the cell body region slowed somatic spike repolarization. 
Dendritic spike repolarization was slowed by focal dendritic ejections of 4-AP 
(1-5mM)or TEA(1-5mM). Ejections of 4-AP or TEA in the cell body region 
blocked oscillatory discharge as the somatic spike broadened to encompass 
the depolarization normally provided by the DAP. In contrast, 4-AP or TEA 
ejections in the dendritic region selectively increased DAP amplitude at the 
soma and reduced the threshold for evoking oscillatory spike bursts.

These results demonstrate that i) K+ channels contribute to dendritic spike 
repolarization, ii) a differential rate of spike repolarization at the somatic and 
dendritic level allows a DAP to be generated, and iii) the duration of dendritic 
spikes controls DAP amplitude and the generation of oscillatory spike bursts.

This work was supported by the AHFMR and Canada MRC.

891.2
ACTIVE DENDRITES ENHANCE ACCURACY OF COMPUT-
ING SYNAPTIC INPUT STRENGTH E.P. Cook* and D. Johnston. Di-
vision of Neuroscience, Baylor College of Medicine, Houston, TX 77030

We examined the hypothesis that dendritic voltage-gated channels can re-
duce the effect synaptic location has on somatic depolarization in response to 
patterns of short synaptic trains (referred to as location-dependent variabil-
ity). Three computer models of a reconstructed hippocampal CAl cell, each 
of increasing realism, were used to identify the dendritic composition that 
best reduced location-dependent variability. The first model was passive with 
dendritic membrane conductance ((?Dm) varied. Surprisingly, a negative Gom 
minimized the location-dependent variability. The second model contained an 
artificial voltage-dependent current (fyoo«t) added to passive dendrites. The 
optimal amount of Iboost that minimized location-dependent variability was 
found to be relatively independent of the strength and number of the individ-
ual synaptic inputs. In the third model, realistic T-type Ca2+ and persistent 
Na+ channel models were added to passive dendrites and numerically fit to 
reproduce the effects of Iboost- Both realistic currents minimized synaptic vari-
ability. The densities for the realistic dendritic currents were not uniform, but 
showed subtle variations and a slight reduction with distance from the soma. 
The heteroassociative memory network was also modeled to demonstrate the 
important relationship between location-dependent variability and memory re-
call performance. Compared to passive dendrites, active dendrites increased 
memory storage by reducing recall errors. These simulations demonstrate that 
active dendrites can minimize the cable properties of passive dendrites and en-
hance the soma’s ability to determine the strength of the synaptic input. These 
models predict that dendrites which minimize location-dependent variability 
and maximize memory recall will have an overall negative slope conductance 
I-V relationship that is precisely tuned. (The Keck Center for Computational 
Biology and MH10475, NS11535, MH44754, and MH48432).

891.3
KINETICS OF AMPA-TYPE GLUTAMATE RECEPTOR CHANNELS IN RAT 
CAUD ATE-PUT AMEN NEURONS. J. Bnfler. K. Jahn and C. Franke. Dep. of 
Neurology, Technical University of Munich, 81675 Munchcn, Mohlstr. 28, Germany. 
Spon: European Brain and Behaviour Society.
AMPA-type glutamate (glu) receptors channels of rat caudate-putamen neurons were 
studied by ultra-fast application of agonists to outside-out vesicles taken from medium 
sized spiny neurons in thin slices. Upon application of 10 mM glu the peak was 
reached within 0.5 ms, the EC50 of the dose response curve was 0.63 mM glu, the 
maximal slope of the curves was between 1.33 and 1.85, indicating two binding sites. 
Rise time of the currents showed strong concentration dependence whereas 
desensitization time constant xD, which could be fitted with one exponential, did not. 
The current decayed to a very low steady state value with t d  between 2 and 11 ms 
(mean of 6.19±2.31 ms, n-239). rD was independent on rise time, age of animals 
(P10-P15), clamp potential and peak current. Recently, a similar wide range of 
desensitization was found in ligand gated receptors with known subunit composition 
(Buffer et al.. 1997, Neurosci Lett 221, 173-176). After short glu pulses, currents 
decayed with time constants of ~2.7 ms. Recovery from desensitization revealed two 
subgroups with different resensitization time constants of ~100 ms and -300 ms. 
Because resensitization determines the maximal rate of postsynaptic receptor 
activ ation, resensitization might be more important for glu receptor function than 
desensitization. Complete predesensitization of channels was found after 
preincubation of the patches with 5 pM glu. Summarizing our results we propose a 
circular reaction scheme with at least two binding sites for glu at the receptor. 
Desensitization is thought to be from the double liganded as well as single liganded 
state and a circular scheme with resensitization via single liganded desensitized states 
is necessary' to explain fast .resensitization kinetics of the complete desensitizing 
receptor channels. Supported by Deutsche Forschungsgemeinschaft (SFB 391).

891.4
IRREGULAR SPIKE TRAINS ENHANCE DENDRITIC SPIKE BACK- 
PROPAGATION AND DENDRITIC CALCIUM ENTRY IN MODEL NEO- 
CORTICAL NEURONS Andreas M. Bartels and Terrence J. Sejnowski*. The 
Salk Institute, Computational Neurobiology Laboratory, La Jolla, CA 92037.

Somatic spikes actively backpropagate into the apical dendritic trees of 
pyramidal neurons in neocortical and hippocampal slices. In coincidence with 
synaptic activity, a backpropagating spike can mediate Hebbian plasticity. 
Spike backpropagation for regular spike trains is reduced at elevated frequen-
cies and inhibitory synaptic activity can influence dendritic spike invasion. We 
examined the effects of irregular spike trains on dendritic spike backpropa-
gation in a compartmental model of neocortical neurons that included fast 
sodium, high-threshold calcium, and several potassium currents in the den-
drites. Fluctuating current was injected into the soma to elicited neuronal 
responses resembling those observed in vivo. The number of successfully back-
propagating spikes was significantly increased and the calcium concentration 
in the apical dendrites was greatly elevated for the irregular spike train com-
pared to regular spike trains with same mean frequency. The reason for this 
difference was that the amplitude of a backpropagating spike was reduced by 
dendritic sodium channel inactivation, which increased with frequency for a 
regular spike train but was reduced following a long interval in an irregular 
spoke train such as those found in vivo. As a consequence, the average den-
dritic calcium concentration over 900 ms of stimulation could differ by a factor 
of two. Thus, the temporal structure of a spike train can strongly influence 
the dendritic calcium concentration and thereby influence synaptic plasticity.

Research supported by the Howard Hughes Medical Institute.
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891.5
GENERATION OF SPIKE DOUBLETS IN PROJECTION NEURONS OF 
THE LATERAL AMYGDALA: MECHANISMS AND SIGNIFICANCE 
FOR RHYTHMIC SPIKE FIRING. R.B, Driesang and H.-C. Pape*. Institut 
fur Physiologie, Otto-von-Guericke-Univ., D-39120 Magdeburg, Germany.

The capability of certain types of cortical neurons to generate spike doublets 
is thought to provide an important mechanism in the synchronization of 
spatially distributed neurons into coherent network oscillations. We have 
recently shown that projection neurons in the lateral amygdala (AL) produce 
two types of membrane potential oscillations (1-4 Hz and 4-9 Hz) at a range 
subthreshold and suprathreshold to spike generation, and which largely 
determine rhythmic patterns of electrogenic activity at these frequencies upon 
maintained depolarizing influences. In the present study, intracellular 
recording techniques in the slice preparation of the guinea pig AL in vitro 
demonstrated that more than 60 % of oscillating projection cells also produced 
spike doublets, each consisting of a fast spike and a second action potential of 
slighty longer duration, followed by a hyperpolarizing afterpotential of 200- 
300 ms duration. Spike doublets occured in a rhythmic manner at the 
transition phase between the two types of rhythmic activites with an intra-
spike frequency at 25-80 Hz, thereby subdividing the range of preferred spike 
frequencies into three bands: 2-4 Hz, 6-8 Hz, 25-80 Hz. Application of 
tetrodotoxin abolished the first spike, whereas substitution of Ca2+ by cobalt or 
manganese abolished the second action potential within a doublet.

These results indicate that the recruitment of Na+- and Ca2+-dependent 
membrane conductances results in the generation of spike doublets in AL 
projection neurons, thereby providing an additional component to the 
generation of synchronized spike activities in these neurons.
This work was supported by the DFG (SFB 426, TP B3) and the Kultusministerium 
des Landes Sachsen-Anhalt (FKZ 2278A/0078)

891.6
SPONTANEOUS STEP-LIKE DEPOLARIZING EVENTS IN 
NEURONS OF THE RAT NEOSTRIATUM GROWN IN 
MICROCULTURE.
P.B. Senatos* and D.D. Potter. Department of Neurobiology, Harvard 
Medical School, Boston, MA 02115.

Whole cell and gramicidin D patch recordings were obtained 
from neostriatal microcultures (Senatus [1995] Soc. Neurosci. Abstr. 21: 
1566) grown from 8 to 41 days in vitro. Of 97 neurons from which stable 
recordings were obtained, 49 exhibited rhythmic or isolated 5 to 20 mV 
spontaneous step-like depolarizing events similar in morphology, 
amplitude, and time course to “spontaneous two-state membrane potential 
fluctuations” reported in vivo and in slices (e.g..Wilson and Groves [1981] 
Brain Research 220: 67-80; Wilson and Kawaguchi [1996] J. Neurosci. 
16(7): 2397-2410). Transitions to depolarized levels were more rapid than 
their corresponding transitions to baseline. Depolarized levels, which could 
last several seconds, were occasionally capped with action potentials.

Of 22 solitary neuron microcultures, 9 displayed spontaneous 
depolarizing events; this raises the possibility that the mechanism is not 
synaptic. In dual neuron recordings, including two-neuron microcultures, 
synaptically coupled neurons usually independently exhibited spontaneous 
depolarizing events. Depolarizing events were insensitive to bicuculline 
(10 pM), kynurenate (5 mM), Cd” (300 pM), and TTX (3 pM). 
Furthermore, depolarizing events arose at membrane potentials ranging 
from -100 mV to -40 mV, suggesting that the initiating mechanism is not 
directly voltage-gated. In some neurons depolarizing events had several 
amplitudes which could appear superimposed. The probability of 
encountering depolarizing events could be increased by action potential 
trains of 1 to 10 Hz. Supported by 5 F31 GM 14736 to P.B. Senatus, 
NS02253 to D.D. Potter, and Departmental funds.

891.7
NON-LINEAR INTERACTION OF UNITARY EPSPs AND COINCIDENT 
IPSPs IN TURTLE BRAIN STEM. N, Kog/and M. Ariel. Dept. of Anatomy 
& Neurobiology, St. Louis Univ. Med. School, St. Louis, MO 63104.

Using an in vitro brain stem preparation of pseudemys scripta elegans, 
we have found two sources of synaptic input to the basal optic nucleus: an 
AMPA EPSP input from direction-sensitive retinal ganglion cells and a 
GABAa IPSP input from the pretectum (perhaps the nucleus lentiformis 
mesencephali). Now, we use this preparation to investigate the interaction 
of these inputs when they coincide on the postsynaptic cell membrane.

In theory, IPSPs are inhibitory because of two different mechanisms: 
membrane hyperpolarization and "shunting", i.e. siphoning off another 
synapse’s input current. If the membrane potential is held near reversal 
potential of the IPSP (-68 mV), the reduction of EPSP size by a coincident 
IPSP is mainly due to shunting. If, on the other hand, the membrane 
potential is at rest (in these cells, that is above the reversal potential at 
about -60 mV), multiple factors will influence the EPSP input. The IPSP 
hyperpolarization will decrease the peak level of the EPSP, IPSP "shunting" 
will reduce the EPSP size, yet the IPSP hyperpolarization will also have a 
paradoxical influence on the EPSP size by increasing the driving force.

Experimentally, the interval between each pretectal-evoked IPSP and 
retinal-evoked EPSP was varied so that unitary EPSPs were evoked at 
different times within a slower IPSP to determine the temporal nature of 
the inhibitory effects. The contribution of "shunting" on the EPSP size was 
estimated after adjusting for the minor changes in the driving force. The 
strength and time course of "shunting" varied for different pairs of IPSPs 
and unitary EPSPs. We compared the time course of "shunting" with the 
IPSP itself to demonstrate different types of "shunting" inhibition performed 
by neurons: shunting by the synaptic channels themselves or shunting by 
changes of voltage-sensitive channels due to membrane hyperpolarization.

Supported by NS 33190 to MA.

891.8
CABLE PROPERTIES OF MOTONEURONS FROM RAT SPINAL CORD 
CULTURES J. Kleinle*, M. Larkum and H.-R. Liischer 
Physiologisches Institut, Biihlplatz 5, 3012 Bern, Switzerland

We present experiments using 3 electrodes in whole-cell configuration at-
tached to the soma and dendrites of 3 motoneurons in rat spinal cord slice 
cultures. The spontaneous synaptic activity recorded simultaneously from the 
three electrodes was decomposed into single postsynaptic potentials (PSPs) 
and analyzed to reveal their attenuation as they propagate along the dendritic 
tree. Evoked PSPs were simulated by injecting both de- and hyperpolarizing 
alpha currents. An analysis was designed to compare the spontaneous synaptic 
events with the simulated EPSPs as they propagate along the dendrite using 
standard cable theory. This allowed us to find the length constant for the den-
dritic segments between two electrodes analytically. The dendritic tree acts 
as a low-pass filter for synaptic input. The rise time of an EPSP affected the 
attenuation only if it was about a factor of ten less than the membrane time 
constant. Different attenuation was found for simulated and spontaneous PSPs 
along the same section of a dendrite. No significant difference in attenuation 
between excitatory and inhibitory synaptic potentials could be observed. The 
observed decrement of the signals between two recording sites did obey the 
predictions of cable theory suggesting that the generation of an EPSP has only 
local influence on the membrane properties. In two of three cells comparison 
of the length constants of two consecutive dendritic cable sections suggest that 
the passive membrane properties were the same in the two segments. One cell 
was found to have non homogeneous passive membrane properties. Supported 
by S.N.S.F. grants Nr. 3100-042055.94 and Nr. 5002-037939.

891.9
COMPUTATIONAL MODELS OF THE PHYSIOLOGICAL ROLE AND 
SPATIAL DISTRIBUTION OF CALCIUM RELATED CHANNELS IN HIP-
POCAMPAL DENTATE GRANULE CELLS. I, Aradi* and W. R. Holmes. 
Neurobiology Program, Department of Biological Sciences, Ohio University, 
Athens, OH 45701.

To develop appropriate network models of the hippocampus, it is necessary 
to have sufficiently detailed models of individual hippocampal cells. Current 
dentate granule (DG) cell models consider only a limited number of ionic con-
ductances, do not include conductances in the dendrites, and have difficulties 
reproducing observed afterpotentials. We have constructed a detailed model of 
a hippocampal DG cell that included nine different channel types. These chan-
nels were distributed on axonal, soma, and dendritic compartments. Channel 
densities were chosen to reproduce reported physiological responses observed 
with intracellular recordings. Both reduced models and models with complete 
morphology were used in the simulations.

The contribution of each channel type to the spiking behavior was explored 
with particular emphasis on the mechanisms underlying postspike events. It 
was found that the T-type calcium current in more distal dendrites contributes 
prominently to the appearance of the depolarizing afterpotential, and its effect 
is controlled by activation of BK-type calcium-dependent potassium channels. 
The adaptive properties of the model DG cell in response to long lasting cur-
rent injection were found to be determined mainly by the coactivation and 
interaction of N-, and/or L-type calcium and AHP currents present in somatic 
and proximal dendritic regions. We conclude that, in addition to channel ki-
netics, the clustered spatial distribution of calcium related channels can play 
an important role in cell dynamics.

(Supported by NIMH grant MH 51081.)

891.10
POSTNATAL DEVELOPMENT OF CA2+-MEDIATED ACTION POTENTIALS 
IN DENDRITIC TUFTS OF RAT NEOCORTICAL PYRAMIDAL NEURONS. 
J. Julius Zhu* and Bert Sakmann. Abteilung Zellphysiologie, Max-Planck-Institut 
fur medizinische Forschung, Jahnstr. 29, Heidelberg D-69120, Germany.

During the first postnatal month, layer V pyramidal neurons in the rat neocortex 
undergo a dramatic change in their dendritic morphology. We examined whether 
there is a correlated alteration in the dendritic physiological properties in these cells.

We studied postnatal development of the physiological properties in the distal 
apical dendrites of rat neocortical pyramidal cells in vitro. Dual whole-cell 
recordings, up to 8 pairs, were performed on single neurons, with a pipette at the 
soma and the other one at different distances along the apical dendrite. The dendritic 
trunk (n=7) and tuft («=3) of two-day old (P2) cells were electrotonically compact 
from the soma, and dendritic action potentials fired simultaneously with somatic 
ones. The action potentials were mainly Na+-dependent since they were completely 
blocked by bath application of 1 pM TTX (n=10). In 14-day (P14) and 28-day 
(P28) old cells, the distal dendrite became more electrotonically distant from the 
soma, although both dendritic and somatic action potentials could still be elicited 
by injecting a depolarizing current pulse in dendrite. In the trunk (z?=33), only at 
high current intensity, did dendritic action potentials start prior to somatic ones, 
whereas in the primary (n=24) and secondary (n~6) tufts, dendritic action potentials 
were always initiated earlier, implying that the dendritic tufts alone can generate 
action potential after Pl4. The dendritic action potentials exhibited a shorter 
duration in the P14 cells than in the P28 cells. TTX blocked a substantial 
proportion of the action potentials in the dendritic tufts of P14 cells (n^T), but had 
little effect on P28 cells («=5). In both age groups, the TTX-resistant components 
were reduced by 200 pM Cd2+ and were completely blocked by adding additional 
100 pM Ni+ («=3 for each group), suggesting the involvement of Ca2+ conductances. 
Our results indicate that the action potentials in the dendritic tufts of layer V 
pyramidal cells are switched from being Na+-dependent to Ca2+-dependent during the 
first postnatal month. Supported by MPG
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891.11
DENDRITIC PROCESSING OF MULTIPLE SYNAPTIC INPUTS IN 
LEECH. R. Wessel*, VV.B. Kristan Jr, and D. Kleinfeld. Departments of 
Physics and Biology, University of California at San Diego, La Jolla, 
CA 92093

The presence of active channels in the dendrites of neurons is well 
established. However, there is very little information about how the 
active properties of dendrites participate in synaptic integration in the 
intact animal.

Here we focus on dendritic processing in identified leech Anterior 
Pagoda (AP) cells. These projection neurons receive synaptic inputs 
from identified sensory cells (P-cells), which can be stimulated 
individually and simultaneously in the intact ganglion by pulses of 
intracellular current injection. Interestingly, the results from laser 
axotomy studies have shown that depolarization shifts the site of the 
impulse initiation in the AP cell, thus suggesting a spatial distribution of 
excitability (Melinek & Muller, 1996, J. Neurosci. 16:2585).

Our preliminary data suggest that dendritic processing is not 
explained by passive electrical properties alone. In particular: (1) The 
amplitude of excitatory postsynaptic potentials (EPSPs) decreases 
with increasing hyperpolarization. The EPSPs consist of multiple peaks 
spaced ~ 100 milliseconds apart. (2) The injection of sinusoidal current 
into the soma of the AP cell results in a nonmonotonic relation between 
the rate of spiking and the frequency of the drive current. This relation 
persists in high-[Mg2+] saline and thus arises from cellular rather than 
network properties.

The possible contribution of active channels to dendrite processing is 
further being investigated using a combination of microelectrode 
recordings from the soma and initial branch and imaging of ion 
concentration transients from dendrites.

Supported by NSF grant IBN-04799.

891.12
ANALYSIS OF QUANTAL CURRENTS EVOKED AT SYNAPSES IN RAT 
SPINAL CULTURES J, Streit*, L. Scicluna & J, Kleinle 
Physiologisches Institut, Buhlplatz 5,3012 Bern, Switzerland

In a previous study, we proposed that single synapses identified in 
rat spinal slice cultures are composed of functional subunits (Vogt et 
al., 1995, Pflugers Arch. 430:1022). The present work done on 
dissociated cultures from rat spinal cord, analysed quantal synaptic 
currents induced via local application of high potassium solution in 
the presence of TTX. Synaptic identification was determined as sites 
of high sensitivity to iontophoretically applied glutamate. At such 
sites, the currents appeared in bursts at frequencies of 40 - 200 Hz 
with a mean peak amplitude of 29 - 63 pA. This variation in mean 
amplitude among different synaptic sites was due to different 
compositions of subunits of about 20 pA. However, the amplitude 
variation within one site was much higher than the mean (10 - 350 
pA). The rise time of the current showed less variation when 
compared to the amplitude (0.9 - 1.2 ms between sites and 0.5 - 3.5 
ms within sites). In about half of the experiments a positive 
correlation to peak amplitudes was observed. The half widths of the 
currents had a higher coefficient of variation than the rise times at 
all sites investigated (0.46-0.51 versus 0.23-0.43). No clear cut 
correlation was obtained as regards the rise times.

These findings exclude electrotonic attenuation arid variable 
transmitter concentrations as relevant sources of variation of 
quantal currents. They are in agreement with functional subunits of 
variable sizes at the synaptic sites. Supported by S.N.S.F. grants No. 
31-39419.93 and 31-049277.96

891.13
ACTIVATION OF MUSCARINIC RECEPTORS MODULATES THE EXCITABIL-
ITY OF BURSTING SUBICULAR NEURONS. Hiroto Kawasaki* and Massimo 
Avoli. Montreal Neurological Institute, McGill University, Montreal, QC, H3A 
2B4 Canada.

Conventional intracellular recordings were made from neurons of the rat su- 
bicuium in an in vitro slice preparation. Depolarizing current pulses (dura- 
tion = 10-120 ms) delivered at a resting membrane potential of -64.1 ±9.0mV 
(mean + SD, n = 36) induced bursts of 3-5 fast, action potentials riding on a 
slow depolarization. The burst was terminated by an afterhyperpolarization 
(burst AHP) that lasted 105±31.3ms and had peak amplitude of 7.5±3.1 mV 
(n = 13). Bath application of the cholinergic agonist carbachol (CCh, 30-100 
fjM) in the presence of ionotropic excitatory amino acid receptor antagonists 
induced a steady depolarization (5.4±3.3mV, n = 34) of the membrane poten-
tial, and a small increase in input resistance. Action potential bursts continued 
to occur in response to intracellular depolarizing pulses during CCh applica-
tion. However, this cholinergic agonist reduced and eventually blocked the 
burst AHP, which was replaced by action potentials firing. In the presence of 
CCh (>70pM) the burst response, was followed by a depolarizing plateau 
potential that outlasted the depolarizing pulse by 750±460ms (n = 17) and 
could trigger repetitive action potential firing up to 100Hz. These cholinergic 
effects were reversed by the muscarinic antagonist atropine (0.5-1 pM; n = 7).

Our findings demonstrate that CCh exerts in the rat subiculum an excitatory 
action that is mediated through muscarinic receptor stimulation. This choliner-
gic mechanism may play a physiological role in the subicular processing of 
signals arising from the hippocampus proper. In addition it may contribute to 
the generation of limbic epileptiform discharges induced cholinergic agents. 
Supported by the Medical Research Council of Canada (MT-8109).

891.14
COMPARATIVE STUDY OF PARASYMPATHETIC NEURONS IN 
THt RABBIT AND FELINE PELVIC GANGLIA T. Nishimura 
and T. Tokimasa Dept. of Physiology, Tokai University Sch. of 
Med., Isehara, Kanagawa 259-1 1 Japan

Morphological and electrical properties of para-
sympathetic neurons of the rabbit and feline urinary 
bladder (rNs and fNs) were examined in \Utro, using glass 
microelectrodes containing neurobiotin. RNs were 
associated with 1 long and 1-2 short (~60pm) processes. 
FNs were associated with 1 long and 4 to 9 intermediate 
(-400 pm) processes with branching. A depolarizing 
oscillation of membrane potential (DOM) was recorded 
from fNs but not rNs. An outward current-injection 
(0.1-1nA) caused phasic firing of spikes in rNs and tonic 
firing through activation of the DOM in fNs. Majority of 
nicotinic synapses function as a high pass-filter in both 
rNs and fNs: fast EPSPs evoked at high (>3 Hz) but not 
low (<0.1 Hz) frequencies could initiate orthodromic 
spikes. Repetitive stimulation (10-20 Hz) of pelvic 
nerve evoked slow synaptic potentials associated with 
short-lasting firing in fNs but not rNs. The ratio 
calculated by number of evoked spikes and orthodromic 
stimuli is less than 1 in rNs. The ratio is more or less 
than 1 in fNs. These data suggest that feline neurons are 
morphologically and functionally more complex than 
rabbit neurons.

891.15
SOME GLUTAMATERGIC SYNAPSES ON NEURONS IN RAT SPINAL 
CORD LAMINA II ARE MEDIATED BY NMDA RECEPTORS ALONE
R. Bardoni*, P.C. Maqherini and A.B. MacDermott. Dept. of Biomedical 
Sciences, University of Modena, Modena (Italy), 1-41100 and Dept. of 
Physiology and Cellular Biophysics, Columbia Univ., New York, NY 10032.

Glutamate represents the principal excitatory neurotransmitter in dorsal 
horn lamina II. both in neonatal (Bardoni et al. 1995) and adult rats 
(Yoshimura & Jessei 1990). In developing and mature spinal cord, 
glutamate has been shown to activate both NMDA and AMPA receptors. 
We now show that during postnatal development, a substantial proportion 
of glutamatergic synapses in dorsal horn lamina II are mediated by NMDA 
receptors alone. These pure NMDA receptor-mediated EPSCs were 
studied using whole cell patch-clamp technique and recordings were 
obtained from lamina II neurons in spinal cord slices from neonatal and 
postnatal rats (P0-P15). Pure NMDA receptor mediated EPSCs were 
revealed by depolarizing the membrane to +50 mV and were completely 
and reversibly blocked by D-APV 50 pM. The expression frequency of pure 
NMDA synapses did not change dramatically over the first two postnatal 
weeks. Pure NMDA synapses were expressed by 60.4 ± 6.2% of neurons 
during the first postnatal week and 42.7 ± 10.5% during the second week. 
These EPSCs were strongly blocked by Mg2+ and no significant changes 
were observed in the voltage dependence of the EPSCs from P0-P15. The 
average time to peak value was 26.2 ± 1.0 ms, while the average decay 
time constant, determined by fitting the current decay phase with a single 
exponential function, was 39.4 ± 1.6 ms. Kinetic parameters did not
undergo significant changes during postnatal development.
This work was supported by MURST, NSF, and Whitehall.

891.16
EFFECT OF SOMATOSTATIN ON THE DEVELOPMENT OF VOLTAGE- 
DEPENDENT ION CHANNELS IN PC 12 CELLS. D.J.Rhie*. S.S.Sim, S.J.Hahn, 
Y.H.Jo. and M.S.Kim. Dept. of Physiology, Catholic Univ. Med. Coll., Seoul 137- 
701, Korea,

It has been proposed that neurotransmitters may function neurotrophic factors 
during the development of the nervous system. Somatostatin (SS) increased neurite 
outgrowth in PC12 cells, rat pheochromocytoma cells, and cerebellar granule cells as 
well as Helisoma neurons. To further define the neurotrophic role of SS, 
development of voltage-dependent K+ and Ca2+ channels was studied using whole-
cell patch clamp technique in PC 12 cells and the effects of SS treatment for 8 days 
were compared to those of nerve growth factor (NGF) treatment.

Whereas NGF (50 ng/ml) increased the current density of the voltage-dependent 
K+ channel continually throughout the 8 days treatment, SS (1 pM) increased the K+ 
current density only on day 2 and 4. K+ current density was decreased thereafter, and 
was not different on day 8 to that of undifferentiated cells. SS did not increase the K+ 
current at low (0.1 pM) and at high (10 pM) concentrations. Co-treatment of SS (1 
pM) and NGF significantly increased the K+ current density to a greater extent than 
arithmetic sum of the increases by SS and NGF only. Whereas NGF induced voltage- 
dependent Ca2+ channel current from day 4 of treatment, SS did not develop the Ca2+ 
channel current during the 8 days treatment. However, co-treatment of SS and NGF 
also increased the voltage-dependent Ca2+ channel current density to a greater extent 
than that induced by NGF only. cAMP level was decreased by 30-45% 2 days after 
SS and/or NGF treatment and the decreases were also observed on day 4.

Taken together, SS (1 pM) appears to induce development of the voltage- 
dependent ion channels by decreasing cAMP in PC 12 cells. These results indicate 
that SS may function as a neurotrophic factor in neuronal development.

Supported by the Ministry of Education, Korea, and partly by the Alumni 
Association of Catholic University Medical College.
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891.17
ACTION POTENTIAL-INDEPENDENT SYNCHRONIZED DISCHARGES IN 
RAT HIPPOCAMPUS MEDIATED BY GLUTAMATE NEUROTRANSMISSION. 
B.W. Strowbridge". Depts. Of Neurological Surgery and Physiology and Biophysics, 
Univ. of Washington, Seattle, WA 98195.

4-Aminopyridine (4-AP) is a well-known convulsant that enhances the release of 
both excitatory and inhibitory neurotransmitters in the CNS. Low concentrations of 
4-AP (-100 pM) readily induce synchronized discharges in the hippocampus which 
are blocked by tetrodotoxin (TTX), suggesting that they require Na+-dependent 
action potentials in addition to enhanced release of neurotransmitters.

Recently, I found that higher concentrations of 4-AP (-1 mM), in combination 
with 5 mM tetraethylammonium (TEA), another K+-channel blocker, induces 
synchronized discharges in the hippocampus in the presence of TTX (1-3 pM). 
Spontaneous, large inward currents (>800 pA peak amplitude, 300-400 ms duration, 
repeating every 4-8 sec) were observed in CA3 pyramidal cells and hilar mossy cells, 
the two major synaptic targets of dentate granule cells. In addition to the prominent 
inward current, the spontaneous discharges were associated with a barrage of 
smaller-amplitude EPSCs. Both components reversed polarity at 0 mV and were 
completely blocked by 20 pM DNQX, a specific blocker of non-NMDA glutamate 
receptors, and by 100 pM Cd2+. These discharges persisted in 25 pM bicuculline and 
25 pM d-APV. Discharges recorded intracellularly in hilar neurons were correlated 
with a positive field potential (-1 mV amplitude) in the CA3 pyramidal cell layer 
which progressed from the hilus to the distal end of CA3 at - 0.05 m/s and was 
blocked by DNQX and Cd2+. These results suggest that enhanced release of 
glutamate, in combination with partial blockade of K+ channels, is sufficient to 
promote synchronized discharges in the hippocampus in the absence of Na+- 
dependent action potentials.

Supported by NIH (NS33590) and the Epilepsy Foundation of America.

POSTSYNAPTIC MECHANISMS VIII

892.1
PROLONGED Na+ CHANNEL INACTIVATION CONTRIBUTES TO ACTIVITY- 
DEPENDENT ATTENUATION OF DENDRITIC ACTION POTENTIALS.
Tim Mickus*, Hae-Yoon Jung, and Nelson Spruston. Dept. Neurobiology & 
Physiology, Institute for Neuroscience, Northwestern University, Evanston, IL 60208.

Action potentials initiated in the axon invade the dendrites of CAl pyramidal 
neurons (Spruston et al., Science 268:297-300, 1995), where they can influence the 
efficacy of coincident synaptic inputs (Magee & Johnston, Science 275:209-212, 
1997). This action potential invasion is activity dependent, with substantial 
attenuation of dendritic action potential amplitude occurring after the first few spikes 
(Spruston et al., ibid. 1995). We investigated two mechanisms that might account for 
this attenuation of action potentials in CAl neurons, including the inactivation 
properties of Na+ channels and the development of a dendritic shunt conductance.

Hippocampal slices were prepared from 2-5 week old rats, and recordings were made 
from CAl pyramidal neurons in either nucleated-patch or dendrite-attached patch 
configurations (27-37°C). Voltage-gated Na+ currents evoked by 20 Hz trains of 2 ms 
depolarizations showed prolonged, cumulative inactivation in both dendrite-attached 
(n=6, 28-112 pm) and nucleated patches (last pulse 58±2% of first pulse, second pulse 
8O±3% of first in 30 nucleated patches; last 44±4%, second 84±1% in 6 dendrite- 
attached patches). Like the recovery of backpropagating action potential amplitude 
(Spruston et al., ibid. 1995), recovery from Na+ channel inactivation was very slow 
(72±6% recovery 2 sec after the last pulse, n=8 nucleated patches), but could be accel-
erated by hyperpolarization. Somatic and dendritic whole-cell recordings showed no 
evidence to support the hypothesis that an intrinsic shunting conductance activated by 
the action potentials contributes to spike attenuation. Similarly, neither synaptically 
induced conductances nor Ca2+, or Ca2+-activated K+ conductances are responsible for 
spike attenuation. Taken together, these results suggest that prolonged inactivation of 
Na+ channels plays an important role in producing activity-dependent attenuation of 
backpropagating action potentials. (Supported by NIH grant 1RO1 NS3518O).

892.2
CROSS CORRELATION BETWEEN THE EPSC 
AMPLITUDE AND THE A CURRENT INACTIVATION 
RATE IN CAl PYRAMIDAL NEURON. H. Takagi* & T. 
Suzuki. Department of Neuroplasticity, Shinshu University School of 
Medicine, Matsumoto, 390, Japan.

A central aspect of neuronal function is how each nerve cell translates 
synaptic input into a sequence of action potentials that carry information 
along the axon, coded as spike frequency. Cable filtering of the 
synaptic current reduces the amplitude of synaptic potentials and limits 
spatial summation among distributed synapses, severely diminishing 
the impact of many synapses on neuronal output. Hippocampal CAl 
pyramidal neurons have substantial density of A type K channels (A 
channels) in their apical dendrites . But the physiological role of this A 
channels in the dendritic integration is not clear. In this report, we 
examined the physiological role of the A channel in the dendritic 
integration in hippocampal CAl pyramidal neurons by using the whole 
cell patch clamp recording. Under the whole cell voltage clamp 
conditions, EPSC was recorded from the cell soma of the CAl neuron 
by the electric stimulation of the radiatum. This EPSC was enhanced by 
the pre-depolarization of the pyramidal neurons, which is enough to 
inactivate the A channels. This enhancement of the EPSC was 
suppressed by the A channel blocker,4 amino pyridine. These results 
suggested that A currents were coupled to the dendritic integration of 
the CAl pyramidal neurons.

892.3
SEROTONIN 5-HT3 RECEPTOR-MEDIATED CURRENTS RECORDED 
FROM HIPPOCAMPAL INTERNEURONS ARE MODULATED BY 
DIVALENT CATIONS. L.L. McMahon* and J.A. Kauer. Dept. of Neurobiology, 
Duke Univ. Med. Cntr., Durham, NC 27710.

Using whole-cell recording techniques, we have previously demonstrated 
intemeurons located in stratum radiatum/lacunosum of area CAl in the hippocampal 
slice to express functional 5-HT3 receptors, serotonin-gated ion channels 
Application of 5-HT (100-300pM) via a picospritzer to intemeurons recorded in 
300-400 pm thick slices from 17-21 day old rats elicits an inward current that 
reverses near 0 mV. In normal extracellular solution (2.5mM Ca2+ and 1.3mM 
Mg2+), the current-voltage (I-V) relationship displays a region of negative slope 
conductance at membrane potentials negative to -55 mV. This characteristic of the 
I-V relation is reminiscent of that for the NMDA subtype of the glutamate receptor, 
which is known to be the result of a voltage-dependent blockade of the channel by 
Mg2+ ions. We now show that removal of extracellular divalent cations greatly 
enhances (2 to 20 fold) the responses to 5-HT at -85mV, indicating that these ions 
modulate the channel at negative potentials. Removal of Mg2+ alone, while 
linearizing the NMDA-mediated I-V relationship (n=4) has no effect on the shape 
of the 5-HT3-mediated I-V plot (n=7), suggesting that the 5-HT3 receptor is 
functionally different than the NMDA receptor. However, removal of Ca2+ alone 
potentiates the responses to 5-HT at -85 mV and removes the negative slope 
conductance, thereby linearizing the I-V plot (n=3). These data suggest that Ca2+ 
ions, and not Mg2+ ions, may be modulating channel function at negative potentials 
and are thus responsible for the region of negative slope conductance in normal 
divalent cation solution.This work was supported by NIH NINDS NS30500 to 
J. A.K. and NIH NRSA NS09734 to L.L.M.

892.4
MUSCARINIC MODULATION OF INTRACELLULAR CALCIUM SIGNALING 
IN MOUSE HIPPOCAMPAL CAl NEURONS. S.M. Beier and M.E. Barish*. 
Division of Neurosciences, Beckman Research Institute of the City of Hope, Duarte, 
CA 91010.

Muscarinic input is known to be an important modulator of hippocampal 
excitability and plasticity. In this study, we examine the effect of the muscarinic 
agonist carbachol on resting [Ca2+]i and on [Ca2+]i transients initiated by action 
potentials. Acute hippocampal slices (300 pm) were prepared from 2-3 week old 
outbred mice. CAl pyramidal cells were loaded with 50 pM Oregon Green 488 
BAPTA-1 through a patch pipette (internal solution basefl on K-methylsulfate) and 
imaged at video frame rate (30 frames/sec) using an intensified CCD camera. Action 
potentials were evoked by a train of 4 current pulses (3 msec duration) delivered at 3 
Hz via the patch pipette. For individual cells, resting [Ca2+]i and evoked [Ca2+]i 
transients were measured as F/FO in the soma, apical dendrite and distal dendrite, 
where F0 was the initial steady state fluorescence. Measurements were made under 
control conditions and in the presence of 5-50 pM carbachol.

In carbachol, we found an increase in resting [Ca2+]i which was most 
pronounced in the basal cell body. During trains of action potentials, the amplitude 
of the first Ca2+ transient in carbachol was smaller than control, and during the trains, 
Ca2+ clearance was slowed. At the same time, carbachol hastened attainment of the 
steady state [Ca2+]i during trains of action potentials. These results suggest that 
muscarinic acetylcholine receptor activation modulates the integration of Ca2+ 
signals in hippocampal neurons.

Supported by NINDS NIH R01 NS 34581.
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892.5
INITIATION AND PROPAGATION OF CALCIUM SPIKES IN THE DENDRITES 
OF CAI PYRAMIDAL CELLS
Nace L, Golding* and Nelson Spruston. Dept. of Neurobiology & Physiology, 
Institute for Neuroscience, Northwestern University, Evanston, IL 60208.

Action potentials mediated by Na+ channels are initiated in the axon and actively 
invade the dendrites of CAI pyramidal neurons (Spruston et al., Science 268:297-300, 
1995), but the site of initiation of Ca2+ spikes in these neurons has not been 
determined directly. We addressed this question using patch-pipette recordings from the 
dendrites of CAI neurons, either alone or in conjunction with a somatic recording 
from the same cell. Recordings were performed in hippocampal slices prepared from 4- 
8 week old rats. One second depolarizing current pulses injected through the dendritic 
recording electrode evoked broad, all-or-none action potentials at a higher threshold 
(25-35 mV from rest) than narrower, TTX-sensitive Na+ spikes. The broad spikes were 
TTX-insensitive, but were blocked by 200 pM CdCl2, indicative of a large 
contribution from high voltage-activated Ca2+ channels. Ca2+ spikes were temperature- 
sensitive; spikes elicited at 35-37°C were eliminated reversibly by cooling the bathing 
solution to 24-25°C. Analyses of the amplitude and timing of Ca2+ spikes recorded 
simultaneously in the dendrites and somata indicated that Ca2+ spikes could be initiated 
in dendrites, and that the site of initiation was sensitive to the location of the current 
injection.

The initiation, shape, and propagation of Ca2+ spikes was strongly influenced by 
the action of K+ channels blocked by 4-aminopyridine (4-AP). Bath-applied 4-AP 
(1-5 mM) reduced the amount of current required to elicit Ca2+ spikes, and slowed their 
repolarization, particularly in the dendrites. In addition, the frequency and duration of 
Ca2+ spikes increased dramatically in 4-AP, with a train of spikes developing during 
and continuing beyond the offset of the current pulse. These results show that Ca2+ 
spikes can be elicited in dendrites, and that their generation is suppressed by 4-AP- 
sensitive K+ channels. (Supported by NIH grant 1RO1 NS35180).

892.6
STRUCTURAL CORRELATES OF SYNAPTIC VARIABLITY IN 
CULTURED CORTICAL AND HIPPOCAMPAL NEURONS.
P.J. Mackenzie*, G.S. Kenner, O. Prange, H. Shavan & T.H. Murphy.
Kinsmen Lab, Univ. of British Columbia, Vancouver, Canada, V6T 1Z3. 

We tested the hypothesis that variability in synaptic function may be
associated with synaptic structure. Under conditions of spontaneous 
miniature release, the amplitude of the quantal response at single synapses 
fluctuates from trial to trial. Differences also occur between synapses, 
both in the average quantal amplitude and in event frequency (Science, 
263, 529; Neuron, 75, 159). Cultured cortical or hippocampal neurons 
were loaded with 100-500 pM fluo-3 and 0.8% biocytin. We observed, on 
dendritic processes, miniature synaptic calcium transients (MSCTs) due to 
the activation of NMDA receptors by the spontaneous release of putative 
single quanta (OmM Mg, 5 mM Ca, 300nM TTX). Following imaging, 
samples were fixed, peroxidase-stained and serial sectioned for 
transmission electron microscopy. First, we confirmed the presence of 
synapses at sites of spontaneous release. Second, we reconstructed 
synapses and measured spine size, vesicle number, number of docked 
vesicles and size of postsynaptic contact area. Preliminary results 
indicate: a) both perforated and non-perforated synapses can exhibit a 
large degree of response variability; b) no correlation between MSCT 
frequency and vesicle number; and c) a positive correlation between 
average MSCT amplitude and parameters that estimate synapse size. 
Supported by MRC of Canada and EJLB Foundation.

892.7
VARIABLE SIZE OF SYNAPTIC EVENTS AT SINGLE HIPPOCAMPAL 
SYNAPSES IS DUE TO VARIATION OF TRANSMITTER CONCENTRATION IN 
THE SYNAPTIC CLEFT. Guosong Liu* and Richard W. Tsien. Dept. of Brain & 
Cognitive Science, MIT, Cambridge MA 02139* and Dept. of Molecular & Cellular 
Physiology, Stanford University, Stanford CA 94305.

Our previous data for individual hippocampal synapses in culture suggests that 
single packets of transmitter generally fail to saturate AMPA receptors and that 
variation of EPSC size largely originates from varying transmitter concentration in the 
synaptic cleft. If the cleft glutamate concentration were significantly greater for large 
EPSCs than small EPSCs, large and small events should respond to different degrees 
when challenged with a competitive blocker with fast on/off kinetics: the higher the 
glutamate concentration, the milder the inhibition by the blocker according to laws of 
mass action. Thus, in the limiting case of low transmitter concentration, efficacy of 
the antagonist would be directly related to its KB, whereas at higher transmitter 
concentration, the antagonist would lose effectiveness due to competition with the 
antagonist for the receptor. This relationship was verified experimentally for 
exogenous glutamate-induced responses, using the compound y-DGG as a rapidly 
equilibrating antagonist. This approach was then applied to small and large unitary 
EPSCs. As a control, we verified that the histogram of EPSC amplitudes was simply 
scaled along the amplitude axis for the high affinity, slow off-rate antagonist DNQX 
(Kb ~50 nM); a concentration of DNQX that halved the amplitude of the smallest 
EPSCs (e.g. 10th percentile) did the same for the largest events (e.g. 90th percentile). 
Strikingly, this was not the case for y-DGG, also applied at a concentration near its 
empirically determined KB. In this case, the smallest events were reduced to a 
significantly greater degree than the largest events, so that the shape of the amplitude 
histogram was altered. Thus, under the conditions of our experiments, variations of 
EPSC amplitude at individual synapses arise from variation in cleft glutamate concen-
tration; the glutamate receptors approach saturation for only the very largest events.

892.8
SEROTONIN REDUCES THE AMPLITUDE OF BACKPROPAGATING 
SPIKES IN THE APICAL DENDRITES OF HIPPOCAMPAL 
PYRAMIDAL NEURONS. V.M. Sandler and W.N. Ross*. Dept. of 
Physiology, New York Medical College, Valhalla, NY 10595.

Na+ dependent action potentials backpropagate over the apical dendrites 
of CAI pyramidal neurons in an activity-dependent manner (Jaffe et al., 
1992; Spruston et al., 1995; Callaway and Ross, 1995). When recorded in 
the middle dendrites, the amplitudes of each spike in a train (10 spikes at 
50 ms intervals) gradually decrease, but propagation of all spikes appears 
regenerative. Using whole-cell recordings from the soma and apical 
dendrites (>200 pm from the soma) we examined the effect of 50-100 pM 
5-HT on the resting potential and spike amplitude profile. Action potentials 
were evoked either antidromically or synaptically by stimulation in the 
stratum oriens. In 5-HT the resting potential (measured in either the soma 
or dendrites) hyperpolarized by 6.5±1.5 mV (SEM), consistent with 
previous studies. In the soma this hyperpolarization increased the 
amplitude of all spikes in a train about 5 mV (measured from rest to peak). 
But the absolute peak voltage remained about the same. In contrast, 
serotonin reduced the amplitude of all dendritic action potentials by about 8 
mV and decreased the peak voltage by 15 mV. These reductions were 
slightly greater for earlier spikes in a train. Both the effects on resting 
potential and spike amplitudes were antagonized by 30 pM spiperone.
Since backpropagating spikes are an important source of Ca2+ entry, these 
results suggest that 5-HT also modulates spike-induced [Ca2+]i changes.

Supported by the NIH (NS-16295) and the HFSPO.

892.9
THE RELATIONSHIP BETWEEN INTRACELLULAR CALCIUM AND 
THE SLOW CALCIUM-ACTIVATED AFTERHYPERPOLARISATION IN 
CAI HIPPOCAMPAL PYRAMIDAL NEURONS. P. Sahi The Neuroscience 
Group, Discipline of Human Physiology , Faculty of Medicine, University of 
Newcastle, Newcastle, NSW 2308, Australia.

In CAI pyramidal neurons trains of action potentials are followed by a slow 
afterhyperpolarisation (AHP) which is due to activation of a calcium-activated 
potassium current (slAHP)- This current has a pronounced slow rising phase, the 
explanation for which has been much debated. In this study I have examined the 
relationship between the time course of intracellular calcium transients and slAHP- 
Hippocampal slices were prepared from 14-18 day-old rats and visualised whole-
cell recordings made using infrared DIC optics. Pipettes were filled with a KMeSO4 
based internal solution to which 50-100 pM fluo3 or Oregon Green 488 was added. 
Cells were voltage clamped at -50 mV and slAHP elicited by a 50-200 ms voltage 
step to +10 mV. Changes in [Ca]i were measured using a monochromator based 
illumination system and a cooled CCD camera. During the depolarising voltage 
step, intracellular calcium rose to a peak during the step and then declined 
exponentially. The decay of the calcium transient was slowest at the soma and had 
time constants of 2-3 s. Calcium transients in the dendrites also rose rapidly, but 
decayed with faster time constants. In contrast, the sIa HP rose to a peak after the 
voltage step and decayed with a time constants of 2-4 s. Loading cells with the 
calcium chelator EGTA (2-5 mM) dramatically slowed the rising phase and decay 
of s Ia HP while the rise of the calcium transient was unaffected. When intracellular 
calcium was rapidly raised by uncaging from DM-Nitrophen, the slow time course 
of slAHP could also be reproduced. These data suggest that slow rising phase of 
s Ia HP *s unlikely to be due to diffusion of calcium.
Supported by the Sylvia and Charles Viertel Foundation and the National Health 
and Medical Research Council of Australia.

892.10
SYNAPTIC STIMULATION OF GABAa  RECEPTORS INDUCES CELLULAR 
UPTAKE OF CALCIUM IN ADULT RAT HIPPOCAMPAL SLICES A.-M. 
Autere*, T. Taira, K. Kaila Department of Biosciences, Division of Animal 
Physiology, P.O. Box 17, 00014 University of Helsinki, Finland

High-frequency stimulation (HFS) applied in CAI s. radiatum of adult rat 
hippocampal slice results in a delayed and prolonged excitaton of nearby pyramidal 
neurons, which is mediated by GABAX receptors and depends on the availability of 
bicarbonate (Taira et al 1997, J. Neurophys. in press). Using extracellular Ca2+ - 
sensitive microelectrodes to record from hippocampal slices kept in an interface 
chamber, we now show that this kind of post-tetanic GABAa  receptor-mediated 
excitation is associated with a decrease in the interstitinal Ca2+ concentration 
([Ca2+]o). A brief HFS train (100-200 Hz, 0.4-0.5 s) applied in the CAI s. radiatum 
induced a transient fall of 0.1 -0.3 mM in [Ca2+]o at a distance of about 0.5 mm 
from the site of stimulation. Application of the GABAX receptor antagonist, 
picrotoxin (PiTX, 100 /xM), first enchanced but thereafter suppressed the Ca2+ 
responses. Substantial [Ca2+]o transients were observed in the presence of ionotropic 
glutamate receptor (iGluR) antagonists (AP-5 40 /xM, NBQX 10 /xM, ketamine 50 
/xM). These iGluR-independent Ca2+ transients were blocked by PiTX, and 
enchanced by pentobarbital (PB, 100 /xM), an up-modulator of GABAX receptors. 
Somewhat unexpectedly, PB induced spontaneus activity in the slices which was, as 
well, associated with transient drops in [Ca2+]o. The stimulus-evoked Ca2+ shifts 
were abolished in the nominal absence of CO2/HCO3' and attenuated by the 
membrane permeant inhibitor of carbonic anhydrase, ethoxyzolamide (50 /xM), 
treatments previously found to suppress post-tetanic GABAX receptor-mediated 
excitation. We suggest that the mechanism underlying the Ca2+ transients is the 
activation of neuronal voltage gated calcium channels in response to postsynaptic 
depolarization and spiking. Supported by the Academy of Finland and by the Sigrid 
Juselius Foundation.
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892.11
SELECTIVE PHARMACOLOGICAL INHIBITION OF THE 
HYPERPOLARIZING AND DEPOLARIZING COMPONENTS OF THE 
BIPHASIC POSTSYNAPTIC RESPONSE EVOKED IN HIPPOCAMPAL 
PYRAMIDAL NEURONS BY HIGH-FREQUENCY STIMULATION OF 
GABAERGIC INTERNEURONS. S. Smirnov* and K. Kaila. Department of 
Biosciences, Division of Animal Physiology, P. O. Box 17, 00014 University of 
Helsinki, Finland

Biphasic hyperpolarizing-depolarizing voltage responses can be evoked in 
CA1 pyramidal neurons of rat hippocampal slices by high-frequency stimulus (HFS) 
trains in the presence of ionotropic glutamate receptor antagonists. We have studied 
the underlying mechanisms by means of sharp intracellular microelectrodes and 
whole-cell recording techniques. An HFS trains (40 pulses at 100 Hz) applied in s. 
radiatum close (within 0.5 mm) to the recording site evoked an initial 
hyperpolarizing response (hIPSP) which turned into a prolonged (2-3 s) 
depolarization (GDPSP; the GABA-mediated Depolarizing PostSynaptic Potential). 
Internal perfusion for 90 minutes with a solution containing 120 mM KT' and no 
Mg-ATP (Nelson et al 1994: Science 265: 774) did not attenuate the GDPSP, but it 
blocked the hIPSP as well as single-pulse evoked fast GABAa  receptor-mediated 
IPSPs and the corresponding currents (flPSPs and flPSCs). In sharp contrast to this, 
bath-application of the potassium channel blocker, quinine (0.5 mM), selectively 
blocked the GDPSP but did not attenuate the hIPSP/C or flPSP/Cs. The present 
results agree with the conclusion that the HFS-induced biphasic response is 
generated by two distinct mechanisms: the hIPSP is directly due to activation of 
postsynaptic GABAa  receptors in the pyramidal neuron, while the GDPSP is 
mediated by a non-synaptic mechanism - a rise in the extracellular K+ concentration 
in response to intense activation of a local network of GABAergic intemeurons. 
Supported by the Academy of Finland and by the Sigrid Juselius Foundation.

892.12
SYNAPTIC ACTIVATION OF KAINATE RECEPTORS IN CA3 AREA OF THE 
HIPPOCAMPUS. M.Vignes* and G. L. Collingridge. Dept. of Anatomy, Sch. of Med. 
Sci, University of Bristol, Bristol BS8 1TD, UK.

We have previously identified a postsynaptic effect of kainate receptors in CA3 
hippocampal neurones (Vignes et al., J. Physiol., 495, 44P, 1996). We have now 
investigated whether these kainate receptors can be activated synaptically. Whole-cell 
patch clamp recordings were performed on hippocampal slices, prepared from 12-15 
day old rats, perfused with a standard Mg2+-containing medium at room temperature. 
GABA receptor-mediated responses were blocked by applying picrotoxin (50 pM) and 
bicuculline (10 pM) (GABAa ) in the perfusion and by Cs+ in the intracellular solution 
(GABAb ). NMDA receptor responses were inhibited by AP5 (100 pM) and L- 
6899,560 (5 pM). The blockade of AMPA receptors was obtained by including GYK1 
53655 (50 pM) in the perfusate. Some experiments also included NBQX (500 nM),

Under these conditions, a complete blockade of the synaptic currents evoked by 
single shock stimulation of afferent pathways, i.e. mossy fibres and associationai / 
commissural fibres, was obtained. However, tetanic stimulation (2 to 20 shocks @ 100 
Hz) could evoke currents from the mossy fibre pathway selectively. These currents 
were reversibly antagonised by CNQX (10-20 pM), but were insensitive to suramin 
(30 pM), MDL 72222 (10 pM), methyllycaconitine (10 nM) and (+)MCPG (500 pM). 
No potentiation of these currents was obtained with cyclothiazide (3 pM). In addition, 
these currents displayed a linear voltage dependency, with a reversal potential close to 
OmV. The GluR5 subunit specific antagonist LY 293558 (1 pM) (Bleakman et al.. 
Molec. Pharm., 49, 1-5, 1996) induced an inhibition (circa 50%) of the current. From 
these experiments, we conclude that it is possible to activate kainate receptors 
synaptically in CA3 hippocampal neurones by stimulating the mossy fibre pathway. 
GluR5 subunit containing receptors may be involved in the mediation of these 
responses.
Supported by the EU and the MRC

892.13
INACTIVATION OF CELL SOMA DOES NOT PRECLUDE APICAL SHAFT 
CURRENTS IN CA1 NEURONS C. Largo’, |.M. Ibarz and O. Herreras 
Dept. Invest., Hospital Ramon y Cajal, Madrid, SPAIN.

Pyramidal cells are thought electrically compact. During spreading 
depression (SD), a transiently inactivating phenomenon slowly running 
across neural tissue associated to a large negative Vo and partial collapse 
of transmembrane ion gradients, ail electrical activity is abolished. We 
have examined this relationship in the CA1 region of anesthetized rats by 
controlling the stratum first invaded by an SD elicited by potassium 
microinjection. When SD leads in the st. radiatum both ortho and 
antidromically evoked responses are simultaneously abolished. However, 
when SD leads in the st. pyramidale, while somatic ortho and antidromic 
population spikes disappear at the time of the somatic SD, a large 
orthodromic dendritic spike and negative slower component can still be 
evoked in st. radiatum. This result indicates that while the cell soma is 
inactivated the apical dendritic tree preserves electrogenic activity. 
Additional intracellular studies revealed several phases in the 
transmembrane potential (Vm), calculated by substraction from a near 
extracellular pipette. This approached to zero in the initial phase, when 
both soma and the proximal st. radiatum are invaded by the SD. In a later 
phase, the covariation of Vm and the somatic and dendritic Vo indicate 
strong longitudinal gradients of Vm. Unexpectedly, the membrane 
resistance was only partially depressed and recovered variably in different 
neurons and within the different phases of the intracellular SD. These 
results show that SD is a highly localized inactivating phenomenon and 
evidence the relative independence of the electrogenic capabilities in 
different neuronal subregions. Supported by grant DGICYT PB94/1257.

892.14
COMPUTER SHAPING OF FIELD POTENTIALS AND CURRENT-SOURCE 
DENSITY PROFILES DURING ANTIDROMIC ACTIVATION OF CA1 
NEURONS O. Herreras'*, |.M. ibarz1, C. Largo1 and P. Varona2 (1)Dept. 
Invest., Hosp. Ramon y Cajal, (2,Dept. Ing. Informatica, U. Autonoma/ 
Madrid, SPAIN.

Current source density (CSD) analysis of field potentials (FP) is the best 
available method to define the location and magnitude of net 
transmembrane currents during synchronous activation of neuron 
populations. Those obtained during antidromic activation of CA1 in situ 
have been modeled by computer using cell aggregates of up to 100,000 
pyramidal neurons, each made of 90 compartments. The size of the 
population, the distribution of cell somata in the st. pyramidal and the 
effect of activation jitter were studied. Seven active conductances were 
distributed in three different patterns along the somatodendritic membrane. 
lNa was located either, only in cell somata, mostly in the initial 
segment/axon hillock region or in a smooth gradient along the cell axis. In 
each case, all currents were tuned until single action potentials and 
responses to current injection adjusted to experimental data. Best FP and 
CSD profiles were obtained as follows: a) population size over 17,000 
neurons in a 1 mm2 lattice; b) activation jitter around 0.4 ms; c) gradient-
like lNa distribution from soma to both apical and basal dendritic trees. 
Distribution of cell somata within the pyramidal layer had minor effects. 
This approach is a most useful tool to constrain the parameter space of 
single neuron models and yields significant information for the accurate 
interpretation of experimental CSD.

Supported by grant PB94/1257 of the Spanish DGICYT.

892.15
COMPLEX-SPIKE BURSTS ARE NECESSARY FOR INDUCTION 
OF CA1 LTP BY 5HZ STIMULATION. Thomas, M.J.*, Watabe, AM., 
Moody, T.D., Makhinson, M„ and O’Dell, TJ, Dept. of Physiology, Brain 
Research Institute and Interdepartmental Ph.D. Program for Neuroscience, 
UCLA School of Medicine, Los Angeles, CA 90095.

We have observed that thirty seconds of 5Hz stimulation of the Schaffer 
collateral pathway induces NMDA receptor-dependent, synapse-specific LTP 
in the CA1 region of mouse hippocampal slices. In contrast to 100Hz, 
summation of EPSPs during 5Hz is insignificant and unlikely to provide the 
postsynaptic depolarization necessary for NMDA receptor activation. 
However, we observed that during 5Hz trains EPSPs evoke multiple high- 
frequency action potentials of decremental amplitude (2-4 spikes at 170-200 
Hz) in CA1 pyramidal cells. This activity fits the description of the “complex- 
spike burst” - a characteristic firing mode of CA1 pyramidal cells in vivo. To 
investigate whether these complex-spike bursts enable the induction of LTP 
during a 5 Hz train by providing the depolarization needed to activate NMDA 
receptors, we tested whether blocking complex-spike bursting in CA1 
pyramidal cells blocked LTP. Bath application of a low concentration of TTX 
(250nM, lOmin.) had no significant effect on baseline synaptic transmission 
but produced a near-complete suppression of complex-spike bursting during 5 
Hz stimulation and blocked LTP (EPSPs were 147.3 ± 8.4% of baseline 45 
min. after 5Hz in control experiments, mean±SEM, n=10 and 102.3 ± 4.2% 
of baseline after 5Hz in TTX, n=7). In contrast, 250nM TTX had no effect on 
LTP induced by 100Hz stimulation (EPSPs were 197.6 ± 12.2% of baseline 
45 min after 100Hz,ls (2X, 10s ITI) in control experiments, n=7, and 197.7 ± 
11.5% of baseline after 100Hz in TTX, n=7). These results indicate that 
complex-spike bursts enable the induction of LTP during low-frequency 
stimulation and suggest that this mode of pyramidal cell firing represents a 
state of heightened susceptibility to long-lasting changes in synaptic efficacy. 
(Supported by NIMH, Pew Charitable Trusts, and the Klingenstein Fund).

892.16
SYNAPTIC INTEGRATION IN CA3 PYRAMIDAL CELLS; NON-LINEAR 
INTERACTIONS BETWEEN DISTAL AND PROXIMAL SYNAPTIC INPUTS.
N, N, Urban* and G. Barrionuevo Department of Neuroscience and Center for the 
Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260.

Previously (Society for Neuroscience Abstracts, 1996) we have shown that the 
somatic response to distal synaptic inputs on to CA3 pyramidal cells, such as the 
direct perforant path input, are modified by postsynaptic voltage-dependent channels. 
Here we report that these channels play an important role in the integration of 
synaptic input from proximal and distal sites on the CA3 apical dendritic tree.

EPSPs and EPSCs were recorded in hippocampal slices from CA3 pyramidal 
cells during stimulation of perforant path fibers and fibers in the 5. lucidum of area 
CA3. Bicuculline (10 mM) was present during all experiments to eliminate GABAa  
inhibition. The interstimulus interval (ISI) was systematically varied between 0 and 
100 ms, with 5. lucidum stimulation preceding perforant path stimulation. The fibers 
stimulated by the electrodes in these two locations were considered to be non-
overlapping if the responses showed no significant paired pulse interaction at 50-100 
msec ISIs. In experiments performed in voltage clamp using whole cell electrodes 
containing CsF and QX-314 (5 mM) the response to the combined stimulus was not 
different from the response predicted by linear summation of the synaptic currents, 
with the largest difference being a 10 ± 2% reduction at 10 msec 1ST However, in 
current clamp experiments using K-gluconate filled electrodes, the response to the 
combined stimulation at a 10 msec ISI was 55 ± 4% of what was predicted by linear 
summation. This reduction was significant for all ISIs between 0 and 10 ms.

These data suggest that postsynaptic voltage dependent channels result in 
sublinear addition of distal and proximal synaptic inputs to CA3 pyramidal cells 
occurring at short intervals.

This work was supported by NS24288 and a Howard Hughes Medical Institute 
predoctoral fellowship (to NNU).
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892.17
CURRENT SOURCE DENSITY ANALYSIS OF ACTIVE CURRENT 
SINKS IN APICAL DENDRITES OF RAT CAl PYRAMIDAL NEURONS 
A.T. Herdman, B. Foster, and T.L. Richardson . School of Kinesiology, 
Simon Fraser University, B.C., Canada V5A 1S6

Previous studies have shown that action potentials initiate at the soma and 
back propagate into the dendrites of pyramidal neurons (Turner et al 1991, 
Spruston et al 1995). However, the relationship between initiation site and 
level of synaptic activation remains unclear. Our objective was to determine 
the site of action potential generation under a range of stimulus intensities. 
Current source density analysis of antidromically and orthodromically 
generated extracellular field potentials from CAl pyramidal neurons was 
used to reveal the site of initial current sink. Extracellular field potentials 
were recorded at 25 pm intervals along the dendrosomatic axis in 400 pm 
thick hippocampal slices. Antidromic stimulation elicited an initial current 
sink in the soma which propagated into the apical dendrites. Orthodromic 
activation of basal dendrites (stratum oriens) elicited an initial current sink 
in the soma which back propagated into the apical and basal dendrites at all 
stimulus intensities. Orthodromic activation of stratum radiatum elicited an 
initial current sink in the apical dendrites which propagated through soma 
and invaded the basal dendritic arbor at all stimulus intensities. This data 
suggests that the initial current sink occurs in the apical dendrites of CAl 
pyramidal neurons irrespective of the level of synaptic activation.

892.18
DEVELOPMENT OF AMPA AND NMDA RECEPTOR MEDIATED 
EPSCS IN ISOLATED AUTAPTIC HIPPOCAMPAL NEURONS.
S.N, Gomperts*, R.C. Malenka, and R.A. Nicoll. Neuroscience Graduate 
Program, Depts. of Psychiatry, Physiology, and Cellular and Molecular 
Pharmacology, University of California, San Francisco, CA 94143.

Previous work suggests that the relative proportion of AMPAR and 
NMDAR mediated EPSCs is defined developmentally, with the NMDAR 
response preceding the AMPAR response during the maturation of the 
synapse. To study the formation of CNS glutamatergic synapses in more 
detail, we have investigated this issue in dissociated hippocampal cell culture. 
Rat hippocampal cells grown in isolation on glial islands form functional 
autaptic connections and continue to elaborate synapses throughout our two 
week period of study. From 3 to 15 days in vitro, the AMPAR and NMDAR 
mediated EPSCs increase dramatically, consistent with the idea that the 
number of functional synapses increases to several hundred. We find that 
while apparent NMDAR only responses can be recorded early in culture, the 
AMPAR to NMDAR EPSC amplitude ratio is highly variable among cells at 
this time. This variability decreases later in culture, as does the AMPAR to 
NMDAR EPSC amplitude ratio. A relative decrease in the AMPAR 
component is unlikely to underlie the change in the AMPAR to NMDAR 
amplitude ratio, since AMPAR mean quantal size does not decrease over this 
period. The decrease in the AMPAR to NMDAR amplitude ratio is therefore 
expected to derive from a relative increase in the NMDAR mediated response 
amplitude, which could reflect an increase in the proportion of synapses that 
generate only NMDAR responses or alternatively an increase in NMDAR 
mean quantal size. Supported by grants from NIH

892.19
CHARACTERISATION OF SINGLE AXON EPSPs ELICITED IN 
HIPPOCAMPAL INTERNEURONES BY PYRAMIDAL CELLS: 
PAIRED RECORDINGS AND BIOCYTIN FILLING. AfiaAliand Alex 
M. Thomson*, Dept. Physiology, Royal Free Hospital School of 
Medicine, London NW3 2PF, UK

In the present study paired intracellular recordings with biocytin filling 
were performed to compare the physiology and pharmacology of single 
axon excitatory connections from pyramidal cells to oriens/alveus (O/A) 
interneurones and to cell body layer interneurones, in adult rat 
hippocampal slices. As reported previously, EPSPs elicited in horizontal 
O/A interneurones displayed conventional voltage relations despite a D- 
AP5 sensitive component and during brief trains of 3-6 presynaptic 
pyramidal spikes, displayed strong facilitation (n=8). In striking contrast, 
EPSPs elicited in bistratified interneurones (n=2) and basket cells (n=4) 
displayed brief train depression. Both facilitation and depression were 
frequency dependent. Pyramid to bistratified interneurone EPSPs 
displayed non-conventional voltage relations and 60 pM D-AP5 blocked 
a larger proportion of the EPSP at -58 mV than at -72 mV. This study 
suggests that a single pyramidal axon exhibits several distinct activity- 
dependent patterns of transmitter release that correlate with the type of 
postsynaptic target neurone.

A. Ali is a Novartis Pharma (Basel) sponsored student. This work was 
funded by the MRC and the Wellcome Trust.

892.20
CALCIUM-DEPENDENT SPIKE FREQUENCY ACCOMMODATION IN 
HIPPOCAMPAL CA3 NONPYRAMIDAL NEURONS Raymond A. Chitwood* 
and David B. Jaffe. Division of Life Science, University of Texas at San Antonio, 
San Antonio, TX 78249

Inhibitory nonpyramidal neurons in the hippocampus can modulate the flow of 
information by influencing the firing rate of large numbers of excitatory neurons. We 
have been studying the firing properties of nonpyramidal neurons in the CA3 region 
by measuring spike frequency accommodation (SFA) and determining its calcium 
dependence.

Whole-cell current-clamp recordings were made from the somas of visually 
identified nonpyramidal neurons in hippocampal slices from 14-28 day old rats. 
Action potentials were evoked by .75-1 s depolarizing current steps. The inter-spike 
interval (ISI, measured in ms and normalized to the interval between the first and 
second action potential peak) plotted vs. spike number had a linear relationship. SFA 
was quantified as the slope of the regression line fitted to this data.

All nonpyramidal neurons in this study (n=24) exhibited some degree of SFA 
(slope > 0). However, two groups of cells were distinguished as strongly (n=9) and 
weakly (n=15) accommodating. We defined strong accommodation as an ISI vs. 
spike number regression line with a slope > 0.2. In the absence of extracellular 
calcium, there was a 74 ± 5% (mean ± SEM) decrease in the slope for these cells. In 
contrast, there was no significant change (3 ± 3%) in the slope of the weakly 
accommodating cells. No significant changes in input resistance were observed in 
either group.

These data suggest that hippocampal nonpyramidal neurons exhibit SFA and, in a 
subset of neurons, accommodation is dependent on calcium.

This work was supported by the NSF - IBN 9511309

ION CHANNELS

893.1
DEPOLARIZATION TRIGGERS INTRACELLULAR 
MAGNESIUM SURGE IN CULTURED DORSAL ROOT 
GANGLION NEURONS. H. Gotoh , M, Kaiikawa, H. Kato. 
Dept of Bioengineering, Faculty of Engineering, Soka 
Univ., Tangicho 1-236, Hachioji, Tokyo 192, Japan

Intracellular magnesium concentration ([Mg2+]i) of 
cultured dorsal root ganglion (DRG) neurons was measured 
using Mag-Fura-2/AM, the fluorescent indicator for Mg2+. 
[Mg2+]i was 0.48 + 0.08 mM (n=23) at rest, and it 
increased 3-fold by depolarization with a 60 mM Re-
solution. The [Mg2+]i increase persisted in the absence of 
extracellular Mg2+, but the increase abolished in the 
absence of extracellular Ca2+. 50 //M cadmium or 100 //M 
verapamil, a Ca2+ channel blocker, diminished the rise of 
[Mg2+]i. Laser microscopical studies were performed 
using preparations double labelled with Magnesium Green 
and Fura Red or Rhod-2. Such studies revealed that Ca2+ 
concentration starts to rise 0.46 + 0.05 sec (n=32) earlier 
than Mg2+, and it reaches its peak 1.38 + 0.12 sec (n=32) 
earlier than Mg2+.

893.2
MUSCARINIC RECEPTORS REGULATE TWO DISTINCT CALCIUM 
DEPENDENT CATION NON SELECTIVE CURRENTS IN RAT 
PREFRONTAL CORTEX. S. Haj-Dahmane* and R. Andrade, Dept of 
Psychiatry and Behavioral Neurosciences, Wayne State Univ. Sch. of Med. 
Detroit, MI 48201.

Afterpotentials play an important role in determining neuronal firing 
patterns. We have previously shown that, under control conditions, 
prefrontal cortex pyramidal neurons express a fast depolarizing 
afterpotential (f ADP). Stimulation of muscarinic receptors elicits a slowing of 
this f ADP and the appearance of a slow depolarizing afterpotential (sADP). 
Both of these afterpotentials are mediated by the activation of calcium- 
dependent cation nonselective currents. We have now examined the 
relationship between these two currents.

Whole cell recordings were obtained from rat prefrontal cortex layer V 
pyramidal neurons in in vitro brain slices. The current underlying the f ADP 
(IjADf) differed from that mediating the sADP (1^) in three regards. First, 
comparison of the voltage dependence of these currents reveals that while 
IfADP is voltage insensitive, 1^ represents a voltage-sensitive cation 
nonselective current. Second, 1^ and 1^ displayed different reversal 
potentials when assessed under conditions that reduced the sodium driving 
force across the membrane. Finally, administration of flufenamic acid (0.1 to 
1 mM) strongly reduces the amplitude of the U?P without significantly 
altering 1^.

These results suggest that the f ADP and the muscarinic induced sADP are 
mediated by different calcium-dependent cation nonselective currents. 
Supported by MH 49355
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893.3
BYSTANDER KILLING OF ADJACENT CELLS BY GANCICLOVIR IS 
MEDIATED BY GAP JUNCTIONS. A.F. Andrade-Rozental*. R. Rozental. 
J.K. Wu. F. Vrionis and D.C. Spray. Depts. Neuroscience, Medicine and 
Anesthesiology, A. Einstein Coll, of Medicine, Montefiore Medical Center, 
Bronx, NY 10461; Dept. Internal Medicine, Federal Univ. of Goias, 
Goiania, Brazil; Dept. Neurosurgery, New England Med. Center, Boston, 
MA, 02111.

Cells expressing the herpes simplex-thymidine kinase (HSV-tk) can 
be killed “in vitro” within 5 days of treatment with 20 uM ganciclovir 
(GCV) and transmit this toxicity to adjacent cells lacking HSV-tk. This 
“bystander effect” has been attributed to metabolic cooperation through gap 
junction channels. To further investigate the mechanism underlying cell death 
mediated by HSV-tk and to evaluate the efficacy of gap junction channels 
formed by different connexins in this process, we have stably transfected a 
virtually uncoupled mouse neuroblastoma cell line (N2A cells) with the 
major connexin-types expressed by neural cells (Cx32, Cx37, Cx40 and 
Cx43) and co-cultured these cells with N2A cells stably transfected with 
Cx37 and HSV-tk. The extent of cell death and sensitivity to GCV depended 
on the degree of connexin expression in transfectants and also depended on 
which connexin was expressed in the co-cultured cells. These results support 
the notion that gap junction hemichannels formed of certain connexins are 
more likely than others to pair functionally with Cx37 and suggest 
cotransfection strategies that might prove effective in sensitizing tumor cell 
populations to GCV. (Supported by N.I.H. grants and Training Grant # 
2T32HLO7675).

893.4
LEAD INTERFERES WITH CAPACITATIVE CALCIUM ENTRY 
BUT NOT WITH THE GAP JUNCTION COUPLING D. Busselberg*.

sity of Essen, Hufelandstrafie 55, 45122 Essen, Germany.
Gap junctions are present in neurons and osteoblast-like cells. They are regu-

lated by the intracellular calcium concentration. Since lead (Pb) interferes with cal-
cium at multiple sites and accumulates in bone tissue, we examined the effects of 
this heavy metal on gap junction coupling and calcium entry through calcium re-
lease activated channels (GRACs).

Using primary cultures of rat osteoblast-like cells, two neighboring cells were 
impaled and voltage-clamped and the coupling factor was calculated. Other cells 
were loaded with Fura-2 and it was analyzed whether Pb impairs the calcium entry. 
Therefore the calcium stores have been depleted with thapsigargin or A23187 in 
calcium-free solution and the current through CRACs was elicited by rising the 
extracellular calcium concentration to 1.8mM.

Extracellular as well as intracellular application of lead (5pM) did not change 
the coupling factor. But the calcium entry through CRACs was smaller in its am-
plitude when 5jiM or 12.5pM Pb were given simultaneously with the increase of 
the extracellular calcium concentration. Besides this the slope of the calcium rise 
was reduced. Higher concentrations of Pb (>20pM) additionally increased the Fura 
ratio. This effect was most likely due to the entry of Pb into the cell which results 
in a quenching of the Fura-signal.

The gap junction channels in osteoblast-like cells are not directly sensitive to 
extra- or intracellular applied lead, but the calcium current through CRACs is re-
duced by lead concentrations in the micromolar range. As the opening of gap junc-
tion channels depends on the intracellular calcium, Pb might interfere with refilling 
of intracellular stores and thus impair calcium signaling within the cells.

893.5
DISCRETE Ca^-INDUCED Ca2* RELEASE EVENTS IN CULTURED 
EMBRYONIC MOUSE CEREBELLAR NEURONS. Zhonq Wang*1, 
David J. Linden2 and W. Jon Lederer1.1 Dept of Physiology, Medical 
Biotechnology Center, University of Maryland at Baltimore, Baltimore, 
MD 21201; 2Dept of Neuroscience, Johns Hopkins University School of 
Medicine, Baltimore, MD 21205

Ca2*-induced Ca2+ release (CICR) events were investigated in mouse 
cerebellar Purkinje and granule cells, with laser scanning confocal 
microscopy (Zeiss400 with 40X water-immersion lens). Cultures were 
made from E17 mouse embryos and used within 3 days after plating. 
Cells were loaded at room temperature with Ca2+ indicator, fluo-3/AM 
(1-3pM) or Oregon Green 488 BAPTA-5NZAM (1-3pM) or both. Time- 
lapsed images were collected during a fast (0.3ml/sec, VChamber=0.3m!) 
perfusion of solution with either 50mM caffeine or 10p.M cyclopiazonic 
acid (an inhibitor of calcium pump in endoplasmic reticulum). More 
than fifty percent of the cells (n=30) responded with discrete, short-lived 
(<200 msec) elevations of [Ca2*]j. Line scanning images were used to 
analyze the kinetics of these subcellular Ca2+ signals. These results 
are being used to test the hypothesis that local CICR events may 
underlie global responses to externa, stimulation.
Supported by Develbiss Fund (DJL) and NIH grants.

893.6
SINGLE CHANNEL RECORDINGS OF THE CHLORIDE CURRENT FROM 
UTERINE MUSCLE OF RAT. F.Estrada. A.Larrazolo, M. Vazquez. R. Guevara- 
Guzman. * Departamento de Fisiologia, Facultad de Medicina U.N.A.M. Mexico 
04510, DF.

The mechanical and electrical changes of uterus muscle during pregnancy and non 
pregnancy, are under influences of hormonal environment and nervous system control. It 
has been reported, that sodium and calcium currents changed during pregnancy 
(Speralakis and cols. 1990,1991). On the other hand, chloride current has also been studied 
in pregnant rats (Coleman 1987), however, its functional role is unknown. The aim of this 
report was to study the chloride currents in pregnant and non-pregnant rats. Patch-clamp 
technique in the inside-out configuration (Hamill et al 1981) was used to record the 
single-channel chloride currents. The cells were obtained from uterus treated with 
proteolytical enzimes (Speralakis, 1989) and the currents were recorded in a DAG AN 
amplifier, filtered and stored in a microcomputer. Solution contains symmetrical 135 mM 
chloride, 1.8 mM MgCl, 5 mM HEPES, 5 mM EGTA and 10 mM TEA. Results showed 
that in uterine myocites of pregnant rats the chloride currents were always present (100%) 
and only in 20% in non pregnant. Using variance-mean analysis (Patlak, 1988) showed 
seven current sub-levels of chloride currents in pregnant rats. Open probability was 0.01 
+0.48(S:D:) in non pregnant rats (n=40) and 0.418 ± 0.96 in pregnant rats (n=40). 
Mean open time and unit conductance were 0.177 + 0.14 ms and 647± 0.25 pS 
respectively and 0.088± 0.18 ms and 70+ 0.17 pS for non pregnant at + 40 mV. The 
kinetic of the chloride currents showed events fast and slow like that described by Blatz 
and Magleby (1985,1986 and 1987). In continuos records during 3 minutes, the currents 
showed hurts and silent periods. Our results indicate that the number of chloride channels 
are low or not functional in non pregnant rats but them increased throughout the 
pregnancy. This results point out a functional role of the chloride current during 
pregnancy.
This work was supported by DGAPA-UNAM grant # IN201195.

893.7
SINGLE Cl ION CHANNELS IN HUMAN GLIOMA CELL LINE 
C.B. Ransom* & H. Sontheimer, Dept. Neurobiol., Univ. of Alabama at 
Birmingham, Birmingham, AL 35294

Our laboratory has recently characterized a novel glioma-specific chloride current 
(GCC) that activates at potentials greater than +45 mV and is sensitive to DNDS, 
DIDS, and the scorpion toxin chlorotoxin (Ullrich and Sontheimer, 1995). In order to 
understand the properties of the ion channels responsible for this current we made 
cell-attached recordings from 17 cells using standard patch-clamp techniques with a 
variety of pipette solutions. Single channels activated at potentials greater than +50 
mV when Cf was the dominant anion in the pipette solution. Gluconate’, which 
increases whole-cell current amplitude when substituted for Cf (Ullrich and 
Sontheimer, unpublished observations), consistently shifted activation of channels to 
less positive potentials (~ +25 mV) when it was the major anion in the pipette (4 
cells). Regardless of pipette solution used a progressive voltage-dependent decrease in 
unitary conductance was seen, producing a negative bend in the I-V curve at potentials 
greater than +125 mV. Mean current levels were obtained from gaussian fits of 
amplitude histograms at each membrane potential and the slope conductance was 
determined by fitting the I-V plots of these mean values. Two distinct slope 
conductances were seen: 1. One level clustered around 165 +/- 16 pS (mean +/- S.D.; 
range=141-185 pS, n=8) and 2. Another averaged 105 +/- 10 pS (range 89-117 pS, 
n=5). Currents reversed in 7Z15 experiments (between -20 and 20 mV). Reversal of 
currents brought about a dramatic reduction in slope conductance to 29 +/- 7 pS 
(n=4). The inward currents may be due to a different class of channels or could be the 
result of inherent outward-rectification of the channels active at positive potentials. 
Ensemble averages produced from 180-250 sweeps at +120 mV were qualitatively 
very similar and showed similar activation kinetics to whole-cell currents. We 
conclude that the glioma-specific chloride current is carried by at least two classes of 
channels. Future experiments will define whether one or both of these are chlorotoxin- 
sensitive.

893.8
A NEURONAL SWELLING-ACTIVATED CHLORIDE CURRENT AND 
ITS ROLE IN VOLUME REGULATION. J. L. Leaney*, S. J. Marsh & D. A. 
Brown. Dept. of Pharmacology, University College London, Gower Street, 
London, WC1E 6BT, United Kingdom.

We have used voltage clamp electrophysiological recordings, microfluorimetric 
measurements of intracellular Ca"+ with Indo-1 and image analysis to investigate a 
swelling-activated Cf current in cultured mammalian sympathetic neurones. 
Exposure of cells to external hypotonic solution caused cell swelling which reversed 
upon return to isotonic solution. In cells voltage-clamped at -60 mV, swelling was 
accompanied by an inward current. Ion substitution experiments and Cl channel 
blockers suggested that this current was due to an increased Cl" conductance. The 
current was shown to be Ca2+-independent and unaffected by the protein kinase C 
inhibitor, GF109203X.

Prolonged exposure to hypotonic solution 
caused initial cell swelling followed by a 
reduction in volume back to control levels 
in approximately 15 minutes (see figure). 
This Regulatory Volume Decrease (RVD) 
process was abolished by niflumic acid.

Time (min) T,ms !min) This swelling-activated Cf current is
unlike previously reported Cl currents in these cells but shares several properties 
with swelling-activated Cf currents in other non-neural cells. We propose that this 
current contributes to the RVD response observed in these cells.

(Supported by the Wellcome Trust and the MRC)
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893.9
DEVELOPMENTAL REGULATION Of trp4: ANALYSIS OF trp GENE 
EXPRESSION BY IN SITU HYBRIDIZATION SUGGESTS 
DEVELOPMENTAL REGULATION IN RODENT BRAIN. S.DasGupta*. F. 
Qian. R.J. Miller and L.H Philioson. Dept.Of Pharmacol.and 
Physiol.Sci.University of Chicago, Chicago, IL 60637.

Mammalian proteins homologous to the Drosophila photoreceptor 
transient receptor potential (trp) have been suggested to be 
involved in store operated Ca2+ entry. Full length and partial 
sequences have been reported for trpsl through 6. Here we compare 
the expression of trp-1,4 and 6 messages in rat and mouse brain 
by in situ hybridization. Signals for trp4 were very strong in the 
cerebral cortex, hippocampus, Purkinje cells of the cerebellum and 
substantia nigra, while trpl and 6 were widely distributed in parts 
of cerebral cortex, hypothalamus and thalamus. Appreciable 
amounts of trp4 were present in cultured dorsal root ganglia cells, 
and Purkinje cells cultured for 4 to 32 days. In situ hybridization 
studies of the developing rat brain with trp4 probe showed that 
while expression could be detected in adult Purkinje cells, this was 
not detectable in Day! pups. By Dayl 1 the trp4 signals were 
present in the Purkinje cells. No other area of the brain showed 
such developmental variation. In conclusion, all the trp genes tested 
seem to be present in the brain, while trp4 seems to be 
developmentally regulated consistent with an important role of 
these gene products in regulating intracellular Ca2+ associated 
pathways.
Supported in part by NIH NS-21442, DK-42086 and DK-44840.

893.10
ELECTROPHYSIOLOGICAL STUDIES ON 2-OXINDOLE AND 5- 
OXINDOLE, TWO TRYPTOPHAN METABOLITES ABLE TO MODIFY 
NEURONAL ‘FUNCTION. G, Mannaioni, R, Carpenedo. R. Corradetti & F. 
Moroni*. Dept. of Pharmacol, Univ. of Florence, 50134 Florence, Italy.

In the course of our studies on the metabolic pathways responsible for the 
synthesis of the excitotoxin quinolinic acid (Quin), we noted that 5- 
hydroxyindole (20-200 mg/kg i.p.) caused convulsions, while similar doses of 
the isomer, 2-oxindole, caused sedation and coma. 2-oxindole has been 
identified and measured in the rodent brain usin^ HPLC and GC/MS. Its 
concentration in the rat brain is approximately 10’7 M. Administration of 10 
mg/kg i.p. brings it to 10’5 M and the animals are sedated; after 50 mg/kg i.p., 
its brain concentration reaches 10"4 M and the animals go into coma. Using rat 
hippocampal slices, we evaluated the effects of the above-mentioned indole 
derivatives on the neurotransmission of the CAl region following orthodromic 
stimulation of the Schaffer collaterals. 5-hydroxyindole (10-300 pM) induced a 
reversible, concentration-dependent increase of the evoked population spike 
(PS) and EPSP amplitudes. The maximal increase of the PS (78±5 %) and 
EPSP (37+7 %) amplitudes was obtained at 300 pM. On the contrary, 2- 
oxindole induced a reversible, concentration-dependent decrease in both PS and 
EPSP amplitudes. At 1 mM, the PS was reduced by 37±10 % and the EPSP by 
5±2 %. Preliminary intracellular recordings showed that 2-oxindole (1 mM) 
neither modified cell membrane potential nor cell input resistance, while it did 
increase action potential frequency adaptation.
Supported by CNR and the E.C. (BMH4-CT96-0228) and (BIO4-CT96-0752).

893.11
CURRENTS THAT UNDERLIE REPOLARIZATION IN RAT 
LACTOTROPHS AND GH3 CELLS. M.P Zimber*, S. Sankara- 
narayanan and S.M. Simasko. Dept. of VCAPP, College of Veterinary 
Medicine, Washington State Univ., Pullman, WA99164.

Calcium influx during action potentials is an important component of 
stimulus-secretion coupling in lactotrophs. However, the nature of the 
currents that repolarize the action potential in these cells is unknown. 
We have performed voltage clamp experiments on clonal GH3 cells and 
primary cultures of lactotrophs in order to further define potential cur-
rents that could underlie repolarization. In lactotrophs using physio-
logical bath and pipet solutions, we found the reversal potential of the 
current that is present after 0.5 to 1 sec depolarizations to 0 mV aver-
ages -53 ± 3 mV (n= 18). This is between the reversal potential for K+ 
currents (-84 mV) and Cl" currents (-41 mV), suggesting that currents 
of both types may participate in repolarization. When Cs+-loaded 
pipets were used to block K+ currents, in addition to inward Ca2+ cur-
rents (blocked by Cd2+), we also observed a slowly growing current 
that in some cells became outward at potentials negative to 0 mV but al-
ways positive to the Cl" reversal potential. This component produced a 
slowly deactivating tail current whose magnitude mirrored the magni-
tude of calcium current. It was also sensitive to niflumic acid. These 
observations indicate that it is due to a calcium-activated Cl" current. In 
addition to Ca2+ currents and Ca2+-activated Cl" current, a voltage-de-
pendent outward current was observed that is resistant to external Cd2+. 
The ionic nature of this component remains to be determined. Future 
experiments will determine the role of these currents in control of action 
potential behavior.
This work supported by NSF grant No. IBN-9319536.

893.12
CHARACTERIZATION OF THE SUPERNORMAL PERIOD IN RAT DORSAL 
ROOTS. G.J. Stotts and P.K. Stvs*. Ottawa Civic Hospital Loeb Medical Research 
Institute, University of Ottawa, Canada, KIY 4E9.

Myelinated axons display a characteristic alteration of excitability after activation. 
Following the absolute and relative refractory periods is an interval where excitability 
and conduction velocity are increased, termed the supernormal period (SNP).
Possible mechanisms of the SNP were studied.

Propagated compound action potentials were recorded from rat dorsal roots in vitro 
using suction electrodes. Stimuli were delivered in pairs at interstimulus intervals 
from 1 to 800 ms. The nerve was allowed to recover for I second between each pair. 
Digitized compound action potentials were averaged (n=16 at each interstimulus 
interval) before computing latency shifts between the first and second response of a 
pair.

The SNP occurred at interstimulus intervals between 1.5 and 20 ms and was found 
to decrease slightly over 2 hrs of control incubation. The SNP was increased by sub-
blocking concentration of TTX (10 nM) or releasing internal Ca stores with caffeine 
(20 mM). It was decreased by lowering [Ca]o (0 mM) or raising [K]o (from 3 to 8 
mM). The K channel blocker TEA (20 mM) eliminated the SNP while veratridine 
(300 nM), an inhibitor of Na channel inactivation, greatly lengthened supemormality. 
A subnormal period, where conduction velocity of the second, conditioned response is 
decreased, was induced by QX-314 (100 pM).

Conclusions: 1) Rat dorsal root axons exhibit supernormal conduction lasting from
1.5 to 20 ms at 37° C following a single volley. 2) The SNP is dependent on an 
increase in intracellular [Ca], and is reduced by depolarization. 3) The SNP is also 
dependent on TEA-sensitive K conductance(s): together, these results may suggest a 
role for KCa channels. 4) While modulators of Na channels altered excitability- 
dependent conduction changes, the native SNP was not affected, indicating that Na 
channels do not contribute significantly to this phenomenon.

This work was generously supported by the J.P. Bickell Foundation.

893.13
LIMITED DIGESTION OF THE INOSITOL 1,4,5- 

TRISPHOSPHATE RECEPTOR WITH TRYPSIN. F. Yoshikawa.
T. Furuichi. C. Hirashima*. and K. Mikoshiba. Dept. Molec. 

Neurobiol., Inst. Med. Sci., Univ. Tokyo, Minato-ku, Tokyo 108, 
Japan.

Inositol 1,4,5-trisphosphate receptor (IP3R) is a tetrameric 
inositol 1,4,5-trisphosphate (H^j-gated Ca2+ release channel. To 
examine the structural domains of the type 1 IP3R (IP3RI), site- 
specific antibodies against different regions of IP3RI were 
developped. The tryptic fragments of IP3RI in mouse cerebellar 
microsome were probed by Western blots with these antibodies. Five 
independent fragments were detected. They covered the full length of 
the protein from the N-terminus to the C-terminus. Two of them 
seemed to be the same reported by Joseph (Biochem J. 307 859-865 
(1995)). All of these fragments were collected in insoluble membrane 
fraction and were co-immunoprecipitated after solubilizing with 
detergent by mAb 18A10 whose epitope is the C-terminus of the 
receptor. IP3 binding activity was detected in insoluble fraction even 
after the trypsin treatment and increased by the digestion. Scatchard 
plots showed that this augmented binding activity was caused by 
increase in the affinity for IP3. These results suggested that most of 
domains of IP3RI somehow interact with each other and the IP3 
binding domain come to form a high affinity structure by the 
digestion.

893.14
DO BIOPHYSICAL NEURON SIMULATIONS HAVE TO BE SO COMPLEX?
T. Ozaki!, A. Omurtag2, L. Sirovich2, B. Knight1, E, Kaplan3 & J. Gordon*4.
'Biophysics Lab., The Rockefeller Univ., NY, NY 10021; 2 Applied Math Lab.,
3Ophthalmology, Mt. Sinai Medical Sch., NY, NY 10029; 4Psychol„ Hunter Col., 
CUNY, NY, NY 10021

The electrical behavior of neurons is dictated by the properties of their membrane 
and by the dynamics of their ion channels. In “Hodgkin-Huxlev” (HH) neural 
models, these properties are described by equations which contain the membrane 
potential and channel activation/inactivation variables as dependent variables. The 
space-clamped HH equations constitute a set of ordinary differential equations 
which can be analyzed by techniques applicable to dynamical systems. In 
particular, principal components analysis (PCA) can be used to obtain a description 
with a new, smaller set of variables, that can capture essential aspects of the 
system's behavior. This analysis provides a systematic way of revealing redundant 
mechanisms that potentially exist in the physiology of real neurons, and also 
produces more economical and insightful models.

Our computational investigations have shown that a compact description, with 
fewer variables than in the original HH system, can be achieved. Each variable 
constihites a dimension in the phase space of the model neuron. We first provide 
the model with a stimulus that elicits a complicated response which fully explores 
portions of the system’s phase space. With PCA, the resulting time series is then 
used to construct an orthonormal set of vectors corresponding to new variables that 
are "optimal" for the system. This helps identify those variables that play a 
negligible role in the system's behavior. We are currently investigating more 
complicated models based on the thalamic relay neuron (McCormick &
Huguenard, 1992) with 10 ionic channels and a two-compartment neural model 
(Sejnowski & Mainen, 1996).
Support: EY11276,EY 01867, MH50166, RPB, ONRN0014-93-12079, GM07524
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893.15
NOVEL BRAIN-SPECIFIC MEMBER OF CATIONIC AMINO ACID
TRANSPORTER FAMILY INDUCES A SLOW HYPERPOLARIZATION- 
ACTIVATED CURRENT IN XENOPUS OOCYTES. D.H, Feldman*. K, Ito. W.R. 
Harvey, and B.R. Stevens. Dept. of Physiology, Univ. of Florida, Gainesville, FL, 
32610 and Fred Hutchinson Cancer Research Ctr., Seattle WA 98195.

Cationic amino acid transporters are responsible for uptake of L-arginine, the 
substrate for nitric oxide synthesis. We and others have previously shown that two 
cloned members of this gene family, CAT-1 and CAT-2, are expressed in many 
tissues, including the brain. A novel third member of this family, CAT-3, has recently 
been cloned and shown to be expressed widely in mouse embryos, but restricted to 
brain postnatally (K. Ito and M. Groudine, in press). Using two-electrode voltage 
clamp methods we have studied the electrophysiological properties of Xenopus 
oocytes injected with CAT-3 cRNA transcripts.

Oocytes injected with CAT-3 transcripts displayed slowly developing inward 
currents when hyperpolarized to voltages -80 to -120 mV. Current magnitudes were 
essentially unchanged by replacement of extracellular Na+ with K+ or Cs+, but were 
partially blocked by replacement with Li+, choline, or N-methyl-D-glucamine. 
Replacement of extracellular Ca2+ by Ba2+ also reduced the current. Partial 
replacement of extracellular CT by gluconate increased the current magnitude. Thus, 
the current appears to be mediated by cation channels that are relatively non-selective 
for Na+, K+, or Cs+. Chloride current, possibly due to endogenous Ca2+-activated Cl" 
channels gated by Ca2+ -influx through the cation channel, also contributes to the total 
current. The kinetics, voltage-sensitivity, and ionic selectivity of this current, with the 
exception of a lack of block by Cs+, resemble properties of hyperpolarization- 
activated cation currents commonly known as Ih, that are found in neurons. Currents 
with these properties were not detected in water-injected oocytes, nor in oocytes 
injected with transcripts encoding CAT-2.

Supported by NIH grant MI-30464 and Am. Heart Assn. Grant #9501336.

EXCITATORY AMINO ACIDS: EXCITOTOXICITY II

894.1
APOPTOSIS VS. NECROSIS: ROLE OF Ca2+ AND ENERGY 
FAILURE. Posina V, Ravudu1 ’2, Danielle M. D'Emilia1, Paolo Gaudiano*2 
and Stuart A. Lipton1. 1Dept. of Neurology, Children's Hospital and Program in 
Neuroscience, Harvard Medical School, and 2Dept. of Cognitive & Neural 
Systems, Boston University, Boston, MA 02115.

Neuronal cell death mediated by excessive stimulation of NMDA receptors has 
been implicated in many neurologic disorders. In spite of a substantial 
experimental database and the ready application of thermodynamic formalism 
to cell death (Maddox, Nature 355:201, 1992), quantitative theories of 
excitotoxicity are yet to be presented. Cell death represents a process of 
transition from a nonequilibrium to an equilibrium state with respect to the 
surrounding. In response to an excitotoxic NMDA stimulus (e.g., 200 pM), the 
relaxation time of a spherical cell (e.g., 20 pm in diameter) can be calculated to 
be on the order of 10 min in accord with experimental data. Resilience, i.e., the 
time it takes to re-establish the resting state following removal of NMDA, is ~1 
min in the absence of constraints on energy levels. However, this prediction is 
inconsistent with the experimental data because it does not take into account 
intracellular Ca2+ buffering. If we assume that mitochondria represent the 
predominant Ca2+ buffer in neurons and that this places certain constraints on 
ATP utilization (Nicholls and Akerman, Biochimica et Biophysica Acta 683:57, 
1982), we can calculate the minimum concentration of NMDA necessary to 
induce necrosis (passive cell death causing osmotic lysis because of energy 
failure) rather than apoptosis (an active form of cell death requiring energy 
production): necrosis would begin to intervene at [NMDA]>500 pM (for tens of 
minutes). Formally stated, dN/dt = -r(R-N)(T-N)(E-N), where N = [Ca2+]j 
following a toxic NMDA stimulus^ and R, T and E are resting, threshold for 
necrosis and extracellular [Ca2+], respectively, and r is a proportionality 
constant. This formalism is consistent with previous experimental data (e.g., 
Bonfoco et al., PNAS 92:7162, 1995; Ankarcrona et al., Neuron 15:961, 
1995) and may serve to guide future efforts at novel therapeutics.

Funded in part by NIH grants P01 HD29587 and R01 EY05477 (to S.A.L.).

894.2
L-GLUTAMATE INDUCES APOPTOSIS OR NECROSIS DEPENDENT ON 
THE INTENSITY OF INSULT. N. S, Cheung. J, A, Larm, J, M, Halliday & 
P. M. Beart*. Dept. of Pharmacology, Monash Univ., VIC 3168, Australia.

Overactivation of ionotropic glutamate (Glu) receptors induces toxicity in 
neuronal cultures, however, the mode of cell death after excitotoxic injury is 
still controversial. Several lines of evidence suggest that neuronal death occurs 
by one or both of two general pathways, necrosis or apoptosis. Cerebrocortical 
cultures were prepared from 15- 16d foetal mice and maintained in chemically 
defined Neurobasal medium supplemented with B27. Immunocytochemistry 
using neuron-specific enolase and glial fibrillary acidic protein indicated that 
>98% of cells were neurones. At 6d cultures were exposed for 15 min to Glu (1- 
500|lM), and neuronal death was determined after insults (30min-24h) using 
morphology (phase-contrast, confocal and electron microscopy), trypan blue 
exclusion, lactate dehydrogenase (LDH) assay (index of early necrosis), 
propidium iodide (PI) DNA staining, terminal transferase-mediated dUTP nick 
end-labelling (TUNEL) and DNA fragmentation by gel electrophoresis. Glu 
produced concentration-dependent neuronal injury which was attenuated by MK- 
801 (lpM) and CNQX(10p.M). Exposure to intensive insults (100-500|iM 
Glu) induced necrosis characterized by rapid cell swelling (<3h) and acute 
release of LDH, and lack of nuclear condensation confirmed by the absence of PI 
staining and TUNEL. In contrast, mild excitotoxic insults (l-20p.M Glu) 
produced little acute neuronal swelling and lysis at <5h, but at 24h after injury 
resulted in a large number of apoptotic nuclei confirmed by PI staining, TUNEL 
and electrophoretic evidence of DNA fragmentation. In addition, cycloheximide 
(0.5(ig/ml) reduced the number of TUNEL-positive profiles. Overall, our 
findings indicate that Glu-mediated apoptosis or necrosis is dependent on the 
severity of the initial insult.

894.3
Glutamate in acute low concentration does not elevate intracellular 
calcium but induces degenerative changes different from (3-amyloid 
induced toxicity. Venugopal Janapati* and Jane E. Bottenstein. Marine 
Biomedical Institute and Dept. of Human Biological Chemistry & Genetics, 
University of Texas Medical Branch, Galveston, TX - 77555-1043.

Glutamate toxicity is associated with elevation of intracellular calcium 
concentration ([Ca]i), and it is hypothesized that p-amyloid (p-A) toxicity 
may also involve increased [Ca]i. To further investigate the physiological 
changes in neurons caused by these neurotoxins, E17 (embryonic day 17) 
rat cortical neuronal cultures were treated with p-A or glutamate at various 
concentrations on day 7 of culture. Intracellular calcium was monitored in 
fura-2 loaded cultures by flourescence measurements. Morphological 
changes in the cells were monitored using phase contrast microscopy. 
Although glutamate at 1, 5 and 10pM concentration induced membrane 
blebbing on neurites, [Ca]i was rapidly increased in cultures treated with 
either 5 or 10pM glutamate but not with 1pM glutamate. At all 
concentrations of glutamate the morphological changes in neurons were 
the same. Neurites developed blebbings and the cell bodies increased in 
size and started to degenerate, typical of the necrotic process of cell death. 
The time course of cell death was proportional to the concentration of 
glutamate in the medium. When E17 cells were exposed to p-amyloid (p- 
Amo ), the neurotoxic peptide associated with Alzheimer’s Disease, they 
degenerated into small vesicles, typical of the apoptotic process of cell 
death. Control peptide did not produce any changes in the cells. This is 
the first finding suggesting that glutamate at 1pM causes degeneration of 
neurons. The data also indicates that the mechanism of cell death induced 
by glutamate and p-amyloid may be different.

894.4
SOURCE-SPECIFICITY OF Ca2+ NEUROTOXICITY REVISITED: THE ROUTE 
OF Ca2+ INFLUX, NOT THE DEGREE OF Ca2+ LOADING, DETERMINES 
EXCITOTOXIC NEURONAL CELL DEATH. Rita Sattler*^. Milton P, Charlton8. 
Mathias Hafner and Michael Tvmianskr. “Playfair Neuroscience Unit, University of 
Toronto, Toronto, Canada. bTechnical University Mannheim, Mannheim, Germany.

Presently, opinions differ about whether Ca2+ neurotoxicity is directly correlated 
with the amount of total Ca2+ which enters the cell, independent of the influx source, 
or whether it is not only the total Ca2+ loading, but the route of Ca2+ entry that 
determines the outcome of a given insult. Here we present evidence that the degree of 
cell death indeed depends on the pathway through which Ca2+ enters the cell.

Ca2+ entry was evoked into cultured cortical neurons through specific Ca2+ influx 
pathways isolated pharmacologically using either glutamate, high-K+ or Ca2+ 
ionophore in the presence of appropriate glutamate receptor antagonists and/or Ca2+ 
channel blockers. The specificity of these maneuvers was first confirmed using fura-2 
[Ca2+]i imaging. Cell death was determined by measuring changes in propidium 
iodide fluorescence (Sattler et al., JCBF 1997), whereas neuronal Ca2+ loading was 
measured using 45Ca2+. NMDA-R activation with glutamate revealed a linear 
relationship between 45Ca2+ influx and cell death. However, isolated Ca2+ influx 
through VSCC’s induced by high [K+] caused Ca2+ loading similar to that observed 
with glutamate, but without causing any cell death. The Ca2+ ionophore A23187, on 
the other hand, induced a steep increase in cell death even after very little Ca2+ influx.

These results illustrate unequivocally that the route of Ca2+ influx is a chief 
determinant of Ca2+ neurotoxicity. The implications of these findings are that 
cascades leading to excitotoxic neurodegeneration are specifically linked to some, but 
not all Ca2+ influx pathways, and thus, that compartmentalization of Ca2+ within 
neurons plays an important role in their resilience to injury. (Supported by The 
National Centers of Excellence of Canada, The Medical Research Council of Canada, 
The German Ministry of Science and Technology).

Society  for  Neuroscience , Volume  23,1997



2292 EXCITATORY AMINO ACIDS: EXCITOTOXICITY II THURSDAY AM

894.5
BAPTA-AM AND CALBINDIN D28K MODIFY GLUTAMATE-INDUCED [Ca2+], 
CHANGES IN CENTRAL NEURONS. K.E. Dinelev, K.R, Hovt. R. L. Neve1 and I. J. 
Reynolds. Dept. of Pharmacology, Univ. of Pittsburgh, Pittsburgh PA 15261, and fDept. 
of Genetics, Harvard Med. Sch., McLean Hospital, Belmont, MA 02178.
NMDA receptor activation results in Ca2+ dependent injury of neurons, and cytoplasmic 

Ca2+ buffering is likely to alter the potential toxicity of a given glutamate (glu) stimulus. 
Previously, we showed important roles for mitochondria and Na+/Ca2+ exchange in buffering 
glu-induced Ca2+ loads. In this study we evaluated the effects of altering the rapid buffer 
capacity of neurons, using either the Ca2+-chelator BAPTA-AM or by overexpressing 
calbindin D28k.
Intracellular Ca2+ transients were measured in indo-1 AM-loaded cultured embryonic rat 

forebrain neurons . The application of 3 pM glu/1 pM glycine, 50mM KC1 or 1 OOuM glu 
for 15s resulted in a rapid increase in [Ca2+], in all neurons tested, and produced similar 
sized transients. In neurons loaded with lOuM BAPTA-AM, the same stimuli produced 
responses that were decreased by >80%. However, BAPTA elongated [Ca2+]; return to 
baseline, as expected for a high affinity buffer. Application of a toxic glu stimulus (lOOpM, 
5min) to BAPTA-loaded cells resulted in a transient that took significantly longer to reach 
peak levels compared to control. The peak [Ca2+]i in BAPTA-loaded cells was similar to 
controls, suggesting that the buffering capacity of BAPTA is overwhelmed by excitotoxic 
stimuli.
BAPTA presumably mimics the buffering activity of Ca2+-binding proteins. We compared 

the effects of BAPTA to those of calbindin D28k by overexpressing this protein in neurons 
using a herpes simplex virus-1 (HSV-1) vector system. While <5% of our neurons 
normally express calbindin, >80% of the cells were calbindin positive by 72hr post-
exposure to calbindin-HSV, as detected by immuno-cytochemistry. Preliminary results 
suggest that glu- and KCl-induced [Ca2"]; transients are decreased in neurons 
overexpressing calbindin.
These experiments will further elucidate the role of cytoplasmic Ca2+ buffers in protecting 

neurons from glu-induced injury. Supported by NS 34138, GM 08424, 
and the American Heart Association.

894.6
NMDAR1 IN THE CAUDATE-PUTAMEN NUCLEUS:
ULTRASTRUCTURAL LOCALIZATION AND CO-EXPRESSION 
WITH SORCIN, A 22 kD CALCIUM BINDING PROTEIN K. N. Gracv*, 
C. L. Clarke, M. B, Meyers, and V. M. Pickel Department of Neurology and 
Neuroscience Division of Neurobiology, Cornell Univ. Med. Coll., New York,
NY 10021
Entry of calcium through NMDA type glutamate receptors in the caudate- 
putamen nucleus (CPN) is essential for normal motor activity but can also 
produce cytotoxicity with continued activation and release of calcium from 
cytoplasmic storage sites. To determine functional sites for NMDA receptor 
activation in the CPN, we examined the ultrastructural localization of an 
antiserum made against the R1 subunit of the NMDA receptor. Furthermore, in 
this region we comparatively examined the localization of NMDAR1 and sorcin, 
a 22 kD calcium binding protein recently shown to be present in CPN neuron 
and to modulate intracellular calcium channels. NMDAR1-like immunoreactivity 
(NMDAR1-LI) was seen most often at nonsynaptic and synaptic plasma 
membranes in dendrites and along plasma and synaptic vesicle membranes in 
axon terminals. Sorcin-like immunoreactivity (sorcin-LI) was present in 39% (n = 
1,514) of the profiles that contained NMDAR1 and the majority (533 of 595) of 
these were dendrites and dendritic spines. Although sorcin-LI was seen in 
only a few axon terminals, several of these also contained NMDAR1 and many 
others apposed or formed synapses with NMDAR1-immunoreactive dendrites. 
The results of this study suggest that in the CPN, the activation of NMDA 
receptors permits calcium influx at plasmalemmal sites mainly on dendrites 
where sorcin may play a novel role in modulating calcium-induced calcium 
release. The presence of sorcin in some, but not all NMDA-containing 
neurons in the CPN has potential implications for the known differential 
vulnerability of certain striatal neurons to excitotoxins. Supported by grants 
from NIMH (MH40342) and NIDA (DA04600) as well as by a NIMH Career Award 
(MH00078) awarded to VMP.

894.7
POSTNATAL AGE DETERMINES VULNERABILITY TO NMDA IN CULTURED 
RAT CAI NEURONS. I. D. Marks’1' and X.-M. Zhang. Department of Pediatrics, 
University of Chicago, Chicago, IL, 60637.

Activation of the NMDA subtype of glutamate receptor can increase free intracellular 
calcium ([Ca++];), alter neuronal morphology, and cause cell death. Using acutely 
dissociated neurons, we have shown that vulnerability to glutamate-induced neuronal 
injury and death is strongly regulated by postnatal maturation. In order to study this 
developmental regulation further, we cultured CAI neurons from postnatal rats of 
different ages, and measured NMDA-induced changes in [Ca"+], and morphologic 
indicators of cell injury’ and death. We hypothesized that 1) vulnerability of these 
cultured neurons to excitotoxic injury and death increases with maturation, and 2) 
increased vulnerability is associated with an increase in the NMDA-induced [Ca++], rise. 
Neurons were cultured in Neurobasal/B27 (Gibco) and 5% 0^/10% CO2. Cells with 
neuronal morphology stained positively for neuron-specific enolase and neurofilament, 
and did not stain for glial fibrillary acidic protein or galactocerebroside. Time-lapse 
studies of [Ca++], and changes in neuronal morphology were performed by obtaining 
alternating differential interference contrast and epifluorescence images of Fura-2-loaded 
CAI neurons. Mean resting [Ca++]; of all neurons was 148 nM (± 10.1 SEM, n=63). 
NMDA stimulation (300 U.M for 5 minutes) increased [Ca++]; abruptly in all neurons 
(mean peak increase 415 nM ± 35 SEM). Following NMDA stimulation, morphologic 
signs of neuronal injury, including bleb formation, dendrite retraction, and loss of 
membrane integrity, were seen, but only in neurons from animals > 18 days old. 
Neurons from animals < 18 days old showed no signs of injury. Peak NMDA-induced 
[Ca++], did not differ significantly between neurons that became injured and those that 
did not. We conclude that vulnerability to NMDA-induced injury in postnatally 
cultured CAI neurons increases with maturation, and that an increase in [Ca++], is 
insufficient to cause neuronal injury. Supported by the Biological Sciences Division, 
University of Chicago.

894.8
ATTENUATION OF NMDA RESPONSES BY CALCIUM 
CHANNEL AGONIST BAY K 8644 (+). S. W, Barger*, Depts. 
Geriatrics and Anatomy, Univ. Ark. Med. Sci., Geriatric Research 
Education and Clinical Center, Dept. Veterans Affairs, Little Rock AR 
72205.

Although calcium is required for a component of excitotoxicity, the 
phenomenon shows source specificity so that influxes through the 
NMDA class of glutamate receptor appear more damaging than those 
through voltage-dependent calcium channels (VDCC). In addition, 
exposure to low levels of excitotoxin can protect against subsequent 
exposures. To determine the role of calcium in such conditioning, the 
effects of VDCC agonist Bay K 8644 (+) were explored in primary 
cultures of hippocampal neurons. In spite of a moderate elevation of 
intracellular calcium levels ([Ca2+]j) on its own, Bay K 8644 greatly 
attenuated responses to NMDA such that combined treatment resulted 
in [Ca2*]; much lower than NMDA alone. Although this inhibition 
was non-competitive, it was rapid in development and dependent 
upon continued presence of Bay K 8644. Contributions of 
phosphatases and calcium-activated potassium channels were ruled 
out with okadaic acid and charybdotoxin. Despite the relatively 
moderate effects on [Ca2*], by Bay K 8644, it was much more toxic 
than doses of NMDA that caused 5-fold greater elevations of [Ca2*];. 
Bay K 8644 toxicity could be completely blocked by calcium-channel 
blocker CoCl2, conflicting with previously ascribed calcium source 
specificity relationships.

Supported by the NINDS and the Inglewood Foundation.

894.9
RAPID MICROFLUOROMETRIC MEASUREMENTS INDICATE 

A LOW CALCIUM BUFFER CAPACITY IN 
HYPOGLOSSAL MOTONEURONS OF MOUSE.

M.B. Lips and B.U. Keller*. Zentrum Thysiologie, I Jumboldtallee 23,
Universitat Gottingen, 37073 Gottingen, Germany

Calcium homeostasis is a fundamental requirement for neuronal 
cell function and plays a crucial role in intracellular signalling. For a 
given amount of calcium flowing into the cytosol, cell type specific 
patterns of Ca++ buffering and extrusion mechanisms determine 
magnitude and duration of the intracellular calcium signal. Many 
pathological processes have been linked to a malfunction of Ca++ 
regulatory mechanisms including neuronal degeneration during 
amyotrophic lateral sclerosis (ALS) and other motoneuron-diseases.

We have investigated Ca++ buffering and extrusion mechanisms in 
hypoglossal motoneurons (1IM) by doing simultaneous patch 
clamp and rapid microfluorometric calcium measurements in brain 
stem slice preparations. Intracellular calcium responses in the soma 
of HMs were monitored by pipette loading of cells with increasing 
concentrations of fura-2 during repetitive voltage step protocols. 
Changes in time constants of intracellular calcium recovery during 
increased buffer concentrations (3.5s at 50pM fura-2) allowed us to 
approximate the intrinsic calcium buffer capacity and recovery 
lime. Our results show that buffer capacities of hypoglossal 
motoneurones are low compared to those of other neurones and at 
least one order of magnitude smaller compared to those of 
cerebellar Purkinje cells investigated under similar experimental 
conditions.
Supported by DFG.

894.10
GLUTAMATE STIMULATES INCREASES IN INTRACELLULAR Zn2+ AND 
Zn2+-DEPENDENT TOXICITY IN CULTURED FOREBRAIN NEURONS. IT 
Reynolds* and C. Cheng. Dept Pharmacol., Univ. Pittsburgh, Pittsburgh PA 15261.

Zn2+ may be an important factor in glutamate (Glu)-induced injury because the 
distribution of Zn2+ changes in certain brain regions following excitotoxic stimuli, 
and because Zn2’ potentiates toxicity mediated by the kainate subtype of Glu recep-
tors. However the measurement of intracellular Zn2+ ([Zn2+];) in cells is difficult 
because of the lack of sensitivity and/or selectivity of fluorescent probes that are 
putatively Zn2+-selective. In this study we used fura-2 and magfura-2, which have 
Zn2+ Kd’s of ~2 and 20nM respectively, to estimate [Zn2+]; changes in neurons under 
conditions where the concentration of other ions was restricted.

Neurons were loaded with fura-2AM or magfura-2AM and were monitored 
ratiometrically. Baseline ratios were stable when neurons were incubated in HEPES 
buffers that were Ca2+-, Mg2+- and Na+-free. Fura-2 detected a steady rise in [Zn24], 
when 0.3mM Zn2+ was added to the extracellular buffer. The addition of 1 OOpM Glu 
with gly to this buffer increased the rate of rise of the fluorescence ratio, which 
typically reached a plateau before the end of the 5min stimulation. NMDA, kainate 
and 50mM KC1 also stimulated an increase in [Zn2+];. In magfura-2 loaded cells the 
addition of Zn2’ alone to the Ca2+-, Mg22- and Na buffer produced much smaller ratio 
changes. Glu, NMDA, kainate and KC1 stimulated increases in the fluorescence ratio 
that did not reach a plateau during the 5min stimulation. The addition of Zn2+ to 
Ca2+', Mg2” andNa+-free buffer for 5min decreased the viability of neurons measured 
24hr later using a LDH efflux assay, an effect that was potentiated by Glu.

These results suggest that fura-2 and magfura-2 can be used to monitor [Zn2+], 
under certain specific circumstances, and that stimulated [Zn2+]; changes are suffi-
cient to saturate fura-2 with Zn2+, but not magfura-2. From this we may infer that 
[Zn2+]; in the range of 20-50nM may be toxic to forebrain neurons in culture.

Supported by NS 34138, GM 08424 and by the American Heart Association.
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894.11
RELATIONSHIP BETWEEN GLUTAMATE-INDUCED [Mg1*], 
CHANGES AND EXCITOTOXICITY IN CULTURED FOREBRAIN 
NEURONS. C,..■Cheng*. A,K, Stout .and I.J, Reynolds. Dept. of 
Pharmacology, University of Pittsburgh School of Medicine, Pittsburgh, PA 
15261.

It has been previously shown in our laboratory that the same glutamate 
stimuli that are normally considered excitotoxic in our neuronal cell cultures 
are also capable of producing nrillimolar increases in intracellular free 
magnesium ([Mg2*]} (Brocard et al,, Neuron 11: 751-757,1992). However, 
there is cell to cell variability in the magnitude of the glutamate-induced 
[Mg2*], changes; therefore in this study, the correlation between glutamate- 
stimulated increases in [Mg2*], and neuronal toxicity is directly tested. Our 
working hypothesis is that the magnitude of glutamate-induced [Mg2*], 
changes determines cell survival. Cultured forebrain neurons from embryonic 
rats were stimulated with glutamate while [Mg2*], was simultaneously 
monitored using magfura-2. Subsequently, cell viability of the same 
individual cells was then monitored for up to 24 hrs post stimulation using 
propidium iodide. Preliminary' results indicate that the neurons that survive a 
5 min stimulation with 100/xM glutamate/10/yM glycine have a significantly 
lower change in the magfura-2 ratio than cells that do not. This suggests that 
agonist-induced [Mg2*], changes may be an indicator of the excitotoxic 
potential of a stimulation. Currently, we are investigating possible 
mechanisms underlying the variability in glutamate-induced [Mg2*], changes 
Supported by NS 34138, GM 08424, and the American Heart Association.

894.12
MODULATION OF NEURONAL SENSITIVITY TO GLUTAMATE 
BY SECRETORY PHOSPHOLIPASES A2(sPLA2s). M. A. 
DeCoster* and N. G. Bazan. LSU Medical Center, Neuroscience 
Center, New Orleans, LA 70112.

We have previously described the neurotoxic effects of purified 
s PLA2s  from snake and bee venom on cortical neurons in vitro 
(Kolko et al., JBC, 1996). We reported that the toxicity of sPLA2s 
(10-25 ng/ml) and glutamate (GLU) (80 pM)demonstrated a 
synergistic action. Here we show that at non-toxic concentrations 
of GLU (1 pM), the presence of sPLA2 (10-50 ng/ml) expresses 
synergistic toxicity. Furthermore, we have investigated intracellular 
calcium concentration ([Ca2*]} dynamics as a possible mechanism 
of action for sPLA2s and GLU. We have found that sPLA2 alone 
(10-50 ng/ml), does not cause calcium flux into neurons, though 
these concentrations were slightly toxic. In fact, these 
concentrations of sPLA2s (50 ng/ml) often obliterated the 
spontaneous calcium oscillations we observed in the neurons. 
When cortical neurons were treated with 1 pM GLU, calcium influx 
measured by confocal microscopy showed that [Ca2*], returned 
90% to baseline in 80 secs. In contrast, when sPLA2 (25 ng/ml) 
was added 3 minutes before addition of 1 pM GLU to neurons, the 
calcium influx was sustained, with [Ca2*], returning only 10% to 
baseline. These results indicate that sPLA2 and GLU act 
synergistically, by modulating [Ca2*], dynamics, to alter neuronal 
sensitivity to excitation and excitotoxicity. (NS 23002).
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895.1
EXCITOTOXICITY, CELLULAR CALCIUM SIGNALING AND MITOCHONDRIAL 

(DYS)FUNCTION IN CULTURED HIPPOCAMPAL CELLS.
J, Keelan, O. Vergun, L. Patterson and M. R. Duchen*. Department of Physiology, University 
College London, London. WC1E 6BT. U.K.

Glutamate toxicity in the brain is believed to reflect cellular Ca2+ overload, in particular as a 
consequence of Ca2+ influx through NMDA channels. The specific mechanisms which couple 
activation of the NMDA channel to glutamate excitotoxicity remain incompletely defined. 
Studies suggest that the underlying pathophysiology involves impaired mitochondrial function 
in response to increased cellular [Ca2] possibly combined with the increased production of 
reactive oxygen species (ROS) from the mitochondrial respiratory chain.

We have used fluorescence imaging techniques to probe the consequences of glutamate 
receptor activation for changes in cellular [Ca2+] (using the Ca2+ sensitive fluorescent dyes fura- 
2 and rhod-2) and for mitochondrial potential (using the potentiometric probe rhodamine 123).

Hippocampal neurons exposed to toxic concentrations of glutamate (100 pM) under 
conditions that promote opening of the NMDA channel (Mg2+'-free, lOpM glycine) exhibited an 
increased cytosolic [Ca2 ] and mitochondrial depolarization. The degree of mitochondrial 
depolarization for a given Ca2+ load varied significantly amongst the neuronal population. 
Comparison of the mitochondrial responses to glutamate and to depolarization by 50 mM 
potassium suggest that a given [Ca2+] load is more likely to cause significant mitochondrial 
depolarization in response to NMDA receptor activation than to influx through voltage-gated 
calcium channels. Both forms of excitation appear to be associated with mitochondrial calcium 
uptake, as collapse of the mitochondrial membrane potential using the uncoupler FCCP altered 
the shape of the Ca2+ transients to both stimuli. It is also notable that comparable changes in 
calcium in the underlying glial cells, probably driven by activation of metabotropic glutamate 
receptors were far less likely to be associated with mitochondrial depolarization.

These data suggest that while a rise in mitochondrial [Ca2+] uptake is likely to be involved in 
glutamate toxicity, other features of the response to NMDA receptor activation are likely to 
contribute to the precipitation of mitochondrial dysfunction. We will examine further the basis 
for these responses and for the NMDA-induced mitochondrial dysfunction.
(We thank The Wellcome Trust and the Royal Society for support).

895.2
Effects  of  Oxidative  Stress  and  Glutamate  Receptor  Activation  
on  Mitochondrial  Membrane  Potential  in  Rat  Forebrain  Neurons  
J. Scanlon* and I.J. Reynolds. Dept. of Pharmacology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Mitochondria may mediate neuronal injury via the activation of a large, non-
selective pore which spans the mitochondrial inner membrane. Opening of 
this permeability transition pore (PTP) is sensitive to changes in [Ca2*], and 
oxidation of critical dithiols associated with the pore. We examined whether 
glutamate-receptor stimulation and oxidative stress interact to affect activation 
of the PTP. Mitochondrial membrane potential (AU*) was measured in intact 
rat forebrain neurons with the ratiometric fluorescent dye JC-1 using a laser 
scanning confocal imaging system. Depolarization induced by 100 pM 
glutamate was Ca2*-dependent and was inhibited by cyclosporin-A, a known 
PTP antagonist. Application of hydrogen peroxide (0.3-3mM) decreased A 4) 
in a manner that was independent of the presence of extracellular Ca2* and 
was not affected by the addition of cyclosporin-A. Our results also show that 
oxidative stress and NMDA-receptor activation interact to produce decreases 
in AU) that are greater than the response to either stimulant alone. The 
combined effect of peroxide and glutamate was Ca2*-dependent and was 
partially inhibited by cyclosporin-A. Since activation of the PTP can occur as a 
result of dithiol cross-linking, the sulfhydryl reducing agent dithiothreitol (DTT) 
was examined for its effects on AU). 5 mM DTT both prevented and reversed 
the loss of AU) induced by hydrogen peroxide. In contrast, DTT enhanced the 
loss of AU) when coapplied with glutamate, consistent with an effect at the 
NMDA-receptor redox modulatory site. Our results suggest that oxidants can 
increase the sensitivity of mitochondrial depolarization to an excitotoxic 
stimulus.
Support Provided By: American Heart Association (IJR) and its Western 
Pennsylvanian Affiliate (JMS).

895.3
UNDER GLUCOSE DEPRIVATION GLUTAMATE PROTECTS RETINAL NEURONS A. C. Rego. 
M. S. Santos and C. R. Oliveira*.Center for Neurosciences of Coimbra, 
Department of Zoology and Faculty of Medicine, University of Coimbra, 
3000 Coimbra, Portugal

Excitotoxic degeneration is a well established phenomenon that occurs 
during acute or chronic neurodegenerative diseases. The activation of 
ionotropic excitatory amino acid receptors induces intracellular Ca2 
rises and subsequent free radical formation. Moreover, retina lesioning 
caused by glycolysis inhibition is prevented in the presence of NMDA 
antagonists. The aim of our study was to analyze the response of retinal 
neurons when submitted to glutamate exposure under glucose free 
conditions and further recovered in glucose medium. Neuronal viability 
was analyzed by following the reduction of MTT. Neuronal toxicity was 
higher in cells submitted to low glutamate concentrations (10-100 uM) 
than to high glutamate concentrations (10 mM) in glucose free medium. 
Similar results were observed in the presence of 2 mM AOAA (aminooxy 
acetic acid), an inhibitor of GABA deamination, suggesting that 
protective effects of high glutamate doses depend upon its metabolic 
utilization. Analysis of endogenous amino acids showed that the extra 
cellular increase in glutamate concentration was followed by an 
increment in intracellular glutamate and a significant decrease in GABA. 
However, extracellular GABA levels increased. This increment in GABA 
release seemed to be of major importance in regulating the excitotoxici 
ty of glutamate. ATP/ADP significantly decreased in cells submitted 
to 10 mM glutamate in glucose free medium. Under these conditions, 
glutamate inhibited the O2 consumption and decreased the mitochondrial 
membrane potential. These data indicate that glutamate, when present 
in high concentrations, can be used as a metabolic substrate, protecting 
retinal neurons from excitotoxicity. This effect may be of a major 
relevance during cell recovering from metabolic dysfunctions.

This work was supported by JNICT (Portuguese Research Council) and 
the Human Capital Mobility Program (EU) Proposal n° ERB 4050 PL 932039

895.4
INHIBITION OF EXCITOTOXICITY IN THE PRESENCE OF HIGH 
EXTRACELLULAR POTASSIUM CONCENTRATIONS DEPENDS ON 
MITOCHONDRIAL FUNCTION. L. Kiedrowski*. The Psychiatric Institute, 
University of Illinois at Chicago, IL 60612.

During brain ischemia, glutamate (GLU) acts on neurons at high extracellular K+ 
concentrations ([K*]e), which can reach 60-80 mM. To determine in primary cultures 
of rat cerebellar granule cells (CGCs) whether an increase in [K*]e during excitotoxic 
exposure to GLU affects Ca2+ homeostasis, and neuronal survival following GLU 
withdrawal, CGCs were exposed for 15-90 min at 37 °C to GLU (100 pM) and 
glycine (10 pM) applied in Mg-free Locke’s buffer containing 5 mM glucose and 
various K+ concentrations (balanced with Na+). Following the exposure, CGCs were 
returned to the conditioned medium and their viability was monitored for up to 4 days. 
Increasing [K*]e from 5.6 to 60 mM: (1) reduced the GLU-mediated 45Ca2’ 
accumulation, (2) prevented overload of mitochondria with Ca2*, (3) completely 
antagonized the GLU-elicited neuronal death. If, however, during the exposure to 60 
mM K* the CGCs were deprived of glucose, mitochondrial Ca2* overload and 
neuronal death promptly occurred. The glucose deprivation-elicited neurotoxicity 
observed at 60 mM [K*]e was inhibited by CNQX (10 pM) or MK.-801 (10 pM), 
indicating that the activation of both AMPA/kainate and NMDA receptors was 
involved. The GLU-mediated 45Ca2* accumulation was enhanced either by inhibition 
of the plasma membrane Ca2* pump with eosin (300 pM), or by glucose deprivation 
combined with inhibition of mitochondrial ATP synthase with oligomycin (3 pg/ml). 
These results suggest that, at 60 mM K*, GLU is not neurotoxic as long as cellular 
energy reserves are sufficient to fuel the plasma membrane Ca2* pump, which by 
extruding Ca2* prevents mitochondrial Ca2* overload. When there is a decline in the 
activity of the pump due to an energy deficit, Ca2* starts to overload mitochondria, 
which leads to neuronal death. This sequence of events may be relevant to the 
mechanism of neuronal death in ischemia in vivo.
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895.5
EXCITOTOXIC CELL DEATH IS TOPOLOGICALLY ORGANIZED 
IN NEWBORN FOREBRAIN: PREFERENTIAL VULNERABILITY OF 
NEURONS IN NEOCORTICAL BARRELS AND NEOSTRIATAL 
STRIOSOMES. C. Portera-Cailliau* and L. J. Martin. Depts. of Neuroscience and 
Patholology, Johns Hopkins School of Medicine, Baltimore, MD 21218.

The mechanisms of selective neuronal vulnerability in diseases of the nervous system 
remain poorly understood. We have used glutamate excitotoxicity in the immature rat 
brain as a clinically relevant model of neuronal death to identify factors that might 
influence neuronal vulnerability. Excitotoxin injections in the postnatal day (P) 4 rat 
neocortex consistently resulted in foci of neuronal death that were reminiscent of the 
future barrel fields of somatosensory (SI) cortex, which are unique cytoarchitectonic 
areas receiving peripheral sensory inputs from individual mystacial vibrissae on the 
contralateral whisker pad. The columnar organization of neurodegeneration in newborn 
S1 cortex was apparent at least two days prior to the emergence of cytochrome oxidase 
(COX)-positive barrels, but was spatially in register with patches of serotonin 
immunoreactivity (appearing by P2) corresponding to future barrel fields. Similarly, 
excitotoxin injections into the immature neostriatum at P6 resulted in highly 
compartmentalized death of neurons, but these foci of neurodegeneration (delineated by 
TUNEL or acridine orange staining) resided in serotonin-positive compartments and 
COX-enriched striosomes. Together, this data demonstrate that intrinsic mitochondrial 
oxidative metabolism does not have an obligatory role in conferring neuronal 
vulnerabiltiy to excitotoxins. Rather, preferential neuronal death within emerging 
barrels and striosomes may be related to enhanced susceptibility of neurons to 
glutamate receptor activation conferred by their afferent maturity and serotonin 
chemospecificity. Excitotoxin injections in adult striatum or SI cortex, which still 
contain COX-positive compartments but no longer have patchy serotonergic inputs, 
resulted in more uniform cell death that was not topologically organized along barrels 
or striosomes. This supports the concept that excitotoxin vulnerability in the newborn 
brain is dictated by the degree of maturity of injured neurons and their afferents. 
Supported by NS34100.

895.6
LOW RAT BRAIN GLUTATHIONE POTENTIATES QUINOLINATE- 
INDUCED STRIATAL LIPID PEROXIDATION A. Santamaria*, F. Stastny+, S. 
Galvan, C. Rios and D. Santamaria. Neurochem. Dept., Natl. Inst, of Neurology, 
14269 Mexico, and +Inst. of Physiol., Acad, of Sci., 14220 Prague 4, Czech 
Republic.

The oxidative stress is one of the mechanisms whereby quinolinic acid (QUIN), a 
neuroactive metabolite of tryptophan acting at N-methyl-D-aspartate (NMDA)-type 
of glutamate receptor, causes neuronal damage after its intrastriatal injection 
{Neurosci. Lett.. 159: 51-54, 1993). To determine whether intracellular glutathione 
(GSH) could play a role in the QUIN-induced striatal oxidative stress, brain levels 
of this tripeptide were decreased by an i.p. injection of 1 g of N-acetyl-L-cysteine 
(AcCYS) per kg of body weight (Experientia 39: 164-165, 1983). The assay of lipid 
fluorescent products (LFPs) was used as an indicator of oxidative stress in rat brain 
(J. Neurochem. 42:, 976-979,1984). Two hours after AcCYS injection, the striatal 
formation of LFPs was significantly increased being 197% of saline-treated controls 
(100%; 0.405 ± 0.187 U.F./mg prot./min) whereas in the entorhinal cortex the 
value remained unchanged (116%) although this area exhibited the highest control 
level of LFPs (100%; 0.776 ± 0.170 U.F./mg prot./min). Intrastriatal injection of 
QUIN caused a more pronounced elevation of LFPs than AcCYS, being 268% of 
the control value, but the cortical level was not altered (116%). However, when the 
intrastriatal injection of QUIN followed 30 min the i.p. administration of AcCYS, 
and the LFPs were measured 2 hours after the excitotoxin injection, the 
lipoperoxidative injury of striatal neurons peaked as the levels of LFPs reached 
419% of controls. Under these conditions also the level of LFPs was increased in 
the hippocampus, but not in the entorhinal cortex and midbrain. We conclude that 
depletion of brain GSH increases vulnerability of some neuronal populations, 
mainly in the rat striatum, to the oxidative stress induced by QUIN (Supported by 
CONACyT Grants E130.205 and 3444P-M9607).

895.7
TOXIC GLUTAMATE TREATMENT INDUCED DEPLETION OF 
GLUTATHIONE IN HIPPOCAMPAL NEURONS. V.G.Pinelis*. and 
J.M. Dubinsky. Institute of Pediatrics, Russian Academy of Sciences, 
Moscow and Department of Physiology, University of Minnesota.

We tested the pathogenic role of intraneuronal glutathione (GSH) in 
mechanisms of excitotoxic injury. Cultured hippocampal neurons were 
loaded with rhodamine 123 to monitor mitochondrial membrane potential 
(Vm) and either fura-2 or monochlorobimane (mBCl) which forms a 
fluorescent adduct with GSH. The principal findings of present study were 
as follows. (1) GSH content ([GSH]) in neurons was significantly lower 
than in glial cells. (2) Preincubation of cells with 500pM DTT or ImM N- 
acetyl-l-cysteine resulted in an increase of mBCl fluorescence. In contrast, 
500pM DTNB and 200pM buthione sulfoxime, an inhibitor of GSH 
syntase, induced a decrease of [GSH]. (3) 500 pM glutamate (Glu; plus 10 
pM glycine) application for 5 min caused [Ca2+]i enhancement to plateau 
levels. Additionally, vpm decreased and [GSH] decreased. (4) Pretreatment 
of cells with BSO for 17 hours or with mBCl for 30-60 min prevented 
recovery from the calcium overload and mitochondrial depolarization after 
the termination of a 3 min challenge of 100 pM Glu. Neuronal lysis 
occurred following this normally mild exposure. Collectively, the results 
obtained suggest that toxic glutamate exposure depletes intracellular GSH, 
and that depletion of GSH exacerbates injury, consistent with an active 
oxidative component to the injury. Supported by NIA AG10034.

895.8
CHEMICAL HYPOXIA POTENTIATES EXCITOTOXIC INJURY: A 
DIRECT INTERACTION OF CYANIDE WITH THE NMDA RECEPTOR 
S.R. Arden*, R.M. Whelan, W.K. Potthoff, K.A, Hartnett, E. Aizenman.
Dep’t of Neurobiology, Univ. of Pittsburgh Sch. Med., Pittsburgh, PA 15261 

Previous studies have shown that cyanide can increase the susceptibility of
neurons to excitotoxic stimuli (Dubinsky and Rothman, J. Neurosci. 11:2545; 
1991) and potentiate NMDA receptor-mediated responses (Patel et al., Neuroch. 
Res. 19:1319; 1994). Here we show that these phenomena may be attributable to 
the chemical reduction of the NMDA receptor redox site (Tang and Aizenman, J. 
Physiol. 465:303;1993) by cyanide itself. Three mM potassium cyanide (KCN;
1.5 hr) was non-lethal to rat cortical neurons in tissue culture, as assayed 24 hr 
post-exposure. However, this same treatment dramatically potentiated the 
toxicity attainable by 10-20 pM NMDA. This toxicity could be prevented by 10 
pM MK-801. NMDA (30 pM)-induced whole cell responses in these neurons 
were potentiated 1.2 ± 0.1-fold by a 1-3 min treatment with 2 mM KCN; 
compared to the 1.7 ± 0.4-fold potentiation induced by 4 mM DTT. A 1-2 min. 
treatment with 0.5 mM DTNB readily reversed the potentiation induced by either 
KCN or DTT. Furthermore, KCN was not consistently able to further potentiate 
currents already maximal following DTT treatment. In related studies, NMDA- 
stimulated currents were measured in CHO cells transiently expressing either 
NR1/NR2B, NR1C744S/NR2B, or NR1C744S/NR2A subunit combinations. The 
NR1C744S mutation abolishes redox sensitivity in NR2B-, but not NR2A- 
containing receptors (Sullivan et al., Neuron 13:929; 1994). As expected, DTT 
readily potentiated NMDA responses mediated by NR1/NR2B and NR1C744S/ 
NR2A receptors, but not in NR1C744S/NR2B. KCN enhanced NR1C744S/ 
NR2A-mediated currents, but did not potentiate NR1/NR2B or NR1C744S/NR2B 
responses, suggesting that this toxin may be a selective reducing agent for the 
redox site found on NR2A (Kohr et al., Neuron 12:1031; 1994). NIH NS29365

895.9
CHEMICAL HYPOXIA ATTENUATES EXCITOTOXIC INJURY: AN IN 
VITRO MODEL OF ISCHEMIC TOLERANCE K. A. Hartnett*, J.P. Sinor, 
J.C. Brimecombe, W.K. Potthoff, E. Aizenman. Department of Neurobiology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

A single sublethal ischemic challenge has been shown to induce a certain 
degree of neuroprotection to a second, more severe, ischemic insult both in vivo 
(Kitagawa et al., Brain. Res. 528:21; 1990) and in vitro (Sakaki et al., Neurosci. 
Res. 23:289; 1995). The mechanism responsible for ischemic tolerance in 
neurons has not been established, although it may involve several cellular 
response elements such as induction of heat shock proteins (Lowenstein et al., 
Neuron 7:1053; 1991). Here we evaluate whether cytotoxic hypoxia in vitro can 
attenuate excitotoxicity, as this form of cell injury has been implicated in stroke- 
related neuronal damage. Rat cortical neurons in culture exposed to 3 mM 
potassium cyanide (KCN) for 1.5 hr in a glucose-free solution remain viable for 
at least up to 72 hours post-exposure. Neurons were exposed to 100 pM NMDA 
(1 hr), 24 hr after the KCN treatment. We observed that the viability of the 
chemically-challenged neurons increased by approximately 50%, when compared 
to control cells, as assayed 24 hr after the excitotoxic insult. Significant KCN- 
induced neuroprotection was also noted in cultures exposed overnight to 200pM 
NMDA. The degree of neuroprotection observed was decreased when the post- 
KCN treatment period was increased to 48 or 72 hr. In addition, a similar level 
of KCN-mediated excitotoxic tolerance was observed when cultures where 
exposed to 5 pM NBQX and 100 pM 5,7-dichlorokynurenate during the hypoxic 
challenge, suggesting that glutamate receptor stimulation during this period was 
not required to trigger the neuroprotective mechanisms. We are currently 
evaluating whether alterations in NMDA receptor subunit composition may 
partially account for the observed actions of KCN. Supported by NIH NS29365.

895.10

LASTING SUPPRESSION OF SYNAPTIC TRANSMISSION 
CAUSED BY HYPOXIA IN RAT HIPPOCAMPAL SLICES.
L.S. Wolfe*1, P.J. Zhu and K.Krnievic. Anaesthesia Res. Dept. 
and Montreal Neurological Institute, McGill University, 
Montreal, PQ, H3G 1Y6, Canada.

Block of synaptic transmission was studied by field and 
intracellular recording in slices submerged (at 34 ° C) in ACSF 
containing 4 mM glucose. Prolonged hypoxia (11 ± 0.78 min, 
n=21) led to irreversible (>1 hr) block of CAl synaptic 
transmission. This lasting effect of hypoxia was prevented by 
kynurenate (KYN, 2 mM, n=9) or DL-APV (50 pM, n=9), but 
not CNQX (25 pM, n=5): thus NMDA receptors play a major 
role in this suppression of synaptic responses. Block of Na+ 
channels by TTX (0.5 pM) had a similar protective action. In 
ACSF with higher [glucose] (10 mM), much longer periods of 
hypoxia (23 ± 0.6 min, n=ll) did not cause long-term sup-
pression. In intracellular recordings - in presence of 4 mM 
glucose (n=ll) - hypoxia induced depolarizations, which may 
lead to activation of the voltage-dependent NMDA channels; 
they were prevented by 10 mM glucose (n=9), but not by KYN 
or TTX (n = 6). These results indicate that depolarization and 
glutamate release contribute to the lasting, glucose-sensitive 
suppression of synaptic transmission produced by hypoxia in 
hippocampal slices. (Supported by Canadian MRC)
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895.11
Intracellular II*,] Modulates Neuronal Survival During Excitotoxic 
or Oxidative Insults. *M. Glinn*. 'B, Ni. 2R. P. Irwin. 2S, W. Kelley. 
2S-Z, Lin and *.2S. M. Paul. ‘Dept. Neuroscience Res., Eli Lilly & Co., 
Indpls, IN; 2Dept. of Pharm. andTox., Indiana Univ., Indpls, IN.

Inorganic phosphate (Pi) plays a vital role in intracellular 
metabolism. In many cells, extracellular Pi stimulates glucose 
utilization, enhancement of high-energy phosphate concentrations 
and modulation of cytosolic free [Ca2+1< Cultured fetal rat cortical 
neurons constitutively import Pi, and cytosolic levels positively 
correlate with [ATPj, [NADPH] and neuronal energy charge (Glinn et 
al., 1997). Furthermore, Pi transporter gene expression is 
upregulated in cerebellar granule cells resistant to excitotoxic insults 
(Ni et al., 1994). In the present study, we examined whether 
intracellular Pi status is critical to neuronal survival after an 
excitotoxic or oxidative insult. Elevation of extracellular Pi enhanced 
cortical neuron survival after exposure to NMDA, especially at early 
(< 6 hours) time points after termination of the insult. Pi similarly 
increased neuronal survival after exposure to kainic acid or H2O2. 
Pi-loaded neurons had higher basal [ATP] and [GSH], and slightly 
but significantly lower cytosolic free [Ca2+], as compared with Pi- 
deprived neurons. There were no acute differences between the two 
groups with respect to intracellular [ATP], [Ca2+], [GSH], or 
generation of reactive oxygen species (ROS) after administration of 
NMDA. However, after exposure to kainic acid or H2O2, Pi-loaded 
cells maintained increased [GSH] and displayed reduced formation of 
ROS, as compared with Pi-deprived neurons. These findings suggest 
that Pi can modulate neuronal metabolism and survival under a 
variety of excitotoxic or oxidative insults, through multiple 
mechanisms which may vary with the type of injury.

895.12
EFFECTS OF NMDA AND FERROUS SULFATE ON OXIDATION 
AND CELL DEATH IN PRIMARY NEURONAL CULTURES 
J.G, Rudolph*, J.J, LeMasters, and F.T, Crews. Center for Alcohol 
Studies and Department of Cell Biology. University of North Carolina, College of 
Medicine, Chapel Hill, NC 27599.

The relationship of oxidation to neuronal death was examined with the use 
of the fluorescent dyes dichlorofluorescin diacetate (DCF) and propidium iodide (PI) 
to monitor oxidation and cell death respectively. Ferrous sulfate caused a dose 
dependent increase in cellular oxidation with an EDSO of approximately 136 pM. 
Levels of oxidation increased over time reaching maximum levels between 20 - 30 
minutes. This finding prompted experiments following cell death after 25 minutes 
of ferrous sulfate to allow comparisons with NMDA mediated delayed neuronal 
death. With high concentrations of ferrous sulfate (ImM - 25 min.) cell death was 
rapid, reaching maximum levels within 6 hours. Lower ferrous sulfate 
concentrations (50-300 pM) initiated a progressive cell death with an ED50 of 241 
pM which mimicked the time course of neuronal cell death induced by 100 pM 
NMDA for 25 minutes.

Treatment with 100 pM NMDA alone did not result in measurable 
increases of DCF fluorescence. However, when combined with 40 pM ferrous 
sulfate, NMDA dose dependantly increased DCF fluorescence. In addition to 
increasing the amount of oxidation, the presence of ferrous sulfate accelerated the 
rate of cell death following NMDA exposure when compared to NMDA alone. This 
acceleration in cell death occurred within 3 hours following treatment, but by 12 
hours post-treatment the NMDA dose response with or without ferrous sulfate were 
similar. These studies suggest that oxidative stress can accelerate NMDA 
excitotoxicity. (Supported by NIAAA)

895.13
PEROXYNITRITE AND NO-DONORS INDUCE APOPTOSIS 
BY ELICITING AUTOCRINE EXCITOTOXICITY M. Leist and P.
Nicotera* Chair of Molecular Toxicology, Faculty of Biology, 
University of Konstanz, D-78457 Konstanz, Germany

NO-donors or peroxynitrite (ONOO") can elicit both neuronal apoptosis 
and necrosis. We examined the mechanism responsible for NO-toxicity in 
cerebellar granule cells (CGC). By the use of primary cultures derived from 
poly-(ADP-ribose) polymerase (PARP)-deficient mice, we showed that direct 
activation of this enzyme plays no significant role in NO-toxicity to murine 
CGC. NO donors rather triggered apoptosis by an excitotoxic mechanism 
requiring exocytosis and N-methyl-D-aspartate receptor (NMDA-R)- 
mediated intracellular Ca2+-overload. Direct exposure of CGC to the 
putatively directly cytodestructive metabolite of NO, ONOO’, induced 
toxicity by a similar mechanism and did not require the presence of PARP. 
This conclusion is supported by the following findings: Apoptosis was 
induced by various NO-donors or by direct addition of ONOO' to 
differentiated CGC, but not in immature CGC (that did not display NMDA- 
induced cell death) or in various glial cell populations. ONOO - or the NO- 
donors stimulated a sustained increase in intracellular Ca2+ , which was 
prevented by inhibitors of the NMDA-R, or by dampening neuronal electrical 
activity with high extracellular Mgi+. Moreover, these treatments prevented 
apoptotic cell death. Finally, both the intracellular Cax+ increase and 
apoptosis elicited by ONOO' or the NO-donors were prevented by blocking 
exocytosis with tetanus toxin or botulinum neurotoxin-C. Source of support: 
European community grant EV5V CT94 0508.

895.14
MALONATE TOXICITY IN STRIATAL CELL CULTURE. J.G. 
Greene*, S-S. Sheu, R.A. Gross, and J.T. Greenamyre University 
of Rochester Medical Center, Rochester, NY 14642, and Emory 
University, Atlanta, GA, 30322.

We have examined the effects metabolic inhibition, produced by 
inhibition of succinate dehydrogenase (SDH) by malonate, on 
cultures of striatal neurons. Malonate caused concentration- 
dependent ATP depletion and neuronal death following 24 hour 
incubation with an LC50 of approximately 35 mM. This toxicity 
was not related to the osmotic challenge produced by high 
concentrations of malonate. The N-methyl-D- aspartate (NMDA) 
antagonist MK-801 (1 jiM) prevented the neurotoxicity, but not the 
ATP depletion, caused by malonate. Co-treatment of cultures with 
subtoxic doses of malonate and NMDA produced synergistic 
toxicity. Incubation with KC1 also produced NMDA receptor- 
dependent toxicity in a concentration-dependent manner. Co-
treatment of cultures with KC1 also enhanced malonate toxicity, but 
in an additive, not synergistic, manner. These results suggest that, 
in agreement with earlier in vivo results, malonate toxicity is 
mediated indirectly by NMDA receptor activation in striatal cell 
culture.
(Supported in part by an Individual MD/PhD NRSA (JGG), a 
Mallinckrodt Scholar Award (JTG), PHS grant AG11755, and the 
Lucille P. Markey Foundation.)

895.15
KAINATE EXPOSURE SELECTIVELY INDUCES Ca2* DEPENDENT SUPEROXIDE 
GENERATION IN GABAergic  CORTICAL NEURONS. S.G. Carriedo*, H.Z. Yin, and J.H. 
Weiss. Depts. of Psychobiology and Neurology, U.C. Irvine, Irvine C.A. 92697.

Activation of glutamate receptors induces neuronal injury that is generally Ca2* 
dependent and which can be attenuated by antioxidants, suggesting the importance of 
oxygen radical generation in the injury. Imaging studies, however, have most often only 
documented oxygen radical generation following activation of highly Ca2* permeable 
NMDA channels. While most AMPA/kainate channels are Ca2* impermeable, subsets of 
cortical and hippocampal neurons, largely comprised of GABAergic neurons, possess 
highly Ca2* permeable AMPA/kainate channels (Ca-A/K channels). The superoxide (SO) 
sensitive probe, hydroethidine (HEt, which is oxidized by SO into fluorescent ethidium) was 
thus used to compare agonist triggered SO production in GABAergic neurons (identified by 
staining for GAD) with that in other neurons which generally lack Ca-A/K channels.

Exposure of cortical cultures to NMDA (200 pM), to kainate (KA; 200 pM), or to high-K* 
(50 mM) each produced abrupt and comparable increases in intracellular Ca2* levels (as 
monitored by Fura-2 imaging). Consistent with previous studies, all cortical neurons 
showed increases in the rate of HEt oxidation following exposures to NMDA whereas little 
response in any neuron occurred with high-K*. KA caused a rapid increase in the rate of 
HEt oxidation in GAD(+) neurons but not in GAD(-) neurons. This kainate induced 
increase in SO production in GAD(+) neurons was Ca2* dependent; removal of extracellular 
Ca2* during the KA exposure prevented the increase in the rate of HEt oxidation. These 
results suggest that SO production following glutamate receptor activation reflects the high 
rate of Ca2* influx through NMDA channels, or through the Ca-A/K channels expressed on 
GABAergic neurons. Further experiments are examining the intracellular source of KA- 
induced SO generation. Supported by NIH grant NS30884 (JHW), an ALS Association 
research grant (JHW), and an APA Fellowship (SGC).

895.16
KAINIC ACID-INDUCED NEURONAL LOSS IN THE HIPPOCAMPUS IS REGIONALLY 
ATTENUATED IN TRANSGENIC MICE THAT OVEREXPRESS MANGANESE SUPEROXIDE 
DISMUTASE (Mn-SOD). W.F. Maragos*, R.A. Fox. A. D, Bruce, M. P, Mattson, H-C 
Yen and D. St, Clair. Depts. Neurology, Neurobiology and Anatomy, Toxicology and 
Sanders-Brown Center on Aging. Univ. Kentucky, Lexington, KY, 40536

Considerable evidence indicates that oxidative stress is involved in the 
pathogenesis of several neurodegenerative disorders. The term oxidative stress denotes 
the toxic actions of accumulated reactive oxygen species (ROS) that occur when 
cellular antioxidant defense mechanisms are overwhelmed. One mechanism whereby 
toxic levels of ROS may be pathologically generated is via prolonged excitatory 
amino acid (EAA) receptor activation. Recent in vitro studies suggest that the 
mitochondria are the principle source of EAA-induced ROS production. Although a 
host of cytoplasmic antioxidant defense enzymes exist, including Cu/Zn superoxide 
dismutase, glutathione peroxidase and catalase, the role of mitochondrial antioxidant 
enzymes protecting against EAA-generated oxidative injury requires clarification. To 
address this issue, we examined the neuropathological consequences of kainic acid- 
induced oxidative stress in transgenic mice that overexpress Mn-SOD, an enzyme 
confined to the mitochondria which has been shown in several non-neural tissues to 
block oxidative damage. Wild type and transgenic mice were injected with 
0.3|ig/0.5jll of kainic acid into the dorsal hippocampus. Five days later, brains were 
sectioned and stained with cresyl violet. In the hippocampus of the wild type animals, 
there was pronounced loss of darkly stained neurons in the pyramidal layers of CA1- 
CA4 compared to the non-injected contralateral side. In the transgenic mice there was 
obvious preservation of the pyramidal cells in CA1/2 with neuronal loss confined to 
CA3 and CA4. These observations support the hypothesis that Mn-SOD is 
neuroprotective against EAA toxicity and provide additional evidence that EAA 
receptors generate ROS via the mitochondria.

Supported by the Univ. Kentucky Physician Scientist Award (W.F.M.)
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895.17
ACTIVATION OF A CASPASE-3 LIKE PROTEASE AND RELEASE OF 
CYTOCHROME C ARE INVOLVED IN GLUTAMATE-MEDIATED 
NEURONAL APOPTOSIS
Y. Du*, K. R. Bales, R. C. Dodel, S. M. Paul Neuroscience Discovery 
Research, Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, Indiana 46285, USA.

Neurotoxicity induced by overstimulation of N-methyl-D-aspartate 
(NMDA) receptors is due, in part, to a sustained rise in intracellular

2+Ca , however, little is known about the ensuing intracellular events 
which ultimately result in cell death. Here we show that overstimulation 
of NMDA receptors by relatively low concentrations of glutamate induces 
apoptosis of cultured cerebellar granule neurons (CGN) and that the 
latter does not require new RNA or protein synthesis. Glutamate- 
induced apoptosis of CGN is, however, associated with a concentration - 
and time-dependent activation of a caspase-3 like protease. Further, 
the time course of caspase-3 activation following glutamate exposure of 
CGN parallels the development of apoptosis. Moreover, glutamate- 
induced apoptosis of CGN is almost completely blocked by the selective 
cell permeable tetrapeptide inhibitor of caspase-3, AC-DEVD-CHO, but 
not by the ICE (caspase-1) inhibitor, AC-YVAD-CHO. Western blots of 
cytosolic extracts from glutamate exposed CGN reveal a time- 
dependent release of mitochondrial cytochrome C which may 
subsequently activate caspase-3, cleavage of the caspase-3 substrate, 
poly (ADP-ribose) polymerase (PARP), as well as proteolytic processing 
of pro-caspase-3 to active subunits. Our data demonstrate that 
glutamate-induced apoptosis of CGN is mediated by a posttranslational 
activation of the ICE/CED-3- related cysteine protease caspase-3.

895.18
EFFECTS OF KAINIC ACID LESIONING ON POLY(ADP-RIBOSE) 
POLYMERASE (PARP) ACTIVITY IN THE RAT STRIATUM IN VIVO.
H. Suzuki, E. Cavalieri. M. Marien, M.T. Fernandez-Sanchez* and C. Cost
Inst. Biol. Chemistry, Univ. of Verona, Italy, Neurobiol. Divs., Pierre Fabre 
Res. Ctr., Castres, France and Dept. Biochem. and Molecular Biol., Univ. of 
Oviedo, Spain.

It has been shown that PARP is activated in glutamate-induced toxicity bf 
neurons in culture (Cosi et al., J. Neurosci. Res. 39:38,1994). Since injection of 
the excitatory amino acid, kainic acid (KA) into the striatum of rats is known to 
induce a delayed neuronal death and a reactive gliosis, it was of interest to 
investigate the effects of this in vivo excitotoxin lesioning procedure on striatal 
PARP activity in the rat. PARP activity was measured in striatal extracts both 
in the absence ("endogenous" activity) and presence ("total" activity) of 
exogenously-added fragmented DNA. At 6 h after intrastriatal injection of KA 
(5 nmoles), no significant changes were detected in either endogenous or total 
PARP activities in comparison to saline-injected (control) striata. At 12 h after 
KA, both the endogenous and total PARP activities were decreased by 68% and 
48% relative to the 6 h KA group. At 24 h, endogenous PARP activity was 
increased by 197% relative to saline-injected controls, while total activity did 
not change. One week after KA, endogenous and total PARP activities were 
increased by 382% and 60% respectively, compared to the 1-week saline- 
injected controls. Neither the endogenous nor the total activities of PARP in 
saline-injected control striata were significantly altered at the time points 
examined in this study. Results indicate that an excitotoxic concentration of KA 
can produce significant and time-dependent effects on both endogenous and 
total striatal PARP activity in vivo, and suggest a participation of PARP in 
KA-induced toxicity in the brain in vivo.

EXCITATORY AMINO ACIDS: EXCITOTOXICITY IV

896.1
Z-JUN PLAYS A CRITICAL ROLE IN VMETHYL-D-ASPARTATE (NMDA) INDUCED 
DELAYED NEURONAL DEATH IN EXPLANT CULTURE OF RAT HIPPOCAMPUS. C. Shin 
K, Lee, R. A. Wilson and J. L. Ross. Departments of Neurology, Pharmacology, and Molecular 
Neuroscience, Mayo Foundation, Rochester, MN 55905.

The mechanisms of epileptogenesis may include excitotoxicity where seizures induce 
selective neuronal damage and further hyperexcitability. We hypothesize that programmed cell 
death may be a part of this process, with activation of a series of genes including an immediate 
early gene, c-jun. We tested the causal role of c-yis/i by blocking its expression by antisense 
(AS) oligodeoxynucleotides (ODN).

Organotypic hippocampal cultures prepared from 6-8 day old rats were exposed to 50 
NMDA for 10 minutes at 10 DIV. AS and NS ODN against C-/2//7were included in the media 
immediately after NMDA exposure. Cultures were examined at various time points up to 96 
hours. Quantitation of neuronal damage was done by measuring integrated fluorescence 
intensity (IFI) with digital image analysis system and also by measuring the total LDH released 
into culture media. Functional integrity of neuronal circuit was assessed by measuring field 
excitatory postsynaptic potential (fEPSP). Expression of z-junprotein was examined by 
immunohistochemistry.

NMDA exposed cultures developed neuronal damage in CA1>CA3. At 24 hours, no 
significant differences in neuronal damage were seen among the groups (Control 0%; AS 
64.9%; NMDA 100%; NS 82%, N=14 each). By 72 hours, significant protection was shown in 
AS ODN (19.3%) in comparison to NMDA (100%), or to NS ODN (64.9%) (N=30,29,26 for AS, 
NMDA and NS respectively; p<0.05, One Way ANOVA on Ranks with Dunn’s multiple 
comparison test). LDH assay correlated well with IFI measurement. Measurement of fEPSP 
confirmed the neuroprotective effect of AS ODN. Expression of ojun protein was suppressed 
by AS ODN but not by NS ODN.

The results support the critical role of activation of an IEG, ojun, in excitotoxic mechanisms. 
This line of investigation may lead to a novel therapeutic strategy in excitotoxic neuronal injury 
and epileptogenesis.

This work is supported by funds from Mayo Foundation.

896.2
ANTISENSE OLIGODEOXYNUCLEOTIDES SUPPRESS CFOS PROTEIN 
EXPRESSION AND INHIBIT NEURONAL DEATH AFTER N-METHYL-D- 
ASPARTATE IN RAT HIPPOCAMPAL SLICE. R, A. Wilson*, K. Lee, J. L. 
Ross and C. Shin. Departments of Molecular Neuroscience, Neurology and 
Pharmacology, Mayo Foundation, Rochester, MN 55905.

Glutamate excitotoxicity is a common mechanism in neuronal death in many 
situations, including epilepsy and ischemia. We hypothesize that 
excitotoxicity is mediated by immediate early gene (IEG) induction. To study 
this we examined cFos protein expression and neuronal death after treating 
the explant cultures with N-methyl-D-aspartate (NMDA) with and without 
antisense oligodeoxynucleotides (ODN).

Organotypic cultures of hippocampus from 8 day old rats were exposed to 50 
uM NMDA for 30 minutes. Explant cultures were processed or Western 
blotting or propidium iodide staining at various time points after NMDA 
exposure. For ODN experiments, cultures were exposed to ODN (20 uM) 24 
hours before and continuously after NMDA exposure.
c Fos protein expression was observed maximally 4 hours after NMDA 

exposure, c-fos antisense ODN but not nonsense ODN suppressed cFos 
protein expression. Neuronal damage as seen with propidium iodide staining 
began around 6 hours after NMDA exposure and continued to increase until 
24 hours after NMDA exposure, c-fos antisense ODN but not nonsense ODN 
suppressed neuronal damage 24 hours after NMDA exposure.
These results support the critical role of c-fos activation in the mechanism of 

NMDA-mediated cell death. This may provide a possible therapeutic window 
to prevent excitotoxic cell death in a variety of neurological disorders.

This work is supported by funds from Mayo Foundation.

896.3
INCREASED P53 DNA BINDING ACTIVITY IN ADULT RAT BRAIN 
AFTER KAINIC ACID TREATMENT. W. Liu, Y. Rong, M. Baudry* and S. 
S. Schreiber. Neurosciences Program and Dept. of Neurology, Univ. So. 
Calif., Los Angeles, CA 90089.

The tumor suppressor gene, p53, is a major regulator of the cell cycle that 
has recently been implicated in neuronal apoptosis in the central nervous 
system. We previously demonstrated both increased p53 mRNA and protein 
expression in injured neurons following systemic administration of the 
excitotoxin, kainic acid. Others have shown significant neuroprotection in p53 
null mice treated with kainic acid. p53 protein functions as a transcription 
factor that binds to a specific DNA consensus sequence. We therefore 
assessed p53 function following kainic acid treatment using electrophoretic 
mobility shift assays to measure DNA binding activity. Adult male Sprague- 
Dawley rats were injected subcutaneously with kainic acid (10 mg/ml) and 
sacrificed eight hours after seizure onset. The hippocampi and piriform 
cortices of each rat were dissected and frozen individually at -70 °C. Nuclear 
or cytoplasmic protein extracts were incubated with a radiolabeled double- 
stranded oligonucleotide coding for the p53 DNA consensus sequence, and 
DNA-protein complexes were resolved by gel electrophoresis. A significant 
increase in p53 DNA binding activity was observed in nuclear extracts from 
both the hippocampus and piriform cortex of kainic acid-treated rats. There 
was no change in p53 DNA binding activity in cytoplasmic extracts. The 
increase in p53 DNA binding activity is consistent with our previous 
observation that p53 protein accumulates in the nuclei of injured neurons after 
kainic acid treatment, and suggests that kainate-induced neuronal death is 
mediated by a mechanism involving p53-dependent transcriptional regulation. 
Supported by Grant NS 18427 from NINDS (MB) and a grant from Sankyo, 
Co., Ltd.

896.4
ROLE OF BCL-2 AND BAX EXPRESSION IN GLUTAMATE 
INDUCED APOPTOSIS OF CULTURED CORTICAL NEURONS. 
Y. Wang*, W. Jia and M.S. Cvnader. Dept. of Ophthalmology, Univ. 
of British Columbia, Vancouver, B.C., Canada V5Z 3N9.

The study of neuronal cell death and of its regulatory mechanisms has 
assumed increasing importance in recent years. It has been found that 
during ischemic brain injury, accumulation of the excitatory amino acid, 
glutamate, leads to overstimulation of postsynaptic glutamate receptors, 
which causes intracellular Ca2+ overload and neuronal cell death. 
Evidence indicates that the cell death induced by the glutamate toxicity is 
apoptotic and our previous work has shown that overexpression of Bcl- 
2 using HSV vectors in primary neuronal cultures protected neurons 
from glutamate induced cell death. Studies in non-neuronal cells 
suggested that the induction of apoptosis is due at least in part to an 
imbalance of expression between anti-apoptotic genes (such as bcl-2) 
and apoptosis-promoting genes (such as bax). We investigated this 
hypothesis in our neuronal excitotoxicity model. We found that a 
glutamate insult that leads to profound neuronal apoptosis in neuronal 
cultures is accompanied by substantial elevation of Bax expression 
without changes in Bcl-2 expression. Increased Bax expression was 
first observed 2-3 hours after glutamate treatment and increased for the 
next 24 hours. When we used HSV-1 vectors to overexpress Bcl-2, 
which effectively protected the cells from apoptosis, the level of Bax 
expression decreased substantially. These results suggest that elevated 
levels of Bax play a role in the process of the apoptotic cell death in 
neurons following the glutamate insult and this effect can be antagonized 
by overexpression of Bcl-2.
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896.5
NMDA-INDUCED ACTIVATION OF JNK-MAPK AND NF-KB IN CORTICAL 
NEURONS. E.J. Choi1'*, K.-Y. Park2, H.S.Kim1, H.W. Ko2, P.L. 
Han,and B.J. Gwaq2 1Dept of Biomedical Science, Korea Univ 
3Hanhyo Institutes of Technology,and department of 
Pharmacology, Ajou Univ Sch Med, Suwon, Korea.

Recently, mitogen-activated protein kinases (MAPKs) and 
nuclear factor kappa B (NF-k B) have been implicated as 
downstream signaling molecules after activation of 
ionotropic glutamate receptors. The present experiments were 
performed to study patterns of a stress-activated protein 
kinase (SAPK) , also known as Jun N-terminal kinase (JNK) , and 
NF-k B following a brief exposure to NMDA in near pure cortical 
neurons cultured for 7 d. Following exposure to 100 gM NMDA, 
JNK activity was rapidly increased at 1 min, peaked at 5 min, 
and then returned to a control level by 30 min. NMDA-induced 
activation of JNK was abrogated in a Ca2+-free media, 
suggesting that NMDA treatment activated JNK in a Ca2+- 
dependent manner. Immunohistochemistry analysis using an 
antibody specific to the p50 subunit of NF-k B revealed that 
treatment with 50 - 100 gM NMDA induced the rapid nuclear 
translocation of NF-k B in 5 min. NMDA-induced translocation 
of NF-k B and neuronal death was attenuated by concurrent 
addition of 3 mM acetyl salicylic acid, suggesting that 
NF-kB activation may have causal effect on the NMDA 
neurotoxicity. However, the role of the activated JNK 
remained to be resolved, we are currently investigating 
activity of MEKK as a potential upstream signaling protein 
for activation of JNK or NF-kB following NMDA treatment. In 
addition, effect of acetyl salicylic acid to attenuate 
NMDA-induced activation of NF-kB will be tested on MEKK and 
JNK. Supported by HMP-96-M-2-1046 (BJG).

896.6
CYCLOHEXIMIDE ATTENUATES NF-k B AND AP-1 BINDING 
ACTIVITY INDUCED BY KAINATE TREATMENT IN RAT BRAIN. Y. 
Rong* and M. Baudry. Neuroscience Program, Univ. of Southern California, 
Los Angeles, CA 90089-2520.

Kainic acid-induced seizure activity produces selective neuronal damage and 
cell loss in the adult rat limbic system. Pretreatment with the protein synthesis 
inhibitor cycloheximide markedly attenuated kainate-mediated neuronal 
damage. We previously reported that seizure activity induced by systemic 
kainic acid administration produced a rapid and reversible activation of NF-k B 
and AP-1, two transcription factors implicated in oxidative stress, in adult rat 
limbic structures. To determine whether this effect was dependent on the 
synthesis of NF-k B and AP-1 under these experimental conditions, we 
examined the effect of cycloheximide (CHX) treatment on kainic acid-induced 
induction of NF-k B and AP-1. NF-k B and AP-1 levels in nuclear extracts were 
estimated by an electrophoresis mobility gel shift assay. CHX, injected s.c. 30 
min before kainic acid, slightly reduced the initial increases in NF-k B and AP- 
1 observed in piriform cortex and hippocampus after kainate injection. 
However, it markedly reduced the increase in NF-k B and AP-1 observed 16 hr 
after kainate injection. The results indicate that the initial increase in NF-k B 
and AP-1 is mediated by both protein synthesis independent and protein 
synthesis dependent mechanism. Furthermore, they suggest that the 
suppression of the protein synthesis dependent activation of these two 
transcription factors is critical for determining the survival of the selectively 
vulnerable neurons. As kainate-induced neurotoxicity and activation of NF-k B 
and AP-1 are attenuated by CHX, they suggest that NF-k B and AP-1 
expression are potential markers of neuronal death.

Supported by grant NS 18427 from NINDS and s grant from Sankyo.

896.7
ACUTE EXCITOTOXIC INJURY INDUCES EXPRESSION OF THE 
HIV-1 CORECEPTOR, CCR5, IN THE DEVELOPING RAT BRAIN. 
J.M, Galasso*1. J.K, Harrison3. F.S. Silverstein1,2. ’Neuroscience 
Program and 2Depts. of Pediatrics and Neurology, Univ. of Michigan, 
Ann Arbor, MI 48109 and 3Dept. of Pharmacology and Therapeutics, 
Univ. of Florida, Gainesville, FL 32610.

Chemokines are a family of proteins that attract and activate immune 
cells and are involved in a variety of inflammatory processes. Recent 
observations have implicated the CCR5 chemokine receptor in the 
pathogenesis of HIV-1 infection. However, even with the growing 
body of evidence implicating chemokines in the inflammatory response 
to injury and infection, little information exists as to the role of 
chemokines and the distribution and regulation of their receptors in the 
central nervous system. We hypothesized that NMDA-induced 
neurotoxicity would induce CCR5 gene expression in perinatal rat brain. 
Postnatal day 7 (P7) rats received a right stereotaxic intra-hippocampal 
injection of 10 nmol of NMDA and were evaluated 24 hours later for 
CCR5 mRNA by in situ hybridization. A robust induction of CCR5 
mRNA levels was observed in the lesioned hippocampus, underlying 
thalamus, and posterior striatum. Semi-quantitative RT-PCR revealed a 
two-fold increase in CCR5 mRNA expression in the lesioned 
hippocampus 24 hours following NMDA injection. These results 
provide the first evidence that NMDA-induced neurotoxicity stimulates 
CCR5 gene expression in the perinatal rat brain. Our data lend support 
to the hypothesis that chemokines are inflammatory mediators that may 
contribute to the progression of acute perinatal brain injury.
[Supported by a grant from the Hearst Foundation to FSS]

896.8
DELAYED EXPRESSION OF IL-lp PROTEIN BY ASTROCYTES AFTER 
NMDA RECEPTOR-MEDIATED CELL DEATH IN THE RAT BRAIN. V.L, 
Pearson, N.J. Rothwell and S. Toulmond. (SPON: Brain Research Association)
School of Biological Sciences, University of Manchester, Manchester. M13 9PT, UK.

The cytokine interleukin-ip (IL-ip) is a putative pathological mediator of 
neurodegeneration. How IL-ip promotes neurodegeneration is unclear as few data 
relate early IL- ip production to a developing CNS lesion. Therefore, we investigated 
IL-ip expression in relation to a developing excitotoxic lesion of the rat cortex, 
induced by the NMDA receptor agonist methanoglutamate (MGlu).

Anaesthetised rats received 1 pi of 10 nmol MGlu or phosphate buffered saline 
(PBS) infused into the right parietal cortex. Brains were perfusion fixed 0.5, 1, 2, 4, 8 
h, 1, 2, 3 or 7 d after infusion. Additionally, rats infused with 1 nmol MGlu were 
perfused at 8 h and 3 d. Immunocytochemistry was used to identify cells expressing 
IL- Ip protein or astrocytes or microglia in consecutive tissue sections.

Between 1-4 h after infusion of 10 nmol MGlu, expression of IL-ip by ramified 
microglia became increasingly apparent as cell death spread through the cortex. Peak 
IL-lp expression by microglia was seen 8 h after infusion, and was widespread in the 
ipsilateral cortex. At 2-3 d after MGlu infusion IL-1P+ astrocytes were present 
throughout the ipsilateral cortex, specifically co-localising with reactive astrocytes 
and microglia. IL-ip+ astrocytes, adjacent to the lesion, persisted at 7 d. In 
comparison, few IL-1P+ glial cells were apparent after infusion of 1 nmol MGlu (a 
toxicity-threshold dose) except by the needle tract and in discrete areas of cell death.

This study has identified early IL-ip expression after excitotoxic injury by 
microglia and delayed expression by astrocytes. The functional significance of 
delayed IL-lp expression by astrocytes is unknown. Tissue containing IL-lp+ glia 
after MGlu infusion extended further than that affected by cell death, the reason for 
such widespread expression is unknown.
Funded by The Wellcome Trust and the Royal Society.

896.9
MSG INDUCES HSP 25 BUT NOT HSP 70 IN NEONATAL RAT 
HYPOTHALAMUS. Meenakshi Nataraian and M. Wilkinson* Depts. of Obst., 
Gyn. and Physiol., Biophys. Dalhousie Univ., Halifax, Canada.

We have shown that GLU.R in infant rat brain influence temporally distant 
maturational events such as puberty i.e. a single neonatal injection of the 
neurotoxin MSG induces a precocious yet otherwise normal sexual maturation in 
female rats, suggesting a recovery of hypothalamic function. We now show that 
cells in the arcuate nucleus (ARC) produce HSP 25 in response to an MSG lesion. 
HSPs are synthesized in response to hyperthermia and may be protective against 
cellular damage. We examined the expression of HSP25 and HSP 70 as markers of 
hypothalamic damage and recovery. Female pups were injected with MSG (4mg/g; 
PD 2) or saline. Pups were sacrificed at 12h, 24h (post natal day 3), PD 4, 5, 6, 8, 
and 10. MSG induced glial-like (astrocytic?) HSP 25-ir but not HSP 70 in ARC. 
Staining was minimal at 12h, maximum between PD 3 - PD 6, reduced by PD 8 
and largely absent by PD 10. The pattern of HSP 25-ir correlates with brain regions 
which sustain MSG-induced damage. The GLU analogues, NMDA, KA, and ACPD 
did not induce HSP-25 or HSP 70. However MK-801 attenuated MSG-induced HSP 
25-ir implicating an NMDA receptor. Chronic MSG treatment (4 injections; PD 2 
- PD 8), known to induce severe hypothalamic damage also induced HSP 25-ir but 
to an extent similar to the single dose i.e. the extensive neuronal damage caused 
by chronic MSG treatment was not correlated with increased HSP 25-ir. The HSP 
25-ir cells display astrocytic morphology. We used antibodies specific to vimentin 
and GFAP to stain adjacent sections for glial cells. However, the morphology of 
HSP 25-ir cells was not completely consistent with the cells identified by either 
glial marker.

We speculate that HSP 25 may be a protective response to brain trauma, 
since the time course of its expression corresponds to the period of ARC recovery 
leading to puberty (Soc. Neurosci. Abstr. 22 321.11; 1996). Further work is 
required to determine the role of HSP 25 in this process.

Supported by MRC and Atlee Endowment

896.10
ASSOCIATIVE INDUCTION OF GELATINASE ACTIVITY AND 
GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP) LEVELS IN RAT 
BRAIN FOLLOWING KAINIC ACID TREATMENT. W. Zhang* 
and P. R Gottschall, University of South Florida, Department of 
Pharmacology and Therapeutics, Tampa, FL 33612-4799

Previously, we have shown that gelatinase A and B activity is 
differentially induced in regional brain areas only from convulsive 
rats, and not from non-convulsive rats, following kainate treatment. 
The objective of the present study was to determine whether the 
induction of MMP activity correlated with the well-characterized 
increase in astrocytic GFAP levels that occur after neuronal cell death. 
Neuronal degeneration was induced in Sprague-Dawley rats by 
systemic administration of kainic acid and rats were divided into 
convulsive and non-convulsive groups. Animals were sacrificed 6, 12, 
24, 72, and 168 h after injection of kainic acid. Gelatinase A and 
gelatinase B were extracted from brain regions in buffer containing 
1% Triton-X-100 and purified with gelatin-Sepharose. GFAP levels 
in correspondent regions were measured using sandwich ELISA. 
Gelatinase B levels in convulsive rats were induced 8-fold and 6-fold 
in hippocampus and frontal cortex, respectively, but were induced to a 
lesser degree in cerebellum. Three days after kainate treatment, 
gelatinase A activity and GFAP levels were significantly induced in 
hippocampus and cortex, but both remained unchanged in cerebellum 
derived from convulsive rats. Neither gelatinase activity or the levels 
of GFAP were altered in non-convulsive rats receiving kainate. These 
results imply that the induction of MMP-2 activity is associated with 
the activation of astrocytes in areas of neuronal degeneration, 
(supported by NIH AG12160)
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896.11
GFAP GENE EXPRESSION IS ALTERED IN YOUNG RATS FOLLOWING 
DEVELOPMENTAL LOW LEVEL LEAD EXPOSURE. S, Parti*1, F. Schaeper4, 
G. Pinna3, M.P. Mascia*6, H. Herbst5, M. Hummel2 and G?~Stoltenburg-Didinger‘
Depts Neuropathology1, Pathology^, Radiological Diagnostics and Nuclear Medicine3,
Klinikum B. Franklin, Free Univ. of Berlin, Dept. of Pathology4, Klinikum R. 
Virchow, Humboldt Univ. of Berlin, Univ. Hospital Eppendorf5, Hamburg, Germany, 
and Dept. of Pharmacology6, Univ. of Colorado H.S.C., Denver, CO 80262, USA.

The developing nervous system has long been recognised as a primary target site for 
iead induced toxicity and astroglia sequesters lead from the neuronal 
microenvironment in newly formed intracellular inclusion bodies. Glial fibrillary acid 
protein (GFAP) has been used as an astroglial marker during brain development and 
trauma. Reactive gliosis in the CNS occurs in response to developmental low level 
lead exposure and is characterised by astroglial hypertrophy and increase in GFAP. 
The neuronal N-methyl-D-aspartate receptor (NMDAR) seems to play a role in the 
reactive process since the non competitive antagonist MK801 prevents the increase of 
GFAP after potassium induced spreading depression. During the third week of life, the 
neuronal NMDAR make-up is dramatically down-regulated in order to prepare the 
development of the neurones in the mature brain. The effect of lead was investigated 
in eight 17-21 days old Wistar rats exposed to lead continuously during gestation and 
postnatal development. Controls were the offspring of and suckled by unexposed 
mothers. Radioactive in situ hybridisation was performed on coronar sections using 35 
S UTP labelled riboprobes which were prepared from plasmid GI. The amount of 
pixels and the grey values in the autoradiographies were measured. Reduced number 
of pixels for GFAP RNA were found in striatum and parietal cortex of lead exposed 
animals. Elevated count of pixels were measured in the hippocampal CAI and CA2 
regions and gyrus dentatus of lead exposed rats. No variations were found in 
cerebellum and in the hippocampal CA3 region. The measurement of the grey values 
revealed elevated values in the hippocampal CAI and CA2 regions, striatum and 
cerebellum but not in cortex, hippocampal CA3 region and gyrus dentatus. Although 
the function of GFAP is unknown, it is suggested to have a role in structural 
differentiation of the astrocytes. Thus, the enhanced GFAP RNA levels together with 
the elevation of the number of GFAP containing compartments in the hippocampal 
CAI and CA2 regions may account for a compensation of the toxic effects of lead 
exposure on the neurones of this region. Supported by the Free University of Berlin.
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897.1
ASPIRIN DOES NOT PROTECT FROM APOPTOTIC 
DEATH OF CEREBROCORTICAL NEURONS CAUSED 
BY GLUTAMATE RECEPTOR ACTIVATION. Song Kvu 
Park* and Stuart A. Lipton. Department of Neurology, Children's 
Hospital; Program in Neuroscience, Harvard Medical School, Boston, 
MA 02115

Excitotoxicity mediated by excitatory amino acids, such as glutamate, 
has been implicated in many neurologic disorders, including 
hypoxia/ischemia, trauma, and several types of chronic 
neurodegenerative diseases including AIDS dementia. Recently, it was 
reported that aspirin (acetylsalicylic acid) protects cultured cerebellar 
granule cells and hippocampal slices from death caused by excessive 
glutamate receptor activation (Grilli et al., Science 1996). In the 
present study, we investigated if aspirin would protect primary rat 
cerebrocortical neurons from excitotoxic insults resulting in apoptosis 
(Bonfoco et al., PNAS 1995). Cultures were pretreated with aspirin (3 
mM) 5 min before glutamate (50 pM, 15 min exposure) or N-methyl- 
D-aspartate (NMDA) (300 pM, 20 min exposure). After 18 hours, 
apoptotic cell death was scored by morphology and propidium iodide 
staining of permeabilized neurons. However, aspirin did not protect 
from this type of apoptotic cell death evoked by glutamate or NMDA 
(n=1800 neurons in 3 experiments). This study suggests that aspirin 
may not offer protection of all cortical neurons and may in fact slightly 
increase neuronal vulnerability, at least under our conditions. 
Supported by NIH grant P01 HD29587 (to S.A.L.).

897.2
NEUROPROTECTIVE EFFECTS OF PIGMENT EPITHELIAL-DERIVED 
FACTOR (PEDF) ON MOTOR NEURONS AGAINST CHRONIC 
GLUTAMATE-MEDIATED TOXICITY. M.M. Bilak1. A.M, Corse1. J. 
Tombran-Tink2. and R.W. Kuncl*1. ‘Johns Hopkins Univ. Sch. of Med., 
Baltimore, MD 21287, and “George Washington Univ., Washington, D.C. 20010.

PEDF, a member of the serine protease inhibitor (serpin) family, has potent 
neurotrophic activities, inducing elaborate neurite outgrowth of Y79 
retinoblastoma cells and differentiation of retinal pigment-epithelial cells, and 
enhancing the survival of Y79 cells and cerebellar granule cells in vitro. 
Northern blot analyses and in situ hybridization have shown that PEDF is highly 
expressed in adult brain and spinal cord; however, a potential neurotrophic role 
of PEDF on motor neurons is unknown.

Using organotypic spinal cord cultures from postnatal rats we examined the 
potential neuroprotective effects of PEDF against chronic glutamate-mediated 
motor neuron degeneration. Glutamate toxicity is one postulated mechanism in 
amyotrophic lateral sclerosis. Incubation of spinal cord cultures with the 
glutamate transport inhibitor threo-hydroxyaspartate (THA, 100 pM) produces 
a useful model of slow motor neuron degeneration. Degeneration is evidenced by 
a decrease in choline acetyltransferase (ChAT) activity and vacuolar degeneration 
and drop out of motor neurons. PEDF 200 ng/ml increased ChAT activity to 
155% ± 13% of THA controls in this model after 20 days (P < 0.02). PEDF 
completely prevented morphologic deterioration by phase contrast microscopy. 
Cultures treated with PEDF alone showed no change in ChAT activity or gross 
morphology compared to controls, indicating that the observed effect was 
neuroprotective, not merely a constitutive effect on ChAT.

Our results suggest that PEDF may provide neuroprotection against chronic 
glutamate-mediated motor neuron degeneration and has therapeutic potential in 
motor neuron diseases. (Supported by Cal Ripken/Lou Gehrig Fund for 
Neuromuscular Research.)

897.3
MONOCYTE CHEMOATTRACTANT PROTEIN-1 EXACERBATES NMDA- 
INDUCED STRIATAL NEUROTOXICITY IN NEONATAL RATS. F.S. 
Silverstein*1'2-3. J.M, Galasso1. J.S, Warren4. 'Neuroscience Program, Depts. of 
2Pediatrics, ’Neurology, and 4Pathology, Univ. of Michigan, Ann Arbor, MI 48109.

Monocyte chemoattractant protein-1 (MCP) is a chemokine with potent 
chemoattractant and activating effects on monocytes/macrophages. In 7 day old rats 
(P7), intra-cerebral injection of 10 nmol NMDA elicits a rapid increase in MCP 
mRNA and protein expression and an acute monocyte/microglial response. In contrast, 
P7 rats that receive a dose of 5 nmol NMDA (at the threshold of neurotoxicity) show a 
minimal monocyte/microglia response. We hypothesized that recombinant rat MCP 
(rMCP) could stimulate the monocyte/microglial response and exacerbate NMDA- 
induced neurotoxicity. P7 rats received a right intra-striatal co-injection of 5 nmol 
NMDA and 50ng of rMCP. Litter-mate controls received 5 nmol NMDA and heat- 
treated MCP. Injury severity was quantified on P12 by measuring intact Nissl staining 
in the striatum bilaterally in cresyl-violet stained coronal sections using NIH image. 
Treatment with the active form of rMCP (n=7) exacerbated striatal injury by 54% in 
comparison to controls (n=8) [lesion volume (mean+SD) 10.16+2.1 vs 6.58+2.5, 
p<0.01, t-test]. Immunocytochemistry with ED-1, an antibody that labels activated 
microglia/monocytes, was used to detect these cells in brains, evaluated 24 hours after 
co-injection of NMDA and rMCP. Number of ED-1 positive cells were counted in left 
and right corpus callosum and striatum of three representative coronal sections from 
animals receiving 5 nmol NMDA and active rMCP (n=5) and 5 nmol NMDA and 
heat-treated rMCP (n=5). In animals co-injected with active rMCP, there was a 37% 
(SD=+15%) increase in the number of microglia in the lesioned corpus callosum aid 
striatum; in contrast, animals co-injected with heat-treated rMCP showed only a 3% 
(SD =+8%) increase in the number of activated microglia in corresponding regions 
(p<0.002, t-test). These results demonstrate that MCP influences susceptibility to 
excitotoxic injury, and suggest that microglia/monocyte recruitment and activation 
may be important mediators of NMDA receptor-induced neurotoxicity in vivo. 
[Supported by a grant from the Hearst Foundation to FSS]

897.4
TUMOR NECROSIS FACTOR-a ATTENUATES NMDA-MEDIATED NEURO-
TOXICITY IN NEONATAL RAT HIPPOCAMPUS. X.-H. Liu*, and J.D.E. Barks. 
Depts. of Ped. and Neurol., U. of Michigan, Ann Arbor, MI 48109

Tumor necrosis factor-a (TNFa) is one of several cytokines postulated to play a 
pathophysiologic role in excitotoxic and ischemic CNS injury. We localized TNFa 
immunoreactivity in selected neurons and their processes in ipsilateral hippocampus, 
cortex and striatum 3,6,9 and 12h after unilateral intrahippocampal NMDA injection 
(5 nmol) in 7 day old (P7) rats. Immunoreactive neuronal processes clearly connected 
with other neuronal bodies, suggesting TNF-a localization to interneurons. To 
determine what direct effects TNFa exerts on neurons in vivo after CNS insults, we 
stereotaxically co-injected rat TNFa (Chemicon) with NMDA. Direct NMDA 
injection results in dose-dependent hippocampal atrophy in P7 rats. Unsexed Sprague- 
Dawley rats were injected into right hippocampus with lpl containing either: 5nmol 
NMDA + 50ng TNFa (n=6); 5nmol NMDA + 50ng inactive TNFa (iTNFa, 
inactivated at 100 *C over 30 min, n=6); lOnmol NMDA + 50ng TNFa (n=5); 10 
nmol NMDA + 50ng iTNFa (n=5); 50ng TNFa alone (n=5); or PBS (n=4). 
Hippocampal injection coordinates were AP -2.0 mm, ML 2.5 mm and V 4.0 mm 
relative to bregma. Bilateral hippocampal cross sectional areas were measured and 
dorsal hippocampal volumes were estimated based on measurements beginning at the 
rostral tip and continuing posteriorly to the level of the caudal limit of the corpus 
callosum on P12. Co-injection of TNFa significantly attenuated NMDA-induced 
right hippocampal atrophy [mean (± SEM) % left-right difference [100*(L-R)/L] in 
hippocampal volume: TNFa + 5nmol NMDA -9.4 ± 2.8; iTNFa + 5nmol NMDA 
-21.9 ± 2.8; TNFa +PBS 1.41 ± 3.1; PBS -0.43 ± 3.4; p<0.01 ANOVA). Co-
administration of TNFa also significantly attenuated atrophy associated with 10 nmol 
NMDA injection, when compared with the iTNFa+NMDA group (p=0.008 t-test). 
This experiment indicates that TNFa protects the developing hippocampus from 
excitotoxic injury. TNFa is induced in neurons at early times after hippocampal 
NMDA injection; this may represent an endogenous protective response which limits 
brain injury in vivo. (Supported by United Cerebral Palsy Grant R-608-97)
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897.5
NEUTRALIZING ANTIBODIES FOR TGF-62 PREVENT 
NEUROPROTECTION MEDIATED BY GROUP-II METABOTROPIC 
GLUTAMATE RECEPTORS (mGluRs) IN CORTICAL CULTURES.

Nicoletti^A ll.N.M. Neuromed Pozzilli; ^Institute of Pharmacology, 
School of Pharmacy, Catania Univ., and ^Institute of Pharmacology, 
School of Medicine, Chieti Univ., Italy.

A brief activation of group-II mGluRs in cultures of mouse cortical 
astrocytes promotes the release of a putative neuroprotective factor that 
rescues neurons from excitotoxic death. Among the glial-derived 
neurotrophic factor that we have screened, transforming growth factor-62 
(TGF-62) exhibited the highest neuroprotective activity against NMDA 
toxicity in mixed cultures of mouse cortical cells. TGF-62 (1-10 ng/ml) was 
protective when applied either in combination with NMDA or 
immediately after a brief pulse with NMDA. Both effects were prevented 
by a neutralizing antibody for TGF-62 (nTAb, 100 ng/ml). nTAb added to 
the medium collected from astrocytes exposed to the group-II mGluR 
agonists, 4-carboxy-3-hydroxyphenylglycine or (2S,2'R,3'R)-2-(2',3'- 
dicarboxycyclopropyl)glycine, prevented the neuroprotective activity of 
the medium against NMDA toxicity. nTAb was inactive when applied to 
the medium of astrocytes which were not exposed to group-II mGluR 
agonists. We speculate that activation of group-II mGluRs (presumably 
mGluR3) in astrocytes leads to the synthesis and/or release of TGF-62, 
which is able to protect neighbour neurons against excitotoxic 
degeneration.

897.6
REDUCTION OF NMDA-INDUCED TOXICITY BY TRANSFORMING 
GROWTH FACTOR-P1. A. Buisson*, O.Nicole.A., Nouvelot, E.T.MacKenzie and 
D.Vivien,, Universite de Caen, CNRS UMR 6551,Laboratoire de Neurosciences, Bid 
H. Bequerel, BP5229, 14074 Caen cedex, France.

TGF-P is an ubiquitous cytokine that exerts many physiological and 
pathological processes such as cell growth, differentiation, inflammation and tissue 
repair in the central nervous system. Several studies have described an overexpression 
of TGF-P 1 mRNAs following cerebral ischemia, but the consequences of TGF-p 
receptor activation remain currently unclear. TGF-Ps receptors (Tb-Rs) are serine- 
threonine-coupled receptors which can be classifiable into two groups: Tb-R I and 
TbRII, only the latter is able to bind TGF-Ps. Ligand-bound Tb-R II requires an 
interaction with Tb-RI for biological effects to be translated. By using RT-PCR, we 
demonstrated mRNA expression of both type I and II Tb-Rs both in near-pure 
neuronal and in pure astrocytes cultures. We also showed that astrocytes expressed 
TGF-P 1 mRNA. As it has been suggested that excitotoxic and apoptotic neuronal cell 
death both play an important role in ischemic-induced neuronal death, we examined 
the effect of TGF-P 1 on these two types of injury in murine cortical cell cultures: we 
showed that TGF-P 1 attenuated slowly-triggered NMDA-induced excitotoxic 
neuronal death with a maximal effect at 1 ng/ml, but did not affect slowly-triggered 
excitotoxicity induced by AMPA or kainate. To induce neuronal apoptosis, we 
transferred near-pure neuronal cultures to serum-deficient medium, resulting in 
widespread neuronal degeneration over 24 hr showing two features typical of 
apoptosis: a gradual cell body shrinkage and death was almost completely prevented 
by addition of cycloheximide. Addition of TGF-P 1 to the bathing medium (at 1 
ng/ml) did not reduce neuronal degeneration. These results are consistent with the 
idea that the TGF-P exerts a neuroprotective effect against excitotoxic injury without 
affecting apoptotic cell death.

897.7
POTENTIATION OF GLUTAMATE-MEDIATED NEUROTOXICITY BY 
CYTOKINE-ACTIVATED MICROGLIA: ROLE OF NITRIC OXIDE AND 
ENDOGENOUS GLUTAMATE. W-K. Kim*, K-N. Yoon, J-J.Choi and 
Y.S. Pae. Dept. of Pharmacology; Div. of Neuroscience, EMRC, Ewha 
Medical College, Seoul, Republic of Korea

Microglia have been shown to be activated by inflammatory cytokines and 
produce a number of toxic mediators. Previously, we have shown that 
cytokine-activated microglia may potentiate the glutamate-mediated 
neurotoxicity (W-K. Kim and Y. Pae. Soc. Neurosci. Abst. 22:798, 1996). 
The present study investigated the mechanism of the potentiatory effect of 
cytokine-activated microglia on glutamate-mediated neurotoxicity. Cultured 
microglia were activated by priming with interferon-y (100 U/ml for 2 
hours), followed by triggering with lipopolysaccharides (1.0 pg/ml), and 2 
days later co-cultured with cerebellar granule cells. Glutamate-mediated 
toxic effect on cerebellar granule cells was enhanced in co-culture with 
cytokine-activated microglia. The potentiation was in part prevented by the 
nitric oxide synthase (NOS) inhibitor nitro-L-arginine, implying that nitric 
oxide may be involved in the potentiation of delayed neurotoxicity. Removal 
of endogenous glutamate by glutamate pyruvate transaminase also partially 
prevented cytokine-activated microglia from potentiating glutamate- 
mediated neurotoxicity.

The present data suggest that nitric oxide and endogenous glutamate 
may play important roles in potentiation of the glutamate-mediated 
neurotoxicity by cytokine-activated microglia.
(Partially supported by KMST grants 4-2-24 and 4-2-11 to W-K. Kim)

897.8
THE ROLE AND MECHANISMS OF INTERLEUKIN-1 (IL-1) IN 
MODULATION OF NEUROTOXICITY. XL Ma, PE Gottschall, PS Weiss, J 
Amin, LT Chen, M Wiranowska and CP Phelps* Departments of Anatomy, 
Physiology and Pharmacology, University of South Florida, Tampa, FL 33612

Recent studies on cerebral ischemia in the rat revealed that administration of 
IL-1 receptor antagonist (IL-lra) markedly reduces infarct volume, which indicates 
that endogenous IL-1 may be involved in the mediation of ischemic neuronal death. 
Cerebral ischemia is often accompanied by N-methyl-D-aspartate (NMDA) receptor 
activation induced excitotoxicity. In the present studies, cell cultures were conducted 
to determine if IL-1B exacerbates NMDA evoked excitotoxicity and if IL-1B 
production and release occur parallel to changes in microglial activation and 
neuronal destruction. Xenopus oocyte expression system and electrophysiological 
techniques were used to investigate if there is a direct effect of IL-IB on NMDA 
receptor activated membrane currents. Results from the present in vitro experiments 
revealed that IL-IB exacerbates excitatory amino acids NMDA and glutamate evoked 
excitotoxicity. Microglia activated by LPS and IFN-y induced significantly greater 
neuronal death when compared with inactivated microglia. IL-lra or NMDA 
receptor antagonist MK-801 partially reversed the neurotoxicity mediated by 
activated microglia. This suggested that both NMDA receptor and IL-1 receptor are 
involved in microglia-mediated neurotoxicity. IL-1 levels in the supernatant of co-
cultures of neurons and activated microglia were dramatically increased when 
compared with co-culture of neurons with inactivated microglia, and IL-1 production 
was parallel with microglia-mediated neurotoxicity. Thus, IL-1 may be a factor in 
contributing to microglia mediated neurotoxicity. Oocyte data showed that IL-1 
significantly increased existing NMDA current and IL-lra did not influence IL-1 
effect, which suggest that IL-1 plays a role in modulation of NMDA induced 
membrane current, and these effects may be occurring at NMDA receptor. 
Supported by AHA SC Fellowship and NIH AG12160.

897.9
IL-lp AND IL-Ira ACT IN THE STRIATUM TO MODIFY EXCITOTOXIC 
BRAIN DAMAGE IN THE RAT. S.M. Allan, C.B. Lawrence, R.I. Grundy and 
N.J. Rothwell (SPON: Brain Research Association). School of Biological 
Sciences, University of Manchester, Manchester, M13 9PT, UK.
The demonstration that the interleukin-1 receptor antagonist (IL-Ira) reduces 
neuronal damage in the rat brain resulting from stroke, brain injury or 
excitotoxicity and that interleukin-ip (IL-ip) exacerbates ischaemic damage has 
led to the hypothesis that IL-ip is involved directly in acute neurodegeneration. 
Recent evidence from our laboratory suggests that the main locus of action for IL- 
ip is in the striatum.
This hypothesis was investigated further by local infusion of the selective NMDA- 
receptor agonist methanoglutamate (MGlu) or the AMPA-receptor ligand S- 
AMPA into the rat brain, either alone, with human recombinant IL-ip (hrIL-ip: 
lOng) or after IL-lra (5pg). Intrastriatal or intracortical infusion of MGlu (7.5- 
lOnmol) or S-AMPA (8-10nmol) resulted in marked local neuronal damage 
when assessed histologically 24 (NMDA) or 48 (AMPA) hours later. Intrastriatal 
co-infusion of hrIL-ip did not affect local striatal damage induced by activation of 
either NMDA- or AMPA-receptor subtypes, but caused extensive cortical damage 
when administered into the striatum with S-AMPA. No effect on damage induced 
by cortical administration of MGlu or S-AMPA was observed with intracortical 
co-infusion of hrIL-ip or IL-lra. However, preliminary data indicate that the 
damage resulting from MGlu or S-AMPA infusions in the cortex are reduced by 
intrastriatal IL-lra administration.
These data reveal potent actions of IL-1 in the striatum, which dramatically 
influence cortical neuronal loss and imply the existence of novel pathways and 
mechanisms in excitotoxic brain damage.

This work was supported by the MRC and the Wellcome Trust.

897.10
HUMAN FGF-1 GENE DELIVERY PROTECTS AGAINST QUINOLINATE- 
INDUCED BRAIN INJURY AND REGION SPECIFIC LOSS OF NOS+ - 
NEURONS IN NEONATAL RATS. M. A, Hossain , K, Fielding. M. A.
Wilson, W. H. Trescher and J. Laterra. The Johns Hopkins Univ. Sch. of Med., 
and The Kennedy Krieger Institute, Baltimore, MD 21205.

Fibroblast growth factor (FGF) is a cell mitogen and/or differentiating 
factor and can function as a neuroprotective agent in the CNS. We evaluated the 
effects of endothelial cell-based FGF-1 gene delivery on quinolinate-induced 
neurotoxicity in the developing rat brain. Immortalized control endothelial cells 
(RBE4) and RBE4 cells genetically altered to secret human FGF-1 protein (RBEZ- 
FGF) were implanted to the right striatum of Lewis rat pups at post-natal day 
(PND) 7. FGF-1 transgene expression in vivo was confirmed by Northern blot and 
RT-PCR. Quinolinate, an NMDA agonist, (150 nmol/0.5 //l) or vehicle alone was 
injected into the right striatum at PND 10. Quinolinate-induced injury was 
quantified in coronal sections obtained from PND 17 animals by comparing striatal 
and hippocampal volumes ipsi- and contra-lateral to the site of quinolinate 
injection. Quinolinate produced significant injury in the ipsilateral striatum (37%) 
and hippocampus (38%) of pups preimplanted with RBE4 cells compared to the 
striatum (14%, p < 0.001) and hippocampus (0%, p < 0.01) of pups preimplanted 
with RBEZ-FGF cells. Thus FGF-1 gene delivery resulted in 62% and 100% 
neuroprotection of striatum and hippocampus, respectively. Immunohistochemistry 
revealed a significant decrease in nNOS-positive neurons in the CA3 (54%, 
p<0.001) and CAl (36%, p<0.05) regions of hippocampus ipsilateral to 
quinolinate injection in control animals. FGF-1 gene delivery reduced the loss of 
CAl and CA3 hippocampal nNOS-positive neurons by 39%. The number and 
density of nNOS positive neurons in the striatum or hippocampal dentate gyrus 
were unaffected by quinolinate. Our results show that intracerebral FGF-1 
expression exerts neuroprotective effects against quinolinate-induced neurotoxicity 
and nNOS neuronal injury in the developing brain. Supported by NIH NS33728 
and The United Cerebral Palsy Foundation.
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897.11
EVIDENCE THAT BDNF NEUROPROTECTION IS LINKED TO ITS 
ABILITY TO REVERSE THE NMDA-INDUCED INACTIVATION OF 
PROTEIN KINASE C. J.P. Durkin, R. Tremblay, G. Mealing, P. Morley, D.L. 
Small, and H. Lesiuk*1 Cellular Neurobiology Group, Institute for Biological 
Sciences, National Research Council of Canada, Ottawa, Canada K1A 0R6, Toeb 
Research Institute, Ottawa, K1Y 4E9

Several lines of evidence indicate that a rapid loss of protein kinase C (PKC) 
activity is a characteristic feature of cerebral ischemia, and is a necessary step in 
the NMDA-induced death of cultured neurons. BDNF (50-100 ng/ml) was found 
to be potently neuroprotective against cell death (70-90%) effected in cultured 
cortical neurons by transient (10 min) NMDA (50 pM) or glutamate (50 pM) 
exposure. Maximal neuroprotection was observed when BDNF was applied within 
an 8- to 4- hour window preceding NMDA exposure. BDNF neuroprotection was 
abolished at higher than lethal (i.e.>lOOpM) NMDA concentrations. Significantly, 
an 8- hour pretreatment of cortical cells with 50 pM BDNF reversed the NMDA- 
and glutamate- induced inactivation of PKC activity normally seen 30 min to 2 hr 
post-treatment. BDNF did not affect whole-cell NMDA current amplitudes or 
increases in [Ca2+]j, nor did it affect NMDA receptor subunit distribution, 
suggesting that the block in PKC inactivation did not arise from a BDNF-mediated 
effect on NMDA receptor activity. Furthermore, BDNF neuroprotection was lost 
when cells were treated with the PKC inhibitors staurosporine (10-20 nM) or 
calphostin C (1-2.5 pM) at the time of NMDA addition. These results underscore 
the importance of PKC inactivation in glutamate-induced neuronal death. They 
also suggest that BDNF neuroprotection arises, at least in part, via its ability to 
block the mechanism by which pathophysiological Ca2+ influx through the NMDA 
receptor causes membrane PKC inactivation.

897.12
VIP DIRECTLY ATTENUATES CENTRAL NEURONAL EXCITO-
TOXICITY. K. Dickman, P. De Stefanis and S.I. Said*. VA 
Med.Ctr., Northport, NY & SUNY Stony Brook, NY 11794.

Excitotoxicty is an important mechanism of neuronal 
loss in Alzheimer’s disease and other neurological dis-
orders. There is, therefore, a constant search for more 
effective means of guarding against excitotoxic cell death 
of central neurons. We have examined the direct neuro-
protective effect of VIP, a neuropeptide concentrated in 
cortical and hippocampal neurons, often in cholinergic 
neurons. Neuronal cell death (-50%) was induced by 
glutamate (lOmM) in cloned PC-12 cells and by gluta-
mate (5mM) or NMDA (500pM) in primary cultures of 
embryonic (17-18d) rat cortical neurons, both after 20-24 
h exposure. VIP (5 x 10"7 - 5 x 10~6 M) dose-dependently 
reduced PC-12 cell death by up to 80%. VIP (3pM) also 
reduced cortical cell neurotoxicity and the reduction was 
mimicked by 8-bromo-cAMP. The findings demonstrate 
that VIP has a direct neuro-protective action that may be 
attributable to stimulated cAMP production. This 
action, together with glial cell-mediated mechanisms 
(e.g., Brenneman & Cozes JCI 97:2299, 1996), suggest 
multiple pathways by which VIP protects against excito-
toxic cell death. (Supported by NIH and the V.A.)

897.13
TRH PREVENTS EXCITOTOXIC INSULT IN BRAIN SLICES AND PRIMARY 
CULTURES. F.Boroni, M.Pizzi, M. Benarese, C. Moraitis, C. Maioli*. M. Memo. 
PF Spano. Dept. Biom. Sci. & Biotech. , School of Medicine, University of Brescia, 
Italy 25123

TRH and some of its stable analogues have recently shown to improve functional 
recoveiy after neurologic disfunctions such as brain trauma and epilepsy, in both 
animals and humans. Although the number of stimulating clinical observations, the 
rationale as well as the mechanism of action by which TRH may produce some 
therapeutic effects remain to be established.
The present study gives, the first evidence that TRH exerts neuroprotective effect 
against in vitro glutamate-mediated excitotoxicity in two different experimental 
models, rat hippocampal slices and primary cultures of cerebellar granule cells. 
Application of N-methyl-D-aspartate caused a massive cell loss in both pyramidal 
and granular cell layers of rat hippocampus. Co-exposure to TRH concentration- 
dependently reduced NMDA toxicity through a mechanism highly sensitive to the 
blockade of protein kinase C operated by bisindolilmaleimide. In primary neuronal 
cultures TRH neuroprotection was evident against both glutamate- and NMDA- 
mediated excitotoxicity. This effect occurred at concentrations that also produced a 
significant prevention of NMDA-mediated Ca2+ entry into the cells revealing an 
inhibitory effect of the peptide on the NMDA-receptor efficiency.
These findings suggest that TRH prevent excitotoxic-mediated neuronal cell loss, 
that may be associated to secondary brain injury, by exerting a direct negative 
modulation of glutamate receptor overactivation. This effect, similarly to what 
produced by other PLC activating drugs, showed to rely on protein kinase C 
activation.
IForA' was supported by C.N.R..

897.14
BLOCKADE OF RETINAL NEUROSTEROID SYNTHESIS PREVENTS 
NEURONAL CELL DEATH. P. Guarneria‘, C. Casciob, D. Russoc, G. De Leod, F. 
Piccolib and R. Guarneri3, TBS and TSMEDA, CNR; bInst. Neuropsych, and dInst. of 
Biology, University of Palermo, Italy.

The ability of neurosteroids such as pregnenolone sulfate to potentiate NMDA 
receptor-mediated responses suggests that they may play a role in excitotoxicity. 
Previously, we observed that retinal neurosteroidogenesis is modified by NMDA 
receptor activation. Exposure of the isolated and intact retina to NMDA (l-100pM) 
for 30 min increased pregnenolone formation and allowed to accumulate 
pregnenolone sulfate at micromolar concentrations which have been shown to be 
effective in enhancing NMDA receptor-mediated increase in Ca2+ influx. Here we 
investigated whether NMDA-induced stimulation of neurosteroid synthesis is 
implicated in retinal excitotoxic damage. After exposure of the isolated and intact 
retina to 50pM NMDA, in the presence of pregnenolone metabolism inhibitors which 
allow the accumulation of pregnenolone and its sulfate ester, morphological analysis 
and measurements of LDH release revealed that cell viability slightly decreased after 
30 min exposure but severe damage occurred by 60 min. When aminoglutethimide 
(AMG, 0.76mM), an inhibitor of cholesterol side-chain cleavage P450 enzyme 
involved in pregnenolone formation was added before exposure to NMDA for 60 
min, neurosteroid synthesis was reduced and no LDH was released. The histological 
evaluation revealed that AMG pre-treatment reduced NMDA-induced degenerative 
morphological changes in the inner nuclear and ganglion cell layers. By contrast, the 
exogenous application of pregnenolone sulfate (l-500pM) caused cytopathological 
reactions which closely corresponded to those provoked by NMDA. The results 
suggest that neurosteroidogenesis is involved in excitotoxicity and NMDA-induced 
stimulation of pregnenolone and pregnenolone sulfate synthesis is an early event in 
retinal toxicity; consequently its blockade prevents neuronal cell death.

897.15
CHRONIC LITHIUM PROTECTS CULTURED CNS NEURONS AGAINST 
GLUTAMATE-INDUCED EXCITOTOXICITY. S, Nonaka*, C. Hough and 
D.-M. Chuang, Section on Molecular Neurobiology, Biological Psychiatry 
Branch, NIMH, NIH, Bethesda, MD 20892, U.S.A

Lithium is the most commonly used in psychiatry for the treatment of manic 
depressive illness. The precise mechanisms underlying its clinical efficacy remain 
unknown. We have studied its neuroprotective actions against glutamate insult in 
cultured cerebellar granule cells (CGC) prepared from rat pups. We have shown that 
lithium has a wide spectrum of neuroprotective effects. Here we found that chronic 
lithium (1-5 mM) dose-dependently and selectively protected against glutamate 
(100 pM)-induced neurotoxicity assessed by morphological inspection, MTT 
metabolism and DNA fragmentation. These protective effects were not prevented 
by inclusion of myo-inositol, suggestive of a mechanism independent of inositol 
monophosphatase blockade. Acute lithium treatment was without effect on 
glutamate-induced neurotoxicity which is NMDA receptor-mediated. Chronic 
lithium failed to alter the density of NMDA receptors measured by the specific 
binding of [3HJMK-8O1. Measurement of 45Ca2+ uptake and intraneuronal free 
calcium levels by Fura-2 microphotometry demonstrated that chronic lithium 
reduced the elevation of intracellular calcium in response to glutamate stimulation.

These results demonstrate that chronic lithium treatment protects neurons 
against excitotoxicity by a robust attenuation of NMDA receptor-mediated calcium 
influx. Our findings suggest that modulation of glutamate receptor response may 
be part of the molecular mechanisms by which lithium alters brain function and 
exerts its clinical efficacy in the treatment of bipolar depressive illness.
Supported by NIMH.

897.16
CALORIC RESTRICTION IN ADULT RATS REDUCES SEIZURE- 
INDUCED DEFICITS IN SPATIAL LEARNING AND HIPPO-
CAMPAL DAMAGE. G.H, Umberger*. P. J, Kraemer, M. Kirchner, and 
M.P. Mattson. Sanders-Brown Center on Aging, Dept. of Anatomy and 
Neurobiology, University of Kentucky, Lexington, KY 40536.

Caloric restriction (CR) in rodents greatly increases lifespan and reduces the 
incidence of age-related diseases that affect many organ systems. The mechanism 
whereby CR increases lifespan and prevents disease is not completely clear, 
although increasing data suggest that CR reduces levels of cellular oxidative stress. 
Because oxidative stress may contribute to neuronal degeneration in many different 
disorders (e.g., ischemic stroke, severe seizures, and Alzheimer's disease), we have 
begun to test the hypothesis that CR will reduce levels of neural oxidative stress 
and prevent neuronal degeneration and functional deficits in such disorders. Male (3 
week-old) Sprague-Dawley rats were housed in pairs and divided into two diet 
groups; one was fed ad-libitum (AL), while the CR group was fed every other day. 
After three months on their respective diets, either saline or the seizure-inducing 
excitotoxin kainate was injected bilaterally into the dorsal hippocampus (8-10 
rats/group). 24 hr later rats were tested in Morris water maze visuospatial memory 
tasks, and were then killed and their brains processed for histological analyses. 
Performance of AL and CR saline-injected rats on the goal latency task (learning) 
and probe trials (retention) were not different. However, whereas AL-kainate rats 
were severely impaired in both the learning and retention tasks, CR-kainate rats 
exhibited only minimal deficits in each task. Histological anlayses revealed 
significantly less damage to hippocampal pyramidal neurons in CR-kainate rats 
compared to AL-kainate rats, indicating that CR reduces neuronal vulnerability to 
seizure-induced excitotoxic injury. We are currently examining parameters of 
oxidative stress in hippocampus of AL and CR rats, (supported by the NIH).
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898.1
N-ACETYLASPARTYLGLUTAMATE (NAAG) PROTECTS 
AGAINST RAT STRIATAL QUINOLINIC ACID LESIONS IN VIVO 
L.R. Orlando*, R. Carter, J.T. Coyle, J.J. Cha, D.G, Standaert, J.B, Penney, Jr.,
and A.B. Young. Program in Neuroscience, Harvard University and Depts. of 
Neurology and Psychiatry, Massachusetts General Hospital, Boston, MA 02114.

iV-Acetylaspartylglutamate (NAAG) is an endogenous peptide thought to be 
involved in neuronal communication as a neurotransmitter, neuromodulator, or 
precursor of neurotransmitter glutamate. NAAG has been shown to act both as an 
antagonist of glutamate at N-methyl-D-aspartate receptors (NMDARs) and an agonist 
at the Group II metabotropic glutamate receptor, mGluR3. We have previously 
shown that Group I mGluR antagonists and possibly Group II mGluR agonists 
protect the striatum of male rats against excitotoxic damage from direct injection of 
the NMDA receptor agonist, quinolinic acid. We have hypothesized that NAAG 
would be neuroprotective against striatal quinolinic acid toxicity.

Injection of 100 nmoles quinolinic acid in 2 pi phosphate buffer creates a 
large lesion confined to the striatum, while 2000 nmoles NAAG produces only 
slight toxicity. A dose of 1000 nmoles NAAG co-injected with quinolinic acid 
reduces the average quinolinic acid lesion volume by 65.0% (p<0.01). The same 
dose of the non-hydrolyzable analog p-NAAG also reduces quinolinic acid lesions by 
78.4% (p<0.01). This indicates that the effects observed are not secondary to 
cleavage of NAAG into N-acetyl-aspartate (NAA) and glutamate. In further support 
of this finding, co-injection of 1000 nmoles of both NAA and glutamate with 100 
nmoles quinolinic acid does not alter the volume of lesions as compared to animals 
injected with quinolinic acid alone.

These results demonstrate that NAAG has an ability to attenuate NMDAR- 
mediated neurotoxicity. The protective effects of the endogenous ligand may arise 
from antagonism of NMDARs, agonist effects at mGluR3 sites, or both.

Supported by USPHS grants NS31579, AG13617, and a Edward R. & 
Anne G. Lefler Fellowship to L.O.

898.2
NAALADASE INHIBITION PROTECTS AGAINST DYNORPHIN A- INDUCED 
ISCHEMIC SPINAL CORD INJURY IN RATS. J.B, Long1*, J.L, Meverhoff and 
B.S, Slusher2. 'Div. Neurosci., Walter Reed Army Inst, of Res., Wash., D.C. 20307- 
5100 and 2Guilford Pharmaceuticals, Inc., Balto., MD 21224.

N-acetylaspartylglutamate (NAAG) is an acidic dipeptide found in high 
concentrations in the CNS which acts with low potency as an agonist at the NMDA 
and mGluR3 receptor complexes. Hydrolysis of NAAG by N-acetylated a-linked 
acidic dipeptidase (NAALADase) liberates the more potent excitatory amino acid 
neurotransmitter, glutamate (GLU). Consequently, NAAG has been regarded as a 
storage form of synaptic GLU and NAALADase has been proposed to modulate 
neuronal excitability by regulating the synaptic availability of GLU. As a result, 
inhibition of NAALADase might have therapeutic utility under pathophysiological 
conditions involving elevated levels of GLU. Lumbar subarachnoid injections of 
dynorphin A (DYN) in rats cause ischemic injury and a persistent hindlimb paralysis 
that is mediated through excitatory amino acid receptors. We therefore used this 
injury model to evaluate the protective effects of the NAALADase inhibitor 2- 
(phosphonomethyl) pentanedioic acid (PMPA), specifically examining the effects of 
PMPA ( 0.4, 0.8, and 4 pmoles) on recovery from the persistent hindlimb motor 
deficits elicited by L4-L5 subarachnoid injection of 20 nmoles of DYN. When 
coadministered with DYN, PMPA caused significant dose-dependent improvements 
in motor scores by 24 hr postinjection (p<0.05, Kruskal-Wallis comparison). When 
on the basis of their assigned neurological scores (0-4) rats were categorized as 
ambulatory or not, at 24 hr postinjection 73% of the 15 rats cotreated with PMPA 
were ambulatory, in contrast to 14% of the 14 vehicle-cotreated rats (p<0.05, chi- 
squared analysis). These results indicate that PMPA provides effective protection 
against excitotoxic spinal cord injury. Commercially supported.

898.3
NOVEL NAALADase INHIBITOR, PMPA, IMPROVES INFARCT VOLUME 
IN EXPERIMENTAL STROKE. I. Harukuni, A Bhardwai, P.D.Hurn, B.S. 
Slusher \r .J Travstmarf Johns Hopkins Med Inst and Guilford Pharmaceutical ,̂ 

Baltimore, MD 21287.
N-acetyl-aspartyl-glutamate (NAAG), a putative glutamate precursor in neurons, 

is hydrolyzed in vivo by the N-acetylated, a-linked, acidic dipeptidase 
NAALADase, yielding NAA and glutamate. We hypothesized that pretreatment 
with 2-(phosphonomethyl)pentanedoic acid (PMPA), a potent NAALADase 
inhibitor, would improve tissue outcome after middle cerebral artery occlusion 
(MCAO) by reducing ischemia-induced glutamate excitotoxicity. Halothane- 
anesthetized Wistar rats received 2 hours of MCAO by the intraluminal suture 
technique, followed by 22 hours of reperfusion. Arterial blood pressure and blood 
gases were maintained at physiological values in all animals. Brains were 
evaluated by 2,3,5-triphenyltetrazolium chloride (TTC) staining for determination 
of infarction volume. Two doses of PMPA were tested (HIGH, n= 10: 100 mg/kg 
IP then 20 mg/kg/hr IV during MCAO and 2 h reperfusion; LOW, n=10: 10 
mg/kg then 2 mg/kg/hr) and compared to saline-treated rats (SAL, n=10). 
Cortical infarction volume within ipsilateral cortex was reduced in a dose- 
dependent manner (65+32 mm3, 14 + 7% in HIGH; 135+37 mm3, 29+8% in 
LOW, and 185+34 mm3, 38+7% in SAL). In contrast, striatal infarction was 
unchanged by PMPA (49+6 mm3, 58+ 5% in HIGH; 52+10 mm3, 52+10% 
in LOW, and 60+7 mm3, 66+7% in SAL). These data suggest that 
NAALADase may contribute to ischemic brain injury and PMPA pre-treatment 
ameliorates acute cortical infarction. Supported by Guilford Pharmaceuticals.

898.4
NAALADase INHIBITION DECREASES THE STROKE-INDUCED 
RISE IN EXTRACELLULAR GLUTAMATE: A MICRODIALYSIS 
STUDY K, M. Wozniak1*. P. Britton2, F. C. Tortella2. S.E. Lea3. M, B. 
Robinson3. P. F. Jackson1, and B. S. Slusher1. Guilford Pharmaceuticals Inc, 
Baltimore, MD1; Walter Reed Army Inst. Res., Washington DC2; University of 
Pennsylvania, PA3.

Excitotoxicity from hyperglutametergic activity contributes to the brain damage 
induced by ischemia. One source of neuronal glutamate is believed to derive from 
the neuropeptide N-acetylaspartylglutamate (NAAG) which is cleaved by the 
neuropeptidase N-acetylated a-linked acidic dipeptidase (NAALADase) to yield 
glutamate and N-acetylaspartate. Inhibition of NAALADase could limit glutamate 
production and ischemic injury. To test this hypothesis, Sprague-Dawley rats pre-
implanted with microdialysis probes in 3 brain areas (caudate, parietal, and frontal 
cortices), were treated with a newly described NAALADase inhibitor termed 
PMPA (2-(phosphonomethyl)pentanedioic acid), and subjected to middle cerebral 
artery occlusion (MCAO). In vehicle-treated MCAO rats, extracellular glutamate 
rose dramatically in both caudate and parietal cortex, with no significant change 
in frontal cortex. In MCAO animals treated with PMPA (100 mg/kg i.p. 20 min 
before and 20 mg/kg/hr i.v. for 4 hrs post occlusion), the caudate increase in 
extracellular glutamate was markedly reduced compared to the vehicle group 
(650% of baseline in PMPA-treated versus 3000% in control), while in the parietal 
cortex the increase in glutamate levels was attenuated so that there was no 
significant change from baseline (as compared to a 450% increase in the vehicle 
group). Finally, overall brain infarct volumes were also significantly lower (by 
53%, p=0.016) in the PMPA-treated group compared to saline. These data suggest 
that inhibition of NAALADase could be a potential target for hyperglutamatergic 
disorders such as stroke. COMMERCIAL FUNDING

898.5
NAALADase INHIBITION REDUCES ETHANOL CONSUMPTION 
IN THE ETHANOL-PREFERRING P LINE OF RATS P, F, Jackson. 
D.L, McKinzie, T.-K. Li, W,J, McBride*, and B.S. Slusher Indiana University 
School of Medicine, Indianapolis, IN and Guilford Pharmaceuticals. 
Baltimore, MD

N-acetyl-aspartyl-glutamate (NAAG) is a major peptide component 
of the brain. Its millimolar tissue levels (0.1-5 nmol/mg wet weight) probably 
represents one of the highest concentrations of any vertebrate bram peptide. 
In 1988, a NAAG hydrolyzing enzyme termed N-acetylated alpha-linked 
acidic dipeptidase (NAALADase) was identified in brain and shown to 
catabolize NAAG to N-acetyl-aspartate (NAA) and glutamate both in vitro and 
in vivo. In 1996, the first potent and selective NAALADase inhibitor was 
identified termed 2-(phosphonomethyl)pentanedioic acid (PMPA) with a Ki 
for NAALADase inhibition = 300 pM. The objective of this study was to 
evaluate the effect of systemic administration of PMPA on oral ethanol intake 
in the alcohol preferring P line of rats. PMPA (50, 100 and 200 mg/kg i.p.) 
was tested in female P rats (n=8) given daily 1 hour scheduled access to a 10% 
(v/v) ethanol solution. A within-subject design was used where PMPA 
treatments were tested once per week. Baseline ethanol drinking consisted of 
the mean of the 3 days prior to testing in which saline injections were given. 
Whereas the 200 mg/kg dose of PMPA had no effect on ethanol intake, both 
the 50 and 100 mg/kg doses significantly reduced ethanol consumption by 
approximately 25% (p< 0.05) during the 1 hr access period. Body weights and 
24-hr water intakes were not altered at any of the 3 doses. If PMPA is acting 
centrally, these data suggest that the NAAG/NAALADase system may be 
involved in neuronal systems regulating alcohol-drinking behavior.

COMMERC IAL FUNDING

898.6
NAALADase INHIBITION PROTECTS MOTOR NEURONS AGAINST 
CHRONIC GLUTAMATE TOXICITY. A.M. Corse*1. A.G. Thomas2, C.F. 
Coccia1, J.P. Rothsteiri . and B.S. Slushef ’. Johns Hopkins Univ. Sch. Of 
Med., Baltimore, MD 21287 and 2GuilfordPharmaceuticals, Balti, MD 21224. 

Chronic glutamate toxicity is implicated in the pathogenesis of motor neuron 
degeneration in amyotrophic lateral sclerosis (ALS). The neuropeptide N- 
acetyl-aspartyl-glutamate (NAAG) appears to function both as a storage form 
for glutamate and as a neuromodulator at glutamatergic synapses. The 
catabolism of NAAG by the enzyme N-acetylated a linked acidic dipeptidase 
(NAALADase) yields N-acetyl aspartate (NAA) and glutamate. Prior studies 
have demonstrated an upregulation of NAALADase in motor cortex in ALS 
tissue and increased levels of NAAG, NAA, and glutamate in the CSF of ALS 
patients. It is our hypothesis that inhibition of NAALADase could provide 
neuroprotection against chronic glutamate toxicity. In an in vitro model of 
chronic glutamate-mediated motor neuron degeneration, the neuroprotective 
effect of the potent NAALADase inhibitor 2-(phosphonomethyl)pentanedioic 
acid (PMPA) was assessed. This model is based on inhibition of glutamate 
transport, implicated in ALS, by threo-hydroxy aspartate (THA) in 
organotypic spinal cord cultures. Neuroprotection .was determined 
biochemically, measuring choline acetyltransferase (ChAT) activity, and 
morphologically, with phase contrast microscopy. PMPA (10 pM) had 
significant neuroprotective effects on motor neurons as evidenced by increased 
ChAT activity to 300% and 298% compared to THA-controls after 28 and 31 
days in culture, respectively. By phase contrast microscopy, morphology was 
preserved in PMPA-treated cultures compared to THA controls. These results 
suggest that NAALADase inhibitors protect against chronic glutamate- 
mediated motor neuron degeneration and may provide a therapeutic approach 
to the devastating disease ALS. COMMERCIAL FUNDING
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898.7
FOLATE POLYGLUTAMATE TOXICITY IN RAT CORTICAL 
NEURONS IS ATTENUATED BY NAALADase INHIBITION, Barbara 
S. Slusher, Aiit G. Thomas. Paul F. Jackson. Carol W, Tiffany. Peter D,
Suzdak*. Guilford Pharmaceuticals, Inc., Baltimore, MD 21224.

Folic acid is abundant in brain tissue, predominantly in a
polyglutamated form with one to six terminal glutamates. Pinto et al. recently 
reported that the enzyme N-acetylated alpha-linked acidic dipeptidase 
(NAALADase) exhibits folate glutamate hydrolase activity in prostatic 
carcinoma cells (Clin. Can. Res., 1996). To examine the potential role of folate 
polyglutamates and NAALADase in the brain, we examined the effect of folic 
acid hexaglutamate (FAglu6) exposure in primary rat cortical cultures. 
Cultures were exposed to FAglu6 for 60min at 37° in a phosphate-free 
HEPES-buffered saline solution. Cellular injury was quantified by measuring 
the amount of cytosolic lactate dehydrogenase (LDH) released into the 
medium over a 24 hour recovery period. We report that FAglu6 is dose- 
dependently (300 pM to 30 mM) toxic to neuronal cultures. The magnitude 
of 30 mM FAglu6-induced injury was similar to that caused by maximal doses 
of metabolic/mitochondrial inhibitors (10 mM 2-deoxyglucose and 5mM 
potassium cyanide) and NMDA (300pM). At equimolar concentrations, folic 
acid itself exhibited minimal toxicity. Because it is possible that FAglu6 is an 
endogenous brain substrate for NAALADase and that its toxicity is mediated 
through glutamate formation, we hypothesized that inhibition of NAALADase 
may protect against FAglu6 toxicity. We report that the newly described 
NAALADase inhibitor, 2-(phosphonomethyl)pentanedioic acid (PMPA; 
lOpM) provided significant (>70%; p<0.01) neuroprotection against FAglu6 
injury. These data underscore the potential involvement of folic acid 
polyglutamates in excitotoxic mechanisms and their regulation via 
NAALADase. commercial  funding

898.8
INHIBITION OF NAALADase ACTIVITY PROMOTES MYELIN 
FORMATION FOLLOWING MOUSE SCIATIC NERVE CRYOLESION.
M. Yao^.E. Maulhardf and B. S. SlushM Pharmaceutical Discovery, SRI 
International, Menlo Park, CA. and 2Guilford Pharmaceuticals, Inc., Baltimore, 
MD.

N-acetylated-alpha-linked acidic dipeptidase (NAALADase) is a neuropeptidase 
which hydrolyzes the abundant neuropeptide N-acetyl-aspartyl-glutamate (NAAG) 
to liberate free glutamate. NAAG and NAALADase activity have been 
demonstrated in several regions of the PNS including dorsal root ganglia and sciatic 
nerve. It was recently demonstrated that NAALADase is down-regulated in glial 
cells as they start to form myelin and is absent in myelinating Schwann cells. Based 
on these data we hypothesized that inhibition of NAALADase may affect the 
signaling mechanism between axons and Schwann cells and results in increasing 
myelination. To test this hypothesis, we examined the effect of the selective 
NAALADase inhibitor, 2-(phosphonomethyl)pentanedioic acid (PMPA) on nerve 
regeneration and myelination following cryolesion of the sciatic nerve in male mice. 
Approximately 2.5 pg/day of PMPA was released from a silicone implant at the site 
of cryolesion for 15 days following lesion while nerves were allowed to regenerate. 
Light and TEM examination of the nerve 3 mm distal to the site of cryolesion 
demonstrated a significant increase in the number of myelinated axons (1.5-fold 
increase) and myelin thickness (20% increase, p< 0.005) as compared to nerves in 
mice treated with vehicle. Current studies are underway to evaluate the effects of 
PMPA on the extent of myelination and axonal outgrowth in cocultures of dorsal 
root ganglia and Schwann cells. These data are consistent with the proposal that 
NAALADase plays a role in signaling of myelin formation and inhibition of 
NAALADase may facilitate nerve regeneration and myelin formation.

COMMERCIAL FUNDING

898.9
INHIBITION OF NAALADase ACTIVITY IS NEUROPROTECTIVE IN 
CELL CULTURE MODEL OF ISCHEMIA. Aiit G. Thomas1. James J, 
Vomov2, Paul F. Jackson1. Barbara S. Slusher*1. 1 Guilford Pharmaceuticals, 
Inc., Baltimore, MD 21224, 2Johns Hopkins University School of Medicine, 
Baltimore, MD 21287. Excessive extracellular glutamate is thought to play 
a central role in ischemic injury. N-acetylaspartylglutamate (NAAG) has been 
implicated as a potential storage form of synaptic glutamate. NAAG is 
hydrolyzed to glutamate and N-acetylaspartate (NAA) through the enzymatic 
activity of the neuropeptidase N-acetylated alpha-linked acidic dipeptidase 
(NAALADase). A newly described NAALADase inhibitor, 2- 
(phosphonomethyl)pentanedioic acid (PMPA), has recently been reported. 
Using PMPA we tested the hypothesis that NAALADase inhibition could limit 
extracellular glutamate levels and thus provide neuroprotection. Ischemic 
conditions were simulated by exposing rat cortical cultures to lOmM 2- 
deoxyglucose and 5mM potassium cyanide for 20min at 37°C, in phosphate- 
free HEPES-buffered saline solution. Phosphate was removed from the media 
because it is a known inhibitor of NAALADase. Cellular injury was quantified 
by measuring cytosolic lactate dehydrogenase (LDH) released into the medium 
over a 24 hour recovery period. We report that PMPA afforded significant and 
potent neuroprotection (90% at lOpM) against ischemic toxicity in a dose- 
dependent manner with an EC50 of 617pM. To ascertain its potential 
mechanism, we also examined the toxicity of NAAG and its reversibility by 
PMPA. In phosphate-free media, we report that 3mM NAAG is toxic and that 
the toxicity is reversible with PMPA. Additionally, we observed that NAAG 
toxicity could be reversed by NMDA antagonism (MK801) and partially 
reversed by AMPA (CNQX) and mGluR (MCPG) antagonism. These data 
underscore the importance of NAAG and NAALADase in glutamatergic 
transmission in the brain. commercialfunding

898.10
TIME COURSE OF NEUROPROTECTION WITH NAALADase 
INHIBITION FOLLOWING MCAO IN RATS X.-C. M. Lu*, A, 
Williams1, P. Brittori, F.C. Tortella1, J. Estrada. P.F. Jackson, and B.S.
Slusher. Guilford Pharmaceuticals, Baltimore, MD 21224 and 1 Walter Reed 
Army Institute of Research, Washington DC 21045.

Excitotoxicity from hyperglutamatergic activity mediates, in part, the brain 
damage induced by ischemia. One source of neuronal glutamate is derived 
from the neuropeptide N-acetyl-aspartyl-glutamate (NAAG) which is 
hydroylzed by N-acetylated a-linked acidic dipeptidase (NAALADase) to 
yield free glutamate. We hypothesized that inhibition of NAALADase could 
limit ischemic injury by preventing the generation of this source of glutamate. 
To test this, halothane-anesthetized S.D. male rats were subjected to 2 hr focal 
ischemia using the intraluminal filament method of middle cerebral artery 
occlusion followed by 22 hr of reperfusion. Rats were maintained 
normothermic throughout surgery and reperfusion. Animals were dosed i.p. 
with the NAALADase inhibitor 2(phosphonomethyl)pentanedioic acid 
(PMPA) at 3 time points, 20 min pre-, 30 min post-, or 60 min post-occlusion, 
with 100 mg/kg followed by an i.v. infusion of 20 mg/kg/hour for 4 hr. 
Ischemic brain damage was subsequently quantified with TTC staining and 
image analysis. We report that PMPA afforded significant neuroprotection 
when administered both pre and post occlusion and that the magnitude of 
neuroprotection was similar under all 3 paradigms. Overall brain infarct 
volumes were significantly lower (by 41 to 55%) in the PMPA-treated group 
versus controls (VEH: 298 + 20 mm3; PRE: 165 + 54 mm3; 30 POST: 176 + 
61 mm3; 60 POST: 135 + 77 mm3). We are currently evaluating PMPA’s full 
time course of neuroprotection. These data suggest that NAALADase 
inhibition may provide an “upstream” mechanism for glutamate regulation and 
represent a new therapeutic target for stroke. COMMERCIAL FUNDING
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899.1
COMPARISON OF THE NEUROPROTECTIVE EFFECTS OF 
mGLUR AGONISTS: (RS)-3,5-DIHYDROXYPHENYLGLYCINE, 
LY354740 AND L-AMINO-4-PHOSPHONOBUTYRIC ACID ON 
IONOTROPIC GLUTAMATE RECEPTOR - INDUCED 
EXCITOXICITY IN RAT CORTICAL NEURONES.
A, E, Kingston,aK, R. Bales. J, A. Monn, S. M. Paul. I, A, Pullar*a and
D.D, Schoepp
a Lilly Research Centre Ltd., Eli Lilly & Co., Erl Wood Manor, Windlesham, 
Surrey GU20 6PH, U.K.
Lilly Research Laboratories, Eli Lilly and Co., IN 462285, USA.
The neurodegenerative effects of ionotropic glutamate receptor (iGluR)

agonists were studied in rat cortical neuronal cell cultures derived from E18 
embryos. Measurement of parameters for both necrosis (cell viability and lactate 
dehydrogenase activity) and apoptosis (Bcl-2, Bcl-x, caspase-3 and cytochrome c 
expression) showed that the culture conditions are critical in determining the 
course of neuronal degeneration and the sensitivity to excitotoxins: N-methyl-D- 
aspartate (NMDA), kainate and a-amino-3-hydroxy-5-melhyl-isoxazole-propionic 
acid (AMPA). The modulatory effects of group 1,2 and 3 mGluR agonists on 
excitoxicity were also investigated. LY354740, a potent specific agonist of 
mGluR2 and mGluR3, protected rat cortical cells from excitoxicity induced by 
either a brief or prolonged exposure to NMDA as well as neuronal degeneration 
induced by kainate or AMPA and cyclothiazide treatments. L-AP4, a group 3 
mGluR agonist and DHPG, a group 1 mGluR agonist also attentuated iGluR- 
agonist induced excitotoxicity. The mechanisms whereby group 1 and group 2/3 
mGluR agonists impart cellular protective responses against excessive GluR 
activation were defined and compared at the different levels of transcriptional, 
translational and post-translational events.

899.2
BLOCK OF GROUP I mGluRs ATTENUATES NMDA-INDUCED
NEURONAL DEATH IN CORTICAL CULTURES. U. Strasser*, D. Lobner, M. 
M. Behrens, L. L. Dugan and D. W. Choi. Center for the Study of Nervous 
System Injury and Dept. of Neurology, Washington University School of 
Medicine, St. Louis, MO 63110.

Activation of various metabotropic glutamate receptors (mGluRs) can modulate 
excitotoxicity. We have reported that addition of 4-carboxy-3- 
hydroxyphenylglycine (4C3HPG, an agonist at mGluR2/3, an agonist at mGluR5 
and an antagonist at mGluR 1) attenuates NMDA-induced cortical neuronal death, 
and that addition of 3-hydroxyphenylglycine (3HPG, an agonist at mGluR 1/5) 
potentiated this death (Buisson and Choi, Neuropharmacol. 34: 1081). Mukin et 
al. (J. Neurosci. 16:6012, 1996) used two different non-specific mGluR 1 
antagonists to infer that blockade of mGluR 1 was neuroprotective against 
traumatic insults in vitro and in vivo.

Here we set out to test further the idea of mGluRl blockade as a neuroprotective 
strategy, exploiting the recent availability of the selective mGluR 1 antagonist, 1- 
aminoindane-l,5-dicarboxylic acid (AIDA, Moroni et al., J. Pharmacol. Exp. 
Therap. 281:1, 1997). Addition of 300 pM AIDA reduced the incomplete death of 
cultured murine cortical neurons induced by NMDA (15 pM for 24 h) but not 
kainate (35 pM for 24 h). Similar protective effects against NMDA-induced 
neuronal death were produced by the less selective mGluRl antagonists, 1000 pM 
S-4-carboxyphenylglycine (4-CPG) and 1000 pM S-a-methyl-4-
carboxyphenylglycine (MCPG). These data support the idea that blocking group I 
mGluRs can reduce NMDA-induced neuronal death.

Supported by NIH NINDS grants NS 30337 (DWC) and DFG grant STR 497/2- 
1 (US).
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899.3
GROUP I mGluRs ENHANCE REACTIVE OXYGEN SPECIES (ROS)
FORMATION INDUCED BY NMDA OR KAINATE L.L, Dugan*, S.L. Sensi, 
L.M.T. Canzoniero, and D. W. Choi. Center for the Study of Nervous System Injury 
and Dept. of Neurology, Washington Univ. School of Med., St. Louis, MO 63110.

We previously reported that NMDA, but not kainate, produced a Ca2+-dependent 
increase in mitochondrial ROS formation in cortical neurons, and speculated that 
phospholipase A2 activation coupled to NMDA, but not AMPA/kainate receptors, 
might contribute to this differential ability of glutamate receptor sub-types to trigger 
ROS formation. To begin to test this idea, we asked whether co-activation of 
metabotropic glutamate (mGluR) group I receptors, which activate phospholipase C 
(PLC), would enhance kainate or NMDA-stimulated ROS formation. Using the 
selective mGluR group I agonist, S-3-hydroxyphenylglycine (3-HPG; 100-300 pM), 
with kainate (30-100 pM) or NMDA (15-100 pM), we measured ROS formation by 
confocal microscopy using the oxidation-sensitive fluorescent dye, dihydrorhodamine, 
and by HPLC analysis of intracellular salicylate oxidation.

We observed increased arachidonate release and ROS formation minutes after co-
application of 3-HPG and kainate which did not occur when each drug was added 
separately. Enhanced ROS formation produced by 3-HPG + kainate was attenuated by 
the mGluR group I antagonist S-4-carboxyphenylglycine (4-CPG), the selective 
mGluR 1 antagonist, l-aminoindane~l,5-dicarboxylic acid (AIDA), and the PLC 
inhibitor, U73122. Surprisingly, 3-HPG reduced kainate-induced elevations in [Ca2+]j, 
arguing against the simple idea that it increase ROS formation by increasing [Ca2+]j. 
3-HPG also produced a small increase in NMDA-stimulated ROS formation.

Our results suggest that activation of group I mGluRs, and perhaps in particular 
mGluR 1, may enhance ROS production triggered by ionotropic glutamate receptors., 
and that group I antagonists might be neuroprotective against acute insults in part by 
reducing ROS formation. Supported by NIH NINDS 32636 (DWC) and NIA 00599 
(LLD).

899.4
cAMP-coupled metabotropic glutamate receptor agonists protect 
against excitotoxin-induced apoptosis in rat striatum. M. Nakai, Y. 
Wang, ^R-W. Chen, Z-H Qin, 'D-M. Chuang and T. N. Chase*, ETB, 
NINDS, and ‘Mol Neurobiol. Sect. NiMH, Bethesda, MD 26892

Recent studies suggest that metabotropic glutamate receptor 
(mGluR) agonists can protect neurons against excitotoxic damage. 
To elucidate underlying molecular mechanisms, the effects of 
agonists selective for c-AMP-coupled mGluRs on N-methyl-D- 
aspartate (NMDA) and kainic acid (KA) induced apoptosis were 
studied in vivo. Intrastriatal co-administration of the group II 
mGluR agonist CCG-I or the group III mGluR agonist AP4 dose- 
dependently attenuated intemucleosomal DNA cleavage induced by 
either NMDA or KA. NMDA dramatically increased transcription 
factor NFkB binding activity in the striatum and this effect was 
significantly reduced by co-administration of CCG-I or AP4. KA 
also increased NFkB binding but to a lesser extent and this tended to 
be inhibited by CCG-I or AP4. Immunohistochemical studies 
revealed that CCG-I and AP4 suppressed the induction of p53 
elicited by NMDA or KA. Lastly, both CCG-I and AP4 significantly 
protected neurons against NMDA or KA-induced death assessed by 
autoradiography for DI and NMDA receptors and in situ 
hybridization histochemistry for GAD mRNA. These results suggest 
that activation of cAMP-coupled mGluR suppresses apoptotic 
neuronal death induced by ionotropic glutamate receptor agonists, 
perhaps though inhibition of NFkB activation and P53 expression.

899.5
MODULATION BY METABOTROPIC RECEPTORS OF STRIATAL 
AND NUCLEUS BASALIS EXCITOTOXIC LESIONS. RJ. Boegman*. 
S. Flesher. K. Jhamandas & R.J, Beninger. Depts. Pharmacology & 
Toxicology and Psychology, Queen’s University, Kingston, ON, Canada 
K7L 3N6.

Quinolinate (Quin) or N-methyl-D-aspartate (NMDA) lesions of the 
nucleus basalis (NB) or striatum reproduce many of the neurochemical 
and behavioural characteristics of Alzheimer’s or Huntington’s disease. 
The present study was designed to compare the effect of metabotropic 
receptor activation on NMDA and Quin induced neurotoxicity in the NB 
and striatum. Male Sprague Dawley rats received a focal 0.5 or 1 /zl 
infusion into the NB or striatum respectively of varying doses of NMDA 
or Quin alone or with one of the following: AP4 (10, 50 nmoles), ACPD, 
(10, 50 nmoles), DCGIV (5 nmoles). As an index of cholinergic neuron 
viability choline acetyltransferase (ChAT) activity in the cortex was 
assayed. To measure striatal medium spiny neuron viability, striatal 
GABA content was determined by HPLC. Cholinergic neurons of the NB 
were more sensitive to NMDA than Quin: EC50 NMDA = 45 nmoles; 
EC50 Quin = 90 nmoles, while striatal GABAergic neurons were more 
sensitive to Quin than NMDA: EC50 Quin = 30 nmoles ECjq  NMDA = 
100 nmoles. In the NB coinjection of NMDA or Quin with metabotropic 
ligands did not alter the neurotoxicity of either NMDA or Quin. In 
contrast the neurotoxicity of Quin on GABAergic neurons of the striatum 
was partially antagonized by a coinjection with AP4. Supported by the 
Ontario Mental Health Foundation.

899.6
NEUROPROTECTIVE ACTIVITY OF NAAG IN MIXED CULTURES 
OF CORTICAL CELLS. B. Wroblewska*1, V. Bruno2, J. T. Wroblewski3 
and F, Nicoletti2,4. Dept. Biology1 and Pharmacology3 Georgetown University, 
Washington D.C, USA, and I.N.M. Neuromed2,4, Pozzilli, Italy, and Inst. 
Pharmacology, School of Pharmacy4, University of Catania, Catania, Italy.

The metabotropic glutamate receptor subtype, mGluR3, has been 
implicated in a novel form of neuroprotection that involves the interaction between 
neurons and astrocytes (Bruno et al., J. Neurosci., 1997).

We have examined the neuroprotective activity of the endogenous dipeptide, 
N-acetylaspartylgiutamate (NAAG), which selectively activates mGluR3 receptors 
in recombinant cells (Wroblewska et al., J. Neurochem., 1997), against 
excitotoxicity in mixed cultures of mouse cortical cells.

Excitotoxic neuronal death was induced by exposing the cultures to a 10 min 
pulse with 100 pM NMDA. NAAG was neuroprotective when applied either in 
combination with NMDA or immediately after the NMDA pulse. Only under the 
latter condition, however, its action was sensitive to the group II mGluR 
antagonists, ethylglutamate, or PCCG-IV (2S,l’S,2’S,3’R)-2-(2’-carboxy-3’- 
phenylcyclopropyl)glycine. To examine whether activation of mGluR3 in 
astrocytes contributed to the protective activity of NAAG, we have exposed pure 
cultures of cortical astrocytes to NAAG. The conditioned medium collected 20 
hours later from NAAG-treated astrocytes, was highly neuroprotective when 
transferred to mixed cultures immediately after the NMDA pulse. Neuroprotection 
was substantially reduced when NAAG was applied to astrocytes in combination 
with ethylglutamate.

We conclude that NAAG protects cortical neurons against NMDA -induced 
toxicity and its action is mediated, at least in part, by the activation of glial 
mGluR3 receptors.

899.7
NEUROPROTECTIVE ACTION OF GLUTAMATE ANTAGONISTS IN 
GENETICALLY DETERMINED WISTAR RATS (spa/spa). G, Muller, I. 
Bresink , U, Endermann, R. Neuhaus and L, Turskif Research Laboratories of 
Schering AG, Miillerstr. 178, D- 13342 Berlin, Germany.

The mutant strain of Wistar rats spa/spa is characterised by decreased mRNA 
expression of the GluR2(B) receptor subunit in the brain and progressive 
degeneration of cerebellum and hippocampus. The first abnormal signs in these 
animals can be observed at the age of about 28 days - the rats become anxious, 
display tremor, and ataxia. Subsequently, motor incoordination and muscle tone 
increase, and the animals die between 60-65 days of age. Here we investigated 
whether chronic administration of the NMDA antagonist 3-(±)-2~ 
carboxypiperazin-4-yl)-propyl-l-phosphonate (CPP) or the AMPA antagonist 7- 
morpholino-2,3-dioxo-6-trifluoromethyl-1,2,3,4-tetrahydroquinoxaline-1 -methyl-
phosphonate (MPQX) may hold neurodegeneration in spa/spa rats.

Treatment with CPP (1 and 4 mg/kg/h sc), MPQX (1 and 4 mg/kg/h sc), or 
vehicle by means of osmotic minipumps was initiated in rats at the age of 28 days 
and continued until death. Treatment of spa/spa rats with the NMDA antagonist 
CPP dose-dependently protected from neuronal loss in hippocampal CA3 
subfield and loss of Purkinje cells in the cerebellum as revealed by estimation of 
neuronal densities by means of optical dissector. Similarly, therapy with MPQX 
dose-dependently protected against degeneration of neurons in hippocampus and 
cerebellum. The onset of neurological symptoms and survival of mutant animals 
was hardly altered by the treatment. From these results it may be concluded that 
glutamate receptors contribute to the pathogenesis ot neurodegeneration in 
spa/spa rats and that glutamate antagonists may be beneficial in the treatment of 
chronic neurodegeration seen in spa/spa rats.

899.8
IONIC DEPENDENCE OF NMDA-INDUCED DENDRITIC VARICOSITY 
FORMATION AND RECOVERY. M. J. Hasbani*, K.L. Hyrc and M. P. Gold-
berg, Center for the Study of Nervous System Injury, Washington Univ. School of 
Med., St. Louis, MO 63110.

Dendritic degeneration is a hallmark of glutamate excitotoxicity. We recently de-
scribed a model of dendritic varicosity formation and recovery in cultured neurons 
exposed to sublethal doses of NMDA (Park et al., Neurobiol.Dis.3:215,1996). Here, 
we examined the dependence of varicosity formation and recovery on extracellular 
sodium, chloride, or calcium, in murine cortical cultures exposed to NMDA (30 pM 
for 10’). Dendritic morphology was assessed using MAP2 immunofluorescence. In 
normal balanced salt solution, varicosities formed rapidly and recovered 90 - 120 
min after replacing cultures in media with 10 pM MK-801. Varicosity* formation 
was substantially attenuated in solutions containing reduced Na+ (substituted with 
N-methyl-D-glucamine) or CF (substituted with Na methylsulfate). Fluorescence 
imaging using fura-2 (Ca2+) or SBFI (Na+) showed that -Na+ and -CF solutions re-
duced neuronal Ca2+ and Na+ entry during NMDA exposure.

Removal of Ca2+ during NMDA exposure actually increased varicosity formation, 
but also led to more rapid recovery. In contrast, the presence of Ca2+, Na+, or CF 
after NMDA exposure did not alter the time course of dendritic recovery. In agree-
ment with previous results, addition of the calpain inhibitor MDL28,170 attenuated 
varicosity recovery following NMDA exposure in normal salt solution (Faddis et al., 
J .Neurosci. 17:951,1997), but did not alter recovery following NMDA exposure in 
Ca2+ free medium. In summary, NMDA-induced dendritic varicosity formation de-
pends on extracellular Na+ and CF, while Ca2+ during the NMDA exposure period 
alters the time course and calpain-dependence of varicosity recovery. The ionic 
mechanisms governing dendritic structural changes induced by sublethal NMDA 
exposure may parallel those leading to neuronal death in the setting of intense 
NMDA receptor activation. Supported by NIH NS32140 and American Heart Association.
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899.9
DIFFERENTIAL EFFECTS OF THE NR2B SELECTIVE NMDA 
RECEPTOR ANTAGONISTS, RO 25-6981 AND CP-101,606, ON 
CULTURED CORTICAL NEURONS. G. Fischer, V. Mutel and J.A. 
Kemp*. Pharmaceutical Division, Preclinical CNS Research, PRPN-D, F. 
Hoffmann-La Roche Ltd., CH-4070 Basel, Switzerland.

Ro 25-6981 and CP-101,606 are potent NR2B selective blockers of 
NMDA receptors (NMDAR) expressed in oocytes (see Trube et al., 
Neurosci. Abstr. 22 (1996) 1760). Their block of NMDAR in cultured 
neurons was compared. Cortical cells from 16 day old rat embryos were 
cultured for 7 to 12 days in 96 well plates or as mixed cultures on astrocyte 
feederlayers in either 24 well plates or on coverslips (CS) in DMEM with 
10% HS. Changes in [Ca2], after stimulation of NMDAR (100 pM NMDA 
& 10 /Al glycine) were measured by fluo-3 (96 well) or fura-2 imaging (> 
20 individual cells analyzed per experiment; CS) and LDH release was used 
to quantify cell death after glutamate toxicity (100 /Al in BME for 16 h; 
24 wells; 12 DIV). With 7 day old cultures in 96 wells, Ro 25-6981 and 
CP-101,606 showed similar IC50 values (~ 0.06 pM) and efficacy (~ 90% 
block at >1 //M; fluo-3 imaging after 10 min) in blocking [Ca2*]; during 
activation of NMDAR. After 12 DIV, IC50 values increased to 0.3 /zM and 
efficacy decreased to ~ 80% and 60%, resp., at 10 pM. Ro 25-6981 and 
CP-101,606 protected against glutamate toxicity with IC50 values of 0.3 
and 3.5 pM, resp., but while the maximum protection produced by Ro 25- 
6981 (>1 /Al) was 80% that for CP-101,606 (10 /Al) was only 40%. In 12 
DIV mixed cultures (CS), Ro 25-6981 (10 pM) produced a monophasic 
decrease of [Ca2*]; during continuous stimulation of NMDAR for 5 min 
reaching a plateau of ~ 80% block within 1 min. In contrast, CP-101,606 
(10 /Al) produced an initial variable transient block of up to 70% which 
was followed by a secondary increase in [Ca2*]; to only ~ 30% block after 2 
min. These results may be explained by different sensitivities of NMDAR 
subtypes to Ro 25-6981 and CP-101,606 caused by changes in NMDAR 
subunit composition (Western blot data) during development.

899.10
MK-801 PROTECTS SUBSTANTIA NIGRA RETICULATA NEURONS FROM 
TRANSNEURONAL DEGENERATION AFTER NEUROTOXIN STRIATAL 
LESION. Lorraine A. DeGiorgio. Ph.D., Bruce T. Volpe. M.D.* Dept. of 
Neurology and Neuroscience, Cornell Univ. Med. College at the Burke Med. 
Research Institute, White Plains, NY 10605

Unilateral neurotoxin (ibotenic acid) lesion of rat striatum (caudate-putamen 
and globus pallidus, CP-GP) results in delayed, transneuronal demise of 
GABAergic substantia nigra reticulata (SNR) neurons, and suggests a model that 
mimics degenerative basal ganglia disease and stroke. Recent experiments 
demonstrated that ablation of the subthalamic nucleus provided protection for 
SNR neurons and suggested that the combined loss of striatal GABA and 
disinhibited glutamate afferents to the SNR may create an excitotoxic condition 
accountable for SNR neuron death. To test this possibility further, animals with 
unilateral CP-GP lesions received 3 daily intraperitoneal injections of MK-801, 
an NMDA glutamate receptor blocker (10 mg/kg, n=8; 1 mg/kg, n=8; vehicle 
control, n=8). By 4 days after the CP-GP lesion significant numbers of SNR 
neurons (30%) have been demonstrated to degenerate; therefore all animals 
were sacrificed at this time. MK-801 at either dose (n= 6) did not affect the 
volume of the CP-GP lesion (p>0.05, NS), or the volume of the GFAP 
immunoreactivity (p>0.44, NS) when compared with lesioned but untreated 
striatum (n=3). SNR volume ipsilateral to the lesioned striatum was decreased in 
all groups relative to contralateral SNR (p<0.001). Neuron number was reduced 
by more than 30% in both untreated and 1 mg/kg MK-801-treated rats (p<0.005). 
Application of 10 mg/kg MK-801, however, resulted in the complete rescue of 
SNR neurons. These data suggest that pharmacologic blockade of glutamate 
receptors spares SNR neurons, and may provide insight into strategies for 
protection of neurons subject to delayed transneuronal degeneration. Supported 
by the BMRI and the National Parkinson’s Disease Foundation.

899.11
CONANTOKIN G PROTECTS STRIATAL GABAERGIC AND CHOLINERGIC 
NEURONS IN A MODEL OF HUNTINGTON'S DISEASE 
Savdoff, J.A.*, Hoane, M.R., Blaney, T., Hu, Z-Y. CytoTherapeutics, 
Providence, Rl 02906

The neurochemical and behavioral changes induced by quinolinic 
acid (QA) lesioning represents a model producing anatomical and 
functional changes similar to those observed in Huntington's disease. 
Conantokin G (Con-G) is one of a novel class of peptides that act as 
antagonists at the polyamine modulatory site of the NMDA receptor. 
The conantokins are derived from the fish hunting Conus snails which 
use these peptides among dozens of other neuroactive factors to 
immobilize their prey. This study quantified the extent of striatal 
neuroprotection provided by Con-G after administration of the 
excitotoxin QA. Rats were pretreated with either Con-G (10 pg) or 
vehicle in the right striatum followed 10 min. later by QA (200 
nmoles) into the ipsilateral striatum. 2 weeks later, the rats were 
sacrificed and their striata were isolated for neurochemical analysis. 
Choline acetyltransferase (ChAT) and gamma amino decarboxylase 
(GAD) enzyme activities were measured to quantify damage to 
cholinergic and GABAergic neurons, respectively. There was a 
significant loss of ChAT (32%) and GAD (40%) activities in the 
ipsilateral striatum of control rats. Con-G completely protected 
against the loss of striatal ChAT and GAD enzyme activities. This data 
suggests that Con-G has a neuroprotective effect against excitotoxin- 
induced loss of striatal enzyme activities. It remains to be 
determined whether the anatomical and functional changes are also 
protected in parallel with the striatal enzyme activities by Con-G.

899.12
NOVEL GLYCINE-B ANTAGONISTS EXHIBIT NEUROPROTECTION IN VIVO. 
J.P. Stoehr*, L.M. Baker, B. Wegrzyniak, W. Danysz & G.L. Wenk, Department of 
Physiology, Arizona College of Osteopathic Medicine, Midwestern University, 
Phoenix, AZ, USA; Division of Neural Systems, Memory & Aging, University of 
Arizona, Tucson, AZ, USA; Department of Pharmacology, MERZ + Co. GmbH & Co., 
D-60318 Frankfurt/Main, Germany.

The excitatory transmitter glutamate acts via three different receptor subtypes that are 
named for their agonists, e.g. NMDA. Glutamate is ineffective at this receptor subtype 
unless a glycine modulatory site is also occupied. Opening of the NMDA channel 
allows an influx of Ca2+ that dose-dependently initiates either neuroplasticity or 
cytotoxicity. Neuroprotection can be provided against NMDA receptor stimulation by 
administration of non-competitive antagonists, e.g., memantine and MK-801, or 
antagonists to the glycine binding site. Acetylcholinergic neurons within the NBM are 
vulnerable to excess stimulation of NMDA receptors. Injection of NMDA receptor 
agonists destroys NBM cholinergic neurons. We investigated four novel non-
competitive antagonists at these two sites: three glycine B antagonists (MRZ 2/570, 
2/571, 2/576) and an NMDA channel antagonist (MRZ 2/579), administered either 
acutely and chronically, to provide neuroprotection from NMDA injections into the 
NBM. Thirty min prior to the infusions of NMDA, MRZ 2/579 was administered (1,3 
or 10 mg/kg). 15 min prior to NMDA, and 15 min after, infusion either MRZ 2/570 (5, 
10, 20, or 40 mg/kg), MRZ 2/571 or MRZ 2/576 (5, 10, or 20 mg/kg), was 
administered. Alternatively, immediately after the infusion, an osmotic minipump 
prefilled with MRZ 2/570 (20 & 40 mg/kg/day x 14 days) was implanted. Acute 
administration of MRZ 2/579, 2/576, 2/571 & 2/570, while chronic administration of 
MRZ 2/570, provided significant neuroprotection from NMDA. Both the NMDA 
channel antagonists and the glycine B antagonists were able to provide neuroprotection 
from stimulation of NMDA receptors on the cholinergic cells in the NBM. Supported 
by PHS AG 10546, Alzheimer's Association IIRG-95-004, Midwestern University, & 
Merz+Co, Frankfurt am Main, Germany.

899.13
IDENTIFICATION OF NMDA RECEPTOR DOMINANT NEGATIVE 
MUTATIONS AND APOPTOTIC FUNCTION OF THE NMDA 
RECEPTORS IN CHO CELLS. G. A, Rameau*and E, B, Ziff, Howard 
Hughes Medical Institute, Department of Biochemistry, New York University 
Medical Center New York, NY, 10016.

Excitotoxic death of neurons occurs following over stimulation of NMDA-type 
glutamate receptors (NMDAR). We show that transient expression of the NMDAR 
leads to cell death in Chinese hamster ovary (CHO) cells. MK-801, a specific 
NMDAR antagonist, can block this effect. We have quantitated cell killing by 
measuring the activity of a co-transfected firefly luciferase expression plasmid. To 
examine the function of the NMDAR, the NR1 subunit was mutated by PCR 
mutagenesis. Asparagine at amino acid position 616 and serine at position 617 in the 
receptor pore were substituted for arginine (N616R) and glutamine (S617Q) 
respectively. These mutations are known from previous work to decrease fluxes of 
calcium ions. A survival curve obtained by independently expressing the wild type 
and mutants receptors showed decrease mutant receptor excitotoxicity in comparison 
to the wild type. Coexpression of mutants with wild type subunits also exerted 
dominant negative effects and reduced the excitotoxicity of the wild type receptors.

We have employed this system to examine the role of apoptosis in excitotoxic 
cell death induced by the NMDAR. We find that ICE-protease inhibitors including 
the baculovirus derived p35 and the pox virus CramA proteins, block NMDA 
receptor-dependent cell death in a dose responsive manner, suggesting that death 
occurs by an apoptotic mechanism. We are currently using this assay to study the 
role of biochemical regulatory proteins in NMDAR function.
♦Supported by an Aaron Diamond Foundation Postdoctoral Fellowship

899.14
REDUCED NMDA RECEPTOR SENSITIVITY MAY UNDERLIE RESISTANCE 
OF SUBPOPULATIONS OF PVN NEURONS TO EXCITOTOXICITY Alastair V. 
Ferguson* and Jaideep S. Bains. Department of Physiology, Queen’s University, 
Kingston. ON CANADA. K7L-3N6.

Magnocellular neurons in the paraventricular nucleus are resistant to excitotoxic 
cell damage. We tested the hypothesis that a modified post-synaptic membrane 
response following NMDA receptor activation may underlie this resistance.

Whole-cell recordings were obtained from a total of 140 PVN neurons in coronal 
hypothalamic slices. Type II neurons (n=61) responded in a dose-dependent manner 
to the NMDA agonist, D-L-tetrazol-5yl glycine. The minimum dose for activation 
was 0.0 IpM. At a dose of 1 pM, a divergence in the responses of Type II neurons 
was observed. The majority of cells (64 %) exhibited smooth, rapidly reversible 
responses with a mean depolarization of 11.5 + 0.6 mV. Thirty-six percent of the 
cells exhibited an initial rapid depolarization that resulted in the cell reaching a 
plateau at potentials as much as 50 mV depolarized from resting levels. The mean 
depolarization in these cells was 36.0 t 3.1 mV. The plateau duration varied from 90 
seconds to 20 minutes in most cases. In 5 cells, recovery to the resting potential was 
not observed even after 45 minutes.

Type I neurons also responded in a dose-dependent manner to the NMDA agonist 
(n=50). The minimum dose required to elicit a depolarization was 0.1 pM. Consistent, 
reversible responses (mean depolarization: 7.1 + 0.8 mV) were observed at the 1 pM 
dose. A higher dose increased the magnitude of the depolarization, and in greater than 
ninety-five percent of the cases, the responses continued to be smooth and rapidly 
reversible. Responses were abolished when D-APV was included in the bath (n=4).

This differential sensitivity of neurons to NMDA receptor activation may explain 
the selective resistance of magnocellular PVN neurons to excitatory neurotoxins.
This work is supported by The Medical Research Council of Canada.
JSB is supported by the Heart and Stroke Foundation of Canada.
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899.15
NMDA RECEPTOR ACTIVATION ELICITS A LONG-DURATION PLATEAU 
DEPOLARIZATION THAT IS REGULATED BY THE HYPERPOLARIZING 
AFTER-POTENTIAL. Jaideep S, Bains* and Alastair V. Ferguson, Department of 
Physiology, Queen’s University, Kingston, ON CANADA, K7L-3N6.

Glutamate mediated neurotoxicity in neurons of the central nervous system is 
initiated by the influx of calcium through postsynaptic NMDA receptor-channels. 
Paramount to the subsequent intracellular mechanisms that eventually result in cell 
death is a prolonged depolarization of the postsynaptic membrane. In the 
paraventricular nucleus of the hypothalamus, a selective population of neurons 
exhibits long-duration plateau depolarizations (LDPD) following activation of NMDA 
receptors. This LDPD, which is observed with less frequency at hyperpolarized 
potentials may reflect a lower sensitivity of the specific NMDA receptors for 
magnesium, as increasing extracellular magnesium abolishes its generation (n=2). 
During the LDPD, which is abolished by blockade of voltage-gated sodium channels 
(n=5), an increase in conductance is also observed, suggesting that the capability of 
the membrane to limit ion flux is comprimised.

The ability of a cell to generate a LDPD in response to NMDA is dependent on its 
complement of repolarizing conductances. Cells that exhibit prominent post-spike, 
hyperpolarizing after-potentials do not generate LDPD. Conversely, cells with 
minimal hyperpolarizing after-potentials readily generate LDPD. Furthermore, by 
inhibiting the hyperpolarizing after-potential with 200 |iM 4-aminopyridine, cells can 
be converted from non-LDPD generators to ones tliat generate LDPD.

A prolonged depolarization of the postsynaptic membrane and accompanying 
membrane permeability changes are essential for neurotoxicity. The present findings 
provide evidence for a potential protective mechanism tliat depends solely on the 
ability of the cell, through its intrinsic ionic conductances, to control imposed changes 
in membrane potential.
This work is supported by The Medical Research Council of Canada.
JSB is supported by the Heart and Stroke Foundation of Canada.

899.16
NMDA-R2C ANTISENSE ATTENUATES mGLUR-MEDIATED 
NEUROPROTECTION. M. Pizzi*, F. Boroni, S. Gavazova. C. Moraitis, M. 
Memo, PF. Spano. Dept. Biom. Sci. & Biotech. School of Medicine, University of 
Brescia, Italy 25123.

In primary cultures of rat cerebellar granule cells, stimulation of mGluRl/5 has 
been demonstrated to reduce NMDA-mediated calcium entry and cell death, via 
activation of protein kinase C (PKC). This has been proposed as due to a direct 
phosphorylation of the NMDA receptor by PKC, since consensus sequences for 
PKC phosphorylation have been found in the putative cytoplasmatic domains of 
cloned NMDA receptor subunits.
In mature cerebellar' granule cells NMDA receptors are mostly composed of NR1, 
NR2A and NR2C subunits. We produced a synthesis suppression of NR2C subunit 
by treating the cells with a specific antisense oligonucleotide. In cells lacking 
NR2C subunit, glutamate application produced an sustained increase of 
intracellular calcium concentration ([Ca2+ ]i) similar to that elicited in control cells. 
On the contrary, stimulation of mGluRl/5 receptors lost its capability to prevent 
glutamate-mediated [Ca2+ ]i rise but, otherwise, potentiated it. Effects observed by 
stimulating mGluRs were reproduced by directly activating PKC with the 
phorbol ester PDBU. Finally, the capability of mGluR stimulation to elicit 
neuroprotection against NMDA-mediated toxicity was completely lost in NR2C 
lacking cells. These results suggest that mGluR 1/5-mediated modulation of NMDA 
receptor activity, which relies on PKC activation, depends on the specific subunit 
composition of NMDA receptor complex.
Particularly, native NR2C subunit may represent the molecular target of 
phosphorylation laeding to a depression of receptor efficiency.
Work was supported by C.N.R.
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900.1
PREVENTIVE EFFECT OF KAITOCEPHALIN, AN AMPA AND 
NMDA ANTAGONIST OF MICROBIAL ORIGIN, AGAINST 
KAINATE TOXICITY IN CHICK TELENCEPHALIC AND 
HIPPOCAMPAL NEURONS
K. Shin-va*. J.-S, KIM. Y, Havakawa and H, Scto. Institute of Molecular and 
Cellular Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

L-Glutamate, a neurotransmitter in major part of central nervous system, induces 
delayed neuronal cell death following ischemic attack. AMPA/KA antagonists were 
reported to protect hippocampal neurons from ischemia injury when administered after 
ischemic attack. In the course of our screening for AMPA/KA antagonists of 
microbial origin, we isolated a novel compound designated kaitocephalin as a fungal 
metabolite. The structure of kaitocephalin is quite different from those of 
quinoxalinedione derivatives which are well known as AMPA/KA receptor 
antagonists.

Kaitocephalin protected chick telencephalic and rat hippocampal neurons from the 
kainate toxicity with EC50 values at 0.68 and 2.4 (iM, respectively; this activity is 
almost identical to that of CNQX without showing cytotoxicity even at the 
concentration of 500 gM. Kaitocephalin also inhibited AMPA/cyclothiazide toxicity 
in chick telencephalic and rat hippocampal neurons with EC50 values at 0.6 and 0.4 
pM, respectively. In the receptor binding assay using rat cortex, kaitocephalin 
displaced [3H]AMPA with Kz value 1.4±0.4 pM. In addition, it showed potent 
binding activity to the agonist binding site of NMDA receptor with Kz value 8.4±0.8 
nM. Kaitocephalin showed less binding activity against the kainate receptor, even 
though it potently protected rat hippocampal neurons from the kainate toxicity.

Kaitocephalin blocked Ca2+ influx induced by AMPA in both chick tehncephalic 
and rat hippocampal neurons. Whereas it failed to block Ca2+ influx in rat 
hippocampal neurons, it blocked Ca2+ influx in chick telencephalic neurons. These 
data suggest that the kainate toxicity is expressed through AMPA receptor rather than 
kainate receptor.

900.2
ADULT OLIGODENDROCYTES IN VIVO ARE HIGHLY VULNERABLE TO 
AMPA-INDUCED EXCITOTOXIC DEATH. J.W. McDonald*, M.P. Goldberg, S.P. 
Althomsons and D.W. Choi. Center for the Study of Nervous System Injury and 
Department of Neurology, Washington Univ. School of Med., St. Louis, MO 63110.

We have previously reported that cultured murine cortical oligodendrocytes (oligo) 
were highly vulnerable to AMPA/kainate receptor mediated excitotoxic death (Soc. 
Neurosci., 22:478.5, 1996). Here we tested the hypothesis that such vulnerability 
would also be found with oligos in vivo in adult animals.

Adult Long-Evans rats received microstereotaxic injections of 10-50 nmols AMPA 
plus 5 nmols MK-801 (to block secondary activation of NMDA receptors) in 0.5 pi 
PBS, into the external capsule. Animals were perfused with 4% paraformaldehyde / 
0.5% glutaraldehyde 24 hours later. Mature oligos were labeled by Rip immuno-
fluorescence in vibratome sections. Additional animals were processed for EM or 
paraffin sectioning followed by LFB-PAS and H&E staining. This injection of 
AMPA/MK-801 into the external capsule produced graded and selective loss of Rip 
labeled oligos, with relative preservation of nearby neurons in overlying grey matter 
below 30 nmol AMPA. Paraffin and EM study revealed areas of focal myelin 
disruption with preservations of axons throughout the lesion. These observation are 
consistent with previous studies demonstrating that kainate injection produces axon 
sparing lesions in vivo, but add a previously unrecognized element of oligo 
destruction and, presumably as a result, focal disruption of myelin. These results 
suggest that the high vulnerability of cultured oligos to AMPA/KA receptor mediated 
excitotoxic death, observed in our earlier studies, is also a characteristic of adult 
oligodendrocytes in vivo. Extension of the principle of excitotoxic cell death, 
classically considered to be a unique property of neurons, to oligos raises the 
interesting possibility that such excitotoxic oligo death may contribute to white matter 
injury after acute insults to the nervous system. Supported by grants from the Nit INS01931 

(,'WM) NS32636 (DWC and MPG) and the American Paralysis Association (JWM and DWC).

900.3
ENHANCED SUSCEPTIBILITY OF MOTOR NEURONS TO 
EXCITOTOXICITY IS DEPENDENT ON CA2+-PERMEABLE 
AMPA/KAINATE RECEPTORS AND BAX EXPRESSION. O. Bar-Peled\

and J.P. Rothstein. Dept. of Neurology, Johns Hopkins Univ., Baltimore, MD 
21287; Dept. of Geriatrics and Adult Dev., Mount Sinai School of Med. NY, NY 
10029; Dept. of Medicine & Pathology, Washington Univ. School of Med.; St. 
Louis, MO 63110.

Amyotrophic lateral sclerosis is a motor neuron disease characterized by 
selective degeneration of upper and lower large motor neurons (LMN). To 
investigate the mechanisms for selective degeneration of LMN in culture, 
dissociated spinal-cord neuronal cultures were prepared. The non-phosphorylated 
neurofilament antibody, SMI-32, was used as a marker for LMN. Co-localization 
of SMI-32 and Islet-1, a LIM homeodomain transcription factor expressed in LMN, 
confirmed the specificity of SMI-32 for LMN. Spinal cord cultures were exposed to 
kainate (25pM) for 20h. A two fold increase in kainate-induced cell death was 
found in LMN as compared to non-LMN neurons. Since kainate-induced cell death 
is calcium dependent, the presence of AMPA-GluR2 subunits which determines 
the calcium permeability was examined. An immunohistochemical study using a 
GluR2-specific monoclonal antibodies revealed the absent of GluR2 protein in 
LMN, suggesting that Ca+2-permeable AMPA/kainate receptors contribute to the 
enhanced vulnerability of LMN to excitotoxicity. The involvement of apoptosis in 
kainate-induced LMN degeneration was also studied in spinal-cord cultures 
derived from BAX knockout mice. Up to 10 fold increase in the survival of LMN 
was found in BAX knockout cultures as compared to control cultures. Moreover, 
kainate-induced and serum-withdrawal-induced cell death was significantly lower 
in LMN derived from BAX knockout mice, indicating the role of apoptotic-related 
proteins in excitotoxic degeneration of LMN. (NIH, MDA, ALSA)

900.4
CHARACTERIZATION OF KAINATE-INDUCED CELL DEATH IN A MOUSE 
SPINAL MOTONEURON CULTURE SYSTEM.

Neurobiology, University of Leuven, 3000 Leuven, Belgium.
In view of the pathogenic role of excitotoxicity in amyotrophic lateral sclerosis

(ALS), we studied the neurotoxic effect of kainic acid (KA) in a spinal 
motoneuron (MN) coculture model. Ventral spinal cords were dissected from 
13-day-old mouse embryos and dissociated. After centrifugation on a 6.8% 
metrizamide cushion a MN-enriched fraction was obtained, as demonstrated by 
ChAT-assay. This population was seeded on a pre-established glial feeder layer 
of ventral spinal origin. After 2 weeks in coculture approximately 60% of 
neurons were stained with the MN marker peripherin. Cultures were exposed 
for 24 h to concentrations of KA ranging from 10 to 300 pM. KA had a dose- 
dependent, CNQX-sensitive neurotoxic effect. Sensitivity to KA gradually 
increased over time in culture (44% cell death on day 3, 65 % on day 7, 78% on 
day 11 after 24-h exposure to 100 pM KA). This increase was associated with a 
progressive rise in the proportion of neurons expressing SMI-32 ( 2% on day 3, 
22% on day 7, 68% on day 13-14), a marker known to label a subset of spinal 
neurons hypersensitive to KA. Vulnerability of the MN-enriched population to 
KA was compared between coculture and glia-free monoculture. Cocultured 
neurons were found to be more sensitive to KA: after 24-h exposure to 300 uM 
KA 83% of cocultured neurons were destroyed, whereas no significant KA- 
induced cell death was observed in monoculture. In conclusion, advantages of 
our model compared with other mouse spinal coculture systems are MN- 
enrichment and spinal instead of cortical origin of the feeder layer. In this model 
neuronal vulnerability to KA was influenced by time in culture and by the 
presence of glial cells. The difference in neuronal sensitivity to KA between 
coculture and monoculture might reflect a potentiating role of spina! glial cells in 
excitotoxic MN death. Supported by the FWO-Flanders and K.U.Leuven OT94/25
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900.5
NMDA AND DOMOIC ACID ACT SYNERGISTICALLY IN A MURINE 
MODEL OF BEHAVIOURAL NEUROTOXICITY. R.A.R. Tasker* and 
S.M. Strain, Department of Anatomy & Physiology, Atlantic Veterinary 
College, UPEI, Charlottetown, PEI, Canada CIA 4P3

Domoic acid (DOM) is generally believed to be a selective agonist for a 
subtype of AMPA/kainate excitatory amino acid receptors. However, recent 
evidence using either isolated cerebellar neurons (Novelli et al. Brain Res. 
577; 41 1992; Berman et al. Proc.Soc. Neurosci. 25; 1586, 1995) or intact 
mice (Tasker et al. CJPP 74: 1047, 1996) have implied that N-methyl-d- 
aspartate (NMDA) receptors may also be partially involved in mediating 
domoic acid toxicity in these models. The current study examined 
behavioural neurotoxicity in mice following co-administration of EAA- 
selective ligands or controls. Female CD-1 mice (n=4 per group) were 
injected and monitored for both cumulative behavioural toxicity and latency 
to tremors and convulsions using procedures published elsewhere (Tasker et 
al. CJPP 69: 378, 1991). Co-administration of NMDA (40 mg/kg) 
significantly potentiated the toxic response to DOM (3.75 and 5.0 mg/kg) 
relative to saline/DOM controls but was without effect when administered 
alone at this dose (ie. NMDA/Sal) using either measure of toxicity. Further, 
NMDA potentiation was completely antagonized by prior administration of 
CPP (15 mg/kg). These data further support the premise that part of DOM- 
mediated neurotoxicity is dependent upon either direct or indirect NMDA- 
receptor activation.
Supported by NSERC and the Atlantic Veterinary College.

900.6
POTENTIAL NEUROPROTECTIVE EFFECTS OF NON-NMDA 
ANTAGONISTS IN THE SPASTIC HAN WISTAR MUTANT.
A.A. Nisim*, JMXJVjartirfe C.M. Hernandez, A.J. Gaudin and R.W. Cohen 
Department of Biology, California State University, Northridge, CA. 91330.

Glutamate excitotoxicity has been associated with both NMDA and AMPA 
receptors. Physiologically, AMPA receptors are normally required to activate 
NMDA receptors, suggesting that the AMPA receptors regulate this form of 
neurodegeneration. The spastic Han Wistar rat is currently being used in our 
lab as a model for this hypothesis. Here, an autosomal recessive mutation is 
phenotypically detected by tremor and hind limb paresis which culminates in 
the animal’s death at 65 days. This study was conducted in two phases: In 
Phase I, neuroprotection derived from acute administration of the weak 
acting AMPA antagonist GYKi-52466 in spastic mutants was observed. 
Starting at 30-32 days, the mutants were injected with GYKI (15 mg/Kg) twice 
a week for three weeks. GYKI injected mutants (n=17) exhibited increased 
life span (14%) compared to vehicle-injected mutants (controls; n=18). Motor 
skill and strength was monitored by a two minute open-field test and an 
inverted screen test. At 50 days, GYKI mutants displayed 24% greater motor 
activity and 52% increase in hanging time compared to controls. In Phase II, 
the observed neurodegeneration was further examined by chronic infusion 
of a potent AMPA antagonist, CNQX. Due to the drug’s inability to cross the 
blood-brain barrier, mutant and normal siblings were implanted with Alzet 
Osmotic pumps (0.2 pi/hr delivery for 25 days) containing CNQX (50 pM). 
Preliminary results have shown evidence of limited neuroprotection. These 
findings suggest that AMPA receptors play a significant role in 
neurodegeneration resuiting from glutamate-induced excitotoxicity in this 
mutant. This study was supported by CSUN and Sigma Xi Research grants.

900.7
THE ROLE OF THE GABA RECEPTORS IN THE SPASTIC HAN 
WISTAR NEURODEGENERATION, M.A. Abdullah* and R.W, Cohen. 
Department of Biology, California State University, Northridge, CA. 91330.

Neuronal degeneration in numerous human brain disorders, such as 
epilepsy, is thought to be induced by alterations in excitatory receptors like 
glutamate or inhibitory receptors like GABA. The focus of this study is an 
investigation of the role of the inhibitory GABA receptors in a rat model of 
progressive neuronal death, the spastic Han Wistar rat. This mutant shows 
abnormal loss of Purkinje cells in the cerebellum. The mutant also exhibits a 
progressive loss of CA3 pyramidal ceils of the hippocampus in a pattern that 
resembles human temporal lobe epilepsy. This poster examines the 
involvement of GABA receptors in the Han Wistar neurodegeneration through 
the administration of two drugs, muscimol and bicuculline. In this study, the 
rats were injected intramuscularly with the GABAa  agonist muscimol 
hydrobromide (2 mg/kg) or the GABAa  antagonist bicuculline methbromide (2 
mg/kg) once every five days for a total of fifteen days, initiating at 30-32 days of 
age. Longevity data for the saline injected mutants (68±1,4; n=12), muscimol 
mutants (71±1.5; n=12; 4% increase compared to saline mutants) and 
bicuculline (66 ± 4.7; n=3; 3% decrease compared to saline mutants) injected 
rats showed no statistically significant difference (p> 0.05) among the 
treatments. The drugs, however, did show an interesting trend depicting their 
actions as GABA agonists and antagonists. The motor activity of the mutants 
showed no significant difference (p>0.05) among muscimol, bicuculline and 
saline injected groups. These results suggest that the GABA receptors play 
little or no role in the observed neurodegeneration and thus implicating the 
defect in this rat to alterations of excitatory receptors. This study was 
supported by CSUN and Sigma Xi Research grants.

903.8
APOPTOSIS: A SUSPECTED MECHANISM OF NEURONAL 
DEGENERATION IN THE SPASTIC HAN WISTAR RAT.
A.A, Pikula.* K.D, Rhee. A.M. Morin and R.W. Cohen. Department of 
Biology, California State University, Northridge, CA. 91330.

Excitotoxicity is caused by altered function of glutamatergic systems which 
results in extensive neuronal degeneration. NMDA and AMPA receptors 
appear to play a significant role in this process. Here, an abnormal influx of 
Ca2+ ions triggers a series of reactions resulting in neuronal death. To 
examine glutamate excitotoxicity, we use the spastic Han Wistar rat which is 
characterized by an autosomal recessive mutation resulting in progressive 
loss of Purkinje cells in the cerebellum and ultimately death of the mutant by 
65 days. Previous data have shown that acute administration of an NMDA 
antagonist, MK-801 increased the life span of mutants by 30% (Brunson et 
al., 1996). The AMPA antagonist, GYKi-52466 antagonist reduced Purkinje 
cell death and increased longevity by 10% (Nisim et a!., 1996). These data 
suggest a link between glutamate receptors and neuronal degeneration in 
this mutant rat. Recently, we have also begun studying the possible 
mechanisms of cell death in this model of excitotoxicity. The TUNEL assay 
was used to determine whether apoptosis is occurring in the cerebellums of 
spastic mutants. Apoptotic nuclei were identified in about 20% of the 
Purkinje cells of 60 day old mutant rats. Cerebellums of sibling normal rats 
showed no sign of apoptotic cells. To confirm the potency of each TUNEL 
assay, a positive control with DNase 1 was run simultaneously. We have also 
started examining Ca2+ ion influx and its biochemical link with cell death in 
this mutant rat. In the future, we intend to monitor apoptosis throughout the 
life span of the mutant, searching for the molecular initiation of this defect. 
This study was supported by CSUN and Sigma Xi Research grants.

900.9
ATTENUATION OF EXCITOTOXIC DAMAGE BY NANOMOLAR LEVELS OF 
AMPAKINES IN LONG-TERM HIPPOCAMPAL SLICES B.A. Bahr. B.T. Kawasaki. 
C.N. Quach, C. Marrs, & G. Rogers*. Cortex Pharmaceuticals, Inc., Irvine, CA 92618.

Members of the Ampakine  family of AMPA receptor modulators improve cognitive ability 
(Lynch et al., Exp. Neurol, 1996,1997), and are being developed for the treatment of Alzheimer's 
disease and schizophrenia. Recently, the less potent modulator aniracetam was shown to protect 
neurons from excitotoxic damage (Pizzi et al., Eur. J. Pharmacol., 1995). Accordingly, 
Ampakines  were tested for effects on excitotoxicity in hippocampal slice cultures. Separate 
infusions of NMDA and AMPA into slice cultures induce global depolarization involving both 
types of glutamate receptors, and result in cytoskeletal and synaptic deterioration (Bahr et al., 
J. Pharmacol. Exp. Ther., 1995). The Ampakine  shown to be active in human studies, 
l-(quinoxalin-6-ylcarbonyl)piperidine (CX516), reduced the level of spectrin fragments present 
24-36 h after a 15-mm excitotoxic insult (100 pM AMPA) by as much as 81% (pO.OOl; n=9 
immunoblot samples), in a dose-dependent manner (20-150 pM pre-treatment). Aniracetam at 
50-500 pM caused only a small decline in the breakdown (not significant). The number of CA1 
cell bodies and dendritic puncta expressing spectrin proteolysis were both markedly decreased by 
CX516, and a presynaptic marker was protected by 77% (p=0.001). By counting CAlc 
pyramidals within 6.5 x 104 pm2 fields in control, insult, and insult + drug slices (n=8-16 each), 
the Ampakine  was also found to attenuate neuronal loss and the appearance of pyknotic nuclei 
by -75% (pO.Ol). A close relative of CX516,1 -(qiiinoxalin-6-ylcarbonyl)-1,2,3,6-tetrahydro- 
pyridine (CX515), was used to show tliat Ampakine  applied after an insult provided similar 
protection from spectrin breakdown and presynaptic loss 03=0.001; n=8) as when pre-incubated. 
Next, derivatives of CXS 16 that are 10-10,000 times more potent at enhancing monosynaptic 
EPSPs were tested for effects on the two markers of pathology. The protection elicited by 
100 pM CX516 was matched by 1 pM CX672, and by 0.5 pM CX691. Regarding the latter, 
the reduction in spectrin fragments was evident 24 h after the insult (-66%, p=0.02), as well as 
at 1-2 h post-insult (-98%, p=0.002; n=6-ll). The most potent drug, CX697, reduced the 
cytoskeletal decay measured 20 h post-insult by 50% at 30 nM (p=O.O28; n=6). These data 
indicate that Ampakines  are neuroprotectant at low concentrations, possibly through the positive 
modulation of signaling events needed for normal cellular junctions (supported by Cortex Pharm.).

900.10
CALPAIN-MEDIATED PROTEOLYSIS OF GLUTAMATE RECEPTORS IN 
EPILEPTIC HIPPOCAMPAL CULTURES: PROTECTIVE NEGATIVE 
FEEDBACK? X. Bi*, J. Chen, and M. Baudry. Neuroscience Program, University of 
Southern California, Los Angeles, CA 90089-2520.

In situ activation of calpains, calcium-activated neutral proteases, in frozen-thawed 
rat brains sections results in a partial proteolysis of GluRl subunits of AMPA 
receptors, and to a smaller extent GluR2/3 subunits. Using antibodies directed 
towards the N-terminal and C-terminal domains of the subunits we demonstrated that 
calpain-mediated cleavage of GluRl subunit occurs in the C-terminal domain, 
resulting in the formation of a new species with a molecular weigh approximately 7 
kDa lighter than the native protein. Calpain treatment of synaptic membranes resulted 
in truncation of not only GluRl subunits, but also NR1 and NR2 subunits of NMDA 
receptors. Furthermore, kainic acid (KA) treatment of organotypic hippocampal 
cultures (OHC) induced calpain-mediated cleavage of GluRl subunits. Antibodies 
against GluR2/3 labeled a doublet band in western blots, and there is evidence that the 
heavier band corresponds to synaptic receptors, while the lighter band might represent 
cytoplasmic receptors. KA treatment of OHC produced a selective decrease in the 
upper band of the GluR2/3 subunits. It also resulted in a decrease in NR2 subunits 
labeled by an antibody raised against the C-terminal domain, and in the appearance of 
NR2 immunopositive fragments with apparent molecular weight of 60 and ~50 kDa. 
Thus, NR2 subunits are cut in the C-terminal domain, possibly between residues 846 
and 847 and 924 and 925 respectively. These changes in GluR2/3 and NR2 subunits 
were significantly reduced when calpain inhibitors, calpeptin or calpain inhibitor I 
(100 pM) were included, indicating a calpain-mediated process. Additional 
experiments showed that incubation of OHC with calpain inhibitors (25 ~ 100 pM) 
for 6 hr significantly increased neuronal damage and potentiated KA-induced toxicity. 
These results suggest that calpain-mediated truncation of AMPA and NMDA 
receptors may protect epileptic tissue through a negative feedback mechanism. 
Supported by Grants from the Human Brain Project and NINDS.
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900.11
AMPA RECEPTOR EXPRESSION AND SELECTIVE VULNERABILITY IN 
CULTURED CEREBELLAR PURKINJE CELLS. Zehui Zhang*, and J.R, Brorson. 
Dept. of Neurology, The University of Chicago, Chicago, IL 60637.

Our previous findings suggested that Purkinje cells in cerebellar cultures are 
selectively vulnerable to toxicity induced by glutamate because they express AMPA 
receptors which desensitize less completely. We have confirmed and extended these 
results in further experiments. In cultures from embryonic day 18 rat cerebella, 
AMPA (30pM) produced delayed cell death in a fraction of the neurons, 
preferentially involving the cerebellar Purkinje cells compared to the other cerebellar 
neurons. This pattern contrasted with the toxicity of the Ca^+ ionophore A-23187 
(5pM), which largely spared the calbindin-containing Purkinje cells, and that of 
50mM K+, which was not selective.

We have sought to correlate this selective vulnerability to AMPA-receptor 
mediated toxicity with the expression pattern of AMPA receptors, by employing 
single-cell polymerase chain reaction to assay the pattern of AMPA receptor subunit 
expression, following whole-cell patch clamp analysis of the functional properties of 
AMPA receptors in these cells. As found previously, the average steady-state whole 
cell current evoked by AMPA, as a fraction of the peak kainate-evoked current, was 
greater in the Purkinje cells, confirming that they express AMPA receptors which 
desensitize to a lesser average degree. In those cells in which single-cell PCR 
successfully produced amplified AMPA receptor subunit DNA, analysis indicated 
expression of GluR2 and lesser amounts of GluRl and GluR3 in Purkinje cells, with 
flip predominating over flop splice variants for GluRl and GluR2.

Supported by NIH grant NS01630, the Schweppe Foundation, and the Brain 
Research Foundation.

900.12
AMPA RECEPTOR BINDING AND FUNCTION IN RAT CEREBRAL CORTEX 
FOLLOWING GLOBAL CEREBRAL ISCHEMIA AND RESUSCITATION. R 
Suchdev, W. Zhao, D. Jones* Depts. Anesthesiology and Pharmacology, Univ 
Texas Health Science Center, San Antonio, TX 78284

Previous studies have demonstrated that the AMPA subtype of glutamate 
receptors plays a role in the pathology resulting from global cerebral ischemia. 
The purpose of this study was to determine whether global cerebral ischemia 
secondary to cardiac arrest can induce changes in the AMPA receptor system 
by measuring in rat cerebral cortex 1) the characteristics of binding of [3H]AMPA 
to the AMPA receptor and, 2) as an index of AMPA receptor function, AMPA- 
stimulated [3H]norepinephrine (NE) release

Cardiac arrest was induced in male Sprague-Dawley rats for 6.5 min. Rats 
were resuscitated and subsequently sacrificed at 1, 6, 24 or 48 hours later. 
Cerebral cortices were removed for [3H]NE release experiments or frozen for 
[3H]AMPA binding assays. AMPA-stimulated [3H]NE release was measured from 
perfused cortical slices preloaded with [3H]NE (0.05 nM).

Single point (50 nM) [3H]AMPA binding (fmole/mg protein ± SEM) was 
significantly increased in the cerebral cortex from the 1 hr post-resuscitation 
group (295 ± 7.2 vs. 335 ±12.1), Scatchard analysis of saturation isotherms for 
[3H]AMPA binding demonstrated a significant increase in Bmax in the 1 hr group 
vs controls (1581 ± 143 vs 2277 ± 146) with no change in KD [3H]AMPA binding 
was not altered in the 24 hr group. AMPA-stimulated [3H]NE release was 
significantly increased at 1 hr following resuscitation, but not at 6, 24 or 48 hours. 
Addition of cyclothiazide to block AMPA receptor desensitization revealed 
reduced desensitization of AMPA-stimulated [3H]NE release at 24 and 48 hrs. 
These findings demonstrate that global cerebral ischemia secondary to cardiac 
arrest can induce both short and longer term changes within the AMPA receptor 
system, which may play a role in mediating ischemia-induced neuronal injury.

900.13
TRANSIENT DEVELOPMENTAL CONDITIONS ENHANCE ARCUATE 
NEURONAL RESPONSIVITY TO MONOSODIUM GLUTAMATE IN THE 
POSTNATAL MOUSE. Paul C. Goldsmith*, John D. Fernstrom and Limin 
Hu, Reproductive Endocrinology Center, Univ. of California, San 
Francisco, San Francisco, CA 94143-0556.

Administration of excessive monosodium glutamate (MSG) to postnatal 
rodents results in selective loss of neurons in the hypothalamic arcuate 
(ARC) nucleus. To investigate this postnatal susceptibility to neuro-
degeneration, we injected 0.1-0.5 mg MSG/gm b.w. s.c. in nursing 7-day- 
old mice, and performed microanatomical analyses of the ARC-median 
eminence (ME) region. Dose-related increases in plasma glutamate (Glu) 
were seen at 15 min after injection. A threshold dose of 0.2 mg MSG/gm 
b.w. (plasma Glu 2.1 mM) initiated nuclear pyknosis and reduced 
cytoplasm at 5 hr post-injection in a few subependymal ARC neurons 
near the lateral recesses of the third ventricle. Numbers of affected 
neurons increased laterally after higher doses of MSG, but remained 
confined to the ventral ARC region. Electron microscopy confirmed 
pyknotic nuclei occurred in apoptotic ARC neurons. Immunostaining 
showed that threshold and higher doses of MSG enhanced NMDAR1 and 
GluR2/4 expression in the ventral ARC region containing tanycytes. In the 
postnatal mouse, neurites continue to invade the ME for the first 3-4 
postnatal weeks, after which MSG sensitivity decreases. The data 
suggest that ARC neuronal vulnerability may be due to temporary 
developmental conditions in the mouse including neuroglial (tanycyte) 
ratios and induction of Glu receptors. Since the human brain is more 
highly differentiated at birth, the data suggest that neonatal humans are 
at relatively low risk of MSG-induced ARC neurotoxicity. Supported by 
Grant 624-6-01106 from the International Glutamate Technical Committee.

900.14
NITRIC OXIDE SYNTHASE INHIBITORS DO NOT ATTENUATE 
DIACYLGLYCEROL OR MONOACYLGLYCEROL LIPASE 
ACTIVITIES IN YOUNG RAT BRAIN SYNAPTONEUROSOMES.
L.A. Horrocks* and A.A. Farooqui. Dept. of Medical Biochemistry, 
The Ohio State University, Columbus, OH 43210.

Synaptoneurosomes, a membrane preparation that contains 
many synaptosomes with attached resealed postsynaptic entities 
(neurosomes), have been used to obtained important information 
on signal transduction. Synaptoneurosomal fractions from 10 day- 
old rat brain contain diacylglycerol and monoacylglycerol lipase 
activities. As found previously in cultured cells, glutamate and its 
analogs stimulate the activities of diacylglycerol and 
monoacylglycerol lipases in a time-and dose-dependent manner.

Stimulation of diacylglycerol and monoacylglycerol lipases by 
glutamate or NMDA can be blocked by APV (competitive 
antagonist) and MK-801 (Noncompetitive antagonist) at 10 pM. 
Nitro L-arginine methyl ester (50-250 pM) and L-methylarginine 
(50-250 pM) have no effect on glutamate-stimulated activities of 
diacylglycerol and monoacylglycerol lipases. This suggests that 
there is no relationship between nitric oxide generation and the 
stimulation of lipases by glutamate and its analogs. In contrast to 
these results with developing rats, synaptoneurosomes from adult 
rat brain do not respond to glutamate or NMDA with lipase 
stimulation. Supported by NIH grants NS-10165 and NS-29441.

900.15
LAMININ AND GLUTAMATE PROMOTE PROLIFERATION IN 
SK-N-SH HUMAN NEUROBLASTOMA CELLS. P.A.A. Grant. L, Fletcher, 
E.M, Abdulla. B.S.Meldrum* & I.C. Campbell. Institute of Psychiatry, London SE5 
8AF, U.K.

SK-N-SH human neuroblastoma cells were used to examine sub-cytotoxic effects 
of glutamate (glu) in the presence of laminin. Cells were cultured in media 
containing 4% v/v foetal bovine serum in wells coated with poly-L-lysine (PLL) 
(5pg/ml) and laminin (2.5, 5, 10, or 15 pg/ml). Control wells were coated with 
PLL alone. After 3 days, the cells were exposed to glu at either 1, 10, 100 or 1000 
pM for 21 hrs. Proliferation and viability were then determined using 3H-thymidine 
incorporation and MTT conversion.

Surprisingly, cells which were 1) plated on PLL and laminin 2) plated on PLL 
and laminin and exposed to glu (lpM-lmM) and 3) plated on PLL alone and 
exposed to glu (lpM-lmM) showed no significant changes in viability or in 
proliferation when compared to controls (n=3). However, significant increases in 
proliferation occurred in cells plated on PLL plus lOpg/ml laminin and exposed to 
lOpM glu and in cells plated on PLL plus 15pg/ml laminin and exposed to IpM and 
lOOpM glu. Similar results were obtained using the nitric oxide generator sodium 
nitroprusside instead of glu.

The results demonstrate that laminin can act in synergy with glu to increase 
proliferation in SK-N-SH neuroblastoma cells. Both laminin1 and glu2 induce 
phosphorylation and activation of focal adhesion kinase (ppl25FAK). Thus, it is 
possible that these results demonstrate either a physiological response to the 
combined neurotrophic actions of laminin and glu or, alternatively, a sub-cytotoxic 
effect of glu which, via its actions on ppl25FAK, is manifest as an increase in 
proliferation when laminin is present.
1) Bozzo et al. (1994) Exp. Cell. Res. 214(1): 313-22 2) Siciliano et al. (1996) J. 
Biol Chem. 271(46): 28942-6. Funded by the MRC and GlaxoWellcome (UK.).

900.16

GLUTAMATE STIMULATES Na-K-Cl COTRANSPORTER IN 
CULTURED HUMAN NEUROBLASTOMA SH-SY5Y CELLS.
D. Sun* Department of Neurological Surgery, Univ. of Wisconsin, 
Sch. of Med., Madison, WI 53792.

Several studies on the neurotoxicity of glutamate suggest that the process 
is dependent on extracellular Na+ and Cf as well as extracellular Ca++. Na- 
K-Cl cotransporters are important in maintenance and regulation of cell 
volume in both epithelial and non-epithelial cells. In present study, Na-K- 
Cl cotransporter (NKCC) was hypothesized to cause neuronal cell swelling 
as a result of Na+ and Cf influx through glutamate-mediated signal 
transduction pathways. NKCC activity' in cultured SH-SY5Y was assessed 
by bumetanide (potent NKCC inhibitor) -sensitive K+ influx in the 
presence and absence of glutamate. Glutamate induced a dose-dependent 
stimulation of NKCC activity. 15 pM glutamate gives rise to a maximum 
response and glutamate causes a sustained stimulation of the cotransporter 
when extracellular medium glutamate increased to 75 pM. Furthermore, 
the glutamate-mediated stimulation of NKCC activity is also time- 
dependent. Finally, the effect of the cotransporter inhibitor bumetanide 
was examined on cell swelling elicited by glutamate. The results showed 
that 25 pM glutamate causes a time-dependent cell swelling which is 
completely inhibited by pretreatment of cells with bumetanide. These data 
imply that glutamate may cause neuronal swelling during ischemia by 
activation of Na-K-Cl cotransporter. Supported by AHA(SDG 
#9630189N).
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901.1
The hallucinogens Phencylidine (PCP) and Ibogaine differ in neurotoxic 
effects produced in cingulate cortex and in cerebellum.
E. O’Hearn* and M.E. Molliver. Depts.of Neuroscience & Neurology 
Johns Hopkins University School of Medicine, Baltimore, MD 21205

Ibogaine, an hallucinogenic indole alkaloid produces neurotoxic effects in 
the cerebellum at doses of 40-100 mg/kg, evidenced by degeneration of 
Purkinje cells aligned in parasagittal bands (O'Hearn & Molliver, 
Neuroscience 55(1993)303). At higher doses of ibogaine (>100 mg/kg), 
evidence of sparse neuronal degeneration is seen in cerebral cortex, especially 
in cingulate cortex where scattered pyramidal cells show induction of HSP70 
and are outlined by processes of activated microglia. Since phencyclidine 
(PCP) has also been shown to cause neuronal degeneration in both cingulate 
cortex and cerebellum (Nakki et al, J. Neurosci 15(1995)2097), we compared 
the effects of PCP with those of ibogaine. PCP (50 mg/kg) produced damage 
to numerous pyramidal cells in cingulate cortex detected by induction of 
HSP70 in these cells and by activation of microglia, and it also caused some 
Purkinje cell degeneration in cerebellum. A comparison of PCP with ibogaine 
toxicity shows that far more cortical neurons are damaged by PCP than by 
ibogaine. However, in cerebellum, ibogaine causes much more Purkinje cell 
degeneration than does PCP. It is not feasible to compare equipotent doses for 
these two drugs due to the reversed neurotoxic potency observed in cingulate 
cortex vs. cerebellum: specifically, PCP consistently produced more extensive 
damage in cingulate cortex than in cerebellum, whereas, neurotoxicity due to 
ibogaine is far more extensive in cerebellum than in cingulate cortex. 
Although both drugs may block the NMDA receptor, the relative, regional 
differences in toxicity produced by the two drugs suggest that their neurotoxic 
effects are likely to differ in mechanism. Moreover, these results, combined 
with the lack of Purkinje cell degeneration due to MK-801, make it unlikely 
that the neurotoxicity of ibogaine in the cerebellum can be simply ascribed to 
its putative effect as an NMDA antagonist.
Support: DA08692; NO 1 DA-3-7301; K20 DA00225 from NIDA, USPHS.

901.2
MK-801 ADMINISTRATION SELECTIVELY DECREASES NMDA 
RECEPTOR BINDING AND SUBUNIT EXPRESSION IN THE RAT 
ENTORHINAL CORTEX
A-M. Linden, J. Vaisanen, M. Hillila*, G. Wong and E. Castren, A.I.Virtanen 
Institute, University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

Non-competitive antagonists of N-methyl-D-aspartate (NMDA) receptors, such 
as MK-801 and phencyclidine protect most neurons from excitotoxicity in 
nervous system injuries. However, antagonists of NMDA receptors paradoxically 
excite and injure certain neurons in the limbic cortex. The aim of this study was 
to investigate the role of NMDA receptors in the neurotoxic effects of MK-801 in 
the rat entorhinal cortex.

The effects of systemic administration of MK-801 on the expression of 
NMDA receptor subunit mRNAs (NR1 and NR2A-D) and binding properties of 
[3H]MK-8O1 in the rat entorhinal cortex were measured using in situ 
hybridization and receptor autoradiography, respectively. Levels of mRNAs for 
NR1 and NR2C subunits were selectively decreased in the entorhinal layers V and 
III, respectively, 4 hours after MK-801 administration. Furthermore, the binding 
of [3H]MK-8O1 was selectively decreased in all entorhinal layers but not in other 
cortical areas after MK-801 treatment. This decreased binding could in part be 
explained by an observed decrease in sensitivity of NMDA receptors to glutamate 
and glycine stimulation.

Changes in NMDA receptor properties and subunit mRNA levels after MK- 
801 treatment were selectively observed in the same brain region where neurons 
are specifically sensitive to MK-801 induced excitation and toxicity. These results 
suggest that subtypes of NMDA receptors may contribute to the sensitivity of 
limbic neurons to the paradoxical neurotoxicity induced by non-competitive 
NMDA receptor antagonists.

This study is supported by the Academy of Finland and Sigrid Juselius 
Foundation.

901.3
CHRONIC PHENCYCLIDINE-INDUCED APOPTOSIS IN RAT OLFACTORY 
TUBERCLE AND PIRIFORM CORTEX: THE EFFECTS OF CLOZAPINE AND 
PENTOBARBITAL. M. Phillips*, C. Wang, G. Leonard, and K.M. Johnson. Dept. 
of Pharmacology and Toxicology, Univ. of Tx Med. Branch, Galveston, TX 77555.

The abuse of PCP in humans is thought to model certain aspects of dementia and 
schizophrenia. As these diseases are chronic in nature and may involve both 
behavioral plasticity and neuronal loss, we tested the hypothesis that chronic 
administration of PCP would produce a behavioral sensitization associated with 
apoptotic cell death. Female rats were treated with saline or 20 mg/kg PCP for five 
days, withdrawn for 72 hr., and placed in locomotor activity chambers. After a 1 
hr. habituation period, they were challenged with 3.2 mg/kg PCP, and locomotor 
activity recorded for 90 min. longer. The rat brains were processed for apoptotic 
DNA fragments using the TUNEL assay. This paradigm produced a robust 
sensitization to PCP challenge that was associated with marked apoptosis in the 
olfactory tubercle and piriform cortex only. Apoptosis was verified by electron 
microscopy, which revealed shrunken cells, condensed nuclei, and nuclear 
fragmentation. Based on previous pharmacological antagonism studies of acute 
PCP toxicity by Olney et al., we tested the hypothesis that pentobarbital or 
clozapine could prevent both the PCP-induced apoptosis and behavioral 
sensitization. Clozapine (10 mg/kg) prevented PCP-induced apoptosis and blunted 
the sensitization. Pentobarbital (20 mg/kg) prevented the increase in TUNEL- 
positive staining, but had no effect on behavioral sensitization. These data suggest 
that there may be some mechanistic similarities between the induction of 
vacuolization in cingulate/retrosplenial cortex after acute PCP and the apoptotic 
cell death in olfactory and piriform cortex observed following chronic PCP. 
However, at this point, it appears that apoptosis in these areas may not be related to 
the development of behavioral sensitization to PCP. Supported by DA 02073 and 
T32 DA 07287.

901.4
COSTIMULATION OF MUSCARINIC AND NON-NMDA 
GLUTAMATE RECEPTORS REPRODUCES NMDA 
ANTAGONIST NEUROTOXICITY N.B. Farber*, S.H. Kim and 
J.W. Olney. Dept. Psychiatry, Washington Univ., St. Louis, MO 63110

Antagonists of the NMDA glutamate (Glu) receptor, including 
phencyclidine (PCP) and MK-801, injure neurons in the posterior 
cingulate/retrosplenial cortex (PC/RSC) when administered 
systemically to adult rats. The neurotoxic action of NMDA 
antagonists (NA) is mediated by a complex disinhibition mechanism in 
which NA abolish GABAergic inhibition, resulting in excessive 
release of acetylcholine at muscarinic receptors on PC/RSC neurons 
(see SH Kim et al., NS Abstr, 1997). Muscarinic antagonists injected 
systemically or directly into the PC/RSC block the neurotoxic effect. 
To determine whether excessive activation of muscarinic receptors is 
sufficient to cause PC/RSC neuronal injury, we injected carbachol, a 
muscarinic agonist, into PC/RSC; over a wide dose range carbachol 
did not reproduce the neurotoxic reaction. Because other evidence 
suggests that the NA disinhibition mechanism also releases excessive 
Glu at non-NMDA receptors on PC/RSC neurons, we microinjected a 
combination of carbachol (5 nmols) and kainic acid (0.1 nmol) directly 
into the PC/RSC. This combination of a muscarinic agonist and non- 
NMDA Glu agonist consistently reproduced the PC/RSC neurotoxic 
reaction (n = 7). Injection of kainic acid alone into PC/RSC did not 
reproduce the neurotoxic reaction. Thus, we conclude that 
simultaneous hyperactivation of both muscarinic and non-NMDA Glu 
receptors on PC/RSC neurons is required for this neurotoxic reaction 
to occur. Supported by AG11355, DA05072, SDAC DA00290 (NBF), and 
RSA MH 38894 (JWO).

901.5
CLONIDINE SUPPRESSES MK801-INDUCED ACETYLCHOLINE 
RELEASE IN RAT POSTERIOR CINGULATE CORTEX: IN VIVO 
MICRODIALYSIS STUDY S.H, Kim, N.B. Farber, M.T, Price* and J.W. 
Olney. Dept. Psychiatry, Washington Univ., St. Louis, MO 63110

Pyramidal neurons in the rat posterior cingulate/retrosplenial (PC/RS) 
cortex are injured by drugs, such as MK-801, that block NMDA glutamate 
receptors. This neurotoxic side effect is mediated by a complex polysynaptic 
mechanism involving an interference in GABAergic inhibition resulting in 
excessive release of acetylcholine (ACh) at muscarinic receptors on PC/RS 
neurons. PC/RS neuronal injury induced by MK-801 is blocked by anti- 
muscarinic drugs or by «2 adrenergic agonists such as clonidine. Using in 
vivo microdialysis, we studied the effect of MK-801 on ACh levels in PC/RS 
cortex of freely-moving rats and tested the ability of clonidine to modulate 
MK-801 effects on PC/RS ACh levels. MK-801 (0.5 mg/kg, s.c) caused a 
rapid 400% rise in ACh which lasted for the duration of the study (3 hrs). 
Pretreatment with clonidine (0.05 mg/kg, s.c) 20 min prior to MK-801 
suppressed the MK-801 effect, limiting the ACh rise to only 200%. 
Clonidine by itself bad no effect on ACh levels. These results signify that 
systemically administered MK-801 promotes release of ACh in the PC/RS 
cortex, an effect that may contribute to the neurotoxicity of MK-801, and 
clonidine suppresses this action of MK-801, which may be the mechanism by 
which clonidine prevents MK-801 neurotoxicity. In separate experiments we 
determined that direct infusion of MK-801 into PC/RS does not stimulate 
ACh release. Therefore, the locus of action of MK-801 is most likely at 
NMDA receptors on GABAergic neurons in the basal forebrain where these 
GABAergic neurons regulate the activity of ACh neurons that project to 
PC/RS cortex. Supported by AG31355, DA05072, SDAC DA00290 (NBF), 
and RSA MH 38894 (JWO).

901.6
CLONIDINE POTENTIATES THE NEUROPATHIC PAIN 
RELIEVING ACTION OF MK-801 WHILE PREVENTING ITS 
NEUROTOXIC AND HYPERACTIVITY SIDE EFFECTS J.W. 
Olney*, D.F. Wozniak, A. Nardi, S. Powell and V. Jevtovic-Todorovic.
Depts Anesthesiol. & Psychiat., Washington Univ., St. Louis, MO, 63110. 

NMDA glutamate receptor antagonists can alleviate neuropathic pain
in adult rats, but at certain doses they induce side effects, including 
hyperactivity and neurotoxic injury of cerebrocortical neurons. For 
example, in adult female rats the powerful NMDA antagonist, MK-801, 
induces hyperactivity starting at 0.05 mg/kg sc and neurotoxicity at 0.1 
mg/kg sc. Recently we showed that MK-801 (0.05 mg/kg sc) provides 
transient relief of neuropathic pain. Lower doses did not induce 
hyperactivity but also did not relieve neuropathic pain. We have also 
shown that the a-2 adrenergic agonist, clonidine, at 0.05 mg/kg sc 
prevents MK-801 neurotoxicity and when this dose of clonidine is 
administered with MK-801 (0.025 mg/kg sc) long lasting total relief 
from neuropathic pain is achieved even though neither drug alone at 
these doses alleviates neuropathic pain. In the present study we 
examined the interaction between clonidine and MK-801 with respect to 
activity levels. We found that clonidine (0.05 mg/kg sc) by itself does 
not induce hyperactivity but it significantly reduces or totally prevents 
the hyperactivy induced by MK-801 at 0.1 mg/kg sc or 0.05 mg/kg sc 
respectively. Therefore, adding clonidine (0.05 mg/kg sc) to a dose of 
MK-801 (0.025 mg/kg sc) that does not cause side effects, markedly 
potentiates the neuropathic pain relieving action of MK-801 while 
ensuring a wide margin of safety against two potential side effects, 
hyperactivity and cerebrocortical neurotoxicity. We postulate that MK- 
801 induces hyperactivity by triggering excessive release of ACh in the 
cingulate cortex, and clonidine counters this by suppressing MK801- 
induced ACh release (see microdialysis study by Kim et al., NS Abstr., 
1997). Supported by AG 11355, DA 05072 and RSA MH38894 (JWO).
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901.7
NITROUS OXIDE: GENERAL ANESTHETIC, NMDA 
ANTAGONIST, NEUROPROTECTANT AND NEUROTOXIN.
V. Jevtovic-Todorovic* and J.W. Olney. Depts of Anesthesiology and 
Psychiatry, Washington Univ, St. Louis, MO., 63110.

NMDA antagonists, including PCP, ketamine and MK801, are 
dissociative anesthetics, neuroprotectants and neurotoxins. Anesthetic 
doses of these agents protect neurons against excitotoxic injury but 
also can cause a distinctive kind of injury to neurons in the posterior 
cingulate/retrosplenial (PC/RS) cortex of the adult rat. Another major 
class of anesthetics - agents that promote GABAa  neurotransmission - 
protect against the PC/RS neurotoxicity of NMDA antagonists. 
Nitrous oxide (N2O), a third class of anesthetic, induces general 
anesthesia by an unknown mechanism having no demonstrated 
relationship to either NMDA or GABAa  receptors. Recently we tested 
the ability of N2O to prevent the PC/RS neurotoxicity of MK801 and 
found that at concentrations up to 70% it did not influence MK801 
neurotoxicity. To provide a more rigorous test, we also administered 
N2O at 150% (under 2 atm pressure with 30% oxygen) and found to 
our great surprise that N2O, by itself at 150% concentration, florridly 
reproduced the PC/RS neurotoxic reaction, indicating that it might be 
an NMDA. antagonist. We tested this hypothesis by administering 
glutamate (1 mg/g sc) to two groups of infant rats and exposing the 
experimental group to 150% N2O and the control group to room air 
under 2 Atm pressure. Examination of the brains 4 hours later 
revealed a typical glutamate-type lesion in the hypothalamus of the 
control group but no lesions in the N2O group, indicating that NgO 
does indeed block NMDA receptors, and this presumably is a major 
mechanism underlying its general anesthetic properties. Supported by 
AG11355, DA05072, and RSA MH 38894 (JWO),

901.8
PROPOFOL PROTECTS CEREBROCORTICAL NEURONS 
AGAINST THE CELL KILLING ACTION OF MK-801 D.F, 
Wozniak*, V. Jevtovic-Todorovic, S. Powell and J.W. Olney. Depts of 
Anesthesiology and Psychiatry, Washington Univ, St. Louis, MO., 63110.

Drugs that block NMDA glutamate receptors can prevent neuronal 
degeneration in conditions such as stroke and head trauma, but these agents 
have significant neurotoxic side effects. The powerful NMDA antagonist, 
MK-801, at a low dose (0.5 mg/kg ip), reversibly injures neurons in the 
posterior cingulate/retrosplenial (PC/RS) cortex, and at a ten fold higher 
dose, MK-801 kills these neurons. We have shown that drugs that promote 
transmission through GABAa  receptors (barbiturates, benzodiazepines, 
isoflurane, halothane, propofol) protect PC/RS neurons against reversible 
injury, the reason being that inactivation of GABAergic neurons is a 
critical feature of the injury mechanism and these agents restore inhibition. 
Whether GABAergic agents can protect against irreversible as well as 
reversible injury has not been adequately evaluated. Therefore, in the 
present study we tested the ability of propofol to prevent MK-801 from 
killing PC/RS neurons. Adult female rats received MK-801 (5 mg/kg ip) 
alone or together with a bolus dose of propofol (10 mg/kg iv) followed by 
propofol iv infusion at a dose of either 5, 7.5 or 10 mg/kg/hr for 12 hrs. 
Negative control rats received propofol only according to the same dosing 
regimens. The rats were sacrificed 4 days after treatment and brain 
sections were stained by the deOlmos cupric silver method which reliably 
impregnates dead or dying neurons, allowing them to be easily counted. 
Propofol, at the three doses tested (5, 7.5 and 10 mg/kg/hr) provided 
37.5%, 60% and 82.5% protection respectively against the neuron killing 
action of MK-801. These findings suggest that inactivation of GABAergic 
neurons is a key feature of the mechanism by which MK-801 injures 
neurons either reversibly or irreversibly, and propofol protects against 
either process by restoring GABAergic inhibition. Supported by AG11355, 
DA05072, and RSA MH 38894 (JWO).

901.9
ULTRASTRUCTURAL EVALUATION OF DISSEMINATED 
LESIONS INDUCED BY MK-801 K. Dikranian*. D.F. Wozniak. M.J. 
Ishimaru, M.T. Price, A. Nardi and J.W. Olney. Dept. Psychiatry, 
Washington University School Medicine, St. Louis, MO 63110.

We have shown by light microscopy that the NMDA antagonist, MK-801, 
in high dosage (10 mg/kg ip), kills neurons in the posterior 
cingulate/retrosplenial (PC/RS) cortex and in several other regions of the 
adult rat brain, including the piriform cortex/olfactory tubercle (PirC/OT) 
area and entorhinal cortex (EC). In the present study, the ultrastructural 
characteristics of the cytopathology in these several regions were compared. 
Some of the observed cytopathological changes resembled those that have 
previously been described in PC/RS neurons. For example, a few neurons in 
deep layers of EC were found at either 4 or 24 hrs to have intracytoplasmic 
vacuoles formed by dilatation of endoplasmic reticulum. In a superficial 
subpial zone of the medial EC there were excitotoxic-type changes consisting 
of massively swollen dendrites which were largely devoid of organelles or 
cytoskeletal elements, but sometimes were in synaptic contact with intact and 
normal appearing presynaptic axon terminals. In the PirC/OT area some 
degenerating neurons showed cytopathological changes distinctly different 
from those we have previously observed in PC/RS neurons. These 
degenerating neurons displayed large spherical balls of clumped nuclear 
chromatin and a uniformly electrondense cell body which are features 
characteristic of an apoptotic cell death process. However, other changes 
typically associated with apoptosis were not detected such as fragmentation 
of the nuclear membrane and comingling of nucleoplasmic and cytoplasmic 
elements. We conclude that a single high dose of MK-801 induces 
neurodegenerative changes not only in the PC/RS cortex but in several other 
corticolimbic brain regions, and that the cytopathological changes in these 
other regions have features that resemble and some that are distinctly 
different from those observed in the PC/RS cortex. Supported by AG11355, 
DA05072, and RSA MH 38894 (JWO).

901.10
RESIDUAL MOTOR EFFECTS OF SUBCHRONIC PCP AND MK-801 
IN ADULT RATS. F.M. Scalzo*Dept. of Pediatrics, Univ. of Arkansas for 
Med. Sci. at Arkansas Child. Hosp. Res. Inst., Little Rock, AR 72202.

Our laboratory has been investigating the residual motor effects of 
developmental phencyclidine (PCP) exposure and has identified critical 
periods of early postnatal development for PCP-induced alterations in the 
behavioral response to both PCP and MK-801. In an attempt to determine 
if exposure to PCP or MK-801 results in similar behavioral alterations in 
adults, we investigated the behavioral response to a variety of psychoactive 
agents in adult male and female rats following 14 days exposure to saline, 
7.50 mg/kg PCP, or 0.25-0.50 mg/kg MK-801. Locomotor activity was 
measured at several time points during subchronic exposure and thereafter 
using a variety of psychopharmacological challenges. The results show that 
by day seven of subchronic treatment, PCP but not MK-801 had induced 
an enhanced locomotor response compared to day one of subchronic 
dosing; this effect persisted to day 14 of subchronic treatment. 14 days after 
subchronic treatment, a challenge with 0.1 MK-801 resulted in an enhanced 
behavioral response in PCP treated rats and in MK-801 treated males. A
2.5 mg/kg PCP challenge also produced an enhanced locomotor response. 
There was no difference in the behavioral response to 2.5 mg/kg propranolol 
or 2.5 mg/kg scopolamine. PCP and MK-801 treated females exhibited a 
decreased locomotor response to a 2.0 mg/kg clonidine challenge compared 
to controls. There was a trend for PCP treated rats to exhibit an enhanced 
locomotor response to 5.6 mg/kg CGS-19755. The results suggest that 
subchronic PCP or MK-801 exposure in adults results in long-lasting 
alterations in NMDA receptor mediated locomotor activity and that these 
alterations are similar to those observed in adolescent and younger rats 
Supported by NIDA Grant DA-08240.

901.11
CHRONIC IN VIVO ADMINISTRATION OF LOW DOSE MK801 ALTERS CA1 
LOCAL CIRCUIT INHIBITION IN VITRO. H.C.R. Grunze1’2, D. Ruiescu-Balcu , 
H.J.Moller1, D.Rainnie2, R.W. McCarley2, R.W.Greene2. ' Dept. of Psychiatry, 
LMU Munich, D-80336 Munich, 2 Harvard Medical School & VAMC Brockton, 
MA 02401 (SPON: European Neuroscience Association)

Previously we showed that local inhibition in the rat hippocampal CA 1 area 
depends, in part, on intact NMDA receptor function on GABAergic intemeurons. 
Thus, it can be selectively disrupted by NMDA antagonists, e.g. APV, PCP, NAAG 
or MK 801. This mechanism may play a role in PCP psychosis or schizophrenia, 
which has been associated with elevated levels of NAAG. We now examine the 
electrophysiological effects of chronic exposure to NMDA antagonists on the 
maturing brain. A low dose (0.02mg/kg body weight) MK 801 was injected i.p. in 
40d old rats for two weeks (MK 801, n=4; saline controls, n=3). This dose evoked 
no acute neurological or behavioral abnormalities. After a one day wash-out, in vitro 
whole cell patch clamp recordings (n== 9 in each group) were performed from CA 1 
principle neurons. There was no difference in the mean membrane resting potential, 
threshold and overshoot, GABA A reversal potential or response to locally applied 
GABA between the groups. However, local inhibition evoked by alvear stimulation 
was significantly reduced in the MK 801 group (IPSP amplitude - 1.6± 1.3 mV vs. - 
3.7± 1.2 mV in controls, p< 0.025, Mann-Whitney test). These results are consistant 
with the hypothesis of dysfunctional local inhibition on cortical- limbic areas of 
schizophrenics due to a partial blockade of intemeuronal NMDA receptors. 

Supported by DFG grant GR 1264‘/7-1

901.12
INHIBITION OF AN ASTROCYTE GLUTAMATE TRANSPORTER REDUCES 
ISCHEMIA-INDUCED GLUTAMATE RELEASE IN THE STRIATUM.
Y. Seki, P, J. Feustel. H. K, Kimelberg. R, W. Keller, Jr., B. I. Tranmer, C.
Chamiga, A. Chandra, and A. J. Popp*. Departments of Surgery and
Pharmacology/Neuroscience, Albany Medical College, Albany NY 12208 

Significant increases in extracellular excitatory amino acids (EAA) occur during
central nervous system insults such as ischemia and anoxia. The sources of EAA 
release have not been established. We hypothesized that reversal of the glutamate 
transporter expressed primarily on astrocytes (GLT-1) contributes to EAA release. 
Microdialysis probes were implanted bilaterally into the striatum of halothane- 
anesthetized rats. Dihydrokainate (DHK, ImM) was administered via the dialysis 
tubing on one side to block the GLT-1 transporter. EAA levels were measured 
before, during and after forebrain ischemia induced for 30 min by bilateral carotid 
occlusion and hypotension (arterial pressure = 50 mmHg by blood withdrawal). 
Five-minute dialysate samples were collected and dialysate concentrations of 
glutamate (GLU), aspartate (ASP), and glutamine (GLN) were determined by HPLC. 
Blood flow was monitored by hydrogen clearance. During ischemia, GLU and ASP 
increased more slowly and to significantly lower levels in the presence of DHK 
(7.6+1.2 (SEM) vs. 15.9±3.0 pm/pl for GLU and 1.3±0.2 vs 2.7±0.4 pm/pl for ASP, 
n=l 1, p<0.05 by ANOVA). During ischemia, GLN decreased and this decrease was 
greater in the presence of DHK. Striatal blood flow was reduced from 89±9 to 8±1 
ml/min/lOOg during ischemia and was unaffected by the presence of DHK. With 
reperfusion, blood flow, GLU and ASP returned to baseline values. Since DHK is an 
inhibitor of the glutamate transporter expressed primarily by astrocytes (GLT-1), 
these results suggest that astrocytes contribute to ischemia-induced EAA release by 
the mechanism of reversal of the transporter.

(Supported by NIH NS35205 and Mizuho America Inc.)
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901.13
ONTOGENY OF EXCITATORY AMINO ACID RELEASE FROM 
HIPPOCAMPAL SLICES. Hiroshi Katsumori1’2*. Roger A, Baldwin1, 
Claude G. Wasterlain1,2. ’Epilepsy Research Laboratory, VA Medical Center, 
Sepulveda, CA 91343 department of Neurology, UCLA School of Medicine, 
Los Angeles, CA 90024.

Excitotoxic injuries, seem to occur in areas of the immature brain where 
presynaptic terminals are not yet functional, raising questions about the role 
of excitatory amino acids (EAA) and/or their source. We studied the ontogeny 
of EAA release in hippocampal slices, using KC1 (50 mM) depolarization to 
release EAA in P7, P14-15 and adult (>P60) Wistar rats. EAA release was 
examined by measuring the amount of amino acid in the extracellular medium 
by HPLC analysis. Ca2+-dependent glutamate release was undetectable at P7 
(n=6) and 3 fold higher in adult than that at P15. Ca2+-independent EAA 
release in Ca2+-ffee media, however, did not change significantly with age. At 
P14 (n=7) EAA release in Ca2+-ffee media was 64 % blocked by L-trans- 
PDC, a selective inhibitor of Na+-dependent glutamate transporter, but in 
adults (n=7) L-trans-PDC had no significant effect. These data suggest that, 
in the immature brain, depolarization-induced EAA release is predominantly 
nonvesicular and that a significant portion of it involves reverse transport of 
glutamate from the cytoplasm due to an intracellular accumulation of Na+, 
while in the adult brain most EAA release is Ca2+-dependent, probably from 
vesicular stores. This EAA release through the Na+-glutamate exchange may 
play a role in excitotoxic injury in developing brain. (Supported by Research 
grant NS 13515 from NINDS and VHA Research Service)

901.14
HYPOTHERMIC CIRCULATORY ARREST INCREASES INTRACEREBRAL 
LEVELS OF EXCITATORY AMINO ACIDS AND NITRIC OXIDE. E. E.
Tseng, M. V. Brock, C. C. Kwon, S. A. Wallace, M. Annadata, M. S. Lange, M. E. 
Blue, C. J. Lowenstein, W. A. Baumgartner, M. V. Johnston?* Johns Hopkins Medical 
Institutions and Kennedy-Krieger Institute, Baltimore, MD 21287.

Purpose: Prolonged hypothermic circulatory arrest (HCA) results in neurologic 
injury. However, the mechanism of this injury is unknown. This study was undertaken 
to quantitatively measure intracerebral levels of excitatory amino acids (EAA) and 
citrulline, an equal co-product of nitric oxide (NO), during HCA. We hypothesized 
that HCA->TEAA->TCa2+->TNO+Tcitrulline.

Methods: Eight dogs underwent microdialysis in the striatu m. Effluent was 
analyzed by HPLC-EC. Dogs were cooled to 18°C on CPB, arrested for 2 hrs, and 
sacrificed 8 and 20 hrs after HCA.

Results: EAA peak levels in each of 4 time periods were compared to baseline (*, 
p<0.05).
pM Baseline HCA CPB 2-8 hrs ICU 8-20 hrs ICU
Aspartate 0.6 ±0.3 3.4 ±2.7* 2.2 ±2.1 1.4 ±0.9 2.8 ± 1.3*
Glutamate 2.9 ±2.0 11.9 ±8.2* 7.9 ±3.7* 7.6 ±4.7* 14.5 ± 13.3
Glutamine 39.9 ±31.4 46.2 ± 48.0 36.1 ±25.2 39.8 ±27.3 11.6 ± 18.6
Glycine 9.97 ± 10.0 21.3 ± 16.9 30.1 ± 16.8* 25.2 ± 13.1* 29.8 ±26.8
Arginine 5.0 ±3.6 5.4 ±4.4 6.1 ±3.1 6.5 ±3.0 1.7 ± 1.6
Citrulline 1.1 ±0.8 1.9 ±0.5 2.5 ± 0.97* 3.7 ±2.4* 7.99 ± 8.2

Conclusions: Our results provide the first direct evidence that HCA causes 
intracerebral glutamate and aspartate to increase until 20 hrs post-HCA, along with co-
agonist glycine. We conclude that HCA causes glutamate excitotoxicity with 
subsequent NO production in a continued and delayed fashion. Strategies to reduce 
excitotoxicity will require intervention beyond the initial ischemic insult to provide 
effective cerebral protection. Supported by NIH grant 2RO1NS31238-05.

901.15
NON-VESICULAR RELEASE OF EXCITATORY AMINO 
ACIDS FROM NEURONS B.A. Stein*, K. Farrell, J.K. 
Guenza, and R.A. Swanson Dept. of Neurology, Univ. of 
California and VAMC, San Francisco, CA 94121.

Non-vesicular release of glutamate and D-aspartate was 
assessed in pure neuronal cultures (> 97%) from mouse cortex 
under conditions of energy compromise and elevated medium 
[K*]. Since D-aspartate is not packaged in synaptic vesicles, 
release of pre-loaded D-aspartate identifies non-vesicular 
efflux. Medium D-aspartate concentrations increased by 150% 
in 20mM K+ and by 600% in 60mM K+. These increases were 
markedly attenuated in the presence of 5mM SITS, suggesting 
release through an anion channel. Medium D-aspartate levels 
increased 700% during chemical hypoxia (azide) and 1000% 
during combined oxidative and glycolytic blockade (azide + 
fluoride). SITS had no effect on efflux during energy 
compromise. Similar results were obtained by measuring 
glutamate accumulation in the medium with synaptic release 
blocked with TTX. These results show that neurons can exhibit 
a large non-vesicular efflux of EAAs. This efflux occurs at 
lower K+ concentrations and less severe energy compromise 
than is required for non-vesicular release from astrocytes. 
Supported by NIH RO1 NS31914

901.16
IONOTROPIC GLUTAMATE RECEPTOR AGONISTS EVOKE TAURINE 
RELEASE IN THE DEVELOPING AND AGEING HIPPOCAMPUS.
P. Saransaari* and S.S. Oja, Tampere Brain Research Center, University of 
Tampere Medical School, Box 607, FIN-33101 Tampere, Finland.

The inhibitory amino acid taurine has been held to function as a modulator and 
osmoregulator in the brain, its functions being of particular importance in the 
immature brain. The release of preloaded [3H]taurine was studied in hippocampal 
slices from developing (7-day-old), adult (3-month-old) and ageing (from 6- to 24- 
month-old) mice using a superfusion system, special attention being focused on the 
effects of agonists of ionotropic glutamate receptors. N-Methyl-D-aspartate 
(NMDA), kainate and 2-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
(AMPA) enhanced taurine release concentration-dependently, the stimulations being 
markedly greater in the immature than in the adult and ageing hippocampus. 
NMDA was the most potent agonist at each age. The effect of kainate was blocked 
by 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) in the developing and aged 
hippocampus, whereas the potentiations by AMPA and NMDA were abolished by 
their respective antagonists, 6-nitro-7-sulphamoylbenzo[f]quinoxaline-2,3-dione 
(NBQX) and dizocilpine (MK-801) at every age studied. The NMDA-evoked 
release was enhanced in Mg2*- and Ca2^ -free media. The NMDA and AMPA 
receptors are thus involved in taurine release during the whole life-span of mice, 
whereas the kainate-receptor-mediated release does not appear to function in adults. 
The release of taurine evoked by ionotropic glutamate receptors could act 
neuroprotectively, counteracting by several mechanisms the potentially harmful 
effects of excitatory amino acids released in excess. The substantial release of 
taurine in the immature hippocampus might be particularly significant in view of 
the vulnerability of brain tissue to excitotoxicity at early age.

901.17
CORTICAL AMINO ACID NEUROTRANSMITTER LEVELS IN 
FREELY-MOVING RATS AFTER FOCAL ISCHAEMIA. S.L, Smith1. 
K.F, Martin2. D.J. Heal2* and N.J, Rothwell1.1 School of Biological Sciences, 
University of Manchester M13 9PT, U.K. and 2Knoll Pharmaceuticals 
Research and Development, Nottingham NGt 1GF, U.K.

Cortical amino acid neurotransmitter release was determined after 
permanent middle cerebral artery (MCA) occlusion in rats. Microdialysis 
probes (2mm; Hospal membrane) were implanted into the cortex 
(mm; AP +1.6, L -5.5, V -6.0, jawbar set at -3.3) and rats were allowed to 
recover for at least 20 h. Halothane-anaesthetised rats were subjected to 
MCA occlusion below the rhinal fissure. Sham-operated animals were 
electrocauterised on the cortex next to the MCA. Ten min fractions were 
collected for 4 h from freely-moving animals and analysed for aspartate, 
glutamate and glycine by HPLC with electrochemical detection.

Results showed large, sharply delineated increases of all 
neurotransmitters at irregular intervals after MCA occlusion. These 
ischemia-induced changes resembled spreading depression-like 
depolarisations believed to arise in the core of the lesion and to spread into 
penumbral tissue. Ischaemic cell damage was present in the parietal and 
insular areas of the cortex 4 h after MCA occlusion. Sham-operated rats 
showed irregular spreading depression involving only glutamate and glycine; 
however, no tissue damage was present.

These results indicate that MCA occlusion models of cerebral ischaemia 
are complicated by cortical spreading depression which is found in 
sham-operated rats. Intermittent, high cortical levels of glutamate and glycine 
per se do not cause tissue injury, whereas elevated concentrations in brain 
tissue with depleted energy stores may contribute to cell damage after MCA 
occlusion. Increased levels of aspartate in the MCA-occluded group may 
implicate this amino acid in the mediation of cell injury during ischaemia.

Funded by Knoll Pharmaceuticals Research and Development.

901.18
EFFLUX OF GLUTATHIONE AFTER NMDA-RECEPTOR 
STIMULATION IN VITRO. Revesjo C.. Sandberg M,* Inst, 
of Anatomy and Cellbiology, Univ. of Goteborg, S-41390 
Goteborg, SWEDEN and Weber S.G. Dept. of Chem., Univ. 
of Pittsburgh, PA 152 60, USA

NMDA evoked efflux of amino acids and glutathione 
was studied from incubated rat hippocampal slices. 
Determination of amino acids and glutathione was 
performed by reversed phase HPLC of OPA-derivatives and 
fluorescence detection. NMDA (100 pM, 8 min) selectively 
and calcium dependently increase a delayed net efflux of 
glutathione, taurine and phosphoethanolamine. 
Hypoosmotic media evoked efflux of glutathione, 
glutamate and taurine. NMDA but not hypoosmotic 
stimulated efflux of glutathione correlated with taurin 
efflux, indicating that the glutathione efflux is not 
caused by cell swelling. Glutathione efflux is not caused 
by a direct effect of NMDA on y-glutamyl transpeptidase 
since preincubation with acivicin, an enzyme blocker of 
y-glutamyl transpeptidase, had no effect on NMDA- 
stimulated glutathione efflux.
Supported by Swedish NAt. Sci. Res. Council (1905-310) and 
NIH grant #GM4482
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901.19
GP120 ELEVATES EXTRACELLULAR GLUTAMATE IN ASTROCYTE 
CULTURES BY COMBINED INDUCTION OF RELEASE AND INHIBITION 
OF UPTAKE P. Bezzi, S, Vesce, D. Rossi, B, Lodi Rizzini, P. PodiniL J. 
Meldolesi+ and A, Volterra* Inst, Pharmacol. Sci., Univ. Milan and +DIBIT, 1st. 
Sci. S. Raffaele, Milan, 20133 Italy
The HIV-1 coat protein gpl20 is neurotoxic in vitro and may participate to AIDS- 
associated neuronal injury in vivo. gpl20 neurotoxicity is mostly indirect, via an 
excitotoxic mechanism requiring glia. A proposed mechanism is inhibition of 
astrocyte glutamate (Glu) uptake by microglia-released arachidonate (Dreyer & 
Lipton, Eur. J.Neurosci.7:2502,1995). By using cultured cortical astrocytes («97% 
GFAP-positive cells), we confirm that incubation with gpl20 (200 pM, 1 h) slightly 
inhibits (-15±3% n-3) 3H-Glu uptake. In parallel, we measured extracellular Glu 
([Glu]0) in the astrocyte medium by use of a fluorometric assay: gpl20 elevated 
[Glu]0 substantially ( + 80±6% n=8), while equimolar boiled gpl20 had no effect. 
To test whether uptake inhibition accounts for increased [Glu]o, cultures were 
incubated with the non transportable uptake blocker dihydrokainate (DHK, 2 mM, 
lh). DHK inhibited uptake by 30±2 %, but enhanced [Glu]0 by only 11 ± 1 % (n-'■<&)• 
Therefore, gpl20 acts via additional mechanisms, e.g. Glu release. This possibility 
was tested by monitoring unidirectional Glu efflux from the cultures in continuous. 
Indeed gpl20, but not the boiled protein or DHK, induced slow but consistent Glu 
release, lasting «70 min (0.8±0.Q7 nmol/mg prot n=7). Overnight incubation of 
cultures with L-leucine methyl ester (7.5 mM) selectively depleted microglia, as 
confirmed by loss of isolectin B4 staining. In this situation, gpl20 still increased 
[Glu]0, but toa lower extent (4-44±6% n=9). In conclusion: (a) gpl20 significantly 
elevates [Glu]o of astrocyte cultures;(b)induction of Glu release is involved in additon 
to uptake inhibition; (c) microglia plays a role in the action of gpl20. Our data may 
help to understand the mechanisms underlying gpl20 and HIV-1 neurotoxicity. 
Support: grants EC Biomed2 BMH4-CT95-571 to A. V.; I.S.S. Italy 9403-72 toJ.M.
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902.1
EFFECTS OF NITRIC OXIDE ON GLUTAMATE AND GABA RELEASE 
BY RAT HIPPOCAMPAL SYNAPTOSOMES. C.M. Carvalho , S.M. 
Sequeira and A.P. Carvalho* Center for Neuroscience of Coimbra, Dep. 
Zoology and Fac. Medicine, Univ. Coimbra, 3000 Coimbra, Portugal.

We studied the effects of nitric oxide (NO) on the Ca2+-dependent and on the 
basal release of glutamate and GABA in rat hippocampal synaptosomes. We 
determined that the NO donor hydroxylamine inhibited the Ca2+-dependent 
release of glutamate or GABA, induced by stimulation with 4-aminopyridine or 
KC1, respectively, in a dose-dependent manner, so that, at ImM of 
hydroxylamine, the Ca2+-dependent release of glutamate was abolished and that 
of GABA was reduced by about 75%. However, the basal release of both amino 
acids was strongly stimulated by high concentrations of the NO donor. 
Inhibition of the GABA carrier with NNC-711 blocked the effect of 
hydroxylamine on increasing the basal release of GABA, showing that it was 
occuring through the carrier. Similar evidence was obtained for the effects on 
the basal release of glutamate by pre-loading the synaptosomes with the 
glutamate carrier inhibitor E-trans- 2,4-PDC. Furthermore, stimulation of the 
endogenous NO synthase activity with L-arginine also inhibited the Ca2+- 
dependent and increased the basal release of the amino acids, suggesting that the 
endogenous production of NO in the nerve terminals is effective in modulating 
the amino acid release in the hippocampus. In parallel experiments we 
observed a decrease by hydroxylamine of the ATP/ADP ratio of the 
synaptosomes, and it is likely that NO both inhibits the exocytotic release of 
the amino acids and increases the cytosolic amino acid content, thus 
contributing to the increased exit through the reversal of the carrier.
(Supported by JNICT and PRAXIS XXI, Portugal).

902.2
INHIBITORY EFFECT OF N-ACETYLASPARTYLGLUTAMATE 
(NAAG) ON INTRACELLULAR Ca2+ CONCENTRATIONS IN 
CULTURED NEURONAL CELLS. S. E. Sullivan1, A. Surin2, B. 
Wroblewska1, J. T. Wroblewski2, J.H. Neale1*, Departments of Biology1 
and Pharmacology2, Georgetown University, Washington DC.

N-acetylaspartylglutamate is the most prevalent and widely 
distributed neuropeptide in the mammalian central nervous system. 
Immunohistochemical data indicate that the peptide is present in broad 
spectrum of neuronal populations, and colocalized with several 
neurotransmitters. These colocalization data suggest an autoregulatory 
role of NAAG in synaptic communication. We previously demonstrated 
that the peptide is a low potency agonist at NMDA receptors and recently 
we have shown that NAAG activates selectively the group II metabotropic 
glutamate receptor - mGluR3 (Wroblewska et al., 1997) both in cultured 
neuronal and glial cells and in mammalian cells expressing cloned 
receptors. To determine the physiological role of NAAG at mGluRS 
receptors, we studied the effects of NAAG on the changes in the 
intracellular calcium levels in mouse neurons in culture using calcium 
imaging. Potassium-stimulated intracellular calcium increases were 
partially nifedipine-sensitive (about 50 % inhibition). NAAG had an 
inhibitory effect on intracellular calcium levels stimulated with depolarizing 
potassium concentrations. This inhibitory effect of NAAG was about 40-50 
% of the potassium-evoked calcium increases. Similar effects have been 
observed with increasing concentrations of trans-ACPD. These data are 
consistent with NAAG’s inhibition of voltage-dependent Ca2+ currents in 
amphibian olfactory neurons (Bischofberger and Schield, 1996) and 
support the hypothesis that NAAG activates autoreceptors to modulate 
synaptic neurotransmitter release.
(Supported by NIH grants NS28130 and NS01720)

902.3
MEASUREMENT OF BRAIN LEVELS OF KYNA AFTER NEUROPROTECTIVE 
DOSES IN THE GERBIL MODEL OF GLOBAL ISCHEMIA. P, Salvati* C. Speciale, 
M. Cini. M. Marconi, L. Pho, B. Rosa. R Ferrario. C. Post. Pharmacia & Upjohn, 
CNS Research, Nerviano, (MI), 1-20014, Italy.

Kynurenic acid (KYNA) is a kynurenine metabolite and a broad spectrum 
excitatory amino acid antagonist, that has been shown to be neuroprotective in 
models of cerebral ischemia, when administered exogenously. However, the actual 
concentration required in the CNS to evoke significant neuroprotection has never 
been assessed. The purpose of this study was to address this question in the gerbil 
model of forebrain ischemia. KYNA (400-1200 mg/kg) and vehicle were 
administered ip 15 min before 5 min bilateral carotid occlusion (n=18 per group). 
Seven days after reperfusion, ischemia-induced hippocampal nerve cell loss (95% 
in vehicle-treated) was significantly lower in KYNA treated gerbils (65% and 52% 
at 1000 and 1200 mg/Kg, respectively, P<0.01). Brain KYNA concentrations were 
measured in separate groups of transcardially-perfused gerbils. In animals treated 
with 1000 mg/kg these values were dramatically elevated (peak values 135.9 and
42.3 pM in CSF and whole brain, vs 0.032 and 0.16 pM in controls, at 15 min after 
ischemia). Cerebral concentrations of KYNA tended to return to basal values 2 
hours after reperfiision.
In conclusion, our experiments show that KYNA has a marked neuroprotective 
effect in a model of forebrain ischemia. This activity is associated with KYNA 
concentrations in the brain and CSF that are compatible with the in vitro affinity of 
the compound for ionotropic glutamate receptors. The results of the present study 
support the concept that changes in the kynurenine pathway metabolism favoring 
the formation of KYNA at the site of injury, (see Schwarcz R. al., this meeting), 
might provide a novel therapeutic approach to neuroprotection.

902.4
MODULATION IN THE EXPRESSION OF NEOSTRIATAL 
GLUTAMATE RECEPTORS BY THE MESENCEPHALIC 
DOPAMINE PATHWAY VIA THE Di SUBTYPE.
Rodnguez-tortas_Rafaell^Henera-Marsdiitz_MarLo2 and Hokfelf 
Tomasl. Dept. of Neuroscience,1 and Dept. Physiology-Pharmacology2, 
Karolinska Institute; Stockholm, Sweden.

The expression of the glutamate ionotropic receptor subtypes NR1, 
NMDA2A and NMDA2B, and the metabotropic mgluRl, mgluR3, 
mgluR4 and mgluR5, was analysed in neostriatum and frontal cortex in 
unilaterally 6-hydroxydopamine lesioned rats .

A significant increase in the mgluR3 and mgluR4 expression was 
observed in striatum as a consequence of the lesion. Treatment with the 
dopamine DI agonist SKF 38393 resulted in a decrease in the NMDAR1, 
mgluRl, mgluR3 and mgluRS expression, that was recovered to control 
levels by the DI antagonist SCH 23390.

These results suggest differential roles of the gluR subtypes in 
neuronal plasticity and neurotoxicity mechanisms, and also in the 
control of the striatal and cortical excitability mediated by dopamine. 
(Supported by Swedish MRC-2887.8669, Marianne and Marcus Wallenbergs 
Stiftelse,. R.R-P is a recipient of a "Spanish Ministry of Education" 
postdoctoral fellowship.)
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902.5
PHARMACOLOGICAL CHARACTERIZATION OF A NOVEL PHOSPHOINOSITIDE 
HYDROLYSIS-COUPLED EXCITATORY AMINO ACID RECEPTOR.
D.S- Chung* and P.J. Conn. Department of Pharmacology and M.D./Ph.D. Program. 
Emory University School of Medicine, Atlanta, GA 30322.

Of the eight metabotropic glutamate receptor (mGluR) subtypes which have been 
cloned to date, only group I mGluRs (mGluRl and 5) are thought to be coupled to 
phosphoinositide (PI) hydrolysis in rat brain slices, and both are activated by the 
compound 1S,3R-ACPD. Previously, we provided evidence that the glutamate analogs 
4-bromohomoibotenic acid (BrHI) and 4-methylhomoibotenic acid (MHI) activate a 
lS,3R-ACPD-insensitive PI hydrolysis-coupled mGluR in rat cortical slices. Further, 
through studies in expression systems, we found that MHI may be more selective than 
BrHI in the activation of this novel receptor. We now further characterize the 
pharmacology of the PI hydrolysis response to MHI and find that, in both rat cortical and 
hippocampal slices, the PI hydrolysis response to MHI is completely additive with a 
maximal PI hydrolysis response to the selective group I mGluR agonist, 
dihydroxyphenylglycine (DHPG). In addition, we have investigated the effects of a 
number of putative mGluR antagonists, including various phenylglycine derivatives, on 
the PI hydrolysis response to DHPG and MHI. Most of these compounds were without 
effect on the PI hydrolysis response to DHPG or MHI in rat brain slices. However, as 
expected, ImM MCPG partially inhibited the PI hydrolysis response to DHPG (p=0.05, 
1 tailed t-test). In contrast, MCPG had no significant effect on the PI hydrolysis response 
to MHI (p=0.20, 1 tailed t-test). In addition, the novel mGluR antagonist LY341495 
blocked mGluRl and 5 activation in expression systems and completely blocked the PI 
response to DHPG in slices (16^=36.9pM). However, LY341495, up to 1 mM, had no 
effect on the PI hydrolysis response to MHI (p=0.47,1 tailed t-test). Finally, antagonists 
of the PI hydrolysis response to a variety of other neurotransmitters were found to be 
ineffective at blocking the PI hydrolysis response to MHI. Therefore, we provide 
evidence that the PI hydrolysis response to MHI in rat brain slices is distinct from the PI 
hydrolysis response to DHPG and is likely to be mediated by an as of yet uncloned 
mGluR. Funded by NIH grants NS-31373 and MH-10940.

902.6
INTRATHECAL MAGNESIUM SULPHATE AMELIORATES SPINAL AMINO 
ACID RELEASE AND BEHAVIORAL EFFECT AFTER SPINAL KAINIC ACID 
INJECTION. 1L.C.Yang*, 2Martin Marsala, 2Tony L.Yaksh 'Dept. cf 
Anesthesiology, Chang Gung Memorial Hospital,123, Taiwan, 2Anesthesiology 
Res. Lab., Univ. of California, San Diego, CA 92093-0818.

Current work has shown that spinal excitatory amino acid receptor activation can 
evoke physiological phenomena that may be mediated by the subsequent 
depolarization of glutamate-containing neurons and that such an effect can be 
modulated by systemic or spinal delivery of magnesium sulphate (MS). To 
investigate this phenomena, rats were implanted with lumbar intrathecal (IT) loop 
dialysis catheters and an additional PE-5 catheter for drug delivery [1]. Two days 
after implantation kainic acid (KA, lgg) was injected IT under light (0.5%) halothane 
anesthesia and the spinal release of amino acids was measured by using HPLC and 
UV detection. In treatment groups incrementally increased doses of MS (1,10,100 or 
500 gg) were injected IT 15 min prior to kainic acid injection. Resting 
concentrations (pmol/25gl) of glutamate (82), aspartate (12), serine (428), glycine 
(557) were measured. In control animals IT KA produced significant signs of arousal 
in the rat and evoked a significant increase (mean ± S.E.M. of % baseline 
concentration) in aspartate (470±140%) and glutamate (244±41 %). Pretreatment with 
MS provided significant suppression of amino acid release otherwise measured after 
kainic acid injection in control animals with the maximum effect observed after 
pretreatment with 500pg of MS (aspartate: 470% vs. 210%; glutamate 244% vs. 
155% of baseline concentration). Corresponding with suppression of excitatory amino 
acid release amelioration of behavioral effect evoked by kainic acid injection was 
observed. These data suggest that activation of spinal kainic acid receptor provides a 
powerful stimulus for secondary spinal excitatory amino acid release which may result 
in part from a direct activation of non-NMDA receptor and/or from secondary 
activation of NMDA receptor. Consistent with this hypothesis intrathecal pretreatment 
with magnesium sulphate provided significant suppression of spinal EAAs release and 
correpsonding behavioral effect otherwise measured in control non-treated animals. 1. 
J Neurosci Meih, 1995, 62:43-53. Work supported by NIH (NS32794).

902.7
ROLE OF PROTEIN PHOSPHORYLATION ON ETHANOL'S 
ACTIONS ON NON-NMDA RECEPTORS. C.F. Valenzuela*, 
R.A. Cardoso, 'LL. Weiner, T.V. Dunwiddie and R.A. Harris.
Dept. of Pharmacology and Neurosci. Prog, llniv. of Colorado 
HSC, and VA Medical Ctr., Denver, CO 80262.

We examined ethanol's effects both in Xenopus oocytes and 
HEK293 cells expressing human recombinant glutamate/kainate 
G,uR6 receptors (GIuR6). Ethanol (25-200 mM co-applied with 
agonist) inhibited submaximal kainate currents by 13-42% in 
oocytes and 15-70% in HEK-293 cells. Incubation of oocytes 
with the nonspecific protein kinase inhibitor staurosporine (800 
nM for 4 hrs), increased the ethanol-induced inhibition of GluR6- 
dependent currents by approximately 1.5 to 2-fold. 
Immunoprecipitation of GIuR6 from HEK-293 cells metabolically- 
labeled with 32P-orthophosphate confirmed published findings that 
these receptors are not phosphorylated in these cells under basal 
conditions, and that acute exposure to 200 mM ethanol did not 
change their phosphorylation state. These results suggest that 
dephosphorylated GIuR6 are sensitive to ethanol and that 
phosphorylation may reduce the effect of ethanol on these 
receptors. Similar experiments with GiuR3 are currently in 
progress. Supported by KOI grant AA00227 from NIAAA,

902.8
SYM 2081 IS A HIGHLY SELECTIVE AND POTENT AGONIST AT 
RECOMBINANT KAINATE RECEPTORS. S.D. Donevan*1’2. A. Beg3.
J.M. Gunther3. & R.E, Twyman1,3. Department of Neurology1, Anticonvulsant Drug 
Development Program2, and Program in Human Molecular Biology and Genetics3, 
University of Utah, Salt Lake City, UT 84112.

The methylglutamate analog, (2S,4R)-4-methylglutamate (SYM 2081), has been 
shown to potently displace high affinity [3H]kainate binding to cortical tissue and 
recombinant kainate receptors, while in patch clamp recordings from GluR6 
receptors it inhibits kainate responses at low concentrations and at higher 
concentrations evokes a desensitizing current response (Zhou et al., 1997). In the 
present studies we have used two electrode voltage clamp recordings to compare the 
potency and affinity of SYM 2081 with other AMPA/kainate receptor agonists at 
homomeric kainate and AMPA receptors expressed in Xenopus oocytes. In the 
presence of concanavalin A to reduce desensitization, SYM was a potent agonist at 
homomeric kainate receptors composed of GluR5 and GluR6 subunits, with an EC50 
of 0.12 gM and 0.23 gM, respectively. SYM 2081 was highly selective for kainate 
receptors, the EC50 for activation of AMPA receptors composed of GluRl or GluR3 
subunits was 132 pM and 453 pM, respectively. While domoate was the most potent 
agonist at kainate receptors (EC50-0.06 pM), it was also somewhat active at AMPA 
receptors, particularly those composed of GluRl subunits (EC50-1 gM). Other 
methylglutamate analogs were tested for agonist activity at GluR6 receptors, analogs 
with the methyl group at the 2 or 3 position of glutamate were inactive. Of the four 
stereoisomers of 4-methylglutamate, SYM 2081 was the most potent agonist. The 
(2R,4R)-isomer was 20-fold and the (2S,4S)-isomer roughly 1000-fold less potent 
than SYM 2081. Thus, SYM 2081 is a potent and selective kainate receptor agonist 
and will be useful for evaluating the role of kainate receptors in CNS function and 
disease.
Supported by NIH Grant NO1-NS-4-2311.

902.9
GYKI 52466 MODULATION OF RECOMBINANT KAINATE 

RECEPTORS GluR6 and GluR6:KA-2 EXPRESSED IN HEK 293 
CELLS. J.M. Gunther*, S.D. Donevan, R.E. Twyman. Programs in 
Neuroscience and Human Molecular Biology & Genetics, Depts. of 
Neurology and Pharmacology, University of Utah, SLC, UT 84112.

A recent study demonstrated that GYKI 52466 (GYKI) is a relatively 
selective noncompetitive antagonist of AMPA receptors having little effect 
at kainate receptors composed of GluR6 or GluR6:KA-2 subunits 
(Bleakman et al., 1996). However, these experiments were conducted in 
the presence of concanavalin A (con A) which has recently been shown to 
reduce antagonism of kainate receptors by Evans blue (Price & Raymond. 
1996). We reexamined the effects of GYKI on kainate receptors without 
the confounding effects of con A.

Whole cell voltage clamp recordings were obtained from HEK 293 cells 
transiently transfected with rat GluR6 or GluR6:KA-2 subunits. 
Heteromeric receptor formation was confirmed by measuring AMPA (100 
gM) evoked currents. A rapid perfusion system was used to apply agonist 
and antagonist solutions. Kainate (300 gM) evoked currents were 
measured in the absence and presence of GYKI.

GYKI attenuated currents at the peak and steady state response (0.9 
second of a one second application). GYKI (100 gM) inhibited steady 
state kainate receptor responses of GluR6:KA-2 receptors by 71 ±10 % 
(S.E.M) compared to 14 ± 5 % (S.E.M) for GluR6 receptors. These 
results support the hypothesis that KA-2 confers unique pharmacology to 
heteromeric GluR6:KA-2 receptors and provides evidence that con A 
treated receptors may have altered pharmacology.

Supported by NS31519.

902.10
A9-TETRAHYDROCANNABINOL ACTS AS A PARTIAL AGONIST 
TO INHIBIT GLUTAMATERGIC SYNAPTIC TRANSMISSION 
BETWEEN CULTURED RAT HIPPOCAMPAL NEURONS. M, 
Shen*. S.A. Thayer. Dept. of Pharmacology, Univ. of Minnesota, 
Minneapolis, MN 55455.

Synthetic and endogenous cannabinoid receptor agonists inhibit 
glutamate release from cultured rat hippocampal neurons. Here we 
describe the effect of A9-tetrahydrocannabinol (THC), the principal 
psychoactive ingredient in marijuana, on glutamatergic synaptic 
transmission. Reducing the extracellular Mg2+ concentration ([Mg2+]0) 
to 0.1 mM elicited repetitive increases in intracellular Ca2+ 
concentration ([Ca2+]j spikes) that were recorded with indo-l-based 
microfluorimetry. [Ca2+L spikes required glutamatergic synaptic 
transmission as indicated by pharmacological characterization. THC 
produced concentration-dependent inhibition of [Ca2+h spiking, EC50 
21 nM. The maximal inhibition of [Ca2+L spiking frequency produced by 
THC was only 40%, even at 1 pM, a concentration 50 times the EC50. 
THC (100 11M) reversed the complete block of 0.1 mM [Mg2+]o-induced 
[Ca2+]j spiking produced by the full agonist Win55,212-2 (100 nM), 
similar to the synthetic cannabinoid CP55,940 which also acts as a 
partial agonist in this model system. THC restored the [Ca2+L spiking 
frequency to 36±5% of the control (n=3) in the continued presence of 
Win55,212-2. THC also partially reversed Win55,212-2-induced 
inhibition of CNQX-sensitive excitatory postsynaptic currents. Thus, 
THC is a partial agonist that inhibits but does not block glutamateigic 
synaptic transmission. (Supported by the NIH and the NSF)
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902.11
ORAL CDP-CHOLINE ADMINISTRATION TO RATS INCREASES 
GLUTAMATE AND DECREASES GABA CORTICAL BRAIN LEVELS 
.1. Agiit1, C. Watkins2, T. Maher*3, I.A. Ortiz1 and R.J. Wurtman2

0 Centro de Investigacion Farmaceutica Grupo Ferrer, Barcelona (Spain).
2) Dept. of Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139.
3) Dept. of Pharmacology, Massachusetts College of Pharmacy, Boston MA 02115.

Cytidine 5'-diphosphate choline (CDP-choline), an essential intermediate in the 
phosphatidylcholine (PC) synthesis in brain cell membrane, has proved to produce 
increases in PC and other related phosphoslipid brain levels after exogenous 
administration to rats [Lopez-Coviella I. et al, Journal of Neurochemistry, 65(2), 
889-94, 1995]. We investigated whether doses of CDP-choline, which were able to 
increase cortex PC levels, were capable of changing cortex glutamate and GABA 
levels. Female adult Sprague-Dawley rats were kept on standard conditions (control 
group) or received doses of 175 or 350 mg/kg.day of CDP-choline in the diet for 42 
days, and levels of PC and free aminoacids were determined in brain cortex. In 
agreement with previous results, both treatments increased cortex PC levels by 14.3 
and 13.9%, respectively (p<0.01). Glutamate levels were elevated by 25.9 and 
29.7% in the rats receiving 175 and 350 mg/kg.day, respectively (p<0.05), while 
GABA concentrations were decreased by 22.7 and 27.3% in the rats receiving 175 
and 350 mg/kg.day, respectively (p<0.05). Glutamate/GABA ratio ranged from 9.8 
in the control group to 15.3 in the group receiving CDP-choline 175 mg/kg.day 
(p<0.01) and to 16.6 in the group administered with CDP-choline 350 mg/kg.day 
(p<0.01). These results show that the administration of CDP-choline is able to 
change the relationship between excitatory and inhibitory aminoacids, suggesting that 
this is one of the mechanisms by which CDP-choline exherts its pharmacological 
action.
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903.1
SUBCELLULAR LOCALISATION AND SURFACE 
EXPRESSION OF a-AMINO-3-HYDROXY-5-METHYL-4- 
ISOXAZOLEPROPIONATE RECEPTOR SUBUNITS IN RAT 
NEURONES. K. Archibald, M.J. Perry, E.J, Coan* and J.M. 
Henley Department of Anatomy, University of Bristol, Medical 
School, University Walk, Bristol, BS8 1TD, ENGLAND 
During long-term potentiation (LTP) the increase in synaptic 
efficiency may, at least in part, be due to a redistribution of AMPA 
receptors in the postsynaptic cell from an intracellular pool to the 
plasma membrane. This mechanism may also play a role in the 
activation of silent synapses. Here, we report the intracellular 
localisation and surface expression of AMPA binding sites and 
receptor subunits. Rat cortical tissue was pooled from adult or P2 
rats and subcellular fractions prepared by standard differential 
centrifugation procedures. With the exception of GluRl, Western 
blots of fractions from adult cortex showed more AMPA receptor 
subunit immunoreactivity in the synaptosomal than in microsomal 
fractions whereas in fractions prepared from P2 rat cortex, the 
intensity of staining was more intense in microsomes than in 
synaptosomes. Correspondingly, in adult rat cortex there is more 
pH](S)-fluorowillardiine binding in the synaptosomal fraction than 
in the microsomal fraction but in fractions from P2 rats there is more 
[3H](S)-fluorowillardiine binding in the microsomal than in the 
synaptosomal fraction.
We are grateful to the European Community and the Wellcome Trust 
for financial support.

903.2
CARBOHYDRATE SIDE CHAINS OF THE KAINATE RECEPTOR GLUR6 
CAN REPLACE EACH OTHER IN MEDIATING THE CON A 
POTENTIATION. I. Everts and M, Hollmann*, Glutamate Receptor Laboratory, 
Max-Planck-Institute for Experimental Medicine, D-37075 Gottingen, Germany.

Currents of some glutamate receptors, especially of the kainate receptor subfamily, 
are potentiated after treatment with the lectin Concanavalin A (ConA). A commonly 
suggested mechanism is the inhibition of receptor desensitization, and the 
potentiation can reach factors of up to 4000-fold at GluR6. However, the molecular 
basis of this effect is not yet understood.

Glutamate receptors expressed in N-glycosylation-incompetent (tunicamycin- 
treated) Xenopus oocytes show no ConA potentiation while receptor function is 
generally preserved. This suggests that ConA acts via binding to the carbohydrate 
side chains attached to the N-glycosylation sites of the receptor. Mutagenesis studies 
using GluR6 showed that destruction of any single site out of the 9 N-glycosylation 
sites does not significantly influence the ConA effect. Thus, ConA either binds 
simultaneously to several carbohydrate side chains, or the chains can replace each 
other as ConA binding sites.

To test which of these hypotheses is correct, we constructed mutants at which 8 of 
the 9 N-glycosylation sites are abolished so that these receptors carry only a single 
carbohydrate side chain. Surprisingly, ConA is still able to increase the currents of 
these mutant receptors no matter which of the 9 N-glycosylation sites is left, even 
though the potentiation factors are considerably decreased. Furthermore, the ability 
to be potentiated by ConA of a mutant at which no N-glycosylation site is left can be 
restored by introducing an ectopic site. Thus, our data show that the presence of any 
one carbohydrate side chain is sufficient to mediate the ConA effect at GluR6. These 
results suggest that the prominent ConA potentiation at GluR6 in comparison to 
other GluRs is not due to a unique glycosylation pattern but may rather reflect an 
intrinsic property of the transduction mechanism between agonist binding and 
opening of the ion pore in GluR6.
Supported by the Deutsche Forschungsgemeinschaft, and SFB 406.

903.3
IMMEDIATE EXCITATORY RESPONSES TO INTERLEUKIN-6 
OF NEURONS IN ORGANOTYPIC CEREBELLAR CULTURES.
R. Drake-Baumann*. Neurology Research, VA Medical Center and 
Dept. of Neurology, Oregon Health Sciences University, Portland, OR 
97201.

Interleukin-6 (IL-6), a member of the neuropoietic group of 
cytokines, plays an important role in immune and inflammatory 
responses and neuronal development. IL-6 mRNA and IL-6 
receptors are expressed in neurons and astrocytes in different areas of 
the healthy adult brain including the cerebellum, but the physiological 
role of IL-6 has not yet been defined.

We have used mouse organotypic cerebellar cultures together with 
extracellular and intracellular recordings to examine the acute effects 
of mouse recombinant IL-6 on cerebellar neurons. Local application 
of 100 pM of IL-6 induced an immediate and sustained increase in 
cortical discharges. Intracellular recordings from Purkinje cells 
showed that IL-6 did not have a significant effect on either resting 
membrane potential or input resistance. IL-6 caused an increase in 
synaptic activity impinging on the Purkinje cell. The increased 
synaptic activity was associated with in a substantial increase in firing 
rate. The effects of IL-6 were reversible. Application of 20 ji M 6- 
cyano-7-nitroquinoxaline-2,3-dione (CNQX) blocked the excitatory 
responses to IL-6. Application of y aminobutyric acid (GABA) also 
blocked all excitatory effects of IL-6. These rapid effects of EL-6 on 
neuronal discharge reveal a novel mode of action of neuropoietic 
cytokines. (Supported by the Department of Veterans Affairs and the 
Oregon Health Sciences Foundation.)

903.4
INVESTIGATIONS OF THE ION CHANNEL DOMAINS OF SOME NON-
FUNCTIONAL IONOTROPIC GLUTAMATE RECEPTORS. C.Villmann* and 
M.Hollmann. Glutamate Receptor Laboratory, Hermann-Rein-Str.3, D-37075 
Gottingen, Germany

Among the 16 recombinant ionotropic glutamate receptor subunits identified from 
mammals there are several proteins of unknown ligand specificity and function such as 
the 8 subunits and the chi subunits. Lack of protein expression, inability to bind 
ligand, a dysfunctional ion channel domain, or a defect in translating ligand binding 
into opening of the pore may all be reasons for lack of ion channel function. We 
focused on the ion channel domain because if this domain is defective or non-
functional, no ionic current would be possible even after binding of the proper ligand. 
We used an ion channel domain transplantation strategy, shuttling pore regions 
between the non-functional receptors 81, 82, chil, and GluR7 and the functional 
kainate receptor GluR6. Unfortunately, we could not detect ion channel function for 
chimeras between 81 or 82 and GluR6 (GluR6-P8l, GluR6-P82) or between chil and 
GluR6 (GluR6-Pchil) although the proteins were expressed at the same level as 
wildtype GluR6. Because chil is supposed to interact specifically with NMDA 
receptor subunits we transplanted its ion channel domain into NMDAR 1 (NR1- 
Pchil). This chimera also failed to generate agonist-activated currents, even when 
coexpressed with wildtype NR2B to generate a heteromeric receptor.

The chimera between GluR7 and GluR6 (GluR6-PGluR7), however, formed 
functional ion channels upon expression in Xenopus oocytes and was capable of 
conducting large currents activated by both kainate and glutamate. The current-voltage 
curve was rectifying as predicted from the glutamine residue located at the Q/R editing 
site in the GluR7 pore domain. The EC50 values for both agonists glutamate and 
kainate do not differ between the chimera and wildtype GluR6 demonstrating that the 
ligand binding site was not affected by the domain transplantation. Our data show that 
GluR7 has a perfectly functional ion channel domain which in wildtype GluR7 
evidently fails to respond to the binding of ligand.
Supported by the Deutsche Forschungsgemeinschaft, and SFB 406
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903.5
KYNURENINES IN THE PRENATAL AND EARLY POSTNATAL RAT 
BRAIN. G. Ceresoli-Borroni* and R, Schwarcz. Maryland Psychiatric Research 
Center, Baltimore, Maryland 21228.

Neuroactive kynurenines such as kynurenate (KYNA), 3-hydroxykynurenine 
(3HK) and quinolinate may play a role in the physiology and pathology of the 
developing brain. All these compounds derive from a common precursor, the 
tryptophan metabolite L-kynurenine (KYN), We therefore examined KYN and 
several elements of KYN metabolism in the rat forebrain during the perinatal 
period [on embryonic (E) days 16, 19 and 22, on the day of birth (B), and on 
postnatal (P) days 1, 3, 5 and 7]. KYN levels (pmol/mg prot.) were high on E16, 
E19 and E22 (114 ± 8, 39 ± 1 and 45 ± 3, respectively; N = 5 per group) and 
decreased substantially, i.e. to 10 ± 4 (B; N = 3) and to < 0.5 pmol/mg prot. at 
Pl - P7 (N = 5 per group). Similarly, KYNA levels (0.9 ± 0.1, 0.6 ± 0.2 and 2.3 
± 0.3 pmol/mg prot. on E16, E19 and E22, respectively; N = 5) decreased by > 10- 
fold immediately after birth and remained low until P7. 3HK levels were higher on 
E16 and E19 (1.7 ± 0.2 and 1.1 ± 0.1 pmol/mg prot., respectively; N = 5 per 
group) than at B (< 0.3 pmol/mg prot.; N = 2) and at P7 (0.6 pmol/mg prot.; N 
= 1). The activity of the two enzymes responsible for the formation of KYNA from 
KYN, kynurenine aminotransferases (KAT) I and II, remained relatively constant 
between E16 and P7. Changes in KAT I or KAT II are therefore not likely to 
account for the substantial perinatal differences in metabolite levels.

These data indicate a potentially prominent role of brain kynurenines in the late 
gestational period.

Supported by USPHS grant NS 28236.

903.6
MOLECULAR CLONING AND RECOMBINANT EXPRESSION OF HUMAN 
LIVER KYNURENINE 3-HYDROXILASE S. Magagnin*, N. Covini, R. 
Bormetti, M. Cini, C. Speciale, L. Benatti. Pharmacia & Upjohn, CNS Research, 
20014 Nerviano, Italy.

Kynurenine 3-hydroxilase (kyn 3-OHase) is an enzyme of the kynurenine 
pathway, precisely the first enzyme in the route of production of quinolinic acid 
(QUIN) It catalyses the hydroxilation of L-kynurenine producing 3- 
hydroxykynurenine. Both QUIN and 3-hydroxykynurenine have neurotoxic effects: 
the former acts as an agonist at the NMDA receptor and the latter causing 
oxidative stress. Kyn 3-OHase represents an ideal target for neuroprotection. An 
inhibitor of this enzyme would decrease the sy nthesis of the neurotoxic molecules 
(QUIN, 3-hydroxykynurenine) and increase the production of kynurenic acid 
(KYNA), a well-known endogenous neuroprotectant metabolite. Here we describe 
the molecular cloning and the characterization of human kyn 3-OHase. Using the 
previously isolated (Magagnin et al., 1996) rat cDNA a human liver cDNA library 
was screened and two different full length cDNAs were isolated. They are 5,000 and 
1,628 bp long respectively, showing 100% identity in the coding region). The 
deduced amino acid sequence corresponds to a protein of 486 amino acids. 
Comparison with the deduced amino acid sequence of the rat protein revealed 80% 
of homology. Sequence analysis shows, as in the rat protein, a putative 
mitochondrial targeting sequence and putative FAD and NADPH binding sites. 
Human kyn 3-OHase was then subcloned into the pET-1 la vector to obtain 
inducible expression of the recombinant protein in E. coli. Following 1PTG 
induction, recombinant kyn 3-OHase activity could be recovered in the soluble 
fraction. The Km value of L-kynurenine for the recombinant enzyme (57 ± 2 pM) 
was similar to the value obtained for the rat liver native enzyme. Moreover, the 
same activity was inhibited by PNU 156561A, a well-known kyn 3-OHase inhibitor, 
with a half maximal inhibitory value of 0.2 ± 0.06 pM.

903.7
TRH INHIBITS [K+J-STIMULATED GLUTAMATE RELEASE FROM 
HIPPOCAMPAL SLICES /TV VITRO. Y. Nie1, D. D. Schoepp2, and M. J. 
Kubek1*. Departments of Anatomy and Psychiatiy1, Indiana University School of 
Medicine, Indianapolis, IN 46202, and Lilly Research Laboratoies2, Eli Lilly & 
Co., Indianapolis, IN 46285. Enhanced excitatory amino acid release is suspected 
in pathways associated with seizures and excitotoxicity. Recently we reported that 
single implantation of polynieric-TRH microdisks in the temporal lobe suppressed 
kindled seizures (Soc. Neurosci. 22:2109, 1996). Thus, we used superfused 
hippocampal slices to investigate the hypothesis that TRH could inhibit glutamate 
release in vitro. Rat hippocampi were removed and sliced transversely (500 pm) 
under low magnification. Slices were weighed, washed in cold saline, transferred 
to individual tissue chambers that floated in a 37 °C water bath and were 
equilibrated in oxy genated (95% O?/5% CO2), (37 °C) Kreb's buffer (KRB) for 120 
min. (0.5 ml/min.). Slice chambers were then superfused 10 min. with KRB 
(control), or KRB containing 10 pM. 1 pM, or 0.1 pM TRH respectively, prior to 5 
min. stimulation with modified KRB (50 mM [K+] ± TRH). Fractions (1 min.) 
were collected during the 5 min. stimulation and for an additional 10 min. (0.5 ml/ 
min.) thereafter, and analyzed for glutamate by HPLC. Data were expressed as 
pM/g/fraction ± S.E.M. All three TRH doses significantly (p<0.001), but not dose- 
dependently, inhibited peak 50mM [K+]-stimulated glutamate release (48.05±8.59 
vs 2.35±0.50, 1.54±0.33, 1.3810.28) respectively and glutamate remained below 
control (p<0.05) at 10 min. post stimulation (4.3711.29 vs 1.3510.48, 1.1110.26, 
1.5410.43) respectively. Perfusion (5 min.) with KRB+lOpM TRH significantly 
(p<0.()5) blocked glutamate release by 50mM [K ]-stimulation given 15 min. later. 
These results are the first to show a potent and prolonged inhibitory effect of TRH 
on glutamate release in vitro. We suggest that endogenous TRH is anticonvulsant/ 
neuroprotective and may function to modulate glutamate release in certain 
neurological disorders such as epilepsy. Supported by RVA and Eli Lilly.

903.8
(3-ADRENERGIC STIMULATION PROMOTES HOMOCYSTEATE RELEASE 
FROM ASTROCYTES IN VITRO AND FROM RAT THALAMUS IN VIVO. K.Q. 
Do*, B.Benz, Q.Sorq1, L.Pellerin1, P.Maqistretti1, K.E.Binns2. and T.E.Sait2 Brain 
Res. Inst., Zurich Univ., Zurich; 1.Inst of Phys., Lausanne Univ., Lausanne, 
Switzerland; 2lnst. of Ophthalmology, Univ. College London, London, UK

The sulphur-containing amino acid homocysteate (HCA) is present in and 
released from nervous tissue, exerting excitatory effects on neurons by 
predominantly activating NMDA receptors. Interestingly, HCA appears to be 
exclusively localized in glial cells, not in neurons. This localisation and excitatory 
profile has led to the hypothesis that HCA could participate in intercellular 
communication as a “gliotransmitter". In order to further test this hypothesis, we 
studied the effect of noradrenaline (NA) on HCA release from glia. NA and the 
p-agonist isoproterenol, but not the a-agonist methoxamine or vasoactive 
intestinal peptide, induced an efflux of HCA from astrocyte cultures. This effect 
was blocked by the p-antagonist atenolol. Isoproterenol also induced the 
release of HCA in vivo from ventrobasal (VB) thalamus: [35-S]-methionine, a 
HCA precursor, was perfused (15 pl/min) through a push-pull cannula in VB 
thalamus of anaesthetized rats. One minute effluent perfusates were collected 
before, during and after 4 min application of 100pM isoproterenol. A marked 
release of radiolabeled HCA was observed during and after the application of 
the p-agonist. These data are the first evidence for an influence of p-adrenergic 
receptor activation on the release in vitro and in vivo of an excitatory amino acid 
from glia. Moreover an in vivo release of HCA from VB thalamus following 
natural stimulation of somatosensory afferents was also observed. As the locus 
coerulus neurons, the main source for NA, are themselves activated by sensory 
stimuli, these results suggest that (a) modulatory input from the locus coeruleus 
could enhance release of HCA, and thus potentiate sensory responses in the 
thalamus and (b) sensory stimuli might cause HCA release from glia in many 
brain areas, via locus coeruleus activation, (supported by HFSP RG-2/95).

903.9
PHARMACOLOGICAL INTERFERENCE WITH KYNURENINE PATHWAY 
METABOLISM IN THE RAT: EFFECTS ON KYNURENINE METABOLITES 
IN BLOOD AND BRAIN, R. Schwarcz*, P. Guidetti, G. Ceresoli, S.-C. Lee, H.-Q, 
Wu, 1M, Varasi and 1C, Speciale. Maryland Psychiatric Research Center, Baltimore, 
Maryland 21228 and Pharmacia & Upjohn, CNS Research, Nerviano (Milano), 
Italy.

Pharmacological manipulation of the levels of the kynurenine pathway metabolite 
kynurenate (KYNA) in the brain has been suggested to offer a novel approach to 
influence excitatory amino acid receptor function. We now determined the 
concentrations of KYNA and 3-hydroxykynurenine (3HK), an endogenous 
neurotoxin and hydroxyl radical generator (PNAS 93: 12553, 1996), in rats after i.v. 
administration of their common precursor L-kynurenine (450 mg/kg bolus + 450 
mg/kg/h for 3 h) in the absence or presence of the potent kynurenine 3-hydroxylase 
inhibitor PNU 156561A (Eur. J. Pharm. 315: 263, 1996) (50 mg/kg bolus + 12.5 
mg/kg/h for 3 h). Infusion of kynurenine alone resulted in large increases in blood 
KYNA and 3HK levels (to 120 and 43pM, respectively, at 3 h) and in brain KYNA 
and 3HK levels (to 10 and 13pM at 3 h). As expected, addition of PNU 156561A 
further increased blood KYNA levels and decreased blood 3HK levels. However, 
brain KYNA levels were not changed by including PNU 156561A with kynurenine. 
On the other hand, addition of the kynurenine 3-hydroxylase inhibitor resulted in 
lower brain 3HK levels (-44% and -73% in striatum and hippocampus, respectively, 
after 3 h) than after i.v. kynurenine alone. Taken together with parallel 
neuroprotection and electrophysiological studies (cf. Wu et al. and Speciale et al., 
this meeting), these data support the idea that 3HK may play an important role as 
a modulator of excitotoxic processes (cf. also Guidetti and Schwarcz, this meeting).

Supported by USPHS grant NS 28236.

903.10
PREVENTION OF EXCITOTOXICITY AFTER MANIPULATION OF 
THE KYNURENINE PATHWAY IN THE RAT. H.-Q, Wu*. P. Guidetti.
G. Ceresoli, 1C, Post. rM. Varasi, 1C. Speciale and R. Schwarcz. Maryland 
Psychiatric Research Center, Baltimore, MD 21228 and 1CNS Research, 
Pharmacia & Upjohn, Nerviano (Milano), Italy.

Prolonged (3 h) i.v. administration of L-kynurenine, alone or in combi-
nation with the kynurenine 3-hydroxylase inhibitor PNU 156561A, results 
in elevations in the brain concentrations of kynurenate (KYNA) (cf. 
Schwarcz et al., this meeting, for details). The possible neuroprotective 
effects of these manipulations were now explored in adult rats. Lesions 
were made by intrahippocampal or intrastriatal injection of the excitotoxin 
quinolinate (QUIN; 15 and 30 nmoles, respectively). Neurodegeneration 
was evaluated quantitatively by image analysis of Nissl- or cytochrome oxi-
dase-stained tissue sections. Kynurenine alone did not prevent neurotox-
icity in either brain area. However, co-infusion of kynurenine and PNU 
156561A resulted in significant neuroprotection both in the hippocampus 
(CA1 lesion volume decreased by 66%; P < 0.01) and in the striatum (lesion 
volume decreased by 74%; P < 0.05). At the dose used in this study, PNU 
156561A alone was ineffective as a neuroprotective agent. In view of the 
significant attenuation of the kynurenine-induced increase in brain 3- 
hydroxykynurenine (3HK) by the addition of PNU 156561A (cf. Schwarcz 
et al., this meeting), it appears that neuroprotection was elicited by a 
combination of raised KYNA and reduced 3HK. These data suggest a 
heretofore underestimated role of 3HK in the pathogenesis of excitotoxic 
neuronal death. Moreover, the results indicate that pharmacological 
blockade of kynurenine 3-hydroxylase activity may have therapeutic 
potential in neurodegenerative brain diseases.

Supported by USPHS grants NS 16102 and NS 28236.
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903.11
DENTATE GYRUS GRANULE CELL RESPONSES TO PERFORANT PATH 
STIMULATION AFTER I.V. INFUSION OF KYNURENIC ACID, KYNURENINE, AND 
PNU 156561 A. C.Speciale1^ J.H. Goodman2, M. Varasi.1. R.Schwarcz3, and H.E. 
Scharftnan2,4. *CNS Research, Pharmacia & Upjohn, Nerviano (Milan), Italy7"Helen 
Hayes Hosp., W.Haverstraw, NY 10993,3Maryland Psychiatric Res. Ctr., Baltimore, 
MD 21228, and 4Depts. Pharm. & Neurol., Columbia Univ., NY, NY 10032.

The tryptophan metabolite kynurenine is enzymatically converted to kynurenic acid 
(KYNA), a glutamate receptor antagonist which acts preferentially at the glycine site 
of the NMDA receptor. Kynurenine can also be converted to 3-hydroxykynurenine 
by kynurenine 3-hydroxylase, which is potently inhibited by PNU 156561A. We 
tested the effects of i.v. infusion of KYNA, kynurenine, PNU 156561A, and 
kynurenine -I- PNU 156561A, on hippocampal evoked responses in order to 
determine the neuroactive potential of kynureninergic manipulations.

Extracellular recordings in the dentate gyrus granule cell layer of urethane- 
anesthetized adult male rats were used to monitor population spikes (PSs) in response 
to stimulation of the glutamatergic perforant path. Paired stimuli (intervals, 20- 
200msec, 0.02Hz) were used to assess paired pulse inhibition and facilitation. Drugs 
were infused by a jugular catheter. Dosing and infusion duration were identical to 
those which were neuroprotective (see R. Schwarcz et al., H.-Q. Wu et al., this 
meeting). Infusion of KYNA (300mg/kg bolus + 300mg/kg/hr for 2hr) decreased the 
second PS of a pair preferentially (40-120msec interval, n=3). Double doses reduced 
both PSs (n=2). Kynurenine (n=4) or 156561A (n=3) had very small effects, but 
when co-infused (n=6) they inhibited PSs significantly. None of the drugs altered 
paired pulse inhibition (20msec interval). Injection of vehicle had no effects.

The results indicate that systemic administration of KYNA and related 
pharmacological interventions affect hippocampal evoked responses, and that 
antagonism of kynurenine 3-hydroxylase can modulate these effects.

Supported by USPHS grant NS 16102.

903.12
3-HYDROXYKYNURENINE AUGMENTS THE NEUROTOXICITY OF 
QUINOLINATE IN THE RAT STRIATUM. P, Guidetti* and R, Schwarcz. 
Maryland Psychiatric Research Center, Baltimore, Maryland 21228.

3-Hydroxykynurenine (3HK) is a degradation product of tryptophan along the 
kynurenine pathway. 3HK is present in the brain, and its brain tissue levels are 
elevated in Huntington's disease and after stimulation of the immune system. 
Experimentally, 3HK can cause selective neuronal death in vitro through the 
generation of hydroxyl radicals ((PNAS 93: 12553, 1996). Since free radical 
formation has been suggested to play a role in excitotoxicity, we examined the 
possible interactions between 3HK and the NMDA receptor-specific endogenous 
excitotoxin quinolinate (QUIN), another kynurenine pathway metabolite. Lesion 
volume was determined by quantitative cytochrome oxidase histochemistry. 
Intrastriatal co-administration of 3HK (5 nmoles) and QUIN (15 nmoles) in adult 
rats increased the size of the lesion volume induced by QUIN alone by 
approximately 8-fold (from 0.38 ± 0.16 to 3.35 ± 0.22 mm3; P < 0.001). 2.5 
nmoles or less 3HK did not potentiate QUIN toxicity. The augmentation of 
QUIN's neurotoxic properties by 5 nmoles 3HK was observed over a range of 
QUIN between 5 and 20 nmoles. The combined toxicity of QUIN and 3HK was 
blocked >70% by the non-competitive NMDA receptor antagonist MK-801 (10 
mg/kg, i.p.), by the competitive NMDA receptor antagonist CGP 40116 (20 mg/kg, 
i.p.) and by the antioxidant spin trapping agent, N-tert-butyl-a-(2-sulfophenyl)- 
mtrone (SPBN; 3 x 150 mg/kg over 6 h, i.p.). Taken together, these data suggest 
that 3HK may play an important role as an active participant in excitotoxic brain 
diseases.

Supported by USPHS grant NS 28236.

903.13
UP-REGULATION OF KYNURENIC ACID PRODUCTION IN RAT 
BRAIN SLICES BY ENDOGENOUS 2-OXO ACIDS. P.S. Hodgkins* and
R. Schwarcz. Maryland Psychiatric Research Center, Baltimore, MD 21228.

As an endogenous broad spectrum antagonist of ionotropic excitatory 
amino acid receptors, kynurenic acid (KYNA) may influence neuronal vul-
nerability to excitotoxic insults by functioning as a modulator of gluta-
matergic neurotransmission. This study was designed to determine the role 
of several co-substrates (2-oxo acids) in the irreversible transamination of 
L-kynurenine (KYN) to KYNA in brain tissue slices. Using a physiolog-
ical concentration of KYN (2 jtM), cortical tissue slices produced ~3 pmoles 
KYNA/mg protein/h. Various 2-oxo acids (500 gM-50 mM) dose-depen-
dently increased KYNA production to -250% of control values. At higher 
concentrations of KYN (up to 2 mM), pyruvate and a-ketoglutarate, but 
no other 2-oxo acid tested, further raised KYNA production to -500% of 
control values. Under hypoglyemic conditions, KYNA production was de-
creased by 76 ± 4% (N = 9), and the effect of glucose deprivation was re-
versed by several 2-oxo acids (5 mM). In addition, the hypoglycemia- 
induced reduction in KYN uptake (by 80 ± 2%; N = 9) was prevented by 
5 mM pyruvate or oxaloacetate. Taken together, these data indicate that 2- 
oxo acids can augment KYNA formation in brain tissue slices by two dis-
tinct mechanisms: 1) under normal conditions by acting as a co-substrate 
of kynurenine transamination; 2) under conditions of compromised cellular 
energy metabolism by increasing cellular KYN uptake (and thus providing 
more substrate for transamination) as well as by serving as a co-substrate. 
The reported neuroprotective properties of pyruvate may therefore be re-
lated to its ability to augment the production of KYNA.

Supported by USPHS grant NS 28236.

903.14
EFFECTS OF DOPAMINERGIC DRUGS ON KYNURENIC ACID 
LEVELS IN THE DEVELOPING RAT BRAIN. B, Poeggeler*. A, 
Rassoulpour. H.-O, Wu and R. Schwarcz. Maryland Psychiatric Research 
Center, Baltimore, MD 21228.

Interactions between monoamines and excitatory amino acids play im-
portant roles in brain physiology and pathology. This cross-talk may in-
volve kynurenic acid (KYNA), an endogenous excitatory amino acid recep-
tor antagonist. We therefore examined the effects of dopaminergic drugs 
on brain KYNA levels. In immature (7- and 14-day old) rats, the DI re-
ceptor agonist SKF 38393 (SKF) (5 mg/kg) and the D2 receptor agonist 
quinpirole (QP) (2 mg/kg) reduced forebrain KYNA levels 1 h after i.p. 
administration. In all cases, the drugs decreased tissue KYNA by > 40% vs. 
controls (P < 0.01). However, neither of the two dopamine receptor agon-
ists induced changes in brain KYNA concentrations in 28-day old or adult 
rats. In the pups, increasing doses of both agonists caused even larger re-
ductions in brain KYNA levels, reaching a nadir of < 30% of control levels 
1 h after application of 20 mg/kg SKF or 10 mg/kg QP. Quantitatively 
very similar drug-induced effects were seen in cortex, hippocampus, stria-
tum and cerebellum. Lp. pretreatment with the DI receptor antagonist SCH 
23390 (SCH) (1 mg/kg) and the D2 receptor antagonist raclopride (RAC) 
(2 mg/kg) 15 min before the administration of SKF or QP, respectively, 
blocked the agonist effects. In immature rats, the dopamine-releasing drug 
D-amphetamine (5 mg/kg, i.p.) reduced KYNA levels to < 40% of control 
levels. Lp. injection of SCH (1 mg/kg) or RAC (2 mg/kg) 15 min earlier 
prevented the D-amphetamine-induced reduction in brain KYNA levels. 
These findings suggest that dopamine and dopaminergic drugs can regulate 
brain KYNA levels in the immature rat brain through DI and D2 receptors.

Supported by USPHS grants NS 16102 and 28236.

903.15
INCREASED SENSITIVITY TO GLUTAMATE IN CULTURED HIPPOCAMPAL 
NEURONS AFTER INTRODUCTION OF AMYLOID PRECURSOR PROTEIN 
CDNA BY ADENOVIRUS VECTOR. K. Tominaga’, T. Uetsuki2, A. Ogura* and
K. Yoshikawa2*. ’Department of Biology, Osaka University Graduate School of 
Science, Toyonaka, Osaka 560 and 2Protein Research Institute, Osaka University, 
Suita, Osaka 565, Japan.

Although neurotoxicity of (3-amyloid polypeptide is established, the original 
function of its precursor protein remains unclear. To obtain clues for elucidation, we 
introducer! cDNA of human amyloid precursor protein (APP) into rat hippocampal 
neurons under primary culture conditions by the use of adenovirus vector. Neurons 
expressing exogenetic APP showed significantly enhanced responsiveness to 
externally applied glutamate as monitored by intracellular calcium elevation. This 
conclusion was drawn by comparison between the neurons expressing and not 
expressing APP grown in single culture dishes, excluding the possibility that the 
enhanced glutamate responsiveness was due to secreted forms of APP. The control 
experiment using an adenovirus carrying cDNA of (3-galactosidase showed that the 
result was not a general effect of viral infection. A hypothesis is thus raised that the 
original function of APP is related to the regulation of glutamate receptor.

The hippocampal neurons under culture increased the vulnerability to glutamate 
exposure alter the introduction of APP. The cerebellar granule neurons under 
culture, which require the supplementation of excitant for survived, reduced this 
requirement alter the APP-introduction. These results support the hypothesis 
presented above.

Supported by grants-in-aid from The Ministry for Science, Culture and Education 
of Japan and by Naito Foundation.

903.16
GLUTAMATE INHIBITION OF GAB A. EXCITATORY ACTIVITY 
IN DEVELOPING NEURONS. A.N. van den Pol*. X-B. Gao and K. 
Obrietan. Dept. Neurosurgery, Yale Univ., New Haven,CT. 06520 and 
Dept. Biological Sciences, Stanford Univ. Stanford, CA 94304.
In the mature brain, glutamate appears to be the major excitatory 
transmitter, and GABA the primary inhibitory one. In contrast, during 
development, GABA can exert depolarizing activity with increases in 
cytosolic Ca2+ and action potentials. The actions of glutamate in 
embryonic rat hypothalamic neurons kept less than 8 days in culture 
were studied. Using fura-2 digital imaging, we found that the 
metabotropic glutamate-receptor agonist L-AP4 (100 uM) depressed 
cellular Ca2+ levels that were elevated by synaptic release of GABA in 
the presence of ionotropic glutamate receptor blockers AP5 (100 uM) 
and CNQX (10 uM). Based on whole cell and gramicidin-perforated 
whole cell recordings that do not alter intracellular C1-, L-AP4 reduced 
the frequency of bicuculline-sensitive GABA mediated EPSPs. 
Similarly, in the presence of TTX (1 uM), L-AP4 reduced the 
frequency (down to 50%), but not the amplitude, of GABA mediated 
miniature EPSPs, suggesting a presynaptic site of L-AP4 inhibition. 
Postsynaptically, GABA (5 uM) evoked a greater intracellular Ca2+ 
rise than glutamate (5 uM) in many developing neurons. Glutamate 
reduced the amplitude of the GABA-mediated Ca2+ rise. Parallel 
whole cell recordings in current-clamp showed that during development 
when GABA evoked a greater depolarization than glutamate, 
coapplication of glutamate with GABA depressed the amplitude of the 
GABA-mediated depolarization. These data indicate that glutamate can 
exert both pre- and postsynaptic inhibition of GABA excitatory activity 
during early development. [Support: NIH NS34887, NS31573, NSF]
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903.17
170-ESTRADIOL MODULATION OF KAINATE-INDUCED CURRENTS VIA 
CAMP-DEPENDENT PHOSPHORYLATION. Qin Gu* and Robert I, Moss. 
Department of Physiology, University of Texas Southwestern Medical Center 
at Dallas, Dallas, Texas 75235.
The present study was designed to explore the mechanism of 17P-estradiol 
potentiation of kainate-induced currents in hippocampal CA1 neurons utilizing 
whole-cell recording techniques. Pretreatment of CA1 neurons with cholera 
toxin (250 ng/ml) increased the amplitude of kainate-induced currents. 
Application of 17f3-estradiol (100 nM) to these cells caused no further 
potentiation. Incubation of neurons with pertussis toxin (250 ng/ml) did not 
elicit any obvious change in the amplitude of the kainate-induced currents but 
application of 17(3-estradiol could enhance the amplitude in a similar pattern 
to that observed in the control group. The results indicate that the effect of 
17p-estradiol may be mediated by a common signaling pathway with the 
activation of Gs by cholera toxin. In another set of experiments, CA1 neurons 
were dialyzed with the non-hydrolyzable ATP analog, ATP-y-S (500 pM). In 
the presence of ATP-y-S, the amplitude of kainate-induced currents slowly 
increased to a steady state level. During the initial period of ATP-y-S dialysis, 
extracellular application of 17(3-estradiol was capable of enhancing the current. 
After the amplitude increased by ATP-y-S reached the steady level, however, 
the addition of 17(3-estradiol had no observable effect. The result indicates 
that ATP-y-S occludes the action of 17P-estradiol, suggesting both may share 
a common mechanism in changing the phosphorylation state of kainate 
receptor-channels. Collectively, the present data suggests that 17P-estradiol 
activates a G-protein which may involve cAMP-dependent phosphorylation 
and alters the balance between phosphorylation and dephosphorylation of the 
kainate receptor-channels or relevant proteins, thereby imposing the 
modulatory action on kainate-induced currents. Supported by NIH grant MH 
47418.

903.18
RELEASE HABITUATION AND RECEPTOR DESENSITIZATION 
FOR GLUTAMATE TRANSMISSION IN RAT PREFRONTAL 
CORTEX. M.Takita*. Neuroinformatics Lab., Biosignalling Dep., 
Natl. Ins. of Bioscience and Human-Technology. Ibaraki 305, Japan.

To clarify the learning process in prefrontal cortex (PFC) of rat in 
vivo and in vitro, habituation of glutamate (GLU) release to stress and 
NMDA desensitization revealed by changes in intracellular calcium 
concentration ([Ca2+]j) were studied by using a continuos brain 
microdialysis method and a video microscopical imaging method. The 
GLU release induced by stressful stimuli in medial PFC was 
suppressed partially by the repetition 1 hour later in a manner of 
habituation consistent with the character of dishabituation by the 
intermediate local perfusion of dopamine (10'4 M) for 5 min. The 
pattern of habituation was similar to the change in [Ca2+] j induced by 
the repetitive perfusion of NMDA (10'4 M) in PFC slice. Both NMDA 
and dopamine (10"4 M) showed [Ca2+]j increasing overlap in the 
medial potion furthermore this desensitization was disappeared by the 
intermediate treatment of dopamine (10‘4 M) likewise the 
dishabituation of GLU release. These results suggest that there are 
presynaptic and postsynaptic suppressive-regulations for GLU 
transmission which are much influenced by DA one, in order to store 
and restore information of external milieu in the medial PFC.

PEPTIDES: BIOSYNTHESIS, METABOLISM AND CHARACTERIZATION II

904.1
MOLECULAR CHARACTERIZATION OF BURSICON, THE CUTICLE 
SCLEROTIZ1NG NEUROHORMONE OF INSECTS. H.W, Honegger*, B. 
Kostron and D, Market. Vanderbilt University, Dept. Biology, Nashville, TN 37235,

Bursicon is a peptide neurohormone which initiates hardening and darkening of 
the cuticle (tanning) after each insect molt. It is produced in only few (CCAP- 
immunoreactive) neurons in the ventral nerve cord. It has remained poorly understood 
up to now.

We have purified bursicon from Periplaneta americana ventral nerve coid 
homogenates by prepurification followed by gel filtration and a reversed phase HPLC 
step. Subsequently the bursicon active fractions were run on two-dimensional SDS 
PAGE under non reducing conditions. The gels showed 4-5 spots at 30 kDa, with 
IEPs between 5.25-5.95, after silver staining. Bursicon activity of proteins was 
tested via the ligated fly bioassay, and could be eluted only from the position of these 
spots and not from other regions of the gels. A sequence analysis from the 30 kDa 
region of a one-dimensional gel yielded 4 partial peptide sequences, each with high 
homology to Drosophila virilis superoxide dismutase (SOD).

We produced polyclonal antibodies against SOD and found that they neither 
precipitate bursicon activity from nerve cord homogenates, nor stain the bursicon 
active spots in Western blots of 2-D gels. Thus, SOD must be different from 
bursicon but must copurify with it in our initial one-dimensional procedure. Our 
antibodies detect SOD dimers at 30 kDa, between pH 6.5 and 6.8, and large amounts 
of the monomeric form of SOD at 15-16 kDa/pH 6.2-6.8. In one-dimensional gels 
more SOD exists in the dimeric form at 30 kDa.

We are currently in the process to separate bursicon from SOD using 2-D SDS 
PAGE. The coomassie stained bursicon spots will be excised, pooled and the protein 
sequenced. We will be able to present for the first time a partial amino acid sequence 
of this important regulatory neurohormone.

Supported by Vanderbilt University and the Deutsche Forschungsgemeinschaft

904.2
FLUORESCENCE-BASED LIGAND BINDING ASSAYS USING NOVEL 
FLUORESCENT DYE-LABELLED PEPTIDES.
E.J. Adie, S. Game, N. Thomas, E. Paramithiosis , C. Desjardins**, M. LeBlanc\
Gerry O’Beirne, N. Cook.
Amersham International pic, Cardiff Laboratories, Forest Farm, Whitchurch, Cardiff, 
South Wales, CF4 7YT. +Advanced Bioconcept, 1440 St. Catherine W., Suite 424, 
Montreal, Quebec, Canada, H3G 1R8.

Traditional ligand binding assays designed to detect membrane-bound receptors 
have used radiolabelled ligands. The use of fluorescent dye-labelled ligands 
potentially overcomes the disadvantages of using radiolabelled ligands, namely 
radioactive decay, handling and disposal of waste and toxicity. However, the 
labelling of ligands with bulky dye molecules can severely affect ligand affinity.

In this work we have tested a range of novel fluorescein and Cy5™ labelled 
peptides with retained biological activity. In the fluorescein conjugated series, these 
include Fluo-angiotensin 11, Fluo neurokinin A, Fluo-neurotensin and Fluo-Substance 
P which bind to their corresponding receptors with Ki values of 4.04nM, 1.08nM, 
5.5nM and 5.5nM, respectively. Using these fluorescent peptides, examples of 
fluorescence-based ligand binding assays are described that utilise fluorescence 
intensity and fluorescence polarisation technologies. Briefly, membrane 
homogenates derived from transfected and non-transfected cell lines expressing the 
appropriate G-protein coupled receptor (GPCR) were used. In homogeneous 
fluorescence polarization binding assays, preliminary studies indicate significant 
increases in millipolarization values upon addition of membrane homogenates to a 
solution containing low nM concentrations of Fluo-peptide. The ability of unlabelled 
peptide to specifically diplace Fluo-peptide binding as well as the degree of non-
specific binding to unrelated GPCRs will be reported.

The ability to quantify fluorescent peptide binding using either fluorescence 
intensity detection or fluorescence polarization may yield new approaches adaptable 
to high throughput screening.

904.3
INTRANEURONAL TRAFFICKING OF VARIOUS NEURO-
PEPTIDES IN THE SCIATIC AND OPTIC NERVES: A QUANTI-
TATIVE ANALYSIS BY CYTOFLUORIMENTRIC SCANNING.
A. DahlstrOm*. SH. Winkler and J.-Y, Li. Dept. of Anal, and Cell Biol., GOteborg 
University, Sweden, and §DepL of Pharmacol. University of Innsbruck, Austria.

Neurons contain generally two types of vesicles, small synaptic vesicle (SSV) and 
large dense cored vesicle (LDCV). These vesicles have distinct protein components and 
contain various neurotransmitters. It is believed that SSVs contain mainly classical 
transmitters (e.g. ACh and NA), while LDCVs contain various neuropeptides, which 
are packed into LDCVs in the Golgi complex. In adrenergic neurons the LDCV also 
store NA. After LDCVs release the contents from the nerve terminals the membrane is 
retrieved and probably transported andthe sciatic nerve (ScN) and the optic nerve (ON) 
to study these intraneuronal events in the PNS and CNS. Nerves were crush-operated 
1-12 hours before sacrifice. After perfusion fixation longitudal sections were incubated 
for indirect immunofluorescence and accumulated immunoreactive material was 
quantitatively examined using cytofluorimetric scanning.

CGRP. NPY, SP, VIP, chromogranin A (CGA), chromogranin B (CGB) and 
secretoneurin (SN) were investigated in the present study. It is proposed that these 
peptides are selective for various types of neurons, e.g. SP and CGRP in senory 
neurons, VIP in cholinergic neurons and SN/NPY in sympathetic adrenergic nerve 
cells. Only the chromogranins were present in the ON, none of the other peptides. In 
the ScN, 1 h after crush-operation, peptide-lR could be detected closely proximal and 
distal to the crushes. The amount of accumulation increased steadily with increasing 
post-crush times. Interestingly, although they are differentially localized in the different 
neurons, CFS analysis showed that about 30-40 % of anterogradely transported 
neuropeptides accumulate in the segment distal to the crush in the SN, possibly 
representing the fraction recycled from the nerve terminals and returning to the cell 
body. In contrast, very small amounts of the CGs were recycling in the ON, indicating 
differences in handling of the CGs in the PNS and the CNS.
Support: The Swedish MRC (2207) and EU grant BMH4-CT 96-1586

904.4
CELL-TYPE SPECIFIC EXPRESSION OF PROHORMONE CONVERTASES 
AND PC2-ASSOCIATED PROTEIN 7B2 OF THE SECRETORY PATHWAY IN 
MOLLUSCAN NEURONS.
S. Spiiker. A.B, Smit. and W.P.M, Geraerts*. Graduate School Neurosciences 
Amsterdam, Dept. Molecular and Cellular Neurobiology, Faculty of Biology, Vrije 
Universiteit, De Boelelaan 1087, 1081 HV Amsterdam.

Neuroendocrine cells produce biologically active peptides by various post- 
translational processing events including specific cleavages of precursor proteins. To 
date the peptide precursors, proteolytic cleavage sites and the peptides produced have 
been examined in detail in many molluscan neurons. To gain insight into the 
regulation of the first processing step, we have cloned and identified a family of 
enzymes that are structurally related to the recently characterized vertebrate 
prohormone convertases (PCs) and furin, i.e., Lymnaea PC2 (LPC2), Lymnaea furin 
I and 2 (Lfur\ and L/wr2), as well as the neuroendocrine polypeptide Lymnaea 7B2 
(L7B2, a homologue of vertebrate 7B2), which specifically interacts with LPC2 and 
is crucial for transport and maturation of LPC2. In addition, the expression of the 
enzymes and L7B2 has been quantitatively determined in identified neurons in the 
Lvmnaea brain, using in situ hybridization and immunocytochemistry.

Synthetic peptides corresponding to the duplicated C-terminal region of L7B2 
inhibited LPC2 activity in extracts of insulin-producing molluscan neurons, in which 
LPC2 and L7B2 are abundantly expressed. This exemplifies the modulatory role of 
7B2 in PC2 activation. We observed by in situ hybridization that in most neurons the 
expression level of the L7B2 and LPC2 genes are about equal. However, in the egg- 
laying hormone producing cells manyfold higher levels of L7B2 transcript compared 
to LPC2 transcript were present. This suggests that in these neurons L7B2 may have 
additional functions, probably not related to the regulation of LPC2 activity.
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904.5
NOVEL FORMS OF NEURONAL PITUITARY ADENYLATE CYCLASE 
ACTIVATING POLYPEPTIDE (PACAP) mRNA ARE GENERATED BY 
ALTERNATIVE POLYADENYLATION. C. A. Brandenburg*, S. A, Harakall. V. 
May and K. M, Braas. Department of Anatomy and Neurobiology, University of 
Vermont College of Medicine, Burlington, VT 05405.

PACAP peptides have distinct neurotransmitter and neurotrophic roles in the 
nervous system. In rat superior cervical ganglion (SCG) neurons, we have 
demonstrated a dramatic upregulation of PACAP expression following chronic 
depolarization that was characterized not only by an elevation of the 2.2 kb 
proPACAP mRNA observed in many neuroendocrine tissues, but also an 
induction of a smaller, 0.9 kb, form. This smaller transcript may represent the 
unique testicular proPACAP mRNA, or it may arise from alternative precursor 
RNA splicing events and/or alternative RNA 3'-end cleavage and polyadenylation. 
Reverse-transcription PCR coupled with sequence specific hybridization revealed 
that the smaller transcript was not the testicular form. Amplification of rat 
genomic DNA with primers flanking the PACAP mRNA 3‘-utranslated region (31- 
UTR) suggested that the entire 3'-UTR is encoded by one exon and that the 
shorter mRNA did not result from alternative splicing events. Rapid amplification 
of 3'-cDNA ends (3'-RACE) followed by cloning and sequencing of 3'-RACE 
products defined polyadenylation sites of the long 2.2 kb PACAP mRNA and 
demonstrated that the 0.9 kb transcript resulted from alternative 3'-UTR cleavage 
and polyadenylation. Novel shortened PACAP mRNAs were also identified in 
hypothalamus and testes, and were induced in vivo as part of the injury response 
following SCG axotomy. Messenger RNA 3‘-UTRs can regulate transcript 
stability, translational efficiency and cellular localization; transcript stability tests 
demonstrated that the shorter PACAP transcript has an increased half-life 
compared to its full length counterpart. Mechanisms underlying the induction of 
shortened transcripts upon depolarization or injury may include altered mRNA 
cleavage/polyadenylation factor expression. Ultimately regulation of these 
factors could result in dynamic changes for SCG PACAP expression, 
sympathetic cell function and target tissue responses. Supported by HD-27468, 
NS-01636, VHA-9506248S and AHA 94015540.

904.6
CHANGE IN a- AND 0-CALCITONIN GENE-RELATED PEPTIDE 
MESSENGER RNA EXPRESSION IN OCULOMOTOR, 
TROCHLEAR, ABDUCENS, AND TRIGEMINAL MOTONEURONS 
FOLLOWING AXOTOMY
T. Fukuoka. A. Tokunaga*. K, Miki. T, Tachibana. K, Noguchi
Dept. Anat. & Neurosci. Hyogo College of Medicine, Hyogo 663, JAPAN

Cranial motor nuclei express calcitonin gene-related peptide (CGRP)- 
like immunoreactivity constitutively, but the ratio of the expression of a- 
and (3-CGRP mRNAs varies considerably. The two mRNAs are 
differentially regulated following axotomy; a-type is up-regulated while 
3-type is down-regulated or not affected in facial and hypoglossal nuclei 
after nerve transection. Here, we report the change in CGRP mRNA 
expression of oculomotor, trochlear, abducens, and trigeminal motor 
nuclei following transection of their motor nerves.

Male Sprague-Dawley rats (140-200g) were used in this study. Under 
pentobarbital anesthesia , the left eye ball and the orbital contents 
including the bulbar muscles were removed (group I), or the left masseter 
nerve was transected (group II). The animals were allowed to survive for 
1, 3, 7, 14, 28, 56 days (n=3 / time point for each group). They were 
killed by decapitation and the brains were removed. The levels of 
mRNAs for a- and 3-CGRP and growth-associated protein (GAP)-43 
were analyzed by in situ hybridization histochemistry.

On the control side, oculomotor, trochlear and trigeminal motor nuclei 
expressed 3-CGRP mRNA predominantly, and abducens nucleus 
expressed a- and 3-CGRP mRNAs at equivalent level. On the injured 
side, all of the 4 nuclei up-regulated the expression of a-CGRP mRNA 
while down-regulated or didn't change the expression of 3-CGRP mRNA. 
These data indicate that up-regulation of cx-CGRP mRNA but not of 3- 
CGRP mRNA may be a common response of crania] motor neurons 
following axotomy, even if the constitutive expression of 3-CGRP mRNA 
exceeds that of cx-CGRP mRNA in these neurons.

904.7
CHANGE IN GENE EXPRESSION IN FACIAL NERVE NUCLEI IN 
THE RAT MODEL OF ISCHEMIC FACIAL NERVE PARALYSIS 
D. Mohri*, F. Satomi. H. Yasmio.JL Noguchi? M, Sakagami Department 
of Otolaryngology, l)Department of Anatomy and neuroscience,Hyogo 
College of Medicine, Hyogo, 633, Japan.

It is well known that expression of CGRP (calcitonin gene-related 
peptide), c-jun (immediate early gene) and GAP-43 (growth-associated 
protein) mRNAs increase in the rat facial nerve nuclei after peripheral 
nerve injury. The changes in gene expression may have roles in adaptive 
response to the injury, neuronal survival, growth and regeneration. The 
purpose of this study is to examine the response of facial nerve nucleus 
neurons in the rat model of peripheral facial nerve paralysis with a 
selective embolization technique. A catheter was inserted into the 
maxillary artery of SD rats (250-350g), which supplying the facial nerve 
in the temporal bone, and animal received an injection of embolizing 
material (Thrombin® + Polybead® Dyed Blue 10.0 micron 
Microspheres-2.59%) from the catheter. The paralysis of facial nerve 
occurred 5 to 15 minutes later and continued for about 3 days, and 
recovered without any neuronal deficit. The levels in CGRP, c-jun and 
GAP-43 mRNAs in facial nerve nuclei were observed using in situ 
hybridization with ^S-labeled oligonucleotide probes. The increase in 
CGRP mRNA peaked at 3 day after embolization and return to normal 
level by 7 days. C-jun mRNA increase was rapidly and peaked at 1 day. 
The increase in GAP-43 appeared a few days after injury, lasted for 1 
week and gradually decreased. The results indicated that the expression 
of CGRP, c-jun and GAP-43 in cell somata is induced by ischemic facial 
nerve paralysis, and the level and duration of increase in these mRNAs 
are different from those in direct nerve injury model, such as axotomy. 
The difference may be due to the mild damage to the peripheral nerve 
and rapid recovery from the ischemic nerve injury. (Supported by the 
MESC of Japan and Hyogo Col. of Med.)

904.8
KALIRIN, A CYTOSOLIC PROTEIN WITH SPECTRIN-LIKE AND GDP/Gt'P 
EXCHANGE FACTOR-LIKE DOMAINS THAT INTERACTS WITH AN 
INTEGRAL MEMBRANE PEPTIDE PROCESSING ENZYME. M. R. Alam, 
R.C. Johnson, M. Lucas, R.E. Mains and B.A. Eipper. Department of 
Neuroscience, Johns Hopkins University, School of Medicine, Baltimore, MD 
21205.

Peptidylglycine a-amidating monooxygenase (PAM) is responsible for the a- 
amidation of peptides in neuroendocrine secretory granules. The cytosolic COOH- 
terminal domain (CD) of membrane forms of PAM possesses multiple signals for 
proper routing of the proteins in the secretory pathway and is capable of interacting 
with Kalirin, a 217 kDa cytosolic protein with nine spectrin-like repeats and 
adjacent Dbl homology (DH) and pleckstrin homology (PH) domains typical of 
GDP/GTP exchange factors (GEFs). Corticotrope tumor cells stably expressing 
Kalirin and PAM produce longer and more highly branched neuritic processes than 
non-transfected cells or cells expressing only PAM. The turnover of newly 
synthesized PAM is accelerated in cells co-expressing Kalirin. In vitro binding 
assays reveal that Kalirin binds to Racl but not to other members of the Rho 
subfamily of small GTP binding proteins and also acts as a GEF for Racl. Using 
the yeast two-hybrid system and assays for 3~galactosidase ?ctivity, trun ated forms 
of Kalirin were tested for interaction with the CD of PAM. The region of Kalirin 
necessary for full interaction with PAM CD encompasses the sequence between the 
third and seventh spectrin like repeats. Trio, a homologue of Kalirin, was also 
tested; Trio did not interact significantly with the COOH-terminal domain of 
PAM. Kalirin, a member of the Dbl family of proteins, may serve as part of a 
signal transduction system linking the catalytic domains of PAM in the lumen of 
the secretory pathway to cytosolic factors regulating the cytoskeleton and signal 
transduction pathway. Support: DK-32948

904.9
LONG-TERM EFFECTS OF KAINIC ACID-INDUCED SEIZURES 
ON THE EXPRESSION OF ENKCRE-2 AND SP1 
TRANSCRIPTION FACTORS Z. Feng*, G. Bing P. Hudson L. Jin,
N. Tiao, and J. Honq, Neuropharmacoloqy Section, Toxicoloqy Branch, 
NIEHS/NIH, Research Triangle Park, NC 27709, USA

Kainic acid (KA)-induced seizures in the rat is a good model for 
human temporal lobe epilepsy. A single seizure-producing injection of 
KA caused a biphasic elevation in the levels of proenkephalin mRNA 
and proenkephalin-derived peptides in the hippocampus. The induction 
of ENKCRE-2 DNA-binding activity correlated well with the level of 
opioid peptide mRNA induction during the short-term period after KA- 
induced seizures. Recently, we have demonstrated that the long-term 
up-regulation of proenkephalin mRNA in the hippocampus after a single 
injection of KA can last for at least one year. However, the regulation of 
opioid peptide gene expression during the long-term period is not well 
understood. In order to determine the possible involvement of 
ENKCRE-2 and other transcription factors, gel-retardation, Western blot 
and super-shift assays were used after KA treatment. The results 
showed that ENKCRE-2 DNA-binding complexes also lasted for a long 
period after KA injection. The ENKCRE-2 DNA-binding complexes 
competed with unlabeled ENKCRE-2, AP-1 or CREB oligomers. The 
Sp1 gel-retardation assays showed a long-lasting and denser band 
than the ENKCRE-2 gel-retardation assays. The Sp1 DNA-binding 
complexes competed with unlabeled Sp1 oligomers, but not with 
ENKCRE-2, AP-1 or CREB oligomers. These results suggested that 
Sp1 transcription factors play an important role in the long-term effects 
of KA-induced seizure activity.

904.10
MONOBASIC PROCESSING SPECIFICITY OF DYNORPHIN 
CONVERTING ENZYME, FURIN, PROHORMONE CONVERTASE 1 AND 
PROHORMONE CONVERTASE 2. Y.L, Berman. L, Juliano. R, Beavis. and
L.A, Devi*, Dept. Pharmacology, NYU Sch. of Med., New York, NY 10016 
and Escola Paulista de Medicina, Sao Paulo, Brazil.

Dynorphins are biosynthesized by posttranslational processing of prodynorphin 
at dibasic and monobasic sites. Prohormone convertases (PCs), members of the 
subtilisin subfamily of serine proteases, have been shown to process 
neuropeptide precursors such as prodynorphin, at dibasic sites. A thiol-sensitive 
metalloprotease that selectively processes dynorphins at monobasic sites has been 
identified and designated, "dynorphin converting enzyme”. In order to directly 
compare the monobasic cleavage specificity of dynorphin converting enzyme with 
the specificity of furin, PCI (also known as PC3), and PC2, intramoleculatly 
quenched flurogenic peptide substrates that contain peptides with monobasic or 
dibasic cleavage sites were used. We find that the relative efficiency of cleavage 
of these substrates by dynorphin converting enzyme is distinct from the efficiency 
of cleavage by furin, PCI or PC2. The substrate specificity studies suggest that 
dynorphin converting enzyme exhibits strong preference for peptides containing 
monobasic sites as compared with furin and PCI that show preference for peptides 
containing dibasic sites. PC2 shows equal preference for peptides containing 
monobasic and dibasic sites. Interestingly, the efficiency of cleavage at 
monobasic site by PC2 is regulated by pH; processing at monobasic sites is 
substantially higher at neutral pH as compared with the processing acidic pH. 
The modulation of monobasic processing efficiency by pH may play a role in the 
processing of prodynorphin in various subcelluar compartments. Taken together, 
these data suggest that multiple enzymes are involved in dynorphin processing at 
dibasic and monobasic sites and that the relative levels of the various enzymes and 
the regulation of their activity may govern the tissue-specific and region-specific 
differences in prodynorphin processing.

This work is supported by grants NS26880, DA08863, NS01788 (to L.A.D).
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904.11
CHARACTERIZATION OF THE GENES ENCODING THE MULTIPLE FORMS 
OF AMPHIBIAN BOMBESIN IN THE FROGS BOMBINA ORIENTALIS AND 
XENOPUS LAEVIS. E, R, Spindel*, M. W. Giorgianni, B. J. Barry, Y. Jia. 
Division of Neuroscience, Oregon Regional Primate Research Center, 
Beaverton OR 97006

Previously we have reported that there are multiple, highly homologous, 
subtypes of amphibian bombesin. For example, in Bombina orientalis, Leu-13 
bombesin, Phe-13 bombesin and SAP bombesin have been characterized; in 
Xenopus laevis, both Phe and Leu forms of bombesin have been characterized; 
and in Phyllomedusa sauvagei, Phe-8 and Leu-8 phyllolitorin have been 
characterized. This diversity may arise from alternate splicing, multiple genes 
and/or RNA editing. In order to better understand the origin and regulation of 
these multiple forms of bombesin we have cloned their respective genes from 
Bombina orientalis and Xenopus genomic libraries. Analysis of these genes has 
revealed a number of interesting facts. First, as opposed to our previous 
hypothesis, these genes contain introns. The first intron for amphibian 
bombesin is positioned identically to that of mammalian NMB and GRP, 
interrupting the coding region for the bioactive C-terminus of bombesin. Thus 
it is likely that the position of the first intron has played a role in the evolution of 
the peptide family. Second, there are indeed multiple genes for the highly 
related forms of bombesin, thus in Bombina and Xenopus, multiple genes play 
a role in generating the multiple subtypes. However, in comparing the gene 
sequences with the cDNA sequences, there are a number of single nucleotide 
differences which raises the possibility that some of the diversity for bombesin-
like peptides may arise by RNA editing as we have previously reported for the 
origin of Phe-8 and Leu-8 phyllolitorin. Analysis of the conserved regions 
between the genes will also aid in isolating a mammalian bombesin distinct from 
mammalian GRP. This research supported by NIH grant RO1 CA39237.

904.12
EVIDENCE FOR AN ALTERNATIVELY SPLICED ORPHANIN FQ 
MRNA IN HUMAN FETAL BRAIN STEM. J. Aiiomand* and C. J. 
Evans. Interdepartmental Program for Neuroscience,
NeuroPsychiatric Institute, UCLA, Los Angeles, CA 90024-1759.

Orphanin FQ (OFQ) is a recently discovered peptide ligand of 
the Orphan Receptor (ORLi) which shares homology to the opioid 
receptors. The OFQ gene is composed of four exons, transcribed into 
a 1.3 kb mRNA, and post-translationally processed from a larger 
precursor to yield an 17 amino acid bioactive peptide with pain 
modulating capabilities.

In order to obtain a cDNA probe to the OFQ message, human 
fetal brain stem total RNA was reverse transcribed with oligo d(T) 
primers and amplified by polymerase chain reaction (PCR) using sets 
of primers complementary to the reported sequence (GenBank 
accession number U48263). A nested PCR reaction spanning the 
region from nucleotides 108 to 802 resulted in multiple amplified 
fragments. The expected fragment of 695 nucleotides and a smaller 
fragment of approximately 550 nucleotides were subcloned and 
sequenced. Sequence analysis of the 550 bp fragment revealed the 
deletion of a single 148 nucleotide stretch from the full length cDNA. 
Interestingly, this deletion spans the entire second exon which includes 
the putative translational start site and signal peptide.
(Supported by NIDA Research Training Grant #T32DA07272-06 and 
Center Grant DA-05010)

OPIATE-RELATED RECEPTORS: SIGMA, NOCICEPTIN/ORPHANIN AND OTHERS

905.1
CLONING AND FUNCTIONAL CHARACTERIZATION OF THE 
MOUSE SIGMA, RECEPTOR. Jianfeng Meif. Ying-Xian Pan*f. Jin Xu. 
Michael King, Albert Chang and Gavril W. Pasternak, The Cotzias Laboratory 
of Neuro-Oncology, Memorial Sloan-Kettering Cancer Center, New York, 
NY10021.

We have isolated a cDNA clone from a mouse brain cDNA library which 
encodes for a functional mouse sigma, receptor. An RT-PCR product from 
guinea pig liver mRNA using primers specific for the guinea pig sigma, cDNA 
was used to screen the cDNA library. The predicted protein sequence from one 
of the clones S2-1 a has high homology with guinea pig (89%) and human sigma, 
receptors (90%). In vitro translation of S2-la produced an 28 kDa band. 
Northern analysis showed that all of the mouse tissues express a single sigma, 
receptor mRNA of approximately 1.8 kb. Brain, liver, kidney and thymus had 
high expression levels of sigma, receptor mRNA. Southern analysis showed that 
mouse genomic DNA digested with Sstl, EcoRI, EcoRV, Kpnl and BamHI 
yielded a single band, suggesting a single copy of the gene encoding the sigma, 
receptor. In vivo antisense studies with an oligodeoxynucleotide (94AN) 
directed against the coding region of S2-la showed that downregulation of 
sigma, sites potentiated Kappa, and Kappa3 opioid analgesia. A mismatch 
oligodeoxynucleotide was inactive. The S2-la construct transfected into S. 
cerevisiae cells bond 125I-(-)-Pentazocine. Binding of the transfected clone has 
been characterized. (Suppt. by NIDA grant DA06241)these authors contribute 
to this work equally.

905.2
INACTIVATION OF THE Q, RECEPTOR BY IN VIVO ANTISENS 
OLIGODEOXYNUCLEOTIDE STRATEGY IN THE MOUSE CONFIRMED 
ITS IMPLICATION IN MEMORY PROCESSES.
T, Maurice*. V.-L. Phan. A. Urani, G. Patev and A. Privat. INSERM U.336, 
ENSCM, 34296 Montpellier, France.

The sigma, (a,) receptors may exert a neuromodulatory role in learning and 
memory processes. Indeed, selective a, receptor agonists attenuated the deficits 
observed in several amnesia models in rodents, including the impairments 
induced by scopolamine, dizocilpine, or by the 625.35-amyloid-related peptide. 
They also allowed some improvement of the age-related deficits in the 
senescence-accelerated (SAM) mouse. The o, receptor was recently purified 
and the cDNA cloned from guinea-pig liver and human placental 
choriocarcinoma cells. In order to firmly establish the role of a, receptors in 
memory, we injected i.c.v. in the mouse a 16-mer oligodeoxynucleotide 
(ODN), antisens to the a, receptor mRNA. Control animals received sterile 
saline or a a, mismatch ODN. ODNs were administered every 12 hr in 
cannulated mice. The in vivo binding of (+)-[3H]SKF-10,047 to a, sites was 
first measured in the mouse hippocampus, cerebrum and cerebellum. We then 
evaluated the open-field behavior of injected animals. The attenuating effect of 
the selective a, receptor agonist PRE-084 (1 mg/kg, s.c.) on the dizocilpine 
(0.15 mg/kg i.p.)-induced learning impairment was finally examined. Memory 
tests included spontaneous alternation in the Y-maze and step-down type 
passive avoidance behavior. The in vivo (+)-[3H]SKF-10,047 binding levels 
were dose-dependently altered after a, antisens ODN administration at 1, 2.25 
or 4.5 nmol/mouse over 3 days, in all structures examined. The effect was 
dependent upon the number of injections, over 1, 3, or 5 days. The anti-
amnesic effect of PRE-084 was completely blocked after the a, antisens ODN 
treatment, at 2.25 nmol over 3 days. Control animals failed to show 
differences in binding or behavioral parameters. These observations bring a 
molecular basis to the implication of a, receptors in learning and memory.

Supported by INSERM

905.3
SENSITIVITY OF SELECTIVE SIGMA, LIGANDS TO THE OPIATE 
ANTAGONIST NALOXONE
S. Couture* and G. Debonnel. Neurobioloqical Psychiatry Unit, McGill University, 
Montreal, Quebec, Canada, H3A 1A1.

Recently, in an attempt to purify the o receptor, Su and colleagues 
purified a protein from rat liver and rat brain which appeared to resemble the o 
opoid receptor as proposed by Martin in 1976, and for which naloxone and the 
non-opiate o ligand (+)-pentazocine present a high affinity. Previous studies from 
our laboratory have shown that several o, ligands potentiate selectively the 
neuronal response to NMDA. The goal of the present electrophysiological 
studies was to determine if and for which o ligands, the potentiation of the NMDA 
response was mediated by the naloxone-sensitive o receptor. Extracellular 
unitary recordings from pyramidal neurons of the CA3 region of the rat dorsal 
hippocampus were obtained. The o, ligands BD 737, L 687, 384 and JO-1784 
potentiated the NMDA response but naloxone failed to reverse their potentiation. 
However, the potentiation of the NMDA response induced by the o, ligand (+)- 
pentazocine was suppressed by naloxone. Cyclazocine, which shares the same 
binding profile as (+)-pentazocine and presents a high affinity for the above 
mentioned o-opiate receptor acted as an antagonist by suppressing the 
potentiation of the NMDA response induced by both JO-1784 and (+)- 
pentazocine. These results suggest that some of the effects induced by some o 
ligands may be in fact sensitive to naloxone while others may be as naloxone- 
insensitive. This would suggest that the original classification of o receptors 
might have been partly accurate.

905.4
MODULATION OF THE NEURONAL RESPONSE TO A/-METHYL- 
D-ASPARTATE BY SELECTIVE SIGMA2 LIGANDS
G. Debonnel* and S. Couture. Neurobiological Psychiatry Unit, McGill University, 
Montreal, Quebec, Canada, H3A 1A1.

It has now been accepted for several years that sigma (a) receptors exist 
in, at least two distinct entities denoted o1 and o2. We have previously shown that 
several selective o, ligands potentiate the neuronal response to NMDA. The non 
selective ojoz ligand DTG also potentiates the neuronal response. However, 
when it is administered at doses between 3 and 40 pg/kg, the increase of NMDA- 
induced activation turns to an epileptoid activity. Until recently, the physiological 
role of o2 receptors had been less studied due to the lack of selective o2 ligands. 
The goal of the present electrophysiological studies was to assess the effect of 
new selective o2 ligands on the neuronal response to NMDA in the CA3 region 
of the rat dorsal hippocampus. Lu 28-179 and BD 1008 potentiated dose- 
dependently the NMDA response and generated bell-shape dose response 
curves. These ligands failed to generate any epileptoid activity on their own but, 
the subsequent administration of a low dose of a a, agonist (JO-1784) induced 
an epileptoid activity. Interestingly, the potentiation of the NMDA response 
induced by Lu 28-179 and BD 1008 was not reversed by haloperidol, by the 
neurosteroid progesterone or by the selective o, antagonist NE-100. These data 
suggest that, similarly to o, ligands, o2 agonists potentiate the NMDA response, 
that the coactivation of o, and o2 receptors could be necessary to induce an 
epileptoid activity. They also suggest that haloperidol may not act as a o2 
antagonist and support the existence of more than one subtype of o2 receptors.
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905.5
ELECTROPHYSIOLOGICAL EVIDENCE FOR THE ROLE OF PROTEIN KINASE 
C IN THE ACTION OF SIGMA1 RECEPTOR LIGANDS. F.P, Monnet and M.-P. 
Morin-Surun. DRC Assistance Publique-Hopitaux de Paris and CNRS UPR2212 
GiflYvette, France.
A wealth of data has been accumulated on the role of sigma (a) receptors (R) in 
neuroprotection, cognition and motor control. Two distinct subtypes of a R, denoted 
al and a2, are present in the mammalian CNS. The a2 R is linked to motor function. 
The al R, being also present in motor structures, is apparently devoid of such action 
and appears particularly important for neuroprotection and cognition. The present 
studies were undertaken to investigate the apparent discrepancy between the presence 
of al R sites in motor areas and their purported absence of effect on motor function. 
We have therefore evaluated in the isolated brainstem preparation of guinea pig1, the 
hypoglossal-mediated motor response as well as die membrane excitability of 
spontaneously active brainstem neurons to selective a ligands. The al agonists 
(+SKF-10047 and +pentazocine) and the mixed al and a2 ligands (DTG and 
haloperidol) reduced reversibly the frequency of the motor output hypoglossal activity. 
This effect is concomitant to a neuronal hyperpolarization. The a antagonists (BD- 
1047 and BD-1063) attenuated the effects of both groups of drugs. Successive 
applications of +SKF-10047 or +pentazocine, but not of DTG nor haloperidol, were 
however not able to reproduce these effects, suggesting that al-, but not c2 R 
desensitize rapidly. A pre-treatment with protein kinase C inhibitors, H7, GF- 
109,203x or Go-6976, prevented the a 1-mediated desensitization of the brainstem 
motor response. Confocal microscopy of immunohistochemistry fluorescence of 
protein kinases C within brainstem structures indicated that the conventional protein 
kinase C is associated with the desensitization of the motor response.
’M.P. Morin-Surun, E.Boudinot, H. Sarraseca, G. Fortin and M. Denavit-Saubit;. 
Respiratory network remains functional in a mature guinea pig brainstem isolated in 
vitro. Experimental Brain Research 90 (1992): 375-383

905.6
SIGMA-2 RECEPTOR AGONISTS INDUCE APOPTOSIS IN RAT 
CEREBELLAR GRANULE CELLS AND HUMAN SK-N-SH 
NEUROBLASTOMA CELLS. B.J, Vilner* and W.D. Bowen. Laboratory of 
Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 20892.

We have previously reported that certain sigma receptor ligands cause 
morphological changes and cell death in neuronal and non-neuronal cell lines 
and in mixed primary culture of rat brain (J. Neurosci. 15:117, 1995; Soc. 
Neurosci Abstr. 20:747, 1994). Here we investigate the type of cell death 
and the sigma subtype involved. Rat cerebellar granule cells or human SK-N- 
SH neuroblastoma cells were treated for various time periods with 3 - 30 pM of 
(+)-pentazocine, haloperidol, reduced haloperidol, BD737, BD1047, 
BD1008, CB-64D, or CB-184. These compounds represent a range of sigma 
subtype selectivities, with (+)-pentazocine being sigma-1 selective and CB- 
64D and CB-184 being sigma-2 selective. Apoptosis was determined by the 
TUNEL method,' Hoescht nuclear stain, and by Annexln-V binding. With the 
exception of (+)-pentazocine, all sigma ligands examined induced apoptosis 
in cerebellar granule cells. CB-64D was very potent, producing a significant 
number of apoptotic cells in 10 - 12 days at a concentration of 3 pM. In 
general, higher concentrations of sigma ligands produced apoptosis at 
shorter time points, as was observed with morphological changes. Similar 
results were observed in SK-N-SH neuroblastoma cells using TUNEL and 
Annexin-V staining over a 3-day drug treatment period. Annexin-V staining 
(which visualizes the early stages of the apoptotic process in which membrane 
lipid rearrangement occurs) appeared first over cell processes and then over 
cell bodies, consistent with the alteration of processes observed as the most 
early morphological effect of sigma ligands. (+)-Pentazocine failed to produce 
either morphological changes or apoptosis at concentrations up to 30 pM. 
Furthermore, non-sigma ligands (morphine, atropine, MK-801, (-)-sulpiride, 
glutamate, (-)-naltrexone, carbachol, BD1006, and CB-53D) had no effect on 
SK-N-SH cells. In view of the potent activity of CB-64D and CB-184, these 
data suggest that sigma-2 receptors mediate apoptotic cell death.

905.7
NOVEL IBOGAINE ANALOGS AS SELECTIVE SIGMA-2 RECEPTOR 
PROBES: LIGAND BINDING AND FUNCTIONAL ASSAYS. W.D, Bowen*1.
B.J. Vilner1, W. Williams1. U.K, Bandaraae2. and M.E, Kuehne2. 1 Laboratory 
of Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 20892 and 2Dept. of 
Chemistry, University of Vermont, Burlington, VT 05405-0125.

Ibogaine and some of its naturally occurring congeners have been shown to 
be selective, moderate affinity ligands for sigma-2 receptors (Eur. J. 
Pharmacol. 279:R1, 1995). Furthermore, ibogaine and ibogamine were 
shown to be sigma-2 receptor agonists, as indicated by their ability to release 
intracellular calcium and modulate voltage gated calcium channels (Soc. 
Neurosci. Abstr. 22:2006, 1996). Here we investigate analogs with 
modification of the 4-ethyl side chain and 18-carbomethoxy group in a series 
related to ibogamine (no aromatic substitution). For reference, (±)-ibogamine 
had a sigma-2 Ki = 137 nM. 4-(2-Hydroxyethyl)-substitution of (±)-ibogamine 
slightly decreased sigma-2 affinity to Ki = 209 nM. However, 4-(2- 
methoxyethyl)-substitution of (±)-ibogamine increased affinity to Ki = 42.9 nM. 
Optical resolution gave (+)- and (-)-4-(2-methoxyethyl)-desethylibogamine 
((+)- and (-)-4-MDI), which had Ki values of 662 nM and 30.6 nM, respectively. 
With a sigma-1 Ki = 4.5 pM, (-)-4-MDI was 150-fold selective for sigma-2 sites. 
The corresponding derivatives containing an 18-carbomethoxy group all had 
low affinity for sigma-2 sites (Ki = 7.8 pM - 46.7 pM). All the novel analogs 
examined had low affinity for sigma-1 sites (Ki = 4.5 pM - 28.6 pM). Unlike 
other sigma-2 ligands and despite its high sigma-2 affinity, (-)-4-MDI did not 
produce a rise in [Ca++Ji in lndo-1-loaded SK-N-SH neuroblastoma cells, even 
at concentrations up to 300 pM. (-)-4-MDI also did not cause morphological 
changes or cell death in SK-N-SH cells at concentrations up to 30 pM. 
However, 30 - 200 pM (-)-4-MDI attenuated the ability of (±)-ibogamine, CB- 
64D, and CB-184 (10- 100 pM) to increase [Ca++]i. Thus, (-)-4-MDI may be a 
selective sigma-2 receptor antagonist. Studies are in progress to determine 
whether (-)-4-MDI also attenuates the cytotoxic effects of sigma-2 agonists.

905.8
INVESTIGATION OF SIGMA RECEPTOR-G-PROTEIN INTERACTION USING 
STIMULATION OF [35S]GTPy-S BINDING TO RAT CEREBELLAR AND 
HUMAN SK-N-SH NEUROBLASTOMA CELL MEMBRANES. D.B. Joseph* 
and W.D. Bowen. Lab. Medicinal Chem., NIDDK, NIH, Bethesda, MD 20892.

Evidence for the involvement of heterotrimeric G-proteins in certain 
functional responses to sigma receptor activation has been reported in vivo 
and in studies on brain slice preparations and primary neuronal cultures. 
Earlier reports indicated that the binding of sigma ligands was sensitive to 
guanine nucleotides and pertussis toxin. In particular, sigma-1 receptors have 
been proposed to be G-protein coupled receptors (GPCRs) (Trends 
Pharmacol. Sci. 13:85, 1992). We investigated this possibility by measuring 
binding of [35S]GTPy-S as an indicator of G-protein activation. In rat cerebellar 
membranes, which have sigma-1 receptors, the sigma-1-selective agonist (+)- 
pentazocine (0.1 - 30 pM) had no effect on [35S]GTPy-S binding. In contrast, 
the muscarinic agonist carbachol produced a dose-dependent stimulation of 
binding (EC50 = 2.9 ± 0.5 pM, Smax = 39.4 ± 1.6%). To further investigate 
sigma receptor-G-protein interaction in a more homogeneous cell source, we 
tested membranes from the human SK-N-SH neuroblastoma cell line, which 
expresses high levels of both sigma-1 and sigma-2 receptors. Whereas 
carbachol and the p-opioid agonist DAMGO stimulated [35S]GTPy-S binding 
by 68.5 ± 12.8% and 76.6 ± 4.7%, respectively, none of the sigma ligands 
tested (1 nM - 10 pM) including (+)-pentazocine, (+)-SKF-10,047, 
dextrallorphan, haloperidol, reduced haloperidol, DTG, BD737, BD1008, 
BD1047 and ibogaine, had any effect on [35S]GTPy-S binding. The failure of 
sigma ligands to stimulate [35S]GTPy-S binding to membranes suggests that 
sigma receptors are not directly coupled to G-proteins in a manner analogous 
to the classical GPCRs. This would be consistent with the structure of the 
cloned sigma-1 receptor (Proc. Natl. Acad. Sci. 93:8072, 1996). However, 
the possibility remains that the conditions used here were not optimal or that 
sigma receptors modulate G-protein function by some other mechanism. 
These possibilities are being pursued using a permeabilized cell system.

905.9
REGULATION OF DOPAMINE TRANSPORTER FUNCTION BY SIGMA2 
(02) RECEPTORS IN PC12 CELLS. J,K. Weatherspoon* and L.L. Werling, 
Department of Pharmacology, The George Washington University Medical 
Center, Washington, DC 20037.

Amphetamine (AMPH) and other drugs of abuse are known to elevate 
synaptic levels of dopamine (DA) via interference with DA transporter 
(DAT) function. Since PC12 cells contain catecholamines and bear sigma2 
(a2) receptors, but to our knowledge do not bear ai receptors, we chose to use 
these cells as a model to study a receptor regulation of DAT function, which 
we postulated occurs via a a2 receptor. In this study, we used a superfusion 
system to measure the release of preloaded pH]DA from PC12 cells. AMPH 
(0.1 - 50.0 pM) produced a concentration-dependent increase in pH]DA 
release by facilitated exchange diffusion from PC12 cells. The a receptor 
agonist (+)pentazocine, at concentrations commensurate with its Kf at qo 
receptors (500 - 1000 nM), produced an apparent enhancement of AMPH- 
stimulated pH]DA release. This enhancement was significantly reversed 
by the c2 receptor antagonist BIMU-8 (100 nM) and the non-subtype 
selective a receptor antagonists DTG (100 nM) and BD1008 (10 nM), but not 
the O[-selective receptor antagonist DuP734(100 nM). The enhancement of 
AMPH-stimulated pH]DA release was not observed when (+)pentazocine 
was tested in the presence of EGTA (1 mM). Our preliminary results also 
suggest that the DAT in PC12 cells may be less sensitive to AMPH as 
compared to the effects of AMPH on DAT function in brain slices. These 
results suggest that the q? receptor is associated with DAT function and 
PC12 cells may provide a useful model to study 02 receptor regulation of 
DAT function. Supported by a grant from NIDA.

905.10
EFFECTS OF NEUROPEPTIDE Y AND SIGMA RECEPTOR LIGANDS ON 
K+-STIMULATED [3H]DA RELEASE FROM SLICES OF RAT NUCLEUS 
ACCUMBENS. D.T. Ault* and L.L.Werling. Neuroscience Program and 
Department of Pharmacology, The George Washington University Medical 
Center, Washington, DC 20037.

Although the identity of the endogenous ligands for a receptors is 
unknown, various compounds have been shown to compete for binding to 
these receptors. Among endogenous a receptor ligand candidates is 
neuropeptide Y (NPY). In previous studies, we have shown that NPY and 
(+)pentazocine have opposite effects on NMDA-stimulated [3H]DA release 
from slices of rat nucleus accumbens. However, the enhancing ability of NPY 
and the inhibiting ability of (+)pentazocine are both reversed by the same 
antagonists, including several a1 receptor antagonists and the Y receptor 
antagonist PYX-1. In the current study, we used a superfusion system to 
compare the effects of NPY and (+)pentazocine on K+-stimulated [3H]DA 
release. The results are comparable to those found with NMDA-stimulated 
release. NPY enhanced release at nM concentrations while (+)pentazocine 
inhibited release. The same a1 receptor antagonists (DuP734 and BD1008), 
as well as PYX-1, all reversed NPY-mediated enhancement and 
(+)pentazocine-mediated inhibition of release. BIMU-8, a cr2 receptor 
antagonist, did not reverse the effects of either NPY or (+)pentazocine. The 
effects of PCP, which binds to both a and PCP receptors, and MK-801, which 
binds to PCP receptors, were compared to that of NPY on K+-stimu!ated 
[3H]DA release. Both PCP and MK-801 also enhanced K+-stimulated [3H]DA 
release. The mechanism(s) responsible for enhancement of release by these 
drugs are being investigated. Our findings support previous data suggesting 
an overlap in populations of receptors currently designated a and Y. These 
findings may be important because regulation of dopamine release in the 
nucleus accumbens is critical for both the positive symptoms of schizophrenia 
and reinforcement caused by drugs of abuse. (Supported by NIDA grants to 
DTA and LLW.)
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905.11
OPIOIDS RETAINING AFFINITY FOR THE NOCICEPTIN/ 
ORPHANIN FQ RECEPTOR DISPLAY OPIOID-LIKE PROFILE. 
J.E. Hawkinson*, M. Acosta-Burruel, S.A. Espitia and E, Weber.
CoCensys, Inc., 213 Technology Dr., Irvine, CA 92618.

The majority of opioid receptor ligands are inactive at the orphan
opioid receptor. However, certain opioids from several structural 
classes retain affinity for the orphan receptor. The phenyl piperidine 
lofentanil inhibited [3H]nociceptin binding in rat brain membranes (ICso 
250 nM), whereas the related ohmefentanil and sufentanil were about 
2- and 30- fold less potent, resp. The morphinans naloxone benzoyl 
hydrazone (IC5o 700 nM) and buprenorphine (ICso 2 pM) and the 
benzomorphan quadazocine (ICso 4 pM) also displayed affinity for the 
orphan receptor. Similar potencies for these opioids were observed in 
human ORLI receptors expressed in HEK cells (except sufentanil). 
The p agonists lofentanil, ohmefentanil, and sufentanil stimulated basal 
[35S]GTPyS binding in ORLI membranes (EC50 ~ 0.05, 1, and 2 pM, 
resp.). The mixed opioid agonist/antagonist buprenorphine, the k 3 
agonist-p agonist/antagonist naloxone benzoyl hydrazone and the p 
antagonist quadazocine inhibited nociceptin-stimulated [35S]GTPyS 
binding in brain and ORLI membranes (IC50 1-10 pM). Thus, the 
opiate receptor agonists and antagonists examined which retain affinity 
for the orphan opiate receptor also retain their opiate receptor 
functional (i.e., agonist vs. antagonist) activity at the orphan receptor.

905.12
COMPARISON OF THE PHARMACOLOGY OF THE ORLi RECEPTOR 
IN CENTRAL AND PERIPHERAL SITES. J.R. Nicholson, S.J. Paterson1, 
J.Hughes* and A.T. McKnight. Parke-Davis Neuroscience Research Centre, 
Cambridge University Forvie Site, Cambridge. CB2 2QB. ^Dept. 
Pharmacology, UMDS, St Thomas' Hospital, London. SE1 7EH.

Orphanin FQ (or nociceptin) is the recently isolated endogenous ligand for 
the ORLi receptor. Transcripts for ORLi are widely distributed in rat CNS 
and in some tissues such as the vas deferens. We have characterised the 
functional response to nociceptin in the vas deferens of the rat (RVD) and 
rabbit and have investigated the pharmacology of the orphan opioid receptor 
using the binding of [3H]-nociceptin in rat brain membranes.

Cumulative addition of nociceptin to electrically stimulated RVD produced a 
concentration-dependent decrease in tissue contraction with an EC50 of 4.9 
nM (3.48-7.29, n=6). This response could not be antagonised by naloxone (3 
pM) or a range of other classical opioid receptor antagonists. A similar 
response was found in the rabbit vas deferens (EC50 3.37 nM (1.2-7.5, n=3) 
and similarly, this response could not be antagonised by naloxone. In binding 
experiments in rat brain membranes nociceptin displayed high affinity for the 
ORLi receptor (pKj 9.62 nM against 0.1 nM [^HJ-nociceptin, n=3), with 
moderate affinity for p- and k - binding sites (pKj 6.59± 0.051 and 6.55± 0.156 
against 1 nM pH]-DAMGO and 0.25 nM [3H]-CI-977 respectively, n=3). 
However, the lack of effect of classical opioid antagonists against the response 
to nociceptin in the vasa deferentia excludes an interaction with the p- or k - 
receptor in the mediation of the opioid-like action of nociceptin we have 
described; rather the effect may be via an endogenously expressed ORLj 
receptor.

905.13
NOCICEPTIN STIMULATES MAP KINASE ACTIVATION VIA 
THE Gipy-MEDIATED SIGNALING PATHWAY. S. Fried, M.J. 
Graziano. B. Weig, J.E. Lachowicz*, and B.E.Hawes. Dept. of 
CNS and Cardiovascular Research, Schering Plough Research 
Institute, Kenilworth, NJ 07033.

Nociceptin binds to the ORL-1 receptor and has been shown to 
modulate nociceptive responses. This study assesses the ability of 
the ORL-1 receptor to couple to an intracellular signaling pathway 
leading to activation of mitogen activated protein (MAP) kinase. 
Nociceptin stimulation of CHO cells stably transfected with the ORL- 
1 receptor (CHO-ORL-1) produced a 3-5 fold increase in MAP 
kinase activity. This activation was transient (maximal stimulation at 
2-5 min), concentration-dependent (maximal stimulation at 10 nM 
nociceptin), and not affected by the opioid receptor antagonist 
naloxone. Nociceptin had no effect on MAP kinase activation in 
nontransfected CHO cells. Nociceptin-stimulated MAP kinase 
activation in CHO-ORL-1 cells was abolished by pertussis toxin 
which blocks Gi protein activation. In addition, nociceptin- 
stimulated MAP kinase activation was attenuated by expression of the 
selective Gpy inhibitor, pARKct, and by the phosphatidylinositol 3- 
kinase (PI-3K) inhibitors, wortmannin and LY294002. Inhibition of 
protein kinase C activity (PKC) by bisindolylmaleimide or cellular 
depletion of PKC did not significantly affect nociceptin-stimulated 
MAP kinase activation. These results demonstrate that ORL-1 is 
capable of mediating nociceptin-stimulated MAP kinase activation 
using the Gipy signaling pathway, which employs a PI-3K and is 
independent of PKC.

905.14
THE STRUCTURAL BASIS FOR THE LACK OF CROSS-ACTIVATION 
IN ORPHANIN FQ AND DYNORPHIN A Rainer K, Reinscheid*1. Jacqueline 
ffigelin2, Robert A, Henningsen2. Frederick J, Monsma Jr,2 & Olivier CivelJi3.

1 Institute for Cell Biochemistry, University of Hamburg, D-22529 Hamburg, 
Germany; 2 Hoffmann-La Roche, PRPN, CH-4070 Basel, Switzerland; 3 Dept. of 
Pharmacology, University of California Irvine, Irvine, CA 92717.
Orphanin FQ (OFQ) is the endogenous ligand for an opioid-like G protein- 
coupled receptor. Although OFQ exhibits some similarity to the opioid peptides, 
OFQ is not recognized by opioid receptors, nor does the OFQ receptor bind opioid 
ligands. Such a strict pharmacological selectivity in families of structurally related 
ligands and receptors may result from an evolutionary process aiming at 
increasing diversity in neurotransmission. An example for pharmacological 
specificity can be found in the OFQ system when it is compared to the opioid 
system. We have therefore investigated the basis for selectivity inherent in the 
primary structures of OFQ and its closest counterpart, dynorphin A. A series of 
truncated and/or chimeric peptides led to the conclusion that both peptides contain 
domains which specifically act to prevent cross-activation of other but their own 
receptors. These domains are composed of single residues in key positions 
together with short stretches of amino acids. In order to prove this concept of 
"repellant" domains, we designed a universal agonist and found it active at both 
the OFQ receptor and the K-opioid receptor. From these results we would propose 
an extension of the traditional message-address concept, as originally developed 
for dynorphin A, which takes into account the presence of repellant domains. Our 
concept is consistent with the finding that OFQ can act as an anti-opioid peptide, 
since such an activity necessitates clear pharmacological separation of the two 
systems. (Supported by Hoffmann-La Roche)

905.15
CHARACTERIZATION OF A NOVEL ORPHANIN FQ/NOCICEPTIN 
BINDING SITE IN MOUSE BRAIN WITH A HIGH AFFINITY FOR 
ORPHANIN FQ/NOCICEPTIN 1-11. J.P. Mathis*, J.P. Ryan-Moro, I.E. 
Goldberg, G.C. Rossi, L. Leventhal and G. W. Pasternak, The Cotzias 
Laboratory of Neuro-Oncology, Department of Neurology, Memorial Sloan 
Kettering Cancer Center, New York, NY 10021.

Orphanin FQ/nociceptin (OFQ/N) is the endogenous ligand for the 
ORL-1/KOR-3 receptor (Meunier eZa/.,1995; Reinschied et al., 1995) and binds 
to both high and low affinity sites in brains (Mathis et al., 1997). OFQ/N 
contains two paired basic amino acids, raising the possibility of further 
processing into two peptides, OFQ/N 1-11 and OFQ 1-7. Several studies from 
our laboratory have shown that OFQ/N and OFQ/N have analgesic properties 
(Rossi et al., 1996), however OFQ/N 1-11 has relatively poor affinity for the 
ORL-1/KOR3 binding site (Pan etal., 1996). [125I](Tyrl°) OFQ/N 1-11 binding 
in mouse brain homogenates reveals a KD of 234 pM and Bmax of 43 fmol/mg 
protein. In competition studies, OFQ/N has very high affinity (< 10 pM) for this 
binding site. Dynorphin A 1-17, dynorphin A 1-11 and dynorphin A 1-9 label 
this site with Kj values less than 10 nM. NalBzoH, a kappa3 ligand, has a K; of 
about 4 nM. A series of mu, delta, and kappa, opioids possess very poor 
affinities (Ks> 1 pM), except for naltrindole and two general opioid anatagonists, 
levallorphan and diprenorphine, which demonstrated affinities in the range of 
200 to 300 nM. (Tyr10) OFQ/N 1-11 and mono-iodo (Tyr ') OFQ/N 1-11 produce 
nociceptive responses in mice. The [125I](Tyr10) OFQ/N 1-11 binding site appears 
to correspond to the high affinity site of OFQ/N. This work is supported by T30 
DA07274 (J.P.M.) and DA02615 (G.W.P.).

905.16
STIMULATION OF MITOGEN-ACTIVATED PROTEIN KINASE 
BY NOCICEPTIN/ORPHANIN FQ IN ORLI-CONTAINING 
CELLS. L. Toll* and L. Rodriguez. Neuroscience Program, SRI 
International, 333 Ravenswood Ave, Menlo Park, CA 94025.

The best understood action of opioid receptors, and other 
receptors negatively coupled to adenylyl cyclase, is the Gj- or Go- 
mediated inhibition of cAMP accumulation. More recently, 
stimulation of [35S]GTPyS binding has also been demonstrated to 
be clearly characteristic of ligand-induced activities. A variety of G 
protein-coupled receptors have also been shown to mediate 
intracellular signaling pathways through the stimulation of mitogen- 
activated protein kinase (MAP Kinase). We have demonstrated the 
stimulation of Extracellular-Signal-Regulated Kinase (ERK2), one 
of the members of the MAP Kinase family, induced by nociceptin in 
CHO cells transfected with ORLI. Stimulation of ERK2 is rapid, 
maximal activity being reached within 4 min, with significant 
activity remaining after almost 1 h. The EC50 of nociceptin required 
for stimulation is approximately 0.1 nM, lower than that required for 
either stimulation of GTPyS binding or inhibition of adenylyl 
cyclase activity, suggesting a very large receptor reserve for 
stimulation of MAP Kinase. These studies suggest that some of the 
anti-opioid actions of nociceptin may be due to activation of the 
MAP Kinase pathway.
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905.17
OPIOID RECEPTOR-LIKE ORPHAN RECEPTOR-1 (ORL-1) AND 
ORPHANIN FQ (OFQ): DEVELOPMENTAL EXPRESSION. Z.-P.

Neurosci. and Cell Biol., UMDNJ-RWJMS, Piscataway, NJ 08854 and 
ADept. of Pharmacol., Univ. of California, Irvine, CA 92697

The ORL-1 and its ligand OFQ (or nociceptin), a heptadecapeptide, 
comprise a newly identified biological system, which structurally resembles 
the opioid receptors and ligands but exerts distinct actions. To investigate 
the possible developmental significance of this system, we have employed 
in situ hybridization histochemistry using 35S-labelled riboprobes to 
examine mRNA expression of ORL-1 and OFQ in prenatal and early 
postnatal mice. The ORL-1 transcript was observed in both the central and 
peripheral nervous systems at least as early as el5.5. Expression was much 
more widespread than the opioid receptors and in fact was present 
throughout the entire rostral-caudal extent of the CNS. In the peripheral 
nervous system, ORL-1 mRNA is present in both DRGs and sympathetic 
ganglia by midgestation. It is relatively more abundant in the sympathetic 
ganglia and less abundant in the DRG than the p receptor. This pattern is 
conceivably related to the high expression of OFQ in specific cells in the 
intermediate region of the fetal spinal cord that contain the sympathetic 
preganglionic neurons. OFQ expression in the nervous system was seen as 
early as el3.5. Unlike the ORL-1, OFQ expression is more restricted. In 
particular, a high level of expression was seen in both the developing 
caudate and specific nuclei in the developing diencephalon. In addition, the 
OFQ transcript was found to be highly expressed in restricted areas of the 
fetal male reproductive tract. This anatomical expression study suggests 
possible roles of the ORL-l/OFQ in development of both the nervous 
system and male reproductive system.
Supported by PhRMA 1996 post-doctoral fellowship (Z.P.C.) and DA-09040 
(J.E.P.)

905.18
STIMULATION OF [35S]GTPyS BINDING BY p-ENDORPHIN IN MOUSE 
BRAINSTEM MEMBRANES: INVOLVEMENT OF G-PROTEIN-COUPLED 
NON p-, S- AND k -OPIOID RECEPTOR. H, Mizoquchi1*, M, Narita1, M, Narita1, 
H. Nagase2and L, F. Tseng1. 1 Department of Anesthesiology, Medical College 
of Wisconsin, Milwaukee, Wl 53226, 2Basic Research Laboratory, Toray 
Industries Inc., Kamakura 248, Japan.

Opioid receptors are G-protein coupled receptors and the activation of p-, S-, 
or K-opioid receptor by selective opioid receptor agonist increases the binding 
of the non-hydrolyzable GTP analog GTPyS to G protein (see Abstract by Narita 
etal.). p-Endorphin is a non-selective opioid receptor agonist; it stimulates p-, 
8-, k - and e-opioid receptors. The present experiment was designed to 
determine the modulation of [35S]GTPyS binding by p-endorphin in mouse 
brainstem membranes. The mouse brainstem P2 membrane was incubated in 
an assay buffer containing 50 pM (35S]GTPt S, 30 pM GDP and various 
concentrations of p-endorphin. p-Endorphin (0.1-10 pM) stimulated 
[35S]GTPyS binding to G-protein in a concentration-dependent manner, and 10 
pM p-endorphin produced a maximal 200 % increase of pSJGTPyS binding. 
This increase of [35S]GTPyS binding by p-endorphin was only partially but not 

completely blocked by a combination of 1 pM each of p-FNA, NTI and norBNI; 
70 % increase of [“SJGTPyS binding was still remained. The same 
concentration of these antagonists completely blocked the increases of 
[“SJGTPyS binding induced by 10 pM of DAMGO, DSLET and U50.488H, 
respectively. The present results indicate that p-endorphin increases 
[35S]GTPyS binding to G-protein in mouse brainstem membranes by stimulation 

in part of p-, 8- and K-opioid receptors and in part by the stimulation of non p-, 
non 8- and non K-opioid receptor, probably e-opioid receptor, in mouse 
brainstem membranes. (Supported by NIH grant DA 03811).

CATECHOLAMINE RECEPTORS: ADRENERGIC

906.1
PURIFICATION OF HUMAN a2-ADRENOCEPTOR SUBTYPE C2 
USING MONOCLONAL ANTIBODY COLUMN. S. Liitti, H. Narva, 
M-T. Matikainen, T. Glumoff, M. Koulu* and M. Scheinin. *Dept. of 
Pharmacology and Clinical Pharmacology and Centre for Biotechnology, 
Univ. of Turku and Abo Akademi University P.O.B 123, FIN-20521, 
Turku, Finland.

We have previously raised and characterized monoclonal antibodies 
(Mabs) against the human a2-adrenergic receptor subtype C2. Large 
scale production of these Mabs was done in hollow fiber bioreactor. 
Two different purified Mabs with different affinities to the a2C2 
receptor were coupled to activated CH Sepharose 4B.

Recombinant Saccharomyces cerevisiae yeast membranes expressing 
a2C2 receptors were solubilized with sucrose monolaurate and the lower 
affinity matrix (Mab 3G3) was used to isolate a2C2 receptors. 
Receptors were bound to the matrix in the presence of sucrose 
monolaurate and eluted with a buffer containing sodium thiocyanate. 
The fraction containing the receptor was electrophoresed on SDS-PAGE 
and silver staining of the gel revealed a single 49 kDa band. Western 
blotting with another anti-a2C2 Mab (7G1) was used to detect the 
immunoreactivity of the 49 kDa band. The putative a2C2 adrenergic 
receptor band will next be confirmed by N-terminus sequencing.

This study was funded by grants from the Technology Development 
Centre of Finland and the Academy of Finland.

906.2
EXPRESSION OF THE HUMAN a2C2 RECEPTOR IN ESCHERICHIA COLL K 
Narva, J. Heilman, S. Liitti, M. Courtney*, M. Scheinin and T. Glumoff. Wept, of 
Biochemistry and Pharmacy, Abo Akademi University, Dept. of Pharmacology and 
Clinical Pharmacology, Univ. of Turku and Centre for Biotechnology, P.O.B. 123, 
FIN-20521, Turku, Finland.

Inexpensive and simple expression systems are required for production of large 
amounts of receptor proteins for purification and crystallization. We have expressed 
the non-glycosylated human adrenoceptor subtype a2C2 in E. coli (strain 
DH5aFTQ) under lac promoter control. The expression construct contained 
CGTase (cyclomaltodextrin glucanotransferase) in its N-terminus and a 6 x His tag 
fused to the C-terminus of the receptor. The fusion partner, CGTase, was chosen in 
order to increase yield and facilitate purification, since CGTase fusion proteins are 
deposited in inclusion bodies, which, due to their dense packing, minimize 
proteolytic degradation. Western blotting and detection with an anti-a2C2 
monoclonal antibody (7G1) were performed for confirming the expression of the 
fusion protein of expected size (123 kDa).

Inclusion bodies were isolated by detergent washes (0.5 % Triton X-100) and 
several solubilization methods were tested. N-lauroylsarcosine (1.25 %) was the 
most efficient solubilizing agent. Based on a two-site immunofluorometric assay 
employing two monoclonal antibodies (biotinylated 7G1 and Eu-labelled 3G3) the 
solubilization yield was about 0.6 mg of fusion protein (0.2 mg receptor) per one 
litre of E. coli culture. Reconstitution experiments will show whether this 
expression system is suitable for the large scale production of functional a2C2 
receptor.

This study was funded by grants from the Technology Development Centre of 
Finland and the Academy of Finland.

906.3
a2C-ADRENOCEPTORS MEDIATE INHIBITION OF FORSKOLIN- 
STIMULATED CYCLIC AMP PRODUCTION IN RAT STRIATUM.
L. Lu* and G.A. Ordway. Departments of Psychiatry & Human Behavior and 
Pharmacology & Toxicology, University of Mississippi Medical Center, Jackson,
MS 39216.

The potential role of a2-adrenoceptors in modulating the activity of adenylyl 
cyclase in the rat striatum was examined. The selective a2-adrenoceptor agonist,
UK 14,304, produced a concentration-dependent inhibition of forskolin-stimulated 
accumulation of cAMP in striatal slices. The effect of UK 14,304 was reversed by 
preincubation of striatal slices with the selective a2-adrenoceptor antagonist, 
RX821002. To determine whether a2C-adrenoceptors contribute to the az- 
adrenoceptor-induced inhibition of forskolin-stimulated cAMP accumulation, an 
antisense oligodeoxynucleotide directed against a2C-adrenoceptor mRNA (a2CAS) or 
a random sequence (RS) was infused directly into the striatum. The ability of a2CAS 
to reduce the expression of a2C-adrenoceptors has been previously demonstrated. 
a2CAS infusions did not reduce the ability of UK 14,304 to inhibit forskolin- 
stimulated cAMP accumulation. Instead, a2CAS significantly enhanced forskolin- 
stimulated cAMP accumulation on the infusion side compared to the contralateral 
striatum. In contrast to the effects of a2CAS, infusions of RS had no effects on 
forskolin-stimulated cAMP accumulation or on the ability of UK 14,304 to inhibit 
this effect. Incubation of striatal slices from untreated rats with RX821002 could 
mimic the ability of a2CAS infusion to enhance forskolin-stimulated cAMP 
accumulation, and did so in a concentration-dependent manner. Thus, az- 
adrenoceptors are negatively coupled to adenylyl cyclase in the rat striatum and a2C- 
adrenoceptors appear to be under tonic activation by an endogenous ligand in striatal 
slices. (Supported by a gift from the Robert Wood Johnson Pharmaceutical Research 
Institute.)

906.4
GENETICALLY ALTERED oc2c-ADRENOCEPTOR EXPRESSION 
MODULATES LOCOMOTOR STIMULATION INDUCED BY D- 
AMPHETAMINE IN MICE. J. Sallinen, A. Haapalinna, T. Viitamaa, B. K. 
Kobilka and M. Scheinin*. Dept. of Pharm. and Clin. Pharm., Univ. of Turku, 
FIN-20520 Turku, Orion Corporation, Orion Pharma, FIN-20101 Turku, Finland, 
and Howard Hughes Medical Institute and Stanford University, Stanford, CA 
94305.

Dopamine (DA) metabolism is slightly altered in the brains of mice with 
genetically altered o^-adrenoceptor (azc-AR) expression (1). a^-ARs are abundant 
in the striatum, which is a main site of DA neurotransmission involved in the 
control of psychomotor functions, but the physiological functions of this receptor 
subtype are still unknown. We therefore studied the locomotor stimulation induced 
by the indirect DA agonist J-amphetamine (d-Amph) in two strains of mice: One 
with targeted disruption (^-knockout, a2c-K0) and the other with tissue-specific 
overexpression of the cc^-AR (1). The d-Amph (2 mg/kg s.c.) induced increase of 
activity was significantly enhanced in a2c-K0 mice and attenuated in oe^-AR 
overexpressing mice, when compared to respective wild-type mice. In addition, a^- 
KO mice, pre-treated with subsedative doses (10 pg/kg s.c.) of the subtype- 
nonselective a2-agonist dexmedetomidine (Dex) were strikingly more active after d- 
Amph than their wild-type controls after Dex and 4-Amph. Dex alone reduced the 
activity similarly in mutant and wild-type mice, which was expected, because the 
sedative effects of o^-agonists are mediated via the Ot2a-AR subtype (1,2). These 
results suggest that a2c-ARs modulate brain DA systems, inhibiting the locomotor 
stimulation induced by 4-Amph. They may thus be potential targets for new 
pharmaceuticals for various disorders with abnormal brain DA function such as 
schizophrenia and Parkinson's disease.

References:(1) Sallinen, Mol. Pharmacol. 51: 36, 1997;<2) Hunter, Br. J. 
Pharmacol. 120: 229P, 1997.
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906.5
BRAIN GLUCOSE METABOLISM AND PLASMA CATECHOLAMINES 
FOLLOWING ACUTE ETHOXYIDAZOXAN: DOSE RESPONSE. M.E, 
Schmidt*, R.J. Oshinskv, H-G, Kim, W.Z. Potter, Experimental 
Therapeutics Branch, NIMH, Bethesda, MD 20892

Activation of a2 adrenoceptors inhibits the release of several modulatory 
neurotransmitters including NE, 5HT, and ACh. We have shown that the a.2 
antagonist idazoxan (IDX) can alter regional brain glucose metabolism 
(CMRglu) in humans, using [F*18] fluoro-deoxyglucose (FDG) positron 
emission tomography (PET). This may reflect enhanced central release of 
neurotransmitters after blocking tonic inhibition. IDX also has affinity for l2 
imidazoline binding sites, also present in brain. To explore whether the 
changes we have seen with IDX could be due to l2 sites, we tested the 
effects of ethoxyidazoxan (ETX), which has no affinity for l2 sites. Two doses 
were tested for effects on CMRglu and on plasma NE, EPI responses. 16 
healthy male volunteers (22-42 y/o) underwent serial FDG PET scans before 
and after infusion with ETX, 9 pg/kg (n=8) or 12 pg/kg (n=8). Plasma 
samples for NE, EPI were also obtained. PET images from ail subjects were 
analyzed by ANOVA of regions of interest (ROI) and pixel-by-pixel (SPM), 
within groups. Blood pressure increased 10-15%, coincident with significant 
increases in NE, EPI. Increases in NE, EPI were relatively greater after 12 
pg/kg. CMRglu increased significantly after both doses. Pixel-by-pixel 
analyses suggested that while both doses resulted in increases in 
cerebellum, prefrontal and occipital cortices, increases were more diffuse 
following 12 pg/kg. Such global increases in cerebral cortex and cerebellum 
substantially differs from the more restricted changes we observed after IDX 
in this population. The affinities of ETX and IDX may be sufficiently distinct 
that acute effects on brain activity differ.

906.6
DOWNREGULATION OF a2-ADRENOCEPTOR GENE 
EXPRESSION BY PSYCHOSOCIAL STRESS. H, Mever 
M, Scheinin, and* G, Flugge*. German Primate Center, D-37077 
Gottingen, Germany and MediCity, University of Turku, FIN-20520 
Turku, Finland.

Chronic stress leads to elevated neurotransmitter-release from 
central noradrenergic nerve-terminals and to a downregulation of a2- 
adrenergic receptors (a2-AR), which play a pre- and postsynaptic 
role in mediating the catecholaminergic stress response. Employing 
male tree shrews (Ttipaia belangeri) as a model for subordination 
stress, we investigated, whether the regulation of a2-AR-number 
occured on the level of gene transcription. To study ct2-AR mRNA- 
expression, receptor-specific [^Sj-cRNA-probes, which were 
obtained by RT-PCR-cloning were used in quantitative in situ 
hybridization experiments. After a stress-period of 30 days, an 
approximately 25 % reduction in oc2A-AR-subtype mRNA-levels 
was found in the locus coeruleus (A6). In noradrenergic neurons of 
the ventrolateral medulla (Al) and the nucleus of the solitary tract 
(A2), mRNA-levels were downregulated by 22 %, respectively, 
whereas no changes could be detected in motoneurons of the nervus 
vagus and in CA3-neurons of the hippocampus. These findings 
indicate, that downregulation of presynaptic a2-AR mainly depends 
on a reduced transcription of the receptor-gene. Supported by the 
DAAD (HSP2/AUFE) and the DFG (SFB 406).

906.7
SUBTYPE-SPECIFIC LOCALIZATION OF ALPHA2-ADRENERGIC 
RECEPTORS DURING PC 12 CELL DIFFERENTIATION. J, Kallio, T, 
Olli-Lahdesmaki. E, Coffey* and M. Scheinin. Dept. of 
Pharmacology and Clinical Pharmacology, University of 
Turku, Turku, Finland

The three a 2-adrenergic receptor subtypes have distinct 
tissue distributions, G-protein coupling and desensitization 
properties. They also have subtype-specific intracellular 
localization and trafficking properties in some cell lines. We 
have now studied the localization of human a2 receptors 
during NGF-induced differentiation of PC12 cells.

Stable PC 12 cell lines were created for each of the a 2 
subtype expressing 1-2 pmol of receptor/mg protein. The 
receptors were visualized using indirect immuno-
fluorescence and confocal microscopy.

The results show that in differentiating PC 12 cells, the a2A 
subtype is targetted mostly to the neurites. The a2B receptor 
is evenly distributed in the plasma membrane and the a2C 
subtype is mostly located in the intracellular perinuclear 
compartment. When the cells are treated with 
norepinephrine both the a2A and a2B receptors are 
internalized into intracellular vesicles.

The results indicate that in cultured PC 12 cells, adrenergic 
a2A receptors, which physiologically subserve autoreceptor 
functions, are specifically targetted to nerve terminals.

906.8
CHRONIC INFUSION OF ANTISENSE TO THE a2D- 
ADRENOCEPTOR SUBTYPE REDUCES a2-ADRENOCEPTOR 
BINDING IN THE THALAMUS AND SEPTUM.
E.S.J. Robinson, fH.C. Jackson, D.J. Nutt and A.L. Hudson (SPON: Brain 
Research Association) Psychopharmacology Unit, School of Medical 
Sciences, Bristol, BS8 1TD, U.K. f Knoll Pharmaceuticals Research and 
Development, Nottingham, NG1 IGF, U.K.
a2-Adrenoceptors are known to mediate a diverse range of functions in the

CNS but the roles of individual subtypes have not yet been determined. The 
aim of this study was to investigate the effect of a phosphorothioate 
oligonucleotide (S-ODN) to the a2D-adrenoceptor on the binding of the 
highly selective a2-adrenoceptor antagonist [3H]RX8210Q2. Male Wistar 
rats were treated with a three day i.c.v. infusion of S-ODN (8pg pi"1 hr"1). 
Pumps were left in place then 4 days after implantation the brains were 
removed, sectioned and receptor autoradiography performed using 
[3H]RX821002 (InM) and the non-selective (3-adrenoceptor antagonist 
[3H]Dihydroalprenolol (InM) to corresponding sections. Receptor densities 
were calculated from autoradiograms for antisense, mismatch and vehicle- 
treated groups. A reduction in the binding of [3H]RX821002 was seen in 
both the septal nuclei (bregma -0.2mm) and the thalamic nuclei (bregma - 
1.0mm) of antisense-treated animals compared to mismatch and vehicle 
controls but there was no apparent change in [3H]Dihydroaprenolol binding 
in any of the brain areas examined. These changes correlate with apparent 
behavioural observations in the antisense-treated animals including agitation 
and hyperactivity suggesting an antisense-mediated knockdown of the a2D- 
adrenoceptor subtype.
Supported by the BBSRC and Knoll Pharmaceuticals.

906.9
a2A-ADRENERGIC RECEPTORS ARE FOUND BOTH PRE- AND POST- 
SYNAPTICALLY AND IN ASTROCYTES IN RAT HIPPOCAMPAL FORMATION. 
T.A. Milner*1, D.L. Rosin2, A. Lee2, S.A. Aicher1 and K.R. Lynch2. 1Dept. of 
Neurol. & Neurosci, Cornell Univ. Med. Coll., NY, NY 10021 and 2Dept. of 
Pharm., Univ. of Virginia School of Medicine, Charlottesville, VA 22908

a2A-adrenergic receptor-immunoreactivity (a2AAR-i) was localized in acrolein- 
fixed rat hippocampal formation using a previously characterized (Talley et al., 
JCN 372:111,1996) antibody to GST fused to a 47 amino acid fragment of the 
third intracellular loop of the rat a2AAR. By light microscopy, dense a2AAR-i was 
in the pyramidal and granule cell layers. Diffuse and slightly granular a2AAR-i 
was found in the neuropil in all other lamina, notably s. lacunosum-moleculare. 
Ultrastructurally, a2AAR-i was in large multivesicular-like organelles near the 
nucleus and clusters adjacent to endoplasmic reticula and/or plasmalemma. The 
distribution of a2AAR-i in s. oriens, radiatum and lacunosum-moleculare of CA1 
and CA3 and the dentate molecular layer was remarkably similar (n > 2000 
profiles): a2AAR-i was found in axons and terminals (-40%), glia (-30%), 
dendritic spines (-25%) and dendritic shafts (-5%). This mixed pre- and post-
synaptic distribution was not seen in s. lucidum of CA3 and the hilus where most 
a2AAR-i was found in axons (-60%) and glia (-30%). a2AAR-labeled axons were 
small and unmyelinated; labeled terminals usually formed asymmetric synapses 
on unlabeled spines; and labeled spines were on dendrites morphologically 
similar to pyramidal or granule cells. Dual labeling studies revealed that some 
axons contained a2AAR-i and tyrosine hydroxylase (TH) and that TH-labeled 
terminals were in close proximity to a2AAR-labeled spines and glia. Thus, 
hippocampal a2AAR-i is localized: (1) presynaptically in both non- 
catecholaminergic and catecholaminergic terminals; (2) postsynaptically in the 
dendritic spines of pyramidal and granule cells near catecholaminergic terminals; 
and (3) in glial processes. (Supported by MH42834, DA08259, HL18974, 
F31MH11074, Scottish Rite Schizo. Res. Prog and AHA 95011200).

906.10
a2A-ADRENERGIC RECEPTOR IN THE RAT LOCUS COERULEUS (LC): 
ULTRASTRUCTURAL LOCALIZATION IN PRESYNAPTIC TERMINALS 
AND TYROSINE HYDROXYLASE (TH) DENDRITES. T, G. Schneider*1, A 
Lee2, E.J. Van Bockstaele1, E. E. O. Colago1, D,„L;,.Rosin2,, and,,,K;.R.,Xyngh2. DePL
of Path., Anat. & Cell Biol., Thomas Jefferson Univ., Phila., PA 19107'; Neurosci. 
Grad. Prog. & Dept. of Pharmacol., Univ. of Virginia, Charlottesville, VA 22 9082.

a2-Adrenergic receptors (ot2-ARs) in the LC mediate the sedation and relief of 
opiate withdrawal symptoms produced by a2-AR agonists. Electrophysiological 
studies indicate that activation of a2-ARs by norepinephrine (NE) inhibits the 
discharge rate of LC neurons and decreases sensitivity to excitatory inputs. To 
further detail the anatomical substrates subserving inhibitory actions produced by 
a2-AR activation in the LC, we examined the subcellular localization of an 
antibody directed against the A-subtype of the oc2-AR (a2A-AR) with respect to 
catecholaminergic neurons. Single sections through the LC were examined for 
peroxidase labeling of the a2A-AR and gold-silver labeling of TH. By light- 
microscopy, a2A-AR immunoreactivity (a2A-AR-IR) was moderately intense and 
diffusely distributed in cell bodies throughout the LC. This labeling was 
eliminated by preadsorption of the antibody with the immunogenic oc2A- AR fusion 
protein. By electron microscopy, a2A-AR-IR was found primarily in dendrites and 
to a lesser extent in axon terminals. Within dendrites, immunolabeling for ct2A- 
AR was associated with the plasma membrane, smooth endoplasmic reticulum 
and tubulovesicles. Labeled axon terminals contained small clear vesicles and 
occasionally dense core vesicles. Dendrites containing cc 2a -AR-IR often received 
asymmetric (excitatory-type) contacts from unlabeled terminals. Dendrites 
exhibiting both a2A-AR-IR and TH-IR were often apposed by cc2A-AR-labeled 
astrocytic processes. a2A-AR-IR was also observed in unmyelinated axons. These 
results suggest that the inhibitory actions of NE in the LC may be mediated by 
a2A-adrenergic auto- and heteroreceptors located pre- and postsynaptically in the 
LC. Supported by NIH grant F31 MH11074-01 to AL, AHA grant 95011200 to 
KRL, and NIDA R29 DA09082, RO3 DA10450 and AHA 96002240 to E.J.V.B.
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906.11
ULTRASTRUCTURAL EVIDENCE FOR POSTSYNAPTIC a2c-ADRENERGIC 
AUTORECEPTORS IN THE RAT LOCUS COERULEUS (LC). A. Lee*1, E.J. Van 
Bockstaele2, T. G, Schneider2, E. E.O. Colaao2, D. L. Rosin1, and K. R. Lynch'.
Neuroscience Graduate Program & Dept. of Pharmacology, University of Virginia,
Charlottesville, VA 229081; Dept. ot Pathology, Anatomy & Cell Biology, Thomas 
Jefferson University, Philadelphia, PA 191072.

aj-Adrenergic receptor (a2-AR) agonists are known to inhibit the activity of 
noradrenergic neurons of the LC via a2-autoreceptors. Although the A-subtype of 
a2-AR (a^-AR) has been detected in the LC, recent evidence suggests that the C- 
subtype of a2-AR (a2C-AR) is expressed in this region also. To identify the 
subcellular loci at which a2C-ARs may mediate autoregulatory actions in the LC, we 
examined, in single sections through the LC, the distribution of: 1) peroxidase 
labeling for a2C-AR or 2) gold-silver labeling for a2c-ARs with respect to peroxidase 
labeling for the catecholamine-synthesizing enzyme, tyrosine hydroxylase (TH). At 
the light-microscopic level, a2C-AR-IR was localized to extranuclear regions of cell 
bodies and dendrites in the LC; a2C-AR-IR was not observed following 
preadsorption of the antibody with the immunogenic a2C-AR fusion protein. Electron 
microscopy revealed that a2C-AR-IR was selectively localized in somata, dendrites 
and astrocytic processes. Perikaryal a2C-AR-IR was associated with portions of 
rough endoplasmic reticulum and golgi. Unlabeled axon terminals often formed 
asymmetric (excitatory) contacts with dendrites exhibiting a2C-AR-IR. In such 
dendrites, a2C-AR-IR was associated with intracellular organelles and the plasma 
membrane, often near the postsynaptic density. In dual-labeling experiments, a2C- 
AR-IR was colocalized with TH-IR in many but not all a2C-AR-labeled dendrites, 
suggesting a2C-ARs may serve both auto- and heteroreceptor functions in the LC. 
Our results provide the first evidence that a2C-ARs may be strategically situated to 
modulate excitatory postsynaptic responses in the LC. Supported by grants from 
NIH (F31 MH11074-01 (AL)), AHA (95011200 (KRL), 96002240 (EJVB)), NIDA (R29 
DA09082, RO3 DA 10450 (EJVB)) and Scottish Rite Schizo. Res. Prog. (DLR).

906.12
THE EFFECT OF SITE-DIRECTED MUTAGENESIS ON AGONIST-SPECIFIC 
COUPLING OF A CLONED HUMAN a2A-ADRENERGIC RECEPTOR. 
J.E.Rudling, C.N.Airriess* and P.D.Evans. The Babraham Institute Laboratory of 
Molecular Signalling, Dept. Zoology, Univ. Cambridge, Cambridge, CB2 3EJ, U.K.

Agonist-specific coupling (agonist trafficking) of G-protein coupled receptors to 
different second messenger systems has been demonstrated for a number of receptors, 
(see Evans et al., 1995, Prog. Brain Res. 106:259-268; Kenakin, 1995, Trends 
Pharmacol. Sci., 16:232-238). The m- and p-isomers of the biogenic amine, 
octopamine, which is a naturally occurring ligand of sympathetic a-adrenergic 
receptors, can couple a cloned human a2 A-adrenergic receptor (a-2AR) to multiple 
second messenger systems (Evans et al., 1995, Neurosci. Soc. Abstr., 21:1613; 
Airriess et al., 1996, Neurosci. Soc. Abstr., 22:1317). Conserved serine residues in 
TMV of a-2AR may be important in hydrogen bond interactions with catecholamine 
ring hydroxyl groups (Wang et al., 1991, Mol. Pharmacol., 40:168-179). Here we 
report the effects of substitution of the Ser200 and Ser204 residues of a-2AR with alanine 
on the ability of (±)-w- and (±)-p-octopamine to couple the a-2AR expressed in 
Chinese Hamster Ovary (CHO) cells to the inhibition or stimulation of forskolin- 
stimulated cyclic AMP levels in the presence or absence of pertussis toxin. (±)-wi- 
octopamine was more potent at inhibiting adenylyl cyclase activity in the Ala204 cell line 
than in the wild type, whilst its effects on the Ala200 cell line were the same as for the 
wild type. Conversely, (±)-p-octopamine was slightly more potent at inhibiting 
adenylyl cyclase activity in the Ala200 cell line than in the wild type, whilst its effects 
on the Ala204 cell line were the same as for the wild type. The results suggest that the 
hydroxyl groups on the aromatic ring of the biogenic amine agonists of a-2AR may 
interact with other amino acid residues, as well as with Ser200 and Ser204, to generate 
the agonist-specific conformational changes in receptor structure that underlie its ability 
to interact differentially with different second messenger pathways.

Funded by BBSRC through the Babraham Institute (PDE), a BBSRC Research 
Studentship (JER) and by NSERC and AHFMR Fellowships (CNA).

906.13
THE ALLOSTERIC INTERACTIONS OF AGONISTS AND 
ANTAGONISTS WITH AMILORIDE ANALOGUES AT THE 
HUMAN a.2a-ADRENOCEPTOR. R. A. Leppik*, S. Lazareno1. and N, J.
M. Birdsall. National Institute for Medical Research and ’MRC Collaborative 
Centre, Mill Hill, London, NW7 1AA, UK.

To explore the allosteric interactions between 5-N-alkyl amiloride 
derivatives and agonists at the human a2a-adrenergic receptor, the effect of the 
amilorides on agonist stimulation of GTPy[35S] binding to G-proteins was 
studied. The data fitted well to the ternary complex allosteric model, providing 
further evidence for a well defined allosteric site on the ct2a-receptor. The log 
affinity constants for the amilorides at the norepinephrine-occupied receptor 
varied from 2.90 for the parent amiloride to 4.26 for 5-(N,N-hexamethylene)- 
amiloride. This 23-fold increase in affinity with increasing 5-N-alkyl sidechain 
size mirrored, but was smaller than, the 210-fold increase in affinity found for 
amilorides at the unoccupied receptor.

These results contrast with data obtained from studies of the interactions 
between antagonists and the amiloride analogues, where examination of the 
effect of the amilorides on [3H]-yohimbine dissociation from the a2a-adrenergic 
receptor showed that the log affinities of the amilorides at the yohimbine- 
occupied receptor was not dependent on the size of the 5-N-alkyl chain.

Thus, not only are there lower observed negative cooperativities between 
the amilorides and norepinephrine (compared to yohimbine), but the 
structure/binding relationships of the amilorides at the agonist, antagonist, and 
unoccupied ct2a-receptor are different.

(Supported by an MRC-ROPA Research Grant).

906.14
CHLOROETHYLCLONIDINE BINDS IRREVERSIBLY TO EXPOSED 
CYSTEINES IN THE FIFTH MEMBRANE SPANNING DOMAIN OF THE 
HUMAN a2A-ADRENERGIC RECEPTOR. A. Marjamaki*, M. Pihlavisto, V. 
Cockcroft1, P. Heinonen2, J.-M. Savola1 and M. Scheinin. Department of 
Pharmacology and Clinical Pharmacology, University of Turku, FIN-20520 
Turku, Finland, department of Chemistry, University of Turku, FIN-20500 
Turku, Finland, ’Orion Corporation, Orion-Pharma, POB 425, FIN-20101 Turku, 
Finland.

The a2-adrenergic receptors (oc2-ARs) mediate signals to intracellular second 
messengers via guanine nucleotide binding proteins (G-proteins). Three human 
genes encoding a2-AR subtypes (a2A, a2B, a2C) have been cloned. Several 
chemical compounds display subtype differences in their binding and/or 
functional activity. Site-directed mutagenesis and molecular modelling are new 
tools to investigate the subtype-selectivity of ligands. In this study we introduce a 
new approach to map the binding site crevice of the human a2A-AR. Based on a 3- 
dimensional (3D) receptor model we systematically mutated residues 197-204 in 
the fifth transmembrane domain (TM5) of human the a2A-AR to cysteine (Cys). 
Chloroethylclonidine (CEC), an alkylating derivative of the a2-adrenergic agonist 
clonidine, binds irreversibly to a2A-adrenergic receptors by forming a covalent 
bond with the sulfhydryl side chain of a Cys residue exposed in the binding cavity, 
leading to inactivation of the receptor. Irreversible binding of CEC was used as a 
criterion for identifying introduced Cys residues as being exposed in the binding 
cavity. The results supported a receptor model where TM5 is a-helical, with 
residues Vall97, Ser200, Cys201 and Ser204 exposed in the binding pocket. 
Residues Ilel98, Serl99, Ile202 and Gly203 face the lipid bilayer of the plasma 
membrane. This approach emerges as a powerful of the tool for the structural 
characterization a2-adrenergic receptors.

906.15
EXPRESSION OF <xr AND a2-ADRENERGIC RECEPTOR 
SUBTYPE mRNAs IN HUMAN CEREBELLUM.
U.B. Schambra*1, M.Stafford Smith2, and D.A.Schwinn2,3.
Deptartment of Anatomy and Cellbiology, East Tennessee 
State University, Johnson City, TN 376141, Departments of 
Anesthesiology2 and Pharmacology3, Duke University 
Medical Center, Durham, NC 27710.

Expression of ar and a2-adrenergic receptor (AR) 
subtype mRNAs was investigated using in situ 
hybridization on cryostat sections of human cerebellum. 
o^a-AR was the only subtype message found in high 
abundance in cerebellar basket cells and was also present in 
lower abundance in Purkinje cells and dentate nucleus 
neurons. A low signal for (Xjb-AR mRNA was observed in 
inner stellate and select Purkinje cells, while o^d-AR 
mRNA was found in high abundance in Purkinje cells and 
dentate nucleus neurons. A similarly high signal of a2a- 
and a2b-AR subtype mRNA was observed in Purkinje and 
granule cells, while high abundance of a2b-AR and lower 
abundance of a,a-AR was seen in stellate cells and dentate 
nucleus neurons. Golgi cells had a low level of a2a- and 
a2b-AR mRNA. a2c-AR mRNA was distributed only in 
Purkinje and granule cells at low levels. The differential 
distribution of a,- and a2-AR subtype mRNAs indicates 
functional differences of these receptor subtypes in the 
complex circuitry of the cerebellum. Supported in part bv 
NIH grants # HL49103 and AG00745 (DAS).

906.16
a,-ADRENERGIC MODULATION OF MAXI-KCa CURRENTS IN 
CULTURED RABBIT RETINAL PIGMENT EPITHELIAL (RPE) CELLS 
OP. Tao. M.E.M. Kelly*. Dept. of Pharmacol., Dalhousie Univ., Halifax, 
NS. B3H 4H7, Canada

We investigated the modulation of the large conductance calcium- 
activated potassium (maxi-KCa) channel activity by a t-adrenergic 
stimulation in cultured rabbit RPE cells using both whole-cell and single-
channel patch-clamp recording techniques. When K+ was the principal 
cation in the electrode, external application of 10 pM of phenylephrine 
(PhE), an a!-adrenoceptor agonist, increased the depolarization-activated 
macroscopic outwardly rectifying current. The selective aradrenoceptor 
antagonist, prazosin (20 nM), inhibited PhE-enhancement of the outward 
current, suggesting the involvement of cq-adrenoceptors. The PhE effect on 
the outward current was blocked by iberiotoxin (IbTX, 1 nM), a specific 
maxi-KCa channel blocker, indicating that PhE increases maxi-KCa channel 
activity. Cytosolic application of IP3 mimicked the effect of PhE on the 
macroscopic outwardly rectifying current, implicating IP3-sensitive Ca2+ 
stores in the mediation of PhE’s effect. This observation is further 
supported by experiments using the Ca2+ ionophore, ionomycin (10 pM), 
which mimicked the PhE effect at both whole-cell and single-channel levels. 
Single-channel recordings from cell-attached membrane patches with 130 
mM K+ in both external and pipette solutions, confirmed that PhE activated a 
large conductance K+ channel (>200 pS), with properties similar to the maxi- 
KCa channels previously reported in these cells. These results provide 
evidence that aradrenergic stimulation causes the release of Ca24 from IP3- 
sensitive intracellular stores with subsequent activation of maxi- 
KCachannels. Calcium-activated K+ channels may play an important role in 
the regulation of membrane potential and ionic transport in rabbit RPE cells. 
(Supported by NSERC and an RPERF studentship to QPT )
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906.17
AUTORADIOGRAPHIC LOCALIZATION OF THE a 1A- ADRENERGIC 
RECEPTOR SUBTYPE IN THE URINARY BLADDER OF VARIOUS SPECIES. 
M.M. Durkin1*, E.L. Gustafson1, D.A. Craig1, J.M. Wetzel1, D. Nagarathnam1, M.
Marzabadi1, C. Gluchowski1, R.E. Gibson2, R.S.L. Chang2 and T.A. Branchek1.
’Synaptic Pharmaceutical Corporation, Paramus, NJ 07652, 2Merck Research
Laboratories, West Point, PA 19486.

The aradrenergic receptors have been classified into three subtypes, cqA (formerly 
the ctic), Kib and aiD (formerly the aiA), by both pharmacological and molecular 
cloning studies. The distribution of the aradrenergic receptors in the urinary bladder 
has been described by Shapiro and Lepor using the nonselective radioligand 
[3H]prazosin. Abundant aradrenergic receptor binding sites were present in the 
bladder base while relatively few binding sites were seen in the bladder body. In vitro 
receptor autoradiography was performed using the antagonist radioligand 
[125I]L762459 which selectively labels the a)A-adrenergic receptor. This specificity of 
the radioligand has enabled us to evaluate the distribution of the aiA receptor subtype 
in the urinary bladder of a variety of species, both male and female, including the 
human, monkey, dog, rabbit, guinea pig and rat. Nonspecific binding was determined 
using lOpM prazosin. In all species examined, receptor autoradiography revealed an 
abundance of a1A-adrenergic receptor binding sites evident in the region of the urinary 
bladder neck extending into the proximal urethra. Emulsion autoradiography indicated 
that the aiA-receptor binding sites were located on smooth muscle cells present in the 
wall of the bladder base and surrounding the proximal urethra. Binding was specific to 
smooth muscle cells as there was no binding evident on striated muscle cells or any 
other tissue component. In some of the species, it appeared that the female urinary 
bladders exhibited slightly lower binding. This data suggests that the a1A-adrenergic 
receptor may have a role in the facilitation of urinary storage by mediating the 
contraction of smooth muscle.

This work was supported by Merck & Co., Inc. and Synaptic Pharmaceutical 
Corporation.

906.18
EFFECTS OF IN VITRO HYDROCORTISONE INCUBATION ON (3-
ADRENERGIC RECEPTOR COUPLING TO Gs PROTEIN IN HEALTHY 
CONTROLS AND DEPRESSED PATIENTS George NM.Gurguis*1,2. Stephanie P. 
Phan2, Jaishri E, O’Neill1. A, John Rush2. North Texas VA Health Care Systems1 and 
Southwestern Medical School2, Dallas, Texas 75217

Abnormal (3-adrenoreceptor and G protein function have been implicated in the 
pathophysiology of depression. Recent data from our laboratory strongly suggest 
dysregulation in p-adrenoreceptor coupling to Gs protein in depression. Based on the 
fact that glucocorticoids modulate (3-adrenoreceptor coupling to G protein and that 
50% of depressed patients are hypercortisolemic and escape dexamethasone 
suppression, we examined the effects of in vitro exposure of lymphocyte (3- 
adrenoreceptors to hydrocortisone 21-hemisuccinate in healthy controls and depressed 
patients. Membrane p-adrenergic receptors were assayed using both antagonist- 
saturation and agonist-displacement experiments. From agonist displacement curves 
we measured receptor density and agonist affinity to receptors in the high- and low- 
affinity states. The percent of receptors in the high affinity state (%Rh ) and the ratio 
of the agonist dissociation constant to the receptors in the low-/high-affinity states 
(Ki/Kh ) were used as putative measures of (3-adrenoreceptor coupling to G, protein.

To date we have studied 16 healthy controls, 9 dnigffree and 9 imipramine-trcated 
depressed patients. Preliminary data indicate that hydrocortisone increased %Rh  in 
healthy controls. This effect was particularly strong in drug-free depressed patients. 
Similarly, hydrocortisone increased Kl /Kh  in healthy controls and, to a lesser extent, 
in drug-free depressed patients. In both patients and controls, increases in Kl /Kh  were 
secondary to changes in agonist affinity for the receptor in the low-affinity state. This 
observation, coupled with hydrocortisone-induced decreases in the antagonist 
dissociation constant, suggest that hydrocortisone-induced changes in receptor 
coupling are mediated primarily through post-translational modifications in the 
receptor molecule. The observations will be discussed in view of existing literature on 
the effects of corticosteroids on G protein function and p-adrenergic-mediated signal 
transduction in depression. This work was generously supported by the Sarah M. &
Charles E. Seay Center for Brain and Applied Research in Psychiatric Illnesses and NARSAD.

906.19
SCAM IN A CAM: CONSTITUTIVE ACTIVATION OF THE (32 ADRENERGIC 
RECEPTOR ALTERS THE CONFORMATION OF ITS FIFTH AND SIXTH 
MEMBRANE SPANNING SEGMENTS. G. Liapakis*, D. Fu, J. Chen, and J. A, 
Javitch. Center for Molecular Recognition & Departments of Psychiatiy and 
Pharmacology, Columbia University & NYS Psychiatric Institute, NY, NY 10032.

The binding site of the p2 adrenergic receptor, like that of other homologous G 
protein-coupled receptors, is contained within a water-accessible crevice formed 
among its seven membrane-spanning segments. Methanethiosulfonate ethyl- 
ammonium (MTSEA), a charged, hydrophilic, lipophobic, sulfhydryl-specific 
reagent, had no effect on the binding of agonist or antagonist to wild-type p2 
receptor expressed in HEK 293 cells. This suggested that no endogenous cysteines 
are accessible in the binding-site crevice. Surprisingly, in a constitutively-active 
mutant p2 receptor (CAM) (Samama et al., 1993), MTSEA significantly inhibited 
antagonist binding. We have identified Cys285, in the sixth membrane-spanning 
segment, as the sole cysteine responsible for this susceptibility of the CAM. Because 
this Cys is protected by ligand, it is likely accessible in the binding-site crevice in the 
CAM, but not in the p2 receptor. The acquired accessibility of Cys285 in the CAM 
may result from a rotation and/or tilting of the sixth membrane-spanning segment 
associated with activation of the receptor. This rearrangement could bring Cys285 to 
the margin of the binding-site crevice where it becomes accessible to MTSEA. 
Flexibility about the proline kink in M6 might facilitate such a rearrangement.

We can now compare resting and active forms of the p2 receptor by determining 
the accessibility of substituted cysteines in the binding-site crevice in the wild-type 
P2 receptor and in the CAM/C285S mutant. We have observed significant 
differences in the accessibility of particular substituted cysteines in the fifth 
membrane-spanning segment in the binding-site crevice of the CAM as compared 
with that in the wild-type p2 receptor. Supported by MHO1030, MH54137, and the 
Mathers Charitable Trust.

906.20
DUAL POLYADENYLATION SIGNALS AND NEGATIVE GLUCOCORTICOID 
RESPONSE ELEMENTS IN THE RAT (31-ADRENERGIC RECEPTOR 
GENE. Y.-F. Yang*. H. Nichols. J. Kirigiti. and C. A. Machida. Div. of Neuro-
science, Oregon Regional Primate Research Center, Beaverton, OR 97006

The rat p1-adrenergic receptor (p1-AR) mRNA has two polyadenylation 
signals at +2450 and +2732, relative to the translational start site. Both sites 
are functional, although the distal site at +2732 is preferred in C6 cells (5.4 
fold preference). Current evidence indicates that agonist-induced (long-
term) down-regulation of pi-AR mRNA is due to an alteration in transcription 
rate and is not influenced by mRNA half-life (R. Duman, Yale University). 
Using RNase protection assay approaches to distinguish the two forms of 
polyadenylated p1-AR mRNAs, we sought to determine whether transcript 
selection occurs in C6 cells undergoing isoproterenol-induced p1-AR 
mRNA down-regulation. Interestingly, the longer pi-AR mRNA undergoes a 
more dramatic down-regulation following short-term agonist-treatment (up to 
4 hours). The shorter p1-AR mRNA becomes down-regulated following 
prolonged agonist treatment (8 to 24 hours), with both mRNA forms then 
approaching proportions observed in untreated cells. In an additional 
project, we sought to identify potential functional negative glucocorticoid 
response elements (nGREs) in the (31-AR gene. We have identified two 
small restriction fragments (encompassing positions -2850 to -2444 and 
-1800 to -1555) that bind to purified glucocorticoid receptor and also contain 
GRE-like consensus sequences. Utilizing luciferase recombinants 
containing upstream regions of the (31 -AR gene, our transfection analyses 
indicate that the region from -3352 to -1799 may contain potential nGRE(s). 
To identify the exact nGRE(s) in the dexamethasone-induced repression of 
(31-AR transcription, we wiil conduct nuclear run-on measurements of (31-AR 
promoter-driven luciferase mRNA in C6 transfectants containing different 
luciferase recombinants. (CAM is supported by RR00163, HL 42358, and 
by an American Heart Association Established Investigatorship).

906.21
IDENTIFICATION OF POTENTIAL FACTORS INVOLVED IN CNS- 
SPECIFIC TRANSCRIPTION OF THE RAT (31-ADRENERGIC RECEPTOR 
GENE. C. A. Machida1 >2*, H. Nichols1. J. Kiriqiti1, and Y.-F. Yang1. 1 Div. of 
Neuroscience, Oregon Regional Primate Research Center, Beaverton, OR 
97006 and 2Graduate Program in Neuroscience, Oregon Health Sciences 
University, Portland, OR 97201.

In a previous report [Machida, C. A. et al. (1995). Soc. Neurosci. Abs. 
21:90], we determined that the rat (31 -adrenergic receptor ((31-AR) mRNA 
transcript has multiple start sites, occurring primarily in two major clusters 
centered at bases -280 and -250, relative to the start site of translation. 
RNase protection analyses indicated that the two major (31-AR 
transcriptional start site clusters were preferentially utilized within the 
peripheral nervous system (PNS), and that extreme 5' start sites, upstream 
from the two major clusters, were preferentially selected in the central 
nervous system (CNS). To begin identifying potential tissue-specific 
transactivators of (31-AR transcription, we systematically sub-divided the 5' 
flanking region (-3352 to -1) of the (31-AR gene into smaller restriction or 
polymerase chain reaction- (PCR-) generated fragments. DNA mobility shift 
analyses were conducted using these fragments as radioactive probes, 
binding to tissue extracts either abundant (cortex, heart, lung) or devoid 
(liver) of (31-ARs. Interestingly, we observed multiple unique DNA-protein 
complexes using CNS-derived extracts; a smaller number of complexes 
were also observed using peripheral tissues (heart and lung). Using PCR- 
mediated mutagenesis, we will identify the exact sites in the (31-AR 
sequence that specifically recognize these potential transactivators. In 
addition, if elements are identified that do not align with known consensus 
transcription factor binding sequences, we will identify the transactivator by 
using the yeast one-hybrid molecular cloning system. (CAM is supported 
by NIH grants RR00163 and HL 42358, and by an American Heart 
Association Established Investigatorship).

906.22
A cAMP RESPONSE ELEMENT IN THE HUMAN BETAj-ADRENERGIC 
RECEPTOR GENE CONFERS TRANSCRITIONAL AUTOREGULATION BY 
cAMP. H♦Mat sui,Y♦Okawa > S♦Nagumo,A.Satoh,H♦Hasegawa, 
A.Adachi,M.Ino,T.Kato* and A.Aoba. Dep. Neuropsychiatry, 
St.Marianna Univ. School of Med.,Kawasaki, 216, JAPAN

The rate of transcription of the betal-adrenergic re-
ceptor gene is increased in response to beta-adrenergic 
agonist stimulation. This effect seems to be mediated by 
stimulation of adenylyl cyclase and elevation of intra-
cellular cAMP levels. A 37-base pair sequence derived 
from the human betal-adrenergic receptor promoter region 
(-1446 to -1439), containing the sequence TTACGTCA, con-
fers responsiveness to cAMP. Overexpression of the cata-
lytic subunit of protein kinase A fully substituted for 
forskolin in inducing expression through this sequence, 
indicating that the cAMP induction is mediated through 
this kinase. Thus, positive autoregulation of the betal- 
adrenergic receptor gene appears to occur through recep-
tor-mediated stimulation of adenylyl cyclase, with con-
sequent activation of cAMP response element binding pro-
tein (CREB) and stimulation of betal-adrenergic receptor 
gene transcription.
(This work was sponsored by Dr.Takeshi Kato, Dep. Molec. 
Recognition, Grad. Sch. Integrated Sci., Yokohama City 
Univ., Yokohama 236, JAPAN. This work was partly sup-
ported by Grant-in-Aid for Scientific Research to H.M. 
(014440048 and 07671093))
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907.1
THYROTROPIN-RELEASING HORMONE AND SEROTONIN 
MODULATE THE SAME CONDUCTANCES IN RAT SPINAL 
PREGANGLIONIC NEURONS (SPNs). M. Kolaj* and L.P. Renaud. 
Neuroscience, Loeb Research Institute, Ottawa Civic Hospital and 
University of Ottawa, Ottawa, Ontario, CANADA KIY 4E9

Recently it has been demonstrated that descending brainstem fibers and 
terminals apposing SPNs display coexistence of both TRH-like and 5-HT-like 
immunoreactivity. To verify the presence of both TRH and 5HT receptors 
and to understand how activation of these receptors can modulate the 
excitability of single lateral horn neurons, including antidromically identified 
SPNs we used whole-cell patch-clamp techniques in neonatal rat (11-21 days) 
spinal cord slices. In cells clamped at -55mV, 5pM-60pM TRH or 5-HT 
induced a reversible dose-dependent inward current (average amplitude 
~40pA) in 81 % of tested cells. The time course of responses was similar for 
both neurotransmitters, but the TRH-induced current lasted longer when 
compared to 5-HT (11.5±2 minutes versus 7.1 ±1.3 minutes). Similar changes 
in membrane conductances involving either closing of potassium channels 
and/or opening of non-selective cationic channels were recorded when 
transmitters were applied separately on single neurons. During sustained 
application of one transmitter, the response to coadministration of another 
was partly occluded. These results indicate that TRH and 5-HT receptors may 
modulate the excitability of SPNs by similar mechanisms that involve gating 
of the same population of ion channels. This action may contribute to CNS 
regulation of autonomic nervous system function. Supported by MRC and the 
Heart and Stroke Foundation of Canada.

907.2
EFFECT OF DORSAL RAPHE (DR) LESIONS ON Di RECEPTOR 
BINDING ACTIVITY (RBA) IN RAT MPFC. S.A. Davidoff, H.M, Chu, M. 
Cunningham, J.B. Taylor*, and F.M. Benes. Laboratory for Structural 
Neuroscience, Mailman Research Center, McLean Hospital, Harvard 
Medical School, 115 Mill Street, Belmont MA 02178

A recent study has demonstrated that DR lesions in neonatal rats are 
associated with a sprouting of dopaminergic (DA) fibers in layer V of mPFC 
in adults. To understand further the nature of this change, the effect of DR 
lesions on Di RBA has been assessed in layers I - VI of mPFC. On 
postnatal days 3 and 6 (P3 and 6), all rats were pretreated with IP injections 
of nomifensine, anaesthetized one hour later by cooling on ice, and then 
given intraventricular injections of vehicle or the serotonergic neurotoxin 5,7 
dihydroxytryptamine. The pups were subsequently returned to their 
mothers, weaned at P21, and sacrificed at P80-90. The density of Di 
receptors in mPFC of 5 lesioned and 4 control rats was measured using high 
resolution receptor binding autoradiography of the D1 selective antagonist 
[3H]SCH23390 (InM) in the presence of mianserin (100nM). The results 
indicate that the density of Di RBA was significantly greater both on 
neuronal cell bodies and in neuropil (NPL) in layers l-VI of lesioned animals; 
these changes were only found to be significant for cell bodies in layer V (p 
= 0.009), and for NPL of layers V and VI (p = 0.03). The increase in Dt RBA 
ranged from 73-159% for NPL, and from 24-117% for neuronal bodies. The 
latter increases of Di RBA were present on both small (<100um2: 24-79%) 
and large (>100um2: 86-113%) neurons. Overall, these results suggest that 
early postnatal lesions of DR projections to the mPFC cause an upregulation 
of Dt receptors both on neuronal cell bodies and their processes. Such 
changes may be related to a diminished inhibitory influence of the 5HT 
system on cortical DA afferents. Supported by MH 00423, MH31154, The 
Stanley Foundation (FMB) and NARSAD (SAD).

907.3

(±)-DOI, A SEROTONIN (5-HT)2a /2C RECEPTOR 
AGONIST, INHIBITS PHENCYCLIDINE (PCP)- 
INDUCED DOPAMINE (DA) RELEASE IN RAT MEDIAL 
PREFRONTAL CORTEX (mPFC). Takeshi Kawahara, Yuji 
Yonezawa, Toshihide Kuroki*, Nobutada Tashiro Dpt. of 
Neuropsych., Fac. of Med., Kyushu Univ., Fukuoka 812-82, Japan.

Systemic and local administration of PCP and MK-801, a non-
competitive N-methyl-D-aspartate (NMDA) receptor antagonist, 
increases DA release preferentially in the mPFC, compared to the 
nucleus accumbens and the striatum. Co-administration of the GABAa  
receptor agonist muscimol attenuates PCP- and MK-801-induced DA 
release in the mPFC, suggesting an involvement of GABA 
interneurons in the mechanism of NMDA receptor antagonist-induced 
DA release in the mPFC (Yonezawa et al., 1997). Since 5-HT2a  
receptors have been suggested to regulate the neuronal activity of 
GABA intemeurons in the mPFC, 5-HT-GABA interactions in the 
mPFC may contribute to the mechanism of PCP-induced DA release. 
In this study, we investigated the effect of (±)-DOI on PCP-induced 
increases in extracellular DA levels in the mPFC of awake, freely- 
moving rats, using in vivo microdialysis. PCP (7.5 mg/kg, i.p.) alone 
increased extracellular DA levels up to 804% of the pre-drug basal 
levels (2.85±0.22 pg/30 min) in the mPFC. Pretreatment with DOI 
(2.5 mg/kg, i.p. 60 min prior to PCP), significantly attenuated the 
PCP-induced increases in extracellular DA levels (P=.O36). DOI alone 
had no effect on extracellular DA levels in the mPFC. These results 
suggest that 5-HT2A/2C receptors may exert an inhibitory effect on 
PCP-induced DA release in the mPFC by stimulating the GABA 
neurotransmission.

907.4
SEROTONIN-GABA INTERACTIONS IN THE RED NUCLEUS OF 
RATS. F Licata. G Li Volsi*. L. Ciranna, F. Santangelo. Dipartimento di 
Scienze Fisiologiche, Universita degli Studi di Catania (Italia) 1-95125

Recent results demonstrate a direct modulatory action of serotonin 
(5-HT) on the background firing rate of red nucleus (RN) neurons. The aim 
of our work was to establish whether these effects are separate from a 
neuromodulatory action of 5-HT on y-aminobutyric acid (GABA), another 
neurotransmitter in RN. Extracellular recordings of unitary activities were 
performed from RN neurones of anesthetized rats during 
microiontophoretic ejection of 5-HT, GABA and both. 5-HT enhanced the 
GABA-evoked inhibitory responses in 51% and depressed them in 42% of 
the tested neurons. In the remaining cases 5-HT left GABA responses 
unmodified or induced biphasic effects. The action of 5-HT on the GABA- 
evoked responses was reversible and dose-dependent, but independent of its 
effects on basal activity. 5-HT2 receptor antagonists methysergide and 
ketanserin reduced the depressive effects of 5-HT on the GABA-evoked 
responses but were ineffective on the enhancing ones. In line with this, 5- 
HTja  agonist 8-hydroxy-2(di-n-propyl-amino)tetralm increased GABA- 
evoked effects. On the other hand GABA^ receptor antagonist bicuculline 
enhanced excitations and reduced (but never blocked) inhibitions evoked by 
5-HT on basal activity. Taken together these results suggest that 5-HT, in 
addition to an action by GABAA receptors, induces enhancing and 
depressive effects on GABA responses by activating 5-HT] and 5-HT 2 
receptors.

907.5
GABA INHIBITS SEROTONIN IN HIPPOCAMPAL CORTEX: IN
VIVO DIALYSIS Tangi R. Summers*, Jen McKay, Amy L. Hunter, 
David Kappenman, Kenneth J. Renner and Cliff H. Summers.
Dept of Biology, University of South Dakota, Vermillion, SD 57069

Stressful situations and glucocorticoids induce release of central 
serotonin (5-HT), perhaps via glucocorticoid receptors or steroid sites 
on y-aminobutyric acid (GABA) receptors. Corticosterone rapidly, but 
briefly, stimulates release of 5-HT in a dose dependent manner. It was 
hypothesized that GABA would inhibit 5-HT overflow from medial 
(hippocampal) cortex of Anolis carolinensis. Concentric dialysis 
probes with a surface exchange area of 250 pm diameter and 1.0 mm 
length (and precalibration 5-HT recoveries of about 10%) were 
inserted 1.25 mm into the hippocampus of male lizards. Perfusate was 
collected every 20 min for HPLC analysis of 5-HT. Concentrations of 
5-HT stabilized after approximately 3.5 h. Tetrodotoxin (IpM) 
administration resulted in about 60% decrease in 5-HT release, 
suggesting most of the signal is neuronally derived. Administration of
0.1 or 1 ng/ml GABA via the dialysis probe significantly inhibited 
5-HT overflow by 20% and 40% respectively. The duration of GABA 
inhibition is greater than the stimulatory response for glucocorticoids. 
The enduring and dose-dependent inhibition of 5-HT release by 
GABA suggests that GABA plays an important role, along with 
corticosteroids, regulating serotonin secretion.
Supported by NSF grants IBN-9596009 & OSR-9108773 + HHMI 71195-539501

907.6
GENES REGULATING A NEURAL CIRCUIT IN C. ELEGANS.
T. L. Rakow, D. S. Ramirez and W. R. Schafer* Dept. of Biology 
Univ. of Calif., San Diego, CA 92093-0116.

We have been investigating the molecular components involved in the 
egg-laying behavior in C. elegans. This behavior is controlled by a 
simple circuit of neurons and muscles. The neurotransmitter serotonin 
is known to induce egg-laying, and this response to serotonin is 
subject to adaptation. A genetic approach has been used to identify 
genes which play a regulatory role in the response to serotonin. A 
series of mutants have been defined which have defects in regulation of 
the serotonin response. Two such mutants; unc-2 and unc-36, encode 
the alpha 1 and alpha2-delta subunits of a voltage-gated Ca2+ channel. 
These animals are unable to adapt to serotonin and are hypersensitive to 
the neurotransmitter, and they are also egg laying-constitutive (Egl-C). 
This suggests that the Unc-2-Unc-36 channel may regulate the release 
of a neuromodulator that negatively regulates serotonin response. 
Other mutants have yet to be characterized at the molecular level. One 
of these genes, unc-10, is being mapped and cloned. In addition to 
being Egl-C and hypersensitive to serotonin, mutants in unc-10 are 
aldicarb resistant, indicating a defect in release or recognition of 
acetylcholine (ACh). We have found that mutants with low ACh levels 
or with defects in nAChR subunit proteins, are also serotonin 
hypersensitive and Egl-C, and ablation of particular cholinergic 
neurons causes constitutive egg-laying. These data support our current 
model that acetylcholine negatively regulates response to serotonin in 
the egg laying circuit.
Funding Beckman Young Inv. NARSAD Young Inv. PHS NS07220
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907.7
DECREASED CORTICAL AND STRIATAL 5-HT6 mRNA LEVELS 
AFTER GLUTAMATE RECEPTOR ANTAGONIST TREATMENT Daniel 
JuHsalY? and James H, Meador-Woodruff, Mental Health Research Institute 
and Department of Psychiatry, University of Michigan, Ann Arbor, MI 
48109.

Glutamate receptor agonist and antagonist treatments appear to alter serotonin 
release and metabolism in cortex, striatum and hippocampus, and these effects 
are specific for ionotropic glutamate receptor subtype. Less is known about 
the regulation of serotonin receptor expression by glutamate receptor 
compounds, particularly the novel serotonin receptors 5-HT6 and 5-HT7. In 
order to address this regulation, Sprague-Dawley rats were treated with MK- 
801, CNQX, NBQX, GYKI 52466, riluzole, aniracetam, or vehicle for one 
week and 5-HT6 and 5-HT7 mRNA levels were measured in cortex, striatum, 
and hippocampus by in situ hybridization. Preliminary data suggest a dose 
dependent decrease in 5-HT6 mRNA levels in frontal cortex, nucleus 
accumbens, and caudate-putamen, but not in hippocampus or cingulate cortex, 
after MK-801 treatment. The glutamatergic regulation of novel serotoninergic 
receptor mRNA levels provides further evidence for the interaction of these 
two neurotransmitter systems, as well demonstrating that this interaction can 
be measured at the level of receptor expression.

907.8
EFFECT OF DORSAL RAPHE ELECTRICAL STIMULATION ON STRIATAL 
AND ACCUMBAL DOPAMINE RELEASE IN THE RAT: ROLE OF 5-HW AND 
5-HT3 RECEPTORS. U. Spamninato*. L, Srinus. P. De Deurwaenfere CNRS UMR 
5541, Universifede Bordeaux II, 33077 Bordeaux, France.
In Ibis study, we investigated, by in vivo microdialysis, the extent to which 5-HT2 and 5- 
HT3 receptors participated to die opposite changes of dopamine (DA) release induced by 
dorsal raphe nucleus (DRN) electrical stimulation in the striatum (STR) and the nucleus 
accumbens (NAC) of halothane anesthetized rats. Two microdialysis probes (CMA11/2 
and 3mm) and one concentric bipolar electrode were stereotaxically lowered into the right 
NAC, the right STR and the DRN. Probes were perfused with aCSF (NaCl 145, KC12.7, 
CaCl2 1.2, MgCl2 1 mM, pH=7.4) at a constant flow rate of 2/d/min and, after a 
stabilization period (135 min), 15 min fractions were analyzed by HPLC-ECD. Drugs were 
injected systemically 30 min before the DRN electrical stimulation (300/tA, 1ms, 20 Hz, 
15 min).
Following DRN electrical stimulation, DA release was enhanced in the NAC (+40 %) and 
reduced (-20 %) in the STR. The 5-HT2 antagonists mesulergine (0.2 mg/kg), ritanserin 
(0.63 mg/kg) and the selective 5-1+1^ antagonist SR46349B (0.5 mg/kg) significantly 
impaired the effect of DRN stimulation on DA release in the NAC but not in the STR. DA 
responses to DRN stimulation were not affected by die selective S-HT^ antagonist 
SB206553 (5 mg/kg) in either region. Ondansetron (0.1 and 1 mg/kg) and (s)-zacopride 
(0.1 mg/kg), two selective 5-HT3 antagonists, reduced the effect of DRN stimulation only 
in the NAC. Finally, basal DA release in both brain regions was significantly increased by 
mesulergine and SB206553, whereas ritanserin, SR46349B and 5-HT3 antagonists had no 
effect.
These data indicate that both 5-HT2A and 5-HT3 receptors are involved in the facilitatory 
control exerted by endogenous 5-HT on NAC DA release, whereas 5-HTjc receptors 
appear to tonically inhibit basal DA release in both regions.

907.9
GABA-SEROTONIN INTERACTIONS IN THE DORSAL RAPHE NUCLEUS OF 
THE RAT: ROLE OF GABAe RECEPTORS. T. Abelian1, T. Jolas2, G.K. 
Aqhaianian2 and F. Artiqas1* (1) Dept. of Neurochemistry, CSIC, 08034 
Barcelona, Spain and (2) Dept. of Psychiatry, Yale University, New Haven, 
CT 06508, USA.

GABAergic transmission regulates the activity of serotonergic (5-HT) 
neurons of the dorsal raphe nucleus (DRN) through GABAa and GABAb 
receptor activation. We further assessed the role of GABAb receptors by 
using microdialysis in vivo and intracellular recording in vitro. The systemic 
administration of the GABAb agonist R( + )baclofen (but not of its inactive S(-) 
enantiomer) dose-dependently enhanced 5-HT release in the DRN (to 470% 
of baseline at 15 mg/kg s.c.) and, to a lesser extent, dorsal striatum of 
unanesthetized rats. Phaclofen (2 mg/kg s.c.) antagonized the effects of 6 
but not of 15 mg/kg s.c. R( + )baclofen on striatal 5-HT release. In rats 
implanted with two dialysis probes, R( + )baclofen (0.1-100 >uM) applied in 
the DRN markedly enhanced 5-HT release in the DRN (to 455% of baseline 
at 100 //M), and at this high concentration it moderately decreased that in 
striatum. In brain slices, bath R( + )baclofen exerted a biphasic effect on 5-HT 
neurons in the DRN. Consistent with its decrease of striatal 5-HT release at 
high concentrations, R( + )baclofen (0.1-30//M) hyperpolarized/inhibited 5-HT 
neurons (IC50=1.4 //M). However, at lower concentrations, R( + )baclofen 
(0.01 -1//M) preferentially reduced GABAergic IPSCs induced by NMDA (20 
jt/M) on 5-HT neurons (IC50 = 70 nM). A preferential activation of presynaptic 
GABAb receptors on GABAergic afferents in the DRN could contribute to 
enhance 5-HT release; however, the greater release of 5-HT in the DRN than 
in the striatum remains unexplained. Supported by FIS (95/266/ &MH17871.

907.10
SELECTIVE SEROTONIN REUPTAKE INHIBITORS INCREASE 
EXTRACELLULAR 5-HT AND INHIBIT BRAIN 5-HT SYNTHESIS: 
DIFFERENTIAL EFFECTS OF WAY100635. C.L.Barton and P.H.Hutson* 
MSD Neuroscience Research Centre, Terlings Park, Essex, CM 20 2QR, UK.

SSRI’s enhance extracellular 5-HT concentration and inhibit 5-HT neuronal 
firing, synthesis and release presumably as a consequence of the indirect 
activation of inhibitory 5-HT1A somatodendritic or 5-HT1B terminal 
autoreceptors. While it has been shown that 5-HT1A receptor blockade 
prevents the decrease of raphe unit firing and potentiates the increase of 
extracellular 5-HT concentration by SSRI’s, the effects on 5-HT synthesis is 
not clear. As expected, in vivo dialysis showed that the maximal increase of 
hippocampal 5-HT efflux by fluoxetine (lOmg/kg ip) (200 ±11% control, 
mean ± s.e.m., n=8) and paroxetine (3mg/kg ip) (300 ± 44% control, 
mean ± s.e.m., n=8) was potentiated approximately two-fold by pretreatment 
with WAY100635 (0.3mg/kg sc). However, the inhibition of hippocampal 
5-HT synthesis, as determined by 5-HTP accumulation following 
decarboxylase inhibition with NSD 1015 (lOOmg/kg ip), by fluoxetine 
(lOmg/kg ip) (43-57% control, mean, n=16) and paroxetine (3mg/kg ip) (47- 
50% control, mean, n=16) were unaffected by pretreatment with WAY 100635 
(0.3mg/kg sc or 1 mg/kg /day sc for 7day by osmotic pump). Results suggest 
that while 5-HT 1A receptor blockade enhances the increase of hippocampal 
5-HT efflux by SSRI’s, inhibition of hippocampal 5-HT synthesis by SSRI’s 
is probably not mediated by 5-HT 1A somatodendritic autoreceptors.

907.11
FEEDBACK REGULATION OF SOMATODENDRITIC SEROTONIN 
RELEASE: OPPOSING ROLE OF 5-HT1A AND 5-HT3 RECEPTORS. 
L. G. Harsinq, Jr.* and E. Baqdy. Institute of Drug Research, Budapest, 
Hungary.

Various serotonin (5-HT) receptors involved in the regulation of 
somatodendritic 5-HT release were characterized in raphe nuclei slices 
of the rat. The slices were loaded with [3H]5-HT and the resting and the 
electrically stimulated [3H]5-HT release was measured from superfused 
brain slices. The 5-HT1A receptor agonist 8-OH-DPAT reduced [3H]5-HT 
overflow and the 5-HT1B receptor agonist CGS-12066B exerted similar 
effect. The 5-HT1A receptor antagonist (+)WAY-100135 reversed the 
inhibitory effect of 8-OH-DPAT and by itself, increased [3H]5-HT release 
evoked by low frequency (1 Hz) stimulation. The 5-HT3 receptor agonist 
2-methyl-5-HT increased the resting [3H]5-HT outflow, this effect was a 
Ca2+-independent process and was reversed by the 5-HT uptake 
inhibitor fluoxetine. 2-Methyl-5-HT in lower concentrations also 
increased the electrically induced [3H]5-HT overflow. The 5-HT3 receptor 
antagonist ondansetron antagonized the stimulatory effect of 2-methyl- 
5-HT on evoked but not on resting [3H]5-HT release. Ondansetron by 
itself, was without effect on depolarization-evoked [3H]5-HT release at 1 
Hz stimulation but it reduced the release evoked at 10 Hz. These data 
indicate that 2-methyl-5-HT evokes 5-HT release from vesicles and also 
by reverse operation of 5-HT transporter. It is concluded that 5-HT 
neurons in the raphe nuclei possess inhibitory 5-HT1A and facilitatory in 
opposing fashion 5-HT3 autoreceptors which regulate 5-HT release and 
they may mediate synaptic and non-synaptic 5-HT transmission, 
respectively.

907.12
REPEATED MDMA ADMINISTRATION ALTERS THE ACTIVITY OF 
MIDBRAIN DOPAMINE (DA) NEURONS: ELECTROPHYSIOLOGICAL 
STUDIES. Minabe Y.*l , Hashimoto K.l , Horan B.2 , Ashby Jr. CR.2
1 National Institute of Neuroscience, NCNP, Kodaira, Tokyo, Japan;
2 PHS Dept., St John’s University, 8000 Utopia parkway, Jamaica, NY.

There is behavioral evidence that the lesioning of 
serotonergic neurons in the brain can modulate the 
responsiveness and function of DA neurons. However, the 
effects of lesioning on dopaminergic function at the 
cellular level is unknown. Therefore, following the 
administration of the serotonergic neurotoxin 3,4- 
methylenedioxymethamphetamine (MDMA), a recreationally 
abused drug, we determined the number, as well as the 
firing pattern, of spontaneously active A9 and A10 DA 
neurons. This was accomplished using the the technique of 
extracellular, single unit recording in anesthetized, male 
Sprague-Dawley rats. Animals received either 0.9% saline 
(1 ml/kg, s.c.) or MDMA (5 or 20 mg/kg, s.c.) twice a day 
for four consecutive days and two weeks later, the studies 
were conducted. The 5 mg/kg dose of MDMA did not alter 
the number, or the firing pattern of spontaneously active 
A9 and A10 neurons. However, the 20 mg/kg dose of MDMA 
produced a significant decrease in 1) the number of 
spontaneously active A10 DA neurons, which was reversed by 
i.v. haloperidol (0.1 mg/kg) and 2) the firing rate, 
coefficient of variation, % cells bursting and % events as 
bursts for the A10 DA neurons compared to saline treated 
rats. In addition, the inhibitory response to i.v. 
apomorphine was enhanced in MDMA, but not saline treated 
rats. Overall, the repeated administration of MDMA 
appears to selectively alter the activity of A10 DA 
neurons and their response to apomorphine. Supported by 
R29 MH52155 to C.R.A. and CO4670696 to Y.M.
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907.13
DISSOCIATION OF DOPAMINE D,-INDUCED TURNING BEHAVIOUR AND 
Dj-INDUCED INCREASES IN STRIATAL ACETYLCHOLINE RELEASE IN 
6-OHDA LESIONED RATS.
E. Acquas*, S. Fenu and G. Di Chiara. Dept. of Toxicology, University of Cagliari & 
Centre for Neuropharmacology - CNR, 09126 - Cagliari, Italy.

The contralateral turning behaviour produced by dopamine (DA) Dj receptor 
agonists in rats unilaterally lesioned with 6-OHDA is potentiated by the non-
competitive NMDA receptor antagonist MK-801. It was suggested that MK-801 
potentiates Drmediated turning behaviour by reducing the Drinduced stimulation of 
striatal acetylcholine (ACh) release. Similarly, it was suggested that the DA D2 agonist 
LY 171555 potentiates Drmediated contralateral turning by reducing the effects of D, 
agonists on striatal ACh release.

In order to test this hypothesis, the effects of the Dt agonist, CY 208-243 on striatal 
ACh release were studied in the intact or in the lesioned striatum. In unlesioned rats 
CY 208-243 (10 mg/kg) significantly stimulated striatal ACh release and this effect 
was prevented by MK-801 (0.1 mg/kg). In lesioned rats CY 208-243 significantly 
stimulated ACh release at 0.075, 0,1 and 0.2 mg/kg, but only the doses of 0.1 and 0.2 
mg/kg elicited contralateral turning. Pre-treatment with MK-801 (0.1 mg/kg) 
significantly reduced the effects of CY 208-243 (0.075 mg/kg) on striatal ACh release, 
while failing to elicit contralateral turning. In contrast, pre-treatment with MK-801 
strongly potentiated the effects of CY 208-243 (0.1 and 0.2 mg/kg) on turning 
behaviour, but failed to affect the increase in striatal ACh release. Similarly, pre-
treatment with the D2 receptor agonist LY 171555 (0.03 mg/kg) potentiated the 
contralateral turning behaviour but failed to prevent the increase in striatal ACh 
release.
The present results indicate that a reduction in the stimulation of striatal ACh release 
by D[ agonists does not represent the mechanism by which MK-801 or LY 171555 
notentiate the contralateral turning elicited by D, receptor agonists.

907.14
DOPAMINE AND GLUTAMATE INTERACTIONS IN RAT STRIATUM AS 
STUDIED BY MICRODIALYSIS AND CAPILLARY ELECTROPHORESIS 
WITH LASER-INDUCED FLUORESCENCE DETECTION. B, Renaud1. L, Bert1. 
F, Robert2 and L, Denorov*1, ‘Lab. Neuropharmacologie et Neurochimie -INSERM 
CJF 9506, Cl. Bernard Univ., Lyon, France and 2Dept. Pharmacologie, CMU, 
Geneva, Switzerland.

In vivo simultaneous measurement of the extracellular concentration of several 
neurotransmitters is a very useful approach for studying interactions. For that 
purpose, a method using brain microdialysis and capillary zone electrophoresis with 
laser-induced fluorescence detection (CZE-LIFD) has been developed. Microdialysates 
are derivatized on-line with naphtalene-2,3-dicarboxaldehyde before performing two 
CZE-LIFD analyses to determine catecholamines and excitatory amino acids (AAE) 
concentrations in each sample. High temporal resolution is reached (up to 10s) for 
the simultaneous monitoring of dopamine (DA), glutamate (Glu) and aspartate (Asp) 
from striatum of anesthetized rats. Furthermore, drugs can be locally administered 
through the microdialysis probe.

DA blockade by 20 )iM nomifensine induced a marked increase in DA without 
significant changes in Glu and Asp. Stimulation of D1/D2 receptors by 20 jj M 
apomorphine led to a lower DA without any change in Glu and Asp. On the other 
hand, stimulation of AAE receptor by 1 mM N-methyl-D-aspartic acid (NMDA) led 
to a higher DA, but only to a moderate increase in Glu and Asp. In addition, 
glutamate uptake blockade by 1 mM trans-pyrrolidine-2,4-dicarboxylic acid (PDC) 
induced a marked increase in Glu, Asp and DA. Furthermore, high microdialysis 
sampling rate (10s) allowed to show that the PDC-induced change in DA occured 
after the increase in Glu. Taken together these results suggest that AAE affect 
extracellular striatal DA through NMDA-receptors, while DA receptors do not 
modulate extracellular AAE. Such a combination of microdialysis and CZE-LIFD 
allows to perform the analysis of several compounds in very small volumes of 
dialysates and to study interactions between neurotransmitters with a high temporal 
resolution.

Supported by INSERM (CJF 95-06), Univ. Cl. Bernard and Region Rhone-Alpes.

907.15
ONTOGENETIC INTRASTRIATAL 6-OHDA LESIONS ENHANCE 
/77-CHLOROPHENYLPIPERAZINE- (zn-CPP-) INDUCED VACUOUS 
CHEWING IN RATS. R.M. Kostrzewa*, R. Brus and K.W. Perry. 
Quillen College of Medicine, East Tennessee State Univ., 
Johnson City, TN (RMK); Silesian Academy of Medicine, 41-808 
Zabrze, Poland (RB); and Eli Lilly Research Labs, Indianapolis, IN 
(KWP).

Enhanced SKF 38393 and m chlorophenylpiperazine (m-CPP) 
induced vacuous chewing is produced in rats when neostriatal 
dopamine (DA) depletion is produced by intracerebro-ventricular 
administration of 6-hydroxydopamine (6-OHDA) in rats. To 
determine if neostriatal (STR) DA is specifically associated with 
enhanced DA D, and serotonin (5-HT) agonist effects, 6-OHDA 
was administered directly into the STR (4 yt/g/side) at birth (PO) 
or 3 days later (P3). Enhanced responses to SKF 38393 and m- 
CPP were observed in rats lesioned at PO, despite the lack of 
change in endogenous contents of DA and 5-HT in STR. In 
contrast, responses to SKF 38393 and m-CPP were largely 
unaltered in rats lesioned at P3, despite a 1 5-30% reduction in 
DA and 10% elevation in 5-HT in caudal STR. Because DA 
inputs are destroyed by 6-OHDA at PO but not at P3, these 
findings suggest that DA inputs to striatal striosomes underlie 
DA and 5-HT sensitization.

907.16
GABAA RECEPTOR MODULATION OF THE MESOLIMBIC 
DOPAMINE SYSTEM: DIRECT AND INDIRECT MECHANISMS. ZX. Xi 
and E. A. Stein*. Depts. of Psychiatry, Pharmacology and Cellular Biology 
and Anatomy. Medical College of Wisconsin, Milwaukee, WI 53226

GABA is the major inhibitory neurotransmitter in the mammalian CNS. 
However, both excitatory and inhibitory effects on mesolimbic dopamine 
(DA) neurons have been reported. To investigate the role of GABA and the 
possible mechanisms of GABAA receptor action on mesolimbic DA 
regulation, fast-cyclic voltammetry was used to measure real-time DA 
release in the rat nucleus accumbens (NAcc). Our results demonstrate that 
intravenous (0.1 mg/kg) or intraventral tegmental area (VTA) (1 (ig) 
injections of the GABAA agonist muscimol significantly increased DA 
release in the NAcc. This effect was blocked by intra-VTA pretreatment 
with bicuculine (0.2 pg), a GABAA antagonist. Isoguvacine (0.1 mg/kg,iv), 
another GABAA agonist, also produced an increased DA release. In 
contrast, the GAB AB agonist baclofen (1 pg/VTA) decreased, while the 
GABAB antagonist saclofen increased DA release. Finally, following intra- 
VTA administration of a high dose of saclofen (4 pg) or baclofen (4 pg), a 
systemic injection of muscimol led to an inhibition of DA release in the 
NAcc. These results suggest that GABAA receptors are located on both DA 
projection cells and GABAergic intemeurons in the VTA, with the 
inactivation of GABAB receptors mediating a GABAA receptor-induced 
disinhibition of DA neurons. Thus, the observed increase in DA release 
appears to be the net effect of both direct inhibition and indirect 
disinhibition by GABA in the VTA. In view of the role of the mesolimbic 
DA system in mediating the reinforcing properties of most drugs of abuse, 
the proposed GABAergic regulatory system requires further study. 
(Supported in part by USPHS grants DA09965 to EAS and a NIDA/ 
INVEST Fellowship (NO 1 DA-3-0002) to ZX Xi).

907.17
PHARMACOLOGICAL CHARACTERIZATION OF METABOTROPIC 
GLUTAMATE RECEPTOR REGULATION OF STRIATAL DOPAMINE 
RELEASE. Nader Matloubi and Bita Moghaddam*, Dept. Psychiatry, Yale 
Univ. Sch. Med., VA Medical Center 116A/2, West Haven, CT 06516.

The metabotropic glutamate receptor (mGluR) family has been subdivided into 
three groups based on transduction mechanisms and sequence homology. All 
three subgroups of mGluRs have been localized in the striatum and may 
modulate glutamatergic excitatory synaptic transmission by pre- and postsynaptic 
mechanisms. Our previous studies have indicated that t-ACPD, a nonselective 
mGluR agonist, dose-dependently increases the release of dopamine in the 
striatum. Furthermore, this activation persists in the presence of tetrodotoxin 
suggesting that presynaptic mechanisms may be involved in this modulation.
The present microdialysis study was carried out to characterize the sub-group of 
mGluR that may be responsible for this action. Since a subset of these receptors 
are thought to auto-regulate Glu release, which can in turn modulate dopamine 
release, assessment of extracellular Glu was also carried out in conjunction with 
dopamine. The group III selective agonist, L-AP4 produced a robust and dose- 
dependent increase in dopamine release: infusion of 100 gM and 500 /xM L-AP4 
through the microdialysis probe produced a 70% and 250% increase in 
dopamine, respectively. A consistent effect on extracellular levels of Glu was 
not observed with L-AP4. The selective group II agonist L-CCG at 100 /xM 
produced a small but significant increase of 60% in dopamine release. This 
concentration of L-CCG was also associated with a decrease in extracellular 
levels of Glu. Local application of 500 /xM L-CCG did not increase dopamine 
levels more than that observed with 100 /xM. These studies suggest that 
activation of different sub-groups mGluR enhance the release of dopamine and 
that this increase may be due to direct presynaptic interactions. Supported by 
MH48404 and DA08227.

907.18
ACTIVATION OF GLUTAMATERGIC NEUROTRANSMISSION BY 
KETAMINE AND PCP: A MECHANISM FOR DOPAMINERGIC AND 
COGNITIVE DISRUPTIONS PRODUCED BY NMDA RECEPTOR 
ANTAGONISTS, Bita Moghaddam, Barbara Adams, Anita Verma, Darron Daly, 
and Charles Bradberry*. Dept Psychiatry, Yale University School of Medicine,
VA Medical Center 116A/2, West Haven, CT 06516.

Non-competitive NMDA receptor antagonists ketamine and PCP impair 
prefrontal cortex (PFC) function in the rat and produce symptoms in man similar 
to those observed in schizophrenia and dissociative states such as impaired 
performance of frontal lobe-sensitive tests. Several lines of evidence suggest that 
ketamine and PCP may produce their disruptive effects in part by altering 
dopamine neurotransmission in the PFC. This study sought to determine the 
mechanism by which ketamine and PCP may be disrupting dopaminergic 
neurotransmission in, and cognitive functions associated with, the PFC. Ketamine 
(10, 20, and 30 mg/kg) and PCP (5.0 mg/kg) increased glutamate outflow in the 
PFC, suggesting that these drugs may increase glutamatergic neurotransmission in 
the PFC at non-NMDA glutamate receptors. Activation of dopamine release at 
these doses of ketamine and PCP was attenuated by intra-PFC application of non- 
NMDA glutamate receptor antagonists. Furthermore, the impairment of spatial 
delayed alternation by these drugs was ameliorated by systemic pretreatment with 
AMPA/kainate receptor antagonists. These findings suggest that ketamine and 
PCP may disrupt dopaminergic neurotransmission in the PFC as well as cognitive 
functions associated with this region, in part, by increasing the release of 
glutamate, thereby stimulating post synaptic non-NMDA, i.e,, AMPA/kainate and 
metabotropic, glutamate receptors. Ongoing studies in the awake primate are 
establishing whether activation of glutamatergic neurotransmission by PCP and 
ketamine extends to primates. Supported by MH 48404 and DA 08073.
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907.19
TEMPORAL DISSOCIATION BETWEEN COGNITIVE/LOCOMOTOR 
EFFECTS OF PCP AND ALTERED DOPAMINE AND GLUTAMATE 
RELEASE IN THE NUCLEUS ACCUMBENS AND PREFRONTAL CORTEX. 
Barbara Adams* and Bita Moghaddam. Dept. Psychiatry, Yale University School 
of Medicine, VA Medical Center 116A/2, West Haven, CT 06516.

The behavioral syndrome produced by acute phencyclidine (PCP) and its 
analogue ketamine represent pharmacological models for some aspects of 
schizophrenia. At subanesthetic doses, PCP produces a complex behavioral 
profile in rats characterized by hyperactivity, stereotypy, gating deficits, and 
impaired working memory. The present study sought to determine the 
relationship between changes in the release of dopamine and glutamate in the 
prefrontal cortex and nucleus accumbens shell, and two behavioral effects of PCP 
associated with dopamine neurotransmission in these regions: impairment of 
working memory and hyperlocomotion. The locomotor activity was assessed 
during the microdialysis procedure and working memory was assessed using a 
discrete T-maze delayed alternation paradigm. PCP (5 mg/kg) produced a 
profound activation of dopamine and glutamate release in the prefrontal cortex. 
These levels remained elevated two-fold above baseline 2.5 hours after the 
injection, at which time the experiment was terminated. However, an impairment 
in performance of the delayed alternation task was only evident up to 60 min after 
the PCP injection. Animals tested 80 min after injection, when dopamine release 
was elevated at 300% of baseline, did not exhibit impaired performance. PCP 
also produced a sustained increase in accumbal dopamine release that remained 
elevated 2.5 hrs after injection. However, the locomotor activation by PCP 
subsided 100 min after injection. These findings suggest that solely an activation 
of dopamine does not account for PCP-induced locomotion and impaired delayed 
alternation performance. Supported by MH48404 and MH44866.

907.20
GLUTAMATERGIC MODULATION OF ANTIPSYCHOTIC DRUG- 
INDUCED FOS EXPRESSION IN THE NUCLEUS ACCUMBENS. & 
Bubseiy C D. Young and A.Y. Deutch, Departments of Psychiatry and 
Pharmacology, Vanderbilt University School of Medicine, Nashville, TN 37212, 
USA

The striatal complex (nucleus accumbens [NAS] and caudate-putamen [CP]) 
appears to be a major site of antipsychotic drug (APD) action. The therapeutic 
efficacy of both typical and atypical APDs correlates with their ability to induce 
the immediate early gene c-fos in the NAS, while the liability of typical APDs 
to induce motor side effects correlates with their ability to induce c-fos in the 
CP. Neurons in the striatal complex receive afferents from midbrain dopamine 
(DA) neurons and from cortical and thalamic neurons using glutamate (GLU) 
as transmitter. The balance between these transmitters is crucial for normal 
striatal function. Since behavioural studies have shown that GLU antagonists 
modify the striatally-mediated behavioural actions of APDs, we examined 
whether GLU antagonists also modify the APD-induced Fos protein response in 
the striatal complex. Neither NMDA nor AMPA GLU receptor antagonists 
affected basal Fos expression. However, the AMPA antagonist GYKI 52466 
enhanced clozapine-induced Fos expression in the NAS, especially in the shell 
compartment. The NMDA antagonist MDL 100,453 did not significantly affect 
the clozapine-elicited Fos response in either the NAS or CP. These findings will 
be compared with the effects of GLU antagonists on Fos expression induced by 
the typical APD haloperidol and the neurons expressing Fos in response to 
APDs will be characterized with regard to the GLU receptor subtypes they 
express. Since AMPA receptor antagonism enhances clozapine-induced Fos 
expression it is suggested that AMPA antagonists may also enhance the 
therapeutic efficacy of clozapine.

Supported by MH 45124.
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908.1
INJECTIONS OF NMDA INTO THE VENTRAL SUBICULUM 
INCREASES EXTRACELLULAR DOPAMINE IN THE VENTRAL 
TEGMENTAL AREA. M. Legault* and R A, Wise. CSBN, 
Concordia University, Montreal, QC, H3G 1M8

The nucleus accumbens septi (NAS) is a central structure in the neural 
circuitry of exploratory locomotion. Both dopaminergic efferents from 
the ventral tegmental area (VTA) and glutamatergic efferents from the 
ventral subiculum (VS) are important for the normal expression of 
exploratory locomotion. Stimulation of the VS by injection of the 
glutamate receptor agonist N-methyl-D-aspartic acid (NMDA) causes 
dopamine-dependent increases locomotion. We have previously 
reported that NMDA injections into the VS elevate extracellular 
dopamine in the NAS. In the present study in vivo microdialysis was 
used to estimate changes in extracellular dopamine in the VTA and NAS 
in response to intra-VS injections of 0.074, 0.28, 0.74 ug of NMDA. 
NMDA injections caused dose-dependent elevations in extracellular 
dopamine in both regions. Each dose of NMDA increased extracellular 
dopamine in the NAS whereas only the two higher doses increased 
dopamine significantly in the VTA. The highest dose of NMDA 
elevated extracellular dopamine in both regions to approximately 180% 
of baseline. Elevations of VTA dopamine are presumed to reflect 
increased somatodendritic release associated with increased impulse 
flow through dopamine neurons. Thus, the present study provides 
direct evidence that the VS modulates dopaminergic neurotransmission 
via the dopamine cell bodies in the VTA. Elevations of NAS dopamine, 
and locomotion, may be secondary to increased activity of VTA 
dopamine neurons.

Supported by FCAR and NIDA

908.2
DI RECEPTOR ACTIVATION OF THE CENTRAL NUCLEUS OF 
AMYGDALA MODULATES ACETYLCHOLINE RELEASE IN 
RAT NUCLEUS ACCUMBENS. G. P. Mark*, A. Hajnal & A. S. 
Keys. Dept. of Behavioral Neuroscience, Oregon Health Sci. Univ., 
Portland, OR 97201 & Inst. Physiol., Univ. Med. Sch. Pecs, Hungary.

The interaction between dopamine DI receptor activity in the 
amygdala and acetylcholine (ACh) release in the nucleus accumbens 
(NAc) was studied using microdialysis. Rats were prepared with 
bilateral guide cannulae in the NAc and a unilateral cannula in the central 
nucleus of the amygdala. Following basal measurements of ACh output, 
microinfusions of the DI receptor antagonist SCH 23390 or agonist, 
SKF 38393 were made in the amygdala. Infusions of SCH 23390 
(0.01, 0.1, 1.0 jWg/300 nl) increased ACh release by 33-58% in the 
ipsilateral NAc. A mild increase in ACh output was also evident in the 
contralateral accumbens suggesting a polysynaptic route for this 
interaction. Conversely, administration of SKF 38393 (0.01, 0.1, 1.0 
/rg/300 nl) predominantly caused a decrease in ACh output ranging from 
22-46% of basal levels. A general trend toward decreased ACh release 
was also observed in the contralateral NAc. At the highest dose of SKF 
38393, behavioral activation with the development of seizure-like 
activity was observed in half of the animals. These results show that DI 
activation in the amygdala inhibits ACh interneurons in the NAc. This 
interaction is putatively bilateral and may be related to the behavioral 
activation induced by reinforcing stimuli.
Supported by grants DA 10964 from the USPHS and MRF 25956 from 
the Medical Research Foundation of Oregon to G.P.M. and grant OTKA 
T022127 to A.H..

908.3
DOPAMINE AND SEROTONIN INTERACTIONS IN THE MODULATION 
OF THE EXPRESSION OF THE IMMEDIATE EARLY TRANSCRIPTION 
FACTOR NGFI-B IN THE STRIATUM. J. Gervais1, J.-J. Soghomonian1’2, D. 
Richard3 and C. Rouillard14*, Lab. of Neurobiology1, Depts. of Anatomy2, 
Physiology3 and Pharmacology4, Laval University, Quebec, Canada G1K 7P4.

NGFI-B is a closely related member of the steroid-thyroid hormone receptor 
family of ligand-activated transcription factor. Recent evidence suggests a close 
relationship between NGFI-B and the DA system. Basal expression of mRNA for 
NGFI-B is relatively high in the striatum (STR). The aims of the present study 
was: a) to study the basal distribution and the modulation of the expression of 
mRNA for NGFI-B in the STR by DA agonists, and b) to investigate the effects of 
5-HT agonists administered alone or in combination with DA agonists. First, we 
investigated the effects of SKF38393 (D,), quinpirole (D2), 8-OHDPAT (5-HTia ) 
and DOI (5-HT2A/2c) administered alone on striatal NGFI-B mRNA expression. In 
a second series of experiments, the effects of a combined administration of DA Di 
and 5-HTiA or 5-irr2A/2c agonists were studied. The goal of the last series of 
experiments was to determine the effects of a combined administration of the DA 
D2 agonist and the 5-HT agonists. Our main results are: a) striatal NGFI-B mRNA 
expression exhibited a lateral-medial gradient in control rats, b) quinpirole 
induced a significant decrease of NGFI-B mRNA expression while DOI 
significantly increased it, c) complex interactions were found when DI and 5-HT 
agonists were administered in combination, and d) combined administration of 
quinpirole and DOI resulted in a significant decrease of NGFI-B expression. 
These results show that striatal NGFI-B expression can be modulated by both DA 
and 5-HT agonists and they also pint out the existence of complex interactions 
between 5-HT and DA. (Supported by NSERC and FRSQ).

908.4
ACTIVATION OF DOPAMINE D2 RECEPTORS IN THE DORSAL RAPHE 
NUCLEUS INCREASES FIRING RATE AND 5-HT RELEASE IN THE RAT BRAIN
R. Martfn-Ruiz’1,2, I. Hervds1*, L. Uqedo2, F. Artigas1 department of 
Neurochemistry, IIBB-CSIC, 08034 Barcelona, Spain, and department of 
Pharmacology, University of the Basque Country, Leoia

The existence of a functional interaction between the serotonergic 
and dopaminergic systems is extensively documented. The local activation 
of dopamine D2 receptors in the dorsal raphe nucleus (DRN) enhances 5-HT 
release, an effect also observed after the systemic administration of a 
moderate apomorphine dose (Ferr6 eta!., J Neurosci 1994; 14:4839-4846). 
The increment in DRN was accompanied by a small reduction of 5-HT release 
in dorsal striatum, an effect attributed to the activation of somatodendritic
5-HT1A receptors by the excess 5-HT in the DRN. Using in vivo single unit 
recordings and microdialysis we have further examined the effects of 
quinpirole and apomorphine, selective and non-selective DA D2 receptor 
agonists, on 5-HT neurons. Doses of apomorphine that induced marked 
stereotypies (1 and 3 mg/kg s.c.) significantly increased the release of 5-HT 
in striatum (160 % of baseline at 3 mg/kg s.c.) and DRN. Consistent with 
these increases, apomorphine enhanced the firing rate of DRN serotonergic 
neurons (136 % of baseline at 0.2 mg/kg i.v.). This effect was blocked by 
the pretreatment with a dose of raclopride (0.125 mg/kg i.v.) that reduced
5-HT firing rate by itself (to 76 % of baseline). The involvement of DA Dz 
receptors in apomorphine effects is also supported by the increase of firing 
rate of DRN serotonergic neurons by quinpirole (116, 129 and 131 % of 
baseline at 0.04, 0.08 and 0.16 mg/kg i.v., respectively). These data further 
support the existence of a dopaminergic control of DRN serotonergic 
neurones through DA D2 receptors in the rat brain. Supported by FIS 
(95/2661 and PI 95/55. R.M-R. is recipient of a fellowship from Basque Gvt.
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908.5
OPPOSITE REGULATIONS BY RELEASED GABA AND NEUROKININ A 
OF THE INHIBITORY DOPAMINERGIC CONTROL OF THE NMDA- 
EVOKED RELEASE OF ACETYLCHOLINE IN STRIATAL 
COMPARTMENTS OF THE RAT. M.L Kernel*, F, Blanchet, S. Perez, C. 
Gauchv and J, Glowinski. INSERM U114, College de France, Paris, France. 
As shown by local microsuperfusions in vitro, in the absence of Mg2*- NMDA 
(50 pM or 1mM) enhances the release of 3H-ACh (formed from 3H-choiine) 
in striosome- and matrix-enriched areas of the rat striatum. Surprisingly, 
these responses were reduced when D-serine (10pM) was applied with NMDA 
suggesting the intervention of released inhibitory transmitters.
DA is involved in this inhibitory regulation since NMDA (50 pM, 1mM)+ D- 
serine-evoked responses were markedly enhanced in both compartments in 
the presence of the D2 antagonist sulpiride (1pM).

In contrast, both in the absence and presence of D-Serine, NMDA (50 pM or
1 mM)-evoked responses were reduced under blockade of GABA A 
transmission with bicuculline (5pM) but these effects disappeared under the 
co-application of sulpiride suggesting that, through its inhibitory effect on DA 
release, GABA indirectly stimulates ACh release.
Finally, tachykinines (co-localized with GABA in striatal efferent neurones) 

could also be released by NMDA and in addition, in contrast to GABA, they 
could facilitate DA release. Supporting this statement, the NK2 antagonist 
SR48968 (0.01 pM) markedly increased the NMDA-evoked release of ACh in 
both striosomes (50 pM,1 mM) and matrix (1 mM) only in the presence of 
D-serine and these responses were blocked by sulpiride.
In conclusion, in both striatal compartments, the inhibitory dopaminergic 

control of the NMDA-evoked release of ACh requires the presence of 
saturating concentrations of the co-agonist D-serine and this is also the case 
for the facilitation of this dopaminergic regulation by Neurokinin A. In 
contrast, the reduction of this dopaminergic control by released GABA 
occurred under different modalities of the stimulation of NMDA receptors.

908.6
NEUROCHEMICAL CORRELATES OF INTRAVENOUS VERSUS INTRA- 
ACCUMBENS COCAINE ADMINISTRATION: EFFECTS OF EXCITOTOXIC 
LESIONS OF THE BASOLATERAL AMYGDALA
R, B. Whitelaw, J. W. Dailey, T. H. Tsai, T. W. Robbins. B, J. Everitt (SPON: 
European Brain and Behaviour Society) Department of Experimental Psychology, 
University of Cambridge, UK. CB2 3EB.

We have previously reported that rats with excitotoxic lesions of the basolateral 
amygdala (BLA) self-administer cocaine more rapidly than sham-operated controls 
but are retarded in their acquisition of cocaine under a second-order schedule. These 
effects may be related to altered dopamine (DA) function within the ventral striatum 
in response to disrupted glutamatergic transmission. To examine this possibility in 
vivo dialysis was used to monitor extracellular levels of dopamine and glutamate 
(GLU) in the nucleus accumbens of sham and BLA-lesioned anaesthetised rats 
following intravenous (0.75 and 1.5 mg/kg) and intra-accumbens (5, 20,50 pM) 
cocaine administration. Basal DA efflux was not modified by lesions of the BLA 
and was suppressed to a similar extent in both sham and lesioned animals by TTX 
(1 pM). Local cocaine administration produced graded changes in DA efflux: this 
response was not modified by excitotoxic lesions of the BLA. In contrast, the 
dopaminergic response to intravenous cocaine was significantly attenuated in BLA- 
lesioned animals. Basal GLU release was comparable in sham and BLA-lesioned 
animals and was not affected by local or systemic cocaine administration. In 
separate acquisition studies BLA-lesioned animals showed only moderate 
enhancement of cocaine self administration at 0.75 mg/kg and slightly retarded 
acquisition at 0.25 mg/kg. These data are discussed in terms of interactions between 
BLA afferents to the accumbens and mesolimbic DA in conditioned drug 
reinforcement. This work was supported by the MRC (grant number G9537855).

908.7
DISSOCIABLE EFFECTS OF EXCITOTOXIC LESIONS OF THE RAT 
VENTROMEDIAL PREFRONTAL CORTEX ON STRIATAL DOPAMINE 
OVERFLOW, IMMEDIATE-EARLY GENE MARKER REGULATION AND 
THE BEHAVIOURAL RESPONSE TO INTRAVENOUS D-AMPHETAMINE 
J. W. Dailey, S. R. Howes, T, H. Tsai. K. L, Thomas, B. J. Everitt & T, W. Robbins
(SPON: European Brain and Behaviour Society) Department of Experimental 
Psychology, University of Cambridge UK, CB2 3EB.

Excitotoxic lesions of the prefrontal cortex (PFC) of the marmoset have been 
shown to reduce the stimulatory effects of d-amphetamine (AMPH) on dopamine 
(DA) efflux in the caudate putamen. However, the neural mechanisms underlying 
the regulation of midbrain DA neurones by afferent glutamatergic neurones arising 
from the PFC remain poorly understood. This study explores the temporal 
relationship of DA release in the ventral striatum with levels of immediate-early 
gene markers and locomotor activity in response to intravenous AMPH 
administration (125, 250 and 500 pg/kg) in sham-operated and PFC-lesioned rats. 
Extracellular levels of DA were measured in the nucleus accumbens using in vivo 
dialysis. PFC-lesioned animals were more active in the novel dialysis chamber 
during habituation and showed an exaggerated locomotor response compared with 
sham-operated controls in response to AMPH administration. Basal and K+-evoked 
DA overflow were unaffected by excitotoxic lesions of the PFC. However, PFC- 
lesioned animals exhibited a diminished peak response in DA overflow to repeated 
AMPH administration. Preliminary data revealed no effect of PFC lesion on 
postsynaptic levels of CREB, phosphorylated CREB or FOS protein in the nucleus 
accumbens after AMPH treatment. These data provide further evidence of a 
modulatory role of the PFC on DA release in terminal striatal areas. Further work 
will be necessary to understand the complex relationship between fronto-striatal 
modulation of presynaptic DA function in the ventral striatum and the behavioural 
effects of psychomotor stimulants. This work was supported by the Wellcome Trust.

908.8
OPIOID MODULATION OF RESPONSES BY VENTRAL PALLIDAL 
NEURONS TO DOPAMINE. I. Mitrovic* and T.C. Napier. Dept. of 
Pharmacol., Neurosci. and Aging Inst. Div. for Research on Drugs of Abuse, 
Loyola Univ. Chicago, Sch. of Med., Maywood, IL 60153.

We previously demonstrated that the p opioid agonist DAMGO modulates 
ventral pallidal (VP) dopaminergic neurotransmission evoked by electrical 
activation of the ventral tegmental area (VTA). Using chloral hydrate- 
anesthetized rats, the present study investigated the ability of DAMGO to 
modulate the effects of exogenous (microiontophoretically applied) dopamine 
on VP neuronal firing. Thirty-eight spontaneously firing VP neurons were 
tested with dopamine, and 71% responded to the drug. Both increases (67%) 
and decreases (33%) were observed. An ejection current-response curve (2- 
128nA) was generated for each neuron to determine maximal response 
(Emax) and the ejection current level at which 50% of the maximum 
response was observed (Ecu50). Eighteen of the neurons tested with 
dopamine also were tested with iontophoretically applied DAMGO. Sixty- 
three percent of these responded to the opioid and only decreases in 
neuronal firing were observed. Of these 18 neurons, 50% responded to both 
drugs, 22% to dopamine, 17% to DAMGO, and 11% to neither. In 7 neurons 
(of 9 that responded to both drugs), dopamine increased neuronal firing 
(Emax=206±16; Ecu50=33±9nA). Application of DAMGO, concomitant with 
iontophoretic application of dopamine, failed to alter Emax and Ecu50 
(188±16; 33±9nA, respectively) for dopamine. Collectively, these data 
support our previous findings indicating a convergence of opioid and 
dopaminergic inputs within the VP. In addition, the inability of DAMGO to 
modulate dopamine-evoked increases in neuronal activity suggests that the 
modulation of the VTA stimulation-evoked responses by DAMGO (observed 
in previous study) takes place at the presynaptic site. Ongoing studies are 
evaluating effects of DAMGO on dopamine evoked inhibitions. Work 
supported by DA05255 to TCN.

908.9
EXPOSURE TO A NOVEL ENVIRONMENT INCREASES EXTRACELLULAR 
DOPAMINE IN THE MEDIAL PREFRONTAL CORTEX FOLLOWING SALINE 
BUT NOT ICS 205-930 PRE-TREATMENT M.A. Chapman* and M P. Galloway 
Cellular and Clinical Neurosciences Program, Dept. of Psychiatry and Behavioral 
Neurosciences, Wayne State University School of Medicine, Detroit, Ml 48201.

Alterations in the mesocortical dopamine system have been implicated in a 
number of neurological and psychiatric disorders, including schizophrenia and 
Parkinson's disease. An increasing amount of evidence suggests that serotonin 
exerts a profound regulatory influence on dopamine in this region. The present 
study examined serotonin-dopamine interactions in rats following exposure to a 
novel environment, a form of mild stress which has previously been shown to 
enhance prefrontal dopamine function. Male, Sprague-Dawley rats were 
implanted with guide cannulae in the medial prefrontal cortex. Following three 
days of recovery, microdialysis probes were inserted and perfused with modified 
Ringer’s solution at 2 pl/min. Once stable baseline levels of dopamine were 
achieved, animals received injections of saline or the 5-HT3 antagonist ICS 205- 
930 (0.05mg/kg, IP). Forty minutes later animals were exposed to a novel 
environment consisting of fresh bedding mixed with 1ml of imitation almond oil 
extract, a rubber stopper, bright light, and noise. Dialysis samples were collected 
every 20 min and analyzed for dopamine using high performance liquid 
chromatography with electrochemical detection. Preliminary results indicate that 
saline pre-treated animals show a 75% increase in extracellular dopamine in the 
first 20 min following the novel environment, an effect not observed in the ICS 
205-930 pre-treated group. These results further demonstrate the importance of 
serotonin-dopamine interactions in the prefrontal cortex and raise the possibility 
of serotonergic involvement in the response to a novel environment. Supported 
by NIDA-04120 and the Joe Young Sr. Research Fund.

908.10
LOCAL APPLICATION OF SEROTONIN INCREASES EXTRACELLULAR 
DOPAMINE LEVELS OF VESICULAR ORIGIN. Camille S. Norton*, Ericka A. 
Andrusiak, Susan Benloucif and Matthew P. Galloway, Cellular and Clinical 
Neuroscience, Psychiatry & Behavioral Neurosciences, Wayne State Univ Sch 
Med, Detroit, Ml, 48201

We, and others, have shown previously with in vivo microdialysis that local 
application of serotonin (5-HT) increases extracellular levels of striatal 
dopamine (DA) in a dose-dependent and 5-HT-antagonist sensitive fashion. To 
investigate further the mechanism of 5-HT’s action on extracellular DA levels, 
the ability of 5-HT (10 pM) to increase DA was tested in animals pretreated with 
either nomifensine (DA transporter blocker) and sulpiride (D2 antagonist), or 
reserpine. An equi-effective dose of amphetamine (0.5 //M) was also used as 
a positive control and results were analyzed with an analysis of covariance. 
Combined intrastriatal perfusion of nomifensine (1 ;/M) and sulpiride (100 pM) 
failed to block the 5-HT-induced elevation of extracellular DA levels. In 
contrast, nomifensine and sulpiride pretreatment completely blocked the ability 
of amphetamine to elevate extracellular DA levels. In animals pretreated with 
reserpine (12 hours prior, 10 mg/kg, i.p.), the ability of 5-HT to increase DA 
levels was completely abolished, while the amphetamine effect on DA was 
attenuated by 30%. Since the effect of 5-HT on extracellular DA levels was 
blocked by prior depletion of vesicular DA, but not by inhibition of the DA 
transporter, the data support the vesicular origin of extraneuronal DA following 
local application of 5-HT. Supported by NIDA 04120 and Joe Young Sr. 
Research Fund.
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908.11
INHIBITION OF GLUTAMATE REUPTAKE POTENTIATES ENDOGENOUS 
NITRIC OXIDE-FACILITATED DOPAMINE EFFLUX IN THE RAT STRIATUM: 
AN IN VIVO MICRODIALYSIS STUDY. Anthony* R. West and Matthew P. 
Galloway CCN Program, Dept of Psychiatry and Behavioral Neurosciences, 
Wayne State University School of Medicine, Detroit, Ml 48202.

Previous studies from our laboratory demonstrate that intrastriatal infusion of 
either nitric oxide (NO) donors or the nitric oxide synthase (NOS) substrate, 
NG-hydroxy-L-arginine (H-ARG, 1mM) releases striatal dopamine (DA) in a 
manner dependent on the secondary efflux of glutamate (GLU) and consequent 
activation of NMDA and AMPA receptor mechanisms. The current study 
investigated the effects of the selective GLU reuptake inhibitor (2S)-trans- 
pyrollidine-2,4-dicarboxylie acid (PDC) on basal and H-ARG (200/^M)-mediated 
striatal DA and GLU efflux in vivo. Concentric microdialysis probes were 
stereotaxically implanted in the anterior-medial striatum of chioral hydrate- 
anesthetized rats. Intra-striatal infusion of PDC (200//M) elevated extracellular 
(EC) DA and GLU levels concurrently to approximately 200-250 % of basal 
levels over a 10 fraction (20 min) collecting period without affecting EC 
asparagine levels. Infusion of H-ARG (200//M) for six 20 minute fractions, 
significantly elevated striatal DA efflux to approximately 179 % of basal levels, 
but did not alter GLU efflux. In the presence of PDC (200//M), coperfusion of 
H-ARG (200//M) supra-additively enhanced EC DA levels to approximately 500 
% of basal levels, however, no further increase in GLU efflux was observed. 
These results suggest that while both endogenous NO and GLU regulate 
striatal DA efflux via facilitatory influences, enhanced glutamatergic tone on 
striatal NOS-containing neurons may potentiate NO-synthesis from.H-ARG and 
subsequently NO-induced DA efflux. Supported by NIDA-04120 (MPG), NIDA- 
05767 (ARW), and the Joe Young Sr. Research Fund.

908.12
REPEATED FLUVOXAMINE TREATMENT SENSITIZES THE EFFECT OF 
ACUTE FLUVOXAMINE ON EXTRACELLULAR DOPAMINE LEVELS: 
POTENTIAL ROLE OF 5-HT AUTORECEPTORS. Susanne Koch* and 
Matthew P. Galloway, Cellular and Clinical Neurobiology Program, Department 
of Psychiatry & Behavioral Neurosciences, Wayne State University School of 
Medicine, Detroit Ml, 48201

Given that local application of serotonin (5-HT) increases striatal dopamine 
(DA) release in vivo, the current study examined whether selective serotonin 
reuptake inhibitors (SSRI’s), which increase 5-HT neurotransmission, may 
indirectly also affect the DA system. The effect of a single dose of the SSRI 
fluvoxamine (FLV) on extracellular (EC) DA was investigated in drug-free rats 
and those treated repeatedly with FLV. In drug-naive rats, administration of 
FLV (10 or 20 mg/kg, ip) did not significantly alter EC levels of striatal DA. In 
rats treated chronically with FLV (10 mg/kg, bid, 14 days, ip), administration 
of FLV (10 or 20 mg/kg , ip) on day 15 significantly increased striatal DA levels 
to 33±11% (N=7) and 73± 23% (N=12), respectively, over baseline. Thus, 
chronic treatment with FLV sensitized the effect of acute FLV on EC striatal 
DA. Repeated treatment with SSRI’s has been shown previously to desensitize 
the inhibitory action of impulse modulating 5-HT1a autoreceptors, thereby 
enhancing 5-HT release. To test the potential involvement of 5-HT1a 
autoreceptors in the effect of repeated FLV on EC DA, a single dose of FLV 
was administered to animals pretreated with the 5-HT1a antagonist pindolol. 
The combined administration of pindolol (15 mg/kg, sc) and FLV (10 or 20 
mg/kg, ip) to otherwise drug-free rats significantly increased striatal DA levels 
to 70± 6% (N=7) and 122± 13% (N=4), respectively, over baseline. Taken 
together the results support the notion that chronic SSRI treatment also 
increases EC DA. Supported by NIDA 04120 and Joe Young Sr. Research 
Fund.

908.13
CARRIER-MEDIATED AND EXOCYTOTIC RELEASE OF STRIATAL 
DOPAMINE BY GLUTAMATE: ROLE OF GLUTAMATE RECEPTORS.
S.M. Pearl* and M.J. Ziemond. Departments of Neuroscience & Psychiatry, 
University of Pittsburgh, Pittsburgh, PA 15260.

Previous studies in this laboratory have shown that glutamate evokes dopamine 
(DA) release by at least two mechanisms, exocytosis of vesicular DA and carrier- 
mediated reverse transport of cytoplasmic DA. However, the role of specific glu-
tamate receptor subtypes is unknown and previous studies regarding glutamate- 
evoked changes in DA are difficult to reconcile because some researchers meas-
ured 3H-DA whereas others measured endogenous DA. In the present study rat 
striatal slices were exposed to glutamate agonists (100 pM NMDA or 200 pM 
kainic acid) in the presence or absence of 10 pM nomifensine, an inhibitor of high 
affinity DA uptake which should also prevent the release of DA via reverse trans-
port. The subsequent release of 'H-DA or endogenous DA was measured. Both 
NMDA and kainic acid alone produced an increase in 3H-DA or endogenous DA, 
which was blocked by the selective antagonists MK801 (5 pM) or CNQX (100 
pM), respectively. When endogenous DA was measured, nomifensine potentiated 
the NMDA-induced release of DA by -50%, but had no effect on kainic acid- 
evoked DA release. This may indicate that NMDA releases exclusively vesicular 
pools of DA whereas kainic acid releases DA from both vesicular and cytoplasmic 
pools. However, when 3H-DA was used as a marker for DA release, nomifensine 
resulted in a potentiation of DA release evoked by both NMDA and kainic acid 
The discrepancy between 3H-DA and endogenous DA results may be explained if 
one assumes that tritium release after 3H-DA-preloading derives primarily from 
vesicles, whereas the release of endogenous DA derives from both cytoplasmic and 
vesicular pools. [Supported by the National Parkinson Foundation, American 
Parkinson Disease Association, and NINDS (NS19608).]

908.14
ROLE OF NITRIC OXIDE ON NEOSTRIATAL DOPAMINE
SYNTHESIS. £. L, CastTP*..an.d_M J, Zigmond, Departments of
Neuroscience and Psychiatry, University of Pittsburgh, Pittsburgh, PA 
15260.

We have shown that exogenously applied excitatory amino 
acid (EAA) agonists increase neostriatal dopamine (DA) synthesis. 
Recently, it has been suggested that nitric oxide (NO) plays a role in 
the modulation of DA release by EAAs in the striatum. In this study, 
we are examining the influence of NO on DA synthesis. In vivo 
microdialysis is being employed to sample from the neostriatal 
extracellular fluid of awake, male rats (4-mm probe; AP +0.5, ML 
-2,5, DV -7.0). Following a recovery period (18-24h), intrastriatal 
infusion of an inhibitor of aromatic amino acid decarboxylase, NSD- 
1015 (0.1 mM) and subsequent measure of extracellular DOPA, is 
used as an index of DA synthesis. Local infusion of the EAA agonist 
NMDA (1 mM) significantly increased extracellular DOPA levels 
(154 ± 5% of baseline, n=4), whereas infusion of a nitric oxide 
synthase inhibitor, Nco-nitro-L-arginine (L-NAME, 0.1 mM) was 
without effect (n=3). Co-infusion of L-NAME and NMDA resulted in 
an increase in extracellular DOPA (139 ± 5% of baseline, n=4) that 
was somewhat less than, but not significantly different from, that 
produced by infusion of NMDA alone. Thus, at the dose currently 
used, L-NAME appears to have no significant effect on the increase in 
DA synthesis produced by NMDA.
Sunvorted in part by USPHS grants MH29670 and MH45156.

908.15
BLOCKADE OF NEUROTENSIN RECEPTORS INHIBITS THE DOPAMINE 
D1/D2 SYNERGISM ON IMMEDIATE EARLY GENE EXPRESSION IN THE 
RAT BRAIN. R. Alonso*, H. Guanadieom; M. Fournier, N. Frechin, G. LeFur 
and P. Soubrie. Sanofi Recherche, Dept of Neuropsychiatry,34183 Montpellier, 
France.

A remarkable feature of dopamine (DA) functionning is that concomitant 
activation of both Dl-like and D2-like receptors acts to intensify the expression of 
various DA-depcndent effects, in particular the expression of the immediate early 
genes, c-fos and zif268. The present study evaluated in rats the effects of 
neurotensin receptor blockade, using the neurotensin receptor antagonist, SR 
48692, on Fos-like immunoreactivity induced by combined Dl-like (SKF 38393, 
20mg/kg) and D2-like (quinpirole, 1 mg/kg) receptor agonists treatment in the 
caudate putamen, the nucleus accumbens, the globus pallidus and the ventral 
pallidum. The role of neurotensin on the Dl-like/D2-like synergism was further 
investigated by examining the effects of SR 48692 (30 mg/kg) at the level of zif 
268 mRNA in caudate putamen neurons expressing or not enkephalin mRNA. SR 
48692 (1, 3 and 10 mg/kg i.p.) dose-dependently reduced the number of Fos-like 
immunoreactive cells in all brain structures examined. High affinity neurotensin 
receptors arc likely to be involved in these Dl-likc./D2-like cooperative responses 
since compounds structurally related to SR 48692, SR 48527 (3 mg/kg)and its (-) 
antipode, SR 49711 (3 mg/kg), exerted a stercospecific antagonism in all selected 
brain regions. In situ hybridization experiments indicated that SR 48692 
treatment markedly reduced zif268 mRNA levels produced by SKF 38393 plus 
quinpirole in enkephalin-negative neurons (putative Dl-rcccptor bearing 
neurons). In contrast, SR 48692 was unable to affect the concomittant decrease of 
zif268 mRNA labeling in enkephalin-positive neurons (D2-receptor bearing 
neurons). Taken together, the results of the present study indicate that neurotensin 
is a required element for the occurrence of DI-like/D2-like synergism on c-fos 
and zif268 expression.

908.16
IN SINGLE CELL MICROCULTURES VTA DOPAMINE 
NEURONS INHIBIT THEIR GLUTAMATERGIC AUTAPSES VIA 
PRESYNAPTIC D2 RECEPTORS. M.P. Toyce, D. Geldwert, S. 
Rayport*. Depts. Psychiatry, Anatomy & Cell Biology, and Ctr. 
Neurobiology & Behavior, Columbia Univ.; Dept. Neuroscience,
N.Y.S. Psychiatric Institute, NY 10032.

Ventral tegmental area (VTA) dopamine (DA) neurons make 
glutamatergic (GLUergic) autapses in single cell microcultures (Sulzer 
& Rayport, SFN, 1993). Immunocytochemical studies have shown 
that these cells have both DAergic and GLUergic varicosities that are 
spatially segregated to different subcellular regions (Rayport et al., 
SFN, 1995; 1996). We now report that the D2 receptor agonist 
quinpirole (1 uM) inhibits autaptic EPSCs, while the D2 antagonist 
sulpiride (1 |.iM) enhances EPSCs. This sulpiride effect is eliminated 
by reserpine (1 gm for 90 minutes), confirming that D2 dopamine 
receptors are present on these neurons, and showing that DA release 
from DA cells modulates EPSC size. When cells were stimulated 
after a 3 min rest with five depolarizing steps at 10 sec intervals, we 
found that successive EPSCs decreased in amplitude; quinpirole 
caused a still greater decrease in successive EPSCs while sulpiride 
either prevented the decrease or caused a progressive increase in 
EPSC size. Sulpiride had no effect on the initial EPSC, showing that 
DA release was activity-dependent. Paired pulse facilitation was 
increased by quinpirole and decreased by sulpiride, consistent with 
presynaptic action. Thus, DA neurons in microculture show activity- 
dependent DA release and presynaptically inhibit their own 
GLUergic autapses.

Supported by NIDA DA08675 and the Burroughs Wellcome Fund.
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908.17
DOPAMINE D! RECEPTOR ACTIVATION POTENTIATES K+- 
EVOKED [3H]GABA RELEASE FROM SYNAPTOSOMES OF RAT 
SUBSTANTIA NIGRA PARS RETICULATA. R. Bahena*. L.E. Soria.
J.M. Arias-Montano, BHoran and J.A. Arias-Montano. Departamento 
de Neurociencias, CINVESTAV, Mexico, D.F., Mexico.

Previous work carried out in slices from rat substantia nigra pars 
reticulata (SNr) has shown that dopamine is able to potentiate K+- 
evoked [3H]GABA release (Floran et al., Neurosci. Lett. 116: 136, 
1991). In order to study further the effect of dopamine in this work we 
have analysed the effect of D1 receptor activation on depolarisation- 
stimulated [3H]GABA release from SNr synaptosomes.

Specific binding of [3H]SCH23390 to SNr synaptosomes (45 ± 1 
fmol per mg protein) was displaced in a concentration-dependent 
manner and with high potency (IC50 0.8 nM) by unlabelled SCH23390. 
In SNr synaptosomes prelabelled with [3H]GABA (40 nM) and perfused 
with Krebs HEPES buffer (37°C, 0.5 mi.min'1) depolarisation (induced 
by 15 mM K+) resulted in augmented [3H]GABA release (164 ± 9% of 
basal release). The addition of the D1 agonist SKF38393 (2 pM) 
increased the efflux of [3H]GABA to 251 ± 16% of basal and this effect 
was reversed by 1 pM SCH23390 (83 ± 12% inhibition). These results 
indicate that dopamine potentiates K+-evoked [3H]GABA release from 
striatonigral terminals by. activating D-, receptors endowing such 
terminals. Supported by CONACYT (1381-PN) and CINVESTAV.

INTERACTION BETWEEN NEUROTRANSMITTERS: OTHER

909.1
GLUTAMATE AND GABA ACTIVATE DIFFERENT RECEPTORS AND 
CT CONDUCTANCES IN CRAB PEPTIDE-SECRETORY NEURONS. 
Shumin Duan and I. M. Cooke*.
Bekesy Lab. of Neurobiology, University of Hawaii, Honolulu, HI 96822. 

Glutamate (Glu)- and GABA-induced currents (IGlu, Iq Ab A) °f cultured
crab (Cardisoma carnifex) X-organ neurons were studied by whole-cell patch 
clamp, using a Y-tube for rapid application (0.01-1 mM). Both were dose- 
dependent inward currents in physiological salines from Vh -50 mV that 
peaked within 200 ms. The reversal potential of both followed the Nemst 
CT potential when [CT]j was varied. Evidence that different receptors and 
CT channels are activated includes the following: 1) Both were inhibited, 
but to different extent, by the non-specific Cl'-channel blockers picrotoxin 
and niflumic acid at 0.5 mM, IGlu by 90% and 80%, IGABA by 50% and 
20%, respectively. 2) Polyvinylpyrrolidone-25 (2 mM) completely blocked 
IGlu without affecting IGABA. 3) IGlu rapidly desensitized (t1/2~l s) while 
IGAba  did not; Glu desensitization was unaffected by conconavalin A or 
cyclothiazide. 4) GABA produced no cross-desensitization to Glu. As 
shown by others for crustacean GABA receptors, the pharmacology of the 
crab Glu receptor differs from that of vertebrate subtypes. Ibotenic acid (0.1 
mM) was an effective agonist and showed cross-desensitization with Glu. 
IGiu was unaffected by glycine (1 pM) or [Mg2+]o (0-26 mM), and was not 
activated by kainate, AMPA, NMDA and quisqualate (up to 1 mM). IGlu is 
not mediated through a Glu transporter, since it was not affected by Na+-free 
extracellular solution. While CT-mediated Glu and GABA responses are 
well known, examination for possible sharing of receptors or CT-channels 
has been limited. Supported by NIH grant NS 15453 and the Cades Fund.

909.2
NEUROPEPTIDE Y (NPY) ENHANCES ATP-INDUCED PRODUCTION OF 
INOSITOL PHOSPHATES IN CHROMAFFIN CELLS. T.D, Hexum*, J. Zhena and 
M.L. Toews. Dept. Pharmacol., Univ. Neb. Med. Ctr., Omaha, NE 68198-6260.

Bovine chromaffin cells contain high affinity NPY binding sites characteristic of 
the Y1 receptor subtype, and are coupled through a G protein to the inhibition of 
forskolin-stimulated cAMP accumulation. NPY has no effect on either 45Ca2+ influx 
through voltage-operated calcium channels or [3H]inositol phosphate formation 
from [3H]phosphoinositides in chromaffin cells. However, NPY has been shown 
to have weak to moderate effects on phosphoinositide turnover in some tissues. 
Studies with other tissues have shown that NPY can increase inositol phosphate 
formation by enhancing the effects of agents that act by increasing inositol 
phosphate formation. ATP, which is released from bovine chromaffin cells in 
response to nicotinic receptor stimulation, can increase chromaffin cell inositol 
phosphate accumulation.

The addition of increasing amounts of ATP to chromaffin cell culture media 
results in a dose-dependent increase in inositol phosphate formation, EC50 =
1.9 pM. The inclusion of NPY (0.1 nM) in the culture media with ATP resulted in 
a two-fold enhancement in inositol phosphate formation with a decrease in ATP 
potency, ECsq  = 12 pM. Increasing NPY concentrations, in the presence of ATP 
(300 pM), produced a dose-dependent enhancement in inositol phosphate 
formation, EC50 = 3.2 nM. Inclusion of the selective NPY-Y1 receptor antagonist, 
BW1229 (1 pM), produced a decrease in NPY potency (EC50 = 3.3 pM). The Y1 
receptor agonist, [Leu31, Pro34]NPY was equally effective with NPY, whereas 
NPY18-36 was much less effective. The ability of NPY to enhance inositol 
phosphate formation was pertussis toxin-insensitive. ATP produced an increase 
in intracellular Ca2+ as measured by fura-2 fluorescence. Inclusion of NPY with 
ATP produced a further enhancement in the intracellular Ca2+ concentration. The 
effect of NPY was not pertussis toxin-sensitive. These data demonstrate that NPY 
can enhance ATP activation of the inositol phosphate signaling pathway. 
(Supported by NS26479.)

909.3
GLUTAMATE-NEUROTENSIN INTERAC' 'ONS IN THE RAT BRAIN 
J.M. Radke*.M.J. Owens. C.B. Nemeroff. LaV of Neuropsychopharinacology Depi 
of Psychiatry and Behavioral Sciences, Emor Univ. Sch. Med.. Atlanta, GA 0322

Neurotensin is an endogenous tridecapeptide d throughout the brain. 
Neurotensin-containing neurons have been s. ^w • io interact strongly with the 
dopaminergic pathways which are important treats to both the striatum and the 
medial prefrontal cortex. Previous studies in our laboratory have shown that scute 
administration of antipsychotic drugs has no t i;'ect on neurotensin release in the rat 
striatum. We report here that, in a similar manner, antipsychotic drug 
administration had no effect on neuroptensin . elease in the medial prefrontal cortex. 
To further characterize the release of neurotensin in these regions, we have 
examined the effects of the other major inputs iO these brain regions, nameho ue 
glutamatergic pathways. Rats were stereotaxic ally implanted with microdialy us 
probes, allowed to recover overnight, and the i;ifusion of glutamatergic agonisis was 
infused through the probe and the dialysates were measured for neurotensin ■ 
immunoreactivity. Infusion of NMDA (10 5 - 10 °M) resulted in a dose dependent 
increase in neurotensin release in both the stri'turn and the prefrontal cortex. 
Similarly, kainic acid (10'5 -10 °M) also resulted in a dose dependent increase in 
neurotensin release in both regions. At the dose of 10'5M, the increase observed in 
the striatum was approximately 120% (NMD/') to 160 % (kainic acid) while ib the 
prefrontal cortex, the increase was found to be 240% (NMDA) to 320 % (kaiinc 
acid). These results are similar to our observ increases following 100 mM 1-. 21 in 
these regions and suggests that neurotensin release in the medial prefrontal ct stex is 
more sensitive to depolarizing agents than is neurotensin release in the striatu t. 
Supported by NIH MH-39415.

909.4
THE ACTIVATION OF a2-ADRENOCEPTORS DOES NOT DIRECTLY 
MODULATE CORTICO-STRIATAL GLUTAMATERGIC
TRANSMISSION. M.J. Niittykoski*. S.T. Ruotsalainen, A. Haapalinna§ 
and J.S.I. Sirvio. A.I.Virtanen Institute, University of Kuopio, FIN-70211 
Kuopio and §OrionPharma, Turku, Finland.

a2-Adrenoceptors are found through the central nervous system. In situ 
hybridisation analyses have shown that mRNA for a2C subtype dominates in 
the striatum. This study investigated whether striatal a2-adrenoceptors 
regulate the neuronal transmission of glutamatergic cortico-striatal pathway. 
Coronal slices, thickness 450 pm, were prepared from male DBA2 mice. 
Slices were maintained in interface type recording chamber at least 1 hour 
before experiments. Extracellular field potentials were recorded in the dorsal 
striatum to the stimulation of overlying white matter. Frequently, negative 
responses (half maximal amplitude 0.1-0.4 mV) were recorded. Responses 
were sensitive to 30 pM CNQX, an AMPA receptor antagonist, and could be 
facilitated by 0.5-1.5 mM aniracetam, a positive AMPA receptor modulator. 
30-1000 nM dexmedetomidine, an a2-adrenergic agonist, did not influence 
the size of responses or their paired-pulse depression. The present results 
suggest, that activation of a2-adrenoceptors does not markedly modulate 
cortico-striatal glutamatergic transmission directly. However, it is possible 
that they can play role in an indirect modulation, since those receptors 
influence the release of dopamine, which may reduce the release of glutamate 
via D2-type or related dopamine receptors.

This study was supported by the Academy of Finland.

Society  for  Neuroscience , Volume  23,1997



2332 INTERACTION BETWEEN NEUROTRANSMITTERS: OTHER THURSDAY AM

909.5
EFFECTS OF OVARIAN STEROIDS ON NMDA-INDUCED
NOREPINEPHRINE RELEASE FROM PREOPTIC AREA AND
HYPOTHALAMUS OF FEMALE RATS. H.-P. Chu* and A.M. Etgen. Dept. 
Neurosci., Albert Einstein Coll. Med., Bronx, NY 10461

Norepinephrine (NE) is an important mediator in the neuroendocrine 
regulation of female reproductive function in rats. The N-methyl-D-aspartate 
(NMDA) receptor antagonist AP-7 inhibits the facilitatory effect of progesterone 
(P) on lordosis behavior in estradiol benzoate (EB) plus P-primed female rats 
but does not affect animals primed with EB only (Physiol. Behav. 52: 737-739, 
1992). In the present study, we examined [3H]NE release from slices of the 
preoptic area (POA) and hypothalamus (HYP) of hormone-primed and control 
ovariectomized female rats using a superfusion system to test the hypothesis that 
EB + P treatment will increase [3H]NE release in response to NMDA 
stimulation. Rats were injected with 2 pg EB or oil vehicle 48 and 24 hours 
before sacrifice and with P or oil 4 hr before sacrifice, and 350 pm POA and 
HYP slices were made. Two stimulations (SI and S2) of NMDA were applied 
with a 30-min washout interval, and S2/S1 ratios were calculated. EB + P 
treatment significantly enhanced S2/S1 ratios compared to control in POA slices 
in response to either 200 pM or 50 pM NMDA (p = 0.03 and 0.04, 
respectively). In HYP slices, EB + P significantly increased SI when slices were 
stimulated with either 200 pM or 50 pM NMDA (p = 0.05 and 0.01, 
respectively). S2/S1 ratios were not different in EB + P- versus oil-treated HYP 
slices. EB alone did not significantly affect NE release in response to 200 pM 
NMDA. In conclusion, the present data are consistent with die hypothesis that 
EB + P treatment facilitates NMDA-stimulated NE release in female rat POA 
and HYP. Supported by MH41414 and RSDA MH00636.

909.6
HISTAMINE H3 RECEPTOR ACTIVATION INHIBITS K+-EVOKED 
[3H]GABA RELEASE FROM SLICES OF RAT STRIATUM. M
Garcia*1. ELFIoran1, JJVl.. -Young2, J^Aceyes and J. A.... Atia?-
Montano . Departamento de Neurociencias, CINVESTAV, Mexico, 
D.F., Mexico and 2Department of Pharmacology, University of 
Cambridge, Cambridge, UK.

We have shown that histamine H3 receptor activation inhibits K+- 
induced [3H]GABA release from substantia nigra pars reticulata (SNr) 
slices (M. Garcia et al., Neuroscience, in press). Since striatal 
GABAergic projection neurones possess collaterals which remain 
within the striatum we set out to study whether histamine modulation 
of GABA release observed in rat SNr was also present in striatum.

In striatal slices prelabelled with [3H]GABA (80 nM) and perfused 
with Krebs Henseleit buffer (37°C, 0.5 ml.min'1) the release of 
[3H]GABA stimulated by increasing the K+ concentration from 6 to 15 
mM was markedly potentiated by the selective dopamine D2 
antagonist sulpiride (10 pM). This potentiation was reversed by 
SCH23390 (1 pM), a selective Di antagonist. In the presence of 
sulpiride K+-induced [3H]GABA release was Ca -dependent and was 
inhibited by both histamine (100 pM; 78 ± 3% inhibition) and 
immepip, a selective H3 agonist (1 pM; 78 ± 4% inhibition). Both 
histamine- and immepip-mediated inhibition were blocked by the 
selective H3 antagonist thioperamide (1 pM). In the presence of 
SCH23390 immepip failed to reduce K -induced [ HjGABA release. 
These results suggest that histamine modulates striatal GABAergic 
transmission by inhibiting GABA release from collaterals of 
GABAergic projection neurones. Likewise in SNr the inhibitory action 
of histamine appears to be exerted on the component of K+-induced 
[3H]GABA release which is dependent on dopamine D! receptor 
activation. Supported by CONACYT (1381-PN) and CINVESTAV.

909.7
HISTAMINE H3 RECEPTOR ACTIVATION INHIBITS K+-EVOKED 
[3H]GABA RELEASE FROM SYNAPTOSOMES OF RAT 
SUBSTANTIA NIGRA PARS RETICULATA. L.E. Soria*, A. Nunez,
B. Floran and J.A. Arias-Montano. Departamento de Neurociencias, 
CINVESTAV, Mexico, D.F., Mexico

Histamine modulates neurotransmitter release via presynaptic H3 
receptors. High levels of H3 receptors have been found in rat 
substantia nigra pars reticulata (SNr) where lesioning studies indicate 
that they are mainly located on GABAergic striatonigral terminals. In 
this work we set out to study whether histamine modulates GABA 
release from SNr synaptosomes.

In SNr synaptosomes prelabelled with [3H]GABA (40 nM) and 
perfused with Krebs HEPES buffer (37°C, 0.5 ml.min'1) depolarisation 
(induced by 15 mM K+) in the presence of the D-, agonist SKF38393 
(2 pM) resulted in augmented [3H]GABA release (254 ± 10% of 
basal), depolarisation-evoked [3H]GABA release was reduced by the 
selective H3 agonist immepip (1 juM; 49 ± 7% inhibition). The 
inhibitory action of immepip was reversed by the selective H3 
antagonist thioperamide (1 pM; 91±9% of control release). These 
results indicate that histamine inhibits K+-evoked [3H]GABA release 
from striatonigral terminals by activating H3 receptors endowing such 
terminals.

Supported by CONACYT (1381-PN) and CINVESTAV.

909.8
DISSOCIATIONS BETWEEN MOTORIC ACTIVITY AND THE D2 
MODULATION OF STRIATOPALLIDAL GABA RELEASE. J. Kinnard. 
M, Arnold. M, Rivera. F, Frost, and J.P. Bruno*. Dept. of Psychology and 
Neuroscience Program, The Ohio State University, Columbus, OH 43210

Current models of basal ganglia function postulate that the release of striatal 
dopamine (DA) facilitates movement, in part, via a D2-mediated inhibition of 
the striatopallidal pathway. Thus, D2 antagonists are believed to impair 
movement partly via a disinhibition of this pathway and a concomittant increase 
in GABA release in the globus pallidus (GP). There have been very few direct 
tests of this model in situ. A few studies have utilized microdialysis techniques 
to demonstrate an increase in striatal GABA efflux following systemic 
administration of D2 antagonists. In these cases, however, the perfusion fluid 
contained a supra-physiological concentration of Ca+2 and no support was 
offered for the inference that changes in striatal GABA reflect changes in GP 
GABA. The present study utilized dual microdialysis probes (striatum/GP) in 
awake rats to characterize the D2-modulation of striatopallidal activity. We 
report that: 1) systemic injections or intrastriatal perfusions of D2 antagonists 
produced motor impairments yet did not affect striatal or GP GABA efflux, 
regardless of Ca+2 concentration; 2) unexpected exposure to darkness increased 
locomotion and increased GP GABA efflux. These findings demonstrate clear 
dissociations in the expression of motor behavior and changes in GP GABA 
efflux. Data on the interactions between D2 receptor activity and corticostriatal 
activity on striatopallidal GABA efflux will also be presented.
(Supported by Whitehall Foundation Grant S95-07 to J.P.B.)

909.9
GABA FACILITATES FIRING OF GLUTAMATE-EVOKED ACTION 
POTENTIALS AT NON-NMDA RECEPTORS IN DEVELOPING 
HYPOTHALAMIC NEURONS. X.-B, Gao*, G, Chen, and A, N. van den Pol, 
Dept. of Neurosurgery, Yale Univ. Sch. of Med., New Haven, CT 06520.

GABA has an excitatory function in developing neurons. The present 
study focuses on the dependence on GABA for another major excitatory 
transmitter, glutamate, to generate action potentials in developing 
hypothalamic neurons. Both conventional whole-cell recording (29 mM 
CT in pipette solution) and gramicidin perforated whole-cell recording 
were made in neurons cultured 2-5 days in vitro. The timing window 
during which the GABA-mediated depolarization produces a facilitating 
effect was first examined in combination with current injection used to 
simulate the actions of excitatory transmitters. The total depolarization 
induced by GABA plus current injection was significantly larger than the 
depolarization induced by current injection alone during more than half 
of the decaying phase of the GABA-mediated depolarization. In contrast, 
the current injection-induced depolarization was greatly shunted during a 
short period near the peak of GABA-mediated depolarization. Thus, 
there is a broad time window for the facilitating effect of GABA 
compared to a shorter window for the shunting effect.

GABA-mediated depolarization facilitated non-NMDA glutamate 
receptor-mediated depolarization to fire action potentials under 
conditions where glutamate by itself did not evoke an action potential. 
Glutamate-mediated depolarization was shunted only during the peak of 
GABA-mediated depolarization. These results suggest a novel 
synchronous temporal summation of GABA- and glutamate-mediated 
depolarization. This novel interaction between these two transmitters may 
play an important role in strengthening neuronal circuits during early 
development. (NIH grants NS-34887, NS-31573 and AFOSR)

909.10
MELATONIN REDUCES EPILEPTIC-LIKE DISCHARGES OF PYRAMIDAL 
CELLS IN HIPPOCAMPAL-PARAHIPPOCAMPAL SLICES. M, Herrera. J. 
Trujillo, B. Prieto-Gomez and C. Reyes-Vazquez*. Deptos. de Fisiologia y 
Anatomfa, Facultad de Medicina, UNAM, Mexico 04510, D.F.

Combined hippocampal-parahippocampal rat slices were employed to study the 
effect of melatonin on the complex epileptiform activity discharges after Schaeffer 
collateral stimulation in vitro. Extracellular field potentials, Fiber Volley 
Discharges (FVD), Excitatory Postsynaptic Potentials (EPSPs) and Population 
Spikes (PS) were recorded from CA1 neurons. With repeated stimulation slices 
generated several different types of epileptiform discharges, that were temporally 
linked to the preceding stimulus. Melatonin (IC50 234.4 pM), GABA (IC50 2.7 pM) 
and Clonazepam (IC50 567.8 pM) application reduced all types of epileptiform 
activity. GABAa  receptor blockers, biccuculine (10’6 M) and picrotoxin (10 7 M); 
and flumazenil, a benzodiazepine receptor blocker (10‘8 M), reduced the inhibitory 
effects of GABA and clonazepam, respectively; but had no effects on melatonin 
suppressing actions. Additionally, GABA (10‘9 to IO’5), clonazepam (10'6 to 10‘4 
M) and melatonin (IO’8 to 10‘4 M) provoked a significant reduction on the EPSPs- 
electrically induced, whilst the fiber volley discharges (FVD) were affected only by 
Melatonin. In intracellular recordings the application of GABA (IO’9 to 10'5 M) and 
melatonin (10‘8 to 10'4 M) by micropression induced a dose-related 
hyperpolarization of CA1 hippocampal neurons. These results indicate that 
melatonin exert an important anticonvulsive action independent from GABAergic 
mechanisms. The reduction in excitability elicited by melatonin seems to be related 
with both presynaptic and postsynaptic hippocampal mechanisms.
Supported by grant DGAPA-UNAM 205395.
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909.11
EFFECTS OF I.C.V. ADMINISTRATION OF ETHYLCHOLINE 
AZIRIDIUM (AF64A) ON THE CENTRAL GLUTAMATERGIC 
NERVOUS SYSTEMS IN RATS D K Lim* and Y Ma College of 
Pharmacy, Chonnam National University, Kwangju, 500-757, Korea

Changes in glutamatergic nervous activities following icv 
administration of AF64A were studied in rats. The levels of total 
glutamate, those of glutamate in extracellular fluid (ECF) of striatum, 
the activities of glutamine synthetase (GS), glutaminase and glutamate 
dehydrogenase (GDH) and the specific binding sites of [3H]MK801 in 
striatum, hippocampus and frontal cortex were assessed a week after the 
infusion of AF64A (3nmol) into lateral ventricle. The levels of total 
glutamate were significantly decreased after the AF64A treatment. 
Also the levels of glutamate in ECF of striatum were significantly 
decreased (62.6%). GS activities in striatum were significantly 
decreased. But, glutaminase activities in striatum were significantly 
increased. Although GDH activities in frontal cortex were significantly 
decreased, those in striatum and hippocampus were not altered. The 
striatal densities of [3H]MK801 binding sites were increased without 
changes its affinity. The specific binding sites of [3H]MK80I were 
increased in frontal cortex but not in hippocampus. These results 
indicate that the glutamatergic nervous activities were altered with the 
infusion of AF64A into lateral ventricle. Furthermore, it suggest that 
the decreased levels of glutamate after AF64A treatment may affect the 
change in the other parameters of glutamatergic neuronal activities. 
Supported by Korea Research foundation, 1995

909.12
Influence of NO synthetase inhibitor on the cataleptic and 
apomorphine-induced stereotyped behaviors in mice. Nobufumi 
Ono*, Yuko Ishii, Hidenori Noguchi, Shuuji Hara, Misa Fukuzawa 
and Takeshi Kuroda. Medicinal Informatics and Research Units, 
Faculty of Pharmaceutical Sciences, Fukuoka University, 
Fukuoka, 814-80, Japan.

We are investigating the influence of NO synthetase inhibitor 
on the drug-induced cataleptic and apomorphine-induced 
stereotyped behavior in mice. Nw-nitro-L-arginine-methyl-ester 
(L-NAME, 1-100 mg/kg) and NG-nitro-L-arginine (L-NA, 1-40 
mg/kg) produced dose-dependently cataleptic behavior. 
Haloperidol- or spiperon-induced cataleptic behavior were dose- 
dependently potentiated by the pretreatment with L-NAME (10- 
100 mg/kg), L-NA (10-20 mg/kg) or 7-nitro-indazole (7-NI, 10-40 
mg/kg) before 30 min. SCH 23390-induced cataleptic behavior 
was not influenced markedly by NO synthetase inhibitors. The 
pilocarpine-induced cataleptic behavior was potentiated by L- 
NAME and 7-NI, but not by L-NA. While, the stereotyped behavior 
induced by apomorphine (0.5 mg/kg) was dose-dependently 
inhibited by L-NAME. In the study of brain biogenic amines, 
L-DOPA accumulation in striatum was increased by haloperidol, 
but decreased by L-NAME. The decreasing effect of L-DOPA 
induced by L-NAME was reversed by haloperidol. These results 
suggest that L-NAME modifies the behaviors regulated by 
dopaminergic neuron and NO may participate in the modulation 
of nerve transmission in extrapyramidal system.

909.13
PREVENTION BY MORPHINE OF APOMORPHINE- AND OXYTOCIN-INDUCED 
PENILE ERECTION AND YAWNING: INVOLVEMENT OF NITRIC OXIDE. 
M.R. Melis*, S. Succu, A. Fresu, S. Campaqna & A. Arqiolas.
Bernard. B. Brodie Dept. Neurosci., Cagliari Univ., 09124 
Cagliari, Italy.

The possible involvement of nitric.oxide in the prevention 
by morphine of apomorphine- and oxytocin-induced penile 
erection and yawning was investigated by measuring the 
concentration of NO?" and NO3' in the dialysate obtained with 
a vertical microdialysis probe implanted in the paraventri-
cular nucleus of the hypothalamus of male rats. Either 
apomorphine (80 pg/kg s.c.) or oxytocin (30 ng i.c.v.) 
increased significantly basal NO2' and NO3' concentration in 
the paraventricular dialysate, penile erection and yawning. 
Morphine (1, 5 and 10 mg/kg i.p.) prevented dose-dependently 
either apomorphine or oxytocin responses when given 15 min 
before apomorphine or oxytocin. Prevention by morphine of 
apomorphine and oxytocin responses was abolished by naloxone 
(3 mg/kg i.p.) given 15 min before morphine. Morphine 
prevented apomorphine and oxytocin responses also when given 
in the lateral ventricles (10 ^g) or directly in the
paraventricular nucleus (2 pg). In contrast, the selective 
agonist of the kappa opioid receptor subtype U-69,593 was 
found to be ineffective either when injected in the lateral 
ventricles (20 pg) or in the paraventricular nucleus (5 pg). 
The present results confirm previous findings showing that 
morphine acts through p receptors in the paraventricular 
nucleus to prevent apomorphine and oxytocin-induced penile 
erection and yawning and suggest that this morphine effect 
is mediated by a decreased activity of nitric oxide synthase 
in the paraventricular nucleus of the hypothalamus. 
Supported partially by MURST grant to A.A.

909.14
ENDOGENOUS ADENOSINE RELEASE WITHIN ISOLATED 
GUINEA PIG MYENTERIC NEURAL NETWORKS IS INVERSELY 
RELATED TO PREVAILING OXYGEN TENSION. N, A, Deshpande, N. 
A. Moneta and M. A. Cook*. Dept. of Pharmacology & Toxicology, 
University Of Western Ontario, London, Ontario, Canada N6A 5C1

Adenosine, a putative endogenous neuroprotective agent, is released by 
nerves centrally, peripherally and in the enteric nervous system (ENS). The 
concentration of adenosine released under ischaemic or hypoxic conditions 
may correlate with the prevailing oxygen tension suggesting that this parameter 
contributes to the overall control of endogenous adenosine release. We used 
1 [K+]o to release Substance P-like immunoreactivity (SP-LI) from isolated 
enteric neural networks and collected the perifusate which was assayed by 
RIA. Inhibition of evoked SP-LI release, which could be reversed in the 
presence of the adenosine A, receptor antagonist DPCPX and by pretreatment 
with adenosine deaminase (ADA), indicated indirectly, the functional presence 
of endogenous adenosine within the interstitium of the networks. The influence 
of altered oxygen tension on endogenous adenosine concentrations was 
determined under normoxic (ungassed), relatively hypoxic and relatively 
hyperoxic conditions. Under hypoxic conditions the inhibitory tone was 
significantly enhanced relative to normoxic conditions and this enhancement 
was sensitive to DPCPX or ADA. Conversely, hyperoxic conditions 
significantly reduced the inhibitory tone relative to normoxic. These findings 
demonstrate the release of adenosine within enteric neural networks and reveal 
the expected inverse graded relationship between its concentration and the 
prevailing oxygen tension. The role of adenosine as a putative neuroprotectant 
in the ENS is thereby supported. Supported by MRC of Canada.

909.15
ACETYLCHOLINE AND GAMMA-AMINOBUTYRIC ACID INTERAC-
TIONS ON PRIMARY AFFERENT TERMINALS OF THE FROG 
SPINAL CORD. J.C. Hackman*, R Gurland, A.M. Holohean and R.A. 
Davidoff. Neurophysiology Lab., Veteran's Affairs Medical Center and 
Dept. of Neurology, Univ. of Miami Sch. of Med., Miami, FL 33101.

Acetylcholine (ACh) has been reported to both enhance and inhibit 
gamma-aminobutyric acid (GABA) activity in the central nervous system.
We investigated the actions of ACh on dorsal roots (DRs) and its effects on 
the ability of GABA to depolarize primary afferent terminals by means of 
sucrose gap recordings from the DRs of isolated, hemisected frog spinal 
cords superfused with HCCL-Ringer solution.

Short 60 sec pulses of ACh depolarized afferent terminals in a dose- 
dependent manner. The threshold was 30 pM and reached a maximum at 10 
mM. Depolarizations rapidly reached a peak, began to decrease in ampli-
tude during the 60 sec application, and were reproducible if sufficient time 
(10 - 15 min) was allowed between applications. Nicotine applied in short 
pulses also depolarized afferent terminals, but was more potent than ACh 
(threshold, 0.1 pM; maximum dose, 100 pM). In contrast, the muscarinic 
agonist, oxotremorine (10 pM), evoked small afferent terminal hyperpolari-
zations. GABA (1 mM, 5 sec)-evoked depolarizations were reduced by 100 
gM ACh. When ACh (100 gM) was applied continuously GABA depolari-
zations were 80.4 ± 7.1% of control or when GABA responses were applied 
immediately following an ACh pulse (10 sec, 100 gM) responses were 
reduced to 84.4 ± 1.4% of control. Nicotine (10 gM) produced similar 
results. In sum, activation of nicotinic ACh receptors reduces the postsynat- 
ic actions of GABA on afferent terminals. (Supported by VA Medical Re-
search Funds and USPHS #s NS17577 and NS30600).

909.16
MUSCARINIC RECEPTOR SUBTYPE INVOLVEMENT IN MODULATION OF 
GLUTAMATE AND GABA MEDIATED NEUROTRANSMISSION IN 
NEOCORTEX. J, H, Ashe*. V. B, Aramakis. A. E, Bandrowski and C, J. Condon. 
Depts. of Neuroscience and Psychology, Univ. of California, Riverside, CA 92521.

Muscarinic receptor activation can modify evoked AMPA/KA, NMDA and GABA- 
mediated synaptic transmission, and facilitate NMDA-induced membrane 
depolarizations in the in vitro rat auditory cortex (Aramakis et al, Exp. Br. Res.. 
113.(3). 484-496, 1997; Br. Res.. In press). However, the role of muscarinic receptor 
subtypes (e.g., Mj, M2) remains to be elucidated. Here we present evidence for 
different muscarinic receptor involvement in these different effects. Whole-cell 
recordings were obtained from layer n/III pyramidal neurons and pharmacological 
agents were applied by superfusion or iontophoresis.

In general, the muscarinic agonist, oxotromorine-M (oxo-M, 0.3-50 gM) reduced 
the amplitude of the fast-EPSP (AMPA/KA; 44/64) and the GABAa - (44/49) and 
GABAg-mediated (50/58) IPSPs. In some neurons, the latter effect of oxo-M resulted 
in a consequent disinhibition of the fast-EPSP (9/64). The changes were prevented by 
either of the M2 receptor antagonists, AF-DX 116 (5 gM) or methoctramine (20 pM) 
(13/13), but not the Mj antagonist, pirenzepine (1 gM; 17/17). The NMDA mediated 
slow-EPSP, elicited in isolation from other PSPs (i.e., by blockade of AMPA/KA 
receptors with CNQX), was also reduced by oxo-M via M2 receptors (4/4). In 
contrast, oxo-M (25-100 pM; 4 min.) facilitated depolarizations elicited by 
iontophoretic NMDA (50 mM, 13-130 nA, 5 sec, 11/11), an effect that was prevented 
by Mi receptor block (3/4), but not M2 (5/5). The effects of oxo-M were 
accompanied by an increase in the frequency of CNQX-sensitive spontaneous 
membrane potential depolarizations (10/10), and the increase was blocked by 
pirenzepine (3/3).

The results suggest that spontaneous and evoked glutamate and GABA mediated 
transmission can be modulated by different muscarinic receptor subtypes. Supported 
by NSF (IBN 9310582).
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909.17
DIFFERENTIAL EFFECTS OF GALANIN ON DRUG-INDUCED VERSUS 
ENVIRONMENTALLY-INDUCED ACETYLCHOLINE RELEASE IN THE RAT 
VENTRAL HIPPOCAMPUS M.T. Taber* N. Buote and J.N. Crawley Section 
on Behavioral Neuropharmacology, ETB, NIMH, NIH, Bethesda, MD 20892

In vivo microdialysis was used to test the effects of the neuropeptide galanin 
on acetylcholine release in the ventral hippocampus of the rat evoked by an 
environmental stimulus. The environmental stimulus was exposure to a novel 
environment, consisting of a plexiglas chamber identical in shape to the 
animal’s home cage but with distinct tactile and visual stimuli and containing 
different objects. Transferring subjects to the novel chamber for 20 minutes 
resulted in a 60% increase in dialysate concentrations of acetylcholine. This 
increase was not significantly affected by pretreatment with galanin (1.6 nmol, 
i.c.v., applied 2 min before transfer to the novel environment). To test whether 
endogenous galanin could be influencing acetylcholine release under these 
conditions, the galanin receptor antagonist peptide M40 was administered (5 
nmol, i.c.v.). M40 also did not affect the increase in acetylcholine induced by 
the novel environment. As a positive control, galanin significantly attenuated 
the increases in ACh evoked with scopolamine (0.3 mg/kg, s.c.). The behavior 
of the rats was assessed prior to and during exposure to the novel 
environment or treatment with scopolamine by an observer who was blind to 
the i.c.v. drug treatment. Both scopolamine and exposure to the novel 
environment resulted in large increases in locomotor activity, searching 
behavior, and rearing. Galanin reduced the behaviorally activating effects of 
scopolamine but not of the novel environment. The behavior of rats in the 
novel environment was unaffected by M40 treatment. These results confirm 
the previously observed effects of galanin on acetylcholine release and 
behavior evoked with scopolamine. However, these results do not support the 
hypothesis that galanin has a general inhibitory action on evoked acetylcholine 
transmission in the ventral hippocampus.

REGULATION OF GENE EXPRESSION V

910.1
THE TRANSCRIPTION FACTOR NFAT IS ACTIVATED BY CALCIUM IN 
GLIOBLASTOMA CELLS AND PRIMARY ASTROCYTES. A J Symes1*. J 
Conover1. N. Yadav1. L, Pitts1 and L.A.Kobierski2, ‘Dept. of Pharmacology, USUHS, 
Bethesda, MD and °Dept. of Anesthesiology and Critical Care, Massachusetts General 
Hospital and Harvard Medical School, Boston, MA.

NFAT proteins are Ca2+-activated transcription factors which regulate cytokine gene 
transcription in activated T cells. Four NFAT members have now been cloned and their 
distribution shown to be more widespread than previously thought. However, very little 
is known about the expression or mechanism of activation of NFAT proteins in the 
nervous system. We have investigated whether NFAT proteins are expressed in glia as 
these cells are known to synthesize many different cytokines.

DNA mobility shift analysis with nuclear extract prepared from U373 glioblastoma 
cells stimulated for 1 hour with the Ca2+ ionophore A23187 showed induced binding to 
an NFAT consensus site. This binding activity was recognized by an NFAT4 specific 
antibody indicating that NFAT4 is induced by A23187 in U373 cells. A23187-mediated 
induction of NFAT4 is blocked by the immunosuppressive drug cyclosporin A, but not 
by cycloheximide suggesting that in U373 cells, NFAT4 is expressed prior to 
stimulation and is activated by a cyclosporin-sensitive protein. Western blot analysis 
with an NFAT4 antibody showed that a protein of approximately 150Kd is detectable in 
nuclear extract after treatment of cells with A23187. To ascertain whether NFAT is 
expressed in other glial cells, NFAT induction was examined in cultures of brain 
derived rat embryonic astrocytes. Treatment with A23187 induced protein binding to an 
NFAT probe. Supershift analysis showed that this binding activity was completely 
removed by incubating with a pan-NFAT antibody. Therefore NFAT is expressed in 
glioblastoma cells and astrocyte cultures and is induced by increased intracellular 
calcium concentrations. NFAT may be important in mediating cytokine gene 
transcription in response to signals which increase intracellular Ca2+ in glial cells. 
Supported by USUHS grant RO75EX (AJS) and NIDA grant POI DA 10160-02 (LK).

910.2
UTP INCREASES INTRACELLULAR Ca2+ IN HYBRID N18TG2 X 
MESENCEPHALON (MES-23.5) CELLS Via TWO DISTINCT MECHANISMS. 
Himanshu N. Parikh* L. X. Liu and L, A, Chiodo. Department of Pharmacology, 
Texas Tech Univ. HSC, Lubbock, TX 79430

Extracellular ATP mediates a variety of biological processes. Increased [Ca2+]j 
seems to be a common feature in cellular responses to ATP. UTP also stimulates both 
Ca2+ mobilization and Ca2+ influx (Koizumi et al., 1995). We characterized the signal 
transduction pathway associated with activation of P2 receptors present in MES-23.5 
cells and responsible for increases in [Ca2+]j in response to extracellular ATP and UTP 
application. Digital imaging of changes in free [Ca2+]i was accomplished by 
preloading the cells with the Fura2-AM (2 mM) for 25 min at 37 °C. The ratio 
measurements of fluorescence intensities was used to determine [Ca2+]i, using a Nikon 
40X objective for epifluorescence measurements with a ICCD camera. The agonist 
potency profile for this receptor was UTP £ ATP » 2-methylthio-ATP (2-MeSATP) 
> a, P-methylene-ATP (a,p-MeATP), typical of P2U purinergic receptor. 
Extracellular application of UTP or ATP (1-100 mM) to MES-23.5 cells resulted in a 
rapid, transient increase in [Ca2+]j that was inhibited by > 50% in Ca2+ free medium. 
These findings demonstrated that P2U receptor activation increased [Ca2 ], by two 
mechanisms: mobilization of Ca2+ from internal stores and increased Ca2+ entry into 
the cell. Enhanced entry of Ca2+ as a result of P2U receptor-induced [Ca2+]j 
mobilization suggested the presence of Ca2+ release-activated Ca2+ channels (CRAC) 
in these cells. Ca2+ entiy and mobilization in MES-23.5 cells was pertussis toxin 
(PTX) sensitive and PTX pretreatment blocked the increase in [Ca2+];. U-73122, a 
PLC inhibitor also inhibited P2U receptor mediated mobilization of [Ca2+]j.These 
results demonstrate the presence of functional P2U purinergic receptors on MES-23.5 
cells that are coupled to phospholipase C by a PTX sensitive G-protein and their 
activation results in the mobilization of Ca2+ from internal stores and the subsequent 
activation of CRAC Ca2+ entry. (Supported by TTUHSC, School of Medicine)

910.3
DIFFERENTIAL REGULATION OF THE TRANSCRIPTIONAL 
ACTIVITY OF THE ORPHAN NUCLEAR RECEPTOR NGFI-B BY 
MEMBRANE DEPOLARIZATION AND NGF
Y, Katagiri, Y. Hirata1*. J. Milbrandt2. and G. Guroff NICHD, NIH, 
Bethesda, MD20892, JThe Institute of Physical and Chemical Research 
(RIKEN), Nagoya, Japan, 2Washington University School of 
Medicine, St. Louis, MO 63110

The immediate-early gene NGFI-B (also called nur77) encodes an 
orphan nuclear receptor that activates transcription through a unique 
response element (NBRE). NGFI-B is rapidly induced and modified 
via phosphorylation by a variety of stimuli that induce cells to 
differentiate or to proliferate. We have shown (J. Biol. Chem. 
268:24808-24812, 1993) that the in vitro phosphorylation of Ser350 
located within the "A box", a motif necessary for DNA binding by 
NGFI-B. results in a decrease in the binding of NGFI-B to its 
responsive element We show that NGF-induced changes in the in 
vivo phosphorylation of Ser350 accompany transcriptional deactivation 
of NGFI-B in PC 12 cells, that membrane depolarization and NGF 
treatment cause differential phosphorylation of NGFI-B, and that the 
transcriptional activation caused by exogenous expression of NGFI-B 
or membrane depolarization can be inhibited by NGF treatment. 
These data could provide new insights into the regulation of 
transcriptional activity required for some neurons to switch from 
activity-dependent survival to neurotrophin-dependent survival during 
development.

910.4
NORADRENALINE PROMOTES GLYCOGEN RESYNTHESIS 
IN ASTROCYTES THROUGH A COORDINATED REGULA-
TION OF THE EXPRESSION OF KEY METABOLIC 
ENZYMES
I. Allaman. L. Pellerin and P, J. Magistretti*. Laboratoire de recherche 
neurologique, CHUV et Institut de Physiologie, University de 
Lausanne, Switzerland.

We have previously demonstrated that both VIP and noradrenaline 
(NA) modulate glycogen metabolism in the CNS (Magistretti & 
Pellerin, Cerebral Cortex, 6:50-61,1996). VIP and NA stimulate glyco-
genolysis (within 5 min) and glycogen resynthesis (peak at 8-12 hours) 
in mouse primary astrocyte cultures. Glycogen resynthesis stimulated 
by VIP and NA depends on the induction of glycogen synthase mRNA 
expression (Pellegri et al., Mol. Brain Res. 38:191-199,1996). Elevated 
glycogen levels suggest that an increased glucose uptake should occur 
to allow for resynthesis of glycogen. However using 3H-2- 
deoxyglucose uptake to assess glucose utilization, we were unable to 
demonstrate a sustained increase over the period of glycogen 
resynthesis induced by either NA or VIP. By studying the effect of NA 
on the expression of various metabolic enzymes 6 hours following NA 
treatment, we observed that the expression of phosphofructokinase 
mRNA was significantly decreased. On the other hand, the expression 
of the hexokinase I mRNA was unchanged. The end-result of these 
changes would be a partial diversion of glycolytic flux toward glycogen 
synthesis, which would explain why glucose uptake remains 
unchanged. These data suggest that glycogen resynthesis in astrocytes 
induced by cAMP-stimulating neurotransmitters involves a coordinated 
modulation of the expression of at least two metabolic enzymes.
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871.1 
CHROMATOGRAPHIC CHARACTERIZATION OF AMYLOID B PEPTIDE 
IMMUNOREACTIVITY IN ALZHEIMER DISEASE BRAIN TISSUE. ~ 
Boyes•' D. G. Walker' 1)Hewlett-Packard Company, Little Fans Analytical 
Division-Newport Site, Newport, DE 19804, USA., 2) Div. of Neurological 
Sciences, Dept. of Psychiatry, Univ. of Blitish Columbia, 2255 Wesbrook Mall, 
Vancouver, B.C. V6T 1W5 Canada. 

In the Alzheimer Disease (AD) brain, amyloid precursor polypeptides (APPs) 
are processed in a fashion which ultimately leads to the deposition of 
extracellular amyloid plaques. The major peptidic components of the plaques 
are the amyloid B peptides (ABs), which extend to the C-terminal 40-43 
residue positions. Chromatographic separations of the amyloid peptides would 
aid in detailing the heterogeneity of peptides present in tissue, but have been 
problematic, exhibiting poor resolution and recovery under standard gradient 
reversed-phase HPLC (RP-HPLC) conditions. Conditions are desclibed which 
permit highly-efficient HPLC separations of the synthetic ABs, allowing 
baseline resolution and high mass recovery. This separation has been applied 
to the measurement of the levels of resolved AB peptides in AD brain tissue, 
using off-line immunoassays. The use of elevated column temperature 
permits crude formic acid extracts of AD brain tissue samples to be directly 
injected, while minimizing the differential loss of immunoreactive matelials. 
Fractions of the RP-HPLC resolved extracts were assayed for AB 
immunoreactivity by sandwhich ELISAs and immunoblotting. Two major 
peaks of AB immunoreactivity were observed in AD tissues, corresponding to 
AB(1-42) and to a co-eluting mixture of several discrete higher molecular 
weight species. The ready recovery of these higher molecular weight species 
permits analysis of their structures by direct protein chemical methods. 

This research was supported by Rockland Technologies, Inc. (BEB), Hewlett-
Packard (BEB) and by the Alzheimer Society of B.C. (DGW). 

871.3 
CEREBROSPINAL FLUID AP40 IS DECREASED AND Ap42 IS 
INCREASED IN SUBJECTS WITH MILD TO MODERATE ALZHEIMER'S 
DISEASE. M- Jensen* 1 M. Blomberg 1 B. Engvall 1 T. Hartmann2~ 2,...K.,_ 
~ ~ ... H. .... IW .. u.n_l. I -0 Wahlund 1 and I I annfeJt1 1Karolinska institute, 
Dept. of Clinical Neuroscience and Family Medicine, Huddinge Hospital, S-141 
86 Huddinge, Sweden. 2Zentrum filr Molekulare Biologic Heidelberg (ZMBH). 
Universitat Heidelberg, 69120 Heidelberg, Germany. 

The amyloid I} peptide (Al}) is the main constituent of the senile 
plaque, a neuropathological marker of Alzheimer's disease (AD). All is secreted 
from various tissues and occurs in soluble forms in blood and cerebrospinal fluid 
(CSF). We have developed two enzyme linked immunosorbent assays (ELISAs) 
to specifically measure All forms ending at amino acids 40 and 42 in CSF 
samples. The subjects in this study were either diagnosed as mild or moderate 
AD (n=29), mild cognitive impairment (n=l5) (individuals with cognitive 
symptoms not yet severe enough to fulfil the criteria for dementia) or were 
healthy, age-matched controls (n=29). From all subjects except the controls, two 
samples were taken with a mean time lap of 15 months. The results showed 
lower levels of All40 in AD compared to the controls ( 1945±478 pM vs. 
2270±519 pM, p=0.012). AD did not differ si_s:nificantly from cognitive 
impainnent, and both showed a decrease of Aji40 from the first sample occasion 
to the second (p=0.037). For All42 there was no difference between the two 
sample occasions, but AD (150±84 pM) and mild cognitive impairment 
(207±105 pM) were hoth significantly increased compared to the control group 
(93±39 pM) (p=0.0007 and p<0.OOOI respectively). The AP42 levels in AD 
were significantly lower than in mild cognitive impairment (p=0.01 I). An 
earlier study (Motter et al., Ann Neural J 995; 38:643-648) showed decreased 
levels of All42 in Alzheimer patients more severely demented than the ones in 
our study. The four most demented Alzheimer subjects in this study all had low 
levels of All42. Taken together, these results suggest an increase of All42 in 
CSF in ~prly stages of Alzheimer dementia, and that the levels of All40 as well 
as Aj342 might decrease as the disease progresses. This study was supported ~y 
the Gamla Tjanarinnor foundation and the Swedish Medical Research Council 
(no. 10819). 

871.5 
ENHANCED MICROVASCULAR SEQUESTRATION AND BRAIN UPTAKE 
OF ALZHEIMER'S AMYLOID-p PEPTIDE IN AGED SQUIRREL MONKEY. 
J.B. Mack;c• M H. Weiss w. Miao J. Ghiso M Calero J. Bading B. 
Frangjone and B.V Zlokovic Dept. Neurol. Surg. and Divn. Nrsg. Childrens 
Hospital, and Dept. Radial. USC Sch. Med., Los Angeles, CA 90033, and 
Dept. Pathol. New York Univ. Med. Cntr. NY 10016 

Senescent non-human New World primate squirrel monkey (Saimili 
sciureus) is a valuable model to study pathogenesis of cerebrovascular 
amyloid angiopathy (CAA). We compared in vivo pharmacokinetics, brain 
uptake, cerebral capillary sequestration and metabolism of systemically 
administered [125I]-amyloid-P (1-40) peptide (AP) in adult (8-10 yrs old) and 
aged (24 yrs plus) squirrel monkey. The half-elimination and mean 
residence circulation time of intact AP were about 1.5-fold longer in aged 
animals. After 1 hr, 72% of peptide was intact in plasma of aged monkeys 
vs. 59% in adults. Brain uptake of intact AP corrected for the distlibution of 
the vascular space marker inulin, was about 2-fold higher in aged monkeys; 
the sequestration by cortical capillaries and uptake by small leptomernngeal 
vessels were 7.3 and 2.3-fold higher, respectively. After 1 hr. > 90% of 
peptide was still intact in cerebral microvessels of aged monkeys in 
compalison to 80% in adults. In brain, 70% of circulating AP remained intact 
in parenchyma of aged animals vs. 45% in adults. Cerebrovascular 
permeability to inulin was not altered by aging. It is concluded that vascular 
barriers of the CNS in aged squirrel monkeys may favor cerebrovascular 
retention of AP through increased mechanisms for cerebrovascular uptake 
of intact peptide and reduced systemic and CNS degradation. This, in turn 
may enhance the development of CAA. 
NS 34467, AG 14526 and AG 10953 

SOCIETY FOR NEUROSCIENCE, VOLUME 23, 1997 

871.2 
COMBINATION ASSAY FOR CEREBROSPINAL FLUID TAU AND 
BETA-AMYLOID IN ALZHEIMER'S DISEASE. M. Kanai* E. Matsubara M. 
Watanabe M. Shizuka. Y. Ikeda Y. Tomidokoro Y. lgeta, T. Kawarabayashi Y. 
Harigaya K. Ishiguro K. Okamoto and M. Shoji. Dept. of Neurolgy, Gunma Univ. 
Sch. of Med., Maebashi, Gunma 371, JAPAN 

We studied cerebrospinal fluid (CSF) samples from 217 subjects consisting of93 
patients with sporadic Alzheimer's disease (AD), 35 age-matched nonnal control 
subjects (NC), 33 age-matched patients with non-AD dementia (NA), and 56 
patients with other neurological diseases (ND). examined by ELISA of CSF tau 
(lnnogenetic, Belgium), APl-40 and API-42(43) (Suzuki, 1994). In the NC group, 
CSF tau was inceasing with aging (Y=2.61X+54.39, r'=0.196, p<0.001). The AD 
group (465.1 ± 272.9 pg/ml (mean+/- SD)) had a significantly higher level of tau 
than the NC group (219.0 ± 137.0 pg/ml) (p< 0.001), the NA group (252.3 ± 
135.3 pg/ml) (p<0.001), and the ND group (197.8 ± 88.8 pg/ml) (p<0.001). When 
the cut off value was set at the mean + 2SD in the NC group, the diagnostic 
sensitivity was 35% and specificity was 88%. CSF APl-40 levels did not show any 
significant difference. Although the level of APl-42(43) was decreased 
significantly in the AD group (126.3 ± 64.4 fmoVml) compared to the NC group 
(285.4 ± 221.6 fmoVml) (p< 0.005), the overlaps of APl-42(43) level among all 
groups meant that none of the AD samples exceeded the cut-off value, the mean • 
2SD ofnonnal control subjects. Reduction of API-42(43) level in AD resulted in a 
significant increase in the ratio of API-40 to APl-42(43) (AP ratio) as an improved 
marker. The diagnostic sensitivity and specificity were 52% and 65% respectively. 
The AD index, using production of CSF tau and All ratio, showed better sensitivity 
(71%) and specificity (79%) than any methods reported before. Combination assay 
for CSF tau, API-40 and API-42(43) in CSF is a biological marker of AD and may 
be useful for biochemical monitor to subjects under treatments. 

871.4 
BINDING AND TRANSPORT OF AMYLOID-B PEPTIDE AT THE HUMAN 
BLOOD-BRAIN BARRIER IN VITRO. B.V. Zlokovic" J.B. Mackie M. 
Stins JG McComb s.p. Yan p. Stern J Ghiso B. Frangione and 
MKilll.. Dept. Neurol. Surg. and Divn. Nrsg. Childrens Hospital USC Sch. 
Med., Los Angeles, CA 90033, Dept. Pathol. New York Univ. Med. Center 
NY 10016, and Dept. Pathol. Columbia Univ. New York, NY 10032 

Endothelial binding, transport and metabolism of amyloid-B (1-40) 
peptide (AB) were studied using in vitro model of human blood-brain barrier 
(BBB). Both, binding and transport of AB across human brain 
microvascular endothelial cell (HBMEC) monolayer were initiated at the 
luminal side, but were not detectable from the abluminal side. Two specific 
acceptor BBB luminal sites with respective K,,s of 7.9 and 58.8 nM 
mediated AB binding to HBMEC in normal adults. Antibody against the 
receptor for advanced glycation end products (RAGE) and acetylated low-
density lipoprotein (AcLDL) produced maximal 63.5% and 32.8% inhibition 
of AB luminal endothelial binding, respectively. Specific transport system 
(Km of 45 nM) sensitive to RAGE blockade was involved in luminal to 
abluminal translocation of intact AB across HBMEC. Up to 20% of peptide 
was metabolized by adult HBMEC, while > 90% of transported AB was 
intact. HMBEC from Alzheimer's Disease patients retained and transported 
60-80% more intact peptide than adults. We conclude that endothelial 
RAGE and scavenger receptors participate in binding and cellular uptake 
of AB at the luminal side of human BBB, while RAGE and/or specific 
transporter might be responsible for its transcytosis. 

Grants NS 34467 and AG14526 

871.6 
CEREBROV ASCULAR SMOOTH MUSCLE CELLS INTERNALIZE 
ALZHEIMER AMYLOID BETA PROTEIN VIA A LIPOPROTEIN 
PATHWAY- PATHOGENETIC RELEVANCE IN CEREBRAL AMYLOID 
ANGIOPATHY 8 Prior* B JJrmoneit I PrHrnlis G Wihl D D'Urso R Frank 
J Heeren and lJ BeisieceL Department of Neurology, Heinrich-Heine-University of 
Dilsseldorf, 40225 Dilsseldorf; Medical Clinic.University Hospital Hamburg.Germany. 

Cerebral amyloid angiopathy (CAA) is caused by the cerebrovascular deposition of 
Allhetmer amyloid beta protein (AB) and shows an increased incidence in carriers of the 
apolipoprotein E (APOE) epsilon4-genotype. To study the pathogenesis of CAA. 
primary cultures of human and canine smooth muscle cells from leptomeningeal 
vessels were incubated with fluorescein- and biotinMconjugated amyloid B-protein. In 
the presence of human serum or cerebrospinal fluid, ABl-40 and ABl-42 were rapidly 
internalized and appeared within endosomal and finally lysosomal vesicles. The 
accumulatiO'll of intracellular AB was enhanced by forskolin and chloroquine and was 
blocked by cyclohexirnide, brefeldin A and pretreatment with trypsin suggesting Lhat 
internalization.Of AB occurs by receptor-mediated endocytosis. The internalization of 
AB was also· inhibited by lipid-free serum or by incubation with the 39-kD receptor-
associated protein (RAP) indicating that AB is internalized via a receptor of the low 
density lipoprotein receptor (LDLR) family. A lipoprotein pathway was confirmed by 
colocalization of cell surface bound or internalized AB to APOE and LDLR-related 
protein (LRP) using confocal laser scanning microscopy. We propose a pathngenetic 
model of CAA, where A8MAPOEMcomplexes contained within lipoprnterns of the 
cerebrospinal fluid or the extracellular fluid of the brain are internalized and 
accumulated in cerebrovascular smooth muscle cells. Such a model can explain the 
preferential localization of CAA to the outer and middle layers of cortical and 
leptomeningeal arterioles and indicates a mechanism by which the APOE-genotype 
might determine the risk of CAA. Supported by DPG (Mu 630 5-1). 
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910.11
NEUROPEPTIDE Y REGULATES GENE TRANSCRIPTION THROUGH 
CYCLIC AMP RESPONSE ELEMENT BINDING PROTEINS IN HUMAN 
NEUROBLASTOMA CELL LINE. S.Sheriff, P.S. Gill*. A. Regmi. J.W, 
Kasckow. W.T. Chance, and A. Balasubramaniam. Departments of Surgery 
and Psychiatry, University of Cincinnati Med Ctr, Cincinnati, OH 45267.

Recent findings in our laboratory suggest that neuropeptide Y (NPY) induces 
feeding behavior through the activation of CRE (cyclic AMP response element) 
binding proteins in rat hypothalamus (Mol. Pharmacol., in press). We therefore 
investigated whether: 1) NPY exhibits similar effects on CRE binding in a human 
neuroblastoma cell line (SK-N-BE2) bearing Y2-subtype of NPY receptors; and 2) the 
effects on CRE leads to gene transcription. NPY treatment in SK-N-BE2 cells 
increased both CaM kinase II activity (3-foid) and CRE binding (2.6-fold) as compared 
to control. The transcriptional effects of NPY were investigated using SK-N-BE2 cells 
transfected with CRE containing CRF promoter construct in luciferase reporter vector 
pGL2-Basic (pGL2B-CRF1304). Luciferase activity in these cells was increased by 
forskolin (7-30 fold), thapsigargin (6-8 fold) and NPY (1.8-2.4 fold) within four hour 
treatments as compared to untreated transfected controls. NPY augmented forskolin 
stimulated luciferase activity from 11 to 15 fold. However, NPY inhibited 
thapsigargin-induced luciferase activity by 40%. Cells transfected with CRE deletion 
construct (pGL2B-CRF498) showed no effect on luciferase expression by forskolin, 
thapsigargin or NPY treatment. These findings suggest that NPY can regulate 
transcription of genes containing CRE possibly through phosphorylation of CRE 
binding proteins by CaM kinase. In the absence of intracellular Ca2+ pathway 
(thapsigargin treatment), NPY inhibits transcription by inhibiting cAMP pathway. 
(Supported by NIH GM47122).

910.12
THE RAT NPY Y1 RECEPTOR EFFECTIVELY POTENTIATES ARACHIDONIC 
ACID RELEASE IN CHO CELLS. C. A. Cates, L. S. Beavers, S. L. 
Gackenheimer, R. A, Gadski, D, R. Gehlert, M, Baez*. Neuroscience 
Research, Lilly Research Laboratories, Indianapolis, IN 46285.

The neuropeptide Y family of receptors has been implicated in many 
physiological roles including feeding, metabolic activity, and obesity. To 
facilitate a functional analysis of the neuropeptide Y Y1 (NPY-Y1) receptor, we 
explored an arachidonic acid (AA) release assay using the rat homologue 
expressed in CHO cells (CHO-rY1). The amount of 3H-AA released was 
quantified and represented as fold increase over basal levels (n=3 
experiments performed in triplicate). In our assay, NPY stimulation of AA 
release was shown to be dependent upon the presence of ATP. Cells 
prelabelled with 3H-AA demonstrated no increase in AA release when 
stimulated with 10nM NPY alone, whereas, those potentiated with 10pM ATP 
gave as much as 2.5 fold increase over basal. In addition, the optimal 
incubation time for NPY-stimulated release was determined to be 30 min. The 
amount of AA released dramatically increased beginning at 5 min., peaked at 
30 min., and then slowly began to decline. The ability of neuropeptide Y 
analogues to potentiate ATP-mediated AA release in CHO-rY1 was 
determined. NPY was the most potent ligand with an EC50 of 5x10"9M. The 
rank order of potency for other agonists at the Y1 receptor was 
NPY>Pro34NPY=Leu31Pro34-NPY=PYY>NPY3-36=NPY-|3-36>PP which is 
consistent with reported adenylyl cyclase and binding assays. In addition, NPY 
receptor potentiation of AA release was inhibited by BIBP3226, a NPY-Y1 
selective antagonist. In the presence of 10nM NPY and 10p.M ATP, the IC50 
for BIBP3226 was 5x10'8M versus IC50 of 1x10"8M in an adenylate cyclase 
assay. Thus, the arachidonic acid release assay is a reliable and facile alternate 
for studying the function of the NPY Y1 receptor and provides values that are 
consistent with established adenylyl cyclase and ligand binding assays.

RECEPTOR MODULATION: UP- AND DOWN-REGULATION III

911.1
IN VITRO ACTIVITY OF THE D2 DOPAMINE RECEPTOR GENE 
PROMOTER IN THE PRESENCE OF NUCLEAR EXTRACTS 
FROM YOUNG AND OLD RAT STRIATA. S. Ray*, J. M. 
Chemak, J. Finan and G. S. Roth. Laboratory of Cellular and 
Molecular Biology, Gerontology Research Center, National Institute on 
Aging, NIH, Baltimore, Maryland 21224.

Loss of striatai dopamine neurotransmitter receptors plays a major 
role in the reduced control of motor function which accompanies both 
normal mammalian brain aging and neurodegenerative diseases such 
as Parkinson’s and Huntington’s. During aging this loss is due, in large 
part, to a decrease of approximately 25-50% in the synthesis and 
levels of mRNA for the D2 dopamine receptor subtype. Thus one key 
area of regulatory control of D2 gene expression is at the level of 
transcription initiation and/or elongation. In the present study we have 
analyzed in vitro gene expression from the D2 promoter in the 
presence of nuclear extracts from young and old rat striata. We have 
constructed a DNA plasmid vector in which expression of the reporter 
gene luciferase is under the control of a 1.13 kilobase D2 promoter 
region that contains several transcription factor binding sites which 
have been shown to be active in transcriptional regulation and DNA- 
protein interactions (Chernak et al. 1997; 1995; 1994; Minowa et al. 
1994; 1992). Specific expression from the D2 promoter has been 
observed in an in vitro transcription-translation reaction which includes 
SP6 polymerase, rabbit reticulocyte lysate, and appropriate buffer and 
substrate conditions. In the presence of increasing amounts of nuclear 
extract from young or old striata, we have observed both a stimulation 
and an inhibition of this D2 promoter-specific activity. We are in the 
process of characterizing the features of these stimulatory and 
inhibitory activities. (Funding provided by the NIH.)

911.2
COMPARISON OF HALOPERIDOL OR CLOZAPINE 
TREATMENT ON FUNCTIONAL COUPLING OF D2- 
DOPAMINE RECEPTORS IN RAT STRIATUM. W, J. Costain*.
R. K. Mishra. Department of Biomedical Science, McMaster 
University, Hamilton, ON, Canada, L8N 3Z5.

Schizophrenia afflicts 1% of the general population and can be 
effectively managed by use of antipsychotic drugs, referred to as 
neuroleptics. Protracted use of "typical" neuroleptics, such as 
haloperidol (Halo), frequently (15-20% of patients) leads to the 
development of extra-pyramidal side effects (EPS), such as tardive 
dyskinesia. "Atypical" neuroleptics, such as clozapine (Cloz), are not 
associated with the development of EPS. Protracted use of Halo 
increases D2-dopamine receptor levels and decreases G-protein levels 
(Gs & Gi) in the striatum. Cloz increases G-protein levels (Gs & Gi) 
but does not alter D2 receptor levels in the striatum. Therefore, we 
measured N-propylnorapomorphine (NPA; D2 receptor agonist) 
stimulated increases in [35S]-GTPyS binding in striatal membranes 
isolated from control, Halo (3 mg/kg i.p.) and Cloz (20 mg/kg oral) 
treated (daily for 14 days) rats. No differences in NPA EC50 were 
observed in the three groups. Both Halo and Cloz significantly 
decreased the maximal NPA stimulation of G-proteins by 35.7% and 
38.7% respectively. Halo, but not Cloz, significantly increased basal 
GTPyS binding over control levels by 14.6%. These results show that 
Halo and Cloz treatment decrease the efficiency of D2 receptor 
signaling in the striatum. Furthermore, the differential effects of Halo 
and Cloz suggests differential mechanism of action in development of 
EPS. W.J.C. was supported by Ontario Graduate Scholarship; the 
work was funded by NIH(USA).

911.3
AGONIST- INDUCED DESENSITIZATION OF A2B ADENOSINE 
RECEPTORS. RA Peterfreund*, DM Peters. EK Gies, CR Gelb. 
Dept. Anesthesia & Critical Care, Massachusetts General Hospital, 
Harvard Medical School, Boston MA 02114

Agonist-induced desensitization has been described for the A1, 
A2A and A3 adenosine receptor subtypes. Desensitization of the 
A2B adenosine receptor (A2b R), has not been reported. We asked if 
A2b Rs undergo agonist-induced desensitization. COS 7 cells, 
which endogenously express A2b Rs , and transfected CHO cells 
stably expressing a modified rat A2b R bearing a 5‘ FLAG epitope 
tag, were studied. cAMP responsiveness to an acute challenge was 
measured after desensitizing cells with the adenosine receptor 
agonist 5’-N-Ethylcarboxamidoadenosine (NECA). Membrane levels 
of the epitope-tagged A2b R were assessed by Western blot. 
Incubation with NECA resulted in hyporesponsiveness to acute 
agonist challenge in both COS 7 and transfected CHO cells. Desen-
sitized cells exhibited restoration of cAMP responses after recovery 
for 24h in growth media. Choleratoxin-induced cAMP responses 
were preserved in desensitized cells and high doses of NECA were 
unable to overcome desensitization. The expression of epitope- 
tagged A2b Rs was not different between control and desensitized 
cells. In Northern blot analysis levels of endogenous A2b R mRNA 
were similar in control and desensitized cells. We conclude that the 
A2b R is subject to agonist-induced desensitization and that uncoupl-
ing of the receptor from the G protein complex may contribute to the 
mechanism of desensitization.
Supported by NSF grant # IBN-9319624.

911.4

INHIBITION OF NEURONAL ACTIVITY REDUCES GABA- 
INDUCED RECEPTOR DOWN-REGULATION IN 
CULTURED NEURONS H. R. Lyons* T. T, Gibbs and 
D. H. Farb Laboratory of Molecular Neurobiology, 
Department of Pharmacology, Boston University School of 
Medicine, Boston, MA 02118

Chronic treatment of chick cortical cultures with GABA 
(ImM, 48 hours) results in a 40% down-regulation of total 
receptor number and 30% decrease in potentiation of [3H]- 
Flunitrazepam binding by GABA, a process termed 
uncoupling. Down-regulaton and uncoupling are blocked by 
the competitive GABA antagonist, SR95531, but the molecular 
mechanism(s) remain unknown. Altered receptor function 
could be a result of either GABAa  receptor activation or a 
consequence of the inhibition of electrical activity that results 
from GABA-induced hyperpolarization. To distinguish 
between these possibilities, we measured GABA-induced 
down-regulation and uncoupling in the presence and absence 
of glutamate receptor antagonists (10 mM DNQX + 40 mM 
ArV) or 100 nM tetrodotoxin (TTX). Neither treatment causes 
down-regulation or uncoupling, however, co-application of 
either DNQX+APV or TTX with GABA inhibits down-
regulation by 50 to 75 %. GAB A-induced uncoupling, 
however, is unaltered. These results support the hypothesis 
that GABA-induced down-regulation and uncoupling are 
independent events and that changes in membrane potential 
may play a permissive role in GABA-induced down-
regulation. Supported by NIH grant HD22539.
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911.5
CHANGES IN NIGRAL GABAa RECEPTOR FUNCTION FOLLOWING 
NIGRAL GABAERGIC DENERVATION REVEALED BY INCORPORATION 
OF RECEPTORS INTO Xenopus OOCYTES. E. Sanna*, C. Motzo, M. Usala, F, 
Tuveri. D. Pau. F. Massa and G. Biggio. Dept. of Experimental Biology, Sect, of 
Neuroscience, University of Cagliari, Italy.

Expression of native GABAa  receptors in Xenopus oocytes may be achieved with 
the injection of rat brain synaptosomes. By applying this technique, we have 
evaluated the changes in nigral GABAa  receptor function following degeneration of 
striato-nigral GABAergic pathway induced by monolateral striatal infusion of kainic 
acid. Ten days after lesion, synaptosomes were prepared either from control or 
denervated substantia nigra (SN), and injected into oocytes. This resulted, 12 h later, 
in the incorporation into the cell membrane of native GABAa  receptors which were 
then studied by the voltage-clamp method. Perfusion of 10 mM GABA produced Cl' 
currents with peak amplitude of 19.8 ± 2.4 nA (n = 30) in oocyte expressing receptors 
from control SN, whereas GABA responses were doubled (39.6 nA, n = 37) in those 
expressing receptors from denervated SN. The affinity of GABA was not statistically 
different between the two groups. Vice versa, responses to 100 pM kainic acid were 
unchanged. In addition, maximal potentiation of GABA-induced currents by 
diazepam was 65% higher at GABAa  receptors from denervated SN than those from 
control SN. EC50 value for diazepam was unchanged in the denervated SN. On the 
contrary, the inhibitory effect of the inverse agonists FG 7142 and DMCM was 
reduced by 48% and 28%, respectively, in the denervated SN compared to control 
SN. GABAa  receptors from denervated SN were also more sensitive (60%) to 
modulation by the steroid allopregnanolone. These results indicate that the up-
regulation of nigral GABAa  receptors occurring after degeneration of the striato-
nigral GABAergic pathway is associated with an increased sensitivity of these 
receptors to benzodiazepines and steroids such as allopregnanolone and with a 
reduced responsiveness to negative modulators such as P-carbolines.

911.6
REGULATION OF GABA-A RECEPTOR al AND a6 SUBUNIT GENE 
EXPRESSION BY CHRONIC EXPOSURE OF CEREBELLAR GRANULE 
CELLS TO GABA, ETHANOL and FLURAZEPAM. D, Shpektor. P.T. 
McLean, H.R. Lyons, S.T. Russek, T.T. Gibbs*, and D.H. Farb, Laboratory 
of Molecular Neurobiology, Department of Pharmacology, Boston 
University School of Medicine, Boston MA 02118.

Neuronal inhibition in the central nervous system is mediated 
predominantly through the type A receptor for y-aminobutyric acid 
(GABAa R)- Several therapeutically important drugs, such as 
benzodiazepines, barbiturates and ethanol, modulate the GABA 
response. Chronic exposure of neurons to GABAa  R agonists or 
modulators alter receptor number and gene expression. We have 
previously shown that chronic exposure of chick brain cultures down- 
regulates a subunit mRNAs (Montpied et al. (1991) J.B.C. 266:6011). 
Studies from a number of laboratories have yielded inconsistent results 
concerning the effects of ethanol exposure on cerebellar al and a6 
GABAa R mRNA levels. Here, we report that GABA (0.5mM, 48h) 
down-regulates al and pi subunit mRNA levels in embryonic rat cortical 
cultures and up-regulates al and a6 mRNAs in neonatal rat cerebellar 
granule cell cultures. We observe that ethanol (50mM, 48h) increases 
al, a6, and pi subunit mRNA levels in cerebellar granule cell cultures. 
Also, flurazepam (O.lmM, 48h) increases al and a6 subunit mRNA 
levels in these cultures. Our results suggest that chronic GABA exposure 
can modify the expression of GABAa R subunit mRNAs in a region- 
specific manner. We are currently investigating whether differential 
regulation by ethanol or flurazepam occurs in cortical and cerebellar 
neurons and whether GABAa R modulators exert their effects through 
the GABAa R or through an independent signal transduction pathway. 
Supported by NIH grant HD22539.

911.7
ALTERATIONS OF AMPA AND GABAa  RECEPTOR IMMUNOREACTIVITY IN 
THE DENTATE GYRUS AFTER PERFORANT PATHWAY LESION. A, Mishizen*. 
K, Mizukami. M.D. Ikonomovic. R. Sheffield, D.R. Gravson, D.M. Armstrong,
Neurosciences Research Center, MCP*Hahnemann School of Medicine, Allegheny 
University of the Health Sciences, Pittsbuigh, PA 15212.

Our previous studies of Alzheimer disease hippocampi demonstrated a disease-relat-
ed increase in immunolabeling of the AMPA receptor subunits GluR 1 and GluR 2/3 in 
regions of the dentate gyrus corresponding to the termination sites of the perforant path-
way. We hypothesized that this increase in immunolabeling is compensatory in nature 
and occurs in response to the loss of glutamatergic input via the perforant pathway. 
Moreover, the loss of this input and the corresponding decrease in glutamate receptor 
activation results in compensatory alterations in selected GABAa  receptor subunits. To 
examine these hypotheses we employed immunohistochemical techniques, and exam-
ined the alterations in immunolabeling of GluR 1 and GluR 2/3 subunits and the P2/3 
GABAa  receptor subunit within the dentate gyrus 1,3,7,14,30 and 90 days after uni-
lateral perforant pathway lesion of the rat brain. Compared to controls, GluR 1 and 
GluR 2/3 were unremarkable in the deafferented hippocampus 1, 3, 7, 14 days post-
lesion, yet by 30 and 90 days post-lesion, labeling for both receptor subunits was 
increased in the outer molecular layer of the dentate gyrus ipsilateral to the lesion. In 
contrast, we observed a decrease in p2/3 labeling in the inner molecular layer of the den-
tate gyrus 3 days post-lesion and in the outer molecular layer 7 days following lesion. 
In both regions, the decease was transient and 30 and 90 days post-lesion an increase in 
[32/3 immunolabeling was observed in the outer region of the molecular layer while the 
inner portion appeared comparable to controls. Collectively, our data suggest that both 
AMPA and GAB Aa  receptors are modified following perforant pathway lesioning. This 
work is supported by NIH Grant AG08206.

911.8
PROTEIN KINASE C INHIBITS GABAC RECEPTOR
INDEPENDENTLY WITH CONSENSUS PHOSPHORYLATION 
SITES. T.Kusamal*, K. Hatama1, M. Sakurai k Y. Kizawa1, G.R.
Uhl 2 and H. Murakami k ^Dept. of Physiol. Anat., Nihon Univ. 
Coll, of Pharmacy, Chiba 274, Japan; ^Mol. Nurobiol., ARC/NIDA 
/NIH&Nsci., JHUSM, P.O.Box 5180, Baltimore, MD21224.

The GABA pi and p2 receptors are main constituen ts of the 
GABAC receptor family, a third major class of GABA receptor. 
There is, however, little information about the physiological 
roles and regulation mechanisms for this receptor. We 
previously showed that protein kinase C (PKC) activators 
suppressed GABA-induced currents mediated by human GABA pi 
and p2 receptors expressed in Xenopus oocytes. The present 
study was undertaken to address the phosphorylation site(s) of 
GABAC receptor by PKC. The intracellular loops of the human 
GABA pi and p2 receptor s contain 6 and 1 consensus sequence 
serine or threonine residues, respectively, for phosphorylation 
by PKC. We therefore constructed point-mutants resistant to 
phosphorylation by PKC for each site. Each mutant, however, 
showed sensitivity tophorbol 12-myristate 13-acetate, a potent 
PKC activator, similar to that of each respective wild type.

These results suggest that the consensus PKC sites present in 
the intra cellular loops are not involved in the inhibitory 
modulation by PKC of GABAC recep tors made up of human pi or p2 
subunits and that GABAC receptor has unique characteristics not 
only in pharmacology but also in regulation mechanism.

911.9
EFFECT OF CLOMIPRAMINE AND LITHIUM ON CALCIUM 
SIGNALING SYSTEM IN RAT GLIOMA CELLS.
A.Kagaya*1, A.Okada2. M.lnagaki1, Y .Tawara1, N.Yokota1,
J.Horiguchi1, Y.Nakata2 and S.Yamawaki1. 1. Dept. Psychiat. 
Neurosci. and 2. Dept. Pharmacol. Inst. Pharmaceu. Sci. Hiroshima 
Univ. Sch. Med., Hiroshima 734, Japan

Recent studies have suggested that intracellular calcium signaling 
systems are important for the pathophysiology of mood disorders. 
Clomipramine (CMI) and lithium (Li) are most important drugs for 
treating mood disorders. The precise mechanism has not been still 
elucidated. In this study, we examined the effect of CMI and Li on 
serotonin (5-HT)- and thrombin-induced calcium mobilization using 
C6 glioma cells. The cells were loaded with fura-2/AM, and 
subsequently intracellular calcium concentration was measured. After 
pretreatment of the cells with 10 pM CMI, the calcium rise in 
response to 5-HT was attenuated, however, the response to thrombin 
was not altered. When the cells were pretreated with 10 mM lithium, 
the subsequent calcium rise in response to thrombin was attenuated 
without change in 5-HT response. Thus, CMI and Li may 
differentially regulate calcium signaling systems in C6 glioma cells.

911.10
THE (3-ADRENERGIC KINASE pARKl BINDS TO THE AMINO TERMINUS 
OF THE G PROTEIN p2 SUBUNIT IN THE YEAST TWO-HYBRID SYSTEM.
P.S, Goldman1. A.J. DeMaggio2, M.F.Hpekstra2, V. Roe tigerr and R.FL 
Goodman, Vollum Institute1, Oregon Health Sciences University, Portland, OR 
97201 and ICOS Corporation2, Bothell, WA 98021.

Homologous desensitization of G protein coupled receptors requires phosphor-
ylation of the receptors by G protein receptor kinases, such as the p-adrenergic 
receptor kinase (PARK). The activity of PARK is dependent on its translocation 
from the cytoplasm to the membrane-associated receptor. The py-subunits of 
heterotrimeric G proteins (Gpy) have been demonstrated to bind directly to PARK 
and to recruit the kinase to the membrane. The Gpy binding domain has been 
localized to the carboxy terminus of PARK, a region corresponding to a pleckstrin 
homology domain. In contrast, the PARK binding domain of Gpy is not known. 
We used the yeast two-hybrid assay to characterize the interaction between Gp and 
PARK. We have demonstrated an interaction between PARK1 (amino acids 467 to 
689) fused to the LexA DNA binding domain and the Gp2 subunit fused to the 
VP16 activation domain. This interaction is critically dependent on placing the 
VP16 activation domain at the carboxy terminus of GP , indicating that a free GP2 
amino terminus is needed for the interaction with PARK1. In addition, we have 
demonstrated that amino acids 1 to 145 of GP2 are sufficient for the PARK1 
interaction, although a smaller fragment (amino acids 1 to 58) does not bind with 
pARKl. We also show that the affinity of the Gp2-PARK1 interaction is not 
increased by the additional expression of Gy3. The demonstration of the interaction 
between Gp2 and PARKl in a yeast two-hybrid assay will be useful for further 
delineating binding domains of these two proteins as well as for gaining important 
information about the regulation of this interaction by using the powerful 
screening ability of yeast-hybrid systems.
This project is supported by ICOS #4-1212.
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911.11
REGULATION OF a2A-ADRENERGIC RECEPTORS BY EPINEPHRINE. 
M. A, Reutter*. E. M. Richards and C. Sumners. Department of Physiology, 
College of Medicine, University of Florida, Gainesville, FL 32610.

Epinephrine (Epi) mediates various physiological effects via a2-adrenergic 
receptors (a2-AR). Studies in mice have shown that the "A" subtype of a2- 
AR is responsible for the centrally-mediated hypotensive response to a2-AR 
agonists, and underscore the importance of understanding the basic cellular 
mechanisms involved in regulation of expression of a2A-AR. While 
regulation of expression of a2A-AR has been studied in transformed or 
transfected cells, little is known of cu a -AR regulation in cells cultured from 
the central nervous system. We have utilized astroglia cultured from the 
brain stem and hypothalamus of adult Sprague-Dawley rats as a model 
system in which to study factors which regulate a2A~AR expression. Our 
studies have shown that Epi causes time- (2-72 hr) and concentration- (1 nM 
to 100 pM) dependent decreases in steady state levels of a2A-AR mRNA, 
effects which are mediated via a,- and (3-adrenergic receptors (a,-AR; (3- 
AR). The effects of Epi to decrease a2A-AR mRNA also decrease the number 
of a2A-AR, as measured by [3H]-MK 912 specific binding. These effects of 
Epi on a2A-AR mRNA and number are mimicked by activation of protein 
kinase C or increases in intracellular cyclic AMP, which are intracellular 
messengers activated by a,-AR and P-AR, respectively. Taken together, 
these results indicate that expression of a2A-AR is regulated in a heterologous 
manner by Epi via a,-AR and P-AR mediated intracellular pathways. 
(Supported by NIH grant NS-19441 to CS and an AHA-FL Affiliate 
graduate student fellowship to MAR).

911.12
REGULATION OF THE Y1 NEUROPEPTIDE Y RECEPTOR 
GENE EXPRESSION IN PC12 CELLS J.C, Bournat , G. 
Villegas*1 and J.M. Allen Division of Biochemistry and Molecular 
Biology, University of Glasgow, Glasgow G12 8QQ and ’Instituto 
International de Estudios Avanzados (IDEA), Caracas, Venezuela.

The Y1 receptor for Neuropeptide Y (NPY) is constitutively 
expressed in the rat phaeochromocytoma cell line, PC 12. In this 
study we have examined the effect of modulating second messenger 
systems involving protein kinase A and protein kinase C on the 
expression of the gene encoding the Yl-NPY receptor in PC 12 
cells. A fusion gene (Yl-Luc) has been created where the reporter 
function luciferase was placed under the control of the 5' flanking 
promoter region of the rat Yl-NPY receptor gene. This promoter 
region contains recognition consensus sequences for various 
transcription factors, including one API site, two CRE sites and 
three GRE. We report that NGF and PMA increased luciferase 
activity 3.0 fold and 1.7 fold, respectively and this increase was 
significantly blocked using Calphostin C, a specific inhibitor of 
PKC. Dexamethasone, forskolin and PACAP increased 
transcription 2.7, 3.0 and 2.2 fold, respectively. Similar results 
were found when the fusion gene (Yl-Luc) was expressed in a 
PC 12 cell line containing a dominant negative form of ras (asnl7- 
W7).This result indicates that dexamethasone, forskolin, PACAP, 
NGF and PMA stimulate Yl-NPY receptor gene transcription in 
PC 12 cells, and that NGF like PMA increases gene expression in a 
PKC-dependent but ras independent manner.
J.C.Bournat is financed by a University of Glasgow Scholarship

911.13
Chronic  Effects  of  a 9-THC on  Cannabinoid  Receptors  and  G- 
PROTEIN ACTIVATION IN RAT BRAIN. C.S. Breivogel*, L.J. Sim, 
R.E. Hampson, S.A. Deadwyler and S.R. Childers. Dept. of Physiol, 
and Pharmacol., Bowman Gray Sch. Med., Winston-Salem, NC 27157.

Previous autoradiographic studies showed that chronic A9-THC 
treatment produced desensitization of cannabinoid-stimulated 
[35S]GTPyS binding. To test the time course of this effect, rats were 
treated with 10 mg/kg/day of A9-THC for 3, 7, 14 and 21 days. Brains 
were hemisected and processed for either [35S]GTPyS autoradiography, 
or membrane [35S]GTPyS binding and [3H]SR141716A receptor 
binding. Densitometric analysis of sections revealed time- and region- 
dependent effects of A9-THC on WIN 55212-2-stimulated [35S]GTPyS 
binding. In some regions (e.g. globus pallidus and cerebellum) 
desensitization occurred slowly, whereas in other regions (e.g. 
hippocampus) the effect was more rapid. In all regions, chronic A9- 
THC treatment produced a profound decrease in WIN 55212-2- 
stimulated [35S]GTPyS binding after 21 days, ranging from 40% to 
80%. In cerebellar membranes, [3H]SR141716A Kd  values were 
unchanged by A9-THC treatment, but there was a time-dependent 
decrease in Bmax, which reached 45% after 21 days. Membrane 
[35S]GTPyS binding revealed a slight decrease in agonist Emax, and a 
2.5-fold increase in the agonist ED50 at 21 days. These results suggest 
that the time course of cannabinoid desensitization produced by A9-THC 
varies across brain regions, and may have implications in the differential 
development of tolerance to the multiple effects of cannabinoids. 
Supported by NIDA DA-06784, DA-07625, DA-00287 & DA-07246.

911.14
CHANGES IN CANNABINOID CB1 RECEPTOR mRNA IN RAT BRAIN 
FOLLOWING 3-21 DAYS CHRONIC ADMINISTRATION OF DELTA-9-THC 
Shou-yuan Zhuang,* M. Todd Kirby, Elena V. Grigorenko. Steven R, Childers. Robert
EUJamgsorLcUid_SaTTvA^D^dwyler. Dept. of Physiology & Pharmacology, Bowman 
Gray School of Medicine, Winston-Salem, NC.

Studies of chronic exposure to delta-9-tetrahydrocannabinol (THC, 10 mg/kg) 
in rats demonstrate a marked tolerance to memory disruptive effects after approximately 
30 days of exposure (Deadwyler et al, 1995). Prior investigations have reported a 
decrease in CB1 receptors and an increase in CB1 mRNA in cerebellar cells after 7 days 
chronic exposure to cannabinoids (Fan et al. 1996). Recently, Sim et al. (1996) showed 
that after 21 days of treatment in a similar paradigm, CB1 receptors in hippocampus and 
other brain regions become decoupled from their respective cellular g-protein effector 
mechanisms, presumably resulting in a decreased efficacy of CB1 receptor activation. 
In this study, semi-quantitative RT-PCR was used to examine changes in mRNA levels 
of CB1 receptor in hippocampus and cerebellum at 3, 7, 14 and 21 days of chronic THC 
treatment (10 mg/kg per day). Nucleotide triphosphates radiolabelled with 32P were 
incorporated into the PCR products to allow detection and quantitation of PCR bands on 
polyacrylamide gels. Samples were probed for CB1 mRNA as well as mRNA for the 
relatively insensitive (to THC treatment) “standard” ribosomal 28S gene. The quantity 
of CB1 mRNA identified via RT-PCR was normalized as a ratio of CB1 to 28S mRNA 
detected from the same samples. Hippocampal CB1 mRNA in THC-treated animals was 
significantly decreased relative to vehicle-injected animals on treatment day 3 (mean 
difference±SEM: 0.06±0.017, p<0.01). Both hippocampal and cerebellar CB1 mRNA 
was significantly elevated on days 7 and 14 of chronic treatment (mean differences: HIPP 
7day 0.10±0.022, p<0.001, 14day 0.13±0.035, p<0.001; CEREB 7day 0.10±0.039, 
p<0.001,14 day 0.16±0.029, p<0.001). Both returned to control levels by day 21. Results 
will be discussed in terms of the role of receptor up-regulation vs decoupling of the CB1 
receptor from g-protein effector mechanisms in hippocampus, cerebellum and striatum. 
[Supported by NIDA grants DA03502, DA07625 & DA00119 to S.A.D.]

911.IS
RAPID INTERNALIZATION OF THE CB1 CANNABINOID RECEPTOR 
FOLLOWING AGONIST BINDING.
K. Mackie,* C, Hsieh, Q. Derleth, J,. Law. Departments of Anesthesiology 
and Physiology and Biophysics, Box 356540, University of Washington 
School of Medicine, Seattle WA 98195-6540.

INTRODUCTION: Many, but not all, G protein-coupled receptors 
internalize following agonist binding and activation of second messenger 
pathways. In this study we have investigated internalization of the CB1 
cannabinoid receptor.

METHODS: Internalization was studied in mouse AtT20 cells stably 
expressing rat CB1 receptor. CB1 was detected using a polyclonal anti-
body against its amino terminus. Bound antibody was detected by 
fluorescently-tagged 2° antibody and viewed using confocal microscopy.

RESULTS; Treatment with 100 nM of the cannabinoid agonist, WIN 
55,212-2, caused rapid (<15 min) internalization of CB1 receptors in a 
temperature-dependent fashion. The cannabinoid agonists, HU210 and 
CP55,940, also caused internalization. Methanandamide, a meta- 
bolically stable analog of the endogenous cannabinoid, anandamide, also 
induced internalization, although at a potency lower than predicted from 
its affinity for CB1. In all cases, internalization was prevented by the 
specific CB1 antagonists, SR141716 and LY320135. Internalization was 
blocked by addition of 350 mM sucrose, consistent with endocytosis via 
clathrin-coated pits. Recovery of cell surface CB1 following long (90 min), 
but not short (15 min), agonist treatment required new protein synthesis.

DISCUSSION: Taken together, these results suggest that the CB1 
cannabinoid receptor is internalized through a pathway similar to that 
used by the well-studied P2 adrenergic receptor. It is likely that CB1 
internalization plays a major role in regulating the desensitization that is 
so prominent following treatment with cannabinoids.

SUPPORT: NIH (DA08934, DA00286, & NS08174) and Keck Found.

911.16

CBj CANNABINOID RECEPTORS: CELLULAR DISTRIBUTION IN 
N18TG2 NEUROBLASTOMA CELLS. H.H, McIntosh* and A.C. 
Howlett. Department of Pharmacological and Physiological Science, Saint 
Louis University School of Medicine, St. Louis, MO 63104

In order to characterize cellular regulation of CBj cannabinoid receptors, 
synthesis and turnover studies were performed. Metabolic labeling of 
N18TG2 cells with [35S]-amino acids was followed by immunoprecipitation 
from cell lysates using an affinity purified antibody generated to the N- 
terminal 14 amino acid segment of the CBj receptor. During a two hour 
labeling period, CB£ receptors were rapidly and constitutively synthesized. 
The majority of newly-synthesized CBj cannabinoid receptors (70%) were 
degraded rapidly by a first-order process (t1/2 = 4.8 hr). The remaining 
nascent receptors, which were degraded slowly (t1/2 > 24 hr), may 
represent the pool of potentially functional receptors. Trypsin treatment of 
intact confluent cells, designed to cleave the extracellular antibody 
recognition site, did not alter the recovery of nascent immunoprecipitated 
CBj receptors. This suggests that a large percentage of newly synthesized 
receptors were inaccessible to the protease, and are probably intracellular. 
Immunocytochemistry revealed CBj cannabinoid immunoreactivity both 
intracellularly and on the cell surface. Subcellular membrane fractions 
exhibited receptor binding activity on plasma membranes and nuclear- 
associated membranes. Only low affinity binding was seen in the chromatin 
fraction. The dynamics of plasma membrane and intracellular CB, receptors 
is under investigation.
Supported by NIDA grants DA-03690, DA-06312, and K05-DA-00182.
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911.17
MOLECULAR AND BEHAVIORAL INTERACTIONS BETWEEN 
COCAINE AND CENTRAL MELANOCORTIN SYSTEMS. J.P. 
Alvaro*. J.R. Taylor, and R.S, Duman. Lab of Molecular Psychiatry, 
Dept. Psychiatry, Yale Univ. School of Med., New Haven, CT 06508.

The melanocortin 4 receptor (MC4-R) is the principal 
melanocortin receptor expressed in brain and is enriched in regions 
that mediate drug abuse behaviors. Previously we reported that 
chronic, but not acute, cocaine administration increases MC4-R mRNA 
levels in the neostriatum, as measured by the RNase protection assay 
(Soc Neurosci Abs 21:80 1996). We have expanded upon this work by 
localizing MC4-R mRNA regulation to more discrete brain regions and 
by studying the functional significance of the increase in MC4-R 
expression. Using a highly sensitive and specific MC4-R riboprobe, we 
have been able to demonstrate by in situ hybridization that chronic 
cocaine treatment in rats (15mg/kg (i.p.) 2x daily for 14 days) 
significantly increases MC4-R expression in the dorsomedial area of 
the rostral striatum, in the ventrolateral region of more caudal striatum, 
and in the tail of the caudate. Moreover, we have also detected elevated 
MC4-R mRNA levels in the ventral pallidum and decreased expression 
in the hypothalamic paraventricular nucleus. Currently, we are 
examining regulation of MC4-R in other areas including the nucleus 
accumbens, ventral tegmentum, septum, and hippocampus. In addition, 
we have been studying the behavioral effects of MC4-R regulation by 
cocaine. Our results demonstrate that chronic cocaine potentiates 
grooming in response to MSH infusion (icv). Further, MSH infusion 
induces a locomotor response in chronic cocaine treated rats that is not 
observed in the control group. These findings indicate that there is a 
functional up-regulation of MC4-R in response to cocaine treatment. 
Present studies will examine whether MSH is able to modulate cocaine- 
induced locomotor sensitization and craving. (Support: DA08227.)

911.18
DOWN-REGULATION OF MUSCARINIC RECEPTOR SUBTYPES 
IN RECOMBINANT B-82 CELLS AFTER TREATMENT WITH 
AGONISTS. *Ewa Malatynska, Hong-Bing Wei, Sue Waite, Henry I. 
Yamamura, and William R. Roeske. Depts. of Pharmacology and 
Medicine, the Univ. of Arizona, Tucson AZ 85724, and *Indiana 
Univ., Sch. Med., EvanvilleIN 47712.

Murine fibroblast cells (B82) stably transfected with ml, m2, m3, 
m4 or m5 muscarinic acetylcholine receptor cDNA were used to study 
receptor down-regulation. Each cell line was treated with 0.1 mM (+)- 
cismethyl-dioxolane (CD) or carbachol (CCh), or the agonist with 
atropine sulfate (1.0 /^M) for various times or for 24 hr. pH](-)MQNB 
binding was used to measure down-regulation of different subtypes of 
muscarinic receptors. We demonstrated that: (1) agonists induce 
differential down regulation of muscarinic receptor subtypes that is 
blocked by atropine; (2) CD and CCh down-regulate the muscarinic 
receptor to a similar level. Treatment with CD for 24 hr decreases the 
muscarinic receptor density of B82 cells by: 78.2 ± 5.2% (m2), 30 ± 
2.8% (m4), 75.8 ± 4.6% (ml), 49.1 ± 14.0% (m3), and 5.3 ± 10.8% 
(m5) while CCh reduces them by: 81.0 ± 0.8% (m2), 43.6 ± 2.9% 
(m4), 72.4 ± 4.9% (ml), 52.2 ± 7.3% (m3) and 14.4 ± 11.2% (m5).

In the second part of the study, three chimeric receptors stably 
expressed in B82 cells were used. We examined the involvement of 
different parts of the muscarinic ml and m2 receptors in the down-
regulation process. We demonstrated that the C-terminal fragment and 
overall receptor conformation are the most important determinant of 
down-regulation level of the ml and m2 receptors. Supported by AHA 
Arizona Affiliate and NIH grant HL20984.

911.19
CONSTITUTIVELY ACTIVE ARRESTIN MUTANTS: CAN 
THEY BE USED TO MANIPULATE THE EFFICIENCY OF 
SIGNALING BY G PROTEIN-GOUPLED RECEPTORS? V. V. 
Gurevich*. Sun Health Research Institute, Sun City, AZ 
85372.

Persistent signaling by a wide variety of G protein-coupled 
receptors is terminated by a strikingly uniform two-step mechanism. 
First, activated receptor is phosphorylated by a specific kinase. Then 
phosphorylated activated receptor is recognized by an arrestin protein, 
which tightly binds to it, preventing its further interaction with G 
proteins. Receptor-arrestin complex appears to be a primary substrate 
for the internalization machinery, which removes receptor from plasma 
membrane. Taking advantage of the sequential multisite binding 
mechanism, which ensures strict arrestin selectivity for phosphorylated 
activated form of the receptor, we constructed several types of mutants 
of visual arrestin, p-arrestin, and arrestin3 that bind to activated 
receptors in a phosphorylation-independent fashion. Mutants quench 
signaling regardless of receptor phosphorylation, suggesting that these 
proteins can be used for experimental and therapeutic manipulation of 
signal transduction efficiency. Arrestins with point mutations, 
truncated, and chimeric proteins also occupy at equilibrium different 
percentage of purified receptors in vitro, suggesting that they can be 
used to manipulate the rates of internalization and subsequent 
resensitization of G protein-coupled receptors in cells.
Funded by EY 11500.

911.20
K+ ATP CHANNELS PROVIDE A TRANSIENT PROTECTION IN THE ANOXIC 
TURTLE BRAIN. M.P.Scott, S.A. Scott*’, P.L.Lutz. Dept.of Biology 
Florida Atlantic University, Boca Raton, FL 33431., '"'Program 
in Physical Therapy, Barry University, Miami, FL 33161.

The protective role of ATP dependent K+ channels during 
ischemia is well established in the manmalian brain.Activation 
of KATP channels in the energy challenged brain is associated 
with a hyperpolarization of the membrane which causes a decrease 
in activity and a consequent delay for depolarization, albeit 
only for a short period. The aim of present study was to determine 
if KATP channels also have a protective function in the anoxia 
tolerant turtle brain. Rates of change in extracellular K+ levels 
following ouabain administration were measured in the telencephalon 
of the turtle Trachemys scripta during normoxia and prolonged 
anoxia, and in the presence of glibenclamide and 2,3-butanedione- 
monoxime (BEH), two KATP channel blockers. Confirming previous 
studies we found that the rate of K+ loss was reduced by 50% during 
anoxia. The full expression of this ’’channel arrest” was inhibited by both 
glibenclamide and BEM superfusion during the first hr. of anoxia, 
but the effect of these blockers was diminished at 2hr anoxia and was not 
seen after 4hr anoxia. This pattern can be related to a previously 
established temporary fall and subsequent recovery of tissue ATP 
during early anoxia. KATP channels may play a protective role 
during initial transition period but not when-the full 
anoxic state is established and tissue ATP levels have been 
restored.

Research supported by NSF; IBN:9507961

SPINAL AND SUBCORTICAL SOMATOSENSORY PATHWAYS: FUNCTION

912.1
EFFECTS OF GROUP I AND GROUP II METABOTROPIC GLUTAMATE 
RECEPTOR (mGluR) AGONISTS ON SENSORY INHIBITION IN THE RAT 
VENTROBASAL THALAMUS. T.E. Salt’& J.P, Turner. Inst, of Ophthalmology, 
University College London, Bath Street, London. EC1V 9EL. U.K.

Previous work from this laboratory has shown that agonists which act at 
metabotropic glutamate receptors (mGluRs) in Groups II and III can reduce 
GABAergic inhibition in the ventrobasal thalamus (VB) of the rat in vivo (Salt & 
Eaton 1995, Neuroscience 65: 5-13). In order to characterise this modulation 
more fully, we have now tested the novel selective Group II agonist, (2R,4R)- 
APDC, and the Group I agonists (S)-3,5-DHPG and tADA.

Extracellular recordings were made with multi-barrel iontophoretic electrodes 
from single VB neurones in adult Wistar rats anaesthetised with urethane. 
GABAergic inhibitory responses were evoked and assessed using air jet stimuli 
directed at single vibrissae of the rat in a condition-test paradigm (Salt & Eaton, 
1995). Under control conditions sensory inhibition reduced excitatory synaptic 
responses by 76+4%, while during iontophoresis of (2R,4R)-APDC [58+7nA, for 
2.5-7.5 minutes] this value decreased to 19+5% [n=21]. Such (2R,4R)-APDC 
ejections had little or no direct effect on postsynaptic excitatory responses of VB 
neurones evoked either by ionotropic glutamate receptor agonists or sensory 
stimuli. In contrast, the Group I agonists (S)-3,5-DHPG and tADA did not reduce 
sensory inhibition, although they could exert postsynaptic actions on VB neurones.

These findings show that agonists which are active at group II mGluRs are able 
to modulate sensory-evoked inhibition in VB, without apparent postsynaptic effect. 
This provides further support for the hypothesis that Group II mGluRs may 
modulate GABAergic transmission in VB via a presynaptic mechanism, whereas 
Group I mGluRs appear to have a postsynaptic function.

[Supported by The Wellcome Trust. Thanks to Drs D Schoepp & J Monn (Lilly 
Research) for gifts of (2R,4R)-APDC.]

912.2
A THALAMIC RELAY SITE OF THE COLD PATHWAY IN HUMANS. K.D, Davis*1, 
A.M.Lozano1. R.R, Tasker1. Z.H.T. Kiss1 and J.O, Dostrovskv2. Departments of Surgery1 
and Physiology2, University of Toronto, Toronto, Ontario, Canada.

The thalamic and cortical sites involved in sensing cold stimuli are unclear. However 
recent findings in the monkey suggest that the sensation of cold is mediated by a pathway 
ascending from lamina I of the spinal and medullary dorsal horn to the insular cortex via a 
relay in the posterior part of the thalamic ventromedial nucleus (VMpo) and that an 
anatomically analogous region exists in humans (Craig et al. Nature 372:770-3, 1994). To 
test this hypothesis we examined the effects of microstimulation and responses of neurons 
to cooling in the thalamus of awake patients undergoing stereotactic microelectrode thalamic 
mapping to localize the target for thalamotomy or implantation of chronic stimulating 
electrodes. Neuronal recordings were obtained and receptive fields determined throughout 
electrode penetrations through thalamus. At 0.5-1 mm intervals the sensations evoked by 
microstimulation (300Hz, Is train, <100pA) were noted. Such stimulation in the tactile 
relay, ventrocaudal nucleus (Vc), typically evokes paresthesia but rarely cold sensations.

In 9 patients we were able to elicit innocuous cold sensations at low stimulus intensities 
(mean = 11 pA) at sites in a l-3mm region located ventroposterior to face Vc or l-4mm 
medial to this location. In many cases, stimulation 1 or 2mm below this region evoked 
auditory responses. This ‘cold’ region corresponds to the location of VMpo in the human. 
In 4 of 5 cases tested, patients reported increasing intensity of the cold sensation with 
increasing stimulation current. In many cases stimulation just ventral or lateral to this region 
evoked sensations of warm and/or pain. Single and multiunit responses to cutaneous 
cooling stimuli at sites of thalamic stimulation-evoked cold sensations were evoked in 3 of 
these patients. These consisted of graded excitations with phasic and tonic components. 
Excitatoiy responses could be evoked by cooling steps as low as 1 °C and increased with 
larger cooling steps within the innocuous range. Some paradoxical responses were evoked 
by noxious heating. The receptive fields of these neurons corresponded to the thalamic 
stimulation-evoked cold projected fields on the hand or arm. These data strongly implicate 
VMpo as a major component of the cold pathway in humans. (Supported by MRC and NIH)
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912.3
Evidence  for  Active  Sleep -Related  Presynaptic  Inhibitory  
Control  of  Sensory  Transmission  Within  the  Ventro -postero - 
medial  Thalamic  Nucleus  (VPM). P.J. Soia*, B.E, Cairns and S.A. 
McErlane. Faculty of Pharmaceutical Sciences, University of British 
Columbia, Vancouver, Canada V6T1Z3.

We previously reported that tooth pulp-evoked activity of trigeminal 
nuclear complex (TSNC) and trigemino-thalamic tract (TGT) neurons is 
suppressed during active sleep (AS) when compared to wakefulness (W; J. 
Neurophysiol., 73: 2486-2498, 1995; J. Neuroscience, 16: 8149-8159, 
1996). A process of primary afferent depolarization contributes to the AS- 
related suppression of tooth pulp-driven TSNC neuron activity (J. 
Neurophysiol. 75, 1152-1162, 1996). Whether similar suppresser influences 
also occur on the terminal arbors of TGT neurons within the VPM during 
AS is not known.

Accordingly, experiments were performed on three unanesthetized, 
chronically instrumented cats (ibid.). Graphs depicting magnitude of 
graded stimuli applied to the contralateral VPM vs. antidromic firing index 
(FI) were constructed for 8 extracellularly recorded TGT neurons. The 
current required to maintain an antidromic FI of 50% (EC50) during W 
was extrapolated and compared with that during AS.

Overall, the average EC50for AS was diminished relative to W (EC50w 
= 194 ± 41 pA; EC50as  = 185 ± 41 pA; p < 0.05, paired Student’s t test) 
indicating that TGT axon terminals depolarize during AS. Individually, 
AS-related depolarization occurred in 5 of 8 TGT terminals. The AS- 
related decrease in the EC50 values ranged from 2-27 pA. The EC50 
values for the remaining 3 TGT terminals did not differ between W and AS.

The present findings indicate that sensory information conveyed 
through TGT may be controlled by presynaptic influences impinging on 
the terminals of TGT neurons within the VPM. Depolarization of TGT 
terminals may contribute to the suppression of ascending sensory 
transmission that occurs during AS. Supported by NIH (NS 32306).

912.4
Activity  of  Trigemino -Thalamic  Tract  (TGT) Neurons  During  
Rapid  Eye  Movement  (REM) Episodes  of  Active  Sleep . M.P. 
Kristensen*, B.E. Cairns, S.A. McErlane and P.J. Soja. Faculty of 
Pharmaceutical Sciences, UBC, Vancouver, BC, Canada, V6T1Z3.

A large proportion of individual cat TGT neurons exhibit increased or 
decreased discharge rates during active sleep (AS) relative to wakefulness 
even though the population mean firing frequency appears unaffected (J. 
Neuroscience 16: 8149-8159, 1996). The state of AS is characterized by 
periods of REM which frequently coincide with oneiric facial twitches; these 
movements may result in increased afferent input to TGT neurons. In the 
present study, we examined ongoing spike activity of extracellularly 
recorded, antidromically identified TGT neurons in chronically 
instrumented (ibid.), drug-free cats (n = 3) around spontaneously occurring 
phasic REM episodes of AS.

REM episodes were operationally defined as isolated epochs (> 1 s) of 
enhanced electro-oculographic activation (> 4 movements/s) and clustered 
ponto-geniculo-occipital waves. REM-related changes in ongoing discharge 
rates (A > 2SD) were detected in ~ 80% of the sampled TGT neurons (n = 
14). Relative to AS baseline, spike activity declined in « 60% (n = 8) and 
increased in ~ 20% (n = 3) of the cells. Spike activity minima (Ax ~ -60%) 
and maxima (Ax ~ +500%) appeared 0.6 ± 0.4 s after REM onset.

The present findings suggest that a majority of TGT neurons may 
undergo REM-related suppression of ongoing spike discharge. A 
consequence of suppression would be a reduction of sensory input to the 
thalamus during REM episodes. It is unclear whether the smaller group of 
cells that are facilitated during REM episodes represent a functionally 
distinct subpopulation of TGT neurons and whether their increased 
discharge is transferred to thalamic projection neurons since transmission 
through the TGT may be impeded by presynaptic inhibition within the 
thalamus during AS (P.J. Soja et al., this volume).

Supported by NIH (NS 32306).

912.5
BARRELETTE CELLS WITH PHASIC VS. TONIC RESPONSES 
HAVE DIFFERENT MORPHOLOGIES. B.J, Davis*. J.G. Golden & 
M.F. Jacquin. Dept. Anatomy & Neurobiology, Univ. Maryland Sch. Med., 
Baltimore, MD 21201; Dept. Neurology & Center for the Study of Nervous 
System Injury, Washington Univ. Sch. Med., St. Louis, MO 63110.

Cells in the rat trigeminal nucleus principalis (PrV) tend to respond best to 
deflection of 1 whisker and to have similar morphologies. Dendritic trees 
usually are restricted to 1 column of PrV neuropil (barrelette) representing 1 
whisker. Yet, PrV cells have varied response profiles to whisker deflection 
that are not accounted for by primary afferent input patterns. We have begun 
to test the hypothesis that response features predict variance in PrV dendritic 
trees. Intracellular recording, receptive field mapping, HRP staining, and 
computer-assisted reconstruction methods were used to compare the dendritic 
trees of thalamic-projecting PrV cells with rapidly- (RA) vs. slowly-adapting 
(SA) responses to sustained whisker deflections (means +. SDs follow):

RA SA
# of proximal dendrites (dend) 5.6 +. 2.3 5.0 + 1.0
dend fiber length (p) 880 + 181 1,452 + 849
dend surface area (pj) 2,740 + 597 4,547 + 2,502
dend volume (py) 925 + 293 1,832 + 982
dend envelope area (p1) 3,225 ± 863 13,418 + 11,080
dend envelope volume (p3) 29,727 + 10,473 173,403 + 157,121
It of dend branch points 19.6 + 4.9 26.8 + 18.5
# of dend appendages 64.0 + 21.1 99.3 + 73.4

Other cells responding to mystacial guard hair (RA) or skin (SA) also had 
morphologies predicted by adaptation properties. Thus, PrV cell adaptation 
rates account for dendritic variance. NIH DE07662, DE07734, NS 17763.

912.6
OSCILLATORY ACTIVITY IN THE DORSAL COLUMN NUCLEI OF THE 
RAT. F. Panetsos. A, Nunez and C. Avendano*. Dept. of Morphology, Sch. of 
Medicine, Univ. Autonoma de Madrid, Madrid 28029 and Dept. of Electrical, 
Electronic and Control Engineering, Sch. of Industrial Engineering and Sch. of 
Informatics, UNED, Madrid 28040, Spain.
Sensorimotor cortex of awake animals express oscillatory activity during exploratory 
and motor behavior. To determine if oscillations is a general characteristic of the 
information processing mechanisms of sensorimotor pathways, unit and multiunit 
recordings were performed in the dorsal column nuclei (DCN) of urethanized rats by 
means of tungsten microelectrodes (2-5 MQ). Sensory stimulation of the receptive 
fields (RFs) were performed with manual probes or air-jets (1-2 bar, 300 ms). 
Multiunit recordings revealed the existence of oscillatory activity in the 4-22 Hz 
frequency range spontaneously (33% of the cases) or, more commonly, during 
sensory stimulation (83%). Multiunit recordings were also performed in the DCN 
two to seven hours after aspiration of the sensorimotor cortex. In these conditions, 
oscillating activity was also observed at rest or during sensory stimulation. Unit 
recordings revealed two types of DCN cells: LF neurons were silent or had a very 
low spontaneous activity (<10 spikes/s). Most of them were identified as thalamic 
projecting cells because they were antidromically activated from the medial 
lemniscus. Many'LF neurons (51%) showed oscillatory activity only when sensory 
stimulation was applied to their RFs (6.9±0.6 Hz, range: 2-12.5 Hz). HF cells 
displayed a higher spontaneous discharge rate (>10 spikes/s). None of them was 
identified as projection neurons by medial lemniscus stimulation. All HF neurons 
displayed rapid oscillations at rest (14.1±1.3 Hz, range: 4.5-22 Hz), which either 
remained unchanged or shifted to a lower frequency state during sensory stimulation 
of their RFs. Axon recordings in the dorsal column did not reveal oscillatory 
activity, indicating that the DCN transform a non-rhythmic input from the periphery 
to a populational oscillatory output to the somatosensory thalamus during sensory 
stimulation.
Supported by CICYT (SAF96-0031).

912.7
INFLUENCE OF SKIN TEMPERATURE ON CUNEATE NEURON ACTIVITY. H.D, 
Schwark*, C.F. Tennison and O.B, Ilyinsky. Dept. Biological Sciences, University of North 
Texas, Denton, TX 76203.

Changes in skin temperature activate specific thermoreceptors as well as certain 
rapidly adapting (RA) and slowly adapting (SA) tactile receptors. While specific 
thermoreceptive information appears to travel primarily along anterolateral pathways to the 
thalamus, the temperature sensitivity of tactile receptors suggests that neurons in the dorsal 
column-medial lemniscal pathway may also be sensitive to skin temperature. To test this 
idea, we measured the effects of changes in skin temperature on spontaneous firing rates of 
cuneate neurons with tactile receptive fields on the forelimbs of barbiturate-anesthetized 
cats.

Receptive field temperature was raised using a radiant heat source (typically turned 
on for 2 min, which raised skin temperature by 5-20°C). In all but one test skin 
temperature remained below 45°C. Receptive fields were cooled by removing the heat 
source or by applying acetone (which rapidly lowered skin temperature by 2-7°C). The 
criterion for an effect of the thermal stimuli was a change in spontaneous firing rate of at 
least 50% from baseline.

Twenty-two of 29 (76%) cuneate neurons (with receptive fields on glabrous or 
hairy skin) responded to the thermal stimuli. Firing rates increased with warming in 13 
neurons (45%; 9 RA, 4 SA). Firing rates increased with cooling in 5 neurons (17%; 3 RA, 2 
SA). Complex responses, consisting of a response to warming (moderate or strong) as well 
as a strong response to cooling, were elicited from 4 neurons (14%).

The results demonstrate that, within the dorsal column-medial lemniscal system, 
responses to changes in skin temperature occur not only at higher levels but also in the 
dorsal column nuclei. The responses of cuneate neurons to changes in skin temperature 
are more complex than those of peripheral afferents. The effects of skin temperature on 
response properties of cuneate neurons are presently being investigated.

Supported by NSF IBN9221956

912.8
ESTROUS VARIATIONS IN RESPONSES OF NEURONS IN THE RAT 
GRACILE NUCLEUS (NG) TO STIMULATION OF SKIN AND PELVIC 
VISCERA. H.B. Bradshaw* and K.J. Berkley, Program in Neuroscience, Florida 
St. Univ., Tallahassee, FL 32306-1051.
Recent studies have shown that neurons in the gracile nucleus of female rats 
respond not only to hindquarter tactile stimulation but also to stimulation of 
reproductive and other pelvic visceral structures. Given huge estrous changes in 
a rat’s reproductive and other behaviors evoked by these skin and visceral 
stimuli, this study tested the hypothesis that tactile and visceral responsiveness 
of NG neurons would vary with estrous stage. Responses of multineurons in a 
single locus of NG (0.2mm lateral and ventral to obex) to gentle tactile stimula-
tion, distension of uterus, vagina and colon, and probing of cervix were 

recorded exactly the same way in 
j 40 T _r 16 urethane-anesthetized rats (4
“ each estrous stage) by two

experimenters blind to the rat’s 
estrous condition. Skin receptive 
fields varied significantly with 
estrous, being largest and most 
likely to include the perineum 
during proestrus (when the rat is 
fertile and most easily aroused) 
and smallest during metestrus

(Fig). Overall visceral responsiveness showed no consistent variation with 
estrous stage. However, during proestrus (when skin receptive fields were 
largest), responses to visceral stimuli were primarily inhibitory, while during 
metestrus (when skin fields were smallest), they were primarily excitatory, 
being equally mixed in the other two stages. These results demonstrate estrous 
variations in the balance of skin and visceral responsiveness of neurons in the 
gracile nucleus of the female rat. Supported by NIH grant NS 11892.

■
Diestrus 

Estrous Stage
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912.9
Spike  Activity  of  Spinoreticular  Tract  Neurons  during  
WAKEFULNESS AND Sleep . S.A. McErlane*. M.P. Kristensen and 
P.J, Soia. Faculty of Pharmaceutical Sciences, University of British 
Columbia, Vancouver, BC, Canada V6T1Z3.

Sciatic nerve-evoked field potentials recorded in the spinoreticular tract 
(SRT) at the level of the facial motor nucleus (MotVII) are suppressed during 
the state of active sleep (AS) when compared to wakefulness (W) or quiet 
sleep (QS; J. Neurophysiol., 70: 1708-1712, 1993). Suppression of lumbar 
SRT neuronal activity might be predicted if descending inhibitory 
mechanisms are engaged during AS. However, the activity of individual 
SRT neurons across the sleep/wake cycle is not known. Accordingly, we 
recorded extracellularly spike activity of antidromically identified L3 SRT 
neurons during W, QS, and AS.

Experiments were performed on two chronically instrumented cats (J. 
Neuroscience Meth., 60: 227-239, 1995). Low-intensity stimuli (83.8 pA ± 
58.2, SD) delivered to the contralateral SRT fiber tract located ventral to 
MotVII antidromically activated SRT neurons in the spinal gray matter 
adjacent to Clarke’s column. The estimated mean axonal conduction velocity 
of 14 SRT neurons measured 87 ± 14 m/s (SD; range: 60-112). The group 
mean spontaneous spike rate during W (16.9 ± 4.0 Hz) did not differ from 
that observed during QS (16.1 ± 3.6 Hz). However, during subsequent 
episodes of AS, SRT neuronal spike activity (10.1 ± 2.6 Hz) was reduced by 
~ 40% when compared to W (p < 0.05, paired Student’s t test). Upon re-
awakening from AS, SRT neuron spike activity returned to previous W levels 
(15.9 ± 3.6 Hz). Interspike interval histogram distributions (ISIH) revealed 
larger peaks at shorter intervals as well as long skewed tails during AS these 
patterns were not present in ISIHs of QS and W. The coefficient of variation 
of interspike intervals increased by 176% during AS.

These data suggest that synaptic transmission through the SRT is reduced 
during AS. We speculate that state-dependent control of SRT neuron activity 
may be mediated by descending influences. Supported by NIH (NS 34716).

912.10
Spinoreticular  Tract  Neurons : A Comparison  of  
Activity  during  Wakefulness  vs . Thiopental  Anesthesia .
N. Taepavarapruk*. S.A, McErlane, W. Pang and P.J. Soja. Faculty 
of Pharmaceutical Sciences, UBC, Vancouver, BC, Canada V6T1Z3.

The spinoreticular tract (SRT) is a classical ascending sensory tract 
involved m conveying tactile and nociceptive information to the brain (see 
monograph by Willis and Coggeshall, 1991). Most electrophysiological 
studies or SRT neurons have been performed in “acute” animal preparations 
where barbiturates or other hypnotic agents have been commonly used to 
produce and/or maintain anesthesia following surgical exposure of the 
spinal cord. The present study was performed to assess the extent to which 
barbiturate anesthesia, per se, alters the excitability of individual SRT 
neurons in the intact cat.

Seven neurons located in the L3 spinal cord gray matter were 
antidromically identified as SRT neurons in two chronically instrumented 
cats (J. Neuroscience Meth., 60: 227-239, 1995). Baseline activity during 
drug free-periods of W measured 27.1 ± 6.1 Hz and 27.5 + 6.3 Hz following 
a control injection of saline. The short acting barbiturate thiopental (15 
mg/kg, iv), slowly infused over 3 min, rapidly induced unconsciousness, 
EEG synchronization, areflexia, atonia as well as miosis. SRT spike 
activity was reduced by ~ 56% and measured 11.9 ± 5.6 Hz five min 
following thiopental injection (ANOVA, p < 0.05). The ongoing firing rate 
returned to control values within 25 min. SRT neuronal responses evoked 
by low-intensity stimulation of cutaneous receptive fields of the ipsilateral 
flank or proximal tail region were also markedly reduced by thiopental. 
Antidromically propagated spikes were not affected in any of the SRT 
neurons tested.

These data suggest that synaptic transmission through the SRT is 
blocked by barbiturate anesthetics. A major implication of these findings is 
that studies of SRT neuron activity must be interpreted with caution when 
the data is obained from “acute” anesthetized animal preparations.

Supported by NIH (NS 34716).

912.11
EFFECT OF METHYSERGIDE ON HALOTHANE-INDUCED 
REDUCTIONS OF RAT SPINAL DORSAL HORN LOW- 
THRESHOLD RECEPTIVE FIELDS. H. Iwakura*. T. Tsukamoto.
M. Koshizaki, S.G, Shimada. J.G. Collins. Dept. of Anesthesiology, Yale 
Univ. Sch. of Med., New Haven, CT 06520

We reported previously that GABAa  systems played only a partial role 
in halothane-induced reduction of low-threshold receptive field (RF) size. 
We hypothesized that serotonin may also be involved in anesthetic- 
induced reduction of low-threshold RF size.

Extracellular activity of single spinal dorsal horn neurons was recorded 
in decerebrate, spinally-transected rats. After mapping the low-threshold 
RF in the presence of 0.0% (0 MAC) and 1.1% (1.0 MAC) halothane, 
animals received two I.V. injections of 1.0 mg/kg methysergide 
(5 HT 1/2) antagonist to a cumulative dose of 2.0 mg/k. Following each 
methysergide injection, we re-evaluated RF size.

To date, 6 neurons have been examined. The administration of 
methysergide had no direct effect on RF size, but caused a partial 
reversal of the halothane-induced reduction of the low-threshold RF size.

As we have seen with GABAa  systems, serotonin appears to play a 
partial role in halothane reduction of RF size. These data support site- 
and drug-specific actions, rather than an unitary mechanism of action for
general anesthetics.

Supported, in part, by NIH GM44954.

912.12
GABA AND GLYCINE MEDIATE SEPARATE MINIATURE IPSCs IN 
IDENTIFIED LAMINAE I II NEURONS OF THE ADULT RAT SPINAL 
DORSAL HORN. N. Chery* and Y. De Koninck. Dept. of Pharmacology & 
Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6.

Previous studies report co-localization of GABA and glycine in synaptic bou-
tons of laminae I-III of the rat spinal dorsal horn (Todd etal, J.Neurosci. 
16:974,1996). Glycine-like immunoreactivity (LI) appeared virtually restricted to 
neurons that also showed GABA-LI within this area (Todd & Sullivan, J. Comp. 
Neurol 296:496,1990) and many terminals presynaptic at glycine-receptor (GlyR) 
immunoreactive synapses showed GABA-LI (Mitchell etal, J.Neurosci. 13:2371, 
1993), raising the question as to whether GABA and glycine are contained within 
the same synaptic vesicles and co-released. To answer this question, we used 
whole-cell recordings of miniature IPSCs (reflecting transmitter release from single 
vesicles) in laminae I-IIo of adult rat spinal cord slices. Lamina I projection neu-
rons were retrogradely labelled with fluorescent microspheres. Cells were also 
filled with Lucifer Yellow and morphologically identified using 3D reconstructions 
of confocal images. Miniature CF dependent IPSCs were observed in the presence 
CNQX, D-AP5 and TTX in 77 of 90 recorded neurons. Some neurons displayed 
mIPSCs that were reversibly blocked by 100 nM strychnine while other cells had 
mIPSCs blocked by 10 pM bicuculline. Most mIPSCs had monoexponential decay 
kinetics. Strychnine- and bicuculline-sensitive mIPSCs had similar rise times 
(400±200ps vs. 600±400gs, respectively), but distinct decay kinetics 
(rD = 6.4±1.3ms vs. 11.5±1.4ms, respectively) at 24-26°C. In some cells, both 
strychnine- and bicuculline-sensitive mIPSCs were observed with distinct monoex-
ponential t d . The antagonists blocked specific classes of mIPSCs rather than par-
tially attenuating all of them. Over 75% of the neurons in laminae I-IIo had strych-
nine-sensitive mIPSCs against 33% with bicuculline-sensitive ones. This contrasts 
with previous reports of low GlyR-LI in laminae I-II. The results indicate that 
GABA and glycine are contained in separate vesicles and act on distinct classes of 
laminae I-II neurons. (Supported by NINDS, Canadian MRC and Quebec FCAR)

912.13
FUNCTIONAL RELATIONSHIPS BETWEEN THE NEURONAL ENSEM-
BLES GENERATING SPONTANEOUS NEGATIVE CORD DORSUM 
POTENTIALS AND SINGLE DORSAL HORN INTERNEURONS. R
Manjarrez. I, Jimenez and P. Rudomin*. CINVESTAV-IPN, Dept Physiol, Biophys, & 
Neurosc. Mexico 07000.

We have shown that in the cat spinal cord the neuronal ensembles producing 
spontaneous negative cord dorsum potentials (sCDP's) are located within the dorsal 
horn, in the same region where low-threshold cutaneous afferents terminate (Abs. 
Soc. Neurosci. 340.1, 1996). During the ocurrence of the sCDP's the monosynaptic 
field potentials produced in the dorsal horn by stimulation of cutaneous nerves were 
facilitated. We have now examined the changes in the spontaneous firing during 
the sCDP's of 12 dorsal horn intemeurons responding to stimulation of low thresh-
old (<3xT) cutaneous fibers. In 6 intemeurons, spike triggered averaging showed 
time-locked cord dorsum potentials preceding the intemeuronal spike as well as 
dorsal root potentials (DRP's). Five of these six interneurons fired in synchrony 
with the sCDP's. Two of them responded monosynaptically to stimulation of cuta-
neous afferents and the others oligosynaptically. In contrast, the activity of the other 
6 interneurons was not changed during the sCDP's. Five of them responded 
oligosynaptically and one monosynaptically to cutaneous inputs. Spike triggered 
averaging disclosed time-locked DRP's without a cord dorsum potential in 3 
intemeurons. These intemeurons could be involved in the generation of PAD. It is 
suggested that the sCDP's are generated by activation of a small group of dorsal 
horn interneurons which may recruit other intemeurons because of mutual excitatory 
connections within the network. The spread of excitation would be limited by si-
multaneous activation of inhibitory intemeurons, located either in the same spinal 
region or in the intermediate nucleus. Partly supported by NIH grant NS09196 and 
CONACyTgrant 41739

912.14
ASSESSMENT OF DORSAL HORN SPATIAL CODING BY THE 
METHOD OF REFERRED REPRESENTATION. P. B, Brown*. R, 
Millecchia. Dept. of Physiology, W. Va. Univ., Morgantown, WV 
26506.

We predict spatial patterns of cells activated by tactile stimuli by simu-
lating all lamina III-IV cell receptive fields (RFs) and determining which 
RFs overlap the stimuli. However, it is difficult to perform spatial dis-
criminations other than same/different judgments based on predicted 
spatial patterns, because punctate stimuli often give rise to multiple 
clusters of activated cells. It is more appropriate to depict the spatial 
distribution of activated cells’ RFs on the skin, and to treat the aggre-
gate of their RFs as the spatial information available about a stimulus. 
Hypothesized judgments performed by the nervous system based on such 
referred representations can then be tested against psychophysical per-
formance.

The identities of responding model neurons were determined by identi-
fying those cells whose excitatory RFs overlapped simulated stimuli on 
the hindlimb. Their RFs were then “stacked”, in a pseudocolor display of 
the unfolded skin. These referred representations showed dependencies 
on map scale, innervation density and RF size, and predicted effects of 
stimulus location and orientation on two-point discrimination similar to 
those observed experimentally in humans. Additional unexpected de-
pendencies were also observed.

Supported by USPHS grant 1 R01 NS29997.
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912.15
UNMASKING NOVEL DORSAL HORN RECEPTIVE FIELD 
COMPONENTS BY LOCAL ANESTHESIA S, Stephens, R. Millec-
chia. J, Culberson. M. Field. W. Gladfelter*. and P, Brown. Dept. of 
Physiology, W. Va. Univ., Morgantown, WV 26506.
Pettit & Schwark (1993) unmasked latent receptive field components of 
nucleus gracilis cells by anesthetizing their original receptive fields. We 
have performed similar experiments in the dorsal horn to test whether 
normally ineffective connections can be rendered effective by a similar 
unmasking process.

While recording single units in the dorsal horn of anesthetized cats we 
applied local anesthetic to their low threshold mechanoreceptive fields. 
Emerging receptive fields were found both proximal and distal to the 
original receptive field but not medial or lateral. New receptive field 
components from non-contiguous areas of skin were never unmasked.

Unmasking of RF components which are proximal or distal to the 
original RF is equivalent to enabling connections lateral and medial to 
the normally effective connections in the dorsal horn. This implies that 
the inhibition blocked by local anesthetic constitutes a sculpting mecha-
nism to provide greater physiological acuity than would be afforded by 
passive sampling of the presynaptic neuropil by dorsal horn cell den-
drites. The pattern of unmasking receptive fields is not consistent with 
the enabling of long ranging afferent connections.

Supported by USPHS grant 1 R01 NS30725.

912.16
RECONSTRUCTION OF 2-D SOMATOTOPY FROM 1-D CDPS. R. Millecchia*, 
S. Stephens. J. Lawson, J. Culberson, P. Brown, P. Harton, and L, Hicks Depts of 
Physiology and Anatomy, West Virginia University, Morgantown, WV 26505

We previously developed a descriptive model of the entire cat dorsal horn (DH) cell 
population by fitting ellipses to the receptive fields (RFs) of 500 DH cells. A plot of 
each of the ellipse parameters [distance (D) of its center from tips of toes, angular 
position of its center around leg, area, length/width ratio, and orientation of its long 
axis relative to leg axis] vs. rostrocaudal (RC) and mediolateral (ML) location of DH 
cell was fit with an exponentially smoothed surface. These surfaces plus a surface of 
DH cell density vs. RC and ML were used to simulate RFs for the 100,000 DH cells.

Cord dorsum potentials (CDPs) were recorded with surface electrodes placed at 15 
RC locations along the lumbosacral spinal cord. CDPs were evoked by electrically 
stimulating 32 standard sites on hind limb. The D of each standard site was used to 
generate a smoothed surface of CDP vs. RC and D. Since RC distribution of CDPs is 
flatter than cell distribution, we sharpened the RC spread with a deconvolution pro-
cedure. We multiplied deconvolved CDPs by innervation density at each site to 
adjust for total afferent inflow. The ML axis of the DH maps the distal to proximal 
axis of the skin; afferent axons project into the DH in the same somatotopic order. 
We simulated this projection by integrating the CDP surface along the D axis from 
distal to proximal, and normalized the max. value at each RC level to 1.0. The nor-
malized integrated CDP axis is equivalent to the ML axis of the DH and the surface 
formed by interchanging D and ML is effectively the somatotopic gradient of D for 
primary afferents. The somatotopic gradient of D for DH cells is obtained by sam-
pling the presynaptic surface with a window about the size of DH cells’ dentritic 
fields. This D surface compares very well with the D surface of our population of DH 
cells. We applied the same procedure to the angular position of the standard sites. 
The resulting surface is not statistically different from the angular position surface of 
our population of DH cells. Supported by USPHS grant 1 R01 NS299997.

912.17
C-FOS EXPRESSION IN RAT Cj.2 SPINAL NEURONS FOLLOWING 
PERIPHERAL STIMULATION. K.E. Miller*1, RE, Papka1, M.J. 
Chandler2, and R.D. Foreman2, ’Dept. Anatomical Sciences, 2Dept. 
Physiology, Univ. Oklahoma Health Sci. Ctr., Oklahoma City, OK 73190

Previous studies from our laboratories have indicated that neurons in Ci.2 
spinal segments can be activated by electrical stimulation of peripheral 
afferents (Razook et al., Pain 63:117, 1995; Zhang et al., Brain Res. in press, 1997). 
Some Ci.2 neurons may be propriospinal with descending projections for 
mediating the activity of dorsal horn neurons in lower spinal segments (Zhang 
et al., Brain Res. 709:337,1996). To further understand the activation of upper 
cervical neurons, c-fos immunoreactivity was used to detect activated neurons 
following peripheral stimulation. In a set of male rats, formalin (1%, 50- 
lOOpl) was injected into the hindpaw. In a group of female rats, 
vaginocervical stimulation was administered. After 2-4 hrs, L4.S1 and Ci.2 
segments were collected and tissue sections processed for c-fos 
immunohistochemistry. C-fos-immunoreactive (IR) neurons were present in 
the L4.5 and L6-Si dorsal horns for formalin and vaginocervical stimulations, 
respectively. For both types of stimulation, c-fos-IR neurons in the Ci.2 spinal 
segments were located in a distribution similar to propriospinal neurons: 
lateral spinal nucleus, nucleus proprius, and central gray region (lamina X). 
From these results, we hypothesize that Cj,2 propriospinal neurons are 
activated by peripheral stimuli and, in turn, mediate the responses of neurons 
at lower spinal segmental levels.
Supported by NIH# NS-33081, NS-22526, HL-52986 and Presbyterian 
Health Foundation.

912.18
WHISKING BEHAVIOR AND TACTILE DISCRIMINATION IN THE HEAD- 
FIXED RAT: AN OPERANT CONDITIONING PARADIGM. M. Harvey and H, 
P. Zeigler*. Hunter College (CUNY)

The rat’s vibrissal movements provide a sensorimotor interface between 
somatosensory inputs and discriminative behaviors. We report a procedure for the 
study of vibrissa-mediated tactile discrimination in the head fixed-rat. Subjects are 
gentled, fitted with a head mount, water-deprived and adapted to a restraint device 
modified by the addition of a conventional operant conditioning lever. Tactile 
discriminanda are mounted on a turntable, driven by a programmable stepping 
motor. They are rotated into place parallel to the vibrissae, on either the right or 
left side of the snout, within the path of the whisking trajectory. All testing takes 
place in the dark. Moderate rates of lever pressing are established using a VI 
schedule. A successive discrimination paradigm is used to bring lever pressing 
under the control of discriminative stimuli by differentially reinforcing responses 
made in the S+ condition while extinguishing responses made in the S-condition. 
Differential control by the reinforced stimulus is reflected in the relative rates of 
lever pressing responses in the two conditions. Subjects were initially trained to 
detect the presence (S+) or absence (S-) of a tactile discriminandum using 
whiskers on only one side of the snout. On S+ trials a textured discriminandum 
was rotated into place; on S- trials the stepping motor was activated but no 
discriminandum was present. Three subjects were trained to criterion on this task 
using whiskers on the right side. When tested with the whiskers on the left side, 
transfer was accomplished within one or two sessions. Subjects were subsequently 
trained on a rough-smooth texture discrimination. The procedure maximizes 
stimulus control, avoids confounds due to head movements, does not require visual 
occluders, and is compatible with optoelectronic monitoring of individual vibrissae 
movements. (Supported by Grant MH-03866 and Research Scientist Award MH- 
00320 to H P Z).

912.19
HUMAN KNEE JOINT PROPRIOCEPTION CHARACTERIZED BY MEANS OF 

SIGNAL DETECTION THEORY. H.-T. Weiler* and F. Awiszus.

Otto-von-Guericke-Universitat, Medizinische Fakultat, Orthopadische Universitats- 

klinik, Forschungsabteilung, Leipziger Str. 44, D-39120 Magdeburg, Germany

The study was designed to determine the psychometric functions of movement 

detection in the knee joint for four different angular velocities with eight different 

angular displacements by means of signal detection theory (SDT). That approach was 

used to distinguish detection acuity from subject’s decision criterion, since results in 

former studies were confounded with the central evaluation of sensory input and 

therefore, did not represent the real detection acuity. Considering the psychometric 

functions on basis of bias-free d’ values or PCmax values, the threshold for 

movement detection was lower than 0.25° for the three faster velocities (0.1, 0.5, 

0.6° s-1) and lower than 0.75° for the slowest (0.05° s-1). A larger angular 

displacement would reveal no further information. The detectability can only be 

improved by increasing the angular velocity. This characteristic can be explained by 

rapid adapting receptors suggesting that muscle spindles were responsible for the 

results found.

Supported by Deutsche Forschungsgemeinschaft Aw5-2/l

912.20
TACTILE HYPERACUITY: NEURAL MECHANISMS UNDERLYING 
GAP DISCRIMINATION H.E. Wheat, A.W. Goodwin* & H.M. Gehring. Dept. 
Anat. & Cell Biol., University of Melbourne, Parkville Vic 3052, Australia.

Gaps and edges are prominent features of many of the objects we handle. 
The nervous system encodes these variations in surface geometry with 
sufficient precision to allow small variations in either feature to be detected. 
We quantified this in two series of human psychophysical experiments 
using a forced-choice task. Subjects were required to discriminate small 
differences in the width of gaps milled into flat surfaces. The standard 
stimulus had a gap width of 2 or 2.9 mm and the comparison stimuli had 
gaps which ranged from 0.05 to 0.4 mm larger than the standard stimuli. 
The average difference limen across 6 subjects was around 0.2 mm which is 
consistent with other studies on interval discrimination but well below that 
predicted simply on the basis of mechanoreceptive afferent spacing.

The neural mechanisms underlying this capacity were investigated by 
using the same stimuli to activate mechanoreceptive afferents innervating 
the fingerpads of anesthetized monkeys. The stimuli were stepped across 
the receptive fields in small increments to generate complete response 
profiles. The edges of the gaps produced response peaks in the receptive 
field profiles and the gaps in the stimuli resulted in a decrement in response. 
Response peaks and troughs increased as gap width increased and it may be 
the difference between these two extremes in response which underlies 
human performance. Alternatively, a mechanism which measures the 
distance between response peaks may provide the information leading to the 
discriminatory performance observed in the psychophysical experiments. 
Supported by the NH&MRC of Australia
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913.1
EFFECT OF INFRAORBITAL NERVE TRANSECTION ON SEROTONIN 
TRANSPORTER EXPRESSION IN THE TRIGEMINAL SENSORY 
PATHWAY S. R. Hansson*, T.M. Cabrera-Vera and B. T, Hoffman. Lab of 
Cellular and Molecular Regulation, NIMH, Bethesda , MD 20892

Increased extracellular levels of serotonin (5HT) have been shown to 
disrupt barrel formation. The serotonin transporter (5HTT) is an important 
regulator of 5HT levels in the synaptic cleft. Following uptake, serotonin is 
packaged into synaptic vesicles by the vesicular monoamine transporter 2 
(VMAT2). We previously have detected 5HTT throughout the trigeminal 
sensory system: Merkel cells in the whisker follicles, trigeminal ganglion 
and nucleus (n.V), ventrobasal thalamus (VB) and somatosensory cortex 
(SI). VB relays sensory information from the whisker region to the barrels 
in the SI. Previous studies have shown that denervation of the whisker 
region also disrupt barrel formation in SI (Van der Loos and Woolsey 1973). 
In this study we have determined whether a unilateral transection of the 
infraorbital nerve on postnatal day 1 (Pl) effected the expression pattern of 
5HTT and VMAT2. We used in situ hybridization to measure 5HTT and 
VMAT2 mRNAs combined with quantitative autoradiography for 5HT 
transporter binding sites. No significant changes were detected in VMAT2 
or 5HTT mRNA expression in the VB or n.V at P5. Analysis of 3H- 
citalopram binding showed a significant decrease in the number of 
transporter binding sites in VB, contralateral to the lesion. In the SI, a 
trend towards a decreased number of transporter binding sites was observed 
but did not reach significance. However, the barrel pattern was less well 
defined contralateral to the lesion. These data suggest that peripheral 
inputs may not be necessary to regulate 5HTT and VMAT2 gene expression 
in the VB.

913.2
PROJECTIONS OF ZINC-SEQUESTERING NEURONS IN SOMATO-
SENSORY (SI) BARREL CORTEX. P. Land*. Dept. of Neurobiology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Rat SI contains a discrete population of presumptive glutamatergic neurons 
that sequester zinc within their synaptic terminals. Somata of zinc-containing 
cells are arranged in two tiers: laminae II/III, where zinc+ neurons constitute 
up to 50% of all neurons; lower lamina VI, where they occur in much lower 
proportion. Other laminae are virtually devoid of zinc-sequestering cells.

Intracortical connections of zinc+ neurons were investigated using zinc- 
specific retrograde labeling following iontophoretic injections of sodium 
selenide, a zinc chelator. Injections into supragranular laminae produced 
widespread labeling within the superficial tier of zinc+ neurons. Retrogradely 
labeled neurons were distributed in an uninterrupted pattern that spanned 
several barrel columns. The most distant connections arose from lamina II 
neurons that were located up to 1mm from injection sites. Supragranular 
injections also led to sparse labeling in lower lamina VI, where the horizontal 
distribution of labeled neurons largely was defined by the width of the 
superficial injection site. Infragranular injections similarly resulted in 
labeling within both tiers of zinc+ cells, but the density of labeled neurons in 
lamina VI was substantially greater than after more superficial injections. 
Horizontal extent of labeling after deep injections typically was several 
hundred microns or less. Neurons in ipsilateral SII and in contralateral SI 
were labeled by most SI injections, indicating that in addition to their role in 
spread of activity within and between barrel columns, zinc+ neurons 
contribute to long-range intrahem ispheric and callosal projections. 
(Supported by NSF grant IBN-9603964)

913.3
INTRINSIC SIGNAL OPTICAL IMAGING OF SENSORY EVOKED 
ACTIVITY IN RAT PARIETAL-TEMPORAL CORTEX. B. Brett*, C. Chen-Bee,
N. Prakash, R. D. Frostig. Dept. of Psychobiology, University of California, Irvine, 
Irvine, CA 92697-4550.

Using intrinsic signal optical imaging (ISI) we (Chen-Bee & Frostig, J 
Neurophysiol., 76:884-94,1996: Masino & Frostig, PNAS, 93:49242-7, 1996) have 
demonstrated that stimulation of individual whiskers consistently activates a large 
area in barrel cortex. In these previous studies, the anatomical correlate associated 
with the stimulated whisker (barrel) was centrally located within barrel cortex 
(central whisker). The purpose of this study was to determine whether stimulation 
of individual border whiskers (whiskers associated with barrels on the border of 
the barrel field) also evokes a large area of activity, and if so, whether the evoked 
activity is localized to barrel cortex, or extends beyond barrel cortex into the 
surrounding cortical regions.

We used ISI to examine activation patterns evoked by stimulation of a single 
whisker from a 6.8 x 5.1 mm2 region of rat parietal-temporal cortex that included 
both somatosensory and auditory cortex as verified with cytochrome oxidase 
stained sections of layer IV. Whisker A2 was chosen for stimulation because its 
associated barrel lies on the posterior-lateral border of the barrel field and is 
therefore adjacent to the agranular region between somatosensory and auditory 
cortex. Stimulation of whisker A2 with 5 consecutive 1.9° rostral-caudal 
deflections delivered at 5 Hz produced a large area of activity which was located 
over the appropriate barrel, but extended across neighboring barrels and into the 
surrounding agranular region. This result suggests that stimulation of a single 
border whisker is sufficient to evoke activity outside of the barrel field in agranular 
cortex. We are currently investigating whether the delivery of an auditory stimulus 
similarly evokes activity outside ol auditory cortex in the agranular region. 
Supported by NSF 1BN-9507936, NINDS NS-34519

913.4
CHARACTERIZATION OF THE FUNCTIONAL ORGANIZATION IN MOUSE 
BARREL CORTEX USING INTRINSIC SIGNAL OPTICAL IMAGING 
THROUGH INTACT SKULL. N, Prakash* & R. D. Frostig. Department of 
Psychobiology, University of California, Inane, CA 92697-4550.

Although optical imaging of inirinsic signals has been successfully achieved in 
the rat barrel-cortex (Masino cl al., PNAS, 90: 9998-10002, 1993), it has not been 
previously achieved in the barrel-cortex of the mouse. The purpose of this study 
was two-fold, 1) to characterize the functional organization of the adult mouse 
barrel-cortex and its relationship to the underlying anatomy, and 2) to study the 
patterns of activity evoked by single versus multiple whisker stimulation.

Adult male mice (33-43 g) were anesthetized with sodium pentobarbital. The 
scalp was incised and the mouse prepared for imaging with an intact skull. 
Deflection (all deflections: 3° at 5 Hz for 1 sec) of a single whisker resulted in a 
discrete area of functional activity in the contralateral barrel-cortex. The peak of 
activity for a given whisker was located over the anatomic barrel as verified by 
cytochrome oxidase staining. In agreement with our previous findings in the rat 
(Masino & Frostig, PNAS, 93: 4942-7, 1996: Chen-Bee & Frostig, J. Neurophysiol., 
76: 884-94. 1996), in the mouse the spread of functional activity when thresholding 
al 50% (area at half-height) exceeded the area occupied by the anatomic barrel in 
layer IV (N=4).

Simultaneous deflections of 3 whiskers in a row (Cl, C2 and C3) resulted in an 
area of evoked activity that was on average 2 times smaller than the area of evoked 
activity from stimulation of 3 whiskers in an arc (B2, C2, and D2) (N=4), 
suggesting a functional asymmetry between rows and arcs. We are currently 
investigating possible sources of this asymmetry.

Supported by: NINDS NS-34519, NSF 1BN-9507936, and the UCI Medical 
Scientist Training Program.

913.5
EXCITATION PROPAGATION IN A SINGLE BARREL AND 
ACROSSING THE NEIGHBORING BARRELS STUDIED BY OPTICAL 
IMAGING IN VITRO. H. inokawa*. S. Higashi, T. Kurotani, E. Akase and K. 
Toyama. Department of Physiology, Kyoto Prefectural University of Medicine, 
Kyoto 602, Japan

Rodent somatosensory barrel cortex provides an excellent model to study co-
lumnar organization of the cortical circuitry. Previous study using optical re-
cording in the thalamocortical slices of the rats revealed that electrical stimula-
tion of the thalamus produced patchy excitations corresponding to the anatomi-
cally identified barrel in the somatosensory cortex. In the present study we acti-
vate a single barrel by stimulating the white matter just underneath the barrel and 
studied spatiotemporal pattern of excitation propagation from a single barrel 
column to the neighboring barrels. White matter stimulation produced a single 
vertical excitation with narrow width propagate to the cortical surface and a 
single excitation patch in layer 4. Then excitation started to travel in two direc-
tions, vertically to upper layers and horizontally along the granular/supragranular 
border as well as the infragranular layers. Horizontal excitation propagation form-
ing a narrow band which predominantly in the granular/supragranular border 
compared with the infragranular layers, and finally produced another excitation 
patch in the layer 4 of the adjacent column. Glutamate antagonists eliminate the 
vertical excitation as well as the horizontal excitation propagation, leaving a 
small vertical component which may represent the antidromic response, sug-
gesting that the vertical and horizontal excitations mostly represent the synaptic 

responses. Supported by JSPS.

913.6
REAL TIME OPTICAL IMAGING OF WHISKER RESPONSES IN MOUSE 
SOMATOSENSORY CORTEX. J.P. Erinieri, D. Liu, C.M. Rovainen*, T.A. 
Woolsey. Departments of Neurology and Neurological Surgery and of Cell Biology 
and Physiology, Washington University School of Medicine, St. Louis, MO 63110.

Optical imaging protocols were adapted from rat to create a method for 
quickly and accurately accessing functional activation of cortex in mice. Urethane 
anesthetized Swiss Webster mice (Ig/kg, i.p.) were tracheotomized and a cranial 
window (8 mm i.d.) was placed over both hemispheres of the brain, leaving the dura 
intact. The vibrissae were stimulated manually or mechanically back and forth at 3-7 
Hz. White light reflected from the surface of the brain was filtered at 520-560 nm, a 
wavelength where hemoglobin absorption is a major contributor to the optical 
signal. Changes in the reflectance of primary somatosensory cortex following 
whisker stimulation were imaged at video rates using a research microscope, a CCD 
camera, and a frame grabber card on a Macintosh computer with public domain 
software (ScionIMAGE 1.61). Pial blood vessels were simultaneously imaged, and 
diameters were measured. High signal to noise allowed single frames to be captured 
and the optical change calculated without averaging, permitting capture rates of up to 
30 frames per second. Postmortem cytochrome oxidase histology localized the 
intrinsic optical signal (IOS) to barrel cortex. Optical changes can be recorded 
directly to video tape or can be saved in a digital format for post hoc analysis. 
Unlike many in vivo imaging techniques which require gating to the respiratory cycle 
to avoid motion artifact, this method utilizes an algorithm which generates the 
optical image by matching stimulated images with reference images in a similar 
period of the respiratory cycle. Real time optical imaging permits the exploration of 
functional rather than anatomical phenotypes in normal and in experimentally and 
genetically altered animals. Supported by NIH Grants NS 17763, NS 28781, the 
McDonnell Center for Studies of Higher Brain Function and the Spastic Paralysis 
Foundation of the Illinois-Eastern Iowa District of the Kiwanis International.
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913.7
EFFECT OF STIMULUS TIMING FOR CORTICAL INFORMATION 
INTEGRATION: AN OPTICAL IMAGING STUDY IN RAT BARREL CORTEX 
A, Aiima*1..2, K. Qliki'.^.Y, Itoh14, 5, Tanaka1, and P,-S, Kim1 DFRP, The 
Institute of Physical and Chemical Research (RIKEN), Japan, 2) PRESTO, JST, Japan. 
3) Dept. Physiol., Univ. Tokyo Sch. Med., Japan, 4) Dept. of Physics, WasednUuiv., 
Japan

Physiological studies of the rat somatosensory system may provide a unique 
opportunity to understand information processing in the cortex, by making the best of 
the clear-cut topography of whisker-related barrels in the somatosensory cortex. 
Although much is known about the spatial extent of whisker-related cortical activation, 
the question whether or not the timing of whisker stimulation plays a significant role 
in the integration of temporal information remains to be answered. In this study, we 
optically imaged evoked responses from barrel cortices of adult rats (sodium 
pentobarbital-anesthetized male "Long-Evans" rats) during stimulation to whiskers. A 
temporal pattern of stimuli to each whisker (6 rectangular pulses of 250msec width for
1.5 sec) was generated by amplifier-controlled commercial high-pitch speakers, and 
conducted through a rod with ring-shaped tip connected to the speaker. Pairs of 
whiskers were stimulated by two sets of stimulus generators with various time delays 
between 50 and 200 msec to bend either in the same or opposite direction. Our results 
demonstrated that simultaenous stimulation of D1-D2 whiskers (both in "same- 
direction" and "opposite-drection" condtions) elicited strong responses in barrels 
representing those whiskers. In contrast, responses evoked by stimulation of DI-D2 
wiskers in sequence were much weaker. We also stimulated different pairs of whiskers 
such as DI-D3 and Dl-Cl, and found a similar dependency of conical activities on 
stimulus timings. Taken together, it is suggested that the integration of temporal 
sequences of signals from indvidual whiskers is one of important actions of the rat 
somatosensory cortex for information processing.

913.8
SPATIAL AND TEMPORAL INTEGRATION OF RESPONSES TO 
MULTIPLE VIBRISSAL STIMULATIONS IN THE BARREL CORTEX 
OF RATS. S. Shimegi, T, Ichikawa, T. Akasaki, and H Sato*. 
Faculty of Health and Sport Sciences, Osaka Univ.,Toyonaka, 560 
JAPAN

In order to examine principles of sensory coding of an object moving 
across several vibrissae of rodents, we performed extracellular 
recordings in the barrel cortex of rats under urethane anesthesia. For 
stimulation, two neighboring vibrissae along a row were deflected 
simultaneously or successively with various interstimulus interval. A 
large population of neurons (42%) showed a facilitatory interaction of 
responses to mulitivibrissa stimulation, that is, the response was 
greater than the linear sum of the individual vibrissa responses. This 
facilitatory effect was temporally tuned to a narrow range (several 
milliseconds) of the interstimulus interval. Moreover, in many cases the 
facilitation was selective to a particular stimulus feature, such as 
combination of vibrissae, sequence and direction of deflection. Most 
neurons (72%) located in layer II/III showed facilitation, when the two 
vibrissae were stimulated with close timing (mostly, within 3 msec). A 
small population of cells (13%) in layer IV and V/VI also showed 
facilitatory interaction of response when the interstimulus interval was 
longer than 3 msec. The barrel cortex seems to achieve high temporal 
and spatial resolution of somatosensory information processing with 
temporally well-tuned facilitatory interaction of responses to the 
multivibrissal stimulation.

913.9
CORTICAL REPRESENTATIONS OF TEXTURE AND ORIENTATION IN 
THE BARREL CORTEX OF RATS. S.L. Hovis, J.S. King,
K.H. Pribram, P. Shan and P. Jackson-Smith*. Brain 
Research Center, Radford University, Box 6977,
Radford, VA 24142

We studied properties of unit activity in the barrel 
cortex as a function of whisker stimulation in thirteen 
female Holtzman rats under light pentobarbital 
anesthesia. Controlled sweeping of the whiskers at three 
rates (4, 8, and 12 sweeps per second) was accomplished 
by stimulation of the buccal nerve. Unit activity was 
recorded in response to whisking across five textured 
gratings at each of six orientations. Multiple baseline 
measurements were made at each sweep rate in the absence 
of a texture grating. Results indicate that each sweep 
rate generated a significantly different baseline 
response. Surface distributions of unit responses for 
each texture/orientation combination, corrected for these 
different sweep rate baselines, indicate that a sweep 
rate of 8 sweeps per second produces the greatest 
differentiation among experimental combinations of 
texture and orientation. Unit activity was also studied 
in terms of population vectors and rastor plots. 
Population vectors are shown to be accurate
representations of population responses. Rastor plots of 
unit responses across successive sweeps indicate 
periodic patterning of unit responses.

913.10
ADJACENT WHISKER INPUT TO A LAYER IV BARREL DOES NOT 
ARISE FROM ADJACENT BARRELS J, C, Brumbere*. D, Goldreich. H, T. 
Kyriazi, and D, J, Simons, Dept of Neurobiology, Univ. of Pittsburgh, Pittsburgh, 
PA 15261.

We undertook a study of receptive field structure within the rat whisker-barrel 
cortex, in order to answer the following questions: 1) Does adjacent whisker input to 
a layer IV barrel arise from adjacent barrels? 2) To what extent does adjacent 
whisker input to layers II/III of a barrel column arise from adjacent columns?

Unit recordings were obtained from Fentanyl-sedated rats during controlled 
deflections of the principal whisker (PW) and of two adjacent whiskers (AWs). The 
barrel corresponding to one of the AWs was carefully mapped and then ablated 
electrolytically. We report here on 13 experiments in which > 70% of the barrel was 
destroyed, as determined histologically. The excitatory response to each AW, 
corresponding to the intact and lesioned adjacent barrels, was averaged over 8 angles 
of deflection. Inhibitory AW effects were assessed using a condition-test paradigm; a 
condition-test ratio (CTR) was calculated as the ratio of the response to the PW 
when deflected 20ms after AW deflection, to the response to PW deflection alone.

In layer IV, the inhibitory effect of AW deflection was slightly smaller for the 
lesioned than the intact barrel's whisker (CTR, intact: 0.60 ± 0.19 (SD); lesioned:
0.68 ± 0.20; p = 0.045, paired t-test, n = 36). A similar but non-significant difference 
was observed in layers II/III. The excitatory response to AW stimulation, recorded 
within the test barrel, was unaffected by destruction of the AW's barrel (intact: 0.41 
± 0.42 spikes/stimulus; lesioned: 0.40 ± 0.45; n = 36). By contrast, cells superficial 
to the test barrel showed a marked effect (intact: 0.60 ± 0.81; lesioned: 0.34 ± 0.56; p 
= 0.02, n = 17). Thus thalamic afferents provide excitatory surround input to a layer 
IV barrel, evoking intrabarrel inhibition by a feedforward mechanism. Intercolumnar 
connections, on the other hand, contribute to surround excitation in layers II/III. 
Each barrel functions as an independent, parallel processor that transforms afferent 
information and then distributes it to other layers of the cortical column where new, 
multiwhisker receptive fields are re-synthesized. Supported by NIH NS-19950.

913.11
NEUROPHYSIOLOGICAL RECORDINGS DURING A COMPUTER- 
AUTOMATED VIBRISSAL TACTILE DISCRIMINATION TASK D . 
Gfl.ldrskh.txT. L- Prigg, G. E, Car veil, and D, J. Simons. Depts of Neurobiology and 
Physical Therapy, Univ. of Pittsburgh, Pittsburgh, PA 15261.

We have developed a chronic-recording method that allows us to monitor 
various parameters relating to whisking behavior while collecting spike data from 
the trigeminal system of rats performing vibrissal-based texture discriminations.

Multi-unit recordings were obtained from a tungsten microelectrode inserted 
into the trigeminal ganglion. A computer-driven stepping motor was used to present 
to the rat one of four precision-milled plastic cylinders having different textures. 
The water-deprived rat was trained to palpate the discriminandum with its whiskers, 
and to signal its decision as to whether the texture was smooth or rough by licking 
either a rightward- or leftward-located water spout. Rats were blindfolded to prevent 
visual cues, and tethered in order to ensure that discriminanda could only be 
contacted by whisker protraction. To begin a trial, the computer randomly selected 
one discriminandum and rotated it into position. Auditory white noise was used to 
signal the rat that a discriminandum was available for whisking. As the rat 
approached the discriminandum, it broke an infra-red beam that signaled the 
computer to acquire spike data. Contact circuits monitored the lick ports, and water 
was delivered for a correct choice. Incorrect choices were penalized with an error 
tone and a time-out period. The apparatus was controlled by a Power Macintosh 
running LabVIEW 4.0.1. Whisker movements were also monitored by video 
camera.

Preliminary data demonstrate modulation of action potential discharge rates at 
the whisking frequency (8-10 Hz), and suggest differences in firing patterns caused 
by the whisking of different textures. The adaptation of a chronic recording 
approach to the whisker system will permit detailed studies of the circuitry 
underlying sophisticated sensorimotor behaviors in rodent models. Supported by 
NIH NS 19950 and NSFIBN 95-14462.

913.12
INDUCTION OF LTP IN VIVO IN LAYER III OF RAT BARREL CORTEX.
Fox. K*Glazewski. S. ^Herman, C.. and Chapman. P.F, Mol.ecular and Medical 
Biosciences, University of Wales, Cardiff, CF1 3 US and $Dept. Physiol. University 
of Minnesota, MN 55455.

Long term potentiation can be induced in slices of adult visual and somatosensory 
cortex in vitro. However, it is unclear what effect LTP might have on transmission of 
sensory information, (Rogan and LeDoux 1995 Neuron 15:127; Markram and Tsodyks, 
1996, Nature 382:807) and therefore whether experience-dependent plasticity is 
consistent with an underlying synaptic mechanism such as LTP. As a prelude to 
studying the effect of LTP on responses to natural stimulation of the vibrissae we 
investigated methods for reliably inducing LTP in layer III of barrel cortex in vivo.

Rats (P28-35) were anesthetised with urethane (1.5g/kg) and a stimulating electrode 
guided to layer IV using the vibrissae responses to locate it in a barrel. The recording 
electrode was placed in layer III so that receptive fields lined up with those recorded at 
the stimulating electrode and then adjusted in depth to optimise the field response. 
Electrode positions were identified postmortem from focal lesions made at the end of 
the experiment. The cases analysed here are those where the electrodes were located in 
the same column.

Theta burst stimulation of layer IV can induce LTP in layers II/III in vitro without 
the need to resort to simultaneous application of GABA antagonists (Kirkwood et al 
1995 Nature 375:328). However, in vivo, theta burst stimulation was unreliable in 
increasing the EPSP slope (2/5 occasions successful). A simple tetanus of 250Hz (Is) 
was more reliable (5/6 occasion successful). Furthermore, the magnitude of change in 
EPSP slope was markedly increased if bicuculline (BMI) was iontophoresed during 
the tetanus (EPSP slope = 129+7% with BMI (24 cases) versus 108+9% without 
BMI (5 cases)). Bicuculline application had no effect on its own (103+8% (3 cases)). 
These results indicate that it should be possible to study the extent of LTP within the 
barrel field from stimulation of a single barrel and to measure the effect of LTP on 
responses to center and surround receptive fields. Supported by NS 27759 and NSF 
IBN9410131.
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913.13
TWO INTRACORTICAL PROJECTION PATTERNS IN LAYER IV OF BARREL 
CORTEX. N.M.J. Blake*, B, Miller, S. T, Carmichael, E, Dagnew, T. A. 
Woolsey. Deptartment of Neurosurgery .Washington University School of Medicine, 
St. Louis, MO 63110.

Large cortical barrels in rats and mice representing the whisker pad on the opposite 
face are separated by septae. In the course of other studies of intracortical and 
interbarrel connectivity we observed striking differences between projections arising 
from the barrels and from the septae between them in rats. Injections of biotinylated 
dextran amine were made in barrel cortex and animals survived for 2-8 days. The 
tissue was processed for ABC histochemistry. In rats, injections within a barrel 
hollow label axons and cell bodies mainly within the same barrel. In contrast, for 
injections in the barrel septae, axons and retrogradely labeled cells are found mainly 
between barrels, often 2 or more barrels away from the injection. In mice, there is no 
such distinction between the labeling pattern in layer IV; patterns from injections in 
the hollow and in the septae are similar and labeled axons and cell bodies are limited 
to adjacent barrels and their septae. These differences in projection pattern in barrel 
cortex underscore significant functional differences between two main pathways to the 
barrel cortex. Thalamocortical afferents (TCAs) from VB which receive strong inputs 
from PrV (lemniscal pathway) terminate in the barrel hollows whilst TCAs from PO 
which receive strong inputs from SpVi terminate in the septae in layer IV and in the 
adjacent layers III and V. In rats, the former is dominated by cells responding to 
single whiskers while the latter by cells responding to many whiskers. Similar data 
on the activation of paralemniscal systems in mice are lacking. In rats, the 
distinction between the two pathways evidently persists as segregated connections 
within layer IV.
Supported by NIH grant NS 17763, The McDonnell Center for Studies of Higher Brain 
Function and the Spastic Paralysis Foundation of the Illinois Eastem-Iowa District of the 
Kiwanis International.

913.14
ANTIDROMIC IDENTIFICATION OF EFFERENT NEURONS IN RAT 
BARREL CORTEX. MJCKeily1*, G.E. Carvell1D.J. Simons2. Depts. 
of Physical Therapy1 and Neurobiology2, University of Pittsburgh, 
Pittsburgh, PA 15261.

Receptive fields of neurons within non-granular layers of rat barrel 
cortex vary considerably, suggesting that even neighboring neurons 
are embedded in different local circuits. Antidromic stimulation of VB 
thalamus and ipsilateral motor cortex (C-C) was used to characterize 
extracellularly recorded efferent neurons in the barrel cortex. Criteria 
for antidromic activation included a refractory period < 2 msec and an 
invariant latency to the second of two suprathreshold stimuli separated 
by 8 msec.

C-C neurons were found throughout the cortical depths with the 
greatest concentration in layer V, and to a lesser extent in ll/lll. 
Neurons activated by VB stimulation were scattered throughout the 
infragranular layers. Conduction velocities (CV) of the entire sample 
ranged from .28 to 5.95 m/sec. However, the CVs of layer V C-C 
neurons tended to be faster than those of more superficially located 
C-C neurons and comparable to the average of VB activated neurons, 
whose CVs varied widely. In general, CV varied inversely with axon 
supranormality, seen as a reduction in antidromic latency to the 
second of two stimuli spaced < 10 msec apart.

The target and laminar location of an efferent neuron may be a 
better predictor of its RF organization than its axonal properties. 
Supported by NIH NS19950 and American Physical Therapy 
Association, Viva J. Erickson Award.

913.15
AXONAL PROJECTIONS OF CORTICOTHALAMIC AND CORTICOCORTICAL 
CELLS LOCATED IN LAYER 6 OF THE CORTICAL BARREL FIELD. Z.-W, 
Zhang and M. Deschenes*. Res. Ctr. Univ. Laval-Robert Giffard, Quebec, Canada GI J 
2G3.

Axonal projections of cells located in layer 6 of the rat primary somatosensory cortex 
(SI) were studied after labeling juxtacellularly single neurons in vivo. From a sample 
of 84 neurons that were injected with biocytin, three broad classes of cells were 
identified: corticothalamic (CT) cells, corticocortical (CC) cells and local circuit (LC) 
neurons. All CT cells (46%) are short pyramids which project either to the ventral 
posteromedial nucleus (VPm) alone or to both VPm and the posterior group (Po). Those 
projecting to VPm alone are located in the upper part of layer 6, they have an apical 
dendrite that terminates in layer 4 and their collaterals ascend to layer 4 within a column 
about the size of a barrel 200 pm). Those projecting to both VPm and Po are located 
in the lower half of layer 6, their apical dendrite terminates in layer 5 and they give rise 
to a more extensive net of collaterals (= 800 pm wide) which terminate in the upper part 
of layer 5. The class of CC cells (44%) includes small-sized short pyramids, inverted 
or modified pyramids and bipolar spiny neurons. These cells distribute collaterals 
principally in the infragranular layers of S1 and project either to the second somatosensory 
area, to the motor cortical areas and/or to the corpus callosum. LC cells (10%) are 
represented by a single cell type, the basket cells, characterized by smooth, beaded, 
dendrites and by a rich net of collaterals densely covered with varicose boutons. It is 
concluded that (1) the morphology of the dendritic trees and the topography of the 
axonal collaterals of CT cells are related to the projection target of these neurons; (2) a 
large proportion of cells in layer 6 are involved in CC relationships despite of an 
apparent diversity of form. At the light of these results, layer 6 appears as a merging 
network for CT and CC communications.

Supported by the MRC of Canada

913.16
CORTICO-THALAMIC INTERACTIONS IN RESPONSE TO WHISKER 
STIMULATION IN A COMPUTER MODEL OF THE RAT BARREL SYSTEM. 
K.A. Moxon* and J. K. Chapin. Allegheny University, Department of Neurobiology, 
Philadelphia, P.A. 19129.

Data from anesthetized animal preparations have suggested that thalamic 
relay cells passively transmit sensory information through to the primary sensory 
cortex during relay mode. Recent evidence from multi-unit recording experiments in 
awake rats, however, has suggested that there may be complex, nonlinear interactions 
between the cortex and thalamus. For example, when single whiskers of the rat are 
stimulated, in addition to the primary response immediately following the whisker 
movement, there are multiple, longer latency responses, suggesting reverberatory 
feedback from the cortex through a thalamo-cortico-thalamic processing (TCTP) 
loop. In order to further understand the mechanism involved and to study the 
possible roles of the thalamic barreloid region in cortical sensory processing, we have 
developed a computational model of this system. The model simulates individual 
cells using a two-compartment equivalent circuit representation. There is a separate 
population of cells for each barreloid in the thalamus and barrel in layer IV cortex. 
Each cell in the thalamus projects to cells within its own barreloid, and to its own 
barrel in layer IV cortex. The cortical barrels then project to a population of cortical 
pyramidal cells and inhibitory intemeurons. These cortical pyramidal cells then 
feedback to the thalamic barreloids in a topographic manner. In the model, single 
whisker stimulation can produce long latency responses in thalamic cells due to 
feedback from the cortex. Stimulus movement across the receptor surface, in the 
model, shows the ability of the thalamus to produce ‘priming’ effects in the cortex or 
‘memory’ effects depending on the frequency of the stimulation. Together, these 
results suggest that the thalamus may be involved in a complex TCTP loop that 
enhances the response of the cortex to spatiotemporally patterned sensory stimuli. 
Supported by NIH N01-NS-6-2352, NIH RO1-NS26722, and ONR N00014-95- 
1024.

913.17
INFORMATION THEORETIC ANALYSIS OF THE RESPONSES OF RAT 
CORTICAL NEURONS TO VIBRISSAL STIMULATION. R. Petersen, A, 
Treves. M, Lebedev, and M, E. Diamond*. Cognitive Neuroscience Sector, 
International School for Advanced Studies, Trieste, 34014 Italy.

Information theoretic analysis is useful for investigating how neurons 
represent stimuli. Spike trains recorded during presentation of different 
stimuli are analyzed to estimate the probability that an "observer" could 
correctly identify the stimulus if these spike trains were the only available 
clues. We apply this method to rat "barrel" cortex, an intriguing model since 
every neuron is topographically related to a single "principal" whisker. In 
anesthetized subjects, neural responses were recorded during stimulation of 9 
vibrissae. For individual cells, the greatest amount of information about 
stimulus location was transmitted when the principal whisker was stimulated; 
most information was in the earliest post-stimulus time bins, 5-15 ms and 15- 
25 ms. However, a substantial minority of cells also transmitted information 
when non-principal whiskers were stimulated, and this information was 
contained in later time bins. Do neuronal populations (10-20 simultaneously 
recorded neurons) cooperate to code stimulus site? Information content was 
compared under two conditions: (1) when stimulus trial order was maintained, 
and (2) when trial order was "shuffled" for different neurons so that any 
information present in the correlations between neurons was eliminated. 
Shuffling typically decreased information transmission by < 10%. However, 
in some cases shuffling decreased information transmission by up to 30%. 
These data suggest that information about stimulus site is conveyed mainly at 
short latency, is concentrated in neurons of the topologically associated 
column, and is conveyed both by single-cells and by populations. (Supported 
by the Whitehall Foundation, NIH, Europ. Comm., and MURST)
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914.1
LEVELS OF GAD AND GLURB mRNA AFTER SHORT-TERM PLASTIC 
CHANGES IN THE BARREL CORTEX OF MICE. M. Kossut* M. Gierdalski,
B. Jabloriska, J. Skangiel-Kramska. The Nencki Institute, 3 Pasteur st., 02-093 
Warsaw, Poland.

The interactions between excitatory and inhibitory systems seem to be essential for 
brain cortex plasticity. Alterations in both systems temporally correlate with plastic 
changes observed in the nervous system. It was demonstrated previously that 
peripheral denervation resulted in marked decrease in GAD immunoreactivity in the 
primary somatosensory cortex receiving input from the injured nerve and that eyelid 
suture led to changes in levels of mRNAs coding for AMPA receptor subunits in the 
visual cortex.

We investigated the short-term effects of partial denervation of the barrel field in 
mice (which produces changes in sensory cortical map), upon the levels of expression 
of gene coding for GAD67 and GluRB as measured by an in situ hybridization 
method. 35S-labelled oligodeoxynucleotides were used as sense probes. Unilateral 
lesion of all whiskers except row C was performed in 6 week old mice. Hybridized, 
washed and dried slides with 15/un brain sections mounted on were exposed to X-ray 
sensitive film along with 14C-standards. The autoradiograms were analyzed with 
computerized image processing system (MCID).

Level of GAD67 mRNA was significantly diminished in cortical representation of 
the damaged vibrissae 1 week after injury as compared to the intact C row. In the 
contralateral i.e. control hemisphere levels of GAD67 mRNA in rows A,B,D,E of 
barrels remained unchanged as compared to row C. Also in control animals the 
labelling was similar in all rows of both hemispheres. Levels of GluRB mRNA were 
not affected by the treatment. These results indicate that downregulation of inhibitory 
system depends on decrease of transcriptional activity of the gene coding for GAD67, 
one of the two isoforms of the enzyme synthesizing y-aminobutyric acid (GABA).

The project was supported by Howard Hughes Medical Institute grant.

914.2
CORTICAL-CORTICAL CONNECTIONS BETWEEN THE SHOULDER AND 
FOREPAW REPRESENTATIONS WITHIN THE FOREPAW BARREL SUBFIELD 
(FBS) OF SOMATOSENSORY CORTEX (SI): A PHA-L STUDY IN ADULT RAT. 
AJQladehin , P,P, Pearsop^.C.XLLKF, Johnson. and R.S, Waters: Dept. of 
Anatomy and Neurobiology, UT, Memphis, Col. of Med., Memphis, TN 38163.

Question: At the previous Annual Meeting of the SEN, Pearson et al. (1996) reported 
that one month following limb deafferentation, neurons in the FBS digit representation 
become responsive to cutaneous input from shoulder and trunk areas. The present 
work was designed to ascertain whether corticocortical connections exist between these 
representations that could serve as a possible substrate for large volume reorganization. 
Methodology: Under aseptic conditions, the forepaw and shoulder representations in rat 
SI cortex were mapped using previously described stimulation and recording techniques 
(Waters et al. 1995). A 2.5% solution of PHA-L was iontophoresed through a 
micropipette (5-10 pm tip diameter) into the shoulder representation at a depth of 400 
micron (layer III) using a 5pA positive current (7 s duty cycle) for 10 minutes. After a 
survival time between 7-10 days, the brain was removed, flattened and cut tangentially 
on a Vibrotome at 60 micron-thickness. Tissue was processed for cytochrome oxidase 
followed by PHA-L using a modified method of Gerfen and Sawchenko (1984).
Results: Using these techniques, the following results were obtained:

1. PHA-L injections were restricted to cortex overlying the shoulder barrels.
2. PHA-L-labeled axons were localized to both ipsilateral and contralateral cortices.
3. A large number of axons were found in layer HI overlying the FBS; however, 

few fibers were actually localized within FBS.
Conclusion: These results suggest that a cortical substrate for reorganization between 
the shoulder and forepaw representation would most likely involve an indirect 
polysynaptic pathway to tlie FBS involving long range transmission via layer III.

(Supported by NSF Grant IBN-9400318 to R.S.W)

914.3
REMOVAL OF GABA-INHIBITION ELEVATES SUBTHRESHOLD 
PERIPHERAL INPUT TO FIRING LEVEL IN NEURONS IN FOREPAW 
BARREL SUBFIELD (FBS) IN RAT SOMATOSENSORY (SI) CORTEX.
C.X, Li* and R.S. Waters. Dept. of Anatomy and Neurobiology, UT, Memphis, 
Col. of Medicine, Memphis, TN 38163.
Background: Neurons within individual barrels in rat FBS in SI cortex receive 
cutaneous input from punctate regions of forepaw; these same neurons also receive 
subthreshold input from neighboring regions. Following digit 3 (D3) amputation 
in adult rats, FBS neurons previously associated with D3 representation respond to 
input from neighboring digits. We hypothesize that after deafferentation, 
subthreshold input is elevated to firing level, possibly because cells are released 
from tonic inhibition. Our data suggests that GABA-inhibition plays an important 
role in modulating subthreshold input to FBS neurons in SI cortex.
Methods: Adult rats were anesthetized with Nembutal, the head was fixed, and the 
digit representation in SI was mapped by recording extracellular responses to 
somatic stimulation. Following mapping, an intracellular electrode containing 2M 
K acetate and 1% biocytin was used to impale neurons within a previously identified 
digit representation. Once a cell was impaled, its supra- and sub-threshold receptive 
fields were determined using peripheral electrical stimulation at 1.5 x threshold. A 
second electrode, filled with bicuculline methoiodide (BMI, 10 nM) was inserted at 
the layer III-IV border region near-to the target of the intracellular electrode. The 
stimulating electrode was fixed at a site on the skin surface that yielded only 
subthreshold responses. Stimulation was applied (0.2 ms duration; 1/sec) while 
simultaneous ejecting BMI from the second electrode.
Results: Using these techniques, the following results were obtained:

1. FBS neurons receive convergent supra/sub-threshold input from the forepaw.
2. Subthreshold input is elevated to firing level following application of BMI.

Conclusion: Our results are consistent with the hypothesis that subthreshold input 
is under GABAergic control; release from GABA inhibition may provide a substrate 
for rapid reorganization. (Supported by NSF Grant IBN-9400318 to R.S.W)

914.4
THE EFFECTS OF CHOLINERGIC DEPLETION ON REORGANIZATION IN 
THE FOREPAW BARREL SUBFIELD (FBS) OF ADULT RATS AFTER 
DE AFFERENT ATION. P. Pearson1, R. S. Waters1 . C. X, Li1. J. B. Schweitzer1,2, 
and P. Herron*1. Depts. of Anatomy and Neurobiology1 and Pathology2, Col. of 
Medicine, The University of Tennessee, Memphis, TN 38163

Deafferentation of one or more digits of the forepaw in adult rats causes 
substantial reorganization in the forepaw barrel subfield (FBS) of the somatosensory 
cortex. Cholinergic depletion is reported to significantly reduce plasticity in the 
somatosnesory cortex. The purpose of these experiments was to determine the effects 
of cholinergic depletion on reorganization in FBS cortex after deafferentation.

Experiments were done on adult female rats. Digit 3 (D3) was amputated and rats 
were allowed a 1-month survival time. Near maximum depletion of cortical ACh 
inputs was achieved by intraventricular injections of an immunotoxin, 192 IgG- 
saporin. The organization of tactile inputs was assessed with previously described 
electrophysiological mapping and stimulation techniques.

Reorganization occurred in both cholinergic-depleted (C-D) and cholinergic-intact 
(C-I) animals; the amount of cortex devoted to receptive fields (RFs) on digits 2 and 
4 was significantly increased and extended into the deafferented D3 barrel band in FBS 
cortex. Several important differences in the reorganization of FBS cortex in C-D and 
C-I deaffcrents were observed: 1) evoked activity was not as robust in C-D animals 
compared to C-I animals, 2) the amount of cortex with large RFs was greater in C-D 
animals than in C-I animals. RFs in the deafferented cortex of C-D animals often 
included the D3 stump and one or both adjacent digits whereas RFs in C-I animals 
were often restricted to areas on digits or stump. 3) RFs isolated to the slump were 
less frequent in the deafferented cortex of C-D animals compared with C-I animals.

These results suggest that modification of RFs in the deafferented cortex of C-I 
animals is more frequently all-or-none shifts from stump to D2 and D4 with 
maintenance of important properties such as RF size, whereas the deafferented cortex 
in C-D animals contained significant!v more RFs of which size was degraded. 
Supported by NSF IBN-9511872 (P.H. and J.B.S.) and IBN-9400318 (R.S.W).

914.5
Functional  activity  improves  in  ACh -depleted  rat  barrel  cortex  

AFTER GENE TRANSFER OF NEUROTROPHINS OR TRANSPLANTS OF PURIFIED 
cholinergic  neurons . O, Rahimi*, J. Cadusseau, E, Peltekian, M. Peschanski, 
S.L. Juliano. Depts. of Anatomy & Cell Biology, and Neuroscience, USUHS, 
Bethesda, MD and INSERM U421, Creteil, France.

We previously demonstrated that unilateral basal forebrain lesions (BFLs) in rats 
significantly deplete cortical acetylcholine (ACh) and reduce cortical functional 
activity. Stimulus-evoked 2-deoxyglucose (2DG) uptake in barrel cortex ipsilateral to 
the lesion is also decreased. In addition, BFLs reduce response magnitude in single 
unit recordings of whisker representations in barrels ipsilateral to the lesion. 
Moreover, embryonic basal forebrain transplants (which contain ACh , NGF, and 
other substances), as well as direct deliver)' of NGF, ameliorate the functional deficit. 
To further understand the specific role of neurotrophins versus ACh in mediating 
cortical activity after unilateral BFL and ACh depletion we transplanted (1) purified 
embryonic cholinergic neurons or (2) adenovirus that infected cortical cells with the 
gene encoding NGF or CNTF. The purified cholinergic neurons were obtained by 
panning on a monoclonal antibody to the low-affinity NGF receptor and subsequently 
transplanting the selected cells into the lesioned hemisphere. After periods of 
survival ranging from 2 days to 5 months, functional activity was assessed in both 
tlie normal and tlie lesioned-transplanted hemisphere by single unit recording in 
barrel cortex, or by conducting a 2DG experiment during bilateral whisker 
stimulation. Both gene delivery of neurotrophins via adenovirus and transplants of 
cholinergic cells are effective in increasing functional activity in ACh depleted 
hemispheres. NGF and CNTF adenovirus transfer result in activity levels equal to, or 
greater than, that in tlie normal hemisphere. The purified cholinergic transplants 
were effective in increasing activity, but not to the extent of the neurotrophins. These 
data suggest that neurotrophins may directly cause increased functional responses of 
cortical neurons, while ACh may function in a more restricted manner. Support: 
NATO, Alzheimer’s Association.

914.6
EFFECT OF CHOLINERGIC DEPLETION ON DEVELOPMENT AND 
PLASTICITY IN THE RODENT BARREL CORTEX P.M.E. Waite* and X.O. Zhu 
School of Anatomy, Univ. NSW, Sydney, NSW, 2052, Australia.
This study examines the impact of the cholinergic input from the basal forebrain on 
the development and plasticity of the vibrissa-related somatosensory cortex in rats. 
New-born pups were administered the immunotoxin IgG192-saporin, which selectively 
kills cholinergic cells of the basal forebrain expressing the low affinity neurotrophin 
receptor p75. For each pup the lateral ventricle on one side was injected with IgG192- 
saporin while the opposite ventricle was injected with saline; control animals received 
bilateral injections of saline. In addition the C line of w’hisker follicles was surgically 
removed bilaterally within 24 hours after birth A single injection of O.l^g lgG192- 
saporin had no effect on body or brain weight by postnatal day (P) 7 but deareared the 
number of cholinergic neurons on the toxin injected side by 78% in the basal nucleus 
of Meynert, 80% in the magnocellular preoptie nucleus, 54% in the medial septal 
nucleus and 78% in the diagonal hand of Broca. For all regions, neuronal loss on die 
side contralateral to the toxin was approximately half that on the ipsilateral side.
Dips aged P2-P7 were perfused and tangential sections through the barrel field region 
of the somatosensory cortex were reacted for acetylcholinesterase. On the toxin injected 
side, the start of barrel development was found to be delayed by approximately 1 day 
and from P2-P5 barrels were less sharply defined and less densely stained than on the 
control side. However, by P7 the barrel pattern on the 2 sides was indistinguishable. 
To quantitatively assess cortical plasticity the size of the C and D row barrels were 
compared on the 2 sides at P7. In control animals, D row barrels expanded into C row 
territory, giving a ratio of areas for D/C barrels of 2.03. Ihe depletion of basal 
forebrain cholinergic neurons reduced the expansion of D row barrels and hence 
decreased the D/C ratio, with a more marked reduction on the toxin treated side (1.43, 
p<0,005) compared with the contralateral side (1.64, p<0.05). This study indicates that 
depletion of the basal forebrain cholinergic projection to the somatosensory cortex 
retards barrel development and reduces the plasticity seen in response to peripheral 
denervation. Supported by NII&MRC, Australia
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914.7
FUNCTIONAL INTEGRATION OF STIMULI BY THE NEONATAL 
SOMATOSENSORY SYSTEM. M.S, Landers, R.M. Sullivan* and D.A, Wilson. 
Department of Zoology, University of Oklahoma, Norman, OK 73019.

Neonatal manipulations of vibrissi alter the development of the 
somatosensory system, yet it is unclear if this system is functional 
during the neonatal period. Exp 1 assessed whether the neonatal 
somatosensory whisker system is functional and capable of integration of 
environmental stimuli. To this end, a 21 min classical conditioning 
learning paradigm was used in which unilateral whisker stimulation (CS, 
20 sec) was paired with a reinforcer (aversive 1 sec, 0.5 mA shock or 10 
sec, appetitive warm airstream). Control groups received whisker 
stimulation only, reinforcement only, or temporally random pairings of 
stimulation and reward. Four hrs later, all pups were tested with whisker 
stimulation only. The results showed that only experimental pups exhibited 
robust unilateral learning. Exp 2 assessed the role of norepinephrine (NE) 
in whisker learning since this neurotransmitter is critical for neonatal 
olfactory system learning. Pups were injected with either the NE B- 
receptor agonist isoproterenol (0, 1, 2 or 4 mg/kg) or antagonist 
propranolol (0, 10 or 20 mg/kg) 30 min prior to conditioning. The results 
showed that NE is critical for somatosensory whisker learning since 
blocking NE prevents learning and isoproterenol-whisker pairings sustain 
learning. Exp 3, assessed potential learning-induced changes in neonatal 
barrel cortex activity during unilateral whisker stimulation using 14C 2- 
deoxyglucose autoradiography. Preliminary data indicate that whisker 
stimulation enhances neural activity of the contralateral barrel cortex. 
Supported by NIH grant HD33402 to RMS.
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914.8
BARRELLESS (BRL) MICE NEED VIBRISSAL EXPERIENCE TO BUILD AN 
ORDERED CORTICAL REPRESENTATION OF THE WHISKERPAD. G 
Bronchti and E. Welker*. Institut de Biologie Cellulaire et de Morphologie, 
University of Lausanne, 1005 Lausanne, Switzerland.

The somatosensory cortex (SI) of the barrelless mutant mouse lacks cytoarchitec- 
tonical "barrels", spatial segregation of thalamocortical afferents, and temporal dis-
crimination of center from surround whisker information. Nonetheless, deoxyglucose 

(DG) autoradiography demonstrated a 
well-preserved topological representation 
of the mystacial whiskers in SI (Welker et 
al., 1996, Science 271:1864). We here 
show that this topological organization is 
impaired in BRL mice deprived from 
whisker stimulation during development. 
From birth, we plucked all the whiskers 
on both sides in BRL and normal (NOR)

mice every second day. Some mice were left unplucked (controls). After 25 days we 
allowed the regrowth of whiskers for 2 weeks. Then, all whiskers were clipped except 
the 3 caudalmost whiskers of rows B and D. After (14C]-DG injection, mice explored 
a cage. Functional maps were semi-quantitatively analyzed in tangential sections 
through SI. An index was calculated as the ratio of the DG uptake in row C (non- 
stimulated whiskers) relative to the mean uptake in rows B and D (stimulated whisk-
ers). In NOR mice, whether they were deprived or not, this index was identical (see 
Fig.) and had the same value as in unplucked BRL mice. However, in plucked BRL 
mice the mean index was significantly higher than in the other groups. This decrease 
in contrast between stimulated and non-stimulated whisker representations indicates 
that the formation of a topologically organized functional map in barrelless SI de-
pends on sensory experience, whereas it is experience-independent in barrel-rich 
mice. Support: Swiss N.S.F. 31-39184.93.

914.9
INTRA-PERITONEAL INJECTION OF A NITRIC OXIDE SYNTHASE 
INHIBITOR INCREASES THE RESPONSIVENESS OF VIBRISSAE-RELATED 
SI cortical  neurons . D. Sirois*, T. Wang, J. Greenberg11. Univ. 
Med Dent NJ, Newark, NJ and Univ. of Pennsylvania11, Phila, Pa.

Nitric Oxide (NO) has been shown to modulate cerebral blood flow as well as 
cortical and subcortical neuronal activity. Effects of both NO supplementation and 
inhibition have shown mixed excitatory and inhibitory actions involving both GABA and 
EAA neurotransmitters. As the initial step of a larger study exploring the role of NO in 
cortical plasticity, we examined the effect of i.p. injection of a NO-synthase inhibitor (L- 
NAME) on the responsiveness of vibrissae-related SI cortical neurons in the rat.

7 experiments were conducted in 4 animals. Adult male SD rats had a chronic 
multi-electrode (9 recording electrodes with a tip separation of 400p.) array implanted in 
layer IV of the SI barrel cortex (5MegQ @ 1kHz). 2-6 weeks later the animal was lightly 
anesthetized with i.p. ketamine and xylazine, placed in a head holder, and attached to 
the wire leads. Up to 4 contralateral whiskers were independently deflected 500p. (1/sec) 
using separate piezo-electric bimorphs. Cortical responses to 30 whisker deflections 
were simultaneuosly recorded (0.3-8kHz bw, 10kHz SR) before and 1-3 hours after i.p. 
injection of L-NAME (30mg/kg). Multi-unit responses were discriminated using time- 
amplitude characteristics and response magnitude was measured as the number of 
spikes per whisker deflection minus the # of spontaneous spikes measured during an 
equivalent time period without whisker deflection.

The mean response magnitude (RM) of barrel neurons to their Principal Whisker 
was 1.19+0.18 spk/stim before and 1.99+0.25 spks/stim 1-3 hours after injection of L- 
NAME (60% increase, p<0.0001). Non-Principal Whisker RM was 0.67+0.21 spks/stim 
before and 1.21+0.41 spks/stim after L-NAME (55% increase, p=0.02). There was no 
significant difference in the magnitude of the RM change between PW and nPW. 
Inhibition of NO with L-NAME increases the responsiveness of SI cortical barrel neurons
to both PW and nPW deflection. Supported by NIH-NS33785

914.10
EXPERIENCE-DEPENDENT PLASTICITY IN ADULT RAT 
CORTEX DEPENDS UPON NMDA RECEPTOR ACTIVATION. 
1V, Rema*, 2M. Armstrong-James, and 1F.F. Ebner institute for 
Developmental NS, Kennedy Ctr., Vanderbilt University, Nashville, 
TN-37203 and department of Physiology, QMW, London U., U.K. 
El 4NS

The effect of NMDA receptor blockade on adult cortical 
sensory plasticity was studied by infusing D-APV over barrel cortex 
for five days (Alzet minipump, 1 fil/hr, 500 pM). In acute pilot 
studies, 500 pM D-APV could be shown to specifically suppress 
NMDA receptor activity in layers I-IV. One day after pump 
insertion, all whiskers except D2 & DI were cut close to the face, 
and recording was carried out 4 days later. This normally produces a 
bias in response of D2 barrel cells such that DI increases its drive 
relative to the cut D3 whisker (Armstrong-James et al. J.Nsci. '94). 
D-APV completely suppressed the bias in D2 barrel cell responses 
(p>0.6 for DlvsD3, Wilcoxon). In controls, L-APV allowed the bias 
to develop towards the paired whisker (p<0.001 for DlvsD3). For 
supragranular (SG) layer II-III cells in the same penetrations, D1-D3 
whisker bias occurred in controls (L-APV) (p<0.02). This bias, 
however was incompletely suppressed with D-APV (p<0.042 for 
DlvsD3). This could be due to removal of the APV pump 12 hours 
prior to recording since SG, but not barrel cells, exhibit plasticity 
within one day after whisker pairing. We conclude that NMDA 
receptor activation is essential for experience-dependent plasticity by 
layer IV barrel cells. (NIH grants NS-25907 and NS-13031.)

914.11
LOSS OF CORTICAL FUNCTION INDUCED BY LESIONS IN 
THE CONTRALATERAL HEMISPHERE CAN BE RESTORED 
BY ENRICHED EXPERIENCE. F.F. Ebner* and V. Rema 
Institute for Developmental Neuroscience, John F. Kennedy Center, 
Vanderbilt University, Nashville, TN 37203

Damage to cerebral cortex often results in functional 
impairment of areas connected to the lesioned area (diaschisis). The 
effects of diaschisis on sensory function and plasticity were studied 
after subpially aspirating barrel field cortex in one hemisphere of 
adult rats, and analyzing response properties of cortical cells in the 
contralateral hemisphere 1, 8, or 120 days later. Plasticity was 
induced by trimming all but 2 whiskers (DI and D2) contralateral to 
the intact hemisphere (whisker pairing) for the last 7 days prior to 
recording. Whisker pairing produces two types of plasticity in D2 
barrel neurons: 1) increase in the response to the principal whisker 
(D2) and 2) increase in the response to the in-row, intact, DI 
surround whisker relative to the response to the in-row, cut, D3 
surround whisker. Cortical lesions greatly reduced spontaneous 
activity, depressed response magnitudes to sensory stimuli, and 
blocked plasticity at all survival times. Exposure of the animals to 
an enriched environment after the lesions significantly increased 
cortical responses to the D2 whisker after both 7 and 35 days of 
enrichment. Responses to all surround whiskers were elevated at 8 
days, but only responses to the active DI whisker remained elevated 
by 35 days, producing bias. This model provides a sensitive system 
for analyzing the ability of interventions to restore separate 
components of function after cortical lesions. (NIH grants NS- 
13031 and NS-25907)

914.12
EXPERIENCE-DEPENDENT PLASTICITY IN BARREL CORTEX OF 
ADOLESCENT MICE DEFICIENT FOR CREB. Glazewski. S* Wallace. H. Silva. 
A, and Fox. K, Molecular and Medical Biosciences, University of Wales, Cardiff CF1 
3 US

Vibrissae deprivation causes changes in long-term activity of cortical neurons. The 
molecular mechanisms that underly these changes remain unclear. Although CAMKII 
appears to be involved (Glazewski et al, 1996 Science 272:421) it is unlikely to be 
responsible for later phases of plasticity. There is some evidence that cAMP response 
element-binding protein (CREB) is involved in late phase LTP and formation of long-
term memory. LTP does not last beyond 1.5 hours in CREB null mutants 
(Bourtuladze et al, 1995 Cell 79:59). To determine the possible involvement of CREB 
in barrel cortex plasticity, we recorded from 74 neurons in layer II/III of CREB null 
mutants and their wild-type littermates. All but the DI vibrissa had been deprived for 
18 days starting at P28-35 (3 homozygotes and 2 wild-type). Post-stimulus time 
histograms were used to analyse responses to standard 1 degree deflections of the 
vibrissae.

Spared vibrissa responses were potentiated in barrels immediately surrounding DI 
for both wild-types and CREB null mutants (1.2 ± 0.17 spikes/stimulus 
homozygotes, 2.1 ± 0.30 spikes per stimulus in wild-types) compared with deprived 
surround vibrissae responses recorded from the same animals (0.47 ±0.12 
homozygotes, 0.50 ±0.08 wild-types) and DI vibrissa responses in barrels 
surrounding the DI barrel in undeprived animals (0.50 ±0.17 sp/stim). Deprived 
principal vibrissae responses were depressed in CREB null mutants (0.75± 0.06 
sp/stim) compared with undeprived control values of 1.5 ± 0.18 sp/stim.

These preliminary results indicate that CREB is not essential for experience- 
dependent potentiation or depression of vibrissae responses in barrel cortex of 
adolescent mice. It remains to be determined whether it is essential in plasticity of 
adult barrel cortex and whether it normally plays some part in plasticity in wild-types. 
Supported by NS 27759
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914.13
THE EFFECT OF "CHESSBOARD PATTERN" DEPRIVATION ON 
DEPRESSION OF VIBRISSAE RESPONSES IN THE RAT BARREL CORTEX. 
Wallace H, Barth A. and Fox K. Molelcular and Medical Biosciences, University of 
Wales, Cardiff CF1 3US

Previous experiments showed that depression of vibrissae responses in deprived 
columns could be increased by sparing the principal vibrissae for neighboring 
columns (Fox et al, 1996 J.Physiol. 90:263). To create a similar level of increased 
depression evenly over a wide area of barrel field, we used a chessboard pattern of 
deprivation, where every other vibrissa is deprived: each deprived column is then 
surrounded by four spared columns. Long-Evans rats aged 28-35 days were deprived 
for 6-7 days. Responses of cortical neurons to standard 1 degree vibrissae deflections 
were recorded. Neurons were sampled randomly every lOOpm in layers II/III and 
responses quantified using post- stimulus time histogram analysis.

In deprived barrel columns, principle vibrissae responses were depressed to an 
average 0.51±0.16 spikes/stimulus compared to undeprived control levels of 
1.22±0.12 sp/stim (10 chessboard, 5 control animals). This appeared to be due to an 
increase in the percentage of cells not responding to principal vibrissae stimulation. 
In deprived animals, 59% of neurons responded between 0 and 0.2 sp/stim compared 
to only 5% in control animals (deprived 66, control 57 cells). This change was 
significant (p<0.02, df = 13, Mann-Whitney U test). Unexpectedly, depression also 
occurred in spared vibrissae columns (0.78±0.12 sp/stim). Again, more cells appeared 
to show low level responses (33%, 0 - 0.2 sp/st, 57 cells) but this was not 
significant at the level of p = 0.05 (df=13, M-W U). No change was observed in the 
response magnitude of spared surround receptive field vibrissae in deprived barrel 
columns (0.44 ± 0.12 sp/stim) compared to surround control responses (0.45 ± 0.08). 
However, there was almost a complete loss of surround receptive field responses in 
spared barrels (0.038+.0.004 sp/stim). These experiments demonstrate that the 
chessboard pattern of deprivation can be used to create depression over a wide area of 
cortex and this should facilitate studies aimed at understanding the mechanisms 
underlying depression. Supported by NS27759.

914.14
THE EFFECTS OF DECREASING SINGLE WHISKER STIMULATION ON 
THE SPATIOTEMPORAL CHARACTERISTICS OF INTRINSIC SIGNALS IN 
RAT BARREL CORTEX. D.B, Polley, C.H. Chen-Bee, and R.D. Frostig*. 
Department of Psychobiology, University of California, Irvine, CA, 92697.

Using intrinsic signal imaging (ISI), we have previously shown that the area 
of evoked activity in rat barrel cortex in response to single whisker stimulation 
encompasses a surprisingly large area (Chen-Bee & Frostig, J. Neurophysiol., 76; 
884-94, ‘96; Masino & Frostig, PNAS, 93:4942-7, '96). Because our typical 
stimulation consists of 5 deflections at 5 Hz. the large area of evoked activity may 
have resulted from repetitive stimulation. Thus, in the present study, we determine 
whether decreasing the number of deflections decreases the areal extent of evoked 
activity. In addition, we assess the amplitude and time course of evoked activity.

In 8 adult rats, whisker C2 was stimulated randomly with either 1 or 5 
deflections delivered in a rostral to caudal fashion. Etch deflection consisted of 
a 0.5 mm displacement of the whisker as measured at the point of contact, 15 
mm from the snout. No significant difference in the areal extent of evoked 
activity was found between 5 and 1 deflections when thresholding at 50, 70, or 
90% of peak activity. However, the magnitude of peak activity was significantly 
higher with delivery of 5 deflections as compared to 1 deflection (p < .05). With 
respect to the time course of the evoked activity, the maximum increase occurred 1 
second after stimulus onset irrespective of number of deflections. In contrast, 
evoked activity for 1 deflection remained above baseline levels up to 3.5 seconds 
after stimulus onset as compared to 5 pulses, which had fallen below baseline 
levels by the same point in time. Thus, by decreasing the degree of stimulation, 
the areal extent of evoked activity appeared unaffected while the other parameters 
were affected, such as magnitude of peak activity and time course of activity.

Supported by NSF IBN- 9507936. NINDS NS-34519

914.15
RECEPTIVE FIELD PLASTICITY IS COUPLED TO MODIFICATION OF THE 
FUNCTIONAL CONNECTION BETWEEN CORTICAL BARREL- 
COLUMNS. M. Lebedev*, I. Erchova, G, Mirabella, and M.E, Diamond. 
Cognitive Neuroscience Sector, International School for Advanced Studies, 
Trieste, 34014 Italy.

After 3 days of whisker pairing in adult rats (all whiskers on one side of 
the snout are clipped except D2 and one neighbor), neurons in cortical 
columns Dp and Dc (corresponding to the paired and cut whiskers adjacent to 
D2, respectively) show increased responsiveness to whisker D2. Neurons in 
column D2 neurons show increased responsiveness to whisker Dp but not to 
whisker Dc. Modification of the functional connection between cortical 
columns could contribute to this plasticity. To test this, we measured cross-
correlation between spike trains as an index of functional interaction between 
neurons. Activity was recorded from anesthetized rats using multielectrode 
arrays. Connectivity between neuron pairs was quantified by cross-correlation 
histograms (CCHs) during background activity and joint peristimulus time 
histograms (JPSTHs, corrected by shift predictor) during evoked activity. 
Background activity CCH values were 20-50% for column D2-Dp neuron 
pairs than for D2-Dc neuron pairs. In addition, "directional effects" in 
jPSTHs revealed preferred streams for the flow of activity: connectivity 
between columns D2 and Dc was higher when whisker Dp was stimulated than 
when whisker Dc was stimulated. For individual neurons in column D2 the 
relative functional connectivity with columns Dp and Dc was correlated with 
the neurons' relative responsiveness to whiskers Dp and Dc: receptive field bias 
paralleled connectivity bias. These observations support the hypothesis that 
cortical plasticity is related to changes in intercolumnar functional connectivity. 
(Supported by the Whitehall Foundation, NIH, and MURST)

914.16
THALAMOCORTICAL RESPONSE TRANSFORMATIONS IN THE 
WHISKER/BARREL SYSTEM DURING ACTIVE TOUCH. G-E-CarvelT*, 
M.K. Kelly1, D.J. Simons2. Depts. of Physical Therapy1 and Neurobiology2, 
University of Pittsburgh, Pittsburgh, PA 15261.

Previously we reported that acute removal of surround whiskers in behaving 
rats results in increased neuronal firing in the central whisker's (PW) column. 
In these experiments unit recordings and EMG activity are obtained from 
blindfolded rats exploring a wire mesh screen with their vibrissae before and 
after selected whisker trimming. Besides acquiring more cortical data, we have 
now obtained recordings from thalamic and trigeminal ganglion neurons.

Consistent with our previous report, neuronal activity in the cortex increases 
following trimming of contralateral whiskers adjacent to the PW. Activity 
decreased at only 1 of 16 sites, and this was located at the layer V/VI border. 
In contrast, activity in thalamic barreloid neurons (n=2 sites) decreased 
following surround whisker removal. For these same units, trimming the 
homologous whiskers on the ipsilateral face led to no change or to a slight 
decrease in unit activity. In one animal unit recordings were obtained from 
trigeminal ganglion neurons, which have single whisker RFs and no synaptic 
interactions. Neuronal activity was unaffected by whisker removal. The 
thalamic and trigeminal data suggest that increases in cortical activity do not 
simply reflect changes in whisking behavior due to whisker trimming.

Acute removal of surround whiskers, accounting for as much as 25% of the 
total mystacial pad complement, leads to increased neuronal firing within the 
central whisker's cortical column but a decrease or no change in thalamic 
activity. These observations in behaving animals are consistent with findings 
from sedated, passively stimulated rats indicating that barrel circuitry creates 
surround inhibition that acts to focus excitatory activity onto the PW. Support: 
NSF IBN 95-14462, NIH NS19950, APT A Viva J. Erickson Award.

914.17
PATTERNS OF 2DG LABELING EVOKED BY PASSIVE VS ACTIVE 
SINGLE WHISKER DEFLECTION IN THE TRIGEMINAL SYSTEM OF 
ADULT AND 7 DAY OLD MICE. J.J. Christensen*, T, Mosconi. M.F. Jacquin,
T.A. Woolsey. Departments of Neurology and Neurological Surgery, Washington 
University School of Medicine, St. Louis, MO 63110.

Passive whisker stimulation in young mice activates somatotopically 
appropriate patches throughout the trigeminal neuraxis (Mosconi et al., Soc. 
Neurosci. Abstr., 22:756, 1996). Here, we compared activation patterns in 7 day 
old (P7) and adult mice. Animals received an intraperitoneal injection (1.0 mCi/10 
g body weight) of (3H)2DG. The D4 whisker was stimulated passively (manually 
in all directions for 35 minutes at ~2-4 Hz) or actively (animals explored cages 
containing novel objects for 35 minutes). The fixed brains were sectioned serially 
at 40_m, reacted for cytochrome oxidase and coated with NTB-2 emulsion for 
autoradiography. On P7, all levels in the trigeminal neuraxis show greater 2DG 
uptake in D4 patches than in surrounding patches with passive deflection. Contrast 
(ratio of D4 to surrounding patches) after passive deflection exceeded that after 
active deflection; this difference was particularly striking in lemniscal targets (SI 
cortex, VPM and nucleus principalis of V). On P7 activation of paralemniscal 
sites (spinal trigeminal subnuclei interpolaris and caudalis) was equal after both 
paradigms. In adults, differential activation was greatest in SI cortex. 2DG uptake 
in the D4 barrel after active stimulation was nearly 3 times that of the surrounding 
barrels; uptake in the D4 barrel after passive stimulation was 1.4 times that of 
surrounding barrels. Evidently a mechanism develops postnatally that increases 
cortical activity when sensory stimulation is initiated by the animal. Thus, if 
gating exists in this system, its effects are most pronounced in the cortex.
Supported by NIH Grants NS 33939 and NS 17763, the Spastic Paralysis Foundation of 
the Illinois - Easter Iowa District of the Kiwanis International and The McDonnell 
Center for Studies of Higher Brain Function.

914.18
CORRELATION BETWEEN THE ABILITY TO DISPLAY PLASTICITY IN A LEARNING 
SITUATION AND THE ELECTROPHYSIOLOGICAL PROPERTIES OF NEURONS IN 
RAT BARREL CORTEX. R,W.Dykes*, M. Maalouf and A, A. Miasnikov. University 
de Montreal, Montreal, Quebec, H3C 3J7.

Action potentials were collected from 116 single units isolated in the barrel 
cortex of awake rats subjected to a sensory conditioning paradigm where 
stimulations of the principal vibrissa were repeatedly paired with stimulations of a 
non-adjacent one. Whisker pairing was performed in either the absence or presence 
of pharmacological agents known to modulate plasticity: AP5, NMDA and L- 
NAME. The elecrophysiological properties of individual neurons were analyzed 
and correlated with their ability to display plasticity following each of these 
different situations. Initially, neurons were classified according to spike shapes and 
durations. Five major classes were defined. Differentiated action potentials 
comprised 3 components in classes I, IV and V and a fourth one in classes II and 
III. The first component was negative in classes I, II and III. The minimal and 
maximal spike durations, based on the sum of first two components and averaged 
by group, were found in class III (0.40 ± 0.03 ms; Mean ± S.D.) and V (0.91 ± 0.22 
ms) respectively. Mean firing frequencies ranged from 4.4 ± 3.6 (class II) to 20.7 ± 
14.0 (class IV) spikes/s. The majority of cells were located in layer IV in all but 
class II where the highest proportion was in layer V. A second classification was 
based on the discharge pattern during ongoing activity. Seventy bursting neurons 
were identified. Of these, 31 had particular characteristics: 1) their mean frequency 
of ongoing activity was significantly higher than that of the whole population (t- 
test; p<0.01); 2) seven of 9 units for which histology was available were located in 
layer IV; 3) they all exhibited bursting patterns where within-burst intervals were of 
equal duration as their order of occurence within the burst increased; 4) they clearly 
displayed plastic changes that reflected those of the entire population in their 
respective treatment groups (Funded by the Medical Research Council of Canada).
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914.19
CORTICAL ACTIVATION FOLLOWING NEONATAL WHISKER FOLLICLE 
ABLATION IN RODENT: AN INTRINSIC OPTICAL IMAGING STUDY. 
R.T. Stevens*1, D.L. Maier2, J.S. McCasland2, W.W. Chuang1 and C.J. Hodge, 
Jr.1, Depts of Neurosurgery! 1) and Anatomy(2), SUNY Health Science Center at 
Syracuse, Syracuse, NY 13210.

Peripheral sensory denervation results in widespread central nervous system 
changes manifest by alterations in cortical patterns of sensory organization. The 
purpose of this study was to determine in adult rat and hamster, the pattern of 
cortical activation elicited by whisker stimulation of spared whiskers following 
unilateral neonatal C-row sparing follicle ablations.

Following cold anesthesia, P7 neonate rodents underwent unilateral ablation of 
all whisker follicles sparing only the C-row. After 1-2 months, animals were 
anesthetized with halothane and a craniotomy was performed to expose the right 
whisker barrel cortex. Imaging of the intrinsic optical signal was accomplished 
using 600-610 nm incident light and processing hardware and software 
developed by Optical Imaging, Inc. Stimuli were movement of a single remaining 
C-row whisker or a C or D-row whisker on the non-ablated (ipsilateral) side.

Movement of a spared C-row whisker results in a broad cortical area of 
activation extending primarily along the C-row cortical representational area. 
This result was in clear distinction to that seen in intact animals in which single 
whisker stimulation results in single cortical barrel activation. Stimulation of 
whiskers ipsilateral to the exposed cortex also resulted in widespread cortical 
activation centered on the C-row representational area.

These results demonstrate a hyperactivation of spared somatosensory cortical 
inputs following chronic sensory deprivation.

Funded by the Dept. of Neurosurgery, SUNY HSC, Syracuse, NY.

PAIN: PATHWAYS—VISCERAL, INTRAORAL AND DEEP TISSUE

915.1
PATHWAYS AND CHARACTERIZATION OF EXCITATORY 
CARDIOPULMONARY SYMPATHETIC AFFERENT (CPSA) INPUT TO 
VENTROPOSTEROLATERAL(VPL) THALAMIC CELLS IN PRIMATES. 
M.J. Chandler* and R.D. Foreman. Dept. Physiology, Univ. of Okla. 
HSC, Okla. City, OK 73190.

CPSA input excites spinothalamic and cuneothalamic neurons that 
receive convergent somatic inputs from upper thoracic dermatomes 
and are antidromically activated from VPL thalamus. The purposes of 
this study in 24 anesthetized monkeys were to (1) characterize 
responses of VPL neurons that were excited by CPSA input and (2) 
determine pathways that transmit CPSA input to VPL neurons. 
Peristimulus histograms were created for 38 cells excited by CPSA 
stimulation (1 Hz, 2-33 V, 0.1 ms). Fast latency peaks of evoked 
activity averaged 110.6 ± 10.0 impulses/stimulus; threshold stimulus 
was 8.2 ± 1.5 V. Latency to first bin of evoked impulses ranged from
2.1 -25.0 ms; duration of fast latency peaks ranged from 2.2-28.0 ms. 
Peaks with shortest latencies to first bin of evoked impulses were 
significantly shorter in duration than peaks with longest latencies. 
Late peaks of evoked activity (86-242 ms latency) were observed in 
19 VPL cells. Spinal cord pathways were cut for 5 VPL cells excited 
by CPSA input or urinary bladder distension. Midline dorsal column 
ablation did not affect visceral responses. Ablation of lateral dorsal 
column/dorsolateral funiculus prevented CPSA effects for 2 cells and 
ablation of ventrolateral funiculi was necessary to eliminate visceral 
effects for 3 cells. We concluded that visceral inputs reached VPL 
cells via multiple pathways. (NIH grants HL22732, HL52986)

915.2
SPINAL PATHWAYS PROCESSING NOCICEPTIVE INPUT 
FROM THE UTERUS. U. Wesselmann*12, J. B. Minson 3 and I. J. 
Llewellvn-Smith 3. Depts. of ‘Neurology and 2Biomedical Engineering, Johns 
Hopkins Univ. School of Medicine, Baltimore, MD 21287, USA; Dept. of 
Medicine, Flinders University, Adelaide, Australia .

Unlike many other viscera such as the urinary bladder or the colon, the only 
sensation that can be evoked from the uterus is that of pain. Acute pain from the 
uterus is commonly experienced during childbirth, and for many women this is 
the most intense pain that they will ever feel (Melzack, PAIN, 19, 1984: 321). 
Chronic pelvic pain presents a very' difficult clinical problem, because existing 
treatment strategies are often unsuccessful (Mathias, Obstet.&Gyn, 87, 
1996:321). Our goal is to study the neuronal mechanisms of acute and chronic- 
pelvic pain, with the aim to develop improved pain treatment strategies for 
women with pelvic pain, based on a better understanding of the underlying 
pathophysiological mechanisms. We determined the distribution of c-FOS 
immunoreactive (c-FOS-ir) neurons in the spinal cord in rats following noxious 
distension of the right uterine horn. c-FOS-ir neurons were found bilaterally in 
the thoracolumbar and in the lumbosacral spinal cord, with a predominance in 
segments T13, LI and L2 (hypogastric nerve input). The mean number of c- 
FOS-ir cells per section was significantly increased (P<0,05) in rats after uterine 
distension (T 13-25.8, LI-29.4, L2-24.4) as compared to anesthesia (T 13-3.9, 
Ll-3.2, L2-2.9) and sham-operated controls (T13-13.5, Ll-14.1, L2-10.6; mean 
number of cells per section; n=4 per group). Most labeled cells were located in 
lamina I, II and X. The results suggest that noxious uterine stimulation results 
in a specific spatial expression of c-FOS in the spinal cord. (Support: UW - 
Reflex Sympathetic Dystrophy Syndrome Association of America, Passano 
Physician Scientist Award, Blaustein Pain Research Fund, a Visiting Research 
Fellowship from Flinders University of South Australia', JBM and IJL-S - 
NH&MRC of Australia)

915.3
SUPPRESSIVE EFFECT OF OXYTOCIN ON UTERO-MUSCULAR 
REFLEX INDUCED BY BRADYKININ INJECTION INTO UTERINE 
CIRCULATION IN CATS. H. C. Han\ M. -G. Lee, M. -Y, Lee, Y. W. Yoon 
and S. K. Hong. Department of Physiology, College of Medicine, Neuroscience 
Research Institute, Korea University, Seoul 136-705, Korea.

Oxytocin is well known as one of the most potent hormones producing uterine 
contraction, especially during delivery. During last decade, it has been reported 
that oxytocin may also have anti-nociceptive effect. In present study, we 
examined if oxytocin could modulate the utero-muscular reflex resulting from 
activation of uterine nociceptors by bradykinin.

Adult female cats were used and anesthetised with a-chloralose and artificially 
ventilated after pancuronium bromide infusion. Body temperature, blood 
pressure and end-tidal CO? were monitored and maintained within physiological 
range during experiment. Tiny cannula was inserted into the side branch of 
uterine artery to inject bradykinin into uterine circulation and a balloon was 
inserted into the uterine horn through the ovarian end to measure uterine 
pressure. Laminectomy was performed for single fiber recording in ventral root 
(L4). In order to evaluate the effect of oxytocin, we compared the neuronal 
activities of ventral root filament and the uterine pressure responded to injected 
bradykinin (30 pg) before and after 1 I.U. of oxytocin injection (i.v.).

The neuronal responses of the ventral root that were induced by activation of 
uterine nociceptors by bradykinin were significantly reduced after oxytocin 
injection. But the uterine pressure was not changed in amplitude and duration 
before and after oxytocin injection.

These results suggests that oxytocin might play a suppressive role in utero- 
muscular reflex induced by bradykinin injection into the uterine circulation.

915.4
A NEW VISCERAL NOCICEPTIVE PATHWAY IN THE DORSAL COLUMN. 
A PHA-L STUDY OF ASCENDING PROJECTIONS FROM THE AREA 
AROUND THE CENTRAL CANAL OF T7 OR SI SPINAL CORD IN RATS. C,:
C. Wang*, Y, Lu, W. D. Willis and K. N, Westlund Department of Anatomy and 
Neuroscience, University of Texas Medical Branch, Galveston, TX 77555-1069. 
USA.

The aim of this study was to investigate pathways originating from the area 
around the spinal cord central canal which are believed to relay visceral 
nociceptive information. The spinal cord of anesthetized male Sprague-Dawley rats 
was exposed by laminectomy. Phaseolus vulgaris-leucoagglutinin (PHA-L. 2.5% 
in phosphate buffer; pH 8.0) was iontophoretically microinjected into the area 
around central canal at the T7 or SI level. After a 3- to 4-week survival period, the 
rats were perfused transcardially. The brain and spinal cord were removed and cut 
in serial sections which were then processed with PHA-L antibody and the ABC 
method. The ascending projections from neurons around the central canal at the 
T7 or SI level of the spinal cord were found primarily in the dorsal column and 
some in the anterolateral funiculus. Terminal fibers were found in the dorsal 
column nuclei, nucleus of solitary tract, medullary reticular formation, pontine 
reticular formation, periaqueductal gray, cuneiform nucleus, zona incerta and the 
medial part of the posterior thalamus. The density of terminals observed in the 
hypothalamus was sparse. No fibers were found in the parabrachial nuclei or the 
central nucleus of amygdala. The ascending post-synaptic projections from neurons 
around the central canal of the sacral cord were localized in the dorsal column 
midline, whereas those from the thoracic cord were localized near the dorsal 
intermediate septum. The ascending projections of this post-synaptic dorsal column 
pathway arising near the central canal are believed to be involved in visceral 
nociceptive transmission. (Supported by NIH grants NS 11225, NS32778 and 
NS09743).
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915.5
MECHANICAL LESION OF DORSAL COLUMN SIGNIFICANTLY REDUCES 
EPIGASTRIC NOCICEPTIVE TRANSMISSION INDUCED BY DUODENAL 
DISTENTION IN RATS. Y. Feng*, M-L Cui and W. D. Willis. Dept. of Anatomy & 
Neurosciences, University of Texas Medical Branch, Galveston, TX 77555-1069

The dorsal column (DC) has been implicated as an important pathway for the 
transmission of visceral colorectal pain by previous electrophysiological work in our 
laboratory. Evidence was also obtained from human surgical case studies showing 
that a restricted lesion of the DC can virtually eliminate pelvic pain due to cancer 
while sparing the normal skin sensations. In present investigation we verified a 
similar role of DC in epigastric pain processing induced by duodenal distention (DD) 
in rats. In a behavioral study, an intraduodenal balloon was distended by 0.1 ml 
saline increments until writhing-like activity was produced. The writhing-like 
activities after a DC lesion at the C2 level were tested again and compared to pre-
lesion and sham surgery rats, respectively. The mechanical DC lesion significantly 
reduced the intensity of the writhing response and increased the threshold to elicit 
the writhing response. In electrophysiological study, the extracellular activity of 
single neurons which responded to DD and somatic stimulation was recorded in 
ventrobasal nucleus of the thalamus in anesthetized rats. The firing of thalamic cells 
was evaluated with the same visceral and somatic stimuli before and after a lesion of 
the DC. Of the 56 tested cells, 15 were excited by DD, 14 were inhibited and 21 were 
not activated by DD (but were by somatic stimulation). The responses to nociceptive 
transmission from the duodenum to the thalamus, whether excitatory or inhibitory, 
were depressed significantly by a DC lesion to an average of 25% of the control 
level. The DC lesion had no effect on responses to somatic stimulation. We 
concluded that the DC pathway is importantly involved in epigastric nociceptive 
processing. (Supported by NS 11255 and NS09743)

915.6
THE DORSAL COLUMN: A ROLE IN NOCICEPTIVE VISCEROSENSORY 
PROCESSING IN THE PRIMATE. E, D. Al-Chaer*, Y. Feng, K. N. Westlund, and 
W. D. Willis. Department of Anatomy and Neurosciences, University of Texas 
Medical Branch, Galveston, TX 77555-1069.

The dorsal column (DC) is an important path relaying nociceptive visceral 
information into higher brain centers. Al-Chaer et al. (1996) have shown that a 
lesion of the DC dramatically reduces the responses of neurons in the ventral 
posterolateral (VPL) nucleus of the thalamus in rats to colorectal distension (CRD) 
and to colon inflammation. The aim of this study is to investigate the role of the 
primate DC in visceral nociception. The responses of 69 single thalamic cells to 
CRD and somatic stimulation were recorded in 5 male monkeys (Macaca 
fascicularis) anesthetized according to standard laboratory procedures. Of the 69 
units, 18 were excited by CRD, and 22 were inhibited. Twenty four cells that were 
either excited or inhibited by CRD could not be activated by somatic stimulation. On 
the other hand, 29 somatically-activated cells did not respond to CRD. A lesion of 
the DC at or above T10 in each experiment reduced the responses of thalamic units 
to CRD by an average of 69%. Subsequent lesions of the ventrolateral columns 
(VLC) or of the dorsolateral funiculi (DLF) had variable effects on the remaining 
component of the responses to CRD. The results obtained indicate that, similar to the 
rat, lesion of the DC in the monkey interrupts the majority of the colorectal input 
into the VPL nucleus. However, the data collected so far indicate that the effects of 
the VLC or the DLF lesions on the responses to CRD apparently vary with the type 
of somatic receptive fields that the cell exhibits. Nonetheless, a substantial reduction 
in the magnitude of the response to CRD is obtained after one or the other of these 
lesions. The only consistent effect was that of the DC lesion. These results support 
earlier observations in the rat that the DC plays an important role in relaying 
noxious visceral information to the VPL nucleus and argue for the importance of the 
DC in the processing of visceral pain. (Supported by NS09743, NS32778, NS 11255).

915.7
SPINAL PATHWAYS FOR COLORECTAL INPUT INTO THE SOLITARY 
NUCLEUS. W. D. Willis*, K. N. Westlund and E. D. Al-Chaer. Department of 
Anatomy and Neurosciences, University of Texas Medical Branch, Galveston, TX 
77555-1069.

The solitary nucleus (SN) is known to receive input from several visceral organs. 
These inputs can be carried via spinal and vagal pathways and relayed further to 
higher brain centers. The purpose of this study is to investigate the role of the dorsal 
column in visceral input into the SN. Experiments were made on 9 male Sprague 
Dawley rats anesthetized with pentobarbital (40 mg/kg ip; 5 mg/kg/h iv). Forty -eight 
NS cells were examined for responses to colorectal distension (CRD) and somatic 
stimulation. Of the 48 units, 25 were excited by CRD, 7 were inhibited and 16 did 
not show any response. Of the 25 excited cells, 4 responded after the removal of the 
stimulus. Only one cell had a cutaneous receptive field in the perineal area. 
Consecutive spinal lesions were made at T10 in each experiment. When a DC lesion 
was made first (n=6), the responses of the SN cells did not show a significant 
change. A lesion of the ipsilateral dorsolateral funiculus (iDLF) reduced dramatically 
the response of these cells to CRD whether the DLF lesion was made before the DC 
lesion (n=2) or after it (n=6). Subsequent lesions of the ventrolateral columns (VLC) 
had variable effects on the remaining component of the responses to CRD. In 4 units 
the responses to CRD were abolished after bilateral lesions of the VLCs or after a 
spinal transection. Two SN cells that were initially excited by CRD became inhibited 
after spinal transection. Two other cells continued to respond to CRD after spinal 
transection. The results obtained indicate that the iDLF is the main spinal pathway 
for excitatory colorectal input into the SN. The DC plays a more important role in 
mediating colorectal input into the nucleus gracilis (NG, Al-Chaer et al. 1996), 
implying that the DC-NG visceral pathway is separate from the DLF-SN pathway. 
This separation may have functional implications (Supported by NS09743, 
NS32778, NS11255)."

915.8
RESPONSES OF PRIMATE STT CELLS AND RAT DORSAL HORN CELLS TO 
NOXIOUS CUTANEOUS MECHANICAL AND THERMAL STIMULATION ARE 
INHIBITED BY CHEMICAL STIMULATION OF THE ANTERIOR PRETECTAL 
NUCLEUS. P.S. Chen*, A.K, Houghton. E.D. Al-Chaer, K.N. Westlund and W.D. 
Willis. Marine Biomedical Institute, University of Texas Medical Branch, Galveston, 
Texas, 77555-1069, U.S.A.

We have shown in previous experiments that electrical stimulation of the Anterior 
Pretectal Nucleus (APT) inhibits responses of primate spinothalamic (STT) cells to 
noxious cutaneous mechanical and heat stimulation and responses of rat dorsal horn 
cells to noxious cutaneous mechanical stimulation. The purpose of this study was to 
determine if the responses of dorsal horn cells to noxious cutaneous mechanical and 
thermal stimulation would be inhibited by chemical stimulation of the APT with D,L- 
homocysteic acid (DLH), an excitatory amino acid analogue. Male monkeys (Macaca 
fascicularis) were used in extracellular recording experiments to measure changes of 
STT cell responses to brushing, pressing, pinching and heating of the skin. In the rat 
experiments (male Sprague-Dawley rats, 270-350g), the dorsal horn cell responses 
only to mechanical stimulation of the skin were tested. All animals were anesthetized 
before surgery and anesthesia was maintained throughout the experiment. STT cells 
were identified by antidromic activation from the VPL thalamic nucleus with a 
constant latency, high frequency following and collision with orthodromic spikes. In 
primate studies, a 0.5pl Hamilton syringe was lowered stereotaxically to inject 50nl of 
O.lmM DLH in the APT. In the rat studies, glass pipettes (tip diameter: 6-15pm) were 
used to inject 50-75nl of O.lmM DLH using a Picospritzer system. The APT was 
located by using stereotaxic coordinates and electrical stimulation. Once electrical 
stimulation evoked inhibition was found, then the electrode was withdrawn and the 
injection needle or pipette was lowered to the same location. STT responses (n=8) to 
non-noxious brushing, noxious pinching and noxious heating (51-53 °C) of the skin 
were inhibited by DLH stimulation of the APT. In the rat, dorsal horn cell responses to 
pinch were inhibited. (Supported by NIH grants NS509743, NS11255, NS32778 and 
by NIMH Fellowship MH10322)

915.9
SPINAL PROJECTIONS TO TIIE PARABRACHIAL NUCLEUS MEDIATE 
VISCERAL NOCICEPTIVE INFORMATION. H, Herbert*, K. Feil and M. 
Dutschmann. Dept. Animal Physiol., Univ. of Tubingen, Auf der Morgenstelle 28, 
D-72076 Tubingen. Germany.

The parabrachial (PB) complex receives topographically organized projections 
from the spinal cord. In the present study, we examined in detail the spinal pathways 
to the internal lateral (il) PB. We employed anatomical and physiological techniques 
to elucidate their neuropeptides and their role in processing of visceral nociceptive 
information. Retrograde tracing experiments combined with peptide-immunocyto-
chemistry revealed two neurochemically distinct pathways to the PBil: spinopara- 
brachial neurons in deep layers of the cervical and upper thoracic dorsal hoin 
contain predominantly substance P (up to 85%), while spinoparabrachial neurons in 
lower thoracic and lumbosacral segments contain mainly the vasoactive intestinal 
polypeptide (VIP, up to 90%). Distention of the urinary bladder served as a visceral 
noxious stimulus, resulting in a fall in arterial blood pressure and heart rate, and a 
rise in respiratory rale and tidal volume. Quantitative image analysis revealed that 
repetitive bladder stimulaion over 2.5 h resulted in a significant change of axonal 
VIP-immunoreactivity in the PBil. Furthermore, bladder stimulation induced Fos 
expression both in the spinal cord and in the PB complex. In lumbosacral spinal 
segments Fos-positive neurons were numerous in superficial (I/1I) and deep dorsal 
horn laminae. Retrograde labeling of spinoparabrachial cells and subsequent bladder 
distention revealed that 31% of Fos-positive neurons in the deep dorsal hoin project 
to the PBil. Bladder stimulation led also to Fos-positive neurons in the PB complex, 
particularly in the central, external and dorsal lateral PB, and in the Kolliker-Fuse 
nucleus. From our datat, we conclude that the PBil receives spinal projections from 
deep laminae-neuions of the lumbosacral cord which make use of the neuropeptide 
VIP to transmit nociceptive information from the urinary bladder to the PBil. 
(Supported by Gtaduiertenkolleg Neurobiologie and DFG. giant He 1842/6-1)

915.10
A COMPARISON OF PEPTIDE EXPRESSION IN THE TRIGEMINAL 
GANGLION FOLLOWING TWO TYPES OF INFERIOR ALVEOLAR NERVE 
INJURY. C.Elcock, F.M.Boissonade and PPRobinson*. Department of Oral and 
Maxillofacial Surgery, University of Sheffield, UK.

We have previously demonstrated changes in the expression of substance P (SP) 
and calcitonin gene-related peptide (CGRP) in the cells of the trigeminal ganglion 
following ligation of the inferior alveolar nerve (Elcock et al., J. Dent. Res. 75: 
1198, 1996). We have now compared the changes seen after ligation with those 
seen after nerve section when regeneration is permitted. Experiments were 
performed on adult female ferrets under anaesthesia (ketamine 23.5 mg/kg and 
xylazine 1.2 mg/kg). The left inferior alveolar nerve (IAN) was either sectioned (4 
animals) or ligated (3 animals) and recovery allowed for eleven weeks. During a 
second procedure the IAN was re-exposed and an injection made central to the 
injury site using a mixture of 4% Fluorogold (FG, Fluorochrome Inc., USA) and 
4% Isolectin B4 conjugated to horseradish peroxidase (B4-HRP, Vector 
Laboratories), to identify cell bodies with axons in the IAN and unmyelinated cells 
within this population, respectively. One week later the animals were perfused with 
4% paraformaldehyde and 14pm, frozen, serial, sagittal sections were cut from the 
left trigeminal ganglia. Sham experiments were performed (n=6) involving tracer 
injection alone. The sections were reacted for B4-HRP and either SP or CGRP 
using indirect immunofluorescence. FG, peptide and B4-HRP positive cell counts 
were made using fluorescent microscopy, from three alternate sections (at 224pm 
intervals) with a minimum of 200 FG-positive cells per animal. In the sham 
animals 27% of the FG cells were also positive for SP. Twelve weeks after ligation 
34% were SP positive and this was significantly different from that found after 
section and regeneration (18%, p<0.05, unpaired t-test). In the sham animals 30% 
of the FG cells were CGRP positive; after ligation 41% were positive and after 
section and regeneration 25% were positive (p>0.05).

These results show that some changes in peptide expression after inferior 
alveolar nerve injury are dependent upon the nature of the injury.

Supported by the MRC (UK)
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915.11
SUBSTANCE P AND CALCITONIN GENE-RELATED PEPTIDE CORRELATE 
WITH FOS EXPRESSION IN THE FERRET TRIGEMINAL COMPLEX 
FOLLOWING TOOTH PULP STIMULATION. E.L. Oakden, I, Billig and F.M. 
Boissonade* Dept. of Oral and Maxillofacial Surgery, Univ. of Sheffield, U.K.

Activation of trigeminal afferent neurones by electrical tooth pulp stimulation 
causes Fos expression in the trigeminal spinal nucleus (Boissonade, J. Dent. Res. 
74: 879, 1995). Substance P (SP) and calcitonin gene-related peptide (CGRP) are 
involved in spinal pain pathways. The aim of this study was to determine whether 
these peptides might also be involved in nociceptive processing in the trigeminal 
spinal nucleus. Five female ferrets, aged 5-8 months, were pre-prepared for 
stimulation as described previously (Oakden and Boissonade, J. Physiol, 495: 28, 
1996). After 7 days the animals were anaesthetised via an indwelling cannula with 
alphaxalone/alphadolone (6 mg/kg) and light anaesthesia was maintained with a 
continuous infusion of the same anaesthetic (6-8 mg/kg/h). A short train of stimuli 
(3x 0.5 ms at 200 Hz), at 10 times the threshold of the jaw opening reflex, was 
applied to the upper and and lower left canine teeth at 1 Hz for 90 minutes. Two 
hours after the start of stimulation all animals were deeply anaesthetised (sodium 
pentobarbitone 65 mg/kg) and fixed by perfusion with 4% paraformaldehyde. 
Frozen serial sections of the brainstem (20 pm) were cut from 5 mm caudal to 10 
mm rostral to obex. The sections were incubated with antibodies to Fos and either 
SP or CGRP and then processed using immunofluorescent secondary antibodies. 
SP- and CGRP- immunoreactive terminals were found adjacent to neurones that 
had been activated by tooth pulp stimulation. These results support the hypothesis 
that SP and CGRP may play a role in nociceptive processing in the trigeminal 
spinal nucleus,

Supported by the Wellcome Trust.

915.12
NMDA MECHANISMS ARE INVOLVED IN TRIGEMINAL (V) NOCICEPTIVE 
NEURONAL PLASTICITY INDUCED BY MUSTARD OIL APPLICATION TO 
RAT TOOTH PULP. C.Y, Chiang, S.J. Park*, C.L. Kwan, J.W, Hu and B.J. 
Sessle. Faculty of Dentistry, University of Toronto, Toronto, Canada, M5G 1G6.

We have previously demonstrated that application of the inflammatory irritant and 
C-fibre excitant mustard oil (MO) to the rat maxillary molar tooth pulp induces 
significant and prolonged increases in EMG activity of jaw muscles and V 
neuroplastic changes associated with enhancement of mechanoreceptive field (RF) 
and response properties of nociceptive brainstem neurones in V subnucleus caudalis. 
Since the NMDA receptor ion channel blocker MK-801 can effectively block MO- 
induced increases in EMG activity of jaw muscles (Yu et al., Pain, 68:169, 1996), 
the aim of this study was to test if local application to caudalis (i.t.) of MK-801 
influences the neuroplastic changes evoked in caudalis nociceptive neurones by pulp 
application of MO. Single unit activity (n=22) was recorded in subnucleus caudalis 
from wide dynamic range (WDR) and nociceptive-specific (NS) neurones in 
chloralose/urethane-anaesthetized rats. Each nociceptive neurone’s spontaneous 
activity, RF size, mechanical threshold and response magnitude to graded pinch (50 
g, 100 g, and 200 g) stimuli applied to the RF were assessed prior to and throughout 
a 40 min period after MO application to the exposed ipsilateral maxillary molar pulp. 
Application of MO induced a brief significant increase in neuronal spontaneous 
activity (>4000% of control, P<0.05), a long-lasting (>40 min) and significant 
expansion of theRF (>300% of control, P<0.01), a significant (P<0.05) decrease 
in mechanical threshold, and a significant (P<0.05) increase in the response 
magnitude to graded pinch stimuli (6 WDR and 5 NS neurones). Administration of 
MK-801 (10 pg/lQfil, i.t.) 12 min prior to MO application totally abolished these 
MO-induced neuroplastic changes in 7 (3 WDR, 4 NS) neurones. Saline application 
(i.t.) to caudalis before mineral oil was applied to the molar pulp did not produce 
any significant changes in spontaneous activity, RF size, mechanical threshold or 
responses of a control group of neurones (2 WDR, 2 NS). These results indicate 
NMDA receptor involvement in the profound neuroplastic changes in V nociceptive 
pathways induced by MO application to the tooth pulp and suggest a role for NMDA
mechanisms in the ’central sensitization’ and hyperalgesia resulting from pulpal
inflammation. Supported by NIH grant DE-04786.

915.13
RESPONSES OF NOCICEPTIVE NEURONES IN RAT TRIGEMINAL 
SUBNUCLEUS CAUDALIS AND C2 DORSAL HORN TO CUTANEOUS 
AND DEEP AFFERENT INPUTS. K.Q, Sun*, H, Vernon1, B.J, Sessle and
J.W. Hu, Fac. of Dentistry, Univ. of Toronto, Canada, M5G 1G6 and 
TCanadian Memorial Chiropractic College, Toronto, Canada, M4G 3E6

Recent studies have demonstrated hypoglossal nerve (XII) muscle afferent 
inputs to neurones in trigeminal subnucleus caudalis and the upper spinal cord 
and that the caudal part of caudalis (CVc) and the upper cervical dorsal horn is 
a critical relay site for craniofacial nociceptive reflexes evoked from deep 
tissues. The aim of this study was to characterize the properties of the 
nociceptive neurones receiving deep as well as cutaneous afferent inputs in the 
CVc (3-4 mm behind obex) and the C2 dorsal horn (C2DH, 5-6 mm behind 
obex). Extracellular single unit recordings were made in urethane/chloralose- 
anesthetized rats from 64 nociceptive neurones classified as wide dynamic 
range (WDR) or nociceptive-specific (NS); all neurones were recorded in 
lamina IV-VI. The cutaneous mechanoreceptive field (RF) of 80% of the CVc 
neurones and all C2DH neurones involved the caudal face and in 8% and 37% 
of these neurones, respectively, ^Iso included part of the C2 dermatome (e.g. 
ear, neck, occiput). Ipsilateral XII nerve stimulation activated 76% (19/25) of 
the WDR neurones and 59% (23/39) of the NS neurones in CVc and C2DH. 
All 64 neurones responded to cutaneous electrical stimulation with A or A and 
C fiber-related discharges. On the contrary, the pattern of discharges induced 
by C-fibre strength XII stimulation was frequently not clearly separated into A 
and C fibre-related discharges, and in some cases (11%) only late discharges 
could be evoked. These findings point to differences in the processing of deep 
vs cutaneous afferent inputs to CVc and C2DH nociceptive neurones.
Supported by NIH DE 11995 and a fund from ’CMCC.

915.14
HYPOGLOSSAL NERVE-EVOKED C-FOS EXPRESSION IN SPINAL 
TRIGEMINAL NUCLEUS OF THE RAT. D.A, Bereiter. D.F, Bereiter. J.W, Hu 
and H, Hirata* Depts. of Neuroscience & Surgery, Brown Univ./RI Hospital, 
Providence, RI 02903 and Faculty of Dentistry, Univ. of Toronto, Ontario M5G 
1G6, Canada

The location of brainstem neurons that process somatic and/or proprioceptive 
sensory information from the tongue is not well-defined. To determine if 
subpopulations of cells in the spinal trigeminal nucleus (Vsp) are activated by 
hypoglossal nerve (XII) stimulation, trains of pulses (300 Hz, 33 ms train duration, 
1 train per 3 s, for 10 min) were delivered at low (0.5 mA, 1 ms) or high intensity 
(5 mA, 2 ms) to the main trunk of XII as it crosses the posterior belly of digastric
m. in barbiturate-anesthetized rats. After 2h survival, brainstem sections were 
stained for Fos-like immunoreactivity (Fos-LI) and neural activation was estimated 
from the number of Fos-positive neurons in Vsp. Three regions of Vsp displayed 
significant ipsilateral-contralateral differences in Fos-LI after low or high intensity 
XII-ES: dorsal paratrigeminal n. (dPa5), lamina I at mid-Vc (Vc), and lamina I at 
Vc/upper cervical cord transition (Vc/C2). Fos-LI seen at the ventrolateral pole of
n. interpolaris/caudalis transition (Vi/Vc) was bilateral. Intensity-related differences 
were greatest at dPa5 (P<0.01) with significant effects also seen in lamina I at mid- 
Vc and lamina I at Vc/C2 (P<0.05) compared to surgically-prepared unstimulated 
controls. Some Fos-LI was seen in lamina V at the Vc/C2 transition after high 
intensity stimuli. Significant Fos-LI also was seen bilaterally in the ventrolateral 
medulla, in the external lateral and dorsolateral subdivisions of the parabrachial 
complex, and in the Kollicker-Fuse area. Only sparse Fos-LI was seen in the NTS. 
No Fos-positive neurons were seen in the motor n. of XII or in subnuclei of the 
Vsp rostral to the Vi/Vc transition. These results suggest a critical role for neurons 
in the dPa5 and lamina I of the caudal Vc-upper cervical cord in the integration of 
sensory information from the tongue and adjacent musculature supplied by small 
diameter afferent fibers. Supported by NIH grant NS26137 and RI Hospital.

915.15
MORPHINE AND MK-801 INTERACT TO REDUCE C-FOS EXPRESSION IN 
SPINAL TRIGEMINAL NUCLEUS AFTER INFLAMMATION OF THE TMJ 
REGION IN THE RAT. D.F. Bereiter. A.P, Benetti and D.A. Bereiter* Depts. of 
Neuroscience & Surgery, Brown Univ./RI Hospital, Providence, RI02903

Temporomandibular joint (TMJ) disorders include persistent changes in pain 
sensation, muscle reflex activity and autonomic function. The origin of pathways 
for TMJ-related responses likely involves neurons in the spinal trigeminal nucleus 
(Vsp). If select populations of neurons in the Vsp are critical for TMJ pain, then 
analgesic agents such as morphine or NMDA receptor antagonists should reduce 
activity among cells receiving input from the TMJ region. Barbiturate-anesthetized 
male rats were given morphine centrally (0.3-30 ng, icv), systemically (0.03-3 
mg/kg, iv), or the NMDA antagonist, MK-801 (0.02-2 mgflcg, iv) 15 min prior to 
mustard oil (25 pi, 20% sol.) injection into the TMJ region. After 2h survival, 
brainstem sections were stained for Fos-like immunoreactivity (Fos-LI) and neural 
activation was estimated from the number of Fos-positive neurons in Vsp. Four 
distinct regions in Vsp displayed Fos-LI: ventrolateral pole of n. 
interpolaris/caudalis transition (Vi/Vc), dorsal paratrigeminal n. (dPa5), laminae I-II 
at mid-Vc (Vc), and laminae I-II at Vc/upper cervical cord transition (Vc/C2). 
Morphine (icv or iv) reduced (P<0.01) in a dose-related manner Fos-LI at all regions 
(Vi/Vc, -74%; dPa5, -95%; Vc, -83%; Vc/C2, -91% vs saline). MK-801 (iv) 
caused smaller but significant decreases in Fos-LI only at dPa5 (-47%), Vc (-39%) 
and Vc/C2 (-61%). A combined subthreshold dose of morphine (0,03 mg/kg, iv) 
plus MK-801 (0.2 mg/kg, iv) caused a decrease in Fos-LI at the dPa5 (-84%) and at 
laminae I-II of the Vc/C2 (-69%) that greatly exceeded the effect of the same dose of 
either drug alone (P<0.01). Thus, morphine causes widespread inhibition of Vsp 
neurons that process TMJ input, whereas NMDA antagonists mainly affect neurons 
in dPa5 and at Vc/C2. Neurons in dPa5 and laminae I-II of the Vc/C2 transition 
may provide the site of action for morphine-NMDA receptor antagonist interactions 
in trigeminal nociception relevant for TMJ disorders. Supported by NIH grant 
NS26137 and RI Hospital.

915.16
FOS-LIKE IMMUNOREACTIVITY (FOS-LI) IN THE SPINAL 
TRIGEMINAL NUCLEUS FOLLOWING STIMULATION OF 
MYELINATED (A5) OR NON-MYEL1NATED (C) AFFERENTS 
FROM THE FERRET’S UPPER MAXILLARY CANINE. S, Chaisin1 , 
W. Maixner1. M. Narhi2. B. Taylor-Blake3 and A.R. Ligh? Dental 
Research Ctr.1, Department of Physiology3, Univ. of North Carolina at 
Chapel Hill, NC 27599-7455 and Department of Physiology2, Univ. of 
Kuopio, Finland

In this study, we have examined the functional distribution of A8 and C 
fiber input from the tooth-pulp to the spinal trigeminal complex using the 
immunohistochemical expression of the protooncogene, c-fos, as a marker 
of neuronal activity. In anesthetized male adult ferrets, preferential 
activation of A8 fibers innervating the dentin of the right maxillary canine 
was performed by adding 5M CaCl2 to a shallow cavity preparation 
placed in dentin. Controls had similar dentinal preparations filled with
0.9% NaCl. Preferential C fiber activation was performed by heating the 
intact tooth with a thermal probe at 60°C which produced an increase in 
pulpal temperature to approximately 43°C at a rate <l°C/sec. Controls 
received a 37°C stimulus to the intact tooth. Two hours after the first 
stimulation animals were intracardially perfused with heparinized PBS and 
cold 4% paraformaldehyde. Brainstems were removed and processed for 
Fos-LI, and Fos-positive cells were counted. Activation of AS fibers 
produced ipsilateral Fos-LI expression in the dorsal portion of the spinal 
trigeminal caudalis (Vc) and transitional zone (Vi/Vc) of spinal trigeminal 
nucleus. Activation of C fibers produced Fos-LI expression ipsilaterally in 
the ventral area of Vc and contralaterally in the ventral Vi/Vc. Both forms 
of stimulation evoked Fos-LI expression in NTS (ipsilateral > 
contralateral). The results suggest that pulpal AS and C afferents activate 
neuronal networks in different regions of the spinal trigeminal nucleus.

Supported by DE 11661 (WM) and NS 16433 (ARL).
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915.17
MECHANICAL STIMULATION OF A CHEMICALLY IRRITATED DURA 
ACTIVATES NEURONS IN LAMINA I OF THE MEDULLARY DORSAL 
HORN AND IN THE VENTROMEDIAL HYPOTHALAMUS: A C-FOS 
STUDY. A. Malick, H. Yamamura. S. de Lacalle* and R. Burstein 
Department of Neurobiology, Harvard Medical School, Department of 
Anesthesia, Beth Israel Hospital, Boston MA 02115

Primary headaches are often presented with symptoms such as 
intracranial and extracranial hypersensitivity, reduced appetite, nausea, 
vomiting, and interrupted sleep. In recent studies, we have shown that 
application of inflammatory agents to the dura mater produces 
sensitization in trigeminal ganglion neurons that project to the brainstem, 
and in trigeminal brainstem neurons that project to the thalamus and 
hypothalamus. Therefore, it is reasonable to speculate that both the 
thalamus and hypothalamus will be activated by these sensitized 
trigeminal neurons. This study seeks to identify which hypothalamic 
nuclei are activated following the induction of intracranial hypersensitivity.

Neuronal activity in the hypothalamus and trigeminal brainstem was 
examined by using the expression of fos protein as a marker for cellular 
activity. Neuronal activation was induced by applying inflammatory 
agents to the dorsal surface of the dura together with mechanical 
stimulation (delivered with 1g von Frey hair). This combination was 
previously found to induce maximal firing in trigeminal brainstem neurons 
that receive input from the dura.

Following 1h of dural stimulation the number of neurons expressing fos 
was increased (over saline only control cases) mainly in the ventrolateral 
area of lamina I at the level of C1 spinal cord and nucleus caudalis, and 
in the ventromedial hypothalamic nucleus (VMH).

The locations of fos positive neurons in lamina I of C1 and nucleus 
caudalis suggest that nociceptive neurons were activated by the dural 
stimulation. The activation of neurons in the VMH could provide a 
neuronal substrate for the nausea, vomiting, and reduced appetite 
associated with headache as this area is believed to participate in the 
regulation of glucose metabolism and feeding behavior. Supported by 
NIH grants NS35611-01 and DE 10904.
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916.1
INCREASED NOCICEPTION IN RATS WITH LOW 
PERFORMANCE IN THE FORCED SWIMMING TEST AND 
LOW SPONTANEOUS MOTOR ACTIVITY. H. Suarez-Roca*, G. 
Gomez, S. Perche, J.L Arcaya and G. Cano. Sec. 
Pharmacology, Instituto de Investigaciones Clinicas, Univ. of 
Zulia, Apartado 1151, Maracaibo, Venezuela.

Several controversial clinical studies have demonstrated 
alterations in pain perception during depression. In the present 
study, nociception in the hot plate (HP) and formalin test (FORT) 
was evaluated in rats with low spontaneous motor activity (EMA) 
and with poor performance in the repeated forced swimming test 
(rFST) (20 min/daily for 3 days). Rats with low performance in 
the rFST showed augmented nociception during the FORT. The 
maximal increase (60 %) was observed during the FORT 2nd 
phase. Rats with low EMA showed an increased nociception 
respect to high EMA rats during the FORT done 48 h after rFST. 
The maximal increase (100 %) was also observed during the 
inhibitory 2nd phase of the FORT. FORT 2nd phase nociception 
was negatively correlated with EMA measured 24 h after rFST. 
Both HP latencies and EMA were reduced (45 %) 24 h after rFST 
in rats with high performance but not in those with low 
performance. If poor motor performance is related to human 
depression, this further supports an increased nociception in this 
disorder (supported by IIC-LUZ-96).

fact that there was a second diminution 
of nociceptive responses after the 
second formalin injection, rather than 
an additive sum of the nociceptive 
responses to the two injections, suggests

that the diminution that normally 
occurs after the first phase of the 
formalin test is due to an active 
inhibitory process, as opposed to a lack 
of excitation during this interphase 
period. (Supported by MRC Canada).

916.2
AN ACTIVE INHIBITION UNDERLIES THE DIMINUTION OF NOCICEPTIVE 
RESPONSES BETWEEN THE TWO PHASES OF THE FORMALIN TEST. K. 
Yasphal*, TJ. Coderre and J.L. Henry. Pain Mechanisms Laboratory. Clinical 
Research Institute of Montreal and Departments of Physiology and Psychiatry, 
McGill University, Montreal, Quebec.

The injection of a dilute solution of 
formalin into a rat's hindpaw produces a 
biphasic nociceptive response including 
an early phase during the first 5 min, 
and a later phase, starting 15 min after 
formalin, which lasts for 40-50 min.
Traditionally, the first phase has been 
viewed as due to an acute activation of 
nociceptors, the second phase as due to 
an ensuing inflammatory response, and 
the interphase diminution as due to a 
period of inactivity. Presently, we 
compared the nociceptive behaviours 
produced by a single hindpaw injection 
of 50 pi of 2.5% formalin, with that 
produced by two similar formalin 
injections given 20 min apart. While a 
single injection produced a typical 
biphasic response, the double injection 
produced a triphasic response, with a 
second diminution of nociceptive 
behaviours between 5 and 15 min after 
the second injection (see figure). The

916.3
INFLUENCE OF POSTURE ON THE WITHDRAWAL-RESPONSE TO 
NOXIOUS STIMULATION IN RATS. M. W. Lesehnik, H, Gillv, S. 
Milovic and J. G. Thalhammer*. Dept. of Medicine, Univ. Vet. Med., L. 
Boltzmann Institute of Exp. Anaesth., Vienna, Austria, A - 1210.

The withdrawal-response to noxious stimulation of the hindpaw is a 
frequently used paradigm to study altered sensation resulting from 
various manipulations in the peripheral or central nervous system. Most 
of these manipulations result in postural changes in addition to changes 
in perception. In this study our goal was to evaluate the possible 
influence of altered posture on latencies of the withdrawal-response in 
hindpaws of healthy untreated rats.
Male Sprague-Dawley rats (n = 16) were handled to become familiarized 
with the procedure and to stay in a tube for the duration of the trial 
without any obvious stress. Inclination of the tube allowed us to alter the 
posture of the rat in a controlled fashion. The studied paw of the rat was 
placed on a glass surface. The pressure produced by the rat's hindpaws 
on the supporting surface was monitored. From altering the posture 
resulting changes in pressure and extension of the rear limbs were 
monitored. Radiant heat stimulation of the rat's paw for up to 54°C and 
for up to 17 s was used to induce the withdrawal-response. The latencies 
of the withdrawal-response to noxious radiant heat stimulation were 
measured in different postures.
The latency of the withdrawal-response in rats in normal resting posture 
(control) ranged from 5 to 6 s (n = 80). Altering the posture prolonged the 
latency by 4.6 s, up to 192 % of control/x, n = 10).
It is concluded that posture has an influence on withdrawal-response 
latency to noxious stimulation.

916.4
A COMPARISON OF EFFECTS ON HUMAN SKIN SENSES BY CUTANEOUS 
FIELD STIMULATION (CFS) AND TRANSCUTANEOUS ELECTRICAL 
NERVE STIMULATION (TENS). H.-J. Nilsson* and J. Schouenborg. Dept. of 
Physiology and Neuroscience, Lund Univ., Solveg. 19, S-223 62, Lund, Sweden.

It is known that different skin senses can competitively interact with one another. 
This can be used therapeutically either to reduce pain or itch. A technique, called 
CFS, has been developed in our laboratory that permits local electrical stimulation 
of cutaneous C fibers close to the dermo-epidermal junction. The effect was 
evaluated on the perception of itch, cold, warmth, light touch and fabric-evoked 
prickle. For comparison, hi-TENS was used, known to preferentially stimulate 
large nerve fibers. A silicon plate (60 cm^) containing 16 needle-like electrodes 
was applied to the right volar forearm of healthy subjects. The electrodes were 
stimulated consecutively for 25 min (4 Hz, 1 ms, 0.8 mA). TENS parameters were 
25 min, 100 Hz and 20 mA. Itch was induced by transdermal iontophoresis of 
histamine dihydrochloride (1% in distilled water, 1 mA, 30 s). A contact Peltier 
thermode (60x30 mm) was used to cool or warm the skin (0.037 C°/s). Four 
different types of fabrics were used to induce prickle. Calibrated Von Frey were 
used to determine thresholds for touch. Within the stimulated area, CFS induced a 
strong (usually complete) and long-lasting (> 2h) post conditioning inhibition of 
itch (n=14). By contrast, sensations of cold, warmth, light touch and prickle were 
only marginally affected by CFS (n=10). TENS, however, had only small effects 
on all senses studied. In conclusion, CFS, but not TENS, produced a selective 
effect on different subclasses of C fibers, such as a powerful inhibition of 
experimentally induced itch, leaving other modalities of C fiber transmission, i.e. 
prickle and warmth, only slightly affected. Also, sensations carried by larger 
diameter nerve fibers are marginally affected by CFS and TENS.
Supported by Swedish MRC proj. no. 1013 and no. 10569, and the Medical 

Faculty of Lund.
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918.5
THE ROLE OF OLFACTION IN MOOD AND PAIN PERCEPTION.
S. Marchand*, J. Bonapace, C. P6pin. Universite du Quebec en Abitibi- 
T6miscamingue, Qc, Canada.

Considering the direct neuroanatomical connections between the olfactory 
system and limbic structures, on one hand, and the evidence for a role of limbic 
structures in pain perception, on the other hand, we investigated the effect of pleasant 
and unpleasant odors on pain perception.

Twenty healthy volunteers (6 males, 14 females) came to two experimental 
sessions held on different days. In the first session subjects evaluated the pleasantness 
of 10 randomly presented odors on a VAS scale ranging from extremely unpleasant to 
extremely pleasant. During each odor evaluation, subjects also rated their actual mood 
on a visual analog scale (VAS) ranging from extremely bad to extremely good. For 
each subject, the odor that was the most unpleasant (U), most pleasant (P) and the 
closest to neutral (N) was identified. In the second session subjects rated pain intensity 
and unpleasantness every 15 sec during a complete immersion of the hand in 47°C 
circulating water for a maximum of 2 minutes.

A significant positive correlation was found between pleasant odors and good 
mood ratings (P^O.OOOl) and unpleasant odors and bad mood ratings (P=0.009), 
Neutral odors had no effect on the mood (P=0.617). Pain ratings were significantly 
lower during the pleasant odor than during unpleasant odor for both intensity (P=0.04) 
and unpleasantness (P=0.05). No significant differences were recorded when 
comparing neutral odor and non-odor trials. No significant correlation was found 
between mood evaluations of the first session and pain perception in the second 
session.

Odors perceptions have a significant effect on both mood and pain perception. 
However, the olfactory effect on mood and pain perception may be supported by 
different mechanisms, considering the lack of relation between mood and pain 
perception.

Supported by FCAR grant

916.6
PERCEPTION OF POST-ISCHEMIC PARESTHESIAS IS INCREASED 
IN INDIVIDUALS WITH MILD DEPRESSIVE SYMPTOMS. U Pinerua- 
Shuhaibar’12. W. Maixner4* and H, Suarez-Roca3. INBIOMED1; Psychiatric 
Hospital of Maracaibo2; Instituto de Investigaciones Clinicas3, Univ. of 
Zulia, Apartado 1151, Maracaibo,Venezuela; Dental Research Ctr.4, Univ. 
of North Carolina at Chapel Hill, NC 27599-7455.

We previously reported that tolerance to sustained ischemic pain is 
reduced in individuals with mild depressive symptoms (Neurosci. Abs. 22: 
118, 1996). In this study we have examined the perception of post-ischemic 
paresthesias produced by the reperfusion of an ischemic upperlimb. Arm 
ischemia was produced by occluding blood flow with a blood pressure cuff 
maintained at 220 mmHg until pain tolerance was reached (non-depressed:
16.6 ± 1.1 min, depressed: 11.8 ± 2.1; p < 0.05). Individuals rated post- 
ischemic paresthesias every 2 min. for a 6 min. period using a numerical 
rating system. Perception of thermal paresthesias and tingling were 55% 
and 86% more intense in depressed than non-depressed, respectively 
(p’s < 0.05). Spontaneous pricking sensations were not altered in 
depressed, but pricking sensations evoked by digital palpation were 
marginally increased by 40% in depressed compared to non-depressed 
patients (p < 0.07). Thermal paresthesias were positively and tingling was 
negatively correlated with resting diastolic and mean arterial blood 
pressures in non-depressed but not in depressed patients (p < 0.05). Anxiety 
level did not correlate with the perception of post-ischemic paresthesias. 
These results provide further support for an alteration in sensory perception 
and sensory-cardiovascular interactions in patients with mild depression. 
Supported by DE07509 and TW00305 to WM and HS-R.

916.7
FEAR REDUCES COLD PAIN TOLERANCE IN HUMANS. I, L. Rhudv, R. 
C, Amau, A. H. Rector, S. Martinez, and M-W. Meagher!. Dept. of 
Psychology, Texas A&M University., College Station, TX, 77843-4235.

Although several animal models of pain modulation suggest that the 
emotional state of fear reduces pain reactivity, it is not clear whether 
these theories apply to humans. Indeed the few studies that have looked 
at the interaction between fear and human pain have yielded inconsistent 
results. In this study we examined the impact of viewing frightening and 
disgusting images on pain tolerance using the cold pressor test. Slides from 
the International Affective Picture System that have been shown to elicit 
emotional states of fear and disgust were compared to neutral and blank 
slides in a between subjects design. Tolerance latencies were assessed in 
forty-eight male and female undergraduate participants after they viewed 
a set of 10 fear, disgust, neutral, or blank slides. Tolerance latencies for 
treatment conditions were as follows: fear (M=71.17, SD=38.65), disgust 
(M=112.72, SD=80.05), neutral (M=103.45, SD=90.50) and blank (M-103.98, 
SD-89.40). Post hoc comparisons of means using arousal levels as a 
covariate indicate a significant difference between fear and the two control 
conditions (neutral and blank slides) [F(l,35)=5.24, p<0.05], while no 
significant difference was found between disgust and controls [F(l,23)=1.30, 
p>0.05]. Disgust and neutral were not significantly different from one 
another. Manipulation checks indicated that targeted emotional states 
were achieved. Fear and disgust were rated as highly arousing compared 
to controls, however, fear and disgust were not significantly different from 
one another. This indicates that arousal is not the contributing factor to the 
hyperalgesia, but that the unique emotional experience of fear elicits 
hyperalgesia. We are currently exploring the impact of pleasant emotions.

916.8
EFFECTS OF EXERCISE ON TEMPORAL SUMMATION OF PAIN 
SENSATIONS. C. J. Vierck*, R. L. Cannon and 
A. Acosta-Rua. Dept of Neuroscience, Univ. of Florida Col. of Med., 
Gainesville, FL 32610-0244.

Strenuous exercise activates endogenous antinociceptive systems, 
involving release of opioids. However, evidence for an antinociceptive effect 
of exercise is not strong. A possible reason is that mu opioid agonists 
produce preferential effects on C nociception (Cooper et al., Pain, 1986, 24: 
93-116), and most tests of pain sensitivity do not attend to pain sensations 
elicited by activation of C nociceptors. Therefore, we evaluated effects of 
exercise on second pain sensations elicited by brief (700 msec) contact of a 
preheated thermode (50 deg C) with glabrous skin of the hand. Repeated 
contact at 3 s intervals permitted evaluation of temporal summation 
(“windup”) - a phenomenon dependent upon input from C afferents and 
activation of NMDA receptors. Subjects were stimulated at 2 sites on the 
thenar eminence of each hand. Sets of 20, then 50 stimuli (separated by 30 
s) were presented to the same or different sites after no exercise or following: 
either 15 minutes of steady work on a ski machine, or 15 minutes followed 
immediately by a spurt to exhaustion. Testing began 1.5, 10 or 18.5 min 
after completion of exercise. The subjects verbally rated the magnitude of 
late thermal sensations elicited by each thermode-skin contact. Substantial 
temporal summation was observed for both series of stimuli in control 
sessions, starting below pain threshold and peaking at intensities above a 
moderate level of pain. Significant attenuation of temporal summation was 
observed for both exercise paradigms, but especially with exercise to 
exhaustion. The reductions were greatest for sessions beginning 1.5 min 
after exercise and were minimal at 18.5 min after exercise. Supported by 
NIH grant NS-07261 and BSCIRTF funds from the State of Florida.

916.9
COMPETITION ALTERS PERCEPTION OF NOXIOUS HEAT AND COLD IN 
MALE AND FEMALE ATHLETES. W.F. Sternberg*, D. Bailin, M. Grant, & 
R.H, Gracelv. Department of Psychology, Haverford College, Haverford, PA 19041 
and PNMB NIDR, National Institutes of Health, Bethesda, MD 20892.

Sixty-seven athletes (34 males, 33 females) were tested for pain sensitivity two 
days before, immediately following, and two days after participation in one of three 
sporting events (basketball (n=21), fencing (n=l 1), and track (n=35). Non-athlete 
controls (14 females, 6 males) were tested at similarly spaced intervals. Withdrawal 
latency to two intensities of noxious radiant heat were determined bilaterally on the 
volar forearm and fingertips. Ratings of intensity and unpleasantness of pain 
sensations evoked by the cold pressor method (immersion of arm in 0-2°C water) 
were obtained at 15 sec intervals (90 seconds max). Cold pressor pain ratings were 
reduced significantly immediately following competition (intensity, p=.0000004; 
unpleasantness, p=.005) and returned to baseline levels two days later in all groups 
of athletes. Cold pressor ratings did not change across time in the non-athlete 
controls. Forearm withdrawal latencies to both low and high intensities of radiant 
heat increased as a result of competition in basketball players (p=.01 and .004, 
respectively) and track athletes (p=.0007 and .0002, respectively). In contrast, arm 
withdrawal latencies decreased immediately following fencing competition for both 
low (p=.O2) and high (p=.08) heat intensities. This apparent increase in pain 
sensitivity associated with competition in fencers was also found after low 
(p-,00002) and high (p=,0000002) radiant heat stimulation of the fingertips in all 
athletes (although to a lesser extent in basketball players than in the other groups). 
No changes in withdrawal latencies were observed across time in either location in 
non-athlete controls. These competition-induced changes in pain sensitivity and pain 
ratings were not gender-specific. The competition-produced analgesia observed here 
is consistent with previous reports. However, sport- and location-specific effects on 
withdrawal latencies to noxious heat suggest that various components of the 
experience of competition (e.g., arousal, exertion, stress, cognitive demand) may 
differentially activate multiple pain modulatory mechanisms. Supported by 
Haverford College Faculty Research Grant.

916.10
MODULATION OF THE HUMAN SOLEUS STRETCH REFLEX BY 
EXPERIMENTAL HOMONYMOUS MUSCLE PAIN. D. Matre, T. Sinkjaer, P. 
Svensson, H. Martin*, L. Arendt-Nielsen. Center for Sensory-Motor Interaction, 
Aalborg University, DK-9220 Aalborg, Denmark

Group III and IV afferents have potent excitatory and inhibitory effects on primary 
and secondary muscle spindle afferents. In animal studies nociceptive inputs from 
muscle increase the la-afferent firing rate. In the present human study we used H- and 
stretch reflexes to assess the dynamic and static muscle spindle sensitivity before, 
during and after experimental muscle pain.

Ten healthy volunteers (20-30 years old) participated in two experiments. Exp. 1: 
Stretch- and H-reflexes were elicited in the relaxed and isometrically contracted (10- 
15 Nm) soleus muscle. Exp. 2: Stretch reflexes were elicited at different time intervals 
before, during and after an isometric ramp contraction (500 ms, 0-10 Nm). In both 
experiments reflexes were elicited before, during and after muscle pain that was 
induced by infusion of 5% hypertonic saline into the soleus muscle. Torque and soleus 
EMG were recorded.. Control measurements were made using 0.9% isotonic saline.

Exp. 1: The mechanical stretch reflex response (torque) increased significantly (P < 
0.05) during pain compared to before pain. The H-reflex did not change during 
muscle pain or control infusion. Exp. 2: Both the mechanical and EMG response 
increased significantly (P < 0.01) before and after the ramp contraction, but did not 
change during the ramp contraction. The reflex response did not change during the 
control infusion.

One explanation for the stretch reflex increase in the relaxed and static contracted 
muscle is an increased dynamic sensitivity of the muscle spindles during muscle pain 
which might be caused by an increased firing rate in the dynamic y-motoneurones. 
This reflex-mediated mechanism could be involved in the pathophysiology of chronic 
or occupational muscle pain.

This work was supported by the Danish National Research Foundation.
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916.11
MODULATION OF STATIC AND DYNAMIC MUSCLE ACTIVITY BY 
EXPERIMENTAL MUSCLE PAIN IN LEGS. T. Graven-Nielsen1, P. Svensson2, 
and L. Arendt-Nielsen’*. ’Center for Sensory-Motor Interaction, Laboratory for 
Experimental Pain Research, Aalborg University, Denmark. 2Royal Dental College, 
Aarhus University, Denmark.

The relation between muscle pain and muscle activity is poorly understood. The 
aim of the present human study was to investigate the influence of experimental 
muscle pain on resting, static, and dynamic muscle activity.

In the resting and static experiments (n = 9-19), the electromyography (EMG) 
activity and the contraction force of m. tibialis anterior (TA) were assessed before 
and after injection of 0.5 ml hypertonic saline (5%) into the same muscle. In the 
dynamic experiment (n = 10), injections of 0.5 ml hypertonic saline (5%) were 
performed into either m. TA or m. gastrocnemius (GA). EMG recordings from these 
muscles were obtained during gait on a treadmill.

At rest no evidence of increased EMG activity was found during muscle pain. The 
maximal voluntary contraction (MVC) during muscle pain was significantly lower 
than the control condition (P < 0.05). Endurance time at 80% of the pre-pain MVC 
was significantly (P < 0.043) lower during pain (31 ± 28 sec) than pre-pain (38 ± 20 
sec). During dynamic contractions, muscle pain caused a significant decrease of the 
EMG activity in the muscle, that was agonistic to the painful muscle (P < 0.05), and a 
significant increase of the EMG activity of the muscle, that was antagonistic to the 
painful muscle (P < 0.05).

Muscle pain seems to cause a general protection of painful muscles during both 
static and dynamic contractions. The increased EMG activity of the muscle 
antagonistic to the painful muscle is probably a functional adaptation of muscle co-
ordination in order to limit movements. The present results are in accordance with the 
pain-adaptation model (Lund et al., 1993). From the present results it seems likely 
that the pain-adaptation model can be applied to muscle pairs where muscle pain 
affects non-painful muscles in an adaptive way. Supported by the Danish National 
Research Foundation and the Danish Cancer Society.

916.12
MODULATION OF THE NON-NOCICEPTIVE BLINK REFLEX BY 
HOMOTOPICALLY APPLIED PAINFUL HEAT IN HUMANS. O.K. Andersen1, J. 
Ellrich2, M. Haugland’*, R.-D. Treede2 and L. Arendt-Nielsen’. Center for Sensory- 
Motor Interactions, Aalborg University, Denmark and institute of Physiology and 
Pathophysiology, Johannes Gutenberg-University Mainz, Germany.

Electrical stimulation of the supraorbital nerve elicits the blink reflex (BR), 
consisting of an early, pontine Rl-component and a late, medullary R2-component. 
Rl and R2 can be evoked by innocuous stimuli, but only the R2 by painful heat 
(Ellrich et al., Muscle Nerve 20 (1997) 265-70). In order to investigate the 
interaction of non-nociceptive and nociceptive input onto neurones of the spinal 
trigeminal complex we modulated the BR by homotopically applied painful heat.

In 11 volunteers the BR was elicited by weak electrical stimuli (below the pain 
threshold and below 5xdetection threshold; 100 gs duration; 0.05 Hz) applied to the 
left supraorbital nerve. The EMG of both orbicularis oculi muscles was recorded by 
surface electrodes. Heat pulses (300 ms duration) from a focused 1000 W xenon 
lamp, homotopically applied to the left forehead, evoked a pricking pain sensation. 
The conditioning heat pulse preceded the electrical stimulus by 200 ms (exp. 1) and 
75 ms (exp. 2). In both experiments four series of 10 electrical stimuli were applied. 
As control, electrical stimuli alone were applied in two of these series.

In experiment 1, the Rl was facilitated by 70% (P<0.01) whereas the bilateral R2 
was inhibited by 31% (P<0.01). The subjects most frequently perceived the heat 
stimulation before the electrical. Thus, heat pain exerts a non-specific prepulse effect 
on the blink reflex, as already described for conditioning auditory stimuli (Valls-Sole 
et al., EEG J 101 (1996) 504-510). In experiment 2, the bilateral R2 was 
significantly facilitated by 22% (P<0.01). No difference was observed for Rl. Most 
frequently the subjects perceived the heat pain and electrical pulses as coincident. 
This result indicates a convergence of low-threshold mechanoreceptive and 
nociceptive inputs onto common interneurones of the spinal trigeminal complex.

916.13
CHARACTERIZATION OF TRIGEMINAL INTERNEURONES MEDIATING 
THE Rl- AND R2-COMPONENTS OF THE HUMAN BLINK REFLEX.
J. Ellrich* and R.-D, Treede. Johannes Gutenberg-University, Institute of Physiol-
ogy and Pathophysiology, Saarstr. 21, D-55099 Mainz, Germany.

The blink reflex consists of an early, pontine Rl-component and a late, medullary 
R2-component. Rl and R2 can be evoked by innocuous stimuli, but only the R2 by 
painful heat, suggesting that the R2 is mediated by wide dynamic range neurones 
(WDR) in the subnucleus caudalis (Ellrich et al., Muscle Nerve 20 (1997) 265-70). 
Remote noxious stimuli suppress the activity in WDR neurones, whereas low- 
threshold mechanoreceptive neurones (LTM) are unaffected (Villanueva et al., Pain 
67, 1996, 231-240). In order to characterize the trigeminal intemeurones of Rl and 
R2 we investigated the modulation of the blink reflex by remote painful heat.

The blink reflex was elicited in 11 healthy subjects by innocuous electrical pulses 
applied to the left supraorbital nerve (200 ps duration, 0.1 Hz). The EMG of both 
orbicularis oculi muscles was recorded by surface electrodes. The remote, painful 
heat stimuli were applied by a Peltier type thermode (13.3 cm2; 90 s duration; 44 to 
46°C) to the left (n=l 1) and the right (n=l) volar forearm, and to the left foot (n= 1). 
Four series of 9 electrical stimuli each separated by 60 s were applied. In the second 
and the third series the blink reflex was elicited during painful heat. The first and 
the fourth series were control series. The nine reflex responses of one series were 
rectified and averaged. Areas under the curves of Rl and R2 were calculated.

Remote painful heat significantly suppressed the R2 by 18% (p<0.01), while the 
R1 remained unchanged. Only painful heat stimuli were effective. The inhibition 
was independent of the remote area where painful heat stimuli were applied.

The inhibition of R2 by remote painful heat is probably due to a descending in-
hibition, but not to distraction, which facilitates the R2 (Rossi et al., EMG J 33, 
1993, 49-53). These results provide further evidence that the R2 is mediated by 
medullary WDR neurones and the Rl by pontine LTM neurones.

Supported by the Deutsche Forschungsgemeinschaft (Tr 236/6-1).

916.14
MODULATION OF DENTAL DETECTION- AND PAIN
THRESHOLDS BY JAW MOVEMENT IN MAN. P. Kemppainen*1, 

1 1 2 1
I. Vaalamo , N. Leppala and A. Pertovaara . Instit. of Dentistry, 

2
Univ. of Helsinki, and Dept. of Physiology, Univ. of Turku, Finland. 

The effect of jaw movement on dental sensitivity was studied in man.
Exercise consisted of continuous jaw movements at two different 
frequencies (1 and 3 Hz). The detection and pain thresholds of an upper 
and a lower incisor were determined by constant current pulses at two 
different durations (0.5 ms and 5.0 ms) with the help of a constant 
current tooth stimulator. The control pain thresholds were significantly 
higher than the detection thresholds (p < 0.0001, 2-way ANOVA). Both 
thresholds were decreased with an increase in stimulus duration (p < 
0.0001). In the lower incisor, the increases of detection- (p < 0.0005) 
and pain thresholds (p < 0.05) were significantly dependent on the rate 
of jaw movement. Detection thresholds were significantly more elevated 
by jaw movement (3 Hz) than were pain thresholds (p < 0.0001) and this 
effect of movement was more marked in the lower than in the upper tooth 
(p < 0.001). The changes in stimulus duration had no marked effects on 
movement-induced modulations of dental sensitivity in either upper or 
lower jaw. These data indicate that continuous jaw movement induces a 
velocity-dependent reduction of dental sensitivity in the lower jaw. 
Moreover, there is a dissociation between the effects of jaw movement 
on detection versus pain thresholds of tooth pulp. The suppression of 
dental sensitivity during jaw movement may be explained by both the 
activation of afferent-induced inhibition and corollary efferent barrage 
from motor to sensory areas of the brain.
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917.1
LACK OF “WIND-UP" OF SOMATIC NOCICEPTIVE REFLEXES AND 
PERSISTENCE OF VISCERAL NOCICEPTION IN A NK1 RECEPTOR 
KNOCK-OUT MOUSE. J.F, Herre.ro1, J.M,A, laird1, C, de Felipe2, Aj.it 
Smith3, S.P. Hunt4 and F, Cervero1*. (1) Dept. Physiology, Univ. Alcaic, Madrid, 
Spain; (2) Inst. Neurociencias, Alicante, Spain; (3) Centr. Genome Res., Univ. 
Edinburgh, Scotland and (4) MRC Lab. Mol. Biol., Cambridge, England

There is growing evidence that NK1 receptors play an important role in the 
development of persistent pain states, although their specific contribution is 
largely unknown. Here we report initial results of a study of somatic and visceral 
nociception in a newly developed mutant mouse with a disruption of the NK1 
receptor by homologous recombination in ES cells.

Wild-type (WT) and NK1 knock-out (KO) 129Sv x C57-BL/6 mice were used. 
In behavioural studies visceral nociception was assessed by the writhing test 
(1M saline i.p.) and somatic nociception with the tail-pinch test. Motor units from 
extensor muscles of the hind limb were recorded in chloralose anaesthetised 
mice and withdrawal reflexes evoked by noxious stimulation of the skin.

There was no difference between WT and KO mice in their somatic and 
visceral nociceptive behaviours with the exception of an increased duration of 
pain behaviour in the KOs following noxious visceral stimulation. However, in 
the electrophysiological experiments KO animals showed more excitable 
withdrawal reflexes, a lack of encoding of the intensity of the noxious stimuli 
and an absence of the characteristic “wind-up” of the nociceptive reflexes.

These results show that a lack of NK1 receptors does not produce gross 
abnormalities of acute somatic or visceral nociceptive behaviour. However, 
these animals show an absence of amplification mechanisms (“wind-up") and a 
compensatory reduction of central inhibition (increased reflex excitability) 
(Supported by: DGICYT (Spain), MRC-ROPA and BBSRC (UK) and the 
European Commission).

917.2
CHARACTERIZATION OF THE NK1 RECEPTOR KNOCKOUT 
MOUSE: ALTERATIONS IN NOCICEPTIVE BEHAVIOR. C. De 
Eelipfi1, J.A. Q’Brien2, J.A. Palmer2. C.A. Doyle2. A.J.H. Smith3 & S.P. Hunt2- 
(SPON: Brain Research Association). ’Inst. Neurociencias, Alicante, E-03080, 
Spain; 2MRC Lab. Mol. Biol., Cambridge, CB2 2QH, UK & 3Centre Genome 
Res., Edinburgh, EH9 3JQ, UK.

In an attempt to define the role of Substance P in nociception we have disrupted 
the NK1 gene using homologous recombination in mouse ES cells. In mutant 
mice, NK1 receptor was undetectable by immunohistochemistry using a specific 
NK1 antibody or by receptor binding studies using 125I Bolton-Hunter SP. Mice 
develop and breed normally and were comparable to littermate controls in the open 
field assay. In NK1'Z' mice, mRNA levels for Substance P and Dynorphin were 
increased, but the expression and distribution of NK2 and NK3 receptor mRNAs 
were comparable to those in NK1+/+ mice. Patterns of SP and CORP containing 
axons were unchanged in the brain and spinal cord. Behaviorally, we have found that 
nociceptive behavior is affected in discrete ways. NK1'Z' mice were normal on tail 
flick and hot plate tests. However, NK1'A mice showed a 30% attenuation of the 
behavioural response in the second phase of the formalin paw test (which has 
peripheral tissue and central spinal components). We also examined the development 
of inflammatory hyperalgesia 60h following hind paw injection of Complete 
Freund's Adjuvant. Ipsilateral mechanical thresholds declined to the same extent in 
mutant and wild type mice, but there was a significant hyperalgesia contralaterally in 
the NK1'Z' mice (p<0.01) which was not seen in NK1+/+ mice. Finally, the 
development of cold water stress induced analgesia (SIA) was substantially less in 
NK1Z' mice (reduced by 45%). The loss of SIA in mutant mice could be replicated 
in NK1+Z+ mice pretreated with the NK1 antagonist RP67580 (0.04mg/kg i.v.). We 
suggest that the primary effects of NK1 disruption are not seen in acute nociception, 
but are seen in the reduced activation of descending pathways that modulate spinal 
excitability and contribute to discrete components of the hyperalgesic state.
Supported by grants from EC, MRC-ROPA and BBSRC.
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917.3
THE EFFECT OF TOPICAL CAPSAICIN TREATMENT ON THE 
INNERVATION OF THE ADULT RAT URETER. J.D.D.AIlan 
■S.B.McMahon*. M.I.Bultitude, Dept. of Physiology,U.M.D.S. St Thomas' 
Hospital, Lambeth Palace Road, London, SE1 7EH,U.K.

Intra-ureteric capsaicin irrigation is now in clinical use as a therapeutic 
treatment for upper urinary tract pain. In this study we have studied the effects 
of equivalent treatments on peripheral innervation in two animal models using 
quantitative immunohistochemistry. Adult Wistar rats or adult New Zealand 
rabbits were treated with intra-ureteric and peri-ureteric 0.03% capsaicin in 
30% ethanol for 15 minutes. 24 hours to 12 weeks later, the animals were 
anaesthetised, perfused and whole mounts of proximal ureter/renal pelvis 
were immunostained for the pan-neuronal marker PGP 9.5 or the primary 
sensory neuron marker CGRP.After intra-ureteric irrgation the number of 
fibres containing PGP 9.5 fell to < 5 % in both the sub-epithelial and sub-
mucosal nerve plexuses, compared to the control. The corresponding CGRP 
counts fell to <5% in the sub-epithelial plexus and < 10% in the sub-mucosal 
layer.Peri-ureteric capsaicin produced similar but less pronounced changes 
with PGP 9.5 counts falling to a low of < 25% and CGRP to 15% in both 
plexuses , compared to untreated controls. These changes were established 
within 24 hours of treatment. Staining levels were largely restored at 12 
weeks. The vehicle for capsaicin ( 30% ethanol) was tested in other animals. 
In general, this treatment only produced modest changes in innervation 
immunohistochemistry.These data support the hypothesis that local capsaicin 
causes the selective and reversible degeneration of the afferent nerve 
terminals in the rat and rabbit ureter ,and that these changes might explain the 
analgesic actions of capsaicin used clinically.Supported by the Special 
Trustees of St Thomas Hospital.

917.4
CHEMICAL ACTIVATION OF CERVICAL CELL BODIES REDUCES 
SPONTANEOUS ACTIVITY AND RESPONSES TO COLORECTAL 
DISTENSION (CRD) IN LUMBOSACRAL SPINAL CELLS OF RATS.
C.Qin*, J.Zhanq, M.J.Chandler, K.E.Miller and R.D.Foreman. Dept.
Physiology, Univ. of Okla. HSC, Okie.City, OK 73190 

Stimulation of cardiopulmonary afferent fibers suppresses activity
of lumbosacral dorsal horn (DH) and spinothalamic tract cells through 
a pathway relaying in upper cervical segments (Zhang et al.). The 
hypothesis of this study is that chemical activation of upper cervical 
cell bodies reduces spontaneous and evoked activity of lumbosacral 
DH cells. Extracellular potentials of lumbosacral DH cells were 
recorded in pentobarbital anesthetized male rats. CRD was produced 
by inflating a balloon inserted in the descending colon and rectum. A 
glutamate (1M) pledget was placed on surface of C1-C3 segments. 
Spontaneous activity of 11 DH cells was significantly reduced from 
16.9 ±3.6 imp/s to 5.5 ±2.0 imp/s (P<0.001). No differences were 
observed with saline pledget controls (n = 6, 21.1 ±6.3 and 
21.4±6.0 imp/s). Glutamate applied to C4-C7 segments (n = 3) 
showed minor changes between control (12.3 imp/s) and test 
stimulus (9.7 imp/s). Effects of C1 glutamate on excitatory responses 
evoked by CRD (60 or 80 mmHg) were examined. Glutamate reduced 
evoked responses of 3 cells, increased response of 1 cell and did not 
affect 2 cells. These data showed that upper cervical propriospinal 
cells activated by glutamate have mainly a descending inhibitory 
influence on spontaneous activity and evoked responses to CRD 
stimulation in lumbosacral spinal cells. (HL22732, HL52986)

917.5
PSEUDORABIES VIRUS (PRV) TRACING FROM THE UTERINE CERVIX: 
EFFECT OF ESTROGEN, L6 DORSAL ROOT RHIZOTOMY AND PELVIC 
NERVE TRANSECHON. J.-W, Lee*. K.B. Platt and M.S. Erskine. Dept. of 
Biology, Boston Univ., Boston, MA 02215 & Dept Vet. Microbiol., Iowa State 
Univ., Ames, IA 50011

The transneuronal tracer, PRV, was used to identify afferent & efferent pathways 
from and to the uterine cervix which may be involved in transduction of 
vaginocervical stimulation into mating-induced prolactin surges. PRV labeling in 
brain and spinal cord was examined 3-5 days after injection into the cervix of 
ovariectomized (OVX) female rats given estrogen (E) or control treatments. No 
differences in viral labeling were observed between OVX & OVX+E females at any 
time. PRV-infected cells were observed at progressively higher CNS levels as 
survival time increased. Extensive labeling was observed at day 4 in the 
parasympathetic nucleus (SPN) and dorsal gray commissure (DGC) at L6 & SI 
segments. Dorsal horn neurons showed PRV infection by 4.5 days. On day 5, 
labeling was seen in the intermediolateral nucleus at T12-L1 segments, and at raphe, 
inferior olive, A5 nucleus, nucleus paragigantocellularis intermedialis & solitary 
nucleus. In midbrain, the periaqueductal gray also showed labeling. In experiment II , 
we examined the effects of bilateral L6 dorsal root rhizotomy combined with 
unilateral or bilateral pelvic nerve transection (pelNX) on PRV labeling. 
Rhizotomized females showed no differences in labeling compared to sham-transected 
animals despite reductions in Substance P immunofluorescence in the dorsal horn. In 
rhizotomized females, unilateral pelNX resulted in modest reductions in PRV labeling 
on the transected side, while bilateral pelNX markedly reduced the labeling. Thus, 
PRV is carried into the spinal cord primarily by the efferent parasympathetic & 
sympathetic fibers. The SPN neurons may be composed of mixed cellular populations 
which send their axons to ipsilateral and contralateral ventral roots. The SPN neurons 
also may receive inputs from thoracic levels. Supported by HD21802 to M.S.E.

917.6
THERMAL HYPERALGESIA IS REFERRED TO THE HIND LIMB 
FOLLOWING INFLAMMATION OF THE URINARY BLADDER IN THE RAT.
STJaggar & A.S.C. Rice*. Pain Research Laboratory, Anaesthetics Department, Imperial 
College School of Medicine at St. Mary's, London W2 , U.K.

Aim: The hypothesis that visceral inflammation results in a hyperalgesia which is refeired 
to the somatic domain was tested, using an established model of persistent visceral pain 
The turpentine inflamed rat urinary bladder).

Methods: Female Wistar rats (wt. range 200-240 gm) were acclimatised to the testing 
environment (consisting of a clear plexiglass box 23x18x14 cm) and baseline sensory 
readings taken: The withdrawal times (sec) from an infra-red thermal stimulus applied to 
tlie plantar skin of the right fore and hind limbs w as measured (Hargreave's device, Ugo 
Basile). The animals were then allocated to one of three groups:
Grp A (n=l 1) received general anaesthesia only (pentobarbitone 40 mg/kg ip).
Grp B (n=l 1) Under anaesthesia, the winaiy bladder w as catheterised trans-urethrally with 
a lubricated sterile nylon catheter and 0.9% saline (0.5 ml. 1 Hi’) instilled intra-vesically. 
Grp C (n~ 11) as for group B, but with 50% turpentine (0.5 ml, 1 Hr) in place of saline. 
Following recoveiy from anaesthesia, the limb wilhdrawal measurements were repeated 
at 4, 6, 8 and 24 Hrs. The animals were sacrificed at the end of the experiment. Curves 
were plotted of the difference between hind and fore paw withdraw-al time (% of baseline 
values) against time and the mean area under the curves compared (t test).

Results: Mean AUC: Grp A (no catheter) 53.64 (+/- 189.97); Grp B (saline)
-100.53 (+/- 363.05): Grp C (turpentine) -676.81* (+/- 193.18) * p<0.05 (t-test) vs Gip 
A.

Conclusions: Turpentine inflammation of the rat urinary bladder results in a thermal 
hyperalgesia of the hind limb, compared to the fore limb. This effect is apparent within 4 
Hrs of inflammation and persists for at least 24 Hrs.
Funding: SIJ supported, bv Association of .Anaesthetists (UK).

917.7
CENTRAL AND PERIPHERAL MECHANISMS OF PAIN PERCEPTION IN 
RATS AFTER INTRAPERITONEAL APPLICATION OF 
LIPOPOLYSACCHARIDE ESCHERICHIA COLI. S.V.Koulchitsky*.
V.A,Kulchitsky and V.N.Gourine. Inst.of Physiology. Acad. Sci.. 220072. Minsk. 
Belarus.

The aim of the study was to test the hypothesis on the role of the vagus nerves 
and their central projections in the induction of temperature and nociceptive 
responses to systemic application of endotoxin. Animals of the first group were 28 
days before the experiment, subphrenically vagotomized (n= 14) or sham operated 
(n= 15). The second group 14 days before the experiment were microinjected 100 nl 
(200 jiM) glutaminic acid to the nucleus tractus solitarii (NTS) to destroy neurons 
(n= 10) or 100 nl saline (n=7). The third group 14 days before the experiment, were 
bilaterally microinjected 100 nl (200 pM) glutaminic acid (n=8) or 100 nl saline 
(n=6) to the caudal ventral medulla (CVL). All rats were intraperitoneally 
implanted catheters 5 days before the experiment. Thermal and nociceptive 
responses to lipopolysaccharide (LPS) E.coly were studied in unanesthetized and 
lightly restrained animals at thermoneutrality (30°C). LPS was injected i.p. as 10 
pg/kg. Colonic themperature (Tc) was measured with a thermocouple. Changes in 
nociception w-ere assessed by the tail-flick latency (TFL) to a noxious heat stimulus. 
After LPS injection to the vagotomized rats, the thermal respons was attenuated as 
compared to controls and hyperalgesia tipical for the onset of fever was not 
observed. After destruction of NTS and CVL neurons an increase in Tc and 
decrease in TFL after LPS injection were more marked as compared to controls. 
The increase in thermal and nociceptive responses after the injection of LPS to rats 
with predestroyed central projections of the vagus nerve including elements of 
antipyretic and antinociceptive brain sistems (NTS, CVL) suggests a hypothesis 
that the vagus nerve in conditions of endotoxemia inhibits the brainstem elements 
of the antipyretic and antinociceptive systems.

917.8
THE ROLE OF THE SYMPATHOADRENAL AXIS IN 
VAGOTOMY-INDUCED ENHANCEMENT OF BRADYKININ 
HYPERALGESIA IN THE RAT. S.G. Khasar*, F.J.-P. Miao,
W, Janig1, J.P, Levine. Depts. Oral Surg., Med., UCSF., CA 94143-0452, 
USA. Iphvsiologisches Institut, Christian-Albrechts-Universitat Olshausenstr. 
40, 24098 Kiel, FRG.

Subdiaphragmatic vagotomy (SDV) is followed by a slowly developing 
decrease in baseline mechanical paw-withdrawal threshold (PWT) and enhancement 
of bradykinin (BK) -induced hyperalgesia which is maximal 2 to 3 weeks after 
SDV (Soc. Neurosci. Abstr. Vol. 22, Part 3, p 1813, 1996). We have therefore 
studied the effect of lesions of efferent circuits via which vagal reflexes might 
modulate BK-induced hyperalgesia and baseline PWT. In separate groups of 
normal, sham-vagotomized or vagotomized rats, we surgically lesioned the 
neurohypophysis, the adrenal medulla or denervated the adrenal medulla by 
excising the suprarenal ganglia. BK was injected intradermally, into the skin of 
the dorsal surface of ihe hindpaw. PWT was measured using the Randall-Selitto 
method. Removal or denervation of the adrenal medulla had no effect on BK- 
induced hyperalgesia, but prevented its enhancement by SDV. Neither intervention 
changed the baseline PWT but each prevented SDV-induced decrease in baseline 
PWT. Three weeks after SDV, and one week after adrenal denervation, there was 
partial reversal of both SDV-induced decrease in PWT and enhancement of BK 
hyperalgesia. Hypophysectomy had no effect on SDV-induced enhancement of BK 
hyperalgesia. These results suggest that SDV-induced enhancement of BK 
hyperalgesia and decrease in baseline PWT are both dependent on a factor, released 
from the adrenal medulla after SDV.

Funded by NIH Grant #: N521445
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917.9
SYMPATHETIC SPROUTING IN THE DRG FOLLOWING PROXIMAL AND 
DISTAL NERVE LESIONS: EVIDENCE FOR MECHANISTIC DIFFERENCES 
USING C57BL/WLD MICE. M.S, Ramer and M.A. Bisbv*. Department of 
Physiology, Queen’s University, Kingston, Ontario, Canada, K7L 3N6.

Sciatic nerve injury leads to invasion of lumbar DRG by sympathetic axons, forming 
possible sensory-sympathetic coupling responsible for generating or maintaining 
neuropathic pain. We hypothesized that chronic constriction injury (CCI) leads to 
sprouting through retrograde-transport of factors produced in the degenerating distal 
nerve stump (possibly NGF) along spared axons to the DRG, where they stimulate 
sprouting. We used C57B1/Wld (Wld) mice, a mutant deficient in Wallerian 
degeneration, to test this hypothesis. Unlike wild-type animals (C57B1/6 mice), Wld 
mice had not developed thermal and mechanical allodynia by 3 weeks post-operative 
(PO). Sympathetic sprouting, while well advanced in C57B1/6 mice by 1 week PO, was 
only slightly elevated in injured Wld DRG at 3 weeks PO. In rats, transection of the L5 
spinal nerve (SNL) leads to neuropathic pain, and sympathetic sprouting in the L5 
DRG, but in this case there are no spared neurons in L5 to retrograde-transport factors 
from the degenerating stump. Thus there may be a degeneration-independent 
mechanism underlying SNL-induced sympathetic invasion of the DRG. We therefore 
investigated the behavioural and sprouting responses in Wld mice and compared them 
to C57B1/6 mice following SNL. We found that sympathetic sprouting occurred to 
similar extents in both strains, and with similar time-courses. We also found that 
although both thermal and mechanical allodynia developed after SNL in C57B1/6 mice, 
only mechanoallodynia developed in Wld mice. We conclude that (1) there are different 
mechanisms underlying sympathetic sprouting following proximal and distal nerve 
lesions, and that these differ in terms of their dependence on Wallerian degeneration.
(2) That mechanoallodynia is associated with sympathetic sprouting in the DRG, while 
thermal allodynia is dependent on Wallerian degeneration. Supported by the MRC of 
Canada. MR recieves an MRC studentship.

917.10
SURGICAL SYMPATHECTOMY DECREASES FORMALIN-INDUCED PAIN 
BUT DOES NOT ALTER PAW-WITHDRAWAL THRESHOLDS TO 
MECHANICAL STIMULI IN RATS. P. N. Fuchs*, M. Ringkamp and S. R. Raja. 
Depts of Neurosurg and Anesthes., Johns Hopkins Univ., Baltimore, MD 21287.

The role of the sympathetic neivous system in peripheral nociceptive mechanisms 
remains controversial. The present study examined changes in paw-withdrawal 
thresholds to mechanical stimuli and formalin-induced pain behaviors following 
surgical sympathectomy in rats. Under halothane anesthesia, male Sprague-Dawley 
rats were surgically sympathectomized (n = 17, L2-4 ganglia). Sham-operated rats 
served as controls (n - i 7). In experiment 1, mechanical paw-withdrawal thresholds 
for sympathectomized (n = 7) and controls (n = 7) were determined by applying 
calibrated von Frey monofiliments using the up/down method. There was no 
difference in mechanical thresholds between the control (12.02+3.05 g) and 
sympathectomy (13.59+2.04 g) groups. In experiment 2, sympathectomized (n - 
10) and sham-operated (n - 10) rats had an intraplantar injection of 0.05 ml of 1% 
formalin. The duration of paw elevation and paw licking was recorded and 
converted to a pain score using a weighted scoring system. Although there was no 
group differences during the first phase (0-5 min), second phase (20-45 min) 
formalin pain responses were significantly lower in the sympathectomy (0.29+0.10) 
compared to the control (0.64+0.10, p < 0.03) group. These results suggest a 
differential effect of the sympathetic efferents on chemical versus mechanical 
nociception. Additional experiments are being conducted to detennine if the effects 
of sympathectomy on the formalin responses are secondary to indirect mechanisms, 
such as alterations in blood flow. (Supported by NIH grant NS26363)

917.11
STRAIN DIFFERENCES IN SYMPATHETIC DEPENDENCY OF 
NEUROPATHIC PAIN IN A RAT MODEL. J. M. Chung*, D. H. Lee 
and K. Chung. Marine Biomed. Inst., Depts. of Anat. & Neurosci. and 
Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX 77555.

The aim of this study was to examine differences in sympathetic 
dependency of neuropathic pain behaviors among different strains of 
rats.

Neuropathic injury was produced by tightly ligating the left L5 and 
L6 spinal nerves in several strains of rats: ACI, Brown Norway, Lewis 
and Sprague-Dawley. Mechanical sensitivity was measured by 
determining the median 50% foot withdrawal threshold for von Frey 
filaments using the up-down method. Adrenergic dependency on 
mechanical sensitivity was resolved by observing changes after 
intraperitoneal injection of phentolamine (5 mg/kg).

Injection of phentolamine caused a significant increase in the 
withdrawal threshold in Lewis rats, but not in the other strains. 
Furthermore, the amount of sympathetic sprouting in the dorsal root 
ganglion was significantly greater in Lewis rats than in the other strains.

These results suggest that the Lewis strain of rats has a greater 
sympathetic dependency than other strains in the spinal ligation model 
of neuropathic pain. (Supported by NIH grants NS31680, NS35057 and 
NS11255)

917.12
ROLE OF SYMPATHETIC NERVE FIBER SPROUTING IN 
THE DRG IN THE SYMPATHETIC DEPENDENCE OF 
NEUROPATHIC PAIN H. S. Na *, FI. J. Kim, B. Sung and S. K. Hong 
Department of Physiology, Korea University College of Medicine, 136-1, 
Anam-dong 5 ga, Sungbuk-gu, Seoul, 136-705, Korea

Incomplete peripheral nerve injury often leads to neuropathic pains, 
some of which are relieved by sympathectomy, and results in 
sympathetic postganglionic nerve fiber sprouting in the DRG. This study 
was performed to see whether the sprouting in the DRG plays a key role 
in the sympathetic dependence of neuropathic pain.

To this aim, we compared two groups of rats, all of which were 
subjected to unilateral transection of the inferior and superior caudal 
trunks at the level between the SI and S2, S2 and S3, and S3 and S4 
spinal nerves, with respect to sympathetic fiber sprouting; one group 
showed neuropathic pain behaviors which were very sensitive to 
phentolamine, alpha adrenergic blocker, and the other group exhibited 
no sensitivity. Immuno-histochemical staining with tyrosine hydroxylase 
(TH) antibody of the SI-S3 DRGs removed from both groups of rats 
after phentolamine tests revealed that the degree of penetration of TH- 
positive fibers into the SI-S3 DRGs was not correlated with the 
sensitivity to phentolamine.

These results suggest that the sympathetic dependence of neuropathic 
pain is not a function of the extent of the sympathetic postganglionic 
nerve fiber sprouting in the DRG.

917.13
THE REGULATION OF NOCICEPTION BY BLOOD PRESSURE 
CONTROL SYSTEMS. B.K.Taylor*, R.E.Roderick and A.I.Basbaum. 
Departments of Anatomy, Physiology and the W.M.Keck Foundation Center 
for Integrative Neuroscience, UCSF, San Francisco, CA 94143-0452.

In models of acute nociception that require animal restraint, such as the 
hot-plate and paw-pinch test, hypertension is often associated with 
hypoalgesia. In contrast, we recently reported that spontaneously 
hypertensive (SHR) rats show exaggerated nociceptive responses in a 
model of persistent pain, the formalin test (Neurosci.Lett. 201:9-12,1995). 
To extend these studies to models of acute nociception that do not require 
restraint, we used a battery of nociceptive tests in SHR, WKY and Sprague- 
Dawley rats. Compared to WKY, SHR were hyperalgesic in the formalin 
test (1.25%, 50 ul), a long-latency tail flick (TF) test and the Hargreaves 
thermal paw withdrawal test. In contrast, SHR rats exhibited hypoalgesia in
the hot-plate test (52.5°) and the tactile von Frey test. No differences were 
observed in a short-latency TF test. We conclude that, depending on the 
pain model used, blood pressure control systems can inhibit or facilitate the 
processing of nociceptive signals. Further studies will evaluate spinal cord 
c-fos expression in these strains after the injection of formalin or CFA.

Paww/d: Long-latency (s) 
Tail-flick: Long-latency (s) 
Tail-flick: Short-latency (s) 
Hotplate latency (s) 
von Frey threshold (g) 
Formalin Phase 2: #flinch/m 
Form Ph. 2: A MAP (mmHg)

WKY SHR SD
10.9±0.2(14) 9.5±0.4 (14)* 9.7±1.1 (4)
7.8±0.4 (9) 6.4±0.2 (9)* 6.5±0.4 (4)
4.0±0.2 (9) 3.9±0.3 (9) 3.9±0.1 (4)
9.7±0.9 (4) 15.4±2.7 (4) 7.4±0.7 (4)
2.7±0.3(14) 5.1 ±0.6 (14)* 9.6±1.2(4)*
7.5±1.5(4) 17.1 ±3.6 (4)* 12.2±2.0(4)
7.5±3.5 (4) 15.9±5.4 (4) 9.6± 2.2 (4)

*p<0.05 compared to WKY. parentheses refer to number of animals. 
Supported by NS21445, NS 14627 and DK 28172.

917.14
ANTIPYRETIC EFFECTS OF ACUPUNCTURE ON PYROGEN 
INDUCED FEVER IN RATS. K. S. Lim*, D. H, Lee and J. M. Chung. 
Marine Biomed. Inst., Depts. of Anat. & Neurosci. and Physiol. & 
Biophys., Univ. Texas Med. Br., Galveston, TX 77555.

The purpose of this study was to determine the effects of 
acupuncture on lipopolysaccharide (LPS)-induced fever in rats.

Body core temperatures of adult rats were monitored using 
wireless telemetry transmitters (Mini-Mitter Co.), which were 
implanted into the peritoneal cavity. Intraperitoneal injection of LPS 
(500 mg/kg) induced a biphasic response consisting of hypothermia 
with a peak at about 90 min followed by pyrexia with a peak at 
approximately 300 min. Needle acupuncture was applied to points 
which are located on the tips of the fore- and hind-limb digits.

Acupuncture produced antipyretic effects on LPS induced fever 
when it was applied 60 min after LPS injection. However, acupuncture 
did not produce such an effect when it was applied 30 min earlier (30 
min after LPS injection).

These results suggest that acupuncture can produce antipyretic 
responses in rats. However, the time of application seems to be an 
important variable in its effectiveness. (Supported by NIH grants 
NS31680 and NS11255 and a grant from the Jusan Foundation)
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918,1 *
Spinal Cyclic GMP is Hyperalgesic in the rat. Mary G, Garry, Ph.D. and 
Michael A. Davis, B.A., Dept. of Anesthesiology, UTSWMC, Dallas, TX 75235

We have previously demonstrated that cyclic GMP is hyperalgesic when administered 
intrathecally in mice1. There is controversy, however, regarding the effect of cyclic 
GMP when administered intrathecally in the rat. Our data support a hyperalgesic role 
for cyclic GMP whereas others believe spinal cyclic GMP to be antinociceptive2. 
Therefore, the goal of this study was to determine the role of spinal cyclic GMP in 
sensory processing in the rat. Methods: Male rats were intrathecally (i.t.) cannulated. 
Following recovery from surgery, animals were tested for latency of paw withdrawal 
(PWL) to noxious heat. All animals then received an i.t. injection of either: 8- 
bromoguanosine cyclic GMP (a cell permeable cyclic GMP analog; 20-180 nmole/10 
ul; n=4) or vehicle (n=4). PWL to noxious heat was tested at various times subsequent 
to i.t. injection.
Results: Following i.t. injection of cGMP, we observed a significant decrease in 
PWL in both paws (Fig. 1). The PWL of vehicle injected animals was not 
significantly differentfrom the baseline latencies. In addition, our results indicate that 
the hyperalgesic effect of cGMP is dose related (Fig. 2).

918.2
THE EFFECTS OF AGING ON SPINAL cAMP IN THE RAT. M L. 
Ko*. T.L. Gordon, and T, Crisp. Departments of Pharmacology and 
Neurobiology, Northeastern Ohio Universities College of Medicine, 
Rootstown, Ohio 44272.

The purpose of this study is to assess the effects of aging on the cAMP 
second messenger system in the rat spinal cord. Enzyme linked 
immunosorbent assays (ELISA) were used to measure cAMP levels. 
Young, mature and aged (5-6, 15-16 and 25-27 months old, respectively) 
male Fischer 344 rats were used in all experiments. Dorsal and ventral 
halves of each vertebral section (cervical, thoracic, lumbar and sacral) were 
analyzed. The results indicate that the aging process does not alter basal 
levels of cAMP in the rat spinal cord. However, spinal tissue from older 
rats produced more cAMP in response to prostaglandin stimulation. The 
data also demonstrated that opiates were not as effective in decreasing 
prostaglandin-stimulated cAMP levels in aged rats compared to the 
younger cohorts. Cyclic AMP has been implicated in having a role in 
opiate-induced analgesia. Results of this study are discussed in terms of 
how cAMP and aging may be involved in opiate-induced analgesia.

These data directly support our hypothesis that spinal cGMP is hyperalgesic in the rat. 
These findings are important as they reveal a novel nociceptive pathway, present in 
both mouse and rat, which could be the target of new and selective analgesic agents in 
the treatment of pain. This work was supported by the Sid W. Richardson Foundation.

918.3
THE EFFECTS OF PROTEIN KINASE A ACTIVATION ON THE RESPONSES 
OF PRIMATE SPINOTHALAMIC NEURONS TO MECHANICAL AND 
THERMAL STIMULI. Q, Lin*, J. Wu and W.D. Willis. Marine Biomedical 
Institute, University of Texas Medical Branch, Galveston, TX 77555-1069.

Protein kinases C and G have been previously demonstrated by our group to 
be involved in the development of central sensitization of spinothalamic tract 
(STT) neurons. This study was designed to investigate the possible role of the 
protein kinase A (PKA) signal transduction cascade in the mediation of 
nociceptive sensory transmission in the spinal cord. STT neurons were 
identified by antidromic activation and recorded using a carbon filament 
electrode in anesthetized young adult monkeys (M. fascicularis). Responses of 
STT cells to mechanical and thermal stimuli delivered in the cutaneous 
receptive field, as well as the inhibition of these responses produced by 
electrical stimulation in pariaqueductal gray (PAG) were recorded. The PKA 
cascade in the spinal cord was activated by infusion of forskolin into the dorsal 
horn of spinal cord by microdialysis. Spinal infusion of forskolin dramatically 
enhanced the responses of STT cells to noxious mechanical stimuli applied to 
the skin. The responses to innocuous mechanical and noxious thermal stimuli 
were increased only slightly. The PAG-induced inhibition was not obviously 
changed during forskolin infusion. Pretreatment of spinal dorsal horn with H89, 
an inhibitor of PKA, nearly completely prevented the enhanced effects 
produced by spinal infusion of forskolin. Our results indicate that activation of 
PKA can preferentially enhance the responses of STT cells to noxious 
mechanical stimuli while producing a slight increase in responses to 
mechanical innocuous and noxious thermal stimuli. It is likely that PKA 
contributes mainly to hyperalgesia rather than to allodynia, in contrast to 
protein kinase C, which is likely to contribute more to allodynia than to 
hyperalgesia. (Supported by NIH Grants NS09743 and NS11255).

918.4
ANTINOCEPTIVE EFFECTS OF LAMOTRIGINE ARE EXEMPT FROM 
REVERSAL BY CCK. G. Blackburn-Munro and S.M. Fleetwood-Walker*. 
Dept. Preclin. Vet. Sciences, R(D)SVS, The University of Edinburgh, 
Summerhall, Edinburgh, EH9 1QH, UK.

The voltage-activated Na+ channel blocker lamotrigine can selectively 
inhibit sustained nociceptive transmission mediated by fine afferent fibres to 
neurones within the dorsal horn of the spinal cord (NeuroReport, 8, 1997). 
There is also evidence that Na+ channel blockers (unlike opioids) may be 
effective analgesics in neuropathic pain. Since CCK expression in dorsal 
root ganglion cells is increased in neuropathy and opioid inhibition of 
nociceptive inputs is reversed by CCK, we sought to investigate whether the 
antinoceptive effect of lamotrigine may persist in neuropathy because it is 
exempt from reversal by CCK. Multireceptive laminae lll-V neurones of 
spinal dorsal hom (segments L1-L4) were recorded extracellularly by 
multibarreled glass microelectrodes from chloralose/urethane-anaesthetised 
rats. Neurones were identified by brushing (non-noxious) and pinch or heat 
(noxious) stimuli applied manually within the area of the receptive field. The 
chemical irritant mustard oil, was then painted over the area of the receptive 
field to activate nociceptive inputs. Mustard oil-evoked cell firing (7.5 ±1.9 
spikes/s, n=7) was reduced by 52 ± 12% (P<0.05) after ionophoretic 
application of the opioid agonist DAMGO (30-45 nA) and this was fully 
reversed by co-application of sulphated CCK octapeptide (CCK8S) at 60-70 
nA. In these same neurones mustard oil-evoked cell firing was also reduced 
by lamotrigine (43 ± 15%, n=7; P<0.05) at 30-45 nA, but remained unaltered 
by co-application of CCK8S. These results show that the selective 
antinoceptive effect of lamotrigine is not subject to the problem of reversal 
by CCK and suggest that this factor may be critical to retention of the drug’s 
effectiveness in neuropathic pain.
Supported by The Wellcome Trust.

918.5
EFFECTS OF Ca2+ CHANNEL BLOCKERS ON MORPHINE 
ANTINOCICEPTION V.Pirec, Y, Lu, and D. C. Yeomans* Depts. of Anatomy 
and Cell Biology and Anesthesiology, University of Illinois at Chicago. Chicago, 
IL 60612.

Morphine impedes the flux of Ca2+ through channels, which may be one 
mechanism by which it produces analgesia. Experiments were designed to 
determine whether: 1) intrathecally (i.t.) applied L and/or N-type channel 
blockers produce antinociception; 2) i.t L and/or N-type Ca2+ channel blockers 
interact with i.t. morphine in producing antinociception; 3) antinociceptive effects 
observed are C and/or A5 specific; and 4) tonic activation/sensitization of C 
fiber nociceptors by topical application of capsaicin at the site of noxious 
thermal stimulation would increase the antinociceptive potency of these drugs.

The first group of experiments was designed to determine whether i.t. 
injection of L or N-type Ca2+ channel blockers in rats would attenuate 
responses evoked by A5 or C nociceptors by measuring foot withdrawal 
latencies using high (A6) or low (C fiber) rate skin heating. The L-type Ca2+ 
channel blocker diltiazem produced a weak C-fiber specific antinociception 
which was potentiated by topical capsaicin. The N-type Ca2+ channel blocker 
co-Contotoxin (CTX) was antinociceptive for A5 anc C responses, the effects 
again potentiated by capsaicin. The second set of experiments investigated if 
L and/or N-type Ca2+ channel blockers would potentiate morphine 
antinociception. The i.t. application of subeffective doses of either diltiazem or 
CTX prior i.t. injection of a subeffective dose of morphine produced an additive 
(diltazem - A5 and C, CTX - C) or supra-additive (CTX - A6) antinociceptive
effect. These effects were potentiated by capsaicin pretreatment.

These results indicate that L and/or N-type Ca2+ channel blockers could be
used to reduce the dosage of spinally administered morphine necessary to 
produce satisfactory analgesia, and that this co-administration should be more 
effective in the presence of hyperalgesia or tonic pain (as modeled here by 
topical capsaicin). Supported by USPHS Grant DA08256 (DCY).

918.6
The role of P-type calcium channels in central sensitization of dorsal 
horn neurons induced by capsaicin injection in rats. K.A. Sluka*. 
Physical Therapy Graduate Program, Neuroscience Graduate Program, 
University of Iowa, Iowa City, IA 52242

Dorsal hom neurons were recorded in anesthetized rats before and after 
intradermal injection of 0.3% capsaicin. Background activity and 
responses to innocuous and noxious mechanical stimuli were assessed. 
There is an increase in background firing and an increased response of the 
cells to innocuous stimuli (brush and pressure (50mN)) following 
capsaicin injection that lasts through 1.5 hours. The P-type calcium 
channel blocker, co-agatoxin IVA (lpM), was administered spinally 
through a microdialysis fiber either before or after injection of capsaicin. 
Administration of co-agatoxin IVA to the spinal dorsal horn had no effect 
on responses of dorsal horn neurons when compared to baseline responses 
after infusion of artificial cerebrospinal fluid. The sensitization of dorsal 
horn neurons to innocuous mechanical stimuli was prevented by prior 
administration of co-agatoxin IVA. However, there was still an increase in 
background activity after capsaicin injection in this group of cells. 
Posttreatment spinally of the cells with co-agatoxin IVA reduced the 
increased background activity after capsaicin injection back to baseline. 
The responses to innocuous mechanical stimuli were partially reversed in 
the cells posttreated spinally with co-agatoxin IVA. This data suggests that 
the P-type calcium channel is involved in the development and 
maintenance of central sensitization of dorsal horn neurons to mechanical 
stimuli induced by capsaicin injection.
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918.7
Reduction in Analgesic Action of the Neuroactive Steroid, 3a-Hydroxy-4- 
pregnen-20-one (3oTIP) Resulting from Brief Exposure to 60 Hz 
Magnetic Fields.
J. P. Wiebe*, M. Kavaliers, and K.P. Ossenkopp. Neuroscience Program, 
University of Western Ontario, London, Canada.

Relatively weak, extremely low frequency (ELF), magnetic fields 
have been shown to exert a variety of biological effects, although the 
modes of action remain to be established. Neuroactive steroids and neu-
rosteroids produce a diverse range of rapid, centrally mediated behavioral 
and physiological effects. In particular, the allylic steroid, 3aHP, which is 
synthesized and present in relatively high levels in various brain regions, 
has been shown to be a selective regulator of pituitary gonadotropic hor-
mone secretion. Behaviorally, 3aHP has been shown to exhibit significant 
analgesic, anxiolytic and reproductively related effects. Here we show that 
brief (15 min) exposure of laboratory mice to a 1 Gauss 60 Hz magnetic 
field significantly reduces the analgesic effects of centrally administered 
3aHP. These inhibitory effects appear to involve calcium channels and 
can be reversed by the calcium channel antagonists, nifedipine and diltia- 
zem. These results indicate that ELF magnetic fields can affect neuroac-
tive steroid mediated responses. Supported by grants from NSERC of 
Canada.

918.8
CALCIUM CHANNEL AGONIST ENHANCES NICOTINE- 
INDUCED ANTINOCICEPTION BUT IS WITHOUT EFFECT 
ON NICOTINE-ACTIVATED LOCOMOTOR ACTIVITY EL 
Culver1,3*, C.Hart4, S.L. Comer1, N.A. Kisro2,3. and C. Ksir2,3.
School of Pharmacy1, Department of Psychology2 and
Neuroscience Program, University of Wyoming, Laramie, WY 
82071 and ’Department of Psychiatry and SF-VAMC, University 
of California, San Francisco, CA 94121

In three studies we investigated the involvement of the L-type 
calcium channel in nicotine-induced behaviors in drug-naive rats. 
In the first experiment, the effects of BAY K 8644 (0.8 and 2.4 
mg/kg IP), an L-type calcium channel activator, on nicotine- 
activated locomotion (0.1, 0.2, and 0.4 mg/kg IP) were assessed. 
Nicotine (0.2 and 0.4 mg/kg IP) produced significant increases in 
locomotion following acute administration. However, BAY K 
8644, administered one hour prior to nicotine injections, was 
without effect on nicotine-induced locomotion. In experiments 
two and three we examined the role of L-type calcium channels in 
nicotine-induced antinociception. Antinociception was measured 
by the tail-flick method in experiment two and by paw-lick latency 
in experiment three. In both experiments a significant 
antinociception effect was observed when rats received nicotine 
injections (0.4 and 0.8 mg/kg IP), and this effect was significantly 
enhanced when animals received one hour pretreatment injections 
of BAY K 8644 (0.8 mg/kg). Furthermore, 10 mg/kg IP 
nimodipine (L-type calcium channel blocker) administered with 
BAY K 8644 blocked nicotine-induced antinociception. These 
findings taken together suggest that calcium mechanisms may 
differentially mediate nicotine-induced behaviors.

918.9
LOCAL ANESTHETICS INHIBIT THE INCREASE OF INTRACELLULAR 
CALCIUM INDUCED BY BRADYKININ IN A SENSORY NEURONAL HYBRID 

CELL LINE. O.L. Zhou* and G.R. Strichartz Pain Research Group, Dept. of 
Anesthesia, Brigham and Women's Hospital, Harvard Med. Sch., Boston, MA 
02115.

Local anesthetics (LAs) are used to provide regional and local relief of pain from 
trauma and inflammation. Although LAs are known to block impulses by inhibiting 
sodium channels, little is known about their mechanisms on inflammation-induced 
pain. We therefore investigated the effect of lidocaine (LID) on the response to 
bradykinin (BK), a primary algogenic and inflammatory mediator, by measuring the 
increase of intracellular calcium ([Ca2+]j) using fura-2 in a dorsal root ganglia- 
neuron-neuroblastoma hybrid cell line (ND7/104). Cells grown on glass coverslips 
were loaded with 5pg/ml fura-2 (Molecular Probes) and [Ca2+]i changes were 
determined by dual excitation (340/380 nm) microfluorometry (Photon Technology 
International, Deltascan 4000). BK increased [Ca2+]i in ND7/104 cells in a 
concentration (3-1000 nM)-dependent manner through the G-protein coupled B2 
receptor. At 30nM (ca. EC5o) BK elevated [Ca2+h from 37.7±9.9 nM to 319±40 nM 
(n=17). Pretreating the cells with 10'3M or 10'5M LID, followed by a 5 min wash 
before agonist addition, resulted in BK-induced increase of [Ca2+]i to only 40.5±17.9 
nM (n=7) or 113.3±40 nM (n=7), respectively. Lidocaine at 10’5M, which inhibited 
the response to BK by 65%, is 20-fold lower than the IC50(2OOpM) for tonic 
inhibition of neuronal sodium channels. We speculate that: (1) the inhibitory effect of 
LID on the BK-induced [Ca2+]j increase in cultured cells is not related to the 
inhibitory effect of LID on sodium channels;(2) in vivo cutaneous application of LID 
reduces inflammatory pain at least in part through inhibition of BK-mediated 
responses. Supported by GM 15904 (GRS).

918.10
THE ANTICONVULSANT TOPIRAMATE IS ANTI-ALLODYNIC IN A RAT 
MODEL OF NEUROPATHIC PAIN. K.D, Wild*, S.K. Yagel, and R.P. Shank. Drug 
Discovery, The R.W. Johnson Pharmaceutical Research Institute, Spring House, PA 
19477.

A spinal ligation model of neuropathic pain, as developed and first described by 
Kim and Chung (Pain 50 355-363, 1992), was used to assess the anti-allodynic 
efficacy of the anticonvulsant topiramate. Briefly, rats have the L5 and L6 spinal 
nerves tightly ligated between the spinal cord and entry into the sciatic nerve on the 
left side of their body only. This procedure results in allodynia and hyperalgesia in the 
left hind paw. Tactile allodynia is measured by recording the various pressures at 
which the affected paw is withdrawn from graded stimuli (von Frey hairs ranging from 
0.41 to 15.1 g) according to the procedure of Chaplan et al. (J. Neurosci. Meth. 53 55- 
63, 1994). Three doses of topiramate (3, 10, and 30 mg/kg) were tested for oral 
activity against neuropathic pain in the Kim and Chung model and an oral dose of 
tramadol hydrochloride (60 mg/kg) was tested as a positive control (Bian et al., 
Analgesia 2 57-62, 1996). As expected, tramadol hydrochloride (60 mg/kg, p.o.) 
decreased the sensitivity of affected paws of Chung model rats from 3.0 ± 0.7 grams to 
a peak of 13.9 ± 0.6 grams at 2 hours after dosing; with sensitivity returning back to 
4.6 ± 0.9 grams by 8 hours. Topiramate (30 mg/kg, p.o.) also decreased the sensitivity 
of affected paws of Chung model rats from 3.0 ± 0.7 grams to a peak of 8.9 ±2.1 
grams at 1 hour; with sensitivity returning slowly to 6.3 ±1.5 grams at 8 hours and 
remaining at 5.6 ± 0.9 grams 24 hours after dosing (n=4). A dose of 10 mg/kg 
topiramate had less effect, altering the sensitivity to a maximum of 5.2 ± 2.5 grams at 
8 hours (not statistically significant), and a dose of 3 mg/kg topiramate was without 
effect. The long-lasting, dose-related, oral anti-allodynic effect of topiramate in this 
animal model of neuropathic pain indicates that it may be useful for the treatment of 
neuropathic pain in humans.

918.11
EFFECT OF ESTROGEN ON LICKING RESPONSE TO VAGINAL 
BALLOON DISTENSION IN RATS. M.-G. Lee*, Y. W. Yoon, H. C. Han. S.
H. Nam and S. K. Hong. Department of Physiology, College of Medicine and 
Neuroscience Research Institute, Korea University, Seoul 136-705, Korea.

Accumulating evidence suggests that estrogen exerts modulatory effects on pain 
sensation. Estrogen could increase the latency of tail flick and paw withdrawal 
and facilitate stimulation-induced analgesia. In present study, we investigated the 
effect of estrogen on pain sensation in one of the reproductive organs, the vagina.

Seventeen adult female virgin rats (220 g) maintained on a 12/12 light-dark 
cycle (light on at 7 a.m.) were used. On late proestrous stage, the rats were 
subjected to the behavioral tests; a small latex balloon was inserted into the 
vagina and inflated at a rate of 4.2 ml/min. The latency of licking response was 
measured with a cut-off time of 30 s. The vaginal pressure was also measured at 
0.49 ml balloon distension (7-s inflation). Following the behavioral tests, all of 
the animals were ovariectomized. Eight of them were treated with estrogen 
(subcutaneous implantation of a 0.25 mg of17-p estradiol pellet; EST group) and 
the remaining 9 (OVX group) were left untreated. The behavioral tests were 
repeated 1, 2, 3 and 4 weeks after ovariectomy.

In EST group, the licking latencies measured 2, 3 and 4 weeks after surgery 
were significantly greater than that before ovariectomy. In OVX group, however, 
there was no significant difference among the latencies measured on different 
time points. The vaginal pressure was not significantly different across different 
time points in either OVX or EST group.

The results support the hypothesis that estradiol has an anti-nociceptive effect in 
the vagina. This work is supported by Korean Research Foundation, Grant# 
01F0250.

918.12
AN ANALGESIC CREAM (EMLA) FOR HEELSTICK-INDUCED PAIN 
CONTROL IN NEWBORN INFANTS. T. N. K. Raju*, K. M McCul-
loch, S. J. Meyers. Dept. Ped., U. of Illinois, Chicago, IL 60612

Skin blood flow (SBF) changes measured using a laser Doppler method 
reflect pain experience in newborn infants (Early Hum Dev, 1995; 41:417,
& Neurol Res, 1996; 18:440). Now we tested the analgesic effect of 
EMLA during heelstick procedure. In infants randomized either to a 
placebo (PL, n=30) or to 5% EMLA group (n—27), we applied 2 gms 
of PL cream or EMLA, to their heel 60 min prior to heelstick. The 
investigators were masked to group assignment. SBF (in ml/100 gm), 
heart rate (HR), respiration rate (RR) and oxygen saturation (SO2) 
changes were measured continuously. Results: Median birth weight, 
gestational age, and postnatal age, and the mean (± SD) baseline SBF 
were similar (18.4 ± 8.5 in PL, & 23 ± 14 in EMLA). EMLA or the PL 
cream application prior to heelstick did not affect SBF. Heelstick proce-
dures (3.4 ± 1.9 min in PL, and 4.7 ± 2.2 min in EMLA group) caused 
increase in SBF by 28.5 ± 54 % in PL and 29.8 ± 40 % in the EMLA 
group (P<0.001 vs baselines). After controlling for baseline differences 
(ANCOVA), EMLA use did not show any effect on pain-induced SBF 
increase. By 15 min after heelstick, SBF values were similar to base-
lines. Changes in HR, RR, and SO2 were variable, but were similar to 
baselines. We conclude: 1) The painful heelstick procedure caused a 
transient increase in SBF; 2) EMLA did not block such pain-induced 
SBF increase, and hence, may not be an effective analgesic for this 
procedure in newborns; and 3) non-invasive laser Doppler method for 
measuring SBF is a valuable tool for neonatal pain research.
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918.13
NEUROCHEMICAL MECHANISMS OF NITROGLYCERIN- 
INDUCED NEURONAL ACTIVATION IN RAT BRAIN. Cristina 
Tassorelii*2, Shirley Anne Joseph1, Giuseppe Nappi2. ‘Division of 
Neurological Surgery, "Strong Memorial Hospital Medical Center, 
Rochester, NY 14642 (USA) and “Headache Center, Neurological 
lnstitute”C. Mondino Foundation”, University of Pavia, 27100 PV (I).

Nitroglycerin is a nitric oxide donor which causes sustained expression 
of Fos in specific brain nuclei. The mechanisms which underlie 
nitroglycerin-induced neuronal activation are presently unknown. The 
aim of this study was to provide further details on the central effects of 
nitroglycerin. Nitroglycerin-induced Fos activation was thus evaluated in 
the brain of rats pre-treated with drugs suspected to have a potential 
influence in the central action of nitroglycerin administration.

Adult male Sprague-Dawley rats were subdivided into 6 groups of 3-5 
animals. Each group received one of the following pre-treatment drugs: 
a) L-NGnitro-arginine methyl ester; b) 7-nitro-indazole; c) ephedrine 
sulphate; d) indomethacin; e) capsaicin or f) vehicle prior to the 
subcutaneous injection of nitroglycerin (lOmg/Kg b.w.). All animals were 
sacrificed 4 hours after nitroglycerin administration and brain sections 
were subsequently processed for the immunohistochemical visualization 
of Fos

Results of the pharmacological treatments were distinct. Most 
impressive was the group receiving L-NGnitro-arginine methyl ester which 
caused a remarkable generalized reduction in the nitroglycerin-induced 
Fos expression in brainstem and forebrain nuclei. Other drugs had a 
more restrictive inhibitory effect on selected nuclei.

These data further support our hypothesis that nitroglvcerin-induced 
neuronal activation includes a complex of baroreceptive and nociceptive 
mechanisms and that nitric oxide seems to represent the most important 
mediator of this phenomenon.

RETINA AND PHOTORECEPTORS: SYNAPTIC PHYSIOLOGY, RECEPTORS, TRANSPORTERS, SECOND MESSENGERS

919.1
CA^-DEPENDENCE OF LIGAND ACTIVATION OF cGMP-GATED
CONDUCTANCE IN INTACT CONE OUTER SEGMENTS WITH AN 
ELECTROPERMEABILIZED INNER SEGMENT T. I. Rebrik*, J. I. Korenbrot 
Dept. of Physiology, UCSF, San Francisco, CA 94143

Ligand activation of the cGMP-gated ion channels in the outer segment of both 
rod and cone photoreceptors is modulated by Ca44, through the action of an 
endogenous factor that is partially mimicked by calmodulin In detached membrane 
patches, the Ca44 dependence of ligand activation in the presence of added 
calmodulin differs in rods and cones (Hackos and Korenbrot, 1997). To study the 
modulation of the cGMP-gated conductance in nearly intact cone outer segments, we 
developed a new preparation in which the cone outer segment current is measured 
with suction electrode while the inner segment membrane is permeabilized through 
electrozapping with sharp tungsten electrodes applied against the cell’s surface. We 
measured the outer segment current activated by varying concentrations of SBrcGMP. 
In single cones from striped bass, we observed half-maximal activation (K1/2) at about 
73 pM in the presence of 20 pM Ca44, 0.5 mM Mg4” Removing divalents shifted the 
Kj/2 to about 17 pM. This more than 4-fold change is much larger than that we 
observed in rods prepared through similar electropermeabilization: the Kj /2 for 
SBrcGMP changed from 16 pM at 20 pM Ca4”, 0.5 mM Mg44 to about 8 pM in the 
absence of divalents. In truncated rods, the Ca44 inhibition of current elicited by 
20pM cGMP is half-maximal at about 40 nM Ca++ (Nakatani, Koutalos and Yau, 
1995). In electropermeabilized cones, the Ca41 inhibition of current characterized at 
40 pM SBrcGMP is half-maximal at about 260 nM, a value significantly larger than 
that reported for rods and one that falls within the expected Ca44 level in intact cones. 
Thus, Ca44 modulation of the outer segment conductance in cones is larger in extent 
and different in Ca”4-sensitivity than that in rods. We suggest this difference is 
critically important in explaining the profound difference in light-adaptation features 
of the two receptor types. (Supported bv NIH EY05498)

919.2
SELECTIVE STIMULATION OF RETINAL SUBGROUPS BY VARYING 
ELECTRICAL PULSE DURATION ((R.J. Greenberg *?’2 M.S. Humayun,2 
E. de Juan2)) Departments of Biomedical Engineering1 and Ophthalmology2, 
Johns Hopkins Univ. School of Medicine, Baltimore, MD 21205.

This study explored the effect of electrical stimulus duration on eliciting 
frog single unit ganglion cell and human phosphene threshold responses. 
Strength-Duration curves (plots of threshold vs. stimulus duration) were 
measured in the dark, continuous bright light and in the presence of 2mM 
cadmium (synaptic block) in frog retina. Strength-duration (S-D) curves were 
also measured in human RP patients extra- and intra-ocularly. Chronaxies (ie. 
an electrophysiological characteristic of cell type which is proportional to the 
time constant) were calculated from curve-fits of the S-D curves.

Chronaxies were 6.7±2.1 (n=9 cells), 3.1±2.1 (n^b), 0.67±0.36 (n-5), and 
6.1±2.8msec (n=8 eyes / 6 patients) in the frog dark, frog light, frog cadmium 
and extra-ocular human RP patients respectively. The S-D curve for one RP 
patient was measured intra-ocularly and had a chronaxie of 5.4 msec. In this 
patient, short stimulation pulses resulted in an elongated phosphene perception 
compared to focal round percepts elicited by long stimulation pulses.

Because of the different cell time-constants, short (<0.5msec) pulses 
preferentially stimulate retinal ganglion cells directly, and longer (>0.5msec) 
pulses preferentially stimulate deeper retinal elements. In RP patients, these 
cells are probably bipolar cells (same chronaxie as normal human in bright 
light - hvama 1949). By stimulating more distal retinal elements, long 
cathodic pulses offer the advantage to a retinal prosthesis of incorporating 
more of the retinal processing while avoiding superficial axonal stimulation.

Jaffe Foundation, Whitaker Foundation, NIH (training grant to JHU BME Dept.)

919.3
IMAGING OF TRANSPORT-MEDIATED AND CALCIUM-DEPENDENT 
ENDOGENOUS GLUTAMATE RELEASE IN THE ZEBRAFISH RETINA. Greg 
Maguire? Heather Simko^-RoberLJN. We[nreji_£nd_Jj^  ̂ Dept.
Ophthalmology, Univ. California, San Diego, La Jolla, CA 92309, and Dept. of 
Biology, Westmont College, Santa Barbara, CA.

Under conditions that mimic ischemia in the central nervous system, retinal Muller 
cells release glutamate in a calcium-independent manner through glutamate 
transporters. Studies of neuronal glutamate transporters expressed in oocytes suggest 
that, given their high stoichiometric ratio of sodium transport, glutamate transporters 
may carry glutamate into cells even under conditions of high external potassium. 
Here we demonstrate potassium-evoked release of endogenous glutamate through 
glutamate transporters within a retinal slice preparation using a glutamate-specific 
fluorometric assay. Zebrafish retinal slices of about 125 pm thickness were bathed in 
a physiological solution containing glutamate dehydrogenase, glutamate pyruvate 
transaminase, and NAD. Fluorescent NADH as the result of the conversion of NAD 
to NADH in the presence of glutamate was used as a measure of glutamate 
concentration, and imaged throughout the layers of the retina. When external 
potassium was elevated to 40 mM, several bands of glutamate fluorescence, reflecting 
the spatial distribution of glutamate release, were observed. A relatively dense 
glutamate cloud (>10 pM) was observed over the ganglion cell layer, which was 
blocked by dihydrokainate or D-aspartate, glutamate transport antagonists. Nifedipine 
failed to block the release of glutamate in the ganglion cell layer. These data suggest 
that under pathological conditions in which external potassium is elevated in the 
retina, glutamate reaches toxic levels (for long-term exposure) in the external milieu 
surrounding retinal ganglion cells through glutamate transport mechanisms. 

Supported by the NIH (GM, RxNW7, GSA) and The Glaucoma Foundation (GM)

919.4
FUNCTIONAL EXPRESSION AND CHARACTERIZATION OF A 
GAP JUNCTION CHANNEL GENE FROM THE RETINA OF THE 
GIANT DANIO
Department of Physiology, L'niversity of Kentucky, Lexington, KY 40536; 
‘Dept. Of Pediatrics, Washington University, St. Louis, MO.

Gap junctions are closely apposed areas of cell membranes which contain 
gap junctional channels, or connexons. In the retina they mediate a variety 
of lateral interactions and may serve as control points for the switch from 
rod to cone pathways. We have isolated a full length coding sequence for 
a connexin 43 homolog (DACX43) from the retina of Danio aequipinnatus 
(giant danio), which has been expressed in communication deficient mouse 
neuroblastoma (N2A) cells.

Functional expression was carried out by ligating the coding region into 
the EcoRI restriction site of the SFFV.neo vector and transfecting it into the 
N2A cells using lipofectin reagent (Gibco). Functional coupling is observed, 
using the dual whole cell patch clamp method, in 47% of the cell pairs 
(41/88), average Gj —14.8 nS. Effects of voltage gating on coupling were 
seen only when high transjunctional voltages (+. 80mV) were applied for 
extended periods of time (30 s). Cells uncoupled when the bath was 
acidified to pH6. Coupling was resistant to modulation by .025 uM PKA 
catalytic subunit applied intracellularly and ImM 8 Br cAMP and 8 Br 
cGMP in the extracellular bath. It is not certain if this lack of modulation 
is due to cellular environment or truly reflects the physiological 
characteristics of DACX43. We are currently testing other physiological 
agents for their possible modulatory effects on DACX43. Supported bv NIH 
grants EY09256 and NS01736.
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919.5
LIGHT-EVOKED AND VOLTAGE-GATED CURRENTS OF 
OFF-CENTER RABBIT CONE BIPOLAR CELLS. E.D. Cohen* 
Dept. of Ophthalmology and Visual Science, Yale Univ. Med. 
School, New Haven, CT 06520-8061

We have examined the light-evoked conductances of OFF- 
center cone bipolar cells in a rabbit retinal slice preparation. Retinal 
slices were prepared similar to the methods of Cohen et al. J. 
Neurophysiol. 72:1260-1269,1994, and viewed with IR or deep red 
illumination. Spot stimuli from an optical bench were imaged on 
recorded cells through the microscope condenser. OFF-center cone 
bipolar cells were voltage-clamped using K+- or Cs+-filled low 
chloride-containing electrodes at a holding potential of -50mV. 
Lucifer yellow was included in the patch pipette for cellular 
identification. Current-voltage relations revealed a prominent delayed 
rectifier K+ current was present on most cells. Spot stimulation 
revealed a series of small light evoked conductances of -0.2-0.3 nS. 
During the spot stimulus, a small sustained outward current was 
observed, while at spot offset, a small inward current was seen. The 
outward current appeared to reverse near EC1, suggesting it may be 
chloride mediated. Application of NBQX 20gM induced an inward 
current, and light-responses were reduced in some cells. Thus the 
light-evoked currents of some OFF-center cone bipolar cells appear 
to use a push-pull mechanism of excitation and inhibition. 
Supported by NIH EY10617 to EDC.

919.6
CONDUCTANCE CHANGES ARE GREATER FOR PREFERRED VERSUS 
NULL RESPONSES IN DIRECTIONALLY-SELECTIVE RETINAL 
GANGLION CELLS IN THE TURTLE.
L. Borg-Graham* Institut A. Fessard, CNRS, 91198 Gif-sur-Yvette, France.

Describing the direction selective circuit in the retina requires both ruling out 
as well as identifying candidates for the necessary and/or sufficient components 
for the computation. From the point of view of the ganglion cell, one question is 
whether or not this cell is critical to the fundamental computation. To address 
this, the total synaptic input as seen by the soma was estimated with whole-cell 
patch voltage clamp recordings in intact isolated turtle retina (Borg-Graham 
and Grzywacz, 1991).

The synaptically-evoked conductance change reaching the soma in response 
to moving spots in the preferred and null directions, GpiSyn(t) and Gif,ayn{t), 
was estimated from two voltage clamp current records, A(<) and -GG), taken 
at two holding potentials, Vi and V2, using Gsyn{t) « ~ Great, where
Great is the resting input conductance of the cell. The relative peaks and areas of 
Gp>tyn{t) and G^t,yri{t) were in general larger for the preferred versus null direc-
tion, in other words consistent with the spike output, measured previously under 
current clamp and, in some cases, extracellularly (prior to whole-cell access).

These results suggest that the total synaptic input to retinal ganglion cells is 
greater in the preferred versus null direction, supporting the view that circuitry 
presynaptic to the ganglion cell is sufficient to generate directional selectivity 
(Borg-Graham and Grzywacz, 1992). In particular the larger peak of Gayn(t) in 
the preferred direction response is in direct contradiction of a model in which 
correlation of inhibition and excitation at the ganglion cell level underlies the 
asymmetric response.

This work was supported in part by a CNRS Associate Scientist Fellowship, 
and a grant to Yves Fregnac from HFSP (RG/69-93B).

919.7
FUNCTIONAL ANALYSIS OF FIVE GABA p SUBUNITS CLONED 
FROM THE WHITE PERCH RETINA. H. Qian, J. E. Dowling and H. 
Ripps* Dept. Ophthalmology, Univ. Ill. Chicago, IL 60612 and The 
Biological Laboratories. Harvard Univ. Cambridge, MA 02138.

The newly identified GABAC receptor is widely distributed in 
vertebrate retinal neurons, and is most likely formed from GABA p 
subunits. Although there has been some characterization of these 
receptors in different species, their molecular structure and 
pharmacological properties have yet to be critically examined. In this 
study, homologues of GABA p subunits were cloned from a white perch 
retinal cDNA library and expressed in Xenopus oocytes. Five different 
forms of GABA p subunits were identified. The deduced amino acid 
sequences indicate that all are highly homologous to the GABA p 
subunits cloned from human and rat retinas: two clones (perch-pl A and 
B) resemble the pi family, two clones (perch-p2A and B) resemble the 
p2 family, and one clone (perch-p3) resembles the p3 family. All 
perch-pl and -p2 subunits formed functional homooligomeric receptors 
when expressed in Xenopus oocytes. These receptors exhibited many 
features of the GABAC receptors on retinal neurons (e.g. sustained, 
bicucul line-insensitive responses that were not modulated by either 
benzodiazepins or barbiturates). However, we will show that the 
receptors formed by each of the GABA p subunits displayed distinctive 
properties with regard to sensitivity and response kinetics. These results 
suggest that there may be a large diversity of GABAC receptors on 
vertebrate retinal neurons.

919.8
IMMUNOCYTOCHEMICAL ANALYSIS OF THE EXPRESSION OF 
GLYCINE AND GABA TRANSPORTERS IN GLYCINE- AND GABA- 
CONTAINING RABBIT RETINAL NEURONS
D.V, Pow and D.I. Vanev*. Vision, Touch and Hearing Research 
Centre, Department of Physiology and Pharmacology, The University 
of Queensland, Brisbane, QLD 4072, Australia.

We have developed antibodies in several species to the glycine 
transporter glyt-1 and the GABA transporter GAT-1. Double labelling 
was performed with the antisera to these transporters and to glycine 
and GABA. Glyt-1 labelling was restricted to all the glycine- 
containing amacrine cells in the inner nuclear layer. By contrast the 
glycine-containing bipolar cells did not express immunoreactivity for 
the glycine transporter. This disparity supports the hypothesis that 
bipolar cells contain glycine because they are connected to glycine- 
containing All amacrine cells by gap junctions. All of the bipolar cells 
that are labelled by tracer coupling following Neurobiotin injection of 
an All cell showed glycine immunoreactivity. However one population 
of glycine-containing bipolar cells was not tracer coupled to All cells, 
but may be coupled to another type of glycine-containing amacrine cell. 
The rabbit retina contains a small percentage of amacrine cells that 
contain both GABA and glycine; these cells are able to accumulate 
exogenously supplied y-vinyl GABA which is a substrate for GAT-1. 
Similarly, a small population of amacrine cells contain GABA and 
express the glycine transporter. We are currently examining whether 
these cells also express the GABA transporter GAT-1 like most of the 
GABA-containing amacrine cells.
Supported by grants to DVP and DIV from NHMRC (Australia)

919.9
INTRACELLULAR ZINC MAY SUSTAIN PKC-MEDIATED 
REDUCTION OF OUTWARDLY RECTIFYING Cl CURRENT IN 
RETINAL GANGLION CELLS. T. Tabata & A.T. Ishida*. Section 
of Neurobiology Physiology & Behavior, University of California, 
Davis CA 95616.

We examined regulation of a rapidly activating, outwardly rectifying 
chloride current (IC1) in voltage-clamped, goldfish retinal ganglion 
cells (RGCs). We have reported {Tabata & Ishida 1996, Soc. Neurosci. 
ylbvzr) that prominent changes inlc!are averted by including 3-30 nM 
free Zn2+ in ruptured-patch pipet solutions, or by recording in 
perforated-patch mode. We report here 4 lines of evidence (#1: 
ruptured-patch mode, #2-4: perforated patch mode) that intracellular zinc 
may facilitate inhibition of Ic, by protein kinase C (PKC): (1) Pipet- 
saline inclusion of PKC catalytic subunit (4 pM) reduces Ic, 
amplitude. (2) External application of a PKC inhibitor (calphostin C, 
1 /xM; or bisindolylmaleimide I, 10 /xM) increases Ic, amplitude. (3) 
External application of a membrane-permeable Zn2+ chelator 
(TPEN, 10 gM) augments IC1 amplitude. (4) Co-application ofZn2+ 
(1-10 pM) and a divalent cation ionophore (Br-A23187, 10 jtiM; or 
pyrithione, 20-100 /xM) reduces ICI amplitude. This latter effect is 
precluded by externally applied calphostin C (1 pM). Based on 
these results, we propose that a voltage-gated Cl' conductance is 
reduced, at least in part, by a standing PKC activity which may be 
facilitated by intracellular zinc. Supported by NIH grant EY08120

919.10
INTRACELLULAR CALCIUM STORES IN VERTEBRATE RODS AND CONES 
David Knzaj*, Jiaa-Xin B?p ?nd David R. Copenhagen;.Depts Ophthalmol, and 
Physiology, UCSF School of Medicine, San Francisco, CA 94143-0730

Intracellular calcium ion concentration [Ca++]i in photoreceptor outer and 
inner segments regulates phototransduction, light adaptation and 
transmitter release. It is not known whether calcium sequestered and/or 
released from intracellular compartments contributes to regulation of these 
above processes. The aim of our study was thus to identify and characterize 
intracellular stores in rod and cone inner segments.

Photoreceptors, dissociated from the retina of the tiger salamander 
(Ambystoma tigrinum) were loaded with Fura-2 AM and their [Ca++]j 
monitored with a 12-bit digital camera. Caffeine raised [Ca++]i in rod but 
not in cone inner segments. [Ca++]i in rods following application of caffeine 
rose at 36 nM/s to an average value of 265.5 ± 44.0 nM and decayed with a 
time constant of 41.8 ± 7.0 seconds. The effect of caffeine was blocked by 
ryanodine. The stores were depleted by repeated applications of caffeine 
and refilled through KCl-evoked influx of Ca++ from the extracellular 
space. Superfusion with 2-5pM cyclopiazonic acid (CPA) decreased 
responses to puffs of high-K+ in both rods and cones to an average of 54% 
(rods) and 33% (cones). Both CPA and thapsigargin affected the steady- 
state plateau of [Ca++]i elicited in rods by sustained depolarization. 
Moreover, the rate of [Ca++]i rise in rods was decreased by CPA from 98.74 ± 
29.40 nM/s to 44.47 ± 11.95 nM/s.

These results suggest that intracellular stores participate in regulation of 
[Ca++]i in inner segments of rods and cones. Modulation of SERCA’s affects 
calcium signalling in rods and cones. Moreover, rods, but not cones, possess 
caffeine and ryanodine-sensitive compartments.
Acknowledgements: Supported by the ARVO/CIBA Fellowship and NIH
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920.1
THREE DIMENSIONAL ANALYSIS OF SINGLE CORTICOFUGAL AXONS 
WITHIN THE CAT DORSAL LATERAL GENICULATE NUCLEUS (LGN).
P.C, Murphy*, S.G, Duckett & A.M. Sillito. Dept. of Visual Science, Inst, of 
Ophthalmology, University College London EC IV 9EL, U.K. & Dept. of Physiology, 
St. George’s Hospital Medical School, London SW17 ORE, U.K.

One of the most prominent inputs to the A laminae of the cat LGN is a massive 
feedback pathway from visual cortical areas 17 and 18. This contributes 40-50% of the 
synapses in the LGN neuropil, and might be expected to exert a significant influence 
over the transmission of information from the retina to the cortex. We have previously 
shown that single corticogeniculate axons have an extensive lateral spread, and 
concluded that the feedback must influence global, rather than simply local, processing 
of the visual image (Murphy, P.C. & Sillito, A.M., 1996, J. Neurosci. 16: 1180-1192). 
In order to better understand how this role might be fulfilled, we have now performed a 
quantitative, 3-D analysis of the distribution of corticofugal boutons, both from single 
axons and from clusters of axons arising from single cortical loci.

Axons were stained using intra- or extracellular injections of biocytin, following visual 
mapping of representative cells recorded at the injection sites. In some cases the data 
were calibrated to the published retinotopic maps, by recording and marking cells in and 
around the LGN termination zones. The spatial organisation of single area 17 and 18 
axons turns out to be surprisingly well matched, both in medial to lateral and caudal to 
rostral extent. They show an equal degree of elongation parallel to the isoelevation lines, 
although this is less obvious when the projection from an entire group of axons is taken 
into account. These results are surprising in light of the differences in retinotopic 
organisation of the two areas. Although some axons have a focal region of maximum 
bouton density, many provide a widely distributed and patchy input. Intriguingly, they 
tend to be elongate along an axis that correlates with the orientation or direction 
selectivity of the parent cell. Finally, there is a bias in the distribution of area 18 boutons 
towards the bottom of each layer, that provides further evidence for reciprocity in the 
feedback pathways. Supported by the MRC

920.2
THE MORPHOLOGY OF LGN AXONS FROM DIFFERENT K LAYERS IN VI OF 
MACAQUE MONKEY. V.A. Casagrande, Y. Ding* and J.P, Boyd. Depts. of Cell 
Biology & Psychology, Vanderbilt University Medical School, Nashville, TN 37232

The lateral geniculate nucleus (LGN) of primates contains three relay cel! 
classes, the magnocellular (M), parvocellular (P), and koniocellular (K). At present, 
very little is known about the K relay cells in Old World simians (e.g., macaque 
monkeys). In simian primates, K cells are located between the main LGN layers and 
adjacent to the optic tract. For convenience these cell layers are numbered K1-K6 
starting closest to the optic tract with KI. The objectives of this study were to examine 
K axon structure in macaque monkey primary visual cortex (VI) and to determine if 
cells in different K layers have morphologically distinct axon arbors. Individual axons 
were labeled via injections of either PHA-L or BDA into either the dorsal (K3-K6) or 
ventral (KI & K2) portions of the LGN. All axons were reconstructed from the white 
matter. Two classes of axons were labeled from dorsal LGN injections: medium size 
P axons terminating in both IVP and IIIBP and very fine, presumed K axons. The latter 
terminate as delicate focused (less than 450 pm in diameter) arbors with the highest 
density of boutons in the CO blobs in layer IIIBa; 20% also have branches and boutons 
in layer I. A few dorsal K axons branch in other superficial layers (IIIA, MB(3 or IIIC) 
but none branch in lower layers. Injections into the ventral LGN also labeled two 
classes of axons: large M axons arborizing within IVa and very fine K1 /K2 axons. The 
latter are simpler in morphology than dorsal K axons and arborize mainly in layer I 
where they can extend for as much as 600 pm tangentially. Some KI / K2 axons also 
have branches in layers IIIA and IIIBa. The overall morphology of K axons in macaque 
monkeys is quite similar to that of K axons in bush babies and owl monkeys (Lachica & 
Casagrande, 1992; Ding & Casagrande, 1997). This finding suggests that the basic 
features of K axons are conserved across primates. The different cortical distributions 
ofK axons arising from different K layers also indicate that different K layers may have 
distinct functions. Supported by EY01778 & core grants EY08126, HD 15052 and 
Center of Cellular & Molecular Neuroscience.

920.3
MORPHOLOGY AND DISTRIBUTION OF CORTICOGENICULATE AXONS IN 
THE OWL MONKEY. J.M. Ichida & V.A. Casagrande*, Depts of Cell Biology & 
Psychology, Center for Molecular Neuroscience, Vanderbilt University, Nashville, TN 
37215.

The function of the corticogeniculate feedback pathway from striate cortex (VI) to the 
lateral geniculate nucleus (LGN) in primates is not well understood. Insight into possible 
function can be gained by studying the morphology and projection patterns of 
corticogeniculate axons in the LGN. The goal of this research was to examine how 
corticogeniculate axons innervate the functionally specific [e.g., parvocellular (P), 
magnocellular (M), and koniocellular (K)] and eye specific layers of the LGN. Pressure 
injections of biotinylated dextran were made into VI of the new world simian primate, 
Aotus trivirgatus and the resulting labeled axons were reconstructed through serial 
sections of the LGN. All of the corticogeniculate axons are thin with boutons en passant 
as well as boutons terminaux and resemble Guillery’s Type I axons described in cats 
(Guillery, 1966). Axons are found in all layers of the LGN, and two main classes of 
projection patterns are observed. The first class of axon projects to and branches in 
individual LGN layers. Axons of this type are seen confined within single P, M, and K 
layers. The second class of axon branches to innervate pairs of functionally specific layers. 
Examples of this type were seen within the M layers and pairs of K layers. In some cases, 
this second class of axon can contain an arbor focused within the M layers but also 
extending small side branches into neighboring K layers. Functionally specific projections 
involving both P layers were not observed. These patterns of projections suggest that in 
primates VI can modulate specific types of LGN input both through functionally specific 
and eye specific projections. Supported by EY01778 (VAC), & core giants EY08126, 
and HD 15052.

920.4
MORPHOLOGY OF AXONS FROM THE STRIATE CORTEX (VI) TO THE 
PULVINAR IN OWL MONKEYS A. E. Wiencken, L, M. Fleming*, and V. A. 
Casagrande Depts. of Cell Biology and Psychology, Center for Molecular 
Neuroscience, Vanderbilt University, Nashville TN 37232-2175

The pulvinar contains a number of subdivisions that connect to wide regions of 
cortex. In owl monkeys, the central and medial subdivisions of the inferior pulvinar 
(PIC and PIM) and the lateral subdivision of the lateral pulvinar (PLJ receive 
projections from VI (Lin & Kaas, ‘79). As a first step toward understanding the 
function of these pathways, we examined the structure and distribution of individual 
VI-pulvinar axons. Axons were labeled via multiple injections of biotinylated 
dextran into the infragranular layers of VI in Owl monkeys. Some injections were 
large enough to involve more superficial layers and, thereby, label cells projecting 
to VI from the pulvinar. In these cases, retrogradely labeled cells in PIC overlapped 
areas of dense anterograde label indicating that connections between this subdivision 
and VI are reciprocal. However, VI axons extend beyond zones of retrograde label 
suggesting that the VI to pulvinar pathway is less topographically specific. VI 
terminations were diffusely distributed across PIM, even though tracer injections were 
confined to the central representation in VI; VI terminations in the other two 
subdivisions were more focal. As described for the macaque monkey (Rockland, 
’94), VI axons could be classified into two morphological types. Type II axons are 
thicker, have large boutons en passant and terminaux, and terminate in discreet 
zones in PIC, PIM, and PLl . Type 1 axons are more delicate with smaller boutons, 
some of which are at the ends of short stalks. The latter terminate within elongated 
strips within the same three subdivisions. The density of boutons along the length 
of type I axons was varied, such that zones of high bouton density were interrupted 
by zones with few boutons. Individual type. 1 axons have the potential to maintain 
topographic or subdivision specificity via these variations in bouton density along 
their length. These results suggest that VI sends two types of visual signals via two 
distinct pathways to the pulvinar. However, each subdivision appears to have access 
to both pathways. Supported by grants EY01778; EY07135; EY08126; and 
HD15O52.

920.5
A COMPARISON OF THE SYNAPTIC CIRCUITS OF M, P AND K LGN AXONS 
IN OWL MONKEY PRIMARY VISUAL CORTEX (VI). Y. Ding, M. POSPICHAL* 
& V.A. Casagrande. Depts of Cell Biology & Psychology, Center for Molecular 
Neuroscience, Vanderbilt University, Nashville, TN 37215

The lateral geniculate nucleus (LGN) of primates contains three anatomically 
and physiologically distinct classes of relay cells, the magnocellular (M), parvocellular 
(P), and koniocellular (K). M and P cells send axons to layers IVa and IVp, 
respectively, and K cells send axons to layers III and I of V1. At present, little is known 
about the first order synaptic circuits of these pathways. Therefore, our objective was 
to compare the types of synapses made by these axons by identifying their transmitter 
content and postsynaptic targets. M, P and K axons were labeled in adult owl monkeys 
via injections of WGA-HRP into the appropriate LGN layers. The neurochemical 
content of both pre- and postsynaptic profiles were identified by post-embedding 
immunocytochemistry for GABA and glutamate. Results showed that all M, P and K 
axons contained glutamate. Two thirds of the M axons terminated on dendritic spines, 
almost all of which could be identified as glutamatergic. The remaining M axons 
terminated on dendritic shafts of which about half contained glutamate and the remaining 
contained GABA. More P cells than M cells (~ 85%) terminated on dendritic spines, 
all of which contained glutamate. The remaining P cells terminated on dendritic shafts 
of which the vast majority were positive for glutamate. K axons were like M cells in that 
about 60% terminated on dendritic spines. However, K cells were more like P cells in 
that the remaining synapses were made on dendritic shafts that mainly contained 
glutamate. The sizes of axon terminal profiles from different LGN pathways were also 
compared. The average terminal areas of both M (x=l. 18±0.60 pm2) and P axons 
(x=l. 11± 0.44 pm2) were significantly larger than K terminal profiles (x=0.43±0.20 
pm2). Taken together, these results suggest that the M, P and K pathway circuits use a 
different strategy to contribute to the processing of visual information within VI. 
Supported by EY01778, EY08126, and HD 15052.

920.6
PATTERNS OF OCULAR DOMINANCE DOMAINS AND
CYTOCHROME OXIDASE BLOBS IN STRIATE CORTEX OF THE 
PROSIMIAN PRIMATE GALAGO. J. F. Qlavarria*, H. Qi, V. A. 
Casagrande, and J. H. Kaas. Department of Psychology, University of 
Washington, Seattle, WA 98195, and Departments of Psychology and Cell 
Biology, Vanderbilt University, Nashville, TN 37232.

Studies in macaque monkeys have provided evidence that cytochrome 
oxidase (CO) blobs in supragranular striate cortex (VI) are centered on 
ocular dominance columns (ODCs). This model may not apply to all 
primates. Indeed, optical imaging studies in galagos raise the possibility that, 
in this species, CO blobs do not relate to ODCs as they do in macaques 
(Bosking et al., Soc. Neurosci. 96). Bosking et al. found that many CO 
blobs span borders between left and right eye ODCs. In the present study we 
have used galagos to investigate the alignment between CO blobs, 
demonstrated histochemically, and ODCs, revealed by the transneuronal 
transport of WGA-HRP injected into one eye.

In tangential sections through supragranular VI, the WGA-HRP labeling 
appears as an array of distinct patches that most likely represent the patchy 
koniocellular input to layer 3 shown by others. In deeper sections, these 
patches tend to coalesce with neighboring patches, forming labeled bands 
whose overall array is reminiscent of the pattern of ODCs in cats. 
Comparison of the HRP and CO labeling patterns revealed that in 
supragranular layers, virtually all CO blobs overlap with WGA-HRP labeled 
patches. Since only one eye was injected with WGA-HRP, these data 
suggest that CO blobs receive input from both eyes. Comparing the CO 
blobs with the ODCs in layer 4 showed that CO blobs are not necessarily 
centered on ODCs, and that they often span the borders between left and 
right columns. These findings support the view that the alignment 
between ODCs and CO blobs seen in macaques is not a general feature of 
primate VI. Supported by NIH EY01778, EY02686, EY09343.
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920.7
TOPOGRAPHY AND MAGNIFICATION FACTOR IN PRIMATE STRIATE 
CORTEX DERIVED FROM THE SPATIO-TEMPORAL GEOMETRY OF THE 
RETINA P. Grandguillaume *t SPON: European Brain and Behaviour Society 
fCREARE.UPMC,75252 Paris

The mapping between the retina and VI is investigated by modeling the intra- 
retinal conduction delays, previously proposed as possible templates for cortical 
processes implied in form perception and recognition [Grandguillaume 1993,1995].

Ganglion cells axons follow an intra retinal path on the external layer to join the 
optic disk (OD) from which they run parallel to each other and are myelinated. Intra- 
retinal conduction results in a phase lag on times of arrival at OD of ganglion cells 
APs. Its amplitude depends on die length of the intra-retinal path and on the axonal 
conduction velocity related to the diameter of the fiber. Intraretinal path depends on 
the geometry of the retina: fibers starting in the superior and inferior quadrants of the 
primates temporal retina bend over the fovea.

Geometry of the fibers is here modeled with arcs of polar curves fitted to 
histological data. A smoothness criteria applied to overlaping of fibers was used to 
generate paths as a second method. Conduction velocity is considered constant along 
an intra-retinal axonal path for an individual fiber. Variations over the retina are 
assessed from isodensity curves and perikaryal sizes studies of ganglion cells. 
Resulting distributions of conduction delays in the temporal retina are plotted. Delay 
maps take maximum values along the temporal raphe with maximum at the fovea, 
and decrease steadily, minimum values being reached along the vertical line.
A transformation operating on the delay map is proposed resulting in a 
representation of the visual hemi-field similar to that found in primate VI. It yields a 
new formulation of the cortical magnification factor which may explain the 
controversial discrepancy with ganglion cells density. It accounts for the global 
orientation of ocular dominance strips. The temporal gradients existing on a map are 
transformed into spatial ones. A possible developmental mechanism associated to 
this transformation is proposed accounting for anatomical data, together with its 
functional relevance to cortical mechanisms of information processing, 
financia’ support: Fondation Fvssen

920.8
DIFFERENTIAL ORGANIZATION OF DIRECTION MAPS IN CAT AREAS 17, 
18 AND ACROSS 17/18 TRANSITION ZONE K.Qhkiu>, Y.Matsuda1’3, 
A.Aiima1,4, T.Saito5, D.-S.Kim! .and S.Tanaka11. FRP, The Institute of Physical and 
Chemical Research(RIKEN), Japan, 2, Dept. Physiol., Univ. Tokyo Sch. Med., 3, 
Dept. of Physics, Waseda Univ., 4, PRESTO, JST, 5. NEC Informatec Systems Corp.

Direction maps in visual cort ices have been reported in cat areas 17,18 and ferret 
area 17. However, their detailed structures, comparisons among different areas, 
relationships with other Emotional maps, and comparisons with theoretical 
predictions have not been fully described yet. We recorded direction maps as well as 
other functional maps from cat areas 17,18, and 17/18 border using in vivo intrinsic 
optical imaging. The areas 17 and 18 were defined by the sharp transition of optimal 
spatial frequencies. We defined preferred direction at each cortical point with two 
methods: a) as the phase of the first fourier component of tuning curve; or b) as the 
direction of motion which corresponded to maximum response in an interpolated 
tuning curve. Our results showed: (1) Direction selectivity was weaker in area 17 
than in area 18, however, in both regions direction maps contained line singularities 
while orientation maps contained point singularities. Especially with the latter 
definition of preferred direction, the odd number of direction line singularities 
emerged from every orientation center in both areas 17 and 18, as predicted by 
topology-based theory. (2) A major characteristics of the direction map in area 17 
was that domains of high direction selectivity were aggregated into patches, while 
high direction selective domains were more homogeneously distributed in area 18.
(3) At the transition zone between areas 17 and 18, the probability to find orientation 
and direction singularities was higher than in regions far from the transition zone. 
Taken together, local features of direction maps such as connectivity of direction line 
singularities to orientation point singularities were similarly organized in both areas 
17 and 18, which implies the essence of mapping principles may be common. On the 
other hand, global features such as overall patterns of direction selectivity and 
singularities were differently organized in areas 17, 18, and across 17/18 border. 
These global differences may be related to the particular properties of these regions, 
such as differences in their geniculo-cortical or cortico-cortical connections.
K.O. was supported by JSPS Fellowship for Young Scientists.

920.9
TOPOLOGICAL CONSTRAINTS ON MULTIPLE FUNCTIONAL MAPS 
IN CAT PRIMARY VISUAL CORTEX D.-S. Kim1-*, K. Ohkiu, Y. Matsuda1’3,
A. Aiima1'4, T. Saito5 and S/Tanaka11) FRP, The Institute of Physical and Chemical 
Research (RIKEN), Japan, 2) Dept. Physiol., Univ, Tokyo Sch. Med., 3) Dept. 
Physics, Waseda Univ., 4) PRESTO, JST, 5) NEC Informatec Systems Cap.

There is a multitude of functional maps in the primary visual cotex, each 
representing a specific parameter of the visual feature space. The question of 
structural substrate for most of the cortical maps still remain controversial. However, 
it is evident that a single neuron can respond to multiple visual features, raising the 
problem how such multiple functional maps are represented topologically on the 
cortical surface under mutual constraints among the maps. Furthermore, it is also 
important to see what developmental mechanisms may cause such topological 
relationships among the maps to emerge during ontogeny. Taken together with 
recent evidence that an adult-like orientation map is already present at the onset of 
eye-specific segregation of genicuiocortical afferents, we hypothesized that the 
orientation map may act as a functional and developmental primacy in the cat visual 
cortex, and that the structure of the orientation map may save as a scaffold for later- 
developing maps. In the present study, we used the technique of in vivo optical 
imaging of intrinsic signals in cat striate cortex to examine mutual relationships 
among maps of ocular dominance, orientation, direction, and spatial frequency from 
the same animal. Our results indicate that multiple functional maps in the cat visual 
cortex are - topologically - far from being independent of one another, suggesting the 
idea that mutual constraints imposed on different maps during development 
determine topological relationships among the functional maps in mature cortex.

920.10
CORTICAL CONNECTIONS OF PRIMARY VISUAL CORTEX IN A 
METATHERIAN MAMMAL (MONODELPH1S DOMESTIC A). L. Krubitzer*,
K. J. Huffman, M. E. Sum. Center for Neuroscience and Department of 
Psychology, University of California, Davis, CA 95616.

The present investigation is part of a broader effort in our laboratory to examine 
some aspects of visual cortical organization in metatherian mammals in an attempt 
to understand characteristics or attributes of brain structure particular to the marsupial 
lineage. Additionally, by comparing cortical organization and connection patterns in 
metatherian mammals with that of other mammals, we can appreciate general cortical 
characteristics of the visual system that were likely to be present in the common 
mammalian ancestor, and preserved throughout evolution. The ipsilateral 
connections of the primary visual cortex (VI) were examined in three short-tailed 
possums (Monodeiphis domestica) by injecting fluorescent tracers, fluoroemerald and 
fluororuby, into VI. In all cases, the cortex was flattened and cut parallel to the pial 
surface. Sections were alternatively mounted for fluorescent microscopy and stained 
for myelin, and the myeloarchitechtonic features of cortex were related to areal 
patterns of connections. The ipsilateral connections of VI were most dense with the 
caudal temporal area (CT). This is a darkly myelinated area that has been previously 
identified in the opossum (Didelphis marsupialis) with myeloarchitecture only (Beck,
P.D., Pospichal, M.W., & Kaas, J.H. 1996). Additionally, a patch of labeled cell 
bodies was observed lateral to the rhinal sulcus, in the dorsal portion of pyriform 
cortex, rostral to area CT. VI also had less dense connections with the second visual 
area (VII), and a moderately myelinated area lateral to VII, that also receives input 
from the temporal lobe. From these results, we conclude that VI in the marsupial is 
similar to other mammals in that it has connections with VII and another extrastriate 
area, CT. However, unlike other mammals, the connections of VI are more 
widespread to regions of pyriform cortex and presumptive multimodal regions.

920.11
A QUANTITATIVE DESCRIPTION OF SYNAPTIC DEPRESSION AT MONO-
SYNAPTIC INHIBITORY INPUTS TO VISUAL CORTICAL PYRAMIDAL 
NEURONS. S. Song, J.A. Varela, L.F. Abbott, G.G. Turrigiano & S.B. Nelson* 
Department of Biology & Center for Complex Systems, Brandeis University, 
Waltham, MA 02254."

The function of cortical circuits depends critically on the balance between excita-
tion and inhibition. Recent studies of excitatory synapses in the visual cortex have 
revealed prominent short-term depression which may be important in shaping VI 
response properties. Here we extend these studies to inhibitory synapses.

Monosynaptic IPSCs were recorded from layer 2/3 pyramidal neurons in rat vis-
ual cortical slices in the presence of glutamate receptor antagonists, while electri-
cally stimulating nearby inputs. Responses to random stimulus trains were used to 
calculate temporal weighting functions that predict the amplitude of successive re-
sponses as a function of interval. IPSCs exhibited synaptic depression which was 
less pronounced than that observed at excitatory synapses. The kinetics of recovery 
from depression were well fit by a single exponential process with a mean time con-
stant of 1018 ± 170 ms (SEM, N=10 cells). In contrast, excitatory synapses recover 
biexponentially (tL-=200-500ms, t2=3-10s). The magnitude of the depression of 
IPSCs (5±0.5% per stimulus) was intermediate between that of the faster and slower 
forms of depression at excitatory synapses (29±7% and 3±0.8% per stimulus).

The presence of weak depression at inhibitory synapses may permit interneurons 
to maintain inhibitory signaling while firing at high rates. In addition, elevated fir-
ing in cortical circuits may shift the balance between excitation and inhibition to 
favor inhibition due to the greater accumulation of depression at excitatory syn-
apses. This may be important for maintaining the stability of recurrent cortical cir-
cuits. Supported by NIH, NSF and the Sloan Foundation.

920.12
CHANGES IN GLUTAMATE IMMUNOREACTIVITY DURING RETINOTOPiC 
REORGANIZATION OF CAT STRIATE CORTEX. L. Arckens12*, Y. Qu12, G. 
Wouters1’2, D. Pow4, U.T. Evsel3, G.A. Orban2, F. Vandesande1 ‘Lab. Neuroendocr.
& Immunol. Biotechnol., 2Lab. Neuro- and Psychophysiol., Medical School, 
Katholieke Universiteit Leuven, B-3000 Leuven, Belgium; ’Dept Neurophysiol., 
Medical School, Ruhr-Universitat Bochum, D-44770 Bochum, Germany;-4Dept 
Physiol & Pharmacol., University of Queensland, Brisbane 4072, Australia.

An antibody against glutamate was used to study the effect of partial sensory 
deprivation on excitatory neurons in cat striate cortex. Six adult cats received 
binocular central retinal lesions and their brains were perfusion-fixed after 2, 4 or 12 
weeks. Vibratome sections of the striate cortex were immunostained. The glutamate- 
immunoreactive (IR) cells were counted. Giutamate-IR cells were found in all cortical 
layers. Two to 4 weeks post-lesion, the supra- and infragranular layers of the lesion 
projection zone in area 17 contained significantly less glutamate-IR cells as compared 
to the normal portion of area 17. In normal or 12-week cats such differences in the 
number of glutamate-IR cells in function of eccentricity were not found. 
Investigation of the border region between the normal and lesion projection zone of 
area 17 revealed the presence of a transition zone in which the number of glutamate- 
IR cells was almost twice as high as in the normal zone of area 17. This glutamate 
peak had a width of less than 1 mm and shifted towards the center of the lesion 
projection zone as a function of time. HPLC analysis of the glutamate concentration 
in brain punches of 2 week-cats confirmed our immunocytochemical results. These 
findings indicate that in the cortex glutamate levels are regulated by afferent activity 
and suggest a role for glutamate in the processes underlying the functional and 
structural changes that occur during reorganization of cortical topography.

This work was supported by the Belgian Queen Elisabeth Medical Foundation, the 
Belgian program of Inter-University Poles of Attraction (n° 22) and the Fund for 
Scientific Research - Flanders, Belgium.
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920.13
STEREOLOGIC ANALYSIS OF THE PRIMARY VISUAL CORTEX IN AGED 
MACAQUE MONKEYS. P.R. Hofl*. E.A, Nimchinskyl. W.G. Young2. and J.H, 
Morrison 1. INeurobiology of Aging Laboratories, Mount Sinai School of Medicine, 
New York, NY 10029,2Scripps Research Institute, La Jolla, CA 92037.

Visual impairment is not uncommon during aging and a number of psychophysical 
investigations have documented deficits in motion detection as well as in spatio-
temporal contrast sensitivity in elderly people. Little is known however about how 
changes in neural structure may affect visual function in aging. In order to address 
this question, we have analyzed the effect of aging on two neuronal populations in 
the primary visual cortex (area VI) of macaque monkeys. Four young adult (7-11 
years old) and 4 old (26-32 years old) Rhesus monkeys were analyzed. The animals 
were perfused and their brains prepared for immunohistochemistry with an antibody 
to neurofilament protein. Unbiased stereologic estimates of the total numbers of 
neurofilament protein-containing layer IVB cells and Meynert cells were obtained 
using the optical fractionator in the calcarine cortex and in the opercular cortex. 
Stereologic estimates of the volume (using the Cavalieri principle) and cortical 
surface area were also calculated. All analyses were performed using NeuroZoom 
software. A considerable degree of interindividual variability in neuron number, 
cortical volume and area was observed among animals of both groups. However, 
there were no differences in either Meynert cell or layer IVB cell numbers between 
the aged group and the young group (pooled values for VI were 219,621±17,365 vs 
251,573+19886 for Meynert cells and 750,878+53,120 vs 825,695±155,439 for layer 
IVB cells, respectively). Similarly, no changes in volume or surface area of VI were 
observed as a function of aging. These data suggest that the deficits occurring during 
aging of the visual system are not due to the loss of major neuronal populations in 
neocortex such as those analyzed in this study. Rather, it is possible that more subtle 
alterations in the neurochemical characteristics or synaptic organization of the 
functional pathways subserving the different visual modalities are responsible for 
these deficits.
Supported by NIH grants MHDA52154 (Human Brain Project) and AG06647.

920.14
INTRINSIC CONNECTIVITY IN THE SUPERFICIAL LAYERS OF 
MARMOSET STRIATE CORTEX. C.J. Tyler*, J.B. Levitt & J.S. Lund. 
Institute of Ophthalmology, University College London, EC IV 9EL, UK

As a prelude to physiological investigations of striate cortex (VI) in the 
New-World primate Callithrix jacchus, we examined the intrinsic connections 
in superficial layers of VI of marmoset using focal (200-300fjm)
iontophoretic injections of biocytin. Injections produced up to 20 individual 
terminal fields (each up to 300pm dia., mean 270pm, spaced 455 pm center- 
to-center), within an overall field ranging up to 2.8mm across the striate 
cortex. Although the majority of terminal label was found within a circular 
array around the injection core, the overall connectional field occupied an 
elliptical cortical area (2.8x1.6mm), whose long axis does not appear to be 
oriented parallel to the area 17/18 border as in Old-World primates; this may 
be due to lack of ocular dominance columns in marmoset, with field 
elongation perhaps reflecting an orientation-specific axis as in tree-shrew. 
Basal dendritic fields of pyramidal neurons in these layers measured on 
average 262pm, which appears to be commensurate with measured terminal 
field sizes (as in macaque). Despite a 6-fold difference in VI areal extent 
between marmoset and macaque, the absolute cortical territory covered by 
these connectional systems is equivalent in both species, suggesting that 
marmoset V1 connectional fields link neurons with nonoverlapped receptive 
fields spanning many more degrees of visual space than those in macaque. 
Supported by MRC G9408137.

920.15
LOW REORGANIZATIONAL EFFICIENCY OF INTRACORTICAL MICRO-
STIMULATION (ICMS) IN PRIMARY VISUAL CORTEX OF PIGMENTED 
RATS. R. Leonhardt*, F. Spengler and H.R. Dinse. Institut fiir Neuroinformatik, 
Ruhr-Universitat, D-44780 Bochum, Germany.

Intracortical microstimulation (ICMS) has been widely used to induce plastic- 
reorganization of receptive field (RF) properties and of cortical maps in 
somatosensory and auditory cortex. Utilizing the ICMS-technique. we attempted to 
study comparable reorganizational processes in rat visual cortex. We used adult 
pigmented rats (male Dark Agouti, 150-250 g) anaesthesized with urethane (ethyl 
carbamate, 1.5 g/kg). Neurons were recorded in layer IV of primary visual cortex 
and of the hindpaw representation of somatosensory cortex. Visual RFs were 
determined quantitatively using the response plane technique. Cutaneous tactile RFs 
of the hindpaw were determined by means of handplotting. ICMS-stimuli consisting 
of bursts of 13 pulses (duration: 200 ps, interstimulus interval: 3 ms, amplitude: 6 
pA) were delivered at 1 Hz for 2-3 h. After the stimulation RFs were remapped for 
up to 4 h after ICMS. Except for a general decrease in neural activity immediately 
after termination of ICMS, the reorganizational effects on RF size, orientation 
tuning and response latency were weak and unconsistent in visual cortex, even after 
the activity returned to its original level (usually after -30 min). This is in contrast 
to results obtained in somatosensory cortex, where a reversible enlargement of RFs 
of >100% was repeatedly reported. Our experiments in rat visual cortex are 
indicative for an overall reduced and low efficiency of ICMS-induced visual RF- 
plasticity as compared to somatosensory or auditory cortex (for ICMS in old rats see 
also Churs and Dinse, this meeting). However, it remains to be clarified, in how far 
these differences reflect specific constraints of the ICMS-method that might be 
sensitive to anatomical differences such as afferent fiber patterns and cell type 
distributions, thereby producing the described modality specific effects.
Supported by the Deutsche Forschungsgemeinschaft SFB 509.

920.16
TANGENTIAL ORGANIZATION OF EYE DOMINANCE IN AREA VI OF 
MACAQUES WITH STRABISMIC AMBLYOPIA. S.B. Fenstemaker*, K. H. 
George, L. Kiorpes and J. A. Movshon1. NYU and 'HHMI, New York, NY.

Early strabismus in macaque monkeys can lead to a profound amblyopia in 
the deviated eye. We have examined the ocular dominance (OD) organization of 
V1 in three strabismic M. nemestrina, all of which had large interocular 
differences in visual acuity and appeared to fixate only with the non-deviated 
eye.

We recorded OD at single and multi-unit sites in the foveal representation of 
VI contralateral to the amblyopic eye. About 80% of units were driven 
exclusively by the non-deviated eye and about 15% by the amblyopic eye; a few 
sites showed mixed dominance, although strongly binocular sites were rare. At 
the conclusion of the recording session, the non-deviated eye was occluded and 
the amblyopic eye was visually stimulated for 2 hours to induce activity of the 
immediate early gene egr-1 in neurons driven by the amblyopic eye. 
Immunohistochemical detection of egr-1 in tangential sections of opercular VI 
revealed that amblyopic eye OD columns were shrunken, particularly in the 
ipsilateral hemisphere. However, center-to-center spacing of columns in all 6 
hemispheres fell within the normal range. The neurofilament protein detected by 
SMI-32 was expressed in alternating dark and pale stripes; egr-1 labeling and 
electrode track reconstruction indicated that the pale zones were columns 
belonging to the amblyopic eye. In all 6 hemispheres, the pale SMI-32 columns 
were narrower than the dark columns. Cytochrome oxidase blobs tended to fuse 
along non-deviated eye OD columns. Both eyes' column centers were dark in 
layer 4A, but layer 4C often contained thin dark stripes in register with the 
amblyopic eye’s columns.

We conclude that deep strabismic amblyopia is associated with loss of 
cortical territory by the deviated eye, without change in overall OD spacing. 
Supported by: NIH EYO5864; EYO2017; HHMI

920.17
A FUNCTIONAL MODEL OF V1 HORIZONTAL CONNECTIVITY BASED 
ON THE STATISTICAL STRUCTURE OF NATURAL IMAGES.
B. A. Olshausen*. Dept. of Psychology and Center for Neuroscience, 
University of California, Davis, CA 95616.

In previous work (Nature, 381: 607-609), we described an algorithm for 
learning sparse, statistically independent codes for representing natural 
images. The basis functions that emerge from this algorithm resemble the 
wavelet-like properties of simple-cells found in the primary visual cortex. In 
the present study we examined the form of statistical structure that exists 
among the resulting code elements, and we improved the image code by 
incorporating this structure into a model of the prior probability distribution 
over the elements. An analysis of pairwise mutual information in the code 
revealed a significant degree of statistical dependency among basis 
functions of the same orientation situated spatially along an axis co-linear 
to the preferred orientation. The model of the prior distribution was 
therefore modified to include a pairwise coupling term, and a learning 
algorithm was devised to adapt the pairwise terms so as to properly reflect 
the dependencies in natural images. The resulting neural implementation 
of the algorithm utilizes a horizontal connection architecture in which output 
activity is driven not only by the input image, but also by the activity of 
other code elements according to the learned prior. The morphology of the 
horizontal connections in the model is in qualitative agreement with the 
observed structure of long-range excitatory horizontal connections in V1. 
The model thus provides a principled framework for thinking about the 
function of these connections in terms of linking together elements along 
extended contours.

920.18
THE DOMINANT INCREASE IN SYNAPTIC CONDUCTANCE EVOKED 
BY VISUAL INPUT IN CAT AREA 17 IS DUE TO SHUNTING INHIBITION
C. Monier*, L. Borg-Graham, Y. Fregnac
Institut Alfred Fessard, CNRS, 91198 Gif-sur-Yvette, France

Synaptic input underlying simple and complex receptive field (RF) proper-
ties in cat (adult and kitten) area 17 was quantified using in-vivo blind patch 
recordings to specifically extract changes in the input conductance Gjn due to 
visual input (Gsyn). Gin was derived from steady-state voltage clamp protocols 
at two or more holding potentials, and stimuli were flashing bars of optimal ori-
entation at various locations in a cell’s RF. The reversal potential Esrev of the 
composite evoked synaptic input at any given time t after stimulus onset was 
estimated from the intersection of the cell IV characteristic at time t with that 
for the cell at rest, whose slopes correspond to G!n(/) (= Gsyn(t) + Grest) and 
Grest, respectively. Plots of Gsyn versus E$rev were characterized in all cases 
by a peak of Gsyn around an Esrev near the resting potential, independently 
of stimulus position and polarity, with excursions towards more positive poten-
tials (for dominant excitatory input) and in some cases more negative potentials 
(for dominant hyperpolarizing inhibitory input). Under our stimulus conditions, 
these peaks could exceed 200% of the Grest- In conclusion, a) the peak con-
ductance changes are due to shunting inhibition, and b) the relative sizes of 
the conductance peaks in response to ON and OFF transitions in simple cell 
subfields do not predict the polarity (ON or OFF) of the subfield expressed by 
the spike output. Simulations of detailed cortical cell anatomies reproduce the 
relationship between the measured synaptic reversal potential and the somatic 
visibility, given various assumptions on excitatory and inhibitory (GABA^ and 
GABAb ) synaptic distributions.

L.BG. is supported by a CNRS Associate Scientist Fellowship. This work 
was funded by grants to Y.F. from GIS Cogmsciences and HFSP (RG/69-93B).
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920.19
IDENTIFICATION OF FEEDFORWARD AND RECURRENT PART OF THE 
NEURAL DYNAMICS OF POSITION REPRESENTATION IN CAT AREA 17.
M.A. Giese1,2, B. Cubaleska1, M. Pagel1, A.C. Akhavan*’1, D. Jancke1, H.R. Dinse1, 
G. Schoner2. ’Inst. f. Neuroinformatik, Ruhr-Universitat-Bochum, Germany and 
2CNRS-LNC, Marseille, France.

Recordings from cell populations in visual area 17 have been successfully 
analyzed in the context of dynamic neural field models (Jancke et al., Abs. Soc. 
Neurosci., 255.20, 1996). We have developed an optimal estimation method that 
permits to fit neural field models directly to neurophysiological data from single unit 
recordings. Using a stimulus set with single and pairs of illuminated dots we are 
able to estimate quantitatively the structure of the functional feedforward input and 
the recurrent lateral interactions in population representations of position in cat 
visual area 17.
The method uses optimal linear estimators combined with techniques from 
regularization theory and consists of two steps: I) The measured response rates of a 
population of cells is transformed into an abstract distribution of neural activation 
over the retinal position axis. 2) From a set of such reconstructed distributions for 
different experimental conditions a neural field model is fitted to the data. The 
model contains two functions (‘kernels’) that quantitatively characterize the 
feedforward processing of the stimulus and the lateral recurrent interactions within 
the position representation. The separation of these two components permits to 
determine in how far the linear filter metaphor for area 17 is true under valid 
physiological conditions, and to what extent lateral interactions substantially 
contribute to the processing of stimulus information.
Supported by DFG. Di 334/5-1 und Scho 336/4-2.

920.20
EFFICIENT INFORMATION CALCULATION AND DYNAM-
ICS OF VARIANCE IN VI AND IT. M. Wiener* and B.J. 
Richmond, Lab. of Neuropsychology, NIMH, Bethesda, MD 20892.

Earlier investigations showed a linear relation between log(mean) 
and log (variance) of firing rate in neurons in alert monkey VI and 
IT over long time periods ( 300 ms). Using this relation, along 
with the assumption of Gaussian probability distribution of firing 
rate, transmitted information and channel capacity based on spike 
count can be estimated (Gershon et al., here, last year). We now 
show that knowledge of the mean-variance relationship, again using 
Gaussian probability distributions, allows estimation of transmit-
ted information for data measured over times as short as 20 ms; 
this estimate is comparable to estimates made using other stan-
dard methods (Kjaer et al., 1994; Panzeri and Treves, 1996), but is 
computationally simpler. In addition, we have now examined the 
coefficient of variation and how it changes over time. The earlier 
results show that the mean-variance relation is different in VI and 
IT over long periods; we now show that both variance of spike count 
and coefficient of variation of spike count are greater in VI than 
in IT even in short analysis windows, and this difference becomes 
more pronounced as the analysis window widens.

Support: IRP/NIMH.

CEREBELLUM V

921.1
A CEREBELLAR MODEL FOR ADAPTING TO THROWING WHILE 
WEARING WEDGE PRISM GLASSES. J. Spoelstra, and M.A. Arbib*. Dept. 
of Computer Science, Univ. of Southern California, Los Angeles, CA 90089.

A study by Martin et al. (1996) implicated the cerebellum in adapting to 
throwing at visual targets while wearing wedge prism glasses, which inspired an 
earlier computational model by Arbib, Schweighofer and Thach (1994). Based 
on this work we present an improved model that incorporates known recurrent 
connections between cerebellum and the inferior olive (IO) to explicitly model 
the generation of training signals for adaptation. We demonstrate how observed 
behavior such as the prism after-effect and transfer between over- and under-hand 
throwing could be generated in a structure incorporating the basic circuitry of the 
cerebellum and current theories of cerebellar plasticity. Furthermore we specifi-
cally address the question of how two gaze-throw calibrations can be acquired in 
contrast with simple adaptation to a novel condition.

New simulation studies show how different coarse coded representations in 
cerebral cortex of arm posture could explain partial vs. zero transfer between 
over- and under-hand throwing; also how factors such as noise and the distribu-
tion of granule cell inputs affect the rate at which adaptation to novel prisms 
take place. Results support t he view of granule cells being nonlinear expansion 
recorders for mossy fiber input signals.

In our model learning is driven by an error signal generated in the IO through 
a combination of excitatory projections from the cerebral cortex and inhibitory 
projections from the cerebellar nuclei. In this context we advance the hypothesis 
that the projections from cerebellum could be interpreted as an expectation of 
inputs from other origins, in line with the observation that the IO is best acti-
vated by unexpected sensory events. Combined with a learning mechanism that 
incorporates both long term depression (LTD) and long term potentiation (LTP) 
this produces a stable adaptive system. Supported by NIH grant MH52194-03.

921.2
A MODEL OF CEREBELLAR SELF-ORGANIZATION. Nicolas 
Schweighofer, Hiroshi Ando*. ERATO and Human Information 
Processing Research Laboratories, ATR, 2-2 Hikaridai, Seika-cho, 
Soraku-gun, Kyoto 619-02 Japan.

In order to support the theory according to which the cerebellum 
learns to refine motor coordination by compensating for interaction 
torques occurring during reaching, Schweighofer et al. (1997a,b) 
proposed a new detailed cerebellar model. The model could learn 
how to compensate for the imperfections of a crude controller 
located in the cerebral cortex and the spinal cord.

In this previous model however, the only form of plasticity was 
due to long term depression of the parallel fiber - Purkinje cell 
synapses. All the connections to and from the cerebellum were 
established in an ad-hock manner, i.e. there was no self-organization. 
In the present study, we propose that the refinement of the cerebellar 
input / output connectivity is based on biologically plausible 
unsupervised competitive learning. First, we propose a model of 
development of the mossy fiber patchy map. Then, we model the 
elimination of the climbing fibers on Purkinje cell dendritic trees 
which occurs during infancy (Chen et al. 1995). Finally, we study the 
development of the afferents and efferents to the deep nuclear cells. 
These self-organizing mappings implement “adaptive resolution”, 
i.e. larger patches are allocated to movements which are repeated 
more often. Thus, after development is completed, the cerebellum 
has better coordinative capabilities than a “fixed” model.

(Supported by HFS?)

921.3
A REALISTIC CEFEBELLAR NETWORK: TEMPORAL, SPATIAL, DIRECT 
AND INDIRECT INFLUENTS OF GRANULE CELL AXONS ON PURKINJE 
CELLS. F. Santamar a and J. M. Bower* Biol. Div., Caltech, Pasadena, CA 91125.

A realistic cerebelh r neural network was built to study the influence of granule cell 
(GC) layer activatioi on oveilying Purkinje cells (PC). The model is based on the 
known physiologic i and anatomical organization of the GC-PC pathway. The 
simulation makes u:* of a pre dously published compartmental model of a single PC 
(De Schutter and Bo’ /er, J. Neurophssiol. 1994) and includes direct influence from 
the GCs as well as u direct from the molecular layer intemeurons. The simulations 
have been used to pr xlici: the temporal p itterns of molecular layer synaptic activity 
induced by activatioi of localized region; of the granule cell layer. Specifically, the 
GC layer was divide I in sagittal stripes which were then synchronously activated at 
different distances fix m tlte PC. As ieporfe d physiologically, parallel fiber conduction 
velocities were faste s for deep axons and slower for those more superficial, with 10% 
noise added. Inhibit c u was implemented ,is three horizontal stripes of synapses along 
the dendritic tree of the PC th?.t were activated 1 to 2msec after the arrival of the first 
PF to that region. The simulation also predicts the spatial and temporal patterns of 
synaptic activation d ae to the synapses on the ascending branch (AB) of the GC 
axons. In the absence of inhibition, the simulation results in a "beam-like" pattern of 
PC activation along t te course of the PFs. However, even under these conditions, PC 
responses are not evi< lent several hundred micrometers beyond the focus of GC layer 
activation. When inhibition wts added, issponsive PCs were largely limited to the 
immediate region cf GC layer activ ttion. These responses were primarily due to 
synapses made by tin AB. Th ise sim ulations provide a network based physiological 
explanation to the hek of beam-like pa railed fiber effects reported previously in 
numerous studies ush g natural periph ral stimulation (for review see: J. Bower, Prog. 
Brain Res. 1997). Sr pported by Hum 31 Frontier Program.

921.4
EXPLORING THE SOURCES OF CEREBELLAR POST-LESION 

PLASTICITY WITH A NETWORK MODEL OF THE 
SOMATOSENSORY SYSTEM. B. Stricanne, I. Morissette* and I. M. 

Bower, Div. Biology, Caltech, Pasadena, CA 91125
Physiological results from our lab suggested that the origin of 

cerebellar reorganization following a peripheral nerve lesion, lies in 
cerebellar afferents rather than in the cerebellum itself. With a model 
of the somatosensory network we investigated potential intrinsic and 
extrinsic sources for cerebellar reorganization following peripheral 
nerve lesions in rats. The anatomical areas are made of non-spiking units 
connected in a feedforward manner, according to their known anatomy 
and physiology. Once all connections are set, the lesion is simulated. 
Very little reorganization is observed.

We explored plasticity in the network by adding lateral 
connections and connections weights within some anatomical areas of the 
model. The results show that the requirements for a reorganization 
process similar to the physiology are quite specific, and appear to rely 
on both anatomical influence of neighbor cells and activity-dependent 
reinforcement of input from neighbor sensory surfaces.

Focussing on the cerebellum, we found that propagating in the 
network an already reorganized trigeminal map obtained 
electrophysiologicaly, induces cerebellar map reorganization similar to 
physiological data. This indicates that cerebellar reorganization could 
indeed rely solely on plasticity in its afferents. Specific intrinsic sources 
of cerebellar plasticity can also induce physiological reorgaqnization. 
However, this does not hold when combined with extrinsic sources of 
reorganization from cerebellar afferent structures.
Supported by Fondation FYSSEN and Human Frontier Program.
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921.5
AN EVOLUTIONARY ALGORITHM-BASED ANALYSIS OF THE SENSITIVITY 
OF PURKINJE CELL FIRING PROPERTIES TO MODEL PARAMETERS R. M. 
Eichler West* and E. De Schutter, Born-Bunge Foundation, Univ. Antwerp, Belgium.

We applied evolutionary algorithms (EAs; a parameter search/optimization 
method) to a previously published Purkinje cell model (De Schutter and Bower, J 
Neurophys 1994). The goal was to determine the parameter space yielding 
instances of Purkinje cell-type behavior and to evaluate to what extent factors 
such as morphology and channel distribution account for the variability of 
experimentally-observed firing properties. The parameters represent the spatial 
distributions of voltage-gated and/or calcium-dependent ion channels. 1) We 
defined a set of behaviors that we claim are quantitatively characteristic of 
Purkinje neurons based on abstractions from experimentally-obtained voltage time 
series. These criteria subsequently became the fitness measure for the EA search. 
2) The EA-generated parameter sets and their sensitivity along each parameter 
axis were consistent with the published “hand-tuned” solution. 3) The population- 
based nature of the EA search provided sufficient data with which to calculate the 
covariance between high fitness parameter pairs. These statistics indicate the 
degree to which higher order combinations of parameters are responsible for the 
“correctness” of the model. High order correlations indicate strong funcional 
coupling between combinations of ion channel types. Such models are difficult to 
tune by hand, but are implicitly discovered by EAs. 4) The 1994 paper reported 
solution robustness over different morphologies, noting slight differences in the 
firing frequencies and waveform between models. We simulated randomly- 
selected recombinations of experimentally-obtained morphologies and EA- 
selected channel distributions and demonstrate variability in response congruent 
with experimentally-observed ranges. Supported by NIH MH-52903 and HFSPO.

921.6
A COMPUTER MODEL OF SACCADIC ADAPTATION REVEALS THE 
INSUFFICIENCY OF CEREBELLAR LTD. J.L. Krichmar1*, G.A. Ascoli1, L, 
Hunter1,2 and J.L. Olds1-3., ’Krasnow Institute for Advanced Study at George 
Mason University, Fairfax, VA., 2National Library of Medicine, Bethesda, MD.,3 
Uniformed Services University of the Health Sciences, Department of Anatomy 
and Cell Biology, Bethesda, MD.

The oculomotor vermis region (OV) of the cerebellar cortex and the fastigial 
ocular region (FOR) of the deep cerebellar nuclei appears to be necessary for the 
execution and maintenance of accurate saccades. A recent computer model of a 
Purkinje cell (PC) population demonstrated the ability to qualitatively reproduce 
OV PC recordings during saccades. This model has detailed dendritic spines with 
a biologically plausible cerebellar LTD learning rule. In rapid adaptation gain 
increase simulations, our model was able to adjust its gain in response to 
hypometric saccades to a test target. This had the expected result of gain transfer 
to adjacent directions (±30°) and unaffected post-adaptation saccades to 
contralateral targets. In rapid adaptation gain decrease simulations, our model 
adjusted its gain appropriately. However, in this LTD only model, simulations of 
post-adaptation saccades were dysmetric to targets both ipsilateral and 
contralateral to adaptation. Incorporating a membrane potentiation learning rule 
(LTP) in the model resolved the dysmetria of the gain reduction simulations, but 
the PC’s adaptation was still unrealistically limited by saturation effects. That 
problem could be resolved in the model by making it possible for PC’s to entrain 
cells in the FOR. This modeling suggests that: 1) PC’s need to both increase and 
decrease their excitability to adapt to change, and 2) Plasticity in the cerebellar 
cortex alone is not sufficient for a realistic range of gain change.

This research was supported by the Krasnow Institute for Advanced Study.

921.7
NEUROPEPTIDE Y (NPY) DEVELOPMENTAL EXPRESSION IN THE 
RAT OLIVOCEREBELLAR SYSTEM. S. Morara1*. W. Marcotti1, k 
Provini1’2 and A. Rosina1. 'istituto Neuroscienze Bioimmagini, CNR, 2Ist. 
Chim Biol. Fisiol. Gen., Universita' Milano, Milano, ITALY.
Neuropeptides are involved in a variety of developmental processes in the 
nervous system. In the cerebellum, evidences are accumulating that peptides 
are transiently expressed during development. We previously showed that 
CGRP is transiently expressed during the first two postnatal weeks, but only in 
specific olivocerebellar subcompartments (Morara et al.,1995). To provide 
evidences on the developmental expression of other peptides in this system we 
analyzed the expression of the NPY-immunoreactivity (NPY-IR). 
Immunohistochemistry was performed on rat brain sections from embryonic 
day (ED) 19 to postnatal day (PD) 40, by using an anti-NPY polyclonal 
antiserum (Peptide Inst.). NPY-IR was detected in subsets of IO nuclear 
neurons and in the corresponding CF bands in the cerebellar cortex. In general, 
NPY-IR intensity was high at late embryonic stages, maximal around PD 6, but 
reached almost undetectable levels around PD 40. The distribution pattern of 
NPY-IR was constant throughout the development, but intensity levels varied 
among different subnuclei. High levels of NPY-IR were detected in the dorsal 
fold of DAO, moderate levels in the VLO, and low to very low levels in the 
DC, subnuclei b and c of the caudal MAO and subnucleus p. In the cerebellar 
cortex, NPY-immunoreactive CF terminals were intense in the B band and 
flocculus, and less intense in the A band, medial aspect of IX and X lobules, 
and in Crus la and lb lobules. Comparison of NPY-IR with CGRP-IR led us to 
suggest that, during development, specific peptides are transiently expressed in 
only partially overlapping compartments of the olivocerebellar system.

921.8
COMPLEMENTARY DISTRIBUTION OF ACETYLCHOLINESTE-
RASE AND CALBINDIN-28K IN THE WHITE MATTER OF THE 
PRIMATE CEREBELLUM. J. Voogd and N. M. Gerrits, Dept. of 
Anatomy, Erasmus University Rotterdam, 3000 DR Rotterdam, The 
Netherlands

Cerebella of Saimiri sciureus (gift of Dr. S.M. Highstein) and Macaca 
fascicularis were reacted for acetylcholinesterase (AChE, according to 
Geneser-Jensen and Blackstad, Z.Zellf.Mikr.Anat. 114:460 ’71) and 
immunostained with an antibody against calbindin-28K (Calb, Sigma; 
Macaca material was put at our disposal by Dr. G. Paxinos). AChE- 
staining is high in the granular layer, with a patchy and Golgi-cellular 
distribution, low in the molecular layer and sparing of the Purkinje cells. 
Local differences in the distribution of the reaction product of AChE 
include the presence of narrow strips of high AChE-reactivity in the white 
matter, which occur in the same position in successive folia (Hess & 
Voogd, Brain Res. 369:383 ’86) and an increased reactivity in the granu-
lar and the molecular layer, which is roughly aligned with the AChE- 
positive strips in the white matter. Calb-immunoreactivity is confined to 
the Purkinje cells and their axons. The distribution of Calb and AChE in 
the white matter is complementary, with the Calb-immunoreactive Purkinje 
cell axons occupying the compartments delineated by the AChE-positive 
strips. This configuration will be demonstrated for different regions of the 
cerebellum of Saimiri and Macaca.

Supported by Erasmus University Rotterdam project ANA 110209

921.9
GABAERGIC NEURONS IN LURCHER MUTANTS: EVIDENCE 
FOR CEREBELLAR NUCLEAR REORGANIZATION. Martin 
Mock*, Thomas Konig, Cornelius Schwarz, Fahad Sultan and Peter Thier 
Sekt. fur Visuelle Sensomotorik, Neurol. Universitatsklinik, 72076 
Tubingen, Germany.

Human cerebellar degenerations (HCD) embrace a wide spectrum of 
hereditary and non-hereditary forms which seem to involve the cerebellar nuclei 
(CN) very differently. It has been speculated that the amount of involvement of 
the CN might be decisive for the extent and the progression of the functional 
deficits resulting from HCD. The reason is that several of the more malignant 
forms of HCD such as Friedreich's ataxia involve severe degeneration of the CN. 
The Lurcher mutant mouse is a well-established model of cerebellar degeneration 
which is characterized by relative sparing of the CN (Heckroth, J. Comp. Neurol. 
343, 1994). CN in Lurcher mutants might be simply preserved, i.e. corresponding 
to the CN of wild type mice, or, alternatively, show adaptive changes, possibly 
mediating a partial compensation of the almost complete loss of cerebellar cortex. 
As a first step in our attempt to resolve this alternative, we carried out a 
quantitative comparison of the numbers and shapes of GABA-positive neurons in 
mutant and wild type mice using standard GABA immunohistochemical 
techniques. We found that, quite unexpectedly, the overall number of CN GABA-
positive cells was much larger in Lurcher mutant mice. This is the consequence of 
the occurence of large GABA-positive neurons in the Lurcher CN, largely absent 
from the CN of wild type mice. On the other hand, the numbers of CN GABA-
positive cells with diameters and shapes corresponding to those predominant in 
wild type are similar in the mutant. We speculate that fibers originating from the 
additional population of large GABA-positive neurons might compensate for the 
lack of Purkinje-cell inhibition in the Lurcher CN, thus ensuring the normal 
density of inhibitory synaptic inputs found by Caddy (J. Physiol. 446, 1991).

Supported by DFG SFB 430-C6 and IKFZ Tubingen

921.10
CONTROL OF REEL1N EXPRESSION IN DEVELOPING 
CEREBELLUM R. Shiba*, T. Miyata*2 A K. Nakaiima1, S. Takahashi2, M. 
Ogawa2 andK. Mikoshiba1 A iMol. Neurobiol. Lab., RIKEN, Ibaraki 305; 2Dept. 
Physiol., Kochi Med. Sch., Kochi 783; 3Dept. Mol. Neurobiol., IMSUT, Tokyo 
108, JAPAN.

In the developing normal cerebellum, granule neurons show transient 
immunoreactivity of the monoclonal antibody, CR-50, which recognizes the candidate 
reeler gene product Reelin (Miyata et al. J. Comp. Neurol. 372: 215, '96; 
D'Arcangelo et al. J. Neurosci., 17; 23, ’97). CR-50 immunoreactive granule 
neurons localize adjacent to Purkinje cells during the formation of cerebellar cortex. 
Furthermore a recent functional study with CR-50 demonstrated an essential role of 
Reelin for the arrangement of Purkinje cells (Miyata et al. J. Neurosci., '97. in 
press). After Purkinje cells have aligned, the extracellular Reelin is likely to 
accumulate on the growing Purkinje cell dendrites, probably through some interaction 
between these dendrites and the parallel fibers of granule neurons presenting this 
molecule. After that, granule neurons become immunonegative, while purified 
granule neurons continued to be positive after long culture.

To investigate wheather Purkinje cells regulate postnatal down-regulation of Reelin 
expression, we examined pcd a mutant mouse in which most Purkinje cells 
degenerate at P20-30. More intense CR-50 immunoreactivity was observed on the 
sections of pcd cerebellum at P30 when Reelin should disappear in normal mouse. 
The Northern blot analysis also showed the over-expression of Reelin mRNA in P30 
pcd cerebellum. These results suggest the possibility of Purkinje cell controlling 
Reelin expression in granule neurons. To test this possibility, we are now analyzing 
postnatal granule neurons purified and cultured under several conditions. | Supported 
by science and Technology Agency of the Japanese Government, and the Ministry of 
Education, Science, and Culture of Japan. |
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921.11
RESPONSE OF INTRACEL1 IJLAR CALCIUM IN THE UCHCC1 RAT 
CEREBELLAR CLONAL CELL LINE AFTER DIFFERENTIATION. A M. 
Cardenas*, P. Reyes*, T, Shimaaara . R, Caviedes+ and P. Caviedes+O*. Dept. of 
Physiology & Biophysics; Faculty of Medicine, Univ. of Chile, ^Faculty of 
Medicine, Univ. of Valparaiso, t hile, °Centro de Estudios Cientificos de Santiago, 
Chile; and Lab. de Neurobiologie Cellulaire et Moleculaire, CNRS, Gif-sur-Ivette, 
France.

The UCHCC1 clonal cell fine derived from an adult rat cerebellar cortex 
reportedly expresses neuronal bul not glial marker by immunohystochemistry, TTX 
sensitive Na+ currents and IP3 receptors. In the present study, we have characterized 
the effect of depolarization and different external modulators in the intracellular 
Ca2+ levels ([Ca2+],) in indo-1 and fluo-3 loaded UCHCC1 cells using several 
differentiation procedures (db cAMP, DMSO, Matrigel, hormonal supplement) 
When the external concentration of Ca2+ is raised to 5 mM, DMSO differentiated 
cells respond with a rise in [C;:2+],. Conversely, the addition of 1 mM glutamate 
and 70 mM KC1 determine a decrease in [Ca2+];, an effect partially inhibited by 
substituting external Na+ with choline. Histograms derived from image analysis of 
intracellular Ca2+ movements in fluo-3 loaded cells show the existence of two cell 
populations, according to the histograms of the amplitude of the Ca2+ responses and 
exponential time constants of the decay, with exponential constant values of 14.3 
and 80.4 for amplitude distribution, and 1.48 and 20.5 for time constants. Further, 
studies with specific blockers (Nifedipine, co-agatoxin TK, co-conotoxins GVIA and 
MVIIC) suggest that aproxima: :ly 67% of the cells express only L type Ca2+ 
channels, 25% only N-type, and 8- 10% express L, N and P/Q. The results indicate 
that the UCHCC1 cell line expresses functional, voltage' sensitive, Ca2+ channels, 
and contributes to validate it as a model of cerebellar neuronal function.
Supported by Fondecyt 1950485, DIUV 2995, Chile; and INSERM/Conicyt 
Exchange Program.

921.12
SIX ARGUMENTS IN FAVOR OF THE PURKINJE UNIT AS THE BASIC 
FUNCTIONAL ELEMENT OF THE SENSORIMOTOR SYSTEM FOR THE 
COORDINATION OF MOVEMENT.
G.A. Chauvet*1'2, B. Dava1, P. Chauvet3. ’IBT, Fac. Medecine, 10 rue A. Boquel, 
49100 Angers (France); 2BME, Univ. South. Calif., Los Angeles CA 90089; 3Inst. de 
Math. Appl., UCO, rue Rabelais, 49000 Angers (France).

The following arguments, physiological (elementary mechanisms), anatomical 
(location of neurons) and mathematical (stability of the functional processes 
associated with learning and retrieving movement), allow consideration of the local 
Purkinje circuit, to play a basic role in coordination of movement: 1). The definition 
of a Purkinje unit is geometrical and functional, and a set may correspond to a 
microzone. 2). The stability of the learning process determines the conditions for the 
structural definition of the unit. It takes into account the internal dynamics due to 
the propagation time-lags inside the unit and between two units,. 3). The VLR 
(variational learning rules) derived from the plasticities at the level of the neuron 
govern the coordination of movement through excitatory or inhibitory interactions 
between Purkinje units; 4). A field theory, specifically designed to take into account 
the hierarchy of the system and the geometrical localization of the neurons, has 
shown: (I) these units become stabilized when the geometry and the hierarchy of the 
units are considered, and (ii) the existence of cortical propagation waves. 5). The 
coupling between units increases the stability of the global system, consistent with 
the general theory (1). 6). These results lead to the design of a robot able to execute 
a specific coordinated task, and thus confirm that the Purkinje unit can be considered 
as a basic element of the cerebellum.
Acknowledgments'. Supported by ONREUR (London) and DRED (France).
1. Chauvet G.A., Theoretical Systems in Biology: Functional and Hierarchical 
Integration, Pergamon Press, Oxford, 1996.

OCULOMOTOR SYSTEM: BRAINSTEM

922.1
INNERVATION OF THE MEDIAL RECTUS MUSCLE IN THE RATFISH, 
HYDROLAGUS COLLIEI. R.L. Puzdrowski*, Dept. Anatomy and 
Neuroscience, Univ. Texas Med. Branch, Galveston, TX 77555.

Oculomotor organization in elasmobranch fishes is 
different from other vertebrates in that the medial rectus 
muscle is innervated by contalateral motoneurons rather than 
ipsilateral. Determining whether this innervation pattern is 
unique to elasmobranchs or is the common pattern for 
cartilaginous fishes requires examination of ratfish, the 
sister group of the elasmobranchs. The peripheral 
innervation pattern of the medial rectus muscle in ratfish 
is similar to that of elasmobranchs (Nishi, '31). This 
common peripheral innervation pattern suggests that the 
medial rectus in ratfish may be innervated by contralateral 
motoneurons. To test this, the innervation of the medial 
rectus was examined in ratfish using biotinylated dextran 
amines (BDA, 3000 MW) . The animals were anesthetized, the 
medial rectus nerve exposed and transected midway along its 
course through the orbit. Crystals of BDA were applied to 
the proximal end of the cut nerve and the eye closed. After 
survival times of 2-7 days, the animals were re-anesthetized 
and perfused. The grains removed and sectioned. The sections 
were processed using standard Vector ABC kits and a nickel 
intensified diaminobenzidine reaction. Labeled cells were 
revealed in the contralateral oculomotor nucleus. Therefore, 
an innervation pattern in which the medial rectus muscle is 
innervated by contralateral motoneurons is the primitive 
condition for cartilaginous fishes. NSF grant #IBN-9421393.

922.2
QUANTITATIVE ANALYSIS OF THE DISCHARGE PATTERN OF 
SINGLE CELLS OF THE PRIMATE INTERSTITIAL NUCLEUS OF CAJAL 
(NIC). A^Js^^oschuva ẑios, C. A. Scudder AND S. M. 
Highstein. Institute of Applied and Computational Mathematics, 
FO.R.T.H. and Dept. Basic Sciences, Faculty of Medicine, University of 
Crete, Greece, Dept. Otolaryngology, Univ. of Pittsburgh and Dept. 
Otolaryngology, Washington University School of Medicine in St. Louis.

Intra-axonal recording from individual neurons of the NIC in alert 
behaving squirrel monkeys and quantitative analysis of their discharge 
demonstrated the existence of neurons whose intersaccadic firing rate is 
modulated in relation to vertical (up or down) eye position. Depending on 
the relationship between firing frequency and eye position these cells can 
be described as regular or irregular, sensitive or insensitive, reliable or 
unreliable and bi-directionally or uni-directionally modulated. The 
majority also emitted bursts for vertical saccades (up or down). Analysis 
of their saccade related discharges demonstrated that the same cells can 
also be described as sensitive or insensitive, reliable or unreliable 
depending on how well they encode movement variables (size, duration 
and velocity of saccades). We suggest that the large variety of discharge 
patterns displayed by vertical eye position related neurons of the NIC is 
largely determined by the strength of their interconnections as well as the 
combination of inputs they receive from vertical medium lead burst 
neurons (supported by HCM Grant #ERBCHRXCT-940559).

922.3
CALCIUM-BINDING PROTEINS IN THE OCULOMOTOR NUCLEI OF THE CAT. 
A.M. Pastor*1. R.R. de la Cruz', F.J. Martinez-Guijarro2, C. Lopez-Garcia2, and J.M.
Delgado-Garcia1. 'Lab. de Neurociencia,Universidad de Sevilla, 41012-Sevilla, Spain, 
and 2Dept. de Biologia Celular, Universidad de Valencia, 46100-Valencia, Spain.

We have characterized the expression of calcium-binding proteins in identified 
populations of the cat extraocular motor nuclei by means of immunostaining against 
parvalbumin (PV), calretinin (CR) and calbindin D-28k (CaBP). Motoneurons and 
intemuclear neurons were backlabeled with horseradish peroxidase from their 
corresponding muscles and projection sites, respectively. PV staining showed the 
highest density of immunoreactive (IR) terminals in all extraocular motor nuclei. 
Around 15-20% of motoneurons were PV-IR but increased to 85% after intrathecal 
injection of colchicine. Except for a few CaBP-IR trochlear motoneurons (1%), PV 
was the only marker of extraocular motoneurons. Oculomotor intemuclear neurons 
identified from the abducens nucleus constituted a non-uniform population since low 
percentages of the three immunostainings were observed. CR was shown as a good 
marker of abducens intemuclear neurons (80.7%). Moreover, the distribution of CR-IR 
terminals in the oculomotor nucleus overlapped with that of medial rectus 
motoneurons and matched the anterogradely labeled terminals of abducens intemuclear 
neurons. PV also labeled 42% of abducens intemuclear neurons. The medial 
longitudinal fascicle contained numerous PV- and CR- but few CaBP-IR axons. 
Transection of this fascicle 1 mm caudal to the trochlear nucleus demonstrated the 
lack of axonal growth across the scar tissue but sprouts and terminal claws were 
observed. The CR-IR terminal field in the medial rectus subgroup had a lower density 
of staining after lesion suggesting distal axon degeneration of abducens intemuclear 
neurons. However, CR staining in the abducens nucleus showed absence of cell death. 
These data show that calcium-binding proteins selectively delineate neuronal 
populations and constitute a valuable tool for analysis of the oculomotor system under 
normal and experimental conditions. (Supported by CICYT SAF96-0160).

922.4
PHYSIOLOGICAL RESPONSE OF ABDUCENS INTERNUCLEAR NEURONS 
SURVIVING AXOTOMY IN THE ADULT CAT. R.R. de la Cruz*, A.M. Pastor and 
J.M. Delgado-Garcia. Laboratorio de Neurociencia, Facultad de Biologia, Universidad 
de Sevilla, 41012-Sevilla, Spain.

The aim of the present study was to characterize the effects of axotomy in the 
abducens intemuclear neurons, a group of preoculomotor neurons of well known 
discharge properties. Axotomy was performed unilaterally by transection of the medial 
longitudinal fascicle, ~5 mm rostral to the abducens nucleus. Adult cats were prepared 
for either the histological processing for cell counts or the chronic extracellular 
recording of single units and eye movements up to three months.

No cell death was found in the abducens nucleus by three months post-axotomy as 
indicated by Nissl staining and calretinin immunolabeling. Animals prepared for 
recordings were axotomized after several control sessions. Control abducens 
intemuclear neurons had a tonic-phasic firing pattern highly correlated with horizontal 
eye movements. Transection of the right medial longitudinal fascicle was followed by 
oculomotor deficits mainly in the right eye that included the inability to perform 
adduction across the midline, slowed saccades in the nasal direction, and an increase 
in disconjugate eye movements. These deficits partially recovered with time. Most 
axotomized abducens intemuclear neurons recorded up to three months showed 
alterations in their discharge pattern such as: i) a lower correlation between firing rate 
and eye position and velocity; ii) an overall reduction in firing frequency; iii) an 
increased threshold for recruitment; and iv) a decay in firing rate during sustained 
long eye fixations. The decreased firing of these neurons accompanied the reduction 
in the number of receiving axosomatic boutons observed by electron microscopy. 
Llowever, a few abducens intemuclear neurons showed a normal firing. These results 
indicate that abducens intemuclear neurons survive axotomy in the adult cat but show 
long-lasting firing alterations suggestive of reduced synaptic inputs. (Supported by 
DGICYT PB93-1175 and SAF96-0160).
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922.5
BICUCULLINE MIMICS THE EFFECTS OF NITRIC OXIDE SYNTHASE 
INHIBITORS IN THE NUCLEUS PREPOSITUS HYPOGLOSSI OF THE ALERT 
CAT. M. Escudero*, B. Moreno-Lopez and C. Estrada. Lab. de Neurociencia, Fac. de 
Biologla, Univ. de Sevilla, and Dpto. de Fisiologia, Fac. de Medicina, UAM, Madrid, 
Spain.

We have recently reported that nitric oxide (NO) is continuously produced by 
prepositus hypoglossi (PH) neurons, and that unilateral changes in NO concentration 
induce ocular nystagmus with slow phases directed to the side in which NO 
concentration is higher. In the present study we compare the effects induced by NO 
synthase (NOS) inhibitors (L-NAME and L-NMMA) and NO donors (SNP and 
SNAP) with those elicited by antagonists of glutamatergic (APV and NBQX), 
gabaergic (bicuculline) and glycinergic (strychnine) receptors, when these drugs were 
unilaterally injected in the PH nucleus of alert cats. Ten adult cats were anesthetized 
and prepared for chronic recording of eye movements by the scleral search coil 
technique, and for intracerebral injections in the brain stem via cerebellum. After total 
recovery, spontaneous and vestibulo ocular reflex (VOR)-induced eye movements were 
recorded in darkness before and after injection of the different drugs in the rostral 
third of the PH nucleus. NOS inhibitors induced nystagmus with linear slow phases 
toward the contralateral side whereas NO donors generated nystagmus with curved 
slow phases to the ipsilateral side. None of them affected the gain of the VOR. 
Glutamatergic antagonists induced nystagmus with curved slow phases directed 
ipsilaterally and produced a decrease in the gain of the VOR. Qualitatively, strychnine 
induced the same effects that glutamatergic antagonists. On the contrary', bicuculline 
produced nystagmus with linear slow phases toward the contralateral side and did not 
modify the gain of the VOR. The results suggest that endogenous NO modulates tlie 
processing of velocity signals reaching the PH nucleus from vestibular neurons, 
without affecting the integrator function of the nucleus, and that gabaergic neurons 
are probably involved in this process.

922.6
NEURONAL CHARACTERIZATION OF THE VELOCITY TO POSITION 
INTEGRATOR FOR HORIZONTAL EYE MOVEMENT IN GOLDFISH. E, Aksay12, 
R. Baker2, D.D. Lee1, B. Mensh1, H.S. Seung1, D.W. Tank*1. Bell Labs1, Lucent Tech., 
Murray Hill, NJ 07974, Physiol, and Neurosci. 2, NYU Med. Ctr., New York, NY 10016.

Intrinsic single cell properties and tuned recurrent synaptic connectivity are 
hypothesized mechanisms for integration in the oculomotor velocity to position 
integrator. As a first step toward testing these mechanisms, we performed extracellular 
and intracellular recording, pharmacological inactivation, and anatomical reconstruction 
of neurons in the horizontal velocity to position integrator of the goldfish (Carassius 
auratus). Experiments were performed on awake restrained goldfish whose spontaneous 
saccades and fixations were monitored with the scleral search-coil technique. Lidocaine 
injections in the hindbrain delineated behaviorally specific pre-motor nuclei involved in 
the control of horizontal eye movement (Pastor et al., PNAS 91: 807, 1994), including 
one with functional properties consistent with the role of the horizontal velocity to 
position integrator. During gaze holding, integrator cells fired at a rate which increased 
linearly with ipsilateral abducting eye position (sensitivity: 1 to 10 spikes/(deg*sec)). 
Onset thresholds were distributed uniformly from the extreme nasal position of the 
ipsilateral eye to the mid-point of the range of motion. Many cells exhibited sensitivity to 
saccades, with bursts in activity preceding temporally directed saccades and sharp 
decreases in firing rate preceding those that were nasally directed. Increases in spike 
frequency produced by intracellular depolarizing current rapidly (n=2 cells) returned to 
prestimulus levels. No topographical organization of unit response properties was 
observed, Nissl stains of the nucleus and intracellular Neurobiotin labeling of 
functionally identified neurons showed cell bodies 15 to 20 microns in diameter. Cells 
(—50 per nucleus) were restricted to a region of 300pm3, Reconstruction of a well- 
labeled neuron showed dendritic processes extending rostral 500pm in the hindbrain and 
branching within an area where lidocaine injections disrupt velocity storage. A 
commissural process extended towards and reached the contralateral nucleus. Our results 
provide necessary information for future experiments testing the importance of cellular 
and network based integration mechanisms. (Supported by Lucent Tech.)

922.7
GAZE-HOLDING IN GOLDFISH: SLOW DRIFT AND NONSTATIONARITY IN 
THE OCULOMOTOR INTEGRATOR. BD Mensh*, E Aksay, DD Lee, HS Seung, 
and DW Tank, Bell Labs, Lucent Technologies, Murray Hill, NJ 07974

While the gaze-holding integrator of the oculomotor system has been localized in 
goldfish, cats, and monkeys, its neural mechanisms are not understood. In conjunc-
tion with neurophysiological studies (companion abstract, Aksay et al.), we have char-
acterized some of the behavioral properties of the goldfish integrator by studying 
spontaneous eye movements in 12 awake, restrained goldfish using the scleral search- 
coil method. We focused on the horizontal component of eye position because its 
range of motion (20-30 degrees) is ten times larger than the vertical component, and 
its integrator is an identified brainstem nucleus.

Binocular saccades occurred every 1-4 sec- y' 
onds. During the gaze-holding periods between "Sb 
saccades, nasally-directed slow drifts were ob- 2 
served with velocities up to 1 degree per second. £-0.5 
The drift velocity was higher in temporal posi- 
tions, and the increase of velocity with position > 
was superlinear (see figure). There was generally 
no null point at which the drift velocity vanished. °
The observed drift velocities place constraints on 
leaky integrator models of binoculomotor control.

The velocity-position relationship was stable during the hour with ambient lights 
on. When the lights were turned off, drift velocities-became more variable, but re-
mained less than 1.5 degrees per second (similar to magnitudes reported in human 
subjects), which implies that visual feedback is not necessary for gaze stabilization. 
In five fish, eye movements were monitored for a full hour in the dark. The relation-
ship between drift velocity and position changed slowly during this time, in a manner 
that varied from subject to subject. After the lights were turned back on, the original 
relationship was slowly restored. This nonstationarity may be related to plasticity in 
the oculomotor integrator. (Supported by Bell Labs, Lucent Technologies)
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922.8
NEURONS IN THE DORSOMEDIAL PONS THAT DISCHARGE 
IN RELATION TO VERTICAL EYE MOVEMENTS IN THE CAT.
K. Nakamagoe, Y. Iwamoto, K, Yoshida and N. Terui*
Dpt. of Physiology, Univ. of Tsukuba, Ibaraki 305, Japan 

This paper reports the firing behavior and vestibular responses of a
new class of eye movement-related neurons. Extracellular recordings 
were made from neurons in the dorsomedial pontine tegmentum in 
alert cats. A class of neurons exhibited activity related to vertical eye 
movement. During intersaccadic intervals, they exhibited tonic firing 
rates that linearly increased as the eye fixated further in the upward 
direction. They showed a burst discharge and a pause in activity for 
upward and downward saccades, respectively. The number of spikes 
in the burst was closely correlated with the size of upward saccades. 
These up burst-tonic neurons were found in a restricted area near the 
midline, 0.5 to 1.5 mm rostral to the abducens nucleus, and dorsal to 
the omnipause neuron area. Stimulation of the contralateral vestibular 
nerve evoked spikes at latencies of 2-3 ms in most neurons, 
suggesting oligosynaptic excitatory connection. In response to vertical 
head rotation in the contralateral anterior canal plane, the neurons 
showed a clear modulation of their activity, which increased in the 
nose-down direction. In contrast, rotation in the ipsilateral anterior 
canal plane had little effect on their activity. These results suggest that 
the midline region of the caudal pons may play an important role in the 
control of saccadic and vestibular eye movements in the vertical plane. 
Supported by IMG from Univ. of Tsukuba.

922.9
EYE AND HEAD GAZE-SACCADE RESPONSES IN MONKEY 
NUCLEUS RETICULARIS TEGMENTI PONTIS (NRTP). D.A. 
Suzuki*, K.F. Betelak, and R.D, Yee. Dept. of Ophthalmology, 
Indiana University, Indianapolis, IN 46202.

A question currently exists concerning whether or not the eye and 
head movement control systems regulating gaze shifts are independent. 
NRTP may be a good candidate structure to investigate this question, 
since it receives inputs from motor cortex and has been shown to 
contain a population of units that respond during saccadic eye 
movements. Last year we showed that some NRTP cells exhibited 
both eye and head movement related modulations in activity during 
eye-head gaze-pursuit movements.

Neuronal activity was recorded from NRTP in order to determine if 
responses to rapid head movements also exit in NRTP. Monkeys were 
trained to generate eye saccades with the head fixed and combined eye 
and head gaze-saccades with the head free in the horizontal plane. Eye 
and head positions were monitored independently with a phase-angle 
type CNC coil system.

Responses to rapid head movements could be recorded in NRTP. 
The majority of NRTP cells responding to visually-guided, rapid head 
movements also responded to saccadic eye movements with the head 
fixed. A minority of cells were observed that only responded to head 
movements and not to eye saccades. Whether there are NRTP cells 
that respond only to saccadic eye movements is not known.

At the time of this writing it was, unfortunately, too early to make 
any definitive conclusions with respect to gaze-saccades and the 
independence of the eye and head movement activities in NRTP.

Support: NIH grant EY09082

922.10
THE ROLE OF EARLY VISUAL EXPERIENCE IN GAZE HOLDING
A, Burrowsi. M.J. Mustard*. R.J. Tusa2, A. Aiver3, R, Boothes & J. Wilson?. Dept. 
Anatomy & Neuroscience, U.T.M.B., Galveston, TX1; Bascom Palmer Eye Institute, 
Miami, FL2; The Yerkes Primate Research Ctr, Emory University, Atlanta, GA3.

We have reported that monkeys (M. mulatta) binocularly deprived (BD) by lid suture, 
for the first 25 or 55 days of life, develop gaze holding deficits, including latent 
nystagmus (LN) during monocular viewing (Tusa et al., 1992). We found that the 
pretectal nucleus of the optic tract (NOT) of BD monkeys was dominated by the 
contralateral eye and plays a role in LN (Mustari et al., 1995). Here, we examine the 
effects of monocular occlusion, alternated daily between the left and right eyes (AMO), 
on gaze holding ability, ocular alignment and NOT unit properties. AMO rearing began 
on the day of birth and continued until six months of age. This rearing condition was 
expected to eliminate binocular input, but not produce amblyopia. Indeed, visual acuity 
was shown to be normal in each eye. The monocular visual evoked potential was 
asymmetric in response to motion, indicating altered visual cortical processing.

Our oculomotor and single unit recording studies commenced 18 months postnatal. 
Movements of both eyes were measured with scleral search coils. We found an exotropia 
of at least 12 degrees at all viewing angles and a vertical deviation of 3 degrees. Despite 
normal acuity in each eye, this animal did not show evidence of alternating fixation 
during binocular viewing of either a stationary or moving stimulus. Rather, he tracked 
preferentially with his right eye. When the right eye was covered, the left eye was able 
to track a smoothly moving target. Finally, we found no evidence for LN.

To date, we have recorded from 20 single units in the pretectum. Half of these units 
were pause neurons, located just dorsal to the NOT, the others were NOT units with 
characteristic direction and velocity sensitivity. All but one NOT unit responded 
preferentially during ipsiversive visual motion. All NOT units were sensitive to a wide 
range of tested visual velocities (4-200°/s). Finally, we found that most NOT units 
responded to stimuli presented to either eye. Our studies indicate that selective 
elimination of binocular input (AMO) during early development disrupts ocular 
alignment and certain aspects of cortical motion processing. (Tusa, et al., ARVO 1992; 
Mustari et al., Soc. Neurosci. 1995). Support: EY06069; EY05975; RR-00165.
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922.11
ACTIVITY OF OMNIPAUSE NEURONS DURING SACCADES INTERRUPTED BY 
SUPERIOR COLLICULUS STIMULATION. N, J. Gandhi* and E. L, Keller, 
Graduate Group in Bioengineering, UCSF and The Smith-Kettlewell Eye Research 
Institute, San Francisco, CA 94115.

It has been well established that saccades can be interrupted by stimulation of the 
omnipause neurons (OPNs). More recently it has been shown that saccades can also be 
interrupted by stimulation of the rostral 2 mm of the superior colliculus (SC), a technique 
that allows simultaneous recording from OPNs during the period of interruption. We 
were interested in studying the pattern of activity in OPNs during interrupted saccades 
because several recent experiments have suggested that these neurons may not play the 
decisive “gate” role in controlling saccades. We recorded OPN activity during saccades 
interrupted by stimulating sites within the rostral 2 mm of SC in monkey. Targets were 
briefly flashed at 30° eccentricity in any of four directions at integer multiples of 90° 
from the preferred direction of SC site. The observations were similar for all directions.

All OPNs paused during saccades, and almost every OPN resumed activity during the 
interruption period at a rate equal to the post-saccadic activity observed at the end of 
control saccades. Compared to pre-saccadic activity post-saccadic discharge rate in OPNs 
was transiently elevated, a feature also reported for some fixation/buildup neurons in the 
rostral 2 mm of the SC. Lead times for pause onset prior to movement onset was similar 
for resumed and control saccades. Similarly, pause end preceding initial, resumed and 
control saccades end had similar latencies. Regardless of stimulation site in the SC, the 
latency from stimulation onset to the first resumed spikes in OPNs was typically 25-30 
msec, a value that was longer than the onset of the interrupting deceleration from 
stimulation onset (~15 msec). Thus, resumed OPN discharge lags saccade interruption 
and cannot be its primary' instigator. The results suggest that an inhibitory influence 
(perhaps the well modeled “latch” mechanism), stronger than the direct excitation from 
the SC, controls OPN response during saccades. Stimulation of the rostral SC at saccade 
onset can only indirectly reactivate the OPNs perhaps through intra-collicular 
mechanisms. (Research supported by NTH grant EY08060)

922.12
ACTIVITY OF CAT OMNIPAUSE NEURONS DURING TRACKING OF 
MOVING TARGETS. J. Petit. F. Klam, A. Grantyn and A. Berthoz*. LPPA, 
CNRS-College de France, Paris, France.
Pontine omnipause neurons (OPN) play a prime role in the inhibitory gating of the 
saccadic generator. They stop firing shortly before initiation of saccades in any 
direction. Although more variability of the relationships between cell firing and 
saccades has been observed in cats, as compared to monkeys, OPNs are considered 
as homogenous populations in both species. Whereas, in preceding studies, 
stationary targets were used to evoke saccades, we examined the firing patterns of. 
OPNs in head fixed cats during tracking of targets moving at a constant velocity. 
Eye movements during tracking consisted of slow movements and saccades. Thirty 
two neurons were identified as OPNs basing on their firing characteristics (pausing 
for saccades in all directions) and location at the level of and just rostrally to 
abducens nucleus, 0.2-0.5 mm from the midline. Eleven OPNs could be studied 
quantitatively. The firing pattern of 6 of these neurons exhibited the characteristics 
described in previous studies. Each pause begun before the start of spontaneous or 
tracking saccades (lead 11±6 ms) and terminated before the end of saccades (lead 
10±15 ms). A significant linear relation was found between pause duration and 
saccade duration with a slope slightly lower than one (mean slope 0.912). At the 
onset of target movement, the firing rate presented a transient increase which 
probably corresponded to an excitatory visual response (Evinger et al. 1982). For 
the remaining five neurons, when the target was motionless, no significant relation 
could be found between the pause duration and the duration of the corresponding 
spontaneous saccades. Usually the pause began before the start of saccades (lead 
35±14 ms) and ended after the end of saccades (lag 53±52 ms). At the onset of 
target movement, in the absence of eye movements, the firing rate presented a more 
or less pronounced decrease which we interpret as a visual response. If tracking 
was initiated, this decrease could merge with the ensuing saccade-related pause. 
The duration of the pause could be as long as the duration of the total gaze shift 
including saccades and intersaccadic slow movements. These results show that the 
population of OPNs is not homogenous. Some OPNs are apparently involved in the 
control of saccade duration whereas others seem to participate in gating of complex 
gaze shifts during tracking of moving targets.
Supported by the CEC, contract n° CHRX-CT-94 0559.

922.13
PARALYSIS OF VERTICAL GAZE FOLLOWING UNILATERAL 
INACTIVATION OF THE MESENCEPHALIC RETICULAR 
FORMATION (MRF) D. M. Waitzman*, V. L. Silakov and S. R. DePalma. 
VA Connecticut, 555 Willard Ave, Newington, CT 06111.

The hypothesis that bilateral activation of the rostral interstitial nuclei of 
the MLF (riMLF) is requried for the generation of vertical saccades does 
not account for previous clinical reports of impaired vertical gaze following 
unilateral midbrain lesions (Ranalli et al, 1988). Saccades and single 
neurons of three, awake, rhesus monkeys were recorded before, during and 
after unilateral injections of muscimol (1 - 3 jig) into the MRF lateral and 
caudal to the INC (peri-INC MRF). Before injections, MRF neurons 
discharged before and during oblique, contraversive downward saccades. 
After injection, up- and/or downward saccades quickly slowed and became 
markedly hypometric, while horizontal saccades remained intact. Evidence 
of post-saccadic drift 1.5 hr following injection suggested spread of 
muscimol to the INC. The central MRF (cMRF) located more caudal to the 
peri-INC MRF is associated with the control of horizontal saccades 
(Waitzman et al, J. Neurophys., 1996). Two unilateral injections into the 
cMRF produced expected hypermetric contraversive saccades, but were then 
followed by hypometria of vertical saccades. This suggested that muscimol 
had spread to include either the peri-INC MRF and/or the region of the 
nuclei of the posterior commissure (NPC). Inhibition of the NPC could 
account for the loss of the upward component of saccades and we postulate 
that inactivation of the peri-INC MRF impaired downward movements. 
These findings suggest that midbrain structures caudal to the riMLF are 
critical for the generation of the vertical component of saccades. Supported 
by NIH Research Grant EY 09481 and the Dept. of Veterans Affairs.

922.14
REDUCTION OF EXCITATORY BURST NEURON (EBN ) DISCHARGES 
REDUCES SACCADE SIZE; IMPLICATIONS FOR MODELS OF SACCADE 
GENERATION. C. A. Scudder*, Univ. of Pittsburgh, Pittsburgh, PA. 15213.

The idea that the saccadic burst generator uses local feedback implies that 
saccade size should not depend on the excitability of the neurons that are inside 
the feedback loop. Modifying the excitability EBNs, in particular, should not 
change saccade size since most models stipulate that EBN discharges are 
monitored to produce the feedback signal. This suggestion is not compatible with 
another idea about the control of saccade size, namely that the cerebellum 
modulates saccade size, in part, by its connections with EBNs. This report shows 
that the latter idea is correct and the former is not.

Excitatory connections from the "oculomotor region" of the fastigial 
nucleus (FN) to functionally identified EBNs was demonstrated in one monkey by 
recording EBN spikes evoked by microstimulation (35 pA) of the FN. The earliest 
spikes followed shocks by 1.5-2.5 ms.

The normal discharge of EBNs during saccades was partly suppressed by 
the unilateral injection of small amounts of muscimol (0.05-0.2 pg) where EBNs 
had been recorded. In less than 5 minutes, the average size of ipsiversive saccades 
decreased as much as 18%, and by 30 minutes, had decreased 14-56% (n=5 
sessions). With the larger injections, saccade size continued to decrease another 
30 minutes. Saccade velocity also decreased in all cases. Control injections in the 
abducens nucleus and the omnipause region produced distinguishably different 
deficits, showing that at least shortly after the EBN injections, muscimol diffusion 
to these other two sites could not explain the saccadic dysmetria.

These results show that the cerebellum could affect saccade size using 
connections to the EBNs and that this effect would not be canceled by local 
feedback. They also show that saccade-generation models that rely on local 
feedback obtained from the EBNs require some revisions. EY-09210

922.15
Synaptic connections of retinal and cortical terminals in the nucleus of the 
optic tract (NOT) and the accessory optic nuclei (AON) of the cat: WGA- 
HRP and GABA immunohistochemical study. M. Norita*1, K. Hoshirto1, T. 
Shintani1'2 and I, Kato2. ^ept. Neurobiology & Anatomy Niigata Univ. 
Sch. of Med. Niigata 951, Japan and 2Dept. Otolaryngology St. Marianna 
Univ. Sch. of Med. Kawasaki 216, Japan.
The NOT and AON, which both receive direct retinal inputs, perform a 
regulatory function on optokinetic responses. The geniculostriate pathway 
influences on this regulation, apparently via extrastriate areas involved in 
motion processing. Retina and extrastriate lateral suprasylvian visual 
cortical efferents to NOT and AON have been studied ultrastructually in 
cats using WGA-HRP as anterograde tracer in combination with GABA 
immunohistochemistry. Retinal terminals (RTs) are numerous in both NOT 
and AON. These terminals contain pale mitochondria and round synaptic 
vesicles, and are similar to RTs in other visually-related structures. RTs in 
NOT are often large and make asymmetrical synaptic contact with GABA-
negative conventional dendrites and vesicle-containing GABA-positive 
dendrites which participate in glomeruli, while RTs in AON are small and 
make asymmetrical contacts mainly with conventional dendrites. No 
typical retinal glomeruli are found in AON. There appear to be no 
differences in morphology or synaptic organization of the cortical terminals 
(CTs) between NOT and AON. CTs always are small, contain clear, round 
vesicles, and make asymmetrical contact with GABA-negative conventional 
dendrites. The present results indicate that RTs and CTs differ 
morphologically in synaptic structure, reflecting their qualitative 
difference in processing visual information. Furthermore, RTs are 
morphologically identical in NOT and AON, reflecting their unique role in 
visual processing. (Supported by NISSAN SCIENCE FOUNDATION)
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923.1
ACTIVATION OF NK, AND NK3 RECEPTORS INDUCES MODULATION OF 
THE SPINAL NETWORK FOR LOCOMOTION: J.-Y. BARTHE* and F 
CLARAC. CNRS-UPR 9011. Lab. Neurobiol. & Mouvements. Marseille FRANCE

The neuropeptide Substance P (SP) modulates the spinal network for 
locomotion in the neonatal rat Spinal COrd, in Vitro (Barthe and Clarac,J997Exp Brain Res. 

in Press). The aim of the present study was to identify the receptors involved in this 
modulation of the locomotor network. Experiments were performed on 
brainstem/spinal cord preparations isolated from 2-4 days old wistar rats. Two tight 
perfusing compartments were built that respectively contained the rostral part of the 
preparation (brainstem-thoracic spinal cord) and its caudal part (lumbar and sacral 
spinal cord). Fictive locomotion, monitored by recordings of the lumbar ventral 
roots, was induced by perfusing N-Methyl-D,L Aspartate (15-20gM) and serotonin 
(lOpM) on the lumbosacral spinal cord. Addition of the NK] receptor agonist 
septide (10-500nM) or of the NK3 receptor agonist senktide (10-200nM) to the bath 
increased the locomotor frequency in a dose dependent manner. Both amplitude 
and duration of the locomotor bursts were increased by NK, receptors activation but 
not by NK3 agonists.

These results suggest that activation of NKi receptors modulates the motor 
outputs during locomotion, by exerting a control on both the rhythm generation and 
on the elements (probably both intemeurons and motoneurons) that shape the 
locomotor pattern, while the effect of NK3 receptors activation only affects the step 
frequency. These data are in agreement with autoradiography (Kar andQumon, 1995 j . 

Comp. Neurol. 354:253-281) and electrophysiology data showing that NK3 receptors are 
present in the periaqueducal region, where the Central Pattern generator for 
locomotion is thought to be located (Kjaeruiffet al 1994, j.Physioi. 478: 265-273), while 
NK] receptors are distributed in a more widespread manner in the ventral spinal 
COrd. This work was supported by CNRS andINSERM

923.2
OP-1206, A PROSTAGLANDIN El DERIVATIVE, AMERIOLATES MOTOR / 
SENSORY DYSFUNCTION AND IMPROVE LOCAL SPINAL CORD BLOOD 
FLOW INRAT SPINAL CANAL STENOSIS MODEL
KYamamoto , T. Ishikawa *, Y.Takenobu, N.Katsube*, M.Marsala 2)
Minase Res. Inst. Ono Pharm. Co. Osaka, 618 Japan,

Dept. Anesth.-Resus., Yamaguchi Univ. Sch. Med., Yamaguchi, 755 Japan,
25 Dept. Anesth. Res. Lab., Univ. California, San Diego CA, U.S.A.

Although patients with lumber canal stenosis (LCS) often display severe 
intermittent claudication, the relative contribution of spinal haemodynamic changes in 
the development of such a functional deficit have not been defined. The present study 
was designed to examine spinal segmental blood flow (SCBF) changes in a 
well-defined spinal canal stenosis model in rat characterized by well-developed walking 
dysfunction and tactile-allodynia. In addition, the effect of systemic treatment with 
prostaglandin El (PGE1) derivative, OP-1206, on the SCBF changes and 
corresponding motor / sensory changes were studied.

Male Wistar rats were used in the study. Animals were anesthetized with 
pentobarbital and partial dorsal laminectomy of L6-S3 spinal vertebrae was made.
Two pieces of silicon rubber (1x4x1.25mm) were then placed into epidural space 
overlying cauda equina. After implantation, the animals were randomly assigned into 
four groups: i) sham-operation, ii) non-treated (saline), iii) OP-1206 (dose: 300|ig/kg, 
p.o.), iv) a-CD (solvent of OP-1206), respectively. During 7 days of treatment 
treadmill task and tactile-allodynia testing were assessed. At the end of the survival 
period SCBF (14C-iodoantipyrine) was measured in all experimental animals. In 
control, non-treated animals, chronic compression evoked a walking dysfunction as 
assessed by a treadmill task. These animals also displayed clear signs of 
tactile-allodynia in dorsal lumbosacral region. These changes were associated with 
decreased SCBF in the ventral regions of lumber spinal segments at day 7. OP-1206 
treatment, but not solvent alone, significantly (p<0.05) attenuated walking dysfunction 
and allodynia and significantly improved SCBF.

These results suggest that decreased blood flow may play a role in the 
development of motor and sensory dysfunction after chronic spinal cord compression 
and that such impairment can be modulated by systemic treatment with PGE1 
derivative, OP-1206.

923.3
EFFECTS OF A COMPLETE SPINAL CORD TRANSECTION ON NMDA AND 
NON-NMDA GLUTAMATE RECEPTORS IN CAT. N. Giroux*. S. Rossignol and 
T.A. Reader. Centre de recherche en sciences neurologiques, Physiologie, Faculte de 
Medecine, Universite de Montreal, Montreal (Quebec), H3C 3J7 Canada.
Excitatory amino acids have been shown to mediate locomotion in paralyzed 
decerebrate cats. In chronic spinal cats, A'-methyl-D-aspartic acid (NMDA) can restore 
treadmill locomotion, which was previously blocked by the NMDA receptor antagonist 
AP5, suggesting that activation of this receptor participates in locomotion. Previous 
studies from our laboratory had shown that NMDA receptors are found throughout the 
spinal cord. After spinalization, there were increases in laminae I-II and IV at 15-30 
days following spinalization; at longer periods (>100 days) after spinalization, binding 
densities returned to control values. We have now compared NMDA receptor changes 
to those of non-NMDA receptors. For this, kainate and AMPA receptors were studied 
in the spinal cord of control and in cats after spinalization at T13. Their distribution and 
changes were examined in the different laminae of the lumbar spinal cord by 
quantitative autoradiography using either [3H]kainate or [3H]AMPA. Glutamate AMPA 
receptors were found in all laminae, with the highest densities in laminae I, II-III and IV, 
and lower densities in the ventral hom. After spinalization, between 15-30 days (n = 2), 
there was a decrease of AMPA receptors in laminae II-III of the dorsal horn. For the 
longer survival times (>100 days), [3H]AMPA binding densities returned to control 
values (n = 2). In controls (n = 3), kainate receptors were also localized in all laminae, 
with the highest levels in laminae I-II; moderate to lower densities were found in the 
other laminae. After the spinalization, no changes in [3H]kainate binding were observed 
for short term (n = 3) and long term (n = 3) survival periods. The present results show 
transient and opposite alterations of NMDA and AMPA receptors that may be associated 
with the functional spinal cord reorganization leading to recovery of locomotion. 
[Supported by the NeuroScience Network, the Medical Research Council of Canada 
and a Studentship to N.Giroux from the Rick Hansen Man in Motion Foundation]

923.4
POSTNATAL INCREASE IN NMDA AND NON-NMDA RECEPTOR CO-
LOCALIZATION AT EXCITATORY SYNAPSES IN RAT SPINAL 
MOTONEURONS. G. Cheng*. B.-X. Gao, L, Ziskind-Conhaim. Dept. of 
Physiology and Ctr. for Neuroscience, Univ. of Wisconsin, Madison, WI 53706.

Miniature excitatory postsynaptic currents (mEPSCs) are mediated by both 
NMDA and non-NMDA receptors in spinal motoneurons of immature rats (Gao, 
Cheng and Ziskind-Conhaim, 1996). In this study we characterized the basic 
kinetic properties of NMDA and non-NMDA receptor-mediated mEPSCs, and 
examined the extent of receptor co-localization at synapses in developing spinal 
motoneurons. mEPSCs were recorded in embiyonic (E17-18) and postnatal (Pl-3) 
motoneurons using extracellular solution containing TTX, high-K+ (18 mM), 
bicuculline and strychnine. The results illustrated that the frequency of non- 
NMDA receptor-mediated mEPSCs increased 2-3-fold after birth, but there was no 
change in the frequency of NMDA receptor-mediated mEPSCs. Mean amplitudes 
of NMDA and non-NMDA receptor-mediated mEPSCs were similar, and both 
increased 2-fold after birth. Comparison of their basic kinetic properties 
demonstrated that the rise and decay times of NMDA receptor-mediated mEPSCs 
were significantly slower than those mediated by non-NMDA receptors. 
Simultaneous recordings of NMDA and non-NMDA receptor-mediated mEPSCs in 
Mg2+-free solution revealed fast, slow and dual-component mEPSCs. The dual-
component mEPSCs were composed of currents mediated by both NMDA and non- 
NMDA receptors. The frequency of dual-component mEPSCs significantly 
increased after birth, while the frequency of slow, NMDA receptor-mediated 
mEPSC decreased at that age. These findings suggest that co-localization of 
NMDA and non-NMDA receptors at individual synapses increases during 
differentiation of synaptic transmission in spinal motoneurons. Supported by NIH 
grant NS23808 to L.Z.-C.

923.5
GLYCINE-MEDIATED MINIATURE SYNAPTIC CURRENTS DOMINANT 
INHIBITORY SYNAPTIC TRANSMISSION IN SPINAL MOTONEURONS OF 
NEWBORN RATS. B.-X. Gao*, G. Cheng and L, Ziskind-Conhaim. Dept. of 
Physiology and Ctr. for Neuroscience, Univ. of Wisconsin, Madison, WI 53706

Glycine and GABA are the main inhibitory neurotransmitters in spinal cords 
of immature and adult mammals. In this study we examined the relative 
contribution of glycine and GABA to spontaneous inhibitory neurotransmission 
in spinal motoneurons of 1-3-day-old postnatal rats. TTX-resistant miniature 
inhibitory postsynaptic currents (mIPSC) were recorded in thick spinal cord 
slices using whole-cell patch clamp technique. mIPSCs were Cl-dependent, and 
at a holding membrane potential of -40 mV they were recorded as outward 
currents. Miniature excitatory postsynaptic currents were blocked by CNQX and 
APV. Glycine-mediated mIPSCs were recorded in the presence of bicuculline 
(10-20 pM), and GABAa receptor-mediated mIPSCs were recorded in the 
presence of strychnine (2-5 pM). For quantitative analyses, mIPSC frequency 
was increased by elevating extracellular K+ (18 mM). Comparison of amplitude 
distribution and kinetic properties of glycine- and GABA-mediated mIPSCs 
demonstrated that their mean amplitude, rise and decay times were similar. 
These findings suggest that the binding affinities and gating properties of glycine 
and GABA receptors were similar. However, glycine-mediated mIPSC frequency 
was at least 7-fold higher than the frequency of GABA-mediated mIPSCs. A 
possible explanation is that glycinergic synapses converging onto motoneurons 
outnumbered GABAergic synapses. Although GABA receptors are abundantly 
expressed in developing motoneurons, our findings suggest that glycine plays a 
dominant role in modulating synaptic transmission in developing spinal cords of 
mammals. Supported by NIH grant NS23808 to L.Z.-C.

923.6
Postnatal  Development  of  Serotonin  Receptor  Expression  in Rat  
MOTONEURONS. Edmund M. Talley and Douglas A. Bayliss*. Department of 
Pharmacology, University of Virginia. Charlottesville, VA 22908..

Anatomic and physiological evidence indicate that motoneuron (MN) responses to 
serotonin (5-HT) change postnatally in the hypoglossal nucleus, in part as a result of a 
change in 5-HT!A receptor expression. Using in situ hybridization histochemistry, we 
investigated two questions: first, does a similar change in receptor expression occur in 
other motoneuronal populations, and second, do afferent and efferent innervation of 
MNs (which are both developing during this period) contribute to the observed change 
in receptor expression. Addressing the first question, we found that 5-HT1A receptor 
mRNA is present in high levels in neonatal (postnatal days (P)5-7. n=4) spinal (cervical 
and lumbar) and brainstem (hypoglossal, facial and motor trigeminal) MNs, while 
receptor mRNA declines to low levels in more mature animals (P28, n=4). Over the 
same period, we found little detectable change in levels of message coding for the 
5-HT2A and 5-HT2c receptors. Secondly, we sought to determine if serotonergic 
innervation contributes to the developmental change in 5-HT1A receptor expression by 
intra-cisternally injecting 5,7-dihydroxytryptamine, a specific serotonergic neurotoxin. 
The injections were repeated in the same animals at P0, P2 and P4, and rats were 
sacrificed at P21. Whereas immunohistochemistry for tryptophan hydroxylase 
indicated an almost complete loss of serotonergic innervation in nXII (n=3), we found 
no detectable difference in 5-HT receptor expression between lesioned and control 
(vehicle injected) animals. To investigate whether the maturation of efferent MN 
connections contributes to the downregulation of the 5-HT!A receptor, we measured 
mRNA levels in nXII two weeks following transection of the hypoglossal nerve. We 
observed no increase in receptor mRNA as a result of nerve cut. Thus, whereas we 
have found that developmental regulation of 5-HT1A receptor mRNA occurs in all 
populations of MNs investigated, we have found no evidence for target-derived or 
serotonergic afferent involvement in this regulation.

Supported by NS33583.
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923.7
IMMUNOHISTOCHEMICAL LOCALIZATION OF 5-HTu RECEPTORS IN THE RAT
CAUDAL BRAINSTEM R. Fay* & L. Kubin. University of Pennsylvania, Philadelphia,
PA 19104-4283.
.Anatomical and neuroehemical studies of the serotonergic system in the caudal brainstem 

are much less detailed than those of suprapontine parts of the CNS. Paying particular 
attention to cardiorespiratory regions, in 6 rats (4 sectioned coronal, 2 sagittal), we 
examined the distribution of 5-HT^ receptor immunohistochemistry (Incstar), which allows 
a better association of labeled sites with distinct cellular components than receptor 
autoradiography. Upon gross examination of the sections, the most intense labeling was 
observed in V, VII, XII, dorsal vagal (DMV), and ambiguus (NA) motor nuclei, inferior 
olive, and the nucleus prepositus hypoglossi. At single cell resolution, neurons with 
intensely stained cell bodies and dendrites were present in caudal raphe nuclei (caudal 
magnus and obscurus), including their lateral extensions into the lateral paragigantocellular 
region. Large cells with less intensely stained cell bodies and dendrites were scattered in 
the gigantocellular reticular formation. In medial, lateral, and spinal vestibular nuclei, and 
parts of the lateral reticular nucleus, stained cells commingled with unstained ones. In spite 
of prominent staining in the V, VII, and XII nuclei, distinct cell bodies were rarely 
distinguished, suggesting a preferentially dendritic receptor location. In DMV, some 
motoneuronal cell bodies and dendrites, including those extending into the nucleus of the 
solitary tract (NTS), were intensely labeled, while other cells showed little or no labeling. 
In NA cells of the semicompact and loose formation, presumably representing pharyngeal 
and laryngeal motoneurons, were more intensely stained than those of the compact 
formation (esophagomotor). The interstitial subnucleus of the NTS contained a patch of 
diffuse label. Few labeled cells were located in the rostral ventrolateral medulla, or 
parvocellular reticular formation. No distinct labeling was present in the area postrema. 
Thus, S-HT^ receptors, which mediate excitatory postsynaptic and still poorly understood 
presynaptic effects, display a highly distinct distribution in the lower brainstem at gross and 
single cellular levels. Supported by NHLBI Training Grant HL 07713 and HL 47600.

923.8
LOCALIZATION OF METABOTROPIC TYPE I GLUTAMATE RECEPTORS IN
THE SPINAL CORD. F.J, Alvarez* P.A. Carr and P. M, Somohano.__ Dept. of
Anatomy. Wright State University, Dayton, OH 45435.

Type I metabotropic glutamate receptors (mGluRla and mGluR5) are G-coupled 
proteins that, when activated, increase phosphoinositide turnover, Ca^+ release from 
internal stores, and activation of PKC. The postsynaptic mobilization of this second 
messenger system generally results in increased neuronal excitability. In the brain, 
different neuronal subsets specifically express mGluRla or mGluR5. At the 
ultrastructural level Type I mGluRs have been generally located to the plasma 
membrane at postsynaptic, perisynaptic or extrasynaptic sites. Little is known about 
their cellular and subcellular distribution in the spinal cord. We have used light and 
electron microscopic localization to study the distribution of mGluRla and mGluRS 
in the spinal cord. While most dorsal horn (lamina I-V) spinal neurons seem to 
express mGluRla, only superficial dorsal horn neurons (lamina I and II) express 
immunoreactivity for mGluRS. At the ultrastructural level, both mGluRla and 
mGluR5 could be found at either extrasynaptic or synaptic locations. Only a subset of 
postsynaptic densities associated to primary afferent terminals were immunoreactive 
for mGluRla or mGluRS. In the ventral horn, all somatic motoneuron pools express 
mGluRla albeit at different levels. We observed the highest levels of mGluRla- 
immunoreactivity on phrenic and Onufs nucleus motoneurons. mGluR5- 
immunoreactivity was not observed on somatic motoneurons. In contrast, mGluR5- 
immunoreactivity was abundant in sympathethic intermediolateral cell column and 
sacral parasympathethic neuronal groups. In comparison mGluRla was expressed at 
low levels in autonomic neurons. Hence, mGluRla- and mGluR5-immunoreactivities 
appear co-localized in some spinal neuronal groups (lamina I and II) and 
differentially expressed in others (motoneurons and autonomic neurons).

This work was supported by NIH grant NS33555 to FJA.

923.9
DIFFERENTIAL EFFECTS OF AXOTOMY AND TTX NERVE BLOCK ON 
THE EXPRESSION OF EXCITATORY AND INHIBITORY NEURO-
TRANSMITTER RECEPTORS IN MOTONEURONS. Fyffe. R.E.W.1* F.J. 
Alvarez1 P.A. Carr1 D.E, Dewev1 V. Haftel2 A. Levev^ and T.C, Cope2. ^Dept. 
Anatomy. Wright State Univ., Dayton, OH 45435. ^Depts Physiology and 
^Neurology, Emory Univ., Atlanta, GA 30322.

The responses of motoneurons (MN) to axotomy or tetrodotoxin (TTX) nerve 
block indicate that certain MN properties depend on intact functional connection 
and trophic interactions with muscle. We have quantitatively analyzed 
immunoreactivity against AMPA (GluRl, GluR2/3, GluR4) and metabotropic 
(mGluRla) receptor subunits and against a glycine receptor clustering protein 
(gephyrin) in rats 3, 7 or 14 days after treating the left sciatic nerve by transection 
or chronic impulse conduction block using a TTX cuff. These effects were judged by 
comparison with MNs supplying the untreated right limb. After sciatic nerve cut, 
GluR2/3-, mGluR la- and gephyrin-immunoreactivity were substantially reduced in 
MNs. GluR4-immunoreactivity was also reduced, but to a lesser extent. In contrast, 
chronic TTX block did not appear to alter receptor-immunolabeling. GluRl was 
expressed at low levels by MNs on the untreated side and did not change in either 
treatment paradigm. Comparison of synaptophysin immunolabeling indicated that 
synapses detach from MN after sciatic cut more readily than after TTX block. 
Similarly, MN C-terminals, immunolabeled with antibodies against the vesicular 
transporter of acetylcholine, were partially stripped from MN somas and proximal 
dendrites after sciatic cut but not after TTX block. We conclude that synaptic 
bouton stripping and synaptic and extrasynaptic neurotransmitter receptor loss from 
the MN somatic membrane is more pronounced after physical disconnection and 
injury than after functional disconnection. Supported by NIH grants NS25547 to 
REWF, NS33555 to FJA and NS31563 to TCC.

923.10
EFFECTS OF AXOTOMY AND TTX NERVE BLOCK ON NADPH- 
DIAPHORASE, ACID PHOSPHATASE AND CYTOCHROME OXIDASE IN 
RAT LUMBAR SPINAL CORD. P.A. Carr1*, R.E.W. Fyffe1, T.C. Cope2, D.E. 
Dewey1, F.J. Alvarez’. ’Dept. of Anatomy, Wright State University, Dayton, OH 
45435; 2Dept. of Physiology, Emory University, Atlanta, GA 30322.

Here, we report the comparative effects of axotomy or tetrodotoxin (TTX) nerve 
blockade on the abundance or activity of metabolic enzymes in the spinal cord. Using 
enzyme histochemical techniques, we examined the distribution and/or relative 
activity of NADPH diaphorase, acid phosphatase and cytochrome oxidase in 
transverse sections of the fifth and sixth lumbar segments of the rat spinal cord 3, 7, 
or 14 days after unilateral transection or chronic TTX blockade of the left sciatic 
nerve. In the medial dorsal horn, there was a noticeable decrease in both fluoride- 
resistant and non-specific acid phosphatase 3 days following sciatic nerve 
transection. By 14 days post-axotomy, acid phosphatase reaction product was absent 
from the medial dorsal horn. In the ventral horn, a slight increase in acid phosphatase 
reaction product was observed in motoneurons 3 days post-axotomy and a substantial 
increase by 14 days post-axotomy. The number of small dorsal horn neurons 
containing NADPH-diaphorase (a correlate of nitric oxide synthase) reaction product 
was reduced 7 to 14 days after axotomy. In the ventral hom, an increase in NADPH- 
diaphorase was observed in a small number of putative motoneurons 14 days post- 
axotomy. In contrast to the effects of sciatic transection, TTX blockade appeared to 
have no effect on staining in the spinal cord. No consistent qualitative changes in the 
density of cytochrome oxidase reaction product were observed in the ventral or 
dorsal horns of experimentally manipulated animals. These results suggest that injury 
or reduction of trophic support from the periphery, rather than blockade of action 
potential propagation, are more effective stimuli for the up or down regulation of 
specific enzymes in the spinal cord. Supported by NIH grants NS25547 to REWF, 
NS33555 to FJA and NS31563 to TCC.

923.11
IMMUNOLOCALIZATION OF a3- and B,-INTEGRIN IN THE ADULT 
RAT SPINAL CORD. L.S.Jones* and L. Edwards. Dept. of Dev. Biol. & 
Anat., Univ. So. Carolina, Sch. of Med., Cola., SC 29208.

Integrins are large, transmembrane adhesion molecules that connect 
cytoskeleton to extracellular matrix and/or cells. These heterodimeric 
proteins are critical to CNS development, and may contribute to the synap- 
tic/neuronal remodeling of physiological plasticity and injury-induced 
reorganization in adult CNS. We have extended our recent findings on the 
immunolocalization of both a5- and Bj-integrin in the adult rat brain to the 
spinal cord as a basis for future studies on traumatic injury.

Vibratomed sections from cervical, thoracic, and lumbar regions of the 
adult rat spinal cord (250 pm) were immunolabeled with primary, anti-rat 
polyclonal antibody for either a5- or Brintegrin, followed by a secondary 
FITC-conjugated, goat anti-rabbit antibody, and examined confocally. Both 
integrin subunits were found at all spinal cord levels examined. The white 
matter was labeled only in processes extending from the gray matter into 
the region of the fiber tracts, and in the matrix surrounding myelinated 
fibers; myelin was specifically unlabeled. The gray matter was densely 
labeled, with many cells indicating the presence of integrin synthesis and 
use. The most prominently-labeled cells were the motor neurons of the 
ventral horn, but smaller cells, and many fibers in the neuropil, were also 
densely labeled for both subunits. The results indicate that the as~ and Br 
integrins are contributing to adult spinal cord structure. Subsequent work 
will address whether integrins recapitulate their role during embryogenesis 
in response to adult spinal cord injury.

Supported by NINDS NS279O3.

923.12
ANTIDROMIC DISCHARGE AND INTRASPINAL EXCITABILITY OF RAT 
DORSAL ROOT AFFERENTS IN THE PRESENCE OF BICUCULLINE.
E, Kremer and A. Lev-Tov*. Dept. of Anatomy and Cell Biology, The Hebrew 
University Medical School, Jerusalem, Israel.

The activity pattern of dorsal root afferents and the intraspinal excitability of 
their terminal arborization were studied in spinal cord preparations of the 
neonatal rat in the presence of high concentrations of the GABAa  receptor 
blocker bicuculline. Irregular bilateral bursts of antidromic action potentials were 
elicited in homologous pairs of thoracic- and of lumbar dorsal roots by bath 
application of 20pM bicuculline. These bursts were shorter, and their appearance 
was delayed with respect to the concurrently occurring motoneuronal bursts. The 
bilateral dorsal root afferent discharge (DRD) was accompanied by a prolonged 
increase in tlie intraspinal afferent excitability. Similar increase in afferent 
excitability and DRD could also be evoked under the same conditions by 
stimulation of non-segmental dorsal roots, of ventrolateral funiculus axons and of 
ventral white commissural axons. The bicuculline resistant DRD was enhanced 
by the glycine receptor antagonist strychnine (3pM), and could not be abolished 
by antagonists of presynaptic glutamate metabotropic receptors ( MCCG, 
50-200pM; and MAP4, 50-100p.M), or of serotonin type 2 (methysergide, 
l-20pM) receptors. It is suggested that the synchronous bursts induced by 
bicuculline in numerous spinal neurons lead to a built up in the concentration of 
potassium ions in the extracellular space to a level which is sufficient to produce 
suprathreshold depolarization in nearby afferents. Thus, under such conditions an 
activity-dependent potassium accumulation may markedly contribute to 
transmitter-mediated modulations of the afferent input in the mammalian spinal 
cord.
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923.13
GENERAL ANAESTHETICS REDUCE NEURONAL ACTIVITY IN THE 
SPINAL CORD BY ABOLISHING PLATEAU POTENTIALS. P.A. Guertin* 
and J.Hounsgaard. MFI, Panum Institute, University of Copenhagen, Copenhagen 
N, Denmark.

We have examined the effect of pentobarbital, thiopental and propofol on the 
intrinsic response properties of hindlimb motoneurons and premotor intemeurons in 
transverse slices of the turtle spinal cord using intracellular recording. The train of 
spikes evoked by a depolarizing current pulse was greatly reduced after bath 
application of either anaesthetic. This effect was reversible within the range of 
concentrations tested (0.03-0.8 mM). The plateau potential underlying the 
afterdischarge was revealed by eliminating all action potentials with 2 pM 
tetrodotoxin in the bath. Plateau potentials were reversibly blocked by either 
anaesthetic. The effect was seen whether or not plateau potentials were promoted by 
serotonin, ACPD, an agonist of metabotropic glutamate receptors, or Bay K 8644, an 
agonist for the L-type calcium channels. This suggests that the general anaesthetics 
used act directly on L-channels. The recent finding that general anaesthetics bind to 
the dihydropyridine site on L-channels in cerebrocortical neurons (Hirota & Lambert, 
Br. J. Anaesth. 77, 1996) and inhibit T- and L-channels in dorsal root ganglion 
neurons (Olcese et al., Anesth. Analg. 78, 1994) also supports the idea of a direct 
action on motoneuron and intemeuron calcium channels. Associated with their effects 
on plateau potentials, the anaesthetic agents consistently hyperpolarized the resting 
membrane potential by 2-4 mV. This hyperpolarization contributed to the reduced 
excitability in the presence of anaesthetics. Our study is the first to show that general 
anaesthetics can extensively reduce the activity of spinal neurons by decreasing their 
intrinsic response properties. Block of the L-type calcium channels by these 
anaesthetic agents could contribute to the loss of nocifensive and nociceptive effects 
seen during general anaesthesia. Supported by MRC and Rick Hansen Legacy Fund.

923.14
INDUCTION OF THE 27-kDa HEAT SHOCK PROTEIN (Hsp27) AND 
NITRIC OXIDE SYNTHASE (NOS) IN THE RAT MEDULLA OBLONGATA 
AFTER VAGOTOMY. D.A. Hopkins*, J.-C. Plumier, R.W. Currie. Laboratory 
of Molecular Neurobiology, Department of Anatomy & Neurobiology, Faculty of 
Medicine, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4H7.

The 27-kDa heat shock protein (Hsp27) is constitutively expressed in motor and 
sensory neurons of the brainstem. Hsp27 is rapidly induced in the nervous system 
following oxidative and cellular metabolic stress. Nitric oxide, a free radical, can 
induce heat shock proteins and neuronal nitric oxide synthase (NOS) is up-regulated 
in vagal motor neurons after nerve injury. In this study, we examined the co-
localization of Hsp27 and NOS in the rat medulla oblongata after the vagus nerve 
was cut or crushed. After vagal injury, rats were allowed to survive for 3, 6, 12, 24 
hrs, 2, 4, 7, 14, and 90 days. Hsp27 was localized immunohistochemically and 
NOS was localized by NADPH-diaphorase histochemistry. Vagus nerve lesions 
resulted in up-regulation of Hsp27 in vagal motor neurons that expressed Hsp27 
constitutively and in vagal motor neurons that did not express Hsp27 constitutively. 
Double labeling for Hsp27 and NOS showed that some neurons contained both 
Hsp27 and NOS, while other neurons contained only Hsp27 or NOS. In the dorsal 
motor nucleus of the vagus and nucleus ambiguus the levels of Hsp27 were elevated 
within 24 hrs of injury and persisted for up to 90 days. Vagal afferents to the 
nucleus of the tractus solitarius and area postrema showed long-term increases in 
Hsp27 levels. Although there was overlap in induced expression of Hsp27 and 
NOS, the time course of expression differed with Hsp27 preceding that of NOS in 
many neurons. The results suggest that Hsp27 and NOS may interact in long-term 
survival of distinct subpopulations of injured vagal motor and sensory neurons. 
Supported by the Scottish Rite Charitable Foundation of Canada, Heart and Stroke 
Foundation of New Brunswick and Medical Research Council of Canada.

923.15
MICROGLIAL ACTIVATION IN THE SPINAL CORD AFTER STROKE IS 
REVEALED BY EXPRESSION OF MHC CLASS II ANTIGEN. A. Buss1 A. B. 
Schmitt1,2, G.A, Brook1, W. Nacimiento1, M. Schwarz1*. J, Noth1 and G. W.
Kreutzberg2 ’Dept. of Neurology, Technical Univ.Sch. of Med., D-52057 Aachen 
and 2 Dept. of Neuromorphology , Max-Planck-Institute for Psychiatry, D-82152 
Martinsried. Germany

To assess the contribution of microglia and astroglia in the cellular mechanisms 
occurring in the human spinal cord after lesion of supraspinal descending tracts, an 
immunohistochemical study was performed on human spinal cord tissue of patients 
who died after unilateral infarction of the middle cerebral artery. In spinal cord of 
all patients who died shortly after stroke (4-14 days), abundant expression of Major 
Histocompatibility Class II (MHC)-positive reactive microglia could be observed in 
the intermediate gray and in the ventral horn. Interestingly, the CD68- 
immunoreactivity (IR) labeling human macrophages was much less intense. After 
longer survival times (5 weeks to 4 months), MHC class II-IR in the gray matter 
was clearly lower than observed in spinal cord of early survival times, but abundant 
in the dorsolateral funiculus, specifically within the corticospinal tract. In white 
matter areas, CD68-IR was almost identical to the MHC class II-IR. Within the 
gray matter, CD68-IR was similar to the control tissue.
Our results show that microglial activation in the human spinal cord following 
stroke is accompanied by an induction of MHC class II antigen. It is very likely, 
that the dynamics of MHC class Il-positive microglia reflect the early phagocytosis 
of presynaptic terminals by microglia in target regions of the gray matter following 
the interruption of descending fibre tracts. In the white matter, the removal of 
degenerating axons by phagocytosing microglia, expressing MHC class II and 
CD68 antigens, is a slower process which occurs over a period of months. 
(Supported by a grant from the BMBF)

EFFECTS OF INJURY AND DISEASE I

924.1
DEFICITS IN THE SACCADIC EYE MOVEMENTS OF CEREBELLAR 
PATIENTS DURING A VISUALLY GUIDED STEPPING TASK
K.A.Crowdy, M.A.Hollands. D.E.Marple-Horvat, *E.Fathers, *I.T.Ferguson
(SPON: BRA). Dept. of Physiology, University of Bristol, UK. *Dept. of 
Neurology, Southmead Hospital (UBHT), Bristol, UK.

Studies in which healthy subjects participate in a visually guided stepping task 
which demands precise foot placement at every step have illustrated a close 
temporal relationship between the onset of a saccade and the corresponding footlift, 
and suggested that the oculomotor control system can provide the stepping motor 
controller with information that is useful for visual guidance of the limb. The 
ability to carry out visually guided tasks in general is dependent on the integrity of 
the cerebellum; comparison of cerebellar patients with healthy subjects performing 
our task has provided insight into the cerebellar contribution in particular to visually 
guided stepping. Patients displayed abnormalities in both leftwards and rightwards 
eye movements. A higher than normal proportion of saccades to fixate the next 
footfall target were hypometric and were accompanied by either one (secondary), or 
more (tertiary and quaternary) corrective saccades in the same direction as the 
initial gaze shift (patients; >60% accompanied by one or more corrective saccades; 
healthy; 10% accompanied by a single corrective saccade). These corrective 
saccades are larger and more variable in amplitude than those of healthy subjects 
and a delay of about 190ms occurs between the onset of each successive saccade. 
As with healthy subjects the increase in time taken to fixate the target stone, at the 
end of a single (secondary) corrective saccade, is paralleled by a delay in the 
corresponding footlift. However, on occasions when patients make more than one 
corrective saccade (about 30%) no further delay in footlift occurs and the temporal 
relationship is disturbed, compromising the accuracy of the step. (When left and 
right eye movements were studied, with patients seated and their heads held 
stationary, the majority of initial saccades to fixate the target were hypometric and 
followed by corrective saccades.) These results provide supporting evidence for a 
link between the oculomotor contol system and the stepping motor controller during 
visually guided stepping and indicate the extent to which ataxia is associated with, 
or independent of, identified deficits in oculomotor control. Supported by MRC

924.2
EFFECTS OF TRANSCRANIAL MAGNETIC BRAIN STIMULATION IN

PATIENTS WITH CALLOSAL AGENESIS M.J, Mayston, L.M. Harrison & J.A.
Stephens*. Dept. of Physiology, University College London, WC1E 6BT, UK.

In previous studies we have investigated the effect of transcranial magnetic brain 
stimulation on ongoing EMG in the hand ipsilateral to the stimulus. In agreement 
with other studies we have found an inhibition in adults which is thought to be 
mediated via the coipus callosum (Meyer, B.-U et al, Brain, 118, 429-440). When 
this technique was applied to children, inhibition was preceded by an increase in 
EMG (latency 30.8 + 1.1ms, mean + SEM, n=10). Thus the inhibition in children 
may not be mediated by the coipus callosum as in adults, but could represent the 
silent period following the motor evoked potential (MEP) (Mayston et al, 
Proceedings IUPS, 1997). In the present study we have studied 2 subjects (female, 
aged 30 & 36 years) with complete absence of the coipus callosum as revealed by 
MRI and related these findings to the previous studies.

With ethical permission bilateral surface EMG recordings were made while 
subjects maintained 20%MVC of the first dorsal interosseous muscle (1DI). At the 
same time 30 magnetic shocks were delivered to the ipsilateral motor cortex and 
the ongoing EMG signal rectified and averaged time-locked to the stimulus.

In one of the subjects with callosal agenesis, no ipsilateral inhibition of ongoing 
EMG was observed when either motor cortex was tested, but in the second subject a 
28% reduction (duration 19ms) in ipsilateral EMG was found to commence 23ms 
after the contralateral MEP when the left motor cortex was stimulated. Stimulation 
of the right motor cortex resulted in 53% reduction (duration 29ms) in ongoing 
ipsilateral EMG 28ms after the contralateral EMG response. This decrease in 
ongoing ipsilateral EMG on the right side was preceded by an increase at 38ms 
(16ms after the contralateral MEP). This subject had other signs of an immature 
CNS, thus the similarity of her results to those found in the children may represent 
retained characteristics of this immaturity. (Supported by the Wellcome Trust).
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924.3
NORMAL ADAPTATION IN A CASE OF CEREBELLAR AGENESIS.
R.A. Rendon*U J.D, Schmahmann2, and S, Corkin1. 1 Department of Brain and 

Cognitive Sciences and the Clinical Research Center, Massachusetts Institute of 
Technology, Cambridge, MA 02139; and 2Department of Neurology, Massachusetts 
General Hospital, Boston, MA 02114.

Normal subjects quickly adapt to the displacement effects of prism goggles. A 
measure of this adaptation comes from the negative aftereffects in reaching after the 
goggles are removed. The cerebellum has been implicated as the neural substrate for 
visuomotor adaptation [Baizer et al., 1974; Thach et al., 1992; Weiner et al., 1983, 
Martin et al., 1996]. The coordination of climbing fiber and mossy fiber signals to 
modify Purkinje cell activity has been suggested as a possible mechanism by which 
normal adaptation occurs [Thatch et al., 1992; Ito 1993]. A.C. is a 15-year old boy 
with near complete cerebellar agenesis. Structural MRI scans of his brain showed a 
striking absence of cerebellar and pontine structures bilaterally, with only a small nub 
of cerebellar tissue on the left. On neurological examination, he showed an array of 
classic cerebellar signs including dyarthria, dysmetria, and imbalance. In spite of these 
symptoms, he was remarkably mobile and active. A.C. wore prism goggles while 
pointing to a vertical line at each of 9 target locations in baseline, exposure, and 
postexposure conditions. The position of his finger was recorded after each response. 
In the exposure condition, the prism goggles were adjusted to 11° displacement 
laterally. He received visual feedback only in the exposure condition. The measure of 
adaptation was the magnitude of the negative aftereffect in the postexposure condition. 
A.C. showed great variability in pointing accuracy due to his impaired coordination, 
yet clearly adapted to the effects of the prism goggles. Most convincingly, he showed 
considerable negative aftereffects after the goggles were removed. These effects were 
observed for both hands. While these results do not disprove the theory that normal 
adaptation requires an intact cerebellum, it does indicate that the coordinated firing of 
climbing and mossy fibers is not necessary for adaptation to occur.

Supported by NIH grants AG06605 and RR00088.

924.4
ACCELERATION AMPLITUDE IS IMPAIRED WITH PARKINSON’S 
DISEASE PATIENTS.
A.W.A. Van Gemmert, H.-L. Teulings*. and G.E. Stelmach, Motor Control 
Laboratory, Arizona State University, Tempe, AZ 85287-0404, USA.

Several studies have suggested that force control is impaired in Parkinson’s 
disease (PD) patients. The goal of this experiment was to determine if PD affects 
the timing and/or magnitude of acceleration. PD patients, elderly, and young 
subjects performed three different writing patterns on a display-digitizer: 
repetitive back and forth strokes (forward and backward slanted, and repetitive 
circles in a counterclockwise direction). In the control condition, subjects were 
instructed to write the patterns at a comfortable pace and size. In the experimental 
conditions, subjects were instructed to write the patterns as fast as possible, two 
times larger than normal, or as fast as possible and two times larger than their 
normal writing. PD, elderly, and young subjects were equally able to modify 
stroke duration and to keep stroke size constant when instructed to write as fast 
as possible. However, when instructed to write twice as large, the elderly and the 
young subjects approximately doubled their stroke size. In contrast, the PD 
subjects were only capable of increasing their stroke size 56 % of their normal 
stroke size (F(2, 32) = 5.21, p < .05). When instructed to write twice as large, all 
subject groups kept stroke duration constant. These results suggest that 
impairments of PD are more apparent in terms of size production than in terms of 
movement duration. Therefore this study supports the view that in PD the 
magnitude of acceleration production is affected rather than the timing of 
acceleration. In conclusion, fast movements of PD patients do not generate smaller 
writing sizes, thus attempting to write at normal speed does not appear to be 
responsible for Parkinsonian micrographia.
This research supported by NINDS NS 33173.

924.5
A FEEDFORWARD GAIT TRAINING STRATEGY IS EFFECTIVE IN RE-
EDUCATING GAIT INITIATION IN PARKINSONIAN PATIENTS I, Hurik,
C.W.Y. Hui-Chan . H. Barbeau* School of Physical and Occupational Therapy. 
McGill University, Montreal, Quebec, Canada, H3G 1Y6.

Delays in choice reaction times found in patients with Parkinson's disease (PD) 
could be due to a disturbance in their motor preparatory process (Chan, Brain Res. 
386:138-196, 1986). If so, we purport that sensory input provided prior to the 
initiation of a motor task could enhance this preparatory process. The main aim of 
our study was to compare the effects on PD patients receiving 45 min of feedforward 
gait training, in which visual and auditory cues were used as preparatory signals, to 
those receiving 45 min of standard physical exercise, on the temporo-spatial 
parameters of their first gait cycles.

Nine PD subjects received the feedforward training, while another 7 subjects took 
part in the standard exercise programme. Evaluations were performed before and 
right after the treatments. Footswitches and a locomoter were used to record the gait 
velocity, stride length, cadence and cycle duration. The means of 5 out trials were 
computed for the parameters of the first cycles.

Our main results showed that, in contrast to the standard exercises, the 
feedforward gait training increased the PD patients' mean gait velocity (from 0.66 ± 
S.D.0.15 to 0.72 ± 0.16 m/s; p<0.02) and stride length (from 73 ± 15 to 80 ± 16 cm: 
p<0.01) of the first gait cycle. However, no change was noted for the cadence or 
cycle duration with either treatment. These findings demonstrated that the provision 
of preparatory signals could facilitate the motor preparatory processes associated with 
gait initiation in PD patients.

Project financed by Canada Parkinson Foundation to CWYHC and FRSQ 
studentship to 1H.

924.6
ACTION PLANNING DEFICITS IN PARKINSONISM. R. B. Bhat and 
J. N. Sanes* Dept. Neuroscience. Brown Univ., Providence, RI 02912.

Mental rotation for action direction occurs during planning to reach a 
remembered angle away from a visual landmark. In young adults, we have 
also demonstrated that mental extension occurs during planning to reach a 
remembered distance and that visual motor mental rotation precedes 
mental extension. The current study investigated whether basal ganglia 
disfunction, exemplified by Parkinson's disease (PD), modified mental 
operations related to visual motor mental rotation and extension.

PD patients and age-matched controls grasped and moved a stylus 
across a digitizing tablet in response to visual stimuli. In separate 
procedures, participants viewed angular or distance instructions for later 
use to rotate awa\ from or move beyond visual landmarks. During the 
rotation task, distance was chosen freely or visually specified. Similarly, 
for the extension task, direction was chosen freely or visually specified.

As measured by reaction time as a function of increasing rotation, PD 
did not affect visual motor mental rotation, and as a group, PD patients and 
aged adults exhibited mental rotation comparably to that of normal young 
adults. However. individual analyses revealed that fewer than normal PD 
patients exhibited mental rotation when having to freely chose distance, 
suggesting that amplitude generation interferes with mental rotation in PD. 
From previous studies, we found that aged adults exhibit relatively normal 
mental extension. PD patients can also exhibit mental extension but 
seemingly only when concurrent direction processing is freely chosen. 
When direction is constrained by a visual target, the PD patients as a group 
showed no evidence of mental extension as measured by systematic 
increases in reaction time with increases in remembered distance.

Collectively, these results suggest that neural mechanisms within or 
involving the basal ganglia have important functions in combining and 
ordering information related to movement direction and distance planning. 
Support: NIH/AG10634.

924.7
POSTURAL INFLEXIBILITY DUE TO PARKINSON'S DISEASE: A 
DEFICIT IN RAPIDLY CHANGING SET. R.K.Y. Chong*, F.B. Horak 
and M. Woollacott. R.S. Dow Neurological Sciences Institute, LGSH, 
Portland, OR 97209, USA.

We tested the hypothesis that individuals with Parkinson's disease 
have difficulty in rapidly changing set for balance. Set is defined as the 
state of the nervous system that has a tendency to behave in some 
particular way due to prior experience or task context. Parkinsonian 
individuals OFF and ON medication, healthy young and older 
individuals were tested in their ability to quickly change set either when 
the direction of a surface perturbation was changed or when 
instructions changed. In experiment 1, subjects were given toes up 
rotation of the support surface after a prior series of backward 
translations. Results showed that healthy young and older subjects, but 
not Parkinson subjects, changed set by suppressing unwanted 
gastrocnemius activity to low levels within the first rotation trial. 
Parkinson subjects were slower in changing set and suppressed 
gastrocnemius activity only after several rotations. In experiment 2, 
healthy young and older subjects changed set based on instructions to 
resist or not to resist platform perturbations as measured by changes in 
IEMG as well as surface toque and shear forces. In contrast, Parkinson 
subjects did not show significant changes in EMG or surface forces 
when instructed to resist or not to resist. Levodopa medication did not 
improve the performance of the Parkinson subjects. These results 
suggest that the basal ganglia is necessary for rapidly changing set, and 
that dopamine replacement therapy in Parkinson patients does not 
improve their performance. (Supported by a grant from the National 
Institute of Aging #AG06457 awarded to Dr. Horak.)

924.8
IS MOVEMENT SLOWNESS IN ALZHEIMER'S DISEASE SIMILAR TO 
PARKINSONIAN BRADYKINESIA? M. Alberoni, M.F, Ghilardi*, M, Rossi, 
S.Marelli, M.Franceschi, C.Mariani, F.Fazio. C.Ghez, IRCCS S.Maria 
Nascente, FPJ D.Gnocchi, INB-CNR HS Raffaele, Universita' di Milano, Italy; 
Ctr Neurobiol & Behav, Columbia Univ-NYS PI, New York, NY 10032.

We have previously shown that reaching movements of patients with 
Alzheimer's disease (AD) have fragmented velocity profiles with increased 
movement time (Ghilardi et al., NS Abs 21, 1921). Others have suggested 
that this slowness is due to involvement of the extrapyramidal system in AD 
and, thus, is comparable to parkinsonian bradykinesia. In the present report 
we wished to ascertain if bradykinesia in Parkinson's disease (PD) and 
movement slowness in AD share similar characteristics. Subjects were: 10 
PD patients (stages I-2) whose main symptom was bradykinesia without 
cognitive impairment; 10 mild to moderate AD patients without parkinsonian 
features; 17 normal aging subjects with normal neurological examination and 
cognition. All subjects moved a cursor to targets on a digitizing tablet without 
seeing their limb. They were instructed to make "uncorrected movements, 
as fast and as accurate as possible". Starting and target positions were 
always visible on a screen, while, during movement, cursor position was 
either visible (FB) or blanked (noFB). All patients showed prolonged 
movement time. However, movement velocity of PD patients and controls 
showed mostly symmetrical bell-shape profiles, while in AD velocity profiles 
were asymmetrical and fragmented. With FB, movement extent covered by 
the transport phase was significantly higher in controls than in patients and 
in PD than in AD patients. Without FB significant differences were found 
between PD and AD patients and between controls and AD, but not 
between controls and PD patients. These data suggest that in AD 
movement slowness is due to substitution of transport phase with visual 
monitoring of the moving hand, while feedforward commands are 
substantially preserved in parkinsonian bradykinesia. (CNR)
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924.9
THE EFFECTS OF PREMOVEMENT CUES ON MANUAL AIMING 
MOVEMENTS IN ALZHEIMER'S DISEASE. Susm A^Morehousc. and John
D. Fisk*. Dalhousie University, Halifax, N.S. Canada, B3H 2E2.

The effects of premovement cue validity on the planning and execution of 
visually directed pointing movements was examined in subjects with Alzheimer's 
Disease (AD) and healthy elderly subjects. Experiments involved either 
exogenous overt orienting of attention or endogenous overt orienting. In both 
experiments, subjects were presented with valid (60%), invalid (20%), and neutral 
(20%) cues regarding which of four targets that they would be asked to point to. 
Reaction time and other kinematic measures were obtained with a WATSMART 
system. Healthy elderly subjects demonstrated a reaction time advantage to valid 
cues while no significant differences were noted for the kinematic measures. Thus, 
they appeared to make all changes to a preplanned movement prior to its initiation 
in the invalid cue conditions. In both experiments, AD subjects were slower in 
movement initiation and completion. While they did show a reaction time 
advantage for valid cues, they also demonstrated significant kinematic differences 
in the invalid cue conditions. These differences suggested that AD subjects 
required changes to the movement trajectory after its initiation. The severity of 
cognitive decline in AD influenced performance of these tasks since only mildly 
impaired subjects could perform under conditions of endogenous orienting. Under 
conditions of exogenous orienting, moderately impaired patients were slowest in 
both movement initiation and completion. This study demonstrates that even very 
mild AD is associated with deficient ability to utilize cues to shift attention and/or 
plan a motor response in the context of a relatively simple manual aiming task.

This research was supported by a grant and doctoral training award from the 
Alzheimer Society of Canada and by a grant from the Alzheimer’s Association.

924.10
Stability of global synkineses during hand grip in chronic 
Stroke subjects P Boissv 1-2, D, Bourbonnais* 1- Montreal 
Rehabilitation Institute 2- School of Rehabilitation, University of 
Montreal. E-Mail at boissyp@ere.umontreal.ca

Global synkineses are non-purposive associated movements that occur 
on the involved side of hemiparetic subjects (HS) during voluntary force-
ful exertions. Global synkineses were characterized using a static bi-artic- 
ular multidirectional dynamometer in 10 chronic (HS). Contralateral 
torques on the involved side in shoulder flexion-extension (SIJ, abduc-
tion-adduction (S2), internal-external rotation (S3), in elbow flexion- 
extension and in forearm pronation-supination (E2) during progressive 
maximal hand grip (MHG) on the non-involved side were compared at 
100% of the maximal voluntary contraction (MVC) across trials (3) and 
across sessions (3) one week apart. Contralateral torque patterns 
observed during MGH were SI flexion, S2 adduction, S3 internal rotation, 
El flexion and E2 pronation. Mean torque (3 trials, 3 sessions) signifi-
cantly different from nul value were observed in S2 adduction and El 
flexion [t-test, p<0.01[. In addition, the ANOVAs showed no significant 
main effects [session, trial] or interaction for both the MHG generated on 
the non-involved side and for all 5 torques recorded on the involved side 
[p>0.05]. These results suggest that pattern and amplitude of global synk-
ineses at the shoulder, elbow and forearm, as characterized by static bi- 
articular dynamometry in chronic stroke subjects during a 3-week time 
interval, are stable across repeated measurements in a session and across 
sessions.
P Boissy and D Bourbonnais are supported by the FRSQ.

924.11
DEFICITS IN THE RANGE OF REGULATION OF CENTRAL CONTROL 
OVER ARM MOVEMENT IN STROKE PATIENTS. M.F. Levir^R.W, Selles,
M.H.G. Verheul, O.G. Meiier. Institut de r&daptation de Montreal, University de 
Montreal, Montreal, Canada H3S 2J4.

Deficits in sensorimotor function of stroke patients may be related to a decrease 
in the stretch reflex (SR) threshold of elbow flexors (Levin & Feldman, 1994; Levin
6 Dimov 1997). We determined whether deficits in central regulation of SR 
thresholds of elbow muscles also contribute to control problems in these patients. 
One boundary of the SR threshold range for each muscle group was determined by 
analyzing EMG activity during stretching of elbow flexor and extensor muscles at
7 different velocities. For each velocity, the SR threshold was measured as the joint 
angle at which EMG activity of the muscle appeared. In all but one hemiparetic 
subject, the static thresholds of elbow flexors (XJ were found to lie inside the 
physiological range (8.,8+) of the elbow joint. This implies that, in the physiological 
range between Xf and 8+, relaxation of the flexor muscles was impossible. A deficit 
in the ability to relax was also found in the extensor muscle group in 4 of 12 
subjects. In another experiment, subjects made slow movements against different 
opposing loads created by a torque motor. The angular ranges in which reciprocally- 
organized agonist or antagonist muscle activity could be generated was limited in all 
but one subject suggesting a limitation in the range of regulation of central 
commands responsible for coordination between muscles. Motor deficits in 
hemiparetic patients may thus result from limitations in the central regulation of 
individual SR thresholds as well as in the commands producing coordinated changes 
in flexor and extensor thresholds explaining the abnormal relations between 
voluntary range of motion and maximal torque as well as muscle weakness and 
spasticity in different parts of the physiological range. Supported by NSERC.

924.12
DEFICITS IN MOVEMENT-RELATED INFORMATION PROCESSING POST-
STROKE: A KINEMATIC ANALYSIS. C J. Winstein*, S. Onla-or, and K.J. 
Sullivan. Motor Behavior Lab, Univ. Southern. Calif., Los Angeles, CA 90033.

Successful performance of goal-directed actions requires information 
processing by cortical and sub-cortical areas pertaining to the planning, 
selection and execution of movement parameters (speed, direction, distance). 
Recently, it has been shown in neurologically healthy individuals that a 
network of sensorimotor areas in both hemispheres are activated during 
unimanual grasping, pointing, and aiming (Grafton et al., 1996; Winstein et al., 
1997). The effects of unilateral brain damage on the control of reciprocal 
aiming movements of the ipsilesional limb was studied in those with right-sided 
lesions (n = 24), those with left-sided lesions (n - 24) and compared to those 
age- and hand-matched controls (n = 24, CON). Three aiming task difficulty 
levels using Fitts Index of Difficulty (ID) by 2 task type levels using small or 
large amplitude-target width ratio combinations resulted in six aiming task 
conditions. Task condition by group analyses revealed that relative to the 
CON group, 1) movement time (MT) for stroke groups was most prolonged in 
the difficult aiming condition (ID = 7.21, p < .03); 2) Stroke groups exhibited 
lower velocities in the easiest task difficulty conditions (ID = 3.21) and more so 
for the large task type condition (p < .001); 3) time normalized acceleration 
and deceleration phases did not differ between groups. Ipsilesional aiming 
indexed by the MT/ID slope for stroke subjects was significantly correlated 
with a measure of contralesional upper limb motor impairment (r = .42, p < 
.002) suggesting a common neural substrate for these actions. Further 
analyses revealed that lesion volume and location are important predictors of 
ipsilesional limb aiming control deficits.

Supported in part by funds from the Foundation for Physical Therapy 
awarded to CJW.

924.13
DEVELOPMENT OF AN EMG-DRIVEN MODEL FOR THE QUANTITATIVE 
ASSESSMENT OF THE HEMIPARETIC ELBOW. V.Galea*. D.L.Cockell. S.R. 
Barreca and J.J. Dowling. School of Rehabilitation Science & Dept. of Kinesiology, 
McMaster University, Hamilton, ON, Canada L8N 3Z5.

Rehabilitation of the hemiparetic upper limb can only be based on knowledge of the 
damage both in terms of the types of movements affected and the specific muscles 
involved. To date, there are no reliable methods identifying the performance of individual 
hemiparetic muscles. An existing 2-D model (using inverse dynamics principles) was 
employed to predict forces during fast and slow flexion-extension movements about the 
elbow. Four, early-stroke patients with unilateral hemiparesis participated in the study. 
Individual muscle forces from the biceps brachii, brachioradialis and triceps muscles were 
incorporated into a joint model that combined the individual forces together with passive 
non-muscular tissue forces. Predicted
moments were compared with those 
measured using an inertially loaded 
manipulandum. Predictions were poor in _ e 
lower functioning patients and during slow z * 
movements. Good predictions tended to be g 
achieved during movements with high J 2
EMG output. In this higher functioning » Q
patient and during a fast movement, the u 
predicted moment quite closely z-2 
approximated the measured moment as 
exemplified in the adjoining figure (P=.91; 
explaining 90.5% of the variance by the 
model). We conclude that this approach 
shows significant potential in yielding information about hemiplegic muscle not 
achievable via traditional methods.

924.14
CONTEXTUAL INTERFERENCE EFFECTS ON REACH TIME IN 
PATIENTS WITH HEMIPARESIS. P.Nichols*. T.Karakostas,
P, Quesada. M, Fishman. M, Kubo, Physical Therapy Division, The 
Ohio State University, Columbus, OH 43210.

The purpose of this project was to evaluate the effect of contextual 
interference on reach time in patients with hemiparesis due to stroke. 
Subjects were trained daily for 8 days to reach to 3 horizontal targets 
at shoulder level in standing. Data from 12 subjects was available for 
analysis. One group (n=5) was trained in a blocked paradigm; the 
second group (n=7) was trained in a variable paradigm Pre- and post-
testing was conducted, involving one trial of 6 reaches in a blocked 
trial to each target and a variable trial (2 reaches to each target). 
Transfer of learning was evaluated using a swipe movement from one 
lateral target to the other. The Vicon motion analysis system was used 
to record kinematic data with reflective markers placed on the wrist, 
lateral epicondyle, acromion, sternum, and C7. Both the paretic and 
nonparetic arms were tested. A decrease in reach time was found for 
both the paretic and nonparetic arms for all blocked trials and for the 
paretic arm on the variable trial for both groups. The variable group 
demonstrated a decrease in reach time for the paretic arm compared to 
an increase for the blocked group on the transfer task. This suggests 
that contextual interference enhances motor relearning after stroke. 
Supported by Foundation for Physical Therapy. Grant #94R-15-NIC-02.
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924.15
PRACTICE-RELATED IMPROVEMENT DURING MOTOR SKILL 
ACQUISITION POST-UNILATERAL BRAIN DAMAGE. K.J.Sullivan* and 
C.J. Winstein. Motor Behavior Lab, University of Southern California, Los 
Angeles, CA 90033.

The purpose of this study was to investigate the nature of practice-related 
improvement during motor skill acquisition in individuals with unilateral brain 
damage. Six individuals with unilateral stroke (S) within the distribution of the 
middle cerebral artery (confirmed by CAT or MRI scan) and six healthy, age- and 
hand-matched controls (C) practiced a rapid horizontal plane arm movement 
that had specific spatial (3 continuous flexion-extension reversals) and temporal 
(1000 ms) goals. S subjects used the ipsilesional arm. All subjects practiced for 
200 trials (ten 10-trial blocks) on Day 1 and returned the next day for two 
retention tests. Performance was measured as the root mean square error 
(RMSE) between the goal and the subject’s response. In addition, the RMSE 
was parceled into specific temporal and spatial components derived from 
analyses of programmed actions.

Preliminary analyses reveal that all subjects improved in accuracy across 
practice and retained the final level of practice performance during retention. 
However, throughout practice individuals with stroke performed with greater total 
error (RMSE: stroke 25.8, control 14.6, p=.O56). Component analysis revealed 
that across practice, the S group was 36% slower and 25% hypermetric, and the 
C group was 9% slower and 10% hypermetric compared to the goal movement. 
Of particular interest was the nature of the practice-related changes for the two 
groups as revealed by error component analysis. Across the 10-trial blocks, 
changes in spatial error were tightly coupled to those in temporal error for the S 
group (r=.71) and far less coupled for the C group (r=.33). These data suggest 
that the acquisition and execution of programmed goal-directed actions requires 
bi-hemispheric activity; further, the central processes involved in the acquisition 
of such actions are impaired after unilateral brain damage.

Supported by a grant from the Foundation for Physical Therapy to KJS.

924.16
CONTEXT DEPENDENCE OF POSTURAL CONTROL DURING 
REACHING POST STROKE M.C. Verrier*. J. Lin, C.D, MacKinnon, J. Howe, 
D R. Smith Departments of Physical Therapy and Physiology and The Queen 
Elizabeth Hospital, University of Toronto, Toronto, Ontario, Canada, M5T 1W5.

Our previous work has shown that ground reaction forces (GRFs), center of 
pressure excursions (CofPs), and postural muscle activity (PEMGs), diring 
visually-cued fast-paced reaches are stereotypical in normals. Subtyping of GRFs, 
CofPs, and PEMGs appear related to: site of lesion in patients (P) post stroke. To 
clarify if subtypes are due to site of lesion or recovery, we conducted longitudinal 
studies on 3 select patients with distinctive PEMGs on initial testing (Pl extensive 
cortical MCA lesion, P2 corticospinal tract brainstem lesion, P3 .mall 
intracerebral hemorrhage). Studies were conducted for 3 months. Pl showed 
stereotypical decreased reach velocities and inability to shift CofPs across mid-line 
to the paretic limb during contralateral reaches with no change over the 3 months 
for both cued and self-initiated reaches. P2 showed variable PEMGs, CofPs, and 
reach velocities with no marked change over time. P3 PEMGs were comparable to 
normals initially and remained stable over time with slight improvement in reach 
velocity, ability to shift CoS’s to the paretic limb and no difference between cued 
and self-initiated reaches. Clinical measures (Chedoke-McMaster Motor Recovery 
Scale-Lower Extremity; Berg Scale-1,2,6,7,8; Goldie-reaches /60 sec.) related to 
the physiological parameters. Of particular note, was the difference in PEMGs and 
CofPs for self-initiated vs. visually-cued contralateral reaches where ability to shift 
CofPs to the paretic limb is enhanced under cued conditions (P2 only). Given that 
CofPs did not alter across 3 months for cued vs. self-initiated reaches (PI and P3), 
lesion site may have profound effects on context specific recovery over time. 
(Supported by NHRDP #6606-4547-59)

924.17
MOTOR LEARNING IN REACHING MOVEMENTS BY HEMIPARETIC 
SUBJECTS. C. C. Raasch*, F, A. Mussa-Ivaldi, and W. Z. Rymer. SMPP, Rehab. 
Inst, of Chicago, Chicago, IL 60611.

We studied the ability of hemiparetic stroke subjects to adapt to novel force 
perturbations applied during voluntary arm movements. Four hemiparetic subjects 
made target-directed ballistic reaching movements while connected to a two-link 
electromechanical manipulandum. The subject’s arm was supported by a planar 
linkage, and wrist and hand were held in a preformed splint attached to the endpoint of 
the manipulandum. Subjects were asked to move the endpoint from a central position 
to a series of targets as quickly as possible. Consistent with previous findings in our 
laboratory, unperturbed reaches made with the impaired arm were slower, more 
variable, and had larger errors in initial direction than movements made with the 
contralateral arm. After a series of movements made with the motors off, the 
manipulandum applied a perturbing velocity-dependent force field at the endpoint 
which significantly altered movement trajectory. With practice, subjects adapted to 
the field until their movements were similar to initial unperturbed movements. When 
the field was removed unexpectedly, subjects made "mirror" movements (aftereffects), 
in which movement curvature was opposite to that observed during the initial 
exposure to the viscous field. Subjects showed evidence of adaptation in both 
impaired and contralateral arms, with changes in overall trajectory and direction-error 
measures for field-on and field-off movements. For movements where the perturbation 
increased the initial directional error of the impaired arm, aftereffect trajectories were 
often closer to the correct direction than the original trajectories. Of these cases, 2 of 
the 3 subjects from whom data was collected after the field was removed showed 
adaptation characterized by persistent improvement of initial direction after 24 
movements, whereas adaptation was rapidly extinguished (typically, in fewer than 5 
movements) for the contralateral arm. These results suggest that tuning of 
perturbations to amplify movement deficits can potentially lead hemiparetic subjects 
to produce and perhaps retain “corrective” aftereffects as part of stroke rehabilitation. 
Supported by NIH T32-HD07418, NS19331 (WZR), NS35673-01 (FMl), and the 
Ralph and Marion C. Falk Medical Research Trust.

924.18
DEFICITS OF MOVEMENT SUPPRESSION IN HUMANS WITH BRAIN 
LESIONS. S, Jiingling*, O. Bock, A. Raabe-Oetker, M. Girgenrath.
Depts. of Physiol. & Rehabil., German Sports Univ., 50927 Cologne, Germany.

It has been observed that patients with brain lesions have problems not only to 
produce movements, but also to suppress undesired, automated ones. This deficit 
has been quantified for eye movements using the antisaccade task; the present 
study extends this work to manual responses.

Six patients with unilateral brain lesions and mild hemiparesia, and six age- 
matched, healthy humans participated. Visual targets were presented on a 
computer monitor in random positions to the right and left of a central spot. 
Subjects were instructed to point from the center first opposite to (anti-response) 
and then directly at (pro-response) each target as quickly and accurately as 
possible. Finger position was recorded by a touchscreen and by the Selspot® 
system (sampling rate 50 and 300 Hz, respectively).

We found that patients had substantially more problems to suppress an 
immediate, “reflexive” pro-response. The mean error rate of patients (45.17 %) 
was significantly higher than in controls (9.09 %); within the patient group, the 
error rate was significantly higher for the contralesional hand. Furthermore, the 
mean response duration of patients (1.44 s) was significantly higher than in 
controls (1.01 s).

Our findings indicate that patients with brain lesions exhibit quantifiable 
deficits in suppressing undesired, automated movements, possibly due to a 
dysfunction of dedicated inhibitory circuits known to exist in the prefrontal cortex. 
These deficits of suppression should be taken into consideration in motor 
rehabilitation concepts.

Supported by the German Sports University (DSHS # 94-03-9201).

924.19
DISSOCIATION OF RETINOTOPIC SPACE AND PROPRIOCEPTIVE BODY 
SCHEME: CHARACTERIZATION OF A PARIETAL CORTEX LESION.
F. Binkofski. R.J. Seitz, C. Dohle, S. Posse. A. Schnitzler*, H.W. Muller-Gartner,
L. Jancke, H.-J. Freund. Department of Neurology, University of Dusseldorf; 
Institute of Medicine, Research Center Julich, Germany.
Posterior parietal cortex is involved in calibration of visually guided reaching 

(Clower et al. Nature, 1996). We have observed five patients with infarction of the 
posterior parietal cortex (2 left, 3 right; 2 female, 3 male; age 46-75 y; mean: 63,5 
y) who presented with a distinct disturbance of visuomotor behavior when they had 
to reach to targets presented through a mirror. The deficit became apparent when 
the patients were lying with a mirror positioned over their heads 45° from the 
vertical. Video and kinematic recordings revealed that the patients produced severe 
directional errors when guiding their movements towards the virtual object in the 
mirror. In contrast, there was almost no misreaching under direct visual control 
and under proprioceptive guidance, nor had they difficulties in reaching for their 
own body parts. The patients were not able to use somatosensory information to 
compensate the deficit which was present on both sides in the patients with the left 
parietal lesions and accentuated on the contralateral side in patients with right 
parietal lesions. All patients showed a marked tilt of their subjective vertical as 
presented in the mirror and the subjective midsagittal plane was craniocentric 
fixed in four patients. The patients performed poorly in the Benton Line 
Orientation Test (Benton et al. 1975) in the Mental Rotation Test (Peters 1995) 
and in the Mirror Drawing Test. Preliminary fMRI data showed a focus of 
activation in the right posterior parietal cortex by subtraction of two visuomotor 
conditions of reaching for a target presented either directly or through a mirror. 
We conclude that parietal patients can not transform the virtual image into the 
body centered coordinates by adjusting the visual and proprioceptive information. 
In contrast, the transformation of retinotopic into craniocentric coordinates was 
intact.
Supported by Deutsche Forschungsgemeinschaft (SFB 194) and ESF

924.20
LOSS OF ANTICIPATORY FINGER GRIP FORCE MODULATION AFTER 
PARIETAL LOBE LESIONS. S. Babin-Ratte1, A. Sirigu1, J.R. Duhamel2*, A. 
Wing3. 'INSERM U289, Hopital de la Salpetriere, 47, Boulevard de l'Hopital, 75651 
Paris, Cedex 13, FRANCE., 2LPPA-College de France, Paris, 3MRC, Applied 
Psychology Unit, Cambridge, UK.

During the transport of a hand-held object, normal subjects adjust their grip force 
to anticipate changes in load force produced by movement, thus preventing the object 
from slipping (Flanagan et al., Exp. Brain Res., 95, 141-143,1993). We examined the 
neural basis of this behavior, and tested the hypothesis that cortical mediation is 
necessary to relate sensory information about the changes in external forces to an 
internal model of limb dynamics. Recently, we have shown that patients with parietal 
cortex lesions were impaired at predicting movement duration during mental 
rehearsal of finger movements (Sirigu et al., Science, 273, 1564-1568,1996). Here, 
we studied prediction during the performance of actual movements in normal healthy 
subjects (n=5), in patients with focal parietal cortex lesion (n=3), cerebellar damage 
(n=4) and in one patient with deafferentation of the upper extremities due to 
demyelination of large fibers from birth. The task consisted in displacing an object 
held between index finger and thumb, up or down and at various speeds. Parietal 
patients were impaired in the early phase of grip force planning: maximum finger 
grip force was reached with abnormally long latencies, often well after the peak in 
hand acceleration. However, force coordination during the movement was not 
impaired. The performance of the deafferented patient was similar to that of parietal 
patients. Cerebellar patients similarly failed to generate early adjustment of grip force 
but, in contrast to the other patient groups, they also showed an impairment in force 
modulation during the movement. This suggests that force computation during 
movement is based on a distributed, cortico-subcortical network. Importantly, our 
study underlines a critical role of the parietal cortex in the predictive control of grip 
force, which had previously been considered mostly a cerebellar function.
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925.1
PET INVESTIGATIONS OF ESSENTIAL TREMOR & THALAMIC 
STIMULATION. J$ Retftmttgr, TQ Vjtjeen*, B.Miyaw^vAUBastiaP^K Busenbark, 
L McGee-Minnich. KM Zackowski, W Koller. Washington Univ, St. Louis, MO and 
Univ Kansas, Kansas City, KS.

We used PET measurements of rCBF to investigate the pathophysiology of essential 
tremor (ET) in 5 patients with a deep brain stimulator in left thalamus. With the 
stimulator off, all had postural tremor in both upper extremities and benefit within 60 
s after the stimulator was activated. During scans, we recorded video and EMG. Scans 
were done with combinations of the following conditions: stimulator on effective 
settings, ineffective settings, or off; and right arm up or at rest with or without 
volitional “tremor.” PET images were smoothed; aligned within subjects; normalized 
and transformed into stereotactic space. Subtraction image analysis was used to 
identify rCBF responses, but replication was not done.

Patients had 4-5 Hz tremor during scans with the right arm up with stimulator off or 
on ineffective settings. Volitional tremor mimicked the frequency of involuntary 
tremor but had greater amplitude.

Preliminary PET findings include the following: Subtraction analysis to isolate the 
effects of tremor revealed increased flow in contralateral (with respect to tremor) 
sensorimotor area, contralateral SMA, contralateral red nucleus, & contralateral deep 
cerebellar (CBL) nuclei. Effective minus ineffective stimulation revealed increased 
flow in ipsilateral (with respect to stimulation) posterior parietal area, ipsilateral red 
nucleus, ipsilateral deep CBL nuclei & ipsilateral CBL hemisphere but decreased flow 
in ipsilateral sensorimotor area. Volitional tremor increased flow in contralateral (with 
respect to hand movement) sensorimotor area, contralateral SMA and ipsilateral CBL 
vermis but decreased flow in ipsilateral sensorimotor area.

Our findings demonstrate that ET is associated with alterations of cerebellar-rubro- 
cortical circuits and that effective thalamic stimulation affects similar as well as some 
different regions involved in these pathways. Pathways involved with volitional 
tremor appear distinct from those activated by involuntary tremor.

Supported by NIH grants NS31001 & NS32318; the International Tremor 
Foundation; the Clinical Hypothesis Section of the Charles A. Dana Foundation; and 
the McDonnell Center for the Study of Higher Brain Function.

925.2
ESSENTIAL TREMOR: KINEMATICS AND EMG DURING ELECTRICAL 

STIMULATION OF THALAMUS. KM Zackowski, AJ Bastian, TA Martin, JW 
Mink, WC Koller, JS Perimutter, & WT Thach*. Dept of Anatomy and Neuro, 
Program in Physical Therapy, Department of Neurology, Washington University 
School of Med., St. Louis, MO 63110.
Electrical stimulation of the thalamus dramatically dampens essential tremor

(ET). The mechanism of the tremor and its improvement remains unknown. We 
examined ET subjects to determine how they respond to mechanical torque pulses 
(TP) at the wrist joint with and without thalamic stimulation, compared with 
controls. Two groups were tested: ET subjects with (S) and without (NS) 
stimulation, and normal control subjects (C). Using a computer controlled wrist 
manipulandum, TPs of 1.0 Nm lasting 100ms were given in wrist flexor and 
extensor directions. All were tested in conditions of maintained flexor and 
extensor torque loads (0.25 Nm). EMGs were recorded from wrist flexor and 
extensor muscles.
The S subjects, in both flexor and extensor conditions, demonstrated a dramatic 

decrease in the amplitude of the rebound oscillations following the TP. All NS 
subjects showed an apparent resetting of the tremor following the TP. The C and 
S subjects both dampened their oscillations more quickly than did the NS subjects. 
The frequency of oscillations following a TP remained 4-6 Hz in the NS and S ET 
subjects. The latency of the first agonist and antagonist EMG signal following a 
TP did not change from the NS to the S conditions in either flexor or extensor 
loads. In the NS subjects the baseline EMG activity demonstrated a rhythmical 
bursting pattern correlated with tremor; EMG bursts and tremor diminished in the 
S group and was similar to the C group.
From our results we conclude: 1)ET is linked to peripheral mechanical-reflex 

tremor, evidenced by the resettable nature of the tremor; 2) ET has a central 
component, evidenced by stimulation causing decreased baseline tremor 
oscillation with no change in frequency. We are continuing studies to address the 
question of how thalamic stimulation dampens ET. (supported by NIH grant 
NS12777; the International Tremor Foundation)

925.3
COMPARISON OF POSTURAL MUSCLE ACTIVITY PATTERNS DURING A 
FUNCTIONAL REACHING TASK IN TYPICALLY DEVELOPING CHILDREN AND 
CHILDREN WITH CEREBRAL PALSY. C. A. Zaino* and S. L. Westcott. Department 
of Physical Therapy, Allegheny University of the Health Sciences, Philadelphia, PA 19102

Postural muscle activation patterns were monitored using surface EMG (sEMG) 
during a functional reaching task in typically developing (TD) children and children 
with cerebral palsy (CP). The objectives of this study were: 1.) identify the primary' 
motor coordination patterns (MCPs) used by these two groups, 2.) determine if 
differences in MCPs exist between the two groups, and 3.) determine if motor 
learning is evident across the 10 reaching trials. METHODS: A total of 28 children 
(12 with CP and 16 TD) ages 6 to 12 participated. sEMGs were recorded from the 
anterior deltoid (to signal the initiation of reaching) and from the anterior tibialis, 
gastrocnemius, lateral quadriceps, and medial hamstrings of the dominant leg. EMG 
data were reduced using Lab VIEW software. RESULTS: A total of 44 specific 
MCPs were identified. The TD group mainly use 7 of these patterns (75% of the 
trials). The CP group used these 7 patterns for 52% of the trials. The 44 MCPs were 
condensed into 12 based on the first two muscle activated. Comparison of these 12 
MCPs during the first three and the last three trials revealed a significant difference 
in the frequency of the use of these between the CP and TD groups (Pearson %2 (df=5) 
p=0 0t)4 and Pearson %2 (df=5) p=0.020 respectively). However, no changes in the 
occurrence of MCPs were noted between the first and last three trials within groups.
It was also demonstrated that the CP group had fewer anticipatory activation of the 
first postural muscle’s onset (Pearson y/ (df= 1) p=0.006), but still had anticipatory 
activation in 72% of the trials CONCLUSIONS: The CP group demonstrated a 
greater variety of MCPs used, minimal effects of learning across the ten trials and 
less anticipatory activation of the postural muscles

Sources of Support: 1.) A. I duPont Institute, Nemours Foundation, 2.) Section 
on Pediatrics of the APTA and 3.) US Department of Education Grant #H029D00005.

925.4
SHORT AND LONG LATENCY CONTRIBUTIONS TO 
RECIPROCAL INHIBITION DURING VARIOUS LEVELS OF 
MUSCLE CONTRACTION OF INDIVIDUALS WITH CEREBRAL 
PALSY. C.T. Leonard*, D.Y. Sandholdt, J. A. 
McMillan, S.A Queen. The University of Montana, 
Missoula, MT 59812.

Individuals with cerebral palsy (spastic 
diplegia) were assessed for relative 
contributions of short- and long-latency 
mechanisms to reciprocal inhibition during 
various levels of a voluntary, isometric 
contraction using a paired H-reflex paradigm. 
Three test conditions were used: 1) Rest, 2) A 
tonic isometric tibialis anterior (TA) 
contraction at 25% maximal voluntary contraction 
(MVC) and, 3) A 50% MVC tonic isometric TA 
contraction. At rest, 5 of 8 extremities tested 
showed short-latency inhibition (x=-16.0%±18.9). 
This value decreased to -1.8%±10.0 at 25% MVC and 
increased to -17.9%±17,6 at 50% MVC. All 8 
extremities had long-latency inhibition at rest 
(-35.9%±28.5) . The amount of inhibition did not 
change with level of muscle contraction (25%MVC=- 
37.0%±34.3; 50%MVC=-34.8%±29.0). Findings 
indicate that short- and long-latency inhibitory 
mechanisms are present. In contrast to non-
disabled subjects, however, they do not change 
with increasing agonist muscle contraction 
levels. (NIH R15-NS30664-01A1; NSF-MONTS 291733)

925.5
SHORT AND LONG LATENCY CONTRIBUTIONS TO 
RECIPROCAL INHIBITION DURING VARIOUS LEVELS OF 
MUSCLE CONTRACTION. J. A McMillan* , C.T. Leonard, 
D.Y, Sandholdt. The University of Montana, 
Missoula, MT 59812.

A paired H-reflex paradigm was used during: 1) 
Rest, 2) A tonic isometric tibialis anterior (TA) 
contraction at 10% MVC and, 3) A TA contraction 
at 25% MVC in order to assess short- and long- 
latency contributions to reciprocal inhibition. 
Subjects (n=13) had short-latency inhibition at 
rest as evidenced by a decrease in soleus H- 
reflex amplitudes (x=-10.9%±18.6) . Inhibition was 
nonsignificantly enhanced at 25% MVC (x=- 
22.0%±14.4; p=.186). All subjects had long- 
latency inhibition at rest (x=-33.6%±18.7) which 
increased at 10% (x=-48.4±16.4) and 25% MVC (x=- 
57.4%±10.9). Long-latency inhibition was greater 
than that for short-latency inhibition at rest 
(p=.009), 10% MVC (p=.000), and 25% MVC (p=.000). 
The increase in long-latency inhibition from rest 
to 25% MVC was significant (p=.000) . Findings 
indicate that long-latency mechanisms make a 
greater contribution to reciprocal inhibition 
than short-latency contributions. Muscle 
contraction enhances short-latency inhibitory 
mechanisms but they remain less than that of 
long-latency contributions. (NIH R15-NS30664- 
01A1; NSF-MONTS 291733)

925.6
WHITE MATTER ANOMALIES IN X-LINKED KALLMANN’S PATIENTS 
(XKS) WITH MIRROR MOVEMENTS (MM). M Krams. R Quinton1. J Ashbumer. 
KJ Friston, RSJ Frackowiak. JM TrchemeN PMG Bouloux1. RE Passiimham.
Wellcome Department of Cognitive Neurology, Institute of Neurology, London 
WC1N 3BG, UK; *Div Endocrinology, Royal Free Hospital, UCL London, UK.

The anatomical pathways responsible for MM in XKS remain unclear. Electro-
physiological studies suggest the presence of an abnormal ipsilateral corticospinal 
tract projection (CST). An alternative hypothesis proposes a transcallosal 
mechanism. We have used MRI to establish in vivo whether there are white matter 
anomalies within the CST and the corpus callosum of XKS with MM. After 
normalization of Tl weighted brain scans into stereotactical space and segregation 
of grey/white matter, we compared the pooled white matter of 9 XKS with MM, to 9 
subjects with non-X-linked Kallmann's syndrome (nKS) without MM, and to 9 
matched normal controls on a voxel-by-voxel basis using SPM-96. There was 
increased white matter volume in the anterior and midsection of the corpus callosum 
in XKS and an increased white matter volume in the posterior parts of the corpus 
callosum in nKS. A bilateral increase of white matter volume from the posterior 
limbs of the internal capsula, trailing down laterally through the midbrain, was 
found only in XKS with MM. Peaks, as identified by SPM(Z) project onto the 
corticospinal tract as outlined in the stereotaxic atlas by Talairach and Toumoux or 
onto posterior areas immediately adjacent to it. The results of the SPM-analysis 
were validated by an independent region of interest analysis of corpus callosum size. 
Although morphometry on its own cannot determine the cause of MM in XKS, the 
specific association of increased white matter in the region of the CST with the 
presence of MM in XKS is in agreement with electrophysiological evidence for an 
abnormal ipsilateral CST as the cause of MM. (supported by The Wellcome Trust).
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925.7
CHANGES IN THE COORDINATION OF POSTURAL TREMOR DUE TO JOINT 
SPLINTING S. Morrison and K, M, Newell.* Department of Kinesiology, Pennsylvania 
State University, PA 16802.

Inter- and intra-limb coordination in arm tremor was examined in adult subjects under nine 
conditions where the elbow, wrist and index finger joints of the right arm were splinted using 
individually molded braces. The tremor in each limb segment was examined using 
accelerometery techniques which were subsequently analyzed using standard time and 
frequency domain analyses. Data analysis was structured to examine the hypotheses that: a) 
coordination of tremor in the upper limb during a postural pointing task involves 
compensatory coupling between intra-limb segments; b) bracing the respective joints of the 
right arm would result in a reorganization of this compensatory synergy, and c) the neural 
drive underlying postural tremor is derived from a central common oscillator.

Results demonstrated that, irrespective of splinting condition, there was no linkage between 
arms in either the time or frequency domain during the execution of this postural task. Intra-
limb compensatory coupling was only observed between adjacent limb segments with the 
strength of the correlation increasing from proximal to distal. Splinting the right limb 
resulted in a increase in the number and strength of the within-limb correlations of both 
limbs. Significant correlations being observed between upper arm-forearm, forearm-hand, 
and, hand-finger of both limbs. Analysis of the regularity of the tremor signals using Ap En 
analysis revealed greater regularity to the upper arm and hand accelerometer signals than the 
forearm and finger signals in both limbs. Splinting joints of the right arm resulted in an 
increase in the regularity of the acceleration in this limb, especially about the wrist joint.

As no coupling of tremor between limbs was seen, this suggests that the neuronal 
commands underlying normal postural tremor are not solely derived from a common central 
oscillator. However, the application of splinting to the right limb led to reorganization of the 
postural joint coupling in both splinted and unsplinted limbs, indicating some commonality of 
the neural signal between the limbs. Thus the initial neural command generated from a 
central oscillator is subsequently independently filtered in a parallel fashion to each limb.
This means the central oscillatory drive produces a similar pattern of within-limb joint 
coupling, yet differential filtering of this same drive ensures that the neurological signal 
being relayed to either limb is independent of the other.

925.8
STRENGTH TRAINING HAS A MIXED EFFECT ON THE ABILITY OF 
SUBJECTS WITH ESSENTIAL TREMOR TO PERFORM STEADY 
SUBMAXIMAL CONTRACTIONS. M. Bilodeau*, D.A, Keen, P.J. Sweeney, 
R.W. Shields, and R.M. Enoka. Physical Therapy Graduate Pgm, University of 
Iowa, Iowa City, IA, 52242 and Dept. of Biomedical Engineering, Cleveland Clinic 
Foundation, Cleveland, OH, 44195.

The purpose of this study was to evaluate the effect of a short-term strength 
training program on the ability of subjects with essential tremor to exert a steady 
isometric abduction force with the index finger. Eight subjects strength-trained 
their first dorsal interosseus muscle for four weeks by abducting the index finger 
against heavy loads (about 80% of the subject’s maximum capacity). The training 
involved six sets of ten repetitions of the abduction movement performed three 
times a week. Experimental sessions were carried out before training began and 
after each week of training. Subjects had to maintain submaximal isometric 
abduction forces (recorded at the proximal interphalangeal joint) with the index 
finger for 30 s periods. They were instructed to match specific target forces 
displayed on an oscilloscope as closely as possible. The force targets were set at: 
2.5, 5, 10, 20% of the maximum voluntary contraction and 1, 2, 5N. Mean, 
standard deviation and coefficient of variation of the force signal during the plateau 
phase of the task were calculated for each trial. The initial data analysis suggests 
that there was a decrease in the coefficient of variation across the four weeks for the 
1, 2 and 5N target forces but not for the relative target forces. The use of strength 
training as a rehabilitative intervention would be more secure if the effect had been 
observed on both the absolute and relative target forces.
Supported by NIH grant AG 09000 (to RME) and Fonds de la Recherche en Sante 
du Quebec (to MB).

925.9
ALTERED WEIGHT TRANSFER DURING DOUBLE TO SINGLE 
LIMB STANDING AFTER TOTAL HIP ARTHROPLASTY. M.Perron.
F.Malouin*. H.Moffet, B.McFadven. F.Dumas. F.Comeau, D.Tardif and G.St-Vincent,
Department of Physiotherapy, Laval University, Quebec, Canada, G1K 7P4.

The transition from double to single limb standing (DSLS) requires the coordination
of lateral ground reaction forces (GRFs) under the flexing (FL) and standing (ST) 
limbs, to transfer the center of mass (COM) to one side and maintain balance. To study 
the impact of hip impairments during this task, we assessed 4 patients (53-64 yrs), who 
still had a mean isometric strength deficit of 43% in the hip abductors, 6-12 months 
after a total hip arthroplasty (THA), and compared their performance to 4 normal (59- 
63 yrs) subjects (CTL). The GRFs (AMTI) from the FL and ST limbs and kinematic 
data (3-D Optotrak) were recorded during DSLS. Five trials were repeated with each 
limb at natural speed. For the propulsive phase, the area of change of initial lateral 
impulse for each limb was calculated, and a FL:ST ratio was computed to determine 
their relative contribution to the lateral transfer of the COM. For the postural phase, the 
time for the COM to stabilize over the ST limb was calculated. Local moments on the 
operated (OP) hip were also calculated using the inverse dynamic approach. Compared 
to the CTL group, the changes in the initial lateral impulse of the THA group was 
decreased 33% (ns) on the FL limb (OP) and increased 66% (p<0.04: Mann-Whitney 
U-test) on the ST limb, yielding a FL:ST ratio of 1.8:1, that was lower (p<0.009) 
compared to the CTLs (5:1). Hip abductor moment, when the OP hip was the FL limb, 
tended to be smaller (p<0.08) than CTLs, and the COM tended (p<0.07) to be 
stabilized later when the OP hip was the ST limb. These preliminary results suggest 
that the contralateral hip adjusts for hip impairments by increasing its relative 
contribution to the lateral weight transfer. The lack of significant change during the 
postural phase may suggest balance to be less affected by hip impairments than is 
weight transfer during the propulsive phase. (Supported by FRSQ).

925.10
MIDLINE CROSSING EFFECT UPON INDIVIDUALS POST ACL 
SURGERY
C.A, Lewis * & P.R, Surburg Indiana University, Bloomington, IN 47405 

Surgical reconstruction of the anterior cruciate ligament (ACL) is commonly
performed to increase the stability of the knee, yet persistent changes in 
neuromuscular function have been cited as contributing to further disability 
(Lephart, 1993). A slower reaction time (RT) which occurs following an injury 
and subsequent damage to both physical and neurological systems is one such 
change. Under certain conditions, crossing the midline of the body is a more 
complex task than ipsilateral movement and has been used to investigate 
neurological differences. Eason & Surburg (1993) developed a method to assess 
midline crossing inhibition (MCI) which is predicated upon an information 
processing model. The purpose of this study was to investigate the effects of 
recovery from ACL surgery on midline crossing performance. Eight adults (ages 
18-32) who were three weeks post-operative from ACL surgery and were 
undergoing rehabilitation were tested with a midline crossing apparatus (Eason & 
Surburg, 1993) while standing implementing a choice reaction time (CRT) task of 
the lower extremity. Within the CRT protocol, subjects performed 9 ipsilateral, 9 
contralateral and 9 midline trials on two separate test days. Results of a 2 x 2 x 3 
(preference by day by direction) repeated measures ANOVA for CRT showed a 
significant main effect for direction and a significant preference by direction 
interaction effect. Post hoc analysis of this interaction effect determined that CRT 
for contralateral movements were significantly slower than CRT in the midline and 
ipsilateral directions when standing on the injured leg and moving the non-injured 
leg. In conclusion MCI was present in individuals following ACL surgery only 
when standing on their injured leg. This MCI effect has the potential to be an 
indicator for assessing the progress of rehabilitation programs.

925.11
BLINK REFLEX RECOVERY IN RELATION TO LID OPENING DELAY IN 
PATIENTS WITH BLEPHAROSPASM. J.S. Cloix, D. Boqhen2and R. Forget*. 
Ctre de recherche, Institut de Readaptation and Ecole de Readaptation, Univ. 
de Montreal and 2Dept. de medecine and Service de Neurologie, Pavilion 
H6tel-Dieu, Ctre Hospitalier U de Mtl, Montreal, Canada.

Benign essential blepharospasm (BEB) is an involuntary contraction 
of the orbicularis oculi (OOc) muscles producing eye closure. The blink reflex 
recovery curve (BRRC) of the R2 response following paired stimulations is 
reportedly abnormal in patients with BEB. This finding was interpreted as a 
decrease in the function of brainstem inhibitory interneurons. However, this is 
not a systematic finding and there is a large variability of BRRC in patients. 
The hypothesis has been proposed that different pathophysiological conditions 
underlie the expression of BEB. In this study, the BRRC was analysed as a 
function of voluntary lid opening time in order to characterize this abnormal 
reflex behaviour in relation to a simple clinical test involving a voluntary 
inhibitory motor command to the OOc muscles. EMG of OOc, lid movement 
and blink reflex recordings were performed in 23 patients with BEB and 17 
control subjects. First, the subjects were requested to open their eyes "as 
quickly as possible" in response to a sound. The lid movement was monitored 
by an electromagnetic eye recording system to measure the delay in lid 
opening. Second, the blink reflex, evoked by electrical stimulation (0.1ms, 2.5x 
th.) of the Vth nerve, was conditioned with a paired stimulation (inter-stimulus 
interval from 100 to 4000 ms). The R2 recovery curves were compared in the 
control subjects and in 2 groups of patients, those with a delay in lid opening 
(Pt1, n=9) and those with no delay in lid opening (Pt2, n=14). Both groups 
showed an abnormally rapid BRRC response with no significant difference 
between groups. In conclusion, blink reflex recovery is not related to lid 
opening delay and to the ability to voluntarily and rapidly inhibit OOc activity. 
Supported by the Benign Essential Blepharospasm Research Foundation.

925.12
A NEW NEURONAVIGATION SYSTEM TOWARDS INVESTIGATION OF HIGHER 

BRAIN FUNCTION. Y. Muragaki*, H. Iseki, Y. Iwahara', T. Nagao, H. Kawasaki, T. 
Taira, T. Tanikawa, G. Ukawa2, T. Do hi2, K. Takakura. Dep. of Neurosurgery, Tokyo 

Women’s Med. Col., Victor Co. Ltd', University of Tokyo2, Japan, 162.

Precise localization of various regions is important in neurological surgery. Many 

navigation systems have been developed to reduce surgical Evasiveness. However, 

previous systems only provide structural information of abnormal regions but not 

any functional data. Here we developed a new navigation system integrated with 

functional information. We have already elaborated a three dimensional (3-D) plotter 
system called the “Voiumegraph”. The Volumegraph displays 3-D images, including 

lesions, venous sinuses, and ventricles, in the air onto the patient's head through a 
semi-transparent mirror. In the new system we add functional data from 

magnetoencephalography (MEG), and/or functional MR imaging (fMRI) in the 3-D 

data from MRI. We applied this navigation system to neurosurgical operations in 

eloquent areas, for example, against a malignant glioma in the motor cortex. This 

navigation system was of great use to approach the tumor and to avoid surgical 
damages to the distorted surrounding normal brain. The Volumegraph made us 

possible to confirm preoperative MEG data of motor cortex was consistent with 

intraoperative SEP recording and direct electrical stimulation. This novel functional 
navigation system contributes to not only minimally invasive neurosurgery but also 
functional neurosciences to address the question whether or not various functional 

examinations such as fMRI really indicate cortical areas responsible for motor, 
speech or other higher functions. ( supported by Grants-in-Aid for Scientific 

Research from Japanese Ministry of Education and Terumo Life Science Foun.)
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926.1
ESTROGEN AGONIST EFFECTS OF SELECTIVE ESTROGEN RECEPTOR 
MODULATORS IN OVARIECTOMIZED RAT BRAIN. HU Bryant*, KR Bales. SM 
Paul. H Yana. HW Cole. J Walker-Daniels, BS McEwen, H Chow and RF
Santerre. Lilly Research Laboratories, Indianapolis, IN, 46285 and Laboratory 
of Neuroendocrinology, Rockefeller Univ., NY, NY, 10021.

Selective estrogen receptor modulators (SERMs) display tissue selective 
estrogen agonist/antagonist profiles in estrogen responsive tissues. 
Raloxifene, LY117018 and LY353381 are representative SERMs which are 
estrogen agonists in the skeleton and on cholesterol metabolism, but complete 
estrogen antagonists in uterine and mammary tissue. Estrogen antagonist 
activity for these agents has been reported with regard to neuroendocrine 
effects on the hypothalamo-pituitary-gonadal axis (i.e. elevation of LH); 
however, the effects of SERMs on higher brain regions are unknown. In acute 
exposure studies in ovariectomized (OVX) rats, ethynyl estradiol (EE) and 
LY117018»HCI increased hippocampal trkA and hypothalamic estrogen 
receptor expression as detected by Northern blot analysis. In separate studies 
in OVX rats with 2-5 wk treatment periods, LY117018«HCI did not mimic the 
effects of estradiol benzoate on CA1 spine density in hippocampus, or 
progesterone receptor in hypothalamus, but neither did it act as an estrogen 
antagonist. Preliminary studies employing differential display in OVX rats 
treated chronically with LY117018«HCI, LY353381«HCI or EE yielded virtually 
identical mRNA expression patterns with several bands that were differentially 
expressed when compared to OVX control samples. In behavioral studies, 
LY117018*HCI produced an estrogen-like hypophagic response in both free- 
feeding and food deprived rats, but not in animals stimulated to eat by 2-deoxy- 
D-glucose. We conclude that benzothiophene SERMs can produce estrogen 
agonist responses in the brain in some instances, in addition to the known 
estrogen antagonist effects on reproduction-associated neurohormones. 
(Work funded by Lilly Research Labs, and the Lilly Women’s Health Center).

926.2
LOCALIZATION OF PROGESTIN RECEPTOR IMMUNOREACTIVITY WITHIN 
VASOPRESSIN-CONTAINING NEURONS IN THE MALE RAT BRAIN. C.J. 
Auger*, A.P. Auger and G.J. DeVries. Neuroscience and Behavior Program, University 
of Massachusetts, Amherst, MA. 01003.

Steroid hormones can influence brain function by targeting certain steroid-sensitive 
systems. An example of such a system is the arginine-vasopressin (AVP) neurons of the 
bed nucleus of the stria terminalis (BST) and the medial amygdaloid nucleus (MA). 
Castration reduces AVP immunoreactivity and AVP mRNA in these cells. Testosterone 
administration reverses these changes by acting through estrogen as well as androgen 
receptor-mediated mechanisms. Even though AVP immunoreactive cells contain both 
estrogen and androgen receptors, it is unclear if these receptors can directly regulate 
AVP gene transcription, as the promoter region of the AVP gene does not contain 
response elements for these receptors. Therefore, other transcription factors may 
mediate the effects of androgens and estrogens on AVP expression. A possible candidate 
is the progestin receptor. We have found that virtually all, about 90-95 percent, of AVP 
cells in the BST and MA of male rats contain progestin receptors. In addition, the 
immunostaining intensity of progestin receptors within AVP neurons is decreased after 
castration. In contrast to the BST and MA, the AVP neurons in the paraventricular 
nucleus (PVN), supraoptic nucleus (SON) and suprachiasmatic nucleus (SCN) do not 
contain progestin receptors. Because the AVP gene contains a response element within 
the promoter region for the progestin receptor, it is possible that the effects of gonadal 
steroids on AVP expression may be mediated by progestin receptors.
Supported by NSF 1BN9421658 and NIMH MH47538 to GJD.

926.3
KCL-EVOKED CORTICAL SPREADING DEPRESSION INDUCES 
DEPOLARIZATION AND IMMEDIATE EARLY GENES EXPRESSION IN THE 
IPSILATERAL HIPPOCAMPUS OF GERBILS AND RATS. H. Abe*, T. 
Kumagai, S. Takeuchi and R. Tanaka Department of Neurosurgery, Niigata 
University, Niigata 951, Japan

We have previously reported that focal cortical ischemia induces 
depolarizations, immediate early genes (lEGs) expression and ischemic tolerance in 
the ipsilateral hippocampus of gerbils. However, the mechanisms of these findings 
are still unclear. Focal ischemia is known to trigger cortical depolarizations 
characteristic of spreading depression (SD). In this study we investigated whether SD 
in the cortex induces depolarizations and expression of c-fos and junB mRNAs in the 
ipsilateral hippocampus.

DC potential was recorded in the ipsilateral cortex and hippocampus for 2-3 h, 
during and after 0.5-2 h SD induced by applying 2 M KC1 to the intact dura on the 
parietal cortex of one hemisphere of halothane-anesthetized gerbils and rats. Induced 
mRNAs were evaluated by in situ hybridization just after 1X2 recording.

A couple of depolarizations and expression of c-fos and junB mRNAs were 
observed in the ipsilateral hippocampus by application of KC1 for 1 h in gerbils or 2 
h in rats, which induced more than 10 episodes of SD and widespread expression of c- 
fos and junB in the ipsilateral neocortex and piriform cortex. However, 0.5 h and 1 h 
KC1 application to the cortex of gerbils and rats, respectively, induced no episode of 
depolarization and no increase of expression of these mRNAs in the ipsilateral 
hippocampus in spite of several episodes of SD in the cortex. These results suggest 
that repeated SD spread widely in the cortex relate to induction of depolarizations 
associated with subsequent IEGs expression in the ipsilateral hippocampus.

926.4
ELECTROCONVULSIVE SEIZURES (ECS) INCREASE pGLU-GLU- 
PRO-NH2 (EEP) LEVELS IN RAT LIMBIC SYSTEM. A, E, Pekarv*. 
R. Lloyd and A, Sattin, Endocrinology Research Laboratory and 
Psychiatry Service, West Los Angeles VA and UCLA, Los Angeles, CA 
90073.

We have previously reported that ECS increase the level of prepro-TRH- 
derived peptides in hippocampus, amygdala and pyriform cortex but not 
the striatum of male rats and that this increase is significantly correlated 
with an antidepressant effect measured in the Porsolt Forced Swim Test. 
A recent abstract (Br J Pharmacol 110.178P, 1993) described increased 
locomotor activity in rats following ip injection of TRH and EEP. EEP is 
unrelated to prepro-TRH and is not degraded by TRH-metabolizing 
enzymes. We have examined the effect of three daily transcomeal ECS on 
the levels of EEP in various brain regions. EEP was measured by RIA 
using a rabbit antibody which cross-reacts equally with EEP and TRH. 
The EEP level (ng/g wet weight) was calculated as the difference between 
the EEP RIA result (EEP+TRH) and the TRH RIA result (TRH only) in 5 
brain regions: amygdala (AY), hippocampus (HC), pyriform cortex 
(PYR), anterior cortex (AC) and striatum (STR). EEP and TRH levels 
were highly correlated (p < 0.01) in all brain regions except the 
AC________________________________________________________________

AY HC PYR AC STR
Control (6) 1.59±0.38 0.72±0.20 0.72±0.51 0.40±0.25 3.58±1.34
ECS (6) 6.01±2.88* 3.25±0.65* 3.27± 1.11* 0.6810.18 3.8810.32
*p <0.01, two-tailed nonpaired Student's t test. Data are mean 1 SD,
We conclude that (1) ECS significantly increases EEP levels in the limbic 
system, but not in extra-limbic regions, of the rat brain and (2) EEP, like 
TRH, is a potential mediator of the antidepressant effect of ECS.
Supported by VA Medical Research Funds.

926.5
VENTRAL HIPPOCAMPAL/SUBICULAR INFLUENCE ON 
ANTIDIURETIC HORMONE SECRETION DURING STRESS.
K.W, Nettles. M.B. Goldman*. Psychiatric Institute. Univ. of Chicago 
Pritzker Sch. of Medicine, Chicago, IL 60637.

To address if the medial temporal lobe 
structures which inhibit HP A activity 
during psychological stress have a similar 
influence on antidiuretic hormone (ADH) 
secretion, we subjected male rats with 
knife cuts to the lateral fimbria-fornix to a 
45 s swim stress (+). Three weeks 
following surgery, control (C,D) and 
experimental- lesioned (E,B) rats (n = 5-8

at each time point) were sacrificed immediately prior to (0 min.), and 
at + 2, 30, 90 and 120 min. following, forced swim. Neither plasma 
osmolality nor hematocrit varied over time or differed between the two 
groups. Plasma ADH appeared to acutely rise in E animals to a 
greater extent than in Cs (fig ), but this did not approach statistical 
significance. After returning to baseline at 30 min. ADH levels 
appeared to rise again to a greater extent in E animals, but this too did 
not differ between groups. Thus these preliminary data provide, at 
best, limited support for the concept that psychological stress restrains 
ADH secretion by the same pathway which regulates HP A activity.

926.6
EVIDENCE OF ASTROCYTE DEATH IN THE GLIAL LIMITANS OF THE 
SUPRAOPTIC NUCLEUS (SON) OF NORMAL AND DEHYDRATED ADULT 
RATS. J.B, Bobak. T, Sedlmeyer, N. Hawrylak and A.K. Salm*. Depts. of Anatomy 
and Physical Therapy, West Virginia Univ. Sch. of Med., Morgantown, WV 26506.

Proliferation of astrocytes in the SON of both normal and dehydrated rats occurs 
(Murray, 1968, Exptl. Neurol., 20:460; Paterson and Leblond, 1977, JCN, 175:373). 
However, their numbers in the rat SON remain constant throughout life (Berciano et 
al., 1996, Anat. Rec., 243:129), suggesting that astrocyte numbers in the SON are 
regulated. Tissue from adult male rats (n>45) was processed for electron microscopy 
(EM), light microscopic histochemistry with thionine, and propidium iodide + glial 
fibrillary acidic protein (GFAP) immunocytochemistiy. Samples were drawn from 
animal groups prepared as part of our ongoing studies of activity-dependant structural 
plasticity of astrocytes: normally hydrated, dehydrated by ingesting 2% saline for 2, 
7 or 9 days, and animals allowed to rehydrate for 9 or 14 days. Propidium iodide 
revealed highly condensed, pyknotic figures, predominantly in the SON-glial limitans, 
often surrounded by GFAP immunoreactivity. With thionine we often observed 
morphological characteristics of dying astrocytes, including irregularly shaped nuclei, 
many with aberrantly clumped chromatin. It was also common to find densely stained 
cellular debris, and pyknotic profiles. EM showed numerous activated microglia. 
These extended filopodia and contained vacuoles, lysosomes, and dense aggregates of 
cellular debris. On several occasions, they appeared to be phagocytosing an 
astrocyte. With EM we also saw misshapen astrocytic nuclei with abnormal chromatin 
condensations. It was also common to see darkened, vacuolated and disintegrating 
astrocytic cytoplasm. These signs of dying cells were found in over half of the animals 
examined, representing all groups. Whether the incidence of cell death is influenced 
by salt-loading is still unknown. We conclude from these observations that cell death 
may contribute to the relatively constant astrocyte numbers in the SON. Supported by 
NSF BNS 9109827.
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926.7
THE NEURONAL AND BEHAVIORAL CORRELATIONS IN MEDIAL 
FRONTAL CORTEX AND NUCLEUS ACCUMBENS DURING COCAINE 
SELF-ADMINISTRATION IN FREELY MOVING RATS. J.Y. Chang* and
D.J. Woodward. Department of Physiology and Pharmacology, Bowman Gray 
School of Medicine, Wake Forest University, Winston-Salem, NC 27157

Using a multi-channel, single-unit recording technique, up to 31 neurons were 
simultaneously recorded from medial prefrontal cortex (mPFC) and nucleus 
accumbens (NAc) in 15 rats during cocaine self-administration session. 
Alterations of neuronal activity (both excitatoiy and inhibitory) were found 
several seconds before a lever press for cocaine self-administration (anticipatory 
responses). Detail video analysis revealed neuronal firing patterns associated with 
different behavioral episodes leading to lever press in both recording areas. Some 
neurons shared similar firing patterns in relation to a given behavioral episode 
(turning, raising head, etc.), others fired at different time associated with different 
behavioral events. Cross-correlational analysis revealed correlated firing patterns 
within and between mPFC and NAc neurons. This correlation firing occurred in 
the neurons with and without anticipatory responses, while the incidences of 
correlations between anticipatory neurons were higher than the correlations 
between unanticipatorv neurons. Most of the correlated neurons displayed a time 
lag in peak activity, indicating an absence of sychronized input. The temporal 
pattern of correlation revealed that NAc neurons often fired before mPFC 
neurons. The results suggest that multiple mesocorticolimbic neuronal loops may 
be involved in the cocaine self-administration which code sequential steps during 
the cocaine self-administration. Correlated firing between mPFC and NAc may 
reflect dynamic activity within the mesocorticolimbic circuit during drug-seeking 
behavior. (Supported bv DA 2338 to DJW)

926.8
ANATOMICAL CHANGES IN LIMBIC STRUCTURES PRODUCED BY 
METHYLAZOXYMETHANOL ACETATE (MAM) DURING BRAIN 
DEVELOPMENT ARE ASSOCIATED WITH CHANGES IN 
PHYSIOLOGICAL INTERACTIONS AMONG AFFERENTS TO THE 
NUCLEUS ACCUMBENS H, Moore* and A.A. Grace. Depts.of Neuroscience 
& Psychiatry, Univ. Pittsburgh, Pittsburgh, PA 15260

In the present study, pregnant dams (GD 15) were administered MAM (15-30 mg/kg, 
i.p.y a treatment known to result in dose-dependent reductions of volume and laminarity 
in the hippocampus and a disorientation and loss of dendritic spines in pyramidal cells 
in frontal cortex (Dambska et al., 1982; Johnston & Coyle, 1981). As expected, this 
treatment resulted in reduced volume in hippocampus and cerebral cortex in the adult 
rat. The hippocampus was most severely affected, as evidenced by dose-dependent 
thinning of the pyramidal cell layer and apparent disruption of the orientation and 
morphology of a subset of the pyramidal cells. In MAM-treated animals, the responses 
of individual nucleus accumbens cells to stimulation of prefrontal cortex (PFC), ventral 
subiculum (vSUB) and basolateral amygdala (BLA) were recorded in vivo. In controls, 
stimulation of the BLA or vSUB prior to stimulation of the PFC significantly increased 
PFC-evoked spiking in accumbens cells. By contrast, in all MAM-treated animals, 
including those with more subtle neuroanatomical changes, this facilitation was absent. 
Moreover, in several of these cases, prior stimulation of the BLA reduced the efficacy 
of PFC stimulation. Thus, it appears that MAM treatment produces an array of 
anatomical abnormalities that share several characteristics with those reported in 
schizophrenia. These structural changes are accompanied by qualitative changes in the 
ability of hippocampal and amygdalar inputs to the accumbens to affect PFC-accumbens 
throughput. These physiological changes may be relevant to the psychomotor 
disturbances observed in schizophrenia. Supported by USPHS MH 45156, MH 01055 
(A. -uG.) and a NARSAD award and NRSA (H.M.).

926.9
ANTISENSE OLIGODEOXYNUCLEOTIDE DIRECTED TO 
HISTAMINE Hl RECEPTOR DECREASES BRAIN Hl RECEPTOR 
DENSITY WITH SOME BEHAVIORAL EFFECTS.
M.Endou, K.Yanai, E.Sakurai, M.Hongo, and T. Watanabe*
Departments of Pharmacology and Psychosomatic Medicine, Tohoku 
Univ. Sch. of Med., Sendai 980-77, Japan
Based on accumulating data from neuropharmacological and behavioral 
studies, a role of histamine has long been thought to be involved in 
arousal, sleep-wakeful cycle, appetite control, seizure, learning 
memory, aggressive behaviors, emotion, and so on. These data were 
obtained by deducing from classical pharmacological experiments using 
enzyme inhibitors and histamine receptor antagonists.We investigated 
the functions of histaminergic system by modulating H1 receptor gene 
with antisense oligodeoxynucleotide to the histamine Hl receptor in rat, 
and compared with those of the Hl receptor knocked-out mice that 
showed impaired locomotor activity and exploratory behavior as 
described in our previous report(l). Infusion of antisense 
oligodeoxynucleotides into the lateral ventricle of the rat brain resulted in 
reduced H1 receptor density and alterations of locomotor activities in an 
openf'ield and a home cage, and casued some neurochemical changes. 
The data show that the antisense targeting further reveals relationships 
between local gene expression in the brain and Hl receptor-mediated 
behaviors.
(l)Proc. Natl. Acad. Sci.USA 93: 13316-13320(1996)

926.10
ANTISENSE OLIGODEOXYNUCLEOTIDES TO TWO ISOZYMES OF 
GLUTAMIC ACID DECARBOXYLASE INCORPORATED IN HVJ- 
LIPOSOME AND INJECTED INTO RAT-VMH DIFFERENTIALLY 
MODIFY FOOD INTAKE. M. Bannai . Y, Kanedah M, IchikawaL M. 
NishiharafM, Takahashi, Dept. of Veterinary Physiology, Univ. of 
Tokyo, Tokyo 113, ’Inst, of Cellular and Mo-eoular Biology, Osaka Univ. 
Med. Sci., Osaka 565, 2Dept. of Anato’r.) and Embryology, Tokyo 
Metropolitan Inst, for Neurosci., Tokyo 183, capan.

GABA substantially regulates food in ake and thus body weight 
through neurons in the ventromedial lu.alf js of the hypothalamus 
(VMH). The GABA-synthesizing enzyme, rh/amic acid decarboxylase 
(GAD), consists of two isozymes, i.e. G-.D65 and GAD67. The 
objectives of present study are to different! ate the function of these 
two isozymes in the VMH. Antisense olicodvoxynucleotide (ODN) to 
GAD65 or GAD67 was incorporated im: HVJ (hemagglutinating virus 
of Japan) liposome and micro-injected nto the VMH of male ;ats. 
Histochemical study by means of bici.nylated antisense ODNs 
detected by avidin-FITC revealed that they were efficiently taken up by 
neurons rather than astrocytes or microglias and remained more tnan 
a week. Injection of GAD65 antisense ODN decreased food intake and 
body weight for a week, while GAD67 ar lisense ODN did not. The 
simultaneous injection of both antisenses mtenuated and nullified the 
respective effects of GAD65 ODN. These results suggest that each 
GAD isozyme plays a differential role in tvgulating VMH function of 
food intake.

926.11
ELECTROLYTIC AND CHEMICAL LESION OF THE SEPTAL 
AREA ON WATER AND SALT INTAKE. W. A. Saad \ L.A.A.
Camargo. TV,,„ MenanLA. Renzi an±JJE,N,,..Sjlyeira. Dep. of
Physiology, Paulista State University, Sch. of Dentistry, 
Araraquara, SP 14801-903, Brazil.

Water and sodium chloride intake was studied in adult male 
Holtzman rats submitted to electrolytic and chemical lesions of 
the lateral septal area (LSA). Water intake increased in animals 
with electrolytic lesion of the LSA from 169.37 ± 8.55 (sham) to 
214.87 ± 23.10 ml/5 days (lesioned). Water intake decreased 
after ibotenic acid lesion of the LSA from 229.33 ± 27.60 to 
127.33 ± 22.84 ml/5 days. Sodium chloride intake (1.5%) 
increased in animals with electrolytic lesion of the LSA from 
10.0 ± 1.73 to 15.5 ± 1.95 ml/5 days after lesion. Sodium 
chloride (1.5%) intake increased after ibotenic acid injection into 
the LSA to a greater extent (from 7.83 ± 1.25 to 14.33 ± 1.87 
ml/5 days). Water intake response may be due to lesions which 
involve cell bodies and fibers of passage and that the sodium 
intake response can also be induced by lesions which involve 
only cell bodies. The LSA utilize their cell bodies and afferent 
fibers for processing imputs mediating water intake and salt 
appetite.
Financial support: CNPq, FAPESP.

926.12
SEPTAL AREA MODULATION OF FELINE DEFENSIVE RAGE: 
NEUROANATOMICAL SUBSTRATES AND NEUROCHEMICAL
MECHANISMS. K^_Ggldstem,t... M-B. Shaikh anlA^SjegeL
Laboratory of Limbic System & Behavior. Dept. of Neurosciences, N.J. 
Medical School and Graduate School of Biomedical Sciences, UMDNJ, 
Newark, N.J. 07103.

This study identified the neuroanatomical substrates and neurochemical 
mechanisms underlying septal modulation of defensive rage [DR] in the cat. 
We initially observed that stimulation of the medial aspect of the lateral 
septal nucleus [MLSN] facilitated DR (p<.01). In contrast, stimulation of 
the lateral aspect of this nucleus [LLSN] suppressed DR (p<.05). 
Microinjections of the substance P (SP) NKq receptor antagonist, CP 96,345 
[5.0,2.5 and 0.5 nmol] or CP 199,99 [1.25 and .625 nmol] (Pfizer, Groton, 
CT) into the medial hypothalamus [MH] blocked the facilitating effects of 
MLSN stimulation upon DR (p<.05). Microinjections of the opioid 
antagonist, nalaxone [27.5 nmol] blocked the suppressive effects of LLSN 
upon DR (p<.05). Immunocytochemical/neuroanatomical experiments 
revealed the presence of neurons situated in MLSN that were double 
labelled for SP and Fluoro-Gold following microinjections of the retrograde 
label into the MH. The results suggest that MLSN facilitation of DR is 
mediated through SP NKj receptors in the MH, while suppression from 
LLSN may be mediated through opioid receptors in the MH.
[Supported by NIH Grant NS 07941-27],
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926.13
ANGIOTENSIN II PATHWAYS ARE CRITICAL AFFERENTS FOR THE 
LACTATE INDUCED PANIC RESPONSE IN RATS WITH CHRONIC GABA 
DYSFUNCTION IN THE DORSOMEDIAL HYPOTHALAMUS (DMH). 
S.R.Keim* and A Shekhar. Dept. of Psychiatry, Indiana. Univ. Med. 
Center, Indianapolis, Indiana 46202.

Intravenous infusion of sodium lactate elicits a panic-like response in rats 
with chronic dysfunction of GABA in the DMH. The circumventricular 
organ OVLT (organum vasculosum lamina terminalis) is a site that appears 
to detect increases in plasma lactate levels and activate the DMH. This 
study was conducted to test if the angiotensin II (A II) containing pathway 
from the OVLT is involved in eliciting the lactate response. Rats were 
fitted with femoral arterial and venous catheters and baseline heart rate and 
blood pressure responses to lactate infusions (10 ml/Kg i.v.) were obtained. 
Unilateral chronic injection cannulae connected to a detachable Alzet 
infusion pump filled with the GABA synthesis inhibitor 1-allylglycine (1-AG;
3.5 nmoles/0.5ul/hr) were implanted into the DMH. Another microinjection 
cannula was implanted into the region of the OVLT. After the development 
of anxiety and physiological responses to lactate, these rats were once again 
tested with lactate after injection of either vehicle or different doses of the 
A II antagonist saralasin (10, 100 & 250 pmoles/ 100 nl) into the DMH. 
Injecting saralasin and not vehicle into the DMH blocked the lactate 
response in a dose-dependent manner. Saralasin also blocked the panic-like 
responses elicited by direct injections of lactate (100 and 500 nl) into the 
OVLT. Thus, the A II projections from the OVLT to the DMH may be one 
primary afferent pathway for the lactate induced panic response in this 
model. (Supported by MH 52691, AAMHRE and PDP grant, IUPUI)

926.14
SODIUM LACTATE INDUCED PANIC RESPONSE IN RATS FOLLOWING 
INDUCTION OF LONG-TERM SYNAPTIC PLASTICITY IN THE BASOLATERAL 
AMYGDALA. T.J.Sajdvk* and A.Shekhar. Dept. Of Psychiatry, Indiana Univ. Med. 
Center, Indianapolis, Indiana 46202.

Repeated administration of die GAB Aa  antagonist bicuculline methiodide (BMI) 
into the basolateral amygdala (BLA) at doses subthreshold to eliciting a full response will 
eventually produce an NMD A receptor dependent long-term ‘priming’, such that heart rate 
(HR), blood pressure (BP) as well as anxiety are increased at the lower doses. The present 
study was conducted in order to determine if the long-term priming of anxiety within die 
BLA is producing a condition similar to that seen in human panic disorder by testing the 
response elicited by i.v. lactate infusions, since lactate infusions induce a panic attack in 
patients with panic disorder, and not other anxiety disorders. Male Wistar rats were fitted 
with femoral arterial and venous catheters and chronic bilateral microinjection cannnulae 
into the BLA. Following 3 days of recovery, one group of animals were administered daily 
injections of a subthreshold dose of BMI (6 pmoles/100 nl) into the BLA for 4-5 days in 
order to elicit a priming response (primed group), while the same procedure with artificial 
cerebrospinal fluid vehicle (a-CSF; sham-primed group) was conducted in a second group. 
The primed animals showed significant increases in both HR and BP with repeated 
injections, while the sham-primed group showed no change. Following priming, rats 
received both sodium lactate infusions (0.5 N, 10 ml/kg over 15 min.) or 0.9 % saline in 
a random order separated by 48 hours. HR and BP were monitored throughout the infusion 
and the animals were immediately placed in the social interaction (SI) test to assess then- 
anxiety response. Only primed and not sham-primed rats responded to a lactate infusion 
with significant increases in HR, BP and experimental anxiety. Thus, rats which are 
primed with chronic subthreshold GABA blockade in the BLA develop a sensitivity to 
sodium lactate, similar to human panic disorder patients.
(Supported by MH 52691, AAMHRE and Project Dev. Program)

926.15
A POTENTIAL NEURAL PATHWAY FOR LACTATE INDUCED PANIC 
RESPONSE IN RATS FOLLOWING LONG-TERM SYNAPTIC PLASTICITY 
IN THE BASOLATERAL AMYGDALA. A. Shekhar* and S. R. Keim. Dept. 
of Psychiatry, Indiana University Medical Center, Indianapolis, Indiana 46202.

Acute blockade of GABAa  mediated inhibition in the anterior basolateral 
amygdala (BLA) elicits a panic-like response, with increases in heart rate (HR), 
blood pressure (BP), respiratory rate (RR) and anxiety. Repeated subthreshold 
GABAa  receptor blockade induces long-term synaptic plasticity (priming) resulting 
in chronic anxiety and physiological sensitivity to i.v. sodium lactate infusions, a 
condition similar to human panic disorder. The present study was conducted to 
test if the circumventricular organs (CVOs) of the III ventricle, the subfornical 
organ (SFO) and/or the organum vasculosum lamina terminalis (OVLT), regions 
which lack the normal blood-brain barrier, could be sites that detect peripheral 
lactate stimulus and activate the amygdala. Two groups of male Wistar rats were 
fitted with femoral arterial and venous catheters as well as bilateral microinjection 
cannulae in the BLA. One group was also fitted with injection cannulae in the 
SFO while the second group had cannulae in the OVLT. All rats were primed by 
daily injections of a subthreshold dose of the GABAa receptor antagonist 
bicuculline methiodide (BMI 6 pmoles) for 5 days and tested with i.v. lactate 
(0.5N, 10 ml/Kg) infusions to confirm their reactivity. Next, they were injected 
with either vehicle or the neuronal activity blocker, tetrodotoxin (TTX, 100 nl of 
10 uM soln.) into the CVO sites and retested with i.v. lactate infusions. Injection 
of TTX into the SFO and not OVLT completely blocked the lactate induced panic 
response in the BLA primed rats. Further, direct injection of 50 and 100 nl of 
lactate solution directly into the SFO resulted in a lactate load-dependent increases 
in HR, BP, RR and locomotor response, suggesting that the SFO is a critical site 
in the induction of a panic response by lactate infusions in this model. (Supported 
by MH 52691, AAMHRE and PDP grant, IUPUI)

926.16
CARBACHOL MICROINJECTIONS INTO THE AMYGDALA OF 
RATS SUPPRESS REM SLEEP. L.D. Sanford*, D,E. Tidikis, R.J. 
Ross, and A.R. Morrison. Lab. for Study of the Brain in Sleep and 
Cntr. for Sleep and Resp.Neurobiol., Sch. of Vet. Med. and Med., 
Univ. of Penna., and Phila. VA Med. Cntr., Philadelphia, PA 19104.

The amygdala is rapidly being recognized as an important 
modulator of rapid eye movement sleep (REM). In cats, 
microinjections of the cholinergic agonist, carbachol (CARB), into 
the central nucleus of the amygdala (CNA) produced a prolonged 
enhancement of REM and of non-REM with ponto-geniculo- 
occipital (PGO) waves for up to 5 days, whereas microinjections 
into other amygdaloid areas had no effect on behavioral state 
(Calvo, J. M. et al. 1996. NeuroReport,7: 577-580). We examined 
the effect of microinjecting CARB into CNA on REM in rats. Rats 
(N=6) were implanted with EEG and EMG electrodes and with 
cannulae aimed at CNA bilaterally. Four rats received a single 
microinjection of saline (0.2 pi) and were monitored 
polygraphically for 6 hours on two consecutive days. Two days later 
they received a single microinjection of CARB (3.0 pg / 0.2 pi) and 
were monitored for 6 hours on two consecutive days and for 6 hours 
on the 5th post-injection day. Two rats were recorded on one saline 
and one CARB day only. Total REM (p < .009), mean REM episode 
length (p < .007) and number of episodes (p < .042) were 
suppressed on the first CARB recording day in 4 rats with cannulae 
placements in CAN. Cannulae placements outside of CNA (N=2) 
were not effective. These results further implicate the amygdala in 
the control of REM. The suppression of REM on a single day by 
CARB in rats is in direct contrast to the finding of prolonged 
enhanced REM in cats. This could be due to a species difference in 
behavioral state control, or perhaps to a greater number of cells 
being affected by the drug in the much smaller rat CNA. Supported 
by MH42903, SCOR HL42236, Project 3, NS35281 and Dept. of 
Veterans Affairs.
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927.1
SEX DIFFERENCES IN ANTERIOR COMMISSURE COMPONENTS 
IN THE RAT: PARS ANTERIOR IS LARGER IN MALES.
M. A. Smith, M, A. Sanfilippo & M. Noonan*
Canisius College, Buffalo, New York 14208

We have reported elsewhere that the anterior commissure of male 
rats is larger than that of females in overall midsagittal area. In this study, 
we replicate that finding and examine AC components separately. In the 
midsagittal plane, the fiber bundle associated with the anterior limb of the 
AC was larger in male rats than in females and accounted for nearly all of 
the overall size difference between the sexes. A sex difference in the 
opposite direction has been reported elsewhere by others for AC size in 
humans. We discuss these findings with respect to rat/human differences 
in the proportion of the total AC aggregate contributed by olfactory fibers 
subserved in the anterior limb.

Supported by NSF: RUI-9209551.

927.2
Development of a Specialized Somatosensory 
System: the Nasal rays of the Star-Nosed Mole 
K. C. Catania* R. G. Northcutt and I. H. Kaas Vanderbilt 
University, Nashville, TN, 37240

The development of the nasal rays of the star-nosed mole was 
examined using light and scanning electron microscopy in embryonic 
and early postnatal stages. In adults, this sensory structure consists 
of 22 appendages surrounding the nostrils and covered with thousands 
of bulbous epidermal sensory organs called Eimer's organs. These 
appendages have an unusual developmental sequence during which the 
epidermis of the snout forms a bilayer which is subsequently divided 
into compartments by the ingrowth of epidermal ridges. The ridges 
originate from the upper (outer) epidermal layer and extend to join 
the lower (inner) epidermal layer, forming 11 separate 
compartments around 11 infraorbital nerve branches on each side of 
the face. The epidermal walls of these compartments thicken, and 
through regional cell death, separate from the side of the face 
beginning on the posterior (proximal) part of the face and continuing 
in the anterior direction until each ray is attached only at its base. As 
a result of this "peeling up" from the side of the face, distal portions of 
the rays are actually derived from more proximal facial epidermis 
than are proximal portions of the rays. The Eimer's organs on the 
rays begin to form before birth and are associated with nerve fibers at 
their early stages of development.
Supported by NIH Grants NS09857-2 to K.C.C. and NS1 6446 to J.H.K.
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927.3
MORPHOLOGY OF THE BRAIN AND SENSE ORGANS IN THE ANTARCTIC 
SNAILFISH PARALIPARIS DEVRIESI. M.J, Lannoo* and J. T. Eastman. Muncie 
Center for Medical Education, Indiana University School of Medicine, Ball State 
University, Muncie, Indiana 47306 and Department of Biological Sciences and 
College of Osteopathic Medicine, Ohio University, Athens, Ohio 45701-2979.

Because the sample of fishes chosen for neuroanatomical analysis has been neither 
complete nor random, general conclusions concerning evolutionary trends must be 
considered provisional until truly phyletically and ecologically representative species 
are sampled. One way to correct this bias is to sample underrepresented and 
ecologically unusual groups. Here we describe the sensory organs and brain 
morphology of the liparid snailfish, Paraliparis devriesi (Scorpaeniformes: Liparidae) 
an epibenthic species living at 500-650 m in McMurdo Sound, Antarctica. This 
species is characterized by an expansion of a watery gelatinous subdermal 
extracellular matrix consisting of glycosaminoglycans that comprises one-third of its 
body weight - in short these animals are covered in slime. The visual cell layer of the 
retina contains only rods. Taste buds are present on the lower lobe of the pectoral fin. 
The cephalic lateral line system is well developed. The olfactory nerve is the largest 
cranial nerve. The brain of P. devriesi contains two apparently independent 
specializations. In the diencephalon the preoptic-neurohypophyseal axis is 
hypertrophied, in the rhombencephalon the glossopharyngeal, vagal, and rostral spinal 
nuclei are expanded. While rhombencephalic specializations are common across 
teleosts, P. devriesi probes the rule that diencephalic regions are refractory to 
evolutionary modifications. Funded by NIH grant NS30702-01, NSF grant OPP 94- 
16870, and grants from Ball State University and the Ohio University College of 
Osteopathic Medicine.

927.4
DISTRIBUTION OF AN ATYPICAL NUCLEUS IN OTOPHYSAN AND 
ATHERINOMORPH FISHES: A CASE OF NONCONGRUENT SYNGENEY. 
A.B, Butler*. A. Phillips, and W.M, Saidel. Krasnow Inst., George Mason Univ., 
Fairfax, VA 22030 and Dept. of Biol., Rutgers Univ., Camden, NJ. 08102.

Nucleus rostrolateralis (RL) is distinctive in cytoarchitecture, cytochemistry, and 
hodology and lies in the rostral diencephalon of various ray-finned fishes (including 
some gars, osteoglossiforms, and euteleosts), but its phylogenetic distribution is 
sporadic, i.e., not congruent with a single monophyletic group. The presence or 
absence of RL, as recognizable from Nissl stained material, was investigated 
among two orders (Nelson, ’94) of otophysans and one of atherinomorphs. A 
candidate for RL is present in both atherinomorph cyprinodontiforms examined, 
Anableps anableps and Poecilia latipinna. Among the otophysans, RL-as a 
discrete cell group lateral to the ventromedial and entopeduncular nuclei-is either 
absent or too obscure to be identified in Nissl material in three characiform 
characids, one characiform gasteropelecid, and the cyprinids Capoeta tetrazona, 
Labeo frenatus, Rhodeus sp., and Carassius auratus. A small RL may be present in 
the cyprinid Rasbora elegans and is present in two species of the cyprinid genus 
Danio (Wullimann et al., 1996 and present study). Within otophysans, this 
intrafamilial and interordinal variation confirms the phenotypic capriciousness of 
RL. The sporadic distribution of RL, lack of an identifiable precursor, and its 
multiple and minute similarities fail criteria (Wiley, 1981) for either homology, 
parallelism, or convergence, respectively. We hypothesize that phenotypic expres-
sion of RL is an example of syngeney, a term meaning "same genes" and referring 
to phenotypic characters that have the same genetic basis irrespective of their 
phylogenetic distribution (and versus the term allogeney, meaning "different 
genes"). Further, since its distribution is sporadic, RL is a case of noncongruent 
syngeney. The sporadic phenotypic expression of RL is most likely due to 
epigenetic factors. Supported by Krasnow Institute and Whitehall Foundation.

927.5
DEVELOPMENT OF THE LATERAL LINE SYSTEM IN THE SHOVELNOSE 
STURGEON, Scaphirhynchus platorynchus. M.A. Gibbs* and R.G. Northcutt.
Dept. Neurosciences, Univ. Calif. San Diego, La Jolla, CA 92093-0201.

Development of the lateral line system, and its origins in the dorsolateral placodes, 
has been extensively explored in amphibians, but is less well known in bony fishes due 
to the small size of their embryos and rapid embryonic development. Sturgeons, 
however, represent a basal group of fish with many developmental characters in 
common with amphibians, including large embryos and slower development. 
Understanding lateral line development in sturgeons, therefore, is an important step in 
determining the pattern of lateral line development in more rapidly developing fish. 
The shovelnose sturgeon, Scaphirhynchus platorynchus, normally develops over a 10 
day period at 18° C. During the first 65 hours, three preotic (anterodorsal, 
anteroventral and otic) and three postotic (medial, supratemporal and posterior) lateral 
line placodes arise within the cephalic ectoderm. Lateral line ganglia are formed in 
each placode from endogenous neuroblasts before the placodes begin to elongate into 
sensory ridges at 78-80 hours post-fertilization. By the time hatching occurs, at about 
106 hours post-fertilization, neuromasts begin to erupt in the central zones of the otic 
and caudal anterodorsal sensory ridges. Neuromasts are widely spaced, 50 pm apart, 
and by four days post-hatching an exposed mechanosensoiy lateral line extends from 
the dorsal zone of the anteroventral sensory ridge to the supra- and infraorbital zones 
of the anterodorsal ridge. In addition to neuromasts, the preotic sensory ridges also 
form electroreceptive ampullary organs in dorsal and ventral fields surrounding the 
central neuromast zone. Ampullary organs, which begin to develop after hatching, are 
most highly concentrated on the ventral and lateral surfaces of sturgeons, and are fully 
developed by the time canals form around the neuromasts lines at twelve days post-
hatching.

Supported in part by NIH DC01081

927.6
LATERAL LINE SYSTEM DEVELOPMENT IN AN 
ELASMOBRANCH, Raja eglanteria. R.G. Northcutt, P.H. 
Holmes*. K.C. Catania. C.A. Luer. Neurobiology Unit, Scripps 
Institution of Oceanography, and Dept. of Neuroscience, School of 
Medicine, University of Calif., San Diego, La Jolla, Ca 92093-0201.

To reconstruct the primitive pattern of lateral line development in vertebrates 
a description of the development of the system in key outgroups must be 
available. Most of our knowledge of the development of the lateral line system 
is based on studies of amphibians. Here we describe the development of the 
lateral line system in memeber of one such outgroup, the elasmobranch 
fishes. The clearnose skate normally develops over 84 days at 20 - 229C. 
During days 1-24 of development, the octaval (otic) placode invaginates to 
form the octaval vesicle, and three preotic and three postotic placodes form 
within the cephalic ectoderm. During days 14-21, all placodes begin to 
elongate to form sensory ridges except the posterior lateral line placode, 
which generates the sensory ganglion of the posterior lateral line nerve, then 
migrates to form the trunk lateral lines. Neuromast primordia begin to 
differentiate within the central zone of each sensory ridge by day 28, and 
lateral zones of the sensory ridges of each preotic lateral line placode begin to 
generate ampullary primordia by day 35. Ampullary primordia initially arise as 
twelve distinct fields which subsequently fuse to form superficial ophthalmic, 
buccal, hyomandibular and mandibular clusters. The lines of neuromast 
primordia invaginate, and canal formation is complete by the end of week six. 
Ampullary primordia are continually generated during weeks four through six. 
These observations reveal that a highly conserved developmental pattern 
exists for all vertebrate groups that posses a lateral line system. Supported in 
part by NIH NS24669 to RGN and SAIN Training grant (NIH T32GM08107) to 
PHH.

927.7
Visually-related pathways of the hypertrophied dorsal telencephalon of squirrelfish. Leo 
S. Demski* aid Joel A. Beaver, New College, Univ. South Florida, Sarasota, FL 34243. 
Anterograde aid retrograde tracing was earned out in Holoccntrus rufus and ascensionis 
using Flourogold and rhodamine and biotinylated dextran amines. The dorsal 
telencephalon has an outer region (Ds) of cords of small cells surrounding several 
aggregates of large scattered neurons (Dc) (see Demski et al., Neurosci. Abstr. 1996). Ds 
is divided into a dorsolateral zone (Ds-dl) covering most of the hemisphere; a dorsomedial 
area (Ds-dm) that is thin and has larger cells; and a ventrolateral zone (Ds-vl) separated 
from DS-dl by a sulcus. Dc has several zones; the dorsal part (Dc-d) has medium-sized 
cells and fills most of the dorsal lobe; Dc-il is a lateral-ventral nucleus of the large cells; 
a small-celled Dc-v is the most ventral part. The hemisphere as a whole projects to the 
inferior lobe, the n. paracommissuralis and several tectal layers. It receives afferents from 
then, prelhalamicus (n.PTh), area the locus ceruleus, a small part ofn. preglomerulosus, 
the rostral reticular formation/raphe area and n. entopeduncularis. The most precise 
mapping is within the tectal-associated pathways. A rough topography is apparent for 
distribution of afferents from n.PTh, a tectal target, to the Ds-dl. Anterior-posterior 
relationships between the areas are reversed. The dorsointennediate part of n.PTh 
projects to most of tlie Ds-dl, while the ventral n.PTh innervates primarily tlie lateral part 
of Ds-dl. The results suggest that certain n.PTh cells may project across a mediolateral 
band of tlie Ds-dl while others are related to only tlie lateral Ds-dl. Small-beaded axons, 
probably n.PTh afferents, form a meshwork around the small cells of the Ds-dl. The 
projection is primarily ipsilateral (a few dorsal cells appear to cross to the contralateral 
Ds-dl). The ipsilateral projection of the Dc-dl to the tectum is organized such that 
anterior-posterior relationships are maintained with a ventromedial to dorsolateral 
mapping of Dc cell postion relative to tectal target. Within the hemisphere, the largest Dc 
cells (Dc-il) project to Ds-dl while cells of Ds-dna extend to the lateral part of Ds-dl. The 
complex relationships between the lelcncphalon and the tectum are unique for teleosts. 
Supported by the Florsheim Endowment to the New College Foundation.

927.8
AFFERENT AND EFFERENT CONNECTIONS OF THE TELENCEPHALIC 
DORSOLATERAL REGION IN A WEAK ELECTRIC FISH, GYMNOTUS 
CARAPO. S.A.L. Correa*, A.S.F. Pereira and A. Hoffinann. Lab. of 
Neurophysiology, University of Sao Paulo, Ribeirao Preto SP 14049-900 Brazil.

The purpose of this work was to investigate the connections between the 
dorsolateral (DL) area of the telencephalon and other regions of the central 
nervous system in Gymnotus carapo. Electrophoretic injections of biotinylated 
dextran amines (BDA) were made into the different frontal planes of the DL. 
This resulted in retrograde labeling of the area ventralis pars centralis (Vc), pars 
dorsalis (Vd) and pars ventralis (Vv), nucleus entopeduncularis, area dorsalis 
pars dorsalis (DD) and pars centralis (DC) and preglomerular complex pars 
lateralis (PG1), pars medialis (PGm) and pars rostralis (PGr). Anterograde 
labeling was detected in Vv, DD, PGr, PGm, ventral hypothalamus and 
glomerular complex. We observed that the DL is heavily connected with the 
preglomerular complex, wich is involved in the processing of multisensory 
information (auditory, gustatory, visual and electrosensory). The PG1 receives 
electrosensory information via the TSd and the nucleus electrosensorius (nE) and 
projects toward ventral regions of the DL, that is interconnected with DC. In a 
previous study in Gymnotus carapo we observed that fibers from rostral and 
medial DC planes reach the PG1, TSd and TeO, structures that in gymntiformes 
are related to the processing of electrosensory information. Thus, in gymnotiform 
fish, electrosensory information may be conducted from the nucleus 
electrosensorius to the DC and dl telencephalon via the preglomerular complex. 
Supported by FAPESP (96-0548-9), CNPq (301361/95-9), and FAEPA.
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927.9
PRIMARY AFFERENT ZONES AND HINDBRAIN ORGANIZATION 
IN HAGFISHES. C, B, Braun. Parmly Hearing Institute, Loyola University 
Chicago, Chicago IL 60626.

The gross morphology of the brain of hagftshes differs greatly from 
all other craniate brains. The ventricular system is markedly reduced, 
due to hypertrophy of the brain walls; and the neuraxis undergoes 
radical telescoping during development. As a result, landmarks such 
as ventricular sulci are not recognizable, and the organization of the 
hindbrain of hagfishes is difficult to compare to vertebrates. 
Neurobiotin tract-tracing was conducted to determine the spatial 
relationships of cranial and spinal nerve afferent zones. Trigeminal 
afferents occupy a large zone, approximately 20% of medullary 
volume. The descending trigeminal tract contains three divisions, 
each extending into the spinal cord. Two of these are continuous 
with the dorsolateral funiculus. Glossopharyngeal-vagal afferents are 
restricted to the hindbrain, within the solitary complex and a portion 
of the trigeminal zone. The topography of somatosensory and 
viscerosensory zones predicted by a columnar, or His-Herrick, model 
of hindbrain organization is not obvious in the hindbrain of hagfishes, 
but may be recovered if an embryonic inversion of the alar plates is 
postulated and subsequently documented in ontogeny. Although a 
conservative organization may be shared by hagfishes and 
vertebrates, clear differences exist between hagfish and vertebrate 
somatosensory and viscerosensory systems, reflecting evolutionary 
changes prior to the origin of the vertebrates.

927.10
DISTRIBUTION OF GNRH-IR FIBERS WITHIN THE OCTAVOLATERAL 
SYSTEM OF THE ATLANTIC STINGRAY, DASYATIS SABINA. W. D. Krebs, 
and T. C. Tricas*. Department of Biological Sciences , Florida Institute of 
Technology, Melbourne, FL 32901.

In order to demonstrate an anatomical basis for the possible neuromodulatory or 
neurotransmitter function of gonadotropin-releasing hormone (GnRH) in the 
octavolateral system we examined the regional distribution of GnRH-ir fibers within 
the octavolateral nuclei and higher octavolateral processing areas of the Atlantic 
stingray, Dasyatis sabina. Brain sections (40 pm) were immunolabeled with GnRH 
antibodies, reacted with an ABC Elite Vector kit and visualized with 3,3’- 
diaminobenzidine (DAB)-cobalt intensification. GnRH-ir fibers enter the 
electrosensory dorsal octavolateral nucleus at the ventromedial edge of the central 
zone and course through the transverse plane to the molecular layer. Fibers then 
project laterally within the interface region between the peripheral zone and 
molecular layer. Similarly, GnRH-ir fibers within the mechanosensory medial 
octavolateral nucleus course laterally along the interface between the molecular layer 
and the ascending efferent neuron layer. In addition many fibers project into the 
mechanosensory molecular layer. The anterior, descending, and magnocellular 
octaval nuclei contain only a few small and dispersed GnRH-ir fibers. Few GnRH-ir 
fibers occur in higher processing regions of octavolateral information until the level 
of the tectum. Fibers project across the ventral region of the superficial, and 
throughout the central and periventricular tectal zones. Both the lateral and dorsal 
mesencephalic nuclei are transected by vertical GnRH-ir fibers. This regional 
distribution would be consistent with a neurotransmitter or neuromodulatory function 
at the level of second order electroreceptive and mechanoreceptive neurons and/or at 
the level of multimodal integration. These results may refine the organization of the 
electrosensory and mechanosensory adaptive filter model to include possible 
modulation by GnRH.

927.11
TELENCEPHALIC CONNECTIONS OF THE CAUDAL DORSAL 
VENTRICULAR RIDGE IN TURTLES. O. D. Cruz and A. S. 
Powers*, Dept. of Psychology, St. John’s University, Jamaica, NY 
11439.

Although the anterior dorsal ventricular ridge in turtles has been 
studied fairly extensively, little is known about the caudal dorsal 
ventricular ridge (cDVR). This region contains the putative amygdalar 
regions in reptiles, but few studies have examined its connections. We 
investigated the telencephalic connections of the caudal dorsal 
ventricular ridge in painted turtles (Chrysemys pictaj. Both 
anterograde (biotinylated dextran amines-BDA) and retrograde 
(horseradish peroxidase and Fluoro-Gold) techniques were used. The 
results showed that there is a massive projection between the caudal 
dorsal ventricular ridge (cDVR) and area d. Following an injection of 
BDA into the cDVR, fibers collect along the lateral edge of the 
telencephalon and run anteriorly to the level of area d, where they turn 
medially and terminate in area d. Retrograde studies following 
injection of area d confirm that cells in the cDVR, including the 
central nucleus of the amygdala (as defined in Powers and Reiner, 
1980) project to area d. Fibers from the cDVR also distribute to the 
anterior DVR, the pyriform cortex, the ventral paleostriatum, the 
nucleus of the diagonal band of Broca, and the medial septum. The 
cDVR also receives projections from each of these areas. These 
results suggest that the cDVR in turtles is at least partly limbic in 
nature. Supported by NS-31785 and MBRS 976-3851.

927.12
DISTRIBUTION OF ANDROGEN RECEPTORS IN THE BRAIN OF 
TWO ANURAN AMPHIBIANS. S.K, Boyd* and T.J, Ebersole. 
Biological Sciences, Univ. of Notre Dame, Notre Dame, IN 46556.

The distribution of neuronal nuclei that concentrate 3H-labeled 
androgens has been described for a few amphibians. Location of 
androgen receptors in anuran amphibian brain has not been reported 
however using any other technique. We used immunocytochemistry to 
locate androgen receptor-like staining in the brain of male and female 
bullfrogs {Rana catesbeiana} and South African clawed frogs {Xenopus 
laevis). The antibody (PG-21; from G. Prins) was raised against the rat 
androgen receptor. Androgen receptor-like immunoreactivity (AR-ir) 
was broadly distributed across the brain. High staining density was 
observed in neuronal nuclei in the olfactory bulb, amygdala, posterior 
preoptic area, hypothalamus, ventral thalamus, optic tectum, torus 
semicircularis, and medulla. In the medulla, several groups of 
presumptive motor neurons with darkly-stained nuclei and more lightly- 
stained AR-ir cytoplasm were observed. Qualitative differences in the 
distribution of AR-ir in males and females were not seen, although 
staining in female brains was lighter. Brain areas containing androgen 
receptor-like immunoreactivity may represent sites of control of 
reproduction or behavior in these amphibians.

Supported by NSF #IBN95-14305.

927.13
DISTRIBUTION OF SEROTONIN IN THE HYPOTHALAMUS 
AND BRAINSTEM OF THE HOUSE SPARROW {PASSER 
DOMESTICUS). C.A.Meseke *and P.A. Melrose. Dept .of 
Anatomy and Cell Biology, Louisiana State University School of 
Veterinary Medicine. Baton Rouge, LA. 70803.

The topographic distribution of the serotonergic neuron 
system was systematically mapped in the brain of House Sparrows 
{Passer domesticus) using immunocytochemistry. Immuno- 
reactive-(ir-) serotonergic perikarya were mainly localized within 
the sparrow brainstem. These neurons were distributed in 
rostrocaudal columns associated with the ventral and dorsal 
surfaces of the brainstem, with fibers present in other areas of the 
brain including the telencephalon. A third group of ir-perikarya 
was found along the ventricular margin of the hypothalamic 
paraventricular nucleus, and multiple ir-fibers were found in the 
hypothalamic preoptic area. These areas have previously been 
shown to be rich in catecholaminergic and gonadotropin-releasing 
hormone neurons in House Sparrows. Results support and extend 
previous research on this system in other non-passerine avian 
species. Supported by Louisiana State University Office of 
Technology Transfer, 115-95-9100.

927.14
ORGANIZATION OF THE VENTRAL PALEOSTRIATUM IN THE 
BUDGERIGAR. W.S. Hall*, T.F. Roberts, K.K. Cookson, J.T. 
Heaton, M.FIasar, & S.E. Brauth. Deptartment of Psychology, 
University of Maryland, College Park, MD 20742.

We used nissl staining, staining for choline acetyltransferase (ChAT), 
acetylcholinesterase (AChE), tyrosine hydroxylase (TH), and methionine 
enkephalin (ENK) to study the organization of
the ventral paleostriatum (VP) in budgerigars 
(Melopsittacus undulatus). The results 
support the idea that the VP is divided into at 
least five different subregions- dorsomedial(1), 
dorsolateral(2), intermediate^), 
ventrolateral(4), and ventromedial(5).

Cholinergic markers are most abundant in 
cells of the anterior and intermediate 
subregions compared to caudal subregions, 
but moderate AChE staining in cells and fibers 
was observed throughout the rostral to caudal 
extent of VP. TH-positive somata were only 
found in the lateral portion of the anterior VP.
TH-positive fibers were present throughout the 
rostral to caudal extent of VP. ENK-positive 
somata were restricted to the medial and 
lateral subregions of VP with dense 
ENK-positive fibers coursing between the 
dorsomedial and ventrolateral portions of the 
caudal VP. Supported by Whitehall S91-17 
(WSH), MH 10417-02 (JTH), MH 40698 (SEB).

+ = ChAT -positive somata 
± = TH-positive somata 
• = ENK-positive somata
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928.1
ANTIAMNESIC PROPERTIES OF 5-HT4 AGONISTS: BIMU-1 AND BIMU-8
N. Galeotti, C. Ghelardini and A. Bartolini Dept. of Pharmacology, 
University of Florence, Italy, SPON: European Neurosci. Association*

The two 5-HT4 agonists: BIMU-1 and BIMU-8 were capable of 
increasing cortical ACh release in microdialysis experiments performed 
in freely moving rats (Consolo et al. 1994). Since it has long been 
known that direct and indirect cholinomimetic drugs can facilitate co-
gnitive processes, it appeared worthwhile to evaluate the potential an-
tiamnesic properties of BIMU-1 and BIMU-8. The effect of BIMU-1 
and BIMU-8 was detected in the mouse by using the passive-avoidance 
test. The amnesic agents used were the antimuscarimc drugs: scopola-
mine (1 mg kg-i i.p.), and dicyclomine (2 mg kg-i i.p.), the 5-HT4 anta-
gonists: SDZ-205557 (10 mg kg-t i.p) and GR-125487 (10 mg kg-i i.p.) 
and slow nitrogen hypoxia. All drugs were injected immediately after 
the training session while hypoxia was produced by exposing mice to a 
hypoxic environment (O2 5%-N2 95%) for 8 min up to 30 s before the 
first test session. A punishment consisting of a fall into cold water 
(10°C) received immediately after the training session was adopted. In 
all experimental conditions BIMU-1 (10-20 mg kg-t i.p.; 20 fig per 
mouse i.c.v.) and BIMU-8 (20-30 mg kg-t i.p.; 20 jig per mouse i.c.v.) 
administered 20 min before the training session were able to protect mi-
ce from amnesia but not to improve learning and memory in unamnesic 
mice. A similar protective action against scopolamine, dicyclomine and 
hypoxia was exhibited by the well known nootropic drug piracetam (30 
mg kg-t i.p.) and by physostigmine (0.2 mg kg-t i.p.) used as reference 
drugs. The two 5-HT4 agonists do not impair motor coordination and 
spontaneous motility at the same dose that is antiamnesic as revealed 
respectivey by the rota-rod and Animex tests. The present results de-
monstrate the ability of BIMU-1 and BIMU-8 to act as antiamnesic 
drugs. This work was supported by grants from MURST.

928.2
5-HT1A RECEPTOR ACTIVATION CAUSES STATE-DEPENDENCE. L, A. 
Bruins Slot and F, C, Colpaert*. Centre de Recherche Pierre Fabre, F81106 
Castres, Cedex France.

Changes in pharmacologically defined states of memory may constitute the 
mechanism whereby benzodiazepines and NMDA antagonists exert their 
psychotropic actions. State dependence refers to the observation that a response 
which has been acquired in a given state may not, or not readily, occur when the 
organism is in a different state. 5-HTjA receptor agonists are being proposed as a 
novel class of psychotherapeutic agents. Specifically, and like benzodiazepines, 
buspirone, ipsapirone and other 5-HTjA receptor agonists have been shown to 
exert anxiolytic-like effects. In the present study we examined whether state- 
dependence occurs after pharmacological activation of 5-HTjA receptors.

Food-deprived rats rats, injected with either drug or saline, were trained in a 
food-rewarded lever pressing task to complete a FRIO schedule within the first 120s 
of the session (criterion session), and were then tested for the occurence of this 
response under various treatment conditions (test session). Transfer failure was 
said to occur if the latency found in the test session exceeded the latency found in 
the criterion session by a factor greater than 2.5. This criterion was based on 
same-state control data (n=157). In animals trained while injected with the 5- 
HTja  agonist 8-OH-DPAT (.01-. 16 mg/kg) and tested with saline, transfer 
decreased dose-dependently as the 8-OH-DPAT acquisition dose was larger. In 
saline-trained rats, failure to transfer was dose-dependent at 8-OH-DPAT test doses 
of .01-.63 mg/kg. In 8-OH-DPAT-trained animals (.16 mg/kg) transfer occurred 
with the other 5-HT1A agonist d-flesinoxan (.63 mg/kg), but not with WAY- 
100635 (.16 mg/kg), which has little intrinsic activity at 5-HTjA receptors. WAY- 
100635 (.16 mg/kg) antagonized transfer that otherwise occurred when animals 
were both trained and tested with 8-OH-DPAT (.16 mg/kg).

The data suggest that the retrieval from memory of an operant response can be 
made dependent on a particular level of 5-HTjA receptor activation.

928.3
ATTENUATION OF A-9-TETRAHYDROCANNABINOL-INDUCED 
MEMORY IMPAIRMENT BY THE CANNABINOID ANTAGONIST 
SR141716A. P, E. Mallet* and R, J, Beninger. Dept. Psychology, Queen's 
University. Kingston, Ontario, Canada, K7L 3N6.

The administration of A9-tetrahydrocannabinol (THC), the principle 
psychoactive ingredient in marijuana, or the endogenous cannabinoid 
anandamide, has been shown to impair memory (Mallet & Beninger, 
Behav. Pharmacol., 7: 276-284, 1996). The present study investigated 
whether memory impairment produced by THC could be attenuated by 
the CBl cannabinoid receptor antagonist SR141716A. As in our previous 
study, male Wistar rats (n=16) were trained in a two-component 
instrumental task consisting of a conditional discrimination and a delayed 
nonmatch-to-position, prior to drug testing. Once trained (85% correct 
for 3 consecutive sessions), rats received one of two doses of THC (2.0 
and 4.0 mg/kg) in addition to one of four doses of SR141716A (0.0, 
0.05, 0.1, and 1.0 mg/kg), or vehicle alone (1:19 Tween 80:saline) in a 
counterbalanced order. Drugs were administered i.p. 30-min prior to test 
sessions. Performance in the conditional discrimination was unaffected 
by all treatments. However, the 4.0 mg/kg dose of THC produced a 
significant nonmatch-to-position impairment that was significantly 
attenuated in a dose-dependent manner by the administration of 
SR141716A. The mnemonic effects of SR141716A alone (0.0, 0.05, 0.1, 
and 1.0 mg/kg) were tested in a second group of rats (n=20) using the 
same task. Conditional discrimination and nonmatch-to-position 
performance was not affected significantly by any of the doses tested. 
Results suggest that the memory impairment produced by systemic 
administration of THC is mediated by CBl cannabinoid receptors. 
(Funded by NSERC)

928.4
DELTA-9-TETRAHYDROCANNABINOL (THC) DOES NOT DISRUPT 
RADIAL ARM MAZE (RAM) PERFORMANCE IN RATS 
C. J, Han, B, J. Anderson* and J.K. Robinson. Dept. of 
Psychology, S.U.N.Y. at Stony Brook, Stony Brook, NY, 11794- 
2500.

An extensive literature in humans has demonstrated a variety 
of cognitive alterations produced by marijuana, and includes 
some reports of acute effects on short-term retention.
However, very few studies have examined the effects of acute 
administration of THC on short-term memory in rats. The 
present study was conducted to examine the influence of THC on 
working and reference memory in the RAM. In each experiment, 
the rats were thoroughly pretrained, then administered THC in 
drug sessions with intervening non-drug sessions. THC was 
administered i.p. (1.0, 2.0, 4.0 and 6.0 mg/kg) or i.c.v (10,
20 or 40 pg/5pl), and performance on the 5/8 (reference & 
working memory) and 8/8 (working memory) versions of the 
RAM task assessed. THC did not produce a significant increase 
in working memory errors on either version of the task. 
Additionally, no disruption of reference memory was observed 
in the 5/8 version of the task. These results highlight the need 
for systematic examination in non-humans of the effects of 
cannabinoids on memory and other cognitive processes.

928.5
DELTA-9-TETRAHYDROCANNABINOL (THC) IMPAIRS SPATIAL 
SIGNAL DETECTION IN RATS
G, Presburaer and J.K. Robinson* . Dept. of Psychology, S.U.N.Y. 
at Stony Brook, Stony Brook, NY, 11794-2500.

Studies in humans that have investigated the short-term effects 
of THC, the primary psychoactive ingredient in marijuana, have 
revealed deficits in attentional and short-term memory processes. 
Work in non-humans, however, has not examined the effects of 
cannabinoids on attention. The present study examined the effect of 
THC on performance of rats of a newly developed operant spatial 
signal-detection task. The experiment was conducted in a two lever 
operant chamber in which a cue lamp was mounted over each lever. 
The rats were pretrained to respond within a brief limited hold 
period on a lever mounted underneath following a rapid flash of the 
cue lamp above it. The flash of the cue lamp was of three durations 
(100, 300 or 1000 msec), and was presented in a random order 
After performance on the procedure stabilized, the subjects were 
administered saline and two doses of THC (1.0 or 2.0 mg/kg) on 
drug sessions separated by non-drug baseline sessions. THC 
significantly and selectively disrupted stimulus detection accuracy 
at the 100 msec stimulus duration, but did not influence response 
bias or the rate of responding. These data demonstrate that THC 
produces alteration of attending in rats.

928.6
EFFECTS OF UNDER-REINFORCEMENT AND GABAERGIC DRUGS ON 
INHIBITORY AVOIDANCE. S. E. Cruz-Morales* and L. Veloz. Master in 
Psychology, ENEP-Iztacala, UNAM. Tlalnepantla, Edo. Mex. 54030, Mexico.

The systemic administration of scopolamine (SCP) induces amnesia, which 
can be reversed by systemic injection of GABA antagonists like picrotoxin 
and bicuculline (BI), previously we reported that BI could impair (with low 
doses, 2.0 mg/kg) or facilitate (with high doses, 4.0 mg/kg) consolidation. On 
the other hand the same amnesic effect have been reported with muscimol a 
GABA agonist, these controversial findings have been explained in terms of 
magnitude of reinforcement (intensity of footshock) and the dose 
administered. In order to evaluate the effect of magnitude of reinforcement 
independent groups of rats were trained in inhibitory avoidance with 1.0, 1.5, 
2.0 or 2.5 mA and five minutes later received one of the following treatments: 
SCP (8.0 mg), BI (2.0 mg), MU (2.0 mg), the combination of the same doses 
of scopolamine and bicuculline (SCP+BI), or the combination of 
scopolamine and muscimol (SCP+MU), additionally four groups were trained 
with each of the intensities and treated with isotonic saline solution. Retention 
of the task was measured 24 hr later.

The administration of SCP and MU induced amnesia with all intensities, BI 
induced amnesia except in the group trained with 2.5 mA; when MU and BI 
were administered in combination with scopolamine, BI reverted the amnesic 
effect of SCP, while MU potentiated the amnesic effect of scopolamine. With 
these results we can support the hypothesized interaction between 
GABAergic and colinergic modulation of memory, and the importance of the 
magnitude of behavioral variables like magnitude of reinforcement.
Supported by DGAPA-UNAM (IN207996) and CONACYT (1006PH).
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928.7
REVERSION OF ANTEROGRADE AMNESIC EFFECTS OF DIAZEPAM 
BY PICROTOXIN UPON INHIBITORY AVOIDANCE AND CLASSICAL 
FEAR CONDITIONING. M.Costa*; O.F.A.Bueno; M.G.M.Oliveira; 
P.R.Morais: E.B.Gualiano. Departamento de Psicobiologia, Universidade 
Federal de Sao Paulo, S5o Paulo, Brasil, 04023-062.

Several amnesic agents show differential effects upon conditioned fear 
to a discrete stimulus and upon contextual fear. Diazepam (DZP) induces 
anterograde effects on both types of learning and our interest was to 
evaluate if picrotoxin (PIC) has differential effects upon amnesia induced 
by DZP on inhibitory avoidance (IA) and classical fear conditioning (CFC) 
tests. Wistar rats, pretreated wth 1,2 or 4 mg/kg of DZP (30 min before) or 
1, 2, 4 or 8 mg/kg of PIC (40 min) + DZP (30 min) were trained in an 
avoidance apparatus composed of a safe compartment (A) connected wth 
a shock compartment (B). Upon entrance into B, they received 6 
tone/footshock pairings (90dB/1mA/1sec). Twenty-four hs later half of them 
were submitted to IA test in vtfiich the latency (sec) to step from A to B was 
registered as a contextual fear measure. The other half was placed in a 
new environment (open field arena) for 8 min. During the 4th min the same 
tone used in training was presented. The freezing time after tone was 
registered as a conditioned fear measure. Control group was treated with 
the vehicle. Injections were via i.p. route.

DZP induced a dose-dependent deficit in IA; partial reversion of DZP 4 
mg/kg was obtained by 2 mg/kg PIC. Freezing time was decreased only by 
the largest DZP dose (4 mg/kg). This effect was reversed by the same dose 
of PIC. In both procedures larger doses of PIC had no reversion effect. 

Financial support: AFIP, CNPq, CAPES.

928.8
EFFECTS OF FLUNITRAZEPAM AND THE NEUROSTEROID CO 6-0549 
ON COMPLEX BEHAVIORAL PROCESSES IN MONKEYS. P, J, 
Winsauer*. P, Lambert and J, M, Moerschbaecher. Department of 
Pharmacology, LSU Med. Center, New Orleans, LA 70112-1393.

A multiple schedule of repeated acquisition and performance of conditional 
discriminations was used to characterize the effects of flunitrazepam and the 
water-soluble orally-active neuroactive steroid CO 6-0549 on learning in 
monkeys. In the acquisition component, subjects acquired a different 
discrimination each session. In the performance component, the discrimination 
was the same each session. Responding in both components was maintained by 
food presentation under a variable-ratio schedule. When flunitrazepam (0.01-1 
mg/kg) was administered orally 30 min prior to the start of the session, dose- 
dependent decreases in response rate occurred in both components of the 
multiple schedule. Although there generally were no effects on accuracy of 
responding (i.e., percent errors) in performance, accuracy of responding in 
acquisition was substantially decreased at higher doses. Both the effects on 
overall response rate and percent errors were antagonized by a 1 mg/kg dose 
of flumazenil, which shifted the dose-effect curve for flunitrazepam 
approximately '/2-log unit to the right. When varying doses of the neurosteroid 
CO 6-0549 (3.2-18 mg/kg) were administered orally 2 hr. before the start of the 
session, this compound also decreased overall response rate in both 
components of the multiple schedule and increased percent errors in the 
learning component at higher doses. Together, these results indicate distinct 
similarities in the actions of flunitrazepam and CO 6-0549 on complex 
behavioral processes in nonhuman primates. (Supported by DAO3573 and 
DA04775)

928.9
DYNORPHIN A (1-13) TRANSIENTLY INCREASES 
ACETYLCHOLINE RELEASE IN AF64A-TREATED RATS.
M. Hiramatsu*. H, Murasawa and T, Kameyama, Dept. of Chem. 
Pharmacol., Meijo Univ., Nagoya 468, Japan.

The involvement of opioid neuronal systems in learning and memory 
has been suggested in experimental animals. In particular, we have 
reported that an endogenous kappa opioid receptor agonist, dynorphin A 
(1-13), improves scopolamine-, mecamylamine-, carbachol-, galanin- and 
carbon monoxide (CO)-induced impairment of learning and memory in 
mice and rats. In the present study, the effects dynorphin A (1-13) on 
AF64A-induced impairment of learning and memory in rats were 
investigated using a step-through type passive avoidance task and an in 
vivo microdialysis technique. Male SD rats (250 - 300 g) were treated with 
AF64A (10 nmol) into the hippocampus unilaterally and 14 days after the 
injections, the behavioral test was conducted. The step-through latencies in 
AF64A-treated rats were significantly shortened. Dynorphin A (1-13) (0.5 
nmol, i.c.v.) could not improve the AF64A-induced learning and memory 
impairment. Extracellular acetylcholine concentration in the hippocampus 
of AF64A-treated rats was significantly lower compared with controls. 
Acetylcholine contents in the lesioned side decreased by about 20 % of 
control level, but dopamine and serotonin contents were unchanged. 
Interestingly, dynorphin A (1-13) (0.5 nmol, i.c.v.) transiently increased 
the acetylcholine concentration in the lesioned side of the hippocampus at 
40 min after injection, but not in the control side. These results suggest 
that dynorphin A (1-13) can increase the extracellular acetylcholine 
concentration from surviving cholinergic neurons, although single injection 
of this drug might not ameliorate learning and memory impairment after 
severe damage of cholinergic neurotransmission such as that occurring 
after AF64A treatment

928.10
IS NITRIC OXIDE INVOLVED IN TASTE AVERSION 
LEARNING? G. Roldan. A. Becerril. R. Santoyo. H. Gonzalez. R. Salin- 
Pascual* and R. A. Prado-Alcala. Dept. of Physiol., Fac. of Medicine and 
Center ofNeurobiol., UNAM, Box 70-250, Mexico 04510, D.F., Mexico.

Recently, it has been proposed that nitric oxide (NO) participates in 
neural plasticity processes, including learning and memory. In the present 
work, the role of NO in acquisition, consolidation, and retrieval of taste 
aversion learning (TAL) was investigated. Water deprived male Wistar rats 
were subjected to a 5 days experimental procedure: on Days 1 and 2, they 
were habituated to drink water for 10 min in a conditioning box; the third 
day (acquisition), rats were offered a 0.1 % saccharin solution (CS), and 
received, 30 min later, an ip LiCl (0.15 M) injection (US). On Day 4, rats 
were drinking water again, and finally, they were allowed to choose between 
water and saccharin on Day 5 (retrieval). Pharmacological treatments were 
as follows: 1) N-nitro-L-arginine (N-ARG), in doses of 0, 12, and 24 
mg/kg, 10 min before the CS; 2) A daily injection of N-ARG (12 mg/kg) 
for 5 days before acquisition; 3) N-nitro-L-arginine-methyl ester (L- 
NAME), in doses of 0, 12.5, 25, and 50 mg/kg; 4) N-ARG (0, 3, 6, and 12 
mg/kg); 5) L-NAME (200 pM) injected either, into the amygdala or into the 
gustatory neocortex. These three treatments were administered between the 
CS and the US presentation, and 6) N-ARG (0, 12, and 24 mg/kg) 15 min 
before retrieval testing. Results show that none of the drugs at any dose 
tested, produce reliable effects on TAL, as demonstrated by a strong 
saccharin aversion in all the experimental groups. These data suggests that 
NO is neither necessary for acquisition and association of CS with US, nor 
for retrieval of taste aversion memory. Supported by DGAPA-IN 202196.

928.11
CENTRAL INFUSION OF SODIUM NITROPRUSSIDE, A NO DONOR, 
IMPAIRS THE PAVLOVIAN CONDITIONING OF RABBIT’S NICTITATING 
MEMBRANE RESPONSES. W. Du*,and J.A. Harvey. Div. of Behavioral 
Neurobiology, Dept. of Pharmacology, Allegheny University, Philadelphia, PA 
19129.

Nitric oxide (NO) has been suggested to play an important role in synaptic 
plasticity and learning. We have shown that inhibition of endogenous NO 
synthesis by L-NAME results in facilitation of associative learning measured by 
classical conditioning of rabbit’s nictitating membrane (NM) response. We also 
found that systemic administration of sodium nitroprusside (SNP), a NO donor, 
retards associative learning. Current experiments were designed to determine 
whether the retardant effect of SNP on learning was due to its central effect by 
injecting SNP into lateral ventricle (tcv).

Rabbits were implanted with cannulae in the lateral ventricle. Rabbits then were 
trained in a delayed paradigm in which tone and airpuff were used as conditioned 
and unconditioned stimulus respectively. Twenty minutes prior to each of the 4 
daily training sessions, rabbits received unilateral infusion of either SNP (75 pg/10 
pi) or equal volume of saline. SNP-infused animals showed retarded acquisition 
of conditioned responses (CRs) as compared with controls. The effect was most 
pronounced in the last two sessions. To exclude a possible cumulative toxic effect 
of SNP in the brain after 4 days of SNP treatment. A separate experiment was 
carried out. Rabbits were infused with either SNP or saline for four consecutive 
days. They were then subject to four sessions of training in the absence of drug. 
No impairment of acquisition of CRs were found in pre-SNP treated rabbits. This 
study extends our previous finding that NO may play an inhibitory role in 
associative learning. This work was supported by NIMH grant MH16841 and 
Allegheny Singer Research Institute.

928.12
EFFECT OF NITRIC OXIDE RELEASE IN A REGION OF CHICK BRAIN 
INVOLVED IN LEARNING. C.K. Barcellos; P.M. Bradley; B D. Burns; A C. 
Webb Department of Neurobiology, Medical School, University of Newcastle 
Upon Tyne, NE2 4HH, UK. (SPON: Brain Research Association)

The intermediate, medial part of the hyperstriatum ventrale (IMHV) is a region 
of the domestic chick forebrain which is essential for some forms of early learning. 
It has been suggested that nitric oxide (NO) might have a role in synaptic plasticity 
in the IMHV. Previous work has shown that application of NO to the IMHV 
produces a long lasting depression of the extracellular field response. In this study 
we have investigated the effect of the NO-donor, diethylamine-NO (DEA-NO), in 
single cells using intracellular recordings completed with biocvtin filling of cells.

Intracellular recordings were made before and after 10 min perfusion with 
400pM DEA-NO and after 30 min of washout. After the experiments the slices 
were processed for biocytin staining for morphological studies. NO release 
produces two different effects, dependent upon the cell type, cells that show a late 
hyperpolarization (type III) or cells that don't (type I). In cells type I NO produces 
depolarization of the resting membrane potential, an increase of the membrane 
input resistance and an increase of the threshold to spike under external and 
internal stimuli. In cells type III NO produces hyperpolarization of the resting 
membrane potential, a decrease of the membrane input resistance and a bigger 
increase of the threshold to spike under external and internal stimuli.

In both types of cells NO stops or dramatically decreases the incidence of 
spontaneous activity when it is present. The effects of NO are reversible by 
washout.

The morphological studies did not shown any clear difference between cells in 
which NO produces depolarization from the cells in which NO produces 
hyperpolarization. This work was supported by CAPES (Brazil) and ORS (UK).
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928.13
NITRIC OXIDE SYNTHESE INHIBITORS IMPAIR RETENTION 
OF ACTIVE AVOIDANCE RESPONSE IN GOLDFISH. X. Xu*, W. 
Boshoven, and J. Spranger, Department of Psychology, Grand Valley 
State University, Allendale , MI 49401.

Long-term potentiation (LTP), a putative physiological correlate of 
learning, has been suggested to consist of two steps: an induction step 
at the postsynaptic neuron and a maintenance step at the presynaptic 
neuron. Recent evidence suggests that nitric oxide (NO), a retrograde 
messenger carrying signals backward from the postsynaptic to the 
presynaptic neurons, may initiate the maintenance of LTP. Blocking 
the synthesis of NO prevents the expression of LTP. However, 
behavioral data regarding whether blocking the synthesis of NO impairs 
learning and memory are inconclusive. The present study examined 
amnestic effects of both L-NAME and L-NOARG, NO inhibitors, in 
goldfish using active avoidance response as the learning paradigm. The 
study also investigated whether the drugs impaired performance 
processes that were necessary for learning to occur. Goldfish were 
trained and tested semiweekly in fish shuttle-boxes. Intracranial 
injections of NO inhibitors 30 minutes before three training sessions 
impaired retention of avoidance responses in a subsequent test session 
in a dose-dependent manner. Intracranial injection of NO inhibitors 30 
minutes before testing did not impair the expression of learned 
avoidance responses. Thus NO inhibitors resulted in retention deficits 
or anterograde amnesia at doses that did not impair performance 
processes necessary for learning to occur. Further studies are being 
carried out to investigate whether NO inhibitors produced retention 
deficits by disrupting memory consolidation.
Supported by GVSU grant-in-aid and CURSOR fellowship

MOTIVATION AND EMOTION VI

929.1
FOS EXPRESSION FOLLOWING SELF-STIMULATION OF THE 
MEDIAL PREFRONTAL CORTEX. A, Arvanitogiannis*. L.
Riscaldino. R.A. Wise, and P. Shizgal. CSBN, Concordia University, 
Montreal, Quebec, Canada H3G 1M8.

Self-stimulation of the medial prefrontal cortex (MPFC) and medial 
forebrain bundle (MFB) appears to be mediated by different directly 
activated fibers. However, reward signals from the MPFC do summate 
with signals from the MFB, suggesting some overlap in the underlying 
neural circuitry. We have previously used Fos immunohistochemistry to 
visualize neurons activated by rewarding stimulation of the MFB. In this 
study, we assessed Fos immunolabeling after MPFC self-stimulation. 
Rats with electrodes in the MPFC self-stimulated during a 1 h period for
0.5 s stimulation trains composed of 0.1 ms, 800 pA pulses, at the 
lowest frequency that supported asymptotic responding. They were then 
perfused and their brains processed for immunohistochemistry. Among 
the structures showing a greater density of labeled neurons in the 
stimulated hemisphere were the cingulate and infralimbic cortex, nucleus 
accumbens, caudate putamen, lateral preoptic area, substantia 
innominata, zona incerta, lateral hypothalamus, amygdala, ventral 
tegmental area, and pontine nuclei. Surprisingly, no labeling was seen in 
the mediodorsal thalamic nucleus or the locus coeruleus. These findings, 
together with those from our previous Fos studies, reveal a number of 
structures that are activated by both MPFC and MFB self- stimulation. 
Supported by FCAR (Quebec) grant CE103 (J. Stewart, p.i.), MRC (Canada)

grantMT-8037 to PS, andNIDA (USA) grant DA01720 to RAW

929.2
AMYGDALA INNERVATION OF CARDIOVASCULAR RELATED 
NEURONS IN THE HYPOTHALAMUS AND VENTRAL MEDULLA. 
Arthur S.P, Jansen* and Arthur D. Loewv. Department of Anatomy & 
Neurobiology, Washington University School of Medicine, St. Louis, MO 
63110.

The amygdala plays an important role in emotional induced changes of 
the autonomic system. Anatomical studies have demonstrated that the 
central nucleus of the amygdala (CeA) projects to several autonomic areas 
in the brain. However, we still do not know if information from the CeA 
projects directly to sympathetic premotor neurons. To address this issue, the 
anterograde axonal marker Phaseolus vulgaris leuco-agglutinin (PHA-L) 
was iontophoresed into the CeA of Sprague Dawley rats and then, after 6 
days survival, the viral retrograde transneuronal tracer pseudorabies virus 
was injected into the stellate ganglion to produce a central infection 
involving first-, and second-order central sympathetic neurons. A double 
immunohistochemical method was used to demonstrate that neurons in the 
CeA project to virally-infected neurons in the premotor areas of the ventral 
medulla, pons and hypothalamus. Our data indicate that the CeA innervates 
premotor neurons, which are localized in the lateral hypothalamus, A5 area 
and ventrolateral medulla. This suggest that the CeA is able to influence 
directly the output of sympathetic premotor neurons projecting to stellate 
SPNs.
Supported by: National Institute of Heart, Lung, and Blood of the NIH 
(HL-25449)

929.3
LESIONS OF THE MIDBRAIN CENTRAL GREY DO NOT DISRUPT THE 
REWARDING EFFECT OF MEDIAL FOREBRAIN BUNDLE STIMULATION 
M. Waraczynski*, E, Carlton, and M, Perkins Dept. of Psychology, Univ. of 
Wisconsin-Whitewater, Whitewater, WI 53190.
This study investigates the role of the midbrain central grey (CG) and 
surrounding area in medial forebrain bundle (MFB) self-stimulation. Not only 
does the CG support self-stimulation, but past research implies a direct, reward-
relevant, axonal link between CG and MFB sites that support self-stimulation, 
strongly suggesting that the CG may play a role in the anatomical substrate 
supporting MFB stimulation reward. To examine this idea, monopolar 
stimulating electrodes were implanted in the lateral hypothalamus (LH) and 
ventral tegmental area (VTA) of male Long Evans rats. At the same time, a 
lesioning electrode was implanted in the ipsilateral CG. The rats were trained 
to self-stimulate at both the LH and VTA sites, where possible, and baseline rate- 
frequency data were collected at three stimulating currents (typically 200,400, 
and 800 uA) on a daily basis, until the frequency required to maintain half- 
maximal responding stabilized around some central value. The CG lesion was 
then made by passing 300 u A of anodal current through the lesioning electrode 
for 60 seconds (5 rats) or 20 seconds (5 rats). These lesions did not produce 
noticeable shifts in the frequency required to maintain half-maximal self-
stimulation rates at either the LH or VTA, at any tested current, calling into 
question a role for the CG in the substrate for MFB self-stimulation.
This research is supported by FIRST grant #MH52588 from the National 
Institute of Mental Health to the first author.

929.4
BEHAVIOURAL AND NEUROCHEMICAL DIFFERENCES IN 
FISCHER 344 AND HARLAN-WISTAR RATS UNDER AVERSIVE 
CONDITIONS. A.Rex* and H.Fink. Institute of Pharmacology and 
Toxicology, Medical Faculty (Charite) of the Humboldt University at 
Berlin, D-10098 Berlin.

In a previous study the anxiety-related behaviour of six rat strains 
was examined (Pharmacol.Biochem.Behav., 1996, 54:107-111). The 
rats, raised in various breeding centres, showed different basal behav-
iour in animal models of anxiety. In this study the animals used were 
born in our animal unit and raised under identical conditions. All 
strains were screened in a conflict test in the open field showing differ-
ences in the behaviour similar to the previous study. Two strains with 
extreme behaviour, the Fischer 344 and the Harlan-Wistar rats were 
tested in five animal models of anxiety to assess the potential contri-
bution of genetic disposition to the aversion-motivated behaviour. 
Compared to the Wistar rats the Fischer rats displayed a pronounced 
anxious behaviour. In a separate microdiaiysis study the relation of 
behavioural variations to biochemical differences was assessed. Hip-
pocampal serotonin release was measured during the elevated plus 
maze test, an animal model of anxiety (Psychopharmacol., 1993, 110: 
490-496). In the Fischer 344 rats the aversion-induced serotonin re-
lease on exposure to the elevated plus maze was higher than in the 
less anxious Harlan-Wistar rats.
The behavioural and neurochemical results indicate that genetic fac-
tors substantially contribute to strain differences.
Supported by grants BMBF (01ZZ9511) and DFG (INK 21/A1 -1)
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929.5
THE ELEVATED T-MAZE AS AN EXPERIMENTAL MODEL OF ANXIETY. H. 
Zangrossi Jr, and F, G. Graeff*. Lab. of Psychopharmacology, FFCLRP, University 
of Sao Paulo, Ribeirao Preto - SP, 14040-901, Brazil.

Anxiety disorders are heterogeneous and existing animal models do not address 
to specific types of anxiety. The elevated T-maze is being developed to generate two 
types of fear in the same rat. The apparatus consists of three elevated arms, one 
enclosed and two open. Inhibitory avoidance representing learned fear - is measured 
by recording the time taken to leave the enclosed arm in three consecutive trials. 
Unconditioned fear is evaluated by recording the time to escape from the open arm. 
In the first set of experiments, we investigate procedural questions related to the use 
of the test. The results showed that restraining male Wistar rats (220-250 g) at the 
end of the enclosed arm for 30 s did not change the first (baseline) withdraw 
latency, indicating that aversion for the hands of the experimenter is not a key 
motivation for this response. In addition, rats trained in a T-maze with the three 
arms enclosed did not show the usual increase in withdrawal latency along the three 
consecutive trials of the avoidance task. These results indicate that the open arm 
experience, but not the handling stress is the main cause for inhibitory avoidance 
learning. The same experiment also showed that the latency to leave the open arm 
did not undergo habituation over five consecutive trials, evidencing an aversive 
motivation for the escape response.

In the second experiment, we investigated the effects of an intra-amygdala 
injection of the benzodiazepine midazolam (20 nM/0.5 pi) on the two behavioral 
tasks of the elevated T-maze. As previously observed with the i.p injection of the 
benzodiazepine diazepam (Viana et al., Pharmacol. Biochem. Behav. 49:549, 1994), 
midazolam impaired inhibitory avoidance, without changing escape response from 
the open arm. This result supports evidences showing the differential involvement 
of the amygdala in conditioned and unconditioned fear.
Financial support: FAPESP (94/0821-1), CNPq (BF 520247/94-9).

929.6
CHANGES IN IMMUNOCYTOCHEMICAL DISTRIBUTION FOR CHOLINE- 
ACETYLTRANSFERASE, GALANIN AND GAD IN THE HIPPOCAMPAL 
FORMATION OF THE RAT FOLLOWING LESION OF THE ENTORHINAL 
CORTEX. P S. Pambakian and Z, Henderson*. Department of Physiology, 
University of Leeds, Leeds LS2 9NQ, U.K.

The rat entorhinal cortex lesion (ECL) model is popular in the investigation of 
regeneration following damage. The pathology created by this lesion, in particular the 
degeneration of the perforant pathway to the dentate gyrus (DG), is similar to that 
seen in Alzheimer’s disease (AD). In our study the perforant pathway of male Wistar 
rats was sectioned on the right side with a microknife and the animals allowed to 
survive for 10 to 40 days. Standard histochemical and immunocytochemical 
techniques were used to study changes in distribution of acetylcholinesterase (AChE), 
choline-acetyltransferase (ChAT), GAD and galanin immunoreactivities within the 
hippocampal formation. An intense band of AChE immunoreactivity was observed 
from 10 to 40 days in the DG. The histochemical properties of the enzyme in this 
band did not differ, with respect to optimum pH, substrate inhibition and inhibitor 
sensitivity, between control and lesioned sides. Between days 10 and 33 there was a 
quantifiable increase (5-40%) in the density of ChAT immunoreactive boutons in the 
ipsilateral outer molecular layer of the DG. However this was attributed to shrinkage 
of the layer (by 60-70%) which persisted throughout the time scale examined. We 
also observed a lesion induced increase in GAD immunoreactivity in terminals within 
the region of the outer molecular layer, in particular on the edge of this layer 
bordering the hippocampal fissure. We saw evidence for a lesion induced galanin 
expression in cells near the hippocampal fissure and in the area extending to the 
molecular layer of the hippocampus. Their location, within the hippocampus, implies 
a general response of galanin to neurodegeneration following the lesion as opposed to 
a reorganisation of terminals.

Supported by Academic Development Fund (University of Leeds).

929.7
RESPONDING DURING FOOD DEPRIVED AND NON- 
DEPRIVED CONDITIONS UNDER A FIXED-INTERVAL 
SCHEDULE OF REINFORCEMENT FOR FOOD 
FOLLOWING MEDIAL SEPTAL LESIONS IN RATS. 
Alex Poplawsky, Dept. of Psychology, Bloomsburg 
Univ. of PA, Bloomsburg, PA 17815.

Female rats maintained at 80% free-feeding body weight 
were preoperatively trained for 25 sessions under a fixed- 
interval (FI) 60-s schedule for food reinforcement and 
were given either control operations or medial septal 
lesions. Following 15 sessions of postoperative training, 
the rats were placed on free food and resumed FI testing 
while non-deprived. Rats with medial septal damage had 
lower response rates than rats with control operations 
during the deprived condition, while both groups had 
equivalent response rates when non-deprived. There were 
no differences between groups in the FI response patterns 
(i.e., index of curvature) when deprived and non-deprived 
conditions were compared, and all rats returned to 
equivalent food-deprived FI patterns by session 3 of the 
non-deprived condition. These findings suggest that 
medial septal lesions may decrease the motivation for food 
reinforcements resulting in lower response rates when 
food deprived without affecting their ability to produce FI 
patterns

929.8
SUBCHRONIC LITHIUM ATTENUATES FOS EXPRESSION INDUCED 
BY METHAMPHETAMINE IN REGIONALLY SPECIFIC MANNER IN 
RAT BRAINS. Y. Lee, T. Hamamura, Y. Fujiwara*, K. Oohasi, and
S. Kuroda. Department of Neuropsychiatry, Okayama Univ. 
Med. Sch., Okayama, Japan. *Takaoka Hospital, Himeji, Japan.

Lithium has been widely used therapeutically for manic 
states. Since methamphetamine produces effects in humans 
similar to the symptoms of idiopathic mania, it has been proposed 
that methamphetamine administration may serve to model this 
condition. To elucidate the neural substrates of the anti-manic 
effects of lithium, the present study investigated the effects of 
subchronic lithium administration on this animal model of 
mania utilizing Fos mapping method. Single methamphetamine 
(2 mg/kg, s.c.) administration induced Fos like immunoreactive 
neurons (Fos-LI) in widespread regions of rat brains. Sub-
chronic treatment with lithium chloride (0.06% in food for 7 
days, followed by 0.1% for 7 days,totally for 14 days) produced 
plasma Li‘ concentrations of 0.38±0.02 meq/L. This concentra-
tions are within the accepted therapeutic concentration in 
human. Subchronic lithium administration significantly 
(P<0.05) attenuated the number of Fos induced by methamphet-
amine by 57% in medial prefrontal cortex, 49% and 41% in 
medial and central part of caudate putamen, 65% and 51% in 
core and shell of nucleus accumbens, and 29% in amygdala. 
Results demonstrated a possible neural frame work responsible 
for the anti-manic effect of lithium.

929.9
ACUTE STRESS INCREASES THYROID HORMONE LEVELS IN RAT BRAIN. 
Y. Friedman1,3, R. Bacchus 1>3, R Raymond 3, L, Dixon* 3, RT. Joffe2 and J. N.
Nobrega 'Dept. of Pharmacology, Univ. of Toronto, 2Dept. of Psychiatry,
McMaster Univ. and 3Clarke Institute of Psychiatry, Toronto, Canada, M5T 1R8.

In experimental animals, exposure to uncontrollable stress induces a number of
behavioural, neurochemical and endocrine changes. Because brain thyroid 
hormones have been implicated in a number of conditions involving abnormal 
stress responses, we investigated the effects of a single acute stress exposure on 
thyroid hormone levels in the brain of the adult rat. In separate experiments, male 
or female rats were assigned to three matched groups (n= 8 per group). The 
Escapable Shock (ES) group was exposed to a single stress session, consisting of 15 
0.8 mA footshocks for a maximum duration of 60 seconds each. Animals could 
terminate the stimulus by pressing a lever. Rats in the Inescapable Shock (IS) 
group received the same amount of shock, but had no control over shock 
termination. The Control (C) group received no footshocks. For both male and 
female rats, no significant differences were observed among the three groups in 
brain and plasma thyroxine (T4) levels as well as in plasma triiodothyronine (T3) 
levels measured by radioimmunoassay. However, significant differences in brain T3 
levels among the groups for both males and females were observed. For the males, 
a 19% increase in T3 concentration was found for IS rats when compared to the 
control group (1347.5 + 40.4 pg/g vs. 1090.4 + 83.1 pg/g, p= 0.01). An 18% 
increase in T3 concentration was found for the ES rats when compared to controls 
(1229.8 + 39.5 pg/g vs. 1011.6 + 78.1 pg/g, p< 0.05) in female rats. These results 
provide the first demonstration that brain T3 levels change in response to acute 
stress. The data further suggest that the effects of stress controllability on brain T3 
levels may be different for males and females. (Supported by the Ontario Mental 
Health Foundation)

929.10
ROLE OF GABA IN CONDITIONED PLACE PREFERENCE INDUCED BY 
MORPHINE OR AMPHETAMINE: I. EFFECTS OF DIAZEPAM. F.Leri* and K.B.J. 
Franklin. Department of Psychology, McGill University, Montreal, Canada, H3A-1B1.

An unbiased conditioned place-preference (CPP) paradigm was used to asses 
the effects of diazepam (1 mg/Kg) on the rewarding properties of morphine (2 mg/Kg) 
and amphetamine (2 mg/Kg).

Rats that received training injections of morphine in one environment, on the 
test session showed a significant preference for this environment. Pre-testing injections 
of diazepam significantly increased this preference. When diazepam was given with 
morphine during training, rats also showed a preference for the environment paired 
with the two drugs, but pre-testing injections of diazepam did not alter the magnitude 
of this preference.

Animals that received training injections of amphetamine in one compartment 
of the apparatus, showed a significant preference for this compartment. Pre-testing 
injections of diazepam blocked the expression of this preference. Similarly, the 
formation of a CPP to amphetamine was blocked by co-injections of diazepam, and 
pre-testing injections of diazepam did not alter this effect. Diazepam itself did not 
produce a CPP nor did it alter the spontaneous preference of the animals for one 
compartment or the other.

In an automated locomotor apparatus, it was shown that diazepam 
significantly blocked both morphine and amphetamine conditioned hyperactivity, 
showing that its effects on morphine and amphetamine CPP was not due to a 
differential effect on conditioned locomotion.

These findings suggest that activation of GABAa  receptors facilitates the 
rewarding properties of morphine, but blocks the rewarding properties of amphetamine.

Supported by the Natural Science and Engineering Research Council of Canada and 
the program Formation de Chercheurs et L ’Aide a la recherche du Quebec.
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929.11
ROLE OF GABA IN CONDITIONED PLACE PREFERENCE INDUCED BY 
MORPHINE OR AMPHETAMINE: II. EFFECTS OF p-CARBOLINE-3- 
CARBOXYLATE (p-CCE). OJL_£ranklin* and F.Leri- Department of 
Psychology, McGill University, Montreal, Canada, H3A-1B1,

An unbiased conditioned place-preference (CPP) paradigm was used 
to asses the effects of P-CCE (5 mg/Kg) on the rewarding properties of 
morphine (2 mg-TCg) and amphetamine (2 mg/Kg).

Rats that received training injections of morphine in one environment, 
on the test session showed a significant preference for this environment. Pre-
testing injections of P-CCE blocked the expression of this preference. Animals 
that received training injections of amphetamine in one compartment of the 
apparatus, showed a significant preference for this compartment. Pre-testing 
injections of P-CCE had no effect on the expression of this preference. P-CCE 
itself did not produce a significant place preference or aversion, nor changed 
the spontaneous preference of the rats for one compartment over the other.

These results, taken together with our previous findings that diazepam 
(1 mgZKg) facilitates morphine CPP but blocks amphetamine CPP, strongly 
suggest that GABAa  receptors differentially modulate the rewarding effects of 
morphine and amphetamine. An implication of this suggestion is that morphine 
and amphetamine rewarding effects are mediated by different neuroehemical 
pathways.

Supported by the Natural Science and Engineering Research Council of 
Canada and the program Formation de Chercheurs et L 'Aide d la recherche 
du Quebec.

929.12
THE ANXIOLYTIC EFFECTS OF R(+)-8-OH-DPAT DIFFER 
IN THE SEPTUM AND IN THE HIPPOCAMPUS. J. Menard* 
and D. Treit. University of Alberta, Edmonton, Alberta, T6G 2E9.

The present study examined the effects of intra-septal and intra-
hippocampal infusions of the potent 5-HT1A receptor agonist R(-F)- 
8-OH-DPAT on rats’ fear reactions in the elevated plus-maze and 
shock-probe burying tests. In the plus-maze test rats normally avoid 
the open arms of the maze, and in the shock-probe test rats “bury” 
an electrified probe with bedding material from the floor of the test 
chamber. Intra-septal infusions of R(+)-8-OH-DPAT (10 pg) 
produced a selective decrease shock-probe burying but did not 
impair open-arm avoidance. Conversely, intra-hippocampal 
infusions of R(+)-8-OH-DPAT (0.1 or 5 pg/side) produced a 
selective decrease in open-arm avoidance but did not impair shock- 
probe burying. These results suggest that 5-HT1A receptors in the 
septum and the hippocampus exert parallel but distinct control over 
different fear reactions. [Funded by NSERC Canada and the Killam 
Foundation}

929.13
EFFECTS OF GLYCINE MICROINJECTED ALONG THE ROSTRO-
CAUDAL AXIS OF RAT DORSAL PERIAQUEDUCTAL GRAY MATTER.
A.P. Carobrez* and K.V. Teixeira. Depto. de Farmacologia, CCB, UFSC, 
Florianopolis, SC, 88040-900, Brazil.
Behavioral characteristics of the defense reaction elicited in rats vary 
along the rostro-caudal axis of the dorsal periaqueductal gray (DPAG) 
matter. DPAG is also related to emotional behavior such as fear and 
possibly anxiety. Previous studies have shown an anxiogenic profile after 
glycine (GLY) microinjection within the DPAG. Based on these facts, there 
is a possibility that GLY applied to different subdivisions of the DPAG 
elicits distinct behavioral patterns in animal models of anxiety. The 
present work was outlined in order to verify a possible anxioselective 
effect caused by GLY microinjection circumscribed to 3 different 
subdivisions of the DPAG. Male Wistar 4-month-old rats, stereotaxically 
implanted with a guide cannula directed to rostral (AP: 5,8), intermediate 
(AP: 6,7) or caudal (AP: 7,6) DPAG, were tested during 5 min in an 
elevated plus-maze (EPM), 10 min after receiving GLY (120 nmol) or 
artificial cerebrospinal fluid microinjections (0,3 pi). Behavioral measures 
scored were the number of (OAE) and the time spent (TSE) on open 
arms. Overall ANOVA showed that rats treated with GLY exhibit 
reductions in the OAE [F(1,52)=9,1 ,p<0.005] and in the TSE 
[F(1,52)=13,27;p<0.001]. Post hoc analysis revealed that only 
microinjection of GLY into caudal DPAG were statistically different from 
control (p<0.001). These results reinforce the hypothesis that the DPAG is 
not a homogeneous structure and suggest that different functional rostro-
caudal subdivisions of the DPAG may participate in the mediation of 
reactions to aversive stimuli Supported by: CNPq and CAPES

929.14
DYNAMICS OF CORTICOSTERONE ELEVATION AND 
BENZODIAZEPINE EFFECTS IN SUCCESSIVE NEGATIVE 
CONTRAST Colin Mitchell* and Charles Flaherty. Department of 
Psychology, Rutgers University, New Brunswick, NJ.

Rats were trained in a Successive Negative Contrast (SNC) 
paradigm where half of the subjects received 5 min daily access 
periods to a 4% sucrose solution for 14 days, while the other half 
received 32% for 10 days and were shifted to 4% for four days. 
Shifted subjects decreased intake when presented with the 4% 
sucrose to a level well below that of subjects receiving the 4% 
sucrose throughout the study, a SNC effect. This effect dissipated 
within 4 presentations of 4%.

Corticosterone (CORT) levels were increased in shifted subjects 
immediately before the second presentation of 4% sucrose, 
suggesting an anticipatory anxiety response, and up to 20 min after. 
No elevation was observed up to 15 min after the first presentation, 
nor was there a CORT difference between groups after the first 
presentation of 4% sucrose when the access period was extended to 
10 min, which corresponds to the amount of experience gained with 
the 4% sucrose the second day after the shift. Benzodiazepines 
(BDZs) do not eliminate the difference in intake between groups on 
the first postshift day, but do reduce contrast on the second postshift 
day and during the second 5 min period when access on the first 
postshift day is extended to 10 min. Thus, BDZ effects appear to be 
a function of absolute amount of experience with the reduced 
reward, while CORT elevation appears dependent upon the number 
of discrete presentations. The effect of BDZs on CORT differences 
between groups and CORT function in SNC is under investigation.

929.15
EFFECTS OF ZOLPIDEM ON NEGATIVE CONTRAST.
C. Coppotelli*, A. Greenwood, C. Flaherty, & 3. Higgins.
Rutgers University, New Brunswick, NJ 08903.

The effect of zolpidem on successive negative contrast in 
consummatory behavior was examined in three experiments. 
The negative contrast effect that occurred after shifting rats 
from 32% to 4% sucrose was apparently reduced by zolpidem 
(0.5, 4.0 mg/kg) on both the first and second postshift days - a 
pattern different from that obtained with chlordiazepoxide, 
which is not effective on the first postshift day. However, an 
additional experiment which included a group which received 
only 2% sucrose throughout the experiment indicated that the 
effect of zolpidem includes both substantial appetite- 
stimulation effects, as well as some anti-anxiety or anti-
contrast actions.

Funded by NiMH Grant #MH48835-03 to C.FIaherty.

929.16
MEDIAL AND LATERAL CORTICAL PROJECTIONS TO THE
PERIAQUEDUCTAL GRAY REGION IN THE RAT.
NJx.Floyd’L K-A- Keay_and R,„Ban„dler, Dept. of Anatomy and Histology, 
Institute for Biomedical Research, The University of Sydney, NSW, 
Australia, 2006.

All behavior occurs within an emotional context. However, the cortical 
circuits by which emotions are modulated have not been will defined. We 
have suggested recently that the ventrolateral periaqueductal gray region 
(vlPAG) plays an important role in mediating a "passive emotional coping" 
style of response. This strategy is characterised by hyporeactivity, 
quiescence, hypotension (sympathoinhibition), bradycardia and analgesia. 
The vlPAG may therefore represent an important brainstem region via 
which cortical areas that influence "emotion" might integrate behavioral, 
cardiovascular and sensory changes. To delineate cortical projections to 
vlPAG we utilised retrograde tracing techniques. In rats anaesthetised with 
a mixture of ketamine (120mg/kg) and rompun (5.4mg/kg), the retrograde 
tracer cholera-toxin subunit B (CTB) was deposited into the vlPAG either by 
(i) pressure ejection via a glass micropipette (CTB: 1%); or (ii) by 
iontophoresis (1%, 5-10pA, 6s duty cycle). After 7 days, the rats were 
sacrificed and serial sections (50pm) through the brain rostral to the 
injection sites were cut and reacted for presence of CTB. Sections spaced at 
500pm intervals were plotted using the camera-lucida. Retrogradely 
labelled cells were found bilaterally, with an ipsilateral preponderance in 
lamina 5 of: (i) prelimbic cortex; (ii) infralimbic cortex; (iii) orbital cortex; (iv) 
agranular insular cortex; (v) anterior cingulate cortex and (vi) precentral 
cortex. These observations suggest that both medial (prelimbic, infralimbic, 
anterior cingulate) and lateral (agranular insular) cortical fields may 
influence the emotional state of the animal via projections to vlPAG.
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929.17
INVOLVEMENT OF OPIOIDS IN THE ANXIOLYTIC AND 
AMNESIC ACTIONS OF CHLORDIAZEPOXIDE C. Belzung, 
D. Dubreuil, A.M. Leguisquet and A. Agmo. LEPCO, Fac. 
Sciences, Parc Grandmont, F-37200 TOURS (Spon. : EBBS)

The present study was designed to investigate the 
interactions of chlordiazepoxide and the opiate antagonist 
naloxone in C57BL/6 mice confronted either to an animal model 
of anxiety (the elevated plus maze) or to a learning test (the 
radial maze).

In the elevated plus maze, chlordiazepoxide dosed at 5 
mg/kg produced an increase in the percent of open arm entries 
while a dose of 2.5 mg/kg was ineffective. Naloxone (10 mg/kg) 
blocked the anxiolytic effect of chlordiazepoxide (5 mg/kg) while 
it potentiated the effects of the subeffective dose of the 
benzodiazepine (2.5 mg/kg). In the radial maze, controls and 
animals treated with chlordiazepoxide (2.5 mg/kg) showed an 
improvement of their performance over five sessions while 
animals treated with chlordiazepoxide, 5 mg/kg, failed to learn. 
Naloxone (10 mg/kg) abolished the amnesic effect of 
chlordiazepoxide (5 mg/kg) while it did not modify the learning 
abilities of animals treated with chlordiazepoxide (2.5 mg/kg). In 
both behavioral situation, naloxone (10 mg/kg) did not elicit any 
intrinsic effect.

NOREPINEPHRINE AND BEHAVIOR

930.1
BEHAVIORAL AND EEG EFFECTS OF UNILATERAL CARBACHOL AND 
CLONIDINE INFUSIONS INTO THE LOCUS COERULEUS REGION IN FREELY 
MOVING RATS. A.Vankov Dept. Cognitive Science, UCSD, La Jolla, CA 92093

Numerous data indicate that nucleus locus coeruleus (LC) participates in behavioral state 
control. For example, in halotane anesthetized rats, enhancing or suppressing LC activity 
with localized drug infusions causes EEG signs of activation or sedation, respectively. The 
present experiments extend these observations to awake freely moving animals.

Rats were implanted with cortical and hippocampal electrodes and a guide cannula to 
permit peri-LC infusions at a later time. After recovery vehicle or active substance were 
injected (100-200 nl volumes over 1-2 min). Motor activity, as well as ECoG and 
hippocampal EEG were recorded continuously before, during and following the infusions. 
Effect of Carbachol. Injections were given after long exposure to the experimental 
environment. Doses activating the LC neurons (total quantity 200 - 400 ng per injection) 
had activating effects on both motor activity and EEG, with a latency of 20 sec. to 2 min 
from the beginning of the infusion and a duration of 6 to 15 min. Behavioral activation 
varied from waking up to vigorous locomotor activity. EEG changes included decrease of 
total EEG power with relative decrease of lower frequencies and increase in the theta band. 
Effect of Clonidine: Injections suppressing the LC were given shortly after the animals were 
put in the experimental chamber. With 2 pg/pl infusions, single injections of 0.1 - 0.2 pi 
were ineffective, while second injections 10' later produced clear EEG and behavioral se-
dation within 2-4 min. Five pg/pl injections reduced motor activity with the first injection. 
Accurately placed infusions evoked sleep within two minutes, lasting 6 to 20 min. EEG 
changes included elevation in total power with enhancement in the lower frequencies. 
Vehicle infusions at the same volumes and rates were ineffective.

These results provide direct evidence for the role of the LC in arousal. The minimal 
effectiveness and cumulative effect of low concentration clonidine infusions indicate that 
unilateral inactivation of the LC is partly compensated for by the contralateral LC, while the 
dramatic effect of carbachol supports a direct causal link between EEG/behavioral and LC 
activation. AFOSR F49620, Fogarty TWO4957.

930.2
LOCUS COERULEUS REPONSES TO FRONTAL CORTEX STIMULATION 
AFTER LOCAL INJECTION OF GABA ANTAGONISTS OR LESION OF 
THE NUCLEUS PARAGIGANTOCELLULARIS. L. Briois & S.J. Sara, (SPON: 
European Brain & Behaviour Society) Institut des Neurosciences, UPMC, 9 quai St. 
Bernard, Paris, France

Recording spontaneous activity from the FR2 region of frontal cortex (FC) and 
locus coeruleus (LC), we observe that when the two structures are in a rythmic or 
bursting mode, LC cells never fire during a burst of FC activity, but tend to fire after a 
delay which varies from ~100-300ms, appearing in the cross-correlogram as a 
systematic phase shift. This temporal relationship in firing suggests a strong influence 
of FC on LC, but it is not clear if it is purely inhibitory, or excitatory with a long 
latency or both. Stimulation of the FR2 region with short high frequency trains which 
mimic a burst, most often produces an excitatory response in LC with varied latency 
(40-60ms) followed by an inhibitory response lasting several hundred ms. Fixed 
latency responses are sometimes observed, probably antidromically driven. Short 
latency inhibitory responses occasionally precede the excitatory response.

In an attempt to determine the origin of the late inhibitory phase of the response, 
several strategies were used. Stimulation intensity was decreased to below threshold 
for an excitatory response while the inhibitory response could still be observed, 
suggesting that it was not due to post activation autoinhibition. Furthermore, the 
alpha2 autoreceptor antagonist, idazoxan did not block the FC induced inhibition. In a 
fhrther attempt to selectively block the excitatory component of the response, the 
nucleus paragigantocellularis, the major excitatory input to LC, was lesioned. This 
produced a sustained decrease of spontaneous firing (-50%) but the evoked excitatory 
and inhibitory responses were spared in proportion to the spontaneous activity. 
Finally, local pressure injection of GABA A or GABA B antagonists did not block 
the inhibitory resonse to FC stimulation. Thus FR2 region of FC exerts a strong 
influence on LC as suggested by both simultaneous activity and stimulation studies. 
The inhibitory response is not due to autoinhibition, nor does it appear to be mediated 
by local GABAergic neurons. Supported by CNRS URA 1488 and Program Cognisciences.

930.3
INHIBITORY AND EXCITATORY EFFECTS OF AMYGDALA 
AND SEPTAL STIMULATION ON LOCUS COERULEUS UNIT 
ACTIVITY. E. Yadin, E. Thomas* and S. J. Sara. Dept. Psychology, 
Bryn Mawr College, Bryn Mawr, PA 19010, and Institut des Neuro-
sciences, UPMC, 9 quai St Bernard, 75005, Paris, France.

Recent anatomical data suggest a substantial input from the central 
nucleus of the amygdala to the pericoerulear region containing dendri-
tes of both noradrenergic and non-noradrenergic neurons. The projec-
tions to this area suggest a possible influence of the amygdala upon 
locus coeruleus (LC) functioning. The present study sought to deter-
mine the effects of electrical stimulation of forebrain structures, inclu-
ding amygdala (primarily the central nucleus) and lateral septum, upon 
unit activity in locus coeruleus of the anesthetized rat. The effects of 
single-pulse stimulation and trains of pulses were examined. LC place-
ment was verified both physiologically and histologically.

Single pulse stimulation of the amygdala had little or inconsistent 
effect upon firing rates of LC units. Trains of stimulation, however, had 
a profound inhibitory effect on LC activity which was not readily ac-
counted for by autoinhibition. Both ipsilateral and contralateral stimu-
lation sites were effective. In contrast, stimulation of the lateral septum 
yielded a modest increase in LC firing rates. The pattern of obtained 
results implies an important role of forebrain structures in modulating 
brainstem noradrenergic activity.

Supported by NIMH (#MH54674) and CNRS (#URA1488)

930.4
EFFECTS OF LEAD ON THE TYROSINE HYDROXYLASE IMMUNOREAC- 
TIVE LOCUS CERULEUS NEURON OF THE RAT. W. T. Lee, S. H. Lee, 
H. S. Lee, C. H. Koo, K. A. Park, Y. G. Park*. Department of Anatomy 
and Neurosurgery, Yonsei Univ. College of Med., Seoul, Korea 120-752

The neurotoxic effects of inorganic lead, a common environmental toxic 
substance, include peripheral neuropathy in adults and encephalopathy in 
children. Behavioral changes including hyperactivity, short attention span, 
easy distractibility and impulsiveness have also been noted in patents with 
chronic lead exposure in childhood. The level of norepinephrine in brain 
may relate to hyperactivity and chronic lead exposure. The purpose of this 
study was to determine the effect of inorganic lead (PbCL) administration 
in neonatal rats by immunocytochemical and electron microscopical analysis 
of norepinephrinergic neurons of the locus ceruleus.

0.05%, 0.1% and 0.2% lead chloride were dissolved in distilled water and 
the solution was administered orally via drinking water. After 4, 8 or 12 
weeks of continuous administration, all rats were sacrificed and the brain 
was processed and immunostained with tyrosine hydroxylase, a rate limit-
ing enzyme of norepinephrine synthesis antibody. The number of tyrosine 
hydroxylase immunostained cell bodies in locus ceruleus was estimated. 
Densitometric analysis of tyrosine hydroxylase immunoreactive profiles in 
electron microscopic photographs were done by using image analyzer. 
Numbers of tyrosine hydroxylase immunoreactive neurons in the locus 
ceruleus had increased stastically after lead administration. Density of the 
electron microscopic tyrosine hydroxylase immunoreactive profiles had also 
increased. Degenerative changes, such as intra-axonal vacuolar space forma-
tion, were found within tyrosine hydroxylase immunoreactive axons. Some-
what widened intercellular spaces and retracted processes were also found 
in the region of the locus ceruleus. Increased tyrosine hydroxylase immuno-
reactivity may correlate with hyperreactivity of lead intoxicated children, 
Degenerative changes may be responsible for the short attention span, easy 
distractibility and impulsiveness observed in case of mild lead poisoning.
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930.5
NOREPINEPHRINE DEPLETION BY DSP-4 TREATMENT IMPAIRS 
PREFERENCES FOR MALE ODORS IN FEMALE CD-I MICE. C 
Cornwell*, J. Ballard and J. Colon. Dept. of Psychology Syracuse 
Univ., Syracuse, NY, 13244.

Norepinephrine (NE) facilitates the ability of female mice to distinguish 
between odors of males from different strains. Pregnancy block normally 
occurs when a female is exposed to odors from a male of a different strain 
than an original stud’s, but blockage occurs to odors from males of either 
the same or different strain as the stud’s in NE-depleted females (Rosser 
& Keveme, Neuroscience, 1985). This study examined NE depletion 
effects on female responses to odors from kin vs. non-kin conspecfics of 
their own strain. Female CD-I mice were separated from male siblings at 
weaning and group-housed in a different room from the males. On 
postnatal day 61, experimental females were injected with 50 //g/g of the 
NE neurotoxin, N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP- 
4). Control females were either injected with water vehicle or left 
untreated. Preferences for male vs. female nest odors were tested 3 days 
later. The nest shavings were either those of the females and their male 
siblings, or from groups that were unrelated to the test subjects. The next 
day, the mice were sacrificed, and hippocampal tissue was dissected for 
monamine assay. DSP-4 treatment reduced hippocampal NE levels by 
80-85%. None of the female groups showed a preference between their 
own vs. male siblings’ nest odors. However, control, but not drug- 
treated females preferred unrelated male nest odors to female odors. NE 
may encourage outbreeding in female mice by facilitating attraction to 
odors from non-kin males. Supported by the Psychology Dept. and the 
Office of the Dean, College of Arts and Sciences, Syracuse University.

930.6
THE EFFECTS OF ALPHA-2 ADRENERGIC DRUGS ON COMPLEX 
VISUAL REACTION TIME TASK IN MONKEYS. J.K, Hietanen*, P, Rama. 
Dept. Psychol., Univ. of Tampere, P.O. Box 607, 33101 Tampere, Finland, and 
Inst. Biomed., Dept. Physiol., P.O. Box 9, 00014 Univ. Helsinki, Finland.

The catecholinergic system of the cerebral cortex has been implicated in 
controlling attention and memory functions. In the present study the effects of 
medetomidine and atipamezole, an alpha-2 agonist and antagonist, respectively, 
were studied in a Stroop-like visual reaction time task (Simon task). Four monkeys 
(Macaco, arctoides) were trained to perform spatially selective manual responses 
(left/right) in a task in which the stimulus colour (green/red) and its spatial location 
(left/central/right) were relevant and irrelevant stimulus dimensions, respectively. 
Thus, the location of the colour stimulus was compatible, neutral, or incompatible 
with respect to the direction of the manual response. On saline control performance 
the monkeys’ reaction times were faster to compatible than neutral or incompatible 
stimuli. This result has been reported in human subjects also (Hietanen and Rama, 
1995). It was hypothesized that the drugs might have differential effects on the 
reaction times to compatible, neutral, and incompatible stimuli. The highest tested 
concentration of medetomidine (10 jig/Kg) slowed down the reactions to neutral 
stimuli specifically. Other medetomidine concentrations (0.1, 0.3, 1.0, and 3.0 
pg/Kg) did not have effects on the reaction times. Atipamezole concentrations of 
0.06, 0.1, and 0.3 (mg/Kg) slowed down reactions to all stimulus types.

The project was supported by Orion Corporation, Orion Pharma, Finland

930.7
DIFFERENTIAL MODULATION OF HIGH FREQUENCY GAMMA EEG 
ACTIVITY BY MICROINJECTION OF NORADRENALINE AND 
SEROTONIN INTO THE BASAL FOREBRAIN. E. G. Cape, D. Nouef 
and B, E, Jones. Montreal Neurological Inst., McGill Univ., Montreal, 
Quebec H3A2B4 Canada.

In order to assess the role in cortical activation of cholinergic basal 
forebrain neurons and their regulation by monoaminergic inputs, 
noradrenaline (NA) and serotonin (5-HT) were injected bilaterally into the 
region of the cholinergic cells. Injections were performed using a remotely 
controlled micro-injection apparatus which allowed study of changes in 
EEG and behavior without disturbing the normal diurnal sleep-wake cycle 
of the rat. EEG was recorded from chronically implanted electrodes and 
high frequency gamma activity (30-60 Hz) measured by spectral analysis. 
Whereas Ringer injections did not produce any significant changes, NA and 
5-HT significantly altered EEG activity and sleep-wake states in different 
ways. NA produced a decrease in absolute delta EEG activity and associated 
increase in relative gamma activity, while significantly decreasing SWS and 
paradoxical sleep (PS). 5-HT produced a decrease in absolute gamma 
activity and associated increase in relative delta activity, while significantly 
decreasing only PS. During the Wake epochs that followed NA injections, 
relative gamma was significantly increased and positively correlated with 
the dose of NA. In contrast, during the Wake epochs which occurred 
following 5-HT injections, relative gamma was significantly decreased and 
negatively correlated with the dose of 5-HT. These results suggest that 
noradrenergic and serotonergic neurons may play different roles in cortical 
activation via different effects upon basal forebrain neurons. (Supported by 
the Canadian MRC).

930.8
EPINEPHRINE INDUCES RAPID CHANGES IN CENTRALLY AND
PERIPHERALLY MEDIATED ELECTRIC ORGAN DISCHARGE
CHARACTERISTICS IN A WEAKLY ELECTRIC FISH. M. H, Miao, S. G. Gupta,
L, I. Perrotti, and R. E. Landsman*. Lab. of Behavioral Ichthyology, Academy 
for the Advancement of Science and Technology, Hackensack, NJ 07601.

To complement a previous study (Lin, et. al., Soc. Neurosci. Abst. 22,
#530.19, 1996) reporting that the catecholamine norepinephrine (NE) rapidly 
altered the centrally controlled rate and peripherally controlled waveform of the 
electric organ discharge (EOD) in Brienomyrus brachyistius, the present study 
investigated the effects of epinephrine (E) on the EOD in Brienomyrus sp. Fish 
were matched by mass and randomly assigned to three conditions (n = 8) to 
receive either E (40 pg/kg body mass, I.P.) or vehicle control (V) injections, or 
served as nonhandled controls (C). For each fish, EOD rate data were collected 
every 5 seconds for 3 min and one EOD measured at the pre-treatment, post-
treatment, 15 min post-treatment and 30 min post-treatment periods. Mean EOD 
rates and phase durations were calculated. Two-way ANOVAs with repeated 
measures on one factor revealed significant CONDITION x TREATMENT 
PERIOD interactions for rate [F(6, 63) = 8.86, p< 0.0001], and the durations of 
Phase 2 (P2) [F(6, 63) = 3.31, p< 0.007] and Phase 3 (P3) [F(6, 63) = 3.19, 
p<0.009]. Tests for simple main effects and multiple comparisons indicated that 
EOD rate decreased immediately following only the E injection, differing from 
both V and C rates, and remained at this low level through 15 min post-
treatment. Epinephrine increased P2 duration by 30 min post-treatment and P3 
by 15 min post-treatment compared to pre-treatment durations. The durations of 
Phases 1 and 4 were not affected by E. There were no changes in EOD rate or 
waveform for V or C fish. These data complement those found for NE, 
emphasizing the role that catecholamines may play in affecting rapid changes in 
centrally and peripherally controlled EOD behavior.

Funded by the Bergen County Technical Schools' Board of Education,

DRUGS OF ABUSE: ALCOHOL AND BENZODIAZEPINES

931.1
ETHANOL ADDICTION BEHAVIOR IN THE NAPLES HIGH 
AND LOW-EXCITABILITY RAT LINES. M.P.Pellicano* and 
A.G.Sadile1. (SPON: EUROPEAN BRAIN AND BEHAVIOUR SOCIETY). 
Lab. Eating Behavior, Food Science & Technol. Inst., CNR, Avellino; ’Lab. 
Neurophysiol. Behav. & Neural Networks, Med. School, II Univ. Naples, I.

The aim of this project was to investigate ethanol addiction behavior in 
rats of the Naples High (NHE) and Low-Excitability (NLE) lines, selectively 
bred for divergent activity in a Lat-maze. Adult male NHE, NLE and 
random-bred controls (NRB) were singly-housed and had access to a 4-bottle 
system containing tap water or 5, 10, 20 % ethanol solution during a 6-weeks 
period. After a 2-wk period of forced abstinence, rats were exposed to the 4- 
bottles for 1 week (Exp. 1. After a 2-wk forced abstinence period, rats were 
re-exposed for 1 week to the 4-bottles, to three of which 0.02 % quinine-HCl 
solution had been added (Exp. 2). After a 2-wk pause, rats were adapted to 
drink only water during 4 hours for 1-week. Then, rats received a single 
injection of naltrexone-HCl (5 mg/kg, i.p.), which was followed 30 min later 
by access to the 3 bottles with water, ethanol 5 % and 20 % solution for 2 
hours (Exp. 3). The results indicate that (i) in Exp. 1 on day 1 only the total 
ethanol intake was higher in the NLE than in NHE and NRB; (ii) in the Exp. 
2 the quinine drastically reduced ethanol intake in NHE and NRB but not in 
the NLE; (iii) in Exp. 3 naltrexone reduced by about 50 % the intake of the 
preferred solution, i.e. the 20 % in NLE and the 5 % in NHE and NRB. The 
data support the validity of these animal models to study the neural 
substrates of the components of ethanol addiction behavior. Supported by 
CNR STRAO94 and MURST95 grants.

931.2
DECREASED MEASURES OF EXPERIMENTAL ANXIETY IN RATS BRED 
FOR HIGH ALCOHOL PREFERENCE. L, Wiklund*, C. Moller. A, Thorsell, P, 
Hyvtia and M, Heilig, Magnus Huss Clinic, Karolinska Hospital, S-17176 
Stockholm

A prevalent notion holds that acute anti-anxiety actions of ethanol are important 
for the reinforcing properties of this drug, and might predispose individuals with 
pre-existing anxiety disorders for developing ethanol dependence. This notion 
remains controversial, and human studies have yielded conflicting results. Ethanol 
dependence is likely a heterogenous disorder, and the discrepancies might be 
explained by a different relation between anxiety and alcohol reinforcement in 
different subtypes of alcoholism. Recent results in experimental animals suggest 
that anti-anxiety actions of ethanol are important reinforcers of voluntary ethanol 
consumption in heterogeneous rats. Here, we examined whether the relationship 
is different in the AA line of rats bred for high voluntary ethanol intake. Behavior 
was studied in two established animal models of anxiety, a punished drinking 
conflict test, and the elevated plus maze. In the conflict test, the AA line displayed 
a markedly disinhibited behavior over a range of shock intensities, compared both 
to their counterpart, the ANA line, and to regular Wistar rats. On the plus maze, 
both AA and Wistar rats showed lower measures of experimental anxiety than 
ANA subjects. The phenotype of the animals was confirmed using a two-bottle free 
choice alcohol drinking procedure. The disinhibited behavior and spontaneous 
ethanol preference of the AA line differs from what has been found in 
heterogeneous rats, and displays similarities to genetically transmitted type II 
alcoholism according to the nomenclature of Cloninger. (Supported by the Swedish 
Medical Research Council)
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931.3
CORTICOSTERONE PROFILES OF OUTBRED RATS SELECTED FOR 
HIGH VS LOW ALCOHOL PREFERENCE. BeK SM? Wilkinson CW,2

Washington, Department of Psychology, Seattle, WA, 98105 & 
2Veterans Administration Medical Center, Seattle, WA, 98108

Male Long Evans rats (n=60) were allowed access (1 hr/day) 
to increasing concentrations of alcohol (up to 8% w/v) for 6 
wk. Average intakes varied widely among rats, ranging from 
0.1 to 10.2 ml/kg/hr. Rats were ranked by their intakes of 8% 
alcohol, and high (n=6; HP) and low (n=6; LP) preferers 
were selected. To assess diurnal patterns of corticosterone, 
tail blood was taken every 3 hrs over a 25-hr period, and 
corticosterone was measured by RIA. HPs and LPs had 
comparable cyclicity of corticosterone levels over the 
interval, yet HPs had a 3-fold elevation of corticosterone 
during the initial sampling period (lights on, 147.3 vs. 46.5 
ng/ml). To test whether this resulted from differences in 
reactivity to the stress of the sampling procedure, tail blood 
was collected prior to, immediately following, and after 1 and 
2 hrs recovery from a 1-hr period of restraint-stress. Both 
groups had substantial increases of corticosterone following 
this stressor, yet no reliable between-group differences in 
either basal levels, peak levels, or recovery latencies were 
observed. Perhaps alcohol-preferring rats can be character-
ized as being more reactive to mild or novel stressors; we are 
testing this hypothesis presently.
Supported by grants DK 35816, DK 17844, DK 40963, and the 
Merit Review Program of the Veterans Administration.

931.4
PARAMETRIC ANALYSIS OF SENSITIZATION TO ETHANOL-STIMULATED 
LOCOMOTOR ACTIVITY IN DBA/2J MICE. J. Broadbent* and 
W.E. Harless Behavioral Neuroscience, Oregon Health Sciences 
University, Portland, OR 97201

Discrepancies in the literature regarding development of 
sensitization to ethanol-stimulated activity may be attributed to the 
use of different ethanol doses and procedures across studies. The aim of 
the present experiment was to determine doses of ethanol that 
consistently produce sensitization.

Male mice were habituated to activity boxes during a 5 min. trial 
following a saline injection. The animals were then divided into four 
groups (n = 36) according to the dose of ethanol given i.p. on four, 5 
min. acquisition trials (0, 1.5, 2.0, or 2.5 g/kg). Trials were given 
at 48 h intervals. An inverted U shaped function was observed on the 
first trial, with peak stimulation occurring at 2.0 g/kg. Each group of 
mice was further divided into four sub-groups before the 5 min. test 
trial. Sub-groups received 0, 1.5, 2.0, or 2.5 g/kg immediately 
before the test trial. Test scores demonstrated between-group 
sensitization in animals treated with 2.0 or 2.5 g/kg on acquisition 
trials, and tested with 2.0 or 2.5 g/kg. Animals given 1.5 g/kg on 
acquisition or test trials did not consistently show sensitization. Blood 
ethanol levels measured immediately after the test trial did not reveal 
differences between animals receiving acute or chronic ethanol 
exposure. Consistent demonstration of sensitization suggests that this 
procedure is suitable for use in additional experiments designed to 
assess the neural mechanisms mediating sensitization to ethanol- 
stimulated locomotor activity.
Supported by NIAAA grant AA11066

931.5
ALCOHOL CONSUMPTION, EMOTIONAL REACTIVITY AND 
HEDONIC GUSTATORY PROFILE OF SEVEN INBRED RAT 
STRAINS. L, Veliev, P. Mormede, R. Razafimanalina and B. Cardo*. 
Lab. Genetique du Stress, INSERM, INRA Institut F. Magendie,33077 
Bordeaux, France.

The aim of this study was to provide evidence for the putative 
association between emotionality, gustatory hedonic profile and the 
propensity to consume 10% ethanol in seven inbred rat strains, not 
selected on the basis of their alcohol related behavior.

Male and female rats of Wistar-Kyoto (WKY), Wistar-Kyoto 
Hyperactive (WKHA), Spontaneously Hypertensive (SHR), Fisher 
344 (FIS), Lewis (LEW),Wistar Furth (WF) and Brown Norway (BN) 
strains were compared for their locomotor reactivity in a novel 
environment, their gustatory choice between water and saccharin or 
quinine solutions and for their free-choice alcohol consumption.

Results showed that: 1) the seven strains could be distributed into 
three groups: low (WKY, FIS), medium (WF,BN) and high (SHR, 
WKHA, LEW) alcohol consumers; 2) a high alcohol consumption could 
be associated with two opposite emotional profiles (SHR and LEW); 
3) a triplet of strains genetically deriving from each other (WKY, WKHA, 
SHR), displayed different propensities to consume alcohol and 
palatable solutions with a different incidence of sex on these 
parameters. WKHA rats derived from a F2 intercross between WKY 
(low alcohol consumption, no sex difference) and SHR (high alcohol 
consumption, significant sex difference) showed high alcohol 
consumption but with no sex difference. The three latter strains are 
presently being used to study the genetic determinants of these traits.

931.6
IDENTIFICATION OF QUANTITATIVE TRAIT LOCI (QTLs) INVOLVED IN 
ACUTE PENTOBARBITAL WITHDRAWAL, ft,J, T, JMka,
J.K. Belknap. J.C. Crabbe. Dept. of Behavioral Neuroscience and Portland Alcohol 
Research Center, Oregon Health Sciences Univ. and VAMC, Portland, OR 97201.

Drug dependence is accompanied by evidence of withdrawal (physical dependence), 
tolerance, or compulsive behavior related to drug use. Studies of strain and individual 
differences using animal models for withdrawal liability are useful means to identify 
potential genetic determinants of liability in humans. Behavioral and quantitative 
trait analyses were conducted using mice derived from the C57BL/6J and DBA/2J 
strains [i.e., their BXD recombinant inbred strains (n=25 strains), F2 intercross 
(n=404 mice), and mice selectively bred for High vs Low Pentobarbital Withdrawal 
liability (n=125 mice, generation S2)]. A genome-wide screen comparing the pattern 
of BXD strain means for acute pentobarbital withdrawal severity with polymorphic 
markers detected putative QTLs on chromosomes 1,2, 11, 12 and 14, each identified 
by a cluster of markers associated (p<.05) with withdrawal severity. To test the 
results obtained in the BxD screen, F2 and selectively bred mice were genotyped 
using microsatellite markers within each of the BXD-implicated chromosome 
regions and analyzed for their association with withdrawal severity. Using this two- 
phase genetic linkage strategy, QTLs on chromosomes 1 (LOD>7, near DlMit206 
at 96 cM) and 11 (LOD~4, near DI IMit 174 at 20 cM) were mapped that contain 
genes that influence pentobarbital withdrawal. Candidates near D11M4174 include 
genes encoding the a 1, a6 and y 2 subunits of GABAa  receptors (19-23 cM).

We recently identified QTLs on chromosomes 1 (LOD=5.6) and 11 (LOD=4.1) 
that contain genes that influence alcohol withdrawal liability (Buck et al, J Neurosci, 
in press). Pentobarbital and alcohol have many pharmacological similarities, and are 
believed to mediate many of their effects through modulation of GABAa  receptors, 
suggesting the influence of common genes. Syntenic homology between human and 
mouse chromosomes suggests that human homologs of genes contributing to 
pentobarbital and alcohol dependence may localize to human chromosomes lq21-32 
and 5q32-35. (Supported by RO1DA05228, P50AA10760, RO1AA06243, the 
Alcoholic Beverage Medical Research Foundation, and the Dept. of Veterans Affairs).

931.7
QUANTITATIVE TRAIT LOCI STUDY OF ALCOHOLISM IN 

AA/ANA RATS. C. Balias*, G.Golden. C. Haley. J, Gilmore. W, Vogel.
K, Kiianmaa. T. Ferraro. W, Bcrrcttini. Thomas Jefferson University, 
Philadelphia, PA. 19107

We are currently undertaking a QTL study of alcohol preference in a two 
bottle choice paradigm using two outbred strains of rats (ALKO Alcohol 
and ALKO Non-alcohol) known to differ markedly for alcohol preference. 
AA/ANA rats are derived from Wistar outbred rats through selection for 
high and low alcohol drinking (Eriksson, Science 159:739,1968). It was 
observed that at generation F55, AArats drank significantly more alcohol 
(males: 7.6 +2.1 g/kg/day; females 8.0 +2.3 g/kg/day) than ANA rats (males 
.4 + .5 g/kg/day’ females .3 + .2 g/kg/day) (Sinclair, Experientia 45:798, 
1989).

One male of each type of rat (AA or ANA) was crossed with 3 female rats 
of the alternate type (ANA or AA) to produce an FI population; 5 male FI 
animals were crossed on four different rounds with the same 21 FI females, 
to produce 457 F2 rats. All F2 rats were subjected to the same 
experimental paradigm: 21 day two bottle choice of 10% ethanol vs. water. 
In the final three days of the experiment, ethanol intake was measured. For 
the F2 animals, mean ethanol intake was 2.2 + 2.5 g/kg/day. Those rats 
with the 10% highest and lowest intakes, as well as Pl and FI animals were 
involved in genotyping experiments. Screening of the rat genome is 
currently underway to determine correlations between DNA markers spaced 
at 20cM intervals and alcohol preference. (Supported by Foerderer 
Fellowship and NIAAA Grant 1R01AA10705-01A1)

931.8
CONTINUED BEHAVIORAL ASSESSMENTS IN RATS SPECIALLY BRED 
FOR ALCOHOL CONSUMPTION: APPROACH AND AVOIDANCE 
BEHAVIORS IN HAD AND LAD RATS. M.R. Blankenship*, A.S. Fender, P.R. 
Finn, and J.E. Steinmetz. Prog, in Neural Sci., Indiana University, Bloomington, IN 
47405.

Comparisons between rat lines that have been specially bred for alcohol 
consumption have revealed a variety of behavioral differences that go beyond their 
desire for alcohol consumption. Such behavioral differences have been hypothesized 
to contribute to the development of alcohol-seeking behavior in addition to the 
physiological and biochemical factors (Stewart et al., 1993). The present study 
employed a signalled-operant task that requires the rats to use a tone signal to av oid a 
mild footshoek or obtain a food pellet in counterbalanced sets of 15 daily training 
sessions. When appetitive training is given first both the HAD and LAD rats learn 
quickly and maintain rewarded response rates that are typical of this task. When 
aversive training is given first the LAD rats again learn to avoid shock onset to lev els 
consistent with groups of normal rats, however the HAD rats don’t learn the 
predictive value of the tone signal. Even after the HAD rats have experienced the 
appetitive context, they do not acquire the avoidance response. It appears that the 
fear-inducing nature of the aversive context disrupts leami ng in the HAD rats, even 
when they are primed with experience in appetitiv e training. Perhaps poor learning to 
a cue for impending negative consequences plays an important role in maintaining 
voluntary alcohol consumption. The inconsistencies between P rats and HAD rats in 
their performance on this task suggest that different behavioral predispositions 
subserve the development of alcohol-seeking behavior. These predispositions may be 
due to differences in the stock rats (amplified following generations of inbreeding), 
differences in inbreeding procedures, or two distinct sets of behavioral traits that 
correlate with the alcohol-seeking phenotype. Supported by NIAAA grant 
#R()1AA 10120-01 A!
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931.9
NIJMEGEN HIGH AND LOW RESPONDERS TO NOVELTY DIFFER IN 
SUCROSE, QUININE, SACCHARIN AND ETHANOL INTAKE.
M.A. Gin gras* and A.R. Cools Dept. Psychoneuropharmacology. P.O Box 9101, 
6500 HB Nijmegen, the Netherlands.
We have shown that Nijmegen high responders(HR) and low responders(LR) to 
novelty differ in ethanol intake. HR drank more water than ethanol suggesting that 
they are more sensitive to the aversive properties of ethanol. It was investigated to 
what extent HR and LR show differential responses to aversive and rewarding stimuli, 
respectively. The intake of quinine (0.001-0.01%), sucrose (0.5-15%) and saccharin 
(0.25 %) was studied in HR and LR. The saccharin test was included as control. Daily 
10 min single bottle drinking tests with tap water or test solution were given in the 
home cage of every animal. Following a 24 h water deprivation period rats were 
given 10 min access to water during 4 consecutive days. On day 5, all animals were 
given 10 min access to the test solution. On day 6 & 7 animals received water and 
finally on day 8 animals received a test solution different from that given on day 5, 
apart from saccharin that was given on day 5 and 8. The shift in taste (water- 
saccharin) elicited a greater response in LR than in HR. Quinine (0.001 %) enhanced 
intake in LR, but not in HR; higher concentrations reduced intake in LR and HR. 
Sucrose (0.5-15%) dose-dependently enhanced intake in LR, although the intake of 
the 15% solution was smaller than that of the 7% solution. Sucrose enhanced intake 
in HR to a far less degree than in LR; moreover, the intake was constant across the 
different concentrations. Pre-exposure to an aversive solution enhanced the threshold 
for responding to a rewarding solution in LR, but had nearly no effect in HR; in 
contrast, pre-exposure to a rewarding solution lowered the threshold for an aversive 
solution in HR, but had nearly no effect in LR. It is concluded that LR are far more 
sensitive to shifts in taste, being neutral, aversive or rewarding solutions, than HR, 
and that LR differentially respond to pre-exposure to aversive and rewarding stimuli, 
respectively. It is suggested that these LR-HR differences at least partly underlie 
earlier reported LR-HR differences in ethanol intake and preference.

931.10
ETHANOL CONSUMMATORY BEHAVIOUR AND METABOLISM IN 
TWO WISTAR KYOTO STRAINS OF RATS. F.J. BEAUGE. G. 
AUFRERE and L, VELLEY*. Centre de Recherche Pernod- 
Ricard, 94015 Creteil and *INSERM, CJF 94-05, Bordeaux, 
FRANCE .

The very low level of alcohol consumption and metabolism in Wi-
star Kyoto (WKY) strain of rats is well documented. Two strains 
have been derived from the WKY: a spontaneously hypertensive line 
(SHR) and an hyperactive line (WKHA) originated from a F2 
intercross between SHR and WKY. These lines were found to develop 
alcohol intakes higher than WKY in forced and free consumption. 
Both strains were tested for their alcohol intake in a free-choice 
situation {water/10% alcohol) before and after chronic inhalation 
of ethanol vapour for 4 weeks. Adult male and female rats were used 
and compared to WKY rats. The daily alcohol consumption was 
recorded as pure alcohol intake (g/kg bwt) and as percentage of 
total fluid intake (preference) and the propensity to develop a 
dependent consumption was evaluated. The baseline alcohol intake of 
the two strains was found as previously similar in males and 
females and higher than for WKY, especially for the WKHA. 
Significant differences in ethanol disposition and intoxication 
were evidenced among the SHR and WKHA groups during the inhalation 
period mainly because of a low rate of ethanol elimination in males 
associated with a low ADH activity. Only males SHR displayed a 
significant alcohol drinking dependent behaviour with a clear-cut 
preference for alcohol during the subsequent free choice situation. 
Further investigations are being presently conducted in order to 
understand these differences in alcohol sensitivity and behaviour.

931.11
DIFFERENT BEHAVIORAL AND PHARMACOLOGICAL PROFILES IN 
SARDINIAN ALCOHOL PREFERRING AND NON-PREFERRING RATS. R 
Weiss*, R, M, Richter1, A.M. Basso, E.P. Zorrilla. C, Balducci. G.L. Gessa2. 
and G.F. Koob. The Scripps Research Institute, Department of 
Neuropharmacology, La Jolla, CA 92037, USA ; 1 Department of 
Neuropharmacology, Institute of Molecular Pharmacology, 10315 Berlin, 
Germany and 2Bernard B. Brodie Department of Neuroscience, University of 
Cagliari, 09124 Cagliari, Italy.

The present study was conducted to characterize behavioral and 
pharmacological responses of Sardinian alcohol-preferring (sP) versus 
alcohol non-preferring (sNP) rats. Anxiety responses were evaluated using 
two different pharmacologically validated animal models of anxiety: the 
elevated plus maze and conditioned defensive burying test. Results in the 
plus maze, indicated a higher degree of anxiety in sP relative to sNP rats. SP 
rats spent less time in the open arms without any difference in spontaneous 
locomotor activity (total number of entries). However, no difference was 
found in the conditioned defensive burying test. In order to evaluate 
locomotor activation in sNP versus sP rats, animals were tested for their 
response to novelty and to a challenge with low doses of d-amphetamine 
(0.75 mg/kg, s.c.) and heroin (0.5 mg/kg, s.c.) for 3 h following the injection. 
SP rats showed a significantly higher locomotor activation after heroin than 
sNP rats. However, no difference was found in locomotor responses to 
either the novel environment or d-amphetamine. These results suggest that 
differences In the susceptibility to anxiogenic stimuli as well as differences in 
the sensitivity of endogenous opioid systems could be involved in the 
differences in alcohol-seeking behavior between the sP and sNP lines. 
Supported by NIAAA AA 10531 and by BMBF grant No. 01ZZ95087TP04 .

931.12
ACUTE EFFECTS OF ETHANOL AND NICOTINE ON STARTLE AND 
PREPULSE INHIBITION OF STARTLE IN LONG-SLEEP AND SHORT- 
SLEEP MICE. T. Tritto*, V. Vazquez, J. Calcaterra, A. Threlfall, A.C. Collins. 
Institute for Behavioral Genetics, University of Colorado at Boulder, Boulder, 
CO 80309.

Alcohol and tobacco are frequently used together and a majority of alcoholics 
are known to also be heavy smokers. There has been little investigation and 
explanation for the co-use of alcohol and nicotine. The startle response is a 
behavior seen in both humans and animals, and has been shown to be affected by 
chronic alcohol or nicotine treatment. Previous work in our lab with the 
C57BL/6 inbred mouse strain has shown that while chronic nicotine treatment 
produced a response similar to controls, chronic treatment with ethanol produced 
an enhanced startle response which was partially reversed by chronic treatment 
with both ethanol and nicotine. These studies were done during withdrawal and 
there is little known about the acute effects of ethanol and nicotine on this 
response. The following studies examined the acute effects of ethanol and 
nicotine on the startle response in the Long-Sleep and Short-Sleep lines of mice 
which have been selected for their soporific effect to ethanol. Mice were treated 
with a single dose of ethanol (0-3.5 g/kg) or nicotine (0-2.0 mg/kg) and tested 
for their startle response. In both lines of mice, treatment with ethanol decreased 
the startle response in a dose-dependent manner compared to controls, whereas 
treatment with nicotine enhanced the startle response. Therefore, the acute 
effects of ethanol and nicotine on the startle response were different from the 
chronic effects of these drugs as seen during withdrawal, and the relationship of 
these responses to the co-use of alcohol and nicotine are discussed.
Supported by AA11156A

931.13
DEVELOPMENT AND MAINTENANCE OF ALCOHOL-ILLNESS 
ASSOCIATIONS IN ALCOHOL PREFERRING (P) AND 
NONPREFERRING (NP) RATS. .J.J. Sable. S.W. Kiefer*. J.T. Arnett.
N.E, Badia-Elder, and P. J. Bice, Kansas State Univ., Manhattan, Kansas 
66506-5302, Indiana University Medical Center, Indianapolis, IN 46202.

The ability to acquire and maintain learned alcohol aversions was 
examined in selectively-bred alcohol preferring (P) and alcohol 
nonpreferring (NP) rats from Indiana University School of Medicine.
Fifteen P and 13 NP rats were used, each of which had prior experience 
with ethanol in concentrations ranging from 5-40%. After habituation to a 
limited fluid access schedule (10 min/day), which was continued 
throughout the study, rats were given a single illness training to 6% alcohol 
using lithium chloride (3% b.w. of .15 M LiCl, ig). Taste reactivity to 6% 
alcohol was recorded the following day. Extinction testing was then done 
as the 6% alcohol solution was given on alternating days until a total of 7 
extinction trials were run.

Taste reactivity measures revealed that, although the reactivity of both 
groups was primarily ingestive, the P rats produced significantly more 
ingestive responses and fewer aversive responses than NP rats. Alcohol 
consumption was significantly decreased immediately after illness training 
in both P and NP groups. However, P rats increased alcohol consumption at 
a more rapid rate than NP rats across extinction. These results indicate that 
P rats can be trained to avoid drinking alcohol using illness as a 
consequence but that this learned avoidance is relatively weak compared to 
that found in NP rats.

Supported by NIAAA Alcohol Center Grant AA07611

931.14
CONTINUOUS ACCESS TO ETHANOL AND PAL AT ABILITY SHIFTS 
IN C57BL MICE AS MEASURED BY TASTE REACTIVITY. H.J. 
Kaczmarek,* K.G. Hill, and S.W. Kiefer. Dept. of Psychology, Kansas 
State Univ., Manhattan, KS 66506-5302.

Previous research has indicated that outbred mice respond differentially to 
ethanol solutions (5% - 40% v/v) and sucrose solutions (0.01M - LOOM). 
The absolute magnitude of the differences in responding across 
concentrations, however, was relatively small. This was in contrast to rats 
where large differences in taste reactivity can be produced by altering 
sucrose or ethanol solutions. Another manipulation that alters rats’ 
reactivity to ethanol is providing the animals with continuous access to 10% 
ethanol in the home cage. Doing so both increases their ingestive and 
decreases their aversive responding. In the current study, taste reactivity 
testing to ethanol was conducted in the inbred C57BL mouse strain both 
before and after three weeks of continuous access to 10% ethanol (v/v) and 
distilled water. Specifically, all mice (n=12) were tested for taste reactivity 
to the same concentrations of ethanol solutions (5%, 10%, 20%, 30%, and 
40% v/v), a 1.00 M sucrose solution, and a 0.001 M quinine solution. Mice 
were presented with one solution per day for 60 s (rate=0.2 ml/min). 
Surprisingly, only a small amount of ethanol was consumed daily during 
the three weeks of continuous access. Results of taste reactivity testing 
indicated that there was a slight palatability shift following the three week 
continuous access period, although variability in the data was quite high.
As a general characterization, the ingestive responses to the ethanol 
solutions increased and aversive responses decreased relative to pre-access 
levels. Supported by NIAAA RO3-AA09335
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931.15
EXPRESSION OF THE mRNA ENCODING OPIOID PEPTIDES IN THE 
LIMBIC SYSTEM OF FAWN-HOODED RATS: A COMPARISON WITH 
WISTAR-KYOTO RATS. A, J, Lawrence. M, Cowen, A. H. Rezvani, D. 
Janowsky* & B, Jarrott. Dept. of Pharmacology, Monash Univ. Clayton, Vic 
3168 Australia, & Ctr. for Alcohol Studies, UNC Sch. of Med., Chapel Hill, NC.

The Fawn-Hooded rat (FH) has been developed as a genetic model of 
alcoholism (Rezvani et al., 1990). Considering the various lines of evidence 
implicating opioid peptides in alcohol-induced reward, the present study was 
designed to compare the expression of the mRNAs encoding prepro-enkephain 
(ppENK) and prepro-dynorphin (ppDYN) in limbic regions of the FH rat brain 
compared to a non-alcohol drinking rat, the Wistar-Kyoto (WKY). Serial 
sections (14 pm) of FH and WKY brain were thaw-mounted onto poly-L-lysine 
coated slides, fixed and delipidated. Antisense oligonucleotides (45-mers) to 
ppENK and ppDYN were 3’-labeled using [33P]dATP and incubated with the 
sections. Following washing, sections were dehydrated and apposed to x-ray film. 
The mRNA encoding ppENK was found in similar densities in the two rat strains 
in die entorhinal and piriform cortex, the posteriomedial cortical amygdaloid 
nucleus, olfactory tubercle, geniculate nucleus and mammillary body. In the 
striatum and nucleus accumbens, however, the FH rat possessed a significantly 
reduced density of ppENK mRNA expression compared to the WKY (p<0.05). 
The mRNA encoding ppDYN was found in similar densities in two strains in the 
nucleus accumbens, olfactory tubercle and striatum, whereas in the hippocampus, 
ppDYN mRNA expression was less dense in FH compared to the WKY (p<0.05). 
These data suggest that the FH rats may have a reduced capacity to synthesize 
opioid peptides compared to WKY rats.
Rezvani, A.H. et al., (1990) Alcohol Alcohol., 25: 573-578.

931.16
BOTH g- AND 6-OPIOID RECEPTORS ARE INVOLVED IN THE REGULATION 
OF ALCOHOL SELF-ADMINISTRATION IN THE ALCOHOL-PREFERRING AA 
RATS. P. Hyvtia* and K. Kiianmaa. National Public Health Institute, Helsinki, Finland.

Selective g-opioid receptor antagonists have previously been demonstrated to 
decrease ethanol drinking in the AA (Alko, Alcoholic) rat line, selected for high ethanol 
drinking in a free-choice situation. However, evidence for the involvement of the 6- 
receptors in ethanol self-administration by these rats has so far been lacking. To further 
clarify the role of opioid receptor subtypes in the mediation of ethanol reinforcement in 
the AA rat line, the animals were tested after i.c.v. administration of selective opioid 
receptor antagonists in an operant paradigm. The rats were trained to self-administer 
10% (w/v) ethanol during daily 30 min sessions using a saccharin fading procedure. 
Once stable baseline responding for ethanol was established, the rats were surgically 
implanted with chronic i.c.v. cannulas. Following postoperative recovery, the animals 
were given i.c.v. injections of either the selective g-receptor antagonist CTOP (0, 0.3, 
1, and 3 gg in 5gl, N = 8) or the selective 6-receptor antagonist naltrindole (0, 3,10, and 
30 gg in 5gl, N = 8) 15 min before the session using a with in-subjects design, and then 
tested for ethanol responding. CTOP reduced ethanol responding by 22, 35, and 31% 
of controls with the 0.3, 1, and 3 gg doses, respectively, while the 3, 10, and 30 gg 
naltrindole doses decreased responding by 20,46, and 42% of controls. Naltrindole did 
not affect the initiation of responding but produced reductions later during the session. 
After CTOP injections with the highest doses, however, rats showed an initial 
suppression of responding that they compensated later. These results show that both g- 
and 6-opioid receptors regulate ethanol self-administration in the AA rats. Furthermore, 
differences in response patterns after CTOP and naltrindole injections suggest that g- and
6-opioid receptors may have different roles in the mediation of ethanol reinforcement.

931.17
DIFFERENCES IN OPIOID SYSTEMS OF GENETICALLY SELECTED 
ALCOHOL PREFERRING (sP) AND ALCOHOL NON- PREFERRING 
(sNP) RATS. P. Fadda*, L. Calza*\ G. Colombo. W. Fratta and L. Giardino*. 
Dept. of Neuroscience, Center for Neuropharmacology CNR and sInst. of 
Physiology, Univ. of Cagliari, Italy 09124; #Pathophysiology Center for 
Nervous System, Hesperia Hospital, Modena, Italy 41100.

Several independent reports suggest that alcohol reinforcing effects imply 
endogenous opioid systems which, in turn, stimulate mesolimbic dopaminergic 
trasmission. In addition it has been demonstrated that genetic factors 
constitute an important component m determining alcohol drinking behaviour. 
Therefore, it was of interested to investigate whether differences in opioid 
systems were concomitant to differences in alcohol drinking behaviour. For 
this purpose, we studied the opioid systems in two lines of rats bred for their 
innate alcohol preference (Sardinian preferring = sP) or alcohol aversion 
(Sardinian non-preferring = sNP). In order to evaluate whether or not 
differences were consequent to alcohol drinking, sP rats were divided in two 
subgroups: alcohol naive-sP and alcohol experienced-sP. The results obtained 
by means of autoradiography, brain homogenate binding and in situ 
hybridization revealed a significant reduction of /x and 5 opioid receptors in 
caudate-putamen and in the shell portion of the n. accumbens in sP naive 
respect to sNP. This reduction was partially reversed by alcohol consumption 
in caudate putamen. In the ventro-lateral part of the caudate-putamen ENK 
mRNA expression was decreased in sP with respect to sNP. On the contrary, 
an increase of ENK mRNA expression was observed in the cerebral cortex of 
sP rats, both in anterior cingulate and frontoparietal corticies. These data 
suggest that genetic differences in the opioid systems could be involved in the 
innate preference of sP rats toward alcohol intake. Grants by Murst and CNR.

931.18
OPIOID PEPTIDES AND ALCOHOL PREFERENCE N.E, Badia- 
Elder*. R.W. Zink, D E McCullough, P S. Portoghese. and J.C.
Froehlich. Indiana Univ School of Medicine, Indianapolis, IN 46202. 

The purpose of this study was to determine whether chronic treatment
with the mu opioid receptor antagonist, beta-fiinaltrexamine (B-FNA), 
prevents the initiation of alcohol drinking in rats selectively bred for 
alcohol preference (P rats). Acohol naive P rats were given scheduled 
access to alcohol for 12 hrs/day with food and water freely available for 
6 weeks. Rats were treated with B-FNA (12.6 mg/kg, s.c.) or saline 
once every other day for 4 days prior to introduction of alcohol access 
and during the first 2 weeks of alcohol access. Three findings are of 
note. First, expression of alcohol preference was immediate in P rats as 
evidenced by a strong preference for alcohol over water on the first day 
of alcohol availability (saline controls). Second, B-FNA suppressed 
alcohol intake on the first day of alcohol access but suppression was 
transient with intake returning to baseline levels by the third day of 
alcohol access. Third, chronic treatment with B-FNA eventually 
resulted in an increase in alcohol intake which was significant during the 
second week of alcohol access and which persisted following 
termination of B-FNA treatment. Supported by NTAAA grant AA08312.

931.19
CHRONIC VOLUNTARY ETHANOL CONSUMPTION ALTERS 
THE RESPONSE OF THE HYPOTHALAMIC p-ENDORPHIN 
SYSTEM TO ETHANOL. P. W. Marinetti* and C, Gianoulakis. 
Douglas Hospital Research Center and Department of Psychiatry, 
McGill University, Montreal, Quebec, Canada.

Previous studies have shown that in vitro exposure of hypothalami of 
ethanol naive C57BL/6 mice to low concentrations of ethanol, induced 
a pronounced increase in P-endorphin release. The objective of the 
present study was to investigate the effect of chronic voluntary ethanol 
consumption on (a) the response of the hypothalamic 0-endorphin 
system to low concentrations of ethanol and (b) the content of p- 
endorphin in distinct regions of the brain. C57BL/6 mice were housed 
individually in cages holding two identical 10-ml drinking tubes. For 
the first week, both tubes were filled with water. Then the animals 
were divided into two groups. Animals in the alcohol group were 
given free choice between water and a 10% (v/v) ethanol solution, 
while animals of the control group were given only water. Chronic 
voluntary ethanol consumption did not significantly alter the p- 
endorphin content in distinct brain regions. However, it decreased the 
response of the hypothalamic p-endorphin system to in vitro exposure 
to 20-mM ethanol, suggesting the development of an insensitivity to 
this exposure.
Supported by a grant from NSERC.

931.20
SELECTIVE BREEDING FOR DIFFERENTIAL SENSITIVITY TO 
ETHANOL PRODUCES ANIMALS WHICH ARE DIFFERENTIALLY 
SENSITIVE TO NICOTINE. C.M. de Fiebre*, N.C. de Fiebre, M.K. 
Sonntag, C. Stokes and E.M. Mever. Dept. of Pharmacology, Univ. of 
North Texas Health Science Center. Fort Worth, TX 76107-2699.

Alcoholism and smoking are positively correlated; yet, little is 
known about the factors which influence the development of this most 
common form of polydrug abuse. The current study is a follow-up of 
a previous study (Ale Clin Exp Res, 15: 270-6, 1991) in which the 
High Alcohol Sensitivity (HAS), Control Alcohol Sensitivity (CAS) 
and Low Alcohol Sensitivity (LAS) rats were found to differ slightly in 
nicotine sensitivity at an early stage of selective breeding. In the 
present study, the sensitivity of the replicate lines to nicotine-induced 
depression of locomotor activity and body temperature as well as to 
nicotine-induced seizures was examined. At all doses examined, both 
replicate alcohol sensitive lines (HAS1 and HAS2) were more sensitive 
to nicotine-induced depression of locomotor activity than were the 
alcohol insensitive lines (LAS1 and LAS2). The control lines (CAS1 
and CAS2) displayed intermediate sensitivity. No significant line 
differences have been seen on the hypothermia and seizure tests; 
however, females were more sensitive to nicotine-induced seizures than 
were males. These data support the hypothesis that on some, but not 
all measures of drug sensitivity, sensitivity to ethanol and nicotine are 
genetically correlated,
This project was supported by a grant from the NIAAA (AA-09585). 
HAS/LAS rats were generously supplied by Drs. Richard Deitrich and 
Laura Draski of the University of Colorado Health Sciences Center.
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931.21
SEX DIFFERENCES IN THE ANXIOGENIC STIMULI INDUCED BY

Wallis. Department of Pharmacology and Substance Abuse Institute of North 
Texas, University of North Texas Health Science Center, Fort Worth, TX 76107

This study compares intact male and female rats with ovariectomized (OVX) 
rats for the type and intensity of anxiogenic stimuli produced by a 5-HTib /2a /2c  
jSjrtial agonist, m-chlorphenylpiperazine (m-CPP) and ethanol withdrawal (EW). 
Two types of anxiogenic variables were measured: 1) impaired behavioral 
initiation and 2) discrimination of an anxiety-like interoceptive stimulus. 
Impaired behavioral initiation was measured after a m-CPP injection (1.2 mg/kg, 
IP) as the “# rats which initiating any-lever press / # total rats” and latency (time 
between a session start and the first lever-press). Fewer intact female rats initiate 
lever-pressing than male or OVX rats and they have a longer initiation latency. 
After acquisition of the discrimination task, rats received a chronic ethanol diet 
(6.5%, 10 d). During acute EW (12 h), fewer intact females (25-30%) responded 
on the m-CPP lever than male (70%) or OVX (60%) rats after saline injection. 
During protracted EW (36 h), the EDso for discrimination of m-CPP decreased 
significantly in all three groups compared to the pre-ethanol values. Therefore, 
despite the fact that intact female rats are more sensitive to impaired behavioral 
initiation and are sensitized by EW, fewer intact females experience a 
spontaneous m-CPP-like cue in response to EW than occurs in males or OVX 
rats. Thus, m-CPP is a useful pharmacological tool for screening a sex difference 
zasociated with certain components of anxiety, in particular EW-induced anxiety 
Supported by NIAAA #AA09567 and 0AA1O545).

931.22
PK 11195 (PK)-EVOKED WITHDRAWAL IN DIAZEPAM (DZ)-DEPENDENT 
RATS: EFFECT OF DOSE OF PK, DZ AND GENDER. J, W, Sloan*. E. P. Wala 
and X. line. Dept. of Anesthesiology, Coll, of Med., U. of KY., Lexington, Ky.,40536.

This study was undertaken to detennine the involvement of the peripheral 
benzodiazepine receptor (PBR) in DZ dependence relative to the dose of DZ, PK and 
gender. DZ-containing [(90 mg x 1) or (540 mg = 3 x 180 mg)] or empty silastic 
capsules [controls] were implanted subcutaneously at weekly intervals in the backs 
of age-matched female (F) and male (M) Sprague Dawley rats using sterile conditions 
and ketamine anesthesia. After the 5th week, graded doses of the PBR antagonist, 
PK, and the vehicle (DMSO) were administered weekly as an IV bolus in a Latin 
square design. The rats were observed in 5 min epochs (10 min prior to and 20 min 
after injection) for signs of precipitated withdrawal from which a precipitated 
abstinence score (PAS) was calculated. PK (2.5, 5, 10,20, 30 mg/kg) evoked a PAS 
that had a significant regression on dose in DZ-dependent M rats (90 mg/week) but 
not in F (5, 10 and 20 mg/kg) or in control rats. Writhing was the only PAS sign 
evoked that had a significant regression on dose in M rats whereas respiration was the 
only sign that had a significant regression on dose of PK in F rats. Graded doses of 
PK evoked a total of 16 convulsions in 3 of 6 M rats compared to 3 convulsions in 
1 of 5 F DZ-dependent rats. The PAS evoked by a single dose of PK (20 mg/kg) did 
not show a significant positive regression on the chronic dose of DZ [0 (empty capsule 
implants), 90 and 540 mg/week] in M rats although 2 PAS signs (twitches and jerks 
and writhing) showed a dose-related increase with the dose of DZ. In contrast, in F 
rats, the PK-evoked PAS showed a significant positive regression on dose of DZ as 
did many PAS signs (head and body tremors, turning, vocalization, twitches & jerks). 
More convulsions, however, were observed in M (20 in 2 of 6 rats than in F rats (7 
in 3 of 5 rats). The data suggest that in both M and F rats the PK-evoked withdrawal 
is receptor related; that dependence increases with the dose of DZ; that there are 
gender differences with regard to both the qualitative and quantitative aspects of PK- 
evoked precipitated abstinence. Although more signs of withdrawal are evoked in the 
F by PK, M rats appear to be more sensitive to PK-evoked convulsions. Supported 
by the Dept. of Anesthesiology.

931.23
ARE THERE SEX DIFFERENCES IN ANXIETY LEVELS FOLLOWING 
PRECIPITATED BENZODIAZEPINE WITHDRAWAL IN RATS? H.S. 
Stock*, K. Ford, R. Biscardi, & M.A. Wilson. Dept. of Pharmacology. 
University of South Carolina School of Medicine, Columbia, SC 2920S.

Benzodiazepine (BZ) withdrawal has been reported to increase anxiety levels 
in rats. The present experiment determined if gender or hormonal status would 
modulate anxiety-related behaviors during precipitated BZ withdrawal in rats. 
Intact and gonadectomized male and female rats were treated for 4 weeks with 
empty or diazepam (DZ)-filled silastic capsules. Animals were injected with 
the BZ antagonist flumazenil (RO15-1788; 5mg/kg, i.p.) or vehicle, and 
immediately placed on the elevated plus-maze. Following the 15 min 
behavioral test, rats were decapitated and trunk blood was collected to measure 
corticosterone and gonadal hormone levels. During precipitated withdrawal 
rats showed significantly decreased percent open arm time, but this effect was 
confounded by a similar significant decrease in total activity levels (total arm 
entries). Precipitated withdrawal did not alter the percent open arm entries, 
which factors out drug-induced changes in activity levels. The latter result 
suggests that precipitated withdrawal does not alter anxiety levels in rats. A 
sex difference was observed in maze activity and maze-induced corticosterone 
levels, but all hormone groups showed similar effects on flumazenil treatment 
(i.e., precipitated withdrawal). Similar tolerance to DZ anti-anxiety effects was 
observed in all vehicle-injected hormone groups. Progesterone levels were 
correlated with maze performance in some intact female groups. Changes in 
anxiety levels during precipitated withdrawal from chronic DZ exposure appear 
to be dependent upon the behavioral measure analyzed, but are not affected 
by gender or gonadectomy. (Support: RO1 DA05932 & KO2 DA00249).

931.24
GENDER INFLUENCES THE EFFECTS OF ETHANOL 
DEPENDENCE ON GABAa  RECEPTOR FUNCTION AND GENE 
EXPRESSION. L. L. Devaud* J.-M. Fritschy2, W. Sieghart3 and A.
L. Morrow1, ’Univ. of North Carolina School of Medicine, Chapel 
Hill, NC, 2Univ. of Zurich, Zurich, Switz and 3Univ. Clinic for 
Psychiatry, Wahringer Gurtel 18-20, Vienna, Austria.

Ethanol dependence results in alterations in GABAa  receptor-mediated 
functions. We have previously shown that ethanol withdrawn (EW) rats 
are sensitized to the anticonvulsant effects of the GABAergic 
neurosteroid, 3a-hydroxy-5a-pregnane-20-one (3a,5a-THP), and that 
female rats show greater sensitization than male rats. EW Female rats also 
show greater sensitization to the anticonvulsant effect of THDOC, another 
GABAergic neurosteroid. In addition, EW female rats have enhanced 
response to the anxiolytic effects of 3a,5a-THP compared to EW male 
rats. Comparisons of GABAa  receptor-gated chloride' flux in cerebral 
cortices showed that EW female rats display a smaller reduction in GABA 
responses than do EW male rats. Investigations into mechanisms 
responsible for ethanol-induced adaptations in GABAa receptors has 
shown subunit selective and bi-directional alterations in gene expression. 
Cerebral cortex from ethanol-dependent (ED) male rats show significant 
decreases in al subunit mRNA and peptide levels. In contrast, ED 
female rats show increases in cortical al mRNA and peptide levels, of 37 
± 5 % and 16 ± 3 %, respectively. Chronic ethanol consumption induced 
increases in cortical a4 subunit expression in both ED male and female 
rats. The observed gender selective effects of chronic ethanol exposure 
on GABAa  receptor gene expression in rat brain suggests that there may 
be differential adaptations of GABAa  receptors in ED female versus male 
rat brain. Supported by AA00191.

931.25
ALCOHOL CONSUMPTION IN VERVET MONKEYS: FAMILIAL 
CORRELATIONS AND FACTOR ANALYSIS OF BEHAVIORAL 
PATTERNS. RM Palmour? A Browne & FR Ervin. Depts Psychiatry 
and Human Genetics, McGill University Montreal CANADA H3A lAl 
and Behavioral Sciences Foundation, St. Kitts

Detailed evaluation of the patterns of alcohol consumption in over 600 
vervet monkeys (C. aethiops St Kitts) suggests that heavy social drinkers 
(5-8 g/kg/day) differ from abusive drinkers (>8 g/kg/day) in several 
respects: (1) abusive drinkers “binge,” rapidly drinking to intoxication or 
coma, sometimes repeatedly within a single 24 h period; (2) abusive 
drinkers exhibit a significantly greater alcohol:water preference ratio under 
scheduled access drinking; and (3) abusive drinkers can be distinguished 
pharmacologically from heavy social drinkers (i.e., bromocriptine reduces 
alcohol consumption in the latter, but increases it in the former). These 
distinctions have been confirmed in a factor analysis of over 2000 
individuals, tested under standardized conditions.

Over 300 offspring of fathers scored as to alcohol consumption have 
been tested longitudinally for alcohol preference using a standard two- 
bottle choice paradigm. Alcohol consumption (g/kg) is inversely 
correlated with age up to 4 years in females and 6 years in males, but 
stabilizes at sexual maturity (repeated measures r > 0.9. At every age, the 
offspring of abusive drinkers drink more than the offspring of heavy 
social drinkers, which in turn drink more than the offspring of non-
preferring animals (F2 449 = 43.61, p <0.0001). A preliminary 
segregation analysis excludes a purely environmental explanation for 
heavy drinking, but maternal data is not yet sufficient to distinguish 
between alternative genetic mechanisms.

931.26
QUANTITATIVE ANALYSIS OF ADENYLYL CYCLASE SUBTYPES 
IN THE POSTMORTEM HUMAN BRAIN OF ALCOHOLICS. T.Saito*1, 
II, Sohma2, E. Hashimoto3, If. Ozawa3, P. Riederer4, T, Akino2,
1 Depts.. of Occupational Therapy, 2Biochemistry, 3Psychiatry, 
Sapporo Med. Univ., Sapporo 060 Japan and 4Dept. of 
Psychiatry, Wuerzburg Univ., Wuerzburg 97080 Germany.

It has been reported that alterations of cellular cyclic 
AMP levels in animal models of alcohol dependence may be 
involved in the mechanisms of tolerance and dependence. 
The present study was performed to compare the amounts of 
adenylyl cyclase subtypes (type I-, typell-, type IV- and 
typeV/VI-adenylyl cyclase) by immunoblotting in the post-
mortem human brain of alcoholics. Type I-adenylyl cyclase, 
which is predominant in brain tissue, was decreased 
significantly in the frontal cortex obtained from alcoholics. 
Type Il-adenylyl cyclase, which is also predominant in brain 
tissue, showed a slight decrease in the caudate nucleus 
obtained from alcoholics. Adenylyl cyclase subtypes V/VI, 
which is observed in various tissues, showed a slight decrease 
in the frontal cortex obtained from alcoholics.
These findings suggest that the levels of a particular form of 
adenylyl cyclase are altered in alcoholics. This suggest that 
these isoform specific alterations in the adenylyl cyclase 
system may be involved in the mechanism of alcohol 
dependence.
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931.27
DISCRIMINATIVE STIMULUS, SUBJECTIVE REPORTS AND 
PSYCHOMOTOR EFFECTS OF ALCOHOL IN HUMANS. T. Duka*, C. 
Russell and R. Tasker. Laboratory of Experimental Psychology, University of 
Sussex, Brighton BN1 9QG, UK

Discriminative stimulus effects of alcohol were evaluated in humans using 
established behavioural drug discrimination procedures. Twenty five moderate 
drinkers (12 females and 13 males) were trained on day 1 to discriminate 
placebo versus 0.2 g/kg alcohol in 200 ml tonic water mixed with tabasco 
sauce drunk in portions of 50 ml per min. Seventeen only of the subjects (10 
females and 7 males) were able to reach criterion performance (at least 80% 
correct responses). Generalisation responding across alcohol doses of 0 
(placebo), 0.025, 0.05. 0.1 and 0.2 g/kg was examined on day 2 using a 
procedure in which subjects reported to what extent the test stimulus resembled 
the training dose. At the end of each generalisation session self ratings of mood 
changes and performance in a battery of tasks measuring psychomotor activity 
were evaluated. Subjects were able to distinguish the three higher doses of 
alcohol from placebo. Self ratings indicated that subjects’ ability to distinguish 
alcohol from placebo was related to change of taste in the higher dose but to 
feelings of light-headedness and relaxation in the smaller doses. There were no 
relationships found between discrimination ability and performance in the tasks.

These data suggest a differentiation of the discriminative stimulus of alcohol 
between high and low doses as indicated in the subjective reports. Furthermore 
these data suggest that the effects of alcohol on psychomotor performance was 
not part of its discriminative stimulus.

This work was supported by the University of Sussex Development Fund.

931.28
CONDTIONED CHANGES IN PLUS-MAZE BEHAVIOUR 24H 
AFTER REPEATED ETHANOL ADMINISTRATION: EFFECT OF 
NALTREXONE. LC...Qd^LJLL-SlMeiL,IM-Littleton̂ and H.J. Little 
Drug Dependence Unit, Psychology Dept., Durham University, UK.
1 Pharmacology Dept., Kings College, London, UK.
Previously we have shown that male mice given 1.75 g/kg of ethanol 
prior to exposure to the elevated plus-maze, for 9 days, exhibited 
increased information gathering behaviour when tested on the plus-maze 
and given saline on day 10 (Watson et al. The Pharmacologist 
39:90:1997).
Male TO mice (35-40g) were placed once daily onto the elevated plus- 
maze for 5 min. Each day, 10 min before testing, 3 groups (n =10 in each) 
received ethanol, 1.75 g/kg i.p., and 2 groups (n = 10 in each) saline, i.p. 
On day 10, one group of ethanol-treated and one group of saline-treated 
mice were given saline, and one group of ethanol-treated and the other 
group of saline-treated mice were given 2 mg/kg naltrexone i.p., 20 min 
prior to maze exposure. The remaining group of ethanol experienced mice 
were given 0.5 mg/kg naltrexone i.p. 20 min prior to maze exposure. 
Videotapes of maze behaviour were analysed by a trained observer. 
Naltrexone had no consistent effect on the behaviour of ethanol-treated 
and maze experienced mice. In saline-treated and maze experienced 
animals, it significantly decreased stretched attend postures (P < 0.05 
versus all other conditions). These results suggest that repeated exposure 
to the plus-maze may produce changes in endogenous opioid systems.

931.29
EFFECTS OF ISRADIPINE ON ALCOHOL CRAVING. E.M. DeMet*, 
M. L. Katz and T. Malekzadeh. Psychiatry SVC, VAMC Long Beach, 
CA 90822 and Dept. Psychiatry & Human Behav. UC Irvine, CA 
92697.

Animal studies by other laboratories have shown that calcium 
channels are increased in the brains of alcohol dependent rats 
(Littleton & Little 1988). Others have found that alcohol preference in 
rats or monkeys can be decreased by treatment with calcium channel 
blockers (Engel et al. 1988; Rezvani et al. 1991). The present study 
examines the effects of the calcium channel blocker isradipine 
(Dynacirc®) on alcohol craving in patients who were enrolled in an 
alcohol treatment program. Self-rated craving was recorded weekly 
over a 12 week period in a double-blind comparison of isradipine (2.5 
mg po bid) with other active treatments. Isradipine treated subjects 
showed a 50% decrease in craving scores over the first 30 days 
which were sustained at the end of the treatment period (p<0.002). 
Improvements were noted in all treated subjects, although isradipine 
medication of several patients was discontinued early due to the 
development of generalized pruritus which resolved upon treatment 
with diphenhydramine. To our knowledge, the present results 
constitute the first clinical use of isradipine for this purpose and 
support the usefulness of this drug in the treatment of alcohol abuse 
by dependent individuals.
Support: Dynacirc® was generously provided by Sandoz
Pharmaceuticals.
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932.1
INCREASES IN ALCOHOL CRAVING AND CONSUMPTION
IN THE LATE-LUTEAL PHASE OF THE MENSTRUAL CYCLE
IN ALCOHOLIC WOMEN SEEKING TREATMENT
L, Williams-Hemby*, A.R. Childress, J.Volpicelli, J DiStefano, and
C, P, O’Brien. Addiction Treatment Research Center, Department of Psychiatry, 
University of Pennsylvania, Philadelphia, PA 19104

Previous studies examining the effect of menstrual cycle phase on alcohol 
consumption have produced equivocal results. The majority of studies have been 
conducted in social drinkers, thus the impact of menstrual cycle phase and symptoms 
in alcohol dependent women is not well understood. The objective of this study is to 
understand the influence of menstrual cycle on alcohol craving and consumption in 
women who are in treatment for alcohol dependence to determine if their is a time 
during the menstrual cycle in which they are particularly vulnerable to relapse. Three 
groups of patients are being investigated: men, pre-menopausal women, and post-
menopausal women. Patients were asked to complete a Daily Symptom Rating 
questionnaire which contains a battery of questions about emotional and physical 
symptoms, daily alcohol craving, and number of drinks consumed. Pre-menopausal 
women indicate which days they are having their menstrual period. Preliminary data 
indicate that pre-menopausal women rate their alcohol craving as very severe during 
the late-luteal phase (3 to 4 days before menses) and consume the maximum amount 
of alcohol on the day prior to menses. Pre-menopausal females also experienced 
increases in anxiety, anger, fatigue as well as a number of other symptoms that 
appear to co-vary with increases in alcohol craving. No cyclical variations were 
found in post-menopausal females or men. These findings suggest that the late-luteal 
phase of the menstrual cycle may be a vulnerable time for relapse in pre-menopausal 
women seeking treatment for alcohol dependence. Data will be discussed in relation 
to cyclical changes in neurosteroids which may underlie the observed changes in 
alcohol craving and consumption. Supported by DA 05186 and DA 07241.

932.2
ABSTINENCE, ALCOHOL INTAKE AND PHARMACO-
THERAPIES FOR ALCOHOLISM. L.R. GardelL C.L. Hubbell 
and L.D. Reid*. Laboratory for Psychopharmacology, Rensse-
laer Polytechnic Institute, Troy, NY 12180-3590.

Individually housed rats were placed on a daily regimen of 
only 2 hr a day to drink both water and a sweetened alcoholic 
beverage. Initially, rats took little ethanol, but after 3 weeks, 
they took, on average, over 2.0 g/kg daily. With achievement 
of stable intakes, the rats were deprived of opportunity to 
drink ethanol for 24 days and, then, the daily regimen was re-
instated. With the reinstatement, various injections were 
given for 35 days: placebos, isradipine (ISR), a calcium channel 
inhibitor (1.0 mg/kg), naltrexone (NTX), an opioid antagonist 
(3.0 mg/kg), and a combination of ISR (1.0 mg/kg) and NTX 
(3.0 mg/kg). ISR, NTX and the combination initially reduced 
rats' intakes compared to placebo. The effects of ISR and NTX, 
by themselves, waned with repeated administrations The 
combination, however, persistently reduced intakes. Also 
experiencing abstinence reduced intakes. Other data indicate 
that larger doses of NTX retain their ability to reduce intakes. 
Nevertheless, these data indicate that further studies of the 
persistence of NTX should be done and that the combination 
be explored as a pharmacotherapy for alcoholism.
Supported by DA 08937 from the National Institute on Drug Abuse
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932.3
DEFICITS OF RESPIRATORY-CARDIAC COUPLING IN HEAVY DRINKERS.
T. Schulte*, H. Warzel1, H. Strasburger & BA. Sabel. Institute of Medical 
Psychology and ’institute of Physiology, Otto-von-Guericke University, Medical 
Faculty, Leipziger Str. 44, 39120 Magdeburg, Germany.

We investigated the relationship between neurovegetative function and chronic 
alcohol consumption in subjects who lost their driver’s license because of drunk 
driving. The purpose of this study was to identify a possible physiological marker 
associated with early stages of heavy drinking We determined whether subjects 
showing an extremely high blood alcohol concentration (BAC) have a modified 
heart-rate orienting response and respiratory-cardiac coupling (respiratory sinus 
arrhythmia). Coupling was assessed by a non-invasive measure developed by 
Warzel & Krell (1984) based on the amplitude of the heart-rate orienting response 
to auditory stimuli occurring at defined timepoints in the respiratory cycle. The 
stimulus was an 85-dB white-noise pulse of 750 msec duration. Subjects followed a 
rhythm of breathing paced by an oscilloscope. Auditoiy stimuli were triggered by 
the first R-wave occurring after a change in respiratory' cycle (inspiration vs. 
expiration). Nine sequential interbeat intervals (IBI) after the respiratory phase 
change were recorded as one period of measurement. Ail subjects showed a heart- 
rate orienting response, i.e., there was a difference in the IBI curve with or without 
auditory stimulation. We then compared subjects who had high vs. medium levels 
of BAC at the time of their legal offense. We found the orienting response to be 
significantly less prominent in subjects with BACs of 0.22-0.31% compared to 
those with BACs of 0.16-0.21%. The results suggest that respiratory-cardiac 
coupling may comprise an objective measure of chronic alcohol abuse which, in 
contrast to conventional biological markers, measures the functional state of the 
nervous system.

932.4
INFLUENCE OF ALCOHOL ON VISUAL PERFORMANCE 
A.-J. Wegner’*; & M. Fahle. Section of Visual Science, Dept. 
Neuroophthalmology, University Eye Clinic, Tuebingen, Germany, 
e-mail: almut.wegner@uni-tuebingen.de

We investigated the effect of acute alcohol consumption on visual 
memory, stereoscopic depth perception, attention, and saccades in 13 
healthy volunteers. We also started to examine the influence of chronic 
alcohol abuse on these tests.

The healthy volunteers performed the tests in two separate sessions 
both without alcohol and after an oral dose of 0.8 g/kg 99.6%-alcohol 
in orange juice after 4 hrs fasting. Visual short term memory was 
assessed both by the Benton test and by a hyperacuity task in which the 
subject had to compare the offsets of two verniers presented with a 
temporal separation of Is or 4s. For the investigation of stereoscopic 
depth perception, subjects had to indicate which one of two 
dichoptically presented points appeared nearer. The d2 test was used to 
test attention. The latencies, amplitudes, and velocities of visually- 
guided saccades were registered by an infra-red eye tracker.

The results indicate significant effects of acute alcohol consumption 
on stereoscopic depth perception, on the visual short term memory task 
using verniers, as well as on saccadic reaction times and peak 
velocities. The accuracy of saccades, the Benton visual retention test, 
and the attention test revealed no significant alcohol effects.

Supported by Project Drug Research (Baden-Wuertt., Germany)

932.5
CHRONOPHARMACOLOGY OF ACUTE ETHANOL TREATMENT: 
IMMEDIATE AND SUSTAINED EFFECTS ON CIRCADIAN 
TEMPERATURE AND ACTIVITY RHYTHMS IN RATS. T.J. Baird\ 
S.A. Vanecek, R.J. Briscoe, M, Vallett, F.A. Holloway & D.V. Gauvin.
Department of Psychiatry & Behavioral Sciences, University of 
Oklahoma Health Sciences Center, Oklahoma City, Oklahoma 73190.

Circadian rhythms of core body temperature and activity were 
monitored via remote radio telemetry in 32 male SD rats given 0 (saline), 
1, or 2 g/kg i.p. ethanol (EtOH) injections (10% w/v in saline), at either 
1:00 a.m. (0100) or 1:00 p.m. (1300). Recordings were collected for three
7-day epochs corresponding to either baseline, saline, or EtOH treatment 
periods. Significant Main Dose, Time, and Dose x Time interactive effects 
were found for temperature and activity records. The fty/wthermic and 
//jywactivity response was dose (group) dependent (i.e., significant shift 
in the MESOR). The magnitude of the /ip/wthermic response induced by 
EtOH did not differ between the 0100 and 1300 injection times for a 
given dose. Saline injections produced brief hyperthermic and hyperactive 
responses, while EtOH produced only hypothermia and a sustained 
hypoactivity. Though deviations from baseline temperature were not 
significantly different between the 0100 and 1300 groups, EtOH 
hypothermia was dose-dependently delayed in the 0100 group. A delayed 
hjperthermic rebound from the 2g/kg treatments was evident, which 
seemed to be greater in the 1300 group. The core temperature rhythm 
amplitude was also attenuated by EtOH for 2 to 4 days post-injection.

Funded: R01 AA08333,T32 AA07222, T32 DA07248

932.6
CHRONIC ETHANOL DOES NOT IMPAIR OPEN FIELD 
MOVEMENT OF NRTP-DAMAGED RATS. R.M, Chesire* Col. 
Health Sciences,Univ. Hawaii, Honolulu, HI 96822.

Ethanol (ETOH) impairs many forms of movement in otherwise 
normal rats, but does not always impair and can normalize some forms 
of abnormal movement produced by damage of the n. reticularis 
tegmenti pontis (NRTP). Normalized movement and resistance to the 
motor inhibitory effects of ETOH appear to be part of a cluster of 
appetitive consequences that can contribute to sustained ETOH intake. 
17 male & female Long-Evans hooded rats were given bilateral 
electrolytic lesions of the NRTP (1mA anodal current, 15s; n=8) or 
served as controls (n=9). As part of a more inclusive study of ETOH- 
infiuenced movement, all animals were studied during 10m trials in an 
open field (102cm2) using an HVS monitoring system that automatically 
recorded pathlength (PL), percentage of movement (%M), the number 
of available boxes entered (BE) and the percentage of available boxes 
entered (%BE). Testing took place pre- and postoperatively, and during 
ingestion of tap water (TW), TW+25% sucrose (SU), or 5 and 13-30% 
ETOH in TW+SU in home cage water bottles. NRTP-damaged rats 
showed significantly higher scores than unoperated animals for PL 
(F=3.13;p<0.01), #BE (F=2.52;p<0.01) and %M (F=2.41;p<0.01) 
following surgery and overall across ETOH conditions. %BE did not 
differ in any condition. The results provide further evidence that the 
integrity of the NRTP should be a consideration in the etiology of 
chronic ETOH intake.

932.7
ONSET OF PUBERTY AND REPRODUCTION IN FEMALE RATS EXPOSED 
TO A RESTRICTED DAILY ACCESS TO ALCOHOL AFTER PARTIAL LIQUID 
DEPRIVATION. J. Juarez* and E. Barrios de Tomasi. Institute de Neurociencias, 
Univ. de Guadalajara, Guadalajara, Jal., Mexico, C.P. 44520.

In the studies that report effects of alcohol on the onset of puberty, ethanol is 
administered along the day. With the purpose of to study the effect of restricted 
access to alcohol on the onset of puberty and reproduction we utilized three groups of 
Wistar rats, twc of them were exposed from weaning to vaginal opening to the 
following daily procedure: 12 hours of liquid deprivation; 1 hour of access to either, 
6% ethanol solution (ethanol group (EG)) or vehicle (vehicle group (VG)) and 11 
hours of free access to water. Subjects had free access to solid food all along. With 
this procedure we obtained an ethanol mean consume of 2.6 g/kg of body weight in 1 
h. The third group (CG) had free access to food and tap water all along. Vaginal 
opening (VO), first vaginal estrous (VE), and first behavioral estrous (BE) was 
delayed in EG and VG in respect of CG. Body weight was the same in the three 
groups at weaning but was lower during and after treatment only in EG. Regular 
estrous cycles were observed in the 80%, 37.5% and 100% of females in CG, VG 
and EG respectively. In spite of 100% of females in EG showed regular estrous, the 
age at first regular cycle was delayed in respect of CG females. Fertility and 
reproduction measures showed that number of pregnant females, length of gestation, 
number of pups per litter and body weight of pups at birth were not different between 
groups, however, mean body weight of pups at weaning was lower in pups from VG 
and EG females than in CG females. Results suggest that restricted access to alcohol 
do not produce more important effects on puberty than the produced by the sole 
liquid deprivation, however, it is possible that a greater consume of alcohol would be 
necessary for that effects become evident. The liquid deprivation effects could be 
depend on stress factors, which would be in agreement with the reported effects on 
tlie onset of puberty by stress. asported ky CCNXYT 417 8 P-H

932.8
TOLERANCE TO THE EFFECTS OF ETHANOL ON SPATIAL 
WORKING MEMORY. A M. White*, D C. Roberts, and P.J. Best. Dept. of 
Psychology and Center for Neuroscience Research, Miami Univ., Oxford, OH 
45056.

Tolerance to many drugs, including ethanol, can be modulated by cues 
present at the time of drug administration. For instance, the removal of 
stimuli previously paired with daily injections of ethanol can interfere with 
tolerance to ethanol’s effects on ataxia and hypothermia (Siegel and Larson, 
1996). The present study investigates the conditions under which tolerance 
develops to the effects of ethanol on spatial working memory. Rats were 
trained to a criterion of 80% correct responding for two consecutive days on a 
spatial working memory task. On subsequent days, subjects were injected 
with either saline (15 ml/kg) or ethanol (1.5 g/kg) thirty minutes prior to 
training. Injections took place in a novel room containing salient cues (e.g. 
hanging light, fan, odor). Subjects remained in this room until training 
commenced. Training continued until subjects once again performed at 
criterion levels. Once tolerance developed, additional testing was conducted 
using the same procedure described above, with the exception that subjects 
were injected in the room containing their home cages and remained there until 
the time of testing. If tolerance to ethanol’s effects on working memory is 
conditioned to pre-drug cues, then the removal of such cues should disrupt the 
conditioned tolerance and, as a result, impair performance. (Supported by a 
grant to P.J.B. from NSF)
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932.9
RATE OF ETHANOL ELIMINATION FROM THE BRAIN AFTER 
ACUTE AND CHRONIC ETHANOL VAPOR INHALATION, A.D, Smith*,
M. D, Cole, G, F, Koob, and F. Weiss. Dept. of Neuropharmacology, 
The Scripps Research Institute, La Jolla, CA 92037.

In vivo microdiaiysis was used to compare the rate of ethanol 
elimination from the brain in ethanol-dependent versus nondependent 
rats. Male Wistar rats were implanted with a guide cannula in the 
nucleus accumbens and allowed to recover for 5 days. The rats were 
then placed in either an ethanol inhalation chamber or control chamber 
for 14 days. The mean BAL for the ethanol group across the 14 days 
of ethanol exposure was 164.3 ± 41 mg%. At the end of the 14th day, 
rats were removed from the inhalation chambers and a microdiaiysis 
probe was inserted and perfused at 0.5 pl/min with artificial 
cerebrospinal fluid. Approximately 8 hours later, two baseline samples 
were taken after which all rats were exposed to ethanol vapors for 4 
hours with samples collected every 30 minutes. The disappearance of 
ethanol was monitored in brain microdialysate for 8 hours after 
exposure to ethanol vapor was discontinued. There was no difference 
in the ascending portion of the ethanol concentration curve or in the 
maximum dialysate ethanol concentration obtained during the 4 hours 
of ethanol vapor exposure between the previously ethanol naive 
control group (217.5 ± 7 mg%) and the previously ethanol exposed 
group (214 + 37 mg%). To determine the rate of ethanol elimination 
from the brain, linear regression analysis of the descending portion of 
the ethanol concentration curve was performed yielding an elimination 
rate of -0.64 ± 0.02 for the control group and -0.75 ± 0.04 for the 
ethanol-exposed group. These results suggest that chronic exposure 
to ethanol vapors increase the rate at which ethanol is eliminated from 
the brain. (Supported by NIAAA AA6420 and AA10531).

932.10
THE EFFECT OF CHRONIC BENZODIAZEPINE (BZ) TREATMENT ON 
CHANGES IN BODY WEIGHT (BW) IN RATS. X. Jine. J. W, Sloan. E, P, Wala. and 
J. R, Holtman. Jr*. Department of Anesthesiology, College of Medicine, University 
of Kentucky, Lexington, Kentucky 40536.

Changes in BW in rats were evaluated with respect to: (1) Dose of diazepam (DZ) 
[90-540 mg/week (wk)]; (2) Chronic exposure to different BZs: DZ [540 mg/wk], 
nordiazepam (ND) [600 mg/wk], oxazepam (OX) [ 600 mg/wk] and flunitrazepam 
(FN) [540 mg/wk]; (3)Duration of treatment (l-5wks); (4) Gender and (5) 
Administration of central and peripheral BZ receptor antagonists [flumazenil (FLU) 
and PK 11195 (PK), respectively]. Female (F) and male (M) Sprague-Dawley rats 
weighing 250 g (F) and 350 g (M) at the beginning of the study had silastic capsules 
containing BZs or empty capsules (control) implanted subcutaneously in the back once 
a wk . Each rat was housed separately with free access to standard laboratory chow 
and tap water. The BW was recorded weekly before each implantation. In F rats, BW 
gain had a significant positive regression on dose of DZ. In F rats exposed to empty 
capsules, DZ (540mg/wk), ND or OX the gain in BW had a significant positive 
regression on time (4 wks) while BW reached plateau at the 2nd wk of chronic FN 
treatment. In comparison to control, the average gain in BW was significantly higher 
in FN- but not in DZ- (90-540 mg/kg), ND- or OX- treated F rats. In control and DZ- 
treated (540 mg/wk) M rats, BW significantly increased with time, however, the 
average gain in BW did not differ between these two groups of rats. Across the time 
of chronic treatment the gain in BW was significantly higher in M than in F rats 
(control and DZ-exposed). The BW was not significantly affected by FLU 
administered either one time (40 mg/kg; IV) to control (F, M), DZ-(F, M), ND-(F), 
OX-(F) and FN-treated F rats or weekly (30 mg/kg; IP) to F rats exposed to DZ and 
ND. Further, PK (20 mg/kg; IV) did not affect BW in control and DZ-treated (M, F) 
rats. The present data suggest that while the continuous exposure to FN induced a gain 
in BW in F rats the observed increase in BW in rats chronically exposed to DZ (F,M), 
ND (F) and OX (F) is related to time but not to BZ treatment, (supported by NIDA 
grant DA02195)

932.11
EFFECTS OF ETHANOL ADMINISTRATION AND WITHDRAWAL ON 
THERMAL NOCICEPTION IN RATS. M. B. Gatch. H, Lal, C, J, Wallis and 
M. W. Martin.* Dept. of Pharmacology and Substance Abuse Institute of North 
Texas, Univ. of North Texas Health Science Center, Fort Worth, TX 76107.

The effect of acute and chronic administration of ethanol as well as ethanol 
withdrawal on latency to withdraw the tail from a beam of light (radiant heat tail- 
flick) was examined. The maximum exposure was 20 sec. Without drugs, tail- 
flick latencies averaged 7.0±2.0 sec. No trends in latencies were observed 
between or within sessions. Cumulative doses of ethanol (0.5-2.0 g/kg, i.p.) 
produced dose-dependent increases in latencies to 12.7±1.0 sec. Pretreatment 
with naltrexone (1.0 mg/kg, i.p.) produced a significant downward shift in the 
ethanol cumulative dose-effect curve. During chronic administration, a liquid 
diet containing ethanol (6.5%) was given for 10 days. Tail-flick latencies were 
measured on day 0 (baseline), day 4 and day 8 of chronic ethanol and at 12 hr 
and 60 hr after removal of ethanol. On day 4 of chronic ethanol, latencies 
increased to 160% of baseline, an amount comparable to that produced by an 
acute dose of 2.0 g/kg ethanol. On day 8, tail-flick latencies decreased to 87% 
baseline. At 12 hr after withdrawal, latencies decreased to 70% of baseline; 
however, by 60 hr after withdrawal, latencies had returned to baseline levels. 
Ethanol produces antinociception when administered acutely or chronically and 
opioid receptors may play a role in mediating this effect. Tolerance to the 
antinociceptive effects develops during chronic administration. Hyperalgesia was 
induced by ethanol withdrawal at 12 but not at 60 hr after removal of ethanol. 
Supported in part by NIH grant AA09567-05.

932.12
CONDITIONED COMPENSATORY RESPONSE TO ETHANOL AS 
INDICATED BY LOCOMOTOR ACTIVITY IN RATS. P.M. Duncan*, 
T. Alici and J.D. Woodward. Psychology Department, Old 
Dominion University, Norfolk, VA 23529-0267.

A within-subjects design was used to study the 
conditioned response (CR) to ethanol (ETH) as indicated 
by locomotor activity (MA) and rearing. Rats were 
injected with saline (SAL) or 1600 mg/kg ETH on 
alternate days in two different locations over a period 
of 16 conditioning days. CR-related activity was then 
observed as the rats were given SAL in the ETH-paired 
location, and location-specific tolerance was tested by 
administering ETH in the SAL-paired environment. ETH 
reduced MA during initial conditioning trials from a 
mean of 754 (SAL condition) to 304. MA levels on SAL 
days decreased during the course of conditioning, but 
tolerance to ETH depressant effect was not detected. 
Mean MA for the CR test was 547, significantly greater 
than previous and following SAL conditioning days (235, 
220) . Rearing was also significantly increased on CR 
test day. MA and rearing were decreased, but were not 
significantly different during the location-specific 
tolerance test. Compensatory CRs to ETH-produced 
hypothermia have been reported previously, but this may 
be the first demonstration of such drug-opposite CRs in 
a behavior not directly under homeostatic control.

932.13
TOLERANCE TO THE ANXIOLYTIC EFFECTS OF DIAZEPAM AND TOLUENE 
AS MEASURED BY AN ELEVATED PLUS-MAZE TASK IN MICE. S. E. Bowen* 
and R. L. Balster. Department of Pharmacology and Toxicology, Medical College of 
Virginia, Richmond, VA 23298-0613

Previous reports have shown that abused inhalants share some of the pharmacological 
properties of drugs used in tire treatment of anxiety. In addition, several reports have found 
that repeated exposure to inhalants results in only minimal tolerance to their other 
behavioral effects. In an attempt to further examine possible tolerance to the anxiolytic 
properties, the behavioral effects of inhaled toluene (0, 2000, 4000, 6000 ppm) were 
examined and compared to those of diazepam (DZ; 0, 1, 3 mg/kg) in the elevated plus- 
maze. Drug-naive male SWISS mice were placed in the center of an elevated plus-shaped 
maze. Two opposing arms were enclosed by high walls while the crossing aims remained 
open. Four separate groups of animals were used with each group receiving repeated 
exposures to either air, toluene, saline, or DZ. After seven days of repeated toluene 
exposures (20 min - twice a day) or repeated DZ injections (twice a day), the number of 
entries and time spent in each type of arm were measured during 5 min tests. In subjects 
that had received air-only exposures, exposures to increasing concentrations of toluene 
produced concentration-related increases in the total number of entries into and the total 
time spent on the open arms, a pattern of response similar to that produced by DZ in 
subjects that had received only repeated saline injections. In animals that had received 
repeated exposure to either toluene or DZ, concentration- and dose-related tolerance was 
observed for the total number of entries into and the total time spent on the open aims. The 
increasing evidence for commonalities in the behavioral effects of solvents and GABAergic 
drugs may provide a basis for understanding the neurobehavioral basis of inhalant abuse. 
Supported by NIDA grant DA-03112 and DA-05670.

932.14
DOMINANCE STATUS DETERMINES THE SENSITIVITY OF TRIAD- 
AND SINGLY-HOUSED RATS TO ETHANOL AND MORPHINE. L.A. 
Pohorecky* and D. Benjamin. Division of Neuropharmacology, Center of Alcohol 
Studies, Rutgers University, Piscataway, N.J. 08855.

Singly and triad-housed male Long Evans rats were used to assess the 
effect of rank status on sensitivity to drugs of abuse. Dominance status was 
ascertained by monitoring behavior during the initial 30 minutes of triad 
formation, and by body weight changes and subsequent behavioral assessments. 
Ten, 30 and 70 days after triad formation rajts were tested in an open field after 
ethanol (ET, 0, 0.5 and 1.25 g/kg IP), for the sleep time after ET (2.5 g/kg, IP), 
and for tail flick analgesia after morphine sulfate (0 and 5 mg/kg, SC), 
respectively. Alpha rats were slower to initiate locomotor activity in the open 
field. The locomotor stimulation produced by 0.5 g/kg was smaller in alpha rate 
compared to gamma and singly-housed rats. The 1.25 g/kg dose depressed overall 
locomotor activity, entries and time spent in the center of the field in all but the 
alpha rats. By contrast, there were no rank related differences in the effect of ET 
on either rearing, headpoke or grooming behaviors in the open field. Alpha rate 
recovered the righting reflex sooner after injection with 2.5 g/kg of ET than did 
the subdominant or singly-housed rats. Compared to the subdominant and singly- 
housed rats, and the alpha rats were more sensitive to morphine’s analgesic effect. 
Thus alpha rats were less sensitive to the depressant effects of a higher dose of ET 
in both locomotor activity in the open field and in the sleep time. In constrast, 
alpha rats are more sensitive to morphine’s analgesic effect. Therefore dominant 
alpha rats appear to differ from subdominant rats and from singly-housed rats in 
(1) the opioid mechanisms mediating morphine’s analgesic effect in the tail flick 
test, and (2) the neurochemical mechanism mediating the effects of ET in the open 
field and in the righting reflex. (Supported by NIAAA grant AA05306).
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932.15
REINSTATEMENT OF ALCOHOL-SEEKING, BUT NOT 
SUCROSE-SEEKING, BY STRESS. A. D. Le1’2, P. J. Fletcher34,
J. Stewart5, Y. Shaham*14. ARF, Toronto; 2Pharmacol. Dept., U of 
Toronto; 3Clarke Inst., Toronto; 4Psychol. Dept., U of Toronto and 
5CSBN, Psychol. Dept., Concordia U, Montreal, Canada

The effect of stress on reinstatement of alcohol- and sucrose-seeking 
was studied. In Exp. 1, male rats were trained for 60 min/day to press 
a lever for alcohol (12% w/v). Lever pressing for alcohol was then 
extinguished for 4-9 days. After extinction, reinstatement of drug-
seeking was determined after exposure to intermittent footshock stress 
(5 and 15 min; 0.8 mA) and a priming dose of alcohol (0.24 and 0.48 
g/kg; IP and orally). In Exp. 2, rats were trained for 60 min/day to 
press a lever for sucrose pellets. Lever pressing for sucrose was then 
extinguished for 5-7 days. After extinction, reinstatement of sucrose-
seeking was determined after exposure to footshock and a sucrose 
pellet. Footshock stress potently reinstated alcohol-seeking, whereas 
the alcohol prime was only mildly effective. In contrast, footshock 
stress did not reinstate sucrose-seeking, whereas priming with a 
sucrose pellet was effective in reinstating food-seeking. These findings 
extend previous reports on the reinstatement of cocaine- and heroin-
seeking by stress and suggest that the reinstatement effect of the 
footshock stress used in our studies is selective for drug reinforcers. 
Supported by NIDA (USA), and ARF (Ontario).

932.16
DISCRIMINATIVE STIMULUS PROPERTIES OF GHB IN RATS 
TRAINED IN A 3-CHOICE CHOICE CHLORDIAZEPOXIDE- 
SALINE-PENTYLENETETRAZOLE DISCRIMINATION TASK.
C. A. Sannerud*1 and D.V, Gauvin2. Drug & Chemical Evaluation 
Section/ODE, Office of Diversion Control, Drug Enforcement 
Administration, Washington, D.C. 205371 and Department of 
Psychiatiy & Behavioral Science, University of Oklahoma Health 
Sciences Center, Oklahoma City, Oklahoma, USA 731902

GHB is a CNS depressant that is abused for its euphoric effects 
and its alleged ability to stimulate muscle growth. Previous drug 
discrimination studies have suggested that GHB may have an unique 
discriminative profile characterized as having alcohol, morphine, 
serotonin, and GABA-like effects. We tested a wide range of GHB 
doses (0.1 to 320 mg/kg) administered to four rats previously 
trained to discriminate between 3 mg/kg chlordiazepoxide (CDP), 
saline, and 15 mg/kg pentylenetetrazole (PTZ; cf Gauvin et aL, 1996; 
Exper Clin Psychopharmacology 4:373-378). Exclusive PTZ- like 
responding was engendered by doses of GHB at the high end of the 
dose range and exclusive CDP-like responding was engendered 
within the mid-range of doses. Mixed responding between the two 
drug-appropriate levers was never demonstrated. For each rat, most 
doses engendered default- (saline) appropriate responding. These 
data suggest that GHB has some unique GABA-like effects which 
may further suggest that GHB has a profile of effects distinct among 
other drugs of abuse. Supported by NIAAA grant RO1AA06333.

932.17
BETA-CARBOLINE-INDUCED ALTERATIONS IN THE MOTOR 
INCOORDINATING EFFECTS OF ALCOHOL IN RATS ARE TIME- 
DEPENDENT . R.C. Drugan*, M.K. Austin, V. Myles and P.L. 
Brown. Dept. of Psychology, Univ. of NH, Durham, NH 
03824

The benzodiazepine/GABA receptor complex' (BGRC) is 
involved in the pathophysiology of anxiety/fear and is 
the binding site for minor tranquilizers including 
alcohol, benzodiazepines and barbiturates. The BGRC 
also changes in response to environmental stress. We 
have previously shown uncontrollable but not
controllable stress enhances the ataxic properties of 
ethanol and midazolam. Perhaps the induction of 
anxiety/fear may change the way an organism responds to 
these drugs. Beta-carboline (FG-7142, 10 mg/kg, i.p.) 
or vehicle injections were given either 3 or 24 hours 
prior to the administration of several doses of both 
ethanol or midazolam and the ataxic properties of these 
compounds were determined on a Rotarod treadmill. 
Beta-carboline administration had no effect on either 
midazolam- or ethanol-induced motor ataxia when tested 
3 hours later. However, 24 hours following Beta- 
carboline exposure, a significant increase in the 
ataxic effects of alcohol was observed. These results 
are discussed regarding the possible importance of 
conditioning effects. Research supported by PHS MH 
45475.

932.18
ETHANOL-INDUCED MOTOR ATAXIA IN THE RAT IN RESPONSE TO 
ACUTE AND CHRONIC SWIM STRESS. P. L. Brown * and R. C. Drugan,
Dept. of Psychology, Univ. ofNH, Durham, NH 03824.

Previous research has shown that acute swim stress in rats (5 min) leads to an 
increase in benzodiazepine (BZD) binding. However, chronic swim stress (10 
min/day, seven days) leads to a decrease in in vivo BZD binding. Thus, acute and 
chronic swim stress may lead to differential changes in the GABA/BZD receptor. 
These changes may be detectable using a behavioral measure. This study 
attempted to supplement biochemical evidence with behavioral measures on the 
Rotarod treadmill. Rats were exposed to either acute (10 min/day, one day) or 
chronic (10 min /day, seven days) ambient water temperature (23° ± 1° C) forced 
swim. Testing took place at either two or 24 h post- stress and rats were injected 
prior to testing with ethanol (,6g/kg or ,8g/kg). Ten minutes post-injection animals 
ran on the treadmill and were timed for amount of time spent walking (up to five 
min). Results show no difference between swim stressed, handled controls, and 
naive controls for the chronic procedure at .6 g/kg ethanol at either two or 24 h 
post stress. There was no difference between swim stressed and handled controls 
in the acute procedure at .8g/kg ethanol two h post-stress. All other groups, as 
well as a midazolam injected group, will be completed in the near future. In 
addition, we will present preliminary data from an apparatus which allows for 
controllability in a swim stress model. This apparatus consists of two cylinders 
(each containing one rat) which can be lowered into an aquarium of water. One of 
the cylinders contains an omni-directional lever which, if pressed, will terminate 
the stress trial. Pilot data shows that rats can learn to lever press to escape forced 
swim, and yoking in this model will occur in the near future.

This research was supported by PHS Grant MH 45475.

932.19
CHRONIC ETHANOL ADMINISTRATION INCREASES THE 
EFFECT OF COCAINE. J.W. Smith*1, W.P, Watson, H.J, Little*

Drug Dependence Unit, Psychology Dept, Durham University, UK. 
’Dept of Experimental Psychology, University of Cambridge, UK.
We have previously shown that in mice, prolonged ethanol consumption 
increased the effects of, and sensitisation to, amphetamine and cocaine 
(Manley & Little, J. Pharm. Exp. Ther, In Press). This effect was not 
explained by pharmacokinetic changes.
In the present study, Lister hooded rats were given ethanol by liquid diet, 
in increasing concentrations for a total period of 53 days. Total ethanol 
consumption was 570 g/kg. Control animals received control liquid diet 
throughout. The rats were then withdrawn from the ethanol diet for 6 
days and given acute injections of either 20 mg/kg cocaine or saline, 
once daily for 10 days. Locomotor activity was measured for 30 mm 
after injection on the first and tenth days. Animals that received chronic 
ethanol liquid diet showed significantly greater responses to cocaine on 
day 10 than those that received control diet. The responses to saline 
injections, and the responses to cocaine on day 1 were unaltered. These 
results show that the effect previously reported in mice is also seen in 
rats, and that behavioural changes in response to cocaine are observed 
long after the acute withdrawal signs have disappeared. This may 
indicate prolonged neuroehemical changes, possibly in the mesolimbic 
dopamme system.

932.20
EFFECTS OF NICOTINE AND ETHANOL ON SENSORY-MOTOR FUNCTION IN 
RATS: E.J. Popke, M,A, Rahman, S.M. Nespor, and N.E. Grunberg*. Department of 
Medical and Clinical Psychology, Uniformed Services University of the Health 
Sciences, Bethesda, MD 20814.

A positive epidemiologic relationship exists between the use of cigarettes and the use 
of alcohol. The present experiment examined the hypothesis that effects of nicotine 
and ethanol on sensory gating may contribute to the co-abuse of these two drugs. 
Acoustic startle response amplitudes (ASR) and pre-pulse inhibition (PPI) were 
examined in response to nicotine and ethanol. These measures are sensitive to drug 
effects and have been interpreted as reflecting processes that underlie sensory-gating. 
In addition, levels of dopamine, DOPAC, HVA, 5-HT, and 5-HIAA in striatum were 
measured to examine biologic mechanisms that may underlie these behaviors. Ninety- 
six male Sprague-Dawley rats received acute injections of nicotine (0.01 mg/kg-0.5 
mg/kg; SC) and/or ethanol (0.5 g/kg-2.0 g/kg ; IP) and were tested for ASR and PPI. 
Seven days after behavioral testing, subjects received a second drug treatment that was 
identical to the treatment received prior to behavioral testing. The lowest dose of 
ethanol increased ASR and PPI and the higher doses reduced ASR and PPI. The 
effects of low-dose ethanol to increase ASR and PPI were reduced by nicotine. The 
effects of high-dose ethanol to reduce ASR and PPI were unaffected by nicotine.
These results are consistent with the suggestion that nicotine and ethanol can interact 
to alter sensory-gating in a way that may be relevant to the tendency of some 
individuals to smoke more when they drink. The relationship between effects of 
nicotine and ethanol on ASR and PPI and effects of nicotine and ethanol on levels of 
DOPAC, HVA, 5-HT, and 5-HIAA in striatum also will be presented.

Research supported by USUHS Protocol R072AR
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932.21
MODULATION OF ETHANOL DRINKING BEHAVIOR BY A GABA- 
AGONIST NEUROACTIVE STEROID. P.A. Finn*, B. Patterson, C.D. 
Wenger and T.J. Phillips. VAMC Research and Dept. Behavioral 
Neuroscience, Oregon Health Sci. Univ., Portland, OR 97201.

The progesterone metabolite, 3a-hydroxy-5a-pregnan-z0-one (3a,5a-P), 
selectively interacts with GABA-A receptors and potentiates the action of 
GABA at low nanomolar concentrations. Based on the recent demonstration 
that 3a,5a-P produced a dose-dependent conditioned place preference, the 
present studies were conducted to investigate further the positive 
motivational properties of 3a,5a-P and to determine the effect of 3a,5a-P on 
ethanol (EtOH) drinking behavior utilizing the two-bottle choice paradigm. 
C57BL/6J and DBA/2J male mice were individually housed and acclimated 
to a reverse light/dark cycle (lights off at 0900). In experiment 1, the mice 
had unlimited access to a bottle containing 50pg/ml 3a,5a-P or water.
During the first 6 hrs of the dark cycle, DBAs exhibited preference for the 
steroid containing bottle and consumed a significantly greater dose of 3a,5a- 
P than C57s (4 mg/kg vs. 3 mg/kg, respectively). Upon completion of the 
drinking phase (10 days), all steroid consuming animals exhibited significant 
anxiolysis when tested on the elevated plus maze, compared with separa1^ 
animals that consumed only water. Subsequent studies investigated the effect 
of 3a,5a-P (0, 3.2 or 10 mg/kg, i.p.) on established EtOH drinking (10% v/v) 
in C57 male mice. With a 2 hr limited access, both the 3.2 and 10 mg/kg 
doses of 3a,5a-P significantly increased ethanol drinking during the first hr 
post-injection. These results suggest that 3a,5a-P possesses rewarding 
properties, since mice consumed anxiolytic doses, and that 3a,5a-P can 
modulate ethanol drinking behavior. Supported by grant AA 10760 (NIAAA).

932.22
PENTOBARBITAL-INDUCED CONDITIONED PLACE 
AVERSION LEARNING: MODIFICATION BY PRIOR 
DRUG EXPOSURE. G. Lew and L.A. Parker*. Department of 
Psychology, Wilfrid Laurier University, Waterloo, Ontario N2L 
3C5.

The hedonic properties of pentobarbital are not well 
understood. Pentobarbital is self-administered by rats previously 
experienced with the drug, but produces a conditioned place 
aversion when the drug is novel. In the present investigation, 
pentobarbital (5 and 15 mg/kg, ip) produced a conditioned place 
aversion following 4 conditioning cycles. However, when rats 
were given prior exposure to pentobarbital, the drug no longer 
produced a conditioned place aversion. Drug history may, in 
part, account for differences that occur in assessment of drug 
hedonics by the two paradigms.

Supported by the Natural Sciences and Engineering 
Research Council of Canada

DRUGS OF ABUSE: ALCOHOL III

933.1
EFFECTS OF NALTREXONE PRETREATMENT ON ORAL SELF-ADMINIST-
RATION OF ETHANOL, PHENCYCLIDINE (PCP) AND SACCHARIN IN 
RHESUS MONKEYS USING PROGRESSIVE-RATIO SCHEDULES. J, S, 
Rodefer*. U. C. Campbell. K, P, Cosgrove. R, K, Voeller and M, E, Carroll.
Department of Psychiatry, University of Minnesota, Minneapolis, MN 55455.

The purpose of this study was to investigate the effects of naltrexone pretreatment
on the reinforcing efficacy of orally-delivered ethanol using a progressive-ratio (PR) 
schedule in rhesus monkeys. In order to examine the selectivity of the effects of 
naltrexone on ethanol self-administration, oral self-administration of phencyclidine 
(PCP) and saccharin in combination naltrexone pretreatment were also evaluated. 
Eight monkeys were trained to orally self-administer ethanol (8% wt/vol), PCP (0.25 
mg/ml), or saccharin (0.03%, 0.3% wt/vol) and water from two drinking spouts under 
concurrent PR schedules. During daily 3-hr sessions, fixed-ratio (FR) response 
requirements (lip contacts on the drinking spout) increased from 8 to 4096. 
Completion of each ratio resulted in 40 liquid deliveries (0.6 ml) under an FR 1 
schedule. Naltrexone (0.1, 0.3, and i mg/kg) or saline injections were given i.m. 
before each session for 5 days. The 5 days before injections began served as baseline 
control. Preliminary results showed that naltrexone dose-dependently decreased 
ethanol- and saccharin-maintained responding, deliveries and break points. Although 
the effects of naltrexone on ethanol and saccharin self-administration were similar, 
pretreatment with the 0.1 mg/kg dose of naltrexone produced a proportionally greater 
suppression on ethanol-reinforced behavior. Higher doses of naltrexone (0.3 and 1 
mg/kg) were also found to decrease PCP-maintained responding, deliveries and break 
points. However, the magnitude of the suppressant effects due to naltrexone 
pretreatment were smaller on PCP-reinforced behavior compared to ethanol- and 
saccharin-reinforced behavior. These data suggest that at low doses, naltrexone 
selectively decreases the reinforcing efficacy of ethanol and saccharin through an 
opioid-mediated mechanism. Supported by NIDA grant R01 DA 02486 to M.E.C.

933.2
DECREASED EXPERIMENTAL ANXIETY AND VOLUNTARY ETHANOL 
CONSUMPTION IN RATS FOLLOWING CENTRAL BUT NOT 
BASOLATERAL AMYGDALA LESIONS. C, Moller*, L.Wiklund, W. 
Sommer, A, Thorsell, M. Heilig. Magnus Huss Clinic, Karolinska Hospital, S- 
17176 Stockholm.

A long debated 'tension reduction' hypothesis postulates anti-anxiety effects 
to be important for ethanol reward, and states that elevated anxiety levels might 
predispose for ethanol consumption and addiction. Human data are contradictory, 
possibly due to heterogeneity of patient samples. In rats, baseline levels of 
experimental anxiety have been reported to correlate with voluntary ethanol 
consumption. We addressed the possibility that mechanisms underlying 
experimental anxiety might be causally related to voluntary ethanol intake. Rats 
were bilaterally lesioned in central amygdala using microinjections of ibotenic 
acid. This resulted in a robust release of punished drinking in a modified Vogel 
conflict test, an effect typically seen with anxiety reducing drugs. Unpunished 
drinking was unaffected. On the elevated plus-maze, central amydala lesions did 
not affect behaviour under baseline conditions, but attenuated the anxiogenic 
effect of restraint stress. Measures of locomotor activity were not affected. Ethanol 
consumption was examined in a two-bottle, free choice paradigm. Ethanol intake 
was significantly decreased in the lesion group. Water intake was not affected. 
Basolateral amygdala lesions affected neither conflict behaviour, nor ethanol 
intake. These results suggest an important role for cell bodies within central 
amygdala in anxiety related behaviours, and support a relation between 
experimental anxiety and ethanol consumption. (Supported by the Swedish 
Medical Research Council)

933.3
OVEREXPRESSION OF ENKEPHALINS IN RAT AMYGDALA 
POTENTIATES ANXIOLYTIC EFFECTS OF BENZODIAZEPINES. VY
Kang, M.A. Wilson and S.P. Wilson. Dept. Of Pharmacology, University Of 
South Carolina, School of Medicine, Columbia, SC 29208

Several lines of evidence indicate interactions between opioid peptide and 
GABA/benzodiazepine(BZ) systems. The present study employed a 
recombinant herpes simplex virus to deliver human preproenkephalin(hPPE) 
into rat amygdala and examined the anxiety-reducing action of 
benzodiazepine using the elevated plus-maze paradigm after gene delivery. 
The hPPE gene was inserted into a replication-defective virus d120 and 
constructed as d120(ICP4'), TK'::HCMV lEp-hPPE. A similar viral construct 
(dLacZ) containing the Lac Z gene was used as a control. Male Long-Evans 
rats received bilateral injections of 1 pi viral stock (107 pfu) into the amygdala 
Immunohistochemical analysis revealed strong expression of the transgenes 
around the injection area. The elevated plus maze test was conducted 3 days 
after infection. Diazepam (1mg/kg, i.p.) or vehicle injection were given 30 
minutes before testing. While in both dPE- and dLacZ- infected animals 
diazepam increased the open arm activity (time spent in the open arm and 
open arm entries), rats infected with dPE displayed a greater response to 
diazepam (p<0.01). No difference was found among all the groups in the 
motor activity indicated by total arm entries. This potentiation appeared to be 
region-specific, since dPE- and dLacZ- infected animals did not show 
differences in diazepam response after gene delivery into the striatum. 
These findings suggest interactions between GABA/BZ and opioid 
neurotransmission in the amygdala may modulate the anxiolytic actions of 
benzodiazepines. (Supported by RO1 DA05932 to MAW and a USC 
Research & Productive Scholorship to SPW).

933.4
CHRONIC ALCOHOL CONSUMPTION ALTERS WHISKER EVOKED 
RESPONSES AND WHISKER PAIRING PLASTICITY IN ADULT RAT 
BARREL CORTEX. Robert N. S. Sachdev*, Kirk G. Thompson1, Ford F. 
Ebner. Institute for Developmental Neuroscience, John F. Kennedy Ctr. 
Dept. of Psychology1, Vanderbilt University, Nashville TN 37203.
Specific destruction of the cholinergic basal forebrain projections to 
cortex (>90% depletion) blocks intracortical aspects of whisker pairing 
plasticity. Rats given 20% ethanol in their drinking water for 28 weeks 
show a smaller (-50%) reduction in basal forebrain ACh content (Arendt 
et al., 1988). In these experiments we examined whether alcohol induced 
reduction of cholinergic fibers could affect whisker pairing plasticity in 
cortex. Experimental rats drank 20% alcohol continuously for 16 weeks; 
control rats drank tap water. Food and water (ethanol) intake was 
monitored. Sixteen weeks after beginning alcohol exposure all whiskers 
except for the two paired whiskers — D2 (principal whisker) and D3 
(surround) — were trimmed close to the face. Seven days later animals 
were anesthetized and prepared for recording from the barrel cortex. 
Carbon fiber electrodes were used to record unit discharge in the D2 
barrel-column. Periods of significant activity were identified using 
poisson statistics. Chronic ethanol exposure significantly reduced the 
magnitude of response evoked by D2 and D3: in experimental D2 
columns fewer spikes were evoked than in control columns. Furthermore, 
in ethanol exposed animals no significant bias toward the D3 whisker 
developed whereas in control animals the D3 whisker evoked a 
significantly better response than DI, another surround whisker. However, 
the effect of chronic ethanol consumption on the cholinergic fibers in 
barrel cortex is not nearly as pronounced as that of an immunotoxin (IgG 
192-saporin) injected into cortex, suggesting that additional mechanisms 
play a role in preventing whisker pairing plasticity from developing in 
alcohol exposed animals. (Supported by NS25907, NS09929)
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933.5
EFFECTS OF OLFACTORY CONDITIONING ESTABLISHED 
BY ETHANOL ON NEUROCHEMICAL RESPONSES OF THE 
OLFACTORY BULB. K.M. Noce? L, Amiri. T.L. Dark, and 
C.L. Kirstein. Cognitive and Neurosciences Department, 
University of South Florida, Tampa, FL 33620.

Pairing a novel odor with appetitive stimuli (e.g., drugs of 
abuse) has been shown to result in a conditioned behavioral odor 
preference. Previous research in our laboratory has established an 
olfactory preference in postnatal day (PND 7) rat pups by pairing an 
odor with acute exposure to cocaine. The mesolimbic dopaminergic 
pathway, which has direct projections to the olfactory bulb, appears 
to be an important neurochemical substrate for this type of learning. 
Using in vivo microdialysis to study changes associated with early 
olfactory learning, we have examined the neurochemical response of 
the olfactory bulb to acute administration of ethanol (2g/kg). Pups 
(PND 6) which received 2g/kg ethanol (ip) had significant increases 
in dopamine and DOPAC levels in the olfactory bulb. In addition, 
an attempt to establish an olfactory preference at different 
developmental ages was examined. Pups either PND 6 or PND 21- 
24 received olfactory preference training. Specifically, novel odors 
were paired with alcohol (2.0, 1.0 or 0.5g/kg) and the number of 
pairings (days) was manipulated. Olfactory preference data from 
PND 7 and PND 25 pups will be presented.
Supported by NIH (James B. Shannon Award).

933.6
EFFECTS OF a-ADRENERGIC AND 6-ADRENERGIC AGONIST- 
STIMULATED 6-ENDORPHIN RELEASE AND cAMP 
PRODUCTION IN THE HYPOTHALAMIC NEURONS IN 
PRIMARY CULTURES. A, De. N. Bovadjieva and D. K. Sarkar*. 
Department of Veterinary and Comparative Anatomy, Pharmacology and 
Physiology, Washington State University, Pullman, WA 99164-6520.

We have previously shown that low concentrations of ethanol rapidly 
stimulate 6-endorphin (6-EP) release from hypothalamic neurons in 
primary cultures and that chronic ethanol exposures of these concen-
trations of ethanol desensitize 6-EP neurons to ethanol challenges. We 
have also shown that chronic ethanol desensitizes dibutyrvl cAMP-, 
adenosine- and PGE1-stimulated 6-EP release and the cAMP content in 
hypothalamic neurons. In this study, we determined the effects of 
ethanol (50 mM) on 6 adrenergic agonist (isoproterenol)- or a- 
adrenergic agonist (l-phenylepnrine)-induced 6-EP release and cellular 
contents of cyclic AMP (cAMP), in order to identify whether ethanol 
causes heterologous desensitization of the adenylate cyclase system in 
this neuronal cell population. Both isoproterenol and 1-phenylephrine 
increased 6-EP levels in culture media and elevated the cAMP content in 
cell extracts in a concentration (1 and 10 uM)-dependent fashion 
between 3-6 h. A 50 mM dose of ethanol increased 6-EP and cAMP 
levels at 3 h, but it did not elevate 6-EP and cAMP levels after 24 h of 
exposure. Acute exposure (3 h) of these cells to ethanol moderately 
enhanced the isoproterenol-stimulated and 1-phenylephrine-stimulated 
levels of media 6-EP and intracellular levels of cAMP. However, 
chronic exposure (24 h) to ethanol failed to alter 6-EP and cAMP 
responses to isoproterenol and 1-phenylephrine. These data suggest that 
ethanol may differentially affect various receptor systems that activate 
adenylate cyclase to induce 6-EP release from hypothalamic neurons. 
Supported by the National Institutes of Health Grant AA08757.

933.7
EFFECT OF BUSPIRONE ON SELF-ADMINISTRATION OF 
ETHANOL OR SACCHARIN DURING ACUTE ETHANOL 
WITHDRAWAL C.J, Wallis*. Y. Egilmez Harrison. H: Lal. De-
partment of Pharmacology and SAINT, University of North Texas 
Health Science Center, Fort Worth, TX 76107.

5-HT 1A receptors are involved in the control of ethanol preference 
and voluntary intake in rats, the present study examined the effect of 
chronic buspirone (BUS, 5-HT1A partial agonist) on ethanol self-
administration during acute ethanol withdrawal (EW). Male Long 
Evans rats were trained to self-administer ethanol (10% w/v) in a 
sweetened-solution fading limited access (2 hr) procedure under an 
FR2 schedule of reinforcement or saccharin (0.1%). Rats were given 
a nutritionally balanced liquid diet with or without (DEX) ethanol 
(4.5%) for 10 days. On days 8-10, BUS (10 mg/kg/day) or saline (%
0.9) was administered i.p. Twelve hours after removal of liquid diet, 
ethanol intake was significantly decreased in BUS-EW rats as com-
pared to saline-EW or BUS-DEX rats. In the saccharin trained rats, 
chronic BUS reduced saccharin intake only EW animals. These re-
sults suggest that short term stimulation of 5-HT1A receptors de-
creases ethanol intake during EW, but that the effect is not specific to 
ethanol as a reinforcer. (Supported by NIAAA #AA10545 and 
#AA09567).

933.8
ESTABLISHMENT OF ORAL ETHANOL REINFORCEMENT IN NON- 
DEPRIVED MICE AND SUBSEQUENT REDUCTION INDUCED BY 5- 
HT1 RECEPTOR ANTAGONISM. F, 0. Risinqer* A.C. Vickrey, C.A. 
Kirtland. Portland Alcohol Research Center and Department of 
Behavioral Neuroscience, Oregon Health Sciences University, 
Portland, Oregon 97201-3098.

Two separate experiments examined operant responding for 
access to oral ethanol in Swiss-Webster mice. In Experiment 1, 
subjects were trained to press a lever (FR4) in order to obtain 
10% w/v sucrose during daily 15-min sessions. After initial 
training, subjects had free access to food and water in the home 
cage. Ethanol was then added at various concentrations. With 2% 
and 5% v/v ethanol, responding increased over that seen for 
sucrose alone. However, 10% ethanol or sucrose concentrations 
below 5% resulted in lower responding. Stable ethanol self-
administration was seen with a 5% sucrose/5% ethanol 
combination resulting in a mean ethanol dose of 0.8±0.1 g/kg. In 
experiment 2, responding for access to ethanol (5% sucrose/5% 
ethanol) was established, after which mice received 0-0.4 mg/kg 
methiothepin (MT), a 5-HT1 receptor antagonist, prior to ethanol 
access. MT (0.4 mg/kg) caused reduced responding for ethanol. 
MT (0.1 - 0.5 mg/kg) also reduces ethanol-stimulated locomotor 
activity. These results are consistent with the notion that 5-HT1 
receptors are important for ethanol's positive motivational 
effects. [Supported by NIAAA grants AA10520 and AA10760.]

933.9
EFFECTS OF CHRONIC ETHANOL ON SEROTONIN IB (5-HT1B) 
RECEPTOR SUBTYPES IN TWO MICE STRAIN C57BL/6J AND DBA/2J. 
D. Ait Amara, R, Grailhe, J.C. Crabbe1, T. Phillips' and R, Hen*. Center for 
Neurobiology & Behavior, Columbia University, 722 W 168 St. New York, NY 
10032. 1VAMC and OHSU, Portland, OR 97201.

5-HT1B knockout mice that lack this gene show increased alcohol drinking 
compared to the 129/Sv wild-type mice. In voluntary ethanol consumption large 
differences have been observed between inbred strains. DBA72J mice strongly 
avoided ethanol while C57BL/6J mice consumed more of the ethanol solution than 
water. Several quantitative trait locis (QTL) have been identified that are 
responsible for the differences in ethanol comsumption between these two strains. 
One of these QTLs contains the 5-HT1B gene.

By nucleotide sequence analysis we have identified one silent mutation which 
does not result in a change in the amino acid sequence of the 5-HT1B receptor 
between DBA/2J and C57BL/6J mice. We also examined by quantitative 
autoradiography the 5-HT1B receptor levels. 5-HT1B binding sites are significantly 
more abundant in the DBA72J than in C57BL/6J mice in several brain regions: 
hippocampus (+32.2% in the stratum oriens and +15% in the molecular layer), 
lateral geniculate nucleus (+28.3%), substantia nigra (+13.3%) and globus pallidus 
(+12.3%). These results are in agreement with the 5-HT1B knockout studies since 
a reduction in 5-HT IB receptor levels appears to be associated with increased 
alcohol consumption. These results also suggest that a mutation in the promoter 
region of the 5-HT IB gene might be responsible for the QTLs that contains the 5- 
HT1B gene.

We also investigated the effects of chronic alcohol consumption (2 weeks, 10% 
ethanol in water) on the expression of the 5-HT1B receptors. An increase in 5- 
HT1B binding sites was found only in the globus pallidus of the DBA/2J (+14.4%) 
and of the C57BL/6J (+16%). These results suggest that the 5-HT1B receptor 
localized in the globus pallidus may participate in the regulation of ethanol 
drinking. Supported by NIH RO1AA11322 and Fysen Foundation

933.10

ACTIVATION OF 5-HT2A RECEPTORS PRODUCES A 
SYNERGISTIC EFFECT ON ETHANOL-STIMULATED 
DOPAMINE RELEASE IN THE NUCLEUS ACCUMBENS. B.J. 
Bowers* and W.J, McBride. Dept. of Psychiatry, Indiana Univ. 
School of Medicine, Indianapolis, IN 46202.

The objective of this study was to determine the involvement of 5- 
HT2a  receptors on ethanol-stimulated dopamine (DA) release in the 
nucleus accumbens (Acc). Concentric microdialysis probes (2mm 
length, 230 um o.d.) were stereotaxically implanted in the shell 
portion of the posterior Acc of adult female Wistar rats. Local 
perfusion of the 5-HT2A agonist, DOI, (50 uM) through the 
microdialysis probe produced a 160% increase (p<0.05) in the 
extracellular levels of DA in the posterior Acc. The intraperitoneal 
(IP) injection of 2g/kg ethanol increased the extracellular levels of DA 
in the posterior Acc approximately 200%. However, the combination 
of local perfusion with 50 uM DOI and IP injection of 2g/kg ethanol 
produced a 700% increase in the levels of DA. Co-perfusion of the 5- 
HT2a  antagonist, LY-53,857 (50 uM), with 50 uM DOI completely 
blocked DOI-stimulated DA release and also prevented the synergistic 
effect of DOI on ethanol-stimulated DA release in the posterior Acc. 
These results suggest that local activation of 5-HT2A receptors can 
potentiate the actions of ethanol on the release of DA within the 
posterior Acc shell.
(Supported by PHS Grant AA10721).
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933.11
ACUTE AND CHRONIC EFFECTS OF ETHANOL ON THE 
ACTIVATION OF HYPOTHALAMO-PITUITARY-ADRENAL(HPA) 
AXIS. T. UEYAMA*, H. OHYA, R. YOSHIMURA, E. SENBA 
Det. of Anat. andNeurobiol.. Wakayama Med. Coll., 9-Bancho, 27, 
Wakayama, 640, Japan

Chronic ethanol consumption damages the septohippocampal 
system. To elucidate the molecular basis of ethanol effects, we 
investigated the expression of immediate early genes in response to 
oral administration of ethanol (4g / kg) to the stressed-animals. Prior 
ethanol administration attenuated the immobilization stress-induced 
up-regulation of NGFI-A level in the cortex and hippocampus. 
However, in the paraventricular hypothalamic nucleus, ethanol weakly 
induced the expression of NGFI-A by itself and prior application of 
ethanol did not affect the immobilization stress-induced expression of 
this gene. These data suggest that ethanol abolishes the forebrain 
component of the stress response, while exerting an excitatory effect 
on a region of the brain that regulates the autonomic nervous system 
and the hypothalamo-pituitary-adrenal(HPA) axis. Such bi-directional 
regulation of NGFI-A mRNA according to brain regions may underlie 
the complex interactions between ethanol and stress. Chronic ethanol 
administration also down-regulated the expression of brain-derived 
neurotrophic factor mRNA levels in the hippocampus and cortex, 
which might be associated with the enhanced HPA axis function.

933.12
APAMIN POTENTIATES ETHANOL EXCITATION OF DOPAMINERGIC 
NEURONS OF THE VENTRAL TEGMENTAL AREA. M, S, Brodie*. E, B, Bunnev 
and S, A, Shefner. Departments of Physiology and Biophysics and of Emergency 
Medicine, Univ. Illinois at Chicago, College of Medicine, Chicago, IL 60612.

The dopaminergic (DA) neurons of the ventral tegmental area (VTA) are important for 
the rewarding effects of drugs of abuse, including ethanol. We have previously shown 
that ethanol (20-160 mM) causes a concentration-dependent increase in the rate of 
spontaneous action potential firing in DA neurons of the VTA studied in brain slices. 
The bee venom toxin apamin is a selective blocker of SK-type calcium-dependent 
potassium channels, and high concentrations of apamin (1 uM) have been demonstrated 
to alter the firing pattern of VTA DA neurons. We have previously demonstrated that 
lower concentrations of apamin (20 - 200 nM) alter the firing pattern in locus coeruleus 
neurons. In the present study, extracellular single unit recording in a totally submerged 
brain slice preparation containing the VTA was used to assess the effect of apamin (20 
and 40 nM) on the spontaneous firing rate and ethanol excitation of VTA DA neurons. 
The control spontaneous firing rate ranged from 1.16 to 1.85 Hz (mean 1.43 ± 0.10 
S.E.M., n=6). A behaviorally relevant concentration of ethanol (80 mM) increased the 
firing rate in all cells tested. Ethanol (80 mM) increased the firing rate by 20.1 ± 2.2%. 
Apamin alone had no consistent effect on firing rate, with 20 nM apamin increasing the 
firing rate by 12.7 ± 10.3% and 40 nM apamin decreasing tlie firing rate by 7.6 ± 4.8%. 
Apamin significantly increased the excitatory effect of ethanol (n=6, P = 0.006, Friedman 
Repeated Measures ANOVA on Ranks Test). Percent change in firing rate with 80 mM 
ethanol was 38.3 ±6.1% in 20 mM apamin and 38.7 ± 6.6% in 40 nM apamin. These 
data indicate that apamin can potentiate the excitatory effect of ethanol on VTA DA 
neurons and suggest that the amount of SK current may affect the magnitude of the 
response of reward neurons to ethanol.

Grant support: NIH grant AA05846-14 (S.A.S) and Emergency Medicine Foundation 
Career Development grant (E.B.B.).

933.13
LATERALIZED NEUROTRANSMITTER LEVELS AND TURNOVER: 
RELATIONSHIP TO VOLUNTARY ETHANOL DRINKING.
W.J. Shoemaker*. R. Lillaney and D, Hebert. Alcohol Research Center, 
Department of Psychiatry, University of Connecticut Health Center, 
Farmington, CT 06030.

Prior studies indicate that brain cortical 5-HIAA levels and serotonin 
turnover correlated with greater voluntary ingestion of ethanol:sucrose 
solutions using a modified sucrose-fading paradigm in Wistar rats. The 
current study used a single 10 mg/kg or 25 mg/kg dose of DMI prior to the 
start of the ethanol: sucrose solution presentation since earlier results indicated 
that a single dose of DM! produced increased ethanol drinking. When 
drinking stabilized at 10% ETOH:5% sucrose, there was a 15% increase in 
ETOH drinking with the 10 mg dose, but a 18% decrease with the 25 mg DMI 
dose. When brains were dissected and analyzed by HPLC with 
electrochemical detection for amines, the most striking feature was the 
presence of large left-right differences in amine or metabolite levels in both 
control and DMI-treated rats. Statistically significant asymmetries were found 
for 5-HIAA, 5-HT, DOPAC and norepinephrine. Calculated ratios of 5- 
HIAA/5-HT as an indicator of serotonin turnover showed large RIGHT>LEFT 
asymmetries in nucleus accumbens (p<.001), anterior lateral cortex (p<.02) 
and posterior lateral cortex. However, serotonin turnover was strongly 
LEFT>RIGHT in anterior dorsal cortex (p<.003) and posterior dorsal cortex 
(p<.001). Amine levels that correlated with the pattern of ethanol drinking in 
control and DMI-treated animals were 5-HT turnover in the left posterior 
lateral cortex and in the left posterior dorsal cortex, DOPAC levels in left and 
right posterior lateral and posterior dorsal cortex. (Supported by NIAAA)

933.14
THE DOPAMINE PARTIAL AGONIST SDZ MAR-327 REDUCES THE 
REINFORCING PROPERTIES OF COCAINE AND ETHANOL IN THE RAT. C. 
Balducci, A.J. Roberts*, L. Pulvirenti 1 and G.F, Koob. The Scripps Research 
Institute, Department of Neuropharmacology, La Jolla, CA 92037, USA; 
1“Mondino-Tor Vergata" Center for Experimental Neurobiology, University of 
Rome "Tor Vergata", Rome, Italy.
SDZ MAR-327 is a novel compound with partial dopamine agonistic properties 
at dopamine D2 receptor subtype. Dopamine partial agonist bind to the 
dopamine receptor with high affinity but low intrinsic activity and have been 
recently shown to affect cocaine reinforcement and ethanol drinking in the rat. 
In the present study the effects of SDZ MAR-327 on the maintenance of 
intravenous cocaine self-administration were investigated using a standard 
lever pressing operant procedure. In addiction, a saccharin substitution 
procedure was used to train a separate group of non fluid-deprived rats to 
drink ethanol (10% v:v) and water in their home cages with limited daily 
exposure. Following stable daily drug intake, the rats were pretreated 
intraperitoneally with SDZ MAR-327 immediately before the beginning of the 
daily session. Rats self-administering cocaine showed a significant increase in 
the number of lever presses at the dose of 0.5 mg/kg, reflecting a decrease in 
the reinforcing effects of cocaine because of the inverse function relating 
dose of cocaine and number of infusions. Rats self-administering ethanol 
showed a significant reduction in ethanol intake at the higher dose of 1.0 
mg/kg, also reflecting a decrease in the reinforcing effects of ethanol because 
of the direct relationship relating dose of ethanol and the amount of ethanol 
intake. These data suggest that SDZ MAR-327 may alter the reinforcing 
properties of these drugs and may represent a novel therapeutic strategy for 
dependence from various classes of drugs of abuse. Supported by 
AA06420 and DA04398.

933.15
ETHANOL-INDUCED STIMULATION IS MEDIATED BY 
MESOLIMBIC DOPAMINE (DA) SYSTEMS 
Starosta, Aron*. Price, Ian and Lewis, Michael J.
Temple University Department of Psychology. Philadelphia PA

Ethanol (EtOH) has been shown to have complex effects on 
locomotor activity, with both increases and decreases being found. 
Our research has shown that low doses (<0.50 g/kg) of EtOH 
increase open field activity during the period when blood alcohol 
concentrations are increasing. When blood alcohol concentrations are 
decreasing, depression of locomotor activity is usually found with 
both high and low EtOH doses. In this study we tested a range of 
intraperitoneal (ip) doses of EtOH (0.1-0.5g/kg) alone and in 
combination with intracerebral infusions of DA (5-10pg/pl) into the 
nucleus accumbens. Male Sprague Dawley were administered EtOH 
or saline and then DA or vehicle before being placed in video- 
monitored open field apparatus for 60 minutes. Although 
none of the doses of EtOH or DA increased activity alone, the 0.25 
g/kg dose of EtOH in combination with the 5pg infusion of DA 
increased locomotion during the first 10 min. The higher dose of DA 
(lOpg) did not increased locomotor activity when combined 
with EtOH. The combination of EtOH and DA did not have 
depressant effects during this 20-60 min. period when EtOH alone 
usually depresses activity. These data suggests that EtOH's 
stimulatory effects are mediated by the mesolimbic dopamine system. 
(DA07237).

933.16
ETHANOL ACTIVATES THE MESOLIMBIC DOPAMINE SYSTEM VIA AN 
INDIRECT LOOP INVOLVING VENTRAL TEGMENTAL NICOTINIC ACETYL-
CHOLINE RECEPTORS M. Ericson*, O. Biomqvist, J.A, Engel and B. Soderpalm, 
Inst, of Physiology and Pharmacology, Dept. of Pharmacology, Goteborg University, 
Medicinaregatan 7, S-413 90 Goteborg, Sweden.

Ethanol as well as several other drugs of abuse activate the mesolimbic dopamine 
(DA) system, which is regarded as an important neuroanatomical substrate for drug 
reward. We have suggested that ethanol's activation of this system involves nicotinic 
acetylcholine receptors (nAChR) in the ventral tegmental area (VTA), since we 
previously found that mecamylamine (MEC), a nAChR antagonist, when perfused in 
the VTA (100 JlM), but not in the nucleus accumbens (nAcc), prevents the increase of 
accumbal DA levels after systemic ethanol, as measured by in vivo microdialysis in 
the rat.

In the present study local perfusion with ethanol (300 mM) in the VTA failed to 
influence accumbal DA levels. In contrast, when perfused in the nAcc ethanol produced 
a 30% increase in accumbal DA levels and this effect was blocked by local perfusion 
of MEC (100 pM) in the VTA. These results indicate that ethanol activates the 
mesolimbic DA system via an indirect stimulation of tegmental nAChR, possibly via 
a loop involving the nAcc. In the second part of the study in vivo microdialysis was 
used in combination with an ethanol intake/preference model, in which the rats were 
able to choose between a bottle of water and a bottle of 6% (v/v) ethanol solution. 
Ethanol high-preferring rats were perfused with MEC or Ringer solution in the VTA 
and allowed to drink freely. Every rat received both treatments over a two-day-period, 
and the order of treatment was randomized. Mec decreased the voluntary ethanol 
intake/preference as well as the ensuing increase in accumbal extracellular DA levels, 
whereas in rats perfused with Ringer solution ethanol intake/preference levels were 
maintained and DA levels increased by 30% above baseline in the nAcc. We 
hypothesize that ethanol's DA-releasing effect, which appears to be of importance for 
its reinforcing effect, is mediated via indirect activation of ventral tegmental nAChR, 
possibly via a loop involving the nAcc. The nature of these afferents is presently 
investigated. This study was supported by Swedish MRC (no 11583 and no 4247)
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933.17
ETHANOL INDUCED CHANGES IN DOPAMINE ASYMMETRY IN THE MEDIAL 
PREFRONTAL CORTEX AND NUCLEUS ACCUMBENS. P.M, Nielsen*, K.J. Crosley. 
R.W.Keller, Jr., S.P, Glick, and J.N, Carlson. Dept. of Pharmacology and 
Neuroscience, Albany Medical College, Albany, NY 12208.

Rotation (or turning) behavior in rodents is reflective of intrinsic biochemical and 
structural asymmetry in the nigrostriatal and mesocortical dopamine (DA) pathways. 
Exposure to various stressors has been shown to differentially activate asymmetric 
mesocortical and mesolimbic DA systems in left- and right-turning rats. In response to 
a footshoek stressor left-turning rats exhibit greater DA utilization in the left medial 
prefrontal cortex (mPFC), while right-turning rats show greater DA utilization in the right 
mPFC. The two sides of the mPFC have also been shown to differentially modulate DA 
activity in the nucleus accumbens (NAS) in response to stress. Studies have shown 
that ethanol, like many stressors, increases indices of DA activity in the mPFC and 
NAS. The present studies investigated potential asymmetric activation of DA activity in 
the mPFC and NAS by ethanol in left- and right-turning rats.

Rats with left- or right-turning biases were injected (i. p.) with ethanol (0.5 g/kg) or 
saline 15 minutes prior to sacrifice. Levels of DA, serotonin (5HT) and their metabolites 
were quantified in both sides of the mPFC, NAS, and striatum by high-performance 
liquid chromatography with electrochemical detection. Ethanol induced neurochemical 
changes differed in left- and right-turning rats. After exposure to ethanol, left-turning 
rats had greater levels of DA metabolites in the left mPFC, while right-turning rats had 
greater levels in the right mPFC. Ethanol treated rats also showed greater 5HT levels 
in the left mPFC than in the right mPFC. DA utilization was greater in the right NAS 
than in the left NAS of ethanol treated rats. Ethanol exposure increased DA utilization 
in the right NAS of left-turners and decreased it in the left NAS of right-turners. The 
present studies show that ethanol, like many stressors, asymmetrically alters measures 
of DA activity in the NAS and mPFC of left- and right-turning rats.

(Supported by MH45539)

933.18
NEURONS RECORDED FROM THE AMYGDALA AND NUCLEUS 
ACCUMBENS OF THE RAT DURING ETHANOL SELF-
ADMINISTRATION. P.H. Janak* and DJ, Woodward. Dept. of 
Physiology & Pharmacology, Bowman Gray School of Medicine, 
Winston-Salem NC 27157.

The goal of this study was to determine the neural activity in subregions of 
the amygdala (AM), part of the mesocorticolimbic circuit that provides 
afferents to the nucleus accumbens (NAC) from its basolateral region, during 
ethanol self-administration. Our hypothesis was that ethanol-related activity 
should appear due to roles of the AM in processing information about the 
emotional significance of stimuli and of the NAC in regulating ongoing reward-
seeking behavior. Extracellular spike activity of 11-35 units was recorded 
simultaneously from microwire arrays chronically implanted into both the AM 
and the NAC of male rats during the performance of an oral ethanol- 
reinforced operant behavior. Examination of trends in firing rates in both 
regions indicated that some cells display gradual shifts during the self-
administration session possibly reflecting pharmacological effects of increasing 
amounts of ethanol. Changes in spike activity were noted in both regions 
before and after the operant response, in response to a tone stimulus that 
signaled ethanol delivery, and during ethanol delivery. Spike activity changes 
also occurred during the intervals between these events. Only a subset (50%) 
of units in both regions responded to the task events. These results 
demonstrate that spike activity within the AM, as well as the NAC, is 
modulated during ethanol self-administration and lend further support to the 
participation of the mesocorticolimbic circuit in the control of drug-seeking 
behavior. Supported by AA10980 (DJW) & AA07565 (PHJ) NC Gov.Inst. Young 
Investigator A ward (PHJ).

933.19
ETHANOL AND NICOTINE: DOSE-DEPENDENT INTERACTIONS 
IN THE REGULATION OF LOCOMOTOR ACTIVITY AND 
MESOLIMBIC DOPAMINE IN RODENTS. O. Blomqvist*, M. Ericson, 
J.A. Engel and B. Soderpalm. Inst, of Physiology and Pharmacology, 
Dept. of Pharmacology, Goteborg University, Medicinaregatan 7, S-413 
90 Goteborg, Sweden.

Ethanol and nicotine activate the mesolimbic dopamine system, an 
effect that is coupled to locomotor stimulation and is implicated in drug 
dependence mechanisms. It is well established that, in man, a large 
consumption of ethanol is often associated with a large consumption of 
nicotine, and vice versa. Similar findings have been observed also in 
experimental animals. We have previously demonstrated that nicotine 
increases or decreases ethanol-induced locomotor stimulation in mice, 
depending on the doses applied of both drugs. This interaction has been 
re-examined and is presented in a three-dimensional interaction plane. 
The correlating mouse brain limbic DOPAC/dopamine quotients are 
also presented. In addition, in vivo microdiaiysis was employed to 
measure accumbal dopamine levels in the rat after the combined 
treatment with ethanol and nicotine in various doses. A three- 
dimensional interaction plane analysis revealed a similar dose- 
dependent interaction between ethanol and nicotine on accumbal 
dopamine in the rat. In general, low doses produced additive or 
potentiated effects, while after high doses antagonistic effects were 
observed.
This study was supported by the Swedish MRC (No:s 11583 and 4247).

933.20
DRUGS OF ABUSE INDUCE C-FOS ALONG THE MESOCORTICOLIMBIC 
DOPAMINE SYSTEM; FOCUS ON ETHANOL. B. Soderpalm*, A, Pettersson, I, 
Shamakina, G. Andersson, H, Billig and J.A, Engel. Inst, of Physiology and 
Pharmacology, Dept. of Pharmacology, Goteborg University, Medicinaregatan 7, S- 
413 90 Goteborg, Sweden.

The reinforcing properties of drugs of abuse may involve activation of the brain 
mesocorticolimbic dopamine (DA) system. Interestingly, chronic intermittent admini-
stration of drugs of abuse enhances their DA-activating effects in experimental animals 
and this neurochemical sensitization has been suggested to correlate to neuronal 
phenomena producing “craving” in man. Sensitization of the mesocorticolimbic DA 
system is likely to involve activation of different transcription factors. One such factor 
could be the immediate-early gene c-fos that is induced in the nucleus accumbens (n. 
Acc.) and in the striatum by e.g. cocaine and amphetamine.

In the present study Fos-like immunoreactivity along the mesocorticolimbic DA 
system after ethanol and nicotine was compared to that after amphetamine. While acute 
amphetamine (5 mg/kg, i.p.) induced Fos in the n. Acc. core and shel(, the ventral 
tegmental area (VTA), the frontal cortex, the striatum and the substantia nigra, ethanol 
(2.5 g/kg, i.p.) and nicotine (0.8 mg/kg, s.c.) mainly induced Fos in the n. Acc. shell, 
when determined 2 hours after administration. Ethanol-induced c-fos appeared to be 
both dose- and time-dependent, as indicated by studies at the mRNA level. Thus, in the 
n. Acc. c-fos was increasingly induced by 0.25, 0.5, 1.0 and 2.0 g/kg, whereas in the 
striatum the dose-response curve was bell-shaped, with a weak effect appearing only 
after 1.0 g/kg. Moreover, ethanol-induced c-fos was maximal at 1 hour after injection 
in the n. Acc. but at 3 hours in the VTA, indicating that the mechanisms underlying 
c-fos induction after ethanol in these two brain areas may differ.

In conclusion, not only amphetamine but also ethanol and nicotine, although to a 
lesser extent, induce c-fos along the mesocorticolimbic DA system. It is suggested 
that the c-fos observed in the VTA, but possibly also that in the n. Acc., after ethanol 
and amphetamine may be of special relevance for long-term consequences of these 
drugs in terms of sensitization. Supported by the Swedish MRC (no:s 11583; 4247).

DRUGS OF ABUSE: ALCOHOL, BENZODIAZEPINES AND BARBITURATES II

934.1
THE LOCOMOTOR ACTIVITY AND MESOLIMBIC DOPAMINE RELEASE 
ARE MORE SENSITIZED IN ALCOHOL-PREFERRING AA THAN ALCOHOL 
AVOIDING ANA RATS AFTER REPEATED COCAINE TREATMENT 
J, Mikkola*, A. Honkanen, T.P. Piepponen, K. Kiianmaa8, E.R, Korpi8' and L,
Ahtee. Dept. of Pharmacy, Div. of Pharmacol, and Toxicol., POB 56, FIN-00014, 
Univ. of Helsinki. “National Public Health Institute, Alcohol Research Center, 
Helsinki, fDept. of Pharmacol, and Clinical Pharmacol., Univ. of Turku, Finland.

In addition to alcohol, reinforcing effects of some other drugs of abuse may be 
stronger in alcohol-preferring AA rats than in alcohol-avoiding ANA rats. Now we 
have studied the effects of repeated cocaine treatment on locomotor activity and 
dopamine release in the nucleus accumbens in these rats. In the first experiment the 
rats were given cocaine once daily (5, 10 or 20 mg/kg, IP) for 4 days and the 
horizontal locomotor activity was measured daily after the treatments. In a separate 
experiment cocaine (10 mg/kg, IP) was given once daily for 4 days and the 
extracellular dopamine concentration in the nucleus accumbens was measured in 
days 1 and 4 using microdiaiysis. Acutely cocaine increased the locomotor activity 
similarly in both rat strains. During 4-day treatment at the dose of 5 mg/kg no 
behavioural sensitization was seen in either strain. At the dose of 10 mg/kg the 
motor activity was sensitized in the AA rats only, while at the dose of 20 mg/kg 
both AA and ANA rats were sensitized. In the microdiaiysis experiment cocaine 
increased the mesolimbic dopamine release similarly in both strains on the first day. 
Cocaine-induced elevation of the dopamine release was significantly larger on the 
fourth day than on the first day in the AA rats, but not in the ANA rats, indicating 
that the mesolimbic dopamine release was sensitized in the AA but not in the ANA 
rats. These results suggest that the brain mechanisms regulating reinforcement are 
more sensitive to repeated cocaine treatment jn the AA rats than in the ANA rats. 
Supported by The Finnish Foundation for Alcohol Studies.

934.2
EFFECTS OF MORPHINE ON METABOLISM OF DOPAMINE AND 
SEROTONIN IN BRAINS OF ALCOHOL-PREFERRING AA AND ALCOHOL-
AVOIDING ANA RATS. A, Honkanen*, P. Hyytia8, E.R. Korpiat and L. Ahtee. 
Div. of Pharmacol, and Toxicol., Dept. of Pharmacy, POB 56, FIN-00014 
University of Helsinki, “National Public Health Institute, Helsinki, ^ept. of 
Pharmacol, and Clinical Pharmacol., University of Turku, Finland

Psychomotor stimulation is believed to be related to reinforcing effects of the 
drugs of abuse as well as to increased cerebral dopamine (DA) release. We have 
found that morphine induces larger locomotor stimulation in the alcohol-
preferring AA rats than in the alcohol-avoiding ANA rats. We have now studied 
the effects of morphine on metabolism of DA and serotonin (5-HT) in the nucleus 
accumbens (NAcc) and caudate-putamen (CPu) of naive AA and ANA rats. The 
rats were given morphine (1 or 3 mg/kg, SC) or saline and killed 60 min later 
with head-focused microwave irradiation. The basal DA release, reflected by its 
metabolite 3-methoxytyramine (3-MT), was lower in the CPu and NAcc of the 
AA rats than the ANA rats. In the CPu, morphine-induced elevation of DA 
metabolites DOPAC and HVA was larger in the AA than ANA rats, and 3-MT 
was elevated in the AA rats only. In the NAcc, the effects of morphine on DA 
metabolism did not differ between the rat lines. The AA rats had higher basal 
levels of 5-HT and its metabolite 5-HIAA than the ANA rats in the CPu but not in 
the NAcc. Both 1 and 3 mg/kg of morphine elevated concentrations of 5-HIAA in 
the CPu and NAcc of the AA rats but not in the ANA rats. These results suggest 
that the larger psychomotor stimulation by morphine in the AA rats may be 
related to the larger morphine-induced activation of DA metabolism in the CPu 
and 5-HT metabolism in the CPu and NAcc. Furthermore, the low basal DA 
release may play a role in the high alcohol-preference of AA rats.

Supported by The Finnish Cultural Foundation
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934.3
EFFECTS OF REPEATED MORPHINE ADMINISTRATION ON MESOLIMBIC 
DOPAMINE RELEASE IN ALCOHOL PREFERRING AA AND ALCOHOL 
AVOIDING ANA RATS. T, P. Piepponen*, J. Mikkola, A. Honkanen. K, Kiianmaat 
and L, Ahtee. Dept. of Pharmacy, Div. of Pharmacology and Toxicology, P.O. Box 
56,00014 University of Helsinki, Finland, t National Public Health Institute, 
Alcohol Research Center, P.O. Box 719,00101 Helsinki, Finland.

The central dopaminergic mechanisms may play an important role in the 
behavioural sensitization phenomenon induced by repeated administration of drugs of 
abuse. This phenomenon may be an important factor in the development of drug 
addiction. Recently we have found that alcohol preferring AA rats express increased 
sensitivity to locomotor activating effects of small doses of morphine as compared to 
alcohol avoiding ANA rats. Furthermore, the AA rats are more rapidly sensitized to 
this effect than the ANA rats. Therefore, we have investigated whether the mesolimbic 
dopamine (DA) release is more enhanced in the AA rats than in the ANA rats after 
repeated morphine treatment. Morphine (1 or 3 mg/kg s.c.) or saline was administered 
once daily for 4 days, and the DA release was measured in the nucleus accumbens on 
days 1 and 4 by means of in vivo microdialysis in freely moving animals. On day 1 
both doses of morphine induced a small but non-significant increase of the DA 
release in both strains. On day 4 morphine-induced DA release was significantly 
enhanced in the AA rats at both doses of morphine, but in the ANA rats only at the 
larger dose of morphine. These results suggests that the DAergic neurons of the AA 
rats are more liable to the sensitizing effects of repeated opioid administration than 
those of the ANA rats. As alcohol is believed to activate the endogenous opioid 
systems these results may partially explain the differences in alcohol preference 
among these rat lines.
Supported by the Finnish Foundation for Alcohol Studies.

934.4
DOPAMINE RECEPTOR GENE EXPRESSION IN CNS OF RATS 
“BEHAVIOURALLY DEPENDENT” ON ETHANOL. M. Eravci*, T. Grospietsch,
G. Pinna, S. Kiev, O. Schulz, H. Meinhold and A, Baumgartner. Department of 
Radiological Diagnostics and Nuclear Medicine, Klinikum Benjamin Franklin, Free 
University of Berlin, Hindenburgdamm 30,12200 Berlin, Germany

The mesolimbic dopaminergic system is believed to be of major importance for 
mediating rewarding properties following the use of addictive drugs. Several classes 
of addictive drugs all enhance dopamine release and the firing rates of dopaminergic 
neurones in the nucleus accumbens. Investigation of the mechanism underlying the 
development of drug addiction has in the past been hampered by the difficulty of 
inducing "behavioural dependence" in experimental animals. Therefore, we 
investigated the steady-state levels of messenger RNA (mRNA) of five cloned 
dopamine (D) receptors in five brain regions in rats in a recently developed animal 
model of "behavioural dependence" on ethanol. One group of rats was given the 
choice between ethanol and water over a 9-month period and developed "behavioural 
dependence" on ethanol (Group a). This group was compared with a group given the 
choice between ethanol and alcohol for only two months (not yet behaviourally 
dependent, Group b), a group forced to consume ethanol as sole fluid over a 9-month 
period (not behaviourally dependent, Group c) and ethanol-naive control rats. All 
groups were sacrificed one month after ethanol withdrawal. Quantification of mRNA 
steady-state levels was performed by Multiple Oligonucleotide Solution Hybridization 
(MOSH) and densitometric evaluation of the autoradiographs. The concentrations of 
mRNA of D3 receptors in the limbic forebrain (which included the nucleus 
accumbens) were significantly lowered in Groups a and b, but unchanged in Group c. 
D3 mRNA levels were reduced in the hippocampus of Group b and unchanged in the 
cortex, striatum and amygdala. No significant changes in the mRNA concentrations of 
D„ D2, D4 or Ds receptors were seen in the five brain regions in any group. In 
conclusion, chronic consumption of ethanol under the "free-choice condition", which 
may best induce the drug-rewarding effect, leads to specific changes in the D3 
receptor gene expression which were not seen after forced ethanol administration. 
Changes in D3 mRNA levels were, however, not a specific correlate of "behavioural 
dependence", as they were also detected in rats not yet "behaviourally dependent" 
(Group b).
Supported by grant Ba 932/6-1 of the Deutsche Forschungsgemeinschaft.

934.5
SUBSTANTIA NIGRA (SNR): THE INVOLVEMENT OF THE CENTRAL (CBR) 
AND THE PERIPHERAL (PBR) BENZODIAZEPINE RECEPTORS IN PHYSICAL 
DEPENDENCE ON DIAZEPAM (DZ) IN RATS. E. P, Wala*. J. W. Sloan, and X, 
Jine. Dept. of Anesthesiology, Coll, of Med., Univ. of KY., Lexington, KY 40536.

Male Sprague Dawly rats (about 350 g) had a guide cannula-EEG electrode (aimed 
toward the SNR pars reticulata) and indepth EEG electrodes (for recording from the 
hippocampus, caudate-putamen, ventromedial thalamus, frontal cortex) stereotaxically 
implanted. Silastic capsules containing DZ were subcutaneously implanted in the back 
[1st wk: 2 x 90 mg/cap and thereafter 1 x 90 mg/cap/wk]. After the 5th implantation 
of DZ, the CBR and PBR antagonists, flumazenil (FLU) [ 6.25; 12.5; 25 gg] and PK 
11195 (PK) [3.125; 6.25; 12.5; 25 gg] respectively, and the vehicle (DMSO) were 
focally injected (1 pi) into the SNR weekly (Latin square). The rats were observed for 
10 min prior to and 20 min after injections for signs of withdrawal. The EEG was 
simultaneously recorded. Time action curves for the precipitated abstinence score 
(PAS) and the individual abstinence signs were generated. Body weight change showed 
no significant regression on time (8 wks of DZ treatment). The mean weight changes 
prior to (1-4 wk) and after intranigral injections (5-8 wk) [25.1±3.3 g vs 20.9±2.3 g, 
respectively] did not differ. The plasma levels (pg/ml) of DZ [0.71±0.05] and its 
metabolites, nordiazepam [0.25±0.07], oxazepam [0.10±0.06] and temazepam 
[0.16±0.11] did not change across time. FLU- and PK- induced withdrawal signs 
peaked rapidly (within 5 min) and then subsided. Although, in comparison to FLU, PK 
induced a less intense overall abstinence syndrome, it evoked more twitches and jerks. 
Neither FLU nor PK evoked clonic and tonic-clonic convulsions in the SNR. The PAS; 
tachypnea; twitches and jerks; turning and backing had a positive regression on the 
dose of FLU. The PK-induced PAS and twitches and jerks tended to increase with dose 
(3.125-12.5 pg) while 25 pg of PK had a ceiling effect. The other withdrawal signs 
were not related to dose of PK. The analysis of EEG data is incomplete. The data 
suggest that in the DZ-dependent rat both CBR and PBR are involved in nigrally 
evoked twitches and jerks while the other withdrawal signs are mediated within the 
SNR by the CBR. Supported by the Department of Anesthesiology.

934.6
CHRONIC ETHANOL EXPOSURE ALTERS CHOLINERGIC MODULATION 
OF 3H-GABA RELEASE IN HIPPOCAMPUS. M. Hu, D.W. Walker. T.W, 
Vickrov and J. Peris*. Depts. of Pharmacodynamics, Neuroscience and 
Physiological Sci., Univ. Florida and VA Medical Center, Gainesville FL, 32610.

Chronic ethanol treatment (CET) sufficient for decreasing long term potentiation 
(LTP) in rats also enhances 3H-GABA release from hippocampal slices in these 
same animals. The mechanism for an increase in GABA release has been shown 
to involve a decrease in GABAb autoreceptor modulation of 3H-GABA release 
in hippocampal slices in CET rats. In the current experiments, we measure whether 
heterologous presynaptic regulation of neurotransmitter release is also altered after 
CET. The effects of selective muscarinic and nicotinic cholinergic receptor 
agonists and antagonists were tested for their ability to modulate electrically 
stimulated 3H-GABA release from superfused hippocampal slices. Carbachol 
increased stimulated release in a dose-dependent manner and atropine decreased 
release consistent with the existence of presynaptic muscarinic receptors that 
facilitate GABA release in hippocampus. The presence of atropine blocked the 
stimulatory actions of carbachol while mecamylamine, a selective nicotinic 
antagonist did not. When the effects of these agents were measured in animals 48 
hrs after withdrawal from CET, presynaptic modulation of release by atropine was 
decreased whereas that caused by carbachol was significantly increased. There was 
no difference in the effects of these agents in modulating 3H-acetylcholine release 
from hippocampal synaptosomes of CET rats compared to control rats. These data 
may explain how CET increases presynaptic regulation of GABA release from 
hippocampus which may contribute to the decrease in LTP seen in rats after CET. 
Supported by USPHS grants AA 09115 and AA 00200 and by Medical Research 
Services of the Veteran’s Administration.

934.7
MULTIPLE ETHANOL WITHDRAWAL EXPERIENCE ENHANCES 
DMCM-INDUCED INHIBITION OF GABA-MEDIATED CHLORIDE 
FLUX IN MOUSE CORTEX. H.C, Becker*. K.G. Fernandes, and 
M.W. Wilson. Center for Drug & Alcohol Programs, Medical 
University of South Carolina and VAMC, Charleston, SC 29425.

Repeated ethanol (EtOH) withdrawal has been shown to result in 
enhanced sensitivity to the convulsant properties of GABAa receptor 
antagonists. This study was designed to examine whether multiple 
withdrawal experience alters GABAa  receptor function. Adult male C3H 
mice were divided into three groups: a multiple withdrawal (MW) group 
received four cycles of 16 h EtOH vapor in inhalation chambers 
separated by 8 h periods of abstinence; a continuous exposure (CE) 
group received the same total amount of EtOH exposure (64 h), but in an 
uninterrupted fashion; controls (C) did not receive any EtOH exposure. 
Blood EtOH levels were 160-200 mg/dl for MW and CE groups. Mice 
were sacrificed at 8 h following final withdrawal and cortical microsacs 
were used in 36C1 flux assays. Results indicated that neither intermittent 
(MW) nor continuous (CE) exposure to EtOH altered GABA (10, 30, 
100 (iM)-stimulated *C1’ flux in comparison to the C group. In contrast, 
DMCM (1 gM) inhibition of GABA (10 gM)-activated *CT flux was 
enhanced in the MW group compared to the CE group, which exhibited a 
greater DMCM response than the C group. These results indicate that 
while GABA-activated *C1’ flux was not altered following chronic EtOH 
exposure, DMCM-induced inhibition of GABA-stimulated 36C1 flux was 
enhanced in mice with multiple withdrawal experience (intermittent EtOH 
exposure) in comparison to mice withdrawn a single time from 
continuous exposure (CE), even when total EtOH exposure was equated 
between groups. Supported by NIAAA and VA Medical Research.

934.8
LONG-TERM POTENTIATION (LTP) IS BLOCKED BY 
WITHDRAWAL OF ETHANOL FROM HIPPOCAMPAL SLICES 
FROM RATS CHRONICALLY TREATED WITH ETHANOL. J.M, 
Sarvev*. M.Moore and G.S.Wand. Uniformed Services University, 
Bethesda, MD and Johns Hopkins University School of Medicine, 
Baltimore, MD.

Chronic ingestion of ethanol affects memory in humans and rodents. 
Rats maintained on 5% ethanol diets for 1-2 weeks had a mean serum 
concentration of 214 mg/100 ml. Control rats were paired with each 
alcohol-treated rat for caloric intake. Extracellular Schaffer collateral- 
CA1 pyramidal cell responses were recorded from slices perfused with 
either ACSF or ACSF + ethanol (214 mg/100 ml). LTP was induced 
by 100 Hz for 2 sec at just subthreshold stimulus intensity. Slices from 
ethanol-treated rats were cut into either ACSF + ethanol or into ACSF. 
Slices from pair-fed rats were placed initially into ACSF; some were 
then exposed to ethanol 30 minutes before inducing LTP. No 
epileptiform activity was seen in any group. Population spike and 
dendritic EPSP waveforms, input-output curves, paired pulse inhibition 
of spike and facilitation of EPSP were similar in all groups. LTP of 
the EPSP 30 min after induction was not significantly different in 
slices from pair-fed rats in ACSF (143 ± 8.3 % of baseline slope; n=5) 
or ACSF + ethanol (132 ± 2.0 %; n=2) and slices from ethanol-treated 
rats in ACSF + ethanol (121 ± 8.0%; n=5; P>0.05; ANOVA and /-test). 
LTP was maintained for at least 2 hrs. However, in slices from 
ethanol-treated rats perfused for 4-4.5 hrs with ACSF alone, LTP was 
blocked (104 ± 4.9 %; n=4). Thus, removal of ethanol from 
hippocampal tissue from rats chronically treated with ethanol inhibits 
induction of LTP. (NIH NS23865 and NIH AA 09000)
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934.9
DIFFERENTIAL EFFECTS BY PENTOBARBITAL ON THE EXPRESSION 
OF GABAa  RECEPTOR pi mRNA IN THE HIPPOCAMPUS. H. S. Yin*', Y. 
P. Lee1, S.- J. Russek2 and D. H. Farb2 'Dept Anatomy, Col Med. National 
Taiwan Univ. Taipei, Taiwan, ROC and 2Dept Pharmacology & Exp. 
Therapeutics, Sch Med. Boston Univ. Boston, MA 02118.

Effects of barbiturates have been linked to the inhibitory GABAa  receptor in 
the brain. The present study examines the expression of GABAa  receptor in the 
hippocampus of rat after chronic pentobarbital treatment. The animals received 
intraperitoneal pentobarbital injections once every day for 9 days at an 
increasing dosage, 30 mg/kg at day 1-3, 60 mg/kg at day 4-6 and 90 mg/kg at 
day 7-9. Within each dosage period, tolerance developed to the length of sleep 
time. Decreases in body temperature became tolerant in the 60 mg and 90 mg 
groups. No significant changes were found for tlie maximal binding sites of 3H- 
muscimol to the membranes derived from the hippocampi of animals after the 
9th day injection (PB-9D), 9.8±1.6 pmole/mg protein, compared to saline 
control, 9.5±1.2. However, at 24 h and 7 day withdrawal (W-1D, and W-7D) 
from the drug, the Bmax decreased to 7.3±1.0 and 5.1±0.7 respectively. The 
affinity of the ligand to the receptor was not altered significantly in the 
hippocampi of the pentobarbital-treated rats. Localization of GABAa  receptor 
pi mRNA was performed by in situ hybridization on the rat brain sections, using 
a digoxygenin-cRNA probe to the pi mRNA. Weak pi mRNA signal was found 
in the pyramidal cells of CA1 and CA2 regions of control hippocampus, but 
strong labeling in that of CA3 and CA4. In PB-9D rats, the pi mRNA in CA1 
and CA2 became unusually abundant, whereas the signal diminshed toward 
control in W-1D and W-7D animals. The results suggest the plasticity of 
GABAa  receptor in the CA1 and CA2 areas of hippocampus in response to the 
drug treatment. (Supported by NSC-85-233 l-B-002-221, Taiwan, ROC)

934.10
CHRONIC ETHANOL ALTERS KINDLING BUT NOT ELECTRICAL 
AFTERDISCHARGE. U P. Gonzalez*, L. M. Veatch, and M. Wu. Univ 
of Oklahoma HSC, Dept of Psychiatry & Behavioral Sci., P.O. Box 
26901, Oklahoma City, OK 73190.

Development of electrical kindling of the hippocampus is significantly 
delayed following chronic ethanol exposure and withdrawal. This delay 
is sensitive to the length of ethanol exposure and to the number of 
withdrawal episodes experienced. While the specific mechanisms 
responsible for this delay are not known, it is possible that this reflects 
a rebound reduction in neuronal excitability following the 
hyperexcitability observed during the acute withdrawal syndrome. To 
investigate this possibility, the studies reported here examined the 
effects of ethanol exposure and withdrawal upon the threshold 
amperage required to elicit electrical afterdischarge (ADT) in the 
hippocampus. Sprague-Dawley rats received surgically implanted 
electrodes in hippocampal area CA3. Following recovery from surgery, 
the ADT was determined and animals were assigned to groups 
receiving either continuous ethanol exposure for 15 days, five periods 
of 3 days of ethanol exposure, or control handling. Upon final 
withdrawal from ethanol exposure, ADT’s were again determined 
repeatedly during the next two weeks. The results indicate that groups 
did not differ in ADT, and thus changes in sensitivity to elicit 
afterdischarge are not responsible for the delay in kindling development 
observed previously.

[Supported in part by NIAAA grants AA07578 and AA9959]

934.11
DIFFERENTIAL EFFECTS OF 2-WEEK AND 6-WEEK CHRONIC 
ETHANOL CONSUMPTION ON GABAa  RECEPTOR PEPTIDE 
EXPRESSION IN RAT HIPPOCAMPUS. D. B. Matthews1*, L.L. Devaud1,
J.M. Fritschy2, W. Sieghart3. and AL, Morrow1. ’UNC School of Med., Chapel 
Hill, NC, 2Univ. of Zurich, Zurich Switz. and3 Univ. Clinic for Psy., Wahringer 
Gurtel 18-20, Vienna, Austria.

Chronic 2-week ethanol consumption alters the level of GABAa  receptor 
subunit mRNA and peptide expression in the cerebral cortex, a brain site that 
contains ethanol sensitive GABAa  receptors. However, it is unknown whether 
chronic ethanol consumption alters GABAa  receptor subunit peptide expression in 
brain sites that contain ethanol insensitive GABAa  receptors, such as the 
hippocampus. Male rats consumed ethanol via a liquid diet for either 2 or 6 
weeks or were pair-fed a liquid diet with dextrose substituted for ethanol. The 
level of peptide expression in the hippocampus was measured by Western blot 
analysis with subunit specific antibodies. We now report that 6-week ethanol 
exposure differentially alters GABAa  receptor peptide expression in the 
hippocampus. At 6-week exposure, the a4 subunit showed a significant increase 
(+46% + 6.2%) in peptide expression compared to pair-fed control animals (p <
0.05) while the al subunit showed no significant change in peptide expression 
compared to pair-fed control animals. In contrast, 2-week ethanol exposure 
elicited no change in a 1 or a4 peptide expression compared to pair-fed controls, 
although such a change has been previously found in the cortex. These results 
suggest that while chronic ethanol exposure alters GABAa  receptor gene 
expression, such alterations are dependent on 1) the brain region investigated and 
2) the length of ethanol consumption. Supported by NIAAA grants.

934.12
ETHANOL, DELIVERED VIA INTRAHIPPOCAMPAL MICRODIALYSIS, 
SUPPRESSES THE LOCATION-SPECIFIC FIRING OF PLACE CELLS IN 
THE DIALYSIS AREA. N. Ludvig*, S.E. Fox, J.L, Kubie, B.M., Altura and B.T. 
Altura. Dept. of Physiology, State University of New York, Health Science 
Center at Brooklyn, Brooklyn, NY 11203.

Hippocampal place cells are well-characterized neural units of the cognitive 
system in brain. Therefore, they are ideal subjects to explore the cellular and 
molecular bases of ethanol-induced cognition impairment. In this study, we 
have examined the effects of ethanol on these neurons in freely moving rats.

First, we injected intraperitoneally both 0.9% NaCI as control solution and 
ethanol at a cognition-impairing dose (1.7 g/kg), and compared the effects of 
these treatments on hippocampal place cell firing. We found that at the 
applied dose ethanol causes motor effects, which make hard to determine the 
action of this drug on the location-specific firing of place cells.

We then administered ethanol (1 M) into the extracellular environment of 
place cells via intrahippocampal microdialysis. In this experimental 
arrangement, the normal movement patterns of the rats were unchanged. 
Thus, the effects of ethanol on place cell firing could be readily studied. 
Microdialysis with artificial cerebrospinal fluid was used as the control 
procedure. It was found that ethanol suppresses the location-specific (in-field) 
firing of place cells. The background (out-of-field) firing of the neurons was 
also suppressed, although to a lesser extent. After washing out the drug from 
the recording/dialysis site the normal firing pattern of the cells recovered.

These results are consistent with our previous finding (Ludvig et al., Alcohol, 
1995,12:417-421) that ethanol, delivered via intrahippocampal microdialysis, 
suppresses the firing of local pyramidal cells. The present data also suggest 
that the mechanisms responsible for the generation of location-specific firing 
in place cells are especially sensitive to ethanol.

(Supported by NIH grant R01 AA 10814 to N.L.)

934.13
CONTINUOUS INTRACEREBROVENTRICULAR (i.c.v.) INFUSION OF 
PENTOBARBITAL REGULATES THE EXPRESSION OF NMDA 
RECEPTOR 2C SUBUNIT mRNA LEVELS IN THE RAT CEREBELLUM 
C, -G. Jang*. S, Oh and I. K, Ho. Department of Pharmacology and Toxicology, 
University of Mississippi Medical Center, 2500 North State St. Jackson, MS 
39216, USA

Chronic exposure to pentobarbital is known to cause tolerance to and physical 
dependence on pentobarbital. Recently, it is recognized that NMDA receptor is 
involved in pentobarbital tolerance and dependence. In order to study the 
chronic effect of pentobarbital on NMDA receptor, the influence of continuous 
administration of pentobarbital on the regulation of NMDA receptor 2C subunit 
mRNA level was investigated in the rat cerebellum by in situ hybridization 
histochemistry in consecutive brain sections. Animals were rendered tolerant by 
continuous intracerebroventricular (i.c.v.) infusion with pentobarbital (300 
pg/10 pl/hr for 6 days) through pre-implanted cannular connected to osmotic 
mini-pumps. Rats assigned to the dependent group were sacrificed 24 hr after 
discontinuation of pentobarbital infusion, while those assigned to the tolerant 
group were sacrificed at the end of infusion. The NMDA receptor 2C subunit 
mRNA was exclusively localized on the granule cell layer of the cerebellum. 
The levels of NMDA receptor subunit 2C mRNA were increased in 
pentobarbital-dependent rats, while there were no changes in tolerant rats. These 
results indicate that chronic pentobarbital administration alters NMDA receptor 
2C subunit mRNA expression in the cerebellum, suggesting that NMDA 
receptor 2C subunit may play an important role in the development of physical 
dependence on pentobarbital. (Supported by grant NIDA 04480)

934.14
MODULATION BY MOUSE CEREBELLAR ADENOSINE OF ETHANOL- 
INDUCED MOTOR INCOORDINATION (EIMI): ROLE OF cAMP. M. S. Par 
Dept. of Pharmacology, Sch. of Med., East Carolina Univ., Greenville, NC 27858.

As an extension of our previous work pertaining to brain adenosinergic modulation 
of EIMI, the effect of direct intracerebellar administration of the A,-selective 
adenosine agonist, N6-cyclohexyladenosine (CHA) on EIMI was evaluated. Marked 
accentuation of EIMI by CHA was observed. No change in the normal motor 
coordination was noted when CHA administration was followed by saline instead 
of ethanol. Intracerebellar cAMP or its analog, 8-(4-chlorophenylthio)-cAMP, 
significantly inhibited ethanol’s motor impairment in a dose-related manner as well 
as abolished CHA’s accentuating effect on EIMI. These observations suggested a 
possible involvement of cAMP in the adenosinergic modulation and in the 
expression of EIMI. Further support was provided by the observation of a marked 
accentuation and attenuation in a dose-related manner of EIMI as well as CHA’s 
accentuation of ethanol’s motor impairment by intracerebellar miconazole and 
forskolin, respectively. However, equimolar intracerebellar doses of miconazole 
and forskolin (inhibitor and stimulator of adenylyl cyclase, respectively) failed to 
significantly alter EIMI probably due to their mutual fimctional antagonism. The 
expression of adenosinergic modulation and that of EIMI most likely involved G, 
protein-coupled receptor(s) (such as adenosine receptors). The involvement of 
receptors linked to pertussis toxin-sensitive G-proteins was suggested because 
intracerebellar pertussis toxin pretreatment markedly inhibited EIMI as well as 
CHA’s accentuation of ethanol’s motor impairment. Finally, cAMP, unlike its 
antagonism to CHA’s accentuation, failed to antagonize the accentuation of EIMI 
by intracerebellar GABAa  agonist (+)-muscimol. This indicated selectivity of 
cAMP participation in G protein coupled receptor (such as adenosine)-mediated 
response and not in ionic channel coupled receptor (such as GABA^j-mediated 
mechanism. Overall, the data suggested a possible involvement of cerebellar 
adenylyl cyclase-cAMP signalling pathway in the adenosinergic modulation of 
ethanol’s ataxia.
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934.15
EVIDENCE THAT APIGENIN, EXTRACTED FROM MATRICARIA 
CHAMOMILLA, NEGATIVELY MODULATES GABA-ACTIVATED CL' 
CURRENTS IN PRIMARY CULTURES OF CEREBELLAR GRANULE CELLS. 
IL. Avallone. G, Puia. P, Zanoli. M, Kleinschnitz0. P. Schrgigr0 and M, Baraldi*•
Dept. of Pharmaceutical Sciences, Modena University, Modena 41100, Italy; 
Lehrstuhl fur Lebensmittelchemie0, Wurzburg University, Wurzburg 97074, 
Germany.

Matricaria Chamomilla is traditionally used as sedative even though the 
compounds responsible for this activity are not yet known.
Extract of dried flower heads of Matricaria Chamomilla exhibited, after HPLC 
separation, the presence of several fractions which bind both central and peripheral 
benzodiazepine receptors. These fractions inhibited [3H]flunitrazepam binding to rat 
cerebellar membranes and [3H]RO 5-4864 to rat adrenal gland membranes. Further 
experiments by high-performance liquid chromatography-electrospray tandem mass 
spectrometry led to the identification of apigenin (5,7,4’-trihydroxyflavone) in one 
of the active fractions. Apigenin has been suggested to have anxiolytic and slight 
sedative effect but not anticonvulsant or myorelaxant effect (Viola et al., 1995). In 
order to elucidate the mechanism of action of apigenin, the patch-clamp technique in 
whole-cell configuration was employed in primary cultures of cerebellar granule 
cells. Apigenin at 10'5 M concentration decreased GABA-activated Cl' currents of 
36±8% (mean±SE, n=8).

Therefore it seems unlikely that apigenin is the compound responsible for the 
sedative effect of Matricaria Chamomilla. Hence other substances than apigenin 
present in the extracted material from Matricaria Chamomilla could exert the well 
known sedative effect of this drug.
This work has been supported by MIRAAF.

934.16
CEREBELLAR PURKINJE CELLS SHOW DECREASED GABA EFFICACY 
FOLLOWING CHRONIC ETHANOL TREATMENT IN VITRO. D.W. Sapp* and
H.H. Yeh. Dept of Pharmacology, UConn Health Center, Farmington, CT 
06030.

Chronic ethanol treatment has been reported to reduce GABAa receptor 
function and change the levels of expression of certain GABAa receptor 
subunits. However, the cellular mechanisms underlying altered receptor 
function and expression, as well as how they may be related, are poorly 
understood. We have begun to address these issues by analyzing GABAa  
receptor function and subunit expression at the single-cell level. Cerebellar 
cultures from PD0 rats were maintained with or without exposure to 100 mM 
ethanol for 2 - 4 days. GABA dose-response and steroid-GABA interaction 
profiles were assessed using whole-cell patch clamp recording. The expression 
of GABAa receptor subunit mRNAs in the electrophysiologically-examined 
Purkinje neurons was then determined using RT-PCR or aRNA-based 
amplification procedures.

Qualitatively, chronic exposure to ethanol did not affect cellular morphology or 
survival. However, GABA current response density (current.amplitide/whole-cell 
capacitance) was reduced. This reduction reflected a 30% decrease in Emax 
without a concomitant change in potency (EC50). The neurosteroid, 
allopregnanolone (1 nM - 1 mM), potentiated GABA responses; analysis of 
normalized data indicated no change in the degree of steroid-induced 
potentiation following chronic exposure to ethanol. Taken together, our 
preliminary observations suggest that, in cerebellar Purkinje cells, the change in 
GABA response profile seen following chronic exposure to ethanol can be 
accounted for by a down-regulation of receptor number. Consistent with this 
postulate, expression profiling revealed that the relative levels of al/p2/y2 
transcripts remain largely unaffected.

Supported by AA09861, NS24830 and T32AA07290.

934.17
AN EXAMINATION OF THE EFFECTS OF ALPHA-MELANOCYTE 
STIMULATING HORMONE (a-MSH) ON ETHANOL INTAKE. R. L. Bell*. 
W. L. Nores. R. T. Cargille. G, A. Olson. A, J. KastinL & R. D. Olson.
Department of Psychology, University of New Orleans, New Orleans, LA 
70148 & ’VA Medical Center, New Orleans, LA 70146.

Previously, we showed that a-MSH over a range of doses (.0001 to 1.00 
mg/kg, ip) exerted an inverted U-shaped dose response effect on ethanol 
intake, when ethanol concentration was increased during the treatment period. 
Larger and smaller doses attenuated increases in intake across the treatment 
period, and moderate doses facilitated increases in it. In the present study, we 
sought to partially replicate the previous dose effects by using a different and 
constant ethanol concentration. Male Sprague-Dawley rats were used. Five a- 
MSH doses (n=10) were examined: .000, .0001, .001, .01, and .1 mg/kg, 
delivered by ip injection. Twenty minutes after the appropriate injection, the 
animals had access to both a 5% ethanol solution and tap water for 1 hour, in 
their home cages. Treatment was carried out for 14 days. A 5 x 14 (Dose x 
Days) mixed ANCOVA was performed on the data, with dose as the between- 
subjects factor, days as the within-subjects factor and weight as the covariate. 
The ANCOVA revealed a significant dose by days interaction. Analysis of the 
simple main effects for days for each dose revealed significant differences in 
intake across days for the .001, and the .0001 mg/kg doses. The .001 mg/kg 
group increased their intake across the treatment period. On the other hand, the 
.0001 mg/kg group increased their intake, but intake returned to baseline by the 
end of the treatment period. Thus, overall a-MSH exerts a consistent inverted 
U-shaped dose response effect on ethanol intake in rats.

934.18
INFLUENCE OF D-CYCLOSERINE ON ANXIOLYTIC EFFECT OF 
ETHANOL. G.S. Morato* and V.M.M. Ferreira. Departamento de 
Farmacologia, C.C.B., Universidade Federal de Santa Catarina, 
Florianopolis, SC, 88040-900, Brazil.

Ethanol (EtOH) has been found to reduce anxiety-related behaviors in 
different animal models, including the elevated plus-maze (EPM), and to 
inhibit activity of NMDA-type glutamate receptors. This study attempts to 
assess the effects of a NMDA-receptor agonist at the glycine site, D- 
cycloserine (DCS), on EtOH-induced anxiolytic effect in rats submitted to 
the EPM test. Experiments were conducted using 4-month old male 
Wistar rats kept at 23 ± 1°C under a 12 h light/dark cycle with free 
access to food and water and chronically implanted with a cannula 
directed to a lateral cerebral ventricle for i.c.v. injection. They were 
injected intraperitoneally with EtOH (1.2 g/kg, 14% w/v) or saline (NaCI 
0.9%). Ten min after i.p. treatment, rats received i.c.v. injections of DCS 
(2 nmol, in 1 pi) or saline, and their behavior in the EPM test was 
recorded over a period of 5 min. The results showed that DCS, at doses 
that did not affect the behavior of control animals, significantly (p<0.05, 
ANOVA followed by Newmann Keuls’ test) prevented the increase in the 
percentage of open-arm entries and of the time spent in the open arms 
of EPM induced by EtOH. The data extend our previous results, 
suggesting that the NMDA-receptor system contributes significantly to 
the anxiolytic effect of EtOH.

(Supported by CNPq)

934.19
MK-801-INDUCED LOCOMOTOR ACTIVITY AND INITIAL 
SENSITIVITY TO ETHANOL IN LONG-SLEEP X SHORT-SLEEP 
RECOMBINANT INBRED MOUSE STRAINS. N. R. Zahniser* and S. D. 
Dickinson. Dept. Pharmacol., Univ. Co,,HHh Sci. Ctr., Denver, CQ 8Q262.

Differential initial sensitivity to ethanol is hypothesized to contribute to the 
risk of alcoholism. Thus, it is important to identify factors that mediate these 
differences. The Long-Sleep (LS) and Short-Sleep (SS) mice, which differ 
markedly in initial sensitivity to ethanol but very little in acute functional 
tolerance, represent a useful animal model for identification of such factors. 
Previously, we observed that SS, as compared with LS, mice exhibit greater 
locomotor activation in response to low doses of the V-methyl-D-aspartate 
receptor (NMDAR) channel blocker MK-801 and the NMDAR competitive 
antagonist CPP. These results are qualitatively similar to those with low dose 
ethanol. Here we used five of the LSxSS recombinant inbred (RI) strains to 
explore this potential relationship. Locomotor activity (distance traveled) was 
measured for 1.5 hours in response to an i.p. injection of 0.3 mg/kg MK-801. 
ISS and ILS mice were at the extremes of the response (ISS: 3690 ± 105 cm/5 
min; ILS: 1620 ±61), and the RI strains were in a continuum intermediate to 
the ILS and ISS mice. There was a significant genetic correlation (r2 = 0.81) 
between locomotor activity induced by MK-801 and that induced by low dose 
ethanol (1.5 g/kg; Erwin and Jones, Behav. Genetics 23:191, 1993). How-
ever, no correlation (r2 = 0.10) existed between locomotor activity induced by 
MK-801 and duration of the loss of righting reflex (“sleeptime”) induced by 
a higher dose of ethanol (4.1. g/kg). Our results strengthen the suggestion that 
NMDARs represent one factor that contributes to differential initial 
sensitivity to low dose ethanol. (Supported by AA03527)

934.20
THE INFLUENCE OF ETHANOL WITHDRAWAL ON NMDA RECEPTOR, 
GABAa  RECEPTOR AND Ca2+-CHANNEL mRNA EXPRESSION - AN IN 
SITU HYBRIDIZATION STUDY. J. Putzke1. A. Ludwig2. R. Spanagel1. H.-U. 
Dodt*1. F. Hofmann2 and W. Zieglgansberger1. 'Max-Planck-Institute of Psychiatry, 
Clin. Inst., technical University, Dept. of Pharmacol., Munich, Germany

In the present study we investigated the effect of ethanol withdrawal on the ex-
pression of messenger RNA (mRNA) encoding N-methyl-D-aspartate 1 and 2 
(NMDAR 1 and 2) receptor subtypes, GABAa  receptor subunits and a, subunits of 
high voltage-activated Ca2+-channels in male Wistar rats by in situ hybridization.

Following forced ethanol ingestion (20%v/v) for 2 weeks (daily intake 5.4 g/kg 
ethanol) animals where sacrificed 24 hr after onset of ethanol withdrawal. Brains 
were removed after decapitation and 14 pm horizontal slices were prepared. The 
relative abundance of the various mRNAs obtained with the 35s-labelled anti-sense 
oligonucleotides of the NMDAR1 or 2 genes, a, B and y GABAa  subunits and vari-
ous subunits of the a, Ca2+-channel was measured by optical density measurements 
of X-ray autoradiographs.

Our experiments have shown that ethanol withdrawal influences the NMDAR 
mRNA expression, notably the NRl-4b and the NR2B expression. The mRNA levels 
of the NRl-la splice variant and of the NR2A subunit were also increased but to a 
lower extend. No influence on the gene expression of a,, a6, B, and y, GABAa  
subunits and the aIB, aic, a1E Ca2+-channel subunits could be observed.

Previous studies have shown that chronic ethanol ingestion influences the expres-
sion of the NMDA receptor mRNA expression. Our present study suggest, that also 
ethanol withdrawal regulates the expression of distinct subunits of this receptor, 
whereas no alterations of the GABAa  receptor and the a, subunit of high voltage- 
activated calcium channels could be observed during ethanol withdrawal-induced 
hyperexcitability.
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934.21
ETHANOL EFFECTS ON SYNAPTIC TRANSMISSION DEPEND ON 
PRESENCE OF BOTH NMDA AND GABA CURRENTS. W. Marszalec*,
G. Aistrup, and T. Narahashi. Dept. of Mol. Pharmacol.
& Biol. Chem., Northwestern Univ. Med. Sch., Chicago, IL 
60611

Neurons cultured from embryonic rat cortex regenerate 
glutamate and GABA synapses. In the presence of low Mg^+ 
these neurons exhibit a repetitive 0.2-1.0 Hz spontaneous 
activity consisting of prolonged NMDA excitatory post-
synaptic currents (EPSCs) and shorter GABAergic inhibi-
tory postsynaptic currents (IPSCs). The perfusion of 
100 mM ethanol (EtOH) 1) reduced EPSC frequency by 56+
21%, 2) decreased the individual EPSC average charge 
transfer (EPSC-ACT) 64±21%, and 3) increased the IPSC- 
ACT 170+112%. The NMDA antagonist APV converted the 
EPSCs into shorter non-NMDA currents of reduced frequency. 
APV also increased the IPSC-ACT by 8-fold. Here, the 
IPSC-ACT was not increased by EtOH, however, 20 uM chlor- 
diazepoxide augmented it 2.3-fold. Bicuculline (20 uM) 
eliminated all IPSCs and transformed EPSCs into distinct 
sets of repetitive bursts. Although EtOH reduced the 
burst length, it no longer inhibited the EPSC-ACT. Thus, 
the EtOH effect on combined EPSC/IPSCs is significantly 
different from that observed for each isolated current. 
Supported by NIH grant AA07836.

934.22
TAURINE AND ACAMPROSATE BLOCK THE GLUTAMATE 
INCREASE IN THE MICRODIALYSATE DURING ETHANOL 
WITHDRAWN RATS. A. DAHCHOUR and Ph. DE WITTE* Biologie du 
Comportement, Univ. Louvain, 1 Place Croix du Sud, B.-1348 Louvain- 
la-Neuve, Belgium

The concentrations of excitatory and inhibitory amino acids were 
assayed by the microdialysis technique with OPA/BME precolumn 
derivatization and electrochemical detections in the nucleus accumbens 
of male Wistar rats which had been simultaneously alcoholized by 
ethanol inhalation and treated orally by Acamprosate (calcium acetyl 
homotaurinate, Lipha) (400 mg/kg/day) for four weeks. Another group 
of animals were also alcoholized by ethanol inhalation for four weeks but 
were injected with taurine (0,5 g/kg) after 5 hour of withdrawal. 
Extracellular glutamate increases during the withdrawal phase without 
affecting the amount of the other amino-acids tested; in contrast, 
alcoholized rats treated with Acamprosate failed to present the increase 
in glutamate during ethanol withdrawal. The IP injection of taurine, 
performed at the 5 hour of withdrawal, also abolished the appearance c f 
the extracellular glutamate increase into the accumbens.
No changes occurred in the other amino acids assayed such as aspartate, 
arginine, taurine, alanine and GABA in neither group of animals.
These results suggest that Acamprosate and taurine are able to reduce 
the ethanol withdrawal syndrome at least by reducing the nucleus 
accumbens glutamate concentration which could be responsible of the 
hyper-excitability observed during the episode of ethanol withdrawal. 
Sponsored by FRSM, IREB and LIPHA

934.23
CHRONIC ETHANOL TREATMENT LEADS TO AN UPREGULATION 
OF ORNITHINE DECARBOXYLASE ACTIVITY: IMPLICATIONS FOR A 
ROLE OF POLYAMINES IN ETHANOL DEPENDENCE AND 
WITHDRAWAL. P.A. Wilce* and M. Davidson Alcohol Research Unit, 
Department of Biochemistry, The University of Queensland, 4072, QLD, 
Australia.

Recent research has focused on the TV-methyl-D-aspartate receptor system as 
a major site of ethanol action in the brain and specifically on the role of the 
polyamine-sensitive NR2B subunit. Therefore, we examined the effects of 
chronic ethanol treatment on polyamine homeostasis in the rat brain. Wistar 
rats were made dependent by ethanol vapour inhalation. This caused a rise in 
ornithine decarboxylase (ODC) activity that was associated with the 
appearance of physiological dependence. Enzyme activity returned to control 
levels within 3 days of ethanol withdrawal. The concentration of the 
polyamines: putrescine, spermidine and spermine in the hippocampus was 
increased in ethanol-dependent rats. Injection of the ODC inhibitor, DFMO 
(a-difluoromethylomithine; 500 mg/kg) at the onset of withdrawal resulted in 
a significant reduction in the severity of withdrawal behaviours. The level of 
ODC activity and the severity of withdrawal behaviours were positively 
correlated. At initiation of withdrawal, spermine was injected bilaterally into 
the hippocampus of control and ethanol-dependent rats. This resulted in a 
decrease in ethanol withdrawal behaviours and a significant increase in 
spermine-induced neurotoxic damage determined seven days after the 
injection. Disturbed polyamine homeostasis may represent an important 
molecular mechanism governing ethanol withdrawal behaviours in the 
ethanol-dependent rat. Supported by the National Health & Medical Research 
Council of Australia

AMPHETAMINE: BEHAVIORAL STUDIES

935.1
DOSE-DEPENDENT ENVIRONMENTAL INFLUENCES 
ON THE INDUCTION OF PSYCHOMOTOR 
SENSITIZATION FOLLOWING I.V. AMPHETAMINE.
Kaitlin E. Browman*. Aldo Badiani and Terry E, Robinson.
Department of Psychology and Neuroscience Program, 525 East 
University, The University of Michigan, Ann Arbor, MI 48109-1109

It was reported previously that intravenous (IV) infusions of 1.0 
mg/kg of amphetamine (AMPH) produced a very small acute response 
and no sensitization if the drug treatments were unsignalled (given in 
the home cage). The same treatments produced sensitization if they 
were signalled by placement of the rat in a novel test cage (Crombag et 
al., 1996). The present experiment was designed to determine the 
extent to which this environmental modulation of the induction of 
sensitization is dose-dependent. The response to IV administrations of 
AMPH was studied in unilaterally DA-denervated rats, in which 
rotational behavior was used as the index of psychomotor activation. 
Rats received one IV infusion of AMPH a day for five days (0.0, 
0.125, 0.5, 1.0, 4.0, or 8.0 mg/kg), either unsignalled using a 
remotely activated infusion pump, or signalled by placement into a 
novel environment. The results suggest that there was an effect of 
environment on sensitization to the psychomotor activating effects of 
AMPH such that a higher dose of AMPH was needed to induce 
sensitization when drug administration was unsignalled. That is, the 
effect of environment was not to block sensitization, but to shift the 
dose-effect curve for the induction of psychomotor sensitization.
(Grant #DA 04294)

935.2
THE EFFECTS OF DRUG-PREDICTIVE CUES ON 
SENSITIZATION TO THE PSYCHOMOTOR 
STIMULANT EFFECTS OF AMPHETAMINE.
Hans S. Crombag*. Aldo Badiani and Terry E. Robinson. Department 
of Psychology, The University of Michigan, Ann Arbor, MI 48109.

We have previously reported that repeated unsignalled amphetamine 
(AMPH) treatment (0.5-1.0 mg/kg) does not produce behavioral 
sensitization whereas the same treatment produces robust sensitization 
if drug administration is signalled by placement into a novel test 
environment (Crombag et al. 1996). In the latter situation context 
predicts drug administration. We hypothesized, therefore, that 
sensitization may be facilitated in situations where there are cues that 
reliably predict drug administration. We tested this hypothesis by 
comparing the effects of repeated amphetamine treatment in three 
independent groups of rats: 1) unsignalled, 2) signalled by a discrete 
CS+ (tone/light: CS+ Group) or 3) signalled by placement into a novel 
test environment. In two independent experiments these groups were 
given 0.5 mg/kg AMPH i.v. for either 9 or 20 days, followed by a 
withdrawal period and an AMPH challenge. The psychomotor 
activating effects of AMPH were quantified by measuring rotational 
behavior in rats with unilateral nigrostriatal dopamine lesions.

The group for which context signalled the drug treatment showed 
robust sensitization. In contrast, neither the unsignalled nor the CS+ 
signalled group developed robust sensitization, and they did not differ 
from one another, except that the latter showed a conditioned response 
when presented with the CS+ alone. These results suggest that drug- 
predictive cues alone are not sufficient to promote the development of 
sensitization. (Grant # DA 04294)
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935.3
EFFECTS OF ENVIRONMENT ON SENSITIZATION TO THE 
LOCOMOTOR ACTIVATING EFFECTS OF INTRAVENOUS 
AMPHETAMINE. S. Fraioli *. H. S, Crombag. A. Badiani and 
T. E. Robinson. Biopsychology and Neuroscience Program, The 
University of Michigan, Ann Arbor, MI, and Istituto di Farmacologia 
Medica, Universita di Roma “La Sapienza”, Roma, Italy.

We have previously reported that doses of amphetamine (0.5 mg/kg 
i.v.) that produce robust sensitization when administered repeatedly to 
rats taken out of their home cages and placed in a novel test 
environment, are ineffective when administered to rats at rest in their 
home cages. These results have been obtained by studying rotational 
behavior in animals with a unilateral 6-OHDA lesion of the 
mesostriatal dopamine system. The aim of this experiment was to 
determine if environment has a similar effect on sensitization to the 
locomotor activating effects of amphetamine in rats with no lesion. 
Rats were implanted with i.v. catheters and divided in four groups. 
Two groups were housed in the test cages and given 7 consecutive 
infusions of either saline (SAL-HOME) or 0.5 mg/kg of amphetamine 
(AMPH-HOME), using syringe pumps activated remotely. 
Simultaneously, the other two groups were transported to the test cages 
and given the same treatment (SAL-NOVEL; AMPH-NOVEL). After 
one week withdrawal, all groups were given an amphetamine 
challenge (0.5 mg/kg, i.v.). Amphetamine sensitization developed in 
the NOVEL condition, as indicated by a progressive increase in 
psychomotor activation over test sessions in the AMPH-NOVEL 
group and by a greater response to the amphetamine challenge in the 
amphetamine-pretreated versus the saline-pretreated group. No 
sensitization was observed in the AMPH-HOME group. ( #DA04294)

935.4
CONTEXTUAL FAMILIARITY AND EXPRESSION OF LOCOMOTOR 
SENSITIZATION DURING CHRONIC QUINPIROLE TREATMENT. S.J. 
Harrison* and H. Szechtman. Dept. Biomedical Sciences, McMaster University, 
1200 Main St. West, Hamilton, Ontario, CANADA L8N 3Z5.

Repeated injections of the D2/D3 receptor agonist, quinpirole (QNP) results in 
increased behavioural responding to the drug, a phenomenon known as behavioural 
sensitization. Behavioural sensitization is characterized by increases in the amount, 
speed, and organization of locomotor activity. Previous studies demonstrated that 
psychomotor stimulants produce less locomotor sensitization when administered 
repeatedly in a familiar environment compared to the sensitization induced in a 
novel environment. In fact, if rats receive chronic drug injections in their home 
cage, then on a test in a novel environment, they may show the same locomotor 
activity as an acute group, suggesting no sensitization. The apparent lack of 
sensitization could reflect either a failure to induce sensitization in the home cage 
or a blockade in the expression of sensitization by a novel environment. The 
present study examined these possibilities. Separate groups of rats were given 10 
injections of QNP (0.5 mg/kg) in either their home or an alternate environment. 
Control groups received an equal number of saline injections in either environment. 
All animals then received 0.2 mg/kg QNP in a novel test environment (activity 
monitors) and their behaviour was monitored. Four additional injections of QNP 
(0.5 mg/kg) were administered to determine the rate of sensitization in the new 
environment. In two experiments, results suggested that the chronically treated 
home cage rats may be sensitized as much as rats treated chronically in a novel 
environment, but that the expression of this low sensitization is more easily 
disrupted in the home cage treated group. (HS is a Research Associate of the 
OMFH. Supported by MRC).

935.5
Environmental  modulation  of  the  efficacy  and  potency  of  
QUINPIROLE TO INDUCE LOCOMOTION. H. Szechtman* and K.K, Szumlinski. 
Dept. of Biomedical Sciences, McMaster Univ., Hamilton, Ontario, L8N 3Z5.

This study examines whether behavioural sensitization to the dopamine 
agonist, quinpirole, reflects an increase in the drug’s potency and/or 
efficacy to induce locomotion, and how these parameters are influenced 
by environmental context. Three experiments were conducted in which 
animals received either chronic quinpirole (10 x 0.5 mg/kg, twice 
weekly) or saline injections in either the home cage environment, an 
alternate environment or the testing environment (activity monitors), 
followed by a dose-response test for the expression of sensitization in the 
activity monitors. Compared to the acute dose-response relationship, 
chronic quinpirole increased the maximum response. This increase in 
efficacy was significantly higher in animals treated with quinpirole in a 
non-home cage environment compared to those that received chronic 
treatment in the home cage. A leftward shift in the dose-effect function 
was observed only in animals with prior drug experience in the testing 
environment. Results indicate that locomotor sensitization to quinpirole 
reflects an environment-modulated increase in the drug’s efficacy, and 
an environment-dependent increase in drug potency. Efficacy and 
potency may be subject to sensitization by non-associational and 
associational mechanisms, respectively. (HS is a Research Associate of 
the OMHF Supported by Medical Research Council of Canada).

935.6
INTRACRANIAL INJECTIONS OF RACLOPRIDE INTO THE DORSAL 
RAPHE NUCLEUS DIFFERENTIALLY AFFECTS LOCOMOTOR AND ORAL 
BEHAVIOURS INDUCED BY QUINPIROLE. K.K. Szumlinski* and H. 
Szechtman. Dept. Biomedical Sciences, McMaster University, 1200 Main St. 
West, Hamilton, Ontario, CANADA L8N 3Z5.

Quinpirole (QNP) is a D2/D3 receptor agonist that, upon acute injection, 
produces locomotor hyperactivity, which may be accompanied by oral activity, 
two forms of behaviour primarily attributed to D2 receptor activation in the 
nucleus accumbens and striatum. However, evidence supports the existence of 
a relatively high level of D2 receptors in the dorsal raphe nucleus (DRN), a brain 
region which sends a large serotonergic projection to the striatum. As the dorsal 
raphe-striatal projection is a major afferent to the striatum, the possibility exists 
that some of the behavioural effects of QNP may be mediated by D2 receptors in 
the DRN. Therefore the present study investigated the effects of intra-DRN 
injections of the selective D2 receptor antagonist, raclopride (RAC; 0, 1, 2 pg/0.5 
pi), on the behavioural response to an acute peripheral injection of either saline 
or QNP (0.5 mg/kg, s.c.). It was found that intra-DRN RAC pretreatment 
decreased the amount of QNP-induced locomotor excitation. In contrast, intra- 
DRN RAC potentiated the amount of time QNP-treated animals engaged in oral 
behaviour. Together, these results indicate that activation of D2 receptors in the 
DRN has an excitatory influence on locomotion and an inhibitory influence on 
oral behaviour. It is suggested that D2 receptor-mediated effects on serotonin 
activity in the dorsal raphe-striatal pathway may be involved in these influences. 
(HS is a Research Associate of the OMHF. Supported by MRC).

935.7
CHRONIC CLORGYLINE ADMINISTRATION BLOCKS THE 
DEVELOPMENT AND ATTENUATES THE MAINTENANCE OF 
QUINPIROLE-INDUCED LOCOMOTOR SENSITIZATION. Kirsten E. 
Culver* and Henry Szechtman. Dept Biomedical Sciences, McMaster University, 
1200 Main St. West, Hamilton, Ontario, CANADA L8N 3Z5.

The present study examines whether the chronic administration of clorgyline 
(CLG), a potent MAO-A inhibitor, alters quinpirole (QNP) induced behavior. 
Three groups of male rats received 8 injections of QNP (0.5 mg/kg, s.c.) to induce 
locomotor sensitization. Two of the three groups also received a continuous 
infusion of CLG (0.2 or 1.0 mg/kg/day) for 28 days via subcutaneously implanted 
minipumps, while the third group underwent sham surgery, Following each QNP 
injection, the animals' locomotor activity was recorded. After the 28 day period, 
the minipumps were explanted and all groups received 12 additional injections of 
QNP. Results indicated that animals co-administered CLG did not exhibit any 
locomotor sensitization to QNP. In the absence of CLG, animals did not 
demonstrate an immediate increase in locomotor activity, and required 8 
additional injections of QNP to reach the same level of locomotor activity as that 
of the animals receiving QNP alone. These results indicate that the development 
of QNP-induced sensitization was fully blocked in the CLG treated animals. 
Remarkably, in an additional study, chronic CLG administration also resulted in 
a progressive decline in the locomotor activity of animals already sensitized to 
QNP. This result suggests that the maintaining effect of repeated QNP injections 
on locomotor sensitization was attenuated. Together, these findings demonstrate 
that the development and maintenance of QNP-induced locomotor sensitization 
are both MAOI sensitive. Furthermore, these results indicate that not only can the 
development of sensitization be blocked, but that once it is established, 
sensitization may be attenuated or even reversed. (Supported by the MRC MT- 
12852. HS is a research associate of the OMHF).

935.8
SUBCHRONIC METHAMPHETAMINE OR RESTRAINT STRESS 
CAN IMPAIR CLIFF AVOIDANCE REACTION: COMPARISON 
BETWEEN TWO INBRED STRAINS OF RATS. Sumiko Yoshida*, 
Yohtaro Numachi, Hiroo Matsuoka, and Mitsumoto Sato. Dept. Psychiatry, Tohoku 
Univ. School of Med., Sendai, 980-77 JAPAN.

We previously reported that subchronic treatment of methamphetamine (MAP) 
can cause the impairment of cliff avoidance reaction (CAR) in SD rats, which might 
be a new behavioral index reflecting cognitive impairment seen in stimulant-induced 
psychosis. Present study examines the effects of subchronic treatment of 
methamphetamine (MAP) or restraint stress on behavioral sensitization in the 
stereotypy (stereotypy sensitization) and CAR impairment in two inbred strains of 
male rats, Fischer 344/N (F344), and Lewis/N (LEW). In experiment 1, animals 
received 4 mg/kg/day MAP (i.p.) for 30 days and stereotypy sensitization and CAR 
impairment were observed. LEW rats were more sensitive to stereotypy sensitization, 
as indicated by a shift to the left in the development of stereotypy sensitization relative 
to F344 rats. But, finally both F344 rats and LEW rats achieved the same plateau in 
the stereotypy rating score. On the other hand, F344 rats were more susceptive to 
CAR impairment compared to LEW rats. In experiment 2, animals were given 2 hrs' 
restraint stress for 4 weeks and stereotypy sensitization and CAR impairment were 
observed. F344 rats were more susceptive to CAR impairment compared to LEW 
rats, although repeated restraint stress induced the stereotypy sensitization in both 
strains. These results support interchangeability between psychostimulants and 
stressors in CAR impairment as well as stereotypy sensitization. Moreover, it is 
suggested behavioral differences between these two inbred strains in the CAR 
impairment, rather than the stereotypy sensitization, might be related to genetic 
background of two strains. [Supported in part by grant-in-aid for Scientific Reasearch 
(C) #07671045 (YS)]
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935.9
Correlational Analyses Relating Behavioral Responses to Novelty 
and Amphetamine. J.E. Klebaur*. M. Marion. R.A. Bevins, and 
M.T. Bardo. Dept. of Psychology, University of Kentucky, 
Lexington, KY 40506-0044.

Past work has shown that individual differences in activity in an 
inescapable novel environment predict various behavioral responses 
to amphetamine. Novelty measured by a free-choice test may also 
predict behavioral responses to amphetamine. In the present study, 
correlational analyses assessed the relationship among the following 
variables in rats: 1) activity in an inescapable novel environment; 2) 
preference for novelty; 3) amphetamine-disrupted responding for 
food reinforcement; and 4) amphetamine self-administration using 
either a fixed or progressive ratio schedule of reinforcement. 
Activity in an inescapable novel environment was negatively 
correlated with novelty preference and was positively correlated 
with amphetamine self-administration on a fixed ratio schedule of 
reinforcement. In contrast, novelty preference was negatively 
correlated with amphetamine-disrupted responding for food, as well 
as amphetamine self-administration on a progressive ratio schedule 
of reinforcement. Thus, responses to inescapable novelty and free- 
choice novelty appear to predict different components of 
amphetamine-induced behavior. (Supported by USPHS grant DA 
05312).

935.10
D-AMPHETAMINE PRE-EXPOSURE ENHANCES STRESS- 
INDUCED FEEDING AND DRINKING. I. Moroz and J. Stewart*. 
Center for Studies in Behavioral Neurobiology, Psychology Dept., 
Concordia University, Montreal, Canada.

We have shown previously that rats increase food- and water-intake 
following a brief period of restraint stress administered at a time of 
day when the probability of spontaneous feeding and drinking is low 
(Badiani, Jacob, Rodaros & Stewart, 1996). Because there is 
evidence that animals preexposed to stimulant drugs show enhanced 
responsiveness to stressors, we asked whether stress-induced feeding 
and drinking would be increased in animals previously exposed to 
amphetamine. Two groups of male Wistar rats were treated with five 
injections of either saline or d-amphetamine (3.0 mg/kg IP), every 
second day for 10 days. After being habituated to cages capable of 
monitoring feeding and drinking continuously at 0.1-s intervals, 24 h 
per day, the animals were subjected to 20 min of restraint stress daily 
for 10 days, 2 and 5 weeks after the last injection of amphetamine. 
Food and water were monitored for 2 hours after the animals were 
returned to the boxes. After both the 2- and 5-week time intervals, 
restraint stress induced significantly more intake of food and water 
during the first hour after stress in those animals previously exposed 
to d-amphetamine than in saline-treated control animals. Thus 
exposure to amphetamine exerts long-lasting effects on an organism’s 
subsequent ingestive behaviors in response to stressors. Supported 
by Medical Research Council (Canada) and FCAR (Quebec).

935.11
COMPARISON OF TWO MODELS OF IMPULSIVE BEHAVIOR IN RATS: 
EFFECTS OF AMPHETAMINE AND HALOPERIDOL. Jerry B. Richards*, 
Marcus A. Chock, Brian Carlson, Harriet de Wit, and Lewis Seiden. University of 
Chicago, Department of Pharm/Phys Sci., Chicago, II. 60637.
We compared the performance of rats on two procedures for measuring impulsive 
behavior, the differential reinforcement of low rate (DRL) schedule and the 
adjusting amount procedure. On the DRL schedule of reinforcement thirsty rats 
are required to wait between responses in order to earn a water reward. The 
relative inability to wait for the water reward may be an indicator of impulsivity. 
The adjusting amount procedure is designed to measure how much thirsty rats 
discount the value of delayed water rewards. Greater discounting of the value of 
delayed rewards (or, relatively greater preference for more immediate rewards) is 
taken to indicate greater impulsivity. We found that there was a low but 
significant correlation between an individual rat’s ability to wait on the DRL 
schedule and how much the rat valued delayed reinforcers. Amphetamine (V, 0.5,
1.0 mg/kg) decreased the amount of time the rats waited on the DRL 72-s 
schedule, a result consistent with an increase in impulsivity. However, on the 
adjusting amount procedure amphetamine increased preference for the larger 
delayed reward, a result consistent with a decrease in impulsivity. In comparison, 
haloperidol (V, 0.05, 0.075, 0.1 mg/kg) had opposite effects. Haloperidol 
increased the amount of time the rats waited on the DRL schedule, a result 
consistent with a decrease in impulsivity. On the adjusting amount task, 
haloperidol decreased preference for the larger delayed reward, a result consistent 
with an increase in impulsivity. These results indicate that different behavioral 
processes underlie performance on the DRL schedule and the adjusting amount 
procedure. (Supported by: DA10588, to J. Richards and MH-11191 to L Seiden).

935.12
CIRCADIAN ENTRAINMENT MAY CONTRIBUTE TO DRUG CRAVING N.C, Pecoraro1,
A.E.K, Kosobud2*, G.V, Rebec2, and W.D. Timberlake1. 1Center for the Integrative Study of 
Animal Behavior and 2Program in Neural Science, Department of Psychology, Indiana 
University, Bloomington, Indiana, 47405.

Rats receiving regular daily feedings show behavioral activation preceding the feeding 
time. This anticipatory activity was originally attributed to Pavlovian conditioning produced 
by repeated pairings of food and time cues. However, conditioned anticipation of regular 
meals proved to be limited to approximately a circadian interval, suggesting it is controlled 
by a circadian oscillator. Recent work shows that this circadian oscillator can be 
conditioned by a single large meal. Rats chronically exposed to a 34-hour feeding schedule 
fail to show conditioned anticipation of the 34-hour feeding interval, but do consistently 
show a burst of activity 24 hours after the meal on the previous day (White and 
Timberlake, submitted). The present studies examined whether scheduled daily i.p. 
administration of methamphetamine (MA) could entrain activity. Of particular interest was 
whether activity preceding drug injections would emerge. Circadian entrainment could 
mediate increased craving and probability of drug taking at times of day related to previous 
drug intake. In initial tests, 4 female Sprague-Dawley rats were housed singly in cages in 
which feeding, drinking, and activity could be monitored 24 hours/day. To avoid entrainment 
of activity by circadian light/dark transistions or the presentation of large meals, rats were 
housed in constant light and constant food was approximated by giving small, limited meals 
at 6 minute intervals throughout the day. Rats habituated to these conditions within 14 
days, showing either free-running activity patterns (2 rats) or random patterns (2 rats). MA 
injections (2 mg/kg) were followed by a biphasic pattern of wheel running, with activity 
reduced initially and then increased. Although not a large effect, anticipatory activity 
preceding MA injection by 1-2 hours was observed in all 4 rats tested. Thus, time can be a 
sufficient cue to drive anticipatory changes related to previous drug administrations. 
Supported by grants from NIDA (DA08349) and NIMH (37892).

935.13
DEVELOPMENTAL EXPOSURE TO 3,4-METHYLENEDIOXYMETH- 
AMPHETAMINE (MDMA) DISRUPTS LEARNING IN THE MORRIS WATER 
MAZE IN RATS. H.W. Broening*, L, Morford, S. Inman, M. Moran, C. St 
Clair, M. Fukumura, C.V Vorhees. Div. Developmental Biol., Children’s 
Hosp. Res. Fndn., Cincinnati, OH 45229.

Neonatal MDMA administration to rats was investigated to test the 
hypothesis that developmental exposure to amphetamine congeners 
disrupts the ontogeny of cognitive function. Saline, 5, 10 or 20 mg/kg MDMA 
was administered s.c. twice daily with an 8 hr interval between doses. The 
exposure periods were postnatal day (P) 1-10 and P11-20. Testing in the 
Morris water maze began at an average age of P77. Rats were given 4 
acquisition trials per day for six days. There was no significant main effect of 
MDMA exposure at P1-10, however there was a significant MDMAxDAY 
interaction. On day 2 of acquisition in the P1-10 exposed rats, latencies were 
increased by 5.7 sec (P=0.036) in the 10 mg/kg group and by 11.4 sec 
(P<0.001) in the 20 mg/kg group (saline x=14.7 sec). In contrast to P1-10 
exposure, there was a significant main effect of MDMA following P11-20 
treatment. In the P11-20 exposed rats, MDMA administration significantly 
increased acquisition latency on days 2, 4 and 5 of testing. On day 2 of 
acquisition, latencies were increased by 9.5 sec (P<0.001) in the 10 mg/kg 
group and 7.6 sec (P=0.005) in the 20 mg/kg group (saline x=18.5 sec). On 
days 4 and 5 of acquisition, latencies were increased by 6.0 sec (P=0.028) 
and 6.7 sec (P=0.014) respectively, in the 20 mg/kg group (saline x=11.0 
sec and 10.1 sec at days 4 and 5, respectively). These experiments 
demonstrate for the first time that developmental MDMA exposure disrupts 
spatial learning. (Supported by NIH grants DA05740, DA6733 and 
ES07051.)

935.14
EFFECTS OF PRIOR EXPOSURE TO AND PRIMING WITH 
AMPHETAMINE ON THE LOCOMOTOR RESPONSE TO AND SELF-
ADMINISTRATION OF THE DRUG. P.J. Pierre* and P. Vezina. 
Department of Psychiatry, The University of Chicago, Chicago, IL 60637.

The present experiment examined the relationship between sensitized 
locomotor responding and enhanced drug self-administration. Rats were 
administered 10 daily preexposure injections of either amphetamine (AMPH,
I. 5 mg/kg, i.p.) or saline and, starting 10 days after the last injection, were 
given the opportunity to self-administer AMPH (10^g/kg/infusion, i.v.) in a 
two lever (active vs inactive) operant task in each of 13 daily sessions. 
Priming injections (AMPH, 1.0 mg/kg, i.p.) were given prior to the first eight 
and final two sessions. No priming injections were given prior to sessions 9-
II. On the first session, AMPH preexposed rats showed a sensitized locomotor 
response to AMPH relative to saline preexposed rats. However, both groups 
similarly exhibited significant increases in active lever pressing only after at 
least four sessions with priming. At this time, the groups no longer differed in 
their locomotor response to AMPH. When the priming injections were 
discontinued (sessions 9-11), AMPH but not saline preexposed rats continued 
to lever press for drug and exhibit enhanced locomotion. When the priming 
injections were restored (sessions 12-13), the saline preexposed rats resumed 
active lever pressing for drug and again exhibited increased locomotor activity. 
These data show that prior exposure to amphetamine indeed leads to enhanced 
locomotor responding to and self-administration of the drug, but also reveal a 
complex relationship between these two responses to and for amphetamine. 
Supported by NIDA grant DA09397 to P.V.
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935.15
THE FACILITATION OF AMPHETAMINE SELF-ADMINISTRATION 
INDUCED BY PRIOR EXPOSURE TO THE DRUG IS PREVENTED BY 
A D, DOPAMINE RECEPTOR ANTAGONIST. P, Vezina* and P.J. Pierre. 
Department of Psychiatry, The University of Chicago, Chicago, IL 60637.

The contribution of D, DA receptor activation during amphetamine 
preexposure to the development of sensitized responding for a low dose of 
amphetamine was assessed using an i.v. self-administration procedure. Rats 
were first administered two injections on each of 10 consecutive days. The first 
injection (saline or the D! DA receptor antagonist, SCH23390, 0.04 mg/kg, 
s.c.) preceded the second (saline or amphetamine, 1.5 mg/kg, i.p.) by 30 
minutes. Starting 10 days after the last injection, rats were given the 
opportunity to lever press for amphetamine (lOpg/kg/infusion, i.v.) in a two 
lever (active vs inactive) operant task, in each of five daily sessions. As 
expected, prior exposure to amphetamine resulted in an increase in active 
lever pressing. Blocking D, DA receptors with SCH23390 prior to each of the 
amphetamine preexposure injections prevented the development of this 
enhanced self-administration of amphetamine. When rats’ response to novelty 
was taken into account, it was found, consistent with previous results, that both 
of these effects were observed only in animals preexposed to amphetamine that 
had shown a high response to novelty. These findings, indicating that 
manipulations known to block the induction of locomotor and DAergic 
sensitization by amphetamine also block the facilitation of drug self-
administration, suggest an important and common role for D, DA receptor 
activation in the development of enhanced responding to and for drug. 
Supported by NIDA grant DA09397 to P.V.

935.16
ANALYSIS OF MOTOR ACTIVITY OF MALE RATS TREATED WITH 
VARIOUS DOSES OF METHAMPHETAMINE AT VARIOUS AMBIENT 
TEMPERATURES. R, A. Mohaghegh* and D. C. Shockley. 
Meharry Medical College, Department of pharmacology, 
Nashville, IN 37208.

We have previously shown that 
methamphetamine (MAMPH) induced a spectrum of thermic 
and motor activities at different ambient 
temperatures. The effect of MAMPH on body 
temperature of rats was influenced by the 
environmental temperature. The objective of this 
study was to ascertain if the effect of MAMPH on 
motor activity is also influenced by the 
environmental temperature.
Male Spraque-Dawley rats were injected (i.p.)with 
MAMPH (0.3 to 10.0 mg/kg) at 7 ± 1°C, 22 ± 1°C, and 
30 ± 1°C. The locomotion, horizontal, vertical, and 
rest time components of motor activities were 
recorded and analyzed via Digiscan Animal Activity 
Monitor every five minutes for four hours; one hour 
after saline and three hours after either MAMPH or 
equivolume saline. Statistical analysis of the data 
suggested that MAMPH induced a similar pattern of 
motor effect at various ambient temperatures. MAMPH 
at 0.3 to 2.5 mg/kg induced an increase in 
locomotion, horizontal and vertical motor activities 
at 7 ± 1 °C and 22 ± 1°C. However, at 30 ± 1°C the 
increase in motor behavior was lower than at other 
temperatures. This research was supported in part by 
T32-MH 19843-02 and DA06686.

935.17
A Conditioned Stimulus For Morphine Or Amphetamine 
Potentiates Instrumental Responding For Food. C. L. Wyvell 
and K. C. Berridge*. Department of Psychology, University of 
Michigan, Ann Arbor, MI 48109.

Male Sprague-Dawley rats were trained to press a lever 
instrumentally for sucrose pellets. A second lever delivered 
nothing. In a separate context, the rats were trained to form a 
pavlovian association between one of two auditoiy stimuli (tone 
or white noise) and either systemic morphine (5 mg/kg) or d- 
amphetamine (1.5 mg/kg). The alternate auditory stimulus was 
paired with saline. On the test days, the rats were returned to 
the instrumental chamber and were allowed to leverpress under 
extinction either in the presence or absence of the auditory 
conditioned stimuli (CSs). Both the morphine CS and the 
amphetamine CS potentiated leverpressing on the food lever. 
Neither group showed differential CS responding on the 
inactive lever. These results suggest that a drug CS may 
potentiate the incentive value of a food reward. This 
suggestion is compatible with a previous demonstration that a 
drug CS can increase the incentive value of a sexual reward 
(Mitchell and Stewart, 1990). In other words, a drug CS may 
potentiate the incentive salience of even a reward unrelated to 
the drug itself (Robinson and Berridge, 1993).

935.18
EFFECTS OF AMPHETAMINE INFUSIONS INTO THE NUCLEUS 
ACCUMBENS OF LEWIS AND FISCHER-344 RATS. S.M, Siviv*. B.J, 
Brubaker. J.H. Birkholz & K. Hiraizumi. Departments of Psychology and 
Biology, Gettysburg College, Gettysburg, PA 17325.

Lewis and Fischer-344 (F344) rats differ along several neurobehavioral 
dimensions, with differences in mesolimbic dopaminergic functioning 
believed to account for rats of the Lewis strain being more susceptible to 
drugs of abuse than F344 rats. To further evaluate strain differences in the 
mesolimbic control of unconditioned behaviors, male F344 and Lewis rats 
were fixed with chronic bilateral cannulae aimed for the nucleus accumbens. 
Four doses of amphetamine (0.3, 1.0, 3.0, 10.0 pg/0.5 pl/side), plus the 
vehicle (distilled water), were assessed by placing the rats in an open field for 
90 minutes after infusion. While the threshold concentration for increasing 
ambulatory activity was comparable for the two strains, amphetamine had a 
greater maximal effect in Lewis rats. In order to ascertain whether 
differences at the signal-transduction level could account for these data, Gs 
proteins were stimulated in half of the rats from each strain with cholera 
toxin infusions (0.25 ju.g/1.0 pl/side) and activity monitored over 5 
consecutive days. As with amphetamine, cholera toxin increased ambulatory 
movements in both strains, but had a greater effect in Lewis rats. These data 
are in agreement with other studies in showing that strain differences in 
mesolimbic functioning can be accounted for by differences at the post-
receptor signal transduction level. (Supported by a grant from the Howard 
Hughes Medical Institute to Gettysburg College)

935.19
MOTIVATIONAL EFFECT OF DRUG WITHDRAWAL ASSESSED WITH 
ACOUSTIC STARTLE RESPONSE R, F. Mucha*, V. Mueller, P, Pauli 
and O, Diedrich. Inst. Med. Psychol. Behav. Neurobiol., U. Tuebingen, 
72074 Tuebingen, Fed. Repl. Germany.

Open questions on dependence on nicotine and other abused 
drugs indicate the need for comparative tests of the motivational 
significance of drugs and their withdrawal. To this end, we tested 
whether known aversive effects of smoking withdrawal would modulate 
the acoustic startle reaction as reported in rats and humans for aversive 
motivational states by the M. Davis and the P. Lang groups. We used 
mixed sex, non-smokers and healthy smokers (ns of.11 or 12) who were 
not deprived, lightly deprived or heavily deprived. It was confirmed using 
heart rate, carbon monoxide levels and desire and craving for cigarettes 
that smoking withdrawal was significantly manipulated. However, there 
were no significant differences in the magnitude of the baseline startle 
response among the differently deprived smokers nor between the 
smokers and the non-smokers. Smokers were subsequently tested 
during repeated sequences of preparing a cigarette for smoking 
(smoking cues) and then smoking. There were significant interactions of 
smoking deprivation with smoking cues and with renewed smoking. 
However, there was only weak confirmation of a systematic modulation of 
startle by smoking and smoking abstinence as predicted from the effect 
of aversive states on startle. It was concluded that smoking withdrawal 
does not modify the acoustic startle response as seen for nondrug 
aversive states. However, it was deemed possible that withdrawal may 
modify the startle reaction in the predicted way when a test is run against 
a backgroud of aversivity. This is currently being tested by presenting 
deprived and non-deprived smokers standardized aversive slides prior to 
the startle probes. (Support from the BMBF Tubingen Program for 
Addiction Research - TP05 and the DFG)

935.20
SENSITIZATION OF ORAL STEREOTYPY BLOCKS 
TOLERANCE TO AMPHETAMINE HYPOPHAGIA. K.M. 
Hughes* and D.L. Wolgin. Dept. of Psychology, Florida 
Atlantic Univ., Boca Raton, FL 33431.

In previous studies we found that sensitization of 
stereotyped head scanning as a result of repeated injections 
of amphetamine (AMPH; 2.5 mg/kg) did not retard the 
subsequent development of tolerance to drug-induced 
hypophagia. In the present study, a higher dose (5 mg/kg) 
was used to induce sensitization of oral stereotypies. Groups 
of rats were first given intermittent injections of either AMPH 
or saline. On a subsequent dose-response (DR) test, AMPH- 
treated rats showed dose-dependent increases in head 
scanning (2 mg/kg) and oral stereotypies (4 mg/kg) compared 
to saline controls. Subgroups from each condition were then 
given injections of either AMPH (2 mg/kg) or saline 20 min 
before daily 30 min milk tests. DR tests conducted after this 
phase showed that both sensitized and nonsensitized groups 
were tolerant to drug-induced hypophagia at the 2 mg/kg 
dose, confirming previous findings. However, at the 4 mg/kg 
dose, sensitized rats, which displayed oral stereotypies, were 
not tolerant, whereas nonsensitized rats, which did not 
display oral stereotypies, were tolerant. To the extent that 
tolerance involves learning to suppress stereotyped 
movements in order to feed, these results suggest that oral 
stereotypies are more difficult to suppress than head 
scanning.

(Supported by USPHS grant DA 04592 from NIDA)
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936.1
Effects of naltrexone on responding for cocaine and food in rats. L, V. Panlilio* and 
C. W. Schindler. Preclinical Pharmacology Laboratory, NIH/NIDA DIR, Baltimore, 
MD 21224.
Previous studies have shown selective decreases in cocaine-reinforced responding and 
little effect on food-maintained responding when opiate antagonists were 
administered. In these studies, baseline response rates for food were higher than for 
cocaine. In the present experiment, rats were trained on a multiple variable-interval 
schedule of reinforcement that engendered equivalent response rates for food and 
cocaine. When food or cocaine was discontinued, responding dropped within 1-2 
sessions in the appropriate component, indicating that the effects of the two 
reinforcers were independent. A relatively high dose of naltrexone (30 mg/kg iv) 
decreased food- and cocaine-maintained responding equally. Rates of reinforcement 
were higher for the cocaine component than the food component during baseline 
training, and only the cocaine reinforcement rate was decreased by naltrexone (30 
mg/kg iv). Moderate doses of naltrexone (4-12 mg/kg iv) had no significant effect on 
rates of responding or reinforcement. The selective reductions in cocaine intake 
observed here may have been due to differences in baseline rates of food and cocaine 
reinforcement. This suggests that selective reductions in cocaine-maintained 
responding in earlier studies may have been due to differences between baseline rates 
of food and cocaine-maintained responding.

Supported by NIDA-DIR

936.2
COMBINATIONS OF ISRADIPINE AND NALTREXONE 
BLOCK COCAINE S REWARD-RELEVANT EFFECTS.
N.G. Pabello, C.M. Cramer. C.A. Cavallaro, C.L. Hubbell* and
L.D. Reid. Laboratory for Psychopharmacology, Rensselaer 
Polytechnic Institute, Troy, NY 12180.

We have been exploring the utility of combining small 
doses of isradipine (ISR) and naltrexone (NTX) as a pharmaco- 
therapeutic adjunct for treating cocaine abuse. Using rats, we 
have found that the combination of a small dose of ISR (e.g., 1 
mg/kg) with a small dose of NTX (e.g., 3 mg/kg) blocked the 
ability of cocaine (5 or 20 mg/kg) to facilitate pressing for re-
warding intracranial stimulation (ICS) across at least 10 days of 
repeated testing. The combination (ISR+NTX) had little effect 
on pressing for ICS itself. To assess the persistence of 
ISR+NTX's effects, we gave injections for 30 days before be-
ginning conditioned place preference (CPP) testing with co-
caine. During conditioning, the daily injections continued. 
By the end of testing, some rats had received over 60 consecu-
tive days of ISR+NTX, while others received placebos. 
ISR+NTX blocked the ability of cocaine to establish a CPP. The 
data support the idea that ISR+NTX might be useful as a 
pharamacotherapy for cocaine abuse.
Supported by grant 08937 from the National Institute on Drug Abuse.

936.3
THE k -OPIOID RECEPTOR AGONIST U-69593 BLOCKS THE
DEVELOPMENT OF COCAINE-INDUCED SENSITIZATION: A POSSIBLE 
ROLE FOR PROTEIN KINASE C. J.P. Steketee*, L.A. Rowe, L.G. Sharp, W. 
Rea and T.S. Shippenberg. Department of Pharmacology and Therapeutics, 
Louisiana State University Medical Center, Shreveport, LA 71130-3932 and 
Integrative Neuroscience Section, NIDA-IRP, NIH, Baltimore, MD 21224

Behavioral sensitization is the augmented motor-stimulant response which 
occurs with repeated intermittent cocaine administration. Pretreatment with 
the K-opioid receptor agonist U-69593 has been shown to block the 
development of sensitization. Recent work has demonstrated that 
sensitization is associated with enhanced membrane-associated protein 
kinase C (PKC) activity in the ventral tegmental area (VTA) and decreased 
membrane-associated PKC activity in the medial prefrontal cortex (MPC). The 
present study examined whether the actions of U-69593 on sensitization 
involved changes in PKC activity. Male Spraque-Dawley rats received 
injections of vehicle (20% propylene glycol) or U-69593 (0.32 mg/kg) 15 min 
before receiving injections of saline or cocaine (20 mg/kg) on 5 consecutive 
days. Animals were sacrificed 72 hr after the last injection and their brains were 
removed and dissected. Tissue samples were prepared for analysis of 
membrane- and cytosol-associated PKC activity by a histone phosphory-lation 
assay. Cocaine treatment did not alter PKC activity in any of the brain regions 
examined. These data demonstrate that previously reported changes in PKC 
activity in the VTA and MPC are transient in that they occurred within the first 
24 hr, but are no longer present 72 hr after repeated exposure to cocaine. 
Repeated exposure to U-69593 increased cytosolic PKC activity in the VTA of 
animals treated with both saline and cocaine. Membrane-associated PKC 
activity was increased in the MPC of animas treated with U-69593 and cocaine. 
These data suggest that the k  -receptor agonist induced alterations in PKC 
activity may be involved in the blockade of the development of sensitization. 
This work was supported by a grant from the National Institute on Drug Abuse 
(DA08079).

936.4
EFFECTS OF NALOXONE ON CONDITIONED VERSUS DIRECT 
STIMULATION OF LOCOMOTOR ACTIVITY BY COCAINE IN RATS.
Jill U. Adams*. Toby Efferen and John Rotrosen. Depts of Psychiatry, NYU & 
VA Medical Centers, New York, NY 10010.

The locomotor stimulant effects of cocaine can be conditioned in rats by 
repeatedly pairing cocaine administration with a distinct environment. In the 
present study, the opioid antagonist naloxone was tested for its capacity to disrupt 
the expression of cocaine's conditioned effects. Six conditioning sessions were 
conducted over a 10-day period. Either 10 mg/kg cocaine (paired group) or saline 
(impaired group) was administered to male Sprague-Dawley rats immediately 
prior to 1-hr sessions in activity chambers that differed in size, bedding and 
location from rats' home cages. A second injection, saline (paired) or cocaine 
(unpaired), was administered upon return to the rat colony room. Thus, all 
animals had the same history of cocaine exposure; only the environment in which 
it was experienced differed between groups. On the test day, rats who had 
previously received cocaine in the context of the activity chamber (paired) exhibit-
ed 3.5 times greater activity than did rats who had received saline (unpaired). 
Naloxone (1 mg/kg ip) partially inhibited, by about 25%, this conditioned loco-
motor activity. In a separate experiment, naloxone was tested for its capacity to 
inhibit the direct effects of cocaine. Cocaine (10 mg/kg ip) stimulated locomotor 
activity; naloxone (1 mg/kg ip) did not modify this effect. These results suggest 
that conditioned effects of cocaine are mediated, at least in part, by neuronal 
mechanisms distinct from those which mediate the direct effects of cocaine. As 
conditioned effects of cocaine likely play a role in its abuse, understanding the 
neurophysiological bases of conditioning should permit development of novel 
treatment strategies. (Supported in part by VHA and NYU School of Medicine.)

936.5
THE EFFECTS OF THE NALTREXONE IMPLANT ON INTRAVENOUS 
SELF-ADMINISTRATION OF COCAINE. K, J, Thompson*, T. E, Egan.
E. E. Yasuhara & R, E. Steinpreis. Department of Psychology’. University of 
Wisconsin-Milwaukee, Milwaukee, WI 53211.

Male Sprague-Dawley rats were implanted with chronic indwelling jugular 
catheters and allowed to recover for 10 days. Training was conducted in 
identical self-administration chambers during daily 1 hour sessions five days 
per week. During both training and testing sessions, each rat spent a 
maximum of 1 hour or 30 infusions in the chamber. Depression of the target 
lever, resulted in a 0.2 ml/sec infusion of cocaine (0.25 mg/kg) using an FR1. 
Depression of a non-delivery dummy lever was also recorded for comparison. 
Training was completed when each rat had 4 consecutive days of self-
administration with less than 10% variation. Following training, rats 
were subcutaneously implanted with a long-term delivery naltrexone implant 
(60 mg, 120 mg, 240 mg, or placebo) in their right hindquarters. Two days 
following the implant surgery , self-administration testing resumed. Rats 
were allowed to self-administer cocaine (0.25 mg/kg; 0.2 ml/sec) during five 
daily 1 hour sessions. The 60 mg naltrexone implant resulted in a mild 
attenuation of self-administration whereas the 120 mg and 240 mg dose 
presented a clear reduction in the rate of self-administration. These results 
are consistent with human data suggesting that naltrexone may be efficacious 
in cubing cocaine abuse.

936.6
CHANGES IN NEUROPEPTIDE SYSTEMS AFTER IBOGAINE 
OR COCAINE ADMINISTRATION. M.E. Alburges* and G.R. 
Hanson. Department of Pharmacology and Toxicology, Univ. of 
Utah, Salt Lake City, UT 84112.

Ibogaine is an indolamine derivative found in the West Africa 
shrub, Tahernanthe iboga. Ibogaine has been proposed for the 
treatment of addiction to CNS stimulants such as cocaine and 
amphetamines. In previous studies, we characterized the differential 
effects of psychotomimetic drugs on neurotensin (NT) and substance 
P (SP) systems. The stimulants of abuse cause unique patterns of 
dopamine release and these neuropeptide systems are very sensitive to 
changes in dopamine activity. In addition, we reported a time- 
dependent and dose-dependent increase in NT-like immunoreactivity 
(NTLI) and SP-like immunoreactivity (SPLI) concentrations in 
striatum, substantia nigra and nucleus accumbens as result of repeated 
administration of ibogaine. In the present study, changes in NTLI and 
SPLI concentrations following ibogaine administration are compared 
with the NTLI and SPLI changes after cocaine administration. 
Ibogaine and cocaine treatment profoundly affected NT and SP 
systems causing significant increases NTLI content in striatum, 
nucleus accumbens and substantia nigra (142 % to 507 % increases) 
and SPLI levels in striatum and substantia nigra (139 % to 151 % 
increases). In the frontal cortex, NTLI and SPLI were significantly 
increased after cocaine administration (213 % to 307 % increases), but 
not after the administration of ibogaine. These peptide changes likely 
result from alterations in the release and/or synthesis of NT and SP in 
these brain regions. Supported by a Minority Supplement to 
NIDA grant DA09407.
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936.7
PHARMACOLOGICAL PROPERTIES OF RPR 102681, A NOVEL 
CCK-B ANTAGONIST. G. A. Bohme*, P. Bertrand, O. Piot, P. Boudeau,
B. Jeantaud, C Pauchet C. Guvon, F, Manfre. A Imperato and MC.
Dubrceucq. Rhone-Poulenc Rorer S.A., CNS research programme, F-94403 
Vitry-sur-Seine, France.

Cholecystokinin (CCK) is one of the most abundant neuropeptides of the 
brain and is also an alimentary hormone of the gastrointestinal (GI) tract. 
Two classes of CCK receptors are known, termed CCK-A and CCK-B 
receptors, the former being primarily present in the GI tract and the latter 
widespread throughout the CNS. CCK-B receptors are identical to gastrin 
receptors of the GI tract. RPR 102681 is a non-peptide selective antagonist 
at the CCK-B/gastrin receptor. It displays nanomolar affinity for human 
CCK-B receptors with nearly 2000-fold selectivity versus CCK-A 
receptors, no affinity being observed for over 70 other binding sites. RPR 
102681 has potent antagonist properties at central CCK-B and peripheral 
gastrin receptors as shown against CCK-activation of hippocampal neuron 
firing in brain slices and pentagastrin-induced gastric acid secretion in vivo, 
respectively. Occupation of central CCK-B receptors following systemic 
administration of RPR 102681 is indicated by ex vivo binding experiments 
in mice, and is confirmed in rats using the behavioral model of social 
recognition. In the latter, CCK-B antagonists of multiple chemical families 
increase olfactory memory, this effect being sensitive to deafferentation of 
the hippocampus, but not to vagotomy. These properties endow RPR 
102681 with the necessary features to explore the physio-pathological roles 
of brain CCKergic processes.

936.8
RPR 102681 INCREASES LIMBIC DOPAMINE RELEASE, SHOWS 
ANTIDEPRESSANT ACTIVITY AND REDUCES THE REWARDING 
PROPERTIES OF PSYCHOSTIMULANTS . C. Obinu1, G A Bohme1, 
MC, Martellotta2.0. Piot1, V. Pause3, C. Pauchet1, B.P Roques3. W, Fratta2 and
A Imperato1’*.1Rhone-Poulenc Rorer SA., CNS research programme, F-94403
Vitry-sur-Seine, France, 2Univ. of Cagliari, Dept. of Neuroscience, Italy, 3 Univ. 
Rene Descartes, INSERM U266-CNRS URA DI500, Parts, France.

Neurochemical and behavioral evidence suggest that Cholecystokinin 
(CCK) negatively modulates DA-processes in the anterior part of the 
nucleus accumbens via type B receptors. We have investigated the effects 
of systemic administrations of RPR 102681, a novel CCK-B antagonist, on 
DA-release measured by trans-cerebral dialysis and found that it dose- 
dependently increased the output of DA in the ventral striatum. In 
behavioral experiments, RPR 102681 increased time spent by rodents in 
trying to escape from a restricted area in which they were forced to swim, and 
reversed conditioned suppression of motility in mice. This latter effect was 
sensitive to pretreatment with DA-receptor antagonists, consistent with an 
action through DAergic processes. In models of psychostimulant abuse, 
RPR 102681 reduced intravenous self-administration of cocaine and 
amphetamine in drug naive mice and antagonized their rewarding 
properties in drug-experienced rats. RPR 102681 was not self-administered 
when available for intravenous injection, nor did it induce place-preference 
or generalization to cocaine and amphetamine in operant procedures. Taken 
together, these results suggest that RPR 102681 may be a novel 
pharmacotherapy for drug-abuse with anti-depressant activity.

936.9
RPR 102681 DECREASES ALCOHOL AND SUGAR INTAKE.
O. Piot1, R, M. Palmour2, F.J. Vaccarino3, F.R. Ervin2, C. Pauchet1, A,
Uzan*’1, C. Obinu1, G. A. Bohme1 and A, Imperato1. 1 Rhone-Poulenc 
Rorer S.A., CNS research programme, F-94403 Vitry-sur-Seine, France, 
2McGill Univ., Depts. Biology and Psychiatry, Montreal, Canada, and 
3 Univ. of Toronto, Dept. of Psychology, Toronto, Canada.

Previous research has established that mesolimbic DA reward 
mechanisms are involved in conditions of alcohol and sugar intake in rats. 
Because the CCK-B antagonist RPR 102681 interferes with limbic DA 
neurotransmission (see Obinu et al., this meeting), we have evaluated the 
effects of RPR 102681 in models of alcohol and water drinking behavior in 
rodents and primates, and on sugar and chow feeding in rats. Daily oral 
treatments with RPR 102681 for one week periods dose-dependently 
reduced ethanol (10% solution) consumption in vervet monkeys 
(Cercopithecus cethiops) selected for their propensity to consume alcohol 
voluntarily in large quantities (> 5g/kg/day). Similarly, intraperitoneal RPR 
102681 decreased 8% ethanol consumption in rats subjected to an 
alcohol/water free choice situation following previous ethanol force- 
feeding. RPR 102681 also decreased intake of a 0.1% saccharin solution. 
In all cases, RPR 102681 did not significantly alter water consumption. In 
rats selected for their high baseline levels of sucrose pellet intake, RPR 
102681 decreased sugar, but not chow feeding, an effect that was reversed 
by low doses of the DA-receptor antagonist cis-flupenthixol, indicating a 
mediation via DAergic processes. These results suggest that RPR 102681 
impairs the rewarding properties of alcohol and of « pleasurable » food.

936.10
THE EFFECTS OF CHRONIC COCAINE TREATMENT ON 
AGGRESSION AND OXYTOCIN LEVELS IN NON-PREGNANT
SPRAGUE DAWLEY RATS. C.A.Pedersen* D.A.Lubin. 
C.H.Walker, K.E.Meter, G.A.Mason and J.M.Johns.
Depts. of Psychiatry and Psychology, Univ. of North 
Carolina, Chapel Hill, N.C. 27599.

This study was undertaken to determine if the high 
rates of cocaine-induced postpartum aggression 
towards an intruder and associated decreased 
oxytocin (OXY) levels seen in lactating rats is 
mediated through the maternal hormonal state or just 
a result of chronic cocaine administration. 
Normally cycling Sprague-Dawley rats (250-275g) 
received s.c. injections b.i.d. on 20 consecutive 
days, of one of four treatments: saline or 30, 15 or 
7.5 mg/kg of cocaine HCL. Females were tested for 
aggression towards a male intruder on PPDs 2, 3 and 
5. They were killed following testing on PPD 5 and
the ventral tegmental area (VTA), amygdala, and
hippocampus (HIP) were removed for an OXY RIA. OXY 
was significantly reduced in the HIP of cocaine- 
treated females (30mg/kg dose). This is in contrast 
to lactating females who shown no reduction in OXY 
levels in the HIP, but do show a dose-dependent 
decrease in OXY in the VTA on PPD 5. Behavioral 
results will be discussed. (Supported by NIH grant 
DA08456)
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937.1
ANTICHOLINERGIC MODIFICATION OF BEHAVIORAL EFFECTS OF 
COCAINE. J, Bergman* and G.J.Carev. Harvard Medical School/ADARC-McLean 
Hospital, Belmont, MA 02178.

Considerable evidence indicates that behavioral effects of dopaminergic drugs may 
be modified by muscarinic receptor antagonists. The present experiments were 
conducted to study such interactions in squirrel monkeys that discriminated injections 
of indirect dopamine agonists with psychomotor stimulant effects from vehicle or, in 
a separate group, that responded under a fixed-ratio schedule of stimulus-shock 
termination. Using cumulative dosing procedures, the effects of i.m. doses of cocaine 
(0.03-3.0 mg/kg), selective Dj-like and D2-like agonists [R-(+)-6-BrAPB; 0.01-0.3 
mg/kg and (+)-PHNO; 0.0001-0.003 mg/kg, respectively], and selective Di-like and 
D2-like antagonists [SCH 39166; 0.003-0.1 mg/kg and haloperidol; 0.001-0.1 mg/kg, 
respectively] were determined alone and after treatment with scopolamine (0.03 or 
0.1 mg/kg). Administered alone, all drugs produced dose-related rate-decreasing 
effects on schedule-controlled responding, and receptor agonists produced cocaine-
like dose-related increases on the drug-associated lever in drug discrimination 
experiments. Consistent with previous findings, scopolamine dramatically 
attenuated the behavioral effects of haloperidol, and response rates were at baseline 
values following the highest dose of the D2-like antagonist (0.1 mg/kg). Scopolamine 
also accentuated the dose-related rate-disrupting and discriminative-stimulus effects 
of cocaine and (+)-PHNO, resulting in a leftward displacement of dose-effect 
functions. In contrast, the effects of the Di receptor ligands SCH 39166 and R-(+)-6- 
BrAPB were less consistently modified by scopolamine. In conjunction, these 
findings support the view that anticholinergic modification of dopaminergically 
mediated behavioral effects of cocaine involve actions at dopamine D2 receptors, 
(supported by USPHS MH07658, DA03774, DA00499, DA10566, RR00168)

937.2
EFFECTS OF ATROPINE INJECTIONS INTO THE 
VENTRAL TEGMENTAL AREA (VTA) ON INTRAVENOUS 
(IV) COCAINE SELF-ADMINISTRATION. E.M.Munn* and 
R.A, Wise. Center for Studies in Behavioral Neurobiology, 
Concordia University, Montreal, Quebec, Canada, H3G 1M8.

The VTA receives cholinergic afferent projections from the 
pedunculopontine and laterodorsal tegmental nuclei. Brain 
stimulation reward thresholds are elevated following injections of 
atropine, a muscarinic antagonist, into the VTA (Yeomans et al., 
Brain Research. 329, 1985, 19-26). We studied the effects of 
bilateral atropine injections into the VTA in a drug-reinforced lever-
pressing task. Adult male Long-Evans rats were prepared with 
chronic IV catheters and bilateral guide cannulae. They were trained 
to lever-press for IV cocaine (1.0 mg/kg/inj infused at a rate of 0.25 
ml/28 sec) on an FR-1 schedule of reinforcement for 5 hr/day until 
their responding stabilized. The rats self-administered cocaine for 
the first hour of a test session and were then injected bilaterally with 
either vehicle (0.5 pi) or atropine (15, 30, 60, or 120 pg/0.5 pi); their 
self-administration of cocaine was monitored for the next 4 hr.
Lower doses of atropine caused accelerated responding. Responding 
following the injection of higher doses of atropine was characterized 
by either a burst of responding followed by extinction or by complete 
disruption of IV cocaine self-administration. Blockade of 
cholinergic input to muscarinic receptors in the VTA appears to 
reduce the rewarding impact of IV cocaine, presumably by 
decreasing the firing rate of mesolimbic dopamine neurons.

Supported by NIDA, NSERC, and FCAR.
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937.3
AT LOW DOSES, HARMALINE INCREASES FORELIMB TREMOR AND 
RESPONSE DURATIONS AND SLOWS FORELIMB FREQUENCY 
OSCILLATIONS IN THE RAT. J. A. Stanford»and Stephen C. Fowler. Depts. 
of Human Development & Pharmacology and Toxicology, Univ. of Kansas., 
Lawrence, KS 66045.
Harmaline and ibogaine, both indole alkaloids and /3-carboline derivatives, have 
been reported to possess not only tremorigenic properties, but also, to varying 
degrees, anti-addictive potential. A behavioral preparation uniquely sensitive to 
low-dose effects on fine motor behavior in rats was used in the present study to 
assess the effects of low doses of harmaline. Rats that were trained to press 
downward on a force transducer for water reinforcement were initially 
administered harmaline (0.5 and 1.0 mg/kg) in an acute dosing regime. 
Immediately following the day of initial acute exposure to 1 mg/kg, three 
consecutive days of exposure to this dose ensued, providing for a four-day 
subchronic analysis. Harmaline did not significantly affect time-on-task (TOT) 
during acute dosing, but repeated dosing produced an initial decrement, then 
tolerance to the decrement in TOT. Acute administration of harmaline dose- 
dependently increased power in the high-frequency (10-25 Hz) band of the power 
spectrum (tremor) without affecting forelimb force output. Upon continued 
administration, tremor partially decreased but remained significantly above 
vehicle values. Harmaline also slowed the forelimb frequency oscillations around 
7 Hz, an effect that did not tolerate with repeated dosing. Harmaline increased 
the durations of individual responses during acute dosing and continued to exert 
this effect with repeated dosing. Implications were drawn regarding the use of 
the forelimb tremor task in measuring low-dose side-effects of potential anti- 
addictive therapeutic and related agents.
Supported by MH-43429

937.4
EXTRACELLULAR FLUID LEVELS OF DA, 5-HT, GLU AND GABA IN 
MICRODIALYSATES OF THE VENTRAL PALLIDUM DURING 
INTRAVENOUS COCAINE SELF-ADMINISTRATION. J.E. Smith*, G.M. 
Sizemore, T.RKoves-and C. Co. Dept. Physiol. & Pharmacol., Bowman Gray School 
of Medicine, Wake Forest Univ., Winston-Salem, NC 27157.

A recent assessment of neurotransmitter turnover rates (TO) in cocaine self- 
administering (SA) animals have found increases in dopamine (DA) TO and a 
decrease in glutamate (Glu) TO in the ventral pallidum (VP). This experiment was 
initiated to determine whether these changes in apparent utilization are reflected in 
extracellular fluid levels determined with microdialysis. Six rats with jugular 
catheters and intracranial guide cannulae implanted into the VP were trained to self- 
administer three different doses of cocaine within the same session (0.17,0.33 and 
0.67 mg/inf; iv) with 1 hr access to each dose in an ascending order on an FR 2 
schedule of presentation. In addition, 4 rats served as yoked saline infused controls. 
Microdialysis probes (1.5 mm) were inserted into the VP through the guide cannulae 
15 hr prior to the session and artificial CSF perfused at 0.5ul/min. Microdialysate 
samples were collected every 10 minutes for 30 min prior to the SA session, during 
the session and for 1 hr after the session over two consecutive days. The 
microdialysates were assessed for DA and 5-HT content using HPLC with 
electrochemical detection, cocaine by HPLC with uv detection and Glu and GABA 
using HPLC with fluorescence detection. Baseline concentrations were: DA- 2.0 nM; 
5-HT- 0.5 nM; Glu- 700 nM; and GABA-130 nM; while cocaine averaged 2.0 pM. 
DA and 5-HT increased by 300% and 200% respectively, during cocaine SA, while 
Glu and GABA did not change. The changes in DA and 5-HT correlated with the SA 
session but were constant across doses. These data suggest that VP DA and 5-HT 
inputs may have a role in cocaine self-administration. (Supported in part by USPHS 
grants DA 03628, DA 06634 and DA 00114)

937.5
COCAINE CARDIOTOXICITY DIFFERS MARKEDLY IN ISOLATED HEARTS 
OF TWO STRAINS OF RATS EXHIBITING PHENOTYPIC DIFFERENCES IN 
SENSITIVITY TO AMYGDALA KINDLING B. Shi, J, E. Heavner*, K, Inners- 
McBride. G. Asimakis. M, J. Wang and D. C. McIntyre. Anesthesiology, Texas 
Tech Univ. Health Sci. Ctr., Lubbock, TX; Cardiothoracic Surgery, Univ. of 
Texas Med. Branch, Galveston, TX; BioMedical Consulting, San Meteo, CA; 
Psychology, Carleton Univ., Ottawa, Canada

We previously demonstrated that two strains of rats bred for sensitivity to 
amygdala kindling seizures (GFAK and GSAK) exhibit marked differential 
sensitivity to cardiac arrhythmias induced by acute intravenous infusion of 
cocaine. The goal of this study was to determine if there are intrinsic cardiac 
differences in sensitivity to cocaine between the two strains by using isolated 
heart (Langendorff) preparation. Hearts were retrogradely perfused with 
increasing doses of cocaine (5 X W6, 10'5, 5 X 10s, 10"4, and 5 X 1 CT4 M) for 5 
min followed by a 5 min washout with Krebs-Henseleit solution after each 
cocaine dose. Consistent with our in vivo observations, hearts from the in vivo 
arrhythmia-sensitive strain (GSAK) were more sensitive to cocaine-induced 
cardiac arrhythmias and arrest than hearts from the resistant strain (GFAK). At 5 
x 10'5 M cocaine, arrhythmias occurred in 38% (3/8) GSAK and 0% GFAK 
hearts. Five of 8 GSAK and none of 8 GFAK hearts were arrested by 10"4 M 
cocaine. End-diastolic pressure, the relaxation index, was markedly higher in 
GSAK than in GFAK hearts during >1 04 M cocaine perfusion, while contractile 
indices (developed pressure and dp/dt) did not differ. We conclude that there 
are intrinsic differences in sensitivity to cocaine-induced arrhythmias as well as 
in cardiac relaxation during cocaine exposure between the two strains of rat 
hearts that may be responsible for the differential sensitivity observed in vivo.

Supported by the American Heart Association, Texas Affiliate; the IARS 
Covino Award; and the Stella M. Traweek Fund.

937.6
NOVEL SIGMA LIGANDS ATTENUATE COCAINE-INDUCED TOXICITY AND 
LOCOMOTOR STIMULATION. R.R. Matsumoto*, M. Friedman, J.F, 
Blvden, M. Brown and B.R. de Costa. Dept. of Pharmacol. & Toxicol., 
Univ. of Oklahoma Health Sci. Cntr., Oklahoma City, OK 73190 and 
Lab. of Medicinal Chemistry, NIDDK/NIH, Bethesda, MD 20892.

The ability of cocaine to interact with sigma (o) receptors suggests 
that some of its behavioral effects may be mediated through these 
sites. Therefore, we evaluated the ability of novel o ligands to 
modulate cocaine-induced behaviors. Convulsions (60 mg/kg), 
lethality (125 mg/kg), and locomotor stimulation (10 mg/kg) were 
induced in Swiss Webster mice with doses of cocaine that produced 
maximal effects in initial dose-response studies. Pretreatment of 
mice with the novel o ligand, BD1008 (0-30 mg/kg), abolished 
cocaine-induced convulsions, lethality, and locomotor stimulation. 
Therefore, 12 analogs of BD1008 and 6 other known cr ligands were 
also tested. The following a ligands, which are thought to act, at least 
in part, as antagonists or partial agonists significantly attenuated 
cocaine-induced convulsions: BD1008, BD1018, BD1047, BD1060, 
BD1061, BD1063, BD1067, LR132, LR172, LR176, haloperidol, 
reduced haloperidol. BD1069, rimcazole, and BMY14802 were 
without effect, while DTGandBD1052 worsened the severity of the 
convulsions. A more limited set of ligands was tested against cocaine- 
induced lethality and locomotor stimulation, but a similar pattern of 
results was observed. The data suggest that o receptors mediate some 
of the behavioral effects of cocaine. (MH50564)

937.7
EFFECTS OF SELF-ADMINISTERED COCAINE ON EXTRACELLULAR 
DOPAMINE, 5-HT, AND GLUTAMATE IN THE RHESUS MONKEY. R.S.J. 
Nassar*, S.R. Rubino and C.W. Bradberrv. Yale Univ. Sch. of Med., Depts. of 
Psychiatry and Laboratory Medicine, and the West Haven Veterans Administration 
Hospital, West Haven, CT 06516.

Differences between the neuroanatomical structure and function of primate and 
rodent brain suggest there may be significant differences in the neurochemical impact 
of cocaine. In order to explore the effects of self-administered cocaine on extracellular 
neurotransmitter dynamics, we have developed methods for conducting microdialysis 
studies in chaired rhesus monkeys while they self-administer cocaine intravenously. 
Probes were inserted using guide cannulae whose anatomical placement was 
confirmed by post-surgical magnetic resonane imaging. The following day, the 
animal was chaired for 90 min prior to presentation of a cue signalling cocaine 
availability. A single dose of 0.5 mg/kg cocaine HC1 was then intravenously self- 
administered via a vascular access port and FRIO lever response. Perfusate was 
collected in ten min fractions and split for separate determinations of dopamine, 5HT 
and glutamate. Striatal dopamine and 5HT levels increased in response to self- 
administered cocaine to 242±35% and 168±26%, of baseline, respectively. Striatal 
Glu levels increased to 188±44% of baseline, however this response was more 
variable than that of dopamine or serotonin. Basal values (uncorrected) were 7.9 + 
0.3 fmol/pL for dopamine, 0.33 + 0.04 fmol/pL for 5-HT, and 0.27 + 0.05 
pmol/pL for glutamate. In preliminary studies, orbitofrontal cortex DA levels 
increased from basal values (0.15 fmol/pL) to 175% of baseline by 0.5 mg/kg 
cocaine. Initial studies have also been conducted in which striatal dopamine and 
glutamate were determined in two minute collections in order to characterize the 
effects of cocaine with the highest temporal resolution possible. Supported by 
DA08073, DA 04060 and the Yale-VA Center on Alcoholism.

937.8
AMPHETAMINE IN THE MEDIAL PREFRONTAL CORTEX BLOCKS THE 
EXPRESSION OF COCAINE-INDUCED BEHAVIORAL SENSITIZATION.
B. M. Prasad*, T, A. Hochstatter and B, A. Sore. Dept. of VCAPP, Washington State 
University, Pullman, WA 99164.

Extracellular levels of dopamine are increased in response to systemic administration 
of cocaine in several brain areas including the nucleus accumbens (NA) and medial 
prefrontal cortex (mPFC). While this response in the NA is augmented after repeated 
cocaine treatment, dopamine release in the mPFC is attenuated during the expression of 
behavioral sensitization. Since dopamine in the mPFC has an inhibitory effect on NA 
dopamine levels and locomotor activity, we hypothesized the decreased extracellular 
dopamine levels in the mPFC contribute to the expression of behavioral sensitization. 
To test the role of mPFC dopamine tolerance in the expression of cocaine induced 
behavioral sensitization, different doses of amphetamine (AMPH) were microinjected 
into the mPFC just prior to systemic administration of cocaine. The ability of 
AMPH-induced release of dopamine in the mPFC to attenuate the sensitized locomotor 
response to cocaine was tested. Adult male Sprague Dawley rats were injected with 
either saline (ImL/kg) or cocaine (15mg/kg) for five consecutive days. After a one 
week withdrawal period, rats were microinjected with either saline or different doses of 
AMPH into the mPFC followed by a systemic injection of saline (ImL/kg) or cocaine 
(15mg/kg). Intra-mPFC AMPH did not significantly affect saline-induced locomotor 
activity. Daily cocaine pretreated rats that received saline in the mPFC showed a 
sensitized locomotor response compared to their daily saline pretreated counterparts.
This sensitization was blocked by a low dose of AMPH (0.175 pg/side) in the mPFC. 
However, the effect of mPFC AMPH on behavior disappeared at higher doses. These 
results indicate that tolerance of the mPFC dopamine response in sensitized rats may 
contribute to the expression of behavioral sensitization. Further, the data indicate the 
presence of an optimal range at which mPFC AMPH exerts maximal behavioral 
inhibition. Supported bv USPHS grant DA08212,

Society  for  Neuroscience , Volume  23,1997



THURSDAY AM COCAINE: NEUROPHARMACOLOGY 2411

937.9
THE ROLE OF THE BRAIN HISTAMIN NEURON SYSTEM ON 
COCAINE-INDUCED WHEEL-RUNNING BEHAVIOR IN RATS.
C. Ito*, K. Onodera, E. Sakurai, T. Watanabe* and M. Sato*.
Depts. Psychiat. and Pharmacol., Tohoku Univ. Sch. Med. and Dent., 
Sendai 980-77, Japan.

We previously reported that methamphetamine increased HA release 
in the rat striatum, and that histamine (HA)-activating agents inhibited 
methamphetamine-induced stereotyped behavior, whereas HA- 
inactivating agents facilitated it. In this study, we examined the effect of 
cocaine (Coc) on the brain HA neuron system. HA level and a HA- 
inactivating enzyme, HA N-methyltransferase (HMT) activity in the rat 
brain were first measured after the administration of Coc (0, 10 and 20 
mg/kg). HA and N r -MethylHA were measured by the sensitive HPLC- 
fluorometric method. The administration of Coc (20 mg/kg) increased 
HA levels and HMT activity in the striatum, nucleus accumbens and 
amygdala 1 h later. Moreover, we examined the effect of a precursor of 
HA, L-Histidine (L-His) on Coc-induced wheel-running behavior. The 
pretreatment with L-His (350 and 700 mg/kg) inhibited the Coc (20 
mg/kg)-induced increase of wheel-running activity dose-dependently. 
These findings suggest that Coc activates the brain HA neuron system, 
which may play the role of inhibiting the Coc-induced wheel-running 
behavior.

937.10
HETEROZYGOUS KNOCKOUT MICE FOR THE GABAa  RECEPTOR 03 
SUBUNIT HAVE INCREASED BEHAVIORAL SENSITIVITY TO COCAINE.
J. Peris, G.E. Homanics & B.J. Jung*. Dept. Pharmacodyn., Univ. Florida, 
Gainesville FL 32610 & Dept. Anesthes., Univ. Pittsburgh, Pittsburgh PA 15261.

Antisense inhibition of mRNA for the P3 subunit of the GABAa receptor 
decreases striatal GABA receptor function and increases the behavioral response 
to cocaine in rats (Peris et al., Neurosci. Abstr, 22: 821, 1996). To further test the 
role of the P3 subunit in determining cocaine sensitivity, we measured behavioral 
responses to saline and cocaine in knockout mice missing one allele of the P3 gene 
(P3+/-). The p3+/- mice exhibit a decreased amplitude of GABA receptor-mediated 
currents relative to mice containing both alleles of the gene but do not exhibit the 
high neonatal mortality and behavioral abnormalities of mice devoid of both alleles 
(Homanics et al., PNAS 94: 4143-4148, 1997). The magnitude of locomotor 
stimulation caused by cocaine (20 mg/kg, i.p.) was slightly greater in P3+/- mice 
(24.4+3.4) than in control mice (20.0+3.0), whereas control behavior after a saline 
injection was lower in P3+/- mice. Therefore, the change in locomotor stimulation 
caused by cocaine was significantly greater (p < 0.05) in P3+/- mice (17.1+2.9) 
compared to control mice (8.2+3.1). There was not an overall difference in GABA- 
stimulated chloride uptake in striatum in P3+/- mice (11.1+3.1 nmoles chloride/mg 
protein) compared to control mice (11.7+1.9). However, P3+/-mice exhibiting 
the greatest sensitivity to cocaine had a trend for 30% lower receptor function 
compared to P3+/- mice with lower sensitivity to cocaine. There was no difference 
in GABA-stimulated chloride uptake in cortex in any of these mice regardless of 
their behavioral sensitivity to cocaine. These data indicate that alterations in the p3 
subunit may be responsible for determining locomotor activation caused by cocaine. 
Supported by NIH Grants AA07561, AA10422 and GM52035.

937.11
EFFECT OF CHLORDIAZEPOXIDE ON CHANGES IN RAT OPEN FIELD 
BEHAVIOUR PRODUCED BY COCAINE WITHDRAWAL. S. Lightowler, D,
N. C. Jones*, G. A. Kennett Neuroscience Research, SmithKline Beecham 
Pharmaceutical, New Frontiers Science Park, Third Avenue, Harlow, Essex, CM 19 
5AW.

Cocaine withdrawal is associated with anxiety and depression in humans. We 
have investigated the effect of cocaine withdrawal on open field exploratory 
behaviour in rats, and how it is influenced by acute administration of the 
benzodiazepine anxiolytic, chlordiazepoxide.

Male Sprague-Dawley rats were dosed t.i.d. i.p. with cocaine (25 mg/kg) or 0.9% 
saline for 7 days and tested 24 hours after the last dose. One hour prior to testing 
some rats from each group were administered p.o. chlordiazepoxide (5mg/kg - an 
anxiolytic dose in rats, Kennett et al., 1994) or vehicle (1% methyl cellulose). Rats 
were monitored for 10 min in a lm diameter, black perspex arena, under red light 
by a video tracking system (CPL Systems). Average speed, total distance 
travelled, time spent in a central zone (inner 55 cm diameter), central zone entries 
and distance travelled were monitored. Data were analysed by Kruskal Wallis 
ANOVA and Mann-Whitney tests.

Cocaine withdrawal reduced time spent in the centre, with no other effect. In 
saline pretreated animals, chlordiazepoxide did not affect any parameter. In 
cocaine withdrawn animals, chlordiazpeoxide did not affect the reduced time spent 
in the centre, and a reduction in distance travelled in the centre was also seen in 
this group.

A reduction in exploratory behaviour observed during cocaine withdrawal is 
likely to reflect something other than anxiogenesis, as it is unaffected by 
administration of an anxiolytic.
Kennett et al., (1994) Br. J. Pharmacol., Ill, 797-802.

SmithKline Beecham Pharmaceuticals

937.12
COCAINE SELF-ADMINISTRATION ALTERS AMINO ACID 
TRANSMITTER DENSITY IN TERMINALS IN THE NUCLEUS 
ACCUMBENS SHELL A.S. Keys*, G.P. Mark, and C.K, Meshul 
Oregon Health Sciences University, Dept. of Behav. Neurosci. & Dept. 
of Vet. Aff. Merit Prog., Portland, Oregon.

Components of nucleus accumbens (NAc) circuitry implicated in 
aspects of psychostimulant reinforcement include glutamatergic 
afferents from cortical structures and GABAergic interneurons and 
efferents. Alterations in the density of GABA and glutamate within 
nerve terminals were assessed in the NAc of rats that were withdrawn 
from a 14-day limited access cocaine self-administration protocol. 
Immunogold labeling of presynaptic terminal GABA and glutamate 
content was utilized to assess possible alterations as compared to age- 
matched controls, yoked-saline, and yoked-cocaine animals. A 
significant 19% decrease in glutamate density was observed in animals 
that had self-administered cocaine as compared to drug naive controls. 
This result suggests a period of possible increased glutamate release 
during cocaine self-administration. An indication of an increase in 
terminal GABA density was also observed in cocaine self- 
administering animals as compared to controls. The results from this 
study suggest persistent changes in amino acid content within the NAc 
accompanying cocaine self-administration.
Supported by USPHS grants 5T32AA07468 to A.S.K, DA09256 to C.K.M.. 
DA10964 to G.P.M. & M.R.F.25956 from Med. Res. Found, of Oregon to G.P.M.

937.13
PHOSPHORYLATION MEDIATES COCAINE’S DEPRESSANT EFFECT 
ON GABAa  CURRENT. J. H. Ye*1, J. Ren1, K. Kmjevic2 and P.L. Liu1. 
'Dept Anesthesiol, NJ Med Sch (UMDNJ) Newark, NJ 07103-2714, 
2Anaesthesia Res Dept, McGill Univ, McIntyre Med Bldg, 3655 Drummond 
St, Montreal, QC H3G 1Y6 Canada.

Recently, with patch clamp technique, we found that cocaine depresses 
GABA current (IGABA) of freshly isolated rat hippocampal neurons (Ye et al., 1997, 
AUA, Abstr. 153). In the present study we examined the intracellular mechanisms 
involved. In agreement with the earlier finding, cocaine’s action was noncompetitive, 
voltage independent and concentration-dependent, with an IC50 of 0.67 mM. It was 
potentiated by ATPyS: in the absence or presence of 500 (iM ATPyS in pipette 
solution, 1 mM cocaine depressed IGABA by 66 ± 6% (mean ± SE, n=7) and 83 ± 5% 
(n=7) respectively. A rise of intracellular Ca2+ ([Ca} from 0.01 to 5 pM) increased 
the depression action of ImM cocaine from 65 ± 4% (n=10) to 97 ± 3% (n=5). In 
contrast, it was attenuated by a phorbol ester (PDBu) and by KN-62, a specific 
antagonist of Ca-calmodulin-dependent kinase (CAMKII): in neurons dialysis with 
5 pM KN-62, 1 mM cocaine depressed IGABA by only 33 ± 8% (n=3). Chelerythrine 
(a specific PKC antagonist) blocked the effect of PDBu, but did not block cocaine’s 
action. It is speculated that cocaine induces an increase in [Ca]i5 which stimulates 
CAMKII and thus leads to phosphorylation of GABA receptors - an effect that is 
tonically diminished by ongoing phosphatase activity (would be suppressed by 
ATPyS) and PKC activity (reduced by chelerythrine and increased by PDBu). This 
phosphorylation-mediated disinhibitory action of cocaine may play a role in cocaine- 
induced convulsant states. {Supported by UMDNJ foundation grant and Canadian 
Medical Research Council).

937.14
BACLOFEN PRETREATMENT MASKS COCAINE 

SENSITIZED HEAD BOBBING IN RATS 
L.J. Coughlin*. W.P. Jordan. R, McKim. and D. Palmer#

Biology and Psychology, St. Mary's College of Maryland.
St. Mary's City, MD 20686

After several doses of cocaine (COC), a rat's motor behavior becomes 
sensitized to subsequent doses. In the current study, COC (10 mg/kg, i.p.) 
produced significant increases in repetitive head bobbing during 5 
intermittent doses across 18 days (mean of 20 bobs in 3 min on last day). 
Previously, we reported that the GABAa  agonist diazepam inhibited head 
bobbing in COC-treated animals, but that head bobs emerged during a 
subsequent COC-only challenge. The current study asked whether the 
GABAb agonist baclofen (BAC) also masked cocaine sensitization. It 
did. Pretreatment of rats with BAC (1 mg/kg, i.p.) prior to COC prevented 
head bobbing, but this stereotypical behavior emerged in these rats when 
later given only COC. Thus, both GABAa  and GABAb  agonists mask but 
do not prevent the development of COC sensitization.

BAC injections elevated activity when given to rats alone, but did not 
in animals given both BAC and COC. However, activity levels in the 
group previously treated with BAC were elevated above all other groups 
during the COC challenge. These results indicate multiple, complex 
interactions between BAC and COC as they affect the behavior of rats.

# Authors listed in alphabetical order
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937.15
EFFECTS OF LOCALLY APPLIED GABA ANTAGONISTS IN 
VENTRAL PALLIDUM: BEHAVIORAL AND MICRODIALYSIS 
STUDIES. W. Gong*, D B. Neill and J. B . Justice, Jr. Depts. of 
Psychology and Chemistry, Emory University, Atlanta, GA 30322 
The mesopallidal dopamine system, which originates from the ventral 
tegmental area (VTA) and projects to the ventral pallidum (VP), has been 
recently shown to play an important role in self-stimulation reward and 
cocaine reward. VP also receives a GABAergic projection from nucleus 
accumbens. The aim of the present study was to examine the involvement 
of this GABAergic projection in place preference conditioning and 
modulation of VP dopamine release. Neither the GABA-A antagonist 
picrotoxin (0.1 pg/side/bilateral) nor the GABA-B antagonist phaclofen 
(2.5 pg), injected into VP in the volume of 0.5 pi per side, induced a 
conditioned place preference; whereas picrotoxin induced a significant 
increase of locomotor activity’. On the other hand, either picrotoxin (2-200 
jiM) or phaclofen (20-2000 pM), perfused locally, dose-responsively 
increased VP extracellular dopamine to a maximum of 2.5 fold. Cocaine 
(10 pM) produced a 6.5 fold increase of VP dopamine. Neither picrotoxin 
(200 pM) nor phaclofen (2 mM) altered the response of VP dopamine to 
cocaine. GBR 12909 (0.5 pM), a selective dopamine uptake blocker, 
induced a 4 fold increase of VP dopamine. The increase of VP dopamine in 
response to GBR 12909 was further argumented to 9 fold when picrotoxin 
(200 pM) was added to the perfusate. [Supported by NSF #IBN- 
94021104, NIDA K02 DA00179 and NRSA DA05707}

937.16
MICROINFUSION OF BACLOFEN INTO THE VENTRAL TEGMENTAL 
AREA (VTA) REDUCES THE SENSITIZING EFFECTS OF COCAINE 
PRE-EXPOSURE ON COCAINE SELF-ADMINISTRATION. L 
Pulvirenti*, C, Balducci, and G.F. Koob Dept. Neuropharmacol., 
Scripps Res. Inst., La Jolla, Ca 92037 and *Lab. of 
Psychopharmacol. Mondino-S. Lucia Res. Ctr, Rome, Italy

Pre-exposure to cocaine and to other drugs of abuse 
facilitates subsequent acquisition of intravenous (IV) cocaine 
self-administration in the rat. Chronic treatment is usually 
required to produce this effect, which is thought to reflect a 
state of behavioral sensitization, i.e. an increased sensitivity to 
the effects of cocaine. The present study attempted to evaluate the 
effects of a short-term schedule of pre-exposure to cocaine on 
the acquisition of IV cocaine self-administration. In addition, 
since cocaine administration produces a reduction of GABAB 
responses within the VTA, the effects of intra-VTA 
microinfusion of the GABAB agonist baclofen on the sensitizing 
effects of cocaine pre-exposure were studied. In the first 
experiment, a 5-day treatment schedule with cocaine (30 
mg/kg IP) resulted in a significant facilitation of the acquisition 
of cocaine self-administration. In the second experiment, 
bilateral intra-VTA microinfusion of baclofen (3x10"10 mol) 
concurrently with cocaine significantly reduced the facilitating 
effects of pre-exposure to cocaine on the acquisition of cocaine 
self-administration. Inhibiton of VTA GABA release may 
therefore be part of the early events induced by cocaine leading 
to increased responsivity of VTA neurons and to the facilitation 
of the acquisition of cocaine-seeking behavior.

937.17
EFFECT OF GAMMA-HYDROXYBUTYRIC ACID ON INTRAVENOUS 
COCAINE SELF-ADMINISTRATION IN RATS. M.C, Martellotta*.1 C. 
Balducci, L. Fattore, G. Cossu. G.L. Gessa/L. Pulvirenti. and W. Fratta.
Dept. of Neuroscience, University of Cagliari, Cagliari 09124, Italy; ’Dept. 
of Neuropharmacology, Scripps Research Institute, La Jolla, CA 92037.

Gamma-hydroxybutyric acid (GHB), an endogenous compound present 
within the mammalian brain, has been shown to affect dependence from 
various classes of abused drugs including opiates and ethanol. GHB has 
been shown to interact with several neurotransmitters such as GABA, 
serotonin, opioids, acetylcholine and dopamine. Since the latter is 
considered a critical determinant of cocaine reinforcement, in the present 
study the effects of GHB on intravenous (IV) cocaine self-administration 
were studied. GHB was administered acutely using two different routes of 
administration (intragastric, IG, and intraperitoneal, IP) to two strains of 
rats (Long Evans and Wistar) trained to IV self-administer cocaine using 
two different operanda (nose poking and lever pressing) in a limited daily 
access paradigm. In the first experiment, GHB (175-700 mg/kg IG) dose- 
dependently reduced the maintenance of IV cocaine self-administration in 
Long Evans rats. Similarly, GHB (100-400 mg/kg IP) reduced the rate of 
lever pressing for IV cocaine self-administration in Wistar rats. These 
results indicate that GHB dose-dependently reduced the rate of 
responding for IV cocaine self-administration, i.e. reduced cocaine-seeking 
behavior, measured in two different strains of rats trained on different 
operant procedures. These data provide preclinical support for the 
possibility that GHB may represent a potentially useful agent for cocaine 
dependence in humans. Grants by MURST and CNR.

937.18
ASSESSMENT OF COCAETHYLENE LETHALITY IN FEMALE AND MALE 
RATS. B.-F. X. Sobel*, A.C. Hutchinson. H.F. Diamond. S.A. Etkind. S.P.
Ziervogel, C.M. Ferrari and A.L Riley. Psychopharmacology 
Laboratory, Department of Psychology, American University, 
Washington, D.C. 20016.

Cocaethylene is the unique metabolite of cocaine produced when 
cocaine and alcohol are co-administered and has been reported to 
exhibit pharmacological, physiological and behavioral effects similar 
to those of cocaine. In addition, cocaethylene produces lethal effects. 
Given that assessments of cocaethylene lethality have been limited to 
mice, the present study assessed the lethality of cocaethylene in rats. 
Due to within-species sex differences, lethality in both females and 
males was also examined. Specifically, female and male rats were 
injected intraperitoneally with 75, 87, 100, 115 and 133 mg/kg 
cocaethylene. Following these injections, behavioral observations 
were made over a 24-hr time period. For females, the LD50 was 96 
mg/kg, while the LD50 for males was 70 mg/kg. Observational data 
revealed that the percentage of rats displaying severe effects (i.e., 
seizure and death) increased with increasing doses across all post-
injection times. At the higher doses, severe effects appeared earlier 
following the injection. In general, deaths occurred within 30 min 
post-injection for both females and males. Given that there are no 
reported sex differences in cocaethylene lethality in mice, these 
results indicate a clear species difference in the lethal effects of 
cocaethylene. The basis for the greater sensitivity to cocaethylene in 
male rats remains unknown.

937.19
COCAINE AND ALCOHOL SYNERGISM IN TASTE AVERSION LEARNING.
S.A. Etkind, W.E. Fanteqrossi and A.L. Riley*. Psychopharmacology 
Laboratory, Department of Psychology, American University, 
Washington, DC 20016

Female Long-Evans rats were given 20-min access to saccharin 
followed by injections of cocaine and alcohol, alone and in combination. 
Although there was no clear interaction between cocaine and alcohol 
when cocaine was given intraperitoneally (ip), aversions induced by 
the drug combination when cocaine was administered subcutaneously 
(sc) were significantly greater than those induced by either drug 
alone. Further, the aversion induced by the combination was 
significantly greater than the summed effects of the individual drugs 
administered alone, indicating a synergistic interaction between 
cocaine and alcohol, it has been suggested that such synergism may 
result from a summation of the effects of cocaine, alcohol and 
cocaethylene, the unique and toxic metabolite of cocaine produced when 
alcohol is coadministered. To assess the role of cocaethylene in the 
present design, additional taste aversion assessments were made in 
which saccharin was paired with either ip or sc injections of 
cocaethylene. Although cocaethylene was found to induce aversions, the 
aversions were relatively weak. Further, the summed changes in 
consumption from baseline produced by cocaine, alcohol and 
cocaethylene when adminstered alone were significantly less than the 
changes produced by cocaine and alcohol in combination. These results 
indicate that the synergistic interaction between cocaine and alcohol in 
the aversion design can not be attributed solely to the summation of the 
effects of the individual drugs (plus cocaethylene). The basis for the 
interaction remains unknown.
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938.1
MORPHINE TOLERANCE AND DEPENDENCE IN FEMALE VS. 
MALE RATS. R.M. Craft* and S.J. King. Department of Psychology, 
Washington State University, Pullman, WA 99164-4820.

We have shown previously that morphine produces significantly 
greater antinociception in male rats than in females, but only when 
morphine is administered acutely. The present study was conducted to 
determine whether female and male rats develop tolerance at different 
rates to the antinociceptive and sedative effects of morphine, and 
whether females and males show differential dependence after chronic 
morphine administration. On days 1-5, saline or 10 mg/kg morphine 
was administered to female and male rats twice daily (at approximately 
9 a.m. and 7 p.m.). To examine tolerance development, hotplate 
antinociception and spontaneous locomotor activity were assessed 60 min 
after the morning injection. On day 6, 1.0 mg/kg naloxone was 
administered to all rats, and withdrawal signs were scored for 30 min. 
Although morphine produced slightly greater antinociception and 
significantly greater sedation in male rats than in females, rate of 
tolerance development did not differ between the sexes. However, after 
naloxone administration on Day 6, males showed greater severity of 
withdrawal compared to females. Thus, tolerance to morphine’s 
antinociceptive and sedative effects develop at comparable rates in 
female and male rats, whereas dependence is somewhat greater in males 
than in females.
Supported by DAI0284-01 from the National Institute on Drug Abuse.

938.2
NALOXONE BLOCKS REINFORCEMENT BUT NOT MOTIVATION IN RATS 
RUNNING AN ALLEY FOR INTRAVENOUS HEROIN. K. McFarland* and A. 
Ettenberq. Behavioral Pharmacology Laboratory, University of California, 
Santa Barbara, CA 93106.

The present study examined the role of endogenous opiate 
substrates in both the motivation to seek heroin and the reinforcing 
consequences of heroin administration. Discrete olfactory stimuli were used 
to signal either the presence (S+) or absence (S-) of heroin reinforcement 
(0.1 mg/kg IV) in the goal box of a straight-arm runway. Subjects learned to 
traverse the alley very quickly when presented with the heroin-predictive cue 
(S+) and much more slowly when presented with the saline-predictive cue 
(S-). Pretreatment with any of four doses of naloxone, (0.0, 0.5, 1.0 or 3.0 
mg/kg injected IP 15 min prior to behavioral testing) did not affect operant 
runway behavior (i.e. Run Time). Thus, the antagonism of opiate receptors 
did not block the subjects’ motivation to seek heroin reinforcement. However, 
24 hrs later on the first post-treatment trial, subjects that had received heroin 
(in the presence of naloxone) on the previous trial, now traversed the alley 
reliably more slowly. It would seem then, that although the motivation to seek 
heroin was not disrupted by naloxone, the reinforcing consequences of 
heroin administration were. These data underscore the importance of 
dissociating those neural substrates that instigate goal-directed behavior 
from those that are a consequence of interaction with the goal object.
This research was funded by NIDA grant DA05041 awarded to Aaron Ettenberg and 
a NRSA (F31-DA05672-02) awarded to Krista McFarland.

938.3
EFFECTS OF CHRONIC HEROIN ABUSE ON COGNITIVE FUNCTION 
TJ Omstein*L AM Baidacchino*. BJ SahakianL M London*. T Carthy. J Hunter*.
TW Robbins*, BJ Everitfr. ^Department of Psychiatry, University of Cambridge, 
level E4 Box 189, Addenbrooke’s Hospital, Cambridge, CB2 2QQ, UK. 
•Experimental Psychology, Downing Street Cambridge, CB2 3EB, UK. 4»The Mill 
House, Brookfields Hospital, 351 Mill Road, Cambridge, CBl 3DF,UK.

The effects of opiate abuse, especially heroin, and its long-term consequences on 
cognition, have not been thoroughly investigated. In this study, the effects of chronic 
heroin abuse on cognition were assessed as were the nature of the deficits using the 
Cambridge Neuropsychological Test Automated Battery (CANTAB).

Seventeen male subjects with variable drug use duration (up to 30 years) and 
demographically matched controls for age and premorbid IQ, participated. Tests of 
cognitive performance include measures of recognition memory, working memory, 
planning and strategic learning. Other tests used included the National Adult Reading 
Test to assess premorbid IQ and a verbal fluency task. Subjects were given a 
psychiatric examination by the psychiatrist (AB). Past and present drug histories were 
noted.

Results showed that of the 17 heroin abusers, 3 showed no deficits on any of the 
tests and 5 showed deficits on one of the tests only. In contrast, a subgroup of 8 
heroin abusers were impaired specifically in tasks which we have demonstrated to be 
sensitive to frontostriatal dysfunction and which involve neural networks including 
dorsolateral prefrontal cortex (Owen et al, 1990. Neuropsychologia, Vol.28, pp.1021- 
1034; Owen et al, 1995. Neuropsychology, Vol.9, pp. 126-140). In particular, they 
demonstrated impaired planning ability and poor use of a strategy shown to improve 
performance in a sequence generation task. Finally, 1 subject was globally impaired. 
Results will be discussed with references to clinical variables and to another form of 
chronic drug abuse, amphetamine dependence.
Supported by the Wellcome Trust Program Grant to Robbins, Everitt, Roberts & 
Sahakian.

938.4
TOLERANCE, SENSITIZATION AND PHYSICAL DEPENDENCE TO THE 
LOCOMOTOR EFFECTS OF MORPHINE IN RATS. K.A, Trujillo* and R.M, 
Swadlev-Lewellen. Psychology Program, Calif. State Univ., San Marcos, CA, 92096.

Morphine produces a biphasic locomotor effect when administered acutely to rats, 
with an initial depression of locomotion, followed by stimulation. With chronic 
administration, tolerance develops to locomotor depression and sensitization to 
locomotor stimulation. During withdrawal from chronic administration of morphine, a 
generalized decrease in activity is observed. Tolerance, sensitization and physical 
dependence are typically examined separately in studies designed to maximize an 
individual phenomenon. The present study was performed in order to determine 
whether tolerance, sensitization and physical dependence could be observed in a single 
experiment, using a simple injection regimen and testing protocol.

Adult, male Sprague-Dawley rats received a single injection of saline (SAL) or 
morphine (MOR, 10 mg/kg s.c.) each day for 10 days. On day 11 animals received a 
challenge dose of SAL or MOR, resulting in four experimental groups (10 days/day 
11): SAL/SAL, SAL/MOR, MOR/SAL, MOR/MOR. Thirty minutes following the 
injection, activity was automatically recorded for 5 hours by computer-interfaced 
photocell arrays surrounding 16”xl6” plexiglas open field chambers.

As expected, biphasic locomotor effects were seen in animals that received 
morphine for the first time on day 11 (SAL/MOR). Both tolerance and sensitization 
were observed in the MOR/MOR group — there was no decrease in locomotion relative 
to the SAL/SAL group, but a larger increase in activity than the SAL/MOR group. 
The MOR/SAL group showed a large decrease in locomotion, evidence of spontaneous 
withdrawal. When challenged again 3 weeks and 8 weeks later, there was evidence of 
persistent tolerance, but not persistent sensitization or physical dependence. This study 
demonstrates a simple procedure for examining tolerance, sensitization and physical 
dependence in rats in a single experiment, using locomotor activity as a measure.

Supported by NARSAD and by the College of Arts & Sciences, CSU San Marcos.

938.5
DOSE AND DEPRIVATION AFFECT MORPHINE-INDUCED 
SUPPRESSION OF SACCHARIN INTAKE. P.S. Grigson* and S. 
Wolpert. College of Medicine, Penn State Univ., Hershey, PA 17033.

While it is well known that LiCl-induced conditioned taste aversions 
(CTAs) increase as a function of dose, the effect of dose on morphine- 
induced suppression of intake is more controversial. This study was 
designed to examine the suppressive effects of morphine as a function 
of dose under water (i.e., standard CTA procedures) and food deprived 
conditions. Fifty male Sprague-Dawley rats were placed on a water 
restricted schedule (5 min am and 1 h pm) and 50 were reduced to 82% 
of their free-feeding body weight. During conditioning, all rats were 
given 5 min access to 0.15% saccharin and, after a 5 min interval, were 
injected ip with saline or morphine (5, 15, 30, or 60 mg/kg). There was 
one taste-drug pairing every 48 h for a total of 8 trials. Deprivation 
conditions were then reversed and intake of saccharin was evaluated in 
one 5 min test session. An ANOVA conducted across the 8 acquisition 
trials showed reliable dose effects for both water and food deprived rats, 
but the effects dissipated across trials for the food deprived subjects. 
When deprivation conditions were reversed, both the dose effects and 
the magnitude of suppression were reduced in water deprived rats 
(i.e., in those rats that had been trained while food deprived). These data 
show that both dose and deprivation condition influence morphine’s 
suppressive effect on saccharin intake. Supported by DA 09815

938.6
THE EFFECTS OF ACUTE AND CHRONIC BUPRENORPHINE TREATMENT 
ON PIGEONS TRAINED IN A THREE KEY DRUG DISCRIMINATION ASSAY. 
M. Evola*. L. Bessler, A,M, Young. Department of Psychology, Wayne State 
University, Detroit, MI 48201.

Pigeons were trained to discriminate among a low dose of morphine (MS) (1.8 
mg/kg) a high dose of MS (lOmg/kg) and saline in a three key discrimination. To 
study the acute effects of buprenorphine (BUP), single doses (0.1-10 mg/kg) were 
administered 24 h before tests of cumulative doses of MS. Acute pretreatment with 
low doses (0.1-1.0 mg/kg) of BUP failed to change the doses of MS required for 
either low-dose or high-dose stimulus effects. Pretreatment with higher doses (3.2 
or 10 mg/kg) of BUP produced low-dose stimulus effects in the presence of either 
saline or doses of MS that evoked only saline-like effects under control conditions. 
These pretreatment doses did not, however, change the doses of MS required for 
high-dose stimulus effects. BUP continued to produce long-lasting substitution for 
the low-dose stimulus effects of MS throughout daily administration of 3.2 mg/kg 
buprenorphine for 15 days. The doses of MS required to produce high-dose 
stimulus effects did not change under these conditions of chronic BUP treatment. 
On the 10th day of chronic treatment, cumulative doses (0.001-10 mg/kg) of 
naltrexone (NLTX) antagonized the persistent low-dose stimulus effects of daily 
BUP treatment. The ability of BUP to mimic low-dose stimulus effects of MS 24 h 
after treatment suggests a long acting low efficacy mu agonist effect. The 
persistence of this long-lasting mu opiate cue during chronic treatment, and its 
antagonism by NLTX, suggests an absence of BUP-induced tolerance. This 
interpretation is also supported by the lack of any increase in the doses of MS 
required for high-dose stimulus effects during chronic treatment. Further studies 
are required, however, to characterize the duration of such long-lasting agonist or 
antagonist effects of BUP. [Supported by DA03796, K02 DA 00132, and GM 
08167 from the National Institutes of Health.]
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938.7
ESTABLISHMENT OF INTRAVENOUS SELF-ADMINISTRATION OF 
HEROIN IN THE RAT UNDER A SECOND-ORDER SCHEDULE OF 
REINFORCEMENT. H.L. Alderson, T.W. Robbins and B.J. Everitt. Dept of 
Experimental Psychology, University of Cambridge, Cambridge, CB2 3EB, UK. 
(SPON: European Neuroscience Association)

A second-order schedule of drug self-administration (SA) permits examination 
of the role of drug-related conditioned stimuli (CSs) in drug seeking behaviour. 
Rats were initially trained to respond on one of two identical levers for an 
intravenous infusion of heroin (0.12mg/kg/inf, over 7.28s) paired with a 20s light 
CS. Following this training, a second-order schedule was introduced. Initially this 
was FR5(FR1:S), where one active lever response led to one CS, and five active 
lever responses led to one drug infusion; this was then increased to FR10(FRl:S). 
A fixed interval schedule FI1O(FR1:S) was then introduced, with the heroin 
infusion contingent upon the first CS after a lOmin interval. The response 
requirement for the CS was then increased, such that the schedule was 
FI10(FR5:S), then the interval requirement was increased to FI15(FR5:S). 
Omission of the CS initially disrupted responding, but rats recovered their 
response rates over 5 following days. Quinolinate lesions of the basolateral 
amygdala (BLA) had no effect on the acquisition of heroin SA or the second-order 
schedule of drug-seeking behaviour. These results contrast with previous work 
showing that BLA lesions markedly affect cocaine-taking and -seeking behaviour, 
and suggest a marked difference in the limbic mechanisms underlying cocaine and 
heroin SA. (Supported by MRC grant G9537855)

938.8
ANTAGONIST-PRECIPITATED OPIATE WITHDRAWAL SIGNS 
FOLLOWING, A SINGLE DOSE OF MORPHINE: R. Jain, K.W. 
Easterling and S.G. Holtzman*. Emory University, Atlanta, GA 30322.

Pretreatment with a single dose of morphine sensitizes rats 
responding for food reinforcement or electrical stimulation of the brain 
to the rate-suppressing effects of low doses of naltrexone but results in 
few observable somatic withdrawal signs. In the present study, after 
saline or morphine (MOR) pretreatment (10 mg/kg, 4 hr), gross 
locomotor activity and somatic signs of withdrawal (Gellert-Holtzman 
score) were monitored simultaneously upon the administration of saline 
or randomized doses of the opioid antagonists naloxone (NX, 0.03-30 
mg/kg) or naltrexone (NTX, 0.03-30 mg/kg). No signs of withdrawal 
or changes in gross activity occurred following injections of saline, 
MOR (4 hr), NX, or NTX alone. In MOR pretreated subjects, 
significant increases in global withdrawal scores and corresponding 
decreases in gross activity occurred at doses of NTX as low as 0.03 
mg/kg, whereas,a much higher dose of NX, 30 mg/kg, was needed to 
produce these effects. These results show that somatic withdrawal 
signs can be detected when acute pretreatment with MOR is followed 
by an injection of an opioid antagonist and indicate an unexpectedly 
large difference in the relative potency of NTX and NX in this context. 
(Supported in part by NIH grants DA00541 and KO5/DAOOOO8 to 
S.G.H., and INVEST fellowship DA30002 to R.J.)

938.9
OPIATE WITHDRAWAL INDUCED PLACE AVERSION LASTS FOR UP TO 8 
WEEKS. G.F.KOOB*. S.CAILLE. L.STINUS. Dept. of Neuropharmacology, The 
Scripps Research Institute, La Jolla CA 92037, and Lab. Neuropsychobiologie des 
Desadaptations, Univ. Bordeaux 2, UMR-CNRS 5541, Bordeaux 33076, Fr.

The purpose of this experiment was to examine the time course for the expression 
of a place aversion to opiate withdrawal in rats with an aim of developing models for 
protracted abstinence. Male Sprague Dawley rats (n=46) were implanted 
subcutaneously in the back with two 75 mg-morphine (base) pellets (NIDA) under 
halothane anesthesia. The animals were then tested in a 3 chambered place 
conditioning apparatus that consisted of 3 rectangular boxes that differed in color 
design and texture. There were 3 phases of conditioning. During the preconditioning 
phase the rats were placed in the middle of the triangular area common to all three 
rectangular boxes and allowed to explore for 20 min. The location of the rats in each 
box was recorded and formed the baseline. The compartments with the most similar 
time allotments were chosen for the pairings. The conditioning phase consisted of six 
consecutive days of alternating a subcutaneous injection of 15 ug/kg of naloxone and 
vehicle (saline) on each succeeding day. Doors matching the walls of the 
compartments allowed the confinement of the rats for 20 min immediately after the 
injection. During the testing phase the rats were again allowed to explore the whole 
apparatus for 20 min as during the preconditioning phase. Different groups of rats 
(n=ll to 14) were tested at 24 hours, 1 week, 2 weeks, 4 weeks and 8 weeks post 
conditioning. Results showed that a robust place aversion was produced at every time 
point tested including 8 weeks. The difference in time from day 0 to day 1, week 1, 
week 2, week, 4 and week 8 was -165 secs,-184 secs, -130 secs, -179 secs, and -86 
secs, respectively. All the groups were also retested at all of the subsequent time 
points and drug free rats (-110 second, 46 rats tested on week 8) continued to show a 
robust place aversion but with a slight decrease over time. These results show that in 
the absence of any active intervention, the place aversion produced by opiate 
withdrawal is very long lasting. These data provide a model for protracted abstinence 
that may be useful for delineating the neurobiological substrates for such prolonged 
effects of chronic opiate administration. (Supported in part by NIH grant DA 04043).

938.10
STRESSOR CONTROLLABILITY DETERMINES THE 
STRESSOR-INDUCED POTENTIATION OF MORPHINE’S 
REWARDING PROPERTIES. MJ Will*. CA Zappone, MM 
Watson, LR Watkins & SF Maier. Dept. of Psychology, 
University of Colorado, Boulder, CO 80309.

We have previously shown that inescapable tailshock potentiates the 
rewarding properties of morphine when measured by conditioned place 
preference (CPP). The first of two experiments was designed to test 
whether the potentiation of morphine's rewarding properties were due to 
the uncontrollable nature of the stressor. All subjects were first exposed to 
the CPP test environment to determine initial choice preference. 24 hours 
later they received either 100 1.0mA escapable tailshocks (ES), 100 
yoked identical inescapable tailshocks (IS), similar duration of restraint 
(R), or home cage treatment (HCC). Conditioning occurred 24 and 48 
hours after stressor treatment with 3mg/kg-ml s.c. morphine given in one 
context &, 4 hours later, lml/kg s.c. saline vehicle in the other context. 
Conditioning assignment was counter-balanced randomly. Testing of 
preference was conducted over a 20 min period approximately 24 hours 
following the last conditioning session. In the second experiment, we 
investigated the effects of IS on amphetamine place preference compared 
to HCC subjects. Conditioning was conducted over four days, with 
subjects receiving two pairings of either 0, 1, 2, or 3mg/kg-ml s.c. 
amphetamine in one context and 24 hours later lml/kg s.c. saline in the 
other context. Difference in time spent in compartments before & after 
conditioning with drugs was determined for both experiments. Significant 
potentiation of morphine conditioned place preference was observed in 
the IS group compared to ES, R, and HCC treated groups. Significant 
amphetamine place preference was observed, but IS subjects showed no 
significant change above HCC levels. Supported by Grant NIH 
MH50479.

938.11
TOLERANCE TO MORPHINE-INDUCED ANALGESIA IS ATTENUATED 
AFTER SHORT-TERM ACCESS TO SUCROSE. K. E. D'Anci* and R. B. 
Kanarek. Dept. of Psychology, Tufts Univ., Medford, MA 02155.

Recent research shows that long-term intake of sucrose a) increases 
morphine-induced analgesia (MIA) and b) slows the development of tolerance 
to MIA. The present experiment was conducted to examine the influence of 
short-term (1 week) sucrose intake on MIA. Additionally, to determine 
whether prior access to sucrose was necessary to alter MIA, rats were given 
morphine pre-exposure preceding the introduction of dietary sucrose.

Thirty-six adult male Long-Evans VAF rats were used. All rats had ad lib 
access to chow and water. Nociceptive responses were measured with the 
radiant-heat tail-flick method. To induce tolerance, half of the rats received a 
priming injection of 7.5 mg/kg morphine sulfate. The remaining rats received 
saline injections. Eight hours following priming injections, 18 rats were given 
32% w/v sucrose solution to drink for 1 week. One week after the priming 
session, MIA was determined according to a cumulative dose paradigm 
(0.625,1.25, 2.5, 5.0,10.0 mg/kg). MIA was measured immediately prior to 
and 30 min. following each injection.

Rats which drank water and were pre-exposed to morphine had significantly 
lower antinociceptive responses than those which were given saline as their 
initial injection. In contrast, rats which drank sucrose showed no differences 
in MIA as a function of prior morphine experience. The results indicate that a) 
sucrose presented after experience with morphine influences later responses 
to morphine and b) short-term intake of sucrose curbs tolerance to MIA. The 
present findings support previous studies which show that intake of palatable, 
nutritive fluids influences the actions of opioid drugs and mediates the 
development of tolerance to the analgesic potency of morphine. Funded by 
NIDA Grant No. DA04132 to R.B.K. and an APA Dissertation Research 
Award to K.E.D.

938.12
SENSITIZATION TO THE MOTOR EFFECTS OF CONTINGENT 
INFUSIONS OF HEROIN BUT NOT OF KAPPA AGONIST RU 51599. 
M. Marinelli*, M. Le Moal and P.V. Piazza.
INSERM U. 259, Universite de Bordeaux II. 33077 Bordeaux Cedex, 
France.

It has been hypothesized that behavioral sensitization could reflect drug- 
induced changes that are central to the development of drug abuse. We 
tested whether behavioral sensitization can arise during a voluntary and self- 
controlled consumption of drugs. To this end, we monitored locomotor 
activity during intravenous self-administration (SA) sessions of two opiate 
drugs: heroin (30 pg/infusion) and the new kappa agonist RU 51599 (6.5 
and 20 pg/infusion). Animals developed a constant SA of both heroin and 
RU 51599 during an initial acquisition phase at a low ratio requirement (5 
days, FR1). Despite the constant intake of both drugs during this initial 
phase, animals self-administering heroin showed a progressive increase in 
drug-induced locomotor activity over the subsequent sessions whereas 
animals self-administering RU 51599 showed a tendency of decrease in this 
activity. In a subsequent phase, when the ratio to obtain one infusion was 
increased (5 days, FR2-FR5), animals self-administering heroin maintained 
a stable drug intake whereas animals self-administering RU 51599 
extinguished this behavior. In this phase, locomotor activity did not increase 
further in animals self-administering heroin, and continued to decrease in 
animals self-administering RU 51599. In conclusion, sensitization seems to 
develop specifically during the voluntary consumption of addictive drugs. 
These results support the hypothesis that sensitization could play a role in the 
etiology of opiate drug abuse.
Supported by INSERM, Universite de Bordeaux II and Conseil Regional 
d'Aquitaine.
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938.13
CONDITIONED SUCROSE AVERSIONS INDUCED BY 
NALOXONE-PRECIPITATED WITHDRAWAL FROM 
ACUTELY ADMINISTERED MORPHINE. R.V. McDonald*,
L.A. Parker & S. Siegel. Department of Psychology, Wilfrid 
Laurier University, Waterloo, Ontario and McMaster University, 
Hamilton, Ontario.

The aversive properties of acute naloxone-precipitated 
morphine withdrawal were examined in the taste reactivity 
paradigm. Acute naloxone-precipitated withdrawal paired with 
sucrose solution established conditioned active rejection of the 
sucrose solution. Active rejection of sucrose was observed 
when naloxone was administered both 1 hr and 22 hrs after 
morphine. When the stimulus properties of morphine were 
present during the conditioning trial, the conditioned sucrose 
aversion was only expressed when the rats were tested in the 
same drug state in which they had learned the aversion.
However, when the stimulus properties of morphine were not 
present during conditioning, the aversion was expressed in the 
absence of the morphine state. The results suggest that 
palatability shifts can be conditioned to sucrose paired with 
acute morphine withdrawal.

Supported by Natural Sciences and Engineering Research 
Council of Canada

938.14
LOW DOSES OF MORPHINE PROMOTE AVERSIVE AND APPETITIVE 
PAVLOVIAN LEARNING.
L.L. Hernandez* and K.L. Watson. Neuroscience Lab., Dom VA Medical Center and Univ 
South Carolina, Columbia, SC 29209.

Low doses of morphine and other depressant drugs promote appetitive Pavlovian 
conditioning of motor activity in rats (e.g., Valentine et al, 1993, Neurosci Abst 19:1026). 
Aversive Pavlovian conditioning of motor inhibition was studied in rats treated with 0.0,
0.3,1.0, 3.0 or 10.0 mg/kg of morphine sulfate (MS), i.p., 15 min before each of 7 training 
sessions. A 20-s tone CS signaled a 500-ms, 0.75 mA grid shock US on each of 5 trials in 
each session. MS (1-3 mg/kg) increased baseline (pre-tone) motor activity (BMA), 
compared to saline, during later sessions of training; this effect strongly resembled that of 
MS to increase BMA during appetitive conditioning. These low doses of MS also promoted 
development of tone-evoked, conditioned motor inhibition (CMI) during later sessions, 
compared to saline; this effect resembled that of MS to promote opposite, tone-evoked 
conditioned motor increases (CMA) during appetitive training. The effect of MS to increase 
BMA, but not CMI, persisted during the first of several extinction sessions that were not 
preceded by MS treatments. This suggests that the increase in BMA was a conditioned 
response to contextual CSs paired with MS, which acted as an appetititve US in the 
aversive training situation. The effect of MS (3 mg/kg) to increase CMI was, however, 
completely reinstated during a final extinction session preceded by MS treatment, similar 
to MS-reinstatement of CMA. These results suggest that the stimulus properties of MS can 
also act as a second-order Pavlovian CS (viz., an occassion-setter) to promote various 
Pavlovian conditioned reflexes in either aversive or appetitive situations.

Supported by the Department of Veterans' Affairs Medical Research Program
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939.1
ORAL DYSKINESIAS AND MORPHOLOGICAL CHANGES IN 
STRIATUM IN RATS DURING LONG-TERM HALOPERIDOL 
TREATMENT. O, A, Andreassen1*, C. K. Meshul2, C. Allen2 and
H. A. Jorgensen3. Depts. of Physiology and Psychiatry - Sandviken Hosp., 
Univ. of Bergen, N-5009 Bergen, Norway. 2Research Service, VA Medical 
Center OHSU, Portland, OR 97201.

The pathophysiologic basis of tardive dyskinesia (TD) remains unclear. It 
has been proposed that TD may be a result of excitotoxic neurodegeneration in 
the striatum caused by a neuroleptic-induced increase in striatal glutamate 
(GLU) release. To investigate this hypothesis, haloperidol decanoate (HAL; 
38 mg/kg every 4 weeks IM) was administered for 20 weeks to female 
Sprague-Dawley rats (n = 68). Control rats received sesame oil IM. Vacuous 
chewing movements (VCM), a putative analogue to human TD, were 
recorded. After 8 weeks, 15 rats with high VCM levels and 15 rats with low 
VCM levels along with control rats were selected. Five brains from each 
group were analyzed for morphological changes at weeks 8 and 18 during 
treatment, and 24 weeks after drug-withdrawal. At week 8, the high VCM 
rats had a significantly larger nerve terminal area and a significantly lower 
density of nerve terminal GLU immunoreactivity than the other groups. After 
18 weeks of treatment, the nerve terminal area was significantly increased 
compared to controls in both the high and low VCM groups. After 
discontinuation of treatment, there were no significant behavioral or 
morphological differences between the groups. These results show that striatal 
GLU transmission is affected during HAL treatment, and indicate that the 
nerve terminal area and the density of nerve terminal GLU immunoreactivity 
may be important in determining the VCM response to HAL treatment. This 
suggests that increased GLU synaptic activity in the striatum may contribute to 
the development of TD. Support: Norwegian Research Council, European 
Commission, Dept. Veterans Affairs Merit Program.

939.2
DOES 8-OH-DPAT IMPROVE THE PROFILE OF HALOPERIDOL IN MODELS 
FOR ANTIPSYCHOTIC AND EXTRAPYRAMIDAL EFFECTS? E. P. M. Prinssen*, 
M. S. Kleven. and W. Koek. Centre de Recherche Pierre Fabre, Castres, France

Interaction studies unequivocally show that 5-HTIA receptor stimulation 
attenuates catalepsy induced by neuroleptics. However, as for antipsychotic-like 
activity, the 5-HT,A agonist 8-OH-DPAT enhances the effects of haloperidol on the 
conditioned avoidance response (Prinssen et al, Psychopharmacology 128, 191, 
1996), but attenuates haloperidol-induced increases in hindlimb retraction time in the 
paw test (Ellenbroek et al., Eur J Neurosci 6, 1, 1994). To explore fiuther these 
interactions, we compared the ability of 8-OH-DPAT (0.01-2.5 mg/kg, SC) to alter 
the effects of haloperidol (0.04-0.63 mg/kg, SC) in models for antipsychotic 
(hindlimb retraction time, methylphenidate test) and extrapyramidal effects (forelimb 
retraction time; bar test and crossed leg position test). In the methylphenidate test 
(e.g., Koek and Colpaert, JPET 267, 181, 1993), haloperidol alone 1) inhibited 
methylphenidate-induced gnawing and 2) normalized other methylphenidate-induced 
behaviors (e.g., sniffing) to the level of saline-treated animals. 8-OH-DPAT inhibited 
methylphenidate-induced gnawing when given alone (estimated ED*,: 0.080 mg/kg), 
but did not interact with haloperidol. 8-OH-DPAT did not normalize behaviors, and 
slightly decreased haloperidol-induced normalization. In the paw test, 8-OH-DPAT 
reversed completely the effects of haloperidol on forelimb retraction time (ED^: 0.14 
mg/kg) but was less effective in reversing the effects of haloperidol on hindlimb 
retraction time (EDM: 0.24 mg/kg), where it produced biphasic effects. Finally, 8-OH- 
DPAT reversed completely haloperidol-induced catalepsy (ED*, bar: 0.083 mg/kg; 
EDy, crossed leg position: 0.035 mg/kg). Together with previous studies, the present 
data suggest that concomittant 5-HT,A agonist properties reduce the extrapyramidal 
effects of dopamine antagonists, whereas therapeutic effects may be less affected. 
Because the outcome of these latter interactions may depend on the model, the 
generality of these interactions remains to be explored.

939.3
STRIATAL ENLARGEMENT IN RAT STRIATUM AFTER CHRONIC 
ANTIPSYCHOTIC TREATMENT. M.H. Chakos, J. Lieberman*. 
O.Shirakawa, H. Lee, C.A. Tamminga. University of North Carolina at 
Chapel Hill, Department of Psychiatry, Box 7160, Chapel Hill, North 
Carolina 27599

Striatal enlargement with chronic neuroleptic treatment in schizophrenic 
patients has been reported by several investigators. Longitudinal 
magnetic resonance studies of patients suggest that changes in striatal 
volume may be caused by treatment with antipsychotic medication. Here 
we have examined the effects of chronic neuroleptic treatment on 
postmortem striatal volume in the laboratory rat and have examined the 
relationship between striatal volumes and vacuous chewing movements 
(VCMs). Autoradiographs of fifty rats treated with haloperidol 
(1.5mg/kg/day) or drug free for varying durations of time (1 month to 12 
months) were utilized in this analysis. Chronic treatment with 
neuroleptics (one month or greater) was associated with larger striatal 
volumes. The increase in striatal volume was present at one month of 
treatment and was sustained to 12 months of treatment, and it was not 
associated with duration of treatment. High VCM rats had larger striatal 
volumes than both drug free and low VCM rats, while low VCM rats had 
larger striatal volumes than drug free rats. These data suggest that 
chronic neuroleptic treatment is the cause of striatal enlargement in the 
laboratory rat, and that this enlargement is most prominent in rats that 
have the high VCM syndrome.
This study was supported by a NARSAD grant to Dr. Miranda Chakos.

939.4
EFFECT OF RISPERIDONE ON CEREBRAL BLOOD VOLUME IN 
HEALTHY HUMAN SUBJECTS DETECTED BY DYNAMIC 
SUSCEPTIBILITY CONTRAST MRI S.M. Babb, M.J. Kaufman, P.F. 
Renshaw*, P.A. Yurgelun-Todd, B.M. Cohen McLean Hospital and 
Harvard Medical School, 115 Mill St., Belmont, MA 02178

Results of dynamic susceptibility contrast magnetic resonance imaging 
(DSCMRI) studies have suggested that cerebral blood volume (CBV) is 
greater in subjects with schizophrenia than in comparison subjects.
While there may be an abnormality in cerebral vasculature in subjects 
with schizophrenia, it is also possible that the observed increase in CBV is 
a consequence of drug treatment. Such changes are especially likely 
with antipsychotic drugs, which have effects on monoamine receptors 
known to participate in the regulation of vascular tone. To test this 
hypothesis, DSCMRI was used to estimate the CBV of medically and 
psychiatrically healthy male volunteers between the ages of 25 and 35 
before and after oral ingestion of placebo and single, acute doses of the 
atypical antipsychotic risperidone. Each subject was studied on four 
separate days and on each study day received one dose of either placebo, 
0.25, 0.5 or 1.0 mg risperidone. Study days were separated by at least 
one week. CBV maps were generated from a single coronal slice. A dose 
related increase in CBV was observed both 2 hours and 4 hours after 
drug treatment. There was no significant difference in CBV between the 
2 hour and 4 hour measurements at any dose. CBV changes in both 
whole slice and single region (thalamus) were studied with similar results 
seen following drug, indicating that the increase in blood volume may be 
a general phenomenon across brain regions. These findings need to be 
replicated with chronic treatment, but may have important implications 
for functional MR and other studies of schizophrenia which rely on 
measures of cerebral blood flow and volume in order to assess regional 
brain activity. (Supported by a NARSAD Established Investigator Award)
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939.5
A ONE-YEAR RANDOMIZED TRIAL OF CLOZAPINE VS. USUAL CARE IN 
PATIENTS WITH A HISTORY OF MIXED MANIA. T. Suppes*, A.J, Rush, A. 
Webb, T. Carmody, and H. Kraemer. Dept. of Psychiatry, University of 
Texas Southwestern Medical Center, Dallas, TX 75235.

Patients with severe, persistent bipolar I or schizoaffective disorder, bipolar 
type (i.e. symptoms despite lithium [> 0.8 mEq/L] combined with an anticon-
vulsant at therapeutic levels and, if psychotic, a neuroleptic chlorpromazine > 
500 mg or equivalent) entered a randomized trial of either “treatment-as- 
usual” (TAU) or clozapine for one year. TAU allowed any medication except 
clozapine; clozapine patients received clozapine plus any medication. 
Twenty-five women and 16 men were randomized. Two patients did not 
return for their first visit and are excluded from the analysis. The majority of 
patients were bipolar I (72%). Patients were age 22 at first treatment and 25 
years old at first hospitalization using median values, and current median age 
was 38 years. Patients were evaluated monthly using clinical symptom 
scales: BPRS (18-item), HRS-D (24-item), the Bech-Rafaelsen Mania Scale 
(BRMS), the CGI, and a 40-item side effects check list. Regression analysis 
was used to develop slope estimates for each individual, and the means 
compared between treatment groups. The BPRS (p=0.009), BRMS 
(p=0,019), and CGI (p=0.015), all showed a significant difference over one 
year. The HRS-D (p=0.061) showed a trend towards significance.

These results support in a randomized, though open, clinical trial of 
naturalistic design that clozapine provided a sustained improvement in these 
severely ill bipolar patients. Importantly, significant improvement occurred 
within six months and was sustained over the next six months.

Supported by NARSAD (TS), Lattner Foundation (TS), NIMH K21 
MH01221 (TS), Mental Health Connections at UTSWMC, a Sandoz donation 
of medication, MH41115 and MH53799 (TC).

939.6
THE DOPAMINE D3 ANTAGONIST, PNU-99194A, PRODUCES A 
DISCRIMINABLE, RECEPTOR-SELECTIVE DRUG STIMULUS. S.R. 
Franklin* and K.A. Svensson. CNS Diseases Res., Pharmacia & Upjohn, 
Inc, Kalamazoo, MI 49001.

PNU-99194A is a dopamine antagonist with greater than 30-fold 
selectivity for D3 over D2 receptors. Selective D3 antagonists have been 
proposed to be of possible utility as antipsychotics, devoid of extrapyramidal 
symptoms. We wished to investigate the behavioral cueing properties of D3 
antagonists, especially in view of the difficulty in demonstrating such 
effects with traditional neuroleptics of the D2-preferring type. Rats were 
trained to select one of two levers based upon interoceptive cues produced 
by previous injection of either vehicle or 10 mg/kg PNU-99194A. A mean 
of 40 training sessions was required to meet criterion choice performance. 
In subsequent non-differentially reinforced test sessions, a straight-line log- 
dose generalization curve was obtained with PNU-99194A. PNU-99194A 
tended to increase response rate at doses below the training dose, and 
reduce responding at 32 mg/kg. The moderately D3-selective antagonists, 
(-)-DS-121 and AJ-76, both supported PNU-99194A-appropriate lever choice, 
while neither haloperidol nor sulpiride engendered such choice. Various 
dopamine agonists failed to produce PNU-99194A lever choice 
(apomorphine, d-amphetamine, SKF-38393, pramipexole, PNU-95666E), 
while all reduced food-getting behavior. We conclude that D3 antagonists 
produce a discriminable interoceptive cue which is specific to their class.

939.7
EFFECTS OF TYPICAL AND ATYPICAL ANTIPSYCHOTICS ON SELF-
STIMULATION OF THE RAT PREFRONTAL CORTEX. H. Chaatouf, M.I.R, 
Montes and J.M.R. Ferrer*. Dept. Physiol., Granada University, Sch. of Med., 
Granada, E 18012, Spain.

Antipsychotic drugs have been classified as typical (TAD) or atypical (AAD) on 
the basis of differing biochemical and clinical properties (Psychopharmacology, 
124:2-34, 1996). These drugs have also been distinguished by their behavioural 
effects. Thus, TAD characteristically induce response decrement patterns in 
operant behaviors whereas AAD do not (J. Pharmacol. Exp. Ther., 272:708-713, 
1995). In previous studies we showed that TAD selectively decreased the overall 
rate of intracranial self-stimulation (ICSS) in the medial prefrontal cortex 
(MPFC) of the rat, but the temporal pattern of the response was not studied 
(Pharmacol. Biochem. Behav., 19:211-217, 1983; Ear. J. Pharmacol., 242: 205- 
208, 1993). The present study investigated wether several TAD and AAD give 
rise to within-session response decrements on ICSS of the rat MPFC. Rats were 
trained to lever press for MPFC-self-stimulation and responding was recorded 
during each 3-min period of the 15-min sessions. Intraperitoneal administration 
of TAD (haloperidol 0.05, 0.1 and 0.2 mg/kg, pimozide 0.2, .03, 0.4 mg/kg) and 
AAD (clozapine 2.5, 5, 10 mg/kg, risperidone 0.1, 0.2, 0.4 mg/kg and setoperone 
0.125, 0.25, 0.5 mg/kg) were performed. Dose-related decreases in overall ICSS 
rates were produced by all the drugs studied. However, within-session response 
decrements were found only for haloperidol and pimozide but were not observed 
for clozapine, setoperone and risperidone. As previously reported for other 
operant behaviors, the present results show similar differential effects of TAD and 
AAD on ICSS of the MPFC.

Supported by grants from the Junta de Andalucia and DGICYT (PB94-0766)

939.8
COMPARISON OF TYPICAL AND ATYPICAL NEUROLEPTICS 
AND REFERENCE DRUGS ON RATS' TONGUE DYMANICS 
DURING LICKING. S.C. Fowler*, J. Blosser, C. 
Hayes, E. Skitek, and G. Wang. Dept. of Human 
Development and Dept. of Pharmacology and 
Toxicology, Univ. of Kansas, Lawrence, KS 66045.

A previous report (Psychopharmacology, 1996, 
123:374-378) indicated that, when acutely 
administered, the atypical antipsychotic drugs, 
olanzapine and clozapine, slowed rats' lick 
rhythm, but the typical neuroleptic haloperidol 
did not. In order to understand better these 
observed differences, dose effects of additional 
antipsychotics and selected reference compounds 
were obtained. Relatively low-dose ranges of 
SCH23390, raclopride, risperidone, sertindole, 
ritanserin, ketanserin, and prazosin were 
studied in the lick-force-rhythm paradigm. All 
drugs, except ritanserin and ketanserin, reduced 
the total amount of licking, and all drugs 
decreased tongue force. The greatest reductions 
in lick rhythm were produced by olanzapine, 
clozapine, sertindole, and prazosin, a result 
implicating alpha noradrenergic effects in the 
modulation of lick rhythm. Modest but reliable 
rhythm slowing by ketanserin also suggested a 
role for serotonin receptors. Supported by 
MH43429.

939.9
ACTIONS OF THREE ANTIPSYCHOTIC AGENTS ON PREPULSE 
INHIBITION, STARTLE, ACTIVITY, AND BODY TEMPERATURE IN C57BL/6J 
AND AKR/J MICE. R. Pavlor*, M Libbev, D. Pickar and J.N. Crawley. Section 
on Behavioral Neuropharmacology, National Institute of Mental Health, 
Bethesda, MD 80279.

Prepulse inhibition (PPI) is the normal suppression of a startle response 
when the startle stimulus is preceded by a weak prepulse stimulus. Patients 
with neuropsychiatric disorders, including schizophrenia, have impaired PPI. 
Our laboratory has identified “low PPI responding” and “high PPI responding” 
inbred strains of mice. This study examined the effects of known 
antipsychotic agents on PPI in the “low PPI responding” C57BL/6J (B6) and 
the “high PPI responding” AKR/J (AK) strains of mice. The effects of the 
antipsychotics on acoustic startle, body temperature and open-field activity 
were also determined.

With low prepulse sounds (74 arid 78 dB) clozapine (0.0 - 5.0 mg/kg) 
increased levels of PPI in the AK strain, but not the B6 strain. Clozapine 
reduced the startle amplitude, activity, and body temperature in both strains of 
mice at these doses. B6 mice appeared to be more sensitive to the effects of 
clozapine on activity and temperature than AK mice. Haloperidol (0.0 - 0.25 
mg/kg) did not affect startle, PPI, or body temperature in AK or B6 mice. 
However, haloperidol reduced activity in both strains of mice. Olanzapine 
(0.0 - 2.5 mg/kg) did not increase PPI in AK or B6 mice, but reduced startle, 
body temperature and activity in both strains of mice.

These results indicate that the behavioral effects of antipsychotic drugs in 
mice depend upon several factors, including the strain, the behavioral 
measure, the dose, and the class of antipsychotic drug administered. 
Differential effects of antipsychotic treatments in two inbred strain of mice 
suggest that there are genetic contributions to some of the complex actions of 
antipsychotic drugs.

Supported by the IRP of the NIMH.

939.10
DISRUPTION OF PREPULSE INHIBITION BY AN ALPHA 1 
ADRENERGIC AGONIST. B.S. Carasso, V.P. Bakshi, R. Kucxcnski* 
and M.A. Geyer. Depts. of Psychiatry and Neuroscience, UCSD, La 
Jolla, CA 92093.

Presentation of a weak stimulus immediately prior to an intense 
startling stimulus attenuates the magnitude of the response to the 
startling stimulus. This phenomenon, termed prcpulsc inhibition (PPI), 
is an operational measure of sensorimotor gating, and is deficient in 
schizophrenia patients as well as in animals that have been treated with 
psychotomimetic compounds such as phencyclidine (PCP). Previous 
studies have demonstrated that the disruption in PPI produced by PCP is 
prevented by the selective alpha 1 adrenergic antagonist, prazosin. The 
purpose of the present investigation was to determine if alpha 1 
adrenergic agonists would disrupt PPL Separate groups of rats were 
pretreated with cither vehicle or prazosin (1.0 mg/kg, intraperitoneally), 
treated with the alpha 1 agonist cirazolinc (0 or 0.6 mg/kg, 
intraperitoneally), and then tested in startle chambers. The test session 
consisted of presentations of a 120 dB “pulse” (the primary startling 
stimulus) cither alone or preceded by non-startling “prcpulscs” that were 
3, 6, or 12 dB above the background noise (65 dB). Cirazolinc produced 
a robust decrease in PPI at all three prcpulsc intensities. Prazosin had no 
effects on PPI by itself, but completely blocked the deficit in PPI 
produced by cirazolinc. All effects were independent of changes in 
baseline startle reactivity. These results indicate that alpha 1 
adrenoceptors may play an important role in the regulation of 
sensorimotor gating, as assessed by PPL

Supported by grant number R37-MH42228
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939.11
SEROQUEL ANTAGONIZES DEFICITS IN PREPULSE INHIBITION 
PRODUCED BY INTRACEREBRAL DIZOCILPINE INFUSION. V.P, Bakshi* 
and M.A. Geyer. Dept. of Neuroscience, UCSD, La Jolla, CA 92093.

Phencyclidine (PCP) and dizocilpine (DZ) are psychotomimetic 
noncompetitive NMDA antagonists that disrupt prepulse inhibition (PPI), an 
operational measure of sensorimotor gating that is deficient in schizophrenia 
patients. PPI refers to a reduction in the startle response produced by 
presentation of a weak prestimulus immediately prior to an intense startling 
stimulus. Previous studies have demonstrated that infusion of DZ into the 
amygdala (AM), but not certain other forebrain regions, disrupts PPI and that 
deficits in PPI produced by systemic administration of DZ are antagonized only 
by atypical antipsychotics (AA). The purpose of the present investigation was to 
further characterize the neuroanatomical substrates for the interaction between 
noncompetitive NMDA antagonists and AAs by evaluating the ability of 
Scroquel to prevent deficits in PPI produced by intacranial administration of DZ. 
Separate groups of rats were pretreated with Scroquel (0 or 5.0 mg/kg, 
subcutaneously), given bilateral infusions of DZ (0 or 6.25 (ig/0.5 (J.1) into AM, 
and then tested in startle chambers. The test session consisted of presentations of 
a 120 dB pulse (primary startling stimulus) either alone or immediately preceded 
by non-startling prcpulses that were 3,6, or 12 dB above background noise (65 
dB). DZ markedly reduced PPI following administration into AM. Seroquel had 
no effect on PPI by itself, but blocked the disruption of PPI produced by DZ 
infusion. These results indicate that the profile of PPI deficits produced by 
infusion of DZ into AM mimics that seen with systemic administration of 
noncompetitive NMDA antagonists. The AM may thus be one site involved in 
the interaction between noncompetitive NMDA antagonists and AAs.

Supported by grant number R37-MH42228

939.12
REVERSAL OF A DEFICIT IN PREPULSE INHIBITION OF THE STARTLE 
REFLEX SHOWN BY WISTAR RATS: LACK OF PREDICTIVE VALIDITY 
FOR DETECTING ANTIPSYCHOTIC ACTIVITY. R, Depoortere*, Gh, 
Perrault and D, J. Sanger. Synthelabo Recherche, 31 Ave Paul Vaillant- 
Couturier, 92220 Bagneux, France.

In a previous study using Sprague-Dawley rats (Depoortere et al., in press 
in Psychopharmacology), we showed that the antipsychotics clozapine and 
haloperidol, but also the alpha 1 adrenoceptor antagonist prazosin, robustly 
and dose-dependently potentiated prepulse inhibition (PPI) of the startle 
reflex. In contrast, the antipsychotics risperidone, amisulpride, raclopride and 
remoxipride were inactive. The false positive (prazosin) and the four false 
negatives led us to conclude that this PPI-enhancing procedure had poor 
predictive validity as a screening tool for potential antipsychotic activity.

In the present study, we used Wistar rats, which under the same protocol as 
that used for Sprague-Dawley rats (startle pulses of 120 dB preceded by 
prepulses of intensities 2,9 and 15 dB above background noise of 65 dB), do 
not show PPI. We examined the ability of six antipsychotics, given ip, to 
reverse this PPI deficit. Clozapine, olanzapine (5 - 20 mg/kg for both) and 
sertindole (1-10 mg/kg) reversed this deficiency of PPI (ie induced PPI). In 
contrast, risperidone, haloperidol (0.1 - 1 mg/kg for both) and remoxipride (1

10 mg/kg) were inactive. The negative results with three clinically active 
antipsychotics indicate that reversal of this PPI deficit in Wistar rats has poor 
predictive validity to screen for potential antipsychotic activity. To attempt to 
investigate the mechanism that underlies the reversing effect of clozapine, 
olanzapine and sertindole, we tested the ability of prazosin (3 - 20 mg/kg), the 
dopamine D, receptor antagonist SCH 23390 (0.01 - 0.1 mg/kg) and the 5-HT2 
antagonist ritanserin (0.3-3 mg/kg) to reverse this PPI deficit. Negative 
results with these three drugs did not allow us to characterize the receptor(s) 
that might be implicated in the reversal of this type of PPI deficit.

939.13
EFFECTS OF DOPAMINE (DA) D4 ANTAGONISTS ON PREPULSE INHIBITION 
OF ACOUSTIC STARTLE AND AMPHETAMINE-STIMULATED LOCOMOTION 
IN RATS. A-E. Corbin* and T.G. Heffner, Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research Division, Warner-Lambert Company, Ann Arbor, MI 48105.

Discovery of the dopamine (DA) D4 receptor subtype has stimulated considerable 
interest in the potential antipsychotic utility of antagonists of this site given its high 
sequence homology with the DA D2 receptor and greater relative D4 vs. D2 affinity of 
the atypical antipsychotic, clozapine. It is speculated that a D4 receptor antagonist may 
not produce the undesirable motor side effects associated with current antipsychotic 
agents due to the preferential localization in non-striatal brain regions. A specific 
functional role for D4 receptors remains unclear, and there have been several reports on 
effects of such agents in antipsychotic models. The aim of these studies was to 
investigate the antipsychotic potential of D4 antagonists and compare their profile with 
those of known D2 antagonist antipsychotics. Clozapine and its close analog, olanzapine, 
reversed apomorphine-induced disruption of prepulse inhibition of acoustic startle in 
rats, like the typical DA antagonist antipsychotic haloperidol. Additionally, clozapine, 
olanzapine and haloperidol all reduced amphetamine-stimulated locomotion in rats, 
effects associated with DA receptor blockade and antipsychotic activity. The selective 
D4 antagonist PD 167021, a compound disclosed by Neurogen, reversed amphetamine- 
stimulated locomotion and apomorphine-induced disruption of prepulse inhibition of 
acoustic startle. The Merck D4 antagonist L-745,870 potently reversed amphetamine- 
stimulated locomotion, yet was ineffective against apomorphine in the startle paradigm. 
Certain novel and selective DA D4 antagonists synthesized at Parke-Davis have shown 
activity in the models described above. However, no DA D4 antagonist has yet shown 
significant activity in the Sidman conditioned avoidance paradigm in monkeys. Thus, 
these D4 antagonists appear to show some, but not all, of the preclinical effects of 
antipsychotic agents. Additional compounds need to be studied to determine which of 
these effects are due to antagonism of DA D4 receptors. Supported by Warner-Lambert.

939.14
SPONTANEOUS AND INDUCED HIGH VOLTAGE SPINDLES IN THE EEG 
OF CHRONICALLY HALOPERIDOL TREATED RATS. J. A. Zackheim, C. 
Tamminga. E, D, Abercrombie and G. Buzsaki. Center for Mol. and Behav. 
Neurosci., Rutgers Univ. Newark, NJ 07102.

The expression of generalized 7-8 Hz high voltage spike-and-wave spindles (HVS) 
in rats is genetically determined and subject to modulation by monoamine 
neurotransmitters. HVS are due to synchronous oscillatory thalamic discharges, 
amplified by intra-cortical mechanisms. Inhibitory thalamic afferents can be 
considered burst (HVS) promoting in this model. Thus, the GABAergic projection 
from basal ganglia output structures may promote thalamic bursting and thereby 
facilitate the synchronization of thalamo-cortical activity.1 The spontaneous 
incidence of HVS activity was assessed in adult male Sprague-Dawley rats treated 
with haloperidol (1.5 mg/kg/day in drinking water) for 6 months. Bilateral epidural 
electrodes were used to monitor the cortical EEG. The average fractional duration of 
HVS activity during immobility in the treated rats was 3.6% compared to 2% in age- 
matched controls. Acute administration of haloperidol (0.5 mg/kg i.p.) did not 
increase the incidence of HVS in either control or treated rats, irrespective of 
whether HVS activity was present before drug administration. However a higher 
dose of haloperidol (2.0 mg/kg i.p) increased the incidence of HVS in the treated rats 
(79% increase) but did not do so in the control rats. These results suggest that there 
is an increased susceptibility to the induction of HVS in chronically haloperidol 
treated rats. One possible substrate for this treatment effect might involve increases 
in GAB A-A and decreases dopamine DI receptor binding in the nigro-thalamic 
GABAergic neurons of the substantia nigra pars reticulata.2 The observed alterations 
in HVS susceptibility in treated rats may be relevant to the propensity of typical 
neuroleptics such as haloperidol to produce unwanted extrapyramidal side effects. 
This hypothesis can be empirically tested by analysis of the neurochemical changes 
that occur after chronic haloperidol treatment. Supported by USPHS grant DA08086 (E D A.)
1 Buzsaki, G., Smith. A., Berger, S„ Fisher, L. J. & Gage, F. H. Neuroscience 36(1), 1-14 (1990)
2 Shirakawa, O. & Tamminga, C. Exper. Neurology 127, 62-9 (1994).
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940.1
SIMILAR RESULTS FOR PHYSICAL VS. CHEMICAL SEIZURE INDUCTION 
IN CONGENIC MOUSE STRAINS FOR EPILEPSY. M. E. Legare, F, S, Bartlett 
III and W, N. Frankel*. The Jackson Laboratory, Bar Harbor, ME 04609

The EL/Suz and SWXL-4 mouse models have genetic predisposition for seizure 
and thus allow for the study of well-defined epileptic phenomena. Quantitative trait 
locus (QTL) mapping in intercrosses and backcrosses of EL/Suz and SWXL-4 with 
the strains DDY/Jcl or ABP/Le using the 'gentle tossing' seizure method to induce 
seizures, have identified multiple seizure frequency QTL on different chromosomes. 
Simplification of the genetic determinants of the models has been done by the use of 
congenic strains created by selective breeding of high seizure alleles of EL or SWXL- 
4 donor strains onto an ABP recipient, using DNA flanking markers. In addition, 
low seizure alleles for selected QTLs have been bred onto the EL background. These 
congenic strain constructions allow for more specific examination of the biological 
effects of loci that regulate or respond to seizures and potentially more precise 
chromosomal mapping of the underlying gene(s). Previously for the QTL called E12 
we found that a congenic strain constructed with the high (EL) susceptibility allele 
bred to a low (ABP) background inherits a major portion of the epilepsy 
susceptibility from the parental EL strain. Here we report that a reciprocal congenic 
strain (low, ABP, allele bred onto the high, EL, background) has a greatly reduced 
seizure frequency compared to that of EL. In addition, we have compared data 
obtained from physical stimulation with those obtained from pentylenetetrazole 
(PTZ) testing of multiple EL and SWXL-4 - derived congenic strains. In particular, 
although there are some differences including effects of gender, congenics for E12 
demonstrate a pattern of PTZ-seizure susceptibility similar to that obtained by 
physical stimulation. We conclude that QTLs initially mapped following physical 
means of seizure induction, such as the gentle tossing method, can represent good 
general models for epilepsy.

(Supported by grant NS31348 and a Klingenstein Fellowship to WNF.)

940.2
Anatomic distribution of GABAB receptor mRNA in lethargic (lh/lh) model of 
absence seizures. D, A. Hosford'1. F-H.Lin1, B. Settler2. K. Kaupmann2, Y.Wane1. 
IDiv Nsurology/Dept Neurobiology, Duke & Durham VA Med Cntrs, Durham, NC 
27705; Novartis AG Basel Switzerland.

The lh/lh mutant mouse is a validated model of absence epilepsy. In earlier 
studies using lh/lh mice we showed: i) that GABAb receptor activation is critical to 
absence seizures; and ii) significant elevation in GABAB receptor binding in neuronal 
populations of the thalamocortical network which generates absence seizures. Recent 
cloning of the GABAb  receptor (K. Kaupmann et al., Nature, 1997) has permitted us 
to further explore the role of GABAb  receptors in absence seizures.

In this study 33P -radiolabelled antisense and sense GABAb receptor Rla 
riboprobes (435 nuc) were prepared and hybridized to adjacent brain sections prepared 
from 8-week-old male lh/lh and nonepileptic (+/+) littermates (n = 6 pairs). OD 
measurements from autoradiograms were analyzed (Image-1) using standards to convert 
measurements to units of attomol/mm2. Specific hybridization was calculated by 
subtracting sense from antisense values.

The anatomic distribution of GABAb  receptor mRNA in mice was similar to 
that in rat brain (Kaupmann et al., 1997). GABAb receptor mRNA expression was 
significantly elevated (20 - 50%) in lh/lh compared to +/+ mice (e.g. ventrobasal 
thalamic nucleus: 1.2 ±0.1 attomol/mm2 [lh/lh], vs. 0.9 ±0.1 [+/+], p < .05). The 
anatomic distribution of GAB AB receptor mRNA correlated tightly with that of Cchb4, 
the [54 subunit of voltage-dependent calcium channels (see abst., F-H. Lin et al.).

The significant elevation in GABAb  receptor mRNA in neuronal populations 
of lh/lh mice correlates with our previous reports of elevated GAB Ab  receptor binding. 
It will be important to decipher the tight correlation in anatomic distribution of GAB Ag 
receptors, which are required for absence seizures in lh/lh mice, and Cchb4, which is 
mutated in lh/lh mice (Burgess et al., Cell 88: 1-8,1997). [Supported by NINDS, VA, 
Klingenstein Foundation (DAH ), and Novartis AG (KK, BB).]
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940.3
Expression of voltage-dependent calcium channel fi* subunit (Cchb4) mRNA in the 
lethargic (Ih/lh) mouse model of absence seizures. F-H.Lin’.Y.Wang. D.A. Hosford. 
Div Neurology&Dept Neurobiology, Duke/Durham VA Med Ctrs, Durham, NC 27705.

Studies in Ih/lh mutant mice and other models of absence epilepsy have 
identified: i) a thalamocortical network which generates absence seizures; and ii) 
intrinsic molecular mechanisms that regulate absence seizures (e.g. T-type calcium 
channels, GABAb  receptors). Recently mutations were identified in the gene encoding 
Cchb4 in Ih/lh mice (Burgess et al., Cell 88: 1-8, 1997). To begin elucidating 
mechanisms that may link aberrant function of Cchb4 to absence seizures, we used in 
situ hybridization techniques to examine the anatomic distribution of Cchb4 mRNA in 
neuronal populations of 8-week-old male Ih/lh and nonepileptic (+/+) littermates.

Using RT-PCR, we constructed antisense and sense 3 P-labelled riboprobes for 
Cchb4 (nuc. 1277-1760); hybridized them to adjacent sections from Ih/lh and +/+ mice 
(n = 7 pairs). Autoradiograms were digitized and analyzed (Image-1), and OD 
measurements were converted to units of attomol/mm2 using standards on each film. 
Specific hybridization was calculated by subtracting sense from antisense values.

Cchb4 mRNA expression was significantly reduced (30 - 70%) in all neuronal 
populations of Ih/lh compared to +/+ mice (e.g. frontal neocortex: 0.5 ±0.1 
attomoi/mm2 [Ih/lh] vs. 1.9 ± 0.2 [+/+], p < .001; ventrobasal thalamic nucleus: 0.5 ± 
0.1 [Ih/lh] vs. 0.9 ±0.1 [+/+], p = 0.5). The anatomic distribution of Cchb4 mRNA 
correlated tightly with that of GABAb  receptor mRNA (see abst., D. Hosford et al.).

The reduced Cchb4 mRNA expression in Ih/lh mice is consistent with that 
reported (Burgess el al.,1997), and may explain reduced 45Ca+2 uptake in synaptosomes 
prepared from thalamic and neocortical synaptosomes of Ih/lh mice (Lin et al., J. 
Neuroehem. 65: 2087-2095, 1995). It will be important to elucidate the link between 
Cchb4 function and absence seizures in the thalamocortical network, and to decipher 
the intriguing correlation between expression of Cchb4 and GABAb  receptors in Ih/lh 
mice. (Supported by NINDS, VA, Klingenstein Foundation to DAH)

940.4
THE HUMAN HOMOLOGUE OF THE EPILEPSY ASSOCIATED MOUSE 
GENE JERKY IS-RELATED TO TIGGER I TRANSPOSON: ACQUISITION OF 
FUNCTION BY TRANSPOSABLE ELEMENTS. M. Toth* and G. P. Donovan 
Department of Pharmacology, Cornell Univ. Medical College, NY, NY 10021.

Jerky mice show seizures due to the inactivation of the jerky gene. We have 
determined the sequence of the human homologue of jerky and shown that it is 
similar to that of the human transposon Tigger 1. Tigger 1 is related to the 
Drosophila transposon pogo and both genes contain two open reading frames 
(ORFs) enclosed between two terminal inverted repeats (TIRs). Jerky consists of 
one uninterrupted ORF that overlaps both ORFs in the transposons. Jerky sequence 
includes the D,D35E catalytic domain of the transposase/integrase of 
retro transposons. TIRs can be recognized upstream and downstream of the jerky 
coding region further supporting the transposon origin of jerky. Since jerky is 
present in both the mouse and human genomes while Tigger is found only in the 
human genome, jerky is not derived from Tigger. Rather, pogo-like transposons 
could have invaded the mammalian genome resulting in jerky and Tigger 1. This 
notion is supported by the fact that jerky is more similar to pogo than to Tigger. 
Another similar feature of jerky and pogo is the conservation of CpG dinucleotides 
in their sequences, especially at the N termini. CpG dinucleotides are often 
methylated at the cytosine residues in mammals, and methylated CpGs are prone for 
mutation. Active genes escape methylation, and thereby retain CpGs. Clusters of 
these CpGs can be recognized as CpG islands in the genome. The presence of a 
CpG island in jerky indicates that the integrated transposon sequence retained its 
activity throughout evolution. In contrast, CpG dinucleotides were selectively lost 
from Tigger implicating extensive methylation and inactivation following 
transposition. Mapping localized the jerky gene on human chromosome 8q24.3, 
indicating a single transposition event. In contrast, Tigger exists in more than 100 
copies in the human genome, which suggests multiple integrations. However, these 
copies are inactive and functionally irrelevant. The presence of DNA transposon 
sequences in jerky indicates the acquisition of a function via transposon integration. 
Supported by NIH NS34151.

940.5
DIHYDROPYRIDINES POTENTLY BLOCK THE PAROXYSMAL 
CONVULSIONS OF TOTTERING MUTANT MICE. D.B. Campbell* and ET 
Hess. Department of Neuroscience & Anatomy, The Pennsylvania State University 
College of Medicine, Hershey, PA 17033.

The neurological mouse mutation tottering (gene symbol: tg) causes ataxia, spike 
and wave discharges, and paroxysmal convulsions. The convulsions occur 
spontaneously but can be reliably induced by mild stress, making these paroxysmal 
episodes amenable to controlled experimentation. Adult tottering mutant mice (3- 
12 months of age; n=5 for each drug) were allowed to acclimate to the test room for 
at least 4 hours and then injected with vehicle, 0.5, 1, 5, 10, or 20 mg/kg 
nimodipine, nifedipine, or nitrendipine on five separate days. Thirty minutes after 
the injection the mice were restraint-stressed for 10 mins, released into a novel cage 
for 30 mins, then returned to the home cage. The mice were observed for 
convulsions from the time of injection until 10 mins after return to the home cage.

The dihydropyridines nimodipine, nifedipine and nitrendipine-all potently blocked 
tottering paroxysmal convulsions, reducing the occurrence of convulsions from 70- 
90% after vehicle injection to less than 10% after injection of 10 mg/kg drug. 
Nimodipine was more potent than nifedipine and nitrendipine, significantly 
reducing the frequency of convulsions at 1 mg/kg. The molecular basis of the 
tottering mutant phenotypes was recently identified as a point mutation within the 
calcium channel ajA subunit, the pore-forming protein of P/Q-type calcium 
channels. These results are paradoxical because dihydropyridines block L-type 
calcium channels, not the P/Q-type channels directly altered by the tottering 
mutation. These data suggest that the tottering mutation indirectly affects the 
expression and/or function of L-type calcium channels and that the misregulation of 
L-type calcium channels may be the underlying cause of the tottering mutant 
phenotypes. Supported by PHS NS33592 and fellowships from the Klingenstein 
Foundation and the Epilepsy Foundation of America.

940.6
EFFECTS OF GABA„ ANTAGONIST CGP-35348 AND HUMAN 
ANTI-EPILEPTIC DRUGS ON SPONTANEOUS AND CHEMI-
CALLY-INDUCED ABSENCE-LIKE SDW’S IN FISCHER-344 
RATS. G.P. Ritchie,* J. Rossi III, A.F. Nordholm, M.B. Hulme, C.Y. 

Ademujohn'and J. Cassell. Naval Medical Research Institute Detachment- 
Toxicology and Geo-Centers, Inc.' Wright-Patterson AFB, OH. 
45433-7903

Twenty-four (24) adult, male Fischer-344 rats were implanted with dural 
tripolar electrodes, then evaluated for frequency and duration of 
absence-like SWDs: (1) occurring spontaneously with vehicle; (2) 
following IP injection with trimethylolpropane phosphate (TMPP, 0.25 
mg/kg; and (3) following IP injection with CGP-35348 (200 mg/kg) and/or 
one of four human anti-epilepsy drugs. It was shown, in young adult 
animals, that both spontaneous and chemically-induced SWDs were 
virtually eliminated by pretreatment with ethosuximide (ETH) or diazepam 
(DIAZ), and were either unchanged or significantly exacerbated by 
pretreatment with phenobarbital (PHEN) or valproic acid (VPA). In older 
rats, with higher rates of spontaneous paroxysms, treatment of rats with the 
GABAB antagonist CGP-35348 effectively reduced the duration but not 
frequency of spontaneous paroxysms. Combinations of CGP-35348 and 
ETH greatly reduced duration and frequency of chemically-induced SWDs; 
CGP-35348 & DIAZ or VPA was less effective; and combinations of 
CGP-35348 & PHEN increased SWDs. Funding Source: Naval Medical 
Research and Development Command (NMDRC) [Work Unit .1516]

940.7
PRESYNAPTIC RELEASE OF GABA IN CEREBRAL CORTEX IN THE 
y-HYDROXYBUTYRATE MCjDEL OF ABSENCE SEIZURES. R.Q. Hu, P.K. 
Baneriee, and O.C. Snead III. Div. Neurology and Epilepsy Research Program, 
Hospital, for Sick Children, Univ. Toronto, Toronto, ON M5G 1X8

y-Hydroxybutyric acid (GHB) has the ability to induce absence-like 
seizures in animals. It is hypothesized that thalamocortical circuitry is 
involved in the GHB model of absence because GHB-induced bilaterally 
synchronous spike-wave discharges can be recorded from thalamus and 
cortex, but not other brain regions. Previously we have demonstrated that 
both basal and K+-evoked GABA release were reduced in thalamus during 
absence seizures in the GHB model (Banerjee & Snead, J. Pharm. Exp. 
Ther. 1995;273:1534). However, to date, there are no comparable data 
available relating to presynaptic GABA release in cortex in the GHB model. 
The present study was designed to examine this question.

The basal and K+-evoked extracellular output of endogenous GABA was 
characterized in the superficial cortical laminae of freely moving and behaving 
rats during the course of absence seizures induced by GHB.
y-butyrolactone (GBL), the pro drug of GHB, was administered i.p. (100 
mg/kg) and the infusate collection was performed via microdialysis probes. 
Seizure onset was within 5 min. of GBL administration. The basal level of 
GABA release was 11.6+3.9 pmol/pl (n=7). Basal GABA release was 
decreased by 32% within 5 min. of GBL administration, about the time of 
seizure onset. The % decrease was most pronounced at 40 - 50 min. after 
GBL administration ranging from 43-64% during this time (P<0.05).

Absence seizures are postulated to result from perturbation in the 
oscillatory activity of a three neuron circuit involving thalamocortical 
(glutamatergic), corticothalamic (glutamatergic), and nucleus reticularis thalami 
(NRT) (GABAergic) neurons. (Snead, Ann Neurol 1995;37:146). The current 
data suggest that GABAergic interneurons in laminae l-lll of cerebral cortex 
also may play a role in the pathogenesis of absence seizures.

940.8
ABSENCE-LIKE SEIZURES INDUCED BY y-HYDROXYBUTYRIC ACID (GHB) 
CAUSE AN INCREASE IN GABAA RECEPTOR al SUBUNIT mRNA IN 
THALAMIC RELAY NUCLEI. P.K.Banerjee*1. R.W.Olsen2-3'4. A.J.Tobin2^4-5-6 
and O.C. Snead1. ’Div. of Neurology and Epilepsy Research Program, Hospital for 
Sick Children,Toronto; Depts. of 2Pharmacology, 3Mol. Biol. Inst., 4Brain Res. 
Inst., 5Neurology, and 6hysiol. Sci., UCLA.

We have reported earlier that absence-like seizures induced by GHB cause marked 
decrease in GABAA receptor (GABA-R) a4-subunit mRNA levels in thalamic relay 
nuclei. This decrease in a4 mRNA level occurred when the GHB-seizures were 
terminating, and was selective to a4 subunit only, as no significant change in the 
mRNA levels of either GABA-R (32 subunit (in the relay nuclei) or GADg7 (in the 
reticular nucleus of thalamus) was observed after GHB-seizures (Banerjee et. al, Soc. 
Neurosci. Abstr., 22: 815, 1996). The most common subunits that form GABA-R in 
various mammalian brain regions are al[32y2. In the thalamic relay nuclei, y2 
subunit is not well expressed, but a4 and § subunits are abundant. Therefore, it is 
believed that combinations of al,a4, (32 and 8 subunits form the functional GABA- 
Rs in thalamic relay nuclei. In the present study, we determined the expression of 
GABA-R al subunit mRNA in the thalamic relay nuclei during the course of GHB- 
induced generalized absence seizures in rats. Absence-like seizures were induced in rats 
by systemic administration of y-butyrolactone (100 mg/kg, i.p.), the prodrug of GHB. 
In situ hybridization with 35S-labeled cRNA probes was used to measure the 
expression of GABA-R al mRNA levels. We found that GABA-R al-mRNA levels 
in thalamic relay nuclei did not change during the course of GHB-seizures. However, 
when the seizures were terminating (between 2-4 h after the onset of seizures), al 
mRNA levels increased significantly in these nuclei. This increase in al mRNA 
persisted until 6-12 h, and returned to normal between 12-24 h after the onset of 
seizures. These results suggest that absence-like seizures induce rapid alteration in 
GABA-R subunit gene expression in thalamus. It is suspected that absence seizure- 
induced changes in GABA-R subunit mRNAs, e.g., from a4 to al, may play a role 
in the cessation of seizure activity.

Society  for  Neuroscience , Volume  23,1997



THURSDAY AM EPILEPSY: BASIC MECHANISMS VI 2419

940.9
CYSTATIN B - A GENE RESPONSIBLE FOR HUMAN PROGRESSIVE 
MYOCLONUS EPILEPSY IS REGULATED BY NEURONAL ACTIVITY IN THE 
RAT BRAIN. M. Reeben*1, E. D’Amato2, A. Laurikainen1, J. Hiltunen1, A. de la 
Chapelle2, A.-E, Lehesioki2, M. Saarma1. ’inst. of Biotechnology, and 2Dept. of 
Medical Genetics, University of Helsinki, FIN-00014, and the Folkhalsan Institute of 
Genetics, FIN-00280, Helsinki, Finland.

Recently it was reported that mutations in the gene encoding cystatin B, a cysteine 
protease inhibitor, are responsible for the primary defect in patients with progressive 
myoclonus epilepsy, EPM1 (Pennacchio et al., 1996, Science 271, 1731-1734). Now 
we demonstrate that cystatin B mRNA levels are regulated by neuronal activity. In the 
brain of adult rats, cystatin B mRNA was abundantly expressed in many brain regions 
as revealed by Northern analysis and in situ hybridization. Seizure activity, induced by 
systemic administration of kainic acid as well as pentylenetetrazol lead to the significant 
upregulation of cystatin B mRNA levels in the rat brain. Since cycloheximide did not 
significantly inhibit cystatin B mRNA upregulation by kainate, this process is 
independent of de novo protein synthesis. Our preliminary experiments indicate that the 
cystatin B mRNA induction by kainate may be mediated by NMDA receptors, since 
blocking these receptors by MK801 reduced the kainate effect. Cystatin B mRNA was 
upregulated by kainate dramatically in the dentate gyrus and less in the CA1-CA3 
regions of the rat hippocampus as revealed by in situ hybridization. As the cystatin B 
promoter contains several AP-1 sites, we are testing whether cystatin B is differently 
expressed in c-fos deficient mice. Our current hypothesis is that cystatin B may regulate 
neuronal apoptosis and/or necrosis and by this mechanism could have neuroprotective 
effects in epilepsy and ischemia.

This work was supported by grants from the Academy of Finland, the Sigrid Juselius 
Foundation and Biocenter Helsinki.

940.10
ALTERED MESSENGER RNA LEVELS OF SEVERAL NEUROPEPTIDES IN 
EPILEPTIC MUTANT RATS; IHARA’S GENETICALLY EPILEPTIC RAT (IGER) AND 
SPONTANEOUSLY EPILEPTIC RAT (SER).
YTakahashi MSadamatsu, HKanai AMasui SAamano. N.Ishida, KTsunashima, G.Sperk,
MSasa, THiguchi * and N.Kato. Depts. of Psychiat. and Pathol., Shiga Umv. of Med. Set, 
Shiga, Japan; Institute of ICR Res., Tanabe, Japan; Dept. of Pharmacol., Univ. of Innsbruck, 
Innsbruck, Austria and Dept of Pharmacol., Hiroshima Univ., Hiroshima, Japan.

Recently, the changes in several neuropeptides have been found in brains of rats with seizure- 
susceptibility. Among these animal models of epilepsy, we have focused on rats with 
genetically scheduled seizures and reported previously the elevated neuropeptide Y (NPY)-like 
immunoreactivity in the hippocampus of SER (Life Sci., 57:523,1995). However, this finding 
brings no information whether they reflect the increase of synthesis or decrease of degradation. 
In Ute present study, we investigated the expression of messenger RNAs of several 
neuropeptides including NPY in brains of SER and IGER by in situ hybridization technology. 
SER is a double mutant rat (zi/zi, tm/tm) and develops absence-like seizure and tonic 
convulsions spontaneously from 7-8 weeks of age. IGER is proposed as a novel epileptic 
mutant rat which demonstrates spontaneous generalized convulsions starting from 4-5 months 
of age with hippocampal microdysgenesis. In SER, mRNA expression of precursor proteins 
of SRIF, somatostatin and neurokinin B were significantly increased in dorsal hippocampus of 
homozygous SER as compared to heterozygous SER, whereas dynorphin mRNA was 
decreased in homo SER Similar changes of mRNA levels were found in IGER at 8 months 
with repetitive seizures. These findings suggest a common pathophysiological basis in the 
hippocampus of both mutants. In this regard, it was noted that dynorphin mRNA in IGER at 2 
months without seizures was decreased compared to FI control and IGER at 8 months

940.11
THE PONTINE RETICULAR FORMATION BUT NOT THE 
PERIAQUEDUCTAL GRAY PLAYS A REQUISITE ROLE IN GENERATION 
OF TONIC AUDIOGENIC SEIZURES. C.L, Fainqold*, M.E. Randall and 
P, N'Gouemo. Dept. Pharmacology, Southern Illinois University School of 
Medicine, Springfield, IL 62794-1222.

A variety of techniques, including single unit recordings, suggests that the 
ventrolateral periaqueductal gray (PAG) and pontine reticular formation (PRF) 
are components in the audiogenic seizure (AGS) network in the genetically 
epilepsy-prone rat (GEPR-9), exhibiting tonic extensor (TE) seizures. Our 
previous work indicated that neuronal firing in both the PAG and PRF exhibit 
major increases just preceding the onset of TE behavior of AGS. The present 
study examined changes in PAG and PRF neuronal responses and seizure 
patterns in the behaving GEPR-9 following anticonvulsant doses of phenytoin 
(i.p.). Acoustic stimulation consisted of 12 kHz tone bursts, which were effective 
in evoking AGS at high intensities. Neuronal responses were analyzed using 
poststimulus time histograms. Recordings involved 20 PAG neurons and 9 PRF 
neurons. Phenytoin doses of 3.5-5 mg/kg suppressed TE, but no significant 
change in PAG firing was observable at these doses. However, with comparable 
doses and anticonvulsant effects, phenytoin consistently suppressed PRF 
neuronal firing. At doses of phenytoin above 5 mg/kg, which completely 
blocked AGS, the firing of most PAG neurons was consistently suppressed, and 
a greater suppression of PRF firing was seen. Thus, changes in the pattern of 
PRF neuronal firing correlate well with the production and blockade of TE, but 
PAG neuronal firing changes did not. These data suggest that the PRF plays a 
critical role in generation of TE seizure behavior not seen with the PAG. These 
data are consistent with vital roles for both the PRF and PAG in the neuronal 
network for AGS. (Support NIH NINDS NS 21281)

940.12
ANALYSIS OF CANDIDATE GENES FOR BENIGN FAMILIAL NEONATAL 
CONVULSIONS. N, Singh*, C. Charlier, A. Peiffer. D. Stauffer. V, E. 
Anderson1 and M. Leppert Dept Human Genetics, Univ. of Utah, SLC, UT 
84112 and ’Univ. of Minnesota, Minneapolis, MN 55455.
Benign Familial Neonatal Convulsions (BFNC) is an autosomal dominantly 
inherited epilepsy characterized by recurrent generalized seizures in the newborn 
infant. Seizures begin at three days of life and spontaneously remit after three to 
four months. Linkage analysis has determined that the gene responsible for 
BFNC lies at the telomeric region of human chromosome 20 close to the markers 
D20S19, D20S20 and D20S24. We have isolated the cDNA and characterized the 
genomic structure of the a4 subunit of the nicotinic cholinergic receptor 
(a4NAChR) that maps to this region. Mutational analysis has not identified any 
disease-causing mutations in the a4NAChR gene to date. We have identified a 
highly polymorphic CA repeat in the first intron of the a4NAChR gene and 
continue to genotype new BFNC families using this marker. Other candidate 
genes that have previously been mapped to this region are the neurotensin type 1 
receptor (NTSR), the melanocortin 3 receptor (MC3R), the G-protein type 8 
receptor (GPR8) and the orphan opioid receptor, ORL1. We have identified 
recombinants between NTSR and MC3R and the BFNC locus. We have also 
identifed six novel cDNAs from fetal brain that map to this region. In addition, a 
potential genomic anomaly has been detected on Southern blot in a single BFNC 
kindred. Studies are in progress to characterize these cDNAs in relation to this 
putative genomic anomaly and to analyze them for mutations in our BFNC 
patients. Supported by NIH grant NS 32666.

940.13
STUDIES ON THE LOCALIZATION OF THE ANTICONVULSANT 
EFFECT OF SEROTONIN IN THE GENETICALLY EPILEPSY- 
PRONE RAT. M.A. Merrill1*. R.W. Clough1. J.W. Dailey2, P.C. Jobe2 and 
R.A. Browning1. ’Southern Illinois University, School of Medicine, Carbondale, IL 
62901 and University of Illinois College of Medicine, Peoria, IL 61656.

Innate deficiencies in serotonin (5-HT) neurotransmission are a determinant of the 
seizure susceptible state of the Genetically Epilepsy-Prone Rat (GEPR). Drugs which 
increase extracellular 5-HT in brain attenuate audiogenic seizures (AGS) in the GEPR 
whereas 5-HT depletion increases AGS severity. However, the site(s) at which 5-HT 
acts to modulate AGS is not well understood. Inasmuch as fluoxetine (FLU) is 
believed to exert an anticonvulsant action through inhibition of 5-HT uptake at a 
crucial site within the brain, removal of 5-HT from that site should prevent this effect 
and identify key areas of 5-HT modulation. Thus, the ability of FLU to exert an 
anticonvulsant action was examined after the following types of 5-HT depletion: (1) 
widespread 5-HT depletion caused by intracerebroventricular (icv; 150 pg ) 
administration of 5,7-dihydroxytryptamine (5,7-DHT), (2) a predominate brainstem 
and spinal cord depletion caused by intracistemal (ic; 20 J-lg) administration of 5,7- 
DHT and (3) a predominate midbrain depletion caused by infusion of 5,7-DHT into the 
superior colliculus (SC; 4 pg: bilaterally). Subjects were female severe seizure 
GEPRs (GEPR-9s). FLU (30 mg/kg, i.p.) significantly reduced the AGS severity in 
vehicle treated controls (mean severity score reduced from 9.0 to 5.1). In contrast, 
AGS severity was not altered by FLU in GEPRs pretreated icv with 5,7-DHT. 
Moreover, the anticonvulsant effect of FLU was markedly attenuated in the rats 
receiving the SC infusion of 5,7-DHT (mean score 8.3 compared to 5.1; p<.05). 
Although it failed to reach significance, the ic 5,7-DHT treatment also tended to reduce 
the effectiveness of FLU. The present findings provide further evidence that the 
anticonvulsant effect of FLU is mediated through 5-HT and suggest that the site of 5- 
HT action may reside within the midbrain. (Supported by SIU & UICOMP).

940.14
SENSITIVITY OF GEPR TO 12-16 kHz SOUND STIMULUS AT 
BARELY AUDIBLE SOUND PRESSURE LEVELS 
M.F.D. Moraes1*, P.K. Mishra, D. Birkhahn, N.J. Shah, N. Garcia-Cairasco1 
J.W. Dailev and P.C, Jobe, Univ. of Illinois College of Medicine, Peoria, IL 
61656 and Univ. of Sao Paulo, Ribeirao Preto, Brazil

The routine method of seizure assessment of the GEPR involves stimulating the 
animals using a sound pressure level (SPL) of 110 dB with 2 school bells that 
generate a frequency response of the entire audible frequency range. This 
stimulus induces seizure in 100% of GEPRs. But, are all the frequency bands 
represented in the bell sound required to induce seizure in a GEPR? Earlier 
investigations to answer this question were made by Faingold, et al. (1986, 
Electroencephalogr. And Clin. Neurophys. 63:296-305) using pure tones of sound 
at 100 db. This previous study was done on earlier generation of GEPRs in which 
the seizure susceptibility was not fully inbred. The study reported that a 12 kHz 
pure tone stimulus produced seizure in 95% of GEPRs. The present study was 
conducted to evaluate if a synthetic mixture of tones can accomplish seizure 
induction task in 100% of GEPRs in a manner similar to the bell generated sound. 
We used 6 frequency bands in the audible range. Six groups of GEPRs (n=5 in 
each group) were stimulated with 4-8, 6-10, 8-12, 10-14, 12-16 and 14-18 kHz 
linear sweeps respectively at 110 db. The group that had 12-16 kHz sound sweep 
stimulation had 100% response with seizures and latencies similar to the bell 
stimulation. The next day, all 30 animals were used to calculate the sound 
intensity threshold for 12-16 kHz sound. A staircase method was used in which 
the intensity was reduced until a level was reached that produced no seizure using 
only one sound level exposure for each animal. The subsequent animals received 
a higher or lower intensity stimulus depending upon response of the previous 
animal. The analysis of data using Litchfield Wilcoxon method estimated EDioo 
for seizures was 75 db and a few animals displayed seizures in response to a 
stimulus of <64 db SPL at 12-16 kHz (less than the background noise in a normal 
laboratory). Funded by FDA grant #FD-T000887-04-2 and UIC Funds.

Society  for  Neuroscience , Volume  23,1997



2420 EPILEPSY: BASIC MECHANISMS VI THURSDAY AM

940.15
GROWTH OF NORADRENERGIC NEURONS FROM FETAL GEPR 
LOCUS CERULEUS CAN BE INFLUENCED BY THE TARGET 
TISSUE: AN IN VITRO STUDY J.C, Milbrandt*. J.L, Steenbergen. K.R, 
Steidlev. R.W. Clough1. P.K, Mishra. J.W. Dailev. and P.C. Jobe, Univ. of 
Illinois Col. of Med., Peoria, IL 61656. XSIU School. Med., Carbondale, IL.

We attempted to characterize noradrenergic (NA) neurons isolated and cultured 
from brainstem regions known to have noradrenergic deficits and to be involved 
in seizure genesis and propagation in the genetically epilepsy prone rat (GEPR). 
Previous work from our laboratories have shown that dissociated cells from 
normal Sprague-Dawley (SD) rat locus ceruleus (LC) co-cultured with superior 
colliculus (SC) can result in functional noradrenergic neurons with dense 
dendritic arborization. However, tyrosine hydroxylase (TH) immunoreactive 
neurons from GEPR-3 LC+SC cultures appeared to have significantly fewer 
dendritic arbors and reduced dendritic length than TH cells from SD co-cultures. 
The present study explored the developmental abnormalities of NA neurons from 
GEPR-3 LC are intrinsic to LC or a result of its interaction with target tissue.

The LC has been determined to be the sight of origin for NA terminal fields in 
the SC which are thought to regulate brainstem seizure activity in the GEPR. 
Thus, the SC from either GEPR-3s or SD controls were chosen to represent the 
target tissue for this study. Fourteen day-old normal SD or GEPR-3 rat brains 
were dissected to isolate areas containing the LC and SC. Cells from these areas 
were dissociated and co-cultured for 2 weeks in four different combinations: (1) 
LC+SC from GEPR-3 (2) LC+SC from SD (3) LC from GEPR-3+SC from SD 
and (4) LC from SD+SC from GEPR-3. In confirmation of previously published 
findings, LC+SC cultures from SD rats after 2 weeks of growth were found to 
contain a higher number of TH staining cells than LC+SC cultures obtained from 
GF,PR-3s. It also appears that LC (GEPR-3)+SC (SD) cultures contained TH 
immunoreactive neurons with greater dendritic arborization when compared to LC 
(SD) in combination either with SC (SD) or SC (GEPR-3). This finding is 
consistent with the concept that the neurogenic deficiency in the GEPR-3 intact 
SC may arise from abnormalities within the SC rather than intrinsic to the LC. 
(Supported by FDA grant FD-T-000887-04-2 and UIC Funds)

940.16
CULTURE OF LOCUS CERULEUS (LC) AND SUPERIOR COLLICULUS 
(SC): CELLS CHARACTERIZATION OF NORADRENERGIC (NA) SYSTEM
J.R. Ryu2, J.L. Steenbergen1, P.K. Mishra1, RW. Cloueh3, J.W. DaileV, K.H. Ko2,
and P.C. Jobe*', zUniv. of Illinois Col. Med.. Peoria, zSeoul National Univ.,
Seoul, Korea and *SIU Sch. Med., Carbondale, IL.

Anatomical and neurochemical characterization of the pathways involved in
seizure genesis and propagation of brainstem seizures has been possible using the 
genetically epilepsy prone rat (GEPR). Studies of the GEPR and other epilepsy 
and seizure models support the hypothesis that NA terminal fields of the 
brainstem act as determinants of seizure predisposition and experession. The 
current study is a pilot investigation for in vitro studies of the dysfunctional 
GEPR NA system. It was conducted to establish the influence of target cells on 
NA neuritogenesis of LC cells of the GEPR. In the GEPR, the SC has been 
established as a site wherein NA terminal fields regulate generalized tonic-clonic 
seizures. Fourteen day-old normal Sprague-Dawley rat fetuses were dissected for 
LC, SC or LC+SC combination dissociated cultures. After 2 weeks of growth, 
qualitative physical appearance of each culture type (LC, SC or LC+SC) was 
similar but tyrosine hydroxylase immunohistochemistry revealed presence of NA 
cells only in the cultures with LC cells and not in the SC only wells. The capacity 
of these cells to uptake [3H]norepinephrine was highest in the LC+SC culture and 
lowest in the SC only culture indicating a more functional development in the co-
culture of LC+SC than the LC or SC alone. The specificity of the NA terminals 
was evaluated pharmacologically using desipramine (DMI) to block NA 
transporters. Accordingly, the LC only cultures (which had the highest 
concentration of NA cells) had the highest specific : non-specific uptake ratio. In 
contrast, SC only cultures, (that had no noradrenergic cells) had the lowest 
specific : non-specific uptake ratio. This suggests that a higher concentration of 
noradrenergic cells in a culture would result in a higher number of NA uptake 
sites that can be blocked by DMI. These results provide important information 
for interpretation of future results of co-culture with LC and SC from GEPR and 
non-epileptic animals. Funded by FDA grant #FD-T000887-04-2 and UIC Funds.

940.17
THE VENTROLATERAL EDGE OF THE SUPERIOR COLLICULUS 
(SC) IS A SITE FOR NORADRENERGIC (NA) REGULATION OF 
GENERALIZED TONIC-CLONIC SEIZURES - A STUDY IN GEPR-3s.
P.K, Mishra*, N.P. Bhosale, N.J. Shah, J.W. Dailey and P.C. Jobe, Dept. of 
Biomed. and Therap. Sciences, Univ. of Illinois Col. of Med., Peoria, IL 61656.

The level of NA transmission in the brain is reciprocally linked to the magnitude 
of seizure predisposition in genetically epilepsy-prone rats (GEPR-3s and GEPR- 
9s). Neuroanatomical studies show that in GEPR-3s NA seizure regulation occurs 
in the SC and potentially in ventrally adjacent areas. We have previously shown 
that desipramine (DMI) infusion with microdialysis probes into entire SC elevates 
extracellular norepinephrine (NE) levels in the SC and abolishes sound-induced 
generalized clonus in GEPR-3 s. This observation is compatible with the concept 
that amplification of an auditory impulse into a seizure occurs in the SC or in a 
region regulated by the SC. The present study was conducted to characterize further 
the limits of the area in the brainstem in which NE regulates seizures. For this, 
DMI (30 pM in artificial cerebrospinal fluid, ACSF) was infused into 5 regions 
surrounding the central SC in 5-10 GEPR-3 in each group. Continuous 5 minute 
microdialysis samples before and after infusion of DMI were analyzed using an on-
line HPLC system. When NE elevation was at its peak, animals were acoustically 
stimulated and seizure severity was determined. The DMI administration in the 
thalamus, reticular formation or inferior colliculus did not reduce seizure intensity. 
The DMI infusion in the ventrolateral edge as well as central portion of SC 
produced a reduction in the seizure intensity in the GEPR-3s. In addition, 2 groups 
of 5-10 animals each received only the vehicle infusion in these two brain areas to 
serve as control for DMI infusion. In this control experiment, some animals in the 
central SC group were protected from seizures possibly due to a disruption in the 
seizure propagation pathway caused by a physical lesion. While this finding does 
not establish a role of NA seizure regulation in the central SC, it is suggestive of its 
participation in the brainstem seizure mechanism. However, the protective effect 
that DMI produced in the ventrolateral edge of SC was not seen in the controls for 
DMI infusion. Therefore, the ventrolateral edge of SC appears to be a site of NA 
seizure regulation in the GEPR-3. (Supported by UIC)

940.18
EFFECTS OF PTZ- OR TMPP-INDUCED GENERALIZED SEIZURES ON 
NEUROTRANSMITTER & METABOLITE LEVELS IN FIVE BRAIN RE-
GIONS. J. Rossi III*, T.K. Narayanan1, A. Jung1 and G.D. Ritchie1. Naval Medi-
cal Research Institute Detachment-Toxicology and Geo-Centers, Inc.1 Wright- 
Patterson AFB, OH, 45433-7903

Naive, male Fischer-344 rats (200-220g) were injected IP with trimethylol- 
propane phosphate (TMPP) at 0.5 mg/kg or pentylenetetrazol (PTZ) at 60 mg/kg. 
Upon observation of the first generalized seizure (8-15 min post-administration), 
rats were immediately decapitated and the brains frozen in liquid nitrogen. Brain 
tissues were subsequently dissected into five regions [forebrain (FB), midbrain 
(MB), caudal brain (CB), brainstem (BS) and cerebellum (CE)], homogenized, and 
analyzed (HPLC) for: Epinephrine (E), Norepinephrine (NE), MHPG, Dopamine 
(DA), DOPAC, HVA, 5-HT, and 5-HIAA. The following table indicates significant 
(p<.01) drug-induced increases (T) or decreases (4) in neurotransmitter/metabolite 
concentrations (versus controls) for indicated regions:

TMPPt TMPP4 PTZ? PTZ 4

FB E, MHPG HVA E, NE, MHPG, DA,
DOPAC

MB E, DOPAC, HVA, 
5-HT

M DA, DOPAC, HVA, 5-HT

CB E, NE DA E, NE, MPHG, DOPAC DA, HVA

BS E NE, DOPAC,
HVA

E NE, DA, DOPAC, HVA, 5-HT

CE E, NE E, NE MHPG, DA, HVA

Funding Source: Naval Medical Research and Development Command (NMRDC) 
[Work Unit. 1516]
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941.1
LONG-TERM MODIFICATION OF IN VITRO HIPPOCAMPAL DISCHARGES 
INDUCED BY ACTIVATION OF GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS. Lisa R. Merlin* and Robert K.S.Wong.
Departments of Neurology and Pharmacology, SUNY Health Science Center, 
Brooklyn, NY 11203

We have been studying the role of metabotropic glutamate receptor (mGluR) 
activation in the patterning of epileptiform discharges. Thus far, we have 
demonstrated that activation of Group II mGluRs reversibly increases the 
frequency ofinterictal bursts in vitro (Merlin et al., J.Neurophysiol. 1995), while 
Group I mGluR activation significantly increases the burst duration, converting 
the brief interictal bursts into ictal-like discharges. This Group I mGluR- 
mediated effect is long-lasting when elicited by selective Group I mGluR 
agonists, persisting for hours following washout of the agonist (Merlin and 
Wong, J. Neurophysiol. 1997). We here further examine this long-term effect on 
epileptiform activity in the disinhibited guinea pig hippocampus.

Picrotoxin (50 /zM) induced rhythmic 200-500 ms duration epileptiform bursts 
in transverse hippocampal slices, recorded with intracellular and extracellular 
electrodes in the CA3 region. Bath applicaton of the selective Group I mGluR 
agonist R,S-dihydroxyphenylglycine (DHPG; 50-100 /zM) elicited a marked 
increase in burst duration, ultimately prolonging the epileptiform burst duration 
to 2-8 sec. Once induced, the burst prolongation persisted for hours following 
washout. The protein synthesis inhibitor anisomycin (15 /xM) disrupted the 
induction (n=3) but not the maintenance (n=5) of the prolonged bursts. 
ACPD-induced prolonged bursts were similarly affected by anisomycin (n=5 
impaired induction; n=5 intact maintenance). These results indicate that the 
mechanism underlying the long-term modification of epileptiform activity 
induced by Group I mGluR activation is dependent on protein synthesis.

[Funded by the PhRMA Foundation, Epilepsy Foundation of America, and NIH. J

941.2

METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION AND 
EPILEPTOGENESIS. P.A. Rutecki* and U. Savin. Depts. of Neuro. 
Neurosurg., and Neurosci. Train. Prog., U. of Wisconsin, Madison, WI 53792.

Metabotropic glutamate receptors (mGluR) are classified into three groups (I- 
III) and differentially modulate neuronal excitability. We evaluated the effects 
of mGluR activation on the network excitability of the CA3 region of rat 
hippocampal slices. Bath application of (IS,3R)-1 -aminocyclopentane-1,3- 
dicarboxylic acid (ACPD, 50-100 pM), a non-specific mGluR agonist, 
produced epileptiform activity that resembled interictal discharges and consisted 
of recurring, synchronous field bursts associated with an intracellularly recorded 
depolarization. The synaptically mediated depolarization reversed in polarity 
at -25.0 ±3.7 mV (n = 6), and spontaneous IPSPs were prominent between 
discharges. The epileptiform activity persisted following more than a 2 hour 
washout of ACPD. The mGluR II agonist/mGluR I antagonist (S)-4-carboxy-3- 
hydroxyphenylglycine (S-4C3HPG, 100 pM) did not produce epileptiform 
activity, but accelerated the ACPD-induced discharge rate in 47.9% of slices, 
caused a transition to a more prolonged (>2s) discharge that mimicked an ictal 
pattern of epileptiform activity in 30.4% of slices, and caused synchronous 
activity to stop in 21.7% of slices (n = 23). The selective mGluR I agonist (RS)- 
3,5-dihyroxyphenylglycine (DHPG, 30-100 pM) produced spontaneous 
epileptiform activity that persisted following greater than 2 hour washout.

Activation of mGluRs, particularly group I, produced epileptiform activity 
acutely and caused a long term change in CA3 physiology consistent with 
epileptogenesis.

Supported by the NINDS 28580 and VA Research
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941.3
(+>a-METHYL-4-CARB0XYPHENYLGLYCINE(MCPG) ATTENUATES 
ELECTRICAL KINDLING ACQUISITION. D.L, Yourick*. W.B. Rittase and
J. L. Meyerhoff. Division of Neurosciences, Walter Reed Army Institute of 
Research, Washington, DC 20307-5100.

Post-traumatic epilepsy can result from both closed and penetrating head 
injuries. Kindling is generally believed to be an animal model of this type of 
epilepsy. Epileptiform discharges and seizures can be induced by mGluR 
agonists (McDonald et al., J. Neurosci. 13:4445-4455, 1993). Enhanced 
formation of inositol phosphates in response to mGluR agonists (Subgroup I) 
has been reported up to 28 days after the last kindled seizure in rats (Akiyama
K. , et al.: Long-lasting enhancement of metabotropic excitatory amino acid 
receptor-mediated polyphosphoinositide hydrolysis in the amygdala/pyriform 
cortex of deep prepiriforcn cortical kindled rata Brain Res. 569:71-77, 1992). 
To evaluate the possibility that antagonism of the mGluR would alter the 
epileptogenic phenomenon, (+)-a-methyl-4-carboxyphenylglycine (MCPG) 
was administered intracerebroventricularly (i.c.v.) during thekindling process. 
Male Sprague-Dawley rats implanted with basolateral amygdalar electrodes 
and i.c.v. cannula were administered 0, 10, 32 and 100 pg of MCPG in 10 pi 
of sterile water 10 min before a daily kindling stimulus (1.0 sec train of 1.0 
msec biphasic pulses, 60 Hz, 200 pAmp base-to-peak). The number of 
stimulations required to obtain the first forelimb clonic seizure (stage 3), the 
first generalized clonic seizure (stage 5) and the fifth stage 5 seizure as well as 
afterdischarge duration at these milestones were determined. MCPG tended to 
increase seizure duration but decreased maximum seizure stage and increased 
the number of trials (attenuation ofepileptogenesis) required to reach the fifth 
Stage 5 seizure when compared to vehicle controls. Antagonism of mGluR 
may have value as an antiepileptic intervention (Intramural research funding 
by US Army Medical Research and Material Command.)

941.4
ULTRA STRUCTURAL LOCALIZATION AND EXPRESSION OF mGLURl 
RECEPTOR SUBTYPE IN HIPPOCAMPUS FROM PATIENTS WITH 
TEMPORAL LOBE EPILEPSY. E, V, Grigorenko1*. E, Nosel2. W, L, Bell3 4, S, S. 
Glazier4. T. Pons4. M. Tvtell2 and S, A. Deadwvler1. Depts. Physiology and 
Pharmacology1, Neurobiology and Anatomy2, Neurology3, Neurosurgery4, Bowman 
Gray School of Medicine, Wake Forest University, Winston-Salem, NC 27157.

Metabotropic glutamate receptors (mGluRs) are a subfamily of receptors 
initiating G-protein-mediated signal cascade. Activation of mGluRs has been implicated 
in modulation of synaptic efficacy in the hippocampus by generation of epileptoform 
discharges (mGluRl, mGluR5) whereas m GluR2-4 appear to exert a protective affect by 
activating an inhibitory cAMP cascade. However, the investigation of localization and 
expression level of these receptor subtypes in human epilepsy has been lacking.

Comparison of mGluRl immunoreactivity of the hippocampus with 
mesial temporal sclerosis vs. non-sclerotic and control human specimens revealed 
different staining patterns. In non-sclerotic epileptic and control hippocampus mGluRl 
immunoreactivity was expressed diffusely over cell bodies and dendrites of pyramidal 
cells in all hippocampal subregions (CA1, CA3, dentate). In sclerotic hippocampi 
mGluRl immunoreactivity was also found in prolongeous dendrites extending from 
pyramidal cell bodies and hilar “mossy” cells in dentate gyrus. Focal swellings or 
varocosities situated along the dendrites were the typical feature of these structures. 
Quantitative RT-PCR employed in the same tissue specimens revealed changes in the 
expression of mGluRl receptor transcript. A reduction of mGluRl mRNA (to 75% of 
control level) and protein level was found in both sclerotic and non-sclerotic (82% of 
control) epileptic hippocampus. These results suggest that altered pattern of 
localization of mGluRl receptor in tissue from patients with temporal lobe epilepsy may 
represent a functional reorganization in fascia dentata that results an increased Ca2+ 
influx and prolonged hippocampal excitability. These changes may be implicated in 
loss of specific neuronal population (hilar mossy neurons) seen in patients with epilepsy 
(supported by NLA AG00748-01 and by the Center of Investigative Neuroscience, 
BGSM to EVG).

941.5
SUSTAINED INCREASES IN METABOTROPIC GLUTAMATE 
RECEPTOR ACTIVITY IN AN IN VITRO SEIZURE MODEL.
R.S. Greenwood*, W. Al-Ghoul, X. Xiong, A. Fernandes. R.B.
Meeker,. Depts. Neurology and Pediatrics and the Neurobiology 
Curriculum, University of North Carolina, Chapel Hill, NC 27599.

Amygdala kindling causes a sustained increase in vasopressin (VP) 
mRNA in hypothalamic neurons and an increase in basal plasma VP. 
Parallel increases in specific NMDA receptor subunits and 
metabotropic receptor (mGluR) subtypes indicate that changes in the 
function of these receptors may be responsible for the increased 
activation of neuroendocrine cells. In this study we evaluated 
sustained metabotropic receptor changes in cultured magnocellular 
neuroendocrine neurons in response to a 3 h activation in 
magnesium-free medium (0 Mg2+, a model for epileptogenesis in 
cultured neurons). The mGluR subtypes, mGluR3 and mGluRl were 
constituitively expressed in cultured magnocellular neurons. 
Treatment with 0 Mg2+ enhanced both peak responses and gradual 
accumulations of intracellular Ca2+ in response to 109 pM IS, 3R 
ACPD. Exposure to 0 Mg2+ also produced effects similar to those 
seen in vivo in the magnocellular neurons of kindled rats. Three days 
after the exposure a significant increase in magnocellular neuron 
immunoreactivity for both mGluRl and mGluR3 was observed. We 
conclude that sustained increases in mGluR subtype expression result 
from excitatory activation in vivo and in vitro and may account for 
seizure-induced increases in activity and gene expression in 
neuroendocrine cells.
Supported by NIH Grants NS13411 and NS30923.

941.6
DECREASED INHIBITION OF GLUTAMATE RELEASE THROUGH 
GROUP III METABOTROPIC GLUTAMATE RECEPTORS IN THE RAT 
DENTATE GYRUS FOLLOWING KINDLING. G.J. Klapstein*, B.S. Meldrum1. 
and I. Mody Dept. of Neurology, UCLA School of Medicine, Los Angeles, CA and 
TDept. of Neurology, Institute of Psychiatry, London, England.

Metabotropic glutamate receptors (mGluR) are one of several receptor types 
mediating presynaptic inhibition at glutamatergic synapses. Autoinhibition via these 
receptors likely regulates the excitability of hippocampal circuits. Abnormally high 
glutamate release, such as that occuring during epilepsy may result from an altered 
function of these receptors. We examined the effects of L-serine-O-phosphate (L- 
SOP), a group Ill-selective mGluR agonist, on lateral perforant path-evoked dendritic 
field EPSPs in hippocampal slices prepared from commissurally-kindled and 
implanted, unstimulated control adult Wistar rats. Slices were perfused with artificial 
cerebrospinal fluid (ACSF) containing (in mM) NaCl 126, MgCl2 4, CaCl2 4, KC1 
2.5, NaH2PO4 1.25, glucose 10, NaHCO3 26, and picrotoxin .05. L-SOP was diluted 
in ACSF and bath applied at concentrations ranging from 1 to 300 pM. Pairs of 
EPSPs were evoked 50ms apart every 30 seconds with paired pulse facilitation ratios 
of 1.32±0.08 for control and 1.37±0.08 for kindled preparations. L-SOP caused a 
concentration-dependent and reversible decrease in both the amplitude and initial 
slope of the EPSP, with an average ECS0 of 1.9±0.4pM in control preparations. 
Kindling resulted in a significant rightward shift in the concentration-response curve 
for inhibition of EPSP slope by L-SOP. In kindled preparations, the EC50 was 
15.0±1.7pM, the maximum inhibition was 65.9±2.2%, compared to 58.8±2.9% in 
control, and the Hill coefficient was 1.0±0.1 compared to l.l±0.3 in control. Drug- 
induced decreases in EPSP slope were always accompanied by increases in paired 
pulse facilitation, most likely resulting from a decrease in the probability of release. 
However,for a given decrease in EPSP slope by L-SOP, there was no difference in 
the paired pulse facilitation increase between kindled and control preparations. 
According to these data, a decrease in autoinhibition of glutamate release via mGluRs 
may contribute to the enhanced excitability seen in kindling.

Supported by grant NS-36142. GJK holds an AHFMR Postdoctoral Fellowship.

941.7
NMDA RECEPTOR ACTIVATION DURING STATUS EPILPTICUS IS 
NECESSARY TO PRODUCE LONG-TERM COGNITIVE DEFICITS.
C, L. Floyd, A.C. Rice. B.G. Lyeth*. R.J. Hamm, and R.J. DeLorenzo, Depts. of 

Neurology', Neurosurgery, and Psychology. Medical College of Virginia-Virginia 
Commonwealth University, Richmond, VA 23298

NMDA receptor activation has been implicated in modulating seizure 
activity and in learning /memory paradigms such as long-term potentiation. However, 
its role in cognitive deficits following prolonged seizures is unknown. Following 
pilocarpine induced status epilepticus (SE) animals develop epilepsy and exhibit 
cognitive impairment in the Morris water maze (MWM) (Liu et al, 1994). In the 
pilocarpine model, pretreatment with the NMDA receptor antagonist MK-801 does 
not block the onset of SE, thus we can compare cognitive impairment of animals that 
undergo SE with and without NMDA receptor activation. This study examines the 
role of NMDA receptor activation in cognitive impairment after episodes of SE. Two 
treatment groups were assessed: animals treated with pilocarpine (350 mg/kg) (Pilo), 
and animals treated with MK-801 (4 mg/kg) 20 min prior to pilocaipine (Mk-Pilo). 
Animals in both groups experienced an average of 4 hours of SE. Two control 
groups were tested, saline treated animals and MK-801 treated animals. Pilo animals 
exhibited the expected MWM deficits with significantly longer latencies to find the 
platform (p.<.05) and significantly longer path lengths (p.<.05) than both control 
groups. However, the Mk-Pilo animals did not demonstrate cognitive deficits and 
performed at control levels. Thus, even though Mk-Pilo animals experienced 4 hrs of 
SE, they did not exhibit the cognitive impairment observed in Pilo animals. In 
conclusion, NMDA receptor activation during SE is required to trigger the changes 
leading to cognitive impairment following a prolonged seizure.
Supported by PO1NS25630, RO1NS23350, NS12587, 5T32NS07288-11

941.8
GENETIC FACTORS INFLUENCE MK-801’s ANTISEIZURE ACTIVITY 
IN MICE. J, Mastropaolo, D, G. Powell, R.B, Rosse, S.E. Bachus & S.l. 
Deutsch*. Psychiat. Serv., Dept. VA Med. Ctr., 50 Irving St., NW, Wash. 
DC, 20422.
We have shown that inbred mouse strains differ in their sensitivity to the 

elicitation of “popping”, an explosive episodic jumping behavior, by the 
uncompetitive NMDA receptor antagonist, MK-801 (1). In the current 
study we have examined dose-dependent relations for the ability of 
MK-801 to antagonize electrically precipitated tonic hindlimb extension in 
4 inbred mouse strains (BALB/c, C57BL/6, AKR, & DBA/2) and the 
outbred NIH Swiss strain using an incremental electroconvulsive shock 
procedure.

The strains differed in the threshold voltages for the elicitation of 
seizures. Moreover, strains differed in their sensitivity to antagonism of 
elicited seizures by MK-801. The BALB/c strain showed the greatest 
sensitivity to the antiseizure effect of MK-801.

These results may reflect genetic differences among these strains in the 
stoichiometric composition of the polypeptide subunits comprising their 
NMDA receptor complexes. The unique composition of subunits may 
determine the percentage of NMDA-associated channels in the active or 
open configuration, and the sensitivity of the complex to uncompetitive 
antagonism.
(1) Deutsch et al., Pharm, Biochem. Behav, in press.
Supported by a Grant from Dept. Veterans Affairs (SID).
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941.9
INHIBITION OF EPILEPTIFORM ACTIVITY AND EXCITATORY 
SYNAPTIC TRANSMISSION BY PYRROLOQUINOLINE QUINONE 
(PQQ) IN IMMATURE RAT HIPPOCAMPUS IN VITRO R.M, Sanchez*. 
C, Wane, and F.E. Jensen. Div. Neurosci., Children's Hosp, Harvard Med. 
Sch., Boston, MA 02115

PQQ, a ubiquitous redox cofactor and putative essential nutrient, can inhibit 
NMDA receptors (NMDARs) via interactions with the redox modulatory site 
(J.Neurosci 1992; 12;2362). Excessive NMDAR activation contributes to 
epileptiform discharges in immature brain, and we have previously shown that 
slices of neonatal rat hippocampus exposed to Mg++-free medium exhibited 
spontaneous ictal bursts which were reversibly blocked by the NMDAR 
antagonist AP-5 (Epilepsy Res.,1996;23;105). We therefore hypothesized that 
PQQ may be anti-epileptic in immature brain via redox down-regulation of 
NMDARs. Extracellular and patch-clamp recordings were obtained from 
hippocampal slices from immature rats (postnatal day 9-15). As before, field 
recordings from s. pyramidale in CA1 revealed spontaneous ictal bursts within 
30 minutes of exposure to Mg++-free medium. PQQ (200pM) caused a 
cessation of bursting within 30-50 minutes in all slices (n=6), with no recovery 
of bursts during wash (40-60 min). However, subsequent application of the 
reducing agent dithiothreitol (DTT; ImM) caused a rapid (< lOmin) return of 
spontaneous bursting. In control medium, whole-cell voltage-clamp recordings 
obtained from CA1 pyramidal neurons showed that PQQ at this anti-epileptic 
concentration (200pM) completely reversed the potentiation of NMDA-evoked 
currents by the reducing agent m'j-(2-carboxyethyl)phosphine (TCEP;200pM), 
whereas PQQ only weakly inhibited NMDA-evoked currents and NMDAR- 
mediated EPSCs without prior potentiation by reducing agents. These results 
demonstrate an anti-epileptic effect of PQQ, and indicate that it is, at least in 
part, exerted via action at the NMDAR redox site. The results further suggest 
that under epileptogenic versus normal conditions, the redox state of NMDARs 
may be biased toward the reduced form, (supported by NIH NINDS 31718).

941.10
NMDA RECEPTOR ACTIVATED CALCIUM ENTRY DURING STATUS 
EPILEPTICUS GIVES RISE TO SPONTANEOUS RECURRENT SEIZURES 
S.Pal, J.W.Bigbge1*, and R.J, DeLorenzo. Dept. of Neurology & Dept. of 
Anatomy1, MCV-VCU, Richmond, VA 23298.

Calcium (Ca24) and calcium-dependent mechanisms have been long Implicated 
in the complex pathophysiology of epilepsy. The two major classes of receptors 
responsible for these phenomena are the glutamate type of receptors (which 
include NMDA, metabotropic, AMPA and kainate receptors), and the voltage gated 
calcium channels (VGCC). Investigators have suggested that Ca2* entry into the 
cytosol through distinct routes can activate distinct biochemical pathways. In this 
study, we have attempted to study distinct routes of Ca2+ entry in an in vitro model 
of “Status Epilepticus” (SE) using cultured rat hippocampal neurons. We have 
previously shown that a 3h low magnesium treatment causes SE in these cells 
(Sombati et al., J. Neurophysiology, 73 (4):1706-1711). Using laser scanning 
confocal microscopy and calcium imaging, we now show that SE produces 
persistent elevations of intracellular Ca2* ([Ca2*]) to about 450-600 nM during SE. 
This increase in [Ca2*]( could be partially blocked by both NMDA receptor 
antagonists (e.g, APV and MK-801) and various non-NMDA receptor antagonists 
(e.g., CNQX, NBQX, or a combintaion of nifedipine and w-conatoxin). Moreover, 
the increase in [Ca2*! was also blocked when the extracellular medium was 
depleted of Ca2* ions. The induction of spontaneous recurrent seizures by SE was 
blocked only by the NMDA receptor antagonists and not by any of the other 
antagonists. These results suggest that during SE, extracellular Ca2* enters the 
cytosol through both NMDA and non-NMDA receptor channels, but the Ca2* 
entering through NMDA channel is predominantly responsible for inducing 
epilepsy.

Supported by RO1-NS23350 and PO1-NS25630.

941.11
IMMATURE HIPPOCAMPAL CA1 PYRAMIDAL NEURONS 
DEMONSTRATE INCREASED AMPA-ACTIVATED COBALT UPTAKE 
AND LOWER EXPRESSION OF GLUR2 mRNA COMPARED TO 
ADULT E.D. Owens, DfSharma, M- Corbett, and F.E. Jensen*. Div. 
Neurosci., Children's Hosp, Harvard Med. Sch., Boston, MA 02115

Calcium entry through the AMPA glutamate receptor subtype is 
regulated by its subunit composition. The presence of GluR2 renders the 
receptor impermeable to Ca++, whereas AMPA receptors lacking GluR2 are 
permeable to Ca++ (Burnashev, et al, Neuron. 1992;8:189-198). We have 
previously shown that hypoxia induces seizures in rat hippocampus during a 
critical window of development (postnatal day (P)10-12), while hypoxia does 
not cause seizures in older animals. Furthermore, the epileptogenic effects of 
hypoxia can be blocked with the AMPA antagonist NBQX, but not the NMDA 
antagonist MK-801. We aimed to determine whether this developmental 
window correlates with maturational differences in AMPA subunit expression 
and Ca++ permeability. AMPA-activated cobalt staining was assessed in 
hippocampal slices from P10-12 (n=20) versus adult rats (n= 17). Slices were 
incubated in AMPA (100/xM) in the presence of APV (400 /xM) in cobalt- 
containing, Ca++-free media. Cobalt influx was significantly higher in CA1 
pyramidal neurons in pup slices (15/20) compared to adult slices (2/17) 
(p< 0.002). Cobalt staining was attenuated by CNQX (200/iM). In situ 
hybridization was performed using a pan-GluR2 riboprobe on sections prepared 
from P10-12 rats (n=8) and adult rats (n=8). GluR2 mRNA levels in the CA1 
pyramidal cell body layer of Pl0-12 rats were significantly lower than that of 
the adult rats (p<0.04). In summary, during a developmental window 
characterized by enhanced seizure susceptibility, immature CA1 pyramidal 
cells have decreased GluR2 expression and increased divalent cation 
permeability relative to the adult. Taken together these results suggest that an 
age-dependent enhancement of AMPA receptor Ca++ permeability due to 
decreased GluR2 expression may contribute to the increased seizure 
susceptibility of Pl0-12 rats compared to adult rats. (NIH NINDS 31718)

941.12
THE EFFECTS OF CYCLOTHIAZIDE ON SEIZURE THRESHOLD. M. E. 
Barton and H. S. White*. Anticonvulsant Screening Project, Department of 
Pharmacology and Toxicology, University of Utah, Salt Lake City, UT 84112.

Glutamate acting at AMPA receptors is the principal neurotransmitter in the CNS 
responsible for fast synaptic excitation. Glutamate produces a rapidly desensitizing 
response at AMPA receptors which can be prevented by cyclothiazide (Hall et al., 
Brain Research, 628: 345,1993). Previous in vitro studies have shown that 
cyclothiazide increases the amplitude and duration of bicuculline-induced epilepti-
form activity (Pelletier et al., J. Neurophysiol., 72: 1032, 1994). However, the in 
vivo effects of cyclothiazide on seizure threshold have not been examined.

The present investigation examined the effects of cyclothiazide in several in vivo 
mouse seizure threshold models. Cyclothiazide (50 nmol, i.c.v.) markedly 
decreased, in a time-dependent manner, the convulsive current 50 (CC50) required to 
produce a threshold tonic extension seizure (Piredda et al., J. Pharmacol. Exp. Ther., 
232: 741, 1985). For example, at its time to peak effect (15 min), i.c.v. cyclo-
thiazide decreased the CC50 from 8.6 mA to 4.9 mA. Similarly, pretreatment (15 
min) with cyclothiazide (50 nmol, i.c.v.) produced a 49% and 34% reduction in the 
threshold for clonic seizures induced by i.v. kainic acid and i.v. pentylenetetrazol, 
respectively. Ongoing studies are assessing the effect of other AMPAkines on 
seizure threshold.

These results suggest that rapidly desensitizing AMPA receptors may play an 
important role in seizure initiation, particularly under conditions that alter normal 
receptor desensitization. A more thorough examination of the role of these receptors 
may lead to the development of better anticonvulsant therapies.

Support for this research has been provided by NIH Grant T32 GM07579 (MEB) 
and NIH Contract NO 1-NS 4-2311 (HSW).

EPILEPSY: BASIC MECHANISMS VIII

942.1
MODULATION OF EPILEPTIFORM ACTIVITY BY THE GABAb  
RECEPTOR ANTAGONIST CGP 35348 IN THE JUVENILE RAT 
HIPPOCAMPUS. J. Louvel, R. Motalli, D. Wan-Chow-Wah, I. Kurcewicz, L, 
Bongjorno-Barbone*. and M. Avoli. Montreal Neurological Institute and Dept. of 
Neurology & Neurosurgery, McGill University, Montreal, QC, H3A 2B4, 
Canada.

Field potentials and extracellular K+ concentration ([K+]„) were recorded in the 
stratum radiatum of CA3 subfield of juvenile (15-25 day old) rat hippocampus in 
a slice preparation. Application of the convulsant 4-aminopyridine (4AP, 50pM) 
induced three types of spontaneous activities: (i) interictal discharges; (ii) ictai 
discharges; and (iii) negative-going synchronous GABA-mediated potentials. 
Bath application of the GABAb receptor antagonist, CGP 35348 (1 mM), 
significantly decreased the interval of occurrence of both the GABA-mediated 
potential (from 109.3±34.6 to 77.2±17.6 sec; n=12) and ictal events (from 
154.8±46.6 to 84.0±13.3 sec; n=12). The peak of elevations in [K+]o associated 
with the isolated GABA-mediated potential significantly increased from 
5.95±0.35 to 6.68±0.56 mM (n=6) during CGP 35348 application, and when the 
GABA-mediated potential is associated with ictal discharges, [K7]o significantly 
increased from 6.90±0.57 to 7.42±0.9 mM (n=7).

In the presence of the excitatory amino acid receptor antagonists CPP (10gM) 
and CNQX (lOgM), the duration of the GABA-mediated potential (half-width) 
significantly increases from 0.76±0.089 to 1.34±.51 sec (n=7) with 0.5mM CGP 
35348, and from 0.59±0.35 to 0.98±0.33 sec (n=4) with l.OmM CGP 35348.

These results demonstrate that excitability of CA3 hippocampal neurons in the 
juvenile rat brain is controlled by GABAb receptors. The proconvulsant effects 
may be due to both postsynaptic as well as presynaptic receptor blockade. 
Supported by the MRC of Canada (MT-8109).

942.2
BACLOFEN AND 4-AMINOPYRIDINE-INDUCED EPILEPTIFORM AC-
TIVITY IN THE JUVENILE RAT HIPPOCAMPUS. R Motalli, J. Louvel, I. 
Kurcewicz, V. Tancredi, G. D’Arcangelo*. and M. Avoli. Montreal Neurological 
Institute and Dept. of Neurology & Neurosurgery, McGill University, Montreal, 
QC, H3A 2B4, Canada.

We studied the effects induced by the GABAb receptor agonist baclofen (25- 
50pM) on the epileptiform activity disclosed by application of 4-aminopyridine 
(4AP, 50gM). Field potential and [K+]o recordings were performed in the CA3 
subfield of juvenile (15-22 day old) rat hippocampal slice. 4AP induced three 
types of spontaneous activity: (i) interictal discharges (55/55 slices); (ii) ictal dis-
charges (29/55); and (iii) synchronous negative-going GABA-mediated potentials 
(55/55). Baclofen abolished interictal activity (n=9) and induced ictal activity 
(duration=21.8± 11.5s, Mean±SD, n=8) when absent in control, or significantly 
increased the duration of pre-existing ictal activity (from 5.1±2.2s to 10.7±2.5s, 
n=3). Baclofen did not change the [K+]o baseline or the transient elevations in 
[K+]o associated with the GABA-mediated synchronous potentials. The baclofen- 
induced ictal discharges were not influenced by the NMDA receptor antagonist 
CPP (lOgM), but it was abolished by the non-NMDA receptor antagonist CNQX 
(lOpM). The effects induced by baclofen were reversed by the GABAb receptor 
antagonist CGP 35348 (ImM, n=3).

These results indicate that activation of GABAb receptors in the hippocampus 
obtained from juvenile rats leads to potentiation and/or induction of ictal 
discharges. Our results exclude that these effects are caused by changes in K+ 
homeostasis. Supported by the MRC of Canada (MT-8109).
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942.3
HIGH SPEED OPTICAL IMAGING OF MUSCARINIC INDUCED 
EPILEPTIFORM ACTIVITY IN THE ENTORHINAL CORTEX (EC) NETWORK. 
R. Kajiwara12, M. Matsukawa1 *, A. Alonso3 and T. Iijima1. ’Mol. & Cell. Neurosci. 
Sect, ElectroFechnical Lab., Tsukuba 305, 2Info. Sci., Tohoku Univ., Sendai 980, 
Japan, and 3Dept. Neurol. & Neurosurg., Montreal Neurol. Inst. & McGill .Univ., 
Montreal, Quebec H3A 2B4, Canada.

The EC represents a crucial cross-road in the temporal lobe and the functional 
organization of EC neurons and circuits are largely biased towards the production of 
oscillatory dynamics which may have a memory function (Klink and Alonso, J. 
Neurophysiol., 1993, 1997) but may also promote epileptogenesis. Not surprisingly, 
electrophysiological analysis of the EC in vitro has shown that low concentrations of 
CCh (10-20pM) triggers in EC rhythmic population activity that has an epileptiform 
(ictal-like) appearance. By performing high speed optical measurements of neural 
activity with voltage sensitive dyes and simultaneous field potential recordings, we 
have now examined the dynamic neural network processes involved in the initiation 
of and maintenance of CCh-induced ictal-like activity in the EC. We observed that 
the initial population spike of a CCh-induced ictal event was typically initiated in 
deep-layer V-VI of the lateral EC from where it propagated medially and 
superficially (towards layers II-III) at a speed of ~ 0.1 m/s. Subsequent population 
spikes during the same ictal-like event could be initiated at the same initial focus or 
at a distinct, more medial location in layer V-VI from where they propagated further 
medially as well as laterally but always confined to the borders of the EC. In general, 
ictal-like events appeared to be constructed by the interaction of several coupled 
oscillators in layer V-VI. Eventually, however, the entire layer V-VI network 
(~2mm) could beat in synchrony during the middle and late phase of an ictal event. 
CCh-induced rhythmic population activity in the EC could activate the dentate gyrus 
via the perforant path. Independently, hippocampal area CA3 could also display 
CCh-induced interictal-like events that typically travelled along the CA3 axis 
towards CA1. These results support the robust oscillatory nature of the EC network 
and help to understand the complex oscillatory dynamic processes involved in the 
generation of epileptiform discharges.

This work was partially supported by AIST and HFSP grant.

942.4
IN VITRO NETWORK ANALYSIS OF CARBACHOL-INDUCED SYN-
CHRONIZATION OF INHIBITION IN ENTORHINAL CORTEX (EC) 
LAYER IL C.T. Dickson*. B.N, Hamam. and A, Alonso. M.N.I. and McGill 
University, Montreal, Que. Canada.

The EC is a nodal region in the temporal lobe due to its bi-directional interfacing 
of the neocortex and hippocampus. Perhaps relevant to epileptogenesis, projection 
cells in both layers II and V exhibit robust oscillatory mechanisms which are en-
hanced by cholinergic modulation. We have recently demonstrated that muscarinic 
activation induces epileptiform activity in the EC slice preparation which corres-
ponds to synchronised excitatory and inhibitory influences. Synchronised inhibition 
in the form of positive field events associated to giant IPSPs in principal cells was 
found to remain in layer II following blockade of fast glutamatergic neurotrans-
mission, suggesting that cholinergic activation synchronizes the activity of inter-
neurons independently of excitatory input from principal cells. We have now char-
acterized further this interneuronal-network synchronization. In the presence of 
carbachol (10-30pM), CNQX (lOpM), and AP-5 (30pM), inhibitory-related field 
events were localized to layer II, reversing in the most superficial part of layer III 
and decaying rapidly in layer I. They were also highly localized in the medial- 
lateral axis of layer II, extending over a range of no more than 300 pm in either 
direction. When electrodes were separated by distances of 200 pm and greater, 
independent events could be recorded at either site. Under these same conditions, 
electrical stimulation of layer II, but not deep layers III through VI, elicited both 
giant IPSPs in adjacent principal cells in addition to positive field events. Like the 
spontaneous activity, these stimulation-induced events were also highly localized. 
Not only are these results relevant to temporal lobe epilepsy but also indicate the 
importance of intemeurons in shaping the modular arrangement of the EC. This 
study was funded by NSERC, MRC and HFSP.

942. S
NEURONAL DEGENERATION AFTER PILOCARPINE-INDUCED 
STATUS EPILEPTICUS: TIME-RELATED VULNERABILITY. U 
Covolan* and L.E.A.M.Mello (Dept. of Physiology. UNIFESP. Sao 
Paulo, 04023-900 SP, Brazil)

The hippocampus has been considered one of the most vulnerable sites to 
injure in both epileptic patients and animal models epilepsy. Here we 
evaluated the neuronal damage after pilocarpine-induced status epilepticus 
(SE) at different time-points with a silver impregnation technique sensitive 
to degenerating cells. Adults, Wistar EPM-1 rats were submitted to several 
durations (from 5 min. to 120 min.) of pilocarpine-induced (320mg/kg. i.p.) 
SE. Termination of SE was achieved with a solution containing 
thionembutal plus diazepan (30mg/kg + lOmg/Kg, i.p.). All animals were 
perfused at either 2 or 24 hours after SE termination. Perfusion and 
processing was done as previously described (Epilepsy Res., 26:123-130, 
1996). Even 5 min. long SE was able to induce cell damage in the 
hippocampal formation as seen at 24 hours after SE onset. For certain 
brain areas no difference was found between cell damage after 30 or 120 min 
of SE duration. Previously available data suggested that at least 30 min of 
SE duration was necessary for neuronal death to be present. On the other 
hand, clinical data suggest that even small SE durations might contribute to 
the later onset of epilepsy. Cell damage in other limbic structures showed 
specific profiles

Research supported by: FAPESP, CNPq and FINEP; L.C. is a 
FAPESP fellow (95/0657-0)

942.6
INFLUENCE OF THE PARABRACHIAL NUCLEUS (PBn) ON FOCALLY 
EVOKED LIMBIC SEIZURES
Beniamin R. Walker* and Karen Gale. Department of Pharmacology, 
Georgetown University Medical Center, Washington DC, 20007.

In an effort to identify neural substrates mediating the anticonvulsant 
effects of afferent vagal stimulation, we have evaluated the role of 
brainstem nuclei in the regulation of limbic seizure susceptibility. 
Previously (Soc. Neurosci. Abstr., Vol 22, 1996) we demonstrated that 
focal inhibition in the medial nucleus of the solitary tract (mNTS), the 
primary target of afferent vagal fibers, attenuated limbic motor seizures 
evoked from the forebrain. In the present study, we tested the 
hypothesis that the parabrachial nucleus (PBn), an important pontine 
relay station for ascending projections from the NTS, participates in the 
regulation of seizure susceptibility. We therefore examined the effect of 
inhibition of the PBn on seizures evoked focally from an epileptic site in 
the deep rostral piriform cortex. Muscimol (438 pmol), a GABAA-receptor 
agonist, was microinjected bilaterally into the medial PBn. Five minutes 
later, seizure activity was induced by the focal application of bicuculline 
methiodide (117 pmol) into the rostral piriform cortex. Control rats (saline 
in PBn) exhibited repeated episodes of full limbic motor seizures, 
including facial and forelimb clonus with rearing and loss of postural 
control. These seizures were prevented when muscimol was applied into 
the PBn, but not when muscimol was placed dorsal to the PBn. These 
results suggest that inhibition of the PBn can attenuate experimental 
seizures. Additional experiments will test whether the PBn is required for 
the mediation of the anticonvulsant influences of the mNTS.Supported 
by NIH grant NS28130

942.7
EFFECT OF CONVULSIONS ON ADRENERGIC RECEPTORS IN SPRAGUE- 
DAWLEY RATS AND SEVERE SEIZURE GENETICALLY EPILEPSY-PRONE 
RATS (GEPR-9S). D.O. SEP1, J.W. DAILEY2, M.E. REITH2,P.C. JOBIr and
K.H. KO.1' ’Department of Pharmacology, College of Pharmacy, Seoul National 
University, and Center for Biofunctional Molecules, POSTECH, Korea. 
2Department of Biomedical and Therapeutic Sciences, University of Illinois 
College of Medicine, Peoria, Illinois 61656, U.S.A.

The effect of convulsions on a- and (3-adrenergic receptor density was 
investigated in Sprague-Dawley rats (SD rats) and severe seizure genetically 
epilepsy-prone rats (GEPR-9s). Four groups of animals were prepared: 1) ECS- 
treated SD rats and GEPR-9s, 2) sham-treated SD rats and GEPR-9s, 3) ECS- 
treated SD rats and GEPR-9s with 6-hydroxydopamine (6-OHDA) pretreatment, 
and 4) sham-treated SD rats and GEPR-9s with 6-OHDA pretreatment. 
Electroconvulsive shock (ECS: 70 mA, 0.5 sec 60 Hz daily for 12 days) was 
delivered through ear-clip electrodes to induce tonic extensor convulsions in SD 
rats and GEPR-9s. The densities of a- and (3-adrenergic receptor were measured in 
the frontal cortex and hippocampus by receptor binding assay using [3H]prazosin 
and [3H]dihydroalprenolol as radioligands, respectively. There were no significant 
differences between the non-epileptic SD control rats and GEPR-9s in (3-adrenergic 
receptor density of the frontal cortex and hippocampus. The densities of (3- 
adrenergic receptors in the frontal cortex and hippocampus of SD rats and GEPR-9s 
were significantly decreased by chronic ECS treatment. On the other hand, in 6- 
OHDA pretreated SD rats and GEPR-9s, chronic ECS did not change the (3- 
adrenoceptor densities either in the frontal cortex or in the hippocampus of SD rats 
and GEPR-9s. The density of a-adrenergic receptors in the frontal cortex of SD 
rats and GEPR-9s was significantly increased following chronic ECS treatment. 
This up regulation effect of chronc ECS treatment on a-adrenergic receptors was 
also observed in the frontal cortex of 6-OHDA pretreated SD rats as well as GEPR- 
9s. Chronic ECS did not change the density of a-adrenergic receptors of 
hippocampus from either SD rats or GEPR-9s. These results show that the up and 
down regulation of noradrenergic receptors in SD rats and GEPR-9s due to 
convulsion are in a manner that is qualitatively similar but quantitatively different.

942.8
EFFECTS OF PERIPHERAL EPINEPHRINE ON MAXIMAL 
ELECTROSHOCK SEIZURES IN THE RAT. S.E. Krahl* and A. 
Handforth. Neurology Service, West Los Angeles VA Medical Center, 11301 
Wilshire Avenue, Los Angeles, CA 90073.

Peripheral epinephrine (EPI) can influence the central nervous system in 
a variety of ways despite an inability to cross the blood-brain barrier. For 
example, EPI can stimulate cerebral blood flow, cause EEG arousal, and is a 
potent memory modulator. Peripheral EPI can also attenuate seizures. Kindling 
rates can be slowed in rats after EPI administration, and footshock and other 
stressors, which are known to increase plasma catecholamine levels, can reduce 
the severity of electroshock seizures. In the present study, the effects of 
peripheral EPI administration on maximal electroshock (MES) seizures was 
examined.

Female Sprague-Dawley rats were implanted with a connector whose 
wires lead to bilateral skull screws overlying the frontal cortices. After 
recovery, the rats received an IP injection of saline or 0.01,0.10, or 1.00 mg/kg 
EPI. Fifteen minutes later, an MES seizure was induced by passing a 125-mA 
alternating current through the skull screws. This procedure was repeated daily 
so that individual animals received each drug in a random order.

Peripheral EPI injections significantly reduced MES-induced seizure 
severities in a dose-related fashion, confirming that EPI is indeed 
anticonvulsant. Since EPI does not readily enter the brain, these results suggest 
that the administration of peripherally acting substances may provide an 
effective means of preventing seizures.

This work was supported in part by a VA Merit Award (A.H.) and a 
research grant from the Epilepsy Foundation of America (S.E.K.).
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942.9
LOSS OF ANTICONVULSANT EFFECT OF VAGUS NERVE STIMULATION 
IN THE PENTYLENETETRAZOL SEIZURE MODEL FOLLOWING 
TREATMENT WITH 6HYDROXYDOPAMINE OR 5,7-DIHYDROXY-
TRYPTAMINE. R.A. Browning*1 »3 K B. Clark2. P.K. Naritoku3'4. P.C. Smith2 
and R.A. Jensen2, Departments of lPhysiology and 2Psychology, Southam Illinois 
Univ., Cartxmdale, IL 62901 and Departments of 3Phannacology and 4Neurology, 
Southern Illinois Univ. Sch. of Medicine., Springfield, IL 62794.

Vagus nerve stimulation (VNS) is presently used to treat epilepsy in patients with 
intractable seizures. However, the mechanism by which VNS exerts its 
anticonvulsant action is unknown. Previous studies from our laboratories have 
shown that VNS increases the firing rate as well as FOS expression in the neurons of 
the locus ceruleus (LC) and that lesions of the LC attenuate the anticonvulsant action 
of VNS on maximal electroshock-induced seizures. In the present study we have 
extended these findings by examining the anticonvulsant action of VNS on the 
pentylenetetrazol (PTY>seizure model following either 6-hydroxydopamine (6- 
OHDA>induced lesions of the LC or 5,7-dihydroxytryptamine (5,7-DHT)-induced 
lesions of serotonergic neurons. Male Sprague-Dawley rats weighing 300 - 450 g 
received either 4 pg of 6-OHDA bilaterally into the LC or 200 pg of 5,7-DHT 
intracerebrovattricularly (icv). Control rats received the equal volumes of the 
vehicle. Two weeks after neurotoxin treatment rats, were implanted with a vagus 
nerve electrode and 48 h later were subjected to the PTZ-seizure test (50 mg/kg, i.p.). 
VNS was commenced 5 min before and continued until 5 min after the administration 
of PTZ. VNS produced a marked attenuation or the PTZ-induced seizures in vehicle- 
treated rats, but failed to reduce seizure severity in rats pretreated with either LC 
infusions of 6-OHDA or icv injections of 5,7-DHT. The effectiveness of 6-OHDA 
and 5,7-DHT treatments was confirmed by monoamine assays. The present findings 
are consistent with the concept that the VNS-induced suppression of PTZ-induced 
seizures is mediated through noradrenergic and serotonergic neurons. However, 
additional studies are needed to determine the specific and relative contributions of 
noradrenergic and serotonergic systems in the seizure suppressant effect of VNS. 
Supported by Cyberonics Inc.

942.10
ESTRONE-3-SULFATE HAS A POSTSYNAPTIC SITE OF ACTION 
IN RAT HIPPOCAMPAL CA1 PYRAMIDAL CELLS. Kirsten T. 
Smith and Sally Veregge*. Biological Sciences Dept., 
San Jose State Univ., San Jose, CA 95192-0100.

Estrone-3-sulfate, an epileptogenic metabolite 
of estradiol, has been shown to block gamma- 
aminobutyric acid (GABA)-mediated inhibitory 
postsynaptic currents (IPSCs) in CA1 pyramidal 
cells. In this study, we used the blind, whole-
cell, patch clamp technique to determine if E-3-S 
exerts its effects at a presynaptic or postsynaptic 
site.

Hippocampal slices (400 pm) were prepared from 
male Sprague-Dawley rats, 18 to 31 days of age. 
Slices were placed in an interface chamber and 
perfused with oxygenated artificial cerebrospinal 
fluid. Tetrodotoxin (0.5 pm) was applied in bath 
form in order to block sodium-dependant action 
potentials as well as to block any indirect effects 
of E-3-S. Cells were voltage clamped at -70 mV. 
IPSCs were evoked via pressure ejection of 5 mM 
GABA. After acquisition of baseline data, E-3-S 
(45-450 pM) was applied in bath form for 30 
minutes.

E-3-S application led to a dose-dependant 
reduction of IPSC amplitude. Significant 
differences in IPSC amplitude were noted after the 
application of both 450 pM and 45 pM E-3-S; 
application of 4.5 pM E-3-S did not produce a 
significant effect. These results suggest a post-
synaptic site of action for E-3-S. (Supported in 
part by an NIH MBRS grant.)

942.11
EXPRESSION AND BIOLOGICAL ACTIVITY OF BI BRADYKININ 
RECEPTORS IN TWO EXPERIMENTAL MODELS OF EPILEPSY. M. 
Simonato. G. Bregola, L. Beani*. C. Bianchi. P.A. Borea. S. Gessi. K. Varani
and D, Regoli Dept of Clin. Exp. Med., Sect Pharmacol., Univ. Ferrara, 
44100 Ferrara, Italy.

Kindling and kainic acid are models of epilepsy in which a lasting 
hyperexcitability develops in a previously healthy brain. Increased expression 
of receptors mediating excitatory effects may be involved in this 
hyperexcitability. In this study, we tested whether BI bradykinin receptors 
(which are known to mediate excitatory effects in the peripheral nervous 
system and have little constitutional expression in the central nervous system) 
may be proposed in this role. Binding of the BI selective ligand [125I]R-838 
was increased in the hippocampus and in the cerebral cortex of rats killed 6 h 
after injection of kainic acid 15 mg/kg i.p. (approximately 2-fold increase in 
the Bmax values) or rats killed one week after the last amygdala stimulation- 
evoked fully kindled seizures (approximately 3-fold increase in the Bmax 
values). Consistent with binding data, electrically-evoked endogenous 
glutamate release from the hippocampus and the cortex was unaffected by the 
endogenous BI receptor agonist Lys-des-Arg’-bradykinin (10'7 M) in slices 
taken from control animals, but was significantly increased in slices taken 
from kainic acid-treated (+20%) or kindled rats (+50%). These effects were 
fully prevented by the selective BI receptor antagonist R-715 (10 6 M). The 
present data suggest that increased expression of BI bradykinin receptors may 
play a role in epileptic hyperexcitability.

Supported by a grant from the Italian Ministry for University.

942.12
DIFFERENCES IN EXPRESSION OF CANNABINOID RECEPTOR IN 
HIPPOCAMPUS AND CORTEX FROM PATIENTS WITH TEMPORAL LOBE 
EPILEPSY.
S. S. Glazier1*, W. L. Bell1’2, T. Pons1, E. V. Grigorenko3 and S. A. Deadwyler3. 
Depts. Neurosurgery1, Neurology2, Physiology and Pharmacology3, Bowman Gray 
School of Medicine, Wake Forest University, Winston-Salem, NC 27157.

The cannabinoid recepor (CB1) is one of the most abundantly expressed receptors 
in mammalian brain. Activation of CB1 is mediated though G-protein-coupled 
cascade that involves an inhibition of adenylyl cyclase activity. A well-documented 
effects of cannabinoids includes analgesia and antimemetic action. The potential abuse 
of cannabinoids has discouraged their therapeutic use. Direct investigation cf 
expression of this receptor in human epilepsy has been lacking.

RT-PCR was employed to quantitate relative changes in mRNA levels in 
hippocampal and cortical tissues removed from individuals with temporal lobe 
epilepsy (n=8). Cross-sections of surgically excised non-epileptic human hippocampus 
and cortex obtained from the Harvard Brain Tissue Center (n=3) and non-pathological 
tissues excised from patients with tumors (n=2) were used as controls for this study. 
An increase of CB1 message level was found in hippocampus and temporal cortex of 6 
tested epileptic specimens. Increased in CB1 expression were more pronounced in 
hippocampus (138% of control levels) than in temporal cortex (124% of control 
levels). The level of CB1 transcript was not changed in two other tissue samples from 
patients with epilepsy. The relationship between CB1 receptor changes and 
metabotropic glutamate receptors that participate in a similar G-protein-mediated 
cAMP cascade will be described. Co-localization of CB1 receptor upregulation and 
mGluRl immunochemical staining of dendritic alterations in the hilus and dentate 
gyrus will be correlated with decreased GluRl mRNA and protein level (Grigorenko 
et al., 1997).

942.13
EFFECTS OF INTRACEREBRAL INJECTIONS OF NEUROPEPTIDE Y AND 
NPY AGONISTS IN DIFFERENT MODELS OF SEIZURES IN THE RAT.
S, Reibel Foisset1, B.T, Le1, Y, Larmet2*, J, Carnahan3, S. Nadi4. C, Marescaux1 and
A. Depaulis1 'INSERM U. 398, University Louis Pasteur, Strasbourg, France, 2URA 
1446 CNRS, University Louis Pasteur, Strasbourg, France, 3Amgen Center, Thousand 
Oaks, Los Angeles, USA, 4Naval Medical Research Center, Bethesda, USA.

A growing body of data suggests that neuropeptide Y (NPY) is involved in the 
regulation of epileptic seizures. Generalized convulsive seizures trigger a strong and 
long-lasting increase of NPY expression, in particular in the hippocampus. In vitro, 
NPY reduces excitatory synaptic transmission and inhibits the development of 
epileptiform discharges in hippocampal slices, by activating the Y2 receptor. In vivo, 
intracerebral injections of NPY inhibit some excitatory effects of picrotoxine aid 
seizures induced by electrical stimulation of the hippocampus. Finally, transgenic mice 
lacking NPY display spontaneous seizures and are more susceptible to 
pentylenetetrazol-induced seizures. In order to decipher the role of NPY in the 
development of epileptic seizures, we studied the effects of intracerebroventricular 
injections of NPY or receptor agonists in different models of partial and generalized 
convulsive seizures in the rat. NPY (12 nmole), Y1 (hLeu31Pro34PYY, 12 nmole) or 
Y2 (hPYY3-36,12 nmole) agonists did not protect against convulsive seizures induced 
by systemic injections of pentylenetetrazol (45 mg/kg) or picrotoxin (5 mg/kg). On 
the contrary, in a model of partial limbic seizures evoked by electrical stimulation of 
the hippocampus, Y2 agonists significantly reduced primary and secondary 
afterdischarge durations and abolished seizure-induced "wet dog shakes". Finally, 
hippocampal kindling was delayed by a chronic perfusion of NPY (3 nmole/day) in the 
hippocampus. These results suggest that activation of the Y2 subclass of NPY 
receptors suppresses convulsive seizures originating in the hippocampus.
Supported by a grant from the French Education Ministry and INSERM.

942.14
TIME-DEPENDENT CHANGES IN SOMATOSTATIN AND 
NEUROPEPTIDE Y IMMUNOREACTIVITY IN THE HIPPOCAMPUS 
AND PARAHIPPOCAMPAL GYRUS OF RATS AFTER 
ELECTRICALLY-INDUCED STATUS EPILEPTICUS. A. Vezzani*. M, 
Rizzi, M, Gariboldi, M. Conti and R. Samanin. Mario Negri Institute for 
Pharmacological Research, Milano, Italy 20157.

We studied the relantionship between the pattern of seizure induction and the 
neuropathology in the hippocampus and parahippocampal gyrus at various times after 
90 min stimulation of the ventral hippocampus inducing self-sustaining limbic 
status epilepticus (SSLSE) in rats. The number of somatostatin (SRIF) 
immunoreactive (IR) neurons decreased in the hilus of the dentate gyrus 48 h and one 
week after SSLSE. The extent of this loss was dependent upon the severity of SE 
induced during the electrical stimulation. However, various SRIF-IR cells were 
preserved in the hilus even in sections close to the site of stimulation. A complete 
loss of SRIF-IR in the hilus was observed in some rats one month after SSLSE 
while in a different group of animals SRIF-IR was similar to controls. NPY-IR was 
enhanced in the mossy fibres 48 h and one week after SSLSE. Interestingly, NPY-IR 
was significantly enhanced also in CA1 pyramidal cells, the subiculum, layers IV-V 
of the entorhinal cortex and in the perirhinal cortex. Nissl-stained sections showed 
neuronal cell loss in the hilus, CA1/CA3 sectors and layer III of the entorhinal 
cortex. In some rats, selective degeneration was found in the hilus and layer III of the 
entorhinal cortex particularly in the hippocampus contralateral to the stimulation. 
These findings suggest that: (i) electrical stimulation of CA3 cells in the ventral 
hippocampus drives CA1 neurons to activate the deep layers (IV-V) of the entorhinal 
cortex. Excitation would then spread to layers II and III and back to dentate gyrus and 
CA1; (ii) this reverberatory excitatory loop may induce degeneration of selectively 
vulnerable cells (i.e. SRIF-IR neurons); (iii) the loss of SRIF-IR is a delayed 
neurodegenerative event the extent of which varies between rats. This may have 
relevance for the late occurrence of spontaneous epileptic events after SSLSE.
This work was partly supported by CNR, Italy
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942.15
KINDLING INDUCES OPPOSITE CHANGES IN NEUROPEPTIDE Y Y1 AND 
Y2 RECEPTOR PROTEINS AND THEIR mRNA EXPRESSION IN THE RAT 
HIPPOCAMPUS. M, Gobbi1. M, Gariboldi1. C, Piwko3. D. Hover3*. G. 
Sperk2 and A. Vezzani1. 1 Mario Negri Inst, for Pharmacol. Res., Milano, 
Italy 20157; 2University of Innsbruck, Innsbruck, Austria 6020; 3Novartis 
Pharma Inc., Basel CH-4002, Switzerland.

Electrical kindling of the rat dorsal hippocampus induced significant 
changes in the binding of [123I]PYY to Yl and Y2 receptor subtypes and 
in their mRNA expression in the area dentata as assessed by quantitative 
receptor autoradiography and in situ hybridization histochemistry. Yl 
receptor sites decreased by 50% on average in the molecular layer of the 
stimulated dentate gyrus, two days after stage 2 and one week and one 
month after stage 5 seizures (p<0.05) compared to sham-stimulation. 
Conversely, Y2 receptor sites increased by 50% on average in the hilus 
ipsilateral and contralateral to the stimulation at stages 2 (p<0.01) and 5 
(p<0.05). A 90% increase in Y2 receptor sites was also found 30 days 
after the last stage 5 seizure. No significant changes were observed in the 
other hippocampal subfields and in the cortex nor in rats after one 
afterdischarge. Yl receptor mRNA decreased bilaterally by 60% on 
average (p<0.01) in the granule cell layer 6 h after the last stage 2 and 
stage 5 stimulation compared to shams. Y2 receptor mRNA was enhanced 
by 140% on average (p<0.01) 24 hours after stage 2 and 6-24 hours after 
stage 5 (p<0.01). No significant changes in both mRNAs were found in 
the CA3 pyramidal cell layer nor in rats after one afterdischarge. These 
changes are associated with an enhanced NPY immunoreactivity in the 
outer molecular layer of the dentate gyrus and in the hilus. This may play 
a role in modulating glutamatergic neurotransmission and granule cell 
excitability in kindling.
This work was supported by Novartis Pharma, INC., Basel, Switzerland.
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943.1
DEPOLARIZING AFTERPOTENTIAL (DAP) IN CA1 PYRAMIDAL 
CELL: AN AXON HILLOCK PERSISTENT CURRENT? L. Stan Leung* 
and DiChen Zhao, Dept. Physiology and Clin. Neurol. Sci., Univ. Western 
Ontario, London, ON N6A5A5.

The properties of the DAP in CA1 pyramidal cells of adult rats were 
studied in hippocampal slices in vitro. A spike and its afterpotentials were 
isolated by digital subtraction of responses above and below the spike 
threshold. Afterhyperpolarization (AHP) was larger for an orthodromic 
(radiatum evoked) than an antidromic spike (alvear evoked), while DAP was 
more pronounced for an antidromic spike than an orthodromic or current- 
induced spike. The DAP following an antidromic spike averaged 6 + 1 mV 
(N=40) at 5 ms after the spike peak and lasted for 5-80 ms. The DAP 
duration was significantly prolonged by a low Ca2+ medium, with or without 
Cd2+ (0.2mM); late-latency spikes were found to arise from the DAP in the 
absence of synaptic transmission. Diffusion of QX-314 from the somatic 
micropipette revealed a long-duration depolarizing wave (presumed DAP) 
after the large negative transient (presumed somatic, Na*-dependent spike) 
was blocked. Prolonged QX-314 diffusion abolished all antidromic 
transients. Extracellular mapping of the population antidromic spike in low 
Ca2+ medium revealed sinks in the proximal stratum oriens which was of 
similar duration as the DAP; a sink in stratum radiatum may correspond to 
the AHP. We concluded that the DAP was generated distal to the cell body 
and before spike invasion of the cell body, perhaps near the axon hillock 
(stratum oriens). The DAP was mediated by Na+ and not Ca2+ currents. 
DAP-induced spiking occurred without synaptic transmission and may 
facilitate the propagation of seizures. (Supported by NSERC & NS25383).

943.2
EXTRACELLULAR CHLORIDE AND THE MAINTENANCE OF 
EPILEPTIFORM ACTIVITY IN HIPPOCAMPAL SLICES. Daryl W. 
Hochman* and P.A. Schwartzkroin. Deptartment of Neurological Surgery, 
University of Washington, Seattle WA 98195

Inhibition of chloride cotransport by furosemide blocks spontaneous 
epileptiform activity without diminishing synaptic transmission or 
hyperexcited field responses to electrical stimuli (Hochman et al, 1995 
Science. 270:99). Reduction of [Cl-], should also inhibit chloride cotransport 
and hence affect spontaneous bursting in a manner similar to furosemide. 
However, the opposite is known to occur: low-[Cl-]. induces epileptiform 
activity in hippocampal slices. Our experiments were aimed at understanding 
this apparent contradiction. Hippocampal slices were perfused with low-[Cl]» 
medium (17 mM). Field recordings from the CA1 cell body layer showed 
that spontaneous bursting developed within 20 min and ceased by 1 h. In 
other experiments, epileptiform bursting was induced in slices by perfusion 
with high-[K+], bicuculline, or 4-amino pyridine. Field and intracellular 
recordings from CA1 showed that in each case, reduction of [Cl-], to 17 mM 
reversibly blocked the spontaneous bursting within 1 h. Schaffer collateral 
stimulation during the low-[Cl-]. blockade showed that synaptic transmission 
was not reduced - rather, hyperexcited field responses could be elicited. 
Normal discharge could be recorded from current-depolarized CAI pyramidal 
cells in tissue that had been perfused with low-[Cl-]. medium for more than 2 
hs indicating that action potential generation had not been compromised by 
prolonged low-[Cl-]. exposure. These results suggest that there is a time- 
dependent effect of low-[Cl-]. on epileptiform activity. Initially, reduction of 
[Cl-]« induces spontaneous bursting while prolonged treatment with low-[Cl]« 
medium has antiepileptic effects. Support: NIH grant HNS-35548.

943.3
EFFECTS OF FUROSEMIDE ON NORMAL AND EPILEPTIFORM EVOKED 
ACTIVITY IN AREA CA1 OF GUINEA PIG HIPPOCAMPAL SLICE. S. R. Sinha* 
and P, Saggau. Div. of Neuroscience, Baylor Coll, of Med., Houston, TX 77030

Furosemide, an antidiuretic, inhibits a Na,K,2Cl cotransporter, which is important for 
regulation of the extracellular volume fraction (EVF) in the CNS. Furosemide blocks 
activity-induced changes in EVF and spontaneous epileptiform activity without 
decreasing neuronal excitability (Hochman et al., 1995). This is most likely due to the 
importance of EVF for the potency of nonsynaptic mechanisms involved in the 
generation and spread of epileptiform activity, such as changes in extracellular ionic 
concentration and ephaptic interactions. Additional actions of furosemide include its 
effect on [Cl]j which can alter GABAa receptor-mediated inhibition. We are 
investigating the effects of furosemide on normal and epileptiform activity induced by 
4-aminopyridine (4-AP) in area CA1 of the guinea pig hippocampal slice.

We used a previously developed technique for optically monitoring transients of 
membrane potential (Vm) and [Ca2+]; with high spatio-temporal resolution (Sinha et at, 
1995). Furosemide (2.5 mM) significantly increased normal evoked activity (both Vm 
and [Ca2+]j transients). This was not due to a change in presynaptic excitability as no 
consistent effect was found on transients measured after blockade of postsynaptic 
activity. Furosemide blocked all spontaneous epileptiform activity induced by 100 pM 
4-AP. Furthermore, it reduced the epileptiform activity (Vm) evoked by stimulation of 
either the fimbria or str. radiatum of area CA1; however, the [Ca2+]; transient was 
actually increased. Using this technique, we have previously shown that the delay 
between the Vm and [Ca2+], transients increases with activity propagation and that this 
most likely reflects a nonsynaptic contribution. The changes in this delay caused by 
furosemide were consistent with a reduced potency of nonsynaptic mechanisms. 
Furosemide did not alter the resting EVF. The consequences of the interaction of 
furosemide with GABAa  receptor-mediated responses are currently being investigated. 
Supported by N.I.M.H./A.D.A.M.H.A. NRSA MH10491-4 toS.R.S.

943.4
PUTATIVE GAP JUNCTIONAL BLOCKERS, BUT NOT 
CONVENTIONAL ANTIEPILEPTICS, BLOCK EPILEPTIFORM 
DISCHARGES IN PIRIFORM CORTEX. P.J. McDonald, M.R. Pelletier 
and P.L. Carlen*. Bloorview Epilepsy Research Lab., Playfair 
Neuroscience Unit, Toronto Hospital Research Institute, Depts. of Medicine 
(Neurology), Surgery (Neurosurgery) and Physiology, University of 
Toronto, Toronto, ON, Canada, M5T 2S8.

Although most seizure syndromes are managed with conventional 
antiepileptics, approximately 25 % are intractable, with the majority being 
of temporal lobe origin. We have developed an in vitro seizure model 
utilizing repeated tetanic stimulation whose epileptiform discharges are 
intractable to phenytoin and midazolam (Pelletier and Carlen, 1996 J. 
Neurophysiol. 76:4069-4079). We have investigated further this novel 
model. AP5 (40 //M) or high Mg2* (4 mM), applied during the tetanization 
protocol blocked the induction of spontaneous epileptiform discharges. 
Valproic acid (1 mM), applied after the tetanization protocol, was without 
effect on spontaneous discharges. In contrast, the application of the 
putative gap junctional blocker, proprionic acid (25 mM), reduced the 
frequency of spontaneous discharges to 23.4% of control. Application of 
another putative gap junctional blocker, octanol (0.05 or 0.2 mM), reduced 
the frequency of spontaneous discharges to 16.7 % and 0 % of control, 
respectively. These results demonstrate that gap junctions might play an 
important role in seizure expression and that gap junctions might be a 
novel therapeutic target, particularly for intractable seizures. Supported by 
Canadian Network of Centres of Excellence, Bloorview Epilepsy Program and 
the U. of Toronto Surgical Scientist Program.
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943.5
EPILEPSY-ASSOCIATED ENHANCED ZINC SENSITIVITY OF 
DENTATE GRANULE CELL mIPSCs: POTENTIAL ROLE OF 

ENDOGENOUSLY-RELEASED ZINC
Y.-F. Zhang. D.A. Coulter*. Department of Neurology, 
Medical College of Virginia, Richmond, VA 23298-0599

Zinc is colocalized with glutamate in dentate granule cel! (DGC) mossy 
fibers (MFs). In temporal lobe epilepsy, MFs sprout and autoinnervate 
DGCs, providing an endogenous zinc release mechanism onto DGCs in the 
epileptic, but not control brain. We have previously shown that whole-cell 
GABAa  receptor responses of epileptic DGCs exhibit enhanced sensitivity to 
block by zinc (Gibbs et al. J Neurophysiol. 77 (4), 1997). In the present 
study, possible epilepsy-associated alterations in zinc sensitivity of 
subsynaptic GABA receptors was studied. Hippocampal slices were 
prepared from pilocarpine-treated spontaneously epileptic rats (PILO) and 
control rats, and s- and mIPSCs were recorded from DGCs using blind slice 
patch techniques in ACSF medium containing CNQX, APV (sIPSCs) and TTX 
(mIPSCs). Bath application of zinc (200 //M) blocked mIPSCs in PILO DGCs 
(-23.3 ±4.0% block) but not in control DGCs (3.9 ±1.9% enhancement, 
p<0.0001, t test). To assess possible effects of endogenously released 
zinc, TTX was omitted from the medium, and MFs were tetanically 
stimulated in the hilus (2 sec, 60 Hz train). In both PILOs and controls, 
antidromically activating MFs produced significant enhancement of sIPSC 
amplitudes (by 7.8±8.7 and 18.7±8.4%, respectively, p>0.05). This 
suggests that 1) other substances released from MFs besides zinc are acting 
on sIPSCs, 2) synaptically released zinc may have significant presynaptic 
effects on intemeurons, or that 3) synaptically released zinc does not 
diffuse sufficiently to interact with subsynaptic GABA receptors. Supported 
by NIH NINDS Grant NS 32403.

943.6
THE INVOLVEMENT OF ZINC IN NEURONAL DEATH MEDIATED BY 
KAINIC ACID-INDUCED SEIZURES: AN EVALUATION USING METAL 
CHELATORS. M. P. Cuaiungco*. G. J, Lees and W. Leong. Dept. of Psychiatry 
and Behav. Sci., Univ. of Auckland Sch. of Med., Private Bag 92019, Auckland, 
New Zealand.

Chelatable zinc is released from synaptic vesicles and accumulates in the 
perikarya of neurons degenerating as a result of seizure activity. This pool of zinc 
may contribute to seizure activity and consequent neuronal death. Hence, the 
effects of metal chelating agents on seizure-induced neuronal degeneration in the 
dorsal hippocampus was investigated. Injections of kainate (KA, 0.47 nmol) into 
the amygdala produced seizure-related damage in all animals. Groups of male 
Wistar rats (190-210g) were co-injected with N,N,N',A-tetraA:w(2-pyridylmethyl) 
ethylenediamine (TPEN, 10 nmol), or diethyldithiocarbamate (DEDTC, 100 
nmol) into the hippocampus. Some groups were co-injected intraperitoneally with 
DEDTC (0.2, or 1 g/kg) or diphenylthiocarbazone (dithizone, 0.1 g/kg). Four 
days later, the animals were sacrificed and the extent of neuronal loss determined 
by the absence of Nissl staining and appearance of neurons stained with acid 
fuchsin. None of the chelators significantly affected the extent of neuronal loss in 
the hippocampus caused by the intra-amygdaloid KA injection, although these 
chelators decreased the availability of hippocampal vesicular (chelatable) zinc as 
indicated by the loss (quenching) of neo-Timm's sulfide/silver staining. Only 
TPEN chelated vesicular zinc for up to 8 h in vivo and blocked the development 
of perikaryal staining for zinc 3 h after KA injection, but not at 5 or 8 h. 
Perikaryal zinc stain was detected between 3-8 h after KA treatment. These 
neurons appear to be degenerating as revealed by their morphological 
characteristics. It is hypothesized that alternative sources of zinc may contribute 
to perikaryal zinc staining of neurons.

Supported by Health Res. Council, NZ Lottery & Auck. Univ. Staff Res. Fund

943.7
TRIMETHYLTIN INDUCES CHANGES IN NEUROPEPTIDE 
EXPRESSION IN THE RAT HIPPOCAMPUS. K-Tsunashima1 ”, 
M.Sadamatsu2’, N.Kato2’, K.Watanabe3), Y.Minabe3), S.Tomitaka4’* 
and G.Sperk1’. ’’Dept. of Pharmacology, 6020 Innsbruck, Austria, 
2)Dept. of Psychiatry, Shiga Univ. Med. Sci, 520 Shiga, Japan, 
’’Present address: Natl. Inst. Neurosci., NCNP, 187 Tokyo, Japan & 
4)Dept. of Psychiatry, Tokyo Woman's Med. College, 162 Tokyo, 
Japan.
Trimethyl tin (TMT), when applied to rats, causes damage of CA3 
neurons in the hippocampus associated with learning impairment and 
seizures. We investigated the expression of various peptides mRNAs 
in the hippocampus 5 and 16 days after TMT application (p.o.). Five 
days after TMT application a decrease in the number of CA3 neurons 
was observed. At the same time marked increases NPY, NKB and 
Met-enkephalin mRNAs and a decrease in dynorphin mRNA were 
observed in dentate granule cells. Marked increases in NPY mRNA 
were seen also in intemeurons of the dentate hilus. At the same time a 
decrease in dynorphin-IR was seen in mossy fibers and increased 
NPY-IR in hilar interneurons. Most of these changes were reversed 
after 16 days. At this time, a decrease in the number of somatostatin 
mRNA containing neurons was observed. No changes in CCK mRNA 
were present. The changes seen in neuropeptide expression are 
consistent with- the severe seizures occuring 5 days after TMT 
aplication and damage in hilar somatostatin neurons.
Supported by the Austrian Science Foundation and the Japanese 
Foundation for Aging and Health.

943.8
SYNCHRONOUS INTERICTAL-LIKE BURST DISCHARGES 
INDUCED BY CESIUM ARE NEUROTOXIC IN ORGANOTYPIC 
HIPPOCAMPAL CULTURES. G.M. McKhann if, R. D'Ambrosio, D.W. 
Newell and D. Janigro. Neurosurgery, Univ. of Washington, Seattle, WA 98104

Extracellular cesium (Cs) causes synchronous interictal-like burst discharges 
in acute hippocampal slices by a mechanism predominantly due to blockade of 
glial voltage-dependent potassium uptake (J. Neurosci. 17(8) 2813-2824; 1997). 
In addition, Cs blocks neuronal mixed cation (lh) currents. We utilized the 
organotypic hippocampal slice to investigate whether the interictal epileptiform- 
like activity induced by cesium is neurotoxic. Organotypic hippocampal slices 
were prepared from 5-7 day old neonatal rats and maintained in culture for 2 
weeks prior to exposure to 3 mM Cs. Cs caused a rapid onset (~6 min) 
generation of synchronous burst activity in both CA3 and CA1 regions that was 
reversible upon Cs removal. Continuous exposure to Cs for up to 3 days resulted 
in progressive pyramidal cell toxicity (maximum 52%), as detected by 
propidium iodide uptake. Both interictal activity and toxicity were prevented by 
sodium channel blockade with TTX (lpM) or by AMPA glutamate receptor 
antagonists (DNQX, 100 pM). In contrast, NMDA receptor blockade with MK- 
801 (30 pM) prevented the cesium induced neurotoxicity without blocking the 
interictal activity. Application of DK-AH 268 (10 pM), a selective Ift blocker 
(Biophys. J. 68(2) A23; 1995), did not result in synchronized neuronal discharge 
activity and partially protected against Cs-induced neurotoxicity. These results 
provide evidence that: 1) Cs-induced synchronous burst discharge activity in the 
hippocampus is neurotoxic; 2) the burst activity associated with Cs application 
can be dissociated from the pyramidal cell toxicity by NMDA channel blockade; 
3) following Cs washout, spontaneous epileptiform activity does not occur in the 
organotypic hippocampal slice, despite pyramidal cell death. This in vitro model 
may provide insight into the relationship between neuronal cell death and 
epileptogenesis. Supported by NIEHS ES 07033, NIHLB 61-8403 (DJ) and IF 
32 NS 10217-01, Research Foundation of the AANS (GMM).

943.9
HYPERBARIC OXYGEN EFFECTS ON GLUTAMATE UPTAKE IN GLIAL 
CELLS. D.O. Keyser*, S.T. Ahlers and C.R. Auker. Naval Medical Research 
Institute, Bethesda, Maryland 20889-5607

Hyperbaric oxygen (HBO) is used clinically to treat a number of medical 
emergencies. The use of HBO is limited by its toxic effects, the most onerous of 
which is the manifestation of generalized tonic-clonic seizures. Glial cells have 
recently been shown to be important in the maintenance of synaptic transmission and, 
when metabolically compromised, to cause seizure activity. Our study investigated the 
effect of HBO on glial glutamate uptake, a primary function of glia at the synaptic 
cleft.

We exposed cultured C6 glial cells to either normal media (Con) or media + 1 
mM glutamate (Glu) and then to either room air (AIR), HBO, or HBO + super oxide 
dismutase (SOD, 20 U/ml) + catalase (CAT, 100 U/ml) for 30 min. Cytosolic 
glutamate was measured and was standardized to protein content. HBO significantly 
inhibited glutamate uptake into C6 cells maximally at 2 atmospheres absolute (ATA) 
and was not changed up to 6 ATA. The addition of free radical scavengers partially 
reversed this effect (see fig). The
data are consistent with the 
hypotheses that glial regulation of 
glutamate and free radical 
generation play a roll in the 
manifestation of HBO toxicity.
Further work will better define the 
role of glial cells in the onset of 
HBO-induced seizures. (Supported 
by NMRDC work unit 62233N 
MM33P30.005-1519)

943.10
REVERSIBLE CHANGES INDUCED BY 6-AMINO-NICOTINAMIDE IN 
RETINAL SPREADING DEPRESSION (SD): A GLIAL ROLE IN SD? L.A. 
Cavalcante*. L.J. C. Ribeiro and H. Martins-Ferreira. Instituto de Biofisica Carlos 
Chagas Filho, Univ. Federal do Rio de Janeiro, 21941-590 Rio de Janeiro, Brazil.

The mechanism of propagation of spreading depression (SD) is still obscure and 
several hypothesis, among which the glial hypothesis or propagation in an 
astroglial syncytium, have been proposed. The nicotinamide analogue 6- 
aminonicotinamide (6-AN) is an inhibitor of the hexose monophosphate pathway 
which is preferentially used in macroglial cells. In this study, we have employed 6- 
AN in order to evaluate the glial contribution to the spread of SD in the chicken 
retina. Two types of in vitro preparations have been used: 1. Eyeball posterior 
hemispheres in which a cut separates a retinal annulus from the spherical cap of 
the eye fundus for elicitation of continuous, “circulating” SDs; 2. Isolated 
fragments of the entire neural retina for elicitation of “individual” SDs. Both types 
of preparations were superfused with Martins-Ferreira’s standard Ringer either 
devoid of or containing 10 mM 6-AN. SDs were elided by mechanical stimuli and 
the charaderistic DC waves recorded by means of extracellular electrodes. 
Comparisons between control and 6-AN treated rdinas showed decreases in the 
DC amplitude in both preparations that were reverted by removal of 6-AN from the 
medium. In addition, there were consistent decreases in the propagation velocity in 
“circulating” SDs from about 4.0 to about 2.0 mm. min1 whereas in “individual” 
SDs changes were from about 7.5 to about 5.0 mm.min"1. No loss of transparency 
and, apparently, no signs of damage were observed in either rdinal preparation. 
Our results suggest that retinal glia and particularly Muller cells play a role in the 
propagation of SD.

[Support: CNPq, FINEP,CEPG/UFRJ, IBRO]
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943.11
SIMILAR INCREASES IN EXTRACELLULAR LACTATE IN THE LIMBIC 
SYSTEM AFTER EPILEPTIC AND OLFACTORY STIMULATION. E 
T nrnai*. L, Bassi, M.G. Alessandri#, R. Guerrini# and G.U. Corsini. Insitute of 
P .1 rmacology and #IRCCS Stella Maris-INPE University of Pisa, 56100 Pisa, 
italy.

Previous studies have shown that physiological stimulation increases anaerobic 
glucose consumption. This was demonstrated either in humans and in 
experimental animals. To further investigate this phenomenon, in this study 
performed in rats, we measured extracellular lactale levels within different brain 
areas after a variety of stimuli using microdialysis. Experiments were performed 
using natural, physiological stimulation and experimental convulsive seizures. 
Olfactory stimulation was carried out using different odors (i.e. tiazoline, a sexual 
fcromonc; pirazinc, the essence of green pepper; limole). Generalized seizures 
were induced by systemic pilocarpine; limbic seizures were obtained by 
microinfusion of cheinoconvulsants within the anterior pyriform cortex. 
Generalized seizures dramatically increased lactic acid within the hippocampus; 
similarly, limbic seizures produced a pronounced increase in lactic acid and a 
similar increase was obtained when the animals underwent olfactory stimulation 
(both tiazoline and pirazine). Increase in lactic acid following natural olfactory 
stimulation was abolished either by bulbectomy or by microinfusion of 
letrodotoxin within the hippocampus and was attenuated by the focal application 
cf the NMDA antagonist AP-5.
Increase in lactic acid following olfactory stimulation occurred with site 
spi cificity being detected in the rhinencephalon (hippocampus, pyriform, 
on’.iorinal cortex) bul not in the striatum. Site-specificity crucially relied on the 
quality of the stimulus. For instance, other natur j stimuli (tail-pinch) produced a 
similar increase in extracellular lactate in all the brain areas under examination.

943.12
IN VIVO DETERMINATION OF THE ELIMINATING CAPACITY AND 
THE GENERATION OF FREE RADICALS DURING KAINIC ACID 
SEIZURE: THE APPLICATION OF IN VIVO MICRODIALYSIS TO ESR 
SPECTROSCPOPY. Y. Ueda*, H. Yokovama, H. Qhya-Nishiauchi and 
H.Kamada, Institute for Life Support Technology, Yamagata 
Technopolis Foundation, 2-2-1 Matsuei, Yamagata 990, Japan 
To determine the eliminating capacity and the generation of free 
radicals during kainic acid (KA)-induced seizure, in vivo brain 
microdialysis was applied to ESR spectroscopy. Following the perfusion 
of a nitroxide radical into hippocampal extracellular space of rats for 120 
min by dialysis at the rate of 2 pl/min, they received intraperitoneal 
injection of KA (20mg/kg i.p., 0.2 ml) or saline, the perfused liquor 
replaced with Ringer's solution. ESR spectra were successively 
observed from the area perfused with the nitroxide radical in both 
groups. The half-life, which was estimated on the basis of the rate of an 
exponential decay of amplitude of ESR signals, was used as a 
parameter of intracerebral activity to eliminate radicals during convulsion 
status. The half-life in the rats during convulsion was significantly longer 
than that in the control rats (p< 0.01). The spin trap agent, a-(4-pyridyl- 
N-oxide)-N-tert-butylnitrone saline solution, was perfused into the 
hippocampus during convulsion status, and finally we observed the 
dialysate samples revealed six line spectra in ESR analysis, for which 
hyperfine coupling constants (aN=15.7 G, aH=2.5 G) corresponded to 
those of the ESR signal from lipoxygenase/linoleic acid system, as a 
lipid radical generating system. The finding shows that the intracerebral 
activity to eliminate radicals during convulsion was decreased compared 
with that in the control, coming from the possibility due to the generation 
of free radicals during seizure. These results confirm that hippocampal 
cellular vulnerability to free radical attack is present during KA-induced 
seizure in vivo.

943.13
CARBAMAZEPINE AND LAMOTRIGINE PARTIALLY PREVENT 
NITRIC OXIDE GENERATION ENHANCEMENT IN THE BRAIN OF 
RATS WITH EPILEPTIFORM SEIZURES. V.G.Bashkatova*, G.Yu.Vitskova, 
A.F.Vanin, V.D.Mikoyan, V.B.Narkevich, K.S.Rayevsky. Inst, of Pharmacol., 
Acad, of Med. Sci., Moscow, Russia, 125315.

Nitric oxide (NO) has been implicated in several brain disorders including 
epilepsy. We demonstrated earlier that convulsive states of different origin 
(Maximal Electroshock Seizure, Pentylenetetrazole, Thiosemicarbazide, NMDLA) 
are followed by a dramatic increase (nearly 4-5 fold) in NO concentration in the rat 
brain cortex. The increased level of lipid peroxidation (LPO) secondary products 
measured as Thiobarbituric Acid Reactive Species (TBARS) was also observed. 
The aim of this study was to evaluate the influence of anticonvulsant drugs on NO 
formation and LPO level in the brain cortex of rats with epileptiform seizures. The 
Maximal Electroshock Seizure (MES) and Pentylenetetrazole (PTZ)-induced 
convulsions in male Wistar rats were used. Carbamazepine and novel antiepileplic 
drug Lamotrigine were studied in comparison with Phenobarbital. NO content in 
the brain cortex was measured by the direct method of EPR spectroscopy which is 
based on determination of amount of paramagnetic mononitrosyl-iron 
diethyldithiocarbamate complexes. Carbamazepine (15 mg/kg i.p.) and 
Lamotrigine (20 mg/kg i.p.) injected one hour prior convulsive agents were shown 
to decrease seizure manifestations and partially prevent NO generation 
enhancement. Both NO increase in the brain and convulsions produced by MES as 
well as by PTZ were fully prevented in rats pretreated with Phenobarbital (10 
mg/kg i.p.). Carbamazepine was found to be more efficient than Lamotrigine in 
decreasing seizure-induced TBARS level in the brain while Phenobarbital totally 
prevented LPO activation. It is concluded that the suppresion of both seizure 
induced NO generation and LPO enhancement seems to be a substantial feature of 
the mode of action of antiepileptic drugs. Supported by INTAS grant 94-500.

943.14
CHRONIC ETHANOL TREATMENT IN VIVO INCREASES EXCITABILITY 
IN MOUSE CORTICAL NEURONES IN VITRO. T. Ibbotson & P.R. Boden*, 
Parke-Davis Neuroscience Research Centre, Cambridge University Forvie Site, 
Robinson Way, Cambridge, U.K. CB2 2QB.

The effects of cessation of chronic ethanol ingestion on the characteristics of 
the evoked synaptic potentials in cortical neurones in vitro have been 
investigated in mice. Intracellular recordings were made from cortical layer II 
neurones from brain slices and evoked synaptic potentials were generated in 
these neurones through intralaminar stimulation.

Neurones from control mice displayed an evoked potential consisting of a fast 
epsp mediated by AMPA-type glutamate receptors and an ipsp mediated via 
GABAa receptors. Application of pentylenetetrazole onto these neurones 
inhibited the ipsp, caused a large increase in both the amplitude and duration of 
the epsp and initiated spontaneous excitatory activity. The resulting large evoked 
epsp was mediated via both NMDA- and AMPA-type glutamate receptors. 
Neurones from ethanol-treated mice displayed a large epsp which consisted of 
several distinct components. This multi-component epsp was mediated through 
both NMDA- and AMPA-type glutamate receptors.
Prolonged ethanol ingestion is known to create a neurochemical imbalance in 

cortical neurones resulting in abnormal neurotransmission. The present study 
highlights the functional consequences that arise as a result of these 
neurochemical changes leading to over-excitation of neurones and pronounced 
epileptiform activity.

943.15
ENHANCED EXCITABILITY INDUCED BY IONIZING RADIATION IN THE 
KINDLED RAT. K.A. Jenrow, A.E. Ratkewicz. KV. Elisevich*. Epilepsy 
Research Lab., Neurosciences Institute, and Dept. of Radiation Oncology, Henry 
Ford Health Sciences Center, Detroit, MI 48202.

Empirical evidence in the clinical literature suggests an influence of ionizing 
radiation on focal epileptogenicity. In an effort to quantitate this influence we 
investigated the effect of gamma radiation exposure (18 Gy and 25 Gy) in the 
amygdala-kindled rat. Male Wistar rats were stereotactally implanted with 
concentric bipolar electrodes in the left and right basolateral amygdala and right 
frontal cortex. Following determination of the afterdischarge threshold, rats were 
kindled via a series of daily threshold electrical stimulations of the left amygdala 
through a minimum of 10 stage 5 seizures. Seizure thresholds were determined 
prior to irradiation, and at 1 week intervals following irradiation. Irradiation 
involved beam-collimation of a ^Co source such that the 90% isodose line fell 
within a 2.5 mm radius, concentric with the left amygdala electrode axis.

Animals were observed for 6 months following irradiation. During this period, 
no significant changes in seizure threshold were observed to be associated with 
either the 18 Gy or 25 Gy exposures. However exposure at either dosage was 
associated with an enhanced excitability, manifesting as a second convulsive 
episode occurring spontaneously following the initial stimulation-induced 
convulsion. A brief interval (20-90 s) of post-ictal quiescence typically separated 
the initial and secondary convulsive episodes. The secondary convulsions were of 
relatively short duration (20-40 s) and of variable intensity, manifesting 
electrographically and behaviorally as stage 3 to stage 5 seizures. The secondary 
convulsions were distributed uniformly in time, occurring in a seemingly random 
fashion throughout the entire post-exposure observation interval.

The persistence of this enhanced excitability suggests a fundamental alteration of 
tissue by irradiation that may be in the form of specific cell susceptibility, local 
circuit mechanisms or a change in the extracellular milieu.

943.16
DISCRIMINATION OF CAGE CONDITIONS AND PREDICTION OF 
AGGRESSIVE BEHAVIOUR BASED ON NEUROHISTOLOGICAL 
ANALYSIS OF LITHIUM/PILOCARPINE INDUCED TEMPORAL LOBE 
EPILEPTIC RATS. D C .Desjardins, M A.Persinger*. Lab. of 
Behavioural Neuroscience, Laurentian Univ., Sudbury, Ontario, 
Canada P3E 2C6.

This study was designed to neurohistologically predict aggressive behaviour and 
to discriminate between epileptic rats exposed to two separate cage conditions.
Male wistar rats exposed to a subcutaneous injection of 3mEq/kg of lithium 
followed 4 hours later by a subcutaneous injection of 30mEq of pilocarpine and 
one hour later a subcutaneous injection of 30mEq/kg of acepromazine were divided 
into two groups; those housed with 50:50 ratio of epileptic rats to non epileptic rats 
(mixed group), and those housed with other epileptic rats only (epileptic group).
Based upon a quantitative histological analysis of healthy neurons, chromalytic 
neurons, oligodendrocytes, astroglia, and microglia within selected areas of the 
hypothalamus, thalamus and amygdala, a discriminant analysis can predict cage 
conditions with 100 percent accuracy. The Discriminant function was based upon 
the perifomical chromalytic neuron frequency, and the medial amygdala; both healthy 
neurons and oligodendrocyte frequencies. Behaviourally these rats exhibit a 
significant difference in frequency of aggressive behaviour measured by biting another 
animal and rearing facing a conspecific who is also rearing (boxing). The epileptic 
group exhibited a higher frequency of each variable. A multiple regression using the 
neurohistological examination can predict these behaviours based upon the central 
amygdala for bites, and the central and basal lateral amygdala for boxing. This study 
suggests that the type of cells which are most vulnerable in selected areas of the brain 
die first. Therefore due to interconnections between the nuclei contributing to both the 
discriminant and the regression, environmental changes such as cage conditions can 
indicate pathways for selected behaviour ensuing from over activity within these areas.
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944.1
CYCLOOXYGENASE-2 IMMUNOREACTIVE MICROGLIA IN THE 
TEMPORAL CORTEX OF CONTROL AND ALZHEIMER’S DISEASE BRAIN. 
J, Rolling11, A,., YgmwXQV^1, P- D- Coleman1, J. Roger?3, and M. K. Q’Banion12*.
Depts of ‘Neurobiology & Anatomy and 2Neurology, Univ. of Rochester Sch. of 
Med., Rochester, NY 14642, and 3Sun Health Research Inst., Sun City, AZ 85372.

Recent studies suggest that non-steroidal anti-inflammatory drug (NSAID) use is 
beneficial in Alzheimer’s Disease (AD). Because NSAID are known to specifically 
inhibit cyclooxygenase (COX), we set out to identify COX expressing cells in the 
temporal neocortex and determine whether expression was altered in AD. Cortical 
tissue from human autopsy (control and AD), human biopsy, and macaque monkey 
was examined using immunohistochemistry with antibodies to COX-2 and COX-1. 
Small, COX-2 immunoreactive (IR) cells with short processes were observed in all 
cases, and appeared to be evenly dispersed throughout both gray and white matter. 
Double labeling with LN-3, an antibody to the HLA-DR locus, revealed that these 
cells were microglia and that COX-2 IR was present regardless of the intensity of LN- 
3 staining. COX-2 IR microglia were also observed surrounding AB IR plaques in 
AD brain. We did not detect COX-1 immunoreactivity in these samples.

COX-2 IR temporal neocortex from 9 control and 9 AD cases was counter-stained 
with cresyl violet and all cells (glia and neurons) within a constant area were counted 
in neocortical layers I, II, and III, and adjacent white matter. We found increased 
numbers of COX-2 IR microglia in the AD cases. However, when normalized to the 
total number of non-neuronal cells, this difference was no longer significant.

Our observations reveal that COX-2 IR microglia are abundant in human temporal 
neocortex, but do not provide clear evidence of altered microglial COX-2 regulation in
AD. Further studies will require careful quantification of COX-2 expression in 
individual cells. Supported by grants from NIH (LEAD AG09016, NS33553), and 
the Lucille P. Markey Charitable Trust.

944.2
LOCALIZATION OF CYCLOOXYGENASE-2 mRNA AND 
PROTEIN IN HUMAN HIPPOCAMPUS. Anna Yermakova*. 
Jessica Rollins. Linda Callahan, and M. Kerry O'Banion. Departments 
of Neurobiology & Anatomy and Neurology, University of Rochester 
School of Medicine and Dentistry, Rochester, NY 14642.

Retrospective and prospective clinical studies suggest that long term 
use of non-steroidal anti-inflammatory drugs (NSAID) delay or prevent 
Alzheimer's disease (AD). NSAID act by inhibiting cyclooxygenase, 
the first enzyme in the cascade of prostaglandin synthesis. 
Cyclooxygenase exists in two isoforms, COX-1 and COX-2.

We performed in situ hybridization using 33P labeled RNA probes 
and found that COX-2 mRNA was abundant in human hippocampal 
CA-3 and hilar neurons. COX-2 was expressed at lower levels in CA- 
1 and dentate gyrus neurons. In situ hybridizations with COX-2 sense 
and COX-1 anti-sense probes showed that our hybridization was 
specific for COX-2. We did not detect COX-1 expression in 
hippocampus. Immunocytochemistry using a monoclonal antibody to 
human COX-2 revealed that COX-2 protein was expressed in the soma 
and dendrites of CA-3 and hilar hippocampal neurons and in microglial 
cells in all areas examined (see poster by J. Rollins et al.).

Thus, COX-2 appears to be the major substrate for NSAID action in 
human brain. We are currently comparing levels of COX-2 mRNA in 
individual neurons of AD and control hippocampi by quantitative grain 
counting.

Supported by grants from NIH (LEAD AG09016, NS33553), and 
the Lucille P. Markey Charitable Trust.

944.3
GLUTAMATE IN CO-CULTURES OF HUMAN MONOCYTIC AND 
ASTROCYTOMA CELLS: EFFECTS OF INFLAMMATORY MEDIATORS, 
AMYLOID p PEPTIDE AND ANTI-INFLAMMATORY DRUGS.
A. Klegeris, D.G. Walker, E.G. McGeer* and P.L. McGeer
Kinsmen Laboratory of Neurological Research, Department of Psychiatry, 
University of British Columbia, Vancouver, B.C., Canada, V6T 1Z3.

Astrocytes and microglia play important roles in brain metabolism of 
glutamate, an excitatory neurotransmitter, which is neurotoxic at high 
concentrations. We investigated the influence of various mediators on glutamate 
levels in cultures of human monocytic THP-1 and astrocytoma U-373 MG cells. 
THP-1 cells, similar to microglial cells from other species, secreted significant 
amounts of glutamate. This secretion was enhanced by several macrophage 
stimulators (zymosan, phorbol myristate acetate (PMA), lipopolysaccharide) and 
several cytokines (interferon-y, tumor-necrosis factor-oc and interleukin-ip). 
Secretion of glutamate by U-373 MG was enhanced by zymosan and PMA. In 
co-cultures of THP-1 and U-373 MG cells, extracellular glutamate levels were 
increased significantly by the Alzheimer amyloid p peptide (1-40), and were 
decreased significantly by the anti-inflammatory drugs dexamethasone and 
indomethacin. These data indicate that inflammatory stimuli may increase 
extracellular glutamate while anti-inflammatory drugs decrease it. The secretory 
products of THP-1 cells can be cytotoxic to human neuroblastoma SH-SY5Y cells. 
Several nonsteroidal anti-inflammatory drugs (NSAIDs) were able to depress this 
cytotoxicity, thus providing further support to the idea that this class of drugs may 
be useful in the treatment of Alzheimer’s disease.

Supported by a grant from the Jack Brown and Family Alzheimer’s disease 
research fund.

944.4
CHRONIC NEUROINFLAMMATION INDUCES SELECTED 
NEURONAL CELL DEATH IN RATS. B, Hauss-Wegrzyniak*. L, M. Baker. 
J. D. Stoehr and G. L, Wenk. University of Arizona, Tucson, AZ, 85724. 
Inflammatory processes may play an important role in the development of 
neurodegenerative diseases, such as Alzheimer’s Disease, but it is not yet known 
whether brain inflammation alone is sufficient to induce some of the 
pathophyisiological changes and cognitive impairments seen in Alzheimer’s 
Disease. In the present study, we investigated whether the chronic brain infusion 
of a potent inflammatory agent, lipopolysaccharide (LPS), can induce neuronal 
degeneration and impair behavior. Briefly, Long-Evans and Fisher 344 rats had a 
cannula implanted into their 4th ventricle that was connected to an osmotic mini-
pump (Alzet 2002). LPS (lgg/gl) or artificial CSF were infused for 4 weeks. 2 
weeks after the end of the infusion the rats were tested for spontaneous alternation 
on a T-maze. Samples of left and right anterior cortex were taken prior to fixation 
of the brain with 4% paraformaldehyde. Both strains of LPS-treated rats showed a 
deficit in spontaneous alternation performance in the T-maze task. 
Immunocytochemical (ICC) staining for the MHC-II class antigens, as an 
expression of microglia cell activation, was correlated with impaired alternation 
in specific brain areas. Under these conditions, neuronal death occurred in the 
dorsal hippocampus. Using silver and TUNEL staining, the mechanism 
underlying this neurodegeneration appeared to be necrosis since no apoptotic- 
TUNEL positive cells were observed relative to controls. Basal forebrain ChAT- 
immunoreactive neurons were decreased in number and staining intensity in the 
LPS treated group. Characterization of the behavioral impairment and the 
mechanisms underlying neuronal death in chronic brain inflammation is 
currently underway. Supported by NIH AG 10546 and Alzheimer Association 
IIRG-95-004.

944.5
NEUROINFLAMMATION DESTROYS BASAL FOREBRAIN 
CHOLINERGIC NEURONS IN A TIME DEPENDENT MANNER.
L. M. Baker*, B. Hauss-Wegrzyniak, J. D. Stoehr, and G. L. Wenk. Division of 
Neural Systems, Memory & Aging, University of Arizona, Tucson, AZ 85724.

Chronic inflammatory processes may play a role in the neural mechanisms 
that underlie basal forebrain (BF) cell loss or dy sfunction associated with aging 
and Alzheimer’s Disease (AD). Lipopolysaccharide (LPS) produces an 
inflammatory response in the brain and induces the release of interleukins and 
other cytokines that activate microglia and astrocytes. In the present study, a 
chronic indwelling cannula was implanted into the BF of young (3 mo) rats. 
Each rat was chronically infused with either LPS or artificial CSF using Alzet 
osmotic minipumps connected to the cannula. The infusions lasted either 38, 76 
or 114 days. The prolonged infusions were achieved tty replacing the osmotic 
pump, located subcutaneously, either once or twice. Spontaneous alternation on 
a T-maze and object recognition tasks were then conducted. After behavioral 
testing, cholinergic and peptidergic markers were examined. Both biochemical 
and immunocytochemical methods confirmed the loss of ChAT-positive cells 
within the BF. Histological studies demonstrated the presence of numerous 
activated astrocytes throughout the BF. This preparation may be a useful 
animal model because it reproduces components of AD, such as chronic 
neuroinflammation, BF cholinergic cell loss and a significant memory deficit. 
This model may be useful for testing potential pharmacotherapies. Supported 
by NIH AG10546 and the Alzheimer’s Association, IIRG-95-004.

944.6
DOES THE ACTIVATED STATE OF MICROGLIA IN THE AGED 
BRAIN FACILITATE THE PROGRESSION OF ALZHEIMER'S 
DISEASE? T.E. Morgan*. I. Rozovskv. P.A. Wals, and C.E, Finch. 
Andrus Gerontology Center, Department of Biological Sciences, 
University of Southern California, Los Angeles, CA 90089-0191.

Research from numerous labs suggest important roles for microglia in 
the progression of AD. Several recent studies indicate that microglia in 
the normal aged brain are phenotypically different from those in the 
normal young adult brain. In the hippocampus of 24 month (mo) F344 
rats, microglia appear to be in an activated stated as judged by increased 
expression of major histocompatibility complex class 2 and CR3 
(Morgan et al., 1997). In vitro, cultured microglia originated from 
different aged rodent brains appear to maintain at least some of their in 
vivo age-related phenotype. Cultured microglia originated from different 
aged F344 rodent brains exhibit an age-dependent increased mitotic 
index (2-fold for 12 mo; 4-fold for 24 mo versus 3 mo). However, 
cultured microglia originated from 24 mo brains are unresponsive to the 
mitogenic effects of granulocyte-macrophage colony stimulating factor. 
Also, the LPS-induced activation of cultured microglia originated from 
either 12 or 24 mo brains is not inhibited by lng/ml transforming 
growth factor-81 whereas it is inhibited in cultures originated from 3 mo 
brains. Therefore changes in microglial activities may occur as a 
consequence of the aging process. The interactions between microglia 
from different aged brains, 8-amyloid, and other components of the 
senile plaque (apoE, apoJ) are being examined to determine if microglia 
in the aged brain uniquely contribute to A6-induced neurodegenerative 
processes. Supported by AG-13499 (CEF) and the Alzheimer's 
Association/Estate of Ann Clark Hobson, FSA-95-033 (TEM).
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944.7
ISOLATION OF AN ABUNDANT CNS RESIDENT 
IMMUNOSUPPRESSIVE PEPTIDE: A BIOCHEMICAL 
BASIS FOR IMMUNE PRIVILEGE. P. Z, Beserman. R. 
Hershkovitz. O, Lider. A. Kesler. S. Muller. D. L. Hirschberg and
M, Schwartz*. Department of Neurobiology, Weizmann 
Institute of Science, Rehovot 76100, Israel

In spite of being highly enriched in resident macrophages 
(microglia), the brain is a site that allows an extended survival 
time of immunogens (an immunologically privileged site). This 
has been suggested to be due to local immunosuppression of 
macrophage recruitment and activation. Here we report the 
discovery, in the mammalian central nervous system (CNS) but 
not in the peripheral nervous system (PNS), of a peptide that 
inhibits macrophage migration, activation as phagocytic cells, and 
adhesion to extracellular matrix (ECM) of both macrophages and 
T cells. The peptide was purified from adult rat optic nerves by 
size-exclusion chromatography, reversed-phase high-pressure 
liquid chromatography, and then layer chromatography. The 
presence of this inhibitor in the CNS may explain both the poor 
ability of blood-borne macrophages to invade the CNS and the 
permanent suppression of brain-resident microglia. It underlies 
the immune privilege of the CNS and was therefore named as 
immune privilege factor (IPF). It is further suggested that this 
peptide may be a biochemical link CNS immune privilege and the 
loss of ability of the mammalian CNS to regenerate. A decrease in 
its level may explain inflammation-associated disorders.

944.8
EXPRESSION OF THE COMPLEMENT INHIBITOR FACTOR I IN 
HUMAN BRAIN AND NEURONAL CELLS. D.G. Walker*, E.G. McGeer 
and P.L. McGeer. Kinsmen Laboratory of Neurological Research, Department 
of Psychiatry, University of British Columbia, Vancouver, B.C. Canada,
V6T1Z3.

Studies of brains from Alzheimer Disease (AD) cases have shown evidence of 
activated complement proteins localized with AD pathological structures including 
A 3 containing plaques and neurofibrillary tangles. Both structures react strongly 
with antibodies to complement fragments C3d and C4d. Factor I, an 88 kD serine 
protease, is required for the formation of these fragments, in combination with 
various cofactors. Factor I functions by inactivating complement proteins C3b and 
C4b, by degrading them to C3d and C4d, thus halting subsequent stages of the 
complement pathway. Although complement proteins are present in serum, a 
number of studies have shown that human brains contain mRNAs for most 
complement proteins and complement inhibitory proteins, indicating local 
synthesis. In this study we show, using the reverse transcription polymerase chain 
reaction technique, that mRNA for Factor I can be detected in cDNA samples 
prepared from human brain RNA from both AD and normal cases. Neurons have 
been shown to express a number of complement pathway inhibitory proteins.
Using the human neuroblastoma cell line SY-5Y as a model for human neurons, it 
was shown that abundant expression of Factor I mRNA by these cells could be 
detected, indicating that neurons may be one of the cell types expressing Factor 1 in 
human brains. Identification of factors regulating Factor I expression in human 
neurons may aid in protecting these cells from complement attack.
Supported by grants from the Jack Brown and Family AD research fund and 
the Alzheimer Society of British Columbia.

944.9
C5a MODULATES SIGNAL TRANSDUCTION IN ASTROCYTES. H. Osaka .
U.E. Hoepken, B, Lu. C. Gerard and G.M. Pasinetti Dept. of Psychiatry, Brookdale 
Center for Molecular Biology and Fishberg Center for Neurobiology, The Mount 
Sinai School of Medicine, New York, NY 10029, and Ina Sue Perimutter Research 
Laboratories, Children's Hospital and Department of Pediatrics, Harvard Medical 
School, Boston MA 02115

The complement-derived anaphylatoxin C5a may play important roles in 
neurodegeneration. In Alzheimer’s disease, C5a likely recruits and activates 
microglial cells, thus contributing to the destructive inflammatory response. 
However, C5a may also play a protective role: C5 deficient mice show increased 
susceptibility to neurodegenerative lesions. We hypothesize that various effects of 
C5a on neuronal death/survival are mediated by its influence on specific mitogen- 
activated protein (MAP)-kinase cascades. In this study we examined the effect on 
ERK-P42 kinase activity by human recombinant (hr)C5a in primary cultures of 
neonatal mouse astrocytes. Astrocytes were treated with hr-C5a (Sigma) and P42 was 
immunoprecipitated using specific ERK-P42 antibody/A sepharose (Santa Cruz). The 
immunoprecipitated P42 complex was incubated in presence of [32P]-ATP and a 
myelin basic protein (MBP) substrate. The incorporation of 32P into the MBP 
substrate was visualized by SDS-PAGE/Westem analysis and analyzed 
autoradiographically. The data suggest a time/dose dependent induction of ERK-P42 
kinase by hr-C5a in astrocytes. Astrocytes cultured from C5a-receptor knockout mice 
gave negative results. Understanding how pro-inflammatory anaphylatoxins modulate 
specific protein kinase pathways in brain cells is crucial to the development of anti-
inflammatory therapy for the treatment of Alzheimer's disease and other 
neurodegnerative diseases. Supported by NIA AG13799, AG14239, AGO5138 (pilot 
grant) to GMP.

944.10
STUDIES OF MACROPHAGE MIGRATION INHIBITORY FACTOR (MIF) IN 
HUMAN BRAIN AND NEUROGLIAL CELL LINES. C. Blanco-Borelli. B. 
Hiremagalur*. H. Osaka. P.S. Aisen and G.M. Pasinetti. Dept. of Psychiatry, 
Brookdale Center for Molecular Biology and Fishberg Center for Neurobiology, The 
Mount Sinai School of Medicine, New York, NY 10029 and National Institute of 
Neurological Disorders and Stroke, Bethesda, MD 20892.

Recent studies have refocused attention on the varied roles of macrophage 
migration inhibitory factor (MIF) in inflammation and in the central nervous system. 
MIF, first discovered three decades ago, is considered to be a pro-inflammatory 
cytokine, but the receptor has not been cloned and no biological assay for MIF 
activity has been established. In the past few years, it has been demonstrated that 
MIF is released by monocytes/macrophages as well as the pituitary gland, is induced 
by low-dose glucocorticoids in a counter-regulatory fashion, upregulates HLA-DR 
antigens and aggravates endotoxic shock. MIF has been identified in bovine brain, 
with immunostaining in ependymal cells, astrocytes and subsets of hippocampal 
neurons. In Alzheimer's disease, inflammatory processes including the accumulation 
and activation of HLA-DR-bearing microglia play an important role. In addition, 
there is evidence of hypercortisolism in Alzheimer's disease, and much attention has 
been directed to the possible beneficial and/or toxic effects of glucocorticoids on the 
disease process. For these reasons, the human brain cell-type expression of MIF is 
presently under investigation in our laboratories using glial and neuronal cell lines. 
The immunodistribution of MIF in normal human brain and in neurodegenerative 
diseases including Alzheimer's disease is also under investigation. These studies 
could ultimately lead to the elucidation of the role of MIF in inflammatory 
neurodegeneration. Supported by NIA AG 13799, AG 14239, AG05138 (pilot grant) 
to GMP.

944.11
COMPLEMENT COMPONENT C1q ENHANCES THE PHAGOCYTIC 
BEHAVIOR OF MICROGLIA. Scott D. Webster*, Maria I. Fonseca and Andrea 
J. Tenner. Department of Molecular Biology and Biochemistry, University of 
California, Irvine, CA 92697.

Alzheimer's disease (AD) brain is characterized by chronic inflammatory 
processes, particularly in the context of the senile plaque. These processes 
are thought to contribute to AD by reacting to existent pathology (such as AS 
deposits) and thereby exacerbating neuronal damage. Glial ceils have been 
shown to mediate a range of inflammation-related events in the CNS, and we 
thus initiated studies of glial function and activation state. Activation of glial 
cells in AD occurs, at least in part, via interaction of structures (e.g. AS fibrils) 
that are opsonized with complement proteins such as C3b and C1q with glial 
cell surface receptors. Immunohistochemical analysis of elderly human brain 
cortex using a monoclonal antibody to the C1q receptor for phagocytosis 
(C1qRp) revealed a staining pattern suggestive of glial cells in both white and 
grey matter. Since previous studies have indicated that C1qRp is found on rat 
microglial cells, we examined cultured rat microglia to determine whether they 
respond to C1q. Immobilized C1q was found to enhance microglial 
phagocytosis of targets coated with suboptimal amounts of antibody. 
Additionally, the state of differentiation of the microglial cells appeared to 
influence the degree of phagocytosis, with more mature cells exhibiting higher 
phagocytic proficiency. Therefore, glial expression of C1qRp may be a 
mechanism whereby phagocytic behavior is elicited in the vicinity of C1q 
coated AB deposits.
Supported by NIH NS35144.

944.12
C-REACTIVE PROTEIN (CRP) AND COMPLEMENT 
IMMUNOREACTIVITY IN ALZHEIMER’S DISEASE (AD).
M.A. Nikolaeva* and T. Duong. Department of Life Sciences, 
Indiana State University and Terre Haute Center, Indiana 
University School of Medicine, Terre Haute, IN 47809.

CRP and complements are inflammation-related proteins that 
have been identified in the AD brain. We studied their spatial 
relationships in 3 normal aged and 9 AD brains using 
immunocytochemistry. The density of neurofibrillary tangles 
(NFT) immunoreactive to CRP or complements (Clq, C4c,
C3d, C5) in the inferior temporal lobe was evaluated according 
to Braak stages of the severity of neurofibrillary changes. CRP- 
and complement-immunoreactive NFT were variably observed 
in controls and more often in AD patients. The density of 
immunoreactive NFT tended to increase with the severity of AD 
neurofibrillary changes. Comparisons between the distribution 
of CRP and complement immunolabeling showed that there 
were overlapping areas in the immunostaining of CRP and 
complement antibodies. These areas were the entorhinal cortex 
and the CA1 region of the hippocampal formation. Qualitative 
observations indicated that complement immunoreactivity was 
present more often than CRP immunoreactivity in the AD brains. 
These findings show that CRP and complements can 
be present in NFT from the earliest stages of AD 
neurofibrillary changes.

This work was supported by NIH grant NS 31524.
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944.13
COMPLEMENT IMMUNOREACTIVITY IN MURINE BRAIN AFTER KAINIC 
ACID TREATMENT. K.L. Wright, D.G, Morgan* and M.N, Gordon. Alzheimer 
Research Lab., Dept. of Pharmacology, Univ. of South Florida, Tampa, FL 
33612-4799.

Brain inflammation is increasingly viewed as playing a critical role in several 
neurodegenerative disorders, including Alzheimer’s disease. To evaluate the 
role of the complement system in mouse brain inflammation, mice were 
injected with 15-30 mg/kg kainic acid or phosphate-buffered saline vehicle. 
Mice were monitored over the ensuing 3 hours for seizure activity, and killed 3 
days later. Mice were perfused with saline followed by paraformaldehyde and 
frozen sections were collected, stained with Nissl, TUNEL and reacted with 
antibodies directed against the C1q and C4 components of complement.

Neurons in CA3 were clearly shrunken with pale cytoplasm and darkly 
stained nuclei. Almost every CA3 neuron was positive for TUNEL staining, 
indicating DNA degradation. Immunoreactivity for both C1q and C4 were 
increased in the CA3, and to a lesser extent in other areas of the hippocampus. 
These data suggest that the complement system is playing an important role in 
the brain inflammatory reaction to injury.
Supported by P01 AG 14633, the Benjamin Alzheimer’s Disease Research 
Trust, and Alz Assn IIRG 93-083.

944.14
INCIDENCE OF HERPES SIMPLEX VIRUS TYPE 1 DNA IN BRAIN OF 

APOE e4 ALLELE CARRIERS: A RISK FACTOR FOR ALZHEIMER'S 
DISEASE ? D( Champagne*, P. Bertrand, S. Gauthier and J. Poirier, Molecular 
Neurobiology Lab., Douglas Hospital Research Centre, Depts. of Neurology and 
Neurosurgery, and Psychiatry, McGill University, and McGill Center for Studies in 
Aging, Montreal, Quebec, Canada.

It has been demonstrated that the reactivated herpes simplex virus type 1 (HSV- 
1) can be detected from brain of elderly people with and without Alzheimer's 
disease (AD). Recently, it was suggested that the combination of HSV-1 in brain 
and carriage of an ApoE s4 allele could represent a higher risk factor for AD, than 
carriage of an ApoE s4 allele alone. In order to assess this hypothesis, we have 
investigated the relation between ApoE genotype and HSV-1 profile within five 
brain areas (hippocampus, frontal cortex, occipital cortex, cerebellum and striatum). 
The purposes of this study are to determine, 1) whether the allele frequency of ApoE 
s4 is much higher among HSV-1 positive AD patients and control (C) than among 
HSV-1 negative AD patients and C, and 2) whether the presence of both HSV-1 and 
ApoE e4 allele correlate with the extent of the pathology in AD brain regions 
examined. To do so, DNA was extracted from formalin fixed brains from 98 AD 
patients and 57 age-matched C and was used as template to amplify, by PCR, a 138 
pb fragment from the glycoprotein D gene of HSV-1. We have found that HSV-1 
alone is not a risk factor for AD, since the prevalence of central HSV-1 is equivalent 
within the AD and C groups regardless of the CNS region examined, suggesting no 
preferential distribution of HSV-1 through the brain. The genotypic study is now in 
progress and will reveal undoubtedly new information relative to whether or not, 
HSV-1 in association with ApoE e4 allele have a role to play in the etiopathology 
and/or in the progression of AD.
(Supported by the MRC, FRSQ, and Laboratory for Disease Control Canada)

944.15
CLUSTERIN ACTIVATES CULTURED MOUSE MICROGLIA. 
Z. Xie, P.A. Wals, C.E. Finch. S.K. Goldsmith*, and T.E.
Morgan, Andrus Gerontology Center and Department of Biological 
Sciences, University of Southern California, Los Angeles, CA 
90089.

Clusterin (CLU, also known as apo J) is a multifunctional glyco-
protein found in mammalian body fluids and most tissues. AD 
brains show increased CLU in degenerating brain regions (May and 
Finch, 1992; TINS 15: 391-6). In vitro, CLU can protect or 
enhance the toxicity of aggregated A(3 (Morgan et al. 1996; Soc 
NeuroSci 22: 1944). Activated microglia are associated with senile 
plaques in patients with AD, together with Ap, clusterin, and a host 
of other components. We show here that microglial activation is 
influenced by CLU (purified from human serum) and IFN-y 
(recombinant mouse), measured by nitrite product as an indicator of 
reactive nitrogen intermediates. In the presence of IFN-y (10 ng/ml), 
CLU activates the mouse microglia cell line BV-2 in a dose- 
dependent manner. A 48 hr treatment with 0.4 pM CLU + IFN-y 
increases nitrite levels 3-4 fold higher than IFN-y treatment alone. 
The time course of activation by CLU + IFN-y is slower than that of 
LPS + IFN-y, suggesting a different mechanism. The generality and 
mechanism of this activation is being examined to determine the 
possible coiitribution that clusterin has on microglia in the 
pathogenesis and progression of AD. Supported by grants to CEF 
(AG-13499), and TEM (Alzheimers Association/Estate of Ann Clark 
Hobson, FSA 95033).

DEGENERATIVE DISEASE: PARKINSON'S VIII

945.1
ELECTROPHYSIOLOGICAL STUDY OF SNC DOPAMINERGIC 
NEURONAL ACTIVITY IN THE NORMAL MONKEY E. Bezard, X. 
Deloire, T. Boraud. B. Bioulae* and C.E. Gross. CNRS UMR 5543, Universite de 
Bordeaux II, 33076 Bordeaux Cedex France.

Electrophysiological studies on the pattern of discharge of SNc 
dopaminergic neurones in the rat have shown a slow firing rate (3 - 6 Hz), a wide 
action potential (3 - 4 ms), and three modes of firing - very regular (pacemaker 
42%), irregular (random 46%) and bursty (12%). Studies on the monkey have 
similarly shown a slow firing frequency (0.5 - 8 Hz) and wide action potential (2 - 
5 ms) but have never investigated firing patterns.

SNc neuronal activity was recorded in two normal monkeys (Macaca 
mulatta) weighing 4.2 and 4.5 kg, using a cylindric recording chamber fixed to the 
skull. Sagittal and frontal ventriculography was used to optimize location of the 
SNc. Extracellular recordings were carried out with tungsten platinized 
microelectrodes in anaesthetized monkeys. The width and mean frequency of action 
potential of the neurones recorded were checked to ensure that these were SNc 
neurones.

Our results shown that SNc dopaminergic neurones in the monkey present 
three modes of firing - very regular (pacemaker 18.5%), irregular (random 3.7%) and 
bursty (77.8%), and that these can be divided into three groups according to their 
mean firing frequency - fast (9.3 ± 6.3 Hz), middle (3.6 ± 0.4 Hz), and slow (1.5 ±
0.7 Hz).

It would thus appear that there are clear differences between firing patterns 
in the monkey model and the rat model.In this case, it would seem wise to prefer 
the monkey model for further study of Parkinson's disease.

-CNRS and IFR Neurosciences-

945.2
EFFECTS OF EXPERIMENTAL PARKINSONISM ON NEURONAL 
DISCHARGE IN THE SUBSTANTIA NIGRA PARS RETICULATA (SNr) IN 
PRIMATES. T. Wichmann*, P. Starr, T. Subramanian, R.A E. Bakay, R.L. Watts 
and M. R. DeLong. Dept. Neurology, Emory Univ., Atlanta, GA 30322

Although abnormal discharge has been amply demonstrated in the globus 
pallidus of parkinsonian primates, changes occurring with parkinsonism in the 
second major basal ganglia output nucleus, the SNr, have not been studied in de-
tail. These experiments tested the hypothesis that parkinsonism is associated with 
altered neuronal activity in the SNr. The discharge of SNr neurons was recorded 
in two Rhesus monkeys before and after induction of parkinsonism with MPTP 
(number of cells, n = 36 before and n = 21 after MPTP). The data were evaluated 
with an analysis of discharge rates and interspike interval (ISI) distributions.

With MPTP-treatment, the mean discharge rate of neurons in SNr remained un-
changed (before MPTP: 66 ± 24 spikes/s [mean ± SD], after MPTP 67 ± 22 
spikes/s). The ISI distributions were unimodal before and after MPTP treatment. 
The mode, a measure of average discharge which is less influenced by the non-
normal distribution of ISIs than mean discharge rates, fell significantly from 13 ± 
7msto8±5ms(p< 0.05, Z-test) and the standard deviation of the ISI distribution, 
normalized for a mean ISI of 1000 ms, rose from 688 ± 223 ms to 867 ± 346 ms 
(p < 0.05). These changes were more pronounced in the more severely affected 
animal.

These results suggest that the activity of neurons in the SNr is altered in par-
kinsonian animals in parallel with the severity of parkinsonism. The main effect 
of MPTP on discharge of SNr neurons may be to increase the tendency of these 
neurons to discharge in bursts. Further experiments designed to validate these 
experiments with a larger sample of cells are under way.

Supported by the Emory Center for Parkinson’s Disease and Related Disorders.
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945.3
IN VIVO MEASUREMENT OF DOPAMINE REUPTAKE IN THE STRIATUM 
OF CATS SYMPTOMATIC FOR, AND RECOVERED FROM MPTP-INDUCED 
PARKINSONISM. D. S. Rothblat*. and J. S. Schneider. Allegheny University of 
the Health Sciences, Dept. of Neurobiology and Anat., Philadelphia., PA 19102.

We have previously shown that partial recovery of the ventral striatal dopamine 
(DA) innervation in cats spontaneously recovered from MPTP-induced 
parkinsonism significantly contributes to local, as well as distant (i.e., dorsal 
striatum) extracellular DA levels. However, despite evidence for an increase in 
DA terminal density in the ventral striatum in recovered cats, a coincident increase 
in the density of DA reuptake sites, as measured by [3H]mazindol binding, was not 
found. An increase in DA fiber density without an increase in DA reuptake site 
density could favor volume transmission of DA, a process that we have previously 
suggested as important for restoring function to the DA denervated striatum in 
recovered cats. The present study investigated DA-reuptake in the dorsal and 
ventral striatum in normal cats and cats symptomatic for parkinsonism (7 days of 
MPTP-HC1, 5mg/kg; studied 7 days after the last MPTP injection), and cats 
spontaneously recovered from MPTP-induced parkinsonism (studied 6 weeks after 
the last MPTP injection). High-speed chronoamperometry utilizing nafion-coated 
carbon fiber electrodes was used to measure DA reuptake rates. Dopamine (200 
pM) was pressure ejected (2-15 psi) from a pipette attached to the recording 
electrode (100-300pm tip separation). Pressure and duration of DA ejections were 
varied to produce similar peak DA levels across studies (approximately lOpM and 
3jjl M). Reuptake rates (pM/sec) were greatly reduced in all striatal areas sampled 
in symptomatic cats compared to normal animals. In recovered cats, reuptake rates 
were essentially unchanged in dorsal striatal areas and were further reduced in 
ventral striatal areas as compared to symptomatic animals. These results suggest 
that slowed DA reuptake, particularly in the ventral striatum, may promote 
enhanced diffusion of DA away from recovered sites of release may contribute to 
functional recovery from MPTP-induced parkinsonism. This study was supported 
by NIH grant NS23980.

945.4
GM1 ADMINISTRATION PREVENTS ALTERATIONS IN BCL-2 AND BAX 
EXPRESSION IN SUBSTANTIA NIGRA NEURONS FOLLOWING MPTP 
ADMINISTRATION. D.W. Anderson1. A.M. Pope-Coleman1*, J,C, Reed2. S. 
Kr^jewski2. and J.S. Schneider1. ’Allegheny Univ. of the Health Sciences, Dept. 
Anatomy and Neurobiology, Philadelphia, PA 19102-1192. 2La Jolla Cancer Res. 
Foundation, La Jolla, CA 92037.

Previously, we and others have shown an alteration in the expression of the anti- 
apoptotic factor Bcl-2 and the pro-apoptotic factor Bax, in substantia nigra (SN) 
tissue from mice challenged with MPTP. This has led to the suggestion that 
changes in expression of these genes may reflect an attempt by SN dopaminergic 
neurons to control oxidative stress induced by inhibition of complex 1 in the 
mitochondrial electron transport chain. Expression of apoptosis-related genes may 
help determine whether a neuron survives or dies after injury. Since previous 
studies in this lab have shown that the monoganglioside GM1 can rescue damaged 
dopamine neurons and promote survival, the present study was conducted to 
examine the extent to which GM1 can regulate altered Bcl-2 and Bax gene 
expression in animals challenged with MPTP. Exposure to MPTP (single s.c. 
injection at 30mg/kg) caused altered expression of Bcl-2 and Bax mRNA and 
protein, in the ventral mesencephalic region as demonstrated by RT-PCR and 
immunohistochemistry. Maximal up-regulation of Bcl-2 and Bax occurred at 12 
hours post injection with a return to normal levels within 24 hours for Bcl-2. Bax 
expression remained elevated at 24 hours after MPTP administration. The co-
administration of MPTP (single s.c. injection at 30mg/kg) and GM1 (single i.p. 
injection at 30mgZkg, 5 minutes post MPTP), prevented the previously described 
increase in both Bcl-2 and Bax mRNA expression in the ventral mesencephalon. In 
GM1 treated animals both Bcl-2 and Bax showed a steady state expression at all 
time points examined. These results suggest that GM1 may have the potential to 
alter the natural course of the neuronal degeneration in Parkinson's disease by 
influencing gene expression that might be involved in the progressive loss of 
dopaminergic neurons. Supported by the F.M. Kirby Foundation.

945.5
INCREASED DOPAMINE FIBER DENSITY WITHOUT INCREASED 
DOPAMINE TRANSPORTER EXPRESSION PROMOTES FUNCTIONAL 
RECOVERY FROM PARKINSONISM IN MPTP-TREATED CATS. L_S+ 
Schneider. D. S. Rohtblat. and J. A. Schroeder*. Dept. of Neurobiology and 
Anatomy, Allegheny University of the Health Sciences, Philadelphia, PA 19102.

Spontaneous sensorimotor recovery in MPTP-treated cats appears to involve the 
volume transmission of dopamine (DA) from relatively recovered ventral striatal 
DAergic terminals to the severely depleted dorsal striatum. The conditions that 
support such a process are unclear. One possibility is that an increased density of 
ventral striatal DAergic fibers without a coincident increase in DA reuptake could 
contribute to volume transmission and functional recovery. The current study was 
performed to directly assess the degree to which there may be uncoupling of DA 
fiber density and DA transporter (DAT) expression in the striatum of cats 
spontaneously recovered from MPTP-induced parkinsonism. Using quantitative 
radioimmunohistochemistry, we found that tyrosine hydroxylase (TH) expression 
in the dorsal striatum increased marginally (5 to 8%) in recovered animals 
(assessed 6 wks. after 7 days of MPTP exposure, 5.0 mg/kg, i.m.) as compared to 
symptomatic animals (assessed 7 days after similar MPTP exposure). In these 
same cats, DAT expression (DAT antiboby provided by Dr. Allan I. Levey) was 
essentially unchanged across the 2 conditions. In the ventral striatum, substantial 
increases (> 20%) in TH expression were observed in recovered cats, while DAT 
expression was either unchanged or further decreased, as compared to levels 
observed in symptomatic animals. Preliminary in situ hybridization analyses of 
DAT mRNA expression in ventral tegmental area neurons also show essentially no 
change in grain counts or optical density measures in symptomatic vs. recovered 
cats, although a substantial increase in TH-immunoreactive cells and fibers are 
evident in recovered animals. These findings of a mismatch between ventral 
striatal TII and DAT immunohistochemical staining patterns suggest a unique and 
successful compensatory process in these animals that allow for functional 
recovery from a severe DA depleting lesion. Supported by NIH grant NS23980.

945.6
DIRECT SUBTHALAMIC INPUT TO DOPAMINERGIC NEURONS IN THE RAT 
SUBSTANTIA NIGRA. I, M, Mintz*, K.L, Barstow, and C, Peeler, Department of 
Pharmacology. Boston University Medical Center. Boston, MA 02118.

In vivo stimulation of the subthalamus (STN) enhances dopamine release in 
the substantia nigra (SN). We have investigated the subthalamic innervation of 
SN dopaminergic neurons, in brain slices obtained from 8 to16 day-old rats, 
using patch clamp recording and biocytin labeling of visually identified neurons.

The SN pars compacta (SNc) neurons recorded in this study showed the 
typical morphology and firing patterns of mid-brain dopaminergic cells. They 
responded to local electrical stimulation of the STN with a biphasic excitatory 
postsynaptic potential whose latency, insensitivity to high Mg, and ability to 
follow high frequency stimulation are consistent with a monosynaptic 
connection. In voltage-clamp experiments, the subthalamic excitatory 
postsynaptic current (EPSC) of SNc neurons reversed around 0 mV. CNQX 
(6-cyano-7-nitroquinoxaline-2,3-dione, 5 uM), a non-NMDA (N-methyl-D- 
aspartate) glutamate receptor antagonist, blocked the fast transient EPSC 
observed at -70 mV, while APV (DL-2-amino-5-phosphonovaleric acid, 25 uM), 
an NMDA-receptor antagonist, abolished the slow synaptic component which 
was recruited at more depolarized holding potentials (-40 mV to +40 mV), in 
both cases, blockade was reversible.

* APV + CNQX +40 mV holding potential
STN neurons are hyperactive in Parkinson's patients. The data suggest that 

NMDA receptor channels activated by subthalamic afferents may contribute to 
dopaminergic cell death. Supported by the Klingenstein and Sloan foundations.

945.7
NMDA-INDUCED POTENTIATION OF K-EVOKED DOPAMINE 
RELEASE IN RAT STRIATUM. A.M.Y. Lin * and C.Y. Chai. Institute of 
Biomedical Sciences, Academia Sinica and Department of Medical 
Education and Research, Veterans General Hospital, Taipei, Taiwan.

N-methyl-D-aspartate (NMDA)-induced modulation of dopamine 
transmission in rat striatum was studied using in vivo electrochemical 
detection coupled with nafion-coated carbon fiber electrodes. Local 
application of potassium (K+) evoked dopamine overflow from the 
dopamine-containing nerve terminals in the striatal cortex. While exclusive 
microinjection of NMDA (1 pmole) did not induce dopamine release, co-
application of NMDA and K+ induced larger dopamine releases than those 
by K+ alone. Both the amplitude and decay time course were increased and 
the clearance (Tc) was reduced, indicating an involvement of dopamine 
uptake. Indeed, our uptake study showed that NMDA inhibited dopamine 
clearance. The time course parameters of electrochemical signals by 
application of exogenous dopamine were increased and Tc was reduced 
following NMDA application. Therefore, nomifensine, a dopamine uptake 
blocker was used. Co-administration of nomifensine potentiated K+-evoked 
dopamine release. Simultaneous application of NMDA further augmented 
dopamine release by nomifensine and K+. Taken together, our data suggest 
that in adult striatum, NMDA not only potentiated K+-evoked dopamme 
release but also attenuated dopamine uptake. The reduced dopamine uptake 
may be involved in the NMDA-enhanced dopamine release in response to 
depolarizing stimuli. An attenuation of NMDA-induced modulation was 
observed in old striatum.

945.8
EFFECT OF DOPAMINE AGONIST TREATMENT ON 
EXCITATORY AMINOACID BINDING SITES IN MPTP 
LESIONED MONKEYS. Q, Ghribi. M. Morissette, M. Goulet, R, 
Grondin, G. Pelletier*, P.J Bedardt and T, Di Paolo. Dept Mol. 
Endocrinology, CHUL Research Center, Quebec, Canada G1V 4G2. 
fNeurobiology Res. Center, L’Enfant-Jesus Hospital, Quebec, Canada G1J 1Z4

The excitatory amino acid glutamate is a major neurotransmitter in the 
excitatory pathways of the mammalian nervous system. It is now well 
established that overactivation of glutamate receptors, especially those of 
ionotropic types, play an important role in the physiopathology of a variety of 
neurological disorders. Parkinson’s disease is caracterized by motor dysfunction 
resulting from dopamine deficiency in the basal ganglia which also receive 
signals from neurones that release glutamate. The goal of the present study is to 
test the hypothesis that glutamate receptors in striatal neurones are modulated by 
activation of dopamine receptors. In vitro quantitative receptor autoradiography 
was used to determine changes in glutamate binding sites in the striatum of 
MPTP lesioned monkeys and MPTP-monkeys which received chronic treatment 
with the dopamine DI agonist SKF 82958, or dopamine D2 agonist cabergoline. 
[-’Hfglutamate, NMDA-displaeed t^H] glutamate and I^H] AMPA were used to 
label glutamate, NMDA and AMPA binding sites, respectively. MPTP led to a 
marked decrease of the above receptors densities in caudate and putamen in 
comparison to controls. Treatment with SKF 82958, but not with cabergoline, 
corrected the decrease in binding sites following MPTP lesion. On the other 
hand, and in contrast to caudate and putamen, pH] glutamate binding sites were 
increased in globus pallidus (GP) of untreated MPTP lesioned animals. Whereas 
SKF 82958 induced no change, cabergoline was seen to further increase pH] 
glutamate binding sites in GP. Our results suggest that glutamate receptors 
densities are regulated by dopamine agonists of DI type in caudate and putamen 
and D2 type in GP of MPTP lesioned monkeys. Supported by the Parkinson 
Foundation of Canada and the MRC of Canada
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945.9
NEUROTENSIN RECEPTORS AND DOPAMINE TRANSPORTERS IN 
MPTP-MONKEYS: EFFECT OF DENERVATION AND DOPAMINERGIC 
AGONIST TREATMENTS. M, Goulet1'2*. M, Morissette1'2 R, Grondin3, P, 
Falardeau1 3 P.J. Bddard3. W. Rostene4 and T, Di Paolo1 2. 1 Fac. of Pharmacy, 
Laval Univ., 2 Dept of Mol. Endocrinology CHUL, 3 Neurosci. Res. Unit CHUL, 
Quebec, G1V 4G2; CANADA. 4 INSERM U.339, St.-Antoine Hospital, 75012 Paris; 
FRANCE

Effect of denervation of the dopamine nigrostriatal pathway on neurotensin (NT) 
receptor and dopamine transporter (DAT) in basal ganglia of monkeys was 
investigated by examining levels of NT agonist and antagonist binding sites as well 
as DAT mRNA and binding sites. Monkeys with a l-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP) lesion of the nigrostriatal pathway were treated a month 
with either the Dl agonist SKF82958 (3 mg/Kg/Day) or the D2 agonist Cabergoline 
(0.25 mg/Kg/Day) and compared with untreated MPTP- and normal monkeys. The 
MPTP treatment induced a marked depletion in dopamine and its metabolites in the 
caudate nucleus and putamen. The densities of NT agonist binding sites labeled with 
[125i]nt  and the NT antagonist binding sites labeled with [3H]SR142948 were 
decreased by half in the caudate and putamen of MPTP-monkeys. In addition, the 
densities of [125I]NT and [3H]SR 142948 binding sites were decreased (-84 and 
-61%,respectively) in the substantia nigra of MPTP-monkeys. An extensive decrease 
of [3H]GBR12935 DAT binding sites (>90%) was observed in the striatum of MPTP- 
monkeys and a complete loss of DAT mRNA was observed in substantia nigra. Dl or 
D2 agonist treatments had no effect on lesion-induced decrease in NT and DAT 
binding sites or DAT mRNA. The decrement of striatal neurotensin binding sites was 
less than expected from the reported decrease of dopamine content in this nucleus, 
suggesting only partial localization of neurotensin receptors on mesostriatal 
dopaminergic projections. The data also suggest that denervation appears to cause a 
more pronounced decrease of the high affinity component of the neurotensin receptor 
complex in the substantia nigra with less alteration of the low affinity component. 
Supported by the MRC of Canada and by a French-Quebec exchange program in 
Neuroscience.

945.10
5-HT1B RECEPTORS IN NEURODEGENERATIVE DISORDERS.
A. Pazos? M. E. Castro,1 T. Romon,1 J. Berciano,2 J. Figols,3 J, Pascual1,2
1Dept. Physiol, and Pharmacol, Univ Cantabria; 2Dept of Medicine and
Psychiatry, Service of Neurology, and 3Service of Pathology, Section of 
Neuropathology, Univ. Hospital "Marques de Valdecilla", Santander, Spain.

Using [3H]sumatriptan as a radioligand (Pascual et al., Eur. J. 
Pharmacol., 1996, 295: 271-274), 5-hydroxytryptamine 5-HT-|B receptors 
were examined in posterior striatum and midbrain postmortem tissue 
sections from 12 patients who had died from representative degenerative 
movement disorders, as compared to 9 controls. In the control human basal 
ganglia, the highest densities of [3H]sumatriptan binding were observed in 
globus pallidus and substantia nigra. No significant change in the density of 
[3H]sumatriptan binding sites was found in the striatum and substantia nigra 
of Parkinson's disease cases (n = 6). In two brains from patients with 
progressive supranuclear palsy there was an increase in the densities of 
[3H]sumatriptan binding sites (> 35%), mostly marked in the substantia 
nigra. In contrast, [3H]sumatriptan labelling almost disappeared in one case 
with striatonigral degeneration and was markedly reduced in the 3 
Huntington's disease cases (< 44%). This study shows that the status of 5- 
HTiB receptors is different in each degenerative movement disorder. It also 
confirms that human 5-HT-|B receptors are located on GABAergic and 
peptidergic caudate-putamen neurons which project to the substantia nigra 
and globus pallidus, where these receptors are presynaptic.

(Supported by CICYT, SAF 95-0362 and Botin Foundation).

945.11
EFFECT OF DOPAMINE RECEPTOR STIMULATION ON [3H]ARACHIDONIC ACID 
INCORPORATION INTO RAT BRAIN AFTER UNILATERAL 6-HYDROXYDOPAMINE 
LESIONS IN THE SUBSTANTIA NIGRA. Takanori Havakawa, Michael Ghana.
Jane Bbll, Ruth.. Sgqmgnn, Stanley I. Rapopo.rt_.gnd Nathan M,.Appel*. NIH NIA
LNS, Bethesda, MD 20852 and FDA CDER ORT DAPR, Laurel, MD 20708.

Our laboratory has developed an in vivo method to measure incorporation of 
radiolabeled plasma free fatty acids into brain. Following pulse labeling with 
arachidonic acid (AA), AA incorporation patterns reflect regional changes in 
the activity of neurotransmitter signal transduction mechanisms that use 
phospholipase A2. In this study we examined the dopamine system. It is 
linked to brain lipid metabolism via phospholipases. Male Sprague-Dawley 
rats received unilateral stereotaxic injections of the dopaminergic neurotoxin
6-hydroxydopamine into the left substantia nigra pars compacta. Four weeks 
later they received either vehicle; SKF38393 or quinpirole fDr and D2-like 
agonists, respectively); or (+)-butaclamol, (D^Dg antagonist) followed by 
either vehicle, SKF38393 or quinpirole. One min after agonist or vehicle they 
were infused with 1.75 mCi/kg [3HjAA. Twenty min after [3H]AA infusion 
onset they were anesthetized and decapitated, and their brains were 
processed for autoradiography. SKF38393 increased the ratio of [3H]AA 
incorporation into the lesioned side compared to the intact side in the 
somatosensory and motor cortices and the subthalamic nucleus, and 
decreased it in the ventrolateral thalamus compared to rats dosed with 
vehicle. Quinpirole increased the ratio of [3H]AA incorporation in caudate 
putamen and the somatosensory and motor cortices and decreased it in the 
ventrolateral thalamus. Butaclamol pretreatment blocked this effect. These 
data demonstrate the utility of this fatty acid method for studying functional 
activation of brain circuits containing neurotransmitter receptors whose 
signal transduction mechanisms involve phospholipases. (USPHS/NIH&FDA)

945.12
DOPAMINE D3 RECEPTORS ARE DECREASED IN PARKINSON’S BUT 
ELEVATED IN ALZHEIMER’S DISEASE. J.N Joyce*, H.L. Rvoo, D. Pierrotti 
and E.V. Gurevich. Christopher Parkinson’a Research Center, Sun Health Research 
Institute, Sun City, AZ 85372.

The dopamine (DA) D3 receptor is preferentially innervated by the mesolimbic 
DA system. In human brain D3 receptors and D3 mRNA expressing neurons are 
largely segregated to brain regions that are the targets of the mesolimbic DA 
system and the efferents of the “limbic striatum.” Thus D3 receptors may regulate 
effects of DA on the “limbic” cortico-striatal-pallidal-thalamic-cortical loop. While 
the nigrostriatal DA system is considerably more damaged in Parkinson’s Disease 
(PD) than Alzheimer’s Disease (AD) the mesolimbic DA system is similarly 
affected with significant loss of innervation. We report here using radioligands 
selective for the D2 and D3 receptor that these receptors are independently changed 
in PD and AD. Tissue collected at autopsy from 8 cases with a diagnosis of PD (79 
± 3.5 yr.; pmi 4.4 ± 4 hr.), 12 cases of AD (79 ± 2.5 yr.; pmi 9.4 ± 4 hr) and age 
matched cases with no evidence of a neurologic disorder (76 ± 10 vr.; pmi 3 ± 1 
hr.) was processed for [12^I]epidepride binding to D2 receptors, [l2^I]trans-7-OH- 
PIPAT binding to D3 receptors and immunoautoradiography for tyrosine 
hydroxylase using autoradiographic methods. DA-ergic innervation to the caudal 
putamen was profoundly reduced and to a lesser extent in the rostral putamen in PD 
but not reduced in AD. Innervation to the nucleus accumbens (NAS) and ventral 
putamen (VP) was reduced in both AD and PD as compared to age-matched 
controls. D3 receptors were significantly reduced in PD, particularly in the NAS 
and VP, and elevated in AD. D2 receptors were elevated in PD in the dorsal 
putamen but unaffected in AD. The differences in D3 receptor number in PD and 
AD may reflect ante-mortem treatment with L-dopa. The changes in DA D3 
receptor number is interesting in light of the development of anti-Parkinsonian 
agents that are D3 preferring agonists. Funded by MH 56824, AG 09215

945.13
DOPAMINE D3 RECEPTOR LEVEL IS MODULATED IN THE MONKEY 
CAUDATE-PUT AMEN AFTER MPTP AND DOPAMINERGIC 
REPLACEMENT DRUG THERAPIES. M. Morissette*, M. Goulet, R 
Grondin, T. Di Paolo, P,J. Bedard, and D. Levesque, Neuroscience and 
Molecular Endocrinology Units, CHUQ Research Centre (Pavilion 
CHUL), Quebec, Qc, Canada, G1V 4G2 and Faculties of Pharmacy and 
Medicine, Laval University, Quebec, Canada.

The role of the dopamine (DA) D3 receptor in the central nervous 
system (CNS) is still not well understood. In order to investigate its 
involvement in Parkinson’s disease and related therapies, we have 
measured the DA D? receptor binding site in intact Macaca Fascicularis 
monkeys, following l-methyl-4-phenyl-l ,2,3,6-tetrahydropyridine 
(MPTP) administrations and in denervated monkeys that have received 
chronic injections of a Dj agonist (SKF 82958, 1 mg/kg, 4 times/day, for 
29 days) or a D2 agonist (cabergoline, 0.25 mg/kg, twice daily, for 1 
month). The D3 receptor binding site was evaluated by autoradiography 
using [ H](+)7-OH-DPAT (0.5 nM). Ten pM DA was used to determine 
non specific binding. We observed important rostro-caudal and ventro-
dorsal gradients in the D3 receptor density throughout the caudate- 
putamen (CP) of monkey brain. MPTP treatment significantly decreased 
(-40%) the D3 receptor density, only in the rostral part of all CP 
subdivisions, as well as in the nucleus accumbens (NA). In more caudal 
regions of the CP no effect was observed. The DA D! agonist treatment 
significantly corrected the decrease caused by MPTP, whereas the D2 
receptor agonist did not. In fact, the level of D3 receptor in the MPTP 
plus cabergoline group was lower than in the MPTP group. All the CP 
subregions and NA were affected similarly by the Dj agonist treatment. 
These results indicate that Di receptors in the rostral CP and NA are 
decreased in the MPTP model of the Parkinson’s disease and return to 
control levels with a D,, but not a D2, agonist treatment. This work is 
supported by the Fonds de la Recherche en Sante du Quebec (DL), the 
Parkinson Foundation of Canada (TDP, PJB) and the Medical Research 
Council of Canada (PJB).

945.14
SIMILARITIES BETWEEN A DOPAMINE D3 RECEPTOR PREFERRING 
AGONIST AND APOMORPHINE IN MPTP-LESIONED PARKINSONIAN 
MONKEYS. S. Konitsiotis, P.J. Blanchet, E. Streicher** and T.N, Chase. Exper. 
Therap. Branch, NINDS, Bethesda, MD 20892; "Fund. Neurosci. Prg., NINDS, Fed. 
Bldg., Bethesda, MD 20892.

Nonselective agonists for D1/D2 subfamilies of dopamine (DA) receptors relieve 
motor symptoms acutely in Parkinson’s disease patients but produce dyskinesia. In the 
D2 subfamily, the contribution of the DA D3 receptor to dyskinesia production is 
undetermined. We compared the DA D3 receptor preferring agonist PD 128,907 to 
the nonselective drug apomorphine (APO) in 6 levodopa-primed, MPTP-lesioned 
parkinsonian cynomolgus monkeys. Compared to APO, PD 128,907 displays no Dl 
receptor affinity, 14-fold lower affinity for D2L receptors and 35-fold higher affinity 
for D3 receptors. Both drugs were tested in single dosing (3 doses sc) and repeated 
dosing (lowest of 3 doses given 6 times 90 min apart) experiments. Motor responses 
were assessed with a rating scale and portable activity monitors (PAM).

The lowest effective dose (mean 41.7 gg/kg for PD 128,907 vs. 27.9 gg/kg for 
APO) yielded similar, rapid and complete motor relief for 35 min. Two- and 4-fold 
higher doses produced a comparable dose-dependent increase in motor effects for both 
drags, but the response duration to tlie highest dose of PD 128,907 was longer (mean 
91 min vs. 64 min for APO). Dyskinesia severity was similar for both drags. During 
the multiple injection protocol, elevations in PAM counts were similar following each 
dose but one animal showed a partial response on the scale to the last PD 128,907 dose 
and the last 3 APO doses. Dyskinesias of similar intensity were seen with each dose.

These results document for the first time the motor effects of PD 128,907 in 
parkinsonian monkeys. D3 receptor occupancy may contribute more to motor function 
than currently believed. However, the selectivity profile of PD 128,907 did not 
provide a better therapeutic index than APO in levodopa-primed animals. [Supported 
by The Parkinson Foundation of Canada and the Onassis Foundation]
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945.15
ESTROGEN RECEPTOR mRNA EXPRESSION IN THE MOUSE 
STRIATUM AND ITS ROLE IN PARKINSON’S DISEASE. M
Gupta*, F.J. Hendler, A. Shum-Siu and M. Demianova. Dept. of Anat. Sci. 
& Neurobiology and James Graham Brown Cancer Center, Univ. of 
Louisville Sch. Med., Louisville, KY 40292.

Previous studies from this laboratory have shown that estradiol 
pretreatment can have a protective effect on striatal dopamine levels as well 
as the number of dopaminergic neurons in the substantia nigra from MPTP- 
induced damage in ovarectomized (OVX) mice. Since Parkinson's disease 
has been reported to occur more commonly in men than women, it is 
possible that estrogen plays a protective role against neuronal degeneration 
in females. In order to determine if estrogen can directly act on the 
nigrostriatal system postnatal female mice at 7,14,21 and 28 days of age, 
young adult OVX mice as well as OVX mice treated with 17J3-estradiol 
were used. Sections through the striatum as well as total striatal RNA were 
processed using reverse transcriptase polymerase chain reaction (RT-PCR) 
for estrogen receptor (ER) mRNA expression. ER mRNA in tissue sections 
was detected using sense and antisense primers for ER by in situ RT-PCR 
with digoxigenin-dUTP followed by incubation with anti-digoxigenin 
monoclonal antibody conjugated with alkaline phosphatase. Results show 
that ER mRNA is expressed in postnatal mice at all the ages examined and 
this expression appeared to be altered in OVX mice treated with estradiol. 
Although the exact mechanism by which estrogen exerts its action in the 
striatum is not known, our data shows the expression of ER mRNA in this 
region. These studies, therefore, suggest that estrogen may influence the 
nigrostriatal dopamine system and hence may play a role in
neurodegenerative disorder. Supported by grants from the Retirement 
Research Foundation and NSF EPSCoR to MG.

945.16
TETRACYCLINE-DEPENDENT REGULATION OF GENE 
EXPRESSION IN THE CNS. Corti, O. , Horellou, P., Colin, P„ 
Berrard, S.*, and Mallet, J., CNRS UMR 9923, Hopital Pitie- 
Salpetriere, Paris, France.

A major issue in gene therapy research is tight control of the 
activity of a therapeutic gene in vivo. The tetracycline-sensitive 
regulatory system (Gossen & Bujard (92) Proc. Natl. Acad. Sci. USA) 
has been reported to be highly effective for transcriptional regulation 
of foreign genes in mammalian cells. Recent studies (Corti et al. (96) 
Neuroreport, Mayford et al. (97) Science, Yu et al. (97), Cancer 
Research) demonstrated its effectiveness for gene regulation in the 
central nervous system (CNS). Thus, this regulatory system is a good 
candidate system to achieve tight control of the expression of 
therapeutic genes transferred to the CNS.

We are currently studying the potential of the tetracycline- 
based regulatory system for the regulation of genes introduced into the 
CNS both via ex vivo and in vivo gene strategies.

Supported by grants from CNRS, INSERM, RPR and ESF

ISCHEMIA: GLUTAMATE

946.1
CNS 5161 PROTECTS AGAINST BRAIN DAMAGE FROM HYPOXIC- 
ISCHEMIA IN NEONATAL RATS. S. Wang, D, Zhou* L. Hu, G. Durant, J.
B. Fischer, and W. F. Holt. Cambridge NeuroScience, Inc., Cambridge, MA 02139

CNS 5161 is a potent NMDA ion-channel antagonist (Kj=1.8 nM against pH] 
MK-801 binding) and can reduce the cortical brain infarct volume by 52% at the 
doses tested against focal ischemia in two adult rat models of middle cerebral 
artery occlusion (MCAO). This study was designed to evaluate the effect of CNS 
5161 on hypoxic-ischemia (HI) -induced brain injury in the neonatal rat. A total of 
94 neonatal Sprague-Dawley rats were used. HI was induced by placing 8-9 day- 
old rat pups, which had the left common carotid artery ligated, in a chamber 
ventilated with 7.8% C>2 and set at 36.5°C for about 1.5 hours. The neonates were 
euthanized 48 hours after induction of HI, and their brains were removed and 
sectioned into four 2 mm slices prior to staining with 2,3,5-triphenlytetrazolium 
chloride (TTC). Image analysis was performed to determine brain infarct sizes 
from brain sections stained with TTC two days after the HI insult. The treatment of 
the rat pups with CNS 5161 (n=l 3) by intraperitoneal injection directly before and 
directly after the HI insult at total doses of 4 mg/kg produced about a 74% 
reduction (p<0.05) in infarct volume compared with the control group (n=8). The 
treatment immediately post-HI only with CNS 5161 at doses of 8 (n=l 2), 4 (n=12) 
and 2 (n=l3) mg/kg reduced the brain damage by 76% (p<0.005), 71% (p<0.05) 
and 40% (p>0.05), respectively, compared with the vehicle-treated control group 
(n=l 1-13/group). The results indicate that, similar to those observed in the adult rat 
MCAO model of focal ischemia, CNS 5161 significantly reduces Hi-induced brain 
damage in neonatal rats, even when given only post induction of ischemia. Thus, 
CNS 5161 holds the potential of being an effective drug treatment of neonates 
where permanent brain damage (e.g. cerebral palsy) can be produced by hypoxic 
ischemia.

946.2
NEUROPROTECTIVE EFFECT OF CNS 5161, A POTENT NMDA ION- 
CHANNEL ANTAGONIST, AFTER FOCAL ISCHEMIA IN RATS D. Zhou, 
S.Wang, L. Hu, G. Durant, J. B. Fischer, A. Knapp, W. F. Holt, E. R. Gamzu.*
Cambridge NeuroScience, Inc., Cambridge, MA 02139 

CNS 5161 is a novel and potent NMDA ion-channel antagonist which is able to
displace [3H] MK-801 binding with a Kj of 1.8 nM in synaptosomal membrane 
preparations from rat brain. CNS 5161 also shows 91% inhibition of audiogenic 
seizures in DBA/2 mice at 4 mg/kg i.p.. We report here its neuroprotective effects 
on focal ischemic brain injury in two rat models of middle cerebral artery occlusion 
(MCAO). Permanent MCA occlusion in anesthetized, adult male Sprague-Dawley 
rats was achieved by either electrocoagulation via craniectomy (Tamura MCAO 
model) or suture occlusion of the internal carotid artery. Twenty-four hours after 
MCA occlusion, the animals were euthanized, and their brains were removed and 
cut into seven 2-mm-thick slices prior to staining with 2,3,5triphenyltetrazolium 
chloride. Image analysis of the brain slices was used to determined the infarct sizes. 
In the suture MCAO model, CNS 5161 at total doses of 3.5 (n=l2), 1.75 (n=15) and 
0.88 (n=l 1) mg/kg i.v. bolus at 10 minutes post-occlusion, followed by a 3 hour 
infusion of drug reduced total brain infarct volume (Mean+SEM: 295+17 mm3 in 
vehicle-treated rats) by 46% (p<0.01), 42% (p<0.05) and 35% (p>0.05), and 
cortical infarct volume (217+14 mm3 in vehicle-treated rats) by 52% (p<0.01), 50% 
(p<0.05) and 43% (p>0.05), respectively compared to vehicle-treated rats. In the 
Tamura MCAO model, CNS 5161 at total doses of 3, 1.5 and 0.75 mg/kg 
(n=6/group), 1.0, 0.5 and 0.25 mg/kg, i.v.bolus, at 10 minutes post-occlusion, then 
the same dose given i.p., at 1 and 2 hours post-occlusion reduced the total infarct 
volume (195-205 + 13-28 mm3 in vehicle-treated rats) by 40%, 33%, 28% and 
cortical infarct volume (139-155 + 9-26 mm3 in vehicle-treated rats) by 52%, 44% 
and 37%, respectively. These results suggest that CNS 5161 is a potentially 
promising drug for the treatment of ischemic brain damage.

946.3
LAMOTRIGINE PREVENTS BRAIN DAMAGE RESULTING FROM GLOBAL 
ISCHEMIA CAUSED BY CARDIAC ARREST WITH RESUSCITATION. £L 
Christian Crumrine*, Kristine Berqstrand, Amv T, Cooper, Walter L Faison
and Barrett R. Cooper. Department of Molecular Pharmacology, 
GlaxoWellcome Co. RTP, NC 27709.

Lamotrigine (LTG) is an anti-epileptic drug. The anti-convulsant 
mechanism of action entails the inhibition of glutamate release by use 
dependent blockade of voltage sensitive sodium channels. This property 
may enable LTG to prevent brain damage following ischemia by indirectly 
preventing glutamate excitotoxicity. We tested the efficacy of LTG to 
prevent ischemic brain damage in our model of cardiac arrest induced global 
cerebral ischemia in rats. When administered either before or 15 min. after 
cardiac arrest, LTG (100 mg/kg, p.o., pretreatment; 10 mg/kg, i.v. post-
treatment, 2X, 5 hours apart) ameliorated ischemic damage as assessed by 
histopathology three weeks after recovery from arrest.

Group Pre-Treatment Post-T reatment
Non-lschemic Control 45±4 (6)

Saline 8+2(7)*
Vehicle 3±1(6)* 4±2(6)*

Lamotrigine 24±4(6)*' 27±6(6)*'
Presented are the number of cells per 250 pm section of the hippocampal 
CAi region. The counts are an average of 4 independent determinations for 
each animal. * p<0.05 compared to non-ischemic group, t p<0.05 
compared to saline and/or vehicle. Number of animals are in parenthesis. 
The plasma concentration associated with neuroprotection in the post-
treatment study was similar to patients on LTG monotherapy for epilepsy. 
Thus, LTG may offer neuroprotection at doses that may be well tolerated by 
humans.

946.4
RILUZOLE ATTENUATES BEHAVIORAL AND
NEUROPATHOLOGICAL CHANGES IN AN ANIMAL MODEL OF 
CARDIAC ARREST-INDUCED NEUROLOGICAL DISORDER. A.G. 
Kanthasamy, B.Q.H. Nguyen and D.D. Truong,* Parkinson & Move. Disord. 
Lab., Dept. of Neurology, Univ. of California, Irvine, CA 92717; Long Beach 
Memorial Med. Ctr., Long Beach, CA 90801.

Glutamate serves as a major excitatory neurotransmitter in the CNS where it 
mediates fast excitatory synaptic neurotransmission and plays a crucial role in 
neuronal communication and CNS pathology. Neuronal overexcitation may be 
due to an increase in extracellular glutamate, an effect that has been shown to 
follow ischemic/hypoxic events. Therefore, riluzole, a novel anticonvulsant 
which inhibits the release of glutamate by stabilizing inactivated state of voltage 
sensitive sodium channels was tested for its antimyoclonic and neuroprotective 
properties in the cardiac arrest-induced animal model of posthypoxic myoclonus. 
Riluzole (4-12 mg/kg, i.p.) dose-dependently attenuated the incidence of 
audiogenic seizures and the intensity of myoclonus seen in this animal model. 
Histological examination using Nissl staining and the novel Fluoro-Jade 
histochemistry in riluzole-treated animals showed decreased neuronal 
degeneration in the cortex, striatum and hippocampus and cerebellum as 
compared to untreated cardiac arrested rats. The neuroprotective effect was more 
pronounced in cerebellar neurons than hippocampal and striatal neurons. These 
effects were seen at therapeutically relevant doses of riluzole and the animals well 
tolerated the treatment. These results indicate that the pathogenesis of 
posthypoxic myoclonus may involve excessive release of glutamate, and that 
riluzole may serve as an effective antimyoclonic agent with neuroprotective 
potential for the treatment of posthypoxic myoclonus in humans.
[Supported by myoclonus foundation].

Society  for  Neuroscience , Volume  23,1997



2434 ISCHEMIA: GLUTAMATE THURSDAY AM

946.5
EFFECTS OF INTRAVENTRICULAR INJECTION OF ANTISENSE 
OLIGODEOXYNUCLEOTIDES ON NR1 PROTEIN PRODUCTION IN 
NEONATAL RAT BRAIN
C.D. Keene*, E.M. Jansen, W.C. Low Depts Neurosurgery and Physiology,
Grad. Program in Neuroscience, Univ. of Minnesota, Mpls MN 55455.

Excitotoxic injury in both the immature and adult nervous systems involves 
excessive synaptic glutamate acting at the NMDA receptor. Two classes of 
subunits have been shown to compose the NMDA receptor. The NR1 subunit has 
been shown to be required for function and the NR2 subunits appear to confer 
ligand binding and ion channel characteristics. Antisense therapy has been shown 
to alter production of the targeted protein. In these studies, we investigated the 
effects of antisense oligodeoxynucleotide (AON) directed against mRNA for the 
NR1 subunit on NR1 protein production. On postnatal days (pnd) 5 and 6, twice a 
day, Wistar rat pups received stereotaxic injections of either AON, a scrambled 
nonsense (NON), or sense (SON) (0.5nmol, 1 pi) into the right lateral ventricle. 
On pnd 7, animals were perfused with PBS and brains were removed. The right 
sensorimotor cortex (CTX) was dissected out while in ice cold protease inhibitor 
cocktail. Western blot analysis was performed to visualize the NR1 protein using 
antisera selective for the NR1 subunit. Computerized densitometric analysis 
revealed that, following oligonucleotide exposure, NR1 levels were reduced to 
20±7% (mean ± SEM) of normal levels in the CTX (p<0.05, Student's t-Test). 
These data indicate that pretreatment with AON, NON, or SON directed against 
mRNA to the NR1 subunit of the NMDA receptor can nonspecifically alter NR1 
protein production in neonatal rat cortex. These results also contribute to the 
growing body of conflicting evidence surrounding the mechanisms of antisense 
therapy. (Supported by NIH predoctoral NRSA MH10617 (EMJ), an Established 
Investigator Award from the American Heart Association, the United Cerebral 
Palsy Association, and PHS R01-NS-24464.)

946.6
PRETREATMENT WITH ANTISENSE OLIGONUCLEOTIDES AGAINST 
mRNA TO THE NMDA RECEPTOR IS NEUROPROTECTIVE IN A RAT 
MODEL OF NEONATAL ISCHEMIC-HYPOXIA: TTC STAINING
E.M. Jansen*, C.D. Keene, W.C. Low, Depts. Neurosurgery and Physiology,
Grad. Program in Neuroscience, Univ. of Minnesota, Mpls MN 55455.

Perinatal ischemic-hypoxia (IH) in humans creates severe neurologic injury that 
often manifests in long term sensorimotor deficits. This type of excitotoxic injun 
has been shown to involve excessive glutamate acting at the NMDA receptor. 
Antisense therapy has been shown to selectively decrease production of a targeted 
protein. In these studies, we investigated whether antisense oligodeoxynucleotide 
(AON) directed against the NR1 subunit of the NMDA receptor could provide 
neuroprotection from subsequent IH. We utilized a model of neonatal IH that 
creates unilateral striatal, cortical and hippocampal damage. On postnatal days 
(pnd) 5 and 6, twice a day, Wistar rat pups received intracerebroventricular 
injections (0.5nmol, 1 pi) of either AON, a scrambled nonsense sequence (NON), or 
the sense construct (SON). On pnd 7, animals underwent unilateral carotid artery 
ligation and were then exposed to 2.5 hours of hypoxia (8% O2, 92% N2, 34-35°C). 
On pnd 8, animals were decapitated. Brains were removed, cut into 1 mm slices, 
and stained in 2% TTC for analysis of infarction. Brain sections were graded by a 
blinded observer: 0 = no infarct, 1 = slight, 2 = moderate to severe infarct. Using 
Chi Square analysis, animals that received AON before the IH injury had signif-
icantly less severe infarcts than did animals that received SON or NON (p<0.05). 
These data suggest that preadministration of antisense directed against mRNA to 
the NR1 subunit of the NMDA receptor can confer neuroprotection as compared to 
sense or nonsense oligonucleo-tides and further support the role of the NMDA 
receptor in excitotoxic injury. (Supported by NIH predoctoral NRSA MH10617 
(EMJ), an Established Investigator Award from the American Heart Association, 
the United Cerebral Palsy Association, and PHS R01-NS-24464.)

946.7
ROLE OF GLUTAMATE RECEPTORS IN CEREBRAL ISCHEMIA. G, 

Capocchi*, G. Silvestrelli and A. Balducci. Institute of Neurology, 
University of Perugia, Italy, 06100.

Neuronal death in cerebral ischemia is probably mediated by 
excessive Calcium influx from the extracellular space. The present study 
aims to investigate which ion channel, synaptic or extrasynaptic, 
determines "toxic" intracellular calcium levels.

Experiments were conducted on rat hippocampal slices. An 
extracellular recording electrode was placed in the stratum radiatum 
of CA1 region to record EPSPs evoked by low frequency stimulation of 
two different cellular groups, St] and St2 of the same CA1 region. 
Hypoxia was induced by transient aeration with 95% N2 - 5% CO2 and 
caused depression of EPSP of both St] and St2 cellular groups. 
Therefore, a "theta burst" pattern of stimulation (TBS) was given in an 
attempt to induce Long Term Potentiation (LTP) in input Sty while St2 
served as a control. After re-oxigenation, the EPSP recording of the St] 
cellular group showed a lack of recovery of synaptic potentials, signs of 
irreversible damage. On the contrary the unstimulated input St2 
recovered to control levels after re-oxigenation. In several experiments, 
the effects of the selective NMDA receptor antagonist, AP5, on hypoxic 
associated TBS was tested. In these cases, after re-oxigenation the 
EPSPs of both cellular groups St] and St2 recovered to pre-hypoxic 
levels.

These results demonstrate that excitotoxic neuronal damage is 
mainly synaptic and dependent on calcium influx through NMDA- 
gated receptors channel.

946.8
DIFFERENTIAL EFFECTS OF THE NMDA ANTAGONISTS MK-801 AND 
D-AP5 TO PROTECT HIPPOCAMPAL NEURONS AGAINST ISCHEMIC 
DAMAGE IN A SLICE CULTURE MODEL: SIMULTANEOUS 
ELECTROPHYSIOLOGY AND MICRODIALYSIS APPROACHES. F 
Robert and L. Stoppini . Dpt APSIC/Pharmacologie, CMU, 1211 GENEVA 4, 
Switzerland.

In some animal models of ischemia, neuronal degeneration in the 
hippocampus appears to be mediated in large part by activity of excitatory 
synapses during and after the ischemic event. During ischemia, high 
concentrations of the excitatory amino acid glutamate (Glu) accumulate in the 
extracellular space while subsequent neuronal injury can be prevented by 
antagonists of the NMDA receptor. To further study the mechanisms of 
hippocampal vulnerability and test neuroprotective treatments, we took 
advantage of using organotypic slice cultures as an in vitro model to reproduce 
experimental cerebral ischemia. The ischemic challenge was induced by 
inhibition of oxidative metabolism and glycolysis. Evoked field potentials and 
extracellular Glu concentrations were simultaneously monitored to assess brain 
injury, and NMDA antagonists (MK-801, D-AP5) administered at different 
times. We found that experimental ischemia typically induced both a transitory 
increase in extracellular Glu concentrations and a strong decrease in field 
potential amplitudes. The amplitude of these effects depended on the strength 
of the ischemic challenge, allowing us to provoke mild or severe ischemia. 
MK-801 (30 pM) showed a high degree of protection against ischemic insults 
whereas D-AP5 (50 pM) failed to protect neurons in severe ischemia. These 
results support the notion that MK-801 produces its neuroprotective effects via 
additional mechanism(s) other than NMDA receptor inhibition, e.g., blockade 
of calcium channels.
(Work supported by INSERM, Chemodyne S.A. and FNRS 31-49799.96).

946.9
NEUROPROTECTIVE ROLE OF MAGNESIUM SULFATE ALONE AND IN 
COMBINATION WITH MK-801 AGAINST NEURONAL DAMAGE IN 
HIPPOCAMPAL SLICE CULTURES. L. B, Nguyen, D. W. Newell* . Dept. of 
Neurological Surgery, Univ. of Washington School of Medicine, Seattle, WA 98195

Magnesium sulfate (MgSO4) and MK-801 are known for their neuroprotective 
properties in animal models of brain trauma and injury. As part of our study to extend 
neuronal tolerance to ischemia, we evaluated the efficacy of MgSO4 as a 
neuroprotective agent and its possible additive or synergistic effects in combination 
with MK-801 against induced neuronal damage in organotypic hippocampal cultures. 
Rat hippocampal slice cultures treated with different concentrations of MgSO4 alone or 
in combination with MK-801 were exposed to anoxic/hypoglycemic conditions to 
induce neuronal damage. The duration of combined oxygen and glucose deprivation 
was varied to attain different severities of the insult. Cell death was assessed by 
measuring the amount of propidium iodide fluorescent dye entering damaged neurons 
48 hours after the insult. Optical imaging was used to quantify this fluorescent intensity 
which is expressed as percentage of cell death. Our results indicate that 4mM of MgSO4 
is the optimal concentration to protect effectively against anoxic/ hypoglycemic 
neuronal cell damage: treated cultures exhibited only 12% cell death compared to 75% 
in the controls. When cell damage exceeded 75%, MgSO4 alone did not protect. 
However, a combination of 4mM MgSO4 with lOmM MK-801 markedly improved the 
neuroprotective effect with less than 3% cell death. We also found that there is a critical 
time window for both drugs. For effective neuroprotection ( with cell death < 75%), 
MgSO4 and/or MK-801 have to be administered prior to or within 30 minutes following 
the insult. We previously found that the presence of glucose during complete oxygen 
deprivation prevents NMDA receptor blockade with MK-801. In testing increasing 
glucose concentrations present in the media with MgSO4, we found a slightly different 
pattern. Under complete oxygen deprivation, the efficacy of MgSO4 as a 
neuroprotective agent improves with glucose concentrations up to 80mg% glucose but 
diminishes slightly with higher concentrations of glucose. Further experiments are 
needed to elucidate the mechanism of MgSO4 as a neuronal protective agent. Supported 
by NIH Grant 1P50NS30305-1 and CIDA 1K08NS01596901 (DWN).

946.10
WAY-126251: A POTENTIAL NEUROPROTECTIVE AGENT WITH 
A UNIQUE PHARMACOLOGICAL PROFILE. C.A. Hoffman*, W. 
Childers, E. Podlesnv, M. Abou-Gharbia, R. Tasse, D, Kowal, D,
Bramlett, J. A. Moyer and C.A. Boast. Wyeth Ay erst Research, CN 
8000, Princeton, NJ 08543.

WAY-126251, the (-)-enantiomer of WAY-124500, a novel non-
competitive NMDA antagonist racemate, demonstrated a unique profile 
of receptor binding and neuroprotective properties. WAY-126355 is the 
(+)-enantiomer of WAY124500. In stimulated [3H]-TCP binding, the 
racemate and (+)-enantiomer had IC50 values of 110 nM and 89 nM, 
respectively, while the IC50 value for the (-)-enantiomer was 1 mM. The 
(-)-enantiomer was inactive in an NMDA lethality model (195 mg/kg, ip 
NMDA) in which ED50 values of 4.6 and 2.6 mg/kg, ip were determined 
for the racemate and (+)-enantiomer, respectively. Therefore, the (+)- 
enantiomer was designated the eutomer and the (-)-enantiomer the 
dystomer. In a gerbil global ischemia model (5 min occlusion; 4 day 
recovery) the compounds were administered twice ip at 2 hr and 6 hrs 
post-occlusion. The MED for neuroprotection was 30 mg/kg for the 
eutomer and 54 mg/kg for both the racemate and the dystomer. A single 
ip administration of 100 mg/kg of the dystomer at 2,4 or 6 hrs post-
occlusion also provided significant neuroprotection. Neuroprotective 
activity was not retained when the dystomer was administered 24 hours 
post-occlusion. All three compounds were inactive at 100 uM in [3H]- 
AMPA, [3H]-CPP, [3H]-glycine and [3H]-kainate binding assays. At 10 
pM, the dystomer demonstrated greater than 50% inhibition in histamine 
1, PCP, sigma, calcium (type N) and sodium site 2 binding and in 
serotonin uptake. The mechanism for the neuroprotective properties of 
the dystomer remains unclear.
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946.11
SYNERGISTIC PROTECTION OF NMDA AND AMPA ANTAGONISTS 
AGAINST ISCHEMIC NEURONAL DEGENERATION (1): GLUTAMATE- 
INDUCED NEURONAL CELL DAMAGE IN HIPPOCAMPAL SLICE 
CULTURES. Kazuo Kawasaki*, Shunji Shinohara. Shionogi Research 
Laboratories, Shionogi & Co., Ltd., Toyonaka City, Osaka 561, Japan

Excessive activation of glutamate receptors is shown to be involved in 
ischemic-neuronal injury. Although, glutamate can act on both NMDA and 
AMPA receptors, it is not clear which subtype could be possibly involved in 
ischemic neurodegeneration. In this study, we examined which subtype of 
glutamate receptors was mainly involved in glutamate-induced neuronal damage 
using hippocampal slice cultures. Hippocampal slice cultures were prepared from
7-day-old rats with the interface culture method. Neuronal degeneration was 
induced by exposing slices to glutamate for 15 min. Neuronal injury was 
evaluated after 24 hr of recovery period using the fluorescent dye propidium iodide 
(PI), which stains nucleic acids of the cells whose membrane is injured. 
Glutamate (300 pM - 3 mM) caused neuronal damage in CA1 region in a dose- 
dependent manner. Glutamate-induced injury was markedly suppressed by a 
specific antagonist for glycine binding site for NMDA receptor, 5,7-diCl 
Kynurenate (diCl-Kyn; 100 pM), whereas specific AMPA receptor antagonist,
2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline (NBQX; up to 100 pM) 
showed little effect. Interestingly, combined application of 32 pM diCl-Kyn and 
10 pM NBQX, both of which could not reduced glutamate-induced neuronal 
damage by themselves, completely suppressed the neuronal damage. 
Neuroprotective effect of combined application of these two antagonists were more 
than additive. These results suggest that although glutamate toxicity was mainly 
caused by activation of NMDA receptors, AMPA receptors were also involved in 
the toxicity and these two receptors act synergically on the process of glutamate- 
induced neuronal damages.

946.12
SYNERGISTIC PROTECTION OF NMDA AND AMPA ANTAGONISTS 
AGAINST ISCHEMIC NEURONAL DEGENERATION (2): STUDIES ON FOCAL 
CEREBRAL ISCHEMIA MODEL. Tsuyoshi Kihara*, Mitsuru Yasui, Masami Eigvo 
and Kazuo Kawasaki. Shionogi Research Laboratories, Shionogi & Co., Ltd, Toyonaka 
City, Osaka 561, Japan.

We have shown NMDA and AMPA receptors act synergicaly in the process of glu-
tamate-induced neuronal degeneration using hippocampal slice cultures (next poster). 
Here we report the blockade for both of NMDA and AMPA receptors show more than 
additive neuroprotective actions in in vivo focal cerebral ischemia model of rats. The 
halothane-anesthetized rats were subjected to occlusion of the right middle cerebral 
artery for 1 hour followed by reperfiision with a nylon surgical thread. Following 15 
min of reperfusion, the rats received a specific antagonist for strychnine-insensitive 
glycine site, 5,7-diCl kynurenate (diCl-Kyn), a specific AMPA receptor antagonist, 
NBQX, or a combination of both by an i.c.v. infusion for 1 hr. Cortical infarct volume 
was assessed 24 hours after ischemia.DiCl-Kyn (10 nmol/10 y. 1/hr) significantly sup-
pressed the cortical infarct size. Although NBQX (10 - 100 nmo!/10 /z 1/hr) failed to 
reduce the infarction, NBQX significantly potentiated the neuroprotective effects of 
diCl-kyn. Furthermore, the combination of diCl-Kyn and NBQX drastically prolonged 
the therapeutic time window. Although diCl-Kyn without NBQX was effective only 
when it was administered since 15 min following the reperfiision, the neuroprotective 
actions observed following administration of both drugs could be observed even when 
they were administered since 60 min later. Also, this synergistic neuroprotection could 
be observed after i.v. infusion of dizocilpine(0.045 y. mol/kg/hr) with NBQX (10/z mol/ 
kg/hr). These results suggest that dual blockade of both NMDA and AMPA receptors is 
more effective than selective blockade of each subtype of glutamate receptors for 
ischemic neuronal degeneration.

946.13
A COMPARATIVE STUDY OF NEUROPROTECTION FOLLOWING 
DEXMEDETOMIDINE, CGS-19755 AND NBQX IN RAT FOCAL ISCHEMIA. J. 
Jolkkonen*, K. Puurunen. A. Haapalinna, P.J. Riekkinen Sr and J. Sivenius.
A.I.Virtanen Institute and Department of Neurology, University of Kuopio and Orion 
Pharma, Turku, Finland.

The present experiment was undertaken to study possible neuroprotective effect of 
the selective a2-adrenergic agonist, dexmedetomidine (DEX) in focal cerebral ischemia 
in rats. Two different doses of DEX were given intravenously immediately after 
occlusion of the middle cerebral artery (MCA). The effect on ischemic volume was 
assessed and compared to that by the competitive NMDA antagonist, CGS-19755 or the 
AMPA antagonist, NBQX.

Rats were subjected to 90 min occlusion of MCA. Drugs were given into the left 
femoral vein starting infusion immediately after occlusion (i.v. bolus over 5 min + 
infusion for 120 min). Total drug dose was 5 or 9 pg/kg for DEX, 50 mg/kg for NBQX 
and 20 mg/kg for CGS-19755. Control rats received 0.9% NaCI. Estimation of infarct 
volume was performed at 72 h later from 2,3,5-triphenyltetrazolium chloride (TTC) 
stained coronal slices using an image analysis system.

Total ischemic volume in the cortex was decreased by 40% following DEX at a dose 
of 9 pg/kg and by 73% following NBQX (p<0.001). When infarct volume was analyzed 
separately for each anteroposterior slice, the damage was smaller in the cortex following 
DEX at a dose of 9 pg/kg (p<0.001), NBQX (p<0.001) and CGS-19755 (p<0.01) and in 
the striatum following DEX at a dose of 9 pg/kg (p<0.01) and NBQX (p<0.001).

The present data showed reduced infarct volume in the cortex following a relatively 
low dose of DEX in focal ischemia in rats. When compared to glutamate antagonists, 
the rank order of potency was NBQX»DEX (9 pg/kg)>CGS-19755. In addition to 
anti-ischemic effect, DEX is known to reduce postoperative stress in surgical patients 
without side-effects or toxicity seen with glutamate receptor antagonists. Thus, DEX 
could be considered as an anesthetic adjunct in patients undergoing invasive procedures 
such as cardiac surgery associated with high risk of cerebral ischemic events.

946.14
NEUROPROTECTIVE EFFECTS OF DECHAHYDROISOQUINOLINES, 
NOVEL COMPETITIVE AMPA ANTAGONISTS, IN GLOBAL CEREBRAL 
ISCHAEMIA. M. J. O' Neill1 *, A. Bond1 P. Omstein2, C. A. Hicks1, M. A. Ward1 
D. Bleakman^A. Mandelzys3, K. Hoo3, M. Deveril3 and D. Lodge1, Eli Lilly & 
Co., 1 Lilly Research Centre Ltd., Erl Wood Manor, Windlesham, Surrey GU20 
6PH, U.K., 2Lilly Corporate Centre, Indianapolis, IN 46285-0814, U.S.A and 
3Allelix Biopharmaceuticals, 6850 Goreway Drive, Mississanga, Ontario, Canada.

Several studies have shown that AMPA antagonists are neuroprotective in global 
and focal cerebral ischaemia. The side-effect profile of the earlier AMPA 
antagonists has prevented them entering the clinic. In the present studies we have 
evaluated the effects of several decahydroisoquinolines in (a) in vitro ligand binding 
studies, (b) in vitro functional studies in human cloned and rat native glutamate 
receptors and (c) in global cerebral ischaemia in vivo.

Ischaemia was induced by occlusion of the common carotid arteries under 
halothane anaesthesia. In sham operated animals the arteries were freed from 
surrounding connective tissue, but not occluded. Compounds were administered 
either 30 min before or immediately after occlusion followed by four further 
injections of half the dose at 3hr intervals. For histological evaluation the animals 
were perfused transcardially with formalin, the brains removed, embedded in 
paraffin wax and 5 pm coronal sections were cut and stained with haematoxylin and 
eosin. The viable cells in the CA1 region of the hippocampus were counted using a 
microscope with a graticule and expressed as the number of viable cells/mm CA1 
hippocampus.

There was severe damage (95%) in the CA1 region of 5 min occluded controls. 
Treatment with AMPA antagonist produced the following % neuroprotection: 
56±12% (LY293558 20/10mg/kg), 36±13% (LY280263 40/20mg/kg), 16 ± 6% 
(LY289178 20/10mg/kg), 37+11 (LY307190 50/25mg/kg), 41±15% (LY246492 
40/20 mg/kg) and 75±16% (LY302679 20/10mg/kg).

In conclusion these results indicate that AMPA antagonists provide good 
neuroprotection against ischaemic brain damage. The development of subtype 
selective antagonists with reduced side effects may produce therapeutic agents for 
the treatment of neurodegenerative diseases.

946.15
DEVELOPMENT, CHARACTERIZATION, AND VALIDATION OF A 
RADIOIMMUNOASSAY FOR PD 152247 (PNQX) IN RAT 
MICRODIALYSATE FLUID. C. M. Barksdale*1, R. C. Dudeck1, D. F. Welty1, 
S. Jordan1, C. F. Bigge2, C. S. Yi2, and G. D. Nordblom1; Departments of 
Pharmacokinetics/Drug Metabolism1 and Chemistry2, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Company, Ann Arbor, MI 48105-2430.

A radioimmunoassay (RIA) procedure for the quantitation of PD 152247 
(PNQX) in rat microdialysate fluid samples was developed and validated. A 
linear logit-log calibration curve was validated over the effective analytical range 
of 0.977 to 1,000 pg/tube. Assay precision was <6.6% relative standard 
deviation as determined by replicate analysis of PD 152247 quality control 
samples. Assay accuracy was within +13.1% relative error. Because the 
PNQX antibody crossreacts 91.5% with PD 161185, the known N-desmethyl 
metabolite, PD 152247 concentrations in samples are expressed as picograms of 

PD 152247 equivalents per mL of matrix.
Brain microdialysate samples from rats dosed at 2.5 mg/kg/hour of 

PD 152247 intravenously, with and without the simultaneous coadministration of 
probenecid, were analyzed and preliminary pharmacokinetic parameters 
determined. RIA estimates of rat brain microdialysate interstitial fluid (ISF) 
PD 152247 levels were equivalent to the in vitro binding affinity IC^ 
concentration at the AMPA receptor ( — 90 nM). When PNQX was administered 
with probenecid the concentration in plasma and brain ISF increased nearly 4-fold.

(All authors are employees of Parke-Davis/Wamer-Lambert Company)

946.16
PNQX PHARMACOKINETICS DETERMINED BY IN VIVO BRAIN 
MICRO DIALYSIS. S. Jordan*1, C.M. Barksdale1, G.P, Nordblom1, C.F. Bigge2, 
C.S. Yi2, J, Burleigh*1, R. Lister1 and D.F. Welty1; Departments of 
Pharmacokinetics/Drug Metabolism and Chemistry2, Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann Arbor, 
Michigan, Ml 48105.

PNQX (PD152247) is an AMPA receptor antagonist which has demonstrated 
neuroprotectant efficacy in a rodent model of focal cerebral ischemia. A 
neuroprotective dose of this drug (2.5 mg/kg/hr) was administered to rats, alone 
and in combination with probenecid (PRD; 25 mg/kg/hr), using a 6 hr constant 
rate intravenous infusion paradigm. Venous blood sampling and in vivo brain 
microdialysis, using PD167844 as an internal calibrator of probe recovery, were 
used to monitor temporal PNQX accumulation in plasma and brain interstitial 
fluid (ISF), respectively. Microdialysate concentrations of PNQX, PD167844, and 
PD161185, a major PNQX metabolite, were quantified by radioimmunoassay, 
while HPLC with UV detection was used to measure PNQX and PRD in plasma. 
Plasma PNQX steady-state concentrations (Css) were attained when PNQX was 
infused for 75 min, either alone (Css, 5.3 pM) or in combination with PRD (Css, 
21.2 pM; PRD Css, 350 pM). In both groups, equilibrium between plasma and 
brain ISF concentrations was established by 30 min. PNQX reached a brain ISF 
Css, in the absence (0.09 pM) and presence of PRD (0.37 pM), which was 
approximately 1.7% of the corresponding plasma Css in each case. The elevation 
in brain ISF Css, when PNQX was coadministered with PRD, may be due to an 
inhibitory effect of PRD upon systemic and/or CNS clearance. These data 
estimate PNQX reaches a brain ISF Css similar to its AMPA receptor binding 
affinity (IC50 = 0.08 pM) using a known neuroprotective dose. This demonstrates 
the utility of in vivo brain microdialysis in determining estimates of brain ISF Css 
for therapeutic drug doses.

(All authors are employees of Parke-Davis/Wamer-Lambert Company)
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946.17
THE EFFECT OF CO-TREATMENT WITH THE AMPA ANTAGONIST, PNQX, 
AND PROBENECID ON LESION VOLUME FOLLOWING FOCAL ISCHEMIA IN 
THE RAT. N.C. Kupina, M.G. Vartanian, D.F, Welty, P.A. Boxer,* G.P. Schielke. 
Parke-Davis Pharm. Research, Div. of Warner-Lambert Co., Ann Arbor, MI. 48105

PNQX is a novel quinoxalinedione AMPA receptor antagonist which is 
neuroprotective in models of focal and global ischemia. However, similar to other 
compounds of this class, it has low solubility and may precipitate in the kidney at 
higher doses. Probenecid is an inhibitor of organic anion transport and enhances the 
anticonvulsant activity of PNQX. This study tested the hypothesis that co-treatment of 
PNQX and probenecid lowers the dose of PNQX necessary to be neuroprotective. 
Ischemia was induced in male Sprague Dawley rats by temporary occlusion of both 
carotid arteries and the middle cerebral artery with micro clips. Following occlusion, 
drug or vehicle was infused for 4.5h. Clips were removed after 3h and brains were 
removed 72h later for stereological analysis of the lesion. Body temperature was 
maintained for the first 5h and monitored for the remaining 67h by telemetry.

Therapy Dose % Reduction Css Plasma (ng/ml)
PNQX alone 5.0mg/kg/hr 42% 2634
PNQX alone 2.5mg/kg/hr 58%, 48% 1471, 893
PNQX alone 1.0mg/kg/hr 35% 685
PNQX alone 0.1 mg/kg/hr 11% (ns) 79
PNQX + Probenecid 2.5mg/kg/hr 53% 3130
PNQX + Probenecid 0.5mg/kg/hr 39% 846
PNQX + Probenecid 0.1 mg/kg/hr 31% 164

These results demonstrate a 5 to 10-fold enhancement in the efficacy of PNQX by 
probenecid, accompanied by increased steady state plasma levels of PNQX. Combined 
treatment with probenecid may offer an advantage in overcoming limitations due to 
solubility and kidney accumulation of quinoxalinedione AMPA antagonists. (Supported 
by Warner-Lambert)

946.18
NEUROPROTECTION BY MPQX, A COMPETITIVE NON-NMDA 
GLUTAMATE RECEPTOR ANTAGONIST, AGAINST EXPERIMENTAL 
ISCHEMIA AND HEAD TRAUMA

L-Turski ’, A, Huth, F, McDonald, H. H. Schneider. R. Neuhaus, T, Dvrks,
I, Bresink. and E. Ottow, Research Laboratories of Schering AG, 
Mullerstr. 178, D-13342 Berlin, Germany

Glutamate antagonists have clinical potential for the treatment of stroke 
and head trauma. Here we investigated the neuroprotective properties of 
7-morpholino-2,3-dioxo-6-trifluoromethyl-1,2,3,4-tetrahydroquinoxaline-1- 
methyl-phosphonic acid (MPQX), a water-soluble quinoxaline derivative, 
in stroke and trauma models in rodents. MPQX, which specifically 
inhibited 3H-AMPA binding (IC50 0.15 pM) and had no affinity to non-
glutamate receptors, protected against neuronal cell loss induced by focal 
ischemia in mice and rats and mitigated traumatic brain damage in rats 
when infused intravenously over 6 h. Neuroprotection after middle 
cerebral artery occlusion (MCAO) in rats was dose-dependent in the 
range of 0.3-10 mg/kg/h, when started at the time of occlusion. The size 
of the infarct in rats subjected to MCAO and treatment with MPQX was 
reduced by 25-30% in brains obtained 24 h after occlusion. The protective 
effect seems to be permanent since analysis of the infarct size 5-7 days 
after MCAO in rats treated with MPQX at a dose of 3 mg/kg/h showed a 
45 % reduction in infarct size. The neuroprotective action of MPQX was 
seen in focal ischemia in rats also when infusion of the drug was initiated 
up to 5-6 h after occlusion. In rat head trauma, i.v. infusion of MPQX (0.1- 
10 mg/kg/h over 6 h) initiated 1 h after the contusion dose-dependently 
reduced both primary damage in the cortex and secondary damage in the 
hippocampus. These data indicate that MPQX is a potent AMPA receptor 
antagonist and a neuroprotective drug with a wide therapeutic time- 
window. MPQX may therefore prove useful in the therapy of stroke and 
head trauma in humans.

946.19
ACEA 1021 PREVENTS CA1 NEURONAL DEATH IN A RAT MODEL OF 
FOREBRAIN ISCHEMIA. D. Xue*, B. K. Miyazaki, J. Estrada, R. M. 
Woodward. CoCensys, Inc., 213 Technology Drive, Irvine, CA 92618.

ACEA 1021 is a high potency (Kb ~5 nM) NMDA receptor glycine site 
antagonist that, at lower potency (Kb ~1 pM), also inhibits AMPA receptors. 
AMPA receptor antagonists, but not NMDA antagonists, are effective in 
preventing neuronal death following global ischemia. To investigate whether 
AMPA receptor antagonism might contribute to the neuroprotective effects of 
ACEA 1021 in vivo we tested the compound in a rat 4-vessel occlusion (4- 
VO) model of forebrain ischemia (Fischer 344 rats; 10 min ischemia; 7 or 28 
day recovery). A series of 11 experiments were done to investigate optimum 
dosing regimens and the effect of delayed administration. At a dose of 10 
mg/kg i.v. bolus plus 7 mg/kg/hr i.v. infusion for 22 hr (full dose), given 
immediately after reperfusion, ACEA 1021 produced ~50% protection of CA1 
hippocampal neurons. This level of protection persisted for at least 28 days. 
The half dose produced a similar degree of protection, while the quarter dose 
was ineffective. At the full dose, treatment could be delayed for up to 6 hr, 
or the duration of infusion reduced from 22 to 6 hr, and ACEA 1021 still 
demonstrated significant protection. Protection was also found in animals 
treated with bolus or infusion alone, though levels were reduced. While no 
obvious sedative effect was observed following drug administration, in most 
experiments ACEA 1021 caused transient 1-2 °C reductions in core body 
temperature. These reductions in temperature appeared insufficient to 
account for the neuroprotection. Our results suggest that ACEA 1021 is 
active in the rat 4-VO model due to in vivo antagonism of AMPA receptors 
and that AMPA receptor antagonism may contribute to the neuroprotective 
effects of the compound in animal models of stroke.

(Supported by CoCensys, Inc.)

946.20
EFFECT OF GLUTAMATE TRANSPORTER ON NEURONAL 
DAMAGE INDUCED BY THROMBOTIC BRAIN ISCHEMIA. Y.P. 
Yan, L.M. Zhang. X.Y. Shen* F.Y. Sun. National Lab. of Med. 
Neurobiol., Shanghai Medical Uni., Shanghai 200032, China

In order to study the effect of glutamate transporter on the delayed 
neuronal death induced by cerebral ischemia, we observed the expression of 
glutamate transporter (GLAST)mRNA in rat brain following photochemical 
thrombotic forcal brain lesion. In sham-operated rats, GLAST mRNA was 
highly expressed in the cerebral cortex and hippocampal complex. The 
identification of cellular distribution showed that the expression of 
GLASTmRNA was mainly located in the pyramidal cell layer and a few in 
the other layers of the cortex. At 12 h following the ischemia, 
GLASTmRNA expression was significantly decreased in the cortex 
restricted to the area penumbra. However, at 72 h after the ischemia, the 
expression of GLASTmRNA was enhanced in the pyramidal cells layer as 
well as layers I-IV of the cerebral cortex near the penumbra(p<0.05). 
Further observasion showed that the change of GLASTmRNA expression 
was well correlated with that of GFAP expression in the brain postischemia. 
Besides, L-trans-PDC, a glutamate transporter inhibitor, was ventricularlly 
injected into rat brain at the doses of lpg, 2pg or 5pg in 5 pi saline. We 
observed that L-trans-PDC could dose-dependently enhance the infarction 
volume induced by the ischemia. Results suggest that the changes of 
glutamate transporter uptake in the brain might play importance roles in the 
pathogenesis of neuronal death after brain ischemia.

ISCHEMIA: NITRIC OXIDE

947.1
OVEREXPRESSION OF SOD-1 IN MOUSE NEURONAL 
CULTURES DECREASES SENSITIVITY TO NITRIC 
OXIDE BUT INCREASES SENSITIVITY TO MENADIONE 
TOXICITY. C.S. Fahlman*, J.K. Guenza, P.H. Chan, and R.A. 
Swanson Dept. of Neurology, Univ. of California and VAMC, 
San Francisco, CA 94121.

Increased SOD activity can be cytoprotective under some 
conditions associated with oxidative stress, but detrimental in 
others. Increased production of both superoxide (O2) and 
nitric oxide (NO) have been implicated in ischemic neuronal 
injury. To test the effects of increased SOD-1 expression on 
neuronal vulnerability to these oxygen radicals, wild type and 
transgenic mouse neurons expressing human SOD-1 (3.5 X 
normal activity) were exposed to DEA-NONOate, which 
releases NO' in solution, and menadione, which generates 
intracellular O2'. Neuronal death was quantified by the LDH 
method 24 hours post-exposure. The transgenic neurons 
exhibited significantly increased resistance to DEA-NONOate 
at 0.1- 2mM, but decreased resistance to menadione at 3- 
30pM. These results suggest that increased SOD-1 activity 
enhances survival in the presence of NO', but increases 
sensitivity to intracellular superoxide.

Supported by NIH grant #NS14543-20

947.2
IN UTERO HYPOXIA-ISCHEMIA AND EXPRESSION OF NITRIC OXIDE 
SYNTHASES IN DEVELOPING RAT BRAINS. Z, Cai*. J. B. Hutchins1 
and P. G. Rhodes. Depts. of Pediatrics and Anatomy, Univ. of Miss. Med. 
Ctr., Jackson, MS 39216.

Effects of intrauterine hypoxia-ischemia (HI) on expression of the 
inducible and the constitutive nitric oxide synthase (iNOS and cNOS) 
mRNAs and on NOS activity were investigated in fetal and neonatal rat 
brains. Rat fetuses were subjected to either a 30 min intrauterine HI insult 
or a sham operation (SH) on G17. Expression of cNOS and iNOS mRNAs 
in the rat brain was determined by a reverse transcription-polymerase 
chain reaction method at 0, 1, 2, 6, 24, and 48 hr after the HI surgery as 
well as on postnatal days 1, 2, 4, 8 and 14. NOS activity in the homogenate 
of the whole rat brain was assayed by measuring the conversion of L- 
[14C]arginine to 14C-citrulline at the same timepoint. Expression of iNOS 
mRNA was increased between 6 to 24 hr after the HI surgery in the HI 
group as compared to the SH group. On the contrary, expression of cNOS 
mRNA was reduced from 48 hr after the HI surgery up to postnatal day 14 
in the HI group. These observations were supported by NOS activity data. 
NOS activity in the rat brain increased with age. The brain NOS activity in 
the HI group 24 after the HI surgery was significantly higher than in the SH 
group (0.75 vs 0.62 pmol/pg protein/15 min). However, NOS activity was 
similar between the two groups on postnatal day 1. By postnatal day 8, 
NOS activity in the HI group became significantly lower than in the SH 
group (1.55 vs 1.75). These results suggest that changes in NOS activity in 
the HI and the SH groups may reflect the change in the expression of 
different NOS isoforms and that these changes may be associated with the 
long-term effects of intrauterine HI on neuronal biochemical functions 
reported previously. (Supported by Newborn Medicine, UMC funds.)
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947.3
NITRIC OXIDE SYNTHASE IMMUNOREACTIVITY AFTER TRANSIENT 
FOCAL ISCHEMIA. Mary L, Holtz*(1.2.3)J Sjjsan D, Graddock(l), and L, Creed 
Pettigrew! 1.2.3). (1) Stroke Program/Sanders-Brown Center on Aging, (2) Graduate 
Center for Toxicology, University of Kentucky, (3) Department of Veterans Affairs 
Medical Center, Lexington, Kentucky.

The gaseous free radical nitric oxide (NO) has been implicated in the 
pathophysiology of cerebral ischemia. NO is produced by the nitric oxide synthase 
(NOS) family of enzymes. Levels of NO increase rapidly after the onset of ischemia 
(2-3 min) and return to baseline (1 hr) before rising again (12-24 hrs). This latter 
increase in NO may be related to increased expression of the inducible form of NOS 
(iNOS). We hypothesized that early increases in NO levels may be accompanied by 
alterations in the constitutive NOS isoforms, neuronal NOS (nNOS) and endothelial 
NOS (eNOS). We examined the distribution of NOS-immunoreactivity (NOS-IR) 
using unique antibodies for each of the three isozymes. Male spontaneously- 
hypertensive rats were subjected to 2 hrs of reversible focal ischemia by middle 
cerebral artery occlusion followed by 15 min, 1, 6, or 24 hrs of reperfusion. In sham- 
ischemic animals, isolated neurons displayed minimal cytoplasmic nNOS-IR. This 
nNOS-IR was evident in more neurons in the deeper cortical layers within ischemic 
tissue after 15 min of reperfusion and remained unchanged after 1 and 6 hrs. nNOS-IR 
exhibited a pattern suggestive of cellular degeneration after 24 hrs concomitant with 
loss of neurofilament-IR. eNOS-IR was observed in small capillaries in the penumbral 
zone after 15 min of reperfusion and remained visible through 24 hrs. After 6 hrs of 
reperfusion, eNOS-IR was also observed in degenerating neurons within the penumbral 
zone. Nonspecific iNOS-IR was most evident in small capillaries and neurons within 
infarcted tissue after 24 hrs of reperfusion. Our findings suggest that expression of 
eNOS-IR is an early marker of ischemic neuronal degeneration in the penumbra.

This work supported by NIH/NINDS RO1 NS33773, and the Research and 
Development Office, Medical Research Service, Department of Veterans Affairs.

947.4
EXPRESSION OF NITRIC OXIDE SYNTHASE-2 IN VARIOUS CELL 
TYPES FOLLOWING FOCAL CEREBRAL ISCHEMIA IN MICE.
A. LQihl* and S.E. Murphy. Dept. of Pharmacology,
Univ. of Iowa College of Medicine, Iowa City, IA 52242.

Identifying the molecular events contributing to 
and/or alleviating ischemic brain damage is essential 
to the development of potential therapeutic strategies. 
Expression of inducible nitric oxide synthase (NOS-2) 
has been demonstrated following ischemia but its 
cellular localization and role are controversial. In an 
attempt to resolve this issue, and to avoid the use of 
non-selective enzyme inhibitors, we have employed 
littermates from mice + /- for the NOS-2 gene. Following 
permanent middle cerebral artery occlusion in +/+ mice 
we have determined expression of NOS-2 mRNA by in situ 
hybridization (using a specific cRNA probe), and 
protein by immunocytochemistry (using an antibody 
directed against the C-terminal region) , in identified 
cells. At 24 h after occlusion, NOS-2 expressing cells 
appear morphologically to be of inflammatory origin. At 
later times, immunocytochemistry suggests expression is 
additionally in astrocytes around the infarct. The 
contribution of this source of NO to the pathology 
associated with ischemia is under investigaton in 
littermates +/- and -/- for the NOS-2 gene.
Supported by NIH grant NS29226.

947.5
ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) MEDIATES 
HYPOXIC PRECONDITIONING IN A NEONATAL RAT MODEL OF 
ISCHEMIC TOLERANCE. J.M. Gidday*, A.R. Shah, R.G. Maceren, Y. 
Cheng, D.M. Holtzman, and T.S. Park. Depts. of Neurosurgery and 
Neurology, and the Center for the Study of Nervous System Injury, 
Washington University School of Medicine, St. Louis, MO 63110.

Exposure of postnatal-day-6 (PND6) rat pups to 3 h normothermic 
hypoxia (8% oxygen) completely prevents ischemic injury induced by 
unilateral carotid ligation plus 3 h hypoxia on PND7 (Neurosci. Lett. 
168: 221-224, 1994). We used this model in the present study to test 
the hypothesis that nitric oxide (NO) contributes to mediating this state 
of ischemic tolerance. L-nitroarginine (L-NA) administered to PND6 
pups 30 min before hypoxic preconditioning completely blocked the 
development of tolerance (n=7 litters); the dose used (2 mg/kg i.p.) 
inhibited total brain NO synthase (NOS) more than 80% for over 3.5 h 
(14C-citrulline assay) and attenuated hypoxic-ischemic injury when 
administered to non-preconditioned PND7 pups (Pediatr. Res. 35: IQ- 
14, 1994). However, administration of the selective neuronal NOS 
inhibitor 7-nitroindazole (7-NI; 40 mg/kg i.p. 30 min before precon-
ditioning in PND6 pups) was without effect on the development of 
ischemic tolerance (n=7 litters); in 3 separate litters of non-precon-
ditioned PND7 pups, this dose of 7-NI reduced hypoxic-ischemic injury 
by 56% when administered 30 min before hypoxia-ischemia. The 
blockade of preconditioning with L-NA but not 7-NI strongly suggests 
that hypoxia-induced NO production from eNOS is critical to mediating 
ischemic tolerance in this model. (NIH PO1 35902 and PO1 32568)

947.6
ETHANOL POTENTIATES ISCHEMIA -INDUCED NITRIC OXIDE 
RELEASE FROM CEREBRAL CORTEX DURING MIDDLE 
CEREBRAL ARTERIAL LIGATION IN RATS. S. Z, Lin*. A.L, Chiou 
and Y, Wang. Dept. of Neurosurgery, Tri-service General Hospital, Dept. of 
Phannacology, National Defense Medical Center, Taipei, Taiwan, R.O.C.

We have previously reported that NMDA receptor antagonist ketamine 
attenuates ischemia -induced nitric oxide (NO) released during cerebral 
ischemia. Ethanol has been reported to antagonize NMDA -mediated 
reactions in various brain regions. In this study, we examined the interaction 
of ethanol with cerebral ischemia. Adult male Sprague-Dawley rats (>300 
g) were anesthetized with urethane. Right middle cerebral artery (MCA) and 
bilateral carotids were ligated for 40 minutes. Extracellular NO 
concentration in the cortex was recorded through voltammetric apparatus 
and Nafion/porphyrine-coated NO sensor. We found that MCA ligation 
induced NO release in the ischemic cortex. The overflow of NO can be 
attenuated by pretreatment of NMDA antagonist MK801, suggesting that 
NMDA receptor is involved in this ischemic NO release. Contrarily, we 
found that pretreatment of ethanol (1 g/kg, i.p.) did not alter the peak of NO 
levels induced by MCA ligation. Furthermore, the duration of NO overflow 
was significantly prolonged by ethanol pre-treatment. Taken together, our 
data suggest that ethanol potentiated ischemia-induced NO release during 
MCA ligation, probably via a mechanism other than NMDA receptors. 
(Supported by National Science Council, Taiwan, R.O.C.)

947.7
ETHANOL POTENTIATES CEREBRAL INFARCTION INDUCED BY 
MIDDLE CEREBRAL ARTERIAL LIGATION IN RATS. G, J. CHEN, 
S.Z, Lin. H. K. Lee, and Y. Wang*. Dept. of Neurosurgery, Tri-service 
General Hospital, Dept. of Phannacology, National Defense Medical 
Center, Taipei, Taiwan, R.O.C.

Previously reports indicate that NMDA receptor antagonists attenuate 
cerebral infarction induced by middle cerebral arterial (MCA) ligation. 
Ethanol has been reported to antagonize NMDA -mediated reactions in 
various brain regions. In this study, we examined the effect of ethanol on 
cerebral infarction. Adult male Sprague-Dawley rats (>300 g) were 
anesthetized with choral hydrate. Right middle cerebral artery (MCA) and 
bilateral carotids were transiently ligated for 90 minutes and allowed 24 
hours reperfusion. Ethanol was given 30 minutes before the cerebral ligation 
or 30 minutes after the beginning of reperfusion. Animals were later 
sacrificed for histological examination. Brain slices were taken at 2 mm 
thickness and were incubated with triphenyl tetrazolium chloride (TTC) 
solution for 30 minutes. The volume of cortical infarctions was summed 
using planometry. Our results showed that pretreatment of ethanol 
significantly potentiated volume of brain infarction induced by MCA 
ligation. Ethanol given during reperfusion also aggravated the infarction 
size, as compared to that in the vehicle -treated rats. Taken together, our 
data suggest that ethanol potentiated ischemia-induced insults during 
ischemia and reperfusion periods. (Supported by National Science Council, 
Taiwan, R.O.C.)

947.8
DELAYED TREATMENT WITH AMINOGUANIDINE REDUCES 
FOCAL ISCHEMIC BRAIN DAMAGE AND ENHANCES 
NEUROLOGICAL RECOVERY IN RAT. M. Nagavama, F, Zhang and C, 
ladecola*, Dept. of Neurology, Univ. of MN, Minneapolis, MN 55455.

Focal cerebral ischemia is associated with expression of inducible nitric 
oxide synthase (iNOS) in the postischemic brain. Delayed treatment with the 
relatively selective iNOS inhibitor aminoguanidine (AG) ameliorates brain 
damage suggesting that NO produced by iNOS contributes to the late stages 
of ischemic damage (Am. J. Physiol. 268:R286, 1995). We investigated 
whether the protection exerted by AG is associated with improved 
neurological outcome and whether the effect is dose dependent. Halothane- 
anesthetized spontaneously hypertensive rats underwent middle cerebral 
artery occlusion (MCAO) distal to the lenticulostriate branches. Neurological 
deficits were assessed daily by the postural reflex test and beam balance test. 
Infarct volume was determined in thionin stained sections 96h after MCAO 
and corrected for swelling. In vehicle-treated rats, MCAO produced infarct 
involving mainly the cerebral cortex (117±3 mm3). Treatment with AG (i.p., 
b.i.d. starting 24h after MCAO) reduced cortical infarct volume. The reduction 
was 9±4% at 50 mg/kg (n=8; p>0.05; ANOVA), 21 ±3% at 100 mg/kg (n=13; 
p<0.05), 30±6% at 200 mg/kg (n=7; p<0.05) and 32±4% at 400 mg/kg (n=5; 
p<0.05). 24h after MCAO the neurological deficit scores did not differ 
between treated and untreated rats (p>0,05). However, from 48 to 96h, rats 
treated with AG (100-400 mg/kg) showed significantly lower deficit scores 
(p<0.05). The beneficial effects of AG on infarct volume and neurological 
deficits were not different if the treatment (100 mg/kg; b.i.d x 96 h) was started 
12 (n=9) or 24h (n=13) after MCAO. The findings demonstrate that AG 
reduces ischemic brain damage in a dose-dependent fashion. The reduction 
in stroke size is associated with an improvement in neurological outcome. The 
data support the involvement of NO produced by iNOS in the late phase of 
cerebral ischemia and suggest that iNOS inhibitors could be useful in stroke 
treatment. (Supported by NS34179 and by Searle-Monsanto)
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947.9
Effects of NOS Inhibition By 7-Nitroindazole on the 
Hippocampal and Striatal Damage after Transient Global 
Ischemia in Rat. G, Sancesario. G. Figueredo-Cardenas. Y, 
Zagyazdin" M. Morello. F.R. Fusco. T.S. Nowak. Jr.. W.A. Pulsinelli
& A. Reiner, Dept. Anatomy & Neurobiology, UT - Memphis, TN; 
Dept. of Neurology, Univ. of Rome Tor Vergata, Rome, Italy.

We examined the effect in rats of the inhibition of NO synthesis by the 
putatively selective neuronal NOS inhibitor 7-nitroindazole (7NI) on the 
hippocampal and striatal injury produced by transient global ischemia, 
using four vessel occlusion (4VO). After 20 or 30 min 4VO, rats re-
ceived 75mg/kg 7NI in separate doses over the first 3-6 hours of reperfu-
sion, and the damage was assessed histologically, histochemically and 
imunohistochemically after a 3-4 day postischemic survival. In vehicle- 
treated rats, 20 min 4VO yielded moderate CA1 hippocampal neuron loss 
and slight striatal damage, while 30 min 4VO in vehicle-treated rats yield-
ed severe loss of hippocampal CA1 neurons and extensive loss of striatal 
projection neurons with sparing of intemeurons. The 7NI treatment did 
not significantly lessen or increase hippocampal or striatal damage with 
either 20 or 30 min 4VO. Separate studies of the cerebrovascular effects 
of 7NI were also conducted using laser Doppler flowmetry. These stud-
ies showed that 7NI decreased cerebral blood flow in rats by about 15- 
18%. These overall results suggest that 7NI is not demonstrably neuro-
protective against a global ischemic insult with the regimen used here. It 
is possible continuing 7NI administration during the entire period in 
which neuronal loss develops would be beneficial. Alternatively, the at-
tenuate effect of 7NI on cerebral blood flow might mask any putative 
beneficial effect of 7NI in transient global ischemia. Supported by NS28721 
(A.R.); NS03346 (W.A.P.); CNR9304644 (G.S.); CNR074982 (F.R.F.).

947.10
INHIBITION OF NITRIC OXIDE SYNTHASE ATTENUATES HYPOXLA- 
INDUCED REDUCTION OF NEURONAL EXCITABILITY IN THE PRIMARY 
MOTOR CORTEX OF THE IMMATURE RAT. G. Aicardi*, E. Mantovani and 
A. Canedi, Dept. of Human and General Physiology, Univ. of Bologna, 40127 Italy

There is increasing evidence that nitric oxide (NO) plays a significant role in the 
mechanism of cerebral injury resulting from ischemic-hypoxic episodes. The effect 
of NO can be toxic or protective, depending on the cell type and on the evolution 
stage of the degenerative process. Here we show that a brief hypoxic episode 
causes a sudden decrease of neuronal excitability in the primary motor cortex (MI) 
of the immature rat, and that inhibition of NO synthase counteracts this effect. The 
experiments were carried out in neocortical slices (400 pm thick) prepared from 
juvenile (postnatal 16-18 days) male rats. Slices were placed in a submersion 
recording chamber perfused (3 ml/min) with warm (34°C) artificial cerebro-spinal 
fluid (ACFS) equilibrated with 95% O2 and 5% CO2 at pH 7.4. Extracellular field 
potentials evoked by horizontal pathways stimulation were recorded from layers II- 
III of MI before, during and after 10 min of hypoxia induced by perfusing the slice 
with ACFS equilibrated with 95% N2 and 5% CO2. The maximal field potential 
amplitude progressively decreased to 57.6% ± 4.1 (mean ± S.E.M., n=5) during 
hypoxia, then partly recovered during 30 min of reoxigenation. In slices perfused 
with ACFS containing the NO sinthase inhibitor No-nitro-L-arginine methyl ester 
(L-NAME, 2mM) hypoxia only caused a decrease of maximal field potential 
amplitude to 79.4% ± 2.4 (n—5). On the contrary, no attenuation of hypoxia- 
induced reduction of excitability was observed in the presence of the mono-ADP- 
ribosylation inhibitor novobiocin (500 pM, n=3). These observations suggest that 
NO plays a significant role in hypoxia-induced reduction of neuronal excitability in 
MI, and that this effect is not mediated by NO-induced mono-ADP-ribosylation. 
(Supported by C.N.R. and M. U.R.S.T. grants to G.A.)

947.11
EFFECT OF INHIBITION OF POLY(ADP-RIBOSE) SYNTHETASE ON 
FOCAL CEREBRAL ISCHEMIA IN RATS. K. Takahashi1, J.H. Greenberg*1. P. 
Jackson2, K. Maclin2 and J. Zhang2. 'Cerebrovascular Research Center, Sch. of Med., 
Univ. of Pennsylvania., Philadelphia, PA 19104, and 2Guilford Pharmaceuticals Inc., 
Baltimore, MD 21224.

Poly (adenosine 5’-diphosphoribose) synthetase (PARS) has been described as an 
important candidate for mediation of neurotoxicity by nitric oxide (NO). NO- 
mediated DNA damage stimulates PARS activity which can rapidly lead to cell death 
through depletion of energy stores. The purpose of this study was to examine the 
effect of in vivo administration of a potent PARS inhibitor (GPI 6000, Guilford 
Pharmaceuticals Inc.) on focal cerebral ischemia. In 33 male Long-Evans rats 
anesthetized with 1% halothane, focal cerebral ischemia was produced by 
cauterization of the distal portion of the right middle cerebral artery (MCA) with 
bilateral temporary common carotid artery occlusion for 90 minutes. Twenty animals 
were treated with GPI 6000, 2 hours prior to MCA occlusion (10 mg/kg, n=7; 20 
mg/kg, n=6; 40 mg/kg, n=7; i.p.) and 2 hours after occlusion (same doses as pre-
treatment, i.p.). Thirteen animals received the vehicle (DMSO, 1.3 ml/kg, i.p.). 
Twenty-four hours after MCA occlusion the rats were sacrificed and the brains 
sectioned at 2 mm intervals. The brain slices were incubated in phosphate buffered 
saline containing 2% 2,3,5-triphenyltetrazolium chloride. There were significant 
differences in the infarct volume between the control (166.9 ± 9.6 mm3, mean ± SEM) 
and the 10 mg/kg group (76.4 ± 6.4 mm3, p<0.01) as well as the 20 mg/kg group 
(112.7 ± 18.5 mm3, p<0.05). There was no significant difference between the control 
and the 40 mg/kg group (135.6 ± 16.9 mm3 ). The inhibition of PARS by GPI 6000 
leads to a significant decrease in the infarction size in a focal cerebral ischemia model 
in the rat. This suggests that the activation of PARS may play an important role in the 
pathogenesis of brain damage in cerebral ischemia through intracellular energy 
depletion. (Supported by NIH grant NS32017 and Guilford Pharmaceuticals Inc.)

947.12
RAT STRIATAL cGMP LEVELS INCREASES AFTER EXPERIMENTAL 
PERINATAL ASPHYXIA. C.F. Loidl (l). J. de Vente(2) . M. Markerink-van 
Ittersum (2), E.H.J. van Dijk (2), A. Blokland (2) *, H.W.M. Steinbusch® and
C.E, Blanco (l). Departments of Pediatrics^ and Psychiatry & Neuro-
psychology®. Academic Hospital and University of Maastricht, 
Maastricht. The Netherlands.

In the rat striatum, the enzyme nitric oxide synthase (NOS) is present in a 
dense fiber network and in few medium sized non-spinal interneurons. This 
enzyme is activated by glutamate through the influx of Ca2+ into the cell. A 
sustained activation of NOS caused by excessive release of glutamate results in 
a strongly increased nitric oxide (NO) production. This activates soluble 
guanylyl cyclase which increases the synthesis of intracellular cGMP.

As a model of severe perinatal asphyxia (SPA), we immersed uteri 
containing fetuses at term, obtained by hysterectomy, during >20 minutes in a 
37°C waterbath. Ongoing cGMP synthesis was measured in striatal slices from 
control and asphyctic pups (PN10) using a RIA procedure. We used cGMP 
production as an indicator of the NOS activity in the neo-striatum. cGMP 
levels in striatal tissue from control pups were 5.2 pmol/mg protein and in the 
SPA group 9.4 pmol/mg, which is an increase of approx. 90% (p<0.01). 
L-NAME at 0.1 mM decreased cGMP levels in control and SPA pups, 
although cGMP levels in SPA pups were still higher than in controls. 
Nitroprusside stimulated cGMP showed no differences between both groups.

These findings indicate that cGMP synthesis in the striatum of rats 
subjected to SPA is increased, probably through an excessive NO production 
that in addition, could be harmful to the cerebral tissue.

947.13
NITRIC OXIDE MODULATES SYNAPTIC GLUTAMATE RELEASE 
DURING ANOXIA N. Hershkowitz* and A, N. Katchman. Department of 
Neurology, Georgetown University School of Medicine, Washington, DC 
20007.

The ability of nitric oxide (NO) to enhance vesicular glutamate release 
during anoxia was examined in the present study. Whole-cell patch clamp 
recordings were obtained from CA1 pyramidal neurons in rat hippocampal 
slices perfused in media containing tetrodotoxin (1 pM). These cells exhibit 
spontaneous inward currents previously identified as glutamatergic miniature 
excitatory postsynaptic currents (mEPSCs). Anoxia was induced by 
switching perfusion and ambient gas of an interface chamber from a 
95%02/5%C02 to a 95%N2/5%CO2 mixture. The frequency of mEPSCs 
increased four fold during exposure to anoxia (n=42). This anoxic increase 
in frequency is reduced by approximately 50% when experiments are 
performed in the presence of the competitive NO-synthase inhibitors N°- 
nitro-L-arginine methyl ester (100 pM, n=ll) and N-nitro-L-arginine (100 
pM, n=ll), as well as the NO scavenger hemoglobin (20 pM, n=ll). 
Arginine (100 pM) reversed the suppression by NG-nitro-L-arginine methyl 
ester (n=ll). The NMDA receptor antagonists 3-(2-carboxypiperazine-4- 
yl)propyl-l-phosphonic acid (20 pM, n=20) and MK-801 (10 pM, n=19) 
also suppressed the anoxia-induced increase in mEPSC frequency by 
approximately 50%. These data indicate that NMDA receptor-activated NO 
production may enhance vesicular synaptic glutamate release, which would 
in turn contribute to excitotoxicity during hypometabolic states. (This work 
was funded through the NIH grant NS32426.)
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948.1
BRAIN PROTECTION BY DIRECT CEREBRAL INJECTION OF BRAIN- 
DERIVED NEUROTROPHIC FACTOR AGAINST FOCAL TEMPORARY 
ISCHEMIA. H. Yanamoto*, N. Hashimoto, M. Sakata, and T. Taniguchi, Dept. 
of Neurobiol., Kyoto Pharmaceutical Univ., Dept. of Neurosurg., Lab. for 
Cerebrovasc. Disorders, Nat’l Cardiovascular Center. Res. Inst., Suita 565 Japan.

Brain-derived neurotrophic factor (BDNF) has been reported to have 
neuroprotective effects against global ischemia. To investigate whether 
recombinant BDNF protects neurons against focal temporary ischemia, BDNF 
was administered to the rat brain for a prolonged period prior to, during, and 
after ischemia.

A total of 50 male Sprague-Dawley rats were used. Recombinant BDNF or 
saline was administered into the left neocortex via an implanted osmotic pump 
for 7 days (4 gg in total), or 14 days (8 gg in total) preischemia and 2 days 
postischemia (6 rat each). Focal temporary ischemia was induced in the left 
MCA territory by bilateral CCA and MCA occlusion for 2 hrs. All rats were 
sacrificed 2 days after ischemia and the volume of cerebral infarct was analyzed 
using TTC staining. In a separate set of animals, regional cerebral blood flow 
(rCBF) was measured by the hydrogen clearance method and laser Doppler 
flowmetry (LDF) of the neocortex after 14 days of intracerebral administration of 
BDNF or saline.

In the group receiving BDNF, 4 gg or 8 gg in total, there was a significant 
reduction of neocortical infarction compared to that in the control or saline- 
infused group. The size of cerebral infarct in the group that received 8 gg BDNF 
was smaller than that in the group that received 4 gg BDNF. Regarding rCBF 
measurement, there were no significant differences in groups receiving 8 gg 
BDNF or saline infusion for 14 days.

The potent neuroprotective effect of BDNF against global ischemia was also 
demonstrated in the focal ischemia model. The neuroprotective effect was not 
due to increased collateral flow during ischemia. (Supported partially by Special 
Coordination Funds for Promoting Science and Technology {Encouragement 
System of COE} from the Science and Technology Agency of Japan.)

948.2
HEPARIN-BINDING EPIDERMAL GROWTH FACTOR-LIKE (HB-EGF) 
EXPRESSION IS INCREASED IN THE BRAIN FOLLOWING ISCHEMIC 
INJURY. SX.KostyKy.'-'L. Kawamata, S, Dluz, S.Takashima, M.Klagsbrun, S.P. 
Finklestein, VA Medical Center, West Roxbury, MA 02132, Mass. Gen. Hospital., 
Boston MA 02129, Children’s Hospital Boston, MA 02115.

HB-EGF is a polypeptide member of the EGF family that was first isolated from a 
macrophage-like cell line. It is mitogenic for smooth muscle cells, fibroblasts and 
keratinocytes. HB-EGF protein and mRNA have been identified in the mammalian 
brain but its function and sites of expression are not yet well characterized. We 
examined HB-EGF brain expression in normal adult female Sprague-Dawely rats and 
following ischemic injury. In half of the animals the right middle cerebral artery 
(MCA) was ligated, while in the remaining animals the artery was left intact. 
Animals were sacrificed after 1 and 3 days. Northern blot analysis to identify HB- 
EGF message was performed on mRNA isolated from whole brains. Frozen sections 
of brains from animals perfused with 4% paraformaldehyde were processed for HB- 
EGF, GFAP and bFGF immunohistochemistry.

A marked increase in HB-EGF mRNA was noted by 1 day after MCA occlusion 
with further increase in expression after 3 days. In control animals, HB-EGF was 
immunohistochemically identified in a large proportion of cortical and brainstem 
neurons and was also found in some glial cells. Following ischemic injury, there 
was an overall increase in HB-EGF immunoreactivity on the side of damage with a 
surrounding zone of increased reactivity in non-neuronal cells, including astrocytes, 
microglia and presumed lymphocytes. The time course of expression of HB-EGF 
after ischemic injury suggests that it may play an influential role in the 
injury/recovery response of the central nervous system.
Support: W.R Hearst Award to SKK, NIH NS 108-28 to SPF, GM 437-97 to MK.

948.3
HEPARIN-BINDING EPIDERMAL GROWTH FACTOR, IN 
COMBINATION WITH BASIC FIBROBLAST GROWTH FACTOR, 
PROMOTES GLIAL CELL PROCESS FORMATION IN PRIMARY 
GLIAL CELL CULTURES. C.G. Caday*, Y. Han, Y, Gao, A. Nanda. 
Dept. of Neurosurgery, Biomedical Research Institute, Louisiana State 
University Medical Center, Shreveport, LA, 71130.

Cerebral ischemia induces gliosis, characterized by marked glial cell 
process formation and enhanced expression of glial cell marker, glial 
fibrillary acidic protein (GFAP). We have shown previously that 
cerebral ischemia induces expression of growth factors, including 
heparin-binding epidermal growth factor (HB-EGF) and basic fibroblast 
growth factor (bFGF) and the expression of HB-EGF and bFGF 
mRNA occurring early following cerebral ischemia, well before the 
expression of GFAP. Moreover, receptors for HB-EGF and bFGF are 
expressed in glial cells, suggesting that these growth factors may 
participate in glial cell growth and differentiation. To test this further, 
we investigated the role of these growth factors in glial cell cultures. In 
chemically-defined (N2) culture medium, HB-EGF promotes glial cell 
process formation of primary astroglia type 1 (enriched) cortical cultures 
from neonatal (P2-P7) rats. Treatment with HB-EGF, in combination 
with bFGF, resulted in preponderance of astroglia type 1 cells with long 
and thick processes, reminiscent of glial cells during gliosis. Taken 
together, these findings suggest that HB-EGF, in combination with 
bFGF, promotes glial cell differentiation during development and may 
participate in gliosis following cerebral ischemia.

Funded by: Stiles/B iomedical Research Foundation of Louisiana, 
Louisiana Education Quality Support Fund and LSUMC Foundation

948.4
PRETREATMENT WITH INTRAVENOUS FGF-13 REDUCES INFARCT SIZE 
AND AMELIORATES NEUROLOGICAL DEFICITS FOLLOWING FOCAL 
CEREBRAL ISCHEMIA IN RATS. D.-L. Yao*, K. Masonic, D, Petullo, Y. L. Li, 
C, Lincoln, L. Wibberlev and M. Antonacclo. Human Genome Sciences, Inc. 
Rockville, MD 20850

Fibroblast growth factor 13 (FGF-13), a newly identified member of FGF superfa-
mily, is a polypeptide with potent multipotential trophic effects on central nervous 
system cells. In the current study, we tested the effects of i.v.-administered FGF-13 in 
a permanent focal cerebral ischemia model in 30 S-D rats. FGF-13 was injected via 
tail vein 30 min prior to the left middle cerebral artery occlusion (MCAo) and 24 and 
48 hr after MCAo (3mg/kg). FGF-13 vehicle was given with the same scheme to 
randomly assigned rats as controls. Animals were evaluated neurologically before 
MCAo, at 24 and 48 hr after ischemia. The volumes of cerebral infarcts and swelling 
were determined by a BioQuant image analysis system with c.v.-stained sequential sec-
tions representing entire levels of forebrain. Histopathology and GFAP immunocyto-
chemistry were evaluated and quantified to compare the therapeutic effects. We found a 
63% reduction in infarct volume in FGF-13- vs. vehicle-treated animals (infarct vol-
ume was 21.9 ± 3.8% in vehicle- and 8.1 ±1.6% in FGF-13-treated rats, p = 0.0016) 
and a moderate inhibition of brain swelling by FGF-13. Reduction in infarct volume 
was associated with very significant improvement of clinical deficits in FGF-13 treated 
animals (p<0.001). Histopathological examination found that nervous tissue was bet-
ter preserved in FGF-13 treated rats than those of controls. Astrocytic function was 
also enhanced in FGF-13-treated rats as measured by proliferation and hypertrophy. 
These data show that pretreatment with intravenous FGF-13 reduces infarct size and 
ameliorates neurological deficits following permanent focal cerebral ischemia in rats. 
The mechanisms of these effects of FGF-13 may contribute to the neuroprotective po-
tency, vasoactive function and, probably, a complex process of molecular signaling 
transduction triggered by exogenous FGF-13.

948.5
INSULIN LIKE GROWTH FACTOR-1 REDUCES NEURONAL DEATH 
AFTER PERMANENT FOCAL CEREBRAL ISCHAEMIA IN THE 
ADULT RAT. S.A Loddick, A.C. Posted N. Ling and E.B. De Souza. 
Neurocrine Bioscience Inc., 3050 Science Park Road, San Diego. CA 
92101. USA.

Insulin like growth factor-1 (IGF)-l is a polypeptide with 
widespread distribution throughout central nervous and peripheral tissue. 
IGF-1 is a neurotrophic factor and plays an important role in brain 
development. Recent data indicate IGF-1 also has neuroprotective 
properties, and may be involved in the response to central nervous system 
injury. To date, most studies demonstrating such actions have utilized 
forms of injury where apoptosis is thought to be the predominant form of 
cell death.

In the present study, we sought to determine if IGF-1 offers 
neuroprotection from permanent occlusion of the middle cerebral artery 
(pMCAo) where it is thought that neurons die primarily from necrosis.

Administration of 50gg of synthetic human IGF-1 (hIGF-1) into 
the lateral cerebral ventricle (icv) immediately after artery occlusion 
caused a significant reduction (38%) of the total infarct volume when 
assessed 24h after pMCAo. This neuroprotective effect was evident 
throughout both cortical (37%) and striatal (43%) tissue. Even when 
injection was delayed until Ih after artery occlusion, hIGF-1 (50|ig, icv) 
resulted in a significant reduction of infarct volume. Although cortical 
protection was only slightly less (32% reduction) than with concurrent 
treatment, there was no significant reduction of neuronal death in the 
striatum.

Thus, IGF-1 significantly reduces ischemic brain damage after 
permanent occlusion of the middle cerebral artery. The observation that 
IGF is protective even when administered lh after the insult suggests this 
polypeptide has potential as a therapeutic agent in the treatment of stroke.

948.6
POST-TREATMENT EFFICACY OF A SELECTIVE BRADYKININ B2 
RECEPTOR ANTAGONIST CP-0597 AFTER REVERSIBLE MCA OCCLUSION 
IN THE RAT. J.K. Relton*, V.E Beckey, R.G. McCullough and E.T. Whalley. 
Cortech Inc. 6850 N. Broadway, Denver CO 80221.

Bradykinin is an inflammatory mediator that has a proposed role in the 
pathogenesis of ischemic brain injury. We investigated the effect of a peptide based 
bradykinin B? receptor antagonist CP-0597 on brain-damage induced by reversible 
middle cerebral artery occlusion (MCAO) in the rat when treatment was initiated 
30min after reperfusion.

Male Wistar rats (270-300g) underwent MCAO by insertion of a 4-0 nylon 
monofilament to the origin of the MCA via the external and internal carotid arteries 
under halothane anesthesia. After lh the animals were reanesthetized and the 
filament retracted. Vehicle or CP-0597 (300ng/kghnin) (n=13 per group) was 
administered by continuous infusion via alzet miniosmotic pumps implanted into the 
subcutaneous space immediately after reperfusion. Body weight was recorded prior 
to surgery and again before sacrifice. Neurological evaluation was performed prior 
to surgery, reperfusion and again before sacrifice. Twenty four hours after surgery 
rats underwent transcardial perfusion with heparinized saline followed by Bouin’s 
solution and brains were removed, sectioned and stained with hematoxylin and 
eosin for histological analysis of infarct size and hemispheric enlargement.

CP-0597 treatment significantly reduced total, cortical and subcortical infarct 
volumes by 57.5%, 66.3% and 37.8% respectively (P<0.001, Students’ t-test). 
Increase in ipsilateral hemisphere size was significantly reduced by 52.2% in CP- 
0597 treated animals compared to controls (P<0.01, unpaired Students’ t-test). Post-
treatment with CP-0597 also significantly improved neurological score (P<0.01, 
Mann Whitney U-test) and reduced body weight loss (P<0.01, Students’ t-test).

These data demonstrate the significant efficacy of post-reperfusion administration 
of a selective B2 receptor antagonist CP-0597 in a rat model of transient MCAO.
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948.7
THE ENDOTHELIN-A ANTAGONIST PD156707 IS NOT 
NEUROPROTECTIVE IN A MODEL OF EXPERIMENTAL STROKE. D 
Onley*, M Yenari, G H Sun, D Kunis and G K Steinberg. Depts. of Neurosurgery, 
Neurology and Stanford Stroke Center, Stanford, CA.

We studied the potential of the endothelin-A antagonist PD156707 to reduce 
ischemic injury by improving penumbral flow in a model of transient focal cerebral 
ischemia. 16 male New Zealand Rabbits underwent 2 hours of transorbital occlusion of 
the MCA, ACA and ICA followed by 4 hours of reperfusion. Regional cerebral blood 
flow (rCBF) with laser Doppler and somatosensory' evoked potentials (SEPs) were used 
to confirm adequate ischemia, then followed every 30 minutes thereafter. Treatment (0.3 
mg/kg/h of PD 156707; Parke-Davis, Ann Arbor, MI) (n=8) or placebo (n=8) was begun 
20 minutes after occlusion and infused throughout the experiments. At the end of 
reperfusion, diffusion (DWI) and perfusion (PWI) MR I scans were obtained. I3rains were 
then harvested and prepared for histologic analysis. Serum drug levels were measured 
hourly from an additional 3 treated, ischemic animals. Data are shown meanisem. 
Regions of increased signal on the DWI scans were no different between groups: 
(PD 156707 40±13%, Placebo: 36±5%, N.S.). Hemispheric ischemic neuronal damage 
(IND) was no different with treatment except in the anterior striatum, where treatment 
worsened outcome (PD156707 84±9%, Placebo 44+15%.; p<.05, t-test). No effect on 
rCBF or recovery' of SEPs were observed with treatment. Serum levels were ,476± 
130ng/'ml. PWI parameters showed no significant differences between groups. Bolus 
peak, relative cerebral blood volume and bolus delay maps were used to determine if 
there were perfusion differences in three regions: ischemic core(PD 156707 9±1 s’ , 87± 
8, 1 l±.9s; Placebo 11±2 s'1, 107±16, 12±.9s respectively), ischemic
penumbra(PD 156707 12±1 s'1, 104±14, 12±.6s; Placebo 14±1 s'1, 125±13, 13±1.0s 
respectively) and the striatum (9±.5 s’1, 83±5, U±.8s; Placebo 10±1.0 s’1, 93±10, 13± 

,9s respectively). The results of this study are in contrast to earlier studies showing 
neuroprotective effects of endothelin antagonists in models of experimental stroke. 
However, these studies used higher doses of PD 156707(2.5mg/kg/h). We conclude that 
low dose PD156707 (0.3 mg/kg/h) has minimal effect on ischemic injury in this model.

Parke Davis, NINDS

948.8
NEUROPROTECTIVE EFFECT OF EXOGENOUS 17(5 ESTRADIOL IN 
EXPERIMENTAL STROKE R Rusa. B Crain, R Travstman, J Klaus. P Hurn*. 
Johns Hopkins Med Inst, Baltimore, MD 21287.

We have previously shown that female animals sustain less tissue injury after 
middle cerebral artery occlusion (MCAO) than their male counterparts and that 
endogenous estrogen is the likely source of gender-specific neuroprotection. To 
further define estrogen’s efficacy as a neuroprotectant, the effect of exogenous 
estrogen replacement was evaluated in oophorectomized female rats. We tested 
the hypothesis that 17(3 estradiol improves stroke outcome via vascular 
mechanisms in a dose-dependent manner. Age-matched, adult Wistar rats were 
oophorectomized then pre-treated with either 0, 25/zg or lOOjzg 17(3 estradiol 
administered by subcutaneous pellet (n=4/group). Each animal received 2 hours 
of MCAO by the intraluminal filament technique followed by 22hours of 
reperfusion. Arterial blood pressure and blood gases were maintained at 
physiological values during MCAO, and ipsilateral parietal cortical blood flow 
was measured by laser-doppler flowmetry (LD-CBF). Brains were evaluated by 
2,3,5-triphenyltetrazolium chloride (TTC) staining for determination of infarction 
volume. Cortical infarction volume as a % ipsilateral cortex (mean±SD) was 
reduced by estrogen (21.3 ±2.6%; 0.2±0.3%; 4.2 ±4.6% in the 0, 25 and 100/zg 
groups, respectively). Striatal infarction (% of ipsilateral caudate-putamen) was 
similarly improved by estradiol (35.4±23.2%, 4.2± 4.6%; 12.1 ±8.2% at 0, 25 
and 100/zg doses). End-ischemic LD-CBF was 23±7, 45±18, 26±14% of 
baseline in respective groups. These data suggest that estradiol replacement 
therapy ameliorates ischemic brain injury in previously oophorectomized female 
rats. Supported by NS3368, NR03521.

948.9
ESTRADIOL PROTECTS AGAINST ISCHEMIA INDUCED INJURY. D. Dubai, 
M.L. Kashon, J.M. Ren, S.P. Finklestein, L.C. Pettigrew, P.M. Wise*. Depts. of 
Physiology and Neurology, Univ. of Kentucky, Lexington, KY 40536. 
Massachusetts Genera! Hospital, Boston, MA 02114.

Estradiol has been shown to exert neuroprotective or neurotrophic effects under a 
variety of circumstances. It influences synaptic plasticity, regulates the expression 
of neurotrophic factors and their receptors, and protects against injury induced cell 
death. These cellular mechanisms may underlie its ability to enhance or restore 
cognitive function. The goal of this study was to assess whether physiological 
concentrations of estradiol modulate the extent of neural injury. Sprague-Dawley 
rats (225-250 g) were ovariectomized and implanted with Silastic capsules 
containing oil or estradiol-17(3 (180pg/ml). This concentration of estradiol 
produced physiological levels of hormone in plasma. One week later, we induced 
cerebral ischemia via permanent insertion of an intraluminal suture to occlude the 
middle cerebral artery. Before and after this surgery, physiological parameters 
were monitored. Rats were killed 24 hours after the onset of stroke. Brains were 
removed, sectioned, and stained in triphenyltetrazolium chloride for quantification 
of infarct volume. We observed an infarct distribution which included the cerebral 
cortex and striatum. In estradiol treated animals, overall infarct was significantly 
smaller than in oil treated controls (p=0.05). Estradiol’s protective effect, however, 
was limited to the cerebral cortex (p<0.05), as we observed no protective effect in 
the striatum. These results demonstrate that physiological doses of estradiol can 
protect the brain against ischemic injury, and that these neuroprotective effects 
depend upon the region of the brain. These findings suggest that estradiol may 
induce region specific molecular responses that modulate the extent of cell death. 
(Supported by NIH AG02224 to PMW)

948.16
EFFECT OF GENDER AND HORMONAL STATUS ON BRAIN DAMAGE 
INDUCED BY TRANSIENT FOCAL ISCHEMIA IN THE RAT. T.L. Miller*.
J.W, Heyburn. C. Gonzales. M.A. Vinegra. J.A. Moyer and M.M. Zaleska. Wyeth- 
Ayerst Research CN 8000, Princeton, NJ 08543-8000.

Gender differences in the magnitude of brain injury have been observed in several 
animal models of stroke and head trauma. The effects of female hormones on brain 
injury have been studied in animal models with varying success. In this study, a rat 
model of transient focal cerebral ischemia by insertion of an intraluminal suture was 
used to induce brain injury in male and female animals. In the first analysis, 
occlusions ranging in time from 5 minutes to 180 minutes were followed by 24 hours 
of reperfusion. Complete injury curves (occlusion time vs infarct volume) were 
generated for male and female SHR rats. From these curves, nonlinear regression 
analysis provided values for the TD5o (occlusion duration at which damage was half- 
maximal) and maximal infarct volume (Vmax). Values computed for male rats were: 
a TD5o  of 71.9 minutes and a Vmax of 515.5 mm3, while females developed smaller 
infarcts at a faster rate (TD50 of 43.7 minutes (p<0.05), Vmax of 412.3 mm3 
(p<0.005)). When the Vmax was expressed as a percentage of the contralateral 
hemispheric volume, to correct for edema and gender-related difference in body weight, 
values for males and females were 79.7% and 66.7% (p<0.05) respectively. When 
correction for edema was applied to injury curves, the TD50 for male rats remained 
unchanged (71.9 minutes), while for female rats the TD5o was 65.9 minutes 
(p<0.001). The shift in TD50 values in female animals was a result of temporal 
differences in the accumulation of brain water content, since the duration of occlusion 
necessary for the development of half-maximal brain edema was nearly 20 minutes 
shorter for females, it appears that edema forms more rapidly in female brain post-
insult than in male brain. In the second study, the influence of the stage of estrus 
cycle on ischemic damage was examined using a 120 minute occlusion followed by 
24 hours of reperfusion. Female rats in proestrus, estrus, diestrus at the time cf 
occlusion and ovariectomized animals tended to have smaller infarcts than male 
counterparts, however none of the differences reached statistical significance.

948.11
CONCENTRATIONS OF ASCORBATE AND GLUTATHIONE IN 
NEURONS AND GLIA. M, E. Rice*, Depts. Physiology & Neuroscience 
and Neurosurgery, NYU Medical Center, 550 First Avenue, New York, 
NY 10016.

Distribution of brain ascorbate and glutathione (GSH) between neurons 
and glia has been a source of controversy. To resolve this, we determined 
ascorbate and GSH contents, using HPLC, in samples of brain tissue with 
defined, but vaiying densities of neurons and glia. In developing rat cortex 
and hippocampus, GSH content rose during gliogenesis, while ascorbate 
fell. By contrast, ascorbate, but not GSH, increased markedly during 
granule cell proliferation and maturation in developing cerebellum. 
Similarly, in adult cerebral cortex, ascorbate content increased linearly with 
increasing neuron density across species in the order: human < rabbit < 
guinea pig < rat < mouse, whereas GSH was relatively constant. These 
data suggest that ascorbate predominates in neurons, whereas GSH is 
slightly predominant in glia. Quantitative analysis of ascorbate and GSH 
contents in these studies, combined with appropriate intra- and extracellular 
volume fraction data, permitted calculation of concentrations of ascorbate in 
neurons (10 mM) and glia (0.9 mM) and GSH in neurons (2.5 mM) and 
glia (3.8 mM). The relative accuracy of these values was confirmed by 
their use in a model that reliably predicted developmental changes in 
ascorbate and GSH levels in rat cortex. These findings not only provide 
new information about the intracellular composition of neurons and glia, but 
also have implications for understanding neuronal and glial involvement in 
disease states linked to oxidative stress. Funded by NTH grant NS 34115.

948.12
GENDER-DIFFERENCES IN BRAIN ASCORBATE REGULATION: 
ESTROGEN-MEDIATED, AGE-DEPENDENT, AND REGION-SPECIFIC.
J. Kume-Kick* and M.E. Rice. Depts. Physiology & Neuroscience and Neurosurgery, 
NYU Medical Center, 550 First Avenue, New York, NY 10016.

We have reported gender differences in brain ascorbate but not GSH regulation. 
While basal ascorbate levels are greater in adult male compared to female rat brain, 
males lose more ascorbate during lh decapitation ischemia, indicating greater 
oxidative stress (NeuroRep.,6:1485,1995). Gonadectomy (GDX) altered ascorbate 
regulation in females but not males (Brain Res.,738:8,1996). In the present study, 
we first determined whether the critical period for gender differences in basal levels 
was pre- (postnatal days PI5 or P25) or post-pubertal (2 mo) and whether differences 
persisted in aging (1 yr) in frontal cortex (FC), hippocampus (HPC), and cerebellum 
(CB). Second, we evaluated how 17p-estradiol and progesterone treatment affected 
basal ascorbate levels and ascorbate loss after ischemia in GDX females.

Basal ascorbate levels in all regions tested were greater in males than females at 2 
months, but not P15 or P25. In 1 year-old rats, this gender difference was still 
present in FC (p<0.01), but not in HPC or CB, indicating ascorbate regulation is not 
only age-dependent but region-specific as well. After GDX, basal ascorbate levels in 
female HPC, but not FC or CB, rose significantly compared to controls. In contrast, 
estrogen-treatment in GDX females prevented this increase in basal HPC levels 
while decreasing levels in FC(p<0.001) and CB (p<0.05) to below that of controls. 
Importantly, whereas all brain regions of untreated GDX females had enhanced 
ascorbate loss after ischemia, 17P-estradiol treatment selectively prevented this 
enhancement in HPC. This finding suggests an estrogen-mediated, region-specific 
protection against oxidative stress. Progesterone had little effect on ascorbate levels, 
and only slightly decreased ascorbate loss in hippocampus. Combined, these results 
demonstrate that ascorbate regulation in females is modulated by ovarian sex 
hormone status. Funded by NS 34115.
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949.1
AUTOIMMUNE REACTIVITY TO NEURONS IN VIRAL ASSOCIATED 
NEUROLOGIC DISEASE. M. C, Levin*, S. Jacobson. Neuroimmunology Branch, 
NIH, Bethesda, MD 20892 USA

How patients infected with Human T-Lymphotropic Virus Type I (HTLV-I) 
develop HTLV-I associated myelopathy/tropical spastic paraparesis (HAM/TSP), an 
immune mediated disorder of the central nervous system (CNS) is unknown. It does 
not exclusively result from direct infection with retrovirus, but rather infection 
associated with an immune mechanism. Inflammatory cells are localized to areas of 
neuronal-axonal dystrophy and demyelination in the CNS. HAM/TSP patients 
develop an activated cellular and humoral immune response. The humoral response is 
characterized by hypergammaglobulinemia, elevated HTLV-I-tax titers, and increased 
cerebrospinal fluid IgG and oligoclonal bands. Due to this activated humoral re-
sponse, we hypothesized that HAM/TSP patients develop antibodies to a CNS target 
cell. Protein-A purified IgG from HAM/TSP and control patients was used for 
immunohistochemistry (IHC) and western blot (WB) analysis of CNS tissues. HAM/ 
TSP IgG reacted with uninfected neurons as determined by co-localization with anti-
neurofilament in CNS tissue, but not with adjacent non-neuronal cells. HAM/TSP 
IgG reacted with CHP-126 neuroblastoma cells, but not non-neuronal cell lines. No 
neuronal activity was observed with IgG from HTLV-I seropositive neurological ly 
asymptomatic or control patients. Western blots of a neuronal lysate showed IgG 
reactivity with a 33 kD band from 12/13 HAM/TSP, 0/6 HTLV-I seropositive 
asymptomatic, and 0/10 control patients (p<0.001). Importantly, HAM/TSP IgG 
pre-incubated with HTLV-I protein lysate blocked both IHC and WB reactivity. A 
monoclonal antibody screen showed an antibody to HTLV-I-tox had identical staining 
to that of HAM/TSP IgG. In contrast, there was no reactivity with HTLV-Lgag or 
env antibodies. HAM/TSP IgG immunoreactivity was blocked by HTLV-I-tax 
antibody and tax protein. These data suggest that IgG isolated from HAM/TSP 
patients and a monoclonal antibody to HTLV-I-tax recognize similar antigenic 
determinants on uninfected neurons consistent with autoimmune reactivity to the 
CNS, the damaged target organ of the disease, [supported by NIH (intramural)]

949.2
SELECTIVE REDUCTION OF VOLTAGE DEPENDENT CALCIUM 
CURRENTS IN MUMPS VIRUS-INFECTED CULTURES OF RAT 
HIPPOCAMPAL NEURONS. B. Owe-Larsson*. T. Andersson. K, Kristensson 
and R,H, Hill. Dept. of Neuroscience, Karolinska Institute!, S-171 77 
Stockholm, Sweden.

Paramyxoviridae, such as mumps virus, have the potential to infect the 
nervous system both in humans and in experimental animals. Following mumps 
virus infections, slow progressive infections of the brain have been reported and 
neurological sequelae after mumps encephalitis are not rare. In this study, the 
effects of a mumps virus infection on fimctional properties of embryonic 
hippocampal neurons in primary culture were analyzed with special emphasis 
on voltage dependent Ca** channels. Cultures of both high and low glial cell 
density were infected with the relatively non-cytolytic RW strain of mumps 
virus and currents were measured from neurons using voltage clamp, whole-cell 
recordings. More than 65% of neurons and glial cells contained viral antigens 
1-2 days post infection (p.i.). Glial cells remained infected 6-7 days p.i., while 
the ratio of infected neurons, especially in high glial cell density cultures, was 
reduced. In both infected and uninfected cultures the somal voltage dependent 
Ca2* currents were significantly stronger in cultures with high rather than low 
glial cell density, which indicates that these currents are influenced by glial 
cells. The infection caused a significant decrease in inward Ca2* currents which 
were most marked at days 6-7 p.i. and which included both infected and 
uninfected neurons in the same culture. This indicates that the decrease in Ca2* 
influx is caused by disturbed glia - nerve cell interactions. The study shows that 
a mumps viral infection can selectively alter the number or function of somal 
voltage dependent Ca2* channels in immature hippocampal neurons. Supported 
by grants from MFR and the Stanley Foundation Research Award Program.

949.3
ANTIGEN-SPECIFIC T-CELL INFILTRATION INTO THE CENTRAL 
NERVOUS SYSTEM. Z, Ping, M, Sandor. M, N. Hart, E. C. Callahan* and
Z. Fabrv. Neuroscience Training Program and Dept. of Pathology, Univ. of 
Wisconsin, Madison, WI 53706.

A number of important human central nervous system (CNS) diseases of poorly 
understood immune inflammatory pathogenesis are characterized by the presence of 
T cells in the CNS and immune-mediated disruption of CNS function. In order to 
understand the mechanism of T cell infiltration into the CNS and to design new 
treatments aimed at inhibiting T cell migration and activation during the CNS 
inflammatory diseases, we have developed an antigen specific T cell infiltration 
assay. In this assay, we are using T cell receptor (TCR) transgenic mice as a source 
of monoclonal T cells which express Val 1 /V(33 T cell receptor specific for pigeon 
cytochrome c (pcc) residues 88-104 in the context of I-Ek MHC class II molecules. 
After different treatments, the T-cells in the cerebrospinal fluid (CSF) are analyzed 
by four-color flow cytometry. The assay allows the determination of the numbers 
and the phenotypes of infiltrating T cells in the CSF. Using this assay, we studied 
the effects of different routes of immunization on the accumulation of antigen 
specific T cells in the CSF. We found that intraventricular injection of pcc antigen 
resulted in higher antigen specific T cell accumulation in the CSF compared to 
intraperitoneal immunization. Our data suggest that the presence of antigen- in the 
CSF induces strong infiltration of antigen specific T cells into the CSF and that 
this antigen specific T cell infiltration assay is a promising technique for finding 
new ways to interfere with T cell infiltration into the CNS.
(This work was supported by NIH Grant NS24621 and Univ. of Wisconsin Med. 
School Grant 161 9572 A53 6300.)

949.4
SLEEP AND MEMORY DEFICITS PRODUCED BY EXPERIMENTAL 
TRYPANOSOMA CRUZ I INFECTION IN THE RAT. M. Mut, F. Solis, 
J.L. Gonqora*, G. Arankowsky . Lab. of Neurobiology, Center 
for Regional Research, Autonomous University of Yucatan, 
Merida, Yuc., Mexico.

Chagas' disease, caused by the protozoan Trypanosoma 
cruzi, has been associated to encephalopatic manifestations 
during its chronic stage. The aim of the present work was 
to determine the existence of functional alterations of the 
central nervous system (CNS) in rats infected with a Mexican 
strain (H4) of T. cruzi.

Two groups of Wistar rats (N=18), received either a 
saline injection or 150,000 trypomastigotes/rat, 
respectively. Spontaneous alternation behavior tests (SAB) 
and the recording of the sleep-wake cycle were conducted 
once the parasitemia curve was concluded in the infected 
group (day 40 postinoculus). Results showed that the 
infected rats made more errors in the SAB test than the 
control group (70.8 ± 9.4 % vs. 78.3 ± 8.8 % , t = 2.41, 
p < 0.002). The analysis of sleep records during the light 
period revealed that Chagasic rats had sleep fragmentation, 
as denoted by an increase in the wake episodes. 
Furthermore, the total amount of rapid eye movement sleep 
(REM) was found to be significantly diminished in the 
infected animals (25.8 ± 8.6 min vs. 36.2 ± 4.6, t = 3.42, 
p < 0.002).

Our results show that the H4 strain of T. cruzi produces 
functional alterations of the CNS in experimental models. 
We suggest that serological tests for Chagas' disease 
detection should be done in endemic areas, in patients with 
neurologic dysfunction of unknown origin.
(Supported by grant 498100-5-3677N-CONACYT, Mexico).

949.5
CAMPTOTHECIN IN THE THERAPY OF PROGRESSIVE MULTIFOCAL 
LEUCOENCEPHALOPATHY (PML): CLINICAL AND RADIOLOGICAL 
IMPROVEMENT. P. Young*1, J. Vollmer-Haase1, G. Schuierer2, E.B. 
Rinqelstein1. Departments of Neurology1 and Radiology2, University of 
Muenster, 48129 Muenster, Germany.

Progressive multifocal leucoencephalopathy (PML) is an opportunistic 
papovavirus (JC-virus) infection of the central nervous system in patients 
with immunosupression therapy or more common in AIDS patients. Focal 
neurological deficits and rapid progressive dementia are the main clinical 
symptoms. Up to now, only Cytarabin has shown minimal benefit in AIDS 
patient with PML. We started a therapy with Camptothecin, an inhibitor of 
the human topoisomerase 1. Camptothecin has been shown to inhibit the 
replication of JC-virus in vitro (Kerr et al.,Virology.,1993). We report a 33 
year old female patient who developed severe PML after several years of 
Cyclophosphamide treatment for systemic lupus erythematodes (SLE). 
Within three months, the patient developed left-sided hemiplegia, aphasia 
and mutism. Magnetic resonance imaging (MRI) of the brain revealed 
widespread blateral progressive white matter lesions. The diagnosis of 
PML was proven in a brain biopsy and later in repetitively positive 
polymerase chain reactions (PCR) on JC-virus. A therapy with 
Camptothecin was started with 350mg/sqm body surface every three 
weeks. Side effects were temporary neutropenia and prolonged diarrhea. 
After the second course, the patient could speak and perform easy tasks. 
After two further cycles, the patient was able to talk, mutism diminished 
and the patient could be mobilized. The MRI showed a marked reduction 
of the white matter lesions. We conclude that clinical and radiological 
improvement indicate a beneficial effect of Camptothecin in this patient. A 
similar striking therapeutic effect has never been demonstrated before.

949.6
Correlation between susceptibility to Theiler’s virus-induced 
demyelination and MHC class I and II expression on cerebrovascular 
endothelial cells. C.J.R. Welsh*, D. Tennakoon, M. Delagorodriquez, 
A.P. Petrescu and J.A. Piedrahita. Department of Veterinary Anatomy 
and Public Health, Texas A&M University, College Station, Texas 77843- 
4458, USA.

Theiler’s murine encephalomyelitis virus persists in the central nervous 
system of susceptible strains of mice and induces a demyelinating 
disease which is similar to multiple sclerosis. The objectives of this study 
were to compare the effects of viral infection and interferon (IFN) 
treatment on cloned cerebrovascular endothelial cells (CVE) derived from 
strains of mice that are either susceptible (SJL & CBA) or resistant to 
Theiler’s virus-induced demyelination (TVID) (BALB/c & C57BL/6). Viral 
infection of CVE derived from strains of mice that are susceptible to TVID 
causes increased expression of IFN-beta and subsequently increased 
major histocompatibility complex (MHC) class I expression as detected by 
flow cytometry. CVE derived from resistant strains of mice (BALB/c & 
C57BL/6) fail to express MHC class Hollowing viral infection or treatment 
with IFN-beta. In addition, IFN-gamma induces the expression of MHC 
class II on CVE derived from susceptible mice but not resistant mice. In 
conclusion, there is a correlation between susceptibility to demyelination 
and Theiler’s virus-induced MHC class I expression and IFN-gamma 
induced MHC class II expression on CVE. These phenomena may 
contribute to the susceptibility/resistance mechanisms in both virus- 
induced demyelination and autoimmune demyelination.
Supported by a grant from the College of Veterinary Medicine, Texas 
A&M University.
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949.7
Neuronal Suppression of Visna Replication: A Tissue 
Culture Model of AIDS Dementia J.J. Vornov*, D.L. Huso, 
and B.C. Ryan Dept of Comparative Medicine, Neurology and Neuro-
science, Johns Hopkins School of Medicine, Baltimore MD 21287

The HIV virus invades the brain early in the course of infection. 
In contrast to the large amounts of virus produced in lymphoid 
organs, the brain contains only small amounts of viral protein. Since 
brain HIV viral load is correlated with dementia, the control of viral 
replication is of great interest. We have developed a tissue culture 
model of CNS infection using the visna virus. Like HIV, visna virus 
is a macrophage-tropic lentivirus that causes chronic neurologic 
disease in its natural host, sheep.

Visna replicated freely in cultures of fetal sheep astrocytes or pur-
ified sheep brain microglia, measured by production of infectious 
virus. Replication was greatly restricted in mixed cultures containing 
neurons, astrocytes and microglia. Neuronal inhibition of replication 
was reversible since 1 mM glutamate caused neuronal death and then 
permitted large amounts of virus to be produced. Viral replication 
could be released from inhibition without neuronal injury by treatment 
of cultures with thrombin, a glial mitogen. Viral replication in 
microglia could also be suppressed by transferring infeced microglia 
to neuronal cultures. Immunohistochemical studies confirmed the 
identity of infected cell types. Interestingly, microglial morphology 
was altered by contact with neurons. Control of glial differentiation 
and activation may explain the neuronal effects on visna replication 
and may have implications for our understanding of AIDS dementia. 
This research supported by an NIH grant NS35693

949.8
EVALUATION OF NEURONAL AND ASTROCYTIC PATHOLOGY IN 
SCRAPIE-INFECTED ANIMALS BY SPECIFIC DEGENERATION- 
SELECTIVE METHODS. X. Ye1*, R.I. Carp2, L.C. Schmued1, C. 
Meeker2, R. Rountree1 and" AT~Scalfet'."^Division"^f 
Neurotoxicology, FDA/National Center for toxicological 
Research, Jefferson, AR 72079; 2NYS/Institute for basic 
research, Staten Island, NY 10314.

Scrapie is a fatal neurodegenerative disease of sheep 
and goats. The precise anatomical location and time 
course of neuronal and neurite degeneration in scrapie- 
infected animals remains unknown. Using specific staining 
methods for neuronal degeneration (Nadler-Evenson Silver 
and Fluoro-Jade), we compared the neurodegeneration 
caused by positive control treatment of rats with kainic 
acid (KA) or ibogaine (IBO) to the neuropathology 
observed in mice infected with the C602 strain of 
scrapie. As reported previously, KA resulted in 
extensive silver-labeling of neurons, especially in the 
cortex, putamen and hippocampus. IBO only caused silver-
labeling of small clusters of Purkinje neurons in the 
paravermal region of the cerebellum. However, in scrapie- 
infected mice, the most extensive cellular degeneration 
observed was of glial (astrocyte-like) cells, especially 
those in the paraventricle. Degenerating neurons were 
only occasionally found in the cortex and hippocampus. We 
hypothesize that the glial cells (astrocytes or 
microglia) are important loci for the neurotoxic action 
of at least some scrapie strains. Supported by FDA/NCTR 
(X.Y. was supported by an ORISE appointment).

949.9
MECHANISMS INVOLVED IN TRANSPORT OF POLIOVIRUS INTO THE 
CENTRAL NERVOUS SYSTEM. Payton FordxPauL.M^^aLanQjJLkJ^glL 
SUNY HSC, Department of Neurology, 750 E. Adams, Syracuse, NY 13210.

The spread of human poliovirus (HPV) to the central nervous system (CNS) 
was investigated to determine 1) the CNS pathology 2) whether fast or slow 
axonal transport mechanisms were responsible, and 3) which nerve fibers were 
most likely to transport the virus from the periphery to the CNS. Method: Eight 
groups of six week old Swiss mice (CD-I strain) were used. All were given the 
MEF-1 strain of type 2 human poliovirus (TCD50 = 109 0) via intramuscular (im) 
injection into the right gastrocnemius muscle. Mice were observed daily for signs 
of paralysis, at which time they were sacrificed. In group one, brains, spinal cords 
and sciatic nerves were removed for virus titer. Group two was perfused and tire 
brains and spinal cords removed for pathology. Sciaiic nerve transection was 
performed on group three. Ventral nerve roots were cut in group four and dorsal 
roots were cut in group five. Colchicine (a fast axonal transport inhibitor) was 
applied to the sciatic nerve 24 hours prior to virus injection in group six and 
IDPN (a slow axonal transport inhibitor) was given in the water for 60 days prior 
to virus injection in group seven. Group eight was given vehicle (PBS) as a 
control. Evidenceof CNS entry was reported as CNS viral titer and percent death. 
Results: Our studies indicate that flaccid paralysis occurs in 100% of the infected 
animals with 100% localization to the injected limb. CNS pathology shows 
neuronophagia and inflammatory cell infiltration. Animals injected with vehicle 
showed no signs of disease. Sciatic nerve transection prevented the transport of 
virus to the CNS. Colchicine application greatly reduced the transport of virus to 
the CNS, while IDPN had no effect (as determined by titer and% death). Ventral 
nerve root section was more effective in preventing virus entry than dorsal root 
section. We conclude that poliovirus most likely travels by fast axonal transport 
utilizing nerve fibers within the ventral nerve roots.

949.10
A NON-TRANSGENIC MOUSE MODEL FOR THE HUMAN DISEASE 
POLIOMYELITIS. Stacie Ropka and Burk Jubelt* SUNY HSC, Department of 
Neurology, 750 E Adams, Syracuse, NY 13210.

Previous studies with the mouse adapted, attenuated type 2 poliovirus W-2 in 
BALB/c mice demonstrated that those mice that become paralyzed have neuronal 
destruction and CNS inflammation comparable to that seen in the human disease. 
Infection of Swiss mice with non-attenuated type 2 strains of poliovirus (PV2), 
either the mouse adapted Lansing or the non-mouse adapted MEF-1, was 
undertaken to 1) characterize the type of paralysis, flaccid or spastic, and contrast 
this with the human disease, 2) characterize the CNS pathology and compare this 
with that seen in the human disease, and 3) compare the time to paralysis after 
inoculation with a non-mouse-adapted vs. mouse-adapted PV2 strain. Method: 
Six-week old Swiss mice were inoculated intracerebrally (ic) with 10 7 5 TCD50 of 
either the mouse-adapted PV2/Lansing or the human non-attenuated PV2/MEF-1. 
Mice were observed daily for signs of paralysis, at which time they were killed, 
the brains and spinal cords taken for titer. Another cohort was perfused, the brains 
and spinal cords taken for pathology. Evidence of disease was reported as a 
percentage of paralysis and death. Results: Our studies indicate that both strains 
of PV2 are capable of causing disease in Swiss mice with paralysis seen at 95% 
for both PV2/MEF-1 and PV2/Lansing inoculated mice. However, the 50% time 
to paralysis in the PV2/Lansing mice was 3 days vs. 9 days after PV2/MEF-1. 
Overall, the paralysis observed was 98% flaccid paralysis, consistent with that 
seen in human poliomyelitis. Viral replication for both strains was detected in the 
spinal cord and brain for all paralyzed mice. Upon histological examination of the 
brains and spinal cords we find the pathology in non-transgenic mice more closely 
resembles that of human disease than does that seen in hPVr transgenic mice. We 
conclude that the non-transgenic Swiss mouse is a representative model for the 
human disease poliomyelitis.

949.11
CHARACTERIZATION OF BETA-ADRENERGIC RECEPTORS IN 
IMMORTALIZED MURINE ASTROCYTES. S. Raofi, Y.C. Lin, P.K.Y, Wong 
and R.E. Wilcox*. Div. of Pharmacology and Toxicology, Univ. of Texas at Austin, 
78712, and Dept. of Carcinogenesis, Science-Park Res. Div,, M.D. Anderson Center 
Center 78957.

A significant proportion of toxic materials and viral agents directly alter brain 
functions. While neurons represent the sole target in some instances, it is also 
becoming clear that insults to astroglial cells may lead to neuronal death. One 
possible mechanism whereby astroglial insult may induce neuronal death is apoptosis 
mediated through activation or inhibition of cell surface receptors. The present study 
was undertaken to characterize (3-adrenergic receptors in a clonal cell line immortalized 
from cerebral cortical astroglial cells previously shown by us to retain the 
morphological and cell biochemical characteristics of their cortical primogenitors. 
The (3-adrenergic receptor system was selected for initial study because all (3-receptors 
are positively coupled to adenylate cyclase and cAMP is a major regulator of the 
response to retroviral infection. We have previously established that clonal cell lines 
expressing recombinant receptors are appropriate systems for characterizing drug and 
receptor properties by pharmacological '‘null” methods using second messenger 
assays in intact cells. Accordingly, we have established dose-response characteristics 
for the prototype (3-adrenergic agonist isoproterenol: EC50 ~Q.l uM @ 0.01 - 50 
uM; Emax =1.5-fold increase in cAMP levels over basal. The isoproterenol-mediated 
cAMP response was reversed by administration of the (3-adrenergic antagonist 
propranolol (10 uM). Finally, (3-adrenergic receptor reserve can be reduced in the 
astrocyte clones using the selective alkylating agent + - pindobind, which allows 
calculation of the true agonist affinity (Ka) and relative intrinsic efficacy. Results 
suggest that (3-adrenergic receptor mediated signal transduction in astrocyte clones 
may represent a useful model system in which to study effects of viral challenge and 
insult by toxic materials. (Supported by NIH grants Al 28283, CA45124, RR08579, 
ES07784, MH54865.)

949.12
Binding of pneumococcal cell walls to microglial cells in vitro is a potential trigger 
for fast release of TNFa and nitric oxide. C. Nolte* D. Freyer, U.-K. Hanisch, M. 
Prinz, U. Dimagl, H. Kettenmann, J.R. Weber Cell. Neurosci. Max Delbruck Center, 
Exp. Neurology, Charite, Humboldt-University, Berlin, ERG.

Microglial cells, the brain intrinsic macrophages, respond to most pathologic events 
by rapid transformation from a quiescent into an activated phenotype characterized 
by increased cytotoxic and phagocytotic activity. The present study examined the 
mechanisms by which components of bacterial cell walls from gram-positive 
meningeal pathogens, Streptococcus pneumoniae (PCW), affect secretion of nitric 
oxide (NO) and tumor necrosis factor a (TNFa), an important pathogenic factor in 
bacterial meningitis, in cultured rat microglial cells. Incubation of microglial cells 
with PCW (eq. of 105 cfu/ml) caused a significant increase of nitrite in the 
supernatant after 24h as measured by the Griess reaction, from 39 ± 6.8 to 484 ± 76.4 
pmol/pg protein, which was inhibited by dexamethasone. TNFa was determined by a 
bioassay and significantly increased after 4h and peaked after 8-12 h of PCW 
stimulation. The absolute values for TNFa were 120.7 ± 48.3 at 8h and 123.3 ± 56.7 
pg/pg protein at 12h. NO and TNFa release were dose-dependent in a range shown to 
cause meningeal inflammation in vivo. As demonstrated by video timelapse 
microscopy and phagocytosis of FITC-labeled PCW, bacterial particles were readily 
bound and ingested by the microglial cells and accumulated in the perinuclear 
cytoplasm. Particle uptake alone is not a sufficient stimulus to trigger NO/TNFa 
release by microglial ceils as shown by incubation with inert latex beads. Moreover, 
the inflammatory response is rather mediated by the membrane contact than by the 
uptake of PCW since in the presence of 2 pM cytochalasin B (blocking all uptake) 
NO and TNFa release were even potentiated. These results clearly emphasize the 
important role of microglial cells in the pathophysiology of bacterial meningitis.
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949.13
ROLE OF NITRIC OXIDE AND TUMOUR NECROSIS FACTOR a (TNF-a) 
IN rCBF INCREASE OF EXPERIMENTAL MENINGITIS
K.Angs1wurm*, H.Flick, M.Weih, D.Freyer, U.D'magl, J.R.Weber Dept. of 
Neurology, Charite, Humboldt-University, D-10098 Berlin

Prognosis of bacterial meningitis has, despite highly effective 
antibiotics and intensive care, remained poor. In the early phase 
patients mainly die due to high intracranial pressure. One 
contribuing factor is increased regional cerebral blood flow 
(rCBF). To further investigate underlying mechanisms we 
compared intracistemal injections of TNF-a and pneumococcal 
cell wall components (PCW) and tried to prevent blood flow 
changes by treatment with aminoguanidine (200mg/kg BW), an 
inhibitor of inducible nitric oxide synthase.
For the six hours' observation period rCBF 
increased after PCW (248±52% of 
baseline) as well as TNF-a (167±34%). ,
Application of aminoguanidine reduced f 
either rCBF increase. These results support | 
the involvement of nitric oxide and TNF-a 
in rCBF changes of experimental 
meningitis.

S<*w
INF ♦arrtToQi/amclne

/

f'

949.14
MELATONIN PROTECTS MICE INFECTED WITH VENEZUELAN 
EQUINE ENCEPHALOMYELITIS VIRUS. E. Bonilla*. N. Valero-Fuenmayor. 
H. Pons and L. Chacin-Bonilla. Institute de Investigaciones Clinicas, Facultad de 
Medicina, Universidad del Zulia, and INBIOMED, Fundacite-Zulia, Apartado Postal 
U 51, Maracaibo(Venezuela).

We investigated whether the administration of melatonin (MLT) reduces the death 
rate and evolution of the disease in mice infected with Venezuelan equine 
encephalomyelitis (VEE) virus. Male albino mice were inoculated with 0.3 ml 
containing 10 LD30 of the Guajira strain of VEE virus suspended in 0 4 % BAB’S. 
Melatonin was diluted in PBS and injected daily subcutaneously, 2 h before darkness, 
starting 3 days before virus inoculation until 10 days after Virus content in the serum 
and brain was plaque assayed in chicken embryo fibroblasts. The quantitative 
determinations of mouse interleukin-4, interleukin-2, and interferon gamma in sera 
were based on a solid phase ELISA system. . Our results show that MLT protects 
mice-infected with the virus. The mortality rate was reduced from 100% to 16% 
merely by increasing the dose from 0 to 1000 ug/MLT per kg b.w. MLT significantly 
postponed the onset of the disease and death by several days. In surviving mice very 
high titers of VEE virus lgM antibodies were found seven weeks after virus 
inoculation. MLT significantly reduced VEE virus levels in blood and brain of infected 
mice and increased the survival rate when the length of pretreatment was augmented 
from 3 to 7 or 10 days before virus inoculation. Serum levels of interleukin-2 were not 
affected by MLT administration. In control mice receiving MLT as well as in infected 
mice treated or non-treated with MLT, interferon gamma levels in sera were 
increased. Interleukin-4 concentrations were found to be elevated in sera of non- 
infected mice receiving MLT, but did not differ from controls in infected mice treated 
or non-treated with the hormone. MLT also reduced the degree of cell destruction 
produced by VEE virus in culture plates of chicken embryo fibroblasts

Supported by a grant from Fundacite-Zulia.

949.15
NEF INHIBITION OF MAP KINASE PATHWAYS AND PROLIFERATION IN 
CULTURED HUMAN ASTROCYTES. I.A, Romero. A, Teixeira. A.D, 
Strosberg. S. Cazaubon and P.-O, Couraud*. CNRS UPR 0415, ICGM, 22 rue 
Mdchain, 75014 Paris, France.

A 'restricted' infection of astrocytes by HIV-1, characterised by the 
overexpression of early regulatory proteins {nef, tat, rev), has been observed in 
pediatric and adult patients with HIV/AIDS encephalopathy. The consequences of 
constitutive and transient expression of nef from the HIV-1 strain LAI on 
activation of MAP kinases (ERK and JNK) were investigated in the human 
astrocytoma cell line U373. The activation of ERK induced by growth factors, 
such as endothelin-1 (ET-1) and PDGF (determined by visualization of the 
phosphorylated active form by anti-ERK2 immunoblotting, and by measurement 
of MAP kinase activity using MBP as a substrate), was partially inhibited by nef 
by a PKC-independent mechanism. These results were confirmed in U373 cells 
transiently expressing nef and in U373 cells constituvely expressing the 
chemokine receptor CXCR-4 infected with the T-tropic HIV-1 strain NDK. In 
addition, ET-1 increased the activity of JNK by at least 3-fold in control U373 
cells and this response was decreased by constitutive expression of nef. A decrease 
in the proliferative response to ET-1 and PDGF was also observed in U373 cells 
constitutively expressing nef, as determined by BrdU uptake and 
immunofluorescence.

These results indicate that growth factor modulation of intracellular signalling 
pathways involved in proliferation are impaired in zie/-expressing astrocytes, 
suggesting that perturbation of normal astrocytic function, such as neurotrophic 
factor secretion, may play an important role in the neuropathogenesis of HIV-1 
encephalopathy.

Supported by Sida Action, I'Agence Nationale de Recherches sur le Sida, the JNICT- 
Programa Praxis XXI and the Gulbenkian Foundation (PGDBM)

949.16
EXCITOTOXICITY IN NEURONAL CULTURES EXPOSED TO FIV 
ENVELOPE PROTEINS. D C. Bragg*. R.B. Meeker. B A. Thiede. R.V. 
English. M B. Tompkins. Curriculum in Neurobiology and Dept. of 
Neurology, Univ. of North Carolina, Chapel Hill, NC 27599 and College of 
Veterinary Medicine, NC State Univ., Raleigh, NC 27606.

There is considerable evidence that HTV infection of the central nervous 
system can produce a severe neurodegeneration that may include a 
significant loss of large neurons. Recent studies suggest that this neuronal 
loss may occur by an indirect pathway involving soluble, toxic factors 
released from infected macrophages/microglia. Our laboratory has used a 
related lentivirus, the feline immunodeficiency virus (FIV), to explore the 
mechanisms underlying this process. In the present study, we describe the 
effects of a potential toxic factor, the protein encoded by the FIV env gene, 
on primary neuronal cultures of fetal cat brain. Cultures were inoculated 
with envelope proteins from three viruses: a neurovirulent strain of FIV 
(PPR), a non-neurotropic strain (34TF10), and the Epstein-Barr virus 
(EBV), which typically produces no neuronal damage. Cell death in 
cultures exposed to FIV proteins was visualized by staining with ethidium 
bromide, quantified via densitometric analysis on a Bioquant Imaging 
System, and expressed relative to.EBV controls. We observed a significant 
(p<0.05), 78% increase in cell death in cultures treated with the PPR 
envelope protein. Dose-response curves indicated that the PPR envelope 
protein produced a maximal effect at concentrations of 200 pM. These 
results agree with previous studies of the HIV envelope protein, gpl20, and 
further establish that both lentiviruses produce neurodegeneration by similar 
mechanisms. Supported by NIH grant NS 33408.

949.17
LP-BM5 INFECTION IMPAIRS ACQUISITION, BUT NOT
PERFORMANCE, OF ACTIVE AVOIDANCE RESPONDING IN C57BL/6 
MICE. J. A. English, K.M. Hemphill, B. Lee, J.K. Rowlett* and 1. A. Paul. Dept. of 
Psychiatry and Human Behavior, Univ. Miss. Med. Center, 2500 N. State St, Jackson, 
MS, 39216,USA.

LP-BM5 murine leukemia virus infection causes an AIDS-like syndrome 
(MAIDS) in C57B1/6 mice and impairs spatial learning in the Morris water maze 
without gross motor impairment. In order to determine the behavioral specificity of 
the learning and memory impairment produced by LP-BM5, we tested 80 C57B1/6 
mice in a shuttle shock-avoidance procedure. Forty mice were inoculated with LP- 
BM5; the rest received vehicle (DMEM) injections. Twenty LP-BM5 and 20 
DMEM mice were trained in avoidance 7 weeks after inoculation; retention of the 
avoidance response was tested 4 weeks later. The other 40 mice were trained 11 
weeks after inoculation. LP-BM5 and DMEM animals trained 7 weeks after 
inoculation performed similarly during training and retention trials. However, LP- 
BM5 animals trained 11 weeks after inoculation made fewer avoids than controls 
trained at the same time. We conclude that in later stages of disease, LP-BM5 
impairs acquisition, but not performance of a well-learned response, in the active 
avoidance procedure. Results extend the use of the LP-BM5-infected mouse as a 
model of AIDS dementia complex. Retention of the previously-learned response at 
a time when new learning was impaired is reminiscent of the clinical course of 
dementias more generally considered.
Supported by NIH grant MH53228 to I.A.P.
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950.1
IDENTIFICATION OF GLIOMA-SPECIFIC ANTIGENS USING 
DIFFERENTIAL (DIA) IMMUNO-ABSORPTION AND cDNA 
SUBTRACTION. Buznikov, A., Lallone, R., Seitz, R., Liau, L.M., Geshwind, 
D*„ Vu, T., Black, K.L., Bronstein, J.M. Depts. of Neurology and Neurosurgery, 
UCLA School of Medicine, Los Angeles, CA. and Research Genetics Inc., 
Huntsville, AL.

Glioblastoma multiforme (GBM) cause significant mortality and patients 
with GBMs generally survive less than 1 year despite aggressive medical and 
surgical therapy. Immune based therapies are presently under investigation and 
show great promise. Identification of tumor-specific antigens could therefore be 
used to target the immune system in treating GBMs. We have developed a novel 
technique, DIA, to identify GBM-specific antigens and their cDNAs. Rabbits were 
immunized with human GBM homogenate. Antibodies to antigens common to 
both GBMs and normal brain (NB) were removed by absorption over a NB column. 
GBM-specific antibodies were further purified using a GBM affinity column. 
Affinity purified antibodies were then biotinylated and used to screen a GBM cDNA 
expression library. Approx. 5 x 105 pfu were screened and a strong positive reaction 
was found in 28 plaques. These cDNAs were subcloned and sequenced. 19 clones 
were found to be novel and 9 matched sequences in Genebank. Of the 9 clones, 2 
are known to regulate growth in other tissues, 1 codes for a chemotherapy 
resistance protein, 2 regulate gene expression, and 2 coded for GFAP. Differential 
expression of 3 of these cDNAs were confirmed by Northern blot and Western blot 
analysis and by in situ hybridization in 1. The other clones are being characterized. 
A comparison of DIA vs. conventional cDNA subtraction will be presented. These 
data demonstrates that DIA is an effective method in identifying tissue-specific 
antigens which are physiologically meaningful and may provide a means of 
identifying targets to be used for immune therapies.
Supported by NIH research grant NS01596.

950.2
INCREASED EXPRESSION OF TRANSFORMING GROWTH 
FACTOR-BETA (TGF-p) IN ADVANCING TUMOR MARGINS IN A 
RAT GLIOMA MODEL. S. A. Azizi*, Department of Neurology, 
Allegheny University, Philadelphia, PA 19102

Recurrence of high grade brain tumors after resection is usually local 
and begins at the tumor bed from the resected margins. Therefore, 
determining the factors that contribute to the transformation of the “margins” 
to malignant stages is of value. As part of our ongoing studies on 
pathogenesis and treatment of brain tumors, we have established a rat model 
of glioma. The tumors were established by infusing a slurry of glioma cells 
(L-6 cell line, ATCC) or primary human high grade anaplastic 
astrocytomas/glioblastomas in the rat brain. We infused approximately 
40,000 L6 glioma cells or cultured tumor cells into the rat cerebral cortex and 
the white matter and allowed the tumors to grow for 2 - 3 weeks. The brains 
were harvested, frozen and 10 - 15p sections were cut. Conventional indirect 
fluorescence immunocytochemistry was used to visualize and quantitate the 
expression of TGF-(3,, p2,and P3, using antibodies (monoclonal mouse Anti- 
TGF-P; Genzyme Co.) against these molecules. We compared the amount of 
TGF-P in the tumor, the advancing margins and normal brain tissue.

We observed increased expression of TGF-(3 family in the advancing 
margins compared to those in the normal brain tissue. These data indicate that 
TGF-|3 may be involved in transforming normal glia into malignant cells or at 
least contribute to suppression of those elements that inhibit tumor growth. 
(Supported by the Department of Neurology, Allegheny University)

950.3
TETRAHYDROBIOPTERIN (BH4) TRIGGERS A SWITCH FROM APOPTOSIS 
TO NECROSIS IN HUMAN U251 GLIOMA TREATED WITH INTERFERON-y 
(IFN-y) AND LIPOPOLYSACCHARIDE (LPS). L. Bezin*, G.B. Corcoran, P.Z. 
Anastasiadis, J.A. Foster, L.J. Gordon13, R.B. Steam, J.A. Neville, A. Nugent, and
R.A. Levine12’3. 'Gossett Neurology Labs, Henry Ford Health System; 2Detroit 
VAMC;3Dept. of Psychiatry, Wayne State University, Detroit, MI.

Malignant glioma represent 66% of all primary brain tumors. Though IFN-y is 
cytotoxic to glioma in animal models, therapeutic trials yielded poor results. In 
accordance with previous reports, we found that IFN-y did not cause cell death in 
human U251 astrocytoma. However, when combined with LPS, which has been 
shown to potentiate cytokine effects in other systems, IFN-y reduced dramatically 
the number of viable cells due to an active cell death process that we demonstrated 
to correspond to apoptosis. In numerous cell lines, LPS + IFN-y induces the level of 
BH4 and the expression of GTP cyclohydrolase I (GCH1), the rate-limiting enzy me 
in BH4 biosynthesis. BH4 is involved in the regulation of cell proliferation.
Therefore, we speculated that BH4 metabolism may play a role in the survival status 
of U251 cells. GCH1 mRNA levels were increased significantly by LPS or IFN-y, 
and were elevated to even slightly higher levels by the combination. However, the 
combination raised dramatically the BH4 level above the increase obtained by either 
treatment alone. To investigate the role of activated BH4 metabolism in the cell death 
pattern, we pharmacologically altered BH4 metabolism, while treating cells with LPS 
+ IFN-y. We demonstrated that inhibition of BH4 synthesis accelerated the 
appearance of apoptosis, while raising BH4 levels prior to LPS + IFN-y treatment 
directed the cell death pattern toward necrosis. Our data indicate that alterations in 
BH4 metabolism might be used therapeutically to promote apoptosis over necrosis in 
the induction of glioma cell death. Grant support: Veterans Administration Merit 
Award.

950.4
IL-1 SYSTEM (IL-la, IL-ip, IL-1RI AND IL-IRa) and TGF-pi 
mRNAs IN HUMAN BRAIN TUMORS. C.R. Plata-Salaman*1. S.E, 
Ilvin1. F.H, Gilles2 and I. Gonzalez-Gomez2, ’Div. Mol. Biol., Sch. Life 
Hlth. Sci., Univ. Delaware, Newark DE 19716-2590; and 2Dept. 
Pathol., Childrens Hosp., Los Angeles, CA 90027, USA.

IL-1 may act as growth factor for various human tumors. Here, using 
sensitive and specific RNase protection assays, we investigated the IL- 
la, IL-ip, IL-1RI (signaling receptor), IL-1 receptor antagonist (IL- 
lRa) and TGF-pi mRNA levels in three human pediatric brain tumors: 
pilocytic astrocytoma (PA), ependymoma (EP) and primitive neuro-
ectodermal tumor (PNET). The results show that PAs (n = 19) have high 
levels of IL-lp mRNA (2317 ± 740, mean ± SE, arbitrary units 
standardized to GAPDH mRNA levels) compared to EPs (677 ±171, 
n=13) and PNETs (150 ± 33, n=22) (p <0.0001). The same significant 
difference was obtained with values without standardization. Values for 
IL-1RI mRNA in the same tumor samples were: 1118 ± 215 units for 
PAs, 648 ± 199 for EPs, and 489 ± 171 for PNETs (p< 0.0001). IL- 
la mRNA levels were higher for EPs (359 ± 174 units, n = 12) relative 
to PAs (84 ± 16, n=14) and PNETs (32 ± 7, n=15) (p= 0.0001). For 
IL-IRa, the means were 304 units for PAs (n = 14), 114 for EPs (n = 12) 
and 67 for PNETs (n = 15). TGF-pi mRNA levels were: 2121 ± 259 
units for PAs (n = 14), 713 ± 117 for EPs (n=12), and 958 ± 390 for 
PNETs (n = 14) (p<0.001). The data suggest that IL-lp and cytokine- 
cytokine interactions may be involved in the growth and/or progression 
of pilocytic astrocytomas. Supported by Burton Green Foundation and 
NCI RO1 CA49532 (FHG), and Univ. Del. Res. Grants (CRPS).

950.5
FAS AND FAS LIGAND IN MALIGNANT GLIOMA: EXPRESSION AND 
GENETIC TRANSFER. Bruce Frankel, Terry Julien, Sharon 
Marsh, Michele Shetler, Timothy Ryken*, Department of 
Neurosurgery and Molecular Neurosurgery Laboratory, 
University Hospital, SUNY HSC, Syracuse, New York 13210

Fas and fas ligand are molecules expressed in varying 
degrees in normal and transformed tissues which appear to 
exert a control on programmed cell death. The
differential expression of these molecules in malignant 
brain neoplasms is of interest as it may provide a means 
of exerting control on cell death in these tumors.
Surgical specimens of human malignant glioma have been 
examined for fas expression using surface antibody 
staining and flow cytometry. Using a known fas
expressing cell line for control, we have observed a low 
level of fas expression in high grade neoplasms and no 
increased expression in low grade neoplasms, suggesting 
differential expression of fas in malignant glioma.
These tumor explants have then been placed in culture 
and toxicity studies performed using fas L expressing 
cells. To date, we have been unable to demonstrate 
increased cytotoxicity with this model alone. We 
have subsequently developed a plasmid based vector 
delivery system for increasing fas and fasL expression.
This will allow us to study the effects of genetically
transferring the gene for fas and fasL into glioma
cells which express fas or fasL at low levels endogenously.

950.6
CONSTITUTIVE EXPRESSION OF p34/CDC2 KINASE IN HUMAN GLIOMA CELLS 
EXPRESSING TRUNCATED EGER GENE. Y. Han*, Y. Gao, A, Nanda, C. G. Caday. 
Department of Neurosurgery and Biomedical Research Institute, Louisiana State University 
Medical Center, 1501 Kings Highway, Shreveport, LA 71130

Epidermal growth factor receptor (EGFR) gene truncation is a common occurrence and 
closely linked to the pathogenesis of a variety of malignant human cancers. In the central 
nervous system, it occurs exclusively in glioblastoma, the most malignant form of brain 
tumors. Transfecting cells with the truncated form of EGFR results in significantly 
increased DNA synthesis in vitro and enhanced tumorigenicity in vivo. These findings 
indicate that EGFR gene truncation may modify signal transduction pathways to drive cell 
cycle in lavor of cell proliferation. However, exactly how EGFR gene truncation modifies 
signal transduction processes remains unclear. Using U87MG human glioblastoma cells and 
U87MG cells stably transfected with the truncated form of EGFR (AEGFR), we found that 
U87MG cells expressing AEGFR had significantly increased DNA synthesis, even in the 
absence of serum, increased proportion of cells in the S- and G;/M-phases, but lower 
proportion of G,/Go phase in comparision with those in parental cells. Serum-starvation 
profoundly decreased DNA synthesis, increased Grphase in U87MG cells. In contrast, 
U87MG.AEGFR cells still maintained significant DNA synthesis, but without significant 
increase in G,-phase. These results suggest the presence of impaired cell cycle G,- but 
upregulated S-and G2-phases in cell with AEGFR. We farther analyzed the expression of 
p34/cdc2, the cell cycle kinase intimately involved in mitosis. Consistently, we found that 
p34/cdc2 was constitutively activated in cells with the truncated EGFR. Our preliminary 
data indicate that EGFR gene truncation may represent a mechanism to maintain high cell 
proliferation by constitutive upregulation of p34/cdc2 kinase which is consistent with high 
proportion of cells in S- and G2-phases.

Funded by Stiles/BRF and LEQSF.
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950.7
INVESTIGATIONS OF MECHANISMS OF CALCIUM CHANNEL ANTAGONIST 
GROWTH INHIBITION OF MENINGIOMA CELL GROWTH IN VITRO. R. Jensen, 
M.D.* and R.D. Wurster, Ph.D. Depts. of Neurosurgery and Physiology, Loyola 
University Medical Center, Maywood, IL 60153.

Growth factors such as epidermal growth factor (EGF), platelet-derived growth 
factor (PDGF), and fibroblast growth factor (FGF) have been implicated in the 
autocrine or paracrine mediated intracranial meningioma development and 
proliferation. Previously, we have reported that the in vitro proliferation of 
meningioma cells after stimulation by these growth factors can be inhibited by 
calcium channel antagonists. However, the mechanism by which this occurs is not 
clear.

We report our current attempts to define signal transduction pathways altered by 
calcium channel antagonists. Preliminary experiments including growth factor 
receptor immunohistochemistry, in vitro growth studies, 3H-thymidine DNA 
incorporation, intracellular calcium measurements, and inosital phosphate (IP) anion 
exchange chromatography are reported. These studies were performed after 
growth factor stimulation with or without calcium channel antagonist pretreatment.

A total of 39 human meningiomas have been studied. The majority of these 
tumors studied were immunohistochemically positive for growth factor receptors to 
EGF, PDGF, and EGF. Similar to our previous growth studies, calcium channel 
antagonists reduce 3H-thymidine incorporation in a dose-dependent fashion. 
Intracellular calcium is increased transiently after growth factor exposure. These 
changes seem to be unaffected by most calcium channel antagonists, with only 
Dantrolene blocking the increase in intracellular calcium after growth factor 
stimulation. Inosital phosphate production after growth factor stimulation is 
unaffected by pretreatment with calcium channel antagonists.

With these observations we hope to define the mechanism by which calcium 
channel antagonist growth inhibition takes place in order to tailor therapeutic 
measures for the treatment of intracranial meningiomas.

950.8
ANTISENSE TELOMERASE TREATMENT;
INDUCTION OF APOPTOSIS AND DIFFERENTIATION. S. Kondo*,

Y. Tanaka. Y, Kondo, M, Hitomi,, G.H. Barnett, Y, Ishizaka, J. Liu, T,
Haqqi, A. Nishiyania, J.K. Cowell and B.P, Bama. Research Institute, 
Cleveland Clinic Foundation, Cleveland, OH 44195.

Telomerase, the enzyme that elongates telomeric DNA (TTAGGG)n, 
may be essential for cellular immortality and oncogenesis. To investigate the 
effect of inhibition of telomerase on tumor cells, we transfected the antisense 
vector against the human telomerase RNA into human malignant glioma cells 
exhibiting telomerase activity. After 30 doublings, some subpopulations of 
transfectants expressed a high level of interleukin-ip-converting enzyme (ICE) 
protein and underwent apoptosis. In contrast, other subpopulations also 
showed enhanced ICE protein, but escaped from apoptotic crisis and 
continued to grow, although their DNA synthesis and invasive activity were 
reduced. Surviving cells demonstrated increased expression of glial fibrillary 
acidic protein (GFAP) and decreased motility, consistent with a more 
differentiated state. These cells also contained enhanced expression of the 
cyclin-dependent kinase inhibitors (CDKIs). p21 and p27, in contrast to 
apoptotic cells. Treatment of surviving non-apoptotic cells with antisense 
oligonucleotides against p27, but not p21, induced apoptotic cell death, 
suggesting that p27 may have protected differentiating glioma cells from 
apoptosis. These data show that treatment with antisense telomerase inhibits 
telomerase activity, and subsequently induces either apoptosis or 
differentiation. Regulation of these two distinct pathways may be dependent 
upon the expression of ICE or CDKIs.

950.9
CYTOTOXICITY OF Cm-PARINARIC ACID IN HUMAN GLIAL 
TUMOR CELLS SENSITIVE OR RESISTANT TO RADIATION.
V.C Traynelis*, S.K. Sahu. L.W. Oberley, G.R. Buettner, D. Smith, T.C. Ryken.
K Weirather, C. Darby, S. Martin. Departments of Neurosurgery and 
Radiology University of Iowa, Iowa City, IA 52242.

We have previously shown that c/s-parinaric acid (cPNA), a natural 
conjugated polyunsaturated fatty acid, is selectively toxic to cultured 
malignant gliomas (Traynelis et al. Neurosurgery, 37:484-489, 1995). 
We report here that the sensitivities of different human glial tumor cells to

Radiation Sensitivity Resistant Sensitive
Cell lines U87 T98 U373 JW1T GIA
cPNA uptake, nMole/mg protein 1.10 1.63 0.76 2.66 1.49
LDso, uMcPNA 2.38 8.59 15.57 7.69 10.14

radiation sensitivity. Although cPNA treatment results in increased free 
radical production, the cytotoxicity of peroxidative agents, H2O2 and the 
ether-lipid Edelfosine, proved unrelated to cPNA sensitivity. On the other 
hand, cellular superoxide dismutase (SOD) and catalase enzyme activities 
are inversely associated with cPNA toxicity in these tumor cells.

Our in vitro results indicate that cPNA, a unique oxidative agent, has 
potent antitumor activity against the radioresistant human malignant 
gliomas containing low levels of SOD and catalase enzymes.
Partially supported by NIH grant PO1-66081

950.10
SEMIQUANTITATTVE ANALYSIS OF VEGF RECEPTOR EXPRESSION IN 
GLIOMAS AND NORMAL CORTEX. J, Dietrich1, G. Kempermann23, 
H.G. Kuhn*12. W. Sachsenheimer4. A, Bach5, and U, Bogdahn1, 'Dept. Neurology, 
Univ. Regensburg, Germany; 2Salk Institute, La Jolla, USA; 3Dept. Neuropathology, 
Univ. Freiburg, Germany; 4Rehaklinik Wilhelmshaven, Germany; 5BASF AG, 
Ludwigshafen, Germany.

Angiogenesis is a prerequisite for development and growth of tumors, such as 
gliomas. Manifestation of angiogenic phenotype in these tumors is not well 
understood, but it has been postulated to be regulated by angiogenic factors like 
vascular endothelial growth factor (VEGF). VEGF is a mitogen specific for 
endothelial cells, and it has been shown that VEGF acts as a potent angiogenic factor 
in gliomas. Biological effects of VEGF are mediated through a high affinity thyrosine 
kinase receptor, fit-1 (/ms-like thyrosine kinase).

The purpose of our study was to systematically analyze and quantify flt-1 receptor 
expression in gliomas (n=25) with samples of normal cortex (n=17) as controls. 
Receptor expression was characterized by RT-PCR. To assess amplified specific DNA 
quantitatively, we developped a method, in which we used LaminB as an internal 
standard. Lamins are intermediate filaments and abundant in the inner nuclear 
membrane. Target DNA and internal standard were coamplified in one reaction by 
PCR. The amounts of dye-labeled DNA transcripts were analyzed in 6% 
polyaciylamide gels and quantified by automated fluorescence detection, comparing 
specific receptor DNA with the internal standard.

Flt-1 receptor mRNA was found to be significantly lower expressed in gliomas than 
in tissues of normal brain (Mann-Whitney U-test: p<0.0051), but significantly higher 
than in metastases from extracranial tumors (p<0.03). There was a strong correlation 
between decrease of receptor expression and increase of malignancy in gliomas. This 
implies that although flt-1-activation might play a role in angiogenesis of gliomas, 
other pathways might be involved as malignancy progresses. Funded by BASF AG.

950.11
ADOPTIVE IMMUNOTHERAPY OF MURINE CHOROID PLEXUS TUMORS 
WITH CYTOTOXIC T LYMPHOCYTES AND AN ANTI-TUMOR/ANTI-T CELL 
RECEPTOR COMPLEX (FOLATE/ANTI-CD3e) BISPECIFIC ANTIBODY 
CONJUGATE. T, A, Patrick, D, M, Kranz. andE, J, Roy*, Neuroscience Program 
and Departments of Biochemistry and Psychology, University of Illinois, Urbana, IL 
61801

Immunotherapeutics as a means of cancer treatment have gained increased attention 
recently. Among these strategies demonstrating some clinical optimism are 
bispecific antibodies, the fusion of two separate antibodies individually specific for a 
tumor-related surface antigen and a leukocyte effector antigen (e.g. the T cell receptor 
complex). Previously, we described a modification of the bispecific strategy whereby 
a ligand for a tumor-related surface receptor could be chemically conjugated directly to 
one of several anti-T cell receptor complex antibodies. Folate, the natural ligand of 
high-affinity folate receptors, was coupled to anti-TCR antibodies, and the resulting 
conjugate demonstrated sensitive, specific redirection of cytotoxic T lymphocyte 
(CTL) activity toward folate receptor-bearing tumor cells in vitro.

The presence of folate receptors has been documented on a number of carcinomas. 
Choroid plexus tumors, a common neoplasm of infancy, and greater than 95% of 
ovarian carcinomas express high-affinity folate receptors. The work presented here 
demonstrates the ability of a folate/anti-CD3e antibody conjugate to specifically 
redirect clonotypic and ex vivo -derived CTL activity toward an endogenously-derived 
murine choroid plexus tumor which is known to express high-affinity folate 
receptors. Following intracerebroventricular injection with a mixture of activated 
CTL, this conjugate retained and redirected CTL towards tumor tissue producing 
apoptosis. Cannulae allowing multiple injections of conjugate and activated CTL 
intracerebroventricularly allowed assessment of improvements in survival.
Supported by PHS 1-F30-MH11189 (TAP), PHS AI35990 (DMK and EJR), and the 
Milheim Foundation (EJR).

950.12
CHANGES IN MONOAMINE TURNOVER IN THE MOUSE BRAIN BEARING 
WITH COLON-26 TUMOR CELLS. M. Nishibori*, M. Uomoto, N, Nakava, Y. 
Takeuchi, N. Iwaoaki, N. Tanaka and K, Saeki. Depts of Pharmacology and 
Surgery, Okayama Univ. Med. School, JAPAN.

Cachexia is a symptomatic state in patients showing progressive anorexia, 
asthenia, anemia, hypoglycemia and malnutrition. It is usually accompanied 
by advanced or terminal state of cancer. The patients in cancer cachexia 
often suffer from psychiatric disorders. In the present study, we investigated 
the changes in monoaminergic activities in the brain of tumor bearing mice 
with reference to the development of cachexia. Two clones, clone-5 (non- 
cachexic clone) and clone -20 (cachexic clone), derived from the murine 
Colon-26 adenocarcinoma cell line, were inoculated subcutaneously at 1 x 
106 cells/ 0.2 ml into the right lower back of BALB/ c mice, respectively. In 
clone-20 mice, the body weight and the locomotor activity were decreased 
significantly 10 to 15 days after tumor inoculation. The NA turnover rate in 
clone-20 mice was increased in cerebral cortex, hypothalamus and midbrain. 
5-HT turnover rate in clone-20 mice was increased in hippocampus, cerebral 
cortex, midbrain and pons-medulla oblongata. In contrast, DA turnover rate in 
clone-20 mice was markedly decreased in hippocampus, cerebral cortex, 
striatum, hypothalamus and cerebellum. The levels of amino acids including 
phenylalanine, tyrosine and tryptophan in the brain were not different 
between control and tumor-bearing mice, indicating that the changes in 
monoamine turnover are not secondary to the disturbance of precursor 
amino acid metabolism following the decrease in oral intake. It is suggested 
that the changes in monoamine turnover in tumor-bearing cachexic mice may 
be related to the psychiatric symptoms in cancer cachexic patients.
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950.13
IONIZING RADIATION POTENTIATES INDUCTION OF NITRIC OXIDE 
SYNTHASE BY INTERFERON-y AND/OR LIPOPOLYSACCHARIDE IN 
MURINE MACROPHAGE CELL LINES: ROLE OF TUMOR NECROSIS 
FACTOR-a. L.C. McKinney*, EM. Aquilla, D, Coffin11, P.A. Wink11, and Y. 
Vodovotz1 Dept. of Radiation Pathophysiology and Toxicology, Armed Forces 
Radiobiology Research Institute, Bethesda, MD 20889 and 1 Radiation Biology 
Branch, National Cancer Institute, Bethesda, MD 20892

Inflammation in the central nervous system is caused by activation of microglia, 
the resident macrophages of the brain. Macrophages are activated to become 
cytotoxic by a highly co-ordinated set of cytokine signals. Ionizing radiation can 
mimic cytokine signals and lead to enhanced states of activation. We tested the 
ability of y-radiation, alone and in combination with interferon-y (IFN-y) and/or 
lipopolysaccharide (LPS), to induce nitric oxide (NO) production in J774.1 and 
RAW264.7 murine macrophages. In both cell lines, NO was induced weakly by 
IFN-y, moderately by LPS, and strongly by IFN-y+LPS. Radiation alone 
(0.5-50 Gy) did not induce NO, but enhanced NO production in a dose-dependent 
manner (0.5-5 Gy) when cells were exposed to IFN-y or LPS 24 h post-radiation. 
The increase was large (up to 3-fold) with IFN-y as the co-stimulus, moderate 
(1.5-2-fold) with LPS, and visible but not statistically significant with IFN-y+LPS. 
Immunoblots showed parallel induction of nitric oxide synthase (NOS2). 
Application of anti-TNF-a antibody just prior to irradiation completely blocked 
subsequent NO induction by IFN-y. We conclude (a) that irradiated macrophages 
produce more NO in response to either IFN-y or LPS than non-irradiated 
macrophages; and (b) that the increase is most likely mediated by induction of the 
autocrine costimulus TNF-a. These results may explain some of the underlying 
causes of inflammatory syndromes that follow radiotherapy of the CNS. Funded by 
AFRR1 work unit 01905.

950.14
EXPRESSION OF THE NEURAL CELL ADHESION MOLECULE (NCAM) IN 
THE ASTROCYTIC TUMORS: AN INVERSE CORRELATION WITH 
MALIGNANCY. H. Sasaki, K. Yoshida, M. Inaba*, E. Ikeda, H. Kagami, K. 
Shimazaki, A. Kondo, M. Otani, T. Kawase. Dept. of Neurosurgery (H.S., K.Y., 
M.I., H. K., K.S., A.K., M.O., T.K.) and Dept. of Pathology (M.I.), Seh. of Med., 
Keio Univ., Tokyo 160, Japan.

With regard to tumor progression, eell adhesion molecules are one of key factors 
in the aquesition of the malignant phenotype. We studied expression of the neural 
cell adhesion molecule (NCAM) in 29 histologically verified astrocytic tumors (9 
astrocytomas, 10 anaplastic astrocytomas, 10 glioblastomas) by Western blot 
analysis, and semi-quantified the bands for each isoform using a computer-assisted 
image analyzer to analyze the relation to malignancy. Tissue from normal brain was 
used as a control. Immunohistochemical evaluation was also performed in eight 
astrocytic tumors in which cryostat sections were available. The astrocytomas 
commonly showed discrete bands at 145 and 125kD and a weak band at 180kD. 
whereas glioblastomas demonstrated only a weak band at !45kD if any. The amount 
of the expression of NCAM isoforms were decreased along with the progression of 
the histological malignancy, and the degree of NCAM expression were minimal or 
hardly detectable in the tumors with dissemination. An inverse correlation was also 
observed between the degree of NCAM expression and MIB-1 staining indices. We 
provided the first direct evidence that NCAM is down-regulated in the malignant 
evolution of the astrocytic tumors, and reduced NCAM expression might be 
involved in the development of the malignant potentials of the astrocytic tumors. 
This work was supported by grants from Keio University and The Ministry of 
Education, Science and Culture (No. 08771085).

950.15
DIFFERENTIAL INDUCTION OF SIGNAL TRANSDUCTION 
PATHWAYS BY ONCOSTATIN M (OSM) AND LEUKEMIA 
INHIBITORY FACTOR (LIF) IN HUMAN GLIOMA CELL LINES. H. 
Halfter *, P. Young, E.B. Rinqelstein, and. F Stoqbauer. Dept. 
Neurology, University of Munster, D-48129 Monster, Germany

OSM is a member of a family of pleiotropic cytokines named 
neuropoietic cytokines exerting various effects on certain cell types in 
vitro and in vivo. We have recently described three new established cell 
lines of human glioma origin in terms of expression of receptors and 
ligands of members of the neuropoietic cytokine family. Ail cell lines 
express receptor components for ciliary neurotrophic factor (CNTF), 
leukemia inhibitory factor (LIF) and OSM as well as the ligands CNTF 
and LIF. Administration of exogenous cytokines revealed that solely 
OSM can exert growth inhibition of the glioma cells and, furthermore, it 
induced a marked change in cell morphology after three days of 
incubation indicating differentiation of the malignant cells. This indicates 
for a unique intracellular signal transduction induced by OSM. Therefore 
we studied signal transduction mechanisms in terms of tyrosine 
phosphorylation comparing the effects of OSM and LIF. We found 
quantitative differences in tyrosine phosphorylation of Janus (JAK) 
kinases and proteins of the STAT (signal transducer and activator of 
transcription) family. Several proteins were detected which were 
phosphorylated on tyrosine residues upon treatment of glioma cells with 
OSM but not in the presence of LIF. Furthermore, the effect of 
sequence-specific DNA binding of STAT proteins was markedly 
enhanced upon OSM treatment while no differences in tyrosine 
phosphorylation of MAPK and in terms of induction of c-fos were 
observed.

950.16
MIGRATION OF PRIMITIVE NEUROECTODERMAL TUMOR CELLS 
IN THE RAT CNS. T.A. Bayer, S. Weagen, J. Weis* and O.D. Wiestler. 
Dept. of Neuropathology, University of Bonn Medical Center, 
Sigmund-Freud-Strasse 25, 53105 Bonn and Dept. of
Neuropathology, RWTH Aachen, FRG.
We have recently reported on neural tumors with intriguing properties 
following retrovirus-mediated transfer of the SV40 large T antigen into 
fetal rat brain transplants. Histopathologically, these neoplasms 
displayed characteristic features of primitive neurectodermal tumors 
(PNET) and exhibited a striking potential for migration into host brain. 
Four cell lines were derived from these PNETs and characterised. 
Two lines (TZ-102 and TZ-103) with an immature phenotype 
expressed E-NCAM and nestin. They showed spheroid formation and 
delicate cell processes. The remaining cell lines (TZ-106 and TZ-107) 
had a flat, epitheloid appearance and expressed both neuronal and 
glial markers. In the host brains, we noticed extensive migration of 
neoplastic cells. In some animals, clusters of infiltrating tumor cells 
were detectable in remote areas of the contralateral hemisphere. In 
order to investigate the potential for tumor cell invasion in vivo, we 
retransplanted the cell lines TZ-102 and TZ-106 into neonatal and 
adult rat CNS. Interestingly, TZ-106 did not survive under these 
conditions. However, the cell line TZ-102 showed extensive features 
for migration in neonatal CNS. Immunohistological analysis revealed 
that the tumor cells were able to invade the Virchows-Robins space, 
the subarachnoid spaces and the subventricular zone. In contrast, 
retransplantation into adult CNS showed only moderate migration 
associated with white matter tracts. These observations indicate tnat 
SV40 large T-associated PNETs share migratory properties with 
human CNS neoplasms. (Supported by the Deutsche 
Forschungsgemeinschaft; SFB 400)

950.17
EXPRESSION OF METALLOPROTEINASES AND THEIR 
INHIBITORS IN CULTURED RAT ASTROCYTES AND C6 
GLIOMA CELLS. M. Lukes-Marx*, A. Lukes. L.A. Cunningham, A.J.H. 
Gearing'1', K.M. Miller^ and G.A. Rosenberg. Depts. of Neurology and 
Neurosciences, Univ. of New Mexico School of Medicine, Albuquerque, 
NM 87131, British Biotechnology*, Oxford, UK.

Matrix-degrading metalloproteinases (MMP) play an important role for 
the remodeling of the extracellular matrix (ECM). The turnover of the 
ECM is crucial for the invasive growth and angiogenesis of astroglial 
tumors. The expression and localization of MMPs and their natural 
inhibitors (TIMPs) have been profiled in neonatal rat astrocytes and C6 
glioma ceils by immunocytochemistry, confocal laser microscopy and 
zymography. Under basal culture conditions both cell types constitutively 
expressed a wide range of MMPs and TIMPs.The quantity of MMP 
produced and the distribution within the cells varied according to the state 
of differentiation. Differentiated primary cells tended to express lower 
levels of MMPs which were localized to contact points with other cells. 
Immature primary and tumor cells had an even distribution in their 
cytoplasm. Primary rat astrocytes in long term cultures expressed high 
levels of MMP-3 and MMP-9 and low levels of MMP-2 and MT-MMP-1. 
C6 glioma cells expressed all MMPs and TIMPs, but produced higher 
levels of the activated forms of MMP-2.These results indicate that the 
expression of MMPs and TIMPs is correlated with the stage of 
differentiation of astroglial cells and that the increased expression of 
activated MMPs in C6 cells may contribute to their invasive phenotype 
seen in vivo. Sources of support: Swiss National Science Foundation 
(MLM), Department of Clinical Investigation, University of Berne (AL), 
Bernese Cancer Society (AL) and NIH RO1 NS 21164 (GR).

950.18
ISOFORM IDENTIFICATION OF ENDOGENOUS TGFa BY FT-ICR 
MASS SPECTROMETRY. Mark R. Emmett*t, Forest M. Whitet,
Richard Bonneaut, Charles A. Conradt, Christopher L. Hendricksont,
and Alan G. Marshallt. fNational High Magnetic Field Laboratory-FSU, 
Tallahassee, FL 32310 and ^Trinity Lutheran Hospital , Kansas City, MO 
64108.

Epidermal Growth Factor (EGF) and Transforming Growth Factor 
Alpha (TGFa) are both widely implemented in transformation and 
tumorigenesis. Both of these cytokines bind the same cell surface EGF 
receptor which has been demonstrated to be overexpressed in 
approximately 50% of gliomas. The active forms of EGF and TGFa are 
cleaved from large, genetically independent precursor molecules. The 
predominate biologically active isoform(s) produced from the precursor 
molecules have yet to be identified.

In this study, Fourier transform ion cyclotron resonance mass 
spectrometry (FT-ICR/MS) will be used to identify endogenous isoforms 
of TGFa from cultured tumor cell lines. FT-ICR/MS is unique in its ability 
to perform high mass resolution analysis of high molecular weight 
compounds and can provide substantial sequence information as well. 
Structural elucidation of the active isoform of TGFa should prove 
beneficial in the identification of specific tumors and in future studies of 
the cytokine/receptor complex. It is anticipated that FT-ICR/MS methods 
developed in these studies will be applied to other cytokines involved in 
tumorogenisis.

This work was supported by NSF (CHE-94-13008), NIH (GM-31683) 
and the National High Magnetic Field Laboratory (NHMFL) at Florida 
State University (FSU).
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951.1
EXPERIMENTAL GENE THERAPY FOR GLIOMAS BY BOTH REPLICATION- 
COMPETENT AND REPLICATION-DEFECTIVE HERPES SIMPLEX VIRUSES.
T. Yazaki*, M. Hoshi, K. Uyemura, T. Kawase, R. L. Martuza and S. D. Rabkin.
Depts. of Physiology and Neurosurgery, Keio Univ. Sch. Med., Tokyo 160, Japan; 
Dept. of Neurosurgery, Georgetown Univ. Med. Ctr., Washington, DC 20007.

We have investigated both replication-competent and replication-defective herpes 
simplex, virus (HSV) vectors for tumor gene therapy. The strategy behind the use of 
replication-competent, cytotoxic viral vectors is that after infection of a tumor cell the 
viral vector replicates and kills the infected cell, producing multiple infectious 
progeny that then infects additional tumor cells. We have generated multiple mutant 
HSV-G207 which has deletions of both copies of the ICP34.5 gene and a iacZ 
insertion inactivating the ICP6 gene. In vitro, G207 was able to replicate in and 
destroyed tumor cell lines. In athymic mice harboring subcutaneous or intracranial 
human brain tumors, G207 infection caused significantly decreased tumor growth 
and/or prolonged survival. Normal cells were not killed by G207 either in vitro or in 
vivo. On the other hand, the most common viral vectors in use for gene therapy are 
replication-defective. They have engineered so they are unable to replicate by 
themselves. Propagation of these vectors requires special cell lines or helper viruses. 
These vectors are used for delivering a gene of interest, and are not inherently 
cytotoxic to the tumor cell. We have generated defective HSV vectors expressing 
tissue inhibitor of metalloproteinase 2 (TIMP2) with a helper virus of G207. After 
infection of this virus, glioma cells decreased their activity of mitosis and invasion, 
and also showed cytopathic effects earlyer than after infection of G207 alone in vitro. 
A combined infection of both G2O7 and TIMP2-expressing defective HSV may be an 
appropriate approach for treating gliomas. Partly supported by NIH grants (NS 32677, 
NS 33342) and Grant from the ministry of science, education and culture Japan.

951.2
ANTITUMORAL EFFECTS OF "SUICIDE GENE" ON C6 GLIOMA IN RAT : 
MRI TIME COURSE. R, Bouali-Benazzouz, J.M. Vicat M. Laine, S. Boisseau 
.G,..RernyUF,..,Thomas, Nissou,,.IS Jouilhe1,_F,.^erger J.M. Verna*, and
A.L. Benabid. Lab. de Neurobiologie Preclinique INSERM U 318, 38043 
Grenoble Cedex France, 1. INSERM U 438, 38043 Grenoble France.
In short-term experiments, we have first studied whether GCV prevents the growth 
of HSV-tk positive C6 glioma cells (C6TK) implanted m rat brain and secondly 
whether GCV may decrease established tumor. In other experiments the time 
course of antitumoral effects of GCV, in view of clinical applications, was 
followed by MRI imaging. C6TK and wild-type C6 cells were implanted in the 
caudate putamen of 34 OFA rats and two sequences of treatment were tested : from 
day 1 to 25 and from 10 to 24. These experiments demonstrate that GCV induced a 
significative decrease (p<0.05) of the C6TK tumor volume compared to control 
C6 and untreated C6TK. In experiments using MRI (n=35), C6 and C6TK tumors 
masses were visually monitored at day 14, 28 and 50. The rats were treated from 
day 15 to day 34. All of the C6- inoculated rats (10/10) died due to progressive 
tumor growth. Complete regression of the tumor was observed in 90% (9/10) of 
GCV-treated rats inoculated w'ith C6TK cells. PCR and RT PCR analysis 
confirmed the presence of HSV-tk gene and mRNA in the tumor which became 
resistant to GCV treatment (1/10). However, MRI study revealed that reduction in 
tumor size and even disappearance of tumor were observed in the 40% (6/15) of 
rats implanted with C6TK cells without GCV treatment. The use of sequential 
RMI was important to confirm the process of developement and late regression 
observed at day 50 of established brain tumors. An infiltrate of macrophages, 
helper and cytotoxic lymphocytes indicated an active local inflammatory or 
immune response in C6TK tumor treated or not. These results show : i) the 
efficiency of GCV on voluminous C6-TK tumors and demonstrate the new finding 
that tumor regression is a late and slow process which continues after cessation of 
GCV treatment and ii) that the transgene expression could participate in tumor 
regression by enhancing immune reaction.

951.3
PARADOXICAL EFFECTS OF ANTISENSE OLIGONUCLEOTIDES IN THE 
TREATMENT OF BRAIN TUMORS; AN ILLUSTRATION USING THE mdm-2 
GENE. W. C. Jean, S. R. Spellman, L. Chiang, P. J. Camarata*, W. A. Hall, and 
W. C. Low. Department of Neurosurgery', University of Minnesota.

Antisense oligonucleotides (AONs) have been demonstrated to be potentially 
powerful tools for the treatment of brain tumors. Since they can suppress or reduce 
the expression of onco-proteins, we hypothesize that they will function most 
optimally when directed against amplified oncogenes. The mdm-2 gene has 
recently been demonstrated to be amplified in up io 10% of gliomas. Tumors 
bearing mdm-2 amplifications may escape growth regulation at the Gl/S check 
point by abolishing the functions of the p53 and pRB genes. We aimed to examine 
the effects of two antisense oligonucleotides directed against the mdm-2 gene. 
Since the mdm-2 and p53 gene products are involved in an auto-regulatory loop in 
which MDM2 protein can be transactivated by p53, the effects of co-treatment with 
AONs against both genes were also characterized. Human glioblastoma cell line 
CCF-STTG1 bearing amplified copies of the mdm-2 gene was used. Cells were 
treated for 48 hours with doses of the mdm-2 AONs ranging from 1 to 80 pM. 
Only PBS was added to control samples. In a separate part of the study, AON 
against p53 was used concomitantly with the mdm-2 AON. Proliferative rates of 
the tumor cells were studied using an ELISA for bromodeoxyuridine (BrDU) 
incorporation. Contrary to prediction, treatment with AON mdm-2 5’-CAT GTT 
GTT ATT GCA CAT-3’ enhanced the BrDU incorporation by up to 40% over 
baseline. Treatment with a second AON mdm-2 5’-CCT TCT AGA TGA GGT 
AGA-3’ also enhanced the BrDU incorporation by up to 30%. Western blot 
analysis demonstrated that these effects were correlated with increased levels of the 
MDM2 protein. Although treatment with a p53 AON 5’-CTC GAC GCT AGG 
ATC TGA-3’ produced tlie predicted increase in proliferative rates, combined 
treatment with p53 and mdm-2 AON did not lead to a decrease in BrDU 
incorporation. These data indicate that results of AON treatment of brain tumor 
cells may sometimes be paradoxical. AON mdm-2 did not lead to a suppression of 
tumor cell proliferation. This is likely due to an increase in the MDM2 protein, 
which is independent of compensatory transactivation by p53. Supported in part 
by the Minnesota Medical Foundation.

951.4
POLYETHYLENIMINE (PEI) IS AN EFFICIENT SYNTHETIC VECTOR 
FOR IN VIVO GENE TRANSFER IN MICE AND RAT BRAIN. J.-M. 
VIcaL£_£iergeLF^^Bou^L£etTazzouzUBoisseau_K^_Mi_Lajue_mid_AiLi
Benabid, Lab. de neurobiologie preclinique -INSERM U318- 38043 
GRENOBLE- FRANCE.

Immunogenicity, potential recombination events and cost strongly support 
the development of synthetic vectors as an alternative for viral strategies. PEI 
is a highly branched organic and cationic polymer with different formulations 
including the 25 kDa, 50 kDa, 800 kDa PEI and the new 22 kDa linear PEI. 
First, we studied in vitro transfection using a luciferase assay in C6 glioma 
cell line and analyzed the best DNA/PEI ratio with the different formulations. 
The best transfection efficiency was obtained at 6/9 equivalents (eq) for 
25/50/800 kDa PEI and, 3/6 eq for 22 kDa PEI. Interestingly, serum did not 
significantly impair transfection. Complexes are still functional when stored 
for 4 days at 4°C and 2 days at room temperature. Afterwards, we tested the in 
vivo transfection efficiency both in mice and rat brains. After a preliminary 
experiment in mice comparing the PEI 22 kDa and 25 kDa, we choised the 
more efficient 22 kDa PEI. Among the different DNA/PEI ratios including 
3/6/9/12/15 eq, the best results were obtained at 9 eq providing a 18 fold 
increase of transfection compared to naked DNA. In rats, PEI also provide an 
efficient transfection efficiency. These results confirm the efficiency of PEI in 
mice brain as previously demonstrated by the groups of Demeneix (1) and 
Behr. We extend these results to the rat brain and show the better efficiency 
of the new 22 kDa PEI.
(1) Bassima Abadallah and al. Human Gene Therapy 7:1947-1954.

951.5
ADENOVIRUS VECTORS FOR GENE THERAPY OF BRAIN TUMOURS.
R. A. Dewey. J. Rowe, Z. Forrest. A. Morelli. ]D. Klatzman. G. Wilkinson. PR.
Lowenstein*. and M G. Castro. University of Manchester. Mol. Med. Unit. Dep. of 
Med. Stopford Bldg. Rm 1-302. Oxford Rd. Manchester. M13 9PT. U.K. 
’Laboratoire Immunologic B, Hopital Pitie-Salpetnere. CNRS URA 1463. 83 bd dc 
l'Hopital, 75651. Paris. Cedex 13. France.

Primary' brain tumours and metastasis of tumours from peripheral organs to the 
central nervous system are highly malignant either because of their poor 
differentiation, or their inaccessible location within the brain which make them 
uutreatable using surgical techniques. The life expectancy of patients with grade 4 
glioblastoma is less than 1 year with the most effective current therapies. Therefore, 
it is essential to develop new therapeutic strategies. One such approach is to 
genetically modify tumour cells by means of gene transfer of the herpes simplex virus 
thymidine kinase (HSV-tk) gene so that they become sensitive to the cytotoxic effect 
of the intravenously administered nucleoside analogue ganciclovir (GCV). This 
strategy, however, has several limitations such as the toxicity of the wild type HSV-tk 
in the absence of GCV. To overcome these limitations, we have produced 
recombinant adenoviruses (RAds) expressing the full length HSV-tk or a truncated 
version of tk (Atk) which is less toxic in the absence of GCV. driven by the human 
cytomegalovirus immediate early promoter (lE-hCMV). RAds expressing fl- 
galactosidase showed good reporter gene expression after infection of C6 (glioma) 
cells and Neuro 2A (neuroblastoma) cells, with no deleterious effects on cell viability. 
When C6 or Neuro 2A cells were infected with RAds expressing the tk or Atk genes, 
there was a dose dependent toxicity to GCV. Atk showed good activity and level of 
expression as was measured by flow cytometry. Our results therefore indicate, that A 
tk will be very useful for the implementation of clinical trials for suicide gene therapy 
of brain tumours.
Supported by a grant of The Cancer Research Campaign. UK.

951.6
VIP BLOCKADE REDUCES PROLIFERATION OF HUMAN NB-69 
NEUROBLASTOMA CELLS XCacicodoT^G.Nayarro_and F, Sanchez 
Franco. Endocrine Service, Hospital Ramon y Cajal and CiCJnst. Carlos III

Madrid, 28034,Spain.
Vasoactive intestinal peptide (VIP) is a potent trophic factor in the 

CNS where it has been shown to exert its actions through the release of 
several glial factors. The NB-69 neuroblastoma cells (NB) express VIP and 
its receptors. The aim of the present study was to assess the potenciai role 
of VIP on the proliferation of the NB cells. Cells were plated under standard 
conditions, and then were incubated with VIP (10‘13 M to 10'7 M) or VIP 
plus IgG from VIP antiserum. VIP-regulated proliferation was determined by 
counting the cell number and by measuring PCNA protein by Western blot. 
VIP increased cell number and PCNA levels at all doses tested with a 
maximum 500 fold effect at concentrations of 10-11 M.The addition of VIP- 
IgG completely abolished VIP action and reduced the cell number below the 
control. To address the role of endogenous VIP on NB cells proliferation , 
cells were exposed to VIP-IgG alone. This treatment caused a reduction of 
65 % in the number of cells with a concomitant decrease in PCNA. The 
possibility that the trophic action of VIP in NB cells occurred indirectly was 
investigated by incubating the cells in conditioned medium (CM) from VIP 
treated cells. CM-increased cell number was blocked by VIP-IgG. Changes 
either in IR-IGF-I or IGF-I gene expression were not observed with any of 
the experimental manipulations.These data indicate that VIP exerts 
proliferative actions on NB cells and suggest that endogenous VIP. which 
may act directly on NB cells through autocrine/paracrine mechanisms , is a 
trophic factor for these cells.
FIS 96/1574
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951.7
Eicosanoid Mediated Growth Regulation Of Human Astrocytoma And 
Meningioma Tissue. R. D. Wurster*. M, J. Peti, Neuroscience, Loyola Univ.
Sch. Of Med, Maywood, Il 60153

The objective is to determine the role of arachidonic acid (AA) in neoplastic cell 
growth by inhibiting AA synthetic enzyme phospholipase A2 (PLA2) and to 
determine the role of the second messenger intracellular calcium (Ca2+). The 
methods consist of cell cultures of primary meningioma and astrocyte U373-MG 
v/hich were treated with pM concentrations of PLA, inhibitors 4- 
bromophenacylbromide (4-BPB) and quinacrine to determine the effects on 
proliferation. Effects of these drugs on growth was further investigated by the 
application of concentrations that inhibit growth by 50 % (IC50) while 
antagonizing these drugs with AA. Free cytosolic Ca2" was measured with the use 
of fluorescent dye Fura-2 during PLA2 agonist / antagonist studies. These Ca2+ 
measurements were performed in the absence of extracellular Ca2" to identify the 
contribution of intracellular Ca2* sources. The results demonstrate that PLA, 
inhibition decreased growth of cultured astrocytoma and meningioma cells in a 
dose dependent manner in the pM range. This inhibitory effect was antagonized 
by the addition of AA to cultures. PLA2 inhibition causes an elevation of basal 
cytosolic free [Ca2+] while depleting internal Ca2+ stores. These Ca2+ changes 
were also antagonized by the addition of AA. In conclusion these results 
demonstrate that AA, a PLA, enzyme product, is involved in regulating the 
growth rate of these cell types. The PLA, pathway also regulates the maintenance 
of the internal Ca2+ stores. Ca2" is known to be a growth related intracellular 
second messenger. These results suggest that the growth regulatory functions of 
AA are mediated by Ca2+ dependent mechanisms.

951.8
TRANSFORMING GROWTH FACTOR-BETA INHIBITS TUMOR 
CYTOTOXICITY BY RAT MICROGLIA IN VITRO. S. A.Walter. and W.J. 
Streit*. Dept. of Neuroscience, Univ. of Florida Brain Institute, Gainesville, 
FL 32610.

As the immune cells of the CNS, microglia represent potential cytotoxic 
effectors against primary CNS gliomas. Consistent with this role, microglia are 
observed to infiltrate, proliferate, and assume activated morphologies in response 
to rat RG2 gliomas. Moreover, microglia are the primary source of the cytotoxic 
cytokine, tumor necrosis factor-alpha (TNF-alpha) in the CNS, and produce 
abundant TNF-alpha upon exposure to bacterial lipopolysaccharide (LPS) and 
interferon (IFN)-gamma. However, glioma cells have defense mechanisms to 
counteract immune-mediated killing. The over-expression of transforming 
growth factor-beta (TGF-beta) by glioma cells has been proposed as such a 
mechanism. Our studies support this hypothesis by demonstrating that 
recombinant and RG2 cell-derived TGF-beta dose-dependently suppress the in 
vitro production of TNF-alpha by rat microglia, as measured by ELISA and 
semi-quantative RT-PCR. The effect of TGF-beta on microglial tumor 
cytotoxicity was measured using an MTT viability assay. Tumor cell killing by 
stimulated microglia was enhanced at increasing effector to target (E:T) ratios. 
The amount of tumor cytotoxicity observed at an E:T ratio of 10:1 was 
suppressed by the addition of recombinant TGF-beta in a dose-dependent 
manner. Thus, glioma-derived TGF-beta may represent an important defense 
mechanism against microglial cell-mediated tumor cytotoxicity. Supported by : 
The American Cancer Society Florida Division, Grant No. F95UF-3.

951.9
Nd: YAG AND Ho: YAG LASERS INDUCED THERMAL DAMAGE 
IN NEUROLOGICAL TISSUES: A COMPARATIVE STUDY. K. 
Sentrayan’, A. Thorpe, Jr,2, P. Remarck3, D, Soni1, and C.O. Trouth'*,
Departments of ’Physiology & Biophysics, 2Electrical Engineering, and 
^Physics & Astronomy. Howard University, Washington, DC 20059.

When assessing tissue and vascular lesions caused by thermal lasers, it is 
important to consider the depth of coagulation of the cauterized tissue. The 
minimal thickness of tissue damage from laser coagulation should be 
determined in order to produce clinically optimal results. We have developed 
a model to assess the damage induced by the Nd: YAG laser at 1,06. pm and 
the Ho: YAG laser at 2.1 pm. The depth of coagulation is calculated by 
relating the physical parameters of the tissue, such as absorption, scattering, 
reflection, density, thermal conductivity, and heat capacity to the parameters 
of the laser, namely wavelength, energy fluence, and pulse duration. At a 
fixed energy fluence and pulse duration of the laser beam, the coagulation 
depths are estimated to be about 700 pm and 2-3 mm for Ho: YAG and Nd: 
YAG lasers, respectively. The lower coagulation depth at 2.1 pm compared 
to that at 1.06 pm is observed. The non-linearity in the depth of coagulation 
at 1.06 pm is attributed to a high degree of scattering within the tissue 
structures at this wavelength. The linearity in the depth of coagulation and 
the availability of high-power operational quartz optical fibers at 2.1 pm 
suggest that Ho: YAG laser may be a better candidate than the Nd: YAG 
laser for neurosurgical applications. (Supported by ONR Grant No. 00014- 
94-0523).

951.10
DETERMINATION OF DEXAMETHASONE PLASMA LEVELS IN THE 
TREATMENT OF PATIENTS WITH BRAIN TUMORS Rullan LM, Lugo SI, Insemi 
JA* and Marti A University of Puerto Rico, MSC, School of Pharmacy, School of 
Medicine , San Juan, PR 00936

Dexamethasone (DEX) is used primarily for its potent anti-inflammatory activity. 
The rationale for steroid use in vasogenic edema is largely empiric. Presently there 
is no established dosification range for DEX in the treatment of patients with brain 
tumors. Consequently, the dose administered has been individually determined based 
on the physicians assessment of the patient’s condition. The objective of this study 
was to determine DEX plasma concentrations and correlate them with the peri-
operative dose given in order to improve patient outcomes. Inclusion and exclusion 
criteria were met by both the experimental (N=14) and control groups. Blood samples 
(4 mL) were collected in heparinized syringes before the DEX loading dose and every 
hour until the end of the neurological procedure for tumor excision. Plasma samples 
were extracted using solid phase, analyzed by reverse-phase HPLC (X=240nm) and 
quantitated employing calibration curve extrapolations to determine the plasma 
concentrations of DEX. As a result of the individually determined dosage regimen, 
we obtained plasma concentrations ranging from 0.46 to 12.39pg/mL. Estimated 
clearance and volume of distribution values were 3 to 10 times smaller than the normal 
population, while the half-live values were up to 10 times larger. After analyzing the 
calculated parameters we concluded that the majority of the patients were over-
medicated. The relationship between plasma concentration and the administrated dose 
can provide us with a better insight on the most effective dosage regimen for DEX.

951.11
TARGETING OF GLIOMA CELLS USING CHLOROTOXIN, A SCORPION 
VENOM PEPTIDE
L. Soroceanu*, G.Y. Gillespie, M.B. Khazaeli, and H. Sontheimer, Depts. of 
Neurobiology, Neurosurgery, and Medicine, Univ. of Alabama at Birmingham.

We recently identified expression of a novel chloride channel that is sensitive to the 
scorpion venom toxin, chlorotoxin (>80% block at 590nM) in malignant glioma cells. 
Based on electrophysiological studies, glioma chloride channels (GCC) are abundantly 
expressed in gliomas of all malignancy grades (WHO I-IV), but are absent in normal 
glia indicating that GCC expression is a glioma-specific feature. This suggested the 
use of chlorotoxin as a glioma-specific marker. We used fluorescent-tagged and 
biotinylated chlorotoxin both in native and synthetic variants to label primary cultures 
of gliomas, cell lines and acute tissue sections to demonstrate specific binding of 
chlorotoxin using immunohistochemical methods. Binding of chlorotoxin was 
assessed more quantitatively using conventional binding assays. !25I-chlorotoxin 
binding to cultured glioma cells suggests two binding sites with high (Kd=4.2nM) and 
low affinity (Kd=660nM), 1300 high affinity and 13,300 low affinity binding sites per 
cell. To study the ability to target gliomas in vivo, we induced intracranial tumors in 
scid mice by stereotaxic injection of human D-54MG cells. In brain sections of tumor-
bearing scid mice, chlorotoxin specifically labeled glioma cells but did not bind to 
surrounding host brain tissue. Tumor-bearing animals were also used to establish in 
vivo biodistribution of chlorotoxin binding. Intracranial injection of ,25I-chlorotoxin 
showed significant accumulation in the tumor (brain to muscle ratio was 36.4 in tumor 
bearing animals and 12.4 in controls). Moreover, gamma-ray imaging of tumor-
bearing and control animals after intracranial 13!I-chlorotoxin injection (50pCi) 
showed specific localization of l31I-chlorotoxin to the tumor. Taken together these 
results suggest that in the brain, chlorotoxin binds specifically to glioma cells and can 
thus be used to target moieties such l3!I, biotin, fluorescent tags and possibly cytotoxic 
molecules to primary malignant brain tumors. (Supported by RO1-NS-31234, and 
P30CA13148).

951.12
BRAIN TUMOR REGRESSION IN FISCHER 344 RATS VACCINATED 
WITH F98 GLIOMA CELLS TREATED WITH ANTISENSE OLIGO-
NUCLEOTIDES FOR THE IGF-I RECEPTOR G. Lee, S.R. Spellman, W.A. 
Hall, P.S. Gregerson, M.A. Wallenfriedman, W.C. Low*. Departments of 
Neurosurgery and Ophthalmology, and the Cancer Center, University of 
Minnesota, Minneapolis, MN 55455.

Insulin-like growth factor type I (IGF-I) stimulates cell proliferation and plays an 
essential role in cell transformation into neoplastic phenotypes. The IGF-I receptor 
(IGF-IR), overexpressed in gliomas, provides an effective target for genetic and 
potential immunotherapy for gliomas. This study focused on priming Fischer 344 
rats with F98 glioma cells modified by antisense oligonucleotides to the IGF-IR. 
For vaccinations, cells were treated with oligonucleotides (antisense or nonsense, 
12 uM) or saline and then irradiated with 137Cs at 10,000 rads prior to 
inoculations. Each animal received a challenge injection in the flank (s.c.) 
contralateral to the site of vaccinations. Animals were challenged with unmodified 
F98 glioma given six weeks after the initial vaccinations, and tumor progression 
was measured for at least 70 days. Animals from the antisense-treated group 
showed markedly smaller tumor volumes than nonsense, saline, or control groups 
(n=7 each group). A subsequent delayed-type hypersensitivity (DTH) ear assay 
was performed on all surviving animals on day 81 to determine the involvement of 
the immune system in mediating tumor regression. A blinded observer graded the 
inflammatory responses (1-4 scale) and measured the ear thickness before and after 
cell inoculations into the ears to initiate inflammation. The antisense group had the 
greatest DTH inflammatory response in comparison to the nonsense, control, and 
saline groups. In addition, the antisense group showed a strong negative 
correlation between maximum tumor volume and net DTH response (r = -0.90). 
These results suggest that glioma cells modified by antisense to the IGF-I receptor 
can be used to stimulate an immune response that results in the regression of wild- 
type gliomas. (Supported in part by funds from the MMF and UROP).
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951.13
PRIMING IN THE BRAIN. AN IMMUNOLOGICALLY-PRIVILEGED 
ORGAN, ELICITS ANTI-TUMOR IMMUNITY. H. M, Fathallah-Shavkh*. 
W. Gao. M. Cho, and M. A. Herrera, Laboratory of Molecular Tumor 
Neuroimmunology, University of Texas Southwestern Medical Center at 
Dallas, Dallas, Texas 75235.

A crucial question in the study of tumor neuroimmunology concerns the 
capacity of the centra! nervous system to initiate and execute an immune 
response. In a 100% fatal rat malignant glioma model, INF-y secreted 
intracerebrally by the genetically-modified tumor generated an immune 
response resulting in a substantial increase in survival time, tumor rejection, 
and specific systemic immunity. Tumors modified to secrete IL-2 alone did 
not change the biologic behavior of transfected gliomas. INF-y induced 
elevated expression of major histocompatibility complex class I and class II 
molecules in microglia throughout the brain and invoked enhanced tumor- 
infiltration by CD4, CD8, and NK cells. These findings demonstrate for the 
first time the successful immunization against a central nervous system tumor 
by direct priming in the brain.

American Cancer Society

951.14
SPONTANEOUS REGRESSION OF C6 GLIOMA TUMORS IN BDIX 
RATS. M.A. Wallenfriedman*, W.E, Galicich, W.C. Jean. S.R. Spellman, A. 
Sanan, W.A. Hall, and W.C. Low. Dept. of Neurosurgery, University of 
Minnesota, Minneapolis, MN 55455.

Recent studies evaluating the efficacy of potential cancer therapies for the 
treatment of brain tumors have utilized C6 glioma cells transplanted into BDIX 
rats. An assumption made in many of these studies was that the C6 cells were 
originally derived from BDIX rats and were thus syngeneic. As a consequence of 
this assumption tumor regression observed in these studies was interpreted to be a 
result of the specific therapeutic treatments under investigation. We have 
examined the growth of C6 tumor cells in BDIX rats without any form of therapy. 
C6 cells (107) were implanted into the flanks of BDIX rats (n=5, Charles Rivers 
Laboratories). Flank tumors developed in all animals. Peak tumor volumes were 
reached on day 14 of 5,972 mm3 ± 2,319 (mean ± SEM) (range 833 to 13,542). 
Tumors spontaneously regressed to zero in all animals by day 27. These results 
were replicated with a new C6 line immediately after purchase from ATCC (n=20 
animals). Peak mean tumor volumes are smaller in older animals (1,235 mm3 in 
animals 8 mos. of age (n-5), 1,007 mm3 in retired breeders (n- 5)). We next 
intracerebrally inoculated 106 C6 cells into BDIX animals. Spontaneous regression 
was documented by MRI in 2/6 animals by day 2). Survivors of central or 
peripheral C6 inoculation are completely resistant to further C6 challenges. These 
results are consistent with the fact that C6 glioma cells are derived from randomly 
bred Wistar rats (Benda et al., J. Neurosurg. 34:310-323, 1971), and are thus 
allogeneic to BDIX rats. C6 tumor regression observ ed in BDIX rats can therefore 
be attributed to allogeneic immune responses. These results also suggest that 
future studies focusing on the efficacy of cancer therapies should not employ the 
combination of C6 cells and BDIX rats. This work was supported in part by NIH 
grant T32-NS07361

951.15
MAGNETIC RESONANCE IMAGING OF C6 GLIOMA IN RATS 
AND QUANTITATIVE COMPARISON WITH 
HISTOMORPHOLOGY AND IMMUNOHISTOCHEMISTRY. A
Lukes*, M. Lukes-Marx, S. Mun-Bryce, W. Brooks, B, Montoya and G.A.
Rosenberg, Depts. of Neurology and Center for Noninvasive Diagnosis, 
Univ. of New Mexico, School of Medicine, Albuquerque, NM 87131.

Oncogenes and other neoplastic factors create in astrocytes an 
imbalance between matrix metalloproteinases (MMPs) and tissue 
inhibitors of metalloproteinases (TIMPs). This imbalance leads to 
breakdown of the extracellular matrix (ECM), promotes the invasive 
phenotype of astrocytes, and causes disruption of the blood-brain barrier 
(BBB).
We compared in vivo tumor growth, invasion and angiogenesis in the C6 
glioma model volumetrically by magnetic resonance imaging (MRI) with 
gadolinium and histomorphologically by immunohistochemistry. MRI 
allowed analysis of tumor size and vascularity at different time points in 
the same animals. Tumor size by histomorphology and vessel count by 
immunohistochemistry correlated well with MRI measurements of tumor 
volume.
We conclude that MRI of the rat C6 glial tumor model offers an accurate 
anatomic and functional tissue characterization in vivo to test novel 
therapeutic strategies to control tumor growth and angiogenesis.
Support: Department of Clinical Investigation, University of Berne (AL), 
Bernese Cancer Society (AL), Swiss National Science Foundation 
(MLM), and NIH RO1 NS 21164 (GAR).

951.16
MAGNETIC RESONANCE IMAGING MODEL FOR INTRATUMORAL
MONOCLONAL ANTIBODY TREATMENT OF BRAIN GLIOMAS. M.L. 
Leavitt'"', A.Krichevsky and R.Gorewit. In Vitro Technologies 
Inc., Pittsburgh, PA 15238 and Allegheny-Singer Research 
Institute, Pittsburgh, PA 15212.

A model to confirm brain gliomas prior to starting 
treatment (Tx) was established using magnetic resonance 
imaging (MRI). A plastic guide cannula (1°) was implanted 
with it’s tip directed at the striatum and a second guide 
(2°) was placed 3 mm posterior to test infusions aimed at 
either the tumor’s center (1°) and/or at a position closer 
to it's periphery (2°). Two weeks later, rat C~6 glioma 
cells were infused through the 1° guide, Ninety-four 
percent of the rats developed tumors; all rats examined by 
MRI had evidence of tumor 2 wks after cell infusion. Rats 
receiving either no Tx (N=14) or intratumoral (IT) vehicle 
infusion (N-3) had similar survival times and no survivors 
by 30 days. In contrast, rats confirmed as tumor-bearing 
before Tx had a 90-day survival rate of 43% after’ IT 
infusion (12 pg/day) of tumor-specific monoclonal antibody 
against human chorionic gonadotropin (MAh, N=8) versus 50% 
after non-specific globulin (mouse gamma globulin, rat IgG 
or mouse IgGl, N=18) infusion. Post-versus pre-Tx MRI tumor 
diameters decreased after MAb and gamma globulin Tx, but 
increased after vehicle Tx. Outcome was independent of the 
IT infusion site(s). Thus, IT non-specific globulins may 
enhance the effectiveness of IT MAb Tx of brain gliomas. 
Funded by NIH & Ben Franklin Center of Western PA grants.
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